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The capability of operating on Binary Coded
Decimal (BCD) floating point numbers is
provided by the four routines presented in
this technical note. These routines perform
the addition, subtraction, multiplication, and
division of BCD floating point operands in
normalized signed-magnitude notation. Mul-
tiple precision os facilitated through a varia-
ble-length mantissa.

Data Format

The format for the operands used in these
routines is shown in Figure 1.

Note that the magnitude bytes contain two
BCD digits per byte. Bytes 0 and 1 are the
exponent of the number in signed-magnitude
form. Byte 0 is the sign, and is positive if equal
to H00' and negative otherwise. Thus, the
range for the exponent (E) is:

—99<E<+99

Bytes 2 through (LENG—1) are the mantissain
signed-magnitude form, where LENG is a
symbol defined as a positive integer in the
source program via an EQU assembler direc-
tive. Byte 2 is the mantissa sign and follows the
same convention as the exponent sign. The
remaining bytes are the magnitude, with the
decimal point placed at the left of the Most-
Significant Digit (MSD).

Normalized Format

All operands used as inputs to these routines
must be normalized, and results are provided
in normalized form. A normalized mantissa
is one for which the MSD is not equal to zero.
Thus, the allowable range for the magnitude
of the mantissa (M) is:

[0.] 1000. .. .<M=<[0.]9999. . ..

Zero is defined as mantissa of zero with expo-
nent —99.

Table | shows the range of acceptable values
for the case LENG = 5, that is, a four-digit
mantissa.

Operational Details

The routines operate as follows:
(OPERAND1) # (OPERAND2) — RESULT,
where

# is one of the four operators +, —, X, or : .

Operands 1 and 2 are stored in memory start-
ing at addresses OP1 and OP2 and, as men-
tioned previously, must be normlized. The
normalized result is situated in memory
starting at location RSLT. This area need not
be cleared prior to execution of the routine.
The program area and the operands may be
located on different pages of the memory
space. The input operands are moved to a
scratch area located in the same page as the
program prior to function execution. Thus,
the original operands are not destroyed.
Some savings in program size can be realized
if the operands are located on the same page
as the program and/or if their values need not
be retained.

Rounding of the result is controlled by the con-
tents of the location ROUN:

Various error conditions (overflow, underflow,
etc.) result in jumps to different error locations
to facilitate test and/or corrective actions.

_The main program calls the routines by per-

forming the following subroutine branches:

DADD for addition
DSUB for subtraction

BSTA,UN
BSTA,UN
BSTA,UN
BSTA,UN

DMUL for multiplication
DDIV for division

TEST PROGRAM

The listing at the end of this technical note is
a test program that may be used on the

(ROUN) = H’66’ specifies no rounding PC1001 prototyping board running under the
(ROUN) = H.b6" specifies round-off (round PIPBUG monitor to test the operation of the
if most-significant truncated digit  routines. Figure 2 illustrates the operation via
is M5).  a TTY or other terminal.
(ROUN) = H'F6’ specifies round-up (round if
most-significant truncated digit  Figures 3 through 14 provide flowcharts and
M1). listings for the four routines.
BCD FLOATING POINT FORMAT
BYTE O BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTE (LENG-1)
: i : :
| | 1 |
] | L e |
SIGN MAGNITUDE SIGN -« MAGNITUDE ———M»
MSD LSD
EXPONENT MANTISSA
Figure 1
DECIMAL
EXP. MANTISSA EQUIVALENT
+ LARGEST POSITIVE 0099 009999 +0.9999 x 10%
T SMALLEST POSITIVE FF99 001000 +0.1000 x 107%°
0 ZERO FF99 000000 0.0
L SMALLEST NEGATIVE FF99 FF1000 —0.1000 x 107
- LARGEST NEGATIVE 0099 FF9999 —0.9999 x 10%

Table 1 - RANGE OF VALUES FOR A FIVE-BYTE NUMBER




*GLC4

11B+1224547€
V1@+12345478
PBSH1ZZ45473
+1B+1234547%
A1B-12345478

-95+287746455
~96+23776455
*GALC4

+90+23452345
+IC+Z3452345
199+ETLSA3EL
*Goa

+55499999999
+33+12345479

133412245679

+99499999999
+99-55647738
+99-55647728

+ 0+ o+

+168+987454532
+B5+937654322
+18+987465432
+18-93765432
+18-987465432

[ LTI}

-75+488645544
-976+88775544

+98+99999999
+98+99999999
+99+12345677

([T

+84+99999999
+49+15008000
-49+310080080

([T

+99-55647788
+81-17962709
+81-17963718

Figure 2

OPERATION OF TEST PROGRAM

*11+#14111111
+1B+1Z238444606
+1@-9874653B9
+11+11111111
+11-11111111

~97+111111083

+932+99979999
+99+10033032

+99499999998
+E1+Z22222222

~146+106333630

+B1-17963718
+99+499999994

(Underflow)

(Overflow)

(Overflow)

PROGRAM TITLE

FUNCTION

PARAMETERS
INPUT:

OUTPUT:

BCD ARITHMETIC FLOATING POINT PACKAGE

Performs addition, subtraction, multiplication, and
division of BCD floating point numbers.

OPERAND 1 & OPERAND 2 — RESULT
& =+, —, X,

OPERAND 1 is in memory starting at address OP1.

OPERAND 2 is in memory starting at address OP2.

Length of operands and result are defined by LENG.

ROUN contains rounding constant including offset
of H'66'.

RESULT of the operation is stored in memory
starting at address RSLT.

SPECIAL REQUIREMENTS

None

HARDWARE AFFECTED RAM RECVIRED (BYTES): O X e e
ROM REQUIRED (BYTES): 644
RO|R1 |R2 |R3|R"" |R2Z R | TTTTTTTTTTTTTTTT
G
MEGISTERS X X X X EXECUTION TIME: _ Varabe
PSU Flon 5)'(’ MAXIMUM SUBROUTINE
NESTING LEVELS: _ 2 _ _ _ _ _ _ _
cc|Ibc | Rs | wc | OvF [com | C
RaE X | X X X
X | X ASSEMBLER/COMPILER USED: _ TWINVER20




LINE RDDR  OBJECT E SOURCE

8281
8002
2081

8067 B6EE

8870 B6EC
6871 B6ED
8872 BEEE
8873
8874 B6F%
08875
8876 B6F8
8877
887e
8879

0881 86F9

0883 8768
8884 8787
8885 870

+ FU766118

*

* BCD FLORTING FOINT ARITHMETIC FACKAGE

*

* THIS PACKAGE CONSISTS OF THE ADDITION.
SUBTRACTION.
MULTIFLICATION.
DIVISION

ROUTINES FOR TWO FLORTING PUINT BID NUMEERS

THE BCD FLORTING FOINT NOMBERS ARE REFRESENTED
RS FOLLOWS BYTE @ = SIGN OF THE EXFONENT
H o8 =FOS. H Fa =NEG

A % % xR s ot E E R R r R e w

BYTE 1 = REBSULUTE EXPONENT
BYTE & = SION OF THE MANTISSH
Homa =FOS, H Fa=NEG
BYTE 3-2LENG-1 = RESOLUTE MANTISCH
EYTE 2 = MS EYTE (F THE MANTISSA
THE FUINT FOSITION IS IN FRONT OF THE
MANTIS5A
BRREAY AA R FRRRE R LKA AR

