FIXED POINT DECIMAL ARITHMETIC ROUTINES

AS55

INTRODUCTION

The numbers used in digital systems are
usually expressed in binary notation.
Some commonly used formats are:

* magnitudes only for unsigned numbers
» 1's compliement and 2's compiement for
sighed numbers.

However, binary numbers are difficult to
interpret, and man-machine interface can
be greatly improved by presenting numbers
in decimal notation. Since virtually all digital
systems operate on numbers in binary form
(i.e.. 1's and 0's), decimal numbers must be
converted to binary during the input proc-
ess, and reconverted to decimal notation
during the output process. In cases where
decimal input and/or output is required, the
ideal solution would be a digitai system
capable of interpreting and processing dec-
imal numbers.

This applications memo describes several
methods of handling binary-coded-decimal
(BCD) numbers with the Signetics 2650
microprocessor. Special provisions in the
2650 for these operations, including the
interdigit Carry (IDC) fiag bit and the Deci-
mal Adjust Register (DAR) instruction, are
discussed. These provisions greatly simpli-
fy interfacing of the 2650 to decimal-
oriented peripheral devices, such as CRT
display terminals, printers, and keyboards.
Basic arithmetic routines (add, subtract,
muitiply, and divide) for both signed inte-
gers and sighed fixed-point numbers are
given.

BCD NOTATION .

“
In BCD notation, each decimah digit re-
quires a 4-bit code as indicated below:

0 = 0000 5 =0101 .
1 = 0001 6 = 0110
2 = 0010 7=0111
3 - 0011 8 = 1000
4 =0100 9 = 1001

Codes 1010 through 1111 are not used.

Two decimal digits can be packed into one
8-bit byte--the size of a 2650 data word. The
range within 1 byte is consequently 00,
through 99,,. For instance, the number 15,
is coded as 00010101,

CARRY (C) AND INTERDIGIT
CARRY (IDC) FLAGS

The Program Status Lower (PSL) of the
2650's Program Status Word (PSW) register
contains 2 carry flags: Carry (C) and Inter-
digit Carry (IDC). During execution of any
arithmetic instruction, both flags are Set or
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reset depending on the result of e opera-
tion, as illustrated in Figure 1:

e The Carry (C) flag is set as a esult of a
carry (or no borrow) out of he most-
significant-bit (bit 7) of the affected regis-
ter Rx, and hence out of he most-
significant BCD digit.

® The Interdigit Carry (IDC) flag issetas a
resuit of a carry (or no borrow) out of bit
3, and hence out of the least-significant
BCD digit and into the most-significant
BCD digit.

DECIMAL ADJUST REGISTER
(DAR) INSTRUCTION

It 2 BCD numbers are added or subtracted
by means of binary arithmetic Instructions,
the resuit may not be a BCD number. For
example:

2315 + 5615 = 7913;
but
184 + 3546 = 4Dy,

Since the binary codes 1010 (A,¢) through
1111 (F,g) are notused in BCD, theresultofa
binary arithmetic instruction may need a
correction of (+6) in case of an add opera-
tion or (-6) in case of a subtract operation.
The 2650 performs this correction by means
of the Decimal Adjust Register (DAR) in-
struction. This 1-byte instruction condition-

ally adds a decimal 10 (2's complement
negative 6 in a 4-bit binary number system)
to either the high order 4-bits and/or the low
order 4 bits of a specified register Rx, which
may be any of the 2650's seven CPU regis-
ters.

The truth table of Figure 2 indicates the
logical operation performed. The operation
proceeds based on the values of the Carry
(C) and Interdigit Carry (IDC) flags in the
Program Status Word. The C and IDC re-
main unchanged by the execution of this
instruction.

The WC (With/Without Carry) bitin PSL has
no influence on the DAR instruction.

GENERAL SUBTRACTION
RULES

In the case of subtraction, a correction of
(-6) is required for the digit(s) which gener-
ate a borrow upon exascution of the subtract
instruction. This can be performed directly
by the DAR instruction.

Single-Byte Operands/

Result:

Subtraction of single-byte operands is done
by performing the subtract instruction and
then performing the DAR instruction; the
borrow bit must be cleared initially. See
Example A.

SETTING THE CARRY AND INTERDIGIT
CARRY FLAGS

JE

KA

] Yo

S

J

PSL = Program Status Word Lower

— — —
Most - significant Least - significant
BCD digit 8CD digst

Registar Rx can be any CPU register
Figure 1
TRUTH TABLE FOR DAR INSTRUCTION
BEFORE: DAR, Rx AFTER: DAR, Rx
Rx Rx

Cc i0DC MSD LSD c iDC MSD LSD

0 0 a b 0 0 a+10¢, b+10,,

0 1 a b 0 1 a+104, b

1 0 a b 1 0 a b+10,,

1 1 a b 1 1 a b
NOTE Figure 2

IDC 13 not added to the uppar digit in the ‘a+ 10, operation
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if the With Carry (WC) bit in PSL is zero (no
carry/borrow), the first instruction is not
required. . .

Muitiple-Byte Operands/

Result:

When dealing with muitipie-byte operands,
arithmetic operations inciuding carry, are
required. Hence, the WC bit in PSL must be
set to 1 prior to execution. If indexing is
used, muttiple-byte subtraction is simpie, as
iltustrated in Example B.

NOTE: OPR1, OPR2 and RSLT are the
most-significant bytes.

