
SETTING THE CARRY AND INTERDIGIT 
CARRY FLAGS 

PSL - Prosaism Stades Nard Loom 

Repots Ra tas, he any CPU resistor 

Least smelta:ant 
8CD dips 

Figure 1 

i 

Mott - naniticant 

BCD dips 

BEFORE. DAR, Rx AFTER: DAR, Rx 

Rx Rx 

C IDC MSD LSD C iDC MSD LSD 

0 0 a b 0 0 a+10,0  b+10,0  
0 1 a b 0 1 a+1010  b 
1 0 a h 1 0 a b+1010  
1 1 a b 1 1 a b 

NOTE 
	

Figure 2 
IDC is not added to the upper digit in the 'a. 10;r  operation. 
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INTRODUCTION 
The numbers used in digital systems are 
usually expressed in binary notation. 
Some commonly used formats are: 

• magnitudes only for unsigned numbers 
• is complement and 2's complement for 

signed 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 digital 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) flag 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, 
multiply, and divide) for both signed inte-
gers and signed fixed-point numbers are 
given. 

reset depending on the result of -ie opera-
tion, as illustrated in Figure 1: 

• 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 is set as a 
result 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 
If 2 BCD numbers are added or subtracted 
by means of binary arithmetic instructions, 
the result may not be a BCD number. For 
example: 

2318  + 5616  = 79t6; 

but 
1816 +35,8 =4018. 

Since the binary codes 1010 (A16) through 
1111 (Ft6) are not used in BCD, the result of a 
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) bit in 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 execution 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. 

BCD NOTATION 
In BCD notation, each decimalNdigit 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 0010  
through 99,0. For instance, the number 1510  
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 

TRUTH TABLE FOR DAR INSTRUCTION 
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CPSL 	C 
PPSL 	WC 
LODI,R3 LENG 

ADDO LODA,R0 OPR1,R3,- 
ADDI,R0 H'66' 
STRA,R0 RSLT,R3 
BRNR,R3 ADDO 
LODI,R3 LENG 

ADD1 LODA,R0 RSLT,R3,-
ADDA,R0 OPR2,R3 
DAR,R0 
STRA,R0 RSLT,R3 
BRNR,R3 ADD1 

CLEAR CARRY 
ARITHMETIC WITH CARRY 
LOAD INDEX REGISTER 
FETCH BYTE OF OPERAND1 
ADD OFFSET FOR BCD ADD 
STORE INTERMEDIATE RESULT 
BRANCH IF ALL BYTES NOT READY 
LOAD INDEX REGISTER 
FETCH BYTE OF INTERMEDIATE SUM 
ADD BYTE OF OPERAND2 
DECIMAL ADJUST RESULT 
STORE RESULT 
BRANCH IF ALL BYTES NOT READY 

Example D 

LODA,R3 	OPR1 
ADDI,R3 	H'66' 
ADDA,R3 	OPR2 
DAR,R3 
STRA,R3 	RSLT 

FETCH FIRST OPERAND 
ADD OFFSET FOR BCD ADD 
ADD SECOND OPERAND 
DECIMAL ADJUST RESULT 
STORE RESULT 

Example C 

PPSL 	C 

LODA,R3 	OPR1 

SUBA,R3 	OPR2 

DAR,R3 

STRA,R3 	RSLT 

CLEAR BORROW 

FETCH FIRST OPERAND 

SUBTRACT SECOND OPERAND 

DECIMAL ADJUST RESULT 

STORE RESULT 

Example A 

PPSL 	WC+C 

LODI,R3 LENG 

DSUL LODA,R0 OPR1,R3,- 

SUBA,R0 OPR2,R3 

DAR,R0 

STRA,R0 RSLT,R3 

BRNR,R3 DSUL 

ARITHMETIC WITH CARRY, CLEAR BORROW 

LOAD INDEX REGISTER 

FETCH BYTE OF OPERAND1 

SUBTRACT BYTE OF OPERAND2 

DECIMAL ADJUST RESULT 

STORE RESULTING BYTE 

CONTINUE LOOP IF NOT DONE 

Example 8 
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if the With Carry (WC) bit in PSL is zero (no 
carry/borrow), the first instruction is not 
required. 

Multiple-Byte Operands/ 
Result: 
When dealing with multiple-byte operands, 
arithmetic operations including carry, are 
required. Hence, the WC bit in PSL must be 
set to 1 prior to execution. If indexing is 
used, muftiple-byte subtraction is simple, as 
illustrated in Example B. 

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

GENERAL ADDITION RULES 
For addition, a correction of (+6) is required 
if the sum of the most-significant digits or 
least-significant digits exceeds 9. This Is 
accomplished 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 1510, (H'F'); an Interdigit 
Carry will be generated. If an IDC is generat-
ed, the result is correct and, as shown in 
Figure 2, the DAR instruction will have no 
effect 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 controlling the final correction. 

Single-Byte Operands/Result: 
If the 2650 is conditioned foi. arithmetic 
without carry (WC = 0), addition can be 
performed as shown in Exam le C. 

