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PREFACE  

This report presenteithe results of a study  •conducted 
• bV: 

Dr. 0. Achou (Project Director) 
HDr. C. Henin 
:Dr. W.L. Price 

of the Faculty of Management Sciences, University of Ottawa. 
Contracted by the Department of Communications, Ottawa in 
Contract Serial Number 05P3-0350, with Mr. R. Guindon, of 
Technological and Systems Planning acting as Project Officer. 
The statement of âervice to be performed in the contract is: 

"To conduct a study on behalf of the Department of.  
Communications to determine the routing strategy and expansion 
plan which will maximize the revenues and minimize the number 
of lost calls on the International Network. For each relevant 
phase of the project you will undertake to provide analytic 
and/or heuristic solution procedures to be included in a 
general report". 

A progress report was submitted in February 1974 
providing optimal and heuristic formulations to the problem 
of determining the routing strategies in a communication . 
network. That document served as the basis for flow charts 
and computer programs presented in the final report. 
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CHAPTER I 

INTRODUCTION 



1.1 Problem Definition  

The international telephone network, now in operation, 

is electromechanically/manually controlled and offers limited 

possibilities as regards call routing. However, with the 

•gradual introduction of stored program control in electronic 

switching machined, a great deal of flexibility will be 

introduced • into the network. It  •is then well known that at 

the expense of a small increase in memory size, elaborate 

strategies can be implemented to produce optimal traffic 

flow and to increase the network's reliability and efficiency. 

The number of messages simultaneously in.progressin any 

communications network is quite large.- Consequently, the efficiency 

.of any network will depend crucially on the' routing procedure 

• used. Many agencies are developing tools which will enable 

them tà.  propose international network routing .  and niambering' 

plans. It can be eXpected that these-plans will • result in the 

optimum 'use of their facilities-and hence will bring them the 

greatest financial returns. 

The problem of finding an optimal routing strategy for 

a communications network can therefore be stated as follows: 

"For any proposed or existing network, and given traffic 

statistics; how can the network be utilized so that both, 

the total traffic handled, and network revenues are maximized." 



1.2 Plan of this  Report 

The main body of this report is divided into three sections 

dealing with optimising routing algorithms, heuristic techniques 

for the improvement of solutions, and methods of exploiting the 

results obtained. 

In the section dealing with optimising routing algorithms, ' 

two main classes of approach are considered: those suitable for 

small networks, and those suitable for large networks. The 

section on small networks presents exact methods which become unwieldy 

beyond a certain size. 	These methods are of interest not 

only in the case where the actual network is small, but also in 

•the case where a large network can be decomposed into sections or 

•reduced in size by  •a shrinking process. The section on large 

networks  présents  methods which require fewer calculations 

relative to the size of the network, but which use less information 

than the previous methods, and therefore may lead to less desirable 

solutions. 

Techniques for improving these solutions are therefore 

developed in the following for use where required. ,These techniques, 

are heuristic and are aimed at improving the •flow and/or reducing 

the cost of a solution. 

The following diagramme illustrates the articulation of the 

three above mentionned sections. The derivation of practical  •  

message routing procedures and derivation of the marginal costs 

associated with the satisfying of increasing demands are discussed 

as exploitations of the solutions are computed. 



In addition, stochastic extensions of certain of the models are 

presented. 

1.3. Software Package  

No software was written for the methods dealing with small 

networks since certain packages are already available. A set of 

flexible and comprehensive techniques was chosen to deal completely 

with networks having up to 400 nodes. The software package 

provided is cohpletely described in appendix IV to this report. It 

includes not only the logical steps of the algorithms but also the 

input/output and data handling routines required to deal with large 

problems. The package is written in FORTRAN and is designed to be 

compatible with IBM/OS-360. 

1.4.  Contribution of this Report  

For small networks this report presents-techniques 

representatiVe of the state -of the art and an adaptation of L.P. 

to communication network problems. The section dealing With large,. 

netWorks is Organised around the idea'that the demand structure in • 

a network is either uniform or it is concentrated; methods which . 

are Original and adapted to each situation are deVeloped to 

deal with both cases. The section dealing 'xAdth iMprovement 

algorithms présents two types of approaches. 

1:- An adaptation of the Gratzer and Steiglitz 4ArCi 

method tO communications networkS. Iirtprovements  and, simplifications 

 such  as the existence of pre-selected routes are introduced. 

2 - . Original Labelling and Scanning methods_ 	- . 



Max-Flow 

(1)  

Shortest 
Path 

(2) 

Linear 
programming 

(3) 

Lower Capacity 
Algorithm 

(4) •  

Algorithm 
Using 
Concentration 
	 (5) 

BM UM 	 1101111 	 UM MI MI MI IIIIIII MI MI MIMI n1111 

Superposition .:- $canning  and 
 Labelling. 

. 	(6)  

Example 1:  Concentrated demand i.e.: 90% of the demand comes from 5 origins or less to all 

destinations: 

Then (2) will be used to route demands from these 5 origins to all destinations 

° (3) will be used to route demands from other 5 origins to all destiriations 

All the preceding routings will be performed sequentially within (5) 

The solution thus achieved will be improved eventually in (6) 

Example 2:  Homogeneous demand: 

(3), (4) and (6) will be used. 

1/40 
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In the appendices a comprehensive bibliography is 

presented which contains the abstract of each document and 

a critical appraisal regarding the complexity of techniques 

used and their relevance to communications networks. 

1.5 Summary of Conclusions  

Conclusions of the present report cover the following.items: 

- A comparison of the various algorithms and techniques outlined 

in the  present Study in terms of efficiency and limitations. 

- A review of their possible applications ,  and exploitation.' 

- An appraiSal of the various softwarèroutines 'ideveloped. 

- An outline of desirable research . and studies to be 

undertaken in this field in the near future. 



CHAPTER 2 

ROUTING TECHNIQUES 
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2.1 SMALL SCALE COMMUNICATION NETWORKS 

2.1.1 NETWORK CHARACTERISTICS 

In the context of this report, a "small network" is 

one containing froM 15 to 20_nodes and approximately I00 arcs. 

For  networks ofsuch a size, one assumes a general demand 

pattern and a general structure to the network. In effect, 

the networks are often small enough to permit the use of 

..certain exact methods. 

Section 2.1 outlines a number of approaches, and 

sets out .the conditions under which they are most useful. 

The following table summarises this information: 

SMALL NETWORKS 

- 
One Origin, 	Multiple origins, multiple 

Multiple destinations 	destinations 

	

single commodity 	15-20 nodes 	10 nodes or less 
maximum flow 
(section 2.1.2 	) 

pre-selection of 	mixed-inteaer 
paths and the 	programming 
use of L.P. 	(section 2.1.5) 
models 	(section 	. 	 
2.1.4 	) multi-commodity 

maximum flow 
(section 2.1.3.) 
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2.1.2 MAXIMUM FLOW METHODS: ONE ORIGIN, MULTIPLE DESTINATIONS' 

This method is applicable in the  case where one country, 

Canada for exaMple, is interested in planning its best .routing 

strategy. Since the country involved has no control over the 

.routing policies, it .can only attempt tô make.the best . possible 

use of these portions of the capacities of comMunications links 

that are available to it. 

. Where the objective is to minimise the number of lost 

calls originating in the country considered, a routing can be - 

derived from a Solution of the single-comModity maximum flow .. 

. probleM. In this formulation, the "origin"represents the 

country under Consideration:, and while there are many destina- . 

tions, the single "terminal" required fôr the algorithm can 	. 

easily be inserted into the problem by a simple 'computational 

device. This device involves joining eaCh deStination,to a new, 

ficticious node, and making the capacities 'of the new arcs thus 

created equal to the real demand between the origin and each 

• destination 

The interpretation of the solution to the nax-fIow 

problem as a routing policy is simple. BetWeen the origin and 

a giVen destination, the first routing choiee is that  route 

bearing the highest flow in the max-flow solution, the second . 

choice is that - route bearing  the, second highest.flow, and so on. 

'Lost calls in the communications  network are represented-  in the 

model by unsatisfied demand. 
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• The maximum•f1oW algorithm can be -modified to allow • 

coSt considerations to be accounted for,. if certain feasible . 

but uneconomic routes are known to exist. The modification 

Consists in transferring as much flow as possible ,froffi 

,undesirable paths to unsaturated•desirable paths. 

2.1.3 MAXIMUM FLOW METHODS: IIULTIPLE.ORIGINS I - MULTIPLE . DESTINATIONS  

If one wishes to study the overall routing problem, that 

of planning. routings for all origin destination pairs, the 

previous methods outlined are inappropriate. The problem is 	. 

now one-of "multicommoditv" maxiMum flow.: One treatsthe 	• • 

demand between each node pair as being demand for the flow of 

a separate commodity; thus permitting-calls betWeen.one node- 	• •. 

pair•to be distinguished from calls between another node pair. 

There exists no set of methods permitting a simple 

solution to this problem, although the case where only two 

commodities are involved has been solved. This does not 

alleviate the problem in any,material way in real cases, and-

it is preferable to find solution techniques approaching the 

problem in other ways. 

•2.1.4  LINEAR PROGRAMMING METHODS  

Linear programming is a well-know techniqùe that need 

not be further explained here. In this problem, the communications 

network, the demands, and so on are expressed as linear constraints, 

while the planning objectives are expressed by a function to be 

minimised. 
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To simplify the problem, it is assumed that a limited 

number of desirable routes between each node-pair are known. 

These routes may be listed by the system operators, or may 

be produced by shortest-path algorithms. A common set of 

symbols will be defined, and then three L.P. models will be 

set out, with each model representing more of the "real" 

problem than its predecessor. 
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, 
SYMBOL 	 DEFINITION 

Node 	(1) 	assumed to be the origin of call s . 

k 	destination node of calls- : 	2--kÉT:" 	. 

I 	thé index of à route from (1) to sdme k 
1 _j .._._ j 

i 	the index of an arc: 14;i.4I 	. 

d
k 	

the demand for calls from (1) to k  .- 

pj 	the cost of a call of unit duration on 
: 	route j 

P. 	
, 

the cost veCtor 

. 1) 	a vector of the demandà dk 	. 

c., 
J 	

the cost  of a call of unit duration on 
. 	route j 

C 	- 	the vector ,  of costs 	, 

akj 	a logical variable Such that:' 
. 	àkj = 1-if route i leads to 

destination k 
= 0, otherwise 

bl i 	a logical variable such that: , 
. 	 b 	= 1 if route j uses arcU_ . 

ij = 0 . otherwise 

• A 	the matrix of akj 	. 

B 	the matrix of bij 

x 	the decision variables:the  flow (callb) 
j 	 using route j 

X 	the vector of . x 3 . 
• . 
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PROBLEM I: 	One origin, multiple destinations, with the 

Objective being to Minimise the total-cost of 

delivering calls without exceeding the arc' 

. • capacities . . The formulation is as follows: 

RELATION 	' COMM= 

AXD . 	demands must be satisfied - 

• 
BX4- d 	capacities must be respected 

Min P 1 X 	objective function 

PROBLEM II: One origin, multiple destinations, with the 

• objective being to minimise the number of 

unsatisfied calls, while taking into account 

the cost of calls. Additional notation is 

required as follows: 

SYMBOL 	DEFINITION 

ek 	a penalty for nt  satisfying a 
unit of demand to destination k 

E 	the vector of the e
k 

any existing unsatisfied demand 
to destination k in a given 
solution 

, 
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1 
1 
1 
1 

1 
1 
1 
1 

The model has the following form: 

RELATION 	 COMMENT 

AX + d= 	D 	call routings + unsatisfied demand = 
total demand 

DX 	z- C 	canacities must be satisfied 

Min 	(1"X - E'd) 	minimise cost + weighted, 
unsatisfied demand 

In this problem, the vector X represents the 

recommended routing strategV, while the . vector  cf  represents 

whatever unsatisfied demand there may be. The vector E is 

-a penalty function related to each destination, and defines. 

.the scale of values by which unsatisfied demandis traded 

off against cost. 	 • 

1 
1 

1 
1 
1 
1 
1 
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• PROBLEM III: Multiple origins, multiple destinations, and 

the other characteristics resembling either 

those of Problem I or Problem II. 

I .  

This problem can be treated in a straight 

forward manner, and the mathematical statements 

will resemble those of the previous two problems. 

The modifications are of the following nature: 

(i) The dimension of J is increased so that the 

list of routes includes all routes between 

all pairs of nodes. 

(ii) The dimension of the vector D is increased 

to include the demands between all node pairs. 

, The dimensionality of this problem is larger, 

howeVer the form is that of the former cases. 

Linear programming teehniques are attractive because 

of the simplicity of the formulation and,bécause of the' 

impressive speed of the cùrrent packaged prograffimes. The 

problem size, however, quickly increases as thé number of 

nodes increases. 	Consider an LP, for a netwerk of 200 nodes 

where only 10 nodes may'be origins, the remainder t. destinatiOn, 

and where 3 routes are considered between each origin-destination 

couple, and where the average degree Of the network is4. 
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For Problem III, we will have: 

Number of variables = 3 x 10 x 2O0 = 6,000 

• Number oÉ arcs 	= 4 x 200 x 	= 	400 

Number of demands 	=- à x 10 x 200 = 1,00,0 

Nlimber of constraints 	= - 1,400 = 1,000 + 400 

Note that this L.P. does not lead to serious 

•complitational difficulty, however, only a pOrtion of - the 

network has been modelled, since only 10 nodes  have  been 

permitted to function as origins. 

A second type of simplification can be introduced by 

assuming that only a small subset of 'nodes can act as origins 

and destinations, with the remainder acting only as transmission 

points. In this case, one can study 50 origin/destinations 

with a simple program. With 50 origins, 200 nodes, and the 

other hypothesis remaining unchanged, one has: 

Number of variables 	= 3 x à x SO x 49 = 3,675 

Number of arcs 	= 400 (same as before) ,  - 

Number of demands 	• = à x 50 x 49 = 1,225' . 

Number of Constraints 	= 1,225 + 400 = 1,625' 

Linear programming techniques are quite attractive, 

however, simplifying assumptions are required to render them 

applicable in networks of a practical size. 
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2.1.5 A MIXLD-INTEGER PROGRAMMING MODEL: RESTRICTED CHOICE IN ROUTING  

In this formulation, we consider the case where the 

origin country (Canada, for example) has control only  •of the 

choice of the first link of the routing, and from that point, 

•  the routing is done by foreign operators. It is reasonable to 

assume that each operator will optimise his move, and assume 

that a1,1 operators will do the same. This will lead to 

routings being done via the shortest available paths. .The 

notation required for this formulation is shown in the table 

on the following page. 



1 

1 

1 
1 
1 

1 
1 
1 • 

1  
1 
1 
1 
1 
1 
1 
1 

22 

SYMBOLS 	 DEFINITION 

S 	the origin of all calls 

T 	A ficticious destination for all calls. 
Actual destinations are joined to T by . 
arcs, the capacity of which is equal to 
that destination. 

indices used to designate nodes 

c..13 	The capacity of arc •3 
, 

dk 	The demand for communications to mode k 

L 	
. 	

The maximum number of arcs leaving S that 
will be used in routing calls to any single 

• destination 

M 	A number larger than the capacity of any 
arc 

xijk 	
The flow in arc ij having final destination 
k 

. 	
The total flow from S to j. 	It is the flow xj 	
in arc jT and is calculated as follows 
x . 	= 	E 	x . . . 

. 	 3 	 1 3 3 

\"1-' 	 • 
/ 

a . 
	A matrix of 0-1 variables used to ensure 

ik 
that the limit on the number of arcs leaving 
S that may be used in routing calls to 
any single destination is respected. 

• 
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These definitions are illustrated in the network diagram below. 

1 
1 
1 

• 1 

1 
1 
1 

Ficticious 
sink• 

••"" """ "". 

•••• 
I 	, 

/ 	I 

/ 	/ 

1 	/ 
I 	, 

, 

/ 

, 

, 

t- 

1 
1 
1 
1 
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1 
obtain The objective function seeks 

maximum flow. 
Mamimise 

24  
The constraints are summarised as follows: 

CONSTRAINTS 	 COMIUNTS 

Z x. 	+ x . • this constraint ensures that arç capacities 
k' 	lik 	

31k  
are respected 	 . 

, 	 . 
xi 	I, xiii 	this constraint sums all flow.into a node 

	

i 	that is deAtined for that node. - 

x 4 	2 	dj 	
this constraint ensures that demands will 
nOt be eXceeded. • 

. 	 • 

	

Ez ... 	• 	4-x. 	a continuity. Constraint: flow entering 
jik 	ijk 	1 	node .à. is equal to flow leaving ,i for 	. 

k j 	
. 	

other destinations k plus flow destined 
for T. 

	

x.- 0 	no circular flow in an arc must.ocCur 
. 	iji 	- 

	

x.= 0 	no  flow  inside a nôde must occur' 
.lik 

	

xii k 1 0 	the non-negativity condition 

E i 	
constraints to ensure that at most , L 

	

k 4 	I' 	 routes are used in leaving S to_reach k. 1 
In the previous diagrami for- example, if 
L = 2,.then flow•to k can be sent via 	- 
the nodes i and ji i and 	, Jj, and j, but 
not via ii)e,'.and j. 

13 - 	ix 	If'aik:= 1, this ConstraintMerely 
repeats the capacity constraint on arc 

. 	If aik= 0, this constraint prevents s. 1 
flow from s to i with final destination k. 

• 	 . 
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It can be seen from the formulation of the constraints 

that the problem is fairly complex in the Case of the one 

origin/multiple destination routing. The formulation could 

be extended .to the multiple origin/multiple destination case, 

but only very small networks could be treated in this fashion. 

1 

1 
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1 
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2.1,6  NUME.RICAL EXAMPLE 

A small numerical example is presented to aid 

. the visualising of the algorithms presented in sectiOn 

• 2.1.2 through 2,1,5. 	The example also shows the way in 

which network data may be presented. 

2.1.6.1 NETWORU DATA 

The network studied.is illustrated in the diagram below. 

The arc data are as follows: 

arc 	nodes 	capacities 	Cost/unit 
number 	 . 

. 	
1,2 	4 	• 	1 
1,3 	3 	2 

-., 	1,4 	3 	'2 .., 
4 	1,5 	5 	: 	4 
5 . 	1,6 	7 	1 
6 	3,4 	3 	' 	2 

7 	. 5 , 6 	1 	1 .  . 

, 

1 



1 
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The node-to-node demands, the paths joining all nodes, and path 

costs are shown below. 

node 	demand 	path 	path 	path 
pair 	 number 	ost/unit 

1-2 	2 	1 	1-2 	1 

1-3 	4 	2 	1-3 	2 

	

3 	1-4-3 	4 

1-4 	2 	 1-4 	2 
5. 	1-3-4 	4 

1-5 	1 	6 	1-5 	4 

	

7 	1-6-5 	2 

1-6 	2 	8 	1-6 	1 
1-5-6 	5 

2-3 	1 	10 	2-1-3 	3  

	

11 	2-1-4-3 	5 

2-4 	4 	12 	2-1-4 	3 

	

13 	2-1-3-4 	5 

2-5 	 14 	2-1-5 	5 

	

15 	2-1-6-5 	3 

2-6 	2 	16 	2-1-6 	2 

	

17 	2-1-5-6 	6 

3-4 	4 	18 	3-4 	2 
• 	 19 	3-1-4 	4 

3-5 	3 	20 	3-1-5 	6 

	

21 	3-1-6-5 	4 

	

22 	3-4-1-5 	8 

	

23 	3-4-1-6-5 	1 

3-6 	1 	24 	3-1-6 	3 

	

25 	3-1-5-6 	7 

	

26 	3-4-1-6 	5 

	

27 	3-4-1-5-6 	5 

4-5 	2 	28 	4-1-5 	6 

	

29 	4-1-6-5 	4 

	

30 	4-3-1-5 	8 

	

31 	4-3-1-6-5 	6 

4-6 	 32 	4-1-6 	3 

	

33 	4-1-5-6 	7 

	

34 	4-3-1-6 	5 

	

35 	4-3-1-5-6 	9 

5-6 	 36 	5-6 	1 

	

37 	5-1-6 	5 



1 
1. 
1 
1 
1 

1 
1 
1 
1 

1 

arc capacities 

2 arc  •  flow- 
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2.1.6.2 MAXIMUM FLOW: ONE ORIGIN/MULTIPLE DESTINATIONS  

/ 	 

•

-........- 

4  
	/ / 

\ \ 	 U / 
 % 	 / / 	/ 

le 
\ 	i  

\ \ (-4\ 	
/• 

/ 

\  \ \ -) 	1 	 / 
' \ \ ICD, i 0 	,.„/ /13 	" 

\ 	 / 
\\ i 1  \)L%/  

1 
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2.1.6.3 LINEAR PROGRAMMING: PROBLEM I ILLUSTRATED 

The variable x, corresponds to the flow in the ith  path. 

ROW TYPE 	x1 	x2 	
X5 	 . 	RHS 

II Nodes 1-2 	' 	1 	 2 

Demand 

	

-3 	1 	 .. 	4 Nodes  

Constraints 
Nodes 	1-4 	 1 	 3,2 

II (A-Matrix) 
Nodes 1-5 	 1 	1 	...\ 1 

Nodes 1-6 	 -Si 2 

I Capacity 	 4 
Arc 1-2  

Constraints 

II Arc 1-3 	1 	 L:3 

(B-Matrix) 
II Arc 1-4 

Arc 3-4 	 1 

Arc 1-5 

11 	Arc 1 - 6 	 z. 7 

Arc 	5-6 	 1 	..efl 

II 	OBJECTIVE 	
, 	  

3 	6 	5 	8 
FUNCTION 
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2.1.6.4 MIXED INTEGER PROGRAMMING: ONE ORIGIN, MULTIPLE DESTIONATIONS 

Because of the dimensions of this problem, only a portion of 

the network has been illustrated. To conform to the notation 

used in the text, node 1 is referred to as node S. 
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2.2 LARGE COMMUNICATION NETWORKS  

2.2.1 HOMOGENEOUS NETWORKS  

2.2.1.1 NETWORK CHARACTERISTICS:  

Networks studied in this section contain around 

300 nodes with the following features: 

a) Structure: The average degree is of 3 to 4 arcs per 

node which means that the number of arcs is expected to be 

between 1000 and 2000. 

h) Homogeneity: The demand for calls is homogeneous 

over the origin-destination pairs. 	That is to say: 

There is little variation in the demand for calls among 

origin-destination pairs. (A more .accurate criterion for 

homogeneity will be introduced in section 2.2.2.1 where 

concentrated networks will be characterized.] 

2.2.1.2  ORGANIZATIONAL FLOW CHART  

The following flow chart illustrates - the 

various categories of networks and more specially the 

methods outlined in section 2.2.1. 
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2 0 2 0 1.3 THE LOWER CAPACITY APPROACH*  

This method is derived from the shortest path routing 

technique. When a shortest path routing is used, the solution 

is arbitrary because, due to capacity constraints, the last-

origin-destination pairs considered will be more likely to 

have unsatisfied demands. 

The purpose of the lower capacity approach is to 

eliminate this inconvenience. This approach is particularly 

suitable in homogeneous networks where there is no reason to 

give or to refuse priority to particular O-D pairs. 

The lower capacity approach is an iterative algorithm 

where it is attempted to route increasing fractions of the global 

demand. At each step this fraction is bounded by the lower 

remaining capacity, hence the name of the method . 

At each iteration the network is reduced by removing 

in this order: 

a) Arcs with no residual capacity 

b) Routes containing a removed arc 

c) O-D pairs such that all their connecting routes 

are removed in h) 

This algorithm will :yield a feasible solution obtained by 

routing through shortest routes but independent of the ordering of 

the nodes. 	It will end after a finite number of itérations,  

* A complete algorithm description is available in Appendix 1.2 

and a detailed flow chart in Appendix 11.1 



3 4 

this number being at most the total number of arcs in the 

network but in practice the dropping of entire routes and the 

cancellation.of some demands will reduce this number ,. 
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2.2.1.4 NUMERICAL EXAMPLE  

A numerical example is presented to aid the visualising 

of lower capacity approach (L.C.A.). 

The network studied is illustrated in the diagram below: 

The arc data are as follows: 

Arc Number 	Nodes 	Capacities 	Cost Unit 

	

1 	1 - 2 	57 

	

2, 	1 - 	3 	63 

	

3 	- 	54 	1 

• 4 	2 	- 	5 	13 	_.... 

	

5 	3 	- 	5 	.46 	5 

	

6 	3 - 6 	30 

	

7 	' 	4 - 	7 	10 

	

8 	5 - 7 	26 

	

9 	5 - 8 	22 

	

10 	6 - 8 	29 

•11 	• 	7 	- 	8 	31 

' 	12 	4 	- 	5 	17 	 5. 
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The node-to-node demands and routes are shown in the table 

below: The demands below the main diagonal and the first and 

second route above 

IN Node 
1 	2 	3 	4 	5 	6 	7 	8. 

	

ode 	
, 

/ 
• (1) 	(2) 	(1-3) 	(2-5) 	(2-6) 	(1-3-7) 	(2-5-9) 

(2 - 5 -4) 	(1 - 4 - 5) 	(1 - 4 -12) 	(1 - 4) 	(2 - 5 - 9 - 10)(21- 5 - 8) 	(1-4r9) 

(1 - 2) 	(3) 	(4) 	(1-2-6) 	(3-7) 	(4-9) 
(4-5) 	(4-12) 	(3-12) 	(4-5-6) 	(4-8) 	(3-12-9) 

	

3 	1 	0 	(5-12) 	(2-1-4) 	(5-9-10)(2-1-3-7) 	(6-10) 

4 

	

4 	2 	2 	2 	(3-4) 	(12-5-6) 	•(12-8) 	(3-4-9)• 

, 	  / 	• 	(5-6) 	(8) 	(9) 
4 	1 . 	1 	(9-10) 	(12 - 7) 	(8 - 11) 

- 	. 	  

	

6 	2 	1 	1 	1 	15 	(10-9-8) 	(6-5-9) 

(11) 

2 	3 	3 	2 	16 	18 	• 	 (8 - 9)•  

./.  

	

8 	1 	5 	4 	3 	0 	4 	
. 

• ./..; 

The L.C.A. applied to this example yields the following results:

•  II 	1st iteration: 	, 

I.  
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SUMMARY OF 

LOWER CAPACITY 

ITERATION 	CUMULATIVE 	ARCS 

NUMBER 	ri. 	DROPPED 

1 	0.43 	7 

2 	0.54 	9 

3 	0.58 	6 

4 	0.86 	2 

5 	0.95 	12 

Cumulative r2 = cumulative ratio of total demand at 

iteration -t.. 

1 
1 

1 
1 
1 
1 
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2.2.2. CONCENTRATED NETWORKS  

2.2.2.1. NETWORK CHARACTERISTICS: 

In terms of size and network structure, the networks studied 

in this section are similar to those described in 2.2.1.1. However, 

we are concerned here with a concentrated demand structure. 

This concept of concentration can be defined through the 

following process: 

a) Compute for each node the total of incoming and outgoing 

demand. This is the total demand of the node. 

b) Sort the nodes by decreasing demands. 

If less than x% of the nodes represent more than P% of 

the demand, the demand is said to be concentrated (and it is 

homogeneous otherwise) 

• 	For practical purposes the ratios x and P can be set at 

10% and 80% respectively 

2.2.2.2. AN ALGORITHM TAKING CONCENTRATION INTO ACCOUNT  

If the demand presents such a concentrated structure, a 

special treatment whould be given to those few nodes x% of them, 

accounting for a large proportion, P% of the traffic. 

For those nodes, called primary nodes, an exact L,13 1  routine, 

for example problem III of section 2.1.4, is used. 

The remaining capacities are used to satisfy the remaining 

demand through a lower capacity approach as described in section 2.2.1. 

1 
1 
1 



NOde- 	Total Demand 

12 

13 

12 

13 

39 

6 42 

7 	46 

8 	19 

2.2.2.3. A NUMERICAL EXAMPLE  

In this paragraph the first steps of this algorithm 

are applied to the numerical example in 2.2.1.4. 

Total demands of nodes are: 

39 

(These total demands are obtained 

by adding for each node the entries 

of the part of the corresponding 

row and column below the main 

diagonal of the matrix in section 

2.2.1.4) 

We consider here that nodes 5, 6 and 7 are primary. 

The corresponding L.P. will have the following characteristics: 

a) Number of variables= Number of routes = 56 

• 	b) Number of demand constraints 	. 3 x 7 = 21 

c) Number of capacity constraints = 

Numberof arcs 	 • = 12 

The form the resulting L.P. matrix will take is 

illustrated in 2.1.6.3. 



2.2.3. DECOMPOSABLE NETWORKS 

Node-Cut 

the network can be decomposed in a similar way to 

that described in the iîgure above, the L.P. outlined in section 

2.1.4, Problem III can be applied separately to each block. 

For this purpose each block should be added to the 

block and a demand equal to the total demand crossing the node 

cut (Fig. above) should be associated to this node. 

40 

If 



Where the block is limited by arc-cuts (Fig. above) 

new nodes must be defined, one on each arc, and then added to 

the block. 

A difficulty arises here, however, concerning the 

demands. Consider, for example, in Fig. above, the demands 

from the block to the nodes  1,2 and 3: dil , di2 , di3  are 

not completely ,  defined. They must only satisfy the relation: 

d 	d 4- d = d, 	where d. is the total demand il 	i2 	i3 	I. ° 	1. 

from node i to all other nodes to the right of the cut. A 

heuristic solution to this difficulty would be to take dn. , 

di2 and  di3 proportional to the capacities Cl , C 2 ,I C 3 . 

This method may advantageously apply where the 

decomposition is relatively simple to effect. 

41 
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2.3 IMPROVEMENT ALGORITHMS  

2.3.1 REDUCTION OF AN OVERFLOWING SOLUTION  

Some of the former algorithms yield solutions which 

have overflows in certain arcs. It is necessary to 

reduce flows in such solutions to conform to capacities. 

One can first reduce the flow which exceeds the actual 

capacity by the largest percentage and so on, until no 

overflows remain in the network. 

arc capacity 

= total active flow in arc k 

f
k 	

the overflow = Max [(fk 	ID} 

Step 0:  All arcs "active". All chain flows "active". 

Step 1:  Choose the "active" arc with the largest overflow 

ratio (in case of a tie, choose the arc with the 

largest absolute overflow). Let this be arc k. 

If no overflow exists, terminate. 

Step 2:  Reduce the flow in this arc. Let reduced flow 

(.-`• 	f 	C 
•Ck+zk 	k 	k 

Step 3:  Reduce all "active" chain flows passing through 

arc k by the ratio ( Ck 	) 
Ck-lk  

Step 4:  Let chain flows that have been thus reduced be 

marked "Inactive". Let the arc selected for , reduction 

• be marked "inactive".  • Recompute overflows and 	 • 

capacities. Return to step 1 . 

fk 
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After this updating of overflows and capacities, go 

back to the beginning of the algorithm, i.e., choose the arc 

with the largest overflow ratio and continue until no over- 

flow remains in the network. 

The values of the flow f
k 

put in storage give feasible 

flows of communication passing through the network. 'The 

principle of the algorithm is simple with the main difficulty 

being in the updating process. 

2.3.2 A SCANNING AND LABELLING ALGORITHM FOR IMPROVING MULTI-

COMMODITY FLOWS  

One may ask if the feasible solutions given by the former 

algorithm are sufficiently near the optimum. This is a 

legitimate question and where the solution is unsatisfactory, 

there should be a way of making improvements. The purpose 

of this section is to provide an improvement algorithm which 

could be applied to any feasible multicommodity flow. It 

 should only be used as an improvement technique, in 

conjunction with a heuristically found starting solution, 

although one could theoretically start with flows zero in 

all the arcs. 
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This algorithm uses a scanning and labelling technique 

and consists of two stages: , one to identify improveMents 

to the flows and one to modify the flows. These steps 

can be repeated until no further improvement is possible 

or until a sufficiently good solution has been found. 

