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FIXED POINT DECIMAL ARITHMETIC ROUTINES AS55 
2650 MICROPROCESSOR APPLICATIONS MEMO 

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 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. 

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

0 = 0000 
1 = 0001 
2 = 0010 
3=0011 
4 = 0100 

5 = 0101 
6 = 0110 
7 = 0111 
8 = 1000 
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 OO,o
through 99,0. For instance, the number 15,0
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: Garry (C) and Inter-
digit Carry (IDC). During execution of any 
arithmetic instruction, both flags are set or 

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

• The Carry (C) flag is set as a result of a 
carry (or no borrow) out of the most-
significant-bit (bit 7) of the affected regis-
ter Rx, and hence out of the 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: 

2316 + 5616 = 79,6; 

but 
1816 +3516 =4D16. 

Since the binary codes 1010 (At6) through 
1111 (F16) 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 digits) which gener-
ate aborrow 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. 

SETTING THE CARRY AND INTERDIGIT 
CARRY FLAGS 

PSL 

Register Rx 

v  ~ 
Most ~ significant 

BCD digit 

PSL =Program Status Word Lower 

Register Rx can be any CPU register 

~ ~ ~ 
Least ~ significant 

BCD digit 

Figure 1 

TRUTH TABLE FOR DAR INSTRUCTION 

BEFORE: DAR, Rx AFTER: DAR, Rx 

Rx Rx 

C IDC MSD LSD C IDC MSD LSD 

0 0 a b 0 0 a+10,o b+10,D
0 1 a b 0 1 a+10,o b 
1 0 a b 1 0 a b+10,o
1 1 a b 1 1 a b 

NOTE Figure 2 
IDC is not added to the upper digit in the 'a*10,e' operation. 
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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, multiple-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 15,0, (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 digitsum operatessimilarly, with 
the C bit controlling the final correction. 

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

I n 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 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 previoussec-
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. 

2650 MICROPROCESSOR APPLICATIONS MEMO 

PPSL C 

LODA,R3 OPR1 

SUBA,R3 OPR2 

DAR,R3 

STRA,R3 RSLT 

PPSL WC+C 

LODI,R3 LENG 

DSUL LODA,RO OPR1,R3,-

SUBA,RO OPR2,R3 

DAR,RO 

STRA,RO RSLT,R3 

BRNR,R3 DSUL 

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

CPSL C 
PPSL WC 
LODI,R3 LENG 

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

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

s;~nnt~cs 

CLEAR BORROW 

FETCH FIRST OPERAND 

SUBTRACT SECOND OPERAND 

DECIMAL ADJUST RESULT 

STORE RESULT 

Example A 

ARITHMETIC WITH CARRY, CLEAR BORROW 

LOAD INDEX REGISTER 

FETCH BYTE OF OPERANDI 

SUBTRACT BYTE OF OPERAND2 

DECIMAL ADJUST RESULT 

STORE RESULTING BYTE 

CONTINUE LOOP IF NOT DONE 

Example B 

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

Example C 

CLEAR CARRY 
ARITHMETIC WITH CARRY 
LOAD INDEX REGISTER 
FETCH BYTE OF OPERANDI 
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 

3 



FIXED POINT DECIMAL ARITHMETIC ROUTINES AS55 

Method 2: In this method, the complete 
addition is handled on abyte-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 isalso simplerto 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. 

CPSL 
PPSL 
LODI,R3 
LODI,R1 

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

2650 MICROPROCESSOR APPLICATIONS MEMO 

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

OPR2,R3 

RSLT,R3 

DADL 

CLEAR CARRY 
ARITHMETIC/ROTATE WITH CARRY 
LOAD INDEX REGISTER 
CLEAR INTERBYTE-CARRY REGISTER 
FETCH BYTE OF OPERANDI 
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 

GENERAL ADDITION FOR MULTIPLE-BYTE, UNSIGNED BCD NUMBERS 

Method 2 

En[er DADD Baer ADOD 

OPERATION. 
OPERANDI + OPERAN D2+RESULT 

Method 1 

INITIALIZE PSL: 
Clear carry 

• Operations with carry 

t
Load index register 

w,th length o1 operands. 

Clear in [erhyte-carry. 

DADL 

Decrease Index, 
Fetch byte of OPR 1, 

indexed. 

i
Add H'66' offset. 

i 
I nterbyte~carry y carry 

1
Add byte OPR2, indexetl. 

t
Decimal adjust result-

1 
Store resulting hyte 
in RSLT, indexed, 

i 
Carry interbyte-carry 

Clear carry. 

INITIALIZE PSL: 
• Clear carry 
• Operation with carry 

f
Load index register 

w,th length of operands. 

ADDo 
Decrease index 

Fetch byte of OPR 1, 
Indexed 

Add H 66' offset. 

i
Store resulting byte 
in RSLT, indexed. 

