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ABSTRACT

The simultaneous use of fixed and dynamic
channel assignment schemes, in the same cellular
structured mobile communications network, is
called & hybrid channel assignment scheme.
Detailed performance evaluations of the fixed vs.
the dynamic channel assignment schemes have
been published by various authors. |

In this thesis, the performance of the
hybrid channel assignmert scheme, under various
loading conditions is studied, by:using simulation
results of a cellular mobile communications
system that has forty cells. A conclusion
‘is - reached as to when it is best to use hybrid

or fixed channel assignment schemes.
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CHAPTER 1

INTRODUCTION

The last two decades have seen enormous increases
in demand for mobile communication services, especially
in urban areas (10, 23, 29). From available forecast
studies, this rate of increase will continue for quite
some time.

In ord=r to plan for this expected increase and
simultaneously solve the present crisis of channel short-
age for mobile radio use, some improvements to existing
systems have been suggested. One of the most favoured and
cormonly discussed techniques for increasing the efficiency
of frequency spectrum utilization is the adoption of a
cellular structure. With the cellular structure approach,
the urban area is divided into cells or zones and each cell
is given its own base station for communicatioh with vehicles
in its cell. In this system, each mobile user is connected
to the Mobile Switching Office (MSO) via land facilities,
and the MSO is in turn connected to all the base stations.
See Fig. 1.1. The communications path is from non-mobile
user to MSO to mobile usér. Because each base station trans-
mits over a local area, it is possible to re-use the same
frequency simultaneously in other cells in the city. This

kind of system. has obvious advantages for mobile users.
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Some of these advantages are:

1. Automatic gathering of user message statistics should
result in lower cost rates,

2, Transceivers will be given unique identity numbers so
that they can be paged while anywhere in this system.
Since the transceiver will be expected to be able to
operate in any frequency assigned to it by the base
station, monitoring somebody else's messages will be

almost impossible.

What we have concerned ourselves with in this thesis
is the problem of channel assignment techniques to the cells.
In Chapter 2, Sectién 2.1., we have introduced the general
concept of mobile cellular arrangement and how it is expected
to be implemented. In Section 2.2, we have discussed some of
the basic channel assignment schemes and in the remainder of
Chapter 2, we have presented a brief summary of the present
literature on this subject.

In Chapter 3, we have introduced and discussed a parti-
cular type of channel assignment scheme, called the Hybrid
Channel Assignment. The main work for this thesis is con-
cerned with this scheme. We have simulated a forty cell
mobile communications system that employs the hybrid channel

assignment scheme. We used IBM's General Purpose Simulation

System (GPSS/360) simulation language. The simulation




results are presented in Chapter 4 and Chapter 5 contains
the conclusions. We have included in the Appendices a des-
cription of GPSS/360, flow charts of GPSS and a computer

programme that was used for the simulations.

I____.....v_.. e b e




CHAPTER 2

THE CHANNEL ASSIGNMENT PROBLEM

INTRODUCTION

Some of the existing and earlier mobile radio
telephone networks were designed along the concept of
'global coverage' (2). In this arrangement, one
powerful transmitter, usually centrally located, would
give service on all available radio channels to the
entire service area. This approach to system design
was quite satisfactory because, among other reasons,
(a) the frequencies in the low band (27.23% - 50 MHz)
and the high band (138-174 MHz) could affofd wide area
coverage without serious signal attenuation, and
(b) the demand for service could be served with the

number of channels allocated.

Because of increased service demand, cellular
structured systems are being designed to replace
'global systems', and in so doing;'increase the channel

occupancy. (See figures 2.1 and 2.2)

S .
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An increased conceptual interpretation of the cellular

mobile radio-communications system is given by Fig. 2.3.
The properties or attributes that help characterize the
cellular systems will now be explained, with the aid of

Figures 2.3 and 2.4.

For this explanation, there is one assumption made,
namely, that the power level of a signal radiated from
a cell's base station, (Fig. 2-3) is sufficient to give
an adequate signal-to-noise ratioc at -that cell's boundary,
and a little beyond. Therefore, *“he ccverage limitation
is due to interference , mainly co-channel interference
and;to a less extent, intermodulation interference,and
not due to lack of sufficient signal power.or presence
of excessive thermal noise. The letters in the cells
(Fig.2.3) repfesent sets of channsls assigned for use
within the cell. We associate with every channel, from
a channel set, a nominal cell or uominal cells, meaning
any cell or cells, where channel set A is assigned for
use. Conversely, for every cell, we speak of its
nominal channels, which are the channels assigned for

use in that cell. The shaded cell in Fig.2.3 has

_nominal channels that are contained in set Al,  The

highest superscript on a channel set serves to indicate
how many times that channel set has been re-used. AT

and Bj means that set A is being assigned for use to a
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KEY:

Ai, Bl, Oi_- sets of channels that are
assigned to cells for use
there as first choice.

(A,B), (A,C,), (B,C) - sets of channels
‘ that can be borrowed for
use in the cells where indi-
cated, provided such borrowing
meets interference constraints
imposed on the system.

FIG. 2.4. HEXAGON CELLULAR LAYOUT.
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4ifferent cell for the i® time and set B for the 3@

time., Channel sets Bj and BJ+l do not have to be equal

as will be explained later.

If we define the channel occupancy as the fraction of
time that a channel is in use, then clearly the repeated
usage of channels in different cells will mean that for
any given channel, its occupancy will be higher in a
cellular system than in a 'global system' for the same
blocking probability, also known as grade of service. In
re-using channels, we must space them out at least a
minimum distance apart, to minimize co-channel inter~
ference, which would result if different cells were to
be served in neighbouring cells simultaneously, using the
same radio channel. For any given channel, the minimum
relative distance ¢ (G = D/R, where D is the physical
distance between two base stations using the same frequency
and R is the radius of the hexagons) between any two of
its nominal cells is governed by the ratio of desired to
undesired (D/U) signal levels of the system. At any point
away from the base transmitters, D/U is affected by the

propagation characteristics of the region.

Ve

Because of the required separatioQApetween the nominal
cells for a given channel, there will be a group of cells
that have to be assigned other channels for use. This

group of cells is called the interference cell group.

.
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From Fig. 2.3, the interference cell group for the channel
set Al is bounded by the thick black contour. Any channel
within the set A1 can not be re-used, within the interference

cell group, if already:in use there.

