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base. This t e s t  a lso v e r i f i e d  tha t  a p o r t i o n  o f  the  TLIGHT r o u t in e  

was working c o r r e c t l y .

6 .2 .3  Tests on the LINK Routine.

The LINK rou t ine  is  s im i l a r  to  the EL INK r o u t in e  and the same 

bas ic  s t ra te g y  was used in t e s t i n g .  The data ro u t in e  is more 

compl icated as the constants f o r  man ipu la t ing  the t r a v e l l i n g  times 

need to  be c a lc u la te d .  The f i r s t  pa r t  o f  the s im u la t ion  ro u t in e  

Which moves the  veh ic les  down the s t r e e t  is  the same as the EL INK 

r o u t in e  and was tes ted  in the same manner, The random a l l o c a t i o n  o f  

v eh ic le s  to  lanes was tes ted  using d i f f e r e n t  a l l o c a t i o n  p ro p o r t io n s .

The segment o f  the program which randomly ass igns t r a v e l l i n g  t imes 

to veh ic ies 'Was iso la ted  and put in to  a loop and the t r a v e l l i n g  t imes 

Were examined. This was repeated fo r  d i f f e r e n t  means and 

standard d e v ia t io n s .  While t h i s  t e s t  does not v e r i f y  good s t a t i s t i c a l  

p ro p e r t ie s  i t  was considered to  be s u f f i c i e n t  as the base d i s t r i b u t i o n  

has been shown to  have good s t a t i s t i c a l  p ro p e r t ie s  and the man ipu la t ions 

performed w i l l  not a l t e r  these p r o p e r t ie s .  These tes ts  showed th a t  

the sof tware man ipu la t ion  was o p e ra t in g  as requ i red ,

6 .2 .4  Tests on the TLIGHT Routine

Tests on the data segment o f  the TLIGHT r o u t in e  were s im i l a r  to  

those on the LINK r o u t in e  as the methods used f o r  c a l c u la t i n g  the 

constants  used in both rou t ines  are the same, The Sect ion o f  the 

s im u la t ion  r o u t in e  which moves veh ic les  in to  queues was tes ted  as 

descr ibed in 6 .2 .2 .  The o v e r a l l  ope ra t ion  o f  the TLIGHT ro u t in e  was 

a lso  tes ted in a sim i lar  manner except w i th  the s igna ls  held in the 

green s ta te ,  The ou tpu ts  o f  the TLIGHT were then examined to  v e r i f y  

t h a t  the c o r re c t  p ropo r t ion  o f  veh ic les  were tu rn in g  r i g h t » l e f t  and 

proceeding s t r a i g h t  on* The discharge ra te  was a lso tested in t h i s  

manner. The ope ra t ion  o f  the s igna l  t 'm in g  sec t ion  was tes ted by
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s e t t i n g  b reakpo in ts  ( i . e .  po in ts  in the program where execut ion 

becomes suspended) be fore  the statements which would change the 

s ta te  or  phase o f  the s ig n a l .  On encounter ing a breakpoin t  the epoch 

counter  was examined to  see i f  the change occurred a t  the c o r re c t  

t im e .  A check on the generat ion o f  acceptance gap t imes was performed 

In a s i m i l a r  manner as the t e s t  on the t r a v e l l i n g  t imes as descr ibed in 

6 ,2 .3 .  A second e n t r y  l i n k  was then added to  the i n te r s e c t io n  to  

form an opposing queue to r i g h t  t u rn e rs  from the f i r s t  en t r y  l i n k .  

Breakpoin ts  were again used to  v e r i f y  th a t  the gap acceptance sub­

ro u t in e  was f u n c t io n in g  c o r r e c t l y .  A l l  the above te s ts  were repeated 

f o r  a l l  the lanes and legs o f  the in te r s e c t i o n ,

6 .2 .5  Conclusion

the  above te s ts  on the t r a f f i c  rou t ines  showed t h a t  the sof tware 

was f u n c t io n in g  as intended. The te s ts  were comprehensive and an 

a t tempt  was made to  cover a l l  the poss ib le  cases th a t  might a r i s e  in 

s im u la t in g  a la rge  network,

6 .3  S imula t ion o f  a Network w i th  Four I n te rs ac t io ns

6.3 .1  In t ro d u c t io n

A s im u la t ion  o f  fou r  l i nked  i n te r s e c t io n s  was performed in o rde r  

t o  demonstrate how the s im u la to r  Is used and to  ob ta in  an es t im ate  o f  

the speed o f  the s im u la to r .  U n fo r tuna te ly  s u f f i c i e n t  real  data 

could not be ob ta ined in t ime so a f i c t i t i o u s  network and data were 

used. The network was chosen In such a way th a t  most o f  the fea tu res  

o f  the s im u la to r  could be demonstrated, An at tempt was a lso  made to 

design the network so tha t  I t  would be rep res en ta t iv e  o f  a sec t ion  Of 

a (South A f r i c a n )  c i t y  t r a f f i c  system.

6 .3 .2  Desc r ip t ion  o f  S imula t ion

The layou t  o f  the network s imulated is  shown In Fig,  6 ,1 .
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Figure 6 .1 .  Layout o f  the Network Simulated
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The d i r e c t i o n  and number o f  lanes f o r  each s t r e e t  are ind ica ted  toge ther  

w i th  mean speeds in thu l i n k s .  The percentages o f  t u rn in g  v e h ic le s ,  

a l l o c a t i o n  o f  veh ic les  in l i n k s  and f lo w  routes in en t r y  l i n k s  are given 

in  table*; 6 .1 ,  6.2 and 6.3-  A symbol ic rep resen ta t ion  o f  the network 

which shows the i n te r a c t io n  o f  the var ious  s im u la t ion  elements is  given 

in F ig .  6 .2 .

The s ig  >nl t im in g  cyc les were a r b i t r a r i l y  chosen but the o f f s e t s  

were ca lcu la ted  to p rov ide  f re e  f low  f o r  veh ic les  t r a v e l l i n g  a t  the 

mean speed, f rom l e f t  to r i g h t . No data could be found in the 

l i t e r a t u r e  on the d i s t r i b u t i o n  o f  acceptance gaps, so f o r  t h i s  example 

a normal d i s t r i b u t i o n  w i th  a mean o f  5 and a standard d e v ia t i o n  o f  

1 second was used.

The s igna l  cyc le  was s p l i t  in to  two equal phases and the queue

lengths were sampled a f t e r  every f i v e  changes o f  phase so th a t  an

average o r  the maximum and minimum queue lengths would be shown.

An in i  a l i s a t i o n  per iod  o f  :en s igna l  phase changes was al lowed before

the sampl ing was s ta r te d  so tha t  the network could f i l l  w i t h  veh ic le s
'  •

and s t a b i l i s e *  The t r a v e l l i n g  t imes used fo r  the l i n k s  were c a lc u la ted  

from the chosen mean speed and d is tances between the intersection*

The s im u la t ion  program was run f o r  a t o t a l  o f  30 000 Epochs which is 

equ iva len t  to  approximate ly  2 hours and k~J minutes o f  real t ime t r a f f i c .  

6.3*3 Running the Si mula t ion

The program and data  f o r  t h i s  s im u la t io n  were w r i t t e n  onto two 

d isk  f i l e s  (named TPR06 and TDAT r e s p e c t i v e l y )  using a standard e d i t o r  

program* . The steps then used in running the program are shown in the 

p r i n t o u t  g iven.  A l l  ope ra to r  commands o r  r e p l i e s  are' under l ined .

The f i r s t  s ta tement,  GET, TPROG reads the program from the d isk  and 

l i s t s  i t  on the console* The command /E then term inates the program 

mode* The command GET, TDATA is then entered and the data is read
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Table 6 .1 .  Percentage t u rn in g  Vehic les a t  In te rsec t io ns

In te rsec t ion
No.

1 Leg No.

Queue 1 Queue 2 Queue 3 Queue 4 Queue 5

%L %K %L %R %l %R %L %R %l %R

1 1 100 0 25 0 0 0 0 10 0 100

1 2 100 0 20 0 0 0 - - - -

1 3 - - - - *’ - - - -

1 4 0 0 0 20 0 100 - - **

2 1 100 0 22 0 0 0 .0 15 0 100

2 ' 2 15 0 - - - - - - - *-

2 3 - " - - * - - - -

2 4 0 20 * - - - - - - —

3 1 15 0 0 10 - - - - . -

3 2 20 0 0 0 0 100 - - - -

3 3 20 0 0 20 - - - * ‘ -

3 . 4 20 0 0 0 0 100 - * - -

4 1* 20 0 0 15 > r- - — — -

4 2 10 , 15 - - * - -

, ^ . 3 20 0 o ■ 20 " - — - —

, 4 4 20 20 - - - - - — r

\
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Table 6 .2 .  A l l o c a t i o n  o f  Veh ic les  to  Lanes

Link No. % Lane 1 % Lane 2 % Lane 3 % Lane 4 % Lane 5

1 12 23 35 18 12

2 .33 50 17 - -

3 33 50 17 - -

4 100 - - -

5 100 - - -

6 66 34 - - -

7 * 71 29 - ""

8 • D U M M Y .

Table 6.3. Entry  L ink  Flow Rates
-

Flow Rate Flow Rate Flow Rate Flow Rate Flow Rate.

EL INK No. Lane 1 Lane 2 Lane 3 Lane 4 Lane 5
. VPH VPH VPH VPH VPH

1 100 200 300 150 100

2 200 300 100 - -

3 200 - - -

4 0 (DUMMY) - - -

5 300 150 - -

6 200 300 100 - -

7 250 - -
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EL INK 3EL INK 2

LINK 1

ELINK 4 
(Dummy)ELINK 1

(Dummy)

LINK 6

ELINK 8ELINK 5

LINK 7

O  ELINK 7

TLIGHT e 
NO. 1 ;%

TLIGHT

TLTGHTTLIGHT

ure 6.2 .  Symbol Ic Representat ion o f  the Network



ENTER PROGRAM 
" "GET, tPR.OG

" INITIAL ,
" I GEN 
" IFILE 
" DYNAMIC 
" ELINK.,1 
" ELINK,2

EL INK, 3 *
" EL INK.' 4 
" ELINK,5 
" EL I NK, 5 
'* EL INK, 7 
" ELINK, 8
" LINK, 1, TLIGHT, 1, 3 
" LINK, 2, TLIGHT,1, d .
»' LINK, 2, TLIGHT, 3, 2 
" LINK, 4, TLIGHT, 2, 4 

LINK, 5, TLIGHT, 4,2 
" LINK, 6, TLIGH-,3,3 
" LINK,-, TLIGHT, 4,1 
" LINK, 8, TLIGHT, 2-1
* TLIGHT, 1, ELINK, i.- ELINK, 2, LINK, 8, LINK,
« TLIGHT, 2,LINK, !■ ELINK. :,ELINK, 4, LINK 
" TLIGHT, 2, ELINK, 5, LINK, 2, LINK, 7, ELINK, 6  
" TLIGHT, 4, LINK, E, LINK, 4, ELINK. =, ELINK, 7. 
» PRINT,!, TLIGHT,!
" PRINT, 2, TLIGHT. 2 
» PRINT, 2, TLIGHT, 3 
" PRINT, 4, TLIGHT , 4 " WRITE, i, TLIGHT, i 
" WRITE, 2, TLIGHT. 2 " WRITE, 2, TLIGHT, 3 " WRITE, 4, TLIGHT, 4 
« TERMINAL ' .
" CFILE
II
HE

Network D e f i n i t i o n  Statements

ffl 
w
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*  ;I3ET/ rPRTfl

^ 5L i NK, i . i o e , : 5 0 ,  ±00
% EL INK,. 2, 299. 1 M  
4 ELINK, 3, 200 
•t= ELINK, 4,0 
•* ELINK, 5- 300,156' :
* ELINK, 6, 200 20V 1?C 
+ SLINK, ?, 250
< ELINK, 8. 200, 10C
* LINK, 1. NI-PNAL. 12021 :O0.12, 23, 35,18, 12
* LINK, 2,NOEN-L 10:2 ^00 :: 00 1"
I LINK. 2 ''K'L _6:8 490, 23, 50,1?
t : LINK, 4, NOFNcL 1200 ^00 102
i Lim: 3 1:08,40.8,100-
t LINK, 6, NOPMPL 1 ^ 2  ^02 ;6 
4 ? N -mfL, 1440, 408, 71, 29
* TLlGHT,!, 1 1300 100 2 25 2 0 2 0 10 2 102
-I t l I ' jH T ,  1. 2 1 :0 0 . 200 , 0. 20 , 0, 0 , 0
* TLIGHT, 1,4.1500 2 2 2 22 2 122
»• T U ^ t . E M  1: 20 100. 0 02, 0 ,0 , 0 ,0 . 15, 0 ,10 0
+ TLIGHT,2•2■1200 1: 0 
t TL I GHT, 2,4.1:00,0,20 
4« TLIGHT, 3,1,1500 15 9 2 19
* TLI3HT, 3, 2 1590 20,0,0, 0,0,100 
$ TLIGKT, 2,1. 1200 29 2 0 20
- -_I0HT, 2, 4. 1:90 20, 0, 0, 0, 0,100
* TLIGHT, 4,1,1990 22 0 0 1:
4 ^LIGHT, 4, 2, 1:00,10,15
* TLI0HT,4,2,1503 22 2 0 2) 
i TLlGHT, 4,4. 1:00, 20, 20
t TLIGHT, 1, 9,0,25 ? & : *  ? *
* TLISHT, 2, 5,12. 20, 7, 2, 30, 7,2
* TLIGHT,:, 9,0.:0 7 2 :9 ? :
+ TLISHT, 4. S. 14: 30, 7, 2, 38, 7, 2 
+ TLIGHT,1,6,NC<!':'L 192
+ TLIGHT. 2. 6 N:kHmL.508,l00 - 
4* TLIGHT,:, 6,N9PrP. 922 122 
.-+ TL J0HT.4. i 'K*mL 500, 100
* PRINT,!, 10992. 1222 2 
i" PRINT L  10000, 1G000
* PRINT,:, 10902 12222
.+ PK % WT. 4 1010130.10000
$ WRITE, 1,1220. 1:10 
f WRITE, 2,1356,1320 
*- WRITE,lire, i r 9 
4 WRITE, 4,1212,1170

Run Time Data Statements



* _VR
NO OF RUNS a 20000
10000 1 0 2 2 0 0 0 0 0
10000, 2 0 0 0 0 0 2 0 0
10000 2 0 0 0 0 0 0 0 w
±0000 4 0 1 0 0 0 2 0 0
20000 . 1. 0 0 4 0 0 :i 1 0
20000 2 0 0 0 0 0 0 0 0
20000 2 0 0 0 0 0 2 • 2 0
20000 4 0 0 0 0 0 5 0 0

'+* 'COPY

127 -

0 0 ‘ 0 0 0 0 0 ■ 0 0 0 0 0
0 0 0 0 0 0 0 2 0 0 0 0
0 0 1 •4 0 0 0 0 2 0 0 0
0 0 1 0 0 0 0 ' ,4 0 0 0 0
0 0 0 0 0 0 0 1 • i 0 0 0
0 0 0 0 0 0 0 3 0 0 0 0
0 0 0 0 0 0 0 2 4 0 0 0
0 0 1 0 0 0 0 2 0 0 0 0

Running the Simulation of Four intersections
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QUEUES AT T P P P s y .  LIVJ- »;•: i

' EPOCH LEO NO 1 LEO NO 2 LEO NO 3 LEG NO 4
1 . 2  2  4 w 1 . 2  3 4 5 1 2 2 4  5 1 2 3 4 5

1326 0 1 2 0 0 . 6 0 0 0 0 0 0 0 0 0 6 0 '6 6 6
2640 0 0 4 0 0 0 1 0 0 0 0 0 0 0 0 6 0 2 0 0
3966 0 0 2 0 0 0 0 0' 0 0 0 0 0 6 6 0 4 2 0 0
5280 1 0 0 1 0 0 1 .0 0 0 0 0 0 0 0 0 6 2 0 0
6606 6 0 0 0 0 2 2 1 0 0 6 0 0 6 0 0 1 6 6 0
7920 6 0 0 1 0 2 2 2 0 0 0 0 0 0 0 . 1 5 1 0 0
9246 6 ■ 0 0 6 0 1 1 0 0 0 0 0 0 0 0 6 0 1 0 0

16560. 0 0 3 0 0 2 2 0 0 6 0 0 0 0 6 2 2 1 0 0
11886 0 4 4 1 0 6 3 0 0 0 0 6 0 6 0 0 0 3 0 0
13206 2 0 2 1 1 0 0 0 0 0 0 0 0 6 0 e 4 0 0 0
14526 0 4 5 3 0 0 6 0 0 0 0 0 0 0 0 0 0 6 0 6
15840 2 2 1 0 2 0 2 0 0 0 . 0 0 0 0 0 1 1 0 - 0  0.
17166 1 6 0 1 6 2 1 6 6 6 6 6 6 ' 6 6 6 11 2 6 6
18480 0 2 . 1  0 6 5 4 0 0 0 O ' 0 0  0 0  2 6 2 0  O -
15866 6 6 6 6 6 5 1' 6 6 6 6 6 6 6 6 6 1 6 6 6
21126 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 1 2 2 0 0
22446 6 6 4 6 6 6 2 6 6 0 . 6  6 6 6 6 6 6 6 6 6
23760 2 2 4 0 2  0 1 0 0 0  0 0  '0 0 0  0 1 , 2  0 0
25686 1 4 5 1 0 6 1 0 0 0 0, 0 0 6 0 1 4 3 0 0
26406 2 1 0 1 0 O i O O O  0 0 0 0 . 0  0 3 2 0 0
27726 ' 0 1 l 6 6 6 6 2 6 0 6 0 0 6 6 0 6 2 0 0
29040 1 0 3 0 0 3 1 0 0 0 0 0 0 ,0 0 4 8 3 0. 0

Results of  the Simulation o f  Four Intersections
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QUEUE: RT. TFCiP - -  : L : : - " '  'iO 1

EPOCH
1

LEG NO 1 
2 3 4 5 . 1

LEG NO 2 
2. 3 4 5 . 1

LEG NO 3 
2 3 4 5 1

LEG NO 4 
2 3' 4 5

1256 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 02676 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2996 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 05216 2- 4 2 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 06636 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 7 0 0 0 07956 0 3 4 4 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 09276 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 ’ 0 0 0 0 0

16596 3 2 3 2 1 i 0 6 0 0 0 0 0 0 0 0 0 0 0 011916 0 0 0 0 •1 2 0 0 0 0 0 0 0 0 0 2 0 0 0 0
13236 2 4 1 3 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 014556 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 5 0 ■ 0 0 0
15876 1 0 4 2 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 , 017196 0 0 1 0 0 3 0 0 0 0 0 0 0 0 0 5 0 0 0 0
18516 1 2 A 4 0 0 0 0 ' 0 0 ,0 0 0 0 0 3 0 0 0 0191=36 1 2 0 0 0 1 0 0 0 0 0 0 0 0 0 4 0 0 0 0
21156 1 2 2 3 9 1 0 0 0 0 0 0 0 0 0 0 0 0 0 022476 0 0 0 I 0 6 0 0 0 0 0 0 0 0 0 1 0 0 0 0
23796 2 *5 4 1 1 1 0 0 ■ 0 0 0 0 0 0 0 0 0 0 0 0251^6 0 0 0 1 0 2 0 0 0 0 0 0 0 0 0 7 0 0 0 026436 2 1 5 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
27756 1 0 0 0 0 3 0 0 0 0 0 0 0 0 ■0 2 0 0 0 029076 2 2 7 6 1 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0

R e s u l t s  o f  t h e  S i m u l a t i o n  o f  F o u r  I n t e r s e c t i o n s
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• . QUEUEE f.T

EPOCH LEG NO 1 LEG NO 2
1 2 3 4 5 1 2 3 4

1170 5 0 ,6 0 0 0 6 0 0
23U0 1 0 0 .0 0 0 0 0 0
3510 2 6 6 6 0 0 1 2 0
4680 i 1 0 0 0 4 2 1 0
5850 2 1 0 6 6 0 2 0 0
7920 2 0 0 8 6 6 0 0 8
8190 0 8 0 0 0 3 0 0 8
2360 5 1 0 0 6 6 3 0 0

10530 4 2 0 0 0 0 6 8 6
11700 5 0 0 0 6 0 0 0 0
12970 3 0 0 0 6 0 0 6 0
14©40 0 1 0 6 0 2 3 1 .6
15210 0 6 0 6 6 2 3 1 6
16380 1 2 0 0 0 1 ,6 1 0
17550 1 0 0 0 0 1 8 2 0
18720, 3 0 0 0 0 0 0 0 0
19990 1 4 0 0 8 6 0 0 0
21060 9 1 0 0 0 0 1 0 6.
22236 1 6 0 0 0 0 0 2 0
23466 8 0 0 6 6 1 a 0 0
24576 0 0- 0 0 ’ 0 3 3 2 0
25740 0 1 0 0 0 6 2 8 0
26910 0 0 0 0 0 1 1. 0 0
28686 4 1 0 0 0 0 0 0 0
29256 2 4 0 0 0 0 0 4 0

1, 2 3 4 5 1 2 3 4 5.

1 0 0 0 0 0 0 .0 0 0
4 2 0 0 0 0 1 6 0 )
1 0 0 0 0 0 .0 0 0 0
4 0 0 0 0 3 5 1 0 0
0 3 ' 0 0 0 2 2 2 0 0
3 6 0 0 0 0 0 0 0 0
6 . 0 0 6 0 1 1 0 0 0
2 1 0 0 0 1 1 0 0 6
4 1 0 0 0 0 0 6 0 0
0 1 0 0 0 0 0 0 0 0
2 1 -0 0 0 6 0 1 0 8
1 0 0 0 0 4 6 4 0 0
0 8 0 0 0 2 3 2 0 0
0 0 0 6 0 1 a 0 0 0
1 0 0 0 0 1 0 0 0 0
1 4 0 0 0 8 0 0 0 0
1 0 ., 0 0 0 0 6 6 0 0
4 8 0 0 0 6 6 0 9
1 1 0 0 0 2 4 0 0 0
1 0 0 0 6 4 3 2 0 0
1 0 0 0 .0 0 3 0 0 0
d 0 0 " 0 0 1 7 9 0 0
0 0 0 0 ‘ 0 1 0 0 0 0
4 0 0 6 0 6 6 0 6
•£' 2 0 0 0 0 0 0 0 0

5

■ 0
6
0
0
0
e
0
0
13
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Results of the Simulation of Four Intersections
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QUEUE? bt  tpps-:=: _:%w- •«:• 4 • .

EPOCH . :NO l LEO NO 2  LEO NO 2 LEG NO 41 & % 4 ' 5 1 2  2 4 5 1. 2 2, 4 5 1 2 2 4 5

1212 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0
2282. 0 0 0 0 0 1 0 0 0 0 5 0 0 0 0 1 0 0 0 0
3552 0 0‘ 0 0 • 8 - 1 0 0 ‘ 0 0 0 0 0 0 0 0 0 0 0 0
4722 0 0 0 0 0 5 £ 0 0 0 0 0 0 0 0 '6 0 0 0 0
5582 11 2 0' '0 0 .1 . 0 0 0 0 0 0 0 0 0 14 0 0 0 0
7082 5 0 0 0 0 1 0 0 0 0 ! 0 0 0 0 1 0 0 0 0
3232 3 0 , 0 0 0 1 0 0 0 0 0 0 0 0 0 2 0 0 0 0
9482 4 0 0 0 0" 0 0 0 0 0 2 0 0 0 0 -0, y 0 0 0

10572 ■ 3 1 0 0 0 11 0 0 0 0 4 0 0 0 0 0 0 0 0 0
11742 1 0 0 0 0 1 0 0 0 0 7 2 0 0 0 0 0 0 0 0
12912 0 1 0 0 0 6 0 0 0 0 0 3 0 0 0 3 0 0 0 0
14082 0 1 0 0 0 0 0 0 0 0 0 0 0 0 5, 0 0 0 0
15252 , 0 0 0 O- 0 4 ' 0 0 0 0 0 0 0 0 0 3 0 0 0 0
16422 0 0 0 .0 0 4 0 0 0 0 0 0 0 0 ■0 2 0 0 0. 0
17592 2 0 0 0 0 5 0 0 0 0 0 2 0 0 0 4 0 0 0 0
18762 4 4 0 0 0 2 0 0 0 0 5 1 0 0 0 1 0 0 0 0
19922 0 2 0 0 0 2 0 0 0 0 2 1 0 0 0 8 0 0 0 0
21102 2' 0 0 0 0 8 0 0 0 0 2 1 0 0 0 0 0 0 0 0
22272 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0
23442 1 0 0 0 0 2 0 0 0 0 1 2 0 0 0 7- 0 0 0 0
24612 0 1 0 0 0 3 0 0 0 ,0 0 0 0 0 0 2 0 0 0 0
25782 0 0 0 0 0 4 0 0 0 0 0 0 0 0 ’ 0 -tI 0 0 0 0
26952 4 0 0 0 0 8 0 0 0 0 5 3 0 0 0 4 0 0 0 0
28122. 5 0' 0 • 0* 0 0 0 0 0 0 2 3 0 0 0 0 0 0 0
29292 2 1 0 0 0 5 0 0 0 0 5 1 0 0 0 0 0 0 0 0

' i t - .

Results o f  the Simu lat ion o f  Four in te rs e c t io n s
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and p r in te d  In a s i m i l a r  way. The commands / I  and /R the I n i t i a l i s e  

the  system and run the s im u la t io n .  The ou tpu t  t h a t  f .  lows is an 

example o f  the p r i n t o u t  from the PRINT ro u t in e  g i v in g  the epoch 

number, the in te r s e c t io n  number and the queue lengths o f  each leg o f
i

the respec t ive  i n t e r s e c t i o n s .  The f i n a l  ou tpu t  is p r in t e d  when 

the command: COPY is  g iven .

^ •3 .4  Resul ts o f  the Sim u la t ion

The s im u la t ion  took 190 seconds to run, This corresponds to  a 

r e U  t ime to  s im u la t ion  t ime r a t i o  o f  52 f o r  the fou r  i n t e r s e c t i o n s .  

Since the network conta ined 4 i n te r s e c t io n s  and an average o f  2 

lanes per approach per in te r s e c t io n  a speed o f  200 t imes real  t ime per 

average i n t e r s e c t io n  can be expected from the s im u la to r .  To a 

f i r s t  approximat ion the speed o f  s im u la t io n  is  in v e rs e ly  p ropo r t ion a l  

t o  the number o f  i n te r s e c t io n s  and the number o f  lanes per 

i n t e r s e c t i o n .

6.4 Conclusions

I t  has been shown in t h i s  chapter  tha t  the s im u la to r  is  easy to  

use and is ex tremely f a s t .  I t  has been found tha t  the software 

func t ions  c o r r e c t l y .

As po in ted out  in 6.2 the s im u la to r  has not been v a l id a te d  and 

t h i s  is  an area f o r  ex tens ive  f u tu re  work,
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CHAPTER 7 

DISCUSSION AND CONCLUSIONS

7.1 * I n t ro d u c t io n

This chapter probes the s t reng ths  and weaknesses o f  the present 

s im u la to r .  The speed o f  s im u la t ion  is examined and compared to 

s i m i l a r  work and v a l i d a t i o n  o f  the s im u la to r  is discussed.

Suggest ions f o r  f u tu re  work are given and the use o f  the FASP execu t ive  

f o r  s i t u a t i o n s  o th e r  than t r a f f i c  is  d iscussed.

7.2 Speed o f  S imula t ion

High speed o f  s im u la t io n  was one o f  the main des ign c r i t e r i a  in 

the present  work.  A s im u la t io n  speed o f  approx im ate ly  200 t imes t h a t  

o f  real  t ime was obta ined (see 6 . 3 . 4 ) .  This was main ly  due to  two 

fa c to r s  -  I . e .  e f f i c i e n t  sof tware and fa s t  hardware data sources. The 

ques t ion  tha t  must be asked is whether the cost  o f  p ro v id in g  hardware 

data sources is  j u s t i f i e d  by the Increase in speed o f  s im u la t io n .

The s im u la t ion  rou t ine s  EL INK, LINK and TLIGHT were examined and 

an es t im a te  o f  run time was made by count ing the number o f  i n s t r u c t i o n s  

which would be executed per average epoch. A t y p i c a l  mix o f  these 

rou t ines  in a s im u la t ion  was taken to  be one EL INK, f o u r  TLIGHT and 

twelve LINK rou t ine s  and the number o f  i n s t r u c t i o n s  executed per 

epoch was c a lc u la te d .  This process Was repeated assuming t h a t  

random number genera t ion  was Implemented in sof tware tak ing  the t ime 

f o r  genera t ion  o f  random numbers to  be 240 ps which Is e qu iva len t  to  

about 100 average ins'cruct  ions !"*.
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The an a ly s is  showed tha t  the use o f  hardware data sources

increased the average speed o f  s im u la t io n  by a f a c t o r  o f  2. This

f i g u r e  is  a c onse rva t i ve  es t im ate  and can be regarded as the minimum

increase in speed due to  the hardware data sources. Since the cost

o f  the  hardware data sources is  about a qua r te r  o f  the cos t  o f  the

t o t a l  system, t h e i r  i n c lu s io n  is  considered to be wo r thw h i le .

The e f f i c i e n c y  o f  the sof tware and use o f  a minicomputer can be

judged by comparing the speed o f  the present  work w i th  th a t  o f  Grigg 

8*9and H a r t le y  * . The main d i f f e re n c e s  between the present work and 

t h a t  o f  Grigg and H a r t le y ,  is t h a t  a la rge  t ime shared computer

programmed in FORTRAN is  used f o r  the  l a t t e r  work.

A recent  s im u la t ion  o f  ten i n t e r s e c t i o n s ,  f o r t y  l i n k s  and ten

e n t r y  l i n k s  resu l ted  in a s im u la t io n  t ime to  real t ime r a t i o  o f  8 to  1.

Assuming the in te r s e c t io n s  to  have two lanes per approach, a r a t i o  o f  

app rox im ate ly  1 to 13 would be obta ined in the present s im u la t io n ,  

i . e .  104 t imes f a s t e r .

I t  should be noted tha t  a NOVA 1200 minicomputer was used f o r  the 

present work. This model is  outdated and has been superceded by a

cheaper, f a s te r  model, i . e .  the NOVA 3. Py using the new model

s im u la t io n  speed would be increased by a f a c to r  o f  about 2.

7.3 V a l i d a t i o n  o f  the S imulator

As mentioned in Chapter 6 the present s im u la to r  has not been 

v a l i d a te d .  Future research must be devoted to  t h i s  problem. The 

s im p les t  method o f  v a l i d a t i n g  the s im u la to r  would be to  compare the 

r e s u l t s  o f  a number o f  s im u la t ions  w i th  those obta ined using the 

UTCS 1 1 micro model which has p re v io u s ly  been v a l i d a te d .  This

method o f  v a l i d a t i o n  would a lso  show the r e l a t i v e  m e r i t s  o f  macro and

micro model l ing and could p in p o in t  areas where the present macro 

mode l l ing  Is s u f f i c i e n t l y  accurate  and where the mode l l ing  requ i res  

r e f i n i n g .



7.4 Suggest ions f o r  Future Work

The most impor tant  area f o r  f u t u r e  work is in r e f i n i n g  v e h ic le  

dynamics and d ischarge a t  in te r s e c t io n s .  This work would be re la ted  

to  v a l i d a t i o n  o f  the s im u la to r .  An in v e s t i g a t i o n  o f  behaviour o f  

t u r n in g  veh ic les  is  requ i red  to  a sce r ta in  a d i s t r i b u t i o n  which can be 

used f o r  acceptance gaps. Since the  data source used can prov ide  

random numbers w i th  an a r b i t r a r y  f requency d i s t r i b u t i o n ,  i t  Is 

unnecessary to  c o n f in e  t h i s  study to  o b ta in in g  an acceptance gap 

d i s t r i b u t i o n  which can be represented mathematical1y.

Dynamic con t ro l  p o l i c i e s  may be simulated by mod ify ing  and 

ex tend ing  the TLiGHT r o u t i n e . Veh ic le  de tec to rs  may be s imulated by 

t e s t i n g  the app rop r ia te  b i t  in the LINK word to  determine the presence 

o r  absence o f  a v e h i c le .  This in fo rm at ion  can be passed to the 

in t e r s e c t i o n  r o u t in e  to  s im u la te  a v e h i c le  ac tuated c on t ro l  p o l i c y .

In t e s t i n g  dynamic c on t ro l  p o l i c i e s ,  i t  may be necessary to  use

a l t e r n a t i v e  ind ices  o f  performance instead o f  queue length  Indices

th a t  may be o f  i n t e r e s t  are number o f  stops per v e h i c le ,  ^ .ge

t r a v e l l i n g  t ime and average de lay per v e h i c le .  This could be provided

by adding a d d i t i o n a l  s im u la t io n  rou t ines  o r  could be ca lcu la ted  from

the r e la t i o n s h ip s  between these ind ices  and queue lengths given by
L]

Gerlough and Wagner

7.5  Use o f  FASP f o r  S imu la t ion  o f  S tochas t i c  Systems

The FASP execu t ive  was designed to  be a general purpose s im u la ­

t i o n  execu t ive  and may be used as the basis f o r  s im u la t ing  any d i s c r e t e  

S tocha s t i c  system. At p resen t ,  s tud ies  o f  l i f t  and pedestr ian  

t r a f f i c  are being undertaken in the department o f  E l e c t r i c a l  Engineer ing .  

I t  is  envisaged th a t  s im u la t io n  rou t ines  f o r  s im u la t in g  these 

s i t u a t i o n s  w i l l  be w r i t t e n  f o r  use w i t h  the FASP execu t ive .
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7«6 Conclus!ons

A s im u la t io n  execu t ive  and rou t ine s  f o r  s im u la t in g  t r a f f i c  have 

been descr ibed..

The execu t ive  prov ides  a s t r u c tu r e  f o r  the s im u la t ion  and 

s i m p l i f i e s  the programming and use o f  the t r a f f i c  s im u la t ion  r o u t in e s .  

Being modular and f l e x i b l e  the execu t ive  can be used f o r  s im u la t ing  

d i f f e r e n t  s i t u a t i o n s .

The t r a f f i c  s im u la t ion  r o u t in e s ,  w h i le  not being the l a s t  word in 

t r a f f i c  s im u la to rs ,  i l l u s t r a t e *  the advantages o f  the approach used. 

Use o f  a Small d i g i t a l  computer programmed in assembly language and 

hardware data sources produced an i n t e r a c t i v e  s im u la to r  whose speed is 

f a r  g r e a te r  than any so f tware  s im u la to r  found in the l i t e r a t u r e .

C le a r ly  the approach is  wor thwh i le  and i t  is  hoped tha t  f u t u r e  

work w i l l  produce a usefu l  t r a f f i c  design tool  using t h i s  approach.



137

APPEND IX 1

USING THE TRAFFIC SIMULATOR UNDER DDOS 1.6

* t r a f f i c  s im u la to r  is  loaded from d isk  by t y p ing :  TRAP.

The program w i l l  s t a r t  a u to m a t ic a l l y  and p r i n t  out  ENTER PROGRAM 

to  in d i c a te  th a t  FASP is  in the program mode. The network 

d e f i n i t i o n  statements may then be entered and the s im u la t ion  may 

be run.



APPENDIX 2 

FASP CONSOLE PROCEDURES

Input from the console is  placed in a b u f f e r  74 characters  

long. E d i t in g  may be performed by use o f  the rub out  and con t ro l  

X keys. The rub ou t  key de le tes  the l a s t  cha rac te r  en tered.

I t  may be used repeated I y , The c on t ro l  X key de le tes  the e n t i r e  

l i n e  typed. A space o r  a tab is  echoed back to  the conso le as 

a space but is not s tored in the b u f f e r ,  L ine feeds and o the r  

non p r i n t i n g  characters  are ignored so th a t  the input  medium could 

be paper tape f o r  batch o p e ra t io n .  A c a r r iage  re tu rn  denotes the 

end o f  a statement o r  command and con t ro l  is  t r a n s fe r r e d  to  the 

approximate r o u t in e  in FASP.
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APPENDIX 3 

FASP ERROR MESSAGES

No* Mean i ng

1. Memory ove r f low*  This (a) 

e r r o r  i s  f a t a l  and FASP must 

be reloaded a f t e r  the source 

o f  e r r o r  has been located and 

r e c t i f i e d

2. User r o u t in e  undef ined,

3. Zero o r  negat ive address 

s p e c i f i e d

4. Address to  la rge

5* I l l e g a l  break character

6.  I l l e g a l  command 

7• P rec is ion  e r r o r  "in PUT*

Poss ib le  cause

Rout ine s p e c i f i e d  too much 

s torage fo r  a p a r t i c u l a r  

memory s ize .