Load index register 
with length of operands 

Figure 3 

 r ADD1 

Decrease index. 
Fetch byte of RSLT, 

indexed 

i
Add byte of OPR2, indexed 

Decimal adjust result, 

f 
Store resulting hyte 
in RSLT, indexed 

Ves 

CRETURN, 

SIGN-MAGNITUDE NOTATION 

sign magnitude 

~~~ / 
~ 

one byte 18 bits) 
H~ 

+/ I~ MSD 

`vim 
most significant 

byte 
~_~w 

a s;~nnt~cs 

--► most-significant BCD digit 

►  not used 

►  sign: H'D' is +, H'F' is 

Figure 4 

1 

LSD 

~~ 

least-significant byte 

least-significant BCD digit 
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2650 MICROPROCESSOR APPLICATIONS MEMO 

BCD ADDITION AND SUBTRACTION ROUTINES 

TNIN itSSEMBLER VER 1.8 PRGE 8801 

LINE ADGk OBJECT E SOUkCE 

8681 
8882 
BBB3 
6684 
EBBS 
BB88 
8887 
860& 
BBB9 
BBSB 
8811 
0012 
8813 
aela 
BB15 8888 
8018 8081 
0817 8882 
8818 BBB"s 
BB19 8808 
8620 BB01 
BB21 BBB3 
6822 
BB23 EBBS 
BB24 
BB25 0886 
8626 
8827 6788 
8828 8185 
8829 8708 
BB3B 
8831 878E 
8832 
8833 
8834 
8835 
8836 
8637 
8838 8450 BFB7BB 
8039 0453 8766 
BB4B 8455 8FW85 
8841 8456 97 
BB42 8/59 Cf87Bfi 
8043 
BB44 
BB45 
BB46 
BB47 
BB48 
BB49 8450 BF8766 
0858 895E HF8785 
BB51 8162 97 
8852 8463 CF070R 
BB53 

+ W76B667 
+++a+s+++ .. .... ++p 
+ DECIMAL HDDITION/SLBTRHCTI(N FOk POCKED-6tD + 
++art++++++++++++ptwwa»wp~saaa~wsw+s 
+ OPERATION: OPERIi1D1 +/- CPERAN)2 —> RESULT 
+ OPEkWDl IS [N: OPRI, OPRI+I, OPR1+2 ETC> 
+ OPERHND2 IS IN: OPR2, OPR2+I, OPR2+2, ETC. 
+RESLLT IS IN: RAT,RAT+I,RAT+2, ETC. 
+ OPRI, OPR"e ka RAi RRE MOST-SIGNIFICHR BYTES. 
+ HLL MAL~EfCa ARE OF EBUAL LENGTH (IN BYTES). 
+ LENGTH IS UEFINEDBY: LEND 
r 
+ DEFINITIONS ff SVT60L5: -
+ 
RB EBU B PROCESSOR REGISTERS 
Ri E8U ! 
R2 EBU 2 
R3 EQU 3 
NC EOU H'BB' PA: S~IITW B=HITH0111' CAFRS' 
C E6U N'01' CARkS'/ti0RR0i1 
UN EBU 3 BRHNGI CONDITION: UNCGDITIONAL 
Y 

LENG ERU 5 LENGTH OF OPERHOS/RESULT IN BYTES 

+ CRG H'760' FHRFfETERS 
+ 

OPRS RES LENG OPERRNUS 
OPR2 RES LENG CPERHNDl 
RAT RE5 LENG F~SULT 

ORG H'458' 

aw+mua4arw~caw»sww+as+w•••••rrr~•m 
* ADDITION OF UNSIGNED SINGLE-BYTE BCD NLIIBEPS + 

rs+a+  .~ ~ vw 
+ OPERATION: OPEItF1L1 + OPERIM42 —7 RESULT 
r 
IIDD LODPo R3 OPRS FETCH FIRST OFERHI✓D 

ADDI. R3 H'66' FOD OFFSET FOR BCD HDD 
fD0A, R3 DPR2 !bD SECpO OPERFMD 
01R, R3 DECIMl~ ADJUST RESULT 
S7RH, R3 RAT STORE RESULT 

s 

+ SUBTRACTION OF LNSIGNED, 5[NG1E-BYTE BCD NUMBERS + 
+aatsa+m+m+u ... ... .... .. . .... 
+ BFERHTION: BPERPtIdi - OPERkL2 --7 RESULT 
r 

SLBT IODIL R3 OPR1 FETCH FIRST OPER(I!D 
SIBW R3 DPR2 SUBTRACT SECpO OPERFfO 
OFR, R3 DECIMIL ADJUST RESULT 
STRA, R3 RAT STORE RESULT 

+ 

Figure 5 

TNIN HSSEMEIER VER 1.8 F'FICf 6B8t 

LINE ADDR UBJECT E SOI.kCE 

6&55 
8056 
8857 
6058 
8055 
8060 0466 7561 
8661 8468 ?768 
BB62 6466 8785 
0663 6460 8586 
0064 046E 6F4700 
8665 6471 8466 
0666 84T5 51 
6667 6474 BF67B5 
ee66 can 9a 
BB69 6478 CFe?BR 
8870 6476 DS 
8671 6470 5676 
8872 
8073 
BB74 
BWS 
BB76 
8077 
8878 
8879 617E 7581 
0880 0486 7786 
6301 846[ 6765 
BBK2 0484 BF47B8 
8863 0467 $466 
8~4 8489 CFc7BA 
EBBS 6480 SB76 
eeB6 606E x765 
8887 8490 BF478A 
8060 6493 BF67B5 
8889 04% 94 
8096 6497 CF67BA 
BB91 8496 5674 
889<' 
8893 
8894 
6895 
8096 
8097 
8096 
6099 8490 7789 
BSBB 649E 6785 
8181 84AB X4788 
BiB2 0483 HF6785 
8183 84A6 94 
6184 d4A7 Cf67BA 
6185 WHT 5674 
8186 
6187 8000 

++++++aaa+ss+++ra+++s+u<+++++++++++++++++++++s+++ 
+ Ir7DITI0N OF UNSIGNED MULTIPLE~14'TE BCD NiRBERS + 
++a++++s++a++sr++++r+++a+cr+++++++a+s++rr++++s+ssa 
+ OPERATIGN'. OPERAIbi + OPERAMl2 —i kESULT 

OADD CP51 C CLEAR CA(&V' 
PPSL NC FkITHETiC/kOTATE NITH C(ft<±V' 
1001, R3 LENG LOlr/ INDEX REG15TEk 
LODI, R1 6 fa.EAR INTER9Y'TE-CAf~P,' 

UADL LODA, R6 OPkL R3.- FETCH BYTE OF OPEkPNUI 
HODL kb H'66' fi6D OFFSET FOP. 8CD HDU 
RRk, k1 RESTORE INTERBYTE-C7f~2V' TO C 
HUGH, R6 OPR2 R3 HOU BYTE OF OFERRID2 
BAR.RB ~ DECIMAL ADJUST kESUIT 
STRA, R6 kAT, R3 STORE REAITING BYTE 
RkL, R1 SITYE INTERBYTE-Cf(dN 1N kL CLEFR C 
FdQk, R3 DPDL BRANCH IF NGT REAO'7 

+ 
mn++s+r++++++++++x++++i»+s:+rsr++w+++++.++:++ 
+ FUDITICN aF UILCIGTED MLITIPLE-BYTE BCD NA6Ek5 r 
+ ALTERNRTE lET410D + 
M++++++i++iRtt++tt#+tq++i+++ttt+N++k++t+++++i+++ 

+ OPEkATION~ OPEF6ND1 + OPERA{A2 --> RESULT 

lIIOD LASL C C1.EPr± CARkY 
PPSL NC fRITHMETIC NITH CAfE2V 
LOCI. k3 LENG LO40 INDFX f~GISTFR 

HDDB L0U(t R6 OFR1, k3,-FETOH BYTE OF OPERflILi 
A001, R8 H'fi6' IiDU OFFSET FOk 6CU-(UU 
STTdt RB kAT, R3 STORE INTERMEDIHTE RESULT 
BRNk k3 A6U6 6F6M4CH If ALL B57E5 NOT kEiOV 
LORI, R-s LEND LCiY) INDEX kEGISTER 

ADDS LODA, k6 RAT, k3,-FETCH BYTE OF INTERMEUINTE SUM 
PDDFU R6 OFR2, k3 fW BYTE CF OPE(dID1 
DAR, RB DECIMNL FDJUST RESULT 
ST16i, R6 k91T, k5 STORE kESULT 

• BWR, R3 FOPf ERANCFI TF flL BYTES H7T Fffr1V 
+ 
+ 
+++++as+++++++++++++us 
+ SUBTR(CiION OF UNSIGNED MULTIPLE-6WTE 6Cb NUMBERS + 
++++r++++ra ... .. .... . 
+ OPERATIUN~ OPERfM♦bi - OPER(i02 --S kEA.IT 
Y 

USUB PPSL NC+t ARITHMETIC NITH CARRI'. L1EFR BORRON 
LOU1. R3 LENG LOAD INDEX i~GISTER 

DSUL LOOA,RB OPR3,k3,- FETLH BYTE DF OPERIML 
SLBA, RB OPk2, k3 SUBTRACT BYTE a OPERA102 
DAk, kB DECIMIL ADJUST RESLLT 
STRH, RB kSLT, R3 STOfd: RESLlTIN6 BYTE 
EiRf(G k3 DSiL BRHNLH IF NDT RE(DI' 

+ 
EHD B 

TOTAL flSSEK1V ERRORS = B6B8 

5it~tlL~tiCs 5 
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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 result are of equal length, as defined by 
LENG. 

OPERANDI +/- 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 opposite signs. I n this case, the subtra-
hendand minuend for the 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 

Enter SGAD 

scnD 

Enter SGSU 

CHANGE SIGN OPR2 

INITIALIZE PSL: 
• Operations with carry 
•Logical comparison 
•Clear borrow 

OPR2 < O 

No 

+SIGN TO RESULT 

LBLO 

OPR1 <O? 

ADD 

V es 

ve: 

Clear carry 

/OPR1/+/OpR2/RESULT 

HALT OVERFLOW? 

( RETURN 

/OPR1/ 
s /OPR2/? 

—SIGN TO RESULT 

LBL1 

/OPRt/ — /OPR2/RESULT 

t 
RETURN, 

Operations: 

SGAD: OPR1 + OPR2aOPR2 

SGSU: OPRt—OPR2aOPR2 

Figure 6 

SIGN TO RESULT 

OPR1<O? 

—SIGN TO RESULT 

Note: /OPR1/ =magnitude 
of OPR 1. 

/OPR1/ 
/OPR2/? 

—SIGN TO RESULT 

0 

/OPR2/ — /OPR1/~RESU LT 

RETU RN~ 

HARDWARE AFFECTED 

REGISTERS 
RO 
X 

R1 
X 

R2 R3 
X 

R1' R2' R3' RAM REQUIRED (BYTES): 2 X LENG 

ROM REQUIRED (BYTES): 127 

PSU 
F I I SP MAXIMUM SUBROUTINE 

NESTING LEVELS: 1 

ASSEMBLER/COMPILER USED: TWIN VER 1.0 
PSL 

CC 
X 

IDC 
X 

RS WC 
X 

OVF 
X 

COM 
X 

C 
X 

6 s~n~t~es 



FIXED POINT DECIMAL ARITHMETIC ROUTINES AS55 
2650 MICROPROCESSOR APPLICATIONS MEMO 

DECIMAL ADDITION/SUBTRACTION FOR SIGNED INTEGERS 

THIN RSSEM6LFR YEk 1.6 FiuE 6661 

LINE ADOR 06JECT E SUlfit£ 

0881 
6882 
BBB3 
BBB/ 
0885 
BBB6 
0067 
0086 
8665 
%SB 
6811 
BB12 
6413 
ABU 
8815 
8816 
BB17 
081E BBB6 
BB19 EBBS 
BB2B B0B2 
BB21 0803 
8022 BB68 
BB23 8882 
8624 0881 
6825 6886 
BB2d BBB2 
8027 BA88 
BB28 ABB1 
AB29 BB62 
0838 8663 
BA31 
AB32 
803"s 
0634 EBBS 
AB35 
AB36 BBBB 
8637 
BB38 6788 
8039 8765 
BB4B 
BBIS 8788 
BB42 
BB93 
6844 
BB45 
BB46 8568 6588 
8047 BSB2 6781 
BB4B 0584 BF67B8 
BB49 9587 EF6765 
BBSB 8508 1882 
8651 ASBC 13 
8852 BSBU C1 
8853 BSBE FB74 
BB54 8510 Bl 
Bess 6su v 
8656 

• Po76081i6 
ssr.+•sa•s.rasnssrsas••sts.sea~aaarwsr•+r*rw•sw 
+ DECIM(L fODIT10N/SIBTRNCTI4N FOR SIGNED-INTEGERS 
• NUIBERS ARE IN FAC>;EU BCD. SIGN-MFSif4ITLE4: NOTATIGN 
sarssss••••a•srssssssssrr•s• 
• OPERBTION - UFERHDI +/- OPEfR1D2 --> CPERH02 
s CPEkSf01 IS iN~ GPRS. fkklaL OPRl+2 ETC. 
OPERAND2 IS IN: OFR[, CPTCtaL CFR2+2, ETC. 

r 41L'DIFFERENCE IS IN~ OFR2. GPR2+S. uPk'[+2 ETC. 
OFERND2 IS DESTROYED AFTER ADD/4bTRACT. 

r OPRI, OPR2 ARE HOST-STGNIFICAHT BYTES. 
r LElYiTH OF NU16ER5 (IN BYTES) IS DEFINED BY~. LENG 
• FLLOIED RH4GE. 1 C LENG C 255. 
• NS BYTE HOLDS SIGN INFOfdWTiGN: H`B6' FOk +, H 'FB' FOR -
• 

s DEFINITIONS ff SV1[gLS: 
r 
k9 EW B PROCESSOk REGISTERS 
RS EBU 1 
k2 EW 2 
R3 EW 3 
NC EBU H'88' PSL: 1=LATH. (r=NITH6Uf CTRRV 
COM E6U H'82' 1=L6GIG 8#~RITH COIfffE 
C EW H'B1' tANRV/BOF4tON 

EflU 8 BkH4CH fAN61T10N: 2ERG 
N EW 2 NEGRTI~E 
EB EBU B EBL4L 
GT EBU i GREATER TIH! 
LT EBU 2 LESS 1HIW 
UN EGI 3 UNCOIOITIOIrI 
• 

• PHNI1ETEfiS r 
• 
LENG EW 5 LENGTH OF OPERf1()S CIN BYTES) 
s 

ORG H'7BB' 

OFRS RES LENG OPEIff1D1 
OHC1 F55 LEND 6PERkD2/kES11LT 
s 

OR6 H'SBB' 
• 
tr••tWt•••fM•Wt :. .. .......... .... ... .. ip 

• SL6ROUTINE TO C'OIPIWE OPERIWI NITH OPE'RAN02 (UPDATE CS) 
rrwwr•ta»aaaaarwaar••aa•ar+nwam»rr•wtwa~vaa» 
CV12 LOUL R1 0 Ci.EFR RL NS BITS HtE USED TO SAYE CC DBTB 

1001. R3 LENG-1 LOA6 INDEX fd:G 
CONE LODA,RB OPR1,R3 FETCH BYTE Ff OPERI401 

LUMi, R6 OPk'1. R3 
BCTR. EB CONS 
SPA 
STkZ RS 

17111 WRR. Rs Cp18 
LC62 R1 
kere, ux 

s 

COIP(iRE NITH 6VTE t)F OPERffD2 
DRHICN IF EBUAL 
PSL TU RB 
SAJE PSL IN RS 
6RANCH IF TILL FNTES NOT TESTED 
UPDATE CC NI1H STA1115 CpPIftE 
RETUN 

THIN ASSEMBLEk YER 1.8 PRGE BBB2 

LINE fiDDk OBJECT E SUUkCE 

8&57 
BB58 
B6`i9 
8668 
BB61 8512 BCB7B5 
0062 6515 24F8 
BB63 0517 Lt87B5 
8864 
8865 
BB66 

r•rrss•rr•sassarsrrra•••a•arrrs 
• Sl6TRACTION FCF' SIGIEU INTEGEkS • 
ri~kt•rrrrritHkprrgi•••i•••rrp 

SGSU LODIL k6 OFR2 FETCH SIGN OF OFERiB4D2 
EOkI, RB H'FB' CIY14(iE. SIGN 
STRN, k8 OPk2 RESTORE 51(14 OF OPERAW2 

raarar•aaararaw••ww•ssssssr 
• ADDITIpI FOR SIGNED INTEGERS • 
••rs•sa•r•rrstarv~a~4rrwr 

Figure 7 

BB67 6518 7766 
BB6B 
6669 651C 28 

5C11D PFSL NCaCOINC 

• EORZ RB 

OPERATIONS NITH CfWRS', 
LOGICAL CdP4KE. CLEfk 6TFRf1l 

ClEfk R6 
BB78 051D BD8785 LU06, k1 OPk2 FETCH SIGN OF OPEAHD2 
8671 6626 Ctif765 STRF, RB OPk2 C1.FAk SIGN OF (FEftl102 (dlE41LT) 
8672 6523 9823 6CFR,N LBL6 6RHlLH IF OPR2 NOT NEBATIYE 
BB73 8x25 8C87BB L00(C RB UPRS FETCH SIGN OF OPERHOi 
6674 652& 5630 6CFR,N LBL[ BRHICH IF OPRS NOT NEGATIVE 
687; 65b1 64F9 LUDI, RB N'FB' (ETCH MINUS SIGN 
8876 852C Li:6765 STRA, R6 OPR2 STCRE IN MS~YTE RESULT 
8877 
6878 052E 7581 IUD CPSI t GPkl + iPR2 —> OPR2 
8879 a CLEAk CARRY. 
BBBA 8531 8764 IODI,R3 LENG-1 L6FD INDEX fiEGISTEk 
