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A USER'S GUIDE TO RRLTAP FOR TRANSPORTATION NETWORK MODELLING
ABSTRACT

The RRLTAP program suite of transportation planning
programs provides a powerful and flexible tool for

the construction and use of a wide range of metwork
based models. The suite is under continuous

enhencement and is currently based towards assign-

ment models, The User's Manuall provides a full
specification of the set of sub-programs that form

the suite; and a description of the general structure

of the suite is also available, ' This paper provides a
User's Guide to RRLTAP as a basis for model building.
Some knowledge of the techniques of transportation
planning is assumed, The Guide is in four parts: the
first part supplements the User's Manual and gives
greater guidance in the selection and application of

the various options provided by each RRLTAP subprogram:
the second part outlines a selection of complete
operational models: the third part covers the graphical
representation of RRLTAP information, and the facilities
offered: and the fourth part is an operating manual that
gives guidance to those concerned in submitting and -
running jobs on the ICL 4/70 installation at RRL. The
Guide is intended to accelerate the process of learning
to take full advantage of RRLTAP, but not to discuss the
basic ideas involved to any depth,

1,  INTRODUCTION

The RRLTAP suite of transportation plamning programs has been designed asz a flexible
basis_for the construction and use of a wide range of network-based models for
transportation analysis. The suite has been constructed as a series of operations,
each independent of each other, that can be run in any order in chains of arbitrary
length., This is made possible by using backing storage to transfer all results (such
as flow patterns, network specifications etc) between eabh operation; and full
identifying information is held on backing store to assure that such global variables
a8 a valuation of time for a given class of travellers are transmitted between
operations.

Such & system 1s straight forward to use gnd the print-out supplied by each sub-
prograﬁme allows the model runs to be easily followed. Given a full understanding of
the Userts Manualj, no further information is needed for the construction of a
transportation model. The aim of these notes is to complement the Manual by helping

the User to overcome initial difficulties and set up an efficient model.



2., GUIDE TO THE USE OF RRLTAP UNDER
J-OPERATING SYSTEMS

The Users! lianual gives a full specification of the data cards required by the RRLTAP
sub=-programs, and successful runs could be made with only this information. However
many of the sub-programs offer the user a choice of several options; for example the
link arc measure adjustment routine, (TSW7), where different adjustment policies may
be used with either a speed-flow or (cost-1) - flow relationship. It is sometimes
advisable to reserve particular options for certain cases., The advantage gained may be
a saving of computer time or a more accurate solution.,

This section is designed to help the user make the most suitable option choice
for a satisfactory model run. It also includes a more detailed examination than the
User's ilanual provides of some of the sub-programs. ‘

2.1 Construction of chains of RRLTAP sub-programs:

RRLTAP allows any number of sub-programs to be called an indefinite number of
times and a complete model run can involve many tens of subprograms. It is often
possible to have a constant sequence of calls, but even so, the construction of a
run can be an involved and complicated process. Problems can arise where there is a
series of sub=-programs each requiring different input data and all producing output
files, However RRLTAP planning sheets, (figure 1 and appendices), make it comparatively
easy to construct long and complicated runs, as the file on each data-set can be readily
defined for every point in the run.

Models should ideally be designed so that the output file of one sub-program
becomes the input file for the next one called. It is then possible to overwrite this
input file, provided no other sub-program requires it, and by this means a minimum
number of files are needed. The work-disc is normally used for the intermediate stages
of a runy, while the magnetic tapes are reserved for input data and any output files
which mst be retained.

There is a considerable degree of redundancy in the structure of the RRLTAP files
(eg trees, loaded Network, and Network files all contain a network specification), so
that recovery from any stage is usually straightforward.

An example of a loading sequence is shown below, in which the input data consists
of a network description on data-set 1, a trip matrix on data-set 2 and another trip
matrix on data-set 3. The output loaded network is written to data-set 4. ‘'he work

disc has two files, data-sets 5 and 6., Only the first card of each sub=-program is shown.
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* TSW 1

) Build Trees from data-set 1 onto 5
* TSW 4
5 2 6 5 - Load the trip matrix from 2 onto the trees from 5
----- and output the loaded network onto 6
* TSW 7 |
§__6_ 5 Adjust the link arc measures from 6 onto 5
* TSW 1

Build trees from 5 onto 4

* TSW 4
4 3 5 4 Load the trip matrix from 3 onto the trees from 4
———— and output the loaded network onto 5

* TSW 11
5 6 0 4 Add the loaded networks on 5 and 6 and output the

———— final network onto 4.

In this simple example only 2 disc files were required and none of the input data
tapes were over-written. The trees built from data-set 1 were not required after the
first call to TSW 4 and so data-set 5 could be overwritten by T3W 7.

Section 4 clarifies how standard data-packs can be repeatedly used for model runs
of the same type even if different parameters are involved, Thus a new pack is only need-
ed when a different model is to be built.

2.2 The interaction of time and cost when used as bases for networks and the

peneration of toll and parking charge problems (TSW5):

Link arc measures on the network description may be stored either in wnits of time

or cost, The relationship between these two parameters is expressed as:

G = L[a+ (B+D)/V +‘CV2] 4 b sevecevevccocsccoccacee (1)

where G is the link costy L = link length; V = link speed; t = link toll, and A,B,C and
D are constants, Theoretically one measure can be readily converted to the other and
as such the choice of unit becomes merely academic. However, trials with RRLTAP have

shown the equation (1) is insensitive to small changes of either measure, and this is
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particularly noticeable when the link length is small, Thus a model should be designed
to have as few conversions as possible., If cost trees are required, the network arc
measures should'be stored in units of cost, while for time or distance trees, a time
based network is preferred.

If rounding errors are likely to occur in a user problem (eg large numbers of
road links of length 0.1, 0.2 mile, where the émallest unit of len th stored is 0.1
mile), then an effective remedy is to use a cost function scaled up by some constant
factor. It is not always obvious if rounding errors have affected the result in a |
given model, and it is a wise precaution to répeat at least one critical run with
scaled up cost functions to check on this source of systematic errors.

In the initial construction of a network (example Fig 4) by TSW 10(1) the basic
unit is time, For a cost-based network it is necessary to call a further subprogram
once the network has been built. The required program is TSW 5. This not only converts
networks based on time to networks based on'cost, but cén also be used to apply various
tolls or pricing charges to eifher time or cost networks. A large number of pricing
policies are'open‘to the user, allowing tolls or parking charges to be applied to links
by capacity index, district code or individual links, The first two of these options can
be set up economically and easily even on large networks, but a considerable number of
data cards may be hecessary if the last option'is used, This should be bome in mind
by the user when designing the network, especially when allocating district code
identifiers to the links. '

2.3 Use of the speed/cost charge procedures for traffic flow assignment (TSW 7):

Many traffic planning models alter the link parameters of time or cost dependent
on link flows at different stages of the models operation. In RRLTAP this is carried
out by TSW 7 which caters for several different adjustment procedures and can also
generate and apply link optimum tolls to each link in some cases. The options are
divided into a forced adjustment or part-way policy, the former forcing the link costs
or times into agreement with the currently assigned link flows whilst the latter adjusts
the link arc measures along a line defined by the data to the sub-program, (see Figure 3).
It is normally advisable to use part-way adjustment. Fig 3 shows that a forced
adjustment could prodice a large change in the link arc measures if the network flows
were in poor asreemsnt with the speed-flow relations. This can lead to instability in
iterative models. Part-way adjustment allows the user considerably more control over the
model. The two program parameters (mzuuiﬁ ) alter the slope of the adjustiment line and
produce either an over - or under-damped correction effect. A priori the first
adjustment should be overdamped (ie}3less than unity). As the run proceeds the value
of g should be increased so that the model tends towards a critically damped path. This

can prevent large oscillations in the arc measure values and thus reduce the time
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required to reach a stable equilibrium. This is sometimes difficult to obtain in
praétiée due to factors outside the scope of this adjustment procedure, but a vlue

of unity for B throughout all adjustments will generally give satisfactory results in
these circumstances. The other adjustment parameter (x) is normally set to zero

. unless there is some specific reason for requiring the larger changes in parameters
produced by using a steeper édjustment line.

