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.~11`I,IIL~~ICS BINARY ARITHMETIC ROUTINES 

INTRODUCTION 

Binary arithmetic routines, like addition, subtraction, multi-
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: 

• SIGNED BINARY ADDITION/SUBTRACTION 
Two-byte operands giving atwo-byte result. 

• UNSIGNED BINARY MULTIPLICATION 
One-byte operands giving atwo-byte result. 
Two-byte operands giving afour-byte result. 

• SIGNED BINARY MULTIPLICATION 
One-byte operands giving atwo-byte result. 
Two-byte operands giving afour-byte result. 

• 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 
TVVO-BYTE SIGNED INTEGERS 

FUNCTION: 

Performs the addition or subtraction of two 2-byte signed 
integers giving atwo-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 REOUIREI`JIENTS 

None 

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

APPLICATIONS MEMO 

AS53 

HARDWARE AFFECTED 

REGISTERS 
RO 

X 

R1 

X 

R2 R3 R1' R2' R3' 

PSU 
F II SP 

PSL 
CC 

X 

IDC 

X 

RS WC 

X 

OVF 

X 

COM C 

X 

RAM REQUIRED (BYTESI: 6 

ROM REQUIRED (BYTESI: 45 

EXECUTION TIME:  Variable

MAXIMUM SUBROUTINE 
NESTING LEVELS: None 

ASSEMBLER/COMPILER USED: PIPHASM 

E„~e, S~Inoom,¢ A06B 

ADSB 

I~~it~al~re PSL.-
ion w~tA cn~ry 

oP~.a 
IOPR 1 ~ OVR 1.11 *' - IOPR2. OPR2 ~ 11 

—~ RSLT, gSLT ~ 1 

E S, SUBTRACTION 

N0. ADDIi ION 

CLE.:R C:1RRy 

LS Byte OPRI SRO 

~uo. ~ Ls iw~e oa Rz - 

', ROB .LS i,Y~e RSLT 

~, R, _ Ra 

Rc 

IR01 ~h151~yle RSLT 

T 

yES 

Ls 
R SLT

vteO Es 

o, ~o~d~l~o~ ~ade 
I 

(RETLR~ 

I~RN 

Hf tUR\ 

LS byte OPH1 ~k0 

~Ra - ~s i,r« orRa i ~~.~~w 

i R01 . LS liyi,. RSLt 

Ms1,y,eo~R, _Ro 

Rm - nts i~we oaaz i~~,.~~~w 
~ R0, Morrow 

IR01 ~MSliyte RSLT 

FIGURE 1-1 Flowchart for Double Precision Addition/Subtraction 
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1 
Z 

3 
4 

~ PD~6/118 
;}}};}};}}{};}}}{};}}}}~;}~~}};}}}}}}}}};{}}}}}}}}};;};};} 

~ BINIIRT DOUELE PRECISION ADDITION/SUBTRACTION 
}}{}}}}}}}{}}~}}}}}}}{}}}}}}}}}}}}}~};}};}}f}{}}}{}}};}}}; 

5 } OPERATION: 
6 + IOPRI►OPR1+11+/-{OPR2►OPR2+11--)RSLTrRSLT+1 

7 f OPRl►OPR2►RSLT ARE MOST SIG BITES 
8 + CON IN PSL IS USED AS ADD/SUB FLAG 
9 a CON=1 IS ADD'► COM=1 IS SUBTRACT 
18 } AFTER ADD/SUB THE CC►OVF►AND C BITS IN PSL 
11 ~ ARE VALID FOR THE RESULT 
12 ; 
13 f DEFINITION OF STMBOLS 
14 + 
15 1111 R8 EAU / PROCES50R REGISTERS 
lb 8881 Rl EAU i 
17 8882 R2 EAU 2 
18 f/13 R3 EAU 3 
19 8888 CC1 EAU H'8/' PSL: MSB OF CONDITION CODE 
29 8848 CC/ EAU H'41' LSB OF CONDITION GORE 
21 8118 WC EAU H'16' 1=NITHrB=WITHOUT CARRY 
22 8882 COM EAU H'/2' 1=LOGICALr/~ARITH COME 
Z3 1881 I; EAU H'/1' CARRTIBORROW 
24 8188 Z EAU / BRANCH COND: ZERO 
25 8113 UN EAU 3 UNCONDITIONAL 
2b 8118 ON EAU 1 ALL BITS ARE 1 
27 a 
28 ORG H'S//' START OF SUBROUTINE 
29 t 
38 1511 1588 71 /9 ADSB PPSL WC+C ARITH WITH CARRTiSET CARRY 
31 1592 IS /2 LODI►R1 2 LOAD INDEI REGISTER 
32 8594 B5 12 TPSL COM 
33 /58b IB 9F BCTR►ON LPSB BRANCH IF SUBTRACTION 
34 8588 l5 81 CPSL C ADDITIONrCLEAR CARRI 
35 158A /51A 8D 45 2D LPAD LODRrRI OPR1rR1►- BITE DF FIRST OPERAND TO R8 
3b /59D 8D b5 2F ADDA►R/ OPR2►R1 ADD $1TE OF SECOND OPERAND 
37 1511 CD b5 31 STRA►R/ RSLT ►R1 STORE RESULT 
38 1513 59 75 BRNRrRI LPAD BRANCH IF NOT DONE 
39 1515 1B IB BCTRrIJN TES1 
48 1511 1511 8D 45 2D LPSB LDDArR/ OPR1rRlr- BITE OF FIRST OPERANB TO R/ 
41 /51A AD 65 2F SUBA►RI OPR2+R1 SUB BTTE OF SECOND OPERAND 
42 /51D CD 65 31 STRA►RI RSLT►Rl STORE RESULT 
43 1521 59 75 BRNR►Rl LPSB BRANCH IF NOT DONE 
44 1522 1522 96 88 TEST BCFR►Z RTRN RETURN IF MS BYTE NOT ZERO 
45 1524 8C 85 32 LODA►R8 RSLT+I 
46 1521 14 RETCrZ RETURN IF LS BITE ALSO ZERB 
47 1528 75 8/ CPSL CC1 SET CC. TO /1 IPOSITIUEI 
48 852A 77 49 PPSL CC/ 
49 152C /52C 17 RTRN RETC►UN 
58 ~ 
51 /52D OPR1 RES 2 LOCATION OF: FIRST OPERAND 