GENERAL ADDITION RULES

For addition, a correction of (+86) is required
it the sum of the most-significant digits or
least-significant digits exceeds 9. This is
accompiished by first adding an offset of
(+6) to each of the digits of the first operand
(addition of H'66') and then adding the
second operand.

If the sum of the least-significant digits did
exceed 9, it now (including the (+6) correc-
tion) will exceed 154, (H'F’); an interdigit
Carry wiil be generated. if an IDC is generat-
ed, the result is correct and, as shown in
Figure 2, the DAR instruction will have no
eftect on the sum. if not, the (+6) correction
will be cancelled by adding 10 (equivalent to
subtracting 6). Correction of the most-
significant digit sum operates similarly, with
the C bit controliing the final correction.

|
Single-Byte Operands/Resuit:

it the 2650 is conditioned fql"' arithmetic
without carry (WC = 0), addjtion can be
performed as shown in Exampie C.

in the case of arithmetic with carry (WC = 1),
it should be noted that the addition of the
offset H'66' may generate a carry (if OPR1 =
99 and carry was set); this carry wiil be
added during the addition of OPR2, giving
an incorrect sum.

Multiple-Byte Operands/Resuit:
When using multipte-byte operands, iinking
of the bytes by means of the carry bit is
required. Hence, arithmetic with carry must
be performed (WC in PSL is set to 1). Be-
cause of the two successive additions (of
the offset H'66’ and of the second operand),
the problem mentioned in the previous sec-
tion can aiso arise here. Two straight-
torward solutions to this problem, listed be-
low., are illustrated in the flowchart of
Figure 3.

Method 1: In this method, each byte of the
first operand is first increased by the offset
H'66", after which addition of the secand
operand is performed. See Example D.~
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PPSL o} CLEAR BORROW
LODA,R3 OPR1  FETCH FIRST OPERAND
SUBA,R3 OPR2 SUBTRACT SECOND OPERAND
DAR,R3 DECIMAL ADJUST RESULT
STRA,R3 RSLT STORE RESULT
Example A
PPSL WC+C ARITHMETIC WITHCARRY, CLEAR BORROW
LODI,R3 LENG LOAD INDEX REGISTER
DSUL LODA, RO OPR1,R3,- FETCH BYTE OF OPERAND1
SUBA,RO  OPR2R3 SUBTRACT BYTE OF OPERAND?2
DAR,RO DECIMAL ADJUST RESULT
STRA,R0 RSLT,R3 STORE RESULTING BYTE
BRNR,R3 DSUL CONTINUE LOOP iF NOT DONE
Example B
LODA,R3 OPR1 - FETCH FIRST OPERAND
ADDI,R3 H'66 ADD OFFSET FOR BCD ADD
ADDA R3 OPR2 ADD SECOND OPERAND
DAR,R3 DECIMAL ADJUST RESULT
STRA,R3 RSLT STORE RESULT
Example C
CPSL C CLEAR CARRY
PPSL WC ARITHMETIC WITH CARRY
LODI,R3 LENG LOAD INDEX REGISTER
ADDO LODA,RO OPR1.R3- FETCH BYTE OF OPERAND1
ADDLRO H'66 ADD OFFSET FOR BCD ADD
STRA,R0 RSLT.R3 STORE INTERMEDIATE RESULT
BRNR,R3 ADDO BRANCH IF ALL BYTES NOT READY
LOD{,R3 LENG LOAD INDEX REGISTER
ADD1  LODARO RSLT,R3.- FETCHBYTE OF INTERMEDIATE SUM
ADDA,R0O OPR2R3 ADD BYTE OF OPERAND2
DAR,RO DECIMAL ADJUST RESULT
STRAR0 RSLT,R3 STORE RESULT
BRNR,R3 ADD1 BRANCH IF ALL BYTES NOT READY

Example D
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Methad 2: In this method, the complete
addition is handled on a byte-by-byte basis.
This means that the true interbyte-carry
must be saved and restored, and the carry
must be cleared at the appropriate time.
This can be performed by using one addi-
tional register to retain the interbyte-carry.
See Exampie E.

The second method is faster and requires
tewer bytes of code (24 versus 30) but
requires &n additional register.

The program listing of Figure § summarizes
the basic BCD addition and subtraction rou-
tines.

ROUTINES FOR SIGNED
INTEGER ARITHMETIC

There are several possible ways of repre-
senting signed decimal numbers. The best
known are ten's complement notation and
sign-magnitude notation. The sign-
magnitude notation, illustrated in Figure 4,
is used here because it is easy to interpret
and lends itself to interfacing with peripher-
als. It is also simpler to use in multiplication,
division. and in aligning and rounding rou-
tines. The numbers are stored in memory in
the form of a sign followed by the absoiute
value of the number.

The length of the numbers is defined by the
number of bytes (including the sign byte)
they require. This parameter can be modifi-
ed by changing the definition of LENG in the
source program. Note that for clarity, each
routine is written in a "stand-alone” form. If
more than 1 routine is required in a pro-
gram. considerable savings in the program
space required can be realized by breaking
out common operations as subroutines.
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DADL

CPSL Cc

PPSL wcC
LODLR3  LENG
LODILRT ©
LODA,RO OPR1,R3,-
ADDI RO  H'66
RRR,R1

ADDA,RO OPR2,R3
DAR,RO

STRA,R0 RSLT,R3
RRL,R1

BRNR,R3 DADL

CLEAR CARRY
ARITHMETIC/ROTATE WITH CARRY
LOAD INDEX REGISTER
CLEARINTERBYTE-CARRY REGISTER
FETCH BYTE OF OPERAND1
ADD OFFSET FOR BCD ADD
RESTORE INTERBYTE-CARRY TO CARRY
ADD BYTE OF OPERAND?2
DECIMAL ADJUST RESULT
STORE RESULT
SAVEINTERBYTE-CARRYINR1, CLEAR C
BRANCH IF NOT READY

Exampie E

GENERAL ADDITION FOR MULTIPLE-BYTE, UNSIGNED BCD NUMBERS

Emer DADD Enter ADDD
OPERATION: '
OPERAND1 + OPERAND2 - RESULT
Method 2 Msthod 1
INITIALIZI L INITIALIZE PSL:
o Clanr caery - Clear carry
+ Operations with carry » Operstion with carry
Y Y

L Toad ragister index l Toad register index

with of opersnds. with length of operands.

