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ABSTRACT

This thesis 1is concerned with the sharing of resources
vhich are available in a demand assignment multiple access
System. Such a system can be modelled probabilistically and
is known to exhibit a closed product form solution Eﬁ: the
state probabilities. However, a direct application of this
solution to evaluate a system's performance requires a large
amount of computation. By means of a recursive algorithm,
these excessively long computations can be avoided. Using
the recursive algorithm, in conjunction with a Pattern
Search technique, an optimization package was developed for
use in system design problems so that the system resources

will be shared optimally,
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Chapter 1

INTRODUCTION

A mobile satellite system (MSAT) has been proposed by the
Department of Communications of the Canadian Government to
provide mobile radioc and mobile telephone services in the
806 - 890 MHZ band. The economic viability of such a
cohpiex cpmmﬁnication system*dépends upon many factors; one
of the most critical i§ system utilization, In Prder to
maximize utilization, the system should be sized to closely
match the projected traffic demand. The research results

presented in this thesis were motivated by the MSAT

proposal.
“~

A demand assignment multiple access (DAMA) system is
considered here. In this system a pool of capacity (e.qg.
buffer memory, Asatellite frequency bands, satellite time
slots, etc.) 1is to be shared, according to a given sharing
policy, by a given number of user groups, each with a unique
set of traffic characteristics. The mobile radio portion of

MSAT can be viewed as such a system,

By properly choosing the sharing policy, a system's
performance can be optimized. " Sharing policies of practical

interest are those that are simple to implement and reguire



no detailed measurement of arriving traffic. Six of these
policies, namely, Complete Sharing, Complete Partitioning,
Sharing with Maximum Allowed, Sharing with Minimum
Allocated, Intermediate Sharing and Pre-emptive Priority

Sharing are discussed here.

Analytical results for evaluating the performance of a
system wusing any one of the aforementioned policies are
available in the 1literature {11,[2],(31,[9]. However,
straightforward application of these analytical results
involves solving a set 'of equations simultaneously,
requiring an intolerable amount of computation even  for a
small system. Clearly, an efficient algorithm ~to solve
those equations is needed. Research results have appeared
in recent publications which address this problem: notably,
Kaufman's one~dimensional algorithm for the Complete Sharing
policy [6] and Barberis et al's two-dimensional algérithm
[1] applicable in all but the Pre-emptive Priority Sharing
(An efficient algorithm for this policy is not available in
the literature at this point in time). - These algorithms
permit the analytical results to be applied to systems of
realistic sizes (i.e. large amount of resources shared by

large numbers of user groups).

For a system with a given sharing policy, the

aforementioned algorithms allow the performance of this

system to be evaluated. Howgveek\in a design problem, the



questions confronted by the designer arey~ Which sharing

policy should one choose? What are the optimal parameters

+

associated with that chosen policy? The first question was
answered by Foschini et al [7]; they proved that the policy
of Sharing with Maximum Allowed is the optimal policy for
"§ystems with up to three user groups. To answer the second
question, this thesis author has adopted the well known
optimization technique- Pattern Search, along with Barberis'
two-dimensional algorithm, énd developed an optimization
package for DAMA systems that use the pelicy of Sharing vith
Maximum Allowed. With sl{;ht modifications, this package

can be used for systems with any sharing policy.

'The balance of this thesis is organized as follows:-
Chapter 2 discusses the six sharing poliEies that can be
used in DAMA systems. Recursive algorithms for determining
system performance are presented in Chapter 3. Chapter 4
addresses the system optimization problem using two

numerical examples, Finally, the conclusions are drawn in

Chapter 5.
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Chapter Il
DAMA CIRCUIT-SWITCHED SERVICE

E

2.1 . MODEL

The system is modelled as a pool of N units of capacity
shared by M groups of users on a demand assignment multiple
a;ceés (DAMA) basis. In a frequency Aivision multiple
access (FDMA) system there are N frequency channels; 1in the
case of a time division multiple access (TDMA) system, there

are N time slots per cycle. Fig. 2.1 shows such a model.

In this éystem, each wuser group i, i=1,...,M is
characterized by the number 'of traffic sources R; {(the
result is an Engset model [1) if R, is finite or an Erlang
model if R; is infinite), the offered load p; and per call
capacity requirement K;. It is assumed that: |

1. For each user group i, traffic is generated randomly

(e.g. Poisson). with mean arrival rate ki and call
duration exponentially distriputed with average
length 1/u;. ‘

2. The system operates in a blocked-calls-cleared

circuit-switched mode, i.e. an ith group user places
a call on a statistical basis which is independent of

all other users. When that user reqguests services,

R



M groups of
USEers

-

Fig 2.1

>\,;- u.

A

Statistical Model of the System

N units of
capacity



K; wunits of capacity will be allotted if such a
capacity is available. If not, the. user is blocked
and is modelled as returning to a status
statistically identical to not having attempted the
call.

3. The system capacity is shared linearly. This is the
case when incoming users' resource .requirements are
independent of the users that are already in the

system. -

The system parameters are summarized as follows:-

N - Total number of capacity units available

M - Number of user groups

The ith group, i=1,...,M is characterized by:
R, - Traffic source population
-i" Arrival rate
1/u;- Average call duration
(5. - offered load
K.~ Number of units of capacity required per call
N, - Maximum number of calls allowed at any given
instant
L, - Number of calls with dedicated resources

(logical reservation)

With the above assumptions, the statistical model leads
to a closed product form solution [2],[3]. The state of the

system can be defined by the vector A, fi=(n,,..., n,) where



each n;

steady-state probability, P(R)

is the number of

n is given. in equation (2.1)

L M .
P(N)=P(0)TT V, (n;), HeA
=1 )

where

or

and

Hence

Ry
VL (I"I‘; }= _YTL
.o oL -

ith group calls in progress.

The

of the system being in state

(2.1)

I for an infinite population in

group i

for a finite population in

group i

HO

set of feasible states which depends on

the access discipline, system capacity

N and number of user groups M.

P(0) & Probability of the state (0,...,0)

occuring
P(0)

that

is also the normalization constant so

(2.2)
{
1;1 Vé(nj)] {2.3)



2.2 SHARING SCHEMES

As shown in the Ereceeding sub-section, the state of the
system is described by nt (n,,...,n.) whose coordinates n;
are non-negativerb;htegers representing the number of calls
in progress from each of the M user groups. Constraints are
placed wupon the allowed states by the total capacity
available and the manner in which it is,to be shared amongst
the user groups. For a system with a total of N .units of
capacity and each user from group 1 using K; units of
capacity, the total number of. capacity units
enggged at any instant is E:KLQL<N' If the capacity needed
to serve a new reguest weréulto make the summation to exceed
N, then that request will be rejected. Additional
constraints can be imposed depending on the access strategy,

giving rise to a set of feasible States, A. Six sharing
L 4 .

schemes are discussed in this chapter.

»

For each sharing strategy, its corresponding A-set can be
represented by a M-dimensional geometrical object residing
on the positive coordinate axes (fig 2.2). The outer
surfaces of the object represent the states of the A-set at
which new arrivals will be blocked. Thus the blocking
probabilities of this system can be evaluated by summing up

all the probabilities of being in the states represented by

the outer surfaces.



The A-set shown in Fig 2.2 also possesses the important
"coordinate-convexity". property [2] which providés a
necessary condition for a product form solution (2. 1), i.e.
the orthogonal projection from any point in the A-set object .
to the plane formed by the positive coordinate axes below is
contained in the A-set. This property can be defined
formally as follows:-

Definition : An A-set is coordinate convex if
(1) A€ A 3 n; 20 i='1,....,M
(2) ﬁ‘-& A_'and n>0 > T e A

\\There HA.. !z. (n|,.n|nj-._[ ' 1 nL‘,‘ ,-conm) !

For an A-set that is not coordinate-convex, tﬁere exist
some states in the system at which the termination of a call
cannot take place until some other events occur (new
arrival(s) or departure(s) by users giom other groups). Fig
2.3  shows an  example of an  A-set which is
non-coordinate-convex. Clearly, a sharing strategy that
forms such an A-set 1is undesirable. A practical system
should allow prompt departure upon call termination so that

the resource can be returned immediately for reuse.

In the balance of this, chapter, six sharing strategies

that possess this property are described.



2.2.1  COMPLETE SHARING (CS)

\If there are N units of capacity and the per call
capacity requirement for the ith groub users is K;, then the
- instantaneous capacity in use, gfniki cannot exceed N.  If
the capacity needed to-service abﬂnew call request makes the
sum exceed N, this new call will be blocked. (This is the

only condition on which a new arrival is blocked.) The

allbwed State-space, A is defined as follows:-

M
A={n:n=(n, ,n,,... ny) i ) nK <N }
L=

Fig 2.2a shows the allowed states in the case of M=2.
Here the dotted line is fprmeé by the states at which all
the capacity is occupied. By properly summing up tﬁe
probabilities of the blocking states, the blocking
probability of each group is found. Fig 2.2b depié%F the
M:B case, It shows a tetrahedron bounded by the 3 positive
axes and a tilted plane with a di§tance from the origin
proportional to the total capacity of the system. Thus by
représenting a given A-set geometrically, the system's total
capacity, shating strategy used. and the resultant blocking

I3

condition can be easily characterized.

_10_



2.2.2  COMPLETE PARTITIONING (CP)

‘Another strategy is to restrict user access to only that
capacity pool allocated to its group. In this case, the
problem reduces to one of M non-interacting systems, each of
which is an one-dimensional Erlang B model [4) (assuming an
infinite population size) with maximum allowed number of
call N;. The A-set is defined‘'as follows:-

™M
A={n:h=(n, ,n;,...,n0); O<n <N;, ) N, K; <N}
. L3

~

-

Fig 2.2c and 2.2d show the resultant A-set for M=2 and
M=3 respectively. Comparing fig. 2.2d with fig 2.2p (Q&),
the rectangular box of 2.2d fits inside the A-set 1in 2.2b

with its outermost corner touching the tilted plane.

In terms of unweighted utilization, (weighted utilization
will be dealt with in Chapter 4) it is obvious from these
figures that‘the same system opting CP is inferior to CS
s{gse its feasible stéte spacg is a subset of that of CS.

1

2.2.3  SHARING WITH MAXIMUM ALLOWED (MA)
r

This strategy is similar to CS with an added constraint

on the maximum number of users, N, from each group in the
system at any instant, In this scheme, all users are free
to share the available capacity with other users until n; =N;

(for any i). After that, any new arrival from this group

Sy -



will be blocked even if there is sufficient resource to
serve this new call. This Strategy restricts a heavy user's
r

access to the system so that light users will enjoy better

service,

Defining: A={ﬁ:n=(n,,n2,...,nM); E:n K; <N;
o =1

OSH‘LS ' i=1,2,... M}

El

.NL<{%T] for at least one i
A

Note that if N.=[N/K;) for all i, this strategy reduces
to CS. The geometrical object representing - the A-set is

shown in fig 2.2e for M=2 and fig 2.2f for M=3.

2.2.4 SHARING WITH MINIMUM ALLOCATED (MN)

Here the difference from CS is that at least one group is
guaranteed access to the resource for a certain number of

calls {minimum logical reservation), he sum of these.

guaranteed allocations cannot exceed . "The remaining

resource is then shared freely by all users. Hence,,

-3 M
A=[n*n(n,,n2,....,nM) ; Ly<n; <N, , 2: n; K; <N}

NZK | |

N; = é” +L; i O<L;<N; for at least one i
L

If L;=0 for all i, the system is reduced to CS. Again,
this strategy favours light users although the mechanism is

different from MA. This can be concluded by observing the

_12_
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-

SO ,
similarity between fig 2.2e and fig 2.2q9, and also between

fig 2.2f and 2.2h.

