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ABSTRACT

This report provides detailed documentation and examples of input and output
for a family of four equilibrium traffic assignment programs. ARRBTRAFIC/CDC-
Cyber(1l) is useful for an accurate prediction of traffic flows according to
the first Wardrop equilibrium assignment principle (user cost minimisation).
ARRB/TRANPLAN includes subroutines to interface with other travel demand
programs to form a comprehensive planning system for generation, distribution
and assignment. ARRBTRAFIC/NOVA-840 is suited to educational and research
purposes and offers more options than the other versions.

ARRBTRAFIC/CDC-CYBER(2) runs considerably faster and it uses the
recent Dial-Klingman-Glover shortest path algorithm. An optional direct
calculation method is included for combining two consecutive solutions, but
may produce less accurate results when this option is selected. A generalised
piece-wise speed-flow relationship is also provided to permit users to specify
their own speed-flow relationship for a particular assignment study. The
delay function provided by the user may be weighted by up to fifteen different
values of capacity corresponding to differing link types. It also offers the
option of sorting two-way links in the output listing. A microfiche listing
of the four different versions of the code is included at the rear of this
manual.

ACKNOWLEDGMENTS :

The basic program coding to a different specification was supplied by Nguyen
and James at the University of Montreal. The adaptations to several different
link supply functions, to generalised cost, to several computers, to interface
with CDC-TRANPLAN, the changes to the tree-building algorithm and the direct
calculation procedure for ) are the responsibility of ARRB. Any remaining
errors and obscurities are therefore due to ARRB.
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1. INTRODUCTION

A family of equilibrium traffic assignment algorithms has been developed and
tested in FORTRAN on both NOVA minicomputers and CDC-CYBER series. A
specialised version has also been set up to interface cleanly with the
TRANPLAN transportation planning suite widely available on Australian Control
Data CYBER series systems. Separate specifications and internal size
limitations are given for each code. Card images of the input required are
matched to output reports in each case. The fundamental issues surrounding
equilibrium assignment, the use and effects of generalised cost and varied
link supply functions are discussed in technical detail in Wigan and Luk
(1976), Wigan (1977) and Luk and Makarov (1979), and will not be repeated here.

The four programs specified are:

(a) ARRBTRAFIC/CDC-CYBER(1) (described in Section 3) is a straight-
forward traffic assignment program operating on Control Data 6000
and CYBER series computers which produces equilibrium patterns of
flow satisfying the Wardrop equilibrium postulate of users changing
routes to minimise their own costs if possible. This code is
based on the Frank-Wolfe algorithm (discussed in the references
already quoted) and draws heavily from the University of Montreal
TRAFIC program written by Ngyen and James (1975), although the
treatment. of 1ink supply functions (speed-flow or delay-flow
relationships) is different.

(b)  ARRBTRAFIC/TRANPLAN (described in Section 4) also operates on
CDC 6000 and CYBER series computers, and has a series of sub-
routines to allow the use of equilibrium assignment with the
TRANPLAN suite of computer programs written by De Leuw Cather
for transport planning, and widely available on CDC systems in
Australia.

(c) ARRBTRAFIC/NOVA-840 (described in Section 5) operates on the
Data General NOVA-840 system, and includes a considerable number
of options for traffic assignment. Several different link supply
functions, all-or-nothing or incremental assignment, and general-
ised cost functions provide a useful basis for teaching and
demonstration purposes. Such results are described in Wigan and
Luk (1976).

(d)  ARRBTRAFIC/CDC-CYBER(2) (described in Section 6) is also coded
for CDC 6000 and CYBER series machines, and offers two options
designed to increase the execution speed of the program. The
first is the modification of the tree-building algorithm to
exploit the findings of Dial, Klingman and Glover (1977) on tree-
building algorithms, and adapt the existing tree-building algorithm
to use Pape's version of the Moore family of minimum path procedures.
This speeds up execution considerably. The second option (which
need not be invoked) is a direct calculation of the optimum
weighting of successive iterations: although this can speed up
execution it can affect the accuracy of the resulting assignment
and is somewhat sensitive to the cost - (or speed) - flow functions
in use.
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2. STANDARD DEMONSTRATION PROBLEM GS

In order to demonstrate the input, output, and efficiency of each of these
codes, it is desirable to adopt a standard test problem. No such standard
problem is widely accepted, but a suitable candidate test problem ('GS':
Murchland 1974) will be used as an example to provide a fully documented
illustration of program operation. This network is a series of one way links
(Fig 1) responding to fixed demands for travel (Table I). GS contains 17
nodes of which 4 are zone centroids to represent an effective point of origin
of all trips in each of the geographical areas, 24 one way road links and

4 dummy links (which connect zone centroids to the physical network). The
dummy links are identified within the program by a unique delay function
number (1) which ensures that they are not treated as physical road Tinks.
This problem has very well defined 1link flows in the optimal solution when
the objective junction is at its minimum, is amenable to analytic calculation
of these flows (using Dafermos' methods), and consequently satisfies most

of the relevant criteria for a 'standard' test problem.

Fig 1 - Test network
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TABLE I : ORIGIN - DESTINATION MATRIX

ORIGIN NODE DESTINATION NODE DEMAND (Veh/h)
1 2 2500
1 4 2500
3 2 2500
3 4 2500

The form of supply function selected for this example run is the piece-
wise linear relationship between travel speed and traffic flow shown in Fig 2.
The generalised cost of travel for route choice selection is of the form:

Cost ($/km) = A +B/v + t

Where A is vehicle operating cost in $/km
B is the sum of the behavioural value of time and the speed
dependent component of the vehicle operating cost in $/min
t is any direct monetary charge for road or Tink traversal in $
and v is the average speed of traffic flow along this link.

The result illustrated in Sections 3.2, 4.2 and 5.2, were produced using
the following set of values for A, B, t:

A = $0.01/km
B = $0.02/min
t = $0

and a speed-flow relationship for v (see Fig 2) defined by the co-ordinates:

"

(ag, vg) (1500, 1.5)

with flow in veh/h and speed in km/min

(g1, vy) (1740, 0.5)

The co-ordinates can be normalised by free speeds and capacities for
speed and flow respectively. An example is given in Section 4 for the
ARRBTRAFIC/TRANPLAN version. Users can change the speed-flow relationship by
substituting the subroutines USERCS and SUMTRA with their own subprograms (for

example see Section 6).

An optional exponential link speed-flow function (Fig 2) is also
available in ARRBTRAFIC/NOVA-840 (Section 5) and is of the form:

Travel time on a link (min) = d x v

-3
3220 exp (-q x 5 x 10 ) km/min

and v

where d is link length in km x 100
g is the one way flow in veh/h.

A generalised piece-wise linear speed-flow function is used in the CDC-
CYBER(2) version described in Section 6.
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\ (1) exponential v = 3220 exp { —q x 5 x 10 ~? }km/min
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Fig 2 - The two forms of speed-flow function used in ARRBTRAFIC

3. USER SPECIFICATIONS FOR ARRBTRAFIC/CDC-CYBER

This version of the program has been set up to run on a CDC-CYBER computer.
1t offers solely equilibrium assignment of flows for fixed travel demand and
does not include options to produce other types of assignment.

3.1 FILE STRUCTURE

The file structure is illustrated in Fig 3 and consists of three input data
files and two scratch files. The numbers refer to channel numbers for input
and output. Channel 12 is used for output to the line-printer. The two
scratch (temporary, i.e. working) files are ODFIL and NETFIL. Details of the
three data files (CARD 1, PAMFIL and CARD 2) are given in the next section.

r
DATA FILES CARD 1 PAMFIL CARD 2
4 9 10
ARRB TRAFIC/
WORKING FILES NETFIL CDC—CYBER ODFIL
11 1
4
QUTPUT
OUTPUT FILES RE PORT

12

Fig 3 - ARRBTRAFIC/CDC-CYBER VERSIONS (1) and (2)
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3.2 DATA BLOCKS

The input data are divided into three data blocks stored on different files.
The data structure for each version of the program is similar and consists of:

(a) Block A - input parameters,
(b) Block B - network description, and
(c) Block C - trip table.

Each block is stored in a separate file (Fig 4).

Network description
block

Input parameter block* . A

* Block A must precede blocks B and C
Fig 4 - Input data blocks in card decks

Block A - Input parameters (file PAMFIL).

Card Columns Format Contents
Card 1 1-4 2R2 TIT1*
6-46 20A2 Available to user for titling
output.
Card 2 1-4 2A2 TIT2*
6-46 20A2 Available to user for titling
output.
Card 3 1-4 2R2 PARM*
6-15 F10.0 Convergence index
16-20 F5.0 CPU time limit in s
21-25 15 Max. no. of iterations
Card 4 1-4 2A2 SIZE™
6-10 15 Number of nodes
11-15 I5 Number of Tinks
16-20 I5 Number of centroids
Card 5 1-4 2A2 SPED
6-10 F5.0 V0 } speed co-ordinates for
11-15 F5.0 V] } linksupply function in
km/min
16-20 F5.0 q ) flow co-ordinates
21-25 F5.0 92 ) in veh/h
26-30 F5.0 C&ngestion coefficient (i.e.
factor to be applied to input
trip table in Block C)
Card 6 1-4 2A2 PRIC
6-10 F5.0 Vehicle operating cost (A) in $/km
11-15 F5.0 Coefficient of 1/V (B) in $/min
16-65 10F5.0 Direct link money charges in §

for 1ink tynes 1 to 10.

