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Notice

All information included in this document is current as of the date this document isissued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful atention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any lossesincurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the devel opment of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errorsin or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not bein any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances, machine tools; personal electronic equipment; and industrial robots.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physica injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as aresult of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sdes office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and
more reliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corp. product best suited to the customer's application; they do not convey any license
under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or
a third party.

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-
party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corp. without notice due to product improvements or
other reasons. It is therefore recommended that customers contact Renesas Technology Corp. or
an authorized Renesas Technology Corp. product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising
from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various means,
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

4. When using any or all of the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total
system before making a final decision on the applicability of the information and products. Renesas
Technology Corp. assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is potentially at stake. Please contact
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when
considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

6. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in
whole or in part these materials.

7. If these products or technologies are subject to the Japanese export control restrictions, they must
be exported under a license from the Japanese government and cannot be imported into a country
other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

8. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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I ntroduction

The SH-1 and SH-2 incorporates a RISC (Reduced Instruction Set Computer) type CPU. A basic
instruction can be executed in one clock cycle, realizing high performance operation. A built-in
multiplier can execute multiplication and addition as quickly as DSP.

The SH-DSP isa 32 bit microcontroller based on Renesas SuperH™ RISC engine that redlizes the
same signal processing capability as a general usage DSP (Digital Signal Processor). The SH-DSP
offers an improvement on the DSP functions of multiplication and multiply and accumulatein
SuperH microprocessors by using a DSP style data path function. It maintains upward
compatibility at the object code level with the SH-1 and SH-2 microprocessors and has the many
functions, low power usage, and low price of other SuperH microprocessors.

The SH-DSP achieves high performance in processing operations by using a RISC CPU core and
aDSP unit with DSP functions. This new type of single chip RISC-DSP simultaneously integrates
the peripheral functions needed to build systems into the SH-DSP and provides the lower-power
consumption vital to microprocessor applications.

This Software Manual describes in detail the basic architecture and instructions for the SH-1, SH2,
and SH-DSP and isintended as a reference on instruction operation and architecture. It also covers
the operation of pipelines, which are afeature of the SuperH microprocessor.

For software devel opment environment system, contact your Renesas Technology Corp. sales
office.

Note:  SuperH™ isatrademark of Renesas Technology Corp.
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Main Revisions for this Edition

Item Page Revision (See Manual for Details)

All 0 All references to Hitachi, Hitachi, Ltd., Hitachi Semiconductors, and
other Hitachi brand names changed to Renesas Technology Corp.

Designation for categories changed from “series” to “group”
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Section 1 Features

11 SH-1 and SH-2 Features

The SH-1 and SH-2 CPU have RISC-type instruction sets. Basic instructions are executed in one
clock cycle, which dramatically improves instruction execution speed. The CPU also hasan
internal 32-hit architecture for enhanced data processing ability. Table 1.1 lists the SH-1 and SH-2

CPU features.

Tablel.1 SH-1 and SH-2 CPU Features

Iltem

Feature

Architecture

Original Renesas Technology architecture
32-bit internal data bus

General-register machine

Sixteen 32-bit general registers
Three 32-bit control registers
Four 32-bit system registers

Instruction set

Instruction length: 16-bit fixed length for improved code efficiency

Load-store architecture (basic arithmetic and logic operations are
executed between registers)

Delayed branch system used for reduced pipeline disruption
Instruction set optimized for C language

Instruction execution time

One instruction/cycle for basic instructions

Address space

Architecture makes 4 Gbytes available

On-chip multiplier
(SH-1 CPU)

Multiplication operations (16 bits x 16 bits — 32 bits) executed in 1
to 3 cycles, and multiplication/accumulation operations (16 bits x 16
bits + 42 bits — 42 bits) executed in 3/(2)* cycles

On-chip multiplier

Multiplication operations executed in 1 to 2 cycles (16 bits x 16 bits

(SH-2 CPU) — 32 bits) or 2 to 4 cycles (32 bits x 32 bits — 64 bits), and
multiplication/accumulation operations executed in 3/(2)* cycles (16
bits x 16 bits + 64 bits - 64 bits) or 3/(2 to 4)* cycles (32 bits x 32
bits + 64 bits - 64 bits)

Pipeline * Five-stage pipeline
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Iltem Feature

Processing states o Reset state
e Exception processing state
¢ Program execution state
¢ Power-down state
e Bus release state

Power-down states * Sleep mode

e Standby mode

Note: * The normal minimum number of execution cycles (The number in parentheses in the
number in contention with preceding/following instructions).

1.2 SH-DSP Features

The SH-DSP is a 32-hit microcontroller based on the Renesas SuperH RISC engine (abbreviated
below as “SuperH”) and incorporating the signal processing performance of a general-use digital
signal processor (DSP). The SuperH already supported some DSP type instructions, such as
multiply and accumulate. In the SH-DSP, the DSP functions have been enhanced, and full DSP
data bus have been implemented. The SH-DSP is backward compatible at the object code level
with the SH-1 and SH-2 CPUs.

The SuperH only has 16-bit instructions. The SH-DSP basically has the same 16-bit instructions,
but it also has additional 32-bit DSP instructions that it uses for parallel processing of DSP type
instructions. The SuperH uses a standard Neumann architecture, but the SH-DSP has the DSP data
bus of the expanded Harvard architecture.

Table 1.2 lists the added features of the SH-DSP.
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Table1l.2 Featuresof SH-DSP SeriesMicroprocessor CPUs
Feature Description
DSP unit e 1 cycle multiplier

16 bits x 16 bits — 32 bits (fixed decimal point)
Arithmetic logic unit (ALU)

Barrel shifter

DSP registers

MSB detection

DSP registers

Two 40-bit data registers

Six 32-bit data registers

DSP status register (DSR)

Modulo register (MOD, 32 bits) added to control registers
Repeat counter (RC) added to status registers (SR)

Repeat start register (RS) and repeat end register (RE) added to
control registers

DSP data blus

Expanded Harvard architecture
Simultaneous access of two data bus and one instruction bus

Parallel processing

Maximum of four parallel processes (ALU operation, multiplication,
and two loads or stores)

Address operator

Two address operators
Address operations for accessing two memaories

DSP data addressing
modes

Increment, decrement and index

Increment, decrement and index can have modulo addressing or
not

Repeat control

Zero-overhead repeat control (loop)

Instruction set

16 or 32 bits
O 16 bits (for load or store only)
O 32 bits (including for ALU operations and multiplication)

SuperH microprocessor instructions added for accessing DSP
registers.

Pipeline

Five-stage pipeline
Fifth stage is both the WB stage and the DSP stage.
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Section 2 Register Configuration

The register set of the SH-1 and SH-2 consists of sixteen 32-bit general registers, three 32-bit
control registers and four 32-bit system registers.

The SH-DSP maintains upward compatibility with the SH-1 and SH-2 microprocessors on the
object code level. To thisend, it has the same registers as the SuperH microprocessors, with the
addition of several other registers. Three control registers have been added: the repeat start register
(RS), the repeat end register (RE), and the modulo register (MOD). Six other registers have also
been added: the DSP status register (DSR), which is a system register, and eight DSP data
registers (A0, Al, X0, X1, YO, Y1, MO, and M1).

The general registers are used the same asin the SH-1 and SH-2 when SuperH type instructions
are involved. With DSP type instructions, however, they are used as address registers and index
registers for accessing memory.

21 General Registers

There are 16 general registers (Rn) numbered RO-R15, which are 32 bitsin length (figure 2.1).
General registers are used for data processing and address calculation. RO is also used as an index
register. Several instructions use RO as a fixed source or destination register. R15 is used as the
hardware stack pointer (SP). Saving and recovering the status register (SR) and program counter
(PC) in exception processing is accomplished by referencing the stack using R15.
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31 0
RO*1
R1
R2
R3
R4
R5
R6
R7
R8
R9

R10
R11
R12
R13

R14
R15, SP (hardware stack pointer)* 2

Notes: 1. RO functions as an index register in the indirect indexed register addressing mode and
indirect indexed GBR addressing mode. In some instructions, RO functions as a fixed
source register or destination register.

2. R15 functions as a hardware stack pointer (SP) during exception processing.

Figure2.1 General Registers(SH-1 and SH-2)

With DSP type instructions, eight of the 16 general registers are used in addressing the X and Y
data memory and the data memory that usesthe | bus (single data).

To access X memory, R4 and R5 are used as the X address register [Ax] and R8 is used asthe X
index register [1x]. To accessthe Y memory, R6 and R7 are used asthe Y addressregister [Ay]
and R9 isused asthe Y index register [ly]. To access single data using the | bus, R2, R3, R4, and
R5 are used as the single data address register and R8 as the single data index register [lg].

DSP type instructions can simultaneously access X and Y memory. There are two groups of
address pointers for specifying the X and Y data memory addresses.

Figure 2.2 shows the general registers.

Rev. 5.00 Jun 30, 2004 page 6 of 512
REJ09B0171-05000

RRENESAS



Section 2 Register Configuration

Notes: 1.

31 0
RO*l

R1

R2, [As]*2
R3, [As]*2
R4, [As, Ax]*2
R5, [As, Ax]*2
R6, [Ay]*2
R7, [Ay]*2
RS, [Ix, Is]*2
R9, [ly]*2
R10

R11

R12

R13

R14

R15, Sp*3

RO functions as an index register in the indirect indexed register addressing
mode and indirect indexed GBR addressing mode. In some instructions, RO
functions as a source register or destination register.

Used as memory address register and memory index register with DSP
instructions.

R15 functions as a hardware stack pointer (SP) during exception processing.

Figure2.2 Organization of General Registers (SH-DSP)

The symbols R2—R9 are used by the assembler. To change a name to something that indicates the
role of the register for DSP instructions, use an dias. The assembler writes as follows:

Ix: .REG (R8)

The name Ix becomes the alias R8. Aliases are also assigned as follows:

AXO: .REG
Ax1: .REG
IX: .REG
Ay0: .REG
Ayl: .REG
ly: .REG

(R4)
(R5)
(R8)
(R6)
(R7)
(R9)
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AsD:  .REG (R4); defined when an aliasis needed for a single data transfer.
Asl: .REG (R5); defined when an aliasis needed for a single data transfer.
As2: .REG (R2); defined when an dias is needed for a single data transfer.
As3: .REG (R3); defined when an alias is needed for a single data transfer.
Is: .REG (R8); defined when an diasis needed for a single data transfer.

2.2 Control Registers

The 32-bit control registers consist of the 32-bit status register (SR), global base register (GBR),
and vector base register (VBR) (figure 2.3). The status register indicates processing states. The
global base register functions as a base address for the indirect GBR addressing mode to transfer
data to the registers of on-chip peripheral modules. The vector base register functions as the base
address of the exception processing vector area (including interrupts).

31 98 76543210
SR| ———cceee MQI3 121110 -- ST | SR: Status register

_ __ | LT bit: The MOVT, CMP/cond, TAS, TST,
BT (BT/S), BF (BF/S), SETT, and CLRT
instructions use the T bit to indicate
true (1) or false (0). The ADDV/C,
SUBVI/C, DIVOU/S, DIV1, NEGC,
SHAR/L, SHLR/L, ROTRI/L, and
ROTCRI/L instructions also use bit T
to indicate carry/borrow or overflow/
underflow
— S bit: Used by the multiply/accumulate
instruction.

» Reserved bits: Always reads as 0, and should
always be written with 0.

——» Bits 13—10: Interrupt mask bits.

»M and Q bits: Used by the DIVOU/S and

DIV1 instructions.

Global base register (GBR):
31 0 Indicates the base address of the indirect
GBR GBR addressing mode. The indirect GBR
addressing mode is used in data transfer
for on-chip peripheral module register
areas and in logic operations.

31 0 Vector base register (VBR):
VBR Indicates the base address of the exception
processing vector area.

Figure2.3 Control Registers(SH-1and SH-2)
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The SH-SDP additionally has arepeat start (RS) register, arepeat end (RE) register, and a modulo
(MOD) register.

The RS and RE registers are used to control program repetition (loops). The number of iterations
is specified in the SR register’s repeat counter (RC), the repeat start address is specified in the RS
register, and the repeat end address is specified in the RE register. The address values stored in the
RS and RE registers are not always the same as the physical starting address and ending address of
the repeat.

The MOD register uses modulo addressing to buffer the repeat data. Modulo addressing is
specified by DMX or DMY, the modulo end address (ME) is specified in the top 16 bits of the
MOD register, and the modulo start address (MS) is specified in the bottom 16 bits. The DMX and
DMY bits cannot simultaneously specify modulo addressing. Modulo addressing can be used for
X andY datatransfers (MOV X and MOVY). It cannot be used in single data transfers (MOV S).

Figure 2.4 shows the control registers. Table 2.1 shows the bits of the SR register.

312827 161512 11 10 9 8 7 4 3 2 10

|- RC [+ |DmY|DMX| M| Q[13 12 11 10| RF1| RFO| S| T] Status register (SR)

31 0

| RS | Repeat start register (RS)
31 0

| RE | Repeat end register (RE)
31 16 15 0

| ME MS | Modulo register (MOD)

ME: Modulo end address
MS: Modulo start address

Figure2.4 Organization of the Control Registers (SH-DSP)
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Table2.1 SR Register Bits
Bits Name Function
27-16  Repeat counter (RC) Specifies the number of iterations for repeat (loop) control (2

to 4095)

11 Specification of modulo  1: Modulo addressing mode becomes valid for the Y memory
addressing for Y pointer  address register Ay (R6, R7)
(DMY)
10 Specification of modulo  1: Modulo addressing mode becomes valid for the X memory
addressing for X pointer  address register Ax (R4, R5)
(DMX)
9 Bit M Used by the DIVOS/U and DIV1 instructions
8 Bit Q
7-4 Interrupt request mask Indicate the level of interrupt request accepted (0-15)
(IMASK)
3-2 Repeat flag (RF1, RFO)  Used to control zero-overhead repeating (loop)
00: 1 step repeat
01: 2 step repeat
11: 3 step repeat
10: Repeat of 4 or more steps
1 Saturation operation bit ~ Used by MAC and DSP instructions
(S) 1: Specifies saturation operation (prevents overflows)
0 Bit T For MOVT, CMP/cond, TAS, TST, BT, BF, SETT, CLRT, and
DT instructions:
0: FALSE
1: TRUE
For ADDV/C, SUBV/C, DIVOU/S, DIV1, NEGC, SHARIL,
SHLR/L, ROTR/L and ROTCRI/L instructions:
1: Indicates a carry, borrow, overflow or underflow
31-28, Reserved 0: Always reads 0; Always write 0.
15-12

Dedicated |oad and store instructions are used to access the RS, RE, and MOD registers. For
example, to access the RS register, do the following:

LDC
LDC. L
STC
STC. L

RM RS; Rm — RS
@m, RS, (R) - RS, R4 - Rm
RS, Rn; RS - Rn

RS, @Rn; RN-4 - Rn, RS - (Rn)
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The following instructions set addresses in the RS, RE registers for zero overhead repeat control:

LDRS @disp, PCQ; disp x2 + PC - RS
LDRE @disp, PC); disp x 2 + PC -~ RE

The GBR and VBR registers are the same as the previous SuperH registers. Four control bits
(DMX, DMY, RF1, and RFO bits) and an RC counter have been added to the SR register. The RS,
RE, and MOD registers are new registers.

2.3 System Registers

System registers consist of four 32-bit registers: high and low multiply and accumulate registers
(MACH and MACL), the procedure register (PR), and the program counter (PC). The multiply
and accumul ate registers store the results of multiply and multiply and accumulate operations. The
procedure register stores the return address from the subroutine procedure. The program counter
indicates the address of the program executing and controls the flow of the processing. The PC
counter points to four bytes ahead of the instruction currently executing. These registers are the
same as the SuperH microprocessor registers.

3l 9 Multiply and accumulate register high
MACH E (MACH) Multiply and accumulate

MACL register low (MACL)

These are the registers for storing the
results of multiply and accumulate
operations. On the SH-2 CPU, MACH

has 32 valid bits. On the SH-1 CPU, only
the lower 10 bits of MACH are valid, and
data is sign extended to 32 bits when read.

31 0

| PR Procedure register (PR)

This register is used to store the return
destination addresses for subroutine
procedures.

31 0
| PC Program counter (PC)
The PC indicates the next four bytes
(two instructions) following the instruction
currently being executed.

Note: These are used only when executing an instruction that was supported
by SH-1 and SH-2. They are not used for multiplication instructions newly
added for the SH-DSP (PMULS).

Figure2.5 Organization of the System Registers
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In addition, the SH-DSP also uses as its system registers the DSP status register (DSR) and five of
the eight data registers (A0, X0, X1, YO, Y 1), which are al registers of the DSP unit and will be
described later (DSP registers). The AO register is a 40-bit register, but the guard bit section (A0G)
isignored in dataread from AO. When dataisinput to the AO register, the MSB of the dataiis
copied to the guard bit section (AOG).

24 DSP Registers

The DSP unit has nine DSP registers, divided into eight data registers and one control register.

The DSP data registers include two 40-bit registers (A0 and A1) and six 32-bit registers (MO, M1,
X0, X1, YO0, and Y1). The Al and AO registers each has eight guard bits, AOG and A1G.

The DSP data registers are used in transferring and processing DSP data as the operand for the
DSP instruction. There are three types of instructions that access the DSP data registers: DSP data
processing, X data processing, and Y data processing.

The 32-bit DSP status register (DSR) is the control register, which indicates the results of
operations. The DSR register has bits to display the results of the operation, which include a
signed greater than bit (GT), azero value bit (Z), a negative value bit (N), an overflow bit (V), a
DSP condition bit (DC), and condition select bits, which control the DC bit settings (CS).

The DC bit is one of the status flags; it is very similar to the SuperH CPU core's T hit. In the case
of conditional DSP type instructions, the execution of DSP data processing is controlled in
accordance with the DC bit. This control isrelated to DSP unit execution only, and only the DSP
registers are updated. It is not related to the execution instructions of the SuperH microprocessor’s
CPU core, such as address cal culation and load/store instructions. The control bits CS (bits 0 to 2)
specify the condition that the DC bits set.

DSP instructions include both unconditional DSP instructions and conditioned DSP instructions.
Data processing of unconditional DSP instructions updates the condition bits and DC bits, except
for the PMULS, PWAD, PWSB, MOV X, MOVY, and MOV Sinstructions. Conditional DSP type
instructions are executed in accordance with the status of the DC hit. DSR registers are not
updated, regardless of whether these instructions are executed or not.

Note that five registers, A0, X0, X1, YO, and Y1, can aso be used as system registers.

Figure 2.6 showsthe DSP registers. Table 2.2 lists the DSR register bit functions.
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39 32 31 0
AOG AO DSP data registers
AlG Al

MO

M1

X0

X1

YO

Y1l

31 876543210
———————— IGTI ZIN | V1CS[2:0] IDC| DSP status register (DSR)

Figure2.6 Organization of the DSP Registers
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Table2.2 DSR Register Bits

Bits Name Function

31-8 Reserved 0: Always reads 0. Always write 0.

7 Signed greater than bit Indicates whether the operation result is positive (and
(GT) nonzero) or whether operand 1 is larger than operand 2.

1: Operation result is positive or operand 1 is larger.

6 Zero value bit (2) Indicates whether the operation result is zero or whether of
operands 1 and 2 are the same.
1: Operation result is zero or operands 1 and 2 are the same.

5 Negative value bit (N) Indicates whether the operation result is negative or whether
operand 1 is smaller than operand 2.
1: Operation result is negative or operand 1 is smaller.

4 Overflow bit (V) Indicates that the operation result overflowed.
1: Operation result overflowed.
3-1 Condition select bits Specifies the mode for selecting the status of the operation
(CS) result set in the DC hit. Do not specify 110 or 111.

000: Carry/borrow mode

001: Negative value mode

010: Zero value mode

011: Overflow mode

100: Signed greater than mode

101: Signed equal or greater than mode

0 DSP condition bit (DC) Sets the operation result status in the mode specified by the
CS bits.
0: Specified mode status not achieved
1: Specified mode status achieved.

CPU coreinstructions use the A0, X0, X1, YO, Y1, and DSR registers as a system registers.

25 Precautionsfor Handling of Guard Bit and Overflow

Data operation in the DSP unit is basically executed in 32 bits. Actual operation, however, is made
in 40-bit length including 8 guard bits. When the guard bits are inconsistent with the value of MSB
of 32 hits, the operation result is handled as overflow. In this case, the N bit indicates the correct
condition of the operation result whether overflow has occurred or not. Thisis also the same when
the destination operand is aregister of 32 bitsin length. Each status flag is updated always
assuming guard bits of 8 bits.

If line overflow occurs so that the result is not correctly indicated even though the guard bits are
used, the N flag cannot show the correct condition. Refer to section 8.1, ALU Fixed Decimal Point
Operation, DC Bit, for details.
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2.6 Initial Values of Registers

Table 2.3 lists the values of the registers after reset.

Table2.3 Initial Valuesof Registers
Classification Register Initial Value
General registers RO-R14 Undefined
R15 (SP) Value of the stack pointer in the vector
address table
Control registers SR e BitsI3to0 10 are 1111(H'F), reserved bits
are 0, and other bits are undefined
RC, DMY, DMX, RF1, and RFO are 0
(additional bits on SH-DSP)
RS Undefined
RE
GBR Undefined
VBR H'00000000
MOD Undefined
System registers MACH, MACL, PR Undefined
PC Value of the program counter in the vector

address table

DSP registers

AO, AOG, A1, A1G, MO, M1, Undefined
X0, X1, YO, Y1
DSR H'00000000
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31 Data Format in Registers

Register operands are aways longwords (32 bits). When datain memory isloaded to aregister
and the memory operand is only a byte (8 bits) or aword (16 bits), it is sign-extended into a
longword when stored into aregister.

31 0
Longword

Figure3.1 DataFormat in Registers

3.2 Data Format in Memory

Memory data formats are classified into bytes, words, and longwords. Byte data can be accessed
from any address, but an address error will occur if you try to access word data starting from an
address other than 2n or longword data starting from an address other than 4n. In such cases, the
data accessed cannot be guaranteed. The hardware stack area, which is referred to by the hardware
stack pointer (SP, R15), uses only longword data starting from address 4n because this area stores
the program counter (PC) and status register (SR). See the hardware manual for more information
on address errors.

Addressm+1  Addressm + 3
Address m Address m + 2
Ta1 23 15 7 0
Byte | Byte | Byte | Byte
Address 2n —» Word Word
Address 4n —» Longword

§

Figure3.2 Data Format in Memory (Big Endian)

Byte data is arranged as shown below for products with a built-in little endian function. To
determine whether a specific product supports little endian operation, refer to the corresponding
hardware manual.
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Address m + 2 Address m
Addressm+3 | Addressm+1
Ta1 l 23 15 l 7 0
Byte | Byte Byte | Byte
Address 2n —» Word Word
Address 4n —» Longword

§

Figure3.3 Data Format in Memory (Little Endian)

3.3 Immediate Data For mat

Byte immediate datais located in an instruction code. Immediate data accessed by the MOV,
ADD, and CMP/EQ instructions is sign-extended and is handled in registers as longword data.
Immediate data accessed by the TST, AND, OR, and XOR instructions is zero-extended and is
handled as longword data. Consequently, AND instructions with immediate data always clear the
upper 24 bits of the destination register.

Word or longword immediate data is not located in the instruction code but rather is stored in a
memory table. The memory table is accessed by aimmediate data transfer instruction (MOV)
using the PC relative addressing mode with displacement. Specific examples are given in section
7, CPU Core Instruction Features, instruction 8, and table 7.4.

3.4 DSP Type Data Formats

The SH-DSP uses three different data formats for instructions: the fixed decimal point data format,
the integer data format, and the logical data format.

The DSP type of fixed decimal point data format places a binary decimal point between bits 31
and 30. This data format can have guard bits, no guard bits, or be multiplication input. The valid
bit lengths and val ues displayed vary for each.

DSP type integer data formats place a binary decimal point between bits 16 and 15. This data
format can have guard bits, no guard bits, or be a shift amount. The valid bit lengths and values
displayed vary for each.

The shift amount for arithmetic shift (PSHA) is a seven-bit area between —64 and +63, although
only values between —32 and +32 are valid. The shift amount for logical shiftsisasix bit area,
although, in the same fashion, only values between —16 and +16 are valid.
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The DSP type logical data format has no decimal point. The dataformat and valid data length vary
with the instruction and DSP register.

Figure 3.4 shows the three DSP data formats and the position of the two binary decimal points, as
well as the SuperH data format (as reference).

DSP fixed decimal

point data
39 32 3130 0
With guard bits |s| | | —28to +28_ 231
A
3130 0
No guard bits B | -1to+1-2"3
A
39 3130 16 15 0
Multiplication input |S | —1to+1-2-15
A
DSP integer data
39 3231 16 15 0
With guard bits |s | | | 22310 +223 1
A
31 16 15 0
No guard bits | S | | 21510 +215 1
A
31 22 16 15 0
Arithmetic shift (PSHA) | |s] | -32t0+32
A
31 21 16 15 0
Logical shift (PSHL) | Is| | -16t0+16
A
39 31 16 15 0
DSP logical data | | | (16 bits)
31 0
SuperH integer (word) | S| —23110 +231 1
(reference) 4
S: Sign bit

A : Binary decimal point
|:| : Unrelated to processing (ignored)

Figure3.4 DSP Data Formats
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35 DSP Instructions and Data For mats

The dataformat and valid data length varies with the instruction and DSP register. Instructions
that access the DSP data register fall into three categories: DSP data processing, X and Y data
transfer processing, and single data transfer processing.

351 DSP Data Processing

When the AO or A1 register is used as the source register in DSP fixed decimal point data
processing, the guard bits (32—39) are enabled. When any other register is used as the source
register (MO, M1, X0, X1, YO, or Y1), the register data’ s sign-extended portion goes to bits 32—39.
When the A0 or Al register is used as the destination register, the guard bits (32—39) are enabled.
When any other register is used as the destination register, the resulting data’ s bits 32—-39 are
ignored.

DSP integer data processing is the same as DSP fixed decimal point data processing. The bottom
word (the bottom 16 bits, or bits 0—15) of the source register, however, isignored. The bottom
word of the destination register is cleared with zeroes.

The top word (top 16 bits, or bits 16-31) of the source register for DSP logical data processing is
enabled. The bottom word and the guard bits of registers AO and A1 are ignored. The top word of
the destination register is enabled. The bottom word and the guard bits of registers AO and Al are
cleared with zeroes.

35.2 X and Y Data Transfers

The MOV X.W and MOVY .W ingtructions access the X and Y memory through the 16-bit X and
Y data buses. The part of dataloaded to aregister or stored from aregister is the top word (bits
16-31). The bottom word is cleared with zeroes.

353 Single Data Transfers

The MOVS.W and MOV S.L instructions can access any memory through the instruction data bus
(IDB). All DSP registers are connected to the IDB bus, which can serve as either the source and
destination register during a data transfer. There are two data transfer modes: word and longword.
In word mode, data is loaded to the top word of the DSP register or stored from the top word,
except for the AOG and A1G registers. In longword mode, datais loaded to the 32 bits of the DSP
register or stored from the 32 bits, except for the AOG and A1G registers.
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In single data transfers, the AOG and A1G registers can be handled as independent registers. Eight
bits of data can be loaded to or stored from the AOG and A1G registers.

When the AOG or A1G register isthe source register, only eight bits are stored from the register.
The top bits are sign extended.

When the AOG or A1G register is the destination register, the bottom eight bits are loaded to the
register. The AO and A1 registers are not cleared with zeros, so the values are preserved.

Tables 3.1 and 3.2 list the data formats on the register with the DSP instructions. With some
instructions, not all registers can be accessed. For example, the PMULS instruction can specified
the Al register asthe source register, but not the AO register. For more information, see the
description of the instruction.

Figure 3.5 shows the relationship between the DSP registers and buses during data transfers.
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Table3.1 DataFormat of DSP Instruction Source Register

Guard Bits Register Bits
Register Instruction 39-32 31-16 15-0
A0, Al DSP Fixed decimal, 40 bit data
operation PDMSB,
PSHA
Integer 24 bit data —
Logic, PSHL, — 16 bit data
PMULS
Data MOVX.W, 16 bit data
transfer MOVY.W,
MOVS.W
MOVS.L 32 bit data
AOG, A1G Data MOVS.W Data — —
transfer MOVS.L Data
X0, X1, YO, DSP Fixed decimal, Sign* 32 bhit data
Y1, MO, M1 operation PDMSB,
PSHA
Integer 16 bit data —
Logic, PSHL, — 16 bit data —
PMULS
Data MOVS.W 16 bit data
transfer MOVS.L 32 bit data

Note: * The signis extended and stored in the ALU’s guard bits.
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Table3.2 DataFormat of DSP Instruction Destination Register
Guard Bits Register Bits
Register Instruction 39-32 31-16 15-0
A0, Al DSP Fixed (Sign extend) 40 bit result
operation decimal,
PSHA,
PMULS
Integer, (Sign extend) 24 bit result Clearto O
PDMSB
Logic, PSHL Clearto 0 16 bit result Clearto 0
Data transfer MOVS.W Sign extend 16 bit data Clearto O
MOVS.L Sign extend 32 bit data
AOQG, A1G Data transfer MOVS.W Data Not updated
MOVS.L Data Not updated
X0, X1, YO, DSP Fixed — 32 bit result
Y1, MO, M1 operation decimal,
PSHA,
PMULS
Integer, logic, 16 bit result Clearto O
PDMSB,
PSHL
Data transfer MOVX.W, 16 bit data Clearto 0
MOVY.W,
MOVS.W
MOVS.L 32 bit data
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32 hits

Main bus
16 bits
, y XDB
16 bits
y YDB
8 bits [7:0] 16 bits 32 bits
MOVS.W,
MOVX.W, 31 16 MOVS.L
MOVS.W, MOVY.W 0
MOVS.L - AO l
39 32 — Al i
AOG MO 1
AlG M1 :
DSR > X0 :
7 0 > X1 |
> Y0 !
> Y1 |

Figure3.5 Relationship between DSP Registersand Buses during Data Transfer
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4.1 RISC-Type Instruction Set
All instructions are RISC type. Their features are detailed in this section.
16-Bit Fixed Length: All instructions are 16 bits long, increasing program coding efficiency.

Onelnstruction/Cycle: Basic instructions can be executed in one cycle using the pipeline system.
Instructions are executed in 50 ns at 20 MHz, in 35 nsat 28.7MHz.

Data L ength: Longword isthe standard data length for all operations. Memory can be accessed in
bytes, words, or longwords. Byte or word data accessed from memory is sign-extended and
calculated with longword data (table 4.1). Immediate datais sign-extended for arithmetic
operations or zero-extended for logic operations. It also is calculated with longword data.

Table4.1 Sign Extension of Word Data

SH-1/SH-2/SH-DSP CPU Description Example for Other CPU
MV. W  @disp, PC), RL Data is sign-extended to 32 ADD. W #H 1234, RO
ADD R1, RO bits, and R1 becomes

H'00001234. It is next
--------- operated upon by an ADD
. DATA. W H 1234 instruction.

Note: The address of the immediate data is accessed by @(disp, PC).

L oad-Store Architecture: Basic operations are executed between registers. For operations that
involve memory access, datais |oaded to the registers and executed (load-store architecture).
Instructions such as AND that manipulate bits, however, are executed directly in memory.

Delayed Branch Instructions: Unconditional branch instructions are delayed. Pipeline disruption
during branching is reduced by first executing the instruction that follows the branch instruction,
and then branching (table 4.2). With delayed branching, branching occurs after execution of the
dlot instruction. However, instructions such as register changes etc. are executed in the order of
delayed branch instruction, then delay dot instruction. For example, even if the register in which
the branch destination address has been loaded is changed by the delay ot instruction, the branch
will still be made using the value of the register prior to the change as the branch destination
address.
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Table4.2 Delayed Branch Instructions

SH-1/SH-2/SH-DSP CPU Description Example for Other CPU
BRA TRGET Executes an ADD before ADD. W R1, RO
ADD Rl RO branching to TRGET. BRA TRGET

Multiplication/Accumulation Operation:

SH-1 CPU: 16hit x 16bit - 32-bit multiplication operations are executed in one to three cycles.
16hit x 16bit + 42bit - 42-bit multiplication/accumulation operations are executed in two to three
cycles.

SH-2/SH-DSP CPU: 16hit x 16bit - 32-bit multiplication operations are executed in one to two
cycles. 16hit x 16bit + 64bit — 64-bit multiplication/accumulation operations are executed in two
to three cycles. 32hit x 32bit — 64-bit multiplication and 32bit x 32hit + 64bit - 64-bit
multiplication/accumul ation operations are executed in two to four cycles.

T Bit: The T hit in the status register changes according to the result of the comparison, and in
turn is the condition (true/false) that determinesif the program will branch (table 4.3). The number
of instructions after T bit in the status register is kept to a minimum to improve the processing
speed.

Table4.3 T Bit

SH-1/SH-2/SH-DSP CPU Description Example for Other CPU
CW/ GE R1,RO T bit is set when RO = R1. The CcwP. W R1, RO
program branches to TRGETO.
BT TRGETO When RO = R1 and to TRGET1. BCE TRGETO
BF TRGET1 When RO < R1. BLT TRGET1
ADD #-1, RO T bit is not changed by ADD. SUB. W #1, RO
CW/ EQ #0,R0 T bit is set when RO = 0. BEQ TRGET
BT TRCGET The program branches if RO =
0.

Immediate Data: Byteimmediate dataislocated in instruction code. Word or longword
immediate datais not input viainstruction codes but is stored in a memory table. The memory
table is accessed by an immediate data transfer instruction (MOV) using the PC relative
addressing mode with displacement (table 4.4).
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Table4.4 Immediate Data Accessing

Classification SH-1/SH-2/SH-DSP CPU Example for Other CPU
8-bit immediate MOV #H 12, RO MOV.B #H 12, RO
16-bit immediate MOV. W @di sp, PO, RO MOV. W #H 1234, RO

.DATA W H 1234
32-bit immediate MOV. L @di sp, PC), RO MOV. L #H 12345678, RO

.DATA. L H 12345678
Note: The address of the immediate data is accessed by @(disp, PC).

Absolute Address: When data is accessed by absolute address, the value already in the absolute
addressis placed in the memory table. Loading the immediate data when the instruction is
executed transfers that value to the register and the data is accessed in the indirect register
addressing mode.

Table4.5 Absolute Address

Classification SH-1/SH-2/SH-DSP CPU Example for Other CPU
Absolute address MOV. L @disp, PO, R1 MOV.B @ 12345678, RO
MOV. B @R1, RO

. DATA. L H 12345678

16-Bit/32-Bit Displacement: When data is accessed by 16-bit or 32-bit displacement, the pre-
existing displacement value is placed in the memory table. Loading the immediate data when the
instruction is executed transfers that value to the register and the datais accessed in the indirect
indexed register addressing mode.

Table4.6 Displacement Accessing

Classification SH-1/SH-2/SH-DSP CPU Example for Other CPU
16-bit displacement MOV. W @di sp, PO, RO MOV.W @H 1234,R1), R2
MOV. W @RO, Rl), R2

.DATA. W H 1234
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4.2 Addressing Modes

Addressing modes effective address calculation by the CPU core are described below.

Table4.7 Addressing Modes and Effective Addresses
Addressing Instruction
Mode Format Effective Addresses Calculation Formula
Direct Rn The effective address is register Rn. (The operand is —
register the contents of register Rn.)
addressing
Indirect @Rn The effective address is the content of register Rn. Rn
register
Post- @Rn + The effective address is the content of register Rn. Rn
increment A constant is added to the content of Rn after the (After the
indirect instruction is executed. 1 is added for a byte instruction is
register operation, 2 for a word operation, or 4 for a longword executed)
addressing operation.
Byte: Rn + 1
| Rn | - Rn
® ~ Rn
Longword:
1/2/4 Rn+4 5 Rn
Pre- @-Rn The effective address is the value obtained by Byte: Rn—1
decrement subtracting a constant from Rn. 1 is subtracted fora - Rn
indirect byte operation, 2 for a word operation, or 4 for a Word: Rn — 2
register longword operation. ~ Rn
addressing
Longword:
Rn—-4 - Rn

(Instruction
executed with
Rn after
calculation)

Rn - 1/2/4
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Addressing Instruction
Mode Format Effective Addresses Calculation Formula
Indirect @(disp:4, The effective address is Rn plus a 4-bit displacement Byte: Rn +
register Rn) (disp). The value of disp is zero-extended, and disp
addressing remains the same for a byte operation, is doubled for Word: Rn +
with displace- a word operation, or is quadrupled for a longword disp x 2
ment operation.
Longword:
Rn + disp x 4
disp Rn
(zero-extended) + disp x 1/2/4
Indirect @(RO, Rn)  The effective address is the Rn value plus RO. Rn + RO
indexed
register
addressing
©
Indirect @(disp:8, The effective address is the GBR value plus an 8-bit Byte: GBR +
GBR GBR) displacement (disp). The value of disp is zero- disp
addressing extended, and remains the same for a byte Word: GBR +
with operation, is doubled for a word operation, or is disp x 2
displace- quadrupled for a longword operation.
ment Longword:
GBR + disp x
4
disp _ GBR
(zero-extended) + disp x 1/2/4
Indirect @(RO, The effective address is the GBR value plus RO. GBR + RO
indexed GBR)
GBR
addressing

GBR + RO
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Addressing Instruction
Mode Format Effective Addresses Calculation Formula
PC relative  @(disp:8, The effective address is the PC value plus an 8-bit Word: PC +
addressing  PC) displacement (disp). The value of disp is zero- disp x 2
with extended, and disp is doubled for a word operation, Longword:
displace- or is quadrupled for a longword operation. For a PC & '
ment longword operation, the lowest two bits of the PC are H'EEEEEEEC
masked. + disp x 4
(for longword)
PC + disp x 2
H'FFFFFFFC or
i PC&H'FFFFFFFC
disp + disp x 4
(zero-extended)
PC relative  disp:8 The effective address is the PC value sign-extended PC + disp x 2
addressing with an 8-bit displacement (disp), doubled, and
added to the PC.
~disp PC + disp x 2
(sign-extended)
disp:12 The effective address is the PC value sign-extended PC + disp x 2

with a 12-bit displacement (disp), doubled, and
added to the PC.

disp
(sign-extended)

PC +disp x 2
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Addressing Instruction
Mode Format Effective Addresses Calculation Formula
PC relative  Rn* The effective address is the register PC plus Rn. PC +Rn
addressing
(cont)
Immediate  #imm:8 The 8-bit immediate data (imm) for the TST, AND, —
addressing OR, and XOR instructions are zero-extended.

#imm:8 The 8-bit immediate data (imm) for the MOV, ADD, —

and CMP/EQ instructions are sign-extended.
#imm:8 Immediate data (imm) for the TRAPA instruction is —

zero-extended and is quadrupled.

Note: * Applies to the SH-2 and SH-DSP. This addressing mode is not supported by the SH-1.

4.3 I nstruction For mat

Theinstruction format table, table 4.8, refers to the source operand and the destination operand.
The meaning of the operand depends on the instruction code. The symbols are used as follows:

e xXxxX: Instruction code
e mmmm: Source register

e nnnn: Destination register
e iiii: Immediate data
e dddd: Displacement
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Table4.8 Instruction Formats

Source Destination
Instruction Formats Operand Operand Example
0 format — — NOP
15 0
| XXXX  XXXX  XXXX  XXXX |
n format — nnnn: Direct MVT Rn
register
15 0 9
| xxxx| nnnn | OOX XXX | Control register  nnnn: Direct STS  MACH, Rn
or system register
register
Control register  nnnn: Indirectpre- STC. L SR, @ Rn
or system decrement register
register
m format mmmm: Direct Control register or LDC Rm SR
15 0 register system register

mmmm: Indirect Control register or LDC. L @m+, SR
post-increment  system register
register

| XXXX |mmmm| XXXX  XXXX

mmmm: Direct — J\VP @m
register

mmmm: PC — BRAF Rm
relative using
Rm*
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Source Destination
Instruction Formats Operand Operand Example
nm format mmmm: Direct nnnn: Direct ADD Rm Rn
15 register register
| XXX | nnnn |mmmm| YK | mmmm: Direct nnnn: Indirect MOV. L Rm @Rn
register register
mmmm: Indirect MACH, MACL MAC. W
post-increment @Rm+, @Rn+
register
(multiply/
accumulate)
nnnn*: Indirect
post-increment
register
(multiply/
accumulate)
mmmm: Indirect nnnn: Direct MOV. L @Rm+, Rn
post-increment  register

register

mmmm: Direct

nnnn: Indirect pre-

MOV.L Rm @ Rn

register decrement register
mmmm: Direct nnnn: Indirect MOV. L
register indexed register Rm @ RO, Rn)
md format mmmmdddd: RO (Direct MOV. B
15 indirect register  register) @di sp, R, RO
with
| XXXX  XXXX |mmmm| dddd | displacement
nd4 format RO (Direct nnnndddd: Indirect MOV. B
15 0 register) register with RO, @di sp, Rn)

| XXXX  XXXX | nnnn | dddd

displacement

Note: *

In multiply/accumulate instructions, nnnn is the source register.

RRENESAS
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Source Destination
Instruction Formats Operand Operand Example
nmd format mmmm: Direct  nnnndddd: Indirect MOV. L
15 register register with Rm @ di sp, Rn)
displacement
| XXXX | nnnn |mmmm| dddd | -
mmmmdddd: nnnn: Direct MOV. L
Indirect register  register @di sp, R, Rn
with
displacement
d format dddddddd: RO (Direct register) MOV. L
Indirect GBR @disp, GBBR), RO
18 0 with
XXXX  XxXX | dddd dddd displacement
RO(Direct dddddddd: Indirect MOV. L
register) GBR with RO, @ di sp, GBR)
displacement
dddddddd: PC RO (Direct register) MOVA
relative with @disp, PC), RO
displacement
dddddddd: PC  — BF | abel
relative
d12 format dddddddddddd: — BRA | abel
15 0 PC relative (1 abel = disp
| %0 | dddd dddd  dddd * PO
nd8 format dddddddd: PC nnnn: Direct MOV. L
relative with register @ disp, PC), Rn
15 0 -
displacement
| XXXX | nnnn | dddd dddd
i format jiiiiiii: Immediate Indirect indexed AND. B
15 0 GBR #i nm @ RO, GBR)
| OO XXX | i diii iiiiiiii: Inmediate RO (Direct register) AND  #i nm RO
iiiiiiii: Immediate — TRAPA #i mm
ni format iiiiiiii: Immediate  nnnn: Direct ADD #i mm Rn
15 0 register
| o0 | nnnn | i i

Note: Applies to the SH-2 and SH-DSP. The BRAF instruction is not supported by the SH-1.
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44 DSP
DSP operations and data transfers are listed below:

ALU Fixed Decimal Point Operations: These are fixed decimal point operations with either 40-
bit (with guard bits) or 32-bit (with no guard bhits) fixed decimal point data. These include
addition, subtraction, and comparison instructions.

ALU Integer Operations: These are integer arithmetic operations with either 24-bit (with guard
bits) or 16-bit (with no guard bits) integer data. They include increment and decrement
instructions.

ALU Logical Operations: These are logical operations with 16-bit logical data. They include
AND, OR, and exclusive OR.

Fixed Decimal Point Multiplication: Thisisfixed decimal point multiplication (arithmetic
operation) of the top 16 bits of fixed decimal point data. Condition bits such as the DC bit are not
updated.

Shift Operations: These are arithmetic and logical shift operations. Arithmetic shift operations
are arithmetic shifts of 40 bits (with guard bits) or 32 bits (with no guard bits) of fixed decimal
point data. Logical shift operations are logical operations on 16 bits of logical data. The amount of
the arithmetic shift operation is—32 to +32 (negative for right shifts, positive for left shifts); for
logical shifts, the amount is—16 to +16.

M SB Detection Instruction: This operation finds the amount of the shift to normalize the data. It
finds the position of the MSB bit in either 40-bit (with guard bits) or 32-bit (with no guard bits)
fixed decimal point data as either 24 bits (with guard bits) or 16 bits (with no guard bits) integer
data.

Rounding Operation: Rounds 40-bit fixed decimal point data (with guard bits) to 24 bits or 32-
bit (with no guard bits) fixed decimal point datato 16 hits.

Data Transfers: Datatransfers consist of X and Y data transfers, which load or store 16-bit data
to and from X and Y memory, and single data transfers, which load and store 16- or 32-bit data
from al memories. Two X and Y datatransfers can be processed in parallel. Condition bits such
asthe DC bit are not updated.

The operation instructions include both conditional operation instructions and instructions that are
conditionally executed depending on the DC bit. Condition bits such as the DC bit are not updated
by conditional instructions. Their settings vary for arithmetic operations, logical operations,
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arithmetic shifts, and logical shifts. or MSB detection instructions and rounding instructions, set
the condition bits like for arithmetic operations.

Arithmetic operations include overflow preventing instructions (saturation operations). When
saturation operation is specified with the S bit in the SR register, the maximum (positive) or
minimum (negative) value is stored when the result of operation overflows.

4.5 DSP Data Addressing

The DSP command performs two different types of memory accesses. One usesthe X and Y data
transfer instructions (MOV X.W and MOV'Y .W) while the other uses the single data transfer
instructions (MOVS.W and MOV S.L). Data addressing for these two types of instructions also
differs. Table 4.9 summarizes the data transfer instructions.

Table4.9 Summary of Data Transfer Instructions

X and Y Data Transfer Single Data Transfer Processing
Processing (MOVX.W and (MOVS.W and MOVS.L)

Item MOVY.W)

Address registers Ax: R4, R5; Ay: R6, R7 As: R2, R3, R4, R5

Index registers Ix: R8; ly: R9 Is: R8

Addressing Nop/Inc(+2)/Index addition: Nop/Inc(+2, +4)/Index addition:
Post-increment Post-increment

— Dec(-2, —4): Pre-decrement

Modulo addressing Available Not available

Data buses XDB, YDB IDB

Data length 16 bits (word) 16 or 32 bits (word or longword)

Bus contention None Occurs

Memory X and Y data memories All memory spaces

Source registers Da: AO, Al Ds: AO/Al, MO/M1, X0/X1, YO/Y1,
A0G, A1G

Destination registers Dx: X0/X1; Dy: YO/Y1 Ds: AO/A1, MO/M1, X0/X1, YO/Y1,
A0G, A1G
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45.1 X and Y Data Addressing

The DSP command allows X and Y data memories to be accessed simultaneously using the

MOV X.W and MOVY .W instructions. DSP instructions have two pointers so they can access the
X and Y data memories simultaneously. DSP instructions have only pointer addressing; immediate
addressing is not available. Address registers are divided in two. The R4 and R5 registers become
the X memory address register (Ax) while the R6 and R7 registers become the Y memory address
register (Ay). The following three types of addressing may be used with X and Y data transfer
instructions.

e Addressregisters with no update: The Ax and Ay registers are address pointers. They are not
updated.

e Addition index register addressing: The Ax and Ay registers are address pointers. The values
of the Ix and |y registers are added to the Ax and Ay registers respectively after data transfer
(post-increment).

e Increment address register addressing: The Ax and Ay registers are address pointers. +2 is
added to them after data transfer (post-increment).

Each of the address pointers has an index register. Register R8 becomes the index register (Ix) for
the X memory address register (AX); register R9 becomes the index register (ly) for the Y memory
address register (Ay).

X and Y datatransfer instructions are processed in words. X and Y data memory is accessed in 16
bit units. Increment processing for that purpose adds two to the address register. To decrement
them, set -2 in the index register and specify addition index register addressing. For X and Y data
addressing, only bits 1 to 15 of the address pointer are valid. When performing X and Y data
addressing, make sure to write 0 to bit 0 of the address pointer and index register.

Figure 4.1 showsthe X and Y data transfer addressing. With using the X or Y busto access X
memory or Y memory, Ax (R4 or R5) and Ay (R6 or R7) upper reads [?? words] are ignored.
Also, theresults of XX AY+, XX Ay + Iv are stored in the lower word of Ay, and the previous
value of the upper word is retained.
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R8[Ix] R4[AX] R9[ly] R6[AY]

R5[AX] R7[Ay]
+2 (INC) +2 (INC)

+0 (No update) —| +0 (No update) —|

ALU AU*1

Notes: 1. Adder added for DSP processing
2. All three addressing methods (increment, index register addition (Ix, ly), and
no update) are post-increment methods. To decrement the address pointer, set
the index register to -2 or —4.

Figure4.1 X andY Data Transfer Addressing

452 Single Data Addressing

The DSP command has single data transfer instructions (MOVS.W and MOV S.L) that load data
to DSP registers and store data from DSP registers. With these instructions, the R2—R5 registers
are used as address registers (As) for single data transfers.

There are four types of data addressing for single data transfer instructions.

Address registers with no update: The As register is the address pointer. It is not updated.
Addition index register addressing: The Asregister is the address pointer. The value of thels
register is added to the As register after data transfer (post-increment).

Increment address register addressing: The Asregister is the address pointer. +2 or +4 is added
to it after data transfer (post-increment).

Decrement address register addressing: The Asregister is the address pointer. —2 or —4 (or +2
or +4) isadded to it before data transfer (pre-decrement).

The address pointer uses the R8 register asitsindex register (Is). Figure 4.2 shows the single data
transfer addressing.
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R2[As]
R3[As]
R8[Is] R4[As]
—2/-4 (DEC) RS[As]
+2/+4 (INC)
+0 (No update) —|

ALU

Note: There are four addressing methods (no update, index register addition (Is),
increment, and decrement). Index register addition and increment are
post-increment methods. Decrement is a pre-decrement method.

Figure4.2 Single Data Transfer Addressing

453 Modulo Addressing

Like other DSPs, the SH-DSP has a modulo addressing mode. Address registers are updated in the
same way in this mode. When a modulo end address in which the address pointer value is already
set is reached, the address pointer becomes the modulo start address.

Modulo addressing is only effective for X and Y data transfer instructions (MOV X.W and
MOVY.W). When the DM X bit of the SR register is set, the X address register enters modulo
addressing mode; when the DMY bit is set, the Y address register enters modulo addressing mode.
Modulo addressing cannot be used on both X and Y address registers at once. Accordingly, do not
set DMX and DMY at the same time. Should they both be set at once, only DMY will be valid.

The MOD register is provided for specifying the start and end addresses for the modulo address
area. The MOD register stores the MS (modulo start) and ME (modulo end). The following shows
how to use the modulo register (MS and ME).
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MOV. L MbdAddr, Rn; Rn=MbdEnd, ModStart

LDC Rn, MCOD; ME=MbdENnd, MS=MbdSt art
MbdAddr: . DATA.W nEnd; Lower 16bit of MdEnd

.DATA. W nfStart; Lower 16bit of MbdStart

ModSt art: . DATA

ModEnd: . DATA

Set the start and end addressesin MS and ME and then set the DMX or DMY bit to 1. The address
register contents are compared to ME. If they match ME, the start address M S is stored in the
address register. The bottom 16 bits of the address register are compared to ME. The maximum
modulo size is 64 kbytes. Thisis ample for accessing the X and Y data memory. Figure 4.3 shows
ablock diagram of modulo addressing.

Instruction (MOVX/MOVY)

31 1615 o DMX DMY

31 1615 O
31 0 R4[AX] R6[Ay] 31 0
R8[IX R5[AX R7[A
| : | [ ]| 1 W] R9[ly]
+ [ _ ] +2
+0— “| 15 0 —+0
MS

| mx | | ME | ABy
15 l 1 15 0 15 1
XAB YAB

Figure4.3 Modulo Addressing
The following is an example of modulo addressing.

MS=H C008; ME=H C00C;, R4=H C008;
DMX=1; DMy=0; (Sets nodul o addressing for address register Ax (R4, R5))

The above setting changes the R4 register as shown below.
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R4: H C008
I nc. R4: H CO0A
I nc. R4: H CO0C

Inc. R4: H C008 (Becomesthe modulo start address when the modulo end addressis
reached)

Place data so the top 16 bits of the modulo start and end address are the same, since the modulo
start address only swaps the bottom 16 bits of the address register.

Note: When using addition index as the DSP data addressing, the address pointer may exceed
this value without matching ME. Should this occur, the address pointer will not return to
the modulo start address.

454 DSP Addressing Operation

The following shows how DSP addressing works in the execution stage (EX) of a pipeline
(including modul o addressing).

if ( Operation is MOVX WMWY. W) {
ABXx=Ax; ABy=Ay’

/* menory access cycle uses Abx and Aby. The addresses to be used
have not been updated */

/* AXx is one of R4,5 */

if ( DW==0 || ==1 @ DMy==1 )} Ax=Ax+(+2 or R8[Ix} or +0);
/* Inc, | ndex, Not - Update */

else if (!not-update) Ax=nodul o( Ax, (+2 or R8[IX]) );

/* Ay is one of R6,7 */
if ( ==0 ) Ay=Ay+(+2 or RO[ly] or +0; /* Inc,|ndex, Not-Update */
else if (! not-update) Ay=nodul o( Ay, (+2 or RO[Iy]) );
}
else if ( Operation is MWS Wor MWS. L ) {
if ( Addressing is Nop, Inc, Add-index-reg ) {
MAB=As;

/* menory access cycle uses MAB. The address to be used has not
been updated */

/* As is one of R2-5 */
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As=As+(+2 or +4 or R8[Is] or +0); /* Inc.Index, Not-Update */
else { /* Decrement, Pre-update */
/* As is one of R2-5 */
As=As+(-2 or -4);
MAB=As
/* menory access cycle uses MAB. The address to be used has been
updated */

}

/* The value to be added to the address register depends on addressing
oper ati ons.

For exanple, (+2 or R8[Ix] or +0) means that

+2: if operation is increnent
R8[ I x}: if operation is add-index-reg
+0: if operation is not-update

/*

function nmodul o ( AddrReg, Index ) {
if ( AdrReg[15:0]==ME ) AdrReg[ 15: 0] ==M5;
el se Adr Reg=Adr Reg+l ndex
return AddrReg;
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4.6 Instruction Formatsfor DSP I nstructions

New instructions have been added to the SH-DSP for use in digital signal processing. The new
instructions are divided into two groups.

« Double and single data transfer instructions for memory and DSP registers (16 hits)
e Parallel processing instructions processed by the DSP unit (32 bits)

Figure 4.4 shows their instruction formats.

15 0
CPU core 0000
instructions to
1110
15 10 9 0
Double data | | : |
transfer instructions 111100 A field
_ 15 109 0
Single data _
transfer instructions | 111101 | A field |
3 26 25 16 15 0
Parallel processing | : | :
instructions 111110 | A field B field

Figure4.4 Instruction Formatsof DSP I nstructions

4.6.1 Double and Single Data Transfer Instructions

Table 4.10 shows the instruction formats for double data transfer instructions. Table 4.11 shows
the instruction formats for single data transfer instructions
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Table4.10 Instruction Formatsfor Double Data Transfers
Category Mnemonic 15 14 13 12 11 10 8
X memory data |NOPX 1 1 1 1 0 0 0
transfers MOVX. W @, Dx Ax
MOVX. W @+, Dx
MOVX. W @\ -+l x, Dx
MOVX. W Da, @\
MOVX. W Da, @+
MOVX. W Da, @+ X
Y memory data |NOPY 1 1 1 1 0 0 0
transfers MOVY. W @y, Dy Ay
MOVY. W @y +, Dy
MOVY. W @\y+ly, Dy
MOVY. W Da, @y
MOVY. W Da, @y+
MOVY. W Da, @y+ly
Category Mnemonic 6 4 3 2 1 0
X memory data |NOPX 0 0
transfers MOVX. W @, Dx Dx 0o | 1
MOVX. W @+, Dx 1 0
MOVX. W @+ x, Dx 1 1
MOVX. W Da, @\x Da 1 0 1
MOVX. W Da, @\ + 1 0
MOVX. W Da, @+l x 1 1
Y memory data |NOPY 0 0 0
transfers MOWY. W @y, Dy Dy 0 1
MOVY. W @\y+, Dy 1 0
MOVY. W @vy+ly, Dy 1 1
MOVY. W Da, @y Da 1 0 1
MOVY. W Da, @\y+ 1 0
MOVY. W Da, @y+ly 1 1

Ax: 0=R4, 1=R5 Ay: 0=R6, 1=R7 Dx: 0=X0, 1=X1 Dy: 0=YO0, 1=Y1 Da: 0=A0, 1=A1
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Table4.11 Instruction Formatsfor Single Data Transfers

Category Mnemonic 15 14 13 12 11 10 9 8
Single data MOVS. W @-As, Ds 1 1 1 1 0 1 As
transfer MOVS. W @\s, Ds 0: R4

MOVS. W @As+, Ds 1:R5
MOVS. W @As+l s, Ds 2:R2
MOVS. W Ds, @-s 3:R3
MOVS. W Ds, @\s

MOVS. W Ds, @s+

MOVS. W Ds, @s+l s

MOWVS. L @-As, Ds

MOVS. L @As, Ds

MOVS. L @As+, Ds

MOVS. L @As+l s, Ds

MOVS. L Ds, @-s

MOVS. L Ds, @s

MOVS. L Ds, @s+

MOVS. L Ds, @s+ls

Category Mnemonic 7 6 5 4 3 2
Single data MWVS. W @-As, Ds Ds 0: (*) 0 0 0
transfer MWVWS. W @hs, Ds 1 (%) 0 1

MOVS. W @As+, Ds 2: (%) 1 0
MOVS. W @\s+l s, Ds 3: (%) 1 1
MOVS. W Ds, @\-s 4: (%) 0 0 0 1
MOVS. W Ds, @s 5: A1 0 1
MOVS. W Ds, @s+ 6: (*) 1 0
MOVS. W Ds, @s+l s 7: AO 1 1
MOVS. L @-As, Ds 8: X0 0 0 1 0
MOVS. L @As, Ds 9: X1 0 1
MOVS. L  @As+, Ds A: YO 1 0
MWVS. L @\s+ls, Ds B: Y1 1 1
MOVS. L Ds, @-s C: MO 0 0 1 1
MOVS. L Ds, @s D: A1G 0 1
MOVS. L Ds, @\s+ E:M1 1 0
MOVS. L Ds, @s+ls F:A0G 1 1

Note: * System reserved code
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4.6.2 Parallel Processing I nstructions

Parallel processing instructions are used by the SH-DSP to increase the execution efficiency of
digital signal processing using the DSP unit. They are 32 bitslong and four can be processed in
parallel (one ALU operation, one multiplication, and two data transfers).

Parallel processing instructions are divided into two fields, A and B. The data transfer instructions
are defined in field A and the ALU operation instruction and multiplication instruction are defined
infield B. These instructions can be defined independently, processed independently, and can be
executed simultaneously in parallel. Table 4.12 liststhe field A parallel datatransfer instructions;
figure 4.14 shows the field B ALU operation instructions and multiplication instructions. The field
A instructions are identical to the double data transfer instructions shown in table 4.10.
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Table4.12 Field A Paralld Data Transfer Instructions

Category Mnemonic 31 30 29 28 27 26 25 24 23
X memory NOPX 1 1 1 1 1 0 0 0
da‘af MOVX. W @, Dx Ax Dx
transfers MOVX. W @x+, Dx

MOVX. W @+l x, Dx
MOVX. W Da, @\x Da
MOWVX. W Da, @\x+
MWVX. W Da, @+ x
Y memory NOPY 0
?rztnasfers W@y, Dy AY
MOVY. W @\y+, Dy
MOVY. W @\y+ly, Dy
MOVY. W Da, @y
MOVY. W Da, @y+
MOVY. W Da, @y+ly

Category Mnemonic 22 21 20 19 18 17 16 15-0
X memory NOPX 0 0 Field B
dataf MOVX. W @\, Dx o | 1
ransters —\vovx. W @+, Dx 1| 0

MOVX. W @+l x, Dx 1 1
MWVX. W Da, @\ 1 0 1
MOVX. W Da, @\x+ 1 0
MOVX. W Da, @+l x 1 1
Y memory NOPY 0 0 0
data f MOVY. W @y, Dy Dy 0o | 1
transfers I vovy. W @y+, Dy 1] o0
MOVY. W @\y+ly, Dy 1 1
MOVY. W Da, @y Da 1 0 1
MOVY. W Da, @\y+ 1 0
MOVY. W Da, @y+ly 1 1

Ax: 0=R4, 1=R5 Ay: 0=R6, 1=R7 Dx: 0=X0, 1=X1 Dy: 0=YO0, 1=Y1 Da: 0=A0, 1=A1
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Category Mnemonic 31-27] 26 | 25-16 [1514 13]121a]10] o] 8] 7]6] 5[4 [3]2[1] 0
) ) PSHL #imm, Dz 1 0 FieldA|[{O0O O 0(0[0| —16<imm<+16 Dz
imm. shift | psHA #imm, Dz 00 0|1|0| —32<imm=<+32
00 0| |1
Reserved 00 1
si PMULS Se, Sf, Dg 01 00| Se Sf Sx | Sy | Dg | Du
IX
operand | Reserved | |« 0 1 0 1]0:x0 |0:v0 [0:x0] 0:vo [o:Mo]0:x0
parallel 1:X1 | 1:Y1 [1:X1] 1:Y1 [1:M1{1:Y0
instruction |~ PSUB Sx, Sy, Du 0 171 0|2:Y0 |2:x0 [2:A0|2:M0|2:A0 |2:A0
L _P_NlU_L§ _Sg, _Sf_ Igg_ ________ 3:A1 [3:Al [3:A1|3:M1|3:A1 (3:Al
PADD Sx, Sy, Du 0111
_PMULS Se, Sf, Dg _
Three Reserved 1010010010 0 Dz
operand F———————————— 101
instructions| _PSUBC Sx, Sy, Dz _ ___ 110 0: (*4)
| _PADDC Sx, Sy, Dz _ __J11 1: (*1)
| __PCMPSx. Sy __ ___J00j01 2: (*)
| ___Reserved __ _ ___ 101 3 (*1)
| _PWSBSx, Sy, Dz _ __110] 4: (*1)
| _ PWAD Sx, Sy, Dz _ __J11 5: Al
| __PABSSx,Dz__ _ ___400J10 6: (*1)
| __FRNDSx, Dz _ _ 101 7:A0
| __PABSSyDz _ _ ___11.0] 8:X0
| __PRNDSy,Dz _ _ ___J11 __ 9: X1
00|11 A:YO
01 B:Y1
Reserved 1o C: MO
11 D: (*1)
E:M1
F: (*1)

®

©

©

®

Figure4.5 Field B ALU Operation Instructionsand Multiplication Instructions
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® © ® ®

Category Mnemonic 31-27] 26 | 25-16 [1514 131211 10] 9 | 8 [7]6] 5[4 [3]2]1]0
Conditionall(f €0)** PSHL Sx, Sy,Dz| 1 0 FieldA | 1 00 0][0 0 | ifecc | Sx | Sy Dz
three 01 0:X0|0:YO| 0:(*Y
operand T 7110 1:X1]1:Y1 1:(*1)
instructions 11 o1#2 |%Y0|2:MO 2:(*1)
Y 3:Y1|3:M1| 3:(*)
00[01 oy
o] )
42 5:A1
___ 110 6:(*%)
11 7:A0
5 ol o |L0:CT 850
o1 9:X1
RN A0
11 :
———1== : C:MO
T loof11 11:DCF S
___ 194 E:M1
___11.0] F:(*1)
11
[11]00[10
___ 1914
10
1]
1 0 0
___ 1001 1| ifcc
___ 10 1]
___ {10
11
Reserved T 0 o0
0*3
Reserved 1 1

Notes: 1. [if cc]: DCT (DC bit true), DCF (DC bit false), or none (unconditional
instruction)
2. Unconditional
3. System reserved code

Figure4.5 Field B ALU Operation Instructionsand M ultiplication Instructions (cont)
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4.7 ALU Fixed Decimal Point Operations

47.1 Function

ALU fixed decimal point operations basically work with a 32-bit unit to which 8 guard bits are
added for atotal of 40 bits. When the source operand is a register without guard bits, the register’s
sign bit is extended and copied to the guard bits. When the destination operand is a register
without guard bits, the lower 32 bits of the operation result are stored in the destination register.

ALU fixed decimal point operations are performed between registers. The source and destination
operands are selected independently from the DSP register. When there are guard bitsin the
selected register, the operation is also executed on the guard bits. These operations are executed in
the DSP stage (the last stage) of the pipeline.

Whenever an ALU arithmetic operation is executed, the DSR register’sDC, N, Z, V, and GT bits
are updated by the operation result. For conditional instructions, however, condition bits are not
updated even when the specified condition is achieved. For unconditional instructions, the bits are
updated according to the operation result.

The condition reflected in the DC bit is selected with the CS[2:0] bits. The DC bits of the PADDC
and PSUB instructions, however, are updated regardless of the CS bit settings. In the PADDC
instruction, it is updated as a carry flag; in the PSUB instruction, it is updated as a borrow flag.

Figure 4.6 showsthe ALU fixed decimal point operation flowchart.

Rev. 5.00 Jun 30, 2004 page 50 of 512
REJ09B0171-05000
RRENESAS



Section 4 Instruction Features

Guard bits Guard bits
4 3t 0 $ 31 0
L] | L
Source 1 Source 2
A 4 A 4
ALU GT[z| N]V ][DC]
DSR
Destination
L]
S 0
Guard bits

Figure4.6 ALU Fixed Decimal Point Operation Flowchart

When the memory read destination operand is the same as the ALU operation source operand and
the data transfer instruction program is written on the same line as the ALU operation, data loaded
from memory in the memory access stage (MA) cannot be used as the source operand of the ALU
operation instruction. When this occurs, the result of the instruction executed first is used asthe
source operand of the ALU operation and is updated as the destination operand of the data load
instruction thereafter. Figure 4.7 is a flowchart of the operation.

MOVX.W @ R4+R8, X0

PADD X0, YO, A0 MOVX.W @ R4+, X0

Slot 1 2 3 4 > °
EX (ad- MA bsP
MOVX IF ID dressing) | (MOVX) (nop)
oV EX (ad MA DSP
ADD 7 ID dressing) \(MOVX) (ADD)
\_/‘

The result of the previous step is used.

Figure4.7 Sample Processing Flowchart
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4.7.2

Instructions and Operands

Table 4.13 shows the types of ALU fixed decimal point arithmetic operations. Table 4.14 shows
the correspondence between the operands and registers.

Table4.13 Typesof ALU Fixed Decimal Point Arithmetic Operations

Mnemonic Function Source 1 Source 2 Destination
PADD Addition Sx Sy Dz (Du)
PSUB Subtraction SX Sy Dz (Du)
PADDC Addition with carry Sx Sy Dz
PSUBC Subtraction with borrow Sx Sy Dz
PCMP Compare Sx Sy —
PCOPY Copy data Sx — Dz

— Sy Dz
PABS Absolute value Sx — Dz

— Sy Dz
PNEG Invert sign Sx — Dz

— Sy Dz
PCLR Zero clear — — Dz

Table4.14 Correspondence between Operands and Registersfor ALU Fixed Decimal Point
Arithmetic Operations

Operand X0 X1 YO Y1 MO M1 AO Al
Sx Yes*!  Yes Yes Yes
Sy Yes Yes Yes Yes

Dz Yes Yes Yes Yes Yes Yes Yes Yes
Du*2 Yes Yes Yes Yes

Notes: 1. Yes: Register can be used with operand.
2. Du: Operand when used in combination with multiplication.
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4.7.3 DC Bit

The DC hit is set as follows depending on the specification of the CS0-CS2 hits (condition select

bits) of the DSR register.

Carry/Borrow Mode: CS2-CS0 = 000: The DC hit indicates whether a carry or borrow has
occurred from the MSB of the operation result. The guard bits have no affect on this. Thismodeis
the default. Figure 4.8 shows examples when carries and borrows occur.

Example 1: Carry
Guard bits

0000 0000 1111 1111 1111 1111
+) 0000 0000 0000 0000 0000 0001

Example 2: Carry
Guard bits

1111 1111 0111 0000 0000 0000
+) 0011 1111 0001 0000 0000 0000

0000 0001 0000 0000 0000 0000

Position where
carry is detected

Example 3: Borrow
Guard bits

0000 0000 0000 0000 0000 0001
D) 0000 0000 0000 0000 0000 0001

0000 0000 0000 0000 0000 0000

Position where

(1)0011 1110 1000 0000 0000 0000

Position where
carry is detected

Example 4: Borrow
Guard bits

0000 0000 0001 0000 0000 0001
) 0000 0000 0001 0000 0000 0010

1111 1111 1111 11211 1111 1111

L Position where

borrow is detected borrow is detected

Figure4.8 Examplesof Carriesand Borrows

Negative Mode: CS2—CS0 = 001: In this mode, the DC bit is the same as the MSB of the
operation result. When aresult is negative, the DC bit is 1. When the result is positive, the DC bit
is0. ALU arithmetic operations are always done in 40 bits. The sign bit indicating positive or
negative is thus the MSB included in the guard bits of the operation result rather than the MSB of
the destination operand. Figure 4.9 shows an example of distinguishing negative from positive. In
this mode, the DC bit has the same value as the condition bit N.

Rev. 5.00 Jun 30, 2004 page 53 of 512
REJ09B0171-05000

RRENESAS



Section 4 Instruction Features

Example 1: Negative

Guard bits

1100 0000 0000 0000 0000 0000
+) 0000 0000 0000 0000 0000 0001

Example 2: Positive
Guard bits

0011 0000 0000 0000 0000 0000
+) 0000 0000 1000 0000 0000 0001

1100 0000 0000 0000 0000 0001

L

Sign bit

0011 0000 1000 0000 0000 OOO1

L Sign bit

Figure4.9 Distinguishing Negative and Positive

Zero Mode: CS2—CS0 = 010: The DC hit indicates whether the operation result is zero. When it
is, the DC bit is 1. When the operation result is nonzero, the DC bit is 0. In this mode, the DC bit
has the same value as the condition bit Z.

Overflow Mode: CS2-CS0 = 011: The DC bit indicates whether the operation result has caused
an overflow. When the operation result without the guard bits has exceeded the bounds of the
destination register, the DC bit is set to 1. The DC hit considers there to be no guard bits, which
makes it an overflow even when there are guard bits. This means that the DC bit isalways setto 1
when large numbers use guard bits. In this mode, the DC bit has the same val ue as the condition
bit V. Figure 4.10 shows an example of distinguishing overflows.

Example 1: Overflow Example 2: No overflow

Guard bits Guard bits

1111 1111 1111 1111 1111 1111
+) 1111 1111 1000 0000 0000 0000

1111 1111 1111 1111 1111 1111
+) 1111 1111 1000 0000 0000 0001

1111 1111 0111 1111 1111 1111

1111 1111 1000 0000 0000 0000

L Overflow detection range L Overflow detection range

Figure4.10 Distinguishing Overflows

Signed Greater Than Mode: CS2—-CS0 = 100: The DC bit indicates whether the source 1 data
(signed) is greater than the source 2 data (signed) in the result of a comparison instruction PCMP.
For that reason, the PCMP instruction is executed before checking the DC bit in this mode. When
the source 1 data is larger than the source 2 data, the result of the comparison is positive, so this
mode becomes similar to the negative mode. When the source 1 datais larger than the source 2
data and the bounds of the destination operand are exceeded, however, the sign of the result of the
comparison becomes negative. The DC bit is updated. In this mode, the DC bit has the same value
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as the condition bit GT. The equation shown below defines the DC bit in this mode. However, VR
becomes a positive value when the result including the guard bit area exceeds the display range of
the destination operand.

DC bit = ~ {(N bit A VR)|Z bit}

When the PCMP instruction is executed in this mode, the DC bit becomes the same value asthe T
bit that indicates the result of the SH core’s CMP/GT instruction. In this mode, the DC bhit is
updated according to the above definition for instructions other than the PCMP instruction as well.

Signed Greater Than or Equal to Mode: CS2—CS0 = 101: The DC bit indicates whether or not
the source 1 data (signed) is greater than or equal to the source 2 data (signed) in the result of the
execution of a comparison instruction PCMP. For that reason, the PCMP instruction is executed
before checking the DC bit in this mode. This modeis similar to the Signed Greater Than mode
except for checking if the operands are the same. The equation shown below defines the DC bitin
this mode. However, VR becomes a positive value when the result, including the guard bit area,
exceeds the display range of the destination operand.

DC bit = ~ (N bit A VR)

When the PCMP instruction is executed in this mode, the DC bit becomes the same value asthe T
bit that indicates the result of the SuperH core’s CMP/GE instruction. In this mode, the DC bit is
updated according to the above definition for instructions other than the PCMP instruction as well.

47.4 Condition Bits
The condition bits are set as follows:

¢ TheN (negative) bit has the same value as the DC hit when the CS bits specify negative mode.
When the operation result is negative, the N bit is 1. When the operation result is positive, the
N bitisO.

e TheZ (zero) bit has the same value as the DC bit when the CS bits specify zero mode. When
the operation result is zero, the Z hit is 1. When the operation result is nonzero, the Z bit is 0.

e TheV (overflow) bit has the same value as the DC bit when the CS bits specify overflow
mode. When the operation result exceeds the bounds of the destination register without the
guard bits, the V bit is 1. Otherwise, the V bit isO.

e The GT (greater than) bit has the same value as the DC bit when the CS bits specify Signed
Greater Than mode. When the comparison result indicates the source 1 data is greater than the
source 2 data, the GT bit is 1. Otherwise, the GT bitisO.
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475 Overflow Prevention Function (Saturation Operation)

When the S bit of the SR register is set to 1, the overflow prevention function is engaged for the
ALU fixed decimal point arithmetic operation executed by the DSP unit. When the operation
result overflows, the maximum (positive) or minimum (negative) value is stored.

4.8 ALU Integer Operations

ALU integer operations are basically 24-bit operations on the top word (the top 16 bits, or bits 16
through 31) and 8 guard bits. In ALU integer operations, the bottom word of the source operand
(the bottom 16 bits, or bits 0-15) isignored and the bottom word of the destination operand is
cleared with zeros. When the source operand has no guard bits, the sign bit is extended to fill the
guard bits. When the destination operand has no guard bits, the top word of the operation result
(not including the guard bits) are stored in the top word of the destination register.

Integer operations are basically the same as ALU fixed decimal point arithmetic operations. There
are only two types of integer operation instructions, increment and decrement, which change the
second operand by +1 or —1. 16 bits of integer data (word data) isloaded to the DSP register and
stored in the top word. The operation is performed using the top word in the DSP register. When
there are guard hits, they are valid as well. These operations are executed in the DSP stage (the last
stage) of the pipeline.

Whenever an ALU integer arithmetic operation is executed, the DSR register’'sDC, N, Z, V, and
GT bits are basically updated by the operation result. Thisisthe same as for ALU fixed decimal
point operations.

For conditional instructions, condition bits and flags are not updated even when the specified
condition is achieved and the instruction executed. For unconditional instructions, the bits are
always updated according to the operation result. Figure 4.11 shows the ALU integer operation
flowchart.
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Guard bits Guard bits
4 31 0 {31 0
L | | |
Source 1 Source 2
A 4 A 4
ALU —cT| z|[ N ]V |DC]
DSR
Destination
A\
L |
Y a 0
Guard bits - Ignored
:Cleared to O

Figure4.11 ALU Integer Operation Flowchart

Table 4.15 lists the types of ALU integer operations. Table 4.16 shows the correspondence
between the operands and registers.

Table4.15 Typesof ALU Integer Operations

Mnemonic Function Source 1 Source 2 Destination
PINC Increment by 1 Sx (+1) Dz
(+1) Sy Dz
PDEC Decrement by 1 Sx (1) Dz
(-1) Sy Dz
Table4.16 Correspondence between Operands and Registersfor ALU Integer Operations
Operand X0 X1 YO Y1 MO M1 A0 Al
Sx Yes Yes Yes Yes
Sy Yes Yes Yes Yes
Dz Yes Yes Yes Yes Yes Yes Yes Yes

Note: Yes: Register can be used with operand.
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When the S bit of the SR register is set to 1, the overflow prevention function (saturation
operation) is engaged. The overflow prevention function can be specified for ALU integer
arithmetic operations executed by the DSP unit. When the operation result overflows, the
maximum (positive) or minimum (negative) valueis stored.

4.9 ALU Logical Operations

49.1 Function

ALU logica operations are performed between registers. The source and destination operands are
selected independently from the DSP register. These operations use only the top word of the
respective operands. The bottom word of the source operand and the guard bits are ignored and the
bottom word of the destination operand and guard bits are cleared with zeros. These operations are
executed in the DSP stage (the last stage) of the pipeline.

Whenever an ALU arithmetic operation is executed, the DSR register’sDC, N, Z, V, and GT bits
are basically updated by the operation result. For conditional instructions, condition bits and flags
are not updated even when the specified condition is achieved and the instruction executed. For
unconditional instructions, the bits are always updated according to the operation result. The DC
bit is updated as specified in the CS bits. Figure 4.12 shows the ALU logical operation flowchart.

Guard bits Guard bits
l 31 0 l 31 0
| | source1 | | [sSource2
A 4 A
ALU cT[z[ N[V [bC]
DSR
Destination
L
Y oa 0
Guard bits
: Ignored
:Cleared to O

Figure4.12 ALU Logical Operation Flowchart

Rev. 5.00 Jun 30, 2004 page 58 of 512
REJ09B0171-05000

RRENESAS




Section 4 Instruction Features

49.2 Instructions and Operands

Table 4.17 liststhe types of ALU logical arithmetic operations. Table 4.18 shows the
correspondence between the operands and registers, which isthe same asfor ALU fixed decimal

point operations.

Table4.17 Typesof ALU Logical Arithmetic Operations

Mnemonic Function Source 1 Source 2 Destination
PAND AND Sx Sy Dz
POR OR Sx Sy Dz
PXOR Exclusive OR SX Sy Dz

Table4.18 Correspondence between Operands and Registersfor ALU Logical Arithmetic

Operations
Operand X0 X1 YO Y1 MO M1 A0 Al
Sx Yes Yes Yes Yes
Sy Yes Yes Yes Yes
Dz Yes Yes Yes Yes Yes Yes Yes Yes

Note: Yes: Register can be used with operand.

