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Notice

All information included in this document is current as of the date this document is issued. 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 attention 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.

You 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. You 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 losses incurred 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. You 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 development 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 errors in 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. You must check the quality grade of each Renesas Electronics product before using it in a particular
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 be in 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 healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

especially 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 physical 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 a result 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 sales 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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Users:

This manual is for engineers who intend to learn the capabilities of the 17K Series for
application program development.

Purpose:

The purpose of this manual is to help users understand the capabilities of the 17K Series
by means of sample application programs.

Organization:
This manual includes the following chapters:
» General
« Hardware Configuraticn
» Pocket Calculator Specifications
» Overview of System Control Section
* BRAM Layout and Variables
= Flowcharts of System Control Section
» Floating-Point Format
« Explanation of Arithmetic Package
» Pocket Calcuiator Programs
Notation:
Data weight: Higher digits on the left side and lower digits on the right side
Note: Explanation of an indicated part of text
Caution: information requesting the user’s special atiention
Remark: Supplementary information
Numeric: Decimal: xxxx
Hexadecimal: xxxxH
Reiated publications:
The related publications are listed below.
« uPD17201A, uPD17207 Data Sheet {IC-2773)
« uPD172xx Series User's Manual (IEU-1317)



Reading flowcharts:

An example of flowchart is provided below to illustrate how to read the flowcharts used
in this manual.

Input variables Flowchart {68)

IXM=—1H

SADD {80

See flowchart {80}

Jumps to @ of
flowchart {(67)




in the field of controllers, many applications use microcomputers to convert external analog
input signals to digital signals, and use values produced by varicus operations.

This manual introduces a floating-point arithmetic package and sample programs for
controlling a pocket calculator, which are newly developed using the uPD17201A and
uPD17207. The nPD17201A and pPD17207 are 17K Series 4-bit single-chip microcontrollers
and are designed for infrared remote control.
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2.1 System Block Diagram

Figure 2-1 shows the system block diagram of the pocket calculator introduced in this

manual.
Figure 2-1. System Block Diagram
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Chapter 2 Hardware Configuration

2.2 Circuit Diagram

Figure 2-2 shows the circuit diagram of the pocket calculator.

Figure 2-2. Circuit Diagram
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Chapter 2 Hardware Configuration

2.3 Pin Assignment

Table 2-1. Pin Assignment (1/3)

Pin No.| Pin name| §/O Logic | Initialization Function Mask option

1 LCD3a Output —_ — Not used (open)

2 LCDg4 Output — —_ Segment signal output from LCD controller/driver
3 LCDgg Qutput — — Segment signal output from LCD controlier/driver
4 LCDoq Output e — Segment signal output from LCD controller/driver
5 LCBog Qutput — —_ Segment signal output from LCD controller/driver
6 LCBy7 Quiput —_ — Segment signal output from LCD controller/driver
7 LCDog Output —_ e Segment signal output from LCD controller/driver
8 LCDgs Output | — — Segment signal output from LCD controller/driver
9 LCDo4 Qutput e — Segment signal output from LCD controller/driver
10 LCDog Quiput — — Segment signal cutput from LCD controller/driver
11 LCDas Output | — — Segment signal output from LCD controller/driver
12 LCDgy Quiput | — — Segment signal output from LCD controller/driver
13 LCD2g Output — — Segment signal output from LCD controller/driver
14 |LCDqg Output | — — Segment signal output from LCD controller/driver
15 LCD4g Qutput — — Segment signal output from LCD ceniroller/driver
16 LCD47 Output | — — Segment signal output from LCD controller/drivef
17 LCD4g Qutput — -_ Segment signal output from LCD controller/driver
18 LCDHs Qutput —_ — Segment signal output from LCD controller/driver
19 LCDq4 Output | — — Segment signal output from LCD controller/driver
20 LCDq3 Qutput — — Segment signal output from LCD controller/driver
21 LCD4a Qutput e — Segment signal output from LCD controller/driver
22 LCDq4 Qutput — — Segment signal output from LCD controller/driver
23 |LCDyg Quiput | — — Segment signal output from LCD controller/driver
24 LCBg Cutput — - Segment signal output from LCD controller/driver
25 LCDg Cutput —_ - Segment signal output from LCD controller/driver
26 LCDy Qutput —_ — Segment signal output from LCD controller/driver
27 |LCDg Qutput | — — Segment signal output from LCD controller/driver
28 |LCDs Output | — — Segment signal output from LCD controller/driver
29 LCD4 Output — — Segment signal output from LCD controller/driver
3¢ |LCDs Output — — Segment signal output from LCD contrelier/driver
31 LCDs Cutput — — Segment signal output from LCD controller/driver
32 LCD4 Qutput — — Segment signal output from LCD controller/driver
33 |GND —_ — _ Ground
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Chapter 2 Hardware Configuration

Table 2-1. Pin Assignment (2/3)

Pin No.| Pin name | /O | Logic | Initialization Function Mask option
34 LCDg Qutput | — e Segment signal output from LCD controller/driver
35 |Vapc — — — Not used (connected to Vpp)
36 ADGCq Input — — Not used (connected to GND)
37 ADC, Input — — Not used {connected to GND)
38 ADC» Input — —_ Not used {connected to GND)
39 ADC4 Input —_ —_ Not used {connected to GND)
40 GNDapg — — —_ Not used (connected to GND)
a1 INT Input — — Not used {connected to GND)
42 POAg Input _— — Key input
43 POA, input — — Key input
44 POA Input — — Key input
45 POA3 Input — — Key input
48 POBg Output L H Key scan output
47 POB4 Output L H Key scan output
48 POB2 OQutput L H Key scan output
49 POBs Qutput L H Key scan output
50 POCq Output L H Key scan output
51 POC, Output [ — L Not used (open)

52 POCs, Qutput | — L Not used {open)

53 POC4 Output | — L Not used {open)

54 PODy/LED | Output | — L Not used (open)

55 POD4/TMOUT | Output | — L Not used {open)

56 POD2 Output | — L Not used (open)

57 POD3 Output | — L Not used (open}

58 P1A2/§5F( Quiput | — L Not used {open}

59 P1A4/SO |OQutput| — L Not used {open)

60 P1A2/S1 | Output | — L Not used {open)

61 REM Qutput |~ L Not used (open)

62 |Vpp — — — Main power supply (+5 V)

63 XIN —_ — — Main clock connection

84 1 Xour - — — Main clock connection

65 RESET Input L — Beset input Pull-up
66 |Vmea — — — Not used (connected to XTout)
67 |WDOUT Output L — Qutput for crash detection

68 XTin — — — Not used (connected to GND)
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Chapter 2 Hardware Configuration

Table 2-1. Pin Assignment (3/3)

Pin No.j Pin name| I/O Logic |Initialization Function Mask option
69 | XTour — — — Not used (connected to VReg)
70 1Vicpe Output | — —_— QOutput for LCD drive reference voltage
71 Vi coe Output | — — Qutput for LCD drive reference voltage adjustment
72 | Viept Output | — —_ Doubler cutput for LCD drive
73 Vicoz Output | — —_ Tripler output for LCD drive
74 | CAPH —_ — — Capacitor connection for increasing LCD drive voltage
75 | CAPL - — —_ Capacitor connection for increasing LCD drive voltage
76 COMgp Output — — Common signal output from LCD controller/driver
77 | COM; Cutput | — — Common signai output from LCD controller/driver
78 | LCD35/COMo| Output | — —_ Not used (open)
79 | LCD34/COMs| Cutput | — — Not used (open)
80 LCDag Qutput | — — Not used (open)
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Chapter 2 Hardware Configuration

2.4 Pin Functions

Pin No. | Pin name Function
2 LCDg3q These pins are used to output the segment signals from the LCD controlter/driver.
| I
32 LCDy The signals cutput on these pins and COMg-COM, form a matrix {32 x 2).
34 LCDq
33 GND Ground pin
42 POAg These pins are used for key input.
I i
45 POAs The signals applied to these pins, and P0Bg-POBg and P0OCy form a matrix (5 x 4).
46 POBg These pins are used for key scan output.
[ I
49 P0Bg The signals output on these pins and POAy-POA3 form a matrix (5 x 4).
50 POCq
62 Voo Main power supply pin
63 XiN These pins are used to connect a 4 MHz ceramic resonator for main clock generation.
64 Xout
€65 RESET This pin is used for system reset input.
When the low level is applied to this pin, the system is reset.
During low level input, main clock generation stops.
67 WDOUT | This output pin is used for crash detection. )
The low level is output when a watchdog timer overflow or stack overflow/underflow occurs.
Connect this pin to the RESET pin.
71 Vicbe This output pin is used to adjust LCD drive reference voltage adjustment.
70 Vicoo These pins are used for LCD drive reference voltage output.
* Vi cpp : Reference voitage output
71 Vicp
* Vicpt : Doubler output (voltage two times higher)
72 | Vicpz
* Vicpz : Tripler output (voliage three times higher)
74 CAPH This pin is used to connect a capacitor for increasing LCD drive voltage.
75 CAPL
76 COM; These pins are used to output the common signals from the LCD controller/driver.
77 COM; The signals output on these pins and LCDg¢-LCDg form a matrix (32 x 2).
2-6
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Chapter 2 Hardware Configuration

2.5 Display

For display of the pocket calculator introduced in this manual, LCD display based on a
2-by-32 matrix is used.

For dispiay control, the LCD controller/driver contained in the uPD17201A and uPD17207
is used. Based on direct memory access (DMA) operation, the LCD controller/driver
automatically reads segment data from display data memory to generate segment signals
and common signals. The display data memory is mapped to LCDDO-LCDD35 {addresses
40H-63H of BANKD); the pocket calculator uses LCDDO-LCDD31 {addresses 40H-5FH
of BANKD).

Figure 2-3 shows an exampie of LCD panel connections of the pocket calculator.
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Chapter 2 Hardware Configuration

Figure 2-3. Example of LCD Panel Connections

COM:
COMo .

EBBB

[

TTTT
] 0t 23
CDo 0i1iXiX| LCDDO {40H)
LCDH

1§ 1iXiX| LCDD1 (41H)
LCD2

1i1iXiX| LcDD2 (42H)
LCDs 1i1iXiX] LCDD3 (43H)
LCDs 0i1iXiX| LCDD4 (44H)
t(égs 1:0iXiX] LCDD5 (45H)
LCDs 0i 0 XiX]| LCDD6 (46H)
- 7 111X X] LCDD7 (47H)

Ds 11 1iXiX| LCcDDB (48H)

LCDs 11 1iXiX| LCDDY (49H)
tggw 11 1iXiX] LcDD10 (4AH)
: Dn 0i1iXiX] LCDD11 (4BH)
Lg 12 0i1iXiX{| LCDD12 (4CH)
- gw 1i1:XiX] LCDD13 (4DH)
LgDM 1i0iXiX| LCDD14 (4EH)
: 15 0i1iXiX} LCDD15 (4FH)
ECD1s 0i 0iXiX| LCDD16 (50H)
LCDh7

1{ 0§ Xi{X| LCDD17 (51H)
LCD1a
= 1;0{XiX] LCDD18 (52H)
cnw 1i1:XiX] LCDD19 (53H)
LCDz0 0: 1:iXiX] LCDD20 {54H)
LCDe1 11 1iXiX| LcDD21 (55H)
LCDe: 11 0§ XiX| LCDD22 (56H)
::CDza 11 0iXiX| LCDD23 (57H)
Cha 0i1:XiX| LCDD24 (58H)
LCDz2s 0 1iXiX] LCDbD25 (59H)
LCDz 1§ 1iXiX| LCDD26 {5AH)
LCEeT 1i 0 XiX]| LCDD27 (5BH)
thza 0i 0{XiX! LCDD28 (5CH)
CDz 0:0iXiX| LCbD29 (5DH)
LCDso 11 01X X] LCDD30 (5EH)
LCDas 0} 0{XiX| LCDD31 (5FH)

Remark For the pocket calculator introduced in this manual, time-division display with two channels
is used, so that bits 2 and 3 {marked with X) of the display data memory are not used.
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Chapter 2 Hardware Configuration

2.6 Key Input

The key input circuit of the pocket calculator intraduced in this manual consists of a 5-
by-4 matrix. Key scan signals are output on P0Bg-P0B3 and POCq every 10 ms, and port
states are applied to POAG-P0A;3 to determine which key is pressed. Key scan operation
is based on the active low mode. Each of the POBy-P0OB3 and POCq pins is made low
at the respective time interval, and POAp-POA; are read in synchronism; the input of a
key is determined from low level detection.

When the same key state is detected three times, the input of a key is determined, and
a keying operation is executed. When the input of a key is determined, the input of any
other keys is rejected until the key is released (until the state where no key is pressed
is determined). If two or more keys are pressed at a fime, mulfiple-key pressing is assumed,;
no key input is accepted until all keys are released.

Figure 2-4 shows the key input circuit diagram of the pocket calculator.
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Figure 2-4. Key Input Circuit Diagram
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3.1 Specifications

Display function : 8-digit LCD display
(1 digit for a sign, and 7 digits for a numeric)
Input method : 5-by-4 matrix key input
Lock-out method(Note)
Number of input/display digits : 7 digits maximum
(£0.000001 to +9999999)
Special function . Automatic-power-off function (when no key input is
performed for three minutes)
Types of operations : =+ Arithmetic operations

» Percentage calculation, percentage-increase calculation,
percentage-decrease calculation

(Note) Until a key pressed is released, the input of any other key is rejected.

3.2 Keys
The pocket calculator has the keys indicated below.

(1) Numeric keys ([0] B [s])

These keys are used fo enter a numeric. A numeric as long as 7 digits excluding
a sign can be entered.

(2) Decimal-point key ([-])
This key is used to enter the decimal point.

(3) Plus/Minus key ([2])

This key is used to change the sign of a numeric being entered.
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(4) Operator keys ( EI EI)

An operator key is used to enter the respective operator. When operator keys are
pressed in succession, the last key pressed is selected.

Key input Dispiay
[2] 5] [o] | 250, ]
| 250.]

H 1 250, |
[ 250.|
| 2.
[=] I 500.]

In this example, [250 x 2] is executed, and the result of operation is 500.

(5) Percent key ()

This key is used for percentage calculation, percentage-increase calculation, and
percentage-decrease calculation.

(6) Equal key ([=])
This key is to be pressed to find the result of operation.

(7) Clear key (C])

This key is used o correct a numeric being entered. Any numeric and operator
entered before a numeric corrected are preserved.

Key input Display

[0] [o] | 500
| 50 0. |
(0] [o] l 400.]
| 0. |

[3] [o] [o] | 300.]
= L 800.|

In this example, [500 + 400] is corrected to [500 + 300], and the result of operation
is 800.
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Key input Display

71 [8] [0} | 75 0. |
| 750.]
| 0.]
=] | 0.]

In this example, [750 x @] is executed, and the result of operation is 0.

{8) All clear key ( }

This key is used to start a new calculation, clearing all data entered so far.

Key input Display

[9] [o] [o] | 90 0. |
H | 9 00.]
(] [o] [o] | 100.]
bd | 0. |
7] [o] [o] ! 700.]
| 70 0.]
[s] i 5.]
[=] | 3500.]

In this example, the input of [900 - 100] is entirely cleared. Instead, [700 x 5] is
executed, and the result of operation is 3500.

This key also functions as the power-on switch.
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3.3 State Transition

The pocket calculator has six modes as described below.

(1)

(2)

(3)

(4)

(5)

(6)

First-term input mode

This mode is used to enter the first term of an operation.
Operator selection mode

This mode is used o enter an operator.

Second-term input mode

This mode is used to enter the second term of an operation.
Percentage calculation mode

This mode is used for percentage calculation, percentage-increase calculation, and
percentage-decrease calculation.

Error mode

This mode provides an error indication when a division by zero is attempted or an
overflow occurs as the result of an operation.

Operation stop mode

The STOP mode is set if no key input is performed for three minutes.,

Figure 3-1 shows the state transition diagram.
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Figure 3-1. State

Transition Diagram
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: Indicates processing by key input.
: Indicates normal state transition.
: Enters the error mode when an operation produces an error.
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3.4 Display

As shown in Figure 3-2, an 8-segment by 8-digit [.CD is used to display an entered
numeric and the result of an operation.

Figure 3-2. Display

3.5 Automatic Power-off

The powerto the pocket calculator is automatically turned off when no key input is performed
for three minutes. To turn on the power again, press the [AC] key.

3.6 Examples of Operations

Examples of key input procedures and display are given below for operations that can
be performed according to the specifications of the pocket calculator.

(1) Addition
123 + 4560.7 = 4683.7

Key input Display

| 123.]
| 12 3|
[4] [5] [e] [o] [-] [7] | 456 0.7 |
=] I 468 3.7 |
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-852 + 147 = -705

Key input Display

| | -852]
I -85 2. |
| 147, ]

=] I ~705.]

61140 = 611
Key input Display

clafa | ST
| 611.]
=] | 61 1.]

(2) Subtraction
951 - 627.84 = 323.16
Key input Display

[¢] 8] [} | 95 1. |
H | 95 1.
[l 2 [7] [] [¢] [4] | 62784 |
=] I 323.16 |

~753.84 — 186 = -939.94

Key input Display

7] (8] [ [ [o] [4] & | -753.94]
H | - 753.94]
[1] [¢] [¢] | 18 6]

[=] | -~ 939,

w
i Y
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-2098 - 0 = 2088

Key input Display
[2] [0 [s] [¢] [¢ | — 2098
= 1 - 209 8|

=] | -20098.]

(3) Multiplication
279 x (=0.58) = —161.82

Key input Display

[2] [7] [9] | 279 |
! 2709 |
[-] 5] [8] | - 0.5 8 |
[=] | ~161.82 |

35.704 x 22,194 = 792.414576

Key input Display

[8] [5] [] [7] [o] [4] I 35.704
1 35.704 |
[2] [2] [T [ [e} fa | 22.194]
=] I 7924145 |

Remark Only the seven digits starting from the most significant digit are displayed for decimals.

519 x 519 = 269361

Key input Display

5] [1] [¢] | 519.]
| 519.]
[=] | 269361, |
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{4) Division

~769.3 + (~245) = 3.14

Key input

71 el [ol [-] fe] &
H

2 4] [s] B

=

412 « (~618) = ~0.666666" -

Key input

[41 [1] [2]
E]

el [1] [¢]
=

Display

-769.3 |

- 76 9.3 |

Display

-~ 0.666666 |

Remark Only the seven digits starting from the most significant digit are displayed for decimals.

~9.98 + {-9.98) = 1

Key input

(o] [ o] 8] B
=
=

Display

- 9.9 8 |

- 9.9 8 |
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(5) Mixed calculation

{(45 + 38) x 0.75 — 25} + (-50) = —0.745

Key input Display

5] | 45|
l 45.]
| 3 8]
[ 8 3.

[ [5] | 0.7 5 |
H | 6225 |
l 25.]
K | 37.25 |
5] [o] & | ~50.|
=] I ~0745 |

Remark In acalculation including a mixture of arithmetic operations, priority is not given to multiplication
and division, but a calculation is made in the order of operator input.

(6) Percentage calculation

645 x 32.9% = 212.205 -

Key input Display

[6] [4] [¢] | 645
[ 645 |
[] [e] | 32.9 |
: | 212205 |
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(7) Percentage-increase calculation

400 + (400 x 60%) = 640

Key input Display

4] [o] [o] | 400.]
| 400.|
[6] [o] l 6 0.
| 24 0. |
I 6 4 0. ]

{8) Percentage-decrease calculation

32.5 - (32.5 x 70%) = 9.75

Key input Display

L] l 32.5 |
| 32.5 |
[0] l 7 0.
| 2275 |

H ] 9.7 5 |

{9) Examples of error occurrence

<1> When a division by zero is attempted

500+ 0

Key input Display

5] [o] [0] | 500.]
K [ 50 0.]
[o] | 0.
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<2> When the result of calculation = 1.0 x 107, or the result of calculation <
1.0 x 1067

4500 x 4500 = 2.025 x 107

Key input Dispiay
5] o] [o] [ 4500 |
| | 4500.]

=] I E.|

(10) Example of underflow occurrence
When —1.0 x 10°% < result of calculation < 1.0 x 10°6

0.0063 + (—9000) = -7 x 1077

Key input Display
[-] [o] [o] [¢] [3] I 00063 ]
K | 0.006 3 |

[9] [o] [o] [o] E | —9000.]
=l l 0. ]
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{11} Others

Key input Display

| 38.]
1 3 8]
| 3 8. |
| 5 7]

=] | 2166 |
[i] [o] | 19.]
B | 1 9]
H I 19 |

| l 19.]
] 19, |
| 48]

B | 6 7.

In the example above, [38 x 57] is first executed, then [19 + 48] is executed.
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This chapter outlines the major processing of the system control section of the pocket
calculator, and also provides general flowcharts.
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Chapter 4 Overview of System Control Section

4.1 Main Processing

When the pocket calculator program starts, the hardware and RAM are initialized before
main processing is performed. The pocket calculator performs main processing every

10 ms to reduce supply current. Each iime main processing is completed, the HALT
mode is set.

(o)

Hardware and RAM initialization

HALT mode setting (Released every 10 ms.)

Key scanning {(MKSCAN)

Branching to each

? {MKBRN}
key processing
Branch operation processing {(MOPBRN)
Automatic-power-off
timer control {MAPOFF)
STOP mode processing (MSTOP}
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4.2 Key Scanning

Key scan signals are outiput on POBp-P0OBs and POCy, and key state data is applied to
POAy-PCAs. Chattering processing is performed three times; each time lasts for 10 ms.
A key code is generated at the end of chattering. At this time, the key-processing request
flag is set for a valid key input.

Table 4-1 indicates the correspondence between input keys and key codes. Table 4-2
indicates the valid key inputs.

Table 4-1. Correspondence between Input Keys and Key Codes

High-order RKCODH (0.30H) value

Low- digits

order digits 7H BH DH EH oH . FH

| g Bo| -

K

C

S| | @ g 3| -

| o A | -

i

H

v EH @ EI H % -

a

¥

e FH - - - - - Key-off{Note)
Muliiple-

OH -~ - - - - key
pressing

(Note) State where no key is pressed

Table 4-2. Valid Key Inputs

Previous key code

Key-off {Note) Single-key pressing | Multiple-key pressing
Key-off {(Note) — O O
Current
key code Single-key pressing O X X
Multiple-key pressing x X -

{Note) State where no key is pressed

Remarks A circle (O) represents a valid Key input.
A hyphen {-) represents a case that cannot occur with the pocket calculator.
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( MKSCAN )

Output key scan signals ®& .
Input key states &, O
Chattering &

Chattering
completed?

Generate key code )

Key processing
to be performed?

Set key-processing request flag 9

(=
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4.3 Branching to Each Key Processing

Each key code is decoded, and the respective key processing is called.

o= )

[ac] key pressed? All clear key processing 6.9
{KALLCR)
key pressed? Clear key processing - 610
{KCLR)
Numeric key and decimal-point - 811
key processing
(KNUMPT)
+ [key pressed? us/minus key processing - 6.
k d? Plus/minus k i 6.12
(KSIGN)
Operator key processing - 6.13
keys pressed?
{KOPE)
key pressed? Percent key processing 614
{KPER)
Equal key processing ---6.15
(KEQU)

(e )
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4.4 Branch Operation Processing and Error Handling

Each arithmetic processing (addition, subtraction, multiplication, or division) is called,
and the result of calculation is displayed. An error is displayed when division by zero is
attempted, or an overflow occurs (result of calculation > 1.0 x 107, or result of calculation
< -1.0 x 107). When an underflow occurs (-1.0 x 10® < result of calculation < 1.0 x
107%), 0 is displayed as the result of calculation.

Which arithmetic operation is to be called is determined using operator data. Operator
data changes with operator key input. Two operator data storage areas are available:
ROPE (60H of BANKO} and RCOM (61H of BANKO).

Table 4-3 indicates an example of change in operator data.
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Table 4-3. Change in Operator Data (1/2)

key:1H
Elkey:QH

Input key ROPE (0.60H) value RCOM (0.61H) value
kd OH OH
; RAM all ciear processing writes OH to ROPE and RCOM I
[o] 1H oH
EI 2H OH

When an operator key is pressed after the first numeric, the operator data
tis stored at ROPE. If a separate operator key is pressed successively, the
t value of ROPE is updated; the value of RCOM remains unchanged.

! The correspondence between the operator keys and operator data is as follows:

i data is stored at ROPE.

: When the equal key is pressed after the second numeric, the operator data at |
: ROPE is transferred to RCOM. The branch operation processing determines the :
! gperator from the vaiue of RCOM, then calls the corresponding operation i
i pracessing. Then, the result of calculation is displayed.

| If a separate operator key is pressed after the second numeric, the new operator

....................................................... []
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Table 4-3. Change in Operator Data (2/2)

In precentage calculation, the value of ROPE is determined when the
percent key is pressed. Only when the value of ROPE is 4H or 8H (that is,
only when the operator key for orE|is pressed}, the operator data at

Input key ROPE (0.60H) value RCOM (0.61H) value
d oH OH
o] 4H OH
[o] 4H 4H
1H 1H

ROPE is transferred to RCOM to execute a percentage calaculation. if the

or El key is pressed after a percentage calculation, the operator data is
stored at ROPE and RCOM to execute a percentage-increase calculation
or percentage-decrease calaculation.

et rrrrae s e m rem e ee e re e e e e rr e e en R [ i
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( MOPBEN )

Addition
{RCOM = 1H)?

Addition

(SFPADD}

Subtraction

(RCOM = 2H)? Subtraction -

(SFPSUB)

Muitiplication

(RCOM = 4H)? Multiplication

{(SFPMULT)

Division

(SFPDIV)

Division by 07

Operation result «— 0

Operation result display

Error display

Remark
( RET ) For details of each operation,
see Section 8.2,
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4.5 Automatic-Power-off Timer Control

When a key is pressed, the automatic-power-off timer is reset. In the key-off state, a
count operation is performed using the automatic-power-off timer. in the case of a timeout,
the STCOP mode processing request flag is set.

( MAPOFF ) {13)

Key pressed?

Reset autornatic-
power-off timer

Count using automatic-
power-off timer

Y

Set STOP mode processing
request flag

e )
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4.6 STOP Mode Processing

The STOP mode is set by ouiputting all key scan signals on POBy-POCy. After the STOP
mode is released by key input, key scan signal output is stopped.

(e )

Qutput key scan signals {14y

Set STOP mode {14

Stop key scan signal output {15

= )
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5.1 RAM Layout

Figure 5-1 indicates the RAM layout for the programs introduced in this manual.
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Figure 5-1. RAM Layout (1/2)
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Figure 5-1. RAM Layout (2/2)
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5.2 RAM and Flags

RAMand | RAM Name Description
flag name | address
FiFiIIEGO O.OIOH Register 0 to register 11 These registers are used as work registers.
RREG11 0.0BH
RNUMC 0.10H | Numeric key counter This counter counts the number of numeric key pressing
operations.
RPTLOC 0.11H | Decimal-point position This area stores the display position of the decimal point.
area

RSINLOC 0.12H |Sign display position area | This area stores the display position of a sign.

REGD Display data register

RDSIGN | 0.13H |Operation result sign area | This area is used to check the sign of the result of operation.

When bit 0 is set to 0: Positive
When bit 0 is set to 1: Negative
RDEXP 0.14H | Display data exponent This area is used for display data normalization and for conversion
area of the result of operation to display data.

HD%.SD 0.118H Display data area This area stores display data.

RDMSD 0.1FH
RZLSD 0.23H | Saving register (REGZ) This area is a data save area used to save data to be operated in a
FiZl!IISD 0.2|FH percentage calculation.
RKCODH 0.30H |Keycode area This area stores a key code for which chattering processing is
RKCODL | 0.31H completed.
RCHCODH| 0.32H | Chattering code area This area stores a key code for which chattering processing is
RCcHeopL!| 0.33H being performed.
RIPCODH 0.34H |Input code area This area stores the key code of the key currently being pressed.
RIPCODL | 0.35H
RCHATC 0.36H | Chattering counter This counter counts the number of chattering processing

occurrences.
RSTOP3 0.38H | Automatic-power-off timer | This timer is a three-minute timer used for automatic power-off.
RSTOP2 0.39H
RSTOP1 0.3AH
RSTCOPO 0.3BH
LCD|DO 0.4!0H LCD segment data These registers store segment data to be displayed on the LCD.
LCDD31 | 0.5FH |"egister
5-4
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RAM and | RAM Name Description
flag name | address
ROPE 0.60H Operator area This area stores the data of an operator key pressed at the end.
1H: Addition (|- key)
2H: Subtraction ( = key}
4H: Multiplication (|X| key}
8H: Division ( H key)
RCOM 0.61H Area for the operator to be | This area stores an operator to be executed.
executed
RMODE 0.64H Mode area This area stores the current mede.
1H: Second-term input mode
2H: Operator selection mode
4H: First-term input mode
8H: Error mode
RSYSFLG | 0.68H System flag area This area contains flags used with the system control section.
FPER 0.68H.0 |Percent flag This flag is set when the percent key is pressed.
FOPEND | 0.68H.1 |[Operation end flag This flag is set at the end of an _o-ﬁéFéfi;JH. ______________________
FFALSE | 0.68H.2 |lllegal-input flag " | his fiag is set when the percent key or equal key is pressed atan |
illegal position.
FSTOP | 0.68H.3 |Operation stop mode flag | This flag is set when the STOP mode is set. |
REVEFLG | 0.69H Event flag area This area contains various processing request flags.
FKEYREQ| 0.69H.0 |Key-processing request | This flag is set when valid key inputs (including key-off) are |
ilag determined.
FMULTI | 0.69H.1 |Multiple-keyflag This flag is set when multiple-key pressing is detected in key |
scanning. :
"FOPREQ | 0.69H.2 |Operation requestflag | This flag is set when a key that aliows operation is pressed. |
"FSTPREQ| 0.69H.3 |STOP mode processing | This flag is set when the automatic-power-off timer times out. |
request ilag
REGX Floating-point register 1 This is a register for operation. This register stores data to be
operated and the result of an operation.
RXSIGN | 10sH | Sign partof REGX T
RXEXP 1.04H Characteristic of REGX
______________ L S
RXITSD 1.0|6H Mantissa of REGX
RXMSD 1.0FH
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Chapter 5 RAM Layout and Variables

fﬁia‘;hg]:;i zt.fl\dh:ess Name Description

REGY Floating-point register 2 | This is a register for operation. This register stores operation data.

TRYSIGN [1asH | T Sign partof REGY T

CRYEXP | tdeH | T Characteristic of REGY ]

.............. L N (O

HYL|SD 1.1 FH Mantissa of REQY
RYMSD | 1.1FH

REGW Floating-point register 3 | This is a work register far operation.

RWSIGN [ 1234 | Sign partof REGW 7]

CRWEXP [d24m | T Characteristic of REGW |

LR N I R

RWLSD zeH [T Mantissa of REGW

RWMSD | 1.2FH

ROPFLG 1.30H Operation flag This flag is used for floating-point operation.

"FEXCHG | 1.30H.0 |Register exchange flag | This flag is set when the values of floating-point register 1 and |
floating-point register 2 are exchanged with each other in addition or
subtraction.

FZERO 1 .30!—!.1- Operation result zero flag | This flag is set when the result of operation is 0.
"FDVERR | 1.30H.2 |Zero-division error flag | This fiag is set when division by O is attempted. |
"FOVER | 1.30H.3 |Overflowflag This flag is set when an operation has produced an overflow. |
5-6
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Chapter 5 RAM Layout and Variables

5.3 Processing Names and RAM Names

Te improve efficiency in the coding of the pocket calculator programs introduced in this
manual, an uppercase letter is prefixed to all processing names, label names, and RAM
names for identification.

The meanings of the uppercase letters prefixed to the processing, label, and RAM names
are explained below.

(1) Processing names
M F#%% : Main routine
S ®#%#¥ ; Subroutine

| =k¥% ; [pterrupt routine

(2) Label names
L #%:#3% : Branch destination label in a main routine
J ##¥%k : Branch destination label in a subroutine
H *##%% : Branch destination label in an interrupt routine

T ##%%% ; Table label

{(3) RAM names

R #%%* ;: Name of a RAM area used in units of nibbles (4 bits)

F #&&:% : Flag name
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This chapter provides the flowcharts of the system control section of the pocket calculator.
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Chapter 6 Flowcharts of System Control Section

6.1 Initialization

Input Qutput
vaF:iabIes Flowchart (1) Processing and remarks varizble
IRESET )
Dl Disables interrupt.
SP +—5H Sets stack pointer.
PCC +— 3H Sets system clock {main clock).
P1A
{1.70H)
P1A <~ 00008 PoB
POB «— 11118 Initializes output ports. (0.71H)
POC +—0001B POC
POD +— 0000B {0.72H)
PoD
Sets port [/0. (0.73H)
Qutput :POB
PM1 «— 1110B :POC
PM2 «— 1111B :PoD
:PiA
Input :POA
TMCT “— 01108 Sets B-bit timer opetating clock
(system clock/256).
TMM +— 9CH Sets 8-bit timer modulo register.
WTC «— 0000B Sets clock-timer selectar.
| @) I(Nute)
{Note) Jumps to <1> of flowchart (2).
6-2
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Chapter 6 Flowcharts of System Controt Section

17K Series Application

input Output
vai?'iables Flowchart {2} Processing and remarks Varigb;e
LCDM — 0001B St_ets LCD controller/driver.
LCDC «— 0001B Display mode
1 1/2 duty frame frequency
: Main clock/2®3
ADM +— 0000B Sets A/D converter to standby
state.
PSL — 0000B Sets serial interface
SIC — 00008 (for nonuse).
IPF +— 00008 Sets request enable flag
(to disable all interrupts).
:gt‘ : ggggg Sets general-purpose register RPH
(OOH-OFH of BANKO). RPL
SRAMCR “5 Clears RAM.
{3
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Chapter 6 Flowcharts of System Control Section

Input Output
vaﬁiables Flowchart (3) Processing and remarks variZbIe
RSTOPG
RSTOPQ «— FH RSTOP1
gggg : g: Resets automatic-power-off timer. Eggig
RSTOP3 +—4H {0.38H-0.3BH)
RDEXP “— 8H Resets display data exponent RDEXP
ared. {0.14H)
RKCODL
— RKCODH
gﬁgggh 4_'2:! Resets key code and chattering (0.30H-0.31H)
RCHCODL «— FH code. RCHCODL
RCHCODH «~— FH RCHCODH
{0.32H-0.33H}
i i AMODE
BMODE “— 4H Sets first-term input mode. (0.64H)
SDPINI 4n Initializes display data area.
SDISP 61 Converts display data to LCD
segment data.
LCDEN +— 1 Turns on LCD display.
Starts count operation using 8-
TMEN +— 1 bit timer.
MMAIN
6-4
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Chapter 6 Flowcharts of System Contro! Section

6.2 Main Processing

Input . Output
variables Flowchart {4} Processing and remarks variable
( MMAIN )
Clears 8-bit timer interrupt request
IRQTM «—0 fiag.
HALT 2H Sets HALT mode (released every
10 ms).
N
Y
WDTRES ~— 1 Resets watchdog timer.
MKSCAN 6 Key scanning

FKEYREQ N Valid key input (including key-
{0.69H.0} off) determined?
Y

Ciears key-processing request
FKEYREQ «— 0 flag. Y .

RKCODL
(0.31H)

} Key-off?

RKCODH
(0.30H)

FSTOP

Operation stop mode?
(0.68H.3)
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Chapter 6 Flowcharts of System Control Section

Input Output
vaF:iabIes Flowchart {5} Processing and remarks varigble
MKBRN {16} Branching 1o each key processing
FOPREQ Operation possible?
FOPREQ =17
{0.69H.2)
Branch operation processing
MOPBRN 41
L
MAPOFF (13) Automatic-power-off timer control
N Timeout?
ESTPREQ ‘ FSTPREQ =17
{0.69H.3)
Y
MSTOP (14} STOP mode processing

()
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Chapter 6 Flowcharts of System Control Section

6.3 Key Scanning

Input . Cutput
variables Flowchart {6) Processing and remarks variable
( MKSCAN )
RIPCODL ~—FH Resets input code.
RIPCODH +~FH
- Sets initial key scan signal value
RREGO «— 7H in RREGO.
RREGZ ~— 0H Resets keying counter.
POB «— RREG(C Outputs key scan signals on POB.
NOP 3 times Waits 12 ps.
RREGY +~— P0A Reads key return value.
Stops key scan signal output on
POB <~ FH POB.
SKRET {10} Key return value decision
FMULTH . .
FMULTI=17 - ?
(0.69H.1) Multiple-key pressing”
I 4 I
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Chapter 6 Flowcharts of System Control Section

Input Output
va'?'iables Flowchart (7} Processing and remarks variZble
O
CY «—1
Shift RREGO and
CY data 1 bit right | Key scan signal output on POB
completed?
RREGO ~— OH :
POC — RAEGO Outputs key scan signal on POC.
NOP 3 times Waits 12 us.
RREGE ~— POA Reads key return value.
P0G — 1H Stops key scan signal output on
PocC.
SKRET o Key return value decision
FMULTI . ‘
FMULTI=17? . 9
(0.69H.1) uL Multiple-key pressing?
@&
6-8
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Chapter 6 Flowcharts of System Conirol Section

Input Output
vaF:'iabIes Flowchart {8} Processing and remarks vari:Fa)bte
— . FMULTI
FMULTI -—0 Clears multiple-key flag. (0.69H.1)
RIPCODL +— OH _
RIPCODH «— FH Sets multiple-key code as
input code.

RCHCODH = RIPCODH 7

r  Key state unchanged?

RCHCODL = RIPCODL 2

N

RCHCODH +— RIPCODH Updates chattering code.
RCHCODL «— RIPCODL

RCHTC +— 2H Resets chattering counter.
Y Chattering processing
completed?
N

Counts with chattering

RCHATC «— RCHATC — 1H counter.

.<

Chattering processing
compieted?

@)

9
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Chapter 6 Flowcharts of System Control Section

Input . Output
variables Flowchart (S) Processing and remarks variabie

RCHCODL =CH ?
Y

> Multiple-key pressing?

r Key-cif?

Previous key code being key-
off?
RKCODH=FH ?
Y
FKEYREQ + 1 Sets key-processing requestflag. | FKEYREQ
(0.69H.0)
RKCODH
RKCODH +—— RCHCODH : {0.30H)
RKOODL. — FGHOODL Sets chattering code as key code. RKOODL
{0.31H)

e
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Chapter 6 Flowcharts of System Control Section

6.4 Key Return Value Decision Processing

17K Series Application Note

Input Ouiput
va?iables Flowchart (10} Processing and remarks vari:ble
( SKRET
RREGS
+ Key return signal on POAg high?
RREGIVEH=FH ?
SMKICD {12 Generates input code.
RREG9
(0.09H) RREG1 ~— RREG9
r Key return signal on POA¢ high?
RREGIVDH=FH ?
SMKICD {12 Generates inpui code.
RREG®
(0.09H) RREG1 «~ RREGS
Key return signal on P0Ap
[ high?
Y
N
SMKICD (12 Generates input code.
| {11) |
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Chapter 6 Flowcharts of System Control Section

Input . Cutput
variables Flowchart (11} Processing and remarks variable

O,

RREG9 3

Key return signal on POA3

high?
RREGIV/H=FH ?
SMKICD {12 Generates input code.
N - .
RREG2 22H ? Multiple-key pressing?
Y

_ FMULTI
FMULTI +—1 Sets muliiple-key flag. (0.69H.1)

(=
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Chapter 6 Flowcharts of Systermn Control Section

6.5 Input Code Generation Processing

17K Series Application Note

Input Ouiput
va?'iables Flowchart (12) Processing and remarks varigble

( SMKICD
RREGO RIPCODH
{0.00H) RIPCODH ~— RREGO . RIPCODL
RREGS RIPCODL “— RREGY Generates input code. (0.34H-0.35H)
{0.09H)

EG2
RREG2 +— AREG2 + 1H Counts the number of keys. (F(!)ROzH)
( RET
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6.6 Automatic-Power-off Timer Control

Input Output
vaF;iabIes Flowchart (13) Processing and remarks varizble

( MAPCFF )

RKCODL
(0.31H)

r Key-off currently?

RKCODL
(0.30H)

RSTOPO +— RSTOPO — 1H

RSTOP1 +- RSTOP1 —CY Counts using automatic-power-
RSTOPZ2 +~ RSTOPZ2 — CY off timer.

RSTOP3 «— RSTOP3 —CY

Timeout?

Sets STOP mode processing
FSTPREQ -—1 request flag.
RSTOPO +— FH
RSTOP1 ~— 4H , e
RSTOP2 «— &H Resets automatic-power-off timer.
RSTOP3 «— 4H

)
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Chapter 6 Flowcharts of System Contro! Section

6.7 STOP Mode Processing

Input Qutput
vapriab!es Flowchart (14) Processing and remarks variZble

(o)

- Clears STOP mode processing | FSTPREQ
FSTPREQ =1 request flag. (0.69H.3)
16DEN — 0 Turns off LCD display.
TMEN +— 0 Stops 8-bit timer operation.
FSTOP +— 1 Sets operation stop mode flag. ((l): 2;32)
POB +— OH Qutputs key scan signals.
POC ~ 0H P y 9
Sets wait value for STOP mode
TMM +—— 60H release in 8-bit timer moduio
register.
NOP
Sets STOP mode (released by
STOP 8H key input).

l {15) I
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Chapter 6 Flowcharts of System Control Section

Input QOutput
variables Flowchart {15} Processing and remarks varigb[e
O,
TMEN +— 0 Stops B-bit timer operation.
POB «~—FH Stops key scan signal output.
POG — 1H P y g P
Resets 8-bit timer modulo
TMM «— 9CH register.
TMEN +— 1 Starts 8-bit timer operation.
( RET )
6-16
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Chapter 6 Flowcharts of System Control Section

6.8 Branching to Each Key Processing

fhie Output
vapriables Flowchatt (16) Processing and remarks v arigbla

()

RKCODH
(0.30H)

b @key pressad?

