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Listing 1: TI-59 calculator program for the digital circuit simulator. The program in listing T was developed

for a T1-59 calculator to allow simulation or

000 76 LBL 041 00 00 680 75 KOs testing of combinational logic circuits. The

001 32 SIN 042 20 20 02t 10 1o circuit elements allowed and their identifi-
00z 26 STF 042 71 SBR 022 22 INY i :
ooz 00 oo 044 00 00 083 59 INT Cation AUMmigefs afe
004 &1 GTO gig gg &0 ns4 85 +
005 323 xe RTH 085 43 RCL
006 00 @ 047 &2 HOP 086 30 30 il ek Type
007 76 LEL 048 62 NOP nE7 85 o+
008 35 /% 043 68 NOP 088 43 RCL 20 AND
009 7?1 SER 050 71 SBR 083 29 249 30 OR
010 40 IND 051 00 00 090 75 -
011 03 09 052 20 30 T 40 NAND
012 43 RCL 053 71 SER 0%z 01 | 0 NOR
013 20 20 054 00 00 053 95 = .
014 55 =+ 055 &6 60 034 22 INY 60 NOT
015 01 1 056 92 RTH 095 &7 EO 70 XOR
016 00 0 057 &8 NOP 0% 01 01 8
017 95 = 052 &8 NOP 037 01 01 0 SR latch
018 92 RTHN 059 &8 HOP 038 01 |
DED 01 1 :

gég i% EEE 061 94 +/- ?33 3% 9;3 Registers 11 through 25 are used to store
021 29 23 ggg jg ng 101 92 RTH the input values to the circuit. The circuit
83; gg ng 064 31 1 }g% gg HEE elements themselves are stored in registers
ggg EE RTH ggg ga SUE 104 76 LEL 31 through 99. A code word is stored in
2 g HOP 3 105 15 E : i it ;
026 &8 NOP Q&7 a2 RTH 106 03 3 each register that defines its inputs and its
027 68 NOP 068 &2 HOP 107 00 0 function. The format used is:
028 &2 HOP ggg 628 HOP 108 22 W7
029 &2 HOP 42 RCL 109 00 0
030 43 RCL 071 23 29 110 22 ¥ XXYYZLZV,
021 29 29 vz 75 - 111 42 sTO
032 &7, EO 073 43 RCL 112 10 10 .
023 00 00 074 30 30 113 01 | where:
034 37 a7 07s 95 = 114 &3 Exs
035 42 570 076 33 K2 115 10 10 = :
036 30 30 077 42 STO 116 76 LBL XX = Input Device 1
037 92 RTH 07s 30 30 117 2% LOG YY = Input Device 2

5 & £3 Cua / &
e o S R 2RI FhE BECEs ZZ = Device ldentification Number
040 71 SER Listing 1 continued on opposite page. V = Output of this device (O or 1).
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Note that the complete code must be
entered for each device. Therefore, for

Listing 1, continued:

the NOT device the same input number 119 10 10 };3 77 llzﬁ zz7 01 1 281 32 WIT
. 120 44 SUM 38 S 228 94 +/- 282 01 1
is entered_for bgth ?(X and YY. o tel 10 10 175 25 INV 529 64 PD* 523 05 5
The minus sign is used as a code to indi- }gz 63 EX# };g 2; INT Ezn 10 10 284 42 570
: evice ha ted. 2 10 10 x 31 61 GTO 285 10 10
ate that a d 5 been_ asserted A.t the 152 20 1wy 175 01 1 235 33 e SSE &1 oTD
start of each run the machine automatically 125 22 INY 179 00 0 233 76 LBL 287 42 STO
sets all registers to a positive value. After }gg gg ng }3? g; Hir = ggg gg II_EE %gg ?? IB_E§L
the run is completed, each register should 128 76 LBL 132 42 STO 236 00 00 290 32 X!T
have a minus sign. The output value is given i gg I}ﬁg {gi g? ?'3 %g; Eg ggf ggé gé é
by the first digit to the right of the decimal 121 86 STF 135 00 8 239 30 30 293 42 ST0
oint. 1322 00 00 186 00 240 91 RsS 294 10 10
P i . : 133 &3 EXs 127 49 PRD 241 81 RST 295 &1 GTO
The circuit itself is set up on the machine i34 10 10 igg 27 27 242 76 LEL 29 42 STO
by storing the appropriate values in registers 135 03 3 }gg 33 Rglﬁ 243 11 A 297 76 LBL
. . . 126 00 0 244 32 AT 298 18 C*
31 and g_reater. De:«"lCES ?I’e 355|g-n3d reglsters 127 42 sTO 191 59 INT 245 01 1 294 32 WIT
consecutively starting with 31, in any order 138 10 10 19% 33 éﬂ: 246 01 1 300 01 1
. 139 76 LBL 19 247 42 STO 301 07 7
desired. However, the program runs faster 140 33 %2 154 27 27 248 10 10 302 42 sTO
with consecutive assignments. A O stored in 141 43 RCL %32 4z STE 249 &1 GTO 302 10 10
: : 14z 10 10 26 2 250 42 STO 304 61 GTO
a register tells the calculator that all devices 145 85 + 197 73 RCs 551 91 ReS 305 42 ST0
have been processed. Therefore, you must be 144 01 1 198 26 26 252 76 LBEL 306 76 LBL
certain that no register nu i 145 95 = 199 77 GE 253 12 B 307 19 D*
o register numbers are skipped 146 66 PAU 200 38 SIN 254 32 WIT 308 32 RIT
and that the last valid register is followed 147 42 570 201 22 IMY 255 01 1 309 01 1
witharegister containing{)‘ 148 10 10 202 59 INT 256. 02 2 310 08 =2
3 . . 149 73 RC# 203 65 % 257 42 5TO0 311 4z 87O
The input values are stored into registers 1in| 10 10 ggg gé é 252 10 10 312 10 10
11 through 25 by the followin ing: 1 67 EO 253 61 GTD 313 &1 GTO
g Y g coding 152 23 LNX 206 94 +/- 260 42 STO 314 42 STD
. igi gg IHY ggg zg s;n ggl 76 LBL 315 91 RS
ogica store — 1.0 GE 2 13 L 316 76 LBL
. 155 323 = 209 29 29 263 32 HIT 317 42 §TO
logical 1 store — 1.1 156 55 = 210 43 RCL 264 01 1 318 01 1
157 01 1 gil 27 27 265 03 2 219 94 +--
. 158 00 2 65 X :
An al_ternate, and more convenient, method 159 00 S 213 01 1 ggg ?S S'lrg gg? Tg S-Lr;
is available for registers 11 through 18. Just }g? gg ] gig gg g ggg &1 GTO 322 32 T
enter the logical value, 0 or 1, and press one 162 95 2 216 95 = 270 4-,-2 EEE 333 32 x
of the keys A to D or A' to D’ in accordance igg 32 SED gig 33 é% g;é 14 D 325 01 ot
. . . ) 7 27 32 WiT 326 95 =
with the following assignment table: 165 59 INT 219 09 09 273 01 1 237 23 INY
163 22 éﬂ: ggl:ll ;é SBE 274 04 4 328 74 SM=
, 167 44 1/ 275 42 sTO 329 10 10
A—=11 A'-m15 168 27 27 222 63 EM» 376 10 10 330 65 x
B—12 B =16 169 42 STO0 223 10 10 277 &1 GTD 331 01 1
C —=13 Clem17 170 26 26 224 59 INT 278 42 5TD 332 00 0
; 171 73 RC# 225 74 Sh# 279 76 LBL 333 95 =
D—=14 D'-»=18 172 26 26 226 10 10 280 16 A" 334 91 RS
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Figure 1: Example of a digital circuit simula-
tion. All of the logic gates are numbered
sequentially. In this circuit there are three
inputs (11, 12, 13) and one output. The
set up of the registers is shown, along with a
truth table which is a result of running the
program and giving different inputs to 11,
12and 13.

The circuit in figure 1 demonstrates the
principles involved.

Note that the code number for each de-
vice type is the actual line number for the
subroutine that simulates that device. Since
memory is at a premium, each device was
programmed in as short as possible sequence
that obtained the desired result. No attempt
was made to follow any structured program-
ming techniques!

Also, the calculator is programmed to
assert only those devices whose inputs are
connected to devices that are asserted.

Therefore, circuits with feedback (like the
crossed-NOR flip flop) cannot be directly
simulated. Note that program runs faster
in natural order of circuit evaluation.

This program uses some of the more
advanced programming features of the
TI-59 calculator, such as indirect address-
ing and flag operations. However, the
program is straightforward and should
be fairly easy to understand for most
novice programmers,

The advantage of the simulator, of
course, is the ease of setting up and
quickly changing any reasonable circuit.
No power supply is required and no pur-
chasing of components is required until
the circuit is thoroughly acceptable on
the simulator,

The program is stored on both edges of
one card. The data on a particular circuit
can be stored on a card by pressing ‘3
2nd Write,"'m

Register Contents
3 111270
32 311370
33 323450
34 121260
35 323330
36 0

Truth Table

1 12 13 OUTPUT
0 0 0 0

0 0 1 1

1] 1 0 1

1] 1 1 1

1 0 /] 1

1 0 1 o

1 1 0 1

1 1 1 1
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