4.9.3 DC Bit

The DC bitisset in logical operations as follows:

Carry/Borrow Mode: CS2-CS0 = 000: The DC bit isaways 0.

Negative Mode: CS2—CS0 = 001: In this mode, the DC bit is the same as the bit 31 of the
operation result. In this mode, the DC bit has the same value as bit N.

Zero Mode: CS2—CS0 = 010: The DC hit is 1 when the operation result is zero; otherwise, the

DC bit is 0. In this mode, the DC bit has the same value as bit Z.

Overflow Mode: CS2-CS0 = 011: The DC bit isaways 0. In this mode, the DC bit has the same

valueashit V.

Signed Greater Than Mode: CS2—CS0 = 100: The DC hit is always 0. In this mode, the DC bit

has the same value as bit GT.

Signed Greater Than or Equal to Mode: CS2-CS0 = 101: The DC bit is always 0.
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494 Condition Bits
The condition bits are set as follows.

e TheN hit isthe value of bit 31 of the operation result.

e TheZ bitis1 when the operation result is zero; otherwise, the Z bit is 0.
e TheV hitisawaysO.

e TheGT bitisawaysO.

4.10 Fixed Decimal Point Multiplication

Multiplication in the DSP unit is between signed single-length operands. It is processed in one
cycle. When double-length multiplication is needed, use the SuperH RISC engine’s double-length
multiplication.

Basically, the operation result for multiplication is 32 bits. When aregister that has guard bitsis
specified as the destination operand, it is sign-extended.

In the DSP unit, multiplication is afixed decimal point arithmetic operation, not an integer
operation. This means the top words of the constant and multiplicand are entered into the MAC
operator. In SuperH RISC engine multiplication, the bottom words of the two operands are entered
into the MAC operator. The operation result thus is different from the SuperH RISC engine. The
SuperH RISC engine operation result is matched to the LSB of the destination, while the fixed
decimal point multiplication operation result is matched to the MSB. The LSB of the operation
result in fixed decimal point multiplication is thus always 0.

Figure 4.13 shows a flowchart of fixed decimal point multiplication.
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Guard bits Guard bits
l 31 0 l 31 0
L | |
l A4 A
V
MAC
Destination
A
[«—s o]
t a3

0
Guard bits |:| . Ignored

Figure4.13 Fixed Decimal Point Multiplication Flowchart

Table 4.19 shows the fixed decimal point multiplication instruction. Table 4.20 shows the
correspondence between the operands and registers.

Table4.19 Fixed Decimal Point Multiplication

Mnemonic Function Source 1 Source 2 Destination
PMULS Signed multiplication Se Sf Dg

Table4.20 Correspondence between Operands and Registersfor Fixed Decimal Point
Multiplication

Operand X0 X1 YO Y1 MO M1 A0 Al

Se Yes Yes Yes Yes
Sf Yes Yes Yes Yes
Dg Yes Yes Yes Yes

Note: Yes: Register can be used with operand.

DSP unit fixed decimal point multiplication completes a single-length 16 bit x 16 bit operation in
one cycle. Other multiplication is the same as in the SuperH RISC engines.

Multiplication instructions do not update the DC, N, Z, V, GT, or any condition bit of the DSR
register.
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The overflow prevention function is valid for DSP unit multiplication. Specify it by setting the S
bit of the SR register is set to 1. When an overflow or underflow occurs, the operation result value
is the maximum or minimum value respectively. In DSP unit fixed decimal point multiplication,
overflows only occur for H'8000 x H'8000 ((-1.0) x (—1.0)). When the S hit is O, the operation
result is H'80000000, which means—1.0 rather than the correct answer of +1.0. When the Shit is
1, the overflow prevention function is engaged and the result is H'007FFFFFFF.

411  Shift Operations

The amount of shift in shift operationsis specified either through aregister or using a direct
immediate value. Other source operands and destination operands are registers. There are two
types of shift operations. arithmetic and logical. Table 4.21 shows the operation types. The
correspondence between operands and registers is the same as for ALU fixed decimal point
operations, except for immediate operands. The correspondence is shown in table 4.22.

Table4.21 Types of Shift Operations

Mnemonic Function Source 1 Source 2 Destination
PSHA Sx, Sy, Dz  Arithmetic shift Sx Sy Dz
PSHL Sx, Sy, Dz  Logical shift Sx Sy Dz
PSHA #imm, Dz  Arithmetic shift with Dz imm1 Dz
immediate data
PSHL #imm, Dz  Logical shift with immediate Dz imm1 Dz
data

-32<imml < +32, =16 <imm2 < +16

Table4.22 Correspondence between Operands and Registersfor Shift Operations

Operand X0 X1 YO Y1 MO M1 A0 Al
Sx Yes Yes Yes Yes
Sy Yes Yes Yes Yes

Dz Yes Yes Yes Yes Yes Yes Yes Yes

Note: Yes: Register can be used with operand.
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4111  Arithmetic Shift Operations

Function: ALU arithmetic shift operations basically work with a 32-bit unit to which 8 guard bits
are added for atotal of 40 bits. ALU fixed decimal point operations are basically performed
between registers. When the source operand has no guard bits, the register’ s sign bit is copied to
the guard bits. When the destination operand has no guard bits, the lower 32 bits of the operation
result are stored in the destination register.

In arithmetic shifts, all bits of the source 1 operand and destination operand are valid. The source 2
operand, which specifies the shift amount, is integer data. The source 2 operand is specified as a
register or immediate operand. The valid amount of shift is—32 to +32. Negative values are shifts
to the right; positive values are shifts to the | eft. Between —64 and +63 can be specified for the
source 2 operand, but only —32 to +32 isvalid. When an invalid number is specified, the results
cannot be guaranteed. When an immediate value is specified for the shift amount, the source 1
operand must be the same as the destination operand. The action of the operation is the same as for
fixed decimal point operations and is executed in the DSP stage (the last stage) of the pipeline.

Whenever an arithmetic shift operation is executed, the DSR register’sDC, N, Z, V, and GT bits
are basically updated by the operation result. Thisisthe same as for ALU fixed decimal point
operations. For conditional instructions, condition bits are not updated even when the specified
condition is achieved and the instruction executed. For unconditional instructions, the bits are
always updated according to the operation result.

Figure 4.14 shows the arithmetic shift operation flowchart.

Left shift Right shift
79 Og 31 16 15 0 79 0Og 31 16 15 0
| :}I/ «— |«—0 L 1> e \|\
Copy MSB
Shift out :(\ % (Copy MSB) Shift out
+32 to —32
_ 79 0g 31 23221615 0
Shift amount data. | | [ Dz | | Update [GT|Z [N ]V [DC]
(source 2) 6 0 DSR

I:I . Ignored

Figure4.14 Arithmetic Shift Operation Flowchart
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DC Bit: The DC bit is set as follows depending on the mode specified by the CS bits:

e Carry/Borrow Mode: CS2—-CS0 = 000: The DC bit is the operation result, the value of the bit
pushed out by the last shift.

¢ Negative Mode: CS2—CS0 = 001: Set to 1 for a negative operation result and O for a positive
operation result. In this mode, the DC bit has the same value as bit N.

e Zero Mode: CS2—CS0 = 010: The DC hit is 1 when the operation result is zero; otherwise, the
DC bit is 0. In this mode, the DC bit has the same value as bit Z.

¢ Overflow Mode: CS2—-CS0 = 011: The DC hit is set to 1 by an overflow. In this mode, the DC
bit has the same value as bit V.

e Signed Greater Than Mode: CS2-CS0 = 100: The DC bit is always 0. In this mode, the DC bit
has the same value as bit GT.

e Signed Greater Than or Equal To Mode: CS2—CS0 = 101: The DC bit is always 0.
Condition Bits: The condition bits are set as follows:

¢ TheN hit isthe same as the result of the ALU fixed decimal point arithmetic operation. It is set
to 1 for anegative operation result and O for a positive operation result.

e TheZ bit isthe same as the result of the ALU fixed decimal point arithmetic operation. It is set
to 1 when the operation result is zero; otherwise, the Z bit is 0.

e TheV hit isthe same as the result of the ALU fixed decimal point arithmetic operation. It is set
to 1 for an overflow.

e TheGT bitisawaysO.

Overflow Prevention Function (Saturation Operation): When the S bit of the SR register is set
to 1, the overflow prevention function is engaged for the ALU fixed decimal point arithmetic
operation executed by the DSP unit. When the operation result overflows, the maximum (positive)
or minimum (negative) valueis stored.

4112 Logical Shift Operations

Function: Logical shift operations use the top words of the source 1 operand and the destination
operand. Asin ALU logical operations, the guard bits and bottom word of the operands are
ignored. The source 2 operand, which specifies the shift amount, isinteger data. The source 2
operand is specified as aregister or immediate operand. The valid amount of shift is—16 to +16.
Negative values are shifts to the right; positive values are shiftsto the left. Between —32 and +31
can be specified for the source 2 operand, but only —16 to +16 isvalid. When an invalid number is
specified, the results cannot be guaranteed. When an immediate value is specified for the shift
amount, the source 1 operand must be the same as the destination operand. The action of the
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operation is the same as for fixed decimal point operations and is executed in the DSP stage (the
last stage) of the pipeline.

Whenever alogical shift operation is executed, the DSR register’sDC, N, Z, V, and GT bitsare
basically updated by the operation result. Thisisthe same asfor ALU logical operations. For
conditional instructions, condition bits are not updated even when the specified conditionis
achieved and the instruction executed. For unconditional instructions, the bits are always updated
according to the operation result.

Figure 4.15 shows the logical shift operation flowchart.

Left shift Right shift
7g Og 31 16 15 0 7g Og 31 16 15 0
I I x| | I | I |
4 0 i N
Shift out Shift out
2:\ %
+16 to —16
_ 79 Og 31 23221615 0
Shift amount data - ™7 [ Dz | | update [GT[ z]N]V]DC]|
(source 2) 5 0
DSR
[ ]: 1gnored

|:| : Clearedto 0

Figure4.15 Logical Shift Operation Flowchart
DC Bit: The DC hit is set as follows depending on the mode specified by the CS hits.

e Carry/borrow mode: CS2—CS0 = 000: The DC bit is the operation result, the value of the bit
pushed out by the last shift.

* Negative Mode: CS2—CS0 = 001: In this mode, the DC bit is the same as the bit 31 of the
operation result. In this mode, the DC bit has the same value as bit N.

e Zero Mode: CS2—CS0 = 010: The DC hit is 1 when the operation result is all zeros; otherwise,
the DC bit is 0. In this mode, the DC bit has the same value as bit Z.

¢ Overflow Mode: CS2—CS0 = 011: The DC bit isaways 0. In this mode, the DC bit has the
same value ashit V.
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e Signed Greater Than Mode: CS2-CS0 = 100: The DC bit isalways 0. In this mode, the DC bit
has the same value as bit GT.

e Signed Greater Than Or Equal To Mode: CS2—CS0 = 101: The DC hit is always 0.
Condition Bits: The condition bits are set as follows.

e TheN bit isthe same as the result of the ALU logical operation. It is set to the value of bit 31
of the operation result.

e TheZ hitisthe same as the result of the ALU logical operation. It is set to 1 when the
operation result isall zeros; otherwise, the Z bit is 0.

e TheV bitisawaysO.

e TheGT bitisawaysO.

412 TheMSB Detection I nstruction

4121 Function

The MSB detection instruction (PDM SB: most significant bit detection) finds the amount of shift
for normalizing the data.

The operation result is the same as for ALU integer operations. Basically, the top 16 bitsand 8
guard bits are valid for atotal 24 bits. When the destination operand is aregister that has no guard
bits, it is stored in the top 16 bits of the destination register.

The MSB detection instruction works on all bits of the source operand, but gets its operation result
ininteger data. Thisis because the shift amount for normalization must be integer data for the
arithmetic shift operation. The action of the operation is the same as for fixed decimal point
operations and is executed in the DSP stage (the last stage) of the pipeline.

Whenever aPDM SB instruction is executed, the DSR register’'sDC, N, Z, V, and GT hitsare
basically updated by the operation result. For conditional instructions, condition bits are not
updated even when the specified condition is achieved and the instruction executed. For
unconditional instructions, the bits are always updated according to the operation resullt.

Figure 4.16 shows the MSB detection instruction flowchart. Table 4.24 shows the relationship
between source data and destination data.
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—»GT| z| N |V |DC]

DSR

Guard bits
31 0
Source 1 or 2
Y
Priority encoder
Destination
A 4
ER
Guard bits

I:l : Clearedto 0

Figure4.16 M SB Detection Flowchart
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Table4.23 Relationship between Source Data and Destination Data

Source Data

Guard Bits Top Word Bottom Word
79 | 6g | 59g-2g | 1g | Og | 31 | 30 | 29 | 28 27-4 27-4 3 2 1 0
0 0 — 0 0 0 0 0 0 — — 0 0 0 0
0 0 — 0 0 0 0 0 0 — — 0 0 0 1
0 0 — 0 0 0 0 0 0 — — 0 0 1 *
0 0 — 0 0 0 0 0 0 — — 0 1 * *
! ! 1
0 0 — 0 0 0 0 0 1 — — * * * *
0 0 — 0 0 0 0 * — — * * * *
0 0 — 0 0 0 1 * * — — * * * *
0 0 _ 0 0 1 * * * _ _ * * * *
0 0 _ 0 1 * * * * _ _ * * * *
! ! !

0 1 _ * * * * * * _ _ * * * *
1 0 _ * * * * * * _ _ * * * *
! ! 1
1 1 _ 1 0 * * * * _ _ * * * *
1 1 _ 1 1 0 * * * _ _ * * * *
1 1 _ 1 1 1 0 * * _ _ * * * *
1 1 — 1 1 1 1 0 * — — * * * *
1 1 — 1 1 1 1 1 0 — — * * * *
! ! !

1 1 — 1 1 1 1 1 1 — — 1 0 * *
1 1 — 1 1 1 1 1 1 — — 1 1 0 *
1 1 — 1 1 1 1 1 1 — — 1 1 1 0

1 1 — 1 1 1 1 1 1 — — 1 1 1
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Destination Result

Guard Bits Top word
79-0g 31-22 21 20 19 18 17 16 Hexaj(e)cimal
allo allo 0 1 1 1 1 1 +31
0 1 1 1 1 0 +30
0 1 1 1 0 1 +29
0 1 1 1 0 0 +28
! ! ! !
all o all o 0 0 0 0 1 0 +2
0 0 0 0 0 1 +1
0 0 0 0 0 0 0
all 1 all 1 1 1 1 1 1 1 -1
1 1 1 1 1 0 -2
! ! ! !
all 1 all 1 1 1 1 0 0 0 -8
1 1 1 0 0 0 -8
! ! ! !
all1 all1 1 1 1 1 1 0 -2
1 1 1 1 1 1 -1
allo allo 0 0 0 0 0 0 0
0 0 0 0 0 1 +1
0 0 0 0 1 0 +2
! ! ! !
allo allo 0 1 1 1 0 0 +28
0 1 1 1 0 1 +29
0 1 1 1 1 0 +30
0 1 1 1 1 1 +31

Note: * Don't care bits have no effect.

RRENESAS
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4122 Instructionsand Operands

Table 4.24 shows the MSB detection instruction. The correspondence between the operands and
registersisthe same asfor ALU fixed decimal point operations. It is shown in table 4.25.

Table4.24 M SB Detection Instruction

Mnemonic Function Source 1 Source 2 Destination
PDMSB MSB detection Sx — Dz
— Sy Dz

Table4.25 Correspondence between Operands and Registersfor M SB Detection

Instructions
Operand X0 X1 YO Y1 MO M1 A0 Al
Sx Yes Yes Yes Yes
Sy Yes Yes Yes Yes
Dz Yes Yes Yes Yes Yes Yes Yes Yes

Note: Yes: Register can be used with operand.

4123 DCBit
The DC bit is set as follows depending on the mode specified by the CS bits:
Carry/Borrow Mode: CS2-CS0 = 000: The DC bit isaways 0.

Mode: CS2—CS0 = 001: Set to 1 for a negative operation result and O for a positive operation
result. In this mode, the DC bit has the same value as bit N.

Zero Mode: CS2—CS0 = 010: The DC hit is 1 when the operation result is zero; otherwise, the
DC bit is 0. In this mode, the DC bit has the same value as bit Z.

Overflow Mode: CS2-CS0 = 011: The DC bit isaways 0. In this mode, the DC bit has the same
valueashit V.

Signed Greater Than Mode: CS2—CS0 = 100: Set to 1 for a positive operation result and O for a
negative operation result. In this mode, the DC bit has the same value as bit GT.

Signed Greater Than or Equal To Mode: CS2-CS0 = 101: Set to 1 for a positive or zero
operation result and O for a negative operation result.
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4124 Condition Bits
The condition bits are set as follows.

e TheN hit isthe same as the result of the ALU integer operation. It is set to 1 for a negative
operation result and O for a positive operation result.

e TheZ bit isthe same as the result of the ALU integer operation. It is set to 1 when the
operation result is zero; otherwise, the Z bit is 0.

e TheV hitisawaysO.

e TheGT bit isthe same as the result of the ALU integer operation. It is set 1 for a positive
operation result and otherwise to 0.

4.13 Rounding

4131 Operation Function

The DSP unit has a function for rounding 32-bit values to 16-bit values. When the value has guard
bits, 40 bits are rounded to 24 bits. When the rounding instruction is executed, H'0000 8000 is
added to the source operand and the bottom word is then cleared to zeros.

Rounding uses all bits of the source and destination operands. The action of the operation is the
same as for fixed decimal point operations and is executed in the DSP stage (the last stage) of the
pipeline.

The rounding instruction is unconditional. The DSR register’'sDC, N, Z, V, and GT bits are thus
always updated according to the operation result.

Figure 4.17 shows the rounding flowchart. Figure 4.18 shows the rounding process definitions.
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Guard bits
v 31 0
| | | H'00008000
Source 1 or 2 Addition
A 4 A 4
ALU GT[z|[N]V ][DC]|
DSR
Destination
ta 0
Guard bits
: Clearedto 0
Figure4.17 Rounding Flowchart
Rounding result A
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|
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i
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|
|
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o
o
o
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o
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T
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Figure4.18 Rounding Process Definitions
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4132 Instructionsand Operands

Table 4.26 shows the instruction. The correspondence between the operands and registersisthe
same as for ALU fixed decimal point operations. It is shown in table 4.27.

Table4.26 Rounding Instruction

Mnemonic Function Source 1 Source 2 Destination
PRND Rounding Sx — Dz
— Sy Dz

Table4.27 Correspondence between Operands and Registersfor Rounding I nstruction

Operand X0 X1 YO Y1 MO M1 A0 Al
Sx Yes Yes Yes Yes
Sy Yes Yes Yes Yes

Dz Yes Yes Yes Yes Yes Yes Yes Yes

Note: Yes: Register can be used with operand.

4133 DCBit

The DC bit is updated as follows depending on the mode specified by the CS bits. Condition bits
are updated as for ALU fixed decimal point arithmetic operations.

Carry/Borrow Mode: CS2—-CS0 = 000: The DC bit is set to 1 when acarry or borrow from the
MSB of the operation result occurs; otherwise, it is set to 0.

Negative Mode: CS2—CS0 = 001: Set to 1 for a negative operation result and O for a positive
operation result. In this mode, the DC bit has the same value as bit N.

Zero Mode: CS2—CS0 = 010: The DC hit is 1 when the operation result is zero; otherwise, the
DC bit is 0. In this mode, the DC bit has the same value as bit Z.

Overflow Mode: CS2-CS0 = 011: The DC bit is set to 1 by an overflow; otherwise, it isset to 0.
In this mode, the DC bit has the same value as bit V.

Signed Greater Than Mode: CS2—-CS0 = 100: Set to 1 for a positive operation result; otherwise,
itisset to 0. In this mode, the DC bit has the same value as bit GT.

Signed Greater Than or Equal To Mode: CS2-CS0 = 101: Set to 1 for a positive or zero
operation result; otherwise, it isset to 0.
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4134 Condition Bits

The condition bits are set as follows. They are updated as for ALU fixed decimal point arithmetic
operations.

¢ TheN hit isthe same as the result of the ALU fixed decimal point arithmetic operation. It is set
to 1 for anegative operation result and O for a positive operation result.

e TheZ hit isthe same as the result of the ALU fixed decimal point arithmetic operation. It is set
to 1 when the operation result is zero; otherwise, the Z hit is 0.

e TheV bit isthe same as the result of the ALU fixed decimal point arithmetic operation. It is set
to 1 for an overflow; otherwise, the V bit isO.

e TheGT bit isthe same as the result of the ALU fixed decimal point arithmetic operation and
the ALU integer operation. It is set 1 for a positive operation result; otherwise, the GT bitisO.

4135 Overflow Prevention Function (Saturation Operation)

When the S bit of the SR register is set to 1, the overflow prevention function can be specified for
all rounding processing executed by the DSP unit. When the operation result overflows, the
maximum (positive) or minimum (negative) value is stored.

4.14  Condition Select Bits (CS) and the DSP Condition Bit (DC)

DSP instructions may be either conditional or unconditional. Unconditional instructions are
executed without regard to the DSP condition bit (DC bit), but conditional instructions may
reference the DC bit before they are executed. With unconditional instructions, the DSR register’s
DC hit and condition bits (N, Z, V, and GT) are updated according to the results of the ALU
operation or shift operation. The DC bit and condition bits (N, Z, V, and GT) are not updated
regardless of whether the conditional instruction is executed. The DC bit is updated according to
the specifications of the condition select (CS) bits. Updates differ for arithmetic operations, logical
operations, arithmetic shifts and logical shifts. Table 4.28 shows the relationship between the CS
bits and the DC bit.
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Table4.28

CS Bits

1

0

Condition Select Bits (CS) and DSP Condition Bit (DC)

Condition Mode

Description

0 O

0

Carry/borrow

The DC bhit is set to 1 when a carry or borrow occurs in the result
of an ALU arithmetic operation. Otherwise, it is cleared to 0.

In logical operations, the DC bit is always cleared to O.

For shift operations (the PSHA and PSHL instructions), the bit
shifted out last is copied to the DC bit.

Negative

In ALU arithmetic operations or arithmetic shifts (PSHA), the
MSB of the result (including the guard hits) is copied to the DC
bit.

In ALU logical operations and logical shifts (PSHL), the MSB of
the result (not including the guard bits) is copied to the DC bit.

Zero

When the result of an ALU or shift operation is all zeros (0), the
DC bit is set to 1. Otherwise, it is cleared to O.

Overflow

In ALU arithmetic operations or arithmetic shifts (PSHA), when
the operation result (not including the guard bits) exceeds the
destination register’s value range, the DC bit is set to 1.
Otherwise, it is cleared to 0.

In ALU logical operations and logical shifts (PSHL), the DC bit is
always cleared to 0.

Signed greater
than

This mode is like the Greater Than Or Equal To mode, but the
DC bit is cleared to 0 when the operation result is zero (0).
When the operation result (including the guard bits) exceeds the
expressible limits, the TRUE condition is VR.

DC bit = ~{(N bit * VR)|Z bit)}; for arithmetic operations
DC bit = 0; for logical operations

Greater than or
equal to

In ALU arithmetic operations or arithmetic shifts (PSHA), when
the result does not overflow, the value is the inversion of the
negative mode’s DC bit. When the operation result (including the
guard bits) exceeds the expressible limits, the value is the same
as the negative mode’s DC bit.

In ALU logical operations and logical shifts (PSHL), the DC bit is
always cleared to 0.

DC bit = ~(N bit  VRY)); for arithmetic operations
DC bit = 0; for logical operations

0

Reserved
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4.15 Overflow Prevention Function (Saturation Operation)

The overflow prevention function (saturation operation) is specified by the S bit of the SR register.
Thisfunction isvalid for arithmetic operations executed by the DSP unit and multiply and
accumul ate operations executed by the existing SH-1 and SH-2. An overflow occurs when the
operation result exceeds the bounds that can be expressed as atwo’ s complement (not including
the guard bits).

Table 4.29 shows the overflow definitions for fixed decimal point arithmetic operations. Table
4.30 shows the overflow definitions for integer arithmetic operations. Multiply/Accumulate
calculation instructions (MAC) supported by previous SuperH RISC engines are performed on 64-
bit registers (MACH and MACL), so the overflow value differs from the maximum and minimum
values. They are defined exactly the same as before.

Table4.29 Overflow Definitionsfor Fixed Decimal Point Arithmetic Operations

Sign Overflow Condition Maximum/Minimum Hexadecimal Display
Positive Result > 1-2-31 1-2-31 007FFFFFFF
Negative Result < -1 -1 FF80000000

Table4.30 Overflow Definitionsfor Integer Arithmetic Operations

Sign Overflow Condition Maximum/Minimum Hexadecimal Display
Positive Result>2715_1 27151 O07FFF****
Negative Result < —2-15 215 FF8000****

Note: * Don't care bits have no effect.

When the overflow prevention function is specified, overflows do not occur. Naturaly, the
overflow bit (V bit) is not set. When the CS bits specify overflow mode, the DC bit is not set
either.
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416 DataTransfers

The SH-DSP can perform up to two data transfersin parallel between the DSP register and on-
chip memory with the DSP unit. The SH-DSP has the following types of data transfers:

1. X andY memory datatransfers. Datatransfer to X and Y memory using the XDB and YDB
buses

¢ Double data transfer: Data transfer only, where transfer in one direction only is permitted
e Pardld datatransfers: Datatransfer that proceedsin parallel to ALU operation processing
2. Single datatransfers: Data transfer to on-chip memory using the IDB bus

Note: Datatransfer instructions do not update the DSR register’ s condition bits.
Table 4.31 shows the various functions.

Table4.31 Data Transfer Functions

Parallel Processing  Parallel Processing Instruction

Category Bus Length  with ALU Operation  with Data Transfer Length
XandY X bus 16 bits None (double) None (X or Y bus) 16 bits
memory data Y bus Available (X and Y 16 bits
transfer bus)
Available (parallel) None (X or Y bus) 32 bits
Available (X and Y 32 bits
bus)
Single data IDB bus 32 bits None None 16 bits

transfer 16 bits

4.16.1 X andY Memory Data Transfer

X and Y memory data transfers allow two data transfers to be executed in parallel and allow data
transfersto be executed in parallel with DSP data operations. 32-bit instruction code is required
for executing DSP data operations and transfersin parallel. Thisiscalled a parallel datatransfer.
When executing an X and Y memory data transfer by itself, 16-bit instruction codeis used. Thisis
called adouble data transfer.

Data transfers consist of X memory datatransfersand Y memory data transfers. X memory datais
loaded to either the X0 or X1 register; Y memory dataisloaded to the YO or Y 1 register. The X0,
X1, YO, and Y1 registers become the destination registers. Data can be stored inthe X and Y
memory if the AO or Al register isthe source register. All these data transfers involve word data
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(16 hits). Dataistransferred from the top word of the source register. Datais transferred to the top
word of the destination register and the bottom word is automatically cleared with zeros.

Specifying a conditional instruction as the operation instruction executed in parallel has no effect
on the data transfer instructions.

X and Y memory data transfers access only the X and Y memory; they cannot access other

memory areas.
X pointer (R4, RS)V/}> Y pointer (R6, R;@

0, +2, +R8 0, +2, +R9
XAB[15:1] YAB[15:1]
A 4 Y
X memory Y memory
(RAM, ROM) (RAM, ROM)
A A
XDBJ[15:0] YDBI[15:0]
A y
X0 YO
X1 Y1
A0 MO
AL M1
[A0G| A1G]| DSR

I:I : Not affected for storing; cleared for loading

I:I . Cannot be set

Figure4.19 Flowchart of X and Y Memory Data Transfers

4.16.2 Single Data Transfers

Single data transfers execute only one data transfer. They use 16-bit instruction code. Single data
transfers cannot be processed in parallel with ALU operations. The X pointer, which accesses X
memory, and two added pointers are valid; the Y pointer is not valid. As with the SuperH RISC
engine, single data transfers can access all memory areas, including external memory. Except for
the DSR register, the DSP registers can be specified as source and destination operands. (The DSR
register is defined as the system register, so it can transfer datawith LDS and ST S instructions.)
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The guard bit registers AOG and A1G can be specified for operands as independent registers.
Single data transfers use the IAB and IDB buses in place of the X busand Y bus, so contention
occurs on the IDB bus between data transfers and instruction fetches.

Single data transfers handle word and longword data. Word data transfers involve only the top
word of the register. When datais loaded to aregister, it goes to the top word and the bottom word
isautomatically filled with zeros. If there are guard bits, the sign bit is extended to fill them. When
storing from aregister, the top word is stored.

When alongword is transferred, 32 bits are valid. When loading a register that has guard bits, the
sign bit is extended to fill the guard bits.

When a guard bit register is stored, the top 24 bits become undefined, and the read out isto the
IDB bus. When the guard bit registers AOG and A1G load word data as the destination registers of
the MOV S.W instruction, the bottom byte is written to the register.

Pointer (R2, R3, R4, RVS)/}D

—2,0, +2, +R8
IAB[31:0]

A 4

All memory areas

A
IDB[15:0]

y
X0 YO
X1 Y1
A0 MO
Al M1

[ A0G | A1G| DSR

: Not affected for storing; cleared for loading. See
the text for information about AOG and A1G.

I:l : Cannot be set

Figure4.20 Single Data Transfer Flowchart (Word)
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Pointer (R2, R3, R4, RVS)/}D

-4, 0, +4, +R8

IAB[31:0]

A 4

All memory areas

IDB[31:0]
y
X0 YO
X1 Y1
A0 MO
Al M1
| AOG | A1G[DSR

l:l . Cannot be set

Figure4.21 Single Data Transfer Flowchart (Longword)

Data transfers are executed in the MA stage of the pipeline while DSP operations are executed in
the DSP stage. Since the next data store instruction starts before the data operation instruction has
finished, astall cycleisinserted when the store instruction comes on the instruction line after the
data operation instruction. This overhead cycle can be avoided by adding one instruction between
the data operation instruction and the data transfer instruction. Figure 4.22 shows an example.
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PADD X0, YO, AO MOVX.W A0, @R4+ Insert an unrelated step
MOVX.W @R5, X1 «—| between data operation
MOVX.W A0, @R4+ instruction and store instruction.
Slot 1 2 3 4 5 6 7
MOVX, EX (ad-
ADD IF ID dressing) MOVX ADD
MOVX IF ID EX (?‘d' MOVX DSP
dressing)
R
MOVX IF ID EX ("_"d MOVX | DSP (nop)
dressing)

Figure4.22 Example of the Execution of Operation and Data Store I nstructions

4.17  Operand Contention

Data contention occurs when the same register is specified as the destination operand for two or
more parallel processing instructions. It occursin three cases.

1. When the same destination operand is specified for an ALU operation and multiplication (Du,
Dg)

2. When the same destination operand is specified for an X memory load and an ALU operation
(Dx, Du, D2)

3. When the same destination operand is specified for aY memory load and an ALU operation
(Dx, Du, D2)

Results cannot be guaranteed when contention occurs. Table 4.32 shows the operand and register
combinations that cause contention.

Some assemblers can detect these types of contention, so pay attention to assembler functions
when selecting one.
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Table4.32 Operand and Register Combinations That Create Contention

DSP Register

Operation Operand X0 X1 YO Y1 MO M1 A0 Al
X memory load Ax

IX

Dx *2 *2
Y memory load Ay

ly

Dy %3 %3
6-operand ALU  Sx *1 xl *1 *1
operation Sy %1 %1 *1 +1

Du *2 %3 *4 *4
3-operand Se *1 x1 *1 xl
multiplication Sf *1 *1 *1 <1

Dg *1 %1 x4 x4
3-operand ALU  Sx *1 xl *1 *1
operation Sy %1 %1 %1 *1

Dz %2 <2 3 %3 <1 <1 <1

Notes: 1. Register is settable for the operand
2. Dx, Du, and Dz contend
3. Dy, Du, and Dz contend
4. Du and Dg contend
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418 DSP Repeat (Loop) Control

The SH-DSP repeat (loop) control function isaspecial utility for controlling repetition efficiently.
The SETRC instruction is executed to hold arepeat count in the repeat counter (RC, 12 bits) and
set an execution mode in which the repeat (loop) program is repeated until the RC is 1. Upon
completion of the repeat operation, the content of the RC becomes 0.

The repeat start register (RS) holds the start address of the repeated section. The repeat end
register (RE) holds the ending address of the repeated section. (There are some exceptions. See
4.19.1 Notes.) The repeat counter (RC) holds the repeat count. The procedure for executing repeat
control is shown below:

Set the repeat start address in the RS register.
Set the repeat end address in the RE register.
Set the repeat count in the RC counter.
Execute the repeated program (loop).

> w DN

The following instructions are used for executing 1 and 2:

LDRS @di sp, PC);
LDRE @di sp, PC);

The SETRC instruction is used to execute 3 and 4. Immediate data or a general register may be
used to specify the repeat count as the operand of the SETRC instruction:

SETRC #imm #imm - Rc, enable repeat control
SETRC Rm Rm - Rc, enable repeat control

#imm is 8 bits and the RC counter is 12 bits, so to set the RC counter to avalue of 256 or greater,
use the Rm register. A sample program is shown below.

LDRS RptStart;
LDRE Rpt End;
SETRC #i nm RC=#i nm
i nstro;
i nstrl1~5 executes repeatedly
RptStart: instrl;
instr2;
instr3;
i nstr4;
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Rpt End: i nstrb5;
instro6;

There are several restrictions on repeat control:

1. Atleast oneinstruction must come between the SETRC instruction and the first instruction of
the repeat program (loop).
2. Execute the SETRC instruction after executing the LDRS and LDRE instructions.

3. When there are more than four instructions for the repeat program (loop) and there is no repeat
start address (in the above example, it was address instrl) at the long word boundary, one cycle
stall (cycle awaiting execution) is required for each repeat.

4. When there are three or fewer instructions in the loop, branch instructions (BRA, BSR, BT,
BF, BT/S, BF/S, BSRF, RTS, BRAF, RTE, JSR, JMP), repeat control instructions (SETRC,
LDRS, LDRE), SR, RS, and RE load instructions, and TRAPA cannot be used. If they are
described, error exemption processing is started and the address values shown in table 4.33 are
pushed out to the stack area pointed by R15.

Table4.33 PC ValuesPushed Out (1)

Conditions Position Address Pushed Out
RC>=2 Any RptStart
RC=1 Any Program address of illegal instruction

5. If there are four or fewer instructionsin the loop, branched instructions (BRA, BSR, BT, BF,
BT/S, BF/S, BSRF, RTS, BRAF, RTE, JSR, JMP), repeat control instructions (SETRC,
LDRS, LDRE), SR, RS, and RE load instructions, and TRAPA cannot be used for the last
three instructionsin the repeat program (loop). If they are described, error exception
processing is started and the address values shown in table 4.34 are pushed out to the stack
area pointed by R15. In case of repeat control instruction (SETRC, LDRS, LDRE), and SR,
RS, and RE load instructions, they cannot be described in positions other than the repeat
module. If described, proper operation cannot be secured.

Table4.34 PC Values Pushed Out (2)

Conditions Position Address Pushed Out

RC>=2 instr3 Program address of illegal instruction
instr4 RptStart-4
instr5 RptStart-2

RC=1 Any Program address of illegal instruction
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6. When there are three or fewer instructionsin the loop, PC relative instructions (MOV A
(disp,PC), RO, or thelike) can only be used at the first instruction (instrl).

7. If there are four or moreinstructionsin the loop, PC relative instructions (MOV A (disp,PC),
RO, or the like) cannot be used in the final two instructions.

8. The SH-DSP does not have arepeat valid flag; repeats become invalid when the RC counter
becomes 0. When the RC counter is not 0 and the PC counter matches the RE register contents,
repeating begins. When the RC counter is set to 0, the repeat program (loop) isinvalid but the
loop is executed only once and does not return to the starting instruction of the loop as when
RCis 1. When the RC counter is set to 1, the repeat module is executed only once. Though it
does not return to the repeat program (loop) start instruction, the RC counter becomes zero
when the repeat module is executed.

9. If there are four or more instructions in the loop, the branched instructions including the
subroutine call back and return instructions cannot be used for the “inst3” through “inst5”
instructions as branch destination address. If they are executed, the repeat control does not
work correctly. If the branch destination is “RptStart” or any address ahead of it, content of RC
in the SR register is not updated.

10. While the repeat is being executed, interruption isrestricted. Figure 4.23 shows the flow for
each stage of EX. Theinitial EX stage of interruption or the bus error exception is usually
started immediately after the EX stage of the instruction is completed (indicated by “A”).
However, in the EX stage of the next instrO, only the bus error exception can be designated by
“B” to continue. At the EX stage of instrl, neither interruption nor bus exception can be
continued by “C". Only the EX stage of instr2 can be continued.
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A: All interruption and bus error exceptions are accepted.
B: Only the bus error exception is accepted.
C: No interruption and bus error exceptions are accepted.

When RC>=1
1-step repeat 2-step repeat 3-step repeat
. ~ A . ~ A . <A
instr0 _ g instr0 _ g instr0 _ g
Start(End): instrl _ ¢ Start: instrl _ ¢ Start: instrl _ ¢
instr2 _ A End: instr2 _ ¢ instr2 _ ¢
instr3  _ A End: instr3 _ ¢
instr4 A
More than 4 steps repeat
) <A
instr0 ~ A or C (when returning from instr n)

Start: instrl — A

.: <A
instrn-3  _ g
instrn-2  _ ¢
instrn-1  _ ¢
End: instr n < C
instrn+l _ A

When RC=0: All interruptions and bus errors are accepted.

Figure4.23 Restriction on Acceptance of Interruption by Repeat M odule

4.18.1  Actual programming

The repeat start register (RS) and repeat end register (RE) store the repeat start address and repeat
end address respectively. Addresses stored in these registers are changed depending on the number
of instructionsin the repeat program (loop). Thisrule is shown below.

Repeat_ Start:  Address of repeat start instruction
Repeat_Start0:  Address of instruction one higher than the repeat end instruction
Repeat_Start3:  Address of instruction three higher than the repeat end instruction
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Table4.35 RSand RE Setup Rule
Number of Instructions in Repeat Program (Loop)
Register 1 2 3 >=4
RS Repeat_start0+8 Repeat_start0O+6 Repeat_startO+4 Repeat_Start
RE Repeat_startO+4 Repeat_startO+4 Repeat_startO+4 Repeat_End3+4

An example of an actual repeat program (loop) assuming various cases based on the abovetable is

given below:

Case 1: Oner

epeat instruction

LDRS RptStart0+8; (RptStart)
LDRE RptStart0+4; (RptStart)
SETRC Rpt Count ;

Rpt Start 0:i nstrO;

Rt pStart:

instril; Repeat instruction
instr2;

Case 2: Two repeat instructions

LDRS RptStart0+6; (RptStart)
LDRE Rpt Start0+4; ( Rpt End)
SETRC Rpt Count ;

Rpt Start 0:i nstrO;

RtpStart:
Rpt End:

instri; Repeat instruction 1
instr2; Repeat instruction 2
instr3;
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Case 3: Three repeat instructions

Rpt Start O:
RtpStart:

Rpt End:

LDRS RptStart0+4; (RptStart)
LDRE Rpt St art 0+4; ( Rpt End)
SETRC Rpt Count ;

instrO;
instrl; Repeat instruction 1
instr2; Repeat instruction 2
instr3; Repeat instruction 3
instr4;

Case 4: Four or more instructions

Rpt Start O:
Rt pStart:

Rpt End3:

Rpt End:

LDRS RptStart;
LDRE Rpt St art 3+4; ( Rpt End)
SETRC Rpt Count ;

instrO;

instrl; Repeat instruction 1
instr2; Repeat instruction 2
instr3; Repeat instruction 3
instrN-3; Repeat instruction N
instrN-2; Repeat instruction N2
instrN-1; Repeat instruction N1
instrN; Repeat instruction N

i nstrN+1;

The above example can be used as a template when programming this repeat program (loop)
sequence. Extension instruction “REPEAT” can simplify the problems of such complicated
labeling and offset. Details are described in Note 2 below.
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Note2.  Extension instruction REPEAT

The extension instruction REPEAT can simplify the delicate handling of the labeling
and offset described in table 4.34 and Note 1. Labels used are shown below.

RptStart: RptStart: Address of first instruction of repeat program (loop)

RptEnd: Address of last instruction of repeat program (loop)

PptCount: Repeat count immediate No.

Use thisinstruction as described below.

Repeat count can be designated as immediate val ue #imm or register indirect value Rn.

Case 1: Onerepeat instruction

REPEAT Rpt Start, RptStart, RptCount
i nstro;

RptStart: instrl; Repeat instruction 1
instr2;

Case 2: Two repeat instructions

REPEAT Rpt Start, RptEnd, Rpt Count

instrO;
RptStart: instrl; Repeat instruction 1
Rpt End: i nstr2; Repeat instruction 2

Case 3: Three repeat instructions

REPEAT Rpt Start, RptEnd, RptCount
instrO;
Rpt Start: instrl,; Repeat instruction 1
instr2; Repeat instruction 2
Rpt End: instr3; Repeat instruction 3
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Case 4: Four or more instructions

REPEAT Rpt Start, RptStart,

nstrO;
RtpStart: instrl;
nstr2;

nstr3;

Rpt Count

nstructi

nstructi

nstructi

on 1

on 2

on 3

>
(7]
@
o
z
w

nstrN-2;
nstriN-1;
nstrN;

nstrN+1;

Rpt End:

nstructi

nstructi

nstructi

nstructi

on
on
on
on

Result of extension of each case corresponds to the case 1 in Note 1.
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419 Conditional Instructionsand Data Transfers

Data operation instructions include both unconditional and conditional instructions. Data transfer
instructions that execute both in parallel can be specified, but they will always execute regardless
of whether the condition is met without affecting the data transfer instruction.

The following is an example of a conditional instruction and a data transfer:
DCT PADD X0, YO, A0 MOVX. W @R4, X0 MOVY. W AO, @GR6+R9
When condition istrue:

Beforeexecution:  X0= H 33333333, Y0= H 55555555, AO0=H 123456789A,
R4=H 00008000, R6=H 00008233, Rl=H 00000004
(R4)=H 1111, (R6)=H 2222

After execution: X0=H 11110000, YO= H 55555555, AO=H 00888888,
R4=H 00008002, R6=H 00008237, Rl=H 00000004
(R4)=H 1111, (R6)=H 1234

When conditionis false:

Beforeexecution:  X0=H 33333333, YO0= H 55555555, AO=H 123456789A,
R4=H 00008000, R6=H 00008233, Rl=H 00000004
(RA)=H 1111, (R6)=H 2222

After execution: X0=H 11110000, YO= H 55555555, AO= H 123456789A,
R4=H 00008002, R6=H 00008237, Rl=H 00000004
(R4)=H 1111, (R6)=H 1234
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Section 5 Instruction Set

The SH-DSP instructions are divided into three groups. CPU instructions are executed by the CPU
core, and DSP data transfer instructions and DSP operation instructions are executed by the DSP
unit. Some CPU instructions support DSP functions. The description of the instruction set is
divided into these three groups.

51 Instruction Set for CPU Instructions
Table 5.1 listsinstructions by classification.

Table5.1 Classification of CPU Instructions

Applicable
Instructions
Operation SH-  No. of
Classification Types Code Function SH-1 SH-2 DSP Instructions
Data transfer 5 MOV Data transfer O O O 39

Immediate data transfer
Peripheral module data transfer
Structure data transfer

MOVA Effective address transfer O O O
MOVT T bit transfer O O O
SWAP Swap of upper and lower bytes O O O
XTRCT Extraction of the middle of registers O O O
connected

Arithmetic 21 ADD Binary addition O O O 33

operations ADDC Binary addition with carry O O O
ADDV Binary addition with overflowcheck O O O
CMP/cond Comparison O O O
DIV1 Division O O O
DIVOS Initialization of signed division O O O
DIVOU Initialization of unsigned division o O O
DMULS Signed double-length multiplication — O O
DMULU Unsigned double-length multiplicaton — O O
DT Decrement and test — O O
EXTS Sign extension O O O
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Applicable
Instructions
Operation SH-  No. of
Classification Types Code Function SH-1 SH-2 DSP Instructions
Arithmetic EXTU Zero extension O O O
?Cpoer:gtions MAC Multiply/accumulate O O O
Double-length multiply/accumulate — O O
operation
MUL Double-length multiplication — O O
(32 x 32 bits)
MULS Signed multiplication (16 x 16 bits) O O O
MULU Unsigned multiplication (16 x 16 bits) O O O
NEG Negation O O O
NEGC Negation with borrow O O O
SUB Binary subtraction O O O
SUBC Binary subtraction with carry O O O
SUBV Binary subtraction with underflow O O O
check
Logic 6 AND Logical AND O O O 14
operations NOT Bit inversion O O O
OR Logical OR o O O
TAS Memory test and bit set O O O
TST Logical AND and T bit set O O O
XOR Exclusive OR O O O
Shift 10 ROTCL One-bit left rotation with T bit O O O 14
ROTCR  One-bit right rotation with T bit O O O
ROTL One-bit left rotation O O O
ROTR One-bit right rotation O O O
SHAL One-bit arithmetic left shift O O O
SHAR One-bit arithmetic right shift O O O
SHLL One-bit logical left shift O O O
SHLLN n-bit logical left shift O O O
SHLR One-bit logical right shift O O O
SHLRn n-bit logical right shift O O O
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Applicable
Instructions
Operation SH-  No. of
Classification Types Code Function SH-1 SH-2 DSP Instructions
Branch 9 BF Conditional branch (T = 0) O O O 1
Conditional branch with delay — O O
BT Conditional branch (T = 1) O O O
Conditional branch with delay — O O
BRA Unconditional branch O O O
BRAF Unconditional branch — O O
BSR Branch to subroutine procedure O O O
BSRF Branch to subroutine procedure — O O
IMP Unconditional branch O O O
JSR Branch to subroutine procedure O O O
RTS Return from subroutine procedure O O O
System 14 CLRMAC  MAC register clear O O O n
control CLRT T bit clear O O O
LDC Load to control register O O O
LDRE Load to repeat end register — — O
LDRS Load to repeat start register — — O
LDS Load to system register O O O
NOP No operation O O O
RTE Return from exception processing O O O
SETRC Set number of repeats — — O
SETT T bit set O O O
SLEEP Shift into power-down state O O O
STC Storing control register data O O O
STS Storing system register data O O O
TRAPA Trap exception handling O O O
Total: 65 182

Instruction codes, operation, and execution cycles are listed as shown in table 10.2 by

classification.
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Table5.2 Instruction Code For mat

Item Format Explanation
Instruction OP.Sz SRC,DEST OP: Operation code
mnemonic Sz: Size

SRC: Source

DEST: Destination

Rm: Source register
Rn: Destination register
imm: Immediate data
disp: Displacement**

Instruction code MSB -~ LSB mmmm: Source register
nnnn: Destination register
0000: RO
0001: R1
1111: R15
iiii: Immediate data
dddd: Displacement

Operation S, Direction of transfer
summary (xx) Memory operand

M/QIT Flag bits in the SR

& Logical AND of each bit

[ Logical OR of each bit

N Exclusive OR of each bit

~ Logical NOT of each bit

<<n, >>n n-bit shift
Execution cycles Value when no wait states are inserted*>
Instruction The execution cycles shown in the table are minimums.
execution cycles The actual number of cycles may be increased:

1. When contention occurs between instruction fetches
and data access, or

2. When the destination register of the load instruction
(memory - register) and the register used by the
next instruction are the same.

T bit —: No change Value of T bit after instruction is executed

Notes: 1. Scaled (x1, x2, or x4) according to the size of the instruction’s operand. For more
information, see section 12, Instruction Descriptions.
2. Instruction execution cycles: The executions cycles shown in the table are minimums.
The actual number of cycles may be increased when (1) contention occurs between
instruction fetches and data access, or (2) when the destination register of the load
instruction (memory - register) and the register used by the next instruction are the
same.
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511 Data Transfer Instructions
Table5.3 DataTransfer Instructions
Applicable
Instructions
T SH-
Instruction Operation Cycles Bit SH-1 SH-2 DSP
MOV #i mm Rn imm - Sign extension - Rn 1 — O O O
MOV. W @di sp, PC), Rn (disp x2 + PC) - Sign 1 — O O O
extension —» Rn
MOV.L @disp, PC), Rn (dispx4+PC) - Rn 1 — O O O
MOV Rm Rn Rm - Rn 1 — O O O
MOV. B  Rm @Rn Rm - (Rn) 1 — O O O
MOV. W Rm @n Rm - (Rn) 1 — O O O
MOV.L Rm @Rn Rm - (Rn) 1 — O O O
MOV.B  @Rm Rn (Rm) - Sign extension - Rn 1 — O O O
MOV. W @Rm Rn (Rm) - Sign extension - Rn 1 — O O O
MOV.L @m Rn (Rm) - Rn 1 — O O O
MOV. B Rm @-Rn Rn-1 - Rn, Rm - (Rn) 1 — O O O
MOV. W Rm @-Rn Rn-2 - Rn, Rm - (Rn) 1 — O O O
MOV.L Rm @-Rn Rn-4 - Rn, Rm - (Rn) 1 — O O O
MOV. B  @m+, Rn (Rm) - Sign extension - Rn, 1 — O O O
Rm+1 - Rm
MOV. W  @Rm+, Rn (Rm) - Sign extension - Rn, 1 — O O O
Rm+2 -~ Rm
MOV.L @Rmt+, Rn (Rm) - Rn,Rm+4 - Rm 1 — O O O
MOV. B RO, @di sp, Rn) RO - (disp + Rn) 1 — 0O O O
MOV. W RO, @di sp, Rn) RO - (disp x2 + Rn) 1 — O O O
MOV.L Rm @di sp, Rn) Rm - (disp x4 + Rn) 1 — O O O
MOV.B @di sp, R, RO (disp+Rm) - Sign 1 — O O O
extension - RO
MOV. W @di sp, Rm), RO (disp x2+Rm) - Sign 1 — O O O
extension —» RO
MOV.L @disp, R, Rn (dispx4+Rm) - Rn 1 — O O O

RRENESAS

Rev. 5.00 Jun 30, 2004 page 97 of 512

REJ09B0171-05000



Section 5

Instruction Set

Applicable
Instructions
T SH-
Instruction Operation Cycles Bit SH-1 SH-2 DSP
MOV. B Rm @ RO, Rn) Rm - (RO + Rn) 1 - O O O
MOV. W Rm @ RO, Rn) Rm - (RO + Rn) 1 - O O O
MOV.L Rm @ RO, Rn) Rm - (RO + Rn) 1 - O O O
MOV.B @RO, RM, Rn (RO + Rm) - Sign extension 1 — O O O
- Rn
MOV. W @ RO, RM, Rn (RO + Rm) - Sign extension 1 — O O O
- Rn
MWV.L @RO,RM),R1 (RO+Rm) - Rn 1 - O O O
MOV. B RO, @di sp, RO - (disp + GBR) 1 — O O O
GBR)
MOV. W RO, @di sp, RO - (disp x 2 + GBR) 1 — O O O
GBR)
MOV.L RO, @di sp, RO - (disp x4 + GBR) 1 — O O O
GBR)
MOV.B @disp, GBR), (disp+ GBR) - Sign 1 — O O O
RO extension —» RO
MOV. W @disp, BR), (dispx2+GBR) - Sign 1 — O O O
RO extension - RO
MOV.L @disp, BR), (dispx4+GBR) - RO 1 — O O O
RO
MOVA  @di sp, PC), dispx4+PC - RO 1 — O O O
RO
MVT  Rn T - Rn 1 - O O O
SWAP. B Rm Rn Rm - Swap the bottomtwo 1 — O O O
bytes -~ REG
SWAP. W Rm Rn Rm - Swap two consecutive 1 — O O O
words - Rn
XTRCT Rm Rn Rm: Middle 32 bits of Rn - 1 — O O O

Rn
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512

Arithmetic I nstructions

Table5.4 Arithmetic Instructions

Applicable
Instructions
SH-
Instruction Operation Cycles T Bit SH-1 SH-2 DSP
ADD Rm Rn Rn+Rm - Rn 1 — O O O
ADD #i mm Rn Rn +imm - Rn 1 — O O O
ADDC Rm Rn Rn+Rm+T - Rn, 1 Carry O O O
Carry - T
ADDV Rm Rn Rn +Rm - Rn, 1 Overflow O O O
Overflow - T
CWP/ EQ #imm RO IfRO=imm,1 - T, 1 Comparison O O O
IfRO#imm,0 - T result
CWP/ EQ Rm Rn IfRn=Rm,1 - T, 1 Comparison O O O
IfRNZRm,0 - T result
CWP/HS Rm Rn If Rn = Rm with unsigned 1 Comparison O O O
data,1 - T, result
IfRN<RmM,0 - T
CW/ GE RmRn If Rn = Rm with signed data, 1 Comparison O O O
1-T, result
IfRN<Rm,0 - T
CWP/H  RmRn If Rn > Rm with unsigned 1 Comparison O O O
data,1 - T, result
IfFRN<RmM,0 - T
CWP/ GT  Rm Rn If Rn > Rm with signed data, 1 Comparison O O O
1-T, result
fRN<RmM,0 - T
CWP/ PL Rn IfRn>0,1-T, 1 Comparison O O O
IfRN<0,0 - T result
CWP/ PZ Rn fRN=0,1-T, 1 Comparison O O O
IfRN<0,0 - T result
CWP/ STR Rm Rn If Rn and Rm have an 1 Comparison O O O
equivalent byte, 1 - T, result
If not equivalent byte,
0-T
DI V1 Rm Rn Single-step division (Rn/Rm) 1 Calculaton O O O
result

RRENESAS
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Instruction

Operation

Cycles T Bit

Applicable
Instructions

SH-1 SH-2

SH-
DSP

Dl VOS Rm Rn

MSB of Rn - Q, MSB of
Rm - M,MA"Q - T

1 Calculation
result

O

O

O

DI VoU

0 - MQIT

1 0

O

O

O

DMULS. L Rm Rn

Signed operation of
Rn x Rm - MACH, MACL
32 x 32 - 64 bits

2-4% —

O

O

DMULU. L Rm Rn

Unsigned operation of
Rn x Rm - MACH, MACL
32 x 32 - 64 bits

2-4%  —

O

O

DT Rn

Rn-1 - Rn,ifRn=0,
1-T,else0->T

1 Comparison
result

EXTS.B Rm Rn

A byte in Rm is sign-
extended - Rn

1 —_

EXTS. W Rm Rn

A word in Rm is sign-
extended - Rn

EXTU. B Rm Rn

A byte in Rm is zero-
extended - Rn

EXTU. W Rm Rn

A word in Rm is zero-
extended - Rn

o] O O] O

MAC. L @rmt+, @R+

Signed operation of (Rn) x
(Rm) + MAC - MAC

3/(2-4)* —

MAC. W @Rmt+, @rn+

Signed operation of (Rn) x
(Rm) + MAC -~ MAC
(SH-2) 16 x 16 + 64 —

64 bits

(SH-1) 16 x 16 + 42 -

42 bits

32 —

O O O] O] O] O O

o O] O] O O 0O O

Rn xRm - MACL
32 x 32 - 32 bits

2-4%  —

O

O

MULS. W Rm Rn

Signed operation of Rn x
Rm - MAC
16 x 16 — 32 bits

1-3* —

MULU. W Rm Rn

Unsigned operation of
Rn xRm - MAC
16 x 16 — 32 bits

1-3* —
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Applicable
Instructions
SH-
Instruction Operation Cycles T Bit SH-1 SH-2 DSP
NEG Rm Rn 0-Rm - Rn 1 — O O O
NEGC Rm Rn 0-Rm-T - Rn, 1 Borrow O O O
Borrow - T
SuB Rm Rn Rn-Rm - Rn 1 — O O O
SUBC Rm Rn Rn-Rm-T - Rn, 1 Borrow O O O
Borrow - T
SuUBV Rm Rn Rn-Rm - Rn, 1 Underfow O O O

Underflow - T

Note: * The normal minimum number of execution cycles. (The number in parentheses is the
number of cycles when there is contention with following instructions.)
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513 L ogic Operation Instructions

Table5.5 Logic Operation Instructions

Applicable
Instructions
SH-
Instruction Operation Cycles TBit SH-1 SH-2 DSP
AND Rm Rn Rn & Rm - Rn 1 — O O O
AND #i nm RO RO & imm - RO 1 — O O O
AND. B # mm @R0, GBR) (RO + GBR) & imm - 3 — O O O
(RO + GBR)
NOT Rm Rn ~Rm - Rn 1 — O O O
oR Rm Rn Rn|Rm - Rn 1 — O O O
OorR #i mm RO RO | imm - RO 1 — O O O
OR B #imm @RO, GBBR) (RO + GBR) | imm - 3 — O O O
(RO + GBR)
TAS.B @Rn If(Rn)is0,1 - T; 4 Test O O O
ifnot0,0 - T. result
Also, 1 - MSB of (Rn)
regardless of value of
(Rn)
TST Rm Rn Rn & Rm; if the result 1 Test O O O
is0,1 - T, result
Ifnot0,0 - T
TST #i mm RO RO & imm; if the result 1 Test O O O
is0,1 - T, result
Ifnot0,0 - T
TST.B #inmm @RO, GBBR) (RO + GBR) & imm; if 3 Test O O O
theresultis0,1 - T, result
Ifnot0,0 - T
XOR Rm Rn Rn~"Rm - Rn 1 — O O O
XOR #i nmm RO RO~ imm - RO — O O O
XOR B #imm @RO, GBBR) (RO + GBR)”~imm - 3 — O O O

(RO + GBR)
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514 Shift Instructions

Table5.6  Shift Instructions

Applicable
Instructions

SH-

Instruction Operation Cycles T Bit SH-1 SH-2 DSP
ROTL Rn T <« Rn — MSB 1 MSB O O O
ROTR Rn LSB - Rn - T 1 LSB O O O
ROTCL  Rn TeRn<T 1 MSB O O O
ROTCR  Rn T-Rn-T 1 LSB O O O
SHAL Rn T-Rn<0 1 MSB O O O
SHAR Rn MSB - Rn - T 1 LSB O O O
SHLL Rn T-Rn<O 1 MSB O O O
SHLR Rn O-Rn-T 1 LSB O O O
SHLL2  Rn Rn<<2 - Rn 1 — o O O
SHLR2  Rn Rn>>2 - Rn 1 — O O O
SHLLS8 Rn Rn<<8 - Rn 1 — O O O
SHLR8 Rn Rn>>8 - Rn 1 — O O O
SHLL16 Rn Rn << 16 - Rn 1 — O O O
SHLR16 Rn Rn>>16 - Rn 1 — O O O
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515 Branch Instructions
Table5.7 Branch Instructions
Applicable
Instructions
SH-

Instruction Operation Cycles TBit SH-1 SH-2 DSP

BF | abel IfT=0,dispx2+PC - PC;ifT=1, 3/1* — O O O
nop (where label is disp + PC)

BF/ S |abel Delayed branch, if T=0, disp x 2 + 2/1* — O O
PC - PC;ifT=1, nop

BT | abel Delayed branch, if T =1, disp x 2 + 3/1* — O O O
PC - PC;if T=0, nop

BT/S label IfT=1,dispx2+PC - PC; 2/1* — — O O
if T=0, nop

BRA | abel Delayed branch, disp x2 + PC - PC — O O O

BRAF Rm Delayed branch, Rm + PC - PC — — O O

BSR | abel Delayed branch, PC - PR, — O O O
dispx2+PC - PC

BSRF Rm Delayed branch, PC - PR, 2 — — O O
Rm + PC - PC

JMP @m Delayed branch, Rm - PC — O O O

JSR @m Delayed branch, PC - PR, Rm - PC — O O O

RTS Delayed branch, PR - PC — O O O

Note: * One state when it does not branch.
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516 System Control Instructions
Table5.8 System Control Instructions

Applicable

Instructions

SH-

Instruction Operation Cycles TBit SH-1 SH-2 DSP
CLRMAC 0-MACH,MACL 1 — O O O
CLRT 0-T 1 0 o O O
LDC Rm SR Rm- SR 1 tse O O O
LDC Rm GBR Rm - GBR 1 — O O O
LDC Rm VBR Rm-VBR 1 — O O O
LDC Rm MOD Rm - MOD 1 — — — O
LDC Rm RE Rm - RE 1 — — — O
LDC Rm RS Rm - RS 1 — — — O
LDC.L @, SR (Rm) - SR,Rm+4 - Rm 3 tse O O O
LDC.L  @m+, GBR (Rm) -~ GBR,Rm+4 . Rm 3 — O O O
LDC.L  @m+, VBR (Rm) - VBR,Rm+4 . Rm 3 — O O O
LDC.L  @wm+, MOD (Rm) -~ MOD,Rm+4 ~ Rm 3 — - — O
LDC.L  @m+, RE (Rm) - RE,Rm+4 ~ Rm 3 — — — O
LDC.L  @m+ RS (Rm) -~ RS,Rm+4 - Rm 3 — - — O
LDRE @disp, PC) disp x 2+PC - RE 1 — — — O
LDRS @di sp, PC)  disp x 2+PC RS 1 — - — 0O
LDS Rm MACH Rm - MACH 1 — O O O
LDS Rm MACL Rm - MACL 1 — O O O
LDS Rm PR Rm-PR 1 — O O O
LDS Rm DSR Rm - DSR 1 — — — O
LDS Rm A0 Rm - AO 1 — — — O
LDS Rm X0 Rm - X0 1 — — — O
LDS Rm X1 Rm - X1 1 — — — O
LDS Rm YO Rm - YO0 1 — — — O
LDS Rm Y1 Rm-Y1l 1 — — — O
LDS.L  @m+, MACH  (Rm)-MACH,Rm+4-Rm 1 — O O O
LDS.L  @m+, MACL  (Rm)-MACLRm+4-Rm 1 — O O O
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Applicable
Instructions
SH-
Instruction Operation Cycles TBit SH-1 SH-2 DSP
LDS.L @, PR (Rm) - PR,Rm+4 ~ Rm 1 — O O O
LDS.L  @wm+, DSR (Rm) -~ DSR,Rm+4 - Rm 1 — - — O
LDS.L  @Rm+, AO (R - A0, Rm+4 ~ Rm 1 — — — O
LDS.L  @wmt, X0 (Rm) - X0,Rm+4 - Rm 1 — - — O
LDS.L  @m, X1 (Rm) = X1,Rm+4 - Rm 1 — — — O
LDS.L  @m+, YO (Rm) - YO,Rm+4 - Rm 1 — — — O
LDS.L  @m, Y1 (Rm) - Y1,Rm+4 . Rm 1 — — — O
NOP No operation 1 — O O O
RTE Delayed branch, stack 4 LsB O O O
area, - PC/SR
SETRC  Rn Rn[11:0] - RC (SR[27:16]) 1 — - - 0O
SETRC  #imm imm - RC(SR[23:16]), 1 — — — O
zeros — SR[27:24]

SETT 1-T 1 — O O O
SLEEP Sleep 3* — o O O
STC SR, Rn SR-Rn 1 — O O O
STC GBR, Rn GBR-Rn 1 — O O O
STC VBR, Rn VBR-Rn 1 — O O O
STC MOD, Rn MOD - Rn 1 — — — O
STC RE, Rn RE -Rn 1 — — — O
STC RS, Rn RS-Rn 1 — — — O
STC.L SR @Rn Rn—4 - Rn,SR - (Rn) 2 — O O O
STC.L GBR @Rn Rn—4 - Rn,GBR - (Rn) 2 — O O O
STC.L  VBR @Rn Rn—4 - Rn,VBR - (Rn) 2 — O O O
STC.L MWD, @Rn Rn—4 - Rn,MOD - (Rn) 2 — - — 0O
STC.L  RE @Rn Rn—4 - Rn,RE - (Rn) 2 — — — O
STC.L RS @Rn Rn—4 - Rn,RS - (Rn) 2 — - — 0O
STS MACH, Rn MACH - Rn 1 — O O O
STS MACL, Rn MACL - Rn 1 — O O O
STS PR, Rn PR-Rn 1 — O O O
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Applicable
Instructions
SH-

Instruction Operation Cycles TBit SH-1 SH-2 DSP
STS DSR, Rn DSR-Rn 1 — — — O
STS A0, Rn AO-Rn 1 — — — O
STS X0, Rn X0-Rn 1 — — — O
STS X1, Rn X1-Rn 1 — — — O
STS YO0, Rn YO-Rn 1 — — — O
STS Y1, Rn Y1-Rn 1 — — — O
STS. L MACH, @ Rn Rn-4 - Rn,MACH - (Rn) 1 — O O O
STS. L MACL, @ Rn Rn-4 - Rn,MACL - (Rn) 1 — O O O
STS. L PR, @ Rn Rn-4 - Rn,PR - (Rn) 1 — O O O
STS. L DSR, @ Rn Rn-4 - Rn,DSR - (Rn) 1 — — — O
STS. L A0, @ Rn Rn-4 - Rn,A0 - (Rn) 1 — — — O
STS. L X0, @ Rn Rn-4 - Rn,X0 - (Rn) 1 — — — O
STS. L X1, @ Rn Rn-4 - Rn,X1 - (Rn) 1 — — — O
STS. L Y0, @ Rn Rn-4 - Rn,Y0 - (Rn) 1 — — — O
STS. L Y1, @ Rn Rn-4-Rn,Y1 - (Rn) 1 — — — O
TRAPA  #inmm PC/SR - stack area, 6 — O O O

(imm x 4+VBR) - PC

Note: * The number of execution states before the chip enters the sleep state. This table lists
the minimum execution cycles. In practice, the number of execution cycles increases
when the instruction fetch is in contention with data access or when the destination
register of a load instruction (memory - register) is the same as the register used by
the next instruction, or when the branch destination address of a branch instruction is a
4n + 2 address.
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5.1.7 CPU Instructions That Support DSP Functions

Several system control instructions have been added to the CPU core instructions to support DSP
functions. The RS, RE, and MOD registers (which support modulo addressing) have been added,
and an RC counter has been added to the SR register. LDC and STC instructions have been added
to accessthese. LDS and STSinstructions have also been added for accessing the DSP registers
DSR, A0, X0, X1, YO, and Y 1.

A SETRC instruction has been added for setting the value of the repeat counter (RC) in the SR
register (bits 16-27). When the operand of the SETRC instruction isimmediate, 8 bits of
immediate data are set in bits 16-23 of the SR register and bits 2427 are cleared. When the
operand is aregister, the 12 bits 0-11 of the register are set in bits 16-27 of the SR register.

In addition to the new LDC instructions, the LDRE and LDRS instructions have been added for
setting the repeat start address and repeat end address in the RS and RE registers.

Table 5.9 shows the added instructions.
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Table5.9 Added CPU Instructions

Instruction Operation Code Cycles T Bit
LDC Rm MOD Rm - MOD 0100nmmmMmD1011110 1 —
LDC Rm RE Rm - RE 0100mMmmMmD1111110 1 —
LDC Rm RS Rm-RS 0100nmmMmD1101110 1 —
LDC. L @m+, MOD (Rm)->MOD,Rm+4 - Rm 0100mMmmMmD1010111 3 —
LDC. L @mt+, RE (Rm) - RE,Rm+4 - Rm 0100nmmMmD1110111 3 —
LDC. L @mt+, RS (Rm) - RS,Rm+4 . Rm 0100mMmmMmD1100111 3 —
STC MOD, Rn MOD - Rn 0000nnnn01010010 1 —
STC RE, Rn RE-Rn 0000nnnn01110010 1 —
STC RS, Rn RS- Rn 0000nnnn01100010 1 —
STC.L MOD, @ Rn Rn-4 - Rn,MOD - (Rn) 0100nnnn01010011 2 —
STC.L RE, @ Rn Rn—4 - Rn,RE - (Rn) 0100nnnn01110011 2 —
STC.L RS, @ Rn Rn-4 - Rn,RS - (Rn) 0100nnnn01100011 2 —
LDS Rm DSR Rm - DSR 0100mMmmMmD1101010 1 —
LDS. L @mt+, DSR (Rm) -~ DSR,Rm+4 - Rm 0100nmmMmD1100110 1 —
LDS Rm A0 Rm - A0 0100mMmmMmD1110110 1 —
LDS. L @mt, A0 (Rm) - AO0,Rm+4 - Rm 0100nmmMmD1100110 1 —
LDS Rm X0 Rm - X0 0100mMmmMmD1110110 1 —
LDS. L @mt, X0 (Rm) - X0,Rm+4 -~ Rm 0100nmmMmD1100110 1 —
LDS Rm X1 Rm - X1 0100mMmmMmD1110110 1 —
LDS. L @mt, X1 (Rm) - X1,Rm+4 - Rm 0100nmmMmD1100110 1 —
LDS Rm YO Rm-Y0 0100nmmMmD1110110 1 —
LDS. L @mt, YO (Rm) - YO,RmM+4 - Rm 0100mMmM01100110 1 —
LDS Rm Y1 Rm-Y1,Rm+4 - Rm 0100nmmMmD1110110 1 —
LDS. L @m Y1 (Rm)->Y1,Rm+4 - Rm 0100mmMmD1100110 1 —
STS DSR, Rn DSR-Rn 0000nnnn01101010 1 —
STS. L DSR, @ Rn Rn—4 - Rn,DSR - (Rn) 0100nnnn01100010 1 —
STS A0, Rn AO-Rn 0000nnnn01111010 1 —
STS.L A0, @ Rn Rn—4 - Rn,A0 - (Rn) 0100nnnn01110010 1 —
STS X0, Rn X0-Rn 0000nnnn01111010 1 —
STS. L X0, @ Rn Rn—4 - Rn,X0 - (Rn) 0100nnnn01110010 1 —
STS X1, Rn X1-Rn 0000nnnn01111010 1 —
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Instruction Operation Code Cycles T Bit
STS.L X1, @Rn Rn—4 - Rn,X1 - (Rn) 0100nnnn01110010 1 —
STS YO0, Rn YO-Rn 0000nnnn10101010 1 —
STS.L YO, @Rn Rn—4 - Rn,YO - (Rn) 0100nnnn10100010 1 —
STS Y1, Rn Y1-Rn 0000nnnn10111010 1 —
STS.L Y1, @Rn Rn—4-Rn,Y1- (Rn) 0100nnnn10110010 1 —
SETRC Rm Rm[11:0] - RC (SR[27:16]) 0100nmmMmD0010100 1 —
repeat flag - RF1, RFO
SETRC #i nmm imm - RC(SR[23:16]), 10000010iiiiiiii 1 —
zeros — SR[27:24], repeat flag
- RF1, RFO
LDRS @di sp, pc) disp x 2+PC - RS 10001100dddddddd 1 —
LDRE @di sp, pc) disp x 2+PC - RE 10001110dddddddd 1 —

Rev. 5.00 Jun 30, 2004 page 110 of 512

REJ09B0171-05000

RRENESAS



Section 5 Instruction Set

52 DSP Data Transfer Instruction Set
Table 5.10 shows the DSP data transfer instructions by category.

Table5.10 DSP Data Transfer Instruction Categories

Instruction Operation No. of
Category Types Code Function Instructions
Double data transfer 4 NOPX X memory no operation 14
instructions MOVX X memory data transfer
NOPY Y memory no operation
MOVY Y memory data transfer
Single data transfer 1 MOVS Single data transfer 16
instructions
Total 5 Total 30

The data transfer instructions are divided into two groups, double data transfers and single data
transfers. Double data transfers are combined with DSP operation instructions to create DSP
parallel processing instructions. Parallel processing instructions are 32 bits long and include a
double data transfer instruction in field A. Double data transfers that are not parallel processing
instructions and single data transfer instructions are 16 bits long.

In double data transfers, X memory and Y memory can be accessed simultaneoudly in parallel.
Oneinstruction is specified each for the respective X and Y memory data accesses. The Ax
pointer is used for accessing X memory; the Ay pointer is used for accessing Y memory. Double
data transfers can only access X and Y memory.

Single data transfers can be accessed from any area. In single data transfers, the Ax pointer and
two other pointers are used as the As pointer.
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521

Double Data Transfer Instructions (X Memory Data)

Table5.11 Double Data Transfer Instructions (X Memory Data)

Instruction Operation Code Cycles T Bit
NOPX No Operation 1111000* 0* 0* 00* * 1 —
MOVX. W (AX) > MSW of Dx,0 - LSW of 111100A*D* 0*01** 1 —
@\x, Dx Dx

MOVX. W (AX) -~ MSW of Dx,0 - LSW of 111100A* D*0* 10** 1 —
@\x+, Dx Dx,Ax+2 - Ax

MOVX. W (AX) > MSW of Dx,0 - LSW of 111100A*D*0* 11** 1 —
@\x+| x, Dx Dx,Ax+Ix — Ax

MOVX. W MSW of Da - (Ax) 111100A*D* 1*01** 1 —
Da, @\x

MOVX. W MSW of Da - (Ax),Ax+2 - AX 111100A*D* 1* 10** 1 —
Da, @\x+

MOVX. W MSW of Da - (Ax),Ax+Ix - AX 111100A*D* 1*11** 1 —
Da, @+ x

522 Double Data Transfer Instructions (Y Memory Data)

Table5.12 Double Data Transfer Instructions (Y Memory Data)

Instruction Operation Code Cycles T Bit
NOPY No Operation 111100*0*0*0** 00 1 —
MOVY. W (Ay) - MSW of Dy,0~LSW of  111100*A*D*0**01 1 —
@y, Dy Dy

MOVY. W (Ay) > MSW of Dy,0 - LSW of  111100*A*D*0**10 1 —
@\y+, Dy Dy, Ay+2 - Ay

MOVY. W (Ay) -~ MSW of Dy,0 - LSW of 111100* A*D*0** 11 1 —
@y+ly, Dy Dy, Ay+ly - Ay

MOVY. W MSW of Da - (Ay) 111100*A*D*1**01 1 —
Da, @y

MOVY. W MSW of Da - (Ay),Ay+2 - Ay 111100*A*D*1**10 1 —
Da, @vy+

MOVY. W MSW of Da - (Ay),Ay+ly~Ay  111100*A*D*1**11 1 —
Da, @\y+ly
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5.2.3

Single Data Transfer Instructions

Table5.13 Single Data Transfer Instructions

Instruction Operation Code Cycles T Bit

MOVS. W As-2 - As,(As) - MSW of 111101AADDDDO000 1 —

@ As, Ds Ds,0 - LSW of Ds

MOVS. W @s, Ds (As) - MSW of Ds,0-LSW of 111101AADDDD0100 1 —
Ds

MOVS. W @\s+, Ds (As) - MSW of Ds,0-LSW of 111101AADDDD1000 1 —
Ds, As+2 - As

MOVS. W (As) - MSW of Ds,0-LSW of 111101AADDDD1100 1 —

@\s+| x, Ds Ds, As+Ix - As

MOVS. W As—2 - As,MSW of Ds- (As)* 111101AADDDD0O001 1 —

Ds, @ As

MOVS. W Ds, @As MSW of Ds - (As)* 111101AADDDD0101 1 —

MOVS. W Ds, @As+ MSW of Ds - (As),As+2 - As* 111101AADDDD1001 1 —

MOVS. W MSW of Ds - (As),As+ls -~ As* 111101AADDDD1101 1 —

Ds, @As+l s

MOVS. L As—4 - As,(As) - Ds 111101AADDDD0010 1 —

@ As, Ds

MOVS. L @As, Ds (As)-Ds 111101AADDDD0110 1 —

MOVS. L @\s+, Ds (As) - Ds,As+4 - As 111101AADDDD1010 —

MOVS. L (As) - Ds,As+ls - As 111101AADDDD1110 1 —

@\s+l s, Ds

MOVS. L Ds, As—4 - As,Ds - (As) 111101AADDDDO011 1 —

©@ As

MOVS. L Ds, @\s Ds - (As) 111101AADDDD0111 1 —

MOVS. L Ds, @\s+ Ds-(As),As+4-As 111101AADDDD1011 1 —

MOVS. L Ds - (As),As+Is - As 111101AADDDD1111 1 —

Ds, @As+l s

Note: * When guard bit registers AOG and A1G (eight-bit registers) are specified as the source

operand Ds, the data is sign-extended and used.
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Table 5.14 lists the correspondence between DSP data transfer operands and registers. CPU core
registers are used as pointer addresses to indicate memory addresses.

Table5.14 Correspondence between DSP Data Transfer Operands and Registers

SuperH (CPU Core) Registers

R4 R5
Oper- R2 R3 (Ax0) (Ax1) R6 R7 R8 R9
and RO R1 (As2) (As3) (As0) (Ax0) (Ay0) (Ayl) (Ix) (ly)

AX Yes Yes

Ix (Is) Yes

Dx

Ay Yes Yes

ly Yes

Dy

Da

As Yes Yes Yes Yes

Ds

Oper- DSP Registers

and X0 X1 YO Y1 MO M1 A0 Al AO0G AlG

AX

Ix (Is)

Dx Yes Yes

Ay

ly

Dy Yes Yes

Da Yes Yes

As

Ds Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Note: Yes indicates that the register can be set.
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53 DSP Operation Instruction Set

DSP operation instructions are digital signal processing instructions that are processed by the DSP
unit. Their instruction code is 32 bitslong. Multiple instructions can be processed in parallel. The
instruction code is divided into two fields, A and B. Field A specifies a parallel datatransfer
instruction and field B specifies asingle or double data operation instruction. Instructions can be
specified independently, and their execution is independent and in parallel. Parallel data transfer
instructions specified in field A are exactly the same as double data transfer instructions.

The data operation instructions of field B are of three types: double data operation instructions,
conditional single data operation instructions, and unconditional single data operation instructions.
Table 5.15 shows the format of DSP operation instructions. The operands are selected
independently from the DSP register. Table 5.16 shows the correspondence of DSP operation
instruction operands and registers.

