P C SM7831

NIPPON PRECISION CIRCUITS INC. Decimal Operation Processor

H OVERVIEW A

The SM7831 is a CMOS-LSEarithmetic processor developed for decimal long-word arithmetic. This
LSI functions as the arithmetic co-processor and dramatically improves the cost performance of a
microcomputer. The SM7831 fabricated in the CMOS process requires only an extremely low power to
execute various arithmetic operations..

B FEATURES W OVERVIEW  (Unit: mm)

» High-speed execution of decimal arithmetic
operations, such as addition, subtraction,

multiplication, division and square root extrac- S ; vy 25
tion ’ T =
+ Easy connection with the CPU ame Z i
Data transfer ... program transfer e . o
End of operation ... interrupt and status read e :

« The number of arithmetic digits can be selected
by the program from 16 digits, 14 digits and 12 ]
digits. !

« Convenient register control commands l

Clear, Move, Exchange, Zero Sense, Normal-
ize, Shift Right, Shift Left

STV

asaze1s

B PINOUT TOP VIEW

» Low power consumption 10 mA Typ. éFTx ® _J N l—& Vop
. CMQS smgle. 5 V power supply CLK @& — & 17
+ 22-pin ceramic DIP INT ® —] S L& Te
RESET ® —| 0 H®Te
BLOCK DIAGRAM mnoe— 20 evs
] 1 3 -
, i A0 ® ® ] @ Do
: RO @o— 0O &m
l = O
— WR ® — — @& D2
: DATA ICRO .
TS.AU. :> <:j MICRO —_—v v
oW BUS INSTRUCTION INSTRUC/ o T @— @ D3
b7 Dy G| BUFFER CONTROLLER ("™ poy Fvss b7 @ — | & D
D6 @ —] — @Ds
SHIFT % , SHIFTX '
REGIS - BCD |—~JREGIS-
TER FULL ADDER TER—‘l
$ DIGITS) (9DIGITS) ‘]

CLK RESET
* Consists of 3 registers X, Y and Z
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B PIN DESCRIPTION

No.| Name Description No. | Name Description
1 | SFTx | Testpin 8 |WR  |Write input. '
CLK Extemal clock mput When the SM7831 is enabled by CS§, the data bus
3 |INT Operation end output signal data is written into each register via DO - D7 upon
This signal has positive logic and is output after input of a negative logic signal to this pin.
the command input to the SM7831 has executed
completely. This signal may be used as a CPU 9 |CS Chip select input
interrupt request signal. After input, the signal This input enables the DO to D7 pins of the
resets either when digit specification, command SM7831 for communication between the data bus
input, register input or reset is performed in the and the SM7831.
SM7831.
4 | RESET | System reset input. 10-17/D7-DO | Data bus bi-directional input/output
The reset signal has positive logic and initializes | Data and commands are transferred between the
the SM7831. The status register in the SM7831 CPU and the SM7831 via these 8 input/output
is cleared upon reset. pins.
5,6 | Al, A0 { Address bus inputs.
Various SM7831 operations are selected using 18 | Vss Ground
these two address control lines.
7 | RD Read input. 19 to| T9 to T7 Test pins
When the SM7831 is enabled by CS, each 21
register data is output to DO - D7 upon input of a | 22 | Vop Power supply
negative logic signal to this pin.
® COMMAND ALLOCATION TABLE
Address Data
Al ] A0 D7 l D6 | D5 I D4 | D3 l D2 D1 Do
Note) The number of arithmetic digits is specified by
0 0 DSO and DS1. DS1 | DSO
0 1 SL SR Y/X ~w-——Arithmetic control command ——=
WR
MEM DAP
1 0 { X
MEM MEM
1 1 WRITE DATA _—
0 0 BUSY ERROR| SIGN | CARRY| ZERO
0 1
RD
1 0 DN4 DN3 DN2 DN1 DNO
1 1 READ DATA
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B SYSTEM CONFIGURATION

SM7831 Voo +sv
= [ v
= 2 2 s —F
Lz I E 3 & %
<:7 DATA BUS
L T T 0T T T 1 )
<: ADDRESS BUS :>

I

< CONTROL BUS

Hm OPERATION TIME

The operation time is indicated by the unit time as shown in the table below. The actual time is
obtained by multiplying the operation clock frequency to the unit time. In this table, n stands for

>

the number of arithmetic digits, and m for the number of shift digits.

