o i .

R L e R

o Cadlwary SIoe SRR OO AN TR AAPTCTTIRSETE s EER TR YRR mTm——

il

2
¥

!

- 18 -

base. This test also verified that a portion of the TLIGHT routine
was working correctly.

- 6.2.3 Tests on the LINK Routine

The LINK routine is similar to the ELINK routine and the same
basic strategy was used in testing. The data routine is more
complicaged as the constants for manipulating the travelling times
neced to be calculated. The first part of the simulation routine
which moves the vehicles down the street is the same as the ELINK
routine and was tested in thé same manner. The random allocation of
vehicles to lanes was tested using different allocation proportions.
The segment of the program which randomly assigns travelling times
to vehicles-was isolated and put into a loop and the travelling times
were examined.  This was repeated for different means and
standard deviations. - While this test does not verify goo& statistical

properties it was considered to be sufficient as the base distribution %

has been shown to have good statistical properties and the manipulations
performed will not alter these properties. These tests showed that |
the software manipulation was operating as required.

6.2.4 Tests on the TLIGHT Routine

Tests on the data segment of the TLIGHT routine were similar to
those on the LINK routine as the methods used for calculating the
constants used In both routines are the same. The section of the
simuleation routine which moves vehicles into queues was tested as
descriied in 6.2.2.  The overall operation of the TLIGHT routine was
also tested in a similar manner except with the signals held in the
green state. The outputs of the TLIGHT were then examined to verify
that the correct proportion of vehicles were turning right, left and
proceeding straight on. The discharge rate was also tested in this

manner. The operation of the signal t'ming section was tested by

e s i 3 e
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setting breakpoints (i.e. points in the program where execution ; ; [é
becomes suspended) bhefore the statements which would change the o | 1
statec or.phase of the signal. ~ On encountering a breakpoint the epoch
counter was examined to see if the change occurred at the correct |
‘time:. A check on the generation of acceptance gap times was performed
in a similar manner as the test on the travelling times as described in “‘ o
6.2.3. A second entry link was then added to the intersection to | .
: form an opposing queue to right:turhers from the first entry link.
Breakpoirts were again used to verify that the gap acceptance sub-

routine was functioning correctly. All the aboveé tests were repeated

for all the lanes and legs of the intersection.

et e e et e

6.2.5 Conclusion

The above tests on the *raffic routines showed that the software

s e e e

was functioning as intended. The tests were comprehensive and an
attempt was made to cover all the possible cases that might arise in d

simulating a large network.

ua,i.

6.3 Simulation of a Network with Four Intersections

>
SE—

6.3.1  Introduction

e

A simulation of four linked intersections was performed in order
to demonstrate how the simulator is used and to obtain an estimate of
the speed of the simulator. Unfortunately sufficient real data
could not be obtained in time so a fictitious network and data were
used. The network was chosen in such a way that most of the features

of the simulator could be demonstrated, An attempt was also made to

a (South African) city traffic system.

~6.3.2  Description of Simulation

design the network so that it would be representative of a section of f ‘ {
(
|

The layout of the network simulated fs shown in Fig, 6.1.
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The direction and number of lanes for each street are indicated ﬁogether

with mean speeds in th: links., The percentages of turning vehicles,
allocation of vehicles in links and flow routes in entry links are given

in.table, 6.1, 6.2 and 6.3. A symbolic representation of the network

"which shows the interaction of the various simulation elements is given

in Fig. 6.2,

The sigon) timing cycles were arbitrarily chosen but the offsets
were calculated to provide free flow for vehicles travelling at the
mean speed, from left to right. No data could be found in the
literature on the distribution of acceptance gaps, so for this example
a normal‘diStribution with a méan of 5 anil a standard deviation of
1 second was used.

The signal cycle was split inté two equal phases and the queue
lengths were sampled after every five changes of phase so that an
average of the maximum and minimum queue lengths would be shown.

An ini. alisation period of ;en signal phase changes was allowed before

~ the sampling was started so that the network could fill with vehicles

*

and stabilise. The travelling times used for the links were calculated
from the chosen mean speed and distances betweeh the intersection.

The simulation program was run for a total of 30 000 Epochs which is
equivalent to approximately 2 hours and 47 minutes of real time traffic.

6.3.3  Running the Simulation

The program and data for this simulation were written onto two
disk files (named TPROG and TDAT respectively) using a standard editor
program. . The steps then used in runhing the program are shown in the
printout given. All operator commands or replies are underlined.

The first statement, GET, TPROG reads the program from the disk and
lists it on the console.  The comnand /E then terminates the program

mode. The command GET, TDATA is then éntered and the data is read
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Table 6.1.

Percentage Turning Vehicles

= 122

at Intersections

Queue 1 Queue 2 Queue 3 Queue & Queue 5
‘Integz?ction Leg No. | | "vk -

~ L %R %L %R %L %R %L %R ZL &R

1 1. 100 0 25 0 O 6 0 10 100

1 2 100 0 20 0 O 0~ - -

1 Y ¢ 0 0 20 0 1CO - - -
2 1 100 0 22 0 0 0 0 15 100

2’ 2 i5 0 - - - - - - -

2 3 - S e L - - -

2 4 0 20 - - - - - - -

3 1 15 0 0 10 - - - - -

3 2 250 0 0 0 0 100 - - -

3 3 - 20 0 0 26 - .= -

3 y 20 o 0 00 10 - - -

i 1 50 0 0 45~ o= = o= 2

Ty 2 10 .15 = = - - e - -
— 3 20 0 0 20 - - - - -
b 4 20 20 - - - - s -
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Table 6.2.

Allocation of Vehicles to Lanes

Link No. Z ane 1 4 Lanelil % Lane 3 % Lane 4 ‘% Lane 5
1 12 23 35 18 12
2 :33 5 17 - -
3 33 50 17 - -
" 100 . - - - -
5 100 - - - -
6 66 o34 | - - -
7 n : 29 o - -
8 D U M M Y
Table 6.3. Entry Link Flow Rates
Flow Rate  Flow Rate Flow Rate Flow Rate Flow Rate
. ELINK No. Lane 1 Lane 2 Lane 3 Lane 4 Lane 5
: .VPH VPH VPH VPH VPH
1 100 00 300 150 100
2 200 300. . 100 - -
3 200 - - - -
b 0 (DUMMY) . - .
5 300 150 - - .
6 200 300 100 - -
7 250 - - - -
8 250 100 - - -
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i !
TLIGHT TLIGHT  keeeens
& no.t .3 Y No. 2 J *::) |
| 3 .  ELINK &
. ‘ o -] ) (Dummy)
f_ teg h LINK 8
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‘LINKT LINK LINK ILINK
b i 2 £ ) b
7] LINK 6 Z
2 TLIGHT |
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— ELINK 8
l LINK 7 4

(&) ELINK 6

ELINK 7.

Flgure 6.2,  Symbolijc Representation of the Network

i e 4 e A b L e s 1 e e

43 o bt Ao i g ot 15 2otk

L g e W ST T e MRS BISET GRET

SR o

R W Ve e a R kT T

STy

i



bk it

. RN | e

e e AN A o TR b W

¥
3
i
.
¥
.
"

e e e el A i

ENTER FROGFAM
"GET, TR

DYMAMIC
ELINK: 4
ELINK.
ELINK,
ELINK, 4
ELINK, S

~I {:.;.

CELTHE &

TLIOHT. 2, ELINE, S LINK, 20 LINK, 7, ELTHE,

SRINT, 20 TLIGHT,

ELINK, 7 g

ELINK, 2

LINK: 40 TLIGHT. 4,2

LINK, &, TLIGHT, 4. ¢

LZHI‘!’.J 2. ThI UPT.‘ e P

LIME, 4, TLIGHET, &, ¢

LINrw e lLU.aHh g4,

LINE. S TILIEHT, 20 3

L:Hﬁ} T TLIGHT, 4, 1,

LIk, 8, TL .l."“h B L

TLIGHT, 4, BLIMK, 4. ELTHK, & LINKE, 2 LIH}J
T' Iup‘r \-( .—Ih}..‘ P E;—:‘i:‘t :.l :L.)lo oS L.ni

r

c'
a-.n-‘hl

LIGHTJJ’ LA»QP‘H“:.\ L»&Mn s -w‘-’”
PEZMf¢1.xLIuH.,i' :

PRINT, 2, TLIGHT,

PRIMT, &0 TLIZHT
"‘ﬂ TE, +» TLIGHT.
WRITE. &0 TLIarT
‘ iTMI EX [§™
MRITE, 4, TLI
TERMINAL

1

LOVES SOl SR B OO S

o 5
o ¢
=

CFILE ' -

E

Network Definition Statements

A e K’J

[ .




R PO R S D R Y

o e i D bt 7

AL THE, S TEE, 150

g BLIME, 8, 300 I L7

4o BLIME V250

* ELINW,E.&T@ L

ao THEL 3o DTEMEC LIEm Do, LR 23, 25
L IMK, ﬁ.I:FMﬂL LEITowlp DT TOLT
BoLIME T NITMOL LEIR J. 2E 54T
W LIME, 4, MOEMS. L1000 a8 152

o LI % NJ"W“L-iEQﬁ»d@@;iBE

L IME, E, HORRE padd Al J8 D4
TOOTHE T MORMEL ;d4@;4wm,?i429

* TLIGHT. 4, 4 A56e o70 & &T 2 & @
GTLTHHTL L L AT o 0L 20, 80
 TLIGHT. Lo 4T8¢ o 0 Z0 8 Lo
pOTLIGMT, DL LEon L B ZZ00

4 TLIGHT, .8, 0I8 .7 ¢
OTLIGHT, 09, 470 8, 2 .

4 TLIGHT, T, 4, L0 L5 0 00 L0

wTL T, L D AT, B I I T O O T W O
# TLIGHT, T, 204200 15 0o 2

W OTEMT, T g LTRE 2 0, B L
*‘TLIUHT‘4sl'LTFW R R LA

wo TUTANTA, & A0, b, 45

*k TLIBHT,4JZJLEQ? ot B

* TL.:’:‘}HT:‘ a4, ‘.‘1..'.12“3‘# 2‘3; Pt <

¥ OTLIGHT. 4, S 0. I9 7 L 28 T &

wo TLIGMT, 2%, L3 T T PR AT SR

*

*

.;:> " ‘ ¥

et

ELI!H~‘L,v
ELIMK, 3

EL ITME,

TLIGHT

TLIGHT, 4. .44, T

TLIGHT.
TV TAHT
TLIuHT
'T“ ,‘..l

PRIHT«
SRINT

FRINT, Z,

FEIN

WRITE,
WRITE, &
WRITE, 2
WRTTE

13ET, TORTH

l

Sl
1
%

«I,FJM IEOTOLIe
- . o
KAx P M AT PR
AT P
LoD NLERAL TR 40
- - oy e - - PR
PR ’h ) ™ p“:"u. ey
L - . Py -~
a1, :': 'n‘v,"f”ﬂ‘ 3‘.’.1‘3.1 '.1.‘,‘.".‘.1
o .
A;LHMW&~L“AJ:
- LR - e
L AT, LA

LEGCE LT
LA, LG
L1380 1050
&,AT8e, 4720
{M

’q_‘l

v 11{!"mm Y

# ‘f‘.- i.e..d.c..- iln :3

Run Time Data Statements

- 126

SedE 4

17
R

W, 1,

Dy TR
AR

s

¥
.

45, Byl

’

' 4
"

T

N

A1

Sm oo

e ot




127

@

Paexy

DX

=¥

=

|

oo

— e
(U X

Ty
Yy
E A

A |

R
P I x|

R |

R

LAt 3~ o

Gt
=
AR
b g )

e =i

T Ty Y

Do Ry

; -
OO TR
34T O
T g T

ROy B A |
LU OO K )
PO
DX gk |

O R E

It}

DX

=

PRX]
=

i i

SNEY

L

Running the Simulation of Four Intersections

et e

R o e s AN Al RPN |

e e © e — A e b

T A s S bzt

e e e T vt TSR




- 128 -

>

DUELES AT TREETTI _T3M™ 5o

1
. - w5

e et e

" EROCH LEG MO 4 LEG MO 2 LEG M = LEG MO 9
: ", & = - i

b g . 3] A [~ " - o
2z 4 2 ¥ 4 5 s 2 4 E

P
r3
Lo
B
x
l..l
L4
p
P

]
¥
L]

X0
-
LY
-
X0
X
X

oo
A

Py

,.
l_.
.
L%

=

._
58
o
t
bt
.
‘.J-

Fy
Ty B [

v Ea}
s

3
2
XY

b
XX

o Il
b
o 158

e
e
o
X
KX
=
583
)
-
x)

s

D (T g
—
KX
X
Ju I3

9

-

1 : £ 5
el § 3w A S IO 2 S

25 B2 ooB o moB o oR o o®m BB B o owoB 3 o\ o4 2 oA 9
58 L @ w4 0@ 9 1w o9 w8l @ oW ® B B oW E | B
L2 I A L < R - s S N
7 e R N - R ; = 6

o 3

7 N R < S T S SRR R+ SN B IR SN < B - N B <IN N
ReR (T G R R G A L 1 4 9w w2 [ RSN s RN 5 N - QR 15 B TR B
195l @8 o9 9 202 09w 9w B @ 4. R Bow 2 ¢ 49 4
11 B4 4 4 W AR « I - R AR S c B /B I SR c BN AR < N = R
3 RSO - TS W AR - AR - B - N B - SNCR - BN s B JUU LI SR s BN BN - Y
1 [ R < B A [ S N v N v N e BN v N I v I [GRRN v NS < I < AR
o 1= TR SO N A= SN N N - N RO - R < R R S N S S S IO B
17dee o068 B 1 @ R S v v O R L L = Bodr o2 8w
SRS TR SRR N SN SN BRSNS NSNS s SR SN AN AP SUUE - S C N AN O
WoomooBoowo @ s 4 o oRo® B oW owmo @ o®mo4oao a0
L R S B < T PR TR B S N - R R B o SR = A = R
b= O RN SR ERNRR” S - W r IR I~ SN - N SN SRR« BN S B - NN - SR U ;S < B - {
EFEA R 2 ¢4 oo oom o4 oW owmow B oW T owoR o w12 w8 i
25Ee o 4L 4 05 400/ (R TR . N v S v S c: O - N A 1 4 T 9 B
SEdEE o oE LW oL W odm L Mo\ @ @ o9 B o9.moow o oA w .
SEFIROCO@ 4 4w oW @B o2 @ o@ oowmowo®o o/l o6 2B
EaedE o4 & Z oW @ 2 4 9 B @ Mo o% @@ @ 402 3By ;
Resulis of the Simulation of Four Intersections ,
;g B
!
%'
!
. j
L
I
!
}
¢
8
£y
%
i
i ,
: ' { ]
: ]
i 4
]
i
|
o
; 4