2.2.5 : INTERMEDIATE SHARING (IS)

Ano&her strategy of interest is a combination of MA ang
MN in which less than N units are allotted as dedicated
(logical, not physical) and the remainder is used. as an
overflow channel. Calls that are blocked on their dedicated
channels share the remaining system capacity with other
overflow calls. There is also a constraint that the total

number of calls from each group is restricted to N,.

M
™M ey
!’ N "Z 'l_'jK'j
Ni < | a=1 +LL-. : 0<LL<NI:
L Ke ‘

Again the A-set has a geometrical shape similar to that

of MA and MN (see fig 2.2i for M=2 and fig 2.2j for M=3).

_13_
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Fig 2.2a Complete Sharing Fig 2.2b Complete Sharing
m=2 ' m=3
nz -
~
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Al N
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SR ¢+
N
Fig 2.2c Complete Part'itioning ‘ Fig 2.2d Complete Fartitioning
m'_‘:2 . - m=3
n;
b
[ ]
-
N,
A
\\
N,
nb .
Fig 2.2e Sharing with Maximum Fig 2.2f Sharing with Maximum
Allowed, m=2 Allowed, m=3

_14_



2
~
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Lz-fﬂ::\\\w
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+ S —-nl
L, -~
Fig 2.2g Sharing with Minimum Fig 2.2h Sharing with Minimum
Allocated, m=2 - Allocated, m=3
n,
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~ -
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Lz.i_\;\\\\j\
¢ \‘ n‘
Lr NI
Fig 2.2i Intermediate Sharing Fig 2.2) Intermediate Sharing
m=2 m=73
n2
A
N,

T
Nf

Fig 2.3 Non-Coordinate Convex Policy
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2.2.6 PRE-EMPTIVE PRIORITY SHARING [5]

2.2.6.1 MODEL

The pre-emptive nature of the priority assignments
implies that the presence of the lower priority wusers is
traﬁsparent to higher priority ones. Let n;, be the number
of ith group users in the system. Priority is assigned such
that group i has higher pricrity than group i+l. Define

{ L) . . .
S,. @as the event of allocating n;K; units of capacity to the

.
ith group users. Since N is finite, the maximum number of
ith group users cannot exceed some finite number N; . Then
each group can be represented by the state set Y which is

defined as:

() o 4 ;
Q ={s, :n;=0,1,....,N;} (2.4)

" [

for i=1 (i.e. highest priority) the group is

modelled by

d”=gs§f:n,=o,1,....,n.} (2.5)
i.e. the number of allowed group 1 users ranges from o to
N, .  For each value that n, takes on above, it implies that
the .second group (next highest priority) is allowed
[—iiﬁ%%KLﬁ number of users; Let this number be denoted by
N,(n,) - maximum n, allowed given the presence of n,.

Therefore due to possible pre-emption by the first group,

the second group can be represented by a collection of

._16_



(N, +1) subsystems, qu%ni). Each subsystem consists of

N,(n, )+1 states:-
Q" ={q"(n)in,=0,....,N,} ~ (2.6)
where  g"(n,)={s%Xn, )tn,=0,....,N,(n )} (2.7)

The approach leads to the following reprejentation for

the ith group:
W)
Q ={qg (n.,nz,...,niq):nl=0,1,...,N.;n2=0,l,...,N;(n‘);
ni_|=0,l,...,N‘:_|(nl,nz,.i.,n“_._z)} (2-8)

(L) (L)
q (n,,nz,...,nid)z{%n(n,,nz,...,nid):ni=0,l...

Relnyomg,ee,ni )} (2.9)
M

Notn oy eenynz )=(N= } n;K, ) /K, ] (2.10)
13
1L

Fig 2.4 shows the generation of " subsystem capacities ang

model dimension.

The objective here is to determine the blocking
probability experienced by each group. Due to pre-emption,
the probability distribution in a system of higher priority
biases the distribution in all other groups with lower
priority. This difficulty can be circumvented by
representing each lower priority system with a coilection of
subsystem rather than a single system. Thus each subsystem

1s imbedded in a state of a higher priority system and also

_1'7-.
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N:: : _N_]

oK
S, =N,
| *>n,=0,N,
|
3 N-¥.n
‘ N = DN R0y
| 2{n)) [ <, }
1{ §,=S,+N,(n,)
————>n,=0,N,(n,)
[ - -
Ny(n, ,n,)= | —2 Ktﬂk- K M
- 3

— i=1,M

N5=NS+(M_i+l)SL

Fig 2.4 Generation of Subsystem Capacities and
Model Dimension [5])

- 18 -
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each state contains a lower . priority subsystem. The

following summarizes the approach:-

1,” Choose a method to model the highest priority system.
2. Within each state of that system imbed "a subsystem
which models the next highest priority group

conditionally.

3. Repeat (2) until all M groups are modelled.

-
The probability in each subsystem is determined for the
groups' arrivals and departures. This probability is

conditional and they must be combined to give the

unconditional one.

2,.2.6.2 CONDITIONAL PROBABILITY

Since all pre-emption effects have been imbedded in this
model, the steady state probability can be found by treating
each subsystem as an M/M/N/N queueing system where N is the

System capacity. This model has the well known product form

i .
solution, Let %?iw be the steady state probability of
o Tt

having n; users from the ith'group in the system, given that
there are n;,, users from the (i-1)th group. For i=l
(highest priority, all other groups are transparent to it)

the probability of state S:: occuring in the Q“)system is:
-1

) oL ﬁf " |
. (Y———) L n,=0,1,...,N, (2.11)
' tie D Al
e

- 19 -



> : 2)
Each state S, .., in the qiﬂ) subsystem of the dz system has a

conditional probability of occurence equal to:

:(} 044 /Q
”’”'=\ 5! ) N, !

.. () A}
Similarly, the Snuwunh“un;J) state of the q{ﬂhﬂhn,nr'}

subystem of d” has a conditional probability of occurence

LY
n2=0,l,...,Nz(n,) (2.12)

eguals to:

S NiW o i) 3 e AT .
w) . R /J -
ST ) (2.13)

. . e 51, Yii

2.2.6.3 UNCONDITIONAL PROBABILITY

From the conditional probabilities in the preceeding
subsection, unconditional probabilities can be determined:-

for i=1, equation 2.11 gives the unconditional probability.

H,

. '2) 1))

for i=2 P P.Pnn  n,=0,1,...,N, (2.14)

f,=0
(L) 7'\1‘! o Nain) \h‘.-l(ﬂ.,. JMi-2)

in general R%= s Pn EJPn:m"' ZJ ﬂklnkz,hl a
.70 1,20 1 i
- L)
*Pon o, Pong=0,1,...,N; (2.15)

2.2.6.4 BLOCKING PROBABILITY

The blocking probability BP of each user group can now
be found by summing all the states at which the max imum

allowed‘NL user from the ith group is met:-

BP, =P\, (2.16)



N,
. 012}
BPZ-EOPn,PHQ(nQ:h. (2.17)
N0

Ny . .
{1 (i-1) (&}
BP = P e P .P 2'
: ngo m “‘:Z_:I.:o M- tNiag,--M NL (ﬂl.nz.-—ni-t):ﬂ;_,...n, ( 18)
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Chapter III
SOLUTION ALGORI THMS

.

-In the previous' chapter, it was observed that the
statistical model of the DAMA system under consideration
leads to a product form analytical solution (2.3) for the
steady-state probabilities. From these quantities, the
performaﬁce of the system in terms of throughput,
utilization, delay etc. can be evaluated ([(3]. However,
direct application of this eguation even for a system with a
small number of capacity units, N, and a small number of users
groups, M, may require an intolerable amount 6f computation.
Clearly an efficient algorithm is required for the design of

realistic systems.

L}

In the next section, an one-dimensional recursive method
is presented. This method is applicable only for a\system
which adopts the complete sharing policy. A two-dimensional
algorithm that 1is applicable for all but the pre-emptive
priority policy is presented in the subsequent section.

(One that 1is suitable for pre-emptive priority sharing is

not available in the literature at this point in time.)

These algorithms provide efficient means of evaluating

the performance of a given system analytically. But more



importantly, their efficient nature allows a practical
disign problem to be addressed when it is wused in
conjunction with a suitableioptimizatidn tgchnique. This is

the subject of discussion of the following chapter.

3.1  ONE-DIMENSIONAL RECURSIVE METHOD [6)

/

In section 2.1, it was observed that the steady-state

probabilities, P(n) are given by:

- - M =
P(n)=P(0)Tﬂ Ve (n;) ,NEA (3.1)
( ¢ |
where 3=(n,,....,nM): nLé number of users from group i

in the system

v e
VL(n£)=-42ﬁ- for an Erlang model
v fag |
R\ M
or V;(n£)= YL)F% for an Engset model

. = >\‘7UL
P(a)é Ncormalization constan;, which is also the
probability that the system is empty.
~and A% Set of feasible states which depends on the
system capacity N, number of group of users, M

and resource sharing policy.

In this section, only the complete sharing policy is -
considered. Fig 3.1 shows the feasible state.space of this
policy for M=2, n, and n, are the numbers of users from

group 1 and 2 respectively,

_23_



Fig 3.1 Feasible State Space for M=2
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The diagonals -j represent the total number “of resource
units occupied, i.e. jéﬁ-?=0,1,...,N. This random variable

J has a distribution g(j) so that

ai)= ¥ TT v, (n;)P(0) (3.2)
L ARy

It can be shown that the following relationship

among q(j) exists [4]:-

M ,
i alir7 g:K.q(3-K;) ,3=0,1,...,N (3.3)
ey .o
where gq(x)=0 for x<0

N
and 5 q(j)=1 (3.4)

3=0
Equation 3.3 defines an one-dimensional recursion which

generates q(j) recursively,

Defining §(j)= %%E% ; §(0)=1
Hence q(j)=q(0)g(j) j=1,...,N

M
we obtain from (3.3): a(j)-—L—sz-KLa(j-KL), j=1,...,N
e

N
From (3.4) Zq(;) =q(0) § §(j)=1
7

R q(0)=[ z:q(J)]l
7e

Having determined gq(j) for all J produced two imporéant
results: . ‘
l. Since q(0)=P(3), the state distribution of the
system, P(n), as given in (3.1) is determined.
2. More significantly, the system performance of each
user group can be obta&nea directly f;om g{j):~
1, Blocking probability, B;: —
- 25 -



ltq

bty - - _
since B, = . z:a P(n) . i=l,...,M
(NN > N-KD
it can be written as
' K-t
B,;=5§cq(n—j) O S . (3.5)

ii, vUtilization, U:-

From Little's result ¥STT the mean number of

users from group i, E{n;} is
E{n; }=2(1-B; )
LM
U= — ) K.E{n:
N‘_; ;Eln;}
\ 4 .
.=—r¢}:]pix,;(1—a,;) ;oi=1,...,M (3.6)
L=
iii. Throughput, T, :-
T, =AJ1-B; ) (3.7)

This section is concluded by noting that the storage
requirement of this one-dimensional recursion does not
depend on the value of N, the total number of capatity
units. To compute q(0), only a single counter to accumulate

g
Ziq(i), j=1,...,N is needed. To compute B;, only M

L= ’ Ki=1
counters are required to store Z q(N-35)
: . 'j:o

Compared with the two-dimensional recursion presented in
the next section, this one-dimensional method is superior
both in terms of computational speed and storage

-~
—
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B

~

N\

requirements. However, it is only applicable for a system
with a Complete Sharing policy. In order to extend this
method to other policies considered, more research work’'is

needed.

3.2 TWO-DIMENSIONAL RECURSIVE METHOD (1]

The objective of this section 1is to introduce a
two-dimensional recursive algorithm to find P(0). This is
done by constructing an NXM matrix seguentially with the
last entry equal to P(0). In aédition, explicit expressions
for the blocking probability of each group for eacﬁ’sharing
discipline are given so that all quantities_gﬁﬂigggggst can
be computed from this matrix without resorting to the
underlyin§ distribution. The explicit expressions are shown

in 3.2.1 and the algorithm is shown in 3.2.2.