The part-way adjustment policy also allows a useful stability test to be executed
on the final network. Given an initial unstable network (ie one in which the link arc
measures and flows are in éurrent disagreement with the relationship postulated to exist
between themy; the network flows are calculated; the link parameters altered, and the
process repeated until a better agreement is reached. This procedure is repeated
several times and at each iteration the equilibrium should improve until there is little
or no difference between all the network parameters of the ith and (i + 1)th iteration.
FPor most models it would not be practical to print all these parameters after each
iteration and other more convenient tests for stability have been found. The best of
these is to carry out a forced adjustment on the final network, and make a comparison
of the resulting network description with the one preceding. There should be little
visible difference between any of the parameters in the two cases if a stable position
has been reached, A sensitive and rapid comparison is provided by the benefit calculation
sub=-program, (TSW 15)(1). A tape of constant data is set up from the trip matrix is
formed from the forced adjustment solution. The change in the direct benefit to the
consumer can now be calculated on the basis of the assumptions about travel demand
elasticity used for this employment of TSW 15 and ideally should be equal or close to
ZeIro.

This stability test is less conclusive if a forced adjustment policy is used
throughout a run. 1In this case the model is inhibited from finding an equilibrium
position as the full effect on link speed or cost of any misassignment 6f flow is used
to recalculate the speeds and costs that apply at each stage: the part-way procedure
is more forgiving, and includes a hidden discounting of the effect of the next iteration
to be carried out. The adjustments are therefore less drastic. The main disadvantage
of the forced adjustment policy is that it may delay the model from reaching the final
equilibrium if the initial position is very unstable, or the network heavily congested.

A further option of this sub-program allows a speed-flow or (cost'1) - flow
relationship to be used as the basis for the adjustment procedure. The (cost'1) - flow
option is particularly useful if direct monetary tolls (eg road pricing charges) are
being used in conjunction with paths of minimum generalised cost. Indeed users are
advised to adopt this option if there are any road tolls or charges on the network, as
the link speed for the speed-flow relationship is calculated from the link flow only,
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and thus no direct account is taken of any taxes which have been imposed on the
individual links. It is otherwise advisable to use (cost"1) - flow relationships for
cost-based networks and speed-flow relationships for time-based. This removes the
neéd of converting from one measure to the other and back again each time this sub-
program is called and by-passes the problem of rounding errors and subsequent loss of
precision described in Section 2.2.

2.4 Use of the variable cost function facilities to conserve backing files

Many transportation problems require the evaluation of the model for several
different cost functions when more than one type of traveller is being considered.
eg. Passengers using public transport may behave on the basis of a different behavioural
view of costs and times to people who drive their own cars. RRLTAP is designed so
that up to 11 different classes (purpose/type) of travellers or vehicles each described
by a cost function, may be handled in the same run, and stored on a single matrix
format file, ' |

There are three routines which may require the specification of a cost function,
(all other routines have these functions passed to them). The link arc measure adjustmen
tree building, and tree skimming. BEach of these programs, (TSW 7, TSW 1 and TSW 9)(1) ,
allows the user to set his own cost function for each purpose/type if he so requires,
Each class of traveller can therefore be handled entirely separately either throughout th
whole model run or for individual routines, The link arc adjustuent program will normall
be used with the same cost function as the tree building program as the two routines
are logically interdependent.

By using different cost functions various sets of trees can be built from the same
specification of costs and speeds on a network, It should be noted that it is possible

to build time trees on a cost-based network with a cost-function of the form:-
. . 2
Link cost = Link length (0 + 1/V + 0 x V)

where V is the link speed. In the same way distance trees can be obtained by letting
the first constant in this relationship be equal to unity and setting the remaining
constants to zero, This is an alternative hethod of overcoming the conversion problem
described in Section 2.2.

The full specification of the cost function includes any direct monetary charges

made on the link: this means that costs function of:

(1) (0 + 1 + 0,79 (2) (1 +0 +0.v)
v | v
will not give the time on a link, but:
(1) (0 +1+0.7°) + (Toll) (2) (1 +0+0.0° + (To11)
V v ’



If there are tolls on the network, it will be necessary to strip them off (using TSW 5)
before this cost function can give results excluding tolls.,

In certain cases different classes of travellers may use the same‘tree paths. For
example this situation could occur when comparing public and private costs on time
trees, However their skim costs would be different if each class of travellers follqwed
a different behavioural cost function and so the RRLTAP skim-tree sub-pfogram is
designed to allow these same tree routes to be skimmed with a separate cost function
for each purpose.

Models having one pUrpose/type and those having several differ only in the number
of times that trees or skim matrices are built at any sfage in the run. The required
cost function is set up at each call of the sub-program.

2,5 Trip Matrices, Slkim Trees, and file archiving facilities:

The trip and skim tree matrices contain the quantities defined for trips between
all the zones on the network (eg total travel time, number of trips; pcu etc). They
are interleaved so that up to 11 classes of travellers can be handled and are both of
the same magnitude having (NZ x NP) rows and (NZ + 2) columns, where NZ is the number
of zones and NP the number of purpose/types. The two extra colums are identifiers for
the origin zone number and purpose/type'bf the relevant row. The only difference in
their file specifications is that the first record of the skim tree matrix contains
the skim cost functions of gall the purpose types held in the interleaved matrix file,

The RRLTAP suite can perform a range of matrix manipulation operations with these
matrices as well as providing means of obtaining and comparing the individual elements
and row totals. Facilities also exist for changing individual elements and reducing
the matrix size by compressing groups 6f'sequentially numbered zones. It will be noted
that the User's Manual specifies two programs for mérging matrices. TSW 17 forms either
a multi-purpose matrix or one single purpose type matrix from a number of input files,
while TSW 14 produces only & single-purpose matrix from several input files., TSW 17
should always be used where possible with skim-tree matrices as it handles the skim
tree cost functions specifically. This is to ensure that header errors arising from the
differences in the first_skim tree cost function record of the files may be avoided.
However it would be ppssible to use both programs with either type of matrix as the
two files are completely interchangeable although a cost function is usually essential
when a skim tree file is specifically required, In general a trip matrix may be treated
in the same way as a skim tree, or ?ice versa, (as long as careful check is kept of the
cost functions that may be stored on a skim tree header. This can be useful when
archiving or recreating files during a model run.

One of the difficulties of the present generation of the J operating system on the
RRL ICL 4/70 lies in the restriction on the number of magnetic tape drives available.
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At the time this note was written only 4 drives were normally available for each job.
Two or three of these tape drives are required for input data files which cannot be
overwritten. Thus there is little scope for storing output files on tape, as all
records on a work disc are normally lost at the end of each run, unless the user has

a work disc dedicated to retaining his run time temporary data files. As it is often
necessary to retain more than one output file an archiving system has been included in
RRLTAP. This allows several different RRLTAP files to be stored on a single physical
file tape. There are two archiving sub-programmes, TSW 18 and TSW 21,

TSW 21 serves a slightly different purpose to TSW 18 in that it only archives
loaded network descriptions of the same network and will thus reduce the number of
tapes required by several different output solutions. TSW 18 can store up to two
matrices and one network (or loaded network) description. It is intended in fact to
archive one multipurpose +trip metrix together with an associated multi purpose skim
tree matrix: but as these are interchangeable two multi-purpose matrices of either
class of file may be stored.

Both programs also provide access to the archives they create. In a long model
rm TSW 18 may be used at the beginning of the run to write some of its archived files
onto separate data-set numbers, and also at the end to £ore output files onto the same
tape. Although only three output files can be handled in this way, this has been found
sufficient for the needs of most model runs, as it is common, only to require output
trip matrices and loaded network descriptions,

2,6 Uses of the simple trip end model (TSW 15D):

A change in the cost of a journey between two zones may result in a change in the
number of trips between the zones. This may be expressed as a monotonically decreasing
function of demand as a function of costs TSW 15D is a special subroutine which returns
the value (or the integral of the same function between two limits) of such simple
trip demand functions to the main routine when presented with data specific to a
particular pair of matrix elements (interpreted as cost and demand) for a given pair of
matrices. The matrix files are hundled on an element by element basis and users miy
replace the version of T3« 15D in the current RRLTAP release with one of their own if
they wish to do so., The format and arguments of TSw 15D are specified in the Yser's
Manual,

In the present version of RRLTAP, the form of the demand curve depends only on the
elasticity of demand as a specified constant. This constant relates the percentage
change in one variable to the percentage change in the other, and thus a value of unity
indicates that a decrease in the Journey cost of 1% will produce a 1% increase in the
inter-zonal flows A value of 2,0 gives a Z% increase in flow for a 1% decrease in cost.
In practice a value of between O and 2 will normally be used for this constant.

