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INTRODUCTION

Binary arithmetic routines, like addition, subtraction, mutti-
plication, and division, are often used in microprocessor-
based systems. This applications memo provides several
suggested examples for processing binary arithmetic routines
on the 2650 microprocessor. These examples include:

e SIGNED BINARY ADDITION/SUBTRACTION
Two-byte operands giving a two-byte result.

® UNSIGNED BINARY MULTIPLICATION
One-byte operands giving a two-byte result.
Two-byte operands giving a four-byte resuit.

® SIGNED BINARY MULTIPLICATION
One-byte operands givihg a two-byte result.
Two-byte operands giving a four-byte result.

e BINARY DIVISION — UNSIGNED AND SIGNED
Two-byte dividend and quotient with one-byte divisor
and remainder.

In these examples, emphasis is placed on minimizing
program memory requirements rather than on processing
speed. The different branch instructions and the indexing
features of the Signetics 2650 proved useful in minimizing
memory requirements.

1. BINARY ADDITION/SUBTRACTION FOR
TWO-BYTE SIGNED INTEGERS

FUNCTION:

Performs the addition or subtraction of two 2-byte signed
integers giving a two-byte result.

(OPR1, OPR1 + 1) +/- {OPR2, OPR2 + 1) - -
RSLT,RSLT +1

PARAMETERS:

Input: OPR1, OPR1 + 1 contains augend/subtrahend

OPR2, OPR2 + 1 contains addend/minuend
COM-flag in PSL indicates addition/subtraction:
COM =0 addition
COM =1 subtraction

Output: RSLT, RSLT + 1 contains sum/difference.
The condition code CC is set to the proper
value of the two byte result.
OPR1, OPR2 and RSLT are MS.-bytes.

 SPECIAL REQUIREMENTS
None

Refer to Figures 1.1 and 1.2 for flowchart and program
listing.
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2650 MICROPROCESSOR
APPLICATIONS MEMO

HARDWARE AFFECTED

RO { Rt | R2 | R3 | R1' | R2 | RY
REGISTERS

X X

F f sp
PSU

CC ] IDC| RS | WC | OVF|COM | C
PSL

X X X X

RAM REQUIRED (BYTES): 6

ROM REQUIRED (BYTES): 45

- e e i o s i e e e . e e

EXECUTION TIME: ___ __Variable_
MAXIMUM SUBROUTINE
NESTING LEVELS: None

ASSEMBLER/COMPILER USED: PIPHASM
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FIGURE 1.1 Flowchart for Double Precision Addition/Subtraction
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i + POT0ON1S

2 PN R R R R E R R IR R H R D R R B R0O 000 22 0520 8000800
3 4+ BIMARY BOUBLE PRECISION ADDITION/SUBTRACTION

4 FHM MR T L F B HR 000 1 5 M0 R 530S SR HE SR 105D
5 + OPERATION:

[ ) {OPRI+OPRI+1)4/- (OPR2+OPR2+1)-- )RSLT)RSLT+|

7 + OPR1,OPR2/RSLT ARE MOST SIC BYTES

8 ¥ COM IN PSL IS USED AS ADD/SUB FLAGC

9 +  COM=§ 1S ADD:} COM=1 (S SUBTRACT

i + AFTER ADD/SUB THE CC,OVF/AND C BITS IN PSL

1 +  ARE VALID FOR THE RESULT

12 +

13 + DEFINITION OF SYMBOLS

14 ]

15 L[] ] Ré EQU ’ PROCESSOR RECISTERS

16 09! Rt EQU I

17 8992 RZ EQU 2

18 83 R3 EQY 3

19 e CCl EQU H'ge' PSL: RSB OF CONBITION CODE
8 6040 CCs EQY W LSB OF CONBITION CODE
21 L1 W EQY W 1=N1TH §=HITHOUT CARRY
22 #8802 con EQU Wz’ 1=L0CICAL #=ARITH COHP
23 godt C EQU W CARRY/BORROM

24 (1] ] l ’ BRANCN COND: ZERO

25 §603 N EW 3 UNCONDI TIONAL
26 g8 m EW ] ~ ALL BITS ARE
ra 1

28 ORG H'5e’ START OF SUBROUTINE

29 )
3 6580 0568 TT &9 ADSE PPSL  HCo( ARITH WITH CARRYISET CARRY
3 Fe2 5 912 LODI+RI 2 LOAD INDEX REGISTER

32 BS 82 TPSL CON

33 85686 18 oF BCTR/ON LPSB BRANCH 1F SUBTRACTION

34 6588 " - CPSL ¢ ADDITION:CLEAR CARRY

35 050n 05PA 0B 45 20 LPAD LODA+RS OPR1,RI»- BYTE OF FIRST OPERAND 7O Re
36 8560 80 &5 2F ADDA:R® OPRZ,RI ADD BYTE OF SECOND OPERAND
37 8516 CD 65 31 STRASRP RSLT+RI STORE RESULT