An immediate question arises as to whether there is any
relationship between ¢ and the number of cells that form the
interference cell group. Furthermore, what is the relation
between § and the minimum number of different channel sets
that are required to serve the interference cell group. If
the geometric shape of the cells used is hexagon, then for
a given ¢ , the number of channel sets (CS) required is
given by the expression CS=% 02, where CS can assume only
the values of 3,4,7,9,12, as generally represented by the relation
cs= (k+1)% - k1 (30). But if the cells used have
square geometric shapes, then the number of channel-sets‘
required for a given g is CS= % 52, with CS restricted to

assume any value from the set 2,4,5,8,9, etc. (29,30).

Therefore, from the discussion so far on cellular
systems, we see that the number of times a given channel
can be re-used simultanebusly in the service area will
depend on, in one way or another, on the following:

(a) Propagation characteristics of the region
(b) Power of the transmitters

(¢) Size of cells used

(d) Quality of Transceivers, e.g. Sensitivity

(e) Frequency band of operation
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BASIC CHANNEL ASSIGNMENT SCHEMES

Assuming that we héve a cellular structured motbtile
communication system layout, a point of interest is to
decide on what Channel Assignmernt Scheme (CAS) to use.

One such scheme is the Fixed Channel Assignment (FCA),
where channels can only—be used in designated cells (5,7,
9, 22, 29, 30). In this case there is a definite relation-
ship between cells and channels that can be used there at
any time. From Fig. 2.3, if the channel sets have been
assigned to cells, as shown, then in the Fixed Channel
Assignment scheme these will be the only channels allowed
for use in their respective cells. For example, if the
channels in set A1 are all occupied in the shaded cell,
and another request for service is made in this same cell,
then this new call will be blocked as there are no more
channels for use, though it might be that one or.more of
the neighbouring cells have one or more of their nominal
channels free at tke time, which couid be borrowed for

temporary use.

Another channel assignment scheme is the Dynamic
Channel Assignment (DCA). 1In tkre DCA approach, there is
no need of assigning different channel sets (&, B, C, etc.)
to the different gells of an interference cell group.
Channels are assigned to serve calls in any cell in real
time,'provided such assignment respects the minimum

spacing of (the resulting average spacing between cells
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using the same channel depend on the criterion (algorithm)
of borrowing, but it is usually larger than o ). These
channels are temporarily borrowed from a central pool for
use by the cells and then returned to the pool, when service
is over (1,5,7,8, 30). Usually there is more than one
channel in the pool and therefore one has to decide which
one, out of all the eligible channels, to borrow for use.
The following schemes for a cell borrowing a free channel

have been investigated.

(a) Borrow the very first channel found in the search
that satisfies the interference constraint, that
is a channel that is not being used in any cell
which is also a member of the interference cell

group for the particular cell in questioﬁ.

(b) Borrow a channel that is being used nearest to
the cell that wishes to borrow, that is, at a
distance & . The search for a channel using
this criterion would involvée searching for a
channel as in (a) above, and then testing to
see if it is currently being used in any cell

bordering the interference circle ( 9, 7, 30).

(¢c) Borrow a channel using the same criterion as in
(b) above, except using the minimum distance as
(g + k), where k=1,2 or 3. This added dis-

tance between cells using the same channel is

N
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for the purposes of facilitating mobiles, which

are currently receiving service, to go across cell boundaries

and still keep the same channel. They would, if
necessary, just change the base transmitters

serving them (7, 9, 10, 30).

(d) Borrow that channel that is currently being used
~most at the minimum distance ¢ . This means that

for each and every channel that qualifies foxr

borrowing (as in (a) above), we count the number

of cells that are using it next to the interference

circle. That channel with the highest number is

borrowed. For ( used in Fig. 2.3, the maximum

number will be six. Therefore, if more than one

channel is being used a maximum of six times, then

the first one encountered in the search is borrowed.

(9, 10, 30).

The Fixed Channel Assignment snd Dynamic Channel
Assignment are two 'definite' policies. Definite in that
over the entire area for service, and. for all time, channels
are either assigned with Fixed Charnel Assignment or Dynamic
Channel Assignment disciplines. There are two other channel
assignment schemes, which are a combination of FCA and DCA.
The third CAS will be_called Constrained Dynamic Channel
Assignment (CDCA) scheme (1). The fourth and last CAS of
interest in this research is the Hybrid Channel Assignment

(HCA) scheme (5). Explanation of these channel assignment

-algorithms will be given in subéequent sections.
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PROBLEM STATEMENT

In the context of this research, the channel assignment
problem can be stated as follows:- Given the total number
of available radio channels (full duplex) for mobile com-
munication and a cellular system with a minimum re-use
distance of { cell radii units (Fig. 2.3), what CAS should
be adopted, in order to realize the highest average channel
occupancy and therefore have maximum traffic served at the

desired grade of service.

PRESENT LITERATURE

The following problems are associated with the cellular
approach:

a) Mobile identification and techniques for
monitoring its position, whenever necessary;

b) Switching plan between mobile switching office
(MSO) and base station. Communication between
base station and mobiles within its coverage
area;

¢) Inter-connection of mobilé‘System to public
land telephone facilities via the MSO;

d) Provision of tsuitable' equipment, both in
power requirements and performance, to operate
at the allocated frequencies for this service;

e) Channel assignment technigues.




Since 1968, many papers have been published cn the
abovs topics. We will be concerned with problem (e)

cnly.




2.4.1

FIXED VS DYNAMIC CHANNEL ASSIGNMENT SCHEME

The two above CAS have been studied quite
extensively (7,8,9 ,1%,22), and the results from system
simulations have shown-that for low blocking probabil-
ities, the dynamic system performs much better than the
Fixed Channel Assignment system. But for very high
blocking probabilities, which is synonymous with very
large offered traffic, the Fixed Channel Assignment

scheme performs better.

