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The models used for .ranspartatior tlannine are rurely run
rignt through as one continuous computer Jjob.

It is usual to break tie models down into smaller self-
contained steps, and manually examine the output from eacn
of these steps betore proceeding to the next,

RRLTA} is a suite of computer programs containing many
of these model building stepe. It has bern designed to be
used to run a complete model or a single step in each run.
The essential features of tihe basic design are:-

1. all steps are entirely self contained

2. any step communicates with any other via standard
files written to tape or disc

3. any number of steps may be run in any order under
RRLTAF control.

The RRLTAP suite has so far been used for resear<h on
assignment models £t both the strategic and the tactical
level. This note is to document the structure of the suite,
and the design approach used to construct it.

1. Ii_RODUCTIONM
The RRLTAP Suite of Transportation Analysis Frograms has been written to provide a
flexible iscl for research into network models of transportation at both the strategic
and the tactical level. The networks encountered in conurbations are extremely large,
ranging up to about 10,000 distinct pieces of road. The matrices used to record the
number of trips between the different areas of the conurbations are alsc very big. It
is not uncommon to break a conurbation down to 700-100C geographical areas (or "zones")
and every matrix describing a particular kind of movement between these zones will then
have about one million cells.

Transportation models are generally run in small, self contained steps. Each
step may require & considerable amount of computing time, and it is usual to examine
~ the results manually to ensure that all is well. As a result a complete transportation
model can take one or two months to rum through completely; even for comparatively
ssall problems (say: 1-2,000 roads, 1-200 zomes).

This is reasonable for the analysis stage of a large and continuing Land Use/
Transportation study of an area, where a particular model is being applied to the
partictlar area. It is no longer reasonable if a wide range of possible alternative
transport investment proposals are to be studied, and is quite out of the question
when research is being carried oat on complete models of parts of the transportation
planning process. To handle thece strategic requirements one must be able to run the
entire model in one go.




“he tactical protlems in the aralysis of large arsas require program steps with
the capacity to handle large networks and matri:es. In general, ne two steps will fit
at tlo same time into the core store of the computer heing used: if they could, then
capacity would be enlarged. The strategic problems recuire long chains of programs and,
as RRLTAF is required to deal both with large problems and strategic modelling, the
data generated at each stage must be kept outside t'e core of the computer. 3So also
must all the programs not actually in use for the particuiuar stage of the p.ocess that

the computer is working on.

RRLTAP is organised in this way, so that all the input data required for a given
stage is read in from a disc or a tape, and all the resulis of that stage written back
to another disc or tape. In this way the programs used at each stage have all the
available space in t.e computer core, as all intermediate results have been kept outside
the core of the computer on tapes or discs.

As the RRLTAF suite can deal with any size of problem up to ite maximum capacity,
strategic runs may be carried out on simplified and smaller sersions of the complex
and detailed problem area, while a full tactical analysis can also be made by running ‘
the same programs on the networks and matrices covering this area at a finer scale of
detail, The capacity of the current version of ERLTAY is 400C one-way road links,
3600 road junctions ("nodes"), and 999 geographical areas.

2. DESIGN OF THE RRLTAP SUITE ”
At the start of this work no transportation planning models existed for the RRL
computer, an ICL 4-50 at the time. RRLTAF was designed to carry out both tactical
and strategic functions on the 4-50. The design aimed to reduce as far as possible
any inevitable subsequent changes in the construction of the suite
and hence minimise disruption due to later devel~pments. These happened when disc
files became available and when the ICL 4-70 was installed in place of the 4-50 with
an Operating System different from that being used on the 4-50.

The suite has been designed to be run as a single program, with data cards read in
specify the operations that are to be carried out and the order of their execution.

Model development has been largely done on a comparatively small network, and
the complete model finally adopted can now be processed either in stages or in one run
any network for which data is available on magnetic tapes or cards.