Item Operation unit time
MIN MAX
Clear n+7
Move n+7
Exchange n+7
Zero Sense n+7
Normalize mn + 5m + 9
Shift Right 8m +9
Shift Left mn+Sm+ 9
Add n+10 n+ 14
Sub n+ 10 2n + 11
MLT 23n+ 24 5n2 +43n + 27
DIV n?+ 14n + 34 8n2+47n+24
SQT n? + 14N + 26 12n2 + 68n + 21
B OPERATION TIME EXAMPLE
14 digits, 2 MHz
Operation MAX (usec) MIN (psec)

Addition 14 12

Subtraction 20 12

Multiplication 805 173

Division 1125 213

Square root 1663 209
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COMMAND LIST

Address
Al | AO

R/W Command

Mnemonic

Processing

Data

D4

Description

0 | 0 |Specification of
the number of

arithmetic digits|

Mode
Set

12 digits

14 digits

16 digits

Specify the number of arithmetic digits.

Control
cormmand

WR

Clear

X register clear

Y register clear

Move

Clear all digits of the specified register
(X,Y) to zero.

X — Y (X is unchanged

olo|ololelo| B

o|lo|o|lo oo
(=} [=] (=) [ (o] =]

—~lolo|o|—|o g

Y — X (Y is unchanged

[=]

Transfer the contents of the specified
register (X,Y) to another register (X,Y).
The contents of the first register remain
unchanged.

Exchange

X oY
—

X:Z

Exchange the contents of the specified
register (Y,Z) with those of the X register.
The conlents of unspecified registers
remain unchanged.

Zero Sence

X register O detection

Y register O detection

Check if the specified register (X,Y)
contains all zeros.
Zero Flag is set if the contents are zero.

Normalize

X register
normalization

Y register
normalization

When unnecessary zeros are in high-order
digits of the specified register (X,Y), data is
shifted leftward by the number of zero
digits for normalization. After the shift, the
number of shifted digits can be read from
DN4 - DNO.

SL

X register shift left

S4

S2

S1

N¢

Y register shift Jeft

S4

S1

SO

SR

X register shift right

ol o] ©

S4

S2

S1

S0

Y register shift right

S4

S2

Sl

SO

The shift operation can be performed by
setting one of these bits to "1" and
specifying the number of shift digits with 5
bits of D4 to DO (binary). The arithmetic/
control command is executed when both SL
(D7) and SR (D6) are "0".

Arithmetic
command

Add

X+Y—-=X

oo ©

Adds the values of the X and Y registers
and stores the result in the X register.

When a carry is generated, 1-digit
rightward shift is performed automatically,
and Carry Flag is set. The contents of the Y
register remain unchanged. Both the X and
Y registers need not be normalized.

Sub

X-YoX

Subtract the Y register value from the X
register value and store the result in the X
register. Zero Flag is set when X = Y. Sign
Flag is set when X < Y. The contents of the
Y register remain unchanged. Both the X
and Y registers need not be normalized.

Mit

XxY =5 X

Multiply the X register value by the Y
register value and store the result in the X
register. If a carry is generated, the 1-digit
right shift is carried out automatically, and
Carry Flag is set. The contents of the Y
register remain unchanged, and the contents
of the X register remain unchanged in the Z
register. Although the Y register need not
be normalized, the X register must be
normalized.

Div

X/YtoX

Divide the X register value by the Y
register value and store the result in the X
register. The residual is stored in the Z
register. Error Flag is set if this command
is executed with the Y register set to zero.
The contents of the Y register remain
unchanged. Both the X and Y registers
must be normalized.
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Address Data
R/W Command | Mnemonic Processing Description
Al | AO 5 D7|D6{D5|D4|{D3|D2| D1{ DO :
0 1 | Arithmetic SQRTodd @ 52X 0|0]O0jO|[1(1]1 [0 |Calculate the square root of the X register
command and store the result in the X register. The X
register value must be normalized. Note
SQRTeven ‘/ 5 X 0]0}O| t[1|1}]1 |0 |thattheSQRT command differs depending
Xeven ™ %, on whether the number of digits before the
decimal point is odd or even.
t | 0 |Datatransfer |[MEM — MEMORY = 1{o]Joloflo]| o]0 {0 |Setthisbit to"1" and specify the X and Y
DAP X register registers to enable MEM — DAP operation.
Next, sequentially transfer the write data o
store it in the specified register. Eight-bit
data is transferred from the least significant
digit (LSD) in units of 2 digits. For
WR MEMORY-s 1/0]{110]0]|0]0 [0 |example, when the number of arithmetic
Y register digits is 16, D3 to DO are transferred first as