8881 8533 8566 LODI. RS 6 CifAk INIERBVTE~(RRY 
8682 6535 8F676B fDDB LODA, RB OPR1. R3 FETCH BYTE OF GPER41O1 
6083 ~ 8466 AODI,RB H'66' f00 OFFSET 
BBB4 8538 51 kRR, RS INTEfBVTE~AFQtV TO CARRY 
6085 6536 6f67B5 FDOA, RB CPR2 k3 4♦OD BYTE OF OFERH02 
8086 853E 54 DpL RB DECIIYL fD1U5T RESULT 
8667 653E CF67B5 STRA, RB OPR2, k3 STDf~ RESiLTING BYTE 
BBBB 0542 US RRL, R1 LAFRS' (=[N1Efd3YTE{1YYtV7 TO kL 
6885 • CLEAft CHtRY. 
BB98 8543 F67B BDkk, k3 ADOB BRPIICH IF NOT REII61' 
BB51 8545 5656 6CFR.2 OYFL BRANCH IF OVERFlg1 
8892 8547 17 RETC. UN RETUkN 
689's • 

THIN RSSEMELEk YEk 1.8 

LI1f FUDR OBJECT E SUUkCE 

Fi1GE 6661 

66551646 6Gti'B6 LELB LOUR, R4) UFRf FETCH SIGN ~F GFEkH[d 
6096 CRAB 9662 6CFk,N FDD BJ<4fY:H IF uFk1 NOT NEGATIVE 
6057 6`.AD 3F95BB BSTA, UN CG12 i ijlfiFE ikki NITH UFR2. 
0690 (MAGNITUI£S ONLY> 
BB59 6556 551E 6CFk, GT L6t3 BkAN;H IF 9Fk1 <. CF = TG DFk[ 
BSBB 0552 B4F6 IODLR6 H'F6' FETfN NIM15 SIGN 
6161 65`8 CC970`. STkA, k6 UF'k2 STOkE IN NS-6VTE RESULT 
0182 
6163 UFki - OFf2 --i GFk2 
0164 f>J57 6784 LBLi LWi, k3 LEHG-1 LfXiD INDEX FEGISTEk 
6185 6555 6F6766 4132 LODA. k6 OPR1. E:3 FEip1 BYTE GF OPERFNUI 
6186 6550 fTF67&5 S1)BF6 F9 OFkL k3 SIkTRFf.T E4'TE Cf OPERkL[ 
8107 BSSF 94 DFk, RB DECINFI f~JUST fN:SIIT 
6180 65GB CF67T>J STRA, RB OFR2. k3 9Ti.6E kESIATING BYTE IN OPk2 
6165 9563 F874 60TQt, R3 4112 6kif1[H IF IGT kF(OF' 
6110 0565 17 RETC, LN kETUkN 
e1u 
8112 6566 3F85BB LBL2 BSTA. UN C012 COLFFkE CRR1 NITH OFR2. 
0113 (MRFNITUDES OILY) 
8114 6564 9660 BCfR, LT LEl1 6R1r4CH IF OFR3) OR = OF'f~L 
8115 6568 84F6 IDDl.R6 H'F6' FETCH NiNUS SIGN 
8116 656D CU47(>v STkA,k6 OPR2 STCKE IN NS-BYTE OF kESULT 
6117 
0116 OF42 - OPRi --i LPR2 
8119 X76 6764 L6L3 LOU1.R3 IENG-1 LOAD 1NCfX f~GIS1Ek 
6120 8572 BF6765 SU21 LODA, RB 9Pk2. R3 FETCH BYTE if CPEfff1L"1 
8121 8575 Ff67B0 SL6(t RB UPRi. k3 SUSTRFCT BYTE OF OPE(41D1 
0122 8578 94 DAR,RB DECiNAL (OAIST RESILT 
8123 8579 CF6765 STRN, kB OFR2. R's STCkE RESIITINfi BYTE 
6124 857C FB74 FLkk, k3 SU21 8F511CH IF NOT AffDV 
6125 6v7E 17 RETC, LN RETUFM 
6126 
612(' 657E 46 OrFL HflIT ARITMlETIC UrERFLON 
8120 
6129 6080 ENU B 

TOTFL f55EN6LV EkROkS =6088 

s~nnt~cs ~ 



FIXED POINT DECIMAL ARITHMETIC ROUTINES AS55 

2650 MICROPROCESSOR APPLICATIONS MEMO 

Program Title 
DECIMAL MULTIPLICATION FOR 
SIGNED INTEGERS (PACKED BCD) 

FUNCTION 
Multiplication of 2 decimal integers insign-
magnitude notation. 

Multiplicand, multiplier, and product are of 
equal length as defined by LENG. 

MULTIPLICAND X MULTIPLIER ~ MUL-
TIPLIER 

Parameters 

Input: 
Length of numbers (in bytes) is defined by 
LENG. 

MPLC, MPLC+1, MPLC+2, etc., contain 
multiplicand. 

MPLR, MPLR+1, MPLR+2, etc., contain mul-
tiplier. 

Output: 
MPLR, MPLR+1, MPLR+2, etc., contain 
product. 

Multiplier is destroyed after multiplication. 

Overflow is detected. 

OPERATION 
Prior to the multiplication algorithm (which 
is an unsigned operation), the sign of the 
product is determined. The multiplication 
gives adouble-length result, of which only 
the least-significant half is retained as the 
product. If the most-significant half is une-
qual to zero, an overflow is detected. A 
"minus-zero" is excluded by means of atest 
for zero product. 

Refer to Figures 8 and 9 for flowchart and 
program fisting. 

FLOWCHART FOR DECIMAL MULTIPLICATION OF 
SIGNED INTEGERS (PACKED BCD) 

Enter SGMP 

OPERATION: MPLC x MPLR—►MPLR 

INITIALIZE PSL: 
•operations with carry 
.logical compare 

r
Sign MPLC ®sign MPLR 

—►SIGN 
i

Clear sign MPLR 
Clear extended MPLR IEMPR) 

i
2 x LENG—~R2 

NXDG 

Least-significant digit 
of MPLR+Rt 

yes 

(MPLCI~+ (EMPRI--►EM PR 

t
IR11-1—►R1 

I 

SHRG(~ 
Shift EMPR,MPLR 

one digit right (4 bits) 

IRzI 1—►R2 

~
IEMPR) 

r MS-byte 
MPLR PO? 

V es 

OVERFLOW ~ (RETURN, 

MSD 

multiplicand 
~~ 
~~-
MSD 

LSD MSD 
LSD 

LSD 
+~~ 

extended multiplier 
multiplier 

without sign byte 

Figure 8 

product 

HARDWARE AFFECTED 

RAM REQUIRED (BYTES): (3 X LENG) + 1 
RO R1 R2 R3 R1' R 2' R 3' 

ROM REQUIRED (BYTES): 111 REGISTERS 
X X X X 

F I I SP MAXIMUM SUBROUTINE 
PSU NESTING LEVELS: None 

ASSEMBLER/COMPILER USED: TWIN VER 1.0 CC IDC RS WC OVF COM C 
PSL X X X X X X 

$ s;~n~t~es 



FIXED POINT DECIMAL ARITHMETIC ROUTINES AS55 
2650 MICROPROCESSOR APPLICATIONS MEMO 

DECIMAL MULTIPLICATION FOR SIGNED INTEGERS 

THIN BS-sEMBLEk V'Ek 1.6 FRGE 6881 

LINE BUUF' CE:fECT E SiakCE 

6661 
6862' 
6%s 
6664 
6865 
6866 
6687 
6666 
6865 
bii6 
6611 
6612 
6613 
8614 
6815 
8616 
6817 
8018 6886 
6915 9861 
A02O 9992 
8821 6683 
6922 6688 
8823 9802 
6624 0661 
BB25 8865 
9626 BB83 
BB27 
6828 
6829 
8939 BBBS 
CA31 
6332 8686 
0833 
6834 6780 
6835 B7B5 
6836 0788 
8837 
6Bstf 
8839 078E 
6848 
6841 
BB42 8710 
6843 
BB44 
BB45 8586 7708 
6646 856'[ BC67% 
8947 BSBS 2C878H 
9048 9586 CC87BF 
9045 0588 28 
9959 6590 6786 
BB51 658E Cf47~i 
eesz esu 567e 
8853 8`,13 86BR 
0054 8515 BD87BE 
8855 0518 450E 
BCf6 BSSH 1826 

* F9760885 
Yp4RR+lit#it#RNtRtgkNViiiiiiiiiip#tYiiiYitpiNii 

+ UECIMFL MATIFLICHIIUN FUR SIGNED-INTEGERS. 
+ NUM6Ek5 FF~ IN PHUJ:D BLL, SIGN-lYIU7I71pE NOTHTION i 
iittiitltiYiittititgpttkNititiiitkt4tfYlHRtN*qRi 

r CFEkliTliN: MULTIPLICf11D X NILTIFt1ER --i ILLTiFLIER 
+ MRTIPLICAND IS [N-. NPLC, IFLC+I, MFLC2 ETC. 
i MLlTIPLIER IS IN. IPLFb Kik+1, MPLk+2. ETC. 

FROUl1CT IS IN-. MFLk~IPLR+I, MFLR+2, ETC. 
+ NOLTIPLIEk [S DESTRUVEU HFTER MULTIPLICATION 
+ MFLL. 1{'Lk FRE HOST-SIGNIFICANT BYTES. 
• LENGTH OF NLIBERS (IN BYTES) IS DEFIED BV: LEND 

BLLONFD RhGE. 1 < LEND C b5. 
• MS BYTE REPRESENJS SIGN M'86' Flt +, H'FBT FOR - 

• DEFINITIONS OF SN00L5-

RB EYU B FROCfS50k-REGISTEkS 
RS E&U 1 
R2 E811 2 
k3 E6U 3 
NC EDU H'AB' 
CLM EW H'62' 
C EGU H'01' 
2 E8U B 
UN EDU 3 

+ FARAMETFRS 

PA: 1=iI1TH, 6=411THpJT CfY&V 
1=LUDIC. ~HkITH COfPARE 
CARRViBORRpI 

BRBNCH CON6ITION ZERG 
UNCDIDITIpFI 

LEND EW 5 LENGTH CF OFEF3fO5 (BYTES) 

+ URG H 788' 

IPLC RES LEND MILTIPLICf1O 
EMPk kE5 LEND EXTENDED MULT[Fi[Ek 
MPLR RES LEND 11LTIPLIER 
+ N6TE: EMPR k0 M%R MUST BE IN 4rfFSSIVE
• RH'I LUCRTIOHS FOR DOLE-LENGTH SHIFT. 
SIGN RES 1 TEMPURAkS' SIGN 
s 
+ iiliigiiYiipitiif+iViq 

CRG H'SBB' a MULTIFi1CHT ION FROf#M 
r+isiiiiiiiiiaa+-a»ii+s+s+ 

+ 
S(IF' PFA NL+CCN DPERHTIDNS NITH CFlkRV', LOGILAL COMPHE 

LFOH, RB IFLC FETCH SIGN MULTIFLICPfO 
EORF6 RB M%R THO: EX~IR NITH SIGN MULTIR[ER 
STRR, kB SIGN SAVE PRODUCT SIGN IN SIGN 
ELRZ FH CLEPk RB 
LODI~R3 LEND+1 LfrO INDEX REGISTER 

CiEM STRA, RB EMFR, R3,- CLEPR EXTEIOED MATIPLIER 810 SICK OF MILTIPLIER 
6kNR, k3 CLEN 6RHIICII IF NOT DIRE 
LORI, R2 IFNGKENG LDAD L6LP COUNTER NITH NIRBER OF DIGITS 

ICyG LOUH, RS MPLR+LENfrl FETCH LS-BYTE MILTiPUER 
ffOL RS H'6F' CLEIR NS-01GiT 
6CTR•Z SFkG 6RANCH IF LS-0IGIT IS ZERO 

Figure 9 

THIN H55EMBLER VER 1.N 

LINE HDUk CHJECT E SUIf(CE 

8858 
6659 
6868 ~,iC 7501 
8651 051E 0704 
6862 6526 BF6765 
6863 0523 6466 
BB64 8525 Cf6765 
6865 6528 F876 
8066 B52H 0704 
8067 6520 0F678; 
BB68 852E BF6780 
BB69 8532 94 
6878 8533 CF6765 
6871 8536 F874 
8872 6538 BC8785 
BW3 6538 8468 
8074 653D Ctb7B5 
BB75 0548 F95A 
8876 
BB?7 
8678 
6879 8542 9584 
8666 0544 7501 
BBel 8546 67F6 
0882 8548 6F666F 
0083 0546 SB 
BBB4 8540 CF668F 
gibes es+F oen 
88% 8551 F971 
0067 
BBBB 8553 FH4B 
8089 
6898 
BB91 
8092 8555 6706 
0093 8557 BF4705 
6694 8`.+56 9813 
6895 655L 5679 
8096 055E 6784 
BB97 6560 AF67BH 
0896 8563 5863 
8899 0565 F675 
61% 8567 17 
eiei 
BSB2 0568 BC876F 
8183 6666 CC878fl 
8184 056E 17 
8185 
8166 056E 48 
a1e7 
6186 8888 

i 

FlUNC CFSL C 
LCDI, k3 LEND-1 

FLV16 LUUFE k6 EIFk, ks 
NDUi,RB H'66' 
STkH, k6 EIfR', k3 
60fd(, k3 HDNB 
LC6L k"s LEND-1 

F0M1 LUDH, R6 EMFk, k3 
FDOR, kB MFLC, k3 
fXlk. RB 
STRH, RB EMFk. R3 
BDRF. R3 FalIS 
LCOH, RB EMFk 
HrUI kfi 6 
STRA, RB EMW 
6UFSo ki (ONO 

FADE 6662 

HUD NULTIFiICFNU Tll EXTENDED 
M,ITIFi IEk NRHLUT SIGN 

CLENk CAfS'Y 
LLPfi INDEX REGISTER 
FETCH BYTE OF EXTENDED IALTIFtIFk 
HDD OFFSET FLk LfCINIi FOJUST 
RESTOF.E INTERNEUIHTE 5111 
BRFNLN IF RLL ELATES NOT kE(0Y 
LGFO IHCEX REGISTER 
FETCH e4TE LF INTEWEDIHTE SLW 
RDD FNTE OF MLI.TIFi]CFiO 
DEC lMRL HUJUST RfSLIT 
STL'RE RESULTING BYTE 
Bk1NLN IF NUT f.fFUV' 
FETLN M;-64'TE E};TENUEU MULTIFLIEk 
FOU (AkkY 
RESTORE MS-WTE EXTENSfD MILTIPLIEk 
6kFNCN IF NUT RFfiYV NITH DIGIT 

k 

+ SHIFT EMF4 Fi0 MFLR UNE DIGIT 
i F95ITICN kIGHT (4 61 TS) 
SSRG LODi~kl 4 LCFO LOOP CGIITER 
SHR43 CPA C CLEHR CFRRS' 

LOOI.k3 -LEND-LEND LOHU ALEX fifGISTEk 
SNRS LOU(G RB EMPR-2`6+LENG+LEHG. R3 FETCH BYTE uF EXTENDED MLLTIFLIEk 

Rfdc, RB ROTHTE kIGHT NITH CF4iR'S' 
STRR, RB EMPR-[56+LENG+LENfi R3 RESTORE BYTE 
61kk, R3 SHki BRHIGI [F Fit NGT sli1FTEU 
60RR. RS SHRB C42fl11LH IF 4 BITS NUT SHIFTED 

E4X(k, k2 H)0Ci 6kFNCH IF HLL DIGITS NUT FfFOV 
s 
• TEST FCR OVEkFLW; UYERfLOiI IF 

(EMPki CR MS-EVTE MFLR fRE UME8UF1 TU ZERU 
LOUL R3 LEND+1 LUHD INDEX kEGISTEk 

TUVF LUDH, kB EMFk, R3,- FETCH BYTE OF EXTENDED MFLR 
6CFk,Z GVFL BRpICH IF NUT ZERO 
BRNR, R3 T6VF 
L(DI, R3 LEND-1 

TZER LUUR,RB MPLR.R3 
BCFk,2 F416 
B6f&, k"s TZER 
kETC. UN 

i 

F518 LODH, RB SIGN 
STRN, RB MFLR 
kETt, UN 

04f1 HFiT 

END e 

TOTfi HSSEMBLV ETQtORS = BBB6 

6RHNCN IF FLL BYTES NUT 1ESTED 
TEST IF FROCYICT=6; LC41U INDEX. 
FETCH BYTE OF FROUICT 
6RFNLN IF HUT ZEBU 
BRFNUi IF FLL BYTES NOT TESTED 
FRODI3CT=6; SIGN kE1WI1r; ZERO. 

FETLH PRGULCT SIGN 
STORE IN MS-0YTE MPLk 
RETLRN 

il(tITHMETIC UVERFLON 

s~nnt~cs s 



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. 

DIVIDEND: DIVISOR -~ DIVIDEND, 
REMAINDER 

Parameters 

Input; 
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 
unsigned operation, the signs of the remain-
der and quotient are determined. Because 
the division can result in a zero quotient 
and/or remainder, the possibility of a "mi-
nus zero" is excluded by tests. If the divisor 
is zero, overflow is detected. 

Refer to Figures 10 and 11 forflowchartand 
program listing. 

~OVERFLOW~ 

Notes: 
= excluding sigmbyte 

divisor 