52 152E OPR2 RES 2 SECOND OPERAND 
53 1531 RSLT RES 2 RESULT 
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 atwo-byte result. 
(OPR 1) X (OPR2) ~  RSLT, RSLT + 1 

PARAMETERS: 

Input OPR1 contains multiplier 
OPR2 contains multiplicand 

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

SPECIAL REQUIREMENTS: 

None 

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

HARDWARE AFFECTED 

REGISTERS 
RO 

X 

R1 

X 

R2 

X 

R3 

X 

R1' R2' R3' 

PSU 
F II SP 

PSL 
CC 

X 

IDC 

X 

RS WC 

X 

OVF 

X 

COM C 

X 

RAM REQUIRED (BYTES): 4 

ROM REQUIRED (BYTES): 29 

EXECUTION TIME:  Variable

MAXIMUM SUBROUTINE 
NESTING LEVELS: None 

ASSEMBLER/COMPILER USED: PIPHASM 

Enter Subroutine MOLT 

MULT 
Operation: 
IOPR2) " IOPR 7I~RSLT, RSLT+1 

Load R1, R2 
with OPR1, OPR2 

MPVU 

Initialize PSL: 
• operations with carry 

Clear RO 
load loopcounter R3 with 8 

LOOP 

clear carry 

No 

ves 

IRO) + (R2) +carry RO 

SHIPT 

Rotate RO right: 
carry~MSB of RO 
LSB of RO~carry 

Rotate R1 riyht. 
arry ~MSB of R1 

LSB of R1 starry 

Decrease loopcounter: 
[R31-1—~R3 

No 

VES 

Store R0, Ri 
in RSLT, RSLT + 1 

RETURN 

FIGURE 2-1 Flowchart for Unsigned Multiplication 

)One-Byte Operands; Two-Byte Result) 
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1 
2 
3 
4 

5 

+ PD769939 + 
+;;++;;+++;+++;;t++;~+++++a++;++++;+++++;+ttt++++t+++++++t++++++++;+ 
+ BINARY MULTIFLICATION FOR ? UNSIGNED INTEGERS 
;};;};;;;};;;;;;;;;;;};};;;;;};;};;};;}}}}}}};};}};}}}}}};}}}}t~.,};} 

+ 
b + MULTIPLIER 1S IN OPRI 
7 } MULTIPLICAND IS IN OPR2 
8 } RESULT WILL BE ST~tED IN RSLT,RSLT+1 (RSLT = MS BITE? 
9 + 
19 + 
11 ~ 
12 + 
13 + SYMBOL DEFINITIONS 
14 9999 R9 EAU 9 
IS 9991 Rl EAU i 
lb 9992 R? EAU 2 
17 9993 R3 EAU 3 
18 9991 R4 EAU 1 
19 9992 R5 EAU Z 
29 9993 Rb EAU 3 
21 9993 UN EAU 3 UNCONDITIONAL BRANCHING 
22 9f99 ON EAU 9 
23 9992 LT EAU 2 
24 9f99 Z EAU 9 
25 9991 P EAU 1 
26 9992 N EAU 2 
27 9998 WC EAU 8 
28 9f91 C EAU 1 
29 9949 F EAU H'49' 
39 9994 OVF EAU 4 
31 9992 COM EAU 2 
32 + 
33 ~ R/W MEMORY 
34 + 
35 ORG H'5ff' 
36 9599 OPRI RES 2 
37 9592 OPR2 RES 2 
38 9594 RSLT RES 4 
39 } 