32 61 59 75 BRNR:R1 LPAD BRANCH IF NOT DONE
39 6515 iB £B BCTR+4N TEST

49 98517 8517 @D 45 20 LPSB LODAJRP OPRI/R1.- BITE OF FIRST OPERAND TO R#
4 8514 AD 45 2F SUBA'RE OPRZ,RI SUB BYTE OF SECOND OPERAND
42 951D CD 65 31 STRAJR® RSLT+RY STORE RESULY

A3 4528 5975 BRNR:+R1 LPSB BRAHCH IF NOT DONE

44 #5272 0522 98 #8 TEST BCFRsZ RTRN RETURN IF RS BYTE NOT ZERD
45 524 O N7 LODAsRE RSLT+1

4 0527 it RETCy2 RETURN If LS BYTE ALSO ZERS
47 #528 75 88 CPSL cCt SET CC. TO 81 (POSITIVE)
48 8524 77 4 PPSL (S

49 6520 #52¢ 17 RTRN RETC. N

58 4

51 §520 OPR{ RES 4 LOCATION OF: FIRST OPERAMD
52 #52F OPRZ RES 4 SECOND OPERAND
93 9531 RSLY RES 4 RESWLT

54 END

FIGURE 1-2
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2. BINARY MULTIPLICATION FOR ONE-BYTE
UNSIGNED INTEGERS

FUNCTION:

One byte by one byte multiplication for unsigned integers,
giving a two-byte result.

(OPR1) X {OPR2)——= RSLT, RSLT + 1 Vs... Suboutme MULT
PARAMETERS: L Lw';" — BRI PR ~RASLT RSLT +1
input OPR1 contains multiplier ':?:E"mz
OPR2 contains multiplicand .
Output:  RSLT contains high-order product-byte. b oo ey
: RSLT + 1 contains low-order product-byte. I
Cleer RO

load loopcounssr R3 with §

SPECIAL REQUIREMENTS:

None

Refer to Figures 2.1 and 2.2 for flowchart and program
listing.

[ 1RO} + (R2) + urry—. Ro

HARDWARE AFFECTED smn
Rotste RO right
rRo| R1| R2 | R3| R1'| R2'| R ToBof RO ey
REGISTERS l
X X X X
Rotate Rt right

cwry = MSBof R
F n (] LSBof R1  wemry

PSU |

Decrase loopcounter .
iR -1 - =R3

CC| IDC| RS | WC|{OVF COM]| C

PSL
X X X X X o @

YES

Store RQ. R
4 mRSLT RSLY ¢y
N Y

_________________ I

RETURN

RAM REQUIRED (BYTES):

ROM REQUIRED (BYTES): 29

EXECUTION TIME: __ __ _ Variable ___ __ ___ ____

MAXIMUM SUBROUTINE

NESTING LEVELS: I None

ASSEMBLER/COMPILER USED: _PIPHASM ________ FIGURE 2-1 Flowchart for Unsigned Multiplication

{One-Byte Operands; Two-Bytes Result)
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1 3 PO760438 ]
? HPMHH M IR I A R B R R S 0 0 D TR 0 00 08 0 044
3 ] BINARY MULTIPLICATION FOR 2 UNSIGNED INTEGERS

4 SR I R A MR R RS R M R S0 R R S H 0 0 R EH H 21 008
5 '

6 + MULTIPLIER IS IN OPRI

7 U MULTIPLICAND 1S IN OPRZ

8 t RESULY WILL BE STORED IN RSLT+RSLT+1 (RSLT = MS BYIE)

9 ]

I# 1

1 +

12 ]

13 3 SYMBOL DEFINITIONS

14 e Ré (1] f

15 pis! Rl 13'1] 1

16 #o82 R? (17]] 2

17 #9063 R3 Qv 3

18 681 R tQ |

1 o082 RS (1'1]] 4

28 983 Ré EQY 3

4! [ K] U £ 3 UNCONDIT JONAL DRANCHING

22 foed ON £QU ¢

23 #32 L7 EQV 2

24 e 1 EQU [ ]

25 8681 P EQU {

28 2 N EQU i

2 #4648 WC EQu 8

28 i ¢ EQU {

29 110 ] F EQy H'ap’

3 L) ovF EQU 4

N 1174 con EQU i

3 i

1 4 R/N MENORY
KL i
39 O0RC  H'SH8’
36 508 " OPR} RES i
Kl 0582 , OPR2 RES 4
38 8564 RSLY RES 4
39 ]

1 *
4 ]

42 ORG H' &84’

43 8606 D480 4D 65 o4 MLT LODA:RT  OPR] GET OPERAND N Rt

383 gt 685 62 LODAIRZ  OPRZ GET OPERAND IN R2

45 #ob 8400 77 88 MYy PPSL N ARITH

4 8488 Vi | EORZ Ré CLEAR R#

A7 889 g7 8 LOBI+R} 6 LOAB LOOP COUNTER R3

48 0448 HeBB 75 M LOOP CPSL C CLEAR CARRY

49 6480 Fs 0 LIRL Hret!

