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,ABSTRM::T 

A procedure for predic'l;ing traffi.c behavio.).lr' in' a free-

. , way corridor 'is develi;>ped. Tr~ffic demand' can v'!ry over 

time i and is, assigned to' the freeway' and surrounding network' 

subject to the hypothesis that ,individual travellers will 

minimize their travel ':time. The impact o'f queueing time 

, .' . 

on' minim~ paths is included by utilizing °a traffic div~rsion ' 

model. ,', Tlie model i;; capable of diverting all, some, or none' 
, ' 

,of,thetraffic from a particular queueing,path, and,can 

", therefore be used to" investigate '{he e~fects of fre~way 
'entrance ramp control upon the adjacen~' road ,system. 

" " I 

. " . 

A comPuter program was developed,and incorporates 
/, 

, , ' : i 0 

several other ne~l features for 'network, traffic flow assign-

ment. These ipciude turning volume calculations without' 
'~ 

the requirement of ,separa,te'turning links, 'the 'abili't:yto, im-
:. -, 

pose turriing movement prohi~ tions at cri ti,fal locations, 
. '. .' .-' ~ ,.' . 

and a procedur~ for identi£ying ill,ogicalpatJ:1s.' 

Anew mini!llum path,a;tg6rithm was developed to ensure 
, , 

that il,logical path's were not used,' and pre,liminary" t~sts 
,,' " ' " , " , , I ':,' " -. 

, indicate, that it, is more computat.ionally' efficient' than 

previous versions. 'Du~ t,';" such 'in:tprov,ements in the assign-, 

me~t procedure, link-node represe~tation was simpfified .and 
, " 

use of the· model requires considerably less coding effort 

as well. 

". 
(iii) 
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CHAPTER 1 
: .\ 

INTRODC:JCTioN . '. 
". <-•• ~ 

Urban transportatioll networks have long 'been ,subjected 

to the problem of recurrent traffic congestion 'during peak 
..' ~.' . 

periods. 'In an"attempt to prevent or reduce the effect of 
'. , 

"". }, . . , 

such congestion, . especially on 'freeways, .investigators and 

researchers have'. developed different types of control··.·· . . '- -. -. 

strategies [11]: ~he main e'mph~sis of 'their strate~ies is 

to limit the access to the freeway so that congestion can.' , 
be eliminated, thus allowing the facili1;y to operate 'at the 

most efficient service level during the.peak periods. 

1 

On the other hand, freeway control strategies including 

ramp metering or closure generally result in the controlled 

ramps having upstr~am queues which. might 

surface street operations. Furthermore, 

, 
interfere with 

d .' t<;. " 
r~vers o""ten 

diyert from those queues to surface streets even though they 

experience largerr trave1 times, and thus may create poor 
I' . '~ 

op~rations on the stree~s. Researchers have recognized this 
/ 

fact and emphasis has been concentrated on the operations of 

both the freeway and the associated surface streets. 

'-

The effectiveness of an improvement plan must 
be ,viewed with respect to the totatf network 
being studied; ·it is not sufficient to provide 
congestion-free operations on the freeway at the 
expense of heavily congested interconnecting sur
.face streets [1, p.BS]. 

... '. 

-',-

1 

I 
I 
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2 

Obviously, lfthe interaction between fj:eeway and ,surface 

street operations is to be investigCited, and thus the tot~l 

impact of improvement plans ?evaluated, an evaluation model 

i,s required. '. 
1 

'One such model has ~een developed in the Bay Area, 

Fre.eway Operations Study, [1] . It is an analytic technique 

for 'evaluating freeway improvement plans~ including, the 

associated net~lOry. of surface streets. Al though this 

technique can provide system-wide measures of traffic' 
, , / 

, 
pe:t-formance, it requires given demands OJ: volumes on network 

sections and known or e'stima~ additi~nal volumes, on surface 

streets due to implementation.,of a certain impro"ement plan. 
, \ 

This procedure could be useg" effectively only after"comp'let;ion 

of the traffic assignment phase in the transportation planning 

>" process. , 

_ 'Another/model by Yagar [20] has been developed. It can 

be used in predicting flows a~d qiiues in a freeway corridor 

experiencipg time-varying' demand by assigning traffic accord-:

ing to the principle of minimum individual traveb cost. It 

can also be used in assessing, the system-wide effects of, any 
If;;' " 

to the network. However, the model does 
. 

proposed chahges 
,-

, not include such features as traffic diversion or turn pro-
) 

hibitions which are necessary if actual traffic behaviour is 

to be well represented, or if illogical paths within the 

network 'are to be avoided. In addition, the link-node 

,representation 

The Brown 

adopted in. the ~odel tends tol'be complicated. 

and scott~odel [2],is another traffic assign-

ment model which seemingly could be used in studying a 

"\ 

"j ~ 
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. , 
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3 

~~roblem of ourconc,etn; However, the. model does not .ar~unt .' 

'for tillle:-.varY:i:ng demands, and. although it uses. a. link-node 

.representation which av:oidsillogical paths" .such repres-
, . . 

entation requires a large coding ,effort.· furthermor'e, no. 

traffic diversion is included in the traffic assignment 

procedure of'the model. 

Due to these deficiencies, it is felt that a ·satisfactor.y 
, . . \ 

corridor model for evaluating control strategies has not 

yet been developed. The requirements for such a model should 

include .the following: ,,/' 

1. Simple Link-Node Representation 

2. 

The model should 

representation of ·the 

be 'able to useoa simple link-nod~ . 

ciorri~r so that the coding. effort 

required by the user of the model maybe. reduced or the 

.. , size' of the corridor increased. C 

Turn Prohibitions 

In connection with the requirement of simplicity 

in the link-node representation, the model should be 
. I 

able to avoid illogical paths such as those between 

exit and entrance ramps. It should also allow for the 

use of network controls such as prohibition of a left 

turn. 

3. Traffic Diversion 

The model shouid account for traffic diversion 

from que)leing minimum paths to mor.e accurate!ly reflect 
" 

driver behavi-our. Through·this procedure a better 

prediction of the impact of cont.rol strategies on sur-
. 

face streets can be' obtained and quantified. 

. , 

"" 
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4., Accuracy 
'.', 

" 

The model shouldrepresentacc:~rately t?e time 
. . .,~. " ~ 

variation. in traffic demands especially for the peak 
".- ." . ",. , 

periods \-,here 'small over saturation can be easily 

detected. Al/o, a microanalysis isne~~SSary t~ «;~uiate 
the traffic operation of the critical,sections in the 

. . --.,.. 

corridor.' In addition,', the accuracy reqUirement neces

sitates the model ,to be able, to avoid illogical paths 

,in the assignment'procedure. 
. '~. 

It'is, therefore," the 'purpose of this paper to develop 
..4 sf " 

a corridor model which meets all of, the preceding 

req,uirements. A portion of the ,basic assumptions and frame.,. 

'work of Yagar' s 'procedure \-,a'l; ~sed in the ,devel~i)Jnent. However, 

the model described herein represents a significant improveMent, 
, . 

/ 

over previous work by virtue of several ne'" featu:r:es. 

To more realisticly predict driver behaviour, the model 

incorporates' a ne\v~CedUre for traffi~ aSSignment,', " ' 

Hombutger's method [8] assigns all demand to the nonsaturated 

minimum paths, while Yagar's method accounts for congestion , 
cost on saturated links, and traffic could be assigned to 

saturated paths if they result in a lessertfavel cost., Due 
> 

to the inc6nvenient situation of stop-and-go operations 

on a saturated minimum path, some drivers will prefer ,to 

use a nonsaturated ~inimum path even if they experience a 

larger travel, cost, ~ traffic diversion procedure ",as 

developed and used: for this purpose. options are provided 

for total diversion; no diversion, and partial diversion. 

( 

i 
I 

! 
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, /' , I " ..~, \:: 
,Additioni:!lly, the model inc9rporatesthe following 

... " . ' 

features: ' 

... ,., . 

, ' , , 

1. , A, 'method for simplifying link-node'represen'tation was 

'developed. , Thisrriethod reduces the amo.unt 6f coding 
'. . .. ... ~ '.:, I • , a> 

eff.ort recluir~a by the users. " 
. .. .. ". ' 

2'1 A, totally new minimum path ,algorithm ,d th, turn pro-'-
, . 

1 

'\ hibitions was developed, to automatically identify and 
! ' 

avoid network illogical paiths. ' , , 

3. For purposes of assigning queued 'demand on a certain 
, , 

link to minimum',p<i:ths in the following time slice, 

(~he peak period is divided into equal lengths of, 
, , 

homQgenequs demands called'time slices), the model 
I, 

considers the 'origin as the' ,upstream node of that link 

,and a new. procedure ~orov~rlapping the minimum paths 
, " 

of queued demands ,qas deveIoped to, prevent illogical 

paths which might" occur in' assigning that queUed deI:land 

in differerlt time slices. 

4. There is allo~lance in the model for the use:r to sp~ify" 
, .' 

the intersection nodes, at ~Ihich blr'nirtg 'volumes are 
" 

desired. The calculated turning'volumes are printed on, 
- ..... _ .. 

a drawing'of the corresponding intersection. 
I 

For any model,of this type, it ,is appa~ent'that the form 

and structure of the minimum path algorithm ls ~xtremely 

imp,ortant. Not only does it indicate thE! accuracy with which " 

traffic is: actually assigned to a network, but, it dictates 

~e basic form and structure of the entire procedure. For this 

reason, it seem,s logical 'to first inv,estigat,e:, the minimum path 

algorithm and to then proceed "lith discussions of the basic 

model structure. 

" 

I 
I 
! , 
i 
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0, ·ThereforEil'. iri ,Chapt'er' 2, 'an appraisFil o'f existing 

minimum pat? 'algbrithmsand a detailed'descrip'tion 'of the 

new' one ai-e give~.' ~An indication. of the efficiency of 

- :;, , "~ new a~go'ri th~' is' a;so given. "'r 
/' " ",'; The basi~ ~Odel struc~~re is described in Chapter 3. 

This incluaes a proposed method for representing a corri,dor . - -, 

r . 
'network, model assumptions" and treatment of queues, costs, 

and ca~cities, 

Iil: Chapter 4, a traffi'c d'iversion procedure is suggested' 

to account for queueexistenc,e in the minimum pat.hs. Included. 

also is a detailed description of the differe~t illogical paths 

, that might 'occur' in a n:eblOrk, along with a rnethod"for 

ide"~gthes~ paths' automatically in the computer 

program. This c~apter include~ as well, a method for cal

cul~i:ing 'turning volumes "Ii thdut the use of ·turning links. 

Desc~iptio~ of the ,logica~ sequences of the ,model ~nd fields 

to which the,model,might be applied are included at the end 

of the 'chapter. 
.. 

Chapt<;!r 5 p~esents an appl·j,cation of the !IIodel to a real 

corridor using hypothet~.cal data. A discussion of the results 

is included; 

Finally, a summary of the work presented, conclusions 

drawn, and suggestions for fur.ther research are given in 

Chapter 6. 

InclUded in the appendices are descriptions of the 
" 

'methods adopted in automatically determining network' illogical 

paths, and a description of the method' used for calculating 
, , 

turning volumes without using turning links. Instructions 

(" 

( 
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. for .usingt.h~ computer program" and a complete listing of 

the computer program along wit.h definitions of important, . . , . . 

·variabl,es used in the program are also included. 

, I 

", 

I 

• ;-

I, ., 
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\ - . .). 
/.!" ..... \. 

Introduction 

. ' 

CHAPTER 2' 
/' 

A NEW MINIMUM PATH ALGORITHM 
1', 

"'~H TURN PROHIBITIONS 

8 

There are two main groups of minimum path algorithms-

matrix methods and tree methods. In the former, minimum 

paths between every node and all other nodes in the net

work are dete,rmined simultaneously. ,In the l:atte"r; minimum 

paths from 
, I' 

a given node to all other network nodes are 
, ~ \ 

calculated seJl,a-rately. Since only some of the minimum paths 

are required in most tr,ansportation networks and' most of '. these networks are sparsely 'connected, the tree methods are 

usually more ef~icient. 

, The tr~e-building al:gorithmsmay be used for trans
;. 

portation networks with or without turn penalties and pro

hibi tions. However', some of the former requires additional 

effort in network coding and others are invalid. In addition, 

none of the existing algorithms allows more'than one link in 

the same directign to, have the same upstream and downstream 

nodes. 
~: ,;.~ 

Such a f~iiture would be useful in simplifyiI}g 

representation bf some network sections, such as merging, 

weaving, interchanges and intersections. 
, . 

The basic purpose of this chapter is to'develop a ml.nl.-

mum path algorithm which accounts for network turn pro-

: 

·,r 



, ' 

" 

,hibitions ,without requiring additional coding 'effort. 'In , ' 

fact, the proposed method reduces "the coding effort normally 
\, ,,' 

required of conventional link,:,node'representation. Testing 

of the algorithm procedure and'comp],ltational efficiency 

is given; 

2. 2 Apprais'al of some Existing Methods I 
" Kirby and Potts [9] evaluated different. minimum pa~h 

algorithms with turn penalties and prohibitions and it is 

worthwhile to repeat Some of their findings,here. One 

obvious method for correctly allowing for turn penalties 

and prohibitions is to use links in the network for these 

turns [17] as shown in Fig. 2:-1. Turn prohibitions could 
,-

be accounted for by omit~ing the corresponding links from 
, 

the netwo~k. 'Although this method accounts correctly for 

turn penalties and prohibitions ,it requires a large amount 

(of network codingand'computer storage. 

Caldwell's mli!th'od ['4] provides allowance of turn 

penalties and prohibitions by constructing a pseudo-network 

in which nodes represent the original links and links are 

represented by "hooks". Turn prohibtfions can be taken into 

account by using their hooks ~Iith infinite penalties. As 

stated by Caldwell it is:not necessary for a minimum path 

from an origin node to a destin'ation node i, passing 

through a node 'j, to coincide \lith the min:i;!iium path from 
.• ~. ~ 0 

, " 

that origin node to node j. This is a,fundamental concept 

for networks with turn penalties and prohibitions. This 

concept is illustrated using the simple exampl~ shown in 

Fig. 2-2(al. 'The costs are indicated on the links and all 
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turns have 'a "cons,tant penalty of 2 units". :rhe minimum path 

from, node 1, to node 4 is 1-2-4, whereas the minimum path 

\ from node, 1 to node 5 is 1~3-4-5. ,Although Caldwell's 

method accounts correctly, for turn penalties and prohibition, 
" 

it is not 'widely us'ed due' to the extra effort required by".the 

user to construct the pseudo-network. 
" 

There are other methods which include turn penalties' 

by adding a constant cost for any change of direction at a~ 

intersection [3;5]. This could be achieved by labelling each 

north-south lin\C with a 'plus' sign and each east-west link' 

with a 'minus' sign as shown in Fig.2:o.2(b). However, it is 

possible that such a procedure could produce invalia results. , 

For the example in Fig. 2-2 (a), this method would obtain the ,. 
, .. 

minimbm path between nodes 1 and 4 as 1-2-4 and subseq.uently 

discard the alternate route 1-3-4. Therefore, the resulting 

minimum path between nodes 1 and 5, would be incorrectly 

chosen as 1-2-4-5. 

_ Additionally, it shQul~be-not~a-fhat one must be 

careful when accounting for turn prohibitions by 'adding 

links with infinite costs [lS]. In the example iliustrated 

in Fi.g'., 2-3 (a), it is necessary to avoid the illogical paths 

between links 9-10 and'lO-S, a~d between linksS-fO and 

10-11. To accomplish this, dummy'nodes 36 and 31 are added 

and connected to node 10 with dummy links of very high costs 

as shown in Fig. 2-3 (b). ,Although the' illogical paths seem 

t; be prohi~ited, this method' allows the U~turn at node 24 
" 

~hich is il~ogical. 
! 

Therefore, the illogical paths ~Q:~.r 

consideration can still ,be performed through that U-turn. 

-------"-'-



, 

'. 

. :: .. 

, -

f 

_8 
v 

, 

8 
J-__ 

• 

13 

9 

7 

,. 
- " 

-.r'-'-- Entrance-Ramp 

(al 

Exit-Ramp 

) 
Turn to be 

. 1'rdhibiteC! 

(bl 

FIG'. 2-3 EXMIPLE OF USIllG DUl-IMr NODES AND 
LINK~ TO ELIMInATE ILLOGICAL PATHS 

\. 

/ 

.,
-j 

13 



, , '" 

. t.. ,' •. 

Clearly, if these problems, are to be avoided, an improved 
" 

a,lgorithm is required. , < 

2.3 Description of the Proposed Algori thffi ' 

Not, ,only does the al.gori thm described in this section 

avoid all deficiencies of other me;thods, it simplifies 
, " 

representation,of certain network sections. 

Th~ algorithm is based on the following important 

definitions: 

a) 
i ' 

Node-Absolute Minimum Cost 

Each of the paths from an origin to a given node may , 

, 14 

have different costs,·each cost corresponding' to one 

upstream link of that node. The minimum of these costs 
. I ' 

is defined as the node-absolute miniinum cos·t. ,This is 

the cost cons-idered in the minimum path algorithms 

'without turn penalties and prohibitions. 

b) Link-Related Ninimum Cost 

At any node having turn prohibitions, each downstream 

link has its link-related minimum cost for later con-

sideration in the minimum path procedure. It is the 

minimum of t~e costs corresponding to the upstream 

links of that turn prohibition node, ,except those links 

link. which havetnrn prOhijitions with that downstream 

Suppose one wishes to determine the minimum paths 

between node 1 and nodes 11 and 12 in the network with known 

~ link :travel costs shmm in Fig, 2-4. AsslIBe turns are pro

hibited between the following pairs of links: 

, 



.~ . 
. ~ . ·15" ., 

'. , 

;' 

\ 

.. 

, ' 

, 

;' 

4 
0 

,,/ 

I - \.3 - , , 
0 

/ 
/ 

//2 
/ 

1 

) Prohibited turn 

(10 ) cost from node 1 
-, 

FIG. 2-4 A GIVEN EXAHPLE OF HINIMUM' 
PATHS I-lITH 'i'URN PROHIBITIONS 



, , 

From 

~- 3 

. 4-'- 3 

3- 6. 

7- 6 

; 6:"'10 

iThere are three paths 

associated costs: 

Path 

1-4-3 

.1"':3 

from n~de 

I 

To 

3- 5 

3- 7, 

'6-10 

6-10 

10.,..11 

1 to 

Cost 

5 

10 

15 

node 

.. 

, 
, 

3, with the 

Three downstream links of node 3 are found. Link 3-5, 

.16 
. i, 

however, may not, be'associated with link 4-3 due.'to the turn 

prohibition. Therefore, ' that link must use its' link-related 

minimum cost, which in th{s'case is 10. One possible path 

between nodes 1 and 6 is, therefore, 1-3-5-6, with a cost of 

25. 

Link 3-6 has no turn prohibition ,with any of th~ upstr,eam, 

links of node 3 and thus it will use the node-absolute minimum 
\ 

cost of 5. Therefore, another poss:i,ble path is I-4-3-6 with 

, a cost 'of 17. 

Similarly, the link-related minimum cost of link ~-7 is 

10, giving ,a cost of 20 on the path.1-3-7-6. 

Now node 6 has three costs corresponding to the entering 

links: 

" , 

, 
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minimum cost is 25 via link 5-6. Therefore, the cost of node 

,10, through link 6-10 is 30 • Link 6-8 uses the nOde-absoiuJe 

minimum cost ot.: ,17 via link- ',3-:-6. The cost of node 9 through 

6-8 and' 8-:9 is, there,fore, 37. 

Link, 10-9 uses the link related minim)lIU cost of 30 

/. 

" _"I '(U-turn is considere,d, a turn prohibition) ,giving node 9, 
'":" , . 

another 'cost-,Sf 35. Link 9-10. uses the' link related 

minimum cost of 37" giving node 10 another cost of 42. 
" 

Now nodes 9' and 10 have the following costs: 

, node 9 

link 

10-9 

8-9 

cost 

35 

37 

node 10 

link 

6-10 

9-10 

cost 

30 

42 

~imilarly, link 10-11 uses the link-related minimum cost 

of 42 ,giving node lla cost of 47 which is the minimum cost 

from node 1 to 11 thro~gh nodes: 1-4-3-6-8-9-10-11. 

Link 9-12 uses the node-absolute minimum cost of 35, giving 

node 12 a cos't of 40 WhiC~ is ,the min,imum cost flom node 1 to 

12 through nodes: ,1-3-5-6-10-9-12. 

The 'above example shows the following important points: 

a) The minimum path between nodes 1 and 12; as shown by the 

solid lines, does not necessari~y coincide with the mipi

mum path between the intermediate nodes 1 and 3 or between 



;j:-.' 

b) 

;" ' 

nodes"3!and 6. In addition, it is not necessary tihat 

this minimum path coincide ~lith the second minimum path 

as exemplified by the path between1nodes 3 and 6. 

The path shown by dashea lines ~rJm node I to node 11. 
• 

does n6t coincide with the path between nodes I and.12, 

although they have several common nodes. 

18 

c) More than one cumulative cost to a node must be con-

sidered for both the turn prohibit:j.on nodes, and at 

those nodes having a U-turn (node 9). 

Based on these observations, the minimum path algoritlun 

should be structured to contain fOrl"ard and backward procedures. 

The forward procedure is performed from the origin under 

consideration to all other nodes in the network,as follows: 

1. Each node at ,which there are turn prohibitions (including 

nodes having. U-turns)' is identlfied and given four costs, 

each having ~ infinite value (practically it is assumed 

to.be 9999 units of cost). The origin is given a cost 

of zero. 

2. For e~ch turn prohibition node four upstream link numbers 

(each having an initial value·of zero) are stored. 

3. When a link is considered in the minimum path its upstream 

node cost is calculated as fqllows: 

a) If that link has turn 'prohibition/with upstream links 

.of its upstream node, it uses its link-related mini-

mum cost. 

p) If no turn prohibitions exist, it uses the node-

absolute minimum cost. 
I 

I 



4. using the cost of· the upstr!;~ node determined'in the" 

previous step, the resulting cost at the 'downstream 

node is obtained. . Then .. two cases are found: 

a) If, that downstream node is n~t_ a turn prohibition 

node and'the cost of that. node is 10lvered, the link 

19 . 

numbe'r and its associated cost are stored, otherwise 

that link is cancelled', 

b) If that node is a turn prohibition node the link 

number and its associated cost are stored .unless 

that link had been previously considered and had 

a lower cost, The costs of .that turn prohibition 

node are then arranged in ascending order. 

r.,.; . . '~ 5, \ihen the, link is 'not cancelled in the previous step 

the downstream links of its dOlmstream node are stored 

for.later consideration. 

6. For each stored l.l.nk in step 5 repeat steps from 3 

through 6. The procedure continues until the links 

.. stored for ]~tter consideration are all considered.. After 
I . 

that each destination has a unique cost and an immediate 

upstream link corresponding to the minimum path from the 

origin ~o that destinatton. 

The backward procedure is performed from each destination 

to the origin under consideration to finally identify the 

, . '. th i,l1!l-nJ.murn pa • (During this procedure the first congested 
v: •. " 

poi~t-in the path is determined for later consideration in the 

assignment procedure), The procedure is as follows: 

1. The upstream link and node numbers of the destination 

corresponding to the minimum path are obtained. 
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2, If' :the: upstream node_ 'is not a turn prohibiti0J.l' node-its-" 
,r 

upstFeam link is obtained. (Each of these nodes has only 

-one cost which is the minimum to, it from th.e, origin and 

one upstream link corresponding to that 'cost) . 

3. 'If the upstream node is a turn prohibition node, two 

cases are' considered: 

a) . If there'is a, turn prohibition between thepreviotisly 

determined link and any of that node upstream links, 
() 

the link corresponding to its link-related minimum cost 

is considered with its upstream node. 
iI" 

b) If there is no turn prohibition, thelink.corresponding 

to the node absolute min~umcost is considered with 

its upstream node. 

4. Repeat steps 2 and 3 until the origin is reached~ 

,As is usual practice the number of links entering a turn 

prohibition node is restricted to 4 while the number of links 

leaving th'at node can be any number. Hm.;ever, more than four 

entering links can be acconunodated, if necessary, ,through 

slight changes in the method. 

The method could account for turning costs without using 

links for these( turns through f straig~t 
of this algorithm and the method adopted 

forward ~ombination 

for turning volume 

calculation without ,Using turning links (to' be "discussed in \ 

Chapter 4). The resulting algorithm would not necessitate , r 
links indications to identify turns. ' It could also allow for 

turn penalties which are, constant or proportional to the , 

turning volumes. However, tKis procedure, has not been 

developed in this thesis and is left for further research • 

.... 
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2.4 Testing the Algorithm 

The proposed minimum path algori thin is applied to a: 

network with and without turn prohibitions. The purpose. of 
.• , 

this application is to present minimum paths fora study 
; 

network to clarify the method. In addition, it is intended 

to give an indication of the computer time used when the method 

is .----' ." app~Jed--t6 a network with and without tllrn prohibitions. 
-~ . .. . J 

The network studied is' shown in Fig. 2-5. At first, the 

network was considered free from turn prohibitions. The 
~ .' 

" minimum paths·between·origin l·~d destination~4,5, 6,7, 8, 

and 9 were cbtained. These paths are shown by solid .lines 

,.... .. 2 5' . ·~n F~g. -. It can be I·seen that each node has a unique 
'. 

minim~ cost corresponding to one upstr. eam link which gives 
I 

that minimum cost from the origin node 1. 
I 

The minimum cost 

from node 1 to eaCh node is shown in brackets. 

In' Fig. 2-6 the same network was considered \~i th the· 

required turn prohibitions. fhese .turn prohibiti?ns are 

determined automatically in the program, and are indicated 

in Fig. 2-6. It can be 'noted that the network contains 37. 

turn prohibitions. including U-turns. Turn pro~ibitions at

nodes 4, 5, and 6 are not included because they are origin-

destination nodes. Illogical paths through them are avoided 

using anothe;!: procedure to be discussed later in Chapter 4. 

The minimum paths considering turn prohibitions are 

shown in Fig. 2-6. In this case, each turn prohibition node 

has a maximum of four costs which are shOlffi in brackets. 

Each downstream link at any of these nodes will use its link-

I 

I 
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related miriimum cost if ft has turn prohibition with any 

of' the . upstream links of the node, otherwise it will· use the 

node_absolute minimura cost. For example, at node 34, there 

are four costs corresponding to the following links: 
I 

Link 37-34 Cost = 123 

Link 32-34 Cost' = 183 

Link 24-34 Cost = 253 

. Link 14-34 " Cost = 261 , , 
/' 

When link 34-14 is considered in t!ie minimum path its , , 
upstream node cost is 183 (its link-related minimum cost) 

and not 123, since there is turn prohibitions between that 

. link and links 37-34 and 14-34. Therefore, link 34-14 gives 

a cost of 183 + 10 = 193 at node 14. When considering 

'link' 34-24 its upstream. node cost. is 123' (its link-related 

./ 

minimum cost), since there is a turn prohibition'between that 

link and the upstream link 24 -34. Therefore, the cost 

at node 24 due to link 34-24 is 123~ 40 = 163. 

Similarly, for node 32, link 32-34 uses the node~. 

absolute minimum cost 93, ·:while each of. links 32-31 and , 
32-33 use its link-related minimum cost 181. Therefore, 

in the backward procedure,.the minlIDum path from node 1 to 

nodes' 7 and 9 are respectively: 

1-13-15-16-17-18-23-26-28-32-34-14-20-7 

1-13-15-16-17-18-23-26-28-33-35-37-34-24-9 
~ 

It can be seen that the two paths are different upstream 

of the common node 34. This obviously could not occur in a 

network withbut turn prohibitions. The minimum paths to all 

.l~' 

i\ . 

'1~ ,-: ; . 

c,~\:::>-



, 25 

~estinations are given in Table 2-1. 