L Clear interbyte-carry.

R s

————.——-—.{ DADL

Fetch byte of OPRY,

indexed
Decrease index, Y
amx::.om K L Add H'88" offser. I
1] 1
[ Add H'88' offwet, ] l Siors resulting by ]
n ASLT, indexed.

[ Interhryre-carry —a- carry

]

Al

L Add byts OPR2, indexsd.

bytes addad
{index =0}?

]

L Decimat adjust result.

J Y Yu
Load index register
with length of oper;

Store resulting byte
n RSLT, indexsed,

] S— Tl

Decraase index.

Clear

Carry <= intarbyte-carry
carry.

Fetch byte of RSLT,
indexed

Al

bytas sdded
{index =02

[ Add byts of OPRZ, indvx-d—]

A
r Decimai edjust result, ]
4

Stora resuiting byte
n RSLT, indlexed

No AR

Figure 3

SIGN-MAGNITUDE NOTATION

sign magnitude
TN " Y
ona byts (8 bits)
4 i ! SIS WS, -
0725 ) O N - T
N o’

inestsignificant byts

L
least-significant BCD digit

mowt-tighificant BCD digit

not uskd

ngn: H'O is+ HF' s

Figure 4
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THIN RSSEMBLER VER 1 @

BCD ADDITION AND SUBTRACTION ROUTINES

PROE 0ol

LINE FODR  OBJECT E SOURCE

Ry
80;
L
004
0083
906
0097
6608
8989
a8te
%011
812
813
14
8815 9008
8016 90
L
9918 0883
0819 0806
0020 9901
9821 0083
082z
9823 0085
[~
' 86825 a8
82
8327 9798
0826 8
8235 0788
838
831 87%F
L2
0931
834
@35
®36
L an
9038 DA% OFA7OR
8839 8433 8766
4@ UTS *FETE
841 %8 57
6042 459 CFO7OR
8043
0544
L)
9846
[ h
8846
0049 MU FE708
M0 MF RFO7S
951 9462 37
w52 8463 (FOTER
0853

» PO760087

» DECIMA. AODITIOR/SUBTRACTION FOR PRCXED-BCD +

+ OPERATION OPERMDI +/- OPERANDZ —) RESLT

o OPERRNDY 1S IN QPRI OPR1+1, OPRYSZETC

o CPERRDZ IS TN OPR2, OPR29L, OPR2+2. ETC

* RESRT IS IN RSLT,RSLTHLRSLTSZ ETC

o 0PRY, OPRZ AD RSLT ARE MOST-SIONIFICANT GVTES.
» AL MPBERS RRE OF EQUR. LDNGTH (IN BVTES)

* LENGTH 1S DEFINED BV LENG

.
s DEFINTIONS OF SWEOLS

’
M EW ] PROCESSOR REGISTERS
R € i
k2 & i
K3 EW 3
oW e P IsITH SelITHOUT CRRRY
[ 1} L CRRSY/BORROM
N e 3 BRANCH CONDITION UNCONDLTIONAL
.
LENGTH oF OPERANDS/RESILT IN BYTES

LENG EQU 5
+
oG H7W " PRRAVETERS

PR RES LENG
0PR2 RES LENG
RSLT RgS LEWG 1
.
oG H4%

© AODITION OF UNSIGNED, SINGLE-BVTE BCD NMBERS »

» OPERRTION OPERANDY + OPERAND2 —> RESILT

+

WD LDRRI OPRL  FETCH FIRST OPERMD
AOOL K3 W66' DD OFFSET FOR 6D ADD
RO 3 PR2  ROD SECOND QPERWO
R R DECINFE, FOJUST RESULT
SR BT STORE RESWLT

.

* SUBTRACTION OF USIGED, SINGLE-BYTE BCD MIBERS ¢

» OPERATION OPERMDY - OPERANDY —> RESIL!
L]

QBT LODR, R3 OPRY FETCH FIRST OPERAND
SUBR. R3 OPRZ SUBTRRCT SECOND OPERAND
DR RS DECINAL RDAUST RESWLT
STRA, R2 RALY STORE RESILT

Figure §

THlM RSSEMBLER VER 1 0

PRGE Q0RY

LINE RODR  OBJECT € SOURCE

BRREESEEEERAAS
T
SR H T

4

53t
(3 $
A3
CER]
* 3

L

#

SEIRBIRRREERES
8Q2§%

~

REEIBERSEIANLIREGIRRREEIINSSNNY
Bt

EE3%
3384

9103 0486 M

ze=s
SRXIE
§ ik
L
K ]

¢ FODITION OF UNSIGHED MULTIPLE-BVIE BCO NUMBERS »