(i.e. time runs out.) 

2.3.2.1 LABELLING ALGORITHM. 

• 	 Definitions: 

origin considered, 

destination considered . , 

index of node considered 

	 residual capacity in arc kt 

f 	total flow between nodes k and 

d —> demand between k andj k), 

[nkgq1abèl: nk  —y the  node from which k is  being labelled, 

L —H>the.amount of flow sent to k and beyond. 

(Initially, all nodes are unlabelled and unscanned.) 



such chains. For arc 

Go to step 5, 
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2.3.2.2 CHAIN-IMPROVEMENT IDENTIFICATION,PROCESS:  

Step 1:  Choose an active origin i and label it [..._,.00j and 

consider all possible destinations j. Go to step 2. 

M.92.2. : Search for an arc (k,,,e) such that k is labelled and 

Lk  >0, 	is unlabelled, and Ck,e0. Go to step  3.  

Step 3:  Determine f° = min [Ck/e, (de- f4 ), L .  ] 
14 

let 	Li, 	min [(Lk  - 1 
	

(C11,- fiî 

Label node» [k, Li]. Go to step 4. 

Step 4:  Update all labels on chains from i to,t through.k.. 

[SuCh chains can be traced back through the network 

via the labels] for a node m on àuch'a chain, let 

new value Lm Lm • fi  

Update all residual capacities on 

mp, new value C - mp 	c mp 	fi/e„ • 

Step 5:  If j has been labelled, go to the flow-change process. 

Otherwise go to step 2. 



46 

2.3.2.3. FLOW MODIFICATION  PROCESS 

At the end of process 1, two situations can occur: 

1) Either no more residual capacities remain and the algorithm 

stops. 

• 2) There are still arcs with residual capacities. 

In the second case, these arcs with remaining capacities 

define sets of nodes connected by arcs or paths with residual 

capacities, and between which flow may be again increased. 

This process modifies the flows between nodes of such 

a connected set. Flows in the arcs within the set are increased, 

while flows outside the connected set are decreased with the 

consequence that these arcs are freed for the reapplication of 

Process 1. 

Consider now a connected set of rodes  i km )  .joined by 

arcs having residual capacity. It is easily seen that the demands 

for communication between nodes i and j are already satisfied (by 

the application of Step 1). The aim of this process is therefore 

not to increase the flow, but simply to modify the flow pattern to 

allow a further application of Process 1. 

This modification is done as follows: 

Let (i, k 1 , k 	k ,  j) be a path from node i to node j  2 
passing through 	kn. 
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Let C .  be the minimum capacity available on this path. 

Modify the flow from node i to j by increasing it on the path, 

(i, k p ..ep  k' 	by the quantity f where f = min (D2. 1  C..). 1 	 13 

Find other routes between i and j having at least one arc 

outside the connected set and decrease the total flows on these 

routes by the quantity f. Such routes were saturated before 

the application of this step and now have residual capacity. 

When this is done the corresponding capacities of the arcs 

on which modifications take place are updated in the usual way. 

Each pair of nodes is considered only once, and the algo-

rithm moves back to Process 1 after considering all the possible 

pairs of nodes. However it could be stopped or ,  sent back to 

Process 1 by a stopping rule defined by the system operator. 

As in Process 1, Process 2 can be used with only preselected 

routes. In this case, only these routes will be modified. 

2.3.3 A HEURISTIC APPROACH TO CAPACITY ALLOCATION AND FLOW ROUTING  

The method described here consists of three parts. In the 

first part arc capacities are allocated to the various 

demands d. .f rom  origin i to destination j. Each node pair ij 

(ij) is considered to generate a flow of different commodity. 

In the second part, the demands are routed through the 

allocated capacities. And in the third part, flows are re-

allocated to make use of non-saturated arcs. 
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2.3.3.1 :FIRST PART: ALLOCATION  

Let_tdesignate a route, ce, an arc of capacity qz , i an 

origin, j a destination, andthe demand from i to j. 

The capacity  c 	decomposed into partial capacities 

c 	dedicated to the demands or commodities d ij
, such 

aii 

• that: 

i) c 	= 0 if no path from i to j uses arc a. 

ii) caij is proportional to 
d j 

 if one path from i to j 
i 

uses a  and to a multiple ofif there is more than •  

one such patl-G 

iii) E c
aij 

= 
i,j 

The three objectives above are met if the following 

formula is used for c al] 

c al]  Z3 d a b / 13 	a )4.  

	

d.. 	b g 

	

13 	13.x. 

Where a.. 13 if path  J  links i to 

0 otherwise 

= 1 if path /uses arc 

0 otherwise 



1 

• 

49 

2.3.3.2 SECOND PART: ROUTING  

For each 0-D couple (i,j) consider the pathsli (i,j) 

)9, 2( i,j)... .,4(i,j) 
linking i to j 

i.e. a 	= 	= a. 	= 1 
i ieel 	13  2 - 

and aijtz  0 for a11174 or-e2  or ...>em  

assume also that 11 	are sorted in order of 

increasing cost. 

For each pathldefined 5e,, capacity  of J  by .1  = Inf 
caij Inf is taken over all arcs a- belonging toi 

i.e. over all e?s such that ba2= 1, and for that 

particular couple i,j linked by,e that is, such that 

13-e. 

•Let  e be the index defining the path capacity cj. 

Note that ce may not be unique, as ties may occur. 

Once these preliminary steps are performed the routing 

is done as follows: 

The paths are tried by order of increasing cost and the 

maximum flow allowed by the path capacity is routed until 

either the whole demand d,
j 
 is routed or all the paths have 

i 

been tried. 

Once this is done the demands dij are 
replaced by the 

unsatisfied demands and for each arc the residual partial 

capacities are computed. 
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2.3.3.3. THIRD PART: REALLOCATION  

This third part is an adaptation of the A-arc  method 

Gratzer and Steiglitz. 

An investigation of all bottleneck arcs a is carried 

out in order to redistribute the non saturated capacities. 

It is summarized in the following steps: 

Step 1: Select an arc a' which has not been examined. 

Step 2: If no partial capacity c.. * of a, is saturated 

go to Step 1.• 

Step 3: If all the partial capacities  c 1 * .are  saturated 

go to Step 1. 

Step4:Divideequallyamongthe dij 's which saturate their 

partial capacities part of the residual capacities. 

Add this to their present capacity value. 

Step 5: Divide the remaining capacity among the d.. 's which 

do not saturate their partial capacities. 

Step 6: If not all the arcs 	have been examined go to 

• 	 Step 1. 	 • 

Step 7: Go to Part 2: Routing, with demands d.. and new 
ij 

partial'capacities. 

Iterations are stopped when all arcs a are in one 

or the other of the situations of Step 1 or Step 2. 
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EXPLOITATION AND EXTENTIONS 
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3.1 EXPLOITATION OF ROUTING ALGORITHMS  

Following is a review of applications of 

the resUlts to problems of routing, priCing, 

bargaining. 

3.1.1 ROUTINd AND CAPACITY ALLOCATION  

Call x* the number of calls routed through 

route j by  one of the previous methods. 

If the L routes leading to k are yk), 

then the dk  calls to k should be 

routed as follows: 

52 

The x(k) 
* 	sorted bv decreasing magnitudes  will 
.].  1: 

give the ordering of the routes to k. 

If the routing is done in an automatic randomized 

fashion I.(k) /d k  represents then the probability 

that route 1(k) be chosen. It must be recognized 

that the x* will give the proportions in which the 

calls will be routed but  •not a detailed determined 

procedure indicating how to route the first call, 

how to route the following, etc.... 
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I I 

3.1.2 PRICING AND BARGAINING  

If the incomes associated with various calls 

are given and the objective is to maximize the 

income, a modified version of Probl. I of sect. 2.1.4 can be 

reworked to this effect. But if the prices must 

be determined in accordance with the costs, then 

it is advisable to solve the dual of Problem I, sect. 2.1.4 

and find the pe, shadow prices of the capacity constraints. 

pe can be considered in effect as being the 

increment in the optimal cost resulting from an 

extra call destined to k. p* contains not onlv 

the direct cost of routing the extra call in question, 

but also eventually the increment resulting from 

rerouting other calls through less advantageous 

routes. For this reason the pe can be considered 

as a good and acceptable basis for pricing. 

Shadow-prices of capacity constraints give similarly 

the reduction in optimal cost resulting from increasing 

capacities. This approach will be partially used 

further on to examine the problems of extensions 

and investments. For the present -Éime shadow-prices 

will  be used in short-term problems such as pricing. 
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In a direct way, shadow-prices associated 

with various arcs give the relative economic 

importance with respect to Canada and hence 

orient the negotiators. As an illustration 

consider the following situation represented 

in next page Figure. 

Country Y is sending more and more messages 

through route (2,1,3,5) and Canada would like to 

charge Y for these calls [or to ifipose some 

rationing on messages through arc (1,3)] . 

Canada would like to charge p* per unit, p* being 

the shadow-price of arc (1,3) in Problem I for 

Canada. In some cases p* may be too high for 

country Y who will then prefer to use an alternate 

route; but country Y may be disposed to pay either 

d* or ,e* where d* is the shadow-price of the demand •  5 	5 

to 5 from 2 in a network excluding arc (1,3) and 

iro.: is the shadow-price of arc (1,3) in a network 

centered in 2 and containing arc (1,3). Solving 

Problem I for countries 1 and 2 under various 

•hypothesis can provide negotiators with upper and 

lower bounds for bargaining. 



n 

/ 
/ 

1 

55 

Node 1 represents Canada 

Node 2 represents negotiating country Y 
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STOCHASTIC VERSIONS 

A more realistic approach takes into account 

the stochastic nature of some data, most particularly •  

the components of vectors D. and C. 

The number of calls arriving in a period of 

time T is a random variable since the arrival rates 

of calls is a random variable. On the other hand, 

the calls durations are also random variables. Conse- 

quently the components dk  of D are R.V. since they 

represent sums of a random number of R.V. This fact 

should be taken into account to determine actual •  

distributions for the d I s. 

TherandmcharacterofthecaPacitiesC'is due 

to decreases in capacities resulting not only from 

calls destined to Canada but also from calls originated 

in other points of the network and destined to other 

points. Assuming some stability in the routing behavior 

of the other points of the network, the capacities can 

be considered as resulting from the combination of: 

- a seasonnal component and, 

- a random component 

An interesting situation occurs here: In the L.P. 

exposed in 2.1.4. only the right hand sides of the 

constraints are R.V. and neither the unit costs nor 

the elements of the constraints matrices are. This is 

recognized as being a simple case in stochastic 

programming. Two relatively simple methods are possible. 

3.2 
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1.- Multi-stage Programming: If the demand 

d can take several values: d
k ' 

d
k2 ' 

d
k 

with 
l 	n 

 

• probalities pi , p 2 , 	pn , the constraint corresponding 

to d
k 

should then be split into n constraints and the 

objective function modified accordingly. Details and 

an example are given in an Appendix to this report. 

2.- Chance-Constrained Programming is simpler: 

Right hand sides of the constraints are replaced by 

their 80% percentiles or their 90% percentiles 

depending on the required level of security. 

NOTE 

The stochastic extensions presented in this last 

section 3.2. as well as the exploitations presented in 

this chapter 3 are applicable when the L.P. techniques 

presented in section 2.1.4. are. 

Since the main concern of this study is to deal 

with relatively large Networks, no software package 

was developped for these extensions and exploitations. 

This could be done in a next study. 
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4- CONCLUSIONS  

4.1 Range of Applicability of Algorithms  

In this study a number of new algorithms were developed 

and certain existing algorithms were adapted to the routing 

problem. This section reviews the applicability of those • 

algorithms. 

4.1.1 Shortest Path Algorithms  

These algorithms may be used for routing in the case of a 

small number (4 or 5) of origins and multiple destinations. 

Since such networks did not form the main thrust of the current 

study, shortest path methods are useful only as accessories to the 

techniques presented here. In networks where the most desirable 

routes between a given origin destination pair are unknown, methods 

for finding the n shortest paths (which may be interpreted as the 

n least cost paths) may be used to generate data used as input 

to the remainder of the algorithms. 

4.1.2 Maximum Flow Methods  

Exact multiterminal maximum flow methods for large networks 

do not'exist. The adaptation of single origin/multiple destination 

case (via superposition methods for example) was judged to be 

unprofitable. 
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1 
4.1.3 Adaptation of Linear Programming Methods  

In this study the authors present a linear programming 

formulation which determines an optimal routing plan from the 

point of view of cost and which also takes into account the 

minimisation of lost calls. This formulation, however, is 

useful only for networks having a low number of origins (less 

than fifteen) and multiple destinations. Such networks exist in 

the case where there is a concentrated demand structure. 

4.1.4 Lower Capacity Approach  

This method was developed to deal with large networks (up 

to four hundred nodes) having a homogeneous demand structure. 

The algorithm consists of an iteratial superposition of routings 

using partial capacities in such a way that all arc capacities are 

respected. At each iteration, the least cost available path is 

used. This algorithm is rapid and economical compared to the 

preceding techniques for large netwotks. 

4.1.5 Scanning and Labeling Approach  

This method was developed to improve the solutions of the 

Lower Capacity. Approach. It seeks to re-route some of the flows 

found by the previous algorithm in such a way as to free capacity 

for further flow. The algorithm is rapid and well-suited 

to large networkà where the flow improvement can be quite 

substantial. This algorithm can be used with a nil starting flow, 

but is more efficient when used with a starting flow determined 

by the Lower Capacity Approach. 

1 
1 
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4.2 Computational Software System 

In this study, a software system incorporating the Lower 

Capacity Approach and the Scanning and Labeling Method was 

developed. The software system was conceived to handle 

networks having up to four hundred nodes. The software 

package includes the following modules: a data entry module, 

a data handling module, a Lower Capacity module, a  •Scanning 

and Labeling module, and a report generator module. A users' 

guide and a system description are proided as Appendix IV 

-t.o this report. 

4.3 Further Study  

4.3.1 Concentration and Decomposition  

In this study the authors present methods sui :table for 

large networks having a concentrated demand structure, that is 

to say networks where relatively few nodes account for a high 

proportion of the total flow. Computational software systems 

should be developed for these algorithms, which promise to be 

efficient. 

4.3.2 Interactive Software  

Since there is a need for interactive software to aid 

decision-makers and managers in the solution of practical routing 

problems, the authors recommend that such software be developed 

both for the methods applicable to concentrated networks and for 

the methods presented in detail in this report. It should be 

recognised, however, that—the nature of interactive operating systems 

will not permit networks of very large dimension to be treated. 
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4.3.3' Hu .ge Networks  

Huge networks, that is to say those having more than 

one thousand nodes, are also of interest. Such networks may 

be treated by methods of decomposition and of network "shrinking". 

Effort should be expended to develop efficient approaches to 

exploit these techniques, and both the theoretical and 

computational aspects of this problem must be investigated. 



APPENDIX 
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App. 1.1 A MIXED INTEGER PROGRAMMING TECHNIQUE  

In this paragraph, network theoretic methods are presented. 

These methods cover aspects that were not taken into account in 

the hypothesis mentioned in section 2.1.4. Naturally, this 

accrued precision in the model is gained through an increase 

of the burden of computation, and only small problems can be 

approached. 

• Under the hypothesis of section2.1.4, routing techniques 

using only L routes from Canada to each destination are consi-

dered. These routes are assumed to be given in advance or 

computed by a k-shortest path algorithm.  • Now, consider the 

case where Canada has control only of the choice of the first 

arc of the routing and that from then on, the routing is done 

by foreign operators. 

Since this first choice is to be made without control 

of further choices, a legitimate attitude will be to optimizè 

this move assuming that the other operators will optimize their 

moves as well. 

For the first move it is assumed that only L possibilities 

are allowed (L of the order of 3) for each destination k. 

For the one-commodity network of the type described in Fig. 1, 

a common sink "s" is created and all existing destinations 

are connected to it by arcs of capacities dk . 

1 



65 

Rather than use a dynamic programming approach (which 

is always difficult to apply in networks because of the general 

lack of "stages" in the structure) a mixed integer linear 

programming formulation can be derived. The problem is 

presented as being one of single commodity max-flow with con-

straints on the number of possible routes leaving the origin 

for each particular destination. 
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-Define variables xijk  as being the communication flows on 

arc (i t j) with final destination k. 

-Define xij  = x 	and x. as the flows sent from the 
j 

jii 	1 

origin to i t  hence to s. The above relationship states that 

anything sent toi  with final destination i will go to s. 

The problem is to maximize the total flow reaching s. 

the problem is stated as: 

(I) Maximize r, x . 	is 

Subject to (for each node i) 

(II) x. 	this relation relating the x. to the . jli' 	 i j 

other variables. 

(III) E(x..13k  + xjik  ) 4 	where  C .  is the capacity of the C ij  

arc (i t j) 	(C. 	= C..) lj 	31 

This relation states that the flow in a given arc cannot 

exceedl  the capacity of the arc. 

(IV)x1j 	di , as there is no need to send more calls than 

requested. 

(V). 	EE  z 
 31 

..k = EE x.. k  + x. ; the left hand side represents 
k j 	k j  13 	ls 

the flows incident at node i; the right hand side flows 

leaving node i and the relationship establishes their equivalence. 
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(VI)x.
3.  
	0 and x

i 
= 0 as no flows destined to a node 

	

iji 	ik  

should leave that node and there is no flow inside a node 

0 the flows are non negative quantities (but not 

necessarily integer as mentioned earlier). 

The former constraints satisfy the customary one-

commodity max-flow problem formulation but to insure a 

• 

	

	maximum of I, (or L. if the number of possible choices 

should depend upon the destination i) arcs to be used from 

the origin, it is necessary to introduce some pseudo- . 

Boolean variables Sik  as follows: 

(VIII) X
olk 	

M S. k  (for all k and all i such that arc (o,i) 
- 	i 

does exist. 

Where 0 is the origin and M a number sufficiently 

.large. 

(IX) S 	z L, 
ik 

Constraints (IX) imply that at most L variables Sik  

(for a given k) are different from zero when (VIII) 

makes X- 0 if S 	O. 
oik 	ik 	, 

Thus (VIII) and (IX) prevent having more than L 

variables X
oik 

(for a given k) different from zero. 
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The one commodity max-flow problem with restriction on 

the number of routings possible for each node is thus presented 

as a mixed integer linear programming. The above formulation 

could eventually be extended to small multicommodity max-flow 

algorithm but certainly not to the global network and its 

hundreds of nodes. 

1 

1 

1 
1 
1 



App. 1.2 THE LOWER CAPACITY APPROACH 

This Algorithm is a superposition of shortest path routines. 

Its purpose is to insure that all the nodes are treated with 

equal priority. 

Symbol definitions Ck 	capacity of arc k 

xk  = flow in arc k 

n 	I initially 

fn = a scaling factor 

Step 1:  Select pn <el, and replace all  d 	f;Idij. 

Step 2:  Select flows xk  satisfying the modified demand by the 

shortest route method. If the demand cannot be 

satisfied go to step 3, otherwise go to step 4. 

Step 3: Reduce the size of el  (ie.g1 2  or 4  el ) and 

return to step 2. 

Step 4:  Calculate 	. min [1, f'ilmink  ( 	)i and let fqbe 
xk 

•the set of indices of the arcs for which ( ..%-) is 
xk 

minimal. Go to step 5 

Step 5:  Drop arcs fklfrom the network. 	. 

Drop routes using arcs fq from the list of routes-

Drop isolated arcs. 

Drop routes having one or more saturated arcs 

Go to step 6 

Step 6:  Find pairs of nodes (i,j) such that all routes 

between them have been eliminated. Set d
l 

 . = o. 
j 

Replace other demands by (dij 
°- 

Replace capacities of remaining arcs by (Ck 	n xt„). 
Pn

Jl.  
Set n = n 	1; return to step 1  . 

69 
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Remark: It may even be simple to have 9 -equal to - r; then 

when en  is computed at Step 2, the corresponding demands 

dij 
will all lecome feasible. 

This derived technique will hasten each iteration 

but will increase the number of iterations as the 0.1,1  computed 

by this method are likely to be smaller than the ones computed 

by the first one. 

The algorithm will yield a feasible solution which 

will not depend upon the ordering of the nodes. It will end 

after a finite number of iterations, this number beihg at 

most the total number of arcs of the network but in practice 

the dropping of entire routes and the cancellation of certain 

demands will reduce this number. 



APPENDIX II 

ALGORITHM FLOW CHARTS 



I App. 11.1  LOWER APPROACH (L.A.)  

INPUTS  

I 1 - A list of origins and destinations indices i and j 

2 - A list of arcs index k 

A list of routes index 1 

4 - Demands (Flows) d ij = demand from 

5 - Ck 	Capacity of arc k 

- hk  - Length or cost of arc k 

• 7 - a..j  2  = 1 if path 	links i 
d 

11 	= 0 otherwise 

8 - bk2, 	1 if path  2 uses arc k 

•

• 

= 0 otherwise 	• 

• 

OUTPUTS  

II 	.1- - 	i 

	

C-1. - j 	• : .unsatisfied demand from i to j•

2 - 	: •residual capacity of arc k. 	• 

	

- 	demand from i •to j ràuted through .2 3 . 	n 

In an alternative approach.ône could 'introduce directly 

cost of route.we r. 5: hk  
111 

1 	3 - 



1 
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INTERMEDIARY VARIABLES  

II .1 .- n 	: Number of iteration  

2 .- d.
j  (n) i Demand from i to j at iteration n i 

II

.  
: Tentative ratio'. of satisfied demand.at  iteratiàn n 3  - A 

4 - Ao * Actual ratio of satisfied demand at iteration 'n 	. II . 	5 -xij  1(n) := 1 if path-  is used - between i and j at iteration n . • 	.  

11 	6 - x (n) : incremental flow sent tentatively through arc k 

at iteration n 

- x *(n) : incremental flow sent in actuality through arc k 

at iteration n 

8 - Ck (n) : residual capacity of arc k after iteration n-1 

' 

.II 	
. 	. . 	• 

' CONVENTIONS 	 . . 	. 

II 1 - Whenever an index or several indices appear in.a computational 

instruction, the instruction is to be carried out for all 

values of the index (indices) except for those values 

dropped in anyone of the previous iterations or previously 

in the present iteration. 

2 - Whenever a summation îl is to be done over an index convention 

1 - here above holds too. Same convention holds for Min or Max. 

3 - All occuring ties may be broken arbitrarily. 

1 
1 
1 
1 



= dii  (n) ern * / 

1.1•M 
,n•••• Min C.„(n) xk (n) 

xk (n) 
bia dii  ( n ) 

= 1  if Ot
ij 	= 1  and 

2: 
k hkbk,e is  

minimum over  a112  such that 

13 

= 0 otherwise 

d. . (n) ij orndij ( n-1 ) 

I 	z. 	0 

k (n) 	= c  . 

4k * (n) = 4/.k  (n) efe;it / den  

Ck (n+1)= Ck (n) -4* (n) 

(n) = dij(111 ) - d.* (n) 

= 	+ 	(n) dii  * (n) 

• 01 

Start:  

n  

jcr:(o) 	d 
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Drop all routes j such 
that bu= 1 ' 

Drop all routes 	such 
-bhat 	= 1 

Drop all arcs K such 
that Z.  bk£: 0 

Drop origins i such 
that 	a . . p ::: 0 

iii 

Drop destinations j such 
that 2_ a 	0 

75 



Demand from routed through route 2 
- 

to 

App. 11.2. SUBROUTINE L.P. III  

INPUTS 

1 - A list of origins and destinations, indices i and 

2 - A list of arcs, index k 

3. - A list of routes, index 

4 - Demands (Flows) 	dii  = demand from i to j 

5' - Ck capacity of arc k 

6 - hk 	length or cost of arc k 

het 	length , or cost of path ,,e) = 

7 7 aiire = 1 if path 1.) links i to j 

= 0 otherwise 

8 - b n• = 1 if  pathj,uses  arc k 

= 0 otherwise . 	. 

	

9 - )• 	= Penalty for unsatisfied calls aSsumed to be 

Uniform for all O.D. couples 	. 

76 

OUTPUTS 

1 - 

Ek 

.7- Unsatisfied demand from i to j 

= residual capacity on arc k 



FORMULATION  

I Objective Function: Minimige 

hie C e 	Zt. 	..4  3-,11 	 ti 

II Constraints 

1 - 	a.. 	t 
1j 	dij 

2 - 
aii,Q, bkL 	é„. = c 

A 	k 

3  - Griiz 

4 	- 	a..  

1 D 

5 	C > 0 k / 

77 
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App. 11.3 ALGORITHM USING CONCENTRATION  

INPUTS  

Same as in L.P. III plus: 

10 - A subset A of indices i and j representing primary 

nodes - origin or destination and A - complement of A. 

OUTPUTS  

Same as in L.P.  111 



I and j 

d. 	- d. 
LJ 	lj 

i or j 

d.. 	= 
13 

d.. 13 

Print 

Print 
13 

79 

i or j 

d . . 	= 	0 
1j 

L.P. III 

and j 

d.. 	= 	0 

L.A. 

Print ê
k 

1 



or 
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App. 11.4 A HEURISTIC APPROACH TO CAPACITY ALLOCATION AND FLOW  

ROUTING (H.A.R.) 

INPUTS  Same as "Lower Approach" and "Concentration" 

- A parameter a o4.1 G 4 1 representing the ratio of 

leftover capacity-to be reallocated to saturating commodities. 

OUTPUTS  

1 - Ckij  = portion of arc k dedicated to origin-destination i, 

"commodity" i, j. 

2 - crij i = portion of the demand dij  routed through,t . 

3 - 	= unsatisfied demand from i to j. 

INTERMEDIARY VARIABLES  

1 
 -4 
	: defined for each couple (i, j) are the 

paths leading from i to j in decreasing order of preference. 

2 - Cj 	Capacity of path 

3 -Ljip  : incremental flow froM i toj routed throughl 

4 - S : set of saturated capacities in a given arc k 

5 - 	: complement of S within k. 

6 - 	: number of elements in S. 

7-R  At a given iteration, is the njmber of arcs offering no 

possibilities oe reallocation because, either all the 

capacities are satqrated or no capacity 	saturated . 

total idle Capc14Y  44  



1=0 
1 

dij aiji  ipky  

Z d. a. 	b 1j 

c 	= c ki3 	.k 

=1  

81 
START 

1 

j = 1 

such that 	= aijh =aijm = 1 

and alit  = 0 for all other,/ and 

41112 4.-4114 

1 CAD  = INF cki , 3; INT. over all 

K's such that bk.4 = 1 

1 

1 
1 
1 

=1  

1 
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For every 

b n 
kep = 1 



Define s a set of couples (i,j) by: 

(i,j) ES if and only if: 

1 - Z a..» b, d#0 

2 - C 	= 
kij 

(i,j)( 	if and only if: 

1 - 	cz..» 	4 *0 

..e 
2 - 

Ckij 
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R=R+1 

K=K+1 
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0  0 

J=J.D-1 
QA= (0 0.00.) /C3  

NO NO 

QA > Q? 

1 
, YES 

1  [137c I /(0 I 4CI )  

II App. 11.5 INTERPRETATION OF AN OVERFLOWING SOLUTION 

( START ) 
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YES 

YES 

as 

already beè 
used? ,/ 

1 

YE 

the maximum 
number of times 

alotted? 

NO 

ES 

is  N.  
ythe im- 
provement 

tbf solution 
worth the 
costin- 

ereaze 

NO I  

Take former 
solution 

App. 11.6 LABELLING AND SCANNING ALGORITHM SYSTEMOLOGY 	86 

- 
Let I be the improvement of the flows step 

Let M be the modification of the flows step 

YES 

NO 

Take new 
solution 

thelitst 
'M resulted in 

NO 	a significant im- 

rovement of the solution? 

NO 

I. 

 1 
(STOP ) 

 

1.  



1 
1 
1 
1 

I. 

1 
1 

Appendix III 

BIBLIOGRAPHY 

1 
1 

1 
1 
1 
1 



Planning of a Junction Network With The Aid of a Computer, 

by Y. Rapp and B. Erikcsson, 

• Ericcson Review, vol. 44, No. 2, 1967. 

Abstract: 	The paper uses - costs and traffic matrice s .  and 

introduces alternative routing to increase  se- 

curity in a process similar to an input-output 

technique. 

Comment: The problem presented here'is different from 

the problem of this study, although . the. coMpu-

tational aspects offer0 certain similarities. 
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An Application of Mathematical. PrOgramming to Alternate  Bou- .

'tlng, by L. T. M. Berry: 

A. T. R. vol.  4, no. 2, Nasiember 1970. 

Abstract: This paper presents a mathematical programming 

approach to the problem of economic optimisation 

of alternate routing in networks. This is 

done in terms of junction costs and by the 

traffic carrying and overflowing properties of 

the chains involved in routing traffic between 

the exchanges. A mathematical formulation of 

the problem is given and the solution is pre-

sented by an example using a convex program-

ming technique. 

Comment: 	This approach cannot be applied to large scale 

problems. 
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On Optimal Routing Through.Communication Networks,. 

by  I.  Cederbaum and T, Paz. 

. IEEE Transactions on COmiauni:cations, Aug. 1973. 

Abstract: 	This paper describes a procedure for a subop- 

timal routing of simultaneous multiterminal 

multicommodity flows in circuit switched com-

munication networks. The procedure is based 

• on a concept of topological importance of a 

branch in a capacitated net, with a given 

structure and relative to a given pattern of 

• communication requirements. Once these  impor-

tant weight have been attached to the branches 

of the net, the problem reduces to finding in 

a weighted network the shortest path between 

two nodes. 

The chosen objective here is to optimize the 

grade of service (GS) by satisfying (on a long 

range traffic policy basis) the changing "call" 

demands presented to the network,  las fully as 

possible. 

Comment: The paper uses only one path between any two 

pair of nodes but the approach followed here 

, has been used in the shortest path approach of 

this study. The paper also confirms the use 

of heuristic methods for multicommodity network. 
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The Capacitated Minimum Spanning Tree 

by K. M. Chandy and T. Lo. 

Network, vol. 3, p. 173, 1973 

Abstract: 	The Capacitated Minimum Spanning tree is an 

offspring of the minimum spanning tree and• 

• network flow problems. It has application in 

the design of multipoints linkages in elemen-

tary teleprocessing tree networks. Some theo-

rems are used in conjunction with Little's 

branch and bound algorithm to obtain optimal 

solutions. Computational results are provided 

to show that the problem is tractable. 

Comment: The paper presents some interesting concepts 

related to communication network .with arc 

capacities. 
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Abstract: 

Comment: 

Cost Allocation in Networka: The Bulk Supplier Problem, 

by A. Claus and D. J. Kleitman. 

Networks, vol. 4,  No  1, 1974. 

The paper considers the cost allocation problem 

faced by a large scale supplier (the telephone 

company) who rents telephone circuits to its 

customers. A number of possible allocation 

rate structure are analyzed, as are some of 

the criteria  that  they may be measured by. 

Conclusion are drawn and recommendations are 

made for cost allocation in these circumstances. 

Being mainly concerned with rates structure, 

the paper is only of marginal interest to this 

present study, although it could be used to 

help determining rates, after selecting the 

routing policies. 
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1 
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I .  

Maximal Flow in a Multiterminal Network With Anyone Subject 

to Failure, 

by P. J. Doubliez and M. R. Rao, 

Management Sciences, vol. 18, No. 1, Sept. 1971. 

Abstract: A multiterminal network consists of several 

demand nodes connected to a common source node 

through several intermediate nodes. The requi-

rements at the demand nodes are non-decreasing 

functions of time. It is required to find the 

maximum time up to which all demands can be 

satisfied. Arc capacities are specified. 