49 + 
41 + 
42 ORG H'b99' 
43 9b99 9699 9D 95 99 MULT LODArRI OPRI GET OFERRND IN R1 
44 9b93 9E 95 92 LODA,R2 OPR2 GET OPERAND IN R2 
45 9b$b 9b9b 77 96 MPYU PPSL WC ARITN 
4b 9b98 28 EORZ R9 CLEAR R9 
41 9699 97 9$ LODI,R3 B LOAD LOOP COUNTER R3 
48 969E 9b9B 75 91 L04P CPSL C CLEAR CARRY 
49 9b9D F5 91 TM[rRi H'91' 
59 969E 9$ 91 BCFRrON SHFT SKIF ADDITION IF LSB R1=9 
51 9bi1 82 ADDZ R2 ADD MULTIPLICAND TO PARTIAL PROD 
52 9b12 9bi2 59 SHFT RRR,R9 ROTATE PARTIAL PROD AND MULTIPLIER 
53 9b13 51 RRRrRI 
54 9b14 FB 75 BDRR,R3 LOOP BRANCH TO LOOP IF NOT READY 
55 fblb CC 95 94 STRA,R9 RSLT SAVE RESULT IN RESULT AREA 
56 9b19 CD 95 94 STRA,R1 RSLT+1 SAVE RESULT 1N RESULT AREA 
57 9biC i1 RETC,UN RETURN TO MAIN PROGRAM 

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, OPR1 + 1) ~ 

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 
fisting. 

HARDWARE AFFECTED 

REGISTERS 
RO 

X 

R1 

X 

R2 R3 

X 

R1' R2' R3' 

PSU 
F II SP 

PSL 
CC 

X 

IDC 

X 

RS WC 

X 

OVF 

X 

COM C 

X 

RAM REQUIRED IBYTESI: 8 

ROM REQUIRED (BYTES►: 57 

EXECUTION TIME: Variable 

MAXIMUM SUBROUTINE 
NESTING LEVELS: None 

ASSEMBLER/COMPILER USED: PIPHASM 

Enter Subroutine SMPV 

SMPV 

Initialize PSL 
• operation with carry 
• clear result area 

Load R3 with 16 

L000 

Rotate Multiplier right 
by 7 bit into carry 

NO 

YES 

Operation:
(OPR21 X (OPRII~RSLT 

LOCI 

Add Multiplicand 
to result 

Rotate the 
result to right 

by 1 bit 

Decrement Loop Counter 
(R31-1 -•(R3) 

NO 

VES 

C RETURN 

FIGURE 3-1 Flowchart for Unsigned Multiplication 

(Two-Byte Operands; Four-Byte Result► 
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56 
59 
b8 
bl 
b2 

+ PD76993i + 
++++++++++~+++++++++~+++++++++++++++++++++++++++++++++++++++++++++++t 

+ BINARY MULTIPLICATION FOR 2 TNO-BTTE INTEGERS 
++++++++++++++++++++++++++++++++++++++++{+++++++++~++++++++++++++++++ 
+ 

b3 + MULTIPLIER IS IN OPR1 r OPRi+1 
b4 + MULTIPLICAND I5 IN OPR2 ,OPR2+i 

b5 + RESULT DILL BE IN RSLT ,RSLT+1 rRSlT+2 ,RSLT+3 

bb ORG H'799' 
b7 + 

b8 9199 9791 77 98 SMPf PPSL NC SET MODE 
b9 9792 29 EORZ R9 
79 9743 CC 95 94 STRA,R9 RSLT CLEAR RESULT 
71 979b CC 95 95 STRA,R9 RSLT+1 CLEAR RESULT +i 

72 9799 91 16 LODIrR3 ib LOAD COUNT 
73 9798 979B 95 FE LO00 LODI,R1 -2 TO GET 254 
74 979D 75 91 CPSL C CLEAR CARRY 
75 979E 979E 9D 64 92 LOCO LODArR9 OPRi-25b+2rR1 FOR INDEXING 1NT0 OPR1 
76 91A2 59 RRR,R9 ROTATE RIGHT NITH C 
71 97A3 CD b4 92 STRA,R9 OPR1-25b+2rR1 

78 97Ab D9 77 BIRR,R1 LOCO ROTATE ZND TIME 

79 + THIS ROTATES MULTIPLIER BY 1 BIT TD GET THE LSB 

89 + INTO CARRY 
81 97A8 29 EORZ R9 CLEAR R9 
82 97A9 D9 RRL,R9 GET CARRY INTO LSB 
83 97AA FB 92 BDRR,RB LOCI 
84 97AC IB 9D BCTR,UN LOCO 
85 + 

86 97AE 97AE 95 92 LOCI LODI,R1 2 GET INDEX 
87 91B9 9169 9D 65 93 LOC2 LODA,R9 RSLT-1rR1 ADD MULTIPLICAND TO PRODUCT 
88 97B3 8D b5 91 ADDArRB OPRZ-IrRI 
89 91Bb CD b5 93 STRA,R9 RSLT-1rRl 
99 9789 F9 75 BDRR,Ri LOC2 FINISH THE ADD 
91 + 
92 + 
93 97BB 91B6 95 FC LOCO LODIrRt -4 ROTATE THE PRODUCT TO RIGHT 
94 97BD 97BD 9D b4 98 LOCS LODA,R9 RSLT-25b+4rR1 
95 97C9 59 RRR,R9 ROTATE RESULT 
96 97C1 CD 64 98 STRA,R9 RSLT-25b+4,R1 
97 91C4 D9 17 BIRR,R1 L005 
96 97Cb FB 53 BDRR,R3 L000 FINISH THE LOOP 
99 97C8 17 RETCrUN 

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 atwo-byte result. 
(OPR1) X (OPR2)— RSLT, RSLT+ 1 
The Booth algorithm is used (see Figure 4.1). 