(b) Inco r rec t  header format.

Routine s p e c i f i e d  in c a l l  statement 

could not be found.,

The number o f  a ro u t in e  was zero ,  

nega t ive  o r  not given*

The number o f  a ro u t in e  was g re a te r  

than the number o f  s torage blocks 

prov ided f o r  tha t  r o u t in e ,

A break c ha rac te r  was not* ; 

o r  c a r r i a g e  r e tu rn .  Usual l y  an 

a lp h a b e t i c  charac te r  f o l l o w in g  a 

number

Unknown execu t ive  command o r  no 

data rou t ine *  ,

P rec is ion  >5 o r  <1 s p e c i f i e d  

f o l l o w in g  PUT pseudo i n s t r u c t i o n
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No*. Meaning Poss ib le  cause

8, Too many parameters In l i s t  

g. Too few parameters in  l i s t .

10* PUTP i l l e g a l  in  Data ro u t in e .

I I  * Fi1e a lready  e x is ts  

12. F i le  does not e x i s t .
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appendix  4

CREATING A FA.SP SYSTEM UNDER DDOS 1.6

To c rea te  a s im u la t io n  system the va r ious  modules o f  FASP and user

su pp lied  rou t ine s  must be loaded by the re lo c a te a b le  loader.  This

is  e a s i ly  done under DDOS w i th  the fo l lo w in g  command.

LINK ( IMAGEFI IE* j$TT0, FASP:B, INTERUPT SERV ROUTINE,, . , . .
I

‘ • 1 ,NT SERV ROUTINE^, SIMULATION ROUTINE,, ..................

SIMULATION ROUTINE^ FASPENDiB).

INTERRUPT SERV ROUTINE and SIMULATION ROUTINE 1 to  N are the 

names g iven to  the  b ina ry  o b je c t  modules o f  in te r r u p t  s e rv ic e  

ro u t in e s  and s im u la t io n  ro u t in e s  supp lied  by the user.

The re s u l ta n t  image on IMAGEFILE may now be loaded and run.

A sample map produced by the loader is  shown o v e r le a f .
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DDOS 1,6 RELOCATING LINKER VER 1  0 - 07/22/75 TRAP
TITLE NREL ZREL START

FASP 000400 ' 000050
ELINK 002377 000117
IGEN 002530 000120
LINK 002573 000121
.MAIN 003163 000122
PRINT 003277 000122
WRITE 003423 000123
TLIGH 004666 000131
FASPE 005604 000140 007164

023437 000147
START ADDR 007164

SYMBOL TABLE

ACT 000111 AJTAB 000106 AMTAB 000107' C177 000034
03 000023 077 000031 COMD 001140 COMP3 007486
COMPS 007307 CRLF 006073 DDOS 000145 DFLG 000110
LIVID 006062 DWRIT 885667 •ERET 000053 ERROR 006054
GET 006055 ' GETAD 006057 GETAS 006065 GETBR 006060
GETC 806071 I END 000144 ' IGNOR 001602 IN IT 001376
INIT1 007164 INITR 001406 INTR 000105 IPT 060113
ISTRT.800143 MES 006074 MULTI 666663 NONE 100077
OPT 006112 PROG 000116 PUT 006656 PUTC 666676
PUTP 006146 RETUR 682061 SP 666841 TEMP2 868844
TEMP2 666645' TR2 661563 USEND 666146 . BUS, 666166
. COMD 800875 . GETC 000866 . PUTC 000067 , READ 666871
. RET 688061 . WRIT 660676 , MEG 886676 *
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APPENDIX 5

DESIGN OF A HARDWARE RANDOM PULSE GENERATOR

Chapter 4 descr ibed a system which could produce 16 independent random 

pu lse ou tpu ts  ,fr;om a s in g le  random number gen e ra to r.  A d e ta i le d  

d e s c r ip t io n  o f  the random number genera to r was g iven in  th a t  chapter 

and the d e s c r ip t io n  o f  the remaining c i r c u i t r y  is  given below.

Design o f  the Comparator

The comparator must compare two 12 b i t  numbers and g iv e  a 1 at 

the  o u tpu t  i f  the  generated number is  less than the number in  the 

memory. Three 4 b i t  comparators type SN7485 are; used by connecting 

the r ip p le  c a r ry  ou tpu ts  to  the c a r ry  in p u ts .

An a l t e r n a t i  ve arrangement can be used to  .g ive  a fa s te r  comparison 

but the  e x tra  com p lex ity  was not warranted as the o v e ra l l  speed o f  the 

genera to r was h igh  enough to  s a t i s f y  the speed o f  ope ra t ion  c o n d it io n  

given in  4 .2 .2 .

Design o f  the Memory

The 16 word 12 b i t  memory Is made by connecting the address l in e s  

and re a d /w r i te  enable inpu ts  o f  th ree  16 word ■* 4 b i t  memories type 

SN7489 in p a r a l l e l .

A d d it io n a l c i r c u i t r y  is  prov ided so th a t  the memories can be 

programmed e i t h e r  under computer c on tro l o r  from switches on the 

f ro n t  p a n e l. To do t h is  a 16 b i t  word is  re q u ire d .  The fo u r  most 

s ig n i f i c a n t  b i t s  co n ta in  the memory address and the remaining 12 the 

da ta . The bas ic  memory c i r c u i t  is  shown in  F ig . A5.1. Open 

c o l le c to r  gates are used in  the b u f fe r  to  perm it w ire  -  OR connections.



-  1 4 4  -
Front panel switchesqnable 

■ switches

From
computer Data Bit 0

Data MemoryBuffer |Data Bit 11
Electronic
SwitchAddress.

High
Program enableBuffer enable

From counter

v A5.1 Memory Circuit

Vcc

dutput
Counter

Timing Timing
Input

Mono
Stable Clock

cycle

Fig A5>2 In te rn a l  Clock



14 5

This  s im p l i f ie s  the  lo g ic  and reduces the number o f  con tac ts  requ ired  

on the  memory board connector.

Design o f  the In te rna l C lock

The in te rn a l  c lo ck  prov ides the t im in g  pulses fo r  the system.
- .*
When a pulse is  app lied  a t  the in p u t ,  the c lo ck  s ta r t s  and a f t e r  16

pulses stops aga in . Thus f o r  each Input pulse the system generates

16 random numbers. The c i r c u i t  tses two cross coupled monostables

which comprise a t r i g g e r : I  m u l t i v ib r a to r .  The mu’ t i v i b r a t o r  runs

f o r  as long as A1 o r  A2 on 1C 1 is  held low. The Input pu lse is

ap p lie d  to  A1 and A2 is  connected v ia  a NOR g&te o t  the 4 ou tpu ts  o f

the  address c o u n t r t .  A nega tive  going pulse a t the inpu t s t a r t s  the

c lo c k  which .c locks the coun te r .  The o u tp u t  o f  the NOR gate goes low

and remains low t i l l  the coun te r reaches the a l l  zero s ta te  causing
' '  .

A2 to  go high which stops the c lo ck .  The c i r c u i t  used is  g iven in

F ig .  A$.2.

Features o f  the Pulse Generator

The fo l lo w in g  f ro n t  panel c o n t ro ls  are provided on the  gene ra to r.

(a) Run -  s in g le  cyc le

This sw itch  se lec ts  the mode o f  the  in te rn a l  c lo ck .  In the run 

p o s i t io n  the genera to r goes through the complete c y c le  and 

generates 16 random pul set f o r  each Input pu lse a p p l ie d .  This 

is  the  normal inode o f  o p e ra t io n .  The s in g le  cy c le  p o s i t io n  

d isconnects  the in te rn a l  c lo ck  and is  used fo r  examining the 

memory contents  o r  fo r  te s t in g  every word o f  the un ifo rm  random 

number g e n e ra to r .

(b) Programming Switches ■

Sixteen sw itches are provided fo r  manually programming the 

memory. The memory address is set up on the f i r s t  fo u r  

switches and the data on the remaining 12.
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(c) Program -  Run

Th is  sw itch  is  used to  app ly the data from the programming 

sw itches to  the  memory inpu ts .

(d) Program Pulse

Th is  push bu tton  pulses the w r i t e  enable inpu t o f  the memory and 

s to re s  the data set up w i th  the  programming sw itches in  the 

memory.

(e) Pulse Button

Th is  push button  a p p l ie s  a pu lse to  the  inpu t o f  the in te rn a l  

c lo c k  and is  used fo r  checking o u t  the system and examining 

memory contents in  con junc t io n  w i th  sw itch  (a ) .

( f )  C lear Button

Th is  push bu tton  resets  the  genera to r to  the al 1 one c o n d i t io n ,

se ts  the address, coun ter to  zero and c le a rs  the o u tpu t  s h i f t

r e g is t e r .
>• • •

(g) V isua l Read Out •

Three 16 M t  LED d is p la y s  are p rov ided .

( 0  Memory address and data ' .

This is  used f o r  examining the contents  o f  the memory.

{I $) Unifo.m random number

This d is p la y s  the  16 le a s t  s ig n i f i c a n t  b i t s  o f  the un ifo rm  

random number genera to r. f  r 4 o f  these b i t s  are

not used by the system but at . i  J  f o r  checking the

o pe ra t ion  o f  the genera to r.

( H i )  Output r e g is te r

This d is p la y s  the s ta tes  o f  the 16 independt,  ̂ random 

pu lse  channels.
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(h) Computer Operation

The system is  provided w i th  a s u i ta b le  in te r fa c e  to  connect i t  

to  a NOVA computer. The device code is  70.

( i )  B u f fe r  A ( in p u t )

Th is  b u f fe r  con ta ins  the 16 independent ou tpu ts  o f  the 

genera to r which can be read in to  the computer ,-ith the 

fo l lo w in g  in s t r u c t io n  :

DIA AC,70 

( I I )  B u f fe r  A (o u tp u t)  _

This b u f fe r  rece ives data from the computer to  program 

the  memory.

The fo u r  most s ig n i f i c a n t  b i t s  ( i . e .  b i t s  0 - 3 )  must 

con ta in  the address and the remaining b i t s  ( b i t s  4 -  15) 

the d a ta ,

The fo l lo w in g  in s t r u c t io n  is  uved:

. BOA AC,70

N.B. For programming v ia  the computer the programming 

sw itches (b) must a l l  be in the "one" p o s i t io n .

( i v )  Pulse

A P s u f f i x  to  any in p u t /o u tp u t  in s t r u c t io n  a p p l ie s  a pulse 

to  the inpu t o f  the in te rn a l  c lock  and performs the same 

fu n c t io n  as push bu tton  ( e ) .

(v) Clear

A C  s u f f i x  C lears the device as descr ibed in ( F ) .

System Tests •

A f te r  c o n s t ru c t in g  the system the o u tpu t  Of the un ifo rm  random 

number genera to r was checked aga ins t a so ftw are  s im u la t io n  and I t  

produced id e n t ic a l  r e s u l ts  as expected. The va r ious  modes o f  

o p e ra t io n  were then checked. The o n ly  c a l ib r a t io n  procedure is  to
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set the  t im in g  o f  the in te rn a l  c lo ck  to  the fa s te s t  po ss ib le  speed. 

An exam ination o f  the system and the m anufac tu re rs ' s p e c i f ie d  

propagation times revealed th a t  the c r i t i c a l  de lay path was: 

address coun te r ,  memory and comparator. Typ ica l delay f o r  t h is  

combination was given as 120 ns. The de lay  o f  the implemented 

system was found to  be approx im ate ly  100 ns, The in te rn a l  c lock  

was se t  to 120 ns which was the h ighest speed the in te rn a l  c lock  

could opera te  a t .  Th is  means th a t  1,92 ps are requ ired  to 

generate  the  16 random pu lses,
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APPENDIX  6

STATISTICAL TESTS ON THE POISON ION DISTRIBUTION RANDOM NUMBER GENERATOR

Table A 6 .1 . Frequency Tests on the Uniform Random Number 

Generator

B its Lower Bound 
F a i1ures

Upper Bound 
F a i lu re s

0 -  3 65 43

4 -  7 54 66

8 - 1 1 51 58

Table A 6 .2 . S e r ia l C o r re la t io n  Test on the Uniform Random 

Number Generator

B i ts  0 - 3 B i ts  3 -  7 B i ts  8 -  1
Number -------------- ------------------ ——  -------------    — ------ ---------- ---------- ---------- ---------- ---------- —— —
Tested Lower Upper Lower Upper Lower Upper

Bound Bound Bound Bound Bound Bound
F a i lu re s  F a i lu re s  F a i lu re s  F a i lu re s  F a i lu re s  F a i lu re s

0 13 19 23 16 15 15
1 20 24 19 13 14 16

2 21 22 21 18 21 17

3 15 24 23 17 1,5 20

4 10 26 18 19 18 30

5 11 21 15 21 13 19
6 16 14 24 19 16 22

7 20 17 15 24 16 14
8 24 19 6 16 18 20

9 19 26 19 17 18 27
10 16 17 14 16 19 27
11 13 17 18 16 18 14
12 15 16 18 24 22. 18

13 23 21 23 14 18 16

14 22 21 14 17 19 21

15 19 19 13 16 21 27



Tab)e -A6. 3 . A u to c o r re la t io n  Test on B i ts  8 - 1 1  (M.S.B.)

Run
Number

Mean
Value
o f

C o e f f ic ie n ts

Standard
D ev ia t ion

o f
C o e f f ic ie n ts

Chi-Square
Value

Largest
C o e f f ic ie n t

Delay 
Va 1 ue

1 +000323 0,05673 1,95957 -0,20525 3

2 "000321 0,07212 0,64642 -0,16478 16

3 -000310 0,06753 1,05047 '-0 ,2340 0 3

4 -000182 0,06163 0,44439 -0,21077 3

5 +000885 0,06832 6,80813 -0,29230 3

6 >000065 0,08638 2,26261 -0,26174 3

' 7 -000231 0,06138 5,89904 +0,21418 49

8 -000510 0*066l6 1,85856 "0,18378 33

9 +000259 0,05740 1,35351 +0,20513 77

10 +000317 0,06832 2,36361 -0,20258 26

11 -000594 0,05871 5,78903 -0,15264 77

12 +000033 0,05337 0,74743 -0,16572 79

13 +000126 0,05633 2,36361 -0,15162 .29

14 +000637 0,05819 2,46464 -0,14782 2

15 +000154 0,05268 0,34338 -0,14899 35

16 +000065 0.05284 2,97981 -0,14098 47

17 +00011? 0,05226 2,16160 +0,14271 81

18 +000321 0,05999 3,97981 -0,14499 85

19 -000158 0,05606 4,28285 -0,14113 62

20 -000722 0,05961 0,94946 -0,18400 61

X2 • 9 5 ^ 0 , 1 0 3 X2
X ‘ 05 -  5,991

•
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Table A6.4. A u to c o r re la t io n  Test on B i ts  0 -  7

Run
Number

Mean
Value

o f
C o e f f ic ie n ts

Standard
D ev ia t ion

o f
Coe ff i c ie n ts

Chi-Square
Value

Largest 
C o e f f ic ie n t

Del ay 
Val ue

1 +0,00294 0,05439 1,99998 +0,16412 16

2 • +0,00502 0,05496 0,79995 -0,13050 46

3 -0,00168 0,05819 0,49996 -0,13762 46

4 -0,00432 0,05645 0,99996 - 0,13744 26

5 -0,00222 • 0,05311 3,80001 +0,14555 32

6 +0,00007 0,05897 3,60000 +0,13363 42

7 +0,00028 0,06150 1,49998 +0,17218 73

8 +0,00245 0,05766 2,50000 -0,15540 2

9 +0,00608 0,04751 5,50004 +0,14337 . 87

10 +0,00650 0,05659 3,60000 +0,14248 41

11 +0,01773 0,05181 1,69999 +0,14292 11

12 +0,02070 0,04925 6,30006 +0,13299 10

13 +0,005,78 0,06236 6,70005 +0,19004 89

14 -0,00383 0,05195 4,30003 -0,15386 56

15 +0,00346 0,05740 2,50000 +0,16703 55

16 -0,00759 0,05766 2,90002 -0,19237 1

17 -0,00190 0,05496 7,80007 “ 0,15751 97

18 +0,00241 0,06224 5,30004 -0,14560 56

19 +0,00202 0,05/66 0,89997 -0,15798 63

20 +0,00230 0,06224 2,80001 +0,16790 66

X2 -95 -  0,103 X2.0j - 5,931
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Table A 6 .5 . Frequency Test.

Upper Bound F a i lu re s  ^

Channel q 1 2 3 A 5 6 7 8 9 10 11 12 13 14 15 TOTAL
No.

Flow
Rate

100 5 6 4 2 5 6 2 6 8 7 8 8 7 8 9 3 94

200 5 3 5 6 5 6 1 8 4 6 5 7 6 4 2 2 75

300 6 5 1 6 5 3 4 5 8 3 1 7 10 7 4 8 83

400 6 8 3 2 4 5 7 "5 9 3 6 4 14 7 7 6 96

599 6 6 3 3 7 4 5 7 8 1 3 5 7 1 4 , 8 78

600 3 > 3 6 7 3 4 8 10 4 7 4 7 5 5 9 96

700 5 6 5 4 8 2 3 6 6 3 4 6 10 7 6 4 85

800 8 2 4 3 6 2 1 8 1 5 4 5 8 4 10 4 75

900 7 4 3 7 7 3 2 5 2 5 6 5 6 4 8 7 81

1000 8 6 3 0 6 2 5 7 3 6 5 4 5 8 7 9 84

1100 5 6 4 1 4 2 4 12 4 4 1 5 4 5 6 7 74

1200 6 5 4 3 3 0 4 3 3 4 3 2 6 6 6 to 68

1300 6 2 6 0 4 1 0 3 3 9 9 4 4 3 6 7 67
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Table A6 .6 . Frequency Test

Lower Bound F a i lu res

Channel No. 0 1 2 3 4 5 6 7 8 9 10 1 1 1 2  13 U  15 TOTAL

Flow Rate

100 7 15 14 3 8 7 6 10 6 8 10 10 8 6 17 5 140

200 8 6 16 9 8 13 11 7 9 7 9 11 8 11 7 5 145

300 5 6 8 11 13 9 8 13 10 8 13 10 8 6 8 11

C
O

400 4 5 9 9 8 8 6 5 14 19 10 7 8 15 7 11 145

500 5 9 12 11 13 9 5 10 12 9 10 6 16 5 8 7 147

600 7 7 8 13 13 9 11 9 6 4 9 6 11 12 6 4 135

700 13 15 10 12 12 10 7 8 12 14 8 6 5 12 10 8 164

800 10 8 9 10 6 11 10 11 7 12 5 9 5 8 6 4 131

900 4 9 7 7 12 10 11 6 7 10 9 6 12 10 10 8 138

1000 8 10 6 13 8 11 6 8 11 9 10 8 8 8 14 10 148

1100 7 11 6 12 10 8 13 16 6 10 12 9 5 10 7 5 147

1200 8 12 12 9 9 10 14 7 9 12 8 14 7 11 8 11 161

1300 7 13 13 13 6 7 13 14 9 8 4 12 6 8 10 6 145
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Table A 6 .7 • G^p Test

Upper Bound F a i lu re s

Channel
No, 0 1 2 3 4 5 6 7 8 9  10 11 12 13 14 15 TOTAL

Flow
Rate

100 3 1 4 1 2 2 3 2 2 1 0 3 1 2 1 2 29

■200 1 3 1 1 1 2 3 0 3 4 3 1 4 2 0 1 30

300 4 1 2 1 2 4 2 1 4 3 2 0 2 3 1 0 32

400 1 3 1 2 2 1 2 0 1 1 4 3 4 1 0 1 27

500 2 0 1 1 0 2 2 0 1 1 0 1 0 3 3 2 19

600 1 1 1 0 0 3 6 2 5 1 3 1 3 2 1 '3  33

700 3 2 2 3 0 0 1 0 0 1 4 1 3 3 2 3 28

600 1 1 1 1 0 2 3 2 2 1 3 0 3 2 0 4 26

900 3 2 3 3 2 2 3 1 1 2 1 1 2 2 2 4 34

1000 2 3 3 0 1 3 2 4 3 1 1 2 3 4 0 4 34

1100 1 1 2 0 4 1 7 2 2 2 2 0 2 6 2 2 36

1200 4 0 1 5 1  4 6 6 1 1 3 3 6 4 3 2 50

1300 2 2 1 2 2 1 4 4 4 3 4 2 5 1 4 2 43
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Table A6.8. Gap Test

Lower Bound F a i lu re s

Channel
No. 0 1 2 3 4 5 6 7 8 9  10 11 12 13 14 15 TOTAL

Flow
Rate

100 3 2 3 0 3 1 3 1 1 3 3 1 0 2 4 3 33

200 2 2 3 2 0 5 2 1 3 4 4 4 1 2 3 2 40

300 2 1 1 0 3 3 2 3 2 1 2 0 0 3 3 2 28

400 1 3 2 0 0 2 2 1 3 2 1 5 1 2 3 3 31

500 1 4 8 1 1 5 3 0 3 4 1 1 1 2 3 ,4 42

600 1 2 0 3 2 3 2 1 3 3 1 0 2 3 5 1 32

700 1 2 2 1 4 3 3 1 3 1 0 1 1 0 4 4 31

800 4 3 2 0 1 5 3 ?. 1 2 0 2 4 0 0 2 31

900 2 1 0 0 0 4 0 3 1 3 2 3 2 3 0 1 25

1000 3 0 3 2 1 2 2 1 1 2 1 0 2 3 0 0 23

1100 0 3 1 2 0 2 0 1 3 0 2 2 1 0 2 1 20

1200 3 2 2 1 1 3 1 1 2 1 0 0 0 1 1 2 21

1300 d 0 1 0 2 2* 0 0 0 1 1 2 1 1 1 0 12

p
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Table Ab .9» S e r ia l C o r re la t io n  Numberr' Fo llow ing 

Upper Bound F a i lu re s

Channel 0 A 2 3 4 5 6 7 8 9 10 11 12 13 14 15 TOTAL

Flow
Rate

100 2 1 1 0 3 4 1 1 0 1 4 0 1 1 1 6 27

200 0 1 2 4 4 6 4 6 4 2 4 0 2 2 2 4 47

300 5 .6 7 7 9 8 7 7 6 7 6 6 5 7 5 4 102

400 6 3 2 5 6 2 6 6 6 3 5 6 8 6 9 6 85

500 2 5 5 4 5 5 4 5 8 4 8 6 7 7 8 5 89

600 5 6 5 6 1 6 6 1 5 7 5 5 6 6 5 4 75

700 5 5 3 6 5 5 4 5 7 6 6 1 8 3 7 2

C
O

800 A 6 4 5 4 4 6 6 4 5 6 4 4 3 9 1 75

900 4 6 7 3 5 3 4 6 3 3 5 5 4 5 6 0 69

1000 0 2 5 5 5 2 3 4 1 2 7 7 3 6 6 3 61

1100 2 3 5 8 5 2 8 4 5 3 5 3 9 4 6 3 75

1200 4 5 2 5 4 2 1 5 8 5 6 7 9 5 7 6 81

1300 6 2 1 2 6 0 7 4 4 4 4 6 5 6 6 7 70
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Table A6.10. Serial Correlation: Numbers Following I.

Lower Bound F a i lu re s .

Channel No. 0 1 2 3 4 5 6 7 8 9 10 11 12 13 H  15 TOTAL

Flow Rate

100 0 11 7 11 8 7 12 9 12 8 9 9 12 7 8 5 144

200 8 11 7 13 8 9 11 15 6 6 11 8 11 11 TO 9 154

300 9 4 7 12 7 8 11 12 8 8 13 9 7 4 5 6 130

400 13 9 10 6 7 6 7 8 7 11 14 10 10 6 7 9 140

500 12 9 12 13 6 11 11 7 9 12 11 13 12 10 10 12 169

600 11 8 15 6 12 10 10 14 6 7 8 8 8 6 7 7 141

700 7 4 10 8 3 21 7 11 7 12 8 8 14 10 9 12 151

800 /' 8 8 10 8 8 11 11 14 11 8 10 6 6 1C 11 147

900 8 7 16 10 15 7 11 14 9 11 7 13 14 11 12 5. 110

1000 7 10 10 10 14 8 14 9 15 13 12 13 15 12 11 8 179

1100 9 10 14 8 10 3 6 7 9 10 10 8 12 8 10 6 180

1200 8 3 4 7 8 7 13 7 10 15 6 9 7 11 7 9 131

1300 7 6 11 8 5 7 7 11 10 12 10 7 6 7 13 5 121
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Table A 6 .11. S e r ia l  C o r re la t io n :  Numbers Fo llow ing 0. 

Upper Bound F a i lu re s

Channel No, 0 1 2 3 5 6 7 8 9 10 11 12 13 14 15 TOTAL

Flow Rate

100 7 3 5 4 6 5 4 6 7 9 8 8 7 4 10 8 io r

200 6 5 3 6 8 5 4 7 4 8 3 6 5 3 7 4 84

300 5 7 7 6 5 2 8 11 5 5 3 7 10 8 5 2 95

400 7 6 4 8 7 6 5 7 8 4 5 7 11 12 4 8 109

500 10 8 3 8 5 3 6 8 8 4 3 6 8 5 8 8 101

600 7 4 5 3 6 8 5 10 9 5 4 6 5 7 7 5 96

700 7 4 3 4 8 4 6 6 7 3 6 6 7 9 5 7 92

800 8 2 1 7 6 5 4 10 3 5 3 5 9 6 7 5 86

900 10 5 3 7 8 1 6 9 7 7 3 4 13 9 6 10 108

1000 7 7 3 5 3 3 5 1 6 8 5 6 6 7 7 8 87

1100 9 7 3 2 8 5 3 3 5 7 4 4 7 6 6 11 90

1200 10 5 3 2 5 2 3 7 5 7 5 6 7 6 7 6 86



Table A6.12. Serial Correlation: Numbers Following 0.

Channel No. 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 TOTAL

H

159 -

Lower Bound F a i lu re s

Flow Rate

100 9 10 4 9 11 10 11 11 8 11 8 7 8 6 14 5 142

200 8 9 8 8 10. 11 8 7 10 8 5 11 14 8 15 6 146

300 7 7 11 16 6 12 13 10 12 9 7 5 5 12 9 8 , 149

400 11 10 15 4 11 14 11 13 18 10 7 9 5 10 9 6 165

500 7 5 9 7 11 11 14 9 13 9 9 12 13 6 8 9 152

600 9 9 17 8 14 9 11 12 16 8 7 7 10 12 8 7 164

700 14 14 9 10 10 11 10 9 7 11 5 5 13 7 9 4 148

800 9 13 10 12 10 6 14 13 11 16 10 13 6 9 12 12 176

900 4 9 9 5 4 10 8 10 12 3 10 10 7 7 t3 7 128

1000 6 11 13 10 10 8 9 8 10 10 10 12 9 10 11 7 154

1100 7 7 7 7 6 11 5 7 13 7 10 5 4 10 10 7 123

1200 8 11 7 11 13 7 9 3 9 12 11 10 6 8  5 9 144

1300 10 12 3 11 11 8 11 10 7 10 14 10 7 4 9 11 148



160 

APPENDIX 7

PROGRAMS FOR FREQUENCY AND SERIAL CORRELATION TESTS
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90  P U N T  "NO. Of' PUNS KL'CUIMlD = " ;
21 INPUT h '
22 PUNT
7 0 PRINT "F'KEO'UBMCI US C l)  OR CHI t 2 RLSLL TC p)
8 0 INPUT A
9 6 PRINT
100 I  R A= 1 GOTO 140-
110 PRINT "SUNN ARY C 0) OR FULL T A PL L ( 2 ) " j
120 INPUT A 
JSC- PUNT
131 PUNT
132 PRINT
133 PUNT "
14G Ll iT 0 1 = 3 .8  41
150 LOT 02=.  004
151 FOR. a 1= ' O TO 15
152 PUN T " U  T T BSTLD = " i  1 1
1 53 PRIN T ''!: -|i ;|! ;;< :>! ■!: *  *  :|: $ ' 1
154 FUR F=100  TO 1 300 ST Bp 1 00
155 PUNT "FLO0 RAT ii = "J F
156 LLT L= O
157 LET H= O •
160 LET F= F /  1 n  00
165 LET S= I N I  C 2 P /P + .5 )
17 0 LET P 1= HI: 409 5
208 LET P9= IN 7 C P t b l + . 5 )
210 L ET 12= IN T C P M  PR 1.1+ • 5)
211 LET 09= P 1+ 12
220 CALL "PROG", P9, R9
261 PRINT
262 PRINT
272 I F  A<> 2 0070 310
27 1 PRINT " f  ON N O . " ,  "CHI t .  VALUE"
310 FOR J= 1 TO is
320 CALL "PULSE",  S, E
330 LET  E=S- E
430 I F  A<> 1 GOTO 47 0
440 PRINT ’NO. " ,  "ORSERVED", "EXPECTED"
450 PRINT "  " ,  "F REfULxi CY " ,  "F F.EOUET OY "
47 0 LET Y = 5 F ( l - p )
475 LET : < = ( & -E - Y ) ' : ( ( S - E - Y ) / Y
480 IP A<>1 GOTO 500
49 0 PRINT S- L, Y
500 LET Y=S*F
505 IF  A<> 1 GOTO 515
SIP P U N T  "  1 " ,  F, Y
515.  L ET X = 7 + C hr Y ) *  C E- Y ) /  Y
520 IF  A<>1 GOTO 560
530 PRINT "O H I t  p VALUE =
560 I F  /< C 1  GOTO 59 0
570 LET H=H+ 1
530 GOTO 640
59 0 I F  ,<>C2 GOTO 620
600 LET L= L+ 1
620 IP  A= 0 GOTO 640
630 PUNT J ,  X
640 NEXT J
650 PRINT
63 0 HI I  NT "Uf PER i U IN 1- FAILURES = H
69 F PRINT 'LORE! ROUND FAILURES = " j  L
69 1 PRINT
69 2 M I N T
69 3 N EX T F
69 4 N EX T U 1
700 END
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. *11 7L E .ETEO

. EX IN • CALL, I ETI
000001 • 'IX'l 4 1

• NOLL
[AC-1 Civ; 0 0 0 0 2 2 " N 1.X 7
G0GM 177777 -  1
GGBP2 17777 7 -  1
(40PP3 177777 -  1

3 777 7 7 -  1
BGF&b 177 777 -  1
0P&P6 130 322 . IX  '11< "PK
0FB&7 1 47 7 07 03
000 I f! 000 000
M S \  1 177777 . CT'LL
OG'P.IP 17 777 7 GET
0C'if. 1 3 063 070 DO A I , 7 G
R0C'14 o o o r1 1  ’ . CALL
0001b 000 012 " GET
0P&16 044 43b S'lA 1, • Cl
00017 0 60270 NIOC 7 0
00020 00 00 1 4" . CALL
00 0? 1 17 777 7 E7 URN

00 0022" N EX 1 — •
0002? 0 00 036 " N EX 7 1
00023 17 7 7 7 7 -  1
00024 177777 • -  1
0002b 177777 -  1
00026 177777 -  1
00027 1777 7 7 - 1
00030 130323 ,7X 70 "PU
00031 146323 LS
00032 142400 L "
00033 0000 20" . CALL
00034 0 0 0:0 l b " GET
0003b 0 4 4 / 2 0 SI  A 1, • SAV1 p
( 0 0 3 6 084413 L DA 1, • Cl
00037 102400 SUB 0, 0
00040 0 4 0 4 1 4 S7A P* • CP
0.0041 070 770 l OOH DIAD P, 7 0*
00042 133404 AN b 1, P> S-- f-
00043 0 1041 1 I  3= • C?
00044 0 144]  1 • SAN P
000 &b 0 0.0.7 7 4 JMP LOUP
00046 ( 24 40 0 L DA 1, • CP
00047 0000 33" . CALL
0 00 b0 177777 PUT
0 0 0 b ] 0 0 0047" , CALL
00 0b? (.0 0 0 2 1 ' KE7U1N

001 0-0 1 • C l : . ILK 1
00:0-00 1 - 02: • ILK 1
0 0 0 0 0 1 • 3 /Vi 0: . I L K 1
000036" N EXT la .

. EN D



1 6 3

. 717L b: serial

. 11.x 7N . CALL, OL'

. " iX ' l r l

.NOEL
1

0O 3Pn '0G PP29 ' NEXT
!?,(-.£-f; 1 ’ 17 7777 -  1
f-C'f i tP' 177777 -  1
0&C-P3' 17777 7 -  1

177777 -  1
RP^G.b' 177777 -  1
PR PC 6 ' lbC3R 2 . TXTF "OF
Pf f. ( 7 ' 1477F7 OG
P P G i r ' c i n  r p ii
F0G1 1 ' ,177777 . COLL
f fif. 1 F ' 177777 GET
p n c i 3 ' f : 6 b k 7 o DO A 1 ,7  0

4* f PC-PI 1 • . CALL
0P6M5'' ( ( f. f  1 0 ' GET
0 0 0 1 6 '  ('.44443 31A 1, . C l
(•;(’(•'17 ' 06027 0 NIOC 7 0
0 0 0 8 0 ' 6 0 0 0 1 4 ' • CALL
6 6 6 0 1 '  177777 OL' lb lN

6 6 0 6 2 0 ' N E.X 1-  •
0 0 6 2 2 ' 6 6 6 0 6 4 ' N 11X7 1
0 0 6 6 3 '1 7 7 7 7 7 -  1
0 6 6 2 4 '1 7 7 7 7 7 -  1
60.08b ' 17 7777 -  1
0 6 6 2 6 '1 7 7 7 7 7 -  1
60687 ' 177 77 7 -  1
9 0 0 3 0 ' ] b ( 3 8 5 .TXTF "PU
0 0 0 3 1 ' 1463P3 L b
0 0 6 3 2 '1 4 2 4 0 0 L "
6 0 0 3 3 '  Of ( OOP ' . CALL
OP 0 3 4 ' OP 6 0 1 b ' GL7
B 6 0 3 5 ' 044426 3TA 1, * SAN 0
6 0 6 3 6 ' P24423 L DA 1> * Cl
0 6 0 3 7 ' 10&400 bUb 0, C
P ( 04P ' ! 41.482 3TA f , • CO
OP 6 4 1 ' 0 7 ( 7 7 0 LUO 0: M A P 8 , 7 0
0 6 0 4 2 ' 03340b AND 1, 2, L'l r
6 0 0 4 3 ' OOP 770 Jivl 0 LOOP
0 6 0 4 4 '6 1 4 ^ 1 7 L 0 1 : D.V- .&ANP
6GO4b '60O408 u.'-'i r • -1- 8
0 O P 4 6 ' 0 ( f 4 r & < j ivi i 1' 1
0 0 0 4 7 '0 7 0 7 7 0 DIAL 2 , 7 0
GOPbO'10040b AN L 1, 8, ON I,
OOP b l ' 0 0 0 7 7 0 JNP LOO 0
G O P b2 'O 104 l6 I  bu * C2
0O0b3'P 67 7 7 1 UN 1 L f l
OOP b 4 ' 0 O 4 4 f i , F I', L I  A 1, • 08
O O O b b 'p r f f a O ' • CALL
0 6 O b 6 ' 177777 r u ’i
6P r b 7 ' 0 0 6 r b b ' • CALL
n o p i p ' p r t r o i ' 1 L'/JTiI N

0 0 (0 0 1 * 0 1 ; . I LK 1
O f ( IP 1 * oo: » I Lr< 1
000001 • t. f.n i : . I L X 1
0 6 0 0 6 4 ' N B <*l M .  