The traffic in each cell has a Poisson distribution

with known average traffic-offered in Erlangs. The

“ipitiation of requests for service from cell to cell is

a random process and, therefore, when Dynamic Channel
Assignment is being used, the different channels are
assigned to serve calls at random too. Because of this
randomness, it is found that cells that have borrowed
the came éhannel for use are on the average, spaced
apart at a greater distance than the minimum possible
distance ¢ . Consequently Dynamic Channel Assignment
schemes are not always successful'in re-using the
channels at the maximum possible number of times. But
for Fixed Channel Assignment systems, the channel
assignment to cells is done observing the minimum spacing
G , and, therefore, it has a higher channel re-use.

This is why, in order to improve the performance of




Dynamic Channel Assignment systems at large traffic offerings,
it has been suggested to use Channel REassignment techniques
(5). The basic goal of Channel REassignment is to switch
calls élready in progress, whenever possible, from channels
that these calls are using, to other channels, with the
objective of keeping the distance between cells using the

same channel simultaneously to a minimum.

It has been found that in the case of Dynamic Channel
Assignment, the system is not overly sensitive to time and
spatial changes in offered traffic, giving rise to almost
stable grades of service in each cell (6). But for the Fixed
Channel Assignment scheme, the service deviation, a measure
of the grade of service fluctuations from one cell to another,
is very much worsened by these said traffic changes. Another
point in favour of DCA over FCA, as deduced from simulation
results, is the seeming dependence of the grade of service
within an Interference cell group (See Fig. 2.3) on the
average loading within that grouﬁ and not on its spatial

distribution (1, 6).

A channel assignment scheme that is superior to FAC and
DCA, and which will be called in this thesis constrained
dynamic CA, was proposed by Engel and Perisky (10) and
its performance was evaluated by Anderson (1) by comparing
it to two other channel assignment schemes, using some

simulation results. From his results, Anderson concluded
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that the CDCA scheme behaved like a full access system, with
the number of channels equal to the total channels available
for use in the heaviest loaded interference cell group. Also
of interest to note is that Anderson's results seemed to
indicate, and he himself states, that this theoretical full
access system's performance serves as an upper bound on the
system traffic handling capacity. This means that, assuming
the dark bounded in ter-ference cell set (Fig. 2.4) has
the highest offered traffic of (E1 + E2 + EB) than any other
I.C. group, then the performance of this I.C. group, regard-
less of the distribution of E1, E2 and EB’ is similar to that

system with (A1 + B+ 01) channels and a load of (E1 + B, + EB)'

Sane
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CONSTRAINED DYNAMIC CHANNEL ASSIGNMENT (CDCA) SCHEME..

In this scheme, each cell has two sets of channels

for its use, shown in Fig.2.4 as A1, B1, 01

and A, B,

A, C, B, C. The former type of sets contains the
nominal channels. These channels have been assigned to

the cells observing the minimum interference spacing

and in all cases are to be preferred for use in their
respective cells (nominal cells). If all nominal channels
for a particular cell are busy, when a new call originates or
arrives in a particular cell, then borrowing may take

place from the borrowable set, shown in brackets in that
cell, provided no interference will result as a conseqguence
of this borrowing. It is of interest to note that the set
in brackets may contain many channels and therefore the
decision, on which channel of the set will be borrowed,

is important. Some papers have been published on this

subject, advancing different criteria for channel borrow-

ing and investigating the system performance (1, 10).

A general conclusion reached by most authors on this
subject was that, adopting a simple test for borrowing,
for example, borrowing the first available channel that
satisfies the ( constraint, yields performance results
guite comparable to systems, which do a lot of exhaustive
searching for channels that are the vltimate best for

borrowing, thus giving rise to a lot of processing per




call. Because of this reason, in this research, the
criterion for borrowing was simply to use the first avail-

able channel in the search.

In the next chapter, we are presenting our extension

of a hybrid channel assignment scheme.

T T -,_m._m




CHAPTER 3

HYBRID CHANNEL ASSIGNMENT

INTRODUCTION

In the Hybrid Channel Assignment scheme, we employ
2 mixture of two schemes (thus the name Hybrid). These
are the Fixed and the Dynamic Channel Assignment schemes.
Assume we have a total of T duplex channels for service
and that they are divided into two sets A and B, not
necessarily equal. Let us further assume that set A is
used for Fixed Channel Assignment and set B for Dynamic

Channel Assignment.

In the Hybrid Channel Assignment scheme, every cell
in the system is assigned a number of permanent ‘channels
exclusively for use there, proportional to the traffic
requirement in it. If the offered traffic per cell is
uniform, then each cell will have an equal number of
fixed channels assigned to 1it. But if the offered traffic
is not distributed spatially evenly; then the fixed
channels will obviously vary in number from cell to cell.
Regardless of whether the traffic is spatially uniform,
the number of different fixed channel sets (c) that will

be required is still determined by the ¢ relationship,

as explained earlier in section 2.1. The channel set B
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contains channels that can be used in any cell in the

system, using the Dynamic Channel Assignment scheme.

‘This approach was inspired by Cox's paper (5). In
his paper he treated a case of only ten channels, on the

average, in each cell ( Average number of channels per

Total available channels _ T )
- —é "

cell=freT of channel sets required for the given g

Furthermore, he assumed equal traffic loading in all cells,
a point far from reality. In his work, Cox found that for
the division of the ten channels into a ratio of 8:2 of
Fixed vs Dynamic, the system carried more traffic thén if
all the ten channels had been used in either a Fixed or
Dyﬁamic mode. The two dynamic channels that were realized
from each cell, were given to the entire sysfem for use in

the Dynamic mode.

In this thesis, we present a Hybrid Channel Assignment
scheme for a system that has non-uniform offered traffic,
which tries to satisfy the following goals:

(a) Systems that employ Dynamic Channel Assignment
schemes, exhibit consideréble service deviation,
especially at large blocking rates. This service
deviation (SD) has been defined by Anderson (1),

as.s—

=32 1/2

c =
N-1
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where B = % CS%‘ B, .. ﬁ is the average number of
blocked calls in the entire system, Bi is the fraction of
calls blocked in cellli to the calls carried in a given
time intérval, and N is the total number of cells in the
system.

Therefore a well-desigﬁed mobile communications system
should have a service deviation value of close to zero.
The hybrid channel assignment scheme, with a.cénsiderable
number of dynamic channels, will be able to respond to

spatial shifts in offered traffic and therefore prevent

large numbers of calls from being blocked.

