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INTRODUCTION

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

e magnitudes only for unsigned numbers
e 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
indecimal notation. Since virtually all digital
systems operate on numbers in binary form
(i.e., 'sand 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) nuirbers 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 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 dataword. The
range within 1 byte is consequently 00,
through 99,,. For instance, the number 15,4
is coded as 00010101.

CARRY (C) AND INTERDIGIT
CARRY (IDC) FLAGS

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

e 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.

e The Interdigit Carry (IDC) flag is setas 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:

23,6 + 5645 = 7946;
but
18‘6 + 3515 . 4D16‘

Since the binary codes 1010 (A4g) through
1111 (F4¢) are notused in BCD, the resultofa
binary arithmetic instruction may need a
correction of (+6) in case of an add opera-
tion or (-6) in case of a subtract operation.
The 2650 performs this correction by means
of the Decimal Adjust Register (DAR) in-
struction. This 1-byte instruction condition-

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

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

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

GENERAL SUBTRACTION
RULES

In the case of subtraction, a correction of
(-6) is required for the digit(s) which gener-
ate a borrow upon 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

-

=
7 l 6 | 5 l 4J 3 I 2 | 1 ] 0 I }Regislerﬁx
J L v/

Most - significant
BCD digit

PSL = Program Status Word Lower
Register Rx can be any CPU register

Figure 1

Least - significant
BCD digit

TRUTH TABLE FOR DAR INSTRUCTION

BEFORE: DAR, Rx AFTER: DAR, Rx
Rx Rx

(o IDC MSD LSD C IDC MSD LSD
0 0 a b 0 0 a+104, b+10,q
0 1 a b 0 1 a+104, b

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

NOTE Figure 2

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

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 15,5, (H'F’); an Interdigit
Carry will be generated. Ifan 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 for arithmetic
without carry (WC = 0), addition can be
performed as shown in Example C.

In the case of arithmetic with carry (WC =1),
it should be noted that the addition of the
offset H'66’ may generate a carry (if OPR1 =
99 and carry was set); this carry 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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PPSL C CLEAR BORROW
LODA,R3 OPR1 FETCH FIRST OPERAND
SUBA,R3 OPR2 SUBTRACT SECOND OPERAND
DAR,R3 DECIMAL ADJUST RESULT
STRA,R3 RSLT  STORE RESULT
Example A
PPSL WC+C ARITHMETIC WITH CARRY, CLEAR BORROW
LODI,R3 LENG LOAD INDEX REGISTER
DSUL LODA,RO OPR1,R3,- FETCH BYTE OF OPERAND1
SUBA,RO  OPR2,R3 SUBTRACT BYTE OF OPERAND?2
DAR,RO DECIMAL ADJUST RESULT
STRA,RO  RSLT,R3 STORE RESULTING BYTE
BRNR,R3 DSUL CONTINUE LOOP IF NOT DONE
Example B
LODA,R3 OPR1 FETCH FIRST OPERAND
ADDI,R3 H’66’ ADD OFFSET FOR BCD ADD
ADDA,R3 OPR2 ADD SECOND OPERAND
DAR,R3 DECIMAL ADJUST RESULT
STRA,R3 RSLT  STORE RESULT
Example C
CPSL C CLEAR CARRY
PPSL WC ARITHMETIC WITH CARRY
LODI,R3 LENG LOAD INDEX REGISTER
ADDO LODA,RO OPR1,R3,- FETCH BYTE OF OPERAND1
ADDI,RO  H'66’ ADD OFFSET FOR BCD ADD
STRA,RO  RSLT,R3 STORE INTERMEDIATE RESULT
BRNR,R3 ADDO BRANCH IF ALL BYTES NOT READY
LODI,R3 LENG LOAD INDEX REGISTER
ADD1 LODA,RO RSLT,R3,- FETCHBYTE OF INTERMEDIATE SUM
ADDA,RO OPR2,R3 ADD BYTE OF OPERAND2
DAR,RO DECIMAL ADJUST RESULT
STRA,RO  RSLT,R3 STORE RESULT
BRNR,R3 ADD1 BRANCH IF ALL BYTES NOT READY

Example D
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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. Itis 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.
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CPSL C CLEAR CARRY

PPSL WC ARITHMETIC/ROTATE WITH CARRY
LODI,R3 LENG LOAD INDEX REGISTER

LODI,R1 0 CLEARINTERBYTE-CARRY REGISTER

FETCH BYTE OF OPERAND1
ADD OFFSET FOR BCD ADD

DADL LODA,R0 OPR1,R3,-
ADDILLRO  H'66’

RRR,R1 RESTORE INTERBYTE-CARRY TO CARRY
ADDA,RO OPR2,R3 ADD BYTE OF OPERAND2
DAR,RO DECIMAL ADJUST RESULT
STRA,RO  RSLT,R3 STORE RESULT
RRL,R1 SAVE INTERBYTE-CARRY INR1,CLEAR C
BRNR,R3 DADL BRANCH IF NOT READY

Example E

GENERAL ADDITION FOR MULTIPLE-BYTE, UNSIGNED BCD NUMBERS

Enter DADD Enter ADDD
OPERATION
OPERAND1 + OPERAND2 -+ RESULT
Method 2 Method 1
INITIALIZE PSL: INITIALIZE PSL:
- Clear carry » Clear carry
« Operations with carry - Operation with carry
¥ 1]
Load index register Load index register
with length of operands. with length of operands
Y I'ADDo

Decrease index
Fetch byte of OPR1,
indexed

L Clear interbyte-carry /I

r———»{ DADL l
Decrease index, ¥

Fetch byte of OPR1, ’7 Add H 66’ offset.

]

[ Add H'66" offset ] l

1
Interbyte-carry — carry J
¥

[ Add byte OPR2, indexed. l

i

Decimal adjust result J
Load index register
with length of operands

L

Store resulting byte
in RSLT, indexed

All
bytes added
(index =0)?

Store resulting byte
[ in RSLT, indexed, ( '{ ADDY
Decrease index
Carry — interbyte-carry Fetch byte of RSLT,
Clear carry indexed
¥
Add byte of OPR2, indexed ]
No Al ¥
bytes added
(index =0.? [ Decimal adjust result, T
i
Store resulting byte
in RSLT, indexed
No Al

bytes added
(index =0)?

RETURN

Figure 3

SIGN-MAGNITUDE NOTATION

sign magnitude
2 N
one byte (8 bits)
1 1 1 L
725 5 I Y U B 1
—— —_—
most-significant .
byte least-significant byte

Naso =/
least-significant BCD digit
most-significant BCD digit
not used

sign: H'O" is +, H'F" is -

Figure 4
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2650 MICROPROCESSOR APPLICATIONS MEMO

BCD ADDITION AND SUBTRACTION ROUTINES

THIN RSSEMBLER YER 1.6 PRGE 6641 THIN RSSEMBLER VER 1.8 FRGE BBz
LINE ADDR  OBJECT E SOURCE LINE RDDR (OBJECT E SOURCE
(=20 * FUT68887 #0355
0z 805 * FODITION OF UNSIGMED MULTIPLE-BYTE ELD NUMBERS *
8683 * DECIMAL ADDITION/SUBTRACTION FOR PACKED-ECD * 8857
B84 856 * OPERATION OPERANDL + OPERANDZ —-> RESULT
2005 * OPERATION  OPERANDL +/- OPERANDZ —-> RESULT 6859 %
096 * OPERANDL 1S IN: OPRL. OPRL+1, OPR1+2, ETCY 8868 6466 7561 DFOD CPSL - C CLERR CARRY
waa7 * OPERANDZ IS IN- OPRZ, OPR2+1, OPRZ+2, ETC. BBc1 B4EE 7768 PFSL W ARITHMETIC/ROTATE WITH CARRY
965 * RESILT IS IN: RSLT,RSLT+1,RSLT+2, ETC. BB62 B4GH B78S LODT, KX LENG LOARD INDEX REGISTER
8609 * OPR1, OPRZ AND RSLT ARE MOST-SIGNIFICANT EYTES. 0863 B46C B50E LOOL RL B CLEAF INTERBYTE-CRRRY
fete * RLL NUMBERS ARE OF EQUAL LENGTH (IN BYTES) 8064 BAGE BF4706  DADL LODA, RE PRY, R3, - FETCH BYTE OF OPERANDL
2T « LENGTH 1S DEFINED BY: LENG 6065 6471 3466 AODL R H'66°  ADD OFFSET FOR BLD ADD
10 * BBE6 B47T 51 RRR, RL RESTORE INTERBYTE-CARRY T0
- * DEFINITIONS OF SYMBOLS: 6067 B474 SFETHS AODA, KA OPR2, R ADD BYTE OF OPERANDZ
2614 + 6965 0477 94 DAR, RE DECIMAL ROJUST RESULT
@915 3638 B OEN 6 PROCESSOR REGISTERS 8869 8475 CFS70A STRARE RSLT,RY  STORE RESULTING BYTE
916 0oL REOEW 1 6876 8478 D1 RRL,RL SRVE INTERBYTE-CARRY IN Ri, CLERR C
8817 oeez R2 EQU 2 8@71 6470 SB70 BRNK, R3 DADL BRANCH IF NOT RERDY
8318 8863 R EQ 3 a7z *
4019 6088 WCOEQU  H‘88  PSL: 1=NITH G=WITHOUT CARRY w7z
20 61 ¢ EN  Wet CARRY/BORRO 8474 * ADDITION OF UNSIGNED MULTIFLE-BYTE BLD NUMEERS +
8621 6983 W OEW 3 BRANCH CONDITION: UNCORDITIONAL 8ars * ALTERNATE METHOD *
6622 * 876
8623 6065 LENG El 5 LENGTH OF OPERRNDS/RESULT IN BYTES 77 * OPERATION: OPERANDL + OPERAND2 --> RESULT
8824 * 8678 *
025 0688 RG  H768°  PRRAMETERS @979 B4TE 7501 AODD CFSL € CLERR CARRY
aazs * @356 468 7768 FPSL W ARITHHETIC WITH CRRRY
8827 6706 OPRL RES LENG OPERAND @@l 8452 @765 LODI, kX LENG LOAD INDEX REGISTER
@28 0765 PRZ KES  LENG OPERANDZ BBG2 BAS4 GF4788  FDD@ LODA, kB OPRL RI, - FETCH BYTE OF OPERANDL
@329 B76R RALT RES LENG RESULT PO8T 8487 8466 RDDI, k8 H'66° ADD OFFSET FOR BLD-HDD
%939 * 8384 8489 CFE7eR STRA, K8 RSLT, K2 STORE INTERMEDIATE RESLLT
03 o7eF ORG  H/459’ 4085 B48C 5876 BRNR, K3 ADDG BRANCH IF ALL BYTES NOT REFDY
@032 * 8886 B4SE 6765 LODL, K3 LENG LORD INDEX REGISTER
w33 8457 B49% OF47R  FDDL LODA, RB RSLT.R3, - FETCH BYTE OF INTERMEDIATE SUM
B34 * RODITION OF UNSIGNED, SINGLE-BYTE BCD NUMBERS * 8683 8493 SF6TES FODR. R@ DPR2,RY ADD BYTE OF OFERRNDZ
35 BUE9 B4%6 M4 DAR, RS DECIMAL RDJUST RESULT
0935 * OPERATION: OPERANDL + OPERANDZ --> RESULT 86% 8497 CFETBH STRA,R@ RSLT, RS STORE RESULT
9637 * 8991 B4 SE74 * BRNR R3S ADD1 BRANCH IF ALL BYTES NOT READY
9635 8456 6FG788  ADD LODA,R3 OPRL FETCH FIRST OPERAND a9z 1
8939 0453 8765 ADDL, K3 H'66°  FDD OFFSET FOR ECD ADD 6093 *
8049 8455 SFE7ES DDA, RS OPRZ ADD SECOND OPERRND 8894
8041 8438 97 AR, R3 DECIMAL RDJUST RESULT 95 * SUBTRACTION OF UNSIGNED MULTIPLE-ENTE BCD NUMBERS *
@942 459 CFETBR STRR, R3 RSLT STORE RESULT “8%
8043 * 8897 * OPERATION: OPERANDL - OPERANDZ --> RESULT
8644 8835 *
8645 + SUBTRACTION OF UNSIGNED, SINGLE-BVTE BCD NUMBERS * 8899 B4 7769 OSUB PPSL  WCHC ARITHETIC WITH CARRY, CLEAR BORROW
046 6106 B4 8705 LODL R3 LENG LOAD INDEX REGISTER
847 * OPERATION: OPERANDL - OPERAND2 --» RESULT 8161 B4A6 BF4768 DSUL LODA, k@ OPR1, R3, - FETCH BYTE OF OPERRMDL
#0948 * 6162 B4AT AF6TES SUBA, R OPR2, K3 SUBTRACT BYTE OF OPERANDZ
8049 B45C OFE7E6  SUBT LODA,R3 OPRY FETCH FIRST (PERAND 6183 B4R6 94 DRR, k8 DECIMAL ADJUST RESWLT
B85 B45F AFE7ES SUBA, R OPRZ SUBTRACT SECOND OPERAND 6184 BAT CF676A STRA, k8 RSLT,R3  STORE RESULTING BYTE
8851 8462 97 DAR, RZ DECIMAL FDJUST RESULT @165 B4AR SB74 BRNK, K3 DSUL BRANCH IF NOT READY
8852 8463 CFETER STRA, R3 RSLT STORE RESULT 8166 ¥
8852 + 6167 088 N8
TOTAL RSSEMBLY ERRORS = 6608

Figure 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.