*
* DEFINITIONS OF SYMEOLS

kg ER ] PROCESSOR-REGISTERS

Rt EQU 1

Rz EQU Z

kI OB 3

S R H 8@ PSU- SENSE

FoEaU H 4@ FLAS

RS EQU H18 PSL REGISTER BANK SELECT
(SR Hal CARRY/NO BORROMW

M Edl Hae LOGICAL COMPRRE
WoOER H'8g’ 1=HITH, B=NITHOUT CARRY
AL B H'FF” RLL BITS

P 9 BRANCH COND  ZERO

PooEQU i POSITIVE

N BB 2 NEGATIVE

EG  EQU ] EQUAL

OoT  EQU 1 GREATER THAN
LT EW Z LESS THAN

N EQ 3 UNCONDTTIONAL
M1 Ew (] ALL BITS ARE 1
NO B 2 NOT ALL BITS ARE 1

*

+ DEFINITION OF PROGRTM DEFINED SYMBOLS

FU5 ] PUSITIVE
NEG EQU HFe’ NEGATIVE
LENG EQU 7 LENGTH OF OPERAND
LEN EQU LENG-3 LENGTH OF MANTISSA

OFST EQU H'66°
*

OFFSET FOR ADDITION

*
* SCRATCH PAD ARER IN SAME PRGE AS FROGRAM

ORG H’6E8
*
FTR RES 2 RDDRESS POINTER
CNTR RES 1 INDEX COUNTER
*
0Pf - RES 1 OPERAND R WORKARER
EXPR RES 1
SHAA RES 1
MANA RES LEN+
*
0PE RES OPERAND B WORKARER
EXPE KES

1
1
SHAB RES 1
MANB RES LEN+L
*

EXT RES LEN+L EXTENSION REGISTER
*

EEXF RES 1
*

EXTENDED EXPONENT B

*

* OPERAND AREA - CAN BE OTHER PAGE THAN PROGRAM
ORG H 768’

*

0P1  RES LENG UPERAND 1 STORAGE LOCATION.

P2 RES LENG OPERAND 2 STORAGE LOCATION.

KSLT RES LENG RESULT STURAGE LOCATION

T
*

LINE RDDR  OBJECT E SOURCE

B33 0440 @7
5334 441 2

@a95 8442 67
W% 0443 @7
w37 8444 @7
BASS 6445 09
8099 Bdd6 67
HoG 0447 OE
@181 445 B4
a1az

a6z

a4

185

106

a7

e

A 2449 4587
B118 B44E BD(440
@111 B44E CDSEEE
Y12 B451 GDE44Z
13 8454 (06
14 2457
6115 8459
16 450
B17 B45E
#1158 BASF (D462
#19 M462 SI7E
W20 8464 17
w121

+ START OF PROGRAM

ORG H' 448

¥ FOINTERS AND TRELES OF THE

* MAIN PROGRAM

FTRL DATR  <OFL OFERAND 1 POINTER
DATR  0P1

FTRZ DRTR  {OF2 OPERAND 2 POINTER
DHTA  >0OF2

SFT2 AT COFC SIGN MANTISSH 2
UATA

FTRE DATA RESULT POINTER
GATA

FOUN DATR  OFST+H 587 ROUNDING CONGTANT H 5@
*
Py

*

+ TRANSFER OFEFANDS SUBROUITINE

*

*  TRANSFER OF1-- OPE WORKARER, CLEAR EXTENDED RED

* OFg--7 UPA WORKARER. CLEAR ROUND EYTE

TRAN LODT.F1 LENG LOAD INCEX COUNTER

TRAL LODA. kA #FTRL.R1. - LOAD EYTE OPERAND 1
STRA. k9 OFE, RL STORE BYTE IN WORKARER OFE
LOOA. Pe «PTRE.F1 LOARD BYTE OFERAND 2
STRA. kg OPR, K1 STORE BYTE IN WIRKARER OFR
ERNF. R1 TRR1 IF NOT FERDY BRANCH
STRR, R1 MANFHLEN  CLERR FOUND EYTE

LODL, R1 LENG LORD INCEX COUNTER
EGRC  Re CLERR Ra
TRAZ STRA, kA MANE+LEN. k1, - CLEAR EXTENDED REGISTER
ERNE. R TRAC
RETC. UN

TRANSFER OPERANDS SUBROUTINE

Transfers operands OP1, OP2 TRAN
to work area; clears rounding
bytes and extended register

Load length of operand in
index register.

\J

Decrement index counter and
fetch byte of operand 1
(indexed)

Store byte in OPB (indexed)

!

Fetch byte of operand 2
(indexed).

!

[ Store byte in OPA I

(indexed).

No
Index counter = 0?
* Yes

Clear rounding bytes of OPA
and OPB.

l Clear extended register. I

RETURN

Figure 3




<

ADDITION AND SUBTRACTION ROUTINE

1

Sign matissa OPB=
sign matissa OPA?

e

Yes

Call subroutine add mantissas
OPB + OPA—3p OPB

!

[ Initialize: clear borrow
Load length of operand in
byte counter. ;

; Call subroutine compare mantissa

OPB with OPA.

Load high and low-order addresses of

operand “OPB’ in pointer registers. ;

[ | Call subroutine shift right mantissa. ”

‘ < Mantissa OPB < OPA?

y o

Call subroutine subtract mantissas

| Epr— |

OPB—-OPA — OPB

Y

1

Load length of operand

in index register.

Subtract mantissa OPB from OPA;
+ result in OPB.

Load high and low-order addresses
of operand ‘OPB’ in pointer register.

]

Y
rr Call wbm‘mr normalize. ll
[r Call subroutine round ] l
!

N
< Extended exponent byte u"ﬂf————}
+ Yes

Transfer result of operation from
work area to RSLT.

RETURN

Error
Halt
ERR1

Overflow
Error

DSuB

Change sign mantissa operand 2
(0P2).

Addition/subtraction of two floating point numbers

DADD

Initialize:
operations with carry, logic compare

!

Call subroutine transfer operands
to work area.

[ Initialize: clear carry |

!

(sv. exponent OPB = OPA?
y ve

< Exponent OPB > OPA?
% No

Yes
Exponent OPB = OPA?
‘ No

Sign exponent OPB positive
(=0)?

Yes

N\ No
Dan

P
$<

B

Sign exponent OPB positive.
(=0)?

YES

Y

Load high and low-order addresses of
operand ‘OPA’ in pointer register

Load high and low-order
addresses of operand ‘OPB’
in pointer registers.

-

Figure 4

Load length of operand in byte

counter
; |

Call subroutine shift right mantissa

”Call subroutine increment expooemJJ
I

LINE

8123
8124
[a¥a)
8126

a7
Lab]
6129
6130
o131
8132
8132
134
8135
8136
8137
8138
8129
8148
6141
8142
43
8144
8145
8146
8147

RODR OBTECT E SOURCE
*
* SUBTRACTION ROUTINE
*
* THIS ROUTINE SUBTRACTS TWO BCD FLOATING POINT NUMBERS
*
8465 BFS444 DSUE LODA. R *5PT2 LORD SIGN MANTISSA 0P2
8468 27F8 EORL R2 H'FO’ CHANGE SIGN
8468 1BE3 BCTR. UN DAL
*
*
* ADDITION ROUTINE
*
* THIS ROUTINE ADDS TWO BCD FLORTING POINT NUMBERS
*
8460 BFS444 DRDD LODA, R3 #5PT2 LORD SIGN MANTISSH 0P2
B46F 770R DAL PFSL  WC+COM WITH CARRY/LOGIC COMPARE.
8471 3B% BSTR, UN TRAN *CALL SUBK. TRANSFER OPERANDS
8473 CFO6ES STRA, K2 SMAA STORE SIGN IN OPERAND A
8476 7581 D2 CPSL C CLEAR CARKRY.
8478 BDAGER LODA, k1 OPE LOAD SIGN EXP. B
8478 EDBGES COMA, R1 OPR COMPARE WITH EXPH
B47E 1816 BCTR, E@ DA6 IF EQUAL BRANCH ELSE TEST
6488 590€ DAZ  BRMR, R1 DAS SIGN AND BRANCH IF NEG

8148 8482 8486
0149 8484 B5E2
6156 8486 0607
8151 8488 3FB6S1
8152 8488 3FB6IHF
8153 848 1B66
0154 8490 8466
8155 8492 65€B
8156 8494 1878
8157 8496 BCBGEC
8158 8499 ECO6E4
8159 49C 1962
8160 B49€ 1864
6161 84A8 5960
0162 84R2 1B6C
8163 *
8164 84A4 BCBGES DRD®
8165 B4A7 EFBGED
8166 84AR 9816
8167 B4AC 382C
8168 B4AE 8685
8169 8489 8406
8178 8482 8S5EB
0171 84B4 3FB681
8172 84B7 3FO6HF
8173 848 1B1B
8174 048C 7701

DA?