Table5.15 Instruction Formatsfor DSP Operation Instructions

Classification Instruction Forms Instruction
Double data operation instructions ALUop. Sx, Sy, Du PADD PMULS,
(6 operands) M.Top. Se, Sf, Dy PSUB PMULS
Conditional single 3 operands ALUop. Sx, Sy, Dz PADD, PAND, POR,
data operation DCT ALUop. Sx, Sy, Dz PSHA, PSHL, PSUB,
instructions ' ' ' PXOR
DCF ALUop. Sx, Sy, Dz
2 operands ALUop. Sx, Dz PCOPY, PDEC,
DCT ALUop. Sx, Dz PDVEB, Pl NC,
PLDS, PSTS, PNEG
DCF ALUop. Sx, Dz
ALUop. Sy, Dz
DCT ALUop. Sy, Dz
DCF ALUop. Sy, Dz
1 operand ALUop. Dz PCLR, PSHA #i mm
DCT ALUop. Dz PSHL #i nm
DCF ALUop. Dz
Unconditional single 3 operands ALUop. Sx, Sy, Du PADDC, PSUBC,
data operation M.Top. Se, Sf, Dg PMULS
instructions ' '
2 operands ALUop. Sx, Dz PCVP, PABS, PRND
ALUop. Sy, Dz
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Table5.16 Correspondence between DSP Operation I nstruction Operands and Registers

ALU and BPU Instructions Multiplication Instructions
Register Sx Sy Dz Du Se Sf Dg
AO Yes — Yes Yes — — Yes
Al Yes — Yes Yes Yes Yes Yes
MO — Yes Yes — — — Yes
M1 — Yes Yes — — — Yes
X0 Yes — Yes Yes Yes Yes —
X1 Yes — Yes — Yes — —
YO — Yes Yes Yes Yes Yes —
Y1 — Yes Yes — — Yes —

When writing parallel instructions, first write the field B instruction, then the field A instruction.
The following is an example of a parallel processing program.

PADD A0, MD, AO PMULSXO, YO, M MOVX. W @R4+, X0 MOVY. W @r6+, YO[ ; ]
DCF PI NC X1, A1 MOVX. W AO, @5+R8 MOVY. W@R7+, YOI ; ]
PCVWP X1, M MOVX. W @r4 [NOPY][ ;]

Text in brackets ([]) can be omitted. The no operation instructions NOPX and NOPY can be
omitted. Semicolons (;) are used to demarcate instruction lines, but can be omitted. If semicolons
are used, the space after the semicolon can be used for comments.

Theindividual status codes (DC, N, Z, V, GT) of the DSR register is aways updated by
unconditional ALU operation instructions and shift operation instructions. Conditional instructions
do not update the status codes, even if the conditions have been met. Multiplication instructions
also do not update the status codes. DC bit definitions are determined by the specifications of the
CShitsin the DSR register.

Table 5.17 shows the DSP operation instructions by category.

Rev. 5.00 Jun 30, 2004 page 116 of 512
REJ09B0171-05000
RRENESAS



Section 5

Instruction Set

Table5.17 DSP Operation Instruction Categories

Instruction Operation No. of
Classification Types Code Function Instructions
ALU ALU fixed decimal 11 PABS Absolute value operation 28
anthmgnc pomt operanon PADD Addition
operation instructions
instructions PADD Addition and signed
PMULS multiplication
PADDC Addition with carry
PCLR Clear
PCMP Compare
PCOPY Copy
PNEG Invert sign
PSUB Subtraction
PSUB Subtraction and signed
PMULS multiplication
PSUBC Subtraction with borrow
ALU integer operation 2 PDEC Decrement 12
instructions PINC Increment
MSB detection 1 PDMSB MSB detection 6
instruction
Rounding operation 1 PRND Rounding 2
instruction
ALU logical operation instructions 3 PAND Logical AND
POR Logical OR 9
PXOR Logical exclusive OR
Fixed decimal point multiplication 1 PMULS Signed multiplication 1
instruction
Shift Arithmetic shift 1 PSHA Arithmetic shift 4
operation instruction
Logical shift operation 1 PSHL Logical shift 4
instruction
System control instructions 2 PLDS System register load 12
PSTS Store from system register
Total 23 Total 78
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531

ALU Arithmetic Operation I nstructions

Table5.18 ALU Fixed Decimal Point Operation Instructions

Instruction Operation Code Cycles DC Bit
PABS Sx, Dz If Sx=0,Sx- Dz 111170******xxxx 1 Update
If Sx<0,0— Sx- Dz 10001000xx00zzzz
PABS Sy, Dz If Sy=0,Sy- Dz 111170******xxxx 1 Update
If Sy<0,0-Sy - Dz 1010100000yyzzzz
PADD Sx, Sy, Dz Sx+Sy Dz 111170******xxxx 1 Update
10110001xxyyzzzz
DCT PADD if DC=1,Sx+Sy - Dz if 111770******xxxx 1 —
Sx, Sy, bz 0.,nop 10110010xxyyzzzz
DCF PADD if DC=0,Sx+Sy - Dz if 111170******xxxx ] —
Sx, Sy, Dz 1,nop 10110011xxyyzzzz
PADD Sx, Sy, Du Sx+Sy-Du 111170******xxxx ] Update
PMULS Se, Sf, Dg MSW of Se x MSW of 0l1lleef f xxyygguu
Sf-Dg
PADDC Sx, Sy, Dz Sx+Sy+DC - Dz 111770******xxxx 1 Update
10110000xxyyzzzz
PCLR Dz H'00000000 - Dz 111770*****x*xxxx 1 Update
100011010000zzzz
DCT PCLR Dz if DC=1,H'00000000 - Dz 111770******xxxx ] —
if 0,nop 100011100000zzzz
DCF PCLR Dz if DC=0,H'00000000 - Dz 111170******xxxx ] —
if 1,nop 100011110000zzzz
PCWP Sx, Sy Sx-Sy 111170******xxxx ] Update
10000100xxyy0000
PCOPY Sx, Dz Sx-Dz 111720Q***x**kkx* 1 Update
11011001xx00zzzz
PCOPY Sy, Dz Sy-Dz 1110110% ****xxxkx Update
1111100100yyzzzz
DCT PCOPY Sx, Dz if DC=1,Sx- Dz if 0,nop 111120******kxkx 1 —
11011010xx00zzzz
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Instruction Operation Code Cycles DC Bit
DCT PCOPY Sy, Dz if DC=1,Sy- Dz if 0,nop 111110****xxxxxx ] —
1111101000yyzzzz
DCF PCOPY Sx, Dz if DC=0,Sx- Dz if 1,nop 111110****xxxxxx ] —
11011011xx00zzzz
DCF PCOPY Sy, Dz if DC=0,Sy - Dz if 1,nop 111110****xxxxxx ] —
1111101100yyzzzz
PNEG Sx, Dz 0-Sx-Dz 111110****xxxxxx ] Update
11001001xx00zzzz
PNEG Sy, Dz 0-Sy-Dz 111110***xxxxxxx ] Update
1110100100yyzzzz
DCT PNEG Sx, Dz if DC=1,0-Sx-Dz 111110***xxxxxxx ] —
if 0,nop 11001010xx00zzzz
DCT PNEG Sy, Dz if DC=1,0-Sy Dz 111110****xxxxxx ] —
if 0,nop 1110101000yyzzzz
DCF PNEG Sx, Dz if DC=0,0-Sx-Dz 111110***xxxxxxx ] —
if 1,nop 11001011xx00zzzz
DCF PNEG Sy, Dz if DC=0,0-Sy Dz 111110****xxxxxx ] —
if 1,nop 1110101100yyzzzz
PSUB Sx, Sy, Dz Sx-Sy - Dz 111110****xxxxxx ] Update
10100001xxyyzzzz
DCT PSUB if DC=1,Sx-Sy Dz if 0, 111110****xxxxxx ] —
Sx, Sy, Dz nop 10100010xxyyzzzz
DCF PSUB if DC=0,Sx-Sy Dz if 1, 111110****xxxxxx ] —
Sx, Sy, bz nop 10100011xxyyzzzz
PSUB Sx, Sy, Du Sx-Sy - Du 111110****xxxxxx ] Update
PMULS Se, Sf, Dg MSW of Se x MSW of 0110eef f xxyygguu
Sf-Dg
PSUBC Sx, Sy, Dz Sx-Sy-DC - Dz 111110****xxxxxx ] Update
10100000xxyyzzzz
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Table5.19 ALU Integer Operation Instructions

Instruction Operation Code Cycles DC Bit

PDEC Sx, Dz MSW of Sx—1 — MSW of Dz, 111110*****x=*%%* 1] Update
clear LSW of Dz 10001001xx00zz2zz

PDEC Sy, Dz MSW of Sy —1 - MSW of Dz, 111110*****x=*%%* 1] Update
clear LSW of Dz 1010100100yyzzzz

DCT PDEC Sx,Dz IfDC=1, MSW of Sx -1 - 111770******xxxx 1 —
MSW of Dz, clear LSW of Dz; 10001010xx002222
if 0, nop

DCT PDEC Sy,Dz IfDC=1, MSW of Sy—-1 - 111770******xxxx 1 —
MSW of Dz, clear LSW of Dz; 1010101000yyzzzz
if 0, nop

DCF PDEC Sx, Dz  If DC=0, MSW of Sx -1 - 111170******xxxx ] —
MSW of Dz, clear LSW of Dz; 10001011xx002222
if 1, nop

DCF PDEC Sy, Dz If DC=0, MSW of Sy—-1 - 111170******xxxx ] —
MSW of Dz, clear LSW of Dz; 1010101100yyzzz7
if 1, nop

PI NC Sx, Dz MSW of Sx+1 - MSW of Dz, 111110*****x=*%%* 1] Update
clear LSW of Dz 10011001xx00zzzz

PI NC Sy, Dz MSW of Sy +1 - MSW of Dz, 111110*****x=*%%* 1] Update
clear LSW of Dz 1011100100yyzzzz

DCT PINC Sx,Dz IfDC=1, MSW of Sx+1 - 111170******xxxx 1 —
MSW of Dz, clear LSW of Dz; 10011010xx002222
if 0, nop

DCT PINC Sy,Dz IfDC=1, MSWofSy+1 - 111170******xxxx 1 —
MSW of Dz, clear LSW of Dz; 1011101000yyzzzz
if 0, nop

DCF PI NC Sx, Dz If DC=0, MSW of Sx + 1 - 111100Q*****kkxkx 1 —
MSW of Dz, clear LSW of Dz; 10011011xx002zz2
if 1, nop

DCF PI NC Sy, Dz If DC=0, MSW of Sy + 1 - 111100Q******kxkx 1 —
MSW of Dz, clear LSW of Dz; 1011101100yyzzzz

if 1, nop
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Table5.20 M SB Detection Instructions

Instruction Operation Code Cycles DCBit

PDVSB Sx, Dz Sx data MSB position - MSW 111110*********x 1 Update
of Dz, clear LSW of Dz 10011101xx002227

PDVSB Sy, Dz Sy data MSB position — MSW 111110********x* 1 Update
of Dz, clear LSW of Dz 1011110100yyzzzz

DCT PDMSB Sx, Dz  If DC=1, Sx data MSB position 111110********xx ] —
Sz;lvilfsc\)/,vncngZ, clear LSW of 10011110xx00zzzz

DCT PDMSB Sy, Dz  If DC=1, Sy data MSB position 111110********xx ] —
Sz;lvilfs(\)/,vncngZ, clear LSW of 1011111000yyzzzz

DCF PDVBSB Sx, Dz  If DC=0, Sx data MSB position 111110********xx 7] —
Szg\/ilfsj\_/,\/ncZ)prZl clear LSWof  19011111xx002227

DCF PDVSB Sy, Dz  If DC=0, Sy data MSB position 111110******x*xx 7] —
SZ;'Vi'fsi’ancngZ' clear LSWof  1011111100yyzzzz

Table5.21 Rounding Operation I nstructions

Instruction Operation Code Cycles DC Bit

PRND Sx, Dz Sx+H'00008000 - Dz 111110***xxxxxxx ] Update
clear LSW of Dz 10011000xx00zzzz

PRND Sy, Dz Sy+H'00008000 - Dz 111110***xxxxxxx ] Update
clear LSW of Dz 1011100000yyzzzz

Rev. 5.00 Jun 30, 2004 page 121 of 512

RRENESAS

REJ09B0171-05000



Section 5

Instruction Set

5.3.2

Table5.22 ALU Logical Operation Instructions

ALU Logical Operation Instructions

Instruction Operation Code Cycles DC Bit
PAND Sx, Sy, Dz Sx & Sy - Dz, clear LSW of  111110*******x=xx 1 Update
Dz 10010101xxyyzzzz

DCT PAND If DC=1, Sx & Sy — Dz, clear 111110*****x=*%%* 1] —

Sx, Sy, Dz LSW of Dz; if 0, nop 10010110xxyyzzzz

DCF PAND If DC=0, Sx& Sy — Dz, clear 111110Q*****x=*%%% 1] —

Sx, Sy, Dz LSW of Dz; if 1, nop 10010111xxyyzzzz

POR Sx, Sy, Dz Sx| Sy - Dz, clear LSW of 112210 ****xkkxx ] Update
Dz 10110101xxyyzzzz

DCT POR If DC=1, Sx | Sy — Dz, clear = 111110*****x**** ] —

Sx, Sy, Dz LSW of Dz; if 0, nop 10110110xxyyzzz2

DCF POR If DC=0, Sx | Sy — Dz, clear = 111110Q*****x****x ] —

Sx, Sy, Dz LSW of Dz; if 1, nop 10110111xxyyzzz2

PXOR Sx, Sy, Dz Sx” Sy - Dz, clear LSW of 111170Q******xxxx 7 Update
Dz 10100101xxyyzzzz

DCT PXOR If DC=1, SXx* Sy - Dz, clear  111110*****x****x ] —

Sx, Sy, Dz LSW of Dz; if 0, nop 10100110xxyyzzz2

DCF PXOR If DC=0, SXx"* Sy — Dz, clear  111110Q*****x****x ] —

Sx, Sy, Dz LSW of Dz; if 1, nop 10100111xxyyzzz2

533 Fixed Decimal Point Multiplication Instructions

Table5.23 Fixed Decimal Point Multiplication I nstructions

Instruction Operation Code Cycles DC Bit

PMULS Se, Sf, Dg MSW of Se x MSW of SfDg 111110***x***x%* 7 —

0100eef f 0000gg00
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534 Shift Operation Instructions

Table5.24 Arithmetic Shift Instructions

Instruction Operation Code Cycles DC Bit

PSHA Sx, Sy, Dz if Sy=0,Sx<<Sy - Dz 111110%***xxskxx ] Update
if Sy<0,Sx>>Sy - Dz 10010001xxyyzzzz

DCT PSHA if DC=1 & Sy=0,SX<<Sy Dz 111110******x*x*x 1 —

Sx, Sy, bz if DC=1 & Sy<0,Sx>>Sy-Dz 10010010xxyyzzzz
if DC=0,nop

DCF PSHA if DC=0 & Sy=0,Sx<<Sy—-Dz 111110******x*x*x 1 —

Sx, Sy, Dz if DC=0 & Sy<0,Sx>>Sy Dz 10010011xxyyzzzz
if DC=1,nop

PSHA #i nm Dz if imm=0,Dz<<imm - Dz 111120*****xkxkx ] Update
if imm<0,Dz>>imm - Dz 00000iiiiiiizzzz

Table5.25 Logical Shift Operation Instructions

Instruction Operation Code Cycles DC Bit
PSHL Sx, Sy, Dz if Sy=0,Sx<<Sy-. Dz, clear 111110****xx*kxxx ] Update
LSW of Dz 10000001xxyyzzzz
if Sy<0,Sx>>Sy - Dz, clear
LSW of Dz
DCT PSHL if DC=1 & Sy=0,Sx<<Sy Dz, 111110******x*x*x 1 —
Sx, Sy, Dz clear LSW of Dz 10000010xxyyzzz2z

if DC=1 & Sy<0,Sx>>Sy - Dz,
clear LSW of Dz

if DC=0,nop
DCF PSHL if DC=0 & Sy=0,Sx<<Sy Dz, 111110******x=x%x%x 1 —
SX, Sy, Dz clear LSW of Dz 10000011xxyyzzzz

if DC=0 & Sy<0,Sx>>Sy - Dz,
clear LSW of Dz

if DC=1,nop
PSHL #i nm Dz if imm=0,Dz<<imm - Dz, 111110% ¢ *#xxsens 1 Update
clear LSW of Dz 00010iiiiiiizzzz

if imm<0,Dz>>imm - Dz,
clear LSW of Dz
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535 System Control Instructions

Table5.26 System Control Instructions

Instruction Operation Code Cycles DC Bit
PLDS Dz - MACH 111110%****xkxsx ] —
Dz, MACH 111011010000zzzz

PLDS Dz— MACL 111110%****xkxxx ] —
Dz, MACL 111111010000zzzz

DCT PLDS if DC=1,Dz — MACH 111110%**x*xkxsx ] —
Dz, MACH if 0,nop 1110111000002227

DCT PLDS if DC=1,Dz — MACL 111110%**x*xkxsx ] —
Dz, MACL if 0,nop 111111100000z227

DCF PLDS if DC=0,Dz — MACH 111110% *x***xxxsx ] —
Dz, MACH if 1,nop 1110111100002227

DCF PLDS if DC=0,Dz — MACL 111110% *¥***xxxxx ] —
Dz, MACL if 1,nop 111111110000z227

PSTS MACH . Dz 111110% ¥ **xxxsx ] —
MACH, Dz 1100110100002227

PSTS MACL . Dz 111110% ¥ **xxxsx ] —
MACL, Dz 1101110100002227

DCT PSTS if DC=1,MACH - Dz 111110% ****xsxsx ] —
MACH, Dz if 0,nop 110011100000zzzz7

DCT PSTS if DC=1,MACL - Dz 111110% ****xsxsx ] —
MACL, Dz if 0,nop 110111100000zzzz7

DCF PSTS if DC=0,MACH — Dz 111110%**x*xsxsx ] —
MACH, Dz if 1,nop 110011110000zzzz

DCF PSTS if DC=0,MACL — Dz 111110%**x*xsxsx ] —
MACL, Dz if 1,nop 110111110000zzzz
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5.3.6

NOPX and NOPY Instruction Code

When there is no data transfer instruction to be processed in parallel with the DSP operation

instruction, aNOPX or NOPY instruction can be written as the data transfer instruction or the
instruction can be omitted. The operation code is the same in either case. Table 5.27 shows the
NOPX and NOPY instruction code.

Table5.27 Sample NOPX and NOPY Instruction Code

Instruction Code
PADD X0, YO, A0 MOVX. W @4+, X0 MOVY. W @6+R9, YO 1111100010110000
1000000010100000
PADD X0, YO, A0 NOPX MOVY. W @R6+R9, YO 1111100000110000
1000000010100000
PADD X0, YO, A0 NOPX NOPY 1111100000000000
1000000010100000
PADD X0, YO, A0 NOPX
PADD X0, YO, A0
MOVX. W @4+, X0 MOVY. W @6+R9, YO 1111000010110000
MOVX. W @R4+, X0 NOPY 1111000010000000
MOVS. W @4+, X0 1111011010000000
NOPX MOVY. W @R6+R9, YO 1111000000110000
MOVY. W @R6+R9, YO
NOPX NOPY 1111000000000000
NOP 0000000000001001

Instruction Set
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Section 6 Instruction Descriptions

6.1 Instruction Descriptions

Instructions are described in alphabetical order in three sections; CPU instructions, DSP data
transfer instructions, and DSP operation instructions.

This section describes instructions in alphabetical order using the format shown below in section
6.1.1. The actual descriptions begin at section 6.2.2.

6.1.1 Sample Description (Name): Classification

Class: Indicatesif the instruction is a delayed branch instruction or interrupt disabled instruction

Applicable
Format Abstract Code Cycle T Bit Instructions
Assembler input A brief Displayed in Number of  The value of Indicates
format; imm and disp description  order MSB ~  cycles T bit after the whether the
are numbers, of operation LSB when there instructionis instruction
expressions, or is no wait executed applies to
symbols state the SH-1,

SH-2, or

SH-DSP.

Description: Description of operation
Notes: Notes on using the instruction
Operation: Operation written in C language. The following resources should be used.

« Reads data of each length from address Addr. An address error will occur if word datais read
from an address other than 2n or if longword datais read from an address other than 4n:

unsi gned char Read_Byt e(unsi gned | ong Addr);
unsi gned short Read_Wbrd(unsigned | ong Addr);
unsi gned |l ong Read_Long(unsigned | ong Addr);

* Writes data of each length to address Addr. An address error will occur if word datais written
to an address other than 2n or if longword data is written to an address other than 4n:

unsi gned char Wite_Byte(unsigned | ong Addr, unsigned |ong Data);
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unsi gned short Wite_Word(unsigned | ong Addr, unsigned |ong Data);
unsigned long Wite_Long(unsigned | ong Addr, unsigned |ong Data);

e Starts execution from the slot instruction located at an address (Addr — 4). For Delay_Slot (4),
execution starts from an instruction at address O rather than address 4. When execution moves
from this function to one of the following instructions and one of the listed instructions
precedesit, it will be considered anillegal dot instruction (the listed instructions become
illegal dot instructions when used as delay slot instructions):

BF, BT, BRA, BSR, IMP, JSR, RTS, RTE, TRAPA, BF/S, BT/S, BRAF, BSRF

Del ay_Sl ot (unsi gned | ong Addr);
unsigned log IS 32bit_Inst(unsigned | ong Addr)

If the address (Addr_4) instruction is 32-bit, 2 isreturned; O isreturned if it is 16-bit.
e Listregisters:

unsi gned | ong R[16];

unsi gned | ong SR, GBR, VBR;
unsi gned | ong MACH, MACL, PR;
unsi gned | ong PC;

¢ Definition of SR structures:

struct SRO {
unsi gned | ong dunmyO: 4;
unsi gned | ong RCO: 12;
unsi gned | ong dummyl: 4;
unsi gned | ong DMY0: 1;
unsi gned | ong DMX0: 1;
unsi gned | ong MD: 1;
unsi gned | ong Q0: 1;
unsi gned | ong 1 0: 4;
unsi gned | ong RF10: 1;
unsi gned | ong RFOO: 1;
unsi gned | ong S0: 1;
unsi gned | ong TO: 1;

b
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* Definition of bitsin SR:

#define M ((*(struct SRO *)(&SR)). M)
#define Q ((*(struct SRO *)(&SR)). Q0)
#define S ((*(struct SRO *)(&SR)). S0)
#define T ((*(struct SRO *)(&SR)). TO)
#define RF1 ((*struct SRO *)(&SR)). RF10)
#define RFO ((*struct SRO *)(&SR)). RF00)

e Error display function:
Error( char *er );

The PC should point to the location four bytes after the current instruction. Therefore, PC = 4;
means the instruction starts execution from address 0, not address 4.

Examples: Examples are written in assembler mnemonics and describe status before and after
executing the instruction. Charactersin italics such as .align are assembler control instructions
(listed below). For more information, see the Cross Assembler User Manual.

.org Location counter set

.data.w Securing integer word data
.data.l Securing integer longword data
.sdata Securing string data

.align 2 2-byte boundary alignment
.align 4 2-byte boundary alignment

.arepeat 16 16-repeat expansion
.arepeat 32 32-repeat expansion
. aendr End of repeat expansion of specified number

Note that the SuperH Family cross assembler version 1.0 does not support the conditional
assembler functions.

Notes: 1. Inaddressing modes that use the displacements listed below (disp), the assembler
statements in this manual show the value prior to scaling (x1, x2, and x4) according to
the operand size. Thisis done to clarify the LS| operation. Actual assembler statements
should follow the rules of the assembler in question.

@(disp:4, Rn); Indirect register addressing with displacement
@(disp:8, GBR); Indirect GBR addressing with displacement
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Instruction Descriptions

@(disp:8, PC); Indirect PC addressing with displacement
disp:8, disp:12:; PC relative addressing

16-hit instruction code that is not assigned as instructionsis handled as an ordinary
illegal instruction and produces illegal instruction exception processing.

Example: H'FFFF [ordinary illegal instruction]

Anordinary illegal instruction or branched instruction (i.e., anillegal slot instruction)
that followsa BRA, BT/S or another delayed branch instruction will cause illegal
instruction exception processing.

Example 1

BRA LABEL
.data.w H FFFF  ~ lllegal dot instruction
[H'FFFF isan ordinary illegal instruction from the start]

Example 2:
RTE
BT/ S LABEL ~ Illegal dot instruction

The delayed branch actual occurs after the slot instruction is executed. Except for
branches such as register updates, however, delayed branch instructions are executed
before delayed dot instructions. For example, even when the contents of aregister that
stores a branch destination addressin adelay dot are changed, the branch destination
remains the register contents prior to the change.

When thereiaan ordinary illegal instruction, branched instruction or an instruction to
renew the SR, RS or RE register (SETRC, LDRS, etc.) in the last three instructions of a
repeat program (loop) with three or lessinstructions or a program (loop) with four or
more instructions, illegal instruction exception processing is started. Refer to section
4.18, DSP Repeat (Loop) Control, for more information.
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6.1.2 ADD (ADD Binary): Arithmetic I nstruction

Applicable
Instructions

SH-

Format Abstract Code Cycle TBit SH-1 SH-2 DSP
ADD Rm Rn Rm+Rn - Rn 0011nnnnnmmmi100 1 — O O O
ADD #immRn Rn+#mm - Rn O0lllnnnniiiiiiii 1 — O O O

Description: Adds general register Rn datato Rm data, and stores the result in Rn. 8-bit
immediate data can be added instead of Rm data. Since the 8-bit immediate data is sign-extended
to 32 hits, thisinstruction can add and subtract immediate data.

Operation:

ADD(l ong mlong n) /* ADD RmRn */

{
R n] +=R[n{ ;
PC+=2;

}

ADDI (long i,long n) /* ADD #imm Rn */

{
i f ((i&0x80)==0) R[n]+=(0x000000FF & (long)i);
el se R[ n] +=(OxFFFFFFOO | (long)i);
PC+=2;

}

Examples:
ADD RO, R1 ; Before execution: RO = H'7FFFFFFF, R1 = H'00000001

; After execution: R1 = H'80000000
ADD #H 01, R2 ; Before execution: R2 = H'00000000

; After execution: R2 = H'00000001
ADD #H FE, R3 ; Before execution: R3 = H'00000001

; After execution: R3 = H'FFFFFFFF
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6.1.3 ADDC (ADD with Carry): Arithmetic Instruction

Applicable
Instructions

SH-

Format Abstract Code Cycle TBit SH-1 SH-2 DSP
ADDC Rm Rn Rn+Rm+T - 0011innnnnmmmi110 1 Carry O O O

Rn, carry - T

Description: Adds Rm dataand the T hit to general register Rn data, and stores the result in Rn.
The T bit changes according to the result. This instruction can add data that has more than 32 bits.

Operation:

ADDC (1l ong m1long n) /* ADDC Rm Rn */

{
unsi gned | ong t nmpO, t np1;
tnpl=Rn] +R[ni;
t mpO=R{ n] ;
R n] =t np1+T;
if (tnmpO>tnpl) T=1,;
el se T=0;
if (tmpl>R[n]) T=1;
PC+=2;
}
Examples:
CLRT ; RO:R1 (64 bits) + R2:R3 (64 bits) = R0O:R1 (64 bits)
ADDC R3, Rl ; Beforeexecution: T =0, R1 = H'00000001, R3 = H'FFFFFFFF
; After execution: T =1, R1 =H'0000000
ADDC R2, RO ; Beforeexecution: T =1, RO = H'00000000, R2 = H'00000000

; After execution: T =0, RO = H'00000001
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6.1.4 ADDV (ADD with V Flag Overflow Check): Arithmetic I nstruction

Applicable

Instructions

SH-

Format Abstract Code Cycle TBit SH-1 SH-2 DSP
ADDV Rm Rn Rn+Rm - Rn, 001lnnnnnmmilll 1 Overflow O O O

overflow - T

Description: Adds general register Rn datato Rm data, and stores the result in Rn. If an overflow
occurs, the T bitisset to 1.

Operation:

ADDV(|l ong m I ong n) /*ADDV Rm Rn */
{

| ong dest, src, ans;

if ((long)R n]>=0) dest=0;
el se dest=1;
if ((long)Rfm >=0) src=0;
el se src=1;
src+=dest;
R n] +=R[n{ ;
if ((long)R n]>=0) ans=0;
el se ans=1;
ans+=dest ;
if (src==0 || src==2) {
if (ans==1) T=1,;
el se T=0;
}
el se T=0;
PC+=2;
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Examples:
ADDV RO, R1 ; Before execution: RO = H'00000001, R1 = H7FFFFFFE, T =0
; After execution: R1=H'7FFFFFFF, T =0
ADDV RO, R1 ; Before execution: RO = H'00000002, R1 = H'7FFFFFFE, T =0

; After execution: R1 =H'80000000, T =1
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6.1.5 AND (AND Logical): Logic Operation Instruction

Applicable
Instructions
SH-
Format Abstract Code Cycle TBit SH-1 SH-2 DSP
AND RmRn Rn&Rm - Rn 0010nnnnmMml001 1 — O O O
AND  #i nm RO RO & imm - RO 1100100%iiiiiiii 1 — O O O
AND. B #i nm (RO + GBR) & 1100110%iiiiiiii 3 — O O O

@R0, GBR) imm - (RO + GBR)

Description: Logically ANDsthe contents of general registers Rn and Rm, and storestheresult in
Rn. The contents of general register RO can be ANDed with zero-extended 8-bit immediate data.
8-bit memory data pointed to by GBR relative addressing can be ANDed with 8-bit immediate
data.

Note: After AND #mm, RO is executed and the upper 24 hits of RO are always cleared to 0.
Operation:

AND(l ong mlong n) /* AND RmRn */

{
Rl n] &=R{ n
PC+=2;
}
ANDI (long i) /* AND #i nm RO */
{
R[ 0] &=( 0x000000FF & (long)i);
PC+=2;
}
ANDM I ong i) /* AND.B #i nm @RO, GBR) */
{
| ong tenp;

t enp=(1 ong) Read_Byt e( GBBR+R[ 0] ) ;
t emrp&=( 0x000000FF & (long)i);
Wite Byte(@BR+R 0], tenp);
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PC+=2;
}
Examples:
AND RO, R1 : Before execution: RO =H'AAAAAAAA, R1 = H'55555555
; After execution:  R1 = H'00000000
AND #H OF, RO : Before execution: RO = H'FFFFFFFF

; After execution: RO = H'0000000F
AND. B #H 80, @ R0, GBR) ; Beforeexecution: @(RO,GBR) = H'A5
; After execution:  @(RO,GBR) = H'80
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6.1.6 BF (Branch if False): Branch Instruction

Applicable

Instructions

SH-
Format Abstract Code Cycle TBit SH-1 SH-2 DSP
BF |abel WhenT=0, 10001011dddddddd 3/1 — O O O

disp x2 + PC - PC;
When T =1, nop

Description: Readsthe T hit, and conditionally branches. If T = 0, it branches to the branch
destination address. If T = 1, BF executes the next instruction. The branch destination isan
address specified by PC + displacement. However, in this caseit is used for address calculation.
The PC isthe address 4 bytes after this instruction. The 8-bit displacement is sign-extended and
doubled. Consequently, the relative interval from the branch destination is—256 to +254 bytes. If
the displacement is too short to reach the branch destination, use BF with the BRA instruction or
the like.

Note: When branching, three cycles; when not branching, one cycle.
Operation:

BF(long d)/* BF disp */

{
| ong disp;
i f ((d&0x80)==0) di sp=(0x000000FF & (Iong)d);
el se di sp=(O0xFFFFFFOO | (1 ong)d);
if (T==0) PC=PC+(disp<<l);
el se PC+=2;
}
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Example:
CLRT ; Tisawaysclearedto 0
BT TRGET_T ; Doesnot branch, because T =0
BF TRGET_F ; Branchesto TRGET F, because T =0
NOP ;
NOP ; « The PC location is used to calculate the branch destination
.......... address of the BF instruction

TRGET_F: ; « Branch destination of the BF instruction
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6.1.7 BF/S (Branch if False with Delay Slot): Branch Instruction

Applicable
Instructions

SH-

Format Abstract Code Cycle TBit SH-1 SH-2 DSP
BF/ S | abel WhenT=0, 10001111dddddddd 2/1 — — O O

disp x 2+ PC - PC;
When T =1, nop

Description: Readsthe T hit and conditionally branches. If T = 0, it branches after executing the
next instruction. If T = 1, BF/S executes the next instruction. The branch destination is an address
specified by PC + displacement. However, in this caseit is used for address calculation. The PC is
the address 4 bytes after this instruction. The 8-bit displacement is sign-extended and doubled.
Consequently, the relative interval from the branch destination is —256 to +254 bytes. If the
displacement is too short to reach the branch destination, use BF with the BRA instruction or the
like.

Note: Sincethisisadelay branch instruction, the instruction immediately following is executed
before the branch. No interrupts and address errors are accepted between this instruction
and the next instruction. When the instruction immediately following is a branch
instruction, it is recognized asanillegal slot instruction. When branching, thisis atwo-
cycle instruction; when not branching, one cycle.
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Operation:

BFS(long d) /* BFS disp */

{
| ong disp;
unsi gned | ong tenp;
t emp=PC;
i f ((d&0x80)==0) di sp=(0x000000FF & (| ong)d);
el se di sp=(O0xFFFFFFOO | (1 ong)d);
if (T==0) {
PC=PC+( di sp<<1);
Del ay_Sl ot (t enp+2) ;
}
el se PC+=2;
}
Example:
CLRT ; TisawaysO
BT/S TRGET_T ; Doesnot branch, because T=0
NOP ;
BF/ S TRGET_F ; Branchesto TRGET _F, because T =0
ADD RO, R1 ; Executed before branch.
NOP ; « The PC location is used to calculate the branch destination
.......... address of the BF/S instruction
TRGET_F: ; « Branch destination of the BF/Sinstruction

Note: With delayed branching, branching occurs after execution of the slot instruction.
However, instructions such as register changes etc. are executed in the order of delayed
branch instruction, then delay slot instruction. For example, even if the register in which
the branch destination address has been loaded is changed by the delay ot instruction,
the branch will still be made using the value of the register prior to the change as the
branch destination address.
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6.1.8 BRA (Branch): Branch Instruction

Applicable

Instructions

SH-
Format Abstract Code Cycle TBit SH-1 SH-2 DSP
BRA | abel dispx2+PC - PC 1010dddddddddddd 2 — O O O

Description: Branches unconditionally after executing the instruction following this BRA
instruction. The branch destination is an address specified by PC + displacement However, in this
caseit is used for address calculation. The PC isthe address 4 bytes after thisinstruction. The 12-
bit displacement is sign-extended and doubled. Consequently, the relative interval from the branch
destination is—4096 to +4094 bytes. If the displacement istoo short to reach the branch
destination, this instruction must be changed to the IMP instruction. Here, aMOV instruction
must be used to transfer the destination address to aregister.

Note: Sincethisisadelayed branch instruction, the instruction after BRA is executed before
branching. No interrupts and address errors are accepted between this instruction and the
next instruction. If the next instruction is a branch instruction, it is acknowledged as an
illegal dot instruction.

Operation:

BRA(l ong d) /* BRA disp */
{

unsi gned | ong tenp;

| ong disp;

i f ((d&0x800)==0) di sp=(0x00000FFF & (|ong) d);
el se di sp=(0xFFFFFO00 | (long) d);

t enp=PC;

PC=PC+( di sp<<1);

Del ay_Sl ot (t enp+2) ;
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Example:

BRA TRGET ; Branchesto TRGET
ADD RO, Rl ; Executes ADD before branching

NOP ; « The PC location is used to calcul ate the branch destination
.......... address of the BRA instruction

TRGET: ; « Branch destination of the BRA instruction

Note: With delayed branching, branching occurs after execution of the slot instruction.
However, instructions such as register changes etc. are executed in the order of delayed
branch instruction, then delay slot instruction. For example, even if the register in which
the branch destination address has been loaded is changed by the delay ot instruction,
the branch will still be made using the value of the register prior to the change as the
branch destination address.
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6.1.9 BRAF (Branch Far): Branch Instruction

Applicable
Instructions

SH-

Format Abstract Code Cycle TBit SH-1 SH-2 DSP
BRAF Rm Rm+ PC - PC 0000mMmmMMD0100011 2 — — O O

Description: Branches unconditionally. The branch destination is PC + the 32-bit contents of the
general register Rm. However, in this caseit isused for address calculation. The PC is the address
4 bytes after thisinstruction.

Note: Sincethisisadelayed branch instruction, the instruction after BRAF is executed before
branching. No interrupts and address errors are accepted between thisinstruction and the
next instruction. If the next instruction is a branch instruction, it is acknowledged as an
illegal dot instruction.

Operation:

BRAF(long ) /* BRAF Rm */

{
unsi gned | ong tenp;
t enp=PC;
PC+=R[ n{ ;
Del ay_Sl ot (t enp+2) ;
}
Example:

MOV. L #( TARGET- BSRF_PC), RO ; Sets displacement.

BRA TRGET ; Branchesto TARGET
ADD RO, R1 ; Executes ADD before branching
BRAF_PC: ; « The PC location is used to calculate the
branch destination address of the BRAF
instruction
NOP
TARGET: ; « Branch destination of the BRAF instruction
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Note: With delayed branching, branching occurs after execution of the slot instruction.
However, instructions such as register changes etc. are executed in the order of delayed
branch instruction, then delay slot instruction. For example, even if the register in which
the branch destination address has been loaded is changed by the delay slot instruction,

the branch will still be made using the value of the register prior to the change as the
branch destination address.
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6.1.10 BSR (Branch to Subroutine): Branch Instruction

Format Abstract Code Cycle T Bit
BSR | abel PC - PR, disp x2+ PC -~ PC 1011dddddddddddd 2 —

Description: Branches to the subroutine procedure at a specified address. The PC valueis stored
in the PR, and the program branches to an address specified by PC + displacement However, in
this caseit isused for address calculation. The PC is the address 4 bytes after thisinstruction. The
12-bit displacement is sign-extended and doubled. Consequently, the relative interval from the
branch destination is—4096 to +4094 bytes. If the displacement is too short to reach the branch
destination, the JSR instruction must be used instead. With JSR, the destination address must be
transferred to aregister by using the MOV instruction. This BSR instruction and the RTS
instruction are used together for a subroutine procedure call.

Note: Sincethisisadelayed branch instruction, the instruction after BSR is executed before
branching. No interrupts and address errors are accepted between this instruction and the
next instruction. If the next instruction is a branch instruction, it is acknowledged as an
illegal slot instruction.

Operation:

BSR(l1ong d) /* BSR disp */

{
| ong disp;
i f ((d&0x800)==0) di sp=(0x00000FFF & (|ong) d);
el se di sp=(0xFFFFFO00 | (long) d);
PR=PC+l s_32bi t _I nst (PR+2);
PC=PC+( di sp<<1);
Del ay_SI ot ( PR+2) ;
}
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Example:

BSR TRGET ; Branchesto TRGET

MV  R3, R4 ; Executesthe MOV instruction before branching

ADD RO, Rl ; — The PC location is used to cal culate the branch destination
address of the BSR instruction (return address for when the
subroutine procedure is completed (PR data))

TRGET: ; < Procedure entrance

MOV R2, R3 ;

RTS ; Returnsto the above ADD instruction

MOV #1, RO ; Executes MOV before branching

Note: With delayed branching, branching occurs after execution of the slot instruction.
However, instructions such as register changes etc. are executed in the order of delayed
branch instruction, then delay slot instruction. For example, even if the register in which
the branch destination address has been loaded is changed by the delay ot instruction,
the branch will still be made using the value of the register prior to the change as the
branch destination address.
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6.1.11 BSRF (Branch to Subroutine Far): Branch Instruction

Applicable

Instructions

SH-
Format Abstract Code Cycle TBit SH-1 SH-2 DSP
BSRF Rm PC - PR, 0000mMmMMD0000011 2 — — O O

Rm + PC - PC

Description: Branches to the subroutine procedure at a specified address after executing the
instruction following this BSRF instruction. The PC value is stored in the PR. The branch
destination is PC + the 32-bit contents of the general register Rm. However, in thiscaseit is used
for address calculation. The PC isthe address 4 bytes after thisinstruction. Used as a subroutine
procedure call in combination with RTS.

Note: Sincethisisadelayed branch instruction, the instruction after BSR is executed before
branching. No interrupts and address errors are accepted between this instruction and the
next instruction. If the next instruction is a branch instruction, it is acknowledged as an
illegal dot instruction.

Operation:

BSRF(long m) /* BSRF Rm */

{
PR=PC+| s_32bit _I nst (PR+2);
PC+=R[ ] ;
Del ay_SI ot ( PR+2) ;

}
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Example:
MOV. L #( TARGET- BSRF_PC), RO ; Sets displacement.
BRSF RO ; Branchesto TARGET
MOV R3, R4 ; Executes the MOV instruction before
branching
BSRF_PC: ; — The PC location is used to calculate the
branch destination with BSRF.
ADD RO, R1
TARGET: ; — Procedure entrance
MOV R2,R3 )
RTS ; Returns to the above ADD instruction
MOV #1, RO ; Executes MOV before branching

Note: With delayed branching, branching occurs after execution of the slot instruction.
However, instructions such as register changes etc. are executed in the order of delayed
branch instruction, then delay slot instruction. For example, even if the register in which
the branch destination address has been loaded is changed by the delay ot instruction,
the branch will still be made using the value of the register prior to the change as the
branch destination address.
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6.1.12 BT (Branch if True): Branch Instruction

Applicable

Instructions

SH-
Format Abstract Code Cycle TBit SH-1 SH-2 DSP
BT | abel When T =1, 10001001dddddddd 3/1 — O O O

disp x2 + PC - PC;
When T =0, nop

Description: Readsthe T hit, and conditionally branches. If T =1, BT branches. If T =0, BT
executes the next instruction. The branch destination is an address specified by PC +
displacement. However, in this caseit is used for address calculation. The PC is the address 4
bytes after this instruction. The 8-bit displacement is sign-extended and doubled. Consequently,
the relative interval from the branch destination is—256 to +254 bytes. If the displacement is too
short to reach the branch destination, use BT with the BRA instruction or the like.

Note: When branching, requires three cycles; when not branching, one cycle.
Operation:

BT(long d)/* BT disp */

{
| ong di sp;
i f ((d&0x80)==0) di sp=(0x000000FF & (| ong)d);
el se di sp=(0xFFFFFFOO0 | (I ong)d);
if (T==1) PC=PC+(disp<<l);
el se PC+=2;
}
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Example:
SETT ; Tisaways 1
BF TRCET_F ; Does not branch, because T =1
BT TRGET_T ; Branchesto TRGET _T, because T =1
NOP )
NOP ; « ThePC location is used to calculate the branch destination
.......... address of the BT instruction

TRGET_T: ; « Branch destination of the BT instruction
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6.1.13 BT/S(Branch if Truewith Delay Slot): Branch Instruction

Applicable
Instructions

SH-

Format Abstract Code Cycle TBit SH-1 SH-2 DSP
BT/ S | abel WhenT=1, 10001101dddddddd 2/1 — — O O

disp x2 + PC - PC;
When T =0, nop

Description: Readsthe T hit and conditionally branches. If T = 1, BT/S branches after the
following instruction executes. If T = 0, BT/S executes the next instruction. The branch
destination is an address specified by PC + displacement. However, in this caseit is used for
address calculation. The PC is the address 4 bytes after thisinstruction. The 8-bit displacement is
sign-extended and doubled. Consequently, the relative interval from the branch destination is —256
to +254 bytes. If the displacement is too short to reach the branch destination, use BT/S with the
BRA instruction or the like.

Note: Sincethisisadelay branch instruction, the instruction immediately following is executed
before the branch. No interrupts and address errors are accepted between this instruction
and the next instruction. When the immediately following instruction is a branch
instruction, it is recognized as anillegal slot instruction. When branching, requires two
cycles; when not branching, one cycle.

Operation:

BTS(long d) /* BTS disp */
{

| ong disp;

unsigned |ong tenp;

t enp=PC;
i f ((d&0x80)==0) di sp=(0x000000FF & (| ong)d);
el se di sp=(0xFFFFFFOO | (I ong)d);
if (T==1) {
PC=PC+( di sp<<1);
Del ay_Sl ot (t enp+2) ;
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el se PC+=2;
}
Example:

SETT ; Tisaways1
BF/ S TARGET_F ; Doesnot branch, because T =1
NOP )
BT/S TARGET T ; Branchesto TARGET, because T =1
ADD RO, R1 ; Executes before branching.
NOP ; « ThePC location is used to calculate the branch destination
.......... address of the BT/S instruction

TARGET _T: ; — Branch destination of the BT/S instruction

Note: With delayed branching, branching occurs after execution of the slot instruction.
However, instructions such as register changes etc. are executed in the order of delayed
branch instruction, then delay slot instruction. For example, even if the register in which
the branch destination address has been loaded is changed by the delay ot instruction,

the branch will still be made using the value of the register prior to the change as the
branch destination address.
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6.1.14 CLRMAC (Clear MAC Register): System Control Instruction

Applicable

Instructions

SH-
Format Abstract Code Cycle TBit SH-1 SH-2 DSP
CLRVAC 0 - MACH, MACL  0000000000101000 1 — O O O

Description: Clear the MACH and MACL Register.
Operation:

CLRMAC() /* CLRMAC */

Example:

CLRVAC ; Clearsand initializes the MAC register
MAC. W @RO+, @R1+ ; Multiply and accumulate operation
MAC. W @R0+, @R1+ ;
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6.1.15 CLRT (Clear T Bit): System Control Instruction

Applicable
Instructions
SH-
Format Abstract Code Cycle TBit SH-1 SH-2 DSP
CLRT 0-T 0000000000001000 1 0 O O O
Description: Clearsthe T hit.
Operation:
CLRT() /* CLRT */
{
T=0;
PC+=2;
}
Example:
CLRT ; Before execution: =1
; After execution: =0
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6.1.16 CMP/cond (Compare Conditionally): Arithmetic Instruction

Applicable
Instructions
SH-
Format Abstract Code Cycle T Bit SH-1 SH-2 DSP
CVWP/ Rm Rn When Rn = Rm, 0011nnnnmmmm0000 1 Comparison O O O
EQ 1-T result
WP/ Rm Rn When signed and 0011nnnnmmmo0011 1 Comparison O O O
GE Rn=Rm,1 - T result
CVWP/ Rm Rn When signed and 0011nnnnmmmo111 1 Comparison O O O
Gr Rn>Rm,1 - T result
CVWP/ Rm Rn When unsigned 0011lnnnnmmmm0110 1 Comparison O O O
HI andRn>Rm,1 - T result
WP/ Rm Rn When unsigned 0011nnnnmmmm0010 1 Comparison O O O
HS andRnzRm,1 - T result
CWP/ Rn WhenRn>0,1 -~ T 0100nnnn00010101 1 Comparison O O O
PL result
CWP/ Rn WhenRn=0,1 -~ T 0100nnnn00010001 1 Comparison O O O
Pz result
CVWP/ Rm Rn When abyteinRn  0010nnnnnmmmi100 1 Comparison O O O
STR equals a byte in Rm, result
1-T
CVP/ #i mm RO When RO = imm, 10001000iiiiiiii 1 Comparison O O O
EQ 1-T result

Description: Compares general register Rn data with Rm data, and setsthe T bit to 1 if a specified
condition (cond) is satisfied. The T bit is cleared to O if the condition is not satisfied. The Rn data
does not change. The following eight conditions can be specified. Conditions PZ and PL are the
results of comparisons between Rn and 0. Sign-extended 8-bit immediate data can also be
compared with RO by using condition EQ. Here, RO data does not change. Table 6.1 shows the
mnemonics for the conditions.
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Table6.1 CMP Mnemonics

Mnemonics Condition

CWP/EQ RmRn If Rn=Rm T=1

CWP/ CE RmRn If RN 2 Rmwith signed data, T =1
CVMP/ GT  Rm Rn If RN > Rmwith signed data, T =1
CVP/ HI Rm Rn If R > Rmwith unsigned data, T =1
CMP/HS RmRn If Rn 2 Rmwith unsigned data, T =1
CWP/PL Rn If Rn >0, T=1

CWP/PZ Rn If Rn >0, T=1

CWP/ STR Rm Rn If a byte in Rh equals a byte in Rm T =1
CWP/ EQ #i mm RO If RO=imm T=1

Operation:

CVMPEQ(| ong m | ong n) /* CVP_EQ Rm Rn */

{
if (REn]==R(n) T=1;
el se T=0;
PC+=2;
}
CMPGE(l ong m | ong n) /* CVMP_GE RmRn */
{
if ((long)Rin]>=(long) R nj) T=1;
el se T=0;
PC+=2;
}
CMPGT (1 ong m | ong n) /* CWP_GT RmRn */
{
if ((long)Rin]>(long) Rin) T=1;
el se T=0;
PC+=2;
}
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CWPHI (1 ong m | ong n) /* CVWP_H RmRn */

{
if ((unsigned |ong)R n]>(unsigned long)RInj) T=1;
el se T=0;
PC+=2;
}
CVMPHS(1 ong m | ong n) /* CMP_HS Rm Rn */
{
i f ((unsigned I ong)R n]>=(unsigned long)RInj) T=1;
el se T=0;
PC+=2;
}
CVPPL( I ong n) /* CVMP_PL Rn */
{
if ((long) R n]>0) T=1;
el se T=0;
PC+=2;
}
CWPPZ(long n) /* CWP_PZ Rn */
{
if ((long)R n]>=0) T=1,
el se T=0;
PC+=2;
}
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CWPSTR(long mlong n) /* CVMP_STR Rm Rn */
{

unsi gned | ong tenp;

| ong HH, HL, LH, LL;

tenp=R[n] "R n{;

HH=( t enp>>12) &0x000000FF;
HL=( t enp>>8) &0x000000FF;
LH=( t enp>>4) &0x000000FF;
LL=t enp&x000000FF;

HH=HH&&HL &&L H&&L L ;
if (HHE=0) T=1;
el se T=0;
PC+=2;

}

CWPIMlong i) /* CVP_EQ #i mm RO */

{
| ong i mm
if ((i&0x80)==0) inmm=(0x000000FF & (long i));
el se i nmme( OXFFFFFFOO | (long i));
if (RRO]==im) T=1;
el se T=0;
PC+=2;

}

Example:

CW/ GE RO,RL ; RO = H'7FFFFFFF, R1 = H'80000000
BT TRGET_ T ; Does not branch because T =0
CW/HS RO,RL ; RO = H'7FFFFFFF, R1 = H'80000000
BT TRGET_ T ; Branchesbecause T = 1
CW/ STR R2,R3 ;R2="ABCD”, R3="“XYCZ"
BT TRGET_ T ; Branchesbecause T = 1
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6.1.17 DIVOS (Divide Step 0 as Signed): Arithmetic Instruction

Applicable
Instructions
SH-
Format Abstract Code Cycle T Bit SH-1 SH-2 DSP
DIVOS RmRn  MSBofRn - Q, 0010nnnnmmmm0111 1 Calculaon O O O
MSB of Rm - M, result
MAQ - T

Description: DIVOSisan initialization instruction for signed division. It finds the quotient by
repeatedly dividing in combination with the DIV 1 or another instruction that divides for each bit
after thisinstruction. See the description given with DIV 1 for more information.

Operation:

DI VOS(1 ong m | ong n) /* DIVOS Rm Rn */

{
i f ((R[n]&0x80000000)==0) Q=0;
el se =1,
i f ((Rni&x80000000)==0) M=O0;
el se M-1;
T=H (MF=Q;
PC+=2;

}

Example: See DIV1.
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6.1.18 DIVOU (Divide Step 0 as Unsigned): Arithmetic Instruction

Applicable

Instructions

SH-
Format Abstract Code Cycle TBit SH-1 SH-2 DSP
DI VOU 0 - M/IQ/T 0000000000011001 1 0 O O O

Description: DIVOU isaninitiaization instruction for unsigned division. It finds the quotient by
repeatedly dividing in combination with the DIV 1 or another instruction that divides for each bit
after thisinstruction. See the description given with DIV 1 for more information.

Operation:

DIVOU() /* DIVOU */

{
MEQ=T=0;
PC+=2;

}

Example: See DIV1.
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6.1.19 DIV1 (Dividel Step): Arithmetic Instruction

Applicable

Instructions

SH-
Format Abstract Code Cycle T Bit SH-1 SH-2 DSP
DI V1 Rm Rn 1 stepdivision 001lnnnnnmmm0100 1 Calculation O O O

(Rn + Rm) result

Description: Uses single-step division to divide one bit of the 32-bit datain general register Rn
(dividend) by Rm data (divisor). It finds a quotient through repetition either independently or used
in combination with other instructions. During this repetition, do not rewrite the specified register
ortheM, Q, and T hits.

In one-step division, the dividend is shifted one bit left, the divisor is subtracted and the quotient
bit reflected in the Q bit according to the status (positive or negative). To find the remainder in a
division, first find the quotient using a DIV 1 instruction, then find the remainder as follows:

(dividend) — (divisor) x (quotient) = (remainder)

Zero division, overflow detection, and remainder operation are not supported. Check for zero
division and overflow division before dividing.

Find the remainder by first finding the sum of the divisor and the quotient obtained and then
subtracting it from the dividend. That is, first initialize with DIVOS or DIVOU. Repeat DIV 1 for
each bit of the divisor to obtain the quotient. When the quotient requires 17 or more bits, place
ROTCL before DIV 1. For the division sequence, see the following examples.
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Operation:

DI V1(long mlong n) /* DIV1L RmRn */
{

unsi gned | ong t npO;

unsi gned char ol d_q, t np1;

ol d_g=@Q
Q=(unsi gned char) ((0x80000000 & R[n])!=0);
R[ n] <<=1;
R n] | =(unsi gned | ong) T;
switch(old_q){
case 0:switch(M{
case 0:tnmpO0=R[ n];
R n]-=R[ni;
tmp1=(R[ n] >t np0) ;
switch(Q{
case 0: Q=t np1;
br eak;
case 1: Q=(unsigned char) (tnmpl==0);
br eak;
}
br eak;
case 1:tnmpO0=R[ n];
R n] +=R[n{ ;
tmp1=(R[ n] <t np0) ;
switch(Q{
case 0: Q=(unsigned char) (tnmpl==0);
br eak;
case 1: Q=t np1l;

br eak;
}
br eak;
}
br eak;
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case l:switch(M{
case 0:tnmpO0=R[ n];
R n] +=R[n{ ;
tmp1=(R[ n] <t np0) ;
switch(Q{
case 0: Q=t np1;
br eak;
case 1: Q=(unsigned char) (tnmpl==0);
br eak;
}
br eak;
case 1:tnmp0=R[ n];
R n]-=R[ni;
tmp1=(R[ n] >t np0) ;
switch(Q{
case 0: Q=(unsigned char) (tnmpl==0);
br eak;
case 1: Q=t np1l;
br eak;

}

br eak;
}
br eak;
}
T=(&E=M;
PC+=2;
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Example 1

SHLL16
TST

BT

CWP/ HS
BT

DI VoU

. ar epeat
Dl Vi

. aendr
ROTCL
EXTU. W

Example 2

TST

BT ZERO DI V
CWP/ HS

BT OVER DI V
DI VOU

. ar epeat
ROTCL

DI V1

. aendr
ROTCL

RO
RO, RO

ZERO DI V

RO, R1

OVER DI V

16
RO, R1

RO, RO

RO, R1

32

RO, R1

; R1 (32 hits) / RO (16 bits) = R1 (16 bits):Unsigned
; Upper 16 bits = divisor, lower 16 bits=0
; Zero division check

; Overflow check
; Flag initialization
; Repeat 16 times

; R1 = Quotient

; R1:R2 (64 bits)/RO0 (32 bits) = R2 (32 bits):Unsigned
; Zero division check

Overflow check

Flag initialization

Repeat 32 times

; R2 = Quotient
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Example 3:

SHLL16
EXTS. W
XOR
MoV
ROTCL
SUBC

DI VOS

. ar epeat
DI V1

. aendr
EXTS. W
ROTCL
ADDC

EXTS. W

Example 4.

MoV
ROTCL
SUBC
XOR
SUBC

DI VOS

. arepeat
ROTCL

Dl V1

. aendr
ROTCL
ADDC

- R1 (16 bits)/RO (16 bits) = R1 (16 bits):Signed

RO ; Upper 16 bits = divisor, lower 16 bits=0

R1, R1 ; Sign-extends the dividend to 32 bits

R2, R2 ;R2=0

R1, R3 ;

R3 ;

R2, R1 ; Decrements if the dividend is negative

RO, R1 ; Flag initialization

16 ;

RO, R1 ; Repeat 16 times

R1, R1 ;

R1 ; R1 = quotient (one's complement)

R2, R1 ; Increments and takes the two’ s complement if the M SB of the
quotientis 1

R1, R1 ; R1 = quotient (two’s complement)

; R2 (32 bits) / RO (32 bits) = R2 (32 bits):Signed

R2, R3 ;

R3 ;

R1, R1 ; Sign-extends the dividend to 64 bits (R1:R2)

R3, R3 ;R3=0

R3, R2 ; Decrements and takes the one’'s complement if the dividend is
negative

RO, R1 ; Flag initialization

32 ;

R2 ; Repeat 32 times

RO, R1 ;

R2 ; R2 = Quoatient (one’' s complement)

R3, R2 ; Increments and takes the two’s complement if the MSB of the

guotient is 1. R2 = Quotient (two’'s complement)
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6.1.20 DMULSL (Double-Length Multiply as Signed): Arithmetic I nstruction

Applicable

Instructions

SH-
Format Abstract Code Cycle TBit SH-1 SH-2 DSP
DMULS. L Rm  With sign, Rn xRm 001lnnnnmmmmil0l 2to4 — — O O

Rn - MACH, MACL

Description: Performs 32-bit multiplication of the contents of general registers Rn and Rm, and
stores the 64-hit resultsin the MACL and MACH register. The operation is a signed arithmetic
operation.

Operation:

DMULS(l ong mlong n)/* DMIS.L RmRn */

{
unsi gned |ong RnL, RnH, Rni, RnH, ResO, Res1, Res2;
unsigned |ong tenpO,tenmpl,temp2,tenp3;
| ong tenpm tenpn, f nLnL;

tenmpn=(1ong) R(n];

tenpm=(long) RI n ;

if (tenpn<0) tenpn=0-tenpn;

if (tenpnk0) tenpnm=0-tenmpm

if ((long)(RIn]”"R[mM)<0) fnLnlL=-1;
el se fnLnl=0;

tenpl=(unsi gned | ong)tenpn;
t emp2=(unsi gned | ong)tenpm

RnL=t enp1&0x0000FFFF
RnH=(t enp1>>16) &0x0000FFFF
RL=t enp2&0x0000FFFF

RTH=(t enp2>>16) &0x0000FFFF
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t enpO=RnL* RnL,;
t enpl=RnH* RnL,;
t enp2=RnL* RnH,
t enp3=RntH* RnH,

Res2=0
Resl=t enpl+t enp2;
if (Resl<tenpl) Res2+=0x00010000;

t enpl=( Res1<<16) &0xFFFF0000;
ResO=t enp0+t enp1l,;
i f (ResO<tenp0) Res2++;

Res2=Res2+( ( Res1>>16) &0x0000FFFF) +t enp3;

if (fnLnli<0) {
Res2=~Res2;
i f (Res0==0)
Res2++;
el se
Res0=( ~Res0) +1;

}
MACH=Res?2;
MACL=ResO;
PC+=2;
}
Example:
DMULS.L RO, R1 ; Before execution: RO = H'FFFFFFFE, R1 = H'00005555
; After execution.  MACH = H'FFFFFFFF, MACL = H'FFFF5556
STS MACH, RO ; Operation result (top)
STS MACL, RO ; Operation result (bottom)
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6.1.21 DMULU.L (Double-Length Multiply asUnsigned): Arithmetic Instruction

Applicable
Instructions
SH-
Format Abstract Code Cycle TBit SH-1 SH-2 DSP
DMULU. L Rm  Without sign, 001lnnnnmmmD101 2to4 — — O O
Rn Rn xRm - MACH,
MACL

Description: Performs 32-bit multiplication of the contents of general registers Rn and Rm, and
stores the 64-hit results in the MACL and MACH register. The operation is an unsigned arithmetic
operation.

Operation:

DMULU(l ong mlong n)/* DMJLU. L Rm Rn */

{
unsi gned |ong RnL, RnH, Rni, RnH, ResO, Res1, Res2;
unsigned |ong tenpO,tenpl,temp2,tenp3;

RnL=R[ n] &x0000FFFF;
RnH=( R[ n] >>16) &x0000FFFF;

R1L=R] nj &0x0000FFFF;
RrH=( R nj >>16) &0x0000FFFF;

t enpO=RnL* RnL,;
t enpl=RnH RnL,;
t enp2=RnL* RnH,
t enp3=RnH* RnH,

Res2=0
Resl=t enpl+t enp2;

if (Resl<tenpl) Res2+=0x00010000;

t enpl=( Res1<<16) &xFFFF0000;
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ResO=t enp0+t enp1l;
i f (ResO<tenp0) Res2++;

Res2=Res2+( ( Res1>>16) &0x0000FFFF) +t enp3;

MACH=Res?2;
MACL=ResO;
PC+=2;

}

Example:

DMULU. L RO, R1 ; Before execution: RO = H'FFFFFFFE, R1 = H'00005555

; After execution:  MACH = H'FFFFFFFF, MACL = H'FFFF5556
STS MACH, R0 ; Operation result (top)
STS MACL, RO ; Operation result (bottom)
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6.1.22 DT (Decrement and Test): Arithmetic Instruction

Applicable
Instructions
SH-
Format Abstract Code Cycle T Bit SH-1 SH-2 DSP
DT Rn Rn-1 - Rn; 0100nnnn00010000 1 Comparison — O O
When Rn is 0, result
1-T,
when Rn is nonzero,
0T

Description: The contents of general register Rn are decremented by 1 and the result compared to
0 (zero). When theresult is 0, the T bit is set to 1. When the result is not zero, the T bit isset to 0.

Operation:

DT(long n)/* DT Rn */

{
Rin]--;
if (R n]==0) T=1;
el se T=0;
PC+=2;
}
Example:
MOV #4, R5 ; Sets the number of loops.
LOOP:
ADD RO, R1 ;
DT RS ; Decrements the R5 value and checks whether it has become 0.
BF LooP ; Branchesto LOOP is T=0. (In this example, loops 4 times.)
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6.1.23 EXTS(Extend as Signed): Arithmetic Instruction

Applicable
Instructions
SH-
Format Abstract Code Cycle TBit SH-1 SH-2 DSP
EXTS. B Rm Sign-extend Rm 0110nnnnnmmmi110 1 — O O O
Rn  from byte -~ Rn
EXTS. W Rm  Sign-extend Rm 0110nnnnmmmi111 1 — O O O

Rn  fromword - Rn

Description: Sign-extends general register Rm data, and storesthe result in Rn. If byte length is
specified, the bit 7 value of Rm is copied into bits 8 to 31 of Rn. If word length is specified, the bit
15 value of Rm is copied into bits 16 to 31 of Rn.

Operation:

EXTSB(| ong m | ong n) /* EXTS.B RmRn */

{
RIn] =R ni;
i f ((R M &x00000080) ==0) R[ n] &0x000000FF;
el se R[ n]| =0xFFFFFFOO;
PC+=2;
}
EXTSW | ong m | ong n) /* EXTS.WRm Rn */
{
RIn] =R n;
if ((R M &x00008000) ==0) R[] n] &0x0000FFFF;
el se R[ n] | =0xFFFF000O;
PC+=2,
}
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Examples:
EXTS. B RO, R1 :Before execution:
:After execution:
EXTS. W RO, R1 :Before execution:

:After execution:

RO = H'00000080
R1 = H'FFFFFF80
RO = H'00008000
R1 = H'FFFF8000
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6.1.24 EXTU (Extend asUnsigned): Arithmetic I nstruction

Applicable
Instructions
SH-
Format Abstract Code Cycle TBit SH-1 SH-2 DSP
EXTU. B Rm Zero-extend Rm 0110nnnnnmmmi100 1 — O O O
Rn  from byte -~ Rn
EXTU. W Rm  Zero-extend Rm 0110nnnnnmmmi101 1 — O O O

Rn  fromword - Rn

Description: Zero-extends general register Rm data, and stores the result in Rn. If byte lengthis
specified, Os are written in bits 8 to 31 of Rn. If word length is specified, Os are written in bits 16
to 31 of Rn.

Operation:

EXTUB(l ong mlong n)/* EXTU. B Rm Rn */

{
RIn] =R ni;
R[ n] &0x000000FF;
PC+=2;

}

EXTUW | ong mlong n)/* EXTU WRm Rn */

{
RIn] =R ni;
R[ n] &0x0000FFFF;
PC+=2;

}

Examples:

EXTU. B RO, R1 ; Before execution: RO = H'FFFFFF80
; After execution:  R1 = H'00000080
EXTU. WRO, R1 ; Before execution: RO = H'FFFF8000
; After execution:  R1 = H'00008000
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6.1.25 JMP (Jump): Branch Instruction

Class: Delayed branch instruction

Applicable

Instructions

SH-
Format Abstract Code Cycle TBit SH-1 SH-2 DSP
JMP  @m Rm - PC 0100mmMmD0101011 2 — O O O

Description: Branches unconditionally to the address specified by register indirect addressing.
The branch destination is an address specified by the 32-bit datain general register Rm.

Note: Sincethisisadelayed branch instruction, the instruction after IMP is executed before
branching. No interrupts or address errors are accepted between this instruction and the
next instruction. If the next instruction is a branch instruction, it is acknowledged as an
illegal dot instruction.

Operation:

JW(long m /* JMP @m */

{
unsi gned | ong tenp;
t emp=PC;
PC=R[ ] +4;
Del ay_Sl ot (t enp+2);
}
Example:
MOV. L JMP_TABLE, RO ; Addressof RO=TRGET
IMP @0 ; Branchesto TRGET
MOV RO, R1 ; Executes MOV before branching
.align 4
JMP_TABLE: .data.l TRGET ; Jump table
TRGET: ADD #1, RL ; « Branch destination
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6.1.26  JSR (Jump to Subroutine): Branch Instruction (Class: Delayed Branch

Instruction)
Applicable
Instructions
SH-
Format Abstract Code Cycle TBit SH-1 SH-2 DSP
JSR @m PC - PR,Rm - PC  0100mmmD0001011 2 — O O O

Description: Branches to the subroutine procedure at the address specified by register indirect
addressing. The PC value is stored in the PR. The jump destination is an address specified by the
32-hit datain general register Rm. The stored/saved PC is the address four bytes after this
instruction. The JSR instruction and RTS instruction are used together for subroutine procedure
cals.

Note: Sincethisisadelayed branch instruction, the instruction after JSR is executed before
branching. No interrupts and address errors are accepted between this instruction and the
next instruction. If the next instruction is a branch instruction, it is acknowledged as an
illegal dot instruction.

Operation:

JSR(long m /* JSR @m */

{

PR=PC,

PC=R m +4;

Del ay_SI ot ( PR+2) ;
}
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Example:
MOV. L JSR TABLE, RO ; Addressof RO=TRGET
JSR @ro ; Branchesto TRGET
XOR R1, R1 ; Executes XOR before branching
ADD RO, R1 ; — Return address for when the subroutine
procedure is completed (PR data)
al i gn 4

JSR TABLE: .data.l TRGET ; Jump table

TRGET: NOP ; « Procedure entrance
MoV R2, R3 ,
RTS ; Returns to the above ADD instruction
MOV #70, R1 ; Executes MOV before RTS

Note: When adelayed branch instruction is used, the branching operation takes place after the
dlot instruction is executed, but the execution of instructions (register update, etc.) takes
place in the sequence delayed branch instruction — delayed slot instruction. For
example, even if adelayed dot instruction is used to change the register where the
branch destination address is stored, the register content previous to the change will be
used as the branch destination address.
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6.1.27 LDC (Load to Control Register): System Control Instruction (Class: Interrupt
Disabled Instruction)

Format Abstract Code Cycle  TBit
LDC Rm SR Rm - SR 0100nmMmM®D0001110 1 LSB
LDC Rm GBR Rm - GBR 0100mmmOD0011110 1 —
LDC Rm VBR Rm - VBR 0100nmMmmM®D0101110 1 —
LDC Rm MOD Rm - MOD 0100mmmD1011110 1 —
LDC RmRE Rm - RE 0100mmm01111110 1 —
LDC RmRS Rm - RS 0100nmMmmM®D1101110 1 —
LDC. L @Rm+, SR (Rm) - SR,Rm+4 - Rm 0100mMmmmD0000111 3 LSB
LDC. L @m+, GBBR (Rm) - GBR,Rm+4 - Rm 0100nmMmM®D0010111 3 —
LDC. L @Rm+, VBR (Rm) - VBR,Rm+4 - Rm 0100mMmmmD0100111 3 —
LDC. L @m+, MDD (Rm) -~ MOD, Rm +4 - Rm 0100nmMmmM®D1010111 3 —
LDC. L @Rm+, RE (Rm) - RE,Rm+4 - Rm 0100mmmOD1110111 3 —
LDC. L @mt, RS (Rm) - RS,Rm+4 - Rm 0100nmMmmM®D1100111 3 —

Description: Store the source operand into control register SR, GBR, VBR, MOD, RE, or RS.

Note: No interrupts are accepted between thisinstruction and the next instruction. Address errors
are accepted.

Operation:

LDCSR(l ong m /* LDC Rm SR */
{

SR=R[ n] &0x0FFFOFFF,;

PC+=2;
}

LDCGBR(I ong m /* LDC Rm GBR */
{

GBR=R[ n{ ;

PC+=2;
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LDCVBR( | ong m /* LDC Rm VBR */
{

VBR=R[ nj ;

PC+=2;
}
LDCMOD( | ong m /* LDC Rm MOD */
{

MOD=R[ n{ ;

PC+=2;
}
LDCRE(| ong ) /* LDC Rm RE */
{

RE=R( N ;

PC+=2;
}
LDCRS(1 ong m) /* LDC RmRS */
{

RSR=R[ n ;

PC+=2;
}
LDCVSR( | ong m) /* LDC.L @mt, SR */
{

SR=Read_Long( R m ) &0x0FFFOFFF;

R n +=4;

PC+=2;
}
LDCMEBR( | ong m /* LDC. L @mt, GBR */
{

GBR=Read_Long(R M) ;

R +=4;

PC+=2;
}
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LDCWBR( | ong m) /* LDC.L @m, VBR */
{
VBR=Read_Long(R[ n});
R +=4;
PC+=2;
}
LDCMVOD( | ong m) /* LDC.L @mt, MOD */
{
MOD=Read_Long(R[ m ) ;
R i +=4;
PC+=2;
}
LDCMRE(1 ong m) /* LDC.L @Rm+, RE */
{
RE=Read_Long(R[ n});
R +=4;
PC+=2;
}
LDCVRS(1 ong m /* LDC.L @mt+, RS */
{
RS=Read_Long(R[ n});
R +=4;
PC+=2;
}
Examples:
LDC RO, SR ; Before execution: RO = H'FFFFFFFF, SR = H'00000000

: After execution: SR = H'OFFFOFFF
LDC. L @R15+, GBR ; Before execution:  R15 = H'10000000
; After execution: R15 = H'10000004, GBR = @H'10000000

Note: Thisisthe execution result for the SH-DSP.
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6.1.28 LDRE (Load Effective Addressto RE Register): System Control Instruction

Applicable
Instructions

SH-

Format Abstract Code Cycle TBit SH-1 SH-2 DSP
LDRE @di sp, PC) dispx2+PC 10001110dddddddd 1 — — — O

- RE

Description: Stores the effective address of the source operand in the repeat end register RE. The
effective address is an address specified by PC + displacement. The PC is the address four bytes
after thisinstruction. The 8-bit displacement is sign-extended and doubled. Consequently, the
relative interval from the branch destination is—256 to +254 bytes.

Note: The effective address value designated for the RE reregister is different from the actua
repeat end address. Refer to table 4.35, RS and RE Design Rule, for more information.
When thisingtruction is arranged immediately after the delayed branch instruction, PC
becomes the "first address +2" of the branch destination.

Operation:

LDRE(long d) /* LDRE @disp, PC */

{
| ong disp;
i f ((d&0x80)==0) di sp=(0x000000FF & (Iong)d);
el se di sp=(O0xFFFFFFOO | (1 ong)d);
RE=PC+( di sp<<1);
PC+=2;
}
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Example:

STA:

END:

LDRS STA
LDRE END
SETRC #32
inst.0
inst.A
inst.B

; Set repeat start address to RS.
; Set repeat end address to RE.

; Repeat 32 times frominst.A to inst.C.
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6.1.29 LDRS(Load Effective Addressto RS Register): System Control Instruction

Applicable
Instructions

SH-

Format Abstract Code Cycle TBit SH-1 SH-2 DSP
LDRS @di sp, PC) dispx2+PC 10001100dddddddd 1 — — — O

- RS

Description: Stores the effective address of the source operand in the repeat start register RS. The
effective address is an address specified by PC + displacement. The PC is the address four bytes
after thisinstruction. The 8-bit displacement is sign-extended and doubled. Consequently, the
relative interval from the branch destination is—256 to +254 bytes.

Note: When the instructions of the repeat (loop) program are below 3, the effective address value
designated for the RS register is different from the actual repeat start address. Refer to
table 4.35. "RS and RE setting rule”, for more information. If thisinstruction is arranged
immediately after the delayed branch instruction, the PC becomes "the first address +2" of
the branch destination.

Operation:

LDRS(long d) /* LDRS @disp, PC */

{
| ong disp;
i f ((d&0x80)==0) di sp=(0x000000FF & (Iong)d);
el se di sp=(O0xFFFFFFOO | (1 ong)d);
RS=PC+( di sp<<1);
PC+=2;
}
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Example:

STA:

END:

LDRS STA
LDRE END
SETRC #32
inst.0
inst.A
inst.B

; Set repeat start address to RS.
; Set repeat end address to RE.

; Repeat 32 times frominst.A to inst.C.
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6.1.30 LDS(Load to System Register): System Control Instruction

Class: Interrupt disabled instruction

Applicable
Instructions
SH-
Format Abstract Code Cycle TBit SH-1 SH-2 DSP
LDS Rm MACH Rm - MACH 0100mMmmMmD0001010 1 — O O O
LDS Rm MACL Rm - MACL 0100mMmmMmMD0011010 1 — O O O
LDS Rm PR Rm - PR 0100mMmmMmD0101010 1 — O O O
LDS Rm DSR Rm - DSR 0100mMmmMD1101010 1 — — — O
LDS Rm AO Rm = AO 0100nMmmMmM®D1111010 1 — — — O
LDS Rm X0 Rm - X0 0100nmMM10001010 1 — — — O
LDS Rm X1 Rm - X1 0100nmMM10011010 1 — — — O
LDS Rm YO Rm - YO 0100nmMM10101010 1 — — — O
LDS Rm Y1 Rm - Y1 0100nmMMM0111010 1 — — — O
LDS. L @Rm, (Rm) - MACH, 0100mm®00000110 1 — O O O
MACH Rm+4 - Rm
LDS. L @Rm, (Rm) - MACL, 0100mm®D0010110 1 — O O O
MACL Rm+4 - Rm
LDS. L @m+, PR (Rm) - PR, Rm 0100mm®00100110 1 — O O O
+4 - Rm
LDS. L @rmt, (Rm) - DSR, 0100mmMmMD1100110 1 — — — O
DSR Rm+4 - Rm
LDS. L @m+, A0 (Rm) - AO, 0100mMmmM®D1110110 1 — — — O
Rm+4 - Rm
LDS. L @Rmt, (Rm) - X0, 0100nnnn10000110 1 — — — O
X0 Rm+4 - Rm
LDS. L @Rmt, (Rm) - X1, 0100nnnn10010110 1 — — — O
X1 Rm+4 - Rm
LDS. L @Rm+, (Rm) - YO, 0100nnnn10100110 1 — — — O
YO Rm+4 - Rm
LDS. L @Rm+, (Rm) - Y1, 0100nnnn10110110 1 — — — O
Y1l Rm+4 -~ Rm

Description: Store the source operand into the system register MACH, MACL, or PR or the DSP
register DSR, AQ, X0, X1, YO, or Y 1. When AO is designated as the destination, the MSB of the
datais copied into AOG.
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Note: No interrupts are accepted between thisinstruction and the next instruction. Address errors
are accepted.

For the SH-1 CPU, the lower 10 bits are stored in MACH. For the SH-2 and SH-DSP CPU, 32 bits
are stored in MACH.

