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JABSTRACT

This theeis présents NEWCLUST, a new heuristic
algorithm for the design of two—level‘muitidrop tele-
procéasing networks. Frbm‘expenimentation wigh randomly
generated networks of various sizes, and comparfisons with
the Martin-Doll and modified Bahl and Tang algokithms, the
NEWCLUST a}gorithm'islshown to be a better heuristic in
network cost and computef:time, It is also shown that tﬁe
algorithm can easily be eiténded to handle multiple types

of concentrators and a number of CPU's,
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.
-

Yl )

et
e




—-y -

ACENOWLEDGEMENTS ,

/o
The author expresses his.thanks and gratitudeﬂth -
his'gppervifof, Dr. N.D. Georgaﬂa& for his continued
sup}ort and. guidance iq the preparation of this thesis,.
A speclal note of thankas 1g expressed to the.membeps'of
the Working Group onlNeCHorks for aliowing éhe author a
forum in which to express his ldeas; especially
Dr. Jiéi Soukuﬁ- ﬁor discussions leading to the topic
of this thesis., Last but by no meanaileast, the deepest.

gratitude is expressed to Carolyn for her moral and

emotional support.

-



4 CHAPTER 1

" INTRODUCTION

Consider the following problem facing the network
designer of a large retall business concern that has stores
" or outlets’ located throughout Canada. Suppose there is a

backbone fetwork of long haul facilities linking the
tbmpany s‘data processing centers, DEC, which are located
throughout the provinces, to ,the main headquarters in
,Sau}t-St. Marie (Fig. 1.1), These DPC 's‘are to service
_large geographical arqes which encompass a number of cities,
towns and villages. Within each.of these cities or towns"J
there are a number of company store?, each one having one

Or more point of sale, POS, terminals such as those used
for credit checking, veriﬁication,_etc. The opexgtion of
the system ;s tnen to have some data entereh\into the

L]

_ POS terminal, have that terminal communicate with its

regional DPC which will then do some data processing and -
send a message back to the terminal. Thb DPC may then in
turn communicate witﬂ the main DPC at the hendqusrters,
‘via the long hanl transmission facilities,
If the immediate problem is how to connect the

.terminals to the regional‘DPC¥iin an- economical manner,
then ome hae a number of options availsble. Fiéure l.é
illustrates some of the possible choices for the layout of
a regional network. fhe network in (a) might be desirabie
if very fastJ?esponse times are required and/or each

terminal gendrates a large amount of traffic. If the
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(a)
polnt~-to-point lines _ (b)) ’
: : " multiderop lines
\ -1
(). : v (d) |
Concentrators and point-to-point Concentrators and multidrop
lines lines

N Fig. 1.2
: Possible. Network Topologies
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nésijyae'reﬁuirements are less reat:idtive the mﬁltidrop
network in (b) might be a better choice 'since savings in

line costs may be realized by having more than one terminal

_share a line (i.e. multidrop or multiggiht-line). Perhaps

one might want to use concentrating devices as in (c) and
(d). This might be desirable if some of the data processing

can be delegated to local centers or if higher cost savings

.can be realized. Highef cost savings might be expécted

|
Ny

using concentra:ora_and medium or high-speed lines because

v

of the non-linear ;elationship begiween cost and bandwidth.
That is it might be cheaper to.Eﬁltiplex or concentrate a
number of low-speed 1ines.;;\6 gfe high-speed line,

rather than connecting each of those terminals directly to

the DPC via aepataté low-speed lines.

—

- . )
Now'suppose that the religbiiity, response time and
other requirementsand constraints indicate that a |
multidrop petwork with concentrators, as in (d) is éhe_}ﬂ
best cholce of topoloéies. ‘The problem is then ﬁo detérmine
the exact layocut of the network, having éhat type df topology,
such that all design consttaints are met and the.lowegt

i

possible cost 1s realized. Y

o
LS L
T
.

This 1s the problem that has been addressed in this

~

thesis. That is the minimum cost”design of two-level



cegtralihed networks, where the upper level consists of
‘low-speed multidrop lines connecting terminals to
concentrators and the lower level is.composéd of
point~-to-point high-speedtiiﬁea connecting concentrators to
,the CPU. Ali concentrators are assumed to have the samé

capacity,.

We have used the generic term "condentrator" for

~ any equipment capable of concentrating'th

ra

,output of a
number of terminals onto a single high-@§peed transmission
lineﬁ such as frequency and time division multiplexers and
"4

store and forward type concentrators. The term central

processing unlt, CPU, will be

sed throughout the rest of
the thesis instead of DPC. This s because we are considering
"what would be a regional network in the example as if it wer%

a whole network.

Tﬁis_type of problem has bgeﬁ approached from both a
-mathematical programming and heuristic progfamming-ﬁointa
of yiew in the literature. Since the approach that is taken
in this ﬁhesis f; heuristic in nature, a discussion of
heuristies and heuristic programming is in order. Heuristics
ma; be defined as any rules of thumb, princdiples or devices,
that aid problegwgg}ving and usually fesult in f%e reduction

3 . ‘ _
of the search for a solution. A heuristic program may

-



v .
incorporate a number of different heuristies. By doing so

the tiﬁé required by the program to obtain a solution and

the amount of computér étorage_requiréd may be reduced,

Heuristic programming can b? thought‘of'as "an.apﬁroach to‘

problem solving where the‘emphaais is qﬁ horking towards

optimum sqiutiog prdcedurea rather than'dptimum.solutions"-

(25, p.6441, although optimum solutions may be'obtgined.‘
.

Heuristic pfogramming differs from other types of
programming (eg. mathematical}, in two main ways.. The
first is that factors such as computer sﬁorage and time
are given consideration .as well as the quality of the
solution produced. Thus 'if a heuristic program consis#ahtly
produces solutions that are ﬁithin a few percent of the
optimum and is a thousand times faster than the optimal
procedure, then it‘may be in many cases a more desirable
‘tool for problem solving. Thelother difference is tﬁat
heuristics are justified on the ﬁaais that they have been
found to be useful through experimentation and not 5ecause

\ :
they arrive at any analytically derivied solution [25]. »

B
Compaéisons between heurisﬁic pPrograms or ppqcedﬁres N
are thus generadly based on ﬁ?mputer storage and time to
.obtain a solution as well as the quality of the solution ’

produced. This does, howevéf, ﬁresent‘some problems. \\

-5
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' Computer storage anarrun times, especially for large
complex algorithms or -programs, depend to a 1arge extent -
on how efficiently the algoxithm has been coded in what "
language and what machine 1t was run on Seg. IBM 360,

IBM 370, CDC6600, ftc.)u Since no two people have exactly
the aame'expertiae in'frogramming,sbmerdiscrepencx,is

‘ bound to arise in the coding. Aiso if algorithms are
e;p;ained only in.general terms and details of ﬁowfﬁhey were
implemented are omittéd, then one person's interpretation
and impiemen;ation‘of the algorithm might be quite diffe;ent
from someone elsefs.Thusltwo identiégl solutions may .be R
obtained from two different programs that have different
storage and run time reﬁuireménts. In gegeral then one’
cannot compare results éith those égblisﬁed in the ;iéerature
even if the same language ;nd machine have been used.

An attempt to facilitate comﬁarisoﬁs can be made by
putting a source deck of the program tﬁrough an optimizing
compiler aﬁd obtaining an effiéient.quect deck of the
program. This does optitize the coding of the algorithm
to some extent but does not alter tﬂé program'sstructure.

For exampie, 1f a FCRTRAN éource progfﬁ# hasﬂtwo DO loops
in succession, both using different DOliﬁE;ces, I and J,
then the object deck will have either I or J as the index

of both the DO loops. This would reduce the storage



requlremeﬁts for that sectlion of the program by one word.
However, 1t may be the case that the procedure accoﬁplished
by the two successive DO loops could have been accomplished

more efficiently using two nested DO loops.

The only real recourse for comparison purposes ié then
for'o;e to code the algorithm as efficientiy as possible and
base the comparison results on ratios and percentagés.

.\

In chapter two of the éhesis, various approaches
and algorithms for'the design of the upper level, the
multidrop subnetﬁorks arqunﬂ the éoncentrators, are diécussed.
In chapter three, algoriﬁhms for the design of two-level
networks with point to-point lines, Fig. 1.2(c), are
discussed and the existing algorithms for designing
two-level multidrop networks are presented. A new heuristic
algorithm for designing the latter type of two-level networks
is presented in chapter 4 along with its evaluation and

-

JExtentioﬁs.
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) CHAPTER 2

HLGGRITHMS'FGR'TEE'DESIGN'OF'MULTIDEOP'NETWORKS

.
Introduction

’

A tree or multidrop network can belﬁimply

specified as any network in wh;zh there is a unique

'patﬁ between any terminal and the center, such that

there -exists some path on which there“is more than

. o
one terminal ox node. Figure 2.1 illustrates a tree
network that has a number of ﬁultiérop lines.

A multidrop line 1s any branch of the tree that has

more than one terminal connected to it.

. "A' minimum spanning tree (MST) is a‘greé,‘as
specified.ébove, which has the minimum cost over all
spanning trees, for a particular set of nodes.

Since 1in mLsF p;twork designscﬁnstraints are iﬁposed

on the problem, the MST 1is usually not & feasible

solution, in that it violates some constraint. Thus

‘the problem of designing a multidrop or tree network

can be. viewed as a constrained MST (CMST) problem.
The €MST problem can be formally stated as:

diven: a) A set of terﬁinals {ni} £=1,2;,...N

b) A set of 1oa@§ (eg. traffic raFes)

{ti} } i=1,2, ...N, associated with the

nodes.

-.

e



Multidrop Lines

"

Coﬁcentrator, Ho%t,.oxhggb

"Low~-Speed
Lines

’

Point-to-Point Line

Fig. 2.1

A Tree Network
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c) A cost or distance matrix.
Dz{dtj}’ A,3171,2, 1.,N, representing”
connection costs between nodes.

d) A set of constraints C

-

<
Find: The minimum cost spanning tree over the set

of nodes subject. to the restrictfon that no

constraint is violated.

N

In éeneral there may be more than one type of

A

" constraints. For example, there might be a capacity

constraint that requires that the traffic fl16wing -
over any link be less than.some maximum, A reliability
constraint might also be_iﬁcluded, which restricts the

i

number of terminals on a multidrop line. . 2

- 1

>

The problem may be formulated as an integer
or dynaﬁic prdgramming [3,10] prollem, but ‘the
solution may become unwieldly if the network size is
much larger than 20 to 40 nodes or terminals.
Other tecﬁuiques for solving this problem can be
grouped into three gene;al categories; optimal,

d?
CMST and tree transformations.

Sblution Techniques

2.2-1 Optimal .
, | . b
Most of the algorithms that produce globally
optimal solutions make use of Branch and Bound (BB)

+
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’

techniques, although in [21] a graph theoretic

approach has been used.

t
-

The basic BB proceduro of Chandf gnd Russel [ 3]
uses the MST as toe starEing'topology. The algorithm
thon.procee%o to partition the set of all feasible
solutions into soaller and smaller subsets, utilizing
the central links of the MST in the initial partitiom.

'Each of these subsets is chafacterized-by a set of’
"establishedf 1inko_(the ones iooluded in all the
subse%s' feaoiblo aolutions).and a set o? "disallowed"
links (those excluded). Each oubseé is also
charactefized bi a lower bound on the cost_of all
_feasible solutions in that subset, which 1is the MST
cost, with the disallowed link costs set to infimity.
A 1link that is neither establishedwor disallowed

is considered "free". These free links are used at
each step to partition that subset, S, of the.
current network partition which has the lowest lower

bound The subset S is partitioned into two smaller

subsets Sl and Sz by making a free link of & established

in Sl and disallowed in- 5;. New lower bounds are
calculated for S; and S; and the partitioning
continues until & subset with a feasible solution, .

whose cost is the lowest lower bound, is found.
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That solution 1s then the 6p£imal solution, since
\

the lowest lower bound is also the lower bound to

the optimal solutidn.

‘The_methods in [4,5: take advantage of some
spécial properties of thé CMST problem to'accelerage
the convergence of the basic BB technique, Howevér,
tpis techniqyg, because of its lengthy convergence
time, is nﬁt of much pgactical use in finding‘
solutions to networks with much more than 50 nodes.

. . : ~

2,2-2 CMST Methods

Both the CMST and tree . transformation methods
are heuristics that produce 1océlly optimum solutions,
which are in some cases within a few per cent of the

optimum [3] .

The CMST ;ype of heuristic arrives at the final
solution by successively adding links to a tree,
without violating the comstraints, until all nodes
have be;n brought into the tree and no further cost
imprévements can be realized. The difference between
the.varioué algorithms lies in the way in which

terminals are brought into the tree. Kershenbaum [ 6]

has used this fact in deriving a more general heuristic
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"algorithm in which a number of other algorithms

are special cases. ‘ /s

All the algorithms of the CMST type consider
each node initially as a separate component and
atteﬁpt te join compoﬁeqts together in a least
costly manner, until a constrained spgﬂning éree is
—found; Iﬁ geperal each algorithm may start'by joining
differént components and end up withfdifferent
solutions. The algorithms choose different links to
be added to the tree because they cgnsider the

\ ¢

terminals in different orders., They implicitly agsign
weights to terminals to decide the order in which .
components are to be merged. A brief description of

some of these algorithms is outlined in the following

sectlons.
k1

2.2-2.1 Sharma - El Bardai and Martin. Algorithms

v The algorithm no. 2 of Sharma [7] and the
one by J. Martin [8] grow feasible tree solutions
starting with the farthest terminal from the center.
The bnly difference betwéeh the two algorithms i1s that

e Shérﬁa‘s forces the nodes on a given branch of the tree

into a MST topology whereas Martin's'does not.

The algorithm grows branches of a tree by starting with
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]
the fﬁrtheatlnode-frém the center, not already 1h_
*a branch, and filling up the brancﬁ with nearést“
féaaible neighbourg until no more can be added
without violﬁting the constraints.. If all nodes
have been brought into the tree then the algorithm
terminates, 1f they have not, then & new branch is
formed. If a tradeoff function, representing the
effect of joining node i to node j, 1is defined as
tij'édij/wi, and the w?ight assigned to each node
is its distance from the center 1 (e.g. Wy =d11),
then choosing /the minimum t14» éhen a new branch 1is
formed, over 4 { nodes not already in the tree is : qf‘
equivalent td choosing that node wh;ch 18 farthest

from the center.

2.2-2.2 Esau-Williams Algorithm

Each terminal'and the center are initially
in separate components; Q tradeoff function tij is
used to determine the order in yhich compoents are
joined. The tradeoff function 1s defined as the cost
saving realized by conmnecting terminal i to j rather
than connecting the component containing terminal 1 to
the center 1 &;e.t13'=di1_— dij) [9] . At each atage
‘the maximum tradeoff is found (ty*,* = MAX {tij} ) and
the 1ink ki* 3*) is\ftought into the tree. The new
component containing i* and j* has its tradgoffs
recalculated if necessary. The algorithm .
terminates when no further cost savings.can be

 J

e S
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+

reaﬁiied.l If any nodes are then not in the. tree

" they are directly connected to the center. Another

way of deaéribing the algorithm is that it iniﬁially
starts with a star topeclogy (all nodes directly
connected to the center) and at each iteration

reduces the overall cost by replacing af’entral

link with a less coitly non—::FEsal link until no
furthér reductions are possible, If the tradeoff
func;iqn\is written in the form tg4=dij-wy, w&ere

;-

wy =dgq and at é;ﬁé stage the miniﬁum-tij is "found
T :han the maximum, the algorithm will performn

rathe

the same. However in th#s form one can see that the

"weighting factofﬂpi,assigns 1argef_weights to

terminélé which are far from the cénter, thus tending
to minimizelthe"tij_and so giving preference to

links emanaéing from those nodes.

s

2.2-2.3" Vogel's Approximation Method (VAM)

| . The tradeoff function for the VAM algorithm
[po,11 'between terminals 1 and j, is definag as the
difference between Ehelcpst, bﬂ, of cohnecfiné

terminal i to 1ts second closest feaéiblg neighbour

iaﬁpd the cost, a3, of connecting it to its closest

feasdble neighbour minus the 393:, dij’ of the direct

connection between 1 and j Q e t1j=bi"ai"dij)'

ik

"S R
-
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At each stage the largest tyy:is found and

terminal i is connected to its nearest feasible

- . .
neighbo*fi thus forming or augmenting a segment oOT

branch of the tree. The cost of joining two segments,

cémponents, or branches is defined as the cost of
a8 ’ '

the least costly 1link betwqfn terminak;in one gegment
and terminals in the qtﬁer:‘ Ag#iﬁ we éee tha;‘the'
tradeoff functfop‘é;n‘be rewﬁittén in the form

ti4 ﬁdij - wi where wj=by - ai and, again the
minimum. tj4 at each stage is found.

.

2.2-2.4" Kershenbaums' Unified Algorithm

The unified algorithm [6,18] of Kershenbaum
incorporates as specligl cases the Prim [12]and -

Kruskal [l3j algorithma, whfchgare MST algorithms.

.

- ¥,
"It also incorporates the Esau-Williams and VAM

s

algorithms using the tradeoff function and

respecti;e ﬁeiéhts as defined above. The ﬁnifiéd
algokithm is baq}caily the Kruskal algorithm with
two modificatiohé._ The firg; is Fhét‘thé ordering
of.the links, smallest first, is‘@éne on the basis

of the tradeoff function, using the appropriate weighting
: . -

rule. The other modification i1s that whenever two
. : 7/ '

-

components are.being considered for merging, the
- A . R ,
feasibility of the merger is checked. The advantage

v s

ﬁ . " .l
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of this algorithm is thég several heuristics may be
'd

“used in succession or simultaneously producing

results that are at least as good and in somé cases

better than anj ainglé.hégristic can produce.

2.2~-3 Tree Transformation Methdds’

Trée'tfansformatiqn methods are local
optimization procedures that use any tree as a starting
topology and'appl&tsuccessive elementhrx tree
transformaiions in such a way.as'to reduce the

overall network cost while keeping within the

constraints. Alternatively, they may apply

transformations in such a way as to minimize the
additional costs thaéimust be incurred to transform

-4 :
an infeasible topology into a feasible one.

A method of this type, Sy Frank et ai'[14,15]
is used in the design of tree or multidrop networks_
with optimum link capacities. The transformation used
1s that for a given tree some node 1 and its closest _f
neiglibour, not already connected to i, are chosen. - ///

The 1link (i1,j) is added to the tree forming a circuit//

or a loop. If this loop has 1links (3531)s veney

(jx»1), then new treees are formed by déle;ing each (’ J

link in turn. When -a link is deletéd, an \

)
N/ '
y

optimal capacity assignment algorithm is used to

P R
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determine the new tree coet. The algorithm scans
nodes sequentially and conaidere 1ink additions from

each node to its d nearegt neighbours. ‘When a lower
»
cost tree 1s found then that tree is'adopted and the

node scan beginhs again. When no further cost _n-

-

improvement can be found then a local optimum solution

.

has been found. A number of .different starting

topologies are considered with éeach resulting in a local

"
’

optimum. The best of these local optimums 1s then

adopted as the final solution.
g

Another tree transformation type of heuristic has"

been proposed by Elias [4]. This algorithm uses the

. ! )
~ MST as a starting topology.  If the MST is infeasible

then the tree is modified by iteratively exchanging
- ‘
1inks ~to satisfy the constraints, while_ineurring the
minimum additional co ) tially the network is
partitioned into two sets SET 1 contains all the
nodes on segments of the ttee that_eetiefy the .
constraints. SET 2 1s the eomplemizt of SET 1, or all

other nodes in the network except ose 1in 'SET 1.

. Links are then iteratively deleted between nodes in

SET 1 and replaced by links between nodes in SET 1
and SET 2. The criteria for link exchanges is that they

should result in the smallest additional cost and lead

i

-



to a reduction in the overall amount by which the
constraintslare~violated2 Qpcg'the-tree structhre
satisfies the constraints, an attempt to further
reduce the cost ié maﬁe by‘attempting to feasibly

recombine the tree's segments and give them a MST -

topology.

Comparisbns

From some compariaona.of somé of the different
heuristic algordthms [3,4,6,16] it apﬁeara that the
widely accepted EsauﬂWilliama élgorithm is generally.
the best heuristic.available for the design of
multipoint networks with a single line capacity.

It usuvally produces solutions that are within 5Z of A
. 4

" the optimum and is one of the faster heutistics.

There are, however, heuristic that produce solutions
that are as close or cloaer to the optimum [17,6]
but this is usually achieved at the expense of
computer time and program complexity.

Since the multidrop layout problem is embedded
within the overall desién problem considered and
ma& b; required to be solved a number of times, it is
desirable to use a heuristic that produces fast

and good solutions. We have adopted the Esau-Williams‘
4 B
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algorithm to use in our design. problem since it
satisfies the above conditions and also for

comparison purposes since 1t has been uséd in one of -

7

the other design algorithma\we'will be comparing ours

to. >
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. CHAPTER 3 N

fHE CONCENTRATOR  LOCATION PROBLEM

Introduction

The general concentrator location problem can
be broken down into two major sub-problems. The
first is the location problem which inv&lves
determining ;he-numher, positions and types-of
concentrators to be uséd in thé network. The second
is the allocation problem’ which involves the

partitioning of the network in such a way that the

line layout of the concentrator subnetworks will

produce the desired minimum cost feasible topology.
That topology, feor centrallééd networkafﬁs uéually
that of éither a star, tree or'loop. In order to
solve the design problem effectively, however, it is
necessary to-consider‘the locaticon and allocation

problems simultaneously, within the context of the

overal minimum cost design problem [37].

Most of the more commonly known algorithms for
the deﬁ;gn of centralized‘communicaiion or
teyfprocéssing networks are mgdified versions Pf ones
that were '‘originally developed for SEIectiﬁg warehouse
locations. A number of mathema£ica1 programming

approaches have been used to solve these warehousing

problems. Theycpfer the areas of linear, nonlinear,

\
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mixed integer and d?namiq programming [19-241 .
Optimal-~solutions méy'be found in some cases using
mixed integér programming in conjungtipn with
decomposition and Brapch and Bound téchniquea.
Ho;ever, experience in solving ﬁhe warehouse locatfbn
problems by these methods has indicated that they are
rather 1inefficient in so}ving meddum to large-scale
problems [20], and that one must usually resort to

approximate or heuristic methods in order to reduce

computer storage and run time requirements.

e
A

Mostﬁof these algoriihms can be characterizé&\as
some type of one-point-move search, ambné the poin}s
in tﬁe solution space. ‘Foflexgmple, 1f there are three
possible locations at A, B and C then the point (100)
would represent a possib1e solution in which a‘waéehouseo;.
is located only at location A,.and the point (101)
implie; warehouses . are located or open at A and
C and clos at B. The.solution space can.then be
thought of as the set of splutions corresponding to the
set of these points which includes all gomﬁinations
of the possible locations. The "Add" algpfithms' f253

search is a directed one, starting at the point(000...0)

o
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B

and, moving towards (111...1). That is to sayithat

at each move“or step in the Add algorithm some plant

or warehouse that is not alreagy open is_opened;

1f that move proves economical, In.gﬁe Drop ,>“
algorithm [26], the search ie directed in the

opposite diiection starting with all warehouses ;pen
(111...1) and at each stage closing a warehouse, thus
moving towards the (060...0)_potnt. Since bo;h'these'
algorithms t;rminate thelr search whenever the opening
or.closing of anotheTr warehouse will not improve the
present solﬁtion? they rgsult.in local optima. Other
heuristic algorithms [27,28,30] have tried to =
circumvent the local optimum problem by either starFing
their search at some randomly chosén oint of changing

the direction of the search during th \Eizife of the -

solution process. However, their results have not

indicated any drastic improvements over either the

A&d or Drop approaches.

Existing Algorithms

Théfpxoblem of designing networks with concentra-

tors ané”boinf-to-point lines has been approached from
a number of‘&ifierentdirectipns in the literature but
very little literature on designing nets with .-

-

concentrators'and multidrop lines 6r loops 1is available,
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'Since this thesis is concerned only with the
multidrop or'tree type of topology, a brief
description of some of the existing algorithms that
consider the point-to-point case will be given,followed
bf a detailed description of those that consider
nultidrop lines. . “

¥ . ..
3.2-1 Concentration and Point-to-Point Lines

3.2-1.1 Add Approach’ A 2

The Add approach éan be illustrated by the

aléorithms of Martin [31] & Kuehp;Hamburger {251, There
are two main differencés‘%etween these tﬁo algorithms.
One is that.Martin initially consid;rs ali terminals

in the ;a&york as possible concentrator sites whereas
Kuehn and Hamburger .consdider only‘soﬁe selective subset
of the terminals. " The Sther difference 1s that at each
iteration, Martin considers locating a concentrator |
from the set of all possible remaining candidate sites,
whereas sKuehn and Hamburger only consider a small

subset of the rémaining candidate sites. The algorithm

by-Martin will be described here.
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Initially every terminal in the netﬁdrk is
considered as. a possible concentrator site. Edch
site is consldered in turn, independqnt;y from the
others. For each site terminals are assiéned to it

- until ;he capacilty of the concentrator at the site is
full or untii ne other terminals can.be economically .
connected to it. .The-criterion for assigging

-
terminalsggp concentratofa is that those with the
highest gains are_connectgd first, The gain function
‘1é defined as the.diffefénce in cost between

connecting a terminal i to the central processing

unit 1 (CPU) and connecting it to a concentrator j.

- L. Bij= €31 ~ C4gj; (only gijzb are considered)
-~

where 814 = gain associated with connecting

terminal i to concentrator j

-

ey1 = cost of cbnnecting terminal 1 to the CPU

\ B

 ¢i4§ = cost of connecting,terminal i to Fhe

concentratorat location jJ

9
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START ~

Given the concentrators
and their locations, do
the following starting
with a list of all
terminal locations.

\

y *

Take the terminal in the
1iat farthest from the CPU.
Connect 1t to the best
concentrator that has spare
capacity (or the CPU 1if it
results in a lower cost).

¥

Delete this location fFom
the list.

No last location”
in the list

Big. 3.1
Stage two of Martin's algorithm

-

(s
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The gain for each site can then be calculated as:

- |
Gj: Zgij"_xij - fj
vi=31 ‘
where gyy= is as defined above

"1 if terminal 1 is connected to
X{4= . ~ concentrator j;

0 otherwipe.

fj = cost of locating a concentrator at

location 3.

ce the gain for every site has been calculated,
then that site which has the highést gaiﬁ has a
conceutratorvlpcated at it and this site ahdiall
the termina;s‘that were comnected to it are removed
from further consfdération. The whole process 1is
then repeated for the remalning tefminals. The algo-
rithm terminates when it is no 1onge£}economica1
to locatelanother concentrator. Tﬁéacoﬁcentrators,.

thus located,are then used in a second stage for the

terminal assignments'as 1llustrated in Fig. 3.1.

3.2~1,2, Tree Search Algorithm

In this algorithm [32] it is assumed that =a

subset of the_cerminala is considered as the set of
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possaihle concentrator sites., The concentrﬁtora are
ranked according tq their ﬁaximum savinﬁf and oniy

a subset of them is retained for further analysis.

From this subsget of possible sites, a tree of

solutions is built up by considering at each stage
certain combinations of some number of the locations.
At the end of each stage ,that combination which produces
the best solution is saved. When no further cost
savinga can be rea}ized, then the best‘solutioh out

of the tree of solutions is chosen; It appears that
this algorithm is similar in a number of ways to the
Add [25] algorithm except that concentrators aren't
located sequentially thus allowing for ﬁore flexibility

. in the search.

3.2-1.3 Drop ﬁpproach

This algorithm by Bahl and Tang [331] was
used to compare our new algorithm, thus a more
detailed description of the algorithm and its

modifications will be given in the .next section.

A
This algorithm is an iterative procedure
which 18 based on the assumption that, all terminals

are potential concentrator sites. Gain functions

-
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A

as described in 3.2—1-%:_are u;ed'to Assign .
terminals to éoﬁcentfators and ﬁo determine the '
order in which concentrators are Hrppped frod’thé
network. Initially tﬁe maximum humbéf of terminals is
assigned to gach.concentrator,‘if‘possible, in_sgch"
a way that the'cost savings or-gains g14 are f‘
.ﬁaximized. Thus a terminal may be coﬁnected to maﬁy
concentrators iniflplly. Terminals which cannot a
be accommodated by any cépceﬁtr;toi ﬁ:e then connected
to the CPU. During each iteratiﬁn,a link beween a
terminal and concéqtrator is either deféted or inserted.
Whegever a link is removed,tye gain Gj of the
assbéia?éd\concentrdtor is checked. If the gain is
negative, indicating that the cost qaéing to the

network of having.that concentrator is less than the
cost of locating it there;.then that concentrator

is dropped along with its 1links. The algorithm
terminates when each terminal is connected to only

one concenﬁrator or the CPU., This algorithm,althqugh

‘ it shows some cost improvement over the Add algofithm,

-

ig usually much slower. : ‘c;/”

A%
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" 3.2-1.4 Selective Combinatorial Optimization

This procedure [34] involves qombinatorial
Joptimization over certain;selecfed subééts of the C
~ “network.‘ It starts by éartitioning éhe network intp
a numper of subsets qr clusters. TErmiﬁals that
cannot be added_fo any clusfér'are ;bnsidered as

: : P
possible concentrator sites themselves. After the .

A

initial garéitiﬁning,theooptimal solution for each
cluster ié found. Each clﬁate; or part;tion th;n
hagla set. of optimal locations, T@e network is then
repartitioned, using these 1ocaliy optimum locatioq
~sets, into another set of subsets or clusters. The
locglly optimum solutions are  then extended over
1afget g;baets by forming pairwise unions of *
subsets. These larger subsets are then considered
for optimization; Once this sta;e iﬁ coﬁéieted

then the network is again repartiFioned into ; new
set of subsetgsbased on thelnew set of concentrator
locations. The proceduré of pairwise optimization

is then applied again.‘ _ ’ (L
It is shown in the paper tﬁat palrwise optimization
K .18 a necessary but not sufficlent condition for global
optimality. This algorithm also showed. some

improvement over the Add algorithm. The major
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above. dnly mathematical models and possible
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advantage of this algorithm is that the concentrator

.8ltes are solely determined by the algorithm,whereas,

in others a poasible set must be determined a priori.

»

LY

3.2-1.5 Mathematical'ApprOaéh
In this paper'tBSj the problem of determining

the locations and boundafies of local exchanges

(analogéus to qonce;trators) in a telephone netwdrk

is mathématically formulated as a mixed integer

quadratic programming problem. The Capacitated

Plant Locatioﬂrg;oblem which is analogous to the

concentrator location'probleﬁ is shown to be a

spgpial case of the more general problem mentioned

solution methods are presented.

/

3.2-1.6 Linear Regression Clustering (LRC)

In a recent pﬁper £36] the probiem'haé
been attacked by clusteéing termiqals on the basia
of connection costs between terminals and then
optimizing the locat£ons, capa?{Ey and pumber‘of'
/
concentrators in each clusfer.
Initially, all terminals aréﬁin one cluster

Po. A linear regression line for that cluster, which
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represents the best mean—gquarefiﬁ to the terminals.

in the cluéter, is8 @aalculated. This line is then

s

used to partition the cluster into two smaller

-

clusters as shown Bygﬁolically‘in Fig. 3.2(b).
The partitioning is .repeated until allgcerminals
are aséoéiated with a cluster that has its~total—
traffic requirement Ry less than or equal to the
nimum available concentrator capacity Cj. Thus
a treenof ciusters fsvzrowing as shown in

Fig. .3.2(g), where the Boiid nodes are clusters with
capaclty reqyirements less than or equal to Cjp.