RKCODL
(0.31H)

FSTOP

i de?
(0.88H.3) Operation stop mode

RMODE

Etrror mode?
{0.64H)

RKCODH
(0.30H)

) key pressed?

RKCODL
(0.31H)
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Input ) Output
variables Flowchart (17} Processing and remarks variable

RKCODH
(0.30H)

! E] key pressed?

RKCODL
(0.31H)

RKCODBL

(0.31H) key pressed?

RKCODH
(0.30H)

key pressed?

RKCODL
(0.31H)
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Chapter 6 Flowcharts of System Control Section

Input i Output
variables Flowchart (18) Processing and remarks variable
KALLCR {20) All clear key processing
7
‘ KCLR {n Clear key processing
7
KNUMPT 23y ﬁ:ym;rc':c; ::gi :;d decimal-paint
7
KSIGN {30} Plus/minus key processing
7
KOPE {@2) Operator key processing
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Input . Qutput
variables Flowchart (19) Processing and remarks variable

O

KPER (87 Percent key processing

KEQU (39) Equal key processing
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Chapter 6 Flowcharts of System Control Section

6.9 All Clear Key Processing

e ; Qutput
vaF:iabies Flowchart {20) Processing and remarks v arizble

e )

LCDEN +— 0 Turns off LGD display.

SRAMCR {45) Clears RAM.

Resets display data exponent RDEXP
RDEXP < 8H area. (0 14H}
RKCODL +~— 7H
AKCODH +— OH Restores E key code as key
RCHCODL +— 7H code and chattering code.
RKCODH +— OH

Sets f ) g RMODE
AMODE +— 4H ets first-term input mode. (0.64H)

SDPIN @n Initializes display data area.

Converts display data to LCD
SDISP e segment data.
{LCDEN +— 1 Turns on LCD display.

= )
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Chapter 6 Flowcharts of System Control Section

6.10 Clear Key Processing

Input Output
variables Flowchart (21) Processing and remarks varigble
( KCLR )
FPER FPER=17 %] key pressed?
(0.68H.0)
Y
FPER
FPER «—0 Clears percent flag, (0.68H.0)
RMODE «— 4H Sets first-term input mode. RMODE
(0.64H)
FOPEND +— 0 Clears operation end flag and | FOPEND
FFALSE ~— 0 illegal-input flag. (0.68H.1)
FFALSE
{0.68H.2)
RNUMC <~ 0H Resets numeric key counter. RNUMC
(0.10H)
RDEXP — 8H Resets display data exponent RDEXP
area. {0.14H)
RMODE .
(0.64H) RMODE = 2H ? Operator selection mode?
Y
RMODE +~— 1H Sets second-term input mode. RMODE
{0.64H)
l {22) I
6-22
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Chapter 6 Flowcharts of System Control Section

Input . Output
variables Flowchart (22} Processing and remarks variable
O,
LCDEN «—0 Turns off LCD display.
SDPINI 47 Initializes display data area.
SDISP 3] Converts display data to LCD
segment data.
LCDEN +— 1 Turns on LCD display.
= )
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Chapter 6 Flowcharts of System Control Section

6.11 Numeric Key and Decimal-Point Key Processing

Input Qutput
vaﬁ)’iables Flowchart (23) Processing and remarks varizbie
KNUMPT )
FFALSE N key or [=] key pressed
{0.68H.2) incorrectly?
Y
: , FFALSE
FFLASE +— 0 Clears illegal-input flag. (0.68H.2)
) RNUMC
RNUMGC +— OH Resets numeric key counter. (0.10H)
RDEXP “— 8H Resets display data exponent RDEXP
area. (0.14H)
FPER N - ,
(0.68H.0) FPER=17 %| key pressed?
Y
— RMODE
RMODE «— 4H Sets first-term input mode. (0.64H)
FPER+D0 Clears percent flag and FPER
FOPEND «— 0 operation end flag. {0.68H.0)
FOPEND
{0.68H.1)
RKCODH RKCODH =BH ?
{0.30H)
EI key pressed?
RKCODL
(0.31H)
| 125) } ’
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Chapter 6 Flowcharts of System Controf Section

Input Qutput
vaF:iables Flowchart {24) Processing and remarks varizble
RDEXP Decimal-point key pressed for the
—8H?
(0.14H) RDEXP = 8H ? first time?
RNUMGC Decimal-point key pressed before
(0.10H) numeric key is pressed?
Y
I N ick " RNUMC
RNUMC «— BNUMC + 1H nerements numeric key counter. (0.10H)
LCDEN «-0 Turns off LCD display.
SDPINI 40N Initializes display data area.
Converts display data to LCD
SDIsP &h segment data.
LCDEN «— 1 Turns on LCD dispiay.
RNUMC BOEXP +— RNUMG Sets value of numeric key counter RDEXP
{0.10H) in display data exponent area. {0.14H)
RMODE N . 2
(0.64H) Operator selection mode?
Y
. RMCDE
RMODE «— 1H Sets second-term input mode, (0.64H)
{29
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Input Output
v aﬁi ables Flowchart {25) Processing and remarks varigble
RNUMC Numeric keys aiready pressed
{0.10H) seven times?
RKCODL RKGODL = EH ? [0] key pressed?
(0.31H)
RREGS «— CH Seis display data “0" in RREGS.
h
RKCODL
(0.31H)
! key pressed?
RKCODH RKCODH =7H 7
{0.30H)
BREGS +— 1H Sets display data “1" in RREGS.
RKCODH RKCODH=BH 7 21 key pressed?
(0.30H)
RREGY — 2H Sets display data “2" in RREGS9.
{ {26) I
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Input Output
vaF:iabtes Flowchart {26) Processing and remarks varigbie
RKCODH o
(0.30H) key pressed?
BREGS «— 3H Sets display data “3"in RREGS.
|
RKCODL
(0.31H)
' key pressed?
RKCODH
{0.30H) )
RREGS «— 4H Sets display data “4” in RREG9.
RKCODH RKCODH =BH ? 51 key pressed?
{0.30H) < 'P
Y
RREGS «— 5H Sets display data “5” in RREGS.
RKCODH N ke d?
RKCODH = DH ? Y presse
{0.30H) EI
RREGY «— 6H Sets display data “6” in RREGS.
| (26) I
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Chapter 6 Flowcharts of System Control Section

Input Qutput
vaF:iabIes Flowchart (27} Processing and remarks varigble
RKCODH
{0.30H) RKCODH = 7H ? key pressed?
Y
RREGS — 7H Sets display data “7" in RREGS.
RKCODH
(0.30H) RKCODH =BH ? key pressed?
Y
RREGS «— 8H Sets display data “8" in RREGS.
RKCODH
= ? 7]
(0.30H) RKCODH = DH 7 @ key pressed?
Y
REREGY — gH Sets display data “9" in RREGY.
! {28) |
6-28
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Input Output
vapriables Flowchart (28) Processing and remarks varizble
O,
LCDEN <0 Turns oft LCD display.

RMODE
(0.84H) RMOBE < 4H ? First-term input mode?
N
Oob
RMODE «— 1H Sets second-term input mode. ?é\d & 4;_5
F?é\l:”]ﬂh;‘_l? First numeric key input?
SDPINI @n Initializes display data area.
Y
RREGE = OH 7 [0] key pressed?
N
| {29) ]
Sets display data of space inleast RDLSD
RDLSD «— AH significant digit of display data (0.18H)
area.
{29)
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Input Output
vap:'iables Fiowchart {29) Processing and remarks varigble
RDEXP RDEXP = 8H ? Decimal-point key pressed?
{0.14H)
N
Decrements decimal-point display RPTLOC
RPTLOC «=RPTLOC - 1H position data by 1. (0.11H)
RNUMC +— RNUMC + 1H Increments numeric key counter. RNUMC
(0.10H)
SUSHFP ¢50) Shifts dlsptay data 1 byte left.
Sets new display data in least RDLSD
RDLSD +— RREG® significant digit of display data (0.18H}
area.
Converts display data to LCD
SDISP @1 segment data.
LCDEN +— 1 Turns on LCD display.
RET
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Chapter 6 Flowcharts of System Control Section

6.12 Plus/Minus Key Processing

input . Qutput
variables Flowchart {30) Processing and remarks variable
( KSIGN )
!?é\."l Gc.}q.?{? Operator selection mode?
FPER % Key pressed?
{0.68H.0) y P
FPER
FPER «0 Clears percent flag. (0.68H.0)
FOPEND -1 Sets operation end flag. :;)OGPBE%NR
RMODE «— 4H Sets first-term input mode, RMODE
{0.64H)
FOPEND : 9
(0.68H.1) FOPEND =17 Operation completed?
Value of numetic key counter
being 07
RNUMC
(0.10H)
Finds sign display position, and | RSINLOC
RREGO +— RNUMC + 8H sets that position in RREGO and (0.12H)
[ (31 l
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input Output
vaF:i ables Flowchart (31} Processing and remarks Varigme
FZERC Operation result being 07?
(1.3CH.1)
) RXSIGN
RXSIGN +— RXSIGN@1H inverts sign data of REGX. (1.03H)
RSINLOC RREGO “— RSINLOG Sets sign display position in
RREG10 «— MPH
RREG11 — MPL Saves value of MP.
LCDEN «+—0 Turns ofi LCD display.
MPH «— BH
MPL «— 1H
. . REGD
¢ Inverts sign of display data. [RRGEQ]
[ (MP}, (RREGD) 1
+— [ {MP), (RREGD) }]&® 1H
MPH ~— RREG10
MPL «—- RREG11 Restores value of MP.
SDISP 61 Converts display data to LCD
segment data.
LCDEN 1 Turns on LCD display.
( RET
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Chapter 6 Flowcharis of System Control Section

6.13 Operator Key Processing

input Output
va?iabies Flowchart (32) Processing and remarks variZbIe
( KOPE J
3
RKCODL
(0.31H)
r key pressed?
RKCODH
(0.30H)
BREGY +- 1H g;t; égdlflon operator data in
RKCODH N key pressed?
C =0H?
(0.30H) —@H ! =
Y
— Sets subtraction operator data
RREGS «— 2H in RREGS.
RKCODH N X| key pressed?
{0.30H)
Y
RREGS «— 4H iieg FTE uétgalicatlon operator data
RKCODH
(0.30H) RKCODH = 0H 7 E| key pressed?
RREGY «— &H geRt; é:{évision operator data in
{33)
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Input Output
va?'iables Flowchart (33) Processing and remarks varigble
O,
. . FFALSE
FFALSE — 0 Clears illegal-input flag. (0.68H.2)
RMGDE )
(0.64H) RMODE = 2H ? Operator seiection mode?
(FoosF;EHNR FOPEND =17 Operation completed?
Y
- FOPEND
FOPEND +~—0 Clears operation end flag. (0.68H.1)
FPER N
(0.68H.0) %| key pressed?
Y (34)
FPER
FPER — 0 Clears percent flag. {0.68H.0)
RREGY < 4H ? key or E] key pressed?
6-34
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17K Series Application Note

input Output
vagiables Flowchart (34) Processing and remarks varigble
®
Normalizes display data, then
STRNDY o7 transfers normalized display data
to REGY.
RMODE First-term input mode?
ES ? p *
(0.64H) RMODE = 4H 7
(35)
RREGO +—9H
RREG1 +—9H
t Transfers data of REGY io
REGX.
STRAN (52)
SRYCLR {48) Ciears REGY.
- Sets operator data of RREG9 in ROPE
ROPE +~ RREGS operator area. (0.80H)
RMODE +— 2 Sets operator selection mode. RMODE
{0.64H)
l {36 I
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Input Output
vaF:iabEes Flowchart (35) Processing and remarks Varigb]e
Sets operator area data in area RCCM
RCOM «— ROPE for operator to be executed, then (0.61H)
ROPE < RREGS sets operator data of RREGS in ROPE
operator area. (0.60H)
i RMODE
RMODE +— 2H Sets operator selection mode.
2 P (0.64H)
| 36) I
O,
Sets operator data of RREG9 in E%EE)
:(c);l:n_ ’;’;i%% both operator area and area for (R'C OM
operator to be executed. (0.61H)
RREGO <— 8H
RREG1 +~—9H
. Transfers data of REGX to
REGY.
STRAN {52
RREGO «~— 2H
RREG1+— 8H
Restores data of REGZ in
[ REGX.
STRAN (52)
| {36) l
6-36
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Input Output
vaF:iabIes Flowchart {36) Processing and remarks varigble

O

) , RMCDE

RMODE «— 4H Sets first-term input mode. (0.84H)
: FOPEND

FOPEND — 1 Sets operation end flag. (0.68H.1)
; FOPREQ

EOPREQ «— 1 Sets operation request flag. (0.69H.2)

= )
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6.14 Percent Key Processing

input . Output
variables Flowchart (37) Processing and remarks variable
KPER )
(OngEHF.{O) key already pressed?
RMODE Operator selection mode?
{0.64H)
RMODE
(0.64H) RMODE = 1H 7 Second-term input mode?
FOPEND
EOPEND «— 0 Clears Operator end fiag. (0.68H.1)
Y
(E%SEE) ROPE 24H ? key orB key pressed?
N [eo]
. . RMODE
RMODE +~ 4H Sets first-term input mode. (0.64H)
: : FFALSE
FFALSE +— 1 Sets iilegal-input flag.
° garinput 1ag (0.68H.2)
[ (38) I
6-38
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lnput . Output
va?iables Flowchart (38} Processing and remarks varizbte
RREGO +— 8H
RREGt «—2H
! Saves data of REGX to
REGZ,
STRAN {52)
Normalizes display data, then
STRNDY 6D transfers normalized display data
to REGY.
RYEXP «— RYEXP—2H Subtracts 2 from characteristic RYEXP
(RYEXP + 1H) data of REGY. RYEXP + 1H
~~ (RYEXP+ 1H) - C¥ (1.14H-1.15H)
FPER
FPER +—1 Sets percent flag. (0.68H.0)
ROPE — Sets opeorator area data in area RCOM
(0.60H) RCOM «— ROPE for operator to be executed. {0.61H)
FOPREQ — 1 Sets operator request flag. FOPREQ
(0.69H.2)
RET
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6.15 Equal Key Processing

Input o : Output
variables Flowchart (39) Processing and remarks variable
(e )
FPER N
{0.68H.0) key pressed?
Y
FPER
— Cl rcent flag.
FPER +—0 ears percent flag (0.681.0)

| 40 ]

RMODE
{0.64H) RMODE = 4H ? First-term input mode?
} ) FFALSE
FEALSE — 1 Sets illegal-input flag. (0.68H.2)
l (40) I

ROPE - Sets operator area data in area RCOM
(0.60H;) RCOM «— ROPE for operator to be executed. (0.61H)
l?é\n &?_:)E Operator input mode?

key or El key pressed?
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Input . Quiput
va?iables Flowchart (40) Processing and remarks variZbEe
SRYCLR (48) Clears REGY.
RREGO +— 8H
RREG1 +— GH

| Transfers data of REGX to
REGY.

STRAN (52)

O,

Normalizes display data, then
STRNDY &N transfers normalized display data
to REGY.
FOPREQ < 1 Sets operation request flag. Fooggﬁl_[Eg
FOPEND +— 1 Sets operation end flag. :;O;%Ng
RMODE «— 4H Sets first-term input mode. ?OM&EI&)E

= )
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6.16 Branch Operation Processing and Error Handling

Input Output
va?'iables Flowchart {41} Processing and remarks varigble
( MOPBRN )
FOPREQ «— 0 Clears operation request flag. FOPREQ
(0.69H.2)
LCDEN «~— 0 Turns off LCD display.
ROPFLG
ROPFLG +— 0OH Clears all operation flags. {1.30H)
(Fé%?:f) RCOM = 8H ? Divide instruction?
| {42) I
('3%?31) RCOM =4H? Multiply instruction?
| {42) |
{2%??;5) Subtract instruction?
SFPADD (Note) Addition
SFPSUB {Nots) Subtraction
l {42) I
{Note)  For SFPADD and SFPSUB,
see Chapter 8.
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Input
variables

Flowchart (42)

Processing and remarks

Output
variable

FDVERR
(1.30H.2)

RXEXP
RXEXP + 1H
(1.04H-1.05H)

{Note)
SFPMULT

O,

{Note}
SFPDIV

FOVERR =17

RRBEGO +— RXEXP
RREGT +— (RXEXP + 1H)

RREG1 <8H ?

RREGQO «— RREGO — 8H
RREG1 +— RREG1 —CY

Y {44)

| @3 ]
N4

{Note)

For SFPMULT and SFPDIV,
saa Chapter 8.

Multiply instruction?

Divide instruction?

Division by 07

Opaeration result without
| overflow (within 7 digits)?
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Input Qutput
vai:iabies Flowchart (43) Processing and remarks varigble
©
RREGO <— RREG0 - BH
RREG1t «— RREG1--FH-CY
Operation result without
| underflow (operation result
represented by 6 or less
decimal places)?
cY=0? X
N
(Note)
SRXCLR Clears REGX.
SFIX (53) Converts result of operation to
display data.
RXEXP
RDEXP «— 8H Resets display data exponent | RXEXP + 1H
{RDEXP + 1H) +— 0H area. {0.14H-0.15H)
. RNUMC
RNUMC +—0H ter.
Resets numeric key counter. (0.10H)
44
(Note)  For SRXCLR, see Chapter 8,
6-44
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17K Series Application Note

Input Output
vaF:Eables Flowchart (44) Processing and remarks varigble
©
RMODE +— 8H Seis error mode. ?OM;EIE
SDPINI {47 Initializes display data area.
2
O Sets error display data in least RDLSD
RDLSD +— CH significant digit of display data (0.18H)
area. )
sSDISP &1 Converts display data to LCD
segment data.
LCDEN «— 1 Turns on LCD display.
( RET )
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6.17 RAM All Clear Processing

Input . Output
variables Flowchart {45) Processing and remarks variable
( SHAMCR )
MPH +~— 8H
MPL — OH

RREGO ~—2H
RREG1 <= 0H

[ (MP} ., {(RREGO} ]
+— RREG1

RREGO < RREGO + 1H

RREGO=0H?

| Clears all RAM areas (except
0.00H and 0.01H) to 0.

MPL

MPL < MPL + 1H (0.7BH)
Y
{46)
N N/
N
Y

MPH «— 9H MPH

(0.7AH)

| (46) I
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Input Output
vaeiabEes Flowchart (46) Processing and remarks varigble

MPH=9H?

N | Clears all RAM areas (except
- 0.00H and 0.01H) to 0.

MPL «— MPL + 1H

l {46) I

( RET )
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6.18 Display Data Area Initialization Processing

Input Output
va?'iabies Flowchart {47} Processing and remarks varigble
SDPINI )
RREG10 +~— MPH
RREGT — MPL Saves vaiue of MP.
RDLSD “— OH Setg 0 in least significant digit RDLSD
of display data area. (0.18H)
MPH < 8H
MPL <~ 1H
RREGO «— 9H
RREG1 «— AH
Sets data of space in all digits | RDLSD + 1H
i(y:éé 1 {RREGO) | otherthan least significant digit -RDMSD
of display data area. (0.19-0.1FH}
RREGO «— RREGO + 1H
RREGO=0H 7
RPTLOGC «— 7H Resrejts decimal-point display RPTLOC
position. (0.11H)
MPH «— RREG10 Restores vaiue of MP.
MPL +— RREG11
RET )
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6.19 REGY Clear Processing

Input
variables

Fiowchart (48)

Processing and remarks

Cutput
variable

( SRYCLR )

RREG10 ~— MPH
RREG11 «~— MPL

MPH +— 8H
MPL +— gH

RREGO +—3H
RREG1 «— 0H

[ (MP} , (RREGO) ]
+~— RREG1

RREGO +— RREGO + 1H

RREGO =0H 7

MPH +— RREG10
MPL «— RREG11

G

Saves value of MP.

+ Clears BEGY to 0.

Restores value of MP.

REGY
(1.13H-1.1FH)
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6.20 Display Data Area Shifting Down

Input Qutput
vapriables Flowchart (49) Processing and remarks varigble

( SDSHFD )

RREG10 ~— MPH
RREG11 «— MPL

Saves value of MP,

MPH «— 8H
MPL— 1H
— (RDLSD ~2H)
RREGO ~— 7H - (RDMSD - 1H)
> (0.16H-0.1EH}
RREGT

~ { {MP) , (RREGO) ]

RREGD «— RREGO - 1H Shifts data of display data area

1 byte left.

[ (MP), (RREGO) ]
+— RREG1

RREGO +— RREGO + 2H

RREGO=0H ?

: Clears most significant digit of RDMSD
RDMSD +— OH "
display data area to 0. {0.1FH)
MPH <— RREG10
MPL «— RREG11 Restores value of MP.

= )
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6.21 Display Data Area Shifting Up

Input . Cutput
variables Flowchart (50) Processing and remarks variable
( SUSHFD )
RREG10 «— MPH Saves value of MP.
RREG11 ~— MPL
MPH ~— 8H
MPL — 1H
(RDLSD + 1H)
RREGO +— EH -RDMSD
{0.19H-0.1FH)
RREG1

— [ (MP) , {RREGD) ]

RREGO — RREGO + 1K Shifts data of display data area
1 byte right.

[ (MP), (RREGO) ]
+«— RREG1

RREGQ +— RREGO ~ 2H

N RREGO < 8H ?
Y
Clears least significant digit of RDLSD
RDLSD = 0H display data area to 0. (0.18H)
MPH «— RREG10
MPL «— BREG11 Restores value of MP.

= )
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6.22 REGY Shifting Up

Input Output
var:i ables Flowchart (51) Processing and remarks varizble

( SUSHFY )

RREG10 <~ MPH

RREG11 +~ MPL Saves value of MP.
MPH +— B8H
MPL «— 9H
{RYLSD + 1H)
RREGO «— EH "RYMSD
{(1.17H-1.1FH)
AREGH

~— [ (MP), (RREGD)]

RREGO +— RREGO+ 1H Shifts mantissa data of REGY
[ 1 byte right.

[ (MP), {(RREGQ) ]
+— RREG1

RREGQ +— RREGO-2H

N RREGO <6H 7
Y
Clears least significant digit of RYLSD
RYLSD <= OH REGY to 0. (1.16H)
MPH <— RREG10 Restores value of MP.
MPL «— RREG11

= )
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6.23 Data Transfer Processing

Input Output
variables Flowchart (52} Processing and remarks Varigme
( STRAN
RREG10 «— MPH Saves value of MP.
RREG1T «— MPL
MPH ~— BH
RREGO RREG2 — 3H REGD
(0.00H) - Transfers data among display | (0.13H-0.1FH)
] data register, saving registers,
RREG1 and floating-point registers. REGZ
(0.01H) MPL «— RREGO {0.23H-0.2FH}
REGZ RAEG3 RREGO: N .0;5-? ?((JFH)
{0.23H-0.2FH) — [ MP), (RREGZ} ] Row address of transfer
source
REGX REGY
(1.03H-1.0FH) MPL +— RREG1 (1.13H-1.1FH)
RREG1:
REGY [ MP) (RREG2) | Row address of transfer
13H-1, - destinati
(1.13H-1.1FH) — RREG3 estination
RREG2 +— RREG2 + 1H
N
Y
mgr: :2:5‘11? Restores value of MP.
( 8ET
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6.24 Operation Result Conversion Processing

Input Output
vapriables Flowchart {53} Processing and remarks variZble
SFIX )
RREGO — 8H
RREG1 — 1H
'Transfers data of REGX to
REGD.
STRAN (52)
RDEXP
(0.14H) RDEXP = OH ?
, Characteristic data of
operation result 00H?
RDEXP+1H
RDEXP + 1H) = 0H ?
(0.15H) ¢ +H)=0
Y
- RDEXP
RDEXP < 1H h .
Sets characteristic data to 1 (0.14H)
RDEXP+1H .
(0.15H) (RDEXP = 1H)=FH ? Characteristic data less than 07
Y
Shifts data of display data area
SDSHFD (48} 1 byte left.
| {54 I
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Input Output
vapriables Flowchart (54 Processing and remarks varizbie
RDSIGN .
(0.13H) RDSIGN =1H ? Result of cperation less than 07
Y
Sets display data “-" in most RDMS3G
RDMSD — BH significant digit of display data (0.1FH)
area.
Sets display data of space in RDMSG
RDMSD +— AH most significant digit of display (0.1FH)
data area.
RDEXP+1H o
{0.15H) (RDEXP + 1H) =FH ? Characteristic data less than 07
Sets low-order digits of RPTLOC
BPTLOC +— RDEXP characteristic data in decimal- (0.11H)
peint position area.
l 458) |
RREG10 «— MPH Saves value of MP.
RREG11 +— MPL
MPH ~— 8H
MPL — 1H Sets MP.
! (55 I
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Input Output
vaﬁiabies Flowchart {55} Processing and remarks varigble
0,
RREGO ~— 7H
RDLSD
RREG1 - (RDMSD - 1H)
«[ (MP) , (RREGOD) ) (0.18H-0.1EH)
RREGO «— RREGO - 1H
[ (MP) , (RREGD) ]
- RREG1
RREG( «— RREGO + 24
| Converts floating-point format
data to fixed-point format data.
Y
(RDMSD — 1H) «— OH
21
RDEXP <— RDEXP + 1H RDEXP
(RDEXP + 1H) RDEXP + 1H
+«— {RDEXP + 1H) + CY (0.14H-0.15H)
Y
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17K Series Application Note

Input Qutput
vaF:'iab!es Flowchart (56) Processing and remarks varigble
MPH — RREG10
MPL “— RREG11 Restores vaiue of MP.
Sets 1H in display data exponent RDEXP
RDEXP — 1H area. {0.14H)
Sets 1H in decimal-point position RPTLOC
RPTLOC —1H area. {0.11H)
Sets FH in sign display position
RSINLOC — FH area. sndspayp RSINLOC
(0.12H)
\
RDLSD=0H?
RPTLOC — RPTLOC + 1H RPTLOC
(0.11H}
Display data zero suppression
SDSHFD 49y
RDMSD - AH RDMSD
(C.1FH)
RSINLOC “— RSINLOC — 1H H(% ”;“2-3)0
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6.25 Display Data Conversion Processing

input Output
vap;iables Flowchart (57) Processing and remarks varigble
STRNDY
SRYCLR {48) Clears REGY.
RDEXP " . .
(0.14H) RDEXP = 8H 7 Decimal-point key pressed?
Y
RNUMC RDEXP «— RNUMG Sets value of numeric key counter RDEXP
(0.10H) in display data exponent area. {0.14H)
RREG10 «— MPH
RAEG11 «— MPL Saves value of MP.
MPH +- 8H
MPL — 1H
ADLSD RAEGO — FH
-RDMSD
(0.18H-0.1FH) N
RREGt Repeats checking of display
“—[(MP}, (RREGO) ] data starting with most
significant digit until data
other than space is found.
N
Y [G8) ]
RREGO +— RREGO — 1H
/
6-58
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Input Qutput
vaF:'iab[es Flowchart {58) Processing and remarks varizble

Value of display data less than
0?

RREG1=BH?

Decrements address pointer of

RREGD -— RREGO -~ 1H display data area by 1.

Sets minus sign in sign area of RYSIGN
RYSIGN «— 1H
REGY. (1.13H)

Sets plus sign in sign area of RYSIGN
RYSIGN OH REGY. (1.13H)

I {59) I
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input Cutput
vap;iames Flowchart {59) Processing and remarks varigble
3
RREG1 ~— EH
ROLSD RYLSD
-RDMSD MPL+—1H -RYMSD
(0.18H-0.1FH) (1.16H-1.1FH)
RREG2
+~ [ {MP) , (RREGO) ]
MPL <= 9H Transfers numeric data of
display data area to mantissa
of REGY.
[ (MP} , {RREGT) ]
+— RREG2
RREG1 +— RREG1 — 1H
RREGO «— BRREG0 — 1H
RREGD < 8H ?
/
Y
MPH <— RREG10
MPL - RREG11 Restores MP data.

RDEXP RYEXP «— RDEXP Transfers data of display data RYEXP
RDEXP + 1H (RYEXP + 1H) exponent area to characteristic | RYEXP + 1H
{0.14H-0.15H) «- (RDEXP + 1H} of REGQY. (1.14H-1.15H)

i {60 I
6 - 60
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Input Cutput
var;iables Flowchart (60) Processing and remarks varigbie
®
|
RREG3 —&H
RREG3 +— RREG3 - 1H
RREG3=0H 7
¢t REGY zero suppression
{(RYMSD - 1H)=0H ?
Y
SUSHFY {51}
RYEXP +— RYEXP — 1H RYEXP
(RYEXP + 1H) RYEXP + 1H
+~{RYEXP + 1H)-C¥Y . {1.14H-1.15H}
7
) RDEXP
RDEXP +~ 8H Resets display data exponent | gpexp 4 14
RDEXP + 1H +—0OH area, {0.14H-0.15H)
RNUMC +—0H Resets numeric key counter.
( RET )
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6.26 Display Data Output Processing

Input Qutput
vaF:iab!es Flowchart (61) Processing and remarks varigble
SDISP
RREG10 — MPH
RREG11 «— MEL Saves value of MP.
MPH «— 8H Sets MPE.
Sets stari column address of
ggggo : 33 display data area in RREGD, and
RREG;«-gH sets start address of segment
data area in RREG1-RREG2,
RPTLOGC Sets decimal-point display
(0.11H) RREGS «— FH - RPTLOC position in RREG3,
— Sets start address of segmant
AR «— TSEGDAT data table in AR.
\
MPL «-1H
) ¢ Reads display data.
RDLSD
~ROMSD RREG4
(0.18H-0.1FH) “— [ (MP), (RREGO) ] )
\
RREG4 =0H 7
N e ]
— Specifies address of segment
AR AR+ 1H  data to be referanced, from read
display data.
RREG4 +—— RREG4 - 1H
4
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Input . Quiput
variables Flowchart (62) Processing and remarks variable
O
DBF «— (AR) Reads segment data.
RREGO = RREG3 ? Decimal-point display position?
Y
Converts segment data to data
DBFO «~ DBFOV1H with decimal point.
5
MPL «— RREG1
LCDDO
[ (MF) . (RREG2) ] -LCDD3t
— DBFO (0.40H-0.5FH)
RREG2 «— RREG2 + 1H
[ (MP) , (RREG2) ] | Outputs segment data to
+— DBF1 segment data area.
RREG2 +— RREG2 + 1H
[ (MP) , (RREGZ} ]
<— DBF2
ED
&
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Input . Output
variables Flowchart (63) Processing and remarks variable
0,
\
RREG2 «— RREG2 + 1H
[,_(“;'3?,:'3 (RREG2) | OQutputs segment data to
3
segment data area.
RREG2 «— RREG2 +1H
RREG1 +— RREGt + CY
7
RREGO «— RREGO + 1H
) Segment data output
completed?
N
RREGO =0H ?
/
Y
| 1) I
MPH «— RREG10
MPL +— RREG11 Restores valus of MP.
RET )
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7.1 Numeric Control Format

The arithmetic package handles data to be operated, operation data, and operation results
as floating-point decimals as shown in Figure 7-1.

For control, operation data and data to be operated are divided into three parts: a sign
part (1 bit) for expressing the sign (plus or minus) of a numeric, a characteristic (8 bits)
for storing a decimal-point position {n of 10"}, and a mantissa (40 bits) for expressing a
decimal excluding a sign and decimal point.

Figure 7-1. Numeric Control Format

Sign Part
Rhee o | L0 i Manisa | P
e Sign part : 1 bit (One nibble is allocated on RAM.)
e Characteristics (2 hexadecimal digits) : 2 by 4 bits
s Mantissa (10 decimal digits) : 10 by 4 biis, 1 integer digit

9 decimal fraction digits

The numeric control format is expressed as follows:

N (_1)(value of sign part) y {(value of mantissa) x 10 (value of characteristic)
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Chapter 7 Floating-Point Format (Data Storage Format on RAM)

7.2 Floating-Point Registers

With the arithmetic package, three floating-point registers are available which can handle

floating-point decimals.

Figure 7-2 shows the RAM allocation image of the floating-point registers.

Figure 7-2. RAM Allocation Image of Floating-Point Registers

Register name

Floating-point register 1
(REGX)

Floating-point register 2
(REGY)

Floating-point register 3
(REGW)

RXSIGN RXEXP RXLSD

RAM allocation image

RXMSD
{1.0FH)
|

1.03H 1.08H
(.0 )l——f—l( ! .)

TR B s
R . - . . IR
TS e g g
0 . 1 — _ B

Register function

Data to be operated
Result of operation

Operation data

Work register

When the arithmetic package is used, each operation function is called after data to be
operated is set in REGX, and operation data is set in REGY. Each operation ends after

storing the result of operation in REGX.

For details of the flow of data between registers, see Section 8.2.
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7.3 Parts of Floating-Point Format
This section describes each part of floating-point decimals.
(1) Mantissa

The mantissa represents a significant part of a numeric by using 10 digits: a 1-digit
integer part and a 9-digit decimal fraction part. The mantissa holds the absolute
value of a normalized decimal.

Normalization adjusts the characteristic and mantissa to bring the mantissa into a
specified range. For all numerics except 0, the arithmetic package sets the range
of the mantissa as follows: 0.1 £ mantissa< 1. So, when normalization is performed,
the characteristic is adjusted so that the integer part holds 0, and the mosi significant
digit of the decimal fraction part holds a number other than 0.

Table 7-1 indicates examples of normalization.

Table 7-1 Examples of Normalization

Number before normalization Normalized Number
3729.45 0.372945 x 104
0.8765 0.8765 x 10°
0.00054 0.54 x 1078

(2) Characteristic

The characteristic uses 2 hexadecimal digits to represent a base-10 exponent for a2
numeric to be expressed.

For a negative numeric, a twos complement is used.

Figure 7-3 shows the correspondence between characteristic representations and
exponents.

Figure 7-3 Correspondence between Characteristic
Representations and Exponenis

Exponent --- 107 108 ... 102 101 109 10t 102 ... 1q—5 1(3-6
1 i | 1 | ] ]
1 1 I I I ] t 1 1

Characterisctic --- 07 06 - 02 o1 Q0 FF FE -« FB FA -

Remark: The twos complement of an n-digit binary number is 2" less the binary number.

(3) Sign part
The sign of a numeric is represented using 1 bit.

For a positive numneric, the sign bit is reset to 0. For a negative numeric, the sign
bitis setto 1.
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7.4 Examples of Storage in Floating-Point Registers

This section provides some examples of storing floating-point decimals in floating-point
registers.

(1) 2864439 — 0.286443900 x 107

ol7i0loioigisiaisatgigialo

: i MSD !
Sign: Charac- }LSD Mantissa b
Part * teristic -
(2) —0.000924 —> —0.924000000 x 10=
1|{DiFloioloio!olo:4iziagio
H : MSD !
Signi Charac- S0 Mantissa S :
Part* fteristc

(3) 0 — 0.000000000 x 10°

of|o!o oioio;o-o:o’oioioio

' iLSD
Signi Charac- | Mantissa '
Part * teristic
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8.1 List of Subroutines

Table 8-1 lists up the subroutines.

17K Series Application Note 8-1



Chapter 8 Explanation of Arithmetic Package

Table 8-1. Subroutines

{2} 6e8 “0 0} MD3H |0 BSSILBW 9L SIERID 2 (0) Jesp saisiBod | HIOMHS
(1} 68 0.0} X3H JO BSSUBLL PUE 'onsuejozieys bed UB)S sy SiEal) L {0) seep 1a1siBay | H1OXYS
el ees WP | MDTH 10 BSSIUEL BY) UKOP SHIUS g umop-yiys JelsiBey | MJIHSOS
(g e UEIP | ADTY J0 BSSHUBL BU) UMD SYIUS Z umop-yiys JaisiBsy | A4HSAS
(1) ges “WBIP | XD3H 10 BSSIUBLI B} UMOP SYIUS L umop-yiys JeisiBay | X4HSAS
@ Le8 “WBIp | MD3Y Jo essiuew sy dn SYIS 2 dn-yuus JeisiBey | M-HSNS
(e 6P | XO3Y 1o SsYUBW 8L} dn SYuS L dn-puys seisiBed | XJHSNS
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Chapter 8 Explanation of Arithmetic Package

8.2 Arithmetic Operations
The arithmetic package provides four arithmetic operation functions.
(1) Floating-point addition (SFPADD)

This function adds the value of REGY as an addend to the value of REGX as an
augend.

(2) Floating-point subtraction (SFPSUB)

This function subtracts the value of REGY as a subirahend from the vatue of REGX
as a minuend.

(3) Floating-point multiplication (SFPMULT)

This function multiplies the value of REGY as a multiplicand by the value of REGX
as a multiplier.

(4) Floating-point division (SFPDIV)

This function divides the value of REGX as a dividend by the value of REGY as a
divisor.

Remark The resuit of operation is stored in REGX at the end of operation.

8.2.1 Floating-Point Addition (SFPADD)

(1) Processing

The floating-point number of REGY is added to the fioating-point number of REGX
in decimal, then the result of operation is stored in REGX and normalized.

(2) Input condition
A normalized augend and addend are to be stored in REGX and REGY, respectively.
(3) Output result

» The normailized result of operation is stored in REGX.

» REGY holds an addend which, however, is not normalized.
(4) Work area used
REGX
REGY

REGW (used to save a sign and exponent difference, and find a twos complement
for a negative operation result)

RREGO, RREG1 {used to exchange AEGX data with REGY data)
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(5) Nesting level
2 levels
(6) Processing procedure

Addition is performed using steps (a), (b), (c), (d), and (e) in this order.

(a) Digit alignment of a mantissa and mantissa to be operated

First, REGX and REGY digitalignmentis performed. When the fixed-point format
is used, digit alignment is performed for operation. The floating-point formatused
with the arithmetic package allows fixed-point format addition to be performed

by adjusting the exponents,
(i) A difference between the exponents of REGX and REGY is found.

(i) Then, the value of REGX is exchanged with the value of REGY as required
so that REGX holds the value with a greater exponent.

When add processing is performed later, the mantissa of REGY is shifted down
so that the characteristic of REGY can match the characteristic of REGX. For
this purpose, REGY must hold a smaller absolute value than REGX. Forregister
exchange, work registers RREG0 and RREG1 are used.

The values of REGX and REGY are not exchanged with each other when there
is no exponent difference or when the characteristic data of REGX is greater than
the characteristic data of REGY.

(i) Operation processing is continued when the exponent difference is less than
10.

When the exponent difference is 10 or greater, the operation ends, treating the
value of REGX as the result of operation. This is because the mantissa available

with the arithmetic package is 10 digits long, and smaller values cannotbe stored.

(iv) In add processing, the mantissa of REGY is shifted down (for digit alignment)
so that the characteristic value of REGY can maich the characteristic value
of REGX to allow the mantissa of REGY to be added to the mantissa of REGX.
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An example of digit alignment is given below.

68.372 (REGX) + 245.91 (REGY)
= (0.68372 x 10%) + (0.24591 x 103)

; REGY is exchanged with REGX because the exponent of REGY is
greater than the exponent of REGX.

= (0.24591 x 10%) (REGX)
+ {0.68372 x 103 (REGY)
= (0.24591 x 109)
+ {0.068372 x 10%)

; The mantissa of REQY is shifted down so that the exponent of REGY
can match the exponent (10%) of REGX.

(b) Add processing when the operation data and data to be operated have the
same sign

When REGX and REGY have the same sign, the absolute value of the mantissa
of REGY can be added to the absolute value of the mantissa of REGY to find
the result of operation. So, the SADD subroutine is called for mantissa addition
in decimal.

{c) Add processing when the operation data and data {o be operated do not
have the same sigh

When REGX and REGY do not have the same sign, the addend and augend are
treated as a subtrahend and minuend, respectively, to find the result of operation
by subtraction. So, SSUB subroutine is called for mantissa subtraction in

decimal. The result of operation is stored in the mantissa of REGX.

{d) Finding a twos complement for the result of operation

When the processing of {c) produces a negative value (when the mantissa of
REGY is greater than the mantissa of REGX before operation), the twos
complement of the resultant mantissa is found, then the sign bit is inveried to
produce the result of operation.

{e) Normalization

Before processing termination, the SNML subroutine is called to normalize the
result of operation held in REGX.
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(7) Flowchart of floating-point addition

Input Output
va?‘iables Fiowchart (64) Processing and remarks varigble
( SFPADD )
I
RPH «— 1H .
RPL ~— 4H Sets general-purpose register at RPH
row address 2H of BANK1. RPL
|
REGY
Rw! «— RYSIGN i
(1.13H-1.1FH) SIGN | o, | Holds sign of addend.
>
REGX RWEXP «— RXEXP — RYEXP Finds exponent difference (for
(1.03H-1.0FH) (RWEXP + 1H) — (RXEXP + 1H) digit alignment to allow additional
. ‘ — (RYEXP + 1H)-CY and subtraction).
|
RPH «— OH Sets general-purpose register at RPH
RPL < OH row address OH of BANK 0. RPL
(RWEXP + 1H) - Exponeont of REGY (addend)
10008 % OH ? greater?
RWEXP ~— RWEXP@ 1111B
(RWEXP + 1H)
— (RWEXP + 1H) 11118 Finds absolute value of exponent
| difference (for digit alignment).
RWEXP «— BWEXP + 1H
[
REGX (augend) «—» REGY
SCHGXYEX (84} (addend)
I
FEXCHG «— 1 Sets register exchange flag.
|
N Exponent difference equal to or
greater than 107
{Note)
Y (66) Register exchange flag set on?
Y
N (5]
1
( RET ) \/
(Note)  Jumps to @ of flowchant <66>.
8-6
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Input . Qutput
variables Flowchart {(65) Processing and remarks variable
O,
RPH = 1H Sets general-purpose register at RPH
RPL +— OH row address OH of BANK1. RPL
AYEXP «— RXEXP .
(RYEXP + 1H} = (RXEXP + 1H) Restores characteristic of REGY.
RYLSD ~— RXLSD

(RYLSD + 1H) ~— (RXLSD + 1H)
(RYLSD + 2H) — (RXLSD + 2H)
(RYLSD + 3H) <~ (RXLSD + 3H)
RYLSD + 4H) ~— (RXLSD + 4H
gRYLSD : SHg ‘_%HXLSD + SH; Restores mantissa of REGY.
(RYLSD + 6H) ~— (RXLSD + 6H)
(RYLSD + 7H) *— (RXLSD + 7H)
(RYLSD + 8H) — (RXLSD + 8H)

RYMSD -~— RXMSD
BPH — OH Sets general-purpose ragister at RPH
row address OH of BANK 0,
RXSIGN — BWSIGN i j REGX
Stores sign of result of cperation. (1.03H-1.0FH)
FEXCHG +— 0 Clears register exchange flag.