TOTN AT Al TNA e s . ..Iarlﬂ:




SM7831

Address - Data L.
RIW Command | Mnemonic Processing Description
Al [ AO D7 |bs| D5|{D4/D3|D2{ D1| Do
0 [ O !Status flag Status ' * Busy
- mlelaln This bit goes "1" during operation.
Slifr1 ]2 |em 5 2 | « Error
3 g2 o L R
This bit goes "I' when division is
performed and the Y register is zero.
» Sign
RD | 1| | 0 [Numberof shift|Shift This bit goes "1" when the result of the
digits 3 SUB command is X < Y (negative).
clolg|g|g - cany
[
£|5(8(2 5 This bit goes "1" when a carry is generated
in the Add or Mt command.
* Zero
1 | 1 [Readdata Read Data | Decimal, 2 digits High-order Low-order This bit goes 1" when the X register is
digits digits zero and Zero Sensor or another operation
command is executed.
Notes

*1  Soto Sa4set the number of shift digits in binary,

*2 VXE : when the number of digits before the decimal point is odd in the X register.
V_xc; : when the number of digits before the decimal point is even in the X register.

*3  DNO to DN4 indicate the number of shift digits after the normalization command in binary.
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B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit Remarks
Supply voltage Vb - Vss | 0310465 A
Input voltage Vin Vss -0.3 to Voo +0.3 v
Output voltage Vour Vss-0.3t0 Vop +0.3 v
Allowable dissipation Pp 250 mw Ta = 70°C
Storage temperature Tste -40 to +125 °C
Operating temperature | Torr -20 to +70 °C
Soldering temperature TsLp 2605 °C
Soldering time tsLp 10 Sec

M ELECTRICAL CHARACTERISTICS

<DC Characteristics>
Voo =5 V+5%, Ta = 0 to 70 °C unless otherwise noted.

ITEM SYMBOL CONDITIONS Yo L_Ir“é:)TS ] UNIT
Current consumption Iop 10 25 mA
Operating voltage Vop 475 5.00 5.25 v
High-level output voltage VoH | Ion = 400 pA other than test pin 35 5.25 \%
Low-level output voltage VoL | oL =2 mA other than test pin 0 0.4 \Y%
High-level output voltage Vor | Ion = 400 pA test pin 35 5.25 \Y
Low-level output voltage Vor | ToL = 400 pA test pin 0 0.4 A\
High-level input voltage Vin 2.4 5.25 v
Low-level input voltage Vi 0 0.8 v

<AC Characteristics>

Addreas
— lar
s \ / LIMITS
cs UNIT
— ] ITEM SYMBOL MIN | MAX
Address -- RD or CS delay taR 20 ns
RD I—tan— —tnorf— RD-Address delay tRA 20 ns
: — RD pulse width tRwS 400 ns
Dn Law F:WTT_—* g —— RD-Data Bus Enable delay fRD 300 | ms
= RD-Data Bus Disable delay tRDF 100 ns
Address-RD delay taw 20 ns
bn ) . WR-Address delay twA 20 ns
ow ton WR puise width twws 400 ns
sm-7 1 oH o WR-Data Bus Enable overlap |  tow 50 ns
Clock o WR-Data Bus Disable overlap|  tos 50 ns
75 or WR - r—- . X B Operating frequency foec DC| 20 |MHz
X/ SM7831 clock pulse width gH | 200 ns
(tr, tr <20ns) gL 300 ns
+ The "High" period of the SM7831 clock andthe |1k RD.WR overlap "‘ 100 ns

"Low" period of the RD or WR pulse must overlap
by at least tx.
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B EXPLANATION OF APPLICATION

The following describes an example of executing various arithmetic operations with 14-digit
decimal floating-point datg. In this example, the 8085A is used for CP. In the flowchart, parts
enclosed in parenthesis (== ) are executed by the SM7831, and the rest by the CPU.

1. Data format

Format of 14-digit decimal floating-point data

Memory address

B7 B6 B5 B3 B2 Bl BO
_ T T T T T 1
0 Mantima|  Format of 14-digit decimal floating-point data
e 1 1 { 1 i 1
1 LSD
]
T
2
1
4
3
]
1
4
1
1
5
!
1
6
|
T
7 MSD
1
[Example] How to represent 123.45
Memory address .
0 4 2
1 0 0
2 0 o
3 0 0
4 0 0
5 L 5 0
6 3 4
7 1 2

Note 1. The mantissa part is always normalized.
Decimal number only.