. e

» 3.2.1 ANALYTICAL RESULTS

As shown in (2.2)

-1
3
)

P(0)= [72;,\ [ﬁ v, (n; )L

Defining the matrix S{n,m) so that for n=N and m=M,

. S(N,M)=[P(0)] . The following shows how all blocking

probabilities can be found from this matrix [1].

- 27=""~.



3.2.1.1 COMPLETE SHARING (CS)

Blocking of an ith group user in this discipline occurs
only when the number of units of capacity engaged is greater

than N-K;. The blocking set is:-

-

M

C =

Df( M) ={n:n=(n,,...,n,), N-K;< z:nhxhsN}
h=1

obviously
<5
DL(N,M)=A(N,M)-A(N—KL,M)

where A is the set of feasible states. _

The blocking'probability of the:ith group B; can be defined

as:
B; = Z P(n) ' | (3.8)
NED, (N,M)
' SINMY-S(H-K; M) . .
Cl ly, B, = = i 1=1,...,M 3.
early : S u M) i=1, (3.9)

w
3.2.1.2 SHARING WITH MAXIMUM ALLOWED (MA)

In this discipline, blocking occurs due to insufficient
cépacity (the number of units of capacity engaged is greater
than N-K:) as well as when n;=N: (recall that N; is the
maximum number of users from group i allowed in the system
at ahy one time), Therefore, the blocking states for

Sharing with Maximum Allowed for the Mth group,

. ™
Mk TR
D, )={n:n=(n,,...,nM);N-KM<E; n, K, <N; :n SN,

i 1,...,M}U{ﬁ:ﬁ=(n,,...,nM);nM=NM:

- 28 - -



M-1
hz1 ny K SN-K (N +1)in; <N, i=1,...,M~1]
One could easily recognize that the blocking states
comprise that .of Complete Sharing plus the case when the
maximum number allowed for the Mth group is reached. From
(3.8) it can be shown that [1]:

g _ S(N,M)-S(N-Ku,M) S(N-Ku(Nu+1),M-1)V,u{Ny)
W ) S(N,M)

To find BEA for 1#M, relabel the indexes, re-evaluate the
matrix S(n,m) for n=1,...,N and m=l,...,M and apply (3.10)

.

Wtil a1l blocking probabilities ar€ obtained.

3.2.1.3 INTERMEDIATE SHARING (IS)

Recall from 2,2.5 that if a maximum N; is imposed on the
number of calls from each group and a number L; of calls is
guaranteed access,

i.e. Ny<{N/K;] and L;>0

we have the case of Intermediate Sharing.
A block diagram of such a system is shown in fig 3.2.

With a fixed number of capacity units K;L; reserved for
each group, (logical reservations, i.e. without specifying

which capacity unit is dedicated to which group), the total
M

reserved capacity E: K;L, forms a dedicated channel. The
L=

rest of the system capacity, N (see below) forms a "Shared

Channel™. New arrivals from any group that has used up its

(3.10)



iJ'KLLL Dedicated
Capacity
e, . EE—— |
Shared
- M Capacity
N=N-) K;L;

- 30 -




reserved capacity can go on to contend for resources in that

channel.
Defining the following:-

N 2 Number of capacity units in the shared channel

=<
1

£ Maximum number of users allowed in the shared ch;;2¥1
NJ'... =N£ +L£

o 14 |
(18

+= Number of users in the Shared Channel from group i

Since new arrivals from group i will enter into the
shared channel only when the dedicated resources of this
group are used up, so that:

if n;>L;

‘fh\, ( nL_L‘.:

o

L -

L 0 if n; <L,

The performance of the overall System can be evaluated by
merely considering the shared channel: all states with n;<L;
for all i produce a single empty state for the shared
channel [§=(0,....,0)] and the ith group has any influence
on the other groups only when §¢+Lizni>L;; consequently
blocking of new arrivals is possible only if'ni?LL. Using

the same approach as in 3.2.1, letting

S(N,M)= 3" “TT Wdm,; ) (3.11)
Rea@mi!
where Y Vi) if W0 (3.12)
V(= ¢ _ . .
V(R +L) dE f >0 i=1,...,M
and h(ﬁ,M)={ﬁ:§=(ﬁ, ,...HM):'Sf Ki?fis’l:f:
A=
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(<Re, i=1,...,M) (3.13)

A ~
S{N,M)= ) 1T Va(n-)'V'(nn)
NeAlrm Izl
A o ﬁEAt‘M)j?L
VL‘(HL)=V‘:(H£_+L‘:) for i=l,...,M
So that the blocking probability for sharing with minimum

allocated:

i 8 (N )-8 (Nok; )
B. = ~r
L S(N,m)

(3.14)

If the policy of Intermediate Sharing is used, then

A ~ A ~ A~ ~ ~ ~
B'S - SM(NLM_)_:'EM(N'KM'M)"*S(N“K.N\(Nm+1) yM$1) e Viu(Nu)
i _ §(N.M) (3.15)

3.2,2  RECURSIVE EVALUATION OF S(N,M)

t
In the previous section, explicit expressions for finding

the performance of a DAMA system are given 1in terms of
S{n,m), the normalization constant of a system with n number

of capacity units and m groups of users.

The following expression gives a recursive formula that
allows fast computation of that constant. The proof 1is

detailed in Appendix A,

by.in) .
S{n,m)= ) S(n-K, ,m-1)V, (h) N (3.16)
h=0 *
where bm(n)=min [Tdm)[ E ]J
- m
n
~and v, (h)= Fn
hi 3 -



Recall that S{n,m) 1is the reciprocal of the system's
empty state probability, the following 1initial conditions
hold:- -

${(n,0)=1 n=0,...,N
S(0,m}=1 m

l1,...,M

This algorithm gives the blocking probability of every
group in only MxN? operations- fast when compared with the
straightforward application of equation 3.1, which requires
roughly NM operations. However, when compared with the
one-dimensional algorithm of section 3.1, it 1is inferior.
Unfortunately, this one-dimensional algorithm is only

applicable to a Complete Sharing system (see section 3.1).

Some overflow proglems may occur when N is large.

P

(recall that Vm(N)='ET

). To address this problem, an

appropriate scaling factor, eﬁ“is required, so that:

) b\m(h) “P
S(n,m)= , € s(n-K,,,m-1)}V,(h) (3.17)
h

=0

With b.(n) and Vv, (b) defined as before

bm(n)=min[Nm,_—-‘_]._}] ,Vm(h)'-' —i‘?i

'-Kﬂ'\ w,

.
R . \‘
Substituting all S with S' in equations 3.9, 3.10 and all
5 with §' in equations 3,14 and 73.15, the blocking

probabilities can be determined.
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For a system with N units of capacity and M user groups,
the computational requirement involves constructing an NXM
matrix, starting wiQP the initial condition S(0,m) equal to
1l for m=l,...,ﬁ, filling in the matrix column by column,
with the last entry being the normalization constant of that

system's state probabilities, From this matrix, the

system's various performance parameters can be obtained

- without resorting to the state probabilities.

3.3 NUMERICAL EXAMPLES

As an example, a system with a maximum of 50 capacity
units (N=50) shared by 5 classes of users (M=5)  was
considered. The traffic intensities of the 5§ diffefent user
classes were_arbit}ary chosen at l.5ﬁ:3ﬂ:65:12p;;5ﬁ where 3

is a constant,

3.3.1 COMPLE&E SHARING

¢ - .

In figure 3.3a and 3.3b, the case of Compléte Sharing was
assumed. Fig 3.3a shows the blocking probability
degradation if N was reduced from the full capacity of S0
units. Four cases of 3 were considered 3=0.9, 1.0, 1.1 and
1.2, In a system design problem where the maximum
acceptable blocking probability is specified, a similar

figure can be used to determine the minimum number of

capacity units required in order to meet the constraint in
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blocking probability. Fig 3.3b shows the blocking
probabilities if the system's incoming traffic changes but

keeping their ratio the same as above.. (Blocking

-pfobabilities\Vsﬁ)

3.3.2  SHARING WITH MAXIMUM ALLOWED

In figures 3.4a to 3.4e, the discipline of Sharing with
Maximum Allowed was assumed, and traffic intensity, ﬁ =1 was
used. For the ith class wusers, a constraint of maximum
number qf users from that class, N;, was imposed while all
other wuser classe; did not have‘that ‘constraint., The
blocking probabilities were plotted as a function of N;.
Clearly, a trade-off exists here such that if a user class

can tolerate a higher blocking probability, a conétraint,

Ni» can be imposed so*that other classes can be favoured.

The CPU time consumed in collecting data for fig 3.3 and
3.4 was small, (tenths of a second usin an AMDAHL 470/v78
main frame computer), thanks to the ¥f¥ficient algorithm

shown in section 3.2.

3.3.3 PRE-EMPTIVE PRIORITY

Fig 3.5 shows the blocking probabilities for various
traffic intensities (blocking probabilities Vs 3) when the
pre—emptivg_?riority strategy was adopted. N was chosen to

¥

be 50, The order'of priority was assigned arbitrarily and
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indica;ed on the figure. (In a real life design problem, the
order of priority should be chosen so that ‘the ‘performance
specifications are met) 1In this example, results show that
the class_ that enjoys the highest prioriéy has a blocking
probability of <10-6-at the exﬁense of other wusers as
expected. it was also shown that the performance was very
sensitive to the value of N. Partial results are shown here
in the cases of N=45, 47 and 49 (For graphical simplicity,
only the blocking probability of the 2nd priority class was
plotted here). The result of the complete sharing case for

N=50 was superimposed on the graph, indicating possible

tradg off,

e
o

ipue to the lack of an efficient algorithm, the computing -
time\\?rows rapidly with N (for N=50, CPU time was 7.5
minutes). This is the area where more research is needed to
bé:agﬁé in order to make wuse of the analytical results in

‘practical problems.,
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Fig 3.3b Complete Sharing
Blocking probability{Vs'B

i
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BP

oL . . . .
0.0 Fig 3.4a Sharing with Maximum Allowed -
Blocking Probability Vs N,
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from class of i=1)
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- Fig 3.4b Sharing with Maximum Allowed
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Fig 3.4c Sharing with Maximum Allowed
Blocking Probability Vs N3
4 {(Maximum no. of calls allowed
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Fig 3.4e Sharing with Maximum Allowed -.
Blocking Probability Vs Ng
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3.3.4 SYSTEM UTILIZATION

From the point of view of the system owner, wutilization
is the main factor in a design problem,. Fig 3.6 compares
the system wutilization for the cases of Complete Sharing,
Sharing with Maximum Allowed (for Ng=25) and Complete
Partitioning. In Complete Partitioning, the system was
divided into 5 subsystems, the capacity ratio of these
systems was made to be the same as that of the traffic
intensities while keeping the sum of capacity N to be 50.
Obviously, this strategy gives a poorer utilization compared
with that of the Complete Sharing and Sharing with Maximum

Allowed desciplines.



~

System
Utilization

~

Fig 3.6 System Utilizatiaon Vs 3
0t Py
=1.57§:§0ﬁ’:é§:fz"}5=153

0085 -+ N=50
For a Complete Partitioning System
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L1 2 - "
¥ " 3 - 8 e
" L" - 16 "
(1] 5 - 20 [1]
0.80 1 ‘The total capacity ----—-ceao__ 50 units
CS —
0.75

~—CP (for N;, see above)
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Chapter 1V
SYSTEM OPTIMIZATION

In the two preceeding chapters, a Demand Assignment
Multiple Access (DAMA) system was considered. Various
sharing policies that possess ‘the coordinate convex
property, leadiné to the well known product form solution
(3.1) were described. In addition, explicit analytical
expressions, as well as efficient algorithms for evaluating

the DAMA system performance, were presented.