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

Multiple-Byte Operands/Result: 
When using multiple-byte operands, linking 
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 also arise here. Two straight-
forward 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 second 
operand is performed. See Example D. 
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CLEAR CARRY 
ARITHMETIC/ROTATE WITH CARRY 
LOAD INDEX REGISTER 
CLEAR INTERBYTE-CARRY REGISTER 
FETCH BYTE OF OPERAND1 
ADD OFFSET FOR BCD ADD 
RESTORE INTERBYTE-CARRY TO CARRY 
ADD BYTE OF OPERAND2 
DECIMAL ADJUST RESULT 
STORE RESULT 
SAVE INTERBYTE-CARRY IN R1, CLEAR C 
BRANCH IF NOT READY 

Example E 

CPSL 
PPSL 
LODI,R3 
LODI,R1 

DADL LODA,R0 
ADDI,RO 
RRR,R1 
ADDA,R0 
DAR,R0 
STRA,R0 
RRL,R1 
BRNR,R3 

C 
WC 
LENG 
0 
OPR1,R3,-
H'66' 

OPR2, R3 

RSLT,R3 

DADL 

INITIALIZE PSL: 
• Clear um 
• Operation with arty 

Fetes an oofd. 1, 
indexed 

~ 

GENERAL ADDITION FOR MULTIPLE-BYTE, UNSIGNED BCD NUMBERS 
Enter DAD° Enter ADDD 

Method 2 	y 

INITIALIZE 'SL: 
• Clea tarry 
• Operations with carry 

T 	 Load mister index 
with length of operandi. 

T 

Clew interbrte-carry. 

Deere= index, 
Fetch byte of OPR t 

indexed. 

Add byte OPR2, indexed. 

Decimal adjust result. 

Ston resulting byte 
m RSLT. indexed,  

Carry — Am interbyte-carry 
Clear carry. 

Lod register index 
with length of operands. 

	 ADDo 

Add 14138' offset. 

T 
Store resulting byte 
In RSLT indexed. 

Load index register 
with length of operands 

Decimal adjust result. 

T 
Store remitting byte 
,n RSLT, indexed 

AH 
bytes added 
index -01? 

ADD1 

Decrees* index. 
Fetch byte of RSLT, 

indexed 

Add byte of OPR2. indexed 

OPERATION: 
OPERAND1 + OPERAND2-.RESULT 

Method 1 

Figure 3 

Vas 

ETURN, 

SIGN-MAGNITUDE NOTATION 

N~ 	 mpnitude 

1.4 1><, 

one byte 18 bits) 

MSD~ I i 

mataigsilieertt 
byte 

•—►  Moet-lignifiant BCD digit 

► not used 

	►  sign: 14'0' is +, H'F' is 

Figure 4 

MED 

lewt$ignificant byte 

least-signifiant BCO digit 
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Method 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 Example E. 

The second method is faster and requires 
fewer bytes of code (24 versus 30) but 
requires an additional register. 

The program listing of Figure 5 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 absolute 
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. 

mantles 



THIN 8556!0160 TER 1 0 

814 POOP OBJECT E SOl8 

1810 855610188 TER 16 
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1114 POOR OBJECT E 50UiCE 

BCD ADDITION AND SUBTRACTION ROUTINES 

tt4B1 

8182' 
8*3 
8664 
8685 
8886 
8687 
88* 
*B9 
6610 
9811 
*12 
6813 
*14 
*15 916 
9816 8801 
*17 9682 
Be1B 063 
6819 608 
628 9881 
*21 *8"3 
6822 
0823 /665 
8824 
8825 N6 
9826 
0027 0788 
*28 9705 
BB29 679A 
8B3Q 
6831 874 
91Tî 
6833 
6834 
*35 
6836 
*37 
6838 B45e 407* 
*39 9453 8766 
8641 9155 49785 
9941 0458 97 
6842 6459 C%FJ79A 
9043 
*44 
8945 
9846 
6847 
8946 
*49 9458 41706 
6859 945F 40785 
9851 8462 97 
9N,52 9463 589744 
8853 

ltbiL 83 491 
ADM, R3 14'66' 
MCA, R3 182 
OAR, 13 
5780.13 P511 

ABT 1008.83 O8R1 
SBA• R3 OP02 
OFN.13 
5TRA.83 RAT 

FETCH FIRST 0868800 
POD OFFSET FOR BCA PDD 
ROD SECDIO 00819'08 
DECIMAL, IOJIST RESET 
STOW RESECT 

FETCH FIRST OPERND 
SUBTRACT SECOD OPERAND 
DECiTL ADJUST RESLLT 
STORE REACT 

• OPERATION CAEd001 • OPEC —> REACT 
• 
POD 

• 0076/007 
r•• 	 ••aan•v 	 
• OEC110l FOOTTIOW516TRRCTIO11 FOR 0008.00D • 

• 00€70111011 461601 •/- OOEMID2 —> RESLT 
• MOM IS IN O0R1,O0R1•t,OPR1•BETC 
• aOERN02 IS IN 0812,0002.1,OPR2•2,ETC. 