*Checked by computer program
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The default values are:

Parameter Default Value
Convergence index = 0.05

CDC CPU time limits = 150 s

Max. no. of iterations = 10 cycles
Congestion coefficient applied to Block C = 1

Block B - Network description (file CARD1)

Card Columns Format Contents
1-5 Identification (not checked)
6-9 [4 Link origin node number
11-14 14 tink destination node number
16-19 14 tink length (km x 100)
21-23 I3 Number of lanes x 10
24-25 [2 Delay function number
27-30 [4 Observed travel speed
{(km/h x 100)
32-36 15 Observed travel time {(min x 100)
38-42 15 Observed volume
44-46 I3 Link tyne

The network data cards must be sorted by the link origin node. The centroids
must be numbered starting with 1 up to the number of centroids as specified on
the parameter file, followed by the other nodes numbered in ascending order.

Block C - Trip table (file (CARD2)

Card Columns Format Contents
1-5 15 Centroid number
6-10 15 Total number of destinations
11-13 13 Final destination node number
14-17 14 Volume to the first destination
18-20 13 Second destination node number
21-24 14 Volume to second destination
etc.
74-76 I3 10th destination node number
77-80 14 Volume to 10th destination

This file contains one set of data for each centroid, on one or more cards.
The file must contain at least one card for each centroid even if the centroid
is not an origin. The centroid data sets may appear in any order but the

data cards for a given centroid must be together. A1l the cards have the same
format, with the centroid number and total (for the set) number of
destinations repeated on the second and any following cards.
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3.3 EXAMPLE

For the example of network GS, using the same piece-wise linear relationship
as shown in Fig 2, and a generalised cost function:
blocks will take the form shown in Fig 5, and will produce output as in Figs

ba and b.

LUKsPSyyT10e
USER MPEET DD, 002,
PRUJECT o#]103%,
ATTACHesTRABER,
COFPYBRe INPUT 4PAMFIL .
COPYYRe INPUT 4 CARD] «
COFYBRs INPUTSCARDZ.
REwWINDePAME I,
RE~NINDeCARUIL .
REWINDeCARULZ

RENUCE »

LOSETePRESET=7ERO.
MAX (PART)
TRABER (CAR L « CARDZ2 +ODF TLyNETFTLoPAYF IL,QUTPUT)
novuLO0N000NUYNNAUO0UOGDQ

TITL THIS IS5 A TEST PROBLEM

TITe PROBLEM GS

1740 1.00

DA +N0N01 180, 20
SIct 17 24 4
SPc b 1.5 0.5 1599
PRIC .01 N7
00000000000 0NNLO0ONONIYN
GS /s 1 S 0 10 1
GS /4 3 13 0 10 1
GS/ia 5 A 433 10 2
LGS /4 5 7 322 10 2
GS /4 5 a 161 10 2
GSi« 6 Q 3703 10 2
GS /4 6 1n 2737 10 2
GS /4 7 f  6u4 10 2
GS /s 7 11 1932 10 2
6S/4 8 7 805 10 2
GS /4 4 12 960 10 2
GS /e 9 ? 10 1
GS /4 10 a 33R1 10 2
GS /4 10 14 1610 10 2
GS /4 11 10 2570 10 2
GS ‘i« 11 15 1127 10 2
GS74 12 11 2415 10 2
GS /4 12 1~ 1771 10 2
GS /4 13 ] 2898 10 2
GS i« 13 12 309 10 2
GS e 13 16 3542 10 2
GS f« 14 9 3220 10 2
GS /4 14 17 1449 10 2
GS (4 15 14 1288 10 2
GS /4 15 17 2254 10 2
GSfa 16 15 3864 10 2
GS 74 16 17 2093 10 2
GS /4 17 4 10 1
000C000000000000000000

1 42500 22500

?

3 22500 42500

4

00000000000UNN0CO000VONO0

1270
AU S

74
TALY
3649V
Ab 3
240
a9
A7

406v
1200
18«1
184V
22100
1630
319v
337u
5594
2RZ2U
12 30
1270
2454
2440
4Ry

A+B/speed, the input data

-0
-0
1208
1741
1451
1759
1670
1621
1659
1539
1546
~0
1£52
1566
1548
1714
1603
1605
1634
1662
1703
1589
1583
1605
1632
1624
1785
-0

Fig 5 - Control cards and input data blocks for ARRBTRAFIC/CDC-CYBER(1)
(operating system is SCOPE 3.4)



PAGE @ 1
ARAOLTRAFIC/CDC=-CYrsarwinQUILIRART O anoloriMem T SYSTEM(UNIVERSTITY OF MUNTREAL~EVISEU BY AUSTRALIAN R0AD RESEARCH BOARD)

TlS 1S a TEST PrullFe
PrORLEM >
FwolttaRrRIUA ASSuaMEN

L INK NONE “TODE LENno IR NUMR DELAY UBSERVED URSERVED OBSERVED LINK PREODICTELU PREDICTED
1DEN PO Tu LaNFS FUNCT F<avetL TRavtL VUL U4E TYPE TRAVEL VOLUME
SIHEED TIME : TIME
K4 nNM/H (MINS) (MIN/S)
1 1 5 HeUy le0) 1 Vel 0s0U NA -0 O 5000
Z 3 13 Nedy 10 1 Vel 0400 NA -0 0 5000
3 s} 6 Gend 1.0 4 CCe8 12.7V 1808 -0 24l 2724
4 > 7 Jel¢ loil 2 32.0 LEYIR 1741 -0 «751E-01 1019
5 > 4 lenl 1.0 Z 130 Ay las] -0 «376E-01 1256
6 ) 9 37693 1.0 Z 29«7 76.10 1759 -0 1.85 2706
7 > 10 27431 le 2 4346 365400 1670 -0 786 1603
3 / S Heuly le0) 2 53,3 6.63 1621 -0 « 177 1586
= { 11 19. 32 1.0 Fed 44,3 24400 1659 -0 451 1074
P I} 7 ARelb le0) 2 B340 SetY 1549 -0 «258 1641
11 2} 12 Femb 1.0 I 8240 he8¢ 1546 -0 «225 1256
1< ki ’ )eti 1.9 1 Ve 0.0V NA -0 0. 5000
13 1v 9 3301 10 Z 50.0 404h0 1652 -0 l.01 1619
le 1u la lhelO 1.0 14 16e7 126U 1566 -0 « 376 224
15 11 10 2576 le0 é 34.0 1840 1548 -0 «601 240
16 11 15 1127 1.0 2 30.8 18+.40 1714 -0 564 2269
17 lc 11 2belb 1.0 2 bleH 2270 16u3 -0 «564 1435
1o lc 16 17171 10 l 63.3 lo.8V 1605 -0 «6l13 1468
149 13 s 2He 78 1.0 Zl 54.5 31.99 . 1634 -0 927 1641
20 13 12 30eny 1.0 Z L4 S 33.70 1062 -0 e 994 1646
2l 14 1& 35«42 le0 é 3B8.6 55400 1703 -0 1.50 1711
22 1« 9 37620 1.0 2 b6Be5 2R 20 1589 -0 « 751 673
23 14 17 1449 1.0 2l 10.7. 1230 1583 -0 «338 224
24 12 la 12e38 1ot} 2l 03.3 1220 1605 -0 «301 673
2o 12 17 CPenG leN Zl 5562 24450 1632 -0 «635 1596
26 15 15 34404 10 2 5.0 24440 1524 -0 «902 0
21 10 W4 2e73 1e0 Z cd2e7 4d .8V 1785 -0 1.05 3179
2o Wi 4 Nevl 1.0 1 0.0 0.00 NA -0 0. 5000

Fig 6a - Output from ARRBTRAFIC/CDC-CYBER(1)

*ON WLV

vy



[0» INITIAL SOLUTIuUv = VALUE 0OF UHJeFUNCTIUN=S «2101271203E+05

105 END CYlrt I und FUNCTIONE  o1d4c3276371£+05 RATE JF CHANGE = =.9472]166667E+U4 CUMULATIVE RUN TIME"
105 ENU CYLLE ¢ InJd FUNCTION=  «11804993 /983405 RATE UF CHANGE = =43377416148BE+06 CUMULATIVE RUN TIME
Ios ENU CYCLE 3 und FUNCTIONE o 17B662TU62E+05 RATE OF CHANGE = ~.4416305490E+04¢ CUYULATIVE RUN TIME
105 END CYULE G Insd FUNCTIONS o1 784843725E+05 KATE UF CHANGE = =.1361114215E+04 CUMULATIVE RUN TIME
108 ENU CYCLE S und FUNCTLOw= -lldjsoalddg*os RATE UF CHANGE = =494]11264174E+03 CUMULATIVE RUN TIME
Ins ENU CYLLE A ound FUNCTIQ V= 1 71B3298456E+05 RATE UF CHANGE = =e79540A24095E+073 CUMULATIVE RUN TIME
I0s ENL CYlLt f0rd FUNCTION= 01783221022 +0% RATE UF CHANGE = =.3592477944E+03 CUMULATIVE RUN TIME
10~ END CYULLE Bousd FUNCTTON= o 1/82918/63E+05 RATE UF CHANGE = =.4556121843E+03 CUMULATIVE RUN TIME
100 ENuU CYCLLE J Uod FUNCTIOwN= 1782741 /41E+05 RATE UF CHANGE = =.6115376331E+03 CUMULATIVE RUN TIME