¢ OPERATION QPERANDY « CPERRND —> RESILT

4

ROD (P CLERR CRRRY
L X ARITHETIC/ROTATE WITH CARRY
LODL, K3 LENG LORD TNDEX REGISTER
LOO1, R 9 CLEAP INTERBYTE-CRRRY

DADL LODR, RO OPRY. R3, - FETCH BVTE OF OPERANDY

D1, RO H'66” A0 OFFSET FOR BCD ADD

R, Ry RESTORE INTERBYTE-CARRY 10 C
FDOR, ®9 OPR2.R?  ROD BYTE OF OPERAND2

DRR, RO DECINAL FDJUST RESLY

STRA. R RSLT.P3  STORE RESLTING BVTE
LR SAVE INTERBYTE-CARRY IN RL CLERR

BROR, R DADL BRANCH IF NOT READY
0

¢ FODITION OF ANSIGMED MULTFIPLE-BVTE BCD NUMBERS *
¢ ALTERMATE METHOD *

» OPERATION (OPERANDL + CPERAMDY > RESLT
.

Ao oL ¢ CLERR CRRRY
PPRL ARITHETIC WITH CRRRY
LOGL: R3 LENG LORD INDEX REGISTER

A0Dé LODR, RS OPRL. R3. - FETCH BYTE OF OPERANDY

RODL. %8 M'66 RDD OFFSET FOR BCD-ADD
STRR, RO RSLT.RI  STORE INTERMEDIATE RESLI
BRIR, R ADOD BRAHCH 1F ALL BYTES NOT BEADY
LODLR3 LENG LORD INDEX REGISTER

HOY LODR, B@ RSLT.RT. - FETCH BVTE (F INTERMEDIRTE SUM
RODR, #8 OPR2.P DD BYTE OF OPERRND2
DR, 28 DECHAL RDJUST RESILY
STRR.R8 RSLT.KI  STORE RESLY
BRIR. R ADO1 BRANCH 1F AL BYTES NOT READY

« SUBTRACTION 7F UNSIGNED MULTIPLE-BYTE BCD NUMBERS »

* PERATION OPERANDL - OPERAND2 —> RESQILT
.

V9B PP MK ARITHETIC HITH CARRY, CLEAR BORROM
LODT, B3 LENG LORD INDEX REGISTER
DSUL LODR. 29 PR, R3, - FETCH BYTE OF OPERANDL

SUBR, @9 0PR2.RY  SUBTRACT BYTE (F OPERAND?
DRR. RO DECIMNAL ADJUST RESILT
STRR, P9 RSLT.RT  STORE RESLLYING BVTE
BRNE, 03 DU BRANCH IF NOT RERDV

.
N (]

TOTAL RSSEMBLY ERRORS = 0008
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Program Title
DECIMAL ADDITION/SUBTRACTION
FOR SIGNED INTEGERS (PACKED BCD)

Function

Addition or subtraction of 2 decimal inte-
gers in sign-magnitude notation. Operands
and resulit are of equal length, as defined by
LENG.

OPERAND?1 +/- OPERAND2 »OPERAND?2

Parameters

Input:

Length of numbers (in bytes) is defined by
LENG

OPR1, OPR1+1. OPR1+2, etc., contain au-
gend or subtrahend.

OPR2. OPR2+1, OPR2+2, etc.. contain ad-
dend or minuend.

Output:
OPR2. OPR2+1, OPR2+2, etc., contain sum
or difference

Overflow is detected.

OPERATION

Subtraction is performed by changing the
sign of the second operand before entering
the sighed addition routine. Prior to adding
or subtracting, the sign of the result must be
determined. This requires a comparison of
the magnitudes of both operands if they
havern this case, the subtra-
hend and minuendtorthe operation are also
designated by the comparison.

Refer to Figures 6 and 7 for flowchart and
program listing.

2650 MICROPROCESSOR APPLICATIONS MEMO

FLOWCHART FOR DECIMAL
ADDITION/SUBTRACTION FOR SIGNED INTEGERS

Entw SGAD

Enter SGSU

[_cmancesionorRz |
- g

SGAD

INITIALIZE PSL:
o Operstions with carry
o Logicl comparison
s Cloar borrow

SGAD: OPR1 + OPR2»OPR2
SGSU: OPR1 —~OPR2+0OPR2

OPRZ . 0 T
\(

[ + SIGN TO RESULT

l L + SIGN TQ RESULT j

LBLO
i No
OPR1 < 0?7 OPR1. D7
No

Yas

L ~SIGN TO RESULT ]
. |

ADD

Chesr carry
/OPR1/ + /OPR2/—-»RESULT

Nots: /OPR1/ = magritude

of OPR1.

[ ~ SIGN TO RESULT 1

l ~ SIGN TO RESULT

]

LBLLTE

§ L8L3

1OPR1/ ~ IOPR2/ -»RESULT]

[IOPRZ/ ~ /OPR1/ —»-RESULT

-

Figure 6
f
I HARDWARE AFFECTED
ers | RO | R1 | R2 | R3] v | Rz | e RAM REQUIRED (BYTES): 2 X LENG
| REGISTE X X X ROM REQUIRED (BYTES): 127
r-_v»,—. e e
[ psU F no| sp MAXIMUM SUBROUTINE
| S NESTING LEVELS: 1
’ -r;s;. cc | ibc| Rs | we | ovE| com| ¢ | ASSEMBLER/COMPILER USED: _TWIN VER 10
| X X X | x| x| x
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DECIMAL ADDITION/SUBTRACTION FOR SIGNED INTEGERS