Note 2 Sign of the mantissa
"0" ... Positive
"1" ... Negative

Note 3 Exponent data example

Exponent data Contents
00 When data is "'0"
01 10%
02 10
3FH 107
40h 10°
41h 10'
7Fh 109
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2. Flowchart

MULT )

X= DAP-x
Y= DAP-y

transfer

DAP MULT i

X+Y=2

Z,
Y% DAP-y
transfer

n=Xpep-Y)

e ine Zoim ™ Xsimm—Yaign
ERROR
(overtiow)

NORM

e ] [ ]

I I
Cowr ] [Tore ] (=)
l n-digit ri=hs <hift oi'

n-digit right shift or

NO

@ X = DAP-x

TYEs
ERROR transfer
IL DAP ADD H " DAP SUB "
— Tz
YES
NORM lm.v SQRT(ewven) ' ” DAP SQRT(edd) ]I
—m\r READY 'n:s

DAP=X= 2
transfer

)

ERROR

“everflow"
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3. 8085 program example

HL:SRC1 ADDR
DE:SRC2 ADDR
BC:DEST ADDR

DAP-x
right shift
~
Sign
CHECK
7 HERO RE L
.
P
DAP—x/y
CLEAR
SRC2
EXP SUB EXP
(SRC1-SRC2)
SRC1
EXP
-
DAP=-y
right shift
SRC1<SRC2 YES
SRC1
Sign
or
SRC2
EXP

HL:SRC1 ADDR
DE:SRC2 ADDR
BC:DEST ADDR

DEST ADDR

RETURN

ERROR
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SQRT HL:SRC ADDR
DE:DEST ADDR
m-—A

ANA

YES

ERROR

6

SRC<LO
< NO

MEM to DAP x

HLZ=DE

- M(DE)—A SRC<Lo

ANA

<
w
7]

EXr=0
(SRC=0)

g
14

EXP/2

>

+

[x]

o

> {Z
(=]

kS

s

HL:SRCt! ADDR
DE:SRC2 ADDR

SRC2
A—C

OEh—A
YES SRC2 EXPLO

i

NO

DAP
SQRT YES SRC2 EXP20
odd )

or even

1Eh—A

ouT Whi

AWV 40D

o
!
>

DEST EXP

A-m Store

DAP
READY TEST

DAP x
to MEM

RETURN

S§=0 Nomal
S§=1 Overflow
(Cc=0) S =0 Nomal
S=1 Underflow
(c=1)
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'ZERO' =1

NORM HL: ADDR

AP
READY TEST

A:DAP RESULT
STATUS

-
-
v
l=
w
&
0

C

CLEAR(HL) YRS ‘CA’m1

e o

l
A
[+]

r4
(=]

RAR

RAR

YES
‘ERR' =1

fe

NO
AN BOh

ERROR
YES

il

*Sign’ =1 NO

>
|
3

>
!
E

DAP-x
NORMALIZE
our &Y

I T
>

DA.
READY TEST

i

DAP
IN RD2

ANIFh
A—C

EXpP—C

YES

:

Underflow o
[ veS

U NO

CLEAR(HL)

é

ERROR
(Overflow)

« NORM routine common to ADD, SUB, MULT
and DIV.
The dedicated NORM routine must consider only

the following STATUS.
"ZERQ' ----- common
'CA' - ADD, MULT
'ERR' -------- DIV
'SIGN' ------- SUB

The routine below DAP-x, NORMALIZE is
needed for SUB and DIV. It can be omitted for
ADD and MULT.
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'BUSY’

“HL = DAP x
DE=DAP y

DATA READ
from DAPx

DAP
ouT WR2

DATA WRITE
to DAP x

INCR HL

NO
RETURN
A:D

AP
RESULT STATUS

(Note) Though the specification of the number of digits is included in this
routine, it must be performed only once in a routine of system
initialization etc.
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M TYPICAL APPLICATIONS