« BN U

i ,  c- i n ,  f u ' i
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A P P E N D I X  8

PROGRAM FOR GAP T E S T I N G



1 65

b W rt LC 1 P3  ̂£ t , PJ
6 LL1 H= p
7 LL7 L= p
IP  PMivi 1 "hLUW h/ii'i L = " ;
P0 I.MFU1 h 
30 FHIN7
40 F-W.'Jl "NU. Of* 5 Â l I L LS = "J
50 I,M F-U7 S 

, 60 F-FINl
7 0 P1I.MT "h FsLrUbN Cl L£ ( 1 )  OF CHI t p F LSLL1 ( v"y 

' 3 0 INPUT A 
9 0 PM NT
100 I F  £= i W 1 U  160 x

• 110 P M N1 "SUHi'lPFvY CP) OF. FULL T f P L L  ( P) " j
1P0 INPUT A
130 PFINT
140 L LI  C 1= 1 6. 9 19 
1 30  L L I  CP= 3- 3 PS 
1 6 0 L LT f = F /  1 CH 0 0
17 0 L LT P ]= p* /,P9 5
18 0 PFINT "T LST WHICH FIT ( p-  ] b) " j
19 0 INPUT P i
800  PfslNT
80S PFIN T "NO* OF FUNS F- L f  L I  ph.D = "» ’ •
80 6 INPUT h
807 PM NT
808 LLT P9= I NT C 0 t t - l + . b )
810  LLT 1,8= IN T € pf ] pfc t* i+» 5)
81 1 LLT P9= f 1+ P ?
080 CALL “ Pf O b ’b P9, P9 
08b LLT LC p j=  p 
030 FOF. 1= 1 TO 9

PbP N L r i ' V ' 1’ 1 J= l N l  ( ™ 1 / r i ‘ LUB < IMP C - F ) ) / , P / D ) - .  5)
0 60  LLT LC 101=1000 
861 PM NT 
0 62  PMNT

’ 87 0 IP A=1 GOTO 3 ) 0
07 1 PMNT "f-UN NO. " j " ( • l i t  p VALUL"
310 Pop 0 = )  Tu h

320  CALL " i N l l ' b b ,  L C ) T , L [ 0 J , L [ 3 ] , L [ 4 ] , k C S j , k [ 6 ] , L C 7 J ,  B [ q ] , E [ 4 ] , P T  ,r,

330  CALL "PLLSL" ,  %C f J , 4 e i j , 4 [ 8 ] , 4 [ 9 J , 4 C 4 J , 4 C W , a c w ,  « C ? ] , * C 4 ] , % C 4 ]

I

1
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430
440
450
451
452 
460 
47 0 
47 5 
A ? ' 

49 0 
500 
510 
520 
530 
560
57 0
58 0
59 0 
600 
620 
630 
640 
650 
68 0 
o9 0 
69 1 
69 2 
69 3 
7 00

IP 1 0070 451
PMN' I  "  GAP "> "UESLP VLU'5 "EKPECTLU"
p r a N l  "  ' 5  " P l  f c - C U M C V ' 5  " P I ^ L P U b M C Y  "
Lb.1 Y 1= 0 
L L'l X= 0 
POP 1= 0 TO 9

LLT Y = S * ( P * ( 1 -  LXP C - R E C I +  1 J “  P) >'/< 1- EX P ( -  P) ) -  Y 1) 
LET Y 1 = Y l + Y / 5  
IP  A < > 1 3010 500
PPl’.XT EC IJ  J EC X + 1J^ -511 T•* Y 
LET X = X + C ^ C n - Y ) * C 5 C  U - Y ) / Y  

NEXT I
IP A < > 1 LOTO 560
PKINT "CHI t VALUE = "J X 
IP X<C1 GOTO 59 0
LET K=H+ 1 
GOTO 630,
IP X> C.2 GOTO 620
LET L = L+ 1 
IP A= 0 GOTO 6 40
PRINT J ,  X 

NEXT J 
PRINT
PRIN T "UPPER £• UUN b I1 AIL UR ES 
PRINT "LUV, ER EOUNLi PAIL UR ES 
PRINT 
PRINT 
GOT U 6 
El b

" ;  H 
" 5  L
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000001

0 0 0 0 0 '  00000.3'
00001 * 177777"
0 0 0 0 2 '  M l l l l  
0 0 0 0 3 'Mll l l  
0 0 0 0 4 '  Ml l l l  
0 0 0 0 S' M i n i
0 0 0 0 6 '1 5 0 3 2 2  
0 0 0 0 7 * 1 4 7 7  07 OG 
0 0 0 1 0 ' 0 0 0 0 0 0  "

0 0 0 1 1 '  177777 
0 0 0 1 2 '  Mll l l  
0 0 0 1 3 '0 6 5 0 7 0  
0 0 0 1 4 ' 0 0 0 0 1 1 '
00015'* 0 00012  *
0 0 0 1 6 '0 4 4 4 0 4 '
0 0 0 1 7 ' 06O270 
0 0 0 2 0 '  0 0 0 0 1 4 '
0 0 0 2 1 ' Ml l l l  

* 0 0 0 0 0 1  
0 0 0 0 2 3 '

00023*  00007 1 ’
00024*  Mll l l  
0 0 0 2 5 '  Mll l l  
00026*  Mll l l  
0 0 0 2 7 '1 7 7  777 
00030*  177777 
0 0 0 3 1 '1 4 4 7 1 6  
0 0 0 3 2 '1 4 4 7 2 4  I T  
0 0 0 3 3 * 0 0 0 0 0 0  "
0 0 0 3 4 * 0 3 0 4 2 0  
0 0 0 3 5 '  0 0 m  0 '  L pi 
0 0 0 3 6 * 0 0 0 0 1 5 *
0 0 0 3 7 '0 4 5 0 0 0  
0 0 0 4 0 '1 5 1 4 0 0  
00041 * 174014 
0 0 0 4 2 '2 0 0 7 7 3  
0 0 0 4 3 '1 2 2 4 0 0  
0 0 0 4 4 '0 2 4 4 1 1  
00045*  i f344 72  
0 0 0 4 6 '  041 400  LP5:  
0 0 0 4 7 * 1 7 5 4 0 0  
0 0 0 5 0 '1 2 5 4 0 4  
0 0 0 5 1 '0 0 0 7 7  5 
0 0 0 5 2 '0 0 0 0 3 5 *  
00053;GBB621'

0 0 0 5 4 ’ 0 0 0 0 5 6 '  . SA4P: 
00055*  177766 CIO:

" 00001 3 SA4P: 
0 b '0 7  1]

0007 1 *000153*
0 0 0 7 2 * 1 7 7 7 7 7 "
0 0 0 7 3 * 1 7 7 7 7 7  
0 0 0 7 4 '1 7 7 7 7 7

. T I T L E  GAP
• EXTN . CALL, RETURN, GET, PUT 
. TX TM 1
• NR EL 
N EX T 
”  1
-  1 
-  1 
-  1 
-  1
*' TX TF "PR

. CALL
Get
DO A 1 , 7 0
. CALL
g e t
ST A 1, . C l
NIOC 7 0
• CALL 
RETURN
. C l :  . ELK i
n e x t =.

N EX T 1 
-  1 
-  1 
-  1 
-  1 
-  1
. TXTF " IN

L DA 2, . SAMP
• CALL
GET
ST A 1, 0, 2
INC 2, 2
COM 3, 3> S2 R
JM P LP
sum 0> 0
L DA 1> CIO
L DA 3, • RES
ST A 0, 0, 3
INC 3, 3
INC 1> I* S'5 R
JM p LpS
• CALL
RET URN

SAMP
-  1 0»
. ELK 1 1.
N EXT1=»

NEXT 2
-  1
-  1

1
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' 0 0 0 7  5 '  177777 - 1
0007 6 '  177 77 7 - 1
0 0 0 7 7 '1 5 0 3 8 5 • TXTE "PU
0 0 1 0 0 '  146323 LS
0 0 1 0 1 '1 4 2 4 0 0 E "
0 0 1 0 2 '0 3 0 7 2 0 L DA 2, . C l
0 0 1 0 3 '1 0 2 4 0 0 LOOP: SUB 0» 0
0 0 1 0 4 '0 6 4 7 7  0 DI AP 1/ 7 0
0 0 1 0 5 '1 4 7  404 A') D 2» 1-. S2 R
0 0 1 0 6 '0 0 0 4 0 3 JM P L PS
0 0 1 0 7 '1 0 1 4 0 0 INC 0, 0
0 0 1 1 0 '0 0 0 7  7 4 JMP l o o  1

‘'001 11* 03 4743 L PS: L DA 3, . SAMP
0 0 1 1 2 '1 7 5 4 0 0 INC 3, 3
0 0 1 1 3 '0 2 5 4 0 0 L DA I* 0» 3
0 0 1 1 4 * 1 2 2 0 3 2 ADCB // U 0, SBC i IN RANGE?
0 0 1 1 5 '0 0 0 7 7  5 JMP L pe t  1 J NO
00116*  024422 LDA \» DI EF
001 17* 137 000 ADD I* 3
0 0 1 2 0 '0 2 5 4 0 0 L DA U 0> 3
0 0 1 2 1 * 1 2 5  400 INC U  1
0 0 1 2 2 '0 4 5  400 STA \> 0, 3
0 0 1 2 3 '0147 33 DS2 SAM P
0 0 1 2 4 '0 0 0 7  57 JMP LOOP

0 0 1 2 5 '0 3 0 4  3 2 LDA 2j> . RES
0 0 1 2 6 '1 0 2 4 0 0 RESL: SUB 0, 0001 27'0 250 00 LDA 1, 0, 2
0 0 1 3 P ' 0 0 0 0 5 2 ' . CALL
0 0 1 3 1 ' 1 7 7 7 7 7 ' PUT
0 0 1 3 2 * 131400 INC 2, 2
00 1 3 3 *1 7  4014 COM // 3, 3, S3 R
0 0 1 3 4 '0 0 0 7 7  2 JMP RESL
00135*  0 0 0 1 3 0 ' • CALL
0 0 1 3 6 '0 0 0 0 5 3 ' RETURN

0 0 1 3 7 ' 0 0 0 1 4 1 ' . RES:
t
RES00'40*000062' di r- r : .RES?. SAM I-'3-  1

' 0 0 0 0 1 2 RES: » ELK 1 0.

000153* N EX T2= ,
. B'J D
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APPENDIX 9

PROGRAM FOR AUTO AND CROSS CORRELATION TESTS



-  170 -

b DIM hi 1003
10 PM.Ml "NO. Oh CO Eh hLfUI. I-Lb = ”i
20 IN PU1 h
3P PM NT
31 L E I  4 2 = 1 0 0 0 0
40 PMN7 "SUM4hY C 0) UP h DLL TABLE ( 1) "? i

50 INPUT A 1 f
60 PPINT
70 PM NT >

80 Pi'I N T f
130 PM  NT !
131 hUP h= 200 TO 1300 STEP 200
132 hOP h 1= h TO i 300  STEP 200
155 LET p= h /  1 08 0.0
156 LET P3=h 1 /108  00
160 LET Pl= PK 409 5
161 LET P4= P3* 409 5 j
162 GOSUB 410
163 hUP D1= 0 TU 15 i
164 Ih  B!<> 5 UUTU 166 ii
165 bUSUB 58 1
166 hUP B,3=bl+ 1 TU 15 I
17 0 LET B9= I NT < 2t B1+. 3) !
18 0 LET B2= INT < pt i 2* B1+. 5) . i
19 0 LET F^=P1+P2 !i
19 5 LET 1-3 = P4-h IN T ( 2r j £■* F3+. 5) |
19 6 LET B3= INT ( 2 * 2 3 + .  3)
200 CALL " I N I  T ", 19,  19, P8, E-3, S :
210 LET 52= 0
220 LET C9= 0.
222 LET L= 0
223 LET H= 0
230. LET Sl= 0
233 LET C9= 0 |
234 LET h 1= P
235 I  h Pt 1 <> P3 bUTU 240
236 LET f 1=1+ ] r
240 hU P I = P 1 -  p TU P l - 1
230 CALL "CUPP", I ,  C i
251 Ih  C>K bUTU 253
252 LET L = L+ 1
233 bU.TU... 27 0,
260 L E 1 H=8 + 1
270 LET S1=S1+C
280 LET ECIJ=C
290 I  h C<= C9 bUTU 310
300 LET C9=C
310 I h Al= 0 bUTO 330
320 PPINT C, A330 NEXT I
331 LET 51=5 l / p
332 hUP I= p  1- p TU P l - 1333 LET SP= S2+ C EC I J - S 1) h ( EC I J-  £ 1)
334 NEXT I
340 LET 32= SPP. ( 5 2 / ( 1 -  1))
360 PPINT PH " - " M 3 ;  TAP 13) S 1 i TAB 23; £2; TAP 385 L I  TAP 501K

1

I

I



361 
37 4

PRINT TAB 63J C9 
N EX T B3 

NEXT E l 
NEXT F'l 

NEXT F 
EM D

—I J  rv , w  w  L , ,V . — •* **<■** f

42P LE T P5= I *  P3 
4 3 B LET G = l-P 5
440 LE T  P6= LOG PS 
450 LET 01= LOG Q 
460  LET C5=AB:< 01
466 LET D=D+ EXP- ( C5)
467 LET K= 0
468 I F  D> = " 1 GOTO 530  
47 0 FOR K= i TO 10000
43 G L E T  05= 05+ LOG ( A2-K+ 1 ) -  LOG K+P6-G1
500 L E T  D= [>h EXP CCS)
510  I  r  D> = . 05 GOTO 530
520 NEXT K
530 LET 01= D
540  FOR J=K+1 TO 10000
550 LET 05=05+ LOG C A 2 - J + 1 ) -  LOG ( J ) +  P6- 01
560 LET D 1= D 1+ EX P C 05)
57 0 I F  Dl> = «9 GOTO 58 1
58 0 NEXT J
53 1 PRINT
53 2 PRINT
53 3 PRINT
53 6 PRINT "FLOE RATES = " )  Fi "AND") F I
53 7 PRINT • Ms *  *  * * * * * *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  ' 1
533 PRINT
59 0 PRINT "LOWER L I M I T  = " ) K ,  "UPPER L I M I T  = "J J  
600 LET  A= PS* 10000
610 PRINT "EXPECTED MEAN = " j  A, "EX P E C TE D  STD. DEV. = " )  S0R C A* 0)
614 PRINT
615 PRINT TAB 2i "B I  TS"> TAB 14) 'W EAM";  TAB 23) "STD. D E V . " )
616 PRINT TAB 35) "LOWER 10%") TAB 47) "UPPER 10%") TAB 53)
617 PRINT 'LARGEST COEF"
619 PRINT
620 RETURN
630 BN U . .



-
-  ,1 7 2  -  $ 

• TITLE AUTO 1
000001 •' TX TM 1 ■

00000'000101' 
00001 * 177777' 
00002’ 177777

• EX TM
•'n r e l
n e x t

. CALL, GET, RETURN, PUT 1
j

00003' 177777 
00004’ 177 777 100005* 177777
00006’144716 •' TX TF "IN {
00007’ 144724 IT ' 1
0001,0’ 000000 • t • \

0001 1 * 177777 • CPLL 1
00012*177777 GET I
00013’ 065 0-7 0 DO A 1,70 - ;
00014’G(0011’ • CALL
00015*000012* GET i1,M 1 [00016’044453" STA
000171000014’ • CALL j
00020’000015’ G e t I
00021' 06507 0 DO A 1,7 0 . r
00022’000017’ 
00023* 0G0020’

• CALL
G e t 1

00024’044446' STA 1, M 2 ‘ i
00025'000022’ • CALL !
00026’000023* G e t
00027’044447’ STA 1, SHI FT • j
00030’ 102400 SUB 0» 0 >
0003!’004424 JSR SHI F

00032’020435 L DA
j READ IN SEQUENCE

0, C625
00033*040448 STA 6, LOO PC J LOOP COUNTER
00GU4’034444 L DA 3, • TAEL E j , TART 0 F TAEL E
00035’030434 L DA 2, M 1
00036*024432 LOOP: L DA 1 , C16
00037’044435 STA 1, PIC J LOO PI COUNTER
00040*126420 SUB'S 1, 1 i
00041 ’ 06077 0 LOO PI: DI AP 0, 7 0 I
00042*120120 N0V2L 1,1 ; SHIFT VvOPD | 

2, & S B R  t00043’ 143404 AND
00044’ 125400 INC 1, 1 I
00045* 014427 DS2 PIC I
00046* 00077 3 . JM P LOO p 1
00047’045 460 STA 1,0,3 J STORE 16 BITS OF SEQUENCE00656*175460 INC 3,3 S INCREMENT ADDRESS POINTER0005]'014422 DS2 LOO PC
00052’0007 64 JM P LOOP
00653*060025’ 
00054*177777‘

00055*660276 SHI F:

• CALL 
RET URN

NIOC
•

7 6
00056’624420 L DA 1 ,SHIFT ;00657’107065 ADD 0, 1, SNR
00060’001406 JM P 0, 300061’844416 STA 1, . SHIFT06062*060370 SH: MI OP 7 600063’014414 DS2 • SHI FT

i
j
!
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00064* 000776 JMP SH
00065* 00 1 4 0 0 JMP 0 * 3

00066* 154360 Cl 0600: -  1 0000*
00067 '* 00 1161 0625: 625.
00070* 00 0 0 2 0 C 16: 20

000001 M 1: . ELK 1
000001 Mgs » ELK 1
000001 LOO PC: • ELK
000001 PIC: • ELK 1
000001 AVE: . 'ELK 1
000001 SHI FT: . 'ELK 1
000001 . SHI FT: . ELK 1

00100* 000154* /TABLE: TABLE

000101 * N EX T= •
00101 * 001335* N EX T 1
00102* 1 7 7 7 7 7 ' - 1
00103* 177777 - 1
001 04* 17 7 7 7 7 - 1
00105* 177777 “' 1
0010.6* 177777 -' 1
00107* 141717 • TXTF "CO
001 10* 151322 RR
0 0 1 1 1 ‘ 00C000 ■ i
00112* 000053* • CALL
00113* 060026* GET
001 14* 121 000* MOV I ,  0
001 15'* 0 04 746 JSR SHI F

0 0 1 1 6 ’ 102400 SUB 0> 0
00117* 640432 STA 0, CO EF
00120* 024752 L DA 1,M2
00181 *P307 46 L DA 2, C625
00122* 0 50 430 STA 2 ,LP 1 C
00123* 0 34 755 L DA 3> • TABLE
00124* 03 6 7 4 4 L PIS L DA 2, C16
0 0 ) 2 5 * 053 426 STA 2>LP2C
00126* 631 460 L DA 2> 6> 3
00127* 0 6 6 7 7 0 L P2: DI AP 0> 7 0
00130* 123404 AMD 1, 0, S2 R
00131 * 151133 M0V2L // 2, 2, SM C
00132* 000408 JMP • + 2
00133* 016416 I S% CO EF
00134* 151 12fj M0V2L 2* 2
00135* 014416 DS2 LPPC
00136* 00077 1 JMP L P2
00137* 175400 IMC 3* 3
G0140* 014412 DSS LP1C
00141* 0 60763 JMP LP100142* 1024P0 SUB (S» 0
00143* 024466 l d a 1> CO EF
00144* 660112* . CALL
00145* 177777 PUT
00146* 066144* . CALL
00147* 000054* RETURN

X

S ( AM ) * ( AM+ T)

0 0 0 0 & 1  CO E M : ‘ ELK 1



000001 COEFs • ELK 1
000001 LP1C: • ELK 1
000001 LP2C: •' ELK 1
001161 TAEL E: • ELK 625.

0 0 1 3 3 5 '  , iN EX T 1 = •
. END

> v *
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A P P E N D I X  10

RESULTS OF AUTOCORRELATION T E S T  ON THE PO IS SO NI O N  

D I S T R I B U T I O N  RANDOM NUMBER GENERATOR

>



1
:

176

f-LOV, RATE. = 2
* * * * * *  **sK;li * * * * * *

LQWLR. L I d l  1 = 1  
LXPLCTLD iviE.AM = 3* 459 35

UPPER L l r t M  = 7
EXPECTED 57 D. DEV. = M 5 1 S 3

BI T MEAM STD. DEV. LOWER 10% UPPER

0 3* 63 1 • 8  07 1 4 1 0 5
1 2. 25 ]• 5 39 8 7 35 2
S 3. 08 1. 78 47R 16 4
3 2. 52 1. 6 48 2 6 28 0
A 3- 03 1 .73178 19 4
5 3* 5 4 I .  R 5548 1 0 6
6 3. 7 1 1 + 8 4388 12 7
7 3. 47 1. 7 6 643 1 1 7
8 3. 41 1. R 4278 13 4
9 3. 5 6 1. 7P7 5 1 1 5
IP 3- 35 1.9 3518 1R 5
1 1 3* 7 4 1. 7 2 69 1 7 6
IS 3* 7 4 1. R 1252 8 7
13 3* 57 1. 7 2477 12 5
14 4. 32 2. 1 45 6 1 0 17
15 4* 06 1 •8 1 3 6 4 7 R

UPPER 1(71% LPFGEST COEF

R
R
R
6
R
1 P

9
R
9
7
9
1 P 

9 
R 
9 
R

FLOW RATE = 3PP 
* * * * * * *  *  * * * * *  *  *  *

LOWER L I M I T  = A 
EXPECTED MEAN -  7.  7 1 60b

UPPER L I M I T  = 13
EXPECTED STD. DEV* P. 77 67 1

BIT M E AM STD. DEV. LOWER 10% UPPER 10% LARGEST

0 7*9 1 2. 7 1 SR 1
<

12 4 14
1 5. 6 2* 42462 35 0 1 1
2 7. 66 2. 629 35 1 3 4. 15
3 7* 47 2+38 098 1 1 1 13
4 8- 07 2+ 9 2068 9 7 18
5 7. 46 2. 43468 14 1 13
6 7* 67 2* 34005 7 3 13
7 7. 88 2+ 69 034 R 5 15
8 R. 42 3* 029 08 10 1 1 1 6
9 R. 04 2* 56203 4 7 14
1 0 R. 07 9+ 60634 9 4 17
1 I R. 39 2* 7262 4 9 17
12 9 .  2 2. 9 78 03 3 19 17
13 7*8 3. 05504 13 7 15
1 4 R. 6R P. 6 6241 7 7 17
1 5 R. 53 2* 50436 5 6 15



1 7 7

J - L OV ,  R A T E  =  4 0 0

LOWER L I M I T  = 8 
EXPECTED MEAN = 13. 7 17 4

UPPER' L I M I T  = P0
EXPECTED STD. DEV. = 3 . 7 0 1 1 6

: 7 M EAN STD. DEV. LOWER

0 1 4. 06 3* 009 0 6 3
1 1 I* 09 3. 44740 21
2 12. 17 3. 43 17 13
3 1 P . 48 3. 003 19 4 3
4 1 3. 68 3- 5416 5
5 1 3* 8 5 3. 33446 76 1 4. 8 0 3. 638 67 37 15. 51 3. 37995 18 1 4* 99 3. 63600 49 1 5. 49 3. 40449 1
10 1 4« 4 3. 33636 1
1 1 13. 65 C. 37 661 3
IP 1 6. 03 3*3 1 504 2
1 3 13. 8 1 3* 8 209 7 10
1 4 1 4. 72 3. 7 09 33 41 5 1 5 .9 5 3 .6 3 8 0 9 2

UPPER 10% LARGEST COEF

6
0
P
1
4
5
1 1
1 P
IP
1 1
7
4
19
7
9
1 4

PI 
19 
PP 
PP PS 
PP 
P7 
P3 
P3 
P3 
P  4  P4 
P6 
PP

%

FLOW RATE *  500. 
* * * * * * * * * * * * * * * *

LOWER L I M I T  = 14 
EX PLOT ED M EAiN = p ] .  4335

BIT M E'AN

UPPER L I M I T  = 0 9
EXPECTED STD. DEV. a 4,60466

STD. DEV. LOWER 10% UPPER: 10% LARGEST COER

0
1
2
3
4
5
6 
7 
B
9 *
10 
T l 
12
13
14
15

21
17
18
19<
02 .
22<

00.
20.
PP.
05.
2 2 .
P I.
23.
01.
20.
05.

i 00
■ 79
■ 63 

01 
90  
4-  

43 
14 

85  
23 
6
54
45
33
92
4

3. 9 363
4. 44334  
4. 4099 3
3. 7 456% 

45556  
06134  
45006 
1 39 04 
159 3% 
28001 
047 63 
57437

4*69 10 1 
4*9 6059
4. 7 6 6 6 0  
4. 50373

4*
4*
4.
4*
4*
4.
4*
3.

5
26
19
14
3
1
3
3
2
0
1
3
I
5
6 
0

0 30
0 08
P 30
1 09
7 35
7 35
7 . 39
9 30
8 35
PS 33
7 34
1 09
1 4 36

9 33
13 35
07 37



1 7 8

PLOW RATE = 600
* * * * * * * * * *  .j; *

LOWEJ'x LIMIT = 22 
EXPECTED MEAN = 30.864? UPPER LIMIT = 4P

EXPECTED STD. DEV. = 5- 54697
BI 7 MEAN STD. DEV. LOWER 10%

0 30. 14 4.8 179 3 51 25.9 4 5. 0248 2 232 25. 8 4 4. 793 39 243 28.59 4. 7 0351 1 14 32. 63 4.88537 1* ■ 5 - • •-32. 42 5. 1 053 •6 32. 61 5. 150F5 37 33. 17 5. 3 1255 38 32. 25 5 . 09 33 2 39 36. P2 5. 02313 010 32. 53 5. 12559 11 1 30. 42 4. 5 664 512 34. 7 3 5. 28357 013 29 • 29 5.21127 714 33* 44 5. 26147 215 34* 29 5. 17 04 0

PLOW RATE = 7 00****************

LOWER LIMIT = 32 UPPER LIMIT = 58EXPECTED MEAN = 42* 009 6 EXPECTED STD. DEV
,BI T MEAN ST D* DEV. LOWER 10%

0 42. 1 1 5. 64951 51 36.9 6 6. 05343 212 / 36. 71 5. 427 7 4 223 40. 31 5- 9 6401 94 43. 3 2 5. 5056 15 42. 54 5. H 6443 66 45. 01 6. 25144 27 43* 61 6. 04003 38 43. 02 5. 7 7 17 39 45.92 5. 37 61 010 42. 63 6. 18 347 5
1 1 43. 21 6. 1 68 1 6 312 47. 43 S. 8343 4 013 41. 08 6. 04139 614 47. 37 6. 3 ,472 215 45. 7 5.98735 0

Upper 10% largest coef-

1
0
1 
!
9
T  ’
9
1 1 
1 0

10 
S 
IS 
3
1 1 
15

40 
37
41 
40
44  
48
45
46 
44
46 
44
42 
48 
44
47
48

/

UPPER 10% LARGEST COEF

3 53
0 52
0 51
4 54
7 536 59
12 63
3 56
6 55
9 53
7 57
9 ' 60
18 62
3 56
20 65
13 58
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FLOW RATE =■• 8 00
.'I::|: ;|::H$

LOWER LIMIT = 43 
EXPECTED MEAM = 5 4*8697

BI T M E A N !

UPPER LIMIT = 66 
EXPECTED STD* DEV. = 7 . 38 7 0 5

STD. DEV. LOWER 10% UPPER 10% LARGEST COEE

0 54. 25 6. 0409 41 49.74 6. 5329 2 212 47. 83 6. 12541 233 53. 67 6. 27 49 2 54 55. 8 6 6. 41 18 1 25 55. 32 6. 788 09 6'6 59 * 6 4 6» 9 53 04 17 54. 14 6. 37548 58 52.83 6. 46365 69 60. 17 6. 5258 6 110 55. 05 6. 67 328 51 1 57. 17 7. 25027 312 59*17 6> 79876 013 52.85 7. 35447 1 114 63. 45 7. 0099 115 60,9 6 6. 59 187 0

RATE = 9 0P

1
2
1
3
7 
6 
18
4 
P 
18
8 
12 
19 
4 
39 
25

70 
70 
72 
69 
72 
7 1 
83 
68 
68 
76 
69 
75 
75 
68 
82 
75

*  *  *  *  *  :|< :|t *  *  *  # H: :|: *  *

LOWER LIMIT = 56 
EXPECTED MEAN = 69. 4444 UPPER LIMIT “ 8 1

EXP EC TE D STD. DEV. = 8* 20434
BI T

0
1
2
3
4
5
67
8
9
10 
1 1 
12
13
14
15

MEAN STD- DEV. LOWER 10% UPPER 10% LARGEST COEF

69
62 
61- 
69< 
7 4- 
67* 
74- 
7 3.
69 * 
7 5. 
71. 
69*
7 2* 
66*
8 0* 7 7.

• 34

89
' 18 
8 
02 
37 
01 
12 
55 39 08 
8
78
47
86

7. 365236.9 28 2
7.04657
6.9 28 7 4 
7*8 147 6 
7. 07388 7. 58605 
7. 3 9 1 62 7. 28256 
7. 75425 
7. 24448
7. 2789 5 
7* 6673
8. 19 77 6 
7 * 6 4 28 4 
6. 9 4569

425
21
3
1
9 
0 
2 
2 
1 
2
5 
2
10 
I
0

7
0
1
527
2
22
13 
5 
22
14 
4 
16 
1
5334

88 
8 03 5  
8 5
93 
3 4
1 00 
92 39 9736  879 4
8 1 
99 9 2
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FLOW FsPTE = l|?i0(5
*  +• *  *  =N *  *  i|: '.H >|c *  t): :|: :H *

LOWER L I M I T  = 7 1
EX PEC’I ED M LAN « 8 5. 7 338

B IT MEAN

UPPER L I M I T  = 100 
EXPECTED STD. DEV. = 9 . 219 48

STD« DEV. LOWER 10% UPPER 10% LARGEST COEF

0
1
2
3
A
5
6
7
8
9
10 
1 ! 
12 
13 
M  
15

8 A* 49 
78* 13 76.25
8 4. 63
9 0. 32 
8 5. 63
9 1
89.
89-

14
52
21

9 1.88 
87*  72
8 2.' 57
9 0. 06 
8 3* 83 
9 7 . 6 1  
9 9 .  44

8'
7.
7.

8.
7.

- 276 14  .88508 
9 1415 

7.  7 233 
8* 27 417 
8 . 7 3 1 2 7  

' 37 5P5 
8 1668 

7.9 4588 
8 - 2 4 1 6 3  
7 . 8 3 1 6 5  
7 . 8 8 9 7  
7.9 2 2 3 6  
9 . 2 0 2 6 3  
9 .  17603 
8 .  2747 1

6
1825

7 
1 
5 
0 
1 
0 
1 
0
8 
1

9
1
0

2
1
0
4
19

8
14 
1 1

917
6
2
12
4
46
46

. 10.2 
103 

98 
102 1 06 
105 
122 
109 
1 1 P 1 13 
1 08 
105 
1 09 
105 
122 
1 19

FLOW RATE = 1 1 0 0
*  # *  *  *  *  *  *  *  *  *  $ --M * *

LOWER L I M I T  = 8 7
EX PEC7 ED M LAW = 1 0 3 . 7 33

B IT

UPPER L I M I T  = 1 18 
EXPECTED STD. DEV. =, 1 0 . 13?£»

c m s r m s — o p m ,  ,0% LA R O E sf r o e r

2
3
4
5
6 
7
9
9
10 
1 1 
12
13
14
15

1 03* 26 
9 3. 56 
9 6 .9 1  9 9 ' S 5  
107.9  2 
1 05. 41 
107
IBS. 03 
1 05. 29 
1 1 2. 08 
1 03. 4 1 
1 02 - 46 
1 07. 22 
101 .31  
1 1 4* 08 
1 1 4. 9 5

8'
8'
9-
9.
9-

8 . 4 5 1 4 1  
8 . 7 7 0 1 2  

55178 19 258 
45554  48 58 5 
1 6625 

9.05029 
8 - 7 1 0 0 1  
1 0. 2412 8.3 6332 

9 .  021 19 
7 . 9 7  1 62 9.99 259 
9 . 5 7 7  6 
8 . 9  51 45

4
27
14
10
1
4
2
1
3 
0
4
5 
1
1 0 
1
0

3 
0 
1 
2 
1 6 
14 
10 
18 
7
24
5
7
10
V

3338

124 
1 15
120
120
129
127
137 
1 30 
123
138
128 
1 27 
I 25 
126 
1 37 
1 34



181

FLO l: RATE = 1P00
*  *  -1: '•!< :|: *  *  :k :|: * *  ;h

LOWER L l iv i l  T "• 106 UPPER L I M I  'I = 14]
EXPECTED v^EAM = 123. 457 EXPECTED STD. DEV. = 1 1 . 0 4 2 3

MEAM STD* DEV. LOWER 10% UPPER 10% LARGEST COEF

0 1 7 3 .8  2 9* 559 34
1 1 14. 05 10. 04P7
2  115.'09 8 .  7 5 604
3 120 .80  9* 28 261
4 129 • 9 1 10. 69 7
5 122. 54 10. 0115
6 1 2 5 .89  9* 66183
7 123 .8  6 9 . 8  504
8 122. 46 9 .  01 111
9 131* 23 1 0 .8 3 4 7
10 123 .9  1 10. 197 1
11 1 1 9 .2  9 . 1 6 4 0 3
12 128.' 09 9 . 0 5 5 47
13 1 19. 44 10. 0366
14 132. 31 10. 3998
15 134. 18 9* 8 28 18

1 4 145
23 1 149
17 0 136
7 3 1 45
0 16 154
6 . 3 143
1 6 153
3 4 151
4 2 1 45
I 16 158
4 6 152
8 1 142
0 9 148
I I  2 144
1 24 161
0 26 155

FLOW RATE = 1300
* * *  *  ;|: r'|i :H *  *  *  i|: $!({:|4 ,-J' $

LOWER L I M I T  --= 126 UPPER L I M I T  = 163
EXPECTED MEAiM = 144*89 EXPECTED STD. DEV. = 1 1 *94 95

BIT MEAN STD. DEV. LOWER 10% UPPER 10% LARGEST COEF

0 145. 7 4 10. 5415
1 1 3 7 .8 3  1 1. 6541
2 134/9 10. 1638
3 142.'9 2 9 . 9  5409
4 150. 59 1 1 .9 5 6 2
5 144.8 l j» 268 1
6 142*' 6 9- 38 404
7 140*9 2 1 0. 2538 143* 42 9* 726739 156. 47 1 1* 45251 0 1 40*' 53 1 P. 5 1 1 61 1 141. 11 9.9 4 2 1 312 145. 02 9 .  53564
13 139 * 58 11.) 08 4
14 154 .3  2 10. 7 425
15 156. 17 9 - 9 8 9 9 2

3 6 173
14 4 17 6
21 0 158
5 5 169
2 16 173
6 6 17 2
2 1 167
9 P 167
1 1 163
0 25 13 1
8 3 170
7 1 163
2 3 167
15 1 167
1 21 133
0 25 178
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A P P E N D I X  11

SAMPLE RESULTS OF CROSSCORRELATION TESTS ON THE 

P O iS S O N IO N  D I S T R I B U T I O N  RANDOM NUMBER GENERATOR

/
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I'LU'., i , n  Li. = pf.r M  l  Lrr-;

LU'/.b!-. L I . ' i n  = 1 LI  I 'Ll '  L X . ' i n  = 7
L< PtLC'I LI, M li.AN = 3. 4P9 3b Lv< p LC7 LL S"i [> DL. V• = ] .  1  5 1 53

PI 7 S M LAN S71> ULV» LOUh'i- ] f%  UpPBif 1P% LPPC-E'P'l COFP

[' -  1 3. 13 1*3 1P7 - Pf 4 9
e -  p 3« 7 1 1 • 3 16&-3 IP! 7 9
0 -  3 P. 9 3 1. 7 7 67 PI 4 . 3

“  4 3« 6 6  1. I [ '69 6  4 3
Pi “  S
P " 6  3- 63 1. 66133  9 7 9
P. ~ , 7
P - 9 3. b 1.3999 6 14 i; g
Pi -  9
P - IP" 3- 63 1. 7 1337 11 . 6 ' 9
0 - 11 - 3. PP 1.661 P'l 13 /, 9
P -  12
P -  13
Pi "  14 3. 7 3 1.9 33 43 IP 9 I f
P' -  13 3.92 1.75623 ]p  7  IF
1 -  2
1 - 3 9. 53 1. 49 3 79 9 4 ] 7
1 -  /-
1 -  5 
1 -  6 
1 -  7 
1 -  3 
1 t  9 
1 -  I f f

1 -  IP

1 -  14
1 -  15 
9 - 3
2 - 4  
9 -  5 
P -  6 
P -  7 
9 -  3 
9 - 9
2 -  IP 
2  -  1 1  
P -  IP 
2 -  13 
P -  U
2 -  15
3 -  4 
3 -  5 
3 -  6 
3 -  7 
3 -  %
3 - 9
3 -  1 pi