" (b) It is important, in electronic switching systems, to

keep the software projected real-time load on the
processor to a minimum. In mobile communicatioh systems,
this software real-time load to the processor is very much
dependent on the average numbgr of fﬁnctions (6perations)
needed to complete each call. The Fixed Channel Assign-
ment schemes require, on the average, a smaller number of
functions to complete a call, than the Dymamic Channel
Assignment schemes. Since the Hybrid Channel Assignment
scheme uses both Fixed and Dynamic Channel Assignment
schemes, its average number of functions performed per
call Qi;l be in between that of the fixed and Dynamic,
provided comparisons are made on exaétly the same system

for the three channel assignment schemes.
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Therefore, using Hybrid, instead of Dynamic Channel
Assignment schemes, will enable the processor to'complete
(handle) more calls per unit time.” But we do not expect
the degree of hardware and software system complexities
to be lessened. The reason for this is that, once it is
necessary to borrow a dynamic channel, the steps and de-
cisions the processor will make, will have to be the same
as if the entire system had ﬁeen dynamic. The only advant-
age of Hybrid over Dynamic Channel Assignment, in terms of
average processing time per call, is that in the case of
the latter, there are many more channels to consider each

time a request for a free channel is received.

(¢) In the development of the model for call—attgmpt rates
( 30 ), the assumption was made that call-attempts
associated with each car occur at random and independently
from those of other cars. But this is not always the case
because experience with present 'global systems' has shown
that there is a considerable traffic between mobile-to-
mobile users, as opposed to land-;o-mobile and mobile-to-
land calls. Therefore, if there is a.considerable number
of cases of mobile-to-mobile callsg within the same radio
éell, as might happen in cases of police, ambulance and
heavy mobile traffic, the grade of service will deteriorate
in cases where Fixed Channels were assigned using the inde-
pendent assumﬁtion.' The Hybrid Channel Assignment will solve

this potential problem quite easily Dby using the available

dynamic channels.




3.2

STEPS FOLLOWED IN THE HYBRID CHANNEL ASSIGNMENT SIMULATIONS

AND EVALUATIONS.

.In this thesis we consider a system having uniform
spatial offered traffic, which uses a Hybrid Channel Assign-

ment scheme. The steps involved are as follows:

l. We assume that the long‘term average offered traffic
'in Erlangs is known. Then using the tables for the
Erlangs . B traffic formula, we determine thé numktexr
of channels required in each cell to give the desired
grade of service assuming that a Fixed Channel Assign-
ment scheme is in use. The desired number of channels
for cells 1,2,3,etc... are represented by (NC)l, (NC)Z’
(NC)3, etc... .

2. Then.we consider a mobile communications system with
unifermly offered traffic that requires (NC)1 channels
per cell, on the average, where aéain, (NC)1 is given
by % .(see Section 3.1). We then find, through GPSS
simulation, the ratio of Fixed tb Dynamic channels
that carry the most traffic at the desired grade of
service. Let this ratio be repreéented as kl:ll
where kl is the average number of static channels per
cell and 11 is the average number of Dynamic channels
per.cell and k; + l1 = (NC)l |

The above procedure is repeated for the case of

(NC),, (NC)3, etc...




Now using the results obtained in Step 2 above, channels
are assigned to the cells of the mobile communications
system. In Fig. 2.4, for example, cell 1 has offered
traffic of B, Erlangs and normally (NC)1 channels would be
needed to give a desired grade of service. But from the
simulation results only k1 channels are assigned to cell
1 and ‘l1 channels are given to the entire system for use

as Dyramic channels.

T




3.3 DESCRIPTION OF SIMULATED SYSTEMS

1.

For the investigation of the optimum division between
fixed and dynamic channels, a system witha.very large
cellular layout should be used but the statistics should be

collected from the central cells. The reason for

considering large cellular layout was to overcome the

edge effects. Using a finite system for this kind

of study is bad because the cells around the edges

~do not have enough neighbouring cells to cause calls

to be blocked, whereas the centrally located cells
have a lot of neighbouring cells and therefore every
time the central cells wish to borrow, chances are

the neighbouring cells will be using the desired
channels. This gives rise tc the central ce;ls having

higher blocking probabilities than those at the edges.

For comparing the Hybrid Channel Assignment system
performance, exactly the same cellular layout as studied
by (1) was used. This was because we did not wish %o
have the results affected by the different cellular

layout.

The calls in each cell are assumed +to0 have a Poisson

distribution with known arrival rate ,7\1 calls/hours.

The service time per call, in any cell, 1is assumed to
be exponentially distributed, with a mean of 120 secs.
Thus the lading will be Ai x 120 _ Aj

3600 30

(Erlangs)
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The first available channel in the search, that

satisfies the spacing constraint a is borrowed for

use.

It is assumed that the mobiles are identifiable entities
and could operate on any channel, as dictated by the

base stations.

The base stations could transmit on any borrowed frequency at

all times, as assigned to them by the system controller.

The simulation was done using GPSS/360 version 01
Level 03, and therefore the system statistics were
gathered by keeping track of all events that occurred
in the simulated system. The flow-chart and ‘block-
diagram of the programme used are presented in the

apprendices.




CHAPTER 4

GPSS SIMULATION RESULTS

The system that was simulated is shown in Fig. 4.1.
Forty cells were considered and statistics were taken from
the central twenty cells. We decided to use only forty cells
because of the constraints imposed by GPSS, as is explained

in Appendix A.

First the simulations were done for the case of ten
channels on the average per cell, in an attempt to verify
Cox's results (5). The results are presented in Fig. 4.2.
The Y-axis represents the average blocking in the twenty
middle cells and is computed by simply finding fhe ratio
between blocked calls to served calls in a given timg pexriod.
The X-axis represents the percentage increase in loading
over the Fixed Channel Assignment system. The percentage
increase in loading is calculated in the following manner.
First, from the tables for the Erlang B traffic formula (28),
we found what traffic rate in Erlangs was required so as to
have a grade of service; that is, probability of blccking,
of 0.018, with ten fixed channels per cell. In this case
and for ten channels, the traffic rate is five erlangs.
Therefore, this figure of five erlangs is used as the basis

for the calculations of the percentage traffic increase.
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Channel set

Cell number

FIG 4.1.