Comment: 	Interesting for the part of this study concer- 

ned with the expansion of the network. 
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The Theory of Networks and Management Sciences, 

by S. E. Elmaghraby, 

Management Sciences, Vol. 17, No. 1, Sept. 1970. 

Abstract and Comment: A good resume of the various network 

problems. The max-flow section is the 

only section relevant to the present 

study. It contains scanning and label- 

ling techniques. 
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Multicommodity Throughput in Digital Data Network With Finite 

Storage, 

by J. S. Fields, 

IEEE Transations on Communications, Vol. 21, No. 7, July 1973. 

Abstract: 	A model of a digital data message switching 

network is described. The network permits only 

finite storage at nodes. Discussed as a rou-

ting strategy and storage allocation to maxi-

mize throughput between many source receiver 

pairs simultaneously. 

Comment: Although the objectives are slightly different 

from the objectives of this present study there 

is a great similitude in the kind of simplifi-

cations and hypothesis made concerning the 

structure of the network. The paper, in à 

sense, justifies the approach followed in this 

report. However, the storage problem is not 

relevant, in  this present study. 
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Calculating kth Shortest Path., 

by B. L. Fox, 

INFOR 

Abstract: 	An improved method for calculating kth shor- 

test path is presented. We point out an inte-

ger programming .application. 

Comment: 	This seems to be an efficient method. 



Topological Optimization of Computer . Networks, 

by H. Frank and W. Chou, 

Proceedings of the IEEE, Vol. NO. 6, No. 11, November 1972. 

97 

Abstract: Modeling, analysis, and design problems and 

methodologies for centralized and distributed 

computer communication networks are discussed. 

The basic problem is to specify the location 

and capacity of each communication link within 

the network. The design objective is to provi- 

de a lowcost network which satisfies constraints 

on response time, throughput, reliability and 

other parameters. Fundamental network models 

for queuing and reliability analysis are des-

cribed, as are basic properties of various 

network structures. A number of approaches to 

the topological design problem are presented; 

areas where further research is needed are 

indicated; possible approaches to several un-

solved problems are suggested. 

Comment: 	This is an interesting computerized approach. 



98  

Issues in the Design of Large Distributed Computer Communica-

tion Networks, 

by H. Frank, M. Gerla, W. 'Chou, 

AFIPS Conference Proceeding, 1973.' 

Abstract: The paper considers performance of distributed 

communication networks with respect to parame-

ters such as cost, throughput, response time, 

reliability and size. Studies of these para-

meters for networks ranging from 20 nodes to 

1,000 nodes are summarized. Major emphasis is 

placed on determinipg the criticality of va-

rious networks parameters as a function of 

network size. The ARPANET approach to distri-

buted computer communications is used as a net-

work model throughout the paper and actual 

network designs are used to generate feasible 

network cost and performance characteristics. 

Comment: The main interest Of the Paper in relation> 

with this present study lies in its computa-

tional results. 
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The  Flow Deviation Method: An Approach to Store and Forward 

Communication Network Design, 

.by L. Fratta, N. Gerla and L. Kleinrock. 

Networks, Vol. 3, 1973. 

Abstract: Two problems relevant to the design of a store-

and-forward communication network (the message 

routing problem and the channel capacity assign-

ment problem) are formulated and are recognized 

to be essentially non-linear, unconstrained 

multicommodity (m.c.) flow problems. A "Flow 

Deviation"(FD) method for the solution of these 

non-linear, unconstrained m.c. flow problems 

is described which is quite similar to the 

gradient method for functions of continuous 

variables; here the concept of gradient is re-

placed by the concept of "shortest route" flow. 

As in the gradient method, the application of 

successive flow deviations leads to local mi-

nima. Finally, two interesting applications 

of the FD method to the design of the ARPA 

Computer Network are discussed. 

Comment: 	This paper is extremely interesting and its 

shortest path approach is a• concept.similar to 

the one used in this study. 



100 

A Method for the Optimization of Telephone Trunking Networks 

with Alternate Routing, 

by P. A. C. Gallego, 

6th ITC, 1970. 

Abstract: A method for the economical optimization of 

hierarChically organized telephone networks • . 

with alternate routing is described. First 

an exposition of the problem is given. The 

proposed method is explained showing that all 

routes obey the same optimization equation, 

It is important to note that  'tw, parameters,  

the mean and the variance, are used to define  

the traffic.  The iterative algorithm used by 

the computer program that makes the method 

operational is also described. Finally the 

paper concludes with an evaluation of the 

scope of the method. 

Comment:  This very interesting paper deals with complex 

stochastic conditions and its mathematical 

formulation would seem difficult to apply in 

this study. 
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Computational ConSiderations and ,4outing Problems for Large 

Computer Communication Networks, 

by M. Gerla, W. Chou and H. Frank, 

AFIPS Conference Proceedings 1973. 

Abstract: 	In this paper, the computational aspects of the 

large network routing problems are considered. 

Both hierarchical and non-hierarchical networks 

are studied, and computation, storage and over-

head traffic requirements are examined. Several 

hierarchical routing algorithms are proposed. 

These algorithms are based on a decomposition 

approach and provide significant savings in 

memory space and computation time when compa-

red to other techniques which have been imple-

mented or proposed. These algorithms can 

operate efficiently for distributed networks 

with 1,000 or more nodes each of which is active 

in the routing process. 

Comment: Extremely interesting paper which offers com-

putational results as well as algorithms for 

networks problems similar to this present stu-

dy. The paper shows the great interest of de-

composition into smaller networks. 
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Optimal Design and Utilization of Communication Networks, 

by R. E. Kalaba and M. L. Juncosa, 

Management Sciences, Vol 3, October 1956. 

Abstract: 	It is shown that a number of fundamental opti- 

I .  

Comment: 

mal routing and design problems for communica-

tion networks consisting of facilities for 

transmission, switching, relaying, etc..., may 

be treated in a straightforward, computationally 

feasible manner by linear programming methods. 

These methods provide a general system approach 

for resolving the complex interactions among 

system capacities, users' demands, and econo-

mic factors. Various aspects of implementation 

and generalizations are discussed. 

The linear programming approach presented 

seems impossible to extend beyond the single 

commodity case for large scale network. 



Optimizing Long-Range Multiplant Capacity Expansion, 

by P. T. Lele, 

The Western Electric Engineer 
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Abstract: The problem of developing a minimum-cost pro-

gram by which the total capacity of a produc-

tion environment containing multiple plants, 

inventory centers, and outside suppliers can 

be expanded to meet increasing demand over a 

long term period is examined. 

Comment: 	The paper might be useful for the part of this 

study concerned with the expansion of'the net- . 

work especially through its use of dynamic pro-

gramming. 
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Computer Procedure for Optimal Design of a Hierarchical Tele-

phone Network, 

by F. Manucci, C. Mosaotto and P. 0. Berto, 

Telecommunication Journal, vol 38, XII, 1971. 

Abstract: 	This paper deals with an automatic optimizing 

procedure for a toll network which has been 

designed for operational design purposes and 

also for planning and structural investiga-

tions on medium and long range data. 

The network structure considered here approxi-

mate that of the Italian toll network. 

The programme can be used to calculate any net-

work with an analogous structure of up to 280 

centres but it is extensible to cover 580 cen-

tres. 

The calculation method is based on the C.W. 

Pratt method. 

Comment: . This paper is extremely useful and the results 

of the preSent study should be compared with 

the result of this paper in terms of size, 

constraints and applicability. 



Evolution of the International Routing Plan, 

by T. A. Newstead, 

Telecommunication Journal, vol. 36, No. 5, 1969. 

Abstract: 	The article reviews the general development 

of the routing plan and the reasons for and 

nature of the changes which have evolved during 

the last four years. 

The paper presents some very practical examples 

of constraints which could be implemented in 

this study. 

Comment: 
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A Fundamental Problem in Vehicle Routing 

by C. S. Orloff, 

Network, vol. 4, No. 1, 1974. 

Abstract: 	The paper tries to find the optimal routes for 

a single vehicle on a given network. 

Comment: 	Unfortunately, the paper deals with.only "one" 

vehicle and its possible extension to a multi-

commodity network seems dubious at best. 
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International Telephone SWitching Centre for the Caribean 

- Islands, :  - 

by J. W. C. Ornsby, 

Ericson Review, Vol. 48, No. 3, 1971. 

Short Abstract: Four centers have been created to act as get 

away for their national network. In the 

routing plan, it was necessary to avoid any 

abortive routing. As new techniques are 

evolved, it will be necessary to revise the 

world routing plan. 

Comment: Practical example of routing with nodes of 

various importance. 

1 
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The Concept of.Marginal Overflow in Alternate Routing, 

by C. W. Pratt, 

A.T.R., Vol. 1, Nos, 1 and 2, *November 1967. 

Abstract: 	The paper presents a theoretical analysis of 

the problem of economic optimisation of alter-

nate routing networks. This is done in terms 

of circuit costs and the traffic carrying and 

overflowing properties of the groups involved 

in routing traffic from origin to destination. 

Concepts required for optimising the simple 

triangular alternate routing pattern are well-

known. The only additional concept required 

for optimising an alternate routing pattern 

of any complexity is that of marginal over- 

, flow. 

Comment: 	An interesting mathematical approach where 

applications should eventually be compared 

with the approach followed in the present 

study. 
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Planning of Junction Network in a Multiexchange Area, 

by Y. Rapp, 

Ericcson Technics, vol. 20, no. 1, 1964. 

Abstract: 	The planning of the Junction circuits in a 

multiexchange area implies that the location 

of the tandem equipments must be determined and 

a junction diagram elaborated for direct and 

tandem routes. 

This routing problem is treated in the paper 

with the aim of attempting to find methods 

which facilitate an approach to the optimum 

solution of the network configuration. 

The routing problem presented in the above 

paper is not analogous to the problem of this 

present study. 

Comment: 
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Planning of junction network with noncoincident busy hours, 

by Y. Rapp, 

Ericcson Technics, vol. 27, No. 1, 1971. 

Abstract: 	The paper presents an approximate solution(and 

outlines an exact solution) for building net 

works with two types',  of circuits (high usage 

and tandem). where there is busy time'at diffe- 

rent periods of/time. 

Comment: 	The use of busy time at different periods of 

time is interesting, especially for computing 

the average demand for calls at various times. 
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Abstract: 

Comment: 

Some Economic Aspects on the Long  Texan  Planning of Telephone 

Network, 

by Y. Rapp, 

Ericcson Review, vol. 45, No. 2, 1968. 

The paper presents various properties concer-

ning the evolution of the demand for telephone 

calls such as "The relative increment in de-

mand is proportional to the relative increase 

in economic activity" or "The sum of the traf-

fic from one subscriber in an exchange area 

k to all subscribers in an area 1 and the 

traffic from all subscribers in area k to one 

subscriber in area 1 is constant". 

These considerations about the evolution of 

the demand might be useful in the part of this 

study dealing with the extension of the net-

work. 

1 
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Les K plus courts chem4'.ns dans un . graphe, 

by M. Sakaroustch; 

SERC. 

Abstract: 	The paper presents an algorithm for finding 

the K shortest paths in a network. 

Comment: 	The algorithm seems to be inferior to Mr. 

Yen's algorithm. 



Methods for Optimizing Alternative Routing Networks, 

by B. WallstroM, 

Ericcson Technics, vol. 25, No ,  1, 1969. 
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Abstract: using queuing theory, the paper derives formu-

las for mean and variance of overflows. Then 

for each possible route, it computes an expec-

ted loss. The choice of routes is made by 

comparison of expected loss. No systematic 

algorithm to generate all possible routes is 

mentioned because the algorithm consists of 

redesigning the network until variations in 

costs becomes small enough. 

Comment: The Paper is more concerned with the design of 

•the network than with the use of an existing 

network. 
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Finding the. k Shortest Paths in a,Network,. 

by J.  Y. Yen,  

Management Sciences, vol. 17, No. 11, July 1971. 

Abstract: 	The paper presents an algorithm said to be 

extremely efficient for finding the k shortest 

paths in a network. The computational upper,  

bound of the algorithm increases only linearly 

with the value of k. The paper also reviews 

other - techniques. 

Comment: It seems to be one of the best k shortest paths 

algorithms. Extremely useful for preselecting 

the routes in this study. 
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On building Minimum Cost Communication Network Overtime, 

by N. Zadeh, 

Network, vol. 4, No ,  1, 1974. 

Abstract: 	The paper deals with the problem of minimizing 

the present worth of expenditures needed to 

enlarge the capacity of a communication network 

overtime so as to meet rising traffic demands. 

Comment: 	This paper will be very useful for the part of 

the study concerned with the improvement of the 

existing network. Its conversion of a dynamic 

problem to a static problem might be crucial 

for this study. It is worthy to note that the 

paper also uses heuristic algorithms to yield 

a "good" satisfactory solution. 



Appendix IV 

SOFTWARE SYSTEMS 
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IV. 1 	DATA BASE CREATION 

IV. 1.1 COMPONENTS OF THE DATA BASE 

a) The data base consists of data for four major 

entities: arcs, nodes, origin-destination pairs, 

and paths. Information for the first three must 

be entered by the user. Paths may either be 

entered externally or generated internally by 

means of shortest-path type algorithms. 

b) Not all of the data comprising the data base 

need be supplied directly by the user. The compu-

ter can be used during data entry to construct 

certain of the cross-reference tables; included in 

this would be the translation from external 

identifiers to ISN's. 

c) Below we will describe routines to input the 

various types of data. These routines wil l have 

three primary tasks: detection of errors and 

inconsistencies, construction of the cross-refe-

rence tables already mentioned, and the storage 

of data in the proper place on disk via the disk 

handling routine. 

d) Section IV. 1.5 shows the card formats and 

data to be entered by the user. 
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IV. 1.3 INPUT ROUTINE - AlIC, NODE, AND OD DATA 

It is anticipated that arc, node, and OD data will 

all be insertedinto the data base in the same job step. 

Hence provision need not be made for reading data off 

disk before starting. The various input functions will 

• be performed in the following sequence: 

IV. 1.2 PROGRAM PARAMETERS 

a) The two data base input routines have parameters 

which are used to control various functions and which 

are assigned values in data statements located near 

the beginning of each routine. 

h) These parameters may require changing depending 

on the installation and problem size. 

c) The parameter name, their function and current 

value are listed below: 

PARAMETER 	FUNCTION 	CURRENT 	VALUE  

INCD 	Card reader sequence no. 	1 

IPRIN 	Printer sequence no. 	3 

ITEST 	Disk handler test switch 	• 10 

MAXBOD 	Maximum size of OD pairs 	. 2,000. data in,hytes 

MAXBP 	Maximum size of path data 	2,000 
in hytes 

d) ITEST determines whether error checking of data 

is provided. It should be ON (=10) for data creation. 

e) MAXBOD and MAXBP determine the size of the transfer 

area for OD and Path data. For a small problem, they 
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need only be large enough to hold the problem data. 

For a large amount of data, several iterations will 

be required to process all data. If the size of 

the transfer area is too small, program efficiency 

will suffer. 

a) Reading of arc cards: 

-sequencing would be checked; 

-a count of arcs would be prepared and checked 

against the permitted maximum; 

-all data except the node ID numbers would be 

placed in the COMMON block for later transfer 

to disk; 

-the node ID numbers would be held in core for 

subsequent conversion. 

b) Storage of some arc data on disk: 

-the data placed in COMMON would be transferred 

to disk via the disk handling routine; 

-the COMMON Storage used for everything ekcept 

'the numerical external arc ID's would be freed 

for re-use. 

Reading of node cards: 

-sequencing would be checked; 

-a count of nodes would be prepared and checked 

.against the permitted maximum; 

-the external ID data would be placed in COMMON 

for subsequent transfer; 
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-the number of arcs for each node would be 

converted into the ISN of the last adjacent 

arc on the list and placed in COMMON; 

-the list of incident arcs for each node would 

be converted from external ID's to signed arc 

ISN's and added to the adjacent arc list in 

COMMON; 

-a count of adjacent arcs would be prepared. 

d) Storage of node and adjacent arc data on disk: 

-the node external ID data, the ISN's of last 

listed adjacent arcs, and the adjacent arc 

list would be stored on disk via the disk 

handling routine; 

-the COMMON storage for all of the above 

except the four-digit node external ID 

numbers would be freed for re-use. 

Storage of node numbers for arcs: 

-the node ID's previously read in for each 

arc would be converted to ISN's, which would 

be stored in COMMON; 

-these node 1 ISN's and node 2 ISN's would 

then be stored on disk via the disk handling 

routine; 

-the COMMON storage taken up by arc external 

ID numbers and node ISN's would be freed for 

re-use, leaving only the node external ID 

numbers, which are needed to process the OD 

data. 



1 
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f) Reading of origin-destination data cards: 

• -sequencing is checked; 

-a count of OD pairs is prepared and checked 

against the permitted maximum; 

-the origin and destination external ID numbers 

are converted to ISN's and placed in COMMON 

for transfer; 

-traffic and revenue data is placed directly 

into COMMON for transfer; 

-the set of ISN's which are the last in the OD 

list for which the individual nodes are origins 

is apcumulated. 

OD data will be read in batches, so as to reduce the 

core storage requirement. 

g) Storage of OD data: 

-the OD data from the latest batch is placed on 

disk as per •the ISN's involved; 

-the COMMON storage is re-set to make the space 

available for the next batch. 

Storage of the node - OD cross-reference: 

-the set of final OD ISN's for the nodes is 

transferred to disk. 

This terminates the work required of this routine. 

The reader will note that the handling of COMMON 

storage is fairly sophisticated. It is assumed 

that, in order to allocate COMMON storage, the 

input routine has available to it the following 

1 
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data, which is mostly available from the TOC disk 

record: 

. length of the COMMON area, in bytes ,(a 

datum to be provided internally to the 

input routine) 

. bytes per entry for each data type for 

each entity 

maximum permissible number of arcs 

. maximum permissible number of nodes 

. batch size for OD data (an internal 

datum). 

IV. 1.4 INPUT ROUTINE - PATH DATA 

If path data is to be provided by the user, a sepa-

rate routine must read it in. The functions of this rou- 

tine will be similar to those of the previous one. Speci- 

fically, the following must be carried out: 

a) Read the path card images in, in batches. 

h) Convert origin and destination node ID numbers to 

node ISN's, with the usual sequence and other checks. 

Create the list of ISN's of last paths for the OD 

nodes ,  

d) translate the arc external ID numbers into signed 

arc ISN's. 

e) Store the path data and the OD-path cross-reference 

list on disk. 



In order to perform these functions, the routine must 

retain  •in core: 

- arc and node external ID•numbers; 

- node 1 and node 2 lists for the arcs; 

- origin and distination node ISN°s for the 

OD pairs, possibly in batches. 

IV. 1.5 FORMATS FOR DATA INPUT 

a) ARCS (ONE CARD PER ARC) 
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CARD COLUMNS  

1-4 

5-12 

13-16 

17-20 • 

22  

CONTENTS 

: Four-digit arc external ID number 

: Eight-character arc name 

: Four-digit ID number of first node 

: Four-digit ID number of second node 

: One-digit type code (satellite, HF, etc...) 

	

24-30 	: Capacity 

	

31-40 	: Cost measure 1 

	

41-50 	: Cost measure 2  

in units so selected 

as to make these 

quantities INTEGER 

Following the arc cards should be an "end-of-file" card 

having - 999 punched in columns 1-4. The arcs should 

enter in order of increasing ID number. 

h) NODES CAS MANY CARDS AS NEEDED PER NODE) 

CARD COLUMNS 	CONTENTS  

1-4 (each card) 	: Four-digit node external ID number 

5-12 (each card) 	: Eight-character node name 

13-15 (first card for : Number of incident arcs node) 



CONTENTS  

•: Four-digit ID numbers of in-

cident arcs 
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CARD COLUMNS  

17-20 (each card) 

22-25 (each card) 

27-30 (each card) 

32-35 (each card) 

72-75 (each card) 

77-80 (each card) 

Following the node cards should be an "end-of-file" 

card having - 999 punched in columns 1-4. The nodes 

should enter in order of,increasing ID number. 

c)1.0RIGIN-DESTINATION PAIRS (Up to three per card) 

CARD COLUMNS 	CONTENTS  

	

1-4 	Four-digit origin node ID number 

	

6-9 	Four-digit destination node ID 

number 

	

11-20 	Traffic 	in units • chosen to make 

	

21-30 	Revenue j  these quantities INTEGER 
The next three fields pertain to a new destination, 

same origin 

• 32-35 	Four-digit destination node ID 

• 36-45 	Traffic 

	

46-55 	Revenue 

Similarly for the last three fields:  • 

	

57-60 	• 	Four-digit destination node ID 

	

61-70 	Traffic 

	

71-80 	Revenue 	 • 



1 
1 

1 
1 
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1 
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The usual - 999 card should terminate this file. 

The cards should be arranged in increasing order 

of destination number within increasing origin 

number. 

d)1.PATH DATA (One path per card - if not generated 
internally) 

CARD COLUMNS 	CONTENTS  

	

1-4 	Four-digit origin node ID number 

	

6-9 	Four-digit destination 'node ID 

number 

	

11-20 	Cost function 1 value Units chosen 

	

21-30 	Cost function 2 value to make INTEGER 

32-34 , 	Number of arcs on path (six maximum) 

37-40 

42-45 

	

47-50 	Four-digit arc ID numbers in order 

	

52-55 	traversed from origin to destination. 

57-60 

62-65 

terminate with the usual - 999 card. Sort in same 

order as the OD cards. 

IV. 2 PROGRAM - EXECUTION  . 

IV. 2.1 Program . Parameters 

a) The two main routines to be run; maMelY ,4he 

. 	lower,  approach routine and the scan and shift 

routine, each have parameters which are usedtà 

: control yarious functions  and  which are aàsigned 

1 
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values in data statements located near the be- 

ginning of each routine. 

h) These parameters may require changing depen-

ding on the installation and the problem size. 

c) The parameter names, their function and current 

value are listed below: 

PARAMETER 	FUNCTION 	CURRENT VALUE  

INCD 	Card reader sequence - 	1' 

number 

IPRIN . 	Printer sequence number 	3 

ITEST 	Disk handler test switch 	0 

LNXFER 	Length of transfer area 	. 64K 

in hytes 

d) The transfer area is used to hold OD and Path 

data in core. For a small problem it need only be 

large enough to hold the problem data. For a 

large problem several iterations will be required 

to process all data. If the size of the transfer 

area is too small, program efficiency will suffer. 

e) ITEST determines whether error checking of data 

is provided. It should be ON (=10) for data 

creation but OFF (=0) for production runs. 

IV. 2.2 LOWER APPROACH ROUTINE 

a) •The program is simple to run. The disk handler 

subroutine DSKHAN ie required and may be compiled 

with the program of linked from an object library 
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at link-edit time. 

b) The program requires a region of 140K (with a 

transfer area of 64K). Time requirements will vary 

depending on problem size and installation computer. 

c) •The program expects only one data card with a 

or "2" in column 1. A "1" indicates the  •first 

path cost will be used, A "2" indicates the second 

path cost will be used. 

d) A message is issued by the program to indicate 

processing completion. 

IV. 2.3 SCAN AND FLOW SHIFT ROUTINE 

a) This routine requires subroutines DSKHAN, ARCHAN 

& COSORT which may be compiled with the program or 

linked from an object library at link-edit time. 

b) The program requires a region of 140K (with a 

transfer area of 64K). Time requirements will vary 

depending on problem size and installation computer. 

c) The program expects only one data card with a 

"1" or "2" in column 1. A "1" indicates the first 

path cost will be used, A "2" indicates the second 

path cost will be used. 

d) A message is issued by the program indicàting the 

flow improvement at each iteration and the total 

flow shift at termination. 
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IV. 3 REPORT WRITING 

IV. 3.1 REPORTS AVAILABLE 

a) Arc data report 

- A report listing information for arcs within 

a requested range. 

Node data report 

- A report listing information for nodes within 

a requested range. 

c) Origin - destination report 

- A report listing information for all origin 

destination pairs within a requested range. 

- Individual path data is optional. If not 

requested only totals of path information 

are listed. 

d) 

IV. 3.2 PARAMETERS CONTROLLING EXECUTION 

a) Each of the subroutines comprising the report 

generator package have parameters which are used to 

control various functions and which are given values 

in data statements at the beginning of each program. 

h) These parameters may require changing depending 

on the installation and the problem size. 

c) The parameter names, their function and current 

value are listed below. 
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PARAMETER 	FUNCTION 	CURRENT VALUE  

INCD 	Çard reader sequence number 	1 

IPRIN 	Printer sequence number 	3 

LINES 	Number of lines printed per 	60 

page 

LNXFER 	Size of transfer area in bytes 	64K 

d) The transfer area is used to hold OD and path 

data in core. For a small problem it need only 

be large enough to hold the problem data. For a 

large problem several iterations will be required 

to report the complete data base. If the size 

of the transfer area is too small program efficien-

cy will suffer. 

IV. 3.3 ARC DATA REPORT 

a) One report is generated for each data card read. 

h) Card format for request: 

Col. 1 	The digit "1" 

Cols 3-6 	Lower limit on arc external ID 

numbers to be reported 

Cols 8-11 	Upper limit on arc external ID 

numbers to be reported. 

To report all arcs, set lower limit to 0001, upper 

limit to 9999. 

d) The following data is output: 

- arc external ID number 

- arc name 

- first node external ID number 
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- second node external ID number 

arc cost 1 (per unit flow) 

- arc cost 2 (per unit flow) 

- arc original capacity 

- arc remaining capacity 

- arc flow 

IV. 3.4 NODE DATA REPORT 

a) One report is generated for each data card read. 

b) Card format for request: 

Col. 1 	The digit 11 2" 

Cols 3-6 	Lower limit on node external 

ID numbers to be reported 

Cols 8-11 	Upper limit on node external 

ID numbers to be reported 

c) To report all nodes, set lower limit to 0001, upper 

limit to 9999 

d) The following data is output: 

- node external ID number 

- node name 

- incident arc external ID numbers 

IV. 3,5 ORIGIN DESTINATION REPORT 

a) One report is generated for each data card read 

b) Card format for requests: 

• Col. 1 	The digit "4" 

•Cols 3-6 

	

	Lower limit on origin node 

external ID numbers to be 

• reported 



1 
1 
1 
1 

devoid of directional 

origin and destination 

order to achieve a com-

to or from a specified 

set lower limits to 

1 
1 
1 
1 

1 
1 
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Cols 8-11 	Upper limit on origin node 

external ID numbers to be 

reported 

Cols 13-16 	Lower limit on destination 

node external ID numbers to 

be reported 

Cols 18-21 	Upper limit on destination 

node external ID numbers to 

be reported 

Col 25 	Indicator, non-blank if indi- 

vidual path data is to be 

reported 

c) If two-way are flows have been assumed, the terms• 

origin and destination are 

content. In this case the 

ranges must be the same in 

plete listing of all flows 

set of nodes. 

d) To report all OD pairs 

0001, upper limits to 999 9. 

The following data is output: 

- origin node external , ID number 

- destination node external ID number 

- total demand 

- unsatisfied demand 

The following data is output only if requested: 

- path sequence number 

- path flow 

e) 

1 



- up to six arcs constituting the path 

- unit cost 1 of path flow 

- total cost 1 of path flow 

- unit cost 2 of path flow 

- total cost 2 of path flow 

g) The following data is output regardless of 

whether path data was requested or not: 

- total flow all paths 

- total cost 1 all paths 

- total cost 2 all paths 

132 
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0014 
0015 
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C REPORT GENERATOR  MAIN  ROUTINE 
C CALLS SUBROUTINES ARCREP e  NODREPL ODPREP 
C EXPLCIS Ar LEASi ONE REPORT REQUEe CARO 

C TRANSFER AREA FOR DISK HANDLER 
• COMMON /XFER/ ITRAN(154040) 

IN1EGER*2 IHfRAN(30800) 
REAL*8 DIRAN(7/00) 
EQUIVALENCE (ITRAN(U e IHTRAN(1),DTRAN(1)) 

C rABLE OF•CONTENTS DATA FROM DISK HANDLER 
COMMON /T00/ MAXENT(5),ISNHI(10e5)eTYDAT(10,3,5) 
IN1EGER*2 TYPA[ 

. 0 
C INPUT  AND OUTPUT DEVICES 

0007 - 	 DATA IRD e IPRIN/l e 3/ 

C.DISK HANDLER ARGUEMENTS 
0008 	DIMENSION KSTAkT(10) e TYPES(10) 

C LOGICAL REPORT TEST VARIABLES. 
LOGICAL*4 ARCLoNOD,LeODL 	• • 

• tOGICAL*4'PATHL 
DATA ARCLeNODLeODL/3*0FALSEP/ 

• DATA PATHL/?i- ALSE9/ 
DATA•SPACEP e/ 

0009 
0010 
0011 

, 0012 
0013 

0001 
•On2 
0U3 

ii;005 
ÉJ008 

fee 

INITIALIZE DISK HANDLER 	• 
IFUN0e.1 • • 
CALL DBKHAN(IFUNCrIENTpTYPESeKSTARTFISN1PI5N2) 

, READ REQUEST  GAND  
READORD e 100,END=15) ICODE e IDLO,IDHIpIDESLOeIDESHIePATH . 

 100 	FORMAT(11,4(1XeI4),3X,AU, 4 
IF(ICOUE.LT.1,CR,ICOOE,GT-) GO TO . 13 	• 	. 

C DETERMINE REPORT 
. 'GO TO,(7 e 8,9),ICODE 

C 
, 	0020 	7 	IF(.NOT,ARCL) GO. TO 10 
• 0021 	• 	. MUTL(IPHIN,101) 
.. 	0022 • 	101 . FORMAT(1H4)ARC REPORT ALREADY COMPLETED 1 /1HLeIRLQUEST IGNORED'/ 

• , 	- • 11H0ePRO(E,ISING• NEXT REQUESP)" 
7 - 	0023 	 • 	GO TO 5 

' C 
., 0024. 	 0 	IF(aNOT.NOUL) GO. TO - 11 

• 0025 	. 'iNRITE(IPKINr102) 	
. 	. . 

0026 . - 	102 	FORMAT(1H1, 1 NODE REPORT ALREADY COMPLETED 1 /1h0,'REQUEST IGNORED 1 / 
_ 	11HOF'PF<OCESSIPG . NEXT REQUEST') ., 

0 27 	. 	 GO, TO 5 
C 	 . 	. 	 I—. 

	

0 .2 8 	- - 9. 	IF(.NOT.OPL) GO  TO 12 	 w 
'KRITE(IPRIN.,10.3) 	 w 

103 	FoRMA-TCIHIpuRIGIN DES1INATION REPORT ALREADY (.3 PLETED'7 
_ 	1111k...e'REQuEST IGNURED 1 /1HO f fPROCESSING NEXT RU.“.,EbT') 

	

V, -.31 	• 	. GO 	!U.b' 
C 	. 	. 

. C .CALL.SUUROUfrNE  Tu  REPORT ARCS 

.r.•` 



0038 
00.3.9 
0040 
0041 

- 0042 
W043 

0044 

IIIM 	 MI MI BIM 	MI MI 1111111 MI MI MI III
-, 

 1111111 	 Mt 

• 

.- 

— DATE  .=- - 14147 -- 	23/05/32 FORT A:1 Iv G - LEVEL 21 
. 	. 