105 EMNU CyclLt 10 usd FUNCTI0ON= «1782590-88E+05 RATE UF CHANGE =

«31159311026+03 CUMULATIVE RUN TIME

1053 ENU CYLL£ 11 urd FUNCTIOw= 178245307 7E+05 RATE UF CHANGF = =.5404228511E+03 CUMULATIVE RUN TIME
10~ ENU CYCLLE 12 vetd FUNCT 0= ¢ 1782356/74)E+05 RATE UF CHANGE = =439128953833b+03 CUMULATIVE RUN TIME
I0o ENLU CYCLE 13 9nd FUNCTID = L 7821941258405 PATE UF CHANGE = =,3401362807E+03 CUMULATIVE RUN TIME
I0s ENU CYCLE 14 Und FUNCTIONE 17820125158 +05 RATE UF CHANGE = =.5232392452E+03 CUMULATIVE RUN TIME
I0a END CYLLE I5 JUnd FUNCTIN= 1731849 298E+05 RATE UF CHANGE = =-.3237235465E+03 CUMULATIVE RUN TIME
100 ENU CYLLE 16 wdd FUNCTIUNE o1 7817381iv6E+05 RATE UF CHANGE = =448941941058+03 CUMULATIVE RUN TIME
106 END CYLLE 17 unJd FUNCTION= 1781661 136E+05 RATE OF CHANGE = =.34953U1698E+U3 CUMULATIVE RUN TIME
I0o ENU CYCLLE 153 und FUNCTIUN=E 1 /81521414E+05 RATE UF CHANGE = =43181105049E+03 CUMULATIVE RUN TIME
108 ENU CYCLLE 19 usd FUNCTIN = el78luson 34405 RATE UF CHANGE = -430624771884E+03 CUMULATIVE RUN TIME
ioa ENU CYLLE 20 vsJd FUNCTION= 17812001 ¢H8E+0S RATE UF CHANGE = =+.4058K54070E+03 CUMULATIVE RUN TIME
102 RUN TEKAINATEUeeesoCYCLE LLIMIT cv

Fig 6b - Qutput from ARRBTRAFIC/CDC-CYBER(1)

"ON WLV

vy
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4, USER SPECIFICATIONS FOR ARRBTRAFIC/TRANPLAN

This version of the program has been set up to interface with the TRANPLAN
system available on the CDC CYBER networks in Australia, and permits-the use
of equilibrium assignment in conjunction with this and the other planning
suites on these networks. ARRBTRAFIC/TRANPLAN was set up at the request of
the Planning Branch of the National Capital Development Commission in Canberra
for this purpose. The output is formatted for 80 column terminals.

There is an option to produce an all-or-nothing assignment in this
version of the program.

4.1 FILE STRUCTURE

The file struction is illustrated in Fig 7. It differs from the ARRBTRAFIC/
CDC-CYBER version shown in Fig 3 in the following ways:

(a) while the input parameter file (PAMFIL) and network description file
(NETDAT) - a reformatted version of CARDI - remain in card-image
format, the trip table file (VOLUME) is in this case a binary file.

(b) An extra output file (GCSKIM) is created for iterative use in conjunction
with other transport planning suites.

DATA FILES NETDAT PAMFIL VOLUME

4 9 30

A

WORKING FILES NETFIL A aean ODFIL

11 1

SO\

ouTPUT
OUTPUT FILES REPORT GCSKIM
12 N

Fig 7. ARRBTRAFIC/TRANPLAN VERSION

ODFIL and NETFIL remain as scratch (temporary working) files and channel 12
is once again reserved for line-printer output. VOLUME and GCSKIM are binary
packed files created using the subroutine OUTAB within the TRANPLAN suite.
The details of the use of this subroutine can be found in the TRANPLAN manual
(CDC 1973), and a specific example is also given in Appendix A.
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4.2 DATA BLOCKS

Block A - Input parameters (file PAMFILL)

11

Card Columns Format Contents
Card 1 1-4 2A2 TIT1*
6-46 20A2 Available to user for titling
output
Card 2 1-4 2A2 TIT2*
6-46 20A2 Available to user for titling
output
Card 3 1-4 2A2 PARM*
6-15 F10.0 Convergence index
16-20 F5.0 CPU time 1imit in s
21-25 15 Max. no. of iterations
26-30 I5 Network data set 1 or 2
31-35 I5 Input trip table number
36-40 I5 Output skim cost table number
41-45 15 All-or-nothing assignment report
option, 1 : Yes,0 : No
Card 4 1-4 2A2 STZE*
6-10 15 Number of nodes
11-15 15 Number of Tinks
- © 16-20 18 Number of centroids
Card 5 1-4 2A2 SPED
6-10 F5.0 Vo ) speed co-ordinates for
11-15 F5.0 V1 } Tink supply function in
km/min
16-20 F5.0 q. ) flow co-ordinates +
21-25 F5.0 q? ) in veh/h
26-30 . F5.0 Congestion coefficient
Card 6 1-4 2A2 PRIC
6-20 F5.0 Vehicle operating cost (A) in
. $/km ‘
11-15 F5.0 Value of time (B) in $/min
16-65 10F5.0 Road tolls in $ for 1link
type 1 to 10
Checked by computer program T normalised by capacity in example.
The default values are:
Parameter Default
Convergence index 0.05
CPU time Timits 150 s
Max. no. of iterations 10 cycles
Network data set 1
Input trip table no. 1
OQutput skim table no. 1
All-or-nothing output No
Congestion coefficient 1
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Network description (file NETDAT)

Block B

TABLE II - LINK DATA CODING FORM FOR ARRBTRAFIC/TRANPLAN NETDAT

The 1ink data card format is given below and illustrated in Table II.

SNNTI00 SNIIZDINS IWONDI = X

YO ONY 8°Y RIO8 2UIVI0+ 9

SR eTalaTelaTaTeTnlTalaTa[se e mlaTaTaTaleTe o Tn s = TeTaTaTalulw TaTuTaTwTa[n T A [aTaTala] s Ta[wTaTaT A [aTe e To s [« To e Tl [o To To T T T T T e et
L S0 A LALLM RLAE L LA L 250 5 N L S O O T TTT T T TTT
T Y T T T T T Ty T T T T T[T T T [T17 TTT T T T T T T Ty T[T T T I T [T717 TTT TTT T TTTT
I L L LA A N N I O O A OO |0 N O A A W O R O O TTT TT T T T T T 7T
0 A 0 L A L L L AL AL LI LA L A A O I T B O 17 TT T T 177 7T
L 0 1 A 0 A A O R O O L O O B _~_~\~_~_ T3 T TT T T {771
T T Ty T[T T T T T[T T Ty T T T [ T[T [T T {TTT 20 0 A D O OO P O T T TTTTTTTTT
0 S 0 I N O N L 0 A LI L L T 0 O O B OO T T TTT T TTTT
) R 0 0 PO LA e I Y 0 O O TTT LI 0
LI B 0 N S D I O O A S O O O T T T T T 1T 7T
L L L, L DL A O L O O B OO O T 7 TT T T T
A Nt I N N N Y A O O O LB O I L O T TT T T [ TTTT
B B B B B e T T TTTT N 0 A A P O 0 O T TTT T T T TT
TT T T T T T T T T T [ T T T T T [T T T T T T TIT L 5 L L A O O O T LI I e
2L N A O O O 5 0 O O O T T TT T T TTTT
LA L T N I O O O L0 A L S O O 17 L L L
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BLOCK B* - Network description (file NETDAT) continued

(NOTE:

of the ANODE to BNODE 1link.

Card Field Name Description
Column(s)

1-5 ANODE A numeric value (1-16000) which identifies
the 'from' node of the Tlink.

6-10 BNODE A numeric value (1-16000) which identifies
the 'to' node of the link.

11 Assignment A numeric code (0-9) which is used to

Group Code identify links to which a common capacity
restraint function is to be applied.

12-15 Link Distance A numeric value (0-4095) defining the
link in hundredths of units, km .

An implied decimal point is assumed
between columns 13 and 14.

16 Field Option An alphabetic code ('S' or 'T') which
indicates that the values in both Field 1
and Field 2 are to be interpreted as
speed (S) or time (T).

17-20 Field 1 A numeric value (0-4095) that is
considered to be either speed or time
depending on the value coded in column 16.
An implied decimal point is assumed
between columns 18 and 19. Consequently,

. the value i3 implicilly expressed in units
and hundredths of units be they min
or km/h.

21-24 Field 2 A numeric value (0-4095) that is considered
to be either speed or time depending on
the value coded in column 16. An implied
decimal point is assumed between columns
22 and 23. Consequently, the value is
implicitly expressed in units and
hundredths of units be they min
or km/h.

25-26 Not used

27-28 Number of

lanes

29-32 Not used

33-38 Capacity A numeric value (0-999999) that the user
supplies to indicate the capacity of the
highway link from ANODE to BNODE.

39-44 Volume or A numeric value (0-999999) that the user

Second supplies to indicate the observed volume
Capacity of the highway 1ink from ANODE to BNODE,

or which may represent an alternate
capacity for a time frame other than
coded in columns 33-38.

A11 of the above indicated fields refer to attributes or charqcteristics
To facilitate the user's coding of his highway

13

network, it is possible to code on the same card the attributes of the BNODE

to ANODE link. The following pertains to the B-A link.

B-A links on the same card, place an appropriate code in column 45.)

To code both A-B and

*Source:

Control Data Corporation (1973)
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Block B* - Network description (file NETDAT) continued

Card Field Name
Column{s) R

Description

45 B-A Field
Option

46-49 Field 1

50-53

Field 2

54-55
56-57

Not used

Number of
lanes

Not used
Not used

58-59
60-61

62-67 Capacity

68-73 Volume or
Second

Capacity

74-80 User

Identification

This field is coded by the user if he
wishes to code B-A link attributes on the
same card as A-B link attributes. If this
field is left blank or coded with the
digit one (1), the syslem ignores all
data in columns 51-80. If this field is
coded with the digit two (2), the
attributes for the link will be the same
as for the A-B link with the exception of
the direction code. If this field is
coded with an 'S' or 'T', interpretation
is the same as for the A-B link. Any
characters coded other than blank, '1',
'2', 'S, or 'T' will result in an
informative diagnostic and rejection of
the B-A 1ink from further processing.