= )
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Input Output
variables Flowchart {66) Processing and remarks varigble
O
Decrements
RWEXP «- RWEXP - 1H exponent
difference. Digit
alignment (to
increase
smaller
Y Exponent exponent to
CY=17 difference maich
eliminated? greater
N exponent)
Shifts down
SDSHFY 90) operation data. /
RYEXP — RXEXP Match characteristic values.
REGX (augend) exchanged with
FEXCHG =17 REGY (addend)?
Y
REGX «— REGY (to return to
SCHEXY 85) original state)
Clears register exchange flag.
FEXCHG +— 0
REGX and REGY have same
sign?
8-8
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Input . Output
variables Flowchart (67} Processing and remarks variable
Sets row address of REGY in IXM
XM -—1H index register.
SSUB @1) (F;I(Ejg;(née)lugend) - REGY
N
CY=17 Borrow produced by
subtraction?
Y
Inverts sign of REGX
RXSIGN ~ RXSIGN €2 00018 result of (1.03H-1.0FH)
operation.
SRWCLR {93) REGW « ALL 0
Changes
representa-
REGX tion includ-
{result of ing comple-
SCHGXW (86 operation) ment to
«—3 REGW representa-
tion includ-
. ing no
index register complement.
XM —2H — row
address of XM
REGW
REGX (0) —
SSUB 81 REGW (result
| of operation)  /
SNML {76 Normalizes result of
operation.
RET
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Input Qutput
va?'i ables Flowchart (68) Processing and remarks varigble
O,
— Sets general-purpose register at
XM = 1H row address 2H of BANKA. IXM

(80) REGX (augend) + REGY

SADD (addend)

| {67) I
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8.2.2 Floating-Point Subtraction (SFPSUB)
{1) Processing

The floating-point number of REGY is subtracted from the floating-point number of
REGX in decimal, then the result of operation is stored in REGX and normalized.

(2) Input condition
A normalized minuend and subtrahend are to be stored in REGX and REGY, respectively.
(3) Output result

+ The normalized result of operation is stored in REGX.
¢ REQGY holds a subtrahend which, however, is not normalized.

(4) Work area used
REGX
REGY

REGW (used to save a sign and exponent difference, and find a twos complement
for a negative operation result)

RREGO, RREG1 (used to exchange REGX data with REGY data)
(5) Nesting level
2 levels
(6) Processing procedure
Subtraction can be handled as addition by inverting the sign bit of a subtrahend.
So, subtraction is performed using steps (a) and (b) in this order.
(a) Inverting the sign bit of a subtrahend
Invert the sign bit of REGY.
{b) Floating-point add processing

Processing after (a) is the same as for addition. So, floating-point addition
{(SFPADD) is used for subsequent processing.

For details, see the processing procedure of floating-point addition
(SFPADD).
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(7) Flowchart of floating-point subtraction

Input - Output
vaFtJ'i ables Flowchart (69) Processing and remarks varizble
( SFPSUB )
RPH +— 1H Sets general-purpose register at RPH
RPL «— 4H row address 2H of BANK1. RPL

i 1;:_?\{1 - RWSIGN — RYSIGN & 00018 Saves inverted sign of

subtrahend.
I {64} l
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8.2.3 Floating-Point Multiplication (SFPMULT)

(1) Processing

The floating-point number of REGY is multiplied by the floating-point number of REGX
in decimal, then the result of operation is stored is REGX and normalized.

(2) Input condition

A normalized multiplier and multiplicand are to be stored in REGX and REGY, respectively.

Remark For multiplication only, REGX is to hold an operation data {multiplier) and REGY is to
hold data to be operated (multiplicand).

(3) Ouiput result
¢« The normalized result of operation is stored in REGX.
* REGY holds a multiplier.

(4) Work area used
REGX
REGY

REGW (used to save the sign of the result of operation, save an exponent, and
store a multiplier, and also used as a counter)

RREGO (used to restore a saved sign)
(5) Nesting level

2 levels
(6) Processing procedure

The multiplication function of the arithmetic package follows a procedure used by
the human to do calculation on a piece of paper with a pencil.

An example of multiplication (25.7 x (-0.32)) is given below to review the hand-
writing multiplication procedure.

Figure 8-1. Example of Hand-Writing Multiplication

+ 257
x(— 0.32)
514 @ (1)
771 - @ (2)
— 8224
TT
(ORONEY

<1> The sign of the result of cperation is found. When a multiplicand and multi-
plier have the same sign, the result of operation has the plus sign. When a
multiplicand and multiplier do not have the same sign, the result of operation
has the minus sign. This example multiplies a positive number by a negative

number, so that the result of operation has the minus sign.
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<2> The digits of a multiplicand are multiplied by each digit of a multiplier, start-
ing with the least significant digit of the multiplier. In this operation, the
decimal point is ignored.

(1) 257 x 2 is performed.

(2) 257 x 3 is performed. Multiplier 3 in this multiplication is in the tens digit
position, so that the result of multiplication is shifted 1 digit left when written
down.

<3> The result of multiplication by one digit of the multiplier is added to the result

of multiplication by the other digit of the multiplier.

<4> The position of the decimal point in the result of operation is found. In this
example, the multiplicand is 257 x 107, and the multiplier is 32 x 1072, so
that the result of addition of 3 above is multiplied by 10-2. This means that
the decimal-point position is placed between the third digit and fourth digit
counting from the least significant digit.

From the above, the result of 25.7 x (~0.32) is —8.224.
The arithmetic package carries out multiplication as described below.
The example below uses 351.82(REGX) x (-0.0947)(REGY) for explanation.

35182 = 0.35182x10°
—0.0947 =-0.847 x 107

REGX 0|3;0|0D;0:0:0:2:8:11i513!0
REGY 1| FiFj0Oi0i0: 0! 007 :4:i9:0
Signi Charac- ELSD Mantissa MSDE

Part * teristic

(a) Multiplication of the sign part
The sign of the result of operation is found (by (REGX sign part) @ (REGY sign
part}}. When the multiplier and multiplicand have the same sign, the result of
operation has the plus sign (with the sign bit set to 0}. When the muitiplier and
multiplicand do not have the same sign, the result of operation has the minus sign
(with the sign bit set to 1). The resultant sign is saved to the sign part of REGW.

REGX ocls:0|0:0:0: 01218 4%1:51:i310
@&
REGY 1y F T F|lOi 010101007 141910

* {Note)
REGW I SIS U U U U S R T S

] ] 1 1 1 1 1 1 1 r
L i L 1 ), L 2 L L

‘ : MSD
Sign: Charac- :LSD Mantissa :

Part = teristic

{Note) Each position marked with “~" holds an undefined value.
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(b) Shifting up the multiplier 1 digit

The mantissa of REGX is shifted up 1 digit with SUSHFX, and 1 is sub-
tracted from the characteristic of REGX.

REGX ol2;0)lo0:0:0:030i2i18:1151:3

REGY 1{FI'F| 0 0:0:0:0:06! 741910

eaw |1 [ =i =[—i-i—i—i-i-i-i—1-1—
! iLSD MSD
Signi Charac- | Mantissa :

Part *  teristic

The reason for shifting up REGX is described below.

The purpose is to minimize the error of operation. If multiplication is per-
formed using a value just normalized, the resultant mantissa can be a lower-
digit decimal fraction. In such a case, normalization performed at a later
stage stores 0 in the least significant digit of the mantissa, thus resulting in a
greater operation error. So, the multiplier is shified up 1 digit before multipli-
cation to minimize an error that can be caused by the mantissa resulting in a
lower-digit decimal fraction.

Example of a mantissa resulting in a lower-digit decimal fraction:

0.33333(REGY) x 0.22222(REGX)
= (0.33333 x 0.22222) x 100+ 0)
=0.074072592 x 100 ; Causes the mantissa to result in a lower-digit decimal
fraction.
=0.740725920 x 1071 ; Stores 0 in the least significant digit by normalization
d
Example of operation with a multiplier shifted up 1 digit:
= 0.33333 x (2.2222 x 1071} ; Shifts up REGX 1 digit.
= (0.33333 x 2.2222) x 10{0 + 1)
= 0.740725926 x 10~
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(c) Characteristic addition

The characteristic of the result of operation is found. The characteristic of
the multiplier (REGX) is added to the characteristic of the multiplicand
(REGY) with SADDEX, then the result of addition is stored in the characteris-
tic of REGX.

e
®
-
o
-

REGX ol2:ejo0o:0:0:0!0

REGY 1 F

REGX oj1io0|loio:iototo:2igi 11513

reaw | 1] [T f-i-i—T—i_i_T—
' LSD D:

Signi Charac- S Mantissa MS ‘

Part = teristic ’

{d) Multiplier transfer and operation result area clearing

The mantissa of REGX is exchanged with the mantissa of REGW by using
SCHGXW, then REGX is cleared to 0 with SRXCLR. This processing is
required to store the result of operation in REGX. After REGX is cleared to

0, the exponent of the result of operation is restored in the characteristic of

REGX.
REGX ojti0|0:0:0i0i0}0:0!0:0! 0
I «<3» Clear {0) |
I
«<d> Restores characteristics <1> Transfers mu|tlplier
<2> Saves characteristics
REGY 1lFiFloitoioio; 001 7:4:0:0
REGW 1tl1i0lo03i0:0:0:0!2:811:5: 3 |
; 1LSD MSD |
Signi Charac- 1 S Mantissa h
Part * teristic
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(e)

Setting of a ten-digit shift-down counter for mantissa

The low-order digit of the characteristic of REGW is set as a ten-digit shift-
down counter for the mantissa.

REGX 0 1

I—

- .(;..
o
o
o

.;..
-(.:.)-.

L .;.

L .;_
;

L .;.

L _;.

REGY 1| FIF o;o;o%ogt);og?i::gg;o
Digits multiplier (Noto)
REGW 1Aoo§o§o§o§o§2§a§1isfa
Ten-digit shifi-down coixnier f'or mar.ﬂEssa I ' l ’ I
Signi Charac- %LSD Mantissa MSDE
Part  teristic

The ten-digit shift-down counter for the mantissa is initialized to the number
of mantissa digits. The purpose is to count the number of mantissa shit-
down occurrences because multiplication {(digit multiplier)(Note)XREGY) is
performed for ail mantissa digits starting with the least significant digit of the
multiplier.

{Note}

Used in step {f) as an area for storing a least significant digit overflow caused by shift-
down. '

(f) Multiplication by each digit of the multiplier

{iy The ten-digit shift-down counter for the mantissa counts down. When the
value of the counter reaches FH, processing of (i} is terminated.

REGX ol1:0|0)0i0i0!0:i0i0}!0}0!0
REGY 1| FIFlolotoioioio!7i4i010
REGW 1{eo}lojoioioio:ioiz2is:tis:3s
Ten-digit shift-down counter for mantissa — 1
: i1LSD MSD
Sign: Charac- . Mantissa :
Part  teristic
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(i) The mantissa of REGW storing the multiplier is shifted down 1 digit with
SDSHFW. The least significant digit that overfiowed as the result of shift-
down is stored in the high-order digit of the characteristic. Such a least
significant digit that overflowed serves as a multiplier (digit multiplier) for digit-
by-digit multiplication.

REGX ol 1to0fo0i0t0r0T0 000+ 0;0

-
o
5
o
-

REGY 1 F

i H H . v ) i 1 1 {Note)
REGW 1 4 21 8:11+5:3:r0:0+0'0:0:10
Digital multiplier
: 'LsD MSD
Signy Charac- | Mantissa '

Part ~ teristic

(Note) Processing of the 6th digit

(iii} The multiplicand is multiplied by each digit of the multiplier. Specifically, the
multiplicand of REGY is added by SADD as many times as the value of each
digit multiplier fo REGX storing the result of operation.

REGX o|l1'0}Jor0 00000000

: 1 ] ] 1 1 : ] 1 1 +
oflt1tr0]l 000300074 980 |=

REGY 1| F{F|O0i0:0!06:0:0:71419:0

REGW 1 42331?5?350%05030§0§0
i
11 4] 8E1§553§050§o§0§0;0
'
140851&55350505050}050
'
1 4F8§155§35050§0§050§0

Digital multiplier

i 'LSD
Sign: Charac- Mantissa

MSD !
Part  teristic ’
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(iv) The mantissa of REGX is shifted down 1 digit with SDSHFX. In hand-writing

multiplication, the result of operation is shifted up 1 digit for each multiplier
digit. On the other hand, the arithmetic package achieves the same effect

by shifting down the sum of the results of operations performed thus far.

REGX 0 10 G+ 0:0

: . : 100498810110
- Shift-down
REGY 1| FIF{0!0:0:0: 0 P49

071490

REGW 1] 4iF| 81115 ; : i

t 1 1 1 1 ] 1
2 A z 2 2 N :

o
Q
o
-

S—

Signi Charac- ELSD Mantissa ‘ MSD:
Part  teristic

(v) Steps (i) through (iv} are performed for the 10 digits of the mantissa {(until

the value of the ten-digit shifi-down counter for the mantissa reaches FH.)

{g) Normalization

The resuitant sign saved in REGW is restored in REGX, then normalization is

performed to complete the processing.

REGX —=| 1| 1t 0fo0!0i4i 51 3:i7:1:3:3:3
- <2> Normalization
<1> Restoration 1tl2i0f0!4:5:3:7:1:313:3:0
REGY 1| F:Fl OO0 0:0:01! 07141910
REGW 1 1 ] FI1 F 1 0301 0:0i010:i0:10:!01i0
' 118D MSD !
Signi Charac- | S Mantissa :
Part  teristic
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(7) Flowchart of floating-point multiplication

Input ) Cutput
variables Flowchart {70) Processing and remarks varizble
( SFPMULT )
RPH «— 1H Sets general-purpose register at RPH
RPL «— OH row address OH of BANKI1. RPL
REGX
{(1.03H-1.0FH) - Finds and saves sign of result
REGY RWSIGN ~— RXSIGN @ RYSIGN of operation.
(1.13H-1.1FH) RXSIGN  RYSIGN — RWSIGN
+ + +
+ e p—
—— + —
- - +
RPH < 0H Sets general-purpose register at RPH
row address OH of BANKO.
SUSHFX @8N Shifts up multiplier.
RXEXP «— RXEXP + FH
(RXEXP + 1H) — Decrements exponent by 1.
(RXEXP + 1H) + FH + CY
Characteristic addition
SADDEX (82) {REGX —REGY) (to find exponent
for product)
SCHGXW {86) REGX «— REGW
Sets general-purpose register at
APH «—1H row address OH of BANK1. RPH
RWEXP +— RXEXP Save characteristic
{(RWEXP + 1H) <=~ (to clear REGX to 0).
{RXEXP + 1H)
SRXCLA @2) Clears entire REGX (product)
to 0.
RXEXP «— RWEXP
(RXEXP + 1H) ~— Restores characteristic.
{RWEXP + 1H)
l {71} |
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input Qutput
vaF;iabIes Flowchart (71} Processing and remarks varizble

©

Sets general-purpose register at
RPH~—OH row address OH of BANKO.
RWEXP «— AH Initializes ten-digit shifi-up counter RPH

for mantissa.

RWEXP — RWEXP — 1H Decrements ten-digit shift-up
counter for mantissa.

Add operations for 10 mantissa
digits completed?

Y
| 72) |
. . REGX
RXSIGN +— RWSIGN Stores sign of result of operation. (1.03H-1.0FH)
SNML {76) Normalizes product.

= )
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Input . OGutput
variables Flowchart (72) Processing and remarks variable
©
SDSHFX {89) Shifts down product area.
SDSHFW on Shifts down multiplier area.
REGW (RWEXP ¢ tH) — . -
{1.23H-1.2FH) {(RWEXP + $H) - TH Decrements digit multiplier.
Add operations performed as
many times as required?
N 7
Sets row address of REGY in XM
(XM ~—1H index register.
REGX (product} + REGY
SADD (®0) (multiplicand)
8-22
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8.2.4 Floating-Point Division (SFPDIV)

(1) Processing

The floating-point number of REGX is divided by the floating-point number of REGY
in decimal, then the result of operation is stored in REGX and normalized.

(2) input condition
A normalized dividend and divisor are to be in REGX and REGY, respectively.

(3) Output result

» The normalized result of operation is stored in REGX. When division by zero is
attempted, an error occurs (the FDVERR flag is set); the processing is terminated,
preserving the dividend stored in REGX.

» REGY holds a divisor.
(4) Work area used
REGX
REGY
REGW (used 1o save the result of operation, and also used as a counter)
RREGO0 (used to check for division by zero)
(5) Nesting level
2 leveis
(6) Processing procedure
An example of division (94.68 (REGX)/7.2531 (REGY)) is given below for explanation.

0468 =0.0468 x 102
7.2531 = 0.72531 x 10!

REGX oj2i0|lotoioioioiBsaielaioio0
REGY oli1toflotoltoiotl1riaisizaizio
: 1LSD i
Sign: Charac- :L Mantissa MSD:

Part teristic
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(a)

Sign part division

The sign of the result of operation is found (by (REGX sign part) @ (REGY sign
part)}, then is stored in the sign part of REGX. When the dividend (REGX) and
divisor {(REGY) have the same sign, the result of operation has the plus sign (with
the sign bit setto 0). When the dividend (REGX) and divisor (REGY) do not have

the same sign, the result of operation has the minus sign (with the sign bit set
to 1).

REGX 0l2;0|0:0:0;0:0:8i6141:91:0
@

REGY oJt1io0|06r0:i0i0i1i31512:7:0

REGX ojJ2io0]loio0i0io0io0oisie:alg o0
Signi Charac- E_LSD Mantissa MSDE
Part *  teristic ’

(b)

(c)

Zero-division check

When the mantissa of REGY is 0, an error occurs (the FDVERR flag is set); the
processing is terminated.

Characteristic subtraction

The exponent of the result of operation is found. The characteristic of the divisor
(REGY) is subtracted from the characteristic of the dividend (REGX) with
SSUBEX, then the result of subtraction is stored in the characteristic of REGX.

REGX oj2:0]loteoloioio:sieidtg !0

REGY 0 1

REGX ol1iolo:otoio:io:i8i6!4:9!0

: iLSD MSD !
Sign: Charac- :LS Mantissa i
Part © teristic ~ ’
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(d} Clearing the operation result area to 0

The mantissa of REGW used to store the result of operation is cleared to 0 with
SRWCLR, and the sign part of REGW is used as a ten-digit shift-up counter for
the mantissa.

4
-
o

o
o
-
-
-

=

=

-
o

REGX 0

REGY 0 1

—

REGW | A|—i—loio0oioi0i0ioio:oiol! o |t
o L Clear (0) J
Ten-digit shifi-up counter for mantissa

H 118D
Signi Charac- | S Mantlissa
Part = teristic

(Note} Each position marked with “~" holds an undefined value.

(e) Division by a restoration method

The arithmetic package uses a restoration method for division. With this method,
a subtraction is carried out, treating a dividend and divisor as a minuend and
subtrahend, respectively. At a second and later steps, the divisor is repeatedly
subtracted from the resuit of each subfraction; the number of subtractions
performed until the result of subtraction becomes negative serves asthe quotient
for the digit.

When the result of subtraction becomes negative, the divisoris added to the result
of subtraction to return the result of subfraction to a positive number. Then, that
positive result is shifted up 1 digit for continued subtraction. This shift-up
operation means that a quotient obtained in the next stage of subtractions is lower

by 1 digit than the previous quotient.
This processing is continued until the result of subtraction becomes 0.

Figure 8-2 shows an example of division using the restoration method.
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Figure 8-2. Example of Division with Restoration Method

Example of . .
2 division Processing Quotient
57 65‘ o <1> g The divisor could be subtracted from the dividend, so quotient 1 is obtained.
el -
10 2> 1
10 T8 | e i af eubtaction ix neaative. <o o ctofentis btained. | 4
0 é The result of subtraction is negative, so no quotient is obtained.
-4
<2: -g The divisor is added to the result of subtraction to retum the result of oparation
1 to a positive number. Then, that positive resuit is shifted up 1 digit.
. é This shift-up operation makes subsequent quetients 1 digit lower.
<3 _Jg The divisor could be subtracted, so quotient 0.1 is obtained, and is added to
3 the previous quotient of 1.
T T
“*® 5 | The divisor could be subtracted, so quotient 0.1 is added to the previous guolient of 1.1.
-:-g- Because the result of operation becomes 0, division processing is terminated.
(i) The ten-digit shift-up counter for the mantissa counts down.

REGX 0j1i0]0i0:i0I0:0:0iI0I0:0 o0
REGY | o[ tio0]loioioio:i1isisizai7:o0
REGW (9| —-i—|0f0i0i0!0t2:8:1i513
Ten-digit shift-up counter for mantissa — 1
Signi Charac- ELSD Mantissa MSDE
Part  tenstic
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(iiy REGY is subtracted from REGX with SSUB. [If no underflow occurs, 1 is
added as a quotient to the least significant digit of REGW.

If an underflow occurs, REGY is added to REGX, then REGX is shifted up 1 digit
with SUSHFX. This shift-up operation allows subsequent subtractions.

REGX o] 1t:0 0000

} <>
ol 1:0}0:0!0:0:9 41112120
‘ <3>
o|tiofloioioioisi1isig!l 4i 0 f=—iUnderow
* <4
: L L L] 1 1 1 L) ) 1 +
ot 1: 0 0 :0:0:0¢+9:4:1 2211
o{1:0f0:0:0:0:0:8:4:1i2;2

REGY 0| 1:0 00001 11315+ 2¢7 10

REGW 9| —1—10}0t0i0i0I0I0iQ0 0
<2>¢

g|—:—}joloitoroioitoioi0oio;0

' : MSD

Sign: Charac- ;LSD Mantissa '

Part ' teristic

(i) The mantissa of REGW is shifted up 1 digit with SUSHFW. This operation
shifts up the result of operation to update the quotient digit.

REGX pl1i0fotiolo0oio0oi0o:gtdi122
REGY o|{1io0|l0oioioioi1i3aisiz2ai7io0
REGW 9| —!—}Joi1i0:0:0i0oio0olo0otioio0
. . Shift-up ——————— .

1 1] MSDI

Sign: Charac- {LSD Mantissa :

Part * teristic
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(iv) Steps (i) through (iii) are performed for the 10 digits of the mantissa (until
the value of the ten-digit shift-up counter for the mantissa reaches FH.)

{f)} Normalization

The mantissa of REGX is exchanged with the mantissa of REGW by using
SCHGXW, then the result of operation is stored in REGX. Next, the resuit of
operation is normalized to complete the processing.

i i3

[44]
(]

REGX o1 io0oloioigiaiy o3

-~ «2> Normalization

———
b~ -— |

51003110

<1» Exchange

REGY 10 0:0

REGW F|l—t~{0:t0:t0:0:0:0:0:0!0:"0
: iLSD MSD §
Sign: Charac- | Mantissa S i
Part " teristic
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(7) Flowchart of floating-point division

Input ) Output
variables Flowchart {73} Processing and remarks variable
( SFPDIV )
FDVERR ¢-0 Clears zero-division error flag. FDVERR
| (1.30H.2)
RPH &« 1H Sets general-purpose register at RPH
RPL ¢ OH row address OH of BANK1. RPL
REGX RXSIGN ¢— RXSIGN () RYSIGN Finds sign of result of operation. REGX
{1.30H-1.0FH) {1.30H-1.0FH)
REGY l
{1.13H-1.17H) RPH < OH Sets general-purpose register at RPH
row address OH of BANKO.
:;a:g: Sets index register at column
IXL ¢— 8H address 6H of BANK1.
|
]
IXE ¢ 1
l
RREGO ¢«— REGY : Divisor [IX]
IXE¢—0
Check divisor {mantissa of
RREGO = 0H ? REGY) for zero.
I {74 I
IXe—IX+1H
Y
A FDVERR
FDVERR ¢ 1 Sets zero-division error flag, (1.30H.2)
= )
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input Output
vaeiabies Flowchart {74} Processing and remarks vérigble

O,
Characteristic subtraction {REGX

SSUBEX &3 — REGY) (to find quotient
exponent value)

SRWCLR ©3) Clears entire REGW {quotient)
to 0.

RWSIGN — AH Initiaizes ten-digit shift-up counter
for mantissa.
Decrements ten-digit shift-up
RWSIGN «— RWSIGN - 1H counter for mantissa.
Subtract operations for 10
mantissa digits completed?
i as)

SCHGXW @6 REQX «— REGW (to transfer

quotient in REGW to REGX)
SNML 76) Normalizes quotient.
RET
8-30
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Input A Output
va?iables Flowchart (75) Processing and remarks varigble
©
SUSHFW {88 Shifts up guotient area.
Sets row address of REGY in XM
IXM «=1H index register.

REGX (dividend) — REGY

SSuB & (divison)

Borrow produced by subtraction?

REGX (dividend) + REGY
SADD @0 (divisor)
SUSHFX {87) Shifts up dividend area.

| (74) I

Adds 1 to least significant digit

RWLSD «— RWLSD «+ 1H of quotient.
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8.3 Other Subroutines
(Internal Routines Not Called by Users)

8.3.1 Normalization (SNML)

Processing

The result of operation stored in REGX is normalized.
When the result of operation is 0, the operation result zero flag (FZERQ) is set to 1.

When the result of operation involves an overflow or underflow, the overilow flag
(FOVER) is setto 1.

An overflow and underflow is detected using the exponent of REGX. An exponent
is represented as a twos complement using two hexadecimal digits, so that the
representable range of exponents is: —128 < exponent £ 127. The arithmetic package
assumes the occurrence of an overflow or underflow when an exponent beyond the
following range results: —64 < exponent < 63. In such a case, the overflow flag is
set. By checking the overilow flag with the system control section, the result of
operation can be prevented from being destructed by an cverflow or underflow.

When an operation preduces a number represented using a higher digit, the least
significant digit of the mantissa is discarded.

0.77777 x 0.88888
= 0.77777 x (8.8888 x 107}
= (0.77777 x 8.8888) x 10(0 + 1)
= 6.913441976 x 10~ ; Discards least significant digit.
= 0.691344197 x 10°

Remark Inthis manual introducing pocket calculator applications based on the arithmetic package,

the overilow flag is ignored.
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+ Flowchart of normalization

17K Series Application Note

input . Output
variables Flowchart (76) Processing and remarks varigbie
( SNML )
FZERO —0 . FZERO
Clears operation result zero flag. (1.30H.1)
FOVER
FOVER~—0 Clears overflow flag. (1.30H.3)
RPH —(OH Sets general-purpose register at RPH
RPL «— OH row address OH of BANKO. RPL
:i;:g’:{ Sets index register at least
IXL ~— &H significant digit of mantissa.
IXE += 1
BEGX — . Operation
(1.03H-1.0FH) RREGO +— REGX : RS0 [1x]
IXE~—0
| Check result of operation
RREGO = OH 7 (mantissa of REGX) for zero.
{77
[X +— X+ 1H
N
Y
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Input Output
va‘?iables Flowchant (77) Processing and remarks vari';b]s
Integer part of result of operation
being 07
Y
Most significant digit of decimal
(RXMSD—~1H)=0H 7 fraction part of result of operation
being 07
SUSHFX &7 Shifts up result of operation.
RXEXP ¢— RXEXP + FH REGX
(RXEXP + 1H) ¢— Decrements exponent by 1. (1.03H-1.0FH)
(RXEXP + 1H) + FH+ CY : .
SDSHFX &9 Shifts down result of operation.
RXEXP «— RXEXP + 1H REGX
(RXEXP + 1H) ¢« increments exponent by 1.
(RXEXP + 1H) +CY {1.03H-1.0FH)
(RXEXP 4+ 1H) -
1000B = OH ? Exponent
: positive?
! {78) l
(RXEXP + 1H) <4H ? Exponent L Overflow
less than 647 decision
Sels FOVER
overflow (1.30H.3)
FOVER ¢— 1 flag.
( RET )
8§-34

17K Series Application Note




Chapter 8 Explanation of Arithmetic Package

17K Series Application Note

Input Cutput
v aﬁi ables Flowchart {(78) Processing and remarks variZble
Exponent egual
(RXEXP + TH)=CH ? to or greater
than —647
N Underflow
" decision
Sets overflow FOVER
FOVER 1 ﬂag_ (1 .30H.3)
( RET )
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Input Qutput
va?iab!es Flowchart {79) Processing and remarks variZbIe
®
SRXCLR (©2) Clears result of operation.
. FZERO
FZERQ «=1 Sets operation result zero flag. | (1 30H.1)

)
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8.3.2 Mantissa Addition (SADD)
- Processing

The mantissa of REGY is added to the mantissa of REGX in decimal, then the
result of operation is stored in REGX. Decimal addition is performed by setting the
BCD flag of the program status word.

« Flowchart of mantissa addition

Input Cutput
va?iables Flowchart (80} Processing and remarks varieptble

(o)

IXH ~— OH Clears index register.
IXL +—QH
Sets general-purpose register at RPH
RPH <—1H row address OH of BANK1. RPL
RPL == 1H Sets BCD flag.
IXM IXE «—1
. Adds index-modified register REGX
REGX REG:( mantgsgg;(—- REt(.BX i : mantissa to mantissa of (1.03H-1 OFH)
(1.03H-1.0FH} mantissa + mantissa [IX] REGX in decimal. ' ’
IXE<—0
Sets general-purpose register at
22[’:8: row address OH of BANKO. RPH
Clears BCD flag. RPL

( RET )
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8.3.3 Mantissa Subtraction (SSUB)

Processing

The mantissa of REGY or REGW is subtracted from the mantissa of REGX in decimal,
then the result of operation is stored in REGX. Decimal subtraction is performed by
setting the BCD flag of the program status word.

Flowchart of mantissa subtraction

Input . Qutput
variables Flowchart (81) Processing and remarks variable
( SsuB
:ﬁf:g: Clears index register.
BPH < IH Sets general-purpose register at RPH
RPL «— 1H row address OH of BANKI, REL
Sets BCD flag.
iXM IXE <=1
REGX REGX i REGX | Subtracts index-modified REGX
# manussa == Rt register mantissa from
{1.03H-1.0FH) mantissa — REGX mantissa [IX] ( mg ntissa of REGX in (1.03H-1.0FH)
decimal.
IXE+—20
— Sets general-purpose register at
A row address OH of BANKO. RPH
Clears BCD ilag. RPL
( RET
8-38
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8.3.4 Characteristic Addition (SADDEX)

- Processing

The characteristic of REGY is added to the characteristic of REGX in hexadecimal,
then the result of operation is stored in the characteristic of REGX.

+ Flowchart of characteristic addition

Input . Qutput
variables Flowchart (82} Processing and remarks variable

( SADDEX )

RPH «— 1H Sets general-purpose register at RPH
RPL ~— OH row address OH of BANK1. RPL
REGX
(1.03H-1.0FH) RXEXP ~— RXEXP + RYEXP Adds characteristic of REGY to REGX
REGY 1%’1%21;;;’1;;'??\93 * characteristic of REGX. {1.03H-1.0FH}
(1.13H-1.1FH)

Sets general-purpose register at
RPH «— OH row address OH of BANKO. RPH

)
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8.3.5 Characteristic Subtraction (SSUBEX)

Processing

The characteristic of REGY is subtracted from the characteristic of REGX in hexadecimal,
then the result of operation is stored in the characteristic of REGX.

Flowchart of characteristic subtraction

Input Qutput
va‘?'iables Flowchart (83) Processing and remarks varigble
( SSUBEX
RPH +— 1H Sets general-purpose register at RPH
RPL < QH row address 0H of BANK1. RPL
(i 0;:_? ?)E)FH) R(’;&’g’(;— ?:?xp (—H?(\éiﬁp Subtracts characteristic of REGY REGX
bl * - + isti . 1.03H-1.0FH
REGY AH) ~ (RYEXP  1H) = OY from characteristic of REGX { }
(1.138H-1.1FH)
Sets general-purpose register at RPH
APH +—0H row address OH of BANKO.
( RET
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8.3.6 Register Exchange
(1) Register exchange 1 (SCHGXYEX)

L]

Processing

The characteristic and mantissa of REGX are exchanged with the

characteristic and mantissa of REGY.

Flowchart of register exchange 1 processing

17K Series Application Note

Input Qutput
vaF:iabIes Flowchart {84} Processing and remarks v;iggle
( SCHGXYEX

IXH =— OH Sets index register at column

[XM «~—8H address 4H of BANK1.

IXL ~— 4H

IXE +~1
REGX
{1.03H-1.0FH) RREGO — REGX [IX]
REGY RREG1 ~— REGY [IX]
{1.13H-1.1FH)
REGX
{1.03H-1,0FH)
REGX [IX] — RREG1 REGY
REGY [IX] «— RREGO Exchanges characteristic (1.13H-1.1FH)
and mantissa of REGX with '
f characteristic and mantissa
of REGY.
IXE+—0
IX+—I[X+1H
N
Y
(e
8 -41



Chapter 8 Explanation of Arithmetic Package

(2) Register exchange 2 (SCHGXY)

« Processing

The mantissa of REGX is exchanged with the mantissa of REGY.

- Flowchart of register exchange 2 processing

Input Output
varl)'iables Flowchart (85) Processing and remarks varigble
( SCHGXY
:ia:%: Sets index register at column
IXL +— &H address 6H of BANK1.
IXE +~—1
REGX
(1.03H-1.0FH) RREGO +— REGX [IX]
REGY RREG1 +— REGY [IX]
{1.13H-1.1FH)
REGX
REGX [IX] +— RREG1 {1.03H-1.0FH)
REGY [IX] < RREGO Exchanges mantissa of REGX REGY
? with mantissa of REGY. {1.13H-1.1FH}
IXE+~—0
X+ IX+1H
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(3) Register exchange 3 (SCHGXW)

«  Processing

The mantissa of REGX is exchanged with the mantissa of REGW.

« Flowchart of register exchange 3 processing

Input , Output
variables Flowchart {86} Processing and remarks variable
( SCHGXW )
IXH ~— 0H Sets index register at column
IXM +~— 8H address 6H of BANK]1.
XL +—8H
IXE ~— 1 )
REGX
(1.03H-1.0FH) RREGO — REGX [IX]
REGW RREG1 — REGY [IX]
(1.23H~1.2FH)
REGX
REGX [IX] — RREG1 (1.03H-1.0FH)
REGW [IX] ~— RREGD REGW
Exchanges mantissa of REGX (1.230-1.2FH)
with mantissa of REGW.
IXE +0
IX+—IX+1H
IXL=0H?
( RET )
8-43
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8.3.7 Register Shift-Up

(1) Register shift-up 1 (SUSHFX)

« Processing

The mantissa of REGX is shifted up 1 digit.

»  Flowchart of register shift-up 1 processing

Input i Output
variables Flowchart {87) Processing and remarks variable
( SUSHFX J
APH —1H Sets general-purpose register at RPH
RPL < 0H row address OH of BANK1. RPL
RXMSD «— (RXMSD - 1H)
{RXMSD — 1H) =~ (RXMSD —~ 2H)
{RXMSD = 2H) «— (RXMSD — 3H)
REGX (RXMSD - 3H) <= (RXMSD - 4H) Shifts up mantissa of REGX 1 REGX
(1.03H-1.0FH) (RXMSD — 4H) “— (RXMSD - 5H} !
At (RXMSD — 5H) « (RXMSD — 6H) digit. (1.03H-1.0FH)
(RXMSD ~ 6H) ~— (RXMSD — 7H}
(RXMSD — 7H} ~— {(RXMSD ~ 8H)
{RXMSD — 8H) «— (RXMSD - 9H)
RXLSD +—0H
RPH +—OH Sets general-purpose register at RPH
RPL < OH row address OH of BANKO. RPL
( RET )
8-44

17K Series Application Note




Chapter 8 Explanation of Arithmetic Package

(2) Register shift-up 2 (SUSHFW)

+ Processing

The mantissa of REGW is shified up 1 digit.

Flowchart of register shift-up 2 processing

input . Cutput
variables Flowchart (88 Pracessing and remarks variable
( SUSHFW )
BPH < 1H Sets general-purpose register at RPH
RPL «— 4H row address 2H of BANK1. RPL
RWMSD +— (RWMSD ~ 1H)
(RWMSD — 1H) +— (RWMSD — 2H)
(RWMSD — 2H) «— (RWMSD — 3H)
REGW Egmmgg - 2:; - sgwmgg - g:; Shifts up mantissa of REGW 1 REGW
(1.23H-1.2FH) {(RWMSD —5H) «— (RWMSD — 6H) digit. (1.28H-1.2FH)
(RWMSD - 6H) «— (RWMSD ~ 7H)
(RWMSD — 7H) +— (RWMSD — 8H)
{(RWMSD — 8H) ~— (RWMSD — 9H)
RWLSD +~— OH
APH +—= 0H Sets general-purpose register at RPH
RPL «— OH row address OH of BANKO. RPL
= )
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8.3.8 Register Shift-Down

(1) Register shift-down 1 (SDSHFX)

+ Processing

The mantissa of REGX is shifted down 1 digit.

+ Flowchart of register shift-down 1 processing

Input . Output
variables Flowchart (89) Processing and remarks variable
L SDSHFX j
RPH +—1H Sets general-purpose register al RPH
RPL +— OH row address OH of BANK1, RPL
RXLSD «— (RXLSD + 1H)
{RXLSD + 1H) +— {RXLSD + 2H)
{(RXLSD + 2H) +— (RXLSD + 3H)
REGX Egitgg + 3:} - §2§t§3 + ‘5&:3 Shifts down mantissa of REGX REGX
= + b + i 1 |—
(1.03H-1.0FH) (RXLSD + 5H) ~= (RXLSD + 6H) 1 digit. {1.03H-1.0FH)
(RXLSD + BH) < (RXLSD + 7H}
(RXLSD + 7H) «— (RXLSD + 8H)
(RXLSD +8H) +— (RXLSD + 9H)
RXMSD +— OH
RPH — OH Sets general-purpose register at " RPH
RPL — OH row address OH of BANKO. RPL
( RET )
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(2) Register shift-down 2 (SDSHFY)

+ Processing
The mantissa of REGY is shifted down 1 digit.

« Flowchart of register shift-down 2 processing

Input Quiput
v a[?iables Flowchart {90} Processing and remarks varizble

o )

RPH «— 1H Sets general-purpose register at RPH
RPL «- 4H row address 1H of BANK1. RPL

RYLSD «— (RYLSD + 1H)
(RYLSD + 1H) “— (RYLSD + 2H)
(RYLSD + 2H) ~— (RYLSD + 3H)

REGY (RYLSD +8H) — (RYLSD + 4H) Shifts down mantissa of REGY REGY
{1.13H-1.1FH) {RYLSD + 4H) < (RYLSD + 5H) 1 digit. (1.13H-1.1FH)
(RYLSD + 5H) +— (RYLSD + 8H)
(RYLSD + 6H) “— (RYLSD + 7H)
(RYLSD + 7H) ~~ (RYLSD + BH)
(RYLSD + 8H) *— {RYLSD + 8H)

RYMSD «— 0OH
RPH +— 0OH Sets general-purpose register at RPH
RPL <+ QH row address OH of BANKQ. RPL

= )
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(3) Register shift-down 3 (SDSHFW)

Processing

The mantissa of REGW is shifted down 1 digit.

Flowchart of register shift-down 3 processing

Input
variables

Flowchart (91}

Processing and remarks

Qutput
variable

REGW
(1.23H-1.2FH)

()

(RWEXP + 1H) ¢— RWLSD

APH ¢« 1H
RPL «—4H

RWLSD ¢— (RWLSD + 1H)
(RWLSD + 1H) ¢— (RWLSD + 2H)
(RWLSD + 2H) ¢<— (RWLSD + 3H)
(RWLSD + 3H) ¢— (RWLSD + 4H)
(RWLSD + 4H) ¢— (RWLSD + 5H)
(RWLSD + 5H} ¢— (RWLSD + 6H)
(RWLSD + 6H) ¢— (RWLSD + 7H)
(RWLSD + 7H) «— (RWLSD + 8H)
{RWLSD + 8H) ¢— (RWLSD + 9H)
RWMSD ¢ OH

RPH ¢ OH
RPL « OH

= )

Saves least significant digit (up-
counter) of mantissa.

Sets general-purpose register at
row address 2H of BANK{,

Shifts down mantissa of REGW
1 digit.

Sets ganeral-purpose ragister at
row address OH of BANKO.

RPH
RPL

REGW
{1.23H~1.2FH)

RPH
RPL
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Chapter 8 Explanation of Arithmetic Package

8.3.9 Register Clear (0)
(1) Register clear (0) 1 (SRXCLR)

+ Processing
The sign part, characteristic, and mantissa of REGX are cleared to 0.

» Flowchart of register clear (0) 1 processing

Input . Output
variables Flowchart {92) Processing and remarks variable

( SHRXCLR )

:m:%}; Sets index register at column
XL« 3H address 3H of BANKT.
3
IXE «— 1
REGX REGX [iX] < OH REGX
(1.03H-1.0FH) (1.03H-1.0FH)
IXE «— 0 Clears sign part,
characteristic, and mantissa
of REGX to 0.
X+~ 1X+1H

IXL=0H7

= )
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Chapter 8 Explanation of Arithmetic Package

(2) Register clear (0) 2 (SRWCLR)

* Processing
The mantissa of REGW is cleared o 0.