-~

Once the tree has been derived,the final solution
is determined in the following manner. Some cluster
Pj‘(eg.‘P7) i1s. chosen whose'rqui;e ent Rj<cm, where

Cyp is the capacity of the maximum-ca aclty concentrator,
and which is a descendant of a clust Py (eg. Pq) for
which R4y » Cp. ‘The optimal position for a concentrator
in Pj and the-associated minimum st are calculatedr
This is also done for all of"Pys sub—clﬁstgrs

(eg. Pi1, P15, P16 B3 ),always‘uaing coacaptrators
: w

- whose éapacities are the minimum aufficiéﬁilto handle

the traffic of each subscluster. The fiﬁal design for
2 B
P4y is then chosen as fhat combination of sub-clusters

. 4 :
and concentrators which minimizesthe total costs.




Ri> Cm Ci«:R;g Cm RjsCq

Partition is pexrpendicular
., to the regression line

Median of the
-cluster Pg

~Fig. 3.2
Linear Regression Clustering Method
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For example, starting with P which 18 a descendant

of Py there are three possible choiéeé, ,0ne is to

locate one concentrator in P7 having the minimum

2

Tequired .capacity greater than Cj. Another is to

locapé one concentrator in Py with 01;£R11<.Cm and
another one in ?12 with capacity Ci3. The third choice
1s to locate three concentrators each with capacity

Cq iﬁ each of P33, ?16, and P;,. The whole process’

is then repeated with some other Pj and continued until
all terminals have been associated with a concentrator.
Once this stagé is reached then some éost—processing r
1s domne toffurther reduce the network cost. This

algorithm shows substantial savings in both time and

network cost when it is compared to the Add algorithm.

Concentration and Multidrop Lines

All of the existing algorithms [31,38] that

c&nsider locating concentrators in nultidropped

netwo;ks,‘transform the'problem to thie one of locating

concentrators'in point«to-point networks. The
transformation is accomplishgd by estimating the
multidrop l1ine costs for the terminalé and then ubing
these costs as equivalent point to point costs in an -
algorithm designed for analyzing point-to-point
ngtworks. It is necessary for'fhese algorithms to

{

usé estimated costs because they are of the Add type
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and 1t ia impossible to know & priori the actual

multidrop line costs using this approach.

The algorithm by Bahl.and Tang [33] is included
in this section because we have used the concentrator
sites thét are determined by the algorithm as the
) final_concentra;or sites and then grown a multidr;;
network around theﬁ. This algoritﬁm was also ﬁsed

for comparing our algorithm because it uses a similar

Drop approach to locate concentrators.

3.3-1 Martin - 'Doll Add Approach

| Bottha;tin [31d and Doll [39-41] have used

an iterative approach in locating concentrators in
multidrop networks. Their approach has been to ;déate
concentrators one at a time and once the fipal set of
concentrator sites has been deéermined to ﬁse a many-
center assignmént and multidrop ﬁptimiéation procedure
to arrive at the final layout of the multidrop network.

The basic multidrop optimization procedure used 1is the

Esau-Willkams algorithm.

The algorithm considers all terminal locatiomns
as possible concentrator sites. It is assumed that
a concentrator has a fixed capacity and number of lines

_
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that can be directly cdnnected'to it. The Algorithm
scans outward from a concentrator assigning terminals
to the concentrators. lines, considering the closest
terminal first. The scan is continued until all the
line capacities and thus the concentrator capacity is
filled or umntil no other terminal can be eéonomically'
connected to the concentratgr. The terminals thﬁs
assigned to the concentrator have their mean distance
frém the CPU and concentrator calculated. These
averages and the actual numgéé cf the concentrator's
low-speed lines that were used are then used as a basis
for determining the estimated cost saving of connecting

these terminalh to the CPU via the concentrator.

. .

The estimated cost saving of using the concentrator
in the network is determined by a tost density factor

which can be formulated as: .

-

DENS (J) = LIN (DCPU~DCON) -~ €OST (J)

wvhere

DENS' (J) is the cost density factor for locating
>
a concentrator at location J.

v

LIN is the actual number of concentrator J's lines

that were usged,
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DCPU 13'the dverage‘low-apeed line cost to

- connect a terminal to the CPU,
N .

DCON 1s the averagejlow-speed l1ilne cost to conmect’

a terminal to the concentrator at location J.

COST{(J) is the cost of locating a concentrator at
location J. &high-speed line cost plqs
fixed cosgs).

P

Initially the above procedure is done for each
terminal location in the l1ist. The location that has
the highest cost density fgctor.is chosen as a
concentrator site. That location and all the terminals
that were connected to the concentrator at that location”
are removed from the list. The entire process is then
repeated for the remaining locations in the list.
The algorzthm terminates when the largest cost density
factor is negative. The final set of concentr‘?or

locations 18 theﬁ used in a many-center multipoint

optimization procedure to determine the final network

layout. A general flow chart of the algorithm is

givenpin Fig. 3.3.

Although this method produces good solutions,

it has several drawbacks, One is that the computational
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( Start )

h 4

Consider a list of all terminal
locations

b,

For each location in the list do :
the following. . 0

-

1) Assume a concentrator is at
that location;

2) Evaluate the potential cost
saving of connecting each
terminal in the list to the
CPU via that concentrator.

3) Select the terminals with the
maximum gavings until the
concentrator capacity is filled
or no other terminal can be.
economically selected.

4) Add up the total savings, if any,
and substract the cost of locating
a concentrator at that location.

{

Record the concentrater location
that has the maximum saving. >

‘Use the concentrator
sites ‘selected and
 design a multidrop
nétwork around them

Set a concentrator End

at that site. .

A 2

Delete the terminals connected
to that concentrator and the

concentrator location from the
list.

Fig. 3.3
Flow Chart for the Martin-Doll Algorithm
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time may become excessive for large netyorké éince‘
each terminal location i1s considered-hs a possiblé
concentrator site. Suppose,for example,in a
network with N terminals, k concentraﬁors are
located, C1, C2 +.++, Cyx . Each time a concentrator
is located, the terﬁinais that were assigned to it
are femoved; Let nj, ny, ..., ni be the nuﬁber of
terminals.removed when concentratorsCy, C2...Ck are
.1ocated respectively. Thus in the first iteration of

the algbtithm, all N locations must be scanned and ,

s

cost density factors for each calculated. The second

iteration scans N-m}, locations, the third NQ(nl + ng)
i-1 '
and the ith N-(E: nj) locations. Thus 1f N=100 and
. =1 o
n jsn 9= n3=10, during the first four iterations,

280 scans must be made, and thus 280 cost density

factors calculated.

Another drawback is the basis for determining
-the estimated cost savings. In the first term of

the .relation with DENS(J),

o3

DCPU: E ciO Inj
i=1

.. n
and . DCON= 21_: ciy /10y
! ’ cl
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where ny is the number of terminals conneqted to

the concentrator at location j

Cfo 18 the cost of cdnnecting terminal 1 to the

CPU (o). °

+

Cij 1s the cost of connecting terminal 1 to

the concentrator at location j.

N

-

/

Thus the first:térm_can be written as:

LIN )3_3:1 =
LIN(DCPU~DCON)z === (3 . ¢cio _ 3 -
nj 1=1 o E;:l Cij)'

n1 '
= a), 81y
T=1
~where : a = LN , a<l J
nj -

gij?cio'cij and is the cost Baving to the
' network of connecting terminal %
to concentrator j rather than

directly to the CPU,

These gyy1g are the same as the ones used in
the previous relations, Thus the estimated tree cost
or muitidrop networﬁ cost for a concentrator is just
some fraction of the star or point-to-point cost.
Even though there is some'justificétion for this, .
ag will be pointed PUt in the next section,

concentrators are still located.on the.basis of



-42-

e

designing d.star network.

fhereyis alaq a problem that is inherent in any
tyﬁé of add app}oach. The problem is Ethat 1f the
initial choice of a csncenﬁrator location is a poor
one, then the subsequent choices an& thus the final
topology may Qeviate a long way from the optimal
solution. This has been fqund‘to be the case in a

number of examples in connection with the warehouse

location problem [271].

A ‘

The fact that all terminal locations are
considered as'pésaible concentratof sites may be
ad;antageous in that itﬁmay eliminate some blalsing
as to the choice of sites,which may occur if some
subset of the tefminal locations is chosen as a Bet
of possible sites & priori. _Howevgr, this may prove

to be disadvantageous in other respects as mentioned

earlier.

3.5:2~4ﬂpo and Tang Add Approach

: !
T;L approach taken in this algoritho [38]

18 to first estimate the multidrop line costs .and
establish "equivalent star" 1link costs which will

then be used in the Add algorithm [25] to determine
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the concentrator locations. Once the concentrator.
locations have been determined they are used in a
many—center'multipoint optimization procedure to deter-

mine the final network topology. The algorithm

"considers a set of potential sites for concentrators,

Since the optimal multipoint network falls
somewhere between a star and minimum spanning tree,
MST, the authors asaumé that the eqpivalent star cost
can be calculated as a linear combination of the’

S

star costciy and the MST cost ty4 for the node

palr (1,3), where 1 is a terminal and j a concentrator.

The tree costs are calculated from a minimum

spanning tree and can-be defined as:

tij=§ ;C(Bk)/[aj_ (By)]
- k€Pg |

where B 4is the set of branches or links in the MST,

Bﬁ is a particular branch,aj(Bk) is the set of terminals
which are disconnected from the trge or concentrator j
by the removal of branch By, [aj‘(sk)J is the number
of terminals disconnectéd,, C(By) is the cost of

b;anch By and Py is the.unique path from concentrath

j to términal i, E}gure 3.4 1llustrates a sample

calculati&n.
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L MST

B={(j,l), (1,2), (1,3), (3,5), (3,4)}

t3.9= D, C(By) /laj(B)]
ByreP4y

yﬁere P3=kj,l), (1.3# ={B1,B£}

C(B,)=cyy C(B2)=Cy 3
ay(By)=(1,2,3,4,5} \ aj(B3)=B,4,5}
Cay(B1)1=5 Lay (By)1=3
thus
£3,3.% cy,3/5 * cl,?l:i

N
N

//[/f } Fig. 3.4

Calcﬁlatiop of Tree Costs
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The Add algorithm then uses these equivalent star

“cpsts in locating concentrators. Initially all

" candidate concentrator sites are closed and then
ohe at a time, a concentrator 1s qpened ocn the basis

of maximizing the overall network cost saviﬂQL

The algorithm thus involves solving a number of
b

:

‘different terminal assignment problems for a number
of different sets of concentrator sites, since only
a fixed number of sites is considered for detailled

analysis at each stage. The algorithm terminates @_-

-t

when no further cost saving can be realized bj opening
a LY

another concentrator. A possible flow chart for the

algorithm is shown in Fig. 3,5.

.-

A nggwork with three candidate concentrator

g

sites A,B,C and its MST is shown in Fig..3.6.

Assume that the equivalent sﬁﬁg‘costs haveibeen
calculated and the Add algoriﬁhm has Eﬂoaéﬁ

concentfator A as the figgt.concentrator aité:fjlé the -
terminals ‘1 to 6 that were stociated with concentragg}}
A and are remqvéﬁdfrom further consideration, then'whét\
would the tree costs fiB ifS%;..;~13,be, since the
removal 6f terminals 5 aﬁd 6 éisconnects these terminals,:

8-13, from concéntrétor C. One possibility is to ignore

this and continue to use the original trée costs.
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Calculate. the equivalent star
costs of ‘connecting the N terminals
to the M potential concentrator sites.

. + ]

Rank the concentratora by some.
predefined criteria.

——

Determine and place in a buffer
the K (K<M) concentrators that
show the most premise, and are:
to be considered for further
.,analysis.

f 0 

Evaluate the cost savfng that would
result for - each of the topologies .

"created by the next concentrator at
“each of the K locations in the buffer,

!

Eliminate from further qgnsideration
any of the K sites which do not offer
any cost saving

Locate a

concentrato
at that sit
which offer
the largest

cost ‘saving -

r
e
8

any of
these K sites
offer -any
savings

Perform.Post-prcessing

-

: Fig. 3.5

Flow Charxrt for the Woo and Tang Algorithm

No
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from the network in the next:
iteration. —SS— . *

CcPy

'MST and Can

Fig. 3.6

didate Concentrator

Sites

ceu

Fig. 3.7
The new MST

°

-ﬂ“’
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4

‘Another possibility would belto establish a new

tree as in Fig, 3.7 and fecalculatg some of the tree
cogsts. This would perhaps provide a bgtter approximation
to the actual multidrop costs. However, po ﬁention

of gny detailed procedure 1s given in the paper. Also

details as what criterion is used to rank concentrators

or to evaluate the cost savings are not mentioned.

s
()

As thé'equivaleﬁt star costs are’ considered as
linear combilnations bf the tree and star costs
{e.g. k1t1j5# k291j) and since-the authors assume that
in many cases the star and tree costs are linearly
correlated due to constraints, they have considereg
estimating the costs-using a single wéiggting factér,
éarﬁhij. The constants kj, ks, and k are compiex.
functioné of line ;osts, geograph#cal distrihution*qghs
_thé términals and’thé number of terminals and traffic
constraints per line, and as gﬁﬂﬁ’must bé émpifically
estimaﬁed_or determined. This single weighting 1s
lsilear to that used in the,ﬁartin~Doll algorithm.
By using a single weighting factor, the approach
becomes thatibf the standard Add approach used for
point-to-point networks,‘with'a many-center multipoint

optimizing procedure used to determine the_final network

cost and topology. This algorithm was not used for
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- comparison purposes for the ‘simple reason that not

enough detajils were availlable for an accurate

implementation of the algorithm, -

3.3-3 ' Bahl ‘and Tang's Drop Approach 'and Modifications

In a previous section a general deacr;ption of
this algorithm [33], ﬁhich is a heuristic algorithm
specifically designed to ﬁandle pﬁint—to~point
networks, was given. A more detailed description will

now be given.

The basic optimization problem is the following:

given a set of terminals {fl, Tz, « + TN}~and

CPU, we want to establish concentrators at a subset of

possible concentrator siteg {cl,dgz, caey CM}

and assigﬁ terminals t;‘these concentrators in such a )
way that fhe ovefall 1ine‘and fixed costs of the network

are minimized. The topology of any s?ar network in which
terminals are difectly :onnected fo a concentrator-or thg
CPU and concentrators are dirgctly connected to the CPU,

can be completely described by an incidence matrix.[xij]

and a concentrator state sector (yglwhere:

. 1 iff T{ 1s connected to Cj
ﬁij = 0 otherwise ) vi=1,2,...5;
vi=1,2,...M
y - 1 1££ E xi4> 0 C; is open- -
1 - ] d ' vi=1,2,..,
0 otherwise 95 i closed. :
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rd ‘

A
Theﬁ.if we defined cj4 as the cost“of connecting Ty
to Cj and f£4 as the cost of locating a concentrator
at lﬁcation Cy» the‘gotal cost of the network haﬁ be

defined as:

M N M
Z = Z . Y3y o+ Z: ' Z X134 ©i1j
j=1 1=1 j=1" -

If we assume that a concentrator ¢éan handle .at most
E terminals and T traffic units and that each
‘terminal can be connected to only one concentrator or

the CPU, C,, then we hagj‘the following constraints.

Xij S E ' ‘ Vj
i=1 '
N
i=1
M

xij\ = 1 ) Vi
=0 - .

where ty 18 the number of traffic units generated at
terminal Ti; Thus 7Z 18 the fundtional we wish

to minimize subject to the above ¢ nstraints.

\

. ) N - . \ ‘
: - : \ !
r\'-—\-_-" .
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For each‘potential link xj4j we calculate a 1ihk.gain

Bij = €4g - Cij

which is the cost saving of connecting terminal
Ty to Cj rather than the CPU_, Co. Thus only

glj 2 0 ' are considered. The flow chart for the
° . e

algorithm is givenr in Fig. 3.8.

J

To initialize the network we define for each
concentrator C4 an index set of terminals IJ. .
< !

To determine Ij'we connect terminals to Cy in
order*of decreasing gain per unit traffic,gij/ti,
until the additjion of another terminal violates

the constraints. nitialization implies

xij = 1 for_ail i Ij. If no terminal can be

accommodated by any concentrator than it 1is connected

»

to the CPU, i.e. x4o=1.

)
< .

Foy each existing link (xij =1) an augmented
coa{_gf

ij is calculated.

tifj
N
E_J_j = cij*'z:' xijti
121

114
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All concentrators
are open,

h 4

Initialize the network

the number
of links equal

to the number of

4
Drop the worst
link (iy,Jy)

the number
of links equal to
the number of
terminals

.1

Yes

Yes

terminals

Insert the link

3

Close concentrator

Recompute the
link and concentrator
¢ deviations

pjw

Fig.,

3.8

-

Flow Chart for the Bahl and Tang Algorithm-
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ci4{ can be thought of as the cést to ty of using

Ci }f the fixed cost of Cj is shared among the
terminals in proﬁortion to the traffic generated

by them, For each terminal, Tj,an average augmented

coét, hi ,is also calculated:

Vi

This is then used. in determining the quality of
the links for fhat terminal which is determined by

the link deviation qjj

hy

913 7 ©19 -
For each concentrator,-a concentratordeviation,rj’ is
obtained by summing the link deviations of the

terminals in the concentrators index set.

| T3 Z 91

ATy

" These deviatlons are used as thg basis for dropping

and adding links in the network.

In loop A of the flow chart a link is added

to a concentrator if its constraints aren't full and
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L

the addition of the link will reduce the concentrators

deviation., There are two instances where this could

happen:
CASE 1 If T; is comnected to the CPU and g1420
CASE 2 . If the augmented cost of link xij is less
than the average augmented cost of Ty.
| Ctgfq )
edy + il <hy
il.e. N
. : z xXpqrty + ty
£=1

If a 1link cannot be inserted then the worst

link {(iw, jw) is dropped and then the gain o Cyyw 18

checked.

. , If we let:

R = max {rj} N

3 .
Jw = { 3 l ry=R }ﬁ ‘
Q = max { q:l:j‘r" ' j;l x%j > -1-} 3

Jedy

) and. (iw, jw)\\; { i,j| L jeJw ; qij-Q}

i~

L

then the criteria for'deleting a link is that the
worst link (i, 1) is the link with the largest link
deviation among all links connected to the worst’

concentrator.

R
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Each concentrator has associated with it a gain Gj.-

N

i=1

)

The gain, Gy, is then.tha increase in cost that
ﬁould be incurred by the network if the éoncentr&tor
at Cjy was clesed and all of iFa- terminals were
;onnected to the CPU. Thus when a link 1is droppedlphe
gain of the worstkconcentrator Jw 1s decréaséd;

If the concentrator gain‘then,becomes negative Cjy is
closed and all of 1ita links are droppe&.and removed

.from further consideration.

In summary then, the algorithm starts with all
ﬁossible concentrators. open., As each concentrator is
assigned a set.of terminala:‘Z‘terminal may be connected
to morq}fhan one concentrator thus creating link and
concentrator deviations. Each time loop B is executed.
a concentrator-and a number of linka are ar0pped from
the network and the network is then reinitialized for
fhg reﬁaihing éoncentréto:s. Each time the inner loop
A is executedasthe network is modified by either the
deletion or insertion ofla single link in such a manner
that the deviations are decreased. &he algorithm

terminates when the/ number of links equals the number



o
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of tetmihala, thus -each terminal is counnected to
one and only one concentrator. Filgure 3.9 shows
what a network might look like when it is fifst

initialized and when the algorithm terminates.

[ ]
w B
Some pre-and pro-processing techniques can be

used to speed up the algorithm, reduce storage,

and insremenyally improve the solution. The only
pre-processing we have used in the implementation of
thé algorithm is the permanent elimination of
concentrators which have a negative gain qhen'the
terminals in their initiél index set,Ij,are connected
to them. Also in order to speed up the algorithm we
have not totally reinitialized the network each time
a concentrator is dropped. Rather fhan doing that,
which involves a number of timely calculations, we
have onl& considered connecting terminals to the CPU
whenever they have been stranded Li.e.zzxij =d \&Y;
due to a concentrator being dropped; If these
terminals céuld have been economically connected fo
somelconéentrator then they more than likely will be:

when some link 1s added.

S

\/
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.In'using this algorithm to-design wmultidrop
netvorks, we have_donéfdergﬁ the following aﬁpfoaéhea.
.Since one of the constraints invcivés the maximum
number of termigala gnd thus point-teo-point 1ines, the
concentrator can handle, and the constraint for a
'multiﬁoint network 1s more oriented towards the number
of.multidrop lines, then some modification as to howd
terminals are assigned to concentrators is necessary.
Initially we allow up to E+l termimals to fe assigned
to a concentrator. Thus initially some concentrators
will have E+1 terminals and others will have less.
Then when the algorithm considers adding links,those
concentrators with more than E terminals may ﬁave more
terminals assigoed to them until the concentrators
capacity is filled.  Those concentrators with less than
E terminals may then have only up to E terminals
assigned_to‘them. Initially, then many more links are
added than dropped. This does tend to be slightly
biased " agalnst isplated concentrators and to some
e#tent slow down the algorithm but is a more j@dicious

manner in allocating links,
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Once the algorithm terminates ,rather than obfimiz?'
each concentrators final subné;work,we héve considered s
reintitializing the'network and then optimizing each
concentrator's subnetwork. This allows us to

determine 1if any of tﬁe concentrators have become
uneconomical basgﬁ on the new terminal assignmefts.

This was also done for Comﬁarison ﬁgrbosea singe the
same many-center multipoint optimization procedure

was used in all the algorithms that were compared.



(a)
Initial Network

8 T

(b)
> Final Network - .
L s - |
Fig. 3.9

Initial and Final Topologies of the Drop Algorithm




CHAPTER 4

. i

THE NEWCLUST ALGORITHM

Fl

Introduction

The new heuristic algorithm which we now propose
for the design of two-level multidrop centralized
networks has been labelled NEWCLUST. The algorithm

uses a drop approach in determining the number and

location of concentrators. The multipoint optimization

/
procedure used was the Eqéy—ﬂilliams'algorithm, for

reasons stated earlier. However, any multipoint

' ' ? Q.
optimization procedure may be used instead of the
Esau-Williams one, and in some cases another tybe may be

more desirable, as will be pointed out later. This

multipoint optimization algorithm may be used a number .
] .

-of_times during the execution of the mainvalgorithm in

.

ﬂ%(ifpts to reduce the overall network cost.

‘

The NEWCLUST algofi;hm is compared to the
Martin-Doll algorithm and the modified Bahl and Tang
algorithm. In the%ﬁihi“éhd Tang algorithm, all

terminal locations’ may be considered as potential

concentrator sites, however,for large networks, this

may result in an excessive amount of time taken to °
obtain a solution. Some‘pre-processing and

post-processing techniques are suggested to reduce the
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-

number of potentlal~concentrator &itgs. This ﬁight
involve, in the pre-proceqsing stage, the placing of
gugrid on the network and chdoaing representative sites
from each of the grid‘éectiqns, In the.post—processing
stage consider;ng éach grid containing a concentrator

in turn, the other locations in the grid section are then

consldered as possible concentrator sltes.

In the Woo and Taqg élgorithm only a'suszt of the
term{nal locations are considered as candidate concen-
t;g or'aités. However, there is no particular rationale
described for the choice of this suBset. It is u;uall;
assumed that the choice of thé initigl set of candidate
concentrator sites iIs left t& the designer's discretion.
If this is thé case then a logical procedure.is‘to try a
number of different subsets, which may vary in.size, and

. b . -
choose the one whose resultant topology has the. lowest

+

cost. Tﬁg choice of’these.subsets may be either random
or partially determined from the resultant topOngy of
previous subsets [6]1 .  Thus one can see that if no
struZtured procedure is used to determine the initial
sei of candidate concentrator sites, which,is a sﬁbéet
in which the oftimgl set regides, iheﬁ there is always

-

the possibility of omitting a number of good locations.
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Also, 1if an dterative or recursivé procedure is

used to determine the final set tﬁén the time may

" become excessive unless the design algqriﬁhm is

fairly fast, iﬁ éﬁgulstalso be kept ‘in mind that
these other algbrithms use. estimated cdgts in determining
concentrator locations. Thus the "goodness'" of the
chp;de of locations is ﬁependant'to some degrée on the
"goodness" of the approximaged costs. Another factor‘
that must be taken into consideration is how computer
storage and time of an-algorithm.are affected by
increasing network size., It may be that storage and

time increase nonlinearly, perhaps even exponentially,

with respect to the number of terminals of the network.

We have tried to develop NEWCLUST such that these
factors are reasonably accoun;ed for. That is we
have used a plustering—denaity heuristic.to determine
the initial candidate concentrator set. Then bf Jsing
the drop approach we have attempted tg home in on the
best subset of thesé sites.  Also by using the drop
approach and a fﬁirly large sef, lérge c;mpared to the
number in the fiﬁal solution, of concentrator sites,
we c;n easily partition the network; independantly
optimize small sections of the network,-and use actual

costs 1n determining the concentrator sites. Thus by
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partitioning the network into smaller sections,
subnetworks around concentrators, and again partitioning
the nodes §f these subnetworks into clusters of nodes
called "super nodes", we have attempted to reﬁuce the
cardinality of the pr;blem and thus the storé&é; while at
the same time reducing the search and thué h;pefully

the time.

Determining the Initial Concentrator Sites

| The reason for developing a procedare for
determining an initial ;et.of candidate concentrator
gsites was Eirst to reduce the search by considering only
a selective s;bset of the‘§ terminal locations ;nd
second to determine a set that included all reasonably

good locations.

Since the efficient use of concentration implies
the clustering of terminals in—a geographic or topolo-
gical sense, it Beeﬂeq intuitively desirable to devise

: &

a method of determing areas of high density within

the network and then to assume that terminals within

"these areas would be good choices fo:'concentrator sites.

What we ar®trying to do in.a topological sense is to
eliminate terminals on peripﬁeries of clusters of.

terminals, rather than just those on the periphery of the ’

@ , £
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network or close to the CPU. The procedure we have

used for this purpecse 1is as folloﬁa: -

STEP 1: For eacP terminal in the network determine and
“1list its K nearest neighbours (N.N.). K is A
design parameter supplied by the user. The

términal is also incléﬂéd in its K-N.N. list.

STEP 2: For each terminal count the number of times that

it occurs in the K.-N.N. lists.

STEP 3: Each terminal now has an integer assoclated
with it, ff, that represents 1its frequehcy
" of occurance in the K-N.N. lists. If F is
the maximum frequency of occurance over all
the terminals, then the frequencies will be
f;2&  £51,2,...,F, All terminals with the
same frequency fy{={ are stored in a list S5p.
fhe number of terminals in a list Sg is xg.
Thus the sum of all these x£'s 18 equal to
the number of termi;als, N, of the network.
STEP 4: The welghted mean, W.M., of thiq digcrete.
IQistriﬁuEIon and its dintegral part plus one,

KM, are calculated.
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STEP 5: The concentrator set, €, is initialized by the
terminals in thg set with thé highest frequency
Sy. Subaequént terminals are added to C by
adding terminals from the set with the next
lower frequency i.e. Sp_ 1,55 9 -5.-. etc.,‘until
either the addition of the éérminals ;n the
next.lower set gringa the total number of-
éﬁné;ntrator locations in C above N/2 ;r the
sets' frequency 1is less than KM, This assurss
that no more than /2 terminal locations are
consldered as concentrator sites. When either

of the two above conditions are met the

algorithm terminates.

Figure 4.1(a) i1llustrates the procedure for a small

set of terminals and Fig; 4,1(b) shows the discrete

S

distributionlfor them.

IR
Terminal Allocation and Initialization

Once the concentrator sites have been selected
terminals must be assigned to concentrators in some
economical manner. One could proceed by assigaing
terminals to concentrators solely on the basis of

cost or distance, considering the closest one first,

~

PRSICHNY
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Number of Terminals =N =20
Number of K - N.N,= 3
Terminal K-NN, f4 £ x£ Sp
1 (1,2,6,5) 3 1 1] )
2 (2,1,3,5) 3 2 3 (8,13,tj> »
3 (3,4,2,5) 4 3 9 (1,2,7,04,15,16,
4 (4,3,5,8) 5 17,18,20) _
5 (5,6,4,3) 8 4 3 (3,6,9)
6 (6,1,7,5) 4 5 2 (4,12)
7 (7,6,4,5) 3 6 0 d
8 (8,7,4,5) 2 7 1 (11)
9 (9,11,17,10) 4 8 2 (5,10)
10 (10,9,11,12) 8 ' 8
11 (11,9,10,12) 7 Weighted Mean=1 $° £xg
12 (12,19,11,10) 5 1
13 (13,14,11,12) 2
14 (14,13,15,11) 3 . _
15 (15,14,9;11) 3 KM =[] +1= 4
16 (16,19,20,10) 3
17 (17,9,18,15) 3
, 18 (18,10,20,17) 3
;g _/é;g:ig:ig:ig; § Concentrator Sites

C=1(5,10,11, 4,12,3,6,9)

£...
! -

(b} xXg
Fig. 4.1
Determining Candidate Concentrator Sites

~
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!

until the concentrator capacities are filled. However,
this may result in some terminals being stranded in
the sense that they annof be assiéned to their closest
concentrator due to capacity restrictiona and are thus
forced to be assigned to another concentrator which

in many cases may be an unnecessarily uneconomical choice.

Figure 4.2 i1llustragses this situation. Terminals 2 and"

3 cannot be assignéd to the concentrator at 1.because
they wouid'violate the capacity constraint of the
concentrator {eg. maximum capacity is 16 units}l They
must therefore be aaaigned to the concentrator at 11.
However, if terminals 8 anﬁ 9 had been assigned to the

concentrator at 11, then 2 and 3 could be assigned to

1 resulting in a mere economical terminal assignment,

In attempting to overcome the problem of
stranded terminals we have first assigned terminals
to thelr closest concentrator on the basis of the
minimum. cost assignment. Then 1if the total ﬁréffic
of the terminals assigned to a'cgncentrator'exceeds tﬂe
maximum capacity of the concentrator the términal .
assignments to the concentrator are modié&ed to

satisfy the constraint. A number of modification

-~

-méthods were investigated with the result that no

particular method produced totally satisfactory results
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Maximum Concentrator Capacity
is 16

Coﬁcentrator Traffic

TCqq= 9+tsttg=15 ) TC4=15 original assignment
) TCiq= 14 TC1=16 modified assignment
‘
Terminal Trafffc Cost Maﬁrix

i E.i 1 : it

1 2 2 |10, 15,

2 2 3 9. 16.

3 4 . .

4 ? . .

5 1 . .

6. 3 . .

7 3 3. 6.

8 2 7 7.5 ]

9 3 . . .
10 2 . . .
11 2 . . .

12 1

13 1

14 3 Fig. 4.2 .

2 Terminal Assignment

[
Ln
—
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over a range of different topologiés. The one that
appeared most promising was adapted. That procedure.
was based on defining a tradeoff for each terminal

in the concentrator subnet. Terminals are dropped,
starting with the one with the smallest tradeoff,  until
the concentrators cabacity conatra;nt is gatisfied.

The tradeoff was defined as:

ty = dij* - dij

where dij is Fﬁe cost of connecting terminal i
to concentrator j which,is the concentrator it is
assigned to and dij* is the cost of connecting
terminal i. to its next feasible concentrator j*.
Since dij* > dij in all cases, then'ghoosing the minimum

'

ty ‘at each stage will allow the minimum additional

' .

expected cost to be incurred.

This procedure is.performed on all concentrators
that have their capagity constraint violated. The
terminals'that have been drppped are stored and once
all’ the éoncentrqtor capacity éonstraihts-have been
satisfied they are reassigned to available conceﬁfrators
or the CPU. If at the end of this assignment stage
é cdncentfator has not been assigned any terminals, other

than the one at the site, then it is dropped from the
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network and its terminal is assigned to ‘another

concentrator.

Once the concentrato; suﬁnetworks have been &
initialized by this feasible tgrm{nal assignment, then
each subnetwork is optimized by the Esau-Williams
algorithm, The initial optimization was done in this
- serial manner rathér than in a parallel manner
ki.e, optimizing the network as a whole rather fhan b
parts) in order to reduce the amount of storage requiréd.
Since the initial Bubnetworﬁs‘are usually small, the

optimization can be dome quickly.