A numeric value (0-4095) that is con-
sidered to be either speed or time
depending on the value coded in column

45, An implied decimal point is assumed
between columns 47 and 48. Consequently,
the value is implicitly expressed in units
and hundredths of units be they min

or km/h.

A numeric value (0-4095) that is con-
sidered to be either speed or time
depending on the value coded in column

45, An implied decimal point is assumed
between columns 51 and 52. Consequently,
the value is implicitly expressed in units
and hundredths of units be they min

or km/h.

A numeric value (0-999999) that the user
supplies to indicate the capacity of the
highway 1link from BNODE to ANODE.
(Optional) '

A numeric value {0-999999) that the user
supplies to indicate the observed volume
of the highway link from BNODE to ANODE
or which may represent an alternate
capacity for a time frame other than
coded in columns 62-67. {Optional)

This field allows the user seven a!phg-
numeric characters to aid in identifying
the particular link.

*Source: Control Data Corporation (1973)



ATM No. 4A 15

Block C - Trip table (file VOLUME)

The trip table is created as a binary packed file using a subroutine called
OUTAB within the TRANPLAN suite. An example is given in appendix A to
illustrate how the file is created.

4.3 EXAMPLE

For the example of network GS, using the same piece-wise linear speed-flow
relationship on each link as shown in Fig 2, and a generalised cost function
of the form: A + B/Speed (Section 2), the input cards for Blocks A and B
will take the form in Fig 8, and will produce the output of Figures 9a, b and
c. An arbitrary capacity of 1000 vph is given to non-dummy links.

JORLUK +CM200000+TS0,
USFRMARPRBN? ya&us,

CHARGF eM++4+4442103%,
GFT(TRAPL AN)
COPYRR 4 INPUTPAMFIL .,
COPYRD 4 INPIJT «NETDAT,
RFWTINN4PAMF T
RFWTINNGNFTNAT,

MAP (PART)

REDUICF

SFTCNRF (o)

LOANJTRAP[ AN,

EXECHTE (NFTNATeONFTL WNETFIL « CAMF T « VOLUME s GCSK TMNIITPUT)
nonNnNoanNaNONNANNNNNANON

TIT] THIS TS A TEST PPORLFM
TIT? PRORLFM (S

PAPM .Nnnl 186, 2n 1 1 ' ] }
ST7F 17 »e 4
SPEN 1S N.5 1,50 1.74 1.00

PRTC N1 L07
0ODONNNONONNANDNNNNNANDN

1000 1AA?
1o00 1703

13 1223n8QT73370
13 1672354275500

1 S1 T 1
3 131 T 1
c AP GR3T1P70 1 10an 1978
S 72 3227 ANR 1 1900 174
< 82 11T 70 ) 1000 148
A Q237n3T7A1LN 1 1000 1789
S 102273773600 ! 1nnn 1A7N
T AP ALLT AR ] 100N 1621
7 112193272400 1 - 1000 1459
a 7> angT S4Qq ] 1000~ 1539
q 122 QKREAT AHP 1 1ann R4k
Q 21 T 1
10 QP3”1T406AN 1 10nn 162
10 1421/10T12A0 1 1000 1RAA
1 102257AT1R4N 1 1000 154R
n 1521127T1Ran 1 1000 1714
12 1122418572270 1 1000 1403
17 1621771T1AAN 1 1000 1A0E
13 AP22Q98T73160 1 1000 1A34

1

1
14 QP3220T724220 | 1000 15RAQ9
14 172144971230 1 1000 1GR3
15 1421283871220 1 1onp 1608
1= 1722728472450 1 1000 1632
1A 15238A4T2440 1 1000 }824
1A 17220Q3T4RRN ] 1000 1788
17 4) T 1 n

annean00nN0NNAnaE00nNNQN

Fig 8 - Control cards and input data blocks for ARRBTRAFIC/TRANPLAN
(operating system is N0OS1.0)



PAGF 1
ARRRTPAFIC/TRAMPLAN=FQUILTROTUM ASSINGMENT QYQTFM o

(UNTYFRSITY NF MONTPRFAL WRFYISFED BY AUS.RM, RFS, RD,)
THIS IS A TEST CRORLEM
PRORLEM GS
ALL=-0OR=NOTHING ASSIGNMEMNT

NODF NODE LFNGTH LANF DFLAY 0ORS.TIME ORS.VOL '‘PRF,COST PRFE VOl  CAPA LTNK

FROM TO KM FUNCT (MIN) {(VPH) { &) (VvPH) =CITY INEN
1 s N,0N 1. 1 0.00 NA 0. 5000 -h ]
3 13 n,00 1. 1 0,00 NA N, Snan -n ?
S 6 4,83 1. 2 12,70 1R0OR o PL1S 2500 1000 3
S 7 3.27 1. 2 6,03 1747 e 7813F=01 n 1000 4
S R 1.61 1. ? 70 1451 +RNSNF-NY) 2500 1000 S
A 9 137,03 1. ? T6.10 1759 1.P5°2 5000 1000 A
6 In 27.37 1. 2 3,00 1670 e A IRA n 1000 7
7 & Aol 1o d Hebh3 1621 « 32720 2500 1000 R
7 1M 19,32 1. ? 24.00 14569 AT n 1000 9
a 7 R.08 1. ? C.49 1530 AL 2500 1000 10
R 12 Q,66 1. ? feR? 1546 J4R13N 25nn 1000 11
9 2 n.On ‘o l 0.00 MA 0. ’;000 -ﬂ 12

10 9 33,81 1. ? 40,50 15?2 « 7TRRAQ 0 1000 13
10 14 1A.10 1. 2 12.6/0 1566 e 1787 n 1000 14
1 10 25,76 1. ? 1R.40 1548 AN n 1000 15
11 15 11.27 1. 2 18,40 1714 « 2630 0 1000 16
1? 11 24.15% l. 2 22470 1603 «SR138 0 1000 17
12 16 17.71 le ? 1A.80 14605 «RRSS 2500 1000 18
13 8 PR.,98 1. 2 31,90 1634 1.449 2500 1000 19
13 12 30.59 1. 2 3,70 1667 «7138 0 1000 20
13 16 35.47 le ? 55.00 1703 1.771 2500 . 1009 21
14 9 132.20 1. ? 2R,20 1589 e 75117 0 1000 22
14 17 14.46 1. 2 12.30 1583 «13R1 0 100N 23
15 14 172.8R 1. I 12.20 16085 «10NS n 1000 24
18 17 22.54 1. ? 24.50 1632 « 5289 0 - 1000 25
16 IS  23R,64 1. ? 24440 1524 «QN1A 0 1000 26
16 17 20.93 1. ? 4R, R0 1785 1.047 5000 1000 27
17 4 N.00 1. } 000 "NA Ne Snon 0o 28

Fig 9a - Output from ARRBTRAFIC/TRANPLAN
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INITIAL SOLUTION VALUE OF OBJECTIVE FUNCTION=
.1823276371E+05
.1804993798E+05
.1786627062E+05
.1784833725E+05
. 1783664 788E+05
. 1783298456E+05
.1783221622E+05
.1782918763E+05
.1782741741E+05
.1782590488E+05
.1782453077E+05
.1782356740E+05
.1782194825E+05
.1782012515E+05
.1781849998E+05
.1781738196E+05
.1781661136E+05
.1781521418E+05
.1781446834E+05
.1781200128E+05

CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE

102 RUN TERMINATED

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

0BJ
0BJ
0BJ
0BJ
OBJ
0BJ

' 0BJ

0BJ
0BJ
0BJ
0BJ
0BJ
0BJ
0BJ
0BJ
0BJ
0BJ
0BJ
0BJ
0BJ

FUNC=
FUNC=
FUNC=
FUNC=
FUNC=
FUNC=
FUNC=
FUNC=
FUNC=
FUNC=
FUNC=
FUNC=
FUHC=
FUNC=
FUNC=
FUNC=
FUNC=
FUNC=
FUNC=
FUNC=

..... CYCLE LIMIT

CHANGE=
CHANGE=
CHANGE=
CHANGE =
CHANGE=
CHANGE =
CHANGE=
CHANGE=
CHANGE=
CHANGE=
CHANGE=
CHANGE=
CHANGE=
CHANGE=
CHANGE=
CHANGE=
CHANGE=
CHANGE=
CHANGE=
CHANGE =

20

Fig 9b - Output from ARRBTRAFIC/TRANFLAN

.2101271203E+05
-.9472166667E+04 TIME= .3S
-.3377414148E+04 TIME= .3S
-.4416365490E+04 TIME= .4S
-.1361114215E+04 TIME= .4S
-.9411264174E+03 TIME= .5S
-.7540624095E+03 TIME= .5S
-.3592477944E+03 TIME= .6S
-.4556121843E+03 TIME= .6S
-.6115376331E+03 TIME= .6S
-.3115931102E+03 TIME= .7S
-.5404228511E+03 TIME= .8S
-.3912895833E+03 TIME= .8S
-.3401362807E+03 TIME= .9S
-.5232392452E+03 TIME= .9S
-.3237235465E+03 TIME= .9S
-.4894194105E+03 TIME= 1.0S
-.3495301698E+03 TIME= 1.0S
-.3181105049E+03 TIME= 1.1S
-.3624771884E+03 TIME= 1.1S
-.4058854070E+03 TIME= 1.2S

“ON WLV
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ARRRTPAFIC/TRANPLAN-FQUTLLTRRIUM ASSINMGMENT GQYSTFM
(UNIVFRSITY OF MONTREALLRFYISED BY AUS.RN, RFS, RN,)