DA4

DADL

LOOIL, k8 <OPH
LODIL, k1 H0PA
LODI, R2 LENG
BSTR, UN SHFR
BSTR, UN INCR
BCTR, UN DAZ
LODI, R8 <OFB
LODI, RL >0P8
BCTR, UN DR4
LODA, kK¢ EXPE
COMA, R8 EXPH
BCTR, GT DA3
BLTR, EQ DAD8
BRNR, R1 DA7
BLTR, UN DRS

LODA, R8 SHAA
COMA, K3 SHAB
BLFR, EG DADL
BSTR, UN ADD
LODI, R2 LENG+H
LO0I. ke <OPB
LODI, R1 0P8
BSTH, UN SHFR
BSTR, UN INCR
BCTR, UN RDY1L
PP C

LOAD HIGH AND LOW ORDER
ADOR. OPERAND R

LOAD LENGTH INDEX

*CALL SUBR. SHIFT RIGHT

+(ALL SUBR  INCREMENT EXP

LOAD HIGH AND LOW ORDER
ADDR. UPERAND B

LOAD EXP. B

COMPARE WITH EXP. H
BRANCH IF BR
BRANCH IF B=A

IF NEG EXP INCR OPERAND R
ELSE INCREMENT OPERAND B

LOAD SIGN MFNTISSA R
COMPARE WITH SIGN B
BRANCH IF NOT EQUAL
*CALL SUBR ADDITION B=B+A
LORD LENGTH OF SHIFT COUNTER
LOAD HIGH AND LOW ORDER
ADOR  OPERAND B
*CALL SUBR SHIFT RIGHT
*CALL SUBR. INCREMENT EXP
ADDITION READY  BRANCH.
CLEAR BORROW




8175 84BE 3831 BSTR, LN COMP «ALL SUBR. COMPARE A-B
8176 84C8 1A04 BCTR, LT DAD2 IF BCR BRANCH ELSE

8177 84C2 3B3A BSTR, UN SUB *CALL SUBR SUBTRACTION B=B-A
8178 84C4 1B11 ECTR, UN ROV IF SUBTRACTION REARDY BRANCH
8179 84C6 CFOGED DAD2 STRA, R3 SMAB STORE NEW SIGN EXP. IN B
2180 84C9 8685 LODI, R2 LEN+1 LORD SUBTRACTION COUNTER
8181 84CB QE46ES DAD3 LODA, R MANA, RZ, - LORD BYTE MANTISSA R

8182 B4CE REGGEE SUBA. RB MANB,RZ  SUBTRACT BYTE MANTISSH B
8183 8401 934 DAR, R DECIMAL RDJUST RESWLT

8184 8402 CEGGEE STRA,RG MANB,R2  STORE RESULT IN B

8185 8405 SA74 BRNR, R2 DAD2 IF NOT RERDY BRANCH

8186 8407 1F@539 RDY1 BCTR, UN RDY BRANCH TO NORMALIZE HND ROUN
8187 *

8189 +  ADDITION SUBROUTINE

8198 * THIS SUBROUTINE PERFORMS THE RODITION OF

(55 * B+A —)B

8192 *

8192 B4DA 7561 A0 CPSL C CLEAR CARRY

8194 8400 8500 LODL,R1 @ CLEAR INTERBYTE CARRY REG
8195 84D€ 0685 LODI, k2 LEN+1 LORD INDEX COUNTER

8196 B4E6 51 ADD1 RRR. R1 SHIFT CARRY IN Ri

0197 B4E1 BE4GEE LODA, RB MANB, k2, - LORD MANTISSA BYTE B

8198 B4E4 8466 ADDI,R@ H 66" AND ADD OFFSET

6199 B4E6 D1 RRL. R1 SHIFT INTERBYTE CARRY IN C
6200 B4ET7 BEGEES ADDA, K@ MANA. RZ RDD MANTISSA BYTE A TO B
8201 B4ER 34 DAR, k8 DEC. ADJ. RDDITION RESULT
0262 B4EB CEGGEE STRA, RO MANE. k2 STORE RESULT IN MANTISSH B

8283
8264
8285
8206
8287
8288
8209
8218
8241
8212
8213
8214
8215
8216
8217
8218
8219
8228
8221
82
8223
8224
8225
8226
8227
8228
8229

B4EE 5A78
84F@ 17

B4F1 O6FB
B4F3 BEESFS
B4F6 EE6SEB
B4F9 3862
B4FB DA76
84FD 17

B4FE 7781
8508 8685
8582 BE46EE
8585 REGGEE
8568 94
8589 CEGGEE
858C 5A74
B58E 17

BRAR, R2 ADDL
RETC, N

IF NOT READY BRANCH

COMFARE SUBROUTINE.
THIS SUBROUTINE COMPRRES B AND A
THE CC ARE SET TO THE PROPER YALUE

- w o oW w

COMP LODI, R2 -LEN-1 LOAD INDEX COUNTER
COML LODA, RO MANB-25o+LEN+1, R2 LORD BYTE OF OPERAND B
COMA, R8 MANR-256+EN+1, R2 COMPARE WITH B

BCFR, EQ COM2 BRANCH IF NOT EQUAL.
BIRK, k2 CoML IF NOT READY BRANCH.

COM2 RETC. N

*

*  SUBTRACT SUBROUTINE

*  THIS ROUTINE SUBTRACTS R FROM B AND THE RESULT

* IS PLACED INB  B-A=B

*

SUe PPSL C CLERR BORKOW.
LODI. R2 LEN+L LORD INDEX COUNTER

SUBL LODA, RB MANB, k2, - LOAD BYTE MANTISSA B
SUBR, kO MANA.RZ  SUBTRACT BYTE MANTISSA A
DAR, R® DECIMAL ADJUST RESULT
STRA, kO MANB,RZ  STORE RESULT IN B
BRNR, k2 SUB1L IF NOT RERDY BRANCH
RETC, N

ADD MANTISSA SUBROUTINE

Adds mantissas of OPB and OPA
result s placed in OPB

ADD

COMP

COMPARE MANTISSA SUBROUTINE

Compares mantissa of OPB with OPA to
set the condition codes CC.

Initialize: clear carry and
interbyte carry register

Load length of operands in
index register (negative).

'

Load length of operand
in index register

Y

Fetch byte of operand OPB.

Y

!

Shift carry right into
interbyte carry register.

Compare with corresponding

byte of operand OPA.

!

Decrement index counter and
fetch byte of operand OPB
(indexed)

: =

L Add displacement H'66'

'

Shift left interbyte
carry into C

!

Add bytes of operand OPA.

Decimal adjust result

!

Store result of addition in
operand OPB

Index counter = 0? >

‘ Yes

RETURN

Figure 5

!

Equal?

; Yes

Increment index counter,

test for zero?

)

Y

‘ RETURN )

Figure 6

SUBTRACT MANTISSA SUBROUTINE

Subracts mantissa OPA from OPB;
result in OPB.