MAIN 

	

0.032 	10 	CALL-  AkCREP(IDLO,IDHI) 

	

0033 	.ARCLz 9 TRUE0 

	

0034 	GO TO 5 
C 	- 
C, CALL SUbRUUTIME TU kEPOkT NODES 

	

0035 	11 	LALL NODEP(IDLO,IDH.1) 

	

0056 	- N'OUL= 5,1RUE,, 

	

. 00 37 	GO TU 5 

. c CALL SUUROUTINE TO REPOFU OD AND (OPTLONALLY) PATH DATA 
12 	IF(PATH..NL.SPACE) P411L=0THUE0 

CALL ODPREPCIDLOFILMI F IDESLO;IDESHIpPAPL) 
ÜDLez,TRUL. 	 . 
GO 1":1  5 ,  

U. INVALID REQUEST TYPE 
13 	Y:RITE(IPRIIN/104) ICODE 
104 	FORMAT(lhlr'INVALIÙ REPORT REQUEST CODE '. 1 eI2/1H0pÎRLQUEST IGNORED 

1 1. /1HOFIPR0CE5SING REXT REQUEST 1 ) 
GO TO 5 

C 
C  EnD OF ALL n:POkTS 

0045 	15 	,IPITL(IPRIN,1.0'5) 	. 
o046 	105 	FORMAT(1n1 F IALL REWULSTEU REPORTS COMPLETED 1 /1HOrtEXECUTIO1'4 TERMIN 

IATED 1 ) 	 . 
0047 	STOP 	 . 
0046 	 END 

(4) 
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0001 

0002 
000 -3 

(-A;:i05 

0006 
0007 

0008 
009 
00.10 

Rai mu am um mg ma mu 	
MI NM MI 

C • ARC  REPuRT GENERATOR SUtiROUIINE 
C 	 - 

- ,SUEROUTINE ARCREKIDLOFIDHI) 
C TRANSFER ARLA FOR DISK HANDLER 

covmuN /AFER/ ITRAN(15400) 
INTEGER*2 IHTRAN00800) 
REAL 	D[RAN(7/00) 
EQUIY/wEiCL (ITRANC1);IHTRAN(1),DTRAN(1)) 

C › 
TABLE OF CONTENTS DATA fROM DISK HANDLER 

COMMUN  /IOC/ MAENT(b)pISNH1(10e5)FTYDAT(1093,5) 
INTEGER* 	IYDAF 

•C. 
C DISK HANDLE:J.; ARGUMENTS 	. 

C ARC DATA IN 
DIrIENSION ARLIN00),KSTANC(10) 
LOGICAL*4 ARCIN 
D.AIA ARCIN/9 .TRUE„,,FALSE./ 

, 

C 
C NODE  DATA IN 

001.1• 	Dimtmsio,4 moDIN(10),KsINop(t0) 
0012 	LOGICAL*4 NODIN 
0013 	DATA NUDIN/9TRUE,p9*0FALSE./ . 	. 

C 
0014 
0015 
0016 
0017 
0018 

0019 
0020 

• C 
C COMPUTE STARTING ADDRLSSES FOR DATA TRANSFER AREAS 

00 2 1 	NEXA1)=.1 
0022 	•• 	IB5T(-1)=NEXAD 
0023 	NExAO=NEXAD+MAXNOD 	 . 	. 

PO • o I.7.2,b 
0025 	IBST(I)i.:NEXAD 	.. 
0026 	10 	NEXAOrN—XAP 4- MAXARC 

C.; - CONVERT TO 4—BYTE ADDRESSES 
0027 	•NEXAU=NEXAD/2+1 ' 	. 
0028 	DO - 11.If9 	- 
0'429 • 	... 	IBST(I)=NEX,AD 
G.:030 	11 	NEXAur-mE4ÇAD-1-MAXARC 	. 	 • 	. 

C CONVERT TO i:i-!.erE ADDRESSES 	 ' 	H 
0031 	 NE/AD=NExAD/24-1 	 w 

IBST(10)7.-.1EXAD  
C' .. 	. . 	. 

. 	: 	C PLACE STAKTING AD[jRLSSES IN ARRAYS 
,(»é"))3 	. 	• 	. 	. r.:“:;Jil)r., 15i(1) 

.r.SIC(1)=-11.3ST;t2) 	. tA..55 	Dé  1 3 - 1=;..i,9  
1 3 

	

.. 	. 	. 

• DIMENSION 1[331. 00) • 
DAiA If- UNCfLINE3FIÇOUNTrIPRIN/4e60,0,37 • 	, 
DAIA NPAkE(// 
mAxARC=UiNOI(1 F 1) 

•. 	.M4XNUD=IbNhiCip2) 
PAT;E mEAD1NG 

4'‘RITE(1PRINL99) 

	

99 	FOld-IAT0H1/T33, 1 ARC DATA REPORT'/1H ,T33 0 !-------------—I(/ 
11X,T9, 1 ARCtef26,ILINKINP F T4lerUNIT COSTIpT59,'CAPACIPOeT7be!FLOW 
2!//lXvT3/ 1 "NUMBERIpi1i f iNAMEIFT23, 1 i-q0DE TO NODEIfl. 400*1*T4/, 

• 3 , *2*Iff54,WRIGINAL REMAIN 1 ) 



e,•?) 

. 0 
C CHECK FOR END OF PAGE 

	

0050 	 NPAGE=NPAGE+2 

	

M051 	•IF(NPAGE,LL.LINES)GU TO 14 

	

F052 	NPAGZei 

	

0053 	«RI1L(IPRIN999) 
-C. 	- 

, .0  OUTPUT REPORT LINt 

	

0054 	• 	14 	viRITE(IPRIN,100) ILX7pOTRAN(IBST(10)+I1),NODleN0D2r 
111. AN(IBST(6)+I.-1),ITRAN(IBST(9)+I-1), 
21TRAN.(16ST(6)+1-1),ITRAN(lbST(7)+D1),IFLOW 

• .0055 	 1•0.1 	FORMAT(1HOITA.p14,T11.eAbuT23,1.4,T31,14pT39,14,T46,I4FT56fI4, 
11. 650.14 F T/b,I4) -  

" 0 0 40 
0 011 

C 	• 
C LUOP 0 ARCS 

0042 	 Po 'lb j.elpMAXARC 
C DETERMINE IF ARC LXT ID IS WITHIN RANGE REQUESTED 

0043 	 IEXT:INTRAN(I3STÇ2)+1-.1) 
0044 	 IP(IEXT Q L. T ! IDED) O0 TO 13 
0045 . 	 IF(IEXT ? f,fIDH1)  Gu 101/ 
0046 	 ICOOPT=ICOUNT+1 

C COMPUTE ARC FLOK 
0047 	IFL0ITRAN(I.BST(6)+I....1) ,-ITRANCIBST(7)+I1) 

C 	• 
C.  RETkIEVE NODE ExT TD Nos 

0048 	NOD1=IHIRAN(IBST(1)+IHTRAN(IBST(3)+I-.1)*,1) 
0049 	 NO02=ItiTi<ANU8ST(1)+I1TRAN(IHST(4)+I. ,, 1).91) 

0037 	P5TARC(2):IBST(10) 
• L 

C READ ARC DI U/1 
IENT=1 

0039 	• 	CALL D 5 KHAN(IFUNCp. IENTfARCINeKSTARCp1,HAXARC) 

REA(-i NODE ID LIST 
IENT=2 
CALL DSKHANCIFUNC -plENT9NODINeKSTNODF1FMAXN0D) 

;e5 

- MI Ine - - • MI_ 	.._ JIM MR BM or as am 
v G 	1 	ÀKLKEP 	OATE- c 74147 -  -- 	— 

0056 	 15 	CONTINUE 	 • 

E ,4O OF REWUES1ED  ARCS 
17 	NPAGEzNPAGE+b 

IF(NPAGE.LEGLINES.Y GO 10 16 	• 

kiRITE(IPRINe101) ICOUNT 
101 	FONMAT(1H1r!END OF ARC DATA REPORTWIX,I6, 1 .ARCS LIsTEDq) 

GO TO 19 
• 18. 	-WRITE(1RRINp102) ICOUNT 	" 
12 	FORMAT(///''END OF ARC DATA REPORT!//1X,I6f 	ARCS LISTED!) 
19 	f"..TURN 

END 

0057' 
0058 
0059 
0060 
0061 
00b2 
00.63 
0 1464 
0065 



emu_ IMMI 111111 . MIMI Ile MO 	111M
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0001 

.002 • 
0003 

• 0004 
0005 • 

0006 
0007 

0008 
0009 
0010 

0011 
0012 
0013 

0014 • 
0015 
0016 

0017 
0018 
0019 

. 0020 
0021 
0022 
0'023 
0024 
0025 

0026 
0027 

0028: 
0029 
0030 - 

_0031 
0032 

•• 0033 
0034 
0035 

—0036 

.0037 

.38 

003ce  

E 	UM MN MI- 	-- 

C 	ODE  f-EPORT (; ENERATOR SUBROUTINE 

. 	SUBROUTINE NODREP(IDLO,IDHI) 
C TRANSFER AREA FOR DISK HANDLER 

COMMuN /XFER/ ITRAN(1540) 
IWIEGER*2 IHTRAN(30800) 
REAL*8 DfRAN(7/00) 	- 
EQUIVALENCE (ITRANCOgIHTRANC1)pDTRAN(1)) 

C TABLE OF CONTENTS DATA FROM DISK HANDLER 
COMRUN /10C/ MAXENi(b)pISNHI(1,b),TYDAT(10F3r5) 
INTEGER*2 FYDAT 

.0 
C 

 

DIS  K HADLER ARGUMENTS 
C. ARC DATA IN 

DIMENSION ARCIN(10)pKSTARC(I0)' 
LOGIC:AE*4 ARCIN 

. PAIA•ARCIN/QTRUE9FALSE 9 / 

C . NODE DMA  IN  
DIMENSION NODIN(10)4,KSTNOD(.j0) 
LoGICAL4 NODIN 
uATA.NODIN/ORUE e riTRUE,p s.FALSEpiqTRUE 9 ,6*;4 FALSEn/ 

ADJACENT ARC DATA IN 	• 
• DIMENSION ADJIN(1.0)FKS I ADJ(10) 
, EDGICAL*4 ADJIN 

DATA ADJIN/eTRUE,F9*0FALSE -*/ 

.DIMENSION IBSTC5) 
DIMENSION INCARC(10) \  
LONILAL*4. FIRSIL 
DMA IhIDE/10/ 
DATA  NPAGE/7/ 
•vJATA lurJc,LINEspicoUNT,IPRIN/4,60,0,3/ 	• 
mAxAKc=isNiiy, 
mAxN (JDzIsNHI IA • 
mAxAuJ=isNHT(1,3) 

. 	. 

C WRITE TITLE LIME 
Y;RITESIPKIN,99) 

99 	FORMAt(1I1fL5 3 , 1 NODE DATA  REPORT/1H 
11X,T9r!NUDE',T47p'INCIDENT , //TiFINUMBERI r T13F‘NAMEI,T49,!.ARCS?) 

C COMPUIE.SfARTING ADDRESSES FOR DATA  TRANSFER .AREAS 
NExiwzi 
.u5sT0)=NExAD 

- 	• 	NEXAD=NEXADA-MAXARC 	. 
IBST(2)=NEXAD 
'qE0 7.NEAU-i- MAXNOD 	 . 
iRST(3)ExAD 	

, 

mExApzilED+MAXN0D. 	_ IB:>T(4)=„iExAu 
N'ExAD=NExAU+mAXAuJ • 

C CuNVET  Tu • —Y FE  ADDRESSES• 
NExAu..:(EXid)+2Y/4 4-1, 
IBST(5):::,;EA'AD 

C 	CE ST4MING ADDRESSES •Is ARRAYS' 
. 	KsTARC(.1)eliiST(1) 

, 



MN We 	 11.1 	1111111 	 INS 111. 

F0Rff7iA14 1Y 	LEVEL -  21 	NODREP 	DA ft 	7 4147 	23/05/32 
. V;040 
0041 
L,42 

0044 
-0045 

KUNuD(1)=IBST(2) 
• K3TNOP(2)=I3ST(5) 
KSI 0ut)(4)3ST(3) 
KS1AuJ(1 - ) 7-I5ST(4) 

READ ARC DATA 
IENI=1 	• 

GALL D8KHANCIFUNCe1ENTpARCIMiKSTARC,1pMAXARC? 

C REAP NOUE PATA 
0046 	IFNT=2 
0047 	CALL DSKNAN(IFUNCFIENT,NODINoKSTNODP .10AXN0D) 

C 
C • READ ADJACENT ARC LIST 

0048 	IENT=3 
0049 	• 	• CALL DSKHAN(IFUNC,IENTFADJIN9KSTADJgleMAXADJ) .  

C 
• C LOOP ON NODES 	. 

0050 	DO 25 IelpMAXNOD 
C FIND NODE EXTERNAL ID 

005- 1 	. 	MEXTmIHTRAN(IBST(2)+/-.11 	. 	. 	. 
• C 

C CHECK TO  SEL IF NODE IS  IN  REQUESTED RANGE 
0052 .' 	Ir(NEXT.LTIDLO) GO TO"25 
0053 -  . 	- 	IF(NEXT?GLIIDHI) GO TO 30 

0054 	_ 	' 	ICOUNT=ICOUNT41 - 
C  FINI)  .FIRST AND LAST ADJACENT ARCS FOR CURRENT NODE. 

0055 	ISNPRS=1 	•  

0056 	IF(IsGT.1) ISNFRS=IHTRAN(IBST(3)+12)je1 
0057 	ISNLST=IHTRAN(IBST(3)+I.-1) • 
0058 	NUMB-7-0 
0059 	. 'FIRSTL:4,TRUE0 

C 	LGOP ON ADJACENT ARCS • 	. ' 	- 
0060 	- OD 15 ISNARC=ISNFRSoISNLST 
0061 	NUti8=NUM54-1 
0062 . 	. 	IADJ=IHTRAN(IBST(4)+ISNARCI) 	• 

0063 	''.- 	. 	. 	IADJ=IABS(IADJ) ' 
0064 	. 	INCARC(NUMC)=IHTRAN(3ST(1)+IADJ1) . 

CHECK IF LINE IS FULL 
IF(NUMB.LT.IWIDE)-GO TO  15 

CHECK IF F. IRSI LINE 	. 
JF(.NOTfFIRSTL) GO TO 7 	•  

CHECK  .EOR END OF HAGE 	, 	
•. 

NPAGEr:NPAGE 4-2 
IF(NPAGE,LE.LIME5)G0 TO. 6 . 
'MPAGE=7 
WRITE(IPRIW,99) 

• C 
• L iiWITE FULL LIME 	• 

p071 	6 	pRITL(IPIN 9 100) NEXTpOTkAN(IBST(5) 4-. I.'1)pINCARC 
0072 	: 	1CA .0 	FORMAT.(1ti0f74,140, T11,48pT21,10(2XpI4)) 
0•,.-/ ..5 	. 	.1-. 1i:51L.:-.H4L5E t  

GO TO 13 	• 
C 	Ct-iECK FUR Eiffl OF PAGE 

....':/5 	• 	-/ 	' 	;., P A GE e!siP AGE.-1-1 	 . 
• 1 (NPA(;E0LE.LINES) GO TO 12 

.0 

0065 

0066 

H0057 
0068 
0069 
00/0 

-1—i 

co 
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:4077 	NPA6L=7 
0078 	. 	- 	WRI1E(IPRIN,99) 
rii0i9 	- 	GO U.; 6 	 . 

C WRITE ONLY ADJACENT ARCS 
0 080 	12 	'iRITEURKINL101) INCARC 
00b1 	• 	101 	Fo!-a-IAT(1r1 'T21,10(2)414)) 	- 
0082 	' 	13 	NUM8=0 
0083 	15 	CONTINoE 
0064 	IF(NumbeEO,O) GO  TU  25 	. 

' 	C 
C  CHECK FUR  END' OF PAGE 

0086 	NPAL:NPAGE 4- 2 
0086 	: 	• 	IF(NRAGE.LEpLINES)G0 TO . 1 . 7 
0087 	: 	NPAGE=7. 	' 0088 	WRITE(IPRIN099) 

C . 	. 
C W RIT[  REMAIING ADJACENT ARCS 

0089 	17 	1E(.NOT,FIRSTL).G0 TO 16 
G 	l' RITE  ONLY  ONE  FULL LINE . 

0090 	WRITECIP1100) NEXTfDTRAN(IBST(51)p(INCARC(J)p,J=1,NUMB) 
0091 	Go 10 25 

- C 
C WRITE LASi PARTIAL LOE  

	

0092 	'16 	WRITE(1PRIp101). (INCARC(J)FJ=1,MUM8 
C 	 , 

	

- 0093 	. 	25 	CnTINUE 	 . . 	. 
' 	C 

C WRITE FINAL MESSAGE 

	

0094 	JO 	NPAOL=NPAGE+6 

	

0095 	IF(NPAGEGLELINES) GO  TO  32 . . 

	

0096 	'r;RITE(IPRINr102) ICOUNT 
0097 • 	• 	102 	FCjki''AT(ltilf t ENC OF NODE DATA REPORT 1 //1XeI6p! NODES LISTEDI)' 

	

- 0098 	. 	, 	Go 10 34 

	

, 0099 	. -32' • - WRITE(IPRIN,103) - 1COUNT 

	

0100 	103 	FORMAT(///' END OF NODE DATA REPORT'//1XpI6 4, 1  NODES LISTED') 

	

0101 	- • 34 	RETURN 

	

' 0102 	. 	' 	END • 



am 	 MI • 	.11111 ant 
FORTR /0 • I y G LEVEL 2/ s'S ill° AIMS= .1/.1.47 	MIL ?1,11111-) 11,1 2 -111111111-----111.1 

C OD AHD RATH REPORT GENERATOR SUBROUTINE 
'..?. 	- _ 	C 

0001 	• SUBROUTINE OOPREP(IDLO:IDHIpIDESLDFIDESHIpPATHL) 
C ' TRP:iSFE 'Ar:LA FUR DISK HANDLER 

0002 	CO HON/XFLR/ITRAN(16000) A4 	 . 
. 	- 	0003 . 	INTEGER*2 IHTRAN( 3 2000). 

0004 	EquIvALENCE(ITRAN(1) p IHTRAN(1)) . 
U TABLE OF CONTENTS DATA FROM DISK HANDLER 	. 

0005 - 	- COmMOM / T OC/ MAYENT(5)2ISNHI(10/5),TYDAT00,3175) . . 
- 	0006. 	IN1EGER*2 UDAI 

DATA LNXFERpN005YT,NPABYT/64000F14p24/ 	 , 
• ..0 

C  DIS  K HANDLER ARGUMENTS 
C 	 . 
C 	ARC DATA IN 	 . . 

0008 	• 	DINES101-VARCIN(10),KSTARC(10) 
0009 	LOGICA04 . ARCIN 

• 0010 	DA1A ARCIN/ÇTRUE,,9* 9 FAL5E 0 / 
. . 	C 	NODE. DATA IN 	, 	 . 

' 	0011 • 	• 
c 

. 	DIW:NSION.NODINU 0 )pKSTNOD(10) 	. 
0012 • 	L0GICAL*4 NODIN 
0013 

 
DATA  NODIN/,IRUE ? .pjALSEop.TRUE 9 ,7*,FALSE./ 

C 	 . 	. 
C OD DATA IN  

» 	0014 	. 	DIMEN3ION•ODIN(10),KSTOD(10) 	 . 
. 	- 	0015 	LOGILAL*4  OVIN 	. 

• 0016 	DATA ODIN/ ? FALSE.p3*.TRUE *0 6.* R FALSE 9 / , 	
C 	-• 

 

OU  LAST PATH IN 
9 0017 	DImENSION PODINC10)KSTPOD(10) . 	 , 

018 	LoGICAL*4 PODIN . • 0 . 	. 
 0019 

ie 	. C 	
• DATA PODIN/5*.FALSE0p.TRUEer4*.FALSE,/ 

C PATH - DATA IN 
0020 	DImENSI0i ,uPAIIN(10),KSTPAT(10) 	. 
0021 	LOGICAL*4 PATIN 
0022 	. 	DATA PATIN/9*QTRUEp .,FALSE./ 
-0023' : 	DIMENSION ISNARC(6) f 	 . . 
0024 	UInelON d.B 5 T(1 6 ) 
0025 	IN1EGER bDUISN - 	. 	' 	• 
0026 LOGICAL*4 PAIHL 
0027 	 ' DATA IFUNC,LINES,ICOUNipIPRIN/4,60,0P3/ 

DATA-ISPACI,NOSPAC/I t r i+tt 	- 	 , 
-'0029 	• 	. 	DATA NPAGE/5/ 	 . 	. 
.0030 	M.AXARCzI5NHIC1 1) 	. 0031 	. 	• 	mAxN0D=ISNHI . (1;2) 
0032 - 	MAXOD.7-ISeiI(1,4) 	•• 	' 
0033 	'MAXPAT=ISN .01(1,5 ) 	 . 

	

- . 	C .  COMPUIE:STARTING ADDRESSES  FOR DATA TRANSFER- 'AREAS 

. ' 	C 	,luDE. EXiERNAL ID . 	• 	 e. 
0034 	IfisT(1)=1 	 0 
0035. 	NExAD=18bT(t)i-mAxN0D 

. 	C 	. 
. 	• 	, 	L •NCJOL lAT LID ISilS 

r...) 	OW.56
_ 
	. ii.-,T(2):: , .1E;(AL) 	•. 

. 	.. v)03/ 	. 	• . . 	NLAA)=NAU-1.-MAODD  
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Ç 
- C ARC EXTERNAL ID 

	

.,.033 	- 	• 	. 	IF3ST .(3)=-ieEXAD- 	' 

	

,. ;=43. 9 	-, 	. 	NFXAD=NEXAO-kmAXARC 
C ALLOCATE .- R1-1AINDER 13ET1,IEEN OD AND PATH BATOHE 

	

004::, 	KRATIOXPAT/mAXOD 	• 	- 

	

041 	MAXDOD=(LNxPER-2*NEXADJ-4)/(NUDBYT+KRATIO*NPAbYT) 

	

0042 	 hAxBUD=H1r:0(MAXOQ e MAXOD) 

	

43 	 MAOP=(LX'rER-2*NEXAD-1-4-NODBYT*MAXBOD)/NPABY1 

	

0044 	 MAXFWgNl('IAXbP9MAXPAT) 
C 
G OD DESTINATION NODE ISNS 

	

0 • 45 	 1ST(4):EXAD 

	

46 	- 	. 	NEAD.7„.jExiD4-MAXBOD 
C 
C 	PATH ARC IS:.: 

	

F.1047 	 DO - 5 

	

0048 	 IB8r(I)= ., EAAD 

	

0049 	5 	NExAu=NEXAD+hAXBP 	- 
C CONVERT Tù 4-bYIE ADDRESS 

005r4 .i.e 	 NEXAD=•E>:AD/24-1 _ 	, 	: 
G - OD TOTAL DEiiAND 

	

0,051 	IF3S1(11):.-NLXA0 

	

0052 	. 	• NEXAD=NExAu+MAXBOD 
O 00 ONsAIISFIE0 DEMAND 

	

0053 	IBST(12)=-NLXAD 

	

0054 	- 	NEXAD=NEXAD+MAXBOD 
• - C 	OD LAST PArm isNs, 

	

0055 	- IBST(13)=NLXAD 
0056 ' 

	

	' NEXAU=NEXA0+MAXBOD+4 
C PATh COSI i 

	

0057 	iB5T(14)=NLXAD 

	

0058 	NEXAD-7NExAD+MAXBP 
C • PATH COST 2 

	

.0059 	- 	• IB3T(15)=•EXAD 

	

0050 	- 	NEXAD=NEXAD+MAXBP 
• - - C -  PATH i-LOW 

	

0.061 	- 	• , 	IB8T(16)=NEXAD 
, 	C 	'- 	- 

• . 	' C PLACE - STARTING ADDRESSES IN ARRAYS - 

	

0062 . 	15 	. KstARC(1)=IEST3) 
0063 KSTNCID(1)=.10ST(1) 

. 0064 . . 'KSINUD(3)=IBST(2) 
0065 • ' KSTO0(2):IbST(4) . 

	

006- 6 	. 	- • 	. KS1.00()=Ib5IC11) 

	

:0063 	KS100(4).;IbST(12) 

	

006 8 	. 	. KSIP00(6)=IBST .13) 	. 

	

006 9 	- 	- 	- 	- - KSTPAT.(1)=IST 14? 	- 	-• 	- . 
KsTPAT(2)=IBST, 15) 	. 	.. 	. 	. 

0071-- . 	. 	DO 12-1=3,6' 	. 	. . 

	

- 0072 	12 - KSIPAT(I)=IbST(I+2) 	. 	• 	. 

	

0073. 	KSIPA1(9)=IBST(16) 	. 

' 	- 	C 	INPUT ARC DATA 	. 	- . • 

	

0 7 4 . 	IENT=1 	• 	- 	
. 

	

0 0/-5 	 LALL D3Ki- ti1FUNCpIENT e ARCIN,KSTARCp 1 iMAXARC) 
C _ 
C 	. .T.hPui NODE_ „.;AiA 

	

(, ,,jk/e.. 	 • ii,i1Tz2 

1-' 
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_ .0077 • 	› 	' 	CALL DSKHAN(IFUNC?IENTOODINpKSTNODe/rMAXN0D) 	. , 	. . 	%, 

• -. 	C 	DETERMINE ISNS OF VARIOUS. LIMITS . . 
0078 . 	' 	• 	ISNOLO=1 	. 	• 	• 

ISNDLOgl- 	' 	 . 

	

- 0080 	DO 16 IgleMAOOD 
0081 	. 	NODI0=IHIRAN(IUST(1)+I^1) 
0082 	. 	IF(NODIDeLT,IDLO) 1SNOLO=I+1 	. 
0083 	IF(NODID e LE,IDHI) ISNOHIgI 
0084 	• IF(NODID.LT,IDESLO) ISNDE0=14.1 
0085.• . . 	- 	IF(NODID,LE e IDESHI). ISNDHIgI 	 . 
0088, 	16 	CONTINUE 

C. 	 . 	. 	.. C WRITE REPURT HEADING ' 
0087- 	1F(,NOT,PATHL) ' WRITL(IPRINF96) 

• 0088 	'IFÇPATHL) WRITE(IPRIN F 99) 
- 0089 	. 98 	,FORMAT(1H1êT25 ORIG1N—DESTINATION REPORTI/lh - FT25,'->”°—='----°— 

. 1--- ------ --'// e /X?T3plORIGIN . DESTINILT23eiDEMAN0I e Ti6FÎPATH FLOW 
 2?915 2LCUST1 1 7166,'COST2r//1XpT4pNODLIeT121,NODEl e T20, 1 TOTAL 	UNS 	- 

3ATtfT38ptrUTAL!;T52 F ÇTOTALIET66,!TOIALv) 
99 • 	FORMAT(1HIFT38eURIGIN—DESTINATION/PATH -REPORT!/1H.,T38 r 1 .--"---- ,  . 

1.--..-------- -------- --°// 1'i(13ptORIGIN DESTINId23pIDEMANDeT36, 

	

. 	2PATH 	FLOWIr152,'COST1 1 ;166itCOST2' e T90 'ARL8t//1XoT40. 1 NOOElp 
• 3T12,'NODE'gT20e 1 TOTAL 	UNSATT,TbOetUNIT F TOTALIeT54ptUNII 	TOTAL,  

4T90DIUSED/) 
- . . • 	C 	DETERMINE 13N OF FIRS1.0D.PAIR REQUIRED 

0091 	17 	- IODISN=1 	 . 
0092 	• 	IF(ISNOLO,GT e l) IODISN=IHTRAN(IBST(2)+ISNOLO-2)+1 	.• 	. 

C 
C .DETERMINE ISN OF. LAST OD PAIR REQUIRED 	 , L°013N=IHTRANUBST(2.)+ISNOHD.91)' 	, 

0094 	tODISN=LOPISN' 
C DETERMINE. ISN  OF  LAST 00 PAIR IN BATCH 	' 

- 0095' 	, 	• 	IF(3ODISN—IODISN,GT,MAXBOD) BUDISN=IODISN+MAXBOD  
C 

- C .  -READ BATCH OF OD DATA 
-0096 	- 	21 	IENT=4 	 .•
•0O97 	— 	. •CALL DSKHAN(IFUNC,IENT,ODIN,KSTODeIODISN,BODISN) .  

C 
C READ OD LAST PATWISNIS 

0098, - 	.1PISN=1. • 0099 . 	- 	IF(IODISN,GTol) IPISN:IO0I5N ,.1 
01.00 	. 	.• • LPISNgBOD:UiN 

GALL DSKHANCIFUNCeIENTrPODINFKSTPODriPISNpLPISM 	. 
C 	'O  

DETERMINE FIRST AND LAST PATHS IN BATCH 	, 
0102 	IF(IODISNeGLI) IPISN=ITRAN(IBST(13))+1 
0103 	. - 	22 • 	.LpISN=ITRAN(PiST(1.5)+BODISN-10DISN) 	' ". .. 	c  

.• c - cuRREcT LAST OD ISN AS REQUIR.ED TO:HOLD 	• 
• .. C 	ALL -PATH DATA FOR CURRENT OD BATCH• • 	• 	' 	• 	' 	. O  

0104 	23 	IF(LPISNIPISN.LE.MAXBP) GO TO 24 
01.0ti 	80DISNeBU0ISN-1 tv 
010,5- ' 	. 	- 	1F(000ISN.GT.IODIS4 GO JO 22 	• . 	- 	. ' 	-

• ,oloy,' 	- 	: 	wRilL.WRtiA,999) 1..y.FE 
999- FOR-11AfliJI/p l • TqlkNbFE -AREA .- - T r I8//1XeeINSUFFICIENT FOR PAiH•DATAL 

	

. 	1//1X. 1 INCREASE 1RANSi-E 	AREA 1 //1X,'IOD REPORT•AbORTED') 

	

1)çl, 	1.ŒTIAN 	 , 
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011-0 	24 	IENT=5 
• • 	U READ pATH  DATA  FOR CIJRRENT BAfCH 

	

0111 	CALL DS -KHANCIFUMCotENT,PATINeK3TPAIvIPISNeLPISK) 
C LOOP  ON  ODiS 

	

0112 	25 . 	DO 40 ISNODzIODISNeBODISN 

	

0113 , 	ISNDES=IHTRAN(IHST(4)-1-ISNOD-10DISM) 
• . C CHECK IF CURRENT NODE IS YlITHIN DESIRED.RANGE 	. • 

	

0114 	IE(ISNUES.LT0ISNDLO) GO TO. 39 

	

0115 	- 1F(ISMDtSLE,,ISNDHI) GO TO 28 	- 

	

.0116 . 	ISNODr.IHFRAN(IOS1(2)+ISMOD-1) 

	

0117 	'GO 10 39 	• 
O CHECK FOR END OF PAGE 	 , 

	

0118 	28 	NPAGL:NPAGE 4- 2 

	

0119 	- 	• 	IF(NPAGE,LEpLINES)G0 TO 26 

	

0120 . 	NPAGEe/ 

	

0121 	. 	• 	• IF(.NUT0PATHL) WRITE(IPRiNp98) 

	

0122 	' 	IF(PATHL) 'e4RITE(IPRIM,99) 	 . 
C WRIIE Ou INFO 

	

0123 	. 	26. 	IAD=IHTRANCIbST(4)+ISMOD—IODISN) 
0124 • 	1,iRITE(IPHINe100) 11-1TRAN(IBST(1) 4- 1SNOLO-1)ÊIHTRAM(IBST(1)+IAD°- 1) e 

11TRANCIBST(11)+ISNO(›IODISM),ITRAM(IBST(12)+I3NOD.I0ijISN) 

	

0125 	. 	10.0 	froi.;,7(1i10,T4,14“12,14,120p14?T27F14) 

	

0126 	•ICOUNT=IOOUNT 4-1 
. 	' 	C SET UP  VARIABLES .10  LUOP  ON  PATHS 	• 	: 	• 

	

0127 	. 27 	MFLO;Af=0 

	

0128 	MCOST1=0 - 	• 

	

0129 	MCOS121:0  
. 	. 

	

0130 	• 	ICNT(L=NOSPAC . 	. 