* o N et SRR B et e TSRS R TS TR s

A TN o KT e o AR e Sowe o

‘ - 129 -

-

BUELEE 8T TRAFTII L7127 o

-

EFDLH LEG MO 4 LEG MO 2 LEG MO 2
108 32 4 5 ER

x]

L
[ wt

it

i
£
DS
(£
P
Bat

=

5
=
o
o
58
= P
5
=
1o
b
)
peed
Eg
Faxd

LA |

..
By I
-
w3

3
o5, L

b,
7 S R L R B T < N R 5
= s S v T v BN v R X, S v S v Y v 1 R v TR v, B 1
L Y 2 i W LI B U
S | 1 @ 6} Hoom ! [0
s ,

5
b

iy T

5

L)
~F

=
U RS AL
=¥
=Y
oo
-
JUN
T
o
U]
.
=
XX

Py
=
Do

¥ GO
£
;:; i

s
5
af

]
.y
£78

K—A
=
XX

k)
)

S op T

.,.
XX
-
Do U R KU O
=3

It

B
o

-

3%

o

XA ]

58 o

L

i\ 12

by

3
e
1

R Uy B x I o

=
e

L.y

b
=
£ Y
4

o

oY

=+
o 0T UG
p

DeC
Lot 1S

,.
X
-
XS
.
=
-
— —
X XL
¢S U s 1
EX
57

=
I
O CRY N o6 R AR Y

1 CO L . il A
IE ] B oM SRR B v SR B [ |

=~ 3

ATy B s
L

Lo
LG A AT
—

20
T

o
13

&

-

i

=
OGN %

A ELI (P
i
o
1)
(O]

%
153

g
S S
oy ¥

= B

2 5] LA B I
BoOoHooR X 1€ TR O v B (xR ¥ SRR v B

R L R U
ta

Frcr R S o SR 3 N SO0 o 1
b

R (O R N« R~ (R .
5 B € R 5 15 R v s R R
&1 8§ o1 R T
S SR s SR v SO v SR v | [ EL R - S < B [ S S v S v
a2 2 7 &8 4 5 B T oL B F

Results of the Simulation of Four Intersections

2 ot

m
g
e

v T o B 2

s
g
e
o

i
¥

o
XX
oy
)
iS¢
=

X
-‘.

i 1T

| ol

[
e
X
)

Q
ot
@
=

v 15
1

St

,_
=
bt

t

A
¥

s

L)
$T04

15y
=
nX

3
1

P

,
2

WX

T

= 0T

=X

MUK
o 5
WO R O Y
.
E sl ¢
ot
O ooR

-
LY

I

2

i
i

P}
X

Lo
=¥
g

1)

iy

o
»X
58
5
R

050

D) g A ]
X

o=

ot

)

"‘
+
o S

]

,,.
o

-
E

t)

155 4T
I s
ey
izt
R
e

¥

.
¥

LX)

<
R
X

P
.

,‘
-
IR
)
R R wx Y

'

.y

OO x
X

TN )

ot

.

=1
iy

DA

Sy
-
<

LU
—

£X.
Ex e 3
R

!

|
|l

5y
S LY
.

X}
=
[ R LR o o
o
U

)

o

=
50
13

(LT Y WO el I < 1Y 4

X3

b
Eax
P
e
Py’
Y]




<¢‘;;:]:
= e o i o . . -
L]
03
TR RS Rt A B U R e B BB DA LU I R n I < o R oty B o i c ] : v
T R A L Ty -~ R ~ — T e
w oSS T O S (D S D T TR ST R AT ST R T R R 0T
Tt ¢ .
—_—
= )
- ARG I I DA BOCI Y RURSE B ol ad Ul Sict I B U o A I R U B 0
[ - -
tl - - 2 e e 5 AT S P RS
T h B IR RS R B BN Uiy SR U ) A B S IRCRUCURR » ol B I A B A3 B Ve IR AR
-4 BV R A et ARSI BRI T~ ol X B0 B3 B, A TR T ot Br ity S5 s VS RS I
us S o S T T T R T T T e 5 T e O 0 D D R
. .
(231 ™ - - _ - - - -
-+ AN RO I R, RS B R S SRR IR Y CO o IR S BUCUI T SRS Y 1o SR A
i3 .
- -
- 5 - — p— -
™ T s S 0 TR e SR STt T TR s T T T S AR S D0 T T
N o3 - .
- 1 i Ty iy 4 o o T T -
_y s S S e T D v et e T O S T e ST 5 D Ty
¥ 1 . E -
b4
s s e s = -
L i T e IO S v SR e vl F el Y D N
Y] - -
[=] 1
o -
Tt 18] I3 ATE S T T3 O D) TR SR ATE G A T B 0T ST S T 0 5 G 4T N T
3 1
s £33 _ _ . . . - o
' 33 o DR I R NS B R o I Ui B BRI IO 3o SLIUIRCRUURE ORI U
L i - :
it =

BB <R I R B S B b B B AR

T
K

ki
i
9
e
e
A
e

i 1z -
- — . - o - - - % - -y Al -
e At hRc s Bg I Bl ) BRI i b B o e U L B -3 B UK I oy S B LU . -
3it ]
i - DRI R A R UR S U Y B I st IR = SRP8 B U o B ER e BE S B IR S R AR
== g ;
i . R -
=
] vx B I X By O Sy JE Iy 0L oy SR U o RS R oSN R et Ry e oy RO SR R\

1

— 3 - v — —— - o - .
= o T T S ST S T T S B T S T R G S S D
i :
- .
= . . ) 4
I~ A S D T T BF S SF D D Oy 5E T D0 T TS0 T 0K T R T BT
oy .

.

SARENIE'S SRR LU B RAlE IS BN R I RO R I N U I Bt =

LEY
t
5§
Results of the Simulation of Four Intersections

o s el g U g W TS e A M e TS B T

SR Ih O I R ahaloodiha Bt o b ool A DR U Bt DS c o R i

. 3 R L E RS R T B S e R T 0 B F o e B I T
s ~1 PTG Y I O BT S Ty B AN ey B O ol (e 3 3 PR TR

P
MR T TR I

N

D
5

=
o
LR
e

[
1

&
4
et}

B L L D 1 B SR |

3]
)Y W e 00 i
et et wd od o Gl

g o) o O : . , .

-,

EF
4
1
1
1

- e n et e A e B B A A i



- 13t - L ;

el e

= X

b | X AUELES ¥

1)
~{
-1

T

-6
£
3]

"t

¥
s
i
Tt
s

ERIDICH - M3 LEG N2 LES MO 2 LEG MO &
" 49 2 2 4 12 L4 ER ‘

e

f“‘
o
n
-
o
1<l
.
[8}

=
T

i .
; R S SO B S SO - BN SN v S SR B NN B R N < N S c BN - SO < I« R
iAo SR SN s N B SR RN s N < N ROV c S N N\ B s B S AN AN R
: ko SR R SN < R SO TR SRR - < R - SO c N SO BN SO SR BN N < N SR -
' Lo W= S BN BN SRR T S N O B S S R S R BN - - N O < B
| | R TR R - - A SR M N R N JN N < O DR ©L I E *
: pal T~ SN B B N NN N IR R RN NN NN B R SO < RS N SRS A N ‘ ]
; o JUARIN v I ¢ R v B 1 D SNEIEN © SEURN t N ¢ B T (X SN SR I O ' PSR B s R Y: SO &
fo =TI SN RO N - GO - S < R N S N R N DO S :
| | ABSPE.0Z0L W 8 ®moo% B OB oW OB 4 B OB @ B B BB @ B .
: 24742 L @ B O®.o® L oW | 9 o® I oF @ o9 w8 B ow o9 @ ’
T R Isgc Ty ONRIN . WO - SO N SN SN SO RN SO c SN BN AN SRR N = S A BN s S - N
| P 1t N - N SO SO SN SN RO SN AL SN SN SO TR S - RO S SO - B B
| 6oL oS BN BN - O - N c N B S Y .S AN . B < S < IO SN < BN - SN < B IO
T I TR N S S RO = SRR SRR MY O B U S RO SO PR RO~ SO - U O A :
iFERe & B o® & o9 S5 @ @@ o\ omo2 wonoBn 4 0B o2 @ B g
AB7EE 4 4 W w B Fo| o9 owop o= 4 0@ B w4 oW\ B o\ g
T eSS . BSOS SN . SO L ISR QRS NN SN B S C D) MUPU N B c S SR o NNt N c B
, Rt K =R S - AR BN - BN N R~ B AN RN < IR - SR B - SO RO S < S
hchche ot  BUNEE) WO c N - AN c BN c N c BT SRS c S v B PR N B - R (S SN T R
Fradr 04 0| oW o9 ® T B @ BB L ¥ o9 oW oW I oW @ odow
g £ AR v SN, AR N v B . XS N . SN SO S NN AN SR . SR B PEREER R v U v R v
o= yol= TN < R T - S EE S O O - B - N R S B
, SERSE 04 B B BB 05 @ A @ o@m B T e B3 OB 4 8 BB oA
i T R - SR KO- B S BN - B < N - SR - - RN e - N R IO~ S R B N
RN el ecd< e P CRIRD) RUN IR NN . RIS c. SR . N R BN~ S PR Y c PR S c SO c S N < N <
? -
. . . ) . S e §
Results of the Simulation of Four Intersections !
4 :
: 1
i |
* |
| | |
|
|
4
it
|
1

ot b o b
R T AT AR W e e Ao TS

[

AEFREEEE e T AR e
s
i

¥ e fRDEa - e
RS




Ry ey AT A A, e, TS SRR T

IS

- average intersection can be expected from the simulator. To a
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and printed in a similar way. The commands /1 and /R the initﬂalisé
the system and run the simulation.  The output that f.ilows is an
example of the printout from the PRINT routine giving the‘epoch
humber, the intersection number and the queue lengths of each Iég of
the réspective intersections. The final output Is pfinted when

the comm§nd: COPY is given.

6.3.4  Results of the Simulation

The simdlation took 190 seconds to run. This corresponds to a
re.) time to simulation time ratio of 52 for the four infersections.
Since the network contained 4 intersections and an average of 2 |
fanes ber apprbach pér intersection a speed of 200 times real time per
first approximation the speed of simulation is inversely proportiohal‘
to the number of intersections and the number of lanes per‘

intersection.

It has been shown in this chapter that the simulator is easy to

ot o e i i, s e

use and is extremely fast. It has been found that the software

functions correctiy.

As pointed out in 6.2 the simulator has not been velidated and

“this is an area for extensive future work.
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for situations other than traffic is discussed.

7.2 Spced of Simulation

= 133 =~

CHAPTER 7

DISCUSSION AND CONCLUS |ONS

7:1° Introduction

¥

This chapter probes the strengths and weaknesses of the present

simulator.  The speed of simulation is examined and compared to

similar work and validation of the simulator is discussed. b

Suggestions for future work are given and the use of the FASP execut]ve

High speed of simulation was one of the main design criteria in
the present wark. A simulation speed of approximately 200 times that
of real time was obtained (see 6.3.4),  This was mainiy due to two

factirs - i.e. efficlent software and fast hardware data sources. Th=

queétion that must be asked s whether the cost of providing hardware
daté sources s justified by the increase in speed of simulation. f
The simﬁlation routines ELINK, LINK and TLIGHT were examined and

an estimate of run time was made by counting the number of instructions
which WOQid be executed per average epoch. A typical mix of these
routines in a simulatfon was taken to be ore ELINK, four TLIGHT and
tWéive LINK routines and the number of Ihstructions executed per

epoch was calculated,  This process was repeatéd assuming that

random number generation was Jmplemenéed in software taking the time
for generation of random numbers to be 240 s which ts equivalent to

abnut 100 average instructions !9.
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The analysis showed that the use of hardware data sources
increased the average speed of simulation by a factor of 2. This
figure is a conservative estimate and can be regarded as the minimum
increase in speed due to the hardware data sources. Since the cost
of the hardware data sources is about a quarter of the cost of the
;otal system, their inclusion is considered to be worthwhile.

The efficiency of the software and use of a minicomputer can be
Jjudged by comparing the speed of the present work with that of Grigg
and Hartley 8;9. The main differences between the present work and
that of Grigg and Hartiey, is that a large time shared computer
programmed ih FORTRAN is used for the latter work.

9

A recent simulation ” of ten interszctions, forty links and ten
entry links resuited in a simulation time to rzal time ratio of 8 to 1.

Assuming the intersections to have two lanes per approach, a ratio of

‘approximately 1 to 13 would be obtained in the présent simulation,

i.e. 104 times faster.‘ .

It should be noted that a NOVA 1200 minicomputer was used for the
present work.  This model is outdated and has been supercedesd By a
cheaper,faﬁter model, i.e. the NOVA 3. PRy using the neW‘wbdel

simulation speed would be increased by a factor of about 2.