Operation:
LDSMACH( | ong m) /* LDS Rm MACH */
{
MACH=R[ n ;
i f ((MACH&Ox00000200)==0) MACH&=0x000003FF; | For SH-1 CPU(these 2 lines
el se MACH| =0xFFFFFCOO0; i not needed for SH-2 and V
PC+=2; N SH-DSP CPU)
}
LDSMACL(| ong m) /* LDS Rm MACL */
{
MACL=R[ ] ;
PC+=2;
}
LDSPR(1 ong m /* LDS Rm PR */
{
PR=R{ ] ;
PC+=2;
}
LDSDSR(| ong n) /* LDS Rm DSR */
{
DSR=R] nj &x0000000F;
PC+=2;
}
LDSAO(l ong m /* LDS Rm A0 */
{
AO=R[ n] ;
i f((A0&0x80000000)==0) A0G=0x00;
el se AOG=0xFF;
PC+=2;
}
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LDSX0(1 ong m /* LDS Rm X0 */
{

X0=R[ n ;

PC+=2;
}
LDSX1(l ong m /* LDS Rm X1 */
{

X1=R[ ni;

PC+=2;
}
LDSYO( 1 ong m /* LDS Rm YO */
{

YO=R[ nf ;

PC+=2;
}
LDSY1(l ong m /* LDS Rm Y1 */
{

Y1=R{ ni;

PC+=2;
}
LDSMVACH( | ong m) /* LDS.L @m+, MACH */
{

MACH=Read_Long(R[ ni):

i f (( MACH&OX00000200) ==0) MACH&=0x000003FF; | For SH-1 CPU (these 2 lines

el se MACH| =0xFFFFFQ00; | not needed for SH-2 and
Rl +=4; SH-DSP CPU)
PC+=2;
}
LDSMVACL(1 ong m) /* LDS.L @m+, MACL */
{
MACL=Read_Long(R[ n]);
R +=4;
PC+=2;
}
LDSMPR(1 ong m) /* LDS.L @Rm, PR */

Rev. 5.00 Jun 30, 2004 page 186 of 512
REJ09B0171-05000

RRENESAS



Section 6 Instruction Descriptions

{

PR=Read_Long(R[ n);

REM +=4;

PC+=2;
}
LDSMDSR(| ong m) /* LDS.L @mt, DSR */
{

DSR=Read_Long( R mM ) &x0000000F;

R n +=4;

PC+=2;
}
LDSMAO( I ong m /* LDS.L @m+, A0 */
{

AO0=Read_Long(R[ n);

i f((A0&0x80000000)==0) A0G=0x00;

el se AOG=0xFF;

R n +=4;

PC+=2;
}
LDSMXO( I ong m /* LDS.L @mt, X0 */
{

X0=Read_Long(R[ nM);

REM +=4;

PC+=2;
}
LDSMX1(I ong m /* LDS.L @mt, X1 */
{

X1=Read_Long(R[ n);

R +=4;

PC+=2;
}
LDSMYO( I ong m /* LDS.L @mt, YO */
{

YO0=Read_Long(R[ nj);
R[ nj +=4;
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PC+=2;
}
LDSMY1(l ong nm) /* LDS.L @mt, Y1 */

{
Y1=Read_Long(R[ n);

Rl n +=4;
PC+=2;
}
Examples:
LDS RO, PR ; Before execution: RO = H'12345678, PR = H'00000000
; After execution: PR = H'12345678
LDS. L @R15+, MACL ; Before execution: R15 = H'10000000

; After execution:  R15 = H'10000004, MACL = @H'10000000
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6.1.31 MAC.L (Multiply and Accumulate Calculation Long): Arithmetic Instruction

Applicable
Instructions
SH-
Format Abstract Code Cycle TBit SH-1 SH-2 DSP
MAC. L @Rm+, Signed operation, 0000nnnnmMMML111 3/2 — — O O
@n+ (Rn) x(Rm) + MAC to 4)
- MAC

Description: Does signed multiplication of 32-bit operands obtained using the contents of general
registers Rm and Rn as addresses. The 64-bit result is added to contents of the MAC register, and
thefinal result is stored in the MAC register. Every time an operand is read, they increment Rm
and Rn by four.

When the S bit is cleared to 0, the 64-bit result is stored in the coupled MACH and MACL
registers. When bit Sis set to 1, addition to the MAC register is a saturation operation of 48 bits
starting from the L SB. For the saturation operation, only the lower 48 bits of the MACL register
are enabled and the result is limited to arange of H'FFFF800000000000 (minimum) and
H'00007FFFFFFFFFFF (maximum).

Operation:

MACL(long mlong n) /* MAC. L @m+, @Rn+*/

{
unsi gned | ong RnL, RnH, RrL, RmH, ResO0, Res1, Res2;
unsi gned | ong tenpO, tenpl,tenp2,tenps;
| ong tenpmtenpn, f nLnL;

tempn=(1 ong) Read_Long(R[ n]);
R n] +=4;
tempn=(1l ong) Read_Long(R[ M ) ;
R nj +=4;

if ((long)(tenpn™tenpn)<0) fnLnl=-1;
el se fnLnL=0;

if (tenpn<0) tenpn=0-tenpn;

if (tenpnk0) tenpn=0-tenmpm
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tenmpl=(unsi gned | ong)tenpn;
t emp2=(unsi gned | ong)tenpm

RnL=t enp1&0x0000FFFF;
RnH=(t enp1>>16) &0x0000FFFF;
RL=t enp2&0x0000FFFF;

RH=(t enp2>>16) &0x0000FFFF;

t enpO=RnL* RnL,;
t enpl=RmH* RnL;
t enp2=RnL* RnH,
t enp3=RntH* RnH,

Res2=0

Resl=t empl+t enp2;
if (Resl<tenpl) Res2+=0x00010000;

t enpl=( Res1<<16) &0xFFFF0000;
ResO=t enp0+t enp1l,;
i f (ResO<tenp0) Res2++;

Res2=Res2+( ( Res1>>16) &0x0000FFFF) +t enp3;

i f(fnLnx0){
Res2=~Res2;
i f (Res0==0) Res2++;
el se Res0=(~Res0) +1;
}
i f(S==1){
Res0=MACL+ResO;
if (MACL>Res0) Res2++;
Res2+=( MACH&OXx0000FFFF) ;
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i f (((1 ong) Res2<0) &&( Res2<0xFFFF8000)) {
Res2=0x00008000;
Res0=0x00000000;

}

i f (((1 ong) Res2>0) &&( Res2>0x00007FFF)) {
Res2=0x00007FFF;
Res0=0xFFFFFFFF;

s
MACH={ Res2;
MACL=ResO;

}

el se {
Res0=MACL+ResO;
i f (MACL>Res0) Res2++;
Res2+=MACH
MACH=Res?2;
MACL=ResO;

}

PC+=2;

}
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Example:

TBLM .data.l

TBLN .data.l

TBLM RO
RO, R1
TBLN, RO

H 1234ABCD
H 5678EF01
H 0123ABCD
H 4567DEFO

; Table address

; Table address
; MAC register initialization

; Storeresult into RO
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6.1.32 MAC.W (Multiply and Accumulate Calculation Word): Arithmetic I nstruction

Applicable
Instructions
T SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
MAC. W@ mt+,  With sign, (Rn) x (Rm) 0100nnnnnmmi11l 3/2) — — O O
@n+ +MAC - MAC
MAC @R+, o O O
@un+

Description: Does signed multiplication of 16-bit operands obtained using the contents of general
registers Rm and Rn as addresses. The 32-bit result is added to contents of the MAC register, and
the final result is stored in the MAC register. Rm and Rn data are incremented by 2 after the
operation.

When the S hit is cleared to 0, the operation is 16 x 16 + 64 — 64-bit multiply and accumulate and
the 64-bit result is stored in the coupled MACH and MACL registers.

When the Shit is set to 1, the operation is 16 x 16 + 32 — 32-bit multiply and accumulate and
addition to the MAC register is a saturation operation. For the saturation operation, only the
MACL register is enabled and the result is limited to a range of H'80000000 (minimum) and
H'7FFFFFFF (maximum).

If an overflow occurs, the LSB of the MACH register isset to 1. The result is stored in the MACL
register. The result islimited to a value between H'80000000 (minimum) for overflowsin the
negative direction and H'7FFFFFFF (maximum) for overflows in the positive direction.

Note: When the Shit is0, the SH-2 and SH-DSP CPU perform a 16 x 16 + 64 — 64 bit multiply
and accumul ate operation and the SH-1 CPU performsa 16 x 16 + 42 — 42 bit multiply
and accumul ate operation.
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Operation:

MACW I ong mlong n) /* MAC. W @mt+, @Rn+*/
{

| ong tenpm tenpn, dest, src, ans;

unsi gned | ong tenpl;

tempn=(1 ong) Read_Word(R[ n]);

R n] +=2;

tempne(l ong) Read_Word(R[ mM ) ;

R +=2;

t enpl =MACL;

tempn=( (1 ong) (short)tenpn*(l ong) (short)tenmpm;

if ((1ong) MVACL>=0) dest =0;

el se dest=1;

if ((long)tenmpnk=0 {

src=0;
t enmpn=0;
}
el se {
src=1;
t enpn=0x FFFFFFFF;
}
src+=dest ;
MACL+=t enpm

if ((long) MVACL>=0) ans=0;
el se ans=1;
ans+=dest ;
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if (S==1) {
if (ans==1) {
if (src==0 || src==2) For SH-1 CPU (these 2 lines
MACH| =0x00000001; not needed for SH-2 and
if (src==0) MACL=0x7FFFFFFF; SH-DSP CPU)
if (src==2) MACL=0x80000000;
}
}
el se {
MACH+=t enpn;
if (tenpl >MACL) MACH+=1;
i f ((MACH&0x00000200) ==0) . For SH-1 CPU (these 3 lines
MACH&=0x000003FF; | not needed for SH-2 and
el se MACH| =0xFFFFFCOO0; SH-DSP CPU)
}
PC+=2;
}
Example:
MOVA TBLM RO ; Table address
MoV RO, R1 ;
MOVA TBLN, RO ; Table address
CLRVAC ; MAC register initialization

MAC. W @R0+, @1+ :
MAC. W @0+, @1+ :

STS MACL, RO ; Store result into RO
al i gn 2 ;
TBLM .data.w H 1234 ;
data.w H 5678 ;
TBLN .data.w H 0123 ;
data.w H 4567 ;
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6.1.33 MOV (MoveData): Data Transfer Instruction
Applicable
Instructions
SH-
Format Abstract Code Cycle TBit SH-1 SH-2 DSP
MOV Rm Rn Rm - Rn 0110nnnnnmmmmO011 1 — O O O
MOV. B Rm @rn Rm - (Rn) 0010nnnnmMmMmMO000 1 — O O O
MOV. W Rm @Rn Rm - (Rn) 0010nnnnnmmmO001 1 — O O O
MOV.L Rm @rn Rm - (Rn) 0010nnnnmMMmMmM0010 1 — O O O
MOV. B  @m Rn (Rm) - sign 0110nnnnnmmm0000 1 — O O O
extension — Rn
MOV. W @m Rn (Rm) - sign 0110nnnnnmmmO001 1 — O O O
extension - Rn
MOV.L  @m Rn (Rm) - Rn 0110nnnnnmmm0010 1 — O O O
MOV. B Rm @Rn Rn-1 - Rn, 0010nnnnmMmmm®OD100 1 — O O O
Rm - (Rn)
MOV. W Rm @Rn Rn-2 - Rn, 0010nnnnmmm®D101 1 — O O O
Rm - (Rn)
MOV.L Rm @Rn Rn—-4 - Rn, 0010nnnnmmm®O0110 1 — O O O
Rm - (Rn)
MOV. B @mt+, Rn (Rm) - sign 0110nnnnnmm0100 1 — O O O
extension - Rn,
Rm+1 - Rm
MOV. W @m#, Rn (Rm) - sign 0110nnnnmmm0101 1 — O O O
extension - Rn,
Rm+2 - Rm
MOV.L  @mt+, Rn (Rm) - Rn, 0110nnnnmmm0110 1 — O O O
Rm+4 - Rm
MV.B Rm @RO,R1) Rm - (RO+Rn) 0000nnnnmmmm0100 1 — O O O
MOV.W Rm @RO,Rn) Rm - (RO+Rn) 0000nnnnnmmmm©0101 1 — O O O
MV.L Rm @RO,Rn) Rm - (RO+Rn) 0000nnnnnmmmm®©0110 1 — O O O
MV.B @RO,RmM,Rn (RO+Rm) - sign 0000nnnnnmmm©L100 1 — O O O
extension - Rn
MV.W @RO,RmM),Rn (RO+Rm) - sign 0000nnnnmmmm©L101 1 — O O O
extension - Rn
MWV.L @RO,Rm,Rn (RO+Rm) - Rn 0000nnnnnmmm©L110 1 — O O O
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Description: Transfers the source operand to the destination. When the operand is stored in
memory, the transferred data can be a byte, word, or longword. Loaded data from memory is
stored in aregister after it is sign-extended to alongword.

Operation:
MOV(1 ong m | ong n) /[* MOV RmRn */
{
RIn] =R N ;
PC+=2;
}
MOVBS(| ong m | ong n) /* MOV.B Rm @n */
{
Wite_Byte(Rn],Rn);
PC+=2;
}
MOWWAS(| ong m | ong n) /* MOV.WRm @n */
{
Wite Wrd(R[n],Rn);
PC+=2;
}
MOWLS(| ong m | ong n) /[* MOV.L Rm @n */
{
Wite Long(RIn],Rn);
PC+=2;
}
MOVBL(| ong m | ong n) /* MOV.B @mRn */
{
R n] =(1 ong) Read_Byte(R n);
if ((R[n]&0x80)==0) R n] &x000000FF;
el se R[ n] | =0xFFFFFFOO;
PC+=2;
}
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MOWAL(l ong m | ong n) /* MOV.W@Rm Rn */
{
R n] =(| ong) Read_Word(R[ n]);
i f ((R[n] &x8000)==0) R[ n] &x0000FFFF;
el se R[ n] | =0xFFFF0O000;
PC+=2;
}

MOVLL(| ong m | ong n) /* MOV.L @Rm Rn */
{

R[ n] =Read_Long(R[ n});

PC+=2;
}

MOVBM | ong m | ong n) /* MOV.B Rm @Rn */
{

Wite_Byte(Rn]-1, R nl);

R n] —=1;

PC+=2;
}
MOVWW | ong m | ong n) /* MOV. WRm @Rn */
{

Wite Word(Rln]-2,Rlm);

R n] —=2;

PC+=2;
}

MWLM | ong m | ong n) /* MOV.L Rm @Rn */
{

Wite Long(R[n]-4, R n);

R n] —=4;

PC+=2;
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MOVBP(|l ong mlong n)/* MOV.B @m+, Rn */

{
R n] =(| ong) Read_Byte(R[ n]);
i f ((R[n] &x80)==0) R[n] &x000000FF;
el se R[ n] | =OxFFFFFFOO;
if (n'=m R mM+=1;
PC+=2;
}
MOWAP(| ong m | ong n) [* MOV. W @mt, Rn */
{
R n] =(1 ong) Read_Word(R[ M) ;
i f ((R[n] &x8000) ==0) R[ n] &0x0000FFFF;
el se R[ n] | =0xFFFF000O;
if (nt=m R +=2;
PC+=2;
}
MOVLP(| ong m | ong n) /* MOV.L @mt, Rn */
{
R[ n] =Read_Long(R[ ) ;
if (ni=m R +=4;
PC+=2;
}
MOVBSO( | ong m | ong n) /* MOV.B Rm @RO, Rn) */
{
Wite Byte(RIn]+R[0], R ni);
PC+=2;
}
MOWWASO( | ong m | ong n) /* MOV. WRm @ RO, Rn) */
{
Wite Wrd(R n]+R[ 0], R n);
PC+=2;
}
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MOWLSO(long mlong n) /* MOV.L Rm @RO, Rn) */
{

Wite Long(RI n]+R[ 0], R ni);

PC+=2;
}

MOVBLO(l ong mlong n) /* MOV.B @RO, Rn), Rn */
{

R n] =(1 ong) Read_Byt e(R[ nj +R[ 0] ) ;

i f ((R[n]&0x80)==0) R n] &x000000FF;

el se R[ n] | =OxFFFFFFOO;

PC+=2;
}

MOWALO(l ong mlong n) /* MOV.W @RO, R, Rn */
{

R n] =(1 ong) Read_Word(R[ n{ +R[0] ) ;

i f ((R[n] &x8000)==0) R[ n] &x0000FFFF;

el se R[ n]| =0xFFFF0000;

PC+=2;
}

MOWVLLO(long mlong n) /* MOV.L @RO,RmM,Rn */
{

Rl n] =Read_Long(R n +R{ 0] ) ;

PC+=2;
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Example:

MoV RO, R1

MOV. W RO, @Rl

MOV. B @0, R1

MOV. W RO, @R1

MOV.L @RO+, Rl

M. B Rl, @RO, R2)

MOV. W @RO, R2), R1

; Before execution:

; After execution:

: Before execution:

; After execution:

: Before execution:

; After execution:

: Before execution:

; After execution:

; Before execution:

; After execution:

; Before execution:

; After execution:

; Before execution:

; After execution:

RO = H'FFFFFFFF, R1 = H'00000000
R1 = H'FFFFFFFF

RO = H'FFFF7F80
@R1 = H'7F80

@RO = H'80, R1 = H'00000000
R1 = H'FFFFFF80

RO = H'AAAAAAAA, R1 = H'FFFF7F80
R1 = H'FFFF7F7E, @R1 = HAAAA

RO = H12345670
RO = H'12345674, R1 = @H'12345670

R2 = H'00000004, RO = H'10000000
R1 = @H'10000004

R2 = H'00000004, RO = H'10000000
R1 = @H'10000004
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6.1.34 MOV (Movelmmediate Data): Data Transfer Instruction

Applicable
Instructions
T SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
MOV #imm Rn  imm - sign 1110nnnniiiiiiii 1 — O O O
extension —» Rn
MOV. W @ di sp, (disp x 2 + PC) - sign  1001nnnndddddddd 1 — O O O
PO, Rn extension - Rn
MOV. L @di sp, (disp x4 + PC) - Rn 1101nnnndddddddd 1 — O O O

PC), Rn

Description: Storesimmediate data, which has been sign-extended to alongword, into general
register Rn.

If the datais aword or longword, table data stored in the address specified by PC + displacement
is accessed. If the datais aword, the 8-bit displacement is zero-extended and doubl ed.
Consequently, the relative interval from the table can be up to PC + 510 bytes. The PC pointsto
the starting address of the second instruction after this MOV instruction. If the datais alongword,
the 8-bit displacement is zero-extended and quadrupled. Consequently, the relative interval from
the table can be up to PC + 1020 bytes. The PC points to the starting address of the second
instruction after this MOV instruction, but the lowest two bits of the PC are corrected to B'00.

Note: The optimum table assignment is at the rear end of the module or one instruction after the
unconditional branch instruction. If the optimum assignment is impossible for the reason
of no unconditional branch instruction in the 510 byte/1020 byte or some other reason,
means to jump past the table by the BRA instruction are required. By assigning this
instruction immediately after the delayed branch instruction, the PC becomes the "first

address + 2".
Operation:

MOV (long i,1ong n) [* MOV #imm Rn */

{
if ((i&x80)==0) R n]=(0x000000FF & (long)i);
el se R n] =(OxFFFFFFOO | (long)i);
PC+=2;

}
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MOVW (| ong d, | ong n) /* MOV. W @disp, PO, Rn */

{
| ong disp;
di sp=(0x000000FF & (long)d);
R[ n] =(| ong) Read_Wor d( PC+( di sp<<1));
i f ((R[n]&x8000)==0) R[ n] & 0x0000FFFF;
el se R[ n] | =0xFFFF000O;
PC+=2;
}
MOVLI (1 ong d, | ong n) /* MOV.L @disp, PC),Rn */
{
| ong di sp;
di sp=(0x000000FF & (long)d);
R[ n] =Read_Long( ( PC&OXFFFFFFFC) +( di sp<<2));
PC+=2;
}
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Example:
Address
1000 MoV
1002 MOV. W
1004 ADD
1006 TST
1008 MOVT
100A BRA
100C MOV. L
100E MM .data.w
1010 .data.w
1012 NEXT JMP
1014 CWP/ EQ

.align

1018 .data.l

#H 80, R1
I MM R2
#-1, RO
RO, RO

R13

NEXT

@4, PC), R3
H 9ABC

H 1234

@3
#0, RO

4
H 12345678

- R1 = H'FFFFFF80
. R2 = HFFFF9ABC, IMM means @(H'08,PC)

; « PC location used for address cal culation for
the MOV.W instruction

; Delayed branch instruction
: R3=H'12345678
; Branch destination of the BRA instruction

; « PC location used for address calculation for
the ;MOV.L instruction
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6.1.35 MOV (Move Peripheral Data): Data Transfer Instruction

Applicable
Instructions
T SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
MOV. B (disp + GBR) - sign 11000100dddddddd 1 — O O O
@di sp, GBBR), R0 extension —» RO
MOV. W (disp x 2+ GBR) - sign  11000101dddddddd 1 — O O O
@di sp, BR), R0 extension - RO
MOV. L (disp x4 + GBR) - RO 11000110dddddddd 1 — O O O
@di sp, GBR), RO
MOV. B RO - (disp + GBR) 11000000dddddddd 1 — O O O
RO, @di sp, GBR)
MOV. W RO - (disp x 2 + GBR) 11000001dddddddd 1 — O O O
RO, @di sp, GBR)
MOV. L RO - (disp x 4 + GBR) 11000010dddddddd 1 - O O O

RO, @di sp, GBR)

Description: Transfers the source operand to the destination. Thisinstruction is optimum for
accessing data in the peripheral module area. The data can be a byte, word, or longword, but only
the RO register can be used.

A peripheral module base address is set to the GBR. When the peripheral module datais a byte,
the only change made isto zero-extend the 8-bit displacement. Conseguently, an address within
+255 bytes can be specified. When the peripheral module datais a word, the 8-bit displacement is
zero-extended and doubled. Consequently, an address within +510 bytes can be specified. When
the peripheral module datais alongword, the 8-bit displacement is zero-extended and is
quadrupled. Consequently, an address within +1020 bytes can be specified. If the displacement is
too short to reach the memory operand, the above @(R0,Rn) mode must be used after the GBR
dataistransferred to a general register. When the source operand isin memory, the loaded datais
stored in the register after it is sign-extended to alongword.

Note: The destination register of adataload is always RO. RO cannot be accessed by the next
instruction until the load instruction is finished. The instruction order shown in figure 6.1
will give better results.
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MOV.B  @(12, GBR), RO MOV.B @(12, GBR), RO

AND #80, RO ><: ADD #20, R1
ADD #20, R1 AND #80, RO

Figure6.1 Using RO after MOV
Operation:

MOVBLE | ong d) /* MOV.B @disp, GBBR), RO */

{
| ong disp;
di sp=(0x000000FF & (long)d);
R[ 0] =(| ong) Read_Byt e( GBR+di sp) ;
i f ((R[0] &x80)==0) R[ 0] &0x000000FF;
el se R 0] | =0xFFFFFFOO;
PC+=2;
}
MOWALE | ong d) [* MOV. W @disp, GBBR), RO */
{
| ong disp;
di sp=(0x000000FF & (long)d);
R[ 0] =(| ong) Read_Wor d( GBBR+( di sp<<1));
i f ((R[0] &x8000)==0) R[] 0] &0x0000FFFF;
el se R[ 0] | =0xFFFF0000;
PC+=2;
}
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MOWLLGE | ong d) /* MOV.L @disp, GBBR), RO */

{
| ong disp;

di sp=(0x000000FF & (long)d);
R[ 0] =Read_Long( GBR+( di sp<<2));
PC+=2;

}

MOVBSE | ong d) /* MOV.B RO, @disp, BR) */

{
| ong disp;

di sp=(0x000000FF & (long)d);
Wite_Byte(GBR+disp, R0]);
PC+=2;

}

MOWASE | ong d) /* MOV. WRO, @disp, BR) */

{
| ong disp;

di sp=(0x000000FF & (long)d);
Wite Word(@BR+(disp<<l),R0]);
PC+=2;

}

MOWLSE | ong d) /* MOV.L RO, @disp, BR) */

{
| ong disp;

di sp=(0x000000FF & (long)d);
Wite_Long(@BR+(disp<<2),R0]);
PC+=2;
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Examples:
MWV.L @2, GBR), RO ; Beforeexecution:  @(GBR + 8) = H'12345670
; After execution: RO = H'12345670
MOV. B RO, @1, GBR) ; Before execution: RO = H'FFFF7F80

; After execution: @(GBR + 1) =H'80
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6.1.36 MOV (Move Structure Data): Data Transfer Instruction
Applicable
Instructions
T SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
MOV. B RO - (disp + Rn) 10000000nnnndddd 1 — O O O
RO, @di sp, Rn)
MOV. W RO - (disp x 2 + Rn) 10000001nnnndddd 1 — O O O
RO, @ di sp, Rn)
MOV. L Rm - (disp x 4 + Rn) 0001nnnnnmmmdddd 1 — O O O
Rm @di sp, Rn)
MOV. B (disp + Rm) - sign 10000100mmmdddd 1 — O O O
@di sp, Rm, R0 extension - RO
MOV. W (disp x 2 + Rm) - sign 10000101nmmdddd 1 — O O O
@di sp, Rm, RO extension - RO
MOV. L disp x 4 + Rm) - Rn 0101nnnnmmrdddd 1 - O O O
@di sp, Rm, Rn

Description: Transfers the source operand to the destination. Thisinstruction is optimum for
accessing datain a structure or a stack. The data can be a byte, word, or longword, but when a byte
or word is selected, only the RO register can be used. When the data is a byte, the only change
made is to zero-extend the 4-bit displacement. Consequently, an address within +15 bytes can be
specified. When the datais aword, the 4-bit displacement is zero-extended and doubled.
Consequently, an address within +30 bytes can be specified. When the datais alongword, the
4-bit displacement is zero-extended and quadrupled. Consequently, an address within +60 bytes

can be specified. If the displacement istoo short to reach the memory operand, the aforementioned
@(RO,Rn) mode must be used. When the source operand isin memory, the loaded datais stored in
the register after it is sign-extended to alongword.

Note: When byte or word data is|oaded, the destination register is always RO. RO cannot be
accessed by the next instruction until the load instruction is finished. The instruction order

in figure 6.2 will give better results.

MOV.B @(2, R1), RO

AND #80, RO ><:

MOV.B @(2, R1), RO
ADD  #20,R1
AND  #80, RO

ADD  #20,R1
Figure6.2 Using RO after MOV
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Operation:

MOVBS4(1 ong d,long n) /* MOV.B RO, @di sp, R1) */

{
| ong disp;

di sp=(0x0000000F & (long)d);
Wite Byte(R[ n]+disp, R0]);
PC+=2;

}

MOWWB4(l ong d,long n) /* MOV.WRO, @di sp, Rn) */

{
| ong di sp;

di sp=(0x0000000F & (long)d);
Wite Word(R[ n] +(di sp<<1l),R0]);
PC+=2;

}

MOWLS4(1 ong mlong d,long n) /* MOV.L Rm @disp, Rn) */

{
| ong disp;

di sp=(0x0000000F & (long)d);

Wite_Long(R[ n]+(disp<<2),Rni);
PC+=2;
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MOVBL4(long mlong d) /* MOV.B @disp, R, R0 */

{
| ong disp;
di sp=(0x0000000F & (long)d);
R[ 0] =Read_Byt e( R m] +di sp) ;
i f ((R[0]&0x80)==0) R[ 0] &0x000000FF;
el se R[ 0] | =0xFFFFFFOO;
PC+=2;
}
MOWAL4(long mlong d) /* MOV.W @disp, R, RO */
{
| ong di sp;
di sp=(0x0000000F & (long)d);
R[ 0] =Read_Wor d( Rl m] +(di sp<<1));
i f ((R[0]&x8000)==0) R[ 0] &0x0000FFFF;
el se R 0] | =0xFFFF0O000;
PC+=2;
}

MOVLL4(l ong mlong d,long n)
/* MW.L @disp, Rm,Rn */

{
| ong disp;
di sp=(0x0000000F & (long)d);
R[ n] =Read_Long( R n] +(di sp<<2));
PC+=2;
}
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Examples:

MOV.L @2,R0),RL ; Before execution:

; After execution:

MOV.L RO, @H F, Rl) ; Before execution:

; After execution:

@(RO + 8) = H'12345670
R1 = H'12345670
RO = H'FFFF7F80
@(R1 + 60) = H'FFFF7F80
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6.1.37 MOVA (Move Effective Address): Data Transfer Instruction

Applicable
Instructions
T SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
MOVA dispx 4+ PC - RO 11000111dddddddd 1 - O O O

@di sp, PO), RO

Description: Stores the effective address of the source operand into general register RO. The 8-bit
displacement is zero-extended and quadrupled. Consequently, the relative interval from the
operand is PC + 1020 bytes. The PC is the address four bytes after this instruction, but the lowest
two bits of the PC are corrected to B'00.

Note: If thisinstruction is placed immediately after a delayed branch instruction, the PC must
point to an address specified by (the starting address of the branch destination) + 2.

Operation:

MWVA(l ong d) /* MOVA @disp, PC), RO */

{
| ong disp;
di sp=(0x000000FF & (Il ong)d);
R[ 0] =( PC&OXFFFFFFFC) +( di sp<<2);
PC+=2;
}
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Example:

Address.org H 1006

1006 MOVA  STR RO ; Address of STR - RO

1008 MOV. B @RO, Rl ; R1="X" « PC location after correcting the lowest
two bits

100A ADD R4, RS ; < Original PC location for address cal culation for

the MOV A instruction
.align4
100C STR . sdata “XYZP12”

2002 BRA TRGET ; Delayed branch instruction
2004 MOVA @O0, PC), R0 ; Addressof TRGET +2 — RO
2006 NOP ;
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6.1.38 MOVT (MoveT Bit): Data Transfer Instruction

Applicable
Instructions

T SH-

Format Abstract Code Cycle Bit SH-1 SH-2 DSP
MOVT Rn T Rn 0000nnnNn00101001 1 — O O O

Description: Storesthe T bit value into general register Rn. When T = 1, 1 isstored in Rn, and
when T =0, Oisstored in Rn.

Operation:

MWVT(long n) /* MOWT Rn */

{
R[ n] =(0x00000001 & SR);
PC+=2;
}
Example:

XOR R2,R2 ;R2=0

CWP/ PZ R2 ;T=1
MVT RO ;RO=1
CLRT ;T=0
MVT  R1 ;R1=0
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6.1.39 MUL.L (Multiply Long): Arithmetic Instruction

Applicable
Instructions

T SH-

Format Abstract Code Cycle Bit SH-1 SH-2 DSP
MJLL.L RmRn RnxRm - MACL 0000nnnnmmm©0111 2(to4) — — O O

Description: Performs 32-bit multiplication of the contents of general registers Rn and Rm, and
stores the bottom 32 bits of the result in the MACL register. The MACH register data does not
change.

Operation:

MJL.L(long mlong n)/* MIL.L RmRn */

{
MACL=R[ n] *R[ n{ ;
PC+=2;
}
Example:
MJULL RO, R1 ; Before execution: RO = H'FFFFFFFE, R1 = H'00005555
; After execution: MACL = H'FFFF5556
STS MACL, RO ; Operation result
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6.1.40 MULSW (Multiply as Signed Word): Arithmetic Instruction

Applicable

Instructions
T SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
MULS. W  Rm Rn  Signed operation, 0010nnnnmmm 111 1(to3) — (O O O

MJLS Rm R RnxRm - MACL

Description: Performs 16-bit multiplication of the contents of general registers Rn and Rm, and
stores the 32-hit result in the MACL register. The operation is signed and the MACH register data
does not change.

Operation:

MJULS(long mlong n) /* MILS RmRn */

{
MACL=( (Il ong) (short)R[ n] *(l ong) (short)R[ n]);
PC+=2;
}
Example:

MJLS RO, R1 ; Before execution: RO = H'FFFFFFFE, R1 = H'00005555
; After execution:  MACL = H'FFFF5556
STS MACL, RO ; Operation result
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6.1.41 MULU.W (Multiply asUnsigned Word): Arithmetic Instruction

Applicable

Instructions
T SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
MJULU. W Rm Rn Unsigned, 0010nnnnmmm 110 1(to3) — (O O O

MJLU Rm Rn Rn xRm - MACL

Description: Performs 16-bit multiplication of the contents of general registers Rn and Rm, and
stores the 32-hit result in the MACL register. The operation is unsigned and the MACH register
data does not change.

Operation:

MJULU(l ong mlong n) /* MJLU Rm Rn */
{
MACL=( (unsi gned | ong) (unsi gned short) R n]
*(unsi gned | ong) (unsigned short)R[ ni);
PC+=2;
}

Example:

MULU RO, R1 : Before execution: RO = H'00000002, R1 = H'FFFFAAAA
; After execution: MACL = H'00015554
STS MACL, RO ; Operation result
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6.1.42 NEG (Negate): Arithmetic Instruction

Applicable
Instructions

T SH-

Format Abstract Code Cycle Bit SH-1 SH-2 DSP
NEG Rm Rn 0-Rm - Rn 0110nnnnmmmil011 1 — O O O

Description: Takesthe two's complement of datain general register Rm, and stores the result in
Rn. This effectively subtracts Rm data from 0, and stores the result in Rn.

Operation:

NEG Il ong mlong n) /* NEG RmRn */

{
R n]=0-Rn;
PC+=2;
}
Example:

NEG RO, RL ; Before execution: RO = H'00000001
; After execution:  R1 = H'FFFFFFFF
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6.1.43 NEGC (Negatewith Carry): Arithmetic Instruction

Applicable

Instructions

SH-
Format Abstract Code Cycle T Bit SH-1 SH-2 DSP
NEGC RmRn 0—Rm-T - Rn, 0110nnnnnmmii010 1 Borrow O O O

Borrow - T

Description: Subtracts general register Rm data and the T bit from 0, and stores the result in Rn.
If aborrow is generated, T bit changes accordingly. Thisinstruction is used for inverting the sign
of avalue that has more than 32 hits.

Operation:

NEGC(l ong mlong n) /* NEGC RmRn */

{
unsi gned | ong tenp;
tenp=0-R{nj ;
R n] =tenp-T,;
if (O<tenp) T=1;
el se T=0;
if (tenp<R[n]) T=1;
PC+=2;

}

Examples:
CLRT ; Signinversion of R1 and RO (64 bits)

NEGC Ri1,Rl ;Beforeexecution: R1=H'00000001, T=0
; After execution: R1=HFFFFFFFF, T =1

NEGC RO, R0 ;Beforeexecution. RO=H'00000000,T=1
; After execution: RO =H'FFFFFFFF, T =1
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6.1.44  NOP (No Operation): System Control Instruction

Applicable

Instructions

T SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
NOP No operation 0000000000001001 1 — O O O

Description: Increments the PC to execute the next instruction.
Operation:

NOP() /* NOP */

{
PC+=2;
}
Example:
NOP ; Executesin one cycle
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6.1.45 NOT (NOT—Logical Complement): Logic Operation Instruction

Applicable
Instructions

T SH-

Format Abstract Code Cycle Bit SH-1 SH-2 DSP
NOT Rm Rn ~Rm - Rn 0110nnnnmmm®D111 1 — O O O

Description: Takesthe one’s complement of general register Rm data, and stores the result in Rn.
This effectively inverts each bit of Rm data and stores the result in Rn.

Operation:

NOT(long mlong n) /* NOT RmRn */

{
Rin]=~Rni;
PC+=2;
}
Example:

NOT RO, Rl  ; Beforeexecution: RO=HAAAAAAAA
; After execution:  R1 = H'55555555
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6.1.46 OR (OR Logical) Logic Operation Instruction

Applicable
Instructions
T SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
OR RmRn Rn|Rm - Rn 0010nnnnmmml011 1 — O O O
OR #imMmRO RO | imm - RO 1100101%iiiiiiii 1 — O O O
OR B #inm @R0, GBR) (RO + GBR) | 1100111%iiiiiiii 3 - O O O

imm - (RO + GBR)

Description: Logically ORsthe contents of general registers Rn and Rm, and storesthe result in
Rn. The contents of genera register RO can also be ORed with zero-extended 8-bit immediate
data, or 8-bit memory data accessed by using indirect indexed GBR addressing can be ORed with
8-bit immediate data.

Operation:

OR(l1 ong m1ong n) /* OR RmRn */

{
Rin] | =R n;
PC+=2;

}

CRi(long i) [/* OR# M RO */

{
R[ 0] | =( Ox000000FF & (long)i);
PC+=2;

}

ORMlong i) /* ORB #imm @RO, BR) */

{
| ong tenp;
t enp=(1 ong) Read_Byt e( GBBR+R[ 0] ) ;
t emp| =(0x000000FF & (long)i);
Wite Byte(@BR+R 0], tenp);
PC+=2;

}
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Examples:
R RO, R1 : Before execution: RO = H'AAAABS555, R1 = H'55550000
; After execution:  R1 = H'FFFF5555
OR #H FO, RO : Before execution: RO = H'00000008

; After execution: RO = H'000000F8

OR. B #H 50, @R0, GBR) ; Beforeexecution: @(RO,GBR) = H'A5
; After execution:  @(RO,GBR) = H'F5
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6.1.47 ROTCL (Rotatewith Carry Left): Shift Instruction

Applicable

Instructions

SH-
Format Abstract Code Cycle TBit SH-1 SH-2 DSP
ROTCL Rn T-Rn T 0100nnnn00100100 1 MSB O O O

Description: Rotates the contents of general register Rn and the T bit to the left by one bit, and
storesthe result in Rn. The bit that is shifted out of the operand is transferred to the T bit (figure
6.3).

MSB LSB

ROTCL - h

Figure6.3 Rotatewith Carry Left
Operation:

ROTCL(l ong n) /* ROTCL Rn */

{
| ong tenp;
i f ((R[n]&x80000000)==0) tenp=0;
el se tenp=1;
Rl n] <<=1;
if (T==1) R[n]|=0x00000001;
el se R[ n] &0xFFFFFFFE;
if (tenp==1) T=1,;
el se T=0;
PC+=2;

}

Example:
ROTCL RO : Before execution: RO = H'80000000, T =0

; After execution; RO = H'00000000, T =1
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6.1.48 ROTCR (Rotatewith Carry Right): Shift Instruction

Applicable

Instructions

SH-

Format Abstract Code Cycle TBit SH-1 SH-2 DSP
ROTCR R T-Rn-T 0100nnnn00100101 1 LsB O O O

Description: Rotates the contents of general register Rn and the T bit to the right by one bit, and
storesthe result in Rn. The bit that is shifted out of the operand is transferred to the T bit
(figure 6.4).

MSB LSB

ROTCR ﬂ |_>

Figure6.4 Rotatewith Carry Right
Operation:

ROTCR(|1 ong n) /* ROTCR Rn */
{
| ong tenp;

i f ((Rn]&0x00000001)==0) tenp=0;
el se tenp=1;
R[ n] >>=1;
if (T==1) R[n]|=0x80000000;
el se R n] &0x7FFFFFFF;
if (tenp==1) T=1;
el se T=0;
PC+=2;
}

Examples:

ROTCR RO ; Beforeexecution: RO=H'00000001,T=1
; After execution: RO =H'80000000, T =1
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6.1.49 ROTL (Rotate Left): Shift Instruction

Applicable

Instructions

SH-

Format Abstract Code Cycle TBit SH-1 SH-2 DSP
ROTL Rn T <« Rn -« MSB 0100nnnn00000100 1 MSB O O O

Description: Rotates the contents of general register Rn to the left by one bit, and stores the result
in Rn (figure 6.5). The bit that is shifted out of the operand is transferred to the T hit.

MSB LSB

-

Figure6.5 RotateLeft
Operation:

ROTL(long n) /* ROTL Rn */

{
i f ((R[n] &x80000000) ==0) T=0;
el se T=1;
R n] <<=1;
if (T==1) R[n]|=0x00000001;
el se R} n] &0xFFFFFFFE;
PC+=2;

}

Examples:

ROTL RO ; Before execution: RO = H'80000000, T =0
; After execution: RO =H'00000001, T =1
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6.1.50 ROTR (Rotate Right): Shift Instruction

Applicable

Instructions

SH-

Format Abstract Code Cycle TBit SH-1 SH-2 DSP
ROTR Rn LSB - Rn - T 0100nnnn00000101 1 LsB O O O

Description: Rotates the contents of general register Rn to the right by one bit, and stores the
result in Rn (figure 6.6). The hit that is shifted out of the operand is transferred to the T hit.

MSB LSB

o [

Figure6.6 Rotate Right
Operation:

ROTR(long n) /* ROTR Rn */

{
i f ((R[n]&0x00000001)==0) T=0;
el se T=1,
Rl n] >>=1;
if (T==1) R{n]|=0x80000000;
el se R[ n] &0x7FFFFFFF;
PC+=2;

}

Examples:

ROTR RO ; Before execution: RO = H'00000001, T =0
; After execution;: RO = H'80000000, T =1
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6.1.51 RTE (Return from Exception): System Control Instruction

Class: Delayed branch instruction

Applicable

Instructions

SH-
Format Abstract Code Cycle TBit SH-1 SH-2 DSP
RTE Delayed branch, 0000000000101011 4 Lse O O O

Stack area — PC/SR

Description: Returnsfrom an interrupt routine. The PC and SR values are restored from the stack,
and the program continues from the address specified by the restored PC value. The T bit is used
asthe LSB hit in the SR register restored from the stack area.

Note: Sincethisisadelayed branch instruction, the instruction after this RTE is executed before
branching. No address errors and interrupts are accepted between thisinstruction and the
next instruction. If the next instruction is a branch instruction, it is acknowledged as an
illegal dot instruction.

Operation:

RTE() /* RTE */

{
unsi gned | ong tenp;
t emp=PC;
PC=Read_Long( R[ 15]) +4;
R[ 15] +=4;
SR=Read_Long(R[ 15] ) &0x0FFFOFFF;
R[ 15] +=4;
Del ay_Sl ot (t enp+2);

}

Example:
RTE ; Returnsto the original routine

ADD #8,R14 ; Executes ADD before branching
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Note: With delayed branching, branching occurs after execution of the slot instruction. However,
instructions such as register changes etc. are executed in the order of delayed branch
instruction, then delay slot instruction. For example, even if the register in which the
branch destination address has been loaded is changed by the delay slot instruction, the

branch will still be made using the value of the register prior to the change as the branch
destination address.
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6.1.52 RTS (Return from Subroutine): Branch Instruction (Class: Delayed Branch

Instruction)
Applicable
Instructions
T SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
RTS Delayed branch, 0000000000001011 2 — O O O
PR - PC

Description: Returns from a subroutine procedure. The PC values are restored from the PR, and
the program continues from the address specified by the restored PC value. Thisinstruction is used
to return to the program from a subroutine program called by a BSR, BSRF, or JSR instruction.

Note: Sincethisisadelayed branch instruction, the instruction after this RTS is executed before
branching. No address errors and interrupts are accepted between thisinstruction and the
next instruction. If the next instruction is a branch instruction, it is acknowledged as an
illegal slot instruction.

Operation:

RTS() /* RTS */

{
unsi gned | ong tenp;
t emp=PC;
PC=PR+4;
Del ay_Sl ot (t enp+2) ;
}
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Example:
MOV.L  TABLE, R3 ; R3=Address of TRGET
JSR @3 ; Branchesto TRGET
NOP ; Executes NOP before branching
ADD RO, R1 ; « Return address for when the subroutine procedure is
completed (PR data)

TABLE: .data.l TRGET ; Jump table

TRGET: MOV R1, RO ; « Procedure entrance
RTS ; PRdata - PC
MOV #12, RO ; Executes MOV before branching

Note: With delayed branching, branching occurs after execution of the slot instruction.
However, instructions such as register changes etc. are executed in the order of delayed
branch instruction, then delay slot instruction. For example, even if the register in which
the branch destination address has been loaded is changed by the delay ot instruction,
the branch will still be made using the value of the register prior to the change as the
branch destination address.
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6.1.53 SETRC (Set Repeat Count to RC): System Control Instruction

Applicable
Instructions
T SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
SETRC Rm Rm[11:0] 0100nmmmMMD0010100 1 — — — O
RCCSRJ[27:16]
Repeat control flag
- RF1, RFO
SETRC #i mm imm - RC [23:26] 10000010iiiiiiii 1 - — — O

zeros — SR[27:24],
Repeat control flag
- RF1, RFO

Description: Sets the repeat count to the SR register’s RC counter. When the operand is aregister,
the bottom 12 bits are used as the repeat count. When the operand is an immediate data value, 8
bits are used as the repeat count. Set repeat control flags to RF1, RFO bits of the SR register. Use
of the SETRC instruction is subject to any limitations. Refer to section 4.18, DSP Repeat (Loop)

Control, for more information.
Operation:

SETRC(1ong m) /* SETRC Rm */
{
| ong tenp;

temp=(R[ n] & O0x00000FFF) <<16;
SR&=0x00000FF3;

SR| =t enp;

RF1=Repeat _Control _Fl agl;
RFO=Repeat _Cont r ol _Fl ag0;
PC+=2;
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SETRCI (1 ong i) /* SETRC #i nm */
{
| ong tenp;

temp=((long)i & 0x000000FF) <<16;
SR&=0x00000FFF;

SR| =t enp;

RF1=Repeat _Control _Fl agl;
RFO=Repeat _Control _Fl ag0;

PC+=2;

SETRC #imm SETRC Rn

7 0 31 12 11 0

a4 [ v |

/ Repeat control flag / Repeat control flag
31 27 23 16 15 3‘20/ 31 27 16 15 ‘/

320

SR 0| sbis SR | | 12 bits |

1<imm <255 1<Rm [11:0] <4095

Figure6.7 SETRC Instruction

Example:
LDRS STA ; Set repeat start addressto RS.
LDRE END ; Set repeat end addressto RE.
SETRC #32 ; Repeat 32 times frominst.A to inst.C.
inst.0 ;
STA: inst. A ;
inst.B ;
END: inst.C ;
inst.D ;
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6.1.54 SETT (Set T Bit): System Control Instruction

Applicable

Instructions

T SH-

Format Abstract Code Cycle Bit SH-1 SH-2 DSP
SETT 1T 0000000000011000 1 1 O O O

Description: Setsthe T bit to 1.

Operation:

SETT() /* SETT */

{
T=1,
PC+=2;
}
Example:

SETT ; Beforeexecution: T=0

; After execution:
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6.1.55 SHAL (Shift Arithmetic Left): Shift Instruction

Applicable

Instructions

SH-

Format Abstract Code Cycle TBit SH-1 SH-2 DSP
SHAL Rn T-Rn<O 0100nnnn00100000 1 MSB O O O

Description: Arithmetically shifts the contents of general register Rn to the left by one bit, and
storesthe result in Rn. The bit that is shifted out of the operand is transferred to the T bit
(figure 6.8).

MSB LSB

SHAL |<— 0

Figure 6.8 Shift Arithmetic L eft
Operation:

SHAL(long n) /* SHAL Rn(Sane as SHLL) */

{
i f ((R n] &x80000000)==0) T=0;
el se T=1;
Rl n] <<=1;
PC+=2;
}
Example:

SHAL RO ; Before execution: RO = H'80000001, T =0
; After execution; RO =H'00000002, T =1
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6.1.56 SHAR (Shift Arithmetic Right): Shift Instruction

Applicable

Instructions

SH-

Format Abstract Code Cycle TBit SH-1 SH-2 DSP
SHAR Rn MSB - Rn - T 0100nnnn00100001 1 LsB O O O

Description: Arithmetically shifts the contents of general register Rn to the right by one bit, and
storesthe result in Rn. The bit that is shifted out of the operand is transferred to the T bit (figure
6.9).

MSB LSB

SHAR I_il

Figure6.9 Shift Arithmetic Right
Operation:

SHAR(l ong n) /* SHAR Rn */

{
| ong tenp;
i f ((R[n] &x00000001)==0) T=0;
el se T=1;
i f ((R[n] &x80000000)==0) tenp=0;
el se tenp=1;
Rl n] >>=1;
if (tenp==1) R[n]|=0x80000000;
el se R[ n] &0x7FFFFFFF;
PC+=2;

}

Example:
SHAR RO ; Before execution: RO = H'80000001, T =0

; After execution: RO =H'C0000000, T =1
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6.1.57 SHLL (Shift Logical Left): Shift Instruction

Applicable

Instructions

SH-

Format Abstract Code Cycle TBit SH-1 SH-2 DSP
SHLL Rn T-Rn<O 0100nnnn00000000 1 MSB O O O

Description: Logically shifts the contents of general register Rn to the left by one bit, and stores
the result in Rn. The bit that is shifted out of the operand istransferred to the T bit (figure 6.10).

MSB LSB

SHLL le—o0

Figure6.10 Shift Logical Left
Operation:

SHLL(long n) /* SHLL Rn(Sanme as SHAL) */

{
i f ((R[n]&x80000000)==0) T=0;
el se T=1;
R[ n] <<=1;
PC+=2;

}

Examples:
SHLL RO ; Before execution: RO = H'80000001, T =0

; After execution: RO = H'00000002, T =1
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6.1.58 SHLLn (Shift Logical Left n Bits): Shift Instruction
Applicable
Instructions
T SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
SHLL2 R Rn<<2 - Rn 0100nnnNn00001000 1 — O O O
SHLLS8 R Rn<<8 - Rn 0100nnnNn00011000 1 — O O O
SHLL16 Rn Rn<<16 - Rn 0100nnnNn00101000 1 — O O O

Description: Logically shifts the contents of general register Rn to the left by 2, 8, or 16 bits, and
stores the result in Rn. Bits that are shifted out of the operand are not stored (figure 6.11).

MSB LSB
SHLL2
o
MSB LSB
SHLLS8
— o
MSB LSB
SHLL16 | |

Figure6.11 Shift Logical Left n Bits
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Operation:

SHLL2(long n) /* SHLL2 Rn */

{
R[ n] <<=2;
PC+=2;
}
SHLL8(long n) /* SHLL8 Rn */
{
R[ n] <<=8;
PC+=2;
}
SHLL16(long n) /* SHLL16 Rn */
{
R[ n] <<=16;
PC+=2;
}
Examples:

SHLL2 RO ; Before execution: RO = H'12345678
; After execution:; RO = H'48D159E0

SHLL8 RO ; Before execution: RO = H'12345678
; After execution:; RO = H'34567800

SHLL16 RO ; Before execution: RO = H'12345678
; After execution: RO = H'56780000
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6.1.59 SHLR (Shift Logical Right): Shift Instruction

Applicable

Instructions

SH-

Format Abstract Code Cycle TBit SH-1 SH-2 DSP
SHLR Rn 0O-Rn-T 0100nnnn00000001 1 LsB O O O

Description: Logically shiftsthe contents of general register Rn to the right by one bit, and stores
the result in Rn. The bit that is shifted out of the operand istransferred to the T bit (figure 6.12).

MSB LSB

SHLR O—>|

Figure6.12 Shift Logical Right
Operation:

SHLR(long n) /* SHLR Rn */

{
i f ((R n] &x00000001)==0) T=0;
el se T=1;
R[ n] >>=1;
R[ n] &0x7FFFFFFF;
PC+=2;

}

Examples:
SHLR RO ; Before execution: RO = H'80000001, T =0

; After execution: RO = H'40000000, T =1
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6.1.60 SHLRn (Shift Logical Right n Bits): Shift Instruction

Applicable
Instructions

T SH-

Format Abstract Code Cycle Bit SH-1 SH-2 DSP
SHLR2 Rn Rn>>2 - Rn 0100nnnn00001001 1 — O O O
SHLR8 Rn Rn>>8 - Rn 0100nnnn00011001 1 — O O O
SHLR16 Rn Rn>>16 - Rn 0100nnnn00101001 1 — O O O

Description: Logically shifts the contents of general register Rn to the right by 2, 8, or 16 bits,
and stores the result in Rn. Bits that are shifted out of the operand are not stored (figure 6.13).

MSB LSB

SHLR2 |
o

MSB LSB

SHLRS8 |

- —

MSB LSB

SHLR16 | |

\\
o |

Figure6.13 Shift Logical Right n Bits
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Operation:

SHLR2(long n) /* SHLR2 Rn */

{
R n] >>=2;
R[ n] &=0x3FFFFFFF;
PC+=2;
}
SHLR8(l ong n) /* SHLR8 Rn */
{
R n] >>=8;
R[ n] &0x00FFFFFF;
PC+=2;
}
SHLR16( 1 ong n) /* SHLR16 Rn */
{
R[ n] >>=16;
R[ n] & 0x0000FFFF;
PC+=2;
}
Examples:

SHLR2 RO ; Beforeexecution: RO = H'12345678
; After execution: RO = H'048D159E

SHLR8 RO ; Beforeexecution: RO = H'12345678
; After execution: RO = H'00123456

SHLR16 RO ; Beforeexecution: RO = H'12345678
; After execution: RO = H'00001234
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6.1.61 SLEEP (Sleep): System Control Instruction

Applicable
Instructions

T SH-

Format Abstract Code Cycle Bit SH-1 SH-2 DSP
SLEEP Sleep 0000000000011011 3 — O O O

Description: Setsthe CPU into power-down mode. In power-down mode, instruction execution
stops, but the CPU internal statusis maintained, and the CPU waits for an interrupt request. If an
interrupt is requested, the CPU exits the power-down mode and begins exception processing.

Note:  The number of cycles given isfor the transition to sleep mode.
Operation:

SLEEP()  /* SLEEP */

{
PC- =2;
wai t _for_exception;
}
Example:

SLEEP ; Enters power-down mode

Rev. 5.00 Jun 30, 2004 page 244 of 512
REJ09B0171-05000
RRENESAS



Section 6 Instruction Descriptions

6.1.62 STC (Store Control Register): System Control Instruction (Interrupt Disabled

Instruction)
Applicable
Instructions
T SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
STC SR Rn SR - Rn 0000nnNNN00000010 1 — O O O
STC GBR, Rn GBR - Rn 0000nnnn00010010 1 — O O O
STC  VBR Rn VBR - Rn 0000nnNnNN00100010 1 — O O O
STC MOD, Rn MOD - Rn 0000nnnn01010010 1 —_ — — O
STC RE Rn RE - Rn 0000nnnNn01110010 1 - — — O
STC RS, Rn RS - Rn 0000nnnNn01100010 1 - — — O
STC.L SR @Rn Rn-4 - Rn, SR - (Rn) 0100nnnn00000011 2 — O O O
STC.L GBBR @Rn Rn-4 - Rn,GBR - (Rn) 0100nnnn00010011 2 — O O O
STC.L VBR @Rn Rn-4 - Rn,VBR - (Rn) 0100nnnn00100011 2 — O O O
STC.L MOD,@Rn Rn-4 - Rn, 0100nnnn01010011 2 - — — O
MOD - (Rn)
STC.L RE@Rn Rn-4 - Rn,RE - (Rn)  0100nnnn01110011 2 - — — O
STC.L RS, @Rn Rn-4 - Rn, RS - (Rn) 0100nnnn01100011 2 —_ — — O

Description: Stores control register SR, GBR, VBR, MOD, RE, or RS datainto a specified
destination.

Note: No interrupts are accepted between thisinstruction and the next instruction. Address errors
are accepted.

Operation:

STCSR(| ong n) /* STC SR, Rn */
{

R n] =SR;

PC+=2;
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STCGBR( | ong n) /* STC GBR, Rn */
{

R n] =GBR,

PC+=2;
}
STCVBR( | ong n) /* STC VBR, Rn */
{

R[ n] =VBR;

PC+=2;
}
STCMOD( | ong n) /* STC MOD, Rn */
{

R n] =MD,

PC+=2;
}
STCRE(| ong n) /* STC RE, Rn */
{

R n] =RE;

PC+=2;
}
STCRS(1 ong n) /* STC RS, Rn */
{

Rl n] =RS;

PC+=2;
}
STCMSR( | ong n) /* STC.L SR, @Rn */
{

R n] - =4;

Wite_Long(R[n], SR);

PC+=2;
}
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STCMGEBR( | ong n)
{
R n] - =4;

Wite_ Long(R n], GBR);

PC+=2;
}

STCWBR( | ong n)
{

R n] - =4;
Wite_Long(R[n], VBR);
PC+=2;

}

STCMMOD( | ong n)

{
R n] - =4;
Wite_Long(R[n], MOD);
PC+=2;

}

STCMRE( | ong n)
{
R n] - =4;

Wite_ Long(R n], RE);

PC+=2;
}

STCMRS( | ong n)
{
R n] -=4;

Wite Long(R[n], SR ;

PC+=2;

/* STC.L GBR @Rn */

/* STC.L VBR @Rn */

/* STC.L MDD, @Rn */

/* STC.L RE, @Rn */

/* STC.L RS, @Rn */
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Examples:
STC SR, RO : Before execution: RO = H'FFFFFFFF, SR = H'00000000
; After execution: RO = H'00000000
STC.L GBR, @R15 ; Before execution:; R15 = H'10000004
; After execution: R15 = H'10000000, @R15 = GBR
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6.1.63 STS(Store System Register): System Control Instruction (Interrupt Disabled
Instruction)
Applicable
Instructions
T SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
STS MACH, Rn MACH - Rn 0000nnNNN00001010 1 — O O O
STS MACL, Rn MACL - Rn 0000nnnn00011010 1 — O O O
STS PR, Rn PR - Rn 0000nnnNn00101010 1 — O O O
STS DSR, Rn DSR - Rn 0000nnnn01101010 1 —_ — — O
STS A0, Rn A0 - Rn 0000nnnNn01111010 1 - — — O
STS X0, Rn X0-Rn 0000nnnNn10001010 1 - — — O
STS X1, Rn X1-Rn 0000nNnNn10011010 1 —_ — — O
STS YO, Rn YO-Rn 0000nnnNn10101010 1 - — — O
STS Y1, Rn Y1-Rn 0000nnNnNn10111010 1 —_ — — O
STS.L MACH @Rn Rn-4 - Rn, 0100nnnn00000010 1 — O O O
MACH - (Rn)
STS.L MACL, @Rn Rn-4 - Rn, 0100nnnn00010010 1 — O O O
MACL - (Rn)
STS.L PR @Rn Rn—-4 - Rn, 0100nnnn00100010 1 — O O O
PR - (Rn)
STS.L DSR @Rn  Rn-4 - Rn, 0100nnnn01100010 1 - — — O
DSR - (Rn)
STS.L A0, @Rn Rn—-4 - Rn, A0 - (Rn) 0100nnnn01100010 1 - — — O
STS.L X0, @Rn Rn—4 - Rn,X0 - (Rn) 0100nnnn10000010 1 —_ — — O
STS.L X1, @Rn Rn—4 - Rn,X1 - (Rn) 0100nnnn10010010 1 —_ — — O
STS.L Y0, @Rn Rn—4 - Rn,Y0 - (Rn) 0100nnnn10100010 1 —_ — — O
STS.L Y1, @Rn Rn—4 - Rn,Y1 - (Rn) 0100nnnn10110010 1 —_ — — O

Description: Stores datafrom system register MACH, MACL, or PR or DSP register DSR, AOQ,
X0, X1, YO, or Y1into aspecified destination.
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Note: No interrupts are accepted between thisinstruction and the next instruction. Address errors

are accepted.

If the system register isMACH in the SH-1 series, the value of hit 9 istransferred to and stored in
the higher 22 bits (bits 31 to 10) of the destination. With the SH-2 and SH-DSP, the 32 hits of

MACH are stored directly.
Operation:

STSMACH(l ong n) /* STS MACH, Rn */
{

Rl n] =MACH,
i f ((R n] &x00000200) ==0) For SH-1 CPU (these 2 lines not

R[ n] &0x000003FF; | needed for SH-2 and SH-DSP CPU)

el se R[ n] | =OxFFFFFCOO;

PC+=2;
}

STSMACL(long n) /* STS MACL, Rn */
{

R[ n] =MACL;
PC+=2;
}
STSPR(| ong n) /* STS PR Rn */
{
R n] =PR;
PC+=2;
}

STSDSR(long n) /* STS DSR, Rn */
{

Rl n] =DSR,

PC+=2;
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STSAO(I ong n)
{
Rl n] =A0;
PC+=2;
}

STSX0( 1 ong n)
{
R[ n] =X0;
PC+=2;
}

STSX1(1 ong n)
{
Rl n] =X1;
PC+=2;
}

STSYO( I ong n)
{
Rl n] =YO;
PC+=2;
}

STSY1(l ong n)
{
R n] =Y1;
PC+=2;

/*

/*

/*

/*

/*

STS A0, Rn */

STS X0, Rn */

STS X1, Rn */

STS YO, Rn */

STS Y1,Rn */
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STSMVACH(| ong n) /* STS.L MACH, @-Rn */
{

R n] —=4;
i f (( MACH&0x00000200) ==0)
Wite_Long(R n], MACH&OX000003FF) ; For SH-1 CPU

el se Wite_Long
(R[ n], MACH| OXFFFFFC00)

Wite Long(R[n], MACH); For SH-2 and SH-DSP CPU

PC+=2;
}

STSMVACL(1 ong n) /* STS.L MACL, @Rn */
{

Rl n] —=4;
Wite_Long(R[ n], MACL);
PC+=2;
}
STSMPR( | ong n) /* STS.L PR @Rn */
{
R n] —=4;
Wite_Long(R[n], PR);
PC+=2;
}
STSMDSR(1 ong n) /* STS.L DSR, @Rn */
{
R n] —=4;
Wite_Long(R[n], DSR);
PC+=2,
}
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STSMAO( | ong n) /* STS.L A0, @Rn

{
R n] —=4;
Wite_Long(R[n], AO);
PC+=2;

}

STSMXO(l ong n) /* STS.L X0, @Rn
{

R n] —=4;

Wite_Long(R[n], X0);

PC+=2;
}

STSMX1( | ong n) /* STS.L X1, @Rn

{
R n] —=4;
Wite_Long(R[n], X1);
PC+=2;

}

STSMYO( | ong n) /* STS.L YO, @Rn
{

R n] —=4;

Wite_Long(R[n], YO);

PC+=2;
}

STSWY1(long n) /* STS.L Y1, @Rn
{

Rl n] —=4;

Wite_Long(R[ n], Y1);

PC+=2;

*/

*/

*/

*/

*/
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Example:

STS MACH, RO ; Beforeexecution: RO = H'FFFFFFFF, MACH = H'00000000
; After execution: RO = H'00000000

STS.L PR @RI15 ; Beforeexecution:  R15 = H'10000004
; After execution: R15 = H'10000000, @R15 = PR
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6.1.64 SUB (Subtract Binary): Arithmetic Instruction

Applicable
Instructions

T SH-

Format Abstract Code Cycle Bit SH-1 SH-2 DSP
SUB RmRn Rn-Rm - Rn 0011innnnmmmmil000 1 — O O O

Description: Subtracts general register Rm data from Rn data, and stores the result in Rn. To
subtract immediate data, use ADD #imm,Rn.

Operation:

SUB(long mlong n) /* SUB RmRn */

{
Rin]-=Rni;
PC+=2;
}
Example:

SUB RO, Rl ; Beforeexecution: RO = H'00000001, R1 = H'80000000
; After execution:  R1 = H"7FFFFFFF
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6.1.65 SUBC (Subtract with Carry): Arithmetic Instruction

Applicable

Instructions
SH-
Format Abstract Code Cycle T Bit SH-1 SH-2 DSP
SUBC Rm Rn Rn—-Rm-T - Rn, 0011nnnnmmmi010 1 Borrow (O O O

Borrow - T

Description: Subtracts Rm dataand the T bit value from general register Rn data, and stores the
result in Rn. The T bit changes according to the result. Thisinstruction is used for subtraction of
data that has more than 32 bits.

Operation:

SUBC(l ong mlong n) /* SUBC Rm Rn */

{
unsi gned | ong t nmpO, t np1;
tmpl=R(n]-R(nj;
t mp0=R{ n] ;
Rin] =tnpl-T;
if (tnmpO<tnpl) T=1,
el se T=0;
if (tmpl<Rn]) T=1;
PC+=2,

}

Examples:
CLRT ; RO:R1(64 bits) — R2:R3(64 bits) = RO:R1(64 bits)

SUBC R3,Rl ;Beforeexecution: T =0, R1=H'00000000, R3 = H'00000001
; After execution: T =1, R1 = HFFFFFFFF

SUBC R2, R0 ;Beforeexecution: T =1, RO=H'00000000, R2 = H'00000000
; After execution: T =1, RO = H'FFFFFFFF
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6.1.66 SUBV (Subtract with V Flag Underflow Check): Arithmetic Instruction

Applicable

Instructions
SH-
Format Abstract Code Cycle T Bit SH-1 SH-2 DSP
SUBV Rm Rn Rn-Rm - Rn, 0011lnnnnmmmmil011 1 Underflow (O O O

underflow — T

Description: Subtracts Rm data from general register Rn data, and stores the result in Rn. If an
underflow occurs, the T bit is set to 1.

Operation:

SUBV(l ong mlong n) /* SUBV RmRn */
{

| ong dest, src, ans;

if ((long)R n]>=0) dest=0;
el se dest=1;
if ((long) RRmM>=0) src=0;
el se src=1;
src+=dest ;
R n]-=R(ni;
if ((long)R n]>=0) ans=0;
el se ans=1;
ans+=dest ;
if (src==1) {
if (ans==1) T=1;
el se T=0;
}
el se T=0;
PC+=2;
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Examples:

SUBV RO, Rl ; Before execution:

; After execution:

SUBV R2,R3 ; Beforeexecution:

; After execution:

RO = H'00000002, R1 = H'80000001
R1 = H7FFFFFFF, T=1

R2 = H'FFFFFFFE, R3 = H'7FFFFFFE
R3 = H'80000000, T = 1
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6.1.67 SWAP (Swap Register Halves): Data Transfer Instruction

Applicable
Instructions
T SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
SWAP. B Rm Rn  Rm - Swap upper and lower 0110nnnnmmml000 1 — O O O
halves of lower 2 bytes - Rn
SWAP. W Rm Rn Rm - Swap upper and lower 0110nnnnmmmmml001 1 — O O O
word - Rn

Description: Swaps the upper and lower bytes of the general register Rm data, and stores the
result in Rn. If abyteis specified, bits 0 to 7 of Rm are swapped for bits 8 to 15. The upper 16 bits
of Rm are transferred to the upper 16 bits of Rn. If aword is specified, bits 0 to 15 of Rm are
swapped for bits 16 to 31.

Operation:

SWAPB(l ong mlong n)/* SWAP.B Rm Rn */

{
unsi gned | ong tenpO, tenpl;

t emrpO=R] n] &Oxf f f f 0000;
t enpl=( R n] &0x000000f f) <<8;
R[ n] =( R[ n{ >>8) &0x000000f f;
RIn]=R(n] | tenpl]|t enpO;
PC+=2;
}
SWAPW I ong mlong n)/* SWAP. WRm Rn */
{
unsi gned | ong tenp;
t enp=( R M >>16) &0x0000FFFF;
R[ n] =R[ n] <<16;
R n] | =t enp;
PC+=2;
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Examples:

SWAP. B RO, Rl ; Before execution:

; After execution:

SWAP. W RO, Rl ; Before execution:

; After execution:

RO = H'12345678
R1 = H'12347856
RO = H'12345678
R1 = H'56781234
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6.1.68 TAS(Test and Set): Logic Operation Instruction

Applicable
Instructions
SH-
Format Abstract Code Cycle T Bit SH-1 SH-2 DSP
TAS.B @-n When (Rn)is 0,1 - T,1 - 0100nnnn00011011 4 Test O O O

MSB of (Rn) results

Description: Reads byte data from the address specified by general register Rn, and setsthe T bit
to 1if thedataisO, or clearsthe T bit to O if the datais not 0. Then, data bit 7 is set to 1, and the
datais written to the address specified by Rn. During this operation, the busis not released.

Operation:

TAS(long n) [/* TAS.B @n */
{
| ong tenp;

temp=(1 ong) Read_Byte(R[ n]); /* Bus Lock enable */
if (tenp==0) T=1;
el se T=0;
t enp| =0x00000080;
Wite_Byte(R n],tenp); /* Bus Lock disable */
PC+=2;

}

Example:

_LOOP TAS.B @7 : R7 = 1000
BF _Loor ; Loops until datain address 1000 is 0
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6.1.69 TRAPA (Trap Always): System Control Instruction

Applicable
Instructions
T SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
TRAPA  #i nm PC/SR - Stack area, 1100001%iiiiiiii 8 — O O O

(imm x4 + VBR) - PC

Description: Starts the trap exception processing. The PC and SR values are stored on the stack,
and the program branches to an address specified by the vector. The vector is a memory address
obtained by zero-extending the 8-bit immediate data and then quadrupling it. The PC isthe start
address of the next instruction. TRAPA and RTE are both used together for system calls.

Operation:

TRAPA(l ong i) /* TRAPA #imm */

{

| ong i nm

i mm=( OXxO00000FF & i);

R[ 15] - =4;

Wite_Long(R[ 15], SR);

R[ 15] - =4;

Wite_Long(R[ 15], PC-2);

PC=Read_Long( VBR+(i nx<2)) +4;
}
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Example:

Address
VBR+H 80 .data.l 10000000 ;

TRAPA  #H 20 ; Branches to an address specified by datain address VBR +

H'80
TST #0, RO ; « Return address from the trap routine (stacked PC value)
100000000 XOR RO, RO ; « Trap routine entrance
100000002 RTE ; Returnsto the TST instruction
100000004 NOP ; Executes NOP before RTE
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6.1.70 TST (Test Logical): Logic Operation Instruction

Applicable
Instructions
SH-
Format Abstract Code Cycle T Bit SH-1 SH-2 DSP
TST Rn & Rm, when result is 0010nnnnmmm000 1 Test O O O
Rm Rn 0,1-T results
TST RO & imm, when resultis  11001000iiiiiiii 1 Test O O O
#i mm RO 0,1-T results
TST.B (RO + GBR) & imm, 11001100iiiiiiii 3 Test O O O
#i mm whenresultis0,1 - T results
@ RO, GBR)

Description: Logically ANDsthe contents of general registers Rn and Rm, and setsthe T bitto 1
if theresultisO or clearsthe T bit to O if the result is not 0. The Rn data does not change. The
contents of general register RO can also be ANDed with zero-extended 8-bit immediate data, or the
contents of 8-bit memory accessed by indirect indexed GBR addressing can be ANDed with 8-bit
immediate data. The RO and memory data do not change.

Operation:

TST(long mlong n) /* TST RmRn */

{
it ((RIn] &R nj)==0) T=1;
el se T=0;
PC+=2;
}
TSTI(long i) /* TEST #inm RO */
{
| ong tenp;
t emp=R[ 0] & 0x000000FF & (long)i);
if (tenp==0) T=1;
el se T=0;
PC+=2;
}
TSTMlong i) /* TST.B #i mm @R0, GBR) */
{
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| ong tenp;

t emp=(1 ong) Read_Byt e( GBR+R[ 0] ) ;
t enrp&=( 0x000000FF & (long)i);
if (tenp==0) T=1;

el se T=0;
PC+=2;
}
Examples:
TST RO, RO ; Before execution: RO = H'00000000
; After execution: T=1
TST #H 80, RO ; Before execution: RO = H'FFFFFF7F

; After execution; T=1
TST.B #H A5, @ R0, GBR) ; Beforeexecution: @(RO,GBR) =H'A5
; After execution; T=0
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6.1.71 XOR (Exclusive OR Logical): L ogic Operation Instruction

Applicable
Instructions
T SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
XOR Rn~"Rm - Rn 0010nnnnmMmmmi010 1 — O O O
Rm Rn
XOR RO~ imm - RO 11001010iiiiiiii 1 - O O O
#i mm RO
XOR. B (RO+GBR)~imm —  11001110iiiiiiiii 3 - O O O

#i mm @RO, GBR) (RO + GBR)

Description: Exclusive ORs the contents of general registers Rn and Rm, and storesthe result in
Rn. The contents of genera register RO can a so be exclusive ORed with zero-extended 8-bit
immediate data, or 8-bit memory accessed by indirect indexed GBR addressing can be exclusive
ORed with 8-bit immediate data.

Operation:

XOR(long mlong n) /* XOR RmRn */

{
Rin] =R ni;
PC+=2;
}
XORI(long i) /* XOR #inmRO */
{
R[ 0] ~=( 0x000000FF & (long)i);
PC+=2;
}
XORMlong i) /* XOR B #imm @RO, GBR) */
{
| ong tenp;

t emp=(1 ong) Read_Byt e( GBBR+R[ 0] ) ;
t enp”=( 0x000000FF & (long)i);
Wite_Byte(GBR+R 0], tenp);
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PC+=2;
}

Examples:

XOR RO, R1

XOR #H FO, RO

XOR B #H A5, @ RO, GBR)

; Before execution: RO =HAAAAAAAA, R1 = H'55555555
; After execution:  R1 = H'FFFFFFFF

; Before execution: RO = H'FFFFFFFF

; After execution: RO = H'FFFFFFOF

; Before execution:  @(RO,GBR) = H'A5

; After execution: @(RO,GBR) = H'00
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6.1.72 XTRCT (Extract): Data Transfer Instruction

Applicable

Instructions

T SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
XTRCT Rm Rn Rm: Center 32 bits 0010nnnnmmm101 1 — O O O

of Rn - Rn

Description: Extracts the middle 32 bits from the 64 bits of coupled general registers Rm and Rn,
and stores the 32 bitsin Rn (figure 6.14).

MSB LSB MSB LSB
rm | -

Rn

Figure6.14 Extract
Operation:

XTRCT(long mlong n)/* XTRCT Rm Rn */

{
unsi gned | ong tenp;
t enp=( R[ n{ <<16) &0xFFFFO000;
R n] =( R n] >>16) &0x0000FFFF;
R n] | =t enp;
PC+=2;

}

Example:

XTRCT RO, Rl ; Beforeexecution: RO =H'01234567, R1 = H'89ABCDEF
; After execution:  R1 = H'456789AB
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6.2

DSP Data Transfer I nstructions

Table 6.3 lists the DSP data transfer instructionsin alphabetical order.

Table6.3 DSP Data Transfer Instructionsin Alphabetical Order

Applicable

Instructions

DC SH-

Instruction  Operation Code Cycles Bit SH-1 SH-2 DSP
MOVS. L As—4 -, As,(As) - Ds 111101AADDDD0010 1 — — — O
@ As, Ds
MOVS. L (As)-Ds 111101AADDDD0110 1 - - — O
@s, Ds
MOVS. L (As) - Ds,As+4 . As 111101AADDDD1010 1 - - — O
@s+, Ds
MOVS. L (As) - Ds,As+Ix - As 111101AADDDD1110 1 —_ — — O
@\s+1 x, Ds
MOVS. L As—4 - As,Ds - (As) 111101AADDDDO011 1 - - — O
Ds, @ As
MOVS. L Ds - (As) 111101AADDDDO111 1 - - — O
Ds, @s
MOVS. L Ds - (As),As+4 . As 111101AADDDD1011 1 —_ — — O
Ds, @\s+
MOVS. L Ds - (As),As+Ix - As 111101AADDDD1111 1 —_ — — O
Ds, @\s+] x
MOVS. W As—2 - As,(As) - MSW of 111101AADDDDO000 1 - - — O
@ As, Ds Ds,0-LSW of Ds
MOVS. W (As) - MSW of Ds,0-LSW of 111101AADDDD0100 1 - - — O
@\s, Ds Ds
MOVS. W (As) -~ MSW of Ds,0 - LSW of 111101AADDDD1000 1 — — — O
@\s+, Ds Ds, As+2 - As
MOVS. W (As) - MSW of Ds,0 - LSW of 111101AADDDD1100 1 — — — O
@\s+l x, Ds  Ds, As+Ix - As
MOVS. W As—2 - As,MSW of Ds - (As) 111101AADDDD0O001 1 — — — O
Ds, @ As
MOVS. W MSW of Ds - (As) 111101AADDDD0O101 1 — — — O
Ds, @s
MOVS. W MSW of Ds - (As),As+2 - As 111101AADDDD1001 1 —_ —_ — O
Ds, @As+
MOVS. W MSW of Ds - (As),As+Ix - As 111101AADDDD1101 1 — — — O
Ds, @\s+] x
MOVX. W (AX) - MSW of Dx,0 - LSW of 111100A*D*0*01** 1 — — — O
@\x, Dx Dx
MOVX. W (AX) - MSW of Dx,0 - LSW of 111100A*D*0*10** 1 — — — O
@\ +, Dx Dx,Ax+2 - AX
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Applicable
Instructions
DC SH-

Instruction  Operation Code Cycles Bit SH-1 SH-2 DSP
MOVX. W (AX) - MSW of Dx,0-LSW of ~ 111100A*D*0*11** 1 - O O O
@+l x, Dx  Dx,Ax+Ix - Ax
MOVX. W MSW of Da - (Ax) 111100A*D*1*01** 1 — O O O
Da, @\x
MOVX. W MSW of Da - (Ax),Ax+2 - AX 111100A*D*1*10** 1 — O O O
Da, @\x+
MOVX. W MSW of Da - (AX),Ax+Ix - Ax 111100A*D*1*11** 1 — O O O
Da, @\x+! x
MOVY. W (Ay) - MSW of Dy,0 - LSW of 111100*A*D*0**01 1 — O O O
@y, Dy Dy
MOVY. W (Ay) - MSW of Dy,0 - LSW of 111100*A*D*0**10 1 — O O O
@y+, Dy Dy, Ay+2 - Ay
MOVY. W (Ay) - MSW of Dy,0 - LSW of 111100*A*D*0**11 1 — O O O
@y+ly, Dy Dy, Ay+ly-Ay
MOVY. W MSW of Da - (Ay) 111100*A*D*1**01 1 — O O O
Da, @y
MOVY. W MSW of Da - (Ay),Ay+2 - Ay 111100*A*D*1**10 1 - O O O
Da, @vy+
MOVY. W MSW of Da— (Ay),Ay+ly Ay  111100*A*DF1**11 1 - O O O
Da, @y+ly
NOPx No Operation 1111000* 0* 0* 00* * — O O O
NOPY No Operation 111100*0* 0*0**00 — O O O
Note: MSW = High-order word of operand

LSW = Low-order word of operand

6.2.1

X and Y Data Transfers (MOVX.W and MOVY.W)

These instructions use the XDB and Y DB buses to access X and Y memory. Areas other than X
and Y memory cannot be accessed. Memory is accessed in word units. Since independent busis
used, it does not create access contention with instruction fetches (using the Main buses).

X and Y datatransfer instructions are executed regardless of conditions even when the data

operation instruction executed in parallel has conditions.

Figure 6.15 shows the load and store operationsin X and Y data transfers.
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31 0 31 0
Instruction code R4 [AX] R6 [Ay] Instruction code
for X data transfer R5 [AX] R7 [Ay] for Y data transfer
operation operation
DSP data v v 15 1 15 1 v v DSP data
register register
X0/X1, AO/AL ion“o' for ‘—I ABX | | ABy |_’ Control for > YO/Y1, AO/AL
input/output memory | s %7' Y memory input/output
control control
XAB 15 bits
YAB 15 bits
X_MEM Y_MEM
™  Xdata Y data [*
memory memory |
X RIW 4 kbytes 4 kbytes Y RW
16 bits
XDB
YDB
16 bits
X_MEM, Y_MEM: Select signals for X and Y data memory

Figure6.15 Load and Store Operationsin X and Y Data Transfers
X memory data transfer operation is shown below. Y memory data transfers are the same.

if ('NOP) {
X MEMEL; XAB=ABX; X R/ W1,
if ( load operation ) {
DX[ 31: 16] =XDB;
DX[ 15: 0] =0x0000; X1 */

/* Dx is X0 or
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el se {XDB=Dx[ 31: 16] ; X R/ W£0; } /* Dx is AO or Al */
}
el se { X MEM=0; XAB=Unknown; }

6.2.2 Single Data Transfers (MOVS.W and MOVS.L)

Single data transfers are instructions that load to and store from the DSP register. They are like
system register load and store instructions. Data transfers between the DSP register and memory
use the main buses. Like CPU core instructions, data accesses can create access contention with
instruction memory accesses.