THIN RESEMAER VER 1 6 PRGE 8081
LINE RODF  ORJECT € SOURCE
8681 * PDT68086 857 8548 778 SBRO PPSL  MCHOM  OPERRTIONS MITH CARRY.
2062 9869 . LOGICRL COMPRRE, CLEAR BORROM
a3 + DECINL RODITION/SUBTRACTION FOR SIGHED-INTEGERS + 9069 8540 29 ERZ e CLERR R®
Ll * MNEERS ARE IN PRCKED BCD. SIGN-MRGNITUDE MOTATION « 8070 051D BO7E LODRRL OPRZ  FETCH SIGH OF OPERRD2
985 8071 €528 (0785 STRR, 88 0PR2 CLEAR SIGN OF OPERAND2 (=RESLT)
L3 + DPERRTION  OPERRNDL +/- OPERRNDZ --) UPERFNDY 0872 8523 93 BCFR.N LBL8 BRANCH IF 0PR2 NOT NEGRTIVE
8667 + OPERANDL IS IN  OPRY, OPRI+L, OPRL+2, ETC 8073 8525 8CB708 LODA. RS OPRY FETCH SIGN OF OPERRNDY
86908 * OPERAND2 IS IN  0PR2, 0PR2sy, OPR242, ETC 074 8528 WX BCFR.N B2 BRAMCH IF OPRY NOT NEGRTIVE
22 + SUWDIFFERENCE IS IN  OPR2, OPR2+4, OPR2¢2, ETC 087% G520 MMFB LODI. P8 WFR” FETCH WINUS SIGN
18 ¢ OPERAND? 1S DESTROVED AFTER ROO/SUBTRACT 8876 85 (075 STHA. RO OPRD STORE TN MS—BYTE RESULT
w8 * OPR1.OPR2 ARE MDST-SIGNIF ICANT BYTES (14 .
oW « LENGTH OF NUMBERS (IN BVTES) 1S DEFINED BY LENG 78 85K 7581 oD PR ¢ 0PRY + OPR2 —> OPR2
w12 ¢ ALLDKED RAHGE 1 C LDNG { 255, 87 * CLERR CRRRY
(=Y * S BYTE HOLDS SIGN INFORMATION  M'88° FOR +. W ‘FO” FOR - 9006 8578 9704 LOL.R3 LEWG-1  LORD [NDEX REGISTER
815 . 8061 533 4568 LODL, RE @ CLEAR INTERSVTE-CARRY
16 ¢ DEFINITIONS OF SYWROLS 8062 6515 96780 ADOR LODA RB OPRL.R  FETCH BYTE OF DPERRNA
w17 . 963 538 0466 RODL BB H'66°  ADD OFFSET
9818 0paH w EW @ PROCESSOR REGISTERS 8894 8534 %1 RS RA INTERBYTE-CARRY TO CARRY
8819 eeat RMOEU 0065 8538 96785 AODRRB OPR2,R3  ADD BVTE OF OPERAND2
9020 Pew (22 T TR 8066 053 M DRR, R8 DECTMRL RDJUST RESIALT
6071 A3 ST TR 067 853F (F6T8S STRR,R® (PR2.RT  STORE RESULTING BYTE
822 0005 WoOEW W8 PSL. 1=MITH GeMITHOUT CRRRY 8868 8542 D1 MRL. R CRRRY (=INTERBYTE-CRRRY) 10 RL
2823 0082 oM EQ HR’ 1=L0GIC. O=ARITH CONPRAE 0089 . CLERR CRRRY
8624 0t C EW et CRRRY/BORROM 8098 9543 FB78 BORR. R3 ADOR BRANCH IF NOT READY
8825 0000 i 9 BRANCH CONDTTION:  2ERO 0891 6545 9838 BIFR: 2 OWFL BRANCH IF OVERFLOM
926 0087 NORY 2 NEGATIVE 8092 847 17 RETC. LN RETURN
8827 8488 B0 EW (] EQUAL 0892 ‘
0828 aeei 6 w1 GRERTER THN
0829 3002 LR TR LESS THAK
830 89al WoOEw UNCORD | TEONRL
9631 .
832 * PREAMETERS +
8933 *
034 0 NG B 5 LENGTH OF OPERADS (IN BVTES)
835 . THIN RSSEMLER Y% | 8 FE S
235 9898 RG  HER
3> : LINE FOOR  ORJEC) € SOURUE
0835 6709 OPRL RES  LEMG OPERANDY . b
39 2765 OPRZ ES  LENG  OPERRMDQ/RESILT W95 @548 BCOTER  LALO LOAR® OFF1  FETCN SIGN OF OPERANOE
48 ¢ 9096 BS4E 6 BFR-NHOD BRANCH IF OPRY NOT NEGATIVE
8341 3780 RG Ll 4 9997 8540 IFdee BETA. N Cine OMPARE OPRL WITH PR,
oo . 089 . RN TUDES ONLY?
643 W90 8558 IHE RUFR.OT (R BRANCH If OFR1 - (K = 10 OFRZ
rory * SUBROUTINE TO COMPRRE OPERRNDL NITH OPERRMDZ (UPDATE (L) * 8108 3352 baFe L0 RR HFR FETIH MINSS SIGN
oot BBt BS54 CA7ET TR R% (% STORE IN MS-BVTE RESILT
B4G B500 9500 Mz LODI.FL 8 CLEAR R1, 5 BITS ARE USED TO SAVE (L DATR B&2 .
947 8567 370 LODI.RS LENG-1  L0RD IMOEX REG TS . OFRY - OFF - OPRC
045 3504 OFC709 COM8 1.00R, K9 OPRL,R3  FETCH BYTE OF OPERANDL e 8557 AiHd LBLT LODI. KT LENG-1  LORD INDEY REGISTER
904 8567 EFETES COM, R OPRZ,RY  COMPARE WITH BYTE OF OPERANDR P1BS 8539 GFETME 2 LODR.RE OPR1.RT  FETON BVTE OF OPERANDL
0856 A56R 1882 BCTR, EQ COME BRANCH IF EQUAL G106 8550 IS PR OPK, BT SUBTRACT BVTE (F OPERRDC
W51 B 13 PR PSL 10 RO 8187 855F W ] CELINAL RO TUST RESULT
W05; 85U 1 T2 R SAVE PSL IN RL 818 8569 (F7E STRR. R OPRZ R™  STORE RESULTING BYTE IN UPK:
95, 0506 FE24 M BORR- R COM  BRANCH IF ALL BYTES NOT TESTED 109 8563 FE°4 BORK-RS SULC BRANCN [F NOT REROY
w054 8518 81 e M UPDATE CC WITH STRTUS COMPARE 8110 8565 17 FETC. M RETURN
w511 17 PETC, IN RETURN but .
P . 8112 6566 JFUS08  LAL2 BSTR. (N (012 COMPARE OPRY MITH PR,
a3 s RGNITUES 0>
B114 8569 WL BOFR.LT LR BRANCH [F OPRL » OF = OPRD
81135 @568 84F 0 LODL.RB K F8 FETOH MINUS SIGN
BI16 @560 CLOES STRR k8 PR STORE IN MS-EYTE OF RESULT
ay '
THIN ASSEPBLER VER 1 9 PRGE 0002 o ' OPR2 - OFRL - OPRZ
8119 6579 9704 LBL3 LODT K2 LENG-1  LORD INDEX REGISTER
1N RO GRUECT £ SOURCE B0 0572 OF67B5  ARL LODR.R® OPE2 R FETCH BYTE OF OPERRNDC
#2657 AE6700 SUBRLRD 0PRL. KT SUBTRACT BYTE OF (PERANDL
. . 8122 6578 M ORR. RS DECIMAL ADJUST RESWLY
o B12Y W79 CFEMES STRA, RB (PR2.RY  STORE RESULTING BYTE
poney o« SUBTRACTION EOR SIGNED INTEGERS ¢ 8124 857 FEM BORR.RG U2t BRRNCH 1F NOT RERDY
e M2 8% 17 RETCIN RETURN
G061 @512 ACB7ES  SGSU LODR, RO OPR2 FETCH SIGN OF OPERRND2 6126 M
7 9515 248 ERL KB KPR’ CHANEE SIGH 8127 857 48 VL BT ARITHETLL VERFLON
001 547 LB STRH,#8 OPK2  RESTORE SIGN OF (PERANDZ 02 *
oot 129 6008 BN @
5 * ADDITION FOR SIGMED INTEGERS ¢
Jorss TOTRL ASSEMELY ERRIRS - PRGR