~ti~ 

+/-

MSD LSD 

MSD LSD MSD LSD 

i- +i-

`—~~ ~~~ 
remainder dividend 

r 
quotient 

2650 MICROPROCESSOR APPLICATIONS MEMO 

FLOWCHART FOR DECIMAL DIVISION OF SIGNED INTEGERS 

Enter SGDV 

OPERATION: DVDN:DVSR ~ DVDN, RMDR 

INITIALIZE PSL: 
• operations with carry 
• logical compare 

No 

Sign DVDN ~ RSGN 
Sign DVDN®Sign DVSR+OSGN 

r 
Clear sign DVDN 

Clear remainder RMDR 

i 
2 x LENG ~ R2 

SHFL 

Shift RMDR, DVDN 
one digit left (4 bitsl. 
O —LSD of DVDN 

SRl? 

Ves NXDG 

(RMDRI'—IDVSRI` RMDR` 

(DVDNI+1v DVDN 

+—MS-byte DVDN 

+— MS~byte RMDR 

RETURN 

/OPR/ =magnitude operand 

Figure 10 

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 

F I I SP MAXIMUM SUBROUTINE 
PSU NESTING LEVELS: 1 

ASSEMBLER/COMPILER USED: TWIN VER 1.0 
PSL 

CC 
X 

IDC 
X 

RS WC 
X 

OVF 
X 

COM 
X 

C 
X 

10 .Sl~n~tl~iS 



FIXED POINT DECIMAL ARITHMETIC ROUTINES AS55 
2650 MICROPROCESSOR APPLICATIONS MEMO 

DECIMAL DIVISION FOR SIGNED INTEGERS 

THIN AssElid_Ek YER 1 e PRLE ban 

LINE IDDR UBJECT E SOURCE 

BBB1 
B8B2 
8803 
BBB4 

ABBS 
8806 
BB67 
BBBB 
8889 
BB18 
8811 
8812 
BB13 
BB1/ 
ABSS 
8816 
8817 
8818 
BB19 
BB2B BBBB 
8821 BBB1 
BB22 8882 
8823 BB83 
AB24 8888 
BB25 BB82 
8826 8881 
BB27 8886 
BB28 EBBS 
8629 BBB2 
8038 8088 
60'si BB82 
8032 8883 
BB33 
8834 
8835 
8836 BBBS 
8837 
8838 BB88 
8839 
BB4B 8788 

8841 8785 
8842 
8843 
8844 870A 
80/5 870E 
8846 8711 
A0/7 8712 
8048 

• Pp76B8B4 
a«saaa+raa++ra++awssrtsassrs+aaaaawrassa 
• DECIMAL DIVISION FDR SIGTfD INTEGEkS 
s Nlf8ER5 ARE IN PRClO:D BCD. Slft!-MNGIIITUDE NOTATION + 
sasasrtrsu+ssamaasaaa4aaaaw+raawa 
s OPEkATION. 
r DIVIDEND D[VISGk --> DIVIDEND, fffJFINDER 

«DIVIDEND IS IN: [1rDI1, DVDN+L WDIH2, ETC. 
• DIY[SOk IS IN UYSR, DVSR+I, DVSR+2. ETC. 
+ p10T1EHT IS IN~. DVDFL DVON+I, DVDN+2, ETC. 
• REMIIIIDER I5 IN. RIpR, FBDR+L RMDR+2 ETC. 
• UIVIDEND IS DESTROYED AFTER DIVISION 
+ GYDN, DVSR RID TAOR NFa: MOST-SIGNIFICIMIT BYTES. 
s LENGTH OF NCM4:R5 (IN BYTES) IS DEFINED BV: LENG 
+ IELOIED RHIGE: 1 < LENG < 65. 
+ MS-BYTE NpDS SIGN INFORINTION: H'BB' FOR +, H'FB' FOR - 

• DEFINITIONS (i SYMBOLS 

RB 
ki 
~ 
R3 

EBU 
EAU 
EAU 
EQU 

B 
1 
2 
3 

PROCESSOR AEGISTtIb 

NC EQU H'BB' PSI SMITH, 8=11ITFgUT CRRRY 
CON EAU H'B2' S~OGiC, B~(RITH CpPFRE 
C EAU H'B1' CFF&V/BORRpI 
2 EBU 6 BRtMdCH COIO. : 2ER0 
P EBU 1 POSITIVE 
N EDU 2 NEGRTIVE 
ED EBU B EBUAL 
LT EW 2 LESS TH(N 
UN EQU 3 UICOIDITIONAL 
+ 
• FARRMETERS s 
« 

LEND EW 5 LENGTH OF OPERFTDS (IN BYTES) 

URG 

R10R REA LENG RENAINDER 
DYDN RES IENG DIVIDEND 
• NDTE: RMDR AND DVDN MUST BE IN StfrfASIYE

WW LOCATIONS, BECA115E OF ODL6LEiENGTH SHIFT, 
DVSR RES LEND DIVISOR 
TEMP RES 2 TEMPORAkI' STORAfiE FOR ADDRESS 
GSCiI RES 1 QUOTIENT SIGN 
RSGN RES 1 REMAINDER SICK 

iNIN A55ElFlER YER 1.8 PAGE BBB2 

LINE PDDR OBJECT E SWRCE 

BB58 Wli 
BB51 
BB52 
BB53 
6654 
8855 
BB56 
6857 
8656 
BB59 e50e xa7BF 
BB6B BSB3 LOB718 
AB61 8586 B7B4 
BB82 B5B8 BFE7BF 
8863 BSBe 15 
8864 6580 16 
8865 eseo Fen 
BB66 B5BF 17 ) 
AB67 

6866 
BB69 
6878 
8071 
een esle neR 
8873 
0074 8532 8467 
BB75 8514 85BR 

OAG H'SBB' 

sssssassrssss«sa+rsa«s+ssaaassssa 
r SOBRWTIIE TO TEST OPERAID FOR 2ER0 « 

•+«a++sr 
• OPERfkD ADDRESS MUST BE iN RB, RS (HIGH, LON fDOR.) 
« RLL BYTES• Ek'CEPT MS-BYTE (il(YI) fFE TESTED. 
« CUIDITION CODE BECOMES BB IF OPERWD NAS ZERO. 

T2ER stRa Re TElF SAYE aPERwD ADor~ss 
SIRA, RS IEMP+i 
IODl,R3 IENTri LUD INDEX REGISTER 

T2E0 LODN, RB s1EMP, R3 FETCH BYTE OF OPEIMitD 
RETC.P RETUN IF POSITIVE (CC~l) 
RETC,N RETURN IF NEGATIVE (CCiO) 
BORR,R3 T2EB BRANCH IF ALL NOT TESTED 
kETC,IN RETURN NITH CC=68 

r 
+ rraraassrnsara 

+DIVISION PROCRhI 
• awxr+«rs+aas«ra 

scDv PPSL Nc.con 
+ 

LODI, RB CWSR 
LUD1, k1 >DVSR 

oPERATtONs NtrH a~tY, 
LOGICAL COIPFQISCN. 

NIGH-tNORE55 DIVISOR TO RB 
LON• ADDRESS DIVIS(N TO R1 

8876 6516 3F65BB 
8677 6519 106595 
BB76 BSSC 606785 
8679 851E 0011712 
BBBB 9`22 2C87BN 
6681 8525 000711 
BBB'[ 8528 28 
8863 8529 B7B6 
8084 8528 CF47BB 
8885 852E 5878 
BB86 
BB87 8538 8688 
BB88 
BB89 
8898 
8091 8532 6584 
8892 8534 7581 
BB93 65?6 B78R 
8894 8538 BF4788 
BB95 X38 D0 
BB96 8530 CF6786 
ee97 653E 56n 
6898 8541 F971 

BSTA, UN TZER 7EST DIVISOR FOR ZERG 
6CTft Z OVFL Bi'pCH IF ZERO 
LOGIL RB DVDN FETCH Sitll DIVIDEND 
STRR. RB TGGM SRVE IN I+EMAINDER SICK 
EORA,kB DYSR TfKE EX-0k NITH DYSk S1fA 
STRA,k6 BSlil SAVE IN pIUTIENT SIGN 
EDRZ RB CLEAR R8 
LOm,R3 lENG~l LOAD ILEX TiEfi15TER 

CLRM STRA, RB kMDk, R3,- CLEAR RFJFINDEk FID SIGN DVDN 
6RIR. R3 CtTal 6kFfICFI IF NUT DONE 

LaDl, R2 LENG'LENG HU6Ek (f GIGITS TO LOOP COUNTER 
+ 
+ SHIFT kMDkiDVDN 4 BITi LEFT 

INSERTING 2Ek0E5 IN Li-BITS 
SHFL LORI, kI 4 lOID BIT C(NRITER 
SIfB LPSL C CLERR CRRkV 

16D1, R3 LENG+LENG LORD TIDE% kEGISTER 
SHFS LODR, RB RIFk, k3,- FETCH BYTE OF kMDR/DVDN 

AkL~RB ROTRTE LEFT NITH CHiRY' 
STRR. RB RM6R, R3 RESTORE SHIFTED BYTE 
BfQR, k3 SFFS BRANCH IF flL NUT SHIFTED 
BDRR, RS S1fB BRAIICH IF 4 BITS NOT SHIFTED 

THIN ASSEM6LEP YEk 1 8 FACE BBBS 

LINE Af-0R OBJECT 

6166 
6161 
x162 6543 6566 
6161 
6184 854.; 6784 
6165 8547 Ef67a1 
6186 654N EF676R 
6167 8546 1662 
619E ~i4F li
6195 X56 C1 

E 5C4FtE 

Y 
« 

CL4f' LOUI•FY 5 

LORI, k3 LENG-1 
LUM6 LC4)N, R6 RMDR, k3 

COIF, kB W+SR•k 
6LTk, ED CIN1 
SPt1 
STkZ FY 

Cq'F(FE NIF~ RNG Iri~k TO TEST 
IF SUBTFACTION IS FViSIBLE 

CLERF P.1~ MS-BIT CF k1 8ELC4ES 
1 FOR FWIR C fNSk. 

LC1f0 INDEX kEGISTEk 
FETCH BYTE OF kEMRINDEk 

Li4f4kE NITH I{,'TE OF DIVISOR 
8RF4K.4 If ECUfi 
F5L TO k6 
:!M1'E FSL IN RS 

6110 6551 F674 CONS BDRk: Fi i~Tf15 ekfNCH IF NLL 6VTES NGT TESTEL 
6u16ss e1 LOO2 ki FETf,H STRTUS OF ia7IPRRIiON 
8112 6554 iR1R 6tiTR, LT NXDG BRAN'.H IF RMCR C DYSk 
6113 • 
8114 + SUBTRACT UIVISUR FkGI 
6115 
eu6 6550 7781 

+ 
PPSL C 

REMNINUEk NITHUIT MSiNTES, 
LLEHt BOPR(N 

6117 6556 8764 LOD1, k3 LENG-1 LOFG INDE% REGISTER 
6116 855R BF6786 SLKO LDOA, RB kMW,R3 FETCH BYTE CF T~lFINDFR 
6115 6550 (f678A SUER. kB UY4±, R3 SlBTRRCT BYTE OF GIYISaT( 
8128 6,568 '34 DAR, R6 DECIMFi ADJUST RESIIIT 
8121 6561 CE6788 STTAL k6 R10R, R3 RESTORE IN REMAINDEk 
BSZi 8564 Fe74 BDkR, k3 9IcD BRANCH IF NUT kEfGV 
8123 
8124 6566 006785 

8125 6569 DBB6 
8126 6s6B 000769 
6127 656E SB53 
6126 
6129 &576 FR46 
8136 657z BEeni 
6131 8`i~ 6467 
8132 4577 6585 
8133 6575 3FBSB0 

LU6A. k8 UVUNLENG-1 FETCH liiNTE QUOTIENT 

eITRb k6 f+2 INCREF6E kb 
STkR: RO UH,W+LENG-1 kESTLf~ INCi~1ENTE6 QIIOTIFNT 
6CTk, UN CGf ERiM1U1 FOR NEXT aOMPAkISCN 

N%DG BDkR, k2 SNFL BRHICH IF DIVISION NOT RE(ili 
L(4>fi, k2 OSCN FETCH S[GN GIOTIEHT 
LODI~RB CDVDN HIGH-ADDRESS QIlOT1ENT TU k8 
LaL k1 :wvoN LC4F ACDkE55 QUOTIENT TU k1 
BSTR. LN TZER TEST IF BUGTIENL IS ~RD 

6134 6570 9682 80FR,2 STGS BRPNCN IF NOT iERO 
6135 857E 6668 Lam. Rz e CLEAR RB 
6136 6585 Lf6785 STQS STFA, R2 DV[N STOkE SIGH IN M5~5'TE DVCN 
6137 8563 6E8712 LODw k2 RSCN FETLH kEMAIIDER SIGN 
8136 asa 6467 LODI,RB (RfDf( NIGH-AookESE. kE1FINDFr( TD ke 
8135 BSFk~ 6566 LCOL Ri >fMf? 101E ADC4tES5 kEIFINDER TO Ri 
8148 BSBA 3F656B BSTA,UN TZEk TEST IF REMAINDER IS ZERO 
8141 658G 5682 BCFR, Z STRS BRANCH IF NOT ZEkCI 
614[ BSeF 6688 L061 • R2 0 CLEAR k2 
6143 6591 CEB7B8 STRS STRA, k2 kMDR STOkE SICK IN MS-BYTE A1DR 
8144 0.594 17 RETC, LN RETURN 
8115 s 
8146 8695 46 OVFL HIrT UYERFLCN LOCATION 
8147 « 
b140 8666 END 0 

Figure 11 

TOTF4_ ASSEMCa_V EkkORS = B6BB 

s~net~es 11 



FIXED POINT DECIMAL ARITHMETIC ROUTINES AS55 

ROUTINES FOR SIGNED 
FIXED-POINT ARITHMETIC 
As illustrated in Figure 12, the numbers 
used in these arithmetic routines are insign-
magnitudenotation with decimal point indi-
cation. The latter gives the number of deci-
mals, and has a minimum of zero and a 
maximum limit of 15orthenumberofdigits, 
whichever is smaller. 

The length of the numbers is defined by the 
number of bytes (including the sign byte) 
they require. This parameter can be modi-
fied 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 one routine is required in 
a program, considerable savings in the pro-
gram space required can be realized by 
breaking out common operations as sub-
routines. 

Program Title 
ALIGNMENT SUBROUTINE FOR FIXED-
POINT NUMBERS 

Function 
Aligns affixed-point number to the decimal 
point position indicated by the contents of 
register DPNT. Performs rounding as speci-
fied. 

Parameters 

Input: 
RO contains the high address of the oper-
and. 

R1 contains the low address of the operand. 

DPNT contains the required decimal point. 

ROUN contains the rounding constant: 
(ROUN) = H'00' for no rounding; (ROUN) _ 
H'05' for 5/4 rounding; and (ROUN) = H'09' 
for round-up. 

Prior to entry, WC in PSL must be 1. 

Length of operand (in bytes) is defined by 
LENG. 

Output: 
Aligned operand; rounded if specified. 

Alignment overflow is detected. 

Operation: 
The results of a fixed-point operation must 
be aligned to the required number of deci-
mals. By means of this aligning routine, the 
numbers are shifted left or right, if neces-
sary, until the appropriate decimal point 
position is obtained. This position must 
have previously been stored in a register 
designated DPNT. During left alignment, 
overflow can occur if anon-zero digit drops 
out of the most-significant digit position. 

12 
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During aligning it is also possible to perform 
rounding of the operand. This is done by 
adding a rounding digit to the most-
significant digit of the decimals which are 
truncated by the right alignment. This 
rounding digit must have previously been 
stored in register ROUN and gives the 
possibilities listed above. Since rounding 

can only be performed during right align-
ment, the required decimal point position 
must be less than 15 if rounding is desired. If 
the aligned result is minus zero, the sign is 
changed. 

Refer to Figures 13 and 14 for flowchartand 
program listing. 

FIXED-POINT, SIGN-MAGNITUDE NOTATION 

magnitude 
 f ~ 

one byte 18 bits) 
~—~ 

I'/_~DPTIMSD) 

