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‘.'_-ABSTRACT e

o . [

A procedure for predicting traffic behavaqpr 1n a free—
way corridor is developed. Traffic demand can vary over L
time and lS asaigned to the freeway and surrounding network'
subject to the hypothesis that Andividual travellers will
minimize their travel time. The impact of queueing time
' on minimum paths is included by utrlizing a traffic diversion !
model The model is capable of diverting all, some,'or none |

of the traffic from a particular queueing path, and. can -f'/-"

. 5
»

therefore be used to investigate' he. effects ‘of freeway
entrance ramp control upon the adjacent road system.
| A computer program was developed and incorporates
| several .other new features for network traffic flow a551gn;

ment.' These include turning volume calculations without' -

T

-

g the requirement of separate turning links, ‘the ability- to, im-

<

pose turning movement prohibitions at critical locations,

"“and a procedure for-identifying 1llogical paths. .
A new minimum path algarithm was developed to ensure
: that illogical paths were not used, and preliminary tests
indicate that it. is more c0mputationally efficient than
preVious versions.' Due to- such‘improvements in the aSSign—
ment procedure, link—node representation was 51mplified and
use of the-model requires considerably less coding effort

as well.

(iii)



large freeway corridor network; and results show that it

can be useful for evaluating ramp control strategies and

predicting the resulting flows and queues corresponding
| - to any desired case of diversion.
At - R T
' aty Lo
S f\ g
-4
- »
i
. '/- ' '. -I;
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The new model was fully teste& using a relatively
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experiehce‘largerftravel times, ahd thus may create poor

R /. . CCHAPTER L . ., .. T~
iNTRODU_CTlON N
Urban transportatlon networks haVe long been subjected

: to the problem of. recurrent trafflc congestlon durlng peak

'perrods. In an attempt to prevent or reduce the effect of

v

- such congestlon, especrally on freeways, lnvestlgators and

researchers have developed dlfferent types of control

strategles [11] The main emphasas of thelr étrategles is

v

| to 11m1t the access to the freeway so that congestlon can .

be ellmlnated thus allow1ng the fac111ty to’ operate-at the'

‘most efflclcnt serV1ce level durlng the peak perlods. ’

On the other hand, freeway control strategles 1nclud1ng

ramp metering or closure generally.result 1n the controlled
_ , . ‘ p
ramps having upstream queues which might interfere with

surface street operations. FPurthermore, drivers often

1.

. diyert'from‘those gueues to surface streets even though they

. "_,‘

operatione on the streets. Researchers have recognized thie

T | ; . * | P
fact and emphasis has been concentrated on the operations of
both the freeway and the associatea surface streets.

The effectiveness of an improvement plan must

be ,viewed with respect to the tota® 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.85]. :

Fl



Obviously, if the 1nteractlon between freeway and surface'=f=¥‘

- llstreet 0perat10ns is to be 1nvest1gated,.and thus the total
dimpact of lmprovement plans}evaluated, .an evaluatlon model
is requlred._jf | -
| One such model has been developed in the Bay Area

Freeway Operatlons Study [l] . It is an analytlc technlque o
a for evaluatlng freeway lmprovement plans; 1ncludlng the '
‘assoc1ated netwofk of surface streets.' Although th15'
technique can prOVLde system—wrde measures/of trafflc
performance, it requxres given demands or volumes on network
sectlons and known or estlmatgh addltlonal volumes on surface
streets due to lmplementatlon of a certalh 1mproVement plan._

This procedure could be used. effectively only afterfcompletlon

- of the traffic assignment phase in the transportation planning

< process.

e

Another/model by Yagar [20] has been developed It cah'
be used in predlctlng flows and qﬂfues 1n a freeway corrldor
exper1enc1ng tlme-varying demand by a551gn1ng trafflc accord-
lng to the principle of_mlnlmum 1nd1V1dual traveL-cost. it
can also be~used in assessing the_system~wide effects ofsany'
proposed chebges‘to the é;twork. _However, the‘mddel does
.not include ;tch features as traffic dlversion or turh pro-
- hibitions which are necessary if,actual traffic behaviour is
Ito'be well represented, or if illogical paths within the
network are to be avoided. 1In addition, the link-node -
,reﬁresentation adopted in.the model tends tofbe complicated.

\ o . .\- )
The Brown and Scott model {2].is another traffic assign-

ment model which seemingly could be used in studying a



‘ problem of our concern. However,rthe model does not a count

,-;:.

'».’for tlme—varylng demands, and although it uses. a 11nk-node

-,representatlon whlch avomds llloglcal paths, such ‘repres-—
entatlon requlres a 1arge codlng effort.- Furthermore,‘no.'
trafflc dlver51on is 1nc1uded ln the trafflc a551gnment
rprocedure of the model | |
Due to these def1c1enc1es,‘1t is. felt that a satlsfactory
'corrldor model for evaluatlng ccntrol strategles has not
~Yet been developedf The requlrements for such a model should
'ihclude the following f7-
l,. Simple Llnk-Node Representatlon )

The model should be - able to use a simple llnk~node
representatlon of the corrldor so that the codlng effort
requlred by the user of the model may - be reduced or the

-51ze-of the corridor increased. ° -
2. ;Turn Prohibitions |

In connectlon w1th ‘the requ1rement of 51mp11c1ty
-1n the link-node representatlon, the model should be
able to avoxd 1llog1cal paths such as those between
exit and entrance ramps. It should alsolallow fcr the
use of network controls such as prohibiticn of a left
tutn. ‘ - | | |

3. Traffic hive:sion

The model should account.for traffic diversion
from queueing miniﬁum paths to more accurately reflect
driver behavfbur; Through-this pIOCedure a better
prediction of the impact'of control strategies on sur-

face streets can be ' obtained and quantified. -



'_4.51Accuracy

The model should repreeent accurately the tlme
:_;Varlatlon 1n trafflc demands especrally for the peak

perlods where small oversaturatlon can be easrly.
"detected AAl%o, a mlcroanalv51s is necessary to emulate
the trafflc 0perat10n of the crrtlcal sectlons in the‘
corrldor. In addltlon, the accuracy requlrement neces-
smtates the model to be able to avord llloglcal paths
.in the assignment procedure.

It 1s, therefore, the purpose of thls paper to. develop '

a corridor model whlch meets all of the precedlng

requirements. A portlon of the\baSLc assumptlons and frame-

“work of Yagar's procedure wat used in the development. However,

the model described herein represents a significant improvement .
over previous work‘by virtue of several new features;\

To more reallstlcly predlct drlver behaV1our the model

1ncorporates a new cedure for trafflc assrgnment

Homburger s method [8] assrgns all demand to the nonsaturated

minimum paths, while Yagar S method accounts for congestlon

cost on saturated links' and trafflc could be assigned to

saturated paths if they result in a lesser - travel cost. Due
to the 1nc6nven1ent situation of stop—and-go operatrons

on a saturated minimum path, sone drivers will prefer to

use a nonsaturated minimum path even if they experlence a
larger travel. cost, A trafflc diversion procedure was

developed and used’ for this purpose. Options are provided

_ for total diversion, no diversion, and partial diversion.

53
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, ) _ R R D : AR
Addltlonally,.the model 1ncorporates the followrng

,features- ' jf:-wt,:‘; W*-lt_'ff_"" RRE f"".‘- R T

]

1 A method for 51mp11fy1ng llnk-node representatlon was_vd.
developed : ThlS method reduces the amount of codlng |

| h‘effort requlred by the users.: | ‘ |

2. A totally new minlmum path algorlthm with_ turn pro-

”

\hlbltlons was develoPed_to automatlcallylldentlfy and
avold networP llloglcal pakhs.rd | |
3. For purposes of ass;gnlng queued demand on a certaln

" 1ink to mlnlmum paths in the followrng tlme slice,

(the peak perlod lS lelded 1nto equal 1engths of.

homogeneous demands called tlne sllces), the model

con51ders'the orlgln as the upstream node of that llnk
.and a new. procedure for overlapplng the mlnlmum paths, }..
of queued demands was deveIoped to prevent 1llog1ca1
- paths whlch mlght occur in’ assrgnlng that queued denand

in differerit tlme sllces. .

-4, There is allowance in the model'forrthe ﬁseF to specif?‘
the intersedtion-nodesnat which turning'volumes are
desired., The calculated turnlng volumes are printed on.
a draw1n§ of the correspondlng 1ntersect10n. ‘

For any model of this type, it is apparent that the form
and structure of the minimum path algorlthm is extremely |
important. Not only does it 1nd1cate the accuracv with whlch
‘traffic is: actually a551gned to a network,.but-rt dictates
‘ghe basic form and structure of the entire procedure. For'this
reason, it seems logical'to‘first'investigatefthe minimum_path

algorithm and to then proceed with discussions of the basic

model structure.

e e g i



J;r“f- Therefore, 1n Chapter 2, an appralsal of eilstlng
‘mlnlmum path algbrrthms and a detalled descrlptron of the .

"new‘one are glven. An 1ndlcatlon~of the: efflcrency of
: . B

. uk
S

he new algorlthm is: also grven. "ha'ﬁ'ifﬁ ,_ﬁf

The basrc model structure 1s desorlbed in Chapter 3.
_Thls 1ncludes a proposed method for representlng a corrldor

-
‘network, model assumptlons, and treatment of queues, costs,

‘_and capacltles,

In Chapter 4, a trafflc dlver51on procedure is suggested
to account for queue exrstence in the mrnlmum paths. Included
also is a_detalled'descrlptlon'of the dlfterent ;llogical"paths
. that mrght occurwdh a hetworh,'a;ong‘with a‘methodmfor'
idehtiégihg‘these pathsfautomatically”in the computer
.program.' This chapter includes as well} a method for cai—
culatlng turnlng volumes without the use of. turnlng links.
Descrlptlon of ‘the 1og1cal sequences of the model and flelds
. to which the,model\mlght be applled are 1nc1uded at the end
',Zoflthe-chapter. . .‘
| ‘ Chapter 5 presents an application of the model to a real
corridor using‘hypothet}cal data; A discussion of the results
is included. . 3 , " N

Finally, a suﬁuary of the work presented,'conclusions
drawn, and suggestions for further research are given in
Chapter 6. |

includedlin the appendiceslare descriptions of the
* methods adopted dn automaticall; determining network illogical

paths, and a description of the method used for calculating

turning volumes without using turning links. Instructions

o e



‘for.u51ng the computer program, and a complete llstlng of

A'the computer program along W1th deflnltlons of lmportant

fvarlables used in the program are also 1ncluded

t
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£N CHAPTER 2
.

A NEW MINIMUM PATH ALGORITHM

. WITH TURN PROHIBITIONS
\\>5§ :

‘2.1 Introduction

There are two ﬁaln groups of mlnlmum path aigorlthms—-A
matrlx methods and-tree methodsf In the former, minimum
paths bethen every node ang all other nodes in the net- o
work areVdetermined.siﬁultaneously.‘,In the 1etter; minimum

. . . - - Is L -
paths from a glven node to.all other network nodes are

~ calculated sepérately. since only some of the minimum paths

L

are requlred in most transportatlon networks and most of
these networks are sparsely connected, the tree methods are

usually more efocment.

The tr

| portation networks with or without turn penalties and pro-
- hibitions. However; some of the former requiresradditional

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

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

"the same dlrectlon to. have the same upstream and downstream

nodes. Such a féature would be useful in 51mp11fy1ng

representation of some network sectlons, such as merging,
/

weaving, interchanges and intersections.

The basic purpose of this chapter is to develop a mini-

mum path algorithm which accounts for network turn pro-

e-building algorithms may helused‘for trans-



-hlbltlons wrthout.requlrlng additlonal codlng effort.c in't_.,“
fact the proposed method reduces the coding effort normally
d‘requlred of . conventlonal llnk—node representatlon. Testlng
of the algorlthm procedure and computational eff1c1ency
is glven. li : o S ' :/‘

2.2 Appralsal of some Existing Methods

p Kirby and.Potts [9]_evaluated dafferent minimum path.
algorithms with turn penalties and prohibitions and’it_is
worthwhile to repeat some of their findings-here. One
.obvious‘methOd for correctly alloning for turn penalties
and prohlbltlons is to use links in the network for these
.turns [17] as shown in Flg. 2- l. Turn PIOhlbltlonS could
" be accounted for by omlttlng the correspondlng links from

the. network Although this method accounts correctly for

turn penaltles and prohlbltlons it requires a large amount
,0f network codlngiand'computer storage,

‘&aldwell‘s method Iﬂ].provides allowance of turn
penalties and prohibitions by constructing a.pseudo—network
in which nodes represent the original links and links are
represented by "hoocks". Turn prohloftlons can be taken into
account by using the1r hooks with infinite penalties. As
stated by Caldwell it is not necessary for a minimum path
from an origin node to a destination node i, passing
through a node j, to coincide with the mingﬁnm path from
that origin node to node j. This is a.fundadental.concept
for networks with turn penalties and prohibitions. This
concept is illustrated using the simple.exampleishown in

Fig. 2—2(a).,'The costs are indicated on the links and &1l



-

P

FIG. 2:.1- ~CONVENTIONAL "LINK~NODE
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'FIG. 2.2 EXAMPLE OF HETWORKS INCLUDING
TURN PEMALTIES
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'turns-haVeia'conStant‘penalty Of‘Z:unitsu 'mhe minimum path'

from node 1 to node 4 1s 1—2 4, whereas the mlnlmum path

N \ from node. 1 to node 5 is 1- 3-4- 5. -Although Caldwell s

method accounts correctly for turn penaltles and prohlbltlon,

lt 1s not '‘widely used due to the extra effort ‘required by: the

g

user to construct the pseudo~network;

A

There are other methods which include turn penalties’

by ad&ing a .constant cost forbany chanée of direction at an
'lntersectlon [3 5] ThlS could be achieved by labelllng each
north-south link Wlth a plus 51gn and each east-west link -
_with a 'minus' sign as shown‘ln‘Fig.'212(b).' However,.it_is
fpossible that such a procedure.could‘produce'invaiia results.
‘For the example in Fig.‘2—2(a), thislmethod‘would obtain the °©
mlnlmhm path between nodes l and 4 as l -2- 4 and subsequently

£

dlscard the alternate route 1-3-4. Therefore, the resultlng

minimum path between nodes 1 and 5, would be incorrectly

chosen as 1—2—4-5. -
e
.~ Additionally, it shouldpbe—noted‘fﬁataone must be

careful when accounting for turn prohibitions by addlng

links with infinite costs [18]. In the example illustrated

s

in Fig. 2-3(a), it is necessary to avoid the illogical paths
between links 9- ld and 10-8, and between links 8- ED and

lO—il To accomplish this, dummy’ nodes 36 and 37 are ‘added
and connected to node 10 w1th dummy llnks of very high costs
as shown in Fig. 2- 3(b) .Although the illogical paths seem

to be pIOthlted, this method allows the U-turn at node 24

whlch is 1;log1cal. Therefore, the illogical paths URdEF
!
consideration can still be pexrformed through that U~turn.

e
.
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C algorlthm is requlred..‘ r({,

S Y

01ear1f, if-these problems ere‘tolbe avoided, an improved -

.o

2.3 Descrlptlon of the Proposed Algorlthm

Not only does the algorlthm descrlbed in thls sectlon7"

avold all def1c1enc1es of other methods, it Slmpllfles -

'representatlon of certain network sectlons..

The algorlthm is based on the folloW1ng important -

definitions:

-a)

b)

Nodé-Absolute Minimum Cost RS

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

have different‘coSts,-each cost corresponding to one

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

is defined as the node*absolute mlnlmum cost-] This is

the cost considered 1n the mlnlnum path algorlthms

'wlthout turn penaltles and prohlbltlons.

Link-Related Minimum 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 the costs correspondlng to the upstream
links of that turn prohlbltlon node, except those llnks
which have turn prohl?ltlons with that downstream link.

Suppose one wishes to determine the minimum paths

between node 1 and nodesll and 12 in the network with known

link travel costs shown in Fig, 2-4. Assume turns are pro- -

hibited between the following pairs of links:

’
-t
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FIG.