A principle feature that RRLTAF shares with many other transportation planning
models is that a set of operations are carried out on (road) networks and matrices

describing trips between (speciiied) areas.
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The most common op rations are t.e aacition, cubtriciion, ane nultinlication of
matrices of trips made by people or venicles. Lhece cters form a purt of aimost every
modelling process that re-uvirer - or yroduces - a description of multiple moverents
from place to place.

g : o L)y o i, 3 i

COne of tne self-contained steps (e.r. Tl 14 J in hallat is therefore a sub-

program that adds a1 d subtracts multiples of matrices in standard RRLTaF format.

There are thirty or more steps of this kind available under RRLTAF, and every
ove reads in standard LILTAF files from tape or disc and writes nut RRLTAF files to
tape or disc when the computation is complete.

This structure means that any of these steps can be run in any order, as they
communicate only through the disc or tape files. '"The penalty paid is quite high for
small problems, as the files are read and written to magnetic tape or disc many times
~in a run, and the time taken for thie can be much greater than spent actually carrying

out the calculations for each step.

The use of magneiic disc reduces this penalty and every 'step' in RRLTAF can be
;
told to use either discs or tape: as reguired.

RRLTAF has been designed to: research with the objective of comparing the
economic benefits of different road investment proposals. &tach 'step' in RRLTAP has
several types of options. Some of these refer to the location of input and output
data, others to the actual operations to be done. ‘hen a sequence of steps has been
defined to specify a particular type of model, judicious use of these options can
produce a very wide range of models.

It is not appropriate to go into too much detail here, as a separate Note(k) has
. been produced to describe some of thece models. DBut, to give some idea of how RRLTAF
| say be used, consider the process:-

1. Buiid a hoad Network
2. Find shortest Paths between each pair of geographical areas (zones)
3. Allocate zone-to-zone trips to these paths.

At this level, the process may be cpecified by three RKLTAF 'steps' which are described in
“ detail in reference 2. Lach 'step' corresponds to a sub-program which carries out the
step:-

: 1. °TSWAP : which commands RRLTAF to construct the network from data provided.
2« °*TSW1 : which commands RRLTAF to construct shortest paths
3. °Tswh : which commands KRLTAP to allocate zone-to-zone trips to these paths,

ST,



These maor functisnnl steps deceribe an 'all-or-nothing' assipnment of traffic
flow, where every .rip between a specified peir of zones trrvels alony the same path
between the zones. The 'model' defined by these three steps is that used in ma..y

transportation studies to simulate the flow of traffic over a road network.

For each 'step' of this example, we shall consider the selection of particular
alternatives from the options offered by each.

In 'step' 1, we can choose to cons.ruct our new network entirely afresh from data
cards, or to modify an existing network by adding and deleting links.

In 'step' 2, we can choose a particular shortest path criterion from the
alternatives of shortest time, shortest distance, sliortest cost, or a minimum ‘generalised
cost (made up from time, cost and distance by placing a value on time and specifying
a cost/mile charge).

In "step' 3 we can decide to allocate only a percentage of the trips btetween each
zone, or only allocate trips between specified zones to the network. We may allocate
more than one smatrix of trips, or multiples of several matrices of trips.

From this simple example we have shown that the broad structure of a given model
is specified by the user as a series of 'steps' from the range offered under RRLTAP.
The detailed structure is controlled bty options offered by each 'step' as input data.

Extending this example, it is clear that we could atop between steps 1 and 2 or
2 and 3, and restart again at a later date as long as the user made sure that the
'Network®' or 'shortest paths' files were to be written to magnetic tape at the end of
steps 1 and 2 by using the appropriate input data for each step. In fact a restart cam
be made between any pair of stages, as long as the data required for the next stage
has been written out to tape rather than dise.

This is exploited to provide a simple way of giving the computer operator the
option of terminating a long run at one of these possible breakpoints. The technical
details are given in reference 3. Reference 2 gives an example of the practical use
of the method. 4 schematic view of RRLTAP is shown in Fig 1, illustrating these
points.