In a system design problem, however, the question posed
to the designer 1is : given a DAMA system with N units of
‘capacity to be shared by M groups of users, how should the
resources be shared in order to fulfill a set of
-optimization criteria? These criteria can be the
maximizations of throughput, utilization or minimization of
blocking probability. Moreover, in order to represent the
relative importance of different user groups, weighting
factors can be introduced so that optimization can be done
with fespect to weighted blocking, weighted utilization or
weighted throughput. An example is that the system owner

charges different user groups according to different fee

schedules,
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This chapter deals with the optimization of a gqiven
practical system : The choice of a sharing policy is
discussed in section 4.1; determination of the optimal set
of parameters in that chosen policy is discussed in section

4.2 . Finally, " numerical examples are given 1in section

4.3

4.1 OPTIMAL POLICY

—

N

For a DAMA system using any one of the six sharing
policies described in Chapter 2, the steady-state
probability P; has the product~form solution, (3.1) which is

repeated here : T
P(n)=P(0Y?ﬂ;VL(ni) ,NEA (4.1)
L—-

where ﬁ=(n,,...,nM)
n,#number of ith group users in the system,

P(ﬁ)éSteady state probability

//'-,.
L] ﬂ"_
Voing)= n:l for an Erlang Modei\
Riy oM
or Viln; )= (HL/FL for an Engset Model
F&‘)V/UL

Abset of feasible states, depending on the system
and policy used.
Using any'one of the recursive algorithms presented in the

previous chapter, a system's performance can be determined.
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There are various measures of performance for each policy.

The commonly used ones are throughput, utilization and
blocking.

»

1. Weighted Blocking

The blocking probability of the ith group users is
B; ; their weighted sum can be used to find the

blocking in the system

TN v ‘ '

- i.e\ 2; B, W, .
The weighting faétor, W, serves to emphasize the
blocking of each type differently. To optimize the
system with respect to weighted blocking, the above
sum should be minimized. ?

2. Weighted Throughput

Throuéﬁputs can be expressed in terms of blocking,

B.,» in the following way.
-~
cr = A(1-B; )

The system weighted throughput is

M M
Y OW.T, = ;Xﬁzwt.(l-a,;)

L=l

To maximize the system weighted throughput

[
corresponds to minimizing the sum E: AxWLBL
A=

3. Weighted Utilization

The mean number of users from group i, Ein;} is
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E{n; }= /34:(1"3‘:)

.The mean number of capacity units used by group i

users is
K E{n; }=K; 0, (1-B;) —

Therefore the total weighted wutilization of the

system is
|
U= —N—>:‘ WKW (1-B;)

Where N is the total number of units available in the
system. To maximize the weighted utilization, the
sum il WK, A:B; is to be minimized.

A=l .
In summary, the optimization can be done by using any one of

the following criteria:

4]
Minimize weighted blocking : minimize Y W:B;

Maximize weighted throughput : minimize Z: W-A,B-

A & A

Maximize weighted utilization: minimize 7 K¥3'WFPL
. A A

All three procedures can ‘be reduced to the m1n1m1zat1on of a

l‘Sum in the form of Z:C ¢B. where C are welghtlng factors.

The optimal policy will be dependent on the weishts L/
Also, for each set of W;'s, optimizing the throughput may
not give the optimal bdocking nor optimal wutilization.

However, it can be proved [7]) that in the case of M=2 and



M=3, the structure of the optimal policies, using any one of
the three criterié, is the same. In particular the optimal
policy is that of "Sharing with Maximum Allowed", with the
maximum number of the ith group users, N;, dependingson the
the weights:W;_and the optimization criterion. Therefore,
any optimal poliéy may be implemented by limiting the number
of each group to N;. The proofs for the two dimensional and
three dimensional case are beyond ‘the scope of this
presentation (see Ref. 7). Fig 4.1 and 4.2 show the optimal
policy for the two dimensional and three di&ensidnal cases

respectively.

L

With the policy of "Sharing with Maximum Allowed” proven
to be optimal for M=2 & 3 amongst the six sharing policies
described in chapter 2, the first task of our system design
is accomplished. What remains as the second and last task
is the numerical evaluation of the set of optimal system
parameters, i.e. the maximum number of ith group users, N;.

This is the subject of the following section.

._51_
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Fig 4.2 Optimal Policy for a Three-Dimensional System
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4.2 PATTERN SEARCH TECHNIQUE

Since the policy of'"Sharing with Maximum Allowed " is
theofétically determined to be optimal (for M=2 & 3), what
is left in a system design problem is to numerically
determine the maximum number of users from each group that
gives the best weighted performance. This is to be done
with respect to one of the optimization criteria: weighting

blocking, throughput or utilization.

As indicated in section 4.1, the MPptimization involves
minimizing a sum in the form of ,Z:CLBL- C¢ being a
weighting factor for group i. (3.10; 1shows the expression
for evaluating B; for this policy. In general, the goal is

M
to minimize the objective function f(N,,NZ,...NH)=§: CLBL
ey

(B, is function of N;'s) and determine the corresponding set

(Nf 'szoun'NM)o

The pattern search technique [8) was chosen for this task
for the follqying reasons:
(a) It is‘well adapted to a computer since our task tends to
use repeated identical arithmetic operations.
{(b) It is logicaly simple - which simplifies computer
programming.
(c) It permits integral increments to be taken - suitable

for this problem since all N/'s must be non-negative

integers,



ch is a direct search routine for minimizing
£(N; ,N;,...,Ny). _The arguments N; are varied one
by one wuntil the minimum of f is obtained. The pattern

search routine determines the sequence of values for N;'s.

\

\An independent routine computes the functional values of f.

The successive values of N.'s can be interpréteq as
points in a M-dimensional space.’ The procedure of going
from a given point to the following point is called a move.
A move is termed a.success if the wvalue of f¢ decreases,
otherwise, it 1is a failure. The pattern search routine
makes two types of moveé. " The first type 1is exploratory
moves designed to acquire knowledge concerning the behaviour
of the function f. At each move only*’ the value of a single
coordinate is changed. The second. type of move is pattern
moves, designed to utilize the information acquired in the
exploratory moves. The point from which a pattern move is

made is designated-a base point.

To begin the pattern search procedure, an arbitrary point
is chosen at which f is evaluated, This 1is called the
initial base point, Bo. . Exploratory moves are then
conducted. A single coofain;te of the point is varied,
either increasing or decreasing . the coordinate 'by a
prescribed step size,. to see whether qwsuccessful move can

)

be made. 1f a success is obtained, the altered value of the

coordinate is retained; otherwise, the original wvalue is



\

restored. Such exploratory moves are made for each
coordinate, and the final point reacfea becomes a new base
point B,. The first pattern move 1is then carried out by
dupllcatlng the combined moves fkom the previous base point.

That is, "all coordinates are changed by an amount equal to
the difference between the present base point and‘v\he
previous base point (i;e. from Bo to B,;)}. The intuitive
basis for this type of move is the presumption that whatever
constituted a successful set of- moves in the paso is likely
again to prove successful. That leads to P,. From P,
exploratory moves are then conducted in an aitempt to

further: 1mprove the results. /

Iflthé pattern move fails, that is, if no new base points

can be found, the 'simplest way -of continuing the search

would be to begin over again from the most recentdy obtained
base po1nt with a series of exploratory moves, and thus

L4

establish a new pattern.

The method for terminating the search ‘is also to be
addressed. - For any given step‘:size, the search procedure
will ;eaEh an ?mpasse when - thé pattern move having failed
to determine a new base point - all the exploratory moves
from the base point failed. To further continue the search
» 1t 1is necessary to reduce the prescribed step -size and

repeat ékplorafory‘ moves, The search is, then terminated

when a prescribed number of step size reductions is reacha?.-
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In the pattern search procedure, the major reduction in f (,
is produced by the pattern move. Some reduction is made by

the exploratory moves, but their primary function is to

. :
supply information for the improvement of the pattern move.

’

Pattern search has been proved to Be particularly
successful in the search of the {NL} set - here the-pfoblem
is to locate minima on hypersurfaces which contai; "sharp
surfaces". An exact description of a pattern search routine
is given in Appendix B. il

.

4.3 NUMERICAL EXAMPLES

In order to illustrate how the pfeqeeding coﬁcepts are
applied go a practical system design problem, two'examples
are considered. Fochini and Gopinath proved (7] that for a
system with up to 3 usery groups contending for the
resources, the policy of "Sharing with Maximum Allowed"
gives the optimal results if any one of the three
performance criteria, namely, weighted Biocking, weighted
throughput or weight wutilization is used as optimization
goal, These two researchers then conjectpred, without

proof, that this is also true for any arbitrary dimensions.

In the examples here, a four-dimensional system 1is
considered. (The optimization package developed here can
- handle systems of any dimehsion, limited by, obviously, the

available computing time, since the amount of computation

S C 56 -
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-~ involved is proportiocnal to the system dimension, M)

. In

each case, the input parameters are as follows:

Her

N= number of .capacity units available

Mé number of user groups

K; 2 nymber of capacity units required to serve each
ith user

O 4 traffic intensity of the ith group user y

w; 2weight factor of the jth group user

The procedure is as. follows:-

1.
2.

LY

input system parameters

input initial guess for the maximum number of the ith
group users allowed (N, ,...,Ny)

using (3.16) to construct'an NXM matrix S(n,m) so
that n=0,...,N, m=0,..,,M (recall that S(N,M) 1is the
inverse of P(ﬁ), the probability that the system is
empty) ) = |
from (3.10), elaluate the wvalues o{/ﬂ;he objective

function

. Y ]
- use pattern search ‘to determine the direction of

search for minimization of the objective function,
That involves changing one of the coordinates in the
vector (N,,...,Ny) and repeat steps 3~and 4 until it
is satisfied that the minimum has been found., The
termination of this search is described in detail in

section 4.2,

y
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‘The-outpuL¢§f step (5) is then a vector of "optimal® N:'s
and the corresponding system weighted blocking, weiéhtea’

. L
Shroughput or weighted utilization.

-

Note that since the pattern search technique does not
guarantee that ;BF solution is the absol&gg, minimum, the
search should be repeated several times, eiCh time starting
with a different initial guess. If the results are simiiar
(depending on the tolerance required, a study on the
sensitivity of the objective function f was conducteg and is
presented at the end of this chaper), one can be reasonably

confident that the outcome is the required solution.

Appendix C describes step (1) through (5) in a flow chart

form.

~OPTIMIZATION RESULTS P -
Ve

numerical examples are considered here, both are

four-dimensiapal (M=4) with N=200. The first one has
balanced_traé ic. By balanced traffic, we refer to the fact
that the proddcts Kips for‘a%},i_are identicai. The second
one has fion-balanced traffic, i.e. KiP. are not equal for

.all 77

-

For each of the two examples, the optimal vector
(N,,...,N+) and the corresponding system performance is
determined. (with respect to each of the three criteria).

The results are summerized below:-
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Example 1:- N=200, M=4

i 1 2 3 4
K, 40 20 8 4
1.0 2.0 5.0 10.0
W, 0.1 0.2 0.3 0.5
[ i
Output
Criterion £ N, N, Ny | Ng
Weighted blocking 0.084 2 9 19 | 31
Weighted throughput [ 0.201 1 4 21 | 49
Weighted Utilization | 4.930 2 8 18 30

f 2 objective function
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It is clear from the results that optimizing the system

.

L;n term of weighted blockiﬁg does not give optimai results

s far as weighted throughput or weibhted utiliization is

concerned. To optimize weighted blocking, the {N;} vector

should be (2,9,19,31) while if optimizing fhe weighted
throughput is desired, the {N;} vector
(1,4,21,49).