M LAN 511'. ULV. LOLh'l  ]2X L'PPBif

3. 13 1. '> 197 - ftf /
3* 7 1 1.8 1623 IP! 7
9 .9  3 1. 7 7 67 PI 4
3* 66 1. 7 F 69 C 4
3* 7 4 1. 6 11 ft 1 3
3. 63 1. 661 33 9 7
3. 45 ft. f ' ;5 9 21 1
3. 5 1 .3939  6 14 1 1
3 . 5 9 1.76P3 5 IP 7
3 . 6 3 1 . 7 ]  537 1 i 6
3 . 9 2 ]• 661 FI 1 3 z
3 . 7 9 1.9 333 6 1ft 8
3.3*1 1. 65569 8 6
3 . 7 3 1.9 33 43 12 9
3 . 9 2 1. 7 5 6 2 5 1ft 7
2 .9  5 1. 7429 3 P3 3
9 . 5 3 1. 49379 24 1
ft. 39 1. 7 37 /9 22 5
2 .8  3 1. 67196 ft? 3
3. P I 1 .76P 93 19 A
ft. 9 1. 7 3 2 6 3 22 5
ft. 7 4 1. 7 33 57 23 4
3. 14 1.33 57ft f t l 3
2 : 7 2 1. 62 ]  f 7 25 1
ft. 6 !• 34633 ft] F
3. 1 ). 7Pft64 15 3
3. PI 1 .7 6 F 9 3 ft 1 5
3. 39 I.  649 6 5 15 5
3 . 4 1. 1 9 1 1 3
3. FI 1 .3 9 1 3 7 17 ft
3 . 4 3 1.91 6 69 1 4 1
3* 56 f t .P R "79 19 R
3 , 8  4 f t , 26 322 15 1 1
3 .3 9 1+ 7 6 3 2 3 15 3
3 . 3 4 ].  I / 3 / 6 1 1 7
3*3  6 1. 7 19 29 13 5
3. IP 1. 7 3 6 7 6 13 6
3 . 3 3 1. 41746 3 ft
3 . 4 4 1. 7 4 3 4 ] 14 3
3 .4 9 l+ l  56 4 / 1 5 6
3.9 ] .  1 7 7 3 6 IP IF
4 l . R 3 1 f 7 5 R
3. ( 7 1.'-! 6 7 1 5 17 4
3. 1 1. 6543 !ft z
2L4 1 . 3 3 1 ( 6 17 5
2 * 7 6 1. 3771 1 25 ft
2+95 1. 731 32 26 z
3+91 1.9 27 34 14 7
ft. 67 ] .  7 1 1 1 / f t l ft

1 P

9

9 
9

9 
9 
%

1 " 11 P. 6 1. 34633 2 ] F 6

1 "  13 3* PI 1. 7 6F9 3 91 . 5 7
3
1 1
7
1 F
1 f

9
7
9
2

• ] p

R
9
9
F
9

9

%
R
R
7
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3 - 1 1 3. 15 1.33333
3 - IP 3»f3 1.33166
3 - 13 3*49 1. 9 3('53
3 - 14 3 :  ig 1. 61(44
3 - l b 3. IP 1.59 ('13
A ~ 5 3.39 3. 6569 1
4 - 6 3.3P M l  3 9 7
/: - 7 3.55 1.5 443F
4 - 8 3.56 1.11(15
4 - 9 3 *  33 1* 63  P ( 34 - 1 p 3 .  3 7 ] • 9 3  6 6 44 - 1 1 3 .  3 1.64PP44 - IP 3* b i 1.19 19P4 - 13 3 . 44 1.74P&3
4 - 14 3.69 1.9 ('531
4 - 15 3.9 4 1.83465

17
16
15
1 6  

1 4  
1 4  
1 5  
1 6 
1 1 
I f  
U. 
13 
IP 
1 4  
1 1 

■3

«?
f
7
P
4
4 
6 
7
5
4 
7 
7
5 
7 
7

1
6
9
7

5
%
1 P 7

1 PO
9
1 P



J'LOi1. F'.A'IH.S = 2 F[X AN b 2( 0

LOV.IlH L I / i l l  = 1
EX PLC1 h. D A L AN = 3. A 99 3 b

185

Uppkh L I , N i l  = 7
ILK PIN Cl ED SID.  DLV. = 1 .9 5 1 5 3

L I 1 S iN LAN STD. DLV. LOW Li 1 0 % UPPFF IPX

5 - 6 4. 03 1 • 9 F9 3 3 3 1 P5 - 7 3. 5 1*9 41 PS 1 4 65 - 3 3.6P 1.9 3FD3 13 ,5 - 9 3. 61 I • 61 1 ] p 1 0 65 - 1 P 3- 7 1. 8 559 P 1 1 1 P5 - 1 1 3. 67 1. 676F6 9 75 - IP 3* 7 1. 9 1 48 5 12 1 P5 — 13 3. 5 1.9 2538 13 95 - 14 3* 64 1.8 5057 10 85 - 15 3*9 4 1. 8 bl 5 9 86 - 7 3. 44 1» 7 6566 IF 7• 6 ~ 3 3*9 1 1.8RD76 7 1 06 - 9 3. 59 1. 7 7 579 IF 66 ~ 1 P 3. 37 1.9 6255 17 36 - 1 1 3.3 6 2.10343 1 1 1 P6 - 12 3.8 1.3P347 14 76 - 13 3. 4 1 - 1.3 6999 13 56 ~ 1 4 4.2.3 1.9 647 4 7 146 - 15 4. 1 4 1. 77536 6 1 17 ‘ " 3 3.32 1. 69 3 1 F 47 - 9 3*8 1 1.339 33 1 1 97 - IF 3,2] 1, 647 1 3 1 5 27 - I 1 3. 13 1. 53514 13 P7 - IP 3. 13 1.7613 5 20 37 - 13 3. 15 1.3 3333 2P 57 - 14 3. 69 1.33393 12 97 - 15 3.93 1*9 6649 9 38 - 9 3, 6 1.9 069 f- 1 1 6s - IF 3.28 1* 63349 13 38 - 1 1 3.9 1.9 3661 9 88 - 12 3.65 1*63993 6 38 - 13 3.45 1,97 1 38 1 5 68 - 1 4 3.83 1.5359 1 7 33 - 15 3.75 P. 69 557 15 IP:
69 - 1 £J 3. 65 1. 78 305 119 - 1 1 3.56 1. 743 42 9 69 - 12 3.55 1*31116 9 79 ~ 13 3.47 1*9769 1 13 99 - 14 3.79 1* 16 5 1 p 13 69 - 15 4. P5 1.97 123 7 14
3IF - 1 1 3. P2 1*70142 PCID - IP 3* 69 1. 9 6 53 1 1 8ID - 13 3.31 1*3 135 1 6 5

I f  - 1.4 3,47 1. 9 69 35 18 6IF - 15 4. ('< 1 2.67671 9 91 J - IP 3.43 1*9 69 46 16 6
■i i ** 1 3 3*48 1.7319 3 13 311 - 14 3.15 1. 9 66 4 16. 711 - 15 3.7P 1*39 072 12 9ip 13 3*55 P. 1 1 47 b 13 3ip - 14 3*9 6 2.6 34%/ 3 15 

1 1ip “ 15 4*15 )*9tb25 1 013 - 14 3*6% 2* 62449 1 4 IF13 - 1 5 3* 56 1.123 53 9 7
14 - 15 4 , ( 4 2. ! 2419 If 1 5

LAfGEST rOEF

1 P
9
9
7
9
7 
9
8 
9 
9 
8 
9 
9
13 
1 F 

9 
. 8 

1 F 
1 F 

9 
9 
3 
8 
8 
8 
9
1 F 
1 F
7
1 F 

3 
1 P 
IP  
1 P 

9
8 
9 
9 
9 
9 
8 
9 
9
1 F
1 r

9
1 P 
1 F 

9 
1 1 

.9 
1 I'

9 
9 
1 1



1 8 6

1'LOtv = 46'P AND S f P

LUl'.Eh L I  i'i 1 1 = 19 UP PEI. LIi'41'1 = 35
EXPECTED MEAN = 27.434% EXPECTED 31b. DEV. = 5. P3f6/

B U S M EAN S I D. DEV* LOU EE 16% UPPER 16% l a r g e s t

0 - 1 26. 7 1 4. 53553 4 3 43
P! - 2 26. 4 4,828 36 7 4 3*1
0 - 3 27 4. 17544 2 4 42
0 - A 28.63 5. 45254 6 16 41
0 - 5 23.61 4. 69379 0 1 1 39
0 - 6 29.19 5. 1 1 693 1 18 45
C - T 27, 59 5.15633 2 13 4 2
0 - 3 27. 6 5. 4 3 69 1 9 16 4 6
0 - 9 89.63 5. 26212 5 15 45
0 - 10 89.62 4.4129 6 2 9 44
0 - 11 98.73 5* 95644 3 14 41
0 - 12 29.34, 5.236/4 3 14 43
f! - 13 27,36 4. 49 1 06 1 6 ' 40
0 - 3 4 36.5% 4. 76799 Pi 21 46
B"~ 15 29.49 4.9 2f56 1 1 5 48
1 - 2 24.67 4. 37612 17 2 ' 37
1 - 3 24.34 4.133 3 9 1 38
1 - 4 25.47 4. 64373 11... 3 ...... .39..
1 - 5 95. 64 4.6196 5 1 1 1 4 0
1 - 6 26.67 4.91123 q 5 43
1 " 7 24.79 74944 11 4 38
1 - 3 24. 53 4.3 6653 11 3 39
1 - 9 25. 44 5. 15/3 13 9 39
1 - 10 95.63 4.393 31 12 P 39
1 - 1 1 25.29 4.3 4776 18 3 37
1 - 12 86* I-4 4.33 435 6 4 40
1 - 13 23.9 5 4. 7 641 1 18 3 36
1 - 14 97.79 5. 91391 9 11 43
1 - 1 5 26,83 5. 1 5694 7 9 38
2 - 3 95,73 4*73392 13 3 37
2 - 4 26*49 4. 49 5 7 7 4 5 98
2 - 5 96,'g 5.3219 4 5 5 46
2 - 6 97.46 5. 4743 3 1 1 44
2 - 7 25.76 4.3 6344 1 1 3 37
2 - % 95. 7 1 5. 0571 3 19 4 39
2 - 9 97. 51 4.9967 1 1. V 48.
2 - 1 0 96. 5% 5. 166f7 6 7 4 0
2 - 11 26.83 4*9 6959 6 7 4 1
2 - 12 96. 55 5. 9969 1 7 6 4 4
2 - 13 95*83 4*69963 1 1 3 ' 87
2 - 14 97.49 4. If777 4 9 4 1
2 - 15 26 * 1 1 5. 61 69 0 3 1 3 40
3 - 4 26.59 b. 1 1 31 7 1 40
3 - 5 96*31 4*isrfi 1 1 5 40
3 - 6 27. 1 5:97296 6 7 46
3 - 7 25. 99 4*4369 7 7 0 36
3 - % 25, ST 4. 774f9 If /• ' 36
3 - 9 27*85 **9 1 4 3 9 29
3 - 10 95* 3 < 5. 1 6151 IP 5 31



C*> 
G> 

M 
G?

-  IP
-  13
- 14

3 - 15
4 - 5
4 - 6
4 - 7
4 8
4 - 9
4 - )K
4 - 1 1
4 - 12
4 - 13
4 - 14
4 - lb

- 187 -

26. 7 2 5.32639 8
26.72 5. 67 335 1 1
25.53 4. 1 49 13 4
27.9 4 4. 254f9 2
26.83 5.16623 5
23* 15 4. 659^6 4
25.69 4.23 455 P.
23.31 4.52772 5
23.13 4. 9 5566 6
32. 17 5. 2 2313 1
23. PC. 4.39 241 2
23.99 5.613 31 /t
29/25 6.22273 4
27.56 4.74337 5
29.39 4. 3 1*7 17 2
29.26 4.7 6156 1

7
3
1
9
3
3
IP 
1 1 
9 
19 
1 1 
l / i
PP
9
15
14

/



1 8 8I'LOV. f P U S  = /,c C A JB H H '

LOl-.Lf- L 1,411 = 19 UPPEF L 1.4I T  = 3b
BXi'B.C'1 E.L i«l LAN = 27. 4349 LX l -BCILD b l  D* BEiV* = 5. 23064

B l ’i S .■'I LAN SI D. DEV. LOV.LIv 1 f-:% UPFEr 12% LAIGLPT

b - 6 2 9 . 1 6 4. 663 21 f' 13 45
5 - 7 2 7 . 5 4 5 . 2 3 6 2 6 5 3 4 4
b - 3 2 6 .3 3 5. 231 56 IF 5 44
b - 9 2 9 . 1 2 b. 5 6735 4 16 42
b - IF 2 7 .3 7 5. 467 34 ■8 12 42
b - 1 1 28. 7 4. 667 74 3 1 1 41
b - 12 2 3 . 4 4 4 .9 3 7 4 9 4 13 4p
5 - 13 2 6 .9 9 5. 2363 1 1 5 41
b - 1 A 23 . 3 P 5. 42413 3 22 39
b - l b 2 9 . 5 3 4 .9 9  334 3 19 39
6 - 7 29* f  b 5 . 2 2 7 5 5 3 IP 43
6 - 8 2 8 .6 3 4. 63 1 52 2 12 42
6 - 9 2 9 . 6 5 4 .7 2 1 9 ? F 13 43
6 - IP' 2 8 . 6 4 5. 2 9 9 2 4 1 6 41
6 - 1 1 F8. "  4 4 . 4 4453 r 1 1 38
6 - 12 2 9 . 7 4. 7979 4 F 17 43
6 - 13 27. 13 4. 4775 1 5 39
6 - 1 4 3C.3  6 . 4. 79P59 P 24 45
6 - i s 29. 3 4. 73 317 1 15 45
7 - 8 23*17 5. P f ’ l 1 1 A 12 41
7 •- 9 2 9 .5 9 4 .3  2549 1 16 41.
7 - If; 2 7 . 9 2 4 .3 2 9  73 1 1 4 2
7 - 1 1 2 3 .1 9 4. 39 1 6 6 1 7 4 2
7 - IP 23*9  4 5. 27P9 4 1 14 44
7 - 13 2 7 .2 3 5. 69 253 12 42
7 - 1 4 3 f .  72 5 .  1 1 4 9 9 2 2 2 4 6

7 - 1 b 2 9 . 3 4 .3 3  141 1 17 4 4

8 - 9 31 .39 5 .3 7 3  33. F . 24 4  4

3  J I f * 2 3 . 9 2 S. I f  P 19 S 13 4 8

8  - 1 1 3 2 .7 3 4. 74517 1 24 4 2
8 - I P 29. 14 b .  14441 1 18 4 4

3  - 3 3 2 3 . f  3 4. 65391 3 7 38
3  - 1 4 3 1 . 1 7 S. 1699 4 r 2 5 4 4
3  - l b 3 r .  0 5. 29999 1 2 2 4?
9 - 1 (' 2 9 .5 3 4 . 7 6 1 3 2 2 l b 42
9 - 11 3 f .  37 5. 42655 2 21 46
9 - 11- 3 f . 39 5 .7 6 9 3 p 2 3 4  4
9 - 1 3 2 3 .9  5 4 . 3 3 7 3 5 A 1 1 / '  4
9  - 1 4 3 1 : 2 5 . 3 6 4 1 3 1 31 4 3
9 - l b 3 1 . 3 5 5. 49 631 1 29 5 2
I f :  - 1 1 P 9 .4 6 b .  1 19 61 P 13 4  8
I f ,  - I P 2 9 . 3 2 4, 3 57 67 P 1 A 4  3
i f  ~ 1 3 . 2 7 .  u6 5 , ( 6 1 6 7 b 1 1 4 3
l (• - 1 4  ‘ 2 9 . 6 6 4 . 3 1 7 2 3 1 1 6 /<]
i f  - lb' 3 t >  t  2 5 .  C 4 4( 7 P 21 4 5
11 - I P 2 7 .9 9 4 . ( 6 9 1 9 2 1 1 4 8
11 - 1 3 1'7« 6 2 b. 4 2 IP b 9 4 7
11 -• 1 4 2 1 .6 7 4.9 2376 4 1 3 3 9
1 1 - 1 b 2 3 . 5 6 4 * P?19 4 1 9 3 8
i p  - 1 3 2 9 . 7 7 5. 67797 p 17 / b
i p  “ 1 4 3 1 .5 7 4 : 9 9 7 4 ? 1 31 42
i p  - 1 b 3 1 . ( 9 5 . ( 3 5 3 1 1 23 4 7
1 3  - 1 4 2 9  • 1 1 5* i n  19 4 13 ' 4 5
1.& “ l b 2 3 .  41 5* 6 / 7 / 3 1 12 4 5



1 8 9

FLOW RATES = 1000 AMD 1200
*  *  *  *  *  *  ik *  *  *  *  *  *  -t *  A- $ *  * * * * * *  *

LOWER LIMIT = 8 7 
EX PECTED M EAM = 1 02. 58 1

UPPER LIMIT := 1 17
EXPECTED STD. DEV. 1 0r 0 9  P 7

BI TS MEAN STD. DEV. LOWER 10% UPPER 10% LARGEST C<

0 - 1 9 7-8 8* 1265 12 1 1 19
0 - 2 99* 01 9*47136 8 6 1290 3 99.' 41 7. 3 69 17 7 0 116
0 - A 104.98 9* 08 208 2 8 128
0 - 5 102.'22 8* 46092 2 5 129
0 - 6 101 ' 8* 39 07 1 5 3 127
0 - 7 1 00. 7 9.41145 7 5 122
0 - 8 102. 57 9* 17533 3 9 121
0 - 9 104:73 8.99 139 2 1 1 129
0 10. .1.0.3... 9.4 .  412 . _________J 0. .  ..................................12?
0 - 11 93*83 8 . 9 39 79 9 4 121
0 - 12 1 03. 53 9*9 7285 7 10 123
0 - 13 98*88 7.82674 8 1 1 17
0 - 14 104.97 9. 198 64 1 14 130
0 - 15 107. 04 8 * 7 59 3 0 13 130
1 - 2 9 3-83 8:97025 9.4 0 1 16
1 - 3 9 7. 33 8* 5549 5 1C 1 1 18
1 - 4 101* 35 8*88235 7 ! 4 126
1 - 5 9 7. 62 8*87599 1 1 2 1 19
1 - 6 98* 14 8*9 19 4 1 1 0 116
1 - 7 9 6*11 9*05525 16 2 123
1 - 8 98*29 10* 1277 15 3 128
1 9 99*54 8*9 4247 7 2 198
1 - 10 98*68 8*9 2715 9 1 , 129
i -' i i 9 5:72 9* P7 329 20 2 117
1 - 1 2 99. 03 8 * 3 7 53 7 7 3 132
1 - 1 3 9 4. 17 9* 63163 21 0 1 13
1 - 14 101. 73 9. 21662 4 4 126
1 - 15 101. 58 10* 69 52 8 8 194
2 - 3 9 5. 7 8*99 1 20 2 1 13
2 - 4 99. 35 8* 40558 5 3 194
2 “•* 5 9 7: 38 8* 59 333 13 1 195
2 - 6 99. 23 8 * 743 8 4 6 2 124
2 7 9 6:69 9 * 029 3 3 17 0 1 15
2 - 8 9 7. 7 3 9*07743 9 2 1 19
2 - 9 101*15 9* 1)693 6 4 199
2 - 10 99*33 8* 39 798 10 1 120
'2 - 1 1 9 5* 43 8. 71807 1 4 0 116
2 - 12 99.79 9*3163 9 5 193
2 - 1 3 9 6* 37 9*2645 17 . 1 122
2 - 14 1 00. 8 2 3* 7973 7 2 193
2 - 15 1 01* 34 3*99 063 9 3 121
3 - 4 104*76 9 * 2399 2 13 IPS
3 - R 102*21 7*9 3443 5 5 193
3 - 6 102.55 8* 6519 1 2 6 126
3 - 7 '01:5 9* 00449 6 4 192
3 - 8 1 38.8 1 9: 1298 2 4 129
3 - 9 1/7:2 8*63 179 0 15 199
3 - 10 10, :83 9* 183 ** 3 14 IPS



190

3 - 1 1 1 00.' 4 9:7! 199 8 4 129
3 - 12 104:65 8.9998 4 1 1 1 130
3 - 13 99* 34 .9.31839 10 3 127
3 - 14 1 04- 42 9.1034 4 9 126
3 - ’,5 105:53 1 0. 0052 4 15 27
4 - 5 105: 42 8. 759 6 0 1 1 .132
4 - 6 1 06. 66 8. 79 073 1 12 1234 - 7 106.85 9.9 669 6 4 19 1 304 - 3 107:25 8.75754 1 14 1294 - 9 1 1 0* 1 1 9.71605 0 25 1 374 - 10 106:42 S . 53414 1 10 1 334 - 1 1 104. 27 9. 05409 3 5 1224 12 1 09 • 03 9. 641 43 3 13 131
A - 13 1 02:71 S. 53 502 4 5 1224 - 1 4 1 10:23 8- 61739 0 21 1234 - 15 1 09 • 43 9. 19 646 1 22 136



FLOW KATES = 1000 AND 1200
:<;* *  :’r- $  s)s *  -1-' =r *  .t  -1: t- :|- H< * : | i *

LOWER LIMIT = 87 UPPER LIMIT = 1 17
EXPECTED MEAN = 102.88 1 EXPECTED STD. DEV. = 10. 09 07

BITS EAN STD. DEV. LOWER 1P% UPPER 10% LARGEST C

5 - 6 105. 06 9. 089 68 2 14 124
5 - 7 1 03. 09 8*44241 3 8 121
5 - 8 1 02.' 7 4 9:9 5099 5 5 1 32
5 - 9 106. 56 8.9 367 1 9 1 36
5 - 10 1 05. 1 1 1 0. 069 3 4 1 1 131
5 - 1 1 101. 1.7 8 . 9 4 09 2 8 2 124
5 - 12 1 05.' 5 6 9:9 39 51 , 2 14 132
5 - 13 100.'62 8.9 7 557 9 3 120
5 - 1 4 1 06* 66 9:10234 1 13 131
5 - 15 1 S3 • 23 8* 7 0254 1 15 134
6 - 7 1 06. 68 10. 1 104 1 15 138
4 - 8 1 05. 69 9.32324 1 14 125
6 - 9 1 08 • 2 6 8* 689 49 0 18 135
6 - 10 1 05.’ 47 10. 09 19 3 16 138
6 - 1 1 103:56 8.97 1 67 4 8 123
6 - 12 108. 26 8.52164 1 15 129
6 13 1 02. 5 1 8:638 04 2 7 129
6 - 14 1 1 0.' 05 9.04015 0 23 134
6 - 15 1 10:53 8:66135 0 26 130
7 8 104:92 9. 56283 4 8 132
7 - 9 109.34 9.10012 0 23 130
7 - 10 105. 24 9. 08 111 2 1 1 127
7 - 1 1 1 02: 48 9.21511 4 7 127
7 - 12 105. 34 9 * 649 6 2 2 16 123
7 - 13 1 02. 7 4 9:7 0431 5 9 128.
7 - 1 4 107. 13 10. 4172 4 17 131
7 - 15 1 09 •' 48 9. 1 1372 1 24 131
8 9 1 10. 1 9. 05258 0 24 132
8 - 10 1 06. 59 9* 18 175 1 15 123
8 - 1 1 1 04. 53 8* 67 613 1 12 125
8 - 1 2 106. 17 8. 461 43 2 14 133
8 - 13 104. 02 7.43724 1 6 118
8 - 14 1 1 0." 1 9*28 068 1 20 149
8 - 15 108.99 1 0. 6254 1 23 133
9 - 10 1 08 • 63 9. 57887 0 18 145
9 - 1 1 105:65 9. 17105 3 1 4 1 27
9 - 1 2 107:8 3 10. 3378 2 21 131
9 - 1 3 1 04. 05 7.8924 4 7 126
9 - 14 110.39 1 0. 1 23 3 2 24 1 39
9 - 15 1 09. 5? 10*79 2 2 27 141
10 - 11 1 02. 52 9* 15353 6 4 129
10 - 12 105. 69 9:25532 1 14 130
10 - 13 1 01. 24 1 0* 0344 7 6 133
10 - 14 1 06* 34 8.32206 3 1 1 123
10 - 15 1 08 * 0 1 9* 76334 0 16 130
11 - 12 102.22 9. 42543 4 8 IPS
1,1 - 1 3 99.73 8.533 9 1 123
11 - 14 1 03. 7 1 9 * 69 0 43 6 8 139
11 - 15 1 04* 33 8. 56825 2 8 125
12 - 13 105. 17 9. 333 73 2 9 1 28
12 - 14 108.82 9.13243 2 38 134
12 - 15 1 09 * 7 4 8.7)502 0 21 1' 30
1 3 “ 14 I 03. 1 1 8* 6893 1 5 7 129
13 - 15 102:82 8. 23685 4 5 1 13
U  “ 15 112.03 9* 3608 2 0 30 132
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APPENDIX 12 

TRAFFIC SIMULATION ROUTINE LISTINGS
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PAGE 1 
07/04/75

1
2

, .TITL LINK
.i TRAFFIC LINK OF UP TO 5 LANES 
> THE INPUT FROM ANOTHER PARAMETER IS

SPLIT UP AMONGST THE LANES IN A USER SPECIFIED PROPORTION
5 ; TRAVELLING TIMES ARE ASSIGNED ACCORDING TO
6 j A RANDOM DISTF: I BUTION SPECIFIED BY THE USER
7
8 ; PROGRAM: LINK, NO,INPUTPARM,HOC, LEG NO 1
9

10 ; DATA: LINK, NO,DIST,MEAN*100,STD DEV *100,
11 i KFLOKI RATE 1, C X F, R. 2,........... X F. R. 5 3
12 ♦
13 . EXTN PUTP,GET, GETAD,GETBR,RETURN,MULTIPLY
14 , EXTN DIVIDE,ERROR
15 . HEAD *LINK 'ROUTINE*
16
17 . ZREL
18 00000-000151' ,LINK: LINK
19
20 . NR EL
21 000001 . TXTM 1
22
23 00000'000032' LI i ADD OF VARIABLE ROUTINE
24 00001'000144 100, ; NO OF LINKS
25 00002'000010 8, j CONSTANT STORAGE LOGS
26 00003'000144 100. } NO OF LINKS
27 00004'000031 25, ; INITIAL STORAGE LOGS
28 00005'000372' NEXTL
29 00006'046111 , TXT *LINK*
30 00007'047113
31 00010'000000
32 80011'040416 ST A O, L2 j VARIABLE ADD
33 00012'044416 STA 1, L3 INITIAL ADD
34 00013'177777 GETAD } INPUT FARM
35 0O014'177777 GETBR j GET BREAK
36 ■ 06015'174015 COM4 3, 3, SNR j LAST FARM '?
37 00016'000405 JMP . +5 ) YES
38 08817'124400 NEG 1,1 } SUBTRACT 1
39 00020'124000 COM 1,1
40 00021'177777 GET > GET LEG NO
41 00022'107000 ADD 6, 1
42 08023'0444O6 STA 1, L4 > INPUT INITIAL ADD
43 00024'177777 PUTP j WRITE PROGRAM
44 00025'000031' L4
45 00026'006006- JSR 0. LINK
46 00027'000601 L2: . BLK 1 j CONST ADD
47 00030'000001 L 3 : . BLK 1 .i INITIAL ADD
48 60031'600001 L4: ,BLK 1 ; INPUT ADD
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PAGE 2 * U N K  ROUTINE*
07/04/75
1 ; CONSTANT ROUTINE
e.
3 00032'040775 LI: ST A 0, L2 > CONST ADD
4 00033'000013' GETAD i DIST ADD
5 00034'034773 IDA 3, L2
6 00035'051405 STA 'dt 5.' £ :• DIST ADD
7 00036'031100 LDA 2> 100,2 } MEAN OF DIST
8 00037'050771 STA 2, L3
9 00040'000021' GET i MEAN *100

10 00041'105000 MOV 0, 1 * 128 *3
11 00042'030504 LDA 2,C680
12 00043'182400 SUB 0,0
13 00044'177777 MULTIPLY
14 00045'030477 LDA 2,C100 ) /100,
15 80046'177777 DIVIDE
lb 00047'040762 STA 0, L4 TEMP STORE MEAN
17 00050'000040' GET i STD DEV *100
18 00051'105880 MOV 0, 1 i *128 * 3
19 00052'038474 LDA 2, CS00
20 08053'102480 SUB 0,0
21 80854'000044' MULTIPLY
22 00055'038467 LDA 2, Cl80 s /100
23 80056'000046' DIVIDE
24 00057'834750 LDA 3, L2
25 00068'831405 LDA 2, 5, 3 .■ ADD OF DIST
2(5 00061'031101 LDA 2,101, 2 i STD DEV OF DIST
27 00062'126480 SUB 1,1
28 80063'800856' DIVIDE •
29 08864'034743 LDA 3, L2
30 80065'041407 STA 0, 7, 3 j STD DEV CONSTANT
31 00866'111080 MOV 0, 2
32 80067'182400 SUB 8,8 .
33 00070'024740 LDA 1,1.3
34 00071'000054' MULTIPLY > MEAN*STD DEV
35" 80872'824737 - LDA 1, L4
36 ' 00073'106480 SUB 0,1
37 00074'030723 LDA 2, L2
38 80075'045886 STA 1, 6, 2 :< MEAN CONSTANT
39 08076'126400 SUB 1,1
40 00077'044458 STA 1, TEMP i ZERO TEMP
41 00100'000050' Lii; GET i % FLOW RATE
42 00101'101004 MOV 0, 0, SZR ZERO ?
43 00102'004424 JSR FLOW > NO
44 00103'841000 STA 0, 0,2 STORE CONSTANT
45 88104'125400 INC 1,1
46 00105'000014' GETBR
47 00106'174014 COM# 3, 3, S2R END OF LIST ?
48 00187'000411 JMP L12 > NO
49 00110'176400 SUB 3, 3 > ZERO REMAINING' LANES
50 06111'822437 LDA 0, 0. 05
51 08112'106431 SUBS# 8,1, S2C
52 80113'177777 RETURN .1 ALL PROCESSED
53 081ll4' G55001 STA 3,1,2
54 0"115'151480 INC 2,2
55 60116'125400 INC 1,1
56 00117'000773 JMP .  -5
57
58 00120'151400 LI 2: INC 2,2

I

l

I
!

i
!I

i
!

!



1 9 5

R A G E  3  + L I N K  R O U T I N E #
6 7 / 6 4 / 7 5
1 66121'622427 LDA 8, @. 05
2 00122'-166433 SUBS# 6,1, SNC ; MORE THAN 5 LANES
3 68123/606755 JMP Lll > NO
4 60124''177777 ERROR > ERROR WARNING
5
c

80125/068624 26,
b
7 66126'644761 FLOW: ST A 1, L2 > SAVE STATES
8 06127'' 056701 STB 2,. L3
9 80130'654761 STB 3, L4
16 00131''024416 LDA 1, TEMP i ADD IN PREV TOTAL
11 60132'167688 ADD 6,1
12 80133''844414 STB 1, TEMP
13 08134'182466 SUB 0, 0 j MULTIPLY BY 2"12
14 66135'636416 LDA 2,04696
15 66136'680671' MULTIPLY
16 66137'636405 LDA 2, 0166 ,i DIVIDE BY 166
17 60140'666663' DIVIDE
18 06141'024666 LDA 1, L2
19 00142'838666 LDA 2, L3
26 66143'682666 JMP 6L4 j RETURN
21 *
22 80144'006144 0166: 106.
23, 88145'016080 04696: 4696.
24 66146'666666 0566: 666
25 60147'000061 TEMP: . BLK 1
26 60156'606341' . 05: 05
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PAGE 4 *L..'K ROUTINE*
07/04/75
1 ) MAIN PROGRAM
2
3 00151'654656 LINK: ST A
4 06152'182400 SUE:
5 06153'031400 LDA
6 00154'113000 ADD
7 08155'625695 LDA
8 06156'125005 MOV
9 00157'600425 JMP
10 66166'631461 LDA
11 00151'165060 MOV
12 06162'127126 ADD2L
13 66163'122666 ADD
14 66154'625665 LDA
15 66165'125126 MOVZL
16 60166'645065 STA
17 06167'025006 LDA
18 66176'125166 MOVL
19 06171'045666 STA
20 66172'025667 LDA
21, 00173'125100 MOVL
22 06174'645067 STA
23 60175'025010 LDA
24 66175'125166 MOVL
25 60177'645016 STA
26 00206'126566 SUB CL
27 00261'621461 LDA
28 00262'113000 ADD
29 00262'045600 STA
36 66264'161406 LIN: INC
31 00265'030524 LDA
32 06206'112415 SUB#
33 00267'606462 JMP
34 66216'666743 JMP
35 66211'126466 LINK1: SUB
36 66212'644533 STA
37 66212'63461^ LDA
38 06214'631402 LDA
39 60215'031060 LDA
46 66216'151065 MOV
41 00217'000517 JMP
42 66220'065776 DIBP
43 66221'162466 SUB
44 66222'631466 LINK2: LDA
45 60223'151400 INC
46 06224'635377 LDA
47 06225'101466 INC
48 06226'166032 ADC 2#
49 00227'066774 JMP
50 66226'151400 LINKS: INC
51 66221'625377 LDA
52 00232'175064 MOV
53 66233'166032 RDCZ#
54 60224'600402 JMP
55 66235'161466 INC
56 66226'666772 JMP
57 60227'626711 LDA
58 06240'116433 SUEZ#

3, L2
6.. 6
2, 6, 3 CONST ADD
6.. 2 DISPLACEMENT
1,0,2 X FLOW
1,1, SNR ZERO ?
LIN ; YES, DOHT PROCESS
2,1, 3 ,i GET INITIAL ADD
0,1
1,1 .t *4
1,2
1, 5,2 FIRST WORD OF LANF
1,1 ) SHIFT
1, 5, 2
1, 6,2 t 2ND WORD
1, 1
1,6,2
1, 7,2 i 3RD WORD
1,1
1,7,2
1, 16, 2 } 4TH WORD
1,1
1,16,2
1,1 SAVE CARRY
2,1, 3
0, 2
1,6,2 ; STORE OUTPUT
0, 6
2, C5
6, 2, SNR FINISHED ?
LINK1 i YES
LINK+2
1,1
1,BLOCK :■ ZERO BLOCKED VEHICLES
3, L2
2,2,3 .i GET INPUT ADD
2, 6,2 i GET INPUT
2, 2, SNR j ZERO ?
RET
1,70 j GET RANDUM NO
0, 6
2, 6, 3 ; VARIABLE ADD .
2'2
3, -1, 2 J XFLOW
6,0
3,1, 52C AC1 >AC3
LINK2fl J YES NEXT F. R
2,2
3, “1, 2 j NEXT FLOW
3,3, S2R
3,1, 5HC i ACl :> ACS ?. +3 ) NO
0, 0
LINKS
3, 6. C5
0, 3, SNC j >9 ?
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PAGE 5
, 0 7 /0 4 /7 5

1 002 41 ' l e i e e e
2 06242'-642505
3 00243/036563
4 66244"'635400
5 60245"' 021465
6 66246"' 061176
7 06247"' 825467
S 66256''666261 
9 86251"'676776
10 60252"'673361
• 06253"'060006

1: 80254"'625466
13 00255'" 661461
14 00256"'123122
15 06257"' 102466
16 60266''624464
17 00261"'123760
18 86262"'624461
19 80263''12263 2
26 66264"'121666
21 66265-'166466
22 60266"121600
23 60267"126526
24
25
26 66276"636452
27 66271"142432
28 60272"006484
29 68273"125466
36 66274"142406
31 06275"806774
32 00276"830453
33 66277"112666
34 66366"021666
35 68361"646447
36 06362"636444
37 06302"621461
36 66264"626443
39 66365"127126
46 66366"133666
41 66367"026441
42 66316"133666
43 60311"625666
44 66312"107414
45 06213"000466 
4b 66314"107060
47 80315"045006
48 00316"817402
49 66317"666675 
56 66326"606416
51
52 60221'161124
53 00222"006776
54 06323"616425
55 06324"000402
56 00325"006465
57 66326"182526
58 08327"150400
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*LINK ROUTINE*

MOV 3, 0
STA 8, 0, L3 i DISPLACEMENT

LINK4: LDA 3, 0. L2
LDA 3, 6, 3
LDA 0/ 5,' 4- j GET DIST ADDDOAS 6.' 76 ; INITIALISE GENERATOR
LDA 1, 7, 3 i ST DEV CONSTANT
DO BO 1, MDV
01AP 2,76 ; GET RANDUM NO
MUL
HIO 6 ; WAIT
LDA 1, 6, 3 ; MEAN CONSTANT
DIB 0, MDV
ADDZL 1, 0, SEC REQUIRED NO
SUB 0, 6 ,1 NEGATIVE
LDA 1, MSK
AMDS 1, 6 j /128
LDA 1, 063
ADCZ# 1,6, SZC >63 ?
MOV I., 0 YES, SET TO S3
SUB 0,1 ; CONVERT TO TRAVELLING
MOV 1, 6
SUBZL 1,1

} RESULT 6 0  AGO <= 63
LDA 2,020 ; 16.
SUBZ4 2, 6, SNC , CURRENT WORD ?
JMP . +4 ; YES
INC 1 / 1  ; NEXT WORD
SUB 2,6 ; DECREMENT
JMP . “4
LDA 2,. TBL J TABLE ADD
ADD 0,2
LDA 6,6,2 ; WORD
STA 1, 0. L4 ; NO OF STREET WORD
LDA 3,0, L2
LDA 2 , 1 , 3  J INITIAL ADD
LDA 1, 0. L3 ; LANE DISP
ADDZL 1,1 } *4
ADD 1,2
LDA 1, 0. L4
ADD 1, 2
LDA 1,0,2 j LANE WORD