) Prohibited turn

(10) cost from node 1

2-4 A GIVEN EXAMPLE OF MINIMUM:
PATHS WITH TURN PROHIBITIONS
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.Ehére are three paths from ngde 1 to node 3, with the

-~

associated costs:

path o Cost
1-4-3° : _ 5
1-3 . . 10
1-2-3 s

Three.downstreamflinks.of'node 3 are found. Linkﬁ3;5,-
hdwéver, méy not be'associated ﬁithAlink 4-3 dUeSto'ﬁhe turn
prohibition. Theréfore}‘fhatﬁlink musé use‘itS'linkfrelated-
minimum cost, which in ﬁhisldaée.is'lo. One possible pétﬁi
between nodes.l and 6 is, therefore, 1—3-5—6, with a cost of
25, |

Link 3-6 has no turn prohibitign,with any of the upstream
links of node 3 and thus it will use the npde-abéolute minimum‘
cost of 5. Therefore, another possiblg path is\1—4~3—6 with
.a cqst'of 17. - 7

Similarly, the link-related minimum cost of link 38-7 is
lo, giviﬁg.a cost of 20 on the path_1-3;7—6.

Now node 6 has three coéts corresponding to the entering

links:

{ .

oo

'

&
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IfJone now cdnsiaeis-link 6-10, the link4reléted

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-absolutle
. ’ . . " ] .

minimum cbst 9f,l7&vié 1ih£ﬂjrsf Thé_coét of node.B'throﬁgh
6-8 and 8-9 is, therefore, 37. |
Lihk.1049.uses the iink feiatéd minimpm cost of 30'
TUftﬁrn is considered a turn prohiﬁitionf,'givihg hode 9
another:costibf 35.‘hLinkl9;1¢ uses fhe'link related
minfmum cbstlof 37, giving node 10 anofhér cost 6f 42,

hY

Now nodes Q‘ana‘lo have the follbwing costs:

. node 9 © - node 10
link . cost link ~ cost
10-9 35 6-10 o 30
8-9 37 9-10 42

Similarly, link 10-11 uses the link-related minimum cost
of 42ogiviné node 11 ‘a cost of 47 which is the minimum cost
from node 1 to 11 thropgﬁ nodes:‘1—4-3—6—8—9—10—11.

Link 9—12‘u§e5-the node;absolute_minimUm cost of 35, giving
noae 12 a cost of 40 which is the minimum cdst f7dm node 1 ;o
12 through nodes: 1-3-5-6-10-9-12. |

The\above example shows theé following important points:
a) The minimum path Between nodes 1 and 12; as shown'by the

solid lines, does not ﬁeqessarily‘coincide with the mini-

mum path between the intermediate nodes 1 and 3 or between



fnnodes 3 and 6 In‘addition,fit-is notnnecessaty ﬁhat |
hthls minimum path c01nclde W1th the second minimuam path
. as exempllfled by the path betweenfnodes 3-and 6.

b)t:The path shown by dashed llnes fr o node l to node ll
does not c01nc1de w1th the path betﬁeen nodes 1 and 12
'although they have several common nodes.

- c) _More than one cumulatlve cost to a node must be con-
SLdered for both the turn prohlblt;on nodes, and at

3 those nodes hav1ng a_U—turn (node 9).
' Based on;these‘observations, the minimum path-algorithm“
should be structuted_totcontain'forward and backwatd procedui'esT
The forward procedure is performed from thedorigin under

'Consideration to ali other nodes in the netwotk~as follows:

i. Each node at-which the;e are turn prohih;tions (including
nodes having.U;turns)‘is identdfied and given four costs,
each having &n infinite value (practically it is assumed
to;be-9999.units of cost).p The otigin is given a cost
of zero. . | |

2. For each 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 follows: ‘
a) If that link has turn prohibitionj@ith upstream links

of its upstream node, it uses its linkjrelated mini-
mum cost.

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

absolute minimum cost.

! -



4.; U51ng the cost of the upstream node determlned -in the d
prev1ous step, the resultlng cost at the downstream N
node 1s obtalned Then two cases are found.

,aj If that downstream node is not.a turn prohlbltlon'ﬁ

- node and the.cost of that,node is lowered,_the link
_numberfand its‘aSSociated cost are Stored,‘otherwise

~ - that iink_is cancelled. - e _ |

b) If that node is a turn prohibition node therlink
‘number and its associated cost are stored unless
that link had been.previously conSidered'and had
'a 1gwer cost. The costs of that turn pIOhlbltlon
node are then arranged in ascendlng oxder.

5. When the llnk is not cancelled in the prev;ous step
the dOWnstream links of its downstream node ari stored
‘for later con81derat10n.

6. For each stored link 1n step 5 repeat steps from 3
through 6. The procedure continues untll the links
stored for %atter consideration are all considered. After
that each destination has a unique cost and an immediate
upstream link corresponding to the minimum path from the
origin to that destinaﬁ}on.

The backward procedure 1is perforned from each destination
to the origin under conSLderatlon to finally identify the
:&plnlmumhpath, (buring this procedure the first congested
point;in the path is determined for later consideration‘in the
assighment procedure). The procedure is as follows:

1. - The upstream link and node numbers of the destination

corresponding to the minimum path are obtained.



2. If the. upstream node_ls not a turn prohlbltlon node 1ts*’“*”u

?upstream llnk is’ obtarned.h (Each of these nodes has only"

one cost Whlch is the mlnlmum to. it from the origin and

one upstream llnk correspondlng to that cost)
3. 'If the upstream node ls a turn prohibitiocn node, two

cases are considered:

”aj- If there”is a:turn prohibition between the'previously
determlned link and any of that node upstream llnks,
the link correspondlng to its llnk—related minimum- cost
is cons1dered with its upstream node. | |

b} If there is no @urn,prohibition, the_link-cOrresponding
to the node abso;ute minimum cost is considered with

its upstream‘node. | |
4. Repeat steps'2'and 3 until the origin is reachedL

. As 1s usual practlce the number of llnks enterlng a turn
prohlbltlon node is restrlcted to 4 whlle the number of llnks
1eav1ng that node can be any number. However, more than four
entering links can be accommodated, if necessary, thrOugh
slight changes in the method.

The method could account for.turning costs without using
links for these‘turns thirough ? straight forward comblnatlon
of this algorithm and the method adoPted for turnlng volume
calculation without using‘turning links (to-be discussed in\
‘Chapter 4). The‘reéulting algorithm would not necessitate
links indioations to identify turns. .It.couldlalso allow for
turnLpenaLties:which'are-constant or:proportional to the |

turning volumes. However, this procedure has not been

developed in this thesis and is left for further research.



'2.4; Testlng the Algorlthm
o The proposed mlnlmnm path algorlthm 1s applled-to a

inetwprk with and w;thout turn proh;b;tlpns. The purppse'of
Itﬁis.appliéatioh is to piéééﬁt'mipimum ﬁaths for a.Study 
network to élarify the ﬁethod."ln addiﬁion, it—isfiﬁtended.
fto‘givé an indication of the computer,time'used whénlfhe method
is agg}ieéftéﬂgfhetwork with and withoﬁt'turn prohibifioné._

‘The hetﬁéfk sfudied is shown in Fig._z—S; At firét,_the
network was considered free: from turn prqhib;tipn$. The

A : - %

‘ minimum paths'between'origin 1-a§a degtinationé-4;5, 6,7, 8,
and 9 were chtained. These paths are shown by.solid liﬁeé }
fin Fig; 2—5:; It can be’seen that each nodé has a ﬁﬁidua
minimuﬁfcost cﬁfrésponding to one upstream iink wﬁich gives
that minimum cost from the origin ﬁode 1. Ihe/miniﬁum cost
from node 1 to each node is shown in_brackets-u‘ |

In Fig. 2-6 the same network was considered with the-
required turn prohibitions. ?hese.tuin prohibiti?ns ére
detérmined automatically in the program, and are indicated
in FPig. 2-6. It can be notéd that the network contains 37
turn prohibitions.including U-turns. Turn prohibitions‘at' [
nodes 4, 5, and 6 are not-included becéuse they are oriéin—
-destination nodes. IllogiEal paths through them are avoided - .,
u51ng‘another procedure to be discussed later in Chapter 4.

The minimuom paths\con51der1ng turn prohlbltlons are
shown in Fig. 2-6. In this case, each turn §rohibition nodé

has a maximum of four costs which are shown in brackets. ’

Each downstream link at any of these nodes will use its link-
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'.“telatéd.minimum cost iffit'has'tﬁrn'ptohibitibn.ﬁith any o
.of;the'upétremnlinksof the node, otherwisé it will use the

‘node-~absolute minimum cost. 'Fér'ekample; at node’34,.theré

ategfour costs corresponding to the following links: -
. . : ] .

Link 37-34 . Cost = 123 o
" Link 32-34 y _ Cost = 183 . o . :ﬂ
Link 24-34 . Cost = 253
‘Link 14-34 .- _ Cost = 261

When link 34-14 is considered in the minimum path its
s ”

upstream node cost is 183 (its link-related minimum cdsﬁ)

and not 123, since there is turn prohibitions betwéen that

. . | | ~
‘link and links 37-34 and 14-34. Therefore, link 34-14 gives \
a cost of 183 + 10 = 193 at node 1l4. When considexing - -
| | ' ' ' T

link' 34-24 its upstream node cost is 123‘(1;5_1inkere1ated
_ minimum cost), since there is a tﬁrn'proﬁibition“between that
link and thé upstream link o 24 —34.- Therefore, the cost’
at node 24 due to link 34-24 is 123+ 40 = 163.
Similarly, for node 32, lihk 32-34 uses the nqdeﬁ
absolute minimum cost 93,.while each of links 32-31 and
32-33 use its link-related Sinimum‘cost 181. Thereforg,
in the backward procedure,.the minimum péth from node 1 to
nodes: 7 and 9 are respectively: |
1-15—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
| ‘ o
It can be seen that the two paths are different upstrean

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

network without turn prohibiﬁ10ns. The minimum paths to all



destlnatlons are given in Table 2- 1.

It can be noted that thé network contalns 38 nodes and

71 11nks. The computer executlon times for the network w1th .

and w1thout turn prohlbltlons were respectlvely 45 and 35°

_— seoonds on a CDCG400. In the two cases, thlS tlme was used

,’4¥feinmoﬁf§fﬁiié 576 minimum_paths, as well_as_perform-.

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

1

'fOre; the increase in the computer time due to .consideration

of turn proqlbltlons is 1ess than 30% for 37 turn prohlbltlons.'

From the algorithm testing, the follow1ng conclu51ons

have been drawn:

a)

,

b)

c)

a)

The increase in computer time is expected to he
proportional to the number of turn prohibitions inﬁthe
network. This is advantageous over other_methods where
the computer time was approximately doubled regardless
of the number of turn‘prohibitions used [15]. fherefore,
it is recommended that the algorithﬁ can. be used even
with a few prohibited turns.
The.aigorithm was found to function:prOPerly under any-
number of turn prohibitions at a node. Therefore, there
is no limit to this number. '

A nethod.for automatically identifying the network turn
prohibitions.considering information provided for gueue

i
spillback on’ links was developed and will be described

later. Therefore, the algorithm does_not.require direct
provision of turn prohibitions in the input data.

The e;gorithm allows the use of a simple link-node
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TABLE 2-1: MINIMUM PATHS FROM NODE 1 FOR THE
o NETWORK WITH TURI PROHIBITIONS
Destination No.de Number

4, 5 6 7 8 9

v ‘
£ 1 1 1° 1 - 1
‘3 . .
B 13 13 13 13 13
© =2
Bt 15 15 15 15 15
12} .
s 7 ’
9 16 16 16 16 16
(o] . ‘ :
+ 21 17 21 17 17 17
= ‘
o 22 18 22 18 18 18
-
-5 25 23 25 23 23 23
E
o 4 26 36 26 26 26
& _
5 . 28 32 w28 28 . - 28 -
i 32 31 " 32 33 33
v \\ '
£ 36 29 34 35 35
L B \ 5 6 .14 37 37
o ) N
E@: \ 20 8 34
2 7 24
g 9
O
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f'representatlon at dlfferent network sectlons :,It

jpermlts two or more llnks in the same dlrectlon to have

LY

the’ same upstream and downstream nodes.,‘Thls feature'
'.15 extremely useful ln effectlng 51mp11c1ty of network
_codlng. |

.The new algorlthm is at least as eff1c1ent as prev1ous

ones 51nce the 51mp11f1ed network representation.results

-

ln a decrease of computer tlme, which is llkely to

- exceed the lncrease resultlng from the turn prohlbltlon

procedure.

'E‘.
-
-
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.'; - CHAPTER 3.

BASIC MODEL STRUCTURE

3.1 Introductlon : N

One eSsentlal task in a trafflc a351gnment procedure 15..~
to represent the transportatlon network in terms of a set |
of 11nks and nodes. It is de51rable to. use. the most eff1c1ent
representatlon possrble, since elther the network coding
effort would be ‘reduced pr a larger srze of network may .be .
handled. One purpose of thlsﬁchapter ;s to descrlbe a hethod
of network representatlon whlch accompllshes that EfflCLany.

The model allows the peak perlod to be represented by
'equal—length tlme sllces, each hav1ng a constant rate of
exogenous"demands. These demands are assrgned to a’network
corrldor usrng the pr1nc1ple of 1ndrv1dua1 travel cost
mlglmlzatlon, where the mlnlmum cost path may contaln some
tlme in queue (cost 1s‘treated throughout as travel tlme).
Another pUrpose ‘of thls chaptep is to explain the assumptlon
and approxlmatlons contalned 1n the model and to descrlbe in
detall\how the model treats flows, queues, costs and capacities

. 4 ‘

.1n = a551gnment procedure. o e .

3.2 Representatlon of a Physacal Corrldor Network

P
A corrldor network aQ deflned hereln, consists of main

roadways and conneatrng roadways approx1mately normal to

-

the main roadways. The main roadways are unl—dlrectlonal since

o>



-the only flows con51dered are in the dlrect1on of major flow -“'
in the peak perlod.i The connectlng roadways may be- bl-' |
“'dlrectlanal. Both the main roadways and connectlng roadways
may be’ freew&}s or arterlals._ At the 1ntersect10n of main
.roadways and connectlng roadways there may be a grade—sep—
‘arated 1nterchange with ramps,,or a s;gnallzed 1ntersect10n'

if theAintersection is at'grade._

Fig. 3-1 shows a hypothetical northbourid corridOr retwork.
This.COrridor consiéts of e'freewey A-B=C and two arterials
D—E—E‘aﬁd §-H?I, The freeway has interchanges at A, B and C.
Eacﬁ of the‘two‘erterials has‘three intersections,,D,rE, ?‘
“and G, H, I'respectively; These are eennected to freeway.
interchanges'witﬁ_biQdirectional streets ic, CF, HB, BE, GA, g
and AD. 7 S ' | - : .

In the 11nk-node representatlon, each of the corrldor

- -

roadways are represented_by links which start and end at nodes,

These nodes occur at points where demand, flow,

way characteristics change. However, if the

uniform flow, it is considered as a sangle Yink even though
it might'have varying capaeities along its lenégh. Th;
capacity in such a case is.represented by‘the minimﬁm
section caéacity. If the roadway meets other links or has
exogenoustflows at dertaig points, nodes ere proviéed at
‘these points. “

-The linkﬁnode representation Qt the hypothetical 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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FIG. 3-1 A HYPOTHETICAL NORTHBOUND
DIPECTIONAL CORRIDOR
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FIG. 3-2 "LINK-NODE REPRESENTATION OF
. . THE HYPOTHETICAL CORRIDOR.
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" DESCRIPTIQN_OF‘NETWORK‘COMPONE&TS

- |Network ;Component

'-‘Deécriptionlof;Lihks‘

.rc—ngeway

|a-Freeway 1links /,

b—Ffeeway merging-iinks

~ links 7

d-Exit-ramps ;

e-Merging links for
- entrance-ramps

f-Merging dummy links

for entrance-ramps.

g-Arterial links .

h-Right turning links
at intersections

i-Left turning links
at intersection§ .

|j-Through flow links

at intersections.

k-Dummy approach links
at intersection

l-Connecting streets
links. '

mrLinksrcohnecting
an 0-D node to the
network

dunmmy merging

11-12
12-13

1- 2

30-32

‘9-10°
10-12

12-13

-10-11"

14-16

16-17

©18-19

_15;16

16-17 .