The actual deeign of the files used for "step'-to-step' communication is of
grest importance if RRLTAP is to be used effectively.
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The purpone of t-ic diecussinn is to show how tie files used hy rilllt ore protected
and identified. ihe precise cetsils of the varioun forrs of standnrd file used in

KnLTal- are to be found in reference 2: uwection 12.

“he two most commorn types of files are:= (1) lietwork files

(¢) Latrix files

3.1 Network files always contain a complete specification of the structure of a (road)
network in forms of (road) links between numbered points (nodes), lrer each link a
emall list of data is held: this list contains the lengsth of the link, any monetary
charges made on tne link, an identifyin; code numler for the flow-speed characteristics
of the link, an identifyins code number for the peorraphical position of tiie link,

and the cost to travel from one end of the link to the other.

A term 'resistance' may be used as the unit of measure and may be cost, time,
or a combination of the two. The 'resistance' is the 'cost' of travelling from one
end of the link to the other, and the measure is cpecified by tne coefficients A to D
in the complete generalised cost ecuation:=

Cost = (lemgth of link) x (A + spzed + C(speed)® + =—2—) + tol1®

® jie a direct monetary charge.

Where 'speed' is the mean speed of travel along the link concerned. This
equation is made up of three separate components:

| (1) (s + C(speed)z) pence per mile

B
speed
This i the operating cost/mile of the vehicle itself as perceived by the user.

D
(2) speed pence per mile

This is the further contribution of time spent/mile to the generalised cost
equation: ie 'D' is a "valuation" of time, in pence/hr.

(3)  direct monetary charge or toll
This toll is any parking, road pricing, or direct cash charge levied on the user

to travel from one end of the link to the other. (If the far end of the link is the
end of hie total journey, this charge ic effectively a purking charge).



all iWetwork files contain 2 record of the generaliced cost function (4, 3, C, u)
(abbreviation of above) used tr construct the link measures, and if the network is

altered i1t is adjusted accordingly.

If we use a particular cost function to find the minimum cost paths betwern points

on a network, the oatput of a program used to build these paths is a Network-Tree file,

and also contains a copy ot the network used.

A Network-Tree file consists of a complete network description file, followed by
a list of all the minimum paths constructed by the program.

The generalised coct function used to construct these minimum paths need not be
Lke same as that used for the link measures in the network. lor example: the link
measures on the network may bte simply time taken to travel along the link
(o, 0, 0, 1 ™ £,B,C,D) whereas the 'shortest paths' we require may be shortest distance
(1, 0, 0, O™ A_B.C,D),

To make sure that we can keep track of these (possibly) different cost functions,

to describe a 'netwoirk' fils as merely a Network - when the entry will be 'blank' or
as a Network-Trees file - when the entry will be '"T' - a record of these details is
helid at the beginning of all network files.

When we have obtained a set of minimum paths we take the number of vehicles or
trips between each pair of points and load them onto the minimum path between these
points.

The result of this process is a Loaded Network file, which consists of a complete
network file followed by a list of the flows on every link of this network. The
network identifying record is given the value 'L' to show that these flows ar: appended.

This system of specifying network types and cost functions is used extensively in
RELTAP to ensure that only valid operations are carried out.

3,2 The matrix files have a number of different interpretations, but all matrix files
include a single (first) record containing identifying data.

Matrices may be numbers of trips between zones, or distances, costs or times for
. such movements. If the matrices refer to costs, distances or time, the first (identify
record contains a list of constants specific to that matrix. The first four are the
coat function coefficients, to specify the precise meaning .. the matrix entries.

Unless they are specifically set up in this way, all these constants are zero.
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“ne ure of therfe coct ttinctions will be uvemonctrated Ly a sinple &

ctep 1. build a usetwori, usin~ coct function c.f(1)

step . Build clortest !aths, uran- cost furction c.f(z)

step 7. tind %le total coct bpetween each pair of zones incurred bty following
the paths defined in ster J, and applyin; a cost function c.f(3)

step 4. lIrint tneie zone-to-zone costs.