Example 2:~ M=4, N=200

Input >

1 1 2 3, 4

K; W_g 40 16 16 4

Fk 0.1 1.0 5 | : 10
W, 0.9 0.05 0.01 0.04

_60._
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Output

L
Criterion £ N, NZ N5 N4
i . _
Weighted blocking 0.0107 | 4 6 1 24
\ .
Weighted throughput 0.022 4 9 5 40
Weighted utilization | 31.5 | & J 11| 4 27
f 4 objective §unction . nad
RN

Again, the same observation made in example 1 applies
here. Therefore, in a practical design problem, when more
than one criterion is deemed to be significant, a compromise

is required. Judgement of this nature can only be passed on

a per system basis,

-

Obviously, cross comparisons between e.g. 1 and 2 should
not be made since they are two entirely different systems.
As for computational efforts, for these particular examples,
the package developed for this work used approximately 60
iterations for each optimization. In terms of CPU time, it
required about 10 seconds for each optimization. The

requirement ingreases with M and N,

__61 -

/

/

\



4.3.2 SENSITIVITY STUDIES RESULTS

To conclude this numerical exercise, one guestion remains
to be answered: how much tolerance in the resultant optimal
Ni's do we need? This is an important question to ask since
it determines how long the pattern  search should be

continued before a solution is declared acceptable.

Sensitivity studies of this type were conducted on both
of the exahples here based on two parameters; namely the
objective functioﬁ f with respect to the N; and the
objective function with respect to e

1. At each of the optimal points [N;], find the required

change in each of the coordinates in order to
produce, say, a 5% change in the objective function.'
€.g. take the weighted blocking case in example 1,
the optimal ([N;] is (2,9,19,31). To determine how
sensitive f is to Ny, Ny is varied from’31 until f is
increased by 5%. It was found that N4 can be changed
by as much as 45% before the 6bjective function
increaseg by 5%. This is repeated for all i's. The

results are summarized below.

_62_



Example 1l:- Balanced Traffic
!LLN;Qrequired percentage change in N; to give 5%

change in f

Criterion AN, ANZ AN3 AN4_

Weighted blocking 50% -} 56% 47% 45%

Weighted throughput 100% 25% 48% 60%

Weighted utilization| 50% 75% 67% 47%

o — .

The results show that the allowed changes in N; in
thig barticular example range from " 25 to 100% before
the objective function 1increases by 5%. The
indication here is that f is not very sensitive to
[N;]. Therefore, no significant advantage is gained
'by allowing the pattern search procedure to proceed
too long once little improvement is.observed in f,
i.e., instead of using 60 iterations (as indicated in
section 4.3.1) the search could have been terminated
earlier without much degradation in the final
results. This is significant when a large system is

under consideration.
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A similar observation can be made on the example 2

as indicated by the following results:-

S

Example 2:- Unbalanced Traffic .
Criterion AN, | AN, | ANy |AN,
Weighted blocking 25% 33% 100% | 33%

Weighted throughput 50% [ 67% | 20% | 53%

Weighted utilization 75% | 97% 75% 63%

_“\\
The same procedure as that in 1 is repeated but
instead of changing N;, the traffic intensity A, is
changed so that at the optimal point [N:], the change
in each of the Fu.required';n‘order to increase the f
by 5% is.determined. Again, the choice of 5% is
arbitgary. In most systems, the traffic pattern is
assumed to be known. This'study shows how sensitive
the system is in case of wvariation of this

.information.
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Exémple 1:- Balanced Trafficd

Ap‘;érequi}'ea pe'rc'ent?ge changes in 'p; to\ give a 5% .

o " change in £ o TS , i
- -J‘ : e e - . R .
Criterion _ AP | AR, | AP 1 AP4'
- . ; |
{Weighted blocking 8% | 6% 6% 6% )

r \\,’/
9% | 4% | 4% | 4% |

| Weighted throughput

Weighted utilizatithZQ% 40% | 20% | 12%

[ —

Example 2:- - Unbalanced Traffic
AP,: gg‘et:;t.xired percentage change in rO;_ to g{ve a 5%

change in f

Criterion - A/J, A/O;_ Aps A

Weighted blocking 10% 10% 40% | 5%

Weighted throughput 10% | 10% | 2% 5%

Weighted utilization | 10% 30% | 94% | 20%

¢

The results indicated that the allowed change in

PL'S is again of relatively large amount althrough it
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. N :
is not as much as that of N;'s. -~ One can ¢tonclude

-that the systems under consideration in these two
examples are considefably more sensitive to ﬁ&'thap
N ~ However, there is no in?icatipn that & general
conclusion of this nature can be made on all ﬁAMA

system using the policy of 'sharing with Maximum
. L
Allowed.
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"Chapter V
~. CONCLUSIONS

A démand assignment mu;tiple access system (DAMA) with a
pool of resources shared by several wuser groups was
considered here. Sharing policies of such resources that
are simple to implement and requiré no detailed measurement
of arriving traffic (i.e. accuracy of statisti€al parameters.
such as P is not important) are of conékderable practical
interest. éix of these policies, namely, Complete Sharing,
Complete Partitioning, Sharing with Maximum Allowed, Sharing
with Minimum Alchated, Intermediate Sharing and Preemptive
Priority Sharing were studied in detail. All of these
policies possess the property of coordinate convexity,
giving rise to the well known product form solution for the

steady-state probabilities.

To allow use. of these theoretical results in systems of
realistic size, efficient algorithms were presented. From
that, commonly considered system . performance measures can
be determined with a reasonable amount of effort., Moreover,
the contribution of the two-dimensional algorithm was shown
to be more sigﬁificant when it was adapted in system

designs, .
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In a system design problem, the designer is required to
choose a sharing policy and then find the optimal system
parameters numerically. For such optimization, three of the
commonly .used criteria, namely, weighted blocking, weighted;
throughput and weighfed utilization were considered.
Theoretical results have been presented in the literature
indicating that, for two and three dimensional systems, the
optimal policy for any—of-the three criteria 1is that 'of
Sharing with Maximum Allowed. For the determination of the'
maximum number of users allowed, .the pattern SQarchr
technique was presented. By adopting the pattern search
procedure, in conjunction with the two dimensional recursive
.algorithm, an optimization computer package was developed.
Using this package, the optimal results of any such DAMA’

system of any dimension can be obtained.

Finally, two numericg} examples were given. In each
case, the optimization wés repeated for each of the three
criteria discussed. Sensitivity studies were also carried
out to determine how sensitive the objective function were
with respect to both the variation of N; from its optimal

Zvalue and to the variation of’f&. It was concluded that for

these two examples they are quite insensitive,

It is hoped that these results will be useful to the
designers of DAMA Satellite Systems, such as the Canadian

Mobile Satellite {(MSAT).

A
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APPENPIX Am'- RECURSIVE EVALUATION OF S(N,M)

We remember that

M
S(N,M) = 3 T V;(n;) . (1)
and . Am~=l
7 A={nin (n,,..,n); ZKﬂ_nb<N and n; < N;, i=1,..,M} (2)

The following quantity has 'to be deflned: _
o G(n,m)= Z ‘ﬂ'v (ng) - (3)

where :

i A'—{nln (n|’oo|nM) ZK 1’1 =N a.nd n <N} (L})

1

Slnce A= Uho A' and the A' sets are d13301nt the following hblds

Stnam)= . 6(1,m) ' (5)
It is ea31ly shown tha‘t:!'u
G(n,m)=. lné(n-l(mh,m-l)'vm(h) ‘ (6)
with e
bu(m)=min (N[ ]) o (7).
i ,In order to sho; (6) we define | o
Qulz)= Zv (nz" : | (8)
and o = ' .
- | Gn(2)=]TQ1(2"" ) ‘ (9)
In a way similar to (9) it is n?f difficult to see that

.

;o 25 Gn(2) (10}

z=0

(1) Quoted from [1].'Paéa‘1754. §

t
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that is, G(n,m) is the coefficient of the term z" in Gm(2);
in fact, all the factors such that Z.ni-K;=n{and n;< N;)
coniribute to'this term. The G,(z) Ts fthe z-transform-of.
the sequence G(n,m). Analytically, '

Gm(z)=§ G(n,m)2" - (11)

- N=o .
, Note that G(n,m)=0 if n>§N£K‘,-_. From (9), the following
equation holds: L= .

Gn(2)=Gp (2)QAm(2¥™) ' (12)

Performing the inverse z-transform of (12), (6) is obtained.
Now, we show that S(n,m) satisfies a recursive relation
similar to (6). From (5) and (6)
: ™ n o bm{l) *
S(nym) =3 5 G(1-Kph, m-1)V(h) (13)
=0 h=o
Taking into account that

G(1, m-1)=0 if 1<0 ‘ (14).
we have ’
n bm(") .
S(n,m)= ) 3 G(1-K,h,m=1)V,y(h) (15)
l*¢ n=o

Now the exchange of the summation indexes is possible.

Then letting r=1-K,, and remimgering (14)
N-Km

- b _
S{n,m) = Sfﬂ< Z:G(r.m-l)) Vim(h) . (16)
’ =0 r=0 ;
Finally from (5) bim
S(n,m) = ) S(n-Knhym=1)Ves(h) N EYS

The above equation is the recursive formula that allows
a fast computation of the normalization constant S(N,M).

LY
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The intermediate results S(n;m)(n<N, -mcM) are the . -~- . .
normalization constants of reduced systems with only n ECU's
and m groups. For a numerical evaluation of (12), S5(n,0)
and S{o,m) must be specified. :

Remembering the physical meaning of such values, the
following initial conditions hold:

S(n,0)=1 n=0,..,N (18)
S(0,m)=1 'Jm=1,...m
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APPENDIX C - OPTIMIZATION PROCEDURE

START

INPUT
SYSTEM PARAMETERS

i

INPUT )
GUESS (N, ,..,Ny)

L

RECURSIVELY

" DETERMINE S(n,m)

X

EVALUATE f

PATTERN SEARCH,
SEE APPENDIX B
FOR DETAILS

w
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'APPENDIX D - COMPUTER PROGRAM
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(1) | Optimization of DAMA Systems
Sharing Policy : Sharing with Maximum Allowed
Criterion : Minimize Weighted Blocking

-~ ey W /

DIMENSION bl1C}.b(1[),Kk(1C),hl}l1C).bI:((10),}11(10),L)((1C), N
V300, M0), hERLTL),S{3C0,2),ith(10),4{13)
TINTEGE & Bt by Gt bl Y bPIFD ,F IV BRLVZ, HELIVE, LR, EECF, P b

INEUT SYSIEM VARPAFETEFRS

ao0nn

FEAD ,{3,10) 4, At
“WRITE (6;10)MK, LN
10 FOFNRT(219)
PERD (3,11){&("),F=1,%")
nRITE (6,11)(K{r),¥=1,-»r)
11 FOSMAT(1015)
FEAD (3492)(u(t),r
: “HITE {0,712)(C(L),
12 FORMBRT(1GET2)
- READ (3,12)(w(t),r=1,+=)
WRITE(t, 12} (w(¥),>=1,}v)
. FEACD{3,14}(NX ("), =1,F5)
- wBHITE (6,96 )(MX(¥%),%=1,v")
FEAD( 3,14} (NXE(F),*=1, ) .
sRITE (6,78 )(Nxec(n),*=1,¢) !
ju FChR%AT{1015)
ReAD(3,13)HBALY ,FALNZ ,F+CI
RITE (6,13)HAL},ERIPMZ, 08 0P

1,0)

t=1,~t)

13 FOMPRAT(3IS)
1T=0
HALV3=( .
CALL OBJ(&F,Nh,h,L,i.hx,IT,le,F)
FO=F , . ,
121 DD 1020 »=1,4» .
, NYP(4)=0 4. :
NIbO{P)=N)b(H)
KXO({F)=NN/E(N) .
1020 CONTIMNUZ
Be0=0
pPM=0
BE=( .
106  HALVI=(
C ¢
c STOF AL IF FALY IS EXCEELEL
C
105 IF(EARVI.GT.dBlr) GCIC 1C7
BPOZEE(+T