{35-36

5- 6

40-34
4- 6
40-33
~

5- 4
39-30
33-34

- 23-38

11-24

15-28
33-19
31-27

13-14

2-'3

17-18 .

Vs -
i8-20

20-21

14-15

19-20

20-21

6- 7

38-25 -

34-35

38—24}

33-35
4- 5
-29-28

27-39

2-11

28-15

31-28

21-22

4

(left
links) .

(both)

(right
links)

n

7- 8
25-26

24-26

38-26

28-29

32-40

11- 2

7-19

39-29

40-35

26-27

39-28

25-24

5-15

18- 7




Althonghhthe grosé'nerwork.fearures mayrbefeasiiy -
desoribed'usiné“oonvenrionalflinkenode:designafion, nore.
-detalled characterlstlcs such as 1nclu51on of turnlng
‘costs, the d&fect of turnlng movements on 1ntersect10n .
approach capac1ty freeway merglng and weav1ng——etc.,'
require special modelllng Wléh addltlonal link-node repres—
entation. A description of the spec1al modelllng adopted in
Fig. 3 -2 is given below. | 7
a) At—grade Intersectlons |

Flg. 3 3 shows the modelllng of an approach toc an
at-grade ;ntersectlon. In thls flgure the. movements at

-

the intersection are represented by 11nks\5—3fl5—4, and

ol 5-2. A dummy link 1-5 having“zeIO'length is used tolaoconnt

for the mntual effect of the dlfferent movements on 1nter—.

sectlon capac1ty. The magnltudes of the 1nd1v1dual
movements are comblned to form a welghted total of
.equlvalgnt through flow which is a551gned to llnk 1-5.
In this way the total ohrough equivalent flow can be.
'llmlted by the capacity of 11nk 1—5 which is represented
in terms of through flow vehlcles. ‘
In obtalnlng the mlnlmum paths, the cost of performlng
a certain movement at the 1ntersectlon is composed of
the cost of n51ng the approach, which depends upon its
degree of saturation, and the cost.of this specific
movement. |
b) ‘Merging Sections
" The modelling of a mérging section is 111ustrated in
.Flg. 3-4. Links 1-3 and 2-3 represent the merging

1
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FIG. 3-3 LINK-NODE REPRESENTATION

OF AN AT-GRADE INTERSECTION
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c)

approaches of the freéway and the ramp respectlvely.

'Llnk 4- 5 is the downstream merglng llnk. The two dummy -

links - %f4 are used to represent arbltrarlly short sectlons

at. the downstream ends of the merglng anproaches. The
dummy llnks are glven certaln capac;tles to accept vehlcles.

These capac1t1es ‘are then used-to regulate the ablllty ‘to

‘discharge vehlcles onto the downstream merglng link.

. The representatlon shown in- Flg. 3 4 requires that
turn proh1b1t10ns be applled between llnks 1-3 and 3-4

élower),‘and between llnks-2—3 and 3-4 {upper) .

|

Weaving Sections | -

"A weaving section can be modelied as shown in Fig; 3—5{
Thehtwo 1links 4#5_represent the nonhweaving;and weaving.
sections. The upper link is used only hy.through.flow.

The entrance—ramp'flow?f2 and'exit—ramp flow.f, use only
the lower link" This llnk mlght also be used by through
flow dependlng on the cost of the two links 4-5.

The above movements are performed through consideration

of turn prohibitions between entrance-ramp dummy. link

3-4 (lower) and'non-weaving'link 4-5 (upper) and between ~
that non-weaving link and eLit—ramp link 3-6.

Weaving section capacity and the effective numbex of
lanes can belestimatEd using.different methods'[13]. The

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

Highway Capacity Manual [7].
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d) Interchange -Exit-Rémp‘s. X
o The upper po:tibn of Fig. 3-6Ashowé én'inte:chapge<‘
": ' - having ﬁwo exit’rémﬁs, 1 andlz; A simpiified Tink-node
| “representatipn;éf this iﬂtéréhange ié‘QhOWntih the lower
pértipﬁfof tﬁe figure. ‘The:fwo‘ramPS'are-reéreéented
by tw6 iinks-havin§ the same.upstréam and doynstream'
nodes. The pathsibetwéén links 1—23(exitfram§ 2) and
2-4 énd between links 1—2_(exit-;am§ 1) and 243 are
‘iliogiéal and.therefoie turn prohibitions‘aré to be
-applied for thgse.moveménts. |
Iﬁuthe above mddeliing the distance betWeeﬁ exit-
ramps is assumed negligible which is practical in ﬁdst

)

situations. .
e

3;3 -.ASSumptions and Approximations
Having dgécribed how to repfésent a corriaor-network;
“the assumptiohs adopted‘for the specifié'analysié of traffic
.assignment must be identified. The main assumptions and
approximétions ﬁsed to treat queunes, costs, intexsection
capacity, and other operational aetails‘are discussed in tﬂfé
section.
a) Queue Dissipation/
Fig. 3-7 illuﬁtrates the approximation 6f queue‘dish
sipation as shown by the dotéed line. A'queug qn+j-1//
which dissipates in time slice n+j is assumed to decrease‘
at a coﬂstant rate during the whole length of slice.
The error of this approximation is the area between tﬁe

dotted line and the adjacent solid line which represents

real gueue behaviour. This error has an upper limit of
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‘actual queue size
————— 'assumed queue size
s+s++e--. queue dissipation as approximated by

the model -

S o .
s = :length of time slice

o

size : ; !

qn+l_

qn+j~1@,‘ i
9n+2 '=
|
{

Ay i ’ e oot

/ . .

/ . ns (n+l)s (n+2) s (n+j-l)s ___..(n+i}s
. Tine

Sy

FIG. 3-7 EVOLUTION AND DISSIPATION OF A QUEUE

%
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gQueue BVolutlon

—2_" n+3--l -

A queue formed in ‘a. glven tlme sllce is assumed to

hbe.fed back: to the network 1n the next txme sllce.f Th;sar

"15 represented by the dashed lines ln Flg.,3—7 By the

assumption of‘queue dissipation during the whole'length'

,of the time sllce n+3, the total queuelng tlme obtalned

would be half 1ts actual value assumlng time sllces of

,equal lengths. To account for.that the calculated

value of queueing cost is doubled.
Drlvef‘s Knowledge of Travel Costs
: It is assumed 1n the model that the drlver knows the

traVel-and queuelng costs for all the links-in the net—

~ work in each time sllce. ;His choice of ‘the shortest path o

r.

is based on the travel cost 1nformat10n of that time = .

sllce. If the shortest path contalns queues, he will go.

as far as the flrst congested p01nt in the path and

freselect the remalnder of his path based on the new

<

travel cost 1nformatlon of the next time sllce.
Unllmlted Queue Storage on Surface Streets

It is assumed that surfaoe streets have suff1c1ent

' space to store queues and therefore they do not spill

back through major intersections.‘.ﬂowever, allowance is

made for freeway and ramp ‘queues ‘to extend back onto J

freeway, ramp, and surface street llnks.

'Constant Turnlng Equ;valents

" Bach type “of movement at an intersection is assumed.
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v

x‘assumptlon is essentlally true for the small ranges of

where: F

£)

to have a constant through flow equlvalent lndependent

of the number of vehlcles maklng that movement._ ThlS ?t

flows whlch mlght be expected in. the peak perlods. T?is
means that the equlvalent through flow P' is obtalned
I o
F ?L . EL f,FR_.‘ER + Fp,

Fy Left turnihg'flowr o L .

'EL : - Through flow equivalent for left turns

- Fp ¢  Right turning flow ' . .

' Ep * . Through flow equivalent for right turns
h ‘\A“/’ | | A' | . ' . .

'F,, : Through flow'

[

The flow F' is assigned to the dummy approach link

'of the intersection as described in section 3-2. |

Elo&QCost'Relationship

The function relatlng average unlt travel cost to
flow on each llnk is an lncreaSLng functlon as shown in
the upper portlon of ‘Fig. 3-8. Thls relatlon is approxl—

mated by-plecew1se—constantkcomponehts.. According to'this

‘approximation, a link is replaced by three imaginary

"sublinks"™ in parallel, each having a constant unit

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

Unit Queue Cost

Fig.' 3+9 shows a linear relation hetweeh queuwe size

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

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

s (lours}, the queueihg'cost to be paid by a user at the
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unit. &
travel
cost
Ccus. |
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2
L ARi CAP Flow
L“-‘_ Ml l AAZ i_ 'AA3 :-I .
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Link Link
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_node 1st sublink ~ hode -
capacity=AAl * unit cost=CUl - r)
2nd sublink
' capacity=AA2 unit cost=ClU2
‘ 3rd sublink
capacity=2AA3 unit cost = CU3
7 f
FI1G. 3-8 PIECEWISR-LIHEAR.APPROKIMATION OF

THE FLOW-COST RELATIONSHIP
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end of a qdﬁge of 51ze q (vehlcles) can be obtalned as’
follows._’ - |

Queuelng cost (seconds) #’%é% x 3600 °

hrThis :elation isfaleodapproximated Sy piecewise—
i7c6nstant-compooents,havihg‘capacity'iimits of 0.02 QSQ
and coet-inc;ements'of 0. 02 s. These capacity comﬁonents
.aie usedlso that the assmgnment to queuelng links can be
limited, and thus accountlng for the queuelng cost of
assigned-vehlcles in a better way. In order to avoid = &

excessive 1teratloTs, “the unlt cost is updated after/

- ...,. -

each assmgnment 1ncrement and the allowable capacity com-
ponent for use ln the next lncrement is set equal to
0.02 csQ. | o R

3.4 Treatment of Flows, Queues, COStS and Capacltles

In the previous sectlons the method adopted for 11nk—
s
node representatlon of a corrxdor and the ba51c assumptlons
con81dered in the assmgnment procedure were glven. _also,

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

‘Now, - the mode in which the above aspects are?ihcorporated

within the model must be described. This section presents a
detalled descrlptlon of the model treatment of queue storage.

on the roadways, link costs, and weavlng and mergang capacltmes.

3.4.1 Storage of Queues
. s
When a llnk reaches its capacity it forms a bottleneck

and the vehlcles lehlng to use that llnk wlll form a gqueue

startlng from the upstream end of thE'llnk. . The tail of the -

4

queue backs upstream as the number of queued vehlcles increases. .

.
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:‘If the queue backs through an 1ntersect10n or a dlverge."
‘sectlon, it w111 affect the . drlvers who are not users of the
- bottleneck and mght leave the queue upstream of the
'bottleneck. - | | _ | | _
The model takes lnto account the effect of any- phy51cal _
queue on trafflc us;ng upstream_llnks‘by_keeq}ng'trach of
‘the number ‘of gueued véh'i/clés."' If the physical.queue cap-
acity‘is reached, the-upstreaﬁ'ncde of the'queueihg link is’
: censidered congested only for those upstream links,that reed |
directly‘intc the queueing link. _ . .
Any vehicles physrcally queued on a llnk are rea351gned
toward therr'destlnatlons 1n the next tlme sllce.' The orlglu
of thls queue is approxlmated by the downstream node of‘the"'
'queueiné link. However, the minimum paths for the queued .
Jdemand on any link are obtalned in such a way that this
link is the first link considered in the mlnrmum‘paths
_(the icgic of this procedure is discussed in.the next
chapter) . ' | | .
| The _above approximation has the effect of not backing
queues uustream if vehiéles must queue on their final 1ink.
‘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
queuves will be consi@eredvc |
" Due to the manner in which the model assigns traffic,,
it is pcssible that scome of the gueued demand from a previous

time slice may not be served in the current time slice. This

can only occur if the first downStream link in the path reaches

tc“){‘
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‘ oapacity or - 'fhas:e-Queue'epilling'hédk;' The‘unassighed'

.:portlon remalns concentrated on the downstream node of the
A

‘.queuelng 11nk, but 15 not lncluded in the physmcal queue of

‘that link.

3.4.2 Representation‘of Link Costs

| The total unit 'cost on a_lihk cohsiste oi two_cohponents:
- a) ‘ﬁnit flow cost — that cost.which must be paid for tfavel
on the hon-qﬁeueing,portionlof the link. | . |
b) -Uhit qﬁeue cost - that cost which'mhst be paid for travel
| on the queveing portion of the iink‘

.fhe unit flow cost is deté}mined fromttheltlowfcost rel-
atiohship in Fig. 3-8 and represents theltnitICQSt for the |
Whole‘length of the iink. If part of the-linklcohtaihsta
Queue. the unit cost-ehouid be/factored down to'represent
oniy the'tnit cost far the non-queveing portion of the link.
| As'described‘in section 3-3 the wnit queueicost ie.cal—

culated as %é% x *3600. The discharge rate CSQ of the link,

-

1; estlmated_ln the model‘aocording toeﬁ&stihg network and
traffic conditions. It is always proportional to the
saturation flow of the links serving the queue.

For the queueing examp}e in Flg. 3-10, the dlscharge rate
of_l;nk-a, CSQB,'ls equal to the saturation flow capacity
of the‘hottleneok C, CAPC. Consequently,_CSQA'is eéuai to
CSQp and not the capacity of link B.

Fig. 3-11 shows a queue built on the upstteam 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 spxlls onto lmnk A, an

estlmate of. the relatlve fractlons of the gueue components;‘

on A can be computed as fB' 'and " e where fp and .

'f are the a531gned flows on the respectlve lxnks. Link,B '

would accept vehicles at rate of CSQB ‘and therefore the
f+f

queue on A would dlscharge at approximately the rate B~ "C x

B .

csQy ih?APA. Sim;larly} if lihh C has a queue, the discharge

rate from A will be fg * fo 4 CSQ. < CAPA{
. C' ’ Lo

In the case of a queue formlng at a merge sectlon as

_ shown in Fig. 3-12, CSQ can be approx1mated according to the

flows on the merging links. If a queue forms on 11uk B due

£

wt

to e'queue on C, CSQp is estimated as B X CSQé.ijCAP

In the cgse where the. queue on B is formed due to link C
reaching capacity, CSQC‘ln the above expressxon is replaced

3.4.3 Weaving Section Capacity

If one wishes to account for weaving in the assignment
procedure, a dynamic'methoé would be required to estimate
the final weaviag caéacities on the basis of assigned flows.

Since the effects of weaving are generally unknown, an

appropriate method of caiculating weaving capacities does

.not exist., Therefore, inclusion of such a procednre in this

model has not been attempted and is 1eft for future research.

However, there is allowance in the model for‘provrding

B



‘-preéestimates offweaving capacities’ in each time slice.

3.4.4. Merglng Sectlon Capaclty

: Capac1t1es oﬁ merge approaches are affected by varlatlon-
in the capacmty éf the downstream merglng link, e.g. due to
weav1ng.r In addltlon, these capa01t1es are dependent on’ One
another 's flow and are complementary. ‘If both APproaches
have demands greater than their capac;tles to dmscharge
vehlcles, queues Wlll be formed upstream of each mexge. In
this case, the capacxty to dlscharge vehlcles for each
'apprOach is defined as the “entltlement“, since it is. always
‘available for theAapproach. If One approach does not use all
: of.its entitlement, the excess can be used, as‘requlred, by.
the other. T . | g | | .