7.3 Validation of the Simulator

As mentiPned in Chapter 6 the present simulator has not been
validated.  Future research must be devoted to this problem. The
simplest method of validating the simulator would be to compare the
results of a number of simulations with those obtained using the
uTes 1 ! micro-model which has previously been validated. This
metho¢ of validation would also show the relative merits of macroAand
micro modelling ahd could pinpoint areas where the present macro
modelling Is sufficiently accurate and where the model)ing requires

refining.

;
3
!
%

B AR - e e




PP

s AR Rt ARk e T L 5 AR S A A

! e sk s

‘testing the appropriate bit in the LINK word to determine the presence

tion executive and may be used as the basis for simulating any discrete
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7.4  Suggestions for Future Work

The most important area for future work is in refining vehicie
dynamics and discharge at intersections. This work would be related
to validation of the simulator. An investigation of behaviour of
turning vehicles is required to ascertain ; distribution which can be
used for acceptance‘gaps.t Since the data source used can provide
random numbers with an arbitrary frequency distribution, it is
unnecessary to confine this study to obtaining an acceptance gap
distribution which can be represented mathematically.

Dynamic control policie; may be simulated by modify'ng and

extending the TLIGHT routine. Vehicle detectors may be simulated by

or absence of a vehicle. This information can be passed to the
intersection routine to simulate a vehicle actuated control policy.

In testing dynamic control policies, it may be necessary to use

alternative indices of performance instead of queue length Indices
that may be of interest are number of stops per vehicle, «- Jge
travelling time and average delay per vehicle. This could be provided
by adding additional simulation routines or could be calculated from
the relationships between these indices and queue lengths given by

Gérlough and Wagner hl"

7.5 Use of FASP for Simulation of Stochastic Systems

The FASP executive was designed to be a general purpose simula-

stochastic system. At present, studies of 1ift and pedestrian

traffic are being undertaken in the department of Electrical Engineering.
It is envisaged that simulation routines for simulating these

situations will be written for use with the FASP executive.
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7.6 Conclusions

A simulation executive and routfnes for s!mulating traffic have
been described.

'The executive provides a structure for the simulation and
simplifies the programming and use of the traffic simulation routines.
Being modular and flexible the executive can be used for simulating
different situaticns.

The traffic simulation routines, while not being the last word in
traffic simutators, illustrate the advantages of the approach used.
Use of a small digital computer programmed in assembly language and
hardwére data sources producéd an interactive simulator whose speed is
far greater than any software simulator found in the literature.

Clearly the approach is worthwhile and it is hoped that future

work will produce a useful traffic design tool using this approach.
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APPENDIX 1

USING THE TRAFFIC SIMULATOR UNDER DDOS 1.6

traffic simulator is loaded from disk by typing: TRAF.
‘The program will start automatically and print out ENTER PROGRAM
to indicate that FASP is in the program mode. - The network

definition statements may then be entered and the simulation may

. be run.

i ot o
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APPENDIX 2

FASP_CONSOLE PROCEDURES

Input from the console is placed in a buffer 74 characters
long. Editing may be performed by use of the rub out and control
X keys.  The rub out key deletes the last character entered.

jt may be used’repeateﬂiy. The control X key deletes the entire

~line typed. A space or a tab is echoed back to the console as

a space but is not stored in the buffer. Line feeds and other

-

non printing characters are ignored so that the input medium could

be paper tape for batch operation, A carriage return denotes the

end of a statement or command and control is transferred to the

approximate routine in FASP,

Bt XX S
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APPENDIX 3
FASP ERROR MESSAGES

Meaning ‘ Possible cause

Memory overflow. This (a) Routine specified too much

error is fatal and FASP must storage for a particular

be reloaded after the sourca memory size.

~of error has besn located and (b) Incorrect header format.

rectified

Routine specified in call statement

could not be found,

Zero or negative address The number of a routine was zero,

specified ' negative or not given.

Address to large The number of a routine was greater
| than the number of storage biocks

provided for that routine.

i1legal break ¢haracter A break character was not, 3

| or carriage return. Usually an
alphabetic character following a
number

I11egal command Unknown executive command or no
data routine,

Preciston error in PUT. Precision 5 or <1 specified
following PUT pseudo Instruceion

#

St e e 1 e

e s e ssrye L Lot
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Méaning | Possible cause
Too many parameters in list
Too few parameters in list.
PUTP illegal in Data routine.
File already exists

File does not exist.




'LINK (IMAGEFILE, 8TTO, FASP:B, INTERUPT SERV ROUTINE

APPENDIX 4

CREAT ING A _FASP SYSTEM UNDER DDOS 1.6

To create a simulation system the various modules‘of FASP and user
suPplied‘routjnes must be loaded by the relocateable loader.  Thi
is easiiy done under DDOS with the following command.

1 e

+ + o« INT SERV ROUT!NEN, S IMULATION ROUTINE], T T
SIMULAT I ON ROUTINEN FASPEND:B) .

INTERRUPT SERV ROUTINE and S!MULATION ROUTINE 1 to N are the

names given to.the binary object modules uf interrupt service

routines and simulation routines supplied by'the user.

The resultant image on IMAGEFILE may now be loaded and run.

A sample map produced by the loader is showr overleaf.
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AVPENDIX 5

DESIGN OF A HARDWARE RANDOM PULSE GENERATOR

Chapter 4 described a system which could produce 16 independent random
pulse dutputs,f[om a single random number generator. A detailed

description of the random number génerator was given in that chapter

and the description of the remaining circultry is glven below.

‘Design of the Comparator

~ The comparator must compare two 12 bit numbers and give & 1 at
the output if the generated number is less than the number in the.

“memory. Three b bit Ctharators type SN7485 are used by connecting

' the ripple carry outputs to the carry inputs.

An alternative arrangement can be used to.give a faster comparison
but the extra complexity was not warranted as the overall speed of the

generator was high enough to satisfy the speed of operation condition

~given in 4.2.2.

‘Design of the Memory

~ The 16 word 12 bit memory is made by connecting the address 1ines
and read/write enable inputs of three 16 word = 4 bit wemor|es type
SN7489 in parallel.
Additional clrecuitry is provided so that the memories can‘be
programmed either under computer control or from switches on the
front panel. To do this a 16 bit word is requfréd. The four most
significant bits contain the memory address and the remaining 12 the

data. The basic memory clrcult is shown in Fig. A5:1.  Open

collector gates are used in the buffer to permit wire - OR connections.

i

L

"“”ﬁii:‘ S

VT e SR U i R

LTV

AR e

v o4 [y

B - S




PUTFN
1

e

e e

Front pane
gnable e

- 1hy -

1 switches

\

~switches
S/

1\

| ; S e

From’

Buffer enable -

e 5 o i 4 5

R o

computer Data Bit O
Data — 2 -

: ™ T

' Buffer 1 ¢ \pata Bit 11 !

|
, ] ) Electronic
* Address._.__} . Switeh ;
— . =

T [ 1. High ] ]
Programn enable
s A!:3|CD

From counter

4

.

_ Veo
. rﬂé Qutput r—l

. Timing . Timing
Input Al

Q
A2 —|AZ

< AN\
5
; [

Mona Mono
L3table L.Stable

it

Memory

A

’:‘. . R . 5
"’),aingle cyole

-
o "

- Run

Fig A5.2 Internal Clook

T

o i AP encous e g st 1R

R YI

R

TR T b o e TR

7 ;A



- thy -

This simplifies the logic and reduces the number of contacts required
on the memory hoard connector.

Design of the "Internal Clock

‘The internal clock provides the timing pulses for the system.
‘When a pulse is applies at the Iﬁput, the clock starts and after 16
pulses stops again. Thus for each input pulse the system generates

16 random numbers.  The circuit (ses two cross coupled monostables

-

- which comprise a trigger: ! multivibrator. The mu’tivibrator runs

for as long as Al or A2 on IC 1 is held low. The input pulse is

épplied to Al and A2 is connected via a NOR gate ot the 4 outputs of

the address countv-. A negative going pulse at the input starté‘the
clock which clocks thevcounter. The output of the NOR gate goes low
&nd remains low till the counter reaches the all zcro state causing :
AZ to go high which stopslthe clocé. The circuit used is.given in
‘ng. AS?Z. '

Features of,the‘Pulse,Generatof

The foliowing front panel controls are provided on the generator.
'(a)‘ Run = single cycle
This‘switch selects thé mode of the interﬁai clock.  In the fun
p@sithn the yenerator goes through the complete cy;le and
generates 16 random pulset for each input pulse appliéd.} This
is the normal mode of operation. The single cycle position
disconnects the ihternai clock and is used tor examining the
memory contents or for testing every word of the uniform random
‘number generator.
(b) Programming Switches
Sixteen switches are provided for manually programming the
memory.  The memory addrsss |s set up on the first four
switches and the data on the remaining 12, .

*
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(c)

(d)

(e)

(g)

‘register.

- b6 -

‘Program = Run

This swit;h is u;ed to apply the data from the programming
switches to the memdry inputs. .

Program Pulse

This push button puises the write enable input ofithe memory. and
stores the data set up wfth the programming switches in the

)

memory.

Pulse Button

This pﬁsh button applies a pulse to the input of the internal
clock and is used for checking out the system and examining
memory contents in conjunction with switch (a). |

Clear Button

This’push‘button resets the generator to the all one condition,
§et5‘t5é address counter to zero and cléaré the outpuf‘shift

stual Read Outv-

# .

Three loau}thED displays are provided.

K}

(i) Memory address and data

This is used for examining the contents of the memory. ' ‘v,
{i1) Unife.m random number

This displays the 16 least significant bits of the uniform
random number generator. . ¥ \,;: 4 of these bits are
not used by the system:but ai . v w} for checking the

o operation of the generator.

(iil)’ Output register
This displays the states of the 16 independe; * random

pulse charnnels.

e e L kb
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(h) Computer Operation

. The system is provided with a suitable interface to connect it

to a NOVA computer.‘ The device code is 70,

(ii)

{iv)

(v)

(i) Buffer A (input)

This buffer contains the 16 independent outputs of the

generator which can be read into the computer .ith the

following instruction :

DIA AC,70

Buffer A (output) ,

This buffer recelves data from the computer to program

the memory; |

The four most significant bits (i.e. bits 0 - 3) must

contain the address and the remaining bits (bits & - 15)

the data, |

The following instruction is used:

DOA AC,70

N.B. For prrgramming via the compater the’programming
switches (b) must all be in the "ope" position.

Pulse

A P suffix to any input/output instruction applies a pulse

to the input of the internal clock and performs the same
function as push button (e).
Clear

A C suffix clears the device as described in (F).

System Tests

After constructing the system the output of the uniform random
number generator was checked against a software simulation and it
produced identical results as expected. The various modes of

operation were then checked.  The only calibration procedure is to

S
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set the timing of the internal clock to the fastest possible speed.

An examination of the system and the manufacturers' specified

propagation times revealed that the critical delay path was:
address counter, memory and comparator. Typical delay for this

combination was given as 120 ns.  The delay of the implemented

-system was found to be approximately 100 ns. ~ The internal clock

was set to 120 ns which was the highest speed the internal clock

could operate at. This means that 1,92 us are required to

‘generate the 16 random pulses,

i s P

P -
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APPENDIX 6

STATISTICAL TESTS ON THE POISONION DISTRIBUTION RANDOM NUMBER GENERATCR

jéble'AG.I. Frequency Tests on the Uniform Random Number
‘ Generator
Bits Lower Bound Upper Bound
Failures Failures
0-3 65 43
8-11 51 58

Table A6.2. Serial Correlation Test on the Uniform Random

Number Generator

Bits 0 - 3 Bits '3 - 7 Bits 8 = 1
Number - : ‘ o :
Tested Lower Upper Lower Upper Lower Upper ;
‘ Bound Bound ~Bound Bound Bound Bound
Failures Failures Failures Failures Failures Failures |
0 13 19 23 16 15 15 |
1 20 24 19 13 14 16 s
2 21 22 21 18 21 17
3 15 24 23 17 15 20 o=
4 10 26 18 19 18 30
5 1 21 15 21 13 - 19
6 16 th 2 19 16 22
7 20 17 15 2} 16 14
8 21 19 6 16 18 20 ,
9 19 26 19 17 18 27 |
10 16 17 14 16 19 27 ‘
1 13 17 18 16 18 14 ?
12 15 16 18 24 22. 18 a
13 23 21 23 oo 18 16
14 22 21 14 17 19 21 |
15 19 19 13 16 21 27 P |
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TablerA6.3.

150

Autocorrelation Test on Bits 8 - 11 (M.S.B.)