1. Connection with the 8085A (reference circuit)
<
N
Hor  §H—oTS(E0)
—Hou 7fi—ocs(re)
R —3] g“ " €s(e0) =)
:.\s'ns AL¢ ;: Qj—i-l! E.':—ocsuo)
5 _::"5 2:; 5 J._J A 5 |l——o 5 (a0)
10 }NT“ 1 2 LS138) OAll
oixmﬁi :w :: —OALD
3
HOLD  A? 0AY
3_ O—’%ML.DA M 21 O Al
o—4ysop Az
o—{s1p 1 Is
o-24so b o 1 —oat =
ot 17 e 0% {0t | 2k spes o
s T—ou 12 MM LA ET)
(8085A-2) B oae X" tat T30
10K i : o Osgilister] 110
S 2% FESETN 1 H——oAz s T o
33aF —4 AL Al
3 2 AD & °
prered E Al
L1 Ls312) (sM7831)
b7 10
4’\05 11 g:
)D& 12 ps
D4 13
°p3 [y
—orpy 1|3
D1 16 ::
JI 37 Do
Xt 25 b f ."“;_-,li e
T 2 wr 2L MR —:M
3 il O—{INTR
RESET 1/0 B [~—0 (] fpi
RESET Voo Vas
12 an
*]1 I/O port address is in the order of 8000.
*2 Wait Control example
2. Connection with the Z-80 (reference circuit)
AMHz & s
Oecillater AlS -——O‘
Ald !—O
Ald 2 Q
27 Al2 1 ~0
0———,;){1 LSRN rry ]
o5 | MRER A0 T_'o (LS138)
:: B o Sl TR oMM | 2 )
| ~ sFxl o
AT :: f’:‘ﬁ 7 -0 josclilater cLx ‘r: 21 o
AS T8 20
18 35 3 =19 TS feo——O
°_Tm;f :: 24 2 ;10 2 [l — o
T L L s
O———1INNMI AZA“*-O N
Al A)
AD 30 A
(z-80) 13 10
D1
o—22I5uERg - TiPs
O~——BUSAX vE b (5M7831)
Dt
14 D3
15
16 1*3
17 D)
3 ]
’ Vi 22
o 2¢ [RESET 4 Ing SET Ves 1—{
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B SUPPLEMENTARY EXPLANATION

Loc

0000

cooo
Y-X-X-1
W ww

oo
oo
L

SR

Source list of arithmetic operations (addition, subtraction, multiplication, division, square root)

OBJ

When mantissa data is "0", the exponent is

‘When mantissa data is positive ... "Ch"
When mantissa data is negative ..."Dh"

performed by the 8088
Olh | - 127
In this example, the data format is set as shown below. 0zh | —126
7Fh -1
80h 0
81h +1
<15-digit floating point data> ; :
i R A FFh | +127
0 . Exponent daa (hexadecimal) .
1 " MSD "MSD-1 Note 1: Exponent data is shown below.
' n 4 4 v :
+ $ t t t t
2 ; MSP‘ 21. ' 4 : set to "0".
3 Note 2: Signs are as follows.
} t } t t $
4
} 1 J 4 i 1
L] L} T T L] T
5
} t + t $ t
6
+ t + —+ t
7  LSD+2 LSD+1
3
4 u + t
8 LSD Mumsinaa sign
a
LINE SOURCE
1 H
2 :""""‘t‘t‘.‘.'..U..“"“l‘.#“"'l
3 i Functien_Module (2) *
‘ ;‘,v,"“."."l'l“."""“..“l"."‘
5 :
6 NAME FUNC2
1 :
13 H
9 H DR *33.09.13
10 H 09, 22
11 H
12 i
13 :
14 §
15 PUBLIC Addition, Additon_W
18 & Subtractlon, Subtraction_W,
117 & Multiply, Multiply W,
12 & Divisien, Division_W.
19 & Square_Rool, Square_Rool_W,
20 & Integer, Intleger_W,
21 & Round_UP, Round_UP_W,
22 & Round, Round_W,
23 & Round_Down, Round_Down_W,
24 & Clear_W
25 H
26 :
21 i
28 Functlon_Module SECMENT PUBLIC 'CODE’
29 H
30 ASSUME CS:Punctlijon_Module
31 :
32 H
33 EXTRN WORK_D:byte, WORK_1:byte, WORK_2:byte, WORK_3:byte,
R & WORK_d{:byte, WORK_S:byle WORK_6:byle, WORK_.7:byte
35 3
36 EXTRN Fune_errortnear
31 &
KR H
38 Function__Subdl PROC
40 :
41 H
42 H EEXXERT RS EE NS ERFFERAX BTN RS AN KA K
43 : - Funclien_5ubd {I) C
'K} H FEIXES LTSS AARS KRN S K ERERET RSB SR N
45 H
46 DAU_DIGCIT EQU 30H
41 DAU_COMMAND EQU u
it DAU_DIRECTIORN EQU 34N
;9 DAU_WRITE__DATA EQU 3sl
0 H ‘
51 DAU_STATUS gqQu aont
52 DAU_NORM_STATUS EQU 41