» Flowchart of register clear (0) 2 processing

nput Output
vapriables Flowchart (93) Processing and remarks variZble
( SRWCLR )
Sets index register at column
o :g: address 6H of BANKT.
XL ¢ 8H
\
IXE &1
REGW . REGW
(1.23H-1.2FH) REGW [IX] ¢~ OH (1.23H-1.2FH)

IXE ¢-0 ? Clears mantissa of REGW to
0.
X e IX+1H
N
Y

= )
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9.1 System Control Section Program

This section shows the program listing of the system control section of the calculator
described in the application notes.
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Chapter 9 Caleulator Programs

AS17K V1.10 v4 <<

D17201A ASSEMBLE LIST >>

11:22:42 12/20/93 PAGE 01-00%

PROG =
S0URCE = CALCDEF.ASM
E STNO LOC. OBJ. M I SOURCE STATEMENT
1 FARREFERRREREE EFEF R AR R R FE AR PR ARk R AR
2 ] ¥
3 :+ USER NAME : NEC CORPORATION ¥
4 FE] *
5 ;+# SYSTEM NAME : 17K APPLICATION (CALCULATCR) %
6 FE ¥
7 ;% CPU : pPD1I7201A ¥
8 ¥ ¥
9 :% LAST UPDATE : r93/12/20 11:00 ¥
10 HE ¥
11 ;% FILE NAME : CALCDEF .ASM ¥
12 7 x £
13 SRARKEER IR KRR E KRR RN R R R R Rk h Sk kIR F F AR E T E
14 JERFEFFFFHE R RN AFR SR E I AR AR R R AR Rk Rk kR kA
15 HE ¥
16 ;% Control register definitions #
17 IR *
18 JERFRFERFRREFFREERRFASEE AR F AR F Rk IRk kb ek kR
19 PUBLIC BELCW
20 0082 PCC MEM 0.82H ;System ¢lock control register
21 Q083 WIC MEM 0.83H ;Clock-timer/watch—dog-timer
22 ;jcontrel register
23 00al ADM MEM Q0.0AlH ;A/D converter operation mode/pin selection
24 00A2 sIC MEM 0.0R2K ;Serial interface control register
25 00A3 PSL MEM 0.0A3HE ;Port/timer output, LED output, serial
26 ;interface input/output contrel register
27 00A7 PMO MEM 0.0A7H ;Bit I/0 control register
28 0oArR IPF MEM 0.0aFH ;Interrupt enable flag
29 00BR1 LeDC MEM 0.0B1H ;LCD controller/driver control register
30 00B2 LCDM MEM 0.0B2H ;Display mode register
31 00B3 TMCT MEM 0.0B3H ;8-bit timex/counter control register
32 GoB7 BM1 MEM ¢.0B7H ;Group I/0 control register
33
34 EJECT
9-2
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Chapter 9 Calculator Programs

AS17K V1.10 V4 << Di7201a ASSEMBLE LIST =» 11:22:42 12/20/93 PAGE 01-0502
PROG =
SOURCE = CALCDEF.ASM

E STNO LOC., OBJ. M I SOURCE STATEMENT

35 GEFEEARFERFA RN RF IR R FFERF AR E IR ER AR R AR F R AR R R

36 HE ¥

37 I RAM definition %

38 i * ¥

3¢ RERKAREFRFERE SR AT AT FS R EEFRF A RAR AR Rk KRR R AR kKK

40 PR EFREEF R R R E AR AR AR R R AR R E R FE v AR AR Rk

41 HEd BANKC ¥

42 FERRAEAERE R AR R IR RER AR R KA R IR R AR AR R AR SRR kR R Xk

43 PR General -purpose registers +i+

44 0000 RREGO HEM 0.00RH

45 0001 RREGL HEM 0.01H

46 0002 RREG2 MEM 0.02H

47 0003 RREG3 MEM 0.03H

48 0004 RREG4 MEM 0.04H

49 ;RREGS MEM 0.05H

50 ;RREG6 MEM 0.06HE

51 ;RREG7 MEM 0.07H

52 ;RREG8 MEM 0.08H

53 o009 RREGY MEM 0.09RH

54 000A RREG10 MEM 0.0aH

55 Q00B RREGL1 MEM 0.0BH

56

57 T Display data registers (REGD) + 4+

58 0010 RNUMC MEM 0.10H ;Numeric key counter

59 0011 RPTLOC MEM 0.11H ;Decimal-point position area
60 0012 RSINLOC MEM 0.12H :Sign position area

61 0013 RDSIGN MEM 0.13H ;Operation result sign area
62 0014 RDEXP MEM 0.14H ;Display data exponent area
63 0018 RDLSD  MEM 0.18H ;Display data area (least significant digit)
64 001F RDMSD  MEM 0.1FH ;Display data area (most significant digit)
65

656 P+t Saving registers {(REGZ) +++

67 0023 RZLSD MEM 0.23H

68 :RZMSD MEM D.2FH

69 .

70 EJECT
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Chapter 9 Calculator Programs

AS1ITK V1.10 V4 <<

D172012 ASSEMBLE LIST

>» 11:22:42

12/20/93 PAGE 01-003

PROG =
SOURCE = CALCDEF.ASM
E STNC LOC. OBJ. M I SOURCE STATEMENT
71 P+ Key scan ++
72 0030 RKCODH MEM 0.30H ;Key code area {4 high-order bits)
73 0031 RKCODL MEM 0.31H ;Key code area {4 low-orgder bits)
74 0032 RCHCODH MEM 0.32H ;Chattering code area (4 high-order bits)
75
76 0033 RCHCODL MEM 0.33H ;Chattering code area (4 low-order bits)
77 0034 RIPCODH MEM 0.34H ;Input code area (4 high-order bits)
78 0035 RIPCODL MEM 0.358 ;Input code area (4 low-order bits)
78 0036 RCHATC MEM 0.36H ;Chattering counter
80
81 P+t Automatic-power-off timex Py
a2 0038 RSTOP3 MEM 0.38H i3-minute counter (10 ms x 18.000)
83 0039 RSTOP2Z MEM 0.39H
34 003Aa RSTOP1 MEM 0.3aH
a5 003B RSTOPOD MEM 0.3BH
26
87 P+ Operator +t++
88 0060 ROFE MEM 0.60H ;Operator area
8BS 0061 RCOM MEM C.61H ;Area for the operator to be executed
90
9l SRS Mcde
9z 0054 RMODE  MEM 0.64H
93
94 PR System flag area bt
95 0068 RSYSFI.G MEM 0.68H
96 0681 FPER FLG RSYSFLG.0 ;Percent flag
97 Né82 FOPEND FLG RSYSFLG.1 ;Operation end flag
98 0684 FFALSE FLG RSYSFLG.2 ;Illegal-input flag
99 0688 FSTOP FLG RSYSFLG.3 ;Operation stop mode flag
100
101 PR Event flag area +4+
102 0069 REVEFLG MEM 0.69H
103 0691 FKEYREQ FLG REVEFLG.0 ;Key-processing request flag
104 0692 FMULTI FLG REVEFLG.1 ;Multiple key press flag
105 0694 FOPREQ FLG REVEFLG.2 :Operation request flag
106 0698 FSTPREQ FLG REVEFLG.3 ; STOP mode processing request flag
107
108 P+t Port registers +++
109 o070 POA MEM 0.708
110 0071 POB MEM 0.71H
111 0072 POC MEM 0.72H
i12 0073 POD MEM 0.73H
113 0170 BIA MEM 1.70H
114
115 EJECT
9-4
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Chapter 8 Calculator Programs

AS17K V1.10 V4 << D17201A ASSEMBLE LIST »»> 11:22:42 12/20/93 PAGE 01-004
PROG =
SOURCE = CALCDEF.ASM

E STNC LOC. OBJ. ¥ I SOURCE STATEMENT

116 PR ERERERE RN T AR KRR R R F AR R AR K R R EREF LR A H A F

117 FES BANKL *

ilg PR R R R KRR R R AR A XK KRR R R R AR R A X R R ARk

119 J o+ Floating-point register 1 ++

120 0103 RXSIGN MEM 1.03H ;8ign part

121 01904 RYEXP  MEM 1.04H ;Characteristic

122 0106 R¥LSD MEM 1.06H ;Mantissa {(least significant digit}
123 gl0F R¥MSD MEM 1.0FH ;Mantissa {most significant digit)
124

125 P+ Floating-point register 2 o+

126 0113 RYSIGN MEM 1.13H ;Sign part

127 0114 RYEXDP MEM 1.14H ;Characteristic

128 011s RYLSD MEM 1.16H ;Mantissa {least significant digit}
129 01iF RYMSD MEM 1.1FH ;Mantissa [(most significant digit)
130

131 PR Floating-point register 3 +++

132 0123 RWSIGN MEM 1.23E ;Sign part

133 0124 RWEXP MEM 1.248 ;Characteristic

134 0126 RWLSD MEM 1.26B ;Mantissa (least significant digit}
135 012F RWMSD MEM 1.2FH ;Mantissa (most significant digit)
136

137 PR Operation flags +4+

138 0130 ROPFLG MEM 1.30H

139 1301 FEXCHG FLG ROPFLG. O ;Register exchange flag

140 1302 FZERQ FLG ROPFLG. 1 ;Operation result zero flag

141 1304 FDVERR FLG ROPFLG.2 ;Zero-division error flag

142 1308 FOVER FLG ROPFLG. 3 ;Overflow flag

143

144 EJECT

17K Series Application Note 9-5



Chapter 9 Calculator Programs

AS17K v1.10 vd <<

D17201A ASSEMBLE LIST >> 11:22:42 12/20/93 PAGE 01-005

PROG =
SQURCE = CALCDEF.ASM
E STNO LOC. OBJ. M I SQURCE STATEMENT
145 RFREER AR RF R R AR KR ER AR AR R R R R R R R R R R R F
146 i ¥
147 o Constant value definition ¥
148 ok %
149 EAKAE R R E IR R R RN RE AR KRR F R F R R R Rk E R F R Rk
150 JERERFRREKREEFREF TR RRERE R R R RRRE R AR R AR AR R R FE R A&
151 b Hardware %
152 HEEE I T I R e e I e e T S
153 P+t 8~bit medulo register +++
154 00%C CRLHELT DAT 9CH ;Releases the HALT mode (10 ms}.
155 0000 CRLSTP DAT 0H ;Releases the STOP mode.
i56
157 EERFERR KRR AR kKA R Rk kA F R R bR Rk kR R AR AR kR Rk
158 P ¥ System register *
159 PFFREAF TR R R R R RE R R AR KRR AR RS TR RI TR FEFEE S
160 PtEE Data memory row address
16l pointer {(MP) +++
162 ocos CSTMPE DAT 10C0B ;MPH: Indirect addressing (BANKO)
163 0009 CSTBKZ DAT 1001B sMPH: Indirect addressing (BANK2)
164 0008 CSTBK1 DAT 10008 ;MPL: Indirect addressing (BANKL)
165
166 PEREEERRKRFRE R R AR E R E S FEEFF R IR I EF R AR F AR SR F R TR &
187 i Port input/output data/key code X
168 cRFFFRFEFFEFREFE SRR R AR e Rk bbb Rk Rk
169 Pt Key scan signal
170 ; -> Key code {4 high-order bits) +++
171 000E CKSRBO LDAT 11108 :P0OBe cutput
172 000D CKSREl DAT 1101B sPOB1 ocutput
173 oooB CKSRB2 DAT 1011B ;F0B2 ocutput
174 Q007 CKSRB3 DAT 0111B ;P0B: ocutput
175 0000 CKSRCO DAT 00C0B ;B0Ce output
176 0000 CALLLOW DAT 0000B
177 a0cr CALLHI DAT 1111iB
178 0001 COCOHI DAT 0001B
17¢
180 T+t Key return value
igl H -> Key code (4 low-order bits) bt
182 000E CKRETO DAT 11108 :PORe input
183 000D CKRET1 DAT 1101B :POA: input
is4 nooB CKRET2 DAT 10:1B ;PO0A2 input
185 o007 CKRET3 DAT 0111B ;P0As input
186
187 7+t Key code (others) +++
188 Q0FQ CKMLT  DAT QFQH iMultiple key press
189 00FE CROFF DAT 0FFH ;Key~off
190
191 BJECT
9-6
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Chapter 8 Calculator Programs

AS17K V1.10 V4 << D17201A ASSEMBLE LIST »> 11:22:42 12/20/93 PAGE 01-006

PROG =

SOURCE = CALCDEF.ASM

E STNC LCC. ORJ. M I SOURCE STATEMENT

i92 REEKEEEFEXF AR R RE RN EAFREFRRF RIS R AR ER R E R F ki %

193 xS RaM data 3

194 EEER R R AR R AR R AR AR R R A AR AR E R AR AL

195 I+ Numeric key counter P,

196 Qoco CNONUM DAT OH ;NMumber of numeric key inputs: 0
197 Q067 CFLNUM DAT TH ;Number of numeric key inputs: 7
198

199 FEESS Pecimal-peint display position area IS

200 00067 CPLINI DAT TH ;initial value of the decimal-point display position area
201

202 P+ Display data exponent area +++

203 00068 CEXPINI DAT 08E ;Initial wvalue of the display data exponent area
204

205 Ry Overflow judgment o

208 Q0FB CEXPMIN DAT QFBH :Range of exponent: -5 to 7

207 0007 CEXPMAX DAT D7E

208

209 B Sign data +4++

210 0000 CSINOFF DAT 000CB :No sign display

211 0001 CSINMN DAT 00018 ;Minus sign display

212 0001 CCHSIN DAT 0001B ;Sign inversion

213

214 EJECT
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Chapter 9 Calculator Programs

AS17K V1.10 V4 <«

D17201A ASSEMBLE LIST »>

11:22:42 12/20/93 PAGE 01-007

FROG =

SQURCE = CALCDEF.ASM

E STNO LOC. QOBJ. M I SOURCE STATEMENT
215 P Display data ER
216 0000 CZERD DAT 0H ;0]
217 o001 CONE DAT 1H ; (1]
218 0002 CTWO AT ZH ;[2]
219 0003 CTHREE DAT 3H ;3]
220 0004 CFOUR DAT 4H s (4]
221 0005 CFIVE DAT SH ; [51
222 0006 CSIX DAT 6H ;063
223 00607 CSEVEN DAT 7H s [7]
224 0008 CEIGHT DAT 8H ;83
225 0G09 CNINE pAT SH ;91
226 0GoA CSPACE DAT OAH ; Space
227 0cOB CMINUS DAT QOBH : [=]
228 oo0c CERRDP DAT OCH : [E]
229
230 PRI Chattering T4y
231 0002 CCHATS DAT 2H ;Start of chattering
232 0000 CCHATE DAT 0OH ;End chattering
233
234 PR Automatic-power-off timer PR
235 464F CSTSTP DAT 464FH ;3-minute timer {10 ms x 18,000}
236 H -» Sets the STOP mode.
237
238 P+ LCD segment data T+
239 0001 CDPCN  DAT ooo1lB ;Decimal-point display
240
241 PRy Operators ek
242 0001 CADD DAT 00G1B 1 [+]
243 0002 CsuB DAT co10B : [-]
244 0004 CMUL DAT 01008 ; [x]
245 poos CDIiV DAT igo0B [+
246
247 7+ Modes +++
248 0003 CRIGHT DAT 0001B ; Second-term input mode
249 0002 COPSEL DAT 0010B ;Operator selection mode
250 0004 CLEFT DAT 01008 ;First-term input mode
251 0008 CERROR DAT 10008 ;Error mode
252
253 EJECT

8-8
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Chapter 9

Calculator Programs

AS17K V1.10 V& <<

PROG =

SOURCE

E 5TNO
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286

D172012& ASSEMBLE LIST >>

= CALCDEF.ASHM

LOC., OBJ.

M

I SQURCE STATEMENT

131:22:42 12/20/93 PAGE 01-008

pEXFEFIAXFFXF I T XRFEXF X FXFAFFFFIREEF ARk R R AR TR Rk

&

r

Floating-point unit *

PEEERE AR IR R R AR AR AR R R AR R R KRR AR KRR R AR AR A

CGBC
CGR1
CROWG
CROWX
CROWY
CROWW
CROWXBCD

CIXMRY
CIXMRW
CIXMBL
CIXLMANT
CIXLEXP
CIXLSIGN
CMDRX
CMDRY
CMDRW
CJUDGE
CCPTURN
CSUBTURN
CRXTURN
CEXDIF
CSIGKCK
CMANTCNT
CEXOVER
CEXUNDER

DAT
DaT
DAT
DAT
DAT
DAT
DAT

DAT
DAT
DAT
DAT
DAT
DAT
DAT
BAT
DAT
DAT
DAT
DAT
DAT
DAT
DAT
DAT
DAT
DAT

ENDP

EJECT

4554

;General-purpose register
:General-purpose register
;General -purpose register
;General-purpose register
;General-purpose register
:Genexal-purpose register
;General -purpose register
H Sets the
;index modification (REGY)
;Index modification (REGW}

BANK 0
BANK 1

row
row
row
row
row
BCD

;Index modification (BANKL)
:Index modification (mantissa LSD}
:Index modification (charagteristic)
:Index modification (sign part)
;Column address £o be indexed 0JH
;Column address to be indexed 10E
;Column address to be indexed 20H
iPositive/negative judgment of the characteristic valiue

;Bit inversion mask

:Subtrahend sign inversion

;REGX siogn inversion

:Exponent difference judgment

:8ign part check

address
address
address
address
address
flag.

;Ten-digit counter for mantissa
;Characteristic value overflow
;Characteristic value underflow

0B

10H
20H
OH
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Chapter 9 Calculator Programs

AS17K V1.10 V4 << D17201A ASSEMBLE LIST »>»> 11:22:42 12/20/93 PAGE 01-00%

PROG =
SQURCE = CALCDEF.ASM

E STNO LOC. OBJ. ¥ I SOURCE STATEMENT

287 PERERRE RN A A TR R XK REERKERREREFFERRAR AR R bR &
288 3 ¥
289 % Mask option definition *
290 2 ¥
291 PEEREER R KRR R R R R RR LR RE R R R AR A KR KRR b bk k&
292 OPTICON
293 1 OPTRES RESPLUP ;Reset pin: Has built-in pull-up resistor
+ 12 0001 1 ;System clock: Main clock
294 1 OPTCXK USEX, NOXT
+ 24 0006 1
295 ENDOP
296
297 END
TQTAL ERRORS =90
TOTAL WARNINGS = {

END OF LIST
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Chapter 9 Calculator Programs

AS1TK V1.1C V4 << D17201a ASSEMBLE LIST >> 1%:23:25 12/20/93 PAGE 02-001
PROG =
SCURCE = CALCl.ASM

E STNO LOC. OBJ. M I SOURCE STATEMENT

1 PEEERAEREF R R F A FF AR R AR F IR A AR R SRR R R KRR RN R EX
2 H1] ¥
3 ;3 USER NaME : NEC CORPORATION ¥
4 2% %
5 ;% SYSTEM NAME : 17K APPLICATION (CALCULATOR) #
6 HE ¥
7 23 CPO : pPD17201Aa %
8 I% *
9 ;% LAST UPDATE : '93/12/20 11: ¥
i0 B *
i1 FRERERERAEKR KA RERE AR kR kR R R Rk Rk bk ok F ok kbR e Rk
12 FEEREERXEARFREFFARFRF AR ERFTEAEREE IR R TR R KT EFHE
13 % ¥
14 i* FILE NAME : CALCLl.ASM ¥
15 % x
i6 ] INCLUDE 7 ROUTINES: ¥
17 ¥ IRESET : RESET ROUTINE ¥
i8 H MMAIN : MAIN ROUTINE ¥
19 ¥ MKSCAN : KEY SCAN ¥
20 % SKRET : KEY RETURRN *
21 ] SMKIPC : MAKE INPUT CODE ¥
22 ] MAPOQFF : AUTO POWER QFF *
23 ¥ CCUNTER CONTRCL *
24 ¥ MSTOP = STOP MODE PROCESS ¥
25 H M
2% JEEEEERKFENFATFFARF AR AR F RS I E AR LR EF IR IR R R FRRE
27
28 EJECT
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Chapter 9 Calculator Programs

AS17K V1.10 V4 <<

D17201A ASSEMBLE LIST »>»> 11:23:25 12/20/93 PAGE 02-002

PROG =
SQURCE = CALCL.ASM
E S5THO LCC. ORJ. M I SOQURCE STATEMENT
29 PEEER R AR R R R R AR R R EF AR R AR AR KRR R R RF R AR Rk R R
30 FE External reference ¥
31 PRKREEF AR RS R LI E R F R R R R KRR F IR R KRRk Rk F R £
32 EXTRN LAB: MKBRN ;Branches to processing for each key
33 EXTRN LAB: MOPBRN ;Branch operation processing/error handling
34 EXTRN LAB: SRAMCR :RAM all-clear processing
35 EXTRN LAB: SDPINI ;Display data area initialization
36 EXTRN LAB: SDISP ;Display data output processing
37
38 EXTRN  MEM: PCC ;System clock control register
39 EXTRN  MEM: WTC ;Clock-timer/watch-deg-timer control register
40 EXTRN MEM: ADM +A/D converter cperation mode/pin selection
41 EXTRN MEM: SIC ;Serial interface contreol register
42 EXTRN MEM: PSL ;Port/timer output, LED cutput, serial interface
43 ;input/output ceontrol register
44 EXTRN MEM: PMO ;Bit I/0 control register
45 EXTRN  MEM: IPF ;Interrupt enable flag
46 EXTRN MEM: LCDC ;LCD controller/driver control register
47 EXTRN MEM: LCDM :Display mode register
43 EXTRN MEM: TMCT ;8-bit timer/counter contrecl register
49 EXTRN MEM: PM1 ;Group I/0 control register
50
51 EXTRN MEM: RREGOQ,RREGI1, RREGZ, RREGY ;General-purpose register
52 EXTRN MEM: RDEXP ;:Display data exponent area
53 EXTRN MEM: RKCCDH, RKCODL ;Key code area
54 EXTRN MEM: RCHCODH, RCHCODL ;Chattering code area
55 EXTRN MEM: RIPCODH, RIPCODL ;Input code area
56 EXTEN  MEM: RCHATC ;Chattering counter
57 EXTRN MEM: RSTOP3,RSTOP2 ;Automatic-power-off timer
58 EXTRN MEM: RSTQPLl,RSTCPO
59 EXTRN MEM: RMODE ;Mode area
60 EXTRN MEM: POA,POB,P0OC,POD,PlA ;Port register
61
62 EXTRN FLG: FSTOP :STOP mode flag
63 EXTRN FLG: FKEYREQ :Key-processing request flag
64 EXTRN FLG: FMULTI :Multiple-key flag
65 EXTRN  FLG: FOPREQ ;Operation request flag
66 EXTRN FLG: FSTPREQ ; 5TOP mode processing reguest flag
67
68 EXTRN DAT: CKSRB3,CHSRCO sPort output data
69 EXTRN DAT: CALLOW,CALLHI,COCOHI
70 EXTRN DAT: CXRETO0,CKRET1,CKRETZ, CKRET3 ;Port input data
71 EXTRN DAT: CHEMLT,CKOFF ;Key code
72 EXTRN DAT: CRLHLT ;8-bit moduleo
73 EXTRN DAT: CRLSTP ;register data
74 EXTRN DAT: CEXPINI ;Initial value of the display data exponent area
15 EXTEN DAT: CCHATS,CCHATE ;Chattering start/end count
76 EXTRN DAT: CSTSTP rAutomatic-power-off count
77 BYTRN DAT: CLEFT ;FPirst-term input mode
78
79 EJECT
9-12
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Chapter 8

Calculator Programs

AS17K V1.10 V4 <<
PROG =
SOURCE = CALC1.ASM

E STNO LOC. OBJ.

85 0000

86 0000 QCOO5

89 0001
90 0002
91 0003
92 0004

0Co05
0Cc005
0Cc005s
0Co0s

85 (005
86 0006
g7 0007
88 0008
g9 0009

071F0
1D785
07021
1p783
07022

+ 1 000a 1D791
105 000B 10700

+ 1 0CQC 1D790
107 QC0D 1D71F
108 000E 1D721
109 00OF 1D730
110 0010 1D78E
111 00311 07327
11z 0012 L1D78F
113 0013 67227

D17201Aa ASSEMBLE LIST >>

M

I

SOURCE STATEMENT
PEEEFEEEE AR AR IR R AR EFR AR AR AT AR R A A AR E A

HE
H
S

Reset processing

11:23:25 12/20/83 PAGE 02-003

3
&
S

kR F R R R R AR E R KK EF PR R E AR NI XK I AR FE R E %

ORG
BR

S

IRESET:

MOV
POKE

0004
IRESET

Interrupt vector address

IRESET
IRESET
IRESET
IRESET

WR, #5H
SP,WR
WR, #3H
PCC,WR

1System clock:

s

Main cleck

FREARRE KRR FRRRFERF AR RRRFTFRAFEFRRRF X AR FFF A ¥ %

¥

Port initialization

#

BREIIEEIEEEEREEREE RS SRR ELE RS R SRS RS R LSS

7 BANK1
MOV
MOV
BANKD
MOV
MOV
MOV
MOV
MOV
POXE
MOV
POXE

EJECT

BANK, #01H
Pla, #CALLOW AND OFH

BANK, #00H

POB, #CALLHI AND OFH
POC, $COCOHI AND OFH
POD, #CALLCW AND OFH
WR, #1110B

PM1,WR

WR, #11118

PMG, WR

:PlA: DNot used

;P0B, PCCo:

; lActive low)
;POD: Not used
;P0B, POC, PlA:
: POA:

;PODe—P0OD3:  Output

Key source

output
Input (key return}
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Chapter 9 Calculator Programs

AS17K V1.10 Vi <<

D17201A ASSEMBLE LIST »>»> 11:23:25 12/20/93 PAGE 02-004

PROG =
SOURCE = CALC1.ASM
E STNO LOC. OBJ. M I SOURCE STATEMENT
ile sREFARRRFAXR KR RF AR FREERFRRR AR R A AR KR Rk bk hk hkkn
117 ¥ Timer initialization %
118 skkkkkR kb ek b bhkkdkkkkd b x b aRF AR A ARk kbR kR bRk k k&
ils PR 8-bit timer e
120 0014 1D786 MOV WR, #0110B ;Operating clock cycle: £8YS/256
121 0015 07323 POKE TMCT, WR
122 001le 1DOFC MOV DBFO0, #CRLHLT AND (FH ;Module register
123 0017 1DOES MOV DBF1, #CRLHLT SHR 4 AND OFH ireset (10 ms}
124 0018 070A2 PUT TMM, DBF
128
126 RS Clock timer/watch dog timer o
127 0019 1D780 MOV WR, #0000B ;Clock timer: Not used
128 00ia 07023 POKE WTC, WR
129
130 PREFEFRKKERRFFRFFREFFRFRARRFR A KRk RF TR kAR kR bk kg
131 ik LCD controller/driver initialization 1
132 SRFEFREFRERR KRR KRR E R R Rk AR E Rk F AR R R R bk Rk F kA kb k
133 001iB 1D781 MOV WR, #0001B ;Digplay mode: 1/2 duty
134 00:iC 07322 POKE LCDM, WR
1335 H MOV WR, #00018 ;Frame frequency: 512 Hz
136 001D 07321 POKE LCDC, WR
137
138 ***t*********¥*#*******t*******************#***
139 3 Initialization of other hardware
140 *****************#**#*****#*#******************
141 RS /D converter ey
142 Q01E 1D780 MOV WR, #0000B ;Operation mode:
143 00LF 07221 POKE ADM,WR ; Standby status
144
145 PR Serial interface PN
146 : MOV WR, #0000B ;Net used
147 0020 Q07223 POKE PSL,WR
148 H MOV WR, #0000B
149 0021 07222 POKE SIC,WR
150
151 PREFREFEFRFFFRARKR KRR RN R Rk F R Rk Fhkk kb kA k ok kb y
152 T Interrupt initialization *
153 SREFFEEEEEEFRRFERER KRR RFREFRREFF RN SRk kb h kb bk
154 ; MOV WR, #C000B ;Pisables all interrupts.
155 Q022 0722F% POXE IPF,WR
i56
i57 EJECT
9-14
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Chapter 8 Calculator Programs

AS17K V1.10 V4 <<

PROG =
SOURCE

E STNO
158
159
160
1sl
162
ie3
164
165
166
167
le68
1le9
170
171
172
173
174
173
176

4
N

+

= CALCI.ASM

LOC. OBJ.

0023 1D7D0
0024 1DVEQ
0025 EXTRN

0026 1D3BF
0027 1D3A4
0028 1D3%e
0029 xD384

002a iD148
002B 1D31F
Q02C iD30F
002D 1D33F
GG2E 1D32F
002F 1D644

0030 EXTRN
0031 EXTRN

0032 07331
0033 16788
Q034 07321

0035 07333
0036 16788
0037 67323

D17201A ASSEMBLE LIST >> 11:23:25 12/20/93 PAGE 02-005

M

[ L

I

SOURCE STATEMENT
TEEFERFFFREE AR KRS RERERFAERAF IR E R AR SRR A R R A AR

Y

RAM initialization L]

H
GESEEFRETEFFFRRERERR R LR SR RIS RAR R RRXF RS FEARES

r

PR

MoV RPH, #0000B ;General-purpose register:
MoV RPL, #0000B ; 0.00B-0.CFH

CALL SRAMCR ;RAM all clear
Automatic-power-off timer reset +++

MOV RSTOP{D, #CsTSTP AND OFH :10ms*1B000 count
MOV RSTOPL, $#CSTSTP SHR 4 AND JFH

MOV RSTOP2, #CSTSTP SHR 8 AND OFH

MOV RSTOP3, #CSTSTP SHR 12 AND (OFH

MOV RDEXP, #CEXPINI AND OFH

MOV RKCODL, #CKOFF AND OFH ;Key code

MOV RKCODH, #CKOFF SHR 4 AND OFH iChattering code
MOV RCHCODL, #CKOFF AND OFH :<- Key-off code
MOV RCHCODH, #CKOFF SHR 4 AND OFH

Mov RMODE, #CLEFT AND OFH

CALL SDPINI ;Display data area initialization
CALL SDISPE ;Display data output

SET1 LCDEN ;LCD display on

PEEK WR, .MF.LCDEN SHR 4

OR WR, #.DF.LCDEN AND OFH

POKE .MF.LCDEN SHR 4,WR

SET1 TMEN :8-bit timer count start

PEEK WR, .MF .TMEN SER 4

OR WR, #.DF.TMEN AND OFH

POKE MF.TMEN SHR 4,WR

EJECT
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Chapter 9 Calculator Programs

AS1TK V1.10 V4 <«

D17201A ASSEMBLE LIST »>> 11:23:25 12/20/93 PAGE 02-006

PROG =
SQURCE = CALC1.ASM
E STNC LOC. OBJ. M I SOURCE STATEMENT
184 EFFEERAF R RN R R R R R KR R A AR R AR IR R R R R AR R F R ERE
185 H ¥
186 EY Main processing ¥
187 X 3 S
188 rhEs ek E kR bR F R bR kR Rk k kR kX Rk FF I F ARk kR kR kkk ke k
igg MMATN:
190 1 CLR1 IRQTM
+ 1 0038 10780 1 MOV WR, #0000B
+ 2 0039 0732E 1 POXE .MF.IRQTHM SHR 4,WR
191 LMNZ200:
192 003A Q73F2 HALT 24 ;Executes a release every 10 ms.
193 1 SKT1 IRQTM
+ 1 0038 0733E 1 PEEK WR, .MF.IRQTM SHR 4
+ 2 003C 1E781 1 SKT WR, #.DF.IRQTM AND 0FH
194 003D 0CO3a BR LMN200
195 1 SET1 WDTRES ;Resets the watch dog timer.
+ 1 003E 07033 1 PEEK WR, .MF.WDTRES SHR 4
+ 2 DO3F 16788 1 OR WR, #.DF.WDTRES AND {FH
+ 3 0040 07023 1 POKE .MF.WDTRES SHR 4,WR
196 0041 1c052 CALL MESCAN ;Key scan
197 1 SKT1 FKEYREQ ;Does chattering terminate?
+ 1 0042 1691 1 SKT .MF.FKEYREQ SHR 4, #.DF.FKEYREQ AND OFH
198 0043 0QCO4E BR LMNG09 ;No -> Automatic-power-off
19¢ ;timer contrel
200
201 IFEEEFFEFFRFRFERRHF R KRR IRk R KA RN kR R F R Rk ko kX kKX
202 i¥ Operaticn stop mode check *
203 PRk Rk RkE Rk kR AR R R AR R Rk Rk bk R R F R KRRk R Rk Rk
204 i CLR1 FKEYREQ
+ 1 0044 1465 1 AND .MF . FKEYREQ SHR 4, #.DF.{(NOT FEKEYREQ AND QFH)
205 0045 OR3LF SKNE BXCODL, #CKOFF AND OFH ;Does off-chartering
206 0046 0930F SKE RXCODH, #CKOFF SHR 4 AND OFH ;terninate?
207 0047 QC04B BR LMNAO0 ;No: Single key
208 1 SKF1 FSTOP :Operation stop mode?
+ 1 0048 1ir688 1 SKF .MF.FSTOP SHR 4,#.DF.FSTOP AND OFH
209 0049 0CO050 BR LMNS00 ;Yes -> Resets the STOP mode.
210 004A OCOQ4E BR LMNG00 ;No -> Automatic-power-off
21] ;timexr control
212
213 LMN4QO:
214 004B EXTRN CALL MEBRN ;Branches to processing for each key
215 1 SKF1 FOPREQ 11s the operation possible?
+ 1 004C 1F694 1 SKF .MF.FOPREQ SHR 4, #.DF.FOPREQ AND OFH
216 004D EXTRN CALL MOPBRN ;Yes: Branch operaticn processing
217 LMNEOO:
218 CQ4E 1CCAF CALL MAPOFF ;Automatic-power-off
2198 :timer c¢ontrol
220 1 SKF1 FSTEREQ ;Timeout ?
+ 1 0047 1F698 3 SXF .MF.FSTPREQ SHR 4, #.DF.FSTPREQ AND OFH
22] LMNBOG:
222 0050 1COBF CALL MSTOP ;¥Yes -> Sets the STOP mode.
223 0051 QC038 BR MMATIN
224
225 EJECT
g-16
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AS1ITK V1.10 V4 <<

PROG =
SOURCE

E STNO
226
227
228
228
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
24¢

= CALCL.ASM

LOC.

0052
0053
0054
0055

0056
0057
0058
0059
0G5A
0CSB
AG5C

Q05D
Q05E

QCG5F
0060

0061
0062

OBJ.

1D35F
1D34F
iD0o7
1D020

18710
074F0
074F0
074F0
Q8709
1D71F
1c094

1F692
Qcoen

167F4
Q70470

1F7F4
qCcis5e

D17201A ASSEMBLE LIST >»> 11:23:25 12/20/93 PAGE 02-007

M

I

SOURCE STATEMENT

EFEFFE RN FFARE TR AR IR RRE R IR IR R F R A kA F RN Rk y kK
PR

H Key scanning

S

i% %
1% INPUT : Nothing ¥
HE OUTPUT : RKCODHE - REKCODL {[Key code) £
i : FKEYREQ {Key-processing 3
H ] request flag) 3
PR EF A EF R F AR R ER AR KA AR R AR EE R AR R IR E Rk A E RS
MESCAN:

MOV RIPCODL, #CKOFF AND OFH ;Resets the

MOV RIPCCDH, #CKOFF SHR 4 AND OFH ;input code.

MOV RREGO, #CKSRB3 AND QFH

MOV RREGZ, #0H ;Resets the key counter.

LR R EREE SRR IR SRS LR RS ERE RS S 2]

Pk P0B: - POB: output ¥
sEFFEF KRR R R X RER AR R P E e AP h A b ARk h kR kk Xk F Rk ¥
LKS100:
sT POB, RREGD ;POB <- Key scan signal
NOP ;Waits for 12 us.
NOP
NOP
LD RREGS, POA ;Saves the key return value.
MOV POB, #CALLHI AND OFH
CALL SKRET ;Judges the key return value.
SKF1L FMULTI ;Muitiple key?
SKF .MF.FMULTI SHR 4, .#.DF.FMULTI AND 0OFH
BR LK5200 ;Yes
SET1 cY
OR .MF.CY SHR 4,#.DF.CY 2ND 0OFH
RORC RREGO
SKF1 CY ;jDoes POB3 - POBo terminate?
SKF MF.CY SHR 4,#%#.DF.CY AND 0OFH
BR LKS100 Hivle]
EJECT
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AS17K V1.10 V4 <«

D17201A ASSEMBLE LIST »>>

11:23:25 12/20/93 PAGE 02-008

PROG =

SQURCE = CALCL.ASM

E STNO LOC. OBJ. M SOURCE STATEMENT
260 FEFFEFRFREXFREFERRF AR KA AR R kAR IR kA TR T RF LA KR
261 H PGCo output ¥
262 JEEFEEFFREE KRR AR A F LR R EF R F A kR R R R AR R AR F R R KR RF H A
263 0063 IbBORD MOV RREGQC, #CKSRCO AND OFH
264 0064 18720 |7 POC,RREGO ;BOC <~ Key scan signal
265 0065 074F0 NOP :Waits for 12 us.
266 0066 074F0 NOP
267 0067 074F0 NOP
268 0068 08709 LD RREGY, POA ;Saves the key return value.
269 0069 1b721 MOV POC, #COCOHI AND OFH
270 006A 1C09%4 CALL SKRET ;Judges the key return value.
271 1 SKT1 FMULTI Multiple key?

+ 1 006B 1lE692 1 SKT MF . FMULTI SHR 4, #.,DF.FMULTI AND OFH
272 006C 0C070 BR LKS300 :No
273
274 EEEE R R R R KR AR IR PR R F KA KRRk R R R KA R KX TR
275 7% Multiple key ¥
276 PREEFEEFEF R BRI KRR A E A F R R AR F R F KRR KRR RF Rk
277 LKS200:
278 1 CLR1 FMULTI
+ 1 006p 14650 1 AND .MF ,FMULTI SHR 4, #.DF.(NOT FMULTI AND 0FH)

279 Q06E 1D3530 MOV RIPCODL, #CXMLT AND COFH ; Input code
280 006F 1D34F MOV RIPCODH, #CKMLT SHR 4 AND OFH ;<-~ Multiple-key code
281
282 PEAFERRFRFRRKF ERRFRF R R ERRRRR R ARk AR R kR kX Rk £ % k%
283 Tk Key status Judgment *
284 PRREER PR RS AR kAR R AR kAR AR A AR R R kR kR bR kR Rk kR
285 LKS300:
286 0070 08320 LD RREGO, RCHCODH ;Does the input code change?
287 0071 05340 XOR RREG(, RIPCODH
288 0072 09000 SKE RREGO, #0H
289 0073 QcOvg BR LKS400
290¢ 0074 08330 LD RREG0 , RCHCODL
291 CG7S5 05350 XOR RREG(, RIPCODL
292 0076 0BOOO SKNE RREGO, #0H
293 0077 OCOTE BR LKS500 iNc -» Chattering
294 LKS400:
295 0078 08340 LD RREGQ, RIPCODH ;Chattering code
296 0079 18320 ST RCHCODH, RREGD ;-» Input code
297 0074 08350 LD RREGO, RIPCODL
298 0078 18330 ST RCHCODL, RREGD
299 007C 1D362 MOV RCHATC, #CCHATS AND OFH  ;Chattering counter reset
300 007D 0QCO083 BR LK8999 ;RET
301
302 EJECT

9-18
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AS17K v1.10 V4 <<

PROG =

SOURCE

E STNO
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332

+ i
333
334
335
3136
337
338

= CALC1.ASH

LOC.

007E
007F
0080
0081
0082

0083
0084
0085
0086

0087
oose
0089
008a

0C8B
0GBC
008D

Q08E

0o8F
0080
0091
0092

0083

QBJ.