56 840F 8 BCFR/OX  SHFT SKIP ADDITION IF LSB Ri:=#
51 bl 82 ADDZ R2 ADD MULTIPLICAND TO PARTIAL PROD
52 412 8b12 S SHFT RRR: RS ROTATE PARTIAL PROD AND MULTIPLIER
53 0613 51 RRRsR!

54 #6184 FB 75 BDRR:R3  LOOP BRANCH TO LOGP 1F NOT READY
55 6616 cC 85 8 STRAWRF  RSLT SAVE RESULT IN RESULT AREA
56 0619 cD 95 #4 STRARI  RSLT+! SAVE RESULT IN RESULT AREA

57 #b1C 17 A RETC. UK RETURN TO WAIN PROCRAM

FIGURE 2-2
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3. BINARY MULTIPLICATION FOR TWO-BYTE
UNSIGNED INTEGERS

FUNCTION:

Two byte by two byte multiplication for unsigned integers,
giving a four byte result.
{OPR2, OPR2 + 1) X (OPR1,OPRt + })—————»

RSLT, RSLT+1,RSLT+2 RSLT +3

PARAMETERS:

Input: {OPR 1, OPR 1 + 1) contains multiplier
{(OPR2, OPR2 + 1) contains multiplicand

Output: RSLT, RSLT + 1, RSLT + 2, RSLT + 3 con-
tains product.
OPR1, OPR2, and RSLT are most-significant

bytes.
SPECIAL REQUIREMENTS:

None

Refer to Figures 3.1 and 3.2 for flowchart and program
listing.

HARDWARE AFFECTED
RO/ R1 | R2| R3[| R1'| RZ| RT
REGISTERS
X X X
F ] sp
PSU
cc| 1bc| RS | wc| OVFjcom| ¢
PSL )
X X X X
RAM REQUIRED (BYTES): __ 8
ROM REQUIRED (BYTES: 57
EXECUTION TIME: __ _ __Variable  __________ _
MAXIMUM SUBROUTINE
NESTIMG LEVELS: {one

Enmter Subroartne SMPY

Ll Operation:
{OPR2) * (OPR1} —=RSLT
Initislize PSL.

® oparstion with carry
* cloar resuit aree

i
L tosd R3 with 16 ]

T

Aotate Myltiplier rght
by ¥ bit nto carry

Loct
Add Mutuplicsnd ]
Rotate the
result to right
by Tbit

Decrement Loop Counter
[R31 - 1 ={R3)

2>

YES

FIGURE 3-1 Flowchart for Unsigned Multiplication
(Two-Byte Operands; Four-Byte Result)
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29

6798 679¢ 77 88

8792
§793
8794
8799
§798
A790
F79¢
g7a2
$743
5786

£708
579
8784
§7aC

L2103
§7n8
8733
3786
5789

#788
#780
tice
§7C1
§7C
87C6
g7c8

#798

879F

§74E
8786

#788
$78D

20

ce M
¢C 85 05
87 10

5 Ft

75 81

D o4 82
5%

D 64 G2
07

4
Do
F8 82
1B @D

#5 02
gD &5 83
8D &5 61
D 65 #3
F9 75

#5 FC

#D 44 08
56

CD 64 98
09 77

F8 53
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] PD748431 1
HE PRI I I I I R

+  BIMARY WULTIPLICATION FOR 2 TNO-BYTE INTEGERS

HHMHHHHHI I BRI IR
?

+ MNULTIPLIER 1S IN OPRI « OPRI+!

3 WULTIPLICAND IS IN OPRZ +OPRZ¢+I

# RESULT WILL BE IN RSLT +RSLT+1 +RSLT42 ,RSLT#3

ORG  H'79H
'
SHPY PPSL W SET HODE
EORL Ré
STRAWR$  RSLT CLEAR RESULT
STRARS  RSLT+! CLEAR RESULT +1
LOBIR3 18 LOAD COUNT
1000 LODIRY -2 10 GET 254
CPsL C CLEAR CARRY
Loco LOBARS  OPRI-256+42,RI FOR IMDEKING INTO OPR!
RRR RS ROTATE RIGHT WITH C
STRA:RE  OPR1-256+2,R1
BIRR:R1  LOCO ROTATE 2ND TIRE
1 THIS ROTATES WULTIPLIER BY | BIT 10 GET THE LSB
¥ INTO CARRY
EORZ Ré CLEAR RO
RRL (RS CET CARRY INTD LSB
BDRR:R§  LOCI
BCTR,UM  LOCA
1
Loct LodhhRl 2 GET INDEX

Locz LOBAIRS  RSLT-1RI ADD HMATIPLICAND TO PRODUCT
ADDA:RE  OPR2-1+RI
STRA'RS  RSLT-1.Rt

BDRR:R1  LOC2 FINISH THE ADD
]
3
LOC4 LODi Rt -4 ROTATE THE PRODUCY TO RICHT
LOCS LODA+RS  RSLT-256+4,R1
RRR: RO ROTATE RESWLY

STRA/RD  RSLT-256+4:R1

BIRR:RI  LOCS

BDRR:R3  LOOD FINISH THE LDOP
RETC UM

FIGURE 3-2
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4. BINARY MULTIPLICATION FOR ONE-BYTE
SIGNED INTEGERS

FUNCTION:

One byte by one byte multiplication for signed integers
giving a two-byte result.