If the model bhuilder wishes to allow the demand for travel over a network to respond
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to changes in travel cost; then TSW 15D provides a simple machanism for the necessary
adjustuents of the trips in a way that makes maximum use of the current (loaded)
network flows., In such a trip end adjustment the new trips are generated from the
skim trees and trip matrices ruling at the time that TS# 15D was used to calibrate
the travel demand functions, the ﬁew skim tree matrices, and the elasticity of demand

constant. The standard TSW 15D relationship is given by:-

“ =Y o5/ ¢5
where Q, is the new demand from zone A to B, Q, is the demand at the basic (calibration)
condition, C1 and 02 are the calibration state and new skim tree costs and € is the
elasticity of demand constant. Only the actual value of the new trips is returned by
TS« 15D, but thé trip end adjustwent sub-program (TSW 19) allows the user to damp
the difference between Q1 a.nd'Q2 by retuming a constant fraction of the incremental
natrix (Q2 - Q1) returned by TS# 15.

The change in consumers' benefit is expressed as:

where B is the change in benefit, K is a constant and the suffices 1 and 2 refer to

the base and present values respectively. The benefit can either be calculated irectly
or:approximated-in several different ways, as given in the specification to T3¥ 15.

TSW 15 is used ﬁo calculate the actual integral. The integration is straight forward as
for any point on the demand curve,

q C€ = a constant,'K.

Thus q can be expressed in terms of C. The integration then gives the results:

€
q1 C1 . ¢
B = ——— c-¢ - ¢ for € £ 1
2 1
1 =
"B cle £
= q G 1n 02/(:1 or € = 1

In & given application of a model, the base (ie calibration position) values are
teken from the stable pre-proposal network and the final values from the stable post-
proposal ﬁetwork. Intermediate results can be obtained to study the model behaviour,

The very simple form of function provided in the standard T3W 15D subroutine
does not restrict the usefulness of this facility to modify trip ends in response to

changes in travel cost. It muy be used to respond to perturbation to either the network
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or the travel demand, and provide a mechanism to allow trip end response behaviour to
be modelled in a general way. The application of the class of teclmiques to traffic

flow assignment is discussed in a separate research report(e)o

3. GRAPHICAL  PRESENTATION OF INFORMATION

A transportation analysis model rumn under the RRLTAP control system will produce a
considerable amount of information, and on a large network many tens of pages of
output could be printed., It is frequently difficult to assimilate all the facts when
presented in this manner and the more general features of the results may go
unnoticed, A means of summarising the data in visual form is evidently highly
desirable, Several sub-programs in the RRLTAP suite have been wrrtten for this
specific purpose. The outputs are of two types: comparative diagrams on the line
printer, and geographical figures on a graph plotter. The latter are produced on an 11
(0,28 m) CALCOMP graph plotter which is part of the present configuration of the
RRL system'4/7o. The programs cover the needs of most transportation problems and
can give trip length (time distance or cost) distributions, comparisons of standard
RRLTAP files and plots of networks, link flows, tree paths and desire lines.

This section describes each of these programs and gives examples of their output.
It is intended that they should supplement the User's Manual(1).
3.1 File comparisons

Most transportation planning problems are concerned with the effects of introducin
changes to certain of a network!s parameters: For example the addition or removal of
a road link. These effects can be demonstrated by comparing particular parameters
before and after the changes were introduced, but for a large network this could
involve several thousand different quantities in the analysis.,

Two sub=-programs are included in the RRLTAP suite to produce graphical comparisons
between two trip or skim tree matrices, or the link flows of two loaded networks. Each
file is plotted directly against the other on the same scale, and thus two similar
files would give a series of points along the diagonal. Provision is made for trip
length distributions to be plotted instead of a direct matrices' comparison if required
In this case one matrix would contain trip lengths and the other travel demands between
the corresponding points,

All these graphs are plotted on the line printer so that intermediate results can
be obtained at any stage of a model without interrupting the run. Although it is
possible to do this with the CALCOMP, the information has first to be written
to magnetic tapes. It may not be feasible to have tapes specifically reserved for this
purpose in a large model run, as they are then in heavy demand for the iﬁput data. The:
is also the added inconvenience of the graphs being unavailable with the printout of the

actual run itself.

- 10 - /Fach



Each graph is scaled onto one page of printer output. However this means there are
only fifty plotting positions on the Y-axis as compared with a hundred on the X-axis;
(there being just over fifty lines to one page). A certain amount of rounding is thus
unavoidable. Consequently these graphs only give an indication of the model behaviour
and.are designed to complement and not supplant the actual file print-outs, Ixamples
of these programs' output are given in Figures 5, 11=16,

3.2 TISW 31: Link flow comparison

A useful way of assessing the traffic flow effects of transportation schemes is
by comparing the link flows on the network produced by different conditions. A
comparison of individual links selected at random could produce misleading results and
a general conclusion drawn from all the links is less subject to error. The sub-program
TSW 31 in the RRLTAP suite provides such a comparative graph by plotting the link
flows of one network against the flows on the identical links of the other network,
Either a set of individual graphs for links of the same capacity index may be plotted
or one combined graph for all links of the network. For clarity, points on all the
graphs are denoted by the hexa decimal number representing the capacity index of that
class of links. Where two pairs of points occupy the same position on the graph, a
%! is plotted; for three pairs an '!! is plotted and for more than three pairs a !'?',
This gives a guide to the weighting of each point.

When analysing the graphs it is advisable to consider the spread rather than each
of the individual points. By means of the weighting given to each point it is possible
to find an approximate centroid to this scatter. The diagonal is always printed on the
graph as a series of dots, and dependant upon the position of the centroid with respect
to this line, the difference between the average network link values can be found.

The spread may be parallel to the diagonal or slope away from it. If the former is the
case, there has been a constant percentage change in all the link flows,; but with the
latter and link flows have altered as a function of their level of congestion.

The option which plots separate graphs for each capacity index is particularly
useful giving a clearer indication of network behaviour than a single combined plot,
4s a furtherAguide, tables of total link flow are printed both for the whole network
and for each capacity index or district code. (NB these figures will not add up to the
total number of trips loaded onto the network),

In order to give a direct comparison, both axes on the graphs have the same scale,
based on the larpgest individual link flow of the two networks. The axes are then scaled
up to the nearest integer times the same power of 10 as the maximum value, this giving

a reasonably simple scale, Figure (11) shows an eiample of a combined plot.
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3.3 TSW 33: Matrix comparison and Trip length distributions

Matrix format files are of basic importance in transportation analysis, and may

represent the numbers of trips between zones, the total cost of journeys between these
zones, or a wide variety of other inter-zonal measures. A comparison of two such RRLT!
files can be obtained in either graphical form by TSW 33 or histogram and tabular form
by TSW 8. We are concerned here oniy with the graphical program which either compares
two matrices directly or plots trip length distribution graphs by using a trip length,
(or other similar measure), matrix wrighted by a trip matrix to produce the distributic

The comparative plot is a direct comparison of each row sum total of both matrices
for one purpose/type at a time, Matrix format files may contain up to 11 of these
purpose types, but purposes on the same file cannot be compared directly by these
programs. As with the link flow comparison, the axes are scaled from the largest
total from either matric and then rounded up as before. A similar distinction is made
between positions on the graph occupied by more than one point: an 'X' is plotted for
one pair, an '¥! for two pairs, and '!' for three and a '?!' for more than three pairs.

The alternative option plots both cumulative and non-cumlative trip length distri
butions. The 'resistances! of travel are set on the x-axis while the y-axis shows
the cumulative or actual number of trips. The distribution can be plotted for one or
two pairs of trip and skim tree matrices. (In the latter case a series of '*! are
printed for one set to avoid confusion with the 'X's of the other set), Figures (12)
and (13) give examples of the outpuf.

A1l the actual graphs of this program are computed by a standard RRLTAP subroutine
TSW 334, which can plot graphs of up to two sets 6f 999 integer points. The calling
format, arguments and NAMED COMMON areas are given in the Users Manual(1). This
subroutine can thus be directly called by the User for any type of graph which is not
directly available from the RRLTAP suite,

3.4 File Plots

Owing to the large amount of information that can be clearly presented in a
diagram, the reports of transportation studies make heavy use of graphic illustrations,
It is common practice to use computer generated plots to give and indication of traffic
volumes across the networks or on individual links, or to trace tree paths from any
of the network zones,

The RRLTAP suite produces diagrams of this kind on the 11" (0.28m) CALCOMP graph
plotter forming part of the ICL 4/70 computer configuration at the RRL. In order that
diagrams of a reasonable size can be drawn for large networks, the plotting programs
allow the user to segment the area to be plotted into a number of regions, each of thes
covering a different area of the network. These segmented plots can then be combined

to form a single diagram, It is therefore possible to construct a network diagram of
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any scale or size, and so the entire network, or only parts of it,‘may be plotted at
will, It is not necessary to overlap the individual areas as the programs are designed
to cut the plot off precisely at any set limit. . .