After each concentrator subnetwork is optimized
into a ttree network, the terminals of the tree Eﬁz\
clustered into super nodes. This is done bz degzglng'
the set of nodes on each segment (i.e. a multidrop
or point-to-point line) of the tree as a super node.

The terminal at the concentrator site is-asséciated with
that super node which is closest to it and can
accommodate it. If no super node of the subnetwork can

accommodate 1it, it is then consldered a super node by

itself.
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The super nodes thus formed have a number of parameters

associated with them, which are: {in the notation used

in the programs).

NN(I,1) =

NN(I;?) =

NN(I,3)

NN(T,4) =

NON(I) =

Ly

the number of nodes in super node I
the total traffic of the nodes }n
super node I.
. —~

the concentrator to which super node I
is presently assigned.

. R :
the node in super node I that is directly

connected to the concentrator.

the set of nodes in super node I.

il
-
H

Also associated with each super nodes are a number of

variablea,whiéh are:

*
TNN(I,1) =
TNN(I,2)=
THN(I,3)=

TNN(I,4)=

INN(I,5)=

the next closest feasible super node to
gsuper node 1.

the node in super node I from which the
connection to * wi%l be made.

the node in * to which the connection
from I is to be made. '

the concentratof-* is assigned to.

the concentrator of *# 41f the terminal
at the concentrator site is the closest

node; 0 otherwise.
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INN1(I)= the reallocation cost for super node I

{(i.e. the connection cost between

I and * ).

At this stage each concentrator also has a number of

variable associated with it which are:

NCONC(J) = the number of super nodes in the

° L1
subnetwork of concentrator J.

TCORC(J) = th; total traffic of ali the super
nodes of concentrator J. 2.
CONC(J) = the set of super nodes assigned to e
| concentrator J. -
CS5T(J) = the conneétioﬁ cost for concentrator
J, i.e. the sum of link costs connecting
super nodes to-J (excluding the one
with the conéentratoqs terminal).
RECOST(J)= the reallocation cost for concentrator J,
i.e. the sum of the reallocation-dosts
of its. super nodes.
Oncé all of these variable have bqen-detzieyé;;: then the

. gain of each concentrator 1is calculated as:
[ i

GAIN(J)= CST(J) + F(J) - RECOST(J)

where F{J) 1s the cost of locating concentrator J.
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ey, ) .

“Thus 1f the_concentratorgainjfgf;oaitive then it is

4 ]

economical to drop it énd reaéaiggcits super nodes
td thelr respective next closest feasible neighbours
which have been uniquely determiﬁed by the
TNN(I,1) and TNN(I,3) variables.
. v

If the constraints are NMAX, the maximum number
of uodes‘perlmultidr;p line, TMAX, Ehe ‘capacity of the \
low-speed lines, and HAXéON the capacity ?f'a concentrator

then we have the constraints:

NN(I,1) <- NMAX, V I=1,2,...LL

NN(I,2) < TMAX, ¥ I

TCONC(J) £ MAXCON, y J=1,2,...M

whefq LL is the number of super nodes and M is the number

of concentrators. Figure 4.4 1llustrates the éalculation

of concentrator gain.

+ \ l ‘
Locating Concentrators and Super Node Assignment

The basic assumption used inm calculating the

, concentrator gains is that the cluster of nodes in

each super node will never be broken up. This assumption

is based upon using & fairly large number of concentra-

L4

tors initially such that each concentratoronly has a

small number of terminals assigned to it. This will theﬁ/

- .
1




ggnggntgétor A's * Super Node I's -

Variables . Parameters
NCONC (A) =4 NN(I,1)=4
! v "2y =
TCONC(A)= 3~ NN(1,2) gggi'3;=l

=1 NN(I,4)=4

CST(A)=2 cig - 1:4’5’9'16~ NON(J)=(1,2’3’4)
1

RECOST(A)= {:I TNNj (1)
i=

CONC(A)=(I,XI,III,1IV,V)

Variables

TNN(I,1 =VI
TNN(I,2)=1
TNN(I,3)=11
TNN(I,4)=B
TNN(I,5)=0

TNN1(I) =Cp 9,

.

Gain of concentrator A : o ’ Traffic Vector
‘ ' T ] Node Traffic
GAIN(A)= F(A)+CST(A) = RECOST(A) , 1 3
. = F(A)+(C9,8 +C4,8~+05,§ +c16,8) g . ;
(C10,17+C3 11+ C13,11 +%6,16 1
+C7,16) ' * . ' ;

+h

’ Fig. 4.4 :
Super Nodes.afd Concentrators

LNt gy i
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3

result in terminals being connected to their‘ﬁeareat
neighbours and thus forming small éluaters of nodes.

As 1t 1s assumed that these super nodgs are mnever

broken up, although they may.be added to, then the,

coét of these super nodes (i.e. the link costs
connecting the nodes of thé super node) will always .

be'incﬁrred by the network independant of which

concentrator they are assigned to, The only costs that

are variable in the network are then the costs of
A

costs of concentrators because they may be‘removeﬂ from

the network. If each super node is thought of as a

single entity (i.e. as just one large node or terminal)

then a gain can be assoclated with eachysuperanQE i

.

which_ia”connectéd to a concentrator j as:

8yj= €45 - Syq% 4 € CONC(H)

where Ei is the least costly connection between super

3

node 1 and the concentrator j to which it 1s assigned and

the‘cogt Eﬁj* ;9 the ieaat cogﬁl%iiii?ection

between suﬁer-node 1 and its ne#t‘closest feasible
neighbo&r J*. This fé Bimilar‘éo the gains used in
the other aléo;ithﬁs but is more gemeral in Jfhat j*

L]
may be any other concentrator rather than just the CPU,

%

T

551
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as is the case in éhe other algorithms. The gain
of concentrator j is then,again the notation of the

o'ther algorithms:

G_-]:Z 814 ~ fj
ite

where fj is the cost of concentrator.j and I4 1s
analogous to CONC(j). -

Thus 16catihg conhgptrators involves determining
wﬁ}ch concentrator has the largest gaiﬁ, providing
ifs- super nodes reassignments are feasible, and.
dropping it from the network and reassigning its
super nodes to:thei: respective next c}osest feasible
neighbours, which had previbugly been determigéd. Thus
multiple link exchanges occur each time a concentrator
is dropped.. By choosing ghat concentraéor ﬁhich has
the largest gain we are attempting to maximize‘}he
cost saving to the netwérk, asbthe gain of a concentra-
tor is the actual line and concentrator costs that will
be deleted froﬁ the overall cost of the network.

-—

Concentrators are dropped one at a time from the network

in this manner until it is no -longer ecomomical to drop

-

another concentrator (i.e. the largest gain is mnegative).




©
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As mentioned above,a_concentrator‘is only dropped
if its super nodes reassignments are feasible., Thus

before a concentrator is dropped this 1is checked. The

. reasons for checking this feasibility are best illustra-

ted by the example in Fig. 4.4, Suppose concentrator
A Is being checked for feasibillity as 1t was the one
with the 1afgea:gain.- If super nodes I, IV and V are
gdded to the aub;et of concentrator B it may be that the

sum total of their traffic when added to that already at

. B may violate the capacity of the concentrator, MAXCON,

at B. It may also be the case where super node VI is
the next qloseét feasible neighbour of both super node'
V and I, If both V and I are mérged with VI it may beh
that this merging may violate the constrainia of the
maximum number of terminals per multidrop line and/or the
ma#&mum capacity of the low-gpeed line. 'If either of
these coﬁditions are met, then it is neéesaary-to

modify the supér.node reassignments. Whenever a super
node haé'its aaaignméné changgd due to this;it is

necessary to recalculate its variables TNN(I,I),...,

TNN(I,5), and its' reallocation cost TNN1(I) and

thus the gain of the concentrator it ia connected to,




a)

4

- b)
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The feasibility check and super node reaaaagnment

is done in the following manner for a concentrator jJ.

The potential traffic that ﬁas been assigned
to each of the other concentrators, from
concentrator i's supe?_nodéé; 1s determined.
Also the total potential traffic and number
of terminals that each of concentrator j's
suﬁer nodes may contripute to thelr next

closest super node 1is deﬁerﬁined.

I1f the total traffic that may be (potentially)

assigned to any of these neighbouring
concentrators, plus the traffic already there,
exceeds the concentrator capacity constraint,
MAXCON,lthen the apsignment of super nodes to
that concentrator is ﬁodifiea by:n

] *

1) bfopﬁing that super node that is farthest

away (i.e. the one with the most costly

I3

connection);

1i) Recalculating the super nodes next potential

concentrator and super nodej

11i) Checking 1f the concentrator's capacity

18 still violated. If it is;then we
return to 1), If it is.not,themn we move

" on and check the nextigzgkhbouring ‘ . /;-

concentrator. '

.
[N



c)

-79-

Once all the super node assignments ta
the concentrators gré feasible, then we
must check the super node to super node
aqgignments. | |

s
The super node assignments are mo?{i;ed, 1f
necessary, in the same way as in b). Each
super ﬁ&de that has at least onme of concentrator
j's super nodes potentially assigned to it ié
checked. . All of QQese super nodes'are checked
in turn to seé if ;ither of the constraints,

NMAX or TMAX, are violated. v -

If any modification of super node assignments is

made then the concentrator is not dropped. .The concen-

trator with the largest gain i1s again found and the process

is repéated unless it happens to be the same

concentrator that was just checked 1in which case it

is imﬁediatély dropped. :

As noted earlier, a super node may have as_its'

next closest feasible neighbour another super node or a




concentrator. If the concentrator of a super node

18 dropped and the super nodes' next closest feasible
neighbour-is another super node, then it 1s merged with
that super node by the least costly link, which has
previously been defined.by TNN(I,2) and TNN(I,3).
Whenover a}nuper node 1is merge& with another super node,
it becomes inactive and its. pnrameoern of traffic,
NN(I,2) and number of nodes, NN(I,l) and its nodes,
NON(I), are addgd to the super node it was morged to.
By making a anper-nodo inactive we simply mean that it

is no longer considered to exist and is removed from

furthen consideration.

If a2 super nodes concentrator 1s dropped and itB
next closest feasible neighbour happens to be a
'concentrator,rather than another super node,then it 1is

connected directly to tne_concentraton. However,
- . . f

whenever this octurs there is the nossibility of further
reducing the network cost by reorganizing the super nodes

of the concentrators subnetwork. That is although it

may not be feasible anhlor economical to merge the super

-

node from another concentrator it may be possible to
‘reoptimize the nodes of the concentrator subnetwork into

other super nodes which are less costly. ‘This is

—particularly true in the case where two or more -super nodes




‘have been added to a concentrator éubnetwork at the
”samertime. For example, in Fig. 4.4 if super nodes

V, I, and IV are all added to the subnetwork of concen-
trator B, then it may be possible to merge I to IV
rather than I to VI and thus réduce the cost, This is
attempted every time a super node is added directly to
a concentrator by appiying the Esau-Williams algorithm
to the nodes of the super nodes of the concentrator

subnetwork.

In summary, the following steps'describe the-
NEWCLUST algorithm. The names that appear in brackets
after each %Eep are the subroutines that were used in

the program to implement them.

STEP 1: Determine th? M concéentrator sites using the

clustering“algorithm.

w -

STﬁP 2: 1Initialize the network variables and calculate
the concentrator costs, F(j), 3=1,2,..., M,
{éﬂé the terminal to concentrator costs
. BO(41,3) 1=1,2,...N, §=1,2,.. .M.

-

STEP 3: Initialize the concentrator subnetworks by:

‘a) ‘Assiéning each terminal to 1its closest

Y

‘ concentrator (AMIN).
, & | |

. ¥




STE? 4

STEP 5:

STEP 6:
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b) Dropping terminals from concentrator
subnetworks that have their conci::rator
capacity constraint violated. Cantinue

this until all subnetworks satisfy the

capacity constraint (CFUL).

c) Reassign terminals that were dropped in

b) (REAR, AAMIN, FMI).

Perform preprocessing ﬁy dropping those
reconcentrators that hﬁve not had any terminals,
qther.éhan the one at the concentfator location,
tassigned to them. Re;asigﬁ their terminals

(AAMIN) . " o,

'i) Apply the multipoint optimization algorithm

to- each subnetwor® (SAHC, RECOM).

11) Cluster the terminals of each concentrators
subnetwork into a set of super nodes,
CONC(), and calculate each concentrators -

. variabies and comnection cost, CST(), (DECOM),

Determine each éuper nodesl‘variablas,
TNN({, ). . .TNNG5),.and Qqﬁllocation cost
o ] N

INNI4),1=1,2,..., L, vhere L is the fhumber of

super nodes that have been formed (CLOSET). Vaks




NS

STEP 7:

STEP 8:

STEP 9:

STEP 10:

STEP '11:
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Calculate the gain of each concentrator as:

GAIN(j)=CST(j)+ F(_‘I)-’ZTNNI(:L) 3=1,2,3,...M,
: | i€ CONC(])

‘The concentrator with the largeat gain GAIN(j*) is

found (MAX).

J4a {J' GAIN(§%)= n?x{cnm*)}; j=-2,3,..-.M}

If GAIN(J*) < O then GO TO STEP 15; else .

GO TO STEP. 9, .

If }*=J145¢ the last concentrator that had
been checked for feasibility, them GO TO

STEP 10; else check the feasibility of

j*'s super node assignments (FEAS). If any
changé occurs GO TO STEP 8; else GO TO STEP 10.
Close concentratof j*, and décrease the

network cost by GAIN(j*). v

Assign j*'s super nodes to their respective
closest feasible neighbours, TNN(i,1) e CONC(j*) °
and update the parameters of these ne ghbours,

and” the super nodes parameters, g
™Y



STEP 12:

STEP 13+

T aB4-

Recalculate the variables, TNN(i,1)...,,TNN(1,5)
and reallocation costs, TNN1{i) of these
wéighbours. Also trecalculate the gains of

thelr repsective concentrators.

If a concentrator has had at least one of
< .

j*'s.auﬁer npdes directly assigned to i, .

"then attempt to.reoptimize its subnetwork

STEP 14:

e

STEP 15

P

STEP 16:

STEP 17:

in an attempt to reduce the network cost

(MINSA).

The varilables of those supér nodes, excluding
those of j*, who had j* as thelr next closest
concentrator, i.e, TNﬁ(i,&);j* and the gains

of thelr assoclated concentrators are

recalculated. GO TO STEP 8.

~

r

-Record the resultant topology and network cost.

.’ I
Initialize the network cost to zero and repeat

‘steps.3,4,5§), and record that topology and

-} . . —
network cost. -

e
Choosetha!‘topology which has the lower cost

as the final topology and terminate.
-

A



-

A general flow chart of the algorithm is given
in Fig. 4.5, with th? correspondiLg steps/beside the
appropriate-boxesl Figure ‘4,6 iiiustrétes aomg_of'
the'transformatio?} a hypothetical network might '
go through when NﬁﬁCLUST is appiiéd.

-

. 4.5 Evaluation of NEWCLUST

The NEWCLUST algorithm wég:boﬁpared_wifh the
Martin-Doll algoTithm and the modified Bahl and Tang
algorithd. - Twenty nefﬁorka were used for tpe comparison
study.f All networks and traffic were randomlyrgenefated
(Power Residue Method). The size of the networks ranged
lfrom 40 to 120 nodéa, in increments of 20, with four
networks being génerated for each size. The CPU in
each of‘thé networks was randoml located.. The.traffic
'units'gqnerated,at each tgiminal-was assumed to be
pr0porfioﬁai~td the number ofiusers and éenerally

v

ranged from 1l to 8., The constraints of&?he ggximum
numger of términals pe; ?ultidrop line, NMAX,.thg
'f*{/ . mafoum capacity of a 15w—3peed line, TMAX, and the
maximum capacity of a cqncentrgtor,‘HAXCOS, w?re-varied

" from network to network and gemeralily ranged from

4-10,

-16, and 24-64 respectively. ' The same hénlinear

cosys functions, which were scaled down versions of

4

Martin's [31], were used for 'all networks.

o - &

~ . . : -

Lr."" ) (
. ' - . ,‘"{t_/,

Lo
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" 1) Determine the set of candidate
concentrator sites

&

4
. Initialize the network ang
(2,3) allocate the terminals to
concentrators

(10) 1

For each concentrator and .
its set of terminals do the - (\
following:

4.5 65 A 1) Apply the multidrop . ' §
17 optimization procedure; h

[

2) partition the concentrators
nodes” into super nodes

TR T s A

; Record the topology
E and network, cost

(7).

Choose that topology Calculate the gain‘kor 7).
which has the lower each concentrator & .

Ot as h 0.3 DLE

A 2

I_\
Find the concentrator with the B
| -largest gain /
(8) . Record the topology
L No and network cost
}.f - - . ’
: . : i)
- Ye;/\\B .. o
the last .7 . '
pne. cheeked. N
’ ?
~No
) N +
, . o < Check the feasibility of
' : 1 (9) /its super nodes assignments
R | a
. . ] . ! ) % ) .,. .
: ( t ! N L w
CL .- . . ) ] " ] T . '.f
1(10,11.12.13.,14.15) s S Drop the concentrator . s
! . . - - Reassign its super nodes
. . gﬁﬁ recalculate .the Decessary : <
- _ . oo pardmeters and ‘gains » . Fig." 4.5
N : N / ~ - NEWCLUST Flow




o Fig. Q b
NEWCLUST Tfansformation

“ -

AT .

. B /
Topology after terminal
‘allocation and super node
formation, '

--\.. . - %

~Concentrators have been dfopbed
and some super nodes merged. *

.
v

7

The resulant topology when it/
no longer economical ‘to dropi
another concentrator. - f

N ~ - :
- ¢ :
: ¢ : . ) ;
[ - B “
o _ 1
P ! [
» . ) e bl
Ve . .
Al i o .
R N,
' g A §
<t {?' 4
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T0pology ;esulting from the SRY )

reinitialization of ' the R

‘network with the two ) e
concentrators-from the abova g
network - "

- ‘c:'}\ . ! e~
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Steﬁs 2-51) éﬁ NE&CLUST constituted the many-
cénter multipoint 6ptimizati;n-procedure that wag used
for all of the .algorithms.. The same-set of candidate
concentéator-éit 8, determined by the ciuatgring
algorithm,were used to initialize both NEWCLUST and
the Bahl and‘Tang algorithms. Sin;e wve were iﬁééreatéd
in comparing the times of these two algor;thms,the
clustering algoritﬁm was run separately from the main
algorithms. "As the Martin-Doll algorithm did not .
aﬁy set of candidate concentrator sites we were
1ﬁterestedtin comparing the times of the overall .
- procedures and thus the clustering algorithm time was

added to the. time of the basic NEWCLUST algorikhm;
Table 1 shows thé time and cost comparisons.

The numbers for each size of network were hveraged

over the four networks of that size.” From this table

we can see that NEWCLUST showed fairly gogﬂ

(o S NS

iﬁprovemen;s in both time anh cost over the other two
algorithms. The overall average cost improvemenf over
the Martin-Doll algorifhm was 3.3%Z and 9.117 over the
modified Bahl andlféng'algorithm.‘ The most noted
improvement is in time as can be seen from Fig. &4.7.
It appears that the time far the modified Bahl and

Tang and the.Maftihwnoll algorithms increase almost
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a . ]
Network NEWCLUST . - Average Cost and Time Improvements..
> Size ' . .
N ‘ . L Over
T T Martin-Doll Modified Bahl and Tang
Avg. Avg.* :
X Cost . R% Z Cost R
40 . 11.83  14.43 6.01| 2.42 8.12 .1.13
60 17.39 23,27 3,39 4.66 7.05 2.79
80 25.99 36.38 2.42 8.24 B.OP . 9.16
100 34.40 52.06 o 0.71 0 9.27 11.23 8.10
120 40.45 65.62 *3.63| 13.15 11.15 11.81
. { ) .
~ | J
TABLE 1 | e
Avg.'=CfU sec. of NEW&LUST averaged over 4 nets-
A " =CPU sec. NEWCLUST + CPU sec. clustering algorithm,
VE. ) v
. averaged over 4 nets, . -
R* =CPU sec. Hartin—DolllTang*.

1=QPU sec, Bahl and Tang/T

Avg.




CPU Time (sec.)

—s0-
A : .
» Q
1000’ » 3
900 |
800 |
700 | )
_ Martin-Doll '
600 }
. . e 5
500 } N
¢ Bahl and Tang™ .
400+
300
200 | NEWCLUST (plus clustering) |
: - NEWCLUST - |
100} : ' g
, e g
1 - 1 '] ']
¢ 20 40 60 80 16 - 120 ;
: o s
Network Size (N)
UFigl 4.7 )

Algorithm Times
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exponentially with network size, whereas'NECLUST's
‘time increases linearly. The amount of computer
storage required by the algorithm is approximately:

+ . ) '

k(llLLt2N+8M+uN); k22 - NEWCLUST

Ck {N+M+MN) o k=9 Ca Hartin-Doll
-k(N+H+nN) 7 k9 : Bahl and Tang
where -'N='is the number of terminals in the network.

"LL= 1is thejnumbef of expected super nodes

which is in the order of N/NMAX,

=
M

‘}s the number bf initial candidate

T - : .
concentrator sites or the expected number
P . of concentrators in the Martin-Doll case,

. - which is in the order of ;tiIHAXCON_

Figure 4.8 shows the different topologies and
costs derived by the thrge algorithms fﬁr the same
- network of 100 termiﬁals.

The Martin-Doll and NEWCLUST algorithms prﬁduced#ﬂ
topologiles wiﬁhlapproximatelﬁ tﬁe game number of
cbncentratora, hlthough NEWCEUS? usually had a few more.
The Baﬁl and Tang algo;ithm usually'praduced about twicg
as many ;%ncentr;tors as the- others. This can be
accourded for by the fact that the determination of the

concentrators was primarily based on producing a star

x

network., The number of concentrators could perhaps

-
r

-t

-
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. .

be reduced i; the resultant network’was used as

a starting.point and NEWCLUST was applied to it.

Due to the limitations on our computer-time budget
we were not able to compare networks of more than

120 terminals.

)

Comments and -Extentions

4.6=-1 Multiple Concentrator Typea'

Thus far we have considered the case where only
one type of‘concentrator 18 used in the network. 1In a
real design problem, however, there may be a number of

different types available, cl (1= 1,2,...K).- This may

'nbe incoporated into the algorithm as follows. Assuming

concentrator costs increase with capacity, we can order

the concentrarore by increasing capacity and cost as

el x c2 <cd L. < and £ £2< 3 .., <f" Ghere

ci and £l are the capacity and fixed costs of the ith

type of concentrator. After the network has been
initialized by assigning terﬁiuals to the concentrator
sites, without considering any capacity constraints,

concentrators with.tﬁe minimum capacity sufficient to

-

meet the traffie reqdirements are placed at each site.:

k

If any site has a traffic Tequirement >C° then either

o

the terminal assignments may be modified as before or

. . N he " -
more than one concentrator located at that site, It
\ .

will be necessary in this case to keep track of each

/ ) L
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concentrators present capacity €Oy and total cost Fy.

A modification to ghe calculationof each .

- concentrators gain is also necessary. Suppose a

concentrator ‘at location jg, has the set of super

nodes {I, II1, III} + Also suppose these super nodes

havg concentratora‘jl, Jo, and i3 respectively as theirn\}\
next éloaest cohcentra{:ia. These concentrators have

‘as fheir present capacilty and cost [00(1), F(lﬂ [CO(Z), F(2ﬂ5
and - [COG) mirespectively. Concentrator Jo has ‘the
present capacity CO(j ,)and cost Fﬁo)and connection cost
CST(jo)._'Each sﬁfer node has reallocation costs and
traffic requirements ofTNNlGJ_and NN(i,2) i=1, II; 111

respectively. The gain of Iconcentrator jo, GAIN(jo), may

then be calculated as: .
III III

GAIN(3.) = CSTG) + F(4p) — 2 TNN1(4) - Z A fy
i1 .
gp+k _ g0 yge  CO) 4 wneyl2) < cPF
. wherje - Afi=y :
a : 0 if CO@) + NN(1,2) £ CP

where cPTE> (P , gPHky £P and cP is' the present

maximum capacity of the concentrator J4 which has a

t t ire t 1= 2 Iti
J,_MP_}'esmn capaci. y requiremen of CO@) 1,2,3. 8

P4
4

ad\&sable that this modification to the gain calculation

be done after the concentrator is ‘checked fon\;he
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feasibility of its super node.assignments, because"

more than one of 1its™ sﬁper.nodea may Se assigned to‘the-
same concentrator thus affecting th;t concentrato£s -
potéﬁtial capacity requirements. For eﬁample, if
super nodes I and III both had jl as their next closest
concentrator, then the 1ast term in the expreaaion

. GAIN(Jj.) would only have two components rather ‘than
three as it had before. Thus the iaat térm, which

can be thought of as the incremental concentrator costg,is:

LY

D, Afy = Afg+ Afgg
i=1I - )

S

£P*K _ £P i1f£f com+ NN(I,2)+NN(III,2) < cPtE

where Afr.
0 | 1f CO(1)+NN(I,2)+NN(III,2)'<cP
L+k £ | :
. g £ - £ if£CO(2)+NN(I1I,2) < c---z'!"k-
and Afp1=S .
- 0 ' ifico(2) + NN(II,2) < ct

'4.6-2 " Distributed CPU's

If there happens to be more than ome CPU in' the

network and there is no capacity restrictions on the

CPU's then they may be considered collectively as one
,_\\E\\:uper CPU.. Concentrators may then be connected tbl
hat CPU in the super CPU node which provides the lowest

"\
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T o
connection cost. Figure 4.9 illuatratea;a multiple
CPU network i which the CPU'S.or hosts are.iﬁtercé%nectedﬁ
This might be applicable in either‘; clrcuit or packet
.sﬁitched type.of computer~communication network. ////‘

4.6-3 Post-processing

[N

Certain techniques can he used in a ﬁoét—processipg
phase to uaualiy inc:emenﬁally imbrove the final solution.
One technigque that may reduce thé-netvork cost is to find
the optimum location for a ;oncentrator‘within ééch of the
resultant concentrator submetworks. One approach may.be Fo
‘¢onsider all terminals in each submetwork as the fossible \

concentrator site and then appiy some optimal or sub-

optimal multipoint procedure a qumber of times considering
a different terminal-aa thelcenter eacﬁ time. However,

if there are a large number ;f coﬁcentratqr subnets, each/
having a*large;ypmber of terminals, this may be very time
consuming. An alternative approach as illustréted in’
Fig. 4.10 might be more suitable, Each super node

SNy “1=1,2,...5 ﬁas the best location for a conéentrator
determined as Iy 1= 1,2,...5 as Bhowﬁ in Fig. 410 (a).
Eaph_pf'these locationsf I3's, are considered in turn

as concentrator locations and.the connection cosfa

bgfwaen the super nodF of Iy and the other super nodes

are calculated, In Fig. 4,10(b) a concentrator is being

.
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Super
Host or CPU

“Fig. 4.9 7
‘Pistributed CPU'g’ L

Cost Matrix

1. I I3 I Ig
le C11 . . .- Cis .
SNa . s .
SN3 C33 :
SN4 . . . -.
SNg Csj_. . . €55

where Ci;=f1y = cost of locﬁting a concentrator ‘at Ii

Ci3= the cost.of the ahortest feasible connection
to connect the tree -
A “ ) P

(e) -

° Fig. 4.10
- Post-processing




" gubnetwork,
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considered at location Ij in SNy and connecting links

Cy» j=2,3..5 are shown. 1f a cost matéix ;é in
Fig; 440(9)';3 set up where the diagoﬂhl élements
are the costs ofllqcating ﬁonéentrhédrs at. the Ii“-
Iocations,and the non—diggonal eiements-are the wnique

connection costs between super nodes, then the best

location for a concentrator can be determined as: *

k . k 1
Z} Cyzy = MM { > cjn} '
j= ‘ i tian .

where k is the number of super nodes in the concentrator

k.
N O

_Anoiher frequently used technique that may be
applied afterjfomé éub;obtimai multipoint procedure
has been used on a subnetwork is toxgive each !

multidrop line of the subnetwork a MST topology [ 4.1.

Thig can be done since each multidrop line will satisfy

the constraints and any tbpology_over,fhe set of nodes

on the multidrop line will not violate the constrain;s..

Thus the minimum cost topology, the MST, may be given

~

to any mdltipoinf line..

S

’
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f;ﬁ—4 ‘Other Concentrator and ﬁuitid{gp Line Conatraints

In many -real .design pro lemsianother constraint
that may be eucountered ia a concentrato£ may only
be able to handle a fixed numi q% law«ébeea'lines;
 either multidropped’or point-to—point..‘Usually the
number of these lines increases with incre;sed
concentrator capacity. We have not-cdhsidgredngﬁia
constraint in our design alg&rithm.,}Ihatead;wé hgye only
considered a total capacity constri}nt for each
concenté%tor.' The present method of aspigning terminals
- to goncehtratofs'and ;he uég of the Esau—Willfame 7
algorithm cahnot be adapted ép handle Eﬁis tybe'of
constraiﬁt beeause it is impossible to determing.ﬁ'
priofi'how ﬁany multidrop linesﬁwill.be created for
any- -given set of te;minala."If this type of coéstraiﬁt
is introduced then it would be.necegsary to use a CMET
t&pe 5f algorithm that grows a tree outwards from a
goncenfrator. Thus by not élléﬁing any more than tﬂe.'
naximum number of lines, directly connected tolfhe

concentrator to be'ctzate&, one can ensure that
1

the constraint is satisfied.

(e

ar s

‘Another physical limitaﬁion that one mightitun
into is the restriction on the number of cascaded;-

.b%idges that may be allowed on one multipoint line.:
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\jThat i1a when. .three or more links. are incident to a

" terminal,the phyaical'realizatipn of the connection may

be the bridging of two or more of the analogue teléphone

lines, If twd’or more of these bridges occur on a
single multipoint liﬁe, this is called cascading of

bridges. 'If more than a certain number of bridges are

~cascaded, ‘there is then the pdssibility of degredation of

the signal and thus the reliability is affected. The

use of 'a CMST type of algorithm in this instance would™
L IS

'also be desired since the number of bridges £an easily

be restricted as the tree is grown outwhrd.

-

Figure 4,11 illuatratellb»idgipgfﬁnd'cdbcadipg.

i

;;

K
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' -Oqe Multidrop Line

Telephone Co.
Central offices

Second Bridge

Concentrator

t

High-Speed Line

(a)
Two Cascaded Bridges '

(b) | ’ : N
:;?E@\Representation U ‘

- L ‘ ' .
Fig. 4.11 7 :
Cascading and Bridging - «
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. | . 'CONCLUSILONS

Y I3 .

A new ﬁeuristic aigorithm;'called NEWCLUST, for
designing‘two¥1eve1 multidrop nétworks has been presented
along with somg possible extentioha; Ig has-beénffhown to,be
‘a'bftgerheuriatic algorithm than those .1t was compared to.
The “goodneaa“ of NEWCLUST depends on how good the choice

of initial candid;tﬁ-concentrator sit;a is‘gnd how good thé ' ‘ “\
//)////terminal allocation and many«center multipoint optimization

procedure 1s. ‘Improvementa in either of these two areas

?