(OPR1} X (OPR2)— RSLT, RSLT + 1

The Booth algorithm is used (see Figure 4.1).

PARAMETERS:

OPR1 contains multiplier
OPR2 contains multiplicand

Input:

RSLT contains high-order product byte.
RSLT + 1 contains low-order product byte.

SPECIAL REQUIREMENTS:

Output:.

None

Refer to Figures 4.1 and 4.2 for flowcharts and to Figure
4.3 for program listing.

HARDWARE AFFECTED
RO | R1 | R2 | R3 | R1"| R2' | RY
REGISTERS

X | X{ X X

F n | sp
PSU

CC | 1DC| RS | WC | OVF|COM;| C
PSL

X | X X | X

: ; Enter BOOTH  MULTIPLICATION  ROUTINE

|

rlear PRODUCT
rteae FLAG

LSB of MULTIPLIER
. FLAG Izreviaus L SBY :

N |
1
— %
v R i
\i‘.: ML IPLSER i
R B
NO | 1
Suhtoac: MULTIPLICAND Add MULTIPUICAND :

P PRI T enth 0 PRODUCT with

MEE - staned MSB's aligred

| PO

Syore £ B of MULTIPLIFR
m FLAG

Chaft MUY TIPLITH rghe
sne pounnn

Stutr PRODUCT sight
ane posttinn the MSR
remaming the same

T

NO All bty oot
= AL TIPY TER teateat

YES
:

FIGURE 4-1 Flowchart of Booth Algorithm
Multiplicand X Multiplier -+ Product

8

RAM REQUIRED (BYTES): 4

ROM REQUIRED (BYTES): 51

EXECUTION TiME: __ Variable
MAXIMUM SUBROUTINE

NESTING LEVELS: None
ASSEMBLER/COMPILER USED: PIPHASM

VF Nt Subvouting MPYS

Opesation
AL WOPR2: OPAT mRSLT RSLY -1
OPRY *-R1

oPAZ2  =R2

a »FLAG

0 RO

8 - =A3 (- Wopcounte)
B

1
, MOOP

0 =WCnPSL
{operations without carryt

S &

e e
|
|

| YES
[ ROV - (R2Y -»RQ | (RO} + (R2})—»RO J .
T i
: T
1 N H
[ 1 =FLAG ] ) [ 0 =FLAG ] |
L s = Leg R
MOC !

1 ®cairy
1 ®WC(C.nPSL
(operahions with carty

‘ S8 YES

: of RO - 1 M
H |
i |

% [N

0 =cany l

MO

e

Shitt A0 R 1 ight
with carty it MSB RO

N e RS
K1 =RHSLT .1

FIGURE 4-2 Flowchart for Signed Multiplication Using Booth
Algorithm (One-Byte Operands; Two-Byte Result)
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149
116
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115
116
1
118
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122
123
124
123
126
127
128
129
138
131
132
133
134
i39
136
137

fecd
gos
#8495
o8

[0
8860
#88F
811
8813
#815
g8l
5818
6818
81
381t
$21F
#821
#6823
1824
§826
828
3829
#824
#8720
#82f
832

#8po

#81A

821

#828

74 44

€D #5 #8
8 65 62
87 88

28

15 68

F5 81

%

B4 4

18 8¢

A2

76 A8

18 87

Be 48

98 £3

82

LR

77 69

o6

14 82

75 61

58

51

FB SF

CC 85 #4
£h 65 85
17

i PD76##32

U R I IR T R

+ BIMARY MULTIPLICATION USING BOOTH-ALGORITHH

t FOR 2 ONE-BYTE SICNED [INTECERS.

HIHHHMT RN N R RN

+ FIRST OPERAND IS IN OPR!