0B360
0C093
113862
09360
0C093

0B330
0832F
0cosy
0CO8F

0B33F
Q0932F
0CO8B
OCOBE

0B31F
0930F
0Cces3

16691

08320
18300
08330
18310

C70EQ

D17201A ASSEMBLE LIST »»> 11:23:25 312/20/93 PAGE 02-009

M

M

I SOURCE STATEMENT

FEFEFRFARARTR AL RFRFRFERRRSRIFA R R R Rk ARk bk ek kit

1 Chattering *
sEERFEFRFXF FRF R ERFE RN EF A EFF R FE LRk A pk Ak R kR AR
LESS00:
SKNE RCHATC, #CCHATE AND OFH ;Has chattering already terminated?
BR LKS999 ;Yes -> RET
SUB RCHATC, #1H
SKE RCHATC, #CCHATE 2ND OFH ;Does chattering terminate?
BR LK5999 ;No -» RET

FFFFFFFEFRAXFFREFRI IR I AR AF R R FRFRX X F R A Rk kb kR kT

Tk End chattering ¥
ERERRARF R R R R KRR R F R RN R E KRR F R F IR FE F AR EE
SKNE RCHCODL, #CKMLT AND OFH ;Multiple key?
SKE RCHCODH, #CKMLT SHR 4 AND 0FH
BR LKSE00 ;No
BR LES900 ;Yes
LES600:
SKNE RCHCODL, #CKOFF AND OFH ;Does off-chattering
SKE RCHCODH, #CKOFF SHR 4 AND OFH ;terminate?
BR LES700 ;No: Single key
BR LK5800 ;Yes
LKS700: ;<~ Single key
SKNE RKCODL, $CKOFF AND OFH ;Key~off -> Single key?
SKE RECODH, #CKOFF SHR 4 AND OFH
BR LK$59% ;No -> RET
LKSBOO: ;<- Key-off
SBET1 FKEYREQ ;Sets a key-processing reguest.
OR .MF.FKEYREQ SHR 4, #DF.FKEYRE(Q AND OFH
LKSS00: ;<~ Multiple key
un RREG(, RCHCODH ;Key code
ST RKCODH, RREGY ;<- Chattering code
LD RREGO, RCHCODL
=iy RKCODL, RREGD
LKS999:
RET
EJECT
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AS17K V1.10 V4 <<

D1720LA ASSEMBLE LIST >>

11:23:25 12/20/93 PAGE 02-010C

PROG =

SQURCE = CALCl.ASM

E STNO LOC. OBJ. M I SOURCE STATEMENT
344 JEEEREREIREE R AR KRR AR AR R R R KRRk Rk XF KK
345 H ¥
346 ¥ Key return value judgment *
347 R ¥
348 ¥ INPUT : RREGY (Key return value) *
349 i* OUTPUT : FMULTI (Multiple-key flag) #
350 :* ¥
351 PEFEEREFREE RE RN R R R R R R R R R IR AR RR R IR R R RO R
352 SKRET:
353 Pt PQAs check +++
354 0094 08091 LD RREG1, RREGY
355 0095 1601E OR RREG1, $#CKRET0 AND OFH
356 0096 OBOLF SKNE RREG1, #CALLHI AND 0OFH ;Is PORo low?
357 0097 0Cp99 BR JKR100 sNo
358 0098 1COAB CALL SMKICD ;Yes: Generates an input code.
359
360 ;+++ PCA1 check +++
361 JKR100:
362 0099 08091 LD RREG1, RREGY
363 009A 1601D OR RREG], #CKRET1 AND OFH
364 009B OBOLFR SKNE RREG], $CATIHT AND OFH ;Is POy low?
365 009C O0CO9E BR JKR200 ;No
366 009D 1COAB CALL SMKICD ;Yes: Generates an input code.
367
368 Pt POAz check ++4+
369 JKR200:
370 ODSE (BO91L LD RREG1,RREGY
371 009F 1601RB OR RREG], $CKRET2 AND OFH
372 Q00AD OBO1F SKNE RREG], #CALLHI AND OFE ;Is POAz low?
373 00Al1 OCOA3 ER JKR300 zNo
374 COAZ 1COAB CALL SMKICD ;Yes: Generates an input code.
375
378 2 POA3s check 4+
i JKR300:
378 00A3 08091 LD RREG1, RREGY
379 00A4 16017 CR RREG1, #CKRET3 AND OFH
380 00AS OBOLFP SKNE RREG1, #CALLHI AND OFH :Is POAs low?
381 00a6 0COAS BR JKR400 iNo
382 00A7 1COAB CALL SMKICD ;Yes: Generates an input code.
383
384 P+ Multiple-key press check ++4
385 JKR40Q0:
386 00AB 1BOZ2 SKLT RREG2, #2H :Multiple key press?
387 1 SET1 EMULTL ;Yes

+ 1 C0a% 166582 1 OR .MF.FMULTTI SHR 4, #.DF.FMULTI AND OFH

388
389 COAA Q70EQ RET
390
391 EJECT

§-20
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AS17K V1.10 V4 << D17201& ASSEMBLE LIST >> 11:23:25%5 12/20/93 PAGE 02-011
PROG =
SOURCE = CALCL.ASM

E STNO LOC. 0BJ. M I SOURCE STATEMENT

392 P EF kbR AR KR KRR R KRR AR AP IR E R AF RN KRR KRk kR

393 B3 *

394 1% Input code generation ¥

395 ;% *

398 ¥ INPUT : RREGO {(Key scan signal) *

397 i® : RREG® (Key return value) %

398 I QUTPUT : RREG2 (Key counter) ®

399 H : RIPCOPH -~ RIPCODL F

400 ;* (Input code) ¥

401 1 %

402 JEEFREXREFF FER KR RFRRE R AR IR B RS Rk kh kk b rh E bk Rk

403 SMKICD:

404 00AB 18340 ST RIPCODH, RREGO ;Generates an input code.
405 00AC 18359 ST RIPCODL, RREGSY

406 00aD 10021 ADD RREG2, £1H ;Counts the number of keys.
407

408 00AE G70EQD RET

409

410 EJECT
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AS17K V1.i0 V4 <<

D17201A ASSEMBLE LIST »>> 11:23:25 12/20/93 PAGE (2-012

PROG =
SOURCE = CALCL1.ASM
E 5TNO LOC. OQOBJ. M I SOURCE STATEMENT
411 FEFFFFKAERRR KRR KRR R EFRFR KRR EFRRRFF R RF AR bR F R k¥
412 i *
413 ik Auvtomatic-power-off timer control *
414 i *
415 ik INPUT RKCODH - RKCODL {Key code) E
416 FE ] QUTPUT RSTOFP3 - RSTOPO *
417 H ] {Automatic-power-off timer) x
418 ) FSTPREQ (STOP mode processing x
415 ;¥ request flag) *
420 1% *
421 sERFkEFRRERL REEFEI AL AR F AR R R R kAR kR R Rk e h R 2k
422 MAPOFF:
423 1 BANKO
+ 1 00AF 1D790 1 MOV BANK, #00H
424 Q0BO OB3iF SENE RKCODL, #CKOFF AND OFH jKey~-0f£E?
425 00B1I 0930F SKE RKCODH, #CKOFF SHR 4 ZND OFH
426 00B2 0COBA BR LAP200 ;No
427
428 SRR RER R RF LR R R R AR RN F AR F R A RRR AR AR R Ik R F ok
429 o ¥ Automatic-power-off timer count *
430 FEFREEEREEE KR ERFRFFRRRRA R R R R F kR Rk kF ko h 3k
431 SUB RSTORPO, #1E
432 00B3 113Bl SUBC RSTOPL, #0H
433 00B4 133a0 SUBC RSTOPZ, #0H
434 0085 13390 SUBC RSTOP3, §0H
435 00B6 13380 SKFL [o'4 :3~-minute timeout?
+ 1 1 SKF JMEF.CY SHR 4, #.DF.CY AND (OFH
436 0087 1F7F4 1 SET1 FSTPREQ ;Yes
+ 1 1 ORr .MF.FSTPREQ SHR 4, #.DF.FSTPREQ AND OFH
437 00BB 16698 1 BR LAP4Q0 ; RET
438 002 QCOBE
439 FRxE¥EkEERE kR R Rk kkk Rk Rk ERF kb F kR EFEF AR A AR Rk F A kA
440 i Automatic-power-off timer reset ]
441 Pkkkkkxkkkk kkrkkbkk Rk kkkkEk kR E kR FE R R E R A kR F kR
442 LAP200:
443 MOV RSTOPO, #CSTSTP AND 0FH
444 00BA 1D3BF MOV RETOPL, #CSTSTP SHR 4 AND (FH
445 00BB 1D3ad MOV RSTOPZ, #CSTSTP SHR 8 AND (FH
446 00BC 1D396 MOV RSTOP3, #CSTSTP SHR 12 AND OFH
447 00BD 1D384
448 LAP4OD:
449 RET
450 QOBE (070EQ
451 ESECT
9-22
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ASL7K V1.10 V4 << DI17201A ASSEMBLE LIST »>»> 11:23:25 12/20/93 PAGE 02-013
PROG =
SOURCE = CALC1.ASM

E STNO LOC. OBJ. M I SOURCE STATEMENT

452 EFRAERF AL E R R KRR KR AR F R IR IR FRFRIR LR FEA R R F kK
453 i 5
454 HE STCP mode processing *
455 i* *
456 S INPUT ; Nothing *
457 B3 QUTPUT : FSTOP (Cperation stop %
458 i mode flag) S
455 HE : FSTEREQ{STOF mode processing #
460 ;¥ reguest fiag) *
461 PR EEFRE AR EE EE R RS AR R RS I FEE E AR kRS FF R AR KF KX XFES
462 EFEFRF IR R KRR R KK AR RE IR FRFE AR AL A FA R b FEF R
463 1% STOP mode setting ¥
464 EREEEF IR A RS L AR TR AR F AR A R kAR Rk Rk Rk kA Rk
465 MSTOP:
466 1 CLR1 FSTPREQ
+ 1 00BF 14697 1 AND .MF.FSTPREQ SHR 4, #.DF. (NOT FSTPREQ AND OFH)
467 1 CLR1 LCDEN ;LCD display off
+ 1 00CO 07331 1 PEEK WR, .MF.LCDEN SHR 4
+ 2 00C1 14787 1 AND WR, #.DF. (NOT LCDEN) AND OFH
+ 3 00cz2 07321 1 POKE .MF.LCDEN SHR 4,WR
468 i CLR1 TMEN ;8-bit timer count stop
+ 1 00C3 07333 1 PEEK WE, .MF.THMEN SHR 4
+ 2 00C4 14787 1t AND WR, #.DF. (NOT TMEN) AND OFH
* 30005 (7323 1 POKE .MF_TMEN SHR 4,WR
469 1 SETL FSTOP
+ 1 0QCée 16688 12 OR .MF.FSTOP SHR 4, #.DF.FSTOP AND OFH
470 00C7 iDTL1C MOV POB, #CALLOW AND OFH
471 00C8 1D720 MOV POC, #CALLOW AND OFH
472 00C9 1DOFO MOV DBFO, #CRLSTP AND OFH
473 00CA 1DOED MOV DBFLl, #CRLSTP SHR 4 AND OFH
474 00CB (7042 PUT 1M, DBF
475 00CC 074FC NOP
476 00CD 07278 STOP 8H ;Sets the STOP mode.
477
478 EJECT
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ASL7K Vi.10 V4 <<

PROG =
SQURCE

E STNO
479
480
481
482

+ 1
2
+ 3

483
484
485
486
487
438

4+ 1

2

+ 3

489
490
491

3

+

= CALCLl.asSM

LOC.

COCE
COCF
00D0
00D1
00D2
00D3
00D4
0005

00D6
00D7
ooD8
00D9

0BJ.

07333
14787
07323
1D71F
1D721
1DOFC
1DCES
070Aa2

07333
16788
07323
070E0Q

TOTAL ERRORS
TOTAL WARNINGS

END OF LIST

n o

Di7201A ASSEMBLE LIST »>»> 11:23:25 12/20/93 PAGE 02-014

M I SOURCE STATEMENT
FREXKIRFEFERFFRXIRFRB KRS Tk bR kk kxR Rk Pk F £ h £ hu s

i%

STOP mode release *

GEFEEFRFFRF XRF A AKX EFFREF IRk kkkkkkkk kb ok ak kb k f k%

CLR1
PEEK
AND
POKE
MOV
MOV
MOV
MOV
PUT
SET1
PEER
OR
POKE
RET

[

e b

END

TMEN ;8-bit timer count stop
WR, .MF.TMEN SHR 4

WR, #.DF. {NOT TMEN) AND OFH

.MF,TMEN SHR 4,WR

POB, #CALLHI AND OFH ;Port reset

POC, #COCOHI AND OFH

DBFO#CRLHLT AND OFH ;8-bit module
DBF1, #CRLHLT $HR 4 AND (OFH ;register reset
TMM, DBF

TMEN ;8-bit timer count start

WR, .MF.TMEN SHR 4
WR, #.DF.TMEN AND OFH
.MF.TMEN SHR 4,WR
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AS17K V1.10 V4 << D17201A ASSEMBLE LIST >> 11:24:27 12/20/%3 PAGE 03-0021
PROG =
SOQURCE = CALC2.ASM

E STNO LOC. OBJ. i I SOURCE STATEMENT

1 SHEEFFREFAEE R E A TR F AR F A FR RS R AR Rk kR R kR
2 FE *
3 ;# USER NAME : NEC CORPORATION *
4 ik *
5 1% SYSTEM NAME : 17K APPLICATION (CALCULATOR) =
[ FE] ®
7 % CPU : uPD17201a *
g % x
9 ;% LAST UPDATE : '93/12/20 11:00 *
10 FE ] *
11 REEFKEXIF R ke bbbk R kb Rk R v F Rk E R Rk F kR bRk F R bR AL K
iz Rk R kk bk kkF R Rk R Rk R X kPR R Rk bk kR X F R h R I AR F X
i3 FE *
14 :* FILE NAME : CALC2.ASM *
15 1% *
15 i  INCLUDE 9 ROUTINES: *
i7 ¥ MKBRN : XEY BRANCH *
18 Gk KALLCR : ALL CLEAR KEY PROCESS *
18 ¥ KCLR : CLEAR KEY PROCESS *
2Q FE KNUMPT : NUMBER AND POINT KEY *®
21 F2 PROCESS %
22 13 KSIGN : SIGN KEY PROCESS *
23 ;% KOPE : OPERATOR KEY PROCESS *
24 ¥ KPER : PERCENT KEY PROCESS *
25 * KEQU : EQUAL KEY PROCESS *
26 ] MOPBRN : OPERATOR BRANCH *
27 ] AND ERROR PROCESS ¥
28 . ¥
29 LI IR R R I R I F R ST I T
30
31 EFECT
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D17201A ASSEMBLE LIST >

11:24:27 12/20/93 PAGE 03-002

PROG =
SQURCE = CALC2.ASM
E STNO LOC. OBJ. M I SOURCE STATEMENT
32 PREEREEFERFRE AR R AR RE R R R R FR L LR R ER T AR R Rk kR bkt k%
33 ik External reference *
34 PRRE KRR Rk R bR kR Rk kR R Rk AR R E TR R KL KRR AR R ko ke
35 EXTRN LAB: SRAMCR ;RAM all-clear processing
36 EXTRN LAB: SDPINI ;Display data area initialization
37 BXTRN LAB: SUSHFD jDisplay data area shift up
38 EXTRN LAB: STRAN ;bata transfer
3% EXTRN LAB: SFIX ;Operation result conversiocn
40 EXTRN LAB: STRNDY ;Display data conversion
41 EXTRN LAB: SDISP ;Display data output
42 EXTRN LAB: SRXCLR
43 EXTRN LAR: SRYCLR
44 EXTRN LAB: SFPADD
45 EXTRN LAB: SFPSUB
46 EXTRN LAB: SFPMULT
47 EXTRN LAB: SFPDIV
48
49 EXTRN MEM: RREGO,RREG2,RREGY ;General -purpose register
50 EXTRN  MEM: RNUMC ;Numeric key counter
51 EXTRN MEM: RPTLOC ;Decimal-point position area
52 EXTRN  MEM: RSINLOC ;Sign position area
53 EXTRN MEM: RDEXP ;Display data exponent area
54 EXTRN  MEM: RDLSD ;Display data area
55 EXTRN MEM: RZLSD :Save register
56 EXTRN MEM: RKCODH,RKCODL :Key code area
57 EXTRN MEM: RCHCODH, RCECODL ;Chattering code area
58 EXTRN MEM: ROPE ;Operator area
59 EXTRN MEM: RCOM ;Area for the operator to be executed
&0 EXTRN MEM: RMODE :Mode area
61 EXTRN MEM: RXSIGN ;Floating-point register 1, sign
62 EXTRN MEM: RXEXP ;Floating-point register 1, characteristic
63 EXTRN MEM: RYSIGN ;Floating-point register 2, sign
64 EXTRN MEM: RYEXP iFleoating-point register 2, characteristic
65 EXTRN MEM: ROPFLG ;Operation flag
66
67 EXTRN FLG: FPER ;Percent flag
68 EXTRN FLG: FOPEND ;Operation end flag
69 EXTRN FLG: FFALSE ;Illegal-input flag
70 EXTRN FLG: FSTOP ; STOP mode flag
71 EXTRN FLG: FOPREQ ;Operation request flag
72 EXTRN FPLG: FZERD ;Operation result zero flag
73 BXTRN  FLG: FDVERR ;Division error flag
74
75 EXTRN EJECT
9-26
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AS17K V1.10 V4 << D17201A ASSEMBLE LIST »>» 11:24:27 12/20/%3 PAGE 03-003
PROG =
SOURCE = CALCZ.ASM

E STNO LOC. OBJ. M T SOURCE STATEMENT

76 EXTRN  DAT: CKSREQ,CKSRBL,CKSRBE2 ;Key code (4 high-order bits)
77 EXTRN DAT: CKSRB3,CKERCOQ
78 EXTREN DAT: CHKRET(Q,CKRETL,CKRETZ2,CKRET3 :Key code (4 low-order bits)
79 EXTRN DAT: CSTMPE ;MPE set
a0 EXTRN DAT: CSTBK1 ;MP <- BANKIL
81 EXTRN  DAT: CNONUM,CFLNUM ;Number of numeric key inputs: 0/7
82 EXTRN DAT: CEXPINI ;Initial valve of the display data exponent area
83 EXTRN DAT: CEXPMIN, CEXPMAX ;Ooverflow judgment
84 EXTRN  DAT: CCHSIN ;Sign data inversion
8BS EXTRN DAT: CZERO ;{01 Display data
B6 EXTRN DAT: CONE ;[1] pDisplay data
87 EXTRN  DAT: CTWO ;{2] Display data
88 EXTRN DAT: CTHREE ; [3) Pisplay date
89 EXTRN  DAT: CFOUR i (4] Display data
90 EXTRN DAT: CFIVE ; [5] bisplay data
91 EXTRN  DAT: CSIX ; (6] Display data
92 EXTRM DAT: CSEVEN ;1 [7] bisplay data
93 EXTRN  DAT: CEIGHT ;[8] Display data
94 EXTRN DAT: CNINE ;[9] Display data
95 EXTEN DAT: CSPACE ;Space digplay data
95 EXTRN DAT: CERRDP ; [E] Display data
97 EXTRN DAT: CADD ; [+] Operator data
98 EXTRN DAT: CSUB ;[~] Operator data
99 EXTREN  DAT: CMUL ; [x] Operator data
100 EXTREN DAT: CDIV ;[+] Operator data
101 EXTRN  DAT: CRIGHT ;Second-term input mode
102 EXTRN DAT: COPSEL ;Operator selection mode
103 EXTRN DAT: CLEFT ;Pirst~term input mode
104 EXTRN DAT: CERROR ;Brror mode
105
108 SERR R R Rk R E R R AR R E IR R F R R RE AR L AR KA R KRR K
107 ¥ External definition ¥
108 IFEFRARERF IR FAFEFFFFA AR FFRRFRFRF SR KRR KRR A E ¥
109 PUBLIC MKBRN, MOPBRN
110
111 EJECT
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D17201A ASSEMBLE LIST »>>

11:24:27 12/203/93 PAGE 03-004

PROG =
SOURCE = CALC2.ASM
E STNC LOC. OBJ. M I SOURCE STATEMENT
112 JEFRF R RN R RF RN AR KR kR Rk kb Tk hk kb ke kr kFF R F K %
113 ;¥ *
114 S Macrc definition file reading *
115 0¥ *
iie ERRERFFR R R b kR F Rk kK kR AR kR kR R A S F Rk A b ARk ek k k&
117 i INCLUDE 'PUSHMP.ASM®
+ 1 1
+ 2 1 EXTRN MEM: RREGL{, RREG1l
+ 3 1
+ 4 T oaFFEREEEFEEEERRRA KRR KRRk R b F R F R F R kR kT 4 ¥
+ 5 1 ;¥ ¥
+ 6 1 ;¥ Macro definition for saving ¥
+ 7 1 ;¥ data memory row address pointer ¥
+ 8 1 ;¥ *
" 9 T R FEERR R R R R AR AR R AR bk R RIS AR TR AR TR
+ 10 1 APUSHMP MACRO
+ 11 1 LD RREG1{, MPH
+ 12 1 LD RREG11, MPL
4+ 13 1 ENDM
+ 14 1
+ 15 L oor kb k kb kR R AR ARk R kAR F R RN R R R R kAR E Rk ko &
+ 16 1 ;% ®
+ 17 1 :% Macro definition for restoring the *
+ 18 1 ;% data memory row address pointer *
+ 19 1 ;% *
+ 20 D EFFFERFFERRNAREI IR R R LR RF R ARk kR IR X F Rkt k%
+ 21 1 APQPMF MACRO
+ 22 1 sT MPH, RREG10
+ 23 1 8T MPL, RREG11
+ 24 1 ENDM
+ 25 i
+ 26 1 EOF
11§
119 EJECT
9.28
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AS1YK V1.10 V4 <<

PROG =

SOURCE

= CALC2 . ASM

E STNO LOC. COBJ.

120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
i35
136
137
+ 1
138
139

00DA
00DB
0oDC
00DB

00DE
00DF
00ED

00E1
0082
00E3
Q0E4
Q0E5

Q0E6
QOE7
QOES
00ES
00EA
0CEB
Q0EC

QCED
Q0CEE
0CEF
Q0F0

0B30C
08317
0CODE
QCoFL

1E688
08648
OCOFE

09300
0COE6
0B31E
0COFB
O0COF9

0930E
0COED
0B31E
QCOFD
0B317
0COF3
0COFre

0B30D
0931E
O0COF5
0COF7

D17201A ASSEMBLE LIST >>

M

I

SOURCE STATEMENT

11:24:27 12/20/93 PAGE 03-005

REEEERE RS S SR LIRSS SR S RIS EE IR RS EEELE

3

r
B INPUT

H

L

i

¥ QUTFUT
JREEFREFFFFFFRFRFFFFF RS FRF AR KRRk kR b kkkF Ak Ex

MKBRN:
SKNE
SKE
BR
BR

LXC050:
SKT1
SKT
SKNE
BR

SKE
BR
SKNE
BR
BR
LKD100:
SKE
ER
SKENE
BR
SENE
BR
BR
LED200:
SENE
SKE
BR
BR

EJECT

RKCODH - RKCODL (Key code)

RMCDE (Mode area)

FSTOP (Operation stop
mode flag)

: Nothing

Branch to processing for each key

RKCODH, #CKSRCO AND OFH
RKCODL, #CKRET3 AND (FH

LKDOSO
LKD250

FSTOP

3
*
%
*
S
3
*®
¥
*

;Was the [AC) key pressed?

:No
;Yes

;Operation stop mode?

.MF.FSTOP SHR 4, #.DF.FSTOF AND OFH
RMODE, #CERRCR AND OFH

LKDS00

RKCODH, #CKSRCO
LEDR100
RKCODL, #CKRETO
LKD700
LKD6D0

RKCODH, #CKSRBO
LEKD200
RKCODL, #CKRETD
LKDBOO
RKCODL, #CKRET3
LXD300
LED6O0

REKCODH, #CKSRB1
RKCODL, #CKRETQ
LED4Q0
LKD500

AND

AND

AND

AND

AND

AND
AND

OFH

0FH

OFH

OFH

(1) ]

OFH
OFH

;Errcr mode?
:Yes -» RET

;Was the [%] key pressed?
;Yes
;No -» Operator key processing

;iWas the [=] key pressged?
;Yes
;Was the [C] key pressed?
;Yes
;No

;Was the [+] key pressed?

:No -> Numeric key, decimal-point key processing
;Yes
i
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ASITK vi._ 10 v <<

D17201A ASSEMBLE LIST >»

11:24:27 12/20/93 PAGE 03-006

PROG =

SOURCE = CALCZ2.ASM

E STNO LOC. OBJ. M I SOQURCE STATEMENT
161 e S All-clear key ERp
162 LXD250:
163 00FL 1COFF CALL KALLCR
164 00F2 OCOFE BR LKDS00 ;RET
165
166 P H+E Clear key i
167 LKD300;
168 00F3 1CiOF CALL KCLR
169 00F4 QCOFE BR LKDS00D :RET
17¢
171 1+ Numeric key, decimal-point key ok ok
172 LKD400:
173 COF5 1C123] CALL UMPT
174 C0F6 CCOFE BR LKDS00 ;RET
175
176 [ Plus/minus key +++
177 LKD500:
178 COF7 1cl71 CALL KSIGN
179 00FP8 OCOFE BR LKDS00 ;RET
180
181 i bt Operator key 44
182 LKD&00:
183 Q00F9 1C198 CALL KOPE
184 O0FA OCOFE BR LKDS00 ;:RET
185
186 7k Percent key e+
187 LKD700:
188 00FB 1C1DC CaLL KPER
189 0O0OFC OCOFE BR LKD900 :RET
190
191 RS Equal key o+
192 LKD8CO:
193 00FD 1CiEA CALL KEQU
194
195 LKDS0O:
196 OOFE 070E0 RET
197
198 EJECT
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AS17K V1.310 V4 <<

PROG =
SOURCE

E STNO
1989
200
201
202
203
204
205
206
207
208
208

& 1
2
+ 3

210
211
212
213
214
215
216
217
218
219
220
221

+ 1

2

+ 3

222
223
224
223

3

+

= CALCZ2.ASM

Loc.

GOFF
6100
0101
0102

103
0104
0105
0106
0107
0108

0109
010A

0l0B
g1oc
010

010E

OBJ.

07331
14787
07321
EXTRN

1bl48
1D317
1p300
10337
1320
1b644

EXTRN
EXTRN

07331
16788
07321

07080

D17201a ASSEMBLE LIST »>»> 11:24:27 12/20/93 PAGE 03-007

M

e

(S S S

I

SOURCE STATEMENT
FREFFFFRF AR IR RRERIFEFFRFERFRFF AR AR RR R R kX &

i *

1% All-clear key processing ¥

i E

i% INPUT ; Nothing ¥

Ik OUTPUT : RDEXP (Display data Y

% exponent area) *

] : RMODE (Mode area) Ed

SHEFEEFEF AL AR F R R A KRR R AR R AR K R F PR IR FF A RS £

KALLCR:
CLR1 LCDEN ;LCD display oiff
PEEK WR, .MF.LCDEN SHR 4
AND WR, #.DF. (NOT LCDEN} AND QFH
POKE LMF,LCDEN SHR 4,WR
CALL SRAMCR ;RAM all clear
MOV RDEXP, #CEXPINI AND (FH
MOV RKCODL, #CKRET3 AND OFH ;Key code,
MOV RKCODH, #CKSRCC SHR 4 AND OFH ;chattering code
MOV RCHCODL, $CKRET3 AND OFH ;<~ Restores the code
MOV RCHCODH, #CKSRCO SHR 4 AND OFH ; of the [AC] key.
MOV RMODE, #CLEFT AND 0OFH
CALL SDPINI ;Display data area initialization
CALL SDISP ;Display data ocutput
SET1 LCDEN ;LCD display on
PEEK WR, .MF.LCDEN SHR 4
OR WR, #.DF.LCDEN AND OFH
POKE .MF.LCDEN SHR 4,WR
RET
EJECT
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AS1ITK V1.10 V4 <«

D17201A ASSEMBLE LIST »»> 11:24:27 12/20/93 PAGE 03-008

PROG =
SOURCE = CALC2.ASM
E STNO LOC. OBJ. M I SOURCE STATEMENT
226 PEE KRR KRR R R A I F R E R IR kR R E R R F R AR R KR KRR AR R R ¥
227 S ¥
228 ] Clear key processing *
229 % %
230 1] INPUT : RMODE (Mode area) E
231 ix : FPER (Percent flag) *
232 % OUTPUT : RNUMC (MNumeric key counter) *
233 i :+ RDEXP (Display data exponant areal
234 S : RMODE (Mode area) ¥
235 ¥ ; FPER (Percent flag) *
236 % : FOPEND (Operation end flag}
237 1k : FFALSE {Illegal-input flag} =
238 1% *
239 AT LTI R L RS S I R 22222 RS TSP
249 KCLR:
241 1 SKT1 FPER ;Was the [%] key pressed?
+ 1 010F 1E681 1 SKT .MF.FPER SHR 4, #.DF.FPER AND (FH
242 0110 Qg113 BR NCR2ZC0 No
243 1 CLR1 FPER ;Yes
+ 1 0111 1468E 1 AND .MF.FPER SHR 4, #.DF. (NOT FPER AND QFH)
244 0112 1D644 MOV RMODE, #CLEFT AND OFH ;Sets the firsc-term input mode.
245 NCR200:
246 1 CLR2 FOPEND, FFALSE
+ 1 0113 1468% 1 AND .MF.FOPEND SHR 4,#.DF. (NOT (FOPEND OR FFALSE) AND {FH)
247 01il4 1piQC MOV RNUMC, #CNONUM AND OFH
248 0115 1pi4d8 MOV RDEXP, #CEXPINI AND {FH
249 0116 0OB642 SKNE RMODE, #COPSEL AND 0OFH 1Operator selection mode?
250 0117 1p64l MOV RMODE, #CRIGHT AND 0OFH ;Yes: Sets the second-term
251 1 CLR1 LCDEN input mode.
+ 10118 ¢7331 1 PEEK WR, .MF_LCDEN SHR 4
+ 2 0119 14787 1 AND WR, #.DF. (NOT LCDEN) AND OFH
+ 3 011a 07321 1 POKE .MF.LCDEN SHR 4,WR
252 Ql1B EXTREN CALL SDPTINI
253 01iC EXTRN CALL SD1sp
254 1 SET1 LCDEN
+ 1 013ip 07331 i PEEK WR, _.MF_LCDEN SHR 4
+ 2 011E 16788 1 OR WR, #.DF .LCDEN AND 0OFH
+ 3 011iF 07321 1 POKE .MF.LCDEN SHR 4,WR
255
256 0120 Q70EOQ RET
257
258 EJECT
932
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AS17K Vv1.10 V4 << D17201a ASSEMBLE LIST »»> 11:24:27 12/20/93 PAGE 03-009
PROG =
SOURCE = CALCZ2.ASM

E STNO LOC. OBJ. M I SOURCE STATEMENT

259 GEKREEXRFEIERF R RFRKF A SEFARKR IR Kk R Rk ke AR E Rk kE R £
260 % E3
261 1% Numeric key, decimal-point key processing
262 i* x
263 i$ INPUT : RNUMC {Numeric key counter) s
264 1% : RKCODH - RKCODL (Key code) ®
265 i3 : RMODE (Mode area} E3
266 ¥ : FPER (Percent flag) 3
267 i : FFALSE (Illegal-input flag) +#
268 if QUTPUT : RNUMC (Numeric¢ key ccunter) =«
269 I3 : RPTLOC (Decimal-point position area) #
270 ik : RDEXP - RDMSD {Display data)
271 % : RMODE {(Mode area) £
272 ik : FPER (Percent £flag} *
273 i3 : FOPEND (Operation end flag) «
274 ¥ : FFALSE {Illegal-input flag} =
275 - *
276 sREREF ARk R KR ER KRR AR FERFFFFEAAFFRRFK KA KRR K F LR &
277 ENUMPT:
278 1 SKTL FFALSE
+ 1 0121 1E684 1 SKT .MF.FFALSE SHR 4, #.DF.FFALSE AND OFH
279 0122 0QCl26 BR NNPLOO
280 1 CLR1 FFALSE
+ 1 0123 14688 1 AND MF _FFALSE SHR 4,#_DF. (NOT FFALSE AND 0OFH)
281 0124 1p100 MOV RNUMC, #CNCNUM AND (OFH
282 0125 1D148 MOV RDEXF, SCEXPINI AND OFH
283 KNF100:
284 1 SKF1 FPER
+ 1 0126 1F681 1 SKF .MF.FPER SHR 4, #.DF.FPER AND OFH
285 0127 1D644 MOV RMODE, #CLEFT AND OFH
286 1 CLR2 FPER, FOPEND
+ 1 0128 1468C 1 AND .MF.FPER SHR 4, #.DF.{NOT (FPER OR FOPEND) AND OFH)
287
288 0129 0B30B SKNE RKCODH, #CKSRB2 AND OFH ;Was the decimal-point key pressed?
28% 012a 0931E SKE RKCODL, #CKRET(0 AND {FH
290 0128 0C13E BR NMNP300 ;No -> Numeric key processing
291
292 EJECT
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PROG =
SOURCE = CALCZ.ASM
E STNO LOC. OBJ. M SOURCE STATEMENT
293 FRREEF R AR FF R AR R R A R F R LRI KRR AR KRR R FRF R R R Rk x
294 1% Decimal-point key processing 3
285 REFRRRRRRR kR R bk kk ek Rk kR krkF Rk FhFE AR E R ARk ke kb kb E Rk k¥
296 012C 09148 SKE RDEXP, #CEXPINI AND OFH ;Has che decimal-point key already been pressed?
297 012D 0Cl170 BR NNPS99 :Yes -> RET
298 012E 09100 SKE RNUMC, #CNONUM ;Was the decimal-point key pressed
299 01ZF OCl39 BR NNP200 ;before 2 numeric key?
300 013C 14101 ADD RNUMC, #1H ;Yes
301 1 CLR1 LCDEN
+ 10131 07331 1 PEEK WR, .MF.LCDEN SHR 4
+ 2 0132 14787 1 AND WR, #.DF. (NOT LCDEN) AND OFH
+ 3 0133 07321 1 POKE .MF.LCDEN SHR 4,WR
302 0134 EXTRN CALL SDPINI
303 0135 EXTRN CALL SDISP
304 1 SET1 LCDEN
+ 10136 07331 1 PEEK WR, .MF.LCDEN SHR 4
+ 2 0137 16788 1 OR WR, it .DF .LCDEN AND OFH
+ 30138 07321 1 POKE .MF.LCDEN SHR 4,WR
305 NNP20Q:
306 0139 08100 LD RREGC, RNUMC
307 013A 18140 ST RDEXP, RREGQ
308 013B 0B642 SKINE RMODE, #COPSEL AND OFH ;Operator selection mode?
309 013C 1pe4di MOV RMODE, #CRIGHT AND OFH ;Yes: Sets the second-~term input mode.
310 013D 0OCl70 ER NNP9S9 ;RET
311
312 EJECT
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PROG =
SOURCE = CALCZ.ASM

E STNO LOC. OBJ. M I SOURCE STATEMENT

313 FREEXEFEFRFEARKK KRR RF L FREFRFRE R kR kR X kR Kk FFk kI % ¥

314 1] Nuneric key processing *

315 FRERFEEFIFA R KK R Rk Rk h L b E R bk kR kAR EA K F kA kR F Ak ¥

316 NNE300:

317 G13E CB1O7 SKNE RIUMC, #CFLNUM AND QFH ;Has the nureric key been already pressed seven Limes?
318 CL13F 0C170 BR NNF299 ;Yes -> RET

319

320 RS Key decoding Ers

321 0140 0931k SXE REKCODL, #CKRETO0 AND (FE ;Was [0) pressed?
322 0141 0Ci44 BR NNP4OOQ

323 0142 1D090 MOV RREG?, #CZERO AND OFH ;Yes

324 0143 0Ci5sC BR NNP700

325

326 NNP40O0:

327 0144 0931D SKE RKCODL, #CKRET1 AND (QFH

328 0145 0Ci4b BR NNPS00

3298 0146 0B307 SKNE RECODH, #CKSRE3 AND 0FE 1Was [1] pressed?
330 0147 10091 MOV RREGS, #CONE AND OFH ;Yes

331 0148 DB30B SKNE RKCODH, #CKSRB2 AND (FH ;Was [2] pressed?
332 0149 1D092 MOV RREGS, #CTWO AND OFH ;Yes

333 0142 0B30D SKNE RKCODH, CKSRE1 AND OFH ;Was [3] presged?
334 014B 1D093 MOV RREGY, #CHTREE AND OFH ;Yes

335 014C QC1s5C BR NNP700

336

337 NNPSG0:

338 014D 0931B SKE RKCODL, #CKRETZ2 AND (OFH

338 D14E 0dC156 BR NNP&00

340 014F 0B307 SKNE RKCODH, #CKSRB3 AND 0FH ;Was [4] pressed?
341 0150 1p0%4 MOV RREGY, #CFOUR AND OFH ;Yes

342 0151 0B30B SKNE RKCODH, #CKSRB2Z AND QFH ;Was [5] pressed?
343 0152 1D0%5 MOV RREGY9, #CFIVE AND 0OFH ;Yes

344 0153 0B30OD SKNE RKCODH, #CKSRB1 AND O0OFH ;Was [p] pressed?
345 0154 1D096 MOV RREGY9, #CSIX AND OFH i Yes

346 0155 0QCl15C BR MNP700

347

348 NNP&6GCO :

349 0156 0B307 SKNE RKCODH, #CKSRB3 AND OFH ;Was [7] pressed?
350 0157 1D097 MOV RREGY, #CSEVEN AND OFH ;Yes

351 0158 OB30OB SKWE RKCODH, #CKSRBZ AND (OFH jWias [B] pressed?
352 0159 1D09S MOV RREGY, #CEIGHT AND CFH ;jYes

353 015a OB30D SKNE RKCODH, #CKSRB1 AND 0OFH ;wWas [9] pressed?
354 0158 1D0S9 MOV RREGY, #CNINE AND OFH ;Yes

358

356 BEJECT
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PROG =
SQURCE = CALCZ2.ASM
E STNO LOC. OBJ. M I SOURCE STATEMENT
357 NNP700:
358 1 CLR1 LCDEN ;LCD display off
+ 1 015C 07331 1 FEEK WR, .MF.LCDEN SHR 4
+ 2 015D 14787 1 AND WR, ¥.DF. (NOT LCDEN) AND OFH
+ 3 015E 07321 1 POKE .MF.LCDEN SHR 4,WR
359 015F 09644 SKE RMCDE, #CLEFT AND {QFH ;Pirst-term input mode?
360 0160 1D641 MOV RMODE, #CRIGHT AND OFH ;No : Sets the second-term input mode.
361 0161 09100 SKE RNUMC, #CNONUM AND OFH ;First numeric key input?
362 0162 0C1e7 BR RNPBOO ;1 No
363 0163 EXTRN CALL SDPINI ;¥es: Display dataz area
364 initialization
365 0164 0B0OSO SKNE RREGY, #CZERC AND OFH ;Was [0] pressed?
366 0165 0CleC BR WNEIQ0 ;Yes
367 0166 1D18a MOV RDLSD, #CSPACE AND OFH :No: Least significant Gigit of the display data
368 -> 8pace display data
369 NNP&CO:
370 0167 09148 SKE RDEXP, #CEXPINI AND OFH ;xas the decimal-point key already been pressed?
371 0168 11111 SUB RPTLOC, #1H ;Yes
372 0169 10101 ADD RNUMC, #1H
373 0L6A EXTRN CALL SUSHFD ;Display data area shift right
374 0L6B 18189 ST RDLSD, RREGY ;Least significant digit of the display data
375 ; <- Display data of the pressed numeric value
376 NNPS00:
377 016C EXTRN CALL SDISP :Display data cutput
378 1 SETL LCDEN ;LCD display on
+ 1 0ie6l 07331 1 PEEK WR, .MF.LCDEN SHR 4
+ 2 0OlBE 16788 1 OR WR, #.DF.LCDEN AND OFH
+ 3 0leF 07321 1 POKE .MF.LCDEN SHR 4, WR
379
380 NNPS99:
381 Q170 O70EQ RET
382
383 EJECT
9-36
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PROG =
SOURCE = CALCZ2.ASM

E STNO LOC. OBJ. M I SOURCE STATEMENT

384 PRFRFFFEFRFXFF KR IR E R LRI IR IR IR REFXFFREFRFREFA &
385 3 ¥
386 ¥ Plus/minus key processing *
387 i ®
388 % TNPUT : RNUMC (Numeric key counter) =
389 PF : RSINLOC (Sign position area) x
390 PE : RMODE (Mode area) *
391 13 : FPER (Pexcent flag} *
392 o : FOPEND {(Operation end flag) =
393 i : FZERC ({Operaticn result zerc flag) =
394 3 CUTPUT : RSINLOC (Sign position area) x
395 ix : RDLSD-RDMSD (Display data) *
396 13 : RMODE (Mode area) *
397 i% : RXSIGN (Floating-point ¥
398 ] register 1, sign) ¥
398 £ : FOPEND (COperation end f£lag) #
400 ] ¥
401 PEFRKE R RN EF R E EF PR A SR A F IR L LI I AT FAF R FRRE X x
402 KESIGN:
403 0171 0Bs&4z2 SKNE RMODE, #COPSEL AND OFH ;Operator selection mode?
404 0172 0C197 BR NSG500 :1¥Yes -» RET
405 1 SKT1 FPER ;Was the [%] key pressed?
+ 1 0173 1E681 1 SKT MF.FPER SHR 4, #.DF.FPER AND 0OFH
406 0174 0C178 BR Ns5G10G :No
407 1 CLR1 FFER :Yes
+ 1 0175 14688 1 AND .MF.FPER SHR 4, #.DF, (NOT FPER AND (OFH)
408 1 SET1 FOPEND
+ 1 0176 16682 1 OR. JME.FOPEND SHR 4, #.DF.FOPEND AND (FH
409 0177 1lDé644 MOV RMODE, #CLEFT AND COFH :Sets the first-term input mode.
410 NSG100:
411 1 SKF1 FCOPEND
+ 1 0178 1F682 1 SKF MF.FOPEND SHR 4, #.DF.FOPEND AND OFH
412 0179 0C180 BR NSG200
413
414 017a 0B1OC SKNE RNUMC, #CNONUM iIs [ 0.] displayed?
415 017B 0C197 BR NSG500 :Yes -> RET
416 017C 0B1OC D RREGO, RNUMC ;8ign position calculation
417 017D 10008 ADD RREGO, #.DM.RDLSD AND OFH
418 0178 18120 5T RSINLOC, RREGO
419 01i7F QC186 BR NSG300
429
421 - EJECT
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AS17K ¥1.10 V4 << DI17201A ASSEMBLE LIST »> 11:24:27 12/20/93 PAGE 03-014
PROG =
SQURCE = CALCZ.ASM

E STNO LOC. OBJ. M I SQURCE STATEMENT

422 N5G200:

423 1 BANK1 BANK, $01H
+ 10180 1D7%1 1 MOV FZERO

424 T SKF1 MELUFZERCO SHR 4, #.DF.FZERO aAND 0OFH
+ 1 CGlB1 1Fr302 1 SKF NSG400

425 0182 0C196 BR RY5IGN, #CCHSIN AND OFH

4256 0183 15031 XOR

427 1 BANKD
+ 10184 1D790 1 MOV BANK, #00H

428 0185 08B1z20 LD RREGO, RSINLOC

429

430 NSG300:

431 1 APUSHMP ;Saves the memory pointer
+ 10186 087aa 1 LD RREG10, MPH

+ 2 Q187 C8IBE 1 LD RREG11, MPL
432
433 1 CLR1 LCDEN ;LCD display off
+ 10188 07331 1 PEEK WR, .ME.LCDEN SHR 4
+ 2 0189 14787 1 AND WR, #.DF. (NOT LCDEN) AND OFH
+ 3 018Aa 07321 1 POKE MELLCDEN SHR 4,WR
434 0188 1D7A8 MOV MPH, $#CSTMPE AND OFH
435 018C 1D7R1 MOV MPL, #.DM.RDLSD SHR 4 AND OFH
436 018D 1A010 MOV RREG1, @RREGO
437 018E 15011 X0R RREG]1, #CCHSIN AND OFH ;Inverts the sign of display data.
438 D1BF OAD1C MOV @RREGQ, RREG1
439 1 APOPMP ;Restores the memory pointer.
+ 10190 187AA 1 ST MPH, RREG10
+ 2 0191 187BB 1 ST MPL, RREG11
440
441 0192 EXTRN CALL SDISP ;Display data output
442 1 SET1 LCDEN ;1CD display con
+ 10193 07331 1 PEEK WR, .MF.LCDEN SHR 4
+ 2 01%4 16788 1 OR WR, #.DF.LCDEN AND OFH
+ 3 0195 07321 1 POKE .MF.LCDEN SHR 4,WR
443
444 NSG400:
445 1 BANKD
+ 1 0196 1D790 1 MOV BANK, #00B
446
447 NSG500:
448 0197 07T0EQ RET
449
450 EJECT
9-38
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AS17K V1.30 V4 << D172013 ASSEMBLE LIST >»> 11:24:27 12/20/93 PAGE 03-01%
PROG =
SQURCE = CALC2.ASM

E STNO LCC. OBJ. M I SOURCE STATEMENT

451 SFEEEEEE R F R AR AR AR R R R R R AR AR KRR R R AR F AR BT AR A%
452 HES ¥
453 ¥ OPERATOR KEY PROCESSING ¥
454 ¥ ¥
455 ;¥ INPUT : RKCODH - RKCODL (Key Code) £
456 R : RZLSD - RZMSD (Saving Register) ¥
457 P # : ROPE (Operator area) *
458 i ¥ : RCOM (Area for cperator to be executed) *
459 P ¥ : RMODE (Mode Area) ¥
460 i ¥ : REISIGN - RXMSD X
461 ;¥ (Fleating-point register 1) *
462 ;¥ : RYSIGN - RYMSD L
463 ¥ (Flecating-point register 2) *
464 ¥ : FPER (Percent Flag) *
465 P ¥ : FOPEND (Operation end flag) *
466 ¥ : FFALSE (Illegal-input flag) *
467 ¥ OUTPUT : ROPE {Operator area) *
4568 i ¥ : RCOM {Area for operator to be executed) #
465 ¥ : RMODE (Mode area) *
470 i ¥ : FOPEND {Operation end flag) ¥
471 i ¥ : FFALSE (Illegal-input flag) *
472 ¥ : FOPREQ (Operation reguest £lag) *
473 0¥ ; RXSIGN - RXMSD ®
474 i ¥ (Floating-point register 1} ¥
475 ¥ : RYSIGN - RYMSD ¥
476 P ¥ (Floating-point register 2} *
474 P ¥
478 sHREREKE KRR R KR EF R R PR RS EARF R KRR R KR Rk Rk bk Sk kI R a Rk 32
479

489 EJECT
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ASITK V1.10 V4 <<

D17201A ASSEMBLE LIST »>> 11:;24:27 12/20/93 PAGE 03-016

PROG =
SOURCE = CALC2.ASM
E STNC LOC. 0BJ. M I SOURCE STATEMENT
481 [ KEY DECODING +++
482 KOPE:
483 0198 0931D SKE RKCODL,, #CKRET1 AND OFH
484 0199 QC29F BR NOPFLOO0
485 01%a QRBR30E SKNE RKCODH, #CKSRB0 AND OFH ;Was the [+] key pressed?
486 019B 1p091 MOV RREGY, #CADD AND OFH iYes
487 019C 0B300 SKNE RKCODH, #CKSRC0O AND OFH ;Was the [-] key pressed?
488 015D 1D092 MOV RREGY, #CSUB AND OFH ;Yes
489 019E 0C1A3 BR NOP200
490 NOP100: ;Was the ix] key pressed?
491 919F 0OB3CE SKNE RKCODH, #CKSRBJ AND OFH ;Yes
492 01A0 1DOS4 MOV RREGY, #CMUL AND QFH ;Was the [+] key pressed?
493 01al OB30QO SKNE RKCODH, #CKSRCO AND OFH ;Yes
494 01a2 1D0S8 MOV RREGY, #CDIV AND OFH
495
498 NOP200 -
497 1 CLR1 FFALSE
+ 1 01A3 1468B 1 AND .MF.FFALSE SHR 4, #.DF (NOT FFALSE AND OFH)
498 0ia4 0OB642 SKENE RMODE . #COPSEL AND 0OFH ;Operator selection mode?
499 01a5 0C1BS BR NOP500 ;Yes
500 1 SKT1 FOPEND
+ 1 0las 1lE682 1 SKT .MF_.FOPEND $HR 4, #DF.FOPEND AND OFH
501 01a7 0Claa BR NOP3GO
502 1 CLR1 FOPEND
+ 1 01A8 1468D 1 AND .MF.FOPEND SHR 4, #.DF, {NOT FOPEND AND OFH)
503 01a9 QCiB9 BR NCP500
504 NOP300:
505 1 SKT1 FPER ;Is percentage calculation in progress?
+ 1 01iaa 1EE81 1 SKT .MF.FPER SHR 4, #.DF.FPER AND OFH
506 01aB QC1BQ BR NOP400 ;No
507 kX CLR1 FPER :Yes
+ 1 01AC 1468E 1 AND .MF.FPER SHR 4, #.DF.{NQT FPER AND {FH)
508 01AD 1B094 SKLT RREGY, #CMUL AND OFH ;Was the [+] or [~] key pressed?
509 01AE OClB9 BR NOP500 iNo
510 01AF (CCIlCl BR NCP700 ;Yes —> Percentage calculation
511
512 EJECT
940

17K Series Application Note



Chapter 9 Calculator Programs

AS17K V1.10 V4 <«

PROG =

SOURCE = CALC2.ASM

E STNC LOC. OBJ.