• It can be noted that the network contains 38 nodes -and 

71 links. The computer execution times for the network with 

;rnd without turn prohibitions were respectively 45 and 35-

',, __ , sec,onds on ,a CDC6400. In the two cases" this time was used 

--,-- ino!)tal.n:(ng 576 minimum paths, as well as perform-

ing the assignment and other activities of the model. There-

fore, the increase in the computer time due tO,consideration 

of turn pro~ibitions is less than 30% for 37 turn prohibitions. 

From the algorithm testing, the follo~ing conclusions 

have been drawn: 

a) 

(" 
The increase in computer time is expected to be 

proportional to the n!lll1b,er of turn prohibitions in the 

network. This is advantageous over other methods where 

the computer time was approximately doubled regardless 

Df the number of turn prohibitions used 115]. 
\ 

Therefore, 

it is recommended that the algorithm can. be used even 

wi th a few prohibited turn's. 

b) The algorithm was foupd to functi?n,properly under any, 

number of turn prohibitiops at a node. Therefore, there 

is no limit to this number. , 

c) A ~thod for automatically identifying the network turn 

prohibitions considering information proviped for queue 
, I 

spilloack on'links was developed and will be described 
• 
la~er. Therefore, the algorithm does,not require direct 

provision of turn prohibitions in the input data. 

d) The algorithm allows the use of a simple link-node 

.. , r, 
-f 
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28 32 1'1 28 28 " 
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.. .. 
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representation at different network. sections: It 
" 

permits two .or lIIOreliIiks in the same direction to have 
.' . 

the s~ "upstream and downstream nodes~', This .feature 

is extr~ly' useful in effecting simplicity. of net,.,.ork· 

coding. 

27 

e) . The new algorithm is at least as eff'i'cient as previous 

ones since the simplified network representation. results 

',' 

... 
in a decrease ,of' computer time, which is likely to . ~ .. 

exceed the incre<lse resulting from.the turn'prohibition 

,f 
procedure. 

" ,-. 

\ 

, 

" 
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CHAPTER 3 

BASIC MODEL STRUCTURE 

3.1 Introduction 

One essential task in a traffic assignment procedure is 

to represent. the transportation network in terms of a set 

., 

.Ii of links and nodes. It is desir<:ible to use the most efficient 

:r:epr'esentation po~sible, since either the neh.ork coding' 

effort would .be ,reduced lj>r a: larger 'sj:~ of network .may .be '. 
. . ~ 

handled. One. purpose of this Jict)~Pt~r is to describe a kthod 

of network representation which a:ccomplishes that efficiency. 

The model allows the peak period to be represented by 

equal-length time slices, each having a constant rate of 

exogenous"demands ~ .These demands. are ,assigned to a network 

corri4or using .the principle of. individual travel cost'. 

miJimization, where the minimum .cost path may contain some 
. ' .' . 

, . 
Another pUrPose. of th~:$ chaptep is to explain the assumption 

time in queue (cost is 'treated .throughout· as traveltime)...' 
. ' ". ": ... . . 

,·t \. ," 
and approxiII\Crticin~. cOntained in. the model and to describe in 

\ . ~ 
detail how the model'. t:.;eats flows, q:ueues, costs and c~pacities 

.. " /" r, 

. in ,e ass:ig~t proc~dure.. : 

3.2 Representation:of a Physi.cal Corridor"Network 

I 

A coriid~~ ne~rk, a~defined her~in: consists of main 

roadways' azia.connecting roadways approx:imately normal to 

the main roadways. The main roadways are uni-directional'since 
" 

'. 
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the oniy flows considered are in the direction of major flow 

in the' peak period.' The connectirig· roadways may be bi

directiO]lal. Both the main roadwaysa,pd connecting roadl~ays 

may be freeways or arterials. ' Att:he intersection of. main 

roadw.ays and. connecting roadways there may be a grade-sep-
. / '.. 

'arated interchange with ramps, or a signalized intersection 

• if the intersection is at grade. 

Fig. 3-1 shol~s a hypothetical northbound corridor netl,rork: 

This corridor consists of a freeway A-B~C and two arterials 

\ 
The freeway has interchanges. at A, B and C. D-E-F and G-H.,..I. 

Each of the'twoarterials has' thre~ intersections ,~D,. E, F 

and G, H, I respectively. These are connected to freeway. 

int~rchanges·with_bi-directional streets IC,CF, HB, BE, GA, 

and AD. 

In the :.link-node representation, . each of' the corridor 

'roadways are represented by links which start and end at nodes. 

These nodes occur at poi,nts I-There demand,· fIOrd/Or roa,d

way characteristics change. However, if the~:dWay has 

uniform flow, it is considered as a single link even though 
. 

it might have varying capacities along its length. The 

capacity in such a case is represented by the minimUm 

section capacity. If the roadway meets other links .or has 

exogenous flows at certain points, nodes are provided at 

these points. 

The link-node representation o~ the hypothetica~ cor-
. ) 

ridor in Fig 3-1 is shown in Fig. 3-2.' A detailed descrip-

tion of the different components of the corridor is given in 

Table 3-1. 

" 
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TABLE 3-1 .. 
, . 

Network/Component 

a-Free~ay1inks / 
"-
" 

b-Freeway merging links 

• 

-.. t". "'I 
DESCRIPTION OF NETWORK COMPONENTS 

. . . . 

Description of Links 
. '. 

. -
9-10 13-1417~18 21-22 

r 
10-12 14-16 18-20 

c-Fro;:eway durnmymerging 12-13 16-17 20-21 
links r 

(left 
links) 

I 

d-Exi t-ramps _ 

e-!-Ierging links for 
entrance-ramps 

f~Merging dummy links 
for entrance-ramps. 

g~Arterial links 

h-Right turning ~inks 
at intersections 

i-Left turning links 
at intersections , 

, 
j-Through flow links 

at intersections 

k-Dummy approach links 
at intersection 

I-Connecting streets 
links. 

m-Links connecting 
an o-D node to the 
network 

-10-1118-19 14-15 

11-l? 15-16 19-20 

12-13 16-17 20-21 

6,- 7 
1- 02- 3 

.30~32 .35-36 

37- 5 5- 6 38-25 

29-30 

37- 4 

28-30 

37- 6 

40-34 34-35 

4- 6 38-24! 

40-33 33-35 
r .,' 

5- 4 4- 5 

24-25 39-30 '29-28 

34-33 33-34 

3-37 23-38 27-39 

24-11 11-24 2-11 

15- 5 15-28 28-15 

19-33 33-19 

31:-27 31-28 
., 

(bOth) 

(right 
links) 

7- 8 

25-26 

24-'26 

26-27 

39-29 

39-28 

38-26 25-24 

28-29 40-35 

32-'40 

11- 2 5-15 

7-19 19- 7 

• 

. 

'/ 



Although the gros~ !1etwork features may be.easily 

described using conventional link-'node designation, more. 

·det:ailed characteristics such as inclusion of .turning 

33 

cOSts,· the ¥ffectof turnin'gmovements on intersection 

approach· capaci ty , . free.-Iay merging and weaving--etc., 

require special modelling with additional link-node repres

entation. A description of the special modelling adopted .in 

Fig. 3-2 is given below. 

al _bt-grade Intersections 

'Fig. 3-3 shows the modelling of an approach to an 
\. 

at-grade intersection. In this figure the movements at 

theintersectiori are represented by links 5-3, 5-4, and 

5-2. A dummy link 1-5 having zero' length is used to account 

for the mutual effect of the different movements on inter

section capacity. .The . magni tudes of the individual 

movements are combined to form a weighted total of 

equiva1,,~t through flow which is assigned to link 1-5. 

In this way'the total through equivalent flow can b~/ 
~; . 

limited by the cap~city of link 1-5 which is represented 

in terms of through flow vehicles,. 

In obtaining the minimum paths, the cost of performing 

a certain movement at the intersection is composed of 

the cost of using the approach, .-Ihich depends upon its 

degree of saturation, and the cost of this, specific 

movement. 

b) 'Merging Sections 

. The .modelling of a merging section is illustrated in 

Fig. 3-4. Links 1-3 and 2-3 represent th~ merging 
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approaches' of the freJ\~ay and the ramp respectively. 

Link 4-:5, is the downstream me'rging link. The two dummy 

links' 3t;4 are 'use~to repr~sent arbi tra~ily s~ort sections 

at, the ,d9wnstream ends of the merging approaches. The 

dummy links areg'iven certain capacities to accept vehicles. 

These capacities are then used to regulate the ability 'to 

,discharge vehicles onto the doWnstream merging link. 

, The representation shown in Fig. 3-4 requires that 

turn prghibitions be applied between links 1-3 ,and 3-4 

(lower), and between links 2-3 and 3-4 (upper). 
\ 

\~eavingSectioris 
\ 

A weaving section can be modelled as shown in Fig. 3-5'. 

The t\~olinks 4-5 represent the non:"\~eaving and IVeaving 
, \ 

sectioris. The upper link is used only by, through flOl~. 

The entrance-ramp flowf2 and' exit-ramp flow,f4 use only 

the lOlver link.- This link might also be used by through 

flOlv depending on the cost of the two links 4-5. 
, ' 

The above movements are performed t~rough consideration 

of turn prohibitions between entrance-ramp dummy, link 

3-4 (lower) and non-weaving link 4-5 (upper) and between ~' 
Ii 

that non-weaving link and exit-ramp link 5-6. 

Weaving section capacity and the effective 'number of 

lanes can be estimated using different methods' [13J. The 

capacity of the non-weaving ,section can be estimated using 

Highway Capacity Hanual [7J. 
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d) Interchange Exit-Ramps 

~he upper portion of Fig. 3-6 sho\~s an interchange· 

having two exit ramps, 1 and 2. A simplified link~node 

representation of this interChange is' shOloffi' in the lower 

portiori'· of the figure. The two ramps are represented 

by two links having the same .upstream and dOl'lnstream 
" . 

nodes. The paths between links 1-2 (exit-ramp 2) and 

2-4 and betlVeen links 1-2 . (exit-ramp 1) and 2-3 are 

illogical and ,therefore turn prohibitions are to be 

. applied for these .movements. 

In ,the above modelling the distance between exit-

,ramps is assumed negligible \~hich is practical in most 

situations. 
\ 

3.3 Assumptions and Approximations 

Having described hOl~ to represent a corridor, network, 

the assumptions adopted for the specific analysis of traffic 

, 

.assignment must be identified. The main assumptions and 

approximations used to treat queues, costs, intersection 

capacity, and other operational details are discussed in t~ 

section. 
,~ 

a) Queue Dissipation 

Fig. 3-7 illustrates the approximation of queue dis-

sipation as shown by the dotted line. A queue qn+j-l!' 

which dissipates in time slice n+j is assumed to decrease 

at a constant rate during the whole length' of slice. 

The error of this approximation is the area between the 

dotted line and the adjacent solid line which represents 

real queue behaviour. This error has .an upper lirni t of 
,-
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actual queue'size 

----- 'assumed q~eue size 

.. . . .. . .. queue dissipation as approximated by . 
the, model ' 

i ' 
S = .'length of time slice 
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FIG. 3-7 EVOLUTION AND DISSIPATION OF A QUEUE 
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s 
2· qn+j-1 

b)· Queue .EVolution 
; 

A queue formed ina.given time slice is assume~ to 

b~ fed back to the' network' ~ the next ttme slice. This· 

isrepresented~by the dashed lines in Fig. 3~7. By the 

assumption of queue dissipation during the whole length 

of the time slice n+j, the total queueingttme'obtained 

would be half its .actual value assuming time slices of 

equal lengths. To account for that the calculated 

value of queueing cost is doubled • 

. c) Driver'sKnowledge of Travel Costs 

It is assumed in the mc;>del that the driver 'knows the 

travel·and queueing costs for all the links .in the net...,. 

work in each time slice. rHis choice of the shortest path 'Je 
, , , 

is based on the travel cost information of that time 

slice. If.Ene shortest path contains queues, he will ga, 
J , 

as far as the first cong~sted point in the path and I. 
'reselect the remainder of his path based on the new 

travel cost information of the next time. slice •. o 

d) Unlimited Queue Storage on Surface Streets 

It is assumed that surface str'eets have sufficien.t 

space to store queues and th~refo~ they do not spill 

back through major intersections_,However, allowance is 

made for freeway and ramp . queues ,to extend back onto 

freeway, ramp, and surface street links. 

e) Constant Turning Equivalents 

, ,. 
t. " , . 

. . 
Each type ·of movement at an intersection is assUlDe.d 

. ~. 

" i.'". ,. ,:~I 
. . " 

'. 

, , 
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to have a constant ,through f19W equivalent independent·, 

of .the numbj'!r of vehicles making that movement. This 
, . , ~, 

assumption is essentially true for the small ranges of 

flows which might bE\eXpected in the peak 
" , 

means that the ,equivalent thr,otign flo~ F' .'. . ." ) 

periods. This 

is obtained ~~: 

where: F L: Left turning' flo." 

EL : . Through flow equivalent for left turns 

FR : Right turning flow 

ER : . Through flow equiva~ent for right turns 

,-.j 
F

T
: Through 'flow' 

The flow F' is assigned to the dummy approach ~ink 

Of the intersection as described in section 3-2. 

f) Flow-:'Cost Rela:tionsh.ip 

The function relating, average uni't travel cost to 

flm" on each link is an increasing 'function as shown in 

~e upper portion of' Fig. 3-8. This rel~tion is approxi

mated by piecewise-constant·· components. According to this 
, , 

approximation, a link is replacec;l by three imaginary 

·stiblinks· in parallel, each having a constant Unit 

~ cost as illustrated in the lower portion of Fig. 3-8. 

g) Unit Queue Cost 
...... 

~. 

Fig. 3~9 shows a linear relation between queue size 

and unit queue cost. If a queue of size CSQ (capacity to 

, serve. 'queueing) can be served in. a time slice of length 

s (hours), the queueing cost to be paid by a user at the 

.. 
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This relation is also approximated by piecewise

constaht components having capacitY'limits of 0"02 CSQ 

and cost increments of 0.02 s. The'se capacity compoIien ts 

are used so .that the assignment to queueing links can be 

limited, and thus accounting for the queueing co'st of 

assigned vehicles in a better way. In order to avoid ~. 

exc:s;iveHeratio~s, ~e unit cost is updated after! 

eaqh assignment increment and the allowable capacity com

ponentfor use in the next increment is 'set equal to 

0.02 CSQ. f. 

3.4 Treatment of Flows. Queues, Costs and Capacities 

In·the previous sections the method adopted for link-
'. . /', '. . . 

node representation of a corridor and the basic assumptions 

considered in the assignment procedure were given. Also, 

the flow-cost and queue-cost relationships were established. 

Now, the mode in which the above aspects are. incorporated 

within the model must be described. This section presents a 

detailed description of the model treatment of queue .storage 

on the.roadways, link costs, and weaving .. and, merging capacities. 

3.4.1 Storage of Queues 

" When a link reaches its capacity it forms a bottleneck 

and the vehicles wishing to use that link will form a queue 

starting from the upstream end of the link. : The tail of the· 

queue backs upstream.as the number of queued vehicles increases. 
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If the queue backs through an intersection or a diverge -

section, it will affect the ,drivers who are not'users of the 

bottleneck and might leave thequeu~ upstream of the 

bottleneck. 

The model takes into accoUnt the effect' of,' any physical 

queue on traffic using upstream links by keepi~g track of 
../' .' '. 

, , f ' 
the nUmber 'of . queued vehicles: If the physical" queue cap-

- , 

acity is reached, the upstream node of the queueing link is -

considered congested only for those upstream links ,that feed 

direcj:ly into the queueing link. 
" 

Any vehicles physically queued on a link are reassigned, 

toward their destinations in the ,next time slice. The origin 
,Y 

of this queue is approximated by the downstream node of ' the 

queueing link. However, the minimum paths for the queued 

demand on anylin,k are obtained in such a, way that this 
, . 
link is the first 'link considered in the minimUm paths 

. (the logic of this procedure is discussed in the next 

chapter) • 

The _abOlTe approximation has the effect of not backing 
I 

queues upstream if vehicles must queue on their final link. 

This occurs because the'model considers them as having 

reached their destination. Therefore, neither the queueing 

time of the final link queue nor its probable effect on other 

queues will be considered." . / -

Due to the manner in which the model assigns traffic" 

" . 

it is possible that some of the queued demand from a previous 

time s'lice may not be served in the current time slice. This 

can only occur if the first downstream link in the path reaches 
'-", 

I 
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capacity or has a que~~ spillin.g back..· The unassigned 

portion remains concentrated on the downstream node of the 
- .' 0 ,.. . . ....... '\ . 

queue~ng link, but is not included in the physical queue of 

that link. 

3.4~2 Representation' of Link Costs 

The total uni t· r cost on a link consists of two components: , . 

a) Unit flow cost ~ that cost which must be paid for travel 

on the non-queueing portion of the link. , . 
. . 

b) Unit queue cost - that cost which ·must be paid for travel . I . 
on the queueing portion of the link. 

The unit flow cost is dete~ned from the flow~cost rel-

ationship in Fig. 3-8 and represents the unit CQst for the 

whole length of the link. If part of the link contains a 

queue, the unit cost should be/factored down to· represent 

only the unit cOst f~ the non-queueing portion of the link. . . 

As described in section 3~3 the unit queue cost is cal

culated as ~ x·3600. The discharge. rate CSQ of the link,· CSQ 

is estimated in the'mOdel according to e~sting netw~rk 

traff'ic conditions. It is always proportional to the 

saturation flow of the links Ser~ing the queue. 

and 
..... 

For the queueing example . I 
of.linkB, CSQB'· is equal to 

in Fig •. 3-10, the discharge rate 

tpe saturation flow capacity 
. . 

of the· ~ttleneck C, CAPc . Consequently, CSQA is equal to 

CSQB and not the capacity of link B. 

Fig. 3-11 s~ows a queue built on the upstream link A of 

a diverge. This would occur if either link B or C. reached 

capacity, or has a queue which spilled' back onto link A. In 

, 
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the latter case where the queue on B spillsonto·link A, an 

estimate of the relative fractions of the queue components 

on A can be computed as .. fB and fC where fB and 
f B + fC fB +. fc 

fC are the assigned flows on the respective links. Link B 

would accept vehicles at rate of CSQBand therefore the 

queue on A would discharge at approximately the rate fB + fc 

fB 

C~QB· < CAP. Similarly, if link C has a queue, the discharge 
- I A 

rate from A will pe fB + fc x CSQ
c 
~ CAP

A
• 

_ fc 

In t~e case of a queue forming ata merge section as 

shown in Fig. 3-12, CSQB can be approximated according to the 

flows on the m:rging links. If a q~eue forms. on link B due 

to a queue on C, CSQB is estimated. as fB x CSQ~.!". CAPB• 
f·· + f ,~ . A B 

H
r ' 

I th I h th ·B l.' s f ddt l' nk C n e 9ase were e.queue on orme ue 0 l. 

reaching capacity, CSQc in the above expression is replaced 

by CAPc • 

3.4.3 Weaving Section Capacity 

If one wishes·to account for weaving ~n the assignment 
" .procedure, -a dynamic method \%uld be required to estimate 

the final weavi!\9 capacities on the basis of assigned flows. 
, 

Since ~e effects of· weaving are generally unknown.. an 

appropriate method of caiculating weaving capacities does 

.not eXist. Therefore, inclusion· of such a procedure in this 
, 

model has n9t been att~pted and is left for future research. 

However, there is allowance in the model for providing 

x 
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pre-estimates 6f weaving capacities in each time slice. 

3.4.4 ,MergingSactionCapacity 
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r -
Capacities ofi merge app.roaches are .affected by variation 

I - -
in the capacity of. the downstream merging link; e.g. du~e .to 

weaving. In addition, these capacities are dependent on"ona' 

another 1 s flow and are complementary. 'If bO~ Approaches 

have-demands greater than their capacities to discha~ge 

vehicles, qu~ues will be formed upstream of each merge. In 

this case, .the capacity to 'discharge vehicles for: eacJ:!., 

app,roach is defined as the "entitlement", sin'ce it is always 
, V 
available for the approach.' If one approach does not use all 

of its entitlement, the excess can be used, as required, by 

the other. 
-, 

_ For the cases where the _ total ni~rge ca,paci ty is indep'

endent of flow composition in merge approaches, the relation

ship between complementary capacities of merge approaches is 

shown in Fig. 3-13 and must satisfy CMl +.CM2 = C, where C 

-is the total merge capacity and CMl and CM2 are the respective 

merging capacities of approaches 1 and 2. The point (El , E2) 

represents the mutuals~able capacities where each approach 

receives its entitlement. While the entitlement of .!'Iac!L. __ : .. -

approach represents a lower bound of its capacity, an upper 

bound of this capacity is defined by the approach ability to 

accept vehicles at its upstream end. For example, the point 

Cl represents the capacity to accept vehicles for 

and hence its maximum capacity is limited in this 
. ' 

approach 1 
I yalue. A 

set of demands (Dl , D3) which falls below the line of total 

I / 
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FIG. 3-l3 RELATIONSHIP BETWEEN·CAPACITIES 
OF MERGE APPROACHES .. 
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-merge capacity results in each approach receiving suffici~nt 

capacity because the 'unused entitlement of El ~ 01 for, 

approach 1 is large enough to serve the excess demand of 

03 -,E2 on approach 2. However, if the total demand exceeds 

the,total merge capaci~y C, a queue will be formed. Consid~ 

ering the demand set (°2 , °3), th~ excess deman,d of approach 
I , 

2, 03 - E2 " is greater than the unused entitlement,El - 02 

of a!?proach 1., In this case, approach, 2 can use only El - °2 , 

and the remainder (03 :... E2) - (El - 02) = D3 + 0!2 - C will . , 
~orm a queue on that approach. It should be noted that 

although approach 2 experiences the same 'demand for both 

cases, a queue is formed only under the latter conditions. 

The approach oapacities can'be estimated from entitlements 

and flows using the procedure described above. !However, t~e 

approach flows cannot be assigned until the capacities are 

known. ])1- order to a01Y~Lthi~roble~, the following }two 

routines lare used: 

a), capaJity-borrowing Routine , ' 

i 
~his rou ne ·is used after each increment in the 

ass~gnment If'on~pproach reaches its capacity while 

the \othe has an_exce~-certain amount of the excess 

is je~ved, and some predetermined fraction' of the 

re~nder. (if any) is given to the 'former approach. 

/ 

The reserve is calculated to be of sufficient quantity to 

complete the time slice at the present rate of assignment, 

plus an additional amount which accounts for possible 

approach queues of the previous iteration. 

I 



\ 

S3 

'Although the above procedure would ideally account 'for 

the sharing'of merge capacity, some problems! exist in using 

it. The flows'are not assigned at a constant rate, and 

l:~ therefore the extrapolation of assigned flows might be 

poor estimates of those existing at ,the end of the 

iteration. Another difficulty is that if one approach 

link becomes capacitated during any increment of the 

i~~ation, the borrowed capacit;'~Til~ not be used and 

queues might fJrm despite the availability of that 

capacity. This difficulty is overcome using the' 

b) 

I 
following routine. 

Entitlement-Updating Routiie 

The entitlement-updating routine is provided for 

optional use in the prot:~' It is used after each 

iteration to calculate new entitlementp' for mirge 

approaches on the basis of pproach demands assigned 

in the previous iteration. If both the demands are 

greater or less than the re pective entitlements, no 

borrowing will occur. I demand 

greater than its entitlement and the other's demand is 

below its entitlement, ,two p ssibilities exist. If, the 

required capacity of one app oach is greater than the 

excess capacity of the'other the entire excess is 

transferred. If it is less, th'e excess is shared to 

, gi va both appro,aches equal e 

I.fnierge capacity·is l.ef and queues exist in " 

spite of the entitlement-upda ing routine, a further step 
.1 

""""'1s required. From 'the assign d 

demands of the merge approaches 

flows and queues, the 
, " . ( 
are determined and 
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new' enti.tlements "ar.e calculated. 'Using these entitlements., 

a ne''1 run is perfoptied without considering either of. the 

two routines. Furt:hermore, if the analyst can dete~m~e 
';".- " 

merge q.emands sufficiently ''1ell ''Ii thout the routines, 

this, final step can be used directly. 

'1 

, . 
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4.1 'Introduction 

, , 
" 

. , 

CHAPTER 4 

SPECIAL:FEATURES 

o 

S5 

In the, previoUs chagter,. the basic aspects required for 

the assignment 'of tr~ffic to a network corridor wer~ dis

'cussed. The puxpose of this chapter is to describe,some,' 

special features ,contained. in the assignment procedure and 

, how. this procedure is actually performed in~e model. Finally! 

. the fields to which the model might be usefully applied are 

inYestigated~ 

due 

One concern invoives consideration of. traffic diversion 

to the prese~ce of quetes on minimum pa~s~ " The a~Sign~ 
ment method of, Horohurger [8}assigns traffic to links wh·ich 

are, not saturated~ Any link reaching capacity is omitted 

'from the· minimum path and assigned no more flow. Yagar's 

method leaves any capaCitated-link in the'network,and accounts 

for' queueing costs on the upstream. lixik.s 'of that. link.There

fore. the ,minimUm: paths may cont.ain some cost in queues. 

It is felt that this queueing . 19inimUm path might not be 

considered the best path fo~ all network drivers ,because . 

of the queueing situation~and\ome, of them, may divert their 

trip to alternat~ non-queueing path. Such a process must 

.?bViously include a procedure to diver.t the trips from the 
r· 
'queueing path to the non-queueing one., Such a traffic 

\. ~ 
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, , 

diversion procedure is describe!i in this chapter as an attempt' 

to account for the impact of queueing costs on miriimum.'paths. 
, . 

,Another important aspect 'inco:rp~rates the, possibility 

of illogical paths which might occur at various sections 

witl;in ~e network when choosing a minimUm path. The form of 

these,illogical paths is 'investigated in this chapter, along 
. .. '. " .. /;:;9 . . ~- . :. . 

, 

, . 

'. with a sUggested method' for identifying them automatically, 

'. 

, 

in the modeL "t 
As an' att~pt ,to redu~e network coding e~fort, a method y 

, I ' 

is 'proposed 'for computing turning vOlumes witho~t the need 
..... ~"I 

for turning,links in the network.:' Possible uses'of this 

method are discussed. " 

'., 

4.2 Traffic Diversion 

For each increment: in the, assignment,' niinimum paths 
,. . ',' 

are obtained. Tlie, miniJnumpath may con,tilin some links ~ith 

CI,ueues. In this case, it would seem reasonable that a certain , , 

percent~ge . of demandwouid divert from suC:h' a queueing mini

mum path to another path having no queues, even' i~ the latter 

one had a greater'travel cost., 

To establish the logic of this procedure cOnsider the 
, ( 

following definitions: 

a) A first minimum path 

:It'is the miniiiium path obtained considering all 

links in the network, including those links with queues. 

b) ,A second minimum path 

It ~s the minimum path obtained considering only those 

links without queues. 

/' 
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Those definitions i.I1iply that traffic diversion will 

·.oc;;cUr,if 'and oniy if both of the 'fa:ilowing conditions are 

satisfied: 

, a) Presence of queues in the firSt minimum path 

b) Availability of -asecimdmin1lnum path 

\ ' 

If these two conditions are fulfilled, a ,percentage P 

of' the remaining' deman.d will divert from the first minimum 

57 

, Pa,t:h to the second minimum path. Therefore, the ,first mini-

mum path will receive ~lY the portion (l-P) • If the second 

minimum p~th had the same~triP~; th~ enti:redemand will .... 

be assigned to it. .' , 

',' The percentage of veh", es di verte,d to the second lIlini-

mum path is obviously affected by how drivers evaluate'one 

unit cost of queueing in terms of noo-queueingcost. 'Now! 
. . .' 

assume that we. have a f~stminimum path with a queueing cost 

ofQ units as shown in Fig. 4-1 •. ,The first minimum path has 
. . . .. . \ . . 

a trip cost of Tl units while the'trip cost of the second 

minimum path is T2 • "If a per~ntaqe P of drivers aliverts 

from the firstmini~um path .they will do"so'if their eval

uation of, one unit of queueing cost isv or more units of 

non-CijUeueing cost. The. minj.mum equivalent queueingtocostV 

required for diversion is "clEPfined as folloWs: 

Q 

Therefore 

, V "'1 + !!.' 
Q 

I 

'·where AT is the difference betwee travel cost 
/ 

of the se(!9nd and first lIlinimum paths. spectively. 
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origin 'Destination 

. , 

FIG. 4-1 DERIVATION OF MINIMUM EQUIVALENT 
QUEUEING COS~ V 

" 

0.0 1~0 V_ 
minimum equivalent queueing cost 

. , 

<~ . 
. FI.G. 4-2 THE DIVERSI.ON>llELA.TIONSHIP , , 

" 

" . 
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. The. 'value of V gives an e.~w.valent non-queue.i~g cost., . ' . 
. . , . .... . "',' . '. . 