Figure 7
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FIXED POINT DECIMAL ARITHMETIC ROUTINES AS55

Program Title

DECIMAL DIVISION FOR SIGNED
INTEGERS (PACKED BCD)

Function
Division of 2 decimal integers in sign-
magnitude notation.

Dividend, divisor, quotient, and remainder
are of equal length as defined by LENG.

\
OIVIDEND: DIVISOR == DIVIDEND.
REMAINDER

Paﬁpmeters

'lnpu“'
*Length of numbers (in bytes) is defined by
LENG.

DVDN. DVDN+1. DVDN+2, etc.. contain div-
idend.

DVSR. DVSR+1. DVSR+2, etc., contain divi-
sor

Qutput:

DVDN. DVDN+t, DVDN+2, etc., contain
quotient.

RMDR RMDR+1, RMDR+2, etc., contain
remainder

Dividend 1s destroyed after division.

Qverflow is detected

OPERATION:

Prior to the division, which in itself is an
.unsigned nperation. the signs of the remain-
der and auotient are determined. Because
the division can result in a zero quotient
and or remainder. the possibility of a "mi-
nus zere s excluded by tests. If the divisor
s zerce nvertiow is detected

program fisting

2650 MICROPROCESSOR APPLICATIONS MEMO

FLOWCHART FOR DECIMAL DIVISION OF SIGNED INTEGERS

Enter  SGDV
OPERATION: OVDN.DVSR - DVON, RMDR
INITIALIZE PSL:
» oparations with carry Notes
+ jogical compare ¢ - excluding sign-byte
Yes
@ OVERFLOW divisor
e N e
o i
Sign DVON ~ RSGN MSD LSD
S gn DVONoSign DVSR~ QSGN

MSD LSO MSD LSO

Claar sign DVON EX I O
Clear remainder RMDR ,
dlvc;lcnd

remarnder
[ 2xiene ~ nz ]

guotient

T
SHEL ¥

Shift RMDR, DVDN
one digit left {4 bits)
O« LSD ol DVDN

lNXDG
l(RMDR)' (DVSR)* = RMDR-] l (R2) 1 -+ R2
ki
(OVONI+ 1 = DVON | N
] R - O =
~. -
Yes
-
¥
2 pvOn O
. -~
¥ N
[ v-Msbye DVON ] {T0sGNT = WS bvieDVON_ ]
T >

o

No

e e

; [~ ~Msbyte RMDR | [[iRsGNi « MSbvte RBMDR ]
Refer to Figures 10 and 11 for flowchartand ! (' RETURN 7 RETURN
Figure 10
HARDWARE AFFECTED
RAM REQUIRED (BYTES): {3 x LENG) +4