SuB

Intialize: clear borrow ]

!

Load length of operands
in index register.

>

Y

Decrement index counter and fetch
byte mantissa OPB (indexed).

Subract corresponding byte
mantissa OPA.

Decimal adjust result.

!

Store result of subtraction

in OPB.
No
Index counter = 0?

Yes

RETURN

Figure 7




LINE ADOR OBJECT E SOURCE

8231

8232 *

8233 * THIS 1S PART OF DIVISION ROUTINE - PLACED HERE FOR
8234 *  ACCESS TO SUBROUTINES BY RELATIVE ADDRESSING
8235 *

8236 856F 6789 DIV LODI,R3 LENHLEN+1 LORD DIYISION COUNTER
8237 8511 8560 DIVL LODI. K1 @ CLEAR RESULT COUNTER

8238 8513 385C DIV2 BSTR, UN COMP *CALL SUBR COMPARE R - B
8239 8515 1R67 BCTR, LT DIV IF BCA BRANCH.

6246 8517 3B6S BSTR, UN SUB *CALL SUBR SUBTRACTION B-A
8241 8519 8566 ADDI,RL H'66” INCREMENT RESULT COUNTER
8242 8518 95 DAR, R1 DECIMAL ADJUST RESULT

8243 854C 1B7S BCTR, UN DIYZ

8244 @51E 8DBEF7 DIY3 ADDR, R1 MANB+LEN+LEN+1 RDD COUNTER T0 LS BYTE
8245 8521 CDBGF7 STRA, R1 MANB+LEN+LEN+1 STORE KESULT IN EXT. REG
8246 8524 8486 LODI, R8 <0P8 LOAD HIGH AND LOW ORDER
8247 8526 @5EB LODI, R1 >0PB ADOR OPERAND B

6248 8528 0680 LODI, R2 LENG+LEN+2 LORD LENGTH INDEX

8249 852R 3FE591 BSTR, UN SHFL *CALL SUBR. SHIFT LEFT

6258 8520 FB62 BORR, k3 DIV1 IF NOT REARDY BRANCH

8251 @52F 3FB6H BSTR, UN INCR *«CALL SUBR INCREMENT EXP
8252 8532 8769 LODI,R3 LENHLEN+1 LOAD SHIFT COUNTER

8253 8534 3FBS9R DIY4 BSTR, UN SFL *«CALL SUBR SHIFT LEFT

8254 8537 FB7B BORR, R3 DIv4

8255 * NORMALIZE AND TRANSFER
8256 8539 8486 ROY LODI,RE <0PB LOAD HIGH AND LOW ORDER
6257 8538 BS5EB LODI, R1 >0PB ADDR. OPERAND B

6258 853D 8689 LODI, R2 LENG+2 LOAD LENGTH INDEX REGISTER.
8259 BS3F 3814 BSTR, UN NORM *CALL NORMALIZE SUBR

8268 8541 378669 BSTR, UN RND *CALL ROUNDING SUBR

8261 @544 BCAGF8 LODA, R® EEXP LOAD EXTENDED EXPONENT
8262 8547 9888 BOFR, 2 ERRL IF EXT. EXP. NOT ZERO BRANCH
8263 * TRANSFER RESULT

8264 8549 8767 LODI, R3 LENG LOAD INDEX LENGTH OF REGISTER
8265 @548 BF 46EB RDY2 LODR, R@ 0PB,R3,- LOAD OPERAND B BYTE

8266 B94E CFE446 STRA, R8 *PTRR,R3  TRANSFER TO RESULT LOCRTION
8267 @551 5878 BRNR, R3 RDY2

6268 @553 17 RETC, N

8269 8554 48 ERRL HALT OVERFLOW HALT.

8279 *

8272 *  NORMALIZE SUBROUTINE

6273 *

8274 8555 (EB6E2 NORHM STRA, R2 CNTR STORE INDEX KEGISTER

8275 8558 CCO6EH NeM@ STRR, R@ PTR STORE HIGH AND LOW ORDER
@276 8558 CDBGEL STRA, KL PTR+1 ADDR OPERAND

8277 BSSE 8708 NRM  LODI,R3 @ CLEAR ZERO DIGIT COUNTER
8278 8568 08562 LODLLRL 2 LOAD TNDEX COUNTER

8279 8562 7561 CPSL C CLEAR CARRY.

8288 8564 B0AGED NRML LOCA, R8 *PTR, k1, + LOAD MANTISSA BYTE.

8281 8567 9819 BCFR, 2 NeM2

6282 8569 8762 ROOL, R3 2 UFDATE ZERO DIGIT COUNTER
8283 @568 E507 COMI, R1 LENG BRANCH IF END OF MANTISSA
8284 856D 3875 BCFR, EQ NRML NOT REACHED ELSE UPDATE
8285 @56F C1 STRZ RL FORMAT TO REPRESENT ZERO
8286 8578 B4F0 LODI, R9 H'FB” NEG SIGN -> SIGN EXP

8287 @572 CC86EQ STRA, R8 *PTR

8288 @575 8499 LODI, R H'99’ MK - EXP

8289 8577 COAGED STRA, RG *PTR, R, +

8299 957R 28 EORZ Re POS -> SIGN MANTISSA

8291 @578 COAGES STRA, RG *PTR, R4, +

6292 @S7E CCOGF8 STRA, k8 EEXP CLERR EXTENDED REGISTER
8293 @561 17 RETC, UN

8294 *

8295 8582 44F0 NRM2 ANDI, R8 H'FO’ TEST MS DIGIT OF MANTISSA
8296 8584 9882 BCFR. 2 NRM3 BYTE

8297 8586 8781 ADDILR3 1 UPDATE ZERO COUNTER

8298 8588 83 NG LO0Z  R3 UPDATE CONDITION COUES.
8299 8589 14 RETC, 2 BRANCH IF (R3) ZERO

8398 @58R 3BOE NRM4 BSTR, N SFL *CALL SUBR. SHIFT LEFT
8381 @58C 3821 BSTR, UN DECR *CALL SUBR. DECREMENT EXP
8382 BSSE FB7R BORR, R3 NRM4 DECR. ZERU DIGIT COUNTER.
8383 959 17 RETC, N

8384 *

8385 ®  SHIFT LEFT SUBROUTINE

8386 *  THIS SUBR. SHIFTS OPERAND ONE DIGIT LEFT
8387 * EXTENDED REGISTER INCLUDED

0388 * CARRY MUST BE ZERD

8389 *

NORMALIZE SUBROUTINE

Normalizes operand addressed by
pointer PTR. Length is indicated
by CNTR.

NORM

[ Store index counter in CNTR.

!

Store high and low-order
address operand in PTR.

!

Initialize: clear carry, clear
zero digit counter.

!

Load index register with 2 to
point to mantissa.

\

Increment index counter and
fetch byte of mantissa (indexed).

zero?

* Yes

I Add 2 to zero digit counter. ]

Update format for zero
representation

Negative — sign exponent
H'99'——» exponent
Positive —» sign mantissa

Content of

zero digit Yes
counter = 0?

-

No

A

Call subroutine shift left
mantissa

'

Call subroutine decrement
exponent

Decrement zero digit counter,
test for 0?2

Yes

RETURN

Figure 8




LINE ADDR OBJECT E SOURCE

0318 8531 CE@6E2 SHFL STRA, R2 CNTR STORE BYTE SHIFT COUNTER
0311 8594 CCB6ED SFLB STRA, R8 PTR STORE HIGH AND LOW ORDER
8312 8597 CD@GEL STRA R1 PTR+1 RDDR.  OPERAND.