_For the cases where the total merge‘capacity is indep=-
endent of flow compositidn'in_merge approaches, the relation-
ship betweenAcomplementary capacities'of merge approaches is

shown in Fig. 3-13 and must satisfy CM; +__CM2 = ¢, where C
-is the total merge capacity and CM, and CM, are the respective
merging capacities of approaches 1 and 2. The point‘(El, E2)

‘represents the mutual{stable capacities whexe each approach
receives its entitlemeht. While the entmtlement of each .
approach represents a iower hound of its»capacity, an.upper

' bound of this capacity is defined by.the'approach ability to
accepttvehicles at its upstream end. For exanple, the point
¢y pepresents the capacity to accept vehicles for approach 1
and hence its maximum capacity is limited in this %alue. ):\

set of demands (D,, D;) which falls below the line of total

o,
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merge‘capacity resultsfin each'approach receiving suffidiént
'capaclty because the unused entltlement of El.— D;. for-
approach 1 is- large enough to serve the excess demand of

Dy - E, or approach 2. However, if the total demand exceeds'
the.total merge capacity C, a queue w111 be formed ‘ConSLdb
ering the.demand set (Dz, DB)’ thelexcess demand of apptoach
2, Dy - E,, is greatef than the unused entitlement,'Ei —‘Dzu
of approach 1. In'thislcase, approach .2 can use only Ey - bz,
'and the remainder (Dy - - E,) - ‘E D,) =~D + Dy —.C uill
form 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 condltlons.

The approach capac;tles can "be estlmated from entltlements
and flows using the procedure desbrlbed aboue.;;ﬂowever, the
approach flows cannot be assigned until the capacities are
known. In#oxder—to solxe_th;__problem, the follow;ng‘two

routines | are used:

a)- Capacity-borrowing Routine

This rou ne is used after each increment in the

assﬁgnment If one\agfio:ch reaches its capacity while .

the othe ‘has an excess, ~certain amount of the excess
is re ervaed, and some predetetmined fraction ot the 2
rem/inder (1f any) is given to the former approach .

The reserve is calculated to be of sufficient quantity to
icomplete the time slice at the present rate of assignment,
plus an additional amount which accounts for possible

approach queues of the previous iteration.

-
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fAlthouéﬁghé aboyé §rocédgré would ideally account-f6r1 
Vthe sharind‘of mergé&capaéity, some problem#lexist in using
it, -The flows are not assigned at a constant rate, &nd'
¥ therefore the extrapolation of assigned flows‘might be
'poor‘estimétes of'thqse existing atﬂﬁhe end of the |
iteration. Another difficuity is ﬁhat if one approach
link becoﬁes.cépacitated duriné‘any increment of the_
1 iéerafion, the borrowed capaéitf'wii% not be used and
" queues might férm despite the availability of that
¢apacity; This difficuiﬁy is overcome using the’
foilowing-routine. |
b} Entitlemént-ubdating~Routi e
The éntitlement?updatiné routine is pxovided for
optibgal use in the pro%égg.'lIt is used after each

iteration to calculate new entitlements for mgrge

approaches on the basis of pproach demands assigned

in the prévioué iteration. |If both the demands are

greater or less than the respective entitlements, no

borrowing will occur. If one appxroach has. a demand

greater than its entitlement‘and the other's demand is

below its entitlement, two pbssibilities exist. If the

required capacity of one approach is greater than the

excess capacity of the-other; the entire excess is

transferred. If it is less, [the excess is shaxed to

~give both approaches equal excesses.

\\\\\\\ If merge capacity -is 1ef unused and gueues exist in

-

spite of the entitlement-updating routine, a further step

i

Ty g required. From the assigned flows and queues, the

demands of the ﬁérge.app:bééhes are determined and



néw'eﬂfitlémenté(érefcaic#iétédt'”ﬂéing these entitleménts,'
é_new_run'is pérfogﬁéd without considering giﬁher of. the
'twoﬂroﬁﬁines.‘_Furéhermore; if the anélysﬁ can detefmfﬁe
merge deméﬁds’sﬁfficiéntly well without the routines, |

this final step can be used directly.

o
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4.i ‘Introduction

‘cuSSed. The'purpose'of this chaoter is. to descrihe'soﬁe-'

A P
P .

- CHAPTER 4

~\ ' - . SPECIAL FEATYRES

In thegpreuious chapter, - the basic aspecﬁs required for

the assignment of traffic to a network corridor were dis-~

SpeC1a1 features contained in the a551gnment procedure and "

.how thxs procedure xs actually-performed in the model. Flnally,‘
- the frelds to whlch the model m;ght be usefully applled are

"lnvestlgated. =f. -.-”“ ;' e T

v -

_ One concern 1nvolves consrderatlon of traffrc drversron
due to the presence of queAes on’ . minimuan paths.' The 3551gn-
rent method. of Homburger [8] assrgns treffrc to llnks which

are not saturated. Any lxnk reachxng capacrty is: omltted

? from the minimum path and assxgned no more flow. Yegar s

B method leaves any capacxtatedallnk in the network and accountsr

for queuelng'costs on the upstream 11nks of that lrnk. Theref

. fore, the minimum paths may conteln some cost in queues.

' It is felt that thms queuerng mxnrmum path mrght not be “‘

cons;dered the best path for. all network drrvers because

- of the. queuerng sxtuatlon, and\some of them.mny dxvert thexr

trip to elternate non—queuelng peth. Such a process must

_obvrously rnclude a procedure to d;vert the trips from the

queuexpg path to the non-queveing one.‘ Such & traffrc_

‘\ .. ' ‘ . B .

BN
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dlversxon procedure is descrrbed ln thlS chapter as an attempt

;l

) ..."’.
v

.
P

to account for the 1mpact of queuelng costs on minimum paths.g_

Another 1mportant aspect lncorporates ‘the pOSSlblllty

of 1llog1cal paths whlch mrght occur at varlous sectlons.‘:

wlthln the network when choosrng a mlnlmum path.'

The form of

these 1lloglca1 paths 1s 1nvestlgated in this: chapter, along

wlth a suggested methcd for 1dent1fy1ng them automatlcally

in the model..f-"

lS proposed for computlng turnlng volumes wrthout the need

0

-}

As an attempt to reduce network codlng effort, a method

L

I

for turnlng llnks in the network.

4-2

' method are dlscussed.

Trafflc Drversron

Y

are

queues.

Possrble uses’ of thls

P

. ?.r

i

—

Por-each 1ncrement rn the assxgnment, m;nlmum paths

obtalned.

The, minimum path may contain some links wrth_

percentage of demand would leert from such a queuexng mini=

{

followrng deflnrtlons.

.a’

A flrst mlnlmum path

'_ one had a greater travel cost.,

It is the mi i furm path obtalned consrderlng all

- To estahlrsh the loglc of this procedure consider the

Li mum.path to another path havmng no queues, even mg the latter

~links in the network. lncludrng those llnks Wlth queues.

b)

A second minimum path

a

t -
b aren

In this case, it would seem reasonable that a certain

It is the minimum path obtained considering only those

links without queues;--u

L
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Those deflnltrons imply that trafflc drversron w;ll
Joccur 1f and only if both of the fodlowlng condrtlons are ;
"satlsfled-- .'-‘: ' igcf:aj“‘,__ d_f': _<: ;3\:' |

. a) Presence of queues in the fxrst minimam path

__b)- Avarleblllty of-a second mln;mum.peth |

1€ these two cond;tlons are fnlfllled, a percentage P

| f_of the- remarnlng demand Wlll d;vert from the flrst mlnrmum

- path to the second m;nlmum path. Therefore, the f;rst m;nl—

. ‘mum path w111 receive only the’ portlon (l—P).' vathe-second

: mlnlmum path had the sane trlp cost, the entlre demand wrlI’

be asszgngd to it.
‘ The percentage of veh" es dxverted to the second.mlnr-
mnm,path is obvrously affected by how drrvers evaluate one -
"unrt cost of queuerng in terms “of non—queuelng cost. Now 4

assume that we-have a f;rst menlmum peth wrth a queuelng cost

of Q unrts as shown in Prg.-4-1. The first mlnrmnm path has o

\

‘a trrp cost.of Tl unxts while the trrp cost of the second ‘
m;nlmnm path is Tz‘ If a percentege P of drrvers d&verts
-from the first- m;n;mum.path they will do® so if thexr eval-
uation of one unit of_queuerng cost is.V or more un;ts of
non-qneueing cost. The minimum,equiValent qeeueingrcost‘v

_requzred for d;version is deflned as follows-

- (T -Q
- 1 N
a ‘
- Therefore
' AT y
- V=l o+ )

_ | ) E
‘where AT is the difference betweeh the total travel cost

_ . , / ‘
of the second and first minimum paths respectively.



:lf.f'?’? e

‘58

 FIG. 4-1 DERIVATION OF MINIMUM EQUIVALEN‘I‘
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The velue of V glves an equxvalent non-queuerng cost o

"'thich results rn ‘a trrp cost for the £irst mlnlmum path equel toe'A"

'”‘Lthe trlp cost of the second min;mnm.peth. Therefore, any

: driver havrng an equivalent queuerng cost of V. ox more will -e
'fdivert to the’ second minimum psth., o _
- To establrsh the relatlon between P and V. et the lrmlts‘
 we have: - S _ |
P Pnloo,.for v=10 (Q=wor A'rncn S I
P= 0 for Va e (g=20 or AT = =) Hm&ﬂ*‘
~ One dzversion relationshlp?that could setrsfy these
'constreints is: | o '

100

p =200

_ vE
Where ris a constant controlling the drversion cese.l
The extreme values of re=wandr= 0 are. equlvelent to
the ' no diversron and totel diversron ceses respectively. whilel
0 < r < = results in partial diversmon. The above relation-
ship is illustrated in Fig. 4- 2.
| _For a given network. the value of r might differ from
'onelpeth tog;nother cccording to trip purpose. trip length,
time of day, driver preferences. etc. For such cases a
different diversion curve would be requlred at each queu ng ‘
section, e.g. entrance ramp. 7o establish ‘these diversioc
. eurves a field survey is necesssry. However, tor purposesG
"of this development. the value of ¢ is. cssumed constant for
the entire. network. o 'lq. i' Lo )
In the model calibration. cne possible method to deter--
nine the value of r for a given network, would he to choose -~
‘ o )

- d
3
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'

‘thet value whlch provmdes the m;nlmum Root Mean Square

- (RMS) error of the predlcted and obserVed queues lengths,

where RMS is deflned asf

o where-' n = number of queuelng lmnks consmdered in the

' “‘calxbratlon )

,yi’ predlcted queue length on each queuelng llnk
' ‘xi‘# ,obServed quene length on each.queueing' link

’Heving been caiibrated, the model can be applied to

' preditt flows and Queues that would result frdm any. imple-

‘mentation of a control strategy such as ramp metermng.“

4.3 Turn Proh;bltlons

One can consmder turn prohlbrtlons as those 1mposed for

o control.means, or those imposed to prevent 1llogmcal paths .

in the network. The former can be used at intersections

.where left and/or right turns are to be prohrbited. Thie

type of contrql is necessary if right tnrning vehrcles S
intertere excessivaly with henvgqpedestrian traffic or if.
left turning vehicles interfere with heavy opposing traffic.
It also might be essential when the turning venicles create -

- congestion problems on the downstream links of those turns.,

_on the other hand, turn prohibitions;nre necessary to

“avoid illogical paths in certain‘partS'of'the network. Foxr’

exanple, consider anJinterchange tonfiguretion as shown in

Fig. 4-3(a). Movements are net_possihle‘frem the exit-
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ramp to the northbound direction, or from the southbound

direoti6n to the entrnnce—ramp. Ther fore, in the 1ink-node_'

. rep£§§entation shown in Fig. 4- 3(b) the pnths betweon lihhs

- 5=2.and 2-1 and betwoen links l 2. and 2-4 are illogicnl

i Of course, the path between links. 5-2 and 2 4 f&_elso

w

illogicel.

Fig. 4-4 illustretes another oxample of illogicnl pnths

o ;which might occur at intersections. Link l 3 is prOVided .'

for right turns. link 1-4 for 1eft turns, and link 1-2 is

'n through flow 1ink. - Link 3-4 is a- through flow link for

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

| linﬁ 3-4 is less than the cost of link 1—4 ‘the minimum path
will be 1—3—4 instead of 1-¢4. Similarly. the same' conqﬁpt
‘onn he npplied for other movements. -and - five other illogioal

_:pnths cnn be found.

Turn prohibitions are nlso required for evoidence of

illogical paths in link-node representation adopted -for

eections of merging, wenving, and interohnnge exit-rampe |

. asg prediously dieouesed in aeotion 3-2.

Additionally, illogionl paths might. oocur when any node

is an O-D node. In Fig. 4-5, node 7 has exogenous flowe :

,entering via nodes l, 2, and 3. and leeving via nodes 4 5,

;nnd 6. As the exogenous links from nodes 1 to 6 are joined=

to the eingle node 7. illogical pntha might occur it these
1inks wera used in the minimum pethe for through flowa.

A complete doecription of tho method udopted for auto-
mnticnlly determined tuzn prohibitions for network oontrol

-, and illogical patha.ie.preeented_in nppendix A. In an

. f.sl'z,'- |
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FIG.

'4=5 ILLOGICAL PATHS AT AN ORIGIN-
' DESTINATION NODE .
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lettempt to minimize the computer time, illogical paths :
.through ©0-D nodes ere eutometically determinedﬁusing another ‘

. method. Thie ‘method is elso given in Appendix A

The illogioal pethe desoribed above ere thoso whioh
might occur when obtaining minimum paths in each,time“slice.

These illogioalrpathe are evoided hv'the-developed”minimum-,.
path algorithm with turn prohibitions. However, there 18 _
still another important type of illogical pethe whioh requires
special treetment. This type might occur for any. queued

 demand et'anrintermediete node between the old path of

,previous time slice, and the new pnth of present time

- alioe. Fig. 4-6 illuetretea this type of illogical path.

‘Suppose that in a given time slioe, demend is aesigned from
origin node 5 to deatination nodea 4. on the minimum peth

5-6 -2= 3-4.' Since link 2-3 reaohee oapeoity,lthis demand cueues
" on link 6—2 heeume that the queued demend is oonoentreted

on downetreem ncde 2 for the purposse of aeaignment in the l
following time slice, where node 2 is oonaidered as an

origin. 1If it happena in the following time ‘alice that

the cost along the remainder of the old path ia inoreaeed

such that the total cost along links 2=6, 637. 1-3 and 3-4

'is less than the total ooat-of linka 2-3’and,3—45 the mini-

ol path will be'2~6~7-3-4. This means an illogical path
would ocour between the old path and the new path at node 2, !
through exeoution‘of a U=turn. The same concept can be
eppliod if demand-queued at a turn prohihition nede. p

'?o sclve thia problem, it ias necessaxry to overlap the ‘
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\/ﬁﬁil not occur.

,

- old and new minimum paths of any queued demand In'oﬁher
words if the last link of the old minimum path (thnt link

'on which queue is formed) is considered as the first ‘link

in obtaining the-EEw minimum pnth, sucb illogioul paths
erefore, the procedure adopted for sol-
ving this problem considers the origin as. the upstream node

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

~are obtained from thét‘origin, the procedure is performed

‘ as)if that link were7the_on1y'linkiout of that node. In

addition; when demand is assigned from that origin, the

first link. receives no assignment. As an eiample, in

Fig. 4 6 node 6 is considerad as an origin with only link

6~-2 out of that node nnd the flow is. not aesigned to thnt

link. If link 6“7 has another queued demand, node 6 is
considared as an origin for that queued demand, but with

only link 6=7 out of that origin. In this way the illogical

-patha are avoided with minor increase in the computer run-

‘ning time due to the increasae in the number of origins

1

considerad.

4.4 Turnin Volume\0aléulation

‘As described in the previous chnpter;‘turningrlinks are

~used at mnjor intersecti ns'to nccount'for uurning cobta.

Obviously, the turning volumos can be obtained directly a8

‘the volume on those link . However, it one wishea to dotor= -

mine thae turning volumea at othor intersections which do not
have turning links, a different mothod is required. For

exampfe, at a.simple diamond interchenge information on

n oL

e |



B

{ turning volumes'might be useful at the intersection of its
ramps end surface streets before ¢he implementation of any
‘intersection control was attempted.