513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
5490
541

0180

0181
0182

01B3
01B4
01B5
01B6
ClB7
0188

0189
01BA
01pz

01BC
01RD
01BE
01BF
0ice

EXTRN

09644
0C1BC

1D001
16008
15010
16018
EXTRN
EXTRN

18609
1D64z
0C1CF

08600
18610
18608
1ped2
GCICE

D1720LA ASSEMBLE LIST »>> 11:24:27 12/20/93 PAGE 03-017

M I SOQURCE STATEMENT

PR

NOP400:

e

NQOP500:

NCOP600 :

Data transfer (display data area
-» floating-peoint register 2} +#++

CALL STRNDY

SKE RMODE, #CLEFT AND OFH :First-term input mode?
BR NOP600 ;No: Second~term input mode

Data transfer {(floating-point register 2
-» floating-point register 1) +++

MOV RREGO, ¥.DM.RYSIGN SHR 4 AND OQFH

OR RREGO, #CSTBK1 ANDP OFH

MOV RREGL, #.DM.RXSIGN SHR 4 AND OFH

OR RREG1, #CSTBK1 AND OFH

CALL STRAN

CALL SRYCLR ;Clears floating-point 2.

sT ROPE, RREGY ;Restore operator data which was saved.
MOV RMODE, #COPSEL AND OFH :Sets the operator selection mode.
BR NOP900 :RET

LD RREGO, ROPE

3T RCOM, RREGO

ST ROPE, RREGS

MOV RMODE, #COPSEL AND OFH ;8ets the operator selection mode.
BR NOPB(O0

EJECT
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ASITK V1.10 V4 <«

D17201A ASSEMBLE LIST >> 11l:24:27 12/20/%3 PAGE 03-018

PROG =

SOURCE = CALCZ2.ASM

E STNO LOC. OBJ. M I SCURCE STATEMENT
542 I+ Data restoration (saving register -»
543 : floating-point register 1) -~ percentage calculation +++
544 NOBET700 :
545 01Cl 18805 ST ROPE, RREGY
546 01C2 18561% ST RCOM, RREGS
547 01C3 1DO00 MOV RREGD, #.DM.RXSIGN SHR 4 AND OFE
548 01C4 16008 OR RREGOD, #CSTBK1 AND QFH
549 01C5 1D011 MOV RREG]1, #.DM.RYSIGN SHR 4 AND OFH
550 01Cé 16018 OR RREG], #CSTBX1 AND (QFH
551 QlC7? EXTRN CALL STRAN
552 01C8 1D0oz2 MOV RREGO, #.DM.RZLSD SHR 4 AND QFH
553 01CS 1D010 MOV RREGL, #.DM.RXSIGN SHR 4 AND OFH
554 01CA 16018 OR RREG1, #CSTBK1 AND (FBE
555 Q01CB EXTRN CALL STRAN
556 01CC 1D644 MOV RMODE, #CLEFT AND OFH ;Sets the first-term input mode.
557 i SET1 FOPEND

- 1 01CD 16682 1 OR .MF.FOPEND S$HR 4, #.DF.FOPEND AND OFH
558
559 NOP800: ;Sets and operation request.
560 1 SETL FOPREQ
+ 1 01CE 16694 1 OR .MF.FOPREQ SHR 4, #.DF.FOPREQ AND QOFH

561
562 NOPS00:
563 01CF Q70EQ RET
564
565 EJECT

9-42
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ASL7K V1.10 V4 << D172012 ASSEMBLE LIST »»> 11:24:27 12/20/93 PAGE 03-019
PROG =
SQURCE = CALC2.ASM

E STNO LOC. OBJ. M I SQURCE STATEMENT

566 AR e I e e T e P RS ST R )"
567 o ¥ *
568 ¥ Percent Key Processing *
569 ¥ *
570 3 ¥ INPUT : ROPE (Operator Area) *
571 i ¥ : RMODE (Mode Area) *
572 0¥ : FPER (Percent Flag) *
573 0¥ : RXLSD - RXMSD (Flcating-point *
574 ¥ Register 1, mantissa)l *
575 ¥ QUTPUT : RZLSD - REZMSD (Saving Register) *
576 ¥ : RCOM (Area for the operator to be executed)*
577 ¥ : RYEXP (Floating-peint *
578 i ¥ Register 2, characteristic) *
579 0¥ : FOPEND {Cperation end flag} *
5890 ¥ : FOPREQ (Cperation request flag) *
581 o* : FPER (Percent Flag) ¥
582 0¥ : FFALSE (Illegal-input flag} *
583 i* *
584 SEFERFRER R AF R R IR R AR R IR RS PR AR E SRR RN R E R IR R TS5
585 XPER
586 1 SKT1 FPER ;Has the [%) key already been pressed?
+ 1 01ib0 1E6B1 1 SKT .MF.FPER SHR 4, #.DF.FPER AND OFH
587 0ibl (0B642 SKNE RMODE, #COPSEL AND 0FH :Operator selection mode?
588 0iD2 (0C1lE9 BR NPR80Q :¥es -» RET
589 01D3 0B641 SKNE RMODE, #CRIGHT AND JFH :Second-term input mode?
590 0ip4 0C1lD7 B3R NPR200 iYes
591 1 CLR1 FOPEND . i No
+ 1 0ip5 146BD 1 AND .MF.FOPEND SHR 4, #.DF.{NOT FCPEND AND OFH}
592 01lpe 0ClDA BR NPR400
593
594 NPR20O:
595 0107 1B604 SKLT ROPE, #CMUL AND OFH ;Was the [x] ox [+] key pressed?
596 0108 0C1DC BR MPRE0D :Yes -» Percentage calculation
597 DiDS i1D644 MOV RMODE, #CLEFT AND {FH :No: Sets the first-term input mode.
598 NPR400:
599 1 SET1 FFALSE
+ 1 0iDA 16684 1 OR .MF.FFALSE SHR 4, #.DF.FFALSE AND OFH
600 01DB OClES ER NPRBOO :RET
601
602 EJECT
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AS17K V1.10 V4 << DI17203A ASSEMBLE LIST »>> 11:24:27 12/20/93 PAGE 03-020
PROG =
SOURCE = CALCZ.ASM

E STNO LOC. OBJ. M I SCURCE STATEMENT
603 P+ Saves data (fleoating-point register 1

604 H ~-> saving register)-Percentage calculation +++
605 NPR&0O:
606 01DC 1DOGO MOV RREGO, #.DM.RXSIGN SHR 4 AND QOFE
607 01DD 16008 OR RREGOQ, #CSTBK1 AND (FE
608 C1DE 1D0L2 MOV RREGL, #.DM.RZLSD SHR 4 AND (FH
60% 01DF EXTRN CALL STRAN
610 ClEC EXTRN CALL STRNDY
611 1 BANK1
+ 1 01E1 ip79l 1 MOV BANK, #01H
612 01E2 11142 5UB RYEXP, #2H
613 01E3 13150 SUBC RYEXP+1, #0H
614 1 BANKO
+ ] 0XE4 1b790 1 MOV BANK, #00H
615 1 SETL FPER
+ 1 0IES 16681 1 OR .MF.FPER SHR 4, #.DF.FPER AND OFH
616 01E6 08600 LD RREGO, ROPE
617 01E7 18610 ST RCOM, RREGC
618 1 SET1 FOPREQ ;5ets an c¢peration regquest.
+ 1 01E8 16694 1 OR .MF.FOPREQ SHR 4, #.DF.FQPREQ AND OFH
619 )
620 NPRB0OO:
621 01E9 070E0Q RET
622
623 EJECT
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AS17K V1.10 V4 << D17201A ASSEMBLE LIST »>> 11:24:27 12/20/93 PACE 03-021
PROG =
SOURCE = CALC2.ASM

E STNO LOC. 0BJ. M I SOURCE STATEMENT

624 Ry Y N T S R E R s,
625 ;¥ *
626 0¥ Equal Key Processing *
627 ;¥ %
628 i ¥ INPUT : ROPE (Operator Area) *
629 ;¥ : RMODE {Mode Area} *
630 ¥ FPER (Percent Flag) ¥
631 ;¥ RXSIGN - RXMSD {Fleoating-point *
632 ;¥ Register 1) *
633 i ¥ CUTPUT : RCOM (Area for the operator to be executed)*
634 ¥ : RMODE (Mode Area) *
635 ;¥ : FOPEND (Operation end flag) L
636 ; ® FFALSE (Illegal-input flag} *
637 ¥ FOPREQ {(Operation request flag) *
638 ¥ RYSIGN - RYMSD *
639 i ¥ (Floating-point register 2} ®
640 ;¥ *
641 R KR KRR AR F R AR AR R R R A R FF R NI XRR KA TR R AR ® R R R ek kb & Ak
642 KEQU:

643 1 SKT1 FPER iWas the [%] key pressed?

+ 1 01sa 1E681 1 SKT .MF.FPER SHR 4, #.DF.FPER AND OFH
644 01EB OCLlEE BR NEQ100 ;No
645 i CLR1 FPER ;Yes

+ 1 018C 1468E 1 AND .MF.FPER S5HR 4, #.DF. (NOT FPER AND OFH)

646 Q1ED 0C203 BR NEQBQ0

647

648 NEQi00:

649 OlEE 09644 SKE RMODE, #CLEFT AND (FH ;First-term input mode?
650 Q1EF OC1F2 BR NEQ200 :Ne

651 1 SET1 FFALSE ;Yes

+ 1 01lr0 16684 1 CR .MF.FFALSE SHR 4, #.DF.FFALSE AND OFH
652 01F1l 0QCZ20S BR NEQT00 ;RET
653
654 EJECT
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ASL7K V1.10 V4 <<

D17201a ASSEMBLE LIST >»>

11:24:27 12/20/93 PAGE 03-022

PROG =
SOURCE = CALCZ.ASM
E STNO LOC. OBJ. M I S0URCE STATEMENT
€55 NEQ200:
656 01F2 08600 LD RREG(C, ROPE
657 01F3 18610 3T RCCM, RREGD
658 01F4 (9642 SKE RMODE, #COPSEL AND (0FH ;Operator selector mode?
659 01F5 0C201 BR NEQ400 1 No
660 01F6 1B614 SKLT RCOM, #CMUL iWas the [+] oxr [-] key pressed?
661 01F7 QC1FB BR NEGQ3 GO iNo
662 01F8 EXTRN CALL SRYCLR iYes: Clears floating-point register 2.
663 1 BANKO
+ 1 01F9 1p790 1 MOV BANK, #00H
664 O1lFA& (QC202 BR NEQSG0
665
666 P+ Data transfer (flcating-point register 1
667 ; ’ -> floating-point register 2) +++
668 NEQ300:
669 QLFB 1D00O MOV RREGO, # . DM.RXSIGN SHR 4 AND OFH
670 01FC 15008 OR RREGO, #CSTBKI AND (FH
671 QLFD 1D011 MOV RREG], #.DM.RYSIGN SHR 4 AND OFH
672 Q0lFE 16018 OR RREGL, #CSTBK1L AND OFH
673 01lFF EXTRN CALIL STRAN
674 0200 0C202 BR NEQS00
675
676 NEQ40G:
677 0201 EXTEN CALL STRNDY
678
679 NSGS500 :
680 1 SETL FCPREQ ;5ets an operation reguest.
+ © 10202 16654 1 OR .MF . FOPREQ SHR 4, #.DF.FOPREQ AND OFE
681
682 NEQG60C:
683 1 SETL FOPEND
+ 1 0203 16682 1 OR MF,FOPEND SHR 4,#.DF.FOPEND AND 0FH
684 0204 1D644 MOV RMODE, #CLEFT AND QFH ;Sets the first-term input mede.
685
686 NEQ700:
687 0205 Q70EQ RET
688
689 EJECT
9-46
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ASLTK VL1I.10 vd4 <<

PROG =
SOURCE

E STNO
690
691
692
693

- 694
695
696
697
698
699
700
701
702

+ 1
703

+ 1

+ 2

+ 3
704

+ 1
705
706

+ 1
707
708
708
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731

+ 1
732

+ 1
733
734
735

= CALCZ.ASM

LOC.

0206

0207
0208
0202

020A
020B

020C
020D
020E
020F
0210
0211
0212

0213
0214

0215
216

0217
0218

0219
021a

021B
02lc

OBJ.

1469B

07331
14787
07321

ip791
iD300

1D750
0BE1iB
QC219
0B&14
0c217
0B6i2
0C21i5

EXTRN
0C21in

EXTEN
oCc21Dp

EXTRN
gcz21p

EXTRN

1D791

1F304
0Cc231

D17201A ASSEMBLE LIST >>

M I SOURCE STATEMENT
P REEA KRR FF R T F R F R E R X R IR R R TR F R ER KRN R R RN AR R R Rk ko kk F ok k kK k%

RRER R e

[re

e

INPUT

L I e e 3

.k

Branch operation processing,

QUTFUT

11:24:27 12/20/92 PAGE 03-023

error handling

RCOM (Area for the operator to be executed)
: RNUMC (Numeric key counter)

RMODE (Mode area)

POPREQ (Operation request flag)

¥
%
*
*
*
RDEXP - RDMSD (Display data) *
*®
*
*
]

HEEE R R R R s e R R L T R R L )

MOPBRN :
CLR1
AND
CLR1
PEEK
AND
POKE
BANK1
MOV
MOV
BANK(
MOV
SKNE
BR
SKNE
BR
SKNE
BR

HE X2
CALL
BR

FE++
LOBRLOC:
CALL
BR

s
LOB200 -
CALL
BR

PEEE

LOB300:
CALL
BANK1
MOV
SKF1
SKF
BR

EJECT

FOPREQ

MF. FOPREQ SHR 4,#.DF. (NOT FOPREQ AND OFH)

LCDEN
WR, .MF.LCDEN SHER 4

;LCD display off

WR, #.DF. {NOT LCDEN) AND CFH

.MF.LCDEN SHR 4,WR

BANK, #C1lH
ROPFLG, #0000B

BANK, #00H

RCCM, #CDIV AND OFH
LOB300

RCOM, #CMUL AND (FH
LOB200

RCCM, #CSUB AND OFH
LOBLOC

Add operation
SFPADD

LOB400

Subtract operation

SFPSUB
LOB400

Multiply operation

SFPMULT
LOB4C0

Divide operation
SFPDIV

BANK, #01H
FDVERR

;Clears the operation flag.

;Divide instruction?
:Yesg

iMultiply instruction?
iYes

;Subtract instruction?
iYes

deb g

e

+++

;Is the divisgor (7

.MF.FDVERR SHR 4,%.DF.FDVERR AND {FH

LOB7C0

;Yes ->» Erxor handling
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AS17K V1.10 V4 <<

D1720iA ASSEMBLE LIST »> 11:24:27 12/20/93 PAGE 03-024

PROG =
SOURCE = CALCZ2.ASM
E STNC LOC. OBJ. M I SQURCE STATEMENT
736 P+ Overflow 4
737 LOB400:
738 1 BANK1
+ 1 021p 1p791 1 MOV BANK, #0LH
739 021E 08040 LD RREG(, RXEXD
740 021F 08051 LD RREG] , RXEXP+1H
741 1 BANKO
+ 1 0220 1D7%0 1 MOV BANK, #00H
742 0221 1R018 SKLT RREGL, #8H ;Is the exponent smaller than 0?
743 0222 0C228 BR LOB500 ;Yes
744 0223 11008 SUB RREGO, # (CEXPMAX+1H) AND GFH ;Is the exponent between 0 and 772
745 0224 1301C SUBC RREGL, # (CEXPMAX+1H) SHR 4 AND OFH
746 1 SKF1 CY
+ 1 0225 1F7F4 1 SKF .MF.CY SHR 4,#.DF.CY AND 0FH
747 Q226 0C22C BR LOB600 ;Yes -» Cperation result display
748 0227 0C231 BR LOB700 ;No -» Error handling
749
750 LOB5C0:
751 0228 110CB SUB RREGQ, #CEXPMIN AND OFH ;Is the exponent between -5 and -17?
752 0229 1301F SUBC RREG]L, #CEXPMIN SHR 4 AND QFH
753 1 SKF1 cY
+ 1 0222 1F7F4 1 SKF LMPLCY SHR 4,# . DF.CY AND 0OFH
754 022B EXTRN CALL SRXCLR ;No: Operation result
755
756 PR Operation result conversion Faven
757 LOBE00: '
758 022C EXTRN CALL SFIX ;Operation result -» display data
759 022D 1D148 MOV RDEXP, #CEXPINI AND 0FH
760 022E iD150 MOV RDEXP+1H, #CEXPINI SHR 4 AND OFH
761 022F iDl100 MOV RNUMC, #CNONUM AND QFH
762 0230 0C235 BR LOBSCO ;-> Operation result display
763
764 RS Error handling +++
765 LOB700:
766 1 BANKO
+ 1 0231 1D7%0 1 MoV BANK, #00H
767 0232 1D648 MOV RMODE, #CERROR AND QFH ;Sets the errcr mode.
768 0233 ENTRN CALL SDPINI
769 0234 1D18C MOV RDLSD, #CERRDP AND OFH ;Least significant digit of the display data
770 i<~ [E] display data
il
772 LOBBOO:
773 0235 EXTRN CALL SDISP ;Display data output
774 i SET1 LCDEN ;LCD display on
+ 1 0236 07331 1 PEEK WR, .MF.LCDEN SHR 4
+ 2 0237 le788 1 CR WR, #_.DF.LCDEN AND QFH
+ 3 0238 07321 1 POKE .MF.LCBEN SHR 4,WR
775
776 023% C70ED RET
717
778 END
TOTAL ERRORS =0
TOTAL WARNINGS = 0
9-48
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2517 V1.10 V4 << D17201lA ASSEMBLE LIST >»> 11:24:27 12/20/93 PAGE 03-025

PRCG =
SOURCE = CALCZ2.ASM

E STNO LOC. OBJ. M I SOURCE STATEMENT

END OF LIST
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AS17K V1.10 V4 <<

0172012 ASSEMBLE LIST »>»>

11:25:27 12/20/93 PAGE 04-001

PROG =
SOURCE = CALC3.ASM
E STNO LOC. OBJ. M I SOURCE STATEMENT
1 JEERRERAFF AR R EIF AR A KRR Rk Rk k kR kR Rk ¥k F R F KA KK H
2 i ¥ ¥
3 ;¥ USER NAME : NEC CORPORATION ¥
4 H * *
5 ¥  SYSTEM NAME : 17K APPLICATION (CALCULATOR) #
6 H * *
7 ¥ CPU : uPD17201a *
8 1 ¥ ¥
9 ;¥  LAST UPDATE : *93/12/20 11:00 ¥
10 1 ¥ #
11 P RFEEF AR RERRE R R R R R R AR R KRRk Rk ok kd AR RE RSk bk Kk RS
12 ; kkRkFkFr bk kxk kR kR bk kckkokkk ek kh kb kk kb kR ek EF
13 1 ¥ L]
14 ;¥ FILE NAME CALC3 .ASM ¥
15 H * *
16 +* INCLUDE 10 ROUTINES: ¥
17 P ¥ SRAMCR : RAM ALL CLEAR *
18 i ¥ SDPINI : DISPLAY DATA ARFA ¥
19 P ¥ INITIALIZE ¥
20 r¥ SRYCLR : SECOND OPERAND DATA ¥
21 T ¥ AREA CLEAR ¥
22 T ¥ SDSHFD : DISPLAY DATA AREA ¥
23 P¥ DOWN SHIFT ¥
24 ¥ SUSHFD : DISPLAY DATA ARESA *
25 ¥ UP SHIFT *
28 1 ¥ SUSHFY SECOND OPERAND DATA *
27  * AREA DOWN SHIFT *
28 i * STRAN TRANSFER DATA ¥
29 P * SFIX TRANSFER FLOATING *
30 HR POINT NUMBER TO *
31 ¥ FIXED POINT NUMBER *
32 i STRNDY TRANSFER DISPLAY DATA *
33 H TO SECOND OPERAND ¥
34 ¥ sSDisp DISPLAY DATA OUTEUT *
35 H ¥
36 : LR E R S R LR SRR S R R I R 2 T RS R S E LTSRS R EFE RS E Y
37
ig EJECT
9-50
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Chapter 9 Calculator Programs

AS17K V1.10 V4 << D17201A ASSEMBLE LIST >> 21:2%5:27 12/20/93 PAGE 04-002
PROG =
SQURCE = CALC3.ASM

E $TNO LOC. OBJ. M I SQURCE STATEMENT

19 P ERER R AR A AR R AR AR KRR KRR R R A AR F A AR RN R R

40 L External reference *

41 FEEEEE R R R E KR IR AR AR AR AR F R A F R AR IR R RS

42 EXTRN MEM: RREGC,RREG1,RREGZ ;General-purpose register

43 EXTRN MEM: RREG3, RREG4

44 EXTRN MEM: RNUMC ;Numeric key counter

45 EXTRN MEM: RPTLOC ;Decimal-point position area

46 EXTRN MEM: RSINLOC :Sign position area

47 EXTRN MEM: RDSIGN ;Operation result sign area

48 EXTRN  MEM: RDEXP ;Display data exponent aresa

49 EXTRAN MEM: RPLSD, RDMSD ;Display datz area

50 EXTRN MEM: RXSIGN ;Floating-point register 1, sign

51 BEXTRN MEM: RYSIGN ;Floating-point register 2, sign

52 EXTRN MEM: RYEXP ’ ;Floating-point register 2, characteristic
53 EXTRN MEM: RYMSD,RYLSD ;Floating-point register 2, mantissa
54

55 EXTRN DAT: CSTMPE (MPH: Indirect addressing (BANKO)

56 EXTRN DAT: CSTBK2 H Indirect addressing (BANK2)

57 EXTRN DAT: CSTBK1 ;MPL: Indirect addressing (BANKL)

58 EXTRN DAT: CPLINI ;Initial value cf the decimal-point position area
59 EXTRN DAT: CEXPINI ;Initial value cof the display data exponent area
60 EXTRN DAT: CZERQO ;[0] display cata

61 EXTRN DAT: CSPACE ;Space display data

62 EXTEN DAT: CMINUS ;[-] display data

63 EXTRN DAT: CDPON ;Decimal-point display segment data

64 EXTRN DAT: CSINOFF,CSINMN ;No sign display/minus

65

66 PEREREEE R R R AR AR R A R AR AR E KRR KRR B RA R AR RS

67 P ¥ External definition *

&8 s FEEF R EFEFRR R IRFRE R AR R RIR R EF 2R FFRR R E XTI X F%

69 PUBLIC SRAMCR, SDPINI, SDSHFD, SUSHFD, STRAN, SFIX, STRNDY, SRYCLR, SDISP
70

71 EJECT
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Chapter 9 Calcutator Programs

ASLITK V1.10 V4 <<

D17201A ASSEMBLE LIST »>»>

11:25:27 12/20/93 PAGE 04-003

PROG =
SOURCE = CALC3.ASM
E STNC LOC. OBJ. M I SQURCE STATEMENT
72 PEREEFERA RN R R R R R R K kAR AR F R F AR R AR RN R AR k43
73 i # *
74 i ¥ Macro definition file reading ¥
75 P *
76 ;*******#****************************xx**********
77 1 INCLUDE ‘PUSHMP.ASM"’
+ 1 1
+ 2 1 EXTRN MEM: RREG10,RREG1L1
+ 1
" i Lo EEREFERRREFAFRERRERI IR SRR A F IR FF AR AN A AR R AR
+« 5 1;¥* *
+ B 1% Macro definition for saving the ¥
+ 7 1;%* data memory row address pointer *
+ 8 1 ;+# ¥
+ g9 IR R R Y TR R Y S R TSR LT
+ 10 1 APUSHME MACRO
+ 11 1 LD RREG10,MPFH
+ 12 1 np RREG11,MPL
+ 13 1 ENDM
+ 14 1
+ 15 1 pHFFEEERRRR AR REARR AR AR RE AR RS R AT A AR KAk
+ 16 1 ;* ¥
+ 17 1 ;# Macro definition for restoring the ¥
+ 18 1 ;# data memory row address pointer ¥
+ 19 1 ;¥ i
+ 20 T o EEFEERRRERFFRRFAFA R I KRR E R R AR F R R AR A
+ 21 1 APOPMP MACRO
+ 22 1 ST MPH, RREG10
+ 23 1 ST MPL, RREGL1
+ 24 1 ENDM
+ 25 1
+ 26 1 ECF
78
79 EJECT
9-52
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Chapter 9

Calculator Programs

ASITK V1.10 V4 << D172012 ASSEMBLE LIST »>> 11:25:27 12/20/93 PAGE 04-004
PROG =
SCURCE = CALC3.ASM

E STNO LOC. ORJ. M I SOURCE STATEMENT

80 PEEE R R R AR R R R R E A A F P EL R F A TR Ak R F R R AR

81 ¥ *

82 R RaM all clear processing ¥

83 ;* %

84 HEd INPUT : Nothing *

85 i OUTPUT : ALL RAM AREA ¥

86 i¥ *

37 PRRREE AR R R KR KR A ER R F A SRR AR R AR AR R LR R FHE

88 SRAMCR:

89 1 BANK(

+ 1 023a 1D7%0 1 MOV BANK, #00H

90 023B 1D7A8 MOV MPH, $#CSTMPE AND 0FH ;MPE set

91 023C 1p7B0 MOV MPL, #.DM.RREG2 SHR 4 AND OFH

92 023D 1D002 MOV RREGO, #.DM.RREG2 AND (OFH

93 Q23E 1p010 MOV RREGL, #CZERO AND (QFH

94 JRC200:

95 023F 0ADLO MOV @RREGOQ, RREG1

96 0240 10001 ADD RREGO, #1H

97 0241 09000 SKE RREGO, #0H

98 0242 0C23F BR JRC200

95

100 9243 10781 ADD MPL, #1K

101 0244 OB7R7 SKNE MPL, #7H ;Did BANKD or BANKZ t
102 0245 0C24a BR JRC400 ;Yes

103 024¢ 0978F SKE MPL, #0FH ;Did BANK] te
104 0247 OC23F BR JRC200 ;No -» Next ¢
105 0248 1D7A% MOV MPH, #CSTBK2 AND 0FH ;Yes «~> BANKZ
106 0249 0C24C BR JRCH00

107

108 JRC4C0:
108 024a QB7A9 SKME MPH, #CSTBK2 AND OFH ;Did BANKZ2 te
110 024B QC24E BR JRCE00 ;Yes -> RET
111 JRCE0Q:
112 024¢ 107B1 ADD MPL, #18
113 024D Q237 BR JRC200
114
115 JRC800:
1i6 G24E Q70EQ RET
117
118 EJECT

erminate?

rminate?
olumn

rminate?
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Chapter 9 Calculator Programs

ASITK VI 10 V4 <<

PROG =

SOURCE = CALC3.ASM

E STNO LOC. OBJ.

D17201A ASSEMBLE LIST >>

M I SOURCE STATEMENT

11:25:27 12/20/93 PAGE 04-005

119 PR R AR AR R AR R KRR F AR R FERR KRR KRR F R AR R H R
120 ;¥ ¥
121 ;¥ Display data area initialization ¥
122 HE ¥
123 ;# INPUT : Nething ¥
124 ;¥ OUTPUT : RPTLOC (Decimal-point position area)*
125 i ¥ RDLSD - RDMSD (Display data) ¥
126 HRs ¥
127 SEFEAXRHER AR REAFRRR KRR KRN R AR R kAR kR F Rk R SRR R E
i28 SDPINI:
129 1 APUSHMP ;Saves the memory pointer.
+ 1 024F 087aA 1 LD RREG10,MPH
+ 2 0250 087BB 1 LD RREG11, MPL
130
131 1 BANKO
+ 10251 1D7%0 1 MOV BANK, #J0H
132 0252 1DisD MOV RDLSD, #CZERO AND OFH ;Least significant digit <- [0] display data
133
134 0253 1p7A8 MOV MPH, #CSTMPE AND OFH MPE set
135 0254 1D7B1 MoV MPL, #.DM.RDLSD SHR 4 AND 0FH :Sets the row address of
136 ;the display area.
137 0255 1ng09 MOV RREGO, #.DM. {RDLSD+1H) AND OFH ;$ets the column address.
138 0256 iD0la MOV RREGL, #CSPACE AND OFH ;Space display data
139 JDI200:
140 0257 CAQ10 MOV BRREG0, RREGL
141 0258 10001 ADD RREGOD, #1H
142 0259 09000 SKE RREGO, #0H ;1Did the initialization rterminate?
143 025A (QC257 BR JDI200 ;No -» Next digit
144 025B 10117 MOV RPTLOC, #CPLINI AND OFH ;Resets the decimal-point position.
148
146 1 APQOPMP ;Restores the memory pointer.
+ 1 Q25C 187aa 1 sT MFH, RREG10
+ 2 025D 187BB 1 5T MFL, RREG11l
147
148 0258 070E0Q RET
149
150 EJECT
9-54
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Chapter 9 Calculator Programs

AS17K Vi1.10 V4 <<

PROG =

SOUGRCE

= CALC3.ASM

E STNO LCC. OBdJ.

151
152
153
154
155
156
157
158
159
160
161
+ 1
+ 2
162
163
+ 1
164
165
166
167
168
169
170
171
172
173
174
175
+ 1
+ 2
176
177
178
179

087A8
087BB

12790
1D7A8
10781
16788
18603
12010

Qa010
10001
09600
0c267

187AA
187RB

070E0

DI7201A ASSEMBLE LIST »>»> 11:;25:27 12/20/93 PAGE 04-006

M

R

I SOURCE STATEMENT
sREFXEXKFFRFFFFAXEE RN EREFFRRE R RISk A bR Rk Rk kbR k%

¥

OUTPUT :

- %
- ¥
P ® INPUT
.k
. ¥

1
]
‘
1
'
il
i

¥

i
;***********************************************#

SRYCLR:
APUSHMP
LD
LD

BANKO
MOV
Hov
MOV
OR
MOV
MOV
JYC200:

MOV
ADD
SKE
BR

APOPMP
5T

$T
RET

EJECT

Clearing floating-point register 2

: Nothing

RYSIGN - RDMSD
(Floating-point register 2)

*OH M K WM

R

; Saves the memory pointer.
RREGL0,MPH
RREG11,MPL
BANK, #00H
MPH, #CSTMPE AND 0OFH ;MPE set
MPL, #.DM.RYSIGN SHR 4 AND OFH ;Sets the row address of

MPL, #CSTBKI AND QOFH ;fleating-point register 2.
RREGO, #. DM.RYSIGN AND OFH ;Sets the ceolumn address.
RREGL, CZERO AND GFH ;Space display data

@RREGQ, RREG1

PREGO, #1H

RREGO, #0H ;Clear terminated?

JYC2006 ;No -> Next digit
;Restores the memory pointer.