In this process we may build the netwerk on the basis of time:-
(ie ef(1) = (g, £, &, 1)

we then build puths of shortect distance

(ie cf(2) = (1, £, £, £),

The total coct of a trip between a specified pair of zones i, j can then be found
by valuing time a2t the r-te of, say, 2CC d/hr, and assuming that the coet of travel
was 4d/mile.

(ie cf(3) = (4, 8, B, 200)

The identifying record at the beginning of each matrix ensures that the user (and
the program) always knows precisely what is in any ;iven matrix. iiowever no check is
made to ensure that a particular input file is a matrix or a network, as full diagnosti
information will automatically be produced and printed out before RKLTAl subsequently
stops due to the different formats in which networks and matrices are stored.

A total of up to eleven matrices may be kept on one matrix rile, and the
identifying record contains the cost function and constant list defined earlier for
all eleven separately. All the elements of the first row of matrix 1 are written,
then all the elements of the first row of matrix 2 etc.

The main use of thie nterleaved matrix system ic to retain several different
pleces of information on ore file that apply to a single set of numbered geographical
areas (zones). For example, tripe by car, bus, and rail: or trips on business,
pleasure, or commuting. Iinterleaved storage allows us to handle all these matrices
at once, without having to Lold them all in the computer at the same time. This is
essential for the large matrices that often occur in transportation planning.

A special form of KRLTAI' file hus been designed to act as a complete 'archive'
of an RHLTAY model run. Thin is specified under ‘constant file' in ref. 2, fThe
creation and manipulation of this archive from matrix, network, trees, and loaded
network files is specified under "TSW 18" in the program specifications of ref 2.
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The files for ar -ravin, are collated from several cifferent tare and disc [iles,
and & materiel saviny in the number of nagnetic tapes re-uired for the storage of

resuits can be nlLtained,

ihie section nas been used for a t-ief description of the mo- important file

structures used throughout KRLTAF, full details are given in ref 2.

4. COLTRCL STRUCTUFE OF ZELTAR
RRLTAP offers a larve number of operztions which act on input standurd files and outpu
standard filss. These operations may be carried out one by .ne, or in as long a

sequence as may be required for a single run.

Models may be built and run by selecting a suitable sequence of operations,
providing suitable data is inserted for each operation to control the precise action

of the operation.

Every RRLTAP sub-program (or 'operation')must be able to handle the largest
problems that the suite can accommodate, and many of the sub programs require almost
all the available space in the core of the computer.

The RRLTAP program is stored on a disc, and the sub programs we require at any
given time are read in. A small part of RRLTAP must always reside in the ~-re of the
computer, and this part must analyse the user's requests, and issue regests for the
particular sub program required.

By a simple programming artifice, it is possiblc to initiate this process in a
part of RRLTAF that need not always remain in core, and thus release more space for
all the RRLTAF subprograms to use.

The way that control is passed through the RRLTAP program is illustrated in Fig. 2
In this example only RKLTAF 'su' W program' Y is actually allowed to return control to
the point from which it was called, the other operations in the illustrated loop aaa
are never allowed to do this. Strictly speaking all the subroutines on the loop
labelled 'a, a, a' call themselves (''recursive" calling: which cannot normally be used
in FORTRAN), but the complications that this could caure have been bypassed. Fig. 3
shows the essential FORTRAN details of the method, which depends on a 'dummy' sub-
routine (NSUB) being called: HNSUB is replaced by the actual name of the subroutine
called on each occasion. Subprograms < , B, ¥ --- etc are the RRLTAF subp -ogrars,
and will be handled in exactly the same way as 'Y' in Fig. 2.

There are many advantages in this method, but the essential purpose is to give
more core store space to the RRLTAP sub programs by making it possible to use the same

B



space for the necesenry dulu procersin, of contrel transfers as is ured by the milTra

subprozrams that are invelved.