Consequently, a method was developed to compute
turning volume without using turning links. This method. ,7
ia described in deteil in Appendix B, with an illustrntive
numericel exampla. - : ; ' . C -

~-In oxder to make it easy for the user, turning volumes

are . output in u'weyiwhich saves time, effort, and- confusioen.
,Fig. A= 7 shows a aumple of that output for a typicel four=" )
‘leg intersection. | . | :

For further reduction in thétl&ﬁk-node representation
of this model, this method can be usea in conjunction with
the developed minimum path algoxithm with turn prohibitions
to account for turning costsoat,mngor intersoctions without
using turning links. However, thia'nne‘not been done nnc is
left for further roaearch. ‘

4.5 Buaic Logicul Sequencee of the Model .

In the previous cpupter the different aspecte'involved

~ in agaigning time-varying domands to a corridor were explained.
'.In'eddition,.apeciel“nctivitiea of the model have been
deaoribeuoin'tne‘previoue‘sectiona of this chapter. With }

" this basic informntion in mind; it 18 now possible to '
identify the 1ogicai saequoncos of the mocel'whon performing_
theae aspects- and activities. A flow chart showing theae
logical eequences_iu‘giuen in rig,'4;a. | \ -

It cnn ba aeen.thnt‘network'turn prohibitionu‘nnd illogical’
.pathe through O -D noden are dotormined once at tho beginning w;
.% N N . . ! .

-
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of the pxogram@ Since t:urn pxohihitions includa hoth thosa
£or network control and :or illogical paths. network control
such as no left tu:n will be. applied tor all time slices.,;'ﬂ
(Slight modifications in tha computer—program.would be"

xequixed 3.£ such cont::ol was to ba applied only fo:r: certain

o tima slices}
- ""‘_r.-"'-‘"‘-‘

RS 'r:r:affic diversion is provided as an option !in the modal‘ B |
o This has heen .done to enabla the analyst to comppre the
results in both casas. -. Also. the no diversion casa is -
etkuivalent to using a’ valua of infinity for the constant r ‘
in the dive:sicm model. i.e.. a1l drivers avaluate queuaing ER
time exactly as non-quaueing time R N .‘
| " 'rra.ffic ds. assignad to t:h& izrst minimum path until it _
E reaches t:he ﬁ.r\/t congested point ‘At this goint it joins .
_f t:he qucma waiting upst:mam, and win ha semd in the next
tim slice. The tirat congested point is approximated by
the do\vmstmnm noda of th& link on which quaue is :om&. o
) 'rhe stored qu&u& :is considerecﬂ a.' _' a demand in the next timé‘?'
: }slice. 'rhat queued damand in aslignad sta::ting txom the ‘
N downstxeam node. a.‘lt:hough tha minimum path is obta:ined t:om
e the ups‘.:xea.m node in an attempt to ayoid illogical paths.-
On the ot:har hana. flous m:c assignad to an nnks ot the
: } sacond minimum pnth, ‘since’ then ia no c?ngest:ion on this
path. S LN A T '. e
_' Mter’ each iterntion. ‘the unit costs/ot 1inksr are |
stmd to he used in tha .tollowinq] itor{ ' Thue could .

he ucighe& in uith the costs corrospondinq t:o partially



L

assigned rlows dnring that iteration.

In addition, it is jt:ifﬁ;
also possible to weigh the travel costs of the previous tima

slice into the tirst iteration ot the presant tima slica

when there is not.significant variation in damnnds of tha
.jj/_difterent time slices. |

.._ﬂc.s Fields of AEElication

Before application, tha mndel mnst ba calibratad to v
datermine the best value of the constant T in the divursion
| B moaal as aescribed in saction 4-2.

It could then be i-;_f}h
applied for testing and predicting the utfect of control

traffic—rasponsiva.

—

stratngies related to ramp-meterinq. aithar fixad rato or

D

ixnd-rate materinq a given rate of vehicles is
e allowed onto the: marg '
(l‘ ‘ .‘

eti6ﬁ+—EThi!;RQﬁa;isisnhfter-tﬁd;**;‘—"-‘f
ramp entitloment capacity with no nllowanca tor aharing of
IR mnrga tapacity.

When thu total margo cnpacity is constant
£reaway merginq capacity will alao be constant nnd equal

: it is £u11y utili

to tha total mexge. capacity minna thn mntcring rnttlnsauming

Theae fixed mtttring rntea ean be
dntdrmined by employing the capacity—borrawing routine

e : :
e . . .
I . - R

which.will qiv& enqh approach its datirnd entitlament, but
.transrer the ex:ess ot onq approanh to thn other approaéh
, it noeded._

&llﬂ“.n@lsil providnd in tha qndgl tor-altering |
the tixed mntering rnte ror thh.rnmp at.tht ;;Qihring ot
7; elch time alicu. | — ‘-;“.- S

In a trartit-requnsiwt mntnrinq-sehema, th& rtmp tlow
/> rntt it limitta au a £unction of the trtauny'mnrging tlow.
*l

f"“’
J
i
|
|

The trtewny approach.it qiven tirst l complete mnrging

Y B
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. priority and then the ramaininq marging capacity is givnn

| ":;Tf to the entrance-ramp vehicles.; ‘This can ha moaellod by

ffqiving all;the marging eapacity to the txenway and none |
“]'to the ramp. and thus allowing thn trnawny to share what- - |
‘;aver excasa it had. Howaver. in hoth types of mntoring tha

‘.Jcnpacity-horrowing routine can - give mislaading reaults due to

7-'_ di£ticiancies discussad in seetion 3-4.

In both cases, the model can not be. usad to giva tha R

optimal matering ratos diractly. but rather it can he used o /

‘ ftor teating ditferent contxol mataring strateqiea and chooainq

- the hast atratagy to be omployad.  In auch a case the modal

'.can nccuratnly predict queue langths on. and upatrenm ot,

'_';txem ramp queuns to available altern‘

" where. it accounts tor tratfid’diveraion
- With

divarsion conaiderntion. tho investigahor could draw auh-'

,_the_mnto:e

' jectivu conclusions on the availability of qnoue-froa routua
and any network controls thnt ‘must be considnred prior to the _'b

uﬁemploymnnt of a certain control metorinq atrategy
T e : :



f', 5 1 Introdnction

| cm'rm\ 5 |
npucmmn or wus MODEL s

An application ot tha mpdel to a roal corridor hna boen o

'- made uaing hypothatical dnta for origin-dostination (oﬁn)

matricea and network charncteristica (capacity.,coat. otc.)

. A descriptioﬁ of tha atudy corridor and the as=ociated dnta ;jj.

deacribing its chnracteristics are prosented. Eor illustrativo )

puxposes of thia chapter only onu timn ulice ot a 15-minute -

length ia usn . The purpoao of this applicntion ia ‘o _f..” |
invostiqat “the tollowingx,n- ‘ '

/‘;‘S v 8 iStugx chrido: ﬂ'; ' Q;F- ' Lo
T The syndy cor:idor lhown in rig‘ g-1 is 1oqated in Nin- =

A_pﬁ;,90mparinq the results wheﬁ trntfie asaigns itsnlt appxoxi-
| | mntely accoxding to Homburgbr 8 mnthod of total dive:sion
(r-O). with thoae when it assigns itselt acccrdinq to
' Yngar‘l method of no divursion (r--) Both resultt thon
- are compared when' asaignmnnt is made acaording to a com- : f:
:hination yiulding pnrtial divurlion (0<:<“) ,
'Ql‘ The - Qttect of divarsion conaideration on nuttaco :t:eetu E
‘tetultinq whon ce:tuin metering uontrol ntratugiea are '

cmployad. . -ij,;”‘_T-f‘ S v “; \

—_—

til:auga. It consists ot'Qunqn nlianhqth Way tQ. E.W.) “and its |
lerviee rcads. Highmay 5. nnd uiqhuay - 3 in the lonqitudinal .
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,:fdiroction or tho carridor The joining roadwaYB are  :?1 |
SOuthdown Road. Miasinaauga nond, uighway 10' and CGWthrn o

'-Qin Fig._S-Z. f N S =
_ At ‘the Highwny lo-uighway 5 interaaction, linka are’ uaad;t'
-to account !or the. cost of turning movamanta. A dummy link '
-27-38 is: uaod for the woat(appronch to incorpornta the
-ettect of turning movomonts on internoction cnpacity.

- To obtain the turning volumps nt intaraoction 34, uay.
. ne turninq linka are required nnd theae volumoa are cnlculatdd
in the program. | | » T | 7. o

- Turn prohibitions uaad £or nvoidanco of illogical paths
, ara detarmined automatically and printod out by tho program .'
’l‘heae are indicated in N.g. S=2. . S "

It ghould be notad that thia atudy corridor ia not |

”aufficient for a complate analynia of the problema inhoront
'  in Q.B.W. tratfic opernt&onu and control Such analynia _
~ should include Dixie and Weat Mall Roads and thoir intor-' ff
_ohanﬁea with the Q. E.W., ag well ag. catntul cheicq of -
'f'additionnl oriqinl and dentinationa uhtch might be eonnaqtod
‘fto the uorridor by dunmy links. Alao. other major intar- |
leetionl miqht he iduntiiied and repreaented aa ahown by o

"‘ the niqhwny s-ﬂighway 10 inte:lection.f_'

8.3 Flow Charautaristics and Demandn_' ‘ |
whe tlow charauterittien of the co:ridox 1inks we:e f

_ehonen to be ag cloge to autunl eharauterintioa an poasible

- L

Tha link-nodo repraaantation of tha corridor is ahown SRR
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' linkl for link 61.-

9

5and ﬁro shown in Tnblu 5-1. Ench of thoao linkl 18 idantifiodf-
'.‘by ita uéutream nnd downatraam nodo numbara. “The rolntionahip .

or travel coat va. tlow ot each link ia repreaantad by throe
conutant componenta. Tharoforc, oach 1ink haa three nub-: o

link cnpncitien with rcspectiva conatnnt unit flow contu._‘

f:Link capacity is oxpresned in vehiclou por time slica, while

'_unit £low cost ia in meconds. Aanocintad with eaoh 1ink ia

a ‘value ropraaekting ity phyaical ‘quane capacity (oxproauod

in numbor of vehiclon) and anothex - value tor equivalent :

' through flow. . This lattor value mist be equal to 1. 0 £or |

\all‘nétwo:kjlinka.qxccpt thono.inc;udcd,fo: left or right S

turne whéro nquivalant thfough flows ara pfdvidéd."ln the

'laut tour columnn intormntion on. tho upatroam linkn fanding B

-oach link dirootly ils providod. The'idantification nunbnrs of
‘these linkn nre given. X | o _
It should be noted that ie there: il a turn. prohibition d

-,&batwean an uputream Iink and a downltraam link of a noede,

“Uthe former ‘L6 not providad in .list of upatraam links teeding
| directly tho latter. For example, a. turn prohibition nxints
g;between linkae 31-34 ﬁnd 34-14. io. between linke 68 and 61,

In Table 5-1, link‘ca 1wwnot providod in liat of upatream

In Tahle 5-2. the datn for dummy merging neutiona of tho
futudy corridor ie given. nntitlement cnpacity il tho approach‘
onpacity o accept vehiolna. whe !o:mer il aet equal to the -
mete:ing rntea when ramp control atratngiel aro amploy09

The hypothatical oriq&n-doatination demand mntrix for the

-



TABLE 5-1 LINK-FLOW CHARACTZRISTICS OF STUDY CORRIDOR

LU

Link
no.

From 7o

'Sublink Capacities.

Sublink tmit costs

{seconds)

| flow

1

2

3

1

2

3

Thr.

equiv

Stor-
- age

Upstiean ]inks ST

-mu=bers
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-l wd e
B W N -
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L
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‘13‘ _
.21
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" 500

250
500
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150
. 25‘2
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. 100
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100 .

200
,1qn

100
0

g

100
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00

100
. 100
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100 -
100
150
© 100"
" 150 -

-50

100

150

5

15

15
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10y

40

- 10

20

20
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100

15
40 T
. 90

6
20
. 60
00
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60

2 .

10

20

. 100

160"

140

'1;50-; -
' 25

80
110
‘ Lo25
200 . .25

P
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60

9

.80

5

s |
.80 -
.- -','lo_" )
270
80 .
10
20 | .
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210 |
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300.
100
400
600
' 50

1 se
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50
300 |
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400
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40
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600
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& 70 yaBIE 5-1 . (Continued)
; L
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Stor-|{ Upstrean -1inks| - o
“age | numbers | .
S eap4-1 2 3% 4

Sublink Capacities Subkigk ot sosts

w 1+ 2 3. | 1z 3

19{13 1512000 o . o | 1 2 - 3,
of13 15| 30 .0 ~ o ] 10 - 10 . 10
1}24 20} 300 00 1000 | 2% . 60" .80
22114 34| 500 ¢ o | 10 - 10 “:10
23|15 16 | 1300 100 100 50 .60 <. 90
24|16 17 [ 1300 100 ooo 2 3 3
l2sl16 21| 350 - 0 ' 0 - 20
. |26]17 18 | 1200 "0 - 0
27(17.18| 450 0. o0 .
28|18 23 |1300 100 = 100
f29]19 22 | 250 100 50
~, . |30l2e. 7-} 860 200 -
. k312038 300 100- 100
|32 17 500 0 O
{3321 22| 150 160 70
- |3}22 23| se0- o o
.~ )3s]22 25 | 250 100 -~ S0 | 61
136123 26 | 1200 0 ° 0 . 2 . 3

Link
o,

o 15
300 | 51 61
50§ 51 31
575 19 20

R A I I ‘EEE
; - _ ‘.j‘ﬂ‘.'

Q

vl

R R e e R e

30| 2150 . -
“300'} 50 -

20| 16 25

20 16 25 .
40| 33 41 29
400 |- 29 33 .
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TABLE 5-1 (Continued)

- Sublink ueit costs

1

__(seconds)
v .2

¥

R

- stor—’

A age

Upstredn links o

Tuzbers ‘

1

273

4

: 51

_48*;:1
_ 49‘
50

52
53
54

128 -
._-:_28'
29 6

24 .9
24
25 4
25
25
26
27

29
29
30
31
N
31

23 26~).

32 31

200

300.

400 -
150 -
300 .
500 -
500

7200

100

100
100

290
L
300 .

100

100

200

100 )
100 .

150 .

100

50

250

100
200

100

100
150

50._ }

100

50 .

40
15

15

-5
5

a0

0

10.
20 .
e

1 40
1 40
60

50.

10, -
10

" 60 -
S20
s
.-3'
20
6

- i
[LN

- 10 -

60
60
20+

5
5

60
60
-80
60

10

10

25

0]

25 - =

20

20
10
5

5
- :_:80
12 80

“To0
[} au , .

10
10

Y

B N e R N

o
[

B e e e

|- 380

400
300
- 400
‘300
270

20
110
50

300

400

‘300
50.

5 35 6. |
37

1‘43 .
52 . .
2

5

. 62

§ 385

54

49
66

9 .71 48
49. |
54
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TABLE 5-1  (Continued) ° -

-

.

Link
no.

Link

Sublink Capacities.

Sublink unit costs
(seconds§)

o)

From To

1.

5

!

2

3.

Thr.
flow:
equiv.

Stor-

T age |

Upstream links|’

numbers

‘cap.

],.

2l3.

4

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

32
32
32

33
34
34
34
‘35
36
36
36

37
38
38
38

33

37

33
34
36
35
35
8
14
24
37
5
24
32
8
34
£
29
30

500
150
300
- 1200
450
300

500
300

1000

300.

400

400

1000
350
- 200
200

400

- 0
100
100
0
0

200:

100

150
120
200

200
- 50

o

200

0
50
100
0
0
100

X B

100
200 -
100
150
150
100

150

20
90
40

1

<10

15

40

2100
60

40.
25

70

30
20

20

120
60

L2

.10

80

10
60
30

_.’_?0:

80
60

40

20

20

[

80

. I

10

100 -

10
80
«50

25
90

80-

60 -
20

140 -
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50
400 .
400

380

50
400
250,
S50

400
400
‘3SQ'

66 -
a5
45
146
55"

I

56
56 -
56
58..
42" .
42

7

63 -
3 -.5.3 .
; (44 o

aa ¢

68 22
59
57 .