RO i R1 1 R2 | 'R3

ROM REQUIRED (BYTES): 144

MAXIMUM SUBROUTINE
NESTING LEVELS: 1

, Rt | R2' | R3
REGISTERS X | x X x
i
F | 1t | SP
PSU

| cc | IbC | RS | wWC |
| PSL X | x X X X X
L (SN SRS SRR N

OVF iCOM| C ASSEMBLER/COMPILER USED: TWIN VER 10

Sinnotics



FIXED POINT DECIMAL ARITHMETIC ROUTINES

AS55

2650 MICROPROCESSOR APPLICATIONS MEMO

THIN RSSEMBLER VER &

LINE ADOR  ORJECT €

RRERILRRIEILY

wwuguﬁ

SEARAARRAE
RERRERERRE

RE8
£x3

ETRE
a8

TWIN ASSEMBLER VER §

LINE ADOR  OBJECT E

0656 8715

oy

el

Pl

[t

%55

856

w57

55

9859 @588 CLE70F
@6g #4583 (DA710
9061 €586 8704
652 8588 GFETF
8963 @588 15
054 U580 16
9965 8580 FE79
866 856F 17
9967

068

959

@70

074

0872 8518 78R
w73

074 6512 0487
8875 @514 458

DECIMAL DIVISION FOR SIGNED INTEGERS

] PREE 0084
SOUMRCE

+ POTGOR4

¢ DECINAL DIVISION FOR SIGNED INTEBERS .
» NPBERS ARE IN PACKED BCD. SIGN-WAGNITLDE NOTRTION o

* OPERATION

¢ DIVIOBDD DIVISOR —) DIVIDEM, RERINDER

¢ DIVIODID IS IN  OVON OVONeL, DVDNe2. ETC

o DIVISOR 1S IN DVSR, DVSReL, DVSRe2, ETC.

o QUOTIENT IS TN OVON DVON+L, DVDI2, ETC

* REMINDER 15 IN DR, ORHL, BOR+2, ETC

« DIVIODID 1S DESTROVED AFTER DIVISION

+ DVON, DVSR AND RIDR ARE MOST-SIGNIF ICANT BYTES

¢ LENGTH OF NUMBERS CIN BYTES) IS DEFINED BV LDNG
o ALLONED RANGE 1 C( LENG (63

o WS-BYTE HIRDS SIGN DEORMATION W00’ FIR + NFE’ FOR -

.
¢ DEFINITIONS OF SWBOLS

.
e fW ] PROCESSOR REGISTERS
R B i
L7 1] 2
LX) 3
wEw H'os PSL  {=WITH. Sel]THOUT CNARY
oM EQU e’ 1L0GIC. PmARITH COMPARE
L & L4 CRRRY/BORTOM
? W L} BRANCH COND  ZERD
L. 1 1] 1 POSITIVE
NOEW 2 NEGHT IVE
[ I TR ] EQURL
(R T} 2 LESS THN
WO 3 UNCOND] T 1ML
*
¢ PRRAVETERS
.
LENG EQU S LENGTH OF OPERANDS (IN BYTES)
.
0RG e
.
ROR RES MG REMATNDER
DVON RES LENG DIVIDEND

+ NOTE ROR AND OVDI MUST B IN UCCESSIVE
. R LOCATIONS. BECAUSE OF DOUBLE-LDIGTH SHIFT

VSR RES LENG DIvISOR
TEWP RES 2 TEMPORRRY STORAGE FOR ADDRESS
QSN RES 1 QUOTTENT SIGN
RSN RES 1 REMRINDER SIGW
*
L) PRGE 002
SOURCE
ORG H508

.

* SUBRQUTINE TO TEST OPERAND FOR ZERO «

+ OPEPRND ADORESS MUST BE [N RS.RE C(HIGH LON ADOR >
¢ AL BYTES EXCEPT WS-BYTE (=SIGN) ARE TESTED
» CONDITION CODE BECOMES 89 IF OPERAND MRS ZERD.

TZER STRA. RS TEWP SAVE OPERAND RODRESS
STRA, R1 TENP4L
LOD1. R LENB-1 LORD INDEX REGISTER

TZE® LODR. 88 sTEWP.R3  FETCH BVTE OF OPERAND
RETC.P RETURN IF POSITIVE (CCw@1)
RETC N RETURN TF NEGATIVE (CC+t®)
BORR, R3 TZER BRANCH IF ALL NOT TESTED
RETC. N RETURN WITH CCa08

.

. SREEIIOOTIS e

* + DIVISION PROGRAN »

. e tereseerte

.

SGDV PP MCHCOM  (PERATIONS NITH CRERY,

. LOGICAL CONPRRISON
LD B9 (VSR HIGH-ADORESS DIVISOR TO 9
LOD! RY DDVSR LOM- ADDRESS DIVISOR T0 &

Figure 11

WX e Fee BSTA N TZER
077 8519 108595 R 2 OWL
8078 @510 9CO78S LODA, Re pVON
8873 ®S1F (L9212 STRR, k8 RSGN
0068 8522 X870R EORA, RS DVSR
81 6825 Coe21d STRR, R8 QSON
0062 9528 N EORZ RO
0083 @529 0786 LOD1/ R3 LENG.
0004 1528 (F a7

0eS 5% 7R BRI 3 CLRM
06 .