THIS IS A TEST PRORLEM
PRORLEM GS
FAUTLIRRIUM ASSIGNMENT

NODF NODE LENGTH LANE DFLAY OBS.TIMF ORS.VOL,PRF,COST

FROM

OO NNIT»INASN O~

i et ot et et e et
WNIN =D O

13
13
14
14
15
15
16
16
17

TO

S
13
&
7
]
9
10
&
11
-
12
?
9
14
10
1S
11
16
8
12
16
9
17
14
17
15
Y7
4

KM

n.00
n,00
4,83
3.22
1.61
37,03
?7.37
hell
16.3?2
R.05
Q,66
nN.00
33,81
16.10
26,76
11.27
24,15
17.71
2R.98
30.59
35.42
32.20
la.ag
12.88
2?7 .54
3R.64
20«93
Ne00

1.
1.
1.
1.
l.
1.
1.
1.
].
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

FUNCT

i KAV ID VIRV INVIL VIR VIR VERVERVENVER VRN VER VRV IE S0V R VERVERCELVIFA VERVERS INS Rl

(MIN)

0.00
0,00
1?.70
.03
.70
74.10
34,00
A.63
24,00
5.490
6,82
0.00
40,60
12.60
18,40
1R,40
22,70
16.80
31.90
33.70
$S5.00
28.20
12.30
17.20
24,50
24440
48,80
0.00

(VPH)

NA
NA
180R
1741
1451
1759
1670
1621
1659
1639
1546°
NA
1652
1564
1548
1714
1603
1605
1634
1667
1703
1589
1583
1608
1632
1524
1788
NA

( §)

0.

0.
2415
«7513E=-N1
«3757€-01
1.852
L7867
$1773
<450R
7575
2254
0.
1.014
.3757
LANTY
5635
5635
4132
9271
<9943
1.500
¢ 7513
3381
«3005
«A353
9016
1.047
0.

Fig 9¢ - Output from ARRBTRAFIC/TRANPLAN

PAGFE
PRE.VOL CAPA
(VPH) =CITY
5000 -N
5000 -0
2724 1000
1019 1000
1256 1000
2706 1000
16017 100n
1586 1non
1074 1000
1641 1000
12564 1000
5000 -0
1619 1000
224 1000
240 1000
2269 1000
14135 1000
1468 1000
1641 1000
1646 1000
1711 1000
673 1000
2?24 1000
673 1000
1566 1000
0 1000
3179 1000
S000 0

L INK
INEN

81
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5. USER SPECIFICATIONS FOR ARRBTRAFIC/NOVA-840

This version of the system includes a range of options including the production
of all-or-nothing and incremental assignments, in addition to generalised cost
and several supply functions for the links in the road network. An all-or-
nothing assignment followed by an equilibrium assignment can be obtained, but
if an incremental assignment is required this must be the subject of a seperate
run of the program. It is important to note that the objective function values
are the most significant figures in the output when comparing results.

Relative timing figures can then be judged against these objective function
values. When this program is being used for research purposes it is important
to note that the rate of convergence drops off very rapidly as the number of
iterations is allowed to rise, a characteristic of the Frank-Wolfe algorithm
for non-linear programming which is implicit in this program. It is important
therefore to put definite 1imits on both the maximum number of iterations
permissible and the convergence level rated to be acceptable. It is most
unusual to find the cost of an extra iteration to be justified after 20
iterations. This is therefore included as the default value.

5.1 FILE STRUCTURE

The file structures (Fig 10) have the same general form as those used for the
ARRBTRAFIC/CDC-CYBER(1) version and shown in Fig 3.

DATA FILES CARD 1 PAMFIL CARD 2
4 9 10

ARRB TRAF
WORKING FILES NETFIL e Nown aaect ODFIL

1 1

f ouUTPUT
OUTPUT FILES REPORT
12

Fig 10 - ARRBTRAFIC/NOVA-840
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5.2 DATA BLOCKS

ATM No.

[
"Block A - Input parameters
Card Format Contents
Columns
Card 1 1-4 2A2 TIT1*
6-46 20A2 Available to user for titling
output :
Card 2 1-4 2A2 TIT2*
6-46 20A2 Available to user for titling
output
Card 3 1-4 2A2 PARM*
6-15 F10.0 Convergence index
16-20 F5.0 CPU time limit (s)
21-25 15 Max. no. of iterations
26-30 15 Assignment options: 0 - equilibrium
1 - incremental loading
31-35 I5 Cost function options:
0 - exponential
1 - generalised form with piece-
wise linear speed-flow relation-
. ship
36-40 I5 Printing options:
0 - link report suppressed
1 - full report
Card 4 1-4 2A2 SIZE*
6-10 I5 Number of nodes
11-15 I5 Number of links
16-20 I5 Number of centroids
Card 5 1-4 2A2 SPED )
6-10 F5.0 ) speed co-ordinates for
11-15 F5.0 V) ) Tink delay function in
km/min
16-20 F5.0 q. ) flow co-ordinate in veh/h
21-25 F5.0 Qg )
26-30 F5.0 Congestion coefficient
Card 6 -1-4 2A2 PRIC
6-20 F5.0 Vehicle operating cost (A) in
$/km
11-15 F5.0 Value of time (B) in $/min
16-65 10F5.0 Direct monetary link use charges
. in $ for link type 1 to 10
Card 7 1-4 2A2 LOAD
6-10 I5 Numher of loadings (restricted
to 10 or less)
11-15 F5.0 Percentage of trips for 1st loading
16-20 F5.0 Percentage of trips for 2nd loading
etc
56-60 F5.0 Percentage of trips for 10th

loading

*
Checked by computer program

4A
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The default values are:

21

Parameter Default
Convergence index 0.05
CPU time limits 150 s
Max. no. of iterations 20 »
Assignment option P (equilibrium)
Cost function option P (exponential)
Printing option @ (link report

‘ suppressed)

Congestion coefficient 1

Note: Card 7 is necessary in the file as a blank card even though -
incremental loading is not used in the options.

Block B - Network description (file CARDI1)

This file is the same as file CARD1 of the ARRBTRAFIC/CDC-CYBER(1)
version (Section 3.2)

Block C - Trip table (file CARD 2)

This file is the same as file CARD2 of the ARRBTRAFIC/CDC CYBER(1)
version (Section 3.2).

5.3 EXAMPLE

For the example of network GS, using the same three piece-wise linear

speed-flow relationship as shown in Fig 2 on each link,

cost function: A + B/v (Section 2), the input cards w111 take the form in

Fig 11, and will produce the output of Figures 12 and b.
show the output of an assignment using incremental loading and the same

input data.

and a genera]ised

Figures 13a and b
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'JOE FOZ1 LUK

'CREATE ODFIL NETFIL

'XFERSA TMF FAMFIL

TIT1 THIZ IS A TEST PROELEM

TITZ FROELEM 5T

FORM 0001150, O 20 1 1

ZIZE 17 zz 4

SFED 1.5 O 21T00. 1740, 1.0
FRIC .01 0z

LAl R 2% 2%
'XFERZA TMF CARD

Q 10
Q 1¢
= 10

Z 10
1 10
=z 1¢
710
4

D IR N IO
-

SO0 N oS Lan

—
-
|

10
10
10
10
10
1 10
(8] 10
10

10

Land o'
YR IR I SN RN I

YRR BN I

i

NS B
¥
”" ~j s

| N T
e Dy 0

12 1 15 10

12 & 7 10 8]
17z 22 10 =
1z Z 1¢ £

10
10
10

bl 10
13 10

10
1
10

R T e e

S ey O O SOy O Oy O O O

[l SO N SR N SN (TN SR SN R SN AU N S (N SVl N SR N S S SN O S VI i

/B TMR CARDZ

I 42500 ZIS00
O
2 ZZS00 42500

'RLOR EEB ICLOAD SSM USERCS SUMTRA SECOND [NETWOR, LOADTR MINTRE] FORT. LE
'EXEC EE
'END

Fig 11 - Control cards and input data blocks for ARRBTRAFIC/NOVA-840
(operating system is RDOS)



ARRETRAF IC/NOVA-240: EQUILIERIUM ASSIGNMENT SYSTEM(UNIVERSITY OF MONTREAL, REVISED BY AUSTRALIAN ROAD RESEARCH BOARD)

L INK
IDEN

IR, T I TSN

[T S ) — b
SN D G R = D

N SV N
d S0

|£|:| RN R I~ O O S

THIS IS
FROELEM

A TEST FROELEM

G35

EQUILIBRIUM ASSIGNMENT

NODE
FRIOM

Lol NGO RN ERN IO S ) B ) BRI o

—_

NODE
TO

Q00 N O G N

—
-
<

-
N

—
R NI O

LENGTH

kM

SV

H
OO NN RSO
&

o
o
-

-

KON Bl (NI B D

R BN

KU el

R INIRNNX

RS o N A

!
-
Lo
Lo

[0~ ~x 1]

NUME DELAY OBSERVED OBESERVELD ORSERVED
LANES FUNCT TRAVEL TRAVEL VOLLUME

e b e e e e e e e ek e e b R e e e e e e e e e

SFEED TIME
EM/H (MINZ)

Q 1 0.0 Q. 00
o] 1 0.0 Q. 00
0 2 2z 2 12 70
0 2z DZ0 A O3
(0] 2 @320 0. 70
0 e 292 7E010
o] Z 4% A 24,00
0 Z S8 3 ae]
0 2 4z = 24 OO0
Q z2 oS0 5 4%
0O z 250 bHO22
O 1 0.0 0. 00
(o] Z SO0 40. &0
0 2 747 12 40
0 2 240 12 40
0 Z C ] 12 40
Q 2 = o 70
Q 2 2 b, S

[¥] 2 =) (
] 2 54 5

0 z 38 A

0 2 43D

0 2 70.7

) Z PR

9] 2 55, 2

0 Z 5.0

(o] Z 25 7 =

0 1 0.0 Q0

i
X
[

Fig 12a - Output from ARRBTRAFIC/NOVA-840

L INK
TYPE

ReReReReole]
- O

PAGE

FREDICTED PREDICTED
VOLUME

TRAVEL
TIME
(MIN/$)

0. 000
0. 000
0. 241
0. 751E -1
0. 276E -1
0
0
0
0.
0
Q. Q00
1. 01
0. 274
Q. 401
= R

9 b

PN

Q. 20
Q. 99

—

" ‘C|
KO N N T I DR

S SRS abd

Nk O o= 03—

k=] fadie
-

2

<

te.