PARAMETERS: 

Input: OPR1 contains multiplier 
OPR2 contains multiplicand 

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

SPECIAL REQUIREMENTS: 

None 

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

HARDWARE AFFECTED 

REGISTERS 
RO 

X 

R1 

X 

R2 

X 

R3 

X 

R1' R2' R3' 

PSU 
F II SP 

PS L 
CC 

X 

IDC 

X 

RS WC 

X 

OVF 

X 

COM C 

X 

Enter BOOTH —MULTIPLICATION —ROUTINE 

clear PRODUCT 
clear FLAG 

LSB of MULTIPLIER \  YES
=FLAG (previous LSB)7 J 

LSB of MULTIPLIER = 0? 

NO 

VES 

Subtract MULTIPLICAND 
from PRODUCT with 
MSB's aligned 

Add MULTIPLICAND 
to PRODUCT with 
MSB's aligned 

Store LSB of MULTIPLIER 
in FLAG 

Shift MULTIPLIER right 
o e position 

Shift PRODUCT right 
one position, the MSB 
remaining the same 

O All bits of 
MULTIPLIER tested 

YES 

l RETURN 

FIGURE 4-1 Flowchart of Booth Algorithm 
Multiplicand XMultiplier—Product 

RAM REQUIRED (BYTESI: 4 

ROM REQUIRED (BYTESI: 51 

EXECUTION TIME: Variable 

MAXIMUM SUBROUTINE 
NESTING LEVELS: None 

ASSEMBLER/COMPILER USED: PIPHASM 

V Enter Subroutine MPVS 

MPVS 

OPR1 ~R1 
OPR2 —~R2 
0 —.FLAG 
O --.RO 
6 —~R31= loopcounter) 

MOOP 

0 - ~WC in PSL 
(operations without carry) 

LSB 
of R1=1 

IR01—(R 2) .RO 

1~FLAG 

MOC1 

7~ carry 
1 -- ►WC in PSL 
(operations with carry) 

MSB 
of R 0 = 1 

0 —carry 

Shift RO R1 right 
with carry into MSB RO 

(R3) — 1 .R3

(R3! = 0 

VES 

RO~RSLT 
R1 —RSLT ~ 1 

RETURN 

VES 

Operation 
(OPR2) ~ IOPR71—~ RSLT, RSLT + 7 

IR0) + (R21~R0 

O --.FLAG 

No 

FIGURE 4-2 Flowchart for Signed Multiplication Using Booth 
Algorithm (One-Byte Operands; Two-Byte Result) 
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188 
181 
182 
183 
184 

+ PD7b8832 
++ttttttt++t+t++tt+t++++t+tttt++ttttttt+++++++++++++++++t++++++tt+++ 

+ BINARY MULTIPLICATION USING BOOTH-ALGORITHM 
+ FOR 2 ONE-BYTE SIGNED INTEGERS. 
+tt++++tt+++++ttt++++++++++tt++++++t++++++t++++++++t+++++++t+++++t++++ 

185 + FIRST OPERANB IS IN OPR1 
18b + SECOND OPERAND IS IN OPRZ IOPR2) ~ H'80' 

187 + PRODUCT WILL BE IN RSLT,RSL1*t 
18$ + 
189 ORG H'B88' 
118 8$88 8688 74 48 MPYS CPSU F CLEAR FLAG IN PSU 
111 8882 8D 85 88 LODA,R1 OPR1 GET 1ST OPERAND 
112 8885 8E 85 82 LODArR2 OPR2 GET 2ND OPERAND 
113 8688 87 86 LODl,R3 8 LOAD LOOP COUNTER R3 
114 868A 28 EORZ R8 CLEAR R8 
115 8888 888B 75 88 HOOP CPSL WC CLEAR WC IN PSL 
llb 888D F5 81 1MIrR1 H'81' 
117 868E 96 89 BCFRrON MOCK LSB Df R1 SET? 
118 8811 B4 48 TPSU F YES 
119 8813 16 8C BCTRrON MOC1 FLAG =1? 
128 8615 A2 SUBZ R2 NOrSUBTRACT WITHOUT BORROW 
121 8816 7b 48 PPSU F SET FLAG 
122 8818 1B 87 BCTR,UN MOC1 BRANCH TO DOUBLE SHIFT 
123 861A 861A B4 48 MOCK TPSU F LSB OF RI WAS 8 
124 881C 98 83 BCFRrON MDC1 FLAG =1? 
125 881E 62 ADDZ R2 YESrADD WITHOUT CARRY 
126 881E 74 48 CPSU F CLEAR FLAG 
127 8621 8821 77 89 MOC1 PPSL WC+C SET C AND WC 
128 8823 b8 IORZ R8 
129 8824 1A 82 BCTR,N MOC2 MSB OF R8 SET? 
138 8826 75 81 CPSL C NOrCLEAR CARRY 
131 8828 8828 58 MOC2 RRRrRB SHIFT R8 RI RIGHT 
132 8829 51 RRR,Ri MSB OF R8 IS SAME 
133 182A FB 5f BDRR,R3 HOOP BRANCH TO LOOP IF NOT READY 
134 882C CC 85 84 STRA,RB RSLT STORE RESULT 
135 882E CD 85 85 STRA,Ri RSLT+1 
13b 8832 17 RETCrUN EXIT SUBROUTINE MPYS 
137 + 