8313 859A 8564 SFL LODL,R1 4 LOAD BIT SHIFT COUNTER
8314 859C BEBGE2 SFL1 LODA, R2 CNTR LORD BYTE SHIFT COUNTER.
8315 859F 7501 L C

8316 @5R1 BECSES SFLZ LODA, RG *PTR.K2,- LOAD BYTE OF MANTISSA

8317 8544 DO RRL, RO ROTATE LEFT

8318 @5AS CEEGE® STRA,RG #PTR,R2  STORE RESULT.

0319 85A8 E683 COML. R2 3 COMPARE INDEX WITH START OF
6328 85AR 9875 BCFR, EQ SFL2 REGISTER, BRANCH IF NOT RERDY
0321 @5AC FI6E BORR, k1 SFL1 IF NOT RERDY BRANCH

8322 @5AE 17 RETC, UN

8323 *

8324 * DECREMENT EXPONENT OPERAND

8325 * THE ADORESS OF THE OPERAND IS IN PTR

8326 * (R1) MUST BE ZERO

8327 *

0328 @5AF BDAGED DECR LODA, Ré *PTR, P1, + LOAD EXPONENT OPERAND

8329 8562 BESGER LODA, k2 *PTR LOAD SIGN EXPONENT

LINE ADDR OBJECT E SOURCE

8320 6585 1889 BCTR, Z DEC3
6331 @387 3467 DEC1 ADDI,R@ H'67°
8332 8589 34 DAR, kY

8333 @58A 181A BCTR, 2 ERR2
8334 @580 CDEGES DECZ STRA, R8 *PTR, R1
8335 856F 17 RETC, N

0336 *

8337 8508 560F DEC3 BRNK, K8 DECS
8338 85C2 ECO6F8 COMA, k8 EEXP
8339 85C5 9887 BCFR, EQ DEC4
8348 85C7 B6F6 LODI, RZ H’F@"
8341 85C9 CEBGER STRA, R2 #PTR
8342 85CC 1B69 BCTR, UN DEC1
8243 *

8344 @5CE CCR6F8 DEC4 STRA, RO EEXP
8345 8501 A488 DECS SUBI. R8 @
8346 8503 34 DFR, R

8347 @504 1B66 BCTR, UN DEC2
8348 *

8349 8506 48 ERR2 HALT

IF POSITIVE BRANCH

ADD 1 TO EXPONENT
DECIMAL ADJUST RESULT

IF (R@)=8 BRANCH TO ERROR
STORE KESULT IN EXPONENT

IF EXPONENT NOT ZERU BRANCH
COMPARE EXTENDED EXPONENT
WITH 8, IF NOT EQUAL BRANCH
NEGATIVE SIGN

STORE NEG. SIGN IN OPERAND

CLEAR EXTENDED EXPONENT
SUBTRACT 1 FROM EXPONENT
DECIMAL RDJUST

UNDERFLOW HALT

SHIFT MANTISSA LEFT SUBROUTINE

Shifts mantissa of operand
addressed by pointer PTR
one digit left.

Length of operand is
indicated by R2.

SHFL

| Store R2 in CNTR. ]

!

Store high and low-order
address operand in PTR.

v

Load bit shift counter. ]

Y

Fetch length (CNTR) in
byte counter.

{

Clear carry

Y

Decrement byte counter and
fetch mantissa byte (indexed).

!

Shift byte left and
restore result (indexed).

_N_o_<

Start of mantissa reached? >

; Yes

-

Decrement bit shift counter,
test for 07

Yes

RETURN

Figure 9

N—o<
<
&

DECREMENT EXPONENT SUBROUTINE

DECR

fetch exponent of operand

Increment index counter and

(indexed).
v

Fetch sign of exponent.

!

Exponent sign positive
(=0)?

; Yes

Exponent zero?

Decrement exponent of operand addressed

by pointer PTR.
Sign is included.
Index register must be zero.

N L

T

xtended exponent zero?

N

; Yes

I

/

in operand.

Store negative sign exponent I

Clear extended exponent

[y

Lei<

K

-

Y

l Increment negative exponent

'

b I t)xremen( positive exponent by Ll
y 1.

!

Decimal adjust result.

Decimal adjust result.

| |

!

Result zero? >

{

No
Y

operand (indexed).

Store result in exponent byte of

R

Error Halt
ERR2

Underflow error

Figure 10




AN

Multiplication/division of two floating point
numbers.

DMUL

I Clear flag for multiplication. 1

MULTIPLICATION AND DIVISION ROUTINE

DDIV

L Set flag for division. ]

Enange sign exponent of divisor (OP2) ]

|

Initialize: Clear borrow, operations
with carry, logic compare.

!

Call subroutine transfer
operands to work area.

Flag set for division?

No

Y

Divisor zero? >
I

Error
Halt
ERR3

No
< Sign mantissa OPB = OPA? >

* Yes

[ Result sign mantissa positive.

Y

Result sign mantissa negative.

I

Yes

< Sign exponent OPB = OPA? )
+ No

< Exponent OPB >OPA? Yes
T

< Exponent OPB = OPA?
{ Yes

L Result sign exponent is positive. ]

]

Y

Result sign exponent is
sign exponent OPA.

| Add exponent OPA to exponent OPB J

Save carry in extended
exponent register.

L

Result sign exponent is
sign exponent OPA,

Subtract exponent OPB
from exponent OPA

i

Result sign exponent is
sign exponent OPB.

1

Subtract exponent OPA
from exponent OPB.

!

[ owen ]

Load high and low order addresses
of operand ‘OPA” in pointer register

!

Load length of operand in
byte shift index register

Call subroutine shift right
mantissa.

Yes
Flag set for division?

T

Load shift counter to shift
(LEN + LEN + 2) times.

Load high and low-order addresses
of operand ‘OPB’ in pointer rrgister

!

Load length (LENG + LEN + 1)
in byte shift index register

U Call subroutine shift right

mantissa .

No Decrement shift counter
test for zero?
‘ Yes

Load multiplication counter

(LEN + LEN)
[ E—
Y
Call subroutine shift right
mantissa
Least significant byte b
extended mantissa zero?

T

Decrement least significant byte
extended mantissa by H'10"

!

Call subroutine add mantissas
OPB + OPA —p= OPB.

| S —

Figure 11

v

<

Decrement multiplication

counter, test for 0?

s

Yes

(Figure 4)

RDY




MULTIPLICATION AND DIVISION
ROUTINE Cont.

Load division counter
with (LEN + LEN + 1)

Y

Initialize: Clear carry
Clear result counter

1

Call subroutine.
Compare mantissa OPB with OPA

No
Mantissa OPB ~ OPA?
+ Yes

Call subroutine subtract
mantissa OPA from OPB.

!

Increment and decimal adjust
result counter.

]
I

Add result counter to
leastsignificant byte extended register.

!

Load high and low-order
addresses of operand ‘OPB’
in pointer register.

]

Load length (LENG + LEN +2)
in byte shift counter.

I I Call subroutine shift left
mantissa.
No Decrement division counter,
test for 07

Tom

ITC-II subroutine increment exponent.

!

Load shift counter
(LEN + LEN + 1)

[I Call subroutine shift left mantissa U

!