} Mean Standard | : _
Run Value Deviation Chi-Square Largest Delay
Number of ~ of Value Coefficient Value

~ Coefficients Coefficients

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

2 ~000321 0,07212 0,64642 ~0,16478 16
3 -000310 0,06753 1,05047 " -0,23400 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 +1,21418 b9
8 -000510 0,06616 1,85856 -0,18378 | 33
9 +000259 0,05740 1,35351 +0,20513 77
10 +000317 0,06832 2,36361 -0,20258 26

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

12 +000033 0,05387 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 4000065 075284  2,97981  -0,14098 47

17 +000112 0,05226 2,16160 +0,14271 81

8 +000321 0,05999 3,97981  © -0,1h499 85

19 -00n158 0,05606 4,28285 -0,14113 62

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

X2 g5 = 0,103 X g5 = 5,991

o it g

b
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Table A6.4. Autocorrelation Test on Bits 0 = 7
l
Mean Standard ‘
Run Value Deviation Chi-Square Largest Delay
Number of of Value Coefficient Value :
Coefficients Coefficients ]
1 +0,00294 0,05439 1,99998 +0,16412 16
2 . 40,00502 0,05496 0,79995 -0,13050 h6é
3 -0,00168 0,05819 0,49996 -0,13762 46
b -0,00432 0,05645 0,99996 -0,13744 26
5 ~0,00222 * 0,05311 3,80001 +0,14553 32
6 +0,00007 0,05897 3,60000 +0,13363 42
+0,00028 0,06150 1,49998 +0,17218 73
8  40,0024k5  0,05766  2,50000  -0,15540 2 | B E
9 40,0068 0,04751  5,50004 40,4337 . 87 b
10~ +0,00650 0,0565% 3,60000 +0,14248 1 |
11 +0,01779 0,0518 1,69989  +0,1429 11
12 +0,02070 0,04925 6,30006 +0,13299 10
13 +0,00578  0,06236  6,70005  +0,19004 89 |
1 ~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 ’
7 ~0,00190 0,05496 7,80007 ~0,15751 97
18 +0,00241 0,06224 5,50004 -0,14560 56
19 +0,00202 0,05766 0,89997  -0,15798 63
20 +0,00230 0,0622}4 2,80001 +0,16790 66
)(2‘95 = 0,103 x2.05 = 5,991

P
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Table A6.5. = Frequency Test,

Upper Bound Failures

Channel g 4 2 3 4 5 6 7 B8 9 10 1 12 13 1k 15 TOTAL
Flow
Rate
0 5 64 2562 6 87 8 8 7 8 9 3 9
200 5 3 5 6 56 1 8 4 6 5 7 6 4 2 2 75
300 6 5 1 6 5 3 4 5 83 1 710 7 b 8‘ 83
w0 68 324575 93 6 kb 7 7 6 9
599 6633745 7 81 3 5 7 1 4 8 78
600 3 4 3 6 7 3 4 8 10 4 7 A 7 5 5 9 96
700 5 6 5 4 8 2 3 6 3 4 6 10 7 6 L4 85
800 8 2 4 3 6 21 8 15 4 5 8 4 10 h 75
90 7 A& 3 7 7 2 2 5 6 5 6 4 8 7 81
{000 8 630625 7 36 5 4 5 8 7 9 8
Moo 5 6 4 1 k2 b2 bbb o1 5 4 5 6 7 Th
1200 6 5 4 3 3 04 3 3 4 3 2 6 6 6 10 68
1300 6 2 6 0 4 1 0 3 39 9 4 4 3 6 7 67

[
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Table A6.6. Frequency Test

Lower Bound Failures

Channel No. 0 1 2 3 & 5 6 7 8 91011 12 13 14 15 TOTAL
}low Réte’
100 71514 3 8 7 610 6 81010 8 617 5 1ho
200 8 616 9 81311 7 9 7 911 811 7 5 145
300 5 6 81113 9 81310 81310 8 6 811 178
400 b 5 9 9 8 86 5141910 7 815 711 145
500 5 9121113 9 51012 910 616 5 8 7 17
600 7 7 81313 911 9 6 4 9 61112 6 4 135
700 131510121210 7 81214 8 6 51210 8 164
800 10 8 910 6111011 712 5 9 5 8 6 4 131
900 b 9 7 7121011 6 710 9 6121010 8 138
1000 810 613 811 %5 811 910 8 8 8 1410 148
1100 711 61210 81316 61012 9 510 7 5 147
1200 81212 9 91014 7 912 814 711 811 61
1300 713 6 810 6 145

1313 6 71314 9 8 412

> s i g v o |t
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Table A6.7.

Gup Test

154

Upper'Bound Failures

| themnel 0 1 2.3 4 5 6 7 8 9 10 11 12 13 1h 15 TOTAL
prow
Rate
100 3,0k 1223221 0 3 1 2 1 2 29
. 200 13 1 123 0 3 4 3 1 4 2 0 1 30
30 4121 2%4%21 43 2 0 2 3 1 0 32
400 1 31221 2011 4 3 1o 1 27
500 2 011022011 0 1 0 3 3 2 19
600 1 1 10036251 3 1 3 2 1 '3 33
7% 3 2 2 o0 1o 01 4 1 3 3 2 3 28
~ 800 111 0023221 3 0 3 2 0 k4 2
900 3.2 3 2.2 311 2 1 1 2 2 2 4 34
000 2 33001 32431 1 2 3 4 o 4 34
1100 11 2041 7222 2 0 2 6 2 2 36
1206 b o 1 1 466 11 3 3 6 4 3 2 50
1300 2z 2 1 2 1 4k 4 4 3 4 2 5 1 k 2 43
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" Table AG.8.

Gap Test
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Lower Bound Failures

Chamnel g 4 2 3 4 5 67 8 9 10 11 12 13 14 15 TOTAL
Flow

Rate
00 323903131 13 3 1 0 2 4 3 33
200 2 2 3 205 2 1 3 4 4 & 1 2 3 2 4
300 2 11 0332321 2 0 0 3 3 2 28
MO 1320022132 1 5 1 2 3 3 3
50 1 4 8 1153034 1 1 1 2 3 b k
606 1 20 3232133 1 0 2 3 5 1 32
700 1 2 21 h 3 3 131 0 1 1 o hohoo3
800 4 3 201 53212 0 2 h 0o 0 2 3
900 2 1 0 0 0 4 o0 3 1 3 2 3 2 3 0 1 25
1000 3 0 3 21 22112 1 0 2 3 0 0 23
M0 ¢ 31 2020130 2 2 1 ¢ 2 1 20
1200 3 2 211341121 0 0 0 1 1t 2 21
1308 6 0 1 ¢ 2 2:0 0 91 1 2 1 1 1 0 12

RS

T v
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Table £6.9.

Sertal Correlation Numberc Following

156

Upper Bound Fallures

" Channel

1

anel 01 23456789 10 1 12 13 15 TOTAL
Flow
Rate
00 2 1 10 ,3‘ b1t o1 bk 0 11 ,6‘ 27
2000 0 1 2 4 4 64 642 4 0 2 2 2 4 W
30 5677987767 6 6 5 7 5 4 102
M0 6 325626663 5 6 8 6 9 6 8
50 2 55 4 55 4584 8 6 7 7 8 5 89
600 5 6 56 1 6 6157 5 5 6 6 5 4 75
700 5536554576 6 1 8 3 7 2 78
800 6 4 5 4 4 6645 6 4 4 3 9 1 75
90 4 6 7 3 5 3 4 6 3 5 5 4 5 6 0 69
1000 0 2 55 5 2 3 4 12 7 7 3 6 6 3 61
110 2 5 8 52 8 453 5 3 9 4 6 3 75
1200 4 525421585 6 7 9 5 7 6 8
1300 6 2 1 2 6 0 7 4 b4 4 6 5 6 6 7 70
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1
‘& b Table A6.10.  Serial Correlation: Numbers Following 1.

‘Lower Bouind Failures.

AR TR T S i R e e Ly B e T

Channel No. 0 1

[

3 4 56 6 7 8 91011 1213 1415 TOTAL

o }': -
lliif; ‘ i “ e i s Bt
‘Tﬂﬁi L g Flow Rate
“‘%: ‘ ; Mz | : ‘ +
KoL 100 011 711 8 m

1
g
i
;)
r
,

712 912 8 9 912 7 8 5
y‘i e o 2000 81 7138 91115 6 611 8 111110 9 154
. 30 . s k7127811 8 813 97 4k 56 130
6 9
2

 &00 13 910 6 7 7 8 7 111410 10 6 7 1ho
‘ 169
1
10 8 321t 711 712 8 151

810 8 811 111411 810 6 61611 147

500 12 91213 61111 7 912111312 10 10 1
S 600 11
o 700 7

800

3
15 612101014 6 7 8 8 8 6 7
8 9

LC N

14 10

-1

900 16 10 15 7211 b S 11 7 13 1411 12 110
179
180

13t

21

S~ O o W W

1000 10 10 th 8 14 91513 12 13 15 12 11
1014 810 3 6 7 91010 & 12 810
307 8 713 710156 9 71 7

611 8 5 7 711101210 7 6 7 13

1100
© {1200

N O W~ o
Wi W oy 0 W

1300

it F RN T AT K i

R A Y

e
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Table A6.11.

158

Serial Correlation: Numbers Following 0.

“Upper Bound Failures

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

100 7 3 54 6 54 6 7 5 8 ‘8 7 410 8 10(“
200 6 53 68 547 4 8365374 8
300 57 7 65281 553710852 95
400 7 648765784 5 7111248 109
500 10 8 38536884 368588 100
600 7 45368 510950465775 9
700 7 b3 4 8 k4667 36067957 9
800 8 217 6541035359675 8
90 10053781 69773 k139 610 108
1000 | 7 353351684566 7 7 8 87
1100 9732853357447 6611 90
1200 105325237 57567676 8
1300 7 43 6 4 55 4 36 254367 7k

i
.
),
-
!




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

~ Lower Bound Failures

Channel No. 0 1 2 3 4 5 6 7 8 910111213 i4% 15 TOTAL

Flow Rate

| 100 910 4 911101111 811 8 7 8 614 5 142

! 200 8 9 8 810118 710 8 51114 815 6 146
300 7 71116 612131012 9 7 5 512 g 8 149 *

L koo ‘11 1015 411 1411131810 7 9 510 9 & 185
B 500 759 7101114 913 3 91213 6 8 9 152 |
| 600 9 917 814 9111216 8 7 710142 8 7 16k .

1 700 Wik 910161110 9 711 5 513 7 9 4 148

5 800 91310 12 106 ik 13 11 16 10 13 6 912 12 176
‘ 900 b 9 9 5 410 81012 31010 7 7.3 7 128 ;

1000 611 131010 8 9 810101012 91011 7 154

1100 7777 61 5713 710 5 41010 7 123

1200 811 711137 9 83 9121110 6 8 5 9 1h4

1300 1012 31111 81110 727101410 7 & 911 148
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APPENDIX 7

PROGRAMS FOR FREQUENCY AND SERIAL CORRELATION TESTS

e i e i et e e L e
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2u

21

22

Te

19}

96

AL
116
12
136
131
132
133
146
1H(
151
152
153
154
155
156
157
160
165
176
208
216
211
220
261
o680
27¢
271
aln
326
38
431
446
45
470
475
28 (3
L
HEH
565
516

516

o2
53¢
5 L'} (’x
50
930
5 ¢
IR
Ge
630
6414
65
Gy
69 ¢
91
& e
o2 &
69 4
Tef

- 161 -
PLINT "WO. OF RUNS RECULIED =%
INFUT K !
PRIN

FRINT “FRECUENCIES ¢1) OR CHI®T2 RESU.TCE) 'S

INFUT A
FRINT
IF A=1 GOTO 146

FEINT "SleielARY @ OF bl TALLE (2 '3

INFUT A
PLINT
FPEINT
FIINT
FEINT Msepaauitidoidokdogg
LET C1=3¢841
LET Ce=e('F4
FOR.B1= @ T0 15
FEINT "RIT TEETED ='311
FRINT efobmdokgomiglkg o
POR k=100 10 136¢ STEP 10¢
FoINT YRLOW EpTE ='5 b
LET L= @
LET H= i
LET F=F710%500
LET &= INT 20/ f+e b
LET FI1=F 4090
LET B9= Io'T (2t b1+e 5)
Licl BP= INT (81 18kE 1+ 5)
LET pe=F+ L2
CrLL "FRUG's F9, E9
FRINT
FEINT
IF p<>2 (GO10 316

PRINT PN NUe ' MOHT T VL R

FOK J=1 10 K
Cril. "FLLSk' S E
LT bE=S-L
IF A1 GUTY  4T@

FRINT WO« " "QLELERVLD'Y "EXFLCTEDY
PFRINT " " b RECULNCY 'S "FRECULY CY ™

LET Y=5&kC 1=
LET A= &= foYas(i-L=Y)2Y
IF fAe>» 1 WU See
FEINT "¢ S-Ls Y
LET Y= L& F
IF pA<>1 EUTU 518
PRINT "™ b ¥
LET X={d =y yuCh=Y) /Y
Ik pes ) @UT0 560
FPRINT "CHAIt 8 VALUE = R
IF A<C1 U0 B¢
LET H=e+ 1
GU10 C4C:
IF £»>08 GO0 e
LET L=l+y
I p= o GUTU Gap
FRINT Jsit
Nﬁ.l’(’i LJ
FEINT
FELowT V0P FREE TOLSL FAIL UL ES
FRINT "LOLk) FOLND FAILULES
ferIn
RINT
WERXT B
NIEXT B
[N |

oar

"5+

"L

bt b AR S e A A R YRR S A S e pg i e 357
—

e et gl

© e e

L ot R T T



AT

weGret L
GREEL 11T
GaEEe 11T
@MareE3t 1T
papeat 17Tt
BECES 111077
GrEGEet 1590 3682
GEatT 17707 O
paEtetreeens
GEHYLYTTTTT
GEELeY 19Ty
pEt13' rebrTe
RAC14 GReL11 Y
GEEIs eare1e
PEE16 044435
GERCTT ' RoereT
peezeE a4t
Gee2tt 1T
frreea’
AEERF CrO0bhe!
Corel3 11T
ECROPLY 11T
Peres 17T
LEEee 171777
CreeT 11T
POREEY 120805
CrE31Y 146593 LS
Eee3E" 1 a8 4r( et
Gre33 el R
(34" (00 01Y!
BRESS (Lol
(P36 (Pa41h
PEeaTLeealr
CeEar ' (40414

GEPA1TETOTTe 10U I

GEEAR 135404

greas' 1041

PE4a  t 14411

GO LH (00TT 4

G40 84406

PECATYCO 33!

GLESE LT

CHELT 4T

GO e yonpey!
Gl s Gt
FOEEET e G

GEEEeL o Sl

CLERDG!