INKS: AND# 8,1, SZR ; IS POSITION EMPTY '?
JMP LINK7 ; NO
ADD 6,1
STA 1, 0, 2 ,= STA IN MEMORY
DSZ 0 2 ,3  , DECREMENT INPUT
JMP LINK1+2
JMP RET

LINK7: MOVZL
JMP 
DSZ 
JMP 
JMP 
SUBZL 
MEG

0,0,SZR ) TRY NEXT POSITION 
LINKS ,i NOT END OF WORD
8, L4 j END OF LANE 7
, +2 NO
. +5 > YES, PUT IN BLOCKED QUEUE
0,0 j 1 TO BIT 15
2,2



PAGE 6 *LINK ROUTINE*
6 7 /8 4 /7 5
i 00330-'156060 COM 2, 2
2 68331-'006760 JMP LINK6-1
3 00332'617402 DSZ @2,3 i
4 00333-'000481 JMP . +1
5 60334'016411 ISZ BLOCK
6
7

00335''600657 JMP LINK1+3
r
8 06336'026407 RET: LDA 6,BLOCK J

9 66337'843402 STA 6, 62, 3 J
16 96340'081403 JMP 3,3 ;
11
12 00341'000003 C5: 5
13 06342'668628 C26: 26
14 66343'060077 C62; 63.
13 66344"177488 MSK: 177468
16 88345'666661 BLOCK: . BLK 1
17 66346'606827' . L2: L2
18 06347'000030" . L3: L3
19 66356'866631' . L4: L4
20 00351'880352' . TBL: TBL
21
22 60352'866661 TEL: IB 15
23 60353'000602 1B14
24 68354'600064 1B13
25 66355'606618 1B12
26 60356'666616 1B11
27 60357'800640 IB 18
28 08366'600106 1B9
29 66361'660266 IBS
36 86362'686406 1B7
31 66363'661686 1B6
32 00364'002060 1B5
33 66365'004806 1B4
34 68366'610000 1B3
35 66367'628866 1B2
36 ' 68376'646666 IBl37 66371'100086 1B8
38
39 006272' NEKTL =.
46 . END

DECREMENT INPUT

STORE BLOCKED QUEUE
IN INPUT
RETURN
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PAGE 1
6 7 / 6 4 / 7 5
19 . TITL
3 } ENTRY LINK 0
4 CALLING SEQU
5
6 } PROGRAM:-
7 } EL INK, NO,
8
9 / DATA.-

16 i EL INK, NO.
11
12 , EXTN
13 . EXTN
14 . HEAD
15
16, . ZREL
17 6 66 66 "6 6 6 6 6 4 •" EL INK- ELINK
IS
19 . NREL
26 66666'666026'' ELI
21 66661'" 666166 166
22 60002-' 060605 5
23 66663-'606166 166
24 66604-" 666631 25,
25 06635''060131'' NEXTE
26 000001 . TXTM
27 60666''642514 , TXT
28 66667"644516
25 00610"645406
36
31 i PROGRAM
32 60011"'646465 STA
33 06612"044465 STA
34 66013"177777 PUTP
35 60614-'660617" EL3
36 .00015"606666- JSR
37 06616"066601 ELI: , 8LK
38 00017''000061 EL3: , BLK

EL INK

PUTPj GET,RETURN,GETBR, MULTIPLY 
DIVIDE,ERROR

DELINK ROUTINE^

• ADD OF DATA ROUTINE 
; 64 ELINKS
i CONST STORAGE REQUIRED

) INITIAL STORAGE REQUIRED
} POINTER TO NEXT ROUTINE

1 ; LEFT TO RIGHT PACKING
*ELINK* ; NAME OF ROUTINE

6, EL2 
1, ELI

6. EL INK 
1 
1

CONST ADD 
INITIAL ADD 
WRITE PROG



2 0 0

PAGE 2 DELINK ROUTINE*
0 7 / 8 4 / 7 5
1 ) C AT A ROUTINE
ti
2 00020'040776 ELI: ST A 0, EL2
4 00021'102400 SUB 0, 0
5 00022'040775 STA 0, EL3 } COUNTER
b 00023'177777 GET :• GET FLOW RATE
7 00024'105000 MOV 0,1 j SET UP ACS FOR MULTIPLY
S 03025'102400 SUB 0,' d
9 00026-'020424 IDA 2, C10K i 2-12
10 30027-'177777 MULTIPLY
11 08030-'020421 LDA 2, Cl88
12 00031'177777 DIVIDE
12 00032'030764 LDA 2, ELS
14 30022'324764 LDA 1, EL3 i DISPLACEMENT
15 00034'133000 ADD 1/2
lb 00035'041000 STA 0/ O, 2 } STORE FLOW RATE CONSTANT
17 00O26'010761 ISE EL3 ) BUMP DISPLACEMENT
18 30037'177777 GETBR i GET BREAK CODE
19 00043'174G14 COM# 3/ 3, SZR .! TEST FOR OR C-i)
20 30041'000412 JMP EL6 .! NO., CONTINUE
21 00042'024755 LDA 1/EL3 / ZERO REMAINING LANES
22 00342'023420 LDA 0/ CS
22 00044'176400 SUB 3,3
24 33045'122415 EL5: SUB# 1, 0, SNR ,1 FINISHED ?
25 0O046'177777 RETURN j YES
26 03647'151430 INC 2, 2
27 0005O'125400 INC - J , i
28 00051'055030 STA 3,0/2
29 00352'000773 JMP ELS
20
21 00353'02O410 EL 6: LDA 0, CS J CHECK FOR MORE THAN 5 FARMS
22 03054'024743 LDA 1, ELS
22 00O55'122414 SUB# 1, 0, SZR
24 30056'030745 JMP EL1+3 ; NO
25 08057'177777 ERROR
26 ' 00060'000024 20, ) MORE THAN 5 LANES
37
38 80061'825060 0106: 10880.
25 00062'010000 C10K: 10300
40 00062'000005 05: 5
41
42 i ACTUAL USER SUEF•ClJTINE
43
44 00364'054732 EL INK: STA 3, EL2
45 60065'102400 SUB 8/0
46 00066'031408 LDA 2/ 0,3 j GET CONSTANT ADD
47 03067'113000 ADD 0,2 ; ADD IN DISPLACEMENT
48 00070'025000 LDA 1,0,2 ) GET FLOW RATE
45 00071'125005 MOV f, 1, SNR i IS IT ZERO ? •
50 03072'000432 JMP EL? i YES , NEXT LANE51 30072/071770 DIBP 2,70 GET RANDUM NO
52 GO074'148O2O AOCZ 2/1 , 1 TO CARRY IF VEHICLE GENERA
52 00375'126568 SUB CL 1/1
54 00076"031401 LDA 2/1/ 3 j GET INITIAL ADD
55 03077'115300 MOV 0/3 '
56 08100'177120 ADDZL 3, 3 ,!• *4
57 30101'173030 ADD 3,2
58 081G2'125236 MOVR 1,1
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PAGE 3
0 7 /0 4 /7 5

. 1 00103''O25055
2 00104'125100
3 00105'045005
4 0010b'025086
5 00107'125100
6 00110'0450O6
7 80.111'025007
8 00112'125100
9 001/3'045007

10 00114'025010
11 00115'125180
12 00116'045010
13 00117'126565
14 0012O'034676
15 00121'031401
16 00122'113000
17 08123'04500O
18 00124'101400
19 00125'020726
20 00126'112415
21 00127'001402
22 00130'000736
23 •
24 000131'
25
26

*ELIHK ROUTINE*

LDfl 1, 5, 2
MOVL 1 ,1
STfi 1 , 5 , 2
LDfl i ,  S) 2
MOVL 1 ,1
STfi 1 , 6 , 2
LDfl 1, 71 2
liOVL 1 ,1
STfi 1 , 7 , 2
LDfl 1, 10, 2
MOVL i , 1
STfi 1, 10, 2
SUBOL 1 ,1
LDfl 3 , EL2
LDfl . , 2 / 1 , 3
ADD ‘ 0 ,2
STfi 1, 0, 2
INC 0 ,0
LDfl 2 ,0 5
SUB# 0,2, SNR
JMP 2 ,3  j
JMP EL INK+2

NEXTE=

, END

GET 1ST LENGTH 0 
} SHIFT 
> STORE 
i NEXT LENGTH

SAVE CARRY
INITIAL ADD

STORE OUTPUT 
BUMP COUNTER
FINISHED ? 
YES RETURN 
CONTINUE

F LANE
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PAGE 1 
'67/22/75 

1 
2
34
5
6
7
8 
9

10
11
12
13
14
15
16
17
1819
20
21 60666- 
22 06001-
23 00062-
24 66663-
25 00864-
26 66665-
27 86666-
28
29
30
3132
33
34
35
36
37
38
39 
46 
41

.TITL TLIGHT 
i TLIGHT IS A CONTROLLED INTERSECTION WITH UP TO 
J 5 LANES PER APPROACH 
i FIXED TIME IS USED

; PROG: TLIGHT, NO, INPUT FARM 1, NO 1, INPUT PARM 2, NO 2,. ,
> ...... INPUT PARM 4, NO 4
* DATA: TLIGHT,NO,LEG NO,SAT FLOW RATE,NLEFT 1,XRIGHT 1
; [%LEFT 2,XRIGHT 2....... XLEFT 5,XRIGHT 5]

} DATA; TLIGHT, NO, 5, OFFSET, GREEN 1-2, AMEER, DEAD,
; GREEN 2-4, AMBER, DEAD

; DATA: TLIGHT, NO, t„ DISTRIBUTION, MEAN ^166, STD DEV •+ 166

■000121'J
660685
■666661
-566661
-655661
-656661
-600601
000061

68660''660525-' 
06681'080050 
06882-'006566 
00063'000056 
00004-'560032 
66505'066716' 
66686'552114 
6666 ,644507 
66616'644124 
06011'000000

. EXTN 

. EXTN 

. HEAD 

. ZREL 
.TLIGHT: TLIGHT 
05: 5
RTN: , BLK
TEMPS: 
TEMP2: 
TEMPO: 
SATAD:

. BLK 
, BLK 
. BLK 
. BLK
. TXTH 
. HREt. 
TTi 
48,
66
48.
33
HEXTT 
. TXT

PUTP,GET,GETAD, GETER,RETURN.MULTIPLY 
DIVIDE,ERROR

♦TLIGHT ROUTINE*

1
1
1
1
1

1

> VARIABLE ROUTINE 
; NO OF TLIGHTS 
} CONSTANT STORAGE LOOS 
; NO OF TLIGHTS 
; INITIAL LOOS

♦TLIGHT*

42 ) PROG AREA43 06012'046415 STA 0, T2 s CONST ADD
44 06012'644415 ST A 1, T3 ; INITIAL ADD45 ' 00614'177777 GET AD > INPUT PARM ADD46 80615'644414 STA 1, T4
47 66016'000014' GETAD48 00017'644413 STA 1, T4+1
49 66026'606616' GETAD
56 66621'644412 STA 1, T4+2
51 06022'000026' GETAD52 00622'644411 STA 1, T4+2
53 66624'177777 PUTP54 66625'666634' T4+3
55 6002b'006600- JSR 6, TLIGHT56 60027'800501 T2: . BLK 1 s CONST ADD57 66630'000001 13: . BLK 1 .i INITIAL ADD58 60621'666664 T4 • . BLK 4 j INPUT PARM ADDS



PAGE 2 *TLIGHT ROUTINE*
6 7 / 2 2 / 7 5
1 00625'840772 TT1 : STB 8, T2
2 86036'111000 MOV 0,2
3 06037'177777 GET
4 66646'834061- LDA 3, C5
5 08041'116415 SUB# 8,3, SNR .
b 60642'086472 J.1P SIG j
7 66643'162632 ADCZ# 2, 6, SZC ,
s 86644'680503 JMP DIST J

9 66645'646763 STA 0, T3
16 68046'608037' GET j

11 68647'105666 MOV 0,1 J
12 80050'162400 SUB 0, 0
13 80651'636556 LDA 2, C10K
14 06052'177777 MULTIPLY
15 00852'030343 LDA 2, Cl08
lb 08654'177777 DIVIDE
17 66655'624753 LDA 1, T3
IS 66656'636751 LDA 2, T2
19 00657'123000 ADD 1, 2

26 66666'641377 STA 0, "I, 2 .!
21 06861'121000 MOV 1, 6 j
22 60662'127120 ADDZL 1, 1
23 .86863'167666 ADD 6,1
24 60664'636743 LDA 2, T2
25 60665'158466 NEG 2,2
26 00666'156066 COM 2, 2
27 66667'122666 ADD 1,2
28 00678'650744 STA 2, T4+3 j
29 66871'162466 SUB 0,0
36 66672'048736 STA 6, T3 j
31 86873'006646' TT5 : GET J
32 66674'646735 STA 8, T4
33 06075'606073' GET i
34 06076'640734 STA 0, T4+1
35 66877'636712 LDA 2, T4+1 )
36 66100'102400 SUB 0,0 J
37 60181'084422 JSR CONV+1 ,>
38 66162'636732 LDA 2, T4+3
39 66163'641624 STA 6, 24,2
46 06104'630725 LDA 2, T4 ;
41 66165'604415 JSR CONV
42 06166'642726 STA 6, 6T4+3
43 00167'016725 ISZ T4+3
44 66116'616720 ISZ T3 j
45 66111'177777 6 ET.BR
46 00112'175084 MOV 3, 3, SZR j
47 60112'177777 RETURN >
48 66114'626714 LDA 6, T3
49 00115'024601- LDA 1, C5
50 60116'122433 SUB 2# 1, 0, SNC ,i
51 66117'666754 JMP TT5 5
52 00120'177777 ERROR )
53 66121'666624 26,

CONST ADD 

LEG NO

SIGNAL SETTING ? 
YES
DISTRIBUTION ?
YES
LEG NO
SAT FLOW RATE 
PROCESS TO 12 BITS

FLOW RATE WORD 
* 5

EFFECTIVE ADD
COUNTER 
% LEFT TURNS

% RIGHT TURNS

RIGHT 
RUNNING SUM 
CONVERT TO 12 BITS

LEFT

NEXT LANE
BREAK = , ? 
NO

MORE THAN 5 LANES ? 
NO
ERROR WARNING
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PAGE 3 
07/22/75
1 00122"'620711 CONV:
2 00123"'054603-
3 66124"'113666
4 06i25"‘650706
5 00126'102406
6 66127"'624476
7 00136'660652'
8 06131'030464
9 60132'666054'

16 66133'662663-
11
12 66134'624457 SIG:
13 60135'644873
14 66136'666675'
15 66137'115126
16 66146'163666
17 66141'161466
18 00142'641657
19 06143'151460
26 66144'614664
21 66145'006771
22 66146'666113'
23
24 60147'OOOOIC' DIST
25 66156'634657
26 60151'051454
27 06152'631100
28 66152'656655
29 66154'006136'
30 60155'165660
31 60156'636442
32 63157'102460
33 00160'000136'
34 66161'62642--
35 66162'606132'
36 • 60162' 6 <i66 46
37 66164'606154'
38 06165'105000
39 66166'636432
40 0618 '62466
41 06170'000166'
42 00171'030424
43 00172'008162'
44 06172'634624
45 66174'631454
46 66175'63ii6i
47 66176'126466
48 66177'606172'
49 66266'634627
56 66261'641456
51 06262'111000
52 80203'162400
53 66264'624624
54 00265'006170‘
55 00266'634621
56 86207'024622
57 66216'186466
58 08211'645455

*TLIGHT ROUTINE*
LDA 6, T4+2
STA 3, TEMP3
ADD 6,2
STA 2,T4+2
SUB 6, 6
LDA 1, C409S
MULTIPLY
LDA 2,CD166
DIVIDE
JMP 6TEMP3
LDA 1, C7
STA 1, T3
GET
MOVZL 0, 3
ADD 2, 0
INC 8, 0
STA 6, 57, 2
INC 2,2
DSZ T3
JMP SIG+2
RETURN
GETAD
LDA 3, T2
STA 2, 54,3
LDA 2,106, 2
STA 2, T3
GET
MOV 6,1
LDA 2, C666
SUB 0, 6
MULTIPLY
LDA 2, CD160
DIVIDE
STA 6, T4
GET
MOV 8,1
LDA 2, C666
SUB 6, 6
MULTIPLY
LDA 2,CD166
DIVIDE
LDA 3,T2
LDA 2,54,3
LDA 2,101, 2
SUB 1,1
DIVIDE
LDA 3, T2
STA 0,56,3
MOV 0, 2
SUB 6,6
LDA 1, T3
MULTIPLY j
LDA 2> T2
LDB 1,T4
SUB 6,1
STB 1 , 5 5 , 2  >

j *  2"12

J /1 6  6

j SIGNAL SETTINGS

CONVERT TO EPOCHS

DIST ADD 
MEAN OF DIST
MEAN * 100 
■+•■ 3*128

/160

TEMP STORE 
STD * 100 
# 128*2

ADD Oc DIST 
STD DEV OF DIST

STD DEV CONST

MEAN * STD DEV

MEAN CONST
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PAGE 
0 7 /s * /75

0 0 2 1 2 ' 600146^'

00213'000007 C7:
00214'000012 C10:
00215'000144 GDI00: 
00216'025060 0108:
00217'010000 0^086:
.00220 '  000800 060 0 ; 
08221'010000 Clf ::

FLIGHT ROUTINE*

RETURN
7
10.
100.
18800.
4096,
600 
10000
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PAGE 5
0 7 /2 2 /7 5

*TLIGHT ROUTINE*

1 00222" 654662— TLIGHT: STA 2, RTN
2 00223"102528 SUBZL 6., 0
3 j MOVE VEHICLES

4 00224"840005- STA 6, TEMPO COUNTER
5 08225"031401 LDA 2,1,3 ; INITIAL ADD
6 06226"650003- STA 2, TEMPS
7 00227"117000 Til: ADD 0,3
8 00230"031401 LDA 2,1, 2 i INPUT PARM ADD
9 00231"024001- LDA 1, C5

10 00232"147000 ADD 2, 1
11 00233"021000 TL2: LDA 6, 6, 2 i OUTPUT OF LINK
12 00234"101005 MOV 0, 0, SNR J EMPTY
13 00235"080403 JMP . 4-3 > NO
14 80236"834083- LDA 3, TEMPS QUEUE COUh, :R
15 00237"011404 ISZ 4, 3 } BUMP QUEUE
16 00240"151408 INC: 2,2
17 00241"010002- ISZ TEMPS
18 00242"146414 SUB# 2, 1, SZR J FINISHED LEG ">
19 S0242"O00770 JMP TL2 J NO
20 80244"010005- ISZ TEMPO LEG COUNTER
21 00245"020005- LDA 0, TEMPO
22 00246"024001- LDA 1, 05
23 00247"034002- LDA 3, RTN
24 00750"106032 ADCZ# 6,1, SZC FINISHED 7
25 00251"000756 JMP TL1 i NO
26
27 00252"621400 LDA 2, 6, 3 ) CONST •,0D
28 00253"035401 LDA 3,1, 3 J INITIAL ADD
29 00254"126400 SUB 1,1
38 00255"044505 STA 1, AMB
31 00256"02142O LDA 6, 36, 3 :< EXAMINE SIGNALS
32 08257 101122 MQVZL 0, 6, bZU :• PHASE ?
33 00 2 6-0" 0 2 4001- LDA 1, 05 } PHASE 2-4
34 00261"044500 STA 1, PONT .i PHASE COUNTER
35 00262"101220 MOVZR 0, 6
36 08263"101205 MOVR 0, 6, SNR GREEN ?
37 00264"0T'4™7 JMP GREEN
38 00265"101204 MOVR 6, 6, SZR AMBER ?
39 00266"000406 JMP UPSIG+3 ,1 NO ,DEAD
40 00267" O10473 ISZ RN3 .1 AMBER FLAG
41 00270"000473 JMP " '“’N42
43 00271"034002- UPSIG; LDA i
44 00272"031400 LDA 7 ;■ ,* CONST ADD
45 80273" 035401 LDA 3,1,3 } INITIAL ADD46 O0274"011431 ISZ 31, 2 ,i BUi ~J 51G COUNTER
47 90275"021432 LDA 6, 32,3 OFFSET FLAG
48 00276"101005 MOV 0,6,SNR ,i OFFSET PERIOD OVER ?
49 00277"000451 JMP OFSET Nr
50 00200"126400 SUB 1,1
51 80301"021420 LDA 0,26,2 j SIG WORD
52 66202"101135 MOVZL# 6 - 6, SNR .i GREEN 7
53 66363"666405 JMP TEST > YES
54 66364"125460 INC 1,1
55 06365"101222 MOVZR 6, 6, SZC ; WHICH CYCLE ?
56 66306"666482 JMP TEST
57 66367"666775 JMP » -3

I
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PAGE 6 iKTLIGHT ROUTINE*07/22/75
1 00310'102400 TEST: SUB 0, 0
2 00311'133000 ADD 1,2 ADD CYCLE DISP
3 00312'024447 LDA 1, PCNT } PHASE
4 00313'125804 MOV 1,1, S2R ,' WHICH PHASE ?
5 00314'101540 INCOL 0, 0 ) 2-4 , 3-:> ACS
b 00315'113000 ADD 0, 2
7 60316'025060 LDA 1,60,2 i GET MAX COUNT
S 00317'021431 LDA 0,31,3 COUN.ER
9 00320'106415 SUB# 0,1, SNR J UPDATE ?

10 00321'080403 JMP . +3 j YES
11 00322'034002- RET: LDA 3, RTN
12 00323'001406 JMP 6, 3 RETURN
13 00324'021420 LDA 0,30, 3 j SIGNAL WORD
14 80325'024433 LDA 1, MSKI
15 00326'107414 AND# 0,1, SZR .! CHANGE PHASE ?
16 00327'O00413 JMP CHNG i YES
17 00330'105000 MOV 0, 1 i PRESERVE BIT 0
IS 00331'1G1135 MOVZL# 0, 0, SNR ; GREEN ?
19 00332'101521 INCZL O, 0, SKP YES
20 00333'103120 ADDZL 0, 0 S SHIFT 2 POSITIONS
21 00334'125120 MOVZL 1,1 BIT 1 TO CARRY
22 00335'101200 MOVR 0, 0 ,' RESTORE BIT 0
23 00336'041420 STA 0, 30, 3
24 00337'102400 SUB 0,025 0034O'041431 STA 0, 31, 3 j CLEAR COUNTER
26 00341'000761 ■ JMP RET RETURN2728 G0342'101120 CHNG: MOVZL 0, 0 } BIT 0 TO CARRY
29 00343'102460 SUBC 0, 0 PRESERVE CARRY ,Si
36 00344'041431 STA 0,"1, 3 > CLEAR COUNTER
31 00345'1O1260 MOVCR 0, 0 j COMPLEMENT BIT 0
32 80346'041430 STA 0, 30, 3
33 O0347'000753 JMP RET
34
35 00350'021057 OFSET, LDA 0, 57,2 ; OR-SET PERIOD
36 •00351'025431 LDA 1, 31,3 COUNTER
37 00352'106414 SUB# 0,1, SZR ! PERIOD OVER /38 00353'00O747 JMP RET i NO
39 00354'102400 SUB 0, 0
40 00355'041431 STA 0, 31, 3 ,i CLEAR COUNTER
41 00356'011422 ISZ 32,3 j BUMP FLAG
42
A t

00257'000743 JMP RET
44 00360'OOOOOl MSKi: 245 00361'00G001 PONT: . BLK 1
46 00362'00G001 RMB: , BLK 1
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PAGE 7 +TLIGHT ROUTINE*
: 0 7 / 2 2 / 7 5

1 00361'' 141060 GREEN: MOV 2, 0
2 ©0364'133000 ADD 1,2 PHASE CONST ADD2 00365"137000 ADD 1, 3 PHASE INITIAL ADD4 00366"125004 MOV 1,1, S2R WHICH PHASE5 00367"101400 INC 8, 0 2-4
6 00370"040006- STA 6,SATAD SAT FLOW ADD7 00371"102400 SUB 0, 0S 80372"040476 STA 0, QCNT QUEUE COUNTER
9 80373"101400 INC 6, 610 00374"125004 MOV 1,1, SZR WHICH LEG ?

11 00375"161400 INC 6,. 6 LEG 212 66376"046473 STA 0, LCNT LEG COUNTER
12
14 00377"021404 GR1: IDA 6, 4,1 GET QUEUE15 06400"101005 MOV 0, 0, SNR EMPTY ?16 00461"660424 JMP GR2 YES17 80462"161112 110 VL# 6, 6, SZC BALKED QUEUE18 66463"666467 JMP RIGHT YES19 66464"061770 DIBP 6, 70
20 60465"026666- IDA 1,eSATAD.21 66466"122632 ADC 2# 1, 0, SZC DISCHARGE ?22 68467"666416 JMP GR2 NO23 60416"061770 DIBP 6, 76 GET RND NO24 66411"161665 MOV 6, 0, SNR IGNORE 625 60412"666776 JMP . -2
26 60413"025620 LDA 1, 30, 2 RIGHT TURNS CONST27 06414"122033 ADCZ# 1, 6, SMC RIGHT ?
28 06415" 001,4:5 JMP RIGHT29 86416"624744 LDA 1, AMB20 80417"125884 MOV 1,1, SZR AMBER ?31 00420"006405 JMP GR2 YES , ONLY RIGHT TURNS32 66421"625664 LDA 1, 4, 2 LEFT TURN CONST33 66422"122633 ADCZ# 1, 6, SNC LEFT ?34 60423"006423 JMP DISCH YES35
36

00424"800425 JMP DISCH+1 STRAIGHT
27 66425"616443 GR2: ISZ QCNT
28 06426"151480 INC 2,239 86427"175406 INC 3, 340 00426"624446 LDA 1, QCNT
41 06431"626661- LDA 6, C542 66432"166414 SUB# 6,1, SZR .! FINISHED LEG ?43 86433"666744 JMP GRi > NO44 66434"610435 ISZ LCNT f BUMP LEG COUNTER45 • 06435"61642 4 ISZ LCNT46 66436/624433 LDA 1, LCNT47 66437"166422 SUBZ# 6,1, SZC .! FINISHED BOTH PHASES ?4 3 00440"606631 JMP UPSIG YES49 06441"117860 ADD 8,3 } NEXT LEG50 66442"113666 ADD 6, 251 66443"126466 SUB 1,152 06444"044424 STA 1, QCNT
53 06445"610000- ISZ SATAD54 66446"616666- ISZ SATAD55 86447"006720 JMP GRI56
57 66456"126461 DI5CH; SUB 1,1, SKP ,i LEFT56 00451"126526 SUBZL 1,1
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9 7 / 2 2 / 7 5
1 00452"815404 DSZ
2 00453"" 000401 JMP3 00454"©20415 LDA4 00455'" 123000 ADD5 00456"' ©24510 LDA
6 00457'122432 SUBZ#7 00460"" 1224O0 SUB
8 00461"'©54003- STA9 00462"" 034002- LDA

10 00463'035401 LDA
11 00464'117000 ADD
12 00465'" ©11400 ISZ
13 00466'024003- LDA14
15

00467'©00736 JMP
16 00470'000001 QCNT: . 6LK
17
18

00471'000001 LCNT: . BLK
19 00472"050004- RIGHT: STA
2© 00473'054003- STA21 0O474'©20666 LDA
22 00475'1O1004 MOV
22 00476'000560 JMP24 00477'020772 LDA
25 00500'024465 LDA26 00501'122032 RDCZ#27 00502'122401 SUB
28 00503'123000 ADD
29 ©0504'0400O5- STA30 005O5'O34002- LDA31 00506'035401 LDA32 00507'iOSOOO MOV33 00510'102120 ADDZL34 00511'123000 ADD
35 00512'117000 ADD36 00513'126400 SUB37 00514'175400 RT1: INC38 00515'021776 LDA39 ©0516' 181133. MOVZLti40 00517'lOiOOS MOV
41 0052O'©00402 JMP42 00521'000506 JMP42 ©0522'125400 INC44 00523'020001- LDA45 B0524'122414 SUB#46
47

00525'000767 JMP
48 00526'036002- LDA49 00527'021454 LDA50 00538'061176 DORS51 00531'025456 LDA52 00532'6662A1 DOBC53 60533'07O776 DIAP54 06534'673361 MUL55 06535'666000 NIO56 06536'625455 LDA57 66537'661461 DIB58 06540'123122 ADDZL

*TLIGHT ROUTINE*
4.3 ; 
. +1
0> LCNT 1, 0 
1, 04
1, 0, SZC ; 
1,0 ; 
3,TEMPS 
3, RTN
3.1.3 .i 
0, 3
0 , 3  t
3, TEMPS 
GR2

1
1
2,TEMP2
3,TEMPS 
0, RtlB
0, 0, SZR 
AMBER ;
0, LCNT ;
1, 02
1.0, SZC ; 
1, 0, SKP ; 
1, 0
0, TEMP©
3, RTN
3.1, 3 j
0,1 ;
0 , 01, 0
0 .3  ;
1, i  3,3
0, -2, 3 
0, 0, SNC ; 
0,0, SNR }
, +2
BALK ;1,1 
0, 05
1,0, SZR ; 
RT1

DECREMENT QUEUE

>=4
YES

INITIAL ADD 

BUMP OUTPUT

AMBER ?
YES
LEG COUNTER

>2 ?
YES

AC© = OPPOSING LEG NO
INITIAL ADD 
*5

ADD OF 1ST QUEUE

GET QUEUE
BALKED
EMPTY

CANT TURN

3, i?RTN 
0,54,3
0, 76
1, 56, 3
1, MDV
2, 76

FINISHED ?
NO
CHECK FOR GAPS 
CONST ADD 
DIST ADD
INITIALISE GENERATOR 
STD DEV CONST

RMD NO
01, 55, 3
0, MDV
1, 0, SZC ; ADD MEAN

i WRIT
t MEAN CONST
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PAGE *TLIGHT ROUTINE*

1 00541'' 102400 ' SUB 0,0 j NEGATIVE
2 00542'' 024526 LDA 1, MSK
3 00543/ 123760 AMDS 1, 0 J /12 8
4 00544''024525 LDA 1, C63
5 00545"* 122032 ADCZ# 1, 0, SZC ; >63 ?
6 00546-' 121000 MOV 1, 0 J YES SET TO 63
7 00547"'126520 SUBZL 1,1 ‘
8 00550"' 044513 STA 1, MDCHT
9 00551"' 030521 LDA 2,C20
ir? 00552"'142433 sue:# 2, O, SHC ) CURRENT WORD
11 00553"'000405 JMP RT2 J YES
12 0O554''O04413 JSR CHECK CHECK CURRENT WORD
13 0O555'' 01O506 ISZ HDCNT
14 00556"'142400 SUB 2, ti
15 00557"' 00071 3 JMP . -5
16
17 00560"' 034514 P.T2: LDA 3,. TBL
18 00561"'117000 ADD 0, 3
19 00562'* O25408 LDA 1,0,3 } GET POSITION WORD
20 00563/ 004405 JSR CHECK+1
21 00564'" 008452 JMP' TURN J SUCESS
22
23 00565'* 008002 C2: 2
24 00566"' 000004 C4; 4
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PAGE I© *TLIGHT ROUTINE*
6 7 / 2 2 / 7 5
1 00567''126400 CHECK: SUB 1,1
2 00570"654477 STfi 3,CHK+33 00571'040473 STfl 6, CHK4 86572'044473 STA 1,CHK+1
5 66573"650473 STB 2, CHK+2
b 66574"626865- LDA 6, TEMPO s OPPOSING LEG NO
7 06575"634062“ LDA 3, RTN
8 00576"117000 ADD 0, 3
9 00577"035401 LDA 3,1,3 > OPPOSING LINK ADD

10 06606"626463 LDA 0, WDCNT WORD NO
11 86661"116466 SUB 6,3 i ADD OF WORD -11
12 06602"152400 SUB 2, 2 > CHECK ALL LANES13 66663"145600 MOV 2,1
14 00664'621411 CHI: LDA 6, 11, 3 1 GET WORD15 00665"166600 COM 6, 6 ; INCLUSIVE OR
lb 06666"167400 AND 6,117 08667"106006 ADC 6,1 > RESULT IN AC1
IS 00616"151400 INC 2, 219 88611"626661- LDA 0, C5
20 00612"142415 SUB# 2, 0, SNR ) FINISHED21 68613"666404 JMP . +4 i YES
22 80614"028752 LDA 8, C4 ; NEXT LANE
23 68615"117660 ADD 6,3
24 00616"006766 JMP CHI25 60617"626446 LDA 6,CHK+1 POSITION WORD
2 b 66626"161126 MOVZL 8, 6 ; SHIFT 1 POSITION
27 66621"122^33 SUEZ# 1, 6, SNC i EMPTY ENOUGH
28 06622"666405 JMP BALK j MO29 86623"626441 LDA 0, CHK
36 60624"624441 LDA 1,CHK+131 60625"036441 LDA 2,CHK+2
32 60626"662441 JMP 0CHK+33334 86627"630604- BALK: LDA 2, TEMP2
35 00636"634663- LDA 3, TEMP336 '00631"621404 LDA 6, 4, 3 j GET QUEUE
37 06632"161126 MOVZL 0, 038 66633"161240 MOVOR 0, 6 .1 PUT IN BALK MARK
39 66634"641464 STA 0, 4, 346 06635"002440 JMP 0, GR2 .i RETURN4142 86636"634602- TURN: LDA 3,TEMP343 0663?"621464 LDA 0, 4, 344 68646"160400 NEC 0, 845 60641"100160 CO ML 0, 6
46 66642"161220 MOVER 0, 6
47 66643"641464 STA 6,4,3 } DECREMENT AND DEB Ft Lb
48 60644"620625 LDA 0,LCNT
49 06645"100480 NEC 6, 6
50 86646"100005 COM 6, 6, SNR
51 00647"026717 LDA 6, C4
52 66650"630602- LDA 2, RTN
53 06651"831081 LDA 2,1, 2
54 68652"112000 ADD 6,2
55 66653"611377 ISZ -1, 2 ) BUMP OUTPUT
56 66654"020604- LDA 2,TEMP2
57 06655"682426 JMP 6, GR2
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PAGE 11 *TLIGHT ROUTINE*
07/22/75
1 00656'06177O AMBER: DIBP
2 00657''026006- LDA
3 0O660-'122022 BDCZ#
4 00661-'000755 JMP
5
6 
7

00662''0O2413 JMP
00663/000001 WDCNT: . BLK

S 00664'000004 CHK; . BLK
9 00670-'177400 MSK: 177480

10 00671'000077 C63: 63,
11 00672'000020 C26; 26
12 00673'100001 Cl081: 100001
13 00674'000676' , TBL: TABLE
14
15

00675'000425' . GR2: GR2

16 00676'100000 TABLE: IBS
17 00677'0400O0 1B1
18 00700'020000 IB 2
19 00781'01000O IBS
28 68702'' 004000 IB 4
21 0O703'082000 IBS
22 00704' 001000 IBS
23 00705'O00400 1B7
24 08706'000200 IBS
25 08707'000180 IBS
26 00716'000040 1B10
27 00711'000026 1B11
28 66712'080010 1B12
25 08712'008804 1B13
30 00714'006002 1B14
31
32

00715' 000601 1815
33
34

006716' HEKTT = 
. END

0, 78
1,eSATAD
1,0,SNC ; DISHCHARGE AT SAT RATE 
TURN f YES 
0.GR2 ; RETURN
1
4
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PAGE 1 
06/25/75 
1 
2
3
45
6
7
8 
3

16
11
12
12
14 00000"
15
16
17 000A0'‘
18 00001'“ 
13 00002'“ 
20 08002 /  

21 00004 ' “ 

22 00005 ' “

23 08006 ' “

24 000'-"
25 00010'“
26
27 00011"“
28 00012'“
29 00012/
30 00014'*
31 00015'“
32 00016'“
33 00017'“
34 00020’'“
35 08021'“
36 08022“
27 08022/
38 00824'“
39
40 08825-“
41 00026'“
42 . 06027'
43 00620'
44 60031'
45 66522-“
46 00622'
» 03534'

“ .TITL PRINT 

/ PRINTS OUT THE QUEUE LENGTHS AT A TLIGHT
i PROG: PR I NT, NO. , TLIGHT, NO
i DATA: PRINT,NO.,EPOCHS BEFORE PRINT, EPOCHS BETWEEN PRINT

> O UT PUT: EPOCH NO, TLIGHT NO, QUEUE'S LEG 1. LEG 2, LEG2, LEG4

4 r

000801

060025'

080025' 
500050 
300002 
568050 
600002 
500124“ 
850122 
644516 
052000

646411
644411
177777
644418
620465
655662177777
060824'
666000-
565661
000051
500001

646775
644775
111068
177777
641600
356636'
641081177777

, EXTN 
. TKTM 
. HEAD 
. 2REL 

,PRINT: PRINT

. NR EL
PI
46.
3
46.
2
NEXTP
. TXT

P2:
Pi:
P 4 ;

PI:

RETURN,GETAD, GET,PUT, CRLF, PUTC, PUTP 
1

♦PRINT ROUTINE*

VARIABLE ROUTINE 
i NO OF PRINTS 
.= NO OF VARIABLES 
j NO OF PRINTS 
; INITIAL STORAGE

♦PRINT*

STA 0, P2 • J VARIABLE ADDST A 1, P3 ,« INITIAL ADD
GETAD ; ADD OF TLIGHT
STA 1, P4
IDA 2, P2
STA 3, 2,2 TLIGHT NO
PUTP
P4
JSR 0. PRINT
. BLK 1 j VAR ADD
, BLK 1 ) INITIAL ADD. BLK 1 } TLIGHT INITIAL ADD
STA 0, P2 i CONSTANT ROUTINESTA 1, P2
MOV 0, 2
GET .! EPOCHS BEFORE PRINTSSTA 0, 8, 2
GET EPOCHS BETWEEN PRINTS
STA 0, 1, 2
RETURN
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PAGE 2 ♦PRINT ROUTINE*
8 6 / 2 5 / 7 5
1, 60635/ 054765 PRINT: ST ft 3, F"22 00536-'031401 LDft 2/ 1, 3 i INITIAL ADD
3 60037-'035400 LDft 3, 6, 3 :< CONST ADD
4 00040-'021060 LDft 0, 0,2 i FLAG FOR INITIALISATION5 06041/101065 MOV 0, 6,. SNR FINISHED ?" 6 60042'060410 JMP IN IT NO7 00043-' 011061 I5Z 1, 2 > BUMP COUNTER
3 30044'025401 LDft 1.' 1, 3 EPOCHS BETWEEN PRINTS
9 60645-'021001 LDft 6, 1, 2 ; COUNTER10 66646'' 166415 SUB# O,. 1, SNR PRINT ?