éhould improve the qﬁality éf‘ﬁhe solutions produced by
NEWCLUST. | v - o ". /
From the resulta,it appears that the.rein%tializationA_
fhe éétwbrk, once the fingl concenfrator éitgs have been-
'_determined;'can usualiy iﬁcrementally improve;the cost’,
éspéciélly for the larger networks. This would tend to
indicate that since the inttial éblnt;on is a local obgimum;
that by reinitializing'the petwork_and iterating‘?n the‘iocal

¥ ( -
optimum solutions,the cost may be further reduced. No
. . ¥
experimentation,however: has been done with NEWCLUST to

substantiate this. ’ ot

. The basie NEWCLUST algorithm appears to be the best “
heuristic of 1its type;yt@ the author's best knowledge at

least. - However, as no sophisticated postprocessing
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'téchhiqueq were implemeﬁte& in any'of the algorithms,

further experimentation may effect the percentage improvement

in cost of the NEWCLUST algorithm,

3

. It should also be noted that in many practical solutioms,

~ ‘the tqrminal population'may conaist of a number of differént

terminal types (e.g. TTY, POS etc)‘as well as a number of
e

"different types of concentrators which may support only one or

a varied mixture of types of;terminals. If this case is to be

considered, then it*would*be neceasary to develop a more

Ll

general type of algorithm tHat could accommodate more stringent

3

and different concentrator conatrain s ‘and also perhaps
partition the networgtnot only geographically but alaoﬁﬁy
terminal types. We feel that,to thig end,much more %Frk is
required in the area, of the partitioning of the netwp&k,

Which may involve more sophisticated clustering tyté%of :

procedures. ' . ' .0

e
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_ JAMES MARTINS ALGORITHM
y ' . . ) ' ' *

THIS ALGORITHM IS THE ADD TYPE OF APPROACH
IT CONSIDERS ALL TERMINAL LOCATIONS AS POSIBLE CONCENTRATOR SITES

. CONCENTRATORS ARE LOCATED SEQUENTIALLY ONE AT A TIME UNTIL IT IS J

NO LONGER ECONOMICAL TO LOCATE ANOTHER ONE.ONCE THE CONCENTRATOR
SITES HAVE BEEN DETERMINED,THEN A MANY=CENTER MULTIPOINT OPTIMIZ-
ATION PROCEDURE ‘1S USED TO DETERMINE THE LOW=SPEED LINE LAYOUT.

USER SUPPLIED PARAMETERS: . .

NTERM= NUMBER OF TERMINALS IN THE NETWORK
MMM= THE NETWORK IDENTIFIER NUMBER

FIXC= THE FIXED COST OF THE CONCENTRATOR
NMAX= THE MAXIMUM NUMBER OF TERMINALS PER MULTIDRDP LINE
TMAX= THE MAXIMUM TRAFFIC PER MULTIDROP LINE

LMAX= THE MAXIMUM NUMBER OF LINES PER CONCENTRATDR (NOT USED)
qucoN- THE CAPACITY OF A CONCENTRATOR

REAL FIXC.KT(160-2)oCOST.SAVC-DENS(160loDCPU-DCON;MAXnLD-HD.
*D0(160,20)

INTEGER®*2 NMAX s TMAX ¢ LMAX sNTERMsC(20)+sT(160)4NONC(20+160)
INTEGER*2 NUMPPXsPX+IQST+IMQsMAXCONLISS s XCONC(160)+TLIN(20)
INTEGER#*2 TCO(20)+REAS(20,2)sN(20)+Y(20)/720%0/:QST+1G+YZ(160) 7
*160%0/:YYZ(160) 7160%0/ NAL,IXsIN(40)

LOGICAL FLAG(160)/160%F/,CONC{160) yPOUT(160)/160%F/

COMMON /AREAI/DDvTIAREAleMAXoNMAX/AREASICOST/AREAQ/XT/AREASIFIXC
COMMON /AREA7/TCO/AREA8/C/AREAS/NsNONC

-

FORHAT('1'.'*****t*******t#*#*#* MARTIN ADD whdkkdkitikkmhkipkg? )
PRINT TS "

READy NTERM( MMM

- READ»FIXC-NMAX.TMAX-LMAX-MAKCON

PRINTT774 MMM

FORMAT(® v, tqkiokkkkikkkkkkrkkhs RANDOM NET 14,0 kkkdkkkRANARRK
GRS R RS R e 2 s L Y e T T T B

PRINT14FIXCyNTERMsNMAX, TMAXsLMAXsMAXCON .
FORMAT(® "4 'FIXC=1',F7.2,* NTERM=",13,* NMAX=' 413+ TMAX=",13,

*% LMAX=1%,13,% MAXCON=',13)}

PRINT70 :
FORMAT( *1%+ *NODE*+5Xs' X" 4SXs*Y' +3X+* TRAFFIC?)
D0 2 I=1,NTERM , <

READs (XT(T4J) eJ=142)T(I}

PRINT7341+4XT(Ie1)oXT(I2),T(I) '
FORMAT(Y *413+2XeFT7e342XsFT7e322Xs184) ' . >
'CONTINUE '

X1=XT(1,1)

Y1=XT(1,+2) , -

cl1)=1
SAVC=0.00
PP X=1

9000 MAX=0,00

C

A-1



INITIALIZE THE DENSITY FACTORS

DO 11 I=x=1,NTERM
DENS(1)=0,00
DO 21 I=1,NTERM
IF(FLAG(I)) GO TO 21
. IF(POUT(I}) GO TO 21
DO.31 I1=],LMAX
31 TLINCII)=0, )
DO 41 11=1,NTERM
4t CONC{(1I)}=.FALSE.,
NUM=0
DCPU=0.00
DCON=0400 _ '
200 DMIN=10000,0 : -
DO S1 J=1,NTERM
IF(FLAG(J)) GO TO 51
OX=LD(Iv¢J)} °
IF{DX.GE.DMIN.OR.CONC(J)) GO TO 51
DMIN=DX -
L=J '
51 CONTINUE
DO 61 M=1,LMAX ; .
'IF(TMAX—TLIN(M).LE.T(L).OR.CDNC(L)) GO TO 61
TLINCMISTLINCMI+T(L)
CONCH{ L’=OTRUEC
NUM=NUM+1
DCPU=DCPU4LDI(L 1)
,OCON=DCON+LD(I,L)
LIN=M
G0 TO 200 - °
61 | CONTINUE
DCPU=DCPU/NUM
DCON=DCON/NUM _
DENS(I)=LIN*(DCPU=DCON}=HD(1)
IF(DENS(I}.LT«0.0) POUT(I)}=.TRUE.
IF(DENS(I).LE.MAX) GO TO gﬁ\j>-
' MAX=DENS(1)
K=1 ,
PX=0 >
DO 7 JJ=1,NTERM
IF(JJ.EQ.1I) GO TO 7-
IF (. NOT .CONC{JJ}} GD T0 7
PX=PX+1 .
XCONC(PX)=JJ . I
7 CONTINUE :
21 CONTINUE
IF(MAX.EQ,0.00) GO TC 1000
PPX=PPX+1" .
C(PPX)=K y :
. PRINT272+PPX,K .
272 FORMAT(Y ¢ +* CONCENTRATOR® 414+" 1S LOCATED AT NODE®,14)
X FLAG(K)=+TRUE. :
DO 8 J=1,PX ‘ ‘
FLAG( XCONC(J) }=.TRUE, e
8 CONTINUVE
: SAVC=SAVC+MAX
GO TD 9000

T
L
[ d

ATAETTFIR 3T

T
S

e m i et

Eakedi i




0OOONn

1000

110

NOW THE CONCENTRATOR SITES HAVE BEEN DETERMINED
THE COST. MATRIX DO(IsJ) 1S CALCULATED o
DD(IcJ’ IS THE COST OF CONNECTING TERMINAL I TO CONCENTRATDR J
00 110 I=loNTERM : ' .
0O 110 J=1.PPX ‘
JX=C(J) : .
DD(I-J)-LD(I-JX) ' ' .
CONT INUE .

. B0 211 1=1,PPX

211

0ooO0n

s3
20

0ONOOOn

77

II=C(1}) ) T
YYZ(IIla;

TERMINALS ARE ASSIGNED TO THEIR. CLOSEST CONCENTRATOR l
DQ 20 I=1,NTERM C
IF(YYZ(1)}.EQ.1) GO TO 20 :
CALL AMIN(I.PPX,1SS) e .
NC(ISS)=NC(ISS)+1
/ NA=N(ISS) LT
1X=T .
NONC(ISSsNA)=IX
TCO(ISS)=TCOCISS)+T(1)
CONTINUE

COCENTRATORS ARE CHECKED TO SEE IF THEIR CAPACITY CONSTRAINT
HAS BEEN VIOLATED.THE TERMINAL ASSIGNMENTS OF VIOLATED CONCENT~
RATORS ARE MODIFIED. e -
. ] .
DO 77 I=2,PPX - \
IF.(TCO(1)+GT MAXCON} Y(1)=1 e
CONTI NUE
DO S0 1=2,PPX'.
IF(Y(I}.EQ.0) GO TO SO

;§a£ CALL CFUL(I+MAXCON,Y + PPX)

OO0
n

0N

121

“111

7000

7001

IF{TCO{1I).LT.MAXCON) Y(I)=0
CCNTINUE :
THOSE“*ERMINALS THAT WERE DROPBEB WHEN THE TERMINAL ASSIGNMENTS
WERE MODI#IED ARE NOW REASSIGNED TO OTHER CONCENTRATORS.

CALL REAR(PPXsMAXCON,Y)

EACH CDNCENTRATDR SUBNET 1S UPTIHIZED INTO A MULTIDROP NETWORK
oo 111 1=1,PPX
NA=N(I)

. IX=I L
1C=C(1) N ' ) -
COST=COST+HD(1C) S
IF(NA.EQ.0) GO TO 111

DO 121 J=isNA -
INC(JI)I=NONC(I )
CALL SAHCINA.IX,IN)
CONTINUE
'PRINT7000,COST *
FORMAT(® " ,*TOTAL NETWORK COST IS=',F8.3)"
PRINT7001,PPX,ySAVC -
FORMAT (* *,*THERE ARE'.14.2x.-c0NC.RESULTING IN A SAVING OF * 4 FB43)

A-

\ | | ‘ \\H—;:-A . | | o : f



non ;

‘nnn

' 7002

44

T

PRINT7002 ! ' '
FORMAT(® ¥ ,°CONC Nun-.sx.-uoos-.sx.'u OF NDDES'.SX.'NDDES')
DO a4 J=1,PPX _ .
NA=N(J) T s

. PR:NT.J.C(J).NA.(NUNC(J.K).x-géNA) N : :

CONT INVE , \ : .
-STOP . : }l' . . \.
END. R . .

REAL FUNCTION LO(II, J) - = ;

CALCULATE LOW SPEED LINE CDST ' e

REAL xT(160.2)-DIST( a;Faccsx.Fii(S).F:xc" ]

COMMON /AREA&4/XT -
DATA DIST/1004950¢ 3254 oloc'000/0FIX/8602.59.7.42.2.23.75.6 25/0
*MC/.350053907001023'1 1 4-74

'o-soRT(th(11.1)~xT(J.1))**a+(x7(11.a)¢xT(J.a)31*2) B

N w

NON0ON

IF(D.EQ.0:0) GO TO 3

DO.1 I=1,5 ' N ‘ , . ‘

" F IF(D.LE.DIST(I)) GO TO 1 . _ s :
LD= sz(1)+(o-onsmf1:)ih@C(I) ‘
GG TO 2 .

CONTINUE ' .

LD=0.0 A

RETURN : : 4

END - . .

REAL FUNCT1IAN HD(J) :

CALCULATE HIGH SPEED LINE COSTS

REAL XT(IGO.Z)oHDIST(S)oHHFIX(S?-HFAC(S)nFIXC ‘

‘DATA HDIST/50e925¢ 210, o2.5.0.0/1HHFIX/74.5.48025o250750100-2-5/o
*HFAC/.TS-I 05+1,5s2. l|3 o/ .
COMMON /AEEAQIXT/AREASIFIXC T ﬁ/ ' N
X=XT(1s1) | c '

Y=XT(1,2)
D=SQRT{(XT(Js 1 )=X) **24( XT(Js2)=Y)%%x2)
IF(D.EQ+Q.0) GO TO 3 Tt v
DO 1 1=1.5 N ,

IF(D.LE.HDIST(I}) GO TO 1 - L

HD-HHFIX(I)+(D—HD!ST(I))*HFAC(I)

HO=HD+F I XC

GO TO 2 : _ .
CONTINUE - - : L o
HD=F I XC : ’

v

RETURN . ' )
END ‘ . | ‘:‘,‘
"SUBROUT INE. REAR(pr’MAXCDN Y) ' e

THIS SUBROUTINE IS CALLED By THE MAIN PROGRAM :

IT REASSIGNS THE TERMINALS THAT WERE DROPPED WHEN THE CONCENTRATDR
TERMINAL ASSIGNMENTS WERE MODIFIED.

REAL DO(160,20) ° ' : .
INTEGER*2 7(160).NUNC(20.1601.Tcotao).Dcontzo).N(aO).TctzOJ
INTEGER %2 DCN(20.50).ISS.PPX.MAXCON-Y(ZO).IJ -
INTEGER LP.REAS(40.2) ' i

- -

A-4 . .



aftnonn

OO0 ONO

SS

3
900

COMMON /AREAI/DOuT/AREA?/TCDIAREA9/NoNONC/AREAIOITC.DCON-DCN
COMMON /AREA11/REAS,LP -~ i
IF(LP.EG.0) GO TO 900
DO 1 Ix=1,PPX

TC(I)=0.

DCON(I}=0

THE CONCENTRATORS TO WHICH THE DROPPED TERMINALS ARE TO BE POTENT=-
TALLY ASSIGNEC ARE DETERMINED.THE NUMBER OF TERMIALS AND THEIR

"TOTFAL TRAFFIC TO EACH CONCENTRATOR. IS ALSO FOUND.

po 2 I=1.LP : . . -
IX=REAS({I,1) . T v ’
IXC=REAS(I.2)
DCON(IXC}-DCON(IXC)+1
NA=DCON( I XC)
DCN(IXCoNA)=IX
TC(IKC)—TC(Ixc3+T(1xl
CONTINUE ] . : o

IF A CONCENTRATOR CAN HANDLE ALL OF THE TRAFFIC OF ITS POTENTIALLY
ASSIGNED SET OF TERMINALS,THEN THEY ARE ASSIGNED TO IT,
IF IT CANNOT.THEN SOME OF THE TERMINALS ARE POTENTIALLY ASSIGNED

'TO SOME OTHER CONCENTRATOR THAT CAN ACCOMODATE THEM. °

D0 3 1=1,PPX 3
IF(DCON(1).EQ.0) GO TO 3 : ‘
IF(TCOCI)+TC(T) . GT.MAXCON) GO TO 5
TCO(I)-+CU(1)+TC(I) '
KP=N(T}
NP=N(I})+1
NNP=N{I}+DCON(I)
~ N(T)=NNP o
DD. & J=NP,NNP ‘
KKP=J=KP
NONC(14J)=DCN{ I KKP)
CONTINUE
GO TO 3
CALL FMI(I,IJ)
Y(1)=1
CALL AAMIN(PPX.IJ-ISS.MAXCDN-Y) .
Y({1)=0 '
IFCISS.LTI) GO TO 7
DCON(ISS)=DCON(ISS)+1
TCC(ISS)=TC(ISS)+T(1J)
DCN(I1SS,DCON(1ISS))=1J
IF(TCOCII+TC(1) .GT.MAXCON) GO TO S
IF(DCON(1).EQ.0) GO TO’ 3
GO TO 55
N(ISS)=N(1SS)+1
TCO(ISS)I=TCO{ISSI+T(1J)
NONC(ISSsN(ISS))=1J
IF(DCON(1)}.EQ.0) GO TO 3 ' ) -
IF(TCO(I)+TC(1).GT.MAXCON) GO TO S
GO TO 55
CONTINUE . , ’
RETURN ' '
END

]
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" SUBROUT.INE FMI(IK.1J)

[
¢

[ ) B °

NOoOOOn

THIS SUBROUTINE 1S CALLED BY REAR.
IT DETERMINES WHICH TERMINAL.OF THE SET OF TERMINALS POTENTIALLY
ASSIGNED TO A CDNCENTRATUR.IS TO BE DROPPED; AND THEN DROPS IT%.

SN

" REAL MAX,DO(160.20) ‘ | /
5 INTEGER#*2 DCN(20450) sTC(20)+DCONC20)sNKoT (1600 41Xy 1J '
_COMMON /AREA1/D0, T/AREA10/TC +DCON sDCN

MA X=0,.0 :
NK=DCON(IK) :
DO 1 I=1,NK ~ .
IX=DCN{1IK.1) : - ‘ -
D=DO(IX,IK) ’
IF(D.LE.MAX’ GO TO 1 ' - .
MAX=D .
1J=1X ‘
1JP=1 ‘ o
1 CONTINUE B
TC(:K)-TC(IK)-T(IJ! .
DCN({IKsIJPY=DCN(IK NK)
OCON( IK )=DCON{ IK)=1 : , -
RETURN _ - ; ‘ '
END . o -
SUBROUTINE CFUL(KsMAXCONYsPPX) ‘ -

A T R T T N

T YT T
4

R ST

LR

I

THIS SUBROUTINE IS CALLEDG BY THE MAIN PROGRAM. ‘

. IT MODIFIES A CONCENTRATORS TERMINAL ASSIGNMENT SO AS TO SATISFY.
THE CAPACITY CONSTRAINT, ‘ ‘ _
A TRADOFF 1S CALCULATED FOR EACH TERMINAL . THE TERMINALS WITH THE
SMALLEST TRADEOFFS ARE DROPPED FROM THE CONCENTRATOR SUBNET UNTIL
THE CAPACITY CONSTRAINT 1S SATISFIED. )

sNsNsNaNaNs N1 N

REAL DU(160.20loMIN.MAX.MMAX:STO3(40)

INTEGER*2 T(160) ¢N{20) 4NONC(20+160}) sTCO(20)sNAsNAA,MAXCON
INTEGER*2 Y(20)-Z(40i-PPXoSTDl(40)-STO2(40)fCOM(20.2)
INTEGER REAS(40.2),LP

COMMDN /AREAI/DD-T/AREA?/TCU/AREA9/P.NUNC/AREAIIIREASoLP

E
E
|
,

DO 33 I=1+40 *
33 Z(1}=0

NA=N(K)

NAA=NA ,
THE NEAREST CONCENTRATOR FOR EACH TERMINAL ASSIGNED TD CONCENTRA=
TOR K IS FOUND,

noon

DO 1 I=1.NA
IX=NONC(K,1}

MIN=10000. :
; DO 2 J=1.PPX . ' \
A IF(Y(J).EQ.1) GO TO 2 ﬁLM
{ IF(J+EQ«K)Y GO TO 2

BD=00(IXs+J) Kﬁ

IF(D.GE.MIN) GO TO 2
MIN=D
IXJI=J

i
:
]
i 2 CONTINUE
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400

e —— — Y

THE TERMINAL »CLOSEST CONCENTRATOR AND TRADEOFF ARE STORED.
. ' Pl -

STO1(1)=1xJ i -
STO2(1)=1X -
STOI)=MIN=DO{IXsK)

CONTINUE

L=o

MAX=10000,

THE SMALLEST TRADEOFF 1S FOUND. -

DO 3 I=1,NA T .
IFCZ(1).EQ.1) GO TO 3
D=STO3(1}) .
IF(D.GE.MAX) GO TO 3

MA X=D
IXP=1 -
CONTINUE

ALL YRADEOFFS OF THE SAME VALUE ARE CONSIDERED.

DO &4 I=1.NA
IF(Z(I).EQ.1) GO TD 4
DX=STO3(1}
IF(DX«NE+MAX) GO TO 4
L=L+1

- COM(L,1)=1 '
coM(L.2)= DO(STOZ(II-K!

CONTINUE

MMAX=COM( 142) -
IM=1 - ' , -
' IF(L.EQe1) GO TO 6

THE TERMINAL FARTHEST FRUM THE CONCENTRATOR K 15 DROPPED FROM
K'S SUBNET.

IF DROPPING THIS TERMINAL DDES NOT SATISFY THE CAPACITY CONSTRAINT

+»THEN THE OTHER TERMINALS WITH THE PRESENT MINIMUM TRADEOFF

ARE CONSIDERED FOR DROPPING.IF THERE ARE NO MORE TERMINALS WITH
THE PRESENT MINIMUM TRADEOFF, THEN A NEW MINIMUM AND THE CORRESP-

ONDING TERMINALS IS FOUND.

DO S I=2,L
D=COM(I »2)
IF{D.LE.MMAX) GD TO S i
MMAX=D _ .
IM=T )
CCNTINUE
LP=LP+1 -
I1Q=COM(IM, 1)
IQQ=STO2{1IQ)
IPQ=STOI1(IQ) . )
REAS(LPs1)=1a0
REAS(LPs2)=1PQ
TCO(K)-TCO(K)—T(IQO)
z(1a)=1
IF(TCO{K) .LE,MAXCONY GO TO 7
GO TO 400
N(K)=0

A-T
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END

~r =
¥

THE CONCENTRATOR'S VECTOR OF TERMINALS, K ASSIGNED TO
. . ‘ o

D0 45 I=1.NA r
IF(Z(1).EQ.1} GO TO A4S

N(K)=N(K)+1

NONC(KsN(K))=STO2(1)
INVE

TURN

SUBROUTINE AMIN(K,Ms1SS)

¢
THIS SUBROUTINE IS CALLED BY THE MAIN PROGRAM.
1T FINDS THE CLOSEST CONCENTRATOR TO A TERMINAL.

;NTEGER*Z-M-T(IGO}-ISS
REAL DO(160.,20) sMIN
COMMON /AREA1/00,T

MIN=DO(K1) . . .
155=1 '
DO 1 I=2.+M
DX=DO(K,1) .
IF(DX.GE.MIN} GO TO 1
MIN=DX '
155=1 - ‘
CONT INUE
RETURN
END
SUBROUT INE AAMIN(PPXs1GsISSsMAXCON,Y)

THIS SUBROUTINE IS CALLED BY REAR «

e

IT IS RESTORED.

IT FINDS THE CLOSEST CGNCENTRATOR TOD A TERMINAL THAT CAN HANDLE

ITS TRAFFIC.

INTEGER*2 PPXs1G) MAXCON.Y(ZO)oT(lGO)oTCO(20]-C(ZO)-ISS

REAL DD(160+20) sMIN
COMMON /AREA1/D0,T/AREA7/TCO/AREAB/C

MIN=DC(IGs1)
155=1
DO 1 I=2.PPX
IF(Y(1)}.EQ.1) GO TO 1
IF(TCO(1)+T(IG).GT.MAXCON) GO TO 1
T OX=DO(1IG,1)
IF(DX.GE.MIN) GO TO 1
MIN=DX
1ss=1
CONTINUE A : ’
RETURN .
END
SUBROUT INE SAHC(KKsJKyIN)

THIS SUBROUTINE IS CALLED BY THE MAIN PROGRAM.
1T 1S BASED ON THE ESAU=WILLIAMS ALGORITHM

1T FORMS A SUBOPTIMAL CONSTRAINED MULTIDROP NETWORK AROUND

A CONCENTRATOR.

REAL MMAXsMAXsDO(160+20) +D(40+460)+TB1 (40, TO3(40+40) s XT(160,2)

A-8



.TT(40,.TTMAX'COSTO"INOLD.L(4°’ )

INTEGER*2 TS(40)sY(40)sN(20), REL(40|§0'.X(40;40,QIN‘QQ'ONI(4Dl

INTEGER#2 TO1(40440),T02(40,40)¢SS(40,40),T(160),TB2(40) )

INTEGER*2 T"AXITxOJKOOOODEOIISEGleOTON!TOSlDP.PlppOI( '

INTEGER*2 §IoSJ|$JJ-SEGvNONX.kX.PXtKK-KK-NMAX.LLLnOUT(10)/10*0/
. INTEGER*2 X0(40,80) ,FPPQ

’ CbHMON/AREAl/DD-T/AREAzlfoXoNMAX/AREASICDST/AREAQIXT/AREAGISSPD

SN AN

e

0

P X(LI340,0 .13.>1-1-) ' : ]

25 FORMAT(® *

19 FORMAT (' *,°'COST="*,F7.2) . , .

20 FORMAT(? '|2X|I4|5X|I4’

21 "FORMAT(? 'oZX.'TERMINAL'01402XQ'REQU!RES'oFﬁoan'LINES') '
30 FORMAT(® *,*SAHC NODE*,5X, "ORIGINAL NET NODE®*)

DEFINITION OF THE VARIABLES: ‘ .

TO1(I+J)= THE NODE OF SEGMENT 1 -WHICH IS TO ,BE JOINED TO SEGMENT J
To2(I»J)= THE NODEfOF SEGMENT J WHICH IS To RECEIVE THE LINK
FROM SEGégNT SR
TO2(1,+J)= THE TRADHOFF FOR SEGMENT 1. THIS IMPLIES DROPPING *
THE CENTRAL LINK FROM SEGMENT 1 AND ADDING A
- NON=CENTRAL LINK BETWEEN I AND J, '
TB1(1)= THE MAXIMUM TRADEOFF FOR, THE SEGMENT I
TB2(1)= THE SEGMENT THAT THE MAXIMUM TRADEOFF FOR SEGMENT I-1s
ASSOCIATED WITH
TS(1}= THE TOTAL TRAFFIC ON SEGMENT I- .
N(IY= THE TOTAL NUMBER OF NODES ON SEGMENT 1 _ ”
IT IS LESS THAN OR EQUAL TO NMAX.
IN(J)}= THE VECTOR OF TERMINALS ASSIGNED TO CONCENTRATOR Jo
REL(I,J)= THE RELATION MATRIX FOR THE SEGMENTS. IF A
. CHANGE OCCURS IN SEGMENT 1, THEN REL(I.J)*@ FOR ALL J.
IF A CHANGE OCCURS IN SEGMENT J THEN REL(Js1)=1
FOR ALL 1. THIS IS DONE TO EVALUATE WHETHER OR
NOT IT IS NECESSARY TO RECALCULATE TRADEOFFS.
BEFDRE ACTING ON THE EXCHANGE ASSOCIATED WITH THE
MAXIMUM TRADEOFF BETWEEN 1 AND J REL(I+J) AND REL(J,I}
CHECKED«. IF EITHER EQUALS 1 THEN THE TRADEOFF(S) IS

A

LOADED LINES. IT 1S A“PROPER SUBSET OF INCJDY.
D(IsJ)= THE COST MATRIX. IT IS ASSUMED TO BE SYMMETRICAL .
SS(Ivsesa)= THE VECTOR OF NODES THAT ARE ON SEGMENT I -
¥Y(*)= THE STATE VECTOR OF THE CENTRAL LINKS.THIS IMPLIES THAT

WHEN Y(*)=1 THE CENTRAL LINK * IS IN THE TREE. IF Y(%)=0 .
THEN THE CENTRAL LINK * IS NOT IN THE TREE AND HAS BEEN
DROPPED.

0 ) i . -

DETERMINE WHICH TERMINALS REQUIRE FULLY LOADED LINESAND
THE NUMBER OF LINES , AND ELIMIATE THEM - FROM FURTHER
CONSIDERATION, R :

ONOa00ANDOANONN0NDNNDNANODONOONDNDONANNOOMN 0.

PPQ=0

P=0

DO 1 I=z1.+KK

12=1
TT(IZ)=0.0+T(IN(IZ))

aq ‘_4,;<'“"-"

Rt e T

RECALCULATED.
ODUT(J)= THE VECTOR OF TERMINALS THAT REQUIRE ONE OR

MORE FULLY LOADED LINES. \\\ -
NI(J)= THE VECTOR OF TERMINALS THAT DONNOT REQUIRE FULLY &
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600

NnANADAND

51

TERMINALS OR NODES.,

CONTINUE

TTMAX=0 ,0+TMAX 1 .
H(!Zl=Tf¢IZ)/TTMAx ' .
IF(L(IZ).LE.1.0) GD TO. 2 -~
JL—T(IN(IZ))ITMAK
PPQ=PPQ+1" ‘ : e
QUT(PPAI=INC(IZ) ‘ , -
IF(L(12)=JL.EQ.040}) GO TO 29 B
LCIZ)I=JL+1.0 3
FRINT21+IN(IZ),L(IZ) '
DO 52 JT=1,.M ' ; ) .
DO(IN(IZ).JT)—L(IZ)*DO(IN(IZ].JT)
COST=COST+DO(IN(IZ),JK)
"PRINT2S,IN(1Z)4JK
- GO0 TO 1
p=p+i _
NI(P)=IN(1IZ)

“

.

LCONTINUVE ) -

KK=pP

THE VECTOR NI NOW HAS THE SET GF FEASIBLE OR NOT FULLY LOADED
/

: THE cosT MATRIX FOR THESE TERMINALS IS.NOH CALCULATED.

LLL=0

DO 3 J=1.KK .
LLL=tLL+1
JI=NI(J)
DCJsJ)=0.

‘DO 33 I=LLL.KK

IF(1.EQ.J) GO Ta 34
IT=NI(I).
DUI4J)=LD(II+JJ)
D(JeI)=D(1,44)
CONTINUE
CONTINUE ‘ -

INITIALIZATION

DO S1 I=1.KK e
DO S1 J=1,KK : "ﬁ\h : ,
X(1+3)=0 )
CONTINUE \ ' ‘
DO 50 1I=1,KK
I1x=1"
XO(IXsJK)}=1 '
Y(IX)=1 ' :

. TBI(IX}=0.0 ‘ .
TB2(1X)=JK ' ) . , -
SS(IXe1)=1IX - ‘

N(IX)=1
TS(IXI”T(NI(IK))

fHE MAXIMUM TRADEOFFS FOR EACH SEGMENT AR? NOW CALCULATED.

A-10
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DO 6 I=1,KK : ' - v
IX=1 ' :
DO 66 J=1.KK
. IY—
IF({IX.EQ.1Y)GO 10 66
RELCIXs1IY)=0 ‘ r
CTX=TS(IX)+TS(1Y) :
IF(TX.GT.TMAX) GO TO 7
TO1(IX/IY)=IX
TO2(1Xe1Y)=1Y
TO3(IXs I¥Y)= DD(NI(IXI.JK)—D(IX.IYI
: GO TO 66
7 TO1(IXs1Y)=0
TO2¢IX. 1Y )=0
TO3(1Xe1Y}==1,0
66  CONTINUE
6 CONT INUE . :
DO 8 1=1,KK o »
*IxXx=1 )
: MMAX==1 o0
ISEG=0 . . i -
DO 9 J=1,KK - : .
1YY=J L -1 -
~JAF(IXX.EQ.IYY) GO TO 9 - N * :
“IF(TO3C(IXX IYY) LEJMMAX) GO TO 9 , s - A
" MMAX=TO3(IXXs1YY) . '
1SEG=1YY ! ) . .
‘9 . CONTINUE _ : ) .
TB1(1XX)=MMAX ‘ o ) '
TB2( I1XX)=ISEG ’ ‘ €
8 CONTINUE

THE MAXIMUM OF THE SEGMENT TRADEOFFS IS FOUND.
IF THE MAXIMUM IS NEGATIVE THEN TERMINATE.
100 MAX==1.0 .

SI=0 .
DO 10 I=1sKK .

IP=1 ™ . _ . {’
:F(YtIQTTEq.oy GO TO 10 :
IF(TB1(IP) JLEsMAX} GO TO 10
MAX=TB1(IP})
SI=1P
10 CONTINUE . : -
1F (MAX.LE.0.0} GO TO 1000

THE VALIDITY AND THE FEASIBiLITY OF THE TRADEOFF 1S5 CHECKED.

Fs N Na

SJ=TB2(S1)

’ IF(Y(SJ).EQ.0) GO TO 90
IF((NC(SJI+N(SI})GTNMAX) GO TO 90
IF({TS(SII+TS(SI))«GT. TMAX) GO TO 90
IF(REL{SI+SJ}.EQ.C) GO TO 80
REL(SI-SJ)—O

, THE TRADEOFF BETWEEN THE SEGMENTS SI -AND SJ IS RECALCULATED.’;/

O 00

68 CALL Recoutgisgg.N(SI).N(SJ).NoNx.SEG.MIN)
TOL1(S1+5J)=NO

A-1i
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90

- 91

74

. T2

. T33

(s Ns Nale!