~-~o

NIPPON PRECISION CIRCUITS

363



SM7831

oo
S
oo
oo

cao
coo
oo
-~
e
- ¥ X)
eo
e

oo
oo
oo
oo

oo
oo
oo
oo e

cooa
cooo
—“ooo
—_0 > >

Socoocooo
Pocoocoo
——
Owwoa a

©ocooocococooo
oocococooocococoon
MNNNNNNNMD-—
T MUBO Ty

=3
o
~

Coo oo

oo oo

L ey & s
~

OO0 e

oo > og

~a

~

oo o

oo oo

oooo
ococoo
-~
Mwe Y Owao
-~ Moo
>
—woen
WA Wy

oo
oo
-~
-

=N -N-N_¥.) oo oo
cCoocoe oo oo
Mt e s s
Cooan om a»
om —wm o

-~ m

SOURCE
DAU_READ_DATA EaQu 6N
AL R XY Addilion(W) *xwny
: (Ds:sl)+(Es:Dl)->(Ds:sl)
Addilinn_w:
Mov BX. s1

Ixxmey Addition *x¥xg
H (DS:S”+(ES:DI)-> (DS :BX)
Additionp;

XOR DL, DL

IMP short ADD_o r_SusB

HEZ 3 ¥ Sublrucllon(W) *rexy
: (DS:SX)—(ES:DI)-> (DS:s1)
Sublrlc(lon_W:
MOV BX, s1
ixxway Subtraction *rsxen
: (DS:SI)-(ES:D!)-> (DS :BX)
Sublraction:
MoV DL, }
| R JMP shoert ADD_or_SUB

;‘ttu:. ADD__or_sun LR T

ADD_or_SuUB:

XOR DL, DS: [s1+8)
XOR DL, ES: (D1+8)
AND bL, 1|
ADD_or_s UB__2:
MOV AL Ds: (s1)
MoV AN ES: [DI)
MoV DH, 20H
CMP AL, AH
JNC J_00)
XCHG AH, AL
XOR DI, DH
J_0o]:
Mov (BX}, AL ¢ AL = GRATE EXP
SUB AL, AH
CMP AL, OFH
JNC J__0g2
OR AL, 40H
OR DH, AL XY R_SHIFT
J_002:
CALL MEM__(o_DAU_XY
Mov AL, DH
ouT DAU_COMMAND. AL
CALL DAU_READY_TEST
Mov AL . DS: (S1+3)
Moy {(BX+B), AL
MOV AL DL : (DL) 01
ADD AL, 3 HE V4 | ADD/suUB
ouT DAU_COMMAND. AL
JP NORM_w_ 2
. JMP short NORM_w_ |
i xxsx NORM W () *xxn
NORM_w_| ; .
CAaLL . Y_JAU_READY_TEST
. i DAU *ZERO'?
SHR AL, |
Jc Clear_w
i DAU *ca'?
SHR AL 1
JNC J_101 .
i DAU 'CA* =~}
INC byte pyiy [(BX)
. Jz ENZAN_ERROR
J_101:
CALL DAU_X_lo_MEM
RET -
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Loc ©BJ L'1NE SOURCE
134 H
135 i =xxx  NORM W (2) »s==
136 H
005A 1317 NORM_W_2:
DOSA EB0101 138 CALL DAU_READY_TEST
138 i DAU 'ZERO'?
005D DOES 140 SHR AL, 1
005F 7216 141 Jc Clear_W
142 3
0061t DOES 143 SHR AL, 1
0063 2401 14 AND AL,
0D6S 304708 145 XOR [BX+38). AL i "SIGN'=) CHG_SIGN
J 46 DAU X_NORMALIZE
0068 BODA 147 MoV AL, ¢
006A E632 148 ouT DAU_COMMAND, AL
149 :
006C ESEFOD 150 CALL DAU_READY_TEST
151 H
BDOSF E{34 152 IN AL, DAU_NORM_STATUS
0071 241F 1523 AND AL, I FH
0073 2807 154 sSuUB (BX). AL
0075 171DF 185 JA J_1901
156 el JMP thorl Clear_W
1517 H
158 H
158 ; #xx%x Clear W "xxs
180 H (DS:BX)
0011 16l Clear_W:
0077 1E 162 PUSH DS
0078 07 163 PoP ES
164 :
0079 517 165 PUSH D1
007A 2BFB 186 MOV D1, BX
007C BSO040O 167 MOV CX. 4
007F 33C0 168 XOR AX, AX
0081 FC 168 cLD
0082 F2 170 REP STOSW
0083 AB .
0034 C605¢0C 171 MoV byte ptr{DI]), OCH
0087 5F 112 > POP D1
goga c3 173 RET
174 i
175 H
176 41 S$EJECT
171 :
178 H
179 1xxxEE Multiply (W) s¥Rwx
130 H (DS:51) ¢ (ES:DI) =>(DS:51)
0089 131 Multiplty_W:
0083 3BDE 182 MoV BX. 51!
183 i
1384 EE2EE] Multiply IS EE R
135 H (DS:S1) = (ES:D1) => (DS:BX)
06088 186 Multiply:
008B ESTEQO 131 CALL MEM_to_DAU_XY
188 i DAU X=Y
008E BOOA 188 MoV AL, O0AH
009¢ EE32 190 ouT DAU_COMMAND, AL
1981 H
0092 E82300 182 CALL SICN_EXP_STORE]
00935 71B¢ 183 JINO NORM_W_1
194 H
0097 185 OVERPLOW_CHECK:
06087 9C 196 PUSHF
0098 EXC300 157 CALL DAU_READY_TEST
008B SD 188 POPF
¢09C 72D% 199 Jjc Clear W
200 :
008E 201 ENZAN_ERROR:
Q09E ESO0000 E 202 IMP Func_Error
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Loc oBlJ LINE S5O0URCE

