I APPLICATION NOTE I

Integer Base Conversion on

Handheld Programmable Calculators

An efficient algorithm that converts integers between different number
systems is implemented on two handheld programmable calculators,

using either RPN or AOS

Cass R. Lewart and James Mockler
System Development Corporation, Eatontown, New Jersey

B ase conversion is an important
tool for the computer programmer,
engineering designer, and mathema-
tician. Many problems related to com-
puter program development involve
conversion of numbers between bi-
nary, octal, decimal, and hexadeci-
mal bases. Problems related to
number theory require conversion
between these and other arbitrary
bases.

The conversion of a number from
base a to base b is generally & 2.step
procedure accomplished by first con-
verting from base a to base 10, and
then converting from base 10
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baze b. Normally, an algorithm in.
volving division is used for the first
step and a different algorithm in-
volving multiplication is used for the
second step. The algorithm versions
presented achieve high efficiency by
using a single algorithm that does
both conversions.®* The 55step wp
67/97 calculator program compares
with a similar 135-step program avail-
able in the up library. The 105-step
T 58/59 calculator program com-
pares with a less general program
available in the 11 library that re.
quires 179 steps and converts only
from base 10 to a base between 2

and 299, A well written Texas In-
struments’ A0s™ (algebraic operat.
ing system) program requires ap-
proximately twice as many steps as
a well written reverse polish nota-
tion (RPN) program.

All standard handheld program-
mable calculators operate in decimal
mode. Therefore, one digit is re-
quired to represent a single digit
number for bases 2 through 10, two
digits are required for bases 11

*The algorithm and the we 67/97 pro-
gram were developed by Cass R. Lewart;
James Mockler wrote the 71 58/59 version.
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through 100, etc. For example, to
represent 2F7,; the calculator will
display, or expect as input, 21507,
A routine within the program com-
putes the number of decimal digits
required for presentation in any
given base. On output, the inverse
conversion has to be performed
mentally by separating the readout
into groups of 1, 2, 3, or more digits.
Any integer argument and any posi-
tive integer base larger than 1 can
be handled by the program within
the limits of the calculator accuracy
and display size. Note that the two
coded programs (Tables 1 and 2)
could be run, with only slight modi-
fications, on other programmable
calculators using either RPN or AOSs.

HP £7/97 Calculator Conversion
The example presented converts
123455 to (?),0 and then to (7).
(1) Key in integer (number) to
be converted, eg, 12345,

(2) Pressextert.

(3) Key in present base, eg. 8.
(4) Press Exter 1.

(5) Key in desired base, eg, 16.
(6) Press A.

(7) Caleulator displays 1041405 or
14E5,,.

(8) To convert 14E5,; to base 10,
press R/S.

(9)  Calculator displays 5349,

Ti 58/59 Calculator Conversion

Used ax an example of the keving
sequence is the conversion of 2F7,.
to (?)z and then to (?),,.

(1) Key in integer (number) to be
converted, eg, 21507.

(2) Press A.

(3) Key in present base, eg, 16.
{(4) Press B.

(5) Key in desired base, eg, 2.
(6) PressC

{7) Caleulator then displays
1011110111 4.

(8) To convert 1011110111, to base
10, press r/s.

(9)  Calculator displays 759.

step

o

TABLE 1
HP 67/97 Conversion
Program Listing
Key HP 67 Code
LBL A NIaBdzN
STO O 33 00
R 35 53
ENT ¢ 41
GSB 3 31 22 03
GSB 0 31 22 00
RCL 0 34 00
GSB 3 31203
RCL 0 34 00
LBL 0 31 25 00
STO 1 A3 n
R a5 5
STO 2 33 02
R4 35 53
STO 3 33 03
STO 6 33 06
0 00
STO 4 33 04
1 01
STO § 33 05
LBL 1 3125 01
RCL 3 34 03
X =07 31 5
GTO 2 22 02
RCL 1 M0
STO =3 33 81 03
RCL 3 34 03
INT 31 83
STO 3 33 03
71
. 51
RCL 1 40
Xea¥Y 35 52
X <0? an
+ 61
RCL § 34 05
'w- n
STO + 4 33 61 04
RCL 2 34 02
STOx§ 337105
GTO 1 22 01
LBL 2 31 25 02
RCL 4 34 04
RTN 35 22
RCL 6 34 06
RTN 3% 22
LBL 3 31 2503
1 01
= 51
LOG 31 53
INT 31 B3
1 01
+ 61
10¢ 32 53
RTN 35 22

Developing
Commercial
Applications
for Small

Business
Computers?

Developmant standards: In COBOL. Ihe standard
language for business applications

Total software environment: MicroCobel is the only
cevelapment 1001 you nesd ... with its own interac-
ve Business Operating Systam, Compiler, hull Usi-
#8es (inchoding two SORTS), Symbolic Debugging
System, Report Writer (AuteClerk). onfine ingusiry/
DBMS (Austcindex), and much more

Reiiable support: MicroCobal is a development of
CAP-CPP, one of the world's oidest and largest
pure soltware companies, with ower 3,000
programmer-years of COBOL background

Guaranisod return on software Investmest:
MicroCobol expands the range of machines your
appications support and eliminales worries about
second sources or the mext gemeration of proces-
sors. Because MicraCobol-writien applications ars
abselutely portable to any MicroCobol-sunporiad
eovironment. They operate identically on 1BM

! SericstanuoECPﬂP-n.andmerw-dmganﬂ
| of machines based on B0B0/85, 780, 6800

9900, an1 soom the B0SS, architectures
mumm:mmwmﬂ
YOU NEED

Plaaan send informataon about
MicroCobo! Disaribulomhips.
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CAPCP® b

1101 State Road, % Q, Princaton, NJ 08540
Tel: 0242700,
299 Calilornia Ave,, Palo Alto, CA 94308
Tok: (415) 3261379,
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TABLE 2
Tl 58/59 Base Conversion Program Listing
Step  Code Key Step  Code Key
000 76 LBL 43 RCL
11 A 09 09
32 XeaT 9%
N R/S 44 SUM
78 LBL o7 o7
12 B 69 oP
42 ST0 29 29
o0 o 060 00 0
10 E 32 XeosT
42 STO 22 INV
010 02 02 67 EQ
o R/S 90 LST
76 LBL a7 DSZ
13 C 06 06
42 STO 28 ADV
03 03 17 B’
10 E' 76 LBL
42 STO 070 o8 ADV
04 04 43 RCL
02 2 o7 o7
020 42 STO 42 sSTO
06 06 08 08
76 LBL 32 Xe=sT
18 D 43 RCL
00 0 03 03
42 570 42 sSTO
07 or 02 02
42 ST0 080 43 RCL
09 09 04 04
32 XeaT 42 STO
030 76 LBL o1 01
20 LST 19 D’
55 76 LBL
43 RCL 17 B’
02 02 43 RCL
a5 = 07 o7
53 ( a1 R/S
29 cpP 090 43 RCL
85 + 08 08
32 XesT a1 R/S
040 54 ) 76 LBL
59 INT 10 E’
32 Xe—sT 75 -
22 INV o1 1
59 INT 95
65 X 28 LOG
43 RCL 59 INT
02 02 100 85 }
85 ~ 01 1
53 ( 95
050 43 RCL 22 INV
0 o 28 LOG
45 ) o 92 ATN
Summary gram development and debugging,

Two relatively short programs for
HP 67/97 and T1 58/59 handheld
programmabhle calculators use a high-
ly efficient algorithm to convert in-.
teger arguments between any two
arbitrary bases. Main applications of
the programs are for computer pro-

and for solving problems in number
theory.
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