07 #5329 06MR

[ .

089 - .

[ ] 3

0991 6532 05 SHFL LODL.RY 4
0992 @534 781 HFe P (
893 9536 07eR

0894 8538 6F4780

8995 €538 Do LR

0996 @53C (F6708 STRR. R0 RFOR, R3
9?7 ¥ B77 FRR. R L
0898 8541 F971 BORR. R SF8

THIN RSSEMBLER VER 1 &

LINE RDDF OBJECT E StmIE

a0 .

o181 *

82 9543 8506 [P LODI.FL B

8183 v

104 0545 9704 LODT. &3 LEMG-{
B105 8547 FoT0e M9 LOLA. RS RMDR. P
0106 84 FETOR COMA. R DVSR. R
8107 ¥540 1880 BUTR.EG CCet
3168 954 13 L

8109 @550 (1 SR BY
8118 @551 FB74 Mg BOPR. ¥1 0M8
8141 €555 81 [
8112 8334 MR BCTR. LY KOG
8143 .

8114 .

1S .

8116 &% 7781 L

0147 8556 870« LOD1, R3 LENG-1
9118 8554 6F6796 KD LIDR, kD RIDR. &7
8119 55 FFo7en SUBR. B9 DVWR.FS
9120 8500 M DAR. PG

8121 8561 (F670R STRR. R& RIMDR, RS
8122 9564 FB7¢ BORK. 3 kD
8123 .

8124 0566 8HMY LODR. B9 DVDISLENG-1
8125 8564 DOOY BIKR. #9 $4o
0126 eser ((B7ey

8127 O56E 1893 BCTR. UN COMP

[ F.] .

07129 6578 FRed DG BORR. Ko SHFL
8138 8572 0714 LODA. R OSON
8131 €575 0487 LODL. P8 (DVIN
0 o577 8588 LOGT. B OVDN
8133 6579 IF568 BSTR. N TER
134 857C 90 BCFR. O STRS
8135 957E 8608 L0 R2 @

8136 0509 (0795 ST0S STRA, F2 (WM
8137 9583 W71 LODR, R2 RSGR
138 05606 0407 LODL. RS Rk
#139 8508 0508 LODL. RL HROK
8140 A50R FSM0 BSTR.\N TZER
0141 9580 9687 BCFR. O STRS
8147 655F 0508 L0Bi k2 &

£143 8591 CE879R STRS STRA. k2 RMDR
8144 0594 17 PETC. LN

(LT 0

0146 9595 40 OWFL HALT

8147 )

9148 0080 Bp @

TOTAL ASSEMBLY ERRORS = 390R

TEST DIVISOR FOR ZERO
BRANCH IF 2ERO

FETOH SIGN DIVIDEND

SAVE IN REMRINDER SIGH
TAKE EX-0R WITH DWSR SIGM
SAVE IN QUOTIENT Siaw
CLERR R®

LORD INDEX REBISTER

CLRM STRA. RS RMDR, R3, - (LEAR REMATADER AND SIGN DVON

ORANCH TF NOT DOMNE

LODT. R2 LENGHLENG MIMBER F DIGITS TO LOOP COUNTER

SHIFT PORDVON 4 B1TS LEFT
INSERTING ZEROES 1N LS-BITS

LORD BIT COUNTER

CLERR CRRRY

LODT, 82 LENGHLENG LORD INDEX REGISTER
S| LODR, RS RIOR. R3, - FETCH BYTE OF RIDR/DVOM

ROTATE LEFT WITH CRRRY
RESTORE SHIFTED BYTE

BRANCH IF AL NOT SHIFTED
BRANCH TF 4 BITS NOT SHIFTED

PRGE 988

LOWPARE PG AND DYSE TO TEST
IF SUBTRRCTION [S POSSIBLE

TLERR RY. MSEIT OF R1 BECOMES
L FOR RMDI | [ASR

LORD TNDEX REGISTER

FETTH BYTE OF REMRINDER

COMPRRE NITH BVTE OF DIVISOR

BRRMCH TF EQURL

PSLTO RS

TR PSL IN R

BPANCH IF ALL BYTES NOT TESTEL

FETCH STRTUS OF COMPRR!SON

BRANCH IF PPOR . OVSK

RBTRRCT DIVISOR FROM
PEMRINDER WITHOUT MS-BYTES.

(LEARR BORRIM

LORD [NDEX #EG]STER

FETIN BYTE OF REMAINDER

SUBTRACT BYTE OF DIVISOK

DECINAL ADJUST RESULT

RESTORE [N REMRINDER

BRANCH [F NOT READY

FETCH LS-BYTE QUUTIENT
INCRERSE K9

STRR. RS DVDNALENG-1 RESTORE INCREMENTED QUOTIENT

BRANCH FOR NEXT (OMPRKISON

BRANCH [F DIVISION NOT READY
FETCH SIGN QUDTTENT
HIGH-RDIRESS QUOTIENT TO K9
LOW- ADDRESS QUDTIENT 10 Ry
TESY IF QUDTIENT IS JERO
BRANCH IF NOT ZERO

CLERR Re

STORE SIGN IN MS-8YTE DVON
FETOH REMAINDER SIGN
HIGH-ADDRESS REMAINDER 10 #8
LOM- ADDRESS RENAINDER 10 Ry
TEST [F REMAINDER (S 2ERD
BRAMCH F NOT ZERU

(LERR R

STORE SIGN [N MS-BYTE 0%
RETURN

OVERFLON LOCATTON

sinotics
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