+ SECOND OPERAND 1S IN OPRZ

+ PRODUCT WILL BE IN RSLT)RSLT+i

1
ORC  H'GHY’

nP1S CPSU F CLEAR FLAG IN PSU
LODA:RI  OPRI GET 15T OPERAND
LODA/R2  OPR2 GET 2MD OPERAND
LODIIR3 8 LOAD LOOP COUNTER R3
EORZ Ré CLEAR RS

nooP CPSL ¥ CLEAR WC IN PSL
THI.RL  R'8Y!
BCFR,ON  HOCH LSB OF RI SET?
TPSU F TES
BCTR,ON  MOC) FLAG =1?
5uBZ R2 N0\ SUBTRACT HITHOUT BORROW
PPSY F SET FLAG
BCTR:UN  MOC! BRANCH 10 DOUBLE SHIFT

noce b2 f LSB OF Rl UAS §
BCFR/ON  MOCI FLAC =1?
ADDZ R2 YESADD WITROUT CARRY
CPSY F CLEAR FLAG

noc1 PPSL WC+C SET C AND NC
10R2 Ré
BCTR:N  MOCZ NSB OF RE SET?
CPSL ¢ N0+ CLEAR CARRY

HoC2 RRR RO SHIFT R® R1 RIGHT
RRR:R1 M5B OF RP 1S SAME
BDRR)R3  MOOP BRANCH TD LDOP [F NOT READY
STRAYR#  RSLT STORE RESULT
STRAYRI  RSLT+t
RETC/ UN EXIT SUBROUTINE HPYS

FIGURE 4-3
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5. BINARY MULTIPLICATION FOR TWO-BYTE

SIGNED INTEGERS

FUNCTION:

Two byte by two byte mu!tib{ication for signed integers

giving a four byte result.

(OPR1, OPR1 + 1) X (OPR2, OPR2 + 1)
—» RSLT, RSLT + 1, RSLT +2, RSLT + 3.
The Booth algorithm (Figure 4.1) is used.

PARAMETERS:

In

Qutput:

put: OPR1, OPR1 + 1 contains multiplicand
OPR2, OPR2 + 1 contains multiplier

product.

OPR1, OPR2, and RSLT are most-significant

bytes.

SPECIAL REQUIREMENTS

None

Refer to Figure 5.1 for flowchart and to Figure 5.2 for

RSLT, RSLT + 1, RSLT + 2, RSLT + 3 contains

program listing.
HARDWARE AFFECTED
RO | Rt | R2 | R3 | R1' | R2 | R
REGISTERS
X X X X
F n sp
PSU
cc | 1oc] RS | wc | ovF |com
PSL
X X X X
RAM REQUIRED (BYTES): ____§ ____________
ROM REQUIRED (BYTES): 71
EXECUTION TIME: ______ _ _ Variable

MAXIMUM SUBROUTINE
NESTING LEVELS: None

Entsr Subroutine SMPY
SSPY

SET OPERATION tion:
L WITH CARRY 1 %ﬁﬁu 1)\ (OPR2 OPR2 + 2)
r — RSLT,RSLY ¢+ 1 RSLT + 2, RSLT + 3
0o R2 Ibit bufter)
0 RS(T MS - bytes
00— RSLT +1 product
18 —»R3 {loopcounter]

e o

Rotste multiptier
OPR2, OPH2 + 1 right into carry

Rotate carry into
_ LSBof RO

YES (LS8 multipher = previous LSB!

No [LSB misttipter changed)
[ tnvars LSB of R2 ]

r LS8 of R2-——» carry l

NO (1—-0 trangient)
LSBR2~1 !

YES (0~—e1 transient}

Subtract multiplicand
(O;R!.OPR\; 1) trem Add multiphcand to
M5 - bytes of product MS - bytes of product

IRSLY, ASLT + 1) Bvtes of o
| e
Noc € [
Copy MSB ot product
to carry

L

Rotate product right
nto carry
{MSB remains squal)

i
i

F RI1 *=R3 ]