• REACT IS IN RAT, RSL T.1.RgT•2, ETC . 
• ORR1,08R2 AID PAT NI 10ST-S1011FIC1MR BYTES. 
• g1 TUBERS. FM 4 EGA 1E11iTN 4111 OYTES) . 
• LENGTH IS DEFI140 BY LING 

• DEFINITIONS 4 SWIMS 

1/0 E0U 	0 	PROCESSOR REGISTERS 
RI E0U 1 
R2 EN 2 
03 EW 3 
NC 	URI 	14'6' 	PA 1•41114, 0•R11NdiT CNNY 
C éW 14111 	ONRV/BONW 
U1 	EC* . 3 	491CH C0W1TIp1 UfIUDITIO9L 

WE EMI 	5 `, 	LEMON OF OPERNOSAë.9LT IN BYTES 

M5 	47'76' V 0*21(1ERS 
• 
MRI RES 	LEJM 
0002 RES 	1ENG 
RAT RES 	LEND 	T 

• ORO 	0'45/' 
• 

• 66OITION 4 14614888. SIMILE-BYTE BCD TUBERS • 

4+4W 	..., 	._ 	. 	... 	.. 	.. 	.. 	.. 	.. 	, 

• 9BTRACTIG04 a 0680iD, sl4BE-9Y1E xi) WIMPS • 

• 00688X047 WW1 - OPERND2 —> 14811 

1055 
9956 
p57 
1658 
9959 
8069 0466 7581 
661 6468 7700 
662 0W8 1705 
6863 046C 156 
664 046E 447* 
1165 6471 8166 
0066 0473 Si 
667 0474 46715 
1966 0177 94 
0869 0478 CF67111 
670 9478 Di 
9671947C 5179 
672 
673 
674 
675 
676 
9e77 
0970 
679 647E 7501 
9/60467780 
*31 6402 0795 
682 6491 4476 
693 0407 9466 
164 6464 CF6780 
0805 618C 5876 
/66 046E 8795 
607 9499 4474 
9688 6493 46715 
689 8496 94 
0898 0497 886708 
691 1498 5174 
8892 
9993 
0094 
9995 
/096 

*97 
1898 
0099 04% 7709 
916 049E 1785 
0198 0481 44780 
0112 0413 46785 
0183 64R6 94 
1104 /487 û6768 
9105 6481 5874 
1116 
0107 960 

T0Tf1 A55EIBS.Y ERRORS • 816 

Figure 5 

•aI/.tr W worpquwpMwerwM W+HrwM•rsarr 
• 4018I0N Oi 41ëit#D TLTIPIE-BYTE AW T10ER5 • 
44,8+4wra44•m444+4,e404.44.4.44244..rMy+.m•4444 
• MENU* GMERNDS • OPERPI02 --> REACT 

	

DRD0 8851 C 	CLEAR Ca* 
PAIL 	it 	0011414T 4C18OTA1E WITH CB0AIY' 
1008.83 LING 	LOUD MD REGISTER 
LODI.PI 9 	WAR INTERBYTE-CFORY 

8681 LON. * 01 R3. - FETCH BYTE CF OPERANDS 
*DC* 14'66" 	ROD OFFSET FOR BCD KO 
14181 	 RESTORE INhTOYTE-CïNRY TO C 
1008,80 OAR2,111 NO BYTE OF OPf8PW2 
DIN. 118 
1111. Re 8511,83 
ENL R1 
6091, R3 6801 

DECIMAL *431ST WALT 
STORE MALTING BYTE 
SAYE INIE70YTE-CFORY IN RL CUFF C 
88ANOH IF POT READY 

. 	. 	.. 	. 	... 	. 	. 	. 	... 	. 	. 	. 	. 	•n 
• 4811101 4 1145100 IILTIPIE-BYTE BCD AMBERS • 
• BLTERN4TE IEflOD 	 • 

• *E8AT1N OPEN901 • 12684782 --> RESULT 

9000 CPA 	C 	C1.EI1 CNNY 
PO5L NC 	81ITTETIC MIN MP* 
1584.03 LEK 	LOIR IIDE% REGISTER 

ECG L108. R1 Mgt R3, - FETCH BYTE 4 OPERANDS 
A3Di,80 0.66 	100 OFFSET FOR BCD-400 
STN.* RA1.83 5101E INTEB4DI81E 145111 
8114143 PODS 	9801004 IF ALL BYTES NOT READY 
1011.83 LEW 	LOTO IMO REGISTER 

86141 44811 RB 881.03. - 8E1844 BYTE (58 101E901048 5104 
6066, 88 OFR2. P3 660 BYTE 4 586801132 
DAR R0 	%SCOW ADJUST RE9CT 
STN.* RA T. f13 STORE REACT 
1311101. 83 ADM 	BRACH IF ALL BYTES *CT READY 

• SUBTRACTION 
	

Ub1481D TLTIPLE-BYTE BW TUBERS 
• aPERBTIa ODEIMNUI - OOERND2 —> 11g1.1 

0958 PPA 	HC•C 	MIMETIC $11N CORBY, CLEAR BONN 
LODI,R3 LEND 	LOAD Poet REGISTER 

DST. 146680 OPR1,83,- FET04 891E OF OPERA/Di 
31BIL % 8882.83 9BTRACI ME 4 C0688182 
ONt. R6 	MCI*. ADJUST RESULT 
STRA, PO RA1.03 STd4 REACTING BYTE 
410,83 89.1 	%%CH IF TGT REFRY 

EN 0 
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FLOWCHART FOR DECIMAL 
ADDITION/SUBTRACTION FOR SIGNED INTEGERS 

o 

Enta SGSU Enta SGAD 

V 

SGAD 

OPR2 - O ? 