MPH, RREG1C

MPL,RREGL1
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Chapter 9 Calculator Programs

AS17K V1.1l0 V4 << D17201A ASSEMBLE LIST »>>

11:25:27 12/20/93 PAGE 04-007

PROG =
SOURCE = CALC3.ASM
E STNO LOC. OBJ. M I SOURCE STATEMENT
180 PAERRERRERA R R R R R AR TR TR AR AR AR RN R bk ks
181 Hes *
182 HE Display data area shift down *
183 T ¥ ¥
184 P ¥ INPUT RDLSD - RDMSD (Display data) ¥
185  * OUTPUT : RDLSD - RODMSD (Display data) *
186 HLd *
187 PREFERR R R EFFF AR AR E R R FE R P FRRF R KA h kR 2R h
188 SDSHFD:
189 1 APITSHMP ;Saves the memory pointer.
+ 1 Q26E 087aa 1 LD RREG10, MPH
+ 2 026F 087BB 1 LD RREGLI, MPL
180
191 1 BANKO
+ 1 0270 1D7%0 1 MOV BANK, #00H
192 0271 1D7A8 MOV MPH, #CSTMPE AND OFH ;MPE set
183 9272 1D7Bl1 MOV MPL, #.DM,RDLSD SHR 4 AND OFH ;Sets the row address of the
194 ;display data area.
195 0273 1D007 MOV RREGQ, #.DM. (RDLSD-1H} AND OFH ;Sets the column address.
156 JDD200:
157 0274 1A010 MOV RREGL, @RREGO ;One-byte shift down
198 9275 11001 SUB RREGC, #1H
199 0276 0Aa010 MOV BRREGO, RREG1
200 0277 10002 ADD RREGG, #2H
201 0278 09000 SKE RREGOC, #0H ;End of shift dowm?
202 02758 0¢274 BR JDD2040 ;No -» Next digit
203 027A 1DiF0 MOV RDMSD, #CZERO AND (OFH ;Most significant digit <- [0] display data
204
205 1 APOPMP ;Restores the memory pointer.
+ 1 027B 187an 1 ST MPH, RREG10
+ 2 027¢ 187BR 1 ST MPL,RREG11
206
207 027D 070E0 RET
208
209 EJECT
9-56
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Chapter 9 Calculator Programs

AS17K Vi.10 V4 << D17201A ASSEMBLE LIST »> 11:25:27 12/20/93 PAGE 04~008
PROG =
SQURCE = CALC3.ASM

E STNO LOC. COBJ. M I SOURCE STATEMENT

21.0 R Ry Y T Y ST
211 ;¥ *
212 ;¥ Display data area shift up #
213 ¥ ¥
214 HE INPUT : RDLSD - RDMSD (Display data) *
215 HEd OUTPUT : RDLSD - RDMSD (Display data) *
216 1 ¥ *
217 SR EREERE R AR KRS F A AR A AR AR R L E AR AR KA KT EF R k%
218 SUSHFD:
21¢ 1 APUSHMP ;Saves the memory pointer,
+ 1 027E 0872A 1 LD RREG10,MPH
+ 2 027F 0878BB 1 Lp RREG11, MPL
220
221 1 BANRD
+ 10280 1D790 1 MOV BANK, £004
222 0281 1D7Aa8 MOV MPH, #CSTMPE AND OFH ;MPE =set
223 0282 1D7B1 MOV MPL, ¥.DM.RDLSD SHR 4 aND (0FH ;Sets the row address of the
224 ;display data area.
225 0283 1D0OOE MOV RREGO, #.DM. (RDMSD~1H) AND 0FH ;Sets the column address.
226 Jub200
227 0284 1A010 MOV RREGL, BRREGO ;One-byte shift up
228 0285 10001 ADD RREGO, ¥1H
229 0286 0AQL0 MOV @RREGO, RREGL
230 0287 11002 SUB RREGO, #2H
231 0288 1B0OOS SKLT RREGQ, #.DM.RDLSD AND QFH ;End of shift up?
232 0289 0C284 BR JUD200 ;No -»> Next digit
233 028a 1D180 MOV RDLSD, #CZERO AND OFH ;jLeast significant digit <- [£] display data
234
235 1 APOPMP ;jRestores the memory pointer.
+ 1028B 187aa 1 sT MPH, RREG10
+ 2 028C 1B7BE 1 ST MPL, RREG11
236
237 028D (070EQ RET
238
23¢9 EJECT
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Chapter § Calculator Programs

ASL1TK V1.10 V4 <<

D17201A ASSEMBLE LIST »>>

11:25:27 12/20/93 PAGE 04-00%

PROG =
SOURCE = CALC3.ASM
E STNO LOC. OBJ. M I SOURCE STATEMENT
240 PEEEREEAREEARRRR RN AR R AR R Rk Rk bk k kb kL %k
241 Hu *
242 ;¥ Floating-peint register 2 sghift up *
243 1 ¥ *
244 ;*# INPUT : RYLSD - RYMSD *
245 He {(Floating-point register 2, mantissa) *
246 ¥ QUTPUT : RYLSD - RYMSD *
247 e {Floating-point register 2, mantissa) *
248 ¥ ¥
249 FRREER R R R R R R AR XA RERRF AR RE R R R KRR R R AR A A
2590 SUSHFY:
251 1 APUSHMP ;8aves the memcry peinter.
+ 1 D28E (B87m2 1 LD RREG10,MPH
+ 2 028F 087BB 1 LD RREG11,MPL
252
253 1 BANKC
+ 1 028G 1D79Q 1 MOV BANK, #00H
254 0291 1D7a8 MOV MPH, #CSTMPE AND OFH ;MPE set
255 0282 1b7Bl MOV MPL, #.DM.RYLSD SHR 4 AND OFH :Sets the row address of
256 0292 167B8 OR MPL, #CSTBKLI AND OFH ;floating-point register 2.
257 0294 1DOOE MOV RREGO, #.DM. (RYMSD-1H) AND OFH ;Sets the column address.
258 Juy200:
259 D295 1a010 MOV RREGI1, @RREG( ;One-byte shift up
260 0296 10001 ADD RREGO, #1H
261 0297 Qa01Q MOV @RREGO , RREG]
262 0298 11002 SUB RREGO, #2H
263 0299 1B006 SKLT RREGO, #.DM.RYLSD AND OFH ;End of shift up?
264 02%a 0C295 BR JUY200 ;No «» Next digit
265 i BANK1
+ 1 029B ib781 1 MOV BANK, #01H
266 029C 1pig0 MOV RYLSD, #CZERQ AND (QFH ;Least significant digit <~ [0 display data
267 1 BANKOQ
+ 1 029D 1D780 1 MOV BANK, #00H
268
269 1 APOPMP :Restores the memory pointer.
+ 1 02%E 187aa 1 8T MPH, RREG1(
+ 2 029F 187BB 1 5T MPL, RREG1 1
270
271 0220 070E0 RET
272
273 EJECT
9-58
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Chapter ¢ Calculator Programs

AS17K V1.1¢ V4 << DI7201A ASSEMBLE LIST >> 11:25:27 12/20/93 PAGE (4-010
PROG =
SOURCE = CALC3.ASM

E STNQ LOC. OBJ. M I SOURCE STATEMENT

274 PEEEREFREF R KRR AR RN E AP R A AR SRR A kR MR Rk ek k &
275 ¥ *
276 s ¥ Data transfer *
277 HL ¥
278 i ¥ INPUT : RREGO (Row address of the #
279 ¥ source area) ¥
2890 Pk : RREG1 {Row address of the *
281 P ¥ destination area) ¥
282 HE : RZLSD - RZMSD (Saving register) *
283 P ¥ : RXESIGN - RXMSD *
284 i ¥ (Floating-point register 1) i
285 i ¥ : RYSIGN - RYMSD *
286 He {Floating-point register 2) *
287 HE CUTPUT : RDSIGN - RDMSD *
288 s (Display data register) *
289 HES : RZLSD - RZMSD (Saving register) ¥
290 P ¥ : RXSIGN - RXMSD ¥
291 ¥ (Fioating-point register 1) ¥
292 e : RYSIGN - RYMSD ¥
293 HES (Ficating-point register 2) ¥
294 1 ¥ ¥
295 PEFRRR AR AR F A AR R R A AR TE A F RN B KR kR ARk kR
296

297 EJECT
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Chapter 9 Calculator Programs

AS17K V1.10 V4 <« D17201A ASSEMBLE LIST >» 11:25:27 12/20/93 PAGE 04-011
PROG =
SOURCE = CALC3.ASM
E STNQ LOC. ORJ. M I SQURCE STATEMENT
298 STRAN:
299 1 APUSHMP ;Saves the memory pointer.
+ 1 02al1 0872a 1 LD RREGLO, MPH
+ 2 02A2 087BB 1 LD RREGL1,MPL
300
301 1 BANK{D
+ 1 02a3 1D7%0 1 MOV BANK, #00H
302 02A4 1D7A8 MOV MPH, #CSTMPE AND OFH ; MPE set
303 02A5 1D023 MOV RREG2Z, #.DM.RDSIGN AND OFH ;Sets the column address.
304 JTR200:
305 0226 187RD ST MPL, RREG{ ;Sets the row address of the source area.
306 0237 1A032 MOV RREG3, BRREG2
307 02a8 187B1 sT MFL, RREGL iSets the row address of the destination area.
308 02a9 0a032 MOV BRREGZ, RREG3
309 062aa 10021 ADD RREG2Z, #1H
310 02aB 09020 SKE RREG2Z, #0H ;End of transfex?
311 G2AC QC2Aa6 BR JTR200 ;No -> Next digit
312
313 1 APOPMP ;Restores the memory pointer.
+ 1 02aDp 187aa 1 ST MPHE, RREGL{
+ 2 02AE 187BB 1 aT MPL, RREGL1
314
315 02AF 070EQ RET
316
317 EJECT
9-60
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Chapter 9 Calculator Programs

AS17K V1.10 V4 << D172012 ASSEMBLE LIST »>> 11:25:47 12/20/93 PAGE 04-012
PROG =
SOURCE = CALC3.ASM

E STNO LOC. OBRJ. M I SOURCE STATEMENT

318 SEEEFRRAERRERR RN EAR A F AR R AR e SRRk T A a kR FhR kT £
319 i ¥ ¥
320 s Operation result conversion ¥
321 S ¥
322 ¥ INPUT : RXSIGN - RXMSD (Operation result) ¥
323 ; ¥ QUTPUT : RPTLOC (Decimal-point position area)¥
324 HA : RSINLOC (Sign position area) ¥
325 P * : RDSIGN - RDMSD *
326 i* {Display data register) *
327 M *
328 SRR AR R R R AR ER AR KRR RA A AR RN Rk R R
329 ;+++ Transfer of the operation result to the display data area +++
330 SFIX:
331 1 BANKO
+ 1 02B0 1D790 1 MOV BANK, #00H
332 0281 10000 MOV RREG(, #.DM.RXSIGN SHR 4 AND {FE
333 02B2 165008 OR RREGO, #CSTBK1
334 0283 1iD0L1 MOV RREGI, #.DM.RDSIGN SHR 4 AND (FE
335 02B4 1c2al CALL STRAN
336
337 ;444 Exponent data judgment b
338 02B5 0Bl140 SKNE RDEXP, #0H ;Is exponent data 07
339 02B6 09150 SKE RDEXP+1H, #0H
340 02B7 0CZBa ER JFX100
341 02B8 1D141 MOV RDEXP, #1H ;Y¥es: EZxponent data < 1
342 02B9 OCZBC BR JFX200
343 JFX100:
344 02Ba (Q915F SKE RDEXP+1H, #0FH ;Is exponent data smailer than 0?
345 02BB QCZ2BD BR JFX300 :No
346 JFX200:
347 02BC 1C26E CALL SDSHFD
348
349 ;+++ Positive/negative judgment of the operation result A
350 JFX300:
351 (02BD 09131 SKE RDSIGN, #CSINMN AND OFH ;Is the operation result smallier than {?
352 02ZBE 0Cz2Ci BR JEX400 ;No
353 02BF 1D1FB MOV RDMSD, #CMINUS AND 0FH ;Yes: Sets the [-] display data in the
354 02C0 0czc2 BR JFX500 ;most gignificant digit of the display data.
355 JFX400:
356 02C1 1D1Fa MOV RDMSD, #CSPACE AND OFH ;Sets the space display data in the
357 smost significant digit of the display data.
358 EJECT
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Chapter 9 Calculator Programs

ASITK V1.10 V4 <<

D17201A ASSEMBLE LIST »»> 11:25:27 12/20/93 PAGE 04-013

PROG =
SOURCE = CALC3.ASM
E STNC LOC. OBJ. M I SOURCE STATEMENT
359 EE TS Display data shift down
360 H (except the most significant digit) +++
361 JFX500:
362 02C2 0BLSF SKNE RDEXP+1H, #0FH 1Is exponent data smaller than 07?
363 02C3 CC2C7 BR JFX600 :Yes -» Shift down
364 02Cc4 (8140 LD RREGD, RDEXP i No
365 02C5 18110 ST RPTLOC, RREGD
366 02C6 0C2DC BR JFX860
367 :
368 JFX600:
369 1 ADPUSHMP ;Saves the memory pointer,
+ 1 02C7 087aa 1 LD RREG1D, MPH
+ 2 02C8 087BB 1 LD RREG11,MPL
370
371 02C9 1D7AS8 MOV MPH, #CSTMFE AND OFH JMPE set
372 02Ca 1D7Bl MOV MPL, #.DM.RDLSD SHR 4 AND (OFH ;Sets the row address of the
373 ;display data area.
374 JFX650:
375 02CB 1D007 MOV RREGOD, #,DM. (RDL.SD-1E}) AND 0OFH;Sets the column address.
376 JFX700:
377 02CC 1A010 MOV RREG1, @RREGD ;One-byte shift down
378 02¢Dp 11001 SUB RREGO, #1H
37% 02CE 0a010 MOV @RREGO, RREG1L
380 02CF 10002 ADD RREGO, #2H
381 02D0 0900F SKE RREGO, #.DM.RDMSD AND 0FH ;End of shift down?
382 02D1 0QCz2CC BR JFX700 ;Mo -» Next digitc
383 0202 1D1EC MOV RDMSD-~1H, #CZERQO AND 0OFH
384
385 1 SETL Z
+ 1 02D3 167F2 1 OR .MF.Z SHR 4, #.DF.Z AND OFH
386 02D4 10141 ADD RDEXP, #1H ;Increments exponent data.
387 02D5 12150 ADDC RDXEP+1H, #0H
388 1 SKT1 Z ;Did exponent data become 07?
+ 1 02D6 1lE7FZ2 1 SKT .MF.Z SHR 4,#_DF.Z AND QFH
389 02D7 0cC2CB BR JFX650 :No -» Repeats shift down.
390
391 1 APOPMP :Yes: Restores the memory pointer.
+ 1 02D8 187aa 1 ST MPH, RREG10
+ 2 0209 187BB 1 5T MPL,RREG11
392
393 02DA 1p141 MOV RDEXP, #1H
394 02DB 1pill MOV RPTLOC, #1H
395
396 EJECT
9-62
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Chapter 8 Calculator Programs

AS17K V1.10 V4 <<

PROG =

SOURCE

E STNO
397
398
398
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415

= CALC3.ASM

LoC.

020C

02pD
02DE
02DF
02E0

0ZEL
02EZ

02E3
02E4

DZES

OBJ.

1D12F

0B180D
JB117
0C2ES
10111

1C26E
1DiFA

11121
0C2DD

070EC

D172Q01A ASSEMBLE LIST »>»

M I SOURCE STATEMENT
Zero suppression

+++
JFX800:

JFX850:

JFXS00:

RET

EJECT

RSINLCC, #0FH

RDLSD, #CZERO AND OFH
RPTLCC, #7H

JEX900

RPTLOC, #1H

SDSHFD
RDMSD, #CSPACE AND 0FH

RSINLOC, #1H
JFX850

11:25:27 12/20/93

PAGE 04-014

:Did zero suppression terminate?

:Yes -» RET

iNe: Increments the

:decimnal-point position.

:Shifts display data down.

;Most significent digit of the display
;data area <- Space display data
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ASITH Vv1.19Q V4 <<

D17201A ASSEMBLE LIST >>

11:25:27 12/20/93 PAGE 04-015

PROG =
SOURCE = CALC3.ASM
E STNC LOC. OBJ. M I SOURCE STATEMENT
416 PRFERKERERER I IR RE AT FERRTREF R AR RN R ARk Rk 2%
417 ;¥ %
418 ;¥ Display data conversion *
419 i %
420 1 * INPUT : RNUMC {(Numeric key counter) ¥
421 Hd : RDEXP - RDMSD (Display data) +
422 ¥ QUTPUT : RYSIGN -~ RYMSD ¥
423 T ¥ (Floating-point register 2) L3
424 He ¥
425 PREE AR R R R R AR R AR AR R R R E R T AR
426 STRMNDY :
427 (Q2Eé 1C25F CALL SRYCLR ;Clears floating-point register 2.
428 Q2E7 09148 SKE RDEXP, #CEXPINI AND 0OFH ;iWas the decimal-point key pressed?
429 02ES O0CZEB BR JTDLCO ;Yes
430 02ES 08100 LD RREGO, RNUMC ;Mo: Display data exponent
431 02EA 18140 5T RDEXP, RREG) jarea <- Numeric key counter
432
433 RS Deletes a space from the digplay data +++
434 FTD100:
435 1 APUSHMP ;Saves the memory pointer.
+ 1 02EB 087an 1 LD RREG10,MPH
+ 2 02EC 087BB 1 LD RREGL1 ,MPL
436
437 02ED 1D7A8 MOV MPH, #CSTMPE AND QOFH ;MPE set
438 02EE 1D7B1 MoV MPL, #.DM.RDMSD SHR 4 AND OFH ;Sets the row address of the
439 :;display data area.
440 0ZEF 1DOOF MOV RREGQ, #.DM.RDMSD AND CFH :Sets the column azddress.
441 JTD200:
442 02F0 1A010 MoV RREG1, @RREGQ :Checks the space display
443 02F1 090LA SKE RREG1, #CSPACE AND OFH ;data.
444 02F2 0C2F5 BR JTD300
445 C02F3 1iQ00L SUB RREGO, #1H
446 02Fr4 OC2FO0 BR JTD200
447
448 EJECT
9-64
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AS17K V1.10 V4 <<

PROG =

SOURCE = CALC3.ASM

E STNO LOC. OBRJ.

449
450
451
452
453
454
+ 1
455
456
457
458
+ 1
458
460
461

477

02FS
02F6
02F7

02F8
02F3
02FA

02FB
02FC

0ZFD
02FE

02FF
0300
0301
0302
0303
0304
0305
0306
0307

0308
0309

08018
0C2FB
11001

1p791
1Diil
0C2FD

1p7¢l
iD139

1D7%0
iID0LE

iD7B1
1R020
1D7Bl
167B8
0a021
11011
11001
1BOCE
0C2FF

187a2
187BB

D17201A ASSEMBLE LIST »> 11:25:27 12/20/93 PAGE O

i

=

I SQURCE
P+

JTD300:

JTD400:

PEFE

JTD500:

JTD600:

STATEMENT

Sign judgment of the display data
SKE RREG1, #CMINUS AND OFH

BR JTD400C

SUB RREGO, #1H

BANK1

MOV BANK, #01H

MOV RYSIGN, #CSINMN AND OFH

BR JTDS500

BANK1

MOV BANK, #01H

MOV RYSIGN, #CSINOFF AND OFH

Data transier

BANKO

MOV BANK, #00H

MOV RREGL, #.DM. {RYMSD-1H} AND OFH
MOV MPL, #.DM.RDMSD SHR 4 AND OFH
MOV RREG2, GRREGD

MOV MPL, #.DM.RYMSD SHR 4 AND OFH
OR MPL, #CSTBK1

MOV ERREG1, RREG2

SUB RREGL, $1H

SUB RREGO, #1H

SKLT RREGG, #.DM.RDLSD AND OFH
BR JTD6C0

APOPMP
ST MPH, RREG10
ST MPL,RREG11
BEJECT

4-016

et

;Is {-] displayed?

;Yes

s

;Transfers the display data to
; floating-point register 2.

;End of transfer?
;No -» Next digit

;Restores the memcry pointer.

17K Series Application Note



Chapter 8 Calculator Programs

AS17K V1.10 V4 <<

D17201A ASSEMBLE LIST >>

11:25:27 12/20/93 PAGE 04-017

PROG =
SOURCE = CALC3.ASM
E STNO LOC. 0BJ. M SOURCE STATEMENT
479 ;+++ Exponent data transfer bk
480 030A 08140 LD RREGO, RDEXP
481 030B 08151 LD RREG]1, RBEXP+3iH
482 1 BANK1
+ 1030C 1D791 1 MoV BANK, #01H
483 030D 18140 ST RYEXP, RREGD
484 D30E 18151 ST RYEXP+1H, RREG1
485
486 ;+++ Zero suppression XY
487 1 BANKO
+ 1 030F 1D790 1 MOV BANK, #00H
488 0310 1DC38 MOV RREG3, #8H
489 JTD700:
490 0311 11031 SUB RREG3, #1H
491 0312 0BOD3O SKNE RREG3, #0H ;End of zero suppression?
492 0313 QC31F BR JTDBOC i Yes
493 1 BANK1
+ 1 0314 1p781 1 MOV BANK, #01H
494 0315 C81E4 LD RREG4, RYMSD-1H
495 1 BANKOD
+ 1 031e 1D780 1 MOV BANK, #00H
49¢ 0317 09040 SKE RREG4, #0H
497 0318 0C31F BR JTD8OO Yes
498 0319 1C28E CALL SUSHFY ;No: Floating—point register 2
489 ;shift up
500 b3 BANK1
+ 1 031a 1D791 1 MOV BANK, #01H
501 031B 11141 SUB RYEXFP, #1H
502 031C 13150 SUBC RYEXP+1H, #0H
533 1 BANKO
+ 1 031D 1D780 1 MOV BANK, #00H
504 031E 0c311 BR JTD700
565
5086 ;+++ Resets the display data exponent area +4+
507 JTD800:
508 G31F 1D148 MOV RDEXP, #CEXPINI AND OFH
509 C320 1D130 MoV RDEXP+1H, #CEXPINI SHR 4 AND OFH
510 8321 i1olo0 MOV RNUMC, #0H
511
512 0322 G70E0 RET
513
514 EJECT
9 - 66
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Chapter 9 Calculator Programs

AS17K V1.10 V4 << D17201a ASSEMBLE LIST »>» 11:25:27 12/20/93 PAGE 04-~018
PROG =
SOURCE = CALC3.ASM

E STNO LOC. OBJ. M I SOURCE STATEMENT

515 GERERRRRE AR AR KA AR AR X AR A EFRF AR AR KRR RN Rk f 44
516 1% ¥
517 ¥ pisplay data output processing *
518 PF ®
319 i* INPUT : RPTLOC {Decimei-point position area) *
520 i¥ : RDLSD - RDMSD (Display data) ¥
521 ;¥  QUTPUT : LCDDO - LCDD231 *
522 i K (LCD segment data) *
523 ¥ %
524 PEEEE AR E KRR R F R R AR BN R AR R R Rk R Rk F Rk Fr kR R A%
525 SRR AR KR KR R E X R R AR XK R Rk R KR I FRE R AR KA X%
526 L] Segment data table ¥
527 PEEERERFEFEEER SR RRRRF RN R R F Rk bR A kAR KRR kXL E R L
528 0323 3232 TSEGDAT : DW 3232H ;[02

529 0324 1010 W 1010H ;{13

530 0325 1322 LW 1322H (21

531 0326 1132 oW 11320 +[3]

532 0327 3110 bW 3110H :[4]

533 0328 2132 oW 21328 : [5]

534 0329 2332 DW 23328 : (6]

535 032A 3012 jaily 3012KH : [7]

536 0328 3332 DW 3332H : [8]

537 032C 3132 DW 3132H ; [91]

538 032D 000C DW 0000H : Space
539 032E (QL00 Dw 0100H : -]

540 Q032F 2322 DwW 2322H ; [E]

541

542 EJECT
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AS17K V1,10 V4 <<

D17201A ASSEMBLE LIST »> 11:25:27 12/20/93 PAGE 04-01%

PROG =

SOURCE = CALC3,ASM

E STNO LOC. OBJ. M I SOURCE STATEMENT
543 PEEERRERA KRR AN R R Rk AR R AR ARk R R R R R RS A R R kA K ko Rk Rk
544 H ] Initial wvalue setting %
545 PRRFRE R AR R A AR F R R R R LR R T AR F AR F R KRR R R Rk k hok kA k%
546 SDISP:
547 1 APUSHMP :Saves the memory peinter.

+ 1 0330 087a2 1 LD RREG10,MPH
+ 2 0331 087BB 1 LD RREGL1,MPL

548
54% 0332 1D7A8 MOV MPH, #CSTMPE AND 0F¥FH JMPE set
550 0333 1pc0g MOV RREGO, #.DM,RDLSD AND QFH ;Sets the column address of
551 ;the display data area.
552 D334 1D014 MOV RREGL, #.DM.LCDD0 SHR 4 AND OFH ;Sets the address of the LCD
553 0335 1p020 MOV RREG2, #.DM.LCDDO AND OFH ;segment data area.
554 0336 1DO3F MOV RREG3, #0FH
555 0337 01113 SUB RREG3, RPTLOC
556 .
557 PRERRERKRR KA R A ARk R AR KRR F R Rk ARk Rk ok ROk E R pk
558 i Segment data reading *
559 FRRFRKRERRRE R R F R R R EF R R kR RFF Rk AR R KRR R Rk Rk k¥
560 JDP2Q0:
561 0338 1D773 MOV ARO, #.DL.,TSEGDAT AND OFH ;Sets the first
562 0339 1D762 MOV AR1, #.DPL.TSEGDAT SHR 4 AND OFH ;address of the segment
563 033A 1D753 MOV ARZ2, #.DL.TSEGDAT SHR 8 AND QFE ;data table.
564 033B 1D740 MOV AR3, #.DL.TSEGDAT SHR 12 AND QFH
565
566 033C 1D7BR1 MOV MPL, # .DM.RDLSD $SHR 4 AND OFH :Sets the row address of
567 :the display data areza.
568 033D 1A040 MOV RREG4, @RREG() ;Reads the display data.
569 Jop400:
570 033E 0B040 SKNE RREG4 , #0H
571 033F 0C343 BR JDPG00
572 0340 07080 INC AR ;Specifies the address of the segment
573 0341 11041 SUB RREG4, #1H ;data to be referenced.
574 0342 QC33E BR JDP400
575
576 JDPE0O:
577 0343 07010 MOVT DBF, @BAR ;Reads the segment data.
578
57% EJECT
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AS17K V1.10 v4 <<

PROG =

SOURCE

593
594
585

TOTAL ERRORS
TOTAL WARNINGS

END OF

= CALC3.ASM

LOC. ORJ.

0344 08004
0345 05034
0346 0BO4O
0347 160F1

0348 187Bl1
0349 0a0F2
034a 10021
0348 QAQE2
034C 10021
034D 0a0D2
034E 10021
034F 0aDC2
0350 10021
0351 12010

0352 10001

0353 0sS00C0
0354 0C338

0355 1B7AA
0356 187BB

0357 Q70EQ

0o
[

LIST

D17201A ASSEMBLE LIST »>» 11:25:27 12/20/%93 PAGE 04-020

M

I

SOURCE STATEMENT
IEKEREFRFRFF I EFERERREFERF R FFRFERERFF R KA KR R KRRk

% Decimal-point position check ¥
ERRKEKEXFERFFFFFREFFRF RIS TR IR AR AR AR R KA R Rk ke %%
LD RREG4, RREGC
XOR RREG4, RREG3 ;Decimal-point position?
SKNE RREG4, #0H
CR DBFO0, #CDPCN AND 0FH ;Yes

JHREAFRFRFRAFELFFEIRFAFFAFAS R F R R R F AR R kh ok k k kA kR

I Segment data output £
TRk EEFEFR R kR R KRR F R F R R R R R R KRR P R AR R R F R A £
ST MPL, RREG1
MOV @RREG2, DBF(
ADD RREGZ, #1H
MOV ERREGZ, DBF1
ADD RREGZ, #1H
MOV @RREGZ2, DBF2
ADD RREG2, £#1H
MOV @RREG2, DBF3
ADD RREG2, #1H
ADDC RREG1, #0H
;Increments the column address
ADD RREGO, #1H ;of the display data area.
SKE RREGO, ¥0H ;End of data output?
BR JDP200 ;No -» Next digit
APOPMP ;Restores the memory pointer.
sT MPH, RREG10
ST MPL,RREG11
RET
END
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9.2 Floating-Point Section Program

This section shows the program listing of the floating-point section of the pocket calculator
described in the application notes.
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AS1TK V1.10 V4 << D172012 ASSEMBLE LIST »>> 11:26:25 12/20/93 PAGE 05-0C1
PROG =
SQURCE = ARITH.ASM

E STNO LOC. OBJ. M I SOURCE STATEMENT

1 Iy T E e e TS Y P P S P S R E LT
2 ix *
3 ¥ ¥
4 % *
5 3 SYSTEM NAME : FLOATING POINT ARITHMETIC PACKAGE *
5] H *
7 FEd *
8 H CPU : pPD17201a #
9 i * %
10 0% %

11 e FILE NAME : ARITH.ASM *
12 ;¥ *
13 0¥ *
14 PREE R R F R R R R F Rk KRR XA AR AR ER RS I EFF R BN KA RERR N R KR ¥ kR 4%
15

16 IR T R Yy Y Y S R R R R 2 2 I 2 It I:T,
17 % PUBLIC ¥
18 SEEFERRF AR KA AR AR R AR A KRR IR RN R IR IR R R EFF S PR FR RN R AR R R R R k2t
18

20 PUBLIC SFPADD, SFPSUB, SFPMULT, SFPDIV

21 PUBLIC SRXCLR

22

23 PR R AR F AR A E KRR R IR R R R AR R R KRR R R KRR FF RSk R IR A A AF R AR

24 ] EXTRN *

25 PR R R R R E R R R R AR A AR RS R KRR R R kR E kR R F R kA Rk kA kR F Rk R Ek

26 ;hFExkF RAM daba 4 sk bk dd b ddd ook a sk a kb x Xk kb b Sk R R AR SR FRERA

27

28 EXTRN MEM: RREGQ, RREGL ;General-purpose register

29

30 ;Floating-point register 1
31 EXTRN MEM: RXSIGN :8ign

32 EXTRN MEM: RXEXP ;Characteristic

33 EXTRN MEM: RXLSD ;Least significant digit of mantissa
34 EXTRN  MEM: RXMSD ;Most significant digit of mantissa
35 EXTRN MEM: RYSIGN,RYEXP,RYLSD,RYMSD :Floating-point register 2
36 EXTRN MEM: RWSIGN, RWEXP, RWLSD,RWMSD ;Floating-point register 3
37

38 sHREEEE: Flag $ k¥ 25 E 35456 FFRRRAk AR R R NI X Rk endokb bk ko kb e d kb kst

-39

40 EXTRN PLG: FPEXCHG ;Register exchange flag

41 EXTRN FLG: FZERO ;Operation result zero flag

42 EXTRN FLG: FOVER ;Overflow flag

43 EXTRN FLG: FDVERR ;Zero-division flag

44 EJECT
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AS17X V1.10 V4 <<

D172012 ASSEMBLE LIST »>>

11:26:25 12/20/93 PAGE 05-002

PROG =
SOQURCE = ARITH.ASM
E STNQ LOC. ORJ. M I SOURCE STATEMENT
45 sRERKRE CONStant *kxkr i k34 rthFrhb bbbk abha kb kR b kAR Fa £ £ %
46
47 EXTRN  DAT: CGEO ;General -purpose register BANKO
48 - EXTREN  DAT: CGBEl ;General-purpose register BANKL
49 EXTRN DAT: CROWG ;General -purpose register row address OH
50 EXTRN DAT: CROWX ;General-purpose register row address OH
51 EXTRN  DAT: CROWY ;General-purpose register row address 10
52 EXTRN  DAT: CROWW ;jGeneral-purpose register row address 20
53 EXTRN BAT: CROWXBCD ;General-purpose register row address 0H
54 ;Sets the BCD flag.
55 EXTRN DAT: CIXMRY 1 Index modification (REGY)
56 EXTRN DAT: CIXMRW ;Index modification (REGW)
57 EXTRN DAT: CIXMBL ;Index modification (BANKL)
58 EXTRN DAT: CIXLMANT ;Index modification (mantissa, LSD)
59 EXTRN  DAT: CIXLEXP ;Index modification (characteristic)
&0 EXTRN DAT: CIXLSIGN ;Index modification (sign)
61 EXTRN DAT: CMDRX ;jColumn address
62 ;to be indexed 0H
63 EX'TRN DAT: CMDRY ;Column address
64 ;£0 be indexed 10H
65 EXTRN  DAT: CMODRW ;Column address
66 ;to be indexed 20H
67 EXTRN DaAT: CJUDGE ;jPositive/negative judgment of the characteristic value
68 EXTRN DAT: CCPTURN ;Bit inversion mask
69 EXTRN DAT: CSUBTURN ; Subtrahend sign inversion
70 EXTRN DbAT: CRXTURN sREGX sign inversion
71 EXTRN DAT: CEXDIF ;i Exponent difference judgment
72 EXTRN DAT: CSIGNCK ;Sign part check
73 EXTRN DAT: CMANTCNT ;Ten~-digit counter for mantissa
74 BXTRN DAT: CEXOVER ;Characteristic value cverflow
75 EXTRN DAT: CEXUNDER ;Characteristic value underflow
76
77 BEJECT
9-72

17K Series Application Mote



Chapter 8 Calculator Programs

AS17K Vvi.10 V4 << D17201a ASSEMBLE LIST >> 11:26:25 12/20/93 PAGE 05-003
PROG =
SCURCE = ARITH.ASM

E STNO LCC. CBJ. M 1 SQOURCE STATEMENT

78 PEEEEREEFREREARAR IR R RFAF R AR R RS ER R PR R FF AR AR ER AR B Rk H h k%
79 1 ¥
g0 Tk Floating-point arithmetic *
81 b1 ¥
g2 L {aAddition, subtracticn) %
83 i* *
84 % REGX [T} :hugend, minuend (normalized) ¥
85 1 REGY [I} :Addend, subtrahend (normalized) £
86 " REGX [0} :Operation result {normalized) ¥
87 H XM [0} :Index register %
88 i* FEXCHG [1/0] :Register exchange flag %
8% o ¥
90 ¥ General-purpose registers used: RREGQ,RREG1 %
91 I¥ ¥
9§ FEEEFEEERFERRATFEFFFA R R SRR AT R R E Rk R kR kR Rk kR R Rk kb kF R kR Rk R
9
94 SFPSUB:
85 EAEEFEEF R R AR R AR AR F R TR R R R R AT R R R R AR R A F R F AR I RE KRR AR A E LR
96 T Subtraction %
97 TEREEAERERARKRFRFRE R KRR A B KRR KA TR AR AR R RE KRR ARRARE RS kR RS h Ak #
48 1 BANK1
+ ] 0358 1p791 1 MoV BANK, #01H
99 0359 107D1 MOV RPH, #CGB1 AND OFH ;General-purpose register BANKI
100 0358 10784 MOV RPL, #CROWW AND 0FH ;Row address 20H
101 035B G8133 LD RWSIGN,RYSIGN ;Stores the inverted sign
102 033C 15231 XCR RWSIGN, #CSUBTURN AND OFH ;of the subtrahend in RWSIGN.
103 ;Retains RYSIGN.
104 035D CC3e62 BR JADGOS
105 SERPADD:
106 SRR R R R R KRR R R R R R AR R R R R AR R IR F AT F IR AR EE AR
107 % Addition %
108 SEREERFEERERRRERE R AR R R R KRR AR A R KRR F KRR R RS RRB SRR E R AR RKK
109 1 BANK1
+ 1 0353E 1p78%1 1 MOV BANK, #01H
110 035F 1D7D1 MOV RPH, #CGB1 AND OFH iGeneral -purpose register BANKL
111 0360 1D7E4 MOV RPL, #CROWW AND GFH iRow address 20H
112 036l 08133 LD RWSIGN, RYSIGN ;Retains RYSIGN.

113 EJECT
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ASLTK V1.10 V4 <<

D1720iA ASSEMBLE LIST >>

11:26:25 12/20/93 PAGE 05-004

PROG =
SOURCE = ARITH.ASM
E STNO LCC. OBJ. M I SCURCE STATEMENT
114 Ekxkxd Smoothing characteristics ek fd e ks k ekt e bRk ke s £33
115 JADOQS :
116 0362 08044 LD RWEXP, RXEXP
117 0363 08055 LD RWEXP+1H, RXEXP+1H
118 0364 01144 SUB RWEXP, RYEXP H
119 0365 03155 SUBC RWEXP+1H, RYEXP+1H iRXEXP - RYEXP
120 0366 1D7D0 MOV RPH, #CGBO AND OFH :General-purpose register BANKO
121 0367 1D7EQ MOV RPL, #CROWG AND OFH ;Row address 0H
122 0368 1E258 SKT RWEXP+1H, #CJUDGE AND QFH /RYEXP » RXEXP?
123 0369 0C370 BR JADO1D
124 ;If RYEXP is greater
125 036A 1524F XOR RWEXP, #CCPTURN AND (OFH ;
126 036B 1525F XOR RWEXP+1H, #CCPTURN AND OFH
127 G36C 10241 ADD RWEXP, #1H ;
128 036D 12250 ADDC RWEXP+1H, £#0H ;Obtains the compiement of the exponent difference,
129 036E 1C487 CALL SCHEXYEX ;Exchange REGX and REGY.
13¢ ; {characteristic, mantissa)
131 1 SET1 FEXCHG ;Sets the register exchange flag.
+ 1 Q36F 16301 1 OR .MF .FEXCHG SHR 4, #.DF.FEXCHG AND COFH
132 JAD0LO:
133 1 SET1 CMP ;Sets the CMP flag.
+ 1 0370 167F8 1 OR .MF.CMP SHR 4, #.DF.CMP AND OFH
134 0371 1l24a SUB RWEXP, #CEXDIF AND OFH i
135 0372 13250 SUBC RWEXP+1H, #0H ;Exponent difference 2 107?
136 1 CLR1 CMP
+ 1 0373 147F7 1 AND -MF.CMP SHR 4, #.DF. (NOT CME AND CFH)
137
138 ;¥¥¥¥%% Terminates with the greater value as the answer. ¥ ¥t %
139
140 1 SKF1 CcY
+ 10374 1F7F4 1 SKF LMEF.CY SHR 4, #.DF.CY AND OFH
14% 0375 0C38B BR JAD020 ;Exponent difference = 9
142 1 SRTL FEXCHC :Register exchange flag = 07
+ 10376 1E301 1 SKT LMP.FEXCHG SHR 4, #.DF.FEXCHG AND (FH
143 0377 070ED RET ;Perminates with REGX as the answer.
144 BEJECT
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AS17K V1.10 V4 <<

PROG =

SQURCE

= ARITH.ASM

E STNO LOC, OBJ.

145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
+ 1
165
166
167
168
169
+ 1
170
171

172
173
174
175
176
177

178
179
180

181
182
183
184
185

0378
0379
037A
0378
037C
0Cc7D
037E
037F
0380
0381
0382
0383
0384
0385
0386
0387
0388

0389
038a

038B
038C

038D
038E
038F
0380
0381
0392

0383
0384
03835

0396
0397

0398
0399

1p7pl1
1D7E0
18144
18155
18166
18177
18188
18199
181aA
iglsn
18l1cc
181D
181eE
181FF
10750
08230
18030

1430E
D70E0

10791
11241

1R7F4
oc3aos
08040
08051
18140
18151

1E301
0C39a
1C475

14308
0C39a

1C4C1
0C38B

Di7201A ASSEMBLE LIST >> 11:26:25 12/20/93 PAGE 05-005

M 1 SOURCE

SEEREEE

1

i
JADQ20:
pFREREX

1

1

i

1

1

1

1

1
JADO3G:
EJECT

STATEMENT
Transfer (REGX -»> REGY )Xtk kF k¥ kx Xkt Kk XS5 ¥ I LT F 5 k4

juimts RPH, #CGB1 AND OFH ;General-~purpose register BANK1

MOV RPL, #CROWX AND QFH ;Row address 0H

ST RYEXP, RXEXP

5T RYEXF+1H, RKEXP+1H

ST RYLSD, RXLSD

sT RYLSD+1H, RXLSD+1H

sr RYLSD+2H, RELSD+2H

sT RYLSD+3H, RXLSD+3H

ST RYLSD+4H, RXLSD+4H

5T RYLSD+5H, RXLSD+5H

&T RYLSD+6H, RXLSD+6H

5T RYLSD+7H, RXLSD+7H

5T RYLSD+8H, RXLSD+8H

8T RYMSD, RXMSD ;Restores the previous value in REGY.
MOV RPH, #CGB0 AND OFH ;General-purpose register BANKQ

LD RREGD, RWSIGN ;

ST RXSIGN, RREGO ;Stores the result flag which was saved.
CLR1 FEXCHG

AND .MF ,FEXCHG SHR 4, #.DF. (NOT FEXCHG AND OFH)

RET

Manticsa adjustment ¥EEEFEELFERKERERFRRERTRRARRFRRRF £ 44

BANK1

MOV BANK, #01H

SUB RWEXP, #1H :Decrements the exponent difference.
SKT1 cy

SKT .MF.CY SHR 4,#.DF.CY AND QFH

BR JADO30

LD RREGC, R{EXP :

LD RREGL, RXEXP+1H ;

sT RYEXP, RREGO ;

sT RYEXP+1H, RREGL ;RYEXP <- EXP

SRl FEXCHG :Register exchange flag = 17

SKT .MF.FEXCHG SER 4, #.DF.FEXCHG AND OFH

BR JADO40Q

CALL SCHGXY ;Exchanges REGX and REGY {mantissa).
CLR1 FEXCHG

AND .MF.FEXCHG SHR 4, #.DF. (NOT FEXCHG AND 0OFH}

BR JADO40O

CALL SDSHFY :Shifts REGY down by one digit.

BR JADQ20
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AS1T7K V1.10 V4 <<

D17201A ASSEMBLE LIST »»> 11:26:25 12/20/93 PAGE 05-006

PROG =
SOURCE = ARITH.ASM
E STNO LCC. OBJ. I SOURCE STATEMENT
186
187 ;EEF%FF Sign check FEFEr 3 X tf Ak kEAa kb RARTFF Sk bk e ook s
188
189 BANKL
+ 1 10791 MOV BANK, #01H
igo 08230 LD RREGO, RWSIGN
151 05030 XCOR RREGD, RXSIGN
192 BANK(G
+ 3 ip790 MOV BANK, #0CH
193 1EQ0L SKT RREGO, #CSIGNCK AND OFH ;Skips if the signs are different.
194 0C3AB BR JADG99
198
196 Mantissa calculation (if the signs are different)# s k%
197
198 10781 MOV IXM, #CIXMRY AND OFH :Index modification {REGY)
199 1c444 CALL SSUB ;Mantissa subtraction (REGX - REGY)
200 SKT1 cy ;Did subtraction cause a borrow?
+ 1 1E7FA SKT JMF.CY SHR 4, #.DF.CY AND 0FH
201 0Cc3ac BR JADOSQO
202 15031 XOR RXSIGN, #CRXTURN AND {FH;Sign inversion
203 1C4EE CALL SRWCLR :Clears REGW (0).
204 1c483 CALL SCHGHW :Exchanges REGX and REGW (mantissa).
205 1p782 MOV IXM, #CIXMRW AND OFH ;Index modification (REGW)
206 1C444 CALL SSUB ;Mantissa subtraction (REGX - REGW)
207 ;Obtains the complement of the mantissa.
208
209 skkE¥E: Normalization #3#sksdksbrdkesrdrbsriatitkr s rhrtbit 552
210
211 1C3FC CALL SNML ;Normalization
212 070E0 RET
213
214 Mantissa calculation (if the signs are the same) ¥ kxxx
215
26 1078l MOV IXM, #CIXMRY AND OFH ;Index modification (REGY)
217 1c42F CALL SADD ;Mantissa addition (REGX + REGY)
21i8 0C3A9 BR JADOS0
219
9-76
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Chapter 9 Calculator Programs

AS17K V1,10 V4 <<

PROG =

SOURCE

E STNO
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237

& 1
238
239
240
241
242
243
244
245
248
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263

= ARITH.ASM

LCC.

03aE
03aF
0380
0381
03Bz

0323
0384

0385
0386
0387

Q3B8
03B9
03Ba
03BB
03BC
03BD
03BE
03BF
03co

CBJ.

ip791
iD7D1
1DT7EQ
05133
18233

1D7n0
1c491

1004F
1205F
1C459

1C483
1D7D1
18244
18255
1C4E3
08244
08255
1p7D0
1D242

D172Q%a ASSEMBLE LIST >> 11:26:25 12/20/93 PAGE 05-~007

M

1
1

I

SOURCE STATEMENT
JHEFFEERFIFFRERAFFEFTFFFRFAFFAERRARFF AR R R F AR Rk bR Ak kR kR kR bk knk b

HE *
FE] Ploating-point arithmetic M
hd %
HE (Multiplication) 4§
i ]
HE RegX [I] :Multiplicand (normalized) %
i% Reg¥ [X] :Multiplier {normalized) %
i RegX [0] :0peration result (normalized) *
HE] XM [0] :Index register M
i¥ *
H General-purpose registers used : RREGO *
i Y
FEEFEEASEER A E R R R R AN E R F R A A A A AR A S AR F R F R F R KRR A F AR KR AR bR F Ak R

SFPMULT:
;¥¥##¥¥  Obtaining the sign of the result #¥FsFkiFrkrrdrseriksss

BANKIL

MOV BANK, #01H

MOV RPH, #CGB1 AND OFH ;General-purpose register BANKI1
MOV RPL, #CROWX AND OFH ;Row address 0H

XOR RXSIGN, RYSIGN ;Obtains the sign of the result.
5T RWSIGN, RXSIGN

;¥¥33%% Exponent calculation #xFxxs ks s F##3FkFXFFA XA XXF R F SHRFRF

MOV RPH, #CGB0 AND OFH

CALL SUSHFX
;{provision for errcr).

ADD ROUEXP, #0FH H

ADDC RXEXP+1H, #0FH ;Exponent - 1

CALL SADDEX ;Exponent addition

;¥kk%%k Generating an increasing loop counter kxskksFFdrrkikkes

CALL SCHGEW

MoV RPH, #CGRBl AND 0OFH :General-purpose register BANK1
ST RWEXE, RXEXP ; -

ST RWEXP+1H, RXEXP+1H 18aves the exponent.

CALL SRXCLR ;Clears REGX (0}.

D RXEXP, RWEXP H

Lp RXEXP+1H, RWEXP+1H ;Restores the exponent.