Single data transfers can use either word or longword data. Figure 6.16 shows the load and store
operationsin single data transfers.

31 0 Instruction code for single
R2 [As] data transfer operation
e T Tl T T
R4 [As 1 I
R5 [As
s1] 0 Control is :
MAB SHcore |
Yyvyy
32 bits < >
IAB Control )
—— DSP data register
input/output control
Memory
[ R
32 bits

IAB, IDB: Main buses

Figure6.16 Load and Store Operationsin Single Data Transfers
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Load and store operations in single data transfers are shown below.

| AB = MAB;
if ( Ms!=NLS @WL is word access {/* MWS. W*/
if (LS==load) {
i f (DS!'=A0G @@ Ds! =A1G) {
Ds[31:16] = IDB[15:0]; Ds[15:0] = 0x0000;

if (Ds==A0) A0 7:0] = IDB[15];
if (Ds==Al1) A1G 7:0] = IDB[15];

}

el se Ds[7:0] = IDB[7:0] /* Ds is AOG or A1G */

}
else { /* Store */
if (DS!'=A0G @@ Ds! =A1G |DB[ 15:0] = Ds[31:16];
/* Ds is AOG or AlG */
else IDB[15:0] = Ds[7:0] with 8-bit sign extension

else if ( MAI=NLS @WL is longword access ) { /* MWS.L */
if (LS==load {
if (Ds!=A0G @@ Ds! =A1Q) {
Ds[31:0] = I DB[31:0];

if (Ds==A0) A0F 7:0] = IDB[31];
if (Ds==Al) A1 7:0] = 1DB[31];
}
el se Ds[7:0] = IDB[7:0] /* Ds is AOG or Al1G */

}
else { /* Store */
if (DS!'=A0G @@ Ds! =A1G) |DB[31:0] = Ds[31:0]
/* Ds is AOG or AlG */
else IDB[31:0] = Ds[7:0] with 24-bit sign extension
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6.2.3 Sample Description (Name): Classification

This section explains the breakdown of instructions, descriptions, etc. given in the rest of this
section (section 12).

Table6.4 Sample Description (Name): Classification

Applicable
Format Abstract Code Cycle DC Bit Instructions
Assembler A brief Displayed in ~ All DSP The status of Indicates whether
input format. description order MSB « instruction the DC bhit after the instruction
of operation LSB s execute  theinstruction  applies to the
in 1 cycle is executed SH-1, SH-2, or
SH-DSP.

Format:
[if cc] OP.Sz SRC1,SRC2,DEST

[if cc]: Condition (unconditional, DCT, or DCF)
OF: Operation code

Sz Size

SRC1: Source 1 operand

SRC2: Source 2 operand

DEST: Destination
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Table6.5 Operation Summary

Operation Description

S, e Direction of transfer
(xx) Memory operand

DC Flag bits in the DSR

& Logical AND of each bit

[ Logical OR of each bit

N Exclusive OR of each bit

~ Logical NOT of each bit

<<n, >>n n-bit shift

MSW Most significant word (bits 16-31)
LSW Least significant word (bits 0-15)
[n1:n2] Bits n1 to n2

Instruction Code: Shows the source register and destination register.

X Data Transfer Instructions:

A(AX): 0=R4, 1=R5
D(destination, Dx): 0=X0, 1=X1
D (source, Da): 0=A0, 1=A1

Y Data Transfer Instructions:
A(Ay): 0=R6, 1=R7
D(destination, Dy): 0=Y0, 1=Y1
D (source, Da): 0=A0, 1=A1

Single Data Transfer Instructions:

AA(A9): 0=R4, 1=R5, 2=R2, 3=R3

DDDD(Ds): 5=A1, 7=A0, 8=X0, 9=X1, A=Y0, B=Y 1, C=M0, D=A1G, E=M1

F=A0G
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DSP Operation Instructions:

ee(Se): 0=X0, 1=X1, 2=Y0, 3=A1

ff(Sf): 0=Y0, 1=Y1, 2=X0, 3=A1

xx(Sx): 0=X0, 1=X1, 2=A0, 3=A1

yy(Sy): 0=Y0, 1=Y1, 2=M0, 3=M1

g9(Dg): 0=MO0, 1=M1, 2=A0, 3=A1

uu(Du): 0=X0, 1=Y0, 2=A0, 3=A1

zz22(Dz): 5=A1, 7=A0, 8=X0, 9=X1, A=Y0, B=Y1, C=M0, E=M1

DC Bit:

Update: Updated according to the operation result and the specifications of the CS (condition
select) bits.
—: Not updated.

Description: Description of operation
Notes: Notes on using the instruction
Operation: Operation written in C language.

Examples: Examples are written in assembler mnemonics and describe status before and after
executing the instruction.
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6.2.4 MOVS (Move Single Data between Memory and DSP Register): DSP Data
Transfer Instruction
Applicable
Instructions
DC SH-

Format Abstract Code Cycle Bit SH-1 SH-2 DSP
MOVS. W As—2 - As,(As) - MSW of 111101AADDDDO000 1 - - — O
@ As, Ds Ds,0 - LSW of Ds
MOVS. W (As) - MSW of Ds,0-LSW of  111101AADDDD0100 1 - - — O
@s, Ds Ds
MOVS. W (As) - MSW of Ds,0-LSW of ~ 111101AADDDD1000 1 - - — O
@\s+, Ds Ds, As+2 - As
MOVS. W (As) - MSW of Ds,0-LSW of  111101AADDDD1100 1 - - — O
@\s+1 x, Ds Ds, As+Ix - As
MOVS. W As-2 - As,MSW of Ds - (As) 111101AADDDDO001 1 —_ — — O
Ds, @ As
MOVS. W MSW of Ds - (As) 111101AADDDD0101 1 — — — O
Ds, @\s
MOVS. W MSW of Ds - (As),As+2 - As 111101AADDDD1001 1 —_ — — O
Ds, @As+
MOVS. W MSW of Ds - (As),As+Ix - As 111101AADDDD1101 1 —_ — — O
Ds, @As+ x
MOVS. L As—4 - As,(As) - Ds 111101AADDDD0010 1 - - — O
@ As, Ds
MOVS. L (As)-Ds 111101AADDDD0110 1 - - — O
@s, Ds
MOVS. L (As) - Ds,As+4 - As 111101AADDDD1010 1 - - — O
@\s+, Ds
MOVS. L (As) - Ds,As+Ix - As 111101AADDDD1110 1 - - — O
@\s+l x, Ds
MWVS. L Ds, @ As—4 - As,Ds - (As) 111101AADDDD0011 1 —_ —_ — O
As
MOVS. L Ds - (As) 111101AADDDD0111 1 — — — O
Ds, @\s
MOVS. L Ds - (As),As+4 - As 111101AADDDD1011 1 —_ —_ — O
Ds, @As+
MOVS. L Ds - (As),As+Ix - As 111101AADDDD1111 1 —_ —_ — O
Ds, @\s+I x

Description: Transfers the source operand data to the destination. Transfer can be from memory

to register or register to memory. The transferred data can be aword or longword. When aword is
transferred, the source operand isin memory, and the destination operand is a register, the word
dataisloaded to the top word of the register and the bottom word is cleared with zeros. When the
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source operand is aregister and the destination operand is memory, the top word of the register is
stored as the word data . In alongword transfer, the longword data is transferred. When the
destination operand is aregister with guard bits, the sign is extended and stored in the guard bits.

Note: When one of the guard bit registers AOG and A1G is the source operand for store
processing, the datais output to the bottom 8 bits (bits 0—7) and the top 24 bits (bits 31-8)
become undefined.

Operation: Seefigure 6.17.

Word data transfer

Memory to register Register to memory
31 o =20 31 0 2,0,

| As O +2, +Ix | As @ +2, +Ix

A 4 v
[ Any memory area |POStupdate [~ any memory area | POSt update

IDB[15:0] ]
Sign extension v Cleared !
|<—| S| Ds All0 | | | Ds Ignored |
31 16 15 0 31 16 15 0
Longword data transfer
Memory to register Register to memory
31 o 40, 31 0 —4,0,

| As @ +4, +Ix | As @ +4, +Ix

A 4 \4
[ Any memory area |POstupdate [~ any memory area | POSt update
3

IDB[31:0]
Sign extension v !
s Ds | L Ds |
31 0 31 0
IDB: Main bus

Figure6.17 TheMOVSInstruction
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Examples:

MOVS. W @4+, AO ; Before execution: R4=H'00000400, @R4=H'8765,
A0=H"123456789A

; After execution:  R4=H'00000402, AO=H'FF87650000
MWVS. L Al, @R3 ; Beforeexecution: R3=H'00000800, A1=H"123456789A
; After execution:  R3=H'000007FC, @(H'000007FC)=H'3456789A

6.2.5 MOVX (Move between X Memory and DSP Register): DSP Data Transfer

Instruction
Applicable
Instructions
DC SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
MOVX. W @x, Dx (AX) - MSW of Dx, 111100A*D*0*01** 1 - = — O
0-LSW of Dx
MOVX. W @\x+, Dx  (AX) - MSW of Dx, 111100A*D*0*10** 1 — - — O
0- LSW of Dx,Ax+2 - AX
MOVX. W (AX) - MSW of Dx, 111100A*D*0*11** 1 — - — O
@+l x, Dx 0- LSW of Dx,Ax+Ix - Ax
MOVX. W Da, @\x MSW of Da - (Ax) 111100A*D*1*01** 1 —_  — — O
MOVX. W Da, @x+ MSW of Da- (AXx), 111100A*D*1*10** 1 — - — O
Ax+2 - AX
MOVX. W MSW of Da - (AX), 111100A*D*1*11** 1 —_  — — O
Da, @\ +1 x AX+IX - AX

Note: "*" of the instruction code is MOVY instruction designation area.

Description: Transfers the source operand data to the destination operand. Transfer can be from
memory to register or register to memory. The transferred data can only be word length for X
memory. When the source operand isin memory, and the destination operand is a register, the
word datais loaded to the top word of the register and the bottom word is cleared with zeros.
When the source operand is aregister and the destination operand is memory, the word datais
stored in the top word of the register.
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Operation: Seefigure 6.18.

Memory to register Register to memory
31 0 o 42 31 0 o 42
| AX @ Wy | AX @ i
v v
| X memory |Post update | X memory | Post update
XDB[15:0] 4
v Cleared '
| S : Dx | AllO | | | Da Ignored |
31 16 15 0 31 16 15 0

Figure6.18 The MOVX Instruction

Examples:

MOVX. W@4+, X0  ; Before execution: R4=H'08010000, @R4=H'5555, X0=H'12345678
; After execution: R4=H'08010002, X0=H'55550000

6.2.6 MOVY (Movebetween Y Memory and DSP Register): DSP Data Transfer

Instruction
Applicable
Instructions
DC SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
MOVY. W (Ay) - MSW of Dy,0 - LSW of 111100*A*D*0**01 1 - = — O
@y, Dy Dy
MOVY. W (Ay) - MSW of Dy,0 - LSW of 111100*A*D*0**10 1 —  — — O
@y+, Dy Dy, Ay+2 - Ay
MOVY. W (Ay) - MSW of Dy,0 - LSW of 111100*A*D*0**11 1 —_ = — O
@y+ly, Dy Dy, Ay+ly-Ay
MOVY. W MSW of Da - (Ay) 111100*A*D*1**01 1 —_ = — O
Da, @y
MOVY. W MSW of Da - (Ay),Ay+2 - Ay 111100*A*D*1**10 1 —_ = — O
Da, @+
MOVY. W MSW of Da - (Ay),Ay+ly - Ay 111100*A*DF1**11 1 —_ = — O
Da, @y+ly

Note: "*" of the instruction code is MOVX instruction designation area.
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Description: Transfers the source operand data to the destination operand. Transfer can be from
memory to register or register to memory. The transferred data can only be word length for Y
memory. When the source operand isin memory, and the destination operand is a register, the
word datais |oaded to the top word of the register and the bottom word is cleared with zeros.
When the source operand is aregister and the destination operand is memory, the word datais
stored in the top word of the register.

Operation:

Seefigure 6.19.

Memory to register Register to memory
31 0 31 0

0, +2, 0, +2,
| Ay \D +ly | Ay \D +ly

A 4 A4
| Y memory |Post update | Y memory | Post update

YDB[15:0]

v Cleared
[si by | Ao | | | pa [ignored|
31 16 15 0 31 1615 0

Figure6.19 TheMOVY Instruction
Examples:

MOVY. W A0, @R6+, RO ; Before execution: R6=H'08020000, R9=H'00000006,
AO0=H"123456789A

; After execution:  R6=H'08020006, @(H'08020000)=H'3456
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6.2.7 NOPX (No Access Operation for X Memory): DSP Data Transfer Instruction

Applicable

Instructions

DC SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
NOPX No Operation 1111000*0*0*00** 1 - - — O

Description: No access operation for X memory.

6.2.8 NOPY (No Access Operation for Y Memory): DSP Data Transfer Instruction

Applicable

Instructions

DC SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
NOPY No Operation 111100*0*0*0**00 1 — - — O

Description: No access operation for Y memory.

Rev. 5.00 Jun 30, 2004 page 282 of 512
REJ09B0171-05000

RRENESAS



Section 6 Instruction Descriptions

6.3 DSP Operation Instructions

The DSP operation instructions are listed below in alphabetical order. See section 6.2.3, Sample
Descriptions (Name): Classification, for an explanation of the format and symbols used in this
description.

Table6.6 Alphabetical Listing of DSP Operation I nstructions

Applicable
Instructions
SH-
Instruction Operation Code Cycles DCBit SH-1 SH-2 DSP
PABS Sx, Dz  If Sx=0, Sx-Dz 111270***x*xkkxx 7 Update — — O
If Sx<0, 0-Sx - Dz 10001000xx00zzzz
PABS Sy, Dz If Sy=0, Sy-Dz 111270**xxkkkskxx 7 Update — — O
If Sy<0, 0-Sy - Dz 1010100000yyzzzz
PADD Sx + Sy- Dz 1121270*****xkkxx 7 Update — — O
Sx, Sy, Dz 10110001xxyyzzzz
DCT PADD If DC =1, Sx + Sy Dz; 1121270***xkkkskxx 7 — — — O
Sx, Sy, bz if 0, nop 10110010xxyyzzzz
DCF PADD If DC = 0, SX + Sy-Dz; 111270***xkkkskxx 7 — — — O
Sx, Sy, Dz if 1, nop 10110011xxyyzzzz
PADD Sx + Sy - Du; 111220*****xxxkk ] Update* — — O
Sx, Sy, Du
PMULS MSW of Se x MSW of Sf-Dg 0111eeff xxyygguu
Se, Sf, Dg
PADDC Sx+Sy+DC-Dz 111270***x*xkkxx 7 Update — — O
Sx, Sy, Dz 10110000xxyyzzzz
PAND Sx & Sy - Dz; clear LSW of Dz 111110*******xxx ] Update — — O
Sx, Sy, Dz 10010101xxyyzzzz
DCT PAND IfDC=1,SX & SY Dz, clear 111110*********x 1 — — — O
Sx, Sy, Dz LSW of Dz; if 0, nop 10010110xxyyzzzz
DCF PAND IfDC =0, SX & SY Dz, clear 111110*********x 1 — — — O
Sx, Sy, Dz LSW of Dz; if 1, nop 10010111xxyyzzzz
PCLR Dz H'00000000 - Dz 111110*****kkknx ] Update — — O
100011010000zzzz
DCT PCLR Dz If DC =1, H'00000000 —Dz; 111110Q********** 7 — — — O
if 0, nop 1000111000002227
DCF PCLR Dz If DC =0, H'00000000 - Dz; 1121270***x*xkkxx 7 — — — O
if 1, nop 1000111100002227
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Applicable
Instructions
SH-
Instruction Operation Code Cycles DCBit SH-1 SH-2 DSP
PCWP Sx, Sy Sx-Sy 111170******xkkx 7 Update — — O
10000100xxyy0000
PCOPY Sx, Dz Sx-Dz 111220*****kxxksk 7 Update — — O
11011001xx00zzzz
PCOPY Sy, Dz Sy-Dz 111220*****rxxkk ] Update — — O
1111100100yyzzzz
DCT PCOPY If DC =1, Sx-Dz; if 0, nop 111170******xkkx 7 — — — O
Sx, D 11011010xx002222
DCT PCOPY If DC =1, Sy Dz; if 0, nop 111220*****rxxkk ] — — — O
Sy, bz 1111101000yyzz77
DCF PCOPY If DC =0, Sx-Dz; if 1, nop 111220*****rxxkk ] — — — O
Sx, bz 11011011xx002zzz
DCF PCOPY If DC =0, Sy-Dz; if 1, nop 111170******xkkx 7 — — — O
Sy, bz 1111101100yyzzzz
PDEC Sx, Dz MSW of Sx—1 - MSW of Dz, 111170******xkkx 7 Update — — O
clear LSW of Dz 10001001xx002222
PDEC Sy, Dz  MSW of Sy-1- MSW of Dz, 111220*****xxxksk ] Update — — O
clear LSW of Dz 10101001xx00222z
DCT PDEC If DC =1, MSW of Sx-1 - 111220*****xxxkk ] — — — O
Sx, Dz MSVVosz,dearLSVVosz; 10001010xx0022z22
if 0, nop
DCT PDEC If DC =1, MSW of Sy-1- 111170******xkkx 7 — — — O
Sy, Dz MSVVosz,dearLSM/osz; 10101010xx002222
if 0, nop
DCF PDEC If DC =0, MSW of Sx-1 - 111110***xkkxskkx 7 — — — O
Sx, Dz MSVVosz,dearLSM/osz; 10001011xx002222
if 1, nop
DCF PDEC If DC =0, MSW of Sy-1- 111170***xkkxskkx 7 — — — O
Sy, Dz MSVVosz,dearLSVVosz; 10101011xx0022z2z2
if 1, nop
PDVSB Sx, Dz Sx data MSB position - MSW 111110*********x 7] Update — —
of Dz, clear LSW of Dz 10011101xx0022z2z2
PDVSB Sy, Dz Sy data MSB position - MSW 111110*********x 7] Update — —

of Dz, clear LSW of Dz

1011110100yyzzzz
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Applicable
Instructions
SH-

Instruction Operation Code Cycles DCBit SH-1 SH-2 DSP
DCT PDVSB If DC =1, Sx data MSB 111170******xkkx 7 — — — O
Sx, Dz position - MSW Qf Dz, 10011110xx002222

clear LSW of Dz; if 0, nop
DCT PD\VSB If DC = 1, Sy data MSB 111110*****xrkxx ] — — — O
Sy, Dz position - MSW Qf Dz, 1011111000yyzz77

clear LSW of Dz; if 0, nop
DCF PDIVSB If DC = 0, Sx data MSB 111110****xxrkxx ] — — — O
Sx, Dz position -— MSW of Dz, 10011111xx002222

clear LSW of Dz; if 1, nop
DCF PDVSB If DC =0, Sy data MSB 111170******xkkx 7 — — — O
Sy, Dz position -~ MSW of Dz, 1011111100yyzzz2

clear LSW of Dz; if 1, nop
PINC Sx,Dz  MSW of Sx+ 1 MSW of Dz, 111110*****=**%xx 7] Update — —

clear LSW of Dz 10011001xx002z2z
PINC Sy,Dz  MSW of Sy + 1» MSW of Dz, 111110*****=**%xx 7] Update — —

clear LSW of Dz 1011100100yyzz22
DCT PI NC IfDC =1, MSW of Sx + 1~ 111170******xkkx 7 — — —
Sx, Dz il}/lgvxoo; Dz, clear LSW of Dz; 10011010xx0022z2z2
DCT PI NC IfDC=1, MSW of Sy + 1~ 111170******xkkx 7 — — — O
Sy, Dz :}Agvxoog Dz, clear LSW of Dz; 1011101000yyzz22
DCF PI NC If DC =0, MSW of Sx + 1 111110* ****xrkxr ] — — — O
Sx, Dz il}/lfvxoo; Dz, clear LSW of Dz; 10011011xx0022z22
DCF PI NC IfDC =0, MSW of Sy + 1 111110* ****xrknr ] — — — O
Sy, Dz _l}/lfvxoo; Dz, clear LSW of Dz; 1011101100yyzz27

imi,
PLDS Dz . MACH 117220*****xxxkk 7 — — —_ O
Dz, MACH 1110110100002222
PLDS Dz - MACL 111110***xkkxskkx 7 — — — O
Dz, MAGL 1111110100002227
DCT PLDS If DC =1, Dz MACH; 111110***xkkxskkx 7 — — — O
Dz, MACH if 0, nop 1110111000002227
DCT PLDS If DC =1, Dz MACL; 117220*****xxxkk 7 — — —_ O
Dz, MACL if 0, nop 1111111000002222
DCF PLDS If DC = 0, Dz -~ MACH,; 117220*****xxxkk 7 — — — O
Dz, MACH if 1, nop 1110111100002222
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Applicable
Instructions
SH-
Instruction Operation Code Cycles DCBit SH-1 SH-2 DSP

DCF PLDS If DC = 0, Dz~ MACL; 111170******xkkx 7 — — — O
Dz, MACL if 1, nop 1111111100002227

PMULS MSW of Se x MSW of Sf-Dg  111110********** 7] — — — O
Se, Sf, Dg 0100eef f 0000gg00

PNEG Sx,Dz 0-Sx - Dz 111220*****rxxkk ] Update — — O
11001001xx00zzzz

PNEG Sy, Dz 0-Sy - Dz; 111200*****rxxkk ] Update — — O
1110100100yyzzzz

DCT PNEG If DC =1, 0—-Sx-Dz; 111170******xkkx 7 — — — O
Sx, Dz if 0, nop 11001010xx002272

DCT PNEG IfDC=1,0-Sy-Dz 111170******xkkx 7 — — — O
Sy, bz if 0, nop 1110101000yyzz77

DCF PNEG If DC =0, 0 — Sx-Dz; 111220*****rxxksk ] — — — O
Sx, bz if 1, nop 11001011xx002227

DCF PNEG IfDC=0,0-Sy-Dz; 111170******xkkx 7 — — — O
Sy, bz if 1, nop 1110101100yyzzzz

POR Sx | Sy-Dz, clear LSW of Dz =~ 11111Q********xx ] Update — — O
Sx, Sy, Dz 10110101xxyyzzzz

DCT POR If DC =1, Sx|Sy - Dz, 111220*****xxxkk ] — — — O
Sx, Sy, Dz clear LSW of Dz; if 0, nop 10110110xxyyzz22

DCF POR If DC =0, Sx|Sy - Dz, 111220*****xxxksk ] — — — O
Sx, Sy, Dz clear LSW of Dz; if 1, nop 10110111xxyyzz22

PRND Sx, Dz Sx + H'00008000 - Dz, 117220*****xxxkk 7 Update — —_ O
clear LSW of Dz 10011000xx00zzzz

PRND Sy, Dz Sy + H'00008000 - Dz, 111170***xkkxskkx 7 Update — — O
clear LSW of Dz 1011100000yyzzzz

PSHA If Sy=0, Sx<<Sy - Dz; 111110% ***xxxxxsx ] Updae — — O
Sx, Sy, Dz if Sy<0, Sx>>Sy - Dz 10010001xxyyzzzz

DCT PSHA If DC = 1 & Sy=0, SX<<Sy - Dz; 111110**********x 7] — — — O
Sx, Sy, Dz if DC = 1 & Sy<0, Sx>>Sy - Dz; 10010010xxyyz222

if DC = 0, nop
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Applicable
Instructions
SH-

Instruction Operation Code Cycles DCBit SH-1 SH-2 DSP
DCF PSHA If DC = 0 & Sy=0, SXx<<Sy - Dz; 111110Q**********x 7] — — — O
Sx, Sy, Dz :I Bg Z (1> 8;53/<0, Sx>>Sy - Dz; 10010011xxyyzzzz
PSHA If imm=0, Dz<<imm - Dz; 111210****x*kkxx 1 Update — —
#i mm Dz if imm<0, Dz>>imm - Dz 00000iiiiiiizzzz
PSHL If Sy=0, Sx<<Sy - Dz, 111210****x*kkxx 1 Update — —
Sx, Sy, Dz clear LSW of Dz; if Sy<0, 10000001xxyyzz22

Sx>>Sy - Dz, clear LSW of Dz
DCT PSHL If DC=1 & Sy=0, SX<<Sy — Dz, 111110Q********** 7] — — — O
Sx, Sy, Dz glear LSW of Dz; 10000010xxyyzz27

if DC=1 & Sy<0, Sx>>Sy - Dz,

clear LSW of Dz; if DC=0, nop
DCF PSHL If DC=0 & Sy=0, SX<<Sy — Dz, 111110*******x=xx* ] — — — O
Sx, Sy, Dz clear LSW of Dz; if DC=0 & 10000011xxyyz222

Sy<0, Sx>>Sy - Dz, clear LSW

of Dz; if DC=1, nop
PSHL If imm=0, Dz<<imm - Dz, clear 111110********** 7] Update — — O
#i mm Dz LSW of Dz; if imm<0, Dz>>imm 00010iiiiiiizzzz

- Dz, clear LSW of Dz
PSTS MACH - Dz 111210******kkxx 1 — — — O
MACH, Dz 1100110100002227
PSTS MACL - Dz 1112110******xkxx ] — — — O
MACL, Dz 1101110100002222
DCT PSTS If DC=1, MACH - Dz;if 0, nop 111110**********x 7] — — — O
MACH, Dz 1100111000002222
DCT PSTS If DC=1, MACL - Dz;if 0, nop 111110*******x=xx* ] — — — O
MACL, Dz 110111100000z222
DCF PSTS If DC = 0, MACH - Dz; 111110*****kxkxx 7 — — — O
MACH, Dz if 1, nop 1100111100002227
DCF PSTS If DC = 0, MACL - Dz; 111110****kxxskkx 7 — — — O
MACL, Dz if 1, nop 1100111100002277
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Applicable
Instructions
SH-

Instruction Operation Code Cycles DCBit SH-1 SH-2 DSP
PSUB Sx-Sy - Dz 1121270*****xkkxx 7 Update — — O
Sx, Sy, bz 10100001xxyyzzzz
DCT PSUB If DC =1, Sx— Sy-Dz; 1121270***xkkkskxx 7 — — — O
Sx, Sy, bz if 0, nop 10100010xxyyzzzz
DCF PSUB If DC =0, Sx — Sy - Dz, 1121270***xxkkskxx 7 — — — O
Sx, Sy, bz if 1, nop 10100011xxyyzzzz
PSUB Sx — Sy - Du; 111270***x*xkkxx 7 Update — — O
Sx, Sy, Du MSW of Se x MSW of Sf- Dg 0110eef f xxyygguu
PMULS
Se, Sf, Dg
PSUBC Sx-Sy-DC - Dz 1121270*****xkkxx 7 Update — — O
Sx, Sy, bz 10100000xxyyzzzz
PXOR Sx " Sy-Dz, clear LSW of Dz = 111110*********x 1 Update — — O
Sx, Sy, Dz 10100101xxyyzzzz
DCT PXOR IfDC =1, Sx"Sy-Dz, 1121270***xxkkskxx 7 — — — O
Sx, Sy, Dz clear LSW of Dz; if 0, nop 10100110xxyyz222
DCF PXOR If DC =0, Sx* Sy- Dz, 1121270***x*xkkxx 7 — — — O
Sx, Sy, Dz clear LSW of Dz; if 1, nop 10100111xxyyzz22
Note: * Updated based on the PADD operation results

DSP instructions are explained using the same form as for CPU instructions. However, in the

description of operation using C, usage of the following DSP resources is presupposed:

1. DSP Register Definitions

The DSP register names are defined based on the union named DSP_Register Set noted below.
This union is composed of 11 longwords; each of these longwords corresponds to one of the 11
DSP registers (A0, A1, MO, M1, X0, X1, YO, Y1, AGO, AG1, DSR).

/* Definition of Union DSP_Register_Set */

uni on {

unsigned long int uli[11];

unsi gned short int usi[22];
struct {
struct {
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unsi gned short int usi[2];
} ee[11];
} dd;
struct {
struct {
uni on {
unsigned long int uli
unsi gned short int usi[2];
struct {
unsi gned msb: 1;

unsi gned : 23;
unsi gned g_nsb: 1;
unsi gned : 7
} bb;
struct {
unsi gned : 24;
unsi gned | sh8: 8
} cc;
} mm
} a0, a1, nO, ml, x0, x1, yO0, y1, a0Og, alg
uni on {

unsigned long int uli
struct {
unsi gned Reserved: 24
unsigned gz: 1; /* Signed greater than */
unsigned z: 1; /* Zero value */
unsigned n: 1; /* Negative value */
1; /* Overflow */
unsigned cs: 3; /* Condition Selection */
1, /* dsp condition bit */

unsi gned v:

unsi gned dc:
}oa
} dsr;
} nane;
struct {
unsi gned short int a[2][2];
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unsi gned short int nf2][2];
unsi gned short int x[2][2];
unsi gned short int y[2][2];
unsi gned short int ag[2][2];
unsi gned short int dsr[2];
} word;
} DSP_Regi ster_Set;

The DSP register names are defined as follows, using the union DSP_Register_Set noted above.

/* Definition of DSP Regi ster nanes */

#def i ne MACL DSP_Regi st er _Set . nanme. a0. nm ul i
#define AO DSP_Regi st er _Set. nane. a0. nm ul i
#define AO_HW DSP_Regi ster_Set. nane. a0. nm usi [ 0]
#define AO_LW DSP_Regi ster_Set.nane.a0. nm usi[1]
#define AO_VSB DSP_Regi ster_Set. nane. a0. mm bb. nsb
#defi ne MACH DSP_Regi st er _Set . nanme. al. nm ul i
#define Al DSP_Regi ster_Set. nane.al. nmul i
#define AL_HW DSP_Regi ster_Set.nane. al. nm usi[0]
#define AL_LW DSP_Register_Set.nane.al. nmmusi[1]
#define A1_NMSB DSP_Regi ster_Set. nane. al. nm bb. nsb
#define M DSP_Regi st er _Set . name. nD. nm ul i
#define MD_HW DSP_Regi st er_Set. nane. mD. nm usi [ 0]
#define MO_LW DSP_Regi ster_Set.nane. nD. mm usi [ 1]
#define MD_MSB DSP_Regi st er _Set. nane. nD. mm bb. nsb
#define ML DSP_Regi ster_Set. nane. mL. nm ul i
#define ML_HW DSP_Regi ster_Set. nane. mL. mm usi [ 0]
#define ML_LW DSP_Regi ster_Set. nane. niL. mm usi [ 1]
#define ML_VMSB DSP_Regi ster_Set. nane. mL. mm bb. nsb
#define X0 DSP_Regi st er _Set . name. x0. nm ul i
#define X0O_HW DSP_Regi st er_Set. nane. x0. nm usi [ 0]
#define XO_LW DSP_Regi ster_Set.nane. x0. mm usi [ 1]
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#def i

#def i
#def i
#def i
#def i

#def i
#def i
#def i
#def i

#def i
#def i
#def i
#def i

#def i
#def i
#def i
#def i
#def i

#def i
#def i
#def i
#def i
#def i

#def i

ne

ne
ne
ne
ne

ne
ne
ne
ne

ne
ne
ne
ne

ne
ne
ne
ne
ne

ne
ne
ne
ne

ne

ne

X0_MSB DSP_Regi ster_Set. nane. x0. mm bb. nsb
X1 DSP_Regi ster _Set. nane. x1. nm ul i
X1_HW DSP_Regi ster_Set.nane. x1. mm usi [ 0]
X1 LW DSP_Regi ster_Set.nane. x1. mm usi[1]
X1_MSB DSP_Regi ster_Set. nane. x1. mm bb. nmsb
YO DSP_Regi st er _Set. nanme. y0. nm ul i
YO_HW DSP_Regi ster_Set. nane. y0. nm usi [ 0]
YO_LW DSP_Regi ster_Set.nane.y0. mm usi [ 1]
YO_MSB DSP_Regi ster_Set. nane. y0. mm bb. nsb
Y1 DSP_Regi ster_Set. nane.yl. nmul i

Y1 _HW DSP_Regi ster_Set.nane.yl. mm usi[0]
Y1_LW DSP_Register_Set.nane.yl. nmusi[1]
Y1_MSB DSP_Regi ster_Set.nane.yl. mm bb. msb
AOG DSP_Regi st er _Set . nanme. a0g. mm ul i

AOG HW DSP_Regi st er_Set. nanme. a0g. nm usi [ 0]
AOG LW DSP_Regi st er_Set. nanme. a0g. mm usi [ 1]
AOG LSB8 DSP_Regi ster_Set. nane. alg. nm cc. | sh8
AOG MSB DSP_Regi st er_Set. nanme. a0g. mm bb. g_nsb

AlG DSP_Regi st er _Set . nanme. alg. mm ul i

ALlG HW DSP_Regi ster_Set. nanme. alg. nm usi [ 0]
AlG LW DSP_Regi ster_Set. name. alg. mm usi [ 1]
AlG LSB8 DSP_Regi ster_Set.nane. alg. nmcc. | sh8
AlG MSB DSP_Regi ster_Set. nane. alg. nm bb. g_nsb

DSR DSP_Regi st er_Set . nane. dsr. ul i

Additionally, the individual bits of the DSR register are defined in the same manner, using the
union DSP_Register_Set, as follows:

#defi ne DSPGTBI T DSP_Regi ster_Set. nane. dsr. a. gt
#define DSPZBI T DSP_Regi ster_Set . nane. dsr.a. z
#define DSPNBIT  DSP_Regi ster_Set.nane.dsr.a.n

Rev. 5.00 Jun 30, 2004 page 291 of 512

RRENESAS

REJ09B0171-05000



Section 6 Instruction Descriptions

#define DSPVBI T

DSP_Regi ster_Set. nane. dsr.a.v

#def i ne DSPCSBI TS DSP_Regi st er _Set. nane. dsr. a.cs
#defi ne DSPDCBI T DSP_Regi ster_Set. nane. dsr. a. dc

2. ALU Input/Output and Variables Representing Oper ation Results

The ALU input/output is defined based on the union named DSP_ALU_Set noted below. This
union is composed of six longwords. Three of these longwords correspond to two inputs and one
output (srcl, src2, dst). The remaining three longwords are used as guard bits for these two inputs

and one output (srclg, src2g, dstg).

/* Definition of Union DSP_ALU Set
uni on {

unsi gned | ong int uli[6];
unsi gned short int usi[12];
struct {

struct {

unsi gned nsbh: 1;
unsi gned: 31;

} srcl, src2, dst;
struct {
uni on {
unsi gned | ong int
struct {
unsi gned: 24;
unsigned bit7: 1;
unsi gned: 7;
}oa
struct {
unsi gned: 24;
unsi gned | sb8: 8;
} b
o
} srclg, src2g, dstg;
}on

} DSP_ALU Set;

uli;
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The ALU input/output names are defined as follows, using the union DSP_ALU_Set noted above.

/* Definition of ALU input/output

#def i
#def i
#def i

#def i
#def i
#def i

#def i
#def i
#def i

#def i
#def i
#def i

#def i
#def i
#def i

#def i
#def i
#def i

ne
ne
ne

ne
ne
ne

ne
ne
ne

ne
ne
ne

ne
ne
ne

ne
ne

ne

DSP_ALU_SRC1
DSP_ALU_SRC2

DSP_ALU DST

DSP_ALU SRC1G
DSP_ALU_SRC2G
DSP_ALU DSTG

DSP_ALU SRC1_HWDSP_ALU Set .
DSP_ALU SRC2_HWDSP_ALU_Set .
DSP_ALU DST_HW DSP_ALU Set .

DSP_ALU_Set
DSP_ALU_Set

DSP_ALU Set .

DSP_ALU_ Set

DSP_ALU_Set .
DSP_ALU_Set .

uli[o]
uli[1]
uli[2]

uli[3]
ul'i [ 4]
ul'i[5]

usi [ 0]
usi [ 2]
usi [ 4]

in DSP operation instructions */

DSP_ALU SRC1_MsB DSP_ALU Set.n.srcl. nsb
DSP_ALU SRC2_MSB DSP_ALU Set.n.src2. nsh
DSP_ALU DST_MSB DSP_ALU Set. n. dst. msb

DSP_ALU SRC1G BI T7
DSP_ALU SRC2G BI T7
DSP_ALU DSTG BI T7

DSP_ALU SRC1G LSB8
DSP_ALU SRC2G LSBS

DSP_ALU Set. n.
DSP_ALU Set. n.
DSP_ALU Set. n.

DSP_ALU Set. n.
DSP_ALU Set. n.

DSP_ALU DSTG LSB8 DSP_ALU Set.n.

srclg.u.a. bit?
src2g.u.a.bit?7
dstg.u.a.bit?7

srclg. u.b.1sb8
src2g. u. b.1sb8
dstg. u.b.lsb8

Additionally, the variables representing operation results are defined as follows, using the
definitions noted above. These variables are used to calculate the DSR register’s DC bit within the
description of operation of each instruction.

/* Definition of variables representing DSP operation results */

#define PLUS OP_G OV ((~DSP_ALU SRCLG BI T7 && ~DSP_ALU SRC2G BI T7 &&
DSP_ALU DSTG BI T7)

~DSP_ALU_DSTG BI T7))

(DSP_ALU_SRC1G BI T7 && DSP_ALU SRC2G BI T7 &&
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#define M NUS_OP_G OV ((~DSP_ALU SRCIG BI T7 && DSP_ALU SRC2G BI T7 &&
DSP_ALU DSTG BI T7) || (DSP_ALU SRCIG BI T7 &8 ~DSP_ALU SRC2G BI T7 &&
~DSP_ALU_DSTG BI T7))

#define POS_NOT_OV ((DSP_ALU DSTG LSB8==0x00) &&
(DSP_ALU_DST_MBB==0x0) )

#defi ne NEG NOT_OV ((DSP_ALU DSTG LSB8==0xff) &&
(DSP_ALU_DST_MSB==0x1))

3. Multiplier Input/Output

The multiplier input/output is defined based on the union named DSP_MUL_Set noted bel ow.
Thisunion is composed of four longwords. One longword each is allocated for the two inputs, but
only the upper 16 bits of both of these (usi [0], usi [2]) are used. Two longwords including guard
bit usage (dst, dstg) correspond to the outputs.

/* Definition of Union DSP_MJL_Set */
uni on {
unsi gned long int uli[4];
struct {
unsi gned short intusi[4];
struct {
unsi gned nsbh: 1;
unsi gned: 31;
} dst;
struct {
unsi gned: 24;
unsi gned | sb8: 8;
} dstg;
} aa;
} DSP_MJL_Set;

The multiplier input/output names are defined as follows, using the union DSP_MUL _Set noted
above.

/[* Definition of nmultiplier input/output in DSP operation instructions
*/

#define DSP_M SRC1 DSP_MJL_Set. aa. usi [ 0]
#define DSP_M SRC2 DSP_MJL_Set. aa. usi [ 2]
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#define DSP_M DST  DSP_MJL_Set. uli[2]

#define DSP_M DST_MSB DSP_MJL_Set. aa. dst. nsb
#def i ne DSP_M DSTG DSP_MJL_Set. uli[3]

#defi ne DSP_M DSTG LSB8 DSP_MJL_Set . aa. dstg. | sb8

4. Variables Used in the Operation Descriptions of other Instructions, etc.

The following variables are used when describing the operation of DSP operation instructions for
which the DCT, DCF conditions can be designated.

In the above definitions, EX_DCT and EX_DCF are variables that become true when the DCT,
DCEF conditions are designated in instructions. Refer to (1) DSP register definitions for
DSPDCBIT.

#defi ne DSP_UNCONDI TI ONAL_UPDATE (! EX _DCT && ! EX_DCF)

#defi ne DSP_CONDI TI ON_MATCH ( ( EX_DCT && DSPDCBIT) || (EX_DCF &&
| DSPDCBI T) )

#defi ne DSP_CONDI TI ON_NOT_MATCH ( (EX_DCT && ! DSPDCBI T) | | (EX_DCF &&
DSPDCBI T) )

In DSP arithmetic operations, saturation processing is performed when the SR register’s saturation
bitisa 1. This saturation bit is called SBIT when describing the operations.

Additionally, the following function is defined to be used in common, to simplify the notation
when describing operations:

/* Function used in conmmon in descriptions of DSP operation
i nstructions */

unsi gned char carry_bit, borrow bit, negative_bit, zero_bit,
overflow bit;

overfl ow protection()

{
if(SBIT & overflow bit) { /* Overflow Protection Enable & overfl ow
*/
i f(DSP_ALU _DSTG BI T7==0) { /* positive value */
i f ((DSP_ALU DSTG LSB8!=0x0) || (DSP_ALU DST_MSB!=0)) {
DSP_ALU DSTG= 0x0;
DSP_ALU DST = Ox7fffffff;
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}
el se { /* negative val ue */
i f((DSP_ALU DSTG LSB8!=0xff) || (DSP_ALU DST_MsB!=1)) ({
DSP_ALU _DSTG= Oxff;
DSP_ALU _DST = 0x80000000;
}
}
overflow bit = 0; /* No nore overflow when protected */
}

}

The six functions noted below are used for DSR register updating. The DC bit in the DSR register
is updated in accordance with the operation results of the DSP operation instructions and the
directions of the status selection bit (CS). The other bitsin the DSR register are updated in
accordance with the operation results of the DSP operation instructions only.

/* Function to unconditionally update the DC bit (DSPDCBIT) with the
borrow flag */

dc_al ways_borrow()

{
/* DC update policy: don't care the status of DSPCSBI TS */
DSPDCBI T = borrow bit;
DSPGTBI T = ~((negative_bit ~ overflow bit) | zero_bit);
DSPZBI T = zero_bit;
DSPNBI T = negative_bit;
DSPVBIT = overflow bit;

}

/* Function to unconditionally update the DC bit (DSPDCBIT) with the
carry flag */

dc_al ways_carry()

{
/* DC update policy: don't care the status of DSPCSBITS */
DSPDCBI T = carry_bit;
DSPGTBI T = ~((negative_bit ~ overflow bit) | zero_bit);

DSPZBI T = zero_bit;
DSPNBI T = negative_bit;
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DSPVBIT = overflow bit;
}

/* Function to update the DC bit (DSPDCBIT) upon a subtraction */
m nus_dc_bit()

{
switch (DSPCSBITS) {
case 0x0: /* Borrow Mde */
DSPDCBI T = borrow bit;
br eak;
case 0Ox1: /* Negative Val ue Mode */
DSPDCBI T = negative_bit;
br eak;
case 0x2: /* Zero Val ue Mode */
DSPDCBI T = zero_bit;
br eak;
case 0x3: /* Overflow Mde */
DSPDCBI T = overfl ow bit;
br eak;
case 0Ox4: /* Signed G eater Than Mde */
DSPDCBIT = ~((negative_bit ™ overflow bit) | zero_bit);
br eak;
case 0x5: /* Signed Greater Than or Equal Mode */
DSPDCBI T = ~(negative_bit ~ overflow bit);
br eak;
case 0x6: /* Reserved */
case 0Ox7: /* Reserved */
br eak;
}
DSPGTBIT = ~((negative_bit ~ overflow bit) | zero_bit);
DSPZBIT = zero_bit;
DSPNBI T = negative_bit;
DSPVBI T = overflow bit;
}

/* Function to update the DC bit (DSPDCBIT) upon an addition */
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pl us_dc_bit()
{
switch (DSPCSBITS) {

case 0x0: /* Carry Mde */
DSPDCBIT = carry_bit;
br eak;

case 0Ox1: /* Negative Val ue Mode */
DSPDCBI T = negative_bit;
br eak;

case 0x2: /* Zero Val ue Mode */
DSPDCBI T = zero_bit;
br eak;

case 0x3: /* Overflow Mde */
DSPDCBI T = overfl ow bit;
br eak;

case 0Ox4: /* Signed G eater Than Mde */
DSPDCBI T = ~((negative_bit ™~ overflow bit) | zero_bit);
br eak;

case 0x5: /* Signed Greater Than or Equal Mode */
DSPDCBI T = ~(negative_bit ~ overflow bit);
br eak;

case 0x6: /* Reserved */

case 0Ox7: /* Reserved */

br eak;
}
DSPGTBI T = ~((negative_bit ~ overflow bit) | zero_bit);
DSPZBIT = zero_bit;
DSPNBI T = negative_bit;
DSPVBIT = overflow bit;

}

/* Function to update the DC bit (DSPDCBIT) upon a |ogical operation */
| ogical _dc_bit()
{
switch (DSPCSBITS) {
case 0x0: /* Carry Mde */
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DSPDCBI T = 0;
br eak;

case 0Ox1: /* Negative Val ue Mode */
DSPDCBI T = negative_bit;
br eak;

case 0x2: /* Zero Val ue Mde */
DSPDCBI T = zero_bit;

br eak;
case 0x3: /* Overflow Mde */
DSPDCBI T = 0;
br eak;
case 0Ox4: /* Signed G eater Than Mde */
DSPDCBI T = 0;
br eak;
case 0x5: /* Signed Greater Than or Equal Mode */
DSPDCBI T = 0;
br eak;

case 0x6: /* Reserved */
case Ox7: /* Reserved */

br eak;
}

DSPGIBI T = 0;
DSPZBIT = zero_bit;
DSPNBI T = negative_bit;
DSPVBIT = 0;

}

shift_dc_bit()

{

switch (DSPCSBITS) {
case 0x0: /* Carry Mde */
DSPDCBIT = carry_bit;
br eak;
case 0Ox1: /* Negative Val ue Mdde */
DSPDCBI T = negative_bit;

br eak;
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case 0x2: /* Zero Val ue Mde */
DSPDCBI T = zero_bit;
br eak;

case 0x3: /* Overfl ow Mdde */
DSPDCBI T = overflow bit;

br eak;

case 0Ox4: /* Signed G eater Than Mdde */
DSPDCBI T = 0;
br eak;

case 0x5: /* Signed G eater Than or Equal Mde */
DSPDCBI T = 0;
br eak;

case 0x6: /* Reserved */

case Ox7: /* Reserved */

br eak;
}
DSPGIBI T = 0;
DSPZBIT = zero_bit;
DSPNBI T = negative_bit;

DSPVBI T = overflow bit;
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6.3.1 PABS (Absolute): DSP Arithmetic Operation Instruction

Applicable
Instructions
SH-
Format Abstract Code Cycle DCBit SH-1 SH-2 DSP
PABS Sx, Dz If Sx=0,Sx-Dz 111220%****xxxxk ] Update — — O
If Sx<0,0-Sx—~Dz 10001000xx00zzzz
PABS Sy, Dz If Sy=0,Sy-Dz 111220%****xxxxk ] Update — — O

If Sy<0,0-Sy-~Dz 1010100000yyzzzz

Description: Finds absolute values. When the Sx and Sy operands are positive, the contents of the
operands are stored to the Dz operand. If the value is negative, the amounts of the Sx and Sy
operand contents are subtracted from 0 and stored in the Dz operand.

The DC bit of the DSR register are updated according to the specifications of the CS bits. The N,
Z,V, and GT bhits of the DSR register are updated.

Operation:

/* Casel: PABS Sx, Dz */
/* Case2: PABS Sx, Dz */
{

unsi gned char carry_bit, negative_bit, zero_bit, overflow bit,
borrow_bit;

/* ALU Sources assignnment */
DSP_ALU SRC1 = 0
DSP_ALU _SRC1G = 0
if (Casel) { /* PABS Sx, Dz */
switch (xx) {/* Sx Operand selection bit (xx) */
case 0x0: DSP_ALU SRC2 = XoO;
if (DSP_ALU SRC2_MSB) DSP_ALU SRC2G = Oxff;
el se DSP_ALU SRC2G = 0xO0;
br eak;
case Ox1: DSP_ALU SRC2 = Xi;
if (DSP_ALU SRC2_MSB) DSP_ALU SRC2G = Oxff;
el se DSP_ALU SRC2G = 0x0;
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br eak;

case 0x2: DSP_ALU SRC2 = A0,
DSP_ALU_SRC2G = A0G
br eak;

case 0x3: DSP_ALU SRC2 = Al;
DSP_ALU SRC2G = A1G
br eak;

}

else { /* PABS Sy, Dz */

switch (yy) {
case 0x0: DSP_ALU SRC2 = YO0;

br eak;
case 0Ox1: DSP_ALU SRC2 = Y1,
br eak;
case 0x2: DSP_ALU SRC2 = M;
br eak;
case 0x3: DSP_ALU SRC2 = M,
br eak;
}
i f (DSP_ALU _SRC2_MSB) DSP_ALU SRC2G = 0xff;
el se DSP_ALU_SRC2G = 0xO0;
}
/* ALU Operation */
i f (DSP_ALU_SRC2G BI T7==0) { /* positive value */

DSP_ALU DST = 0x0 + DSP_ALU_SRC2;
carry_bit = 0;
DSP_ALU DSTG LSB8= 0x0 + DSP_ALU SRC2G LSB8 + carry_bit;

}
el se { /* negative value */

DSP_ALU DST = 0x0 - DSP_ALU SRC2;

borrow bit = 1;

DSP_ALU DSTG LSB8= 0x0 - DSP_ALU SRC2G LSB8 - borrow bit;
}
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overflow bit= PLUS_OP_G OV || !(POS_NOT_OV || NEG NOT_OV);

overflow protection();
/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */

case 0x5: Al = DSP_ALU DST;

AlG = DSP_ALU DSTG & 0x000000FF;

i f(DSP_ALU DSTG BI T7) Al1G = Al1G | OxFFFFFFOO;
br eak

case 0Ox7: A0 = DSP_ALU _DSTG

AOG = DSP_ALU DSTG & 0x000000FF;

i f (DSP_ALU DSTG BI T7) A0G = A0OG | OxFFFFFFOO;
br eak;

case 0x8: X0 = DSP_ALU DST;
br eak;

case 0x9: X1 = DSP_ALU DST;
br eak;

case Oxa: YO = DSP_ALU DST;
br eak;

case Oxb: Y1 = DSP_ALU _DST;
br eak;

case Oxc: M) = DSP_ALU _DST;
br eak;

case Oxe: ML = DSP_ALU DST;
br eak;

default: printf(“\nERROR Illegal DSP Instruction”); break;
}
negative _bit = DSP_ALU DST_BI T7;
zero_bit = (DSP_ALU DST==0) & (DSP_ALU DST_LSB8==0);
/* DSR register update */
i f (DSP_ALU_SRC2G BI T7==0) {

plus_dc_bit ();

}

else {

overflow bit= MNUS_ OP_G OV || !'(POS_NOT_OV || NEG NOT_QOV);
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m nus_dc_bit();
}
}

Examples:

PABS X0, MD NOPX NOPY ; Before execution:

; After execution:

PABS X1, X1 NOPX NOPY ; Beforeexecution:

; After execution:

X0=H'33333333, M0=H"12345678
X0=H'33333333, M0=H'33333333

X1=H'DDDDDDDD
X1=H'22222223

DC hit is updated depending on the state of CS[2:0].
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6.3.2 [if cc]PADD (Addition with Condition): DSP Arithmetic Operation I nstruction

Applicable
Instructions
SH-
Format Abstract Code Cycle DCBit SH-1 SH-2 DSP
PADD Sx+Sy - Dz 111220%****xxxxk ] Update — — O
Sx, Sy, Dz 10110001xxyyzzzz
DCT PADD if DC=1,Sx+Sy—-Dz 11111Q*******%** ] — — — O
Sx, Sy, Dz if O,nop 10110010xxyyzzzz
DCF PADD if DC=0,Sx+Sy—-Dz 11111Q*****=***** ] — — — O
Sx, Sy, Dz if 1,nop 10110011xxyyzzzz

Description: Adds the contents of the Sx and Sy operands and stores the result in the Dz operand.
When conditions are specified for DCT and DCF, the instruction is executed when those
conditions are TRUE. When they are FAL SE, the instruction is not executed.

When conditions are not specified, the DC hit of the DSR register is updated according to the
specifications for the CSbits. The N, Z, V, and GT bits of the DSR register are also updated. If
conditions are specified, the DC, N, Z, V, and GT bits are not updated even is the conditions were
true and the instruction was executed.

Operation:
/* PADD Sx, Sy, Dz */

{

unsi gned char carry_bit, negative_bit, zero_bit, overflow bit;
/* ALU Sources assignment */

switch (xx) { /* Sx Operand selection bit (xx) */

case 0x0: DSP_ALU SRC1L = Xo;
if (DSP_ALU SRC1_MSB) DSP_ALU SRC1G = Oxff;
el se DSP_ALU SRC1G = 0x0;
br eak;

case Ox1: DSP_ALU SRC1 = Xi;
if (DSP_ALU SRC1_MSB) DSP_ALU SRC1G = Oxff;
el se DSP_ALU SRC1G = 0x0;
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br eak;

case 0x2: DSP_ALU SRC1 = AO;
DSP_ALU SRC1G = A0G
br eak;

case 0x3: DSP_ALU SRC1 = A1,

DSP_ALU SRC1G = Al1G
br eak;
}
switch (yy) { /* Sy Operand selection bit (yy) */
case 0x0: DSP_ALU SRC2 = YO0,

br eak;
case Ox1: DSP_ALU SRC2 = Y1,
br eak;
case 0x2: DSP_ALU SRC2 = M,
br eak;
case 0x3: DSP_ALU SRC2 = M,
br eak;
}
i f (DSP_ALU SRC2_MsB) DSP_ALU SRC2G = Oxff;
el se DSP_ALU_SRC2G = 0xO0;

/* ALU Operation */

DSP_ALU DST = DSP_ALU SRC1 + DSP_ALU_SRC2;

carry_bit = ((DSP_ALU SRC1_MsB | DSP_ALU SRC2_MSB) & !DSP_ALU
_DST_MSB) |

(DSP_ALU _SRC1_MsB & DSP_ALU SRC2_MSB) ;

DSP_ALU DSTG LSB8 = DSP_ALU SRC1G LSB8 + DSP_ALU SRC2G LSB8 +
carry_bit;

overflow bit= PLUS OP_G OV || !'(POS_NOT_OV || NEG NOT_OV);

overfl ow _protection();
i f (DSP_UNCONDI Tl ONAL_UPDATE) { /* unconditional operation */

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al = DSP_ALU _DST;
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A1G = DSP_ALU DSTG & O0x0O0O0O0O0OFF;

i f(DSP_ALU DSTG BIT7) AlG = ALG | OxFFFFFFOO;
br eak

case 0Ox7: A0 = DSP_ALU DST;

AOG = DSP_ALU _DSTG & 0x000O00O0FF;

i f(DSP_ALU DSTG BIT7) AO0G = AOG | OxFFFFFFOO;

br eak;

case 0x8: X0 = DSP_ALU DST;
br eak;

case 0x9: X1 = DSP_ALU DST;
br eak;

case Oxa: YO = DSP_ALU DST;
br eak;

case Oxb: Y1 = DSP_ALU DST;
br eak;

case Oxc: M) = DSP_ALU DST;
br eak;

case Oxe: ML = DSP_ALU DST;
br eak;

default: printf(“\nERROR Illegal DSP Instruction”); break;
}

negative _bit = DSP_ALU DSTG Bl T7;
zero_bit = (DSP_ALU DST==0) & (DSP_ALU DST_LSB8==0);

/* DSR register update */
plus_dc_bit ();
}
el se i f(DSP_CONDI TI ON_MATCH) { /* conditional operation and match */
/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al = DSP_ALU _DST;
A1G = DSP_ALU DSTG & 0x000000FF;
i f(DSP_ALU DSTG BIT7) A1G = A1G | OxFFFFFFQO;
br eak
case 0Ox7: A0 = DSP_ALU_DSTG
AOG = DSP_ALU DSTG & 0x000000FF;
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i f(DSP_ALU DSTG BI T7) A0G = A0OG | OxFFFFFFOO;
br eak;

case 0x8: X0
br eak;

case 0x9: X1

br eak;

DSP_ALU DST;

DSP_ALU DST;

case Oxa: YO DSP_ALU_DST;
br eak;
case Oxb: Y1

br eak;

DSP_ALU DST;

case Oxc: M DSP_ALU_DST;

br eak;

case Oxe: ML DSP_ALU_DST;

br eak;

default: pr
}

ntf(“\nERROR: Illegal DSP Instruction”); break;

}
}

Examples:

PADD X0, YO, AO NOPX NOPY ; Before execution: X0=H'22222222, Y 0=H'33333333,
AO0=H'123456789A

; After execution:  X0=H'22222222, Y 0=H'33333333,
A0=H'0055555555

In case of unconditional execution, the DC bit is updated
depending on the state of the CS[2:0] bit immediately before
the operation.
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6.3.3 PADD PMULS (Addition & Multiply Signed by Signed): DSP Arithmetic
Operation Instruction

Applicable
Instructions
SH-
Format Abstract Code Cycle DCBIit SH-1 SH-2 DSP
PADD Sx, Sy, Du Sx + Sy-Du 111270**Fxxxkkskxx ] Update — — O
PMULS Se, Sf, Dg MSW of Se x MSW  011leeff xxyygguu
of Sf- Dg

Description: Adds the contents of the Sx and Sy operands and stores the result in the Du operand.
The contents of the top word of the Se and Sf operands are multiplied as signed and the result
stored in the Dg operand. These two processes are executed simultaneously in parallel.

The DC bit of the DSR register is updated according to the results of the ALU operation and the
specifications for the CS bits. The N, Z, V, and GT bits of the DSR register are also updated
according to the results of the ALU operation.

Note: Sincethe PMULS s fixed decimal point multiplication, the operation result is different
from that of MULS even though the source data is the same.

Operation:
/* PADD Sx, Sy, DuPMULS Se, Sf,Dg */

{

unsi gned char carry_bit, negative_bit, zero_bit, overflow bit;

/* Multiplier Sources assignment */

switch (ee) { /* Se Qperand selection bit (ee) */
case 0x0: DSP_M SRC1 = X0_HW
br eak;
case 0Ox1: DSP_M SRC1 = X1_HW
br eak;
case 0x2: DSP_M SRC1 = YO_HW
br eak;
case 0x3: DSP_M SRC1 = Al _HW
br eak;
}
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switch (ff) { /* Sf Operand selection bit (ff) */

case 0x0: DSP_M SRC2 = YO_HW
br eak;

case 0x1: DSP_M SRC2
br eak;

case 0x2: DSP_M SRC2 = X0_HW
br eak;

case 0x3: DSP_M SRC2 = A1_HW
br eak;

Y1_HW

}

/* ALU Sources assignment */
switch (xx) { /* Sx Operand selection bit (xx) */
case 0x0: DSP_ALU SRC1 = XO;
i f (DSP_ALU_SRC1_MSB)

DSP_ALU SRC1G LSB8 = Oxff;
else DSP_ALU SRC1G LSB8 = 0xO0;
br eak;

case Ox1: DSP_ALU SRC1 = Xi;
if (DSP_ALU SRC1_MSB)

DSP_ALU_SRC1G LSB8 = Oxff;
else DSP_ALU SRC1G LSB8 = 0xO0;
br eak;

case 0x2: DSP_ALU SRC1 = AO0;
DSP_ALU_SRC1G = A0G
br eak;
case 0x3: DSP_ALU SRC1 = A1,
DSP_ALU SRC1G = Al1G
br eak;
}
switch (yy) { /* Sy Operand selection bit (yy) */
case 0x0: DSP_ALU SRC2 = YO,

br eak;

case Ox1: DSP_ALU SRC2 = Y1,
br eak;

case 0x2: DSP_ALU SRC2 = M;
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br eak;
case 0x3: DSP_ALU SRC2 = M,
br eak;
}
i f (DSP_ALU_SRC2_MSB) DSP_ALU_SRC2G LSB8 = Oxff;
el se DSP_ALU_SRC2G LSB8 = 0xO0;

/[* Multiplier Operation */

/* PMILS Se, Sf, Dg */

if ((SBIT==1) && (DSP_M SRC1==0x8000) && (DSP_M SRC2==0x8000)) {
DSP_M DST=0x7fffffff; /* overflow protection */

}

el se {
DSP_M DST=( (1 ong) (short) DSP_M SRC1* (| ong) (short) DSP_M SRC2)

<<1;

}

if (DSP_M DST_MsB) DSP_M DSTG LSB8 = 0xff;

else DSP_M DSTG LSB8 = 0x0;

switch (gg) { /* Dg Operand selection bit (gg) */
case 0x0: M) = DSP_M DST;
br eak;
case Ox1: ML = DSP_M DST;
br eak;
case 0x2: A0 = DSP_M DST;
i f (DSP_M DSTG LSB8==0x0) A0G=0x0;
el se AOG=Oxffffffff;
br eak;
case 0x3: Al = DSP_M DST;
i f (DSP_M DSTG LSB8==0x0) A1G=0x0;
el se AIG=Oxffffffff;

br eak;

}
/* ALU operation */

DSP_ALU DST = DSP_ALU SRCL + DSP_ALU SRC2;
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carry_bit=((DSP_ALU SRC1_MSB | DSP_ALU SRC2_MSB) & ! DSP_ALU DST_MSB)

(DSP_ALU SRC1_MBSB & DSP_ALU SRC2_NESB) ;

DSP_ALU DSTG LSB8=DSP_ALU SRC1G LSB8 + DSP_ALU SRC2G LSB8 +
carry_bit;

overflow bit= PLUS OP_G OV || !(POS_NOT_OV || NEG NOT_OV);
overfl ow protection();

switch (uu) { /* Du Operand selection bit (uu) */
case 0xO:
X0 = DSP_ALU DST;
negative_bit = DSP_ALU DST_MSB;
zero_bit = (DSP_ALU DST==0);
br eak;
case 0x1:
YO = DSP_ALU DST;
negative_bit = DSP_ALU DST_NSB;
zero_bit = (DSP_ALU _DST==0);
br eak;
case 0x2:
A0 DSP_ALU_DST;
AOG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) A0G = AOG | OxFFFFFFOO;
negative_bit = DSP_ALU DSTG BI T7;
zero_bit = (DSP_ALU DST==0) & (DSP_ALU DSTG LSB8==0);
br eak;

case 0x3:
Al = DSP_ALU DST;
A1G = DSP_ALU DSTG & 0x000000FF;
i f(DSP_ALU_DSTG BI T7) A1G = A1G | OxFFFFFFOO;
negative_bit = DSP_ALU DSTG BI T7;
zero_bit = (DSP_ALU DST==0) & (DSP_ALU DSTG LSB8==0);
br eak;

}

/* DSR register update */
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plus_dc_bit();
}
Examples:

PADD A0, MD, AO PMULS X0, YO, MO NOPX NOPY
; Before execution: X0=H'00020000, Y 0=H'00030000,
MO0=H'22222222, A0=H'0055555555
; After execution:  X0=H'00020000, Y 0=H'00030000,
MO=H'0000000C, AO=H'0077777777

The DC hit is updated based on the result of the PADD
operation , depending on the state of CD [2:0].
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6.3.4 PADDC (Addition with Carry): DSP Arithmetic Operation Instruction

Applicable

Instructions

SH-

Format Abstract Code Cycle DCBit SH-1 SH-2 DSP
PADDC Sx, Sx+Sy+DC - Dz 11111Q*********% ] Carry — — O

Sy, Dz 10110000xxyyzzzz

Description: Adds the contents of the Sx and Sy operands to the DC bit and stores the result in the
Dz operand. The DC bit of the DSR register is updated asthe carry flag. The N, Z, V, and GT bits
of the DSR register are also updated.

Note: The DC hit is updated as the carry flag after execution of the PADDC instruction

regardless of the CS bits.
Operation:
/* PADD Sx, Sy, Dz */

{

unsi gned char carry_bit, negative_bit, zero_bit, overflow bit;

/* ALU Sources assignment */
switch (xx) { /* Sx Operand selection bit (xx) */
case 0x0: DSP_ALU SRC1 = XoO;
if (DSP_ALU SRC1_MSB) DSP_ALU SRC1G = Oxff;
el se DSP_ALU SRC1G = 0x0;
br eak;
case Ox1: DSP_ALU SRC1 = Xi;
if (DSP_ALU SRC1_MSB) DSP_ALU SRC1G = Oxff;
el se DSP_ALU SRC1G = 0x0;
br eak;
case 0x2: DSP_ALU SRC1 = AO0;
DSP_ALU_SRC1G = A0G
br eak;
case 0x3: DSP_ALU SRC1 = A1,
DSP_ALU SRC1G = Al1G
br eak;
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}
switch (yy) { /* Sy Operand selection bit (yy) */
case 0x0: DSP_ALU SRC2 = YO0;
br eak;
case 0Ox1: DSP_ALU_SRC2
br eak;
case 0x2: DSP_ALU SRC2 = M;
br eak;
case 0x3: DSP_ALU SRC2 = M,

br eak;

Y1;

}

if (DSP_ALU SRC2_MsB) DSP_ALU SRC2G = Oxff;
el se DSP_ALU_SRC2G = 0x0;

/* ALU Operation */
DSP_ALU DST = DSP_ALU SRC1 + DSP_ALU SRC2 + DSPDCBI T;

carry _bit = ((DSP_ALU SRC1_MSB | DSP_ALU SRC2_MSB) & ! DSP_ALU DST MNEBB)
I
(DSP_ALU SRC1_MSB & DSP_ALU SRC2_NSB);

DSP_ALU DSTG LSB8 = DSP_ALU SRC1G LSB8 + DSP_ALU SRC2G LSB8 + carry_bit

overflow bit= PLUS OP.G OV || ! (POS_NOT_OV || NEG NOT_OV);
overflow protection();

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0Ox5: Al = DSP_ALU DST;
AlG = DSP_ALU DSTG & 0x000000FF;
i f(DSP_ALU DSTG BI T7) AlG = AlG | OxFFFFFFOO;
br eak;
case 0Ox7: A0 = DSP_ALU DST;
AOG = DSP_ALU DSTG & 0x000000FF;
i f(DSP_ALU DSTG BI T7) A0G = AOG | OxFFFFFFOO;
br eak;
case 0x8: X0 = DSP_ALU DST;
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br eak;

case 0x9: X1 = DSP_ALU DST;
br eak;

case Oxa: YO = DSP_ALU DST;
br eak;

case Oxb: Y1 = DSP_ALU _DST;
br eak;

case Oxc: M) = DSP_ALU DST;
br eak;

case Oxe: ML = DSP_ALU DST;
br eak;

default: printf("\nERROR ||l egal DSP Instruction");

br eak;

}

negative_bit = DSP_ALU DSTG BI T7;
zero_hit = (DSP_ALU DST==0) & (DSP_ALU DSTG LSB8==0);

/* DSR register update */
dc_al ways_carry();

Example:

CS[2: 0] =***: Always operate as Carry or Borrow node, regardl ess of the
status of the DC bit.

PADDC X0, YO, M0 NOPX NOPY ; Before execution: X0=H'B3333333, Y 0=H'55555555
MO=H' 12345678, DC=0

; After execution;  X0=H'B3333333, Y 0=H'55555555
MO0=H'08888888, DC=1

PADDC X0, YO, M0 NOPX NOPY ; Beforeexecution: X0=H'33333333, Y 0=H'55555555
MO=H' 12345678, DC=1

; After execution:  X0=H'33333333, Y 0=H'55555555
MO0=H'88888889, DC=0

The DC bit is updated as the carry flag, regardless of
the state of the CS hit.
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6.3.5 [if cc] PAND (Logical AND): DSP Logical Operation Instruction

Applicable
Instructions
DC SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
PAND Sx & Sy-Dz; clear LSW  111110*******xx=x% ] — — O
Sx, Sy, bz of Dz 10010101xxyyzzzz
DCT PAND IfDC=1,SX&SY Dz, 111110*****x*x*x%x 1 —_ — — O
Sx, Sy, Dz clear LSW of Dz; if O, 10010110xxyyzzzz
nop
DCF PAND IfDC=0,SX&SY-Dz, 111110******x*x%x 1 —_ — — O
Sx, Sy, Dz clear LSW of Dz; if 1, 10010111xxyyzzzz
nop

Description: Does an AND of the upper word of the Sx operand and the upper word of the Sy
operand, stores the result in the upper word of the Dz operand, and clears the bottom word of the
Dz operand with zeros. When Dz is aregister that has guard bits, the guard bits are also zeroed.
When conditions are specified for DCT and DCF, the instruction is executed when those
conditions are TRUE. When they are FAL SE, the instruction is not executed.

When conditions are not specified, the DC bit of the DSR register is updated according to the
specifications for the CSbits. The N, Z, V, and GT bits of the DSR register are also updated. If
conditions are specified, the DC, N, Z, V, and GT bits are not updated even is the conditions were
true and the instruction was executed.

Note: The bottom word of the destination register and the guard bits are ignored when the DC bit
is updated.

Operation:
/* PAND Sx, Sy, Dz */

{

unsi gned char carry_bit, negative_bit, zero_bit, overflow bit;

/* ALU Sources assignment */

switch (xx) { /* Sx Operand selection bit (xx) */
case 0x0: DSP_ALU SRC1 = XO0;
br eak;
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case Ox1: DSP_ALU SRC1 = Xi;

br eak;

case 0x2: DSP_ALU SRC1 = AO0;
br eak;

case 0x3: DSP_ALU SRC1 = A1,
br eak;

}
switch (yy) { /* Sy Operand selection bit (yy) */

case 0x0: DSP_ALU SRC2 = YO0;
br eak;

case 0Ox1: DSP_ALU_SRC2
br eak;

case 0x2: DSP_ALU SRC2 = M;
br eak;

case 0x3: DSP_ALU SRC2 = M,
br eak;

Y1;

}
DSP_ALU DST_HW = DSP_ALU_SRC1_HW & DSP_ALU_SRC2_HW
i f (DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al_HW= DSP_ALU DST_HW

Al LW = 0xO0; /* clear LSW*/
AlG = 0xO0; /* clear Quard bits */
br eak;
case Ox7: AO0O_HW = DSP_ALU DST_HW
A0 LW = 0xO0; /* clear LSW*/
AOG = 0x0; /* clear Quard bits */
br eak;
case 0x8: XO_HW = DSP_ALU DST_HW
X0 LW = 0x0; /* clear LSW*/
br eak;
case 0x9: X1 _HW= DSP_ALU DST;
X1_LW = 0x0; /* clear LSW?*/
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*/

br eak;
case Oxa: YO_HW = DSP_ALU DST;
YO_LW = 0x0; /* clear LSW*/
br eak;
case Oxb: Y1_HW= DSP_ALU DST;
Y1 LW = 0x0; /* clear LSW*/
br eak;
case Oxc: M)_HW = DSP_ALU DST;
M)_LW = 0xO; /* clear LSW?*/
br eak;
case Oxe: ML_HW = DSP_ALU DST;
ML_LW = 0xO; /* clear LSW*/
br eak;

default: printf("\nERROR ||l egal DSP Instruction");
br eak;

}
carry_bit = 0x0;
negative_bit = DSP_ALU DST_NSB;
zero_bit = (DSP_ALU_DST_HwW=0) ;
overflow bit = 0x0;
/* DSR register update */
| ogi cal _dc_bit();

}

el se i f(DSP_CONDI TI ON_MATCH) { /* conditional operation and match

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al_HW = DSP_ALU DST_HW

Al LW = 0xO0; /* clear LSW*/
AlG = 0xO0; /* clear Quard bits */
br eak;
case 0Ox7: AO_HW = DSP_ALU DST_HW
A0 LW = 0xO0; /* clear LSW*/
AOG = 0xO0; /* clear Quard bits */
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br eak;
case 0x8: XO0_HW = DSP_ALU DST_HW
X0_LW = 0x0; /* clear
br eak;
case 0x9: X1_HW= DSP_ALU DST;
X1 LW = 0x0; /* cl ear
br eak;
case Oxa: YO_HW = DSP_ALU DST;
YO_LW = 0x0; /* clear
br eak;
case Oxb: Y1_HW= DSP_ALU DST;
Y1 LW = 0x0; /* cl ear
br eak;
case Oxc: M)_HW = DSP_ALU DST;
M)_LW = 0xO; /* clear
br eak;
case Oxe: ML_HW = DSP_ALU DST;
ML_LW = 0xO0; /* cl ear
br eak;
default: printf("\nERROR ||l egal DSP Instruction");
br eak;
}
}
}
Example:

PAND X0, YO, AO NOPX NOPY ; Beforeexecution: X0=H'33333333, Y 0=H'55555555
A0=H'123456789A

; After execution:  X0=H'33333333, Y 0=H'55555555
A0=H'0011110000

In case of unconditional execution, the DC hit is updated
depending on the state of the CS [2:0] bit immediately

before the operation.

LSW */

LSW */

LSW */

LSW */

LSW */

LSW */
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6.3.6 [if cc] PCLR (Clear): DSP Arithmetic Operation Instruction

Applicable
Instructions
SH-
Format Abstract Code Cycle DCBit SH-1 SH-2 DSP
PCLR Dz H'00000000 - Dz 111120*****xxxxx 7 Update — — O
100011010000zzzz
DCT PCLR if DC = 1, H'00000000 - Dz 111120*****xx*xxx 7 — — — O
bz if 0, nop 100011100000zzzz
DCF PCLR if DC =0, H'00000000 - Dz~ 111110Q******x*%x ] — — — O
Dz if 1, nop 100011110000zzzz

Description: Clearsthe Dz operand. When conditions are specified for DCT and DCF, the
instruction is executed when those conditions are TRUE. When they are FALSE, the instruction is

not executed.

When conditions are not specified, the DC bit of the DSR register is updated according to the

specifications for the CS bits. The Z bit of the DSR register isset to 1. The N,

V, and GT bitsare

cleared to O. If conditions are specified, the DC, N, Z, V, and GT bits are not updated even is the

conditions were true and the instruction was executed.
Operation:
/* PCLR Dz * [

{

unsi gned char carry_bit, negative_bit, zero_bit, overflow bit;

i f (DSP_UNCONDI Tl ONAL_UPDATE) { /* unconditional operation */

/* ALU Destination assignnent */

switch (zzzz) { /* Dz Operand selection bit (zzzz) */

case 0x5: Al = 0xO;

AlG = 0xO0;
br eak;
case 0Ox7: A0 = 0xO;
AOG = 0xO0;
br eak;

case 0x8: X0 = 0xO;
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br eak;

case 0x9: X1 = 0xO;
br eak;

case Oxa: YO = 0xO;
br eak;

case Oxb: Y1 = 0xO;
br eak;
0x0;

case Oxc: M
br eak;
0x0;

case Oxe: ML
br eak;

default: printf("\nERROR ||l egal DSP Instruction");

br eak;

}

carry_bit =

negative_bit =
zero_bit =

eRrQee

overflow bit =

/* DSR register update */
plus_dc_bit();
}
el se i f(DSP_CONDI TI ON_MATCH) { /* conditional operation and match

*/
/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al = 0xO;

AlG = 0x0;
br eak;
case Ox7: A0 = 0OxO;
AO0G = 0xO0;
br eak;
case 0x8: X0 = 0xO;
br eak;

case 0x9: X1 = 0xO;
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br eak;
case Oxa: YO = 0xO;

br eak;
case Oxb: Y1 = 0xO;
br eak;
case Oxc: M) = OxO;
br eak;
case Oxe: ML = 0OxO;
br eak;
default: printf("\nERROR ||l egal DSP Instruction");
br eak;
}
}
}
Example:
PCLR A0 NOPX NOPY ; Before execution: AO=H'FF87654321

; After execution;  AO=H'0000000000

In case of unconditional execution, the DC bit is
updated depending on the state of the CS[2:0].
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6.3.7 PCMP (Compare Two Data): DSP Arithmetic Operation Instruction

Applicable

Instructions

SH-
Format Abstract Code Cycle DCBit SH-1 SH-2 DSP
PCMP Sx, Sy Sx-Sy 111110*****kxkkx 1 Update — — O

10000100xxyy0000

Description: Subtracts the contents of the Sy operand from the Sx operand. The DC bit of the
DSR register is updated according to the specifications for the CS bits. The N, Z, V, and GT bhits
of the DSR register are also updated.

Operation:
/* PCMP Sx, Sy */

{

unsi gned char carry_bit, borrow bit, negative_bit, zero_bit,
overflow bit;

/* ALU Sources assignnent */
switch (xx) { /* Sx Operand selection bit (xx) */
case 0x0: DSP_ALU SRC1 = XO0;

if (DSP_ALU SRC1_MSB) DSP_ALU SRC1G = 0xff;
el se DSP_ALU_SRC1G = 0xO0;
br eak;

case 0Ox1: DSP_ALU SRC1 = Xi;
if (DSP_ALU SRC1_MSB) DSP_ALU SRC1G = 0xff;
el se DSP_ALU_SRC1G = 0xO0;
br eak;

case 0x2: DSP_ALU SRC1 = AQ;
DSP_ALU SRC1G = A0G
br eak;

case 0x3: DSP_ALU SRC1 = A1;
DSP_ALU SRCIG = AlG
br eak;

}
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switch (yy) { /* Sy Operand selection bit (yy) */
case 0x0: DSP_ALU SRC2 = YO0,

br eak;
case Ox1: DSP_ALU SRC2 = Y1,
br eak;
case 0x2: DSP_ALU SRC2 = M,
br eak;
case 0x3: DSP_ALU SRC2 = M,
br eak;
}
i f (DSP_ALU_SRC2_MSB) DSP_ALU_SRC2G = Oxff;
el se DSP_ALU_SRC2G = 0xO0;

DSP_ALU DST = DSP_ALU SRCL - DSP_ALU SRC2;

carry_bit =((DSP_ALU SRC1_MSB | !DSP_ALU SRC2_MSB) &&
| DSP_ALU_DST_MBSB) |

(DSP_ALU SRC1_MSB & ! DSP_ALU SRC2_MSB) ;

borrow bit = lcarry_bit;
DSP_ALU DSTG LSB8 = DSP_ALU SRC1G LSB8 - DSP_ALU SRC2G LSB8
- borrow bit;

negative_bit = DSP_ALU DSTG BI T7;
zero_bit = (DSP_ALU DST==0) & (DSP_ALU DSTG LSB8==0);
overflow bit= MNUS_ OP_ G OV || '(POS_NOT_OV || NEG NOT_OV);

overflow protection();

/* DSR register update */

m nus_dc_bit();
}

Examples:

PCMP X0, YO NOPX NOPY ; Beforeexecution: X0=H'22222222, Y 0=H'33333333
; After execution:  X0=H"22222222, Y 0=H'33333333
N=1, Z=0, V=0, GT=0
DC hit is updated depending on the state of CS[2:0].
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6.3.8 [if cc] PCOPY (Copy with Condition): DSP Arithmetic Operation Instruction

Applicable
Instructions
SH-
Format Abstract Code Cycle DCBit SH-1 SH-2 DSP
PCOPY Sx-Dz 111220%****xxxxk ] Update — — O
Sx, Dz 11011001xx00zzzz
PCOPY Sy-Dz 111220%****xxxxk ] Update — — O
Sy, bz 1111100100yyzzzz
DCT PCOPY ifDC=1,Sx-»Dz 111110Q********xxx 1] — — — O
Sx, bz if 0, nop 11011010xx00zzzz
DCT PCOPY ifDC=1,Sy—»Dz 111110Q********xxx 1] — — — O
Sy, bz if 0, nop 1111101000yyzzzz
DCF PCOPY ifDC=0,Sx-»Dz 111110Q********xxx 1] — — — O
Sx, Dz if 1, nop 11011011xx00zzzz
DCF PCOPY ifDC=0,Sy—»Dz 111110Q********xxx 1] — — — O
Sy, Dz if 1, nop 1111101100yyzzzz

Description: Storesthe Sx and Sy operands in the Dz operand. When conditions are specified for
DCT and DCF, the instruction is executed when those conditions are TRUE. When they are
FALSE, the instruction is not executed.