11 00647'600411 JMP PRT j • YES12 00050•034752 RET: LDft 3, P2
13 O66"1'06146Z JM-' 3, 3
14
15 60652'011001 IN IT: ISZ 1, 2 } BUMP COUNTER16 00053''620066. LDft 6.1 6 .i EPOCHS RUN17 00054-'623400 LDft 1,0,3
18 00655'106414 SUB# 0,1, SZR FINISHED ?19 66056'000772 JMP RET NO20 06057-'011000 - ISZ 6, 2 BUMP FLAG
21
22 . 00060-'162400 PRT; SUB 0, 6
23 60061'041601 STft 6,1, 2 ; CLEAR COUNTER24 00662'171060 MOV 3, 2 •
25 00663'020006 LDft 0, 626 66664'177777 PUT
27 66065'066665 5 ; PRECISION23 06066-'021602 LDft 6,2,2 TLIGHT NO•29 66667'636064' PUT
30 00O70'000003 3
31 06071'634731 LDft 3, P2
32 06072'631402 LDft 2,2,3 } AD OF TLIGHT33 60673-'126466 SUB 1,1
34 00074'044727 STft 1, P3 j LEG COUNTER
35 00075'026425 LP1: LDft 6, SP .! PUT SPACE
36 06076-'177777 PUTC37 00077'125460 ' INC 1,1
38 06100'151460 INC 2, 2
39 65101'021003 LDft 6,3,2 GET QUEUE40 66102'101120 MOVZL 0, 6 } STRIP BIT 641 06163'101220 MOVZR 0,6
42 00164'060067' PUT
43 00105'000002 2
44 00106'62041: LDft 5, 0545 65167'122414 SUB# 1,0,SZR FINISHED LEG46 66116'600757 JMP LP1+2 NO
47 66111'516712 ISZ P3 BUMP COUNTER48 66112- 624711 LDft 1, P349 66113'125466 INC 1,150 66114'122622 ftOOZ# 1, 6, SZC FINISHED 751 00115'000403 JMP . +3 .1 NO52 66115'177777 CRLF
53 00117'000731 JMP RET54 66126'126400 SUB 1,155 60121'006754 JMP LP1 4
56
57 06122'000046 EP: 4653 06123'500005 05 : 5
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♦PRINT ROUTINE*

000124' NEXTP:
. END



I

2 1 6

PAGE 1
6 7 / 6 4 / 7 5
1 . TITL WRITE ■;2 .= WRITES THE QUEUE LENGTHS AT A TLIGHT ONTO DISK -1
3
4

COPY IS THEN USED TO PRINT THE QUEUES !
5 PROG: WRITE.. NO.. TLIGHT, NO
67 } DATA: WRITE, NO,EPOCHS BEFORE WRITE,EPOCHS BETWEEN WRITES
8 } OUTPUT TO DISK:
9 } TLIGHT NO,EPOCH NO,QUEUES .

16 ||
11 . EXTN RETURN, GETAD, GET, PUTP, PUT, CRLF, PU 1 C, ME512 . EXTN NONE f
13 . EXTD DDOS, SP, , XEC !
14 060091 . TXTH 1 ii
15 . HEAD WRITE • ROUTINE* |
16 . 2REL
17 80800-66003 41* ,WRITE: WRITE I'
18 0 6 6 61 - 6 86365 .NAME: NAME i
19 06002-666553" .5UFC. BUFC <

26 68683-688681 . STOR: . BLK 1 i21 08004-066605 65 : 5
22 i ■ j
23 . NREL : }24 68800'668026' W1 ) VARIABLE ROUTINE >
25 68661"' 000650 46. ; NO OF WRITES !26 00862-'000863 #> ; NO OF VARIABLES [ 

; NO OF WRITES ;27 • 60663'666858 46.
28 60804'080082 • 2 ; INITIAL STORAGE j29 66665'666127' NEXTW
36 60666'853522 . TXT *WRITE*
31 0006“'644524
32 98618'0424Q0
33 •
34 66611'646412 5TA 6,W2 1 VARIABLE ADD ;
35 00812'644412 5TA 1,W3 J INITIAL ADD
36 66612'644663- ST A 1,, ST OR S
37 66614'177777 GETAD J ADD OF TLIGHT }38 06015'644416 STA 1, W4
39 6661b'638465 LDA 2, W2
46 08617'055062 STA 3,2,2 J TLIGHT NO J41 88826'177/77 PUTP
42 06021'000623' W4
43 66022'666668- JSR 6. WRITE
44 66623'666661 W2: . BLK 1 ; VAR ADD45 66824'666661 W3 : . BLK 1 J INITIAL ADD46 66625'666661 W4 . BLK 1 ) TLIGHT ADD

t47
48 6662b'111666 W1 • MOV 8,2
49 88027'177777 GET .1 FPO''HS BEFORE WRITE50 60030'841606 STB 0, 6, 2
51 06631'006027' GET i EPOCHS BETWEEN WRITES52 66652'641661 STA 6,1,253 66633'177777 RETURN

1i
i

i
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RAGE 2 *WRITE ROUTINE*
0 7 / 0 4 / 7 5
1 00034'054767 WRITE: ST A 3, W2
2 00635'031401 LDA 2,1, 3 INITIAL ADD
3 '00636'635466 LDA 3, 0, 3 i CONST ADD
4 66037'021600 LDA 0., ti.i 2 .1 FLAG FOR INITIALISAT5 00646'161605 MOV 8., SNR .! FINISHED ?
6 66841'800410 JMP INIT j NO
7 00642'011601 IS2 1,2 i BUMP COUNTER8 00842'02v*401 LDA 1., 1, 3 .! EPOCHS BETWEEN WRITE
9 06644'8216 61 LDA 0,1, 2 COUNTER

10 66645'106415 SUB# 0,1, SNR .! WRITE ?11 66846'666411 JMP WRT j YES12 00647'034754 RET: LDA 3, W2
13 08656'801462 JMP 3,3
14
15 08651'011601 INIT: ISZ 1,2 } BUMP ’ COUNTER
16 08852'628806 LDA 0, 6 ; EPOCHS RUN17 08853'825400 LDA 1,0,3
18 68654'166414 SUB# 8,1, SZR i FINISHED ?19 06655'666772 JMP RET > NO20 00656'011000 ISZ 8,2
21 ,
22 66657'162^66 WRT: SUB 0,0
23 U0n60'641001 STA 9,1,2 CLEAR COUNTER24 086.:,1'832742 LDA 2,@W2 CONST ADD25 68662'821662 LDA 6,2,2 TLIGHT NO
26 66663'664426 JSR DWRIT .! WRITE TLIGHT NO27 00664'620086 LDA 8,6 ! MO OF EPOCHS28 06665'664416 JSR DWRIT
29 08666'634735 LDA 3, W230 66667'631462 LDA 2, 2, 3 j ADD OF TLICHT21 00070'126488 SUB 1,1
22 80871'125480 LP1: INC. 1,1
33 66672'151488 INC 2,234 66673'621662 LDA 8,3,2 J GET QUEUE35 00874'101120 MOVZL 0, 0 ; S T R IP  BIT 6
36 '60075'161226 MOVZR 6, 0
37 66676'864465 JSR DWRIT
38 60077'626427 LDA 0,02639 66166'122414 SUB# 1, 0, SZR .i FINISHED40 08101'806778 JMP LP1 s NO
41 60162'666745 JMP RET
He:

43 66163'64641b [ 'WRIT: STA 6, DWT
44 00164'044416 STA 1,DWT+1
45 06185'050415 STA 2,  DMT+246 8016b'654416 STA 3, DWT+3
47 06187'626415 LDA 0, 0248 00110'024410 LDA 1,. DWT49 66111'125126 MOVZL 1,1
50 06112'030002- LDA 2,. EilJFC51 00113'8346614 LDA 3, DDOS
52 60114'067407 JSR ©D. MOT, 3
53 06115'024485 LDA 1, DWT+151 66116'638465 LDA 2,DWT+2
55 00117'802465 JMP 0DWT+3 •
56
57 66126'066121' ,'DWT: DWT
50 . HEAD *COPV ROUTINE*
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PAGE 3*
• 07/04/7?

*COPV

1
2
3
4
5
6 
7

00121'000004 DMT 
60125'000002 02:
00126'060624 020

606127'

ROUTINE*

: . BLK
2

: 26,
NEXTW =

8 i COPY ROUTINE
9 J COPPIES THE QUEUE LEHG

16 J THE TELETYPE
11 i IT CAN BE RUN AS PART
12 J THE KEYBOARD •
13
14 ; PROG : COPY
15 ; KEYBOARD: COP V
16
17 . 2REL
18 65065-066146' . COPY: COPY
19
20 . NR EL
21 06127'666143' COP VI
22 66136'666600 623 66131'666666 0
24 66122'666006 0
25 06133'600606 0 4
26 66124'661163' NEHTC
27 66135'641517 . TXT *CQPY*
28 66136'656121
29 00137'000060
30
31 66146'666626‘ PUTP
32 00141'600142' . +1
33 66142'068005- JSR e. COPY
34
3f. 06143'020002$ C0FY1: LDFl 6,. KEC
36 50144'646535 STA 6, CRET
37 6 H 4 5 ' 606402 JHP COPY+1
38
39 66146'054523 COPY: STB 3, CRET
46 06147'634601$ LDA 3, DDOS
41 66150'102460 SUB 0, 6
42 66151'024062- LDA 1,.BUFC
43 06152'020001- LDA 2j . NAME
44 00153'007460 JSR @D, CVS, 3
45 00:'54'600007 0. OPN
46 661-.ri024O6 SUB 0, 0
47 06158'042603- STA 6, 0, STOP
48 00157'101460 INC 6, 6
49 66166'640522 STA 6, CCi50
51 j
52 60161'666515 C0P1: JSR 5. READ j
53 66162'066417 JMP COP
54 06163'020663- LDA 2, . STOR 

6, CCI55 66164'620516 Uft
56 60165'142006 ADD 2,6 i
57 66166'624524 LDA 1,5BUF i58 00167'025006 C0P2: LDA 3,0,2 ,

THS OF A TLIGHT FROM DISK TO 
OF THE TERMINAL PROCEDURE OR FROM

NO STORAGE

SET
READ
EOF

JP TABLE OF 
LINE

FLIGHT NOS

LAST ENTRY 
GET FIRST WORD 
GET ENTRY IN TABLE



PAGE 4 *COPV ROUTINE*
0 7 /8 4 /7 5
i 00170'166415 SUB# 3,1, SNR ; MATCH ?
2 00171'000770 JMP C0P1 i YES
:< 00172'151400 INC 2, 2
4 00173'142414 SUB# 2, 8.. SZR ,i END OF TABLE ?
5 00174'00O772 JMP C0P2 j NO
6 00175'010505 IS2 CC1
7 00176'045377 STB 1, -1, 2 i STORE IN TABLE
8 00177'" 045000 STB 1,0,2 } CLEAR NEXT LOCATION
9 00200'000761 JMP C0P1 s LOOP TILL EOF

10
11 00281'020474 COP; LOB 0,PAGEL
12 0O202'O40472 STB 8,LNCNT
13 00283'102480 SUB 8, 0
14 00204'040477 STB 0, CC2
15 08205'010476 COP3 : ISZ CC2
16 00286'820475 LDB 0, CC2
17 88207'G24473. LDB 1, CC1
18 0021O'122415 SUB# 1, 0, SNR FINISHED ?
19 00211'000456 JMP RETC } YES RETURN
20 88212'086465 JSR 8. HED
21 00213'834001$ LDB 3, DDOS
22 08214'038882- LDB 2,. BUFC
23 08215'007400 JSR @D. CVS, 3
24 88216'080014 0. REM
25
26 08217'886457 COP 4: JSR 0. READ
27 08220'808765 JMP C0P3 ; EOF
28 00221'030003- LDB 2,. STOP ) TABLE ADD
29 00222'020461 LDB 8, :C2 j DISPLACEMENT
30 80223'1130O0 ADD 0, 2
31 00224'021377 LDB 8, -1, 2 i TABLE ENTRY
32 00225'824465 LDB 1,SBUF
33 08226'122414 SUB# 1, 0, SZR PRINT ?
34 00227'000770 JMP COP 4 ; NO
35
36 00238'020444 PRINT: LDB 0,LNCNT
37 88221'024444 LDB 1,PAGEL
38 00222'122415 SUB# 1, 8, SNR i r w  PAGE ?
39 00233'806444 JSR 8, HED ,• YES
48 88234'810440 ISZ LNCNT
41 80235'038443 LDB 2,, SBUF
42 0G226'021001 LDB 8,1,2 ) GET EPOCH43 00237'177777 PUT
44 00^40'000005 5
45 . 00241'126480 SUB 1,1 ’
46 80242'844442 STB 1, CC3 / LEG COUNTER
47 00243'030435 LDB 2,. SBUF
48 08244'020002$ COP 5: LDB 8>SP i PUT SPACE
49 00245'177777 PUTC
50 00246'125400 INC 1,1
51 80247'151488 INC 2, 2
52 00258'021001 LDB 8,1, 2 } GET QUEUE
53 00251'000237' PUT
54 00252'000002 2
55 00253'020004- LDB 0, 05
56 00254'122414 SUB# 1, 8, SZR ,i FINISHED LEG ?
57 80255'000-/1 JMP C0P5+2 J NO
58 80256'010426 ISZ CCS ) BUMP COUNTER



220

PAGE 5
6 7 / 6 4 / 7 5
1 00257'624425
2 60266'125408
3 00261'1220:3
4 68262'000483
5 00263'126466
6 88264'686768
7 66265'177777
8 88266'808731
9

10 86267'834661*
11 68^70'030002-
12 06271'087400
13 60272'000818
14 66273/662466
15
16 86274'666661
17 86275'866676
18 00276'60636-'
19 80277'808^
26 00366'8062
21 66381'886661
22 66362'666661
23 66362'666661
24 ‘ 08364'666661
25 66365'627457
26 66266'627524
27 00267'651184
28 80210'646:24
29 66311'027408
36 06312'660654

*C0PV ROUTINE*

LDfi 
INC 
RDCZ# 
JMP 
SUB 
JMP 
CRLF 
JMP

RETC: LDfi
LDfi 
JSR 
0. CLO 
JMP

LNCNT: .BLK
PAGEL: 56.
.READ: READ
MED: He a d
SBUF: SBUF

CRET: . BLK
CC1; . BLK
CC2: . BLK
CC2 : . BLK
NAME: . TXT

SBUP: , BLK

1, CC3
1,1
1, 8, SNC j FI HI SHE 
. +3 j YES
1,1 
COP 5
COP 4
3, DDOS 
2,. BUFC 
©D. CVS, 3

©CRET

1

1
1
1
1
*///TRDfiT/*

44,
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PAGE 6 *COPV ROUTINE*
87/04/75
1 000600 , TXTM
2 6636b'-054414 READ: SIR
2 06267'- 034661$ IDA
4 66370'-026410 LDA
5 00371'-624767 LDA
6 66372'-125120 MQVZL
7 00373'-026062- LDA
S 60274'-0074O2 JSR
9 66375'- 6024G5 JMP

16 0627b'-610404 ' IS2
11 08377''002402 JMP
12
13 00400'006054 044: 44.
14 60401'-066025 C25: 25
15 00462''660001 Ri: . BLK
16
17 06403'- 054544 HEAD: ST A
IS 00464'-626670 LDA
19 60465''024670 LDA
26 66406'-166405 SUB
21 86407'' 606465 . JMP
22 66416'-644664 STA
23 004il''600265'- CRLF
24 ' 66412'-614662 DSZ
25 66412'-600775 JMP
26 00414''102460 SUB
27 06415''646657 STA
28 66416'660411'- CRLF
29 00417'-060416' CRLF
26 00426'-060417'- CRLF
31 66421'-177777 MES
32 00422'-626455 , TXT
33 06423'- 060655
34 6 6 424'- 6 6 O 4 2 O'- CRLF
35 00425'* 660424'' CRLF
36 06426'-620062$ LDA
27 06427'-624732 LDA
38 66426'-152406 SUB
39 00431'060245' PUTC
46 00432'151400 INC
41 60433'146414 SUB#
42 66434'666775 JMP
43 60435'606421' MES
44 6643b'652521 . TXT

• 45 60437'052505
4b 60440'651505
47 06441'640440
48 00442'026124
49 00443'651124
56 06444'043101
51 00445'644505
52 0644b'626103
53 00447'644514
54 00450'044107
55 00451'020124 
58 06452'047516
57 66453'660058
58 66454'836663- LDA

6
3, R l 
3, DDOS 
0, C44
1.. SBUF
1 ., 1
2,. BUFC
@D, WIN, 3
@R1 i EOF
R l
6R1

1

3, HRET 
6,LNCHT 
1, PAGEL
8,1, SNR 
. +5
1, LNCNT
LNCHT 
. - 2
0.' 0 .! CLEAR LINE COUNT
0, LNCNT

* -------

0, SP
1, C2S
2,2

2,2
2,1, S2R j FINISHED ?
. -3 j NO

^QUEUES AT TRAFFIC LIGHT NO,
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PAGE 7 *COPY ROUTINE*
Q 7 / 6 4 / 7 5
1 60455'626626 LDA 6, CCS
2 66456' 113080 ADD 6,2
3 66457'021277 LDA 0,-I,2
4 86460'600251' PUT ; TLIGHT NO
5 69461'666663
6 00462'00'"..125' CRLF
7 00463'066462' CRLF
8 66464'688435' MES9 08465'642446 . TXT * EPOCH *

5.6 80466'647528
11 68467'644163
12 66476'008040
13 06471'126460 SUB 1,1
14 60472'644456 STA 1, HHi
15 66473'616455 HI: IS2 HH1 *
16 68474'068464' MES
17 86475'026040 . TXT * LEG NO*
18 66476'828648
19 66477'646646
26 00500'843505
21 06501'647646
22 00502'600117
23 68502'026445 LDA 0, HHi
24 68564'111000 MOV 6,225 66565'666466' PUT
26 00506'666681 1
27 08567'066474' MES
28 06518'020640 . TXT * *
29 06511'006640
26 86512'636436 LDA 2, HHI
31 06513'624426 LDA 1, C4
32 86514'132414 SUB# 1, 2, S2R .! FINISHED
33 00515'800756 JMP HI ; NO
34 86516'666463' CRLF
35 06517'624432 LDA 1, C7
36 • 88528'844428 STA 1, HHI
37 06521'826862$ LDA 6, JP
38 68522'866431' PUTC
39 66522'614425 DSZ HHi
40 08524'008776 JMP . -2
41 68525'152400 SUB 2,2
42 66526'151400 H2: INC 2,2
43 06527'141666 MOV 2,6
44 08536'000565' PUT
45 66521'606662 2
46 86532'624864- LDA 1, C5
47 66533'122414 SUB# 1, 2, S2R i END OF LEG
48 06534'680772 JMP H2
49 00525' 616412 IS2 HHi56 6652b'626662$ LDA 0, SP
51 66537'666522' PUTC52 66546'820416 LDA 8, HHI
53 06541'634410 LDA 3,0454 66542'162414 SUB# 3,0, SZR , FINISHED ?55 60542'006761 JMP H2“l } NO
56 08544'00851b' CRLF
57 06545'660544' . CRLF
58 66546'662461 JMP 6HRET

}t
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PAGE 8 *C0PY ROUTINE*
0 7 / 0 4 / 7 5

00547'000001 HRET: . RLK
00556'OO0O01 HH1: . BLK
80551'000004 04: 4
00552'000087 07: 7
00553'000410 BUFC: , BLK

801163' NEXT C



PAGE 9 
67/94/75 

1

*COPY ROUTINE* 

} IFILE

4 006001 . TXTt' 1
5 01163'177777 NONE
6 01164'660000 0
7 01165'606060 0
8 01166'600000 6
9 .01167'666666 0

16 61176'001222' NEXT I
11 61171'044566 . TXT * IFILE*
12 61172'644514 '
12 61173'642466
14
15 61174'034601$ IDA 3,DDOS
16 01175'030601- LDA 2,. NAME
17 01176'102466 SUB 0, 0
18 61177'105600 MOV 6.-1
19 61266"667460 JSR 6D. CYS, 3
26 01261'006611 0. CRT
21 61202'101406 SUB 6, 0
22 01263'624662- LDA 1,, BUFC
23 61264'636661- LDA 2j . NAME
24 61205'007406 JSR @D. CVS, 3
25 61266'600607 0, OPN
26 61267'606146' PUTP
27 01216'061221' I FI
28 01211'634661$ LDA 3, DDOS
29 61212'630661- LDA 2,. BUFC
26 01213'007400 JSR 0D. CVS, 3
31 61214'600010 0. CLO
32 61215' 102400 SUB 0, 6
32 61216'624002- LDA 1,, BUFC
34 61217'620061- LDA 2,, NAME
25 01226'667466 JSR @D,CYS/3
36 61221'000607 I FI: 0. OPN
37 001222' NEXT I*.
38
39
46

J CFiLE
} CLOSES FILE ///TRDAT/

41 } CFILE MUST BE CALLED BE
42
43 61222'661103' NONE
44 61223'060666 6
45 61224'/06OO6 0
46 61225'000060 0
47 61226'606666 0
48 61227'001243' NEXTF
49 61236'041566 . TXT nCFILE*56
51
52
53

61231'044514 
61222'642400
61233'061267' PUTP

54 01234'001242' CFi
55 01225'634001$ LDA 3, DDOS
56 6122b'036602-- LDA 2,. BUFC
57 61227'667400 JSR ®D. CVS, 3
58 61246'000613 0. EOF

} NO VARIABLE ROUTINE
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PAGE 1 
05/25/75 
1 
2
3
4
5 
5 
7 
S 
9

10 
11 
12
13
14
15
16
17
18

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45 .
46
47
48
49
50
51
52
53
54

. TITL 

} INITIALISES 
. EXTN

00003-000014' .IGEN:

06000''308833' 
00001'000000 
00002'888880 
00003'000000 
00004'000880 
00035'000343' 

000001 
00006'044537 
00007'842516 
30010'308000
00811'177777 
00312'300013'
00013'806008-

00814'102480 IGEN: 
00315'363076 
80816'068278 
00317'020491 
00028'068080 
00021'063076 
00822'828413 
03823'062076 
08024'028416 
00025'040414 
80326'068370 
00027'060376 
00030'014411 
00031'000775 
06032'001400

00833'177777 161:
00034'101460 
66035'646405 
30036'177777

60037'080877 077:
00048'880007 07:
66041'006801 IP; 
30642'000001

600643'

I GEN

GENERATORS
RETURN,GETAO, PUTF, GET

. ZREL 
I GEN
. HREL

IGi
6
8
0
6
NEXTG
. mu
. TXT

PUTP 
. +1 
JSR

SUE
DOC
NIOC;
IDA
NIO
DOC
IDA
DOB
LDA
STA
HI OP
NI OP
DSZ
JMP
JMP
GET
INC
STA
RETURN
77
7
. BLK 
1

NEXTG
, END

} CONSTANT ROUTINE 
} NO STORAGE

1
*IGEN*

6, I GEN
0, 6 
0, 76 
70
0, C7 
0
6,76 
6, 077 
6v 76 
0, LR+1 
0, LP 
70 
76 
LP 
. -3 
6, 3

0, 6
0, LP+1

> PROGRAM

i SET UP MODE 8 
, CLEAR GEN 2 
) MODE 7

MASK 6 BITS

i LOOP TO SHIFT 
; INITIAL CONDITION

! NO. OF SHIFTS



PAGE 1 
66/25/75 

1 
2 
2
4
5 66660'*
6 00601**
7 06002'*
8 66663'*
9 66664'*

10 66665'*
11 06665'*
12 66667'* 
12 08610'*
14 60611'
15 68612*16 00613'
17 00014'
18 60615'
19 66615''
26 06617'
21 56520'*
22 06821'* 
22 66622'
24 * 80023'
25 66624'
26 08625"
27 68626"
28 66627"
29 66636"
26 00G31"
21 08632"
32 60023"33 08624"
34 66635"
35 66636"
36 00027"37 06640"
38 66641"
29 66642"
40 66642"
41 06644"
42 88643"43 66646"
44 60047'
45 66656
46 68651"
47 60052"
48 68653"
4^ 68054"
56 00653"
5.1 66655"
52 08057"
53 06660*
54 66661"55 06862'
56 60662"
57 66664"
58 68665"

068801
177777
866666
666888
666666
000000
666114"
047117
651115
840514
666666
026011
017411
617616
016467
615367
615545
615005
626265
623444
626544
621642
621543
624622
622282
024401
622521
625251
622626
625546
617556
012017
626226023820
617300
014617626230
021286
621760
612246
615417
617017
614240
623756
017726
621617
017'30
026360
021250022260622417026340
615746
624366
614720

. EXTH NONE 

. NREL
,TKTM 1 
NONE 
6 
0 
0 
0
NEXT
. TXT ^NORMAL*

620611
017411
017010
616467
015367
615545
615005020205
623444
626544
021043
021642
624622
622202
624461
022521
625261
623020
625546
017550
012617
620226
623626
617300
814017
020360
621266
021766612340
615417
617617
614346
623760
017720
621617
017366
626368
621256
622368
022417
626346
615746
624368
614720



PAGE 2 
0 6 7 2 5 /7 5
1 00066/626017 626017
£ 60667-1614666 814666
3 60876'828c4u 620546
4 00671'612420 812420
5 00072'015261 615261
6 66673'613121 6131.21
7 66674'615461 615401
S 00075'013602 Ci3682

• 9 00876'016022 816022
16 60677'614243 614243
11 66106'616443 616443
12 66161'017244 817244
13 00162'617444 017444
14 66163'614605 614685
15 66164'623005 623605
16 00105'022546 622546
17 88166'822387 622267
IS 00107'021407 021407
19 80116'621016 621016
26 60111'626411 626411
21 66112'660046 608040
22 60113'666016 006010
23 666114' NEXT = .
24 ' . END
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AprEW ix 13
SIMULATION ROUTINE STORAGE MAPS

Table A13>1. Constant Sto ,,ge Map fo r  EL INK 

Word No. (OCTAL) CONTENTS

0 Flow Rates Lane 1

1 Flow Ratei Lane 2

2 Flow Rate Lane 3

3 Flow Rate Lane 4

4 Flow Rate Lane 5

Table A13.2. I n i t i a l  Storage Map fo r  ELI

Word No. (OCTAL) Contents

0 OUTPUT LANE 1

1 OUTPUT LANE 2

2 OUTPUT LANE 3

3 OUTPUT LANE 4

4 OUTPUT LANE 5

5 WORD 1 LANE 1

6 WORD 2 LANE 1

7 WORD 3 LANE 1

10 WORD 4 LANE 1

11 WORD 1 LANE 2

14 WORD 4 LANE 2

15
f WORD 11 1 ANE 3

20
i WORD 4 LANE 3

21 WORD 1 LANE 4

2,4 WORD 4 LANE 4

25
1

WORD 1 LANE 5

30 . WORD 4 LANE 5

(START OF STREE

(END OF STREET)
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T a b l e  A 1 3 - 3 -  T L I G H T  I n i t i a l  S t o r a g e  Hap

Word No. (OCTAL)

31

32

Function

0 OUTPUT FROM LEG 1

1 • OUTPUT FROM LEG 2

2 OUTPUT FROM LEG 3

3 OUTPUT FROM LEG 4

4 QUEUE 1 LEG 1

5 QUEUE 2 LEG 1

6 QUEUE 3 LEG 1

7 QUEUE 4 LEG 1

10 QUEUE 5 LEG 1

11 QUEUE 1 LEG 2

12 QUEUE 2 LEG 2

3 QUEUE 3 LEG 2

,4 QUEUE 4 LEG 2

15 QUEUE 5 LEG 2

16 QUEUE 1 LEG 3

17 QUEUE 2 LEG 3

20 QUEUE 3 LEG 3

21 QUEUE 4 LEG 3

22 QUEUE 5 LEG 3

23 QUEUE 1 LEG 4

24 QUEUE 2 LEG 4

25 QUEUE 3 LEG 4

26 QUEUE 4 LEG 4

27 QUEUE 5 LEG 4

30 SIGNAL WORD

SIGNAL COUNTER 

OFFSET FLAG

z
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Table A13.3- TLIGHT Constant Storage Map

W o rd  No. (OCTAL)

0
11

2

3

4

5
6

7 '
10

. 1,1 
. •

ils
i
i

23

i
31

32

33

34

35

j,
«
i

4*6
i

5*4

55

56

Function

S a tu ra tio n  Flow leg 1

S a tu ra tio n  Flow leg 2

S a tu ra tio n  Flow leg 3

S a tu ra tio n  Flow leg 4

LEFT TURN CONST. QUEUE 1 LEG 1

LEFT TURN CONST. QUEUE 2 LEG 1

LEFT TURN CONST. QUEUE 3 LEG 1

LEFT TURN CONST. QUEUE 4 LEG 1

LEFT TURN CONST. QUEUE 5 LEG 1

LEFT TURN CONST. QUEUE 1 LEG 2
i

LEFT TURN CONST. QUEUE 1 LEG 3
i

LEFT TURN CONST. QUEUE 1 LEG 4
i

RIGHT TURN CONST. QUEUE 1 LEG I

RIGHT TURN CONST. QUEUE 2 LEG 1

FIGHT TURN CONST. QUEUE 3 LEG 1

RIGHT TURN CONST. QUEUE 4 LEG 1

RIGHT TURN CONST. QUEUE 5 LEG 1

RIGHT TURN CONST. QUEUE 1 LEG 2
ti

RIGHT TURN CONST. QUEUE 1 LEG 3

l
i

RIGHT TURN CONST. QUEUE 1 LEG 4
I
i

ACCEPTANCE GAP DISTRIBUTION ADDRESS 

ACCEPTANCE GAP DISTRIBUTION MEAN CONSTANT 

ACCEPTANCE GAP DISTRIBUTION STD. DEV. CONSTANT

57 OFFS Elr peru□D LENGTH

60 PHASE i - 3 GREEN PERIOD LENGTH

61 PHASE 1 - 3 AMBER PERIOD LENGTH

62 PHASE i - 3 DEAD PERIOD LENGTH

63 PHASE 2 - 4 GREEN PERIOD LENGTH

64 PHASE 2 - 4 AMBER PERIOD LENGTH

65 PHASE 1 -  3 DEAD PERIOD LENGTH



APPENDIX H

PROGRAMS FOR GENERATING CONSTANTS FOR ARBITRARY D IS TR IB U TIO N S



BASIC Program 'DISTB

10 REM UScr FvvTME XUST PT LIME 2 . 7 *
20 "EM nWL END WITH ft RETURN
E-0 REM ?nt NT'MEEE IE =-EEEI; IN N AND THE RELR'T-- c^.T.i-TMfv
40 REM MUST BE “vftl-ED IN R """ "
50 REM M ftMD RE MUST N,I-- EE MSClrlE: SY USE? ;0U?IMF 
<0 PRINT ' NO. Or NUMBERS IN SET •= 11 j 
70 INPUT ftp 
SB PRINT
96 PRINT "TURN OH PUNCH PNC HIT ESCftRE"

100 ESCAPE 1
11© IF EECMO THEN 1:6
126 GOTO 116 •
12© FOR M=L TO A''-
146 G05UB 276
150 LET R=R+1066:O
166 IF CK/S-:N7IN'B)0:D6 THEN 230
170 IP- ESC':6:' THEN 196
186 GOTO 176
190 PRINT
260 PRINT "PUNCH ON"
21© . IF ESC<6/ THEN 2:6 
226 GOTO 216
236 PRINT USING R:
246 PRINT "
256 NEXT N 
266 END
270 LET Nl='N-:::'/S 
236 LET =-SOPI3vftTN(1)>
296 LET R=E::P''-N1*N1/IV/PY. 12S
266 RETURN



233
PAGE 1
6 6 / 1 2 / 7 5
1 .TITL DIST
2 ; PROGRAM 70 COMPUTE
3 J FOR THE RAHDUil MUMS
4 ,i OUTPUT IS TO DISK I
5£ j OF ASOURCE PROGRAM
7 .EXTN . DSUB
8 .EXTN . DBIN
9 666661 .TXTM 1

10 . HEAD11 •
12 006662 . LOG 2
13 60662 662604 JMP 6, +2
14 60663 002605 JMP 8. +2
15 6 6 >3 6 4 0 0 Ci 688 f STRT
16 66665 860006' STRT1
17
18 000646 .  LOG 4619 60048 006546'' READ: . GETC
20 60041 066557' PRINT: . PUTC
21 66642 60853b'’ DSK: . DSK22 66642 660557" PV7G: . PUTC
23 66844 000801 TEXT: . BLK 1'24 88645 661011-' RTN1: . RTN1
se­ 6664b 608081 RET1: . BLK 1
as 00047 166600 1HD: 86
27 .
28 . ZREL
29
36 00006-177777 DSUB: .OSUB
31 08661-17777? DADD: . DADD
22 86662-177777 Oi'IV: .  DDIV
32 00002.-17777? BIND: . BIND
34 68664-177777 SING: . 81 NO
35 66865-177777 DDB: . DDB
36 00085-177777 DBIH: . DBIN
27 00007-600615 OR: 15
38 08010-000011 12
35 66611-677466 MSK: 77400
46 06012-680001 DECS: .8LK 1
41 86812-000015 .D-Xl: D. TX1
42 66814-550001 SU=P: .BLK ' 1
43 68615-066624- EN4ME: 2*. ENAME
44 00018-015615 -EMAME ; U-^400-15
45 66617-000742" NAME: . NAME
46 00016-661724-' -CIO: 2*. PROG
47 66621-662618" SPROG: 2m", EPROG
48 08022-000601 G'17'1 - . BLK i
45 00622-000622 CNT2; EPPOG-. PROG
56 86624-600010 "NT7 * .RTN1-. EPFCG
51 66625-666177 C177;' 177
52 88028-660001 C105' 1
53 86027-102246 103240
54 668Z6-001=4f . 2*. 5752
55 068:1-801466" S7M54: 2*. ST54
56 06622-001446" STME5- 2*. 5"'55
57 00022-001472" 5TM56: 2*.' iris
58 00024-001524 •> STMS?: 2*. ST57

*t>IST PROGRAM*
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PAGE 2 *D IS T  PROGRAM*
6 6 / 1 2 / 7 5
1 00635-0015:2" ETM5S; 2*. S75£:
2 6*662 6-601540" 271159: 2*. ST59
3 00037-001344" STMSe: 2*. 5765
4 00646-061576" 5“MSi: 2*. 5761
5 00641-601626" 27Mf2: 2*. 5762
6 66042-661652" 5TM63: 24:. ST63
7 00042-000001 MEAN: . BLK 1
S 00644-600001 STD: . BLK 1
9 00043-001812 • N: . N