MoV RPH, #CGB0 AND 0FH ;General-purpose register BANKQ
MOV RWEXP, #CMANTCNT AND OFH:;Ten-digit counter for mantissa

EJECT

;General-purpese register BANKD
;8hifts REGX up by cne digit

;Exchanges REGX and REGW (mantissa).
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AS17K V1.10 V4 << D17201A ASSEMBLE LIST >> 11:26:25 12/20/93 PAGE 05-008 S
PROG = o
SOQURCE = ARITH.ASM -

E STNO LCC. OBJ. M T SOURCE STATEMENT

264 JHMTOL10:
265 EEFFREF Multiplication FHEEFRERkrrErRdRLEFRFsRFRIFERFRAARA IR R
266
267 1 BANK1
+ 1 03¢t 1p781 1 MOV BANK, #01H
268 03C2 11241 SuB RWEXP, #1H
269 1 SKT1 cYy
+ 103C3 1E7F4 1 SKT .MF.CY SHR 4, #.DF.CY AND O0FH
270 03C4 0C3C9 BR JMTO20
271 03Cs5 08230 LD RREGO, RWSIGN ;
272 03CE 18030 sT RXSIGN, RREG( ;Restores the sign of the result.
273 03C7 1C3FC CALL SNML ;Normalization
274 03CB O70EQ RET
275 JTMT020:
276 03C% IC4Bl CALL SDSHFX ;Shifts REGX down by one digit.
277 03CA 1Cc4Dpl CALL SDSHFW ;Shifts REGW down by one digit.
278 JMT030:
279 03CB 11251 sUB RWEXP+1H, #1H JRWEXP + 1 = Least significant digit of REGW ,
280 ;<Forward counter> L i
281 1 SKT1 cY e
+ 1 03CC 1E7TF4 1 SKT .MF.CY SHR 4, #.DF.CY AND OFH
282 03CDh 0C3CF BR JMT9S9
283 03CE 0C3Cl BR JMTOL0
284 JHT989:
285 03CF 1D7B1 MOV IXM, #CIXMRY AND 0FH ;Index modification (REGY)
286 03D0 1C42F CALL SADD ;Mantissa addition {(REGX + REGY)
287 03Dl 0OC3CB BR JMTO030C
288
289 EJECT
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ASLTK V1,10 V4 <<

PROG =

SOURCE

= ARITH.ASM

E STNO nLOC. OBRJ.

290
291
292
293
294
295
296
297
298
295
300
301
302
303
304

330

331

332
333

03p2

03D3
03D4
03D5
G3D6
G3D7

03pe
0309
03DA

03DB

03nC
03pD

03pE

03DF
03E0
03E1
D3E2
03E3
03E4

0E35

03E6
03E7

15791

14308
1p7D1
1D7EQ
05133
1D7D0

1D7a0
1D788
1D7C6

1p791

167F1
08100

147FE

1D7%0
09000
0C3ES8
07080
097C0
0C3DB

1D791

16304
070E0

Pl7201a ASSEMBLE LIST »>» 11:26:25 12/20/93 PAGE 05-009

M

R

)

=R e

PRRR

I

SQURCE STATEMENT
R AR R L s R R I I R R T

HES
¥
¥
Pk
ik
HES
ik
¥
PE
ik
ik
ik
¥

Floating-point arithmetic ¥
F

{Division) ¥
+

RegX [I) :Dividend (normalized) 3
Regy [I) :Divisor (normalized) #
RegX [0] :0Operation result (normalized) ¥
FDVERR [0O] :Zerc-division flag ¥
IHM [0] :Index register *
%

General-purpose registers used: RREGD ¥
*

PERER R XA REE KRR IR FFRREF AR SRR AR KK R b AR kAR bRk k kR Rk R F R R HE %

SFPDIV:

sk kdkxk

JOV010:

EJECT

BANK1
MOV
CLR1
AND
MOV
MOV
XOR
MOV

BANK, $01H

FDVERR iClears the zerc-division flag.
.MF.FDVERR SHR 4, #.DF. (NOT FDVERR AND 0QFH)

RPH, #CGB1 aND OFH ;General -purpose register BANK]L
RPL, #CROWX AND QFH ;Row address (OH

RXSIGN, RYSIGN ;Obtaing the sign of the result.
RPH, #CGR0O AND OFH ;General-purpose register BANKO

Zero~division check &%k iftsksfsrrsdrfsstsetrsrasisss

MOV
MOV
MOV

BANKL
MOV
SET1
OR
LD
CLR1
AND
BANKO
MoV
SKE
BR
INC
SKE
ER
BANKL
MOV
SET1
OR
RET

IXH, #0H H

IXM, #CIXMB1 AND OFH ; BANK1

IXL, #CIXLMANT AND QFH ;Column address {mantissa)
JIX <~ 000210000110B

BANK, #01H

IXE

.MF.IXE SHR 4,#.DF.IXE AND OFH
RREGQ, . MD.CMDRY sRREGO <- REGY
IXE

MF.IXE SHR 4,#.DF. (NOT IXE AND OFH)

BANK, #00H

RREGO, #0H ;Is the mantissa 0?

JDV020 ;Not O

IX

IXL, #0H ;Ts the transfer up to 1FH completed?
JDvoio

BANK, #01H

FDVERR iZ2ero-division flag

.MF.FDVERR SHR 4,#.DF.FDVERR AND 0OFH
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AS1TK V1.10 V4 << D17201A ASSEMBLE LIST »> 11:26:25 12/20/93 PAGE 05-010
PROG =
SOURCE = ARITE.ASM

E STNO LOC. OBJ. M I SOURCE STATEMENT

334 Jov020:
335 skx%kkx Exponent calculation kR kR kR kok Ak kok ko kR kkkok k kb kR hokkk
336
337 03E8 1C460 CALL SSUBEX iExponent subtraction
338
3139 skkkikx: Divigion IRk E kKRR BRRFI R R R E I kb ek R p Rk kb kR k kAR Rk h Fh R kk %
340
341 03E9 1C4EE CALL SRWCLR ;Clears REGW (0).
342 03EA 1D23Aa MOV RWSIGN, #CMANTCNT ANE OFH ; Ten-digit counter for mantissa
343 JDV030:
344 1 BANK1
+ 1 03B 1D79%1 1 MOV BANK, #01H
345 G3EC 11231 SUB RWSIGN, #1H
346 1 SKT1 cYy
+ 1 03ED 1lE7F4 1 SKT .MF.CY SHR 4,#.DF.CY AND OFH
347 03EE 0C3rF2 BR JDvV040
348 03EF 1C483 CALL SCHGXW ;Exchanges REGX and REGW (mantissa).
349 03FQ 1C3FC CALL SNML ;Normalizatien
350 03F1 070ED RET
351 JDV04G:
352 (3F2 1C4Al CALL SUSHFW ;Shifts REGW up by cne digit.
3583 JDV050:
354 03F3 1p7B1 MOV IXM, #CIXMRY AND OFH ;Index modification (REGY)
355 03F4 1C444 CALL S8UR ;Mantissa subtraction (REGX - REGY)
356 1 SKT1 CcY
+ 1 03F5 1E7F4 1 SKT .MF.CY SHR 4,#%.DF.CY AND OFH
357 03F6 OC3FA BR JoV9s89
358 03F7 1C42F CALL SADD ;Mantissa addition (REGX + REGY)
359 03F8 1C491 CALL SUSHEX ;8hifts REGX up by one digit.
360 O03F% 0OC3EB BR JDVO30
361 JDV299:
362 Q3IFA 10261 20D RWLSD, #1H ;Quetient + 1
363 03FB QC3F3 BR JOVOS0
364 EJECT
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AS1T7K V1.10 v4 <<

PROG =

SOURCE

B STNO
365
366
367
368
368
376
371
372
373
374
375
376
37
378
379
380
381
382

+ 1
383
+ 1
384

400

401
402
403
404
405
406
467

= ARITH.ASM

Loc.

03FC
03FD
03FE

03FF
0400
0401

0402
0403
0404

0405

G406
G407

0408

G409
C40n
C40B
040C
G40D
040E
D4QF

CBJ.

1p791
1430D
14307

1D730
1D7Dp0
1D7E0Q

iD7a0
10788
1D7Cé

1D78%1

167F1
08008

147FE

1p790
09000
oc410
07080
097cCo
0C40s
og4zc

D1720iA ASSEMBLE LIST >»>>  11:26:25 12/20/93 PAGE 05-011

M

o R e e R

=

R

I

SCURCE STATEMENT
ARSI R S L R E RS S RS LI R RS R RS SIS SR L RS LR 2L

F *
i¥ Normalization *
i¥ *
i* *
¥ RegX [I]:0peration data before normalization (result} *
i¥ RegX [0O]:Normalized operation data {result) ¥
i¥ FZERQ [0] :Operation result zero flag *
i* FOVER (0] :0Overflow flag *
o¥ Overflow : 63 < Expenent value *
¥ Underflow : -64 > Exponent value ¥
;% *
i General-purpose registers used: RREGO *
i¥ *
PEERRE R R REFFRRK AR L RE R R R AR R AR R PR R R R R R R IR R TR ER AL R R RN
SNML:

BANK1

MOV BANK, #01H

CLR1 FZERO ;Clears the operation result zerc flag.

AND MELFZERG SHR 4, #.DF. (NOT FZERC AND DFE)

CLR1 FOVER ;Clears the overflow flag.

AND .MF.FOGVER SHR 4, §#.DF. (HOT FOVER AND OFH}

BANKO

MOV BANK.#00B

MoV RPH, #CGB0O AND OFH ;General-purpose register BANKO

MOV RPL, #CROWG AND OFH :Row address 0OH
;ERS%%% Zero-mantissa check FFXEkSEFdkEksbkbadkk ks X EFEE F e R b 6%

MoV IXH, #0H ;

MOV I¥M, #CI¥XMB1 AND OFH ;BANKI

MOV IXL, #CIXLMANT AND OFH ;Column address {mantissa)

;IX <- 00010000110B

JNMG10:

BANK1

MOV BANK, #01H

SETL IXE

CR .MF.IXE SHR 4, #.DF.IXE AND OFH

LD RREGO, .MD . CMDRX ;RREG0 <- REGX

CLR1 IXe

AND MELUTNE SHR 4, 4#.DF. {(NOT IXE AND OFE)

BANKO

MoV BANK, #00H

SKE RREGGC, #0H ;Is the mantissa 072

BR JNM020 ;Net 0

INC X .

SKE IXL, #0H :Is the transfer up to OFH completed?

BR JNMO10

BR JNMO9S ;Mantissa is all 0.
EJECT
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D17201p ASSEMBLE LIST »>»> 11:26:25 12/20/93 PAGE 05-012

PROG =
SOURCE = ARITH.ASM
E STNO LOC. OBJ. M I SQURCE STATEMENT
408 JNM020:
409 ¥F%%%%x Normalization FErFxkdXx¥r ¥ dFsifohsXakFhri kot ebikedrrx
410
411 1 BANKL
+ 1 0410 1p791 1 MOV BANK, #01H
412 0411 080F0 SKE RXMSD, #0H ;Is the integer part 07
413 0412 0cC41e BR JNMO040 ;Not ©
414 JNMQ30:
415 0413 Q9C0EQ SKE RXMSD-1H, #0H :Is the most significant digit of the fractional part 0?
416 0414 0C41C BR JNMOS0 ;Not O
417 0415 1¢49] CALL SUSHFX ;Shifts REGX up by one digit.
418 0416 1Q04F aADD RXEXP, #0FH ;
419 0417 1205F ADDC RXEXP+1H, #0FH ;Exponent - 1
420 0418 0C413 BR JNMO030
421 JINM040:
422 0419 1C4Bl CALL SDSHFX ;8hifts REGY down by one digit.
423 041a 10041 ADD RXEXP, #1H ;
424 041B 12050 ADDC RXEXP+1H, #0H ;Exponent + 1
425 JNM050:
426 041C 1F058 SKF RYXEXP+1H, #CJUDGE AND OFH ;Is the exponent positive?
427 041D 0C425 BR JNMO6G
428
429 ;Etkirt OQverflow judgment FE¥FEFdfrsdxkxtkkRxbkbrrihrei bbbty
430 1 SETL1 CMP :Sets the CMP flag.
+ 1 041k 1l67F8 1 OR MF.CMP SHR 4, #.DF.CMP AND 0FH
431 041iF 11054 SUB RXEXP+1H, #CEXOVER AND OFH ;Expeonent value < 547
432 1 CLR1 CMpP
+ 1 0420 147F7 1 AND .MF.CMP SHR 4, #.DF.(NOT CMP AND {(FH)
433 i SKF1 cYy
+ 1 0421 1F7F4 1 SKF .MF.CY SHR 4, #.DF.CY AND OFH
434 0422 070E0 RET
435 1 SET] FOVER ;Sets the overflow flag.
+ 1 0423 16308 1 OR .MF.FOVER SHR 4, #.DF.FOVER AND 0OFH
436 0424 Q70EQ RET
437 JNMO60:
438 skktkkd Underflow judgment #*Ffk ke xkrEreFEeE Rk bhbb bk kX kR L hky
439 1 S8BT CMP
+ 1 0425 167F8 1 OR .MF.CMP SHR 4,#.DF.CMP AND OFH
440 0426 1105C SuUB RXEXP+1H, #CEXUNDER AND 0FH ;Exponent value » -657
441 1 CLR1 CMP ’
+ 1 0427 147F7 1 AND .MF.CMP SHR 4, #.DF.{NOT CMP AND (OFH)
442 1 SKT1 cYy
+ 1 0428 1E7F4 1 SKT .MF.CY SHR 4,#.DF.CY 2ND CFH
443 0429 070E0 RET
444 1 SET1 FOVER ;Sets the overflow flag.
* 1 0422 16308 1 CR .MF.FOVER SHR 4,#.DF.FOVER AND 0OTH
445 042B 070EQ RET
446 JNM9G9:
447 k¥%k%f Clear (0) EREERERR R R KRk F Rk kb ko hkFEh e bk k ko F S ok kfrkx
448 042C 1C4E3 CALL SRECLR ;Clears REGX (0).
449 1 SET1 FZERQ
+ 1 042D 16302 1 OR .MF.FZERO SHR 4, #.DF.FZERO AND {FH
450 042E 070E0 RET
451 EJECT
9-82
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ASLTKR V1.10 V4 << D17201A ASSEMBLE LIST »>> 11:26:25 12/20/93 PAGE 05-013
PROG <
SOURCE = ARITH.ASM

E STNO LOC. OBJ. M I SOURCE STATEMENT

452 EREF AR R R FF R E A A AR KR F R AR R F A R R A KR F IR R R PR RF R AR AR R AR AR E ko
453 ¥ *
454 Ha Mantissa addition ¥
455 i¥ ¥
456 s RegX [I]:0peration data ¥
457 ik TxM [I]:Index register ¥
458 i% RegX [0] :Result of addition of REGX and the ¥
459 1¥ register to be indexed ¥
460 R I I S P S Y RS s LR s s st L
461
462
453 SADD:
464 1 BANKL

+ 1 042F 1D721 1 MOV BANK, #01H
465 0430 1D7A0 MOV IXH, $0H
466 0431 1p7¢O MOV IXL, #0H
467 0432 1D7P1 MOV RPH, #CGBl1 AND {FH ;jGeneral-purpose register BANKL
468 0433 1D7EL MOV RPL, #CROWXBCD AND OFH ;Row address OH
469 ;Sets the BCD flag.
470 1 SETL IXE

+ 1 0434 167F1 1 OR MF.IXE SHR 4, #.DF.IXE AND 0FH
471 1 CLR1 Ccy

+ 1 0435 147FB 1 2ND ME.CY SHR 4,%.DF. (NOT CY AND (OFH)
472 0436 00066 ADD RXLSD, RXLSD
473 0437 02077 ADDC RXLSD+1H, RXLSD+1H
474 0438 02088 ADDT RXLSD+2H, RALSD+2H
475 0439 02089 ADDC RXLSD+3H, RXLSD+3H
476 043a (Q20A2 ADDC RXLSD+4H, RELSD+4H
477 0438 020BB * ADEC RXLSD+5H, RXLSD+5SH
478 043C 020CC ADDC RXI.SD+6H, RXLSD+6H
479 043D 020DD ADDC RXLSD+7H, RXLSD+7H
480 0432 020EE ADDC RXLSD+8H, RXLSD+8H
481 043F 020FF ADDC RXLSD+9H, RXLS5D+9H
482 i CLR1 IXE

+ 1 0440 147PE 1 AND .MF.IXE SHR 4, #.DF. (NOT IXE AND OFH)
483 0441 1p7DO MOV RPH, #CGB0 AND OFH ;General-purpose register BANKO
484 0442 1D7E0 MOV RPL, #CROWG AND (FH ;iRow address 0H
485 ;Clears the BCD flag.
486 0443 070EQ RET
487 EJECT
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D17201A ASSEMBLE LIST »» 11:26:25 12/20/93 PAGE 05-014

PROG =
SOURCE = ARITH.ASM
E STNO LOC. OBJ. M I SOURCE STATEMENT
488 SERRRKRKERRRE KRR R R KRR R KA AR K B F AR AR R KRR RS R bk kbt A hhkhrhk f bk k%
489 s *
490 i Mantissa subtraction ®
491 i* ¥
492 FE RegX |[I]):0peraticn data *
493 H IXM [I]:Index register 3
494 ] RegX [0]:Result of subtraction of REGX and the *
485 L register to be indexed ¥
496 Pk ®
497 HRFFEF AR RE R R R R F AR AR R R R R R R F XK R R R R AR RS SRR S Rh ko Rk ok ko
498
499 SSUB:
500 1 BANKI1
+ 1 0444 1D791 1 MOV BANK, #01H
501 0445 1D7A0 MOV IXHE, #0H
502 0446 1D7C0O MOV IXL,#0H
503 0447 1D7D1 MOV RPE, #CGBl1 AND {FH ;General-purpose register BANK]
504 0448 1D7EL MOV RPL, #CROWXBCD AND 0FH ;Row address 0H
505 ;Sets the BCD flag.
506 1 SET1 IXE
+ 1 0449 316771 1 OR MF.IXE S$HR 4,#.DF.IXE AND QOFH
507 1 CLR1 CY
+ 1 044a 147FB 1 AND .MF.CY SHR 4, #.DF. (NOT CY AND OFH)
508 044B 01066 sSuUB RXLSD, RXLSD
509 044C 03077 SUBC RXLSD+1H, RXLSD+1H
510 044D 03088 SUBC RXLSD+2H, RXLSD+2H
511 044E 03099 SUBC RXLSD+3H, RXLSD+3H
512 044F 030AA SUBC R¥LSD+4H, RXLSD+4H
513 0450 030BB SUBRC RXLSD+5H, RXLSD+5H
514 0451 030CC SUBC RXL8D+6H, RXLSD+6H
515 0452 030DD SUBC RXLSD+7H, RXL:SD+7TH
516 0453 030EE SUBC RELSD+8H, RXLSD+8H
517 0454 Q30FF sSUBC RXLSD+SH, RXLSD+9H
518 1 CLR1 TXE
+ 1 0455 147FE 1 AND JMF,IXE SHR 4,%#.5F. (NOT IXE AND OFH)
519 04356 1D7D0O MOV RPH, #CGB0 AND 0FH ;General-purpose register BANKO
520 0457 1D7EQD MOV RPL, #CROWG AND OFH :Row address 0H
521 iClears the BCh flag.
522 0458 07QEQ RET
523 EJECT
9-84
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ASI7K V1.10 V4 << D17201A ASSEMBLE LIST >> 11:26:25 12/20/93 PAGE 05-015
PROG =
SQURCE = ARITH.ASM

E STNO LOC. OBJ. M I SOURCE STATEMENT

524 PEE R AR AT R R R R R A FF R SRR AR R F RS R AT RN R AR NIk KK ek ok
525 3 %
526 ;¥ Characteristic operation {(addition) ]
527 ;¥ %
528 ] RegX [I]:Augend *
529 ;¥ Rwg¥ [I]:2ddend *
530 PR RegX {[O]:Characteristic operation result x
531 1% E
532 TER KK LR EIL kR E kTR R AR PR R E R R A AR Rk kR Rk kb ARk FkkF FE R Rk EE
533 SADDEX:
534 1 BANK1
+ 1 0459 1D7%1 1 MOV BANK, #01H
535 045a 1D7D1 . MOV RPH, #CGB1 AND 0FH ;General-purpose register BANKL
536 045B 1D7E0 MOV RPL, #CROWX AND OFH :Row address OH
537 045C 00144 ADD RXEXP, RYEXP
538 045D 02155 ADDC RXEXP+1H, RYEXP+1H
539 045E 1D7D0 MOV RPH, #CGBQ AND (FH ;General~purpose register BANK(
540 0453F 070EQ RET
541 EE KR RR R R R AR E R R AR R R P AR R R AR KR A KA R R R A K FF R RE IR AR R kR A R E R kS
542 I . N
543 FE] Characteristic operation {subtraction) *
544 s H
545 i* RegX [I]:Minuend F
546 I¥ RwgyY [I]:Subtrahend ¥
547 i RegX [0] :Characteristic operation result *
548 i% #
548 AR R E R RN AR KRR R R RN R R R L AR F R PR R R R AR KRR ARk Rk bk wF
550 SSUBEX:
551 1 BANKI
+ 1 0480 1p791 1 MOV BANK, #0LH
552 0461 1D7D1 MOV RPH, #CGB1 AND (QFH ;General-purpose register BANKI
553 Q0462 1DTEQ MOV RPL, #CROWX AND OFH ;Row address OH
554 0463 01144 SUB RXEXP, RYEXP ;
555 0464 03155 SUBC RXEXP+1H, RYEXP+1H :RXEXP - RYEXP
556 0465 1D7DO MOV RPH, #CGB) AND OFH ;General-purpose register BANK(
557 0466 070EQ RET
558 EJECT

17K Series Application Note 9.85



Chapler 9 Calculator Programs

AS17K Vv1.10 v4 <<

D17201Aa ASSEMBLE LIST >> 11:26:25 12/20/93 PAGE 05-016

PROG =
SQURCE = ARITH.ASM
E STNO LOC. ©OBJ. M T SQURCE STATEMENT
558 FEEEEEEREERE R R R R R R R R R R R R AR AR R R R A AR R R AR F AR AR R AR R E N KR RR
560 ¥ ¥
361 L] Register exchange 1 ({REGX <-~> REGY) ¥
562 Ik {characteristic, mantissa) EJ
563 ;* RegX [I]:Cperation data *
564 ¥ Reg¥ [I]:0peration data #
565 i* Regx [0] :REGY .
566 2k Reg¥ [0] :REGX *
567 FE *
568 H *
569 H General-purpose registers used: RREGO,RREG1 ¥
570 H ¥
571 Y IIITI I T LI T e Y TSI ST IT L2 S
572
573 SCHGXYEX:
574 1 BANK1
+ 1 0467 1D7%1 1 MOV BANK, #01H
575 0468 1D7A0Q MOV IXH, $#0H ;
576 0459 1D7BS8 MOV T¥M, $#CIXMB1 AND OFH ;BANK1
577 046A 1D7C4 MOV TXL, #CIXLEXP AND OFH ;Column address (characteristic)
578 ;IX <~ D0010000100B
579 JEXY999:
580 1 SET) IXE
+ 1 C46B 167F1 1 OR MF.IXE SHR 4,#.DF.iXE AND OFH
581 046C 08000 LD RREGQ, .MD.CMDRX ;RREG0 <~ REGX
582 046D 08101 LD RREG1, .MD.CMDRY ;RREGE <— REGY
583 046E 18001 ST .MD.CMDRY, RREGL +REGX <- REGY
584 046r 18100 ST .MD.CMDRY, RREGD ;REGY <- REGX
585 1 CLR1 IXE
+ 1 0470 147FE 1 AND .MF.IXE SHR 4, #.DF. (NOT IXE AND OFH)
586 0471 07080 INC Ix
587 0472 0%7C0O SKE IXL, #0H ;Is the transfer up to *FH completed?
588 0473 0C46B BR JEXY998
589 0474 QT0E0D RET
580
591 EJECT
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AS17K V1.10 V4 << DI17201A ASSEMBLE LIST »>> 11:26:25 12/20/93 PAGE 05-017
PROG =
SOURCE = ARITH.ASM

E STNO LOC. OBJ. M I SQURCE STATEMENT

592 EEEFEEF R ARE KRR R AR KR R F R R A SRR R SRR E AR SRR AR F R F R kb R K F KK
593 ¥ i
594 i¥ Register exchange 2 (REGX <-—> REGY) ¥
595 i ¥ {mantissa) ]
596 I RegX [I]:Operation data *
597 H RegY [I]:Operation data ¥
598 2% Regx [0]:REGY *
599 ) RegY [0} :REGX ¥
600 HE *
601 I ¥
602 % General-purpose registers used: RREGO,RREGL ¥
603 Sk ¥
ggg SEERKR KRR ERRF KR RRE R R ARR AR RERR R R AR KA AR R R R R ARk R ® kh kb ok k hk ki
606 SCHGXY:
607 1 BANK1

+ 1 0475 1p791 1 MOV BANK, #01H
608 0476 1D7A0 MOV IXH, $0H :
609 0477 1p788 MOV I¥M, #CIXMB1 AND OFH ;BANK1
610 0478 1D7Cé MOV IXL, #CIXLMANT AND QFH ;Column address {mantissa)
611 :IX <- 0€010000110B
612 JXYLIG9:
613 1 SET1 IXE

+ 10479 167F1 1 CR .MFP,IXE SHER 4,#.DFP.IXE AND CFH
614 0472 08000 LD RREG(, .MD.CMDRX ;RREGD <- REGX
615 0478 08101 LD RREGL, .MD.CMDRY +RREGL <~ REGY
516 047C 18001 5T .MD.CMDRX, RREG1 ;REGX <~ REGY
617 047D 18100 ST .MD,CMDRY, RREGO ;sREGY <- REGH
618 1 CLR1 IXE

+ 1 0478 147F7E 1 AND MFP.IXE SHR 4,#.DF.(NOT IXE AND OFH)
619 047F 07080 INC IX
620 0480 097C0 SKE IXL, $0H ;Is the transfer up to *FH completed?
621 0481 0C479 BR JX¥999
622 0482 070ED RET
623 EJECT
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AS1I7H V1.10 V4 << D17201A ASSEMBLE LIST »>> 11:26:25 12/20/93 PaGE 05-01i8 : /’f
PROG = —
3
SQURCE = ARITH.ASM j
E STNO LOC. OBJ. M I SOURCE STATEMENT
624 sRFEREEE IR R AR AR ARk kAR AR R Rk bk k kR Rk pF R AR R AR R R R Rk bokk
625 ¥
626 ¥ *
627 PR Register exchange 3 {(REGX <--> REGW) %
628 ik {mantissa) %
629 L RegX [I): Operation data ¥
630 ] RegW [I): Operation work data ¥
631 ;¥ RegX [C]: REGW ¥
632 It Regil [0]: REGX *
633 ik E
634 ik General-purpose registers used: RREGD,RREG1 %
635 ik %
636 Pk ¥
637 KEREF R R R R R E A R R R E R E R R Rk r Rk kR AR R Rk ARk KRR A X F R E RF R E R E
638
639 SCHGXW -
640 1 BANKL
+ 1 0483 1p791 1 MOV BANEK, #01H .
641 0484 1D7A0 MOV IXH, #0H ; }
642 0485 1D7BS MOV IXM, #CIXMB1 AND OFH : BANKI], ’
643 0486 1D7CH MOV IXL, #CIXLMANT AND OFH ;Column address (mantissa)
644 ;IX <- 000100001108
645 JEW010:
646 1 SET1 IXE
+ 1 0487 167F1 1 OR .MF.IXE SHR 4,#.DF.IXE AND OFH
647 0488 (08000 LD RREGO, .MD.CMDRX ;RREGO <- REGX
648 048% 08201 LD RREG1, .MD.CMDRW ;RREGL <~ REGW
649 048A 18001 ST .MD . CMDRX , RREGL ;REGX <~ REGW
650 048B 18200 ST .MD.CMDRW, RREG] ;REGW <- REGX
651 1 CLRL IXE
* 1 048C 147FE 1 AND .MF.IXE SHR 4,#.DF. (NOT IXE AND OFH) _ .
652 048D 07080 INC IX Loy
653 0488 097CH SKE IXL, #0H ;Is the transfer up to *FH completed?
654 048F 0C487 ER JXW010
655 0490 070E0 RET
656 BEJECT
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AS1I7K V1.10 V4 << D17201A ASSEMBLE LIST >> 11:26:25 12/20/93 PAGE 05-019
PROG =
SOURCE = ARITH.ASM

E STNO LOC. OBJ. M I SOURCE STATEMENT

657 FRERERE LI AR E IR R IR AR E IR R R AR AR RAF AR F AR RS AR
658 HES
659 Hed Shift up register 1 (REGK) %
660 P ¥ ®
661 H RegX [E1: Operation data {result) *
662 A Regx [0}: Shift up completed *
663 L %
664 S EERFEEXEELFEERRE AR AR RARARE R SRR AR X AR AR R
665
666 SUSHFX:
667 1 BANK]

+ 10491 107981 1 MOV BANK, #C1H
668 0492 1p7D1 MOV RPH, #CGB1 AND {OFH ;General-purpose register BANKI
669 0493 1D7E0 MOV RPL, #CROWX AND 0OFH ;Row address 0OH
670 0494 080EF LD R¥EMSD, REMSD-1H ;
671 0495 0BODE LD RXMSD-1H, RKMSD-2H ;
672 0496 08IOCD LD REMSD-2H, RXMSD-23H H
673 0497 Q8{0BC LD RXMSD-3H, RXMSD-4HE H
674 0498 080AB LD RXMSD~4H, RXMSD- 5K H
675 049% 0809A LD R¥MSD-5H, RXMSD-6H H
676 049A 08089 LD R¥MSD-6H, REMSD-T7H H
677 0498 08078 LD RXMSD-7H, RXMSD-B8H H
678 049C 08067 LD RXMSD-8H, REMSD-9H ;Shift up
679 049D 1D0E0O MOV RXLSD, #0H ;LSD <- 0
680 049E 1D7D0 MOV RPH, #CGB0 AND OFH ;General-purpose register BANKO
681 049F 1D7ED MOV RPL, #CROWG AND OFH ;Row address 0H
682 04a0 070E0 RET
683 EJECT
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11:26:25 12/20/93 PAGE 05-020 R

ASITK V1.10 V4 << D17201lA ASSEMBLE LIST >>
PROG = o
SOURCE = ARITH.ASM ‘ ’}
E STNO LOC, OBJ. M I SOURCE STATEMENT

684 PHEERERRRERRE SRR EERR AR R ARk Rk bk kR kb bRk Rk kk

685 i ¥ *

686 HEd shift up register 2 (REGW) %

687 e %

688 e RegW [I]: Operation data (result) ¥

[4:3] L RegW [0)]: Shift up completed ¥

690 HEa *

691 PRERERREARRR RN FR A KR KRR R R AR Rk kR AR kAR ¥

692

693 SUSHEW ;

694 i BANKL

+ 1 04Al 1D791 1 MOV BANK, #01H

695 04A2 1D7D1 MOV RPH, #CGB1 AND OFH ;General-purpose register BANK1

696 04A3 1D7E4 MOV RPL, #CROWW AND (QFH ;Row address 2H

697 04A4 QB2EF LD RWMSD, RWMSD-1H H

698 04a5 (082DE LD RWMSD-1H, RWMSD-2H H

699 04a6 082CD LD RWMSD-2H, RWMSD-3H ;

700 04A7 082BC LD RWMSD-3H, RWMSD-4H H

701 04A8 (82AB LD RWMSD-4H, RWMSD-5H ;

702 04A9 0B825A LD RWMSD-5H, RWMSD-6H ; "

703 04alk 08289 Lp RWMSD~-6H, RWMSD-7H H

704 04AB 08278 LD RWMSD-TH, RWMSD~B8H H

705 04AC 08287 LD RWMSD-8H, RWMSD=-9H ;Shift up

706 04ADp 1D260 MOV RWLSD, #0H ;LSD <~ 0

707 04AE 1D7DQ MOV RPH, #CGB0 AND 0FH ;General ~-purpose register BANKD

708 04dA¥ 1D7EQ MOV RPL, #CROWG AND OFH ;Row address OH

709 04BO 070EQ RET

710 EJECT

]
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AS17K V1.10 V4 << D172012 ASSEMBLE LIST »> 11:26:25 12/20/93 PAGE 05-021
PROG =
SOURCE = ARITH.ASM

E STNO LOC. OBJ. M I SOURCE STATEMENT

711 P RE R R R R R E R AR R KRR R R AR X KT RE R R TR R R
712 ¥ ®
713 1 ¥ Shift down register 1 (REGX} *
714 HE *
715 ; ¥ RegX [I): Operation data *
718 ;¥ RegX [C]: Shift down completed *
717 ;¥ *
718 GEFEE R R R F KRR R F KRR ER KRR AR IR R AR AR AR AR KR F S
18
720 SDSHFX:

721 1 BANK1

+ 1 04B1 1D791 1 MOV BANK, #01H
722 04B2 1D7D1 MoV RPH, #CGB1 AND OFH ;General-purpose reglister BANK1
723 04B3 1D7E0 MOV RPL, #CROWX AND OFH ;Row address OH
724 04B4 08076 LD RXLSD, RXLSD+1H H
725 04B5 08087 LD RYXLSD+1H, RXLSD+2H H
726 04B6 08098 LD BXLED+2H, RELSD+3H H
727 04B7 (080a9 LD RXLSD+3H, REXLSD+4H H
728 04B8 0808BA LD RXLSD+4H, RELSD+5H H
725 04B9 080CB LD RXLSD+5H, RELSD+6H H
730 04BA 080DC LD R¥LSD+6H, RALSD+7H H
731 04BB 080ED LD RXLSD+7H, RELSD+8H H
732 04BC 08OFE LD RXLSD+8H, RELSD+9H ;Shifts down
733 04BD 1DOFO MOV RXMSD, #0H :MSD <- 0
734 04BE 1D7DO0 MOV RPH, #CGB0 AND OFH ;General-purpose register BANKO
735 04RBF 1D7EQ MOV RPL, #CROWG AND GFH ;Row address 0OH
736 04CO Q70ED RET
737 EJECT
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AS17K V1.10 V4 << D17201A ASSEMBLE LIST >» 11:26:25 12/20/93 PAGE 05-022 4
PROG = "
3

SOURCE = ARITH.ASM A
E STNO LOC. OBJ. ¥ I SCURCE STATEMENT

738 PR EERFERF AR KR AR AR R Rk EE R IR R R RS LR E TR R RN

739 HL ¥

740 i ¥ Shift down register 2 (REGY} ¥

741 HE *

742 HE Reg¥ [I]: Operation data ¥

743 i ¥ Reg¥ [0)]: Shift down completed *

744 e ¥

745 PEREEL AR R AR AR KRR R R R F R R AR RA KRR KRR LR

T46

T47 SDSHEY :

748 1 BANKL

+ 1 04C1 10781 1 MOV BANK, #01H

749 C4C2 1D7DL MOV RPH, #CGB1 AND OFH ;General -purpose register BANK]1

750 04C3 1D7E2 MOV RPL, #CROWY AND QFH ;Row address 1H

751 04C4 08176 LD RYLSD, RYLSD«+1H H

752 04C5 08187 LD RYLSD+1H, RYLSD+2H H

753 04C6 08158 LD RYLSD+2H, RYLSD+3H H

754 04C7 (81A9 LD RYLSD+3H, RYLSD+4H ; s

755 04C8 081BA LD RYLSD+4H, RYLSD+5H : i

756 04C9 081CB LD RYLSD+5H, RYLSD+6H H

757 04Ca 081DC LD RYLSD+6H, RYLSD+7H H

758 04CB (081lED LD RYLSD+7H, RYLSD+8H H

759 04CC 081FE LD RYLSD+8H, RYLSD+9H ;Shife down

760 04CD 1D1FO MOV RYLSD, #0H ;MSD <- D

761 Q04CE 1D7D0 MOV RPH, #CGB0 AND QFH ;General -purpose register BANKO

762 04ACF 1D7EQ MOV RPL, #CROWG AND 0FH ;Row address (0H

763 04D9 Q70ED RET

764 EJECT
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AS17K W1.10 V4 << D17201A ASSEMBLE LIST >> 11:26:25 12/20/93 PAGE 05-023
FROG =
SQURCE = ARITH.ASM

E STNC LOC. QBJ. M I SOURCE STATEMENT

765 FEAFRRFEFIRF AR R R RERE AR TR FR AR ER IR AR R4S
766 HR *
767 ;* Shift down register 3 (REGW) ¥
768 e *
789 i RegW [T]l: Operation data work area *
170 1*¥  RegW [C]: 5Shift down completed ¥
771 HE RWEXP+1HM[O] : Least significant digit ¥
772 R obtained by shift down *
773 H General-purpose registers used: RREGO ¥
774 # ¥
775 :-**************t**#*tt**it*****t*****#**********
776
177 SDSHFW:
178 1 BANK1

+ 1 04D1 1D791 i MoV BANK, #01H H
779 04D2 08260 1D RREGOQ, RWLSD :Saves the least significant digit.
780 04D3 18250 ST RWEXP+1H, RREG{) :General-purpose register BANKL
781 04D4 1D7D] MoV RFH, #CGB1 AND OFH :Row address 2H
782 04D5 1D7TEA4 MOV RPL, #CROWW AND OFH
783 D4D6 08276 Lo RWLSD, RWLSD+1H H
784 04D7 08287 Lo RWLSD+1H, RWLSD+2H ;
785 04D8 08298 3] RWL3D+2H, RWLSD+3H H
786 04D% 082A8 LD RWLSD+3H, RWLSD+4H H
787 04DA 082BA LD RWLSD+4KE, RWLSD+5H ;
788 04DB 082CB D RWLSD+5HE, RWLSD+6H ;
789 04DC 082DC LD RWLSD+6H, RWLSD+7H H
790 04DD 0B2ED LD RWLSD+7H, RWLSD+8H H
791 Q4DE 082FE LD RWLSD+8H, RWLSD+ 9H ;shift down
792 04DF 1D2F0 MOV RWMSD, #0H ;MSD <~ 0
793 04E0 1D7DO MOV RPH, #CGBU AND OFH :General-purpose register BANKD
794 04E1 1D7ED MOV RPL, #CROWG AND OFH ;Row address CH
795 Q4E2 070E0 RET
796 EJECT
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D17201h ASSEMBLE LIST >> 11:26:25 12/20/93 PAGE 05-024 - ~

AS17K V1.10 w4 <<
PROG = .
SOURCE = ARITH.ASM .
E STNC LOC. OBJ. M I SOURCE STATEMENT
797 PEFKFEFFEHFE R R RN RN R R RN AR KRR R Rk k kR R E Rk kA kX kE
798 1 ¥ *
799 T ¥ Register clear (0) {REGX) *
860 rk (sign, characteristic, mantissa) *
801 ] RegX [I): Operation data (result) [
802 1% RwgX [0]: Clear {0) completed ¥
803 HE ¥
804 ] ¥
805 TEFF R AR F R R R E R R R AR R R R KR KT F R R R R R R AR AR TR E R E R R R4
806
807 SRMCLR:
808 1 BANK1
+ 1 04E3 1D791 1 MOV BANK, $018 H
809 04E4 1D7A0 MOV IXH, ¥0H : BANK1
810 0O4ES5 1DVES MoV IXM, #CIXMBl AND OFH ;Column address {sign)
811 04E6 1D7C3 MOV IXL, #CIXLSIGN AND OFB :IX <- 0001000001108
812
813 JXC999:
814 1 SET1 IXE i
+ 1 04E7 167F1 1 OR .MF.IXE SHR 4,#.DF.IXE AND OFH 7
815 04E8 1D000 MOV .MD,CMDRX, ¥0H iClear {)
816 1 CLR1 IXE
+ 1 04E9 147FE 1 AND ME,.IXE SHR 4,#.DF. (NOT IXE AND 0FH}
8§17 04EA 07080 INC IX ;Is the transfer up to OFH completed?
818 C4ER 097cC0 SKE IXL, #0H
819 D4EC QC4E7 BR JXC999
820 D4ED O70ED RET
821 EJECT
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ASLI7K V1.10 V4 << D17201A ASSEMBLE LIST >>

PROG =

SOURCE

= ARITH.ASM

E STNC LCC. OBJ. M

822
823
824
825
824
827
a28
829
83¢c
831
832
833
+ 1
834
835
836
837
838
839
+ i
840
841
+ 1
842
843
844
845
846
847

TOTAL ERRORS
TOTAL WARNINGS

04EE
DaEFR
04F0Q
04F1

04F2
04F3

04F4
04F5
04Fe
04F7
04F'8

1

ip791 1
1D7AC
1D788
1p7Cce

1

16771 1
1pzoo

1

147FE 1
07080
087co
0c4r2
070E0

=g

=90

END OF LIST

1

SOURCE STATEMENT
FEFFFFFIFFFFFFIFFIFFIFFFFFERFFFRFFFFFF IR IRAFF IR FRAFE S FF I EF A FESF

¥

H ] Register clear {0) {REGW}

H [(mantissa)

i

S RegW [I)}: Operation work area
Ik Reg@ [0]: Clear (0) completed

¥

FEFFFFETFEFF L KRR F AR FFEFFIFF R b E R Rk R Rk R ERE kAR Rk F

SRWCLR:
BANK1L
MOV
MOV
MoV
MoV

JWC999:
SET1
OR

BANK, #01H

IXH, #0H

IXM, #CIXMB1 AND OFH
IXL, §CIXLMANT AND OFH

IXE

11:26:25 12/20/93 PAGE 05-025

*
*
*
*
*
*
3
*

:
;BANK]L

;Column address (mantissa)
:IX <— 000100001108

MPLUIXE SHR 4, #_DF.IXE AND OFH

.MD.CMDRW, $0H
IXE

;Clear (0)

.MF.IXE SHR 4, #.DF. (NOT IXE AND OFH}

Ix
IXL, $0H
JHC959

;Is the transfer up to 2FH completed?
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