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This routine converts a double precision, two's complement
binary number to a string of ASCII characters representing
its equivalent signed decimal valus.
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REQUIREMENTS

1.1 Memory

1K or larger alterable memory.
1.2 Eguipment
NOVA central processor.

1.3 External Subroutines

A user supplied routine for accepting the ASCII
output characters (see 2.3) must be provided.

1.4 Other
None.

OPERATING PROCEDURE

2.1 Calling Seguence

Js}R .DBD
return

2.2 Input Format

A double precision, two's complement integer is
passed in AC1l (high order) and AC2 (low order).

2.3 Output Format

The output is an ASCII character string of the
form

+DDDDDDDDDD (null)
or -DDDDDDDDDD (null)

The user must supply a routine that accepts
these output characters. The address of this
routine must be stored by the user in location
41 of page zero. The characters will be passed
one at a time, right adjusted in ACZ (bit 8 = ).
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Twelve characters will be passed; the sign, most
significant digit, . . ., least significant digit,
null (all 7). The user routine need only save AC3
(if used). Return to the conversion routine should
be made by a JMP ¢, 3.

Exror Returns

None.

State of Active Registers upon Exit

ACZ remains unchanged. 2AC1l, AC2, AC3; and Carry
are destroyed.

Cautions to User

None,

DISCUSSION

3.1

3.2

Algorithms

The sign of the result is determined and passed

to the user output routine. Conversion is then

made on the absolute value of the input. The
principlie of the algorithm is to determine how many
l.ﬁgﬁ,ﬁﬁg,ggﬁ'S, l%ﬁ,ﬁﬁﬁ,gﬁ@"s, s s e 1's are
contained in the number., This can be calculated

by successively subtracting the appropriate double
precision power of ten from the original value until
the result is negative. Each subtraction that gives
a result greater than or ecual to zero causes octal 6%
(ASCII ) to be incremented. ¥When the result becomes
negative, its previous value is restored, the

ASCII digit is passed to the user, and the next lower
power of ten is used to compute the next digit.

After 1f**f is used, the conversion is complete.

Limitations and Accuracy

The routine is exact for all 32-bit, two's
complement numbers. The range, therefore, is

-2,147,483,648 L N < +2,147,483,648



3.3 size and Timing

The routine is 112 (octal) words in length.
Txecution time is approximately
1.61 + N * @47 milliseconds

where N is the sum of the digits of the result,
For example, the number 156,874,319 reguires

1.061 + 37 * .@47 = 2.8 milliseconds.

3.4 References

vrite-up 093-000026-00 describes single precision
binary to decimal which uses the same basic
algorithm.

3.5 7Flow Diadgrams

Hone.

IXAMPLES AND APPT,ICATIONS

The ASCII source of .DBD is provided with the NOVA
software. If a user routine requires double pre-
cision binary to decimal, the tape should be edited
into the user's source.

PROGRAM LISTING

A listing of .DBD follows. NO origin is given in
the source, enabling the tape to be edited anywhere
within a user routine,
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3 RINARY TO DECIMAL ASCII CONVERT
3 CONVERTS A DOUBLE PRECISION. TwO'S COMPLEMENT NUMBER
3 TO AN ASCII DECIMAL CHARACTER STRING

3 INPUT: D InN ACls AC2 (HIGH», LOW

QUTPUT? ASC11 CHARACTER STRING, TERMINATED BY A
NiLL #ORDs
CHARACTERS PASSED RIGHT ADJUSTED.
BIT 8 = @» IN ACH TO USER
ROUTINE WHOSE ADDRESS MUST BE
STORED IN LOCATION 41 OF PAGE 9