73

63

a0

82

TC2(S1.5J4)=SEG

TC3( ST »SIY=DOINI(ST),JK)}=MIN
TB1(SI1)=TO3(S1,SJ)

GC TO 100

TO3(SI+SJ)=1.0

CALCULATE “THE NEW MAXIMUM TRADEOFF FOR SEGMENT SIe

XM IN=9000,
DP=N(SI) : —"
Y(S1)=0
11SEG=0
DO 73 J=1.KK
IX=J
IF(Y(IX).EQ.0) GO TO 73
DE=N(IX)
IF((DE+DP). GT.NMAXI GO TO 733
IF((TS(Ix)+TS(SI)).GT.TMAK! 6o To 733

DO 72 1Ix1.DP

00=SS(SI,1I)
DO .74 K=1.DE ;
BX=SS(IX+K) ‘ i

DCUM=D(00,B8X)
IF(DDUM.GE.XMIN) GO TO Ta
XMIN=DDUM .
II1SEG=1X
TCON=00
TOS=BX : .
CCNTINUE
CONTINUE
GC TO 73
TO3(SI.IX)==1.0

CONTINUE
TB1(SI)==-1.0

GC 70 100
Y(SIJ¥=1"
RELH®ISI IISEG)=0

TBI(S;l=DO(NI(SIl.JKl—XHIN. .
TB2(Si)r=11SEG )
TO1(SI.IISEG)=TON
TC2(S1.11SEG)=TOS .

TO3(SI »I1SEG)=TB1(ST) j
GO TO 100 !

IF(REL(SJ+SI).EQ.0) GO TO 82
REL{SJ,S1)=0

GC TO 68

XO(SI+JK}=0
IXI=TO1(S1,4SJ)
IYI=TO2(S1,SJ)
X(IXILIYI)=1
X(IYILIX1)=1
COST=COST4D(IXI,IYI).
pRINTzs.NIEIxIl.NI(IYI)
v(511~o

~

A-1%

THE CENTRAL LINK (S1,JK) IS DROPPED AND THE NON-CENTRAL LINK
-(IX1+1IY1) IS ADDED.

.
v
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TB1(SI)=~1.0

JAES o EE Y
.
-

D00

n

e d

THE DA&A AND VECTORS OF THE SEGMENT ARE UPDATED.

LX=N(SJ)+1 ‘
PX=LX=1
KX=PX+N(S1)
DO 99 I=LX.KX
PP=I=PX
SS(SJs1)=55(S1,4FP)

99 CONT INUE o , 8
N(SJ)I=N(SJII+N(51) ’
TSUSII=TS(SI)+TS{ST)

IF(N(SJ).EQ.NMAX) GD TO 79
IF(TS{SJ) «EQ.TMAX) GO TO 79
DO 681 I=1,KK .
1F(x{l) .EQ.,0} GO TO 81
REL(SJ»1)=1
81 CONT INUE

TR

SagF i)

+

afen —cad e

A TR TR R RN AT

GO0 TO 100 s
79 Y(SJ}=0 i
v TB1(SJ)==-1.0 v |
o GO TO 100 ~ S
= . ) 1 - | .
c .THE OUTPUT FOR THIS CONCENTRATOR 1S GENERATED,

C

AFAD TR

1000 PRINT2001.:PPQ . .
2001 FORMAT(® *.*THE NO. OF ISOLATED NODES ARE*,14,2Xs*THEY ARE:?)
IF{(PPQR.EQ.0) GO TO 2005
DD 55 I=1,PPQ
55 PRINT,OUT(1)
2005 PRINT2002,JK '
2002 FORMAT(* ', 'NODES CONNECTED TO CONC.*,14)
DO 56 J=I'.KK
IF(X0(JsJIK)EQ.O) GO TO S6
PRINT«NI(JI)
COST=COST4+D0(NI(J)+JK)
56 'CONTINUE
PRINT2003
2003 FORMAT(' * ,*NODE® ,5X,*TO NODE®)
DO S7 II=1,KK
DO 57 JJ=1,KK
IF(X(1I1,JJ).EQ.0) GO TO 57
PRINT20044sNIC(II)NI(JJI)

:

2004 FORMAT(® *,14,8X,14) ‘ -

57  CONTINUE ‘
PRINT19,COST )
PRINT30

DD 2000 I=1,KK -
2000 PRINT20,I¢NI(1)
RETURN
END
SUBROUTINE RECOM(IVeJVsI15JJsNONXsSEGsMIN)

. THIS SUBROUTINE IS CALLED BY SAHC,
IT RECALCULATES THE MINIMUM COST CONNECTION BETWEEN TwWD TREE
SEGMENTS IV AND 1J.

o00an

IlNTEGER*Z SEG+ NONX 4 575(40 2401} 'I'XIIYO IVedVaIlJdd

A-13




REAL MINJDUM¢XT(160,+2) ¢D(40,40)
COMMON /AREA&/XT/AREAG6/SS.D
MIN=9000. " .
DO- 31 1=1,11

IX=SS(IVs1)
- DO 31 J=1.JJ
1Y=SS(JVed)
DUM=D(IXs1Y)
| IF(DUM.GE «MIN) GO TO a1
- MIN=DUM o -
| SEG=1Y
\ NONX=1X
T3t CONTINUE
RETURN -
END
BLCCK DATA

THIS ROUTINE INITIALIZES CERTAIN VARIABLES

noon

i REAL COST

INTEGER*2 TCU(ZO).Ntaol-NONC(20.160)
INTEGER REAS({4042)4LP

COMMON /AREA11/REAS.LP

_ COMMON ZAREA3/COST/ZAREAT/TCO

i COMMON /AREAS/N,NONC

’ DATA REAS.LP/80%0,0/ }

DATA COST:TCO/0.0,20%0/

DATA N/20%0/

END -

——a et

R

|
SENTRY

— b et D
N

£

: A- 14

AND ARRAYS.
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~ " THE BAHL AND TANG -ALGORITHM

THIS ALGORITHM IS BASICALLY A TWO-LEVEL STAR NETWORK AL GORITHM.
IT STARTS WITH A SET OF CANDIDATE CONCENTRATOR SITES AND
ASSIGNS TERMINALS TO THEM UNTIL THETR CAPACITIES ARE FILLED

OR UNTIL IT IS NO LONGER ECONOMICAL TO DO SOa

SINCE THE ASSIGNMENT 1S°DONE DN A CONCENTRATOR BASIS RATHER
THAN A TERMINAL BASIS, A TERMINAL MAY BE CONNECTED TO MORE THAN
ONE CCNCENTRATOR. THiS PROVIDES THE BASIS FOR CALCULATING

THE TERMINAL AND CONCENTRATOR DEVIATIONS, WHICH IN TURN
PROVIDE THE BASIS FOR DELETING .OR INSERTING LINKS.

THE ALGORITHM ATTEMPTS TO DECREASE THE COSTS AT EACH

STAGE BY EITHER INSERTING OR DELETING A LINK (THUS DECREASING
THE DEVIATIONS). EACH TIME A LINK IS DROPPED THE CONCENTRATOR

IT WAS DROPPED FROM HAS ITS GAIN CHECKED. IF IT ISPNEGAT[VE THE

CONCENTRATOR IS DROPPED.

THE ALGORITHM TERMINATES WHEN EACH TERMIWAL IS CDNNECTFD T0
ONE AND ONLY ONE CONCENTRATOR OR THE CPU. THIS PRODUCES A ST AR
NETWORK, WITH TERMINALS HOMING ONTO CONCENTRATORS. WITH THIS
PARTITIONING OF THE NETWORK WE CAN QOPTIMIZE EACH PARTITION

TO PRODUCE A MULTIOROP SUBNET AND THUS ARRIVE AT A TOTAL
MUJNDRDP NETWORK.

USER SUPPLIED PARAMETERS:

N= THE NUMBER OF TERMINALS IN THE NETWORK.
MMM= THE NETWORK IDENTIFIER.

NMAX= THE MAXIMUM NUMBER OF TERMINALS PER MULTIDROP LINE.
(TMAX= THE MAXIMUM TRAFFIC PER MULTIDROP LINE. .
E= THE MAXIMUM. NUMBER DOF TERMINALS PER CONCENTRATOR.

B= THE CAPACITY OF A CONCENTRATOR.

M= THE NUMBER OF CANDIDATE CONCENTRATOR SITES.
FIXC= THE FIXED COST FOR A CONCENTRATOR.
"XTC1,J)= THE X-Y CODRDINATES.

C(I)= THE VECTOR OF CONCENTRATOR SITES.

T(1)= THE TRAFFIC VECTOR.

‘ [

DEFINITION OF VARIAEL{: , -
NC(I,J)= THE COST MATAIX.

G(I+J)= THE GAIN MATRIX

F{J)= THE CONCENTRATOR COST VECTOR.

TG(IsJ)= THE GAIN PER UNIT, TRAFFIC MATRIX.

H{I)= THE WEIGHTED AVERAGE AUGMENTED COST FOR TERMINAL I
CCT(J)= THE SUM OF THE GAINS FOR CONCENTRATOR J

NCCT(J)= THE -GAIN OF CONCENTRATORJ
LC(I,J)= THE AUGMENTED COST MATRIX ,
Q(Is+J)= THE LINK DEVIATION MATRIX /: _
R(J)= THE CONCENTRATOR DEVIATION MATRIX
TCB(I)= THE SUM OF THE AUGMENTED COSTS FOR TERMINAL I
TSUM(J)= THE TOTAL TRAFFIC AT CONCENTRATOR J

NTT(I)= THE NUMBER OF LINKS FROM TERMINAL I :
I0(1,J)= THE VECTOR OF TERMINALS ASSIGNED TQO CONCENTRATOR J
Y(J)= THE STATUS VECTOR FOR THE CONCENTRATORS.

X(Is+J)= THE NETWORK INCIDENCE MATRIX

LSUM= THE NUMBER OF NETWORK LINKS

]
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TC(J)= THE NUMBER OF TERMINALS ASSIGNFD TO CONCENTRATOR J

INSER(1+J)= THE INHIBIT MATRIXe IF LINK (I.,J) HAS BEEN
DROPPED INSER({(IsJ)=FALSE. SO THAT IT CAN NEVER
BE INSERTED AGAIN,. ‘ +

REAL XT(160-2lsNC(160.80)oG(lbOvBO)-F(BO).TG(160;80)-H(1601““"
REAL CCT(BO).NCCT(BO).LCt160.80).o(150.80).R(50).Tca¢160)

REAL FIXCs+LD+HD

INTEGER*2 NMAX+TMAX+EeBsMMM,OUTER, INNERLCLO

INTEGER*2 TSUM(B0)«T{160)s+NTT(160}),ID(80,160)+:Y(BC) X(160:80)
INTEGER*2 NIN(160)/160%0/+TC{80)+C(80)sINC(160,80)

INTEGER®2 CN(BO) YYZ(160)/160%0/,AY(160)/160%0/+1SS+IX,11INC40O)
INTEGER IWsWsPWsLSUMGPP PX+PXXs NoK

LOGICAL*1 INSER(160+80)

COMMON ZAREAL1/XT/AREA2/T/AREA3/N+K/AREAG/NCoH+LC/AREAS/CCT+TCeTSUM
COMMON /AREAB/NTT/AREAT/Y/AREAB/Q'R/AREAI/ID/AREALO/ X/AREALL /
*INSFR/ARCAIZ/G/AREA]B/INNER/AREA14/TCB/AREA16/F/AREA1?/C/
*AREALE/TGs INICN/AREAIG/LSUM/ZAREAZL /FIXC

READ IN THE PARAMETERS

READ.N.MMM
READ, FIXC, NMAx.TMAx.E.B M :
8410 FOEyAT('1'.'#************¥**#* BAHL & TANG ALGORITHM %askokwok kb
AEEE L EFEFEEEL LS SN '
PRINTE410 '
PRINTB100 s MMM . . ;
8100 FDdMAT(‘ ¥y ¥ ok ok ook % % ook ok 3k ok ok ok kK RANDOM NET v,14,°" dekp A Rk kKK )
PRINTE210+FIXCaNsNMAX, TMAX sE 9By M '
B210 FORMAT('OT 4 'FIXC='yF7e24® N='4I13,' NMAX=',13,.' TMAX=',]3.' E=1!,
¥[349 B=',13," M=9,13)
0D 201 I=1,.,N
201 READ (XT(I+J}sd=142),TC(1} : ‘
. PRINTB310 . o
B310 FORMAT(' *,*INITIAL CONCENTRATOR SITES!')
READ S {C(I),I=1,M)
PRINT{C(I)sI=1,M) e

INITIALIZE THE VARIABLES

K=M

KM=M ,

INNER=0 d
CUTER=0 ‘ .

CLO=0 o

COST=0.0" .

LSUM=0 S

CALCULATE THE COST AND GAIN MATRICES

DO 107 I=1,N
NC({i+1)=LD(I,+1)
DO 92 1I=2.K
J=C(I1)
NCC(I+II)=LD(I, J) _
GUI II)=NC{Is13-NC{(I,11)
92 CONTINUE
107 CONTINUE

Ry
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CALCULATE THE CONCENTRATOR COSTS

DO 91 I=1.K . : -
J=C(1) ‘ . -
FCI)=HD(J) '

CONTINUE : ’ '

CALCULATE THE GAIN PER UNIT TRAFFIC AND SORT IT IN DESCENDING

ORDER . )
DO 94 J=2,K
L=0
DO 5 I=1,N
IF(G(I,J)+LT40.0) GO TO S
L=L+1
TGIL.JI=GLT.J)/T() .+ .
IN(LsJ)=1
CONT I NUE
TC(J)=L
CN(JY=L .
CALL SORT(L.J).
CONT INUE

{

ASSIGN TERMINALS Td THE CONCENTRATORS
S ] -
Do T J=2|K M
TUsSTC(J) '
TSUM{U)I=TI(C(J))
TC(J)=1 _
CCTCII=G(C(JI) ) {
ID(J»1)=C(J) :
X{C(dd)aJ)=1
NTTCC(JIISNTTIC(J)}) +1
LSUM=LSUM+1 .
Lv=1
DO 8 IH=1.,1U
IP=IN(IHJ)
IF(IP.EQ.C(J)) GO TO B
TISTSUMIJI+TLIP)
IF(I1GT.B} GO TO 7
IF(IH.GT+E) GO TO 7
TSUM{Jd)=11
TC(SI=TC(JI) +1 _
CCT(JI=CCT(JI+G(IP+I)
LV=LV+1

™~

LSUM=LSUM+1  — ' g '
ID(J.LVISIP
X{ 1P, J) =1 : ,

NTTCIRISNTTOIP)+1

CONTINUE ? . .
.CONT I NUE a {\\

PRE-PROCESSING.

DROP CONCENTRATORS WITH NEGATIVE GAINS,.

ASSIGN STRANDED TERMINALS TO THE CPU.

DO 11  J=2.,K

A-17 ‘
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NCCT(J)=C§¥%UT:F(J) <t

IF(NCCT(J)+GT4040) GO TO 11 .
Y(J)=1

L KM=KM-1

pR:NTaq42.J.C(J) :
FORMAT(?® ¢, !CONC*+1452Xs "DROPPED AT NODE',14)
LSUM=LSUM=TC(J)

L=TC(4) S T ' ~

DO 12 I=1,L NM;) : . -
II=ID(Js1)- . : :
X(II4J)=0 :

NTTCIT)=NTT(II)AL

CONTINUE . ,

LL=0 > ‘

TSUM(1)=0

DO 72 I=1,N
IF(NTT(I).NEsO) GO TO 72
LL=LL+1 : oo .
ID(1,LL) =1 N

. LSPEM=LSUM+]

NTT(I)=1 o
X{Iy1)=1 T S -
TSUM(1)=TSUM(1)+T(I) »

CONT INUE _ )

FTC(1)=LL ' ‘ ; -

-
)

CHECK IF DONE _ T

IF{KM.EQs1) GO TO 100 : A

JIF{LSUMJEQ.N) GO TO 100

CALCULATE THE AUGMENTED COSTS AND DEVIATIONS

. . , '
DO 14 I=2,N ,
DO 15 J=2,K N

IF{Y(J)aEQ.1) GO TO 15

"IF(X{I1+J).EQ.0) GD TO 15

LC(I.J)-NC(1.J)+((T(I)*F(J))/TSUM(J))

TCEBLI}I=TCB(IIH+LL(IsJ)

CONTINUE B :

H(I)= TCB(I)/NTT(I) ) .
CONTINUE ' \Jr/
DO 108 [=2.K

TF(Y(1).EQ.1)" GO -TO 108

L=TC(I) . v

R(I)=
DO 10¢ J=1

ix= ID(I-J)

O(IXsTI=LC(IX,1)- H(IX)

R{I}=R(I)+Q(IX,1)

CONTINUE / . -
CONTINUE

CHECK EACH CONCENTRATOR 7O SEE lF A LINK CAN BE INSERTED
IF SO THEN ‘INSERT THE BEST LINK

‘DO 18 J=2:K

IF(Y(J).EGes1l) GO TO 18
IFITC(J)}EQ.E)} GO TO 18

A-18




CALL "LADD(J+E,B) ,
18  CONTINUE -
. ' F—-
DETERMINE THE WORST LINK AND DROP IT
O
- ) \

nnn-

5929 CCALL RMAX
CALL QMAX(PP, px.Pxx)
TW=PX

W= PP
PW=PXX
INSER(IW.W’=.FALSE.

X IWsW)=0 ,
LSUM=LSUM=1 ' ‘
TSUM(WI=TSUMIW)Y=T(1IW)
CCT(WI=CCTI(WI=G(IW,s W) A
ID(WPWI=IDIW, TC (W) ).
FTCIW)I=TC(W)=1

. CONCENTRATOR. .

NDaONOon0N

GCON=CCTI{W)-F{w)
IF{GCON}224+22,423"

O N0

AGAIN WE CHECK IF WE ARE DONE

23 IF(LSUM.EQ.N). GO TO 100
CALL DEV(IWsW40)
INNER=INNER+1" ‘ o
GO T3 200 '

22 OUTER=DUTER+1

, CALL CLOSE(IW.W,KM)
IF(KM.EQ.1) GO TO 100
IF(LSUMEQ.N) GO TO 100
GO TO 200

106 PRINTS59.KM

T T T T T e e e e e e e 4 b et . A e it o s -

CHECK THE GAIN'OF THE WORST CONCENTRATOR

IF. THE GAIN IS POSITIVE THEN WE  RECALCULATE DEVIATIONS
AND CCNTINUE, IF THE GAIN '1S NEGATIVE THEN WE DROP THE

559 FORMAT(?! ',' THE NUMBER OF OPEN CONCENTéATQRS 1S=*,14)"

COST=0.0
DO 30 J=1,.,K
LF(Y(J).EQ.1) GO TO 30
COST=COST4F (J)
L=TCtd)
DO 31 I=1,L
IX=ID(J.1)
31 COST=COST4NC(IX,J)
30  CONTINUE .
FRINTS1,COST

51 FORMAT(* *,*NETWORK COST FOR\PT+ TO PT.=',F9,3) N

c
C INITIALIZE THE NETWORK FOR TH
C
COST=0.0
DO 990 I=1,K
AY(1)=0

IF(Y(1)«EQal) GO .TO 990
COST=COST+F(1I)

S A-iﬁ
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991

‘CONT INUE

TC(1)=0
YYZ(C(
TSUM(1
CONT INUE

)=
=TL(C(11})}

AééIGN TERMINALS TO CDNCENTRATDR%

IFAYYZ(1).EQe1} GO TO 987
ALL AMIN(IsK,IS5S)
C(ISS)=TC(ISS)+1
SUM(I1SS)=TSUM(ISSI+T(1)
NA=IC{ISS) '
IX=1 ’
ID(ISS,
CONT INUE

CHECK THE CONCENTRATOR CAPACITY CONSTRAINTS.
DD 984 I=2.K
IF(Y(I)aEQs1) GONTO 984
IF(TSUM(I)«GT+B) AY(I)=1
CONTINUE

MODIFY THE TERMINAL ASSIGNMENIS/ IF NECESSARY.

DO 991 I=2,.,K _ _
IF(Y(I}.EQel) GO TO 99
IF(AY(I).EQ.0) GO TO 9
CALL CFUL{I+B4AYsK)
IF(TSUM(E).LT«B) AY(I)=0

REASSIGN THE DROPPED TERMINAL

CALL REAR(K+BsAY) L N N

CHECK IF ANY MORE CONCENTRATDRS CAN BE DRDPPED DUE '

TO THE ASSIGNMENT MUDIFICATI NS

DO 5453 1=2,K .
IF(Y(I)+EQa1) GO TO 5453
IF(TC(I)«NE.O) GO TO 5453
COST=COST-F (1) '
Y(I=1

CIX=C(1)

. CALL AAMIN(K,IX»IS5SsBsAY)
TC(ISS)I=TC(ISS)+1
TSUM(ISS)=TSUM{ ISSI+T(IX)
ID(ISS,TC(ISS))I=1IX

5453 CONTINUE

1422 FORMAT(®' "»'CONC',1I2+' AT NODE'.I E HAS ', 13,.°
FUNITS OF TRAFFIC®'): ' T

D0 5553 J=14K _
IF(Y(J)«EQe1l) GO TO 5553
PRINT14224J+C{J)sTC(J)sTSUM(J)

PRINT1471

1471 FORMAT(' ', 'TERMINAL SET') T

NA=TC(J) . Do
. A-20
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IF{NA.EQ.0) GO TD 5553 A\
PRINT(ID{JsL} sL=14NA)
CONT I NUE

OPTIMIZE EACH CONCENTRATOR .SUBNET

PO 111 I=1sK

IF(Y{I).EQsl) GO TO 111

NA=TC(I)

IF(NAEQ.Q) GO TO 111
DD 121 J=1.NA

IIN(JI=IDEL,J)

CALL. 6AHC(NA‘I'TMAX|NMAX'IINICOST}
CONTINUE . - -
PRINT7004,COST ‘ T
FURMAT({ *+»!NEW COST FOR MULTIDROPPED NET IS, F8.3)
sTAOP ’
END

SUBROUTINE CLOSE(IWsW+KM) ' , \
REAL NC(160-80).H(160)|LC(160:80).CCT(80)-O(160-80).9(80)-TCB(16b)
INTEGER*2 LD(BO.IﬁO)oTC(BO)cTSUM(BOJoNTT(lﬁO)'Y(BO)|X(150|80).‘
*C{BO) T(160)

INTEGER NoKyIW W 4KMsLSUM

COMMON /AREA3/N.K/AREA¢/NC|HoLC/AQEAS/CCT.TCyTSUM/AREA&/NTT/
*AREA?/Y/AREAB/O-R/AREAQ/ID/AREA10/X/AREA14/TCB/AREA17/C

COMMON /AREAIQ/LSUM/AREAE/T N

THIS SUBROUTINE IS CALLED BY THE MAIN PROGRAM.

IT DROPS THE WORST CONCENTRATDR AND MAKES THE ADJUSTMENTS
T THE DEVIATIONS.

Y(w)=1
KM=KM-1
L=TC{ W) _ o
LSUM=LSUM-L ‘ . o
KZ=TC(W)+1 ' :
IDCWsKZI=IW .
DO 1 J=1,KZ
IX=ID(W.J)
NTTCIXISNTT(IX) -1
IF(IX.EQ.IW) GO TO 9
XCIXaW)=0 .
IF(NTT(IX).NE.O) GO TO' 3

IF A NODE BECOMES STRANDED IT IS ASSIGNED TO THE CPU.

NTT(IX)=1

X(IXs1)=1

TCE(IX)=040

H(IX)=0.0

TC(1)=TC(1)+1" :

TSUM( 1) = TSUM(1)+T(IX)

LSUM=LSUM+1

ID(1.TC{1))=1IX

GO TO 1 . ‘ , J
TCBUIX)I=TCB(IX)-LC(IX,W)
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THE NECESSARY ADJUSTMENTS OF THE DEVIATIONS AFFECTED BY
THE DROPPING OF THE CONCENTRATOR LINKS ARE MADE.

CHOIX)=TCBIIX}/NTTC(IX)

DO 2 I=2,K

TF(Y(1)sEQsl) GO TO 2
IF(X(IXs1).EQ.0) GO TO 2
R{IN=R(I}~Q(IX,1) ¥
QUIXsI)=LC{IXsI)=H(IX)
RUI)=RCI}+Q(IX.1I)
CONT INUE
CONTINUE
RETURN =
END

SUBROUT INE QMAX(PP,PXsPXX) s

RE AL G(IGO-BO).O(lﬁO.BOD.R(BO)-CCT(BO).LARGE
INTEGER*EQID(BO'160)'TSUM(80).TC(BO).NTT(IﬁO)-X(lbO.BO)
INTEGER PP+PX+PXXsJW(10).PL
INTEGER 1Q(10,3)

COMMON /AQEAS/CCT-TC-TSUM/AREAG/NTT/AREAB/O-R/AREAQ/ID/AREA!5/
*PL!JW

COMMON /AREAIO/X/ARFAIZ/G

-

THIS SUBROUTINE IS CALLED BY THE MAIN PROGRAM.
IT DETERMINES THE LINK (CONNECTED TO A WORST CONCENTRATOR)
WHICH HAS THE 'WORSYT LINK DEVIATION

LARGE==-1QC0C.

THE STARTING VALUE 1S THE FIRST ONE THAT SATISFIES THE
CRITERIA THAT THE TERMINAL HAVE MORE THAN ONE LINK AND IS
CONNECTED TO ONE OF THE WORST CONCENTRATORS.

DO 1 I=1.PL
JI=IW(T)
L=TC(JJ)
DO 2 1I=1,L :
IX=1D(JJs11) .
IF(NTT(IX),EQel) GO TO 2
IF(O(IXsJJ) sLE.LARGE) GO TO 2
LARGE=Q(IX,JJ) : :
PP=JJ . 4
Px=1X :
PXX=11
CONT INUE -
CONT INYE
10¢1,)=Px
1Q(1.2)=PP
10(143)=PXX
1fL=1

THE SET OF WORST LINKS IS FOUND. ALL LINKS WITH THE SAME °
WORST DEVIATION ARE CONSIDERED. B
DO 3 1=1,PL 4

JJ=Jw(l) ’

L=TC{JJ)
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DO 4 TI=1,.L ,
IX=ID(JJsI1) .
IF(NTT(IX)+EQel) GO TO 4
IF(IX«EQePXsANDJJL+EQ.PP) GO TO 4
IF(Q(IXs3J) «NELLARGE) GO TO 4
ITL=I1TL+1
IQ(ITL.1)=1X
IQ(IIL.2)=34 "
IQ(IIL,3)=11

CONTINUE -

CONTINUE _

IF(IIL.EQsl) GO TO 9

XMIN=10000.

FROM THE SET OF WORST LINKS THE ONE WITH THE WORST
IS5 SELECTED AS THE WORST LINK.

DO 5 J=1,11L
IX=1IQ(Js1) ‘ ?
1J=1Q(J+2)
IP=1Q{J,3)
IF(GUIXsTJ) eGELXMINY GO TO 5
XMIN=G{IXs1J)
PP=1J
FxX=1IX
PXX=1P
CONTINUE
RETURN
END

SUBROUTINE RMAX

REAL R(80)+Q(160+80),LARGE
INTEGER*2 Y (80)

INTEGER JW(10),PLsPsN,

-COMMON ZAREA3/ N, K/AREA?/Y/AREAB/Q.R/AREAIS/PL,JW

THIS SUBROUTINE 1s CALLED BY THE MAIN PROGRAM.
IT DETERMINES THE”SET OF WORST CONCENTRATORS.

PL=1
THE STARTING CONCENTRATOR DEVIATION IS FOUND.

DO 1 1I=2.K

o« - ITF(Y(I)4EQGs1) GO TO 1

IF(R(I}.EQs0.0) GO T0 1
P=1
II=1
LARGE=RI(I)
Go TOQ 2
CONTINUE

THE WCRST CONCENTRATOR DEVIATION IS FOUND

DO 3 J=1].K
IF(Y{J)«EQ.1l) GO TO 3
IF{R({(J).EQ.0.0) GO TO 3 : -
IF(RtJ)LE.LARGE) GO TO 3

A-23
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LARGE=R(J) N

F=J . ’ L L ' \

3 CONTINUE N :
JH(l) =P : Y -

ann

ALL CONCENTRATORS WITH THE SAME DEVIATION ARE CONSIDERED.
L \

DD 4 J=2,K . : ' \
IF{Y{J}.EQ.1) GO TO 4 ‘
IF(R{JIVEQ.0.0) GO TO 4
IF{J.EQ4P) GO TO 4
IF(R{J)«NE.LARGE) GG TO 4

PL=PL+1
JWiPL)=U
4 CONTINUE
RE TURN
END.

SUBROUTINE DEV(II,JJ.P) R
REAL F(B0)+H{160)sLC(160, BOI.R(BOIgO(160o80).TCB(160)-NC(160.80)-
®CCT(80)

INTEGER*2 X(160, eo:.T(160).TSUM(80).NTT(1607210(80.160).TC(SO).
*Y(80)

INTEGER NaPsK . —— ~
INTEGER LSUM ( , .

COMMON /AREA2/T/AREA3/NK/AREAG /NCyHoLC/AREAS/CCT+TCy TSUM/AREAS
#/NTT/AREA?/Y/AREAB/Q,R/AREAQIID/AREAIO/X/AREA14/TCB/AQEA16/F
COMMON /AREA19/LSUM

A

THIS SUBROUTINE IS CALLED BY HE MAIN PROGRAM, \
AND BY LADD. )
IT RECALCULATES THE NECESSARY, AUGMENTED COSTS AND
DEVIATIONS .WHENEVER A LINK I ADDED OR DROPPED.

- P=1 IMPLIES ADD

naNNNON

XX=F (JJ ) /TSUMCJJ) K

DROPFRED LINK

non

NTTCII)=NTT(II)=-1
IFINTT(II).EQ.0) GO TO 9
TCB(II)= TCB(II)—LC(IIOJJ)
.H(II]zTCB(II’/NTT(II)
ROJII=RIIII~=Q(IIJJ)
QUITsJU3}=0.0
GO TO 4
9 NTT(tI)=1
X(I1I,1)=1
LSUM=LSUM+1
TC{(1)=TC(1}+1
TSUM{1)=TSUM(1)+T(11)
ID{I)TC(I)!=II
R{JUIISRIIII-Q(IT409)
QUITsJJd)=0Da0
TCB(IT)=0.0
H{II)=0.0
GO To 7
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LINK ADDED

NTTCII)=SNTTC(II)+1

LCCT Y adJ)=NC{IT,Jd)+T(11)%XX

IF(NTTLII)«NEs1) GO TQ 444
TCB(III=LC(II.JJ)
H(ITY)=TCB(11)

G{II,sJJ)=040

GO TQ 7 '

CTCBLII)=TCBU(II)+LC{I1,JJ)

HILI)=TCB(IT)}I/NTT(II)
QlIT+JII=LCUTIJJd)-H(II)
RUJII=RIJIII+QUITI yJJ)

RECALCULATE DEVIATION CHANGES AT NODE 11

DO 1 JL=2,K
IF(Y(JL).EQs1) GO TO 1
IF{JL.EQsJJ) GO TO 1
IF(X{II+JL)EQ.0) GO TO
REJLI=REJL)~Q(IT4dL)

1

IF{NTT(II)«NEWs1} GO TO 445

Q(Il,JL)=0.00
H{II)=TCB(II) ;.
GO TO 7
QEIILJLI=LC(IT,JL)-H(LI)
REJLI=R(JLIFQUITLIL)
CONTINUE
IiL=Tc(JJ)’
DO 2 L=1.,IL
LL=ID(JdJsL)
IF(LL«EQ.TI) GO TO 2

IF(NTT(LL)-NEW1) GO TO 22
LC(LLsJJ)=NCILL I D) +TLLL Y *XX

TCE(LLISLC(LL,JJ)
HLL)=TCB(LL)
ROJI=REI-QILLII)
Q(LL+JJ)=0.00

GO 1O 2

TCB(LLI=TCBILL) =L C{LL +JJ)
LC(LL+JJI=NCILLy JJY+T (LL ) *XX
TCE(LL)=TCBLL)+LC(LLyJJ)

HLL)}=TCBILLI/NTT(LL)

RECALCULATE DEVIATION FOR OTHER NObEs OF CONC JJ

DO 33 JX=2.4K
IF{Y(JX).EQel) GO TO 33
IF{X(LLsJX) «EQe0) GO TO
REJIXI=REJIX) ~Q{LLy IX)
Q(LL s JX)=LC{LL s JX)}=H(LL)
REJXISREIXI+Q(LL ¢+ IX)

CONT INUE -

CONTINUE

RETURN

<END

33
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SUBROUTINE LADD(J,E.B)

INTEGER*2 C(80 YCN{BO) s IN(1604+80) ¢ IK»IKK
LOGICAL=1 INSER )
*/AREA10/X/AREA11/INSER/AREAL12/G/AREA13/ INNER/AREALG/LSUM
COMMON /AREA4/NCHsLLC/AREAL6/F/AREAL17/C

COMMON /AREAG6/NTT '

COMMON /AREAL8/TG, INJCN _ |

C
C THIS SUBROUTINE IS CALLED BY THE MAIN PROGRAM.
c "IT DETERMINES IF A LINK CAN BE INSERTED AT A CONCENTRATOR J
C IF ONE 1S INSERTED.THEN THE DEVIATIONS AFFECTED ARE
C CREATED AND RECOMPUTED.
C
LA=CN(J)
LR=1
c .
c FIND THE LINK WITH THE LARGEST GAIN
C : '

120 MAX=1.0
- DO 12 I=LR,LQ
IK=IN(I"J)
IF(X(IK+J)EQal) GO TO 12
IF{.NOT+INSER(IK,+J}} GO TO 12
IF(TSUM{JI+T(IK)}+GT..B) GQ TO 12-
LRR=I4+1 T
MAX=0.0 B oW
GD TO 122
12 CONTINUE ' .
122 IF(MAX.EQ.1.0) GO TO 7
IF{X(IK,1)«EQs0) GO TO 2

-~

DROP A LINK TO THE CPU ANO ONE TGO CONCENTRATOR J

(ale N2

XCIKs Jd)=1

X( 1Ky 1)=0

NTTCIKI=NTT(IK) -1

. LL=TC (1}

DO 44 1I=1,LL
IX=ID(1+11)
IF(IK+EQ.IX) GO TO 45 .