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 opposite signs. In this case, the subtra-
hend and minuend for the operation are also
designated by the comparison.

Refer to Figures 6 and 7 for flowchart and
program listing.
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FLOWCHART FOR DECIMAL
ADDITION/SUBTRACTION FOR SIGNED INTEGERS

Enter SGAD

Enter SGSU

E CHANGE SIGN OPRZJ
T

SGAD
INITIALIZE PSL:
© Operations with carry
e Logical comparison
o Clear borrow

Operations:
SGAD: OPR1 + OPR2>0OPR2
SGSU: OPR1—0PR2»0PR2

Aw\’

+ SIGN TO RESULT

[ + SIGN TO RESULT J

LBLO
OPR1<0?

OPR1 < 0 >0

Yes

[ —SIGN TO RESULT J
—

ADD

Clear carry
/OPR1/ + /OPR2/——RESULT

Note: /OPR 1/ = magnitude
of OPR1.

LBL2

/OPR1/
2/OPR2/2,

No

r —SIGN TO RESULT l

L — SIGN TO RESULT I

LBL1 ;_7

|
Y LBL3

[IOPRW/ — /OPR2/—RESULT

/OPR2/ — /0PR1/—‘>RESULT]

Figure 6
HARDWARE AFFECTED
T — RO R1 R2 R3 R1’ R2 | R3 RAM REQUIRED (BYTES): 2 X LENG
X X X ROM REQUIRED (BYTES): 127
—_— F 1} SP MAXIMUM SUBROUTINE
NESTING LEVELS: 1
. cciioc| rRs | wc | ovF|lcom! ¢ ASSEMBLER/COMPILER USED: TWIN VER 1.0
X X X X X X
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DECIMAL ADDITION/SUBTRACTION FOR SIGNED INTEGERS

TWIN RSSEMBLEFR VER 1 & FRGE 081

LINE ADDF  OBJECT E SOURCE

8961 * PO76BESS

6oaz

993 * DECIMAL FODITION/SUBTRACTION FOR SIGNED-INTEGERS *
8084 * NUMBERS ARE IN PACKED BCD, SIGN-MAGNITUDE NOTATION *
8695

(2253 * OPERATION  OFERANDL +/- OPERAND2 —-) OPERANDZ

o7 * (PERANDL 1S IN OPRL, OPR1+1, OPR1+2, ETC

8068 * (FERAND2 IS IN:  OFRZ, OPR2+4, OFR2+2, ETC.
6869 * SUM/DIFFERENCE IS IN°  OPRZ, OPR2+1, OPR2+2, ETC.
0616 + OPERANDZ 1S DESTROYED AFTER ADD/SUBTRACT

Ba1l * OFRL OPRZ ARE MOST-SIGNIFICANT BYTES.

0812 * LENGTH OF NUMBERS (IN BYTES) IS DEFINED BY: LENG
-5k *  ALLOWED RANGE 1 ¢ LENG ¢ 255.

oatd * MS BYTE HOLDS SIGN INFORMATION: H’'08’ FOR +, H ‘F@’ FOR -
815 *

w1e * DEFINITIONS OF SYMBOLS

817 *

0813 8008 M B ] PROCESSOR REGISTERS

8619 Bea1 M EU 1

9828 oez RZ EW 2

6821 P83 3 EQ 3

4822 8068 W EQU H'B8" PSL. 1=WITH, B=WITHOUT CARRY
8823 o062 M EW HB2" 1=L0GIC, B=ARITH COMPARE
8824 0661 C Ew Hel CARRY/BORROW

6825 0006 ) ] BRANCH CONDITION: ZERO

9826 862 N EW 2 NEGATIVE
8827 6008 E@ EQ 8 EQUAL

0628 0881 GT EW 1 GREATER THAN
8829 2aa2 L e 4 LESS THAN
0438 6963 W EU 3 UNCONDITIONAL
X5 *

832 * PRRAMETERS *

8633 *

834 6885 LENG EQU ] LENGTH OF OPERANDS (IN BYTES)
8635 *

6336 0069 ORG H'708"

@37 *

8938 8708 OFF4 RES LENG OPERANDL

8839 8785 OPRZ RES LENG OPERRNDZ/RESULT

#0844 *

8041 B76A OKG H’ 508"

042 *

9843 -

844 * SUBROUTINE TO COMPARE OPERANDL WITH OPERANDZ (UPDATE (C) *
8645

0046 8560 6500 iz LODL kL @ CLEAR RL MS BITS ARE USED TO SAYE CC DATA
8647 6562 8764 LODI,R3 LENG-1  LOAD INDEX REG

BB45 6504 BF G706 COMd LODA, k@ OPRL, K3  FETCH BYTE OF OPERANDL

8649 8587 EF6765 COMA, k8 OPR2,R3  COMPARE WITH BYTE OF OPERANDZ
6358 856 1862 BLTR, EQ COML BRANCH TF EQUAL

6451 8seC 13 5P PSL T0 k8

652 8580 (1 STRZ R SAVE PSL IN Ri

53 658E FE74 COML EDRR, K3 COM8 BRANCH IF ALL BYTES NOT TESTED
6854 8516 61 Loz R UPDATE CC WITH STATUS COMPARE
@955 #511 17 FETC, N RETURN

8856 *

TWIN ASSEMBLER VER 1 8 PRGE 0062

LINE FDDR  OBJECT E SOURCE

Ba57
8858
8859
aaca
0861
8062
23
o864
8965

8512 Ble7es
515 24F8
8517 (Le7e5

*

* SUBTRACTION FOR SIGNED INTEGERS *

SGSU LODA, Ré OPRZ FETCH SIGN OF OPERAND2
EORI,R8 H'Fa’ CHANGE. SIGN
STRA, RE OPR2 RESTORE SIGN OF OPERANDZ

* ADDITION FOR SIGNED INTEGERS *
3

Figure 7

8867 @S1A 7706
0868

A ]
0678 251D @DE7E5
0871 6520 (L8765
0872 6523 M3
6873 8525 Bleres
8874 6528 AT
w975 BS2H B4FB
0a7e 852C (Teves
ear?

w878 @52F 7581
%79

0988 @531 8red
8681 8533 8586
6882 @S35 BFETH
8083 8518 8466
0884 @53A 51
8835 6538 6F6785
8886 B5IE 94
8387 853F (F6785
Bass 8542 DL
8889

689 8543 FE7E
0891 @545 9818
892 8547 17
892

SGAD PPSL  WCHCOM+C
*

ERZ  R8

LODA, RL OFRZ
STR, k8 0PR2
BOFR,N LELG
LODA, 8 OPRL
BCFR.N  LBLZ
LODI, k8 H'Fe”
STRA, k& OPR2

*

AD CPSL  C

*

LODL, R3 LENG-1
LODL.RL ©

AODE LODA, k@ OPRY, R3
ADDI, KB H'66”
KRR, R4
HODA, K8 OPR2, R
DAR, RE
STRR, R8 OFRZ, K3
RRL, RL

BORR, k3 ADDB
BOFR, 2 OVFL
RETC, N

THIN ASSEMBLER VER 1 8

LINE ADDR  OBJECT

8095 6545 LET6R
B89 S4B A6
897 854D IFASHE
Be38

B399 8556 FI1E
b160 8552 B4Fa
6161 6554 (LAT85
#1682

o163

b164 @557 wied
6165 6559 BFeTHe
6106 S50 AFETAS
#4167 955F M
6168 8568 CFETES
#1695 BS63 FE74
6116 @565 17
B4

8112 8566 PS8
A113

8114 8565 AL
115 8566 v4Fn
6116 @560 (LB76S
o117

811¢

8119 @576 @7ed
B126 6572 BFE765
8121 BSTS AF67R8
8122 @578 M4
8123 @579 CFe7as
8124 857C FB74
6125 57E 17
6126

0427 B57F 48
8128

129 oo

E SOURCE

LEL® LODA, P OFF4
BCFR N ADD
ESTA, UN C012

BUFE, GT LELZ
LUD1.Re H'Fe
STRA, kB OFRZ

*

*

LELL LODT, R LENG-1

SU42 LODA, ke OPRL, F3
SUBR, B OFRZ, RS
STRA, 8 OFRZ. RZ
BORR, RT SUL2
RETC, ¥

*

LBLZ BSTR, UN E01.2

*
BOFR, LT LBLL
LODL, k8 H'Fg’
STRA, k@ OPRZ

*

¥

LELZ LODI,RZ LENG-1

Sued LODA, k8 DPRZ, k3
SUBH, k8 OPR1, K3
DFR, R
STRA, KB 0FRZ, R3
BORR, KX Su24
RETC, UN

*

OVFL HALT

*
END &

TOTAL ASSEMELY ERRURS = 0668

OFERATIONS WITH CARRY,

LOGICAL COMPARE, CLEAR BORROW.
CLEAR R®
FETCH SIGN OF OPERANDZ
CLERR SIGN OF OPERAND2 (=RESULT)
BRANCH [F OPR2 NOT NEGATIVE
FETCH SIGN OF OPERANDL
BRANCH IF OPR1 NOT NEGATIVE
FETCH MINUS SIGN
STORE IN MS-BYTE RESWLT

OPRL + OPRZ —) OPR2,
CLERR CARRY
LOAD INDEX REGISTER
CLEAR INTERBYTE-CARRY
FETCH BYTE OF OPERANDL
ADD OFFSET
INTERBYTE-CARRY TO CARRY
ADD BYTE OF OPERANDZ
DECIMAL ADJUST RESULT
STORE RESULTING BYTE
CRRRY (=INTERBYTE-CARRY) TO RL
CLEFR CARRY.
BRANCH IF NOT RERDY
BRANCH [F OVERFLOW
RETURN

FRGE B3

FETCH SIGH OF OFERFNOL

BRRNCH IF OPRL NOT NEGRTIYE

COMFRFE OPRL WITH OFR2,
(MAGNITULES ONLY)

ERANCH IF OFFL < OR = TO OFR2Z

FETCH MIN. 5

STORE IN MS

OFRL - OFFZ --) OFRZ

LOAD INDEZ REGISTER

FETCH BYTE OF OPERANDL
SUBTRACT EYTE OF OPERANDZ
DECIMAL ADJUST RESWLT

STORE RESULTING BYTE IN OPRZ
BRANCH IF NOT READY

RETURN

COMPARE OFRL WITH OPR2,
(MAGNITUDES ONLY)

BRANCH [F OPRL > Ok = OFRZ

FETCH MINUS SIGN

STORE IN MS-BYTE OF RESULT

OFR2 - OPRL --) OFRZ
LOAD INCEX REGISTER
FETCH BYTE OF OPERANDZ
SUETRACT EYTE OF (PERANDL
DECIMAL FDJUST RESULT
STORE RESULTING BYTE
BRANCH [F NOT READY
RETURN

RRITHMETIC (VERFLOW
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FIXED POINT DECIMAL ARITHMETIC ROUTINES AS35

2650 MICROPROCESSOR APPLICATIONS MEMO

Program Title
DECIMAL MULTIPLICATION FOR FLOWCHART FOR DECIMAL MULTIPLICATION OF

SIGNED INTEGERS (PACKED BCD) SIGNED INTEGERS (PACKED BCD)

FUNCTION
Multiplication of 2 decimal integers in sign-
magnitude notation.

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

MULTIPLICAND X MULTIPLIER # MUL- R OPERATIONS MiBLCx MPLE-5-MPLR
TIPLIER A -
Parameters logical corpare S —
lLr:e‘:lu‘t:h f bers (in b is defined b Wﬂ—l MISD LSD
LENgG. S RUmBOIUIE BIES) S FRERER Y [ Cloar emtot MPLE (EMPRI C_ 1]
MPLC, MPLC+1, MPLC*2, etc., contain [eoewe—rn | o e
multiplicand. [ e J pmim

of MPLR—=—-R1

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

tiplier. yos
Output:

MPLR, MPLR+1, MPLR+2, etc., contain No
product.

l (MPLC)* (EMPR)——EMPR I * without sign byte

Multiplier is destroyed after multiplication. [ (R1)—1—R1 J
: S —
Overflow is detected.