CELLULAR LAYOUT FOR SYSTEM THAT WAS SIMULATED
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In the particular case of ten channels, the traffic rate
was increased from five to ten erlangs, in steps of one erlang,
as is shown in table 4.1. The results are similar to Cox's
(5) and élearly show that the ratio of eight fixed to 2 dynamic
channels gives the lowest blocking probability, for percentage
increases in traffic loading of up to 75%.. Beyond 75% traffic
load increéses, the fixed system performs better, for reasons

that were explained in Section 2.4.1.

From Fig.4.l, we see that we require at least three dif-
ferent channel sets in order to assign channels to all cells,
with 0 equal to 3. Since the entire forty-cell system is
served by three sets of channels, when the division into static
to dynamic channels is done, only 3 =x 11_channe1s zre made
available for use as dynamic channels over the entire system,
where 11 was defined in Section 3.2. In the particuiar case
of 8:2 division, we get 311 = 6 dynamic channels for use over
the entire system. Therefore, while before the channel par-
tition, the average number of channéls per cell was ten, aftex
fhe partition, the average number of channels per cell is
8 + é—%—g = 9 as obtained from the following relationship:

3 1,
I.C.

Total average number of channels/cell = k1 +

where k1 and 11 have the same meaning as explained in Section

3,2, I.C. is the numbter of cells contained in an interferencn

céll group.




' The table below summarizes the different system
configurations simulated.

Average channels per Channel partitions Traffic loadings
cell in uniformly for Hybrid simula- in Erlangs used
loaded system and tions in the simulation
fixed channel assign- :
ment scheme Fixed Dynamic
8 3 2
10 .5 : 5 ¥5,6,7,8,9,10
10 : 0
18 0
16 : 2 :
18 14 . 4 *11,12,13,14, 15,16
12 : 6
26 2
24 4 *
28 ' 20,21,24,27,30,33
22 : 6
20 8
35 0
33 2
3 35 31 : 4 *26,28,30,32,34
; ' 28 7
25 : 10
Table 4.1l: Different system combinations investigated.
* - Base loads




It is very important to understand the meaning of
average number of channels per cell before and after the
division. In Cox's paper (5), the two terms give the
same results because he used as many different channel sets
as there were cell members in the interference cell group.
But in our case of cellular arrangements, we do not need as
many different channel sets as there are members in the
interference cell group. Because of this, fewer cells than
those in the I.C. group, donate some of their channels for
dynamic use. Therefore when we talk about a division of
k, +1

1 1
actually doing the donating of channels to the system. The

= (NC)1,:we are talking about those cells that are

resulting average number of channels per cell for the entire

system is given as above, by k1 + 3 14 .
I.C.
We find that though, after the channel division, the

average number of channels per cell is less than before the
division, the number of calls that. can be handled at the same
grade of service has improved substantially, as can be seen

from Figures 4.2 to 4.6.

From Figure 4.2 we notice that for load increases of up
to 15% the channel division of 5:5 is better.than the 8:2 channel
partition. This fact does not show on Cox's graph (Fig. 3, Ref.5)
because the écale on the right for the calls blocked is not
expanded well enough. But as the offered load is increased

beyond 15%, then the 8:2 partition gives the best results,
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in terms of grade of service, up to about 75% load increase.
Figure 4.3 shows results obtained from simulation of a
system that had uniform load offering of 11.4 erlangs, on

the average, per cell.

In this case, besides running simulations for the cases
indicated in Table 4.1, we also simulated it using fixed
channel assignment scheme. The results obtained.ére plotted
on Figure 4.3 and they lie almost exactly on the Erlang-B
Curve for 18 servers. Simulations using fixed channel assign-
ment scheme were done for the cases ¢f 10, 18 and 35 channels
on the average, per cell. This was done so as to check on
the validity of the simulator”programme. The particular results
of 18 channels on the average is plowvted here to indicate the

close mateh of results from the simulation and analytic results.

We again notice, from Figure 4.3, that for load increases
below about 15%, channel partitions of 12:6 and 14:4 gives the
lowest probability of blocking. Then as the load is increased
beyond about 17%, the channel partitiohs of 14:4 and 16:2
start to give better results. The 14:4 channel partition

gives the best results up to about 30% load increase. Beyond

30%, the 16:2 gives the best results. In this case the load

increase was taken only up to 42%, but from the figure, it may
be obtained that beyond about 50% load increase, the fixed

channel assignment scheme would have given the lowest
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probability of blocking.

From Figures 4.4 and 4.5, we notice the same general
trend in results. For low blocking probabilities and load
offerings close to the base, channel partitions that have
the most dynamic channels, give the best results. But
as the offered load is increase beyond about 15%, then
channel partitions with medium numbers of dynamic channels
perform the best. Beyond about 50% load increase, 1t is
found that systems that employ fixed channel assignment

schemes give the lowest probability of blocking.




CHAPTER 5

CONCLUSION

The results that we obtained indicate that usage of
the hybrid channel assignment scheme gives better grades
of service than systems that employ fixed channel assign-
ment scheme for load increases of up to 50% above the
base load. Beyond this load increase, the fixed channel
assignment has been found to perform bvetter, in all cases
that were studied. We considered cases where we assigned
up to 33%3% of the channels available per cell, for dynamic
use, In all ceses, the results followed the same general
prattern. For load increases of up to 15%, systems with
most dynamic channels, gave the lowest probability of
blocking. For load increases of between 15% and about
35%, systems with a medium number of dynamic channels
performed better and finally, above about 50% load increases,
it was found that systems that employed fixed channel
assignment gave the best results.

The general nature of these results is very reasonable,
in light of what has been published in earlier litsrature.
It was found that dynamic channel assignment performed
best at low load offerings. When the load was increased
substantially, it was found that the fixed system performed
best, because of its optimal re-use of the channels (see

Section 2.4.1).
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The hybrid channel assignment technique, at load offerings
near the base load (the base load is that traffic offering
in erlangs, which will give a blocking probability of 0.0i8)
behaves as if the load offered to the dynamic channels is
low. This is because the traffic offered is shared,
though not equally, between the fixed and dynamic channels.
Therefore, there is not much blocking at low percent load
increases. But as the load is increased to about 15%
above the base load, then systems with a lot of dynamic
channels begin to block calls quite substantially. This
phenomenon is again characteristic of dynamic channel
assignment systems to block many calls at high rates of
offered traffic. A

For systems with 15% to 20% of their fixed channels
being used as dynamic channels, significant blocking does
not start to be a major factor till the load has been
increased to about 40% above the base line.