When conditions are not specified, the DC hit of the DSR register is updated according to the
specifications for the CSbits. The N, Z, V, and GT bits are also updated. If conditions are
specified, the DC, N, Z, V, and GT bits are not updated even is the conditions were true and the
instruction was executed.

Operation:
/* Casel : PCOPY Sx, Dz */
/* Case2 : PCOPY Sy, Dz */
{

unsi gned char carry_bit, negative_bit, zero_bit, overflow bit;
/* ALU Sources assignment */

if (Casel) { /* PCOPY Sx,Dz */
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switch (xx) { /* Sx Operand selection bit (xx) */
case 0x0: DSP_ALU SRC1 = XO;
i f (DSP_ALU SRC1_MsB) DSP_ALU SRC1G = Oxff;
el se DSP_ALU_SRC1G = 0xO0;
br eak;
case Ox1: DSP_ALU SRC1 = Xi;
i f (DSP_ALU SRC1_MsB) DSP_ALU SRC1G = Oxff;
el se DSP_ALU_SRC1G = 0x0;
br eak;
case 0x2: DSP_ALU SRC1 = AO0;
DSP_ALU_SRC1G = A0G
br eak;
case 0x3: DSP_ALU SRC1 = Al;
DSP_ALU SRC1G = AlG
br eak;
}

DSP_ALU_SRC2 = 0;
DSP_ALU_SRC2G= 0;

}

el se { /* PCOPY Sy, Dz */
DSP_ALU_SRC1 = 0;
DSP_ALU_SRC1G= 0;

switch (yy) {

case 0xO0: DSP_ALU SRC2 = YO;
br eak;
case Ox1: DSP_ALU SRC2 = Y1;
br eak;
case 0x2: DSP_ALU SRC2 = M;
br eak;
case 0x3: DSP_ALU SRC2 = M;
br eak;
}
i f (DSP_ALU _SRC2_MSB) DSP_ALU SRC2G = 0xff;
el se DSP_ALU_SRC2G = 0x0;
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DSP_ALU DST = DSP_ALU SRCl + DSP_ALU_SRC2;

carry bit = ((DSP_ALU SRC1_MSB | DSP_ALU SRC2_MSB) &
| DSP_ALU DST_MBB) |
(DSP_ALU SRC1_MSB & DSP_ALU SRC2_NESB) ;

DSP_ALU DSTG LSB8 = DSP_ALU SRC1G LSB8 + DSP_ALU SRC2G LSB8 +
carry_bit

overflow bit= PLUS OP. G OV || ! (POS_NOT_OV || NEG NOT_OV);
overflow protection();

i f (DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al = DSP_ALU DST;
AlG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) AlG = A1G | OxFFFFFFOO;
br eak;
case 0Ox7: A0 = DSP_ALU DST;
AOG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) A0G = A0OG | OxFFFFFFOO;

br eak;
case 0x8: X0 = DSP_ALU DST;
br eak;
case 0x9: X1 = DSP_ALU DST;
br eak;
case Oxa: YO = DSP_ALU DST;
br eak;
case Oxb: Y1 = DSP_ALU DST;
br eak;
case Oxc: M) = DSP_ALU DST;
br eak;
case Oxe: ML = DSP_ALU DST;
br eak;
default: printf("\nERROR ||l egal DSP Instruction");
br eak;
}
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negative_bit = DSP_ALU DSTG BI T7;
zero_bit = (DSP_ALU DST==0) & (DSP_ALU DSTG LSB8==0);

/* DSR register update */
plus_dc_bhit();

}
el se i f(DSP_CONDI TI ON_MATCH) { /* conditional operation and match

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al = DSP_ALU DST;
A1G = DSP_ALU DSTG & O0x000O0O0OFF;
i f(DSP_ALU DSTG BIT7) AlG = AlG | OxFFFFFFOO;
br eak;
case 0Ox7: A0 = DSP_ALU DST;
AOG = DSP_ALU _DSTG & O0x0O00000FF;
i f(DSP_ALU DSTG BI T7) A0G = AOG | OxFFFFFFOO;

br eak;
case 0x8: X0 = DSP_ALU DST;
br eak;
case 0x9: X1 = DSP_ALU DST;
br eak;
case Oxa: YO = DSP_ALU DST;
br eak;
case Oxb: Y1 = DSP_ALU DST;
br eak;
case Oxc: M) = DSP_ALU DST;
br eak;
case Oxe: ML = DSP_ALU DST;
br eak;
default: printf("\nERROR ||l egal DSP Instruction");
br eak;
}
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Examples:

PCOPY X0, A0 NOPX NOPY ; Beforeexecution: XO0=H'55555555, AO=H'FFFFFFFF
; After execution:  X0=H'55555555, AO=H'0055555555

In case of unconditional execution, the DC bit is updated
depending on the state of CS[2:0].
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6.3.9 [if cc] PDEC (Decrement by 1): DSP Arithmetic Operation I nstruction
Applicable
Instructions
SH-
Format Abstract Code Cycle DCBit SH-1 SH-2 DSP
PDEC Sx, Dz MSW of Sx—1-MSW of Dz, 11111Q*********x 1 Update — — O
clear LSW of Dz 10001001xx002222
PDEC Sy, Dz MSW of Sy—1 . MSW of Dz, 11111Q*********x 1 Update — — O
clear LSW of Dz 1010100100yyzz22
DCT PDEC If DC = 1, MSW of Sx-1 - 111110*****xrkxx ] — — — O
Sx, Dz MSW of Dz, clear LSW of 10001010xx002227
Dz; if 0, nop
DCT PDEC If DC =1, MSW of Sy-1- 111170*****xxkkx ] — —_ —_ O
Sy, Dz MSW of Dz, clear LSW of 1010101000yyzz77
Dz; if 0, nop
DCF PDEC If DC = 0, MSW of Sx-1 - 111170*****xxkrx ] — — — O
Sx, Dz MSW of Dz, clear LSW of 10001011xx002222
Dz; if 1, nop
DCF PDEC If DC = 0, MSW of Sy-1 - 111110*****xrkxx ] — — — O
Sy, Dz MSW of Dz, clear LSW of 1010101100yyzz72

Dz; if 1, nop

Description: Subtracts 1 from the top word of the Sx and Sy operands, stores the result in the
upper word of the Dz operand, and clears the bottom word of the Dz operand with zeros. When
conditions are specified for DCT and DCF, the instruction is executed when those conditions are

TRUE. When they are FALSE, the instruction is not executed.

When conditions are not specified, the DC bit of the DSR register is updated according to the
specifications for the CSbits. The N, Z, V, and GT bits of the DSR register are also updated. If
conditions are specified, the DC, N, Z, V, and GT bits are not updated even is the conditions were
true and the instruction was executed.

Note:

The bottom word of the destination register isignored when the DC hit is updated.
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Operation:
/* Casel : PDEC Sx, Dz */
/* Case2 : PDEC Sy, Dz */
{

unsi gned char carry_bit, borrow bit, negative_bit, zero_bit,
overflow bit;

/* ALU Sources assignment */
DSP_ALU _SRC2 = 0x1;

DSP_ALU_SRC2G= 0x0;

if (Casel) { /* MSWof Sx -1 - Dz */
switch (xx) { /* Sx Operand selection bit (xx) */
case 0x0: DSP_ALU SRC1 = XO0;

if (DSP_ALU SRC1_MSB) DSP_ALU SRC1G = 0xff;
el se DSP_ALU_SRC1G = 0xO0;
br eak;

case Ox1: DSP_ALU SRC1 = Xi;
if (DSP_ALU SRC1_MSB) DSP_ALU SRC1G = 0xff;
el se DSP_ALU_SRC1G = 0xO0;
br eak;

case 0x2: DSP_ALU SRC1 = AO;
DSP_ALU SRC1G = A0OG
br eak;

case 0x3: DSP_ALU SRC1 = A1,
DSP_ALU_SRC1G = AlG

br eak;

}
el se { /* MsSWof Sy -1 - Dz */
switch (yy) { /* Sy Operand selection bit (yy) */
case 0x0: DSP_ALU SRC1 = YO,
br eak;
case Ox1: DSP_ALU SRC1 = Y1,

br eak;
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case 0x2: DSP_ALU SRC1 = M;
br eak;
case 0x3: DSP_ALU SRC1 = M,
br eak;
}
i f (DSP_ALU_SRC1_MSB) DSP_ALU SRC1G = 0xff;
el se DSP_ALU_SRC1G = 0xO0;

DSP_ALU DST_HW = DSP_ALU SRC1 HW- 1;

carry_bit =((DSP_ALU SRC1_MSB | !DSP_ALU SRC2_MSB) &&
| DSP_ALU_DST_MBSB) |

(DSP_ALU_SRC1_MsSB & ! DSP_ALU _SRC2_NSB) ;
borrow bit = lcarry_bit;

DSP_ALU DSTG LSB8 = DSP_ALU SRC1G LSB8 - DSP_ALU SRC2G LSB8 -
borrow_bit;

overflow bit= PLUS_OP_G OV || !(POS_NOT_OV || NEG NOT_OV);
overfl ow protection();
i f ( DSP_UNCONDI Tl ONAL_UPDATE) { /* unconditional operation */

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al HW= DSP_ALU DST HW
Al LW = 0x0; /* clear LSW*/
AlG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) AlG = Al1G | OxFFFFFFOO;

br eak;
case 0Ox7: AO_HW = DSP_ALU DST_HW
A0 LW = 0xO0; /* clear LSW*/
AOG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) A0G = AOG | OxFFFFFFOO;
br eak;
case 0x8: X0 HW= DSP_ALU DST HW
X0_LW = 0x0; /* clear LSW?*/
br eak;
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case 0x9: X1_HW= DSP_ALU DST_HW

X1 LW = 0x0; /* clear LSW*/
br eak;
case Oxa: YO_HW = DSP_ALU DST_HW
YO_LW = 0x0; /* clear LSW*/
br eak;
case Oxb: Y1_HW = DSP_ALU DST_HW
Y1 LW = 0x0; /* clear LSW*/
br eak;
case Oxc: M)_HW = DSP_ALU DST_HW
M)_LW = 0xO; /* clear LSW?*/
br eak;
case Oxe: ML_HW = DSP_ALU DST_HW
ML_LW = 0xO0; /* clear LSW*/
br eak;
default: printf("\nERROR ||l egal DSP Instruction");
br eak;
}

negative_bit = DSP_ALU DSTG BI T7;
zero_bit = (DSP_ALU DST_HW-=0) & (DSP_ALU DSTG LSB8==0);

/* DSR register update */

m nus_dc_bit.c"

}

el se i f(DSP_CONDI TI ON_MATCH) { /* conditional operation and match

*/
/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al HW= DSP_ALU DST HW
Al_LW = 0xO0; /* clear LSW*/
AlG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) AlG = A1G | OxFFFFFFOO;
br eak;
case Ox7: AO_HW = DSP_ALU DST_HW
A0 LW = 0xO0; /* clear LSW*/
AOG = DSP_ALU DSTG & 0x000000FF;
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i f (DSP_ALU_DSTG BI T7) AOG = A0G |

br eak;
case 0x8: X0_Hw =
X0_LW = 0x0;
br eak;
case 0x9: X1_HW=
X1 LW = 0x0;
br eak;
case Oxa: YO_HwW=
YO_LW = 0x0;
br eak;
case Oxb: Y1_HW=
Y1 LW = 0x0;
br eak;
case Oxc: M)_HW=
MD_LW = 0xO;
br eak;
case Oxe: ML_HW =
ML_LW = 0xO0;
br eak;
defaul t:

br eak;

}

Example:

PDEC X0, M0 NOPX

PDEC X1, X1

NOPY

; After execution:

NOPX  NOPY

; After execution:

printf("

DSP_ALU DST_HW
/* clear

DSP_ALU_DST_HW
/* clear

DSP_ALU DST_HW
/* clear

DSP_ALU_DST_HW
/* clear

DSP_ALU DST_HW
/* clear

DSP_ALU_DST_HW
/* clear

\nERROR: | | | egal DSP

OXFFFFFFOO;

LSW */

LSW */

LSW */

LSW */

LSW */

LSW */

I nstruction");

; Before execution: X0=H'0052330F, M0=H'12345678
X0=H'0052330F, M0=H'00510000
; Before execution: X1=H'FC342855
X1=H'FC330000

In case of unconditional execution, the DC hit is updated
depending on the state of CS[2:0].
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6.3.10 [if cc] PDM SB (Detect M SB with Condition): DSP Arithmetic Operation
Instruction
Applicable
Instructions
SH-
Format Abstract Code Cycle DCBit SH-1 SH-2 DSP
PDVBB Sx, Dz Sx data MSB position — 111110*****xrkxx ] Update — — O
'B"SW of Dz, clear LSWof - 14011101xx002222
PDVBB Sy, Dz Sy data MSB position — 111110* ****xrkxx ] Update — — O
II\D/IZSW of Dz, clear LSW of 1011110100yyzzzz
DCT PDVSB If DC =1, Sx data MSB 111170*****xxkkx ] — — — O
Sx, Dz position . MSW of Dz, 10011110xx002227
clear LSW of Dz; if 0, nop
DCT PD\VSB If DC = 1, Sy data MSB 111110*****xrkxx ] — — — O
Sy, Dz position - MSW Qf Dz, 1011111000yyzz22
clear LSW of Dz; if 0, nop
DCF PD\VSB If DC = 0, Sx data MSB 111110*****xrkxx ] — — — O
Sx, Dz position - MSW of Dz, 10011111xx002222
clear LSW of Dz; if 1, nop
DCF PDVSB If DC =0, Sy data MSB 111170*****xxkrx ] — —_ —_ O
Sy, Dz position -~ MSW of Dz, 1011111100yyzz77

clear LSW of Dz; if 1, nop

Description: Findsthe first position to change in the lineup of Sx and Sy operand bits and stores
the hit position in the Dz operand. When conditions are specified for DCT and DCF, the
instruction is executed when those conditions are TRUE. When they are FALSE, the instruction is

not executed.

When conditions are not specified, the DC hit of the DSR register is updated according to the
specifications for the CSbits. The N, Z, V, and GT bits of the DSR register are also updated. If
conditions are specified, the DC, N, Z, V, and GT bits are not updated even is the conditions were
true and the instruction was executed.
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Operation:
/* Casel : PDVMSB Sx, Dz */
/* Case2 : PDVBB Sy, Dz */
{

unsi gned char carry_bit, borrow bit, negative_bit, zero_bit,
overflow bit;

/* ALU Sources assignment */

DSP_ALU_SRC2 = 0xO;
DSP_ALU_SRC2G= 0x0;

if (Casel) { /* msb(Sx) - Dz */
switch (xx) { /* Sx Operand selection bit (xx) */
case 0x0: DSP_ALU SRC1 = XOo;

if (DSP_ALU SRC1_MSB) DSP_ALU SRC1G = 0xff;
el se DSP_ALU_SRC1G = 0xO0;
br eak;

case Ox1: DSP_ALU SRC1 = Xi;
if (DSP_ALU SRC1_MSB) DSP_ALU SRC1G = 0xff;
el se DSP_ALU_SRC1G = 0xO0;
br eak;

case 0x2: DSP_ALU SRC1 = AO0;
DSP_ALU SRC1G = A0OG
br eak;

case 0x3: DSP_ALU SRC1 = A1;
DSP_ALU_SRC1G = AlG
br eak;

}
el se { /* msb(Sy) - Dz */
switch (yy) { /* Sy Operand selection bit (yy) */
case 0x0: DSP_ALU SRC1 = YO,
br eak;
case Ox1: DSP_ALU SRC1 = Y1,

br eak;
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case 0x2: DSP_ALU SRC1 = M;

br eak;
case 0x3: DSP_ALU SRC1 = M,
br eak;
}
if (DSP_ALU _SRC1_MSB) DSP_ALU SRC1G = 0xff;
el se DSP_ALU_SRC1G = 0xO0;
}
{
short int i;
unsi gned char nsb, srclg;
unsi gned | ong srcl=DSP_ALU SRC1;
nsb= DSP_ALU_SRC1G BI T7;
srclg=(DSP_ALU SRC1G LSB8 << 1);
for(i=38; ((msb==(srclg>>7))&&(i>=32));i--) { srclg <<= 1; }
if(i==31) {
for(i;((mb==(srcl>>31))&&(i>=0));i--) { srcl <<=1; }
}
DSP_ALU _DST = 0xO0;
DSP_ALU DST _HW = (short int) (30-i);
i f (DSP_ALU _DST_MSB) DSP_ALU DSTG LSB8 = Oxff;
el se DSP_ALU DSTG LSB8 = 0xO0;
}

carry_bit = 0;

i f (DSP_UNCONDI Tl ONAL_UPDATE) { /* unconditional operation */
overflow bit= 0;

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al HW= DSP_ALU DST HW
Al_LW = 0xO0; /* clear LSW*/
A1G = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU_DSTG BIT7) Al1G = A1G | OxFFFFFFOQO;
br eak;
case 0Ox7: AO_HW = DSP_ALU DST_HW
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*/

A0 _LW = 0x0; /* clear LSW*/
AOG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU_DSTG BI T7) A0G = AOG | OxFFFFFFOQO;

br eak;
case 0x8: X0 _HW = DSP_ALU DST_HW
X0_LW = 0x0; /* clear LSW*/
br eak;
case 0x9: X1_HW = DSP_ALU DST_HW
X1 LW = 0x0; /* clear LSW*/
br eak;
case Oxa: YO_HW= DSP_ALU DST_HW
YO_LW = 0x0; /* clear LSW*/
br eak;
case Oxb: Y1_HW= DSP_ALU DST_HW
Y1 LW = 0x0; /* clear LSW*/
br eak;
case Oxc: M)_HW = DSP_ALU DST_HW
M)_LW = 0xO; /* clear LSW*/
br eak;
case Oxe: ML _HW= DSP_ALU DST HW
ML_LW = 0xO; [* clear LSW*/
br eak;

default: printf("\nERROR ||l egal DSP Instruction");
br eak;

}
negative_bit = DSP_ALU DSTG BI T7;
zero_bit = (DSP_ALU DST_HW=0) & (DSP_ALU DSTG LSB8==0);

/* DSR register update */
plus_dc_bit();

}
el se i f(DSP_CONDI TI ON_MATCH) { /* conditional operation and match

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
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case 0Ox5: Al_HW= DSP_ALU DST_HW
Al LW = 0x0; /* cl ear
AlG = DSP_ALU DSTG & 0x000000FF;

i f (DSP_ALU DSTG BI T7) AlG = AlG |
br eak;
case Ox7: AO_HW = DSP_ALU DST_HW
AO0_LW = 0x0; [* clear
AOG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) A0G = A0G |
br eak;
case 0x8: XO0_HW = DSP_ALU DST_HW
X0_LW = 0x0; /* cl ear
br eak;
case 0x9: X1_HW = DSP_ALU DST_HW
X1 LW = 0x0; [* clear
br eak;
case Oxa: YO_HW= DSP_ALU DST_HW
YO_LW = 0x0; /* cl ear
br eak;
case Oxb: Y1_HW= DSP_ALU DST HW
Y1 LW = 0x0; [* clear
br eak;
case Oxc: M)_HW = DSP_ALU DST_HW
M) LW = 0xO0; /* cl ear
br eak;
case Oxe: ML_HW = DSP_ALU DST HW
ML_LW = 0xO0; [* clear
br eak;
default: printf("\nERROR ||| egal DSP
br eak;
}
}

LSW */

OXFFFFFFOO;

LSW */

OXFFFFFFOO;

LSW */

LSW */

LSW */

LSW */

LSW */

LSW */

I nstruction");
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Example:

PDMBB X0, M0 NOPX NOPY ; Beforeexecution: X0=H'0052330F, M0=H'12345678
; After execution:  X0=H'0052330F, M0=H'00080000
PDMBB X1, X1 NOPX NOPY ;Beforeexecution: X1=H'FC342855
; After execution: X 1=H'00050000

In case of unconditional execution, the DC bit is updated
depending on the state of CS[2:0].
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6.3.11 [if cc] PINC (Increment by 1 with Condition): DSP Arithmetic Operation

Instruction
Applicable
Instructions
SH-

Format Abstract Code Cycle DCBit SH-1 SH-2 DSP
PINC Sx, Dz  MSW of Sx + 1 MSW of 111110*****xxxxx ] Update — — O

Dz, clear LSW of Dz 10011001xx002z2z
PINC Sy, Dz MSW of Sy + 1 MSW of 111110*****xxxxx ] Update — — O

Dz, clear LSW of Dz 1011100100yyzzz2
DCT PINC IfDC =1, MSW of Sx+ 1  11111Q*********x ] — — — O
Sx, Dz MSW of Dz, clear LSW of 10011010xx002222

Dz; if 0, nop
DCT PINC IfDC=1, MSW of Sy + 1 111110*******x*xxx ] — — — O
Sy, Dz MSW of Dz, clear LSW of 1011101000yyzz22

Dz; if 0, nop
DCF PI NC IfDC =0, MSW of Sx+ 1  111110*******x*xxx ] — — — O
Sx, Dz MSW of Dz, clear LSW of 10011011xx0022z2z2

Dz; if 1, nop
DCF PI NC IfDC=0,MSW of Sy + 1  11111Q*********x ] — — — O
Sy, Dz MSW of Dz, clear LSW of 1011101100yyzz27

Dz; if 1, nop

Description: Adds 1 to the top word of the Sx and Sy operands, stores the result in the upper word
of the Dz operand, and clears the bottom word of the Dz operand with zeros. When conditions are
specified for DCT and DCF, the instruction is executed when those conditions are TRUE. When
they are FAL SE, theinstruction is not executed.

When conditions are not specified, the DC hit of the DSR register is updated according to the
specifications for the CS bits. The N, Z, V, and GT bits of the DSR register are also updated. If
conditions are specified, the DC, N, Z, V, and GT bits are not updated even is the conditions were
true and the instruction was executed.

Note:  The bottom word of the destination register isignored when the DC bit is updated.
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Operation:
/* Casel : PINC Sx, Dz */
/* Case2 : PINC Sy, Dz */
{

unsi gned char carry_bit, borrow bit, negative_bit, zero_bit,
overflow bit;

/* ALU Sources assignnent */

DSP_ALU SRC2 = Ox1;
DSP_ALU SRC2G= 0xO;

if (Casel) { /* MBWof Sx +1 - Dz */
switch (xx) { /* Sx QOperand selection bit (xx) */
case 0x0: DSP_ALU SRC1 = XO;

i f (DSP_ALU SRC1_MSB) DSP_ALU SRC1G = 0xff;
el se DSP_ALU_SRC1G = 0xO0;
br eak;

case Ox1: DSP_ALU SRC1 = Xi;
i f (DSP_ALU SRC1_MSB) DSP_ALU SRC1G = 0Oxff;
el se DSP_ALU SRC1G = 0x0;
br eak;

case 0x2: DSP_ALU SRC1 = AO0;
DSP_ALU_SRC1G = A0G
br eak;

case 0x3: DSP_ALU SRC1 = A1,
DSP_ALU SRC1G = A1G
br eak;

}
el se { /* MSWof Sy +1 - Dz */
switch (yy) { /* Sy Operand selection bit (yy) */
case 0x0: DSP_ALU SRC1 = YO,
br eak;
case Ox1: DSP_ALU SRC1 = Y1,
br eak;
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case 0x2: DSP_ALU SRC1 = M;
br eak;
case 0x3: DSP_ALU SRC1 = M,
br eak;
}
if (DSP_ALU _SRC1_MSB) DSP_ALU SRC1G = 0xff;
el se DSP_ALU_SRC1G = 0xO0;

DSP_ALU DST_HW = DSP_ALU SRC1 HW + 1;

carry _bit = ((DSP_ALU SRC1_MSB | DSP_ALU SRC2_MSB) &
| DSP_ALU_DST_MBSB) |

(DSP_ALU SRC1_MSB & DSP_ALU SRC2_NSB) ;

DSP_ALU DSTG LSB8 = DSP_ALU_SRC1G LSB8 + DSP_ALU_SRC2G LSB8 +
carry_bit;

overflow bit= PLUS OP_ G OV || !(POS_NOT_OV || NEG NOT_OV);
overflow protection();

i f (DSP_UNCONDI Tl ONAL_UPDATE) { /* unconditional operation */

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al_HW= DSP_ALU DST_HW
Al LW = 0xO0; /* clear LSW*/
AlG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) AlG = A1G | OxFFFFFFOO;
br eak;
case 0Ox7: A0 _HW= DSP_ALU DST HW
AO_LW = 0xO0; /* clear LSW*/
AOG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) AOG = AOG | OxFFFFFF0O;

br eak;
case 0x8: XO_HW = DSP_ALU DST_HW
X0 LW = 0x0; /* clear LSW*/
br eak;
case 0x9: X1 _HW= DSP_ALU DST HW
X1_LW = 0x0; /* clear LSW*/
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br eak;
case Oxa: YO_HW = DSP_ALU DST_HW
YO_LW = 0x0; /* clear LSW*/
br eak;
case Oxb: Y1_HW = DSP_ALU DST_HW
Y1 LW = 0x0; /* clear LSW*/
br eak;
case Oxc: M)_HW = DSP_ALU DST_HW
M)_LW = 0xO; /* clear LSW*/
br eak;
case Oxe: ML_HW = DSP_ALU DST_HW
ML_LW = 0xO; /* clear LSW*/
br eak;
default: printf("\nERROR ||l egal DSP Instruction");
br eak;

}
negative_bit = DSP_ALU DSTG BI T7;
zero_bit = (DSP_ALU DST_HW=0) & (DSP_ALU DSTG LSB8==0);

/* DSR register update */
plus_dc_bit();

}

el se i f(DSP_CONDI TI ON_MATCH) { /* conditional operation and match
*/

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al HW= DSP_ALU DST_ HW
Al_LW = 0x0; /* clear LSW*/
A1G = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU_DSTG BIT7) AlG = A1G | OxFFFFFFQO;
br eak;
case 0Ox7: AO_HW = DSP_ALU DST_HW
A0 LW = 0xO0; /* clear LSW*/
AOG = DSP_ALU DSTG & 0x000000FF;
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i f (DSP_ALU_DSTG BI T7) AOG = A0G | OxFFFFFFOO;

br eak;
case 0x8: X0 _HW = DSP_ALU DST_HW
X0_LW = 0x0; /* clear LSW*/
br eak;
case 0x9: X1_HW = DSP_ALU DST_HW
X1 LW = 0x0; /* clear LSW*/
br eak;
case Oxa: YO_HW= DSP_ALU DST_HW
YO_LW = 0xO0; /* clear LSW*/
br eak;
case Oxb: Y1_HW= DSP_ALU DST_HW
Y1 LW = 0x0; /* clear LSW*/
br eak;
case Oxc: M)_HW = DSP_ALU DST_HW
MD_LW = 0xO; /* clear LSW*/
br eak;
case Oxe: ML_HW = DSP_ALU DST_HW
ML_LW = 0xO; [* clear LSW*/
br eak;
default: printf("\nERROR ||l egal DSP Instruction");
br eak;
}
}
}
Example:

PI NC X0, M0 NOPX NOPY ; Beforeexecution: X0=H'0052330F, M0=H'12345678
; After execution:  X0=H'0052330F, M0=H'00530000
PINC X1, X1 NOPX NOPY ; Beforeexecution: X1=H'FC342855
; After execution: X 1=H'FC350000

In case of unconditional execution, the DC hit is updated
depending on the state of CS[2:0].
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6.3.12 [if cc] PLDS (Load System Register): DSP System Control I nstruction
Applicable
Instructions

DC SH-

Format Abstract Code Cycle Bit SH-1 SH-2 DSP

PLDS Dz - MACH 111170Q*****kkxkx 7 —_ — — O

Dz, MACH 111011010000zz22

PLDS Dz - MACL 111170Q*****kkxkx ] —_ — — O

Dz, MACL 111111010000zz27

DCT PLDS ifDC=1, Dz-MACH 111170Q*****kkxkx ] —_ — — O

Dz, MACH it 0, nop 1110111000002227

DCT PLDS ifDC=1, Dz-MACL 111170Q*****kkxkx ] —_ — — O

Dz, MACL it 0, nop 1111111000002227

DCF PLDS ifDC =0, Dz-MACH 111170Q******kxkx ] —_ — — O

Dz, MACH it 1 nop 1110111100002227

DCF PLDS ifDC =0, Dz-MACL 111170Q*****kkxkx ] —_ — — O

Dz, MACL it 1, nop 1111111100002227

Description: Storesthe Dz operand in the MACH and MACL registers. When conditions are
specified for DCT and DCF, the instruction is executed when those conditions are TRUE. When
they are FAL SE, theinstruction is not executed.

TheDC, N, Z, V, and GT hits of the DSR register are not updated.

Note: Though PSTS, MOV X, and MOVY can be designated in parallel, their execution may
take two cycles.
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Operation:
/* Casel : PLDS Dz, MACH */
/* Case2 : PLDS Dz, MACL */
{

if(CASEL){ /* Dz - MNACH */
i f (DSP_UNCONDI Tl ONAL_UPDATE) { /* unconditional operation */
/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: MACH = Al;

br eak;
case 0x7: MACH = AO0;
br eak;
case 0x8: MACH = XO;
br eak;
case 0x9: MACH = Xi;
br eak;
case Oxa: MACH = YO;
br eak;
case Oxb: MACH = Y1,
br eak;
case Oxc: MACH = M;
br eak;
case Oxe: MACH = ML;
br eak;
default: printf("\nERROR ||| egal DSPInstruction");
br eak;
}
}

el se i f(DSP_CONDI TI ON_MATCH) { /* conditional operation and match
*/
/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: MACH = A1,

br eak;
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case 0x7: MACH = AO;

br eak;

case 0x8: MACH = XO;
br eak;

case 0x9: MACH = Xi1;
br eak;

case Oxa: MACH = YO;
br eak;

case Oxb: MACH = Y1,
br eak;

case Oxc: MACH = M;
br eak;

case Oxe: MACH = ML;
br eak;

default: printf("\nERROR ||l egal DSP Instruction");
br eak;

}
}
el se{ /* Dz - MACL */
i f (DSP_UNCONDI Tl ONAL_UPDATE) { /* unconditional operation */

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0Ox5: MACL = Al;

br eak;

case Ox7: MACL = AQ;
br eak;

case 0x8: MACL = XO;
br eak;

case 0x9: MACL = Xi;
br eak;

case Oxa: MACL = YO,
br eak;

case Oxb: MACL = YI1;
br eak;

case Oxc: MACL = M;
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br eak;
case Oxe: MACL = M;
br eak;
default: printf("\nERROR ||l egal DSP Instruction");
br eak;
}
}
el se i f(DSP_CONDI TI ON_MATCH) { /* conditional operation and match
*/
/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case Ox5: MACL = Al;
br eak;
case Ox7: MACL = AQ;
br eak;
case 0x8: MACL = XO;
br eak;
case 0x9: MACL = Xi;
br eak;
case Oxa: MACL = YO;
br eak;
case Oxb: MACL = YI;
br eak;
case Oxc: MACL = M;
br eak;
case Oxe: MACL = M,;
br eak;
default: printf("\nERROR |||l egal DSP Instruction");
br eak;
}
}
}
}
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Example:

PLDS A0, MACH NOPX NOPY :Before execution: AO=H'123456789A,
MACH=H'66666666

:After execution: A0=H"'123456789A,
MACH=H'3456789A
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6.3.13 PMULS (Multiply Signed by Signed): DSP Arithmetic Operation Instruction
Applicable
Instructions
DC SH-
Format Abstract Code Cycle Bit SH-1 SH-2 DSP
PMULS MSW of Se x MSW of 11171210Q*****xkkkk ] —_ — — O
Se, sf,bg  Sf-Dg 0100eef f 0000gg00

Description: The contents of the top word of the Se and Sf operands are multiplied as signed and
the result stored in the Dg operand. The DC, N, Z, V, and GT bits of the DSR register are not
updated.

Note: Since PMULS performs fixed decimal point multiplication, the operation result will be

different from that of MULS, which performsinteger multiplication, even though the
source data may be the same.

Operation:

/*

{

PMULS Se, Sf, Dg */

/* Multiplier Sources assignment */

switch (ee) { /* Se Operand selection bit (ee) */
case 0x0: DSP_M SRC1 = X0_HW
br eak;
case Ox1: DSP_M SRC1 = X1_HW
br eak;
case 0x2: DSP_M SRC1 = YO_HW
br eak;
case 0x3: DSP_M SRC1 = A1l _HW
br eak;
}

switch (ff) { /* Sf Operand selection bit (ff) */
case 0x0: DSP_M SRC2 = YO_HW
br eak;
case 0x1: DSP_M SRC2
br eak;

Y1_HW
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case 0x2: DSP_M SRC2 = X0_HW
br eak;

case 0x3: DSP_M SRC2 = A1_HW
br eak;

}

/* Multiplier Qperation */
if ((SBIT==1) && (DSP_M SRC1==0x8000) && (DSP_M SRC2==0x8000)) {
DSP_M DST=0x7fffffff; /* overflow protection */
}

el se {

DSP_M DST=( (| ong) (short)DSP_M SRC1* (| ong) (short) DSP_M SRC2) <<1;
}
if (DSP_M DST_MsSB) DSP_M DSTG LSB8 = Oxff;
else DSP_M DSTG LSB8 = 0x0;

/* Multiplier Destination assignment */
switch (gg) { /* Dg Operand selection bit (gg) */

case 0x0: M) = DSP_M DST;
br eak;

case Ox1: ML = DSP_M DST;
br eak;

case 0x2: A0 = DSP_M DST;
i f (DSP_M DSTG LSB8==0x0) A0G=0x0;
el se AOG=Oxffffffff;
br eak;

case 0x3: Al = DSP_M DST;
i f (DSP_M DSTG LSB8==0x0) A1G=0x0;
el se ALIG=Oxffffffff;
br eak;
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Examples:

PMULS X0, YO, M) NOPX NOPY ; Before execution: XOZH'O%OlOOOO, YO:H'019020000,
) @)
MO0=H'33333333
; After execution:  X0=H'00010000, Y 0=H'00020000,
M0=H'00000004
@)

The value is doubled when viewed as integer data.

PMILS X1, Y1, A0 NOPX NOPY ; Before execution: X1=H'FFFE2222, Y1=H'O001AAAA,
AO=H'4444444444

. After execution:  X1=H'FFFE2222, Y 1=H'0001AAAA,
AO=H'FFFFFFFFFC

( ): Fixed-point value
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6.3.14 [if cc] PNEG (Negate): DSP Arithmetic Operation Instruction
Applicable
Instructions
SH-
Format Abstract Code Cycle DCBit SH-1 SH-2 DSP
PNEG Sx, Dz 0-Sx-Dz 111170*****xxkkx ] Update — — O
11001001xx00zzzz
PNEG Sy, Dz 0-Sy-Dz 111170*****xxkrx ] Update — — O
1110100100yyzzzz
DCT PNEG Sx,Dz ifDC=1,0-Sx-Dz  111110*****=x**xx ] — — — O
if 0, nop 11001010xx00zzzz
DCT PNEG Sy,Dz ifDC=1,0-Sy-Dz 111170*****xxkkx ] — —_ —_ O
if 0, nop 1110101000yyzzzz
DCF PNEG Sx, Dz ifDC=0,0-Sx-Dz 111170*****xxkrx ] — — — O
if 1, nop 11001011xx00zzzz
DCF PNEG Sy,Dz ifDC=0,0-Sy-Dz  111110*****=x***xx ] — — — O
if 1, nop 1110101100yyzzzz

Description: Reversesthe sign. Subtracts the Sx and Sy operands from 0 and stores the result in

the Dz operand. When conditions are specified for DCT and DCF, the instruction is executed

when those conditions are TRUE. When they are FAL SE, the instruction is not executed.

When conditions are not specified, the DC bit of the DSR register is updated according to the
specifications for the CSbits. The N, Z, V, and GT bits of the DSR register are also updated. If
conditions are specified, the DC, N, Z, V, and GT bits are not updated even is the conditions were
true and the instruction was executed.
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Operation:
/* Casel : PNEG Sx, Dz */
/* Case2 : PNEG Sy, Dz x|
{

unsi gned char carry_bit, borrow bit, negative_bit, zero_bit,
overflow bit;

DSP_ALU SRC1 = O0;
DSP_ALU_SRC1G= 0;

/* ALU Sources assignment */

if (Casel) { /* 0 - Sx - Dz */
switch (xx) { /* Sx Operand selection bit (xx) */
case 0xO: DSP_ALU SRC2 = XO;
if (DSP_ALU SRC2_MSB) DSP_ALU SRC2G = 0xff;
el se DSP_ALU_SRC2G = 0xO0;
br eak;
case 0Ox1: DSP_ALU SRC2 = Xi1;
if (DSP_ALU SRC2_MSB) DSP_ALU SRC2G = 0xff;
el se DSP_ALU_SRC2G = 0xO0;
br eak;
case 0x2: DSP_ALU SRC2 = AO0;
DSP_ALU SRC2G = A0OG
br eak;
case 0x3: DSP_ALU SRC2 = Al;
DSP_ALU_SRC2G = AlG
br eak;
}
}
else { /* 0 - Sy - Dz */
switch (yy) { /* Sy Operand selection bit (yy) */
case 0x0: DSP_ALU SRC2 = YO,
br eak;
case 0Ox1: DSP_ALU SRC2 = Y1,
br eak;
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case 0x2: DSP_ALU SRC2 = M;
br eak;

case 0x3: DSP_ALU SRC2 = M;
br eak;

}
if (DSP_ALU SRC2_NBB) DSP_ALU_SRC2G = Oxff;
el se DSP_ALU_SRC2G = 0xO0;

DSP_ALU DST = DSP_ALU SRC1 - DSP_ALU SRC2;
carry_bit =((DSP_ALU SRC1_MsB | ! DSP_ALU SRC2_MsSB) &&
| DSP_ALU_DST_MSB) |
(DSP_ALU_SRC1_MSB & ! DSP_ALU_SRC2_MNSB) ;
borrow bit = lcarry_bit;
DSP_ALU DSTG LSB8 = DSP_ALU SRC1G LSB8 - DSP_ALU SRC2G LSB8 -
borrow_bit;

overflow bit= MNUS_OP_G OV || !(POCS_NOT_OV || NEG NOT_OV);
overflow protection();
i f ( DSP_UNCONDI Tl ONAL_UPDATE) { /* unconditional operation */

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al = DSP_ALU _DST;
AlG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) AlG = A1G | OxFFFFFFOO;
br eak;
case 0Ox7: A0 = DSP_ALU DST;
AOG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) AOG = AOG | OxFFFFFF0O;
br eak;
case 0x8: X0
br eak;
case 0x9: X1 = DSP_ALU _DST;

DSP_ALU_DST;
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br eak;

case Oxa: YO = DSP_ALU DST;
br eak;

case Oxb: Y1 = DSP_ALU _DST;
br eak;

case Oxc: M) = DSP_ALU DST;
br eak;

case Oxe: ML = DSP_ALU DST;

br eak;

default: printf("\nERROR ||l egal DSP Instruction");

br eak;

}

negative_bit = DSP_ALU DSTG BI T7;
zero_bit = (DSP_ALU DST==0) & (DSP_ALU DSTG LSB8==0);

/* DSR register update */

m nus_dc_bit();

}

el se i f(DSP_CONDI TI ON_MATCH) { /* conditional operation and match

*/
/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al = DSP_ALU _DST;
AlG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) AlG = Al1G | OxFFFFFFOO;
br eak;
case 0Ox7: A0 = DSP_ALU DST;
AOG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) AOG = AOG | OxFFFFFF0O;

br eak;

case 0x8: X0 = DSP_ALU _DST;
br eak;

case 0x9: X1 = DSP_ALU _DST;
br eak;

case Oxa: YO = DSP_ALU DST;
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br eak;
case Oxb: Y1 = DSP_ALU _DST;
br eak;
case Oxc: M) = DSP_ALU DST;
br eak;
case Oxe: ML = DSP_ALU DST;
br eak;
default: printf("\nERROR ||l egal DSP Instruction");
br eak;
}
}
}
Examples:

PNEG X0, AO NOPX NOPY ; Beforeexecution: XO0=H'55555555, AO=H'A987654321

; After execution:  X0=H'55555555, AO=H'FFAAAAAAAB
PNEG X1, Y1 NOPX NOPY ; Before execution: Y 1=H'99999999

; After execution: Y 1=H'66666667

In case of unconditional execution, the DC bit is updated
depending on the state of CS[2:0].
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6.3.15 [if cc] POR (Logical OR): DSP Logical Operation Instruction

Applicable
Instructions
SH-
Format Abstract Code Cycle DCBit SH-1 SH-2 DSP
POR Sx | Sy - Dz, clear LSW of 117270*****xxkkk ] Update — — O
Sx, Sy, Dz Dz 10110101xxyyzzzz
DCT POR If DC =1, Sx | Sy - Dz, 111270***x*xkkxx ] — — — O
Sx, Sy, Dz clear LSW of Dz; if 0, nop 10110110xxyyz222
DCF POR If DC =0, Sx | Sy - Dz, 111270**xxxkkskxx ] — — — O
Sx, Sy, Dz clear LSW of Dz; if 1, nop 10110111xxyyzz22

Description: Takesthe OR of the top word of the Sx operand and the top word of the Sy operand,
stores the result in the top word of the Dz operand, and clears the bottom word of Dz with zeros.
When Dz is aregister that has guard bits, the guard bits are also zeroed. When conditions are
specified for DCT and DCF, the instruction is executed when those conditions are TRUE. When
they are FAL SE, theinstruction is not executed.

When conditions are not specified, the DC bit of the DSR register is updated according to the
specifications for the CSbits. The N, Z, V, and GT bits of the DSR register are also updated. If
conditions are specified, the DC, N, Z, V, and GT bits are not updated even is the conditions were
true and the instruction was executed.

Note: The bottom word of the destination register and the guard bits are ignored when the DC bit
is updated.
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Operation:
/* POR Sx, Sy, Dz */

{

unsi gned char carry_bit, negative_bit, zero_bit, overflow bit;

/* ALU Sources assignnment */

switch (xx) { /* Sx Operand selection bit (xx) */
case 0x0: DSP_ALU SRC1 = XOo;
br eak;
case Ox1: DSP_ALU SRC1 = Xi;
br eak;
case 0x2: DSP_ALU SRC1 = AQ;
br eak;
case 0x3: DSP_ALU SRC1 = A1,
br eak;
}

switch (yy) { /* Sy Operand selection bit (yy) */

case 0x0: DSP_ALU SRC2 = YO0;
br eak;

case 0Ox1: DSP_ALU_SRC2
br eak;

case 0x2: DSP_ALU SRC2 = M;
br eak;

case 0x3: DSP_ALU SRC2 = M,
br eak;

Y1;

}
DSP_ALU DST _HW= DSP_ALU SRC1_HW | DSP_ALU SRC2_HW
i f (DSP_UNCONDI Tl ONAL_UPDATE) { /* unconditional operation */

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al_HW = DSP_ALU DST_HW
Al LW = 0xO0; /* clear LSW*/
AlG = 0xO0; /* clear CGuard bits */
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br eak;
case Ox7: AO_HW = DSP_ALU DST_HW
A0_LW = 0x0; /* clear LSW*/
AOG = 0xO0; /* clear Guard bits */
br eak;
case 0x8: XO0_HW = DSP_ALU DST_HW
X0_LW = 0x0; /* clear LSW*/
br eak;
case 0x9: X1_HW= DSP_ALU DST;
X1 LW = 0x0; /* clear LSW*/
br eak;
case Oxa: YO_HW = DSP_ALU DST;
YO_LW = 0x0; /* clear LSW*/
br eak;
case Oxb: Y1_HW= DSP_ALU DST;
Y1 LW = 0x0; /* clear LSW*/
br eak;
case Oxc: M)_HW = DSP_ALU DST;
M)_LW = 0xO; [* clear LSW*/
br eak;
case Oxe: ML_HW = DSP_ALU DST;
ML LW = 0xO0; /* clear LSW*/
br eak;
default: printf("\nERROR ||l egal DSP Instruction");
br eak;
}
carry_bit = 0xO0;

negative_bit = DSP_ALU DST_NSB;
(DSP_ALU DST_HWE=0) ;
0x0;

zero_bit

overflow bit

/* DSR register update */
| ogical _dc_bit();
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el se i f(DSP_CONDI TI ON_MATCH) { /* conditional operation and match

*/
/* ALU Destination assignnent */
switch (zzzz) { /* Dz Qperand selection bit (zzzz) */
case 0x5: Al_HW = DSP_ALU DST_HW
Al LW = 0x0; /* clear LSW*/
A1G = 0x0; /* clear Guard bits */
br eak;
case Ox7: AO_HW = DSP_ALU DST_HW
AO0_LW = 0x0; /* clear LSW*/
AOG = 0xO0; /* clear Guard bits */
br eak;
case 0x8: XO0_HW = DSP_ALU DST_HW
X0_LW = 0x0; /* clear LSW*/
br eak;
case 0x9: X1_HW= DSP_ALU DST;
X1 LW = 0x0; /* clear LSW*/
br eak;
case Oxa: YO _HW= DSP_ALU DST;
YO_LW = 0x0; /* clear LSW*/
br eak;
case Oxb: Y1_HW= DSP_ALU DST;
Y1 LW = 0xO0; /* clear LSW*/
br eak;
case Oxc: M) _HW = DSP_ALU DST;
M)_LW = 0xO; /* clear LSW?*/
br eak;
case Oxe: ML_HW = DSP_ALU DST;
ML LW = 0xO0; /* clear LSW*/
br eak;
default: printf("\nERROR ||l egal DSP Instruction");
br eak;
}
}
}

Rev. 5.00 Jun 30, 2004 page 363 of 512
REJ09B0171-05000
RRENESAS



Section 6 Instruction Descriptions

Example:

POR X0, YO, A0 NOPX NOPY ; Beforeexecution: X0=H'33333333, Y 0=H'55555555
A0=H"'123456789A

; After execution:  X0=H'33333333, Y 0=H'55555555
AO0=H"127777789A

In case of unconditional execution, the DC bit is updated
depending on the state of CS[2:0].
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6.3.16 PRND (Rounding): DSP Arithmetic Operation Instruction

Applicable
Instructions
SH-
Format  Abstract Code Cycle DCBit SH-1 SH-2 DSP
PRND Sx +H'00008000 - Dz 11111Q********xxx 1] Update — — O
S, Dz Clear LSW of Dz 10011000xx002227
PRND Sy + H'00008000 - Dz  11111Q********xx 1] Update — — O
Sy, bz clear LSW of Dz 1011100000yyzzzz

Description: Does rounding. Adds the immediate data H'00008000 to the contents of the Sx and
Sy operands, stores the result in the upper word of the Dz operand, and clears the bottom word of

Dz with zeros.

The DC hit of the DSR register is updated according to the specifications for the CS bits. The N,
Z,V, and GT bhits of the DSR register are also updated.

Operation:
/* Casel : PRND Sx, Dz */
/* Case2 : PRND Sy, Dz * |

{
unsi gned char carry_bit, borrow bit, negative_bit, zero_bit,
overflow bit;

/* ALU Sources assignment */

DSP_ALU_SRC2 = 0x00008000;
DSP_ALU_SRC2G= 0x0;

if (Casel) { /* Sx + H 00008000 - Dz; clr Dz LW*/
switch (xx) { /* Sx Operand selection bit (xx) */

case 0xO: DSP_ALU SRC1 = XO;
if (DSP_ALU SRC1_MSB) DSP_ALU SRC1G = 0xff;
el se DSP_ALU_SRC1G = 0xO0;
br eak;

case 0Ox1: DSP_ALU SRC1 = X1,

if (DSP_ALU SRC1_MBB) DSP_ALU SRCIG = Oxff;
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el se DSP_ALU_SRC1G = 0xO0;
br eak;
case 0x2: DSP_ALU SRC1 = AO0;
DSP_ALU SRC1G = A0OG
br eak;
case 0x3: DSP_ALU SRC1 = A1l;
DSP_ALU SRC1G = AlG
br eak;
}
}
el se { /* Sy + H 00008000 - Dz; clr Dz LW*/
switch (yy) { /* Sy Operand selection bit (yy) */
case 0xO: DSP_ALU SRC1 = YO;
br eak;
case Ox1: DSP_ALU SRC1 = Y1;
br eak;
case 0x2: DSP_ALU SRC1 = M);
br eak;
case 0x3: DSP_ALU SRC1 = ML;
br eak;
}
if (DSP_ALU SRC1_MSB) DSP_ALU SRC1G = 0Oxff;
el se DSP_ALU_SRC1G = 0xO0;

}

DSP_ALU DST = (DSP_ALU SRC1 + DSP_ALU SRC2) & OxFFFF0000;

carry bit = ((DSP_ALU SRC1_MSB | DSP_ALU SRC2_MSB) &
| DSP_ALU_DST_MBB)
| (DSP_ALU_SRC1_MSB & DSP_ALU SRC2_MSB);

DSP_ALU DSTG LSB8 = DSP_ALU_SRC1G LSB8 + DSP_ALU SRC2G LSB8 +
carry_bit;

overflow bit= PLUS OP_G OV || !(PCS_NOT_OV || NEG NOT_OV);
overfl ow _protection();

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
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case 0x5: Al_HW = DSP_ALU DST_HW
Al LW = 0x0; /* clear LSW*/
AlG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) AlG = A1G | OxFFFFFFOO;

br eak;
case Ox7: AO_HW = DSP_ALU DST_HW
AO0_LW = 0x0; /* clear LSW*/
AOG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) A0G = AOG | OxFFFFFFOO;
br eak;
case 0x8: X0_HW = DSP_ALU DST_HW
X0_LW = 0x0; /* clear LSW*/
br eak;
case 0x9: X1_HW = DSP_ALU DST_HW
X1 LW = 0x0; /* clear LSW*/
br eak;
case Oxa: YO_HW= DSP_ALU DST_HW
YO_LW = 0x0; /* clear LSW*/
br eak;
case Oxb: Y1_HW= DSP_ALU DST HW
Y1 LW = 0x0; [* clear LSW*/
br eak;
case Oxc: M)_HW = DSP_ALU DST_HW
M) LW = 0xO0; /* clear LSW*/
br eak;
case Oxe: ML _HW = DSP_ALU DST HW
ML_LW = 0xO; /* clear LSW*/
br eak;

default: printf("\nERROR ||l egal DSP Instruction");
br eak;

}
negative_bit = DSP_ALU DSTG BI T7;
zero_bit = (DSP_ALU DST_HW=0) & (DSP_ALU DSTG LSB8==0);

/* DSR register update */
plus_dc_bit();
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}
Example:

PRND X0, M0 NOPX NOPY ; Beforeexecution: X0=H'0052330F, M0=H'12345678
; After execution:  X0=H'0052330F, M0=H'00520000
PRND X1, X1 NOPX NOPY ; Beforeexecution: X1=H'FC34C087
; After execution: X 1=H'FC350000
DC bit is updated depending on the state of CS[2:0].
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6.3.17  [if cc] PSHA (Shift Arithmetically with Condition): DSP Arithmetic Shift

Instruction
Applicable
Instructions
SH-
Format Abstract Code Cycle DCBit SH-1 SH-2 DSP
PSHA if Sy> =0, Sx<<Sy- Dz 111110*****xrkxx ] Update — — O
Sx, Sy, bz if Sy<0, Sx>>Sy—>Dz 10010001xxyyzz22
DCT PSHA if DC=1& Sy>=0, 111110*****xrkxx ] Update — — O
Sx, Sy, Dz Sx<<Sy- Dz 10010010xxyyzzzz
if DC =1 & Sy<0,
Sx>>Sy - Dz
if DC =0, nop
DCF PSHA if DC =0 & Sy> =0, 111170*****xxkkx ] — — — O
Sx, Sy, bz Sx<<Sy->Dz 10010011xxyyzzzz
if DC =0 & Sy<0,
Sx>>Sy Dz
if DC =1, nop
PSHA #i nm Dz if imm> =0, 111110*****xrkxx ] — — — O
Dz<<imm - Dz 00010iiiiiiizzzz

if imm<0, Dz>>imm - Dz

Description: Arithmetically shifts the contents of the Sx or Dz operand and stores the result in the
Dz operand. The amount of the shift is specified by the Sy operand or the immediate value imm
operand. When the shift amount is positive, it shiftsleft. When the shift amount is negative, it
shiftsright. When conditions are specified for DCT and DCF, the instruction is executed when
those conditions are TRUE. When they are FALSE, the instruction is not executed.

When conditions are not specified, the DC hit of the DSR register is updated according to the
specifications for the CS bits. The N, Z, V, and GT bits of the DSR register are also updated. If
conditions are specified, the DC, N, Z, V, and GT bits are not updated even is the conditions were
true and the instruction was executed.
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Operation:
/* PSHA Sx, Sy, Dz */
<When register operand is used>
{

unsi gned char carry_bit, negative_bit, zero_bit, overflow bit;

/* ALU Sources assignment */
switch (xx) { /* Sx Operand selection bit (xx) */
case 0x0: DSP_ALU SRC1 = XO;
i f (DSP_ALU SRC1_MsB) DSP_ALU SRC1G = Oxff;
el se DSP_ALU_SRC1G = 0xO0;
br eak;
case Ox1: DSP_ALU SRC1 = Xi,
i f (DSP_ALU SRC1_MsB) DSP_ALU SRC1G = Oxff;
el se DSP_ALU_SRC1G = 0xO0;
br eak;
case 0x2: DSP_ALU SRC1 = AO0;
DSP_ALU_SRC1G = A0G
br eak;
case 0x3: DSP_ALU SRC1 = A1,
DSP_ALU SRC1G = AlG
br eak;
}
switch (yy) { /* Sy Operand selection bit (yy) */
case 0x0: DSP_ALU SRC2 = YO & 0x007F0000;

br eak;
case 0Ox1: DSP_ALU SRC2 = Y1 & 0x007F0000;
br eak;
case 0x2: DSP_ALU SRC2 = M) & 0x007F0000;
br eak;
case 0x3: DSP_ALU SRC2 = ML & 0x007F0000;
br eak;
}
if (DSP_ALU SRC2_MsB) DSP_ALU SRC2G = Oxff;
el se DSP_ALU_SRC2G = 0x0;
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i f((DSP_ALU_SRC2_HW & 0x0040) ==0) { /* Left Shift O<=cnt<=32
*/
char cnt = (DSP_ALU SRC2_HW & 0x003F);
if(cnt > 32) {

printf("\nPSHA Sz, Sy, Dz \nError! Shift %X exceed
range.\n",cnt);

exit();
}
DSP_ALU _DST DSP_ALU SRC1 << cnt;
DSP_ALU DSTG = ((DSP_ALU SRC1G << cnt) |
(DSP_ALU SRC1 >> (32-cnt))) & 0x000000FF;
carry_bit = ((DSP_ALU DSTG & 0x00000001) ==0x1);

}

el se { /* Right Shift 0< cnt <=32 */
char cnt = ((~DSP_ALU_SRC2_HW & 0x003F) +1) ;
if(cnt > 32) {

printf("\nPSHA Sz, Sy, Dz \nError! shift -%X exceed
range.\n",cnt);

exit();

}

if((cnt>8) && DSP_ALU SRCIG BIT7) { /* MSB copy */
DSP_ALU _DST=( (DSP_ALU_SRC1>>8) | (DSP_ALU_SRC1G<<(32-8)));
DSP_ALU DST=(|ong) DSP_ALU DST >> (cnt-38);

}
el se {

DSP_ALU_DST=( ( DSP_ALU_SRC1>>cnt) | ( DSP_ALU_SRC1G<<(32-cnt)));
}

DSP_ALU DSTG LSB8 = (char) DSP_ALU SRC1G LSB8 >> cnt--
carry_bit = (((DSP_ALU SRC1 >> cnt) & 0x00000001)==0x1);

}

overflow bit = '(POCS_NOT_OV || NEG NOT_OV);

overfl ow protection();

i f ( DSP_UNCONDI Tl ONAL_UPDATE) { /* unconditional operation */
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/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al = DSP_ALU DST;
AlG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) AlG = AlG | OxFFFFFFOO;
br eak;
case 0Ox7: A0 = DSP_ALU DST;
AOG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) A0G = A0G | OxFFFFFFOO;

br eak;

case 0x8: X0 = DSP_ALU _DST;
br eak;

case 0x9: X1 = DSP_ALU DST;
br eak;

case Oxa: YO = DSP_ALU DST;
br eak;

case Oxb: Y1 = DSP_ALU DST;
br eak;

case Oxc: M) = DSP_ALU DST;
br eak;

case Oxe: ML = DSP_ALU DST;
br eak;

default: printf("\nERROR ||l egal DSP Instruction");

br eak;

}

negative_bit = DSP_ALU DSTG BI T7;
zero _bit = (DSP_ALU DST==0) & (DSP_ALU DSTG LSB8==0);

/* DSR register update */
shift_dc_bit();

}
el se i f(DSP_CONDI TION_MATCH) { /* conditional operation and match */

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
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case 0x5: Al = DSP_ALU DST;
AlG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) AlG = AlG |
br eak;
case 0Ox7: A0 = DSP_ALU DST;
AOG = DSP_ALU DSTG & 0x000000FF;

OXFFFFFFOO;

OXFFFFFFOO;

i f (DSP_ALU DSTG BI T7) A0G = A0G |
br eak;
case 0x8: X0 = DSP_ALU DST;
br eak;
case 0x9: X1 = DSP_ALU DST;
br eak;
case Oxa: YO = DSP_ALU DST;
br eak;
case Oxb: Y1 = DSP_ALU DST;
br eak;
case Oxc: M) = DSP_ALU DST;
br eak;
case Oxe: ML = DSP_ALU _DST;
br eak;
default: printf("\nERROR ||| egal DSPInstruction");
br eak;
}
}
}
/* PSHA #| mm Dz */
<When register operand is used>
{

unsi gned char carry_bit, negative_bit, zero_bit,

unsi gned short tnp_i mm

/* ALU Sources assignment */

overflow bit;

switch (zzzz) { /* Dz Operand selection bit (zzzz) */

case 0x5: DSP_ALU SRC1l = A1;
DSP_ALU SRC1G = AlG
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br eak;
case Ox7: DSP_ALU SRC1 = AO0;
DSP_ALU_SRC1G = AlG

br eak;
case 0x8: DSP_ALU SRC1 = Xo;
br eak;
case 0x9: DSP_ALU SRC1 = Xi1;
br eak;
case Oxa: DSP_ALU SRC1 = YO;
br eak;
case Oxb: DSP_ALU SRCl = Yi1;
br eak;
case Oxc: DSP_ALU SRC1 = M;
br eak;
case Oxe: DSP_ALU SRC1 = M;
br eak;
default: printf("\nERROR ||l egal DSP Instruction");
br eak;
}
if (DSP_ALU SRC1_MSB) DSP_ALU SRC1G = 0Oxff;

el se DSP_ALU SRC1G = 0x0;
tnp_imm = (#l mm & 0x0000007F); /* Extract 7bit Inmidiate Data */

i f((tnp_i mm & 0x0040)==0) { /* Left Shift O<= cnt <=32 */
char cnt = (tnp_i mm & O0x003F);
if(cnt > 32) {
printf("\nPSHA Dz, #l mm Dz \nError! # mr%X exceed
range\ n", tnp_i nm;
exit();
}
DSP_ALU _DST DSP_ALU SRC1 << cnt;
DSP_ALU DSTG = ((DSP_ALU_SRC1G << cnt)
| (DSP_ALU SRC1 >> (32-cnt))) & O0x000000FF;
carry_bit = ((DSP_ALU DSTG & 0x00000001) ==0x1);
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el se { /* Right Shift 0< cnt <=32 */

char cnt = ((~tnp_i mm & O0x003F) +1) ;
if(cnt > 32) {
printf("\nPSHL Dz, #l nm Dz \nError! # mr%X exceed

range\ n", tnp_i nm;

}

exit();
}
if((cnt>8) & & DSP_ALU SRC1G BIT7) { /* MSB copy */
DSP_ALU DST=( (DSP_ALU SRC1>>8) | (DSP_ALU SRC1G<<(32-8)));
DSP_ALU DST=(long) DSP_ALU DST >> (cnt-8);
}
el se {

DSP_ALU DST=((DSP_ALU_SRCl1>>cnt) | (DSP_ALU SRC1G<<(32-cnt)));
}
DSP_ALU DSTG LSB8 = (char) DSP_ALU SRC1G LSB8 >> cnt--;
carry_bit = (((DSP_ALU SRC1 >> cnt) & 0x00000001)==0x1);

overflow bit = ' (POCS_NOT_OV || NEG NOT_OV);
overflow protection();

{ /* unconditional operation */
/* ALU Destination assignnent */

switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al = DSP_ALU _DST;
A1G = DSP_ALU DSTG & 0x000000FF;
i f(DSP_ALU DSTG BI T7) AlG = AlLG | OxFFFFFFOO;
br eak;
case 0Ox7: A0 = DSP_ALU _DST;
AOG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) AOG = AOG | OxFFFFFF0O;

br eak;

case 0x8: X0 = DSP_ALU _DST;
br eak;

case 0x9: X1 = DSP_ALU _DST;
br eak;
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case Oxa: YO = DSP_ALU DST;
br eak;

case Oxb: Y1 = DSP_ALU DST;
br eak;

case Oxc: M) = DSP_ALU DST;
br eak;

case Oxe: ML = DSP_ALU DST;

br eak;

default: pr
br eak;

}

negative_bit = DSP_ALU DSTG BI T7;
zero _bit = (DSP_ALU DST==0) & (DSP_ALU DSTG LSB8==0);

ntf("\nERROR: Il egal DSP Instruction");

/* DSR register update */
shift_dc_bit();
}

}

Examples:

PSHA X0, YO, AO NOPX NOPY ; Before execution: X0=H'88888888, Y 0=H'00020000,
AO0=H"123456789A

; After execution;  X0=H'88888888, Y 0=H'00020000,
AO=H'FE22222222

PSHA X0, YO, X0 NOPX NOPY ; Before execution: X0=H'33333333, Y 0=H'FFFF0000
; After execution;  X0=H'19999999, Y 0=H'FFFE0000
PSHA #-5, Al NOPX NOPY ; Before execution: A1=H'AAAAAAAAAA
; After execution:  A1=H'FD55555555

In case of unconditional execution, the DC bit is updated
depending on the state of CS[2:0].
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6.3.18 [if cc] PSHL (Shift Logically with Condition): DSP Logical Shift Instruction

Applicable
Instructions
SH-
Format Abstract Code Cycle DCBit SH-1 SH-2 DSP
PSHL If Sy=0, Sx<<Sy - Dz, 111200***x*xkkxx ] Update — — O
Sx, Sy, Dz clear LSW of Dz; if Sy<0, 10000001xxyyzz27
Sx>>Sy - Dz,
clear LSW of Dz
DCT PSHL If DC=1 & Sy=0, Sx<<Sy - 111270**F*xkkkskxx ] — — — O
Sx, Sy, Dz F)z, clear LSW of Dz; 10000010xxyyz222
if DC=1 & Sy<0, Sx>>Sy -
Dz, clear LSW of Dz;
if DC=0, nop
DCF PSHL If DC=0 & Sy=0, Sx<<Sy - 111270**Fxxkkkskxx ] — — — O
Sx, Sy, Dz Dz, clear LSW of Dz; if DC=0 10000011xxyyzz22
& Sy<0, Sx>>Sy - Dz, clear
LSW of Dz; if DC=1, nop
PSHL Ifimm=0, Dz<<imm - Dz, 1121200***xxxkkxx ] Update — — O
#i mm Dz clear LSW of Dz; if imm<O0, 00000iiiiiiizzzz

Dz>>imm - Dz,
clear LSW of Dz

Description: Logically shifts the top word contents of the Sx or Dz operand, storestheresult in
the top word of the Dz operand, and clears the bottom word of the Dx operand with zeros. When
Dz isaregister that has guard bits, the guard bits are also zeroed. The amount of the shift is
specified by the Sy operand or the immediate value imm operand. When the shift amount is
positive, it shiftsleft. When the shift amount is negative, it shiftsright. When conditions are
specified for DCT and DCF, the instruction is executed when those conditions are TRUE. When
they are FAL SE, theinstruction is not executed.

When conditions are not specified, the DC hit of the DSR register is updated according to the
specifications for the CS bits. The N, Z, V, and GT bits of the DSR register are also updated. If
conditions are specified, the DC, N, Z, V, and GT bits are not updated even is the conditions were
true and the instruction was executed.
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Operation:

<When regi ster operand is used>
/* PSHL Sx, Sy, Dz */

unsi gned char carry_bit, negative_bit, zero_bit, overflow bit;

/* ALU Sources assignnment */

switch (xx) { /* Sx Operand selection bit (xx) */
case 0x0: DSP_ALU SRC1 = XO0;
br eak;
case Ox1: DSP_ALU SRC1 = Xi;
br eak;
case 0x2: DSP_ALU SRC1 = AQ;
br eak;
case 0x3: DSP_ALU SRC1 = A1,
br eak;
}

switch (yy) { /* Sy Operand selection bit (yy) */
case 0x0: DSP_ALU SRC2 YO & 0x003F0000;

br eak;
case Ox1l: DSP_ALU SRC2 = Y1 & 0x003F0000;
br eak;
case 0x2: DSP_ALU SRC2 = M) & 0x003F0000;
br eak;
case 0x3: DSP_ALU SRC2 = ML & 0x003F0000;
br eak;
}
i f((DSP_ALU _SRC2_HW & 0x0020) ==0) { /* Left Shift 0O<=cnt<=16

*/
char cnt = (DSP_ALU SRC2_HW & 0x001F);
if(cnt > 16) {
printf("PSHL Sx, Sy, Dz \nError! Shift 92X exceed range\n",cnt);
exit();
}
DSP_ALU DST_HW = DSP_ALU SRC1_HW << cnt--;
carry_bit = (((DSP_ALU SRC1_HW << cnt) & 0x8000)==0x8000);
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}
el se { /* Right Shift O<cnt<=16 */
char cnt = ((~DSP_ALU_SRC2_HW & 0x000F) +1) ;
if(cnt > 16) {
printf("PSHL Sx, Sy,Dz \nError! Shift -9X exceed range\n",cnt);
exit();
}
DSP_ALU DST_HW = DSP_ALU SRC1_HW >> cnt--;
carry_bit = (((DSP_ALU SRC1_HW >> cnt) & 0x0001)==0x1);
}

i f (DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */
/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */

case Ox5: Al_HW= DSP_ALU DST_HW

Al LW = 0x0; /* clear LSW*/
AlG = 0x0; /* clear Guard bits */
br eak;
case Ox7: AO0O_HW = DSP_ALU DST_HW
A0 LW = 0xO0; /* clear LSW*/
AOG = 0x0; /* clear Guard bits */
br eak;
case 0x8: XO0_HW = DSP_ALU DST_HW
X0 LW = 0xO0; /* clear LSW*/
br eak;
case 0x9: X1 _HW= DSP_ALU DST;
X1_LW= 0x0; /* clear LSW*/
br eak;
case Oxa: YO_HW = DSP_ALU DST;
YO LW = 0xO0; /* clear LSW*/
br eak;
case Oxb: Y1 _HW= DSP_ALU DST;
Y1_LW = 0xO0; /* clear LSW*/
br eak;
case Oxc: M)_HW = DSP_ALU DST;
M) LW = 0xO0; /* clear LSW*/
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br eak;
case Oxe: ML_HW = DSP_ALU DST;
ML_LW = 0xO0; /* clear LSW*/
br eak;
default: printf("\nERROR Illegal DSP Instruction");
br eak;
}
carry_bit = 0x0;

negative_bit = DSP_ALU DST_MSB;
(DSP_ALU_DST_HW£=0) ;
0x0;

zero_bit

overfl ow bit

/* DSR register update */
shift_dc_bit();
}

el se i f(DSP_CONDI TI ON_MATCH) { /* conditional operation and match */

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al_HW= DSP_ALU DST_HW

Al LW = 0xO0; /* clear LSW*/
AlG = 0xO0; /* clear Guard bits */
br eak;
case Ox7: AO0O_HW = DSP_ALU DST_HW
A0 LW = 0xO0; /* clear LSW*/
AOG = 0xO0; /* clear Quard bits */
br eak;
case 0x8: XO_HW = DSP_ALU DST_HW
X0 LW = 0x0; /* clear LSW*/
br eak;
case 0x9: X1 _HW= DSP_ALU DST;
X1_LW = 0x0; /* clear LSW?*/
br eak;
case Oxa: YO_HW = DSP_ALU DST;
YO LW = 0xO0; /* clear LSW*/
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br eak;
case Oxb: Y1_HW= DSP_ALU DST;
Y1 LW = 0x0; /* clear LSW*/
br eak;
case Oxc: M)_HW = DSP_ALU DST;
M)_LW = 0xO; /* clear LSW*/
br eak;
case Oxe: ML_HW = DSP_ALU DST;
ML_LW = 0xO; /* clear LSW*/
br eak;
default: printf("\nERROR ||l egal DSP Instruction");
br eak;
}
}
}
/* PSHL #l mm Dz */
<When i mredi ate operand is used>
{

unsi gned char carry_bit, negative_bit, zero_bit, overflow bit;
unsi gned short tnp_i mm

/* ALU Sources assignnent */

switch (xx) { /* Sx Operand selection bit (xx) */
case 0x0: DSP_ALU SRC1 = XO0;
br eak;
case Ox1: DSP_ALU SRC1 = Xi;
br eak;
case 0x2: DSP_ALU SRC1 = AO0;
br eak;
case 0x3: DSP_ALU SRC1 = A1,
br eak;
}

switch (yy) { /* Sy Operand selection bit (yy) */
case 0x0: DSP_ALU SRC2 = YO & 0x003F0000;
br eak;
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case 0Ox1: DSP_ALU_SRC2

Y1l & 0x003F0000;

br eak;

case 0x2: DSP_ALU SRC2 = M) & 0x003F0000;
br eak;

case 0x3: DSP_ALU SRC2 = ML & 0x003F0000;
br eak;

}

tnp_imm = (#l mm) & 0x0000007F); /* Extract 7bit Immedi ate Data */

if((tmp_im & 0x0020)==0) { /* Left Shift O0<= cnt <16 */
char cnt = (tnp_i mm & Ox001F);
if(cnt > 16) {
printf("PSHL Dz, #lmm Dz \nError! #l mm=%6X exceed
range\ n", tnp_i nm;
exit();
}
DSP_ALU DST HW = DSP_ALU SRC1_HW << cnt--;
carry_bit = (((DSP_ALU SRC1_HW << cnt) & 0x8000)==0x8000) ;
}
else { /* Right Shift 0< cnt <=16 */
char cnt = ((~tnp_i mm & O0x001F) +1);
if(ent > 16) {
printf("PSHL Dz, #l mm Dz \nError! #l nm=%6X exceed
range\ n", tnp_i nm;
exit();
}
DSP_ALU DST _HW = DSP_ALU SRC1_HW >> cnt--;
carry_bit = (((DSP_ALU_SRC1_HW >> cnt) & 0x0001)==0x1);

}

{ /* unconditional operation */

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al_HW = DSP_ALU DST_HW
Al LW = 0xO0; /* clear LSW*/
AlG = 0xO0; /* clear CQuard bits */
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br eak;
case Ox7: AO_HW = DSP_ALU_
AO0_LW = 0xO0;
AOG = 0x0;
br eak;
case 0x8: XO0_HW = DSP_ALU_
X0_LW = 0x0;
br eak;
case 0x9: X1_HW= DSP_ALU_
X1_LW = 0x0;
br eak;
case Oxa: YO_HW= DSP_ALU_
YO_LW = 0x0;
br eak;
case Oxb: Y1_HW= DSP_ALU_
Y1_LW = 0x0;
br eak;
case Oxc: M)_HW = DSP_ALU_
MD_LW = 0xO0;
br eak;
case Oxe: ML_HW = DSP_ALU_
ML LW = 0xO0;
br eak;
default: printf("\nERROR
br eak;
}
carry_bit = 0xO0;

DST_HW
/* clear
/* clear

DST_HW
/* clear

DST;
/* clear

DST;
/* clear

DST;
/* clear

DST;
/* clear

DST;
/* clear

Il egal DSPI

negative_bit = DSP_ALU DST_NSB;

zero_bit

overfl ow_bit 0x0;

/* DSR register update */
shift_dc_bit();

(DSP_ALU DST_HW=0) ;

LSW */
GQuard bits */

LSW */

LSW */

LSW */

LSW */

LSW */

LSW */

nstruction");
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Examples:

PSHL X0, YO, AO NOPX NOPY ; Beforeexecution: X0=H'22222222, Y 0=H'00030000,
A0=H"123456789A

; After execution:  X0=H'22222222, 'Y 0=H'00030000,
A0=H'0011100000

PSHL X1, Y1, X1 NOPX NOPY ; Beforeexecution: X1=H'CCCCCCCC, Y 1=H'FFFE0000
; After execution: X 1=H'33330000, Y 1=H'FFFE0000
PSHL #7, A1 NOPX NOPY ; Before execution:  A1=H'55555555
; After execution:  A1=H'AA800000

In case of unconditional execution, the DC bit is updated
depending on the state of CS[2:0].
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6.3.19 [if cc] PSTS (Store System Register): DSP System Control Instruction
Applicable
Instructions

DC SH-

Format Abstract Code Cycle Bit SH-1 SH-2 DSP

PSTS MACH - Dz 11117 QFrrkdrkkkx 1 —_ — — O

MACH, Dz 110011010000zzzz

PSTS MACL - Dz 11117 QFrrkdrkkkx 1 —_ — — O

MACL, Dz 110111010000zzzz

DCT PSTS ifDC=1, MACH-Dz 11117 QFrrkdrkkkx 1 —_ — — O

MACH Dz 0, nop 1100111000002722

DCT PSTS ifDC=1, MACL-Dz 11117 QFrrkdrkkkx 1 —_ — — O

MACL, Dz it 0, nop 110111100000222z

DCF PSTS ifDC =0, MACH-Dz 11117 QFrrkdrkkkx 1 —_ — — O

MACH Dz 1 nop 110011110000277z

DCF PSTS ifDC =0, MACL-Dz 11117 QFrrkdrkkkx 1 —_ — — O

MACL, Dz it 1, nop 110111110000277z

Description: Storesthe contents of the MACH and MACL registersin the Dz operand. When
conditions are specified for DCT and DCF, the instruction is executed when those conditions are
TRUE. When they are FALSE, the instruction is not executed. The DC, N, Z, V, and GT bits of
the DSR register are not updated.