i we we WO e W9

ey

STRING OF FORM3

3 S NNNNANNNNNONULL)Y
3 OR - NNMNNNNENN(NULL)
3 CALLING SEQUENCE
3 JSR «DBD
3 RETURN
3 DESTROYED: 8C1s AC2s AC3s CARRY
3 UNCHANGED? ACS
ARBAR N54Mm54 -DBD: STA 32.FD23 3 SAVE RETURN
AA0A1 A4BNS3 STA G +FDGAD 3 SAVE AC@
eane2 BPa161 LDA @:.FD38 3 POINT TO HIGH ORDER POWER IN
3 TABLE
. @ARge3 B4R106 STA @, «FD12
. epans 620187 LDA @:eFD28 3 ASSUME e
L ARBAS 125113 MOVL# 15 1. 5NC
PAPRE6 BAGB13 JMP oFD99 3 YESs, WAS POSITIVE
. BAGBT 150464 NEG 252, S82R 3 N0, NEGATIVE
| pen1e 124091 COM 1212 SKP
. ABB11 124460 NEG 18
L Gen12 920110 LDA DseFD21 3 GET "=
L @EB1I3 B4416G3 oFD9%:  STA 1..FD1G 3 SAVE ABSCHNUMBER)
‘ANt 4 358104 STA 25 «FD18+1
BAE1S AA6RAl JSR 2.FD4B 3 PUT OUT SIGN OR DIGIT
goA16 H24183 LDA §-FD18 3 RESTORE ARS(NUMBER)
P17 P3A16A LDA 2s:FD1B+1
AGALPA B27111 LDA B2 FD22 3 GET OCTAL 57
B2l 848105 STA BseFDI1Y 3 COUNT 1T UP IN STORAGE ‘
GBAL? B32106 LDA 3s.FD1I2 3 CURRENMT POINTER TO POWER OF
' $ 19 TABLE
PAA23 821461 +FD98: LDA 821.3 3 LOW ORDER WORD
e3¥24 131985 MOV s SNR 3 TEST FOR END OF TABLE
BAB2S GENBSH JMP LFD9T 3 DONE
@326 112420 SURZE 82
A3G27 B21400 LDA $,8:3 3 HIGH ORDER WORD
33830 101883 MOY 0085 SNC
GAA31 126081 ADC 8- 1sSKP
GAA32 1906480 SUB @s1
#0333 610185 152 «FD11} 3 COUNT UP DIGIT
GEA34 125113 ~ MOVL# 1515 SNC 3 TEST FOR <@

PAA3S 9eBRnR23 JHP JFD98 3 KEEP SUBTRACTING
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% ?

280836
Gea37
GB0 46
B6241
ABGAZ
86843
GBg44
BEG45
e0% 4%
aasa’

20059
85851

#2552

29933
28054

a8ass
aoB5s
28657
ARR60
@aose
GBas2
0963
gonéa
geoses
GROE6

83867
86070
EOBT1
graTe
GoaT3
20074
coBTsS
28076
20677
25199
33101
282102

0€185
ger1eé

25187
8118
[CEC R

21401
113622
125468
21485
167800
175406
175406
g54106
P2B165
BEBoeI3

faas0 4t
o26653

2a2954

280829
e8e0ad

835632
1450283
BE2765
160468
Gee239
113298
GEesL?
Bat1108
BEGe61
193245
gesaiz
pascas
G23423
GEACEY
6e1758
o268
geeras
283a30
gas212
sepece
aes0al
e@eeass
20e380
020018

aeess2
88089
eeeuea

eegas3

@aes88s5
GRAasT

8084l

+FD973

«FDBG
FD&2t

«FDA5s

«+FDJ3B¢

+FD1Ge
~FDEis
«FDI22

«FD222
+FDZL
FD22e

«FDaB= a4l

LDA Pr123 3 RESTORE POSITIVE VALUE
ADDZ 8. 2.32C
INC 151
LDA B-G»3
ADD @51
INC 3.3 s BUMP AC3 TO NEXT TABLE ENTRY
ING 353
STA 32 .FDI2
LDA GsFD11 ? GET DIGIT
JMp FD99 $ PUT 1T QUT
JSR 2.FDa@ 3 PUT QUT NIAL
LD& T .-FDED 3 RESTORE alCe
JMP 9.FD33 3 RETURN
Q@ 3 SAVE ACS
] 3 SAVE RETURN
35422 3 1@%&%9
1 45088
2745 3} 18228
165283
236 3 18927
113288
i7 $ 18=%6
41188
§ 3 12825
103248
~RODX 18
4 3 igeesg
1€888
@ 3 184623
1229
@ 3 1@e=p
198
] 5 1Bs%1d
16
9 3 1G%=20
H
e FDAS 3 POINTER TO CONVERSICON TABLE
<] 3 END OF TARLE INDICATION
+RDX §
«BLK 2 $ SAVE CURRENT DOURLE WORD
@ : 2 COUMT UP DIGIT WORD
5] 3 POINTER TO POWER OF TEN ENTRY
e 3 ASCII “e™
b 3 ASCIL "=t
57 5 ASCIT 8™ -1
3 PAGE 8 PUT CHARACTER ADDRESS
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