203 :

204 :

205 X ETE] Division (W) sxERE

206 : (DS:S1) / (ES:D!) => (DS:S1)
207 .

00A1L Division_W:
00A1l B8BDE M

0
0
¢
0
-20
202 oV BX, St
209 H
210 R EE RN Division KR EE
211 H (DS:S§1)/ (ES:D1) => (DS:BX)
00A3 : 212 Divisien:
00A3 26FE4501FF 213 TEST byle ptr ES: [DI+1), OFFII
00AR 74F4 214 Jz ENZAN_ERROR ; (ES:D!) =0
215 i
00AA EBSFOO 216 CALL MEM_to_DAU_XY
211 ; DAU X/Y
00AD BODC 218 MOV AL, OCH
00AF E632 218 ouT DAU_COMMAND, AL
220
DOB) EB0CDO 221 CALL SIGN_EXP_STORE2
00Bd T1AL 222 JNO NORM_W_2
p00BS EBDF 223 IJMP OVERFLOW_CHECX
24 H
225 : y
226 HERE R X 34 SIGN , EXP STORE (1) ek -
221 H SIGN (XOR}) , EXP (ADD)
ooBe 228 SIGN_EXP_STORE!:
DOBE 268A25 229 MOV A, ES (D)
00BB BO0ECSO 230 SUB AH, 80H
0O0BE EBDS 231 JMP shert J_121
232 3 .
233 HER AL SIGN , EXP STORE (2) A hdhi
234 H SIGN (XOR) , EXP (SUB)
00Co 235 SIGN_EXP_STORE2:
00C0 B{B8O 236 ov AH, 80H
00C?2 262A25 231 SUB AB, ES: [D1)
00CS 238 J_121:
00C5 BA4402 238 MOV AL, [S1+8]
60C8 26324503 240 XOR AL, ES: [D1+38)
pocc ococ 241 OR AL, 00001100B
00CE 8847028 242 MOV {(BX+28), AL
243
00Dl 8AO0({ 244 MOV AL, {81}
00D3 2C380 245 SUB AL, 80H
00D5S 02C{ 246 ADD AL, AH
00DT 7004 247 Jo J_t122
60DS 3480 24 XOR AL, 80H
0o0DB 8807 249 MOV [BX). AL
00DD 250 J_122:
00DD C3 2351 RET
252 :
283 d
254 ALY Square_Root (W) (2R
255 H Square_Rool (DS:S1) =>(D5:S1)
00DE 256 Square_Root__W:
00DE B3EDE 251 MOV BX, 51
258 H
259 BEEEE] Square_Roolt TEREE
260 H Square_Root (DS:S1) => (DS:BX)
00ED 261 Square_Root:
00ED F6440801 282 TEST byte ptr {S1+8). 1
BOE{ 75B8 263 JNZ ENZAN_ERROR ; (DS:§1) <0
264 H
00EE E23600 265 CALL MEM_te_DAU_X
266
00ES 8A24 287 MOV AH, (s1)
00EB 22E( 268 AND ANd, AR
00ED 7414 269 1z J_.123
00EF B80F420 2170 XOR AH, 80H
00F2 32C0 211 XOR AL, AL
00F4{ DIF8 212 SAR AX, L
00FE BOF{30 213 XOR All, 80H
24 i DAU X SORT
00FS DOES 2758 SHR AL, 1
00FB DOES 21§ SHR AL 1
O0FD DOES 211 SHR AL, L
00FF 0CCE 218 OR AL, OEN : AL = O0E/IE
0101 EG32 218 ouT DAU_COMMAND., AL
0103 280 J_123: : EXP STORE
0103 8827 281 MOV [(BX). AH
282 :
0105 E35600 233 CALL DAU_READY_TEST
0108 E83100 284 CalLL DAU_X_to_MEM
010B C3 285 RET
288
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LoC oOBlJ LINE SCURCE