Decrement shift counter, test for 07>

Yes

RDY

(Figure 4)

Figure 11A
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LINE ADOR  OBJECT E SOUKRCE

8351

6352 8507 48
8353

834

8355

8356

8357

8258

8259

8368 8508 8788
8361 B50R BEG442
8362 50D 26F8
8363 850F 1B8S
8364

8365

8266

8267

8368

8269

8378

8371 65E1 8708
8372 B5E3 BE8442
8373 856 7708
8374

8375 @5E8 3FB449
8376 @58 83
8377 BSEC 1885
8378 BSEE BCA6EE
8379 B5F1 1864
8380 B5F3 8CeEED
8381 B5F6 ECBGES
8382 B5F9 1684
8383 B5FB 848
8384 B5FD 1881
8385 @5FF 28
8386 8608 CCBGED
8387

8388 8683 EEGGEB
8389 8686 388C
8399 0688 ACAGE4
8391 8688 8465
8392 8680 SCBGEC
8393 8618 34
8394 8611 D1
8395 8612 1B1E
8396 8614 BCAGEC
8397 8617 ECO6E4
8398 B61R 196C
8399 861C 9662
8408 B61E 8600
8481 8620 BCAGE4
8482 8622 ACBGEC
8483 8626 1896
8484 8628 BEBGEB
8485 8628 ACHCE4
6406 B62E 34
8487 B62F CEBCEE
8408 8622 (CB6EC
8489 8635 LDGEFE
8416 8638 7561
8411 BEIR B466
8412 B63C @SEY
8413 BE3E 8667
6414 8648 3BIF
8415 0642 SFESEF
8416

8417 8645 878A
8418 8647 5486
8419 0649 BEE
8428 8648 B68C
8421 864D 3832
8422 B64F FB76
8423 8651 8788
8424 B653 3B3S
8425 8655 aCaeF?
8426 8658 188R
8427 B6SH A4EF
8428 B65C CCO6F7
8429 BESF 3FB4DA
8438 8662 1871
8434

8432 8664 FBED
8433

8434 8666 1F@539
8435

8436

*
ERR3
*

HALT

*

* DIVISION ROUTINE

*
* THIS ROUTINE DIVIDES TWO BCD FLOATING POINT NUMBERS

*
Do1Y

LODI. R H’88"

LOOA, RZ *PTRZ

EORI, RZ H'FB”
BCTR, UN Ditd

LOAD R3 (DIY FLAG)
LOAD SIGN EXPZ
CHANGE SIGN

*

* MULTIPLICATION ROUTINE

*

* THIS ROUTINE MULTIPLIES TWO BCD FLORTING POINT NUMBERS

*

DML

DAt
*

"E3

OHU4

M2

LOOI,R3 @

LODR, R2 *PTRZ
PPSL WCHCOMHC

BSTR, UN TRAN
Loz k3
BCTR, 2 DM2
LODA, RS MANA
BLTR, 2 ERR3
LODA, RE SHAB
COMA, R8 SHAA
BCTR, EQ DI
LODI, R8 H'F@’
BCTR, UN D4
ERZ  RE
STRA, R8 SHFE

COMA, R2 0P8
BCFR, EQ DU
LODA, R8 EXPR
ADD1, k8 H’65
RODA, R8 EXPB
DAR, R8

RRL RL
BCTR, UN DM
LODA, R® EXPE
COMA, R8 EXPA
BCTR, GT DMU2
BCFR, E@ DMUL
LOOLR2 @
LODA, R8 EXPA
SUER, R8 EXPB
BCTR, UN DMU3
LO0R, R2 0PB
SUBF, R8 EXPH

STRA, RZ 0PE
STRA, k9 EXPB
STRR. k1 EEXP
cPL C

LODI, k8 {0PH
LODL, k1 H0PA
LODT, K2 LENG
BSTR. UN SHFR
BRNR, R3 DIV

CLEAR R3 (ML FLAG)

LORD SIGN EXFZ

INITIALIZE: WITH CARRY
LOGIC COMPARE, CLERR BORROW

*(ALL SUBR  TRANSFER

UPDATE CONDITION CODES.

IF NOT ZEROCDIV) TEST FIRST
BYTE MANTISSA R

IF ZERO DIY. ERROR (3)

LOAD SIGN MFTISSA B

COMPARE WITH SIGN A

IF EQUAL BRANCH FOR POS. SIGN
ELSE LOAD NEG. SIGN.

CLEAR R8 (POS. SIGN MANTISSA)
STORE R8 (SIGN) IN SIGN MAN B

COMPARE SIGN EXPH AND EXPB

LOAD EXP. R

ADD OFFSET (C=1)
ADD EXPBHR

DEC. ADJUST RESWLT
SHIFT CARRY IN R

LORD EXPONENT B.

COMPARE WITH EXP. A

BRANCH IF GRERTER B-A

IF NOT EQUAL A-B

LOAD POS SIGN INDICATOR
LOAD EXP. R FOR SUBTRACTION.

LORD SIGN OF OPERAND B IN R2.

SUBTRACT EXP R FROM B

DEC  ADJUST RESULT

STORE RESULT OF SIGN EXF

STORE RESULT EXP

STORE CARKY FROM RODITION

CLERR CRRRY

LOAD HIGH AND LOW ORDEK
ADDR OFERAND A

LOAD SHIFT LENGTH INDEX

*CALL SUBR. SHIFT RIGHT

IF k2 NOT ZERO DIVISION ELSE
MULTIPLICRTION

LODI, RY LEN+LEN+2 LORD SHIFT COUNTER

LODI, k@ <0PE
LOOIL, RL 0P8

LOAD HIGH AND LOW ORDER
ADDR OPERAND B

LODI. RZ LENGHLEN+1 LOAD SHIFT LENGTH INDEX

BSTR, UN SHFR
BORR, RZ MULL

LODI, R2 LENHLEN

BSTR, UN SHF

*CALL SUBR SHIFT RIGHT

IF NOT READY BRANCH

LOAD MULTIPLICATION COUNTER
*CALL SUBR SHIFT RIGHT

MULZ LODA, R@ MANB+LEN+LEN+1 LORD LS BYTE EXT. MAN

*
MULd
*
M1
*
*

BLTR. 2 MUL4
SUBL, K8 H&F

IF ZERO BRANCH
SUBTRACT H’18" FROM LS BYTE

STRA, RG MANB+LEN+ EN+L STORE RESULT IN B

BSTR, LN ADD
BCTR, UN M2

BORR, R3 MUL2

BCTR, UN RDY

+CALL SUBR. ADDITION.

IF NOT RERDY BRANCH
GO TO NORMALIZE
MULTIPLICATION/DIVISION RERDY



LINE RDDR OBJECT E SOURCE

8437
8438

8439 8669 80448 RND LODR, R ROUN

8448 B66C 8585
8441 B66E BD46EE
0442 8671 M4
8443 8672 CDGGEE
8444 8675 8466
8445 8677 5975
8446 8679 BS6L
8447 B67B 16
8448 867C 380C
8449 B67E 3B1F
8450 8689 17
8451

8452

8453

8454

8455

8456 8681 CEBGE2
8457 8684 CCAGER
8458 8687 CDAGEL
8459 B68A @564
8468 B68C 9682
8461 BESE BEAGES
8462 8691 50
8463 8692 CEEGED
8464 8695 EEBGE2

*
*

ROUNDING OF OPERAND B (OPTIONAL)

LOAD ROUNDING CONSTANT

LODI, R1 LEN+1 LOARD INDEX COUNTER.

RND1 RDDR, R MANB, R1, - ADD BYTE MANTISSA B

DFR, R8 DECIMAL ADJUST RESULT.
STRA,R8 MANB,R1  STORE RESULT IN MANB
LODI, R8 OFST

BRNR, R1 RNDL
L C
RETC, N IF NO CARRY RETURN
BSTR, UN SHF +CALL SUBR SHIFT RIGHT
BSTR, UN INCR *CALL SUBR INCREMENT EXP
RETC, N

*

*  SHIFT RIGHT SUBROUTINE

*  THIS SUBROUTINE SHIFTS R REGISTER DEFINED

* BY PTR ONE DIGIT RIGHT

*

SHFR STRA, R2 CNTR STORE END OF INDEX

SHFB STRA, R PTR STORE HIGH AND LOW ORDER
STRA, R1 PTR+L RDDRESS OF OPERAND

SHF LODL,RL 4 LORD BIT SHIFT COUNTER

SHFL LODI,R2 2 LOAD START OF INDEX

SHF2 LODA, R8 *PTR,R2, + LOAD BYTE OF OPERAND AND
RRR, k8 ROTATE RIGHT
STRA, kB *PTR.R2  STORE RESULT IN OPERFND.