42 %

a4

si/ |
53 66 -, |"

53
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TABLE 5-2 ORIGINAL MERGING SECTION CAPACITIES.

T

-~

Ultimate Capacity’|..’

. -.|Entitlement Capacity 7
: e . (veh/time slice) | (veh/time slice)
© |Merge| Merge . | Freeway .| Ramp . |Freeway Ramp
| No. - description approach | approach |approach | approach
1 | Southdown Road | 1320 375 | 1400 | 450
2 .Miséissauga 1| 1320 1375 1400 '} 450
3 |Mississauga 2 1320 375 . | 1400 450
4 | Highway -10 1320 375 - 1400 450
TABLE 5-3 - ORIGIN-DESTINATION DEMANDS
’ ' ~{veh/time slice} ’ '
_‘Deétihation'Node Number ‘p
4 5, 8 7 8. 9
1 100° 160 140 100 610 60
2 100° 100~ 100 100 300 100
E 3 75 90 0 85 -170 90
2 4 0 0 100 140 150 .. 0
O ’ : '
2 5 0 0 0 200 240 50
Il ) .
o6 0 100 0 100 340 100
u . . o
o
i
o~ BN
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15-m1nute tlme Sllce is shown 1n Taﬁie 5 3 These demands‘

were chosen in such a way as. to produce queuelng on the free-'_
vt

way\so that all aspects of the analy51s could be 1nvest1gated

S 4 B Results .

O - . - AT

i : o
Results Of the appllcatlon were obtained for two main

phases. _ : Can

- a) Callbratlon Phase | L I N o )

P

The purpose of ‘this phase was - to dallbrate the dlv-
er51on model_to determlne the best value of the constant
r'for use-in this model'J Different values'of r vere &§'

assuned ‘and ‘the resultlng flows and queues were obtalned.l
)

-If -data were avallable for actual flows and queues, the
-|best value of r. would ‘have been chosen in thls manner.
. .For purposes of lllustratlon, one value of r was arblt-

‘ rarlly 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 pfedicfing flows and queues for

two ramp metering strategies. Also, the predicted flows
and queues were obtained for the. no diversion case as' a

matter of comparison.
. 5.4.1. Calibration Phase Results .
/ ' ’
In this case the o- D demands were first a551gned to the

network without dlver51on con51deratlon (r==) or ramp -control.
The resulting flows, queues and unit travel cgsté/;Lr the
time slice considered are shown in Fig. 5-3. It can be seen
’from thiS'figure that a.queue of § = 173 vehicles is formed

on freeway link 35:37 due to link 37-8 reaching capacity.

¢
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B To establlsh the best value of the dlvers;on model constantfjf.

a

.to be used when ramp control lS employed, dlfferent values
fpofxr.pete assumed and the resultlng flows and queues vere
.obtalned _ Us;ng valuea of I. as 3 0, O 5 0 1, and 0 0

_the resultzng flows, queues, and unlt travel costs shown in
tFlgures 5-4 through 5~7 were respectlvely obtalned. By way
--of example! the_quete;lengths_oh llnk 35-37 are summar;zed
in. Table 5-4.fof the‘diffeient Qaloes-of,r. Table 5-% gives
the total traﬁel cost spent in the corridor for each value

5.4.2. ‘Control Phase Results -
. The‘pﬂrpose of thisuphas was-tohevaluate'different
- ramp control strategles in an attempt to choose the best | l/
'strategy to be employed _ Addltlonally, the detalled effects
of such a strategy on the entlre corrldor could be ldentlfled
before the actual implementation. The two strategies shown
in Table 5-6 were used;l\The predicteq.flows and gqueues for
each were then obtained with and without diversion. In the
diversioh case, the value r = 0 was assumed to be best

(totel diversion). Flgs. 5-8 " through 5-11 show the predicted
Vflows 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 calibratioh phase, results were obtained first with
no diversion considered. This is equivalent to using a value

r = =« in the diversion model, ie. all drivers do not peqalize - .

i

quedeing time and therefore they are all assigned to the first,

minimum paths. This results in one queue of 173 vehicles on freeway
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- /TABLE 5-4 QUEUE LENGTH ON LINK 35-37

Value of r -ﬂ ' .Queue’length (vehicles)”

3.0 2 149

0.5 ey

.1 | BT
: 0_0.- T - . ‘ -12‘.

0

TABLE 5-5 TOTAL TRAVEL COST - IN THE CORRIDOR
(veh~-hrs/time slice).

Value of r . Total travel cost
b o 334
3.0 o 330
0.5 , - 320
0.1 313
0.0 o 312
. A
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TABLE 5-6 CONTROL STRATEGIES ADOPTED FOR
- '~ THE TIME SLICE CONSIDERED - '

Mergé‘ o MeteringiRates.(veh/time slice)
e Strategy No. L - B | .Sﬁratégy.Nq{ 2
1 290 N 300'

2  .0l(é1osed)‘ - . _10 (closed)
3 0 (closed) | . 200
4 290. o :.. o K 0 (Ciosed)

0

TABLE 5~7  TOTAL TRAVEL COST FOR CONTROL
STRATEGIES . EMPLOYED )
(veh~hrs/time slice)

Strategy Diversion No Diversion
No. " (x=0) (r==}
1 315 . 317
2 315 | 320
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_11nk 35- 37. For the yalues T = 3‘0rand“r #‘6-507'£he queue,
'lengths on llnk 35 37 decreased -due to trafflc dlver51on.

For r = 0.1, the dlverted trafflc caused llnk 34-8. to reach

H-capaclty, resultlng in queues on llnks 14-34 and 24- 34 .In

Cm——

the extreme case, where all trafflc is- dlvertedf}r = 0), ‘
the.a551gnment resu;ted in a qqeue on 1rnks 35-37; 14—34, ' t;//
and 26-28 since Z‘I.:i_.nkrs-r‘37—8, 3428, and 2832 respectively
reached capacity. | | | . o |

The ﬁalue r ﬁ‘q/resulted‘in an-assignmeht‘equivaient to
Homburger s method as 1ong as non—saturated alterhatlve"

¥
routes are avallable After these routes are saturated the

a551gnment is performed to the saturated paths of mlnlmum
travel coet with no‘dlver51qn.' It is felt that this mlght
be worthwhile to consider for some networks where drivers‘-
.w1sh to av01d queueing paths, but are’ forced to use them
when non—queuelng paths are not avallable.

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 althoﬁgh traffic.is diverted to pathe
having longer travel costs. This occurs since the diversion
procedure distributes traffic bn non-saturated paths and
consequently reduces the number of gueueing vehicles in-the
network. The queueiné cost is calculated on the basis that
queues evolve uniformly during a given time slice and dissipate
uniformiy during the whole length of another time slice.
Consequently, the time spent in a‘cerbain queue is the number

" of gueueing vehicles multiplied by the length of the time

slice. Therefore, under normal circumstances, the diversion



w
of traffic‘redtces the.queuelag”costfby.a'known aﬁount'ahd'
‘increases.theltravel cost oﬁcalternativeiroutes pY-a.lesseri
ln the control‘ohase;wﬁen strategy.#l;ﬁa; employed with no. .
diversioh,jqueues were formed'on links 32~33'and-1l~l3 Qital
- the- latter spllllng back. through surface street’ llnks 3-11
“and 10-11, as: shown in Flg. 5—8. With total dlver51on, the s
'31tuatlon is 1mproved but some queues were - Stlll formed on the '
'metered entrance ramps. Surface street llnk 34-8 reaehed
' Capacity : cau51ng addltlonal queues on upstream links 24 3&
and 14-34; However; thls ca\”be 1nterpreted as follows. When
'.metered ranps are assigned flows equal to the meterlng rates,-
no queues are formed and all drlvers assign themselves to \.
alternate routes whréh are'not‘saturated. Thls results in
surface street link 34-8 reaching its capacity; After that,
drivers wishing to reach destination 8 do not find any{non—
satﬁrated paths to that destination ahd must choose the best
saturated path.
~ When strategy #2 was considered with no diversion, it
also resulted in gueues o? the metered ramps. With the AR
diversion case, almost ﬁg‘queues were present on the ramps and
link 34-8 was saturated with a few gqueued vehicles. The
analysis of these results is identical to that of strategy #1.
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.



It-would appear from this partlcular example that the
ﬁlresults of the prev1ou; cases produced queues at 51qnl_if'
flcantly different locatlons-of the network. This means: thet -
if one could determlne acourately the dlver31on characterlstlcs,
.the resultlng a551gnment would 1dent1fy the actual lopatlons
'-whlch would suffer from poor operatlons. Approprlate actlons::.
ufor 1mprovement could then be made before actual 1mplementatlon
T‘Of a certaln strategy.‘ For example, the no dlverSLOn case(strategy#l
indicates that the ramp queue on llnk 11-13 w1ll splllback
onto upstream links while the dlver510n case 1ndloates that
"the poor operetions on surface etreets,ié at in@eréection‘34;h
lt-can'be'ooncluded that inclusftn of'traftic;diversion
in'assignment.is an essential\feeture for aocunately‘nredictinq
_flows and queues 1n a COIIldOI network. 'Howeuer, diversion
.characterlstlcs must be determlned prec1sely if one wishes
to achieve results describing actual traffic behaviourlin-

e
an accurate way.
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CHAPTER 6 -
SUMMARY'AN? CONCLUSIONS

o 6.1 Summary

8 A model for investigating traffic assignmeﬁt and- control’
in a freeay corridor has been developed. It assigns time-
varying demands according to the minimum individual travel

"cost'princi le. The model accounts for traffic diversion
-from congésted minimum paths, with threeloﬁtions:"tétal

diversion, i diversion, or partial diversion. To accomplish
: - o ,

this, a A5V ion model was developéd which diverté drivers
according to their equivaleht queueing costs.

A simple link—nod; representation'was_described and a
detailed explanation of network illogical pafhs was gilven
alopg with a technique whicﬁ determines automatically these
illogical paths. A compietely new minimum path algorithm
with turn prohibitﬁpns was developed to account for these
illogical paths. In addition, a method for calculating turning
volumes without using turning links was developed.

An applicatipn of the model to a real corridor using
hypothetical data.was made. The results of the application
were included to shby,the.effects of the various diversion
‘strategies and to illustrate basic use of the'model. On the

basis of the above studies the fellowing conclusions and

suggestions have been drawn.
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Conclusions -~

Thé-minimum path_alédrithm'with_turn:érOhibitions o ; -

. developed in this thesis demonstrated.its.éfficieﬁcy in

- volumes, such as TNET 90 [8].-)

. - ) . N -. ’ . - / - bl -
accurately accounting for turp~psohibitions. -It is
important to hote.thaﬁ the algorithm can be used for

nétworksfwithout turn prohibifions. The computer

- ranning time of the algorithm‘iS'expeéted to be pro-

'portiOnal'to the number of turn prohibitions, and it‘can,

..

-therefore, be used even for networks with a few turn

prohibitions.

The only limitation of thislaléorithm is that it

'alfbyé a maximum of 4 entering links at any turn pro-

hibition néde. ﬁoweve;, if desirable, mofe than 4
eﬁte;ingllinﬁscould be alldwed through a straight ‘
f6rward éhahgé in the al;orithﬁ. | -
The minimum path algorithm also proved its usefulness in
allowing a simple link—node representation. If turn
prohibitions were 'included using the conventionai method
of link-node representation.,” the increase in'coding
effort over the proposed method would exceed 40 pércent.
The method of calculating turning volumes without using
turning links can be utilized in other traffic assignment
programs used for transportation planning to provide
turning volumes at freeway interchaﬁges and at inter-
sections without the need for turning links. The method
is obviously advantageous in th&se programs which use
turning link; for thg sole purpose of obtaiping: turning

-~

o,
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The_model can -be applied for determining ‘partial optimum.

A

- metering rates which results in a,queﬁe;free freeway.

. However, this feature'wil; dniy be ppssible‘when con-

gestion odcurs‘due.to downstream merging links.

LYY

The model can effectively be appliedifpt'teéting and

]

B evaluating metering cbntxol strategies. The best strategy

can then be chosen and resulting flows and queues can be’

Lo

ccurateiy prédictéd before the implehentation of that

~.
[ -

sffétegy. “
The application‘presented‘in this thesis for the
Q.E.W;]f?egway cérfidor’was‘madé dnlf fo;:illust;étivé
purposes. It ié-:ecommeﬂaed_that for;feal appiications;

the study-séction must bound the freeway congestion.f‘Al—

'.thdugh the study corridor does not represent comﬁletely

the actual corridor in terms of locations of origins and

destinations, such items are extremely important in ¥

cbtaining accurate results.
The total travel cost in the corridor was found to

decrease with diversion cohsideration. Although drivers

A

- , F] .
divert to non-gueueing alternative rowtes having larger

travel cost, their contribution to the total cost is in
favour of the system. This is .due to the large decrease
in queueing cost outweighiﬁg the increases in travel costs
on the alternative routes:

Suggestions for Further Research

The method propésed tor calculating turning volumes

witRout turning links could, with some additional work,

o/



. be used to accouqt for.turningfcosts in tne'developed’_

minimum path algorithm with turn prohibitions{. The

-costs as a. function of ‘the turnlng volumes and not 51mply
‘a constant turn penalty.

- A more SOphlSthated micro-analysis for merglng ‘and

-1

\ . -
5

resultlng mlnlmum path algorlthm could use ‘the turnlng

T

leerglng sections could be 1ncluded The capacities of f

: merge and dlverge approaches of ramps'may be calculated

—
on the basis of freeway lane 1 volume rather than the-

Volume of the whole freeway approach. In:this case, the
overall merdge and dlverge capac1t1es could be-obtained

from the.eristing Highway Capacity'Manual Procedures [7],

or updated-according to the latest techniques available.

The procedure.adopted'for turning volume calculation without
turning links may be used to account for the effect of

turning volumes on intersection capacity. Instead of

using constant through equivalents regardless of the

amount of:turning volumes, through equivalents could be
related to the percentage of the turning volumes with
respect to the total appreoach wvolume.

Calibration of the diversion model is essential. In that
calibration, the best wvalue of the diversion constant for
the study network nust be deter;ined. However, if data

on equivalent gueueing cost could'be collected, the exact
relation.between the percent of traffic diverted and
equivalent gqueueing‘cost could be constructed and calibrated.

The resulting relation need not be as represented in this

thesis and may in fact take another form.
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[

The dlver51on formula-uSed‘te divert some trafflc from

the mlnlmum-queuelng path to the mlnlmum non—queuelng

path uses a constant dlverSLOn ‘curve for the whole
Actually there mlght be dlfferent curves for

netwo;k.
dlffereﬁt peths‘acebrding to frlp length purpose,
drivef‘cherecteriStlcs, etc; It is felt that'investlgatlon
of the effeetVOf'these“factOrsfen-trafflc diversion Wlil--
permit the actual route choice phenomena ﬁo be correctly

represented.
A method is requlred in the traffic asszgnment technique

6.