~ The two plotting subeprograms, (TSW 27, TSW 28), both require a nodal co-ordinates
file as part of their input data. ~This file is set up by TSW 26 directly from data
' cards and contains a péii_of.géqgraphical co-ordinates for very zone and node of the
network. All the co;ordinateé must be set to the same scale for each network, but
‘need not be the same for different networks. TSW 26 enables several sets of co-ordinates
file as part of their input data. This file is set up by TSW 26 directly from data
cards and coﬁtains a pair of geographical co-ordinates for every zone and node of the
_ hetwork. Allﬂthe'co-ordinates must be set to the same scale for each network, but
‘need not be the same for different networks, TSW 26 enables several sets of co-ordin-
ateé of different networks to be archieved on the same tape, each set being assigned an
index number which is used for identification and retrieval. '

Useps are advised to have their plots well documenteds Character printing on the
CALCOMP is extremely time-consuming and consequently little space is allowed on each
plot for the user's heading. This méans that each plot heading can contain little
»mofe than fhe User's name and output identification number; and plot scaling information.

Figures (5) and 14 - 16 in Appendix 9.2 give examples of the output obtained '
from TSW 27 and TSW 28. The plots are of the circular network shown in figure (4).
3¢5 TSW 27: Desire line plot

Desire lines (from a trip matrix) are vehicle journeys from ome point to another,

irrespective of the route traversed. This is represented graphicélly by desire lines
drawn between the centroids of the relevant zones, which when plotted give an indication
of the traffic movements of the network. Sub-progfam TSW 27 is designed to plot these
lines on the CALCOMP from RRITAP standard matrix and co-ordinate files.

Traffic movements are nommally indicéted by a rectangular plot drawn between the
zonal centroids rather than by a single line. The width of this rectangle is directly
proporﬁiOnal to the inter-zonal flow and traffic surveys often present their data
in this form., An option is'provided in this sub-program for either rectangular or single
linevplotting, but users are recommended to use the former option whenever possible.

If all the desire lines on a large network were drawny; the final diagram would be
confused. TSW 27 provides two methods of avoiding excessive congestion.
1e Limits can be set on the matrix elements for plotting. This allows only traffic

flows in a partioular range of velues to be plotted,

2, Desire lines are plotted from a sinéle.zone onlys; (seleqted by the user). To

avoid further confusion no more than one desire line is drawn between each pair
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of zones with either of these options. This means that if a multiple matrix
file is being usedy, only the upper or lower triangular‘matrix'for a single purpose/ .
type matrix is selected for plotting,
Figure (5) shows an example of the output for one half of the circular network,
The actual flow volume is written ontb the desire lines in matrix element units,
3,6 TSW 28: Network, tree paths and link flow plots

TSW 28 offers a choice of several plots ranging from a simple network plot to

showing individual link flows or tree paths from one particular zone, A co-ordinates
file is required together with a network description, and link flow or tree records
may also be needed as input. | ' -

The plot represents links as straight lines between exit and entry nodes, iith
the simple network plot, the ammotation on each link can be selected from any of the
link parameters shown in the User's ianual, (eg length, toll charge etc) but the link
flow plot always prints the actual volume in units of flow, The tree plot shows the
regigtance! of travel recorded on the tree file for travel to the root zone from each
node, A rectangulsr plot is available only with the link flow option,

Segmentation of the area to be plotted is both possible and indeed advisable due
to the amount of detail included in the program. To avoid confusion no figures are

. printed if they would overrun the link length.,

Upper and lower limits can be set to the link flows actually plotted as with the
trip desire line plot, With a rectangular plot it'ié advisable to consider either only
a small range of flows at a time, or if all the flow volumes are to be shown, to segment
the region to be plotted and thus break up the network into several separate areas.
Otherwise the plot will probably be confusing as two rectangles will be drawn between
every node-pair (one for each direction on a two way link).

The tree plot can trace either all the paths from the origin zone or just one
path to a sepcified zone or node. As the cumulative "resistance" of travel is printed,
the actual routes can be easily followed across large and complicated networks.

Figures (14) to (16) give examples of the outputs from each of the main options,
figure (14) showing a simple network, figure (15) a tree-plot and figure (16) a link-
flow plot,

4. SOME OPERATIONAL MODELS CONSTRUCTED AND USED
IN RRLTAP

In this section a number of operational RRLTAP models will be discussed: +these have

been used to study the effects of interactions between network flow and travel demands

for road pricing schemes and the comparison of various charging policies, The

-14 - / operational



operational models discussed in this section have all been used for this objective

but the problems and models are of wider application; and the discussion is used to
»bring out these general features. The ultimate aim of these runs was to obtain pre-
toll stable equilibrium for both travel demand and the link flows and costs. The pre-
toll position is a model of the current state of a present network whilst the post-toll
network shows the effect of introducing particular pricing éharges. A policy of link-
optimum tolls was chosen which; although unlikely to be used for & real network, gives
criteria for the comparison of practicable charging patterns and policies.

A symmetrical network was synthesised for these runs. The roads formed five
circular routes and ten radial arms to a diameter of 6 miles, having a total of 41
zonesy, 105 nodes and 390 one=way links. Lach link was given one of three speed-flow
relationships dependent upon its capacity index as shown in Figure (4). The trip
matrix for this network was synthesised from a combination of relationships between
trip demand with journey distance and population density with distance from the centre
for a constant number of trips/persono This produces an f!evening peak-hour! effect as
more trips leave the centre of the network than enter it. The network was carefully
designed to present the maximum number of difficulties to the operation of RRLTAP when
using it for ahy modelling purpose,

The generalised cost function given below was used throughout the model runs:

Link cost = Link length (3.1 + 26/V + 0,000287%  + 146/V) + link toll, (d/mile)
where V is the link speed, However initial trials with RRLTAP had shown that far more
accurate model behaviour could be obtained using a larger cost function, and 80 in the
actual runs, the cost function above was mltiplied by two and the toll re?enue and
consumers' loss results divided by two, (the device mentioned in 2.2) |

The next two sections describe methods of obtaining the pre-toll base solution,
while the final section is concerned with the tolled network. Complete specifications
of the logical flow of these runs are listed in the Appendices in the form of RRLTAP
planning sheets, and 1llustrative schematic diagrams of the model's operation. (Figs
8-10), _

4o1 Capacity restrained assignment by successive loadings of traffic flow:

A common problem of transportation models is obtaining the link flows and arc
measures on a network given only a trip matrix and a network description. The trip
matrix lists the zone-to-zone movements of traffic on the network and the network
description contains information about each link such as its entry and exit nodes, length,
capacity index and arc measure; (ie time or cost). With a synthesised network the
initial link arc measures may be indeterminate. It is then convenient to calculate them

from the maximum link speed specified in the appropriate speed-flow relationship, This
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method of initialising a synthesised network has a number of drawbacks to which we
shall later refer.

The "All-or-Nothing" method of traffic assignment is to simply built trees on the
network and then load the entire trip matrix. This means not only that the initial
trees determine the link flows absolutely, but also:thaf no allowance is made for the
choice of alternative routes when some of the links are heavily overloaded., Methods
for congested assignment load the trip matrix in several preset stages, (eg 10%),
adjusting the link arc measures after each loading and rebuilding the tree beiween each
stage. Distortions due to imprecise or poorly defined initial arc measures are thus
avoided as these have progressively less effect as the run proceeds but the onus is now
placed in the speed/flow relationship used. In order to achieve a good equilibrium,
the final stages should load as small a fraction of thé trip matrices as is practicable,

AA slightly faster altermative can be used if sufficient is kmown about the current
state of the network. Here the whole trip matrix is loaded in one all-or-nothing step
and M terations" carried out on the resultant network, This means that the link arc
measures are adjusted, new trees built, a small percentage of the trip matrix, (eg 10%)
is loaded onto these trees, and the resulting link flows are added to the correct
percentage (eg 90%), of the initial flows in order to maintain the same number of trips
on the network. These iterations can be repeated several times until equilibrium is
reached, and provided the initial data for the link arc measures are reasonable, no
more than three or four iterations should be needed for a medium-sized network., A
detailed review of practical experience with the class of techniques discussed in this
section is given by J Almond (Ref 3). -

In the case of the synthesised circular network, of Fig 4, no initial measured
speed/time data was available and so the slower method was used with initial link
speeds at their maximum. The trip matrix was loaded in nine stages, a 25%, 15% five
10% and two 50, Appendix 9.1 gives a complete specification of the logic of this model,
together with a schematic diagram (Fig. 8) of the way that the model works at run time.