'.' which results ina trip cost for the<firstmnimum path equal to· 

.the trip cost of the second mniJni.un path •. ' Therefore, any 

driver having an equivalentqueue;i.ng cost of V. or more will 

. divert to the secondmniJnum path. 

To establish the relation between P and V, at the limits 

we have:. 

P EO 100"for V .. 1.0 (0" .. or AT .. 0) -I • 
::~·v "-.! ::, . 
:."-.:. .. .:- ~ ;, I 

P - O. for V .. ·.. (0" 0 or AT ... ) .. 

One diversion relationship(thatcould satis:fY these 

constraints .is: . 
• 

p .. . ~ 
vr .. 

. Where r 'is a constant controlling the diversion case. 

The extreme values of r .... and r .. 0 .are equivalent to 

the no diversion and total diversion casesrespectively,whi~e 

o <: r <: .. results in partial diversion. The above relation-

ship is illustrated in Fig. 4-2. 

For a ~ven network, the value of r mght di~fer from 

,one p~th to ,nother ac70rding to trip purpose, trip length, 

time of day, driver preferences,' etc. For such cases a· ~. 

different diversion curve would be required at each queu ng 

section, e.q. entrance ramp. To establish these diversio . 

curves a field survey is necessary. 
. , G'.) 
However, for purposes 

of this development, the value of r is assumed constant for 

the. entire. network. \ 

In the model calibra~ion, one possible method to deter-' 

the value of r for a qiven network, would be to choose . . 
..-J 

• 
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~,," 
that value which provides th~ minimum Root Mean Square 

\ \' ' 
I) , ~S)errorof the p;edicted and observed queues lengths, 

where RMS is defined 
;-:-"""~---'--

, V"' '~CY:X ).2 

as: . 

where 

RMS '" _1 __ 11._, __ i_ 
- , n 

n .. number of queueing links considered'in the 

calibration I 

'Yf'" predicted queue length on each queueing link 

xi,"obse;ved queue length on each queueing link 

,Having been calibrated, the model can be applied to 

predict flows and queues that Iwuld result from any imple

mentation of a control strategy such as ramp metering. 

4.3 , Turn Prohibitions 

60 

I' 

One ~ancoll;!lider turn prohibitions <l.S those imposed for 
. . ). . . 

control means, or those imposed to prevent illogical paths , 

in the network. ,The former can be used at intersections 

where left'and/or right turns are to be prohibited. This 
. ' '. . 

type of contrQl is necessary if right turning vehi'cles 
, , 

interfere excessively with heavy~edestrian traffic or if, 

left turning vehicles interfere with heavy opposing traf,fic. 

I~ also might be essential when the tu~ning vehicles croate 

congestion problems on the downstream links of those turns. 

On the other hand, turn prohibitions;are necessary to 

,avoid illogical paths in certain parts of the network. For' 

example, consider an~inter~ange configur~tion as shown in 

Fig. 4-3(a). Movements are not possible. from the exit-

;. 
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ramp to the northbound direction,' or from the southbound 

direct:!:6nt?,' theentrance-r~p.' Ther.fore, in thelink":"no~e 

repr\sentation shown in Fig. 4-3(blthe l?llthsbetween lCnks 

5-2 and 2-1 and between links l-2, and 2-4 are ill09iclll. 

Of course, the pllthbetween links 5-2 Ilnd2-4,i\ also 

, illogical. 
-

Fig. 4-4 illustrates another example 9f illogical paths 

which might occur Ilt intersections~ Link 1-3 is provided 

for right turns, link 1-4 for left turns, ~nd link 1-2 is 

11 through flo,., link. -Link 3-4 is 11 through flow link for 

another approach. If the cost of link '1-3 plus the cost; of 

link 3-4 is les~ than the cost of link 1-4, the minimum pllth 
, ' 'will- be 1-3-4 instelld of 1-4. ,Similarly, the srume' conqppt 

can be applied for other rnovemerits,and five other'illogical 

p!l;ths can be found • 

Turn prohibitions are 1l1so required for Ilvoidllnce of 

ill,ogical PllthS in link ·node representation adopted ,for 

sections of merging, wellving" and interchllnge exit-ramps 

as preJiously discussed in section 3-2. 

, . 

'\ /" 

" Additionally,' illogical paths ' might occur When any node 

is Iln 0-0 node. In Fig. 4-5, node 7 has exogenous flows 

,ontering via nodes l, 2, and 3, Ilnd leaving via nodos 4, 5, 

. and 6. 

to the 

As the e~ogenous links from nodes 1 to 6 Ilre joine~ 
i , ,_ 

single node: 7, illogical {i-dths might occur if these 
. ""r. 

links were usod in the minimum paths for through flows. 
. . ,,~ '/ 

,A complote description of the method Ildopted for Iluto-

mAtically determined turn prohibitions for network control 
c ' -

and illogical paths,'ia presented in lIppendix A. In Iln 

> 
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attempt/to minimize thecomputEIl~time, illogical paths. 

through 0-0 nodes. are autOmatically determined/using another 
. . - '., . . 

method. This "method is also. given in Appendix·A. 

The illogical paths described above 

occur .when obtaininj mifiimum'paths 

are those which 

in each time slice. 

These illogical paths are avoided by the developed minimum 

path aigorithm with turn pr~hibitions. However, there ·is .' t 
still another important type of illogical paths: .which requires 

special treatment. This type might occur 'for any queued 

demand at an intermediate node between the o;d path of 

previ~us time slice, 'and the new path of present time 

slice •. Fig. 4-6 illustrates this type of illogical path. 
~ 

Suppose that in a given time slice, demand is assigne~ from' 

origin node 5to 'd~stination'node 4·on the minimum path 

5-6-2-3-4. Since link 2-3 reaches capacity,\this demand queues 

on .link 6'-2. Assume that. the queued demand is concentrated 

on downstream node 2 f9r the purpose of assignment in the 

following time slice, where node 2 i~ considered as an 

origin. If it happens in the following time. slice that 
'. . 

the cost along the remainder of the o~d path is increased 

such that the total cost along links 2·6, 0-7, 7-3 and 3-4 

is loss than the total cost of link.s 2-3'" and. 3-4, the mini-
. '.' . \' 
muiro;,path will bo '2-6-7-3-4. This means an illogical path 

~ 
woutd occur .between the old path. and tho now path at node 2, 

through oxecution of a u-turn. Tho same concept can be 

appliod if demand'queued at a turn prohibition node. 

TO solve thh proQlom, it ia necessary to overlap tho 
" ., 

'.' 
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, old and new minim1lIll path's of any' queued demand. In other 

wo:Z;ds if the last link of the old minimum path (that link 
• j 

on which queue i~"for~ed) ·isconsidered as the first link 

,! ' 
67 " 

\ in obtaining the~ew minimum path, suei'. illogical paths 

\~~l not occur. ,Therefore, the procedure adopted for sol

ving this proplem considers the origin as the upstream node 

of the link on which the queue exists. When minimum paths 

are obtained from that origin, th~ocodure is performed 

as if that link were th~ only link. out of that r;-ode. In - . 
Addition, when demand is assigned from that origin, the 

first link receives no assignment. As An example" in 
( , 

Fig.4-6,node 6 is considered AS An origin with only link 
. '--! 

6-2 out of that node. and the flo\~ is· ,not assigned to that 

link. If link 6~7 h~ Another queued dema~d, node 6 is . , 

considered as An origin for thAt queued 4,emand, bit with 
. ., , . '0 

only link 6-7 out of that origin. In this way ,tho illogical 

paths Are avoided with minor increase in the computer run-

. ning.:time due to the increllse in the number of origins 

considered. 

4.4 'l'urnin Volume .. Clllcl:ulation 

. As despribed in the previous chapter,' turning· links are 

. used Ilt major intersecti account for turning costs. 

Obviously, the turning v clln bo obtained directly as 

the volume on those link. Howevor, if ene wishes to dotor- . 

min, the turning volumes at othor intersections which do not 

have turning links, 11 different method is" roquired. For 
\ . 

oxample, Ilt Ilosimplo diamond interchange information on 

, . 

\ 
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"-turning volumes/might be useful at th~ intersection of its 

ramps and surface streets before ,the implementation of any 

, inter,section control wns attompted. 
, . 

Consequently, a' mothoc1was developed to compute 

turning volume without using' t~rning 'links. This method 

is describod in detail in Appendix 13; with ,an i~lustrntive 

numerical example. 

In ordor t~make it easy for the user, turning volumes 

,are output in a way which saves time, effort, and ~onfusibn. 

Fig. ,4-7 shows asarnple of that output for a typical four-' :.> 

leg ,in~ersection. 

For further reduction in t~~l~rlk-n?de repre~entation . . 
of this model, this method can bo used in 'conjunction Idth 

the developed minimum path algorithiw with turn prohibi~ions 
, . 

to account for turning costs at ma~~r intersections without 
" ' 

using turning links. HOI~ever, this hns not been dono and is 

left for further rosearch. 

4.5 nasic·Logical Sequencos of the Model 
01.: • 

In the previous c,rapter tho different aBp~ots involvod 

, /~ 

in assigning time-varying demands to a oorridor I~Qro explained • 

. , In addition, ,specilil acti vi ties of the model have been 

deso;ribo,d in' the previouf;l sootions of thia ch"pter. with 

this basic information in min.d, it is now possible to 

identify tho logioal soquenoes of the modol whon performing, 

those aspeotsand aotivities. A flow ohart showing thoBe 
I 
\ 

logiclll aequences is. givon in Fig. 4-8. 
o 

:It oari be soon, that notl~ork turn prohibitiona and Hlogioaf ,. 
", 

through o..ib nodOD aro detormined once at the beginning ',. paths 
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,suCh. as, nQ lefttW:n will b'1.applied lor all Hme:siic»s~' 

" (SUqh:t mOdifi~at~on~in ~e ~~terpr~granlWOUld ~e ' 
. ~ '-,' -.. . . . ,.. . . 

ieq~iredH suCh c:ontrolwas :to beapp}.ied only for certain ," ' 

'::... -', :Hme slices~ ~ 
'-~~--, . '" ", .. _' ',..' , 

, , 'rraffic divUsion is provided asanoption,!in the ,model. , 

, i'his has, been .done,:to en&bl~ the .analyst to coxnprre ,the, 

results in both cases~ Also, the nQ diversion case is 

equivalent to using avalu& of infinity 'for th~ constant r 
. " .. " . 

,'," in ,thediversio~ model,' i~&,all drivers ,QVllluA:t& queueing 

Umeexac:tly as ncm.-qu&ueinq :time. ",' ", ' 

, i'raffic is assigned t~ the; fIrst minimum path Until it 
- - '-, - . . ., _. -. 

raachesthe f:l~~ ~nges~ed,point:. At ,this point',it :I,?in~' 
'the, queue ~aiUnqupswe.a.m~anct will be: se~d !.nthe next' 
-. _. ! . . -, .'. 

• 

.', .. . '. '.- -'. .'.: -' '. . 

, ::d:::~~h:o::r:: ::q:::t:o::::Sq:::7:m::::~" '. ~ 
'i'hestored- ~u6uei~' consideredta~:ademandin the riext~me" 
)sUce~ i'hatqueued d~an~ is'aS~ignecl starting hom the ,,' 

. . '.': . - '. . \ .' '- .: ' - '. . 
downstream node, although the minimum path is obb.ine~ from 

'. theupst%tu.m.n~de i~ an attempt to\ Ilyoid illogical PAthS. 

On the other-hand, flows ara assigned :to aU links, of the 
, ' , " ,',', , '\ . " , 

se.c:ondminimum. pa.th, since' thera :lano congestion on,this 
, ' " , \ ,c·' ' , . 

, , "-" , '\ pa.th. ' " J' 
- . . ..~'" . - ." \." " -

'. :'After e.c:a itera.t1on, ,the: unit Casu/of linksa.m , 

'&t~d.to ~ USed in '~e follOwinql,1t~.,a;.~h.ae could ' 
.. ', " " .\'., .' . .. . -' , , :' ~ -,' '- -;; .:. - . , .' . '. . 

, b& ftiqhe:c:iin wi thth~CO&t& corrosponcltnqto partially ...... .' . - ' . . ' 

- '-", . 
. . . ,-

. . '. , ... . ' , 
., ' . . ," . .~. 

' .. 



"'.: .. 
. . 'i,-, .' 

-' , . '. 

. .. assigned' flows dliring. that." i~at.iQii.. ·lUaddit.i~ •. it. is 
. . '. ' . . " . .,' " '. ' .. 

, ' .' " '/ ,., ." '-. ".' ", . .; 

slic& int.o the Urst. it.erat.ion ·ofthe present. ·t.UQ slice . 
, '. ,- -.' .. . '. -. . 

when t.here . is not. significant.variat.ion indOll\Mdsofthe .. 
. -'. - . 

different. t.ime slices.· 
;. /. 

4.6' Fields of ApplicaUon 
r.·· ... ··.· .. · 
·'l·· 

Befor&applic~t.ion..the· model. must. . be. .·clllibnt.ed ·t.o· 
. ..' ' '.:, . '. ..' ,. . 

. doterminethebest.value of th& constant.r in the diVersion 

. 
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• . modelllsdoscribed in ,section 4-2.', It.. could then be ~ . 

. appii'ed . for t.esting Mdprtldict.ing the&f:fect. of. cont.rol 
. . . , . . . ". . 
',.: ' ~, . '. '. ' .. , '. , ... ' , " . 

stnt.aqies rQlated t.o ramp-met.ering, .eitherfiXednto or 

traffic-responsiVe. 
:-":--

, .. ...:.. '-

*,~"",,"ix6d~rate met.ering a. given ro.t.e,ofvehiciles is 
.1' . 
'1. .allowed ont.o the mug ct-ion .Thia;rate is 'set " for'-+-U}O"(u..-----

··ramp ·enti~l~ent.'C:GP.acity .. with.no.·O:llow~ce ··for. aha~inil of 

mer:qe' .capa.cit.y. When the t.oto.lmergo capa.citi is constMt. 

txeeway m&rq1h.g capacity will alao. be constant Md equal 
. _.' .,',' ... ,,' '. . , '.' :. '\ 

t.o tb.e t.ot.al merge capo.ci ty minus the met.erinq ~,G.t.e o.asuminq 

.. it. is fully Ut.il/.'l'he~~fi~d n.~~rinq ut.escan be.·. 

dot.ermine.d b1~10yinqthecapo.city-borrowinq rou.t.ine 
, . - .' _. .,' " ' , :, e , 

which..willgi ve ... ~ approach it.s daaind ent.itlement.. but. 

"t.ransfor the excess. of·on~ approaCh' t.~ the 'other ~;~adb. 
, '" '._' " , . ,. ..' . . .. 

. " 

< if needed. Allowance -.1a provided in the model for- altui"nq 
" ':. . ,.." .. ' . '. .' "I '.' t........... . 

" the flx.cl mat.erinqro.tefor- .ach.ramp at. the beqinni~;'of 
.....•....... " ........ '.' .. ~. 

each. t.ue s11.oo.. : . • . ." . .' . 
. ' , I , ' .. ' .... .' 

In a traffic-rupcms1.vemet.erinqacheme.the ramp flow .. , . . . ~' .. ". 

" . . \' . 
, '., - .' . 

, , .-. 
~ , . '.. ", . 

. . '. . 
.-, .-

. ' 
. I '. 

. , .... . ~. 



, ,. 

" 

.:.. -'!' 
,.' 

.... priority uld th~ the remaining me~ging capacity is, given 

tcttheent~an~-rampvehi.cles..'l'hiscan be. mode.lied by' 
, . '. ." \:.'. . 

, gi vi~g all} the merqing capacity. to the free.woy and none 

to the ramp. and thus allowing.the fn.ewoy to. share what-
.' . ",.' '. . . . 

e.ver exce.ss it had.: However. in both types oflOOtoring the 
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'capacity-borrowing rou.tine can giVe misluding .resuUs due to 

difficienciesdiscussed in se.ction 3-4. 

'In both cases. the model can not be used to giveth. . ' 

optimal metering ratoS diHctly. but rather it can be used' 

. for. testing different C:ontro~ metering strategies ~nd choosing . . . .' . . 

'. the best strategy to be. omp1oyed. In such a case the modo.l . 

can a.ccuratelypredict quilue ' lengths on. and upstre{\lnof. , , . 

~----'"----,--'th~tU41 . where, if accounts 'for traffic{diversion 

.: ~ . 

I 

from ramp queues to availQb1e 0.1 tern ·~tes • With 

di version con~idention. tho investi gator COU1'~d~' -=d:r-=-a:-:w-=-aub=-~'~-----'-----": 

, ,. 
'. 

" 

jec\!. vo :c:onciluaiClns on the availilbili ty of queue-froe routes '.' 1'7. '.' '.., 
and. any netl'lOrk controlS ,that must be c:onsi~oredpdor to the 

. . '. -, .~ . . 
. employment of a cartftin control metoringstrateg;f. 
.----•• ~. .". ..:.... I. . 

'--

} 

," .. 

" 

I 
\. 

.. \ ' . 

" , 

• 
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CHAPTERS 

. APPLICATION 0, THE MODEL 

S.l ' , Introduction 
I " 

. An QIlplico.tion of the. model ,to Il rOlll corridor hilS boon· 

mllde. using hypothoticlll dlltllfor origin~dastinlltion (cr'O') 

ma.trices Ilnd notwork chullcterlstics (capacity. coat, of c.). 

,A descripUon· of the, study· corridor Ilnd the. associated d~h . 
. . ,~..,. .. .., , 

describinq itscho.rIlctarist1cs.llrCl prosonted. For illustutivo 

purpoaes of this cho.pter onl~ .orio Umo slice of 0. lS-minuto . . . ' 

lenqth~i& uae • ,The purposo ot. thia QIlpliclltionisto . 

invostigo.t tho followihgl 

o.).---ComPllrinq tho rosultswhoStrllfficllSsiqns .:i..taolf o.pproxi-
---c-----,--~' , ,.. .', . •.. , '. . /,., ' . . ,.. . .. 

matol~ Ilccordinqto HOlI1burgbr's mothod of· totlll divorsion ... 

. ' 

. , ". '.' . . 

(raO). with,thosowhenit llSaigns itsQU Ilccording to 
, . . .'/ . .. . .. , ' 

Yaqu' a mothodof no di vorsion (ra .. ). Both rClauUa than 

are ·compllrOdwhOno.asiq~ont is mlldclaccordingto Il com": 
I ." . '. ". . 

blnation yioldingputia~diVGraion, (O~r~.) .. 

~) Tho· eff.ct . of diVeraion conaidorlltion·· on aui-fllCQ atroota 

reaulting whon cort&.t.nmotor1ng: control atnt-ogioa are 

employod. 

/ ' ' 5'.2 ,j~st.~dYCorridor ,~ '. 

".. /. Thoa~udy cord.dor shown in I'~;." S~l ia ~tod in Mi~ .. · 
. -. ~ ....... . . '. . 

d, .... uga. :ttc:ona.tata of QueonUh~th WaY (Q.I!l.W.)llnd ita 

aervi:c:e road •• HighwAY S. o.n.d llighWAY 2 in the longitu4inlll: , ,. I 

: ( . 

. ~ . 
,'/ 
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· diroction of tho corridor. Tho joining rOAdw'Clya uo 
. . . ',',.,... ",.. ," "'. , .. ' . '. 

Sou.th~ciwn, RoClc1. MisaiDsAuga nOCld.Uighwft:f 10 .~mcl Cftwthu ·.r·· , . .' " "., , , 

ROAd. ' 

",'1'hO link-nodo repreRontAtion' of tho oorridor is' shown 
- , 

in.Fig. 5-2. 

At 'tho High~n:f 10";UiyhwA:f 5 int6r8ootion, linky nrc' uscd . 
:' : \ i 

to AOCOunt for thfl·Qost of turningl1\ovOl1\cntlf~ A dUI1ll1l:f link 
. .... ' . '. (. ',' " . ' ... 

27-38' is, uuad forthc wcst'opproAoh. to inoorpoutc tho 

· ctfClot'of turning I1\OVCmcnt80n intorocotion oClpooit:f' 

'1'0 obtClin,tho turnin~ volUmcs, Cltintorscction 34.·uy, 

· no 'turnin~ -linksl\rc rcquirod and thcisc volul1\os oro culculatod 

in the 'progrl\l1\~ /' 

Turn prohibJ.t'ions used for I\voidClnClC of illogicl\l pClths 

ue dotorminod Autol1\ClticCllly I\nd"printod out b:f tho progrl\l1\ • 

'l'hoso l\l:O indic(\tod in l"ig.' 5-2 •. 
. (. . , 

',' 
It uhould bo notod thCltthil'lst:ud:f corridor is net .. :,. 

l'Iufficiont fer (\ oeroploto Anlllyais ef tho preb1cI1\D inheront ., , ' 

in ,Q.E.W. trAffic epentiens' Ilnd oontrol. Suoh anAl:fsia 

should inoludo Dixio And Nut MAll'RoAdsAnd their inter

Oi,lCln'es with tho Q.Ei.w" A~ wollu cftrofulohoico of 

, 

to th~ corrider by dummy links. Also. other I1\Ajer intor-

-

sootions might bo idontifiod ClndroprOsentod ushewn by .r 
'. . . , -' . 

tho llighwA:f!-HighwAY· 10 intorsootion. 

, !.l 'FlowChuAotoriatiosAnd DoroClndli 

'rho Uow chullatorbtioli of tho cor~;l.der link,S woro 
, , 

aho,on to bo u aleDO to llatuCllahClrAatoriltiaa u poadble 
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. iind Arc· shown. in· 'rabla 5-1 ~ Ench of these links ia identificd 
.. "'-~.:o..."" , ~,.' ",' 

by ita upatreo.m o.nd,downstream nodc numbers. 'rherclo.tionship 

oftro.val coat va.now·of oo.ch link ia roprcoonted bY.,thrco 

conotant. compononts. ·'rhcreforcjeo.oh·linkhn8 throc Ilub

link co.po.CitiCD with r08pcctivo conotnnt unit flow cOllta. 
, 

Link' capo.city iscxprcflflcdin vchiclcs per tima alico, whilc 

unit now c'oot' i~ in aoconlla. Auocio.toC1 with enchlin.kill 
., . \ ... . 

0. val uo roprollcnting . ito· .phydco.l 'queue co.po.ci ty(cxprcsocd 

in number of vchiclcll) o.nd another,valuc for cquivo.lent , 

through flow •. 'rhh lo.ttcr vllluo muat be equnl to 1.0 for 

\0.11 natwork linkn. QxceptthooQ included for left or right 
" turns wh~re equivnlent through .flowo ,Arc provided. 1n the 

laDt'four columna informo.tion on tho upotrcnm linka feeding 

Oo.CI\ link directly, ia provided. 'rhcr-idontiUco.tion numbers of 

'theDe linkD Are given. 

1t ahould be noted that if thcrc'iB 0. turn. prohibition 

"):jetween An upatrcClm Unk Clnd o.downotreo.m link' of 0.' node, 
. ' 

, 'the formn 1u -not provided in ,lilt' of upatreo.m linku feeding 
. ~. 

cUrectly thel&tter. For exo.mple, A turn prohibition exiDts 
.,' . . . , . .. '.. ' -
',' between linkl 31-34 im4 34-14, ie. betweon linkl 68 And 61. 

" ' 

, -. \ . " 

1il TAb1~ '-1, un;. 68 ia)not provided i,n· Ult of upltreAm 

link I for Unk n.~,,/ .' . , .. 
1n TAble '-2; the datA for d\UlUllYmerging ,Ieotionlot tho 

ItUdy oorridor ill, given. EntiUement oapaoity 11 tho approach 

OApAo:Lty.toAooept veh:Lolel~ . The tormor :La lOt. equo.l t.o .tho 

motor,:Lng .l'Il tel whon illmp' ,oontrol Itrlltog:LOI, ll,ro:~mp10YO~., 
. . ~.. " . 

, 
Tho hypothot:LCll1 odg:Ln-clotit:LnAt:Lon domAnd mo.tri~ tor tho 

• 

" 
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TABLE 5-1 LniK-l'lmf CllARAC'iZRIS'l'ICS OES!UDY ,CORRlDOR, 

- Sublink Unit CIO~ts '!'hr. .x • ,LiDk 'SubliDk capacities (seconds) =, ~o ... s: 
, ' -' .:I To 1 2 3 1 ' 2 3 

..•. 
, ',' 

J 1 13 -1800 100 100 5 6 9 1 

2 2 10 ',300 100 100 " ,,40, '60 80 1 . , 
3 2 12 40g, 200 150 15 ' <20 ,25 1 

, ' 

4 3 11 300 ' 100 • 100" 40 . ~ 60 80 1 
- -150 

o • -
,5 ,3 ',25 400 ",200 ' 90 ' -100 ' 110 1 - ' 

6 ,4 " 25 250 100 .50 , 15 20 25 1 • 
-5 300 " ' 100 

. " " ., 36 100 ' 15 , , 20 25 ' \1 ' 
, - - ' , 

/~ .... 8 6 29 500 0 ,> 0 " 5 5, 5 1 -

9, 6-30 300 0 0 , 5 5 5 1 
10 .10 2 300 100 100 40 

-
60 80 1-- , 

- ' 

11, 10',,11 500, ,0 
" 

0 1~ - 10 '10 1 
, 

12 10 
" 

19 250 .:0 '0 . .' 270 , '270 270 l' 
• 

13 11. ,3 ' 300 1~0 lOO 40 60 80 ' - ,1 
" 

, 
" 

1.( 500"'" , 
, 

1 n 10, !, 0, 0 10 10 10 
15 11" 1-3 500 

. 
0 : 0 , . ~t;I '20 20 .1 

, 
16 11 21, 150 JOO 50 80 100 130 , 1 

-
17 12 ' 19 25.1l 100 50 ,,130 '160 • 210 1 

18 12 "'27 400 ;'200 " 150 100 140 180 ' 1 . , 
, 

, 
o , . 

/' 

'~ r 

Stor-
ace' 
,~ 

cap. 

60 

300" 
100 
400 
600 

50 
50 
50 

' 50 

~OO' 
50 

620 
400 

50 
40 

600 
600 

'700 

/ 
( 

,,: .;.' 

., 

UpSt.rear! links 
nm:bers 

1 2 34 
,,' 

10 
, . 

13 : 
, 

14 I -, , 
.I 

2 
2 14 

11 
4 
4 11' 
4 .11 , ' -

,3 
---:3 

, 
" 

. 

'I. , 

CD ' 
0' 

~ 



, 

, 
\ 

') . 

--..---....-~.-- -

..,.. 

",' 

f 

~o ji: 

·19 
·20 

21 
22 . 

.23 

24 

25 

~6, 

27 

28 . 
29 

,30 

- ~.Jl 

'-~ 
: .33 
. 34 

35 

36 

, . . , 

Link 

~ 

13 15 -
13 15 

'" 20 
14 . 34 

'15 16 
.. 
16 17 

lJi 21 

If 18 
' 17~ ,18 . 

18 23, 
1 19 22 

20.... 7' 

~ 
21,.22 

2223 

22 25 . 
23 26 

. \ , 
\ 

,-;-.-~ "TABLE 5-~ (cOntinued) 
( 
\, . 

SubliDk· capacities Sublank unit- costs 
- (seconds) 

1- 2 3. 1 2' ·3 

1200 0 0 1 2 3 
. , . 