IF(FEC.GTFEOR)GCIO 120
- 75 -



L1

C
C LIOCATF IWNITIAL tASE FCINT
C .
IN=0
BPO=RF(+1
c ARITE(w,3C)
30 FORHAT(/It:attnwntitt##ntin4tt:n;-tt#alatt»tntt:#ai-»u)
c 4RITE (6,10)BE0 ,
18 FORMAT('*2%+ HE( = ¢,15) i
. ‘D) 10271 #=3,%k Co. - . ..
C wWRITE(¢t,20)¥
20 FORMAT(1C 't = *,I5/)

IF(MYE(M)aKCLC)CCIC 1C9
NL(A)=MX (M) XE(>)
IF{MY(r)JLFLC)GCIC 117 !
CALL CRLI(MM, NN} G eP bX, TT, b¥N F}
IP(FOL.GELL)FO=F
IF(FEQ. bE.?)hX}ltl'hXL(%)*lel“)
IF(FOLGELF )}CCIC 1021

117 NX(“)=hX(k)+2+02B(N)
IF{(MY(E).GT.NYL(™))GCTO 1CE
CALL CBI(MF NN, 6,0, MY, 11,08, F)
IF{FO.GF.F)FC=F o
IF{FOWGEF)MXE(E ) =nXE(2)=F3E(}F)
IF{FO.GF.F)GOT0 1021

103 NX(P)=NI(F)=-NYXE(N)

109 IN=IN+1

1027 CONTINUE

C .

c IF TNITIAL EASE FCINT IS ROLAI ,VEQCHFEL » 195 FATTERN M(CVE

c .
IF{IN.1IT.EE) GCI10 10C

C .

C FLSF FEDUCE STkF SIZ2F A*D TRY ERGRLN

C

DJ 1025 M=1,K¥ % \
, NXB(F)=RYE(PM)/2
1025 CONTINUE
HALVI=EALV1¢1
GOTO 105

c
C RECORI CURKENT ©#
C
100 DO 1029 k=1,mk

NBP(M)=NX(F)
1023 CONTINUE

c ‘
C PROCEFL #11H FRITERA MCVE
C -
"PMN=PN+1
C WRITE (6,%6)FPN
16 FORMAT(SY,"42%2 M = ' 15/)
INDE =0 o
DO 1072 F=1,Mh
NE(E)ehT{F)=nXF{)
IF({NX(M).CT. MAO(*))eCFe(M¥(*)o1Fo0})INDEE
1022 CONTINUE —
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1032

116

1033

110
111
1023

WRITE(6,29)(N3{t),x=1,5")
FOEMAT(SI5) '

RESET STEF SIZE TG INITIAI VAIUE

DO 1027 M=1,up .
KXB(%)=NXEC(M} \ *
CONTINUE

rd

IF I™ FPOVED MX LUT OF ROUNT, TISCAFRL ;v
IF(INDE.FQL1)GL10 11¢
ELSE LCCATEF MEV i}

Bp=0

HALY2=(

IND=0

BP=FF+

WEI1E(E, 1Y) F}

FORMAT (10X,%*22y 5p = 1,15/)

DO 103 »=1,4»

WRIIE(€,2)N

FOFMAT(101,' = v,15,)
IF(NXB(M)a}Cel)CUTO 111
NX(M)=NX{%)=-NXE(#)
IF(MNI(¥)1F.0)GLIC 1t

INDEX=(

DO 1032 1= 1, rr
IF(hX(I).EL.hbk(I))Ihrzi IMIEN4
CONTINUE

IF{INDEY. Ec.rr)bC10 My

CALL GEI{™¥ NN, E,0,%,MNX,IT,EM,F)
IF(FO.GESF)FQ=¢
IF(FOCGEF)MIE(L)=NXE(MIINNE(N)
IF{FO.QE.F)GCTC 1023
NY(M)=sNYX(F)4290X0 (M)
IF(NX(X)eGTMICG(Y))CECTIO 110

INDEX=(
DO 1035 1=1,Kt .

IF(NY(I)eECNBE(I))IMNLEY=INLE) 41
CONTINUE .

IF{INDEY L . ¥M}sUTO 110

CALL CEJ(RM, DM, 8, 0w NX,TT, 1M, F)
IF{FO.GELF)FG=F
IF(EQ0GEE}AXE()=NXE (4)=~NXE(F)
IF(I’O GI‘.UF)GC']C 1G23 ¥
NE(#)aWE (P )-RXE(N)

IND=IKD+

CINTIKNUE

L

IF MEW BF IS FCUMD, PHCCEEI W1TFH PAITERMN POVE
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IP(IMNDLLT.ER)GCIO 1CU

ELSE REDUCY.S1EF SIZE AMD TRY FGAIN

OO0 n0n

BALV2=HALV241
IP(BALV2.GT.HALN2)GCIC 104 ..
: DO 1024 k=1, Mt ‘
NXB({4)=NXb(t)/2 :
9024  CONTINUE
GOTO 1(3

>

IF MV B3P 1S M1 FOUMND RFTEE tTeEb Si1Zb Y& F2LUCEL FEFRETEELY,
CDISCAWL LAST pRI1THEA PCYE, REEOQCRe INITIRL STEER C17% 3% (I
- KETUKMN TC EFEVICUS EF

200000

04 DO 1020 »=17,rk
NYB{K)=NXEC(4)

1023  CONTIMNUE ’

"116 DO 1026 M=1,%}

~
NX(NM)=MX(E)eNXE(K)
NXP(M)=0
1026 CONTIMNUE
C
c RE INITIATE PaTleln SEAKCH
c
: 30T0 106
C
C FE INITIATE EATIEEN SEsrCE »I1R FrDUCHL STER STZE |
o : ,
120 HALV3=KALV3+9

IF(FALV3GTEALF)GOTIC 107
D) 1035 x=1,kr
TNXB(Y)=NXE(R) /2
1035 CONTINUE
GOTO 121

RECORD OPTINIZETICON FESULT

non

107  wRITE (6,15) 7
15 FOREAT (//5X ¥ onavannd LATTFEN SEarCH ENLS *iarasanty)
CALL- OEJ(FM KM,k G, % MY, IT,k0N,F)
WRITE(6, ?2)11
32 FORMAT{'NO. OF ITEFATIOKS = -,15/)
DO 1034 M=1,K¥
WRITE(6,33)F,kbb(r),PV, NY (P ), bonxE(n)
33 FORMAT(5X,YEMN(',12, ')=',fv.6 SX,tM{,1%,%)=1,15,
+7X,'h!E(',12,')~_,15) -
© 1038 CINTINUE
WRITE(6,34)F

34 FORFAT (/SX, /OthLTIVE FUNCTICN = ¥ ,fr8.3/)
STOP -
END . !
- 78 -
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1042
1081
1080

1001

!"#*‘1##‘##‘*‘1"&1!‘1‘!‘1‘!!t‘!!&!!!-‘i!‘Q#*ﬁ#ti'»".l#‘

SUBFOLTINE TO LETERMIME VYAIUE CF OBIJECTIVE FUNCTIICH

#t#it#a##t#‘#t:n#itnitrttiivl-qabasta-itaﬁaintttttiaﬁintt

L)

DIMENSION K(1G) e Q010D 8X {10}, A XE(10),
+V(300,10),5(300,2),FFN(10)},%(10)

_ R
SUBROUTINE CEJ(MM NN b LR MY, TT, 500

INTF JEF HeEM T rAL® , FALVY, R2LV2

IT=1T+

WRITE(6,2E)1IT

FORMAT (/'ITERATION 1,137)
HRITE(E,9 1) (NX(F), =1, H)
FORMART(4015)

FIND V(H,})

D3 104G K=MK
NI=NX(k)41
V{1,4)=1,0

DO 1081 H=2,N3
V(d,4)=1.0
N4=H-

DO 1042 I=1,N4
V(B )=V (L,r)*Q(X8)/]
CONTINUE
CONTINUE
CONTIMNUE.

]

INPUT INITIAL CUnDITICY

Ni=hN+1
DI 1006 C=1,u4
DO 1001 A=1,\1
S{%,1)=1.0
COMTINUE
MY =1
MY=g _
DO 1002 IXX=1,p8
L=C+1¥Y
1F(MaSTekb)bck-NHu
MI=KY -
FX=MY
TrFY=N]
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10

10
10

10
27

FIND S{N,M)

S{1,X¥X)=1.0/(2.718%*C(C))
D3 1605 r=2,K1
S{k,hY}=0.0
JI={N=T)/h{¥)
JI=N{{n})
En=(*IN0(I7,33))41
PO 1010 BE=1,kF -
NZ=h=(K{K)*(H=-1))
X1=S(}~?'FY)‘V(}=0P‘
: SN, *X)=8(M,r2 )43
10 CUNTIMDE

0% CONTINUE
02 , CONTIMNDE
‘FIND PICCKIMG FFOBAEILITY, 'EFMN{F) ' ’
AD=MX({C)+1
C11=M1=(K{C)*)D)
I12=M1=K(C)

FPR (S )= (SIMI Q¥R ) =S{T12,50)4 (S{T1, %Y )3V (2D,C)))/8(K1,0Y)
FO}'PAT(;CX" f"h(',]z,')=',f&-ﬁ)
HEITE [6,17)C,ten(C)

RELASBEL INILEX END REFEAT
06 COMIINUE
FIND TOTAL WEIGHETEFD EIOCKING

F=0.0 '
DO 1030 M=1,H4M
F=W{M)*PMN{PM)+}
30 CONTIMUE
WRITE(6,27)F }
FJRHAT(Y1UX,'prJECT]VP FURCIICN (B) < YyEEe3/)

RETURM
END - :
L] - « ’
e e g e _ e
“: t
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(2) Cptimization of DAMA Systems
Sharing Policy : Sharing with Maximum Allowed
Criterion : Maximize Weighted Throughput

DIMNENSION F(1C),0(1C) FX(10), MXE(10),0XEC(10), LXP(TG),PPL(10),

*V(300,10),pEr (10,5300, 2),FEN{C),%(10)

10

1

RV

14

13

121

1020

106

c___

165

INTFEGFEF H,EhR,C, PAI!,PFLP¢,FAIV1,551V2 hAlVE,LPO,b:GF,fF,FP
ENPUT SYSTEM jAFAMFYERS L )

READ {3,70)Fh, N
“RITE (6,10)kM, N

FORPAT(ZIS) .

FEAD (3,11)(K(K),¥=1,K") _ )

ARITE (6,11)(K(?),4=1,rr) .

FORMAT (1015) - C

RERD (3,12)(0(F)},*=1,K) ’ o
REITE (6,12){C(r),%=1,%») -
FORMAT(10F7.2) :

READ (3,12)(%(*),>=%,52) '

nHITF(G, T2 ){n(ry, b= 1,0F)

REZALD(3, T4)(Ma(r),r=1,01¥)

“RITE (6,14 )}(NX(%),r=1, -r) .
FEAD(3,%4)(MNXB(F),N= 1,Pr) A .
WRITE (6, 1&)(h2£(r), =1 ~r)
FOEPAT(1015)

READ( 3, T3)rALY, FALNZ ,ERCK
“RITE (b6, 1J)HALP HAlrl,ElOr
FORRAT(3I5)

IT=0

HALV3=(

CALL OEJ(FrE,NMN, hplpb NX 11 T,E%M,F)
FO=F

.DO 102C #=1,u¢

NIP{N)=)
NXO(H)=NK/K(Y)
NIBO(M)= nxt(r)
CONTIMNUE

BPO=0

FYz0
BEPaC
HALY1=¢ *

STOF A1 IF HALE IS E)CEELED
IF(BALY1.GT.HALN) gt 107 L o

BP0=BL0+1 . ' .
IF(EFO. GTILEFCM}GCT1D 170
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c . L

o LOCATF IBITIAL BASE ECIMNT .
c X _ ) :
N=0 . v -
: PO=BPL+1 T

o . WBITE(6,30)-
30 - FORHAT(/'QI-!#::»*‘*Q1#"#14!1*1‘*‘###3#&4!Q!#ttttiqatl)
C « WwRISE (6,%E)BFO
18 FORMAT(t422s ESCG = v,15) ‘.