44 CONT I NUE - .

45 ID(1+T1)=ID(2,LL) ' -1
TC(1)=TC(1)-1 . .
TSUM(1)=TSUM(1)~T(IK)

. GO TO 3 .
2 ITSTSUM(J) +T(IK) '
CXLC=NCLIKe JI+( (T (IKDI*F(J) I/ IT)
IF(XLC~H(IK)«GE:i0.0) GO TO 121

-

ADD A LINK TO CONCENTRATOR J FROM TERMINAL IK

hoan

X{IK.J)=1
LSUM=LSUM+]
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7

6
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s Nel

TC(JI=TC(JI)+1 :
CCTCII=CCT(I)+G(IK,J)
TSUM(J)=TSUM(J)+T(1K) \
INNER=INNER+1

ID(Js TCCJIII=IK

TIK=TK '

RECALCULATE THE NECGESSARY DEVIATIONS

CALL CEV(IIKsJ,.1)
SIF(TC(JYEQ.E) GO TO 7
IF(TSUM{J).EQ.B) GO TO 7
IF(LRR.GT.LQ) GO TO 7
LR=LRF" _

GO~Ta 120

RETURN '

END

SUBROUTINE SORT(LsJ)

REAL LARGE+TG(160+,80)

INTEGER*2 ZP+P,IN(160,80),CN(B0)

COMMON ZAREAI1B/TGsIN+CN

THIS SUBROUTINE IS CALLED BY THE MAIN PROGRAM. b
"IT SORTS THE GAINS PER UNIT TRAFFIC IN DESCENDING ORDER

DO 6 I=1,L
CALL MAX(I+L +JeP+ZP,LARGE)
TG(ZP+JI=TG(I4J) '
IN(ZP'J,=IN(I|'J)
TG(I+J)=LARGE
INCI»J)=P

CONT1INUE

RETURN
END

SUBROUTINE MAX(Ts+LsJeP+ZPsLARGE)
REAL LARGE,TG(160,80)

INTEGER®2 ZPoP,MOy IN(16C+80),CN(80)
COMMON ZAREA18/TGy INJCN

THIS SUBROUTINE 1S CALLED BY SORT ’
IT FINDS THE LARGEST TG(IsJ) FOR A CONCENTRATGR J

LARGE=TG(I4d)
P=IN(IvJ)
zZP=1
DO 6 MO=1,L :
IF(TG{MO,J) LE.LARGE} GO TO 6
LARGE=TG(MO +J)
P=1IN(MO,J)
ZP=MO .
CONTINUE
RE TURN
END
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BLOCK  DATA

~ REAL TCB8(160)
INTEGER®*2 NTT(160)+X({(160+80)1.Y(80)
INTEGER REAS({40.,2)LP '
LOGICAL*1 INSER(160,80)
COMMON /AREAG/NTT/AREA?/Y/AREAIO/X/AREAIl/INSER/AREAIQ/TCB
COMMON /AREAE3/REAS¢LP R .

C
c THIS ROUTINE INITIALIZES SOME VARIABLES..
C
DATA REAS.LP/80%0,0/
DATA X+INSERWY s TCBsNTT/12800%0, 12800%T,80%0,160%0.4160%0/
END - o
c .
c . - R Fl
C THE FOLLOWING ROUTINES USED BY THIS PROGRAM ARE THE SAME
C AS THOSE USED IN NEWCLUST AND MART IN-DOLL AND ARE NOT.
C t ISTED HERE.
C .
C FUNCTION LD . FUNCTION HD
C S AHC RECOM '
C AAMIN AMIN -
c CFUL FMI
c ~-REAR : ‘
C
C
SENTRY
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.. THE NEWCLUST ALGDRITHM -
THIS ALGORITHM DESIGNS A MULTIDROP TWO-LEVEL NETWORK. ‘
IT STARYS WITH M CANDIDATE CONCENTRATOR SITES AND PARTITIONS THE
NT TERMINALS OF YHE NETWORK USING THESE M SITES.
EACH PARTITION IS OPTIMIZED TO FORM A MULTIDROP SUBNETWORK OR
A TREE NETWORK. o : A
-THE TERMINALS OF EACH SUBNETWORK ARE THEN PARTITIONED
INTO CLUSTERS OF TERMINALS (NODES),WHICH ARE THE NODES ON A BRANCH
OF THE CONCENTRATOR TREE SUBNET. THESE CLUSTERS OF NODES ARE
CALLED SUPER NODES,.
COST SAVINGS CAN BE REALIZED BY .MERGING AND/OR CONNECTING A
CONCENTRATORS' SUPER NODES TO: OTHER CONCENTRATORS AND _DROPPING

THAT CONCENTRATDR. CONCENTRATORS ARE DROPPED FﬁQH THE NETWORK,
SEQUENTIALLY.UNTIL NO FURTHER COST SAVING CAN BE’' REALIZED,.

REAL TNN1(60)sXT(16042)+FF(80)+D0(160,80),CST(B0)+RECOST(80).,
*GAIN(BO)»COSTHL.D¢HD sPMINSCOST1/0.0/

INTEGER*2 MsNT o NMAXs TMAX¢MAXCONLMAXIZZ2JXsISSsNAsKMaLZQAsNLZQ s IXY
INTEGER*%2 LL.IQN.IR.I'I-JU}IVI'JSTARoISA' IPI+IFF.ovn .
INTEGER*2 IXPoNCCoLI sMMXsMXeISTsIISTsNXNSLO«QST s I QST o MJ o IMQ 9 XNXos
ANXsJV o JLAST IX R -

INTEGER*2 C(B0),Y(B0)/80%0/+NNCON(B0) 4IN{420) +NN(60+6)

*s YN{60I4sNON(604+10) s NCONC(B0) « TCONC{ 80) 4 CONC(B04+40) »T(160)
*,LCONC(BO) +TNN(6D 10}+REAS(40)/40%0/, DEL{80)/80%0/, TDEL(80)/80%0/,
*AY(BO)/BO*O/-YYZ({601/160*01
"LOGICAL FLAGSSEC : 3 ‘ .

COMMON /AREA!/DU.T/AREA2/XT/4REA3/C/AREA4/MAxc0N.LMAX/AREAS/NNCON
COMMON /AREAG/NDN/AREA?/LCDNCoNN.TCONC/AREAB/NCONC-CONC-CST.LL
COMMON /AREA11/COST/AREA13/YN/AREA14/TNN/AREA1S/GAINZAREALG/TNN]
COMMON /AREA18/SEC/AREA19/FIXC : o

&

"

USER DEFINED PARAMETERS:

NT= THE NUMBER OF TERMINALS OR NODES IN THE NETWORK .

MMM= THE NETWORK IDENTIFYING NUMBER. '

FIXC= THE FIXED CONCENTRATOR COSTS. _

NMAX= THE MAXIMUM NUMBER OF TERMINALS PER MULTJIDROP LINE.

TMAX= THE MAXIMUM AMMDUNT OF TRAFFIC PER MULTIDROP LINE.
MAXCON= THE CAPACITY OF A CONCENTRATOR., '

LMAX= THE MAXIMUM NUMBER OF LINES PER CONCENTRATOR { NOT USED}.
M= THE NUMBER OF INITIAL CANDIDATE CONCENTRATOR SITES.

C(*)= THE VE&TDR OF THE CANDIDATE CONCENTRATOR SITES.

READsNT s MMM .
READyFIXC o NMAX s TMAX s LMAX ¢ MAXCON ¢ M
PRINT 4040 ‘ y
FORMAT ( *1°%, "k ka ko kk ok kkk NEWCLUST *#***t#**********t###**'l
PRINTA004 , MMM _ : T ‘ : -
FORMAT(" '.'t***#**#ti#*#t*** RANDOM NET® +I3,°* RREEREKEEFE LR K )
PRINT1,FIXCoNT sNMAX 3 TMAX s LLMAX ¢ MAXCON¢ M .
FORMAT(®0! s *FIXC=® ,F7+24% NT=%,13,7 NMAX=7,13,% TMAX=?,13, "LMAXS \
*¥%, I3+ MAXCON=*,I3," M=*,13) . “

INPUT THE TERMINAL X AND ¥ COORDINATES, .

A-29- e



O0o0n

s NsNeNaNale

DO 3 I=1,NT
READS (XTI sJ) s Jd=142)4T(1)
3 CONTINUE

INPUT THE SET OF CANDIDATE CONCENTRATOR SITES.

READ«+ (ClI)eI=14M)
DO 188 I=i .M
11=C(1)
188 YYZ(11)=1
.PRINT7O :
T0 FORMAT(®* *, "CONCENTRATOR LOCATIONS ARE AT NODES :°¢)
PRINT.(C(I’ I 1.M)

-

CALCULATE THE CONCENTRATOR COSTS AND THE TERMINAL TG CONCENTRATOR
COSTS . .
SEC=.FALSE.,
JLAST =0
DO 9 I=1,M
12Z2=C(1)
FF(I)=HD(1Z2Z)
DD 9 J=1,NT
IX=J
DO(J,I)=LDCIX,122Z)
9 CONTINUE ’

THE INITIAL ASSIGNMENT IS. DONE BY ASSIGNING TERMINALS TO THEIR
CLOSEST CONCENTRATOR+WITHOUT CONSIDERING THE TRAFFIC.
1F THE CONCENTRATOR CAPACITY CONSTRAINT OF ANY CONCENTRATDR
BECOMES VIOLATED THEN THAT CONCENTRATOR IS FLAGGED (Y(*)}=1).
3222 CONC(1,1)=1 . v
NNCON(1)=1
TCONC(1)=T(1)
DO 1222 [=2,M
NNCON(I}=0
1222 TCONC(I}=T(C(1))
* DO 10 I=14NT _
IF{YYZ(1).EQ.1) GO TO 10
CALL AMIN(IM,ISS,Y)
NNCON(ISS)=NNCON(ISS)+1
NA=NNCON(ISS) . .
CONC(ISS.NA)=1 . ?
TCONC(ISS)=TCONC(ISS)+T(1) .
10 CONTINUE . : : ‘
DO 1042 I=1,M ‘
IF(Y(I)+EQsl) GO TD 1042
IF(TCONC(I).GTMAXCON) AY(I)=1
1042 CONTINUE

CONCENTRATORS THAT HAVE BEEN FLAGGED HAVE THEIR TERMINAL
ASSIGNMENTS MODIFIED. THIS 1S DONE 8Y DEFINING A TRADEOFF FOR
EACH TERMINAL IN THE SUBNET AND DROPPING THOSE WITH THE MINIMUM
UNES UNTIL THE CAPACITY CONSTRAINT IS SATISFIED.

NoaNnOAN

DO 1147 1=2,M
~ IF(Y(I).EQ.1) GO TO 1147
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IFCAY{I).EQ.0) GO TO 1147 ;

CALL CFUL(IsYsAY M) _

IF(TCONC(I) LT MAXCON) AY{1)=0 .
1147 CONTINUE ‘ _ -

c . ‘
c THE TERMINALS THAT HAVE BEEN DROPPED FROM THE CONCENTRATORS ARE
c NOW REASSIGNED TO OTHER CONCENTRATORS OR THE CPU. .

c : -

CALL REAR(M,Y,AY}
DO 1212 J=1+M

1212 AY (J)=0
KM=M ' - : _ * e
c _ . . | .
c KM= THE NUMBER OF CONCENTRATORS THAT 'ARE PRESENTLY OPEN,
c neAR
(o {
C IF ND NODES ARE ASSIGNED TO A CONCENTRATOR THEN THE CONCENTRATOR
C 1S CLOSED AND ITS NODE IS ASSIGNED TO SOME OTHER CONCENTRATOR THAT
c “ CAN HANDLE .IT OR TO THE CPU.
c . »
DO 12 J=2,M ' - _ .
IF{Y(J).EQ.1) GO TO 12 :
IF (NNCON(J)..NE,O0) GO TO 12
Y{J)=1 ‘
YYZ{C(J))=0
CALL AAMIN(M C(J)+ISSsMAXCONsY.AY)
NNCON( I SS)=NNCON(ISS)+1 "
NA=NNCON(ISS)
CONC(1SSsNAI=C(J) . T
, TCONC(ISSI=TCONC(ISS)+T(C(J})
KM=K M1
12  CONTINUE ; .
c , N > S
c 1F THERE IS ONLY ONE CONCENTRATOR LEFT (THE CPU) THEN TERMINATE.
c. .
IF(KM.EQ.?& GO-TO 1110
c
c EACH PARTITION IS OPTIMIZED INYO A MULTIDROP SUBNET WORK WITH A
c CONCENTRATOR AS THE HOMING OR SINK NODE,
c THE TERMINALS OR NODES OF EACH SUBNET ARE .THEN PARTITIONED INTO
c SUPER NODES. '
c .
DO 14 I=1.M
IF(Y(1).EQe1) GO TO 14 _
Lza=1 . ~
NL ZG=NNCON( I ) —ee S
COST=COST+FF(LZQ) _ T
IF(NLZQ+EQ.0) GO TO 14, ‘ .
DO 15 J=1,NLZQ ‘ : )
15 INCJISCONCILZQ4J) : ' )
PRINTZ 127120 . .
7110 FORMAT (W0 * , * CONCENTRATORS* 14, ' SUBNETWORK® ) '
. CALL BAHC(NLZGsLZQsTMAX,NMAX.IN) : -
PO 1414 II=1,NLZQ )

1414 IN(II)=0
14  CONTINUE
- IF(SEC) GO TO 3199
DO 6000 I=2,M
IF(Y(I)+EQ.1) GO TO 6000
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1IFF=1 : L o o\ :
IPI=NCONC( IFF) °

RECOSTC(IFF)=040 .

THE VARIABLES FOR EACH SUPER NDDE ARE' CALCULATED AND‘}HE GAIN FOR
EACH CONGENTRATOR IS CALCULATED.

- DO 6001 J=1,IPI ‘ '

ISA=CONC(IFFsJ) :
CALL CLOSETU(ISA+IFFsTMAXsNMAXsMsYyPMIN)
RECOST(IFF)—RECDST(IFF)+PM!N

6001 CONTINUE

81

45

3300 CALL MAX(MsYsHIGH, UMW)

GAINUIFF)= (CST(IFF!+FF(IFF!,-RECDST(IFFI

" 6000_CONTINUE S i

-
. . Y]
-~ .

THE CONCENTRATOR WITH THE HIGHEST GAIN 1S FOUND AND CDNSIDERED FOR
DROPP INGs

IF -IT HAS NDT BEEN CHECKED FOR FEASIBILITY IT IS CHECKED.

IF 1T HAS BEEN CHECKED AND NO CHANGES, HAVE TAKEN PLACE OR IF

IT HAD BEEN THE ONE LAST CHECKED THEN IT IS DROPPED,

IF(HIGH.LE.0) GO TO 9991

IFCJLAST.EQ.J¥W) GO TO 81

CALL FEAS(MsJ¥ s MAXCONs TMAX e NMAXsFLAGs JLAST»¥)
IF(«NOT.FLAG) GD TO 3300,

Y(Jw)=1 :
Yrvz{cquw}}=o0 . : -

THE CONCEN+RATDR 1s DRDﬁPED AND THE GAIN IS SUBTRACTED FROM- THE
CO0ST. THE SUPER NODES OF THE DROPPED. CONCENTRATOR ARE NOW ASSIGNED
TO THEIR NEW CONCENTRATOR SUBNETS.

/3
[

CDST-CUST—HIGH
KM=KM=~1 :
NXN=NCONC{ JW)

DD 7000 IXX=1¢NXN
IR=CONC(JW+1IXX)
IFC(YN{IR).EQs1) YN(IRI=O
LIRN=TNN(IR,4)

THOSE CONCENTRATORS Tuaﬁ HAVE A iypga NODE DIRECTLY ASSIGNED'TO
THEM ARE FLAGGED. o :

[y . . ' . -

IF(DEL('IRN) +EQ.0) DEL(IRN)=1 - : : '
NN(IRs3)}=IRN :
IF(YN(IR) «EQe3). &GO T0 a5 o B

NN(IRs8)=TNN{ IR, 2) n

TCONC{ IRN)=TCONC ( £RN ) +NN{ IR+ 2)

NEONC(IRN) NC{IRNI+1
NA=NCUNC(3§§§D ' :
CONC(IRN, =1IR )
IF{YN{IR).EQ.3) GO TO 7000

IF(TNN(ER,5) ,NE.,O) GO TO 7002 : ' .
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YN{IR}=3 ..

MMX=TNN(IR,1)

NX=NN{MMX, 1)

NN{MMX o1 }NN{MMXo1 ) +NNCIR,1)
NN{MMX s 2)=NN{MMX ¢ 2) +NN( IR+ 2)
MX=NN{MMX,1)}

XNX=NX+1

r

SUPER_NODES THAT HAVE HAD A SUPER NODE MERGED TO THEM HAVE THEIR = ' *

DO 4078 I=XNXsMX .
11=I=NX .
NON(MMXs TI=NON(IR.II)
NN({IR+sS)=TNN{ IR, 3} '
NN(IR.G)zTNN(IR'l,

PRINTS07Ss TNN(IR+Z2)»TNN{IR,3)

FORMAT(® ",'X{",14," ';IQQ"=1 *x1)

.PRINT?OZB:IR MMX
FORMAT(* s *NEW NGDE'-I3.2X:'MERGED WITH NEW NDDE'-!4)

IF(IRN.EO-I) GO TO 7000 -
GAIN{IRNI=GAINUIRHMI+TNNL (MMX)

CALL CLOSET{MMXsIRNs TMAXN s NMAX MsY:PMIN)

GAIN(IRN)=GAIN(IRN)}=PMIN
‘GD TO 7000 i
IF (TDEL(IRN) .£EQ.0} TDEL(IRN)= 1

. . o

THE GAIN OF THE CONCENTRATORS OF THESE SUPER NODES IS ADJUSTED
DUE TO ANY POSSIBLE CHANGE IN THEIR NEXT CLOSEST CONCENTRATOR

f

PARAMETERS UPDATED AND THEIR VAR!ABLES?fECALCULAfED.

IF A SUPER NDDE HAS BEEN CONNECfED DIRECTLY TO A CdNCENTRATOR THEN

THE GAIN OF THE CONCENTRATOR IS ADJUSTED TO REFLECT IT AND AN
© ATTEMPT 1S MADE TO REDPTIMIZE THE CONCENTRATOR SUBNET »

LCGNC(IRN)=LCBNC(IRN)+1
IF({IRN.EG.1) GO TO 7000
GAIN{IRN)=GAIN{IRN)+TNN1(IR)

CALL CLOSET(IR'IRNITHAXQNMAXQMQYUP”IN’

GAIN(IRN)-GAIN(IRN)-PMIN
CONTINUE
DO,7001 I=1.M
IF{Y(I).EQ.1) GO TO 7001 v
IF{TDEL(1).,EQ.0) GO TOD 7001
IX=1
CALL, MINSA(IX’C(I'.NMAXJTMAX'MIY)
CONTINUE
DO 7801 J=1.M -
TOEL(J)=0
IF{KM.,EQ.1)} GO TO 1110

-

DUE TO THE FACT THAT CONCENTRATOR Jw HAS BEEN DROPPED AND SOME OF

THE SUPER NODES,DOTHER THAN THE ONES THAT WERE CONNECTED TO JW,
gt 3HAD JW AS THEIR NEXT CLOSEST CONCENTRATOR,THE VARIABLES AND
ASSOCIATED CONCENTRATDOR GAINS OF THESE SUPER NODES MUST BE

RECALCULATED AND ADJUSTED.

DO 8001 LI=1,LL .
IF{TNN(LI,4) ,NE.JW) GO TO 8001
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" 8001

1110
1111

9991

gag2
8983

8883

2277

8884

DO 337 J=1.,1IXP *-

8086
8sas6
337
R dr g
336

. 49

42,
43

71

48

a7

IF(YN(LI).EQ.3) GO TO 5001
JVH=NN(LT+3) .
GAIN(JV')‘GAIN(JV'I+TNN!(LI'
CALL CLOSET(LI'JV"TMAxINMAXOM.Y.PM!N) |
- GAINCJVWI=GAIN(JVW)=PMIN ) . ;

CONTINUE
GO TO 3300
PRINT1111

FDRMAT(' o'NO CDNCENTRATORS ARE FEASIBLE'L, T R \

1

. ) \
1

§

THE FINAL TOPOLOGY IS QUTPUT SINCE IT IS LESS COSTLY IN TERMS OF
STORAGEsTHAN TO RETAIN IT 1IN MEMDRY FOR COMPARISON PURPOSES HITH

THE REINITIALIZED NETWORK.

AT

.

PRINTBBBE.COST
FORMAT(®* *,°*THE COST OF THE FINAL NETUORK 1S=*4FB.3}
PRINTB983+KM
FORMAT(* *,*NUMBER OF OPEN CONCENTRATORS IS'v!Q)
PRINTB883
FORMAT(® +*THE FINAL CONCENTRATORS ARE AT THE TERMINALS:')

DD 2277 I=1.M

IF(Y(I).EQ.,1} GO TO 2277

"PRINTSC(I)

CONTINUE

DO 336 I=1.M

"IF{Y{I9.EQ.1) GO TO 336

IXY=C(1)

S

PRINTB884,IXY
FORMAT(" *,°*THE CONCENTRATOR ‘AT TERMINAL'.IQ’ZX.'HAS THE FDLLDUING
* SUPER NODES;

IXP=NCO

NA=CONC{(

(1) | o »

TeJ)

PRINTB8886+NA
"IF(YN({NA).EQ.3) PRINTB086 .
FORMAT(*+*,40X, *"MERGED SUPER NODEVvY) "

. FORMAT(®
CONT INUE

? +30Xs14) :

PRINT?77T+IXYIXP,LCONC{(E)sTCONC(I)

FORMAT("*

*+ *THE CONCENTRATOR AT TERMINAL'ol412Xo'HAS'-I4-2X

%y *SUPER NODES AND':IQ-ZX.'LINES AND'.IQ-2X.'UNITS OF TRAFFIC')

CONTINUE
PRINTA9
FORMAT(* ¢
PRINTA4Z2

+*EXISTING NEW NODES')

FORMAT(* ', *SUPER NODE fERMINAL TO CONCENTRATOR?')

FORMAT(* "317+9%X,154+12X,:1I5) o :

DO 71 I=1,LL | | - — T
IF(YN(1}.EQ.,3) GO TO 71
PRINTA43 4TI oNN(Is3)sNN(I4)

CONTINUE
PRINTAB
FORMAT(®* ¢
PRINTA7
FORMAT(®* °*
*TERMINAL*®)

+*MERGED SUPER NODES:®)

+ *SUPER NODE® 45X+ *MERGED TD'.SX.'FRDM7TERMINAL‘|SX.'TO .

DO 72 1=1.LL
IF(YN(1).NE.3) GO TO 72
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. PRINTA46+14NN(I3s6)4NN{I,4)sNN(1,5)
FORMAT(* P54 17XeTA011Xs14,10X414)
CONT INUE ' C
PRINT3089

'S

3089 FORMAT(°*1°, 'l#******t***#****l*t*#***tt****#**#tt#*tt*******#****
'*****t**‘*#****#*#***‘**#t***##**t**##*#t**#*l****#*t*****'*')

COST1=COST o
COST=04.0 . : ) -
SEC=.TRUE. _ :
GO TO 3222 = .
3199 IF(COST1.GT.COST) GO TO 3499 . )
IF(COST1.EQ.COST) GO TO 3599
PRINT3399.CDST1
3399 FORMAT(® *,THE REINITIALIZED NETWORK HAS THE LOWER COST OF* 4F8.3)
GD TO 3699
3499 PRINT3799,COST .
3799 FORMAT(' *,*THE FINAL NETWORK HAS THE LDWER 'COST OF,Fg8.3)
GO TO 3699 : '
3599 PRINT3899 _
3899 FORMAT(® *,*BOTH TOPOLOGIES HAVE THE SAME COSTsTHUS NEITHER ARE
*0PTIMAL BUT ARE EQUALLY AS GOOD®) .
3699 CONTINUE '
STOP - .
END ~ : .
c )
C : . s ‘ .
REAL FUNCTION LD(II,J) - : ~
REAL XT(16042)+DIST(5)sFIX{5),FAC(S) ) -
INTEGER*2 I1,J :
COMMON /AREAZ2/XT
DATA DIST/10045504525.910.90, 0/.FIX/86 2.59 7.42.2.23.75.6 257,
XFAC/e354653407001e2341.75/
c -
c CALCULATE LOW SPEED LINE COST
c . .
c
) D_soRT((xT(II.ll-XT(J.ll)tt2+(x7(11.21-x71a.2))**2)
IF(D.EQ+.0.0) GO EI‘D 3
DD 1 I=1.,5
IF(D.LE.DIST(I)) GO TO 1 _ .
LDO=FIX(I)+(D=-DIST(I) )*FAC(I) -
GO TO 2
1 CONTINUE
3 LD=0.0 ' \ e
2 RETURN : :
END
c
C : - \
REAL FUNCTION HD(J) ‘
REAL XT(160,2) sHDIST(S) sHHFIX(5) sHFAC(5) +FIXC -
INTEGER*2 J
™ COMMON /AREA2/XT/AREAL9/FIXC
DATA HDIST/S0e825e41061+2s 5.0.0/0HHFIX/74.5148025025075r101'205/0 s
) *HFAC/ .7511.05+1.502.1+3.0/ . .
d _ )
c CALCULATE THE HIGH-SPEED LINE COST AND THE TOTAL CONCENTRATOR COST
c ‘ : .
C

X=XT{1+1)

o N

A-25

[P S



OnNoNNACANODAOONNDNNANDNO0ADNADONDNDN O

-

Y=XT{1+2)
D—SQRT((XT(J.I)-x)**2+(XT(Jc2)-Y)**2)
IF(D¢EQes0.0) GO TO 3
DO 1 1I=1,5
IF(D,LE,HDIST(1))} GO TO 1
HD-HHFIX(I)+(D—HDIST(I))#HFAC(I)+FIXC

GO TO 2
1 CONTINUE
3 HD=F1 XC
2 " RETURN .
) END
C
C

SUBROUTINE SAHC(KKe JKsTMAX s NMAX,IN) '
. REAL M"AXQMAXnDU(IGODBO)00(40040’!TBI(#O)OTU3(40$40)1XT(160.2)-LD
*OL(40).TT(160)'COST'MIN
INTEGER*2 TS(40)+Y(A0)4N(40 )+ REL(404+40)+X(40,40),IN{A0),NI(40),
tT01(40;40).T02(40.40).SS(#O.40)-7(160)-T82(40).XD(40.80)
INTEGER*2 SIs+SJeSII+SEGINDNXsLXsPXs KX s KKy NMAXeLLL »OUT(10)/10%0/
INTEGER*2 TMAXITX.JK’OOQDE'!ISEG'BXlTON'TUS’DpOplpp'IIPPQCII'JJ
LUGICAL SEC
COMMON /AREAI/DU!T/AREAZ/XT/AREA?/N.TS'X/AREAIO/SSiD/AREAI1’C0$T
COMMON /AREA12/X0/AREA18B/SEC
25  FORMAT(® ", 9X{*,13,9,%,13,%)=1")
21 FORMAT(® 'QZK.'TERHINAL'|I4.2X|'REQUIRES'.FG.?"LtNES')

THIS SUBROUTINE IS CALLED BY THE MAIN PROGRAM,. B
IT IS BASED ON THE ESAU~WILLIAMS ﬁkGORITHM.

IT FORMS A SUBOPTIMAL CONSTRAINED MULTIDROP NETUORK
AROUND A CONCENTRATOR.

DEFINITION OF PROGRAM VARIABLES:
TO1(I+J)= THE NODE OF SEGMENT I WHICH IS TO BE JOINED .
TO SEGMENT J.
TO2(TI +J)= THE NODE OF SEGMENT J WHICH IS TD—RECIEVE THE
LINK FROM SEGMENT I. ’
703(1 J}= THE TRADEOFF FOR SEGMENT 1., Tnxs IMPLIES DRUPPING
" THE CENTRAL LINK FROM SEGMENT I AND ADDING A
. NON-CENTRAL LINK BETWEEN I AND J.
TB1(I )= THE MAXIMUM TRADEOFF FOR SEGMENT 1I. \
TB82(1)= THE SEGMENY THAT THE MAXIMUM TRADEDFF SEGMENT
I IS ASSICI D WITH. »
TS{I)= THE TOTAL TRAFFIC ON SEGMENT I.
N(I}= THE TOTAL NUMS OF NODES OR TERMINALS ON SEGMENT I,
IT IS LESS THAN\OR EQUAL TO NMAX,
IN(J)= THE VECTOR OF TERMINALS ASSIGNED TO CONCENTRATOR J.
REL(I.J)— THE RELATION MATRIX FOR THE SEGMENTS. IF A
CHANGE OCCURS IN SEGMENT I, THEN REL(I,J}=1 FOR ALL J.
IF A CHANGE OCCURS IN SEGMENT J THEN REL(J,1)=1
FOR ALL I. THIS IS DONE TO EVALUATE WHETHER OR
NOT IT IS NECESSARY TO RECALCULATE TRADEOFFS.
‘BEFDRE ACTING ON THE EXCHANGE ASSOCIATED WITH THE
MAXIMUM TRADEOFF BETWEEN I AND J REL{IsJ) AND REL(J.1)
CHECKED. IF EITHER EQUALS 1 THEN THE TRADEOFF(S) IS
RECALCULATED.
OUT(J)= THE VECTOR OF TERMINALS THAT REQUIRE ONE OR
MORE FULLY LDADED LINES.

v
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NI(J)= THE VECTOR OF TERMINALS. THAT DONNOT REQUIRE FULLY
LOADED LINES, IT IS A PROPER- SUBSET OF IN(J}.

. D{1+4)= THE COST MATRIX. IT IS ASSUMED TO BE SYMMETRICAL.

SS(Iseae)= THE VECTOR OF TERMINALS ON SEGMENT I.