10

FIGURE 5-1 Flowchart for Signed Multiplication Using Booth

Algorithm (Two-Byte Operands; Four-Byte Result)
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138 3 PD764433
139 PRI R IR T I 81 A A 11 40 1402
148 + BINMRY MULTIPLICATION FOR TWO BYTE SIGNED INTEGERS
141 MU I A R R A R A M N H I I I R
142 # NULTIPLICAMB IS IN LOTATIONS OPRI,0PRI+!
143 # MULTIPLIER 1S IN LOCATIONS DPRZ:0PR2+41
144 :
145 & RESULT WILL BE STORED IN RSLT,RSLT#1,RSLT42+RSLT+3
146 ¥
147 3 AFTER WULTIPLICATION THE MWULTIPLICAND IS UNCHANGED
148 3 THE MULTIPLIER 1S DESTROYED
149 +  THE WULTIPLICAND MUST BE UNEQUAL H'0ee8’
b ] IR R IR I I
151 #3833 #6833 77 #8 SSP1 PPRU W ARITH AND ROTATE BITH C
152 #4835 20 EOR2 (] CLEAR R#
153 #8346 €2 STRZ R2 CLEAR R2 :
1 154 $837 (Cm STRA+R#  RSLT CLEAR 2 MSBYTES OF PRODUCT
155 #834 cC 6585 STRA'R#  RSLT+{
156 #830 14 LODI.R3 |6 LOAD LOOP COUNTER R3
157 #83F §83F 45 FE NOOP LODIsRL -2 LOAD INDEI REC WITM 254
158 0841 4841 4D 4 M NOCS LODA:R®  OPRZ-256+42/R1 ROTATE MULTIPLIER
159 #844 4 RRR:+RE INTO CARRY
16§ 9845 Ch 44 #4 "~ STRA+RF  OPR2-256+2:R!
161 #6848 0?77 BIRR:R1  NOC#H BRANCH IF NOT DOME
162 #8344 28 EORZ Ré CLEAR R$ -
163 #84B by RRL.RE ROTATE CARRY IN LSB OF R
164 684C 3 EORZ R2 LSB OF RO BECOHES { FOR CHANCE
165 #9840 18 19 BCTRZ NOC4 BRANCH IF NO CHANGE
166  084F 74 EORZ R2 INVERT LSB OF R?
167 #6854 €2 STRZ R2 RESTORE NEN R2
168 #851 b RRRRE LSB OF RZ INTO CARRY OR BORROM
169 #8952 " n LOBI.R1 2 LOAD INBEY
176 #3554 9854 6D &5 M NOCY LODAR$  RSLT/RI,- LOAD BYTE OF RSLT IN RO
171 0897 Fo #1 THI+R2 |
172 095% 18 85 BCTR,ON  NOC2 BRANCH TO SUBTRACT IF LSB R2:=1
173 #85B 8D 65 #f ADBA:RD  OPRIWRI ADD BYTE WPLCND TO RSLY
174 #85E 18 03 BCTR:UN  NOC3
f 175 0848 0840 AD 05 04 NOC2 SUBA+R§  OPRIsRY SUB BYTE WPLUND FROH RSLY
176 #843 9863 CD 45 M4 NOC3 STRA:R#  RSLT:RI RESTORE INTERREDIATE RSLY
177 #86% 59 & BRMR,RI  NOCH BRANCH IF ADD SUBTRACT NOT READY
178 ¥
179 9848 #868 4C 65 M4 NOCA LODAsR#  RSLT
180 0868 > RRL:R#
181 9840 94 FC LOB1+R§ -4 LOAD INDEX
182 #86E #84E 0D b4 08 NOCS LODAIRS  RSLT-254+4:R1 FETCH S BITE PRODUCT
183 #8714 b RRR: R ROTATE RSLY:PROD+1 ETC TO RIGHY
184 0872 Cb &4 #8 STRAIRE  RSLY-256+4:R1 KEEPING NGB SANE
185 #875 s 77 BIRR\RI  NOCS BRANCH IF NOT DONE
186 9877 FB 4 BDRR)R3  NOOP BRANCH IF LOOP NOT READY
187 9879 17 RETC UN RETURN TO MAIN PROCRAM
188 END
FIGURE 5-2 '