.D0 1021 M=%, x8
c SRITP(6,20)r
20 FOFFAT(10X,'% = 1,15/)

IF{NYE(™).ELC)COT0 1G9
KX(®)=hX(*)=-NXE{n)
TF(MX(PF)alELG)GLTIC 197
CALL ORJ(MF, KM, b ,(,%,NX,1T,1,FrD, F)
IF(FOWGEWF)}O=F
IF(FOeGEWF)MNXE(N)= NXE(M)4MYE(N)
IF(EO.GE.F)GOTIC 1021

117 NA{P)=SNX(R)4Z2NXH(K)

' TE{NY(M)«GCTNYO(M)}DIGCTO 100
CALL OLJ(Er, NN, b, C,¥W,NY, 11 (T FUN,F)
IF(FO.GE.F)EO=F
IF(FOWGESF)NXE(M)=NYE(%)=AXL(F)
IF{FO.GE. P)GOID 1021

103 RL{M)=M(R)=NXB(K)

109 IN=IN+

1021 CONTINUE

c
C © IF INITIAL FASE ECINT 15 FCLPI.PFOCEED r1TE FATTFFMN MOVE
c. . . -
IF(INSLT.MB) GOTO 1GC
C ) ' . . ‘
C ELSF RFDUCF ST1FF SIZF ANI TFY #GPIM-
c :

DO 1325 H=1,Mp ' .,
NXB(M)=nNXb{M)/z

1025 ZONTINUE : : ~
HALVI=haLv 141 .

0TI 1(5S
c . ' .
c RECORD ZURFENT i
c ) ¢
100 D) 1025 k=1,u4n
NBE(¥)=NX(F) .
1029 CONTIPNUE : &
c : A
o PROCEEL WITH FAITERN KOVE s
. C F : ' S - ‘ '
. ,P¥=PE+1 . : T *
C . ARITE" (6,1b)PHN. - T '
g FoanAT(nx,'*tt‘ PR = v,157)
DO 10‘¢ LER P 1 I . - _
NX{M)=DAX(N)=nXP(N) - 4

IP((NI(M).GT, BIC(E))eCRL{MNX(V)., lr.OI)INDP 1

#1022 coNTINULE - . . _ E



FRITE(€,29)(NX(L)},%=1,0%)
9 FORNAT(S5IS5)
RESET STEP SIZE TO INITIAL VAIUE

OO0ONG

DI 1027 u=1,%8 _
NXB({M)=NXEO(K) ¥

1027 CONTINUE _ ,
C - \
Cc IF PK FOVEL NX CUT CF FCUMNL, LISCAERD EK
C
IF(IMDELEQ.T1)GCTIO 116
C
C ELSF I.CCA1Y MNEW EF
c p
BP=0
HA1V2=(.., . - : -
103 IND=0
- BP=BEP+"
Cc WRITE{€,19)EF
19 FOR%YAT(10X,%*4*% RF =:%,15/)
DO 1023 ¥=1,M¥ -
C FRITE{6,21)F
21 FORFAT(10X,"M = ',1IS5/)

IF(NXE(Y4).EQ.0)GOT0 111
NX(E)=NX(H)}=-NXB(E)
IF(F¥Y(M)aLE.0)GCTC 118
INDEX=(C _ :
DO 103z I=1,HKF
IF(NX{I)eECONBE(T))INTFY=TKLFY41

1032 CONTIKNLUE ",
IF(INDEXLF(.KEN)GCTO 118
CALL CEJ(ME, Sh, K, QL% MY, IT,T,irN,F)
IF(FO.GEF)FO=F
IF(FOGECF)MXE(E)=NXE(N)+MTb(L)
IF(FO.GEJF)GCTIC 1023

118 NX(M)=DI{X)42*NXE(Y)
IF(NX(®)«CT.NXO(%))IGCTI0 110
INDEX=G ‘
DO 1033 I=17,N¥¢
IF(NX(I)eECNBE(I))IMEX=INCEX4

1033 CONTIMNUE
IF(INDEXLEQ.HR)CCTO 110 -
CALL CBI(HE,NMR,0p» NX,IT,T1,FKM,F)
IF{FO.GE+F):0=F
IF(FOCGEF)MXP(B)=NXF(M¥)=NXE(N) .
IF(FO.GE.F)GOTC 1023

110 NX(2)=bDX(M)=NXE(N)

111 IND=IND+1

1623 -CONTINUE

c IF NE¥ BF IS FOUND, FROCEEL w1THE FATTERX PCVE
IF{IND.L1.kM)GCI0O 10C
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AS 1

’

(s Nal o

'ELSE FEDUCE STk SIZE AXKE THY AGAIM

BALV2=FALVZ+4 .

IF(HALV2.6T.HAI®2)GOTC 104

DO 1024 p=1,mp -

NIB{M)=KXBE(M)/2Z -
16248 CONTINUE '

GCOTC 103
C , .
C“‘/, IF NEW bP 1S MCT FOQUM 2F1FF STEF SIZE 1S FELUCEL REIEFRTFDLY,
c DISCARD IRST ER11ERMN POVE, F#S1GRE INITIAL" STEF £12Z: IXD
C RETUFN TO ¢FEVICUS EF .
c .

104 DO 10z6 E=1,Kp
RXB(M)=nXEO(N)

10238 CONTIMNUE

116 DO 1026 k=1,m¥
MX(E)=DMI(F)4NRE(L)

CNXP(M)=0
1026 CIONTIMLUF
C
C RE IKTI1ATE FA11EEN SEAKCE
c .
GOTC 1Cs
c .
c ,RE IMNJTYATE FAT1EEN SEARCH “WITk FEOUCED STEE SI1ZF
C o ' - 2
170 HALV3=hAIV3+1

IF(HALY3.GT.HALF)GOIC 107 ‘
DO 1035 k=1,HN
NXB{M)=KYE(M)/Z

1035 .CONTISKUE
GOTO 121

HECOKD OPTINMIZAYION FESULT

On0n

107 WRITE (6,15) :
15 FORMAT(//'®*%32282 K(C, OF STEE-SYZE-BALVINGS FACEEIEL EE RS LA
“CALL CEJ(RE NN, b, (p?, MY, 1T,T,FFN,F) .
WRITE{6,32)1IT _ .
32 FOFMAT('NCs CF 'ITERRTIIONS = ¥,15/)
DO 1034 K=1,Nr
WRITE(O,33)%,iMb(M), M, NX({F),*,NXB(N) ; _
33 FORMAT (DX, *EMM(Y,12,')=",F6.€,5X, NX(v,12,%)=1,15,
$71,NIB(",12,%}=*,15) ]
1034£§£ourlnue
» ; *RITE{t,3¢)1

35 ° FORMAT(/SX,'SYSTFM FEIGHTED TEROUGHPUT * U = ', 6,3)
WEITE(6,34)F . ’

34 FOFPMAT(/5X, OBJECTIVE FORCTION = ', E8.3/)
STOF :
END
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C
C -
c |
C !t‘ttiiti!#1#!!.a‘#tia‘ttt#ti‘i.“.ct!ttltiilQ!!‘in"t!!.
c *
c SUBFOUTINE T0 DETERMIME VRLUF OF OBJECTI1VE FUKCTIGM
C ' .
C ttttttnatii:t»t»tnta}aittwaatl1:»»14#.#:4;10nta&snitni:$t
C
SUBRQUTIME CEJ(P!,NL,F,C,F,NY,II,T,FMN,P)
c
C .
DINEKSION K(1C).O(1C),NX(10),LXE(1GQ,EI£(10).
*7(300,10),S(300,2), kXM (L), (10)
INTESEF Hp bV, CohAL 2, FRIVI ERALVZ
IT=1T+" o :
ARITE(6,20)1T
8 FOREAT(/'1TtERTION ',13/)
YRITE(E€,91)(Nx(P), =1, %K)
FORPAT(1015) . 4
FINRE V(H,x)

ONONOwnNNnN
—

DO 1040 m=1,KF

N3=KX({F)Y+1 ‘

V(1,H)=1-(4 '

DO 10417 Hz2,N3

V(H,‘!)=1.C

NG=H=1 - .
DO 108z I=1,N& . ’
V(H, )=V (H,L)}*0(x)/]

1042 COKTINLE

10471 CONTIMNUE -

1040 CONTIMNUE

C -~ . -
C INPUT INITIAL CLh[I'I]Ga._

R1=Nh¢1
DO 3006, C=1,nn
DO 1001 w=1,M1
: S5(M¥,1)2%.0
1001 CONTIMNUE
MY=1
rY=¢2
DO 1002 1xx=1,~V¥
F=C+IXX
IF(H-GTuhP )!"‘=!"PH
KI=kX
FX=MY .
LY=NI

s -



aoan

10130
1005
1002

103G

23

1031

27

FIKD S

FIND B

kD=
Ii=s
12-=

, FOF
«FITE

RELMBE
CONTIM
FINL ¥
T=0.0
D2 1013
T=d(H)

CONTIN
WRITE(

(N,2)

S(1,%1)=1. 0/(:-718**C(C))

LO 1C05 n=2, N1
£(N,bX)=C.0
JI={r=1)/K(N)
JI=nX(K)}
EE=(PINO(IT,JJ) )4
LO 1L E=1,BEN

Mz=K=(K({F)*{H=~1)) " -

YV1=2{b2,LY)*V{h,n)
S{N,FX)=S(N,*))4X1
CONTINUE
CONTINUE
COMNIINUE

LOCKINS FROLAEILITY, FEN(NK)
MO(C )4
h1-(5(g)‘h0)
A1=K{C)

F-AT(ZCI' }“N(',I?,')' ,FB b)
{(6,17)C,:t0(C)

1 INLEY RBMD REFFAT

UE

EIGHTED YEEFCUCEYUT, 1
0O 8=1,»r¥

(B} (1-FMN(F))+T

LE
€,23)1

FORMAT (/10X ,"S5YSTEM vEIGHTET lhROdGHPUT *

FIND O

F=0.0
Do 103
F=W({n)
CONTIN
WRITE({
FORMAT
RETOFN
END

FJECT1VE EUhCTICh, F

1 X=1,4%

PA(M)*PRU(M)+F

UE

6s27)F

1/1CX,"UBOECTIVF FUhCTICh =

" - 86 -
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(3) | Optimization of DAMA Systems
Sharing Policy : Sharing with Maximum Allowed
Criterion : Maximize Weighted Utilization

[

s DIMFASIOR B(1G),0(1C), Ny (TC),MXE(I10),MbBC(10),ME4(10),0X0(1C),
+¥(300,10),N(1C),NEF(10),50(30C,2),E=N(10),5(10)
INTEGEF H,F¥,C,LALM,FALF2,HALV1,HALV2,HAL1Y3,FPC,bIO>,EL,PN

c INPUT SY31Ek FRRAFETEES

FEAD (3,10)F" ,NM
¥RITE (o0,1C)NMK,MN
10 FOFMAT(215)
FEAD {(3,11)Y(K(L);L=1,PF)
ARITE (6, 11)}{K{™),H=1,¥rY)
11 FORMAT{1015)
READ (3,12)(C(F)et=%,0r)
ARITE (6,32Y{C(P),M=T,%1)
12 FORMAT(10k7.2)
FEAD {3,012 )(r(M),F=1,2)) )
WRITE{6, Ve ) (W (N}, F=1,"¥)
READ{3, T4 )(nX(F),b=1,nr) ®
FRITE (6,14 )(MX(F),F=1,¥FK)
FEAD({3, T4 )(MXE(PF),“=1,0N)
WRITE (6,14 )}(NXE(r), k=1,rF)
14 FORFAT(1015)
' READ{(3,13)HALN,BALM2,EEQY
#RITE (6,13)BALM (HAINZ ,EEQN
13 FORMAT(315)
IT=0
HALY3=(
CALL CBI(EE MM, K, C %, KX, IT,T,FNEK,AN,F)
FOc=F
121 D3 1020 kE=1,MF
NXP(¥)=0
NIO(M)=NNZE(X) -
NXBO({M)=NIE(VM)
1020 CONTINUE: | :

N BP0=0
' PN=0
BP=0
106 RALY1=C
C
C STOF A1 IF LEAIM IS RYCFERTERIT
c .
105 IFP{HAIV1.GT.HALN) 3G10 107
BPO=FF0O+1

IF{bPCGT.EEON)GOTO 120
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[

!