	

0131 	IPM7-1 

	

0132 	1FtISMOD,GT,a 1) IPM:ITRAN(IBST(13) -4-ISNODIODISN-1)+1 	. 

	

0133 	LPMeeITRANCIBST(13)+ISMOD—IODISN) . 	_ 

CHECK IF PATH DATA EXISTS 

	

' 0134 	• 	IF(LPN.GT.IPN) 'GO TO 29 

	

0135 	- ITE(1PRIMP101) .  

	

- 0136 	101 	FORMA1(11-0-pT379 7 NO 	PATHS)) 

	

- 0137 	• GO' TU  39 

	

- 	C LOOP QN PATHS 	. 

	

0138 . 	29 	DO 33 ISNP:IPN,LPM 
C 	CALCULATE FLO•ieiS AND 'COSTS 	- 

	

0139 	•IPNO=ISMP—IPM-1-1 

	

0140 	IFLOvielTRAN(ISST(t6)+ISMP—IPISN) 	 . 

	

0141 	- 	. :1COST1=ITRAN(IBST(14)+ISNP—IPISN) 	• 

	

0142 	TCOST2=ITRAM(IOST(15)+ISNP—IPISN) 
• , 	C .  

	

- 	- 	C 	CALULATE PATH COSTS 	. . 

	

.0143 	• 	NCOST1=ICOST1*IFLOiq 

	

0144 	- - 	'. 	. NCOST2=.1COsT2*ULObq 
' 	c AcCUmuLATE FLOs AND COSTs 	 . 

	

0145 	. 	MFLON=HFLO-I-IFLOYi 

	

0146. 	• 	MCOSTIgmcosTI+NCosil . : 

	

0147 	MC.0ST2=MGOST2+NCOST2 	. 
IF NO PATH uATA REQUIRE3 SKIP NEXT SECTION 	. 

	

0148 	• 	' 	. 	IF(.001*.PATHL) Go 10 33 
CoMPUTE ARC EXTERNAL ID !S 

	

0.149 	• 	. DO 31 - 1=1,0 	 . 
jAD17-HIRAN(HST(1+4)4ISMP—IPISN)  

	

0 I'Di 	
•
: IF(JAD.L.J.0) Gu TO.3 
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0152 	IP(JAD.L1)) JADz-JAD =P: . _.. 	0153- 	il -. ISNARC(I)=IHTRAN(IBST(i)+JAO=i) 

	

0154 	30 	LAOe-1-1 	 . 
C • CHECK. FOR END OF PAGE 	 . 

"-à - 	0155 	- , 	- NPAGE=NPAGE-lq. .1,,, 	u156 	- 	U(NPAGE.LE9LINES)G0 TO 32 

	

0157 	• 	 NPAGEe9 

	

0158 	 WRITE(IPRINF99) 	 . 
. C 	!,IRITE 01) INFO  FOR  NE-el PAGE 	 , 

	

0159 

	

	VIRLTE(IPIN91.00) IHTRANCIBST(1)+IGNOLO‘- l)fIHTRANnBST(1) 4-1AO ,..1), IITRAN(1 88 f( 1 1)+ISNOD- IODISN)9ITRAN(IBST(12)+ISNOu-IODEiN) 0160• 	ICORL=NoSPAC 
C •wRITE REPORT LINE ,'D 	0161 - 	 32 	KRITE(IPRINp102) ICNIRLFIPNOgIFLOHpICOSTleNCOST1p1COST2pNCOST2 F  

1(ISNARC(i)pl:IFLARO) 	- 

	

0162 	 102 	FORMAT(AlpI 37 ,12pT 4 2p14050p130Tb6,I4eT64e13eT/OpI4PT77oe .i(IX e I4)) 
.4> 	0163 	 ' ICNIRL=I3PACE 
- 	0164 	 33 	CoNT1NuE 

C END Op ALL PArH8 - FOR cURRENT OD PAIH 

	

'0165 	IPC.NOT0PATHL) GO TO 34 	 . 
C CHECK  FOR  EJ.iD OF PAGE e •  0166 

	

0167 	
NPACE=NPAGL-q1 
Ir(NPAGE.LE.L NES) GO TO 35 

0168 NPAGE.7-9 , 

	

0169 	. 	ITL(1PKI(Ip99) . 

	

0170 	
, 

. 

	

	WRITECIPRINp100) IHTRAN(IBST(1).+ISNOLO-1)eIHTRAN(I8S1(1)+IAO-1), 
11TRANCIOST(11) -1- ISNOD--10DISN)$;ITRANUBST(12)+ISNOD-.10DUN) 

	

01 /1 	35 	wRITLCIRRIN,104) MFLOW,MCOST1CCOST2 

	

0172 	• GO TO ,59 

	

0173 	'34 	KRITECIPRINF10iLMFLOWpMCOST1eMCOST2 	. 	. 
0174 

• .0175 	
103 	FoRm-mul+,737,16,151pI6,T65Ên ' 104 . .FORMAT(IH0pTJ 1 FITOTALS!,[40,1b,i.  54,16pT68f16//) 
C NEXT ORIGI;i NüDE ”e›. 	0176 	39 	I.P011TRAN(IBST(2)+ISNOLO-1)iLEISNOD) ISNOLOr.,I5NOLO+1 
C .DoNE ALL ORIGIN NODES INREQUESTED . RANGE? 

0177 • 	. 	.IF(IsNoLueuT,ISNOHI) GO•TO 50 

	

0178 	40 ' . CONTINUE 

	

0179 	, 	45. 	IF(BODISN,GE.LODISN)  GO TO 50 
C  cALCuLAJE NLY I8N , S FOR NEXT Op BATCH 

	

0180 	IoDI8N=BUOIsN+1 	• - • 

	

0181 	- • 	. 	BODISN=MINO(BODISN+MAXBOD,LODISN) 
C  READ NEXT  BATH 	. 	• 

	

0182. 	- 	• 	Go TO 21 
.0 FINAL W RITE  

	

- -0183 	50 	NP•AGE=NPAGE+6 

	

A184 	. 	IF(NPAGE.LE.LINES) GO TO 51 	" 

	

0185 	- 	- .1AiRITE(IPIN,105) ICOUNT 	.' 	• 	• 	. - 	• 	
. 

	

0186 	105 	'FORMAr(1H1,'END OF ORIGIN1)E5TINATION.REP0RTV/1X,18, 
1! OD PA1k5 LISTED!) 	. 	• 	• • 

	

0187 	. 	.. 	GO TO 52 

	

-0188 	- 	51 	0RITECLRINe106) ICOUNT 

	

1:)169 	106 	FORMAT(///! END OF ORIGIN,-DESTINATION PEP0RT!//.1X,18, 
1 00  PAIK3 LISfE0) 	 . 

	

1 90. 	- 	52 	RETUR' 
o191 	END 	. 
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C. REpORT GENLRATUR MAIN ROUTINE 

• c CALLS CpUROUTINES .  ARCREP, NODREP F  ODPREE - ,• 	C EXPECTS Al LEAST ONE REpoRf REwuESi  CAR D 

TRANsFuR AREA FOR DISK HANDLER 
CoomON /XFER/ ITRAN(15400) 
'INTEGER*2 IHTRAN(30800) • 
REAL*u DTRANC/700) 

• E4U1VALENCE (ITRAN(I)FIHIRAN(I),DTRAN(I)) 

C •TABLE  OF CONTENTS  DATA FROM DISK HANDLtR 
COMMON

R 
 /TUC/ MAXENT(5)gISNHI(10,5)FTYDA1(10',3F5 

INTEGE*2 TYDAT 

C ruPUT AND OUTPUT DEVICES 	• 
DATA IRDrIRRIN/12,5/ -  

C DISK HANDLER ARGUEMENT3 
DIMENSION 1<STARI(10)FTYPES(10) 	• 

C 
C LOGIcAL REPORT TEST VARIABLES 

LOGIÇAL*4 ARCL7NOOLFODL 
LOGICA04.PATHL 
DATA ARGLFNODL F OPL/3*.FALSE 9 / 	' 
,DATA PATHU.FALSE./ 
DATA SPACE/ 1  !/ 	' 

C. 
FA C INITIALIZE DISK HANDLER 

IFUNc=1 
CALL DSKHAN(IFUNC,IENTFTYPESFKSTAPT,ISNleISN2) 	. • . 

C READ REQUEST CARD 
5 	'READ(IRD,100pEND=15) ICODEpIDLOFIDHIfIDESLOpIDESHIpPATFL 
1b0 	FORMAI(11,4(1Xp14)F3X9A1) 

IF(IC0DL.LT10OR0IC0DE,GL . 3) GO TO 13 
-C .  
C  CE TERMINE REPORT 

GO 1U (/r8,9)FICOUE 

•7 	IF(.NuT.ARCL). GO TO 10 
ViRI1E(IPRINt101) 

• 

101- 	FOR1AT(1H1p 1 AkC REPORT ALREADY COMPLETED 1 11hOpIREQUEST IGNORE0/ 
1100, 1 PROCESSING NEX1 REQUEI') 	• 
oo TO b 	 •  

8 	- IF(,N0T.NuDL) Go TO 11 
• KRITE(IPRIN,102)' 

102 	FORMAT(1H1o'NO0L 'REPORT' ALREADY COMPLETED 1 /1H0F 1 REQUEST IGNORED 1 / 
IIHO,'PROCESSING NEXT REQUEST!) 
GO TO 5 	, 

C 	 • 
9 	IF(.NOT.ODL) CO TO '12 

WRIfE(IPRINf103) 
FjR 1IAT(IFil e !ORIGIN DESTINATION REPORT ALREADY COMPLETED 1 / 

.11H:/),'KEQUESI IGNOREDI/IHWr'PROCESSING NEXT REQUES1!) 	. 
r;Lj 	10 5 	 • 

C 	C'gLL c;OBRO0i1NE TO REPORT ARCS. 
1.• 	cALL AkuRf-Y:f..IULCI f it.).HI) 	.• 
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GO TO 5 

C CALL SUHROJTI:qE FO REPORT NODES 
11 	CALL LiODREP(IDLOPIDHI) 

NODLz.TKii. 
GO TO 5 

. O CALL SUBROUTINE qo REPORT OD AND (OPTIONALLY) PATH DATA 
12 	IF(PATH.NE.SPACE) PATHLz,TRUE. 

CALL ODPRLP(I0L0 e IDHI F IDE3LO,ZDESHI,PATHL) 
Opt.= 
GO 0 5 

C INVALID REUULST TYPE 
1 3 	WRITE(IPRIM F 104) ICODE 
10 4 	FORMAI(1H1i'INVALI) REPORT REQUEST CODE .=',12/1H0p/REQUEST IGNORED 1 1 /1j10p)PRUCESSING NEXT REUESTI) . 

GU 1- 0 	- 
C 
C  END  OF ALL REPL,RTS 
15 	WRITE(IPRINp105) 
105 	FORMATC1H1,'ALL REQUESTED REPORTS COMPLETEDVIHO,'EXECUTION'TERMIN 

lATEUU „ 
sïop 

. 	END 



Ia 
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C ARL kEpOKT GENERATOR SoBROUTINE 

SoakOuTINE ARcRipUDLOtIpq) 
IRANsFER AkEA f.OR DISK HAfIDEE . ' 

COMilON /XFERL ITRAN(lb400) 
INTEGER*2 Ii1iRAN(30U , 0) 
REAL*8 DTRAN(7700) 
EuulVALLNDE (ITRAN(1 .)FIHTRAN(1)00TRAN(1)) 

- C  TABLE OF CONTENTS  DATA  FROM DISK HANDLER 
CumNoN /TOC/ MAX.ENTO)pISNHI(10,5)g1YDATOOF3p5) 
INTEGER*? TYDAT 

• 
'C DISK HANULLR ARGUMENTS 
C 
C ARC DATA IN 

DIMENSION ARCIN(10)pKSTARC(10) 
LUG1CA•*4 ARC1N 

. DATA ARCIN/9*,TROE 0 FALSE 0 / 
C - 	• 
C NODE:DATA IN- 

DIMENsION NODIN(10),KSTN0D(10) 
-LoGicAL*4 NOU1N 
DATA NuDIN/,,TROE 0 r9*.FALSE/ 

0IMEN3IONABST(10) 
DATA IFUNC F LINES F ICOUNTeIPRIN/4,60p0,3/ 
DATA PPAGE/// 
MAXARC7-1SNH“1,1) 
MAXNOD=ISNHI(1,2) 

C 'ARITL PAGE HEADING 
MRITE(IPRIN09) 

	

.99 - 	FORMAT(1H1qT3,5p!ARC DATA REPORTY1H 
• 11X,T9i/ARCIFT2firtLINK1NOIFT41,!UNIT GOS1ipTb9ptCAPACITY'pi7belFLO 

› - 2!//1XFT.3pNULibERT,I13,ÇNAME!,12 . 3f'NODE TO NODEleT40, 1 *1*IeT4/, 
3 1 *2*,r54, 1 0RI6INAL 	REMAIN') 

COMPUTE STARTING .  ADDRESSES FOR .DATA. TRANSFER AREAS 
NEXAD=.1 • 
IB 5T(1)=NEXA0 
NEXAD=NEXAD+MAXNOD 
•Do 10 Ir-2,5 
IbSICIY=NEXAD 
NLXAD=NEXAD 4-HAXARC 

C CONVERT 10 4 ,...13YTE ADDRESSES 
NE.XAD=NEXAD/24 - 1 

. DO 11 1=6,9 
IBST(1)=NEXA0 

	

11 	NExAD . z:UxAD-FMAXARC • 
C cONYER1 TO S—OTE ADDRESSES 

›NEXADeNEXAD/2+1 
lbST(10).=NEXAD 

C PLACE 31AR1L'qG ADDRESSES IN A -RRAys 
• .KsTioJo(1)=IOSKI) 

ly,JTARc(1)=Ii3sT(2) 
• Do ri J=3 F 9 

13 	KsTAkL(0=i6s1(1) • 	- 
. 	KSTARCUe.:)=11;51(10) 



C 
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C READ ARC DArA 

IE»1:1 
CALL USKHAN(IFUNC,IENTFARCIN,KSTARCF1FMAXARC) 

C PEAD NODL ID LIST 
IPNTe2 
CALL 1:iSKHAN - (IFUNC 0 IENTeNODINi, KSINOD P  

.0 LOOP ON ARCS - 
C 

l f MAXN0D) 

DO 15 I=1pMAXARC 
.0 DETERI1INE IF ARC ExT  ID  IS WITHIN RANGE, REQUESTED 

lEx1=1HfRAN(IBS7(2)+I-1) 
IF(I .EXT.LT ,IDLO) GO TO 15 
IF(IEXT.GT„IDHI) GO TO 1 7  
ICOUNT=ICOUM-4.1 

- C 
C C 0 1PUTL ARC FLOW 

IFLuW=ITRAN(IbST(6)+I-1)—ITRANCIBST(71) --. 

RETRIEVE NODE EXT ID NOS 
NOD1=IHTRAN(LbS1 (j )+IHTRAN(IB5T(3)+I-1)-1)- 

. 	NOD2=IHTRANCIUSI(1)+IHTRAN(IBST(4)4.I°1)'..1) 

LHECK FOR END OF PAGE, 
NP-AGE=NFAGE+2 
IF(NPAGEeLE R LINES)G0 TO 14 
NPAGE -4 7 
KRIFE(IPRI.Np99) 

C OUTPUT REPURT LINE 
14 YikITE(IPRINpr00) - IEXT,DTRAN(IBST(10)+1...1),NOD1eN0D20 

IITRAN(IbS1(8)+I-1)) , ITRAN(I3ST(9)+I-1), 
'IIRAN(IbSi(Ô)41-1),ITRAN(IBST(/) 4 I-.1),If- LOW 	: 	• 

FORMAT(1h10,T49I4 F T11,A8 r T23iI4rTalpI4pLi9 e I4 r T46pI4 9 T56 r Ielp .  
IT6b,I4e17,14) 

• 	CONTINUE 

ENU OF RLOUESTED ARCS 
NPAGE-_zNpAGE+6 
IF(NPAGE.LE e LINES),G0 TO 18 
RITE(INRIN,101) ICOONT 
FORMAKIH/ f IEND  OF  ARC DATA REPORTW1X,I6 r.' ARCS LISTED!) 
GO TO 19 

18 	.WRIIE(IPRIN 102) -  1COMNT 
102 A- UR'MAT.(///f e END  OF' ARC DATA 

.. RETURN. 

lb 

17 

REPORTI//1X,Ibp! ARCS LISTEL)')  

1—n 

CO • 



e.,n) 

• 1 

1 

:• 

ime  
MIN 	BIM 	

• am 
•

. 	
- 

f-ck 

',=72 

NOUE REPORT GENERATOR SUBROUTINE 

- SubRODTINE NODREPODLOPIDHI) 
TRAN;)FER AREA FOR DISK HANDLER 

CoNnuN /Xi- UqY ITRAN(154Wa) 
INTLGER*2 IHTRAN(30800) 
REAL*8 DTRANC/700) 

• EOUIVALENLE (ITRAN(1)pIHTRAN(I)pDTRAN(I)) 

TAULE OF CONTENTS DATA FROM DISK HANDLER 
COMMON /TO C ( MAENT(5),ISNH1(10,..5 )PfYDA1(1 0 ,,b) 
INTLGLR*2 IYDAT 	• 	• 

DISK HANOLLR ARGUMENTS 
ARL OA1A IN 

. 	DIMLNSION ARCIN(10)fKSTARC(10) 
LOGiCAL*4 AKCIN 	, 
DAIA ARCIN/RTRUE",e9*,FALSE../ 

1,< OUE DATA IN 
DIMENSION NODINUO)oKSTNOD(10) 
LOGICAL*4 NUDIN - 
DATA NODIN/.TRUL 9 79TRUE0P0FALSE0e9TRUE e ?6*,FAL5E-0/ 

ADJACENT ARC DATA IN 
1DIMENSION  ADJINUO),KSTADJ(10) 
LUGICAL*4 AUJIN- 

. 	DATA ADJIN/,TRUE,p9*.FALSE 2 / 

DIMENSION IBST(5) 
DIMENSION INCARO(I0) 
LOGICAL*4 FIRSTL - 
DATA IWIDE/10/ 
DATA NPAGE/// 

T DATA IFUNC,LINEStICOUNT/IPRIN/4,60,0,3/ 
• MAXARC:ISNHIC1F1?. 

MAXNOU .° ISNHIPP?) 
MAXADJ:1SNHI(ip3) 

. C 	,e,RITE TITLE LINE' -  
WRITE(IPRIN r 99) 	, 

99 	FOROA“1H1LT3 3 ,INQQE DATA REPORTIJIMp'U3.t 1  ----- 
• 11X,19r'NODEIA.I47, - UNCIDENT!//T3,'NUMBER NAME),T49,!ARCSI) 

C CONPUTL STARIING ADDRESSES .  FOR  DATA TRANSFER AREAS 

•
'NEXAD.7.1 
IB3T(1);»NEXAD 

- 	 NEXAD ,*NEXAD+MAXARC 	. 
lb51(2)-7.NEXAD 
NEXAD:NEXAD+MAXNOD. 
1b31(3)=NEXAD 
NExAD=NLX'AD+MAXNOD 
IB5T(4)=NEXAD 
NEXAD=NEXAD+NAXADJ 

C 'CONVERT 10 - 8-BYTL• ADDRESSES 
NEXAD=(NEXAU+2)/44.1 
IcS1(b)NE.x.A0 

C 	• 
C 'PLACE_ f2JARTING ADDRESSES IN APi:Ays 

W&a;C iel (aj 

E. 

t.0 
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K5TNOD(2)=I8ST(5) 
KSTNOC4)=IBSIC .,J) 
KSTADj(1 ,711S1(4) 

C READ ARC DATA 
JENT=1. 
CALL D5KHAN(IFUNCTIENTrARCINpKSTARCF1gMAXARC) 

C READ NUDE DATA 
IENT=2• 
CALL D5KHAN(IFUNC,IENToNODINiKSTNODel,MAXMOU) -  

C READ APJACENi ARC LIST 
IENT -43 
CALL DSKHAN(IFUNC F IENTrADJINpKSTADJp1 ? MAXADJ) 

C LOOP ON NODES 	• 
DO 25 Izl,MAXNOD 

C FIND NUDE EXTERNAL ID 
NEXT=IHERAN(IbST(2).+I-.1) 

C CHECK TO SEE IF NODE IS IN REQUESTED RANGE 
IFENEXTLT.IDLO).  GO, TO 25 
IF(NEXT.GTIOH1).GO TU 30 

ICOUNTeICOUNT+1 
C ÏIND FIRST AND .LAST ADJACENT ARCS FOR CURRENT NODE 

ISNFRS=1 
IF(1,,GT.1) ISNFRS=IHTRAN(IBST(3).4-I.=.2)+1 
ISNLSIzIHTRANUBST(J)+1-1) 
NUML3=0 
FIRSTE=,TRUE. 

C. LOOP ON ADJACENT ARCS 
DO 15 ISNARC=ISNFRSpISNLST 
NUMB=NUNE41 
IADJzINTRAN(I6ST(4)+ISNARCI)  
IADJ:IABS(IADJ) 
INCARC(NUM5) ,=IHTRAN(IBST(1) 4 1ADJ-1) . 

C CHECK IF LINE IS FULL 
...1F(NUMB«LTaIWIDE) GO TO 15 

C CHECK IF FIRST LINE 
IH.N07,..FIRSTL)  GO TO 7 

C CHECK FOR END OF PAGE 
NPAGE=NPAGE+2 
IFC«PAGE.LE.LINE3)C0 TO 6 
WAGE=7 
WRITE(IPRIN,99) 

C. 'e.RITE  FULL LINE 
6 	.4,SITF(IPRIN,100) NEXTrOTRAN(IBST(5)+I1),INCARC. 	, 

FORMAK1HOrf4,1.41,T11,A8rT21,10(2X.rI4)). 	 •H •FIRSTL:.FALSE. 
• GO JO 13 

C CHECK  FUR  END OF PAGE - 
NpAGE= ,-jPM,E4-1. 
IF(NPA(;L.LE,.LPILS) GO TU '12 
NPAE=7 
.viRIT(IPRIN f 99) 
GO-TO 
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C. W RI T E  ONLY ADJACENT ARCS 
12 	WRITE(IFRIN,101) INCARC 
101 	FORmAT(1H ?T21 1, 10ç2Xp14)) 
13 	NUMIJ=0 
15 

IF(NU1B,E(00) CO 10 25 

C CHECK FOR END OF PAGE 
NPAGE=NPAGE+2 
IF(NPAGELE„LINES)GO TO 17 
NPAGE=/ 
WRITE(IPRINp99) 

C WRITE REMAINING ADJACENT ARCS 	. 
1/ 	IF(,POT.FIRSTL) GO TO. 16 
C 	'RITE  ONLY Of-.» FULL LINE 

ifi-Zi(E(IPRIN?1Y)0) NEXT,DTRAN(IbSi(5)+I-1)0(INOARC(J)pJzIoNUMb) 
GO TO 25 

C hRITE LAST PARTIAL LINE' 
16 	WNITE(PPRINp1.01) (INCARCW)pJ=19NUMB) 

55 	COMUNUE 

C WRITE FINAL MESSAGE 
30 	- NPAL, E=NPAGE+6 

IF(NPAGE.LE.LINES) GO TO 32 
. WRITE(IPRIN,102) 'COUNT 

102
O

'- ORHATÇ1H1,'END OF NODE DATA  REPORT//1X169!. NODES LISTED 1 ) 
'G 	10 .54 

32 	.WRITE(IPRIN 103) 'COUNT 
103 • FORMAI(///l i END OF NODE DATA REPORTW1XpI6ot NUDES LISTED!) 
34 	'REToRN 

END 
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Ç 	AND RAT 	(;!NLAT: 	. 

SUBUOLAIL D'.WRIP(IULOpIDMIÎIOU;LUtIVLShi,PATHL) 
C - IRANSFER Ai,LA 	DISK HiMILiq 

OOmMON/AFLR/IIRANOC) . 000) 
INTLGLP2 I1TRAN(2000) 	- 
EUUIVALENCECIrRANM e IHTRÀNU)) 

C TAULE OF CUNIEP1TS DATA FROM DISK HANDLER 
COMMON /I OC/ mAXENT(5)ŸISNHI(1 0 , 5 )pTYDAT(10,3,5) 
INTEGER*2 TYDAT 
DATA LNXFLR,NOPBYreNPABYT/64000,14,24/ 

C 
C DISK HANDLER ARGuMENTS • 

C ARC DATA IN 
• DIMENSION ARCIN(10)pK8TARO(10) 

EUGICAL*4 ARCIN 
DATA APCIN/DTUE 0 F 9** FALSE0/ 

C NODE DATA IN 

. DIMENSION NODIN(10)eKSTNOD(10) 
LOGICAL4, 4 NOOIN 
DATA NODIN/,TRUE e p q FAESE 2 P 9 TRUE 9 07*,FALSE./ 

C- 
C 	QI)  DATA IN 

DIMENSICIN ODIN(10),KST0D(10) 
LOGICAL*4 ODIN 
DATA ODIN/,FAESE, F 3*. 9 TRUE,e6* e FALSE Q / 

C .  OD LAsr PATH IN 
DIMENSION PODIN(1))eKSTPOD(10) 
LOGICAL*4›PODIN 
DATA POOIN/5*.FAISE. r .TRUE.,4*.FALSE 9 / 

	

_ 	. 

C PATH DATA  IN  
DIMENSIU',  PATIN(10),KSTPAT(10) 
LOG1CAL*4 PATIN 

- 	DATA PATIN/9*.TRUE.,,FAESE0/ 
DIMENSION ISNARC(6) 

• 
— DIMENSION IBST(lb) 

INTEGER BOOISN 
_O.GICAL*4 PA1H 
)ATA IfrUNC,LINES F ICOUNTrIPRIN/4,50r0,3/ 
DATA ISPACE:FMOSFAC/! !p!.0/ 	• 
DATA NPAGE/5/ 
nAXARC=ISNHI(1,1) 
MAXNOD=ISNHI(1,2) 
.1-1»CiDmISNHI(14) 
MAXRAjeI3NHI(I,5) 

C. COMPUTE STARIING ADDRESSES  FOR  DATA TRANSFER AREAS 

C •NODE - EXTERNAL.ID. 	 tr, 
iUST(1)•=1. • 

• NEXADeIb -ST(1)+MAXNOD 
C 
C 	NODE  LAS[ DU  15:,;$ 

IBST(2).;:NEXAD 
.NEXAD=NEXAAXNOD 

C . 
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• C 

'ARC 'EXTERNAL ID- 
Ij3ST .(5)=-NEXAD 
NOAD=NEXAD+MAXARC - 

ALLOCATE FEMAINDER BETv4EEN O (3  AND PATH BATCHES. 
• KRATIO=MAXPAT/MAXOD 

MAXB0ur(LNXFER2*NEXAD+4)/(NODBYT+KRAII0*-NPA5YT) 
MAX130D=MINO(MAXDODFMAX00) 
MAXi3P=(LNXFER-2*NEXAD“—NODBYTerMAX-B0D)INPABYT - 
MAXbPzMINO(MAXBP,MAXPAT) 

C 
C OD DESTINATION NODE-. 1SNS 

. IBST(4)=NEXAD 
Ni-XAD=EXAD+MAXDOU 

C PATH ARC 15N 
' 	DO 5 I=p10 

IbST(1)=NEXAD 
5 	1EXAD=EXAD4-MAxep• 
C C0M\4ERf 10 4—i3YTE ADDRESS 

NEXADr-NEXAD/24-1 
C OD TOTAL DEMAND 

• IBSKII)=NExAD 
\EXADzf'1EXAD-FMAXbOD 

C OD ,-NSAT1S#-IED DEMAND 
1bS1(12)=NEx" 
NEXAD=NLXAD+MAXBOD 

C OD LAST VATH ISN5 
_ IBST(13)=NEXAD 

NEXAD=NEXAD+MAXBOD+4 
PATH COST 1 	' IBST(14)=NExAD 

• H NEXAD=NLXAD+MAXBP 
C PATH COST 2 • 

PBST(15)=NEXAD 
NEXADe.NEXAD+MAXE5P. 

PATH FLül 
IBS1(1b)=NEXAD 

c 

c 

C P LACE. STARTING ADDRESSES 
15 	KSTARC(1)=IBS1(3) 	- 

KSTNOD(1)=IBST(1) 
KSINOD(3)=-IB5T(2) 

. KST0D(2)=IBST(4) 
' KSIOD(3)=IBST(11) 
'KSTOD(4)=1BST(12) 
KSTPOD(ô)=IBST(13 

• KSTP4f(1)=IBST(14) 
•KSTPAT(2')=ICS -1(15) 
DO 12 J3,8 • 

12 	KSTijAi(I)=IbST(I+2) 
KS1!-'11T.(V)=ILIST(15) 

C INPUT 	tL 	ATA 	• 
• li-NI=1 
-cALL 1,SHANCIFUNC,IENTe 

INPUT, .;i1);..E DATA 
• IEhi=2 

CALL,D.Sm“IFUNC,IENT, 

IN ARRAYS 

01  

ARCIN,KSIARC,1,MAXARC.) 

N0 u lnrKSINuD,1 f mAXN0 D ) 

(3ETER 1 1E 	OF 'VARIOUS LI.MITS 
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I3DLu=1 

• Du 	j=1,mAXNOU 
4 t» 	IhT AN (IBST (1)+1-1) 
IF ( -4ODIDGET.IDLO) ISuLul1• 

• IF(NODID.LE;IUHI) ISNUHI=I 
IFU-40DID.LT.IDESLO) ISNDLO=P-1 
IF(NOuI0pLE,I .DESHI) ISNDHI:1 	• 

16 	CONTIiqUE 
• 

C kRITE REFORT HEADING 
IF(.NuT.PATHL) 	WRITE(IPRINe 9 8) 
IF(PAIHL) WRITE(IRRIN 1, 99) 

98 • 	FORA4(1HicT25;YORIGIN-DESTINATION REPORT/1H oT250!-------------- 
1- ------- 	1XpTiptORIGIN DESTIW,T23r/DEMANDrff36p 1 P.ATH FLOef 

• UNS 2epTb2,‘COSTI ,  T66 ?CW'T2 1 /71X T4 INUDEleT12p!NODE!fT2OpITOTAL ifO . 	.PP 
3A1 l eT3 8 ,,1 10TALIgT52f l iOlAUFTb6_, 1 10TAL!) 