OPERATION SHRGf—J

Prior to the multiplication algorithm (which ’ oﬁ:‘;i‘gﬁ“’r‘;ﬁ;"(":tﬁs) J
is an unsigned operation), the sign of the ¥

product is determined. The multiplication ‘
gives a double-length result, of which only
the least-significant half is retained as the

(R2) -1—R2 J

-
S
<
2

product. If the most-significant half is une- o
qual to zero, an overflow is detected. A (EMP;;’ ASMBY No v
“minus-zero” is excluded by means of a test <r MS byte No [ sion—msbyiempLr |
for zero product. MPLR ’:2: 14—-
Refer to Figures 8 and 9 for flowchart and
program listing.
Figure 8
HARDWARE AFFECTED
RAM REQUIRED (BYTES): (3 X LENG) + 1
RO R1 R2 R3 R1’ R2' R3’
REGISTERS X X X X ROM REQUIRED (BYTES): 111
3 ] SP MAXIMUM SUBROUTINE
PSU NESTING LEVELS: None
CC | IDC | RS WC | OVF [COM | C ASSEMBLER/COMPILER USED: TWIN VER 1.0
ek X | x X | x | x | x

8 sifnotics
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2650 MICROPROCESSOR APPLICATIONS MEMO

TWIN RSSEMBLEF YER 1 &

DECIMAL MULTIPLICATION FOR SIGNED INTEGERS

PAGE Bé61

LINE AODR  CEJECT E SOURCE

Bae

ey
86863
20

0825 ens

B826 @083

8827

w828

6829

938 6065

(X5

6932 0668

832

6634 8708

6835 8785

8036 876R

37

0038

6039 B70F

80846

8841

8842 @718

8843

844

8845 8566 778R
0646 8562 ALE7T06
0947 8585 2C870R
8948 8568 (Carer
8949 @568 26
6958 6580 6766
8851 #58E CF4785
8852 €511 SB7B
8053 8543 B6eR
B854 6515 B0876E
6855 @516 456F
6856 851 1826

* PD768885

* DECINAL MULTIPLICATION FOR SIGNED-INTEGERS. *
* NUMBERS FRE IN PACKED BCD, SIGN-MAGNITUDE NOTATION *

* OPERATION: MULTIPLICAND X MULTIPLIER --> MULTIPLIER
* MULTIPLICAND IS IN:  MPLC, MPLC+L, MPLC+2, ETC

* MULTIPLIER IS IN:  MPLR, MPLR+1, MPLR+2, ETC.

* PRODUCT 15 IN:  MPLR, MPLR+1, MPLR+2, ETC

* MULTIPLIER IS DESTROYED AFTER MULTIFLICATION

* MPLC, MPLR ARE MOST-SIGNIFICANT BYTES.

* LENGTH OF NUMBERS (IN BYTES) IS DEFINED BY: LENG
*  ALLOWED RANGE: 1 ¢ LENG { 65. &

* MS BYTE REPRESENTS SIGN: H’68° FOR +, H'F@” FOR -
*

* DEFINITIONS OF SYMEOLS

*
ke EW ] PROCESSOR-REGISTERS
LB 1
RZ EW Z
k3 EQW 3
R E H'e8’ PSL: 4=WITH, @=WITHOUT CARRY
(M EW H82’ 1=LOGIC, @=ARITH COMPARE
C Ew H81” CARRY/BORROW
Z B ] BRANCH CONDITION: ZERD
W EW 3 UNCONDITIONAL
*
* PARAMETERS *
*
LENG EQU 5 LENGTH OF OPERANDS (BYTES)
*
ORG H' 768
*
MPLC RES LENG MULTIPLICAND
EMPR RES LENG EXTENDED MULTIPLIER
MPLR RES LENG MATIPLIER

* NOTE: EMPR FiND MPLR MUST BE IN SUCCESSIVE
* RAM LOCATIONS FOR DOUBLE-LENGTH SHIFT

SIGN RES 1 TEMPORARY SIGN

*

* RO
ORG H'588" * MULTIPLICRTION PROGRAM *

* IR

*
SGMP PPSL WC+CIM

LODA, R8 MPLC FETCH SIGN MULTIPLICAND
ECRA, R8 MPLR TAKE EX-OR WITH SIGN MULTIPLIER
STRA, k8 SIGN SAYE PRODUCT SIGN IN SIGN

EGRZ k8 CLEAR R8

LODI,R3 LENG+1  LOAD INDEX REGISTER

CLEM STRA, R8 EMPR,R3, - CLEAR EXTENDED MULTIPLIER AND SIGN OF MULTIPLIER

BRHR, R3 CLEM BRANCH IF NOT DONE

LODI, R2 LENGHENG LORD LOOP COUNTER WITH NUMBER OF DIGITS

NXDG LODA, R1 MPLR+LENG-1 FETCH LS-BYTE MULTIPLIER
AL RL HBF” CLEAR MS-DIGIT
BCTR.Z  SHRG BRANCH IF LS-DIGIT IS ZERO

OPERATIONS WITH CARRY, LOGICAL COMPARE

THIN RSSEMBLER YER 1 @

LINE ADDR (BJECT E SOURCE

8658 *

aa59 *

6866 @510 7501 AMC CPSL O

8661 @S1E 6764 LODL, R3 LENG-1
862 8520 OF67ES FOMB LUDAR, k8 EMPR, R2
963 €523 8466 HDDI, Ré H 66
8864 8525 CF6785 STRA, k& EMPR, R
8865 @528 FB76 EDRR, k3 ADME
8066 @52H 6764 LODL, R3 LENG-1
0857 @520 OF6785 ADML LODA, RB EMPR, K3
6868 652F BFE7E0 ADDA, K8 MPLC, RZ
0869 8532 %4 DFR, k8

8876 8533 CF676S STRA, RG EMPR, R3
6671 6536 FE74 EDRR, R3 AOML
6972 9538 6C6785 LODA, k8 EMPR
0873 6538 8400 ADDL.RE 8

0674 @530 (L8765 STRA, R8 EMPR
8875 8546 F95A BURR, R ADMC
876 *

877 *

0678 *

0079 6542 8564 SHRG LODI, ki 4

0680 6544 7561 SHRB CPSL C

66881 @546 B7F6

BB82 @548 BF6eEF

0883 6548 56 RRR, k8

@984 @540 CFe6oF

6885 854F DB77 BIRR, R3 SHRL
8636 8551 F971 BORR, R1 SHR8
8687 *

658 6553 FR40 BORR, RZ NXDG
a8g9 *

88% *

6891 *

0692 8555 6796 LODL, R3 LENG+
8893 8557 BF4785 TOVF LODA, k8 EMPR, k3, -
8094 8554 9613 BUFR,Z  OVFL
8895 @55C 5679 BRNR, R TOVF
88% @55 6764 LODL, R3 LENG-1
8697 6568 BF676R TZER LODA, R6 MPLR, R3
6996 9563 9883 BOFR, 2 ASME
6899 8565 FB79 BORR, k3 TZER
6106 8567 17 RETC, N

6181 *

6162 8563 6Ca76F RSMB LODA, R8 SIGN
6163 8568 CC876R STRA, R MPLR
61084 @56E 17 KETC, N

6165 *

6166 656F 46 OVFL HALT

o187 *

61688 6000 EN 8

TOTAL ASSEMBLY ERRURS = 0686

Figure 9

PRGE G062

ADO MULTIPLICAND TO EXTENDED
MULTIFLIER RITHOUT SIGN

CLEAR CARRY

LOAD TNDEX REGISTER

FETCH BYTE OF EXTENDED MULTIPLIER

ADD OFFSET FOR DECIMAL ADJUST

RESTORE INTERMEDIATE SUM

BRANCH IF ALL BYTES NOT READY

LOAD INDEX REGISTER

FETCH BYTE OF INTERMEDIATE SUM

ADD BYTE OF MULTIFLICAND

DECIMAL ADJUST RESULT

STORE RESULTING BYTE

ERANCH IF NOT READY

FETCH MS-BYTE EXTENDED MULTIFLIER

ADD CARRY

RESTORE MS-BYTE EXTENDED MULTIPLIER

BRANCH IF NOT READY WITH DIGIT

SHIFT EMPR AND MPLR ONE DIGIT
POSITION RIGHT (4 BITS)

LOAD LOOP COUNTER

CLEAR CRRRY

LODL, R -LENG-LENG LORD INDEX REGISTER
SHR1 LODA, R® EMPR-256+LENGHLENG, R3 FETCH BYTE OF EXTENDED MULTIPLIER

ROTATE RIGHT WITH CARRY

STRA, RB EMPR-256+LENGHLENG RZ  RESTORE BYTE

BRANCH IF ALL NOT SHIFTED
BRANCH IF 4 BITS NOT SHIFTED

BRANCH IF ALL DIGITS NOT REFDY

TEST FOR OVERFLOW; OVERFLOW IF
(EMPR) R MS-BVTE WFLR FRE UNEQUAL TO ZERD

LORD INDEX REGISTER

FETCH BYTE OF EXTENDED MALR

BRRACH IF NOT ZERD

BRANCH IF ALL BYTES NOT TESTED

TEST IF PRODUCT=6; LORD INDEX

FETCH BYTE OF FRODUCT

BRANCH IF NOT ZERO

BRANCH IF ALL BYTES NOT TESTED

FRODUCT=6; SIGH KEMAINS ZERO.

FETCH PRODUCT SIGN
STORE IN MS-BYTE MPLR
RETURN

ARITHHETIC OVERFLOW
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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 for flowchart and
program listing.

2650 MICROPROCESSOR APPLICATIONS MEMO

FLOWCHART FOR DECIMAL DIVISION OF SIGNED INTEGERS

Enter  SGDV
OPERATION: DVDN:DVSR = DVDN, RMOR
INITIALIZE PSL:
« operations with carry Notes:
» logical compare * = excluding sign-byte

OVERFLOW divisor
—N—
bl ]
Sign DVDN ~ RSGN I MSD LSD
Sign DVDNeS-g: DVSR+ QSGN MSB  SDLNSD LSw
I Clear sign DVDN I 2
Clear r der RMDR
¥ e
remainder dividend

( 2x LENG ~ R2 ] _
quotient

|

SHFL ¥
Shift RMDR, DVDN

one digit left (4 bits).
O+ LSD of DVDN

ERMDR»'—mvsm*»RMDR-—] [

l (DVDN) + 1 = DVDN l

[ +=MSbyte DVDN [ (asGN) = MsbyteDVDN
T —
Y
= <JRMDR/ =0?
No
++ MS-byte RMDR | [ (RsGN) = Ms-byte RMDR

RETURN RETURN

/OPR/ = magnitude operand

Figure 10
HARDWARE AFFECTED
, , —| RAM REQUIRED (BYTES): (3 x LENG) + 4
REGISTERS Rxo Rx1 RXZ Rx3 Rl B2 B3 ROM REQUIRED (BYTES): 144
F 1 SP MAXIMUM SUBROUTINE
PSU NESTING LEVELS: 1
CC | IDC| RS | WC | OVF [COM (o] ASSEMBLER/COMPILER USED: TWIN VER 1.0
Pl X X X X X X

10

Sifnetics



FIXED POINT DECIMAL ARITHMETIC ROUTINES
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THIN ASSEMBLER YER 1 8

DECIMAL DIVISION FOR SIGNED INTEGERS

PAGE 8881

LINE RDDR OBJECT E SOURCE

6081
882
6083
6064
8085
8686

TRIN RSSEMBLER VER 1.6

* PO766884

+ DECIMAL DIVISION FOR SIGNED INTEGERS *
* NUMBERS ARE IN PACKED BCD, SIGN-MAGNITUDE NOTRTION

+ OPERATION

+  DIVIDEND = DIVISOR —> DIVIDEND, REMAINDER

* DIVIDEND 1S IN: DVDN, DVON+1, DYDN+2, ETC.

+ DIVISOR IS IN DYSR, DYSR+1, DVER+2, ETC.

* QUOTIENT IS IN' DVDN, DYDN+1, DVDN+2, ETC

+ REMAINDER IS IN RMOR, RMDR+1, RMDR+2, ETC

* DIVIDEND 1S DESTROYED AFTER DIVISION.

* DYDN, DYSR AND RMDR ARE MOST-SIGNIFICANT BYTES.

* LENGTH OF NUMBERS (IN BYTES) IS DEFINED BY: LENG
*  ALLOWED RANGE: 1 C LENG < 65.