{

for dynamlcally estlmatlng the final weaving capac1ty
- If developed thls method

on the basis of a551gned flows.
could be inserted directly into the model.
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APPENDIX A

* DESCRIPTION OF THE METHODS USED FOR

/ ’ DETERMINING NETWORK ILLOGICAL PATHS

Turn ﬁrohibitions are used to avoid'illogical paths at
interchanées, iﬁtérsections, and at merging a@d weébihg
sections. They are also used to account for any network
_cgntrol_such as_pﬁohibition of.a left turn. A method is ﬁro—
posed for determining these turn prohibitions automagicaliy
in the prbgram“ "In addition, illogical paths through origin-
destination (0C-D) nodes are avoided by another method using
a link-delineation type oq’procedure. a

Al Determination of Turn Prohibitions

is dependent mainly on the dat provided for the upstream

The proéedqre of determiﬁing network turn prohibitions
links feeding each link in the network. The basic use of this
data is to account for queué spillback in the assigﬁmeqt
procedure. However, thig data is also utilized for determininé
the upstream and downgtreaﬁ'links of any illogical path in
the network. |

The procedure for determining network turn proﬁibitions
described below, is repeated f;r each node in the network
except 01D nodes: .

a) the upstream links of that node are determined

b) Each link I of those upstream links is checked against

i
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.fhé li$t of'uﬁstieém links feeding eacﬂ‘dowhstréam link
Jfof'that nodé;'_ | ‘
e) if link I_is not found in that list df'upstream links -
- feedihg link J, a turn_prohibition betweén links I and J
is:assumed. | | | o |
Using this procedure tufh\erohibitioﬂs are dgtgrmined_in'
'ascending:ordér of the downstream node number pf the turn
prohibition ﬁpstream link. This is'an important féeility i
'provided to'redqce,the compﬁtation-time of the minimum path
algofithm deséribed in Chapter‘2:
To clarify the above procédure consider the_intercéange
ang its link-node representation shown in Fig. A-1. The

= ™ . X . .
input. data for this example is given in Table A-1.
TABLE A-1: DATA PROVIDED FOR EXAMPLE NETWORK

Link Nodes | Upstream Links
no. Fronm ToO Feeding each Link |
1 1 3 10
- 2 1 4 10
3. 2 7 1 )
s 2 7 6 "
5 3 4
6 4 2 9
7 4 3 9
8 4 5 2 5
9 "5 4
10 6 _l

. Freeway dummy approach link

.. Ramp dummy approach link
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Freeway

L]

exit-ramp

[

Freeway .dummy
- approach link

2

FIG. A-1

Ramp duruy
approach linHi

) Prohibited turn,

EXAMPLE OF DETERMIMING
TURM PROHIBITIONS ‘ at
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B Suﬁédséfnow Qé‘aéply thé éhovelprd§é4ure7offturn_ﬁf&—
' hibitions at ﬂbde 4; rThe‘folléwing are found:J f'- .
.aj‘:There arg1thfée uﬁstréam:iinké havihg nuﬁbers'i, Sg.and' _
'b) Each 6f £hese iinks is checkéd agéinst,the'upétrgam‘linkéi}
..feedihg eaéh:downéiréam-iink'of that node. The down-
Ftream'link numbers . are 6,:7, and 8. |
¢) Link nuﬁber 2 is not fouﬁd in the ﬁpstream links,feeding'.
link‘numbe}s 6 énd 7,and‘theréforé, turn prohibitions are
cbnsideréd betweeh-link"nﬁmbef é and these links; .Similarly,
link numbér 5 hag turn.prohibitions with link numbers 6 and
7, and link:number 9 has turn prohibition with link number
. _ . S .
It should be néted thatl if énx link reaches its-capécity
or has a gueue reaching its physical queue capacity, the up-
stream node of that link is considered a cangested point fér
only those-upstream linﬁs feeding that link. For example,
if link 4-2 reaches its cap;city, node % 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 mo;ement between links 3-4 and
4-2 and between links 1-4 and 4-3 were allowed (as in a simple
diamond intercﬁange), and‘link 4-3 reaches its capacity, node
4 will be considered a §ongested point for links 5-4 and 1-4.
For link 3-4, node-ﬁ is not considered a congested point and,

therefore, the movement between links 3-4 and 4-2 is allowed.

‘It is assumed that the gueues formed on upstream links do not
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_biodk_the.interéection at node 4 which is eSSentiélly true,
B Lo . __— i) '
.especially when the intersection is signalized.

B.2 Procedure For O-D Nbdés:w-
'xAlthOugh,the'p;oceaufe-used foffde£ermining_£u£n pro-—
4ﬁibition$ can be used to determ%né iliogical.paths through‘t

O¥D‘nédes, another méthod is ﬁséd to saﬁe computer time.

Thehlogicai séqﬁences oﬁ this ﬁethod are aS-folloﬁs;-

a} From £hé daté provided fof'origins énd_destinations,
_the common nurbers in both are identifiéd. Any of theSe
numbers represénts an 0O-D nodé. .//,—% N

.b} Duriﬁgkthe minimﬁm path procedure/ﬁben any of these com-

e

/;mon nodes are found, the linksxdﬁt of this node_are not
considered‘in.building miniflum paths. However, when the -
/ .

minimum paths are oEE;iﬁed'from an 0-D n?de, the' links

" R ~ .
out of this node/are considered.
. - .
Ramp closure”is treated in the same manner. When any
z .
e
ramp is closed in a certain time slice, the corresponding

network/link is identified and omitted from the minimum '

paths. It is assumed in the case of entrance-ramp closure

that no drivers will queue upstream of that ramp in that
'

time slice.

111
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APPENDIX B . o - R
' DESCRIPTEION OF THE METHOD USED
IN TURNING VOLUME CALCULATION

=

B.1 Input Data

" For each intersection I; the iﬁput data to the prograﬁ' '
._is one card containing thé folldwing: . '
1. Intersection node number. This is stored in vector INT (I)
21l'Surrounding node numbers provided in the clockwise

direction. These are stored in matrix NSUR (x,4)

B.2 Vectors Calculated in the Progrém

NS 1(J) .= storage of the upstream and downstream node numbers
| of turning movements at all specified intersections.
TURV(J} = tentative assignment of turning volumes in each
increment of the assignmént
TURV1(J} = cumulative assignment of turning volumes.J ranges )
from. 1 to the tstal number of turning movements
to be calculated (not more than 100)
KK (I) = identifilation number of the first turning move-—

ment of each intersection stored in NS1(J). The
last element stored in vector KK (I) is J + 1.
I ranges from 1 to the number of intersections

plus 1. 1
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Procedure

. "

From NSUR(I 4), the upstream and downstream nodes numbers

'of each turning movement are obtalned and stored in

NSl(J) These movements are stored in the order of their

o printing on the 1ntersection drawing.

b)

For'eaoh intersection, the position in NSl(J) of its

first turning movement lS stored in. KK(I] In addition,

a value egual to~ the number of total turnlng movements

. plus 1 is stored in that vector

o

d)

e)

£)

g)

During the assignment to the minimum path, each node number

- in uhat path is checked with the node numbers in INT(I).

Also, the preceding and following nodes are continuously
stored.

If the node number checked in previous step\is found in
INT(I), the locetionfof that node's turning movements.

—
in NS1(J) is determined using the vector KK(I).

"From that locatlon in NSl(J) the turning-: movement J

which has the appropriate following and preceding node
numbers are identified.

The demand of that path is tentatively assigned'to the
turning movement J in TURV(J).

AﬁterAthe tentative assignment'of‘eil paths, TURV{J) is .
multiplied by the maximum fraction of the demand matrix

that can be assigned in that increment, and the result-

ant value is added.to the cumulative turning‘volume

TURV1(J).

To clarify steps a and b, the following example is provided.

-



B.4 . Example - ' T o o ' ,. ,..fH '/’

'_Suﬁpose we‘have two_ihtefsectioﬂs as shéén'in Fig. B-l.
*iItlis.required to prepare vectors NSl(I)‘and.KK(I) for‘ca;L_
qulating;éii turning volumes of théserintérsections.'

The input'data:is prqﬁidéd in two carés as follows:

cardmo. 1. 4 3 1 15 2
card.no.ré 6 6 19 8 7

The first*numbéf in each card is the inte;secéion node
numbef. In card no. 1, the sufrounding nodes for intersection
'_4 are provided ithhe §ioékwise direction, preferably starﬁing
with the node at‘the top of‘the'intersgction drawing. In
‘card no. 2, a zero must be érovided'first'and;then the surround-
‘ing node numbers in the clockwise direction, imagihing that
the zero value represents the missing intersection node.

Vectors NS1(J), KK(I) will be as follows:
sL() = [0203] KK(I) =| 1
0103 | : \‘—9
0302 - 113
0301 |
v |1s502
1501
0215
0115
0807
0819A

0708 |

1908
J
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FIG. B-1 ILLUSTRATIVE EXAMPLE FOR
TURNING VOLUME CALCULATION
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_Thé fi;st £wo_digitsﬁin:NSl(U)”;éﬁresehﬁ'theiupgfteéﬁ ;
.nodernumbér 6f the turn; g m6vemént while;ﬁhe éécond ﬁﬁo‘
‘diéits répresént'the'downstream,nbdelnﬁmbe;rof‘that'movémenfl \
The tﬁrning moﬁgments are-stored_ih the'oréér of their
printing as sﬁowﬁ'in Fig. B-1 by the numbers aséigned ﬁo fhé
‘turﬁiﬁg movements. The first value 1 in kk(I) repreSenfs
the.pqgifion in NS1(J) of the first turning-mogémeht of the
first intérsectioh."The.sgcond valug 9 fepresents the_postiOn
in NS1(J) of theifirst turning movement of the second
intérsection: The value 13 is the total number of turning
mqyeﬁents plus 1.
H “.The upstfeam and downstream node numbers are stored in
the same vector as an attempt to save computer storagel
However, this brocedufe limits the number of nodes in the
network t0-99.‘ For 100. or more nodes, a slight change is

required in the program.
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APPENDIX C
INSTRUCTIONS FOR PROGRAM USE

To carry out the different procedures contained in'the__

AN

model, a cbmputér program was'written in FORTRAN IV ahd -

provided in Appendix D. In this appendix a detailed description
" of tﬁe inpﬁt data is provided in their order of ihputlwith

somé hints when necessary, 'An interpretation of the computer:
6utput is included.

+

C.l ' Input Data

Following is a description of the input data in the
order of their use in the computer program. There are two
types of information réquiring specifications; the initial
data which is read only once at the beginning of the érogram
and the time-slice data which is read for each time slice.
a) 1Initial Data

1- Diversion Control Parameter
1 card with format (Il). This is representea'in the
computer pfogram by the parameterxr IDIV. 1If IDIV = 1,
diversion occurs. If IDIV'# 1, no diversion occurs.
2= Ihteger Parameters
| 1l card with-fbrmat (1313) reads the following para-

meters in the given oxder:



" NORG -
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NDEST

- NNODE

The

'NSLCE

NLINKS
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Nﬁﬁbéf of ofgins:' )
Number df.deétinations o . -
ﬁumber 6f'nédeéltihc1udés NORG and NDﬁSTi';‘
Numﬁér'of time slices ﬁo be considefed

Numbexr of_iinks {dummy links included)_

~§MERGEINumber of sections to be tieated as merges

INTAP

MIDEM
NIDEM
LIDEM
NOMRG

MINC

10

A

The.lowesé downstream nbde'nuﬁber‘of the dummy
interséction approaéhllinks:(thésg downstreém‘
nodes must.be'the highest numbered nodes in
the netwofk). For example, the value‘of_
INTAP in Fig. 3-2 is '37.

Maximum number of iﬁerations allowed in

each time slice. o
Maximum number of iterations allowed to com-
plete the sharing of merge capaéity.

Minimum number of iterations

Parameter indicating whether merge capacities
may be varied from one iteration to another
(when NOMRG=0, they may be varied) |
Maximum number of assignment increments in an
iteration. The computer program will stop if
this value is exceeded.. ‘

Control parameter for printing out the inter-

mediate assignment results (when IO=1, these

results are output)

network size allowed by the program is as follows:

- NLINKS < 130

— NNODE

< 75



119

'NDEST . < 25

- NORG < 25

NMERGE < 9

A

NSLCE g
Noté: ﬁhe‘numbér of turn prohibitions mﬁst not'exceed
80 (this can bevcheckgd from thé cpmputer“qutput of
turn prohibitions)__ |
For larger networks the dimensions must be changed in the
vectors and ﬁatfices sPecifiéd in the program ini£iélizing
statemeﬁts. ‘
3- Real Parameters '
1 card with form%t.(6F3.2) reads in the following
parameters in the given order=
SLICE Length of a time slice in hours (ail time
slices must have the same lengthi
DAMP, Fraction of‘possibie shared cépacity in each
increment . _ " | <
FRNO  Fraction by which unit cost in previous slice
is Qeighed.into present slice
FRNN Fracti@n by which unit cost in previous
iteration is weighed into ﬁresent iteration
GROW  Fraction by which the original O-D matriceé
are increased to give required demand level
R The constant term r in the diversion model
4- Number of Netwprk Links Changed for Each Time Slice:
1l card with format (9I2). ;One value is given for

each time ‘slice. These are represented by the vector

NLCHG (data for these links will be provided as des-
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crlbed ln part b, 1tem 2)

5= Number of Merges w1th Entitlement Changes for Each
Tlme Sllce |
7, l card thn format (912) T One‘valuefis givenhfor‘
‘each tlﬁe sllce.. These are represented by the vector
'NMCHG (data_fo: these merges will be provided as |
" described in part b, item 3) | - |
6—:Number of Intersectlons for Whlch Turnlng Volumes to.
be Calculated for Each Tlme Slice

1l daxd'WLth format (913). One value ie_given for
each ti%e-siice. Theee are represented by the vector
NINTP. The maximum nembernof intersections for each
time slice is 10. ‘

7— Origin Nodes o . _

1 card with format (25;2;.'-Identification numbers of
network origin nodes. These are represented by the
vector KQ

8- Destination Nodes

jl card with format (25I2). Identification numbers
of network destination noedes. ‘These are represenﬁeé
by the vector KD. : s _ ‘4)

9— Number of Links out of each Node

% card with format.(7SIl). The number of dowhstream
links for each node treated in ascending order by node
nunber. IThese are represented by the vector Ma.

10~ Link,Descriptions _ “:t§

1 card is required for each link in he network in

‘ascending order by lihk identification number. The
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links are ordered by their upstream links numbers.. Links
having the.same upétfeam node_hﬁmbéf.a£e orﬁered‘by
their downstréam_nodé numbers. If.two iinks héQe thé k
éame upstream and downéfream node numbers (dummy
me;ging links or inﬁerchaﬁgg exit__iamps),'they can
be.arranged iﬁ any‘oédé:.. |

dFor‘each'iink‘I, the following information is réaa

with format (3I3, BF6.2, Il, 4I3) in the given order.

S
I Link identification number
IB(I) Upstream node of the link
L{1) ' Downstream node of the link

Aal (I) Capaéity of 1lst sublink component ﬁﬁehicles
“per. time slice)

AA2(I) Capacity of 2nd sublink component (vehicles
per time slice)

AAB(I) Capacity of 3rd sublink component (vehicles
per time slice) .

CuUl(I) Unit cost of 1st siublink component (seconds)

CU2 (1) Unit cost of 2nd sublink component (seconds)
CU3(I) Unit cost of 3rd sublink component (seconds)

© PQC(I) Physical queue capacity of the link. This

/ . value can be zero for some links, ie. dummy
merging links. s

FET(I) Through flow equivalentstgiya unit of flow on
the link -

MAB (I) The number of links immediately upstream of

link I onto which the queue on I may spill.
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LINKIN (I} Identification numbers of upstream links

cof link I onto which its queue may spill. .

A maximum of four links can be%jiven.

11- Merge Descriptions

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: -

MERGE (I,1)
MERGE (I,2)
MERGE (I,3)

MERGE (I,4)

MERGE (I,5)

MERGE (I,6)

MERGE (I,7)

Identification number of one of the o~
approach links of merge (I)

Identification number J¢f the other

=y

approach link of merge (I)
Identification number of the downstream
link of merge (I)

The capacity entitlement of the link

described as MERGE (I,1). This value

is the capacity to discharge vehicles
from MERGE (I,l) when MERGE (I,2) has a

gueue : >

' The capacity entitlement of the link

descfibed as MERGE (I1,2). This value
is the capacity to discharge vehicle
from MERGE (I,2) when MERGE (I,1l) has a
gueue

The ultimate capacity of the link des-
cribed as MERGE (I,l1) when MERéE (1,2)
has no flow. This is the capacity to
accept vehicles to MERGE (I,1)

The ultimate capacity of the link des-
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. cribed as'ME.RGE (I,2) when MERGE (I,\-ﬁl‘,‘; has
- - _

no flow. This is the capa01ty to acuept

. vehlcles to HERGE (I 2)

b) Data for Each Tlme Slice.

For each time slice the-following“information'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 reaé
in the given order:- | ’

INT (J) Identification number of the %néersection
ncde ’ ‘A ﬁj

NSUR(J,4) Identification numbers of Eie sﬁrroupding

nodes provided in clockwise direction.