99 	FuRmAT(1HipT3dr1 ORLGIN-DESTINATION/PATH REPORT'/1H I 38 ; 1---------  
• 1 ------- --------------!// 1X,Tir'ORIGIN DLSTINIFT23;!DEMAND!çf36 
• 2 1 PAiH FLOWt,152ptCOSTP9.166£ 1 COSTV 9.[90p'ARCSWIX;T4k 1 NODE f 

3 Tre1 , 1 kODELPT 2 0P 9 TOTAL UNSATp7502ÎUNIT TOTALI,Tei4puUNIT 	TOIAL1 . , 	• 
4T90, 1 uSEP). 

- C DETERINF. iSN OF FIRST.00 PAIR REQUIRED 
17 	IODISNel 

Ii-(ISNOL0'4GT e 1) "I0DISN=IHTRAN(IBST(2)+ISNOL0-2).4-1 

DETERmINE ISN  o LASI OD. PAIR REQUIRED 
LODI3NzIHTRAq(IBST(2)+1,5NOHI ,-1) 
(3DDISN=LODISN 	 • 

-C DETERMINE ISN OF LAST OD'PAIR IN BATCH 
.IFCtiODI:3N-IODISN.GT 9 MAXBOD) BODIBK=IODISN+MAXBOU 

C" READ BATCH  OF QD DATA 
• 21 	IEN1=.4 

CALL uSKHAN(IFUNCtIENT,ODINFKSTODtIODISNyBODISN 

C READ OD LAST PATM ISN'S 
IPISNel 
IF(1001N,GE q l) IPISN=IODISN*1 
LPISM=b0DISN 
CALL DSKHAN(IFUNC F IENTfPODIMrKSTPODiIPISN,LPISN) 

C DETERMINE FIRST  AND  LAST PATHS IN BATCH 
IF(IODISN.GT.1) IPISNzITRAN(IBST(13))+1 

22 	LPISNzI1RANCIE.IST(1,1)0DISN°I0DISN). 

C COFiRECT LAST OD'ISN AS REQUIRED TO HOLD 
>c ALL PA1H DATA FOR CURRENT OD BATCH 
23 - 	IF(LPISN-IPISN.LE,MAXBP) Ga TU 24 

BoDiSN=DODISN-1 
IF(cODIN,GT.IDDI8N),G0 TO'22 

. • 	len:diE (IPRIN,999) LNXFER 	• 
999 . FORdAi(//// r 1  TRANSFER AREA -!'f187/1XplINSUFFICIENT FOR PATH DATA; 

1/74,esp'INCREASE TRANSFER AREAW1X 7 1 00 REPORT ABURTED') 
•  

2A 
C ,READ PA i:1  DA IA FUR  CURRENT BATCH 

• Ç,',LL. ij5MIANCIFUNC,IENI,PATIN;KSTPAIrIPISN,LPISN) 
C 	LOOP ,  
25 	Dr.) 	ISU,G=IDDISNri.30DISN 

ul 
a›. 
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. 	 . 	. 	_ 

IsADE:IHTRAN(IU‘73-i(4)41sNoD=IODISn) 
C CHECK IF CURRENT NODE IS WITHIN DESIRED RANGE 

• iF(ISkUES.LToISNDLO) GO TO 39 
IF(ISDES,LE.ISNDHI) GO TO 28 
ISNUD=IHTRANCIBS1(2)+ISN0D°1) 
GO  TO 39 

C CHECK f-OR END OF PAGE 
28 	NpAGET.NpAGE+2 

I 1-(NPAGE0LE0LINES)O0 TO 26 
NPAGE=7 
IP(Nür,PATHL), WRITE(IFRINP98) 
IF(PATHL) WRI1E(IPRINp99) 

. 	C 	"yi RITE  op INF. () 
26 	Ier.IHISANUBST(4)+I3NO1)-IODIsN) 

WRITE(IPR1Np100) IHTRAN(IUST(1)+ISNOLO-1)FINTRAN(I8ST(1)+IALS - 1)p 
IITRAN“bSU11)+I5NOD-IODI5N),ITRAN(IBST(12)+I3NOD-IOUISN) 

1 k;0 	FURMAICIHv,,[4:,I4,T12,14,T20 0 I4,127,1.4) 
IcOuNT=iCUUN7+1 

: C. SET UP VARIAbLES IO LOOP ON PATHS • 
2/ 	MFLUw=0 

MCUST1=0 
MCObT2= 
IcN1PL=NOSPAC 
IpNzi 
IF(ISOD.GT01) IPN=ITRAN(113ST(13)+ISNOD-IUDISN-1)+1 
LPN=ITRAN(IB5T(/3)+ISNOD-I0OISN) 

CHECK IF PATH DArA EXISTS - 
. IF(LPN.GT.IPN) GO TO 29 ' 

WRITE(IPRINp101) 	" 
1 ,0 • . 	FORmAT(1H+,1-3 -/eINO. 	PATHS) 

GO 10 39- 	• 
C LOOP  ON  PAIHS 
29 	DO  3 3 ISNP=IPN r LPN 

. CALCULATE F..LONS  AL  COSTS 	• 
- IPNO=ISNP-IPN.4-1 
.IFLO'fq=I 1 RAN(I 135 T(16)+ISNP-i.IPI 5 N) 
ICOSTI=ITRANCI8ST(141+ISNP-IPISN) 
IL0:3T2=1TRAN(1BST(16)+ISNP-IPISN) 

C 	• 	• 
C cALCuLATE pATH COSTS 

• NCOS11=1COST1*IFLOW 
NCOST2=ICOST2*IFL0W 

ACCUmULA1E FL0e45 AND COSTS 
4LUW=MhL0W+TFLOW ' 
.MCOST1:MCO5T1+NCOST1 
mco3T2=mCoST2-1-NC0T2 	• 

C  IF  NO PATH DATA REQUIRES SKIP-NEXT SECTION 	. 
•IF(.NOT.PATn) GO TO 33 

C• LOMPUTE .ARC EXTERNAL ID'S 	. 
DO 31 1=1,6 

• . 	jAD=IHTI;A1'J(iBST(I+4)4.ISNP-, IPISN) 	. 	 • P 
IF(3AUnEQ.0) GO TO JO 	 (71S.
IFCUAU.LT ,O) JAL)=-JAD 

3 • 	' L3NL(1)e,IHTRAN(IBST(3)+J4P'1) 
LO=C 7-1-1 

C 	CHEC:t ;- (J !: LNù  OF  PAGE 

• Zi LiP4r.J._,,LEL:111..5)GO TO :32 • 

z 
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WK TEÇIPRIN,99) 

G nRIJE OD INFO FOR NE 'f4 PAGE 
KR.IIE(IPR1Np100) IHTRANCIBST(1)+ISNOLO-1)eIhTRAN(IBST(1)+1A›-W e 

 IITRAN(IhSiC11)4- ISNODIODISN)pITRAN(I8ST(12)4.ISNOO—IODISN) 
IGNIRLzHOSPAC 

(: 	REPORT LINE • 
•32 

	

	..,iRITE(JPR1N,102) IONTRUelPNUFIFLO4' ,IpICOSTIeNCOSTIFICUST2pNLOST2i • 
l(SSNARC(I)e1=1,LARC) • 

. 	102 	FORHAT(AifT3 7 ,, I2ÎT 4 2pI4FT5OpI3FT56pI4rT64,13,1 - 70FI4pTi7 r 6OX F I4)) 
IGNTRLmISPACE 

33 	CONTINUE 
-C END or ALL PAThS FOR CURRENT OD PAIR 

IF(OUTPATHL) GO TO 34 	• • 
C CHECK FOR END OF PAGE 

NPAGE=NNAGE+3 
IF(NPAGEt,LE.LINES) GO TO 35 
NPAGEz9 

- WRITE(IPRINF.99) 
W-UrE(IJRIN,100) IHTRAN(IBST(1)+ISNOLO.-1),IHTRANCIBST(1)+IAD- , 1) e 

 IITRANIBS1(11)+i.SNOD—IODISN);ITRAN(IBST(12)+ISNOD-10DIS.N) 
35 	WRITE(IPRINp104) MFE0WTMC0SUFMGOST2 

GO 1- 0 ,  39. 
. • 	• 	34 	nHITE(IPRIN,103) MFLWeiFMCOST1FMCO5T2 	• 

103 	FORMAi(1H -Fo[37',16pTb1p16,165rI6) 
104 	FORMAI(lhOfT3Of 7 TOTALS 1. 9T40e16fT54p16 e T68,16//) • 
C NEXT okiiiIm NODE. 
39 	.1F(INTRAN(IUST(2)+ISNOLO-1.)0LE0.1SNOD) ISNULU=ISNOLO+1 
C• DONE ALL ORIGIN  NOUE  S INREOUESIEDSANGL?• 

. IF(ISNOLO.GT.ISNOHI) GO TO 50 
40 	CONTINUE 
45 	IFUODISN.(;E.LODISN) GO TO 50 
C CALCULATE "NEvi iSN!S FOR NEXT OD CATCH 

IODISN:000ISN+1 
BOOISNmMINO(BODISN+MAXBOD e LODISN) 

C READ NEXT 5ATCH 
• • • 	GO 	10 21 • 
C FINAL WRITE 

'50 	NPAGE=NFAGE+6 
IF(NPAGEqLE.LINES) GO TO 51 
WRITEÇIPRIN,105) ICOUNT 

• 105 • FOR1A1(1h1e 1 END OF ORIGIN—DESTINATION REPORT1/71XFI6p 
• 1 1  00 PAIRS LISTED!) 

GO TO 52 
51 	WRIÏE(IPRIN,106) 'COUNT 
106 	FORHAT(//11. 'END OF ORIGIN—DESTINATION REPORT 1 //lXr1.3e 

1! OD _PAIRS LISTED!) 
52 	RETURN 	,• 

END 
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“.. 	 . 	 . 	 . 
//LiiRAPP JOU HC2741B2gIFT roLoRlosGLEvELmIpcuus..o - 
/, axLc ruiuGcLupPARmafuRT= , NosouRcE,NomAPI,REGIoN,Go=140is 	- 
//FORr0SY:i1N 	DU -* 
C LOHER APPROACH ROUTINE 	ALLOCATES FLOWS TO BEST PATHS- IN PROPORTION 
C TO UNSATISFIED DEMAND .(HEURISTIC) 
C USES DISK HANDLING SUBROUTINE DSKHAN 	. • .- 
C 
C TRANSFER ,  AREA 7 OR DISE  HANDLER 

COMMON /.,XFE/ ITRAN(120000) 
INTEGERqt2 IHTRAN(320001 	• 
EQUIVALENCE OTRAN(1)-f HTRAN(1))- 
DATA LNXFERfNODB/TfNPABYT/64000fSf20/ 

C THESE LAST THREE VALUES GIVE LENGTH OF TRANSFER AREA IN .BYTES, 
C .BYTES NEEDED PER 00 IN COREf AND -Bruis NEEDED PER PATH IN CORE 

C TAULE OF CONTENTS RECORD 
. 	COMMON /TOC/ MAXENT(5)DISNHI(1),TYDAT(10,305) 

.INTEGER*2 TYDAT 
C 
C DISK HANDLER ARGUMENTS • 
C 	ARC DATA IN AND OUT 

DIMENSION TYPES(10) fKSTART(10) 	. • 	• 
LOGICAL*4 TYPES 	• 
DATA TYPES/b .h.FALSE 9 9,TRUE8F3*,,FALSE9/ 

C 	OU DA[A•IN AND OUT 
DIMENSION TODINUO)FTODOUT(10),KSTOU(10) 
LOGICAL*4TODINO0000T 
DATA  TODIN/J*9rALSE 9 f 9-TRUEleeFALSETROE90 
DATA  TO,)OUT/3*,FALSE, f9 TROL e f 6*- q FALJE,/ 
PATH DATA IN AND  OUT 
DIMENSION  TRAIN00)9TPAOUT(10),KSTPAT(10) . 

 LOGICAL*4 TPAINf TPAOUT 	• 
DATA TPAIN/9 919TROE.f 9 FALSEe/ 
DATA TPAOUT/8* g FALSE g f9TRUE2feFALSE,/ 

C ARC K/RK AREAS 
DIMENSION MARFL(1000)fLAD3UM(1000) 
1NTEGER*2 MARFL 	• 

C BEST PArH INDICES FOR OD!S 
INTEGER*2 INOBSP(10000) 

C OTHER . 
DIMENSION IBST(11) 

- C INPUT AND OUTPUT 
DATA.INCDpIPRIN/1173/ 
DATA ITEST/0/ 

C ITEST SHOULD B-E. wuR DEVELOPMENTf 0 FOR PRODUCTION 

C INITIALIZE DISK HANDLER 
IFONC 	1 	ITFST 

. . 	CALL DSKHAN(IFONC,IENT,TYPES,KSTART,I3NIfISN2) 	• 
MAXARC = 1SNHI(ipi) 
MAxOD = ISNHI(1p)• 
MAxPA I5Nhi(ipp). 

C COMPUTE STARTING ADDRESSES FOR DATA TRANSFER AREA 
ARC RESIDUAL CAPACITIES 
IBST(1) 	1 
NEXAD 	IBST(1) 	MAXARC 

C 	ALLOCATE REMAINDER BETWEEN OD AND PATH BATCHES 
KRATIO = •MAXPA/MAXOD 

*iFALSE./ 
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--""-i.CÂ-KïIùTr;-TL7Ï5q:ïq-z,re;'îTË7( -K5-47Z)-7-5-01n Kfrerri:i4VFA-BY117---  q, o . 	miNo(mAxBoo,mAxQD). . 	m A x6p 	(LNxt7 E-4*NExAD-4-4:-.NODBYT*.MAXBoD)/NPABYT 
mAxbp 	mIN0(mAXBP,MAxPA) 

C -.7' ADDRESS OF OD UNSATISFIED DEMANDS \ 
IBST(2) m NEXAD 
MEXAD m NEXAD 	MAXBOD 

C 	PATH COSTS AND RoUTED FL(»qS . 	• 
• Do 1 1=3,4 

IbST(I) 	NEXAD- 
1 	NEXAD m NEXAD 	MAXBP' 
C 

	

	OD LAST PATH ISNIS 
IBST(b) = NEXAD 
•NEXAD m NExAD 	MAXB00 

c 

	

	CuNvERT 1'0 2-UYIE ADDRESS 
,NEX -ADNEXAD*2 - 1 

C 	PAro Af-TC 1SN ADDRESSES 
• Du 2 Imtiell 

IbSf(0 7 NEXAD 
2 	NEXAD m NEXAD 	MAXBP 	• 
C pLACE STARTING ADDRESSES IN ARRAYS FOR DISK HANDLER. 

KSI0DÇ1) m U§T(?). 
KSIO00) m IboT(D) 

.DO 3 138  
3 	KSTPAT(I) 	IBsT(1.1-3). 

KSTPAT(9) m.I13S1(4) 
K3TART(7) n IBST(1) 

C READ INDEX (1. OR 2) OF PATH COST FUNCTION AND SET -DISK HANDLER 
C ARGUNENTS ACCORDINGLY FOR PATH DATA 

READ-(1NCD?1001) INDEX 
1001 	FORMAT(I1) 

INDEX - MAX0(1QMIN0(2,INDEX) 
WRITE.(IPRINp-5 00I) INDEX 3001 FORNAF( 1 0LOwER APPROACH 	PATH COST 	TO bE USED 1 ) 
KsTPAL(INDEX) m 18r(3) 
TPAIN( 3,-INDEX) m 9 FALsE 9  

C READ ARC RESIDUAL CAPACITIES VIA DISK HANDLER 
IFUNC 	4 	ITEST 
IENT - 1 
CALL 58KHAN(IFUNcpIENTpTYpES,KSTART,1,MAXARO 

C INITIALIZE FINISHED -OD COUNT, INITIAL PASS SWITCH 

ne= 0 
KIPSW n 0 

C BEGIN A NEW ITERATION 
-- ZERO ARC SUHS , 

100 	PO .  101 Igl o mAXARC 	, 

E2VPM 	IN iiATcH 
k5gY GD ° ISN IN BATCH 

C 	Li.M S D = IàN IN.BATCH 
LuDISN = MAXSOD 

f1A1CIL  OF  QaAALALS&N LIIL  
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I 
OD 

TO CURRENT CANDIDATE KPOD 

102 	IFUNC = 4 	ITEST 
IENT 7.z. 4 
CALL OSKHANCIFUNCeIENT0TODINpKSTOD0IODISNeLODISN) 

C DETERMINE LAST OD FOR WHICH ALL PATHS CAN BE ACCOMODATED 
C 	DETERMINE FIRST AND LAST PATHS IN BATCH 

IPISN 	LPISN 4,  1 
. 	• IAD.0 IBST(5) 	LODISN 	IODISN 
• 	DO 103 1010MAXB0D 

IF “TRAN(XAD)LPISN,LE9MAXUP) GO TO .104 . 
103 	IAD 

STOP 1 
104' 	LPISN 0 ITRAN(IAD) 
C 	CORRECTED LAST.00 ISN IN BATCH FOLLOWS . 

LODISN 	IADr.IBST(5) ,q0DISN 	• 	. 

C SET CURRENT OD - TO fIRST IN BATCH • 
ISNOD 0 IODISN 

C READ BATCH OF PATH DATA CORRESPONDING TO OD BATCH VIA.OSKHAN 

	

' 	F)alAN(IFUNCpIENToTPAIN,KSTPATo IPISN LPISN) 

C DETERMINE FIRST PATH ISN FOR CURRENT OD 

	

105 	IF (ISNOD 2 EU 9 IODISN) GO TO 10b 	. 
IAD 0 I6ST(5) 	ISNOD 	IODISN 
IPOD 	ITRAN(IAD1) 4. 1 

.G0 Ig 	 . . 	. 
Î06 ”  UP U  

dis )aATCH 

IPOD 	IPISN 

C ANY PATHS FOR CURRENT' OD? --" • 

	

107 	IF (ITRAN(IAD) 9 GE R IPOD) GO TO 110 
C ,,N0 o •GET NEW OD AND IF FIRST PASS - ADD TO FINISHED.OD COUNT 

IF (KIPSW) 300p30(4700 

C IS THIS  THE INITIAL  PASS? 

	

110 	IF (KTPSW9NE90) GO TO 200 

C .  FIRST- ITERATION. INITIALIZE -BEST PATH- INDEX FOR - 01)::1--- 
INDBSP(ISNOD) 	ul- 

C IF NO UNSATISFIED DEMAND FOR  OU,  INCREMENT FINISH COUNT  AND  NEW OCI 

fraTIUM S  :LipU D  G3 IODISN 

C DETERMINE CHEAPEST PATH FOR CURRENT 
IAD 	I3ST(5) 	ISNOD 	IODISN 
KPOD. 0 IPOD 
JAD 	I8ST(3) 	KPOD 	IPISN 

C sET BEST PATH INDEX FOR OD TO POINT 
- 108 	INDBSP(ISNOD) 	KPOD 	IPOD 

109 	. 	
Sr0

IF (KtJOD 	
I 

.GE 9 Ii- RAN(IAD)) GO TO 400. 
ni3 	URANIJAD 

o Kin 	Kfzum 
JAL) 	JAD 	1 
IF (ITRAN(JAD)-, KBSCOS) 108,1094109 

II 	C CHECK IF ANY ARCS OF CHOSEN PATH HAVE ZERO CAPAC/TY (FIRST PASS) 
	 QR  ARE  FLAGup - ou6sEouT ITERATIONS2 	 .--------- 
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4 .00 	JDIFF-7e KPOO " IPISN 
Do 4 0 I tr.Q.all 

• JAD :. IbSicli 4- JDIFF 
' 	KARC m IHTRAN(JAD) 

. 	IF (KARC0EQ 2 0) GO  TU  (a00 	. 	. 
KARC m IABS(KARC) 

•
• 
 -,, FIRST PASS, CHECK CAPACITY 	 . 

- 	.KAD el IBST(1) + KARC
• 

. 

IF (ITRANCKAD),LEDOY GO TO 500- • 	
. 	. 

fF (KIP8w.Eu 9 0à GO -TO 40.1, 
Ç SUbSEOUEMT ITERATIONS(' CHECK FLAGGING 	. 	• 

IF (M'ARFL(KARC) .GE.MARFLG) GO TO 500 
'WI 	CONTINUE 
C  pATH OK, GO ON TO DEMAND SUM EVALUATIONS 

-, 	• GO TO 600 

•
C. 	• 	 . .c.: 	FIND NEXT NORE COSTLY P AI.H Al-TER INDEXED ONE, 'e1HICh IS BLOCKLD : 
5o 0 	KPASV -71 INDSSP(ISMOD) -?' IPOD 

' jAD = lbsi(j) + KPASV " IPISN 	. 
•. 	KBSCSV m ITRA(4AD) 	 5 . 	. 
£ 	STAKI  LOUP  OM PAIHS FOR 0D' . 	.., .. 	.. 

IAD m IBSI(5) 4,  ISMOD 	ODISN- 	• 	
. 

KOD m ITRAN“A11 
C CHECK FOR UNUSED PATHS HAVING SAME COST AS BEFORE- 	•• 	. 	: 

KPOD 17. KPASV + 1 
507 	/NDBSP(ISNOD) = INDBSP(ISNOD) 4.  1 	

. . 

IF (KPOD,GT,KEND) GO TO 506 	. 	. , 
JAD m lusT(-3) -b KPOD - IPISN 	 . . , 	. 
IF (ITRAN-(JAD) 9 E0 s! KbSOSV) GO. TO 400 

	

KPOD'm KPOD+1 	 _ 
GO TO 507 	 . 

. C 	CHECK FOR NEXT BEST UNUSED PATH  •• 	•. . 
506 	KPOD - m 0 • 	 . 	. 

LBSCS m 10.**9 	 • 

• • 	LPOD = IPOD 	• 	' 	. t 	 e 

I 

j A 0 '7;  ÎOST(3) 4- IPOD - IPI•N 	• 
509 	IF (ITRAN(JAO) g LE.KBSCSV) GO TO 508 : 	. 
• • IF (ITRAN .(JAD)GELBScS) GO TO 508 	5 	. 

LbSCS m ITRAN(AO) 	 . 
KPOD._; LPOD 
INDBSP(XSNOD) m KPOD 	IPOD 	. 	. 

- - 508 	LPOD !: LPOp+1 
IF (LPOD,,GT 9 KEND) GO TO . 505 	. 	_ 

• JAD 1.• JA0+1 	• 	55  
GO TO 509 	• 	

. 

C' WAS  ANOTHER PAT.H FOUND? IF 80 9  GO BACK TO COMMON TEST FOR BLOCKAGE 
505 	IF (KPOD)  3 w093000400 
C sUBSEQOENT ITERATIONp CHECK IF OD IS FINISHED 

•

• 	• 	• 
200 	IF (INDBSP(ISMOD1 9 LTQ 0) GO TO 700 	• 	. 	. 

 C• 	 . 

- Ç CoMPuTL NEvi FLOW THROUGH PATH-AS FUNCTION OF SATISFACTION FACTOR 
• -IAD m IBST_(2) + ISNOD 7 IODISN 	 • 
NuFLO m SATFAC*ITRAN(IAD) • 

E.  IF .NEW FLO'ei 1n10TPOSITIVEe TRY ANOTHER PATH NEXT ITERATION 
..IF (MUFLO9LE90) GO TO 500 

• C SUBTRACT NEW FL0ei FROM UNSATISFIED DEMAND  FOR GO  
• ITRANCIAD) 	ITRAN(IAD) 	NOFLO 

•_,.C._.„A. 1) P._11.1 1,0M..-T.Q.-ELOW—ILIR.O.UGH PATH 
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PhiN: (3aT ( VI :likWg0) 	NUFLO 
C sOOTRAcT NEW FLOH FROM RESIDUAL CAPACTTY OF EACH-ARC OW.PATH 

Do 202 I=6 e 11 
JAD = IBST(0 	JDIFF 	• 
K ARC  e 10TRAN(JAD) 
IF (KARc,,E0,0) Go TO 2 0 3 
KARL 	IABS(KARc) 
Km) -;lbST(1) 4- KARc - 1 
ITRA'N(KAD) = ITRAN(KAD) 	NUFLO 

202 	CONTINUE 
, c 	• 
u hAs uNsArIsFIED DEmANO  FUR Ou BEEN REDUCED P.)  

203 	IF (IFRAN(IAD)Eoi;0) GO ju 300 . 	- 

E 	
. 

C CHECK If pArH Is LIK  Fa  R NEXT ITERATIoN 
KM) = iNubSP(IsNuD) 	IPOD 
Go To 400 	, 

ADD uNsATIsFIED DEFIAND FoR'OD TO DEMAND SUM FOR EAcH ARC OK_ 
• C INDExED PATH 

600. 	JDIFF 	KPOD 	IPISN .- 
IAD = ISN0D 	IODISN 	IBsT(2) 
KDEN 	ITRAN(IAD) 
Do 601 ,  le6p11 

',JAD 	JDTFF 
KARç 	IFITAM(JADY 
IF ÇKARcpEO 9 0) op TO 700 

• KARQ e TABS(KARC) . 	. 
LAD0UM(RARC) m LADSUMOARC) 4- KDEM 	. , 	. 

601 	CUtITINOE 
C READY FoR NEXT OD IN BATCH 

,G0 To 700 
C 
C pRucESsING OF A NEwLY FINISHED op 

300 	KirOD 
C 	JMGREmEq TWIS.10 OD COUNT 

C 	-. REsET BEM' PATH INDEX FOR  OD 
INDBsP(ISN0D) = 	. 

C 
C ADVANCE TO NEXT op IN.BATCW . 

 700 	ISMOD 	ISNOD 	1 - 

E  DoNE ALL 00 IN BATcH? 
IF (ISNODqLE9LO0ISN) GO TO 105 

IF SO, STORE UNSATISFIED DEMANDS . FOR OD1 S IN BATCH VIA DSKhAN 
IFUNC e 3 -b ITEST 
IENT - 4 
CALL 5SKHAN(IFUNCpIENT,TODOUT,KST00pIODISN,LODISN) 	. 

• 
STORE ROOTED FLOtiS FOR PATHS IN BATCH 	» 	- 

IENT m 5 
CALL DSKHANCIFUNC e IENTpTPAQUTD.KSTPATpIPISNeLPISNY 

C IF ALL ODIS NOT YET PASSED, SET FIRST ANO LAST ISNIS FOR NEXT BATCH 
IF (LODISN.GE.MAXOD) GO TO  7 01 
IODISN m LODISN 	1 
QP :0 1\ 	(1,99..1.P N+NABP Pi MA XOD 
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11 	

, 

.0 OFF TC- READ MEXT-BATCa 	
.,. 	_ ., 	— 

GO TO 102 

11 	• C PREPARE FOR NEW ITERATION IF NECESSARY 	. 	. 	. 	. 
C 

.. 	701 	KIPSW 17. 1 
.• 	C 	' 

 HAVE 
_Ali.L ODeS.BEq FINISHED? 	_ 

IF 	KTFUD,,GE.N XOU) GO TO 703 
. 	C 	

, 

C DETERMINE SATISFACTION FACTOR FOR NEXT ITERATION_  

1/ 	• . 

	• 	SATFAC 
NARFLG 
J LI I6ST(1) 	

. 

DO /0 .2 1-.7.9MAXAR,C 	,. 
C INITIALIZE ARC FLAGGING 

NARFL(I) m 0 	 . 
• C COMPUTE FACTOR  FUR  ACTIVE ARCS 

. 	IF (LADSUN(1).E000OR.ITRAN(j).EU.0) GO TO 702 : 
• SATTES F. FLUAI(ITRAN(J))/FLOAJ(LA)SUM(I)) 	• ',-.- 	- 	,. 	: 

. 	. XF,ASATTESTFAC) 	p e  
11. 	,» 	/04 	

- 
rAFAC ....: SAI 	

7047Ob702 
ES, 

• C FLAG An id iJHU IFI F YLI 1%E. EXHAUSTED IN NEXT ITERATION 
705 	MARFLU) ...--' MARFLG 

. C 	NEXT  ARC 	, 
- 702 	.1 7.: .14-1 

C* ********************************.**************** -******************** 

mIL0SNHI(l.5)1 - + 	i, 
IL.0=1BS14) 
IHI • 	. . 
WRITEOP IN,1005) (ITRAN(I),I=ILO,IHI) 

. 

 .. 

• • 100b 	FORNAi( 1 0PATH FLOVIST1/0 tp20I6)) 	•..  

	

U • .. 	C - 
• • 	..  , ,) ., 	. c****************.**************************,*******.***********.******** 
- . 	- 	714 	ITfRITER+1 	. 	. , 

	

- . 	•C 	OFF. TO READ FIRST BATCH OF.NEWITERATION, 	- 	. : . 	, 

' 	GO TO 100 	 . 	 , 

C viIND UP PROGRAM 	STORE ARC RESIDUAL CAPACITIES .VIA: DISK HANDLER 
-› IT ES3 	 

1 

a 

c 	• • • 

11 	• 	C  
C THIS SECTION FOR DEBUGGING PURPOSES ONLY 
C 	• 

. 	• 	C 
IF (ITEST.EG q 0) GO TO.714 	_ 
WRITE(IPRIN,1006) ITERgKTFOD 	• 

1006 FORNATOOITERATION N...0 '9I4/!OFINISHED  CD  COUNTHeI4) .  - 
ILO=IBST() 	 .  I IHmI40+ b1(1/1)-, 1 	. 

d WKIT 	M EkIPIIN y  002) (ITRANeILOeIHI) 
1002 fORMATOORES DUAL ARCSW(",20I0)). - 	. 	' • . 

ILOmIBST(2) 	- 	 . 	. 
IFIXIL0 4. ISNHI(Ip4)1 
wKIrECIPRIN,100 -3) (ITRAN(I)oleILO,IHI? 	. 