This freedom to expand the 'control' subroutine witnnut affecting the space
available to RRITAF subpro;rams hac been used to provie a number of useful features.
Thece are illust-ated in an exaiple in alivki 1 of the output resulting from a specific

list of data cards subuitted to RilIak.

The 'control' routine e=arches for cards of the form:-

' *COMMENT', or '°*TOW!'

**COMMENT' is merely u convenience for th.e user to print comment cards on his
output, '"°*TSW' cards select the major hRLTAF sub programs which all have names 'TL- nm'.
If TSW n (or TSWnm) is not included in RRLTAP, an error message is given, and the
proy-am searches for the next '*TSW,' **COMMENT' card. Until it finds one, it will

print out every card encountered with an ‘error' warning.

The user can request that the program give the operator a 'Check point' message
at the end of any specific '*TSW' sub program. This has the effect of halting the
program with all the backing files in the state that the last '*TSW' subprogram has
Just left them, and gives the operator a *“ance to terminate, or dump, or continue
the job at this clear breakpoint.

This is an option that the user can exercise when setting up the dai2 pack for a
particular run of RRLTAP. It is equally important to have some means of allowing the
' computer operator to terminate the RRLTAP run while it is actually going, i. for
_exasple it has over-reached the time allocated.

: An extra feature is included in the RRLTAF Checkpoint system that allows the
-__.-'anutor to do this without upsetting the operaticu of the sub program running when

| he interrupts it for this purpose. The result is that a checkpoint is issued at the
| end of this subprogran, so that all files in use for the run are 'clean" and complete
[ when the run is prematurely terminated.

, : The illustration in Annex 1 includes all these features (except the printing
. produced when responding to an operator-induced checkpoint).

; 5. OVEKLAY DESIGN

3"]&!.‘!!? has been segmented for efficient running from the disc on which the entire
program resides. The detaile are given in ref 2 (Users Manual) in Computer terms as
| & list of cards specifying the detailed overlay design used for the current RRLTAF
_release. The purpoce of this section is to give the basic design of th: overlay
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siructures used for RRLTaF, and is not derendent on the i{iner details of each part of

the overlay used for a specific release of RRLTAF.

The basic rule appl_ ing to overlay structures in ICL 4/70 FORTEAN is that all
subroutines in a given chain of calls down to the subroutine being executed must be
presen®. in store while this subroutine is working. Overlays may be structured to folic
the calling structures closely, so that each calling chain is realised in the overlay
witk every subroutine lying 'above' all the subroutines that it calls. This eed not
be done. The overlay is not required to follow the calling structure, und in RRLTAP
an inverted structure has been adopted where all subroutines called by the main RRLTAP
subroutine lie at the very bottom of the overlay. The straigl:forward principles used
are illustrated in Annex 3. The RRLTAP overlay therefcre has the most commonly used
input-output subroutine 'high up' in every chain, and the major RRLTAP subprograms at
the bottom. This means that it is necessary only to replace tne end of a chain when
transferring control from ome major RRLTAP subprogram to the next, and saving computer
time by reducing the amount of 'program' to be brought from the disc.

It is worth noting that an inverted overlay structure cutas down the size of the
specification of the overlay itself, and reduces both user errors and the computer
time required to conotruct the whole program from the component subroutines specified
for the overlay.

A schematic layout of tne overlay structure constructed in this way ic: “RLTAF
is given in fig 4, and illustrates the general grouping of the major RRLTAF sub-progr:

6. EXTENSION OF RRLTAP
The modular form of the RRLTAP suite makes it very easy to add new major subprograms.
The input/output, the standard storage packing structures used, and the access to such
packed data is all embodied in standard subroutines. The overlay structure is such
that it is easy to add a further major sub program, as all these lie at the 'bottom' of
the overlay.