COMA, RZ CNTR COMPARE COUNTER WITH END OF

LOAD R® WITH OFFSET TO ADD C

LINE ADDR  OBJECT E SOURCE

8465 8695 9874
8466 B69R 7501
8467 B69C FI6E
8468 B69E 17
8469

8470

8471

8472

8473

8474

8475 B69F GDAGED
8476 BER2 GEBLER
8477 B6RS 960E
8478 B6A7 8467
8479 B6R9 4
8489 B6AR 98085
8481 B6AC 0501
8482 B6AE CDOGFS
8483 B6B1 CDECES
8484 8684 17
8485 B6BS 5803
8486 66B7 CCBGF8
8487 B6BA R400
8488 B6BC 94
8489 068D 5872
8499 B6BF CCB6ED
8491 86C2 1BED
8492

R

NCR

INCL

INC2

INC3

BCFR, EQ SHF2 INUEX, BRANCH IF NOT RERDY
L C CLEAR CARRY

BORR, R1 SHFL DECREMENT  BIT COUNTER

RETC, UN

INCREMENT EXPONENT OF OFERAND SUBROUTINE.
CONDITION: (R1)=8 AND CARRY C=8

THIS SUBROUTINE INCREMENTS THE EXPONENT OF AN
OPERAND INCLUDING SIGN.

LODA, RB +PTR,RL, + LOAD EXPONENT OF OPERAND

LODA, RZ *PTR LOAD SIGN EXPONENT
BOFR.Z  INC2 BRANCH IF SIGN NEGATIVE
RODI, R@ H'67” TNCREMENT EXPONENT

DAR, R DECIMAL RDJUST.

BOFR.Z INCL BRANCH IF NO OVERFLOW.
LODL,RL 1 IF OVERFLOW PUT 1 IN EXT. EXP
STRA,RL EEXP

STRA, R8 *PTR, R1 STORE RESULT OF EXPONENT
RETC, N

BRAR, R9 INC2 IF EXP. NOT ZERO BRANCH.
STRA, RY EEXP CLEAR EXTENDED EXP

SUBI, RY B DECREMENT NEGATIVE EXPONENT.
DR R8.”

BRAR, RO INC1 IF NOT ZERO BRANCH ELSE
STRA, RB +PTR POSITIVE SIGN IN SIGN BYTE
BCTR, IN INC1

ROUNDING SUBROUTINE

RND

Fetch rounding constant. I

!

Load length of operand
in index register.

\

Decrement index counter and
add byte of mantissa to
constant (indexed).

!

Decimal adjust result. I

!

Store result of addition in
mantissa byte (indexed).

!

Index counter = 0?

*Vas

Carry set?

Y ve

Call subroutine shift right

mantissa.

Call subroutine increment exponent.

?
RETURN

Figure 12

SHIFT MANTISSA RIGHT SUBROUTINE

Shifts mantissa of operand addressed by
pointer PTR one digit right.
Length of operand is indicated by R2.

SHFR

Store R2 in CNTR. l

Store high and low-order address
operand in PTR.

[ Load bit shift counter. I

>

Y

Load index register with 2
to point to mantissa.

Y

Increment index register and
fetch mantissa byte (indexed).

End of mantissa reached? >

+Ves

No Decrement bit shift counter;
test for 0?

Yes

RETURN

Figure 13
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INCREMENT EXPONENT SUBROUTINE

LINE RDDR OBJECT E SOURCE

8494
INCR [ of operand 8495 *
by pointer PTR. 849 * BCD FLOATING POINT ARITHMETIC TEST ROUTINE
ign inclu 8
Index register and carry must be zero. :;; : FOR USE WITH PIPBUG
PO 8499 * THIS ROUTINE INPUTS AND OUTPUTS THE OPERRNDS, THE
8500 * (PERATOR AND THE RESWLT 1T DETECTS THE OPERATOR
fetch exponent of operand
(indexed). 8501 * D CALLS THE ARITHRETIC ROUTINE
8582 *
* 2503 *  INUT SEQUENCE
8564 * 17 INFUT OPERAND 1
[ Fonsionoxponen. | P . 2 INPUT THE OPERATION CHAR “+/, /=7, /*’, (R *:"
8586 * 3 INPUT OPERRND 2
@587 *
8588
8589 *
8518 * DEFINITIONS OF PROGRANM DEFINED SYMBOLS
511 *
v 8512 9829 SPCEEQ  H28  SPACE CHARACTER
8513 888A CRLF EQU  H/888R’  PIPBUG CR AND LF QUTPUT ROUTINE
[ Increment positive exponent by '-—l 9514 8284 COUT EQU  H’8284’ PIPBUG CHARACTER UUTPUT ROUTINE
‘ 8515 8286 CHIN EQU  H’8286" PIPBUG CHARACTER INPUT ROUTINE
8516 @269 BIUT EQU  H'8269’  PIPBUG 2 HEX DIGITS QUTPUT ROUTINE
[ Clear'extended sxponent. ] [ Decimal adjust result. I 8517 8224 BIN EQU  H'@224° PIPBUG 2 HEX DIGITS INPUT ROUTINE
8518 *
8519 @6C4 7589 TEST CPSL  WCHC GPERATION WITHOUT CARRY/
v 8528 * v CLEAR CARRY
Sow o
IDocmmm negative exponent by"l.] 8522 86C8 BEFF LODI,R2 -1 LOAD INDEX REGISTER
Yo 8523 B6CA 3834 BSTR, N IN41 INPUT SIGN EXPONENT
8524 B6CC CER440 STRA,R8 *PTRL, R2, + STORE IN 0P
R Store 1 in extended exponent 8525 B6CF 3FB224 BSTA, N BIN INPUT EXPONENT
L Decimal adjust result. ] EEXP (OVF). 8526 8602 81 Loz R SAYE IN RO,
8527 B6D3 CEA448 STRA, R® *PTRY, R2, + STORE IN OP1
8528 B6D6 3FE269 BSTA, UN BOUT ECHO EXPONENT
8529 8609 3825 BSTR, UN IN41 INPUT SIGN MANTISSA
8538 0608 CEA44 STRA,R8 *PTRL R2, + STORE IN OPL.
8531 B6DE 3FB224  TST1 BSTA, UN BIN INPUT MANTISSA BYTE
8532 B6E1 81 Loz Rt
Store positive sign in 8533 B6E2 CER448 STRA, RB #PTRL, R2, + STORE IN OPL
exponent of operand. 8534 B6ES 3FE269 BSTR, UN BOUT ECHO MANTISSA BYTE.
8535 B6ES E606 COMI,R2 LENG-1  END OF MANTISSA REACHED.
Y 8536 B6EA 9872 BCFR, EQ TST1
@537 *
' 8538 B6EC 3821 BSTR, UN SPAC PRINT SPRCE.
Storsresilt Insxpoceitof 8539 B6EE 3FE286 BSTR, UN CHIN INPUT OPERATION CHARACTER
operand {indexed). 8548 B6F1 0700 LODI,R3 8 CLERR R3.
8541 B6F3 8504 LODL Ry 4 SET INDEX
8542 B6FS ED478€  TST2 COMA,R® SRCH.RL - CONPARE CHAR. WITH LIST
8543 B6F8 1818 BCTR, EQ TST3 IF CHAR FOUND BRANCH ELSE
544 B6FR 8783 ADDL, R3 3 ADD DISPLACEMENT
. 8545 B6FC 5977 BRNR,RL TST2
Figure 14 8546 B6FE 1B44 BCTR, UN TEST ERROR RETURN
0547 *
PROGRAM TITLE
TEST ROUTINE FOR BCD ARITHMETIC FLOATING POINT ROUTINES
FUNCTION
Inputs and echoes operands and operator and
outputs the result of the operation via a teletype.
SPECIAL REQUIREMENTS
Hardware: Terminal and PC1001
Software: PIPBUG (PC1001)