, '
‘]
1

. ]
LOCATE IN1TIAL EASE ECINT |

a0an

I5=0 ‘.
. BPO=BPO+1
C WRITE(6,30)
30 FDRH]T(/'i‘ttal#t.#ot:tti‘!l:Qtatt##tt!ttlnt!t!taitt!l)
C WRITE (6,18)B¥G .
18 FORMAT ("#%%% BE( =",15).3-
DO 1021 n=%,ME: .
c WRITE(b,2C)N . ) ] . v
20 FORXAT (10X,'™ = *,15/) -

IF(KXE(N).}kY.0)GLTO 109
NX(2)=Mi(M)=KXB(F) I .
IF(MI(2)} IE.O)GCTC 117 S : T
CALL GEI(EP NN R, Cob MY, TT,0,4 ), Ah F) -t
IP(FO.GE.F )FG=F .
IF(FDeGELF)MNF{Pr)= \xr(H)+b)t(r) T , o :
IF(FO.GF.F)GCTIUL 1021 . X RN N Y
117 NX(#)=NX(F)429N1R(Y) :
IF(NY(R).GTbXO0("})GCTO 108 :
CALL CEJ(EF, MM, K, L ,%,NX,IT,U, el AN, F)
IF(¥0.GEWF)FO0=F
IF(FOWGEF)NXE(F )= NXl(H)-\XE(r)
IF(FOLCELF)GCTGC 1621
108 NX(M)=NI(F)=-NXE(R)

109 IN=IN+1 . ’

1021 CONTIMNDE

E IF INITIAL EASE POINT 1S PCUhD,;ROCEbE ;IIH FATIEFN MCVE
© IF(IN.LT.K¥) GCI10 10C

g ELSE KEDUCE STEF SIZE AND TRY AGAIM

o

DO 1025 M=q,mN
N!B(H)=NXE(P)/2
1025 CANTINUE
BALVI=HALV 141
GOTC 1¢S5

RECGRD CUWRKENT bF

2100

o DO 1029 n=1,4r
NBP(M)}=HIX(})
1029 CONTINUE

C
C PROCFEL WITH FA11ERM FOVE T -
C .
FM=PN+
C - KRITE (6,16)PM
16 FORFAT{S1,"4##%2 p = 1,15/)
INDE=0

DO 1022 M=1,KM

NX(M}=NL(K)}-NXE(N) ' N
TF({NX(M)eGToRIO(M))eCRo(NX(M)aLlE.O))INLE=1T

1022 CONTIMUE
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1032

11d

1033

-

WRITE(6,29)(NX(N) K=1,8N)
FORMAT(SIS) ‘

RESET STEF S12F TC INITIAL VAIUE

DO 1027 K=1,mN

NIB{E)=NXEC(M) .

CONTIMNQE o '

IF FE MPOVEL NY CUT CEF bOUMD, DISCARD M

~~—IF(INDECE(C.1)GC10 116

ELSE LCCATE NEW EP

BP=0

HALV2=( ' _

IND=0 - % .
BP=BP+1 : .
“RITE(6,19)bP .

"FORMAT({10X,'**»23 Fp = v ,15/)

DO 1023 e=1,rr -
PRITE{6,21)A

"FOKEAT(10X,'8 = 9,15/)

IF{NXE(M).EQ.U)GCTO 11
NX(E)=MX{M)=-RXE(M)
IF{NX({E).LF.C)GOTO 118

INDEX=¢

DO 1032 I=1,MF
IF{NX{I1)eECaKEE(I))IMEX=INDEY+1

CONTINUE : -
IF(INth.tg.n;TEEEQ 118

CALL GEI(FB, AN K, 0, h o8 X, 1T, U, EFN AN, F)
1F(FO.GEWF)FQ=F
IF(FO-GE-E)NIP(F)=NXF("1KKE(F) .
IF(FO.GE.F)GOTC 1023
NX(¥)=RX(F)+2*KXB(N)
IF(NX{K)}<CToNXG(M))GCTO 11C

INDEX =0 :

DO 1033 I=1,kA .
TF(NX(1)eECNEF(L))INDEX=INDEX#]

CONTI NUE

IF(IKLEX.EQ.FE)GOT0 -110

CALL OBJ(HH,NN,F,D,H'FX.IT.U,PHN,AN,F)
IF({FO.GE+F)FG=F

"IF(FO.GEWF)NYP(P)=RXE(H)-NIE(N)

IF(FO.GE.F)GGTO 1023
SX(M)=MX(B)-NXB(N)
IRD=IND+1

CISTINUE

IF NFW BP IS FOUND, FROCEEL WITH PATTERN NrCVE

IF(IMDLLT.MM)GLTI0 100
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) ELSE ktDUCE STFEF SIZE RND TPY AGAIN

Oonon

BALV2=HALV2+1
IF(HAIV2.GT.HAL®2)GCTO 104
DO 1024 N=1,uN
NXB(B)=NYB(r)/2

1028 CONTIMNUE
GOTO 103

IF MF¥ BP )S NGT FOUMD AFTEE STEF SIZ2E IS FEDUCEL FEFEF}TFILLY,
DISCAEL LAST FAITERM MOVE, FESTCKFE INITIAL STEF S12E RMND
KETUFK TC FFEVIOUS EF .

a bk Ea e K]

U4 PO 026 F=1,Mn
KXB(M)=NXEG(N)
1023 CONTINUE
116 DO 1026 M=1,HE
N!("‘.)=P\X(h)*NXF(H)
-~

KEP(¥)=0 .
1026 CONTIMUE
c
c PE INITIATE FATIEKN SEARCH
c :
GOTO 106
c : : i .
c BE INI1IATE FATTEEN SEAWCH WITH FEDUCED STEE SIZE
C : .
120 HALV3=HALV3+l

IF(HAIV3.GT.HLI¥)GOTC 107
DO 1035 M=1,KN
NXB(M)=NXE(¥)/2

1035 CONTINUE
GOTO 1z1

anon

RECGKD Q&lIHIZAHICN FESULT

107  =RITE (6,15) ) i
15 YORMAT(//'#%%% 2204 NO. OF STEI-STZE-HALVINGS -EXCLELFL AAALEL LAV
CALL ObJ(ME,NN,K,Cu%, X, IT,U, MM, AN, F) : :
WRITE(6,32)IT '
32 FORMAT(*NC. OF 1TERATIONS = v,[5/)
DI 1034 M=1,8r
WRITE(6,33)r,EXM(B), P, AN(F), M, NX(N), N, NXE(N)
33 FORMAT(2X, "FMN(*,T2,%)=" ,FB.6,5%, " AN(",TZ,%)=%,F5,2,
51, NX(",12,%)=9,13,5%, ' NYE®,T2,")=2,13) {
1034 CONTINUE
WRITE(6,35)U

35 FOKEAT{/SX,*SYSTFE WEIGHTED UTIIIZATICK = 9,bb.3)
WRITE(6,34)F . -

34 FORMAT(/5X, *CBJFCTIVE FUNCTION = 3 ,EB8.3/)
STOP * : .
END
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c uv:tittt##a#ta#tttt:tta‘tan#ttnt:tttttvtatisittta:ntlatt‘
c ' -
c SUBROUTINE 10 DI1TERMIME VALUF OF OBJECTIVE FUNCTIC)H
c
C ‘tt‘#i!*‘t#it!it'!tti#!‘t‘iil!Qtltl!lnit.nittltt‘{‘it#itt‘
C 4
SUBROUTINE CEJ(EM,NK, R, G, ¥, NX,1T,U0,PNENAK,F)
C' -
c
DIMFNSION K{10),U{10), K3 (T1CI NYB(1G),NYE(I0),A0(C),
«V(300,1)),8(3CG0,2) FPN{1L),+(1C) '
INTEGEF H,E¥,C,HALK,FRIVI,EALV2
- IT=1T+1
c PRITE(6,20)1T
28 FOFMAT(/'ITERRTION %,13/) -
c WRITE(E,9T)(NX(L),%=1,%")
91 FORMAT(101I5)
C ’ "
C FIND V(H,»)
o
DO 1040 M=1,¥k
K3=NXI(E)}41
V(1,H)=1.0
DO 1J4% B=Z,N3
Y(H,4)=1.0
Ni=H-1

DO 1042z I=1,84

V(A a)=V(H,*)20(K)/1
1042 CORTINUE
1041 CONTIKUE
1040 CORTIKVE

C
C INPOT INITIAL CCMBDITICYN
C
N1=kN+1 .
DO 1006 C=1,nF
DO 1001 N=1,X1
5(8,1)=1.0
1001 CONIINUE
EX=1
MY=gZ
DO-1002 Ixi=1,*4 ‘ _
' k=C+1XX '
IF(MaGTolbE)P=M~PM
LI=NX
EX=MY
PY=B1
C
o FIND S(N,M)
Cc

TS(1,8X)=1.0/{2.718*20Q(C))
DO 1005 N=2,K1
S(N,FX)}=CaU
JI={K=1)/K(N)
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1010

100%
1002

anon

 FIND OEJECTIVE FUNCTICN

JI=NX(})

BEA=(FINO(JT,IT) )41

DO 1010 b=1,B¥
NZ=N=(K(H)*(H=1))
X1=S(K2,KY)*V(h,k)
S{N,*T)=S(h,PX)+X1
CGMIKUF

CONTINUE

CONTINUE

FIND B1OCKING FKOEAFILITY, FPA(F)
KD=AX(C)+1

IT=M1-(K(C)*rD)
I2=N1-K(C)

EEM{C)=(S(N1T, Fk) S(I2,rX)+(S(T, EY)*VANELCH)I/Z8(MT,BX)

FINC AVERAGE NC. CF CEPACTTY UNITS ENGACFL EY GRCUT C

AN(C)=G.0

I4=MX{C)

DO 103t LC=1,14

I3=M1-(R(C)*LL)

I5=1D+1 ,
AN(CY=S(I3,FY)*LID*V(I5,C}+2N{C)
CINTINUE '
ANLC)=R(C)*AMC)/S({NT,KY)
"RKITE(&,22)C,EEM(C),C,AMN(C)

FOREAT(101,°PMN(",13,%)=",F¢, 5,5%,%45(",

RELABLE " INLEX AND RFLEAT
CONTINUE

AVN20.0

1037 r=1,H4» -
AVN=R(F)*EN(MN)+AV
CONTINUE

FI SYSTFFM wWEIGHTED UTILIZATION
UsAVN/M
FRITE(6,31)U

FORMAT (10X, 'S5YSTE® WEIGHTFL UTILIZATION =

F=1/0
WRITE(6,27)F

FORAT(/10X, Y OBJECTIVE FUNCTICK = ",E6.3/)
‘RETURN

EXND
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