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1. Abstract
Double precision denormalized numbers in the FDIV, FADD, FSUB or FMUL instructions give wrong results.
1.1 Target

Software designers who develop software in scientific and engineering field are the target.
Especially, those designers who use double precision floating point instructions and treat the
denormalized number as it is. But this concerning target is not for those designers who use double
precision floating point instructions and treat zero-flushed denormalized number and also not for
those designers who use single precision floating point instruction as well.

1.2 Bug
There are two bugs. First, when the inputs are denormalized numbers as described in (a) and (b), then
wrong results are generated. And second one, when the inputs are denormalized numbers and gNaN as
described in (C), then wrong results are generated :
(a)In double-precision FDIV, there are cases that the wrong resuits generates as 0 or infinity when inputs
include denormalized number.
(b)In double-precision FMUL, there are cases that the wrong result generates as infinity when inputs
include denormalized number.
(¢)In double-precision FDIV,FADD,FSUB, or FMUL, there are cases that exception occurs by mistake
and the wrong result generates as infinity when inputs are denormalized number and gNaN.

1.3 Bug Effect
The worst case is, when double precision FDIV or FMUL instruction with denormalized number's
input is used the wrong result is written in register. Particularly, denormalized number / denormalized
number=0, denormalized number / 0 =0 is not appropriate in mathematical sense.

2. Countermeasure
[1] is recommended. [2] is desirable when there are needs to calculate denormalized numbers
in scientific and engineering fields.

[1]Double precision instruction is only used at the mode "FPSCR.DN=1" which means denormalized number
is treated as zero. The performance does not decrease in this work around. _

[2] The case that wrong results are generated when inputs are denormalized numbers(a,b) should be modified
by software. Please refer to section 4. Software modification in detail.

(i) Source and destination register(DRn} should be saved,
(ii)When the result is O or infinity in double-precision FDIV, the function that calculate denormalized
numbers is called. The function should be prepared by software designer.

The case that wrong results are generated when inputs are denormalized numbers and qNaN(c) should be
modified by TRAP routine. Please refer to section 5. TRAP routine modification in detail.
(i)When one of the input is denormalized numbers and the other is gNaN in double-precision
FDIV,FADD,.FSUB,or FMUL, gNaN(64h'7ff7£fff_ffffffff) is written in destination register
by the TRAP routine.
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3. Details
3.1 Definition

Drata pattern that cause bugs is defined. The data patterns from (A) to (D) in tables correspond to the

following patterns.

(A)Double precision denormalized number
64h'00000000_XXXXXXXX or 64h'80000000_XXXXXXXX (X:0orl)
condition:32h' XX XXXXXX!=32h"00000000

(B)Double precision denormalized number
64h'000YYYYY_XXXXXXXX or 64h‘800YYYYY XXXXXXXX (X Qorl}
condition: 20h'YYYYY!=20h'00000

(C)Double precision gNaN
64h 7Hf00000_XX XXX or 64h' 00000 _ XXXXXXXX (X:00r1)
condition: 32h"’XXXXXXXX!=32h'00000000

(C)Double precision gNaN  *unlimited gNaN
64h'7ffXXXXX__X}_(XXXXXX or 64h'FFXX XXX XXXXXXXX (X:00r 1)
condition: SZh XXXXX_ XXXXXXXX!=52h'00000_00000000

3.2 Bugs List
Tablel shows the combination of instruction and data that generate wrong resulis in case of
FPSCR.DN=1'b0{denormalized numbers is treated as it is).
The inputs (A),(B), and (C) are the data patterns defined in section 3.1.