HARDWARE AFFECTED

RO | R1 | R2 | R3 | R’ |R2" [R¥

REGISTERS X X X X X X X
F ] SP

PSU X X

PSL CC|IDC| RS | WC| OVF |[COM | C
X X X X X X X

RAM REQUIRED (BYTES): 1
ROM REQUIRED (BYTES): _ 205

EXECUTION TIME: _ _Variable

MAXIMUM SUBROUTINE
NESTING LEVELS: _ 3

ASSEMBLER/COMPILER USED: _ _TWIN VER 2.0
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LINE RDDR OBJECT E SOQURCE

8548 8700 378286
8549 8783 (1
8550 8704 3FE2B4
8551 8707 e4Fe
8552 8709 ES2D
8553 8708 1861
8554 8700 20
8555 870 17
8556

8557 B70F 8429
8558 8711 3F@2B4
8559 8714 17
8560

8561 8715 CF78D
8562 9718 3FE2B4
8563 871B 3872
8564

8565 871D 86FF
8566 O71F 3BF
8567 8721 CER442
8568 8724 3F6224
8569 0727 1
8570 0728 CER442
8571 8728 3F@269
8572 872 3858
8573 8738 CER442
8574 9733 3FE224
8575 8736 8
8576 8737 CER442
@577 73R 3FB269
8578 873D E686
8579 873F 9872
8589

8581 8741 384C
8582 8743 8430
8583 8745 3Fe284
8584 9748 3845
8585 B74R 7640
8586 874C eF678D
0587 074F BFE772

IN{1 BSTR, UN CHIN
STRZ K
BSTA, UN COUT
LODI, RO H'F@’
COMI,RL A"-7
BCTR, EQ IN2
EORZ R8

INi2 RETC, UN

*

SPAC LODI, k@ SPCE
BSTH, UN COUT
RETC, N

*

TST3 STRA, R3 OPRT
BSTR, UN COUT
BSTR, UN SPARC

LODL, R2 -1

BSTR, UN IN{1

STRA, R *PTR2, R2, +

BSTA, UN BIN

L0z R

STRR, R8 *PTR2, R2, +

BSTR, UN BOUT

BSTR, UN INd1

STRA, R8 *PTR2, R2, +
TST4 BSTA, UN BIN

Loz kL

STRA, R8 *PTRZ, R2, +

BSTR, UN BOUT

COMI, R2 LENG-1

BCFR, EQ TST4

BSTR, UN SPAC
LODI,R8 A"="
BSTR, UN COUT
BSTR, UN SPAC
PP F
LODA, R3 OPRT
BSXA  OPRR.R3

INPUT CHARACTER

SRYE CHAR. N RL

ECH) CHARACTER.

LOAD NEGATIVE SIGN INDICATION
COMPARE WITH A’-" SIGN.
BRANCH IF EQUAL

LOAD POS. SIGN INDICATION

PRINT SPACE.

STORE INDEX IN OPERAND
ECHO OPERATION CHAR.
PRINT SPACE.

LOAD INDEX REGISTER
INPUT SIGN EXPONENT.
STORE IN OPL

INPUT EXPONENT.
SRYE IN R@.

STORE IN OP1

ECHO EXPONENT.

INPUT SIGN MANTISSA
STORE IN OP1

STORE IN 0P1
ECHO EXPONENT.
END OF MANTISSA REACHED.

PRINT SPRCE.
PRINT = CHARACTER.

LORD OPERATION CHAR ->R®
CALL OPERATION INDEX

LINE ADDR  OBJECT

8588

8589 8752 7568
859 8754 B6FF
8591 8756 3826
8592 8758 BER446
8593 8758 C1
8594 875C 3FE69
8595 875F 381D
8596 0761 BER44S
8597 8764 C1
8598 8765 3FER69
8599 8768 E6B6
8600 876A 9875
6601 076C 3FB0BA
8662 O76F 1FB6CY
8683

0684

8685 8772 1FE508
8686 8775 1FESEL
8607 8778 1FB465
8688 8778 1FB46C
8609

8610 977E BER446
6611 8781 1804
8612 8783 8420
8613 8785 1B62
8614 8787 8428
8615 8789 3FE2B4
8616 878C 17
8617

8618

8619

8628 078D

8621

8622

8623

E SOURCE
*
L W
LODL, R2 -1 LOAD INDEX COUNTER.

BSTR, UN 0T14 PRINT SIGN EXPONENT.
LODA, R8 *PTRR, R2, + LOAD RESULT BYTE IN R8.8

STRZ R
BSTR, UN BOUT ECHO CHARRCTER
BSTR, UN 0T11 PRINT SIGN MANTISSA

TSTS LODA, R8 *PTRR, R2, + LORD RESULT BYTE
SRz R
BSTA, UN BOUT ECHO CHARACTER
COMI,R2 LENG-1  END OF REGISTER
BCFR, EQ TSTS IF NOT RERDY BRANCH

BSTR, UN CRLF OUTPUT CARRIRGE RETURN LF
BCTR, UN TEST RETURN TO TEST.

*

*

OPRR BCTA, UN DDIY PERFORM DIVISION
BCTA, UN DMUL PERFORM MULTIPLICATION
BCTA, UN DSUB PERFORM SUBTRACTION.
BCTA, UN DADD PERFORM RODITION.

*

0T41 LODA, R® *PTRR,R2,+ LOAD RESULT BYTE IN R®
BCTR, Z 0T12 TEST FOR ZERO (POS)
LODI, R® A"~ QUTPUT R -7 SIGN
BCTR, UN 0T13

0742 LODI,R8 A’+” OUTPUT R “+” SIGN

0T43 BSTA, UN COUT OUTPUT SIGN
RETC, N

*

* RAM STORAGE

*

OPRT RES 1 OPERATION SYMBOL STORAGE LOCATION.

* TRBLE OF OPERATION SYMBOLS
*

8624 B78E 2B2D2A3A  SRCH DATR  R’+-*:

8625 B6C4

END TEST

TOTAL RSSEMBLY ERRORS = 0688
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Related 2650 publications

no. title summary

TN 064 Digital cassette interface for a 2650 Interface hardware and software for the Philips DCR digital cassette drive.
microprocessor system

TN 069 2650 Microprocessor keyboard interfaces Simple interfaces for low-cost keyboard systems.

TN 072 Introducing the Signetics 2651 PCI Description of the 2651 Programmable Communications Interface IC.
Terminology and operation modes

TN 083 Using the Signetics 2651 PCI with popular Simple hardware interfaces to use the 2651 Programmable Communications
MiCroprocessors Interface with various microprocessors.

TN 084 Using seven-segment LED display with the Interfaces for single and multi-digit LED displays.
2650 microprocessor

TN 085 Cyeclic redundancy check by software A short routine to encode and decode CRC check characters for the 2650.

TN 086 Introducing the Signetics 2655 PPI Description of the 2655 Programmable Peripheral Interface.

TN 087 Audio cassette recorder interface for the Economical alternatives to the digital cassette recorder.
2650 microprocessor

TN 089 CRT display using a standard TV monitor Economical solution for a visual display unit.
for 2650-based microcomputers

TN 092 2650 sorting routines Sorting routines for single and multiple byte numbers.

TN 093 2650 binary floating point routines Arithmetic routines for binary floating point numbers.
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