All the file structures used for subprogram communications and storage of
intermediate and final results are fully specified in ref 2,

The only program modification required for the addition of a subpro_.am is to add
the statements
EXTERNAL TSknm
IF (IX.EQ.mm) CALL NCALL (TSwnm)
to the subroutine named 'NEXT' in Fig 7 and listed in ANNEX 2.
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If a "call" is set-up for a major sud routine tnat is not incluced in RALTAL:
(eg "*ToW?7" in the example of ANMEX 1), & messa,e to this effect will be printed and
the program proceeds to tre next card of tne input data. This action, ana many cthers,

is illustrated in the example of ANNEX 1.

A brief list of some of the major subprozrams cf RRLTAF, with a specification of
their function, is given in ANNEX 4,

7. SUMMARY

We have discussed t! @ design ard implementation of an extendable system of programs
for Transportatiun Studies. The suite is ol modular structure and standard format,
backing files are used to communicate results between the various modelling operations.
The eystem used to transfer control from one major subprogram to the next has been
described.

This Note has been produced to supplement the Users Hanull(g) by explaining the
more general design f-atures implicit in RnLTAP.

This Note was prepared in Road Systems Section of Traffic Divieion.
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9. ANNEX 1
Data Cards *or an RRLTAP run:-

SCOMMENT INPUT DATA CARL PACK EXAMFLE

ABCDEFGHIJK MEANINGLESS TO RKRLTAP = ERROR CARD

*TSW7? NOT IN RRLTAP = ERROR IN CALL

*TSW9S: STOP: REQUESTS A "CHECKPOINT" AFTER TSW95 HAS ENDED
*TSW95

SCOMNENT LAST CARD FOR RFLTAP EXAMPLE

Output written by RRLTAP to the line printer will be:-

RRLTAF STARTS

- INFUT DATA CARD PACK EXAMPLE

RRLTAF ERROR CARD:- ABCDEF..IJK MEANINGLESS TO RRLTAP = ERROR CARD

RRLTAF CONTROL CARD:= °*TSW772.s0s.s: NOT IN RRLTAP = ERROR IN CALL: CALL 77 FAILUKE
RRLTAF CONTROL CARD:- °®TSW95: STOF: RE(UESTS A CHECKPOINT AFTER TSW9S5 HAS ENDED
(printing from subroutine TSW95)

JOB 'I'S‘u'RRLTAPﬂ:I.P RUN m1 *CHLCKPOINT® 95' soissesnce 2% AP .m H Sﬂ : 12*
TYFE-N @ TO GO ON : 1 FOR BXWJ : 2 FOR BOJD

OPERATOR REFLY:= N 2 .

RRLTAP CONTROL CARD:= “*TSWO5%eescscscess

(printing from subroutine TSW95)

LAST CARD FOR RALTAF EXAMNPLE
RRLTAP ENDS

Key to illustration:- a RRLTAF message printing
RRLTAF comment printing
RRLTAF error printing

sc: RRLTAP checkpoint setting + subroutine calling
se: RRLTAP subroutine calling and call-error printing

p : ordinary output from an RRLTAP subroutine

1 : checkpoint message and replies, ar written to the log and to the line

printer for user and operator control

Example of the flow of control as set up by the use by the data cards
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alternative ovsrlay derigns to ratisfy a given subroutine calling structure.

1. Calling structure:m-% m indicates that the n'® call is by subroutine = to
subroutine 8.

3
3 @ @ o
D @ ©
2. Overlay structure closely following the callinpg structure

m A is always in stove

] only one of B, C, D, E can be
in store at the same time
[ X | only one of X , Y can be in

store at the same time

3. Overlay structure inverted with respect to the calling structure.

Here the first call to each chain

refers to the bottom of the overlay,

and subsequent calls are upwards, to

steps in the chain that had not been

passed through on the way to the
call to the bottom.




liame
TSW1

TSwW2

TSW3

TSWh

12, Al b
Lome examples of IILTAF major subpro;rams
Function

To construct and print out paths of minimum cost, time or

distance between points on a network.

To print out the description of a network, with full details
of the length, speed, cost of every link.