FIGURE 4-3 
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5. BINARY NIULTIPLICATION FOR TWO-BYTE 
SIGNED INTEGERS 

FUNCTION: 

Two byte by two byte multiplication 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: 

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

Output: RSLT, RSLT + 1, RSLT + 2, RSLT + 3 contains 
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 
program listing. 

HARDWARE AFFECTED 

REGISTERS 
RO 

X 

R1 

X 

R2 

X 

R3 

X 

R1' R2' R3' 

PSU 
F II SP 

PSL 
CC 

X 

IDC 

X 

RS WC 

X 

OVF 

X 

COM C 

X 

RAM REQUIRED IBYTESI: 8 

ROM REQUIRED IBYTESI: 71 

EXECUTION TIME: Variable 

MAXIMUM SUBROUTINE 
NESTING LEVELS: None 

ASSEMBLER/COMPILER USED:  PIPHASi M

Enter Subroutine SMPV 

SSPV 

SET OPERATION 
WITH CARRV 

0~ R2 (bit buffed 
O--+RSLT MS -bytes 
O~RSLT+1 product 

16--~ R3 Iloopcounterl 

NOOP 

Rotate multiplier 
OPR2, OPR2 + 1 right into carry 

Rotate carry into 
LSB of RO 

LSB RO = 
LSB R2 

Operation:
(OPR 1 OPR 1 + 11 < (OPR2 0PR2 + 21 

~ RSLT, RSLT + 7, RSLT + 2, RSLT + 3 

VES (LSB multiplier =previous LSB) 

No (LSB multiplier changed) 

Invert LSB of R2 

LSB of R2~carry 

NO 11 0 transient) 

VES (0—+1 transient) 

Subtract multiplicand 
(OPR1, OPR1 + 1) from 
MS -bytes of product 

(RSLT, RSLT + 1) 

NOC 4 

Add multiplicand to 
MS -bytes of product 

Copy MSB of product 
to carry 

Rotate product right 
into carry 
(MSB remains equal) 

IR31 - 1--►R3 

NO 

v6s 

( RETURN

FIGURE 5-1 Flowchart for Signed Multiplication Using Booth 
Algorithm (Two-Byte Operands; Four-Byte Result) 

10 



SIGNETICS BINARY ARITHMETIC ROUTINES ■ AS53 

136 
139 
148 
241 
142 
143 
144 
145 
14b 
147 
14$ 
149 
158 
151 8633 f633 71 88 
152 8835 28 
153 f83b C2 
154 8837 I:C 85 f4 
155 883A CC 85 45 
156 f83B f1 if 
157 963E 983E 95 FE 
158 9841 f841 4D b4 44 
159 f644 58 
168 8645 GD b4 84 
ibl 8846 D9 71 
lb2 484A 28 
163 884B D9 
ib4 f84C 22 
ib5 8$4D 16 19 
lbb B64F 22 
ib7 9859 C2 
168 9651 59 
169 8652 45 f2 
174 9854 f$54 BD 45 84 
171 4851 Fb 81 
172 4859 16 85 
173 4856 8D b5 8f 
174 485E 16 83 
175 4864 f6b8 AD b5 N 
l7b 4863 f8b3 CD b5 f4 
171 4866 59 bC 
118 
179 8668 4868 8C 85 f4 
188 8668 D8 
181 88bC 84 FC 
182 48bE f86E 8D b4 88 
183 4871 So 
164 8872 CD b4 88 
185 4675 D9 17 
186 4877 FB 4b 
187 9679 17 
186 

FIGURE 5-2 

+ PD7b6f33 
+t++taf+++++a+t+++ff++tt+t++f++++++++++++++++++++++++++tf++++i+++t++++a 
+ BINARY MULTIPLICATION FOR TWO BITE SIGNED INTEGERS 

+ MULTIPLICAND IS IN LOCATIONS OPR1rOPR1+1 
~ MULTIPLIER IS IN LOCATIONS OPR2rOPR2+l 
a 
+ RESULT WILL BE STORED IN RSLTrRSLT+1rRSLT+2rRSLT+3 
t 
+ AFTER MULTIPLICATION THE MULTIPLICAND IS UNCHANGED 
} THE MULTIPLIER IS DESTROTED 
+ THE MULTIPLICAND MUST BE UNEAUAL H'84/4' 