* MS-BYTE HOLDS SIGN INFORMATION: H'@@° FOR + H'Fe’ FOR -

*
* DEFINITIONS OF SYMBOLS

LINE ADOR OBJECT E SOURCE

0856 8713
G
6852
6852

o869
78
871
0872 @516 776R
6873
8874 @512 8467
8875 8514 858A

*
R8  EQU ] PROCESSOR REGISTERS
KMOEW 1
k2 EW 2
R EQU 3
W EW H'@8’ PSL: 1=MITH, B=WITHOUT CARRY
CoM EQU H@z” 1=L0GIC, B=ARITH COMPARE
[P ] HeL’ CARRY /BORROM
Z EwW ] BRANCH COND. = ZERD
P EQ 1 POSITIVE
N EW 2 NEGATIVE
EQ EQ 8 EQUAL
LT Ew 2 LESS THAN
N EW 3 UNCORDITIONAL
*
* PARAMETERS *
*
LENG EQU 5 LENGTH OF OPERRNDS (IN BYTES)
*
0RG H 708"
*
RO RES LENG REMAINDER
DYDN RES LENG DIVIDEND
* NOTE. RMOR AND DVDN MUST BE IN SUCCESSIVE
* RAM LOCATIONS, BECAUSE OF DOUBLE-LENGTH SHIFT
DYSR RES LENG DIVISOR
TEMP RES 2 TEMPORARY STORRGE FOR ADDRESS
OSGN RES & QUOTIENT SIGN
RSGN RES 1 REMAINDER SIGN
*
PHGE 6082
OKG LI

*

* SUBROUTINE TO TEST OPERAND FOR ZERU *

* OPERAND ADDRESS MUST BE IN RO,R1 (HIGH, LOW ADDR. )
* ALL BYTES. EXCEPT MS-BYTE (=SIGN) ARE TESTED.
* CONDITION CODE BECOMES 6@ IF OPERAND MRS ZERO.

*
TZER STRA, RE TEMP SAYE OPERAND ADDRESS

STRA, R TEMP+L
LODT, R3 LENG- LORD INDEX REGISTER

TZE6 LODR, k6 #TEMP, kX FETCH BYTE OF OPERAND
RETC.P RETURN IF POSITIVE (CC=81)
RETC,N RETURN IF NEGATIVE ((C=16)
BORR, K3 TZE@ ERANCH [F ALL NOT TESTED
RETC, N RETURN WITH CC=08

*

* RO

* * DIVISION PROGRAHM =

* FRREAEE RS R CERRREERRS

*

SGDY PPSL  WC+(OM  OPERATIONS WITH CRRRY,

* LOGICAL COMPARISON.
LODI, R8 <DVSK HIGH-RDDRESS DIYISOR TO R®
LOOL, K4 DDYSK LOW- ADDRESS DIVISOR TO Ri

8876 8516 IFecee
8877 8519 106595
8876 651C ole7es
@879 851F 8712
8858 8502 20876R
6881 @525 CI8711
8682 6528 20
8683 6529 6766
884 @528 (F4706
B985 @528 5878
686

8887 8538 8GR
0888

0889

8698

8891 6532 @504
8692 8534 751
893 @526 676R
9894 0538 BF4709
8695 @538 D8
8996 6530 CFE708
8897 #53F 5877
898 8541 F971

(5L

a1l

@182 9543 o508
v163

6164 4545 H7e4
165 4547 eFc7es
61686 B54A EFETHH
6167 3540 1862
Bi8E ¥54F 13
8189 556 (1
6118 @551 FE74
#1411 557 61
8112 ¥554 1AL
611z

8114

8115

6116 8556 7761
8117 @558 8794
8116 B55R BF6TEE
8119 @550 AFETER
6126 4568 34
6121 #561 (F6708
8122 6564 FB74
6z

8124 8566 aLa7ay
6125 6569 (8@
B126 @568 (L0769
8127 @56E 1B5X
8128

8129 @576 FR4E
6136 6572 BEBT1L
B131 8575 487
8132 8577 8585
8133 8573 3Fa5e8
6134 @570 9882
6135 657E B60E
B136 #5584 CEG7ES
BLI7 @583 BEGTLZ
6138 8586 467
@139 8588 @566
8148 453 3FE5H0
6141 8580 %82
6142 @58F B68E
6143 @591 CEe7me
6144 3534 17
#145

B146 @595 46
6147

6148 BEGR

Figure 11

THIN RSCEMBLEF VER 1

LINE ADDR UBJECT E

BSTA, UN TZER TEST DIVISOR FOR ZERO
BCTR, 2 OVFL BRANCH [F ZERD

LODA, k8 DYDN FETCH SIGN DIVIDEND
STRA, RE RSGN SRYE IN REMAINDER SIGN
EORR, k8 DYSR TAKE EX-OR WITH DYSR SIGN
STRA, k8 GSGN SAVE IN GUOTIENT SIGN
EORZ k8 CLEAR R8

LODI,R3 LENGH  LOAD INDEX REGISTER

CLRM STRA, R8 RMDR, R3, - CLEAR REMAINDER AND SIGN DYON
BRNR, R3 CLRM BRANCH [F NOT DONE

LODI, RZ LENG+LENG NUMBER OF DIGITS TO LOOP COUNTER

*

* SHIFT RMOR/DYON 4 BITS LEFT

* INSERTING ZEROES IN LS-BITS
SHFL LODIL, F1 4 LOAD BIT COUNTER

SHeBCPSL  C CLEAR CARRY

LODL, R3 LENGHENG LOAD INDEX REGISTER
SHF1 LODA, kB RMDR, k3, - FETCH BYTE OF RMDR/DVON

RRL, R8 ROTATE LEFT WITH CARRY
STRA, RE RMOR,R3  RESTORE SHIFTED BYTE
BRIR, RS SHFL BRANCH IF ALL NOT SHIFTED
BORR, R4 SHF@ BRANCH IF 4 BITS NOT SHIFTED
] FAGE B’
SOUKCE
* COMPRRE PMUF AND DVSE TO TEST
* IF SUBTRACTION IS POSSIBLE
COMP LODI.FL & 17 OF Ri BECOMES
& 1 Fif RMDR < VSR
LODI K3 LENG-1  LOAD INOEX REGISTEF
(oMo LODA, P8 RMDR. P2 FETIH BYTE OF REMAINOER
COMA, kB DYSR. RS COMPARE WITH EYTE OF DIYIS0F
BUTR. ED COML ERANCH IF EQUAL
SPSL PSL 10 k8
STRZ SHYE PSL IN KL
LOM1 BURR. R C BRANCH IF ALL BYTES NOT TESTED
Looz FETCH STRTUS OF COMPRRISON
BCTR, LT NG BRANCH TF PMOR  DYSK
*
* SUBTRACT DIVISOR FROM
* REMAINDER WITHOUT MS-BYTES,
PPSL L CLEAR BOFROW
LODL, k3 LENG-1  LOAD INDEX REGISTER
SURD LODA, R RMDR, R FETCH BYTE OF REMAINDER
SUBA, k8 DYSR, R SUBTRACT BYTE OF DIVISOR
DAR, Re DECIMAL ADJUST RESULT
STRA, 8 RMDR, K3 RESTORE N REMAINDER
BORR, RS SIRD BRANCH TF NOT READY

LUOA, k8 DVDN+HLENG-1  FETCH LS-BYTE GUOTIENT
BIRR, K8 $+2 INCRERSE F
STRA. R DYDN+LENG-1 RESTORE INCREMENTED GUOTIENT

BLTR, UN COWP ERANCH FOR NEXT COMPRARISON

*

NXDG BORR, RZ SHFL ERANCH TF DIVISION NOT READY
LODA, ke GSGN FETCH SIGN QUOTIENT
LODI, F# CDYON HIGH-ADDRESS GUUTIENT TU k8
LODL, F1 SDVON L0~ ADORESS GUOTIENT TO k1
BSTA, UN TZER TEST IF QUOTIENT 15 ZERO
BUFR,Z STRS ERANCH [F NOT ZERU
LOOL.R2 B CLEFR R2

STRS STRA, R2 DYDH STORE SIGN IN MS-BYTE DVON
LODA, RZ RSGN FETCH REMAINDER SIGN
LUDL, B CRMOR: HIGH-ADDRESS REMAINDER TO ke
LODT, RL >RMDR LOW- ACUDRESS REMAINDER TO RL
BSTR, UN TZER TEST IF REMAINOER 1S ZERD
BOFR, 2 STRS BRANCH 1F NOT ZEKO
LI.Rz @ CLERR R

STRS STRA. k2 RMDR STORE SIGN IN MS-BYTE RMR
RETC, UN RETURN

*

OVFL HALT OVERFLOW LOCATION

*
END ]

TOTAL RSSEMBLY ERKURS = 0988

Sifnetics
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FIXED POINT DECIMAL ARITHMETIC ROUTINES

AS35

ROUTINES FOR SIGNED
FIXED-POINT ARITHMETIC

As illustrated in Figure 12, the numbers
used in these arithmetic routines are in sign-
magnitude notation with decimal pointindi-
cation. The latter gives the number of deci-
mals, and has a minimum of zero and a
maximum limit of 15 or the number of digits,
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 a fixed-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.

Qutput:
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 a non-zero digit drops
out of the most-significant digit position.

12
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During aligningitis 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 15ifrounding 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
r )
one byte (8 bits)
| | |
Cfoerqmso] T T T T 17" ""7° | [tso]
L6 i /i

most-significant
byte

most-significant BCD digit
decimal point position (hex)
sign: H'O is +, H'F" is —

Figure 12

least-significant byte

least-significant BCD digit

FLOWCHART FOR FIXED-POINT ALIGNMENT SUBROUTINE

Enter ALGN

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

| Decimal point operand—vR‘lA]
|

OPERATION (on fixed-point operands):

OPERAND —— OPERAND

1 T A B 5

align

——
one byte

LENG bytes

Increase decimal point
(R1) + 1=-R1

Decrease decimal point:
(R1) — 1=>R1

]

l

Shift operand one dl it
left, e)f::e MS- byt e ]

Add rounding constant
ROUN to operand
I

Clear carry J

Shift operand one
digit right, excluding
most- sngmflcant byte

(carry) = MS|

Assemble sign operand and
new decimal polm position (R1)

Assemble + sign and
new decimal point position (R1)
T

'_

Restore sign + decimal point in
most-significant byte operand

Figure 13

sifnotics



FIXED POINT DECIMAL ARITHMETIC ROUTINES

AS55

2650 MICROPROCESSOR APPLICATIONS MEMO

HARDWARE AFFECTED

RO| R | R2 | R3 | RT" | R2 | R¥
rReaisTers | ) | 0| N |
Fl nlsp
PSU
cc |ibc| rRs | wc |ovF [com| c
Pk x | x X X

RAM REQUIRED (BYTES):
ROM REQUIRED (BYTES):

4

120

MAXIMUM SUBROUTINE

NESTING LEVELS:

None

ASSEMBLER/COMPILER USED: TWIN VER 1.0

8G1

862

8093

0064

0085

8006

087

965 2006

9909 2881

916 0062

0811 @B8

0812 6088

8813 @001

8814 0008

8915 @08

8616 @081

8817 @08

8818 8983

819

828

8821

0822 6605

0623

0824 60608

8825

8026 8440

8827 8441

8828 8442

8829

8830 8444

0831

0932

8833

8034

8835

00936

8837

@838

839

8046

8941

8842

8843

8844

8845

8846 8458 (L8442
8847 8453 (DB443
8848 8456 B08442
8849 8459 456F
B850 8458 8664
8851 8450 EDB446
8852

8653 8460 9RIC
B854 8462 28
0855 8463 BCA442
356 6466 44FB

THIN RSSEMBLER VER 1 @

FIXED-POINT ALIGNMENT SUBROUTINE

PAGE 8861

LINE ADDR OBJECT E SOURCE

* PO760888

* FIXED POINT FLIGNMENT SUBROUTINE *

*
* DEFINITIONS OF SYMBOLS:

*
k6 EQU ] PROCESSOR REGISTERS
R EQ 1
Rz EW 2
R?  EQ 3
W E H'es PSL: 1=WITH, B=HITHOUT CARRY
C EW He1’ CARRY/BORROK
4 EQ 8 BRANCH COND ZERD
E@  EQ ] EQUAL
6T EW 3 GREATER THAN
LT e 2 LESS THAN
N E 3 UNCONDITIONAL
*
* PARAMETERS *
*
LENG EQU S LENGTH OF OPERAND (BYTES)
*

OKRG H’448°
*
DPNT RES 1 REQUIRED DECIMAL POINT (8 THROUGH 15)
ROUN RES 1 ROUNDING CONSTANT (8,5 OR 9)
TADR RES 2 TEMPORARY STORAGE FOR ADDRESS
*

ORG H’458" START OF SUBROUTINE

* OPERAND IS ALIGNED TO DECIMAL POINT POSITION AS

* INDICATED BY REGISTER DPNT

* ROUNDING IS PERFORMED UNDER FOLLOWING CONDITIONS
*  (ROUN) CONTRINS H’88” FOR NO ROUNDING

*  (ROUN) CONTARINS H’/85” FOR S/4 ROUNDING

*  (ROUN) CONTRINS H’83” FOR ROUND-UP

* (DPNT) MUST BE < 15 IF ROUNDING IS REQUIRED.

* ALIGRMENT-OVERFLOW 1S DETECTED.