1

. 162 -

o TTILE

« 1K
o NFLL
c‘l l‘.:‘"( ‘l
-1

!
1
=1
1
TXTE

« CoOLL
G
Lo A

« CrLL
GET
STa
NIOC

« CrLL
HETURN
N B 1=
NEXTI
=1

. -

P

1
=1
1
-1

» IXTH

o CALL
GL1
STa
1,Da
SUR
S1p
DI AP
/\1\j L
1&2
DE&E
JM P
L Dp

o CrLL
Fll

o GALL
JoRTTUEN
o LLK
o L
o LK
NEXT 1=,
o BN D

FRLE
e EXIN o CPLLs FEIURNS GETs FUT |

1

b B3 ¢

1:7C

12« C1
T

nFU

1o e SMF
1s ¢ C1
s (7
(‘s « C2

2 e

1s £s SR
- Co

o SMF
LOURF
124 (2

£ et

S S T

B o

L i e o e 26 4 o

o TR ey Ve v




G GE]

PREEG RLEESR”
GRLEOT1Y 177777
COGES LTI
@OEEGYTTTTT
CEEEa 171777
ROGES 177777
AEEE6Y 150302
BECCT 147707
GEEIC Gurren
CECI1 17777
GEELIEY 1T 7T
COCISLGS5RT O
AN EANEOAGER
poensreecetp
GHM16 Y (44440
GEELT ! o7
GEERE ErRe14"
GRCe1Y 17T
e
BEOE2C ¢4’
CLESI' 17777
GiECoa 177777
QEEeS 177777
COCEe 171777
CCCET " 17T 17T
B0 150 565
GEEG1Y 146503
COrseY lapart
COESa e ee!
COLEL Lty
GOERSY L qasl 6
COEBL P PL463
AN SY RN P I Ae
ISR 0 5 SN AP )
GEFALIC0TL
CEEaE " 166408
COLA3ereT7 o
G4 (1 4a17
GEOLS L al g
CLLAGT 1L 208
A AN ARy ke ie
GELESE 106405
GO SY Y ernT e
AR RN O SN C
b Sateer
GUELatriaate
COCLHSTPrpeae
CeHe 1771717
CLOLTEoreby?
Grreefrerey!
fig i
IS EIA oD
Prgee

RPN

0G

A\

[P0

[,;H

L0 fs

L1

- 163

« TIILE SERIAL

o EX 1N
oI
. N P-E-L
NEXT

=1
-1
-1
-1
-1
T

XTF

o CALL
GET
Do a

o« CALL
GRT
SN
NIOC

o CALL
RETULIN
NEXT=.
N B4 T

¢ UALL
FRTURN
¢ [l

+ TLK

o Ll

Nl =
o N

o CALL S FETUINS CET FUT

1

A e

1,76

1o+ G
7

"pU

oo Bl
15+ C1

M

(e C8

&5 71 (0

1s &5 SN
LQO T

o SPATE
ok P

|

©s 70

10 &5 SN T
LOu ¥

« 0P

LE1

1o OO

1

4 S 1 e Syt s e~

~ R —

e T e

Tl
1
i1

i e fpg gy
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APPENDIX 8

PROGRAM FOR GAP TESTING
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S DI EL161s 20 50)

6 LE1 H= ¢

7 Lkl L= ¢

10 FRINT "FLUW RATE ='

20 INFUT

30  FRINT

400 FRINT *WNUe UF SA4ATLES = g

50 INFULT S
.60 FRINT ¥
10 FEINT "FRECUENCIES (1) UK CHI®tS FESLLIC & :
8@ INELT A

96  FRINT , \
1 Ik p=§ GUIU 6@ ‘
© 110 FRINT "SWivARY €@ OF FULL TAFLEL ¢9) '

1260 INFLT A

13¢  PFRINT

140 LLET C1=16+4919

156 LK1 C&=3 305

16 LLET IS/ 10300

17¢ LLET FIspkd4rs b

130 FRINT "TEST WHICH FIT ¢p=15) "

19¢  INFUT E1

2ne PRIV

205 FHINT '"WUe OF hLNS JFLOLL RRD =7 ' '
o6 INKLT R

207  FRINT

273 LET E9= [NT (Lt 1+e 8)

1P LET Le= INT ¢(&f 1D8ts. 5)

211 LE1 FO=[{+Fp

2ee  CALL "FIUG'™ F9, 10

228 LET KL = ¢

23¢  FUFR [=1 71U 9

240, LET ELIJ= INT (= 1/74 LUG Ci1=CIkC i~ LXF C=FIY/16/1) )= §)
ehy NEXT I

260 LLT ECIgd=16pp

261 FLFING

062 FhIN

Y Lk A= GUTYU 3

271 FRINT "ELN NU '™ ({110 LALLREY

31¢ FUN J=1 TU R i

31 CALL ”INIT“:&:&EIJ:EEPJ;h[?J;hC&J:ECSJ:hEéJJEC?JaEEQJ:EEOJ:Frlﬂ
y .

33 CALL VRLL &L AL wJ:%E1J:%EPJJ%E3J$&E&J:éCEJ:?CGJb6[73:%CQJaﬁt°J

S S i St e T e

e a5 b g £,

rom e w gm0

o s~ e

i i o e W
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430 IF A<>1 GUIO 451

44¢ FRINT " GAF " "UBSLPVED™ YEXFECTLED"
450 FRINT ' " "pEECUENCY 'S " RECLENCY "
451 LET YI= @

452  LET K= @
460 CFOR I= @ 10 9

490 Lb7 Y=Sk¢ ke 1= EXP C=PEECI+11=F))/C1» EXP (-PY)-Y D)
415 LET YISY 1+Y/8

4 Ik pe>1 GO0 500

©p - FRINT LOIJsRLI+13,20100Y

500 LET A=X+CALID=Y)#RCECLI-Y)/Y

510 NEXT T
oe e I p<>] LJITU 560

g e 72 o g SR

e v e AR e T L

53¢ PRINT "CHIt S LALUE = '5X

560 [F X<C1 GUIU b9 0

570 LLY H=d+1

o3 e GUlY 6310

590 I1b 4202 LUTY 6267

6o e LET L=L+1

62 Lk A= ¢ GOTO 640

630 F‘RIN'] JaX

C64ap NEXT J /
S 65¢  FhINT

69 ¢  PRINT "ULFREE FOUWLNL PALLURES = "5+
9@ FRINT "Lublkk FULNL FAILURLE = "l
€91 FRINT

692  FRINT

693 GLIU %

760 kNb

A g A et g S S L o e

T L %] noehie P

SESNINN




aajololop)

PORED BUEHa3"
peep1 177777
PRPBE 177177
BoOen3' 177777
GeEe4 177771
PeBES 1777717
paRE6t 1560322
CRERT 147707
pEBIA GOCEOR
GoORII" 1717777
G112 177777
GEE1I3' peSeTe
00B14' BROGIL"
GoB15*earp12?
GEO16' N4440:4
PNeA17 genaTe
ORE2G GRAGL1 4"
GGE21 177177117

Topeem

afolalol=¥c

PENR3' CEEET 1"
ROB4Y 177777
LRRRS 1777717
@geese6t 177117
paeeT 1771717
BOG3E 177777
QeE31Y 144716
OENl2 144724
ARM33 GECHAG
pOG34° 2304206
gRE3s cerec!
eR36 eeee15?
GOB37' 645060
BeE40° 151400
QU411 174614
Goo4a2' ¢06773
PEGA3T 1400
pRpd4at pea4d
DERASY 34472

0G

LT

"

L e

BER4E" 041 400 L PS5

POCAT 1T5400
GoesE* 125404
apes1 eeaTTs
PRO52" REFGAS!
mmwssj@m@wei'

RBGSL LOEES6"
GUESS 117766
“page s
IR

BOMB7T1 Bre 153"
paeTat 117"
QaaT8 1717777
'({J!Ziﬁl‘?t-ﬁ: 177777

o SAM e
C1m
SH P

167 -

« TITLE GAP

o EXTN o CALL» RETUFNs GETs PUT

« TX TV 1
o N REL
NEXT

-1
-1
-1
-1
« TXTF  "PR

« CALL

GET

DO A i»70
« CALL

GET

STA 15e C1

NIOC 74

« COLL

RETURN

« C1: o ELK
NEXT=.

NEXT1

-1

-1

=1

-1

-1
-

XTF "IN

L DA Os ¢ SAMP

« CALL
GET

STA 10 @ 2

INC 20 2

COM # 3» 35 SZR

JM P Lp
SUR s

L DA “1aCHD
L DA 35« KBS
STp (s M 3

INC 35 3

INC 15 1 8%k

JMp L PS
« CALL
RETURN

NEXT 1=

NEXT2
=1
-1
m;l

i e |

h g e

e e e gt e e —erlpfiomt | —orte i

e =

e

[ G ———

-

-

it N



X

‘PROTS 177777
GreT6Y 117777
GOBTT 150325
PO1OR" 146323 LS
ORI La2 460 B
OB162° A30TH

P1E3Y 102400 LOO P

o104 Q64TT0
BO1GS" 147404
POLR6' HEG4HS
PE1B7T 101400
pOL16' BEETT 4

TWO111 934743 L po:
PEL1EY 175400
pR113' 025400
AE114" 122632
RE1LS BRETTS
0116 B24420
BE117 137 AR
PO126" P25 4R0
pR121" 125460
pR122' @45 400
BO123° (14733
@@1241@@@757

0E125'a30412

BE126" 162460 RESL:

ae127" G25660
GEI3E AEGESS"
ee131'1777771”
GB3132Y 151400
OE133"174614
gp134' GRBTT2
BrR135'EEE136!
@@136:@@@@53'

BEI3T GER141" « RES
e 40 Lene62” DLFF
"epoml2  RES:

@@msa:

.
-
»
.

. 168 -

-y

jl
-1
o TXT "pPU

L DA 2« C1
SUB s O

DI AP 1 70
AND 2r 10 SER
JMP L P2

INC G 0
JMP LOO P+ 1
LDa 32 ¢ SAMP
INC 3 3

L DA 1> @ 3
ADCE # 1, (o SEC 3IN RANGE?
JM P L p2+ 3 NO
LDA 1» DI FF
ADD 15 3

L DA 1@ 3
INC 151

STA 1o 0 3
Lisz SMm P
JMp LOOP

L DA 2y ¢ RES
suUB f 0

L DA 150 2

o CALL

PUT

INC 25 2

COM # 3s 3» SER
JMP RESL

« CALL

RETURN

4

RES

o RES=e SA -}

« ALK 1 e
NEXT2=.

. END

T

o
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APPENDIX 9
PROGRAM FOR AUTO A4D CROSS CORRELATION TESTS

i St P A £ 01
'
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5 DIm EL 1R

12

2¢

3

31

40

on

60

0

80

136
131
132
155
156
162
161
162
163
164
165
166
176
136
190
195
19 6
200
2ie
eee
eee
223
e3¢
233
234
235
236
240
256
251
252
253
260
e
23 ¢
9w
300
310
320
336
331
aae
333
334
34
366

FRINT "WUs UF CUEF FECULREL = '
INFUT Kk

FRINT

LE] AE=1GECE

FRINT "sWiARY (@ Uk bLLL TAELE €)'
INFUT A1

FRIn

FhINT

FRINT
F“}\‘IN']
PO k=20 10 130¢ STRF 200
FOR Fi1=F 10U 1380 &1L 2¢R
LET F=k210300
LET F3=F 1710800
LET FI1=Fx 4095
LET F4=1-3x 4095
GUSLE 41 ’
FUR B1= ¢ 1TV 15
Ik Bl<>5 GLTU 166
GUSLE 531§
POK E3=kI1+1 10 15
LET E9= INT (2tE1+. 5
LET EBE= INT ¢2t 12k b1+ 5)
LET FO=F1+ R2
LET FB=F4r INT (2F 12xFOte B)
LET BER= INT (2t F3e )
CALL YINIA's F95195 P35 B9 §
LET S0= 0
LEY 9= @&
LET L= ¢
LET H=E p
LET S1= @
L1l C9= n
LET Bki=h
Ih BI1<>E3 GOTU
LET i=f+
FOE 1=k 1=k 10U F1=1
CALL "CORR'I»C
IF C>X GUTIU 253
LET L=L+1
Tholsde LUKl . 27106
LET H=H4+ 1
LET 81=51+C
LET ECI¥=C
IF CG<=09 GUIU
LET C9=C
Lk Atz ¢ GUTO
PRINT Cs A
NikX1 1
LET &S1=81/7% ‘
FOEK I=k1=F U Rhi=1
LET Sessb+(RLII=EDDECRITI-SD

24

aie

330

NEXT I
LET 52= SO CS2/¢1=-1))
FRINT B9 "1 E& TAF 18 &1 IrF 235 €95 1AF a%3Ls 1pF 5034

»

T

SIS SRR S

W i




»

361
374
;‘ W
A
EACTS

Al

I

4214
431
440
456
460
466
467
463
470
430
See
510
524
530
540
556
560
YRS
58 6
551
582
533
536
5387
533
590
6ny
610
614
615
616
617
619
620
630

- ]71 -

PRINT TAR 635 C9
NEXT B3
NEXT Bl
NEXT F1
NEXT F
END
LEL D=8 —.n..-
LET PBS5=PxF3
LET @=1~P5
LET Fé= LOG P5
LET @0t= LOG @
LET C5=A&: 01
LET D=D+ EXP.(CH
LET K= @
1F D=o1 GOTO 530
FORK K=1 TO 106
LET Ch=0C% LOG ¢A2-K+ 1)= LOG K+Ph~0Q1
LET D=D+ EXP (CD
IF D>=.p5 GOTO 536
NEXT K '
LET Di=D
FOR J=sK+ 110 1000 ‘
LET C5=C5% LOG caAR-J+ 1)~ LOG (I)+P6-C1
LET Di=Di+ EXP (C®
IF Di*>=+9 GOTO S81
NEXT J )
FRINT
PRINT
PRINT
PRINT "FfLOW RATES ='3 F3 "AND's '}
PRIN T "tk ek s s oot sk sl st sbe sl ook s e e
PRINT .
PRINT "LOWER LIMIT ="K, "UPPFER LIMIT ="3J
LET A=F5% 10606
PRINT "EXPECTED MEAN =" A "EXPECTED STDe DEVe ='3 SOR (A%
FRINT
PRINT 1TAE 25 U"BLTS'; TAR 14 "MEMN'™; 1AL 2335 "STDe DEV. 'S
FRINT  TAL 35 "LOWER 164" TaAR 473 "UPPER 1¢%'s TARE 3583
PRIN "L ALGEST COER"
PF%I.NT
RETURN
BN D

s e s i
.