~~~ 
most-significant 

byte 
~~~ 

) LSD) 

~~ 
least-significant byte 

~~~ 
least-significant BCD digit 

—► most~significant BCD digit 

1  decimal point position (hex) 

 ~ sign: H'O' is +, H'E' is - 

Figure 12 

FLOWCHART FOR FIXED-POINT ALIGNMENT SUBROUTINE 

Enter ALGN 

Save operand-address 
IROI, (R1) in TADR, TADR + 1 

Decimal point operands Rt 

Decrease decimal point: 
lRtl - 1-►R1 

Add rounding constant 
ROUN to operand 

Shift operand one 
digit right, excluding 
most-significant byyte 

Icarryl -► MSD 

ARDV 

Assemble sign operand and 
new decimal paint position (R1) 

Restore sign+ decimal point in 
most-significant byte operand 

RETURN 

s;~n~t~es 

OPERATION lon fixed-point operandsl: 
align 

OPERAND --► OPERAND 

+/- DPT MSD 
~~ 
one byte 

~~ 

LENG bytes 

V es 

Increase decimal point 
(R71+ 1~R1 

I
Shift operand one digit 
left,excl. MS-byte 

 1 

Assemble +sign and 
new decimal point position (R1) 

Figure 13 



FIXED POINT DECIMAL ARITHMETIC ROUTINES AS55 

2650 MICROPROCESSOR APPLICATIONS MEMO 

HARDWARE AFFECTED 

RAM REQUIRED (BYTES): 4 

REGISTERS 
RO 
X 

R1 
X 

R2 
X 

R3 
X 

R1' R2' R3' 
ROM REQUIRED (BYTES): 120 

F I I SP MAXIMUM SUBROUTINE 
PSU NESTING LEVELS: None 

ASSEMBLER/COMPILER USED: TWIN VER 1.0 
PSL 

CC 
X 

IDC 
X 

RS WC OVF 
X 

COM C 
X 

FIXED-POINT ALIGNMENT SUBROUTINE 

TNIN F65EMBLEk VER 1.0 FADE 8801 

LIRE AGDF UBJECT E SOURCE 

f1051 
9802 
9993 
9994 
9905 
0006 
9687 
8006 0808 
9899 BBBi 
BBSB 9662 
9911 0683 
0012 BBBB 
8013 8601 
9014 BBBB 
BBSS 6888 
0016 6881 
BB17 6082 
BB18 BBB3 
8619 
9828 
6821 
8022 8685 
0823 
BB24 8809 
0825 
0826 8448 
0827 BNS 
8028 8142 
BB29 
0038 8444 
0031 
0832 
8833 
BB34 
8835 
8036 

BB37 
0830 

BB35 
ae4e 
BB41 
AB42 
BB13 
8810 
BB45 
0016 0458 CLE442 
8047 0453 CD0443 
BB08 9456 BC@442 
BB49 0455 458E 
0050 0458 8684 
0851 0450 ED6449 
8852 

A053 8168 9RSC 
BB54 0162 20 
8855 0463 BCR442 
9856 0466 44F8 

• F676BBbF7 
#R#++##+i#+RR#ti##+#####Y#tt 

+ FIXEU FUINT FLIGTIENT SU6ROlITINE + 
###+###########i##ks+tt++si++ 

R 

# DEFINITIONS OF SYMBOLS: 
s 
k8 EW 6 FROCFSSCR REGISTERS 
RI EW 1 
R2 EW 2 
k3 EW 3 
NC EW H'BB' 
C EW H'81' 
Z EW B 
EG EW 8 
GT EW 1 
LT EW 2 
LN ERU 3 
s 
s FARRMETEkS s 
# 

LEND EAU 5 
# 

ORG H'448' 

DPNT RES 1 
ROU4 RES 1 
;RDR RFS 2 

ORG H'45B' STINT OF SL43RC41T[IE 

PSL 1=NITH, O=fIITHGIT CAfdtY 
CFRRS'iTiORRW 

BRANCH C'UFA ZEkU 
EWAL 
GREFTEk THEN 
LESS THAN 
UNCONDITIOFfl 

LENGTH OF OPERFND (BYTES) 

kEWIkEU DECIMIE POINT (8 THROLCRI 35) 
k9LMING CONSTRNT (6,5 OR 9) 
TE1P(RINY STORRf£ FOR fLORE55 

• 
+ OPERfIL IS fll(iIED TG OECIMHL POINT POSITION RS 
• INDILRTED BV REGISTER DENT. 
+ RAILING IS PETE'OWED UNDEk FCII(YING CONDITIONS 
• (k(I11) CONTR[NS H'B6' FOR NO kUILING 
• (Rf1JH) CONTRINS H'95' FOk SM RgILING 
# CROW) CDNTRINS H'89' FOR ROUO-iP 

+ (DPIfT) MUST 6f : 15 IF RIMING IS kEWIREU. 
s MI(ifENT-O'VERFLON IS DETECTED. 
# FRIOR TO EMkY ~. NC [N PSL MIST BE 1. 
s k8 CGNTRINS HIGNi'ODR OF OPERFM 
• ki CONTAINS LqF RDOR OF (PERkL 

DFM CONTRINS DECIMAL F9INT 
• RDLN CONTHTNK ROUNDING CONSTFNT 

RLCN STRA~RB TRDR SRVE NI-ftDORESS OF OPEFdMD 
STRA, RS TfDRal SRVE LO-FDDRE55 OF DPEkHO 
LODFb R1 •TFUR FETCH MS-BYTE OF CPERRL 
PILI, RS H'BF' REMD'VE SI(N, KEEP DECIMAL POINT 

TDF'8 LGUi~R2 4 LORD L(qF COINTER 
L(Ifb RS DPNT CCIFAFf RLTUfl DECIMRL POINT KITH 

• REWIRED DECiMfE POINT. 
6CFR, LT TDFY BRANCH IF EWRL OR T00 BIG 
EORZ RB CLEAR RB 
LODFDRB sTRDR,RB,+ FETCH MS-0]GITS DF OPERM 
ANDI, kB H'FB' CLEAR LS-0IGIT (TEST MSD = 8) 

Figure 14 

s;~n~t~es 

TNIN ASSEM:LER 'VER 1.6 

LIRE ADDk U6JECT E SOUitE 

6857 64F,2 9C64t8 
6958 9466 0568 
6859 
9966 
8661 6460 7561 
BB62 646E 6764 

0063 9471 9FE442 
6661 8474 D6 
8065 6475 CFE442 
8066 847$ FBr~ 
BB67 8476 FR71 
6866 0470 SBSD 
BB69 
6078 847E 5933 
8871 8480 FSAB 
6872 8482 EU6448 
68Ti 6485 9818 
6674 
6675 6487 7501 
607ti 8483 6794 
6877 6486 9FE442 
8678 816E 8466 
6079 94% E764 
6889 8492 989"s 
6881 0494 806441 
6882 6497 44 
6083 64% LFE412 
6084 84% FF6E 
6885 &9D 1602 
BBBti 
%87 
6888 B49F 7501 
6085 0481 0780 
6890 0463 BFR442 
6651 64A6 50 
6892 0467 CFE442 
0953 64NR E784 
6894 6490 %75 
%;j 94RE F(16F 
AB96 94E9 SF8458 
6897 
80% 6483 BEO442 
6899 8186 I6F6 
BSBB 8468 678/ 
8181 64EA 8FE442 
BSB2 0480 9803 
8103 846E F875 
8184 6401 C2 
0185 0402 02 
0186 BIC3 61 
BiB7 8404 [08442 
B1B6 8407 17 
8105 
9118 81CS 48 
6111 
9112 9686 

EtiFR,Z UVFB 
BIF.k, R1 f+[ 

+ 

• 

SFl6 CFSL C 
L001, k3 LEHG-1 

SFil LWR, RA kTADR, Rs 
kF1_, kb 
STRA, kb tTftk, k3 
EDRR, k? SHLS 
BGRF', R2 SHL6 
BCTk, UN TDF6 

TGF'1 BCfk, CiT RkDV BkfNCH IF DECIMHL PGiHT [S COkkECT 
6Dkk. kl t+2 GECRENSE L4=CIMFI FOINT 
CUIY7, kl GPNT TEST IF LS-DIGIT :S kCt.Id)ING DIGIT 
BCFk, EG SHkB BRANCH IF HOT 

t RDU (kOlRl) TU ROLNDING-DIGIT 

CPSL C aEAk CFflRS' 
LCUL k3 LENG-1 LCND IIDEX REGISTEk 

krN~ LCIGR, kA •TROk, k3 FETCH BYTE aF OPERf1L 
FWI, RB H'66' FIDIi OFFSET FUR EtiU FOU 
CUMI, k3 LENG-1 
BCFk EG RNDS 6Rff1LH IF NOT LS-6YIE 
FGGR, k6 kULN ADD HAILING Cf1L~TFNi 

kHD1 Dfk, kN DECIMAL fDJUST RESULT 
STkA, kB •TFDk, R"s R£STUF£ kfSULT 
BURk. F3 FH)8 Bf1}ICH IF RLL 6YTE$ NOT REPDV 
6CTR, LN SHRS 6RANCH TO RICiR-WIFi CPEkfID 

+ SHIFT OFERFNL CIE DIGIT kIGHT, 
EXCEPT MS-6YTE (SIGH+DFNT) 

SFi(6 CF'SL L OLEAR CRRRS' 
S4N1 LOCI, R3 6 CLERk ALEX 
SHk2 LODR, k6 sTFD'k, R3,+ FETCH WTE OF GPERAID 

RRR RB ROTATE kIGHT KITH CARRY 
STFA, RB sTR9R, Rs RESTORE 85'TE 
C4MI~k3 LEND-1 
BL£R, EO SMk2 6kfILH IF N.L NOT SHIFTED 
BDkR,R2 SHkb BRANCH IF 4 BITS NOT sl4IFTEU 
BCTR, UN TDPB PR(Npl FOR TEXT TEST 

FA(f 6882 

FNDV LC0A. R2 +TADk 
FMI~R2 H'FB' 
LC01, k3 LENG-1 

TIER LU)R, k6 kTfLk, R3 
BCFR,2 NZEF 
EmRk, R3 T2Ek 
STkZ k2 

HZER LWZ k2 
IUkZ RS 
STRt, kb sTROk 
FD:TC~ UN 

s 

UVF6 HR:T 

END 6 

TDTPL ASSEMBLY EkRORS = BB08 

6F.HICH IF Ft.IGNMENT fNEKLCY 
INCRENSE UECIM(i F~OINT 
SHIFT f1F£RWG iNE DIGIT LEFT, 

EXCEPT MS-6VTE (SIGH+GFNT) 
CLERk Cffd(S' 

LUf4 INDEX kEG 
FETCH FETE Gf GF£kkU 
RUTATE LEFT KITH CAff'Y 
kESTOkE 
6kfNCH IF FlL NGT SHIFTED 
6kH4CH IF 4 BITS NOT SHIFTED 
6kFNCH FUk IEhT TEST 

FETCH MS-BYTE OF OPERfL 
kEMfNE UECiMrY F6INi, KEEP SICH 
LOAD I4LfY: REGISTER FOR ZERO TEST 
FETCH 6YTE OF ALIGNED CF£RHL 
6kPNCH IF NON-ZERO 
6RICH IF FLL BYTES NOT GADS' 
ZEkU RESULT; GEAR SIGN 
FETCH SICK 
ASSEMEi.E SIGN F4L DECIMFi POINT 
STORE IN MS-0S'tE OF UPEkfM 
RETURN 

ALIGIIENT UYERFLGI 
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FIXED POINT DECIMAL ARITHMETIC ROUTINES AS55 

2650 MICROPROCESSOR APPLICATIONS MEMO 

Program Title 
FIXED-POINT ADDITION/SUBTRACTION 
OF SIGNED, PACKED BCD NUMBERS 

Function 
Addition/subtraction of 2 decimal fixed-
point numbers. 

Operands and result are of equal length as 
defined by LENG. 

OPERANDI +/- OPERAND2 i 
OPERAND2 

Parameters 

Input: 
Length of numbers (in bytes) 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. 

In the alignment subroutine, the decimal-
point position is in DPNT and the rounding 
constant is in ROUN. 

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

Result and operandi are aligned (and 
rounded if specified). 

Overflow is detected. 

Special Requirements 
Software: Fixed-point alignment subroutine 
ALGN. 

Operation 
Subtraction is performed by changing the 
sign of the second operand before entering 
the (signed) addition routine. Prior to the 
addition/subtraction of the magnitudes of 
the operands, both operands are aligned 
(and rounded if programmed), the sign of 
the result is determined and, in theeventthe 
operands have opposite signs, the subtra-
hend and minuend are designated. 

Refer to Figures 15 and 16 for flowchart and 
program listing. 

FLOWCHART FOR ADDITION/SUBTRACTION OF FIXED-POINT NUMBERS 

Enter FXAD 

FXAD  

Enter FXSU 

CHANGE SIGN OPR2 

INITIALIZE PSL: 
•operations with carry 
•logical comparison 

r
ALIGN OPR1 

t 
ALIGN OPR2 

OPR2<O? 
V es 

+SIGN TO RESULT 

OPR1-0? 

/OPR1/ + /OPR2/w RESULT 

HALT OVERFLOW? 

No 

RETURN 

/OPR1/ 

—SIGN TO RESULT 

Operations: 

FXAD: OPRI + OPR2 y OPR2 
FXSU: OPR1— OPR2-►OPR2 

+SIGN TO RESULT 

OPR1< O? 

—SIGN TO RESULT 

/OPR1/ 
/OPR2/? 

—SIGN TO RESULT 

LBL1 LBL3 

/OPR 7/—/OPR2/—+RESULT 

~RETURN~ 

0 

/OPR2/—/OPR 1/—►RESULT 

Figure 15 

r 
~RETURN~ 

HARDWARE AFFECTED 

REGISTERS 
RO 
X 

R1 
X 

R2 
X 

R3 
X 

R1' R 2' R 3' 

F 
PSU 

it SP 

PSL CC 
X 

IDC 
X 

RS WC 
X 

OVF 
X 

COM 
X 

C 
X 

RAM REQUIRED (BYTES): 2 x LENG 

ROM REQUIRED (BYTES): 151 

MAXIMUM SUBROUTINE 
NESTING LEVELS: 1 

ASSEMBLER/COMPILER USED: TVNIN VER 1.0 

14 s;~n~t~cs 



FIXED POINT DECIMAL ARITHMETIC ROUTINES AS55 
2650 MICROPROCESSOR APPLICATIONS MEMO 

FIXED-POINT DECIMAL ADDITION/SUBTRACTION 
FOR SIGNED, PACKED BCD NUMBERS 

THIN fC+SE14~ER VFR 1. 8 FACE 6661 

LIRE FDOk (EJECT E SOURCE 

BB81 
BBB2 
BB83 
B6B1 

EBBS 
BBB6 
8987 
BB% 
BBB9 
6816 
BB11 
BB12 
0613 
8011 
BB35 
BB16 
BB17 
BB16 
BB19 
BB2B 
BB21 
AA22 BBBB 
BB23 EBBS 
8624 BB82 
BB25 BBB3 
BB26 BBBB 
8827 BB02 
8828 EBBS 
8829 6088 
8639 BB82 
8631 0888 
8632 EBBS 
BB33 8682 
BB34 BBB3 
8835 
BB36 
8837 
BB38 8450 
8839 EBBS 
BB98 
BB11 8888 
BB12 
80/3 8788 
BB44 6785 
BB15 

s pp766882 
rrwvsswwwswwww•wawrwrrarwttswr• 

• FIXEDfi1INT DELINfI FDDITION/SLBTRACTI01 

• FOR SIGNED, PNCKED BCD N1.16ER5. s 
•wswtwasssssswstsssas••wwsassssttsnr 
• OPEkATI(N - OPERFfal +/- uPERf✓fD2 —> OPERRND2 
• OPERHOS IS IN. OPk1.OPk1+L OPRS+2, ETC. 
r OPERFM02 t5 IN OPR2. OPR2+I. OPR2+2, ETC. 
• SUH/DIFFERfNLf IS IN. OPk2. OFk2+1.OPk2+2, ETC. 
s OPEkkD'[ Is UESTROVED fFTER fDU/9UBTRRCT. 
r OFki, UPR2 RkE Ig6T-SIGNIFILTNT BVTES. 
s LENGTH OF NUM6Ek5 (IN BVTES) 15 DEFINED BV: LENG 
• RLLOED Rf44ff 1 (LENG C 255. 
+ MLf6ER5 NRE IN SIGN-MAG111 TLOE NOTRTIOH. 
• MS-BYTE HOLDS SIGN (♦f0 DELIIY4. POINT INFOWNTION: 
• SIGN IS IH NS 4 B1T5- H'8' IS +, H'F' IS -
• DECIIIIIL POINT [S IN LS 4 BITS B[NTkS' CODED, 
r RAIIGE (8 1HRU 15) EAUttS NUMBER W DEC11Y?L5. 