SSPT PPSL NC ARITH AND ROTATE KITH G 
EORZ R8 CLEAR R8 
STRZ R2 CLEAR R2 
STRArRf RSLT CLEAR 2 MSBTTES OF PRODUCT 
STRArRf RSLT+1 

LOD1rR3 lb 
NOOP LODIrRI -2 
NOC9 LODArRf OPRZ-25b+2rR1 

RRRrRf 
STRA►R8 OPR2-25b+2rR1 
BIRRrRI NOCf 
EORZ RS 
RRLrR4 
EORZ R2 
BCTRrZ NOC4 
EORZ R2 
STRZ R2 
RRRrRB 
LOBIrRI 2 

NOC1 LODArRB RSLTrRIr-
TMIrR2 1 
BCTRrON NOC2 
ADDArR4 OFR1rR] 
BCTRrUN NOC3 

MOC2 SUBArRf OPR1rR1 
NOC3 STRArR9 RSLTrRI 

BRNRrRI NOC1 

NOC4 LODArR4 RSLT 
RRLrRB 
LOD1rRf -4 

NOCS LODArRB RSLT-25b+4rR1 
RRRrRf 
STRArRB RSLT-25b+4rR1 
BIRRrRI NOCS 
BDRRrR3 I~OP 
RETCrUN 
END 

LOAD LOOP COUNTER R3 
LOAD INDEX REG KITH 254 
ROTATE MULTIPLIER 
INTO CARRT 

BRANCH IF NOT DONE 
CLEAR R8 
ROTATE CARRT IN LSB OF R8 
LSB OF R8 BECOMES I FOR CHANGE 
BRANCH IF NO CHANGE 
INVERT LSB OF R2 
RESTORE NEN R2 
LSB OF R2 INTO CARRT OR BORROW 
LOAD INDEX 
LOAD BITE Of RSLT IN Rf 

BRANCH TO SUBTRACT !F LSB R2=i 
ADD BYTE MPLCND TO RSLT 

SUB BTTE MPLCND FROM RSLT 
RESTORE INTERMEDIATE RSLT 
BRANCH IF ADD SUBTRACT NOT READT 

LOAD INDEX 
FETCH MS BTTE PRODUCT 
ROTATE RSLT,PROD+1 ETC TO RIGHT 
KEEPING MSB SAME 
BRANCH IF NOT DONE 
BRANCH iF LOOP MOT READT 
RETURN TO MAIN PROGRAM 
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6. BINARY DIVISION 

A. UNSIGNED 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 aone-byte remainder. 
(DVDN, DVDN + 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. 

SPECIAL REQUIREMENTS: 

None 

Refer to Figure 6.1 for flowchart and to Figure 6.2 for 
program l isting. 

HARDWARE AFFECTED 

REGISTERS 
RO 

X 

R1 

X 

R2 

X 

R3 

X 

R1' R2' R3' 

PSU 
F II SP 

PSL 
CC 

X 

IDC 

X 

RS WC 

X 

OVF 

X 

COM 

X 

C 

X 

RAM REQUIRED IBYTESI: 

ROM REQUIRED (BYTESI: 

EXECUTION TIME: 

3 

45 

Variable 

MAXIMUM SUBROUTINE 
NESTING LEVELS: None 

ASSEMBLER/COMPILER USED: PIPHASM 

~Enier Subroutine D I V I 

DIVI 

Initialize PSL: 
• operations with carry 
• logical comparison 
• set OVF 

vEs 
 ( RETURN 

NO 

DIVU 

0—►R1 
17 —►R3 (loopcoun er) 

Clear carry 

LOOP 

Rotate R1 left: 
Icarryl—.LSB 
(MSBI—+carry 

VES 

No 

NO 

SUBT 

YES 

IR11—(DVSRI ~R1

Set carry 

LOCO 

Rotate DVDN, DVDN + 1 left: 
Icarryl--~LSB of DVDN + 1 

IMSB of DVDNI—+carry 

IR31 — 1~R3 

NO 

YES 

Clear OV F 

RETURN

enter subroutine D 1 V U 

Operation: 

(DVDN, DVDN + 1) _ i
(DVSRI 

DVDN, DVDN + 1 (quot.) 
R1 (remainder) 

FIGURE 6-1 Flowchart for Unsigned Division (Dividend or 
Quotient: Two-Bytes; Divisor or Remainder: One-Byte) 
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} PD769949 ~ 1 
2 
3 
4 

fff~~~~tf;+~r<f~ta~if+tit+ftf+tafa~+ft~foff+~+f+~+~tt~ftt+~~++fttt++++~ 
f BINARY DIVISIONS FOR INTEGERS 
}}}}};{f}}{}}}}}};f}}}{}}}}}{;f};}}}}}}}}}}#}}{};}{;{}}}}}}}}}}{}}}}}} 