A 7 o AT T IR i A B S~

et g e

e i s 1

S




SonloloB!

afelolod ANola B ol I
eOGEY 177777
gRaneEe' 17717117
gooa3* 1777717
PECR4 1717771
PEEOS5 177177
GOE06Y 144716
eeeT 144724 1T
ene\e’ EELeCE "
peE11Y 177777
ere12Y 17771717
PE013' 065070
BOGI4 Bl pELLt
PEZ15 enen12’
GER16" 344453
goE1TY GEEe1 4"
PRE2E PrEe1S”
pOB21° A6SHTE
POO22 BEERLT"
Qeee3 CEEPRE!
BOC24" 0444467
pErEesSYaraees!
QeEe6 arrE23"
GOGRT' G44447
OEe3E N 102460
00B31"6e4424

PER32" C2H435
Prr 3 B40440
BEES4 G34444
GLE3S G3¢434
Gre36 124432 LOOF:
GuE3T' 044435
geRR4aY 126420
PRE41'G6RTTe LOOPI1:
peE42' 125120
CEB43" 1434064
pOB44" 125400
BAG4S' 014497
CHO46° GHETTS
OREA4AT "G4S 400
eees6' 175400
PErS1° Gl 4422
BEOS2" NEET 64
BOCS3 errnes?
0Be54' 177177°

BHOSLH Gor2Te  SHIF:S
OPBsS6’ BE4420
EaGST ' 107065
PEH6n" GO 400

GEO6Y" 44416
OEH62YB6RE3TE  SH:
PRO63 ' G14414

_172 -

« TITLLE  AUTQ

« TX'T™ 1

o EX TN o CALLy GET, RETUMS PUT

eNREL

NEXT

-1

-1

-1

-1

-1

“TATF "IN

« CALL

GET ,

DOA 1,70 ) i
« CALL :
GET i
STA 15M1 :
e CALL %
GET .
DO A 170 ’
e CALL :
GET |
STA 1.M2 : !
» CALL > }
GET ‘
STA 1> SHIFT i
SUB P 0 '
JSR SHI F

3 READ IN SEQUENCE

L DA @ C625

STA o LOOPC 5 LOOP COWTER

L DA 35« TAELE 5, TART OF TAELE

L DA 25M 1

LDa 1bC16

STA 1> P1C 3 LOOP1 COWTER :
SUEz 151 :
DI AP 0 70 !
MOVZEL 151 5 SHIFT WOPD {
CMND 2s (s SER i
ING 1> 1 |
Dse PI1C !
JMP LOO P

STA 103 3 STOFE 16 RITS OF SEQUENCE

INC 35 3 5 INCREMENT ADDRESS FOINTER

DSz Loorc :

JMP LOOP ’
. CALL

KETURN ;

|

NIOGC 70

L DA 1o SHIPT

ADD M 15 SN K

JMP @ 3

STA 15« SHIFT

NIOP 76

D&z ¢ SHI B

F T e T ey




‘ORB64 CROTT6
08065 4N1400

POB66* 154360
POEET 61161
ReETE" GORE20
T epeant
afolofolch!
poEne
la1elolaB!
POOEE1
OOREO1
afafalelobl
pO106' BAG154

0@011@1:

PE1G1" GG1335"
eR1p2 171777°
Ee1e3' 177777
PU1E4 177777
Ge1es 177771
Or1e6Y 177777
PE107 141717
eE11G' 151322
0E111° GOCEOR
pelI12' Feeasa’
ge113' cemee6’
pe114* 121006
BE115* CG4T 40

PE116' 102460
28117 040432
0E120' p24752
BE121" (3RT 46
- e@122" 050430

0n123°' 034755
0124 ¢36T 44
BB125" 655426
@H1256" 131460

Ci1ogeGos

Cce6e5:
Ci1é:
M1

M e
LOOPCs
F1C:
AVE:
SHIFT:
o SHI FTs
{TAB_E:

RR

LP1e

PO127' C6CTTR L P2t

BE130" 123404
BZ131'151133
pH132° Bredee
PEI33'V1R416
OE134' 15110
BR135' 14416
A@136" PERTT1
PEI3T 115400
COLAR G14412
BE1A41" CRET63
L BRL4A2Y 12400
BO143° 004406
geta4tran1ia’
GEL4S 177177
BE146" (144!
@@147:@@@@54‘

BEOEDI

COEFN®

JIMP SH

JMP s 3
=~ 10GAME
625
2
« F.K 1
o FLK 1
< BLK 1 '
« BLK 1
o BLK 1
» FLK 1
o LK 1
TAME
NEXT=e
NEXTI
=1
-1
-1
..'l
- 1
« TXTF "Cco
\
» CALL
GET
MOV 1, @
J SR SHIF
SUB @ 3 COMPUTE S (ANHCAN+T
STA @s COEF
L DA 1sMe
L DA Dy G685 .
STA 2LPIC
L DA Sre TAHLE
L DA 2, C16
STA 2s L P2C '
LDA 25 @ 3 \
DI AP (s 70
MND 1s (b SZR
MOVEL # 25 25 SNC
JMP e+ D
1s% COEF
MO VEL 2y 2
D&% Lrec
JMP L pp
iNC 35 3
DS& LPIC
JMPp Lp1
SUE @
L DA 15 COLEF
o« CALL
PUT
o CrLL
RETURN

CHK

e e i i g St

-t e s b




CeOnE1
YalooJeB|
fclalales
0B1161

BD1335°

>

COEF:
LP1C:
L p2C:
TAEL Es

« H.K 1
« H.K 1
« FLK 1
o FLK 6

NEXT1=.

« END

174

A i e i

N L el o
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APPENDIX 10

RESULTS OF AUTOCORRELATION TEST ON THE POISSONION

DiSTRlBUT[ON RANDOM NUMBER GENERATOR

—

g b vt

o o et R

Rt e s e o e S e




- 176 -
FLOW RAME = 26
TR ST EE R TS
LOWER LIMIT = UPFER LIMTT = 7
EXPRECTED MEAN = 3. 42935 EXFECIED STDe DEVe = 1485153
EI 1 M EAN "8§TDhe DEVe LOWER 10:% UFPER 10% LAFGEST COEF
@ 3¢ 63 1480714 10 5 2]
1 24 25 1e 53987 35 2 g
2 3e (8 1« 18 475 16 4 3
3 De 52 10 64826 28 9 6
4 3. 3 1« 73178 19 4 8
5 3+ 5¢ 1e 35548 10 6 10
6 3¢ 71 1¢ 848349 12 7 9
7 3e 47 16 76643 11 7 g
8 3¢ 41 1e 8 4273 13 4 9
9 3¢ 56 16 7075 11 5 7
10 3¢ 35 1493519 1% 5 9
B 5 30T 4 1e 72691 7 [ g
12 3¢ 74 1481252 g 7 9
13 - 3¢ 57 1e 72477 12 5 g
14 4o 32 2¢ 14506 1@ 17 9
15 4o 6 1.8 1364 7 g
FLOW RATE = 3pp
I EEEEEEEEEE TS T EF
LOWER LIMIT = 4 UPPE) LIMIT = 13
EXPECTLD MEAN = T¢ 71605 EXPECTED $1De DEVe = 2677671
BIT M E AN S1De DEV LOWEEK 10% UFPER 12% LARGEST COEF
\
@ 7+91 26 71581 12 4 14
1 5¢ 6 v 42462 35 o 11
2 Te 66 e 609 35 ‘ 4, 15
3 Te 47 2+ 38 0108 11 1 13
4 8 07 249 2068 7 19
5 Te 46 D¢ 43468 14 1 13
6 Ts 61 26 34005 7 3 13
7 7488 2+ €9 004 B 5 15
8 Be 42 3s 59 093 10 11 16
9 Be P4 D0 56PR 4 7 14
10 B+ 07 Os 60634 9 4 17
11 8¢ 39 007069 4 9 17
12 9.2 29953113 a 12 17
13 748 Be PH504 13 7 15
14 Be 68 Be 664 7 7 17
15 Be 53 De HP 436 5 6 15

e ARt ST P 3 S S AR A 0 T

e

e e e o o

b it i

SR

# i e
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FLOW RATE = 400

*********tlﬁﬂc*?k***

LOWER LIMIT = g * UPPLK LIMIT = op

EXPECTED MEAN = 1307174 EXPECTED STDe DEVe = 3.7¢116

BIT MEAN S1De  DEVe LOWERK 16%  UPPER 10%

0 140 06 3. 209 26 3 6
1 11e 29 3o 447 42 21 @
2 12¢ 17 3e 4317 13 o
3 124 48 3e PP 19 g 1
4 136 68 30 5416 5 4
5 1385 3 33446 7 5
6 14082 3+ 638 67 3 11
9 15« 51 3+ 37995 1 12
8 1499 Je 636029 4 19
9 150 49 30 42449 1 11
16 14e 4 3¢ 33636 1 7
11 13+ 65 Ce 37661 3 4
12 160 013 381504 2 19
13 1351 382697 10 7

, 14 140 72 3070933 4 9

v15 15095 3¢ 635 09 o 14

FLOW RATE = Sep
ko Ak ok ok ok ot e e o of e

LOWLR LIMIT = 14 UPPEF LIMIT = 29

EXFECTED MEAN = 214 4335 EXPECTED STDs DEVe = 4 62466
BLT M E AN STD. DEVe  LOWER 10%  UPPER 162
@ 21e (12 39363 5 2
i 174179 4 443584 26 7
2 18+ 63 4 40993 19 2
3 194 1 3¢ 745673 14 ]
4 2292 4 45556 3 7
5 22 & 4o 16134 1 7
6 204 43 4o 45006 3 7.
7 22 14 40 189 04 3 9
g 2285 40 159 34 2 3
9 £S5 23 40 PR P 4 25
10 224 6 4 (14763 1 7
11 21 54 3o 57437 3 1
12 23 45 4o 69 121 1 14
13 £1s 33 4e 9 6959 5 g
14 22:99 48716660 6 13
15 254 4 4 50377 2 o7

LARGEST COEF

2t
19
po
ep
25
0o
P17
P3
23
23
pu
o4
26
Pe
o5

°6

LARGEST COEF

3e
o8
3e
9
35
35
39

ae
35
33
34
9

6
a3
35
31

e AT g e 1

RN

A g SR SR




LOWER LIMIT = 2p
EXPECTED MEAN = 3p.8642
BI 1 MEAN S DEV.
n 3 14 4817983
1 259 4 5. 1482
e R5e8 4 49 79% 39
3 £ 59 40 70351
4 32+ 63 4088537
w5 - 32 %2 Bo 1455 -
6 324 61 S5e 15605
7 334 17 5. 31255
8 32. 25 5¢ 09 33 2
9 36s 02 Se 02313
10 32+ 53 5+ 12559
11 3¢ 42 40 5664
12 340 73 5. 23357
13 29+ 29 5. 21127
14 33. 44 5. 26147
15 340 29 5. 1704
HLOW RATE = 7pp
sokok Aol ko ok ok e Ok
LOWEK LIMIT = 32
EXPECTED MEAN = 420 (169 6
BLT MEAN S10Ds+ DEVs
o 424 11 5464951
! 36496 Ge #5343
2 /3671 5¢ 42774
3 401 31 509 6461
4 4382 5. 5055
5 42e 54 50 8 6443
6 450 21 6e 25144
7 434 61 6o (14065
8 43+ 02 507717
9 4549 2 543761
10 424 63 6v 183 347
11 43+ 91 6 16616
12 47+ 43 5433434
13 41 03 6+ ©4139
14 47+ 87 6o b AT
15 4507 5498785

FLOW RA1E =

6@

Ak Rk ook o ek o ok ok

178

UPPER LIMIT = 4p

EXPECTED STL.

UPPER LIMIT
EXPECTED STD.

LOWER 140

., =AW
H

VONIVU = DWW — - O W

= 53
DEV.

LOWER 10%

el
ee

TPOORNRUITIOWN O wme O

DEV.