* PRIOR TO ENTRY: WC IN PSL MUST BE 1.

* K@ CONTAINS HIGH-RDDR OF OPERAND

* ki CORTRINS LOW- RDDR OF OPERAND

* DPNT CONTAINS DECIMAL POINT

* ROUN CONTAING ROUNDING CONSTANT

*

ALGN STRA, k8 TROR SRYE HI-ADDRESS OF OPERAND
STRA,RL TADR+1  SAVE LO-ADDRESS OF OPERAND
LODA, RL *TADR FETCH MS-BYTE OF UPERAND
ANDLLRL H&F” REMOVE SIGN, KEEP DECIMAL POINT

TOF® LODI, R2 4 LOAD LOQP COUNTER
COMA, RY DPNT COMFARE ACTUAL DECIMAL POINT WITH

* REQUIRED DECIMAL POINT
BLFR, LT TOPL BRANCH IF EQUAL OR T0O BIG
EORZ RO CLERR R8
LODA, kB *TADR,R8, +  FETCH MS-DIGITS OF OPERAND
ANDI, R8 H'F@’ CLEAR LS-DIGIT (TEST MSD = @)

TWIN RSSEMBLER YER 1 @

LINE ADDR OBJECT E SOURCE

8857 B463 A4CS
8858 B4€B D9E
8059

868

861 B4ED 7501
BB62 B46F 8784
0863 8471 BFE442
B864 8474 Dl
8665 B475 CFE44Z
0366 8478 FET?
BBE7 BATH FA7L
6868 8470 1B5D
0969

6876 B47E 9933
6871 8488 F908
272 8482 EDA448
6973 8485 818
8874

Ba75 8487 7501
8676 8453 6764
6077 8488 BFE44C
P72 B4BE 8466
6679 8499 E764
8089 8492 9843
8881 8494 8lad41
9882 8437 %4
BA52 8498 (FE442
6984 8498 FBGE
6885 6490 1862
8886

0687

6688 B49F 7561
6889 B4A1 8708
B899 B4AT BFRA4Z
8991 B4R6 S0
8892 B4R7 CFE442
8993 B4AA E784
8894 B4AC 9875
@95 B4AE FREF
8096 A48 1FB458
0897

8898 8483 BEG442
6899 B4BE 46F8
6100 2488 8784
8101 B4BA BFE442
6182 B4BD 9883
@102 B4BF FB7Y
8184 @4C1 C2
8165 84C2 @2
8166 B4C2 61
0187 84C4 ((8442
6188 84C7 17
6109

8118 84Cs 48
6111

8112 2608

ECFR, 2 OYF@ BRANCH IF ALIGNMENT OVERFLOW
BIRR, R1 $+2 INCRERSE DECIMAL FOINT

* SHIFT OFERAND ONE DIGIT LEFT,

* EXCEFT MS-BYTE (SIGN+DPNT)

SHBCPSL C CLEAR CARRY
LODL, R3 LENG-1  LOAD INDEX REG

SHL1 LODA, k@ *TAOR, KX FETCH BYTE OF OPERAND
RFL, Ra ROTRTE LEFT WITH CARRY
STRA, kB *TADR, K RESTORE
BORR, k3 SHL1 BRANCH IF ALL NOT SHIFTED
BORR, R2 SHL® BRANCH IF 4 BITS NOT SHIFTED
BCTR, UN TDF® BRANCH FOR NEXT TEST

*

TOFL BCFR, GT ARDY BRANCH IF DECIMAL POINT IS CORRECT
BORR, R1 $+2 DECREASE DECIMAL POINT
COMA, RL DPNT TEST IF LS-DIGIT 15 ROUNDING DIGIT
BCFR, EQ SHR® BRANCH IF NOT

* ADD (ROUN) TO ROUNDING-DIGIT
L C CLEAR CARRY
LODT, R3 LENG-1  LOAD INUEX REGISTER

RNDG LODA, k8 *TADR, R FETCH BYTE OF OPERAND
ADDT, R8 H'66° AOD OFFSET FOR BCD ADD
COML, k3 LENG-1
BCFR, EQ RNDL ERANCH IF NOT LS-BYTE
HDDA, kB ROUN ADD ROUNDING CONSTANT

RNDL DFR, k@t DECIMAL ADJUST RESWLT
STRA, R *TADR, R3S RESTORE RESULT
BORR, K% RNDB BRANCH IF ALL BYTES NOT RERDY
BCTR, UN SHRL BRANCH TO RIGHT-SHIFT OPERAND

‘ SHIFT OPERAND ONE DIGIT RIGHT,

* EXCEFT MS-BYTE (SIGN+DPNT)

SHRe CPSL ( OLEAR CARRY

SHRL LODLR3 8 CLEAR INDEX

SHR2 LODR, k8 *TADR, RS, + FETCH BYTE OF OPERRND
RRR, k8 ROTATE RIGHT WITH CARRY
STRA, R@ +TADR, K3 RESTORE BYTE
COMI, R3 LENG-1
BCFR, EO SHRZ BRANCH IF ALL NOT SHIFTED
BORR, k2 SHR® BRANCH IF 4 BITS NOT SHIFTED
BCTR, N TDPB BRANCH FOR NEXT TEST

*

ARDY LODA, R2 *TRDR FETCH MS-BYTE (F OPERAND
ANDL, RZ H'F@’ REMOVE DECIMAL POINT, KEEP SIGN
LOOI K3 LENG-1  LOAD INDEX REGISTER FOR ZERO TEST

TZER LODR, RG *TAOR, R3 FETCH BYTE OF RLIGNED OFERAND
BCFR, 2 NZER BRANCH IF NON-ZERO
BORR, R3 TZER BRANCH IF ALL BYTES NOT KERDY
STRZ k2 2ZERU RESWLT, CLEAR SIGN

NZER LODZ K2 FETCH SIGN
k2 K RSSEMBLE SIGN AND DECIMAL POINT
STRA, K8 *TADR STORE IN MS-BYTE OF OPERAND
RETC, UN RETURN

*

OVFe HALT ALIGNMENT OVERFLOW

*

EN 8

TOTAL RSSEMELY ERRORS = 06008

Figure 14

Sifnotics
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FIXED POINT DECIMAL ARITHMETIC ROUTINES AS55

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.

OPERAND1 +/- OPERAND2 =3
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 operand1l are aligned (and
rounded if specified).

Overflow is detected.

Special Requirements
Software: Fixed-pointalignment 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 the event the
operands have opposite signs, the subtra-
hend and minuend are designated.

Refer to Figures 15 and 16 for flowchartand
program listing.

2650 MICROPROCESSOR APPLICATIONS MEMO

FLOWCHART FOR ADDITION/SUBTRACTION OF FIXED-POINT NUMBERS

Enter FXAD Enter FXSU

l CHANGE SIGN OPR2
T

FXAD

INITIALIZE PSL: Operations:

ations with cari
:?‘)F:i:allcomparison i FXAD: OPR1+ OPR2 = OPR2
FXSU: OPR1 — OPR2 -+ OPR2

I l ALIGNYOPFH D
L}
I l ALIGN OPR2 J_I

L +SIGN TO RESULT I I +SIGN TO RESULT l

N
OPR1 < 0? 2

Yes
D —SIGN TO RESULT [ J

ADD Y

ITOPRV*/OPRZ/—— RESUU;] ]

H —SIGN TO RESULT Ll

I
y LBL3

I I —SIGN TO RESULT l l

|
LBL1y

l /OPR1/—/OPR2/—RESULT I /OPRZ/—/OPRU——RESULTJ

Figure 15
HARDWARE AFFECTED
REGISTERS RO g R2 R3 - A2’ RS RAM REQUIRED (BYTES): 2 x LENG
X X X X ROM REQUIRED (BYTES): 151
1 SP MAXIMUM SUBROUTINE
PSuU NESTING LEVELS: 1
. cc | ibc| rRs | we | ovF |com| ¢ | ASSEMBLER/COMPILER USED: TWIN VER 1.0
X X X X X X
14 Ei_ﬂlll!til}E



FIXED POINT DECIMAL ARITHMETIC ROUTINES

AS35

2650 MICROPROCESSOR APPLICATIONS MEMO

THIN RSSEMELER VER 1 8

LINE RDDR (BJECT E SOURCE

0824 0082
0825 8083
8626 688
0827 o8z
8828 6081

8839 BE82
6031 0808
6832 8881
8833 B
8934 8883

8836
8837
8938 8458
8839 8885

8541 8808
6943 6708

8844 8785
8845

* PO768882

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

PRGE 8861

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

* OPERATION' OPERANDA +/- OPERANDZ —) OPERAND2

* (PERANDL
* (PERANDZ

IS IN
IS IN:  OPRZ, OPR2+1, 0PR2+2, ETC.

0PR1, OPR1+4, OPRI+2, ETC

+ SUM/DIFFERENCE 1S IN.  OPR2, OPR2+1, OPR2+2, ETC
* OPERFNDZ 1S DESTROYED AFTER ADD/SUBTRACT

* OPRY, 0PR2 ARE MOST-SIGNIFICANT BYTES.

* LENGTH OF NUMBERS (IN BYTES) IS DEFINED BY: LENG

*  ALLOKED RANGE

1 CLENG € 255

* NUMBERS ARE IN SIGN-MAGNITUDE NOTRTION.
* MS-BYTE HOLDS SIGN AND DECIMAL POINT INFORMATION:

THIN RSSEMBLER YER 1.8

LINE ADDR (OBJECT E SOURCE

8647 876A

8048

0643

8850

854

8852 8508 8508
8853

8854 8582 6764
B855 6584 BF6708
@856 8587 EF678S
8857 850A 1682
#0858 esac 13
8859 580 C1
8968 @56E FB74
8061 8516 o1
8862 @541 17
8063

8964

8965

6066

8067 @512 6CA76S
8968 8515 64F6
0869 8517 CLB785
9879 851R 17
871

8972

0873

8874

7

SIGN IS IN M5 4 BITS: H'®” IS+ HF’ IS -
DECIMAL POINT IS IN LS 4 BITS: BINARY CODED,
RANGE (8 THRU 15) EQUALS NUMBER OF DECIMALS

PROCESSOR REGISTERS

PSL: 1=NITH @=WITHOUT CARRY
1=L0GIC, B=ARITH COMPRRE

LESS THN
UNCOND I TIONAL

FADDRESS OF ALIGNMENT SUBROUTINE
LENGTH OF OPERANDS (IN BYTES)

OPERANDL
OPERAND2/RESULT

PRGE 8882

*
*
*
*
+ DEFINITIONS OF SYMBOLS
*
R OEU @
R1EQU |
R2 EW 2
R3 EQW 3
W EW H88"
M EQ H'@2’
t EQU H'81’
Z EQU 8
N EW 2
e EW 8
GT  E 1
LT EW 2
W EW 3
*
* PARAMETERS *
*
ALGH EQU H’458"
LENG EQU -]
*

0RG  H'788’
*
OPRL RES LENG
0PR2 RES LENG
*

RG K588’

*

* SUBROUTINE TO COMPARE OPERANDT WITH OPERANDZ (UPDRTE CC)

C012 LOOLRL 8

*
LODI, R LENG-1

COmMa LODA, R OPR1, RZ
COMA, R8 0PRZ, R
BCTR, EQ COML
by :
STRZ R

COMi BORR, R3 COM8
Lz K
RETC, N

*

CLERR R1; MS-BITS ARE USED
T0 SHYE CC INFORMATION

LORD INDEX REGISTER

FETCH BYTE OF OPERANDL

COMPARE WITH BYTE OF OPERANDZ

BRANCH IF EQUAL

PSL TO k8

SHVE PSL IN R4

BRANCH IF ALL BYTES NOT TESTED

UPDATE CC WITH STATUS COMPARE

RETURN

* SUBROUTINE TO SET SIGN OF RESULT TO HEGRTIVE *

SSGN LODR, R8 0PRZ
ORI, R8 H'F@’
STRA, R8 OPRZ
KETC, N

*

*

*

*

*

EETCH SIGN OF RESWLT
SET NEGATIVE SIGN
RESTORE

RETURN

AR
* FIXED-POINT SUBTRACTION *
R

6876 @518 8C8785
8977 @51E 24F8
678 8528 (L8785
879

6880

0881

0882

6883

8884 8523 776R
86885 @525 8467
4886 8527 €568
8887 6529 3Fe458
6888 652C 8467
8839 A52F 6585
68% @538 3Fe456
8891 8532 aCe7es
8892 8536 C1
8093 @537 446F
8694 8539 (L6705
8095 @53C 81
889 8530 9A21
8897 @53F 6l8760
8898 6542 MR
8699 6544 1F@512

THIN ASSEMBLER VER 1

LINE FODR  OBJECT E
6161

6162 6547 7561
8163 8549 74
6164 #8545 6566
6105 @540 6F 6760
#1086 4558 5466
#1167 8552 51
8168 @557 gFe7es
B169 @556 %4
6116 @557 (F6765
#4111 855 01
8112 8556 FE78
8113 @550 9838
6114 @55F 17
6115

8116 @566 BCO7EH0
8117 9563 %62
6118 B565 Fa5e0
6119

8126 @568 991C
6121 @56 3Fe512
8122

#23

8124 @560 6794
8125 @56F 7781
8126 @571 eFe7E6
8127 @574 AFE7ES
8128 8577 %4
8129 @578 (F6765
8138 @578 FB74
8131 857 17
8132

B33 BS7E IFESe6
8134

6135 6581 9A6A
8136 @583 3Fe51z
8137

8138

8139 8586 8784
8148 @588 7761
8141 B38R BF67E5
8142 @580 AF6706
8142 859 X
8144 8591 CF6765
8145 @594 FB74
8146 8596 17
8147

8148 8597 48
8149

6150 0606

Figure 16

FXSU LODA, R8 OPRZ
EORL, k8 H'F8’
STRA, k8 0PRZ

T e oww

YAD PPSL WC+COM
LODI, k@ <OPRY
LODL k1 >0PRL
BSTR, UN ALGN
LODI, k8 COPRZ
LODI, R4 >0PR2
BSTA, UN ALGN
LOOA, R8 OPRZ
SRz H
ANDI,R8 H'eF”
STRA, k8 0PR2
Lz ®™
BCFR.N LBLS
LOOR, Ré OPRL
BCFR N LBL2
BSTA, UN SSGN

8
SOURCE

.