1

S000
3000
2724
101
1257
2704
146035
1524
1073
1442
1257
2000

“ON W1V

v
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ITow INITIAL SOLUTION - VALUE OF OB FUNCTION= 0 2Z101271Q00E S

IO END CYCLE 1 OEJ FUNCTION= O, 1

ZT77000E 5 RATE OF CHANGE =

t

|
-G
H
~
b3
—
>
1
=
H

CUMULATIVE RUN TIME = 12, 00

Iz END CYCLE 2 NBJ FUNCTION= O 1204297000E 5 RATE OF CHANGE =-0. Z293125S000E 4 CUMULATIVE RUN TIME = 14, QO
102 ENDN CYCLE 3OOk FUNCTION= O 1724452000E S RATE OF CHANGE =-0, 441407:3000E 4 CUMUILATIVE RUN TIME = 20. 00

102 END CYCLE 4 G FUNZTION= O 1724324000E 5 RATE OF CHANGE =-0. 1273274000E 4 CUMULATIVE RUN TIME = 24 00

I0& END CYZLE S5 OBJ FUNCTION= O 17324622000E 5 RATE OF CHANGE =-0. ¥Z30000000E 2 CUMULATIVE RN TIME =

22 00
103 END CYLLE A DB FUNCTION= O 172331%000E S RATE OF CHANGE =-0. 734222<000E = CUMULATIVE RN TIME = 3200
IO END CYCLE 7 OEJd FUNCTION= 0. 1722247000E 5 RATE OF CZHANGE =-0. 2422231 000E 2 CLUMULATIVE RUN TIME = 2400

el i

Ios ENDD ZYCLE = 0R) FUNCTION= O 17229%2000E S RATE OF CHANGE =-0. 44512742000E

CUMULATIVE RUN TIME = 4¢0. 00

IOz END CYCLE @ DE4 FUNCTION= O 1782747000E S RATE OF CHANGE

CUMULATIVE RUN TIME = 44 Q0

Ioz END CYCLE 10 QB4 FUNCTION= O 1722427000E 5 RATE 0OF CHANGE

CUMULATIVZ RUN TIME = 42, 00
IOz END CYCLE 11 OB FUNCTION= O 1722459000E S RATE OF CHANGE =-0. S44S110000E 3 CUMULATIVE RUN TIME = D200
102 END CYCLE 12 0OEBJS FUNCTION= 0. 1722402000E S RATE OF CHANGE =-0. 2713%74D000E 2 CUMULATIVE RN TIME = . OO
102 END CYCLE 1% 0B FUNCTION= O, 1722247000E S RATE OF CHANGE =-0. 2ZZS034000E = CUMULATIVE RUN TIME = 0. 00

102 ENDN CYCLE 14 QEJ FUNCTION= O 1722Z071000E S RATE 0OF CHANGE =-0. S140021000E = CUMULATIVE RUN TIME =

= L5000
Id ENDN CYCLE 15 0OEJ FUNCTION= O 1721204000E S RATE OF CHANGE =-0. 2254342000E 3 CUMULATIVE RUN TIME = &5 00

10 END CYCLE 14 OF FUNCTION= O 1721200000E 5 RATE OF CHANGE =-0. 47972050008 2 CUMULATIVE RUN TIME =

~N
0
=

103 END CYCLE 17 COEJ4 FUNCTION= O 1721717000E S RATE OF CHANGE =-0. 340271Z000E % CUMULATIVE RUN TIME = 77. 00

o0
—
(o
o]

102 ENDY CYCLE 15 CEJS FUNCTION= O 1721S74000E S RATE 2OF CHANGE =-0. 31395T4000E 2 CUMULATIVE RUN TIME =

I0z END CYCLE 1% DR FUNCTION= O 17215S04000E S RATE OF CHANGE =-0. 25852Z7000E & CUMULATIVE RUN TIME =

D]
N
[e]
S

102 END CYCLE 20 OEJ FUNCTION= O 1721244000E S RATE OF ZHANGE =-0. 41AS0:0000E 3 CUMULATIVE RUN TIME =

)
o
i
[el

102 RUN TERMINATED. . . .. CYCLE LIMIT : 20

Fig 12b - Output from ARRBTRAFIC/NOVA-840

we

*ON WLV

vy



FAGE 1
ARRETRAF IC/NOVA-240: ERUILIERIUM AZZIGNMENT SYSTEMUNIVERSITY OF MONTREAL, REVISED EY AUSTRALIAN ROALD RESEARCH ECARDD

THIZ I A TEST FPRORLEM
FROELEM 5=
INCREMENTAL LOADING ASSIGNMENT
L INK NOLE NCDE LENGTH NUME DELAY OESERVED OEZERVED OESERVED LINE FREDICTED FREDICTED
IDEN FRIOM TO . LANEZ FLNCT TRAVEL TRAVEL VOLLIME TYFE TRAVEL VOLLME
SFEED TIME TIME
kM FMAH (MINZ) (MIN/$)

1 1 S 0. 1.0 1 CO00 Q 0. Q00 SO00
ot = 13 0, 1.0 1 OO0 0 0. Q00 SO00
= b= & 4. 1.0 Z 13 70 & 0. 241 1273
4 b 7 = 1.0 Z &, O O O 141 2500
b bl = 1. 1. 0 Z ' Q L25
& & = =7, 1.0 Z 0 1275
7 & 10 27. 1.0 Z ] ] 1275
= 7 & & 1.0 ped : O Q. 222 12875
4 7 11 * 1.0 Z = 0 Q. Pl 2500
10 o 7 1.0 e L0 0 Q. 407 1275
11 = 12 2 1.0 Z =S 0 Q Q. 225 L2
12 o et Q0 1. 0 i 0.0 0 Q. Q00 SO00
13 10 ? BOCTIE= ] 1.0 =z SO0 Q 1. A2 :
14 10 14 1410 1.0 2 V- O 0. 374

15 11 10 25 74 1.0 2 24,0 Q 0. £01

14 11 = 11 27 1.6 Z I 0 0. Sea2
17 2 11 Z4. 1% 1.0 Z 0 R}

18 Z 14 17. 71 1.0 Z 0 .41

1% 1z = eSS 1. 0 Z 0
20 1z 12 2029 1.0 Z Q
Z1 12 14 2547 1.0 2 0
22 14 Y 220 1.0 Z 0
2% 14 17 14. 4% 1.0 2 P e
24 15 14 12 =2 1.0 2 220 O 1250
25 15 17 2254 1. 0 Z Z4. 50 0 1275
264 14 15 3. A4 1.0 iy 24. 40 0 0. 202 O
27 14 17 20,92 1.0 2 20 0 1. 0% 2500
28 1 1

17

-
-l
]
]

L 0O O

Q O, 000 SO00

Fig 13z - Output from ARRBTRAFIC/NOVE-840 (incremental assignment)
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INCREMENTAL LOADING ASSIGNMENT

I1S LOAD

12 LoAD

113 LaAaD

Ila LORD

NLUMEER:

NLUMEER:

NUMEER:

NLIMEER:

1 LOAD FRACTICON VDEJ FUNC= 0 4022414000E 4 TIME(ZED)=

i
3
A

Z LOAD FRACTION

—
b

S ORd FUNC= O 7722424000E 4 TIME(SELD) =

S LOAD FRACTION

Ii

D ES OB FUNC= O 1307424000FE

A}

TIME(ZED) =

n

4+

LOAD FRACTION

-~
o

O, 25 0B FUNC= O 1w0Z245000E S TIME(SEC)=

Fig 13 - Output from ARRBTRAFIC/NOVA-840 (incremental assignment)
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000

GO0

000
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6. USER SPECIFICATIONS FOR ARRBTRAFIC/CDC-CYBER(2)

After considerable use of the previous versions, improvements in efficiency
were sought by adopting the results of the Dial, Klingman and Glover (1977)
analysis of minimum path algorithms, which commended the Pape version of the
Moore algorithm. The necessary changes in the ARRBTRAFIC/CDC- CYBER(2) coding
produced substantial gains in speed of execution.

Further gains were sought by direct calculation of the A parameter
(which controls the weight given to successive iterative assignments produced
en route to the equilibrium result), thereby avoiding the need for an iterative
search.

This may be achieved by assuming that all cost-flow (i.e. supply)
functions are linear when calculating A. The details of this device are
reported by Luk and Makarov (1979).

While direct A calculation improves the overall efficiency, the
accuracy of predicting traffic flows is dependant on the linearity of cost-flow
functions. To maintain a high degree of accuracy for a network of many highly
non-linear cost-flow functions, the iterative ) search method should be used,
because an iterative method does not depend on the functional forms of Tlink
cost-flow functions (which should be monotonically increasing). The direct X
method is therefore provided in ARRBTRAFIC/CDC-CYBER(2) as an option. In the
example given in Section 6.2 below 'cost' is the reciprocal of speed as a
function of flow.