350 .0 o ' .. 10 10 10 
'300,· '100 100 40, 60' . .. 80, 

, 

500 0 a 10 . 10 -c •. 10 
, , 

1300 . 100 100 50 . ~It "' . 90 

1300 ',100 _ ~OO, 2 ' 3 30 

'350 ,0 ,·0 20 20 20 
, 

. 12(J0 ' a ,0 1 2. '..J.---, .. 

450 o " a , ~.'u 10 . , . - - -

J300 100'~ . . 3 ;,.-:-" 4 5· . 

250 1 ftft' . • '50 2 . 3 ~ 5 

..§W 200· 150· 40, . 60 80 
V . " 

300 .100-- 100 ' 40' 60 80 
500 0 . 0 20 0 20 ' ,20 

150 ' 100 70. 10 . . 20 25 
. , 

·500 . a 0 zo 20 20 
• 

250 . 100, " 50 '.40 ,60 . 80 

1200 o ' 0 1 . 2 3 

, . 
~ 

,',. 

~ 

'",-. 

. 
Upstream olinks ?hr. St:or-

~> 

·flcY~ age 
" 

nu:Wer$ 
equi.v. cap. .1 ·2 . ~. 4 

.. 
.1 0 , 1 . -. '-

.. 1 0 15 
. , .. 

1 300 51 61 

1 50 51 31 
, 

1 575 19 20 . -; ,-

1 25 23 
. , 

'-
1 20 '?'1, 

1 0 24 
, 

1. a 
" 

32. , , 
1 . 40 26 27 

' . 

1 . 50' '12 17 

1 381! 21 50 
1 

\ 
1 300 50 

, . ' 
. 1 ; 20 1625 . '. .. 

1 20 16 25. ..,.. ;. .. 
1, 40 33 41 29 

. . 
1 400 29 33 . 

• 
1 0 28 ' . 

, 

, 
.. ; CD" 

I-' 



\...,;;:--. 

- - - --\ 

( 

~.'" ;-\ 

x • 
~o ... ~ 
~ 

37 

38 

39 

40 
41 
42, 

43.,: 
44' 

45 

46, 

47 
4S' 
49 

50 

51 .. 
'52 

53 

54 

"LiDk 

To 

23 26"" 

24 9 
124 

. . 

34 

25 4 

25 2.2 
25_ 36 

26 28 

27 3S 

28 '32 

:28 ,33 

'29 6 . 
" 

29 30 . 

29 .31 

30 20 

31·14 

31 29. 
31 . 32 

. -
32 31 . 

" 

';'-.~-

-;j I 

, 

, 
. I TABLE 5-1 (COntinued). 

SubliDk capacities: . 

1 '2 3 
. -. 

450·, 0 ~ ~. 

/fQo :200 150, 
0 - , 

300 100 100 

250 100. 50. . 
. 250 . 100 50 

400 290 .250·' 

1300 100 100 .. 
500 300. 200 

450 o· 0 

-,00 . 100 100 

00 . 0 -.0 -, 
200 .. 0 0 

300· 100 100 . 
400' . 200 150 . 
150 100 . 50·--
300. 100 . 100 
500 . 0 o . 
.500 o _ 0-

'" ", . '-
- . 

·c 

~.. "" 

-

-

" . 

. SubliDk UJ!it costs 
. (seconds) 

1 
, 

·2 

'10 10 

40 60 

50 60 

15 20:' 

40 . '60.· 

15 ·20 

10 .. 15 

2 3" 

20 20, . 
. 

4 6 

5 5 

5 '5 

.40 60 

40 60 -

60 -80 

40 ",)fio 
-

10 .. ' 10 

10 10 

., 

3. 

10 

SO 

'SO 

25 
. SO .. , 

25 

20 . 
5 .. 

20 .' 

.10 

. 5 

5 
, :80 

... 0, • '~! 

';·80 
. -'100 
. aD ' 

10 

10 

" 

o ,. 

'\. 

, 

?hr •.. 
fleTl 
~v. 

1 

i-
1 

~ 
-

1 .. 
0 

. 1 

1-
'. 

1 

1 

1-

~1 

1. 

.1 

1 

1 

1 
.. 

1 

1 

. 

• 

Stor-l upstreala .1i.nkS 
~age I ~rs·· 

eap', 1 l 3 4 
• 

~4 ·0 
0 

. 380· 65. 62 -
, 

400 .65 . . 
" 

300 .. 5 35 , 

400 " 5 ' 6 

I 300 5 35 6 

270 . 36 '37 -
0 18 

20 43 
· no ' :43 - . 

50 52 
' ' , 

0 52 0 

. 
300 . 8 70 

&00 971 48 · . 

40~ 49 54 
0 

, 

'300 54 

50 49 

, 50 ,66 
~ 

~ ", 

" 

• 

,.' 

" 

CX> 
~::'N' 

. "-, 

o 

~ 



~, . 
CO 

'.-I C 
...:l 

5,5 

56 
57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

-' 

Link 

From To 

32 33 

32 34 

32 36 

! 
/ 

Sublink Capacities, 
' ' 

" 1 2 3' 

500 - 0 0 -
150 100 50 

' 300 100 100 

33 35 ' 1200 0 0 

33 35 450 0 0 
3'4 8 300 200· 100 . 
34 14 500 0 0 

34 24 300 '100 TOO 
'35 37 1000 150 - - '-20'0 

36 5 300, 120 100 

36 24 400 200 ' 150 

36 32 400 200 150 
37 ' 8 1 000 ' 50 100 ' 

37 34 350 0 0 

38 6~- 200 0' 0 

38 29 200 0 0 

38 30 400 200 150 

" 

'" 

TABLE 5-1 (C9ntinueq:} 

Sublink unit costs 
" (secondt) 

1 2 3 ' 

20 20 20 

90 120 ' 140 

40 60 '80 . 

1 2 ' , ~ 3 
' 10' 19 10 . 

60 80 ' 100,' 

' 10 10 10 

40 60 ' 80 
0 

25 :30 "50 

15 ' 20 _ 25 

70 80 90 
i ~ 

40 60 
, 

80 

30 40 60 
.20 ' 20 20 

5 5 5 
-5 5 5 

5 5 5 ' 

I 
, , 

-
-

-

~ 

/ 

Thr. 
flow 

equiv. 

1 

1 

' 1 

1 

1 ' 

1 , 
1 

1 
,1 , 
l, 

ll' 

r 
• 

1 

'1 

1 
, " 

l' 

1 

. 

" 

, , 
:,' 

! , 

/
' I , , 

r I 
• c~ , 

, I 

I :' .~ 

Stor- Upst-ream links 
',age nuittbers 
'cap. 1 2, 3 • 4, 

" ' 
66 ,53/ ,', SO 

400 45 53,66 , , 

". 
..-

! "', , 'I, I 

J- : I 
. ,I.' 

400 45 5-3 

46 
,' .. 

' i/ 
. '. - . - " -/." 

-i ' , 0 
. 0 
380 

' ;,sO 

400 

250 
SO' , 

, . 400 

400 

38D 

20 

0 

V 0 

. ' 
,~ 

55 
/. --

56 68 22/ 39, 
'56 ' 39 / , 
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TABLE 5-20RIGlNAL l1ERGING SECTION CAP,ACI.TIES' 

: 

-----
.. .. ' .. '. 

Entitlement Capacity Ultimate Capacity' - '" 

Merge l1erge 
No. description 

1 SO,uthdown .. Road 

.2' ,Miskrssauga 1 

3 Mississauga 2 

4' Highway·10 

.. 

... 
:. 

(vch/tir.1e 
Free~lay-

approach 

.1320 
. 

1320 

1320 

1320 

slice) 
Ramp 

approach 

375 

375 

375 
" :--

375 

/<" 
/' 

TABLE 5-3 ORIGIN-DESTINATION DEl-lANDS 
,(veh/time slice) 

(veh/time 
Freeway 
approach 

1400 

' 1400 " 

1400 . 
1400 .. 

. Desti"nation Node Number 

\ 4 5 .. 
. 6 7 8 

" 
1 100' 160 140 100 610 

~ 

k 100' 100 "- 100 ~ 2 
.. 100 300 

.. 
~ 3 90 

.. 
75 0 85 . ·170 

~ 4 0 - 0 100 140 150 

g 5 0 '0 0 200 240 
t: 
.-l 
016 0 lOP 0 100 340 
.-l 

~ 
.. 

-- " 

slice) 
Ramp 

approach 

450, 

·450 
. 

450 
.. 

450 

.. , 

9. 

60 

-- 100 

90 

0 . ' 

50 

100 

' .. ~ . 

. ' 

'. 

.. 
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,-
- is-minute' time slice is shown in TaB-le 5'-3.: These demand's 

!-
I 

, were ,chosen in such a yay as "to produce queueing ',on the free::'" 
, 
, 

~way'~~~ that all aspect~of the anatysis could bcinvestig'!,;;,d .• 
~ 

. ' 

. ' 

5.4 . Resu'its 
I 

Results of the appl,ication w~re obtained for two main 

phases: 
, ' 

, . 
'a) Calibration Phase 

The, purpose of this phase was'to c!alibrate the div-
, 

ersion model t~ determine the best value of the constant 

r fO~' use' in this modeL' Different values of r ",er~ \.' 
assumed and the re'sulting flolVS and queues were obtained. 

• I 

'If ,data were available for actuC\l flows 'and queues,·the 

,best value of rwouldhave been chosen in this'manner. 
"" ~ 

,For puiposes of i'llustration, one value of r was arbit:' 

rarily assumed for use in the control phase . 
... 

b) Control Phase 

Having been determined, the best, value of r was used 

in applying the model for predicting flOl.,s and queues for 

two ramp'm~tering strategies. Also, the predicted fiows 

and queues, were obtained for the no diver'sion case, as a 

matter of comparison. 

5.4.1. ca¥ibrat~on Phase Results 

In this case the O-D demands were first assigned to the 

network without diversion consideration (r="'l or ramp 

The resulting flows,'queues apd unit travel c~or 
control. 

the 

time slice considered are sholYn in Fig. 5-'3. It can be seen 

from this' figu,re that a queue of $1 = 173 vehicles is formed 

on freeway link 35-37 due to link 37-8 reaching capacity. 

, " 
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To establish the best value of the, diversi~n ':model constant 

to be usedwh~n ramp control is employed, different values . . 
"of r were assumed and the re~ulting flows '.and queues~lere 

obtained. Using values cif r.as 3.0, 0.5, 0.1, and 0.0, 

th~ resulting flo~IS, queues, and. unit .travel costs shown in, 

. Figures 5-4 through 5-7 were respectively obtained. By way 

of example! the queue lengt~s on link 35-37 are summarized 

in. Table 5-4 for the different values of r. Table 5~"5 gives 

'the total travel cost spent in the corridor for each value 

of r. 

5.4.2. Control Phase Results .' 

The 'purpose of this Phasf,wasto evaluate different 

ramp control strategies in an attempt to choose the best' ,I 
strategy to be employed. Additionally, the .d~tailed effects 

of such a strategy on the entire corridor could be identified 

before the actual implementation. The two strategies shown 
, \ 

in Table 5-6 were used. The predicte~ flows and queues for 

each were then obtained ~li th and without diversion. In the 

diversion case, the value r = 0 was assumed to be best 

(total diversion). Figs. 5-8 through 5-11 show the predicted 

flows and queues for each of the four cases, and the 

total travel cost spent in the corridor is given in Table 5-7. 

5.5 Discussion of Results 

In the calibrat~on phase, resuits were obtained first with 

no diversion considered. This is equivalent to using a value 

r = ~ in the diversion model, ie. all drivers do not peryalize , 
. 

>.' .. :~ . 
. '.~' , 

queueing time .and therefore they are all assigned to the first 

minimum paths. This results in one queue of 173 vehicles on freewa;: 
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;TABLE 5-4 

Value of r 

" 
., 

3.0 

0.5 

0.1 

0.0 .. 

.. 

TABLE 5-5 

Value of r 

I 
-' ., 

3.0 

0.5 

0.1 

0.0 

- . 

QUEt1E LENGTH ON LINK 35-37 
. 

. 

Queue/length (vehicles)' . . 
. 

173 

149 

97 . 
58 

12 

TOTAL TRAVEL COSTIN THE CORRIDOR 

(veh-hrs/time slice) . 
. 

'rotal travel cost 

334 

330 

320 

313 

312 

.. 

.92 

;: 
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Merge 
No. . 

1 

.- 2 

·3 

" 

4 

'TABLE 5-6 

Strat~gy 

290 

... 

CONTROL STRATEGIES ADOPTED FOR 
THE .TUm SLICE .CONSIDERED ' 

, 

Metering Rates (veh/t;ime slice) 

No. 1 - Strateg:r. Nc(. 2 

, .. 
300 .. 

• 

0 (closed) 0 (closed) 

0 (closed) 290 

290 

TABLE 5-7 

Strategy 
No. 

1 

2 -

0 (closed) 

o 

TOTAL TRAVEL COST FOR CONTROL 
STRATEGIES.EJ.lPLOYED 

(veh~hrs/time slice) 

Diversion No Diversion 
(r=O) (r=~) 

. 

315 .317 

315 320 

93 

. 

. 
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link 35-37.Fcir the va1ues'r = 3.0 and r "" 0.50, the. queue. 

lengths on link 35-37-decreased ·due to traffic· diversion. 

For r = 0.1, the diverted traffic caused link 34-8. to reach 

capacity, resultin~ i~ queues on 1in~ 14-34 and 24-34.~n 
, 

the extreme case; where. all traffic is I dbTe!ted ,,(r = 0)-;-

the assignment resulted in a queue on links 35~37, 
\ 

14-34, 

and 26-28 since links 37-8, 34-8, and 28-"32 respectively 

reached capacity. 

The value r =. O~esu1ted in an a~signrnent equivalent to 
• 

Hornburger's.wethod as long as non-satur~ted alternative , . 
routes are available. After these routes'are saturated, the 

assignment' is performed to the saturated paths' of minimum . 

travel cost witli no diversion. It is felt that this might 

be worthwhile to consider for some networks where drivers· 

• • wish to avoid queueing paths, but are forced to use them 

when non-queueing paths are not ayailable. 

From .Table 5-5 it is interesting to note that diversion 

·of traffic always results in a reduction in the total travel 

time spent in the system although traffic.is diverted to paths 

having longer travel costs. This occurs since the diversion 

procedure distributes traffic bn non-saturated paths and 

consequently reduces the number of queueing vehicies in-the 

network. The queueing cost is calculated on the basis that 

queues evolve uniformly during a given time slice and dissipate 

uniformly during the whole length of another time slice. 

Consequently, the time sp'ent in a ceru&in queue is the number 

of queueing vehicles multiplied by the length of the time 

slice. Therefore, under normal circumstances, the diversion 

\ 

" 

. .~ 

\ 
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of traffic'reduces the,queueing cost'oy a known amount and 

'increases the travel cost on alternative'routes Py a lesser 

amount. " . /. 
, ' 

In th~ control' phase. when strategy il,was employed with no, 

diversion, I queues were ,~o~ed on links 32-33a"nd ,11-13 with 

the 'latter spilling back th,rough surface street' links 3-11 

'and 10-11, as shown in Fig. 5-8. With-totaldive~sion, the 
, , 

situation is improved but some queues were still formed on the 

'metered entrance-ramps. Surface street link 34-8 :reached 

capacity causing additional queues on up,stream links 24-34 

and 14-34. However, th'is c1';;' be i'nterpreted as follows. When 

metered ramps are assigned f:).ows equal to the'meteringrates, 

no queues are formed and all privers assign ~hemselves to 
\ 

, 

alternate routes which are not, saturated. This results in . 
surface street link 34-8 reaching its capacity. After that, 

,', \ 
dl::i vers ~lishing to reach destination 8 do not find any non-

saturated paths to that destination and must choose the best 

saturated path. 

When strategy i2 was considered with no diversion, it 

also resulted in queues on the metered ramps. With the r:- ' , 
, i~) 

diversion case, almost no queues were present on the ramps and 

link 34-8 was s'aturated with a few queued vehicles. The 

analysis of these results is identical to that of strategy il. 

In addition, when comparing the total cost of the two strategies 

shown in Table 5-7, it is noted that they give the same total 

travel cost in the diversion case. This is also less than that 

of the no diversion case. 



, 
leo 

.. 
It would apf1e.ar :from this particular example that· the· 

results' of the previous cases· produced queues at signi-'. 

ficantly different Iodations' ·of the network.. This means that·· 
I 

if one could determine accurately the diversion characteristics, 

.the resulti~g assignment would identify the actual l~cations 
/ . I 

which would suffer from ·pool="·operations. Appropriate actions· 

for improvement could then be made before actual implementation 

of a ,certain strategy. For. example', the no diversion case; (strategy#l 

indicates that the ramp queue on link 11-13 will spillback 

'" onto upstream link's while the diversion case indicates that. 

the poor operations on surface streets is at i~tersection' 34. 

It can be 'concluded that inclusi'on of traffic diversion , 

in assignment is an essemtial\ feature for a~cura~ely predicting , 

. flows and queues in a corridor n.etwork. 'However, diversion 

characteristics must be determined precisely if one wishes 

to achieve results describing actual traffic behaviour in· 

an accurate way. 
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~~ A model for investigating; traffic assignment and control 

in a corridor has been develope,d. It assigns time-
; 

varying de nds acc~rding to the minimum individual travel 

leo The model accounts for traffic diversion 

'from congested minimum paths, with threeop"tions : total 

div~ion, • diversion, d'r partial dive.rsion. To accomplish 

this, a di~on' mo~elwas ~eveloped which diverts drivers 

according to their equivalent queueing costs. 

A simple link-node representation was described and a 

detailed eA-planation of net,~ork illogical paths was given 

alopg with a technique which determines automatically these 

illogical paths. A completely new minimum path algorithm 

wi th turn prohibitions was developed 'to account for these , 
illogical paths. In addition, a method for calculating turning 

volumes without using turning links was developed. 

An application of the model to a real corridor using 

hypothetical data was made. The results of the appli~ation 

were included to show, the effects of the various 'diversion 

'strategies and to illustrate basic use of the model. On the 

basis of t'he above' studies the following conclusions and 

suggestions have been drawn. 

/ 
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6 •. 2 Concl usions 
. 

~. The minimum path algorithm with turn prohibitions 
. . . . '. 

developed in this .thesis demonstrated, its efficiency in 
, / -

accurately accounting for tur~ohibitions. ·-It is 

important to note that; the algorithm can be used for 

networks wi thout turn prohibi tl.ons,. The computer 

102 

running time of the algorithm is 'expected to be pro

'portional to the number of turn prohibitions, and it can, 

therefore, be used even for net~orks with a few turn .. 
prohibitions. 

The only limitation ,of this algorithm is that it 

·all~s a maximum of 4 entering links at any turn pro

hibition node. However, if desirable, more than 4' 
\ , 

entering links could be allowed through a straight 

forward change in the algorithm. 

2. The minimum path algorithm also proved its usefulness in 

allowing a simple link-node representation. If turn 
, 

prohibitions were 'included using the conventional method 

of link-node representatio~the increase in coding 

effort over the proposed method would exceed 40 percent. 

3. The method of calculating turning volumes without using 

turning links can be utilized in other traffic assigqrnent 

programs used for transportation planning to provide 

turning volumes at freeway interchanges and at inter-

sections without the need for turning links. The method 

is obviously advantageous in those programs which use 

turning links for ~e sole purpose of obtai~ing'turning 

volumes, such as TNET 90 [8J . .I 
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Th~ )!lode 1 can be a:ppl~e? for determining 'partial optimum 

meteririg rates 'which results in aqueue~free ~reeway. 

However,this feature will, only be possible 'when con-
/ 

gestion occurs due to downstream merging links. 

5. The model can effectivelY,be applied for testing and .. ' 

evaluating metering control strategies. The best strategy 

can ~eri be ch'osen ,and resulting flO\~s and queues can be 

ccurately prE!dicted before ,the implementation of that 

strategy .. 

6. The application presented in this thesis for the 

Q.E.W. fie~way corridor was. made o~ly fo~illustrativ~ . , 

purpos'es. ,It is, recommended that for ,real applications; 

" 

the study section must bound the freeway congestion. AI-
\ 

,though th.e study, corridor does not represent completely 

the actual corrido'r in terms of locations of origins and 

destinations, such items are extremely important in 

obEaining accurate results. 

r. The total'travel cost in the corridor was found to 

decrease with diversion cohsideration. Although drivers 
, f 

divert to non-queueing alternative ro~es having laFger 

travel cost, their contribution to the tot?l cost is in 

favour of the system. This is ,due to the large decrease 

in queueing cost outweighing the increases in travel costs 

on the alternative routes. 

6.3 Suggestions for Further Research 

1. The method proposed for calculating turning volumes 

wi th;.out turning' link~, could, wi th some additional work, 

I 

. ' 

/ 
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be used. to accouqt for turning, costs in the develo)?ed' 

minimum path algorithm with turn prohibitions. The 
\ , , 

resulting minimum path algorithm could use the turning 

I .a..p4 

'costs as a, function of the turning volumes and not simply 
, ' 

a constant'turn penalty. 

,2. A mor~ sophisticated micro~analysis for merging and 

diverging sections could be included. The capacities of 

merge and diverge approaches 'of ramps may be calcuiated -on the basis of freeway lane-l volume rather than the' 

volume .of the whole free,yay approach. In, this case, the 

overall merge and diverge c'apaci ties could be obtained 

from the existing High~Tay Capacity Manual Procedures 17J, 

I or updated according to the latest techniques available. 

3. The procedure adopted 'for turning volume calculation without 

turning links may be used to accoun~ for the effect of 

turning volumes on intersection capacity. Ins'tead of 

using constant through equivalents regardless of the 

amoupt of turning volumes, through equivalents could be 

related 'to the percentage of the turning volumes with 

respect to the total approach volume. 

4. Calibration of the diversion model is essential. In that 

calibration, the best value of the diversion constant for 
/' 

the study network r,lUst be determined. Hmyever, if data 

on equivalent queueing cost could 'be collected, the exact 

relation between the percent of traffic diverted and 

equivalent queueing' cost could be constructed and c~librated. 

The resulting relation need not be as represented in this 

thesis and may in fact take another form . 
. , 
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I 
5. 'The diversion formula used to divert some traffic from 

the minimum-queueing path to the minimum non-queueing. 

path uses a constant diversion 'curve for the whole, 

netvlork. Actually there might be different curves for 

different paths according to trip length,purpose, 

--------------

'lOS 

driver characteristics, etc. It is felt that investigation 

of the effect of these factors on traffic diversion will . , 

permit the actual route choice phenomena to be correctly 

represented. 

6. A me'thod is required in the traffic assignment technique 

for dynamically e~timati~g the final weaving capacity 
" 

on the basis of assigned fIOl"s. If developed, this method , 
could be inserted directly into the model. 

.-
, 
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APPENDIX A 

DESCRIPT~ON OF THE METHODS USED lOR 

I • DETERMINING NETIVORK ILLOGICAL PATHS 

107 

\ 

Turn prohibitions are us'ed to avoid' illogical· paths at 

interchanges, intersections, and at merging and ~leaving . . 

sections. They are also used to account for any network ~ 

control such as prohibition of a left turn. A method is pro-

posed for determining these turn prohibitions automatically 

in the pr'ogram. . In addition, illogical paths through origin-

destination (o-D) nodes are avoided by another method using 

a link-delineation type o~ procedure. 
~ 

/ 

A.l Determination of Turn Prohib{tions 

is 

The procedure of determi,ing network turn prohibitions 

dependent mai~ly on the datr provided for the upstream 

links feeding each link in the network. The basic use of this 

data is to account for queue spil1back in the assignme~t 
, 

procedure. However, this data is also utilized for determining 

the upstream and downstream links of any illogical path in 

the network. 

The procedure for determining network turn prohibitions 

described belOlv, is repeated for each node in the network 

except O:D nodes: 

a) the upstream links of that node are determined 

b) Each link I of those upstream links is checked against 
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the list of upstream links xeeding each downstream link 

J of that node .. 

c) If link I is not found in that list of upstream links 
. . .) 

feeding link J, a turn prohibition between links·I and J 

is·assurned. 

Using·this procedure tur~rohibitions are determined in 

ascending order of the downstream node number of the turn 
, . . 

prohib'ition upstream link.. This is ·an important facility 

provided to 'reduce .the computation time of the min.imurn path 

algorithm described in Chapter 2: 
To clarify the above procedure consider the interchange 

II 
and its link-node representation shown in Fig. A-l. The 

·input.da)'a for this example is given in Table A-l .• 

'TABLE A-l: DATA PROVIDED FOR EY.AllPLE NETNORK 

Ll.nk Nodes Upstream Links 
no. From To Feeding each Link 

1 1 2 10 

. 2 1 4 ~O 
• 

3 2 7 1 
, 

•• 
4 2 7 6 

5 3 4 

6 4 2 9 

7 4 3 9 

8 4 5 2 5 

9 ·5 4 

10 6 1 

• Freeway dummy approach link 

•• Ramp dummy approach link 

/ 
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TURIl PROHIBITIOtIS 



\ 

SlWpose now we apply the above procedure" of turn prd

hibi tions at node 4. The follmling are found: 

110 

" \ 
alThere are three upstream links having numbers 2, 5, and 

9. 

bl Each of these links is checked against, the 'upstream links 
, 

feedihg eachdo.mstream link of that node. The down-

stream link numbers are 6, 7, and B. 

cl Link number 2 is not found in the upstream links,feeding 

link numbers 6 and 7 and therefore, turn prohibitions are 

considered bebleen link "number 2 and these links. Similarly, 

link number 5 has turnprohibi tions .,i th link numbers 6 and 

7\and link, number 9 has turn prohibition with link number 

B. 
," 

It should be n6ted tha'~ if an~ link ,r.eaches its capacity 

or has a queue reaching its physical queue capacity, the up-

stream node of ~hat link is considered a cQngested point for 

only those'upstream links feeding that link. For exanple, 
,0 

if link 4-2 reaches its capacity, node 4 is considered a con-

gested point for only link 5-4. For links 1-4 and 3-4, 

node 4 is not considered a congested"point as these links do 
.. 

not feed link 4-2. If the movement bebleen links 3-4 and 

4-2 and between links 1-4 and 4-3 \vere allmved (as in, a simple 

diamond interchange), and link 4-3 reaches its capacity, node 

4 will be considered a congested point for links 5-4 and 1-4. 

For link 3-4, node 4 is not considered a congested point and, 

therefore, the movement bet\veen links 3-4 and 4-2 is allmied. 

'It is assumed that the queues formed on upstream links do not 
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,. 

block the intersection at node 4 \"hich is ",ssentially true; 
t> 

especially when the intersection is signalized. 

B.2 Procedure For O-D Nodes 

Although the procedure· used ·fordetermining turn pro-

hibitions can be used. to determine illogical paths through 

O-D nodes, ano.ther method is use"d to save computer time. 

The.logical sequences of this method are as follows: 

al From the data provided for' origins and destinations, 

111 

the common nunbers in both are identified. Any of these 

bl 

numbers represents an O-D node. ~; 

path procedure wh~ny of these com-
/' 

D . r h .. 
ur~ng t e m~n~mum 

/ 
mon nodes are found, ·the links/6ut of this node. are not 

"/ 

considered in· building mi~um paths. However, when the 
/ 

minimum paths are o~~ned from an O-D n,de, th~ links 

out' of this node/ate considered. 
. /', 

Ramp closure/is treated in the same manner. When any 
//// . 

ramp is closed in a certain time slice, the corresponding 

neblork/link is identified and omitted from the minimum 

pa.ths. It is assumed in the case of entrance-ramp closure 

that no drivers will queue upstream of that ramp in that 
I 

time slice. 

, . 

) 
\ . 

" 
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APPENDIX B 

DESCRIPTION OF THE METHOD USED 

IN TURNING VOLUME ·CALCULATION 

.. /. 
~ 112 

, 

B.l Input Data 

For each intersection I, the input data to the program 

is one card containing the following: 

1. Intersection node number. This is stored in vector INT (I) 

2. Surrounding node numbers provided in th·e cloc~se 

direction. These are stored in"matrix N"SUR (I,4~ 
.B.2 Vectors Calculated in the Program 

NS l(J) = storage of the upstream and downstream node numbers 

of turning movements at all speci£ied intersections. 