If, however, a certain maximum blocking probability is
specified, the above conclusidhs will have to be reyised
since they obvicusly depend on that probability.

We hope that these results will be of use to those

designing cellular structured mobile communication systems.
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APPENDIX A

THE GENERAL PURPOSE SIMULATION SYSTEM (GPSS)

INTRODUCTION

The problem that has been studied in this thesis is
| in the category of cases where use of the exact, or even
approximate mathematical models is prohibitive, because of
the complex relationships between the variables. Therefore

simulation was used to obtain some typical ressults.

Simulation programmes can be classified into three
levels, depending on how much coding has to be done by the
user, in order to represent the physical system being
simulated. The first level includes complete simulator
programme packages for special problems, such as "gtructural
Simulation Analysis" and "Room-Temperature Analogue Simulator".
Here all that is required is to compile the programme with

suitable input parameters. The restlts are obtained without

much programme writing by the user.
There are - few disadvantages in using such a program-
me, some of which are :

a) It does not permit the system analyst to easily

study alternative system configurations. For

: example, it may not be possib.e to investigate
the effects fo priorities and pre-emption etc.,

on the system performance.
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b) The user usually is unclear about the internal
workings of the simulator package and therefore,
he is sometimes unsure of the exact meaning

(implications) of the results he might obtain.

The second category of simulator programmes is charac-
terized by the use of a general computing language like
FORTRAN or PL/I. With this approach, one has to write a
1ot of subroutines to gather the system statistics, to
generate random numbers, to provide system clocks, etc.
Besides, updating the system is usually tedious, as it

involves changing a lot of parameters in the programme.

The third most common way of carrying out simulaticn
studies is to use one of the many available simulation

languages, such as SIMSCRIPT, SIMPAC, SIMULA and GPSS.

We decided to use IBM's General Purpose Simulation
§ystem/360, because it is one of the most popular languages

used in simulation studies of queueing systems.

GPSS

There are three main steps that‘have to be done in
using GPSS. The first step involves describing the actual
physical system using GPSS/360 entities. There are fourteen
types of entities in GPSS/360 to help the model builder des-
cribe and represent the physical system. Entities can be

thought of as the basic elements (concepts) that help to




translate (or transform) the real physical system to a
similar system in GPSS/360. For instance, to represent a

single server, one uses an eqﬁipment entity called a Facility.

To show the presence of a Facility in a model, two kinds of
Y plocks are used. The two blocks are SEIZE and RELEASE to
represent the physical act of capturing a server and the com-

pletion of the service.
The fourteen types of entities are:

Blocks
Transactions

A, Bagic entities

B. Equipment entities Facilities

Storages

Logic Switches

C. Computational entities Arithmetic variables

Boolean variables

Functions

D. Statistical entivies Queucs

O W o 3 O Ul s W o=

Freguency tables

B. Reference Savevalues

R
N

Matrix savevalues

F. Chain entities Y13, User chains

14. NGroups
Bach of the 14 entities has associated with it what is
Xnown as a Standard Numerical Attribute (SN4). These SNA
can be externally addressable by the user and they represent

the status of the entity.
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The following is a summary of what the different

entities listed above are used for.

A, Blocks and Transactions

Blocks of different shapes are used to represent
the different entities. In descriting a physical system, a
flow chart is constructed using appropriate blocks and put-
ting on these blocks, suitable operand values. (See flow
graph in AppendixﬁB). There is a total of 4% different block
types. The system is simulated by keeping track of all
events that take place and an event is said to have cccurred
when transactions move from one block to another. A trans-
action in a GPSS programme can stand for a message in a
communications system, a repairmen at a gas station, a customer
in a supermarket, a car at the car wash or assembly line,etc.
The exact meaning accorded to the transaction depends on the
system being simulated. In our recearch, a transaction in
model segment-1 stood for a phone call, while in model segment-2,

it represented a dynamic channel.

The blocks have two SNA that can be addressed externally
and these are the total block count and the current block
count. The total block count is the number of transactions
that have gone through the block since the simulation began

and the current block count represents the current number of

transactions in the block. The coding format of blocks and




other entities is as follows:

P 2 8 . 19 72
%ocation Qperation ?perands :
A,B,C,D,E,F,G,
e ]
i

i
i
|
!
|
: ]

!
!
!
|
I
!

The location field is used for an alpha numeric symbolic name

that the user tags to the block or entity. For examplg, in

our flowchart in Appendix B, we have named the cells as CEL 1-
CEL 40. The first three positions of the alpha-numeric néme
must be'élphabetic, and a maximum of five characters is allowed.

The operation field has a code word representing the
subroutine that is to be done once a transaction enters the

block. Examples are ADVANCE meaning hold the transéction for
an amount of time specificied by the operands A and B. The
dperands are the data input to the subroﬁtine.

The traasaction has four SNA énd they are (i) the para-
meter number, (ii)+the priority number, (iii) the transit time
and (iv) the ihtermediate.transit time. Every transaction is

tagged with messages describing it. If the transaction re-

presents a mossage package in a data communications system,

+then such inrormation as the message length, destination,

origin, etc. can be put in known parameter locations of the
transaction. When this transaction enters a block in the

system, the block can quickly find out all the information
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about the transaction by testing any of theparameter values.
Up to 127 levels of transaction priorities can be realized

in GPSS/360.

B. Equipment Entities

As mentioned before, to represent single servers,
facilities are used and pre-empting is allowed at the SEIZE
blocks. When there is more than one server, then the storages
are used. The actual numberof servers involved is given to
the system by specifying the capacity of the storage on a
storage definition card. No pre-emption is allowed when using
storages. There are four SNA associated with facilities and
seven SNA for the storage. Once again Standard Numerical
Attributes (SNA) are used to get some information about the
status of an entity in the simulated system.

Logic switches are used to represent the on/off
status or iddle/busy status, etc. When the logic switches are

reset, their SNA is zero and when they are set, the SNA is 1.