11
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6. BINARY DIVISION
A. UNSIGNED INTEGERS
TWO-BYTE DIVIDEND; ONE-BYTE DIVISOR
if;UNCT|0N'. Entar Subtoutine Qiy!
Division of a two byte dividend by a one byte divisor, o ow
resulting in a two-byte quotient and a one-byte remainder. lm:--:;;n -
ions with carry
{DVDN, DVDN + 1) DVDN, DVDN + 1 {quotient) v
{DVSR) R1 {remainder)
PARAMETERS:
L IDVSRI - 0
Input: - DVDN, DVDN + 1 contains dividend
' DVSR contains divisor o mter subroutine DIV
DVDN is most-significant byte l SR 1Wm"] .
Output:  DVDN, DVDN + 1 contains quotient L ©VONOVON+ U
R1 contains remainder | Cloas carry ] (OvSHI
DVDN is most-significant byte. froor | RyDN-DVON 1 fauot)
Dividend is destroyed after execution of division. r— Rotase R1lft o
SPECIAL REQUIREMENTS: ( et
J .
None . I vES
Refer to Figure 6.1 for flowchart and to Figure 6.2 for
program listing. y NO
| i @ YES
; &
HARDWARE AFFECTED ’ L o
- M“‘i SUBT
RO | R1 | R2 | R3 | R1" | RZ' | R¥ -
REGISTERS T
X X X X l P ]
F |n |sp ) S ——
PSU Rotate DVON, DVDN + 1 isft )
(carry}-- =SB of DVDN + 1
{MSB uf DVDN s carry
cc { ic| rs | wc |ovF {com | ¢ i
PSL .
X X x x x x [ {R3 ‘] R3 ]
RAM REQUIRED (BYTES): __ _ ~ s ) YEﬂ
r Claar OVE ]
ROM REQUIRED (BYTES): 4
EXECUTION TIME: _______Variable
MAXIMUM SUBROUTINE
NESTING LEVELS: _ Nome
ASSEMBLER/COMPILER USED: _..E[_PﬁAS_M‘ ________ FIGURE 6-1 Flowchart for Unsigned Division (Dividend or
Quotient: Two-Bytes; Divisor or Remainder: One-Byte)
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1 4 PR7bOSLS 3
7 SR MR O T T I I R R I 1
3 L] BINARY BIVISIONS FOR INTEGERS
4 FEM MR I I R T T P D I I I R e
5 # DIVIDEND IS IN DVDN,DVDN+1 16 BITS
[ + DIVISOR IS IN DVSR 8 BIIS
7 + QUOTIENT WILL BE IN DVDN:.DVDN+1 16 BITS
8 # AFTER DIVISION, DIVIDEND WILL BE DESTROYED
9 + R1 WILL HOLD REMAINDER
16 + OVF=1 IWPLIES OVERFLOW
11 +
174 +
13 ) STHBOL DEFINITIONS
14 ] Ré EQ '
15 i Rl EQU |
16 2 R2 EQU 4
17 1] X] R3 EQu 3
18 11 R4 Ew 1
19 e RS EQu 2
2 3 Ré EQU 3
[ 0983 UK EQv 3 UMCOND I TIDNAL BRANCHING
22 1) £ 1'1] {
23 8006 on 11']1] ]
L} 8062 LT 1] z
25 [ 1) z £Qu ’
26 ney ] 1] ¢
27 L P EQY 1
28 (], 74 N ey 4
29 48 N U 8
3 e OvF - QY L]
k) 8?2 Con EQU 4
kY4 4
33 ORG H' S8 UNSIGNED DIVISION SUBROUTINE
k1] 3
35 0540 6568 77 #E DIv1 PPSL NC+OVF+CON ARITH ROTATE WITH CARRY
3% 82 oC 86 82 LODA:R#  DVSR FETCH DIVISOR
37 6545 14 RETC:2 RETURN NITH OVF =1 IF DVSR =0
38 +
39 0586 0586 95 ¥ BIVU LODI.Rt ¢ CLR Ri
Af 0548 §7 11 LOBHR3 17 LOAD LOOP COUNTER R3
4 8564 75 # CPsL ¢ CLEAR CARRY
42 654C 656 Dt LooP RRL +R1 ROTATE CARRY [N LSB OF RI
3 #40 BS #l TPSL ¢
4 I58F 18 85 BCTR:ON  SUBY GO TO SUBTRACY IF CARRY =1
45 51 ED 86 02 COMAR1  DVSR 3
4 HI 1A 97 BCTR:LT _ LOCH IF RICDVSR:NO SUBTRACTION
7 8516 516 T M SUBT PPSL C CLR BORROW
48 #518 AD §6 02 SUBARI  DVSR SUBTR DVSR FROM REMAINBER
49 §518 17 # PPSL c SET CARRY
58 0510 51D #6 82 LoCs LODIRZ 2 LOAD INDEY RECISTERR
St #51F #51F BE & 08 LoCt LODA'RS  DVDN:R2,- ROTATE QUOTIENT BIT
52 8522 be RRL R DVDN, DVDN+1 AND MSB OF
53 #523 CE b4 99 STRA'R#  DVDNsR2 DVDN INTD CARRY
54 8524 %N BRNR:R2  LOCI BRANCK IF ROTATE NGT READY
55 #8528 Fb 62 BORR:R3  LOOP BRANCN IF DIVISION NOT READY
56 8524 75 9 CPSL OVF CLEAR OVF IN PSL
g; #52C 17 RETC UM RETURN TQ MAIN PROCRANM
L]
FIGURE 6-2
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B. SIGNED INTEGERS
TWO-BYTE DIVIDEND; ONE-BYTE DIVISOR

FUNCTION:

Division of a two-byte dividend by a one-byte divisor,
- resulting in a two-byte quotient and a one-byte remainder.

(DVON,DVDON + 1)__, {DVDN. DVDN + 1 (quotient)
(DVSR) R1 (remainder)
PARAMETERS:
Input: DVDN, DVDN + 1 contains dividend
DVSR contains divisor

DVDN is most-significant byte.

Output: DVDN, DVDN + 1 contains quotient
R1 contains remainder
DVDN is most-significant byte.
Dividend is destroyed after execution of division:
negative divisor becomes positive

SPECIAL REQUIREMENTS:
Software: Unsigned division subroutine

Refer to Figure 6.3 for flowchart and to Figure 6.4 for
program listing.

HARDWARE AFFECTED
RO| R1 | R2Z | R3| R1'| R2'| R%
REGISTERS
X X X X
£ 1] sp
PSU
cc | 1oc| RS | wc | ovFlcom| ¢
PSL
X X X X X
RAM REQUIRED (BYTES:. __ 4
ROM REQUIRED (BYTES): ¢ 61
EXECUTION TIME: Variable _
MAXIMUM SUBROUTINE
NESTING LEVELS: [
ASSEMBLER/COMPILER USED:_ PIPHASM

14

DIVSi

Initialize ?-‘é‘t Operstion
& operatians with carry e
® logical compieson (DVDON. DVDN « 1}
¢ 31 OVE._ clom borrow (DVSR}
2 clow STATLS DVDN DVDN « 11
+ 1 tguot.}
iRt (ramander)
i 1
wie!St
status (8012 gi‘gl
cooing i 31515 B
ZiZimg 3 i
Sivin al e
: . [ R t—1
: ' loo H
A 40} - -
[ : o I
Complement (DVSR) ] - .Lco oo

|

.