TURV(J) = tentative assignment of turning volumes in each 

increment of the assignment 

TURV1(J) = cumulative assignment of turning volumes,J .ranges 

from. 1 to the total number of turning movements 

to be calculated (not more than 100) 

KK (I) = identifibation number of the first turning move-

ment of each intersection stored in NS1(J). The 

last element stored in vector KK(l) is J + 1. 

I ranges from 1 to the number of intersections 

plus 1. 
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Procedure 

From NSUR(I;4) , the upstream and downstream nodes numbers 

of I each turning movement' are obtain'ed and stored in 

NSl (J). These movements are stored in the .order of their 

printing on the intersection drawing. 

b) For e'ach intersection, the position in NS1(J) of its' 

c) 

first turning movement is stored inKK(I). In addition, 

a value equal to·-the number of total turning movements 

plus 1 is stored in that vector 

During the assignment to the minimum path, ea~h node number 

i,n~hat path is checked with the node numbers in INT (I) • 

Also, the preceaing' and following nodes are continuously 

stored. 

d) If the node number checked in previous step.. is found in 

INT(I) , the location 'of that node's turning movements 
/ 

--in NS1(J) is determined using the vector KK(I). 

e) From that location in NS1(J) the turning movement J 

which has the appropriate following and preceding node 

numbers are identified. 

f) The demand of that path is tentatively assigned to the 

turning movement J in TURV(J). 

g) After the tentative assignment' of all paths, TURV (J) is ,'. 

multiplied by the maxinlUm fracti,on of the demand matrix 

that can be assigned in that ~ncrement, and the result-

ant value is added to the cumulative turning volume 

TURVl (J) • 

To clarify steps a and b, the following example is provided. 
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B.4 Example 

Suppose we have two intersections as shown in 

, It ·is required to prepare' vectors NSl (I) 'and, KK (I) 

Fig. B-l. 
'. 

for cal:" 

culating all turning volumes of these intersections. ' 
/ 

The input data, is provided in two cards as follows: 

card no. 1 4 3 1 15 2 

card no. 2 6 0 19 8 7 

The first'number in each ca:x::d is the inte:;:section node 

number. ~n .card no. I, the surrounding nodes for intersection 

4 ~re provided in the .clockwise direction, preferably starting 
, '. 

with the node at the top of the' intersection drawing. In 

; 
/ 

card no. 2, a zero must be provided firstand,then the surround

'ing node numbers in the clockl-lise dLrection, irnagi'ning that 

the zero value represents the, miss'ing intersection' node. 

Vectors NSl(J), KK(I) will be as follows: 

!NSI (J) = 0203 KK (I) = 1 
I \ 

0103 \ 9 

,0302 13 

0361 
., , 1502 

1501 

0215 

0115 

0807 

0819 

0708 

1908 
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ILLUSTRATIVL EXM!PLE FOR 
TURNING VOLUME CALCULATION 
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The first two. digits in NSl (;)") 'represent the ups-tream 

ncde numb~r cf the turn~g mcvement while the seccnd two. 

116 

digi ts represent, the dm·;nstream ncde number cf that mcvement. 

The turning mcverne~ts are stcred in the crder cf their 

printing as shmffl in Fig. B-1 by the numbers assigned to. tbe 

'turning mcvements. The first value 1 inkk(I) represents 

',. ' /' 
\' the 'pc.l'iticn in NSl (J) cf the first turning mcvement cf the 

first intersecticn. 'The seccnd valu~ 9 represents the pcsiticn 

iv NS1(J) cf the first turning mcvement cf the seccnd 

intersecticn. The value 13 is the tctal number cf turning 

mo."ernents plus l. 

,The upstream and dcwnstream nc~e numbers are stcred in -
the same vectcras an attempt to. save ccmputer stcrage. 

Hmvever, this prccedure limits the number cf' ncdes in the 

netwcrk to. 99. Fcr 100. or mcre !}Odes, a slight change is 

required in the prcgram. 

\ 
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APPENDIX C 

INSTRUCTIONS FOR PROGRAl-1 USE 

To carry out the different procedures contained in the 

model, a computer program was ,vri tten in FORTRAN IV and 

provided in Appendix D. In this appendix a detailed description 

of the input data is provided in their order of input VIi th 

some hints when necessary ~ 'An interpr~tation of t'he computer 

output is included. 

" 
C.l Input Data 

Follmving, is a description of the input data in the 

order of their use in the computer program. There are two 

types of information requiring specifications; the initial 

data which is read only once at the be,ginning of the program 

and the time-slice 'data which is read for each time slice. 

a) Initial Data 

1- Diversion Control Parameter 

1 card with format (II). This is represented in the 

computer program by the parameter IDIV. If IDIV = 1, 

diversion occurs. If IDIV'i 1, no diversion occurs. 

2- Integer Parameters 

1 card with format (1313) reads the following para-

meters in the given order: 

... 

, , ' 



NORG· Number of orgins ,,-
NDEST Number of destinations 

.. 

I 
I 

NNODE Number of nodes (includes NORGand NDEST) 

NSLCE Number of time slices to be considered 

NLINKS Number of links (dummy links included) 

Nl1E;RGE-·Nurnber of sections to 
~ 

be treated as merges 
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INTAP The lowest' dOloffistream node number of the dummy 

intersection approach links (thesa downstream 

nodes must be the highest numbered nodes in 

the network). For example, the value of 

INTAP in Fig. 3-2 is 37. 

MIDEM Maximum number of iterations allowed in 

each time slice. 

NIDEM Maximum number of iterations allowed to com-

plete the sharing of merge capacity. 

LIDEM Minimum number of iterations 

NOMRG Parameter indicating whether merge .capacities 

may be varied from one iteration to another 

(when NmlRG=O, they may be varied) 

MINC Maximum number of assignment increments in an 

iteration. The computer program will stop if , 

this value is exceeded. 

10 Control parameter for printing out the inter-

mediate assignment resul ts (~lhen 10=1, these 

results are output) 

The network size allowed by the program is as follOl"s: 

NLINKS < 130 

NNODE < 75 



, 

) 

NDEST < 25 

NORG < 25 

NMERGE < 9 

- NSLCE .< 9 

Note: the number of· turn prohibitions must not exceed 

80 (this can be checked from the computer output of 
/' 

turn prohibitions) 

119 

For larger networks the dimensions must be changed in the 

vectors and matrices speci.fied in the program initializing 

statements. 

3- Real Parameters 

1 card with format (6F3.2) reads in the following 

parameters in the given order~ 

SLICE Length of a time slice in hours (all time 

DMlP. 

FRNO 

FRNN 

GRm. 

slices must have the same length) 

Fraction of possible shared capacity in each 

increment 

Fraction by \"lhich unit cost in previous slice 

is weighed into present slice 

Fraction by which unit cost in previous 

iteration is \-leighed into p'resent iteration 

Fraction by \"lhich the original 0-0 matrices 

are increased to give required demand level 

R The constant term r in the diversion model 

4- Number of Network Links Changed for Each Time Slice: 

I card with format (912). ·On,e value is given for 

each time ~lice. These are represented by the vector 

NLCHG (data for these links will be provided as des-
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cribed in part b, item 2) 

5~ Number ,of' M~;ges-~ith Ent~tlement Changes fOr Each 

Time Stice 

1 card with format (9'12): One value is given for' 

each_ti~e slice., Ttlese are represented by the vector 

'NMCHG (data for these merges ~lill be provided as 

described' in part b, item 3) 

6- ,Number of Intersection,S for l'lhich Turning Vol~es to, 

be Calculated' for Each Time Slice 

1 card with format (913). One value is given for 
'-', 

each time, slice. 
, " 

, 
These are rep.resented by the vector 

NINTP. The maximum number- ,of intersections for each 

time slice is 10. 

7- Origin Nodes 
, 

1 card with format (2512). Identification numbers of 

network origin nodes. These are representeq by the 

vector K a. 

8- Destination Nodes 

1 card with format (2512). Identification numbers 

of network destination noedes. These are represented 

by the vector RD. 

9- Number of Links out of each Node 

1 card with format (75tl). The number of downstream 

links for each node treated in ascending order ,by n,9de, 

number. These are represented by the vector ~m. 

10- Link~~escriptions 

1 card is required for each link in ~e network in 

ascending order by link identification number. The 

J 
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. links are ordered by their upstream links numbers. Links 

having the same upstream node number .are ordered by 

their dmmstream node numbers. If two links have the 
·l 

same upstream arid dm-lnst'ream node I]-umbers. (dununy 

merging links or interchange: 

be arranged in any·orde~ •. 

exit_ ramps), they can 

·For each' link I, the following' information is read 

/' with format (313, BF6. 2, II, 413) in the given order. 

'. 
I 

IB (I) 

L (I) 

AAI (I) 

AA2 (I) 

AA3 (I) 

CUI (I) 

CU2(I) 

CU3 (I) 

PQC(I) 

/ 

FET(I) 

MAB (I) 

Link identification number 

Upstream node of the link 

Downstream node of the link 
/ 

Capacity of 1st sublink component (vehicles 

. per. time slice) 

Capacity of 2nd sublink component (vehicles 

per time sr'ice) 

Capacity of 3rd sublink component (vehicles .. 
per time slice) 

Unit cost of 1st sUblink component (seconds) 

Unit cost of 2nd sublink component (seconds) 

Unit cost of 3rd sublink component (seconds) 

Physical queue capacity of the link. This 

value can be zero for some links, ie. dummy 

merging links. / 

Through flow equivalents~a unit of flow on 

the link • 

The , number of links i~~ediately upstream of 

link I onto which the queue on I ma:uo- spill. 
, 
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"0.' ... 

LINK IN (I) Ident,ification numbers of upstream links 

of link I onto \~hich its queue may spill. 

A.maximum of four links ca~ beqgiven. 

11- Merge Descriptions 
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1 card is .required for each merge I in the network. 

The following information on each merge is read in 

with format (13F6.0) in the following order: 

l~RGE (1,1) Identification number of one of the 

approach links of merge (1) 

}ffiRGE (1,2) Identification number 6f the other 

approach link of merge (I) 

MERGE (1,3) Identification number of the dO\~nstream 

link of merge (I) 

MERGE (1,4) The capacity entitlement of the link 

described as MERGE (1,1). This value 

is the capacity to discharge vehicles 

from MERGE (1,1) when ~ffiRGE (1,2) has a 

queue 

MERGE (1,5) The capacity entitle~ent of the link 

described as IffiRGE (1,2). This value 

is the capacity to discharge vehicle 

from ~ffiRGE (1,2) when HERGE (1,1) has a 

queue 

MERGE (I, 6) The ultimate capacity of the link des

cribed as ~RGE (1,1) when MERGE (1,2) 

has no flO\~. This is the capaci ty to 

accept vehicles to }ffiRGE (1,1) 

~ffiRGE (1,7) The ultimate capacity of the link des-

/ 
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.. cribed as llE.RGE (I, 2) . when MERGE 
\ v 

no flow. .This is the capacity to 

~ vehicles to NERGE (I, 2) 

b) Data for Each Time Slice. 

" .~ 
(I , .p·ri has 

;ei" 
ad~ept 

For each time slice thefollowing'inforrnation is 

read in the given order. 

1- Information for calculating .turning volumes 

1 card is required for each intersection J with 

format (5I3). The following information is read 

in the given order:·· 
,. 
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INT (J) Identification numPer of the ~ntersection , 
node 

NSUR(J,4) Identification numbers of the surrounding 

nodes provided in clockwise direction. 

In the case of a T-intersection, the 

first nillnber has to be zero and then the 

surrounding node numbers are given in·the 
"'= 

clockwise direction'in the way described 

in Appendix B. 

2- New Link information 
. 1 

1 card is read in for each ~ink I whose char act-

eristics to be changed in that time slice. The 

following information is read in with format 

(I3,6F6.2) in the given order: 

I Link identification number 

, 
v 

AA HI) Capacity of 1st sublink component (veh! 

time slice) 
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I 
cribed as HERGE (I, 2) when .NERGE (I, 1) has 

no flow. This is the capacity to accept 

vehicles to NERGE ·(I; 2) 

b) Data for Each Time Slice 
. 

For .each time slice the follO\~ing information is 

read in the given order. 
, 

1- Information for calculating turning volumes 

1 card 'is' required for each intersection J \~i th 

format. (5I3). The following information is read 

in the given order: 

123 

INT (J) Identification· number of the intersection 

node 

NSUR,(J ,4) .Identification numbers of the surrounding 

nodes provided in clockwise direction. 

In the case of a T-int~rsection, the 

first number has to be zero and then the 

surrounding node numbers ~re given in the 

clockwise direction in the \~ay described 

in Appendix B. 

2- New Link information 

1 card is read ~n for each link I whose charact

eristics are to be changed .in that time slice. The 

following information is read in with format 

(I3,6F6.2) i~the given order: 

I Link identification number 

AA l(l) Capacity of 1st sublink component (veh/ 

time slice) 

\ 
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~2(I) Capacity of 2nd sublink component (veh/ -

time slice") 

M3(II Capacity of 3rd sublink component (veh/ 

time slice) 

cuI (I) Unit cost of 1st sub link component (seconds)-

CU2 (11 Unit cost of 2nd sublink component (seconds) 

CD3(I) Unit 
, 

cost of 3rd sublink component (seconds) 

The number of cards used in a time slice J -must 

equal NLCHG (J) . 

3- New Merge Information 

1 card is read in for each merge-I to be altered \ 

in that timE) slice.' The follOldng information is 

provided with format (213, - 2F6.2) in the given order: 
o 

I ,The identification number of the merge section 

Nl The dmVl1stream link number of the merge - . 

section defined as NERGE (I,3) 

Xl The ne\~ ultimate 'entitlement for the link de-

fined as NERGE' (I,l) " 

X2 The new ultimate entitlement for the link 

defined as ~ffiRGE (I,2) 

The number of cards used in time slice J must be 

equal NMCHG(J). 

4- 0-0 ~!atrix 

The demands .from each origin to ordered destin-

ations are read in ~Iith Format (13F6.0). If 

NOEST ~ 13, only 1 card is required for each origin. 

If NOEST > 13, use two cards. 
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C.2 .Comeuter Output 

Generally, two types of information are output, . . 

namely initial output and time slice-related output. 

a) Initial Output 

This type of output is. given once at the beginning 

of the computer output. It includes all info/:mation \~hich 
is.common for all time slices. In that p~rt, the following 

is given: 

1- Definition of the program ~nd summary. of the main 

input parameters. .. ) 

2-' Summary of turn prohibitions in the net\~ork auto-

matically determined by the ·program. This list of 

turn prohibitions \~ill help the analyst to check them 

against those required for his network. If inconsist-

ency occurs, this means something is incorrect in the 

data he input for the upstream linkSf~9 each ·link. 

Furthermore, he can ensure that· the ~mum nun~er 
.. 

of turn prohibitions (80) is not exceeded. . ~ 

3- Output of original link information including capacity, 

cost and upstream links onto which queues may spill. 

4- Output of original merge information including entitle-

ment and ultimate capacities for each merge approach. 

b) Time Slice-Related output 
, 

This type of output is repeated for each time slice. 

It includes the four main parts described below: 

1- Output of ne\~ link and merge' characteristics 

If the user changes any characteristics Of net\~ork 
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·' 

I l2ti 

links .or merges, this ne\v in-fe;r;mation will be. I?rinted 

out at the beginning of that time slice, This includes 

any rampmete·ring rates considered in that time slice/' 
-' 

It should be noted that·· if the analys t specifies any ne\v 

information. for links or merges in a certain time slice, 

this new information and not the or;i.ginal one \vill be 

used in the following tim~ slice unless this information 
,-

is changed in that time·slice. 

2- Increment-related output 

This part of output is· optional and may be USCG to 

print information after each assignment increment·, 
,-..... 

This information includes increment number and cumll~ _ 

lative assigned fraction of the O-D matrix. Also, 

the number of the critical link is printed along with 

the attempted and allowable assignments of that critical 

link. The critical link is that one \vith the largest , 

ratio of attempted to allowable assignment in tn.at 

increment· When this ratio is less than or equal 1.0 

the iteration ends. 

3- Iteration-related output 

This output provides information on each· net\vork 

freeway and entrance ramp approach. This includes the 

flow assigned to each approach (vehjtime slice) and 

the queue size (vehicles) formed on and upstream of 

each approach at the end of iterat·ion. 

4- Final output 

The following information is printed out at the end 

of each time slice: 

i 
I 
I 
j 

\ 
j , 
.' 

, 
1 
'~ 
'j 
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i) link-flOl~ characteristics 

For.each link in the network the flow (vehiclesl 

ti~ slice) and travel costs (seconds) are printed. 

Each line in that output,specifies a group of 

links having 
. . ( 

the same upstream node. .These links 

are identified by that upstream node and their 

downstream nodes. The upstream nodes are printed 
\ 

., 
in ascending order. The cumulative total cost 

( seconds) is printed after. each group of links. 

When the upstream node is a congested point, the 

queued demand from that node to each destination is , 

printed \~ith the resulting cumulative total cost 

(seco·nds). It should be noted that this· total cost 

is accumulated for time slices. 

ii) Links having queues 

The net\~ork links having queues after each time 

slice are given with the queue size (vehicles) on 

each link. Each link is identified by its upstream 

and dOlffistream node numbers. 

iii) Links reaching capacity 

The net\~ork links reaching capacity after each 

time slice are gi ven \~i th the corresponding 

capaci ty. Each link is i.dentified by its upstream 

and dOlmstream node numbers. The capacity is 

expressed in vehicles per time slice. 

iv) Turning volumes at specified intersections 

For each intersection specified ~n that time 

slice the intersection node number and the sur-



\. 

c) 

rounding node numbers are printed alonglvi,th' the 

intersection legs and turning arrows. The 

turning vol~es (veh/time slice) are printe(j'on 

the corresponding arrows. / 

At the end of final'time slice the total 
~ .------

cost (veh-hours) for all time slices is printed. 
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Nessages of the pro<:j"ram 

The program st;ops if any of the following occurs: 

1- The links numbers are out of order. The program ' 

prints this· message: LINK INPUT OUT OF SEQUENCE 

2-<The upper limit of the n~er of increments is 

prints the following mes-exceeded. The program 

sage: INCRF.HENT LH!IT EXCEEDED 

3- The number of links stored in the minimum path table 

'exceeds 195 -. the program prints: LAST (IN TREE) 

= (the exceeding value) -INCREASE DINENSION OF 

TABLE 

4- The destination is not reached. The message is: 

NO PATH FRON '(origin no.)· TO (dest. no.) - LEFT 

DENAND = (left demand in veh/time slice) 

5- The number of upstream links feeding any turn pro-

hiQition node exceeds 4. The message is: NO. OF 

LINKS ENTERING THE TURN PROHIBITION NODE (node no.) 

MUST NOT EXCEED 4. 

I 
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APPENDIX .D 

. PROGRAM CORCON = ~ MODBL FOR INVESTIGATING TRAFFIC ASSIGN

. MENT AND CONTROL IN A FREEWAY CORRIDOR . 

To carry out the. logical sequences of the model des

cribed in Chapter 4, a computer program named CORCON was 

wri tten in FORTRAN IV language wi tho a porti,\n of Yagar' s' 

program [20] incorporated. 

The program CORCON consists of the main executive 

pr-ogra~. and the three subroutines HINPATH, FCONPT, and 

ASSIGN. MINPATH performs the f9n~ard procedure of the 

minimum path algorithm. FCONPT performs the back\~ard 

procedure and determines the' first congested point in 

the path. The assignment to minimum paths and calculation 

of turning volumes are carried out by ASSIGN .• 

Definitions and dimensions of the important variables 

used and a complete listing of· the computer program are 

given in this appendix. 

D.l Program variables 

The main variables contained in the computer program 

are given below. Capacities are in vehicles per time slice 

and costs are in seconds. 

A (130) 

Mel30) 

tentative assignment to the link up to present 

time in the increment. 

allowable assignm~nt to the link at present cost 



AAl(130) 

AA2 (130°) 

.. AA3 (130) 

AQ(lOO, 25) 

AS (130) 

ATQ(130) 

BBEG(9) 

C(75) 

C l( 79) 

CAP(130) 

CC (75, 4) 

CC1(75,4) 

CSQ (130) 

CU(130) 

CU1(130l 

CU2(130) 

CU3 ("130) 

D(lOO.25) 

...... 
130 

capacity of the first component of the link 

capacity of the second. component 9f the link 

capacity of the third component of the link 

cumulative queue to the /present time in the 
I 

iteration 

assignment to the link to. the present time 

in the iteration 

physical queue tentatively- on the link up to 

present time in the increment 

fraction of O-D matrix assigned in that 

iteration wh.en capacity borrowing started 

minimum cost of reaching the node in the 

first minimum path 

minimum cost of reaching the node in the 

second minimum path 

capacity of the link = AAl + AA2 + AA3 

/' 

the four upstream link costs of turn prohibi-

tion nodes considered in the first minimum 

path 

the fo~r upstream link costs of turn pro-

hibition nodes considered in the second 

minimum path 

capacity to serve queued vehicles on the link 

unit cost of the link used in the early tree 

unit cost of the first sublink component 

unit cost of the second sub link component 

unit cost of the third sUblq.pk r component 

O-D left from eacho node to all destinations 
\ 



DAl1P 

FET(130) 

.. FRN 

.FRNO 

FRNN 

GRO\~ 

.IB(130) 

IC 

ICT 

ICOHP (DO) 

IDEM 

IDIV 

INT (IO) 

IPP 

ISLCE 

ITREE (lOa) 

131 

/" 
predetermined fraction ofpossib~e shared 

capacity in each increment 

flow equivalent of a unit of flow on the 

link 
\ 

amount by which previous unit costs are 

weighed 

amount by \ihich unit cost of previous time 

slice is .\.;eighed into present slice 
-

amount by which pnitcostof previous iter-

ation is \.;eighed into present i tera tion 

fraction by which original O-D demand is y 

increased to give required demand level 

upstream node for the link 

number of queueing links. in the first minimum 

path from origin to a given destination 

number of queueing links in the network 

sublink component being us'ed at present 

for that link 

'number of iterations completed 

diversion control parameter. IF equals 1, 

diversion is considered' 

intersection node number for which turning 

volumes are to be calculated in that time 

slice 

number of increments up to the present time 

in the i~eration 

number of present time slice 

nodes from which minimum paths are built , 

-, 

I. 



IV 

JC 

JCl 

KD(25) 

KK (11) 

KO(25) 

, LAST 

L(130) 

LINK(75) 

LINKl (75) 

LINKC (130) 

LINKD(80) 

/ 

LINKK (75, 4) 

LINKK1(75, 4) 

• 
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number,of links to be considered for completion 

of mihimum paths 

first congested point in ,the first minlmum .. 
path 

first congested point in,the second minimum 

path 

destination node members 

position of first turning movement of each 

intersection in vector NSl(lOO) 

origin node numbers 

the number of links \~hose terminal nodes have 

to be considered for completion of minimum 

paths 

do~stream node for the link 

link upstream of that node corresponding to 

its minimum cost in the present tree of the 

first minimum paths 

link upstream of that node corresponding to 

its minimum cost in the present tree of the 

second minimum path 

queueing link numbers in the net\~ork 

do~stream link number of turn prohibition 

nodes 

the four upstream link numbers of turn pro-

hibition nodes considered in the first mini-

mum path 

the four upstream link numbers of the'turn 

prohibition nodes considered in the second 



, 
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minimum path 
. I 

L1NK1N (130, 4) upstream links of that link.'onto which queue 

L1NKU(80) 

LIDEM 

MA(75) 

MAB (130) 

HAT (75) 

MERGE (9, 13) 

MERGE (I, 1) 

MERGE (I, 2) 

MERGE (I, 3) 

~lERGE (I, 4) 

~lERGE(I, 5) 

MERGE ('I, 6) 

MERGE (I, 7) 

MERGE (I, 8) 

MERGE (I, 9) 

/ 
may spillback , 

upstream link nUmber of turn prohibition·nodes 

minimum number of iterations 

number of links out of that'node 

number of upstream links ,. feeding that link, . 

onto \~hich. queue may spillback 

identification number of first link.out'of 

that node 

characteristics. of each merging section I (as 

described belO\~) 

first merging link number of merge I - approach 

1, say 

second merging link· number of merge I - approach 

2, say 

downstream merging link number of merge I 

capacity entitlement of approach 1, used in 

the present iteration 

capacity entitlement of approach 2, used in 

the present iteration 

ultimate capacity of approach 1 

ultimate capacity of approach 2 

total merge capacity at the beginning of 

the iteration 

total merge capacity at the existing \~eaving 

flows 



'. 

MERGE (I, 10) 

MERGE (I,ll) 

MERGE (I, 12) 

, , 

MERGE (I, 13) 

MINe 

~lIDEM 

NAV(50) 

NDEST 

NIDEH 

NINTP ( 9) 

NLINKS 

NHERGE 

NNODE' 

NOD(75) 

NOMRG 

NORG 

NP (75) 

1,34 

ultimate enti.tlement at merge approach 1 

ultimate entitlement at merge approach 2 
• 

queue on and upstream of approach 1 at the 

end of the previous iteration 

queue on and upstream of approach 2 at' the 

end of the previous iteration 
/ 

maximum number of increment in an iteration \ 

mazimum number of iterations in each time 

slice 

link numbers out of O-D nodes in the net\~ork 

number of destinations 

maximum number of iterations that allO\~ 

sharing of merge capacity 

number of intersections for each time slice 

for which turning volumes are to be calculated 

'number of links 

number of merging sections (j 9) 

number of nodes 

storage of all net\~ork node number's with turn 

prohibition nodes having negative signs 
" 

control parameter indicates \~hether merge 

capacity entitlement may be varied (if equals , 

0, they may be varied) 

numb~r of origins 

the node upstream of that node, which corres-

ponds to its minimum cost in the early tree 

in the first minimum path 



" 

NPl (75) 

NS1(100) 

NSLCE 

NSU,R (10, 4) 

NTPRO 

NTPRbl 

OCU.(130) 

Pl 

PP 

PPT 

PQC (130) 

Q(lOO, 25) 

QCOST (130) 

R 

S 

I - , 
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the node upstream of that node, which 

corresponds to its minimum cost ih the early 
/ 

tree in the second minimum path 

upstream and downstream node numbers of 

turnin~ movements that are to be calculated 

number of time slices 
/ 

the surr?unding node numbers of each inter
l 

section \~hose turning volumes are to be 

calculated. , 

total number of turn prohibitions 

number of turn prohibitions except those for 

merging sections 

unit cost of the link at the end of previous 

iteration 

percentage of demand diverted from the first 

minimum path to the second minimum path in an 

increment 

inverse of fraction of remaining 0-0 matrix 

that can be assigned in present increment 

cumulative fraction of the 0-0 matrix that 

has been assigned 

physical queue capacity of that link 

te~tative queue to the present time in the 

increment / 

unit queue cost of queueing on that link est-

imated after each increment 

diversion constant in the diversi9n model 
• 

remaining fraction of 0-0 matrix 



" 
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SLICE length of time siice (hours) 

,SY(2S) dummy vector for reading demands that origin 

to all destinations 

TABLE (2,,200) l matrix I~i th two rows containing links to be 

considered for cqmpletion of minimum paths 

TC 

TQ (130.) 

TTC(2S) 

TURV(lOO) 

, , 

TURVl (100) 

v 

Z 

ZLINK (l00) 

ZLINKO(lOO) 

ZO(2S) 

accumulated total cost spent in the netl-lOrk 

.cumulative physical queue on the link up to 

the present time in the iteration' 

total queueing time (seconds) in the minimum 

path to that, 'destination 

tentatively assigned turning volume so far 

,in the increment 

cumulative assigned turning vOfume up to the . ,"", 
) present time in the iteration 

minimum equivalent queueing cost of traffic 

diverted from the first minimum path to the 

~\ . 
second m~n~mum path 

number of links out of all O-D nodes" 

identification number of the link on I~hich 

queue is formed in this time slice. This is 

used to avoid time slices_related illogical paths 

identification number of the l~k to be con
,~ 

side red out of the source f01hIP'urposes of 
\. :"~"-f "c;,', 

assigning queued ,demand in tht'Eil time slice. 

upstream node number of the link on Ivhich 
" . 

queue is formed. 