4.2 Refinement of capacity restrained assignment flow patterns towards a (unique)

equilibrium flow pattern:

Although the model described in Section 4.1 will normally give reasonable results,
an improved solution can be found with an alternative assignment. Briefly this involves
imposing small tolls on the network and assuming that the network trips are elastic;
{see Section 2.6). ihen a stable tolled equilibrium has been achieved the tolls are
removed and a finsl untolled equilibrium obtained. 4Any trips lost in the tolled parﬁ
of the model are regained in this stage and the final network representé the hase

position. On the circular network, this method produced only marginal changes in the
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iﬁdividual link arc measures, but the link flows over comparative sections of the
network were found to be far more symmetrical. The input data must be fairly accurate
for a good solution and usually it is necessary to run the model of Section 4.1 first
and to use its result for this "toll-detoll" model., Full details of this technigue are
given in Ref 2, |
Appendix 9.2 and Fig. 9 include the logical flow and data flow of this model in
schematic form. The first.part of the run sets up a Constants tape (by TSW 18) which
is used for the trip end adjustments throughout the runs. It is for this reason that
the input network should be at a reasonably good equilibrium. However, for networks
that are not heavily overloaded, such an equilibrium can be reached by a single 'all-
or-nothing' stage. The next part of the run applies fixed tolls onto some of the
links and a stable tolled solution is then obtained. The final section of the run
removes the tolls and finds a stable untolled solution. The change in consumer's
benefit is calculated throughout the run as a measure of the difference between the curr-
ent and input networks. ' -
4¢3 Generation of optimal ﬁ;ink-based)_poad pricing tolls, with elastic travel demand
It is theoretically possible(4 to obtain e (link-optimum) tolled solution

starting from the basic pre-toll network (ie the model of the current state) and the
original trip mstrix using the loading sequence described in Section 4.1, The only
difference occurs in the link arc adjustment routine (Tsw 7) when optimm tolls are

set at each loading stage. However, this method is time consuming, cumbersome to
operate and likely to give incorrect solution. The cause of these difficulties is the
bagic difference between s tolled and non-tolled run. The inter-zonal trips in a non-
tolled run are inelastic (that is a constant number of trips travel between all the
zones even if the Jjourney cost varies, as the number of trips is known and fixed by the
present data)., In a tolled situation, this is not necessarily true, The tolls may
affect the number of trips made via the mechanism explained in Section 2.6. Thus for
all non-zero elasticities of demand a trip end adjustment routine is carried out after
each complete loading of the trip matrix. The new trip matrix then produced is loaded
onto the last network obtained, One might reasonably expect that this procedure would
be repeated until the new trib matrix has converged to the preceding one, and that at
this point = stable equilibrium solution would have been obtained., In practice it has
sometimes been found that the model is in a meta-stable position. In such cases
convergence to the completely stable equilibrium is very difficult - if not impossible -

(4)

Por this reason an alternative method was designed which proved to be some five

to achieve by this simple approach

to ten times faster than the above method and avoided the problems encountered above,

- 17 = / The



The main disadvantage of the slow model is the necessity to load a complete trip
matrix several times, as the number of trips involved can be considerable, and

several loadingvinterations are needed to arrive at an approximately stable inter-
mediate state before a new trip matrix can be formed.> The alternative method only
loads the differences between the new and preceding trip matrices, and conseqguently
far less flow and cost smoothing interactions are required before the next trip
matrix may be formed, The trip end adjustment program (TSW 19) is designed to nroduce
both reset and incremental matrices and as RRLTAP is capable of handling nagative
trips and flows if necessary, few problems are experienced when running this model.

One effect of loading negative trips onto existing trees of routes is to make
the 'shortest' path even shorter, This will obviously give a flow-cost inbalance on
the network, To overcome this a small portion of the reset trip matrix is also loaded
onto the same trees and a balance can thus be maintained., An example of this is given
below to clarify the principles involved,

Consider two different routes between zones A and B carrying a2 total of. 1500 pcu
from A to B, Let route (1) cost 5d and route (2) 104, After tolls have been applied
to the two routes assume that route (1) then costs 10d, and route (2) 204 nd that
there are 1000 pcu on route (1) and 500 on route (2). Let the reset flow after a
trip and adjustment be 1000 pcu and so the incremental flow for loadings is - 500 pcu,
The incremental trip matrix is loaded onto the cheapest path, {route (1)), and so
there are now 500 trips on both routes, but route (1) costs 10d. and route (2) 204.
There is an obvious flow=cost imbalance in this situation, H0wever'by loading a
proportion of the reset trips (say 25¢%), onto the same tree on the incremental matrix
and adding 75% of the present flow values, we have 250 + 375 = 625 pcu on route (1)
and 375 pcu on route (2). The link costs are now adjusted and will be of the order
of 8d, and 14d., for route (1) and (2) respectively, Thus a good balance between flow
and cost on each link has been obtained, Further iterations using the reset trip
matrix may be carried out to improve this position if required. This produces a
reasonably stable equilibrium before each trip end adjustment.

A standard pack of data cards can be used for all optimum tolled runs and a
schematic diagram of the logic and data flows is given in Appendix 9.3 and Fig. 10.
However some of the cards may have to be changed for individual runs. The most
important of these are the cards specifying the elasticity of demand function to be
used then setting up the constants tape, (TSW 18). The only other alteration that
might be required is the factor in the trip end adjustment routine (TSW 19). By
judicious adjustment of this damping factor it has been found possible to achieve a
stable equilibrium in no more than six trip end adjustments and the associated

iterations, for heavily loaded networks. Even if no damping is introduced the model
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will converge but it msy take considerably longer, However for the best result,
sufficient damping should be used in the first few loading stages so that the model
only oscillates slightly about the final equlllbriuma

. Clearly this position is initially unknown and rough estimates of the best
damping factors will have to suffice. In practice, w1th the circulaxr network ,
heavily loaded, a damplng factor of 0. 7 for the first three 1terat10ns gave satlsfactony
results, The smaller the trip matxix the less damping is required. Too much damping
can severely delay the convergenbe, but the actual choice of factor is not usually
important if the values used lie the range 0.3 = 0.8, ’

5o  OPERATION AND SUBMISSION OF RRLTAP JOBS
FOR THE ICL 4/70 INSTALLATION AT RRL

RRLTAP is a,general model building tool for models of trafficbon networks. These
networks are usually large, too large‘to be held in the computer core store, and

are therefore held on magnetic tape or disc. The RRLTAP suite is organised as a
series of discrete operations, and the user may specify a chain of these operations
of any length. An RRLTAP job Tun may therefore run for any length of time, from
seconds to hourso The user also has under hlB control the number and types of
input/output devices that he may wish to use, so that an RRLTAP Tun may require only
a line printer and "Inwell"” or it may need four tape drives and three disc drives,
together with "Inwell", a card reader; and a lineprinter. It is therefore impossible
to lay down general guidelines for the length of a run or the 'normal' peripheral
requirements; as these vary from run to rum. '

.This section of the User's Guide has been written to help those submitting RRLTAP
jobs to communicate their requirements and teke appropriate action. The detailed
specifications of the programs that make up RRLTAP are given in User's Manual(1)
5.1 Operational characteristics of the suite

RRLTAP is a large single overlaid program permanently resident on disc. The
program is made up from a large number of subprograms, only one of which is in use at
any given time. A remihder to‘ﬁhe operator to this effect is printed on the log by
RRUTAP st the start and (normal) end of a job: the messages are:-

% NB # JOB  TSWRRLTAPPIP RUN  fef ¢ ¢ ¢ 5 ¢ NEEDS DISC HDM119 FOR
nyy* NB # JOB TSWRRLTAPﬁIP ENDED: DISC HDM119*RELEASED
Each of these subprograms reads data from magnetic disc or Tape backing files; and at
termination of the subprogram writes all data that may be required later back to disc or
tape (Fig. 6). Usually a sub program will read control information from the INWELL

partition of the disc,; but some will also read large numbers of cards from a physical

% TUnder J1400; RRLTAP is also available on HDM 217 on the EDS 30 miltispindle disc.
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card reader. This segmented structure allows the user of the program to specify
any sequence of sub programs to be operated in any order, as all data is transmitted
between subprograms vis disc or tape. The termination of any subprogram is therefore
a natural breakpoint, as all files are complete at this stage. In the currenﬁ'release
of RRLTAP itAis prudent to assume that any files left on disc are lost at program .
termination, and so not all these possible breakpoints can be used as Checkpoints, as
restarting the RRLTAP*run may be impossible without the data files that were on disc.
The suite makes heavy demands on backing sotre and input/output devices but usually
makes only light demands on the central processor,

It is therefore advisable to maintain an alternate job stream in the computer
of programs that use a great deal of central processor time in comparison with their
uge of input/output devices. In this respect RRLTAP resembles a data processing
system but like most data processing systems there are exceptions to this rule, as one
or two subprograms (TSW1, TSW4 especially) 1 usually require a lot of central
processor time. A description of the structure of the RRLTAP suite is given in Ref, 6.