In the case of a T-intersection, ‘the

first number has to be zero and then the

sufrounding node numbers are given in -the

clockwise direction in the way described

in Appendix B.

New Link information

1 card is read in for each link I_whose charact-
eristics to be changed in that time slice. The
followxng 1nformatlon is read in with format

(I3,6F6.2) in the given order:

B

I Link identification number
AR 1{(I) Capacity of lst sublink component (veh/

time slice)
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..c:ibed”aS,MERGE.(I,Z)'when,MERGE”(I,l)'has '
" no fléﬁ; This is;the,capacity to accept .

'vehicles to MERGE (I,2) '

b) Data for Each Time Slice

Xe

For each time slice the following information is

ad in the given order.

. 1= Information for calculating turning volumes

1 card‘is'required for each intersectioh leith
formétA(SIB). The following inférmétion‘is read -
in the given order: | .
INT (J) Identificaéion¢number of the intersection
node

NSU§15,4).Identification numbers of the surrxounding
nodes provided in clockwise direction. |
In the case of a T-intersection, the
first numbér has to be .zero and then the
surrounding node numbers are givenlin thé
'clockwise direction in the way described
in Apbendix B. |

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
(I13,6F6.2) iwm_the given order:

I Link identification number
AA 1(I) Capacity of 1lst sublink componen£ {veh/

time slice)
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"gaéfl) éapéc;ty of énd sﬁbiihk cqméonent‘(Qéh/t‘.
| 'ﬁime-SIiceﬁ - | |
Ah3(i) CapécitY'of\3rdﬂ§ublink,éomponént (veh/
‘ 'time slice) T '
-CUl(I)'Unit:costrofIlst sublink component (seconds).
éUZ(;) Unit cost of 2nd sublink component (seconds)
- CU3(I) Unit‘ESSt of 3rd sublink compénénﬁ (secdndsi
- Eﬁe nunber of catd;’uséd ;n a-time slice J must
equal NLéHG(J).. | |
3; New Merge Information.
1l card is read in fér each herge-I to be altered
in'fhat time slice. The following informationlis
provided Qith format (2I3, 2F6.2) in fhe'given'order:
I The identificaf&on number of the merge section

M1l The downstream link number of the mergdge

section defined as MERGE (I,3)

X1 The new ultimate entitlement for the link de-
fined as MERGE (I,l) ~ ©
X2 The new ultimate entitlement for the link

defined as MERGE (I,2)
The number of cards used in time slice J must be

equal NMCHG (JJ.

4- O0-D Matrix
The demands from each origin to ordered destin-
ations are read in witthormat (L3F6.0). 1If
NDEST < 13, only 1 card is required fér each origin.

If NDEST > 13, use two cards.
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c.2 CComputer Oﬁtput :

Génerally, two types of iﬁforméhion are oﬁtput,

namely initial output and ﬁime slice-related output..

a) Initial Output

b

of

1is

is

1-

This type of outpuﬁ is-givén once at the beginning

the computer butput. It includes all info%mation which

_common for all time slices. In that part, the following

given:
Definition of the prOgram and summary. of the main

input parameters.
]

"Summary of turn prohibitions in the network auto-

matically determined by the program. This list of
turn prohibitidns will help the analyst té 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 l£nksrfeé ¥hg each link.
Furthermore, he can ensure that-the m mum nunker

of turn prohibitions (80) is not exceeded. e

Output of original link information inc;Ldi§g capacity,
cost and upstream links Onté which queues may spill.

Output of original merge information including entitle-

ment and ultimate capacities for each merge approach.

Time Slice-~Related OQutput

It

This type of output is repeated for each time slice.

includes the four main parts described below:

1~ Output of new link and merge characteristics

If the user changes any characteristics of network
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'links:or ﬁerges, this new inﬁe:matioh:wili,be-p:inted

out at the béginning'of that time slibé."This includes

“any ramp metering rates considered in that time slice.”

1

It should be noted that“if,the analyst specifiés any new
informétion,for links or merges in a certain time slice,

this new information and not the original one will be

used in the following timé slice unless this infofmation

is‘chaﬁgéd in that time slice.
increment—felated output
This part of outéut is-opticnal ahd méy be used to
print.infofmation'after each assignment increment.
This'information_includes,increment numbex and cumﬁ:fr,
lati#e a;signed fraction of the 0-p matrix. Also,
yhe nunber of the critical link is printed along with
the attempted and allowable dssignments‘of that critical
link. The critical'k§nk is that one with the largest
ratio of attempted to allowable assignment in that
increment. When this ratio is less than‘or equal 1.0
the iteration ends. | \
Iteration-related outﬁut
This output provides information on each network
freeway aﬁd entrance ramp approach: This includes the
flow assigned to‘each_approach (veh/time slice) and
the qdeue size (vehicles) formed on and upstf;am of

each approach at the end of iteration.

4- Final output

The followihg information is printed out at the end

of each time slice:

a

.
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i) .1ihk~flow ¢harécteristic§. S '
| "For eaqh'1ink in thé network the flow (ﬁehicleé/.
tiye'sliée)-and‘travel'costs (seconds) ére_printed.
Each line iﬁ that 6utput/speCifies a grﬁup of
. links‘having the same ﬁpétream ﬁgde. mhésé~links
- are identified by that upstfeam.podefand their
égwngtream.hodes. The upstream nodes §ie printed
in asgending order. The cumulative total cost’
( -Seéonds) ié printed after. each group of linké.’
When the upstreaﬁ nﬁdé is a congested point, the
gueued déméhd from that node tolgach destination is 
printed‘with the resulting cumplétive total cost
{seconds). It should be noted that this total cost
ié accumulated for time sliceé.-
ii) Link; having gueues
The network links haviﬁg qieuves after each time
slice are given with the gueue size (vehicles) Bn
each link. Each link is identified by its upstream
and doﬁnstream node numbers.
1ii) Links reaching capacity
The network Iinks reaching capacity after each
time slice are given with the corresponding
caﬁacity. Each link islidentified by its upstream
and downstream node numbers. The capacity is
exﬁressed in vehicles per time slice.
iv)  Turning volumes at specified intersections

For each intersection specified in that time

slice the intersectiocon node number and the sur-

’1
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.rounding'nddé numbérg?éreibfiﬁted aiong.with?thé‘
iﬂtersectioﬁ;légs ahd pufniﬁg arrows._'The
.turniﬁg vélu@es_(veh?time-slice) are‘printed‘on
the correspondingiarrows. | o !; N e
" h ;EE;;he_end'Qf final'time élicé the ﬁotal
cosg-(Veh—hours) f6r qll time slices isrpriﬁtéd.
c) MeéSages of the program | |
The pfogram stops.;f any of the following occurs:
1- The 1inksfnum£érs are out of order. The program .
prints this-message: LINK INPUT OUT OE SEQUENCE
2~ The Upper'limit of the nurlber of increments is
exceeded. The program prints £he following mes-
‘sage:- INC&EMENT L.IMIT EXCEEDED
3; The numbei of links stored in the minimum patﬁ table
‘exceeds 195 -- the program prints: LAST (IN TREE) -,
= (the exceeding value) -INCREASE DIMENSION OF
TABLE |
4- The destination is not reached. The message is:
NO PATH FROM (origin no.) TO {(dest. no.) - LEFT
DEMAND = (left demand in veh/time slice)
5- The number of upstream links feeding any turn pro-
hihition node exceeds 4. The message is: ©NO. OF
LiNKS ENTERING THE TURN PROHIBITION NODE (node no.)

MUST NOT EXCEED 4.



APPENDIX .D
- PROGRAM CORCON = A MODEL FOR INVESTIGATING TRAFFIC ASSIGN-

'MENT AND CONTROL IN A FRELWAY CORRIDOR

To car;y‘o;t the ngical sgquéncés 6f the model des-
c;ibéd in Chapter 4, a computer program haﬁed CORCON wasl B
written in FORTRAN IV language with}ﬁ_péréiqgjof Yagé:'s
prOgram [éOJ incorporateé;

The pfogram CORCON cénsists of the main gxecutive
program and the three subroutines MINPATH, FCONPT, and
ASSIGN. MINPATH performs the forward procedure of‘tﬁe
minimum path algorithm. FCONPT performs the backward
procedure and determines the first congested point in
the path. The assignment to minimum paths and calculation
of turning volumes are carrxied out by ASSIGN.,

Definitions and dimensions of the important variables
used and a %ompiete listing of the computer program are
given in this appendix.

D.1 Program Variables

The main variables contained in the computer program
are given below. Capacities are in vehicles §er time slice
and costs are in seéonds.

A (130) tentative assignment to the link up to present
time in the increment.

AA(130) allowable assignment to the link at present cost



- AR1(130)
AA2(130) -
- AA3(130)

- AQ(100, 25}

As(1303
ATQ(130)
'BBEG(9)
c§75)
c1(79)
CAP (130)
cc(7s, 4)

cC1(75,4)

csQ(130)
cu (230)
cul(léo)
CU2(130)
CuU3(130)

D (100, 25)

cumulative queue to the /present time in the
- . J ' '

SRR | Vf”: . 130

capa?ity of thg fifst‘cdmpdnéﬁt of the link

.capacity of the second_Cbmpdnent of the link .

capacity of the third componment of the link

-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 when ca@acity'borrowing'started

minimum cost of reaching the node in Ehe
first minimum path |
minimum cost of reaching tﬂe node'in the
second minimum path

capacity of the link = AAl + AA2 + AA3

'

the four upstream link costs of turn prohibi-

1Y

tion nodes considered in the first minimum

-

path

" the four 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 sublink component
unit cost of the third subX{hk compohent

0-b left from each'g?de to all destinations



‘DAﬁ? 
: Fﬁfr(ljof.),
.iréﬁ
_FRNO
FRNN
éRow

IB(130)

IC

ICT

ICOMP (130)

IDEM

IDIV

INT (10)

irp

ISLCE

ITREE (100)

fraction by which eriginal 0-D demand is J:'

131
- A
predetermined fraction of possible shared S
capacity in each increment . -
flow equivalent of a unit of flow on the
link - \ B o '  . Lf

amount by‘Which‘previoﬁs.unit costs are

I

weighed
amount by which unit cost of previous time
slice is weighed into present slice

amount by which unit cost of ﬁrevious iter-

ation is weighed inte present iteration

increased to give required demand level

upstream node for the link

number of gueueing links in the first minimum

path from origin to a given destination
number of queueing links in the network
sublink component being used 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 itreration

number of present time slice

nodes from which minimum paths are bpuilt



v
Jc
Jc1

KD(25) .

KK(11)

K0 (25}

- LAST

L(130)

LINK (75)
LINK1(75)
LINKC(130)
LINKD(80)

" LINKK(75, 4)

LINKK1(75, 4)

132

C .

'5'number_of links to be consideréd'foricdmﬁlgtion“

of minimum paths

“first congested point in the f%rst minimum

path’

first‘thgésted point in the second minimum
path

aéspination node members

-§OSition of first turniﬁg movement of éach
intersection in vector NS1(100)

'origin‘node ntmbefs' |

the number of links whose terminal nodes have
to be considered for completion of minimﬁm
paths K
downstream node for the link
link‘upstreaﬁ 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 minimun cost in the preseﬁt tree of'the
second minimum path

gueueing link numbers in the network
downstream link number of turn prohibition
nodes

the four upstream l&nk numbers of turn pro-
hibition nodes considered in the first mini-

murm path

the four upstream link numbers c¢f the-turn
prohibition nodes considered in the second



S 133
. " minimum path
S pat

LINKIN (130, 4) upstream links of that link.'onto which qqeué -

'may‘spiilback '( . N
. L;NKU(BOj - upéﬁfeam link nﬁmbe; Sf turn prdhibitiqn-£odes
" LIDEM ; minimum_number of'iterations o ‘ v
gA(?S). | | number of links out of that’ node
MAE‘IBO) o numbeé of upstféam.linksb-fegding that link,

onto which gueue thay spillback

MAT (75) ©  identification number of first 1link .out of
-~ ) '
that node
MERGE (9, 13) characteristics of each merging section I (as

described below)

MERGE (I, 1) first merging link number of merge I - approach
1, say

MERGE (I, 2) second merging link number of merge I - approach
2, say g

MERGE (I, 3) downstream merging link number of merge I

MERGE (I, 4) . capécity entitlement bf approach 1, used in

the present iteration
MERGE (I, 5) capacity entitlement of approach 2, used in

the present iteration

MERGE (I, &) ultimate capacity of approach 1
MERGE (I, 7) ultimate capacity of approach 2
MERGE (I, 8) total merge capacity at the beginning of

the iteration
MERGE (I, 9) total mexge éapacity at the existing weaving

flows



' MERGE (I,
MERGE (I,

'MERGE (I,
MERGE (I,

MINC

MIDEM

NAV (50)
NDEST °

NIDEM
NINTP ( 9)
NLINKS
NMERGE
NNODE*
NOD(75)
NOMRG

NORG

NP (75)

10)
11)
12) .

13)

2
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ultimate entitlementMat-mergé apﬁroach.l :
‘ultiﬁate entitlement at mérge approach 2

dueue on and'upstreém of approach 1 at the

end of the_previous_iteration

gqueue on and upstream of approach 2 at the-

o

end of the previous iteration’

maximum number of increment in an iteration \

mazimum npmber of iterations in each time
slice.

link humbers out of O—D‘nodes in the nétwoék
number of destinations

maxiﬁum number of iterations that allow
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 (f 9)
number of nodes PJ
storage of all network node numbers with turn
prohibition nodes having negative signs

~
control parameter indicates whether merge
capacity eﬁt;tlement may be varied (if equals
0, they may be varied)
number of origins
the node upstream of that node, which corres-

ponds to its minimum cost in the early tree

in the first minimum path



- NP1(75)

NS1(100)
‘NSLCE
NSUR(10, 4)
NTPRO
NTPRO1

OoCU (130)

Pl

PP
PPT

PQOC (130)

Q(100, 25)

QCOST (130)

l / S o | "".135

the node upstream of that node, which
corresponds'to its minimum cost in the early
tree in the second minimum path

upstream and downstream node numbers of

.turning movements that are to be calculated

number of time slices
v - /_ -
the surrounding node numbers of each inter-

4
section whose turning volumes are to be

calculated. °~ = 0

Eota}‘number of tuEf prohibitions

number of turn prohibitions except those for
merging ééctions

unit cosé of the‘link at the end of previous
iteration

percentage of demand.diverted from the first
minimam path to the second minimum path in aﬁ
increment

inverse of fraction of remaining O-D matrix
that can be assigned in presen£ increment
cumulative fraction of the b—D matrix that
has been assigned

physical queue capacity of that link
teritative queue to the present time in the
increment /

unit gqueue cost of gueueing on that link est-
imated after each increment

diversion constant in the diversigﬂ model

. :
remaining fraction of O-D matrix



| //// SLICE

SY (25)
TABLE (2,200)

TC

O (130)
TTC(25)

TURV (100}

TURV] (100)

z

ZLINK (100) .
ZLINKO (100)

20(25)

L
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iength of time slice (hoursf' D o
dhmmy vector. for réadiﬁg demanas that origin
to ail destinations o |
matrix witﬁ two rows containing links,to:bé‘
considered fox chpletion of minimum paths

accumulated total cost spent in the network .

cumulative physical gqueue on the link up to °

the present time in the iteration’

total queueing time (seconds) in the miﬁimum

patﬂ to that ‘destination |

tentatively assigned turriing volume so far

in the increment |

cumulative assigned turning vo}ume up to the

present time in the iteration

minimum equivalent gqueueing cost of traffic
. e

diverted from the first minimum path to the

second minimum path

number of links out of all O-D nodes =

identification number of the link on which

gueue 1is formed in this time slice. This is

used to avoid time slices.related illogical paths
identification number of the l%pk to be con-

sidered out of the source fox‘gq‘?p'y.{zrposes of

":':f"«, L
assigning queued demand in thi¥’ time slice.

uggtreqm node number of the link on which

queuve is formed.
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