/ 



.' 

,. 

c 
C 
C 
C 

~ 
D.2 COl1PUTER PROGRAl1 LISTING 

PROGRAI'. TST (INPUT, Oll.'TPUT , TAPE5:;.INPUT, TAPE6=OUTP~T). 
INITIALIZATION ~OUTI~E 
000900000~OO§OOOOo~o~o 

REAL 
" ." 

PPY,S, '. 

-,.-y~ c ." 
A(130),AA~i30)'AA1(130)'AA2(130),AA3(1~0)'AG(IOO'25), 
A T8 (130) ,88 F. G (9) , C (75) ,C sa 113 0) ,cu2 ( 1:1 0) , CU3 ( 130 ), 
OC (130) ,I'ERG! 19,13) ,a (100,25) ,SY (25) . 

,C 

c 

·c 

" 
" 

INTEGER 

DfMENSI-dN 

NOEST,NLINKir~~CDE'NORG,SOURCE,t,Zl,Z2,Z3,Z4'Z5, . 
ICOMP Olo}, qilE'" (100) ,KD (25) ,KO(25) ,L!I'<K (7:') .MAP. (132)' 
NLCHG(9) ,N)JCHG(~) ,NP(75) ,ZL!,NK(lOO) IlLlNKOII00) ,ZOI<:5). 

A51130) ,Cl17S) ,CAPI130)'CCI75,1t) .CCI (75~4) ,CUlllO)' 
" 
" " 

COMMON . " . 
. " 
. " 

DATA 

D( 00,25) .LJNKl (130) .LINKC 130) ,UI':KK(15,4) ,L!Nr.Kl (7.5.4) 
.,)"LD (20) ,f'LU/20), NIInp (9) '~;oOUL IS) ,NPl (75)" . 
poC(130) 'OCO!iT 1130) ,TO(130) ,nc (25), TUtiY(lOO) 

.INTAP.JCI'NH,~INT,NNODE.NTPRO.NTPR01.NLINKS.NR,Z, . 
cui ( 13 0) ,F ET (130) • 18 (l3 0) oI NT (lo ) ,V,K ( 11 ) ,L ( 13 Q) , . 

~> L;!Nr.II':(I"0'4) ,LP'TD(8Q)rLlNTU(80)·,f<AI'75).,!J,AT175j ,NAY(50) 
'NOD (75) ,I\SI (100) ,NS\)R ( 0,41 ,TI!Ryl (lOV) 'NRC (5) ,ZLlNKO . 

TC,AO/2 5 01"0.0/,isLCE/I/,ZLINK/100<lOI 

8 INPUT DATA 
C ·04utoottOiHJO 

8 
C 

_-~ c 
C 

c 

CO~TROL CARD FOHOIYERSiON CONSIDERATION 
READ (5.558) IDlY '. 

INTEGER VALUES . . 
REAO 82'NCRG'NDEST'NNODE'NSLCE,NLINKS'NMERGE'INTAP,MIOEM'~1OEM 
"LIOEM,NO~RG,MINC,IO. . . 

REAL VALUES • .. . 
REAOA4,SLICE'oA~P~FRNO,F~NN.GROW'R 

NU~8ER OF LINK DESCRIPTION CHA~~ES feR EACH TIME SL~CE 
READ AO'(NLCHG(TL~f=l ~5LCE) 

NU~AE~ OF MERGE OESCH PT;O~ CHANGES FOR EACH TIME S~lCE 
C READf~eDN8~'~~M~~9!1~tI~~'~~bi~&Q FOR EACH TIME SLIC~.· 

READ(5.82) (!'IINTP(I)f!:,!,I\SLCC.) , ... c 
C 

C 

OR IG PI I>ODE NUrl.l:IERS .. 
R£AD 80' (KOql 'l=l'~oqG) 

oEST~NATION I\OD~ NUMeERs. 
.. READ aO'(KO(l),·l=l'~fJEST) 

NU~BER OF.L!NKS OUT.CF EA~H ~ODE 
READ 83' (~A (~). 1'::1 ,I)'NOol';) 

\ 

) 

---

I-' 
W 
-oJ 

. 

~ 



< 

C 'READING L~K INFORMATION ,.-11\ ASCENDING ORDER BY LIM NU~BER 
00 849 X=1,NLINRS 
READ 8 'LL, , , ' 

I r B ( U\) ,L I I X) , A A 1 ( I X) 'A A 2 ( I X " A A 3 ( I X) 'C U 1 (I X) , " 

C 

C 

~ 
C e 

C 
C 

ICu2(IX) ,CU3 (IX) ,pCC (IX) ,FEr (IX) ,MAa (IX), (L!NKrN(IX,J) ,Jcl,4) 
IF(LL.NE~IX) GO TO 62 " 
CAPI!X)=AAIIIX)+AA2IIX)+AA3IIX) , 
fFIPOCIIXI·I:T •• oOOl) PGCIIX)=·ro081 
FICU21IX • T.cv, (IX» CVZI!X =C lIIX) 

IFlctJ3IIX).LT,CV2(IX» Cli3(III)=CU2(!X) 
OCUIIX)=o. 

849 CONTINUE 
DESCRIPTION OF EACH 2 TO 1 LINK MERGE SECTION 

DO 1194 JL=l,NMERGE ' 
READ 86' (MERGE(JL,IM),I~=1,7) 

1194 88NHN¥ij '. ' __ , 
62 PRINT 63 

STOP 
90 PRINT 81 

STpP ,. 
PRINT SUMMARY OF THE'MAIN II\PUT PARA~ETERS 
70 PRINT 109 
. WRITE(6'199) , 

( 
',' 
'~\ 

c 

PRINT 179.10IVl NOMRG ~DA~P! 
INSLCE,SLICE,NL NKS,l\NouE,l\ORG'NDEST, FRNO,FRNN,GROW,R 

INITIAL PREPARATION FOR,ALL TIME SLICES 
~OOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOO*OOO 

CALCULATING .IDENTIFICATION I\UMBER OF FIRST L.IN~UT OF EACH NODE 
MATIII=l 
00 99 JA=2,NNOOE 
MAT(JA)=MAT(JA-l)+MA~~A~l) 

99 CO~JT INUE 
pREPARE A VECTOR REOUIRED FOR AVOIDII\G ILLIGIcAL PATHS THROUGH 
0-0 NODES 
, Z=o 

88 37 I=l,NORG 
7 J=l,NDFST . . 

IFIKOII).EO.KDIJ» GO TC 27 
GO TO 7 

27 Zl=KOII) 
l2=I'ATI Zll ' 
Z3=I/A IZI) 
DC 34 II=1,Z3 
Z=Z+l 

39 NAVJZ)=l2+II-1 

, 
~·.:ii:~"'·C ;·rM·".,.....-.·o ··,;, .... ·',;;..iSf.xbH'· - ·'···_·;"';'-~~r~~'>di--.;,-; ... _" ..... . ..... _. ___ ,...:.JoL,. .. ~ ... _..:,~ _~-"';""---"~ 

'op 

\ 

" 

r"-

>' 

~ .. 

Ie-' 
W 
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1 ·CONTINUI:. 
31 CONTINUE 

C PREPARE AUTOMATIC TURN PRCHIBITIONS . 
111=0 
NTPRO)=O 
00 853 lX=I,NNOOE 

94 2go~t dfA&5 
I V=O 
00 2 Kl=1 NOE5T· 
IFIIX.EO.AoIKlll ·GO TO 853 

2 COtHINUE . 
LINO=IIATIIX) 
LINKE=MAIIX)+LINO-l 
00 852 J=LI~40'LINKE 
00 &57+ Jl=l. 
M=LINKINIJ.JI) 
IFIV.EO.O) GO TO 854 
9~1~~E6:~c~UL(I)) GO TO 854 

95· CorHINUE 
IV=IV+l 
IFIIV.GT.5) PRINT 195.IX 
NODULIIV)=M 

854 CgNTINUE . 
852 C NT NUE 

00 860 J2=1.5 . 
IFI~00ULIJ2).EO.0) GO TC 853 
00 861 J=LINO,LINKE 
00 862 Jl=lt 4 
M=LINKINIJ'JI1 . _ 
IFIV.EO.NODUL(J2,J GO TC 86} 

862 CONTINUE . 
IFIJ .EQ.lI 60 TO 105. 
IFIJ .EO.~LINKSI ·GO TO 106 

105IFIIBIJ).EO.LBIJ+11.MJO.LIJI.EO.LIJ+1 11 
IFIJ.EO.ll nO TO lur. . 

106 IF(Iel") .EQ.IB(J-l1 ;ANO.LIJI .ECl.L(J·lI) 
101 NTPROl=NTPROf+l . 

LI~TU(NTPROll=NOOUL(J2) 
LINTO (NTpROl =J . 
GO TO 861 

855 r 11 = J II + 1 
. PlUlIl1)=NOOUL(J21 

r~LOIJll)=J 
861 CONTINUE 
860 CONTINUE 
853 CONTINUE 

,~- :.~ .. ..(...'";"::""",,,;,...'::,~.,,,,--,-""-"~" ~-~--...... --------------

-- " 

;~ 

\\ 
1\ 

GO TO .855 

GO TO 855 

/ 

\" 

\ 

" 

\ 
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~ 

• 

--------

I-' 
W. 

'" 



NTPRO=NTpROl 
IFIIll.EO.O) GO TO 859 
DO 857 J=l.rll 
NTPRO=NTPRO+l . 
LINTUINTPRO )~LUIJ) 
LINTOINTpRO )-~LOIJ) 

857 CONTI /liUE 
859 DO 301 I=l.NNODE 
301 NOOII)=I 

IFINTPRb.EQ.O) GO TO'85 
DO 303 -11,,..,rPRO 
K4=LINT I 

1 

·K5=LCK4) , . 
IFCNODIK5).LT. o ) GO To 3Q3 
NODIK5)=.CK5~10u.I) 

{.. 

303 CONTINUE / . 
C pRINT TORN PROHlBITICNS 

I WRIl'E 16.570) 
DO 580 I=l.r,TPRO 
J1=LINTUII) 
J2=LINTDtI) . 
IFII.GT.NTPR 01) GO TO.581 . 
WR 11E.l6. 512) I • IB I J 1) • L I J 11 • IB I J2) ,LlJ2) 
GO TO 580 . 

581 WRITEC6,515)I,IBIJ1),LfJl).IBIJ2),LIJ2) 
580 CONTI~UE .. 

WRITEI6'513) _ 
C . PRINT LINK INFORMATION 

PRINT 1&0 
PRIN:r 191 
DO 1914 NA=l'NLINKS .. 
PRINT 198' NA,IBINA)'L INAJIAAIINA),AA2INA),AA3INA),CUICNA),CUZCNA) 

1.CU3CNA),ILINKINCNA,J).J=1.41 '. 
1974 CONTINUE . . '. 

C PRINT ORIGINAL MERGE INFOR~ATION . 
WR11EI6,ZOO) 

C 
C 
C 
C 

DO 2511 JL=l.NMERGE 
WRITE 6'281)MERGECJL~11'~ERGEJ~L'41'~ERGECJL'6) 
WRITEI6'2 2)JL'~ERGEIJL;3) .. 
WR TEI6.203)11ERGEIJL.21 ,f'ERGEIJL,5) .~ERGECJLt7) 

250 CONTINUE . 
THE --REGINNING Of A TIME. SL·ICE. 
90ooooooo~ooo*oooo.oooooo~~ooo 

Z4=O 
85 IOEv=O 

, 

, 

, 

• 
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o· 
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. FRN=FRNO . 
\flUTE 16'"1851 I SLCE . 

C CHECK IF ANY INTERSECT rON T-C eE PLOTTED IN THIS TIME SLICE 
N1NTcNINTPIISLCEI 
Nl=O ._. 
IFININT.EO.O) GO Tfr 123 
00 127 MI=I.NfNT . 

127 REAOI5,563I1N 1~11'INSURI~I,II.Ifl,41 
C PREPARE VECTORS FOR TURNT~G VOLUMES FlOTTING 

DO 120 I=l.NINT 
Ll=NSURIItll 
L2=NSURII.21 
L3=NSUR '-1.31 
.L4=NSUR I I .41 
KK I I I:;N 1 tl . 
IF Ll.EQ.o) GO TO 121 
Nl=1II1·a . 
NSIINl-71=L40100+l1 
NSIINl-61=L2°100+LI 
NSI 111)-5 =Ll° 88+L4 
NSI IN l-4 1=Ll°l +L2·· 

.121 IF1Ll.NE.01 GO TO 122 
Nl=Nl+4 

122 NSIINI-3 1=L3°100+l4 
NSl'NI-2)=l3°188+L2 NS IN -1)=14° ~L3 
NSIINl)=L2°100+L3 

120 CONTINUE 0 

. KK l l+NINT)=N1+1 '-
CALTERING ANY LINK CHARAcTERISTICS IN THrs TIME SLICt. 

123 N=NLCHG I 1SLCE) -. 
WRITE 16'205) 
IF(N~EO.OIGO TO 251 
IoIRlTt.16 .• 213) . I 

DO 8 I=l.N . 
READ 03.~.xl'X2,X3'X4,X5,X6 
WRITEI6'19a)M'IBI~)'LI"') ,Xl,X2,X3,X4,X5,X6 
AA11fotl=Xl 
AA2Ifot)=X2 
AA31~I=X3 . _ 

. CAP(fot =AAIIMI+AA2(MI+AA31~) 
CUl(H)=X4 
CU2(M)=X5 

8 CU3(,..,=X6 
GO TO 3 

251 IF1JSLCE.EQ.11 GO TO 253 
WRITE (6'2071 
GO TO 3 

253 ItR UE (6 '206) 

./ 

\. 
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c 

C 
C 

• \ 
\~ ...... , 

, \ 

~LTERING ANY MERGE C~ARACTERISTCS IN THIS TIME SLIC~ 
3 N=NJlCHG ( I SLCE 1 . -

WRITE (6'2081 
IF1N~EO.O) GO TO 252 
WflITE 16'2141 
NR=O 
DO 4 I=l,N 
READ 104,/I,M1IXl,X2 
IFIXl."E.O.1 60 TC 22 
NR=NR+l 
NRCINRl=MERG~(M.ll 
GO TO 38 

22 !F(X2.~E.o.1 GO TC 38· 
NR=NR+l 
NRCINR'=JlERGEtM.21 _ 

38 WR!TElb'20lIMER~E( /I,l).Xl ,MERGE(.M,6l 
WRITE (6,202) M,JI""RGE t 1/.31 
~RITEI6'203)MERG~1 V,21.X2 .MERGE( M'7) 
!FIJlERGE(/I,31.NE.Mll PRlhT 63 
MERGEII'.,4'=Xl 

4 I~ERGE 1/I,5J.=X2 
WRITE 16'2151 
GO TO 9 

252 IFI!SLCE.EO.ll GO TO 254 
WRITE 16.210' 
GO TO 9 . . 

254 WR!TEI6,209l . 
9 DO 1295 JL= l!NMERGE . . 

CAP'MERGEtJL'1'!=VERGFfoJL,4l 
AAIIJlERGEIJL' 1 =VERGE~JL,4) 

. CAP!MERGE\JL'2!1=MERGE!~L,5! . . AAI r~ERGE JL' ="ERGE • 'L,5 . 
EACH MERGE HAS N~ FAVINd'O BEGIN. VARIATION IN ITS 
CAPACITY IS BORNE RY ITS H!G~EST SU8~INK COMPONENTS •. 

JlERGEIJL,8l=MERGEIJL'41'VERGE(JL'~1 . . 
MERGEIJL.gl=MERG£(JL,8l . 
MERGEIJL,lO,=MERGEtJL.4l 
MERGEIJL,111=MERGEtJL.5l < 
tJERGEIJL,12'=u. 
MERGEIJL.13l=O. . 
1=I'.ERGEIJL'3

' CAPIl,=MERGE IJL,I;jI. 
AA3III=CAPIIl-A~IIIl-AA2.( !l 
!FIAA31Il.GE.O., GO TO 1295 
AA3\II=O. 
AA2 I =CAPI!l-AAIIIl . 
IFIAA2111.GE·~.lGO To 1295 , 
AA21!'=O. \ 

/' 

DOWNSTREAM LINK~S 

~ 

.... .... 
IV 



_ AAIII)=CAPII) 
1295 CONTINUE 
C SETTING THE DEMAND MATRIx EQ~A~ TO T~E QUEUED DEMAND 

NNODEl=NNODE+25 -" 
DO 23 I =1.hNCDEl 
ZLINKOII)=ZLINKII) 
DO 23 .1=I.NCEST 

;:>3DII • .1)=AOII.,J.) ... 
C ADDING ON THE D~MAND MATRIX FOR THE hEW TIME SLICE • 

. DO 25 IX=I.NCRG . 
READ H6.(SY(.1)'.1=I.NCE5T) 
II=KO(IX) . . 
DO 25 .1=) 'N~ST .. .. 
"III • .1)=SY( 0 .+GR )+ OIl • ) . 

·C ~~C8RDING ACTI E S~6RCE ~~CES Fok ~HIS TIME SLICE IN A VECTOR 
DO 13 .1.1=I.NNOOEl . 

C 
C 
C 
C 

13 ITREE(.1.1)=O 
~N=rmOOE+Z4 
DO 15 I=I.~t-. 
OEMANO=O.O 
DO 11 .1=1. NOEST' 

II OEMANO=OEMAt-.U+OII • .1) 
IFIDE~ANO.LT.u.I)GO TO 15 
IFII.LE.NhOD~) GO TO 126 
M"'=ZO (I-NNOOE) 
I TREE (I) =/1./'. 
GO TO 15 

126 !TREE (I) = I 
15 CONTIr>:UE 

IFIIO.EO.O) GO TO 255 
WRITE (6'212) 

255 ~2If~I~!21}) 
ROUTINE FOR EACH ITERATION 
000000000000000 0 0000000000 

21 DO 24 I=}.NNOOEI 
ZLINK (I) =0 
DO 24 .1=}'NOEST 

24 AQI1 • .1)=O. 
Z4=0 
IOE/I.=IOEM+l 
PRINT 186. IOEM 
IFIIO.EO.U) GO TO 
PRINT 182" 
PRINT 183 

108 

to 

\ 

" 
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\ 

C 

108 IPP=O 
PPY=O. 
S=I. 

-. 

DO 41 I=l'N~ERGE 
41 B8EG(II=O. 
BEGINNING WITH FIRST 
, DO 71 IX=I,M.INKS 

. ICOI'P (IXI =1 
CUIlXI=CUlIIXI 
AAI IX I=AAl(lX I 

sUBi 1-t-K COMPONEr.TS AND NO ASSIGNED DEMANDS 

TO IX =0. 
·CSOIIXI=CAPIIXI 
OCOSTIIXI=O.U 

71 ASIIXI=O 
IFIN1.EQ.01 GO TO 10 
DO 125 I=l,Nl 

125 I~~~6III=0. 
'v' 

E BEGINNING-OF THE ROUTlt-E FCR AN INCREMENT IN THE ASSIGNMENT 
C oooo~oo~ooooooooooooooooooooooooooooooooo~o~ooooo~oooo00000 
C • 

C 

10 IPP=IPP+l 
00 14 I=I,NNODEI 
00 14 J=I,NOEST 

14 OII.JI=O. . 
CALCULATION OF UNIT COST~ TO USE IN FINDING MIN. COST PATHS 

00 301 IX=1 ,I~LINKS -
. CU(IXI=CU(IXI~ll.-FRNI+CCU(IXI~FRN 

AIIXI=O. 
301 ATQ(lX'I=O. 

IFIN1.Ea.UI GO TO 26 
DO 124 I=I,Nl 

\ 

124 TURV I II =0. .. . 
C TE~TATIVeLY ASSIGNING ALI RE~AININGOEMANO FROM EACH SOURCE NODE --DOWN 
C TO STATEMENT 229 

C 

26 DO 229 NH=l,MN 
SOURCE=ITREE(NHI, . 
IFISOURCE.EC·OI GO TO 229 

INITIALISE NCD~ LABELS 
00 35 NODE=I'NNCOE . 

. C (NCOE 1=9999· 
IFI~OD(NODEI.GT'OI GO lC 35 
DO 304 J=1.4 
L INKK (NODE, J I =0 

304 CC(NODE.JI=9999. 
35 CONTINUE .. 

./ 

\ 

-----

.. 

r 

. , 

I 

.... .... .... 
-----



, 

CISOURCE)=O.O .. . _ 
Y2=0. _. 

C ROUYf~~ ~b~P~I~HI5~~~~~A~~t~~~o~~!~b~~~'f8TsY~f~~?~Y'~2NKK) 
IFIIOIV.EC.O) Go TO 1000 
IF (ICT .EO.O) GO TC 10no 
00 36 NOOE=l,NNOoE 
ClINOOE)=999V. ,. 
IFlhCOINOOE).GT.O) GO TO 36 
00 305 J=1.4 . 
LINKK} INODE,J)=O 

305 CCIINODE.J)=9999. 
36 CDNTIr~UE 

ClIS0URCE)=0.0 J 

p 

Y2=1. . 
CALL ~INPATH ISOURCE.Cl.LINKl,NPl,LINKC,ICT.CU,Y2'CCl,LINKK1) 

1000 00 15000 IY=l'NDEST _, . 
IF 10 INH ,IY)"S:LE.n.ll GO TO 15000 i, 

Il=KO I~Y) IFIll. O.SOUHCE)GO TO 15000 ' 
IF ICI l).GE. 9998.) GC TO 100 
TTCIIY)=O. _ . '. 

" CALL FCOIIPT III.NP.LINK,TTC.fCtlY,JC,SOURCE,QCOsI. 
/AS,CAP,TO,PQC, CU'CC.LIhKK,C,Z51 . 

IFIIOIV.EC.o) GO TO 15 02 

I FII~ .Eo.O) GO TO 15n02 
FICl(11).GE.9998.) GO 1015002' 

CALL FCONPT I.II'NPl'LTNK1'TTC'IC.IY'JCl.S~URCE'OC 
/OST'AS,CAP,TO,PQC' CU,CC1.LINKKl.Cl,Zj11 

C CALCULATION OF PtRcENTAGE_OIYERTtO .' 
TFITTCIIYl.LT.I·'TTC/rY'=lr ' . -9=1.+[CIIIIJ-CIII lTTCllYJ 
Pl=t·/YOOR -

. GO 0 1~003 
15002 Pl~O. _ 
15003 IFIP1.EQ.1.0» Gg' TO 15006 

IF(JC.EQ.Il G TO 131 
C STORAGE OF QUEUES ANO PREPARATION FOR TIME SLICES -RELATED ILLOGICAL 
C PAT~F IJC.EO.50URCE) ,GO TO 110 ..' 

. ~L=NNOOE·l . 
NL=NNOOE.Z4 _ 
IFIZ4.EQ~O) GO TO 14n 
00 130 J=~L.NL . 
IFIZLINKIJ,.NE.Z5)· GO 1C'130 
OIJ,IY'=QIJ,lY).oINH ,ry,"So ll.-Pl) 
GO TO }31 , 

-------

'\ 

f-' ..,. 
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130 CONTINUE 
40 Z4=Z4+1 

ZOCZ4l=JCI ' 
ZLINKINL+1l~Z5, " 
o tNNOOE+Z4, T 0=0 C~NODI:+Z4. IYl +0 INH , IY) ItSIt C I.-PI) , 
IFCZLINKOtNH).EO.O) GO TO 13 1 
IF(L(ZLINKOt'~Hll.EO.JCl GC TO 15005 
GO TO 131 ' , 

110 O(JC ,IY)=OIJC 'IY)+D(N~ 'Iy)ltS O ll._Pl) 
GO TO 15005 ' 

---

131 X=}.-pl . 
C TE~TATIVELY STORE OUE~ED OE~A~O '~SSIGNGUEUES AND FLOWs TO LI~KS IN THE 
C FIRST IHN. PATH" " 

CALL ASSIGN IJC'LINK'II'AT~,A'!Y'~P,SOURCE,X'O,S'TURV.POC,OCOST) 
15005 IF CP] .EO.o.) GO TC lc:;ooO' ' , 
C TEI,TATIVELY ASSIGN FLOI\S TC. LINKS IN THE 2ND MINIMUM pATH 
15006 X=Pl ',' . 

CAll ASSIGNIJC1'LI~Kl.II'ATO'A,IY.NPl,SOURCE'X,0'S,TURV,POC,OCOST) 
15000 CONTINUE ~ 

, GO TO 229 
loa 01=DtNH ,IY)oS ,. 

PRINT 102,SOURCE,KOIIy).D] 
, STOP 

229 CONTINUE 
C T ' C FI~OING THE CRI leAL lINK kHICH LIMITS THE FRACTION,OF THE WHOLE" 
C OE~ANO MATRIX THAT CAN BE .SSIGNED.--FINDING TH'S FHACTION. • C " . 

c 

c 

Pp=o. 
DO 409 IBEGIN=I,NLI~KS 
IF (A (IBEGIN) 'LT'.OOO]l ,GO TO 409 
P=AJI&EGIN)!AAIIAEGINl 
IF IP .LT. PP) GO TC 409 ' ,-
pp"p 
IBAST:;IBEGJN 
AXE=A t I!:lEGINJ 
BXE=AA-IIBEGtN) 

409 CONTINUE 
IFIPP.LE.l.0)PP=I. 
IFIPP.GT.180S·) PP=la~o· 

INCREMENT OUE E DEMANDS 
DO 45 I=l'N~UOEl 
DO 45 J=1,NDEST " 

45 AGII'J)=AOtI'Jl+OII'J)!FP 
INCREMENTING ASSIGNMENTS OF FLOWS AND OUEUES TO LINKS 

'DO 4~ IA=l,NLINKS 
TOCIA)=TOCI,I+ATOIIAl/PF 

'\ 

.... 
"" '" 

. ' 



·48 ASCIA1=ASCIA/+ACIA1/Pp 
I IFC Nl.EO.Ol GO TO 414 08 129 1=1, Nl 

• ... 

129 T RV]CIl=TURVlC!I+TURVCIl/PP 
41~ IF CJPP.GE.~1NCl ·GO Tn 98 

C CALCULATE CU/lULATlVE FRACTl /\ OF 0-0,5 ASSIGNED 
s=soCPP-l.l/PP . 

. IFIS.GT •• OO-l) GO TO 302 . 
5=0. 
PP=l. 

302 PPY=l.DO-s '. 
IFIIO.EQ.OI Go TO 101 
PRINT 91,IPP'pPY, IBAST,AXE,BXE C 000 

C WEAVE ROUTINE C 000 

E ~ERGE ROUTINE FOR SHARING ·CF MERGE CAPACITY AMONG II, APPROAC~ES 
C l' . 101 IFIIDEM.GT.N DE~1 GO TO 12 

c 
C 

C 

C 

DO 10000 ~C=l'N~EHGE __ 
IFCPPY.EO.Q.) GO TO InoOO 
Ll=~ERGEI~C,ll .. 
L2=~ERGE'~C"~1 
L3=~ERGEI~C.3 .. . 
IFIASILI,.L. T. CA~(Ll).AND.ASIL,).LT. CAPIL21)GO To 10000 
IFIAS!L I.GE. CA~ILl).AND!AS!L~I.GE. CAPCL~))GO TO 0000 
IFIBBEG!MCI.~Q.O"AND.PFY.NET·l.) BBEGCMC)=PPY 
IFCAS!Lll.G£. CAP!Ll))GO 0 10003 

Ll SHARES ITS ~~RGE CAFACITY ENTITLE~ENT WITH L2 
RESERVE SOME C,PACITY BEFOHE SHARING 

RES=ASILIIO!l -PpY)/PPY 
RES=RES+MERGElMC,l2 1oI 1.-PPY)/Cl.-BBEGCPC)) 
F=ASILl)+HES . 
RATIO=MERGECMC,9)/MERGEC~C,8) . . -

IF NOTHING TO SHARE. SKTP IT 
IFCF.GT.~ERftECMC'4)aRATI8) GO TO 10000 

CALCULATE AMOUNI WHICH CnUl BE GlvE/\ TO L2 . 
EXCESS=RATIO IMERGEC~C,7).F/MERGEIMC'410CMERGECMC'5)-MERGEIMC,7)) 

/-ASIL21 
IFIEXCESs.LE.O.) GO Tn 10000 \ 
CAP(l21=CAPCL21+EXCEssaCA~p 
AAl'l21=CAPIL~1 
CAPILII=RATfO MERGEC~C,4)oCMERGECPC'71-CAPCL2)I/CMERGECMC~7)-

/MERGEC~C,5) • 
AAIILll=CAPILl) . 
CAPIL3!=CA~(~1)+C~P!l?) . 