No 

+ SIGN TO RESULT 

Operation.: 
SGAD: OPR1 + OPR2*-OPR2 
SGSU: OPR 1-OPR2►OPR2 

+ SIGN TO RESULT 

Clin carte 
/OPR1/ • /OPR2/--e+RESULT 

Note: /OPR1/ • magnitude 
of OPRI. 

- SIGN TO RESULT 

/OPRt/ - 'OAR?! —A-RESULT 

(RETURN) 

/OPR2/ - /OPR1/—+RESULT 

( RETURN) 

--SIGN TO RESULT 

OPR1.. O 

Vet 

CHANGE SIGN OPR2 

INII'LIZE PSL: 
• Opaaborn With carry 
• Loosest comparison 
•Cba borrow. 

Figure 6 

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 result are of equal length, as defined by 
LENG. 

OPERAND1 +/- OPERAND2+-OPERAND2 

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 signed 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 
have opo 	signs. In this case, the subtra- 
hend and minuen 	r-the operation are also 
designated by the comparison. 

Refer to Figures 6 and 7 for flowchart and 
program listing. 
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2650 MICROPROCESSOR APPLICATIONS MEMO 

HARDWARE AFFECTED 

RAM REQUIRED (BYTES): 	2 X LENG 
REGISTERS 

RO 
X 

R1 
X 

R2 R3 
X 

R1' R2' 113' 
ROM REQUIRED (BYTES): 	127 

MAXIMUM SUBROUTINE 
NESTING LEVELS:  

PSU 
F II SP 

ASSEMBLER/COMPILER USED: 	TWIN VER 1.0 
PSL CC 

X 
IDC 

X 
RS WC 

X 
OVF 

X 
COM 

X X 



DECIMAL ADDITION/SUBTRACTION FOR SIGNED INTEGERS 

WIN F54M8ER ISR 1 8 
	

PILE 8881 

LINE 8189 OBJECT E SOURCE 

• P8768086  
**RN . . . . ... .. .. ... 	.. ....... .... 	... 	.. 
• 8ECINFI F8101T10V5LBTRNCTTON FOR SIOED-iNTE8ERS • 
• MB0ER5 88E 3N POCKED BC*, 51641-1604ITIDE NOiWT96 • 
rar444.4.9.9 	  
• OpERRT1011 OÉTé801 H- GPERgD2 -) WOW 
• OPERI891 	IS IN OPkLORR1•LOPR1.2. ETC 
• OPERH02 	IS IN 6122.OP62.1.GPR242, ETC 
• SLN'LIFFEREICE IS 1N (892,382+1.11892+2. ETC. 
• OPER902 IS DESTROYED AFTER f00lSUBTRRCT 
• GPRS•OPR2 PRE 10S1-SIGNIFIp88T *TES 
• LENGTH OF MASERS (IN BY1E5) IS DEFINED BY LEM 
• ALLOWED ROLE 1 < LENG I. 255. 

• N5 BYTE MOLDS 5I84 16086TION 4418' FOR 4, 44 18' FOR - 

8 
	

PROCESSOR REGISTERS 

2 
3 
N'8B' 	PSL 1481741, 441111091 CFNN 
H'82' 	1rI0GIC, 19611N COWRIE 
44'61 	CPRfN/8011RON 

BRANCH CODITI04: 2E10 

2 	 4E06i6 
8 EOM. 

GREATER THN 
LESS T1884 

3 	 UKO/ITIIINIL 

5 

H'788' 

LEND 
LEND 

N'586' 

LOLTN O WINOS 514 88651 

OPE➢A0! 
OPE11618)2/9E51iL1 

EGO 
EDU 
EDU 
8 
EGO 
ERE 
EDU 
EGO 
EDU 
EGO 
E8) 
EDO 
EEO 

..rawmR..a.rwRvw, . . . 	. 	. . . 	. 