D TPl C
LODL R3 LENG-1
LODLRL &

FAODS LODA. k9 OPRL, R3
HODI, 8 H €6
RRF,PL
HODA, ke OPRZ, R
UFR, ke
STRA, kY OPRZ, k3
R R
BORR, RS ADDA
BCFR, 2 OVFL
RETC, N

LBL® LODA, R OPRY
BCFR N ADD
BSTR, UN C012

BCFR, GT LEL3
BSTA, UN SSGN

*

*

LEL1 LODL, R3 LEMG-1
L C

SUL2 LOOR, R8 OPRL R
SUBR, RE OPR2, RY
DR, RE
STRA, k8 OFRZ, R3
BORR, R3 SU12
RETC, N

*
LBLZ BSTR, IN CO12
*

BOFR,LT LBLL
BSTR UN SE6N

*

*

LBL3 LODI, R3 LENG-1
PPSL C

SUZ4 LODA, k8 0PR2, R3
SUBR, R8 OPRY, RY
DAR, k8
STRA, R8 OPRZ, R3
EORR. R3 Su21
RETC, N

*

OVFL FALT

*
END L]

TOTRL RSSEMBLY ERRORS = 0608

FETCH SIGN OF OPERAND2
CHANGE SIGN
RESTORE SIGN OF OPERANDZ

FERER AR R

* FIXED-POINT RDDITION *
R

OPERATIONS WITH CARRY, LOGICAL COMPARE
HIGH-ADDRESS OPR1 TO k8
LOW- ADDRESS OPRL TO RL
ALIGN OPERANDL

HIGH-FDORESS OPR2 TO k8
LOW- ADDRESS OPRZ TO R4
ALIGN OPERANDZ

FETCH SIGN OPERAND2

SAVE IN R1

REMOVE SIGN

SET SIGN OF RESULT T0 +
FETCH SIGN OPERANDZ

BRANCH IF OPR2 NOT NEGATIVE
FETCH SIGN OPERAND1L

BRANCH IF OPR1 NOT NEGRTIVE
SET NEGATIVE SIGN RESULT

PAGE 888

(OPRL) + (OPR2) --) OPRZ
LOAD TNDEX. REGISTER
CLERR INTERBYTE CRRRY
FETCH BYTE OF OFERANDL
ADU OFFSET FOR ECD ADD
INTERBYTE CARRY TO CRRkY
RDD BYTE OF OPERANDZ
DECIMAL ADJUST RESULT
STORE RESULTING BYTE

CARRY (=INTERBYTE CARRY) TO RY, CLEAR CARRY

ERANCH IF NOT RERDY
BRANCH IF INTERBYTE CHRRY = 1
RETURN

FETCH SIGN OF OPERANDL
BRANCH IF OPRL NOT NEGATIVE
COMPARE OPR1 WITH OPR2,
(MAGNITUDES ONLY)
ERFNCH TF OPRL ¢ (R = OPRZ
SET NEGATIVE SIGN OF RESULT

(OPRL) - (0PR2) —> UPRZ
LOAD INDEX REGISTER

CLEAR BORROW

FETCH BYTE (F OPERANDL
SUBTRACT BYTE OF OPERAND2
DECIMAL HOJUST RESULT

STORE RESULTING BYTE IN OPRZ
BRANCH IF NOT REFDY

RETURN

COMPFRE OPR1 WITH 0PR2,
(MAGNITUDES ONLY)

BRANCH IF OPRL > OR = OPRZ

SET NEGATIVE SIGN OF RESULT

(0PR2) - (OPRL) --> OPR2
LOAD INDEX REGISTER
CLEAR BORROW

FETCH BYTE (F OPERANDZ
SUBTRACT BYTE OF OPERAND1
DECIMAL ADJUST RESILT
STORE RESULTING BYTE
BRANCH [F NOT RERDY
RETURN

FARITHAETIC OVERFLOW

Sifnotics
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FIXED POINT DECIMAL ARITHMETIC ROUTINES AS55

2650 MICROPROCESSOR APPLICATIONS MEMO

Program Ti
FIX(;%—POINT"eDECIMAL MULTIPLICA FLOWCHART FOR MULTIPLICATION OF FIXED-POINT NUMBERS
TION FOR SIGNED, PACKED BCD NUM-
BERS Enter FXMP
OPERATION: MPLC x MPLR —MPLR
Function
INITIALIZE PSL:
Multiplication of 2 decimal fixed-point num- « operations with cl?«ry ’
bers. * logical compare
Sign MPLC® MPLR
Multipticand, muliplier, and product are.of [ cmiege T | (e Tsg
equal length as defined by LENG. Decimal point MPLC + multiplicand
decimal point MPLR 4 4 4 N 4
MULTIPLICAND x MULTIPLIER == s CT T { T [~Priwsg { Tsol
L L
MULTIPLIER e Uy exences =S
i3
Parameters [ 2xieng—=R2 | product
——4 NXTD
Inpu': l Least-significant digit 4!
Length of numbers (in bytes) is defined by of MPLR->R1
LENG.
MPLC, MPLC+1, MPLC+2, etc., contain SHRG
multiplicand. ADMC ¥ NO r 5.2'3.5’3"5&“?:‘555)
MPLR, MPLR+1, MPLR+2, etc., contain mul- (MPLC)*+ (EMPR)—» EMPR i
i g ! i . 52
tiplier. (R2) — 1—=R2
op [ wii=m ] I = |
utput:
MPLR, MPLR+1, MPLR+2, etc., contain No < (r2) =07
pl’OdUCt. * = without most-significant byte
Yes
Multiplier is destroyed after multiplication. I g l
Overflow is detected.
Special Requirements
Software: Fixed-pointalignment subroutine
ALGN
Operation
Prior to the multiplication algorithm (which
is an unsigned operation), the product sign
is determined. The product is formed in a - il s
double-length register and is right aligned L @
until the decimal point is 15 or less; this is ‘—‘—O*MSD of EMPA Ves
required due to the fixed-point format. Then [ (R2) — 1—=R2 l [ Clear SIGN J
the product length is reduced to the single- ]
length, fixed-point format; if this is not pos- Assombie STGN o
sible, overflow is detected. A “minus zero” ﬁ decimal point (R2)
proQuct rgsu'lt isexcluded by means of a test S msteerifoont bYe MECR
during aligning. ;
Refer to Figures 17 and 18 for flowchart and L A"'Gf MELR L
rogram listing.
£ .
Figure 17
HARDWARE AFFECTED
RAM REQUIRED (BYTES): (3 X LENG) +4
REGISTERS “x° RX’ sz “x3 R1" | R2' | R3' | ROM REQUIRED (BYTES): 144
F T SP MAXIMUM SUBROUTINE
PSU NESTING LEVELS: 1
PSL cC IDC| RS | WC | OVF |COM| C ASSEMBLER/COMPILER USED: TWIN VER 1.0
X X X X X X
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FIXED POINT DECIMAL ARITHMETIC ROUTINES AS35

2650 MICROPROCESSOR APPLICATIONS MEMO

FIXED-POINT DECIMAL MULTIPLICATION FOR
SIGNED, PACKED BCD NUMBERS

THIN RSSEMBLER VER 1 @ FAGE 0661

LINE AODR OBJECT E SOURCE

o061 * PU76BREY 6875 #5416 BEGTER LODA, R2 MFLR FETCH MS-BYTE MULTIFLIER

e 8676 8516 22 ERZ  R2 TRE EX-R OF SIGNS

0063 * FIXED FOINT DECIMAL MULTIPLICATION FOR * 877 6510 4470 MNDL KB H'FB’  REMOVE NON-SIGN DIGIT

8064 * SIGNED, PRCKED-BCD NUMBERS B 8678 BSIE CLB7OF STRA, R8 SIGN SAVE SIGN

6665 879 8524 61 Lz’ MS-BVTE OF MFLC TO RE

806 * OPERATION: MULTIPLICAND X MATIPLIER --> MULTIPLIER 0058 0522 446F ROL R HBF/  REMOVE SIGN MPLC, KEEP DECIMAL POINT

6667 * MLTIPLICRND 15 N MPLC MPLCHL, MPLCHZ, ETC 6881 0524 460F MOLR2 WBF/  REMVE SIGN MPLR KEEP DECIMAL POINT

o085 * MATIPLIER IS IN. MPLR MPLR+L MPLR#2, ETC 8652 @526 7501 L C CLEAR CARRY

669 * FRODUCT IS IN MPLR, MPLR+L, MPLR#2, ETC 8683 8528 42 oz R ADD DECIMAL POINT POSITIONS

8616 * MLTIFLIER 1S DESTROYED AFTER MULTIPLICATION 8084 8529 (L8712 STRA, KB TOPT SAYE NEW DECIMAL POINT POSITION

11 * MPLC, MPLR FRE MOST-SIGNIFICANT BYTES B85 *

012 * LENGTH OF NUMBERS (IN BYTES) 1S DEFINED BY: LENG 6856 8520 26 ERZ  Re CLERR 78

@13 *  ALLOWED RANGE 1 < LENG < 65 W7 652D 8786 LODL R LENGH  LOAD INDEX REGISTER

ae14 * FEQUIRED NUMBER OF DECIMALS IN PRODUCT MUST BE @058 652F (F4785  CLEM STRR, K6 EMPR,R3, - CLEAR MS-BYTE MPLR, ALL EMPR

8815 *  STORED IN LOCATION: DPNT (MAX = 15) 889 8532 SE7E BRMR, R CLEM BRANCH IF NOT DONE

8816 * NUFBERS FRE IN SIGN-MAGNITUDE NOTATION. 8996 *

8817 * MS-BYTE HOLDS SIGN AND DECIMAL POINT INFORMATION 8891 8534 B6BH LODI, k2 LENGLENG NUMBER OF DIGITS TO LOGP COUNTER

18 *  SIGN IS INMS 4 BITS: H@” IS+ HF' IS - @097 6536 DB7BE  NXTD LODR,Ri MPLR+LENG-1 FETCH LS-BYTE MULTIPLIER

8619 *  DECIMAL POINT IS IN LS 4 BITS: BINARY CODED, 8893 8539 450F ANDL RL H/&F’ TRKE OWLY LS-DIGIT

g ok KANGE (8 THRU 15) EQUALS NUMBER OF DECIMALS. 8894 6538 1826 BCTR, Z SHRG BRANCH IF ZERO

* 995 *

a2z * DEFINITIONS OF SYMEOLS %% * ADD HPLC (WITHOUT MS-BYTE) TO EMPR

0623 * 9697 @530 7501 AL CPSL C CLERR CARRY

6624 0069 ke EW 8 PROCESSOR REGISTERS 8698 ESIF 0764 LODL R LENG-1  LOAD INDEX REGISTER

8025 8881 ki EQU 1 699 @541 BF6785 ADM@ LODA, k@ ENPR.FT  FETCH BYTE OF EXTENDED MULTIPLIER

vl RO 2 #1086 8544 8466 FODLRG H66"  FDD OFFSET

9027 603 BoE 2 B191 546 CF6785 STRARG EMPR.RS  RESTORE INTERMEDIATE SUM

8628 8065 W OB 88" PSL: {=HITH, B=KITHOUT CARRY @182 8549 FE76 BORR, 3 RDMG BRANCH IF ALL EYTES NOT ADDED

9629 6oaz CO B0 g 1=L0GIC, B=ARITH CONPARE 2163 6548 6764 LIDLRS LENG-L  LORD INDEX REGISTER

8026 6001 O B Het’ CRRRY /BORKOK #104 @54D OFG76S  ADML LODR,RE EMPR.KZ  FETCH BYTE OF INTERMEDIATE SUM

a1 oo 2 w8 BRANCH COND. -+ ZEROD 8165 8550 &F6704 DDA, 8 WPLC,R3 DD BYTE OF MULTIPLICAND

0032 0662 L e 2 LESS T 8106 #552 94 DFR, B8 DECIMAL RDJUST RESULT

% s WoE ECOITION 6187 6554 CFE765 STRF,RB EIFRRZ  RESTORE RESULTING EVTE

6835 * PARAMETERS *

X *

937 6450 MG EQU  H'458°  ADDRESS OF ALIGNMENT SUBROUTINE

838 @a8S LENGEW 5 LENGTH OF PARAMETERS (BYTES)