16 6 86 4 6-601023'’ F: . F
11 80047-001624' RF: . RF
12 66656-666657- U; . g i b
13 0 8 031-6000” 3 - ,6-1: . XN
14 66652-666160- XP; . XP
15
16 80032-000000 . F16: 0
17 66634-006000 , Fll: 0
IS 06055-868006 .F12: 0
19 006 -■ 3 - 606>5 0 0 . F13: 0
26 08057-606602 .516: . BLK 2
21 •3 6611- 66666 4 . H16: .. BLK 4
22 06665-666064 .Hll: . BLK 4
23 66671-666660 08: 8
24 00672-668661 Cl: 1
25 66672-666682 02: 2
26 66674-66661™ 017: 17
27 00677-000062 . XN: . BLK 2
28 86677-666661 . V N : .BLK 1
29 06166-666802 .XP: . BLK 2
30 88162-656661 .YP: . BLK 1
31 06163-270006 M5K17: 170808
32 00184-006063- A631: , Hll
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PAGE' 3 WDIST PROGRAM*
0 6 / 1 2 / 7 5
1
2 j START

. NREL
OF PROGRAM

3
4 00000-'854612- STRT: SIR 3, DDOS
5 66001'024047 LDfi 1, IND
6 00002'137000 ADD 1,3
7 66603-'624613- LDA 1, . DTX1
8 66664-'167666 ADD 3,1
9 66665''644644 SIR 1, TEXT

10
11 68666-'066645 STRT1: -JSR SRTNl
12 06067-' 636637- LDA 2, 5TMS6
13 00010'066644 JSR 0TEXT
14 00611-'636617- LDA 2, NAME
15 80012-'151126 MOVZL 2, 2
16 00013-' 056622- SIR 2, CNT1
17 00614-' 006040 vPl: JSR BREAD
18 06615*'024067- LDA 1,CR
19 00016-'106415 SUB# 6,1, SNR
20 60017-'006414 , JMP FIN
21 86020'155222 MOVZP 2, 3, SZC.
22 OOOOi-'060467 JMP LP2
23 60022'024611- LDA 1, MSK
24 06623'101306 MOVS 8, 8
25 00824'122460 AND 1/8
26 00625-' 641486 SIR 6/ 8/ 3
27 00026' 151460 INC 2, 2
28 66627'666765 JMP LP1
29 66636'025466 LP2: LDA 1, 0, 3
38 66631'123666 ADD 1/6
31 86832'060772 JMP . -5
32
33 80022'620012- FIN: LDA 0/CNT1
34 60024'145600 MOV 2/1
35 80028'106400 SUB 0/ 1
25 06626'644022- STA 1/ CNT1
37 .00627'182406 SUB 6/ 6
38 66646' 155223 MOVER 2/ 3.. SNC
39 80041'000464 JMP . +4
40 66642'625406 LDA 1/0,3
41 66042'820611- LDA 0/ MSK
42 60044'122486 AND 1/0
43 00643'" 041400 STA 0/ 8/ 3
44 6664%'60S845 JSR 8RTN1
45 06647'6-4012- LDA 3, DDOS
46 00O36-'026017- LDA 2, NAME
.47 60651'122466 SUB 0/6
48 666:2'6240?3- LDA 1/02
49 80652'0074O6 JSR @D. CVS/ 3
56
51

66054'666011
66655’102406

0, CRT 
SUB 6/ 6

52 00030-' 165246 MOVOR 0/1
53 66057'3:2217- LDA 2/NAME
54 60660'667466 JSR 6D. CVS/ 3
55 00001'800007 0, OPM 1
56 60682-'028023- LDA 0/ CNT2
57 068G:'101126 MOVZL 0,6
58 66064'624020- LDA 1/ PROG

PROPS
flSC’l I



PAGE 4 
66/12/75
1 66665'' 207407
2 60666 024017-
3 60067'125110
4 60676'620022-
5 00671'" 067467
6 06672'024015-

, 7 08072/0260'":-
S 66674'' 007407 
9 66675-' 055614-

16
11 66675'666045
12 06077'620642-
13 60100"0650^^
14 66161'005006-
15 86162-'64404:-
16 06162-'665645
17 00164''' 62 60-1-
18 00105'" 005044
19 06105'505505-
26 00167 044844-

- 236 -
Hi D IET PROOF AM*

JSP. @D. MOT, 3
LDA 1, NAME
MOVZL 1,1
LDA 6, CNT1
JSP. @D. MOT, 5
LDA 1,ENAME
LDA 6, 02
JSP §D, MOT, 3
STA 2, BUFF

JSP OPT Ml
LDA 2, STM53
JSP 6TEXT
JSP 0DB IN
STA 1, MEAN
JSP 0RTN1
LDA 2, STM52
JSP OTEXT
JSP ODB IN
STA 1, STD



PAGE 5 
66/12/75
1 66116''666645
2 30111"030S30-
3 00112"666644
4 66112 066085-
5 00114"966216
6 86115"656653-
7 68116"151216
8
9 68117"102620

16 60126"151222
11 66121"660402
12 66122"161228
13 60123"860775
14
15 66124"8408E0-
16 06125"024671-
17 68126"644657-
18 
19
26 86127"834045-
21 00130"828053-
22 06131"117000
23 68132"854046-
24 66123"161126
25 80124"117606
26 06123" 05.404“-
27
28 06126"826072
29 66137" 646861-
30
31 00146"620071-
32 00141'105068
33 08142"02004%-
34 06142"634645-
35
36 86144"645400
27 66145"641000
38 86146"041061
39
48 06147"125466
41 00156"175486
42 86151"151466
43 66152"151486
44
45. 06132"0140*1- 
46 66154" 666776

- 237 -
*D IS T  PROGRAM*

.D00: JSR 8RTN1
LDP! 2, 5TM53 
JSR 6TEXT 
JSR 6DDE:

NIOC TTI
STA 2, , F18
MO VSR 2,2

.D01: SUBZR 0,0
H0V2R 2,2 S2C 
JMP . 001© 
MOVZR 0,6 
JMP , 001+1

, 0010: STB 6,,G10+1
IDA 1,00 
STA 1, . G18

.004: LDA 2, N
LDA 8,, F16 
ADD 8,2 
STA 3,F 
MOVZL 6,0 
ADD 6,3 
STA 2, RF

.0041: LDA 0,, FIS
STA 8,. H16

LDA 8, 00 
MOV 6,1 
LDA 2, F 
LDA 3, H

.0042: STA 1,6,3
STA 8,6,2 
STA 6,1, 2
INC 1,1 
INC 3, 3 
INC 2,2 
INC 2,2
DSS . Hi8 
JMP . DO42

■f

J.NO. OF MEMBERS IN SET

;STORE AT .F 18

,t COMPUTE U

!STORE U

}COMPUTE STORAGE AREAS 

)INITIALISE N AND F
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PAGE S
06/12/75
1
2
3 00155'’0060^5
4 00156"' 030031-
5 00157'" S06041
6 00160'-006G45
7 06161"'020062-
•3 00162''086044
9 00162/066645

16 66164'- 636633-
11 06165'-666041
12 66166/666045
13 66167'" 8206:1-
14 66176'-066044
15 00171-'666045
17 00172'" 828052-* 
NCiES
18 00172/024071-
19 06174''028647-
20
21 86175'" 640061-
22 66176-'044062-23 06177'" 05606:-
24 • 68268'' 666116
25
26 00201*'820624-
27 06202'-066044
28 08202 "021662-
29 68264'606863-
30
'31 00205''020625-
32 66266'' 666844
33 66207'"606665-
34 06210''644866-
35 062il‘05666"-
36

*DIST PROG:AH*

60212''620071-
3? 00212'" 040065-
38 66214'' 646676-
39
48 66215''620628-
41 86 2 l f '624627-
42 08217*' 82 6104 -
42 66226'66%002-
44 06221"'82480=-
45
46
47 66222/045461
4849 60224'" 2:66:6.
56 66225''666644
51 002lG*’00fc047

0 0 2 2 2 '0 4 1 4 6 8

.  D85;

. D66'

HI OS 
. b e ? :

, D68:

JSR 8P.7N1 
IDA 2,STH54 
JSR 6TE/T 
JSR 6RTH1 
IDA 2> STM55 
JSR ©TEXT 
JSR ©RTN'l 
Lb A 2,STM5G 
JSR ©TEXT 
JSR 6RTH1 
IDA 2., STM54 
JSR ©TEXT 
JSR 6RTM1
LDA 8.', F10

LDA 1, C8 
LDA 2,RF

STB 8,, H16 
SIR 1,. H10+1 
SIR 2.t. H10+2 
TTI

2.> STMS7

STA
STA

LDA 
JSR ©TEXT
LDA 1,.. Hie+l 
JSR ©BIND

LDA 2> STMTS' 
JSR ©TEXT 
JSR ©DDB 

1,. Hll+1 
2> . Hi1+2 

LDA 0,00 
STA 6, , Hi! 
STA 0,.Hli+3
LDA 8,0165 
LDA 1,01054-1 
LDA 2, A 6 : i  
JSR ©DDIV 
LDA 3,. H10+2
STA 6,0,3 
STA 1,1,3
LDA 2.STM5? 
JSR ©TEXT 
JSR ©RTH1

; OUTPUT TABLE HEADING.

}LOOP TO INPUT RELATIVE FRESUE

,! DIVIDE EV 10**5
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PAGE 7 *01ST PROGPAM*
65/12/75 

1
£
3
4

00227'01006:- . D09: ISZ .H10+1
00226''02005:- LDA 6, , H10+2

5 06231-'024073- LDA 1, C2
6 00232'122006 ADD 1, 0
7
8 
9

00222-'040063- STA 6, . H10+2
00224'614061- DS2 . H10

16
11

00235' 666744 JMP . D07
12 00236'020021- - LDA £j STM54
13 06237'006044 JSR 6TENT
14 66246'6666^: JSR ORTNI
15 06241-'634642 LDA 3, DSK
16
17

66242'05^6^1 STA 3, PRINT
18 06242'0200;:- . Die: LDA 0, . F10
19 00244'624647- LDA 1, RF
26 60245'640661- STA 6,, H10
21
22

66246'044O62- STA 1,.. H10+1
23 08247'634062- . Dll: •LDA 2,.H18+1
24 06256'621466 LDA 0, 0, 3
25 ©6251'025461 LDA 1,1,3
26 ' 002:2'006006- JSR 0DSUB
27 00252 000057- . 010
28 06254'624062- LDA 3,. H10+129 66255'041466 STA 0,0,3
36
31

66256'645461 STA 1,1,3
32 08257'624672- . D12: LDA 1,02
33 06266'127868 ADD 1, 3
3435 66261'654662- STA 3,. H18+1
36 06262'014061- DSZ , HI©
37
38

06262'606764 JMP .Dll
39 66264'020052- . D13: LDA 6, . F10
46
41

06265'646661- STA 6,. H10
42 06266'020971- , D14: uDA 6, C9
43 ■66267'646675- STA 6,. XN
44 60276'646076- STA 0, .XH+145 00271'040106- STA 0,. XP
46
47

0 6 2 7 2 /)40161- STA 6, . NP+1
48 66273/62005:- .D15: . LDA 0,. F10
49 06274'624647- LDA 1, RF
56
51

00275'828071“ LDA 2, CO
52 0627E'040082- STA 6,. H10+1
5.3 00277/644663^ STA 1,. H16+2
54 00300'8566-4- STA 2,. H16+3

j INC. NUMBER COUNT 

; ADDRESS COUNT INCREMENTED 

;RULE OFF TABLE

j LOOP TO COMPUTE RF=RF-U

J LOAD R.F 

> RF-U

; INCREMENT RF ADDRESS ,

t
J OUTER LOOP TO GET N AND F 

i XN AND XP TO @

i INNER LOOP



PAGE 7
0 6 / 1 2 / 7 5

1
2 80227'' 010061"
3
4 00230'02006:-
5 0023:1''024973-
6 00232'122000
7 00233'040063-
8
9 08224'814061-

10 80235'00B744
11
12 00226'020831-
12 00227''086044
14 08248'* 8068‘‘5
15 00241'034042
16 @0242'054841
17
18 08242''028853-
19 00244'024O47-
20 00245'040061-
21 00246''044862-
22
23 00247'034862-
24 O025O'021480
25 08251'825401
26 ' 00252'806808-
27 80252'800057-
28 00254'034062-
29 06255'841408
36 00255'’ 845461
31
32 66257'024872-
33 00-50'127000
34 006.61'054052-
35
36 ©0262'614061-
37 80263'800764 
28
39 00264'02@052-
40 00265'040061-
41
42 00266'0200-1- 
42 . 00267''040075-
44 08270'840076-
45 00271'048100-
46 80272'040181-
47
48 88272'820852-
49 08274'©24047-
50 00275'020071-
51
52 00276'040062“
52 00277'044063-
54 00200'050064“
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*D IS T  PROGPAMv

,D69: ISZ .H10+1

IDA 6, , H10+2
IDA 1, C2 
ADD ±> 0 
STA 0.' . H10+2
DSZ . HI©
JMP . D07
IDA 2,STM54 
JSR ©TEXT 
JSR SRTNi 

IDA 3, DSK
SIR 3,PRINT
. D18: IDA 0,. . FI8 .

LDA 1, RF 
STA 0, . Hi8 
STA 1,. H10+1

, Dll: •LDA 3,, H18+1
LDA 0,0,3 
LDA 1,1,2
JSR 0DSUB 
, G10
LDA 3,, H18+1 
STA 0, 0, 3 
STA 1,1,3

,D12; LDA 1, C2 
ADD 1,3 
STA 3. , H18+1
DSZ , H10 
JMP .Dll

.013: LDA 8,. F18
STA 8,. H16

, D14: LDA 0, C0
STA 0,. XN 
STA 0,. XH+i 
STA 0,. XP 
STA 8, . XP+i

,D15: , LDA 0,. F10 
LDA 1, RF 
LDA 2, 08

STA 0, .H10+1
STA 1,. H18+2 
STA 2,.H10+3

;INC. NUMBER COUN

ADDRESS COUNT INCREMENTED

t RULE OFF TABLE

,* LOOP TO COMPUTE RF=RF~U

LOAD RF

J RF-IJ

jINCREMENT R F  ADDRESS

;OUTER LOOP TO GET H AND F

}XN AND XP TO 0

;INNER LOOP



PAGE 8
& S /1 2 /7 5

1
2 06301'gC40C-
3 00302'021400
4 00202'625401
5 ©02S4'006000-
6 00205'566675-
7 06306'161113
S 00307' 006411 
9 06210'034062-

16 06311'621406
11 06:12'025401
12 86312'040075-
13 ©0314'644676-
14 06215'625664-
15 06216'050677-
16 00217'660412
17
18 0 0 2 2 6 '0 2 4 0 6 2 -
19 66321'021460
20 00322'025401
21 60323'006000-
22 ©6324'660100-
23 06325'101112
24 66226' 000414
25
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* 0 1 ST PROGRAM*

60327'161014
26 60236 '0 00407
27 00 2 2 1 '1 2 5 0 1 5
28 0 0 2 2 2 '0 6 0 4 1 6
2930 0 0 2 3 3 '0 7 4 0 - :: -
31 66334'0214© ©
32 00227'62340132 06236'646106-
34 0 0 2 2 7 '0 4 4 1 0 1 -35 06246'030684-
36 0 0 2 4 1 '0 5 0 1 0 2 -
37
28 . 6 6 2 4 2 '6 1 0 0 6 4 -
39
40 6 0 3 4 2 '0 3 4 0 6 3 -
41 0©:44'620673-
42 06245'157606
43 © 6 3 4 5 '0 5 4 6 6 3 -
4445 6 0 :4 7 '6 1 4 O 6 2 -
46 66250'606721
4748 60251'62O6T5-49 06332'16100556 06253'200472
51 6 0 3 5 4 '6 2 0 1 0 1 -
52 06355'161005
33 062 56 '0 06447

D16:

D17: 
D19 :

D18:

D21;

D22:

IDA 3,. H10+2 
LDB 0,' 0, 3 
LDR 1, 1, 3 
J5R 6DSUB 
. XN
MOVL# 6 ,0  SHC 
JMP , D18 
l.DA 3,. Hi©+2 
LDfl 6, 6, 2 
LDR 1,1,3 
ST A 6, , XN 
STA 1 , .  XN+1 
LDR 2,. H10+2

!COMPUTE RF-. XN

;GREATER THAN OR 
;+VE - JUMP

STA 2, YN
JMP , D22
LOR 3, . H10+2 .= COMPUTE Ff-XP
LDfl 6, 6, 3 
LDR 1-1,2 
JSR 6DSUB 
. XP
MOVL# 6,6 S2C 
JMP . 022 
MOV# 6,0 S2R 
JMP . 021 
MOV# 1,1 SNR 
JMP . 022
LDR 2,. H10+2 
LDfl 6,0,3 
LDR 1.1,2 
STA 0,, XP 
STA 1,. XP+i 
LDfl 2,.H16+3 
STA 2,. VP

1SZ .H10+2

LDfl 2, . H10+2
LDR 2,C2 
ADD 2.:
STA 2,. H16+2

i GREATER THAN 01 
} JUMP - RESULT 
GREATER THAN OR 
i RESULT > 6 
.!
;RESULT 6 

,* XP=,RF

VP=J .

j INC. COUNT 

;INC. ADDRESS

DSZ
JMP

H10+1
DIG

LDfl 0,. XN
MOV
JMP

0,0 SNR 
. D24 

LDfl 6,. XP+1 
MOV 6, 6 SNR 
JMP , 024

EQUAL TO 8

- TO 6?



P A G E  9
0 6 / 1 2 / 7 5

12 00157'" 020077-
3 00360'" 101120
4 00361'' 0240-7“
' 5 00362'" 117000
6 00363/ 024071-
7 00264"'045400
8 00265''045401
9

10 00266"0200-5-
11 00367'624076-
12 00370^006001-
13 00371'" 000100-
14 00372'" 030102-
1'" 80272'" 15112816 00174"" 024047-
17 00375'' 157088
18 00276'" 041400
15 00377'" 045401 
20
21 08400'" 0200-7-
22 08401"" 034845-
23 00402'" 117000
24 08402/024182-
25 80404'" 045408
26
27 00405'" 020075-
28 00406/ 824876-
29 00407-'006001-
30 08410'" 000857-
31 00411'034046-
32 00412'" 030077-
33 00413'" 151120
24 00414'" 157000
35
36 08415'" 028052-
37
38- 00416-" 151222
39 00417'000404
40 00420'127120
41 00421'" 181100
42 00422'000774
43
44 00423'041400
45 00424'" 045401
46
47 00425''014061-
.48 08426'O80640
49
50 00427 02005:- 
ORH
51 00430'" 824046-
52 00431'030071-
53
":i C'.'-.:' '40061-
55 C04:T ;4 4 0 6 2 -
56 004:4' 70053-

-  241  i
* D I£ T  PROGRAM*

. 023: LDA 0,. VN
MOVZL 0, 0 
LDA 3j RF 
ADD 0,3 
LDA 1, 00 
ST A 1, 0, 3 
SIR 1,1,3

.0231: LDA 0, - XN
LDA 1.-. XN+1 
JSR GORDO 
. XP
LDA 2, . VP 
MOVZL 2,2 
LDA 3, RF 
ADD 2,3 
STA 8,0,3 
STA 1,1,3

.0232: LDA 8,. VN
LDA 3,N 
ADD 8,3 
LDA 1, . VP 
STA 1, 0, 3

. 0234: LDA 8,. XN
LDA 1,. XH+1 
JSR GDRDD 
. Gie 
LDA 3, F 
LDA 2,. VN 
MOVZL 2,2 
ADD 2,3

. 0235 : LDA 2,. F10
,D22S: MOVER 2-2 SZC

JMP . 0237 
MOVZL 1,1 
110VL 8, 0 
JMP .0236

. D237 : STA 0, 0, 3
STA 1,1,3

, D24: DSZ . H10
JMP . D14

.025: LDA 0,. F10
LDA 1, F 
LDA 2,08

STA 0, . m e  
■ STA 1,. Hi8+1 

STA 2,, 818+2

j R F ( V H ) = 0

jRF(VP)=XN+XP 

;XN+XP

,• N(VN)=VP 

;F(VN)=U+XN

.

,MULTIPLY BY 1/U 

jLOOP TO OBTAIN F



PAGE 10
0 6 /1 2 /7 5

1 06435 '152400
00436''034062-
00437'025461

-  242
*DIST PRGGF.AM*

. D26:
k
3
4
5
6
7
8 
9

1011
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28 
29 
36
31
32
33
34
35
36
37
38
39 
48
41
42
43
44

00440''0:4674- 
00441-'054064-
00442"' 806481 
08442/125122 
00444'' 886404
68445'' 151406 
80446'' 014064- 
06447''000-7:
66450'02010:- 
06451'123700
86452'100600 
66453''156086 
60454'14:400

68455'0:40^5- 
66455'624667 
08457'i:-006 
66468'3^  
86461'

c ,406 
125:06

06462'124600 
86452'123408 
00464'1000.00
00465'105000 
08 466 ' 00608 4 -  
88 4 67'8 2 00 07- 
66476'664446 
86471'01006:- 
60472" 630062- 
60472'02467:- 
86474'123686 
86475'050062- 
06475'014661- 
66477'6607:6

D27.
D271:

, D28:

D29: 

D36:

D31:

- <

. D32:

MOV 
JSR 
1 DA 
uSR
L M
LDA
ADD
STA
DSZ
JMP

. SUE: 2, 2
LDA 2 j , H18+1 
LDA 1,1,3

LDA 3, Cl?
STA 3, . H10+3
JMP , H  
MOVZL 1,1 SZC 
JMP . D29
INC 2,2 '
DSZ .H10+2 
JMP . D27
LDA 6, MSK17 
AMDS 1,0
COM 8,6 
COM 2,2 
AND 2,0
LDA 3, H 
LDA 1,.Hie+2 
ADD 1,3 
LDA 1,8,3 
MOVS 1.1

COM 1,1 
AND 1,0 
COM 8, 6
6,1
@b :no
6, CR 
. DSK
. HI6+22., H16+1
1, C2 
1,2
2.. Hie+i 
. H18
.  026

} CLEAR ACC. 2 
GET F VALUE

JLEFT SHIFT ACC. 1 

; 1  IN CARRY BIT

; GET -MASK 
;RESULT IS M

;GET N NUMBER 

; N IN ACC. 1 

-i OR N AND F



PAGE 10
0 6 / 1 2 / 7 5

1 8643!: 1514@0
£ 66436'’524852-
3 06437''02:461
4
5 00440''0:4574-
6 86441'' 554664-
7
8 08442''060401
9  00442''125122

16 68444'' 008-6^11
12 66445'' 151455
12 86446/014564-
14 68447*' 068-72
15
16 68456'62515:-
17 66451''123766
18
19 66452"156505
26 66452'' 155866
21 60454''142455
22
23 60433*'02^3-
24 80455''524063-
25 06437''13-566
26 65458'' 525466
27 '86461''123:56
28
29 06462'124006
36 86463'' 123466
31 00464'155565
32
33 00463''163566
34 >36466*' 606004"
35 00467'" 02555--
_<6 08476''004446
37 86471''51556:-
38 80472'' 526862-
39 0647:/6240-:-
46 66474''133066
41 80473'535552-
42 60475''514061-

- 242
*DIST PROGFAMv

. D26:

D27: 
D271:

D28:

D29: 

D36:

D 31:

223

43
44 66477''6567:6

. D32:

MOV
JSR
LOR
JSR
ISZLDA
LDfi
ADD
STA052
JMP

- SUB 2, 2
LDA 3,. H18+1 
LDA 1, 1,, 3

LDA 3, 017 
STA 3.., H10+3
JMP , +1 
MOVZL 1,1 SZC 
JMP . D29
INC 2,2 '
DSZ . HI6+3 
JMP .D27

LDA 6, MSK17 
ANDS 1,0
COM 8, 0 
COM 2,2 
AND 2.6
LDA 3, H 
LDA 1,. Hl.0+2 
ADD 1,3 
LDA 1,6,2 
MOVS 1,1

COM 1.1 
AND 1,6 
COM 6, 0

6 ,1  
OBI NO 
6, CR 
, DSK 
.H18+2
2., H18+1 
1,C 2 
1,2
2., H16-H 
. H16
. D26

) CLEAR ACC. 2 
J GET F VALUE

s LEFT SHIFT ACC. 1 

;1 IN CARRY BIT

; GET -MASK 
•i RESULT IS M

> GET N NUMEE:

,‘N IN ACC. 1 

;0R N AND F



3
4
5
b
7
8 
9

i y  
11 
12 
13 

. 14
15
16
17
18 
19 
26 
21 
22
23
24
25
26
27
28 
29 
36
31
32
33
34
35
36
37 
36 
39 
46
41
42
43
44
45
46 
47.
48
49 
5%
51
52

PAGE 11 
66/12/75
1 66566'16246^3- 

66561-'666004- 
00502'020867- 
88503'' 664433 
00504"@2^044- 
66565'686804- 
60566-'62666-- 
00507"684427 
60516"’626614- 
86511"' 620824-
06512"'162126 
66513'' 624021- 
00514''024612- 
08515"687487 
00516"867466 
8651 7 8 88612 
66526*'667466 
06521"880810 
00522"62664- 
66523"046041 
66524"000047 
66525"030048- 0052':'66f644 
66527"626817- 
60526" 151126 
08331"08684406532"066047 
68332"686045 00524"024012- 
06535"601442 
0052b"05464% 
66537"64448b 
86548"826614- 
66541"624612- 08542"68^420 
00543"024482
08544"00104% 
06545'000081 
08546"84404% 
00547"663610 
00558/6667"' 
00551"000518 00552"101062 
00252"088774 
00554"824023- O0555"i23406 
0855b"81404%

C'SK:

DSK1:
.GETC:

- 243 -
*DIST PROGRAM*

IDA 1, MEANJSR OBI HOIDA 6, CR
JSR . DSK
LDA 1, STDJSR SB I NO
LDA 9, CR
JSR . DSK
LDA 2,BUFF
LDA 0, c m
MOVSL 0, 0LDA 1,EPROG
LDA 3, DDOSJSR SD. MOT, 2
JSR CdD. CVS, 3
0. EOF
JSR SD. CVS, 3
0. CLO
LDA 0, PUTC
STA 8, PRINT
JSR 0RTN1
LDA 2, STMS1
JSR STEMT
LDA 2, NAME
MOVSL 2,2JSR 6 TEXT
JSR 0RTN1
JSR OR TNI
LDA 3, DDOS
JMP D. HOM, 3
STA 3, RET1STA 1, DSK1
LDA 2,BUFP
LDA 3, DDOS
JSR CD. OUT, 2
LDA 1,DSK1
JMP 0RET1
. BLK 1
STB 1,RET1
SKPDN TTi
JMP . —1
DIAS 6, TTI
MOV 8, 6, SNRJMP . -4
LDA 1, Cl77
AND 1, 0
LDA 1,RETi

0055f"6b:511
00340"000777 
605bl"Obllli
66502"661466

PUTC: SKPB:
JMP 
DO AS 
JMP

TTO 
. -1  
6, TTO 
0 ,3
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2
3
4
5
6
7
8 
9

ie
11
12
13
14
15 
lb 
17
lb
26
21
22
23
24
25
2 b
27
29
29
36
31
32 
32 
34 
25 
36 
27
38
39 
46
41
42
43
44
45
46

M
49
56
51
52

54
65
56
57
58

RAGE 12
0 6 / 1 2 / 7 5

1 0 0 5 6 2 / 0 2 6 0 ^ 2
6-3564''044117 
00565-‘052^^0 
06566/046561 
00567'047121 
00970'020116 
00571-'0-2915 
00572''041105 
00572/ 651122 
66574''620111 
0057:'' 047045 
00576-’652110 
00377-'042^^6 
00600-' 651505 
66601-'652040 
00602-'006O00 
00662"6200^6 
00604-' 625852 
0060;-'629052 
O06O6-'625652 
0O6O7•029031
00616-'025652 
00611-'023051 
06612'025652 
00612'023031
• 06614'625652 
00613-'023032 
66616-' 025652
00617-'600000 
00620-'020040 
06621-'025048 
00622/04-125 
00622-' 046502 
0O624''842322 
00623'025840 
00626"020103 
0 0 627'' 054126 
006:0'04250: 
06631"052105 
0062 2-'042040 
066::-' 020052 
00624-'060000 
006:5"020040 
006:6/625040
00627" 620040
00646-'020640 
06641'620040 
00642"025040 
6064:'04=121 
00644-042521 
00645"052305 
*0546'847103
00647"0544^0
00650"026652 
00651'000000
00652'020646 
0665:"025040 
06654'000600

*DIST PROGRAM*
6133: . TXT 6 HOW MANY NUMBEF: IN THE

ST54; T X T 0 * * * * * * * * * • * ** iri * * * * 1=

r~ -  • . TXT 6 * NUMEEEi- EXPECTED ' *@

:T-5t .TXT 6 * * FREQUENCY *@

-957 : .TXT @ *  6



RAGE 13
0 6 / 1 2 / 7 5

06655 '

*DIST PROGS 5

1
2
3
4
5
6
7
8 
o

10
1.1
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28 
22
30
31 
.32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49 
5C
51
52
53
54
55
/ tr-
56
57
58

5040
00656"' 820040 
00657'020000 
00660/020052 
00661"'OOOOOO 
00662'O2OO40 
00662'047101 
00664'046:05 
00665-' 028117 
00666'043040 
00667'042111 
80670'05152^ 
08671'051111 
80672'641125 
00673'052111 
00674'047516 
00675'028048 
80676'’ 000000 
60677'8200^0 
00708'847525 
60701'0521:O 
00702'052524 
G8782'01011" 
08704'047040 

. 0O705'042111 
08706- 846105 
00787'020000 
00718'828040 
00711'051524 
00712' 040516 
80713'042181 
80714'85110^ 
08715'020164 
00716'042526 
08717''044561 
80720-' 052111 
80721'047516 
88722'020040 
00723'020048 
60724'008800 
86725'8200^0 
0O726'046565 
08727'840516 
OO730'028840 
00731'0200^0 
00772'020840 
80733-' 820040 
80734'020046 
88725'020040 
60726'020640 
007Z7'O2OO4o 
00740'020040 
00741'000000 
O0W42'500810 
08752'006456 

-8 :is:'0 :i5>o :i5: 
86753'642530 
06754'052116 
00755'020115

2TE8: .TXT 0*

ST59: . TXT 0 *@
6160: .TXT 0 NAME OF DISTRIBUTION 0

ST61: . TXT 0 OUTPUT ON FILE 8

ST62: .TXT 8 STANDARD DEVIATION

:T52: . TXT 0 MEAN

.NAME: . BLK 10

.PR06: .TXT 0(157.
NEXT':13>, TXT *0

EXTN NONE <« tr4 NREL.715' . TXTM l<i5;M0N



f

RAGE 14
0 6 / 1 2 / 7 5

1
2
3
4
5
to
7
S
9

10
11
12
13
14
15
16 
17 
IS
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38 
39'
40
41
42

00756'-047516 
0075?'042415 
00760"-027126 
00761'" 051105 
00762'-546015 
00763'" 027124 
00764'' 05412^ 
05765'846440 
00766*- 530415 
00767"'047117 
00770'-047103 
00771' 006460 
00772'506460 
00773'' 506460 
'00774''006465 
05775'-056516 
05776'- 042335 
00777'' 052015 
01000'-027114 
010O1'-054124 
018O1"-520051 
v lO v:.'-00B 000 
01004'- 547107 
010O5'" 054124 
01006'0200-5 
01007'- 020056 
01010'- 506455 
02011'-042516
01012-'041017
51013'-050000 
01014'" 054046 
01013''520007- 
01026-006041 
01017''520010-
01020'-006041
01021''002046 

'005000
000000 

01024'" 000000
01027'"' 0102:

2 4 6

*DIST PROGRAM*

EPFCG; . TXT @"EXT = . <15>. ENC*' 15:0

00*1000
000000 '

.  FTMl , STA 3, RETi
IDA 8, OR
JSR OPRINT
LDA 8, LF
JSR OPRI NT
JMF- 0RET1

.  N : 0
.  F: 0
, F:F: 0

. BLK 1000

. END STRT
STORAGE FOR

.
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APPENDIX 15 

FASP LISTING



PAGE 1
6 7 / 6 4 / 7 5
1 . TITL FASP
2 .! FLEXIBLE M35EI1BLER SIMULATION PACKAGE
3
4 } REVISION HI STOP,V:
5 } 8/6/75
6
7 i "I YAMEY
8 j UNIVERSITY OF THE WITWATERSRAND
9 ; JOHANNESBURG

16 03, 0177, 077, SP, AJTAB, AMTAB,, BUS, OPT, TR211 . ENT
12
13

. ENT 

. ENT
I FT, ACT, PROG, . RET, ERET, . XEO, OOMD, IGNORE 
TEMPS,TEMPS, DFLG,, READ, , WRITE,. PUTC

14 . ENT ERROR, GET AD, GET AS, MES, ORLF, INITR, GET
15 , ENT MULTIPLY, DIVIDE, RETURN,NONE,INTR,PUTC
16 . ENT I NIT, . OOMD, GETO, GETBR,. GETC, PUT
17 . EMTD USEND, ISTRT, I END, DDOS
IS . EX~D COUPS, COMPS,DWRITE
19 . EXTN INIT1
28 . HEAD ****FASP****
21 1 ; PAGE ZERO STUFF22 880061 , LOO
23 86801 "61121' ISR ; ADD OF INTERRUPT ROUTINE
24 66662 662004 JMP 04 ; START
25 00063 002005 JMP i?5 RESTART
26 66664 177777 INIT1 ; COMPILER ADDRESS
27 86065 160626- ■<?. XEO
28
29 666622 , LOO 22 i PAGE ZERO CONSTANTS
36 66022 060001 Cl: 1
31 66623 000003 03; 3
32 66624 000067 07: 7
33 66625 000030 030: 30 j ASCII CAN
34 06626 606652 052: 52
35 00627 660054 054: 54 j ", "
36 00026 000873 073: 73
37 66021 600077 077: 77 i MASK
38 66622 000101 olOl: 101
39 66633 006122 0132: 132 j "Z"
46 68634 000177 0177: 177 ; MASK
41 00625 600377 0377: 377 i MASK
42 66636 177406 0177400 177400
43 00637 600015 CP: 15 i CARRIAGE RETURN
44 66046 000012 LF; 12 ; LINE FEED
45 66641 600640 SP: 40 , SPACE
46
47 66642 080001 TEMPO: .BLK 1 } TEMPORARY STORAGE
48 60043 600001 TEMPI: .BLK 1
49 66644 600001 TEMF2: , BLK 1
56 00645 000001 TEMPS: , BLK 1
51
52 , ZREL
53 80000-“000001 RT1: , BLK 1 j RETURN STACK
54 66601-000001 F;T2; , BLK 1
55 00002-000001 RT3: , BLK 1
56
57 66603--0000051 EF.ET: COMPS j ERROR RETURN ADD
58 60064-“006062' . ERG:': EROR j INDIRECT ADDRESSES



-  2 4 9  -

PAGE 2 **st:*FASP1t:!t::t1+t
07/04/7?
1 0006 0254' .0C6N: OCBN
2 0300b--’ 0360' , BIHO: BINO
3 00007-0*0110' ,GTAD; GTflD .
4 00010-000210' , GETB : ' GETB
5 00011-000502' .RET: RET
6 00012-000473' , DIVI: DIVI
7 00013-000463' ,MULT: MULT
S 00014-000335' . GTl: GTl
9 00015-000222' ,GTS: GTS