• SLIBROIIT iNE TO COMPERE BPERAl01 111114 8PE9R02 (iPO4TE CC) 
r•r•14114141q4iprMel  

C912 lOD1.81 	CLEAR 61. I15 81TS ARE USED TO SATE CC DATA 
1041.83 LEIL-1 	ECM 16634 AF6 

CONK LW, R8 ORl, R3 FETCH BYTE O 11PERN01 
COIW,R8 0PR2.123 COME 111111 BYTE O (PERDIT 
BUR, EG C1lNH 	66901 IF EQUAL 
SPA 	 PA T0 R8 
STR2 	R1 	SAYE PSL IN R1 

ilyN 431.99 F• C:pe 	8R04CH 1F ALL 8Y1E5 NOT TESTED 
LLYî, 	81 	UPDATE CC 91114 SHIM COFIpE 
RETC, UN 	RETURN 

FNIN AS4/CLEF VIP 18 	 PANE 8682 

.144 OA OBJECT E SOURCE 

88, ,̀7 
8658 
	 •r•rr rer***4MgrpI,M••tl 	MM• 

88r,9 
	

• S381098TION FOR SIGNED INTEGERS • 
998 
	 *sorrow 	roar 1.0* r+aprRw 

8661 8512 818785 
	

5651) LOG& R0 OPR2 	FETCH 5101 O OPER4/2 
8662 8515 2488 
	

E1481.88 H'F8' 	,C3Y498. SIGN 
9867 8517 ';19785 
	

STRA, P8 OP92 	RESTORE 510! O OPERO02 
8864 
	 ••r••rrrrr•a06+444.1a•446.4R••4.4 

4065 
	

• ADDITION FOR SIDED 141518385 • 
8831, 	 •g4rvr•••KrrrMlr rI rr•.r••••r 

866? 
8868 
8869 
8878 
8971 
8872 
8873 
8874 
8875 
8676 
6877 

8519 7788 

851E 28 
651* 388745 
8528 C1.8785 
8523 962; 
9525 8C6788 
41528 963C 
8526 868 
852C CC8785 

51370 PPA 	6913144C 
• 

EORZ 	RB 
1(449.81 11482 
5T149 88 O892 
B(fR, N 	16E8 
LOBh R8 O9R1 
BLfR.N 	1912 
LOOI.RB 1118' 
(TRH R8 OPR2 

8876 852E 7581 ADD CPSt 	C 
6879 • 

8688 8531 8764 1061.93 1.910-1 
8881 6533 8588 1681,81 6 
8882 8535 66788 F*M LC4N4, R6 iP61. R3 
8883 6538 8466 8001,86 8'66' 
8884 8538 51 R8R;Ri 
8895 6538 606785 P*DPo R8 BPFb 123 
8886 853E 94 DAP. RO 
8687 6538 C167415 STRFL A8 0882• R3 
6688 8542 DE RR. 01 
6689 • 

8896 8543 F978 BM, 03 4106 
8691 8545 9838 896 2 OWL 
6892 8547 17 RE TC, IR 
9693 • 

TNFN 8541800 VEP 1 

LINE NV 	OBJECT 	E 1(49131 

6695 6548 688788 	1988 18*,88 091 
8896 11548 9662 	801.8 	ADP 
8897 8540 388546 	OSIA,LN C012 
8998 	 • 
8899 8158 991E 	6YFR.GI Lk] 
BIN 9552 8488 	1COI.R8 H FB 
81. 91 8551 C10701 	STRA.Rti 0892 
8182 	 • 
6183 	 • 
8184 9557 9791 	L9L1 LOO1.83 LEIf,- t 
8185 8559 0F67398 	11112 1Od1.128 Fi'F1 03 
9186 855C 4E6785 	916 89 pFR: R: 

9187 855F 94 	 rF6'. 96 

Ff4Cl: 6663 

FETCH 51C4 tx OERF8I1 
BRWICH IF 0911 NOT NEOA119 
CAMFNE O81 N11H Ctkr . 

~)CIil1TI:0E5 (N. V~. 

WENCH IF ORS 	(P > 10 OPR2 
FETCH 14I1435 5169 
SINE IN NS-88TE RESULT 

1940 IM8E% REGISTER 
881(4 BYTE O OPERRN 1 
90796E1 61'1E CF 1838402 
C£C3NfL MUST RESAT 

6188 8568 CF6781. 5189.98 0992 F- STORE RESULTING BYTE IN CPR. 
0189 8563 1871 Ka RS 5612 WINCH IT 4471 NAVY 
9118 8565 17 RETC.tN RETURN 
8111 • 
8112 6566 388598 1812 851A, CN C5V COMPARE OPR1 111111 OPR2. 
9113 • (NRG411EL45 Orly, 
8114 8569 9139( 3880. L 1 138 1 611666 IF OPR1 	r 11R • D1T42 
8115 8568 8418 ülOt.RB H •8 FE1144 MIMR SIGN 
6116 8560 8C9rr, (DA. kQ STORE IN 95-851E OF RESULT 
8117 
N t6 OFR2 _CPR( __' OFR2 
9119 85578 8764 1983 1381,R3 1E181-1 10410 IM'E:. REGISTER 
8128 8572 66785 9.421 1i74A.88 1882 R; TETCH BYTE C4 °PER170: 
8121 8575 846788 511E0, 88 0991.P; SIRTRR 1 881E Cr L1PCR801 
8122 8579 94 DIN, R9 DE(1N9 THAT RESULT 
6123 1379 C86765 5189, 08 tYR2, R3 STONE RES1IING BY16 
8124 8571. F874 BIîRR.R_, SKI BROOCH IF NOT B5419î 
9125 157E 17 PET(.1N 951119 
8126 • 
6127 9578 48 061 14(1 NITWIT C TOYER81(41 
8128 • 
8129 8898 F30 