The prediction of the total length of time required for a particular job is
difficult, due to the variability in the way that the suite is used and the widely
different problems which are studied. It is therefore difficulty to give operators
of the suite any general guidance for judging the effective working of any particular
jobe To overcome this operational difficulty, a simple checkpoint system has been
included in the suite, This mAy be invoked by the user in the data specifying his
run and also by the operator at run time, if the user includes a TSW92(1)
the run data, v

RRLTAP jobs may be chained as an RRLTAP stage (TSW 94) upranks from zero the

request in

RRLTAP job with a run number one above the Jjob that issues the (TSW 94) command .

Such chains may be several jobs long, and it is therefore essential to load 211 the
jobs in the chain at one time, The user should make this clear when his job is
submitted, and also indicate clearly that the jobs with rank zero in the chain should
not be given non-zero ranks by off-line computer staff,

5.2 Breakpoints and checkpoints

The structure of the suite allows the user to specify the operations that he
requires, and the sequence in which they will be done. A planning sheet referring
only bto these mujor operational requests is given in Fige 1. Jach line refers to a

major step in HRLTAP: before and after this step all Jdata is held on backing store,

of these sthens gives the user or operator an opportunity Lo terminate the RIITAP job
vithout leaving half-completed files on disc or tape, and with no uecessary inloruatbion
held only in core. It is necessary that the files on the work dise (nsundly (i ¢01)

are (for Relenses R1, R2 and operating under . operating systems) considered bto he lonl

(J1100) : Under J1400 such files will always be left, and if a user's omn work area is
used in place of HDM21, then every breakpoint is a txue checkpoint from which a restart
could be made. - 20 - /at






A recommended operator guidance sheet is given in Figure 7, and this should be
used if any checkpoint or interrupt facilities are to be called for in any particular
run, This simple system for breakpoints and operator setting of breakpoints is
desoribed'elsewhere_(5 in full details ) _ |

5.3 Use of babkingﬁfiles

The RRITAP suite resides on disc HDM 119? and the part required for a particular

stage in a job is loaded into core from the disc. As this overlay structure is used,
DISC HDM 119 mst remain loaded throughout the RRLTAP job. The user may also use up
to four magnetic tape drives. If any tape drives are used they will remain ailooated
to RRLPAP until the job terminates, as no tape drives are released by RRLTAP while it
is rmunninge. All the tape files are "INOUT", and therefore none or all the tapes may be
requested with write permit rings.

The user may also require up to five working (iles on disc, and these [iles wmay
be of any size and created on any disc. Disc HDM 119 will normally be used, and the
work disc HDM @21 if there is insuffient space on HDM 119. Again, any disc requested
by RRLTAP for an RRLTAP file will be required until the job terminates. Fig. 6, shows
in schematic form the use that RRLTAP makes of backing files, |

A simple file editing subroutine is included in RRLTAP for use while running,
and when in operation is fairly'slow, and produces wusual output on the line printer.
This subroutine should not be used frequently, but is essential for diagnostic purposes
during a sequence of RHLTAP stages being run through in one job, as the file being
edited may be overwritten (intentionally) by a later stage in the chain of stages being
N,

5.4 Use of the calcomp plobter

RRIDTAP includes two forms of graphical output. Some of the major subrontines. outo
plots directly to the line printer, and others to a buffer tane for later output to the
11" CALCOMP Graph Plotter. In general there will be one plot on a tape, but multiple
plots can be produced in a single RRLTAP job, Graphical (CALCOWP) outpubt is of great
value to RRLTAP users, but the value of this information is drastically reduced il it
cannot reach the user within a day of being written to the buffer tape, The user shoul
therefore specify his plbtting requirements clearly, and restrict graphical output
to a useful minimum.

Use of the CALCOMP plotter requires extra job control cards to be inserted into
the job pack used to plot the tape file written by RIRLTAP onto the CALCOMP: +the necess:
details are given in the User's Manual(1)band some expansion of their meaning is given
here,

To get the scale unit of the CALCOMP to C,m the second "nd third bits of the UPST

# TUnder J 1400, RRLTAP is also available on HDM217 on the EDS30 multispindle disc.
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byte mst be set (eg // UPSI @#6)s Other bits may also be set without affecting this
action (eg // UPSI 86 for end of job Dump in case of an abnormal termination)

More than one file (graph) may have been wrlttan to the CALCOMP input tape,

If there is only one file then:

//<MTFILE PICTURES. PLOTFL
'is the correct job comtrol card for tape to CALCOMP plottlng ' If-theie is more than
one file on the tape, then:

//\ 3 MTFILE 4 PICTURES. PLOTFL (PLOTFL) ¢, NNNN
is required where NNNMN is the file sequence number of the file to be plottad,

The CALCOMP routines have been written s0 that all plots will be scaled to fit
the 11" bed. The actual plotting operation produces some unusual pen actions, as the
files that are being plotted are 56 large that only limited pen movement optimisation
is possible. It is strongly recommendedvthat ﬁsers be present while their RRLTAP
plots are being produced, as even a comparatively small network plot may take up to
half an hour to be written on the CALCOMP, and it may prove possible to stop the
plot at an early stage if it is being used for diagnostic purposes rather than as a
graphical record of the data being plotted, Users are recommended to suppress as
much written or numerical output as possible, as this will help to speed up the graph

plotting process.
6,  SUMMARY

The practical use of RRLTAP as a general network model building and data handling
system has been illustrated in some detail, and this note supplements and expands
the_User's Manual by giving préctical guidance both to the users of RRLTAP of modelling
and to those who submit RRLTAP job packs to the ICL 4/70.
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CAPACITY RESTRAINED ASSIGNMENT BY

SUCCESSIVE LOADINGS OF TRAFFIC FLOW

Conventional symbols: N = Network NL = Loaded network NT = Trees Tape CG = Graphical coordinates file
M = Trip Matrizx S = Skim Tree Matrix CM = Constant GP = Graph plotter file (tape)
RRLTAP Description of action to izzizal ‘bzife ozzpzt Disc Disc Disc
Progran be taken by otwork | metrax S toomc | Vol XXX |Vol XXX | Vol XXX
Control this RRLEAP program D Set 01 | D Set 02 | D Set O D Set 05 |D Set 06 |D Set 07
CAPACITY RESTRAINED ASSIGNMENT BY SUCCESSIVE LOADINGS OF TRAFFIC FLOW
*TSW 95 | Run time and file print out - - - - - -
SPSW 1 | Build Trees N - - N.T.* - -
*TSW L4 | Load x% of matrix - M - N.T. N.L -
*TS¥ 7 | Adjust link arc measures - - - - NoL, Ne©
ﬁ’I‘SH 1 - fadd bnd - NuTo° b N
*TSW 4 | Load y% of matrix - M - N.T.. - N.L.®
*PSW 11 | Add loaded networks - - NoL.® - N.L, NoLo
*TSW __7 ' = - NoLo - - N®
*TW 1 - - - N.T.* - N
*TSW 4 | Load 2% of matrix - M - N.T, - N.L.®
sTSW 11 | - - NoLe - N.L.® NoLe
®TSW 2 | Print Network - - N.L. - - -
*TSW 6 | Print Network Flows - - N.L. Common® - -
*ISW 95 | Final run time print - - - - - -
(Asterisk denotes output tape)
Loop 1 is repeated for as many iterations as are required
<
Branch 2 1is carried out at the last iteration of loop 1
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*TSW 4
ISV 11

s 7

*TSW 4

#TSW 11

*ISW 19
*TSW 4

“TSW 11
*ISW 11

*ISW 1
wISW 4
TSW 11

*TSW 7

TSV 12
rsw 19
¥ISW 5
oTsw T

*ISW )