Y(#)= THE STATE VECTOR OF THE CENTRAL LINKS. THIS IMPLIES
THAT WHEN Y(*)=] THE CENTRAL LINK FROM TERMINAL * IS
IN THE TREE-,JF Y{*)=0 THEN THE CENTRAL LINK BETWEEN
TERMINAL .* AND THE CONCENTRATOR HAS BEEN REPLACED
BY A NON=CENTRAL LINK.

DETERMINE WHICH TERMINALS REQUIRE ULLY LOADED LINES,AND

YHE NUMBER DF LINES , AND ELIMIATE THEM FROM FURTHER
CONSIDERATION _ .

PPQ=0
P=0
pry 1 I=1,KK
1z=1 ' :
TT(IZ)=T(IN(IZ)) ' ' o
TTMAX=0 ,0+TMAX _
L{IZ)=TT(IZ}/TTMAX
IF(L(IZ).LEs1.) GO TO 2
JL=TCINCIZ))/TMAX
PPG=PPQ+1 . .
. QUT{PPQ)I=IN(1Z)
IF(L(IZ)=JL.EQ.0.0) GO TO 29
L(IZY¥=JL+1.0
PRINT21,IN(IZ)},L(1IZ)
DD 52 JT=1,M
DO(IN(Iz).JT)-L(IZ)*DO(xutxz).JTNV}
COST=COST+DOCINI{1Z) 4 IK) ‘
PRINT25+IN(IZ)»JK
G0 10 1 )
P=P+1 _ -
NI (P)=IN(1Z) ‘ '
CONTINUE
KK=P

THE VECTOR NI(J) NOW HAS THE SET OF FEASIBLE OR NOT FULLY
LOADED TERMINALS OR NODES,

THE COST MATRIX FOR THESE ngMINALS IS CALCULATED, e

LLL=0. . D

DO 3 J=14KK :
LLL=LULL+1 :
JJIJ=NIC(J)
D(JoJ)-‘-'O.

DO 34 ISLLL KK
IF(I=EQ.J) GO YD 34
I1=NI(1)}
D(I+J)=LD(ITsJJI)
DCJs II=D(1I44)

CONT INUE

CONTINUE
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INITIALIZATION

DO S1 I=1.KK
DO 51 J=1,.KK
X{(I+4)=0
CONTINUE
DD 50 I=1.KK
Ix=1
XO(IXsJKI=1
Y{Ix)=1
TB1(IX)=0.,0 -
TB2(1X)=JK
SS(IXs1)=IX
NCIX)=1 -
TSUIX)=TINICIX))
CONTINUE

THE MAXIMUM TRADEOFFS FOR EACH SEGMENT ARE CALCULATED-

Do 6 I~10KK
IX=1 "

DO 66 J=1,KK
I1Y=J '
IF(IXEQsIY)IGD TO 66
REL(IX»1Y)=0
TX=TS{IX}I+TS(IY)
IF{TX«GT«TMAX) GO TO 7
TOL(IXsIY)=IX
YOo2(IX, IV )=1Y
TO3(IX|IV’-DO(NI(le'JK’-D(IXOIY)
GO TO 66
TO1(IXs1Y)=0
TO2(IX.1Y)=0 N . v
TO3(IXeIVY)==1,0 \

CONTINUE

CONT INUE pL

DD 8 I=1,KK
I1XX=1
.MMAX=—1 ao
' 1SEG=0

DO 9 J=1,KK
Ivy=g . - »
IF(IXX.EQ.1YY) GO TO 9 : !
IF(TO3(IXXsIYY) 4LE.MMAX) GO TO 9

MMAX=TO3(IXX+IYY)
ISEG=IYY
CONT INU

TB1 (IXX)=MMAX |
TE2(I1XX)=1SEG
CONT INUE

THE MAXIMUM OF T
IF THE MAXIMUM I

SEGMENT TRADEOFFS 1S FOUND.
NEGATIVE THEN TERMINATE,

MAX=~1.0

SI=0
DO 10 I=1,KK %
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IP=1
IF{(Y{IP).EQ.0) GO TO 10
d,IF(TBl!IP),LE.MAX' GO TO 10
,MAX=TB1(1P)
SI1=1P
10 CONT INUE
: IF(MAX.LE.0.0) GO TO 1000

THE VALIDITY AND'FEASIBILITY OF THE TRADEOFF 1S CHECKED.

nonon

SJ=TB2(S1)

IF(Y(SJ)<EQ.0) GO TO 90 | .
. TFCINC(SJI+N(SI)).GT.NMAX} GO TO 90

L IF((TS(SI)+TS(SI))GT.TMAX) GO TO 90

IF(REL(S1.5J}.EQ.0) GO TQ 80

REL(SI+SJ)=0

R TRE T
nno

TH ADEOFF BETWEEN THE SEGMENTS S1 AND SJ IS RECALqULATEDo

CALL RECOM{SIsSJsN(SI)+N{SJ)sNONX,SEGsMIN)
TO1(S1,SJ)I=NONX
TO2(S1+SJ)=SEG -
TO3( S1,SJ)=DOCNI(SI)+JK)=MIN
TB1(SI)=TO3(S1,5J)
GO TO 100
TO3(S1+SJ)==1.0 , - .

T OO U S L A T LA R S T T Y

THE NEW MAXIMUM TRADEOFF FOR SEGMENT SI IS CALCULATED,

91 XMIN=9000,
DP=N({ S1)
Y(SI)=O - e
IISEG=0 ‘
DO 73 J=1,KK
IX=J
IF(Y(IX)«EQ.0) GO TO 73
DE=N(IX)
IF((DE4+DR). GT.NMAx) GO TO 733
IF((TS!IXJ+TS(SI)).GT.TMAX) GO TO 733
DO 72 I=1,DP .
00=SS(SI.1) . : :
DO 74 K=1,DE .
BX=SS({IX,K) o
DDUM=D( 00,BX})
IF(DDUMLGE+XMIN) GO TO 74
XMIN=DDUM
: TISEG=1X
. TON=00
Tos=8X
74 CCNTINUE
T2 CONT INUE
GO TO 73 :
733 TO3(SI+IX)==1,0
73 CONTINUE :
IF(IISEG,NE.0) GO TO 773
TB1(S1)=-1.0
GO TO 100
773 Y{(s1i)=1

P S WA TR S TR R
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80

a2

99

o0

81

79

1000

2001

SS
2005
2002

REL(SILIISEG)=0
TB1{(S1)Y=DO(NI(SI) s JK)=XMIN
TB2(SI1)=11SEG
TO1(SI+I1ISEG)=TON

TO2(SI+ TISEG)=TOS
TO3(SI,1ISEG)=TB1(S1I)

GO TO 100
IF(REL{SJ+SI)«.EQ.D) GO TD 82
REL(SJsS1)=0

GO TO &8

THE CENTRAL LINK (SI,SJ) IS DROPPED

LINK (IXIsIYI) 1S ADDED.
~N

X0(SY+JKI)I=0
IXI=TO1(S51,SJ)
1YI=TO2(SI+SJ)
X(IXI,IYI)=1
X{IYI,IX1)=1
COST=COST+D(IXI,IYI)
PRINT2S5sNI(TXT)NIC(IYT)
Y(SI)=0 '
TB1({S1)==1,0

THE DATA AND VECTORS OF THE SEGMENT

LX=N(SJ)+1 S~

PX=L X=1
K X=P X+N{ S1)
DO 99 I=LX.KX
PP=1~PX
SS{SJe1)=SS(S1,4FP)
CONT INVE
N{SJ)I=N(SJII+N(ST)
TS(SII=TS{SI)+TS(SI) .
IF(N(SJ) .EQ.NMAX) GD TO 79
IF(TS(SJ)«EQ.TMAX) GO .TO 79
DO 81 I=1,KK
IF(Y(I).EQ.0) GO TO 81
REL(SJ.1)=1
CONTINUE
GO TO 100
TB1(SJ)==1.0
GG TO 100

-

AND THE NON-CENTRAL

ARE UPDATED.

THE DUTPUT FOR THIS CONCENTRATOR IS GENERATED.

Y{sJ)=0
PRINT 2001, PPQ

FORMAT(® '.*THE NO. OF ISDLATED NDODES ARE'.I4-2X.'THEY ARE: ")

IF(PPQ.EQ.0) GO TO 200S

DO 55 I=1.,PPQ '
PRIRNT,0UT(I)

PRINT2002-JK

FORMAT("® » *NODES CUNNECTED TO CONC.*

DB 56 J—loKK :
IF(X0(JsJK)EQ,0) GO TO 56
PRINT+NI(J3)
CDST~COST+DO(NI(J):JK)

A-40
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56 CONTINUE - A
‘ -IF(SEC) GO TO 3001 : -

CALL oEcon(JK.OUT.PPq.KK.NI.NMA&.Tuax)
3001 RETURN '

. END
c .
cC . : L
SUBROUTINE RECOM{IV,.JVsIIsJJeNONXeSEG,MIN)
REAL MIN«XT(160,2),D(40,40)
* INTEGER#2 SEGeNONXsIXsIYsIVsJIVeITodJe
*S5(40,40) o ‘
COMMON /AREA2/XT/AREA10/SS.D
i ,
i C
i C THIS SUBROUTINE IS CALLED BY SAHC
L C IT RECALCULATES THE MINIMUM COST CONNECTIDN BETWEEN
o TWC TREE SEGMENTS IV AND IJ,
c
c .
MIN=9000,
DO 3) I=1,1%
IX=SS(IV,1)
00 31 J=1,4J
IV=SS(JV.J)
- DUM=D{IX, 1Y)
IF{DUM.GE.MIN) GO TO 31
- MIN=DUM ’
SEG=1Y. .
" NONX=IX .
31 CONTINUE
RETURN
END
c :
c

SUBROUTINE DECOM(JKQUUTopPQoKKuNIoNMAXaTMAX’

REAL, OD{160+80),D(40,40),CST(80)

INTEGER#*2 NNCON(BO’oCUNC(30040,.LCDNC(80).N(40)v73(40,tf(160)t
*X(4Og40)oNDN(GOle)iNCUNC(BO’QNN(GOQG)OTCDNC‘BO)o55(40.40)i
*NI]QO)UC(BO'.UUT(10)-XO(40-80)|VN(60] ) )

INTEGERX2 ITsPZnKKP.IFuKPoNKQLLGNPbJK-PPQ-LPQ-N"AXQTMAXQIxi;QXoKK

COMMON /AREAI/DDoT/AREAS/NNCUN/AREA&/NON/AREA7/LC°NC'NN.TCQNC/ .

. *AREAB/NCONC, CONC4CSTsLL :
COMMON /ARE&3/C/AREA9/N;TS.X/AREAIO/SS.D
COMMON /AREA12/x0/AREAl3/YN )

»

9

C -
C THIS SUBROUTINE IS CALLED By SAHC.
c 1T PARTITIONS THE NODES IN A CONCENTRATOR SUBNET INTO SUPER NODES
c- BY CONSIDERING EACH MULTIDROP CR POINT TO POINT LINE AS A CLUSTER »
c OF NOQRES, - ‘
PC
N
i ¢ .
i c
Te _ :
i C SUPER NODE AND CONCENTRATOR PARAMETERS, ., )
- .
C NN(LL.1)= THE NUMBER OF NODES IN THE SUPER NODE LL
1 C NN(LL+2)= THE TOTAL TRAFFIC OF SUPER NDDE LL.
c NN(LL ,3)= THE CONCENTRATOR SUPER NODE LL IS CONNECTED TO.
c NN(LLe4)= THE NODE IN SUPER NODE LL THAT IS DIRECTLY CONNECTED TO
A-d1 .
)
- N ! . . ‘
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59

45

75

THE CONCENTRAYDR

LCCONC(JK)= THE NUMBER OF DIRECT LINKS TO CONCENTRATOR JK.

CUNC(JK.*)‘ THE VECTOR QOF SUPER NODES THAT ARE CONNECTED TO
. CONCENTRATOR JK,

NON(LL %)= THE VECTOR OF TERMINALS IN SUPER NODE 'LL.

NNCON(JKI}= THE NUMBER OF TERMINALS CONNECTED THROUGH CONCENTRATOR
JK TO THE CPU.

NCONC{JK)}= THE NUMBER OF SUPER NODES CONNECTED TO CONCENTRATOR JKe

EORMAT('K'.IOX.aNEﬂ NODE"' 45X« *ORIGINAL NODES*®) \\_
FORMAT(* ¢, *CONCENTRATORS? s 3X+*NEW NODES®) :
FORMAT(®0", *NEW NODE" +14,° INCIDENCE MATRIX®)
FORMAT(® '.'x('.!3.'-'.!3-') 1) :
FORMAT (" o, "NEW NODE®*,.I4,2Xs"HAS ONLY ONE NDDE';!4)
LPGO=LL+]1 .
IT=NNCON(JK)
DO 772 I=1.+1T
CONC{JK,2)=0
CONTINUE
PZ=0
NX=0
CST(JIK)=0.
LCONC( - JK}=0 + o
NCONC({ JK)=0. : o 4

-

IF(JK«EQ.1) GO TO S555

THE TERMINAL OR NODE AT THE CONCENTRATOR IS ASSIGNED TO THE CLOSEST
SUPER NODE THAT CAN HANDLE IT. IF IT CANNOT BE ACCOMODATED BY ANY
SUPER NODE THEN IT IS CONSIDERED 'AS AN ISOLATED SUPER NODE.

MIN=1000,
DO S9 IL=1,KK

IF(XO(IL+JK)EQGeO0) GO TO 59

IF(INCIL)+1) .,GT ,NMAX) GO TO S9

IF((TS(ILY+T(C(JK)I I} GT.TMAX) GO TO 59'

DX=DO(NIC{IL }sJIK)
IF(DX.GE«MIN) GO TO 59
MIN=DX

ONX=IL ; o
CONTINUE
IF(NX.NE.0) GO TO 45
PZ=PZ+1
LL=LL+1
NN(LLe1)=1 _ =2
NNCLL+2)=T (CLJIK)) : - S
NN(LL »3)=JUK
NN(LL+4 }=C(JIK)
NON(LL +1)=C(JK}
YN(LL)=1
CONC(JKsPZ)=LL .
GO TO 5555
LCONC(JK)= LCONC(JK]+1 :
PZ=PZ+1 : : )
LL=LL+1
CONC{ JK+PZ)=LL
KKP=N(NX)
DO 75 JX=14KKP

NON(LL s JX}=SSINXsJIX)

A-42
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5006
500sS

5421
5432
T7

nonon

5555

aa
5556

65

YN(LL)=1 - -
IF(KKP.EQ.1) GO TO 5421
PRINT26.LL
DO S00S IG=1,KKP,
TAX=NON(LL,IG)
5006 JD=1,KK

B

IF{X(IQX,JD) .EQ.0) GO TO .5006
IF(IAX.GTedD) GO ' TO S006

PRINT27.NICIQGX)+NI(JD)
CONTINUE
CONTINUE .
GO TO 5432
PRINTE8155, LL«NI{NONILL,1))
DD 77 JIX=1,KKP

NDN(LL.JJX)“NI(NDN(LL.JJXI3

IF=KKP+1
NON{LL + IF)=C{JK)
NN{LL+1)=1IF _
NN(LL22}=TS(NX)+T{C(JK))
NN(LL+3}=JUK

NN(LL +3)=NI(NX)
PRINT27+NNILL+4} C{IK]

IF(PPQ.EQ,0) GO TO 5556
DO 44 I=1.PPQ
PZ=PZ+1
LL=LL+1
NN(LL,1)}=1
NN(LL,+2)=T(OUT(1))
NN{LL,3)=UK
. NNCLL,»4)=0UT(I)
NON(LE T )=0uT (1)
CONC(JK,PZ)=LL
LCONC({JIK)=LCONC(IK)+1

CSTtJKl_CST(JK)+00(0UT(I).JK)

YN(LL =2

CONT INUE

DO 55 I=1,KK S
IF(1.EQ.NX) GO TO S5
IF(XD(I,JK)«EQ.0) GD TO
LCONC(JUKI=LCONC(JIK) +1

CST(JK)—CST(JK)+DU(NI(I).JK)

LL=LL4+1
 PZ=PZ+1
NN(LL+1)}=N(T}
NN(LL.2)=TS(1)
NNILL,3)=JK .
'NN(LLs4)=NI(I).
CONC( JKePZ)=LL
KP=N(])

DO 65 JJL=1,KP
NONCLL s JIL)I=SS (T 4 JJL)
IF(NN(LL+1).EQ.1) GO TO 67

PRINT26,LL

DO S001 I1=1,KP
IX=NON(LL.IT)

DO S002 JA=1,KK

‘EACH ISOLATED TERMINAL BECOMES AN

55

A-43-
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IF{X{IXsJA)«EQ.Q0) GO TO 5002
IF(IX.GT«JA) GO TO 5002
PRINT27+NIC(IX)+NI(JA)

5002 CONTINUE
S001 CONTINUE

67
66
S5
999

a7

83

.

nonnnannAn

DO 66 JLR=1,KP | | .
NON(LL+JLR) =NL(NON(LL,JLR)) _ S

. CONTINUE

NCONC (JK)=PZ

DO 83 I1E=LPQ,LL T .
NK=NN(TIE.1) ' : ..
PRINT23 . -
PRINTSIEs (NON(IEsJ) » J=14NK) : _

CONTINUE . , ' {

PRINT24% :

PRINT ¢ JKs { CONC(JK L) oL = l.PZ) , l :

RETURN . -

END ' '

'SUBROUTINE MAX(M,Y,HIGH, W) v

REAL GAIN(B80)+HIGH . ’ . -
INTEGER#*2 Mo Y{(80)eJW,1Qs1 : - .

' COMMON /AREA15/GAIN \

THIS SUBRDUTINE'IS CALLED BY THE MAIN PROGRAM.
IT FINDS THE MAXIMUM OF THE OPEN CONCENTRATOR GAINS.

™

JY=THE CONCENTRATOR WITH THE LARGEST GAIN
HIGH= THE VALUE OF THE LARGEST GAIN
Y{*x)= THE STATUS VECTOR FOR THE CONCENTRATURS.
. 1.
HIGH=0.000
DO 1 I=2.M
1Q=1
IF(Y(IQ).EQ.1) GO, TO 1
IF(GAIN(IQ).LE.HISﬂ) GD TO 1
"HIGH=GAIN(IQ)
. Jw=10 . ,
CONTINUE L .
RETURN
END

SUBROUTINE CLOSET(ISA+IFF+TMAXsNNMAX MY PMIN)

REAL XT{160,80),D0(160,80),CST{(B0),TNN1(60),LD:,PMIN

INTEGER*2 ISA.IFF'M‘MAxCUN.T"Ax'N"Ax.LMAXQLLQJSTAR’IVI'JRf&vp!
ENIVP e NIVIsNCNoNNCN; QPP sNAsNXXs JPXsNNT sNNO 2 I X

INTEGER*2 Y(BO)oYN(BO)tT(lﬁO)tC(BO)'TCDNC(BO)ONCUNC(BD)-
*CONC(80-40)-NN(6006’1NDN(60 XO’OLCONC‘BO{OTNN(6°|5)ODDCBN(BO'E)’
*CAPC(80) '

COMMON /AREAI/DOoT/AREAZ/KT/AREABIC/AREAQ/HAXCON.LMAX/AREAG/NUN
COMMON /AREA7/LCONC,NN, TCONC/AREAB/NCONC ¢ CONC +CST»LLZAREA13/YN
COMMON /AREAL14/TNN/AREA16/TNN1

COMMON /AREA22/DDCON,CAPC

THIS SUBROUTINE IS CALLED 8Y THE MAIN PROGRAM.

A-44



IT FINDS THE CLOSEST FEASIBLE SUPER NODE FOR THE SUPER NODE ISaA
+EXCLUDING THOSE CONNECTED TO CONCENTRATOR. IFF.

e A Rt A, i e i AT e

ISA= THE SUBgEJNODE BEING CONSIDERED.
IFF= THE CONCENTRATOR ISA IS CONNECTED TO. .
JSTAR= THE NEXT CLOSEST FEASIBLE CONCENTRATOR TO SUPER NODE ISA.
TNN(ISAs1)= THE CLOSEST SUPER NODE TO ISA.
TNN(ISA+2)= THE TERMINAL IN ISA FROM WHICH THE MINIMUM DISTANCE
WAS CALCULATED. : , _
TNN(ISA,3)= THE TERMINAL IN THE SUPER NODE CLOSEST TO ISA TO WHICH
THE MINIMUM DISTANCE WAS CALCULATED.
TNNCISA»4)5-~JSTAR
TNN(1SA+SF=THE CONCENTRATOR TERMINAL IF IT 1S THE CLDSEST TERMINAL
=ZERO OTHERWI SE.
TNN1(ISA)= THE REALLOCATION COST FOR SUPER NODE ISA.
YN(*)=" THE., VECTOR DENOTING THE STATUS OF THE SUPER NODES.
=1 IF THE SUPER NODE HAS THE CONCNETRATORS TERMINAL.
=2 IF THE SUPER NODE IS AN ISOLATED SUPER NODE DUE TO -
TRAFFIC . CONSTRAINTS.
=3 IF THE SUPER NODE HAS BEEN MERGED TO ANOTHER SUPER NoDE.

asr

T

’

Y(*)}= THE VECTOR DENOTING THE STATUS OF THE CONCENTRATORS.
=1 IF THE CONCENTRATOR IS CLOSED,
=0 IF THE -CONCENTRATOR IS OPEN.

;’
g
:
;

]
U
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Y(IFF)=1 :
PMIN=1000. .
JSTAR=0 ‘ -~
NIVP=0 :
10=1
NA=NN{ISAs2)

JPX=NN(ISA+1)
DO 4 J=ieM
IF(Y(J).EQs1) GO TO &
IF(J.NE.l) GO TO 78
I1X=1
GO TO 11
78 IFC({NA+TCONC(J) } .GT.MAXCON) GO TO &
" IF{NA#CAPC(J) .GT ,MAXCON) GO TO 4
IX=CONC(Jo1)
IF(YN{IX).EQ.3) GO TO 11t
IF(NN({IX.1)+JPX.GT.NMAX) GO TO 11
IF(DDCON(IXs1)4JPX.GT.NMAX) GO TO 11
IF(NN(IXs2)4NA,GT.TMAX) GO TO 11 -
IF(DDCON{IX+2)4#NA+GT «TMAX) GO TO 11
GO TO 12 . '

11 JR=C(J) -

DO 15 JL=1,JPX ) '

IVI=NONCISA.JL)

D=LD(IVI,JR)

IF(D«GT+PMIN) GO To 15

PMIN=D

NIVI=IVY

NI VP=JR

JSTAR=J

NNCN=IX J
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15 - CONTINUE _
. IF(JSTAR.NE-I) 10“2 iy

12 NX=NCONC(J) - : .

: IF(NK-EQ.I.AND.IQ-EQ.Z) GO TO 4

D0 3 I=TIQ.+NX
NCN=CONC{J»I) . . -,
IF CYNI{NCN) .EQ.3) GO TO 3.

NNT=NN{NCN, 2)

NNO=NN(NCN, 1) . o
IF({NA+NNT) .GT.TMAX) GO TO 3
IF{NA+DDCON(NCN,2).GT+TMAX) GO TO 3 '

2 IF((JPX+NNO).GT .NMAX)} GO TO 3
IF ( JPX4+DDCONCNCN 1) +iGT« NMAX) GO"TO 3
NXX=NN(NCNs 1}

DO 2 JJ=14NXX .' :
IVP=NON{NCNsJJ) > M e ‘

DO 1 1I=1,4PX ' -
IVI=NON{ISA.II) :
O=LD(IVIs1VP)
IF({D,GE.PMIN} GO TO 1

NIVI=1IV]
- NIVP=1VP
JSTAR=J
NNCN=NCN
PMIN=D
CONT INUE

CONTINUE

CONTINUE * ‘

CONTINUE '

!F(NIVP.EO.C(JSTAR)) TNN(ISA.S) JSTAR
TNN{ISA,.1)=NNCN
TNN(ISA,2)=NIV]

TNN(ISAs3)=NIVP
" TNN(ISA.4)=JSTAR
TNN1{ISA)=PMIN
13 Y(IFF)-O
RETURN
END

O dmn-

SUBROUTINE AMIN{(KsM:1ISS,+Y)
REAL DO{160+B0)sMIN
INTEGER#*2 T(160),Y(80),M;1IS5S
COMMON /ZAREA1/D0D,T

!

THIS SUBROUTINE IS CALLED BY THE MAIN PROGRAM,
IT FINDS THE/CLOSEST CONCENTRATOR TO A TERMINAL .

nNnanon

v

MIN=DD(Ks1) .
1SS=1 .
DO 1 I=2,M
IF{Y(I).EC.1) GO TO 1
DX=DO(K¢I) ,
IF(DXeGE.MIN) GO TO 1 .
MIN=DX
1SS=1
1 CONTINUE
RETURN o,

e : ' ’ A“:"G

e
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END

3 SUBROUTINE AAMIN(PPX+IGeISSaMAXCON,Y,AY)
1 REAL DO(160+80)+MIN

: INTEGER#2 Y(80)+T{160),TCONC(80),NN(60,6)+LCONC{80},AY(80)

INTEGER%2 ISS.PPXe1G,MAXCON

anoonNano

TH1S SUBROUTINE IS CALLED BY REAR.

IT FINDS THE CLOSEST CONCENTRATOR TD A TERMINAL THAT CAN
HANDLE 1ITS TRAFFIC,.

MIN=DO(1G.1)
I1558=1

oo

1 I=2,PPX -
IF(Y{I).EQel) GO TO 1 °
IF(AY(1).EQ.1) GO TO 1

IF(TCONC(I}+T(IG).GT .MAXCON) GO TD 1

DX=DO({IG,1)
IF(DX+GEMIN) GO TO 1
MIN=DX -
155=1

1°  CONTINUE _
‘ RETURN - '
END

SUBROUTINE FEAS(M.J&-MAXCONtTMAXnNMAX-FLAG-JLAST-Y)

COMMON /AREA1/DO+.T/AREAT7/LCONCsNN, TCONC

~

REAL MAXsMIN:PMIN,GAIN(80)+CST(80), TNN1(60)
INTEGER*2 NN(60o6].DDCON(BO,2)-CAPC(BD);CDNC(BO.40).TCONC(80)o
*NCONC(80) »NDCO(80+20) s TNN(60+s5)»Y(B0)+YN(60)+LCONC(8Q)DC(BO)
INTEGER*2 MA.J!;JLAST.MAKCON.TMAXoNMAX.IVoIPPoLLn#-IX.IY-OD.TEX
LOGICAL FLAG
COMMON /AREAT/LCUNCoNNiTCDNC/AREAB/NCONCoCQNC.CST.LL/AREA!3/YN

IT

AOOOOD O

FLAG=«TRUE. | ) Lt
MA=NCONC (JW} R -
DO 1 I=1,LL '

DC(1)=0 '
DDCON(Is1)=0
DDCON(I «2)=0

1 - CONTINUE

DO
22
Do

22 1=t ,M

CARPC(1)=0

2 I=1+MA

IX=CONC(JUW,1)

IF(YN(IX).EQs3) GO TO 2
IY=TNNC(IXs1)

O0=TNN{IX+4)
DDCON{IY+1}=DDCON(IY,1)4NN(IXs1)

A-41

COMMON /AREA14/TNN/AREA1S/GAIN/AREA16/TNN1/AREA22/DDEON,CARC

THIS SUBROUTINE IS cnﬁﬁgp BY THE MAIN PROGRAM.
CHECKS THE FEASIBILITY OF A CONCENTRATORS®
ASSIGNMENTS.

IF THEY ARE NOT FEASIBLE THEN THE NECESSARY ONES ARE CHANGED.

SUPER NODE
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PN

582
572

DDCON(IY+2)=DDCONCIY+2) ¢NN{IXs2)
DC(IY)=DC{IY)+1
NDCOCTYDC(IY)I=IX
CAPC(OD)=CAPC(OD)+NN{IX,2)
CONT INUE
DO 3 J=1.,M _

IF(J.EQe1) GO TO 3

IF(Y(J).EQ.1) .GO TO 3

IF{CAPC(J).EQ.0) GO TO 3

IF(TCONC(J)+CAPC(J) .LE.MAXCON) GO TO

IF(FLAG) FLAG:.FALSE.

MAX=0,0
MP=NCONC(J)
DO S72 I=1+MP

IX=CONC(J,1)

IF(YN(IX).EQ.3) GO TO 572

IF(DC(IX)+.EQ.0) GO TO 572

NA=DC(1IX)

DD S82 JJ=1,NA .
1YY=NDCO(IXsJJ) .
D=TNN1(1YY) : '
IF(D.LE.MAX)} GO TO 582

MAX=D
IPP=1IYY
1JP=4J ] .
L IPX=1IX ) Y
CONTINUE .
CONTINUE

,DDCDN(IPX.II—DDCDN(IPXol)-NN(IPP-l)

DDCON(IPX+2)=DDCON(IPX,2)~NN(IPP,2)
NOCOC(IPX+IJPI=NDCO(IPX,DC(IPX))
ODCLIPX)=DC(IPX)~1
CAPC(J)=CAPC(J)~NN{IPP,2)
IV=YN(IPX)

YN{IPX)=3

Y(J)=1 “( .
GAINCIW)I=GAIN( JW)+TNNI1(IPP) -

CALL CLOSET(IPP,JW,TMAXsNMAXsMyY,PMIN)
GAIN( JW)I=GAIN{ IW)=PMIN

YNLIPX)=1V

Y(JI)=0

IYY=TNN(IPP,1)

TJJI=TNN(IPP,44)
DDCON(IYY-!)-DDCDN(IYY.I)+NN(IPP;1)
DDCON(IYY, 2)=DDCON{ IYY,2)+NN(IPP,2)
DC(IYY)=DCLIYY)+1 '
NDCO(IYY+DCC(IYY))I=IPP

- CAPC(IJJ)=CAPCC(IJI)4HNN(IPP,2)

IF(CAPC(J)+TCONC(J)-GT.MAXCON) G0 TO 592
CONTINUE

DO 44 J=1.M
IF(Y{J)+EQel) GO TO 44
IF(CAPC(J).EQs0) GO TO aa
MA=NCONC{.J)

DO 445 I=1.MA ‘

IX=CONC(Js1)

IF(YN({(1X).EQ.3) GO TO 445

IF(DC(IX)EQ.D) GO TOD 445
IF(DDCONtIx.ll+NNttx.1l,GT.NMAxl GO TO 446

A-48




IF(oncoucxx.al+NN(1x.2l GT.TMAXI GO TO 446
GO TO 445
446 NA=DC(IX)
MAX=0,0 , .
DO 447 JJ=1sNA " _ S S . .
IP=NDCO{ IXsJJ) ‘
IFUTNNC¥F.5).NEoO) GO TO 247
D=TNN1(IP)
IF(D.LE.MAX) GO TO 447
MAX=D
1PP=1P
1JP=J2J
447 CONTINUE v
IF(MAX,EQsD0¢0) GD TO 445
IF{FLAG) FLAG=.FALSE. .
DDCONCIXs1)=DDCON(IX»s1)=NN(IPPy1)
DDCON(1Xs2)=DOCONCIXs2)=NN(IPP:2)
NDCOCIX,IJPI=NDCO(IX,DC(IX])]
DC(IX)=DCLIX)~1
CAPC(J)=CAPC(J)I=NN(IFPP,2)
IV=YN(IX)
CYN(IX)=3 _ :
GAIN(JW)= GAIN(Jﬁ)+TNNl(IPP) ‘ .
CALL CLOSET(IPP,; JJW,TMAXsNMAX¢MsY,PMINY} ' :
GAIN(JWI=GAIN( JW)=-PMIN . ' ﬁ
YN(IX)}=1IV
IYY=TNN(IPP,1)
1JJ=TNN(IPP,4}
DDCONCIYY+1)=DDCON(IYYs1}+NNC(IPP,1)
DDCDN(IYY-Z)-DDCGN(IYY.E)+NN(IPP.2)
DC(IYY)=DC(IYY)}+1
NDCO(IYY,DC{IYY))=IPP
CAPC(1JJ)=CAPCL{IJJI+NN(IPP,2)
IF(DDCON(IXs1)4NN(IXs1) .GT ., NMAX} GO TO 446
IF(DDCON(IX,2) +NN(IX$2) «GT.TMAX) GO TO 446
445 CONTINUE
44 .CONTINUE
JLAST=uv
DO 117 I=1,LL
- DDCON(I.1)=0 o '
117 DDCON(I «2)=0 . '
DO 118 I=1+M ) ‘
118 "~ CAPC(I)=0 . \\
RETURN '
4 END
c
c ,
SUBROUTINE MINSA{JKsJIKsNMAXs TMAXsM,Y)
' REAL Totaon.Tol(40.401.csrtso).GAIN(BO).TNN:(&O)
' REAL MINXsCOSTLD+PMIN i '
INTEGER®2 XXeYYsIXs I¥ePsLaNIXoNIVoTIXsTIYoaMNsTONsNXyXNsNAs XNX
INTEGER%X2 FNsTNyICoITsNAAsISAsNMAX s TMAX sLL o JIK» JKp JST oM ,
INTEGER#*2 NN(60,6) s NCONC{B80) sCONC(B80+40) +»TD2(40+40+2) +YN(60),»
XSTO(S0) s NON(60+10) s TCONC(B0)+LCONC(BO)sY{BO)sNI(40)
COMMON/AREAG6/NON/AREA7/LCONCsNNs TCONC/AREAB/NCONC s CONC+CSToLL
COMMON o/ AREA11/COST/AREA13/YN/AREA1S/GAIN/AREAIG/TNNL

THIS SUBROUTINE IS CALLED BY THE MAIN PROGRAM.
1T ATTEMPTS TO RECPTIMIZE A CONCENTRATORS SUBNETWORK USING THE

1

faNals
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SAHC (STEEPEST ASCENT HILL CLIMBING) APPROACH,.
THE OPTIMIZATION IS ATTEMPTED WHENEVER AT LEAST ONE SUPER NODE
HAS BEEN ADDED DIRECTLY TO THE CONCENTRATOR.