C. Computational Entities

With the help of computational entities, one can build
quite complex models. The relationshipé between different
entities in the real system can be represented in the GPSS/360
model by using suitable SNA, of these entities, in describing
the Arithmetic variable, Boolean variable or Functions. Then

these computational entities are used as operands on the blocks
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that describe the system. For example, if a transaction is
to proceed in a model from one block to another only after
certain conditions in the model are met, these governing con-
ditions can be defined using any of the three computational
entities. Then a TEST block can be used to see if the con-
ditions in the system are what théy should be, before the
transaction is allowed to proceed in the model.

Before distribution functions can be constructed and
defined to GPSS/360 for its use in executing the model, it is
of paramount importance to know exactly how the GPSS/360
evaluates these functions. The exponential distribution was
used in our model, and it will be explained here how we in-
corporated it into the GPSS/360 model.

The arrival rates of phone calls to tﬁe cells was
assumed to be Poisson. Consequently, interarrival-time dis-
tribution of phone calls in thecells of the system was assumed
to be exponential, with a known mean. Therefore at the
GENERATE blocks (GENERATE blocks are theones that schedule the
arrival of transactions to the GPSS model) a sample had to be
drawn from this exponential interarrival-time distribution and
then added to the absolute clock of the GPSS simulator. A
phone call was then scheduled .to enter the system at this
computed time. For example, if the absolute clock was 1000
time units since the simulation began, and the value drawn

at random from the interarrival-time distribution was 150 time




units, then a phone call was scheduled to enter the system
when the absolute clock was updated to 1500 time units.

A detailed explanation of how the interarrival-
time sample was obtained will now be explained. The Poisson

arrival rate can be shown to be given by the expression

- At k
P(t) = ¢ - (At) kK = 0,1,2, v.o. — (T.J.)

where Pk(t) is the probability that exactly k arrivals will

occur in the time interval duration t , and A is the mean

‘arrival rate of phone calls per unit time.

The assumptions used in deriving equation (T.J.) are:

a) The probability that a phone call is initiated within a
small time interval is proportional to siée of the
interval.

b) The probability of two.or more phone calls arriving
during a small time interval is negligibly small.

¢) The interarrival times are indepsndent of each other.

From equation (T.J.), the probability that no phone call will be
initiated within time t is e~ At (x=0) and therefore the

probability of at least one phone call is

_ e~ At (H.X.)

What we now need is the time t that will elapse before we

introduce a phone call to the system.




A-9
. . X - At A
Rearranging equation (H.K.) above gives e = 1 - P1(t)
and taking natural logérithms of both sides gives, after some

obvious simplications,

- --% (log, (1 —‘$1(t))

where 14% is the average interarrival time. @1(t) can take
on values between O and 1 and this is what is known as the
random number. In GPSS, this random number can take on values
between 0.000000 and 0.999999.

Therefore the evaluation of t involves getfting
first a random number (RNj) and then evaluating -log, (1—RNj).
The J on RNj is used to represent any one of the 8 available
random number generators in GPSS/360.

In FORTRAN and other general computiﬁg languages,
the natural logarithm function is built into the language and
all the user does, is to call its name and it returns the
function value (provided, of course, that he has supplied the
argument). In GPSS/360, there are no built-in functions. One
has to approximate the —loge(1—RNj). Let y = —1oge(1—RNj)
where O 5; RNj f; 1, in the theory and in practice

0 << RN, < 0.999999. The above function has a general form

as shown in the next page.
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0.7 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.¢ 1.0
< RN >
Therefore using any one of the random number generators,

we define a continuous FUNCTION to approximate~ v. This
defined function is symbolically name XPDIS (for exponential
distribution and we used 23 line segments to approximate y.
The 24 points together with their corresponding random numbers
can be seen in Appendix C. Notice.that.theoretically, the
maximum value of y is infinity, but in practice, it is only
1%.8155 (corresponding to a returned maximum random number
possible in GPSS/%60 of 0.999999). But XPDIS function defined
in Appendix C returns 8 as its maximum value. This means that
there will be an error in the returned value of XPDIS in
0.0199 % of the time.

Assumption (b), used in the analytic derivation of the

Poisson process, implied that the computed interarrival time
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should not be zero. To compute theinterarrival time at a
GENERATE block, we suﬁply the mean of the interaarival time
as the A operand and the function, here symbolically named
XPDIS,'as the B operand. The returned value of XPDIS is
multiplied by the supplied'mean, AND THE RESULT ROUNDED TO
THE NEAREST INTEGER VALUE. Therefore, a zero interarrival
time value will be computed in all those cases where the
returned value of XPDIS is less than the reciprocal of the
supplied A value. For example, if the mean is 10 time units,
the computed time to the next arrival will be zero whenever
the returned value of XPDIS is less than 1/10. Observing the
XPDIS function used in Appendix C, we find that it will return
a value less than 1/50 in 2 per cent of the time (by inverse
interpolation between the points O, O and .1, .104), This is
usually an acceptable error. In our model, we used. values
greater than 1000, for the operand A, at all GENERATE blocks
that had the exponential function as their B operand.

A final point of concern when a Poisson arrival process
is in effect, is the possible range of values of computed
interarrival times. The mean is always multiplied by XPDIS
values that range from O to 13.185 (in our case from O e 8)
and therefore the largest computed interarrival times will
be given by the mean times 8. TFor exponentially distributed
functions, the variance 1is given by the square of the mean.
Therefore, because of the wide variations possible due to the

exponential function, relatively long simulations are
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recommended in order to obtain representative results. The
duration of our runs was at least 20 minutes in simulated
time, with the first five minutes used to ‘take the system
to steédy state. The five-minute figure was arrived at by
simulating the sysfem and taking "snapshots" of the system

at regular intervals. We said to have attained system steady
state, when the computed average blocking probability waw

independent of the instant when the snapshot was taken.

D. Statistical Entities

In order to gather information about the gueues in a
simulated system, one must use a special block, called the
Queue block. Whenever a transaction enters this block, the
seven SNA that are associated with Queues are updated. The

seven SNA are

1. Qj = current contents of Queue J

2. QMj = -maximum contents of Queue j

3. QAj = average contents of Queue j

4. QCj = +total entries into Queue j

5. QZj = gzero entries into Queue ;|

6. QTj = average time/transaction in Queue j
7. QXj = average time/transaction in Queue jJ,

excluding zero entries.