+ DEFINITIC445 OF SY160L5. 

RB EAU 0 
RS EAU 1 
R2 EAU 2 
R3 EAU 3 
AC EAU H'66' 
CCN EW H'82' 
C EAU H'BS' 
Z EAU B 
N EAU 2 
EA EAU 8 
GT EAU 1 
LT EAU 2 
UH EAU 

• FAR11fTER5 

PROCESSOR REGISTERS 

PSL: 1~1[TH, 8=41ITHOUT CRRRV 
S~OGIC, B~YcITH. COIPfNE 
CA(d•!1'iTfOFQ20Fl 

BRANCH COND. : ZERO 
NEGATIVE 
EALNL 
GREATER THAN 
LESS THfW 
LNCOIDITIONFL 

RLGN EAI~ H'458' WDRESS (f FLIGNETTI 9.8ROIITIIF 
LENG EAU 5 LENGTH OF OFff6il05 (IN BVTESi 

ORG H'7BB' 

OPRS (~S LENG 
OPR2 CAS LENG 

OPERH101 
OPERW02/F~SULT 

TRIM ASSEIBLER VEk 1.8 FR(f BBB2 

LINE RDOR UB.JELT E SU.RCE 

8647 A78R 
8648 
8849 
BBSB 
8851 
9852 9588 9588 
8053 
BB54 6582 6784 
6855 8564 BF67B8 
0856 95W ff67B5 
8857 8588 1882 
6658 6580 13 
8859 d59D CS 
8869 950E F674 

8861 8518 81 
BB62 0511 17 
8863 
9864 
BB65 
BB66 
8067 0512 800785 
BBGB 0515 61F6 
BB69 0517 008785 
8878 BS1A 17 
0871 
8872 
BB73 
8B7a 
BB75 

ORG H'S86' 

asrassr•sswrrwwswwrrswrasrrswwawswsssswrtwswwr 
r SL6fi9LR 11E TO COIPFfiE OF£RAIOf NITH OPERIYO2 (LP6HTE Ct) r 
ssasrw••uswwwssrrssasr . ..    
CD12 LOUT, k1 6 CLEAk k1; 15-01T5 ARE USED 

TU SArE CC INFORINTION 
LCFD INDEX REGISTER 
FETCH 6VTE OF OPERk01 
LON(f+E NITH 6YTE OF OPEFAND'2 
BRWILH IF EAlil 
PSL TO RB 
S(fif PSL IN RS 
6kRNCH IF HLL BVTES NOT TESTED 
UPDATE CC WITH STRTUS COfPfr,'E 
kETIFN 

LCO1, R3 LENCri 
COMB LUDW RB OPR1, k3 

COIN, k8 OPR2, k3 
6CTk, EA COMS 
SPSL 
STRZ R1 

00141 EDRR, R3 CCf16 
LOD2 k1 
RErc. LN 

rwwrwrswwwwrrsswwwrnarwaa»wra•r 
r SU6f9UTIlE TO SET SIGN OF RESLl1 TO NEGRTIVE s 
wrwsrssssssswwssssst•cwnswsewrwswsasrsa 
SSGN LODN, RB OPR2 FETCH SICK OF RESIIi 

[OR1, RB H'F6' SET HEGATiVf SICK 
STRA, RB OPR2 RESTORE 
F£TC, UN RETURN 

wa•aa~wsasrrrwwwwr 
s FIXED-POINT $L6TRRCTION 
•awtrrtrtrrwwtwaswww 

6676 0516 808785 F%SU LUD(i,RB OPR2 
BB77 651E 24F8 EOR1, k8 H'F6' 
8676 6526 CLB7B5 STkA, kB OPk2 
BB79 r 

BBBB s 

BB61 r 

6882 r 

6083 
8084 0523 7788 FWtr FFSL IIC+CAN 
8085 6525 04W LWI. R9 COPRS 
BBB6 0527 0506 LGDI, ki )UPR1 
8087 0529 3F8456 BSTR, UN RLGN 
BB88 B52C 0487 LORI, FE 
BB89 952E 8565 LORI. RS )OPk2 
8898 8530 3FWSB BSTA, LN RLGN 
8091 8533 808785 LCGL RB UPRZ 
6892 0536 CS STRZ kl 
0893 8537 448E F4L1, RB H'BF' 
BB94 0539 CtA765 STE61,R6 OPR2 
8895 6530 BS LCO2 R1 
88% 053D 9821 6CFR,N L6LB 
8897 B53F BCE78B LOgL kb OPRS 
0896 0542 9R3R 6CFk,N L6L2 
BB99 6544 3F0512 BSTN, UN SSGN 

THIN R95EM6LEk VER 1 B 

FETCH SIGN W OPEkA4D2 
CHHlCf SIGN 
RESTORE SIGN GF UPERWU2 

sswsw•••swrswwsrrr 
• FIND-POINT RDDITION s 
••w•w•wwrssrrsswrr 

LF£RATIONS NITH CARCN. LOGICfi C01f4RE 
HIGH-(1bORE55 OPRS TO k6 
L(1F RU[NiE15 CPRS TO RS 
RLIGN OFER(4D1 
HIGH-FIX.4tE55 OFiQ TO RB 
LUF HDORESS OPR2 TO RS 
fr[GN GPER1402 
FETLH SIGN OPERRID2 
SAVE IN RS 
REMOVE SIGH 
SE1 Slfil W F~SLLT TO + 
FETCH S1GN OPEFIMD2 
BRANCH IF OPR2 NOT NEGATIVE 
FETCH SIGN OF£Rk01 
BRANCH IF GPRS NOT NECRTTVE 
SET NEGRTIVE SIGN RESLIT 

PF[F BB63 

LIRE F4Gk OBJECT 

6161 

E SOUki:E 

(OFtiii + ~6Pk2) --i rJPF2 
6162 6`A7 7561 H,C~ CFSL C CLEf!' CC4tk5' 
619-6 6649 6764 LUUI, k3 LEMi-1 LC40 INDEX FfGISTEk 
6189 9546 6`.,66 LWLRS 6 CLEFk INTEkBVTE CAkRV 
0195 6546 6F6766 i4)UB LOUR, Fti UFki, k3 FETCH 6YTE Cf Lff7dtL1 
6166 6556 8466 AUDI, Fb H'66' Fmfi OFFSET FUk EiG FfiU 
9167 65.12 ;1 kkk. F'1 IHIEkfNTE r~R+l TO iffG'1 
8168 6553 HF6785 SODA, k8 CW2, F; NDU Ei'iE Cf GFERfIO2 
6169 6556 54 fFk, R6 DECIMAL FOJUST kF9l T 
BSSB 9557 CF6765 STkR, RB GF1C1, k3 STGkE kESLITING FNTE 
6111 9559 U1 F9L, R1 LFfiW (=INTETBS'TE CRkRVi i0 q. CLEFR CRkRY 
6112 6556 FE76 BDF&. R3 FDUB ERF4ICH IF NUT ffRUS' 
6113 6`i5D 9836 6LFR, 2 6VFL 6f6NCH IF IHTET~VTE CAkkV = 1 
6114 055E 17 kETC, 1►1 RETLfiN 
6115 
6116 6566 000760 L6L6 LOUR, k6 UPk1 FETCH SIGH OF CF£RA161 
9117 0`.b3 9862 6CFk, N HGD ERHCH IF Lfkl NOT NEGATIVE 
6118 9565 sF050B BSTR, UN 0012 COIFFRf OPk1 NITH UFTQ, 
8119 

r
(MRCt117LOE5 CKY). 

9126 9568 9910 6LfR, GT L~3 F~FHNCH IF Okki < OR = OFFQ 
6121 6568 3F6512 65TR. UI SSGH SET IEGRT[YE SIGN OF kESlli 
6122 
6123 COFkl) - (CPk2) —i iFk2 
912a 6560 e764 LELl LODL k3 LEMG-1 LCYC INLfX FfGISTER 
8125 956E 7761 F1'SL C r1Efk 6TIFiFW 
9126 9571 BF67B8 SU12 LOCR,k9 OPF(L k"s FETCH 6VTE GF C4'EkkOl 
6127 9574 FF67~i SLFA, R6 ryR2. R3 SUBTRACT BVTE W UPEE6fO2 
6126 8577 54 Gf42, R8 DECIMFI FOJUST RESLLT 
61[9 9579 Cf67B5 STRR, kb OPfp, R3 STCRE RE;IATING 657E IN UF1Yc' 
9139 0576 F674 60RR. R3 SU12 6RFfICH IF NOT READS' 
6131 857D 17 RETC. LN RETIRN 
8132 r 

6133 657E 3F6586 L6L2 65TR, LN LU12 C9K'H2E OPRS NITH DPfQ, 
6134 (Nf[iiITU£S UILV) 
6135 6561 5A6R 6Gfk, LT LELS 6RNiCH IF OFki > OR = OPR2 
6136 9593 3F~,12 Bs7A, uH s6GN sET NEGATIVE SIGN CF RESLLT 
8137 

8136 (OFTt[) - (OPRii —i CPR2 
6139 6586 6764 LBL"5 LOUL R_< LENCr1 LL1O INCfX FEGISTEk 
6140 0588 7781 PPSL L C1ERR BORRON 
8141 658A BF6705 SU21 LODR, RB OPR2, k3 FETCH ELATE Cf UPERFMG2 
0142 658D AF67B8 SLEN, RB OFRi, R3 SLETFACT BYTE W OPERffOl 
9143 6598 54 pRR, RB DECIM"i f[JU6T C~SULT 
BSN 0591 CF67B5 STRA, R9 OPR2, R3 STOkE kF.SLITING BYTE 
8115 0591 FB74 BUGS[, R3 SU21 EkfY4CH IF NOT REFOY 
6116 85% 17 RETC, LN C~TURN 
0147 
6148 0597 46 CNFL HRLT PRITHIETIC O'.Ef6LU1 
6119 
6156 BCIBB END 0 

Figure 16 

TOTRL ASSEI6LV ERkORS = BBBB 

.~IJn~tlri.S 15 



FIXED POINT DECIMAL ARITHMETIC ROUTINES AS55 

Program Title 
FIXED-POINT DECIMAL MULTIPLICA-
TION FOR SIGNED, PACKED BCD NUM-
BERS 

Function 
Multiplication of 2decimal fixed-point num-
bers. 

Multiplicand, multiplier, and product are of 
equal length as defined by LENG. 

MULTIPLICAND xMULTIPLIER-it► 
MULTIPLIER 

Parameters 

Input: 
Length of numbers (in bytes) is defined by 
LENG. 

MPLC, MPLC+1, MPLC+2, etc., contain 
multiplicand. 

MPLR, MPLR+1, MPLR+2, etc., contain mul-
tiplier. 

Output: 
MPLR, MPLR+1, MPLR+2, etc., contain 
product. 

Multiplier is destroyed after multiplication. 

Overflow is detected. 

Special Requirements 
Software: Fixed-point alignment subroutine 
ALGN 

Operation 
Prior to the multiplication algorithm (which 
is an unsigned operation), the product sign 
is determined. The product is formed in a 
double-length register and is right aligned 
until the decimal point is 15 or less; this is 
required due to the fixed-pointformat. Then 
the product length is reduced to the single-
length, fixed-point format; if this is not pos-
sible, overflow is detected. A "minus zero" 
product result is excluded by means of a test 
during aligning. 

Refer to Figures 17 and 18 for flowchart and 
program listing. 

2650 MICROPROCESSOR APPLICATIONS MEMO 

FLOWCHART FOR MULTIPLICATION OF FIXED-POINT NUMBERS 

Enter FXMP 

OPERATION: MPLC x MPLR+MPLR 

INITIALIZE PSL: 
• operations with carry 
• logical compare 

i
Sign MPLC®sign MPLR 

~ SIGN 
i

Decimal point MPLC + 
decimal point MPLR 
—> TDPT 

i 
Clear most-significant byte MPLR 

Clear extended MPLR (EMPR) 

2 x LENGy R2 

  NXTD

Least-signif icant digit 
of MPLR~R1 

(MPLC)`+ (EMPRI-~ EMPR 

IR11 — 1y R1 

=without most-significant byte 

+/—~DPTINISDI ~LSDI 

multiplicand 

+/— DPT MSD LSD 

SHRG 

muhiplier 

Shift EMPR. MPLR 
ne digit right 14 hits) 

O+MSD of EMPR 

0 

IR21-1~R2 

Ve 

0 

Shift EMPR. MPLR 
one digit right (4 bitsl 
O~MSD of EMPR 

0 

i 
(R2) — 1~R2 

1 

Figure 17 

.~ 
extended multipber 

1 
product 

Clear SIGN 

p 

Assemble SIGN and 
decimal point (R2) 

i 
Store in most-significant byte MPLR 

HARDWARE AFFECTED 
RAM REQUIRED (BYTES): (3 X LENG) +4 

REGISTERS 
RO R1 R2 R3 R1' R2' R3' ROM REQUIRED (BYTES): 144 
X X X X 

F I I SP MAXIMUM SUBROUTINE 
PSU NESTING LEVELS: 1 

ASSEMBLER/COMPILER USED: TWIN VER 1.0 PSL CC IDC RS WC OVF COM C 
X X X X X X 

16 s;~n~t~~s 



FIXED POINT DECIMAL ARITHMETIC ROUTINES AS55 

2650 MICROPROCESSOR APPLICATIONS MEMO 

FIXED-POINT DECIMAL MULTIPLICATION FOR 
SIGNED, PACKED BCD NUMBERS 

THIN ASSEIBLEk VER 1 8 PAGE 0901 

LINE WOk OBJECT E SOLRCE 

BB61 
9862 
BB03 
BBB4 
9885 
9886 
8887 
BBB6 
BBFfl 
0618 
8811 
8012 

8813 
BB14 
6815 
8816 
9917 
8018 
BB19 
8828 
8821 
6922 
BB23 
8821 9888 
BB25 BBBi 
8826 BBB2 
9827 8883 
8828 BB86 
8829 ABB2 
8838 8881 
8831 6888 
8832 8002 
8833 8603 
8834 
8835 
8836 
8037 8458 
BB38 8885 
BB39 
BB4B 8860 
8011 
BB42 8788 