\ 

~ 

------
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AA 3 I L3 I ::CA P 11.-3 ) - AA 1 I L 3 ) .• A" 2 C 1.3 I 
GO TO !onno " 

C L2 S~ARES ITS ~ERGE CAPACITY ENTITLE~ENT WITH L1 
C RESERVE SOME CAPACITY BEFORE SHARING 
10003 RES::ASIL21~C!.-PPY)/ppy 

RES::RES+MERGECMC.131~C1'-PPYlIC1.-~8EG{MClJ F::ASCL2)+RES " 
RATIO=MERGE(MC.91/MERr,EC~C.81 

C IF NOTHI~G TO SHARE. SKyp IT 
IFCF.GT.MER~ECMC,51"GRATIOI GO TO 10000 " " ". 

C CALCULATE AMCUNT WHICH COULD BE GIVEh TO L1 
EXCESS::RAYIO~(MERGECMC.61+F/MERGE(MC.5)~(MERGE(MC'41_MERGECMC.6111 I-ASCLII ." ." 
IFCExCESS.LE.2.) GO TO 10000 
CAPCL11=CAPCL1)·EXCES~~OA~P 
AAICLll=CAPCbl). . 
CAPCL2)=RATI ~MERGE(MC.5)G(MERGE(~C'6)-CAP(L1»/(MERGE(MC'61_ 

II'ERGECI'C.411 

~£~!L§!:E£=!t'I.CAP(1:2) -
\AA3f~3)=CAPCL3)-AAl( 3)-A~2(L31 

10000 CON 'r~UE 
C UPDATING LINKS 

12 DO 4100 IX=l.NLINKS g 
C 
C 

C 

PREPARING APpROPRIATE LY~KS FOR QUEUING. ESTIMATES OF QUEUE SERVING 
CAPACITIES AND UNIT COST~ ·CF QUEUING--DO~N TO STATE~ENT 4100 

IFlASClX).LT. CAP(IX" .AND.TG(IX) .LT.pQC(lX) 
IF(ASCIXI.EQtO.1 GO TO 4100 

PASSING BACK ES IMATE OF CAPACITY TO SERVE QUEUE 
I::IBCIX) 
FO::O. 
FI=O. 
JO =1' AT C f I -1 
JO=MA (I 
JY::"'t.8CIx) __ 
IF (JI.EO.Ol GO TO 4100 
08 30 J=I.JO 3D F =FO+AS(JO.J) 
00 31 J=l.Jl 

31 FI~FI+~SCLINKIN(IX.J» 
IFCFI.LT.1.1 FI=I. 
00 4110 J=I,JI 
IRR::LINKI~(IA.J) _ 
CSQ(YRR1=CSa(!X)~ASCIRR1/FI~FO/ASCIX) I IF (CSQ IIRR) .LT.}:>') r:SQ (IRR) =15. 

o 

lGO TO 4100 

.:? 

I-' .... 
CO 
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"IFICSQIIRRI GT.CAP~IRRIIC5QIIRRJ=CAPIIRRI 
4118 OCOSTIIRRI=fQ IRRI/CsaIIR~103600.~SLICE.I. 
4 0 CONTINUE -

C " 
C FI~DING APPROPRIATE SU8LiNK. UNIT FLOW COST AND CORRESPONDING CAPACITY FOR 
C EAcH LINK' " 
C 

ICT=O 
DO 4118 IX=l.NLINKS 
IF(ASIIXI,LT, CAPIIXI 
IijO/lP I I X 1 =4 
CUS=CU3IIXI 
AAS=8' GO T 4114 

. \ 
.AND,TQIIXI,LT,pQCIIXI 

GO TO 4113 4111 IF lAS !.IxI ,GE.AA~IIXI 
ICOl'P(I)(I=1 
AAS=AAIIIXJ-ASIIXI 
CUS=CU IIXI " 

4113 'PIIg;tl}~GE!AAIIIXI.iA2(IXI 
ICO/l PI IXJ=2 ( 

I GO TO 4115 
AAS=AA (IXI+AA~IIXI-ASCIXI 
CUS=CU2(JXI 
GO TO 4114 

4115 ICOl'PCIxI=3 
AAS=CAPIIXI-AS(IXI 

I 

IGO TO 4111 

r-

. CU5=CU3IIXI . 
C FI~DING UNIT COST CF QUEuEI~G AND APPROPRIATE CAPACITY FOR EACH LINK 

4114 IFIAA5,EO,o.IGO TO 40 
IF(OCOST(IXI·LT.I.1 GO TO 4120 

" OCOSTfIXI=TQIIXJGC5QITXI036QO.OSLICE+1. 
C LTNKS ceN" AINING QU; ES IN THE p.IN. PATR 

40 ICT=ICT+l . 
LINKCIICTI=IX _ 
IF!AAS.EO.o.1 GO TO 4120 " 
IF TOIIXI.Gl.POC(lXII.GC TO 4122 
CUS=CUSoIl.-T01Ixl/PgrIIXJI 

C FI~DJNG TOTAL COST A~D APp~eFRIATE CAPACITY FOR EACH LINK 
4122 IFICSQIIXI0.V2.LT.AASI AA5=C 50IIXlo.02 . 

. IFIPOCIIXI.Lt •• QU011 GO TO 4120 
IFIPOCIIXI-TUIIXI.LT,AASI AA5=PQCIIXI-TQIIXI 

4120 CUIIXI=OCOSTIIX).CUS • 
AAIIXI=AAS " 

4118 CONTINUE 

-

C 
C 
C 
c 

END OF AN INCRE~ENT " • . 
OOOO~900*oooooooOOOO§OGOQoooOOOooooooooooooooooooooooo000000000000000 

-" 
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~-'''W.' 

c 

c 

c 
c c 

c 

c 
c 

c 
c 
-~ 

• 

':. 

IF MORE DEMAND TO ASSIGN_I~ THIS ITERATION, 
IFIPP.GT.l.O) GO TO l~ 
PRINT 184 
PRINT 189· . 

STORE OLD UNIT COSTS' FOR NEXT ITERATION 
DO 28 I=l,NLI~KS 

280CUII)=CUIIl 
FRtl=FRNN 

'",?" 
I 

SETTING ~ERGECAPACITY ENTITLE~ENTS FOR NEXT ITERATION 

JOE=O 
DO 16 ~C=l.~MERGE 
L 1 ==I'ERGE ("C q) 
L2=fJERGE ("'C,.::) 
L3=LlNKIN Ill' 1) 

h:f~~~Pl~Jk'A~!9)/MERnE(fJC,8) 
El=I'ERGE (I'C.10I"RIIT10 . 
E2="'ERGE(~C'11 "R~TIO: 

ESTI"'~TI,NG LEFTOVER CUEUE FOR EACH APPROACH 
TLl=TC(L3) . . 
TL2=TOIL4) 
DO 17 1=1,4 
J=LINKIN(L3·I) . 
IFIJ.NE.O) TL1=TLl+TOIJ) 
J=LINKIn(L4.I) . 

17 IF(J.~E'OI TL2=TL2+TO(J) 
I'.ERGE (f/C, 12) =TLl • 
",ERGE.(MC,13)=TL2 _ 

CALCULATE TEfJPORARY ENTITLEfJENTS IF APPROPRIATE 
IF(hOvRG.GE.1) GO TO 20 

ESTII'AT1NG TCTAL DEMAND FOR EACH APPROACH 
TLl=TLl+AS(LL) 

INCREfJENT 

, 

@ 

, 
TL2=TL2+AS(L~) 

ESTI!'ATING APPROPRIATE ENTITLEMENTS eN 8ASIS OF MAS!ER ENTITLEMENTS~" 
AND EsT11'AtED DEr~A"DS _ . . 

IF ITL:<.~ .E2) GO TO 18 
IF(TLl.GE.El) GO TO 33 
EXC=E1-TLl 
REO=TL2-E2 
DIFF=EXC-REC 
IF(DIFF.GT.Q') GO TC 19 
CAP(L2)=E2+E.)\C 
CAP (Ll) =TLI 
GO TO 32 

18 EXC=E2-TL2 

, 

\ 

.
• 

~ 

~~n 

.• !>" 

,.. 

\ 

I-' 
VI 
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~ 

:l? .~ \.t.. ....~~:. 

REO=TlI-El . 
., ,DIFF=£JtC-REQ 
·IFIDIFF.~T.O.J GO TO j9 
CAPIL1)=£1+EXC . 
CAPILZ)=TlZ 

_ GO TO 3Z n . 

19 CAP(LZ'=TtZ+uIFF".S 
CAPIll'=T 1+01FF4.5 
GO TO 3Z -

33 CAP Ill' =El 
CAPILZ'=£Z 

3Z AAIILl)=CAPIL1) . 
'\ 

AAI ILZ)=CAJ> ILZ) . 
YERGEI~C.4)=CAPIL1' . 

\ 

~ER~EIYC.S)=CAP(lZ' . 
lIIASTE=Y.ERGE 11'lC.9) -ACT ILlJ -AS ILZ) . . .. 
SACKUp=TO{L3~+TCIL4 . < 

tFIWASTE.GT.~ •• A"C.I3ACKlP .. GT.1.' ..I0E=1 '. 2g PRINT 190.MC,ASILl1,,..FRGElfolC'IZ) ,ASILZ) ,HERGEI~C'13) 
1 CONTI r.i:i£- - . '.-

~'. 

C . £ .. D· of TTFRliTI(lh! _ _ . . '. . . . ". 
~ O .... :s.o.6o;.§§.oO ••••••••••••••• OO .... OOO ••• O.O •••••• OO.O900000.0000 •• .00 .• 0 

EOETERHINING kHE1I;1ER TO PERFORM ANOTHER IWATION' 
IF IIDEH.GE .fOIIOEY.') GC TO 51 _ ' 

E 

IF(ICEfol.LT~LIDEH.OR.JOE.EC.l) GO TO Zl 
I=IOEt'/2 
n=IOEJol-Z"'f . 
IFIII.GT.O GO TO 21 

~fiiN9Fblif"'~l~~~~EQUEUES ANC TOTAL TR~VEl TIME 
51 PRI~T lSI.ISLCE 

00 5 z9I=1.m,ODE 
IBEGltI=H TCIJ-1 
K=HAUJ _ . 
IFIK.EO.O, GO TO 520 
00 54 J=l,K 
18EGII>'=IBEGIN+l .' .' .. 

J OCU I IF'EGI~) =CU1'IBEGINl . . 
IFIIcOP.PlIBEGIN .EO'1)jccTC+CUIII8EGIN'''AS{I8EGlh) 
IF IICOMPIIBEGIN).EQ.-,TC=TC+CU21ISEGIN'''AS1IBEGLN) 
IF nco''''? I 18EG1,..) ~eE'3r TC=TC+CU3IlBEGIN) "AS I ~EG~N). 

54 COtJTIMJE . '. t . 
PRINT 187 .~ 
IX="'ATII' .... . . 
PRINT 188'I.(lIJ"ASIJ',CUIJ"J=IX~I8EGIN' 

. 5~O CO~TI!lIUE . . .. 

. 

, . 
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I:. 
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C 

, 

l:' 

529 CONTINUE 
NN=NNODE+Z4 
DO 52 1=I''''N 
DO S2 J=l,"'DEST ' 
TC=TC+AO I'JJoSLICE.3600. 

S2 CO~Tft{UE PRW 989,TC • 

~ PRI",T OUT QUEUES STORED ON LIt-.KS 
10=0 ' 
~RITE~6'561) ISLCE _ 
IFIICT.Eo.OI 'GO Te 77777 
DO 88888 1=I,ICT 
11=LINKCII) _ 

-
IFI TOIHI.Li •• ·11 GO TO 8S888 " 
WRITEIO'50 2) ,IBlll) 'L!IIl.,1QIII' 
10=10+1 ' 

88888 CONTI~OE ,. ' 
IFIIO.EO.O) GO TO 77777 
GO TO 1 

71111 WRITEI6.561) 
',EpRI"T OUT 2APACITATED LINKS 
C' 

, 1 lU=O ' 
WRITEI6,564)lSLCE' ' 
DO 6666 l=l.HLfNKS 
IFIAS(J) .EO.Ii. <:0 TO 6666 ' 
IF(ASII)~LT.CAPII!' GO 10,6666 
WRITE 6.5621 IBII .LII"ASII' 

6666 tgNt¥~bE 
IFIIU.EO.01WKITEI6.5661 

S PRINT TURNiNG VOLU~ES 
C 

jF'NINT~EQ.OI GO TO 
WRITE(6'99911SLCE 
DO 990 1=1'11:111:1 
II =NSlJR ( It 1 1 
L2=NSUR I I .21 . 
L3=N5UR ( It 3 1 , 
L4=NSUR I It 4 1 
LINC=KKIII 
LlNP=KK I 1+11-1-
NN=Llt>0+3 
NN1=LINO+/t 

" 

995 
..;;. 

" 

.,-" 

:-

" 
" 

--, 

. '0,. 

.-
/ 

\ 
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" 

{ 

" 

0' 

.• 1. 

.... 
VI, . .:) 
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, 

C 
C 

E 

IF (Ll.EQ:f.OJ GO TO' 991. '--
WRITEI6'~92JINTIIJ'Ll.ITURVI1JJ,J=LINO,NN J 

--~RITEI6'994JL4ilNTIIJ.L~'ITUHVI1MJ,M=NNl'LI~PI'L3 
GO TO 990 - , 

991 WRITEI6,996JlNTIIJ - - - -
WRITEI6'994JL4,INTIIJ'L~'ITURVIIJJ,J=LINO'LINPJ,L3 

990 CONTINUE. . 
995 IF IISLCE.GE.NSLCEJ GoT-C 98 -

-ISLCE=ISLCE+i 
GO TO 85 

END OF fINAL TIPIESLICE, - - - - - - - , 
•• o ••••••••••••••• § ••••••••••••••••••••••• o ••••••••••••••••••••••• 0.. . 

• - j • 

A fINAL CHECK TO SEE If_ THERE ARE ANY LEfTOVER QUEUES. 
98 ItRITEI6'568J 

IU=O 
J=NriODE+Z4 
DO % l=I,J -
¥~IX81~~M~E£~To.oOIJ_Ge TO 96 -_ - -

'0 

~fIZLINKIIJ.EQ.OI GOro 150 -
RINT 151 ,Llt:LINKIIJ J .KCIJI) ,AOH'~) ,I8IZ!.fNKII) J !LIZLINKIIl) 

GO TO 152 _ .. ' 
150 PRINT B,8, hKD 1M) ,Actl I .11.) 
152 IU=IU+l 

96 CONTINUE ' - -
, 

"""' 
IflIU.EO.OJ -RITEI6,569)_ 
TC=TC/3600. 

__ ,-----~p~R~rNT 89,TC 
~ FORMAT STATEII.ENTS 
·c ••••••••••••••• 0. 

c 
63 FORII.AT(~l~'~LINK INPUT ·OOT OF SEOOEhCE~) 
80 FORMAT (36I2J _ . 
81 FORI'AH25f4lINCREMENT Ll.,IT EXCEEDED) 

- 82 FOR~ATllSI3J- -
, 83 FOR~AH12IJ 
! r 84 FORI'AH6fS.2) t 

86 fORI'ATC13f6.0) . 

----.-

87 FOR~ATC3I3,8f6 2111.413) _ ' 
88 FORI'ATUOX;oLEFTO\lER QUEUE FROM NCDE.,I3,. TO NODEo,I3,.".,F8.3' 

·SX,ODE~'ND CyEyED I" "'RIGTN"J 
89 fOU~ATj /.- 0 AL ceST IVEHI~LE-HCURSI FOR ALL TIII.E SLICES ~ O. 
91/~A2~~~(I6'2X' E20.9,iil,3X,2E19.9J -
92-F8R~ATII6.2X,2E20.9,lXiI3.o TO 0rI3,3X,2E19.9J 

102 F RMATCIHl,o ~O PATh FROM OR GIN ~,I3,. - .. -- .. -- - - TO DESTINATION 
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.. 

. ', .'13•• LEFT CEWIND =-,1"6.21 . 
103 FOR"AT! '3,61"6.2) -
104 FORJ!ATl2I3t2F6.2) '. . . 
109 FORMATUH1,,·36X.,23H ······················"36)1'2H .,20X'IH"'25)1, 

'32H ....... .......... PROG~A"'CORCCN'13H .................... '.36)1'2H .. . 
'20)1.1~ .. '36X.23H ......... 0 .. • ........................ "'14)1... THIS PRCGRJiJolIS Us 
lED TO INVESTiGATE T~AFFIC ASSIGN~~NT AND CONTROLo'14X,.IMA F~~EwA 
2Y CORRIDOR. iT Is I~TENCEO TO SE ~SEC I~ EVALUATING RA~P"/14X,"CO~ 
3TRoL STRATEGFES A~O pgECICTINS'G THEIR EFFECTS QN SURFACE STREETS •• , 
.'14X ... TRAF IC.ASSIGI'I~ENT I BASED ON. INDIVIuUAL TRAYEL COST MINI 
SZATIaN· .. '.I~)I' .. TRAFFIC CIVERSION IS A'rLC~ED FRO~ CUEUEING YINIHU~ 
6PATHS'WITH THHEE·/t14X,··STRATEGIES. OTAL OIYE.R;;IO", NO CI\lEI<S10" 
7.0e PARTIAL DIVEHSfCN "'/14X," A NE~ MINIMUU. PATH ALGORIT~~ ~AS 0 
aEVf.LOPED .TO ACC.() 1\ 1;6R J(;HN ·'14)1, "PROHIBITIONS WHICH AilE' USEu T 
90 AVOID ILLOGICAl: PAT~S C~ AS A CONTROL"'14)1, ."'EANS. A METHOO 
1 FOR AUTOI'A'TLCAL Y IDENTIFYING TnESE TURN PIiOHIBlTICt'S./14X ..... AS 0 
2EVELOPED.·"~4X,.. THE FrCGRAH ALLOWS A SIV,PLE LINK ·~OOE REPPE~E~ 
.3TATlON OF THE NETloORK"/14J( , .. AND, Tt-:EREFORE,DECREASES . THE CODING EFF 
40RT REQUIRED BY T~E USER.~'/14)1, 0.ADDITI0NALLY,THE-PROGR 
SAM CAp.; CALCUI.ATE THE TURNING VOLUI'ES AT ANy"/14X'''SPECIfIED II>TE.HS 
6ECTIONS WITHOUT.USlhG· TLR~ING LIN~S.~) .'. . 

lSI FOR~AT(10X,"LEFTO"EROUEl;E FROM NeOE",J3'" TO NOOEo,I3'''=f.'',Fa.3' 
. ·"SX'·DEHAf>O· QUEUED 0". LI"K'" 13 ,0-0, 13) . '. 
179 FORt'ATl '1/0 ~X'. cU"'t'ARY CF IHE J.!AI~. INPUT PARAHETERS"'6' 3X,36(". 

1")""14)(, CONT~OL PA~A"'ETER (IF I DIVERSION IS CO~SI ERED ) : .. , 
'213'I~X'''CCNTROL PARAt'FTER CIfO E"TITLEMENT' UPDATING"', 14X,"ROUTIN 

. 3E ISCONSIDEHEOJo,14 ,~, .), 0=0tI3'14X,ofRACTIoh;,oF POSSIALE SHAR 
4ED CAPACITY( If MCREo/14~,oTHAN O. I'ERG~ CAP.SAAHING ROUTINE IS C 
'50NSIO~REOJ .. 0,FS.2/.14X,0"UMBER QFTItlE SLICEF'S0!.IItC" .0) ,X, .. =0,13/. 
614)1,ouURATJON 01" TlI'E_SLICE",I~''' •• ) ,0= .. , 5.~/'14X,oNUI'BEi OF L 
7 INKS. t .17 (0 .oJ ~Xl.0=o, J3/14X,:NU~~BER OF ,,"ODES,;' 17 (0 .o,),x!. 0:" ,.1 3/14 
eX,oriU"aER Or OHI"INS",16l ... 1 .X,~0'I3/1ItX, NOHtlER OF Dt.STINJ!TlON 
950.14, ••• ),.=",13'14X."AI'OUNT· BY ~HICH UNIT CO~I IN PHEVIOUS Tl~E 
ISLICE4'f4X.oIS WEIGkED I"TO PRESE~T SLICE"'lO(O .01,X'''='''F~~2/14X 
2.·At'OUN BY -HICH UhITCC5T IN PHEVICUSITEH TION"I,IIt)l,oIS WEIGHED 
3·IHTO PRESENT ITERATIoN",e," .0),A, .. : .. ,F5.2/14l1,·FRACTlON BY Ir;HICH 
4 ORIGINAL O-UHATIHCES AFiEo/14X,oINCREASED· TOGI~E FiECUIRED OHlAND 

. 5LEVEL·'5(· .... "X' .. :;: ... ,FS.2.'I!X, .. RCONSTANT IN THic: DIVERSION HODEL" 
6 ,a'" •• J. )I'''='''F5~2). . 

180 FORflATClHI';oJt,OCRIGINAL LINK INFORMATION .',3X'2~'''.'')/'/I '.' 
81 FOR"AT( O~lLI"K-FLO~ CHA~JlCTERISTICS IN TIME sLICE, I2/,X,39'''.''), 
la2·f6~MATC· IhCREMENi CUtlULATIVE" . ATTEMPTED 

, . ALLOWABLE") . " ..' ._\ 
183 FOR"ATC· ~UHBER JlSSIGNHENT' CRITICAL LINK ASSIGNMENT 

'·ASsIGI~"E"'T·/) , '. 
184 FORMAT (/11, 12X,oJo!EHGE. FREEWAY ENTRA~CE.RAHPO) , 

\ 
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\ , 
185 FOR~ATf1Hl/ .I.36X.231'1_ ........ •• ............... /'36X'ZH .,ZOX,lH.-;'3bX,' 

/ . 18H. TI"ESLIcE, ,Ilt 4H ./. '36hZ'" •• 
/20X'lH./36X.Z3H .......... 0 ••••••••••••• ) , 

186 FoR~ TI///,Z3X,.ITERATIC~0'IZ/.23X.9(.-.)//) 
187 FOR~ATI. haDE .'21., TC FLOW TR.TI~E.)) 

188 FOR~AT 1I4,~A,5II~,F7.1.F9.2)) , ' 
89 FOR~ATI2ZX.·FLO~ CUEUE _ FLOW QUEUE./) 

190 FOR~ATI7X.18'Fl1.1.F8.1.F9.1'FR.l) 
-191 FOR~AT I11H CoIUEUE FRO .... I3,3H TO. I3dH=' F6'11 ' " 
95FOR~AHIH1'5'\'· NC. OF EhTERING LINK:' TO NODE .,IZ,. IS GREATER T 

/HAN 6.,·" .' INCREASE, OIt/ENSISN of' VECTOR NOOUL I )., ' 
197 FORlfAT 15A ,·LI",K UpSTREAM OIC/i:STR£AM SUBLINK CAPACITIES ", SUBL 

lINK UNIT cosTs UPSTREM' __ LI~KS 0",10./5X,. NO. NODE NO~OOE ' 
~ 1 'Z 3 ~ z· 3 WhICH QUEUES MAY SpILL 
3·/) " , 

198 J::ORI'ATI5X,I3'2X.I5,4X,I6'5X,F6.1'lX,F6.1'IX.F6'1'ZX,F6,Z'lX,F6.;p, 
l1X.lF6f~'X'I3'3(15)1 ., , ' 

199 FOHI'A T 7.'8X~.FORA'CETAtLEO DESCRIPTION OF THIS PROGRAI' SEE-./ 
l/.22X.·EASA,S.H~. A tlOOEL FOR INVESTIGATiNG TRAFFIC ASSIG",'EtlT./" 
Z33X,441"-")/l33,.,"AhO CCtl.TROL INA FREEliAY CORRIOOR,"/:::S3X,33( " • 
3-·' ,/0 ";3X,··'!E'NG. ,JolCtlASTER U~IV, ERS ITr, HAMILTON'o/ .It 3;'X. "Ot. T AR I 0' HA 4RCH,1976 •• , " , 

Zoo FORI'AT(///,ZX'.ORIGINAL "ERGE INFCR~ATIONo/.2X,Z6(.-.,,/// 
/.toX.. I'E~GE·.5X,0~ERGI~G ·,5X,000aNsT. I'EHGING 0,5x. o ENTITbEME 
/NT 0,5X,0 ULTIMATEo/'lZX,oNUM8EH ~,4X' 0LINKS NU •• i4X.oLl~K N •• 
/'13~.oCApACrTY 0.lIX'o- &APACITyO/'11X,//! ., 

Zol FoR~AT(22X,F7i2.~ X.F7.G,10X,F7.Z) . . . 
Z02 FORV,ATI13X.I3,ZZX,F7.?1 _, . 
Z03 FORt!AT Z2X.F7.Z,31X'F702'10X.F7.Z'/,lIX,/1 " , r-v 
Z05 FORI'ATI///,o ~E~ LINK I~FORHATICN FOR THIS TIME SLICE 0/,3X, /48 (._011 " 
Z06 F Rt!AT(//,IZX •• NONEo//,10X,i •• OR16INAL:LINK INFOH~ATION IS USED ., 
Z07 FORt!AT'//.1~X~0~OhEo//'10X,o.~LINK INFORMATION Of PREVIOUSTII'E Sl lICE IS USEO~I _, '., 
ZO'8 FORIfAT(//It· NE~"EPGE INFORI'ATIOIII FOR THIS TI"E SLICE 0/,3X. 

/41 (0_0)) " , 
209 FORI'AT(//.IZJI,·r.:O"EO//,lOx,O •• ORIGINAL ~ERGEINFORHATION Is usEO., 
Z10 FOR~AT(/1'12X.oNO"'Eo//.10X,0 •• ~ERGE I~FCRv.ATIoN OF PREVIOUS TIHE S 

ILICE IS USEO-) ,'I " . 

Z11 FORI'AT (/ / It:::lX'·FLOWS. ANn C:UEUES FCR EACH FREEwAY AND RA!l.P "ERGl~G 
/APPROACHESo' /3X'blAo~.'//12X,oFLOkS ARE IN VEH./TIHE SLICEo/l.X, 
/·cUEUES ARE THE NC. OF ~E~ICLEs O~ ANOo/lZx,·UPslHEAH OF EACH APPR , /OACHol ", . " 

ZIZ FORJlAT(/ I /03X,oOETAILEO RESULTs of INCREMENTAL' ASSIGN.,ENTO/, 3X, 
- /42 I .~., .I.It 12X, 0AFTER EACtI I TERA 1I0'" FLOWS ANO Q~EUES OF v.EwG'ING 

L 
/o/.12X'·APPROllCJ.I"'Ec ARF' ,6I\lEP;. FLOloS APE lIN VEH"JTIHE; SLICF',o/'12X.,0 
.lAND QUEUES A~c TR hO; ~F VEHICLE~ O~ AND UPSTKEAMO/,12X •• ct E~~H 
/tlERGI!lG .APPRlfiACHo/ /1' ," _ " ' _ 

• 
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213 FORI'AT (/ /.5)( '*Llf\K . 'UFSTREAH DOIiNSTRE"AM SUHLINK CAPACITIES· 
1 SUBLINK UNIT COSTS * ·.h~.<1 NC. NOVE 
2 . NOOE 1. 2 3 l' 2 3" /1 . 