1019. 454K18 ERFi1R5 , 8616 

8881 
8882 
8883 
9904 
8885 
8886 
6697 
8688 
141169 
8818 
8811 
8812 
991? 
8814 
8815 
8616 
861.' 
*18 8666 
84T19 6861 
8828 BBK' 
6621 888'5 
8822 BBBR 
8623 0062 
8824 8981 
8825 (488 
8826 B8B2 
8827 6688 
8826 8881 
8829 8892 
8838 8883 
9831 
8832 
8835 
9834 8885 
6835 
8836 8868 
96;.' 
8838 6788 
6839 8765 
8846 
6841 6768 
T4147 
8C•+3 
8844 
684` 
9846 8569 8589 
8647 8582 9764 
6844 8564 66798 
8849 9587 E86795 
8856 CM 18K 

11FEi1 856( 17 
8851 8561,.1 

895, 858E F874 
*54 8518 81 
A455 9511 17 
~+. 

• 

BPFRNTI06 111TH MY. 
LOGICPI MARC CLFJBt 8066311 

1:LEFR 98 
FITOI SIM O OPEP1802 
CLEAR 511281 OF OFFFlw2 MiEALT) 
MD 1F OPR2 NOT NE811116 
FETCH 5104 Cr OER1i01 
MO IF OFR1 N0T FEONTIVE 
fETC14 NIKE 5104 
STORE 1N 6S-ENTE RESLL.1 

1881+1.P92-)1PR22 
CLEAR CNRY 

LINO IMO REGISTER 
CLEM INTE70Y1E-MARY 
86101 BYTE O OP47A401 
ILO OFFSET 
1191411991E-CARRY T0 CARRY 
000 BYTE O 0968(2 
DECO*. FLOSSY RESULT 
STORE WAVING 881E 
CHIDS' (4INTERBVIE-ŒRRY) TO RL 

CLE1R (*8 
64 iF NOT IEMY 
M424 18 MIRA 
REHLRN 

Figure 7 
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Figure 10 

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. 

DIVIDEND: DIVISOR 	DIVIDEND, 
REMAINDER 

Parameters 

Inpu t  • 
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 

Output: 
DVDN, DVDN+1. DVDN+2, etc., contain 
quotient. 

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

Dividend is destroyed after division. 

Overflow is detected. 

OPERATION: 
Prior to the division, which in itself is an 
insigned operation. the signs of the remain-
-fer and nuotient are determined. Because 
the division can result in a zero quotient 
and or remainder. the possibility of a "mi-
nus zero !s excluded by tests. If the divisor 
s zero overflow is detected. 

Refer to Figures 10 and 11 for flowchart and 
program listing 

riRSGNI-  MS byte  RMDR 

RF TURN 

( 	, - MS•byte RMDR 

(  RETURN ) 

FLOWCHART FOR DECIMAL DIVISION OF SIGNED INTEGERS 

Enter SGOV 

OPERATION' OVDN.DVSR - DVDN, RMDR 

INITIALIZE PSI. 
• operations with carry 
• logical compere 

Sign DVDN - RSGN 
Sign DVDN®Sig, DVSR- OSGN 

Clear sign DVDN 
Clear remainder RMOR 

Nutes 
• excluding sign-byte 

divisor 

+'a 	j 
MSD 	LSD 

MSD 	LSO MSD 	LSD 

f+.1 	,.(I 	I 

remainder 	dividend 

quotient 

SNFL 

Shift RMDR. DVDN 
one digit left (4 bits) 
O- LSD o1 DVDN 

COMP 

No IRMDR 
'DVSR'' 

RMDRI• (DVSR I• - RMOR• 

IDVDNI I - OVON 

I 	• -  MS byte  OVON 
r— 

NXOG  
R21 • 	- 	142 

OSGM - MS byte DVDN 

R21 O 

RMDR O' 

1 

(OVERFLOW)  

t  
2 v LENG 	R2 

FIXED POINT DECIMAL ARITHMETIC ROUTINES AS55 
2650 MICROPROCESSOR APPLICATIONS MEMO 

HARDWARE AFFECTED 

RAM REQUIRED (BYTES): 	(3 x LENG) + 4 

REGISTERS 
RO 
X 

R1 
X 

R2 
X 

R3 
X 

R1' R2' R3' 
ROM REQUIRED (BYTES): 	144 

MAXIMUM SUBROUTINE 
NESTING LEVELS: PSU 

F II SP 

ASSEMBLER/COMPILER USED: 	TWIN VER 1 0 
PSL 

CC 
X 

IDC 
X 

RS WC 
x 

OVF 
X 

COM 
X 

10 	 signet= 



DECIMAL DIVISION FOR SIGNED INTEGERS 

TWIN 9693111.1911 VER 1 8 	 RBE 11M 

LINE MOO OBJECT E SaRCE 

1881 
1862 
*3 
8844 
1185 
MK 
887 
BIN 
089 
NSI 
8811 
6812 
893 
6814 
MIS 
916 
417 
8418 
8419 
108MO 
8821 Bell 
422 MA 
8423 643 
6824 6803 
425 6862 
8026 8481 
8127 8884 
8828 981 
829 8842 
838 888 
831 880 
932 6903 
433 
434 
935 
936 8885 
N37 
6)38 6)N 
939 
946 879 
941 8765 
8642 
943 
6644 8788 
845 0788 
946 8711 
947 9712 
948 