Note: Though PSTS, MOV X and MOVY can be designated in parallel, their execution may take
2 cycles.
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Operation:
/* Casel : PSTS MACH, Dz */
/* Case2 : PSTS MACL, Dz */
{

i f(CASE1){ /* MACH - Dz */
i f ( DSP_UNCONDI Tl ONAL_UPDATE) { /* unconditional operation

/* ALU Destination assignnent */

switch (zzzz) {
case 0x5: Al

AlG = DSP_ALU DSTG & 0x000000FF;
i f(DSP_ALU DSTG BI T7) AlG = A1G | OxFFFFFFOO

br eak;

/* Dz Qperand selection bit (zzzz) */

case Ox7: A0
AOG = DSP_ALU DSTG & 0x000000FF;
i f(DSP_ALU DSTG BI T7) A0OG = A0OG | OxFFFFFFOO

br eak;
case
br eak;
case
br eak;
case
br eak;
case
br eak;
case
br eak;
case
br eak;

0x8:

0x9:

Oxa

Oxb:

Oxc:

Oxe:

defaul t:

br eak;

}
}

X0

X1

YO

Y1l

pr

= MACH

= MACH

= MACH

= MACH

ntf("\nERRCR ||l egal DSP Instruction");
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*/

el se i f(DSP_CONDI TI ON_MATCH) { /* conditional operation and match

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Qperand selection bit (zzzz) */
case 0x5: Al = NMACH;
AlG = DSP_ALU DSTG & 0x000000FF;
i f(DSP_ALU DSTG BI T7) AlG = A1G | OxFFFFFFOO;
br eak;
case Ox7: A0 = NMACH,
AOG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) A0G = A0OG | OxFFFFFFOO;

br eak;

case 0x8: X0 = MACH,
br eak;

case 0x9: X1 = NMACH,
br eak;

case Oxa: YO = MACH
br eak;

case Oxb: Y1 = MACH
br eak;

case Oxc: M) = NMACH,
br eak;

case Oxe: ML = NMACH,
br eak;

default: printf("\nERROR ||l egal DSP Instruction");
br eak;

}
}
el se{ /* MACL - Dz */
i f (DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al = MACL;
A1G = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) AlG = A1G | OxFFFFFFOO;
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br eak;
case Ox7: A0 = NMACL;
AOG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) A0G = AOG | OxFFFFFFOO;

br eak;
case 0x8: X0 = NMACL;
br eak;
case 0x9: X1 = NMACL;
br eak;
case Oxa: YO = NMACL;
br eak;
case Oxb: Y1 = MACL;
br eak;
case Oxc: M) = NMACL;
br eak;
case Oxe: ML = NMACL;
br eak;
default: printf("\nERROR ||l egal DSP Instruction");
br eak;
}
}

el se i f(DSP_CONDI TI ON_MATCH) { /* conditional operation and match
*/
/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al = NACL;
AlG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) AlG = A1G | OxFFFFFFOO;
br eak;
case Ox7: A0 = NMACL;
AOG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) A0G = AOG | OxFFFFFFOO;
br eak;
case 0x8: X0 = NMACL;
br eak;
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case 0x9: X1 = MACL;

br eak;
case Oxa: YO = MACL;
br eak;
case Oxb: Y1 = MACL;
br eak;
case Oxc: M) = MACL;
br eak;
case Oxe: ML = MACL;
br eak;
default: printf("\nERROR ||l egal DSP Instruction");
br eak;
}
}
}
}
Examples:

PSTS MACH, AO NOPX NOPY ; Before execution: AO0=H'123456789A, MACH=H'88888888
; After execution:  AO=H'FF88888888, M ACH=H'88888388
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6.3.20 [if cc]PSUB (Subtract with Condition): DSP Arithmetic Operation I nstruction
Applicable
Instructions
SH-
Format Abstract Code Cycle DCBit SH-1 SH-2 DSP
PSUB Sx, Sy, Dz Sx—-Sy-Dz 111170******xkkx ] Update — — O
10100001xxyyzzzz
DCT PSUB if DC =1, 111170******xkkx ] — — — O
Sx, Sy, Dz Sx—-Sy-Dzif0,nop 10100010xxyyzzzz
DCF PSUB if DC =0, 111270**Fxxkkkskxx ] — — — O
Sx, Sy, bz Sx—-Sy-Dzifl,nop 10100011xxyyzzzz

Description: Subtracts the contents of the Sy operand from the Sx operand and stores the result in
the Dz operand. When conditions are specified for DCT and DCF, the instruction is executed
when those conditions are TRUE. When they are FAL SE, the instruction is not executed.

When conditions are not specified, the DC bit of the DSR register is updated according to the
specifications for the CS bits. The N, Z, V, and GT bits of the DSR register are updated. If
conditions are specified, the DC, N, Z, V, and GT bits are not updated even is the conditions were
true and the instruction was executed.
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Operation:
/* PSUB Sx, Sy, Dz */

{

unsi gned char carry_bit, borrow bit, negative_bit, zero_bit,
overflow_ bit;

/* ALU Sources assignnent */
switch (xx) { /* Sx Operand selection bit (xx) */
case 0x0: DSP_ALU SRC1 = XO0;

if (DSP_ALU SRC1_MSB) DSP_ALU SRC1G = 0xff;
el se DSP_ALU_SRC1G = 0xO0;
br eak;

case Ox1: DSP_ALU SRC1 = Xi;
if (DSP_ALU SRC1_MSB) DSP_ALU SRC1G = 0xff;
el se DSP_ALU_SRC1G = 0xO0;
br eak;

case 0x2: DSP_ALU SRC1 = AO0;
DSP_ALU SRC1G = A0OG
br eak;
case 0x3: DSP_ALU SRC1 = A1,
DSP_ALU_SRC1G = Al1G
br eak;
}
switch (yy) { /* Sy Operand selection bit (yy) */
case 0x0: DSP_ALU SRC2 = YO0;

br eak;
case 0Ox1: DSP_ALU SRC2 = Y1,
br eak;
case 0x2: DSP_ALU SRC2 = M;
br eak;
case 0x3: DSP_ALU SRC2 = M,
br eak;
}
if (DSP_ALU SRC2_MSB) DSP_ALU SRC2G = Oxff;
el se DSP_ALU_SRC2G = 0x0;
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DSP_ALU DST = DSP_ALU SRC1 - DSP_ALU SRC2;
carry_bit =((DSP_ALU SRC1_MsB | !DSP_ALU SRC2_MsSB) && ! DSP_ALU DST_MSB)
|
(DSP_ALU _SRC1_MsB & ! DSP_ALU SRC2_NSB) ;
borrow bit = lcarry_bit;

DSP_ALU DSTG LSB8 = DSP_ALU SRC1G LSB8 - DSP_ALU SRC2G LSB8 -
borrow bit;

overflow bit= MNUS_ OP_G OV || ! (POS_NOT_OV || NEG NOT_OV);
overflow protection();

i f (DSP_UNCONDI Tl ONAL_UPDATE) { /* unconditional operation */

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al = DSP_ALU DST;
AlG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) AlG = A1G | OxFFFFFFOO;
br eak;
case 0Ox7: A0 = DSP_ALU DST;
AOG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) A0G = AOG | OxFFFFFFOO;

br eak;
case 0x8: X0 = DSP_ALU DST;
br eak;
case 0x9: X1 = DSP_ALU DST;
br eak;
case Oxa: YO = DSP_ALU DST;
br eak;
case Oxb: Y1 = DSP_ALU DST;
br eak;
case Oxc: M) = DSP_ALU DST;
br eak;
case Oxe: ML = DSP_ALU DST;
br eak;
default: printf("\nERROR ||l egal DSP Instruction");
br eak;
}
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negative_bit = DSP_ALU DSTG BI T7;
zero_bit = (DSP_ALU DST==0) & (DSP_ALU DSTG LSB8==0);

/* DSR register update */

m nus_dc_bit();

}

el se i f(DSP_CONDI TI ON_MATCH) { /* conditional operation and match

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Qperand selection bit (zzzz) */
case 0x5: Al = DSP_ALU DST;
A1G = DSP_ALU DSTG & O0x0O00O0O0OFF;
i f(DSP_ALU DSTG BI T7) AlG = AlG | OxFFFFFFOO;
br eak;
case 0Ox7: A0 = DSP_ALU DST;
AOG = DSP_ALU _DSTG & O0x0O00O00O0FF;
i f(DSP_ALU DSTG BI T7) A0G = AOG | OxFFFFFFOO;

br eak;
case 0x8: X0 = DSP_ALU DST;
br eak;
case 0x9: X1 = DSP_ALU DST;
br eak;
case Oxa: YO = DSP_ALU DST;
br eak;
case Oxb: Y1 = DSP_ALU DST;
br eak;
case Oxc: M) = DSP_ALU DST;
br eak;
case Oxe: ML = DSP_ALU DST;
br eak;
default: printf("\nERROR ||| egal DSPInstruction");
br eak;
}
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Examples:
PSUB X0, YO, AO NOPX NOPY ; Beforeexecution: XO0=H'55555555, Y 0=H'33333333,
A0=H"123456789A

; After execution:  X0=H'55555555, Y 0=H'33333333,
A0=H'0022222222

In case of unconditional execution, the DC bit is updated
depending on the state of CS[2:0].
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6.3.21 PSUB PMULS (Subtraction & Multiply Signed by Signed): DSP Arithmetic
Operation Instruction

Applicable
Instructions
SH-
Format Abstract Code Cycle DCBit SH-1 SH-2 DSP
PSUB Sx—Sy-Du 111720******xxxk ] Update — — O
Sx, Sy, Du
PMULS MSW of Se x MSW 0110eef f xxyygguu — — O

Se, Sf, Dg of Sf-.Dg

Description: Subtracts the contents of the Sy operand from the Sx operand and stores the result in
the Du operand. The contents of the top word of the Se and Sf operands are multiplied as signed
and the result stored in the Dg operand. These two processes are executed simultaneously in
parallel.

The DC bit of the DSR register is updated according to the results of the ALU operation and the
specifications for the CSbits. The N, Z, V, and GT bits of the DSR register are also updated
according to the results of the ALU operation.

Operation:
/* PSUB Sx, Sy, DuPMILS Se, Sf,Dg */

{
unsi gned char carry_bit, borrow bit, negative_bit, zero_bit,
overflow bit;

/* Multiplier Sources assignment */

switch (ee) { /* Se Qperand selection bit (ee) */
case 0x0: DSP_M SRC1 = X0_HW
br eak;
case 0Ox1: DSP_M SRC1 = X1_HW
br eak;
case 0x2: DSP_M SRC1 = YO_HW
br eak;
case 0x3: DSP_M SRC1 = A1l _HW
br eak;
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}
switch (ff) { [* Sf Operand selection bit (ff) */

case 0x0: DSP_M SRC2 = YO_HW
br eak;

case 0x1: DSP_M SRC2
br eak;

case 0x2: DSP_M SRC2
br eak;

case 0x3: DSP_M SRC2
br eak;

Y1_HW

X0_HwW

Al _HW

}

/* ALU Sources assignnent */
switch (xx) { /* Sx Operand selection bit (xx) */
case 0x0: DSP_ALU SRC1 = XO0;
if (DSP_ALU _SRC1_MSB)
DSP_ALU SRC1G LSB8 = Oxff;
else DSP_ALU SRC1G LSB8 = 0xO0;
br eak;
case Ox1: DSP_ALU SRC1 = Xi;
i f (DSP_ALU_SRC1_MSB)
DSP_ALU SRC1G LSB8 = Oxff;
else DSP_ALU SRC1G LSB8 = 0xO0;
br eak;
case 0x2: DSP_ALU SRC1 = AO0;
DSP_ALU SRC1G = A0OG
br eak;
case 0x3: DSP_ALU SRC1 = A1;
DSP_ALU SRC1G = AlG
br eak;
}
switch (yy) { /* Sy Operand selection bit (yy) */
case 0x0: DSP_ALU SRC2 = YO,
br eak;
case 0Ox1: DSP_ALU_SRC2

br eak;

Y1;
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case 0x2: DSP_ALU SRC2 = M;
br eak;
case 0x3: DSP_ALU SRC2 = M,
br eak;
}
i f (DSP_ALU_SRC2_MSB) DSP_ALU _SRC2G LSB8 = Oxff;
el se DSP_ALU SRC2G LSB8 = 0xO0;

/* Multiplier Operation */

/* PMULS Se, Sf, Dg */

if ((SBIT==1) && (DSP_M SRC1==0x8000) && (DSP_M SRC2==0x8000)) {
DSP_M DST=0x7fffffff; /* overflow protection */

}

el se {

DSP_M DST=( (1 ong) (short) DSP_M SRC1* (| ong) (short) DSP_M SRC2)
<<1:

}
if (DSP_M DST_MSB) DSP_M DSTG LSB8 = Oxff;
el se DSP_M DSTG LSB8 = 0xO;

switch (gg) { /* Dg Operand selection bit (gg) */
case 0x0: M) = DSP_M DST;
br eak;
case Ox1: ML = DSP_M DST;
br eak;
case 0x2: A0 = DSP_M DST;
i f (DSP_M DSTG LSB8==0x0) A0G=0x0;
el se AOG=Oxffffffff;
br eak;
case 0x3: Al = DSP_M DST;
i f (DSP_M DSTG _LSB8==0x0) A1G=0x0;
el se ALIG=Oxffffffff;
br eak;

}

/* ALU operation */
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DSP_ALU DST = DSP_ALU SRCL - DSP_ALU SRC2;

carry_bit=((DSP_ALU SRC1L_MSB | ! DSP_ALU SRC2_NEBB) &&
| DSP_ALU DST_MNBB) |

(DSP_ALU_SRC1_MsB & ! DSP_ALU_SRC2_NSB) ;
borrow bit = lcarry_bit;

DSP_ALU DSTG LSB8=DSP_ALU SRC1G LSB8 - DSP_ALU SRC2G LSB8 -
borrow _bit;

overflow bit= MNUS_ OP_G OV || ! (POS_NOT_OV || NEG NOT_OV);
overflow protection();

switch (uu) { /* Du Operand selection bit (uu) */
case 0xO0:
X0 = DSP_ALU DST;
negative_bit = DSP_ALU DST_NSB;
zero_bit = (DSP_ALU_DST==0);
br eak;
case Ox1:
YO = DSP_ALU DST;
negative_bit = DSP_ALU DST_MSB;
zero_bit = (DSP_ALU _DST==0);
br eak;
case 0x2:
A0 = DSP_ALU DST;
AOG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) A0G = AOG | OxFFFFFFOO;
negative_bit = DSP_ALU DSTG BI T7;
zero_bit = (DSP_ALU DST==0) & (DSP_ALU DSTG LSB8==0);
br eak;
case 0x3:
Al = DSP_ALU DST;
AlG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) AlG = A1G | OxFFFFFFOO;
negative_bit = DSP_ALU DSTG BI T7;
zero_bit = (DSP_ALU DST==0) & (DSP_ALU DSTG LSB8==0);
br eak;

}
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/* DSR register update */
m nus_dc_bit();

}

Examples:

PSUB A0, M), AO PMULS X0, YO,
M) NOPX NOPY ; Before execution: X 0=H'00020000, Y 0=H'FFFEO0QO,
MO0=H'33333333, A0=H'0022222222

; After execution:  X0=H'00020000, Y 0=H'FFFE0QQO,
MO=H'FFFFFFF8, A0=H'55555555
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6.3.22 PSUBC (Subtraction with Carry): DSP Arithmetic Operation Instruction

Applicable

Instructions

SH-
Format Abstract Code Cycle DCBit SH-1 SH-2 DSP
PSUBC SX—Sy—DC-Dz 111110******xxxx ] Borrow — — O

Sx, Sy, Dz 10100000xxyyzzzz

Description: Subtracts the contents of the Sy operand and the DC bit from the Sx operand and
stores the result in the Dz operand. The DC hit of the DSR register is updated as the borrow flag.
TheN, Z, V, and GT hits of the DSR register are also updated.

Note: After the PSUBC instruction is executed, the DC bit is updated as the borrow flag without
regard to the CS hit.

Operation:
/* PSUBC Sx, Sy, Dz */

{

unsi gned char carry_bit, borrow bit, negative_bit, zero_bit,
overflow bit;

/* ALU Sources assignnent */
switch (xx) { /* Sx Operand selection bit (xx) */
case 0x0: DSP_ALU SRC1 = XO0;

if (DSP_ALU SRC1_MSB) DSP_ALU SRC1G = 0xff;
el se DSP_ALU_SRC1G = 0xO0;
br eak;

case Ox1: DSP_ALU SRC1 = Xi;
if (DSP_ALU SRC1_MSB) DSP_ALU SRC1G = 0xff;
el se DSP_ALU_SRC1G = 0xO0;
br eak;

case 0x2: DSP_ALU SRC1 = AO0;
DSP_ALU SRC1G = A0G
br eak;

case 0x3: DSP_ALU SRC1 = A1;
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DSP_ALU SRC1G = AlG
br eak;

}
switch (yy) { /* Sy Operand selection bit (yy) */

case 0x0: DSP_ALU SRC2 = YO0;

br eak;
case Ox1: DSP_ALU SRC2 = Y1,
br eak;
case 0x2: DSP_ALU SRC2 = M;
br eak;
case 0x3: DSP_ALU SRC2 = M,
br eak;
}
if (DSP_ALU SRC2_MSB) DSP_ALU SRC2G = Oxff;
el se DSP_ALU_SRC2G = 0xO0;

DSP_ALU DST = DSP_ALU SRCL - DSP_ALU SRC2 - DSPDCBIT;

carry bit =((DSP_ALU SRC1_MSB | !DSP_ALU SRC2_MSB) && ! DSP_ALU DST MNEBB)
| (DSP_ALU SRC1_MSB & ! DSP_ALU SRC2_MBB);

borrow bit = lcarry_bit;

DSP_ALU DSTG LSB8 = DSP_ALU SRC1G LSB8 - DSP_ALU SRC2G LSB8 -
borrow_bit;

overflow bit= MNUS OP._ G OV || !(POS_NOT_OV || NEG NOT_OV);

overfl ow protection();

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al = DSP_ALU _DST;
AlG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) AlG = A1G | OxFFFFFFOO;
br eak;
case 0Ox7: A0 = DSP_ALU DST;
AOG = DSP_ALU DSTG & 0x000000FF;
i f (DSP_ALU DSTG BI T7) AOG = AOG | OxFFFFFF0O;
br eak;
case 0x8: X0 = DSP_ALU _DST;
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br eak;
case
br eak;
case
br eak;
case
br eak;
case
br eak;
case
br eak;

defaul t:

br eak;

}

negative_bit

0x9: X1

YO

Y1l

pr

DSP_ALU DSTG BI T7;

DSP_ALU_DST;

DSP_ALU_DST;

DSP_ALU_DST;

DSP_ALU_DST;

DSP_ALU_DST;

ntf("\nERROR: |11 egal

DSPI nstruction");

zero_bit = (DSP_ALU DST==0) & (DSP_ALU DSTG LSB8==0);

/* DSR register update */

dc_al ways_borrow();

}

Example:

CS[2: 0] =***: Always Carry or Borrow Mde

PSUBC X0, YO, M0 NOPX NOPY ; Beforeexecution: X0=H'33333333, Y 0=H'55555555

PSUBC X0, YO, M0 NOPX NOPY

: After execution:

; Before execution:

: After execution:

MO=H'00 12345678, DC=0
X0=H'33333333, Y 0=H'55555555
MO=H'FFDDDDDDDE, DC=1
X0=H'33333333, Y 0=H'55555555
MO=H'00 12345678, DC=1
X0=H'33333333, Y 0=H'55555555
MO=H'FFDDDDDDDD, DC=1
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6.3.23 [if cc] PXOR (Logical Exclusive OR): DSP Logical Operation Instruction

Applicable
Instructions
SH-
Format Abstract Code Cycle DCBit SH-1 SH-2 DSP
PXOR Sx " Sy - Dz, clear LSW of 111200***x*xkkxx ] Update — — O
Sx, Sy, Dz Dz 10100101xxyyzzzz
DCT PXOR if DC =1, Sx"Sy - Dz, clear 111220***xxxkkxx ] — — — O
Sx, Sy, Dz LSW of Dz; if 0, nop 10100110xxyyzz22
DCF PXOR if DC =0, Sx"Sy - Dz clear 111270***xkkkskxx ] — — — O
Sx, Sy, Dz LSW of Dz; if 1, nop 10100111xxyyzz22

Description: Takesthe exclusive OR of the top word of the Sx operand and the top word of the
Sy operand, stores the result in the top word of the Dz operand, and clears the bottom word of Dz
with zeros. When Dz is aregister that has guard bits, the guard bits are also zeroed. When
conditions are specified for DCT and DCF, the instruction is executed when those conditions are
TRUE. When they are FALSE, the instruction is not executed.

When conditions are not specified, the DC bit of the DSR register is updated according to the
specifications for the CSbits. The N, Z, V, and GT bits of the DSR register are also updated. If
conditions are specified, the DC, N, Z, V, and GT bits are not updated even is the conditions were
true and the instruction was executed.

Note: The bottom word of the destination register and the guard bits are ignored when the DC bit
is updated.
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Operation:
/[* PXOR Sx, Sy, Dz */

{

unsi gned char carry_bit, negative_bit, zero_bit, overflow bit;

/* ALU Sources assignnment */

switch (xx) { /* Sx Operand selection bit (xx) */
case 0x0: DSP_ALU SRC1 = XO0;
br eak;
case Ox1: DSP_ALU SRC1 = Xi;
br eak;
case 0x2: DSP_ALU SRC1 = AO0;
br eak;
case 0x3: DSP_ALU SRC1 = Al;
br eak;
}

switch (yy) { /* Sy Operand selection bit (yy) */

case 0x0: DSP_ALU SRC2 = YO0;
br eak;

case 0Ox1: DSP_ALU_SRC2
br eak;

case 0x2: DSP_ALU SRC2 = M;
br eak;

case 0x3: DSP_ALU SRC2 = M,
br eak;

Y1;

}
DSP_ALU DST_HW = DSP_ALU SRC1_HW" DSP_ALU SRC2_HW
i f (DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */

/* ALU Destination assignnent */
switch (zzzz) { /* Dz Operand selection bit (zzzz) */
case 0x5: Al_HW = DSP_ALU DST_HW
Al LW = 0xO0; /* clear LSW*/
AlG = 0xO0; /* clear CGuard bits */
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br eak;
case Ox7: AO_HW = DSP_ALU DST_HW
A0_LW = 0x0; /* clear LSW*/
AOG = 0xO0; /* clear Guard bits */
br eak;
case 0x8: XO0_HW = DSP_ALU DST_HW
X0_LW = 0x0; /* clear LSW*/
br eak;
case 0x9: X1_HW= DSP_ALU DST;
X1 LW = 0x0; /* clear LSW*/
br eak;
case Oxa: YO_HW = DSP_ALU DST;
YO_LW = 0x0; /* clear LSW*/
br eak;
case Oxb: Y1_HW= DSP_ALU DST;
Y1 LW = 0x0; /* clear LSW*/
br eak;
case Oxc: M)_HW = DSP_ALU DST;
M)_LW = 0xO; /* clear LSW*/
br eak;
case Oxe: ML_HW = DSP_ALU DST;
ML LW = 0xO0; /* clear LSW*/
br eak;

default: printf("\nERROR ||l egal DSP Instruction");
br eak;

}
carry_bit = 0xO0;
negative_bit = DSP_ALU DST_NSB;
zero_bit = (DSP_ALU_DST_HwW=0) ;
overflow bit = 0x0;
/* DSR register update */
| ogical _dc_bit();

}
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el se i f(DSP_CONDI TI ON_MATCH) { /* conditional operation and match

*/
/* ALU Destination assignnent */
switch (zzzz) { /* Dz Qperand selection bit (zzzz) */
case 0x5: Al_HW = DSP_ALU DST_HW
Al LW = 0x0; /* clear LSW*/
A1G = 0x0; /* clear Guard bits */
br eak;
case Ox7: AO_HW = DSP_ALU DST_HW
A0_LW = 0x0; /* clear LSW*/
AOG = 0x0; /* clear Guard bits */
br eak;
case 0x8: XO0_HW = DSP_ALU DST_HW
X0_LW = 0x0; /* clear LSW*/
br eak;
case 0x9: X1_HW = DSP_ALU DST;
X1 LW = 0x0; /* clear LSW*/
br eak;
case Oxa: YO _HW= DSP_ALU DST;
YO_LW = 0x0; /* clear LSW*/
br eak;
case Oxb: Y1_HW= DSP_ALU DST;
Y1 LW = 0xO0; /* clear LSW*/
br eak;
case Oxc: M)_HW = DSP_ALU DST;
M)_LW = 0xO; /* clear LSW*/
br eak;
case Oxe: ML_HW = DSP_ALU DST;
ML LW = 0xO0; /* clear LSW*/
br eak;
default: printf("\nERROR ||l egal DSP Instruction");
br eak;
}
}
}
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Example:

PXOR X0, YO, AO NOPX NOPY ; Beforeexecution: X0=H'33333333, Y0=H'55555555
A0=H"'123456789A

; After execution:  X0=H'33333333, Y 0=H'55555555
A0=H'0066660000

In case of unconditional execution, the DC bit is updated
depending on the state of CS[2:0].
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Section 7 Pipeline Operation

This section describes the operation of the pipelines for each instruction. This information is
provided to allow calculation of the required number of CPU instruction execution states (system
clock cycles).

7.1 Basic Configuration of Pipelines

711 The Five-Stage Pipeline
Pipelines are composed of the following five stages:

1. IF (Instruction fetch)
Fetches instruction from the memory where the program is stored.
2. ID (Instruction decode)
Decodes the instruction fetched.
3. EX (Instruction execution)
Does data operations and address cal culations according to the results of decoding.
4. MA (Memory access)
Accesses datain memory. Generated by instructions that involve memory access, with some
exceptions.
5. WB/DSP (W/D) (Write back (CPU core) or DSP (DSP unit))
Write Back: Returnsthe results of the memory access (data) to aregister. Generated by
instructions that involve memory loads, with some exceptions.

DSP: Does operations using the DSP unit's ALU and MAC. Also, the results of memory
accesses (data) are returned to registers; not generated during writes to memory or no operation
(NOP).

These stages flow with the execution of the instructions and thereby constitute a pipeline. At a
given instant, five instructions are being executed simultaneously. The basic pipeline flow is as
shown in figure 7.1. The period in which a single stage is operating is called aslot and isindicated
by two-way arrows (< - ).

All ingtructions have at least the 3 stages IF, ID and EX, but not al have stages MA and WB/DSP.
The way the pipeline flows also varies with the type of instruction. Some pipelines differ,
however, because of contention between IF and MA.
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> 4> 4> > > D> 4> > . Slot
Instruction1 IF ID EX MA WB/DSP Instruction
Instruction 2 IF ID EX MA WB/DSP stream
Instruction 3 IF ID EX MA WB/DSP
Instruction 4 IF ID EX MA WB/DSP
Instruction 5 IF ID EX MA WB/DSP

—_—

Time

Figure7.1 Basic Structure of Pipeline Flow

712 Slot and Pipeline Flow

The time period in which a single stage operates called a slot. Slots must follow the rules
described below.

All stages (IF, ID, EX, MA, WB/DSP) of an instruction must be executed in 1 slot. Two or more
stages cannot be executed within 1 slot. Since WB/DSP is executed immediately after MA,
however, some instructions may execute MA and WB/DSP within the same slot. Figures 7.2 and

7.3 show impossible pipeline flows.

Instruction Execution: Each stage (IF, ID, EX, MA, WB/DSP) of an instruction must be
executed in one slot. Two or more stages cannot be executed within one slot (figure 7.2), with
exception of WB and MA. Since WB is executed immediately after MA, however, some
instructions may execute MA and WB within the same slot.

4> 4“—r> 4> 4> 4> 4> 4> 4> 4> <> Sot

Instruction 1 IF ID EX
Instruction 2 IF ID EX MA W/D

Note: ID and EX of instruction 1 are executed in the same slot.

Figure7.2 Impossible Pipeline Flow 1

Slot Sharing: A maximum of one stage from another instruction may be set per slot, and that
stage must be different from the stage of the first instruction. Identical stages from two different
instructions may never be executed within the same slot (figure 7.3).
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<> 4> 4> 4> 4> <> > 4> 4> <> Sot
Instruction 1 IF ID EX MA W/D
Instruction2 IF ID EX MA W/D

Instruction 3 IF ID EX MA W/D
Instruction 4 IF ID EX MA W/D
Instruction 5 IF ID EX MA W/D

Note: Same stage of another instruction is being executed in same slot.

Figure7.3 Impossible Pipeline Flow 2

713 Slot Length

The number of states (system clock cycles) S for the execution of one slot is calculated with the
following conditions:

¢ S=(thecycles of the stage with the highest number of cycles of all instruction stages
contained in the slot). This means that the instruction with the longest stage stalls others with
shorter stages.

e Thenumber of execution cycles for each stage:

o IF The number of memory access cycles for instruction fetch
0 ID Always one cycle

O EX Always one cycle

0 MA The number of memory access cycles for data access

0 WB/DSP Alwaysonecycle

As an example, figure 7.4 shows the flow of a pipeline in which the IF (memory access for
instruction fetch) of instructions 1 and 2 are two cycles, the MA (memory access for data access)
of instruction 1 isthree cycles and al others are one cycle. The dashes indicate the instruction is
being stalled.

<“—> «“—> 4> «————p <4»> <> : Slot

(2) 2 1@ @3 (1) (1) <+ Number of
Instruction1 IF IF ID — EX MA MA MA W/D cycles
Instruction 2 IF IF ID EX — — MA WD

Figure7.4 Slots Requiring Multiple Cycles
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714 Number of Instruction Execution Cycles

The number of instruction execution cyclesis counted as the interval between execution of EX
stages. The number of cycles between the start of the EX stage for instruction 1 and the start of the
EX stage for the following instruction (instruction 2) is the execution time for instruction 1.

For example, in a pipeline flow like that shown in figure 7.5, the EX stage interval between
instructions 1 and 2 is five cycles, so the execution time for instruction 1 is five cycles. Since the
interval between EX stages for instructions 2 and 3 is one cycle, the execution time of instruction
2isonecycle.

If a program ends with instruction 3, the execution time for instruction 3 should be calculated as
the interval between the EX stage of instruction 3 and the EX stage of a hypothetical instruction 4,
usingaMOV Rm, Rn that follows instruction 3. (In figure 7.5, the execution time of instruction 3
would thus be one cycle.) In this example, the MA of instruction 1 and the IF of instruction 4 are
in contention. For operation during the contention between the MA and IF, see section 7.2.1,
Contention between Instruction Fetch (IF) and Memory Access (MA).

<> <» . Slot

@) ) ) 4 - @
Instruction1 IF IF ID — — MA MA MA W/D
Instruction 2 IF IF D — — — —
Instruction 3 F IF — — — D MA
(Instruction 4: MOV Rm, Rn IF 1D [EX])

Figure7.5 Method for Counting Instruction Execution Cycles
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7.2 Contention
Contention occursin four cases. When it occurs, the ot splits and requires at least two cycles.

Contention between instruction fetch (IF) and memory access (MA)

Contention when the previousinstruction’s destination register is used

Multiplier access contention

Contention between memory stores (MA) and either DSP operations or memory loads
(WB/DSP)

A w DN PR

721 Contention between Instruction Fetch (IF) and M emory Access (MA)

Basic Operation when IF and MA Arein Contention (Common): The IF and MA stages both
access memory, so they cannot operate simultaneously. When the IF and MA stages both try to
access memory within the same dot, the slot splits as shown in figure 7.6. When thereisaWB, it
is executed immediately after the MA ends.

A B CcC D E F G
P P O > P> P> > P> <> <> Slot

Instruction1 IF ID EX W/D MA of instruction 1 and IF of

Instruction 2 IE ID EX W/D instruction 4 contend at D

Instruction 3 IE ID EX MA of instruction 2 and IF of
instruction 5 contend at E

Instruction 4 ID EX

Instruction 5 ID EX

When MA and IF are in contention, the following occurs:

A B C D E F G
> > > “—> > 4> > <> Slot
Instructon1 IF  ID EX W/D Split at D
Instruction 2 IF ID — EX W/D Split at E
Instruction 3 IF — ID — EX
Instruction 4 — ID EX
Instruction 5 ID EX

Figure7.6 Operation when IF and MA Arein Contention
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The dotsinwhich MA and IF contend are split into two cycles. MA is given priority to execute in
thefirst half (when thereisa WB, it immediately followsthe MA), and the EX, ID, and |F are
executed simultaneously in the latter half. For example, in figure 7.6 the MA of instruction 1 is
executed in slot D while the EX of instruction 2, the ID of instruction 3 and IF of instruction 4 are
executed simultaneously thereafter. In slot E, the MA of instruction 2 is given priority and the EX
of instruction 3, the ID of instruction 4 and the IF of instruction 5 executed thereafter.

The number of cyclesfor adot in which MA and IF are in contention is the sum of the number of
memory access cycles for the MA and the number of memory access cycles for the I F.

The Relationship Between | F and the L ocation of Instructionsin On-Chip ROM/RAM or
On-Chip Memory (SH1 and SH2): When the instruction is located in the on-chip memory
(ROM or RAM) or on-chip cache of the SuperH microcomputer, the SuperH microcomputer
accesses the on-chip memory in 32-bit units. The SuperH microcomputer instructions are all fixed
at 16 bits, so basically 2 instructions can be fetched in asingle | F stage access.

If an instruction islocated on alongword boundary, an | F can get two instructions at each
instruction fetch. The IF of the next instruction does not generate a bus cycle to fetch an
instruction from memory. Since the next instruction |F also fetches two instructions, the
instruction IFs after that do not generate a bus cycle either.

This meansthat |Fs of instructions that are located so they start from the longword boundaries
within instructions located in on-chip memory (the position when the bottom two bits of the
instruction addressare 00 is A1 = 0 and A0 = 0) also fetch two instructions. The IF of the next
instruction does not generate a bus cycle. IFsthat do not generate bus cycles are written in lower
case as‘if’. These ‘if's dways take one state.

When branching results in a fetch from an instruction located so it starts from the word boundaries
(the position when the bottom two bits of the instruction addressare 10isA1 =1, A0 = 0), the bus
cycle of the IF fetches only the specified instruction more than one of said instructions. The I F of
the next instruction thus generates a bus cycle, and fetches two instructions. Figure 7.7 illustrates
these operations.

Rev. 5.00 Jun 30, 2004 page 414 of 512
REJ09B0171-05000
RRENESAS



Section 7 Pipeline Operation

<« 32bits <> 4> <> <> <> <> > > > > St
instruc-l instruc- | -+ Instruction 1 ID EX

tion1 || tion2 Instruction 2 if ID EX

instruc-l| Instruc- | -+ Instruction 3 ID EX

tion 3 || tion 4 Instruction 4 if ID EX

instruc-ll Instruc- | -+ Instruction 5 ID EX

tion5 || tion6 Instruction 6 if ID EX

(On-chip memory

or on-chip cache
P ) : Bus cycle generated
if . No bus cycle

Fetching from an instruction (instruction 1) located on a longword boundary

> 4> 4> > P> 4> > 4> > <> Sot

Instruc-
tion 2 || -+ Instruction 2 ID EX
- Instruction 3 ID EX
Instruc-|| Instruc- i .
tion 3 || tion 4 Instruction 4 if ID EX
- Instruction 5 ID EX
Instruc-|| Instruc- . it
tions |l tion 6 Instruction 6 i ID EX

: Bus cycle generated
if . No bus cycle

Fetching from an instruction (instruction 2) located on a word boundary

Figure7.7 Relationship Between |F and Location of Instructionsin On-Chip M emory

Relationship Between Position of InstructionsL ocated in On-Chip ROM/RAM or On-Chip
Memory and Contention Between IF and MA (SH-1 and SH-2): When an instruction is located
in on-chip memory (ROM/RAM) or on-chip cache, there are instruction fetch stages (*if’ written
in lower case) that do not generate bus cycles as explained in section 7.4.2 above. When anif isin
contention with an MA, the dot will not split, asit doeswhen an IF and an MA are in contention,
because ifs and MAs can be executed simultaneoudly. Such slots execute in the number of states
the MA requires for memory access, asillustrated in figure 7.8.

When programming, avoid contention of MA and | F whenever possible and pair MAswith ifsto
increase the instruction execution speed. Instructions that have 4 (5)-stage pipelines of IF, ID, EX,
MA, (WB) prevent stalls when they start from the longword boundariesin on-chip memory (the
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position when the bottom 2 bits of instruction address are 00 is A1 = 0 and AO = 0) because the
MA of theinstruction fallsin the same slot asifs that follow.

< 32bits <> 4> <> 4> > <> 4> > > St
Instruc-|| Instruc- | - Instruction 1 IF ID  EX :MA: WB

tion1 || tion2 Instruction 2 if ID EX MA: WB

Instruc-|| Instruc- | -+ Instruction 3 IF ID — EX

tion 3 || tion 4 Instruction 4 fif . — ID EX

Instruc-|| Instruc- | -+ Instruction 5 ID EX

tion5 || tion 6 Instruction 6 if ID EX

(On-chip memory . Splits

or on-chip cache) if ' Does not split

MA in slot A is in contention with an if, so no split occurs.
MA in slot B is in contention with an IF, so it splits.

Figure7.8 Relationship Between the Location of Instructionsin On-Chip Memory and
Contention Between IF and MA

Relationship between Position of Instructions Located in On-Chip Memory and Contention
between IF and MA: When an instruction is located in on-chip memory, there are instruction
fetch stages (“if”, written in lower case) that do not generate bus cycles. When anif isin
contention with an MA, the dot will not split, asit does when an IF and an MA are in contention,
because ifs and MAs can be executed simultaneoudly. Such slots execute in the number of cycles
the MA requires for memory access.

When programming, avoid contention of MA and IF whenever possible and pair MAswith ifsto
increase the instruction execution speed.
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7.2.2 Contention when the Previous I nstruction’s Destination Register 1sUsed

Relationship between Load Instructions and the I nstructionsthat Follow: Instructions that
involve loading from memory return data to the destination register during the WB/DSP stage,
which comes at the end of the pipeline. The WB/DSP stage of such aload instruction (load
instruction 1) will thus not have ended before after the EX stage of the instruction that
immediately followsit (instruction 2) begins.

When instruction 2 uses the same destination register as load instruction 1, the contents of that
register will not be ready, so any dot containing the MA of instruction 1 and EX of instruction 2
will split. When the destination register of load instruction 1 is the same as the destination, not the
source, of instruction 2 it will still split.

When the destination of load instruction 1 is the status register (SR) and the flag in it is fetched by
instruction 2 (as ADDC does), a split occurs. No split occurs, however, in the following cases:

* Wheninstruction 2 is aload instruction and its destination is the same as that of load
instruction 1

« Wheninstruction 2isMAC @Rm+,@Rn+ and the destinations of Rm and load instruction 1
were the same

The number of cyclesin the dlot generated by the split is the number of MA cycles plus the
number of |F (or if) cycles, as shown in figure 7.9. This means the execution speed will be
lowered if the instruction that will use the results of the load instruction is placed immediately
after the load instruction. The instruction that uses the result of the load instruction will not slow
down the program if placed one or more instructions after the load instruction.

> 4> 4> 4“——> 4> 4> 4> <>  Slot
Load instruction 1 (MOV @Ra,Rb) IF ID EX WID

Instruction 2 (ADD Rb,Rc) IF ID —
Instruction 3 IF — ID EX MA W/D
Instruction 4 IF ID EX MA W/D

Figure7.9 Effectsof Memory Load Instructionson the Pipeline (1)

When datais loaded to aregister in the previous instruction and the following memory access
instruction uses that register as an address pointer, the memory access is extended until the data
load of the MA stage of the previousinstruction ends.
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> 4> 4> <4“——> 4> 4> 4> <> : Slot
Load instruction 1 (MOV @Ra,Rb) IF ID EX W/D

Instruction 2 (MOV @Rb,Rc) IF ID — MA W/D
Instruction 3 IF — ID EX MA W/D
Instruction 4 IF ID EX MA W/D

Figure7.10 Effectsof Memory Load Instructions on the Pipeline (2)

In the DSP unit, al operation instructions are executed in the WB/DSP stage, so transfers and
operations do not contend. When the destination of the previous MOV ingtruction is used as the
address pointer for the following instruction, however, contention can occur.

P> 4> 4> 4> 4> P> 4> 4> 4> 4> ; Sot
Load instruction 1 (MOVX @Ra,X0) IF ID EX WID

Instruction 2 (PADD X0,Y0,A0) IF ID EX MA
Instruction 3 IF ID EX MA W/D
Instruction 4 IF ID EX MA W/D

Figure7.11 Effectsof Memory Load Instructionsin the DSP Unit on the Pipeline

Relationship between Data Operation I nstructions and Stor e I nstructions: When DSP
operations are executed by the DSP unit and the results are stored in memory by the next
instruction, contention occurs just as with memory load instructions. I n such cases, the data store
of the MA stage of the following instruction is extended until the data operation of the WB/DSP

stage of the previous instruction ends.

Since the operation is executed in the EX stage by the CPU core, however, no stall cycleis
produced.

Figure 7.12 shows the relationship between DSP unit data operation instructions and store
instructions; figure 7.13 shows the relationship to the CPU core.
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> 4> > > ——> <> <> <> : Slot
Instruction 1 (PADD X0,Y0,A0) IF ID EX MA

Instruction 2 (MOVX AO,@Ra) IF ID EX — W/D
Instruction 3 IF ID — EX MA W/D
Instruction 4 IF — ID EX MA W/D

Figure7.12 Relationship between DSP Engine Operation I nstructions and Store
Instructions

> 4> 4> 4> 4> 4> 4> 4> 4> <>  Slot
Instruction 1 (ADD Ra,Rb) IF D MA W/D

Instruction 2 (MOV Rb,@Rc) IF 1D MA W/D
Instruction 3 IF ID EX MA W/D
Instruction 4 IF ID EX MA W/D

Figure7.13 Relationship between CPU Core Operation Instructionsand Store I nstructions

Relationship between Load and Store Instructions: When data is|oaded from memory to the
destination register and the register is then specified as the source operand for afollowing store
instruction, the preceding instruction’sload is executed in the WB/DSP stage and the following
instruction’s store is executed in the MA stage. These stages are executed in exactly the same
cycle. Nevertheless, they do not contend. The CPU core and DSP unit use the same data transfer
method. In this case, when the data input to the internal busis stored to the destination register, the
same data is simultaneoudly output again to the internal bus.

4> 4> 4P O 4> D D> P P> <P ; Sot
Instruction 1 (MOV.L @Ra,Rn) IF ID EX MA

Instruction 2 (MOV.L Rn,@Rb) IF ID EX W/D
Instruction 3 IF ID EX MA W/D
Instruction 4 IF ID EX MA W/D

Figure7.14 Relationship between Load and Store Instructionsin the CPU Core
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4> 4> 4> 4> 4> D> D> > > <> Sot
Instruction 1 (MOVS.L @R4,Ds) IF ID EX MA

Instruction 2 (MOVS.L Ds,@R5) IF ID EX W/D
Instruction 3 IF ID EX MA W/D
Instruction 4 IF ID EX MA W/D

Figure7.15 Relationship between Load and Store Instructionsin the DSP Unit

Relationship between MAC and STSInstructions. The MAC.W instruction hastwo MA stages
and two mm (multiplier access) stages. When an ST S instruction that storesaMACL or MACH
register in the Rn register comes after a MAC.W instruction, the MA stage of the STSinstruction
is executed after the mm stage of the MAC.W instruction ends. Likewise, when an STSinstruction
that storesaMACL or MACH register in memory comes after aMAC.W instruction, the MA
stage of the STSinstruction is executed after the mm stage of the MAC.W instruction ends.

4P 4> 4> 4> P> «———p 4P <>  Slot
Instruction 1 (MAC.W @Ra+,@Rb+) if ID EX MA MA

Instruction 2 (STS MACL,Rc) F — ID EX — — W/D
Instruction 3 f D — — EX MA WD

Figure7.16 Relationship between MAC.W and STSInstructions

Slot «» €4» 4> <> <> <« > <4 4> <>
MACL IF ID EX MA MA 'mm_mm_ mm _mm
STS.L MAC.L memory F — ID EX \M—————A! MA
Next instruction F D — — — — EX

Figure7.17 Exampleof Multiplier Access Contention—MAC.L and STS.L Instructions

7.2.3 Multiplier Access Contention

Instructions that access multiplier type instructions (Multiply/Accumulate instructions and
multiplication instructions) or the multiply and accumulate calculation registers (MACH and
MACL) contend with multiplier accesses.

In multiplier type instructions, the multiplier operates for either four cycles (for double-length 64
bits instructions) or two cycles (single-length 32 bit instructions) after the MA ends, regardless of
the slot. When the MA (or the second MA, if there are two) of a multiplier type instruction
(Multiply/Accumulate instructions and multiplication instructions) contends with the multiplier
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access (mm) of the previous multiplier type instruction, the bus cycle of the MA is extended until
the mm ends. The extended MA becomes asingle slot.

The ID of the instruction following a double-length instruction also stalls until one slot later.

Multiplier type instructions and instructions that access the multiply and accumulate cal culation
registers have MA stages, so they also contend with IFs. Figure 7.18 shows an example of
multiplier access contention, but it does not address MA and I F contention.

Slot 4> 4> 4> 4> > > > 4> > D> <>

MAC.L IF ID EX MA MA mm mm_mm_mm!

MAC.L IF — ID EX MA M Al mm mm mm mm

Next instruction IF — ID EX — — MA

Figure7.18 Example of Multiplier Access Contention—MAC.L and MAC.L Instructions

724 Contention between M emory Stores and DSP Oper ations

When an instruction that will store the result of a DSP operation instruction is written immediately
after the DSP operation instruction is executed, the execution will be too late. To prevent this, a
stall cycleisinserted. For more information, see section 4.17.2, Single Data Transfers.
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7.3 Programming Guide

731 Types of Contention and Affected Instructions

Types of contention and the instructions they affect are summarized below.

Instructions without contention

Instructions with memory accesses (MA) that contend with instruction fetches (IF)
Instructions that store the result of the immediately preceding DSP operation in memory using
the X busor Y bus

Instructions with memory accesses (MA) that contend with instruction fetches (IF), al'so have
write backs (WB/DSP), and may cause contention with memory loads

Instructions with memory accesses (MA) that contend with instruction fetches (IF), also access
the multiplier (mm), and may cause contention with the multiplier

Instructions that store DSP operation results in memory, because the memory access (MA)
contends with an instruction fetch (IF)

Instructions with memory accesses (MA) that contend with instruction fetches (1F), access the
multiplier (mm), and may cause contention with the multiplier, and also have write backs
(WB/DSP) and may cause contention with memory loads

Instructions that cause contention with MOV . X, MOV.Y, or MOV S.L instructions
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Table 7.1 shows the correspondence between types of contention and instructions.

Table7.1 Typesof Contention and Instructions

Contention

Cycles

Stages

Instructions

None

1

3

Inter-register transfer instructions
Inter-register operations (except
multiplier type instructions)

Inter-register logic operation instructions
Shift instructions

System control ALU instructions

Unconditional branch instructions

3/1

Conditional branch instructions

2/1

Delayed conditional branch instruction

SLEEP instruction

RTE instruction

TRAP instruction

R0~ W

O O w| w w| w

DSP operation instructions MOVX.W
(load) and MOVY.W (load) instructions

MA contends with IF

[EnY

i

Memory store instructions
STS.L instruction (PR)

STC.L instruction

Memory logic operations

TAS instruction

PRIl WN

g oo s

MOVS.W (load) and MOVS.L (load)
instructions

Causes DSP operation contention

MOVX.W (store) and MOVY.W (store)
instructions

MA contends with IF
Causes memory load contention

Memory load instructions
LDS.L instruction (PR)

LDC.L instruction

MA contends with IF
Causes multiplier contention

Register to MAC transfer instructions
(MACH/MACL)
Memory to MAC transfer instructions
(MACH/MACL)
MAC to memory transfer instructions
(MACH/MACL)

1 (to 3)*

Multiplication instructions
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Contention Cycles Stages Instructions
MA contends with IF 2(to3)* 7 Multiply and accumulate calculation
Causes multiplier contention (cont) instructions
2(tod)* 9 Double-length multiplication instructions
2(tod)* 9 Double-length multiply and accumulate
calculation instructions
MA contends with IF 1 4 MOVS.W (store) and MOVS.L (store)
Causes DSP operation contention instructions
MA contends with IF 1 5 STS instruction (except PR)

Causes multiplier contention
Causes DSP operation contention
Causes memory load contention

Causes MOVX.W, MOVY.W, 1 5 PLDS and PSTS instructions
MOVS.W or MOVS.L instruction
contention

Note: * Indicates the normal number of cycles. The figures in parentheses are the cycles when
contention also occurs with the previous instruction.

7.3.2 Increasing I nstruction Execution Speed

Instruction execution speed can be increased by trying, at the programming stage, to keep
contention from occurring. Follow these rules when writing programs to minimize contention:

1. A 32-bit DSPinstruction can require up to three memory accesses per cycle: one instruction
(I-bus), one X-data (X-bus), and one Y -data (Y -bus). The SH-DSP has four independently
accessible on-chip memory areas. X-ROM, X-RAM, Y-ROM, and Y-RAM. If more than one
access is performed in the same memory areain acycle, astall occurs. Locate the program
(instructions) and the data arrays that the program accesses in different on-chip memory areas.
This prevents memory bank contention in DSP instructions.

2. Follow instructions that compute a value in the DSP unit and write it to a DSP register with
instructions that do not store the same register to memory. This prevents DSP register
contention because storing a DSP register that was the destination of a DSP calculation in the
previous cycle will cause astall.

3. Instruction fetch (IF) can conflict with an SH data memory access (MA) because both use the
same bus. Whether the instruction fetch occurs in a specific cycle depends on the locations and
size (16 bit or 32 hit) of the preceding instructions. Try to locate the SH instructions that
perform memory access at longword boundriesin on-chip memory and use a 16-bit instruction
asthe next instruction. This prevents contention between memory accesses and instruction
fetches.
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4. Follow ingtructions that load an SH register (RO to R15) from memory with instructions that
do not use the same register as the load instruction’ s destination register. This prevents
memory load contention caused by write backs (WB/DSP).

Note: The DSP registers (A0 to Y1) loaded in the previous cycle can be used in this cycle
without causing any stalls.

5. Do not place two instructions that use the multiplier consecutively (the PMUL S instruction is
excepted from thisrule). Also try to keep accesses of MACH and MACL registers for getting
the results from the multiplier away from instructions that use the multiplier. This prevents
multiplier contention caused by multiplier accesses (mm).

6. Avoid datatransfers to memory or CPU core registersimmediately after DSP unit data
operations from those registers storing the operation results. Avoid contention by placing
another instruction before the transfer.

7.33 Cycles

Basic instructions are designed to execute in one cycle. One-cycle instructions include both
instructions that cause contention and instructions that do not. Operations and transfers that occur
between registers do not create contention.

There areinstructions that require two or more cycles even when there is no contention.
Instructions that change the branch destination addresses, such as branch instructions or the like,
memory logic operation instructions, instructions that execute memory accesses twice or more,
such as some system control instructions, and instructions that have memory accesses and
multiplier accesses such as multiplication instructions and multiply and accumulate instructions,
(excluding PMULYS) all take two or more cycles.

Instructions that require two or more cycles also include both instructions that cause contention
and instructions that do not.

To write efficient programs, it is essential to avoid contention, keep instruction execution speed
up, and use instructions with fewer stages.
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74 Operation of Instruction Pipelines

This section describes the operation of the instruction pipelines. By combining these with the rules
described so far, the way pipelines flow in a program and the number of instruction execution
cycles can be calculated.

In the following figures, “Instruction A” refersto the instruction being discussed. When “1F” is
written in the instruction fetch stage, it may refer to either “I1F” or “if”. When there is contention
between IF and MA, the slot will split, but the manner of the split is not discussed in the tables,
with a few exceptions. When a slot has split, see section 7.2.1, Contention between Instruction
Fetch (IF) and Memory Access (MA). Base your response on the rules for pipeline operation given
there.

Table 7.2 shows the number of instruction stages and number of execution cycles as follows:

e Type: Given by function

e Category: Categorized by differences in instruction operation

e Stages: The number of stagesin the instruction

¢ Cycles: The number of execution cycles when there is no contention
¢ Contention: Indicates the contention that occurs

e Instructions: Gives a mnemonic for the instruction concerned
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Table7.2 Number of Instruction Stagesand Execution Cycles
Type Category Instruction Stages Cycles Contention
Data transfer Register- MoV #i mm Rn 3 1 —
instructions  register NOV RM Rn
transfer )
instructions MVA  @di sp, PO), RO
MOVT Rn
SWAP. B Rm Rn
SWAP. WRmM Rn
XTRCT Rm Rn
Memory load MV. W @di sp, PC), Rn 5 1  Contention
instructions  \y/ | @di sp, PO, Rn occurs ?f the
instruction
MOV. B Rm @un placed
MOV. W Rm @Rn immediately
after this CPU
MOV L Rm @ instruction uses
MOV. B @le-, Rn the same
MOV. W @Rm¥, Rn destination
MOV, L R register
. * MA contends
MV.B @disp, R, RO with IE
MOV. W @ di sp, R, RO
M. L @disp, R, Rn
MOV. B @RO, R1), Rn
MOV. W @ RO, Rm, Rn
MV.L @RO, R1), Rn
MV.B @disp, GBR), RO
MOV. W @ di sp, GBR), RO
MOV. L @disp, GBR), RO
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Type Category

Instruction

Stages Cycles

Contention

Data transfer MOV.
instructions

(cont)

Memory
store
instructions

MoV,

MOV.
MOV.

.B @mRn 4 1
W @Rm Rn

L @mRn

.B Rm @Rn

.W Rm @Rn

.L Rm @Rn

.B RO, @disp, Rn)
. W RO, @di sp, Rn)
.L Rm @di sp, Rn)
.B Rm @ RO, Rn)
.W Rm @ RO, Rn)

.L Rm @RO, Rn)
.B RO, @di sp, GBR)
. W RO, @di sp, GBR)
.L RO, @disp, GBR)

MA contends with
IF
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Type Category Instruction Stages Cycles Contention
Arithmetic Arithmetic ADD Rm Rn 3 1 —
instructions  instructions ADD # mm Rn
between
registers ADDC Rm Rn
(except ADDV Rm Rn
e Q. #im @
CWP/EQ RmRn
CW/HS RmRn
CWP/ GE RmRn
CW/H RmRn
CW/ GT Rm Rn
CW/ PZ Rn
CWP/PL Rn
CWP/ STR Rm Rn
Dl V1 Rm Rn
DIVOS RmRn
DI VOU
DT Rn
EXTS.B RmRn
EXTS. W Rm Rn
EXTU.B RmRn
EXTU. W Rm Rn
NEG Rm Rn
NEGC Rm Rn
SUB Rm Rn
SUBC Rm Rn
SUBV Rm Rn
Multiply/add MAC. W @Rm+, @Rn+ 7/8*3 2 (to 3)*1 « Multiplier
instructions contention

occurs when an
instruction that
uses the
multiplier
follows a MAC
instruction

* MA contends
with IF
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Type Category Instruction Stages Cycles Contention
Arithmetic Double- MAC. L @Rm+, @Rn+ 9 2 (to 4)*1 « Multiplier
instructions  length contention
(cont) multiply/ occurs when an
accumulate instruction that
instruction uses the
multiplier
follows a MAC
instruction
* MA contends
with IF
Multiplication MJULS. W Rm Rn 6/7*3 1 (to 3)*1 « Multiplier
instructions MULU.W Rm Rn contention
occurs when an
instruc-tion that
uses the
multiplier
follows a MUL
instruction
* MA contends
with IF
Double- DMIULS. L Rm Rn 9 2 (to 4)*1 « Multiplier
Ieng.th DMULU. L Rm Rn contention
multiply/ occurs when an
accumulate  MJL. L Rm Rn instruction that
instruction uses the
multiplier
follows a MAC
instruction
* MA contends
with IF
Logic Register- AND Rm Rn 3 1 —

operation register logic AND #i mm RO
instructions  operation
instructions ~ NOT  Rm Rn

OR #imm RO
TST RmRn
TST #imm RO
XOR RmRn
XOR #i mm RO
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Type Category Instruction Stages Cycles Contention
Logic Memory AND.B #imm @RO,GBR) 6 3 MA contends with
pperatiqn logic _ R B #i nm @ RO, GBR) IF
instructions  operations
(cont) instructions ~ 1ST- B #i mm @RO, GBR)
XOR. B #i mm @ RO, GBR)
TAS TAS.B @rn 6 4 MA contends with
instruction IF
Shift Shift ROTL Rn 3 1 —
instructions  instructions ROTR  Rn
ROTCL Rn
ROTCR Rn
SHAL Rn
SHAR Rn
SHLL Rn
SHLR Rn
SHLL2 Rn
SHLR2 Rn
SHLL8 Rn
SHLR8 Rn
SHLL16 Rn
SHLR16 Rn
Branch Conditional  BF | abel 3 3/1*2 —
instructions _branch_ BT | abel
instructions
Delayed BF/S | abel 3 2/1*2 —
conditional BT/S | abel
branch
instructions
Unconditiona BRA | abel 3 2 —
! branch BRAF RmM
instructions
BSR | abel
BSRF Rm
JWP @Rm
JSR @Rm
RTS
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Type Category Instruction Stages Cycles Contention
System System CLRT 3 1 —
_control_ _control ALU LDC Rm SR
instructions  instructions
LDC Rm GBR
LDC Rm VBR
LDC Rm MCD
LDC Rm RE
LDC Rm RS
LDRE @ di sp, PO
LDRS @ di sp, PO
LDS Rm PR
NOP
SETRC Rm
SETRC  #imm
SETT
STC SR, Rn
STC GBR, Rn
STC VBR, Rn
STC MOD, Rn
STC RE, Rn
STC RS, Rn
STS PR, Rn
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Type Category Instruction Stages Cycles Contention
System LDS.L LDS. L @m+, PR 5 1 » Contention
control instructions occurs when an
instructions  (PR) instruction that
(cont) uses the same
destination
register is
placed
immediately
after this
instruction
* MA contends
with IF
STS.L STS. L PR, @-Rn 4 1 MA contends with
instruction IF
(PR)
LDC.L LDC. L @m+, SR 5 3 » Contention
instructions LDC. L @+, GBR gccurs yvhen an
instruction that
LDC.L @, VBR uses the same
LDC. L @rmt+, MOD destination
register is
LDC. L @rmt+, RE
' placed
LDC.L  @m+, RS immediately
after this
instruction
* MA contends
with IF
STC.L STC. L SR, @Rn 4 2 MA contends with
instructions sTC L GBR, @Rn IF
STC.L  VBR @Rn
STC. L MOD, @-Rn
STC.L  RE, @Rn
STC. L RS, @Rn

RRENESAS
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Type Category Instruction Stages Cycles Contention
System Register — CLRVAC 4 1 « Contention
_control_ MAC trgnsfer LDS Rm MACH occu_rs_with
instructions  instruction multiplier
(cont) LDS Rm MAGL + MA contends
with IF
Register — LDS Rm DSR 4 1 —
PSP tra.msfer LDS Rm A0
instruction
LDS Rm X0
LDS Rm X1
LDS Rm YO
LDS Rm Y1
Memory - LDS. L @mt+, MACH 4 1 » Contention
MAC trr?msfer LDS. L @+, MACL occu.rs.with
instructions multiplier
* MA contends
with IF
Memory - LDS. L @m+, DSR 4 1 —
DSP tra_msfer LDS. L @+, AO
instructions
LDS. L @rmt, X0
LDS. L @rmt, X1
LDS. L @rmt, YO
LDS. L @rmt, Y1
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Type Category Instruction Stages Cycles Contention
System MAC - STS MACH, Rn 5 1  Contention
control register sTS MACL. Rn occurs with
instructions  transfer ' multiplier
(cont) instruction
DSP - STS DSR, Rn  Contention
register sTS AO. Rn occurs when an
transfer ' instruction that
instruction STS X0, Rn uses the same
STS X1, Rn destination
STS Y0, Rn register is
placed
STS Y1, Rn immediately
after this
instruction
* MA contends
with IF
MAC - STS. L MACH, @Rn 4 1 » Contention
memory STS. L MACL, @Rn occurs with
transfer ' multiplier
instruction « MA contends
with IF
DSP - STS. L DSR, @-Rn 4 1 —
memory STS.L A0, @Rn
transfer
instruction STS. L X0, @Rn
STS. L X1, @-Rn
STS. L Y0, @-Rn
STS. L Y1, @-Rn
RTE RTE 5 4 —
instruction
TRAP TRAPA #i mm 9 8 —
instruction
SLEEP SLEEP 3 3 —
instruction
Notes: 1. The normal minimum number of execution cycles. (The number in parentheses is the

number of cycles when there is contention with following instructions.
One state when there is no branch.
Number of stages of the SH-1 CPU.
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74.1 Data Transfer Instructions
Register-Register Transfer Instructions (Common): Includes the following instruction types:

e MOV #imm, Rn

« MOV Rm, Rn

¢« MOVA @(disp, PC), RO
¢ MOVT Rn

¢ SWAPB Rm,Rn

« SWAPW Rm,Rn

e XTRCT Rm, Rn

<> <> <> <> : Slot
[Instruction A IF__ID __EX]
Next instruction IF ID EX -

Third instruction in series IF ID EX -

Figure7.19 Register-Register Transfer Instruction Pipeline

Operation: The pipeline ends after three stages: IF, ID, and EX. Dataistransferred in the EX
stage viathe ALU.
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Memory Load Instructions (Common): Include the following instruction types:

« MOV.W
* MOV.L
« MOV.B
« MOV.W
« MOV.L
« MOV.B
*« MOV.W
« MOV.L
« MOV.B

@(disp, PC), Rn  MOV.W  @(disp, Rm), RO
@(disp, PC), Rn e MOV.L @(disp, Rm), Rn
@Rm, Rn « MOV.B @(RO, Rm), Rn
@Rm, Rn « MOV.W @(RO, Rm), Rn
@Rm, Rn « MOV.L @(RO, Rm), Rn
@Rm+, Rn - MOV.B @(disp, GBR), RO
@Rm+, Rn « MOV.W  @(disp, GBR), RO
@Rm+, Rn « MOV.L @(disp, GBR), RO
@(disp, Rm), RO

<> 4> <> <> <> <> Sot
[InstructionA IF_ ID EX MA WB]
Next instruction IF ID EX .-
Third instruction in series IF ID EX -

Figure7.20 Memory Load Instruction Pipeline

The pipdine hasfive stages: IF, ID, EX, MA, and WB (figure 7.20). If an instruction that uses the
same destination register as thisinstruction is placed immediately after it, contention will occur.
(See section 7.2.2, Contention when the Previous Instruction’s Destination Register Is Used.)

Rev. 5.00 Jun 30, 2004 page 437 of 512
REJ09B0171-05000

RRENESAS




Section 7 Pipeline Operation

Memory Store Instructions (Common):

Include the following instruction types:

¢« MOV.B Rm, @Rn « MOV.L Rm, @(disp, Rn)
e MOVW Rm, @Rn « MOV.B Rm, @(R0, Rn)
¢« MOV.L Rm, @Rn « MOV.W Rm, @(RO, Rn)
« MOV.B Rm, @-Rn « MOV.L Rm, @(R0, Rn)
¢« MOV.W Rm, @Rn « MOV.B RO, @(disp, GBR)
e MOV.L Rm, @-Rn « MOV.W RO, @(disp, GBR)
« MOV.B RO, @(disp, Rn) « MOV.L RO, @(disp, GBR)
¢« MOV.W RO, @(disp, Rn)
<> <> <> <> <> : Slot
[Instruction A IF 1D _EX MA|
Next instruction IF ID EX -
Third instruction in series IF ID EX -

Figure7.21 Memory Storelnstructions Pipeline

The pipeline has four stages: IF, 1D, EX, and MA (figure 7.21). Datais not returned to the register
so there isno WB stage.
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7.4.2 Arithmetic I nstructions

Arithmetic Instructions between Registers (Except M ultiplication Instructions) (Common,
or SH-2 CPU, SH-DSP): Include the following instruction types:

e ADD Rm, Rn - DIV1 Rm, Rn
« ADD #mm, Rn « DIVOS Rm, Rn
< ADDC Rm, Rn  DIVOU

« ADDV Rm, Rn « DT Rn (SH-2 CPU, SH-DSP)
e CMP/EQ #imm, RO « EXTSB Rm, Rn
« CMP/EQ Rm, Rn e EXTSW Rm, Rn
e CMP/HS Rm, Rn - EXTU.B Rm, Rn
+ CMP/IGE Rm, Rn « EXTUW Rm, Rn
e CMP/HI Rm, Rn « NEG Rm, Rn
» CMP/GT Rm, Rn « NEGC Rm, Rn
e CMP/PZ Rn - SUB Rm, Rn
« CMP/PL Rn « SUBC Rm, Rn
e« CMP/ISTR Rm,Rn - SUBV Rm, Rn

<> <> 4> <> <> : Sot
[Instruction A IF__ ID__EX_ MA]
Next instruction IF ID EX -

Third instruction in series IF ID EX -

Figure7.22 Pipelinefor Arithmetic Instructions between Registers Except M ultiplication
Instructions

The pipeline has three stages: IF, ID, and EX (figure 7.22). The data operation is completed in the
EX stage viathe ALU.
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M ultiply/Accumulate I nstruction (SH-1 CPU): Includes the following instruction type:

¢« MACW  @Rm+, @Rn+

> 4> <> 4> <> > <> <> Sot
[InstructionA IF 1D EX MA MA mm mm|
Next instruction IF — ID EX MA WB
Third instruction in series IF ID EX MA WB

Figure 7.23 Multiply/Accumulate Instruction Pipeline

The pipéline has seven stages: IF, ID, EX, MA, MA, mm, and mm. The second MA reads the
memory and accesses the multiplier. mm indicates that the multiplier is operating. mm operates for
two cycles after the final MA ends, regardless of slot. The ID of the instruction after the MAC.W
instruction is stalled for 1 dlot. The two MAs of the MAC.W instruction, when they contend with
IF, split the dlots as described in Section 7.2.1, Contention between Instruction Fetch (IF) and
Memory Access (MA).

When an instruction that does not use the multiplier comes after the MAC.W instruction, the
MAC.W instruction may be considered to be afive-stage pipelineinstruction of IF, ID, EX, MA,
MA. In such cases, the ID of the next instruction simply stalls one slot and thereafter operates like
anormal pipeline. When an instruction that uses the multiplier comes after the MAC.W
instruction, however, contention occurs with the multiplier, so operation is different from normal.

This occursin the following cases:

When aMAC.W instruction is located immediately after another MAC.W instruction
When aMULS.W instruction is located immediately after a MAC.W instruction

When an STS (register) instruction is located immediately after aMAC.W instruction
When an STS.L (memory) instruction islocated immediately after aMAC.W instruction
When an LDS (register) instruction is located immediately after aMAC.W instruction
When an LDS.L (memory) instruction is located immediately after aMAC.W instruction

o s~ wDdPE
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1. WhenaMAC.W ingtruction islocated immediately after another MAC.W instruction

When the second MA of aMAC.W instruction contends with an mm generated by a preceding
multiplier-type instruction, the bus cycle of that MA is extended until the mm ends (the M—A
shown in the dotted line box below) and that extended MA occupies one slot.

If one or more instruction not related to the multiplier islocated between the MAC.W

instructions, multiplier contention between MAC instructions does not cause stalls (figure
7.24).

4> 4> 4> 4> 4> 4> 4“—r> 4> 4> <> Sot

|MAC.W IF ID EX MA MA mm :mm_ mm:

MAC.W F — ID EX MA M—A mm mm mm

Third instruction IF — ID EX — MA -

> 4> 4> 4> 4> 4> <> <> 4> 4> <> <> Sot
|MAC.W IF ID EX MA MA mm ‘mm:
Other instruction IF — ID EX MA WB

MAC.W IF ID EX MA §MA§ mm mm mm -

Figure7.24 Unrelated Instructions between MAC.W Instructions

Sometimes consecutive MAC.Ws may not have multiplier contention even when MA and IF
contention causes misalignment of instruction execution. Figure 7.25 illustrates a case of this
type. This figure assumes MA and I F contention.

> > 4> 4> 4> P P 4> ¢—> > <—r <> Slot

[MACW if ID EX MA MA mm mm mm:

MAC.W IF — ID EX MA — MA:mm:mm mm:
MAC.W f — — ID EX MA.M—A ‘mmmm mm
MAC.W IF — ID EX — MA:M—A mm -

Figure7.25 Consecutive MAC.Wswithout Misalignment
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When the second MA of the MAC.W instruction is extended until the mm ends, contention
between MA and IF will split the dot, as usual. Figure 7.26 illustrates a case of thistype. This

figure assumes MA and | F contention.

4> 4> > > 4> 4> > 4> 4> 4> 4> <> Sot

[MACW IF ID EX MA — MA mm ‘mm mm:
MAC.W if — — ID EX MA:M—A mm mm mm
Other instruction IF — ID — — EX MA -
Other instruction f — — ID EX -
IF

Other instruction

Figure7.26 MA and IF Contention
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2. WhenaMULSW instructionsis located immediately after aMAC.W instruction

A MULS.W instruction has an MA stage for accessing the multiplier. When the MA of the
MULS.W instruction contends with an operating MAC instruction multiplier (mm), the MA is
extended until the mm ends (the M—A shown in the dotted line box in figure 7.27) to create a
single slot. When two or more instructions not related to the multiplier come between the
MAC.W and MULS.W instructions, MAC.W and MULS.W contention does not cause
stalling. When the MULS.W MA and |F contend, the slot is split.

> D D D P > 4> > > 4> <> <> Sot

[MACW IF ID EX MA MA mm mm_mm:

MULS.W IF — ID EX :M—A :mm mm mm

Other instruction IF ID EX — — MA -

> P O O P > —> > > > 4> <> <> Sot

|MAC.W IF ID EX MA MA mm:mm mm:

Other instruction IF — ID EX
MULS.W IF ID EX:M—A :mm mm mm
Other instruction IF ID EX — MA -

> D O O O O 4> D P > > 4> <> <> Sot

|MAC.W IF ID EX MA MA mm mm :mm:

Other instruction IF — ID EX MA WB
Other instruction IF ID EX MA WB

MULS.W IF ID EX:MA:mm mm mm
Other instruction IF ID EX MA -

Figure7.27 MULSMW Instruction Immediately After a MAC.W Instruction
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3. When an STS (register) instruction islocated immediately after aMAC.W instruction

When the contents of aMAC register are stored in a general-purpose register using an STS
instruction, an MA stage for accessing the multiplier is added to the STSinstruction, as
described later. When the MA of the STS instruction contends with the operating multiplier
(mm), the MA is extended until the mm ends (the M—A shown in the dotted line box in figure
7.28) to create asingle dlot. The MA of the STS contends with the IF. Figure 7.28 illustrates
how this occurs, assuming MA and | F contention.

> > > P> 4> 4> P> St

[MACW IF ID EX MA — MA mm mm mmj
STS f — — ID EX M——A:WB
Other instruction IF D — — — EXMA
Other instruction if — — — ID EX
Other instruction IF ID EX -

[MACW if ID EX MA MA mm :mm mm|
STS IF — ID —
Other instruction if —

Other instruction

Other instruction

Figure7.28 STS(Register) Instruction Immediately After a MAC.W Instruction
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4. When an STS.L (memory) instruction is located immediately after a MAC.W instruction

When the contents of aMAC register are stored in memory using an STSinstruction, an MA
stage for accessing the multiplier and writing to memory is added to the STSinstruction, as
described later. When the MA of the STS instruction contends with the operating multiplier
(mm), the MA is extended until one state after the mm ends (the M—A shown in the dotted
line box in figure 7.29) to create asingle slot. The MA of the STS contends with the IF. Figure
7.29 illustrates how this occurs, assuming MA and | F contention.

> > > —> > < > <> 4> <> <4>e>: Sot
[MACW IF ID EX MA —
STS.L if — — ID - WB
Other instruction IF EX MA
Other instruction f — — — — ID EX
Other instruction IF ID EX «eee

> 4> 4> 4> 4> 4————> 4> 4> 4> 4> <> <> Sot

[MAC.W if
STS.L
Other instruction
Other instruction IF ID — — EX
Other instruction if — — ID EX -

Figure7.29 STSL (Memory) Instruction Immediately After aMAC.W Instruction
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5. When an LDS (register) instruction is located immediately after aMAC.W instruction

When the contents of aMAC register are loaded from a general-purpose register using an LDS
instruction, an MA stage for accessing the multiplier is added to the LDS instruction, as
described later. When the MA of the LDS instruction contends with the operating multiplier
(mm), the MA is extended until the mm ends (the M—A shown in the dotted line box in figure
7.30) to create asingle dot. The MA of this LDS contends with IF. Figure 7.30 illustrates how
this occurs, assuming MA and | F contention.

> P> P> P 4> C—— P 4P P> 4><> <> Sot
[MACW IF ID EX MA '

LDS if — —
Other instruction
Other instruction f — — — ID EX
Other instruction IF ID EX -

G D P P > > > > 4> > > <> Sot
[MACW if ID EX MA MA mm mm mm:
LDS F — ID — '

Other instruction if —

Other instruction

Other instruction

Figure7.30 LDS (Register) Instruction Immediately After aMAC.W Instruction
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6. When an LDS.L (memory) instruction islocated immediately after aMAC.W instruction
When the contents of a MAC register are loaded from memory using an LDS instruction, an
MA stage for accessing the memory and the multiplier is added to the LDS instruction, as
described later. When the MA of the LDS instruction contends with the operating multiplier
(mm), the MA is extended until the mm ends (the M—A shown in the dotted line box in figure
7.31) to create asingle slot. The MA of the LDS contends with IF. Figure 7.31 illustrates how
this occurs, assuming MA and |F contention.

P D P P > P P> > <> Sot

[MACW IF ’
LDS.L f — — ID EX M—A
Other instruction IF D — — — EXMA
Other instruction f — — — ID EX
Other instruction IF ID EX -

> O 4 O 4—> “—p 4> 4> 4> 4> > <> Sot

[MAC.W if

LDS.L if — ID — EX M—A
Other instruction if — ID EX
Other instruction IF ID — EX MA
Other instruction if — ID EX -

Figure7.31 LDS.L (Memory) Instruction Immediately After aMAC.W Instruction
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Double-Length M ultiply/Accumulate I nstruction (SH-2 CPU, SH-DSP): Includes the
following instruction type:

« MACL @Rm+, @Rn+

> 4> <> <> P> <> <> <> <> Slot
lInstructon A IF_ID EX MA MA mm mm mm_ mm)]
Next instruction IF — ID EX MA WB
Third instruction IF ID EX MA WB

Figure 7.32 Multiply/Accumulate Instruction Pipeline

The pipdine has nine stages: IF, ID, EX, MA, MA, mm, mm, mm, and mm (figure 7.32). The
second MA reads the memory and accesses the multiplier. The mm indicates that the multiplier is
operating. The mm operates for four cycles after the final MA ends, regardless of slot. The ID of
the instruction after the MAC.L instruction is stalled for one dot. The two MAs of the MAC.L
instruction, when they contend with IF, split the slots as described in section 7.2.1, Contention
between Instruction Fetch (IF) and Memory Access (MA).

When an instruction that does not use the multiplier follows the MAC.L instruction, the MAC.L
instruction may be considered to be a five-stage pipeline instruction of IF, ID, EX, MA, MA. In
such cases, the ID of the next instruction simply stalls one slot and thereafter the pipeline operates
normally. When an instruction that uses the multiplier comes after the MAC.L instruction,
contention occurs with the multiplier, so operation is different from normal.

This occursin the following cases:

When aMAC.W instruction is located immediately after another MAC.W instruction
When aMAC.L instruction is located immediately after aMAC.W instruction

When aMULS.W instruction is located immediately after a MAC.W instruction

When aDMULSL.L instruction is located immediately after aMAC.W instruction

When an STS (register) instruction is located immediately after aMAC.W instruction
When an STS.L (memory) instruction is located immediately after aMAC.W instruction
When an LDS (register) instruction is located immediately after aMAC.W instruction
When an LDS.L (memory) instruction is located immediately after a MAC.W instruction

© No g s~ wDd PP
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Section 7 Pipeline Operation

1. WhenaMAC.W ingtruction islocated immediately after another MAC.W instruction

The second MA of aMAC.W instruction does not contend with an mm generated by a
preceding multiplication instruction.

> 4> 4> > 4> > 4> > <> > <> Sot
|MAC.W IF ID EX MA MA mm |
MAC.W IF

Third instruction IF

Figure7.33 MAC.W Instruction That Immediately Follows Another MAC.W instruction

Sometimes consecutive MAC.Ws may have misalignment of instruction execution caused by

MA and IF contention. Figure 7.34 illustrates a case of thistype. This figure assumes MA and
| F contention.

4P D P > > D P > > <> > Sot
[MACW if ID EX MA MA mm mm|

MAC.W IF — ID EX MA
MAC.W if
MAC.W

— MA mm mm
— — ID EX MA MA mm mm
IF — ID EX MA MA mm -

Figure7.34 Consecutive MAC.Wswith Misalignment
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Section 7 Pipeline Operation

When the second MA of the MAC.W instruction contends with IF, the slot will split as usual.
Figure 7.35 illustrates a case of thistype. This figure assumes MA and I F contention.

P > > > D > P> P> > > > Sot
IMACW IF ID EX MA —

MAC.W f — — ID
Other instruction IF

Other instruction
Other instruction IF

Figure7.35 MA and IF Contention
2. WhenaMAC.L instruction is located immediately after aMAC.W instruction

The second MA of aMAC.W instruction does not contend with an mm generated by a
preceding multiplication instruction (figure 7.36).

> > > > > > > > > > > Sot
|MAC.W IF ID EX MA MA mm :mm:

MAC.L IF — ID EX MA MA: mm mm mm mm

Third instruction IF — ID EX MA

Figure7.36 MAC.L InstructionsI mmediately After aMAC.W Instruction
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Section 7 Pipeline Operation

3. When aMULS.W instruction is located immediately after aMAC.W instruction

MULS.W instructions have an MA stage for accessing the multiplier. When the MA of the
MULS.W instruction contends with an operating MAC.W instruction multiplier (mm), the MA
is extended until the mm ends (the M—A shown in the dotted line box in figure 7.37) to create
asingle dot. When one or more instructions not related to the multiplier come between the
MAC.W and MULS.W instructions, MAC.W and MULS.W contention does not cause
gtalling. Thereisno MULS.W MA contention while the MAC.W instruction multiplier is
operating (mm). When the MULS.W MA and |IF contend, the slot is split.

P 4P 4D D 4 —F 4> 4> 4> 4> 4> 4> <> Sot

MULS.W IF — ID EX:M—A mm mm

Other instruction IF ID EX — MA

> 4> 4> 4 > > > 4> > > > > <> Sot

MACW IF ID EX MA MA mm:mm:

Other instruction IF — ID EX
MULS.W IF ID EX MA:mm mm
Other instruction IF ID EX MA

Figure7.37 MULSW Instruction Immediately After aMAC.W Instruction
4. WhenaDMULSL.L instruction islocated immediately after aMAC.W instruction

DMULSLL instructions have an MA stage for accessing the multiplier, but thereis no
DMULS.L MA contention while the MAC.W instruction multiplier is operating (mm). When
the DMULS.L MA and IF contend, the slot is split (figure 7.38).
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Section 7 Pipeline Operation

4> 4 > 4 > > O > > > 4> 4> 4> <> Sot

MACW IF ID EX MA MA mm:mm:
DMULS.L IF — ID EX MA:MA:mm mm mm mm

Other instruction IF — ID EX MA

Figure7.38 DMULSL.L InstructionsI mmediately After aMAC.W Instruction
5. When an STS (register) instruction islocated immediately after aMAC.W instruction

When the contents of aMAC register are stored in a general-purpose register using an STS
instruction, an MA stage for accessing the multiplier is added to the STSinstruction, as
described later. When the MA of the STS instruction contends with the operating multiplier
(mm), the MA is extended until the mm ends (the M—A shown in the dotted line box in figure
7.39) to create asingle dlot. The MA of the STS contends with the IF. Figure 7.39 illustrates
how this occurs, assuming MA and | F contention.