+1 SEJECT
i ®=xxx MEM to DAU (X. Y) sk
H (DS5:81) =>DAUX. (ES:DI) =>DAUY
MEM_to_DAU_XY:

010¢C
010C EB1000 CALL MEM_t o_DAU_X
010F MEM_to_DAU_Y; i
¢10F IE PUSH bs
0110 &ccl MOV CX. Es :
0112 3EDY MOV DS, CX : ES => DS
BL14 81F7 XCHG s1, D1
DI16 BOAD MoV AL, DAOH : DAU WRITE Y
0118 E20CO0D caLL MEM_to_DAU
011B 87P7 XCHG s1. D1
011D IF POP DS
011E €3 RET

: wexs  MEN te DAU (X) ===

(DS :S1) =>DAUX

0lLF MEM_1to_DAU_X:
G11F BOO2 MOV AL, 2 : DAU {§DIGIT
0121 E630 ouT DAU_DIGIT, AL
0123 80 NOP : DELAY FOR DAU_7031
6124 80 NOP :
0125 BORO MoV AL, 80H . DAU WRITE X
o121 MEM_to_DAU:
0127 E53¢ oUT DAU_DIRECTION, AL
0129 83C608 ADD s1. 8
912C FD STD
812D AC Lopss
012E 24F0 AND AL OFON
D136 EG36 ouT DAU_WRITE_DATA. AL
0132 B30700 MoV cx. 1
0135 J_131:
0135 AC LODSB
013§ E636 ouT DAU_WR ITE_DATA, AL
0138 E2FB Loop J_131
013A FC cLD
013B €3 RET

; xExxsx DAU (X} to MEM s®xss
: DAU (X) => (DS:BX)
DAU_X__to_MEM:

€ W 3 LI £ 660 LI KT LI LI W L LD LI 6D L LI LI T K KD 60 63 G0 £ K 63 G B K L) £ L0 L) 3 €0 € L B 0 8 € €3 K 63 L L T £ G (a3 €0 £ L0 L3 B 2 L3 L3 L3 L3 I €3 L3 6 0 €3 43 R K3 I3 RO B3 RO R R R RO B3 R 1S

MO O NPV UNUNU NN NV e e e e e e h e A A BWOLWRWWWWL IR RN R RN RIRI R - e e e e e = L DD OD OO OGO O DWW W WD W WL e o oe
NN AN OB IRV AN~ OWLH TN NALURN - CBE IR NALN —OVE IO VAN~ OWE DO NALRN — OO0~ L AW O WD~ Ol MW — D WP or —t

613c
013C 1E PUSH Ds
013D 07 POP ES
013E B7FB XCHiG D1, BX
0140 BO4D MoV AL, {0H
0142 E634 ouT DAU_DIRECTION, AL : DAU READ X
0144 83CT08 ADD DI, 8
0147 80250F AND byte ptr [DI], DFH
B14A E436 1N AL. DAU_READ_DATA
014C 24F0 AND AL, 0FOH
D14E 0805 oR (D1], AL
0150 AF REC D1
0151 B3OTO0O Mov cX. 1
0154 FD STD
>
0155 J_133:
0155 E435 TN ALL. DAU_READ_DATA
0157 AA $STOSB
D158 E2FB Loor J_133
D15A FC cLD
015B B7FB xclc DI. BX
015D €3 RET
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Loc

cococo

anawn
~ramm

oBJ

O~
(AR YN
MmO
>o00

LINE SOURCE

368 :

370 :

311 i ®sss  DAU READY TEST sss=
312 i

373 DAU_READY_TEST:

374 IN AL, DAU_STATUS
a1s AND AL, AL

376 Js DAU_READY_TEST
311 RET

378 H

379 H

380 H

381 +1 SEJECT

368
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