BB43 8785 
8BN 878A 
8845 
BB46 
8847 878E 
BBeb 8718 
8049 8712 
BB58 
BB51 8713 

* PD760B83 
rcr**x*wr*****s:*+s*s*********a********r* 
* F1XE0 PRINT DECIMfI MULTIPLICATION FOk * 
* SIGNEU, FfCKED-0CD NLfBERS * 
**tit*ptki*i**fRWitfit***!l**t*i*****p 

t OPERATION: MULTIPIICHA X MULTIPLIEk --) MULTIPLIER 
* MATIPLICRO IS IN: MPLC, IPLC+I, MPLG2, ETC. 
t MULTIPLIER IS IN: MPLR, MPLR+L MPLR+2, ETC. 
i PRU6lICT IS IN: M%R FPLR+L MPLk+[, ETC. 
* MULTIPLIER IS DESTROYED FFTEk MIiTIFLICATIp! 
* MPLC, MPLR ARE MOST-SIGNIFICANT BYTES. 
* LENGTH OF IifBERS TIN BYTES) IS DEFILED BY: LEND 
* FLLONED RRO(E: 1 (LENG C 65. 
* REQUIRED NL16ER OF DECIMALS IN FROOUCT MUST BE 
* STORED IN LOCATIpI: OPNT (IFTOf = 15). 
* fiA6ER5 fYEE IN Slfil-MiiGNITUDE NOTBTIM 
t MS-BYTE HOLDS SIGN fM0 OECIMfi POINT INFORMATION: 
* SI(ifl IS IN MS 4 BITS: H'6' IS +~ H'F' IS -
* DECIMAL PRINT IS IN LS 4 BITS: BINARY COOED, 
• kJf(£ (8 TFRU 15) EBUALS NlffBER W DECIMALS. 

i DEFINITIONS ff SYMTALS 

R8 EBU 
R1 EBU 
R2 ERU 2 
R3 EBU 3 
NC EAU H'BB' PSL: SMITH, B=VIITHOUT CkfdcY 
0011 EBU H'82' iXOGIC, B~IRITH C(fPAYE 
C EQU H'01' CARRYiUORRW 
Z EDU 8 BRWlLH CpO. : ZERRB 
lT ERU 2 LESS Tlfll 
lRi EGI 3 lR1CO10ITI01♦Ff. 
* 

s P♦1PFfETERS s 

B PROCESSOR REGISTERS 
1 

ALGN EQU H'458' WDI(ESS W F1LIC!lENT SUBROUTINE 
LENfi EW 5 LENGTH OF P(F7rETEltS CBYTES) 

ORG H'708' 

MPLC RES LENG MILTIPLICAW 
EIFk RES LEND EXTENDED MULTIPLIER 
MPLR f~5 LENG MULTIPLIER 
* NOTE: EMPR FIO MPLk MJST BE IN 91YFSSIVE
+ RH1 LOCATIONS FOR DOIBLE-LENGTH SHIFT. 
SIGN RES 1 TEMPORARY' SIGN 
TEMP RE5 2 TEMPORftlV STORACf FOR ADDRESS 
T6PT RES 1 IEMPIfdffY 5TORIKE FOR DECIlWL PoINT 

ORG H'5B8' 

THIN ASSEMBLER VER 1.6 PAGE 6882 

LINE ADOk OBJECT E SOLRCf 

BB53 
ees4 
BB55 
9856 
8857 
8858 8588 6584 

BB59 BSB2 67F6 
8868 8584 7581 
9861 BSB6 BF668F 
BB62 0589 SB 
8063 656(1 fF668F 
abbe 858D o9n 
6065 BSBF F971 
8866 0511 17 
BB67 
8066 
8669 
6876 
0071 
087'[ 0512 778A 
867"5 8514 BW788 
BB74 0517 BS 

*ittttttttttttttt*t*ttNt*NpltttHt*tiM*ii**tkiiiY 

t SUBROUTINE TO SHIFT EMPR ANO MLR ONE DIGIT RIF#TT * 
4MtttttgttttgttitttgtRYRttttqtqttt*itY*ttii*rtti 

t PRIOR TO ENTRY: NC IN PSL MUST 6E 1. 

SEEM LORI, R1 4 LOW LOOP COLNTER 

SFEB LORI, R3 -LENG-LENG LOW 1l0E)f REGISTER 
CPSL C CLEAR LARRY 

SEES LODFL RB EMPR-256+LENG+LENG, R3 FETLN BYTE 
RRR, RB ROTATE RIGHT 
S7RR, R8 EIPR-256+LENO+LENG. R3 RESTORE BYTE 
BIRR, R3 SEES BRHOCH IF ff.L NOT SHIFTED 
EDRR, RS S1E8 BRAICH IF 4 BTTS NOT SHTFTW 
RETC, W RETIIIl1 

ttiiimiiariattisiwasartti 
* FIXED POINT MULTIPLICATION i 
*tittt*ttwatatitaiitttttii 

FfQF PPSL iC+CUII 
LO0F6 RS MPLC 
LODZ k1 

OPERATIONS NITH~CH+RY, LOGICAL COlPFfrE 
FETCH MS-BYTE MLTIPLIfXfO 
SFlYE IN RB 

Figure 18 

6075 8518 BE87BR 
BB76 6516 [2 
8077 ~3C 44F8 
0078 851E CTA7BF 
8879 8521 61 
0088 8522 448E 
B6B1 0524 460E 
BB82 8526 7501 
0083 8528 82 
9864 8529 LtB712 
BB85 t 

LOON. R2 MPLR 
EORZ R2 
k1D1, RB H'F6' 
STRA, RB SIGN 
LODZ RY 
N0I. R8 H'BF' 
(MI, R2 H'BF' 
CASL C 
WDZ R2 
STkA, k6 TDPT 

FETCH MS-0YTE MULTIPLIER 
T(i~ EX~iR ff SIf415 
ROIONE N6N-SIGN DIGIT 
SflYE SIGN 
MS-0YTE CF MPLC TB RB 
REIIOYE SIGN MPLG KEEP DECIMAL FOINT 
REMBrE SIGN MPLR, KEEP DECIMFL PoINT 
CLEAR CIIlRS' 
FDG DECTMFI POINT POSITI(NS 
SKYE NEN DECIWi POINT POSITION 

BBB6 9520 28 EOkZ RB CLFH( RB 
8967 652D 9796 LGDI. k3 LEND+1 LOW INDEX F~GISTER 
6998 652E CF4785 C1EM STRA, kB EMPR, R"5,- CLEAR MS-BYTE MPLk Fit EMPR 
6885 05'52 5679 BFSR, R3 CLEM 6RA1[H IF NOT OOIE 
8099 t 
0891 8534 868fl LOUT, R2 LENG+LENG NlRFBER ff DIGITS TO LOOP C9UFTER 
0892 8536 BDWBE NXTU LOD(1, R1 MPLR+LENCr1 FETCH LS-0YTE MILTIPLIER 
BB93 9539 458E HOI, Ri H'BF' i(iO: OILY Ls-0IOIT 
W94 6538 1626 BCTk.Z SFRG BRANCH IF ZERO 
8895 
08% 
BB97 853D 7581 
9899 653E 9784 
0899 0541 0F6785 
BSBB 9544 8466 
8191 8546 OF6785 
B1B2 X49 F676 
BIB3 9518 8704 
8104 6516 BFb785 
9165 6550 !>F670B 
BiB6 8553 94 
6187 0554 CFb765 

i 
i 
WMC L1'SL C 

LOUT, R3 LEND-1 
W41B L(MX6 k8 EMPk. R3 

WDI, RB H'66' 
STFdC RA EMPk, R3 
WRR, R3 W110 
LG61,R3 LEND-i 

fUMi LFAF6 RB EMPk, R3 
W6A, F43 MPLC, R3 
DAfa RB 
STRA, RB EMPR, R3 

TN[N NSSEMBLEk YER 1.0 

LINE ADDF' OBJECT E 'Sf1JRCE 

8198 6✓57 F874 
6165 8559 5(8705 
aue 655E s4ae 
8111 955E CL9785 
8112 ~i61 F95A 
8113 0563 3F6.`i66 
8114 BSE6 FA4E 
8115 
8116 8568 BE6712 
6117 65ti6 8786 
8118 8566 BF4705 
8119 
8128 ~i70 9814 
6121 9572 6679 
6122 
812"5 8574 E616 
8124 8576 9k11 
8125 0576 6E67BF 

6126 8576 CfBl9A 
8127 BSlE 8407 
8128 8568 8580 
8129 6501 3F0456 
8136 
8131 8585 17 
01?2 
6133 0586 B2 
0134 8567 1867 
0135 8585 FAB6 
8136 ffi86 3F85B0 
8137 058E 1658 
8138 
8139 6598 46 
8148 
8141 BARB 

FAXSa R3 AUMS 
Luf~F. Fro EMFk 
Wfil, kH 6 
sTRA, Fro EIEv 
E4Rk, R1 fNM1C 

SF6'fi BSTA, lH SHEM 
ELRk, F:[ NXTU 

* 

WD MFiC fNITHp)T MS-BYTE> TO EMPR 
LLEFft CNM?Y' 
ICHG INDIX FffG[STEk 
FETCH BYTE ff EXTENDED MULTIPLIER 
FDD OFFSET 

F~STORE INTERIEDIATE SUM 
BRfWCFI IF f1.L BYTES NGT ffX1FD 
LFXD INOIX RffiISTER 
FETCH BYTE W INTERlEDINTE SIM 
WU BYTE OF MILTiPL1CAW 
DECIMAL WJUST F~SIIT 
FfSTORE RESLITTNG BYTE 

FARE 0693 

fL(Ff1CH IF NGT kEFDV 
FETi:H MS-6YTE EXTENDED MIITIPL1Ek 
AOD CTfF"! 
kE9TUFJ: 
UECTEMENT UIGIT, 6RffiCN IF HGT 6 
SHIR EMFR HID MPLk k]GHT CfE UIGIT FYfiITICiN 
EfH1CH IF MLTIFSICATICN N6T FEWY 

LiTDA, k2 TGFT UEC[MFl POINT TD R2 
TGVF L(1D[. Rs LEND+1 TEST fhERFLUI; LOfD INDEX REG15TEk 
TOYS IODA, kb EIPR, R3,- FETCH 6YTE OF EMPR Ok M6$'TE 
* OF MPLR TO TEST FUR ZETN. 

BCfk,Z SFFP 6kFfiCN IF NUT ZEBU 
BFQR, R3 TOY6 BRNA;N IF NLL NUT TESTED 

t 

CAMI, R2 16 
6CFR, LT SFFB 
IOkA,R2 SIGN 

ASIEs STkA, k2 MFtR 
LOUT, RB CMPLR 
LORI, RS 71ELk 
BSTN. LH FLGN 

t 

kETC, LN 
* 
SEEP LUUZ R2 

6CTR,Z UYFI 
SFFB BDRk. R2 f+2 

BSTA,W SiEll 
BCTR.IN TU1F 

* 

CM1fL F1LT 
* 

EW 8 

TOTAL ASSEMBLY ERkORS = BBBB 

TEST IF DECIMAL POINT IS < 16. 
BRANCH }F TGO BIG 
flSSEM6LE SIGN ffL GECIMfi FOINT 

STORE IN NS-BYTE IFLk. 
HIGH-UkDEk F0CKF55 IPLR TU RB 
LC4F fiWFR PL#f55 MF1I' TU kY 
fi1GN FFWUCT; SET +SIGN IF 

PFY1pJCT IS ZERO. 

IPDATE CC FOR NUEEk CF DECIMALS 
6kAHCH IF ZEk6. ~IYFRFLUN 
DELTEf~E DECIMAi POINT 
SHIFT EMPR + lPLR RIGHT 
BRROCH FUt UYEkFLpA TEST 

fR1THMETIC OYERFLL41 

s~nct~cs ~ ~ 



FIXED POINT DECIMAL ARITHMETIC ROUTINES AS55 

Program Title 
FIXED-POINT DECIMAL DIVISION FOR 
SIGNED, PACKED BCD NUMBERS 

Function 
Division of 2 decimal numbers (fixed point). 

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

DIVIDEND:DIVISOR~ DIVIDEND. 

Parameters 

Input: 
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. 

Dividend is destroyed otter division. 

Overflow is detected. 

Special Requirements 
Software: Fixed-point alignment subroutine 
ALGN. 

Operation 
Prior to the division algorithm (which is an 
unsigned operation), the sign of the quo-
tient is determined. To obtain maximum 
precision, the division procedure is contin-
ued until either anon-zero most-significant 
digit is detected or the maximum allowed 
decimal point position is reached. Then the 
resulting quotient is aligned with a minus 
zero result suppressed. Overflow is detect-
ed if the divisor is zero. 

Refer to Figures 19 and 20 for flowchart and 
program listing. 

2650 MICROPROCESSOR APPLICATIONS MEMO 

FLOWCHART FOR DIVISION OF FIXED-POINT NUMBERS 
Enter FXOI 

OPERATION: DVDN: DVSR~DVDN 

I NITIALI2E PSL: 
• operations with carry 
• logical compare 

Ve 

Sign DVDN ®Sign DVSR 
—~ OSGN 

f

 {OVERFLOW 

division by 

decimal point DVDN decimal point DVSR 
—w ODPT 

Save most~signiticant byte DVSR 
r .v 

Clear mosbvgni(icant byte DVSR; 
Clear RMDR, most significant byte DVDN 

i
2x LENG+ R2 

SHFL r 

+/- IDPT MSD LSD 

divisor 

I +i DPT MSDi LSD 

~ v ~. 
remainder divi dend 

1 
quotient 

Shift RMDR, DVDN one 
digit left (4 bits) 

O+LSD of DVDN 

COMP 

No 

(RMDRI—IDVSRI-+RMDR 

f
(DVDN) + 1+DVDN 

V es 

most-significant d,gn y 
DVDN k0?  