8858 8717 

6A52  
IPS: 
8854 
8855 
8856 
857 
956 
959 858 (x6786 
8869 8583 (88711 
8861 8586 6704 
6862 6568 NEW 
6663 6568 15 
864 0548 16 
0665 859 F879 
966 6588 17 
8867 
968 
6869 
974 
6871 
6672 9518 7788 
8873 
974 8512 6407 
975 6514 6588 

• M764684 

• MEIN . 81815111 FOR SiOED INIEBERS 	 • 
• MISERS NIE 1N PACKED BCA 5111-Nü1111EE /.111104 • 

• OFERNT118 
8161006 D15159 -) DOM* WORMER 

• 8881016 IS IN 16140Vp41.891882. ETC. 
• DIVISOR IS IN DKR.DVSI.LDV56.2. ETC. 
• 66TIENI IS IN Dkp1.DVDN•LDYCN•2. ETC 
• RENRIM 00 IS IN 6/06,16.149+1,1101.2.  ETC 
• DIVIDE/. IS OESTNDI0 AFTER DIV1510N 
• DVON.DVSR P/. *2 FRE 4051-5181FIO111 IVIES. 
• 1118114 OF MISERS (IN IVIES) IS cam NY 1E96 
• KIM #Œ 1 211 81 (63 
• 15-BYTE ILLUS 5148 1NF1D4118 N'N' FOR 4, N'ES' FQ - 

• BEFINIT185 88 SWIMS 

R8 	EQI 	1 	PROCE550R OE615TER5 
81 WU 1 
R2 ECU 2 
83 ECU 3 
N: EQI 6'6)' 

	

COL EAU 	14'12' 
C EOU 6'01' 
2 EOU 1 
• EOU 1 
N ECU 2 
EO EOU 8 
LT EW 2 
8 EOU 3 

• PRIOE7FR5 • 

	

LNG HU 	5 	LENGTH 88 KENOS (IN IVIES) 

• 48G 	11'780' 

	

080. RES 	1041 	RE OIDIA 

	

DWI AS 	LEM 	DIVIDE1 
• NOIE 10O 660 DVON 18151 848 IN 51Bfsç514 
• MI LOC101O5. 41(48) E OF 0060E-111838 SHIFT 

	

DVSR RES 	LOG 	DIVISOR 

	

114' RES 	2 	121600MY gam FOR 916E55 

	

058 485 	1 	848110111 5101 

	

1501 RES 	1 	ROCKER SIGN 

• :l)8R11T148 10 TEST KERN() FOR 200 • 
••••••w• 

. OPFPRB F1ADESS RST BE IN 90,01 (81O1.LO11 FDO( ) 
• ALL BYTES [KEPT 15-BYTE (•518) FJE TESTED 
• C181TION 790E 60[0105 8 IF OPERAND RG ZERO. 

588E WINO PODRESS 

L010 14EX REGISTER 
FETCH 881E OF OFE81O 
RETURN 1F POSITIVE (6141) 
RETURN 1F IEOITI4 ((7.11) 
8868(64 IF 0.l NOT RESTED 
80136 NIM CC41 

.....044•44.44******14. 
• DIVISION P600B8 • 

• 0401•1401•1•••••••w• 

SEiDv PPSL 	16.CO1 1iANTIO6 MIM U08Y, 
• MM. C@PRt15011 

LODl.18 NvSP 	4118-PDOPFSS DIVISOR T0 18 
LODI.R1 VW 	LONH 9D8ESS 018158 TO RS 

476 1516 NI54 	6511418 12E0 	TEST 0191501 FDR 2100 
6177 6519 1[6995 	8110. 2 OKI 	848034 1F 2ER0 
8878 651C 6(8765 	1068 RI DVO4 	FETCH 5111 D1V10E1O 
979 6316 CC8712 	510.0.18 8511 	5141E 18 RENAMED 5148 
10N 1572 2[6710. 	EOM,( DVS( 	1816✓: EY-Cit MIN DM S148 
1101 6525 CC1711 	SMIRK I6O8 	SBVE IN QUOTIENT SIGN 
1882 8521 21 	 MK RI 	CLEF( R1 
1883 8629 8716 	1061,43 L18*1 	1O8 13(08( 8415108 
8804 1528 CF4718 	CIJN MILK 10R, R3. - [IFN 1]4811018 RO 6148 DVD( 
1163 852E 4871 	BRML 03 0.8N 	60.418 IF NOT DOE 
1186 	 • 
1187 8571 1688 
	