The major differences between CDC-CYBER(2) and the CDC-CYBER(1) versions
are summarised below:

(a) The shortest path tree-building algorithm adopted in CDC-CYBER(2) is
the C2 algorithm recently released by Dial et aZ. (1978) and based
on the Pape algorithm; _

(b) The determination of the parameter A in combining two consecutive
solutions can be by means of the more accurate iterative Golden
Section option of adopting my iterations using direct -x calculation,
followed by m, iterations using the iterative method where (m; + my)
is the total number of iterations;

(c) A generalised piece-wise linear function is available which the user
may define in the parameter file, and this may be weighted by up to
fifteen different link capacities corresponding to different 1ink
types.

(d) Sorting of links in the output listing is available as an option
in CDC-CYBER(2) so that two way links are adjacent to each other

in the output.

6.1 FILE STRUCTURE AND DATA BLOCKS

The modifications are based on the CDC-CYBER(1) version so that the file
structure and data block described in Section 3 are applicable to the
CDC-CYBER(2) version. The formats for the parameter file, PAMFIL, are
given over:
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14F5.0

*check by computer program

Card
Columns Format Contents
Card 1 1-4 A4 TIT1*
6 - 46 20A2 Available to user for titling output.
Card 2 1-4 A4 TIT2*
6 - 46 20A2 Available to user for titling output.
Card 3 1-4 A4 PARM*
6 - 15 F10.0 Convergence index
16 - 20 F5.0 CPU time 1imit(s)
21 - 25 15 Maximum number of iterations
26 - 30 I5 Number of direct A iterations
31 - 35 15 Sorting option (default = 0)
Card 4 1-4 Ad SIZE*
6 - 10 I5 Number of nodes
11 - 15 I5 Number of Tinks
16 - 20 I5 Number of centroids
21 - 25 15 Number of (flow/capacity,speed)
co-ordinates.
Card 5 1-4 A4 PRIC
: 6 - 10 F5.0 Vehicle operating cost (A) in $/km
11 - 15 F5.0 Coefficient of 1/V (B) in $/min
16 - 80 13F5.0 Direct 1ink money charges in $ for link
types 1 to 13.
Card 6 1-4 A4 CAPC
5 - 10 F5.0 Capacity for 1st link type
vll - 15 F5.0 Capacity for Zpd link type
76 - 80 F5.0 Capacity for léth link type
Card 7 1-4 A4 SPED*
5-10 F5.0 Congestion factor
11 - 15 F5.0 Flow/capacity ratio of lst co-ordinate
(always set to 0)
16 - 20 F5.0 Speed of 1st co-ordinate
21 - 25 F5.0 Flow/capacity ratio of 2nd co-ordinate
26 - 30 F5.0 Speed of 2nd co-ordinate
71 2 75 F5.0 F]ow/capac%ty ratio of 7th co-ordinate
76 - 80 F5.0 Speed of 7th co-ordinate .
Cards 8,91 - 4 Ad SPED
11 - 80 (Flow/capacity, speed) co-ordinates

as card 7, maximum number = 21).

4A
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The default values are:

Parameter Default Value
Convergence 0.05
CPU time Timits 150 s

Maximum number of iterations 10
Number of direct X iterations 0
Capacity of each link type 1

Sorting option No sorting
Number of (speed, flow) A zero value would require user to
co-ordinates supply his own continuous delay
function

6.2 EXAMPLE

To illustrate the use of the generalised piece-wise speed-flow
relationship, seven co-ordinates are used. These co-ordinates are included
in the input listing in Fig 15, and are used to approximate the following
speed-flow function:

_ 3000
2q +1

where q is traffic flow normalised to a capacity of 1000 veh/h.

km/min

As thc reciprocal uf Lhe above tunctional form, i.e. journey time
per unit distance, is linear, the assumptions adopted in the analytical
method are fulfilled and the convergence to the solution is more rapid in
this case than the convergence using the Golden Section Method (with the
accuracy ACCUR = .0001). This is so despite the fact that the piece-wise
linear approximation to the above function is poor for q less than 500
(see Fig 14), due to the fact that the equilibrium flows in the solution

all Tie above 500 veh/h. Below this volume this hyperbolic function is
clearly impractical.

Figures 16a and b illustrate the output of CDC-CYBER(2).

\"
{1) Hyperbolic V= 3000/(2q+ 1) km/min
(2) Piece-Wise Linear
204 {beyond g = 1000 the functions are
2) indistinguishable on this scale)

Speed in km/min
1}

{q,b) = (500, 2.997)

Q

T T
0 500 1000 1500 q

Fig 14 - Traffic volume in veh/h



TIT1 THIS IS A TEST PROBLEM

TIT2 PROBLEM GS

PARM
SIZE
PRIC
CAPA
SPED

GS74
GS74
GS74
GS74
GS74
GS74
GS74
GS74
GS74
GS74
GS74

GS74 |

GS74
GS74
GS74
GS74
GS7¢4
GS74
GS74
GS74
GS74
GS74
GS74
GS74
GS74
GS74
GS74
GS74

AWM

140 G+00 3000 0450 3.00 140C 1450 1450 1400 2,00 0,75

«000199999 20
17 28 4 7
0-00 1000
1000.1000.

1 5 0 101
3 13 0 101
5 & 483 10 2
5 7 322 10 2
5 8 1le1 1C 2
) 9 3703 10 2
6 10 2737 10 2
7 & 644 10 2
7 11 1932 1C 2
8 7 805 10 2
8 12 9¢& 10 2
9 2 10 1
10 G 33¢1 10 2
10 14 1610 10 2
11 10 257¢ 10 2
11 15 1127 10 2
12 11 ¢415 1C 2
12 16 1771 10 2
13 & ¢898 1C 2
13 12 3¢%9 10 2
13 16 3%42 10 ¢
14 9 3220 10 2
14 17 1449 10 2
1% 14 1288 10 2
15 17 2254 106G 2
16 15 3864 10 2
16 17 2093 1 2
17 4 ic 1
2 42500 225C0

0
2 ¢2500 42500

0

20

1270
603
70
7610
3600
663
2400
549
682

4060

1260
1840
1640
2270
16380
3190
3370
5500
2820
1230
1220
2450
2440
4880

-0

-0
1808
1741
1451
1759
1670
1621
1659
1539
1546

-0
1652
1v6¢
1548
1714«
1603
160%
1634
1662
1703
1589
1983
1605
1632
1524
1785

-0

2.50 0.60 3.00 0.50

Fig 15 - Input data blocks for ARRBTRAFIC/CDC-CYBER(2)
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PAGE 3 1
ARRBTRAFIC/CDC-CYBER;EQUILIBRIUM ASSIGNMENT SYSTEM(UNIVERSITY OF MONTREALSREVISED BY AUSTRALIAN ROAD RESEARCH BOARD)

THIS IS A TEST PROBLEM

PROBLEM GS
EQUILIBRIUM ASSIGNMENT
LINK NODE NODE LENGTH NUMB DELAY OBSERVED OESERVED CBSERVED LINK PREDICTED PREDICTED
IDEN FRCM 10 LANES FUNCT TRAVEL TRAVEL VOLUME - TYPE TRAVEL VCLUME
: SPEED TIME . TIME
KM KM/H (MINS) (MINZS)
1 1 5 0.00 1.0 1 0.0 C.00 NA 0 O. 5000
2 3 13 0.00 1.0 1 0.0 C.00 NA 0 O. 5000
3 5 6 4.83 1.0 2 22.8 12.70 18608 0 8.280 2583
4 5 7 3.22 1.0 2 32.0 €.03 1741 0 3.224 1502
5 5 8 1.61 1.0 2 138.0 o 70 1451 0 «9165 914
6 6 g 37.03 1.0 -2 29.2 7€.10 1759 0 59,89 2439
7 6 10 27.37 1.0 2 45.6 36,00 167¢C 0 26.73 1476
8 7 6 Gebt 1.0 2 58.3 £463 l621 0 5.513 1331
9 7 11 19.32 1.0 2 48.3 24,00 1659 0 19.3¢4 1502
10 8 7 8.05 1.0 2 8840 5.49 1539 0 6.891 1331
11 8 12 9.66 1.0 2 85.0 6.82 1546 ] 6.682 1054
12 S 2 0.00 1.0 1 0.0 0.00 NA 0 O. 5000
13 10 9 33.81 l.0 2 50.0 4C.60 1652 0 31.01 1409
14 10 14 16.10 1.0 2 7607 12.560 1566 0 9.815 953
15 11 10 25.76 1.0 2 84.0 184,40 1548 0 14.00 886
16 11 15 11.27 1.0 2 36.8 18.40 1714 0 13.65 1848
17 12 11 24415 1.0 2 63.8 22.70 1603 0 19.06 1233
18 12 16 17.71 1.0 2 63.3 16.80 1605 0 15.8¢ 13813
19 13 8 28498 1.0 2 54.5 - 31.90 1634 0 28.18 1471
20 13 12 30,59 1,0 2 54.5 33.70 1662 0 31.57 1562
21 13 16 35.42 1.0 2 38.6 55.00 1703 0 46.19 1966
22 .14 9 32.20 1.0 2 6845 26.20 1589 0 23.88 1151
23 14 17 14,49 1.0 2 70.7 12.30 1583 0 10,13 1069
24 15 14 12.88 1.0 2 63.3 12.20 1605 0 10.45 1267
25 15 17 22454 1.0 2 55,2 24.50 1632 0 20.23 1385
26 lé 15 38.64 1.0 2 95.0 24,40C 1524 0 18.52 804
27 16 17 20.93 1.0 2 25.7 48,80 1785 0 35.41 2545
28 17 4 0.00 l.0 1 0.0 0,00 NA 0 O 5000