= Be 54697
UPPEK 10% LARGEST COEF
1 401
%) 37
1 41
1 40
9 44
e -rr P - ag
9 45
14 46
10 4id
23 46
1¢ 44
o 49
13 48
3 44
11 47
15 43
)

= 6e 46795

UPFER

@2  LARGEST COEF

5a
50
51
54
59
59
63
56
55
5%
57
3al
62
56
658
55

ity v S

s e e

R
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FLOW RATE = gop

ook ke sk ok sk e skt e ek s gk e
LOWER LIMIT = 43 UPPER LIMIT = 66
EXPECTED MEMN = 5408697 EXPECTED STDe DEVe = 7.337p5
BIT M EAN STD. DEVe  LOWER 10% UFPER 16% L ARGEST COLF
' )
¢ 540 25 b B409 4 1 T
1 496 74 6o 5309 2 21 o 70
2 47488 6o 12541 23 1 79
3 53¢ 67 6o DT 49 2 5 3 69
4 55.86 6o 41181 2 7 70
5 55« 32 be T8G9 6" 6 71
6 594 64 609 53 G4 1 18 83
7 54 14 6e 37548 5 4 6% : »
8 52+83 be 46365 6 2 63 : ;
9 60 17 6s 5058 6 1 18 76 :
10 55¢ @5 6o 67309 5 8 69 . ;
11 57 17 7e 25007 3 12 75 i i
12 594 17 6.19876 7 19 75 \ |
13 5285 Te 352447 11 4 6%
14 636 45 Te BEOY 1 39 8o
15 669 6 6459 187 0 25 75
- I
FLOW RATE = 9¢@ : ‘
s SR e ok o ke e o sk s : :
LOWER LIMIT = 56 UPPER LIMIT = g1 , i
EXPECTED MEMN = 69+ 4444 EXPECTED STDe DEVe = 820434 ° :
BLT M EAN STD. DEVe  LOWER 16%  UPPER 18% LARGEST COEF E
7 69+ 34 7436523 4 7 88 i
1 62 609282 25 o g7 !
2 61489 Te QU657 21 1 85 }
3 69+ 138 6596874 3 5 85 .
4 L 1448 Te8 1476 1 27 93 ,
5 67+ 02 Te 07 389 9 2 B4 2
6 Ve 37 Te 58 605 o oo 1P ;
i 78 g1 74 39169 2 13 9o \
8 69+ 12 To 2B 056 2 5 89 ;
9 754 55 Te 75408 1 oo 97
10 710 39 T 24448 P 14 86 i
11 69+ 053 Te D1RY 5 5 4 87 !
12 7248 76 6673 & 16 9 4 !
13 66 75 Ko 19776 10 ! i |
14 B0 A7 Te 6408 4 1 53 99 '
{5 17486 649 4569 o 34 9o ]




FLOW RATE =

1eee

Aok okl ok el ok

LOWER LIMIT
EXPECTLED MEAMN = 85.733%

BIT

NAL ot AN =D

B gl
~ &

— et N
Ak WND-

FLOW RATE =

£

= 71
MEMN

8 4o 49
78 13
76025
8 4e 63
9@ 32
85¢ 63
91s 14
89 52
89¢ 21
91.88
B7+72
8o 57
9 @ (16
8 3+883
974 61
99« 44

1100

sk s et s ek ok ok o sk ok ok sk e

LOWER LIMIT
EXPECTED MEAN =

EIT

VR Lo AW e D

10
11
12
13
14

= 87

s -..-.;.M.E,‘.A.\j-« F

103+ 26
9.3« 56
9 6e 1
994+ 55
1a7.92
1656 41
167
13 e (48
17156 29
1106 08
163 41
102« 46
107 22
161 31
114a (%53
114095

143 738

e o s
STDe

- 180

UFFER LIMIT =
EXFECTED STDe

STD« DEVe

Be27614
T+ 83567
7491415
7« 7233

Be 27417
Be73127
Be 37505
Te8B 16068
7«9 4583
Be 24163
T¢83165
Te¢8B397

Te92236
T« 20063
9 176073
Be 27471

LOWER

RN

DV e XD e D e D U AN = O

UPPER LIMIT =
EXPLCTED STDs

LEVe

He 45141
GeT77010
Be 55178
Be 19 259
96 45554
9s 43585
e 16625
9+ (15609
B 7100
10 2412
Be36332
94 (2119
Te97162
9499259
9 5776

Beg B145

—— ) o g mine

21

_&.b—l-‘l—.
=N

=

100
DEVe = 9.219 48
10:% UFPER 107%

e

1

4

4

19

8

14

11

9

17

6

2

12

4

46

46
118
DE Ve = 1P« 1322

OV TS

LARGEST COEF

162
1e3
98
1¢2
106
105
122
109
e
113
103
105
109
145
100

119

TUPFER 10% LARGEST COEF

3
7

16
14
10
18

24

16
a%
38

124
115
12¢
120
129
127
137
13¢
188
138
128
197
125
1976
137
124

sintsscnene

.

PR R —




!
4
y
- 181 - |
|
FLOV RATE = 1200
desferfe i sl e che she e sl e s ke ok ok
LOWER LIMIT = 1p6 UPPER LIMIT = 141
EXPECTED WEAN = 123+ 457 EXFECTED STDs DEVe = 11 @423
BIT MEAN STDe DEVe  LOWER 1@8%  UPPEF 10% LARGEST COFF
7 17382 9+ 559 34 1 4 145
1 1140 05 10 (4F7 23 1 149
2 1154 09 Be 156074 17 7] 136
3 120 35 9. 2326 7 3 145
4 12991 10 697 ¢ 1 154
5 1224 54 10 M115 6 3 143 :
6 125089 9« 66183 ] 6 153 i
7 12386 948504 3 4 151 !
g8 1284 46 e @1111 4 o 145 §
9 131. 23 100 8347 1 16 . 15% !
10 12349 | 1 1971 4 6 152 |
11 119. 2 9¢ 16463 4 1 149 !
12 126409 9+ (5547 % 9 143 E
13 119+ 44 1Ge 1366 11 2 144 s
14 135 31 10s 3998 i 2 161 !
15 134+ i8 9823 183 @ 26 155 ;

FLOW KATE = 1370
e dole ok g de ek ol

LOWER LIMIT = 126

EXPECTED MEAN = 144489

BIT M EMN

14567 4
137¢8 3
13449

148952
150 59
144 8

1424 6

140492
143+ 42
1566 47
146+ 53
1446 11
145. fig
139+ 53
154439
1564 17

-ttt e DR QAU ADND =D

T -

UPPER LIMLT

= 163

EXPECTED ST+ DEVe

STDe DEVe

10e¢ 5415
11« 6541
1pe 16353
Qe Y 5400
11495062
11e 265 1
9s 33404
10 2583

9472673
11+ 4595
1/ 5116
9¢94213
9¢ 53564
11e 109 4
10 7425
9+98992

LOWER 167

N o=
— N

R B I It - I L e e

LARGEST COEF

oN

(3

NN e Q3= LI N v M) e O\ = (DN O

L7 e

173
17¢
155
169
174
17
167
167
1658
181
17¢
163
167
167
18 3
178

e Sk vt e e
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APPENDIX 11

SAMPLE RESULTS OF CROSSCORRELATION TESTS ON THE

POISSONION DISTRIBUT]ON RANDOM NUMBER GENERATOR

Lty e v st o

msget e s TRl ST =

ann sikem



- ]83 -

PLOG BETLRY = 200 AL o006

LUkl LIMIT = 1 UFPPRR LTIaIt = 7
Pt FECTLL MlAN = 3 429 85 EXFLOTRL &ile Likle = 143515Q
F11E M EaN ST Lk Ve LOLED 1r% LIFPEF 16%  LAFGEST COFF
o= 1 8 13 1o 4187 o 4 9
Bo- 3¢ 71 1431665 1¢: 7 9
o= 3 29 1e 7767 21 y 3
Bo- 4 Qe 66 1e 701G ¢ 4 i
G- 5 3 T4 le C158 et 3 <
¢ - 6 3¢ 63 1e 66152 9 7 9
(o= 7 3e 45 Feo 71 59 ' £1 : % i
£ - 3 3e 5 1+ 3939 & 14 11 g
no- 9 Qe 50 le Te6%S 1 7 9
o= 1 3e &3 1e 71527 11 ; 6 9
G- 11 Be G5 te £61073 13 4 9
¢ - 12 e 78 L 193336 1& g 1
foo= 1& 3e 1 1o £5569 3 6 7
G- 14 G773 109 53 43 12 9 10

L= b 399 1o 75605 12 7 1
1 - & £e95 1o 74695 g a 9
1 - 3 D¢ 53 1e 49379 o4 1 7
1 = 4 Lo 30 1o 757 29 0o 5 8
1 - 5 e85 1 ¢719 6 et 3 9
1 - 6 3e (41 1o 76098 19 4 9
1= 7 £e9 16 73005 oo 5 3
1 =3 Ee T 4 Te 72457 23 4 9
1T 9 3¢ 14 16 3% 575 &1 a 9
1 - 1 Dol g le 62107 25 1 2
1 - 11 Lo b Te 34097 21 o G
1 - 18 Je 1 le TEICL 15 3 q
1~ 13 e (1] 1o 76096 e 5 7
1 = 14 3¢ 39 1o €99 ¢'5 15 5 g
1 = 1b Qe 4 To v 10 11 3 11
P - 3 Be (1] 1o 59357 17 o 7
2 - 4 3 45 1699 609 14 ] 1
o= b Ge 56 Co 'R 079 19 5 ]
o - ¢ Qe ¥l 4 Lo OC bl 15 11 9
go= Ge 89 1o TEREX 15 3 g
g - 3 Ge B4 e 2846 11 7 9
£ - 9 e 56 1e 71259 13 5 S
2 o= i¢ Ge 18 1o 13676 15 6 e
£ o= 11 Qe 53 1o 41746 b o g
2 - 1f 36 44 1o 747341 {4 a 9
A ¢ 3¢ 49 1o 50 42 15 6 )
o - iz Ge®) 1o 27%5¢ 16 1 7
2 - 15 4 1e838107 ) 3 9
&4 Qe 07 14718 17 4 ]
oY KT Lo Lhel 1% 4 9
- 6 G 4 1315 ¢ 17 5 z
a-= 7 Lo 1 (s 1e 5711 ) e %
3~ 4 Fe 05 [ RCE NChS Lo 4 et
4 =9 Ge 04 1608752 14 i 2
= 16 S 67 le 711134 3 P 7

s sg e i e ea

¥




NOOL LW ow -

A ANMNDMNMN NN

2,

11
12
13
14

S o w

oox

1
1

£
18
14
15

8 .

de
Qe
S.
Qe
3.
8.

15
(3
49

1%

1e
a9

v,
38

G0
bé
a&

37
3

53
44
&

324

- 184

le G0 44
1a 09 035
e 6569 )

1631327

le2anie |

1e 310
le €3203
Te 22604
le G4E¢ 2
1639 19 ¢
1. 74063
1¢9 (52}
10';37{ ZIC,&)

17
16
15
16
14
14

18

11
16
14
16
19
1 4
1

R EEN I JEON

4
4

&
7

ARRRIP I 8 S R RN T

A RNA 3V 0

) \mliv""‘

!
i
i
{
;ﬂ
1
4
!
1
.
i
i
]
i
1
|
|
g
C Ny
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IOV ReThS = 201 ML 200

LOWER LISIT = 1 UFPLE LTWIr = 7
EXFLCTED SEAY = 3e 46935 EXFECTED 5TDe DEVe = 1.35153
BITS e AN STDe  LilVe LOWEL 1#% UPFEF 1% LATGEST CORF

]

- 6 4o (13 1+ 969 33 3 1¢
-7 3¢5 19 4165 14 : 6
- 3 3e 6P Te 23804 13 .t
-9 361 le (3112 1 6
~ 1 3e 7 le3 502 ¢ 11 1y
- 11 3e 67 Lo CTGEG 9 7

5 1
5 9
5 9
5 7
o 7
5 7
5 = 18 367 1491475 12 10 5
5~ 13 3¢5 149 2533 13 9 3
5 = 14 3¢ 64 135057 10 % 9
5158 3494 168635 9 2 9
6 = 7 Qe 44 1+ 16506 NG 7 g
6~ g 391 1e 38076 7 1 9
6 = 9 3+ 59 1o 77579 1¢ 6 9
6 < 1F Qe 37 109 6255 17 3 13 ~
6 - 11 336 Be 10344 11 1p 17 !
6 - 18 3¢ 3 1o 3 (2347 14 7 9 g
6 = 13 3¢ 41 1e 36999 13 5 g :
6~ 14 4o 9% 169 647 £ 7 14 1X4 %
6 - 15 4 14 1+ 771536 6 11 14 !
T8 3. 32 16 69 2 1¢ 4 9 |
T 9 3% 1 1.339 33 11 3 9 f
7~ 1@ 3. 21 10 64713 15 . 3 i
7 - 11 3¢ 13 1o 53514 13 e q
7 - 1e 313 1+ 7¢138 el 3 g
T - 13 315 1433333 pTel 5 9
T = 14 Ge 69 103769 % 12 9 9
T 18 3.93 169 6040 i R a
8 - 9 3¢ 6 169 (169 & 11 6 1
T Se &3 1o £3349 13 3 7
g - 11 3+ 9 1693061 9 8 16
8 = 12 3¢ 65 1s 6539953 6 3 54
5 - 18 30 45 1497153 15 6 1e
8 - 14 343 105359 § T ] 1e
3 - 15 B3e 75 Do (9557 15 ¢ 1e
9 - g 3s GY 1e 73305 11 €& 9
9 = 11 3¢ H6 Lo 743248 9 6 S
9 - 12 He 55 1e31110 9 7 g
9 =~ 14 3o 47 1697691 13 9 =
9 - 14 3oV led¢h1p 1 G 9
9 - 15 4o '8 1971073 7 14 9
e~ 11 Qe g e 70108 or a 8
1= g Ge 09 1s9 054 11 7 9
10 - 13 He &1 199135 16 5 9
= 1< 3 47 169 (9 3% 14 1 1
1= 1% 2o (1] Fo 177677 9 9 s
1y = g G 47 16969 26 1¢ 6 )
11 - 13 Ge 24 1e 15108 18 a 1
11 - 14 3¢ 4h e 202 1 7 i
11 = 1b Qe T E e ¢7y 1o 9 9
e -~ 1G 3055 e 112706 14 3 11
1 = 14 L6 e bl q 15 o
R ) o 15 169 6005 11 i g
13 - 14 Ge (53 AR L 1a 1 9
1a - 19 3¢ Ho fa 3oy by 9 7 9
14 - 15 4o {04 Lo L012(Y) 1{ 15 11