The NG types from (1) to (7) is classified from the wrong results category and these
NG types is used in Table2,3,4.
In NG types (1), (2}, (3) and (7), the output 0 or mﬁmty is the wrong result.
In NG types (4), (5) and (6), if exception TRAP(@FPU Error) occurs then qNaN is not written .
The relation between section 1.2 and Tablel is shown:
(a) cormresponds to (1),(2),and (3)
(b) corresponds to (7)
(c)} corresponds to (4),(5),and (6)

Tablel NG results

Inputs SH4 Correct
NG type| Instruction DRm ~ DRn
() FDIV +0/-0 (A)DENORM]  +0/-0 DZ
@) FDIV (A)DENORM +H)/-0 +0/0 | FPU Brror
(A)DENORM]| (A)DENORM]|
{3 FDIV (A)DENORM| +INF/-INF | +INF/-INF| FPU Error
¢)] EDIV {C)gNaN | (A)JDENORM| FPU Erfor| gNaN*

(C)gNaN | (B) DENORM|
(B) DENORM  (C)gNaN °
(5) FADD/FSUB| (C)gNaN DENORM | FPU Error| ¢NaN¥*
DENORM | (C)gNaN

(6) EMUL (C)gNaN _ | (B) DENORM| FPU Error| gNaN*
(B) DENORM  (C)gNaN *qNaN:64h T 7E_FITFftiT
@) FMUL | (A)DENORM| +INF/INF | +INF/-INF| FPU Error]

+INF/-INF | {A)DENORM|
No NG occurs in case FPSCR.DN=1'b1(denormalized numbers is flushed to zero)- .
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The summary of special cases in double FDIV, FADD, FSUB, and FNIUL instructions are shown.

SH-4 outputs correct results in dotted box.
E SH-4 outputs wrong results in white box.

Table2 FDIV DRm, DRn (DRn/DRm — DRn )
DRn|

{A) positive

(A)negative (B)
+INF | INF| DENORMI

vvvvvvvvvv ey

40 (1)

(A) positive . : 3 @
DENORM A .o 02| 4N | .INE

(A)negative
DENORM

ORNE)

(B)DENORM

(CygNaN

(D)gNaN
sNaN

L

Table3 FADD DRm, DRn (DRn + DRmm— DRn )

DENORM | DENORM (C)gNaN | (D)gNaN

NaN

(A) positive
DENORM

(A) negative
DENORM

(BYDENORM

-

(CyqNaN

(D)gNaN
sNaN

FSUB DRm, DRn (DRn-DRm— DRn)
DRn (A)positive [{A)negative (B) (CygNaN |(D)gNaN
DRm -INF | DENORM{ DENORM | DENORM . sNaN
. NORM S opr e e Pt e e |
+0 -
-0 ~.
+INF 1
-INF :
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Table4 FMUL DRm, DRn (DRn*DRm—DRn)
DRn
DRm NORM| +0

NORM Bl
0 s s

(A)positive [{A)negative (B) (C)'qNaN (D) qNaN
-0 | ANF | -INF | DENORM| DENORM } DENCRM
CresiRiE % 2 A R 4

)| +INF(7

(A) positive
DENORM

+INF(7] -INFOO RS T
(A)negative
DENORM

-INF(7

B
(B)DENORM Error(6
(C)gNaN ‘-
{D)gNaN .
sNaN L

4. Software modification
4.1 NG type: (1),(2),0r (3) .
In NG types (1).(2),0r (3), software should be modified according to the following flows.
Source operand is adjusted by multiplying 21536 and should be calculated as normalized number.

If NG type is (1) and Divide by Zero exception is enabled, divide by zero exception occurs and
the destination register is not modified.

If NG type is (1} and Divide by Zero exception is disabled, the destination register is set to
infinity with sign based on source operands.

START
-

Source DRn is saved,

FDIV DRm, DRn

Is result £INF or 20?

Is NG type(l),(2),9r (3)?

h
— No ScurceDRn is restored.
>
DRm X 21536, DRn x 21536
v

FDIV DRm, DRn

4.2 NG type: (7)

If NG type is (7), FPU Error exception does not occur. But results is correct,
and thus modification by software is not needed.
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5. Trap routine modification

In NG types (4),(5),or (6), instruction and input data should be checked and gNaN should be
written in destination register as Table5 in TRAP routine.
gNaN is always 64h'7ff7fff_ffifffff.

Table5 TRAP routine

instruction input check
NG type check DRm_ DRn result
FDIV gNaN DENORM gNaN
@ FDIV gNaN DENORM gNaN
FDIV DENORM gNaN gNaN
) FADD/FSUB aNaN DENORM gNaN
FADD/FSUB DENORM gNaN gNaN
6) FMUL gNaN DENORM aNalN
FMUL DENORM gNaN gNaN
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