839 *

6640 0660 0RG H/788’

8641 *

8042 9766 WL RES  LENG MATIPLICRD

843 8785 BFR RES  LENG EXTENDED MULTIPLIER THIN ASSEMBLER VER 1. @ FRGE B6GT

8644 9760 WAR FES  LENG WULTIFLIER

8845 * NOTE: EMPR AND MPLK MUST BE IN SUCCESSIVE R OBJECT E SOURG

08846 * RRM LOCATIONS FOR DOUBLE-LENGTH SHIFT LN PR HBJELT' o2 COREE

947 o AW 1 TERURPRY SIGN 8168 6557 FET4 BURKFZ DML BRANCH IF NOT REFDY

0045 @718 TEW RES 2 TERPORFRY STORAGE FIR FDURESS P69 #4559 #8705 LODA, P ENFE. FETIH MG-EYTE EXTENDED MULTIFLIER

849 8712 TOPT RES 1 TEMPORARY STORFGE FOR DECIMAL POINT 119 6550 2469 FLOT, F2 @ ALL CARRY

@58 * 8111 WSSE CCA7eS STRR, Ré EMFP. FESTORE

8951 9713 KRG H'588’ 8112 6551 F35A EORR, FL ADHC DECREMENT DIGIT, BRANCH IF NOT &
6117 9563 7FESH0  SHRG BSTA.UN SHEM SHIFT EMPR AND MFLR RIGHT ONE DIGIT FOSITION
114 B566 FRIE EOFR, 2 HXTD ERANCH 1F MULTIFLICATION NOT REAOY
0115 *

THIN RSSEMELER VER 1 @ PAGE 0862 G116 8565 BEGTLZ LODA, K2 TOFT DECIMAL POINT TO RZ
6117 8568 B766 TOVE LODI,KS LENG+L  TEST OVERFLOM, LOFD INDEX REGISTER

LINE ADDR CBJECT E SOURCE €118 56D BF47HS  TOVE LODR, Ré EMPR, RS, - FETCH EYTE OF EMPR OR MS-BYTE
8119 * OF MFLR TO TEST FOR 2EKU

8853 128 8576 9614 BFR. 2 SHEP BRANCH TF NOT ZERD

54 * SUBROUTINE TO SHIFT EMPR AND MFLR ONE DIGIT RIGHT * 21 W72 5679 BRNK, 3 TOV8 BRANCH IF ALL NOT TESTED

8855 8122 *

8956 * PRICR T0 ENTRY:  WC IN PSL MUST BE 1. 175 8574 E6le COMI, R2 16 TEST IF DECIMAL FOINT 1S C 16

657 * 8124 6576 SFt1 BOFR. LT SHF® BRANCH IF T00 EIG

58 85608 6564 SHEM LODL,R1 ¢ LORD LOOF COUNTER 125 8574 CEBTEF 10RF, k2 516N FSSEMELE SIGN AND DECIMAL FOINT

859 6562 67F6 SHE® LODI, RY -LENG-LENG LOAD INDEX REGISTER BL26 BSTE CEBTBH  FOME STRR, R MRLR STORE [N MS—BYTE MPLR

8068 #5684 7561 L CLERR CARRY €127 857 B497 LODL FB CWPLR  HIGH-DFDER ADDRESS MPLR TO Re

8961 8566 BFGEEF  SHEL LODR, RB ENPR-ZS6+LENGHLENG K3 FETCH BYTE L2 B8589 B9 LODL FA SMFLR L0 ORDER ADDRESS MFLR TO Ri

B62 8569 56 RRR, RE ROTATE RIGHT 129 6562 0458 BSTA, N ALGR ALIGN FRODUCT, SET + SIGN IF

653 B56A CFE6eF STRA, R EMPR-Z56+LENGLENG, RS RESTORE BYTE #1138 * PRODUCT 1S ZERD

6664 656D DB77 BIRR, K3 SHEL BRANCH IF ALL NOT SHIFTED #171 8555 17 RETC, N

8565 B56F F971 EORR, RY SHE® BRANCH IF 4 BITS NOT SHIFTED w2 *

0666 8511 17 RETC, LN RETURN B33 6556 62 SHEP LIDZ k2 UFDATE (L FOR NUMEER OF LECIMALS

w67 * 134 B567 1867 BUTR.Z OVFL ERANCH IF ZERD OVERFLON

8868 ok Rk 8135 @589 Fhee SHFB BDRR. Rz $+2 DECRERSE DECIMAL POINT

@869 * FIKED POINT MULTIPLICATION = #36 6568 6549 BSTR, U SHEM SHIFT EMPR + MPLR RIGHT

@878 koo Rk ROk R 6137 @58E 1838 BCTR, UN TOvF BRANCH FOR OVERFLOW TEST

228 * 6138 *

872 6512 77O FRF PPSL  HCHCOM OPERATIONS WITH-CARRY, LOGICAL COMPARE 139 65% 48 WFL HALT RRITHHETIC ONERFLOW

73 8514 B087E0 LODA RL MPLC FETCH MS-BYTE MULTIPLICAD #148 *

@74 8517 el Lwz R SAVE IN Re B141 0669 B @

TOTAL ASSEMBLY ERRORS = 0608

Figure 18
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FIXED POINT DECIMAL ARITHMETIC ROUTINES

AS55

2650 MICROPROCESSOR APPLICATIONS MEMO

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 after division.

Overflow is detected.

Special Requirements

Software: Fixed-pointalignment 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 a non-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 flowchartand
program listing.

-y
Shift RMDR, DVDN one
digit left (4 bits)
O-LSD of DVDN

FLOWCHART FOR DIVISION OF FIXED-POINT NUMBERS

Enter FXDI
OPERATION: DVDN: DVSR—> DVDN -- --
+/- |DPT] zE:. LSD
INITIALIZE PSL:
[ . ?peratlnons with carry ‘ . divisor
* log m| + 4
e, [ [T T [rrpsd | 9
3 + —+
remainder dividend

division by zero

Sign DVDN_@ Sign DVSR quotient
— QSGN

Y
decimal point DVDN-decimal point DVSR
L ——QDPT |

Save most-significant byte DVSR I
L in SAVE

Clear most-significant byte DVSR;
Clear RMDR, most-significant byte DVDN

1]
[ 2x LENG==R2 |
SHFL |

—

L (RMDR)—(DVSR)—* RMDR [ (R2)—1—= R2

]

[ (DVDN) + 1—= DVDN

TQDP

OVERFLOW 1

arithmetic overflow

Increase decimal point:
(QDPT) + 1= QDPT

l Load loop counter R2 with 1

Assemble (QSGN) and I
(QDPT) for most-significant byte

S'Ltore in most-significant byte DVDE\!

(SAVE) t-significant b
[ -’76!85 RSlgﬂl ican yte I

H ALIGN DVDN ] ]
Figure 19
HARDWARE AFFECTED
mlim s lms | arlee | a2 RAM REQUIRED (BYTES): (3 x LENG) +5
REGISTERS X % % % B ROM REQUIRED (BYTES): 166
F 0| sp MAXIMUM SUBROUTINE
PSU NESTING LEVELS: 1
- CC|IDC | RS | WC |OVF |[COM| C | ASSEMBLER/COMPILER USED: TWIN VER 1.0
X | X X X X X
18 5i!||ll!til:5



FIXED POINT DECIMAL ARITHMETIC ROUTINES

AS55

2650 MICROPROCESSOR APPLICATIONS MEMO

THIN RSSEMELEF YER 1
LINE RODF OBJECT E

[0
L)
s
B34

8437
8838 8458
8839 wBes
6848
6041 0008
8842
0643 6708
6844 8785
8045
8346
8847 @70R
6048 B70F
849 @711
858 8712
8651 8713
652

THIN ASSEMELER YER 1
LINE ADDR COBJECT E

6854 8714

)

w356 #5e8 7786
w57

858 @582 6764
8859 6544 BFETER
0869 6587 9885
0961 6589 FE7Y
0862 BS%E 1085R6
6663 B50E ALATES
8864 8511 (1
Be65 8512 Beeved
6866 6515 CE@71Z
867 8518 22
0965 6519 44F6
8863 8516 CCeril
8878 B51E 61
8871 B54F 448F
0672 8521 466F
73 8523 A2
6874 @524 (L8712
BATS

276 8527 28

]

SOURTE

+ FOT50881

FIXED-POINT DECIMAL DIVISION FOR
SIGNED, PACKED BCD NUMBERS

PAGE BBl

+ FIXED-FOINT DECIMAL DIVISION
* FOR SIGNED, FACKED-BLD NUMBERS *

* PERATION
* DIVIDEND
* DIVISOR
* QUOTIENT

DIVIDEND
IS IN DYDN DYDN+L, DYDN+2, ETC
IS IN. DYSK, DYSR+1, DYSR+2, ETC
I5 IN  DVDN, DYDN+1, DYDN+2, ETC

DIVISOR -3 DIVIDEND

+ DIYIDEND 1S DESTROYED AFTER DIVISION
* VN AND DVSR FARE MOST-SIGNIFICANT BYTES
* LENGTH OF NUMBERS (IN BYTES) 15 DEFINED BY. LENG

*  RLLOWED RANGE

1 < LENG € 65

* HUMBERS ARE [N SIGN-MAGNITUDE NOTRTION.
* MS-BYTE HOLDS SIGN AND DECIMAL POINT INFORMATION

SIGN 15 IN MS 4 BITS

H@ IS+ HF' IS -

UECIMAL POINT IS IN LS 4 BITS: EINARY CODED,

RANGE (8 THRU 15) EQUALS NUMBEK OF DECIMALS

CEFINITIONS (F SYMEILS

*

*

*

*

*

*

B EQ
R

8 PROCESSOR REGISTERS

E 1
k2 B 2z
k3 B 3
HC EQU Heg” PSL. 1=WITH, B=WITHOUT CARRY
(™ EQU Hez’ 1=LOGIC, B=ARITH. COMPARE
C e Het” CRRRY/BORROW
2 8 ERANCH COND. = ZERO
FEW 1 FOSITIVE
N EW 2z NEGATIVE
EQ  EQU ] EQUAL
(G 1] 2 LESS THAN
N EW 3 UNCONDITIONAL
*
* PHRAMETERS *
*
ALGN EQU H’458°  ADDRESS OF ALIGNMENT SUBROUTINE
LENG EQU ) LENGTH OF OFERANDS (IN BYTES)
*

ORG H'708"
*
RMOF RES LENG REMATNDER
DYDN RES LENG DIVIDEND
* NOTE: RMOR AND DYDN MUST BE IN SUCCESSIVE
* KAt LOCATIONS, BECAUSE OF DOUBLE-LENGTH SHIFT
DYSR RES LENG DIVISOR
TEMP FES 2 TEMPORARY STORAGE FOR FDDRESS
GSGN RES 1 GUOTIENT SIGN
GOPT RES 1 QUOTIENT DECIMAL POINT
SRYE RES i TEMPORARY STORAGE

*

]
SOURCE
ORG LI

*
FXDI PPSL
*

WC+COMC

LODL, K3 LENG-1
TZER LODA, Kb DYSR, 3
BFR.2 NZER
BORK, R TZER
ETRZ OW
NZER LODA, RS DYON
STRZ RM
LODR, R2 DVSR
STRA, P2 SAVE
BRI R2
AND1 8 HOFB’
STRA, RS GSGN
Loz Rt
AL R HOBF/
ANDL FZ H'OF’
W R
STRA, kY QOFT

ERZ ke

OFERATIONS WITH CARRY.