-

B

LP=0 ML
L=0 e
P=0 ' . '
IR=1 s . ~
IF(JK,EQ.,1) GD TO 57 B ' o .
IF{NN(CONC(JKs+1)4+1).EQel) IR=2 '
NA=NCONC(JK)
DO S5 I=1,NA

STO(I)=0

DETERMINE FEASIBLE NODE EXCHANGE WeRaTe+ CONSTRAINTS

D0 1 I=IRsNA

IX=CONCtJK,I) ° .
IF(YN(IX).EQ.3) GO TO 1
NIX=NNC(IXe1)
CTIX=NN{IX.2)
IF(NIX.EQ.NMAX)} GO TO 1
- IF(TIX.EQ«TMAX) GO TO 1 . s .
DO 2 J=IRWNA
1F(J.EQ. 1) GO TO 2
IY=CONC(JKsJ) . .
IF(YNC(IY).EQ.3) GO TO 2 s
NIY=NN{IY,1) '
TIY=NN({IY,2)
IF(NIY+NIXeGT+NMAX) GO TO 2
IF(TIY+TIX.GT.TMAX) GO TO 2
P=P+1] ’ '
NIE(P)=1IX
GO TO 1
CONTINUE
CONTINUE
IF(P.EQ.0) GO TO 3000

LL

00 3 I=1,P s

IX=NN(NI (1} ,4)
TD(II=LD(IXysJIK)

CALCULATE THE INITIAL TRADEOFFS. , - .

DO 4 I=1,P
NI X=NN{NI(I),1). .
TIX=NN(NI(I},2) . - ;

DO S J=1P, '
IF(J.EQ.I) GD TO 6
NIY=NN(NI(J},1) . :
TIY=NN(NI(J)},2) oy _ . .
IF(NIX+NIY.GT.NMAX) GD TO 6 :
IF(TIY+TIX.GT,TMAX) GO TO 6 . -
CALL BMIN(NICI}sNICJI)oFNsTNeXMINGNN,JIK)

TO1{I+J)=TD(I )}=XMIN : <

-

TO2(IsJsl¥=FN ‘ I 2
TO2(TI +Je2)=TN
GO TO S

S | ) © A-Bo
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5 \\ © TDI(IsJ)==140
5 CONTINUE _
4

CONTINUE
c S
c FIND THE MAXIMUM OVER ALL TRADEOFFS
c

2000 AMAX=—1,0 - .
- DD 7 I=1,.P . ' '
DO B J=1,P N
- IF(1.EQ,J) GO TO 8" :
IF(TD1(IsJ)LE.AMAX) GO TO 8
AMAX=TD1(1+J) ‘ . o
MN=NI(I1) .
TON=NI(J) .
JIN=J ‘ .
Iw=1 -
XX=TD2(IsJ» 1)
. YY=TD2(1sJ:2)
8 CONTINUE : .
7 CONTINUE ) 5
: IF(AMAX ,LE,O) Goon 1000

N

THE COST OF THE NE K IS DECREASED BY THE MAXIMUM TRADEOFF
AND THE GAIN OF THE CONCENTRATOR JK IS DECREASED BY TD(IW).

nOao0o

COST=COST—AMAX
LCONC (JK) =LCONC( JK =1
PRINT90sMN, TON
90  FORMAT(® %, *NEW NODE®s13,2X,*1S5 MERGED TD NODE®,13)
N PRINTOL ¢ XX YY
91  FORMAT(® ",9BY LINK X("eI35%4,1347)°¢)
GATN(JK)=GAIN(JK)+(TNNI(MN)=TD(IW}) x
YN(MN)=3 . “
NN (MN,a )=XX '
NN(MN S )=YY
NN (MN +6) =TON
TDI(IN s JIWI==1.0
TD1(JSIWIW)==140

c UPDATE SUPER NODE TON

NX=NN(MNy1)

XN=NN{TONs 1)

NNCTON 1 I=XNENX

NN(TDN.2)-NN(TON.2)+NN(HN.2) _ . : ‘

NAA=NN{TON,1) . :

ANX=XN+1

DD 9 I1=XNXsNAA

- JJ=T=XN

9 NON( TON+ 1 I=NON(MN,JJ)
LP=LP+1
STO(LP)=TON
NXN=NN{TCON,1) ‘ . .
TXN=NN{TON, 2) T ' -
IF{NXNsEQ.NMAX} GO TO 111 :
IF{TXN.EQ.TMAX) GD TO 111

C RECALCULATE OR INHIBIT THE TRADEOFFS BETWEEN THE NODE THAT HAS
C JUST BEEN CHANGED AND THE OTHER NODES.

A—si l . '



11
10
11
211
2020
20

1000

13

g2

- CONTINUE f

L]

DO 10 I=1,P
IF(1.EQ.JSY) GB _TO 10 : )
IX=NIC(I) ™ v
IF(YN(IX).EQ.,3}) GO 11 :
IF(NXN+NN{IXs1)GT+NMA
IF(TXNH#NN(IXs2) «GT e TMAX)
CALL BMINCTONsIXoFNyTN,XM1
TO1(JIWLII=TO(JIWI=XMIN
TD2(JIW. 1,41 )=FN
TO2(JIW.T,2)=TN
TDI(I e JJIWI=TD( L )=XMIN
TD2(I+JJI¥s 1 }=TN
TO2(I yJJIWs2)=FN
GO TO 10 '
"TD1(JIWe1)==140
TO(I+JIWN)==1.0

GO TO 11
0 TO 11
s NNy JJK)

DO 211 1=1,P
TD1(JJIWe1)=
TOI(I s JIWI==1NO "

CONTINUE

DO 20 I=1,P
TDI(IWsI)==1,0 -
TO1C(1,IW)}==1,0 . g

GO TO 2000

IF(JKEQ.1) GO TO 4000.

IF (NN(CONC(JKs1)s1}.NE.1) GO TO- 3000

IC=CONC(JKs1)

IT=NN{IC,2)

J5=0

MINX=10000.

DO 13 J=1,P
IX=NT{J)

IF(YN(IX)+EQe3) GO TO 13
IF(NN(IXe1)+1.GT.NMAX) GO TO 13
IF(NN(IX,2)41TeGT+TMAX) GO TO 13
IF(TD(J) GE-MINX) GO TO 13
MINX=TD(J)
JsS=4 ' -
JST=1X . . -

IF(JS.EQ.0) GO TO 3000
YN(IC)=3 : T
YN(JST) =1 ' *
NN{JST»1)=NN(JSTL1)+1 ' :
NN(JIST+2)=NN(JST42) +NN(IC.2) :

PRINT921C,JST v
FORMAT(®* *, *CONCENTRATOR SUPER NODE®+13,* MERGED WITH SUPER
*NODE* ,14) - ’
NAA=NN{JSTs+1)
NON{ JST « NAAI=JIK
NN(IC,4)=JJK : s
NN(IC+sS)=NN(JIST:4)
NN(ICe6)=JST . . . ‘ '
PRINTO1 sNN({ICs4) 4NNCIC,5) -
GAIN(JKI=GAINCJIKI+TNNI(JIST) /
CALL CLOSET{JST»JKsTMAXsNMAXsMs Y PMIN}

A- 52.. ' - - -
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GAINCJK)I=GAIN(JK)=PMIN =~
DD 14 I=1,NA
IX=CONC(JIKs1)
IF(IX.EQ.UST)IS=1 :
14  CONTINUE - ) o
CONC(JK+1)=JST v |
CONC(JKIS)=IC
3000 IF(LP.EQ.D) GO TO 4000 - ° ) ' ~
DO 21 J21,LP -~
JST=STO(J}
GAIN(JKI=GAIN{ JK)+TNN1(JIST)
CALL CLOSET(JST»JKsTMAXINMAXsMsY PMIN)
GAIN(JKI=GAIN(IK )=PMIN

*CHANGE® ) \ . S ' ' ' iy
21 CONTINUE . ) . : oy
4000 RETURN

END : - '

¢

SUBROUTINE BMIN{ISA,IXsFNsTNsXMIN:NNsJIK)
REAL XMIN,LD < A
: INTEGER#2 ISAy IXeFNeTNe IZe IWeJIK
| , INTEGER#2 NON(60310) sNN(60 463 +¥YN(60)
"‘\\FOMMGN 7 AREAG/NON/AREA13/YN

r’i THIS SUBROUTINE IS CALLED BY MINSA. _ . o
IT DETERMINES THE_MINIMUM DISTANCE (COST) BETWEEN TwO SUPER NODES.

e NsRsNaNaksl

XMIN=10000, ) , . _
NA=NN(ISAs1) — - ‘
NX=NNC(IX,1)
TIF(YNC(ISA) «EQel) -NA=NA=1
DO 1 I=1,NA .

IZ=NON(ISA,1)
DO 2 J=1+NX

IW=NON( IXy4)

DX=LD(IZ+1Iw)

IF({DX.GE.XMIN) :GO TCQ 2

XMIN=DX '

ﬁf FN=12

~ TN=1IW ‘o : :
2 CONTINUE - . : ,
1 'CONTINUE y

RETURN : . N
END ‘ ,

SUSROUTINE FMI (1K, TJ) . :
REAL DD(160,80) +MAX | a ' 4
INTEGER*2 DCN(80;40)>TC(80% ,DCON(BO0) sNKsT{160) +1XsT J
COMMON /AREA1/00,T/AREA21/TCsDCON,DCN

THIS SUBROUTINE IS CALLED 8Y REAR, ,
IT DETERMINES WHICH TERMINALS »0F THE SET OF POTENTIALLY
ASSIGNED TO A CONCENTRATOR+IS TO BE DROPPED, AND THEN DROPS IT.

~

TnnNnonn
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MAX=0,0
NK=DCON{IK)
DO 1 I=13NK
IX=DCN{IK,I)
. D=DDOCIXsIK)
IF(D.LE-MAX) GO TO 1
MAX=D
1J=1X ‘
1JP=1 *
CONTINUE
TC(IK)= TC(IK)—T(IJ)
DCNCIKs IJP)=DCN{IK.NK} . N
DCON(IK)=DCON(IK)—1 '
RETURN
“END

SUBROUT INE REARSPR
RE AL DD(IGO.BOD (B0)

INTEGER*2 T(160 -NC(BO.AO)qTCONC(BOD.DCON(BO).NNCON(BO).
*TC(B80)+ DCN(BG:40),Y(80) s AY{B80) ¢ NCONC(B0) LCONC({80) +NN(60+6)
INTEGER*2 ISS,PPXsMAXCON»I JsLMAX.LL

INTEGER REAS(4042).LP

COMMON /AREA1/DD,T/AREA4/MAXCON4LMAX/AREAS/NNCON/AREA7/LCONC s NN o
*TCONC/AREAB/NCONC « CONC s CST s LL/AREA20/REAS «LP/AREA21/TCe DCONe DCN

sAY)

THIS SUBROUTINE IS CALLED BY THE MAIN PROéRAM-
IT REASSIGNS THE . TERMINALS THAT WERE DROPPED WHEN THE
CONCENTRATOR TERMINAL ASSIGNMENTS WERE MODIFIED.

- IF{LP.EGQG,0} GO TDO 900

DD 1 I=1,.,PPX"

TC(1)=0

" DCCN(I)=0

THE CONCENTRATORS TO WHICH THE DROPPED TERMINALS ARE TO BE
POTENTIALLY ASSIGNED ARE DETERMINED., THE NUMBER OF TERMINALS
AND THEIR TOTAL TRAFFIC TO EACH CONCENTRATOR IS ALSO FOUND.

DO 2 I=1,LP
IX=REAS(Is1)
IXC=REAS(1+2) o
DCON(IXC}=DCONCIXC)+1 y
NA=DCON(IXC) o '
DCN( IXCsNAD=1X ' g /
TCOIXC)=TCCIXCI+TLIX) :

u‘tnNTINUE o &

IF A CONCENTRATOR CAN HANDLE ALL OF THE TRAFFIC OF. ITS
POTENTIALLY ASSIGNED SET OF TERMINALS, THEN THEY ARE ASSIGNED
TO IT. IF IT CANNGQOT, THEN SOME OF THE TERMINALS ARE POTENTIALLY
ASSIGNEDITU SOME DTHER CONCENTRATOR THAT CAN ACCOMODATE THEM.

DO 3 I=1,PPX ,
IF(DCON(1).EQ.0) GO TO 3
IF(TCONC(I)+TC{I).GT.MAXCON) GO TO 5
TCONC(I)=TCONG(I)+TC(I)

A-Bit
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900

C
C

NN

33
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KP=NNCON(I)
NP=NNCON(I)+1
NNP=NNCON{I }+DCON(X)
NNCON(T ) =NNP
DO 4 J=NP,NNP
KKP=J=KP
CONC(I.J)-DCN(I.KKP)
CONTINUE ;
GO TO 3 : : I ’
CALL FMI(I,IJ) ' :
Y(1)=1
CALL AAMIN(PPK.IJ.ISS.HAXCON-Y.A?)
Y{I}=0 v _
IFC(ISS.LT.I) GO.TO 7 T e 2
. DCON(ISS)=DCON(ISS)+1
.TC(ISS)=TC(ISS)+T(1IJ)
DCN( 1S5S+ DCON( 1SS) )=1J
IF(TCONC(I}+TC(I).GT.MAXCON) GO TO S
IF(DCON(I).EQ.0) GO TO 3
GO TO S5
NNCON(ISS)=NNCON(ISS)+1 B
TCONC(ISS)=TCONC(ISS)}+T(1J) )
CONC(1S5S,NNCON(ISS))=IJ
‘IF(DCON(1)+EQ.0) GO TO 3
~ IF(TanC(I)frccx).GT.MAxcoN) GO TO 5
GO TO S5 - P
CONTINUE wo
RETURN ’
END

SUBROUTINE CFUL(K.Y,AY, PPX) '

REAL DO(160+80)4+STO3(40),CST(B80) s MIN, MAX,MMAX -
INTEGER*2 Y( ot.ztco).srolt40),5702(40).coutzo.zi.LcuNCtBOI-
*Nnteo.el.NCONC(BO).T(lso).NNCON(BO).CONC(80.401.TCONC(BO).
XAY(B80) s PPXsLL oL MAX s NAJNAA, MAXCON

INTEGER REAS(40+2)sLP

COMMON /AREAI/DOoT/AREA4/MAXCDN.LHAX/AREAS/NNCDN/AREA?/LCDNC.NN-
ATCONC/AREAB/NCONC s CONC+ CST+LL/AREAZ2O0/REAS.LP

THIS SUBROUTINE IS CALLED BY THE MAIN PROGRAM.

IT MODIFIES A CONCENTRATORS TERMINAL ASSIGNMENT SO AS TO
SATISFY THE CAPACITY CONSTRAINT.

A TRADEOFF. 1S CALCULATED FOR EACH TERMINAL . THE TERMINALS WITH
THE SMALLEST TRADEOFFS ARE DROPPED FROM THE CONCENTRATOR
SUBNET UNTIL THE CAPACITY CONSTRAINT 1S5 SATISFIED.

DO 33 I=1,40
Z(1)=0
NA=NNCON(K }
NAA=NA o . . '
[ .
THE NEAREST CONCENTRATOR FOR EACH TERMINAL ASSIGNED TO
CONCERTRATOR K IS FOUND.:

DO 1 I=1.NA

IX=CONC(K,I)
MIN=10000.
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-

DO 2 J=1,PPX It - - N :
IF(Y(J)+EQel1) GO TO 2 .o
IF{AY({I).EQ,1) GD TO 2 ) X
IF{J+EQ.K) .GO TO 2 o
D=DO(IXyJ) . .
IF(D.GE.MIN) GO TO 2
MIN=D
IxXJd=J . ~
CONTINUE ‘

THE TERMINAL, CLOSEST CONCENTRATOR , AND TRADEOFF ARE STORED.

STO1(I)=1IXJ
'STO2(I)=1X
STO3(1)=MIN=DO(IXsK)
CONTINUE
L=0 _ g o
MAX=10000. :

THE SMALLEST TRADEOFF 1S FOUND.

DO 3 I=1+NA
IF(Z(1).EQel) GO TO 3
D=ST03(1)
IF{(D.GE.,MAX) GO TO 3
T MAX=D

IxP=1

CONTINUE

'y

3

AlLL TRADEOFFS OF THE SAME VALUE-ARE CONSIDERED,

DO 4 I=1,NA .
IF(2(1).EQ.,1) GO TO 4
DX=STO3(1) ,
IF({DXNEJMAX) GO TO 4

T L=L#1 '
COM(L+1)=1
COMIL »2)=D0(STD2(1)+K)

CONTINUE

" MMAX=COM(1,2)

IM=1
IF(L.EQ.1) GO TO 6

THE TERMINAL FARTHEST FROM THE CONCENTRATOR K IS DROPPED

1IF DROPPING THIS TERMINAL DDES NOT SATISFY THE CAPACITY CONSTAINT

THEN THE OTHER TERMINALS WITH THE PRESENT MINIMUM TRADEOFF ARE
CONSIDERED FOR OROPPING. IF THERE ARE NO MORE TERMINALS WITH

. THE PRESENT MINIMUM TRADEDFF, THEN A NEW MINIMUM AND THE

CORRESPONDING TERMINALS ARE FOUND. - :

DO S5 YI=2sL U
' D=COM(1,2) | S
IF(D.LE.MMAX) GO TO S
MMAX=D
IM=1
CONTINUE
LP=LP+1
1Q=COM(IM,1)
1Q0=5T02(1Q)
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IPE=STD1(14Q)
REAS{LPs1)=IQQ
REAS(LP+2)=1IPQ ;
TCUNC(K)-TCONCIK)-T(IQQ)j
z{1Q)=1 :
IF(TCONC(K) «LE sMAXCON) GO TO 7 S
GO TO 400 ' : ot , \
" NNCON(K)=0

THE CONENTRATORS VECTOR OF TERMINALS ASSIGNED TO IT IS RESTORED.

DO 45 I=1,NA
IF(Z(1).EQe1) GO TO 45, . : ' ”
 NNCON(K)=NNCON(K)+1 |
' CONC(KsNNCON(K } }=5TO2(1)

CONTINUE

RETURN

END

BL.GCK DATA

REAL CST(BO0),COST

INTEGER %2 NCUNC(BO)-CBNC(BO.AO).NNCON(BO)-LCUNC(BO).NN(GO.é)'
¥TNN(GO 5)-NUN(6O’IO)oYN(GO)oTCONC(BOI:LLoDDCON(80121-CAPC(88)
INTEGER REAS{40,2),LP

COMMON /AREAS/NNCDN/AREA6/NDN/AREA7/LCUNCoNN.TCDNCIAREAB/NCUNC.
*CONC»CSTHLLL/AREA11/COST/AREAL3/YN/AREAL4/TNN

COMMON /AREA20/REASsLP/AREA22/DDCON sCAPC

THIS ROUTINE INITIALIZES THE NECESSARY DATA.

DATA REAS,LP/B0O%0,0/
DATA COST+YNsTNN/O,0,60%05300%0/

/{" DATA NCONCsCONC,CSToL1./80%0,3200%0,80%04,0/ :
" DATA NNCDN'LCONC.TCﬁNC.DDCDN.CAPC/BO#O.BO*O.BO#O-IGO*O.BOtﬁf;
SENTRY | \ )
- - . II "
Comn
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THIS PROGRAM DETERMINES THE SET OF INITIAL CANDIDATE CGNCENTRATOR

'~ SITES. IT MAY BE WRITTEN AS A SUBROUTINE AND USED IN THE MAIN

ALGDRITHM.

USER DEFINED PARAMETERS:

NT= THE NUMBER OF NODES IN THE NETWORK. |
K= THE NUMBER OF NEAREST NEIGHBOURS TO BE CONSIDERED,
NR= THE NETWORK IDENTIFIER NUMBER.

-

REAL XT(40.2)

INTEGER*2 C(2002019T(40)-NT.CC(ZO!.TC(EO).IHAX
COMMON 7 AREA1/XT/AREA2/C/AREA3/TC/AREAA/IMAX

'READ NT 4NR s K

PRINT724NTsNRsK . !

FORMATL* 1%, *NODE SET='"+13+2X+"RANDOM NET® 4 1442Xs "NN=29,13)

DC 1 I=1WNT . . _ —
READs (XT{(IsJYsd=1,2),T(1)

PRINTA442,1¢XT(I41)sXT(I+2}T{(I)

FORMAT(®* *,1I342F10.2,15)

CONTINUE -

KK=1 , o )

CcCc(l)=1

CALL SITE(NT.WK)

TOT=0_00

THE WEIGHTED MEAN AND ITS'INTEGRAL PART (PLUS ONE) ARE CALCULATED.

DO 2 I=i,IMAX T ‘
TOT=TOT+I%*TCeI) ' )

. TOT=TOT/NT

IIT=IFIX{TOPY¥FF ,

PRINT242,11T !

FORMAT(® 'AVERAGE CLASS NUMBER- IS“'.I4)
NP;NTla

1I=IMAX+1

I1TOT=0 ;

ALL TERMINALS +STARTING WITH THE ONES WITH THE HIGHEST WEIGHT,
THAT ARE WITHIN THE BOUNDS,ARE CQNSIDERED AS CANDIDATE .
CONCENTRATOR SITES,

DO 3 I=1,IMAX »
IJ=11-1"
IF(ITOTHTC(IJ) «GT NP OR+IJLTLIIT) GO TO 6
IK=TC(TIJ)

1IF(I%<EQ.0} GO TO 3
DO 4 J=1,1K
’ KK=KK+1
CCIKKI=C(1J,J)

ITOT=1TOT+IK |
CONTINUE §
PRINT20,KK
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FORMAT(! *+*NUMBER OF CONC< SITES ARE',14)

SINCE THE CPU IS INCLUDED IN THE CALCULATIONS IT MAY SHOW UP
TWICE AND IN THAT CASE THE SECOND OCCURANCE IS REMOVED.

D0 21 YI=2,KK

IF({CC(I).EQ.1) GO TO 22

“

. CONTINUE

GO TO 23 '
CC(I)=CC{KK)
KK=KK=1 .
PRINT +(CC(I)41=1,KK)
sSTOP

END

REAL FUNCTION LD(1,J)

THIS SUBROUTINE CALCULATES THE DISTANCE BETWEEN TWO PO

REAL XT(40,2)
COMMON /AREAL/XT

XX1=XT(1:s1)
XX2=XT(Is2)
YY1=XT(Js1)
YY2=XT(J, 2) (

LD= sonT((xxx-vvil**a+(xx2—vv2)*¢2)

RETURN
END
SUBROUTINE SITE(NT.K)

b = 8

REAL XT(4052)4D(40),LD

[

" THIS SUBROUTINE DETERMINES THE WEIGHT OF EACH TERMINAL OR ITS
FREQUENCY OF OCCURANCE AND THEN GROUPS ALL TERMINALS OF THE
SAME WEIGHT 'INTO ONE CLASS WHICH IS IDENTIFIED BY THE WEIGHTING.

INTEGER*2 N(40’/40*1/oNT.TC(20)oIMAX.IXoIY.C(ZD.EO)

INTEGER*2 Y(40)/40%0/+NEBH(40,10)

COMMON /AREA1/XTIAREAZ/C/AREA3/TCIAREA4/IHAX

THElNEAREST NEIGHBOUR LISTS FOR EACH TERMINAL ARE -DETERMINED.

DO 1 I=1,NT
L=0
DO 2 J=1«NT
D(J}=LD(Is4)
CALL CMIN(I DeYsIXsNT)
L=L+1 - .
NEBH(I+L}=IX
Y(Ix)=1
IF(L.NE.,K} GO TO 31
DO S J=1uNT
Y(J)=0

.CONTINUE
“YQ(1)=1

NSUM=0
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FOR EACH TERMINAL ITS FREQUENCY OF OCCURANCE (UEIGHT) IN THE
.NEAREST NEIGHBOUR LISTS 1S DETERMINED,

- -

DO 3 I=1,NT C . o : '
PO 3 J=1,.,K " . Lo
IX=NEBH(IJ) v T )
CIXI=NCIX)+1 A ,
NSUM=NSUM+1" - 4\\vq . ,
IMAX=0 . : _ .

THE MAXIMUM FREQUENCY OF OCCURANCE iue:eﬁrl 1S FOUND.
DO 4 I=1,NT -
IF(N(I)LE4IMAX) GD TO 4 Cof
IMAX=N(T) ) :
CONT INUE : .

FORMAT(® '.'CLASS'o!3-2X.'HAS'|I3o'MEMBERS')

- DD 6 I=1,1IMAX

CALL CLASS(1.NyNT) ‘ . o
PRINT42|I.TC(I) ) : i . -
RETURN ) .
END - . \q .
SUBROUTINE CLASS(KP.N.NT) . : _
THIS SUBROUTINE PUTS ALL TERMINALS OF WEIGHT KP IN THE SAME CLASS.

INTEGER*2 N{40)4NT,C(20,20},TC(20}
COMMON /AREA2/C/AREA3/TC

KK=0

DO 1 I=1,NT

IF(NCI)NE.KP) GO TO 1 ’
KK=KK+1 ; ‘ . ‘ i .
C{KP 4KK}=1

CONTINUE " . , 1

TC(KP)}=KK , -

PRINTA0,.,KP ' :

FORMAT (*0%, 'CLASS "4 1342Xy "MEMBERS: 1)
IF{KK.NE.DO) GO TO 7

.PRINT&1 .
FopMATt'+-.22x.-N0NE-) o -
GO TO 8 . ] .
PRINT ¢+ (C(KP 1) s1I=1,4KK) )
RETURN . -
END, *

SUBROUTINE CMIN(I+D4YsIX/NT) P
THIS SUBROUTINE DETERMINES THE NEAREST (NOT ALREADY ! CONSIDERED)
NEIGHMEOUR TO A TERMINAL OR NODE. _

REAL D(40) - L

INTEGER*2 Y{40) s IXeNT '

&

MIN=10000. | : ,
‘DO 1 J=14NT
IF{Y(J).EQ.1) GO TO 1
IF(JEQ.I) GO TO .1
IF(D(J) .GE.MIN) GO TO 1 _ , '
MIN=D(J) : /

im
./_.____

-



. IX=J .
1 CONTINUE
RETURN
END
SENTRY
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THIS PROGRAM GENERATES A SET OF RANDOM POINTS (X=Y COORD!NATES)
AND A RANDOM TRAFFIC NUMBER FOR EACH POINT .

USER, 6EFINED PARAMETERS :

IN= THE INITIAL STARTING VALUE FOR THE FANDU SUBROUTINE.
IT MUST BE AN ODD INTEGER.

IT= THE MAXIMUM NUMBER OF TRAFFIC UNITS PER TERMINAL DESIRED.
° =4 WILL PRODUCE RANDOM INTEGERS RANGING FROM 1 TO 4 GIVEN A
TRAFFIC SCALE FACTDR OF - lDoOo

™
\

NT= THE NUMBSER OF NODES OR TERMINALS DESIRED-
XNSCT= THE TRAFFIC SCALE FACTOR-

* XNSC= THE X=Y 'SCALE FACTOR. l

=100. WILL PRODUCE RANDOM REALS BETWEEN O 0 AND 99,99

IP= THE NETHURK IDENT!FIER NUMBER. T

REAL XT(600.2) - - N
INTEGER 'T(600)
READ,»INsITsNTsXNSCT ¢ XNSCoIP :
PRINTA7+INs IToNT . XNSCT ¢ XNSC C

FORMAT(*1°7, °START—-.14.2x.'usER—'.Is.ax.-nnoes-'.13.2x.-T-SCALE='

K gFTa392Xe" X-Y SCALE="® 4,FT3)

PRINTS1, IP ' :

FORMAT(* *,*RANDOM NET®*,15)

IX=IN '

1=0 - -

L=0 .

I=1+1" ' -
CALL FANDU(IX.IY.YFL) : B :
IX=1Y -
L=L+1

. .

. THE THIRD TIME THROUGH THE TRAFFIC NUMBER 1S GENERATED.

IF(L.EQ.3) GD TO 32

XT(I L) =YFLEXNSC . o ( B
IF(L+EQ+2) GO TO 33 ' ' -
Z1Z=YFLAXNSCT+1. . : : :
TIZ=INT(212) :

JIF 1XZ 1S GREATER THAN THE NUMBER OF MAXIMUM TRAFFIC UNITS THEN
IT IS SCALED DOWN.

IF(I1Z.LE.IT) GO TO 35 e

Z12=212/17 ' ¥

TI=INT(ZIZ) ,

IR=ITI#IT-1 g A

T(I)=11Z-IR | ;

GO TO 33 .

T(I)=112 , . . . ' ' '}
A-6a



+ 33 IF(I.NE.NT+I) GO. TO 31
. PRINTAL
41 FORMAT(? 'NDDE"5Xo'X'|9X"Y'.5X.'TRAFFI ceY)
DO 43 J=1.NT o
PRINTA4+Je XT{Js1 "XT(JQZ}OT(J'

44 .FORMAT(? .14.3x.Fo.a.ax.Fo.z.zx.1¢)
PUNCHA9¢ XT(Je1) o XT( J02) ¢ T(J).
a9 FORMAT(F7.,242XsF7 .2+ 2X,14)
43  CONTINUE
STOP
END
SUBROUTINE FANDg}Ix.Iv.vFL)
c . ,
C THIS SUBROUTINE GENERATES A RANDOM INTEGER IY AND A RANDOM REAL
C NUMBER BETWEEN 0.0 AND .999
Cc THE METHOD USED 15 THE POWER RESIDUE METHOD AND THE PROGRAM IS
C ESSENTIALLY THE SAME AS THE RANDOM NUMBER GENERATOR IN.
Cc THE IBM SSP LIBRARY.
c- . !
1Y=1X%65539 ' ) )
IF(IY)S+646
S xv—1v+2147453547+1
6 YFL=1Y
YFL= YFL#*,4656613E-9
RE TURN
END . ‘ . x
SENTRY : . - \
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