5 i DIVIDEND IS IN DVDNrDVDN+i lb B1T5 
6 } DIVISOR IS IN DVSR 8 B1T5 
7 ; AUOTIENT WILL BE IN DVDNrDVDN+1 16 BITS 
B ~ AF1ER DIVIS[ONr DIVIDEND WILL BE DESTROCEO 
9 ~ R1 WILL HOLD REMAINDER 
19 + OVF=1 IMPLIES OVERFLOW 
11 ~ 
12 } 
13 { SIMBOL DEFINITIONS 
14 9{98 R6 EAU 9 
15 9991 R1 EAU 1 
16 9982 R2 EAU 2 
17 9993 R3 EAU 3 
18 99$1 R4 EAU 1 
19 {992 RS EAU 2 
29 9993 Rb EAU 3 
21 9993 UN EAU 3 UNCONDITIONAL BRANCHING 
22 9991 C EAU 1 
23 9999 ON EOU 9 
24 9992 LT EAU 2 
25 {999 Z EOU 9 
2b 9999 EA EAU 9 
27 9991 F EOU 1 
28 9992 N E+]U 2 
29 9996 WC EAU 8 
39 9994 OVF EOU 4 
31 {{92 COM EOU 2 
32 t 
33 ORG H'S99' UNSIGNED DIVISION SUBROUtINE 
34 + 
35 {599 9599 77 9E DIVi PPSL WC+OVF+COM ARITH ROTATE WITH CARRT 
3b 9592 9C 9b 92 LODArR9 DVSR FETCH DIVISOR 
37 9595 14 RETCrZ RETURN KITH OVF =1 IF DVSR ={ 
38 + 
39 9596 {59b 95 99 DIVU LOUIrRi 9 CLR R1 
49 9598 A7 11 LODIrR3 17 LOAD LOOP COUNTER R3 
41 959A 75 Bi CFSL C CLEAR CARRY 
42 959C 959C D1 LOOP RRLrRI ROTATE CARRt IN LSB OF R1 
43 959D 85 91 TESL C 
44 959E 18 95 BCTRrON SUBT GO TO SUBTRACT IF GARRI =1 
45 9511 ED 96 92 COMArRI DVSR 
4b 9514 lA 97 BCTRrLT LOC9 IF R1~DVSRrNO SUBTRACTION 
47 9516 9516 77 91 SUBT PFSL C CLR BORROW 
48 {518 AD 9b 92 SUBArRi DVSR SUBTR DVSR FROM REMAINDER 
49 9518 77 {1 PPSL C SET CARRY 
59 {51D 9510 9b {2 LOCK LODIrR2 2 LOAD 1NDE1 RECI5TERR 
51 951E 951E $E 4b 99 LOCI LODArR9 DVDNrR2r- ROTATE AUOTIENT BIT 
52 9522 D8 RRLrR9 DUDNrDVDN+i AND MSB OF 
53 9523 CE 66 99 STRArR9 DVDNrR2 DVDN INTO CARRY 
54 9526 5A 11 BRNRrR2 LOC1 BRANCH IF ROTATE N01 READr 
55 9526 FB 62 BDRRrR3 LOOP BRANCH 1F DIVISION NOT READY 
5b 652A 75 {4 GFSL OVF CLEAR OVF IN PSL 
57 952C 17 RETCrUN REIURN TO MAIN PROGRAM 
58 f 

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 aone-byte remainder. 
(DVDN, DVDN + 1)~ DVDN, DVDN + 1 (quotient) 

(DVSR) R1 (remainder) 

PARAILIETERS: 

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 l isting. 

HARDWARE AFFECTED 

REGISTERS 
RO 

X 

R1 

X 

R2 

X 

R3 

X 

R1' R2' R3' 

PSU 
F II SP 

PSL 
CC 

X 

IDC 

X 

RS WC 

X 

OVF 

X 

COM 

X 

C 

X 

RAM REQUIRED IBYTESI: 4 

ROM REQUIRED IBYTESI: 61 

EXECUTION TIME: Variable 

MAXIMUM SUBROUTINE 
NESTING LEVELS: 1 

ASSEMBLER/COMPILER USED: PIPHASNI 

DIVS 
Initialize PSL: 

• operations with carry 
• logical comparison 

set OV F; clear borrow 
• clear STATUS 

vEs 

NO 

VES 

NO 

Complement (DVSR) 

H'40'—y STATUS 

DIVO 

NO 

VES 

Complement (DVDN, DVDN + 1) 

(STATUS) + H'80'~STATUS 

UNSIGNED DIVIDE 

No 

VES 

RETURN 

Operation. 