14I.R2 LOG.LENG MISER DF DIGITS TO LOOP MINTER 
M4 
149 	 SHIFT 84454411 4 SITS LEFT 
1891 	 • 	 INSERTING 21045 IN LS-BITS 
1891 8532 1604 	5101 1061.81 4 	LOO 811 00121100 
1892 8534 758 	908 IIP S1 	C 	CLEW CMS. 
8893 8536 8788 	MI. 03 1188•LEM 10O INDEX REGISTER 
494 1538 884788 	510) 1000.08 108.83,- FETCH BM 88 300./84/8 
8895 8638 DB 	 Rl)L.80 	80181E LEFT 8114 (118V 
8196 0530 CF6711 	5188.0.4 180..83 RE5TORE SHIFTED BYTE 
8897 8531 4877 	810.03 61NF1 	684(814 IF 831 /.1 9111766 
8191 4541 F971 	818.81 966 	688()1 IF 4 BITS NOT 41111) 

TOTAL 95176LV OROS = B68P 

Figure 11 

1MIN %5SOR B PER 1 8 	 PANE NE 

LUE FOOD 131EC1 E SOURCE 

11118 45SENBL16 VER 1 0 
	

PIE 6863 

111E 8400. OBJECT E $44181.0 

8110 
8181 
8182 8543 859 
8183 
8184 8545 8214 
6115 8547 88679 
61K 1546 ¢678* 
818: 654D 1882 
818 6646 Li 
819 6558 L1 
8118 8551 F674 
8111 8553 61 
6112 8554 1818 
8113 
8114 
0115 
9116 8356 7761 
8117 8558 8784 
9118 8558 88678 
0119 8536 886788 
8128 864 34 
6121 8561 CF6798 
8122 6564 F974 
0123 
9124 8566 978799 
0125 8569 D98 
8126 BSbP (C179 
0127 856E 1853 
8128 
8129 1678 F948 
0130 8572 E8711 
9131 8575 6487 
6132 8577 8584 
8133 8579 3F478 
8134 857C 9882 
1135 057E 868 
8136 859 CE8785 
0137 6563 6E671: 
6131 8686 047 
6139 B59 15N 
6140 8688 368586 
8141 0568 9682 
8142 658E 8G8 
0143 8591 CE876) 
0144 8594 1" 
0145 
8146 9595 40 
6147 
1148 89 

LLN04'RE PR* 461, MP TO TEST 
IF SUBTFTTCTIB IS POSSIBLE • 

LODI.F1 8 	(LEFR #1. 6-0IT 1 Ri BEC01E5 
• I FOB PM* ; MSR 

Lml.R3 1EI16-1 	LOR, INDE% REG151E8 
CONE 104i.R8 NDR P' FETilI BYTE 1 RE4NI48EF 

COIA•91 DVSR V. CAW N)TN BYTE 1 DIVISOR 
BE18.EO Om 	I600 IF EQR. 
5851 	 ('SL TO 89 
6117 	Pi 	̀!M1E PSL IN P1 

(O11 SDK R: ((NB 	BPFNEH 1F ALL EWES MT TE57ED 
1002 	PS 	FETCH STATUS OF C9916158 
BCT8.11 41:04 	WOO IF 88R : WSR 

5081M4C1 DIV1588 FR8 
0E111106E0 0111(011 885-906. 

PPS!. 	( 	C1.ER( MON 
ld)I.R-s lEN4-1 	I1OO( 81015ÆR 

J.RI, 1008. R6 MR. R'. FETC11 BYTE 1 91111/.ER 
516R08 WW1; 06T08(T 941E 1 DIV150X 
048.R6 	NOW IDJIST BEiIIT 
5188,89 MCC R3 RESTORE 1N 8E1AItOFk 
BDIiB•R: $U80 	BRANCH IF NOT FfFLN' 

1008.18 DVD14.1E346-1 FE401 LS-8V1E WOT1Elrt 
8114.06 4.2 	INCREASE R4  
STR8116 64016.94r1 NESTOR 199E1ENTED OI6TIE111 
4C1P.18 re* 	WHY FOR 4EXT CUER(ISOM 

NOG 8148. ki 961 
	

8418(14 IF 81815101 NOT SINN 
LOD9 R2 058 
	

FET(N SIGN QUOTIENT 
LODI.M 110D•1 
	

NIGH-FUOE55 OUO111611 00 P4 
LOD1 	‘DVB 
	

L(0F 908E55 ODOTIE141 10 171 
05TRLN 12ER 
	

TEST IF 40118111 15 :EfG 
68F1,2 5105 
	

886804 IF NOT 2ER0 
LODI.R2 
	

1~ER+ 0.8 
5T05 S1RR 92 M1N 
	

ST(BE S18 IN 6S-8Y1E oval 
LOO8.R2 RSGN 
	

FE104 REMINDER S18 
LmL. R9 :184 
	

Nib-NOOE55 6EI6190 TO RI 
1001.0.1 MIIMP 
	

LOF 10UBE55 8E6110E6 TO 61 
85T0.48 TOP 
	

TEST IF 8E2619EE 15 2ER0 
DCFR : 5115 
	

BRP8CT4 IF /.T ZERO 
1CO1. R7 8 
	

CLEW IC 
5145 5180.12 188 
	

ST00E SI48 IN NS-ATE 18R 
8E1C. UI 
	

RE1UM 
• 
OWL Mt 
	

0848001.01 LOC8418 
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