N
) NO ~1STATUS]
i . H'80 o

Complement (DVDN DVDN * vJ! s €0

M i {YES
- l RY
i

.
I ISTATUS! + H'BO - -+ STATUS I'

l i
M
I UNSIGNED DIVIDE J ! . WES (aermn)
i
i
NGO
T o2
NQ
T Complement (DVDN DVON « 11
(quobent!

LYES H

RETURN

oy C
i tremgindeér |

FIGURE 6-3 Flowchart for Signed Division (Dividend & Quotient:

2 Bytes; Divisor & Remainder: 1 Byte)
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5 1 PD768841

o8 BB HB NI HHRBHBN
b1 3 SICNED DIVISION

b2 HEIR DRI IR RN
3 ]

b4 + NEGATIVE DIVIDEND AND OR DIVISOR ARE COMFLEMENTED

b5 + PRIOR TO EXECUTION DF DIVISION

bb i .

b7 + SIGNS ARE CODED IN STATUS:

b8 #  STATUS CODING:DVDN DVSR STAT QUOT RMDR

69 L] ¢ + M + +

79 L] + - W - +

A ¥ + 80

1 t - - (8 +

13 4+ DIVIDEND WUST BE UNEQUAL H'B##S’' (NO CORRECT OVF)

4 8 NEGATIVE SIGN OF DIVISOR IS LOST AFTER EXECUTION.

75 #520 #520 77 #D DIvs PPSL WC+OVF +C ARITH ROTATE WITH CARRT ETC
76 §52F 20 E0R2 Re

77 6538 1 STRZ Rt CLEAR RI

78 531 #E 95 92 LODAsRZ  DVSR FETCH DIVISOR IN R2

79 #534 1 RETC:2Z RETURN WITH OVF SET IF DVSR= §
8 9535 19 86 BCTR:P  DIV# BRANCH IF DIVISOR )#

81 6537 Az Bz R2 TAKE 2S COMPLEMENT OF DVSR
82 #5386 CC #6 62 STRA:RP  DVSR RESTDRE DIVISOR

83 €538 L) LODIR1  HYAQY LOAD STATUS IN Rl

84 #S3D 530 #E Bo M Dive LODA:RZ  DVDN FETCH MS BITE OF DIVIBEND

85 6548 9% # BCFRWN  DIV! BRANCH IF DIVIDEND NOT(§

86 #542 B 18 BSTR:UN  CHPL TAKE 25 COMPLEMENT OF DIVIDEND
87 #544 85 84 ADDI,RI  W'B#’ UPDATE STATUS

88 €546 9546 CD 86 #3 vt STRA:RL  STAT SAVE STATUS

89 #549 F 6 - BSTALUN DIV CALL UNSICNED DIVISION

9 #54C o 86 93 LODAR3  STAT LDAD STATUS IN R3

91 654 14 RETCHZ RETURN IF BOTH DVDN AND DVSR NOT(O
92 558 19 67 BCTR:P  DIVZ BRANCH IF DVDN WAS NOT (§ AND DNSR(O
93 #5952 77 41 PPSL C CLEAR BORROM

9% 54 20 EORZ Ré CLEAR RO

95 #3595 Al SuBZ R TAKE 2 § COMPLENENT OF REMAINDER
9 #556 cl STRI Rl RESTORE REMAINBER IN RI

97 6597 D3 L+R3 SHIFT RI LEFT

98 4558 16 TCeN RETURN IF BOTH DVDN:DVSR(#
99 #3559 6559 3B 61 Div2 TRUN  CNPL TAKES 25 COMPL. OF QUOTIENT

188 8558 17 TCUN RETURN TO HAINPROGRAR

191 i

192 '

] ¥} + SUBRDUTINE 10 TAKE 25 COMPL

194 +  OF (DVDN:DVDN+1)

1#5 s

186 #55C #55¢ 77 #1 cHpL PPSL C CLEAR BORROW

197 #55E 87 i LODI:R3 2 LOAD INDEX REG

198 8568 #5680 2 . NP§ EORZ Ré CLR R

189 #9541 AF 4 M SUBAIRF  DVDN:R3.- COHPLENENT BYTE

11§ #5464 CF 8 #0 STRA'RE  DVDN:R3 RESTORE RESULT

111 6547 58 77 BRNR:R3  CHPP BRANCH IF NOT DOME

1z 859 17 RETCUN

113 ORG H 689’

114 3 VDN RES 4 DIVIDEND AND QUOTIENT

115 #o2 DVSR RES 1 DIVISOR

116 0683 STAT RES ! STATUS REC

1 END

FIGURE 64
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