Fig 16a - Output from ARRBTRAFIC/CDC-CYBER(2)
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109

108

108

108

Ic8

IC8

Ios8

1038

IC3

108

108

1¢8

1ca

ics

ice

103

Ic2

INITIAL SOLN -

END
END
END
END
END
END
END
END
END
END
END
END
END
END
tND
£ ND
cND
cND
END

END

CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CyCLe
CYCLE
CYCLE
CYCLE
CYCLE
CyCLE
CyCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE

CYCLE

1

1¢C

11

12

13

l4

16

17

18

19

20C

VALUE GCF

GBJ

0By

cBJ

o8J

csJ

uBJ

oeJd

JBJ

Uy

uBJ

GBJ

GBJ

csJ

0Bd

GBJ

FN=

FNs=

FN=

FN«

FNe

FN=

FN=

FN=

FN=

FN=

FN=

FN=

FN=

FNe

FNw

FN=

FN=

FN=

FN=

FN=

CBJ+FUNCTICON=

465C43,3407
434015-1261
405812.,6067
374311.4581
34927641414
34648440122
34266645740
341C079.9872
3397687.5134
338718.0563
338957.8564
33817145155
337843.8883
337777.38853
337484.8411
337285.935¢
33709€44595
336997.7656
336£30.1253

33660142734

RUN TERMINATED.seesCYCLE LINMIT ;

£18643.9186832

20

RATE

RATE

RATE

RATE

RATE

RATE

RATE

RATE

RATE

RATE

RATE

RATE

RATE

RATE

RATE

RATE

RATE

RATE

RATE

FATE

OF
OF
OF
OF

OF

OF
oF
OF
GF
CF
OF
0F
OF
OF
GF
oF
OF
OF

oF

CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE

CHANGE

* lambda determined by direct calculation.

"

~1048904.267
=732123.9997
-44070642451
-321453.8758
-22202444993
~15607744953
-99737.39263
-65852.84499
-82711.£669C
-44715.0878¢
-64079.24436
-34802.01238
-26368.93043
-27536.8€6117
=26241.10740
-30555.71245
=17255.51486
-24448,5840]1
-30478.64062

=-19350.221R7

CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVFE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE

CUMULATIVE

Fig 16b - Output from ARRBTRAFIC/CDC-CYBER(2)

RUN

RUN

RUN

RUN

RUN

RUN

RUN

RUN

RUN

RUN

RUN

RUN

RUN

RUN

RUN

RUN

RUN

RUN

RUN

RUN

RUN

TIME

TIME

TIME

TIME

TIME

TIME

TIME

TIME

TIME

TIME

TIKE

TIME

TIME

TIME

TIME

TIME

TIME

TIME

TIME

TIME

TIME

+45SEC
«53S5EC
«57SEC
+€1SEC
«65SEC
W69SEC
«73SEC
0o 7T65EC
+BOSEC
+63SEC
+B7SEC
«91SEC
«G5SEC
«GBSEC
1.02SEC
1.06SEC
1.10S¢€C
1.14S5¢€C
1,18S€EC
1.225¢€C

1.255¢C

LAMBDA*

LAMBDA®*

LAMBDA*

LAMBLA*

LAMBDA®

LAMBDA*

LAMBDA*

LAMBDA®

LAMBDA®

LAMBD A=

LAMBDA*

LAMBDA®

LAMBDA*

LANBDA*

LAMBDA*

LAMBDA*

LAMBCAX*

LAMBDA*

LAMBDA*

LAMBDA*

« 38792

32782

024265

029445

© .30167

«10811

«11093

«11795
7.16621€-02
7.70611€E=02
©.27085€-02
5.06275€E-02
4.40436E-02
2.73902t-02
5425814E£-02
3.08610&‘0é
4.17135€-02
2.67706t-02
3.,12985%€-02

2.54468t-02

(4%
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7. DIAGNOSTIC QUTPUTS

Messages produced by all four versions of the program closely adhere to
those of the original program by Nguyen and James (1975).

Messages with a number beginning with 'I' are for information purposes.
Message numbers beginning with 'E' signify that an error has been made.
A11 the messages and their explanations are given below.

Message . Explanation
101 RUN TERMINATED...TIME LIMIT:t Runtime exceeds t, the maximum run
. time parameter.
102 RUN TERMINATED...CYCLE LIMIT:m Last cycle humber = m, the maximum
number of cycles parameter.
E03 LINKS NOT SORTED. LINE:n The n th network data card contains a

1ink origin node number lower than
that of the previous network data card.

EO4 NO. CARDS.NE. NLINKS nl1 n2 The number of network data cards nl
is not equal to the number of Tinks
n2 specified in the Network size card.

EO5 ERROR IN INPUT OD MATRIX.TYPE:t t=1, the origin node number on an 0D
demand card is either zero or the
origin set has already been completed
and this card is in excess of the num-
ber of destinations for that origin
t=2, end-of-file has been encountered
on the 0/D matrix file before sets of
0/D demand for all the centroids have

been found.
EO6 NSET IN MINTREE OVERFLOW. CURRENT The capacity of the heap structure
ORIGIN IS n (NSET) has been exceeded during

processing for origin n.

108 END CYCLE c.0BJ FUNCTION=f, RATE OF The program has completed cycle number
CHANGE=r, CUMULATIVE RUN TIME=t c. The resulting objective function
value is f. The change in the
objective function since the last

‘ cycle is t.
109 INITIAL SOLUTION-VALUE OF OBJ. The initial solution has been set up
FUNCTION f with objective function value f.
110 DEL(F) < EPSILON & The run has terminated because the

change in objective function between
the last 2 cycles is less than €.

"E11 TITLE CARDS MISSING aaaa bbbb The first 2 cards of the parameter file
should begin with 'TITI' and 'TIT2';
" aaaa and bbbb are the contents of the
first 4 columns as submitted by users.

~Continued/...
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Continued
Message _ Explanation

E12 PARAMETER CARD MISSING aaaa The third card of PAMFIL does not begin
with 'PARM'.

E13 SIZE CARD MISSING aaaa The fourth card of PAMFIL does not begin
with 'SIZE'.

I15 LOAD NUMBER: x LOAD FRACTION=y Incremental loading at the xth load with

OBJ. FUNC. = z TIME(S) = t a fraction y of total trip table, with

resulting objective function equal to
z. t is the CPU time used up so far.

E15 SPEED NOT A MONOTONICALLY
DECREASING FUNCTION OF FLOW

116 DEFAULT CAPACITIES SET EQUAL TO 1 %ﬁgsagég capacities must be entered by

117 NPOINT = o Results meaningless unless user has
supplied own version of SUMTRA and
USERCS which may specify continuous
delay functions.

E20 TOO MANY INPUT ERRORS n n is the number of errors found. The
program terminates when n exceeds the
specified maximum number of errors.

8. AVAILABILITY

The set of all four program versions described is available as a file on
magnetic tape* with the test data set given in this manual appended directly
to each program listing. The cost of tape, air freight and the duplication
run will be charged to the requesting individual or organisations. Sea freight
will be used if specially requested, but is not advised. These codes are made
available on the condition that the acknowledgment to the organisations
responsible for producing the code (University of Montreal and revisionS by
ARRB) is retained in the program output, and that while every effort will be
made to examine and correct errors in unmodified versions referred to ARRB
with full input listings and output documentation, ARRB and University of
Montreal do not warrant or support this system as a formal commitment.

In the interests of all potential users, it would be useful if
similar data files arising from other machine transfers or special modifications
were sent back to ARRB in card image or listing format.

The codes are passed on by ARRB to third parties provided that:

(a) commercial use is not made of them without prior agreement in writing,

*9_track 800 or 1600 bpi (EBCDIC or ASCII): 7-track 800 bpi (ASCII only).
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{b) any further distribution is subject to the same conditions, and

(c) any further distribution is notified to ARRB (for information, reference
and updating purposes).

(d) all modifications and improvements made to the code be supplied to ARRB.
The file structure of any magnetic tapé requested should be clearly

stated, noting that the computer system available at ARRB is a CYBER 171
operating under NOS 1.3.

The microfiche appended to this manual contains the most up-to-date
coding available at the time this manual is supplied.

Report written by:

o>
A oratbror

Report reviewed by:

f (@7
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APPENDIX A
TRANPLAN BINARY FILE FORMATS

The 1isting of a program that can be used to generate a binary packed trip
table suitable for the ARRBTRAFIC/TRANPLAN versions is shown in Fig 17. The
library subroutine OUTAB is available from CDC CYBERNET service and is also
included together with its counterpart INTAB, as part of ARRBTRAFIC/TRANPLAN.

Input trip table in any formats specified by users is read through
channel 9 (for example, a card reader) and the output binary packed trip
table is stored on file VOLUME through channel 30.

Header information is available for reference and error checking.
More details can be found in the TRANPLAN manual (CDC 1973).

FROGRAM TRIF(TAFRES, TAFEZO. TAFELD)

OIMEMSION IA{ZCO), TQ(R00

COMMONEXEC/ THEADNC T 25)

EQUIVALEMCE (MAYXZON, IHEAD(EAY Y, (MUMTAR, THEAD(Z7) )
INTEGER TAEBLE, ORIGIN, DLMMY

DATA LUNSZD/, TABLEA LS, L2127 MAXZONSA,, NUMTAR 1.7

WRITE(LUN) IHEAD

o0 S0 ORIGIN=1, MEXION

READC, 20) (IACL), J=1, MAXZION]
20 OFORMAT(1415)

CALL CUTARECLUN, IA, ORIGIN, TABLE, DUMMY, IO
S0 CONTIMUE

REWINDO LUN

EnND

Fig 17 - Program for creation of a binary packed trip
table for problem GS.
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