LOGICAL COMPARISON, CLEAR EORROW
LOAD INDEX REGISTER FOR ZERO TEST
FETCH BYTE OF DIVISOR
BRANCH IF NON-ZERD
BRANCH IF ALL BYTES NOT RDY
ERANCH IF ZERO
FETCH M5-EYTE DIVIDEND
SAVE IN R4
FETCH M5-BYTE DIVISOR
SAYE MS-BYTE DIVISOR
EX-0R SIGN DYDN AND DVSR
REMOVE DECIMAL FOINT DIGIT
SAYE QUOTIENT SIGH
FETCH MS-BYTE DIVIDEND
REMOVE SIGN
REMOVE SIGN MS-BYTE DIVISOR
SUBTRACT DECIMAL POINTS: DYON - DVSK
SAYE DECIMAL FOINT QUOTIENT

CLERR R®

Figure 20

6877 6528 CLe7eR
@378 6528 8766
@879 @520 CF4760
8668 8538 SB7B
8881

6882 4522 BcEA
883

6884

8885

8866 B934 3584
6887 6516 7581
0328 6528 @ren
8839 B53A BF4700
@93 8530 Do
@891 BS3E CF67ee
692 6541 5677
6893 B543 F971
094

8895

68%

8897 545 @S58
8898

THIN RESEMBLER VER 1

LINE AODF  CBJECT E

#1682 AS4C EFciEA
6163 554F 1882
B4 8351 12
6185 B552 (1

6124 85€D (8789
8122 8578 1652
8123

6124 BS7Z FAd
6125 574 28
#126 8575 6L276S
B127 8578 44F@
8128 B57R 9611
6129 657C BEB712
#1386 6S7F E6OF
6131 6581 966F
8132 6583 DA
6133 8585 (E8712
6134 8588 @661
8135 BS8R 1F@534
6136

8137 858D BERT12
8138 8599 1A15
6139 592 6EA71L
B148 8595 CE6780
8141 8595 aCe713
8142 8996 (L8768
B142 B5% 8407
6144 8508 @565
145 B5A2 3FB45e
8146

6147 8545 17
8148

6149 65R6 40
8158 8547 48
8154

6150 0008

STRA, K8 DYSR
LODL, R3 LENG+H

CLERR MS-BYTE DIVISOK
LORD INDEX REGISTEK

CLPM STRA, 8 RMDR, RS, - CLEAR REMAINDER AND SIGN DYON

BRNF, KX CLRM
*

BRANCH 1F NOT DONE

LODI, RZ LENGHLENG NUMBER OF DIGITS TO LOOP COUNTER

*
*
*
SHFL LODI KL 4
SHFG CPSL O

SHIFT RMDR/DYDN 4 BITS LEFT
INSERTING ZERCES IN LS-EITS

LOAD BIT COUNTER

CLEAR CARRY

LODT, R LENGHENG LOAD INDEX REGISTER

SHFL LODA, k6 RMDR, RZ,
FRL, KO
STRA, k6 RMOR, R
BRNR, RS SHFL
BORR, R1 SHFE

*

*

*
CoMP LODL KL @
*

SOURCE

LODI. k3 LENG
(OM@ LODA, 8 RMOR, R,
COMA, kg DYSK, B2
BUTR, E& COMt
SPSL
TR KL
LML BRNR. RS CiMe
Lz K
BLTR, LT NXDG

L O
LODL, KX LENG
SURD LUDR, ke RMDR, R,
SUBH, P8 DYSR, KX

DAk, 8
STRR, ke EMDR, R
BRNE, RY SURD

- FETCH BYTE OF RMDR/DYIN

ROTATE LEFT WITH CARRY
RESTORE SHIFTED BYTE

BRANCH IF ALL NOT SHIFTED
BRANCH IF 4 BITS NOT SHIFTED

COMPARE RMOR AND DYSK TO TEST
IF SUBTRACTION IS POSSIBLE

CLERR R, MS-BIT OF Ri BECOMES
1 FOR RMDR C DYSR

FROE B

LOAD INDEZ REGISTER

- FETCH BYTE OF REMAINOER
COMPARE WITH EYTE OF CIYVISK
ERANCH TF EQUAL
PEL TO PB
SRYE FSL IN RL
BRANCH IF ALL BYTES NOT TEZTED
FETCH STATUS OF COMPAREISON
ERANCH IF RMDR < D¥SF

SUETRACT DIVISUR FROM REMATNDER
CLERR BORRDN
LOAC [NDEX REGISTER

- FETCH BYTE OF REMAINDER
SUBTRACT BYTE OF DIVISOR
DECIMAL RDJUST RESULT
RESTORE IN REMAINDER
BRANCH IF NOT READY

LODA, B DYDRHLENG-1  FETCH LS-BYTE QUOTIENT

EIRR, P8 $+2

INCRERSE P9

STRA, k8 DYDR+LENG-1 RESTORE INCREMENTED QUOTIENT

BLTR, UN COMF

NG EORR, K2 SHEL
ERZ  Fo

BRANCH FOR NEXT CUMFHRISIN

BRANCH [F DIYISION NOT RERDY
CLEAR TNDEX REGISTER

LODA, R& DYDN, k8, + FETCH MS-DIGITS QUOTIENT

ANDL, R8 HFB”
ECFR, 2 TOOF
LODA, k2 QOFT
COMI,RZ 15
BCFR, EQ ASQU
IDFT BIRR, KZ $+2
STRA, RZ GOPT
LODI, Rz 1
BUTR, UN SHFL

TEOP LODA, kZ GOFT
ECTR. N O¥FL

ASQU TORA, k2 56N
STRA, RZ DVDN
LODA, P8 SAYE
STRA, R8 DVSK
LODI, R8 <DYDN
LODL, R DVDN
BSTR, UN ALGN

RETC, N
*
OVFe HALT
OVFL HALT
*

END @

TOTAL ASSEMBLY ERRORS = 6@86

THKE MSD ONLY
BRANCH IF MSD NOT ZERU
FETCH DECIMAL PUINT QUOTIENT

BRANCH TF DECIMAL FUINT=MAX.
TNCREASE DECIMAL FOINT QUOTIENT
KESTORE

LOAD LOOP COUNTER

BRANCH FOR NEXT DIVIDE LOOP

FETCH DECIMAL PUINT GUOTIENT

BKANCH IF NEGRTIVE

RSSEMBLE SIGN+DECIMAL POINT QUOTIENT

STORE SIGN IN MS—BYTE DVIN

FETCH SIGWDECIMAL FOINT DIVISIR

RESTORE MS-BYTE DIVISK

HIGH-RDDRESS QUTIENT TO ke

L0k~ ADDRESS GUOTIENT TO Ri

ALIGN QUOTIENT, SET + SIGN IF
QUOTIENT IS 2EFT

RETURN

OVERFLOW, DIVISION BY ZERU
ARITHMETIC OVERFLOW

sinotics
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from the world-wide Philips Group of Companies

Argentina: FAPESA |.y.C., Av. Crovara 2550, Tablada, Prov. de BUENOS AIRES, Tel. 652-7438/7478.

Australia: PHILIPS INDUSTRIES HOLDINGS LTD., Elcoma Division, 67 Mars Road, LANE COVE, 2066, N.S.W., Tel. 42 1261.

Austria: OSTERREICHISCHE PHILIPS BAUELEMENTE Industrie G.m.b.H., Triester Str. 64, A-1101 WIEN, Tel. 62 91 11.

Belgium: M.B.L.E_, 80, rue des Deux Gares, B-1070 BRUXELLES, Tel 523 00 00.

Brazil: IBRAPE, Caixa Postal 7383, Av. Paulista 2073-S/Loja, SAO PAULO, SP, Tel. 287-7144.

Canada: PHILIPS ELECTRONICS LTD., Electron Devices Div., 601 Milner Ave., SCARBOROUGH, Ontario, M1B 1M8, Tel. 292-5161.

Chile: PHILIPS CHILENA S.A., Av. Santa Maria 0760, SANTIAGO, Tel. 39-4001.

Colombia: SADAPE S.A., P.O. Box 9805, Calle 13, No. 51 + 39, BOGOTAD.E. 1., Tel. 600 600.

Denmark: MINIWATT A/S, Emdrupvej 115A, DK-2400 KOBENHAVN NV, Tel. (01) 69 16 22.

Finland: OY PHILIPS AB, Elcoma Division, Kaivokatu 8, SF-00100 HELSINKI 10, Tel. 172 71.

France: R.T.C. LARADIOTECHNIQUE-COMPELEC, 130 Avenue Ledru Rollin, F-75540 PARIS 11, Tel. 355-44-99.

Germany: VALVO, UB Bauelemente der Philips G.m.b.H., Valvo Haus, Burchardstrasse 19, D-2HAMBURG 1, Tel. (040) 3296-1.

Greece: PHILIPS S.A. HELLENIQUE, Elcoma Division, 52, Av. Syngrou, ATHENS, Tel. 915 311.

Hong Kong: PHILIPS HONG KONG LTD., Comp. Pept., Philips Ind. Bldg., Kung Yip St., K.C.T.L. 289, KWAI CHUNG, N.T. Tel. 12-24 51 21.

India: PHILIPS INDIA LTD., Elcoma Div., Band Box House, 254-D, Dr. Annie Besant Rd., Prabhadevi, BOMBAY-25-DD, Tel. 457 311-5.

Indonesia: P.T. PHILIPS-RALIN ELECTRONICS, Elcoma Division, ‘Timah’ Building, JI. Jen. Gatot Subroto, JAKARTA, Tel. 44 163.

Ireland: PHILIPS ELECTRICAL (IRELAND) LTD., Newstead, Clonskeagh, DUBLIN 14, Tel. 69 33 55.

Italy: PHILIPS S.P.A., Sezione Elcoma, Piazza IV Novembre 3, 1-20124 MILANO, Tel. 2-6994.

Japan: NIHON PHILIPS CORP., Shuwa Shinagawa Bldg., 26-33 Takanawa 3-chome, Minato-ku, TOKYO (108), Tel. 448-5611.

(IC Products) SIGNETICS JAPAN, LTD., TOKYO, Tel. (03) 230-1521.

Korea: PHILIPS ELECTRONICS (KOREA) LTD., Philips House, 260-199 Itaewon-dong, Yongsan-ku, C.P.O. Box 3680, SEQUL, Tel. 44-4202.

Mexico: ELECTRONICA S.A.de C.V., Varsovia No. 36, MEXICO 6, D.F., Tel. 5-33-11-80.

Netherlands: PHILIPS NEDERLAND B.V., Afd. Elonco, Boschdijk 525, NL-4510 EINDHOVEN, Tel. (040) 79 33 33.

New Zealand: Philips Electrical Ind. Ltd., Elcoma Division, 2 Wagener Place, St. Lukes, AUCKLAND, Tel. 867 119.

Norway: ELECTRONICA A/S., Vitaminveien 11, P.O. Box 29, Grefsen, OSLO 4, Tel. (02) 1505 90.

Peru: CADESA, Jr. llo, No. 216, Apartado 10132, LIMA, Tel. 27 73 17.

Philippines: ELDAC, Philips Industrial Dev. Inc., 2246 Pasong Tamo, MAKATI-RIZAL, Tel. 86-89-51 to 59.

Portugal PHILIPS PORTUGESA S.A.R.L., Av. Eng. Duharte Pacheco 6, LISBOA 1, Tel. 68 31 21.

Singapore: PHILIPS SINGAPORE PTE LTD., Elcoma Div., POB 340, Toa Payoh CPO, Lorong 1, Toa Payoh, SINGAPORE 12, Tel. 5388 11.

South Africa: EDAC (Pty.) Ltd., South Park Lane, New Doornfontein, JOHANNESBURG 2001, Tel. 24/6701.

Spain: COPRESA S.A., Balmes 22, BARCELONA 7, Tel. 301 63 12.

Sweden: A.B. ELCOMA, Liding6vagen 50, S-10 250 STOCKHOLM 27, Tel. 08/67 97 80.

Switzerland: PHILIPS A.G., Elcoma Dept., Edenstrasse 20, CH-8027 ZURICH, Tel. 01/44 22 11.

Taiwan: PHILIPS TAIWAN LTD., 3rd FI., San Min Building, 57-1, Chung Shan N. Rd, Section 2, P.O. Box 22978, TAIPEI, Tel. 5513101-5.

Turkey: TURK PHILIPS TICARET A.S., EMET Department, Inonu Cad. No. 78-80, ISTANBUL, Tel. 43 59 10.

United Kingdom: MULLARD LTD., Mullard House, Torrington Place, LONDON WC1E 7HD, Tel. 01-580 6633.

United States: (Active devices & Materials) AMPEREX SALES CORP., 230, Duffy Avenue, HICKSVILLE, N.Y. 11802, Tel. (516) 931-6200.
(Passive devices) MEPCO/ELECTRA INC., Columbia Rd., MORRISTOWN, N.J. 07960, Tel. (201) 539-2000.
(IC Products) SIGNETICS CORPORATION, 811 East Arques Avenue, SUNNYVALE, California 94086, Tel. (408) 739-7700.

Uruguay: LUZILECTRON S.A., Rondeau 1567, piso 5, MONTEVIDEO, Tel. 943 21.

Venezuela: IND. VENEZOLANAS PHILIPS S.A., Elcoma Dept., A. Ppal de los Ruices, Edif. Centro Colgate, Apdo 1167, CARACAS, Tel. 36 05 11.
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