G D P > > > > > > <> Sot

MACW IF ID EX MA — MA:mm mm:
STS f — — ID EX M—A WB
Other instruction IF ID — — EX MA
Other instruction f — — ID EX
Other instruction IF ID EX

MACW if ID EX MA MA mm mm:

STS IF — ID —
Other instruction if —
Other instruction IF ID EX MA
Other instruction if ID EX

Figure7.39 STS(Register) Instruction Immediately After aMAC.W Instruction
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Section 7 Pipeline Operation

6. When an STS.L (memory) instruction is located immediately after a MAC.W instruction

When the contents of aMAC register are stored in memory using an STSinstruction, an MA
stage for accessing the memory and the multiplier and writing to memory is added to the STS
instruction, as described later. Figure 7.40 illustrates how this occurs, assuming MA and IF
contention.

<> 4> > C—— P 4> P 4> <> > <> <> <> Slot
MACW IF ID EX MA —

STS.L if — — ID EX:
Other instruction IF
Other instruction if — — ID EX
Other instruction IF ID EX

STS.L IF — ID — EX:MA:

Other instruction if — ID EX
Other instruction IF ID EX
Other instruction if ID EX

Figure7.40 STSL (Memory) Instruction Immediately After aMAC.W Instruction
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7. When an LDS (register) instruction is located immediately after aMAC.W instruction

When the contents of aMAC register are loaded from a general-purpose register using an LDS
instruction, an MA stage for accessing the multiplier is added to the LDS instruction, as
described later. When the MA of the LDS instruction contends with the operating multiplier
(mm), the MA is extended until the mm ends (the M—A shown in the dotted line box in figure
7.41) to create asingle dot. The MA of this LDS contends with IF. Figure 7.41 illustrates how
this occurs, assuming MA and | F contention.

P D > > P <> > > > > Sot
MACW IF ID EX MA — MA mm mm
LDS if — —
Other instruction

Other instruction
Other instruction IF ID EX

MAC.W if ID EX MA MA mm:mm:

LDS IF — ID — EX:MA:
Other instruction if — ID EX
Other instruction IF ID EX
Other instruction if ID EX

Figure7.41 LDS (Register) Instruction Immediately After aMAC.W Instruction
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Section 7 Pipeline Operation

. When an LDS.L (memory) instruction is located immediately after aMAC.W instruction

When the contents of aMAC register are loaded from memory using an LDS instruction, an
MA stage for accessing the multiplier is added to the LDS instruction, as described later. When
the MA of the LDS instruction contends with the operating multiplier (mm), the MA is
extended until the mm ends (the M—A shown in the dotted line box in figure 7.42) to create a
single slot. The MA of the LDS contends with IF. Figure 7.42 illustrates how this occurs,
assuming MA and I F contention.

> P > P > > > > > > <> Slot
IMACW IF ID EX MA — :
LDS.L if — — ID EX I

Other instruction IF
Other instruction f — — ID EX
Other instruction IF ID EX

MAC.W if ID EX MA MA mm:mm:

LDS.L IF — ID — EX:MA:
Other instruction if — ID EX
Other instruction IF ID EX
Other instruction if ID EX

Figure7.42 LDS.L (Memory) Instruction Immediately After aMAC.W Instruction
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Section 7 Pipeline Operation

Double-Length M ultiply/Accumulate I nstruction (SH-2 CPU, SH-DSP): Includes the
following instruction type:

« MACL  @Rm+, @Rn+ (SH-2 CPU only)

> > > > > P> P> <> <> Slot
[ MACL IF ID EX MA MA mm mm mm mm |
Next instruction IF — ID EX MA WB
Third instruction IF ID EX MA WB

Figure 7.43 Multiply/Accumulate Instruction Pipeline

Operation: The pipeline has nine stages: IF, ID, EX, MA, MA, mm, mm, mm, and mm (figure
7.43). The second MA reads the memory and accesses the multiplier. The mm indicates that the
multiplier is operating. The mm operates for four cycles after the final MA ends, regardless of a
dlot. The ID of theinstruction after the MAC.L instruction is stalled for one dot. The two MAs of
the MAC.L instruction, when they contend with IF, split the slots as described in Section 7.4,
Contention Between Instruction Fetch (IF) and Memory Access (MA).

When an instruction that does not use the multiplier follows the MAC.L instruction, the MAC.L
instruction may be considered to be five-stage pipeline instructions of IF, ID, EX, MA, and MA.
In such cases, the ID of the next instruction simply stalls one slot and thereafter the pipeline
operates normally. When an instruction that uses the multiplier comes after the MAC.L
instruction, contention occurs with the multiplier, so operation is not as normal. This occursin the
following cases:

When aMAC.L instruction is located immediately after another MAC.L instruction
When aMAC.W ingtruction is located immediately after aMAC.L instruction

When aDMULSL.L instruction is located immediately after aMAC.L instruction

When aMULS.W instruction is located immediately after aMAC.L instruction

When an STS (register) instruction is located immediately after aMAC.L instruction
When an STS.L (memory) instruction is located immediately after aMAC.L instruction
When an LDS (register) instruction is located immediately after aMAC.L instruction
When an LDS.L (memory) instruction is located immediately after aMAC.L instruction

o No s~ wDdPE
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1. WhenaMAC.L instruction islocated immediately after another MAC.L instruction

When the second MA of the MAC.L instruction contends with the mm produced by the
previous multiplication instruction, the MA bus cycle is extended until the mm ends (the M—
A shown in the dotted line box in figure 7.44) to create a single slot. When two or more
instructions that do not use the multiplier occur between two MAC.L instructions, the stall
caused by multiplier contention between MAC.L instructionsis eliminated.

> > D > > > > 4> > <> > Sot
|MAC.L IF ID EX MA MA mm:mm mm mm:
MAC.L IF — ID EX MA M———A mm mm mm mm
Third instruction IF — ID EX — — MA -

+“r 4> 4> > >

<> 4> 4> 4> <> <> <> Slot

mm

| MAC.L IF ID EX MA MA

Other instruction IF — ID EX
Other instruction IF ID
MAC.L IF

MA
EX

MA WB

Figure7.44 MAC.L Instruction Immediately After Another MAC.L Instruction

Sometimes consecutive MAC.Ls may have less multiplier contention even when thereis
misalignment of instruction execution caused by MA and IF contention. Figure 7.45 illustrates
a case of thistype, assuming MA and |IF contention.

> 4> 4> 4>

“> 4¢—> «—> > «————p <«»> <> Slot

[MACL if ID EX MA

MAC.L IF — ID EX MA —  M—A ‘mm mm mm mm

MAC.L f — — ID EX — MA M A mm mm mm mm
MAC.L F — — ID EX — — MA

Figure7.45 Consecutive MAC.Lswith Misalignment
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Section 7 Pipeline Operation

When the second MA of the MAC.L instruction is extended to the end of the mm, contention
between the MA and IF will split the slot in the usual way. Figure 7.46 illustrates a case of this
type, assuming MA and IF contention.

<> 4> 4> 4“—> 4> 4> «————p 4> 4> <> Sot

| MAC.L IF ID EX MA — MA mm:mm mm mm:

MAC.L f — — ID EX MA\: M——A ‘mm mm mm mm
Other intruction F — ID — — — EX
Other intruction f — — — ID

Other intruction

Figure7.46 MA and IF Contention
2. WhenaMAC.W ingtruction is located immediately after aMAC.L instruction

When the second MA of the MAC.W instruction contends with the mm produced by the
previous multiplication instruction, the MA bus cycle is extended until the mm ends (the M—
A shown in the dotted line box in figure 7.47) to create a single slot. When two or more
instructions that do not use the multiplier occur between the MAC.L and MAC.W instructions,
the stall caused by multiplier contention between MAC.L instructionsis eliminated.

> 4> 4> 4> > > <4————p > <> ;. Slot

[MACL IF ID EX MA MA mm:mm mm_ mm]

MAC.W IF — ID EX MA:MA———A mm mm

Third instruction IF — ID EX — — MA -

> 4> 4> 4> > 4> 4> > 4> <> <> Slot

[MACL IF ID EX MA MA mm mm mm:mm:

Other instruction IF — ID EX MA WB
Other instruction IF ID EX MA WB
MAC.W IF ID EX MA: MA mm mm

Figure7.47 MAC.W Instruction Immediately After aMAC.L Instruction
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3. WhenaDMULSLL instruction islocated immediately after aMAC.L instruction

DMULSLL instructions have an MA stage for accessing the multiplier. When the second MA
of the DMULS.L instruction contends with an operating MAC.L instruction multiplier (mm),
the MA is extended until the mm ends (the M—A shown in the dotted line box in figure 7.48)
to create a single dot. When two or more instructions not related to the multiplier come
between the MAC.L and DMULS.L instructions, MAC.L and DMULS.L contention does not
cause stalling. When the DMULS.L MA and IF contend, the slot is split.

“r 4> > > >

P> —————p <> <> 4> <> <> Slot

[MACL IF ID EX MA MA mm . mm mm mm:
DMULS.L IF — ID EX MA: M—A mm mm mm mm
Other instruction IF — ID — — EX MA -
> 4> > > D > > > > > > > > Sot
[MACL IF ID EX MA MA mm mm: mm mm:
Other instruction IF — ID EX
DMULS.L IF ID EX MA:M—A mm mm mm mm
Other instruction IF — ID — EX MA -
> 4> > > > > > > > > > > > > Sot
[MACL IF ID EX MA MA mm mm mm:mm:
Other instruction IF — ID EX MA WB
Other instruction IF ID EX MA WB
DMULS.L IF ID EX MAMAmm mm mm mm
Other instruction IF — ID EX MA -

Figure7.48 DMULSLL Instruction Immediately After a MAC.L Instruction

4. When aMULS.W instruction is located immediately after aMAC.L instruction

MULS.W instructions have an MA stage for accessing the multiplier. When the MA of the
MULS.W instruction contends with an operating MAC.L instruction multiplier (mm), the MA
is extended until the mm ends (the M—A shown in the dotted line box in figure 7.49) to create
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Section 7 Pipeline Operation

asingle dot. When three or more instructions not related to the multiplier come between the
MAC.L and MULS.W instructions, MAC.L and MULS.W contention does not cause stalling.
When the MULS.W MA and IF contend, the dlot is split.

> > D > D D P 4> > > > Sot

[MACL IF ID EX MA MA
MULS.W IF — ID EX

Other instruction IF —

O O O D > > > > > <> Sot

[MACL IF ID EX MA MA mm mm_ mm_mm:

Other instruction IF — ID EX
MULS.W IF ID EX M*Amm mm
Other instruction IF ID EX — — MA -

> D > D > > >4 > <> 4> <> Sot

|MAC.L IF ID EX MA MA mm mm :mm. mm:

Other instruction IF — ID EX MA WB
Other instruction IF ID EX MA WB

MULS.W IF ID EX M—A mm mm
Other instruction IF ID EX — MA -

O O O O > D > D O O > > > <> Sot

[MACL IF ID EX MA MA mm mm mm mm:

Other instruction IF — ID EX MA WB

Other instruction IF ID EX MA WB

Other instruction IF ID EX MA WB
MULS.W IF ID EX MA: mm mm

Other instruction IF ID EX MA -

Figure7.49 MULSMW Instruction Immediately After aMAC.L Instruction
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5. When an STS (register) instruction islocated immediately after aMAC.L instruction

When the contents of a MAC register are stored in a general-purpose register using an STS
instruction, an MA stage for accessing the multiplier is added to the STSinstruction, as
described later. When the MA of the STS instruction contends with the operating multiplier
(mm), the MA is extended until the mm ends (the M—A shown in the dotted line box in figure
7.50) to create asingle slot. The MA of the STS contends with the IF. Figure 7.50 illustrates
how this occurs, assuming MA and | F contention.

O 4 P 4P > Slot

[MACL IF ID EX MA — MA mm
STS f — — ID EX M— A:WB
Other instruction IF D — — — — EXMA
Other instruction f — — — — IDEX
Other instruction IF ID EX -

[ MACL if
STS
Other instruction

Other instruction

Other instruction

Figure7.50 STS(Register) Instruction Immediately After aMAC.L Instruction
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6. When an STS.L (memory) instruction is located immediately after aMAC.L instruction

When the contents of aMAC register are stored in memory using an STSinstruction, an MA
stage for accessing the multiplier and writing to memory is added to the STS instruction, as
described later. The MA of the STS contends with the IF. Figure 7.51 illustrates how this
occurs, assuming MA and | F contention.

> > > —> > <« > <4 >4><4><> Slot
[MAC.L IF ID EX MA — MA . mm mm mm mm]|
STS.L f — — ID EX: M——A
Other instruction F D — — — — EX MA
Other instruction f — — — — ID EX
Other instruction IF ID EX e

STS.L IF — ID —
Other instruction if —
Other instruction

Other instruction

Figure7.51 STSL (Memory) Instruction Immediately After aMAC.L Instruction
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7. When an LDS (register) instruction is located immediately after aMAC.L instruction

When the contents of aMAC register are loaded from a general-purpose register using an LDS
instruction, an MA stage for accessing the multiplier is added to the LDS instruction, as
described later. When the MA of the LDS instruction contends with the operating multiplier
(mm), the MA is extended until the mm ends (the M—A shown in the dotted line box in figure
7.52) to create asingle dot. The MA of this LDS contends with IF. Figure 7.52 illustrates how
this occurs, assuming MA and | F contention.

> > D> —> > < > <4 P><4><><>: Slot
[ MACL IF
LDS if — — ID EX M————A
Other instruction F D — — — — EX MA
Other instruction f — — — — ID EX
Other instruction IF ID EX -

[ MAC.L
LDS
Other instruction

Other instruction

Other instruction

Figure7.52 LDS (Register) Instruction Immediately After aMAC.L Instruction
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8. Whenan LDS.L (memory) instruction islocated immediately after aMAC.L instruction

When the contents of aMAC register are loaded from memory using an LDS instruction, an
MA stage for accessing the memory and the memory and the multiplier is added to the LDS
instruction, as described later. When the MA of the LDS instruction contends with the
operating multiplier (mm), the MA is extended until the mm ends (the M—A shown in the
dotted line box in figure 7.53) to create asingle slot. The MA of the LDS contends with IF.
Figure 7.53 illustrates how this occurs, assuming MA and | F contention.

> > > —> > < > 4> <><4><> Sot
[MACL IF ID EX MA — MA mm mm mm mm]
LDS.L f — — D EX M———A"
Other instruction F D — — — — EX MA
Other instruction f — — — — ID EX
Other instruction IF ID EX -

[ MAC.L
LDS.L
Other instruction

Other instruction

Other instruction

Figure7.53 LDS.L (Memory) Instruction Immediately After aMAC.L Instruction
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M ultiplication Instructions (SH-1 CPU): Include the following instruction types:

¢« MULSW Rm,Rn
« MULUW Rm,Rn

> 4> 4> > > > <> <> : Sot
[Instructon A  IF ID EX MA mm mm ]
Next instruction IF ID EX MA WB
Third instruction IF ID EX MA WB

Figure7.54 Multiplication Instruction Pipeline

The pipeline has six stages: IF, ID, EX, MA, mm, and mm. The MA accesses the multiplier. mm
indicates that the multiplier is operating. mm operates for three cycles after the MA ends,
regardless of slot. The MA of the MULS.W instruction, when it contends with IF, splits the slot as
described in Section 7.2.1, Contention between Instruction Fetch (1F) and Memory Access (MA).

When an instruction that does not use the multiplier comes after the MULS.W instruction, the
MULS.W instruction may be considered to be a four-stage pipeline instruction of IF, ID, EX, and
MA. In such cases, it operates like anormal pipeline. When an instruction that uses the multiplier
comes after the MUL S.W instruction, however, contention occurs with the multiplier, so operation
is different from normal.

This occursin the following cases:

When aMAC.W ingtruction is located immediately after aMULS.W instruction

When aMULS.W instruction is located immediately after another MULS.W instruction
When an STS (register) instruction is located immediately after aMULS.W instruction
When an STS.L (memory) instruction is located immediately after aMULS.W instruction
When an LDS (register) instruction is located immediately after aMULS.W instruction
When an LDS.L (memory) instruction islocated immediately after a MULS.W instruction

o s~ wDdh PP
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1. WhenaMAC.W instruction islocated immediately after aMULS.W instruction

When the second MA of aMAC.W instruction contends with the mm generated by a preceding
multiplication instruction, the bus cycle of that MA is extended until the mm ends (the M—A
shown in the dotted line box below) and that extended MA occupies one slot.

If one or more instructions not related to the multiplier comes between the MULS.W and
MAC.W instructions, multiplier contention between the MULS.W and MAC.W instructions

does not cause stalls (figure 7.55).

> O 4> D > —> 4> 4> P> > <> Slot

|MULS.W IF ID EX MA mm:mm_ mm:

MAC.W IF ID EX MA:M—A :mm mm mm

Third instruction IF — ID EX — MA -

> 4> 4> > 4> > 4> > 4> > <> <> Sot

|MULS.W IF ID EX MA mm mm :mm:
Other instruction IF ID EX MA WB

MAC.W IF ID EX MA:MA:mm mm mm -

Figure7.55 MAC.W Instruction Immediately After aMULS.W Instruction
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2. WhenaMULS.W instruction islocated immediately after another MULS.W instruction

MULS.W instructions have an MA stage for accessing the multiplier. When the MA of the
MULS.W instruction contends with the operating multiplier (mm) of another MULS.W
instruction, the MA is extended until the mm ends (the M—A shown in the dotted line box in
figure 7.56) to create asingle sot. When two or more instructions not related to the multiplier
are located between the two MUL S.W instructions, contention between the MUL S.Ws does
not cause stalling. When the MULS.W MA and IF contend, the slot is split.

> O 4> > 4> 4> 4> 4> 4> > > <> Sot

[MULSW IF ID EX MA mm_ mm mm:

MULS.W IF ID EX: M——A ‘mm mm mm

Other instruction IF ID EX — — MA -

D D P D P > > > 4> P> 4> <> <> Sot
[MULSW IF ID EX MA mm :mm mm: |

Other instruction IF ID EX
MULS.W IF ID EX :M—A:mm mm mm
Other instruction IF ID EX — MA -

4> 4> 4> 4> 4> 4> 4> 4> 4> 4> 4> 4> 4> 4> Sot

|MULS.W IF ID EX MA mm mm :mm:

Other instruction IF ID EX MA WB
Other instruction IF ID EX MA WB

MULS.W IF ID EX:MA mm mm mm
Other instruction IF ID EX MA -

Figure7.56 MULSW Instruction Immediately After Another MUL SW Instruction
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When the MA of the MULS.W instruction is extended until the mm ends, contention between
MA and IF will split the dot, asisnormal. Figure 7.57 illustrates a case of this type, assuming

MA and I F contention.

> > 4> > P 4> 4> 4> > > <> Sot

|MULS.W IF ID EX MA:mm mm_ mm:

MULS.W if ID EX:M———A mm mm mm

Other instruction IF D — — — EX MA -
Other instruction f — — — ID EX -
IF ID -

Other instruction

Figure7.57 MULSW Instruction Immediately After Another MULS.W Instruction (IF and
MA Contention)
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3. When an STS (register) instruction islocated immediately after aMULS.W instruction

When the contents of a MAC register are stored in a general-purpose register using an STS
instruction, an MA stage for accessing the multiplier is added to the STSinstruction, as
described later. When the MA of the STS instruction contends with the operating multiplier
(mm), the MA is extended until the mm ends (the M—A shown in the dotted line box in figure
7.58) to create asingle slot. The MA of the STS contends with the IF. Figure 7.58 illustrates
how this occurs, assuming MA and | F contention.

> > > > P 4> > > > > > Sot

|MULS.W IF ID EX MA n :

STS if ID EX |

Other instruction IF ID

Other instruction if
Other instruction

[MULSW if ID EX MA mm:mm mm:

STS IF ID — EX:M—A:WB
Other instruction if — ID EX
Other instruction IF ID — EX
Other instruction if — ID EX -

Figure7.58 STS(Register) Instruction Immediately After a MULS.W Instruction
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4. When an STS.L (memory) instruction islocated immediately after a MULS.W instruction

When the contents of aMAC register are loaded from memory using an STSinstruction, an
MA stage for accessing the multiplier and writing to memory is added to the STSinstruction,

as described later. When the MA of the ST S instruction contends with the operating multiplier

(mm), the MA is extended until one cycle after the mm ends (the M—A shown in the dotted

line box in figure 7.59) to create asingle slot. The MA of the STS contends with the IF. Figure

7.59 illustrates how this occurs, assuming MA and | F contention.

> 4> > > 4> <> 4> > <> <> Slot

[MULS.W IF

STS.L
Other instruction
Other instruction
Other instruction

if ID EX:

IF 1D

— — — ID EX
IF ID EX -

D D P > > > > > > > > > Sot

[MULS.W if

STS.L
Other instruction
Other instruction
Other instruction

Figure7.59 STS.L (Memory) Instruction Immediately After aMULS.W Instruction
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5. When an LDS (register) instruction is located immediately after aMULS.W instruction

When the contents of aMAC register are loaded from a general-purpose register using an LDS
instruction, an MA stage for accessing the multiplier is added to the LDS instruction, as
described later. When the MA of the LDS instruction contends with the operating multiplier
(mm), the MA is extended until the mm ends (the M—A shown in the dotted line box below)
to create asingle slot. The MA of this LDS contends with IF. Figure 7.60 illustrates how this
occurs, assuming MA and | F contention.

D D P > > 4> 4> > > <> <> Sot

[MULS.W IF
LDS if ID EX M— A :
Other instruction IF D — — — EX MA
Other instruction f — — — ID EX
Other instruction IF ID EX -

[MULS.W
LDS F ID — EX M—A:
Other instruction if — ID EX
Other instruction IF ID — EX
Other instruction if — ID EX .-

Figure7.60 LDS (Register) Instruction Immediately After aMULS.W Instruction
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Section 7 Pipeline Operation

6. Whenan LDS.L (memory) instruction islocated immediately after aMULS.W instruction

When the contents of aMAC register are loaded from memory using an LDS instruction, an
MA stage for accessing the memory and the multiplier is added to the LDS instruction, as
described later. When the MA of the LDS instruction contends with the operating multiplier
(mm), the MA is extended until the mm ends (the M—A shown in the dotted line box in figure
7.61) to create asingle dlot. The MA of the LDS contends with IF. Figure 7.61 illustrates how
this occurs, assuming MA and | F contention.

G D P > > 4> 4> > > > <> Sot

Other instruction IF D — — — EX MA

Other instruction f — — — ID EX
Other instruction IF ID EX -

> O 4> > > 4> 4> 4> 4> > > <> Sot

[MULSW if ID EX MA mm'm

LDS.L IF ID —
Other instruction if —
Other instruction IF ID — EX
Other instruction if — ID EX -

Figure7.61 LDS.L (Memory) Instruction Immediately After aMULS.W Instruction
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Section 7 Pipeline Operation

M ultiplication Instructions (SH-2 CPU, SH-DSP): Include the following instruction types:

¢« MULSW Rm,Rn
« MULUW Rm,Rn

> > > > > > <> <> St
[MULSW IF _ID EX MA mm mm]
Next instruction IF ID EX MA WB
Third instruction IF ID EX MA WB

Figure 7.62 Multiplication Instruction Pipeline

Operation: The pipeline has six stages: IF, ID, EX, MA, mm, and mm (figure 8.62). The MA
accesses the multiplier. The mm indicates that the multiplier is operating. The mm operates for
two cycles after the MA ends, regardless of the dot. The MA of the MULS.W instruction, when it
contends with IF, splits the slot as described in Section 7.4, Contention Between Instruction Fetch
(IF) and Memory Access (MA).

When an instruction that does not use the multiplier comes after the MULS.W instruction, the
MULS.W instruction may be considered to be four-stage pipeline instructions of IF, ID, EX, and
MA. In such cases, it operates like a normal pipeline. When an instruction that uses the multiplier
islocated after the MUL S.W instruction, however, contention occurs with the multiplier, so
operation is not as normal. This occursin the following cases:

When aMAC.W ingtruction is located immediately after aMULS.W instruction

When aMAC.L instruction is located immediately after aMULS.W instruction

When aMULS.W instruction is located immediately after another MULS.W instruction
When aDMULSL.L instruction is located immediately after aMULS.W instruction

When an STS (register) instruction is located immediately after aMULS.W instruction
When an STS.L (memory) instruction is located immediately after aMULS.W instruction
When an LDS (register) instruction is located immediately after aMULS.W instruction
When an LDS.L (memory) instruction islocated immediately after aMULS.W instruction

O NO A~ WDNPRE
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Section 7 Pipeline Operation

1. WhenaMAC.W ingtruction islocated immediately after aMULS.W instruction

The second MA of aMAC.W instruction does not contend with the mm generated by a

preceding multiplication instruction.

4> 4> 4 O 4> > 4> > > 4> <> Slot

[MULSW IF ID EX

MA mm mm|

MAC.W IF ID
Third instruction IF

EX MA MA mm mm

Figure7.63 MAC.W Instruction Immediately After aMULS.W Instruction

2. WhenaMAC.L instruction islocated immediately after aMULS.W instruction

The second MA of aMAC.W instruction does not contend with the mm generated by a

preceding multiplication instruction.

> 4> 4 O > > > 4> > 4> <> Sot

[MULSW IF ID EX MA mm mm]|

MAC.L IF ID
Third instruction IF

EX MA MA mm mm mm mm
— ID EX MA -

Figure7.64 MAC.L Instruct

ion Immediately After aMULS.W Instruction
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Section 7 Pipeline Operation

3. WhenaMULS.W instruction is located immediately after another MULS.W instruction

MULS.W instructions have an MA stage for accessing the multiplier. When the MA of the
MULS.W instruction contends with the operating multiplier (mm) of another MULS.W
instruction, the MA is extended until the mm ends (the M—A shown in the dotted line box in
figure 7.65) to create asingle dot. When one or more instructions not related to the multiplier
islocated between the two MULS.W instructions, contention between the MUL S.Ws does not
cause stalling. When the MULS.W MA and |F contend, the slot is split.

O > D > > > > P> > > <> > Sot
[MULS.W IF
MULS.W

Other instruction

> 4> 4> 4> 4> > 4> 4> 4> 4> 4> > <> Sot

|MULS.W IF ID EX MA mm:mm:

Other instruction IF ID EX
MULS.W IF ID EX MA: mm mm
Other instruction IF ID EX MA -

Figure7.65 MULSW Instruction Immediately After Another MULS.W Instruction

When the MA of the MULS.W instruction is extended until the mm ends, contention between
the MA and IF will split the dot in the usual way. Figure 7.66 illustrates a case of thistype,
assuming MA and I F contention.

4> 4> 4> 4> 4> 4P 4> 4> 4> > <> Sot

[MULSW IF ID EX MA ' mm mm}

MULS.W if ID EX:M—A : mm mm
Other instruction IF ID — — EX MA -
Other instruction if — — ID EX -
Other instruction IF ID oo

Figure7.66 MULSW Instruction Immediately After Another MUL SW Instruction (IF and
MA contention)
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Section 7 Pipeline Operation

4. WhenaDMULS.L instruction islocated immediately after a MULS.W instruction

Though the second MA in the DMULS.L instruction makes an access to the multiplier, it does
not contend with the operating multiplier (mm) generated by the MUL S.W instruction.

> 4> D > > D> D D> > > > <> <> Sot
[MULSW IF ID EX MA mm mm |
DMULS.L IF ID EX MA

Other instruction IF

MA mm mm mm mm
— ID EX MA -

Figure7.67 DMULSL.L Instruction Immediately After a MULS.W Instruction
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Section 7 Pipeline Operation

5. When an STS (register) instruction islocated immediately after aMULS.W instruction

When the contents of a MAC register are stored in a general-purpose register using an STS
instruction, an MA stage for accessing the multiplier is added to the STSinstruction, as
described later. When the MA of the STS instruction contends with the operating multiplier
(mm), the MA is extended until the mm ends (the M—A shown in the dotted line box in figure
7.68) to create asingle dlot. The MA of the STS contends with the IF. Figure 7.68 illustrates
how this occurs, assuming MA and | F contention.

> > > > > > P> > > <> > Sot

[MULS.W IF :
STS

Other instruction

Other instruction

Other instruction

P 4 > 4> > D > D > > <> <> Sot

[MULSW if ID EX MA mm :mm:

STS IF ID — EX MA: WB
Other instruction if — ID EX
Other instruction IF ID EX
Other instruction if ID EX o

Figure7.68 STS(Register) Instruction Immediately After a MULSW Instruction
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Section 7 Pipeline Operation

6. When an STS.L (memory) instruction islocated immediately after a MULS.W instruction

When the contents of aMAC register are stored in memory using an STSinstruction, an MA
stage for accessing the multiplier and writing to memory is added to the STS instruction, as
described later. The MA of the STS contends with the IF. Figure 7.69 illustrates how this
occurs, assuming MA and | F contention.

> > P > P > > > > <> <> Sot
[MULS.W IF
STS.L
Other instruction

Other instruction

Other instruction

[MULSW if ID EX MA mm

STS.L IF ID — EX N
Other instruction if — ID
Other instruction IF ID EX
Other instruction if ID EX -

Figure7.69 STS.L (Memory) Instruction Immediately After aMULSW Instruction

Rev. 5.00 Jun 30, 2004 page 478 of 512
REJ09B0171-05000

RRENESAS



Section 7 Pipeline Operation

7. When an LDS (register) instruction islocated immediately after aMULS.W instruction

When the contents of aMAC register are loaded from a general-purpose register using an LDS
instruction, an MA stage for accessing the multiplier is added to the LDS instruction, as
described later. When the MA of the LDS instruction contends with the operating multiplier
(mm), the MA is extended until the mm ends (the M—A shown in the dotted line box below)
to create asingle slot. The MA of this LDS contends with IF. The following figures illustrates
how this occurs, assuming MA and | F contention.

4> 4 4> 4> P> 4> 4> 4> > P> > Sot

[MULS.W IF
LDS
Other instruction MA
Other instruction if — — ID EX
Other instruction IF ID EX -

P 4 > 4> > D > D > > <> <> Sot

[MULSW if ID EX MA mm mm:

LDS IF ID — EX :MA:
Other instruction if — ID EX
Other instruction IF ID EX
Other instruction if ID EX

Figure7.70 LDS (Register) Instruction Immediately After a MULS.W Instruction
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Section 7 Pipeline Operation

8. Whenan LDS.L (memory) instruction islocated immediately after aMULS.W instruction

When the contents of aMAC register are loaded from memory using an LDS instruction, an
MA stage for accessing the multiplier is added to the LDS instruction, as described later. When
the MA of the LDS instruction contends with the operating multiplier (mm), the MA is
extended until the mm ends (the M—A shown in the dotted line box in figure 7.71) to create a
single slot. The MA of the LDS contends with IF. Figure 7.71 illustrates how this occurs,
assuming MA and I F contention.

> 4> 4> > P> 4> 4> 4> > P> > Sot

[MULS.W IF
LDS.L
Other instruction MA
Other instruction if — — ID EX
Other instruction IF ID EX -

> 4 > > > D > D > > <> <> Sot

[MULSW if ID EX MA mm :mm:

LDS.L IF ID — EX :MA:
Other instruction if — ID EX
Other instruction IF ID EX
Other instruction if ID EX -

Figure7.71 LDS.L (Memory) Instruction Immediately After aMULS.W Instruction
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Section 7 Pipeline Operation

Double-Length Multiplication Instructions (SH-2 CPU, SH-DSP): Include the following
instruction types:

e« DMULSL Rm,Rn
« DMULUL Rm,Rn

e MUL.L Rm, Rn
> > 4> > > <> <> <> <> Slot
[Instruction A IF ID EX MA MA mm mm mm mm |
Next instruction IF — ID EX MA WB
Third instruction IF ID EX MA WB

Figure7.72 Multiplication Instruction Pipeline

The pipdine has nine stages: IF, ID, EX, MA, MA, mm, mm, mm, and mm (figure 7.72). The
second MA accesses the multiplier. The mm indicates that the multiplier is operating. The mm
operates for four cycles after the MA ends, regardless of slot. The ID of the instruction following
the DMULS.L instruction is stalled for 1 slot (see the description of the Multiply/Accumulate
instruction). The two MA stages of the DMULS.L instruction, when they contend with IF, split the
slot as described in section 7.2.1, Contention between Instruction Fetch (IF) and Memory Access
(MA).

When an instruction that does not use the multiplier comes after the DMULS.L instruction, the
DMULSL.L instruction may be considered to be a five-stage pipeline instruction of IF, ID, EX,
MA, and MA. In such cases, it operates like a normal pipeline. When an instruction that uses the
multiplier come after the DMULS.L instruction, however, contention occurs with the multiplier,
so operation is different from normal.

This occursin the following cases:

When aMAC.L instruction is located immediately after aDMULS.L instruction

When aMAC.W instruction is located immediately after aDMULS.L instruction

When aDMULSL.L instruction is located immediately after another DMULS.L instruction
When aMULS.W instruction is located immediately after aDMULS.L instruction

When an STS (register) instruction is located immediately after aDMULS.L instruction
When an STS.L (memory) instruction is located immediately after aDMULS.L instruction
When an LDS (register) instruction is located immediately after aDMULS.L instruction
When an LDS.L (memory) instruction is located immediately after aDMULS.L instruction

o No s~ wDdh e

Rev. 5.00 Jun 30, 2004 page 481 of 512
REJ09B0171-05000
RRENESAS




Section 7 Pipeline Operation

1. WhenaMAC.L instruction islocated immediately after aDMULS.L instruction

When the second MA of aMAC.L instruction contends with the mm generated by a preceding
multiplication instruction, the bus cycle of that MA is extended until the mm ends (the M—A
shown in the dotted line box below) and that extended MA occupies one slot.

If two or more instructions not related to the multiplier are located between the DMULS.L and
MAC.L instructions, multiplier contention between the DMULS.L and MAC.L instructions
does not cause stalls (figure 7.73).

> > > > P> P 4> > > > Sot

[ DMULSL IF ID EX MA MA mm
MAC.L IF — ID EX MA:

Third instruction IF — ID

D D 4D 4> D > D D P> D> > 4> <> Sot

| DMULS.L IF ID EX MA MA mm mm mm:mm:

Other instruction IF — ID EX MA WB
Other instruction IF ID EX MA WB
MAC.L IF ID EX MA: MA mm mm mm mm

Figure7.73 MAC.L Instruction Immediately After aDMULS.L Instruction
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Section 7 Pipeline Operation

74.3 L ogic Operation Instructions

Register-Register Logic Operation Instructions (Common): Include the following instruction
types:

* AND Rm, Rn e TST Rm, Rn
« AND #mm, RO e TST #imm, RO
e NOT Rm, Rn « XOR Rm, Rn
¢« OR Rm, Rn « XOR #mm, RO

« OR #imm, RO

<> 4> <> <> <> <> Slot
[InstructionA IF_ID EX]|
Next instruction IF ID EX -
Third instruction in series IF ID EX -«

Figure7.74 Register-Register Logic Operation Instruction Pipeline

The pipéline has three stages: IF, ID, and EX (figure 7.74). The data operation is completed in the
EX stageviathe ALU.
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Section 7 Pipeline Operation

Memory Logic Operations I nstructions (Common): Include the following instruction types:

- AND.B  #mm, @(RO0, GBR)
« ORB  #mm, @RO, GBR)
. TSTB  #mm, @RO, GBR)
« XORB #mm, @RO, GBR)

> 4> > 4> 4> 4> <> <> Sot
[Instruction A IF_ID EX MA EX MA]
Next instruction IF — — ID EX -

Third instruction in series IF ID EX -

Figure7.75 Memory Logic Operation Instruction Pipeline

The pipdine has six stages: IF, ID, EX, MA, EX, and MA (figure 7.75). The ID of the next
instruction stalls for 2 dots. The MAs of these instructions contend with IF.
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Section 7 Pipeline Operation

TAS Instruction (Common): Includes the following instruction type:

» TASB @Rn

P> > P> P> P> > > <> <> Sot
linstruction A IF__ID EX MA EX MA]|
Next instruction F — — — ID EX -
Third instruction in series IF ID EX -

Figure7.76 TASInstruction Pipeine

The pipeline has six stages: IF, ID, EX, MA, EX, and MA (figure 7.76). The ID of the next
instruction stalls for 3 slots. The MA of the TAS instruction contends with IF.
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Section 7 Pipeline Operation

7.4.4 Shift Instructions (Common)

« ROTL Rn « SHLR Rn
« ROTR Rn e SHLL2 Rn
« ROTCL Rn « SHLR2 Rn
* ROTCR Rn e SHLLS Rn
e SHAL Rn * SHLRS8 Rn
« SHAR Rn e SHLL16 Rn
e SHLL Rn e SHLR16 Rn

<> 4> 4> <> <> <> : Slot
lInstruction A IF 1D EX]
Next instruction IF ID EX -
Third instruction in series IF ID EX -

Figure7.77 General Shift Instruction Pipeline

The pipéline has three stages: IF, ID, and EX (figure 7.77). The data operation is completed in the
EX stageviathe ALU.
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Section 7 Pipeline Operation

7.4.5 Branch Instructions
Conditional Branch Instructions (Common): Include the following instruction types:

* BF labd
e BT labd

The pipeline has three stages: IF, ID, and EX. Condition verification is performed in the ID stage.
Conditionally branched instructions are not delay branched.

1. When condition is satisfied

The branch destination address is calculated in the EX stage. The two instructions after the
conditional branch instruction (instruction A) are fetched but discarded. The branch destination
instruction begins its fetch from the slot following the slot which hasthe EX stage of
instruction A (figure 7.78).

<+ 4> 4> 4> 4> <> 4> 4> <> ;. Sot
[Instructon A IF_ ID EX|

Next instruction IF — (Fetched but discarded)
Third instruction in series IF — (Fetched but discarded)
Branch destination — IF ID EX
..... IE ID EX -

Figure 7.78 Branch Instruction when Condition Is Satisfied

2. When condition is not satisfied

If it is determined that conditions are not satisfied at the ID stage, the EX stage proceeds
without doing anything. The next instruction also executes a fetch (figure 7.79).

P 4> P> 4> 4P 4> <> <> <> Sot
[Instructon A IF_ ID EX]

Next instruction IF ID EX -
Third instruction in series IF ID EX -
..... IE ID EX -

Figure7.79 Branch Instruction when Condition IsNot Satisfied
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Section 7 Pipeline Operation

Delayed Conditional Branch Instructions (SH-2 CPU, SH-DSP): Include the following
instruction types:

* BF/Slabel
* BT/Slabel

The pipdine has three stages: IF, ID, and EX. Condition verification is performed in the ID stage.

1. When condition is satisfied
The branch destination address is calculated in the EX stage. The instruction after the
conditional branch instruction (instruction A) is fetched and executed, but the instruction after
that is fetched and discarded. The branch destination instruction beginsits fetch from the slot
following the slot which has the EX stage of instruction A (figure 7.80).

> 4> 4> 4> 4> <> 4> <> <> Sot
[Instructon A IF ID EX]

Next instruction IF — ID EX MA WB
Third instruction in series IF — (Fetched but discarded)
Branch destination IF ID EX -
..... IF ID EX -

Figure7.80 Branch Instruction when Condition I's Satisfied

2. When condition is not satisfied

If it is determined that a condition is not satisfied at the ID stage, the EX stage proceeds
without doing anything. The next instruction also executes a fetch (figure 7.81).

> 4> 4> 4> 4> <> 4> 4> <> : Sot
[Instructon A IF_ ID EX]|

Next instruction IF ID EX -
Third instruction in series IF ID EX -
..... IE ID EX -

Figure7.81 Branch Instruction when Condition IsNot Satisfied
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Section 7 Pipeline Operation

Unconditional Branch Instructions (Common, or SH-2 CPU, SH-DSP): Include the following

instruction types:

* BRA label

« BRAF Rm(SH-2, SH-DSP CPU)
« BSR label

e BSRF Rm(SH-2, SH-DSP CPU)
e JMP @Rm

« JSR @Rm

« RTS

“—r 4> > 4> <>

[Instructon A IF__ ID__EX]
Delay slot IF — ID EX
Branch destination IF ID
..... =

<> 4> <> <> : Slot

Figure 7.82 Unconditional Branch Instruction Pipeline

The pipdine has three stages: IF, ID, and EX (figure 7.82).

Unconditionally branched instructions

are delay branched. The branch destination address is calculated in the EX stage. The instruction
following the unconditional branch instruction (instruction A), that is, the delay slot instruction is
not fetched and discarded as conditional branch instructions are, but is instead executed. Note that
the ID dlot of the delay dot instruction does stall for one cycle. The branch destination instruction
startsits fetch from the slot after the ot that has the EX stage of instruction A.
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Section 7 Pipeline Operation

7.4.6 System Control Instructions

System Control ALU Instructions (Common, or SH-DSP): Include the following instruction
types:

« CLRT « SETRC Rm(SH-DSP)
« LDC Rm,SR « SETRC #mm (SH-DSP)
. LDC RmM,GBR . SETT

« LDC RmM,VBR . STC SR,Rn

. LDC Rm,MOD (SH-DSP) . STC GBR,Rn

. LDC Rm,RE (SH-DSP) . STC VBR,RN

. LDC RmM,RS (SH-DSP) . STC MOD,Rn (SH-DSP)
« LDRE  @(disp,PC) . STC RE,Rn (SH-DSP)
« LDRS  @(disp,PC) . STC RS,Rn (SH-DSP)
. LDS Rm,PR . STS PR,RN

« NOP

<> <> <> <> <> <> : Slot
[InstructionA IF_ID EX|
Next instruction IF ID EX -
Third instruction in series IF ID EX -

Figure7.83 System Control ALU Instruction Pipeline

The pipéline has three stages: IF, ID, and EX (figure 7.83). The data operation is completed in the
EX stage viathe ALU.
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Section 7 Pipeline Operation

LDC.L Instructions (Common, or SH-DSP): Include the following instruction types:

« LDCL @Rm+ SR

« LDCL @Rm+ GBR

« LDCL @Rm+ VBR

« LDCL @Rm+ MOD (SH-DSP)
« LDCL @Rm+ RE (SH-DSP)
« LDCL @Rm+ RS(SH-DSP)

<> 4> 4> 4> <> <> 4> <> Sot
[Instruction A IF_ID EX MA WB|
Next instruction IF — — ID EX -
Third instruction in series IF ID EX -

Figure7.84 LDC.L Instruction Pipeline

The pipeline has five stages: IF, ID, EX, MA, and EX (figure 7.84). The ID of the following
instruction is stalled two slots.

STC.L Instructions (Common, or SH-DSP): Include the following instruction types:

« STCL SR @-Rn

« STCL GBR, @-Rn

« STCL VBR, @Rn

« STCL MOD, @Rn(SH-DSP)
« STCL RE, @Rn(SH-DSP)
« STCL RS, @Rn(SH-DSP)

<> 4> <> <> <> <> <> Sot
[Instruction A IF_ID EX MA]
Next instruction IF — ID EX .-
Third instruction in series IF ID EX -

Figure7.85 STC.L Instruction Pipeline

The pipeline has four stages: IF, ID, EX, and MA (figure 7.85). The ID of the next instruction is
stalled one slot.
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Section 7 Pipeline Operation

LDS.L Instruction (Common): Includes the following instruction type:

e LDSL @Rm+, PR

Slot
[InstructonA IF 1D EX MA WB]|
Next instruction IF ID EX -
Third instruction in series IF ID EX -

Figure7.86 LDS.L Instructions(PR) Pipeline

The pipdine hasfive stages: IF, ID, EX, MA, and WB (figure 7.86). It is the same as an ordinary
load instruction.

STS.L Instruction (Common): Includes the following instruction type:

e STSL PR, @-Rn

+r O O > > >

. Slot
[Instruction A IF__ID EX MA|
Next instruction IF ID EX -
Third instruction in series IF ID EX -

Figure7.87 STSL Instruction (PR) Pipeline

The pipdine has four stages: IF, ID, EX, and MA (figure 7.87). It is the same as an ordinary load
instruction.
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Section 7 Pipeline Operation

Register - MAC Transfer Instructions (Common, or SH-DSP): Include the following
instruction types:

CLRMAC
LDS Rm, MACH

LDS Rm, MACL

LDS Rm,DSR (SH-DSP)
LDS Rm,A0 (SH-DSP)
LDS Rm,XO0 (SH-DSP)
LDS Rm,X1(SH-DSP)
LDS Rm,YO (SH-DSP)
LDS Rm,Y1(SH-DSP)

[Instructon A IF_ ID  EX MA]

Next instruction IF ID EX -
Third instruction in series IF ID EX -

Figure7.88 Register -~ MAC Transfer Instruction Pipéine

The pipdine has four stages:. IF, ID, EX, and MA (figure 7.88). MA is a stage for accessing the
multiplier. MA contends with IF. This makesit the same as ordinary store instructions. Since the
multiplier does contend with the MA, however, the items noted for the multiplication,
Multiply/Accumulate, double-length multiplication, and double-length multiply/accumul ate
instructions apply.
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Section 7 Pipeline Operation

Memory - MAC Transfer Instructions (Common, or SH-DSP): Include the following
instruction types:

LDS.L
LDSL
LDS.L
LDS.L
LDS.L
LDS.L
LDS.L
LDS.L

@Rm+, MACH
@Rm+, MACL
@Rm+,DSR (SH-DSP)
@Rm+,A0 (SH-DSP)
@Rm+,X0 (SH-DSP)
@Rm+,X1 (SH-DSP)
@Rm+,Y0 (SH-DSP)
@Rm+,Y1 (SH-DSP)

[Instruction A IF__ ID__EX_ MA|]
Next instruction IF ID EX -

Third instruction in series IF ID EX -

Figure7.89 Memory - MAC Transfer Instruction Pipeline

The pipeline has four stages: IF, 1D, EX, and MA (figure 7.89). MA contends with IF. MA isa
stage for memory access and multiplier access. This makesit the same as ordinary load
instructions. Since the multiplier does contend with the MA, however, the items noted for the
multiplication, Multiply/Accumul ate, double-length multiplication, and double-length
multiply/accumulate instructions apply.

Rev. 5.00 Jun 30, 2004 page 494 of 512
REJ09B0171-05000

RRENESAS




Section 7 Pipeline Operation

MAC - Register Transfer Instructions (Common, or SH-DSP): Include the following
instruction types:

STS
STS
STS
STS
STS
STS
STS
STS

MACH, Rn
MACL, Rn
DSR,Rn
AO,Rn
XO0,Rn
X1,Rn
YO,Rn
Y1,Rn

<> 4> 4> 4> 4> 4> : Slot

[Instructon A IF_ ID EX MA WB]

Next instruction

Third instruction in series IF ID EX -

Figure7.90 MAC - Register Transfer Instruction Pipeline

The pipeline has five stages: IF, ID, EX, MA, and WB (figure 7.90). MA is a stage for accessing
the multiplier. MA contends with IF. This makes it the same as ordinary load instructions. Since
the multiplier does contend with the MA, however, the items noted for the multiplication,
Multiply/Accumulate, double-length multiplication, and double-length multiply/accumulate
instructions apply.
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Section 7 Pipeline Operation

MAC - Memory Transfer Instructions (Common, or SH-DSP): Include the following
instruction types:

« STSL MACH, @Rn

« STSL MACL, @Rn

« STSL DSR,@-Rn(SH-DSP)
« STSL AO0,@-Rn(SH-DSP)
« STSL X0,@-Rn(SH-DSP)
« STSL X1,@Rn(SH-DSP)
« STSL YO0,@-Rn(SH-DSP)
« STSL Y1,@Rn(SH-DSP)

[Instruction A IF__ ID__EX_ MA|]
Next instruction IF ID EX -

Third instruction in series IF ID EX -

Figure7.91 MAC - Memory Transfer Instruction Pipeline

The pipeline has four stages: IF, ID, EX, and MA (figure 7.91). MA is a stage for accessing the
memory and multiplier. MA contends with IF. This makes it the same as ordinary store
instructions. Since the multiplier does contend with the MA, however, the items noted for the
multiplication, Multiply/Accumul ate, double-length multiplication, and double-length
multiply/accumulate instructions apply.

RTE Instruction (Common): RTE

<> 4> 4> 4> 4> <> 4> <> <> Slot
[RTE_IF_ID EX MA MA]
Delay slot IF — — — ID EX -
Branch destination IF ID EX -

Figure7.92 RTE Instruction Pipeline

The pipeline has five stages: IF, ID, EX, MA, and MA (figure 7.92). The MAs do not contend
with IF. RTE isadelayed branch instruction. The ID of the delay slot instruction is stalled 3 slots.
The IF of the branch destination instruction starts from the slot following the MA of the RTE.
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Section 7 Pipeline Operation

TRAP Instruction (Common): TRAPA  #mm

> 4> > > D > > D D> > > > > St

[Instruction A IFE_ID EX EX MA MA MA EX EX]
Next instruction IF
Third instruction in series IF
Branch destination IF ID EX -

------ IF ID EX

Figure7.93 TRAP Instruction Pipeline

The pipdline has nine stages: IF, ID, EX, EX, MA, MA, MA, EX, and EX (figure 7.93). The MAs
do not contend with IF. TRAP is not a delayed branch instruction. The two instructions after the
TRAP instruction are fetched, but they are discarded without being executed. The IF of the branch
destination instruction starts from the slot of the EX in the ninth stage of the TRAP instruction.

SLEEP Instruction (Common): SLEEP

<> <«» <«» : Slot
[SLEEP IF ID EX]
Next instruction IF

Figure7.94 SLEEP Instruction Pipeline

The pipéline has three stages: IF, ID and EX (figure 7.94). It isissued until the | F of the next
instruction. After the SLEEP instruction is executed, the CPU enters sleep mode or standby mode.
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Section 7 Pipeline Operation

7.4.7 Exception Processing

Interrupt Exception Processing (Common): The interrupt is received during the ID stage of the
instruction and everything after the ID stage is replaced by the interrupt exception processing
sequence. The pipeline hasten stages: IF, ID, EX, EX, MA, MA, EX, MA, EX, and EX (figure
7.95). Interrupt exception processing is not a delayed branch. In interrupt exception processing, an
overrun fetch (IF) occurs. In branch destination instructions, the |F starts from the slot that has the
final EX in the interrupt exception processing.

Interrupt sources are external interrupt request pins such as NMI, user breaks, IRQ, and on-chip
peripheral module interrupts.

> > > 4> 4> 4> > > > > > > > Slot

[Interrupt IF_ID: EX EX MA MA EX MA EX EX ]
Next instruction IF
Branch destination IF ID EX

...... IF ID

Figure7.95 Interrupt Exception Processing Pipeline

AddressError Exception Processing: The address error is received during the ID stage of the
instruction and everything after the ID stage is replaced by the address error exception processing
sequence. The pipeline hasten stages: IF, ID, EX, EX, MA, MA, EX, MA, EX, and EX (figure
7.96). Address error exception processing is not a delayed branch. In address error exception
processing, an overrun fetch (IF) occurs. In branch destination instructions, the | F starts from the
dlot that has the final EX in the address error exception processing.

Address errors are caused by instruction fetches and by data reads or writes. See the Hardware
Manual for information on the causes of address errors.

> > 4> > > 4> > > > > > > > Sot

[Interrupt iIF 1D} EX EX MA MA EX MA EX EX |
Next instruction IF
Branch destination IF ID EX

...... IF ID

Figure7.96 AddressError Exception Processing Pipeline
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Section 7 Pipeline Operation

[llegal Instruction Exception Processing (Common): Theillegal instruction is received during
the ID stage of the instruction and everything after the ID stage is replaced by theillegal
instruction exception processing sequence. The pipeline has nine stages: IF, 1D, EX, EX, MA,
MA, MA, EX, and EX (figure 7.97). Illegal instruction exception processing is not a delayed
branch. Inillegal instruction exception processing, overrun fetches (1F) occur. Whether thereis an
IF only in the next instruction or in the one after that as well depends on the instruction that wasto
be executed. In branch destination instructions, the IF starts from the dot that has the final EX in
theillegal instruction exception processing.

Illegal instruction exception processing is caused by ordinary illegal instructions and by
instructions with illegal slots. When undefined code placed somewhere other than the dlot directly
after the delayed branch instruction (called the delay slot) is decoded, ordinary illegal instruction
exception processing occurs. When undefined code placed in the delay dot is decoded or when an
instruction placed in the delay slot to rewrite the program counter is decoded, anillegal slot
instruction occurs.

> 4> 4> 4> > > > > > > > <> Slot

[Interrupt IE_ 1D EX EX MA MA MA EX EX |
Next instruction IF
Branch destination IF) IF ID EX

...... IF 1D

Figure7.97 lllegal Instruction Exception Processing Pipeline
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Appendix A CPU Instructions

Appendix A CPU Instructions

A.l  CPU Instructions
Instructions executed by the CPU core are described in alphabetical order.

TableA.1 CPU Instructionsin Alphabetical Order

Instruction Operation Code Cycles T Bit
ADD #i mm Rn Rn +imm - Rn Olllnnnniiiiiiii 1 —
ADD Rm Rn Rn+Rm - Rn 0011lnnnnmmmil100 1 —
ADDC Rm Rn Rn+Rm+T - Rn,Carry - T 001lnnnnmmmi110 Carry
ADDV  Rm Rn Rn+Rm - Rn, Overflow - T 001lnnnnmmmillll 1 Over-
flow
AND #i mm RO RO & imm - RO 1100100%iiiiiiii 1 —
AND Rm Rn Rn & Rm - Rn 0010nnnnmmml001 1 —
AND. B #i mm @ R0, (RO + GBR)&imm - (RO + 1100110%iiiiiiii 3 —
GBR) GBR)
BF | abel If T=0,dispx2+PC - PC; 10001011dddddddd 3/1*1 —
if T=1, nop
BF/'S | abel If T=0,dispx2+PC - PC; 10001111dddddddd 2/1*1 —
if T=1, nop
BRA | abel Delayed branch, disp x 2 + PC  1010dddddddddddd 2 —
- PC
BRAF Rm Delayed branch, Rm + PC - 0000nMmMMD0100011 2 —
PC
BSR | abel Delayed branch, PC - PR, 1011dddddddddddd 2 —
dispx2+PC - PC
BSRF Rm Delayed branch, PC - PR, 0000nMmMMMDO0000011 2 —
Rm + PC - PC
BT | abel IfT=1,dispx2+PC -~ PC; 10001001dddddddd 3/1*1 —
if T=0, nop
BT/S | abel IfT=1,dispx2+PC -~ PC; 10001101dddddddd 2/1*1 —
if T=0, nop
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Appendix A CPU Instructions

Instruction Operation Code Cycles TBit
CLRVAC 0 - MACH, MACL 0000000000101000 1 —
CLRT 0-T 0000000000001000 1 0
CW/ EQ #imm RO IfRO=imm, 10001000iiiiiiii 1 Comparison
1-T result
CVP/ EQ Rm Rn IfRn=Rm,1 - T 0011nnnnmmmDO00 1 Comparison
result
CWP/ CE Rm Rn If Rn = Rm with signed  0011nnnnmmm®0011 1 Comparison
data, result
15T
CWP/ GT Rm Rn If Rn > Rm with signed  0011nnnnmmm0111 1 Comparison
data, result
15T
CVP/ HI Rm Rn If Rn > Rm with 0011nnnnmmmo0110 1 Comparison
unsigned data, result
CMP/ HS Rm Rn If Rn = Rm with 001lnnnnmmmDO010 1 Comparison
unsigned data, result
1-T
CWP/ PL Rn IfRn>0,1 - T 0100nnnn00010101 1 Comparison
result
CWP/ PZ Rn IfRN=20,1-T 0100nnnn00010001 1 Comparison
result
CVMP/ STR Rm Rn If Rn and Rm have an 0010nnnnmmmi100 1 Comparison
equivalent byte, 1 - T result
DI VOS Rm Rn MSB of Rn - Q, MSB 0010nnnnmmmmoO111 1 Calculation
of Rm - M, result
MAQ - T
DI VoU 0 - M/IQIT 0000000000011001 1 0
Dl V1 Rm Rn Single-step division 0011nnnnmmm0D100 Calculation
(Rn/Rm) result
DMULS. L Rm Rn Signed operation of Rn  001innnnnmmmil101 2to 4*2 —
x Rm - MACH,
MACHL
DMULU. L Rm Rn Unsigned operation of 001linnnnnmmm0101 2to 4*2 —

Rn x Rm - MACH,
MACL
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Appendix A CPU Instructions

Instruction Operation Code Cycles T Bit
DT Rn Rn—-1 - Rn,when Rnis 0, 0100nnnn00010000 1 Comp-
1 - T. When Rn is nonzero, arison
0-T result
EXTS.B Rm Rn A byte in Rm is sign- 0110nnnnmmmmi110 1 —
extended - Rn
EXTS. W Rm Rn A word in Rm is sign- 0110nnnnmmmi11l 1 —
extended - Rn
EXTU. B RmRn A byte in Rm is zero- 0110nnnnmmmmi100 1 —
extended - Rn
EXTU. W Rm Rn A word in Rm is zero- 0110nnnnmmml101 1 —
extended - Rn
JWP @m Delayed branch, 0100mmmD0101011 2 —
Rm - PC
JSR @Rm Delayed branch, 0100nmMMD0001011 2 —
PC - PR,Rm - PC
LDC Rm GBR Rm - GBR 0100nmmMmM®D0011110 1 —
LDC Rm MOD Rm - MOD 0100nMmM™D1011110 1 —
LDC Rm RE Rm - RE 0100nmmMmM®D1111110 1 —
LDC Rm RS Rm - RS 0100nMmM®D1101110 1 —
LDC Rm SR Rm- SR 0100nmmMmMD0001110 1 LSB
LDC Rm VBR Rm - VBR 0100nmMmM™D0101110 1 —
LDC. L @Rmt+, GBR (Rm)-GBR,Rm+4 - Rm 0100nmmMmMD0010111 3 —
LDC. L @Rmt+, MOD (Rm)-»MOD,Rn+4 - Rn 0100nmMmM®D1010111 3 —
LDC. L @Rmt+, RE (Rm) - RE,Rn+4 . Rn 0100nmmmMmM®D1110111 3 —
LDC. L @Rmt+, RS (Rm) - RS,Rn+4 . Rn 0100nmmmM®D1100111 3 —
LDC. L @Rmt+, SR (Rm)-SR,Rm+4 - Rm 0100nmMmM®D0000111 3 LSB
LDC. L @Rmt+, VBR (Rm)-VBR,Rm+4 - Rm 0100nmmmMD0100111 3 —
LDRE @di sp, PC) dispx2+PC-RE 10001110dddddddd 1 —
LDRS @di sp, PC) dispx2+PC-RS 10001100dddddddd 1 —
LDS Rm A0 Rm - A0 0100mMmmMmMO01111010 1 —
LDS Rm DSR Rm - DSR 0100nmMmM®D1101010 1 —
LDS Rm MACH Rm - MACH 0100nMmMmM™D0001010 1 —
LDS Rm MACL Rm - MACL 0100nmmMMD0011010 1 —
LDS Rm PR Rm - PR 0100mMmMmD0101010 1 —
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Appendix A CPU Instructions

Instruction Operation Code Cycles T Bit

LDS Rm X0 Rm - X0 0100nMmMM0001010 1 —

LDS Rm X1 Rm - X1 0100nmmmMM10011010 1 —

LDS Rm YO Rm- Y0 0100nMmM10101010 1 —

LDS Rm Y1 Rm-Y1l 0100nmmmM10111010 1 —

LDS. L  @mt, A0 (Rm) - A0, 0100mMmmMmD1110110 1 —
Rm+4 - Rm

LDS. L  @m+, DSR (Rm) - DSR, 0100mMmmMmD1100110 1 —
Rm+4 - Rm

LDS. L  @wm+, MACH (Rm) - MACH, 0100mMmmMmDO0000110 1 —
Rm+4 - Rm

LDS. L  @m+, MACL (Rm) - MACL, 0100mMmmMmD0010110 1 —
Rm+4 - Rm

LDS. L @+, PR (Rm) - PR, 0100mMmmMmD0100110 1 —
Rm+4 - Rm

LDS. L  @mt+, X0 (Rm) - X0,Rm+4 - Rm 0100nMmMML0000110 1 —

LDS. L  @Rmt, X1 (Rm) - X1,Rm+4 - Rm 0100nmmMM10010110 1 —

LDS. L  @m+, YO (Rm)-YO,Rm+4 - Rm 0100nMmMM0100110 1 —

LDS. L @Rmt, Y1 (Rm)->Y1,Rm+4 - Rm 0100nmmmMM10110110 1 —

MAC. L @Rmt+, @Rn+ Signed operation of (Rn)  0000nnnnmmM1111 3 (2to —
x (Rm) + MAC - MAC 4)*2

MAC. W @mt+, @Rn+ Signed operation of (Rn)  0100nnnnmmml111  3/(2)*2 —
x (Rm) + MAC - MAC

MoV #i mMm Rn #imm - Sign extension 1110nnnniiiiiiii 1 —
- Rn

Yo Rm Rn Rm - Rn 0110nnnnnmmmOD011 1 —

MV.B @disp, GBR), (disp + GBR) - Sign 11000100dddddddd 1 —

RO extension - RO
MV.B @disp, Rm, (disp + Rm) - Sign 10000100mMmmmdddd 1 —
RO extension — RO

MOV.B @RO, R, Rn (RO + Rm) - Sign 0000nnnnMMML100 1 —
extension — Rn

MOV. B @mt, Rn (Rm) - Sign extension 0110nnnnmMmmMmO100 1 —
- Rn,
Rm+1 - Rm

MOV.B @m Rn (Rm) - Sign extension 0110nnnnmmmm0000 1 —

- Rn
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Instruction Operation Code Cycles TBit
MOV. B RO, @di sp, RO - (disp + GBR) 11000000dddddddd 1 —
GBR)
MOV. B RO, @di sp, RO - (disp + Rn) 10000000nnnndddd 1 —
Rn)
MV.B Rm @RO, R1) Rm - (RO + Rn) 0000nnnnmMmMMO100 1 —
MOV. B Rm @-Rn Rn-1 - Rn, 0010nnnnnmmMMmMD100 1 —
Rm - (Rn)
MOV. B  Rm @Rrn Rm - (Rn) 0010nnnnmmmDO000 1 —
MOV.L @disp, GBR), (dispx4+GBR) - RO 11000110dddddddd 1 —
RO
MOV.L @disp,PC), (dispx4+PC) - Rn 1101nnnndddddddd 1 —
Rn
MW.L @disp, Rm, (dispx4+Rm) - Rn 0101nnnnmmmmdddd 1 —
Rn
MWV.L @RO,RM,Rn (RO+Rm) - Rn 0000nnnnmMML110 1 —
MOV.L  @Rm+, Rn (Rm) - Rn, 0110nnnnmmmmO110 1 —
Rm+4 - Rm
MOV.L @Rm Rn (Rm) - Rn 0110nnnnmmmmD010 —
MOV.L RO, @di sp, RO - (disp x 4 + GBR) 11000010dddddddd 1 —
GBR)
MV.L Rm @di sp, Rm - (disp x 4 + Rn) 0001lnnnnmmmdddd 1 —
Rn)
MOV.L Rm @RO,R1) Rm - (RO + Rn) 0000nnnnmMO110 1 —
MV.L Rm @Rn Rn—4 - Rn, Rm - (Rn) 0010nnnnmmmMmO110 1 —
MOV.L Rm @rn Rm - (Rn) 0010nnnnmmmD010 1 —
MV. W @disp, GBR), (dispx2+ GBR) - Sign 11000101dddddddd 1 —
RO extension — RO
MOV. W  @disp, PC), (dispx2+PC) - Sign 1001nnnndddddddd 1 —
Rn extension — Rn
MWV. W @disp, Rm, (dispx2+Rm) - Sign 10000101nmmmdddd 1 —
RO extension - RO
MWV. W @RO, R, Rn (RO+Rm) - Sign 0000NnnnnmMML101 1 —
extension — Rn
MOV. W @Rmt, Rn (Rm) - Sign extension — 0110nnnnmmMmO0101 1 —

Rn,Rm+2 - Rm
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Instruction Operation Code Cycles T Bit
MOV. W  @m Rn (Rm) - Sign extension 0110nnnnmmMm0001 1 —
- Rn
MOV. W RO, @di sp, RO - (disp x 2 + GBR) 11000001dddddddd 1 —
GBR)
MOV. W RO, @di sp, RO - (disp x 2 + Rn) 10000001nnnndddd 1 —
Rn)
MWV.W Rm @RO,Rn) Rm - (RO + Rn) 0000nnnnmMmMMO101 1 —
MOV. W Rm @Rn Rn-2 - Rn,Rm - (Rn) 0010nnnnnmmm0101 1 —
MOV. W  Rm @Rn Rm - (Rn) 0010nnnnmMmmMm0001 1 —
MOVA @di sp, PC), dispx4+PC - RO 11000111dddddddd 1 —
RO
MOVT Rn T - Rn 0000nnnn00101001 1 —
MUL. L Rm Rn Rn xRm - MACL 0000NnNnnnmMMmMMD111 2t04*2 —
MULS. W Rm Rn Signed operation of 0010nnnnmmmi111  1to 3*2 —
Rn xRm - MAC
MJLU. W Rm Rn Unsigned operation of 0010nnnnmmml110 1to3*2 —
Rn xRm - MAC
NEG Rm Rn 0-Rm - Rn 0110nnnnmmmi011 —
NEGC Rm Rn 0-Rm-T - Rn, Borrow 0110nnnnmMmm1010 1 Bor-
- T row
NOP No operation 0000000000001001 1 —
NOT Rm Rn ~Rm - Rn 0110nnnnmmnD111 1 —
oR #i nm RO RO | imm - RO 11002101%iiiiiiii 1 —
OoR Rm Rn Rn|Rm - Rn 0010nnnnmMmMmM1011 1 —
OR B #i mm @ RO, (RO + GBR) | imm - (RO 1100111%iiiiiiii 3 —
GBR) + GBR)
ROTCL Rn T<Rn T 0100nnnn00100100 1 MSB
ROTCR Rn ToRnN-T 0100nnnn00100101 1 LSB
ROTL Rn T « Rn - MSB 0100nnnn00000100 1 MSB
ROTR Rn LSB - Rn - T 0100nnnn00000101 1 LSB
RTE Delayed branch, stack 0000000000101011 4 LSB

area-PC/SR
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Instruction Operation Code Cycles T Bit
RTS Delayed branch, PR - PC 0000000000001011 2 —
SETRC  #imm imm - RC (SR[23:16]), 10000010iiiiiiii 1 —
0 - SR[27:24]
SETRC Rm Rm [11:0]), 0100mMmmMmD0010100 1 —
0 - RC(SR[27:16])
SETT 1-T 0000000000011000 1 1
SHAL Rn T<Rn<0 0100nnnn00100000 1 MSB
SHAR Rn MSB - Rn - T 0100nnnn00100001 1 LSB
SHLL Rn T<Rn-0 0100nnnn00000000 1 MSB
SHLL2 Rn Rn<<2 - Rn 0100nnnn00001000 1 —
SHLLS8 Rn Rn<<8 - Rn 0100nnnn00011000 1 —
SHLL16 Rn Rn << 16 - Rn 0100nnnn00101000 1 —
SHLR Rn 0O-Rn->T 0100nnnn00000001 1 LSB
SHLR2 Rn Rn>>2 - Rn 0100nnnn00001001 1 —
SHLR8 Rn Rn>>8 - Rn 0100nnnn00011001 1 —
SHLR16 Rn Rn>>16 - Rn 0100nnnn00101001 1 —
SLEEP Sleep 0000000000011011 3 —
STC GBR, Rn GBR - Rn 0000nnNnNn00010010 1 —
STC MOD, Rn MOD - Rn 0000nnNnNn01010010 1 —
STC RE, Rn RE - Rn 0000nnnn01110010 1 —
STC RS, Rn RS - Rn 0000nnNnNn01100010 1 —
STC SR, Rn SR - Rn 0000nnnNN00000010 1 —
STC VBR, Rn VBR - Rn 0000nnnNn00100010 1 —
STC. L GBR, @-Rn Rn-4 - Rn, 0100nnnn00010011 2 —
GBR - (Rn)
STC. L MOD, @Rn Rn—4 - Rn, 0100nnnn01010011 2 —
MOD - (Rn)
STC. L RE, @-Rn Rn-4 - Rn, 0100nnnn01110011 2 —
RE - (Rn)
STC. L RS, @-Rn Rn-4 - Rn, 0100nnnn01100011 2 —
RS - (Rn)
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Instruction Operation Code Cycles TBit

STC. L SR, @-Rn Rn-4 - Rn, 0100nnnn00000011 2 —
SR - (Rn)

STC. L VBR, @-Rn Rn-4 - Rn, 0100nnnn00100011 2 —
VBR - (Rn)

STS A0, Rn A0 - Rn 0000nnnn01111010 1 —

STS DSR, Rn DSR - Rn 0000nnnn01101010 1 —

STS MACH, Rn MACH - Rn 0000nnnn00001010 1 —

STS MACL, Rn MACL - Rn 0000nnnn00011010 1 —

STS PR, Rn PR - Rn 0000nnnn00101010 1 —

STS X0, Rn X0 - Rn 0000nnnNn10001010 1 —

STS X1, Rn X1-Rn 0000nnnn10011010 1 —

STS Y0, Rn YO~ Rn 0000nnnn10101010 1 —

STS Y1, Rn Y1-Rn 0000nnnn10111010 1 —

STS. L A0, @-Rn Rn-4 - Rn, 0100nnnn01110010 1 —
A0 - (Rn)

STS. L DSR, @-Rn Rn-4 - Rn, 0100nnnn01100010 1 —
DSR - (Rn)

STS. L MACH, @-Rn Rn-4 - Rn, 0100nnnn00000010 1 —
MACH - (Rn)

STS. L MACL, @-Rn Rn-4 - Rn, 0100nnnn00010010 1 —
MACL - (Rn)

STS. L PR, @-Rn Rn-4 - Rn, 0100nnnn00100010 1 —
R - (Rn)

STS. L X0, @ Rn Rn-4 - Rn,X0 - (Rn) 0100nnnn10000010 1 —

STS. L X1, @Rn Rn—4 - Rn,X1 - (Rn) 0100nnnn10010010 1 —

STS. L Y0, @ Rn Rn-4 - Rn,Y0 - (Rn) 0100nnnn10100010 1 —

STS. L Y1, @ Rn Rn—4 -Rn,Y1 - (Rn) 0100nnnn10110010 1 —

SuUB Rm Rn Rn-Rm - Rn 0011lnnnnmmml000 1 —

SUBC Rm Rn RnNn-RmM-T - Rn, 0011nnnnnmmml010 1 Borrow
Borrow - T

SUBV Rm Rn Rn-Rm - Rn, Underflow 001lnnnnmmmmil011 1 Under-
- T flow
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Instruction Operation Code Cycles T Bit

SWAP. B Rm Rn Rm - Swap the two 0110nnnnmmmi000 1 —
lowest-order bytes —» Rn

SWAP. W Rm Rn Rm - Swap two 0110nnnnmMmm1001 1 —
consecutive words —» Rn

TAS.B @n If(Rn)is0,1 - T;1 - 0100nnnn00011011 4 Test
MSB of (Rn) result

TRAPA  #i nm PC/SR - Stack area, 1100002%iiiiiiii 8 —
(imm x4 + VBR) - PC

TST #i mm RO RO & imm; if the resultis 0, 11001000iiiiiiii 1 Test
1T result

TST Rm Rn Rn & Rm; if the resultis 0, 0010nnnnmmmil000 1 Test
1T result

TST.B #imm @RO, (RO+ GBR) & imm,; 11001100iiiiiiii 3 Test

GBR) iftheresultis0,1 - T result

XOR #i mm RO RO ~imm - RO 11001010iiiiiiii 1 —

XOR Rm Rn Rn~Rm - Rn 0010nnnnmMmM1010 —

XOR. B #i mm @R0, (RO+GBR)”imm - (RO 11001110iiiiiiii 3 —

GBR) + GBR)
XTRCT RmRn Rm: Middle 32 bits of Rn 0010nnnnmmi101 1 —

- Rn

Notes: 1. The normal minimum number of execution cycles. The number in parentheses is the
number of cycles when there is contention with following instructions.

2. One state when it does not branch.

Added CPU Instructions. Table A.2 showsthe CPU instructions in the SH-DSP added since the
SH-2 (3 types, 24 instructions). Table A.3 shows the CPU instructions in the SH-2 added since the
SH-1 (6 types, 9 instructions).
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TableA.2 CPU Instructionsin the SH-DSP Added since the SH-2

Instruction Operation Code Cycles T Bit
LDC Rm MCD Rm - MOD 0100nMmmMmD1011110 1 —
LDC Rm RE Rm - RE 0100mMmmMmD1111110 1 —
LDC Rm RS Rm - RS 0100nMmmMmD1101110 1 —
LDC. L @m+, MOD (Rm) - MOD, 0100mMmmMmD1010111 3 —
Rm+4 - Rm
LDC. L @m+, RE (Rm) - RE, 0100mMmmMmD1110111 3 —
Rm+4 - Rm
LDC. L @m+, RS (Rm) - RS, 0100mMmmMmD1100111 3 —
Rm+4 - Rm
LDRE @di sp, PC) dispx2 +PC - RE 10001110dddddddd 1 —
LDRS @di sp, PC) dispx2+PC - RS 10001100dddddddd 1 —
LDS Rm DSR Rm - DSR 0100nMmmMmD1101010 1 —
LDS Rm A0 Rm - A0 0100mMmmMmD1111010 1 —
LDS Rm X0 Rm - X0 0100nmmMML0001010 1 —
LDS Rm X1 Rm - X1 0100nmMMM0011010 1 —
LDS Rm YO Rm-Y0 0100nmmMM0101010 1 —
LDS Rm Y1 Rm- Y1 0100nmMMM0111010 1 —
LDS. L @Rm+, DSR (Rm) - DSR, 0100nMmmMmD1100110 1 —
Rm+4 - Rm
LDS. L @m+, AO (Rm) - AO,Rm +4 -, 0100mMmmMmD1110110 1 —
Rm
LDS. L @m+, X0 (Rm) - X0,Rm+4 - Rm 0100nnnNn10000110 1 —
LDS. L @mt, X1 (Rm) - X1,Rm+4 - Rm 0100nnnn10010110 1 —
LDS. L @m+, YO (Rm)-YO,Rm+4 - Rm 0100nnnNn10100110 1 —
LDS. L @mt+, Y1 (Rm)->Y1,Rm+4 - Rm 0100nnnn10110110 1 —
SETRC Rm Rm[11:0] - RC 0100nnnn00010100 1 —
(SR[27:16])
SETRC #i mm imm - RC (SR [23:16]), 10000010iiiiiiii 1 —
zeros — SR[27:24]
STC MOD, Rn MOD - Rn 0000nnnn01010010 1 —
STC RE, Rn RE - Rn 0000nnNnNn01110010 1 —
STC RS, Rn RS - Rn 0000nnNnNn01100010 1 —
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Appendix A CPU Instructions

Instruction Operation Code Cycles T Bit
STC. L MDD, @Rn Rn—4 - Rn, MOD - (Rn) 0100nnnn01010011 2 —
STC.L RE, @Rn Rn-4 - Rn, RE - (Rn) 0100nnnNn01110011 2 —
STC.L RS, @Rn Rn—4 - Rn, RS - (Rn) 0100nnnn01100011 2 —
STS DSR, Rn DSR - Rn 0000nnNnNNn01101010 1 —
STS A0, Rn A0 - Rn 0000nnnNn01111010 1 —
STS X0, Rn X0-Rn 0000nnNnNn10001010 1 —
STS X1, Rn X1-Rn 0000nnNnNn10011010 1 —
STS Y0, Rn YO-Rn 0000nnNnNn10101010 1 —
STS Y1, Rn Y1-Rn 0000nnNnNn10111010 1 —
STS.L DSR, @Rn Rn—4 - Rn, DSR - (Rn) 0100nnnn01100010 1 —
STS.L A0, @Rn Rn-4 - Rn, A0 - (Rn) 0100nnnNn01110010 1 —
STS.L X0, @Rn Rn—4 - Rn,X0 - (Rn) 0100nnNnn10000010 1 —
STS.L X1, @Rn Rn-4 - Rn,X1 - (Rn) 0100nnnn10010010 1 —
STS.L Y0, @Rn Rn—4-Rn,Y0 - (Rn) 0100nnNnn10100010 1 —
STS.L Y1, @Rn Rn-4-Rn,Y1- (Rn) 0100nnnn10110010 1 —
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Appendix A CPU Instructions

TableA.3 CPU Instructionsin the SH-2 Added sincethe SH-1

Instruction

Operation

Code

Cycles

T Bit

BF/ S | abel

When T =0, disp x 2 +
PC - PC;WhenT=1,
nop

10001111dddddddd

2/1

BRAF Rm

Delayed branch, Rm + PC
- PC

0000mMmMMD0100011

BSRF Rm

Delayed branch, PC -
PR,Rm + PC - PC

0000MmMMD0000011

BT/ S | abel

When T =1, disp x 2 +
PC - PC;When T =0,
nop

10001101dddddddd

2/1

DMULS. L Rm Rn

Signed Rn x Rm -
MACH, MACL 32 x 32 -
64 bits

001llnnnnmmm1101

2 (to 4)

DMULU. L Rm Rn

Unsigned Rn x Rm -
MACH, MACL 32 x 32 -
64 bits

0011nnnnmmmD101

2 (to 4)

DT Rn

Rn-1 - Rn, When Rn is
0,1 - T,whenRnis
nonzero,0 - T

0100nnnn00010000

Compa-
rison
result

MAC. L

@Rmt, @+

Signed (Rn) x (Rm) +
MAC - MAC

0000NnnNnMMMIL111

2 (to 4)

MIL.L RmRn

Rn x Rm - MACL

0000nnnnmMMMD111

2 (to 4)
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