214 FCR~ATI//IIX'" ~E~GE ... 5X.<lM~~GING *.7X."DOWNST. V.E~GING ",4X. 
/* ENTITLE~ENT "'4x, .. eLTl~AT~"/.12X'''NUK8ER ",4X'''LINKSNC.o,6X, 

. /"LINK NO .... 13X, .. CAPACTI' 4,7X,0 CA?ACfTY"//1 ' . 
215 FORVATI///'10X, .... ENT TLEY.E~T CAFAC! Y fO~ RAMP IS l,so/'12X, 

/"~ETERING RAIE CO~SIOF~EO"//'10X''' •• N9TE THAT ANY. METERING RATES 
/CC~SIDE~Eoo/,12X."1~ t~E FREVICUS TIYe SLIcE ARE AFPL!ED~/,12X,"IN 
/.THIS Tl~E S-ICE '\.;NLESS TI-EY ARE CHA!\GEC"h12X,G-lN THIS TIllE SLiCE ,., . - . 

556 fCRV.AT(2014) 
558 FOI'I!'AT U 11 . . 
560 F8'?!'ATI13f6.2) ... ' .. 
561 f R~ATI)Hl,~l/), 2X,oLI~Ks HAVING QUEUES AfTER TIME SLICE * '12 

/./. 2X,36!"~")51/1.14X.OLINK*,/.14X'''fRCH'',lOx.*CUEUE'''/.1OX.<lNUDE 
/ ... 5X,oTGo,SX'*IVE"ICI~Slo/1 . . 

562 fORYATIlOX.I3,SX.I3,7X.F7.21 
563 fORYATI5J31: 
564 FORl'ATlS 1/1. 2x,"LI"KS !tEACHING CAPAC!TYAfTER TIME SLICE 0.12./ 

/. 2X.40{"-O)'5(/)'14X.OLINK~".14X'''fROV.°,/.10X'''NOOE~'5x,aTO"'~X, 
/oFLO~I=CAP.l"/1 ., . .. .' ..... 

566 FCRVATI31/1. 10X,oTHERE A!tENO CAPACITATEQ LINKsa) '.' 
567 FnR"ATI~I/l.IOx.~THERE ~~E NO cUE~EING LL~KS '" 
5b8 FORVAT(51/), 2x,aLEFTOVE~ QUEUES ftfTER fINAL TIME SLICE"/'2X, 

/3iHa_a l//l· ... '. .. . 
569 FQPYATIlOX.*140 LEFTCVER Cl!EUES AfTER TH!S'Tl~ESLICEal' 
570 FORl'ATIlHl./h 2X.o~ETtlCJ<I(· TUTRt~ ?HOH!BITIQNS"/,2;('2s(a_*I,///t2SX, 

looPSTREA~ LINk CF*~5x.~CC~NS REAH LI~K Cf-, . 
2 /. 5X. *TURN PJ<Oi-<. NC.o, 61., <>THETI)Rt-;°' 1 -'X .aTHE TURNa //11 

572 FOR~ATI12X'12~2~ ".14X.12. 0 _ 0 ,I2.16X,12."-B,121 ' . . 
573 fCRVAT(//,9X" _" 2H a. 

1 * TU~N FRCHIaTTIC~S.AT INTERCHAhGESa/,13X• o AND INTERSECTIO 
/NS II~CLUO!N~ U-TlR~Slo//,8X'3H O~. ~ J~RN PROHIS;TIONS 
/AT VERGI~G S~CTIChS")' '. 

575 FORYATI12X,y2,3H o9')3X.IZ.a-a,12'16X,!2,a_a'121 
QS9 FORVATI 29H CU~ULAT!VE.TIYE IN SECONDS = ,f12.t1 . . . . . 
992 rORl'ATI// .8X.oT"R~I!lcG VOLUxES FOR I!nE.R!>ECfIO~ AT ~C!)E .... '2 

/X.13,// 34X.5H .... o .. o/.34X~lH9.3~'lHo'/,34X,lH~,13,lH .. ,/'34X. l' 
!HO'3X'lHO/34A'5~""""o'41/'36A'lH"1./'281.''' ••• ~'5X'lH'',5x,o ••• a,/,2 
clX.F6.0.2X .... ~0.5X,lHo,5Xio •• O,2X~F6.0/,28X,.. • .. ,~X,lH~,5X.o. a,a 
3.o./,27A,§.o.aX'1~o'8X.§.o,/i26X,o.§t9X,lH~,9R,~.o,I'2SX,~.o'5Xio •. 

. 4 o '4X'lHa'4X .... o'SX, ..... '/'24X' ..... '5X,0.o,5X. IH .. 'SX .... o '5X,a."!/'23 
cX,~.o.SX,G.o,6X'lro'~Xt~.~'5X'~~~'/t2ax'~.~.7X,i"~,7X,~.o'/'27X'o. 

" llo.8JC. ) f!<>8x,a .... ,/ .24X , .... <I.)C .... <> ,'IX, 1H" ,91., o. <>. X ''','',/, 11X.F6.U' X ,0. 
7.a.loX.lH ... luX,a .... ,X,E6.0,/,24X,o.~.a.9X,lHO,9X,O ••• ~l 

994 . f.ORI'AT I elX. 5~~ ...... a. 21 X.!>j- <> .. a .. " , 21 Ji.' 5t1<>ooc.<, / aX' J H<>' 3X '}I-'''' 21 Y., H'''' 31. 
1.1Ho.~lX.1H".~X,J~~/AX~lhO.I~.1~~~2!(lH .. )'lH~,13,'lH<>,llllH"I.lHO, 
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2I3,lH./8X,lH·w3X,IH.~ilX'lH.,~X,1~6,21x'lH.,3)\'lHO/BX,5~ ••• o.,21Xi 
35H.ooo •• 21X,5ji ...... /24X ...... ",9X, lHo ,9X,· •••• "/17)\.F6.0, X, •••• , lOX, 
4lH .. '!CX' •••• 'X,F6.0./. 24X.·.·'X.·.· .' . . 
5'9X.1H·'9X'·.·.x,·.·. . /,i7x'·.·.aX'lH·,BX'·.·j/'28X' •• 0,7Xi 
61~.'7X' ••• '/'23X.o.o,SX,0.0,6X,_H.,6X, •• ·,5X'~ •• '/,24X,0 •• ,5X ••• o. 
75X,lH •• 5X, •• ·,5X ••• o,/,25X, ••• ,~X,0 ••• 4X'lH.'4A.·~.,5X,0,0,/,26)\,0 
8.0,9X,lH.,9X,0.0,/,27X.0 ••• eX'lHo,aX~0,. 
9 ./,28X,0,. .. 'X.l~o,X,o • .,/.21X'F6.0'2X' •••• 'SX'lH·'S 
lX.· •• o.2X.F6.0.1,2aX, •••• G'SX'lHo'SX,· •••• '4(/'36X,lH·1/34 X'!P···· 
2G./,34X'lHO.3X,lHo'/.34X.lH •• I~'1~.,/,34X,JHO,3X.lH./34X,SHo ... o.)· 

996 FORI'AT 11//". II) 'aX .... ·T\JRl\If\G VOLU,,'f.S FOR INTEnSC::Cr!ON· AT NODE •• °'2 
/X,13,5(/)) . _ . . .. . 

999 FOR~AT(lHl/ '21X,·T~R~rf\G_VOLU~ES FOR SPECIFIED "'/.211,30(°_0),/. 
/ZlX,oFOR III:TERSECTIC!IS-Trr:E SLlCEo,·I3,M.21X,Z9("_o)) . 

STOP "'" 
END . 
\ . 
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SUBROUTINE MINPAT~- (SOU~CE,C'LINK'NP,LINKC,ICT'CU'r2,CC'LI~K~) 
~ ••• oo ••••• o •••• o •• o ••••• oo.o.~.o ••• o ••••• ooooo~.o~o ••• o.o.o.~ E . _ 

C THIS SUBROUTINE PERFCR~S_ThE FORWARD PROCECURE 
C OF THE ~INIMUM PATH AL€O~IT~~ wITH TUR~ PROHIBITIONS. 
C THIS-PROCEDURE IS PE~FCRUEC fROM ORIGI~ UNDER 
C cO~SIDERATIO~ TO EACh ~OOEI~ THE NETWCRK C . 

INTEGER 
DIMENSION · ' 

ENTRY ,'O~E,SOU~Ce:, TABLE (2 .200) ,TWO,Z,ZL!NKO (100) 
C(751,CC(75.4)'CU(1301.LIhK(75)'LI~KC(1~0)'LINKK(75'4)~ 

'\ 

COIWOfo: 
LliP(41,~P(7c;) - \. . 

• -. .. 
INTAP,JCI'fo:H,~IKT,NNODE.NTPRO,NTPROl'NLINKS.NR,Z, r 
CUlI1301,FET(130),I8(130I,INT(10I,KKlll),LI130), i 
LII~KIt" 130,41 IL INTO (60 1 ,LI~TU 180 1 ,HA 175, ,MA H75 j ,NAV (50 1 
'hOO(75I'~Sl( 001~NSUR(10'4I,TURV1(100I'NRC(5I,ZLINKO . 

. C . _ '. . 
100 FOR~AT(lHl,. bAST(I~-TPKEE) fS o,I4,o_INCREASE OI~ENSICN OF TA8LEo) 
575 FOR~AT(lHl,ON • OF L!fo:_S fN tRING NODE ~UYBER 0,13,0 IS ~ORE· TriAN 

, 4 0/,0 AT THIS ~ODEThE~E IS TU~N PROHIeITIo~ •••• NO. OF ENTERING. 
-0 Llfo:KS NOT TO EXCEED 4 -0 I .- - . 

N=O . 
O"E=I,,' . TWO=2 _ 
IF(ZLINKO(NHI.EO.OI GO TO 4 
LAST=l . 
TA8LE1TWO.ll=ZLINKO~NHI 
GO TO 7 . . . 

4 LINO=Y.AT(SOURCEI 
LINKE=LINC+~A(SOURCEI-l 
LAST=LINKE-LINO+l . 

. 00 40 ENTRY=llL~ST 
· IF(Y2.EQ.O.1 ~O-TC 10n3 

C OMITTING ANY CUEU1EING LINKS CUT OF THE SOURCE 
. DO 2001 1=1, \,;T 

2 
IFILI~KC(II.ED.LI~OI GO TO 40 

001 CONTIt\UE . . 
1003 N=ll+l . _ 

TABLE(rWO'ENTRYI=LI~O 
40 LINO=LINO+l _ 

C RETURN IF THERE ARE NCT ANY ~CN-QUEUEING LINKS OUT OF THE SOURCE 
. IF(N.ED.OIGO TO 55 
C REVERSING TABLE POINTERS 

7 0r.:E::3-0NE 
TWO=3-TWO _ 

C TRY LO~ERING COST kITH EACh LINK IN TABLE ONE 
IV::O " 
IF(LAST.GT.l~51~RITE(6,1001 LAST 
DO 50 ENTRY::l'LAST 

""-
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c c 
c 

c 

c 
C 

lINO=TABlE(ONOE,ENTRY) 
INODE=IB1LlN I 

./ 

, 
.f;) 

IN°8E=lllINOI _ - . 
IF lIN IS A DC.NSTREA~ Ll~K.USE THE MINIMUM COSTS CF ALL UPSTREAM 
LIP>KS_ CF THE TURN FHOHJBIT ION NODE (EXCEPT THE CORRESPONDING UPST. 
LINKS OF THE TURNl.CTHEO~ISE USE THE MINIMUM COST CF ALL UPST. LINKS 

-IF(NOgIINODE).GToO) GO Te 3&2 
IFIINC E.Eo.SOURCE) GO TO 31~ 
N4=0 
Kl=~ODIINOOEI/100 _ 
K~=-NCDIINOQE)+Kl-ion .. 
K_=K2+5. _ 
IF 1"K3.GT .NTPRO)K·3=NTPRO 
00 313 J=K2,K3 . 
K4=LINTUIJJ . _ 
IFIINODE.NE.~IK4)1 GO TC 1 
IFllINTOIJ)_~Q.lINO) GO Te 314 
GO TO 313 

314 N4=N4+1 
LUPIN4)=lINTUIJ) 

313 CONTINUE _ 
1 IFIN4.EQ.0) GO TO 317 
, DO 31 5 J=I.4 Y.5=L NKKI NODE;:,J) 

00 316 Jl=I. N4 _ 
. IF ILUP 1..11 J .... U.M51 GO TO ·315 
316 CONTINUE 

IFICCII NODE,.J).EQ.9999.) ~o TO 50 
C{INOOE)=CCIINODE,J) G8 TO 312 315 C NTINUE 
GO TO 312 - . 

317 CIINOOE)=CCIINOOE,!) . 
312 IFIINOOE.LT.'NTAP.AhD~JNOCE.lT.INTAP) GO TO 5 

IFIINnOE.GEolNTAP) GO TO 65 
HCLOTO=CIIN OE) . G8 TO 0 . -, 

5 H lDTO=CIINCOE)+CWILINO) -----GO TO b . V .. --
INTERSECTION ~O EMENT lINK 
65 IT=LfNKIINOnEJ . 

-~ 

HOLD 0= CIINOOE).CUIIT) +CUIILINO) 
6 IFINCDIJ~C8EI G1.0) ~n TC 31U - . . 

ARRANGEI'ENTS F fHE COSTS ·CFIRE TURN PROHI9ITION·NODE-JNODEoIN 
ASCENDING ORDER. . 

DO 320 1=1,
_~)=LINKK(JNOOE'I)· 

, 

~ 
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'-

320 

321 

322 

305 

306 

323 

307 

324 

325 

I~ILINOoECoJC.11 Go TO 321 CONTIt;UE 
GO TO 322 
CMl=CCI..INODEtII 
IFI~OLDTDoGEoCHll GO.TO 50 
60 TO '305.3U6.301.30~I.I 
IFICCI..INODEolJoEO.9999'1 GO 
IF CC ..INODE.~ .Eo.9999. GO 
IFICCI..INOOEt~ .EO,9999.1 GO 
IFICCI..INCDE.4IoE809999.1 EO WRITE16.5151 ..INC E . 
STOP 

TO 305 
TTO 386 o 3 7 
TO 30e 

CC'..INODE.ll=HOLOTC 
LINKK'JNCCE.1I=LI~0 

YPI~8L~Y3.LT.CCI..I~OOE~IJI GO TO 323 
CC'..INODE.21=HOLOTC . 
LINKKI..INODE.21=LI~0 
GO TO 384 T=CC(..IN DE.l) . 
LT=LTNKK(JNOOE'll 
CCIJNODE,il=nOLOTD 
LINKKIJNOCE.ll=LI~O 
CCIJNOOE t 21=r 
LINKK(JNUDE.~I=LT 
60 TO 304 - . 
IFIHOLDTDoLT,CCIJ~OOE.21IGO TO 324 
CCIJNODE 31=HCLOTC 
LINKKIJNODE.31=LI~0 _ 

'PI~gLo¥aoLToCCIJ~CDE~I-IIGO TO 325 
T=CCIJNODE 21 
LT=LINKKIJ~ODE'2) 
CCIJNOOE.21=HOLCTC 
LI~KKIJNODE.ZI=LI~O 
CCIJNODE,3)=T 
LINKKIJNODE,3)=LT 
60 TQ 304 
T=CC ('JNDDE, 2 I 
LT=LI~KKIJt;OUE,2) . _ 
CCIJt;CDE.21=CCIJNCDE.1) -_ 
LINKKtJNODE,~I=Ll~KKI INCDE,II 
CCIJNODE,31=T . 
LINKKIJNODE,31=LT . 
. CCIJNODE.ll=HOLOTO 
LINKKIJNOCE.1I=LI~0 --

. 308 y~ 1~8Lg¥ti.L T .CC (J"OCE~ ill GO TO 326 
IF ~OLDTD.LT.CCIJ~UCE.2 GO TO 321 

.'-.. 

't,. 
\i>-

" .I 

'----~------------...-

.\;~ 

~ 
m 
o 



" IF(~OLOTO.r..:T.CC(JP>OOE.31 1 GO TO 326 
CC(JNOOE,41=HOLCTC 
LINKKIJNOOE,41=LI"0 

3?6 'Vgc~?J~83E'11 
~ LT=LINKK(JNOOE.l,· 

CC(J~OOE,lJ=rlOLOTC 
LINKK(JNOOE.ll=LIP>O. 
CCIJNOCE,41=CC(JNCOE'31 
L INKK (JNOOE.'.t1 =LII\KK I.mCOE,31 
CC(JNOOE,3)=~C(JNCDE.2) 
LINKKIJUOCE~3'=LI~KK{JNCOE'21 
CC(JNOOE'21=T 
LINKK{JNOOE,21=LT 
GO TO 384 327 T=CCIJI\ DE.21 
LT=LIN~K(JNOOE.21 
CC (JNOOE'2) =HOLOTO ." 
LINKKIJNOOE,21=LIP>0 
CC{JNODE,4)=CCIJNCOE.al . . 
LINKKIJNOCE,41=LII\KKIJNCCE.3 1· 
CCIJNODE.3)=T 
LINKK(JNOOE.3'=LT 
GO TO 304. 

326 T=CCIJNODE.3'· 
LT=LINKKIJNOUE.3, 
CC(JNODE.3)=HOLOTO 
LINKK(JNODE.3'=LII\0 
CCIJNOOE,4)=T 
t..lNKKIJNOOE,4'=LT ., 

304 IFI~OLOTO.GF..C(JNOOE"GC TO 309 
GO T8 311 . . . 

310 IF (/4 LOTO .. GE"C IJNCOE'I ·GO TO 50 
311 C(JNOOEI=~OLuTO .. 

C . LINK INTO I~OOE (JNCOEI 1'" T~E TREE 
•. . LINK(JNOOEI=LINO .. . 

C NODE INTO NOOE IJNCOEI IN Ti<E TREE 
NP(JNOOE)=INOOE . 

C AOO. LIh:KSOUT Of • .lNOOE TO TAp'LE TVO 
309 IF(VAIJNOOE1.EQ.ol GO TC.50 

LINKS=""AT (Jh:OOE). 
L NKE=~AIJI\CUE)·LINKe-l 
00 49 LINC=Ll."'K~.LII'KE 
!F(INOOE.Eg. (LINC») GO TO 49 

C C~ECKIF THERE ARE AI\Y .0.0 1\00Es 
IF(Z.EO.O) ·GO TO 1500 , 
00 8 I=I.Z . 
IFINAVll).EC.LINOI GO TC 49 

;' 
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8 CONTINUE . _ . 
C CHECK IF THERE ARE ANY CONGESTED LINKS 
J500 IFIY2.EO.0) GO TO 1002 . 

00 2000 I=I,ICT . . 
IFILlfl:KC( 10) .EO.LI"'O) ·GO TO 49 

2000 CONTINUE 
1002 IFINR.Eo.O) GO TO 2 

00 3 !=l,NR 
~FINRCII).EO.LINO) GO Te 49 . 

3 .. ONTII\UE 
2 TV=IV+l 

fA8LEIT WO,IV)=LINO 
49 CONTJII:UE 
50 CONTINUE . 

C CHECK IF TREE IS COMPLETED 
IFIIV.EO.O),GO TO 55 
LAST=IV 
GO TO 7 

55 RETURN 
END 

.. 
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C 

C 

E 
C 
C 
C 
C 
C 
C 

C 

. \ 

SUB~OUTINE FCONPT 11I.KFfLIN~.TTC'IC.IYf4C.SOURC~.QCOST'AS.CAP,TQ, 
• ~OO.O~ •••• O§OOO •• O.OOOO.~OOOO •• O •••• ~O.OOO •••• 90.0000 •• ~O.OOOOOO 

/PCC'CU~CCfLINKK.C,Z~1 
.~.OO ••• O.OOOO ••• 0900 

T~IS SUBROUTINE PERFCRYS-Tr.E BACKWARD PROCEDURE 
OF T~E ~INIYU~_PAT~ ALeORIT~Y wITH TURN PROHIBITIO~S. 
IT IS PERFOR~ED FRcwEAC" CESTINATIO~ TO THE ORIGIN 
OKCER C~SIDERATION TC FI~ALLY OETERMINE THE- YINI~UM 
PATHS.OURlbG T~lS PRCCEnVRE THE FIRST CONGESTED 
POINT IN THE PA!.H IS DETERYINED' -

INTEGER SOURCE.Z5,Z, I~KC'IOOI 
DIMENSION -ASI130I,CI7~I,CAPI1301.CCI75'41'CU'1301'OCOSTI1~OI. 

• LI~KI751.L!NKKI7S,9),NPI75I'PQCI130I'TQI130I'TT~1251 
COMMON I~TAP.JCI'N~,~I~T.NNODE.NTPRO'NTPHOl'NLfNKS.NH.Z. 

• culll~OI.tETI1301.I6113CI.INT'lOI.KKlll ,LI1301. -
• LI'~KI"1130.41.LJIlTOI801.Llt'lUI801 , II, A (7:>1 ,I'ATI75I,NAVI 501 
• .~ODI751'~Sl'100I,NSURIIO.41.TURVIIIOol.NRCISI.ZLINKO 

IC=O 
JC=Il \ 
I=II 

27 .I=NP II) 
IFIJC.NE.l) GO TO 32 
JCI=J . 

, 

ZS=LtNKII) 1 . .IFIIFETCH.EC,ZLINKOINH)) eo TO 30 
3 IF TCH= INKfl) , 

C TE~T If LINkllILL PATI< VEtlICIES THROUGH .... 
IFIASIIFETCHr,.EQ.CAP!TFETCH)1 GO To 1 
IFICCOSTIIFE CH).LT.t.) Gc TO 20000 
Jc=I. ., 
JeI=J 
ZS=lINKIIl 

1 IC=!C+l - _ - . 
C.CAl. TOTAL QUEUEING TIMLJN Tt<E PATH FRO,", SOURcE TO OESTe IV 

TTCIIY)=TTC'fY)+QCOSTfIFETCH) - . 
20000 IFIASIIFETCH .LT.CAFIIFETCH).ANO.TQ(IFETCH).LT.pQC(IFETCH)) 

/GO_TO 20004 . 
JC-J -

20004 IFIJ.EQ.SOURCE) GC To 30 
IFI~OO(J).GT.O) GC To 10 
K=L 11\,1( (.J). _ . 
IFI{FETCH.EQ.l) GO TO 70 . 
IF I FETCH.EC.IlLIt,KS GO TO 71 . 

70 IFI!BIIFETCklrEQ.IBIIFETCt<+l).AND.L(lFETCH).EQ.LIIFETCH+l))GO T040 
IF(IFETCH.EC. I GC TO-72 

" 

'\ 
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, 

" 

71 !FIlB(lrETCH1.EO.IB(1FETC"'-IJ .AND.LIlFEfCHJ .EO.LIIFETCH-llJGO 
72 GO lO 50 .' . . • 
_0 IFC INKIN(IFETCH.IJ.E~.KJ GO TO 10 

LINKC,Jl=LINKKI.J,2J· . 
KPC.JJ=I5Cll~K .JIJ . . . 
IFC.JC.NE.JI GO TO 10 , 
.JC!=NPI.JJ 
Z5=LI~K(.JJ . 
GO To 10 

50 DO 60 Jl=1.4 . 
. IFCCC(.J • .JIJ.EQ~9999.) GC TO 60 

11:1 =NGD C JJ /l!lu 
K2=-HOD 1.JJ+K!OI00 
K3=K2+5 . 
IF(K3.GT.NTPHO)K3=NTPPO 
DO 20 ".=K2.t(~ 
K4=L II<TU 110 

Q 

IFC.J.~E.LCK4)1. GO TO ~1 
JFIlIN~K1J.JI).EO.LINTUI"J.ANo.IFETCH.EO'L!NTOCM)J GO TO 60 

20 CON1!NUE • 
61 LINK(,JI=LINKKI.J.JI) 

NPC.JJ=!BCLfh~(.JJ) . 
IFC.JC.NE.J GO TO 10 
.lCI=N;> II J 
ZS=L Jll:K I Il 
GO To 10 . 

60 CCNT HiUE 
10 T=.l .• 

IFII.NE.SOURCEJ GC TO 27 
30 RETURN 

END 

• 
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~ .... SU~OUT. J"E' Ad-01GN ~"H\I"K.JJ .•. ATChA'lV9f!.p.50llRCE.. ;.x';;D.S~TUJlY.PQ~.g~ ·,t.:: ... '.*H~~ •• ".~~ .• __ ••• - ..... - .--••••• ~ ................ I' ... ~ 
. . ... 'Oo;T1". . .. ,. . . . . . ".. . . .~ 
~"'!" ;~. _. c- ~~.... ·C.· . ___ ". . . _.,' . . ".' ."..., : 

~ .. , ' ~ THI5SUBROUTi~ A5SJJNS. U!E I'EMA!tlJMS DEtfA.-o'ToLlHKS 
". ~ C .UPSTPEAM CFTfiE FIRS~' C(l~GfSTEO POINT JIe ThE HJIII. IfWlI. 
.: ,(I' • " C' ~P.IITH.JT . ALSO KEEPS RECCJ3!) ..cFn .. ET~Jr.:6 VOLUMES' .... 

. ~ . ~JC;. J"CR SPECIFIED IIIlJERSfCTtnfllS. .' ." • ... ...•... '.. .. ... . 

o 

. " C I :'~A¥M~~OH ·mii~r,:.:~~~~fg~t~8hoo'2S)~6HK.··'75. ).j,~(l.5J;·PGC{~30J" ~ . . ' 4\:.. . 'OSTCI:3G) ,TUI<'" noG)· .....'...... . 

.', . co~. lII'AP!.,ch~ .... t.1t.T .N1lIODE.H1'PRO,If1'PIiOJ;JLJNKS.NR.Z. . ., .. 
•. ~ .. ;' ·CUl(1~O)'~El{130).16(130J.JNT'10J.KK'11J,L'130J, . . 

;... .. LI~I"!130.4) .LIJJTDUIOJoLIJl:TU(SOJ .M,,(75, ).."A1 C15J.WW (Sot 
I' . '. ... '_.' ,.1li ..... (75) '''51 JI0or.nstmUo,~), TURYHIG.O.~C(5).ZUf>lKO., . 
. ·E T6TATJVELY SToR!H5 .tiE ~ciliED DEMAMl PHYSiCALLY '~THE ... IffK .. !=.JC ' .... .' 

C JF' ~~I~"~d~~YLt"K.SJCPE 'TI<E CL,£:UfS JII: 11'..E PRJYIOIJS LIII.'K 
:." . IFCJc .. EO.IU 60 Ti: 10· . . .. .~ . 

'\'aIF'I"CCU"J .LE ... OOCllJ· c;g Tc 20· . 
. .~Of~"1DATCH1XJ +O(HH. ,.11') .. s.x 

.. ,~ '. ., 20 12=f1.'? CJ·) . . . 't'---
. . ... 3=t.liiUJ2) . . 

.'.. •. OCOST'J3J=I.Y' " . G 
.. ' •. , ATOCJ3 =ATO« 3J.0("... ,''In.S.x 

,., . C:' TEtiTA TIVELY 'AOOjIl6 1\I.01l5T(; LIt:KS .', 

. .. .. 

.' 
~ 

, 

10 n:O=l.O '. _ ... 
.. 29 . .A1J~=A'JX)."C~ .tV)·S.,,·f'fO· 
... FEO=FfnUJ· '" . . . , 

. . Kl=J' . ~. 
I=m>·HJ .. ~ .• 
K2=J .. -

'. Jf' (J E01'5gURCEJ GC Te 22. . 
C" CALCUldIO,. F'''Ili~i~6 ~Lt.I'ES 

- JF (flitT .. Ee.o) 6{l 10 30 . '. 
U'OB = IliJNT· , '. I~ 1l1."E •. JJ~0 TO S1 

--J ,nKI II·. ' 
~I1~"~U . 
~JHO=KK'JIJ· " 
LJ",?=KJ(CJ .1)-1 

. DO 84 KH=l.JNO'L!"'''' 
J«1~5lC~)/100 
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