To construct from cards a matrix of the number of trips

etween a set of zones on a network.

To put the trips between specific zones on a network onto the
individual links of the network forming a shortest path
defined by TiW1,

To construct update or amend & network.

To add, factor, or merge matrices of trips.

To comprees the size of a matrix of trips.

To plot out a network, the flows of trips over each link, or
the shortest paths defined by TiW1 on to an 11" CALCOMF graph

plotter.

(This is a brief selection from the list of sub programs
specified in detail in the User's Manual'Z’,



Program Operation

Control Moutine : routine
Program (& overlay)

Area for overlay
h’ storage area J i usage

b Physical Operation Computer Core Store

Area for symolic
files i Data transfer A
.]. . DSET 05 opfion message End of run
08 to operator
07
08
W
| r——_—\
cht ::dntrol = TSW
—"—“ (selection)
| ‘ card
:
Symbolic file Liord ovg::y
DSET 01 '“N'I
Overlay - Data ]
DSET (1 7] lm;mon | _cards

DSET 03

' '® TSW’' cards select the next subprogram to
DSET 04 be used. The subsequent data cards are the

data for this subprogram, and always include
the symbolic files to be used by the subprograr

Fig. 1




Pass control to the
= =1 subprogram whoege [~
m'_h-_imﬁr—
o
Return to read dota
cord for next
i RRLTAP subprogram
—l—-——-—-———_l-————-———-—-—-——l—h—-—-——-—--—-——-——
l | . 1
Reod in next dota | | |RRLTAP I RRLTAP
cerd, specifying Subprogram o | Subprogrom ¥
the RRLTAP | |
{svbprogrem required | |
| I ]
I | :
M’, the I RRLTAP RRLTAP
ond send its ‘nome” | | Subprogrem P | Subprogram §
up to be colled in | | |
ond corried out | I
I I
Group | Group 2 Group 3
aaa is the (recursive) loop that is followed to corry out
RRLTAP control tronsfers in eccordance with the
input data cords provided by the user
Fig-2. RRLTAP CONTROL STRUCTURE, SHOWING THE WAY TRANSFER
OF CONTROL FLOWS THROUGH TME PROGRAM
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CALL NEXT (NXTSUB)
80 TO |

1 [Subrevtine MEXT (1x)
| €xternel TSW I, TOW 2

| [rGrcedem s
}.'_ | aeveRw
| LS _

we)

L sament ¢

(onty. of segments @1, §2, 93, #¢
is allowed in core at any one time)

Fig. 3. RRLTAP CONTROL STRUCTURE: FORTRAN SCHEMATIC
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Program RRLTAP
CALL SET!
END
Subroutine NCALL
cALL Nsug  (NSUS)
CALL SET
' |eno
Root segment Always in core store
Node
(n ! [_)
4 l_n_tbmltinc SET | \ | Subroutine TSW! | Subroutine TSW2 ] '
 |€ Run initiotisetion | | | |22 ' ke
S o RETURN RETURN
ENTRY SET + |ENO ¢ END ¢ P
prREAD (5) wxTSus Segment #2 J Segment @3 J w_v-



I Issues actual requests
for any specific subp

2 Operator-initioted
chackpoint handling

L Stonderd Input [Output . RRLTAP ‘Control’ routine
for RALTAP files 2. Checkpoint operations

3. RRLTAP utilities (eg.file copyfedit)

4
Lpuklug‘mﬁl?:r knerags I. Matrix hendling routines
2 Stendord unpack | peck 2 Benefit coalculation

for this Storaoge

3. RRLTAP file orchiving

L Stendord graph-plotting | I. Network hondiing routines
soft weer 2. Shortest-Path routines

3. File printing routines

|1 Graphical eutput for I Graphical output for Network,
matrix formot files Flow ond Shortest-Path files

~ Fig. . SCHEMATIC LAYOUT OF RRLTAP OVERLAY STRUCTURE
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