	

_ 100J FORMAT('OROIDUAL OD BENANDS1//( 1  '02016)) 	. 
IL0=1 	 _ 
IHI=iSNHI(19 4 ) 
V4RITEiIPRIN e 1Q04) - (INDBSP(I)/I 7.1 ILOÊIHI) 

ioo4 FOmmAr(tOpoINIERs To BEST PArHs1//0 1,2016)) — .: 

1. 
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IENT = 1 
CALL USKHAN(IFUI4CFIENTPrYPES,KSTAKT:1,MAXARC) 

C NOTIFY USER OF rERMINATION 
WRITE(IPR1Nf3002) 

3002 FURNATPOLOER APPROACH 	PROCESSING COMPLETE!')  
SfOP 
EPP . 

//LKEDRL- 113 OD.  OSN=1- AYLORP1339()66.9 RDSEP74 * UO Ç;RLIB,DISP=oLD 0  
7/ umum:014/V0L=SER=U301 
//LKEDQSYSIN DO * 
INCLUDE KL19(HANOLLR) 
//GUiphT08F1 DO DSNiAYLOR.P73 ,5966ROSEP74,UO.NUURSEFDISPF4OLDo 
// UNIT=2314/VOLzSER=USEW01 
//GUcy SYSIil DO * 
1 



•1 

165 

' //TOLOR JOB HC274182,PT TAYLOR 1 pCLASS=B r MSGLEVELnl• 
// 	EXEC 	FORTGCLG,TIME.GO/pREGION0G0=140K 
1/FORF0SYSIN  DE)  * 
C PA1H SCAN AND FLO1q SHIFT ROUTINE -- SATISFIES DEMANDS AS WELL AS 	. 
C  POSSIBLE BY FILLING PATHS; THEN ON ALTERNATE ITERATIONS SHIFIS FLO'iti 
C  -10 UNFILLED PATHS, A FINAL pAss SHIFTS FLOWS TO THE CHEAPEST 	- 
C PATHS YOILRE CHOICE EXISTS 

C USES DISK HANDLING ROUTINE DSKHANp AND SUBROUTINES ARCHAN & COSORT 
C 	, 
C TRANSPER AREA FOR DISK HANDLER 	' 

COMMON /XFER/ ITRAN(16000) 
INTEGER*2 IHTRAN(32000) 
EQUIvAEIJICE (ITRAN(I) e IHTRAN(1)) 
•DATA  LN -XFERtNODBYT;NPABYT/640028;20/ 

C THESE LAST THREE VALUES GIVE LENG1H OF TRANSFER AREA IN dYTES ; 	. 
C BYTES NEEDED  PER OU IN CORE;  AND BYTES  NEEDED PER PATH IN CORE 
C 
C TABLE.  OF  CONTENTS RECORD 

COMOON /TOC/ MAXENT(5)9ISNHI(10p 5 ).,TYDAT(10,3r5) 
- INTEGER*2.TYDAT 

• . 
C DISK'HANDLER ARGUMENTS 	. 
C. 	ARC DATA IN AND OUT 

' 	DIMENSION TYPES(10) ,KSTART(10) 
LOGICAL*4 TYPES 

•DATA.TYPES/6*0FALSE 9 , 0 TRUE,e3*.eFALSE q / 
C 	OD DATA IN ANÙ OUT 

DIMENSION TUDIN(10)9TODOUT(10),KSTOD(10)  
- LOGICAL4TODIN;TODOUT 

. 	DATA TODIN1,3*,FALSE -r, ? „TRUE,? 9 FALSE. ;2 TRUE R - 0 4* FALSE,/ 
. DATA T000UT/3* R f4LSE q p9TRUIP (34 ,F/4.aE9 1  • •  

C 	PATH DAIA IN AND OUT 	 • 
OLMENSION TPA1N(10)?TPAOUT(10).9KSTPAT(10) 	•• 

• LOGICAL*4 •TPAIN ; TPAOUT 
DAIA IPAINL9*,TRUE.0.0FALSEA/ 

• DMA 1PAOU1/€4,FALSE 91RUE.p g FALSE 9 / 

E. pATk MORK AREAS (NO . MORE  THAN 100 PATHS FOR ONE  O b' ) -• 
DIMENSION KPAWK(100e3) 	• 	• 	• 	• 

. • 	DATA MAXPWK/- 100/• 
C OTHER 	 _ 

DIMENSION I5ST(11 
Ç INPUT AND OUTPUT 

, BAIA fyfwpw/1,3/ 	•. . A A 	1 
C ,ITEST sHouLD 6E-Ia FOR DEVELOPMENT ?  0 FOR PRODUCTION 

C INITIALIZE DISK'HANDLER 
IFUNC - 1 	ITEST 	 • 	• 
CALL Dg'KHAN(IFUNC;IENT;TYPES;KSTART;I3N/pISN2) 	- 
MAXARC 	ISNHIÇI;1) 	. 
•MAXOD n ISNHI(1 ; 4) 
MAXPA - ISNHI(1,5) 

COMPUTE siARTING ADDRESSES FUR DATA TRANSFER AREA' - '. • • 
-- ARC RESIDUAL CAPACITIES 

IBST(1) ! 1 
NEXAD n I'3ST(1) 	MAXARC 

• ttn.ALLAJI_OPER oUNEEN OD, AND PATH BATCHES - . 	. 	. 
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KRATI0- 	NAXFA/MAX0O 	- 

MAX6OÙ e 11NXFER!'-4*NEXAD+4)/(NODBY1 4 KRATIO*NPAB'tT) 
MAXBOD m H.W0(MAXBODOAXOD) 
MAXBP = (LNXFER4.*NEXAD+4NODBYT*MAX8OD)/NPA8YT 

C 	ADDRESS OF OD UNSATISFIED DEMANDS 	• 
I 051(2)  z  NEXAD 
NEXADNEXAD + diAXBOD 

C 	PAT'H CO' STS AND ROUTED FLOWS 
DO 1.1e3,4 
IBST(I) m NEXAD 
NEXAD  z  NEXAD + NAXBP 

C 	Qt),LAT RATH ISN'S 
• 1601(5) e NEXAD 

NEXAD 	NEXAD + MAXBOD 
CONVERT TO 2.ii`lfE ADDRESS . 
NEXAD 7 NEXAD*2 •-! I 

C 	PATH  ARC ISN ADDRESSES 
• DO 2 le6,11 

IBsr(i)  z  NEXAD 
2 	NEXAD  z  NEXAD 
C pLACE sTAiiTING ADDREssEs IN - ARRAyS FOR DIS } HANDLER 

'SIDD( 4 ) 	I3ST(2) 	• 

'tSIOD(6) 	IBST(5) 
DO 3 f..»3 g 8 

3 	KsTFAT(I) 	•IBST(I->3) 	• - 	- 
KSTPAT(9)  z  IBST(4) 
KSTART(7) m IBST(I) 

C READ INDEX (1 'DR 2) OF PATH COST FUNCTION AND 'SETH)LSK HANDLER 
C ARGUMENTS ACCORDINGLY  FOR  PATH DATA 

READ(INCD1001) INDEX 	• 
1001 	FOROAT(I,I) •  INDLX 	MAX0(10INO(2 # INDEX)) 

WRITE(ÏRRIN,3001) INDEX 
3001 FORNAT(F)SCAN AND SHIFT 	PATH COST 1 I 1e t  TO BE USED') 

qTeAl.(INDEX) 	IBSr(3) 

c 	

• 
TvAIN(39INDEX) 	9 FALsE.- 	- 

C READ ARC RESIDUAL CAPACI“ES VIA  DIS  K HANDLER  
IFUNC  z  4 + ITEST 	- 
IENT 	I 
CALL i.)SKHAN(IFUNCèlENT,TYPES,KSTART,1,11AXARC) 

C INITIALIZE ITERATION COUNT 
.ITERCT P 	. 

• 
C BEGIN A NEW ITERATION 	• 
C• - ZERO TOTAL fLow CHANGE, COST CHANGE 
IWO 	NULCH m 0 

• COSCHG 	O r; 
C 	LAST PATH ISN IN BATCH 

LPISN = 0 
C 	FIRST op I. SN IN BATCH 

C 	haiShedN IN HATCH 
- LoDis4 » MAXBOD 

C READ NEW BATCH OF OD DATA 
102 	IFUNC 7.4 + 'TEST 

VIA. DISK HANDLER 
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CALL DSKHANCIFUNc e  'ENT, TODINiKSTOO-e rOù1St4pLODISM 	• . 
C 
C DEUERMiNE LAST où FOR wHICh ALL PATHS CA'N BE ACCOMuDATED. 

DETERHINE FIRST AND LAST PATHS  IN  BATCH 
IpISN m LpisN 
lAD 	IuST(5) 	LODISN 	i0DISN 
Do 103 I=19NAXBOD 
IF (I1RAN1.IAD)-LPIsN,LE 9 MAXBP)  GO 10 104 

103 	IAD m IAD-1 	• 
STOP 1 

1 04 	LPISN = ITRAN(IAD) 
C• 	CORRECTED LAST 00 1.:;iN IN BATCH FOLLOWs 

LuDISN m IAD-IBST(IODISN 	 . 
• c 
• Ç 

 

SET  cui(WENT uD TO FIRST IN BATCH 
IsNup m IODISN. 

C 'READ BATCH OF PATH DATA CORRESPONDING TO OD bATCH VIA DSKHAN 
TENU  
CALL DSKHANOFONCpIENTeTPAINoKSTPATPIPISN,LPISN) 

C DETERMINE FIRST pATH ISN FOR cURRENT où 
105 	IF (ISNOD.EogIODISN) GO T0 lob 	• 

• .IAD m lb:U(5) 	IsNOD 	uoisN 
IP 0 D 	IrRAN(IAD , 1) i• 

, 	co To 107 
C 	fiRsT op IN BATCH 
106 	IAD m I3ST(.5) 

IpOD m IPISN - 

C .ANY PATHs FOR cURRENT ODi 
107. 	IF 	(ITRAN(IAD) 9 GE 9 IPoD) O0  TU  110 • 	. 
C • 	NO, GET NEW CD 	• 	. • 

Go To 700 

C DETERMINE IF THIs OD IS A  CANDIDATE  FOR ACTION 
110 	JAD m IBST(2) 	ISNQD 	IODISN 

IF 
IF ean seiffi5%e7h0W •  • 

• C 
111 	IF (MOU(ITERcTp2),NE 9 0) GO.TO 700 

.0 
C 'ùETERMINE pATH CApACITIE3 
200 	NpAT 	ITRAN(IAD) -IP00  4'  1 

•IF OPAT,LE,MAXPWK) GO TO 203 
WRIIE(IpRIN,9001) MAXPWKLNPAT 

9001 F0RMAT( , 0*****WORK AREA tOR PATHS NEEDS ENLARGING - FROMIi 
1 1 4 , 1  T0l114) 
STOP 

•C 	SET UP ADDRESSES FOR SUBROUTINE ARCHAN 
203 	IDIFF 	IPOD 	IPISN 

IA1 m iiiST(6) -e» IÜIF• 
IA2 m IbST(7) 	IùIFF 
IA3 m IBST(9) 4 IDIFF 
IA4 m I3ST(9) 	IDIFF 
IA  5 	IBST(10)4. IDIFF 
IA6 m I3ST(.11)-1. IDIFF 
MS 'e4 = 1 
IAA m l3ST(1) 

CNP,ALe ULTRA N_LIALLaH  j R NUA IR&NUA 3 ). L:  
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1 

I IHrRAN(IA4),IHTRAN(IA5),_IHTAAN(IA6) -eKPAWK .(1 f fl e ITP-ANCTAA),MSyi) 
C PATH RESIDUAL CAPACITIES ARE NOW IN KPAWK( q ,1) 

DO 202 ImI9NPAT 
202 	.KPAWK(I,3) re 0 
C fOR SCANNING AND CLEANUP PASSES, SORT 'PATHS BY COST 

IF 
 I) 
(ITERCT,GT,i0 g AND,MOD(ITERCTp2) 9 E0 9 0) GO To 300 

KA 	IBST(3)'4 IDIFF 
CALL COSORT(NPAT,ITRAN(KAD),KPAwK(Ip2)) 

C. 'pATH POINTER VECTOR 1 3 NON IN KPAWK( q 2) 	• 

C CONTINUE WITH SCAN PASS TASKS 
IF (ITERCT 9 EO R O) GO TO 400 

C 	- 
C ADD TO PATH FLOWS, STARTING wITH CHEAPEST, UNTIL DEMAND SATISFIED 

DU 201 1Pre1OPAI 
WI? 	KPA!«(IPP2) 
IF (KPAWK(NP,1).LE.0) GO 10 201 
NUFLO m MINO(KPAWK(NP .9 1),ITRN(JAD)) 
NIFLCH m NTFLCH 	NUFLO 	- 
COSCHG 	COSCHG 	FLOAT(NUFLO)*FLOAT(ITRAN(KAD+NP.m, 1)) 

- ITRANÇJD) m IIRAN(JAD) 	NUFLO 
Awly1P4) es NOrLO 

IF (I RA (JAD),LE 90 ) GO TO 500 
20 1. 	CONTINUE 

• 	GO 10 500 	- 	• 
C • 	• 
C CONTINUE WITH SHIFT PASS TASKS 

. 	COUNT CLOSED PATHS 
300 	NCLOS m 0 

DO 401 IPz1 L NPA1 
IF (KP.AWKÇIP,1)9LEQ0) NCLOS=NCLOS+1 

301 	CONTINUE 
IF (NCLOS,EQ Q 04R,NCLOS,iEO,NPAT) GO TO 70.0 

C 
KSHIF F MAXOCKPAWK(IPpl)/OCLOS+Wel) 

C 	FIND CLOSED PATHS AND SHIFT FROM THEM 
DO 403 JP=1LNPAT 
IF (KPAWK(JV q 1).GT Q 0) GO TO  30 3 
KPAWK(JP,3) e KPAWKUPP 3 ) 	KSHIE 
KPAWK(IPe3) 	KPAWKÇIP,.3) 
NTFLCH m NTFI:CH 	KSHIF 
COSCHG m COSCHG 	FLOAT(KSHIF)*(ITRAN(KAP+IP.°1) 

1 	ITRANCKAD÷JP---1Y) 	 . 
IF OCPAwK(IP,1)-?KPAWK(IP,3)9LÉgKSHIF) GO TO 302 ,  

303 	CONTINUE 
C 	NEXT OPEN PATH 
302 	CONTINUE 

GO TO 500 

C CONTINUE WITH CLEANUP PASS TASKS 
C 	"' SET TOP AND BOTTOM INDICES 
400 	ITOP 	0 

IbOT m NPAT4-1' 
LAD -e 1631(4) 	IPOD 	IPISN 

C REALLOGATE CAPACITY FROM OPEN TO CLOSTHS 
C FIND AN  OPEN  PATH 

DO 302 IPm1 e NPAT 
IF .(KPWK(TP,1) 2 LE 9 1) OQ TO 302 	- 
DETLRM1NE CAPACI.TY.TO  QE SHIFTED 

1 
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IF (11UP 9 EU,IBOT) GO TO 500  
•NTOP 	KPAWKITOP 9 21 
IF (KPAwK(NToPp1) 9 LE,O) GO ro 401 
IF - 0BOT.LE9NPAT0AND 9 ITRAN(LAD+NBOTs>1)+KPAWK(NBOT,3),GTO) 

1  GO Tu '402 • 
403 	IBOT = 

IF (IBOTLE,ITOP) GO TO 500 
NEÇOT 	KPAwK(IBOTp2) 
IF OTRAN(LAD+NBOT-1).LEQ0) GO TO 403 

C 	DETERMINE SHIFT OUANTITY 
402 	KSHIF = MINOCKPAWK(NTOPpl)KPA'elK(NTOP0 3)ÎIIRAN(LAD+NBOÂ-1) 

1• 4.KHAi,fK(NbOip,3)) 
KPA,e(NTOP e 3) = KPAr•fK(NTOPpi) + KSHIF 
KPPoiK(NBOIL3) e KPAvIK(NBOtri) - KSHIF 
NTFLCH e NTFLCH KSHIF 
COSCHG 	COSCHG + FLOAT(KSHIF)“ITRAN(KAD-c.NTOP- j) 

1 	ITRANCKAD+NUOT-, 1)) 
(KeAWMNTOPp3hGEt,KPAWK(NTOP01Y) GO TO 401 

IF (IiKAN(LADJeNB01-1)+KPAWKOBOTp3)) 403,403 7 402 	• 	• 

'E upDATE.ARp CAPACITIES AS PER SHIFTS DETERMINED PREVIOUSLY 
500 	MSt1 - 

CALL ANCHAN(NPAT,IHTRAMIA1)f1HIRANCIA2)“HTRAN(IA3)p 
1 INTRANCIA4)err•TRAN(IA 5 )eIHTRAN(1A5)e, KPAWK(),ITRANCIAA),MSW) 

uPDATE FLO.eS THRO,GH PATHS 
LAD 	IBST(4) 	IPOD 	IPISN 
DO 501 IP=19NPAT - 
ITRANLAD) = ITRAN(LAD) +.KPAWK(1,3) • 

501 	LAD eIAD+1 
• 

C ADVANCE TO NEXT OD IN BATCH 
700 	ISNOD 	ISNOD 	1 

•C DONE ALL,OD IN BATCH? 
IF (INOD 9 LE9L0DISN) GO TO 105 

IF MNUEOR 3. leMiliFIED DEMANDS F.OR OD'S IN BATCH VIA DSKHAN 

IENT - 4 
• CALL i;SKHAN(IFUNCgIENT,TODOUToKSTODpIODISMytODISN) 

STORE  ROUTED FLOwS-FOR PATHS IN BATCH 

:5SIAN(IFUNC F IENT0TPAOUTpK3TPAT?IPISN.p.LPISN) 

C IF ALL ODe.S NOT YET PASSED, SET F.IRST AND LAST 'WS FUR NEXT BATCH 
• IF (LODISN,GEMAXOD) GO TO /01- 

•  

IODISN = LODXSN 4. 1 
LODISN = MIN 0 (LODISN+mAXBOD9MAX0D) 

C DFF TOSEAD NEXT BATCH 	 . 
GO TO 102 	 . 

C 
C REPORT RESULTS OF ITERATION 
•701 	IF (ITERCT,E0.0) GO TO.704 	• 

IF (MOD(ITERCTp?).Eü.0) GO TO 702 	• . 
WRITE(IPRIN,J002) - ITERCT 

3002 FORMAÏPOEND OF.ITERATION41 4 , 1  (FLOW-IMPROVEMENT)?) • 'GO TO /05 

	

.• 702 	WRITE(IPRIN O 3003) ITERCT 
_ 	_FORMAJOOEND OF_ TERLTIONIfI4pt (FLOW SHIFTING)I) 
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• 

Go  TU 705 
701WRITE_UPUNp3004) 
3004  FORMAT 	OF  FINAL CosT.?REDuci.NG Ass,) 

	

705 	ORITE(IPRIN93005) NTFLCH000SCHG 	• 
3005 FORNATO TOTAL FLOW SHIFTED WASIeIll/ 

1 	TOFAL COST -  CHANGE in4ASIf2X0L1407) 
IF (ITERCT0EO00) GO T0.70,5 

if. .01FLCH.LE90 9 AND 9 ITERCT9NE02) ITERCT=0 
C OFF TO REAO FIRST bATCH OF NEW ITERATION 

GO YO 100 

C hIND UP PROGRAM,• STORE ARC RESIDUAL CAPACITIES VIA_DISK HANDLER 

	

lt6:3 	IFUNC = 3 4- ITEST, 
TENT r; I 

	

' 	CALL DSKHAN(IfUNC/IENT,TYPES,KSTART71,MAXARC) 	• 
. 	. STOP 

	

• 	END 
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SUBROoTINE ARCHANO0KA1gKA2fKA4KA4LKA5,KA6 e Ke4ORK,LAÇP,NS) 
C ROUTINE  TU  WiDRK 	PATH 6, ARL CAPACI1ILS FUR A GIVEN OD 

• C ARGUNENTS: 
N 	NW-WEN OF pATHS- 

C 	KA1 - THROuGH KA() 	vEc(ORS  HOLDING ARC NUHGERS  FUR  pATH3 
LAcP --•vECTuR HuLoING CAPACITIES OF ALL AKCS 	• . 	. 

ÇplIrqr.J1 	T 1 f.3 ROUTINt. STORU PATH ÇAPACITIES IN EWORK 
• C. 	NS'eie2 	TE ROUTINE  REDUCES ARC LAPACIT1ES Gy THE  FLCM INCREASE 

- 	• C 	 GIVEN IN KviuRK 
DIMENSION KHORK(1)pLACP(1) 
INTEGER*2 KA1(1)9KA2(1)ÇKA3(1)pKA4(1)pKA5(1) 0 KA0(1) 	. 

•
c 
C LOOP ON PATHS 

DU 100 Npm1 e N 
ISTuR 	10000 1,AbAJ 

C 	Wit« 4 1 -1- M ARCS ONE GY  UNE.  
• 'fARC 	KAl(NP) 

AssiGN 11  TU  IDES 	 . 
• GO TO 10 

11 	}<ARC 	KA2(NP) • 
ASSIGN 12 TO IDES . 
GO TO 10 

12 	KARC =-KA,gNP) 
ASSIGN 13 TO 10ES. 
GO TO 10 

13 	KARC—= KA4(NP) 
• ASSIGN 14 TO IDES 

GO TO 10 
14 	. KARC e KA5(NR) 

ASSIGN 15 TO IDES 
GO  JO 10 

• 15 	KARL. = KAÔ(NP)• 
ASSIGN 16 TO IDES 

pROCESS AN ARC 
1 0 	IF •ARC9E090) GO.TO 16 

KARC mAABSCARO 	 •  

IF (NIS q E(.4 9 )  GO TO 20 
• ISTOR 	MIN0(iSTOReLACP(KARC)) 

GO r 25 
• 20 	LACPI

o 
 KARC) = LACP(KARC) 	KORK(NP) 

25 	(O TO 4DESe(11,12p1414eibe16) 
C DONE A PAII1 
lb 	IF (MSW0E021) KWORK(NP)ISTOR 
100 . CONTINUE 

RETURN 
END 
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s 
SUpROUTINE ÇOSORI(Ne-KCOSIeWORK) 

c kOUTINE (0 SuRf COSfs IN KCuSi bY MAKING KWORK A POINTER VECTOR- 	' 
DIMENSION KCOST(1)9KWORK(1) 

C -KWORK(1) WILL POINT TO THE CHEAPEST PATHe KWURK(2) TO NEXT ChEAPEST F  

C SET UP KwORK 	IT WILL bE USED FOR 4NTERNAL FLAGS AS wELL AS OUTPUT 
• DO 10 .1:=11eN 	

. 	. 

10 	KwORK(I).= 10000 

LOOP ON POSITIONS 
DO 100 IPUSz1eN 

C LOOP ON CANDIDATES 	. 
IVAL = -U1 00000000. 

. 	DO 20 ICANnIeN. 
IF (KWORK(ICAN) Q L1- 9 10000) GO TO 20. 

• IF (RcUsT(ICAN),GE,OAL) GO TO 20 
• IVAL = KCoST(ICAN) 
. ISAv 	ICAN 

2(e) 	CONTINUE 
KORK(IPOS) 	{VioRN(IpOs) 	ISAy 
, o+uRK(IbA11 ) = luoCKyioRK(IsAv)e,10000) 	• 
CONTINUE 
RETURN 
END 

//LKED0RLIB OD OSNeTAYLOR.P/33966ô g ROSEP74.U0oRLIB,DISPnOLDp . 	. 
// UNIT=2314,V,OLzSER=USER01 
//LKED.1SY3IN 
INcLuoh RLI6(HANDLER) 

//G04;TO 8 F 0 01  DU  uSwer.T,OLOR, - P7339666,RDSEP74 9 U0 9 NOURSEeDISPOLD, 
// UNITe2314pVOL=5ER .4USER01 	. 
//GO 9 SYSIN DO * 
I 	• 

100 • 

1 

1 

1. 
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 PATH DATA ASSEMBLY 
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//FORTOYSIN OD * 
.JobRuoTIME OSKHAN(IFUNOpIENTeTYPE80KSIART,ISNIYISN2) .  

C ROUTINE TO HANDLE TRANSFER OF DATA TO AND FROM DISK 

C DEFINE . ARGUMENT - ARRAYS 
DIMENSION KSTART(10) 
LOGICAL*4 TYPES00) 

C , bEt-INE .  TRANSFER AREA 
COMMON IXFER/ IIRAN(10) 	- 
INTEGEK*2 IHTRAN(1) 

	

. 	REAL*0 DTRANI) 
EQUIVALENCE (ITkAN(1) e -IHTR4N(1),DTRAN(1)) 

C DUANE TAi3LE OF CONTENTS AREA 
COMmON /TUC/ NAXENT(5)PISNHI(005)orYDAT(10e3,5)eINCOR. 
INTEGER*2 TYDAT 

C DEhINE RECORD AREA A1D FILE PARAMEIERS 
C ***.** FILE SIZE 135 - ECORDS OF 800 BYTES EACH ***** 

DIMENSION IREC(200) 
IN1EGER*2 IHREC(400) 
SEAI*8 DREC(100) 
EOOIVALENCE (IREC(1)FIHREC(09.DREO(1)) 
DEFINE FILE 8035p200 e UgIVAS) 

C I/0 UNIT ASSIGNMENTS 
DATA IPRINFIDISK /3,8/ 

C START --. ERROR CHECKING CALLED FOR? 
IFNSV 	1FUNC 

(Iu\ISV ? Oi q l0) GO TO 10 . 
C INITIAL READ .—IN OF TOC RECORD 

IF (IFNSV.Vic1) GO IO 	"0 ,0 
5 	PEADCIDISKI1) mAXENTpIoNlIpTYDAT 

INCUR m 
RETURN 

C ERRQÏ3 ÇHEOKING CALLED FOR 	, 
10 	iFNzJV 	MOD(IFNSV,10) 
C = FUNCTI5m CODE 

IF (IFNSV0EQ91) GO  10 -5 
IF (IFNSV;GE 99 AND 9 IFNSV g LE 9 4) GO TO 11 
IERR m 1 	- 
GO TO 999 

C 	ENTITY NUMBER 
11 	IF CIENT 9 GE 2 1 9 ANDpIENT 9 LE 2 5) GO TO 12 , 

IERR-m 2 

	

- 	GO TO 999 
C 	DATA TYPE VALIDITY 
12 	DO 13 Iz1e10 

IF LTYPESO) e AND TYDAT(IplyIENT) 9 LE g 0) Go TO 14 	. 
. 	9 	. 

	

.13 	_CONTINUE 
GO TO 20 

14 	IERR m 3 
GO. TO 999 

C 	ISM RANGE. 
20 . 	IF (IFNS.V.GT 9 2) GO To 21 

yp 22 .1=1,10 
(typhs„) 9 AND,IsNi,NE44.1sNHI(I,IENT» .Gu 10 23 

 22 	CONTINUE 
GO TO 24 

e 4- 
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1. 

I .  

GO TO 099 
210 25 I to.10 

YF (IYNe: 8-(I)9AND.{ISN29GT,I3NHI(IpIENT)OR e ISNI,LT,O)G0 TO 26 
25 	CONTINUE 

GO TO 24 • 
26 	IERR, = 5 

GO TO 999' 
24 	11  USN1 g LE,ISN2) GO TO 2 7  

IERR 
GO JO 990 

C 	STARTING ADDRESSES 
2/ 	DO 28 I;z1 L 10. 

IF (,NOTTYPES(1))G0 TO 28 
IF (KSTART(1)4GE.1pAND9KSTART(1), e LT200000) GO TO 29 
IERR 	/ 
GO  -10 999 29 	IbLO = (KSTART(1)-1)*TYOAT(I,1 0 1Ei,j) 4- 1 
IBHI 	IBLO 	(ISN2 	ISN1 	1)*TYDAT(I filpIENT) 
00 30 J=1,10 	. 
IF (9.NOTqTYPES(j)00R.J..E0 A 1) GO TO 30 	• 	. 
JCLO - - ( KSTARr(J)1).“YDAMJelpIENT) 4. 1 
IF Uf7iLOnLT9I8L0,0R,jbLU 2 GEDIBHI) GO TO 30 
iMITECIPRIN0992) IENTPI0J2KSTART(I)LKSTART(J) 

9992 FORMAT(10*ku*,,,iARuNG*** IENTpleJeKSTART(1),K5TART(4) 1 e5UP 
1 	**- **OVERLAPPING TRANSFER  ARAS***?) • 

CONTINUE 
CONTINUE 

30 
28. 

C' BEGIN OPERATIONS 
C.. ,.-OHECK HIGH ISN 
100 	IF (ISN29LE9NAXENTÇIENT)) GO TO 101 

IERR 	8 • 
GO TO 999 - 

C LOOP ON REOUESTED DATA TYPES 
101 	DO 500 ITn1 -p10 

IF 	,i‘JOT.TYPES.(1T)) GO TO 500 
C INITIAL1ZE TRANSFER ADDRESS AND FIND FIRST RECORD NUMBER 

• 	ITAD = KSTART(IT) 
ISN 	ISN1 
NREO 	(ISNUe'TYDAT (Up2fIENT)"W/TYDAT(1792,IENT) 

1 	TYDAT(iTp3,1ENT) 	1 
114 	FINO(IDISKTNREC) 
C COMPUTE ISN RANGE ON RECORD NREC 

ISNLO = (NREÇTYDAT(ITt3e1ENT))*TYDAT(IT,2FIENT) 
ISNH 	ISNLo 	TYDATOTp201END 	1 
IF (NR4.EO,INCOR) GO  TU  1.02 
IF (IFN0V.E004) GO TO 103 
IF (ISNI,LE.ISNEO 0 ANO 5,ISN2,GE 9 ISNM ) GO TO 104.. - 

103 	READ(IDI(ONREC)IREC' 
104 	INC(JR n NREC 
102 	IRA() 	(ISN-I5NL0+1) 
113 	IF (IFNSV.EC,44) GO TO 105 
C OUTPUT TO DISK 

IF ÇTYDAT(ITIelpIENT).4)1060107,108 	* 106 	IHRECURAD)n IHTRAN(ITAD) 
GO [0 109 

1(')7 	IREC(IRAD) 	ITRAN(ITAD) 
GO TO 109 

108 	DREC(IRAD) -n DTRAN(ITAD) 
	T-0-1.09 

1 



C 	INPUT f-ROM DISt\ 
1;j5 	IF (TYDAT(11,1fIENT)-4) 110,7111 0 112 
110 	IHTRAN(ITAD) ,m IHREC(IRAD) 

GO 1'0 109 
111 	ITRAN(ITAD) 	IRECURAD) 

GO [0 109 • 
112 	OfRAN(ITAD) = DREC(IRAD) 
£ NEXI- LOCATION 
109 	ITA0 	iTAD 	r 

'RAD m IRAy 	1 
ISN .- 	Y 1 
IF (i3NLE,,I5N2 9 AND,_ISN.LEISNH ) GO - TO 113 
IF (IFN.SVeti ..4)'NRITE(IDISK'NREC) 'REG 
IF (1$N,G -f0l,:iN2) GO TO 500 	' 
NREC 	NRLC“ 
GO 10 114 

C END oF DATA TYPE LOOP 
500 	CONTINUE 

IF (IFN5V 9 NE2) RETURN 
DO 501 ITm1,10 
IF (TYPES(IF))I5NHI(ITyIENT) 	ISN2 

501 	CONTINUE 
WRITE(I.DISK 1 1) NAXENTpISNHIeTYDAT 
RETURN 

G 	 • 
C ERROR REPORTS 
999 	WRITE(IPRIN09990) IERRe/FUNCpIENTyISNI,,ISN2qTYRESpKSTART 
9990 FORMAT('*** ERRORteIug ****I/ 

1 t eGUMENTS gUNCe IENfp 15Nlp 15N2 mt,417/ 
2 	IYPE REQUEaT5'910L2/ 	• 
3 1 STARTING ADOKESSES41018) • 	 . 
IF (IERR„E(43.0R,IERR,EQ04 9 0R 9 IERR,E0,5,OR R IERR,EQ 9 7) 

1 yfflI1E(TPRIN,9001 	I 
9001  FoRHAT('SDATA TYPE cAuSING PROBLEM wAStpIJ) 

 STOP • 	• 

ROUTINE BINSCM(lOpLISTe - LENGTHFAD) 
C ROUTINE TO MATCH ID k.iITH AN ENTRY IN LIST BY B/NARYSEARCH 

INTEGER*2 LISTM 
. 	IADLO 	I 	' 

TAPHI 	LENGTH 
I AD  m IADLO 
TF (ID-LI5I(IAD)) 1p2p3 	• 

3 	1AD 	IAuHi 
IF (TD-L-15T(IAD)) 4,2d 

4 	IAD 	(IADLO 	IADHI)/ 
IF (IO-LIST(IAD)) 52 0 6 • 

5 	IADHI 	IAD 
- GO TO 7 	. 

6 • 	IADLO 	IAD 
7 	— IF (IADHI.GTqIADL0 4. 1) GO TO 4 	. 
C SEARCH FAILURE 

. 	LAD a 0 
REfURN 
END 

NAME .  HANDLER.(R) 

176 
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// EXEC FORT .GC 
C ARo-N0uE-00  DATA • AsSENBLy ROUTINE 
C 	XPEcTs DATA DECK FON EACM OF THE ABOVE THREE DATA TYPES IN 

SUCCESSION(' EACH TERMINAiED UY -e.999 CAND q 	• 
C -CREATES DATA BASE _ON OiSK USING THE DISK HANDLING ROUTINE 

• 	C 
C .TRANSFER AREA FOR DISK HANDLER 

COMmON /XFER/ ITRAN(15400) 
INTEGR*2 IHTRAM(30800) 
REAL*6 DTRAN(I7u0) 
EÜUIVALENC: (ITKAN(1),IMTNAN(1)01)TRAN(1)) 
DATA.MAXH0)/5U00/ 

C rABLL OF CONTENTS DATA FROM DISK HANDLER 
COMMON /TOC/ MAXENT(5)PISNH1(10e5) 0 TYDAT(10p3 $ .5) 
1 ,4TEGER*2 TYDAT 

C DIK HAIOLEN AkyulENTS (ITESIe10 FUR PROGRAM DEVELDPMtNT) 	. DI1EN5IDN K5 ARÏ(10) 
LOGICAL*4 TYPES(10) 
DATA ITLST/10/ 

)fik 'AREAS 
DIMENSION IAKAMPIAKN(0)PIWK0D(10) 	• 
REAL*8 RAURK 
DIMi:NSION I6LKAD(7) 
DIMENSION NODE12(2p1000) 

INPUT AND OUTPUT 
DATA INCDOPRIN /1,3/ 

INITIALIZE DISK HANDLER 
IFUNC 13.,  1 + ITEST 	 - 

. CALL DbKHAN(IFUNC0IENT,TYPESFKSTARTFI3N1pISN2) 
00 1110 Ie..1p10 
DO 1110 Je1,5 

“10 ISNNI(IpJ) = 0 c, pREHARE COmMON ADDRESSES FOR ARC DATA INPUT (AS PER APPENDIX B) 
NEXAD 	1 
I8LKAD(1) 	NEXAD NEXAD 	NEXAD 	MAXENT(2) 
DO 10 1=2 9 7 
LIBLKAD(I)= NEXAD 
NEXAD 	NEXAD + MAXENT(1) 

C  CHECK FOR CONVERSION FROm 213YTE TO 8i3YTE ADDRESS 
IF (1 9 NE02) Go To 11 
NEXAD = (NEXA04.2)/4 -› 1 
GO TO 10 

C oHELK FOR CONVERSION FROM B-.BYTE TO 2-BYTE ADDRESS .  
11 	IF (I.MEi,J) GO TO 12 

NEXAO = tNEXA0-1)*4 	1 - 	- 
Go .To 10 

C CHECK FOR CONVERSION FROM 2-BYTE TO 4-BYTE ADDRESS 	- 
12 	IF (I0NE 1 4) GO To 10 

NEXAD 	NEXAD/2 	1 
10 	CONTINUE 
C sTART READING ARC DATA 

ISNAe 0 
100 	REAO(INCDP1001) I'veA(1),R0fflko(IAKAÇUeI=2,7). 
1001 'F0RMAT(1 14,4892I4p1X9I1PO4I/F2110) 

IF (ISNA 0 E0,0)G0 Ï01 ~ 1 
IF (IAKA(1)6OT.ID0LD) Go TO 101 

1 
1 
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WKIIE(IPR1Np9001) IviKA 	
• 	- 

9001 FORMAT( ****ARC .DAEA SEQUENCE ERRORp. DATA IGNORED**** 1 / - 
1 	Ip/I10) 
GO TO 100 

C INSERT ARC IN DATA FILE 
101 	' ISNAn ISNA+1 .  