10 00016-000523' . GETC: GETCi
11 00017-001617' , PUTC : PUTC1
12 00020-001617' . WRITE: PUTC1
13 00021-000523' .READ: GETCI
14 00022-000007$ . OWRITE: DWRITE
15 O0O23-00O531' . CRLF: CRLF1
16 00024-000510' . MES: MESS
17 00025-0O054O' , COMO: COMD
IS 00026-000724' . XEC: EXEC
19 00027-OOO735' .ER6: ER6
20 00030-001521' , BUS: BUS
21 00031-001050' .TRAP: TRAP!
22 00032-001055' . TR2: ' TRAPS'
23 00033-00165-' .TBUF: TBUF
24 00034-001777' .TEND: TEND
25 00035-001160' INTR: DISM IS
26 00036-081421' AJTAB: JTAB-1
27 00037-001322' AMTAB: MTAB-1
28
29 j PAGE ZERO STORAGE
30 00040-000000 DFLG: 0
31 00041-000000 ACT: 0
32 00042-000001 OPT: . BLK 1
33 00043-000001 IPT: . BLK 1
34 00044-000001 TOPT: . BLK 1
35 00045-000001 TIPT: . BLK 1
36 00046-000001 PROG: . BLK 1
37
58 ; SYMBOL DEFINITION
39
40 0060O4- ERROR ■JSR 0. EROR
41 ' 006085- GET £ JSR 0. OCBN
42 006015- GETAS tz JSR 0. GTS
43 OO6006- PUT = JSR 0. BINO
44 006007- GETAD S= JSR O, GTAD
45- 006010- GETBR = JSR 0, GETB
46 , 002011- RETUR = JMP 0. RET
47 0O6O12- MULTIPLY Si JSR 0. MULT
48 - 006012- DIVIDE = JSR 0. DIVI
49 006020- PUTC JSR 0. WRITE
50 806021- GETC JSR 0. READ
51 O06023- CRLF = JSR 0. C/LF
52 006024- MES si JSR 0. MES
53 100027- NONE s: 0. ER6
54 006831- TRAP — JSR 0. TRAP
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PAGE 3 
67/04/75 

1 
2
3
4
5
6
7
8

37
75
39
46
41
42
43 
44.
45
46
47
48
49 
56
51
52 
55
54
55
56
57
58

* * * FASP * * * t’

j SUBROUTINE SRCH
SEARCHES FOR A USER ROUTINE

j OUTPUT: ADDRESS OF USER SUEROUTINE IN fid' 
) ADDRESS OF USER PROG IN A02

; CALLING SEQUENCE:
9 JSR 0.SRCH

16
11 i DESTROYED: AC2,ACS 1
12
13 . NREl
14 0 0 000' 054 0 01 - SRCH: STA 3, RT2
15 66001'044456 STA 1, SRI
16 00002'0O6014- JSR 0. GT1 .! GET FIRST 2 BYTES
17 06003'105300 MOVS 0,1
18 00004'006014- JSR 0, GT1
19 00065'030042- LDA 2, OPT
26 00006'056452 STA 2, SR2
21 06667'123000 ADD 1, 0
22 00016'034036- LDA 3, . BUS .1 START OF USER ROUTINE
23 06611'625406 SCH: LDA 1, 6, 3 j GET FIRST 2 BYTES
24 00012'122435 SU5Z# 1, 0, SNR MATCH 1
25 66613'000407 JMP SR.CH2 j YES
26 00014'025465 SRCH1: LDA 3,5,3 .! GET NEXT ROUTINE
27 06015'0240015 LDA 1, USEND
28 00016'126433 5UBZ# 1, 3, 'NC END OF USER PROGS ?
29 66617'000772 JMP SCH > NO
30 00020'006004- ERROR
31 06021'060002 2 j USER CODE UNDEFINED
32
33 06022'054437 SRCH2: STA 3, SR3
34 00023'040433 STA O, SRO
35 00624'036O24 LDA 2, 07
36 00025'173120 ADDZL 3, 2 ,! AC2 a 2 * ADD OF NAME

O8G26/0O6O14- SRCH3; 
00027'155226 
60030'025400 
00031'151403 
00032'125300 
00023''034834 
06624'167400 
OOOZS'004534 
06036'000402 
00027'000410 
66040'106415 
00041'060765 
00042'020414 SRCHS: 
00043'030415 
06044'650042- 
00045'034414 
06046'060746

00647'125004 
00050'000772
06051'151222

SRCH4:

JSR
M0V2R
LDA
INC
MOVS
LDA
AND
JSR
JMP
JMP
sue#
JMP
LDA
LDA
STA
LDA
JMP

MOV
JMP
MOVER

j GET A BYTE0. 671
2.3
1.6.3 j
2,2, SNC t
1 .1  j
3/C177
3.1
GTBRK
. +2 j
SRCH4 
0,1, SNR ;
SRCHS ,i 
O, SRO ; 
2, SR2 
2, OPT 
2, SR3 
SRC Hi

1,1, SER END CF NAME 7
SRCHS , NO FAIL
2, 2, SEC > SET UP ADD IN AC2

GET USER NAME 
1ST BYTE ?
YES

TEST FOR BREAK 
NOT A BREAK

MATCH 7 
YES
RESTORE STATE:
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1 08852'151480 INC 2, 2
2 00853'834486 LDA 3, SR3
3 00O54'024403 LDA 1, SRI
4 00055'002001- ' JMP 8RT2
5
6  00056'000001 SRO: . BLK 1
7 80O57'O00001 SRI: . BLK 1
8 00068'000001 SR2: . BLK 1
9 00061'000001 SR3: . BLK 1

10
11 } SUBROUTINE ERROR
12 PROC ESSES ERRORS
131415
16
17
1819
2021 00062'22 00063'
23 0B064'
24 00065'
25 80066'
26 00067'
27 00070'28 70071'
29 00072'
30 00073'
31 08074'
32 80075'
33 00076'
34 00077'
35 00180'
36 00101 '
37 00102'
38 80103'
39 00104'
48 80105'
41 00186'
42 00107'
43

854045
020020-
040042
020017-
048020-
006024-
051105
047522
000122
030045
021000
101100
101220
086006 -

000002
006023-
025880
125132
063077
020042
040020-
002083-

; CALLING SEQUENCE : 
j JSR 5. EROR = ERROR 
} NUMERIC. ERROR CODE
; FATAL ERRORS HAVE BIT 0 
; ERROR CODE SET AND CAUSi

EROR: STB 
LDA 
STB 
LDA 
STB 
MES 
. TXT

LDA
LDA
MOVL
MOVER
PUT
2
CRLF
LDA
HOVEL#
HALT
LDA
STB
-JMP

3, TEMP3 
0.'. WRITE 
0, TEMPO 
0,. PUTC 
0,.WRITE

*ERROR*

2/ TEMP3 
0/ W/ ii 
0 .' 0 
0, 0

1, 0, 2 
1,1, SEC j

}
O,TEMPO t 

O,. WRITE 
OERET .=

OF
PROGRAM TO HALT

j ENABLE CONSOLE

GET CODE 
STRIP BIT 0
PRINT CODE 
2 DIGIT FORMAT

FATAL ?
YES YOU LOSE !!S 
RE ENABLE

NO, RETURN
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PAGE 5 + * * * ' . ' f iS P * * * *
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1 ; SUBROUTINE GETAD
2 J GETS A STOPAG E ADDRESS GIVEN24 ; A CODE AND A NUMBER IN THE COMMAND BUFFER
5 i CALLING SEQUENCE67 ; GETAC C = JSR 0. GTAD )
8 j OUTPUT : ADDRESS OF CONSTANT STORAGE IN AGO
9 ADDRESS OF INITIAL STORAGE IN AC110 ADDRESS OF PROGRAM AREA IN ACS

11 } NUMBER OF ROUTINE IN AC312 > ADD OF USER VARIABLE ROUTINE IN TEMPI12 i OUTPUT POINTER POINTS TO
14 j BYTE AFTER BREAK
15 > DESTROYED: ALL ACCUMULATORS
16
17 00110"054000- GTAD: STA 3, RT1 j SAVE RETURN
18 00111'" 004667 JSR SRCH ,i SEARCH FOR ROUTINE
19 00112"050044 STA 2, TEMP2 .i ADD OF USER PROGRAM20 00112"054045 STA 3, TEMPI ADD OF ROUTINE21 80114"021402 LbA 6> st> 3 i CHECK FOR ZERO STORAGE22 00115"025404 LDA 1, 4, 322 00116"123005 ADD 1,6, SNR i ZERO ?
24 00117"002080- JMP SRT1 j YES
25 60120"006005- JSR 0, OCBN j GET NUMBER26 0O121"030022 LDA 2, Cl27 08122"142432 SUBZ# 2, 6, SZC < 1 ?28 00122"006403 JMP . +2 NO
29 60124"606084- ERROR20 00125"000002 3 j ZERO OR -VE ADDRESS21 60126"040042 STA 0, TEMPO j SAVE ROUTINE NO22 00127"126400 SUB 1,1 *. ,' DISPLACEMENT22 66130"044043 STA 1,TEMPI24 00121"034045 GTADl: LDA 3. TEMPI ) ADDRESS OF ROUTINE
25 66132"024043 LDA 1,TEMPI ; DISPLACEMENT26 00133"137000 ADD 1,3
27 66124"030042 LDA 2, TEMPO
38 06135"150466 NEG 2,2
29 06126"150000 COM 2,2
40 66127"025402 LDA 1, 2, 3 j NO OF LOCATIONS41 66140"021401 LDA 6,1, 3 i START OF ROUTINES STORAQ42 00141"066013- MULT I PLY
42 66142"024045 LDA 3,TEMP2
44 00142"035405 LDA 3,5,3 , ADD OF NEXT ROUTINE45 66144"024042 LDA 1,TEMPI j DISPLACEMENT46 00145"117000 ADD 1,2
47 06146"025401 LDA 3,1, 3 j START OF NEXT STORAGE48 60147"162433 SUBZ# 3, O, SNC ; OVERLAP ?
49 66150"060402 JMP . +3 ; NO50 06151"066064- ERROR
61 66152"000004 4 i ADDRESS TOO LARGE52 0O152"024043 LDA 1,TEMPI
53 O0154"152400 SUB 2,254 60155"132414 SUB# 1,2, SZR ,i FIRST TIME ?55 06156"000405 JMP GARET .t NO, RETURN56 00157"046411 STA 0, CADD ■
57 66160"010042 IS2 TEMPI58 66161"016043 ISZ TEMPI
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PAGE 6 
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**>t:*FA5P * * -t' 4=

00462"06G747 JMP GTAD1
06162"±05600 GARET: MOV 0 J i
00164"020404 LDA 0,CADD
00165"030944 LDA 2 /TEMPS
00166"034042 LDA 3, TEMPO
66167"662666- JMP @RT1
00176"666661 CRDD: , ELK 1

j CONSTANT STORAGE ADORES 
; USER PROG AREA
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0 7 / 6 4 / 7 5

i i SUBROUTINE GTBRK
2 :• CHECK5 FOR A BREAK CHARACTER
£

4
C

) INPUT ; CHAR IN ACS RIGHT JUST IF I
0
6
y

i OUTPUT : CODE IN AC3
r
8 > CODE:
9 } -1 LAST PARAMETER

16 } 0 BREAK WAS " , "
11 i 1 BREAK WAS "
12
13 i CALLING SEOUENCE :
14 i JSR GTBRK
15 > RETURN IF NOT A BREAK CHAR
16 i NORMAL RETURN
17
18 66171'654062- G7ERK: ST A 3, RT3
19 66172"' 610002- 152 RT3
26 66172'624027 LDA 3, C54 i ", "
21 60174'116465 SUB 0,3, SNR IS IT ,
22 06175'602002- JHP 6RT3 j YES
22 66176'034637 LDA 3, CR
24 06177'116415 SUB# 6,3, SNR .= IS IT CR
25 00206'176661 ADC 3,3, SKP -1 TO AC3
26 60261'060402 JHP . +2
27 00232'062002- JMP 6RT3 .i YES
28 60203'624630 LDA 3, C73
29 06264'116424 SUBZ 6, 3, SZR s IS IT }
30 66265'614062- DSZ RT3 NO
21 68266'175466 INC 3,3
32 66267'602602- JHP @RT3
33
34
35
36 i  SUBROU1TINE GETB
37 RETURNS A CODE FOR THE LAST BREAK
38
39 l OUTPUT ; CODE IN A03
40
41 CALLING SEQUENCE ;
42 > GETBR
43
44 66216'654000- GETB: STA 3, RT1 ,• SAVE STATi
45- 00211'050044 STA 2, temp 2
46 66212'640642 STA 6, TEMPO
47 56213'614642- DSZ OPT
48 06214'604521 JSR GTi i GET BYTE i
49 00215'604754 JSR GTBRK
56 66216'000401 JMP ,+1 J FILLER
51 60217'626042 LDA O,TEMPO
52 66226'030044 LDA 2, TEMP2
53 00221'602000- JMP 5RT1 j RETURN
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PAGE 8 
67/84/75 

1 
2
3
4
5
6
7
8 
9

10
11
12
13
14

S P:+' * ̂ *

SUBROUTINE GETAS
GETS AN ASCII STRING FROM THE BUFFER 
INPUT:
fice MUST CONTAIN THE ADDRESS WHICH IS TO RECEIVE 
THE FIRST BYTE OF THE STRING

OUTPUT:
STRING STARTING AT LOCATION SPECIFIED AND 
'ENDING IN A NULL WORD OR BYTE 
ACl = NO OF WORDS TRANSFERRED 
AC6, ACS' UNCHANGED

CALLING SEQUENCE:15 > LDA 6.- "START ADDRESS"16 GETAS1718 00222"054808- GTS: STB 3, RT119 80223"840942 STA 6,TEMPO ‘
20 00224'050044 STA 2,TEMP2
21 80225"111080 MOV 6, 2 ADDRESS
22 00226'006014- GTS1: JSR 0, GT1 GET A BYTE
22 00227"004742 JSR GTBRK BREAK ?24 06230"000402 JMP - +2 j NO
25 00231"080412 JMP GTS2 YES PUT IN26 66232"185200 MO VS 6,1
27 00233"006014- -JSR 6. GT1 2ND BYTE28 86224"004725 JSR GTBRK
29 66225"666482 JMP . +2.36 66226"860466 JMP GTS2+1 SINGLE NULL21 00237"122080 ADD 1,0
22 86246"041060 STA 6, 0, 2
22 66241"151486 INC 2,224 66242"000764 JMP GTS125
36 06243"102401 0TS2: SUB 0, 6, SKP ; FIRST BYTE
37 60244"626026 LDA 0,Cl7740638 66245"167400 AND 6,139 66246"645666 STA 1,0,240 00247"020042 LDA 6,TEMPO
41 60250"145060 MOV 2,142 66251"166400 SUB 6, 1 > NO OF WORDS42 00252"026044 LDA 2,TEMP244 66253"062000- JMP GRT1
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PAGE 9 07/94/75 
1 
2
345
67
8 
5

10
11
12
131415161718 19 
26 
21

i CONVERT AN ASCII CHARACTER STRING TO A SINGLE 
i PRECISION BINARY NUMBER
i CONVERTS AN ASCII DECIMAL CHARACTER STRING TO A 
; TWO-' S COMPLEMENT, FIXED POINT, BINARY NUMBER
} INPUT:
i

i OUTPUT: 
>

OPT MUST POINT TO THE BYTE CONTAINING 
THE FIRST NUMBER IN BUFFER

AGO CONTAINS THE BINARY INTEGER 
ACS CONTAINS THE BREAK CODE

; CALLING SEQUENCE: 
; GET =.JSR
; RETURN

A. OCBN

i DESTROYED: 
J UNCHANGED:

BCG, ACS 
AC2, ACl

23
24 00254'
25 00255-'
26 00256-'
27 00257''
28 00260-' 
29 0O261'
38 00262-'
21 00263'
32 08264'33 00265'
34 00266/
35 00267'
36 00270'
37 00271'
38
39 08272'
40 00273'
41 00274'
42 80275'
43 00276'
44 00277'
45
46 00380'
47
48 G0261'
49 O0202'
50 00203/
51 00204'
5253
54
55 66365'
56 86366'
57 00367'
58 00310'

054452
656458
844566
102400
640447
646447
664453
624446
166465
000405
024444
106404
000402
616436

664442
624446
02O440
142032
166032
600406

122400

624427
064415
644425
666766

OCBN:

604664
666446
620421
101126

.ECS7: 
,EC96:

EC95:

STA 3,. EC03 i SAVE ACS
STA 2, . EC82 ; SAVE AC2
STA 1,. ED61 .= SAVE ACl
SUB 6,0
STA 6,.EC16 ,- CLEAR SIGN WORD
STA 6,, E C U .! CLEAR SUM WORD
JSR G'Tl ,' GET A CHARACTER
LDA 1, . EC28 i TEST FOR "+"
SUB 6,1, SNR
JMP . EC97 .= y e s
LDA 1,, EC21 i NO, TEST FOR
SUB Q, 1, S2R
JMP . EC96 i NO EXPLICHT SIGN
ISZ .EC10 J SET FLAG WORD FOR NEGATIVE

; NUMBER
JSR GT1 GET ANOTHER CHARACTER
LDA 1,, EC22 J ASCII "0"
LDA 2, . EC23 .i ASCII "9"
ADCZ# 2, 0, SNC ; SKIP IF > 9
A DC 2# 0,1,SZC .i SKIP IF >= 6
JMP . EC95 J NOT A DIGIT, THERFORE A BREN

> CHARACTER
SUB 1,6 i REDUCE DIGIT TO 6-9 BINARY

i RANGE
LDA 1,, E C U i SUM WORD
JSR , EC50 ; MULTIPLY BY 10 AND ADD
STA 1,. E C U i SAVE SUM
JMP , ECS7 GET NEXT CHARACTER

JSR GTERK 
JMP ER5 
LDA 6,, E C U  
HOVEL 6,0

j ILLEGAL BREAK CHAR 
l RESULT TO ACl
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0 7 / 0 4 / 7 5

3
4
5
6
7
8 
9
10
11
12
13
14
15
16
17
18
19
20 
21 
32
23
24
25

•g
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44 
45-
46
47
48
49
50
51
52

00311'014416 
00312'101221 
00313'100640 
00314'030411 
00315'024327 
08316'062410

* * * * F A 5 P 4- * * $

DSZ , EC10 
MOVZR 0, 0, SKP 
NEGOft 0,0 

' IDA 2, . EC82 
LDA 1,. ED01 
JMP 3. EC83

; TEST SIGN 
; POSITIVE 
J NEGATIVE 
-i RESTORE AC2 
; RESTORE ACl

; ROUTINE TO MULTIPLY ACl BY 10 AND ADD AC0

08317'131120 ,EC50:
00320'151120 
08321'147O08 
08222'125120 
00323'107000 
80324'801480

88325'080080 
00326'000000

863327'0O0O00 
00330'000000

00331'000053 
00332'000055 
00323'000060 
00334'000071
08335'G50416 
00336'O30842- 
08337'020042- 
00248'112422 
00341'000413 
06342'151220 
66243'621000 
66344'175603 
0O345'101300 
00346'630034 
00247'142460 
00350'610042- 
66351'626401 
66352'661460
66253'666001 
06354'606004- 
66355'06000: 
06336'066004- 
66357'600011

, EC18 : 
, ECU:
.EC28: 
.EC21: 
,EC22: 
, EC23:
GTi:

GT2:
ER5:

ER9:

MOVZL 1,2 
MOVZL 2,2 
ADD 2,1 
MOVZL 1,1 
ADD 6,1 
JMP 6,3

.EC82: 0

. EC63: 8

6
0

i N*2 
) N*4 
j Hit-5
j N*5*2 = N*18 
/ ADD AC6 
.= SUCCESS RETURN

J SAVE ACS 
; SAVE ACS

i FLAG WORD FOR SIGN OF RE 
RUNNING SUM WORD

>’ + ; ASCII "+"«- .= ASCII
"0 j ASCII "6"
"9 j ASCII "9"
STA 2, GT2
LDA 2, OPT j BYTE POINTER
LDA O, IPT
SUBZ# 0, 2, SZC
JMP ER9
MOVZR 2,2
LDA 0,0,2
MOV 3, 3, SNC WHICH BYTE ?
MOVS 0, 0 f 1ST
LDA 2, Cl77
AND 2, 6 MASKISZ OPT .i BUMP POINTER
LDA 2, GT2
JMP 6, 3
. BLK 1
ERROR
5 ILLEGAL BREAr
ERROR
9. ) TOO FEW FARMS

V'
l
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87/04/75 

1 
2
34
5
6
7
8 
910

11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39 
4841
42
43
44
45
4647
48
49 
58
51
52
53
54
55
56
57
58

00368"854466 
80361"850464
00362"044461 
00363"105000 
00364"035400 
80365"820474 
00366"116022 
00367"000403 
00370"175112 
80371"080403 
80372"006004- 
08373"0O0807 
00374"030466 
00375"172400 
00376"050457 
80377"152408 
00408"050457 
00481"028731 
00482"125112 
00483"124481 
00404"820452 
80405"006020- 
00406- 026447 
00407"O10446 
00418"161005 
00411"OO0425 
60412"020721 
00412"166422 
80414"101401 
00415"167801 
00416"000775 
00417"030715 
0O42O"142032 
00421"020437 
00422"030711 
00423'112435 
80424"080^03 
00425"010432

> BINARY TO DECIMAL BSC 11 CONVERT 
) CONVERTS A SINGLE PRECISION, TWO'S COMPLEMENT 
) NUMBER TO BN ASCII CHARACTER STRING
) INPUT:

} OUTPUT: 
;

N IN ACO

ASCII CHARACTER STRING, TERMINATED BY A 
NULL WORD

) CALLING SEQUENCE:
PUT = JSR 8. BIND 

; NO, OF DECIMAL DIGITS
RETURN

} DESTROYED: 
,i UNCHANGED:

ACO, ACS, CARRY 
ACi, A02

81 NO: STB 3,.ED02
STB 2, , ED02 
STB 1,, ED80 
MOV 0, 1 
LDB 3,8,3 
LDB 0, C5 
BDCZ# 0, 3, SEC 
JMP . +3 
MOVL# 3, 3, SNC 
JMP , +3 
ERROR 
7
IDA 2,. ED30 
SUB 3,2 
STB 2,, EDiO 
SUB 2,2 
STB 2, FLG 
LDB 0, , E C U  
MOVL# 1,1,SZC 
NEG 1,1, SKP 
LDB 0,. ED21 

,ED97: PUTC
LDB 3,0. EDIO 
IS3 . ED18 
MOV 3,0, SNR 
JMP , ED98 
LDB 0,, EC22 

. ED99: SUEZ 3,1, SZC
INC 0,0, SKP 
ADD 3,1, SKP 
JMP . ED99 
LDB 2,, EC23 
BDCZ# 2,8, SZC 
LDB 0, DOLL 
LDB 2,, EC22 
SUB2# 0,2, SNR 
JMP . +3 
ISZ FLG

SAVE RETURN 
SAVE AC2 
SAVE BC1

GET PRECISION

PRECISION TOO LARGE 
YES
-VE PRECISION ?
NO

ADDRESS OF POWER OF TEN TABLE
INITIALIZE POINTER
CLEAR FLAG 
ASSUME NEGATIVE

NO, IT IS POSITIVE; GET PLUS 
PUT OUT SIGN OR DIGIT 
GET CURRENT POWER OF TEN 
BUMP POINTER
PUT OUT NULL 
GET ASCII "0"
DOES POWER OF TEN GO IN?
YES, BUMP RESULT DIGIT 
NO, RESTORE PREVIOUS VALUE 
CONTINUE SUBTRACTING
u q f<

FORMAT OVERRLOW ?
YES PUT OUT DOLLAR 
" 0 n
IS IT ZERO ?
YES
NO, BUMP FLAG
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2
4
5

7
S
9

10
11
12
13
14
15
16
17
18 
19 
26 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34 
25
36
37
38
39
40

88426'' 000757 
00427-'032426 
00420-'1510G3 
00431 010426 
00432'030425 
00433'151005 
00434"'820422 
00435'080750
08436'806020- .ED98: 
88437'024404 
00440'020485 
00441'018485 
00442'002404

00443'000000 
08444'800008 
80445'000000 
00446'000000

. ED08 
, ED01, 
, ED02 
. ED02

008012 
08447'023420 
00458'- 001750 
08451'808144 
88452'800012 
00453'000001 
88454'O0OOOO .ED05: 

000010
08455'800000 . Er „ :

00456'0OOO48 ,ED21: 
80457'O00001 FLO: 
00468'000044 DOLL: 
80461'008005 05:

FfiSP*'***:

JHP . ED97 
LDfl 2, 0, ED 10 
MOV 2, 2, SNR 
ISZ FLO 
LDft 2,FLO 
MOV 2, 2, SNR 
LDA 0,. ED21 
JHP ,ED97
PLITC
LDfl 1, . ED88 
LDfl 2,. ED82 
ISZ . ED03 
JMP 0, ED83

0
0
0
0
.RDX 10 
10000 
1000 
100 
10 
1 
0
. RDX 8 
0

40
, BLK 1 
5

j PUT OUT DIGIT 
LAST DIGIT ?

>

}

YES 
GET FLAG 
LEADING ZERO ?
YES, PUT OUT SPACE 
PUT OUT CHAR

i PUT OUT NULL WORD 
; RESTORE AC!
; RESTORE AC2

88462'800454' ,ED38: , ED85

j RETURN

; SAVE AGO 
,- SAVE ACl 
} SAVE AC2 
j SAVE ACS

.= POWER OF TEN TABLE 
/ 1 0 * *2  
; 10**2 
, 10**1 
} 10**0
i END OF TABLE INDICATION

i ADDRESS OF CURRENT POWER OF 
J TEN ENTRY 
; ASCII SPACE
,‘ FLAG FOR ZERO SUPPRESSION

J ADDRESS OF POWER OF TEN TABLE
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1 -
2
3
4
5
6
7
8 
9
10
11
12
13
14
15
16
17 06463/
18 60464'
19 66465'
26 36466'*
21 06467"
22 06470'
23 60471'*
24 06472'*
25
26
27
28
29
30
31
32
33
34
35 
U37
38
39
46
41 00473'
42 60474'*
43 00475'*
44 66476'*
45 06477'
4£ 03560'
47 60501''48

065001
062001
073161
060060
064461
661461
601400

* * * * F A S P * * 4 *  

i SUBROUTINE MULT
; MULTIPLIES 2 SINGLE PRECISION NUMBERS TO FORM A 
; DOUBLE PRECISION RESULT

THE RESULT IS ADDED TO THE NUMBER IN AC6

f INPUT: NUMBERS TO BE MULTIPLIED IN AC! AND AC2 
; NUMBER TO BE ADDED IN AC0

i OUTPUT: HIGH ORDER WORD IN A01 
i LOW ORDER WORD IN ACO

} CALLING SEQUENCE:
) MULTIPLY
; UNCHANGED: AC2

661661
066601
673361
060000
060000
664461
061401
001400

MULT: DOA 6, MDV
DOB 1, MDV
MUL
NIO 0
NIO 0
DIA 1, MDV
DIB 0, MDV
JMP 0, 3

; SUBROU I HE. DIVI
} DIVIDES A DOUBLE PRECIS
j PRECISION WORD TO GIVE i
; PRECISION QUOTIENT

WAIT

; INPUT: HIGH ORDER WORD IN AC! 
/ LOW ORDER WORD IN AC6
> DIVISOR IN AC2

; OUTPUT: QUOTIENT IN AC6 
' REMAINDER IN ACl

j UNCHANGED:

DIVI: DOA
DOB 
DIV 
NIO 
DIA 
DIB 
JMP

ACS

1, MDV
0, MDV
6
1, MDV 
0, MDV 
0 , 3
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1
2

****FASP****- 
i SUBROUTINE RET
} CHECKS THAT ALL PARAMETERS IN COMMAND STRING

34 ; HAVE BEEN USED
5 86502'" 02OO42- RET: LDA 0, IPT6 00502'" 824042- LDA 1, OPT7 86504''106415 SUB# O, 1, Si8 00585'" 082683- JMP 6ERET
9 00506/006064- ERROR
10 00507'" 000010 8.
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42 
42
44
45
46
47
48

NORMAL RETURN

TOO MANY FARMS OR 
ILLEGAL OPERATION

j ROUTINE TO TYPE OUT MESSAGES 
; CALLING SEQUENCE; 
j MES '

REQUIRED MESSAGE PACKED R-L 
i AND TERMINATED IN A NULL
} RETURN: STATEMENT FOLLOWING MESSAGE 

DESTROYED : ALL ACS
MESS: 
MES1:

08510'-165128 
' 00511'" 131220 
00512'" 021000 
00513/ 125400 
06514/125212 
00515/101300 
00516/ 006020- 
00517'034035 
00520'" 163404 
80521'" 880770 
88522'" 001001
88523'" 062610 
00524'" 080777 
00525-" 060610 
00526'" 024834 
00S27-'122408 
00520/001400
00531''O54406 CRLFi: 
00532'" 020037 
00533/006020- 
00524'" 020840 
00535-'006020- 
00526'" 002401 
00527'' 000001 RT4-;

GETCl:

MOVZL
MOVER
LDA
INC
MOVR#
MOVS
PUTC
LDA
AND
JMP
JMP

SKPDN
JMP
Dime
LDA
AND
JMP
STA
LDA
PUTC
LDA
PUTC
JMP
. BLK

)

3j 1 
1, "2 
0 j  0, 2
1 .1  j
1,1, SNC j
0, 0 ,i

3, 0377 
3, 0, SZR .« 
MES1
1 .2  }

TTI 
• -1  
8/TTI 
1,0177
1 , 0 
0,3
3, RT4 
0, OR

0, LF
0RT4
1

; AC1 = 2 $ ACS

GET WORD 
BUMP POINTER 
WHICH HALF ?
LEFT HALF 
PRINT
TERMINATE ON NULL 

RETURN
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1 
2
34
5
6
7
8 
9

10
11
1213
14
15
16
17 80540"'054000-
18 00541-'850277
19 80542- '030514
20 00543"' 15.1120
21 00544- '050043-
22 0 0 5 4 5 ‘ 850042-
23 00545"'050110
24 00547"'006021-
25 00558"'024503
25 0 0 5 5 1 '1 0 6 4 1 5
27 00552- '00O455
28 00553-'024581
29 80554"' 122434
38 08555-’' 824041
31 00556'1:2434
32 00557"'000483
33 00560-'00602-0-
34 00561-'000765
35 0 0 5 6 2 '1 2 2 0 3 2
36 • 96563-’ O00484
37 - - 6 4 '0 2 4 0 2 7
30 O 0 5 6 5 '122414
39 00566-’ 00O768
48 005 67 ''0 3 0 0 4 3 -
41 @ 8570'024034
42 0 0 5 7 1 '1 0 6 4 3 5
43 005 72 '0 00423
44 0 0 5 7 3 '1 5 1 2 2 2
45 0 05 7 4 '0 0 4 4 1 2
46 00575"'105300
47 80576-'045000
48 00577 006020 -
49 0 0 6 0 0 '0 1 0 0 4 : -  
90 o a 6 0 i '0 2 4 6 3 7
51 0 6 6 6 2 '106435
52 0 0 6 0 3 '0 0 0 4 3 153 00604'060110
54 006 8 5 '0 0 0 7 4 2
55
56 8 8 6 0 6 '175400
57 0 0 6 0 7 '0 5 4 0 0 1 -
58 866 10 '0 2 5 0 0 0

2 6 2

COMMAND GET ROUTINE
READS A COMMAND INTO A 74 CHAR BUFFER
EDITING MAY BE PERFORMED BY
RUBOUT AND "X
TABS AND SPACES ARE ECHOED AS A SPACE 
BUT ARE IGNORED 
OTHER NON PRINTING CHARACTERS 
EXCEPT CARRIAGE RETURN ARE IGNORED
CALLING SEQUENCE:
JSR 6. COMD

OUTPUT: AGO
A Cl

CHARS STORED 
OPT POINTS TO 

CCMO:
CUES:

- FIRST TWO CHARS 
= NO OF BYTES IN BUFFER 
IN BUFFER L-R '
FIRST WORD IN BUFFER

• LP1;

STA 3, RT1
INTDS
LDA 2, BUF s BUFFER START
MOVZL 2> 2
STA 2, IPT ; INPUT POINTER
STA 2, OPT j OUTPUT POINTER
NIOS TTI
GETC GET CHAR
LDA 1, CAN
SUB If 0.1. SNR WAS IT "X ?
JMP CAN1 j YES
LDA 1, TAB j DONT STORE TAB
SUB 2 if I.. 0, S2R
LDA 1, SP DONT STORE SPACE
SUBZif 1, 0, SZR
JMP . +3
PUTC PRINT SPACE ’
JMP LPi-1
ADCZif 1, 0, SZC ) NON PRINTING '7
JMP , +4 NO
LDA 1  CR
SUB# 1,0, SZR ) CR ?JMP LPl-i NO
LDA 2, IPT
LDA 1,Cl77
SUB2# 0,1, SNR ; WAS IT A RUBOUT
JMP RUBO t YES
M0VC3 2,2, SZC .i WHICH BYTE ?
JSR GETWD j 2ND
MOVS 6 , 1
STA 1,0,2 j STORE IN BUFFER
PUTC ECHO CHAR
ISZ IPT j BUMP POINTER ,
LDA 1, CR
SUGZ# 0,1, SNR .i END OF COMMAND ?
JMP TTRET ,i YES
NIOS TTI ; RESTART READER
JMP LP1
INC 3 , 3 '
STA 3, R12
LDA 1,0,2 s GET FIRST BYTE



PAGE 16 •
07/04/75 ...... -
1 9061:1.*' 934444 LDA
2 00612''167400 AND3 00612/107000 ADD
4C 00614'0O2001- •IMP
D
6 00615'O14043- RUBO: DSZ
7 00616*'O30043 LDA
8 00617*'034045- LDA
$ 00620'156032 ADCZ#

10 00621/000407 ' .IP
11 00622'151229 MOVZR
12 80623'021600 LDA
13 00624'101003 MOV
14 00625'101200 MOVS
15 00626'O06020- PUTC
16
17

00627'006717 JMP •
18 00630'020711 CAN1: LDA
15 00631'006620- PUTC
20 06622'O04677 JSR
21 06633'O00707 JMP
22
23 00634'604675 T-RET: JSR
24 ■ 06625'O20042- LDA
25 00636'151220 MOVZR
26 66637'021000 LDA
27 0064O'O24042- LDA
28 66641'636642- LDA
25 08642'151466 INC
30 66643'146415 SUB#
31 69644'066676 JMP
32 00645'146406 SUB
33 00646'125460 INC
34 60647'034040- LDA
35 66656'175664 MOV
36 00651'006022- JSR
37
38

60652'602666- JMP
35 60652'000020 CAN: 30
40 06654'000611 TAB: 11
41 00655'077466 077400; 77460
42 60656'000657' BUF: BUFS43 66657'600645 BURS: . BLK

3,077490 ; MASK
3.1
9 .1  
®RT2

IPT 
2, IPT
3,OPT ; CHECK FOR END OF COMMAND
2.3,SZC
CAN! j VES
2 , 2
9, 0, 2
9, 0, SNC WHICH BYTE ?
0, 9 J 1ST

; ECHO DELETED CHAR
LP1-1 

9, GiUES
; PRINT ?

CRLFi
QUES+1

CRLFI 
2, OPT 
2, 2 
0, 0,2
1, IPT .! IGNORE SINGLE OR
2, OPT 
2 , 2
2,1, SNR 
QUES+1
2.1 ' } NO OF BYTES
1.1
3, DFLG DISK WRITE FLAG
3,3, S2R
0, DWRITE 
CdRTi

37.
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1

3
4
5
6 00724/066023- EXEC: CRLF
7 00725/020026 LDA
8 60726''066020- PUT C
9 06727'020041 LDA

10 66730''606020- PUTC11 66731'' 666025- JSR
12 00732''115366 MOVS
13 00733/624634 LDA
14 60734''167466 AND15 00735''634512 LDA
16 66736/136435 SUBZ#
17 00727"' 006404 JMP
18 00740/006067- GETADIS 00741''034045 LDA
26 00742/002406 JMP21 00742/030042- LDA22 00744/024023 LDA23 00745/173000 ADD24 00746/034042- LDA25 00747/156632 ADCZ#
26 66756'666465 JMP27 00751'674413 LDA
28 00752/025406 LEI: LDA
as 00753/125004 MOV30 03754/600403 JMP31 60755''666664- ER6: ERROR32 00756'600006 6
33 00757'106415 SUB#
34 66760/662461 JMP
35 66761"175406 INC36 0676^/175400 INC
37 00763/000767 JMP

i EXECUTIVE
, PERFORMS THE COMMAND INTERPRETING 
; AND DISPATCHES TO THE APPP/.PRIATE 
; ROUTINE

0.* C52 ; "*"
0, SP

0. COMD GET ' "'HAND
0.3
1, C177 MASK
3,1
3, SLASH
1,3, SHR } IS IT AN EXECUTIVE COMMAND ? 
. +4 ; YES

i SEARCH USER ROUTINES
3, TEMPI
@8,3 } JMP TO USER VARIABLE ROUTINE
2, OPT CHECK FOR MORE THAN
3.03 ; 3 CHARS IN EXECUTIVE COMMAND
>, 2
3, IPT
2, 3, SZC .! EF, ’.OR 7 
ERG
3.. DISP ,i START OF DISP TABLE
1.0.3 ; GET COMMAND
1.1, SZR ; END OF TABLE ?
. +3 ; NO

J ILLEGAL COMMAND
6.1, SNR i MATCH ?
@1, 3 YES
3.3 j BUMP POINTER
3.3 
LEI
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