#ISW 19
s 2

¥ISW 6

RELTAP
PROCRAM
CONTROL

*ISW 95
wISW 1
*TSW 12
»ISW 18

*TSW S
—_—

7
*TSW 1
MTSW 4

*TEW 11

Load y% of reset matrix

Add (100 = y)# of previcus flow

Load z% of reset matrix

Add (100 - 2)% of previous flow

Trip End Adjustment (2)
Load incremental matrix
Add previocus flows

Load x% of reset matrix

Add (100 - ¥)# of previous flows

Load z% of matrix
Add (100 - 2)% of previcus flows

Trip End Adjustment (3)
Remeve Tolles from netweork
Re-adjust links arc measuresz
Build trees

Skim Trees

Trip end adjustoent

Print Final Network

Print Link Flows

Description of action to
be taken by
this RRLTAP program

Ran time and file print out
Build trees

Skim Treexn

Form copstanta tape

Apply fiwed tolla

AdJust link are measures

Load x% of matrix

Add (100 - x)% of previous flowa

—— e

osw 7
#TSW 1
*SW 4
*ISW 11
*SW 7
*ISW 4
¥ISW 12
*PSH 19
*TSW 4
*ISW 11
MW 4

*TSW 11

Load y% of matrix

Add (100 - y)% of previous flows

Skim trees

Trip End Adjustment (1}
Load incremental watrix
Addprevious flows

Load x% of reset matrix

444 (100 = x)% of previons flowg

10,

C.M.
C.M.
Gl
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Nl

N.L.»

N.L.

R.L.»

N.L.

KoL, *

N.L.

N.L.
N.L.*

N.L.

N,L,

K.L.

REFINEMENT OF CAPACITY RESTRATNED ASSIGEMENTS OF FLOW

Tape Tape
Input Trip
Network Matrix
D Set 01 D Set 02

N.L.

REFINEMENT OF CAPACITY ASSTIGHMENT FLOW PATTERKFS

Tape
Common
D Set 03

Tape
OQutput
Hetwork
D Set 04

(An asterisk denotes an cutput file)

N.L.*

N.L.

N.L.*

N.L.

N.L.

N.L.

N.L,

N.T. N.L.
- N.L,
- N#*
N.T.* N
N.T, N.La
- N.L.
- R*
N,T.# N
N.T. S*
- S
N.T. -
- N,L.*®
K.T, -
- N.L.
- N*
K.T. N
N.T. N.L.*
- N.L.
- R
N,T.* K
R.T. S#
- S
- N.L.#*
- N.L
R.T.* -
N, T, S»
- 8
Comma# -
Disc Diese
Vol XXX Vol X
D Set 09 D Set 06
K.T.® -
N.T. S+
- s
- N#*
N.T.#* n
N.T. N.L.*
- N.L.
- N*
N.T.» N
N.T. Vel o®
- N.L.
- Kw
N.T,* N
N.T. S*
- S
N.T. N.L.*
- N.L.,
N.T. N.L.*
- N.L.
- N*

N.D,® N

- N.L.*

- N.L.

- N.L.
M* iner M# reaet
M iner -

- M reset

- M reset
K#* incr M
M% incr M reset

Dimc Disc
Vol XXX Vol XXX
D Set 07 D Set 08

- N.L,.*

- N.L.

- N.L.

M* incr -

M -

- N.L.*

- N.L.»

M Treaet

¥ reasst

N.L.¥
R.L.
¥.L.*

N.L.

Disec
Vol XX
D Set 09



a3 — = - ‘ - s : :
:I osW 7 s Ee e e aa e i !
! - - - - -
|' | *TsW 1 _
! - - - N.T. - N _
|1 | *ISW 4 ~ Load z# of reset matrix - -
P - - N.L.* N.T. - -
s Ada (100-z)% of last flows - _ _— - ¥ reset
- -L. - N.L. -
I' #TSW 7 - N-Lo" -
' = - - -
Iy | #PsW 1 el - N.L. -
" - - - - N.To* N
1) | *TS¥ 12 \ _ - - -
[ = = . - N.T. S# - -
1 | TSV 19 Trip End Adjustment (2) - =
X - C.M. M#* reset - s ¥#* incr -
[ TS 4 Load increwental matrix - _ - . — M
~ = ole N.Lo* M incr -
L #TSW 11 All previous flows - - -
- - - N.L. -
Io)| ersw 4 Load 3% of reset matrix - _ ¥.L. N.Lo#
K - M N.T. N.L.* - -
11| *ISW 1 Add (100-x)% of last flows - - i -
: '] w7 - - Z N.L. - N.L.# ¥.L.
1 . - - -
- - *
1| vsW 1 N N - N.L. -
W o - e B = - N.T.* N - -
' YIEW 4 Load y% of matrix - -
- - - M reset N.T. - N.L.* ’
IN: *TSW 11 Add (100-y )% of rrevious flows - - - j .
\ : orsW 7 - - N.L. N.L. N.L.*
V1| ergw 1 ‘ - - § - - F.L.
" - - - N.T. N# _ -
y || *1SW 4 Load z¥% of matrix : - -
H - - ¥ reset N.T. N.L.# -
1] TS 1 44d (100-z)% of last flows - - . -
b1 ersw 7 Z ] §.L. - NLo* - F.L.
) - - - -
- N+ -
N - N.L. -
I - - - N.T.* N - _
| *TSW 12 Skin Trees . - =
0 - - - N.T. s* - _
l(—: *TSW 19 Trip end adjustment (3) - - Py - .
ellle - B u' m -
9| ersWw 7 Final adjustment _ " or M* reset
. - - - N.L. N# -
*TSW 1 _ -
= - - N.T.* - 5 -
*ISW 4 Load z¥ of matrix - -
- - - N.T. -
- F.L.* M
*I5W 11 Add (100-z)% of loed flows _ reset
- - - N.L.# - NeLe - s
*TSW 2 Print network . - = -
- - " N.L. - -
*TSW 6 Print Link flows ' R e e 4 - -
= e N.L. C mma# . - R 3 =
*ISW 95 Finsl Bup~time and file print - _ o =
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11. Appendix 3
GERERATION OF (LINK) - OPTIMAL PATTERSS OF ROAD PRICING CHARGES, WITH ELASTIC TRAVEL IEMARD
Tape Tape Tape X
RRLTAP Desoription of action to Initial Initial Tape Output Disc Disc Disc Disc Disc
Program be taken by Neﬁork Trip Common e th:k Vol XXX Vol XXX Vol XXX Vol XXX Vol XXX -
Control this BRLTAP program D Set 01 . Matrix D Set 03 D Set 04 D Set 05 D Set 06 D Set 07 D Set 08 D Set 09
. D Set 02
GENERATION OF OPTIMAL ROAD PRICING TOLLS WITH ELASTIC TRAVEL IEMAND
(Asterisk denotes output tape
#PSW 95 Run time and file print out . - - - - - - - - -
#TSW 1 Build trees o N.L. - - - N.T.* - - - -
#TSH 12 Skim Trees - - - - N.T. -1 - - -
*TSW 18 Forn Constants Tape - M C.M.* - - s - - -
TN 7 Apply optimm tolls N.L. - - - - N# - - -
orsW 1 . - - - - N.T.* N - - -
*TSW 4 Load x% of matrix - M - - N.Te N.L.#* - - -
*TSW 11 Add (100=x)% of last flows N.L. - - NeL.* - N.L. - - -
ISW 7 ' - - - N.L. - R+ - - -
P ] - - - - N.T.* N - - -
“ISW 4 Losd y% of matrix C- . m - - N.T. N.L.* - - -
*TSH 11 Add (100-y)% of last flows - : - - N.L. - N.L. - N.L.# -
rSW 7 - - - - - H» - N.L. -
*ISH 1 - - - - N.T.* N - - -
*TSW 12 - - - - N.T. s* - - -
#TSW 19 Trip End Adjustment (1) - M C.X, - - s ¥* inor - M#* reset
*TSW 4 Load incremental matrix - - - - N.T. N.L.* M incr - -
*TSW 11 Add previous flows - - - N.L. - N.L. - N.L. -
P | TS 4 Load x% of reset matrix - - - - - N.T. N.L.* - - M reset
'I “ISH 11 Add (100-z)% of last flows - ' - - N.L. - N.L. - NoL.# -
| *SW 7 - - - - - N# - N.L. -
! - - - y
1 “rSW 1 - - - - N.T.* N . - - =
]
i
I C
‘ | |ersw 4 Load y¥ of reset matrix - - - N.L.* N.T. - - - -
| v — caan — ; -
L €| *TSH 11 Add (100-y)% of last flows - - - N.L. - N.L.* - K.L. -




2. APPENDIX 4

SUMMARY OF RRLTAP MESSAGES TO THE OPERATOR'S CONSOLE

n = Program Key. --=- = parameters which may change from run to run.