L v

AT
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PLOW FATLG = 46F AND 0@
!
LOWER LIWIT = 19 UPFEL LIMIT = &5 a
EXFLCTEL wiktN = 27« 43453 FXPRECTEL £10e DhVe = 5. 22662 ;
BI1S M EAN SThe DEVe LOWRR 10%  UPFEE 10% LAFGEST COFF
mo- S6e 71 40 53553 4 3 43
G- 2 D6 4 4o B EH 36 7 4 39
n=- 8 27 4o 11544 2 4 49
M= 4 O 63 be 45054 & 16 41
G- 5 £3e 01 4o 697379 & 11 39 ‘ |
6= 6 294 19 be 110673 1 19 45
R 27+ 59 5¢ 15633 p 13 L9
G- 3 274 6 S0 4309 1 9 1 ap :
G =9 204 68 be 6O 5 15 45 ;
f- 1 294 (0 Ze 41896 2 9 44 ; §
g - 11 DG 13 B D524 3 14 vy
G- 12 29. 34, Se £ (124 5 14 43
fr = 15 076 38 4o LPEG 1 6 47
6= 14 afe 57 40 TET99 £ 21 4F
ple 15 £9e 49 GeD Lot H6 1 15 49
1 -2 D4a {7 4o B3TCT 6 {7 o a7 t
1 - 3 a3 s 40 1873 9 1 a3 §
1 - 4 €54 47 AN AN PO B < R 39. . ;
<5 &5 4 e G1ELS 11 1 e 5
1~ 6 L6 (7 4o 167 ot 5 43 i
1= 7 D4 19 4o T 45 bl 11 4 aq ,
1~ 3 Dle 53 4o B 605 11 3 29
1t~ 9 956 44 5¢ 1547 13 o a9
R ¢ 08 (3 405397331 12 o a9 :
1= 11 £he &9 Lo AHTT6 10 3 37 %
1< 1 £ 6 154 43 455 6 4 40 !
1 - 18 £& 95 4ol 4t 1% a 36 ;
1 - 14 2T 19 be DIRE] 2 11 43 !
1 - 15 BEeRB Se 15¢H4 7 9 3% \
- 3 D% 73 4o THEO £ 13 a a7
&= 4 26 49 Ze 29577 4 5 a3
2 -5 £t 50 3019 4 5 5 46 '
- 6 84 46 be 47 40 ! 11 44 '
o - 97 £50 76 4o B4 11 3 a7
& - g | Be 057735 14 4 39
Ho- 9 £ 51 L9 B¢ t Y He,
2o~ 1y D EGe b9 be 160LET 2 7 b
&~ 11 A Lo 9 €0 b 6 7 2
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SIMULATION ROUTINE STORAGE MAPS

Table A13.1.  Constant Sto ..ge Map for ELINK

Word No. (OCTAL) CONTENTS
0 | Flow Rate Lane 1
1 flow Rate Lane 2
2 Ffbw Rate Lane 3
3 Flow Rate Lane 4
4 Flow Rate Lane é
Table A13.2, Initial Storage Map for ELINK and LINK
Word No. (0CTAL) Contents
0 ouTPUT LANE 1 :
1 OUTPUT LANE 2 ;
2 OUTPUT LANE 3 | ‘
3 ouTPUT LANE 4
4 oUTPUT LANE 5

L %2}

WORD 1 LANE 1 (START OF STREET)
WORD 2 LANE 1

7 WORD 3 LANE 1
10 WORD 4 LANE 1 (END OF STREET)
1 WORD 1 LANE 2
145 WORD 4 LANE 2
15 WORD 1 I ANE 3
' . ]
20 WORD 4 LANE 3
21 WORD 1 LANE 4
24 WORD 4 LANE 4
25 , WORD 1 LANE 5
30 . WORD 4 LANE 5

R

—
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Table A13.3.

Word No. (OCTAL)

— | amel gl
N = O N O & W NN - o

. &
A

— el ad. e
N o

RN NN NN

27
30
3
32
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TLLGHT Initial Storage Map

QUTPUT FROM LEG
OUTPUT FROM LEG
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QUTFUT
STRIMNG =

"ENDIMG IN A MULL WIRD OF BYTE
ACL = MO OF HORDIZ TRAMSFERRED
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PESTROYED
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SAHVE S

GET MEKXT
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REZULT 79 AL
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JMF B, R
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STH 2, QT
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s EINFRY T0 DECIMAL RECIT LONVERT |

i CONVERTS A ZIMOLE FRECISION, THO'S COMPLEMENT | ;
NUMESR T AN ASoI1 CHAFAGTER STRING H

-

i INPUT: N IN ACO

i QUTRUT: ASCIT CHARACTEFR ZTRING. TERMIMATED BY A

W00 N Ty L Bt D

; NULL HUED
16
11 5 CALLING SEQUENCE:
i2 i PUT = JER 3, BINO
1z ; NGO, OF DECIMAL UIBTT:
i4 i RETLIRN

17 i DESTROYED: RLH,  ACTE, CRERY
18 i UHuHﬁNuED. RC4s RS2

24 GRIED OSL4SS BINO:  STH z;.svaz i SAYE RETLRN

23 INZELY AEO4G STR 2., EDGB2 i SAVE ARZ :

23 AEISIT Gdddsl STH l;,ED'E i SAYE ACL :

4 A0IEICADSHHE MOy @, 4 ;

25 BRISd 935400 LDA 3,8, 2 ; GET FRECISION | ;

25 BUIES A20474 LDA &, 05 : ;
27 ARISE 14503z ADCE® &, I, 5200 FRECISION TOQ LARGE ! ?
22 BOIST AAR4H3 JHF . 42 i WES . : %
29 BRITOCLTSLALT MOWLE Z, 3, 8NC 3 -YE FRECISION 7 i ;
30 BOIFLCABG40% JHP | +32 i ND : f
3 BRIFR AOEG0- ERROR ; !
23 BAIFICODARHT 7 , ! 2
33 BAITY BI0495 LDE 2., EDEO i ADDRESS OF POMER OF TEf TRELE ! }
34 BEITE A7a4B0 SUB 2.2 . ‘ ‘
35 AIFES GEO4ST STH ., ERia ¢ INITIALIZE POINTER

36 BOEFY 452406 SUR 2,2

27 ARY0ET OBA4ST STH 2, FLo ; CLERR FLAR

35 BA4EL” BRAT 2L LOF &, EOL: § ASSUME NEGATIVE

30 AE4E2 LISl MOMLE 4.4, S2C i

48 A04a2 124494 NEDG 4.4, SKP

44 GR40Y” RIadSE Lo &, . ED2L 5OMO, 1T IS POSITIVE: GET FLUS

48 BRGET OASHEE- L EDST: PUTD 5 PUT DUT SIGN OR DIGIT

42 BEdGE IEquT LOF 3,8, E040 pOGET CURRENMT  POMER OF TEN

44 AD4ETC ILin448 152 |, EDLd 5 BUNME FDIHTER

45  QR4Ld” Leinnd MOW %, 0. SHR

48 SO4iL’ anm42s NP, ELoE 5OPUT QUT MULL

47 Q4L 0Iovid LDR &, EC2Z ¢ GET BS0IT rgv

48 AB4LZC 158432 L EDAED:  SUEE 3, 1. 520 ; DOES FOWER OF TEN 60 IN?

43 @04ld1oddal TN &, . BHP 5 YEE, EBUMF RESULT DIaIT

g0 Gadiscdarand BOD 21, SKR ;N H:=Tnpn PREYIOUS YALUE

81 GRdLE’ GRaTTS JMF L D ;OCONTINUE SUBTEECTING

S&  GA4LTIB36TLS LOF &, . EDaz ¢ o

53 OA4A0CddinIi ROCZE &, 80 S20 5 FORMAT OYERFLOW 3

54 @421 a8437 LOR &, poLL i YES FUT QUT DOLLER

55 G0438 o7 LbE 2, EC2Z P

6 G423 412435 SUBEH ¥, 2,5k 4 IS IT ZERD 9

BY 80434 GRodo: JHE } YE=

S8 AR42S Bind2o 152 FLG i NOL BUNP FLAG

.
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2ETREGTE JHE , EDEY 3 PUT QUT DIGIT
JEF 2242 LDR 2.3, ED4G

S M R R oY 2,2 SHF LAST DIGIT 7
$217 8184 & FLO YES

L A A Ay

-{L (RN Oy

&~

S ol X
fa
I s 5 for P

LDAR Z,FLG
MOV 2,2, SHR

GET FLAG
LEADING ZERD ?

[ Qs I« SR s U
Tar e we ..

R

Py oo

Lad g 1o

S SN O < N

4 3 LDA &, ED2L i WES, PUT QUT SFRCE

I 1 B 9% i s e e bl JUR L, EDBT i PUT QUT CHAR

9

18 @R4IEGEs0o~ | EDRE: PUTE ;o PUT QUT NULL MoRD

11 S8437 354404 LDA 4., ED3S i REZTORE ACYL ‘ i
12 BRdd4e’ GER46% LA 2,. EDaz i RESTORE ACE i
I mpdd1sBal54a5 I3 | EDRZ
14 98443 GnZdnd JHFP & EDGZ 5 RETURM

i3

(29
oy

|
i

17 | |
)

18  @R44E 0R0EE: L EDOG: @ i SAYE ACA

5 AEd CEDBL: 9 5 OSAVE ADd y
20 BRddSQR0oEE L ELOD: i SAYE AL | 5
24 984454309095 EDBI: Q@ i SAYE ACZ ‘ ‘

23 @REEL 2 . RD® 1 :

24 BRG4TIIEI4E0 150a0 i POWER DF TEM TRBLE i

25  @E4S0° GELFSO 168 ;oABNkT ; {
26 09451 3Bal44 129 i dBmed : !
27  WB4SI BENGLI 16 ) L | |
23 3453 0000l 1 poLEwd , é : a
2%  DA4S4T GEICOG L EDOS: @ 5 END OF TRELE INDICATION : f
26 QB L  RDK & i ‘

34 : ’
32 OR455 E00050 L EP L @ RODFESS OF CURRENT POWER OF ; :
32 TEM EMTRY ' :

-

- e

34 A4S GE004E | EDSL: 48 ASCIT SPACE

9 A04SF A0aandl  FLG: BLEK 1 ;o FLAG FOR ZERQ SUFFRESSION

26 ERdE0T 030044 DOLL: k2

BRI = (1 R s e To e Tr L o 2

28 ‘ '

39 GRde 2 BohgSd | EDIE: L EDeS ; ADDRESS OF POMER OF TEM TRELE
40

- "I

—e -4 A==

TR




W S e ..

- Wk -

S

PRGE 13

BT/B4/75

=
W U B

A o
N Y

15
ie
17

-
o

19

s

21

22

22
24
25
26
27
28
29
29
2
2
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24
35
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29
4
44
43
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. - .

BE4ET BELATL
FE4EGT BEEREL
BR4ES O7IZOL
LSS BEBHBH
BE4ET BEQ0a0
BA4TO D544 B
BE4TL BEL40L
BE4TES 0A1400

B4 T BERGDY
Aad 74 e 2and
AR 7E AT LR
S TET DEGA0E
BE4TT anddmd
AT 381404
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SUBRCUTINE MULT

MULTIFLIES & ZINOLE FRECISION MUMBERS TO FORM A
DOUELE PRECISION FREZULT

THE REZULT I3 ADDEDL TO THE HUMEER IMN ADG

[ TN W W

i INPUT: MUMEERE TO BE HULTIFLIED IN ACL AMD AC2
HUWBER TO BE RDDED IN ACH

-

QUTFUT: HIGH QRDER MORD IM Aot
LW QRDER WORD IN ACH

CALLING ZEQUENCE:
MULTIPLY

e s

i UMNCHRMGED: ACE

MULT DA &, MOy
LR 1. MDY
MuL
NI %) i MWRIT
NI 4]
LIA i
DIE 5
'LTMP E‘J 3

i oSUBRGL INE DIVI

5 DIVIDES R DOUBLE PRECISION WORD BY § SIMGLE
i PRECISION WORD 70O QIVE A SIMALE

5 PRECISION QUOTIENT

;o INFUT: HIGH ORDER WORD IN AC4

; LOW ORDER WORD IN BOR

} DIVISOR 1 ALz

;OUTPUT: BUOTIENT IN ACE
i " REMAINDER IM ACL

3 UNGHRAMGED: ACE

DIWI: DR 1, Moy
= &, Moy
LIy
NIQ 5]
DIA Lo MDY
DIE 5 '
JHF 0 3

s B St

e e e it o e S i i L5
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SUBROUTINE RET : T
RHECKS THAT ALL FRARAMETER
HAWVE BEEM UZED

 IN COMMAMD STRING

LU

t Re 4 BN TN Y V3

QESEE AZ004I~ FET: LDA B, IPT
BOSHI" BI404 2 LDA 1, DPT
BESE4 LAGL LS SUE# &, 1. SHR

5 DRSS ARZAA3- THP BERET & HORMAL RETURNM

9 GOSEE’ GREnTd- ERROR

15 335G7 930810 8, iOTOO MAHY PARHS  OR

11 ;) ILLEGRL OPERGTION

14 3 ROUTINE TO TYFE QUT MESSAGES

15 | 3 CPALLING SEQUENCE:

1€ i MES g
17 ) REQUIRED MESIAGE FACKED R-L |
18 i ANG TERMINATED IN A NULL %

ped ] JRETURK: STRTEMENT FOLLOWING MESSAGE
i DESTROYED  ALL A0S

PP DD PO

1

2

T OeESLecLEeTeEE  MESE: O MOWZL  E. 4 POACL = 2 4 RCE ]
4 CBATLLC 431220 MESL: MOMER 4,2 ;
25 @RSl asloco LDF @88 3 GET WORD !
28 BES13° 125400 IHC 1.1 i BUMP POIMTER ' ;
27 BESidt1imELz MOYRE L4, SNCG ¢ MHICH HALE 7 :
28 AaSLT 40470H MOYS 8, 13 i LEFT HALF ;
29 GOSiE QRESI0- PUTE i PRINT :
IF OGBSIV BI4E3S LER 20377 {
31 BRSO LEZ4d BMD 3,8, S2R &+ TERMINATE N MULL {
28 OS24 HeaTTR JHP HESL ‘ :
2T OBASEE OnLoad JMF 1,2 ; RETURN ' ?
34 B s
35 BESIITREI5LS  BETCL:  SKEEDM 0 TTI ’
C{ N Fo Ll Rt v T bl b JHF . =1

27 OASEE AEGCLD DIRC @, TT1

B AS25C B24H24 LOA 1,0477 -
39 PASEFY LaS4ac AN 1,13

40 FATIAC 09L4A8 JMP @, 3

R I A U T U

42 BRSEL0T4dEs CRLFL:  3TH L RTY ,
A s ok AL el e o le av LDA 9, CR

44  QRSIZQ0EGE0 PUTC
T AAIE4T AZAA45 LD a, LF

46  BRSIS ARELEG- PUTC
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