IF(ISNA,LE,MAXEMT(1)) GO TO 102 
ORITECIPRINe90n) MAXENT(1) 

9002 FORMAT( 1 0****ARC STORAGE 'SPACE OF 1 pI5p 1  ENTRIES EXCEEDEDI) 
STOP 

102 	IHTWAN(IBLKAD(2)+ISNA-'1)e IllKA(1) 
.DTRAN(ItiLKAD.(3)+ISNA-1) m RHORK 	_ 
IHTRANCISLKAD(4)ISNA-.1)m'D;KA(4) 
DO 103 1=5,/ 

103. 	ITRAN(I5LKAO(1) 4.15hA1) m IKKA(I) 
DO 104 1=1,2 

104 	NODE12(IPISNA) m 
IDOLD 	DtiKA(1) 
GO TO i00 

C TRANSFER ARC DATA TO DISK 
150 	IFONC = 2 4. ITEST 

IENT 
ISN1 m 1 
ISN2 c ,ONA 	 , 	. 

• DO 151 
151 	TYPES(I) = R TRU, 

TYPES(3) m ,FALbE, 
• TYPES(4) n R tALSE 
TYPE3(10) m °FALSE, 
WSTART(1)IBLKAO(2) 
K3TAWK2) = Ii3LKAD(3) 
KSTAR1(5) m IbLKAD(4) . 
KSTART(6) le IBLKADUY 
KSTAR1(7) c IULKAD(5) 
KSTARr(8) e /Q 1 KASM KSTARi9) 	ibERA 
CALL DSKHA(IFONCtIENTPTYPESpKSTARTpISNI•piSN2) 

C SETUF' COMMON ADDRES0ES TO REAP NODL.DA1A 
NEXAD e I6LKA0(3) 	MAXENT(2) 
NEXAD e(NEXA0 ,-1)*4 s>•1 
I6LKAD(4) c NEXAD .  
NEXAD m NEXAD 7eAXENT(2) 
I8LKAD(5) e NEXAD 

. C START TO READ NODE DATA 
'ISNN m 0 

• ISNAA m 
200 	BEAD(INÇOp1002/ DYKM(1)pRkIORKr(IWKNU)P1=2,15) 
1002 	FORMAT(14PAUP13,1J(1XpI4)) 

IF (ISNN,E0,01 GO TO 201 
202 	IF (1eçMt1)q,Gf0lDOLD) GO TO 201 	• 

IF (IN,(1).UO,-999,) O0 TO 250 
• HRITEUPPIN .6 9 003) DliKN 
9003 FORMAT00****NODE DATA SEQUENCE •ERRORp' DATA IGNORED****!/ 

1! '15I8) 
GO TO 200 	. • •  

c  INSERT  NODE  DATA IN FILE 	 • 

• 2 1 	ISNNISNN4, 1 
IF . (I " NN,LE,MAXENT.(2)) GO TO 203 	• 

wHITEÇJP,HINJ:9004,12AXENT(2)  

1 



' 9004 --• ORMAI( 1 0****sTORAGE sP-ACE Ferii -24 1  No'DES EXCEED-CD-MT-----7---  

II 	
'STOP 

• 203 • IHIRAN(IBLKAO(1)-1-1SNNI) a IWKN(1) 	- 
• IOOLD a DIKN(1) 	

. 

LISNAA= isNAA 4,. IliKN.(2) 	 . 

I/ • 	

..1111- ;;AN(IBLKAD(4)4-ISNN-1) a LISNAA 
orRAN(IbLKAD(3)+ISNN-.1) a.RelORK 

C STARf mOVING ADJACENT ARCS FROM THIS CARO. 	. 

204 	I1SN a ISNAA1 . 
LISNaMIN0(IISN+12 9 LISNAA) 

I/ 	
ISNAA m IISN 

• C sEARCH FOR - ARCAO IN ID.BLOCK (QINARy SEARCH) 
IADLO r•r. IULKAD(2) 	• 	

. 

.214 	ID a 1NÇISNAA -.USN -!. 31 • 	. 

11 	' 	

CALL BINSCH(IDpIHIKAN(IADLU)0I ,SNA q /VAL) 

	

. 	IF(IVAL,,GI.Q 0) GO TO 208 
C  FAILURE TO*MATCH 

 

•
nefF(URINp.9005) I)xIWKN 

9005 FONNÂ1l0****ARÇ . NOltiLRIPI5et ON NODE CARD NOT MATCHED ,>*** 1 ./. 
• 1 t•Im15.17) 

GO TO 205 
• C  MATCH  FOUND - r  CHECK eiETHER NODE 	1 OR NODE 2 	.. 	. 	. 

208 	IF (NODL12(1pIVAL)EQ,IyiKN(1)) GO TO 205 - 
IF (NoDE12.(291- VAL) 9 NE4KKN(1)) GO TO 213 	 . 
IvAL e. i.IVAL 	• 

Il 	• 	. 	Go 11 0 2k15 	• 
213 	v4RI1E(IPR.IN,9006) IDpreiKN 

•

9006 FORmAT( 1 0****NopE NuT NUDE 	OR  2'FoR-ARC 1 ,45j , ****. 1 / - 	‘ 
1 , 	1 015I7) 
.IVAL a .999 	 . 	• 

205 	IHTRAN(I8LKAD(5)1SNAA1) a IVAL 
. 	 IF (ISNAA  CE LISN) GO.TO  215 	

. 

I/ 	
ISMAA rf IâNA,44.1 
GO IQ 21 4 . 

C  cHECK ir muRE ARCS To BE READ 
 . 215 	IF (LISN.EO.LISNAA)  GO-TU  200 

li 	

. lEAD(INUD,1002) DqKN(1)/RY101iKg(IWKMI)vie2r15) 	- 
IF (IYIKN(1)vEOgIDOLDI GO TO 204 	• 

• WUTESIPRIN,90071 IDOLDeIOKNUI 	, 	

. 

-' 	91ü0/ FWMAf0°****EXP.ECED MIME AHC., F O R  NODEI9I50 	GOT NE ,i NoDE****t/ 
1 t• l e 0I7) .  

	

1/ 	

. 

C 	
GO 10 202 	. 

• C STORE NODE pTA ON DISK 	• 
250 	IFUNC 1.-1 	4. ITEST 	 . 

1

'ENT p; *2 
Do 251 I=Ip10 

.2b1 	TYPES(I) e 2FALsE,, 	
. 

. 	TYPES(1) = .TRUE, - 	• 	. 
TYPES(2) a .TRUE. 

I/ 

 
TYPES(4) a ,;TRuE, 

• KSTART(1) ee ItiLK40(1) 	: 	 . 
•KSTART(2) a IbLKAD(3)• 	, 	, 

	

. • 	KSTART(4) ..: IbLKAD(4) " 	
. 

	

1/ 	
• 	

ISNI a 1 
ISN2 a ISNN 
CALL  0SKHAN(IFuNC,IENTpTYPES/KSTART,ISN1,ISN2) 	

. 

• C STORE ADJACENT ARC LIST 
. IENT a .5 	 . 1 _______,______LIRE1(..a) a e,EALUE.9____   

. 
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— • TYPES(4) 	,FALsE o  
K3iART(I) m - IBLKAD(b) 

• 13N2 m 16NAA 
CALL D 5 KHAN(IFUNCfIENTFT1'pESpKSTART0UN1,ISN2) 	- 	• 

C REoRGNIZE CONMON  ro  HOLD NODE UN'S  .FO R ARCS 
IBLKAD(.5) e IBLKAD(2) 	MAXENT(1) 

C BEGIN ÇONVERSIONp ARC by ARC 
LIAO 	IBLKADO. 
00.252 ISNm1p13NA 

•op 252 N0ph.i e 2 
ID 	Noo.E1200DE9ISN) 

C' LAE BINARY sEARCH i0 FIND NODU. ISN 
•CALL 6IN'SCH(IDFIHTRAN(IIAD)pI3NNeIVAL) 
IF OvAL 1 GTe) GO TO 252 

C  FAILED TO MAiCh 
Prd1E(IPRINp9008) IDeISN 

Yu0S F0RmAT( 1 0****UNA3LE ID IDENTIFY NODE',I5et FOR ARC ISNI,I5) 	- 
2 52 	IHTRAN(IBLKAD(NoDE+1) 	ISM 	1).= 1VAL 
C sTuRE hoDE I & 2 LISTS ON 0.13K 	. 	• 

Do 26o  I1Ÿ10  
260 	TYPES(I) n 9 FALSE 9 . 

. TYPES 4) e ;TRUE. 
TYPET) 

KSTAR (3) e IBLKAD(2) 	. 
KSTART(4.) = I3LKAD(3) 

I5N2 e 1SNA 
CALL OKHAN(IFUNC F IENTpTYPESpK3TART/ I3N1,I3N2) 

C PREPARE.COMyON TO READ ORIGINDESTINATIOWDATA 
IBLKAD(3.. 	IBLKAD(2)+ M4XENT(2) 
IBLKAO(. 4) m IBLKA0(3) .+ MAXBOU 
NE )ÇAD 	IBLKAD(4) + . MAXBOU 

C •CONVERT Ta 4-BYTE ADDRESS 
NEXAD = NEXAD/2 	1 

• D 	m 	D 
IBLKA15) = NEXAD 
IBLKA6) 	NEXAO 	MAXBO 

C INITIALIZ op IsNs 	f(rFAL & fIRST  IN  coRE 
I3NOD m 0 
1ODI3N e 
NORG . = . 1 
IDOLDm 0 	 , • 

C PREPARE ARGUMENTS FOR OD DATA STORAGE 
IENT e 4 

 DO 261 1;1 1,5 
IYgEsÇI) e °TRUE. 	• 	. 

2 0 1 	1Y.ESl.14-5)eFALbE ., 
•K8TART(1) e IbLKAD(3) 

- KSTART(2) e IbLKAD(4) 
1<START(3) e,IBLKAD(B) 
1<START(4) m IBLKA0(5) 

• KSTART(5) e IBLKAD(6) 
C NEA:2 OU DATA ÇARQ. 
300 	IEAD(INCD,1)03) DAIKUD 
1003 	FORMAT(I4',1Xp14,1Xp2I10p2.(1X9I4,2I10))- 

IF (Itq1<0D(1)9EO.-999)  GO TO 350 
C 	IDENrIFY 01GIft ISN 

ID n il'4i400(1) 
IAD = I6LKAD(1) + - NORG  
DO  



•1 
309 	U8n .-,. ID 

INC = ISNOO 	IO, DL. SN 

I .  =A 
IHTRAN(IBLKAD(3) * I .N. C.

) e. Nü:KSTARTeIODISNPIS

G 
HTRAN(IBLKAD(4) 4 INC) 	AVL 

. 	- C CHECK F.OR FULL BATCH 

C NEXT FIELD 
306 	CONTINUE 
C NEXT CARO 

C 	

IF (INC 4 1 q LTOAXBOD) GO TO 306 
CALL DSKHAN(IFUNCIENTfTYRES 

, GO TO 300 

D, fflO) 

ITRAN(IBLKADÇ5)-1- INC) e liiKOD(IFB,AS4, 1,. ) 
ITRANÇI6LKAD(6) 4  INC) e IWKODUFBAS42) : 

IODISN =ISNOD * l' 	

. , 

I/ 	
C CLEAN OP OD DATA 
350 	DO 351 ,NOD=NORG,ISNN 
351 	IHTRAN(IBLKAD(2) 4 NOD -, 1) - ISNOD 

: 	IF (ISNODOLT.IODISN) GO TO  32 
----.CALI—LISKI:LÀNÇIFWU.C.P.-iFAtiMaEULSLARTLIODLSNPUNOW 

, IF (IDqEO 9I HTRAN(IAD)) GO TO 302 
301 	IAD = IA0'4 1 
C FAILURE TO MATCH 	• 

'v4RITE(IPRIN,9009) INKOD  
9009  FORMAT(  o****FALED TO MATCH 00 ORIGIN 9  CARO ;IGNORED**** 1 /1Xe 

1 1 5 ,5Xe3(17e2111)) 	- GO ro 30w 
sUcçESsFuL MATCH, CHECK IF ORIGIN-OANGE 

302 	IF (NOD.EüeNOtiG} GO TO 304 
NH1 = NOD1 
IADr IBLKAD(2) 	NORG 	1 
DO•3i'lb N=NORO F NHI 	. 
IHTHAN(IAD) -7 ISNOD 

305 	IAD e IAD+1 
NORG e NOD n 

IDOLD= 
C BEGIN LOOP ON DATA .FIELDS — 
304 	00 306 .[FLOr.;1 e 3 

'FBAS 	3*InD 	1 . 
IDelWK0D(IF8A3) 
IF 	• ÇID,E(a) GO TO 306 

• • 	.1'7: 	(1D.GT;IDOLD) GO TO 307. 
WUTEUPRINp9010 IRK0D 

9011 FORMATO0***DEbTINATION SEQUENCE ERROR, FIELD IONDRED**:** 4 / 

	

IX,Ib7bXe3(Iio2Il1')) 	• . 
60 . 10 306 

C FI.ND DESTINATION ISN 
307 	IAD = IBLKAD(1) 

CALL BINSCH(IDpIHTRANOAD)FISNN#IVAL) 
•IF (I'VAL.GT,? 0) GO TO 308 
WRITECIPRIN e 9.012) IDpIWKOD 

9012 FORMAT(q0****uNALE TO IDENTIFY DESTINATION!pI5, 
10FIELD IGNOREO**** , / 1X,I5,5X,3U7i,2111)) - 

•GO TO 306 	. 	 . 
C HOVE  DATA 
308 	ISNOD = ISNUD 	1 

IF (ISNOD.LEMAXENT(4y) GO TO 309 
WRITE(ÎPINP9013) MAXENT( 4 ) 	• 

9013 FORMAT('0**.**MAXINUN ISN OF/.916p 1  FOR OD• DATA EXCEEDED***") 
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1. 
1 

C NOVE LI4ST OD IJNIS FOR NODES ON 
352 • 'ENT = 2 

DO j5.3 Ig1 p 10 
353 	TYPES(I) 	4FALSE9 

TYPES(3) g -0 TRUE. 
KSTART(3) = IOLKAD(2) 
ISN1 	i.  
CALI tAKHAN(IFUNCpIENT9TYPESpKSTART#ISNI,ISNN) 

C REPORJ FINISH 
WRITEWRINp3b01) ISNAVISNNAA'4, I3NOD 

3001 FoRmAioorn FOLLLWING NUMBER3 OF ENTRIES HAVE LiEEN PUT ON DISK' 
1 10XprARCS 1 ,20X,I10/ 10Xp!MODLS419X,I10/ 
2 1OXpt.ADJ4CEN1 APC:31',11XpI10/ 

1 0 Xp!OKIGIN-OESTION PAIRSI0110) 
STOP 
ENI)  
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11 	• 	. 0 --EXpECTS 0ML DECK 	PATM CARDS e  TERMINATED BY A -c999.CARD 
C PArM DATA ASSENBLY RQUTIN e  

. 	C .!- - ADDS PATHS TO. DATA BASE ON DISK .USING DISK HANDLING ROUTINE  
--7 401  TO BE NUN BEfORE-NODEF.ARC, AND QP DATA HAVE BEEN STORED 

C TRANSFER AREA FOR  • DISK HANDLER 
COMMON /XFER/ ITRAN06700) 
INTEGER*2 IHTRAN(33400Y 
EOULvALENCE (IrRAN(1)FIHTRAN(1)) 	

. 	. 

DATA NAXBODeMAXBP /2000,2000/ 
C TABLE OF CONTENTS DATA FROM DISK HANDLER 

CoMHON /TOC/ NAXENT(5),ISNHI(10p5)FTYDAT(1003,5) 
Ir  FEGtRk2 TYDAT 

C DISK HANDLER ARGUMENTS (ITEST e 1.0 FOR PROGRAM DEVELOPMENT) 
DIMENSION KSTART(10) 	- 
.LOGICAL*4 TYPES(10) 
DATA ITEST/1 0 /. _. .. _ 

I.  

11 	
C 
C piORK AREAS 

DIMENSION INtA4K(11)  

	

' DIMENSION IBS1.(16 	 .. 
C  INPUT AND OUTPUT 	: 

DATA INCDiIPFUN /1e4/ 	 . 
C 	. 

C  INITIALILE DISK HANDLER 

1/ 	• C 	
cALL DsKHAN(IFONC IENT9TYPESpKSTART ISNI ISN2) 
IFUNC 	1 + ITFST 

	

. p . 	 f 	f 

. 	 , 

I3NHI(6e4) 21  0  

DO 7 1=1010 

I - 	C LAY OWI TRANSFER AREA 
7 	ISNHI(Ip5) .r. 0 

Ii3f(1.) = t 
1BST(2) = IBST(1) 4- mkup 	. 

•I/ 	c cONvERT FROM 4-BYTE TO 2-BYTE - AD 0 RESS 
NEXAD - IsST(2) + MAXBP 

NEXADr-,.. (NEXAD-11).*2  +1  
DO i I=3p8 
IEIST(I) =,... EXAD q NEXAD 	

, 

Il 	C CONVERT BACK 1, 0 4!-.BYTE ADDRESS 
•

1 	NEXAD !-, N ,  MAXBP 

NEXAD e NEXAD/2 + 1  
1.4381- (9) - NEXAD 

II 	C AND BACK AGAIN TO 2-bYTE 
. NEXAD = NEXAD -1- -MAXSP 
NEXAD e (NEXAD-91)*2 + 1 	

. 

IbST(10) = NEXAD 
• SEXAD = NEXAD 4 ISNHI092) 	. 

DO 2 Ie11p13 
Ibsr(i) e NEXAD 	 . 

. 	2 	NEXAD e NEXAD + INHI0, 1 ) 	- 
DO 3 1=14,15 	 . 
IdSf(1) -r,  NEXÀD 

3 	NEXAD - ,NEXAD + MAXbOD 	 • 
•C 	AND BACK FINALLY TO 4-.BYTE 	. 

NEXADmNEXAO/2+1 	. 	. 

IBST(I 6 )=NEXAD 	 . 
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• 	• 	. 
C READ ARC ID AND ATTACHED NODE  LITS 	• 

QQ. 4 ie. 1 ?10 
4 	IYPES(0 . - 9FALSE 9  

TopEscl) ..e :TRUE? 	. 

I/ 	• 	
. 	TYPES(3)  

TYPES(4) a q TRUE;, 
KSTART(1) 7 I33T(11) 	 • 

Waiifl : Pig111§3 
ItUNC 7 4 + ITEST 	. . 
IENT 7 1 	 . 

. 	ISN1 7 1 •. 	- 	
. 

, 
ISNA 7 ISNHICL,1) 
(ALL DSKHANWUNC,IENT;TYPE5,KSTART,ISN1,ISNA) 

C READ NUDE ID LloT 	• 
- 1YPE5( 3 ) 7 °FALSE°  
-1YPES(4) .  7 9 FALSE0 

• KSTART(1) .7» IbSi(1:0) 	 . 	. 

IENT 7 2 
. 	• ISNN a ISNH1(102) 

' 	CALL DSKHAN(IFUNC,IENTeTYPES,KSTART,ISN1,ISNN) 
C 	 . 	.. 

11 	
C INITIALIZATIONS 	• 

ILO re,16s[(9) 
IHI,7 ILO 4. mAxBP - . 1. 	. . 	. 	. 
DO 5 ImILOpIHI 	

. 	. . 

5 	ITRAN(I) a 0 	 _ 
WWI 7 1 	. 	 . 
LODPI 7  1 	. 	• 
IODODI 7 1 
Lopopi = MIN0(ISNHI(1,4),MAXBOD) , 
IPISN 7 1 

-LPISN 7 0 
C 	 . 	, 
C 'READ INITIAL BATCH  OF  OD DATA 	• - 	 . 

1/ 

 
• IENT 7 4 

TYPES(i) n QTRUE,° 
. 	. 	TYPES4;?.) 7  iTRUE° 	

. 	. 	. 

DO 6 In 3 10 	
_ 

6 	TYPES(I) - q FALSE° 

I/ 	
KSTART(1) 7 IBST(14) 
KSTART(?) a I3STO,5) 
IFUNC 7 4 4. ITEST 	

_ 

CALL DSKHAN(IFUNC,IENTeTYPES,KSTARTFIODODI,LODOOI) - 

II 	
• 	C READ DATA FOR A PATH 
• C 

100 	1EAD(INCDA,1001) INV1K 
1001 	FORMAT ( I4,1X eJil y  IX02I1093Xf lie 1Xp6(1X, 1 4 )) ' • 

IF (INWK(1)E 1,1 ° 999 ) GO TO 200 	 . 

II 	
C CONVERT ORItjIN - AND DESTINATION „ ID'S TO ISN'S 

H 
PU Iiil 1 7 1,2 	 . 
CALL 6INSCH(INWK(OPIHTRAN(IAD)i, ISNNeNDISN) 	• 	, 

I/ WRITEOPRIN,9001)• IN« 	. _ 
IF ODISP.GT0O) GO TD 102. 	 ,• 

, 
9001 FORMAT( 1 0*** FAILED TO MA1Cti ORIGIN OR DESTINATION, CARD IGNORED'. 

I- 00216,5X 9 2112,5x,I1 9 5Xf6I6) 	 . 	. 

•102 	IF (1 9 EU R 1) NOISN 7 NDISN 
GO TO 100 

U.1- .Q.o4LINIn: . 	

. 

I. 
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1. 

1 
1 

HI 
II 

C . CHECK ORIGIN SEQUENCE 
• IF 00ISN -qH1RAM(18ST(14)+LODPI- , IODODI)) . 103,104,105 

WRI)E(IPPIN,9002) INWK 
9002 FORMATP0*** ORIGIN SEQUENCE ERROR,  CARI) IONOREDli 

1 1X,216,5X,2112,5X,11,54616) -  
GU TO là0 

C FOR SAME ORIGIN, CHECK DESTINATION SEQUENCE 
104 	IF('NDISN 	IHTRANCI8ST(15) ,›L0DPI—I0D(JDI))106,150,105 
106 	WRITEUIPRIMpV003) INWK 
900;3 FORMAT( 1 0*** DESTINATION. SEUUENCE..ERROR, CARD LONORED•/ 

1X,216,5X,2112/ 5,11,5X,610 4 .D 9 1 " 	. 

,NEW 	.A R 	MATCH wiTH LIST 
105 	ILO m LODPI 

- 107. 	DO 108 ImILU,LODOCI • 

110 	IF 	NDISN—IHTRAN(IBST(15)+IIODUPI)) 109:411,108 108 	CON ' 	UE IN 

IF rISN—IHTRANCIBST(14)4.1 ,-IODUDI)) .  109,110,108 

'C END OF OD bATCH 
IF 0,0DODI9LTISNHI(104)) GO TO 112 

109 	WRIT
9004 FORMAT 1 0** UNAHLE TO MATCH GU PAIR, CARD i.GNORE0 1 / 

IPRIN,9004) INWK 

1X,21 . ,5X,2112,5X,11 0 5X,t)10 
C ON MATCH FAILURE,. SET RETRIEVAL SWITCH TO GO GET NEW GARD 

IF.(IUDODI9EQI0DFI)  GO  TO 100'' 	. 	. 	. 
• ISW 	0 

.IFUNC e 2 	ITEST 
IODODI 	IODPI 
LODODI m MIN0(I0DRI+MAX6ODISNHI(1,4)) .  _ 
GO TO 11.3 

C COoiTINUE SEARCH WITH NEXT BATCH .. 
112 	IFLNC r.  4 ,› ITEST 	• 	• 

ISW m 
IODODI m 100001 	MAX 13 0 0 
LODODI 	MIN0(L00ODI+MAX8OD,ISNHI(1,4)); 

113 	'ENT .= 4 
IYPES(1) m 9 TRUE 0  
TypFsue) 	TRUE q  

. 	DO flb 1.74410 	- 
115 	TYPES(.I) 	1FALSE. 

KSTART(1) = I13ST(14) 
KSTART,U) - I .T65T(15) 	• CALL DoKHANCIFUNC,IENT,TYPES,KSTARre,I0OODI,LODODI) 
IF (ISWEQ00)  GO  TO 100 
ILO .4- IODODI 
GO TO 107 

C .00 PAIR MATCHED, UPDATE LIST OF LAST PATH ISN!5 	• 
111 	ITRAW,I8ST(1 0 )+LODPI—IODPI) e LPISN 

LODPI-m LODPI4-1 
IF (LOOPIIODPI 2 LT ? MAXBOD) GO. TO 116• 

C STORE LATEST BATCH OF LAST PATH ISN'S 
IFUNC m 2 	ITEST" 	. 	. . • 
IENT m 4 
00 17 Jm1,10 

11 7 	IYPES(J)e.FALSE,? 
TYPES(6)mIRUE,, 	• 	• 

.. 	• 	KSTART((j) - - I6ST(1.6) 
CALL OSKHAN(IFUNC,IENT,TYPES,KSTART,IUDPI e LODPIF.1) 
FODPI m• LUDPI. 

CEQL_ILALL_AEFLUED_Ws GlIgN vm,LiEs  
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116 	IF (LODPIÉ,LT 9 I) GO TO 111 -  

É BEGIN STORAGE OF DATA FOR NEW PATH 
150 	LPIjN = tPISN4-1 

IF (LPI8N.U' A MAXENT(5)) GO TO .151 
WRITEgPRIN;"9005) MAXENT(5) 

9005 FOR1AT( 1 0***•NUM3ER OF PATHS EXCEEDS ALLOwED QUANTITY OF , eI7) 
STOP 

C MOVE PATH COSTS 
151 	()(2 152 Ire 1 a2 
152 	IIRAN(IBSICI)+LPISN-IPISN) e INwK(I+2) 
C BEGIN CONVERSION OF ARC ID , S TO ISN!S 

IF (INWK(5),GT,0,AND,INWK(5) 2 LE 9 . 0) GO' TO 15 3  
wRITE(IPRINp9006)-INWK 	

" 

900à FORmAi00 ,te, * INVALID NUMBER OF ARCSp*CARD-IGNORED , /* • 
1Xf. 216 e 5 XF21120 5 Xel1t7 5.X_P 616 ) 

LPIJN 	LPISN-1 
GO  • O 100 

153 	KHI m INwi-«5) 
IAD m IBST(11) 
HCON e NOISN 	• 	

. 

C LOOP ON FIELDS 
Do 154 rçFm1FKHI 

C USE 	BINARY SEARCH TO LOCATE ARC ISN . 
CALL  13INSCH(INWK(KF+5)fIHIRAN(IAD)FISNAoIVAL) 
If (IV4L A GT 9 )) GO TO 155 
WRITE(IPRINp900/) INKK 

9007 FORM41( , 0***'FAIIED TO MATCH ARC ID, SPURIOUS VALUE STORED , / -  

GOT
1XL2lbg5X,2_112,5X91195)46I6) 

O 154 
155 	IF (IHTRAN(IBST(12)+IVAL-,1)0NE R NCON) GO Tp 157 

NCON e - IHTRANUBST(13).4..1VAL1) 	- GO . TO  154 
157 	IF (IHTRAN(I8ST(1)+IVAL-PI)EQ 9 NÇON)-GO TO 158 

• WRIFE(IPRIN9008-) INWK• 
9008 FORMATUO*** SUCCESSIVE ARCS'OR ORIGIN NOT CONNECTED , / • 

1 IX,216p5Xp2112,5X11 F 5Xp616) 
'VAL -4 0 
GO TO 154 

158 	NCON m IHTRAN(UST(12)+IVALs'1) 
IVAL 	¶IVAL 

154 	- IHTRAN(IBST(KF4.2)+LPISNIPISN) e IVAL- 	H 
C CHECK IF PATh REACHES DESTINATION 

IF- (NCON.Eg e NDISN) GO TO 159 

9009 FORMA1 , 0e;** FINAL ARC. .NOT CONNE 	D E STINATION'/ 

	

TO 	STINATION'7 
WRITETRIN,9009) INWK 	• 	• - • 

1 1)(02I pXp2I1,2e5XÉI1 0 5(p6I6) 	• 
159 	IF (KH.1 9 c.(4ii.r GO TO 160 

KLO 	KHI+1 
DO 161 KFF.L0,6 

151 	IHTRAN(IBST(KF»,.21+LPISN-?IPISN) le 0 

C IF END OF UATOHe STORE 'PATH DATA ON-DISK 
150 	IF 	LPISN0LfaIPISN4.MAX8P1) -Go TO 100 • 

IFUNC m 4 ,›ITEST .  
'ENT a 5 
DO 162 1=1,9 	• 	

. 	, 	. , . 

162 . TYPES(I) m ,TRUEp 
TYPES(10) e .FALSE. 
CALL OSKHAN(IFUNC.PIENTPTYPESPIB“rWISNPLEISN) 

•1 
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GO TO 100 

C ALL PATH DATA READ 	CLEAN UP LAST PATH ISN UST 
200 	ITRANUBST(16)4-LOOPI-100PI) 	LPISN 

LODPI 	LODPI4.1 
IF (LOOPIRLTeIODPI+MAXBODpAND 9 LODPI 9 LE 2 ISNHI(104)) 

Ç STORE LA1EST BATCH OF LAST PATH ISN!S 
IFUNC 
IENT —  4 
D0'20 '2'  I=1,710 

202 	TYPES(I) ee. c FALSE si  

UYffl) e 7. 1M16) 
CALL OSKHAN(IFUNC r IENTpTYPE57KSTART9I0DPIpLODPF-1) 

. 	IODPI 	LODPI 
IF (tOQPI9LER1SNJI(1e4)).G0 TO 200 	. 

C. STORE FINAL bAH  0- PATH DATA 
IF (LPISN,LT_9.IPISN) GO TO 2 03  
IFUNC 	2+ITEST 	• 
IENT 	5 
DO 204 In1,9 

204 	TYPES(I). 
TYPE5(1,0). e: °FALSE, 
CALL DSKHAN(IFUNCfIENTeTYPESeIBSTelPISNeLPISN) . 

C REPORT  FINISH 
203 	WRITEUPRIN,3001) LPISN 	 . . 
3001 FORMAT('OENTRIES COMPLETED FOR A. TOTAL  OFI0I6 e t PATHS1) 

srop 	. 
END 

GO TO 20â 
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