(DVDN, DVDN + 1) 
(DVSR) 

-~~DVDN, DVDN + 1 Iquot.l 
R1 (remainder) 

 t RETURN , 

STATUS 
CODING 

NO (STATUS(= 
H'80' or 
H'CO" 

VES 

a E 

00 
as 
80 
CO 

Complement R1 
(remainder) 

NO 

DIV2 

YES 
RETURN 

Complement (DVDN, DVDN + 11 
(quotient) 

RETURN 

FIGURE 6-3 Flowchart for Signed Division (Dividend &Quotient 
2 Bytes; Divisor & Remainder: 1 Byte) 
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59 
b8 

+ PD1b8841 
{}}+}}{{{{+{{{}}{{}{{}}}}}}}}}{}{}};}}}}+}};}}};{}}}}}}}}}}}}}} 

61 + SIGNED DIVISION 
b2 +++++++}{{{{+{{++{++}}+++{{}+}+}+{+}+{}++}}+}}++++{++{}{{}++++} 
b3 + 
64 + NEGATIVE DIVIDEND AND OR DIVISOR ARE CDMFLEMENTED 
b5 + FRIOR TO EXECIJIION OF DIVISION 
bb + 
b1 + SIGNS ARE CODED 1N STATUS- 
h8 + STATUS CODING~DVDN DVSR STAT AUOT RMDR 
b9 + + + f8 + + 
18 + + - 48 - + 
71 + + B8 - -
72 + - C8 + -
73 + DIVIDEND MUST 6E UNEAUAL H'6888' IMO CORRECT QVFI 
14 + NEGATIVE SICK OF DIVISOR 1S LOST AFTER EXECUTION. 
15 852D f52D 71 80 DIVS FPSL NC+OVF+C ARITH ROTATE KITH CARRI ETC 
7b f52F 28 EORZ R8 
77 f53f C1 STRZ R1 CLEAR R1 
78 f531 8E $b f2 LODA,R2 DVSR FETCH DIVISOR IN R2 
79 f534 14 RETC,Z RETURN NITN OVF SET [F DVSR= 8 
68 8535 19 fb BCTR,P DIVE BRANCH IF DIVISOR )8 
81 8537 A2 SUBZ R2 TAKE 2S COMPLEMENT OF DVSR 
62 8536 CC 8b 82 STRA,RB DVSR RESTORE DIVISOR 
83 853B 85 48 LODI,RI H'48' LOAD STATUS IN R1 
64 853D f53D 8E 8b 88 DIVE LODA,R2 DVDN FETCH MS BITE OF DIVIDEND 
85 8548 9A 84 BCFRrN DIVi BRANCH 1F DIVIDEND NOT(8 
8b f542 3$ 18 BSTR,UN CMPL TAKE ZS COMPLEMENT OF DIVIDEND 
87 f544 85 88 ADDIrRI H'Bf' UPDATE STATUS 
86 f54b f54b CD 88 83 DIVI STRArRI STAT SAVE STATUS 
69 f549 3F 85 fb BSTArUN DIVU CALL UNSIGNED DIVISION 
9f f54C 8F 8b f3 LOOA,R3 STAT LOAD STATUS 1N R3 
R1 f54F 14 RETC,Z RETURN IF BOTH DVDN AND DVSR NDT<8 
9Z f55f 19 f7 BCTR,P D1V2 BRANCH IF DVDN NAS NOT (8 AND DVSR<f 
93 8552 77 81 PPSL C CLEAR BORROW 
94 8554 28 EORZ Rf CLEAR Rf 
95 8555 Al SUBZ R1 TAKE 2 S COMPLEMENT Of REMAINDER 
96 855b C1 STRZ Ri RESTORE REMAINDER IN R1 
97 f551 D3 RRLrR3 SHIFT R3 LEFT 
98 f558 Ib RETC,N RETURN IF BOTH DVDN,DVSR(f 
99 f559 f559 36 fl DIV2 BSTR,UN CMPL TAKES ZS COMPL. OF AUOTIENT 
188 f55B 11 RETC,UN RETURN TO MAINPROGRAM 
181 + 
182 + 
if3 + SUBROUTINE TD THE 25 COMPL 
184 + DF IDVDN,DVDN+11 
1f5 + 
lfb f55C 855C 71 fl CMPL PPSL C CLEAR BORROW 
lf7 f55E 87 f2 LODIfR3 2 LOAD INDEX REC 
188 85b8 f5b8 2f CMPB EORZ RA CLR R8 
!f9 f561 AF 46 ff SUBA,Rf DVDNrR3r- COMPLEMENT BYTE 
118 f5b4 CF bb 88 STRA,Rf DVDN,R3 RESTORE RESULT 
111 8567 5B 77 BRNR,R3 CMPB BRANCH IF NOT DONE 
112 f569 17 RETC,UN 
113 ORG H'bf8' 
114 ib88 DVDN RES 2 DIVIDEND AND AUOTIENT 
115 fb82 DVSR RES i DIVISOR 
lib fb83 STAT RES 1 STATUS REG 
117 END 

FIGURE 6-4 
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Signetics 2650 Microprocessor application memos currently available: 

AS50 Serial Input/Output 
AS51 Bit and Byte Testing Procedures 
AS52 General Delay Routines 
AS54 Conversion Routines 
SP50 2650 Evaluation Printed Circuit Board Level System (PC1001) 
SP51 2650 Demo Systems 
SP52 Support Software for use with the NCSS Timesharing System 
SP53 Simulator, Version 1.2 
SP54 Support. Software for use with the General Electric Mark III Timesharing 

System 
SS50 PIPBUG 
SS51 Absolute Object Format (Revision 1) 
MP51 2650 Initialization 
MP52 Low Cost Clock Generator Circuits 
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