0 

PT 

No 

Increase decimal point: 
1ODPT1+ 1-i OUPT 

Load loop counter R2 with 1 

I 
Assemble IOSGNI and 

(ODPT) for most significant byte 

t 
Store in most-significant byte DVDN 

t
ISAV EIS most-significant byte 

DVSR 

ALIGN DVDN 

r 
RETURN 

Figure 19 

TODP 

V es 

OVERFLOW 7 

arithmetic overflow 

HARDWARE AFFECTED 
RAM REQUIRED (BYTES): (3 x LENG) +5 

REGISTERS 
RO 
X 

Rl 
X 

R2 
X 

R3 
X 

R1' R2' R3' 
ROM REQUIRED (BYTES): 166 

MAXIMUM SUBROUTINE 
NESTING LEVELS: 1 PSU 

F II SP 

ASSEMBLER/COMPILER USED: TWIN VER 1.0 
PSL 

CC 
X 

IDC 
X 

RS WC 
X 

OVF 
X 

COM 
X 

C 
X 

18 s;~n~t~es 



FIXED POINT DECIMAL ARITHMETIC ROUTINES AS55 
2650 MICROPROCESSOR APPLICATIONS MEMO 

FIXED-POINT DECIMAL DIVISION FOR 
SIGNED, PACKED BCD NUMBERS 

TWIN ASSEMBLEk 'VER 1.0 FfTiE 0061 

LINE f00k OBJECT E SOURCE 

6EN1 
6CE2 
N093 
BB04 
888` 
BBB6 
6987 
0866 
6069 
6816 
8811 
8812 
6013 
8014 
6015 
0016 
BBi7 
0818 
0819 
8028 
BB21 
98'11 6808 
8823 EBBS 
BB't4 9882 
8025 BB83 
6826 8808 
6627 8982 
8028 9901 
6829 BB86 
8030 BBB1 
8031 BBB2 
8632 9888 
BB33 0002 
8834 6983 
BB35 
0636 
6037 
8838 0458 
0839 6885 
8046 
6841 8008 
BB42 
8843 6709 
BB44 9785 
BB45 
0046 
BB47 6790 
0049 070E 
8849 8711 
6858 0712 
8051 671? 
6852 

« FD750BA1 
+wux+++wwwawwwwwa«rwnwrwwww+ww 
. FIYEU-FUINT GECIN(l UIYISIGI 
« FCAi SIc1ED, FHCKEU-BCC NJMBERS + 

wwwwwww+tai+*wwww*twwwwpwww+F*w 

swOPEkRTIUN- DIVIDEND UIY159R --> DIVIDQD. 
+ DIYI[~EJD IS IN DVLW, UV6N«1, PVDN*2. ETC. 
* DIVISCk IS IN: UYSR, DVSR+I. UVSR42, ETC. 
« OlX1T1ENT IS IN DYIAL DVDM«1, DFTN«2, ETC. 
* DCVIDENU IS DESTkOVEU FfTER DIVISIOIL 
+ fMN fl[+ DYSR ~ M151-SifNIFICANT BYTES. 
« LENGTH ff NUM6£k5 (IN BYTES) IS UEfINEG BY: LEND 
« ALLDIEU R(iNUE~ 1 C LEHG < 65. 
+ NUMBERS ff~ IH SIGN-MCGNITUDE NOTRTIDN 
* MS-BYTE HOLDS SIGN AID DECIMAL POINT INFORIYITION 
« SIGN li IN MS 4 BITS H'8' IS b H'F' IS -
« DECIMII POINT IS IN LS 4 BITS: BINfYtY LODEU, 
* RFNGf (B TNRU 151 EOUfLS NUMBEk OF DECIMfiS. 

+ DEFINITIONS OF SYMBOLS ~. 

RB 
RS 
R2 
k3 
NC 
COM 
c 
Z 
F 
N 
EO 
LT 
LH 

E8U 
EAU 
EQU 
EAU 
EQU 
EQU 
EAU 
EW 
EGl 
E8U 
EQU 
EAU 
EAU 

6 PRGCESSOk REGISTLTS 
1 
L 

3 
H'86' 
H'82' 
H'BS' 

PSL: iJ411H, 8=WIIHOUT CA(1R5' 
1=Loch, O=ARITH. carARE 
CfkRY/BORRO41 

8 bRANCN COLD. ZERO 
1 POSITIVE 
2 NEfflTIVE 
B EAUEt 
2 LESS THPN 
3 UNCONDITION(i 

« PfKfM£1ER5 + 

NLGN EAU H'450' NDDF4:55 OF (LIGNMENT 5116RfX1TINE 
LENc EAU 5 LENGTH OF OPER(fD5 <IN BYTES? 

fRG H'786' 

kMDP. RES LENG REMAINDER 
GYDN RES LENG DIVIDEM 
r MUTE: fdDR HD DVGN MUST BE IN SUCCESSIVE 
« kFMI LOCATIUIS, 6ECHUSE OF DOIRLE~iENGTH SHIFT 
DYSR CAS LENG DIVISOR 
TEMF RES 2 TEMFpIncY STORAGE FOR ADDRESS 
ASF31 RES 1 flUDTIENT Slftl 
(OFT kE5 1 flUOTIENi DECIMAL POINT 
SAVE kES 1 TEMETIRIKV STIIRfIf£ 

TWIN A9SEK1Ek VEk 1.0 

LINE IIDDk OBJECT E SC41<t4E 

8054 8714 
8855 
aes6 9x69 neB 
6857 
BBSB 8582 8784 
8859 8504 BF67AA 
BB69 8587 9805 
BB61 6589 F675 
606"e 8588 SC65R6 
8863 B5BE BC0705 
8864 8511 C1 
BB65 0512 BEB7BR 
6666 x+15 CE0713 
0067 8516 22 
0068 6519 44F0 
BB69 8516 Ct8711 
8878 851E B1 
8871 651E 449E 
BAn 8521 466E 
6873 8523 fY2 
8074 8524 CCB712 
8875 
8876 8527 28 

PCKf 0082 

ORG H'SB0 

Fail fPSL NC+CU1+t CRET61TIUNS NIiN CF(SIV~ 
« LOGICK COMPFRISOFL CLEFk BORRpI 

LOU[~R3 LEND-1 LOAD INDEX REGISTER FOR ZERG TEST 
TZEk Lu6EU R6 DYSR, R3 FETCH BYTE 9F DIVISOR 

6CFR,Z NZER 6kFMf/1 IF NON-ZERG 
CdXdi', R3 TZEF' 6RFNCH If fLL BYTES NOT RIW 
6CTN,Z OVFB BRRNLH IF ZERO 

f2Ek LobA, kO DV1iN FETCH MS-BYTE DIVIDEND 
STRZ RS SRVE IN P.1 
LODR, R~ 6VSR FETCN NS-BYTE DIVISOR 
STkH, F'1 SFNE SRVE MS-BYTE DIVISOR 
EORZ RZ E%-OR SIGN DVUN RND DVSR 
RIDI. ke H'F9' REMOVE DECINIIL Po INT DIGIT 
STRH, R9 QSGN SAYE QUOTIENT SIG14 
LODZ RS FETCN MS~YTE UIVIDEID 
WO1, R6 H'9F' REMOVE SIGN 
RIDL R2 H'BF' RElDVE SIGN MS-BYTE DIVISOR 
ALGZ k2 SUtTkACT-DECIMRL PBINTS: IRRIN - DYSR 
STRft RB A6PT SAVE DECIMFI FLINT WOTIENT 

+ EORZ RB CLEFR k8 

Figure 20 

ben Frx^a Dc679A 
6678 8526 8786 
8679 852D CF4708 
8668 8538 5976 
9061 
B~2 9532 968R 
8863 
8984 
8885 
6886 6534 9504 
6887 8536 7581 
ease 6s3a a7Ler 
8989 ~3N BF4700 
9899 B53D DB 
8091 ~3E Lf6706 
6892 8541 56P, 
089< C~43 F971 
9094 
BB95 
88% 
BB97 9545 6566 
8898 

STRA, k6 UVSR f1EFR MS-BYTE DIYISUt 
LOUI, R3 LENc+i LOFD INrEX REGISTEk 

LtkN STkN, kB kMDk. k3,- LtE11R REMNIIDEk RND SICK UV[N 
BRJir, R3 LtR11 6kHILH IF NDT UGIE 

w 
LOUI. R2 LENG+LENG NJ~R Gf DIGITS TU LUOF CfANTER 

r 
* SHIFT RMDR/DWN 4 BITS LffT 
* INSERTING ZEROES IN LS-ffITS 
SHFL LCDI, ki 4 LOfD BIT C(NRITER 
SIFB C1'SL C flEfk CNRRV 

LUU1, R3 LENGH_ENG LOFlD INDEX REGISTER 
SFFS LOON, kb RIDk, R3,- FETLN BYTE OF kMGR/UVUW 

RRL, kO kOTNTE LEFT WITH CNdN 
STkN, Rb k40k, k3 RESTLTRE SNIFTEU BYTE 
6kNk, k3 Slfl 6kNNCH IF FLL NOT SHIFTED 
BDkk. kl SFFB BFYNCH IF 4 BITS NOT SHIFTED 

« 
« 
w 
LCM LOUT, k1 9 
* 

TWIN AESEMEiEk VEk 1 5 

LINE FODk GBJECT E SEA.kCE 

6168 BSA7 9705 
8161 8549 9F47B6 
6182 9540 EF676N 
6163 9:AF 1682 6tTR. EA CCNS 
8184 8551 13 SF5L 
6185 9552 CS STRZ ki 
BSB6 855 :4374 iAMl HRNk~ k3 CCN6 
6187 6555 bi LCOZ FY 
6186 6556 iA1A 6i;Tk, LT NXDG 
6189 « 
8116 * 
8111 6558 7761 Ff'~A 
9112 6.`i5N 67(fi 
6113 655C 6F4769 
9114 6`SF K578A 
6115 8562 94 
9116 5563 Cf6796 
6117 6566 5674 
6115 * 
6119 6566 BC8765 
61.°8 5555 D686 
8121 B56U LC8703 
6122 6578 1653 
8123 
6124 6572 FR4B 
5125 8574 20 
6126 9575 6C"[765 
9127 9576 44F6 
6126 657R 9811 
6129 0570 BEW12 
9139 ~i7F E6BF 
6131 6581 %BF 
8132 0`.,63 DA00 
6133 6595 OE8712 
6131 9566 6661 
8135 058R 1F6534 
6135 
9137 8580 BE8712 
6139 8596 SN15 
9139 6592 6E8711 
9146 6595 CEb7B5 
8141 9595 BC07li 
9142 9598 CC87BR 
6143 659E 9187 
8144 B5f16 9595 
8145 B5A2 3F8458 
8146 
8147 85~ 17 kETO, LN 
9148 + 
6145 95A6 40 UVF6 HFLT 
9158 BSH7 46 OVF1 lYIT 
e1s1 * 
9152 9888 END 0 

CC4F'Ffd: WOR NNU UVSFt TO TEST 
IF SUBTRRCTI(N IS FOSSIBLE. 

GEAR Rl; NS-BIT fF RS BECOMES 
1 FOR RMDR C W;•k. 

FiQiE Crib 

LUUI•k3 LEND LOND INDEX kE~i1STEk 
LUM6 CODA, FB kMUk. k3,- FETLN BV'TE OF kEMAIN£k 

LLMN, k9 UVSk, k3 LGf'CIF£ WITH BYTE iiF DIVISfI+ 
EkHICH IF EALYi 
PSL TO W 
~+7h PSL IN kl 
EANMY:H IF NLL BV'TES NUT TESTEL 
FETCH STNTUS OF CpFiK~ISCN 
Bf0}ICH IF k1Dk ~- fN',F'. 

SIkTkRCT DIYISUt FFLM kENAI1Lfk 
fAEfk E(iRiTW 

LCDI, k3 LENG Li1If~ INDEX kECISTEk 
SUkU LOUfl, k6 RMDk, k3.- FETCN BYTE OF REMRIHq:k 

4kR, RB UVSR, k3 SLFiTRRCT BYTE OF GIVI:Uc 
(lHh. kB OECIIYIL ADJUST kESLIT 
STKR, k9 R}Dk. R3 RESTCfiE IN kEMAIIDEk 
BFSk, R3 SUkD BkNNLH IF NCIT kENUS' 

LOON. k6 [~FtM1+LEN3-1 FETi,N LS-ELATE IIIOTIENT 
B[E&,Po t+2 INCREASE kH 
STRN, kB DV[NI«LENi,-i kESTORE INLRflENTEU 6WTIENT 
BCTk, UN Cilf BRFNCN FCR NEXT CLlFiRISCN 

« 
NiDG 61Xdc, k2 SIfL E46ff.N IF DIVISICH NUT FfiDt' 

EORZ FB CLFJi: INDEX REGISTER 
LOUR, RB UN1N, k6,. FETCH MS-0IGITS QUOTIENT 
F4D1, F8 H'FB' TIKE MSU p1Y 
IXfR,Z TQDF' ERHNCH [f MSD NUT ZEkO 
LODfl, k2 DOPY FETCH DEC[Mll FUINT cWTIEHT 
CUMI. R2 SS 
6SFk. EA ASAII Bkf41CH IF UECIIYL POINT=lIFtt

][>F'T Blfdt, k/ H2 1NCRERSE DECIMRL FLINT QWTIENi 
STRN, k2 ADPT kESTflff 
LCDl, k2 1 Loff/ LOOP CUIITER 
6LTA, UN SIfL UfiFf4LH FOk NEXT DIVIDE LOOP 

« 
TWF' LEAi1T, k2 COPT 

BCTR,N UIFS 
ASAU IORFU k2 QSfil 

STk8, R2 DVDN 
LQN1, PB SRVE 
STRA, R9 DYSk 
LOCI, RB CDVON 
LORI, RY >DVDN 
BST14 LN IILGN 

NTfIL RSSEMBLV' EkROkS =6686 

FETCH GECIMFI FLINT UIUTIEM 
BRR4CN IF NEGATIVE 
ASSEMBLE SIGt4+C>ECIMFI FDINT AUOTIENT 
STORE SIGN IN MS-6YTE GVLN 
FETCH S1GN+DECIMfl PoINT UIV[SGR 
kESTOkE NS-BYTE GIYISC7' 
H1~+-IUGRESS oU)TIENT TO kA 
LDIF- FODRESS GIOTCeIT TO k1 
FIIGN AIIUTIENi; SET ~ SIGN IF 

QUOTIENT IS ZEkU 
kETlA2N 

OVERFLOW; UIVIS[CN BY ZEkL 
FkITHMETIC uVEfffLON 

s-~~r nnt~cs 19 
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