1.

At job entry:-

n # NB.# JOB TSWRRLTAPJIP RUN #{ @@@f5 NEEDS DISC HDM 119 FOR OVERLAY
At job exit:-

n * NB # JOB TSWRRLTAPJIP RUN 4L @¢¢g5 ENDED DISC HDM 119 RELEASED.

This tells the operator that disc 119 (Only) is required throughout the run to

hold the overlaid RRLTAP sgystem.

2.

To initiate a checkpoint msssage by opsrator command.
IYPE:
no B oax
REPLY will be:
n OPT STOP? SET CHECKFOINT = #: HOJ = 1, BOJD = 2
ACTION: n @ UNLESS abandonment is essential, when n 12 is normally required.
USE: 1. to ensure that a long BRLTAP is not looping idly during long runs.
2. to provide a clean breskpoint (see §3) if a run must be abandoned due
to time over-run.
3. as a result of a user or operator initiated checkpoint/breakpoint
request,

n .y STOP? ¢ TYPE Nuf uTOUGOUON i Nusi1 FOREOJ : Nu2 FOR BOJD
ACTION: 9. Check run control sheet (Fig. 7) for any action associated with

(96,7)
2. If no action, type nu@ unless the operator initiated this checkpoint/

breakpoint : if @0, take action as appropriate.

# TUnder J1400, RRLTAP is also avallable on HDM217 on the EDS 30 mudtispindle disc.

~28-
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13. Appendix 5

USE OF THE BREAKPBINT AND CHECKPOINT FACILITIES

Breakpoint/Checkpoint Illustration s godod
RRLTAP Description of action to _
Progran be taken by D Set 01 D Set 05 D Set 06 D Set 07
Control this RRLTAP program
*TSW 92 Set operator breakpoint facility - - - -
*TSW 10 Build a road network | N Working - -
*TSW 2 Print out a description of the network N - - -
*TSW 3 Build a pattern of trips - - M -
STSW 13 Print this pattern of trips - - M -
*TSW 1 Find shortest routes throﬁgh network N - - N.T.
*TSW 4 Allocate trips to shortest routes N.L. - M N.T.
*TSW 6 Print the pattern of flows N.L. Working - -
*TSW 96 Offer a checkpoint to operator - - - -
*TSW 5 Add parking charges to network N.L. N - -
*TSW 1 Build new shoréest paths - N - N.T,
*TSW L Allocate trips to shortest routes - N.L. M N.T,
*TSW 6 Print tﬁe pattern of flows | - N.L. M Working
*TSW 96 Offer a checkpoint to operator - - - -
*TSW 33 Compare the two patterns of flow - - | - -
Conventional Symbols: N Network N.L. Loaded Network N.T, Trees Tape M Trip Matrix
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m e/h

V=

AN TSW7 Adjustment details
________ — — Vmax
\
. \ . .
Vi — = N <« Xigivi)
\
VH‘I “ A\ id
\B
Veom———— — ———— —— — — Vb
N\
\
\
\
— —  — — —Ymin
\ C
0 Yeap Vi

¢ = p-t.u. flow/h
Speed flow relation V=a-bg, VmingVgVmax

Adjustment parameters & = 83‘ thus A= (9 Gcqp,0)

p.—.)’é; thus Vie1=(1~8) Vi+Vpp

[Preset values x= 0., = 1]

y T T T T < — —Cmin
N
Ci
| N\
Cio-l
_ i — _L
Ch \Cb
|
iR
R _ C max
C
Yea
A P G = p.c.u. flow/h
. L ]
(Cost"') flow relation :Cmax s ¢ € émin C=d{A+B/VeCV?
Adjustment parametres: as above V= a-bg Vmin sVsVmax
z
For the calcu ation of B: 1nes z-z,
parallel to PR,are used:
B, isthe first estimate
B,is the second
Bsthe third etc
Fig. 3.
~52848
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Speed Flow Relationships
—memme== V=45-00113 Q (Vmax =354 km/h)
——-—- Vz4(83-0:0113 Q (Vmax =450 km/h)
V=644-0-0129 Q (Vmax =56-3 km/h)
Q is in passenger car equivalents Vmin= 3 km/h

Network Specification
Number of zones : 41
(numbered on network)
Number of one-way links : 390
Number of nodes :105

Fig.4. CIRCULAR TEST NETWORK
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RRL TAP CONTROL STRUCTURE FOR ICL4/70 UNDER J OPERATING REGIMES

Physical Operation

7-2Mb  Replaceable Disc

Program (& overlay)

Computer Core Store

Program Operation

Area for

Control Routine.

e

Area for symbolic
files

DSET 05
06
07

w |

] -

Data transfer

o8

\\\pg_____/

9t ) Symbolic file
Tape) pseT 01

9t
DSET 02

9% ‘
DSET 03

9t
Tape,

DSET 04

- Area for overlay

usage

Control
routine

Fig. 6.

option message

Checkpoint

End of run )

to operator

- Read control

#® TSW
card ——ag—t (gelection)
1 card

| Load overlay

it required

‘Overlay
execution

1|

o Data ]
cards

"% TSW’ cards select the next subprogram to
be used. The subsequent data cards are the
data for this subprogram, and always include
the symbolic files to be used by the subprogram.



ROAD RESEARCH MB%N@W

| // CONFG

: sh@eis

' Title of RRLTAP Jobl

RRLTAP run control sheet
jrunl 1]

jproxémute run time expected ml min

LP=

,M9sL_1,p=

Overlay on disc [HOMi ]

Job abandonment details at Abnormal End of Job

AT

AT .

AT .

AT

AT

- % CHECKPOINT #luile

AR ]

&
Action. r@uer@é
MHECKPm NT@Le s oo s o sl
Action required

&c%cwommwwﬁ

Action r@uamd

‘HECHECKPOINT®L L July s (.

Action required

. % CHECK POI mww@

Valid break poam? LJ
Valid break poim? D

Valid breuk point?

— em e cam

Valid

D s GED GE UL GG W GEN En o R e e

Valid

AT

AT

AT

AT .

AT

AT

AT

:%cwecwoawmﬁ

Ach@n required

‘# CHECKPOINT®|, o Jol, ,,, %

Action regquired

"% CHECKPOI NT%U_U%wﬁ

Action reguired

iﬁCHECK-POﬂN‘i‘%MW%

AT ©

Ac?aon required

:Mwscwmwmw@w‘%

Action reguired
L8l g %

A A R4
Action r@quired

Fig.7.

break point?
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break point ?
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Schematic diagram :~

/o

TSW 1 T N5 T{o)
Tree building N
options Basu; network Current cost
initial costs trees
~ Trip loadi
“ch:?rsmg . Trip matrix Loaded network
‘_""———""—_—_'-'—— __________ -
; E ' —— isSw?7 — Ni(c)
Capacity functions s
| control parameters Basic network
| _ updated costs
l
l ' oy ,
| Treeogéuigg;ng Current cost trees -
l ‘
| : T8W &
! - - .
| Trl?qé::f&ilng Trip matrix Loaded network
l
‘ TSW i
I v .
| Last loaded Current loaded
| network network
TSw 6 - Hardcopy
———-/
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Figi. A PATTERN OF ROAD PRICING TOLLS GENERATED FOR A 1-3x% TRIP
MATRIX AND PLOTTED ON AN flin CALCOMP BY RRLTAP
(THE UNIT OF CHARGE IS 172d)
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Fig.15. TREES FROM THE CENTRAL POINT OF A CIRCULAR NETWORK
ACCUMULATIVE COSTS ALONG THE TREE AT THE
MID POINT OF EACH LINK

T.611.15.



1.8%TRIF MX BRSE NETWORK
SCALE  8.603

Fig. 18. FLOWS ON LINKS OF A NETWORK.THE WIDTH OF EACH RECTANGLE
IS PROPORTIONAL TO THE FLOW ALONG THAT LINK

T7.671.16.
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