The zero entries represent transactions that were not
delayed at all before entering the next block, after the Queue
block. For example, if a Queue block was placed ahead of a

SEIZE block, so as to gather statistics about a Facility
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(single server) utilization, if no Queue forms, then all
transactions will be zero entries, because they suffered no
delays before capturing the server. Consequently, there are
two tyﬁes of "waiting times" per transaction (or customer).
The SNA QTj is computed including transactions that did not
have to wait and therefore is biased downward. The SNA QXj
excludes transactions that had zero waiting times in its
computing of average waiting time per transaction.

The Table entity is used to gather frequency statistics.
The variables entered in the table are supplied via a TABLE

definition card. For example,

2 8 19

JOYCE TABLE P1, 1, 1, 41
tells the GPSS/3%60 programme that thereis to be a table formed
with entry variables of Parameter 1 ( A operand). The left~-
interval is to be 1 (B operand) and the width of intermediate
intervals is to be 1 (C operand) and that there are 41 such
frequency intervals (D operand). Then when a transaction
enters the block: TABULATE JOYCE 6 : this transactions para-
meter 1 value is entered in the appropriate frequency interval

of the Table Joyce.

E. Reference Entities

Savevalues are provided for transactions to communi-

cate with each other. A savevalue is like a common location

[ -
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(address) where useful and general information is kept. A
transaction can always have access to information stored in
a savevalue location. The savevalues are of two types, the

array and matrix-oriented savevalues.

F. Chain Entities.

GPSS simulates systems by keeping track of events
in their chronological order. It has two internal entities
called the current events and future events chains. Events
that are supposed to take place now are put on the current
events chain in order of their priority classes. There is a
scan phase that directs GPSS/360 to try and effect the move-
ment of the transactions on the current events. chain, one by
one, beginning with a transaction with the highest priority.
Transactions that can not be moved forward at this moment,
because of a definite blocking condition in the next block,
are made scan inactive and put on a delay chain. Transactions
that can be moved forward are moved through as many blocks as
possible, till either a blocking condition ismet, a command
to re-start the scan is given or till fhe transaction leaves
the system via a TERMINATE block.

In order to be able to control the sequence of events,
the user is given two entities, namely, the user chains and
groups. The user.can put transactions on chains and retrieve

tThem accofding to his own imposed conditions. We used the
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concept of user chains in our model to keep inventory of all
dynamic channels and where these dynamic channels were being
used. A dynamic channel was removed from the chain (borrowed)
only if it meet the interference conditions which were defined
via use of the Boolean variables.

The group entity is used to classify the types of
transactions or customers in a system. In our model, all
dynamic channels belonged to one group numbered 45. The
dynamic channels being used in each cell were also given a
gfoup number similar to their cell number. For example, all
dynamic channels in use in cell number 5, also belonged to
group number 5. Certain operations can be done on one or all
members of a given group, through use of the REMOVE, SCAN,
ALTER and EXAMINE blocks. |

For a detailed discussion of GPSS/360, the reader

can consult refereces 26 and 27.




APPENDIX B

FLOW CHARTS OF GPSS

Tabhle of Definitions

Time unit = 1 msec.

Transactions

Model Segment-1
P1
P2

P3

P4

Model Segment-2

Pt - P40

P46

P4

P48

calls from cells.
contains cell number in system

division between permanent channels
and dynamic ones

contains number of Fixed channel
being used for the call

all calls using borrowed channels
have the number of dynamic channel
they borrowed put in parameter 4

Dynamic channels, seeded by master
channel via split block,

These are used for indicating, for
tiansactions. on the Ring (user chain),
where a borrowed channel is being used;
i.e. if channel 50 is being used in
cell #40, then P10 will have 50 as it
is valued.

contains division between Fixed 8
dynamic channel in matrix MTOCC,

contains Serialization of parameter
from Split block.

contains channel numerical value.




P50

Model Segment-3

Model Segment-4

Savevalues

Contains cell number of transactions
from Model Segment-1 that wants to
borrow dynamic channel, from Model
Segment-2.

Clock-Simulation timer

Transaction for effecting statistics
print-outs at the desired time (not
used in final runs).

Division between dynamic and permanent.

Means of communicating between Segment-1
and Segment-2 for the transaction that
is coming from Segment-1 and wishes to
borrow dynamic channel, The cell where
it comes from is in 2.

Contains the channel that hés been found
suitable for borrowing for the case at
hand.

For immediate communication. Has value

of dynamic channel that was being used.

For communication purposes. Contains
identification number of the cell where
the call originated.

Contains numberof dynamic channel that
is going to be relieved by one of the
fixed channels.

Contains the (P3) Fixed channel numbexr
that is being reassigned (to replace a
dynamic channel).
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10

11
12

Variables

1 -9, 51-53,
58, 59, 60

4

10 - 49

Boolean Variables

1 - 40

Tables

JOYCE
FAILD
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The call that is being reassigned gets
the matrix returned from this savevalue.

Contains a zero.

Contains cell number.

Indicators to take me into the matrix,
that has been optimally divided.

7200000 -- Timer for entire system.

120000

P3 - 2 ¥ P3 for saying that channel is

busy in its nominal cell.
2400000 -- Time for statistics output.

Contains information about Interference
cell groups.

These are designed to give idea of the
dynamic channel activity in each and
every cell in system. For a 40-cell
system, there are 40 interference cell
groups, and they are defined by
Variables 10-49.

Calls that have been served.
Calls that have been blocked.




i
i
i
|
|
i

Storages
1 - 40
TAT(49)

Chains

WAIT

ILNUP

RING

Groups
1 - 40

45

Switches

1 - 40

Functiouns

XFDIS
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Cells.
Eniire system statistics.

Where calls wait for dynamic channels
to te found.

Temporary chain used from Split block
to assigning actual channel values to
transactions.

chain that keeps track of dynamic

channels.

Group i (i = 1, 40) Contains dynamic
chanrnels being used in cell 1.

Contains all dynamic channels being
used in the system.

Informs in-coming calls whether there
are any more Fixed channels available
in the cell, If the switch is set,
then the call is immediately trans-
ferred to DYN block, so as to borrow

a dynamic channel. This feature saves

on CPU execution time.

This function is used in returning

samples of computed interarrival times.

- SO
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A, FN$XPDIS,, L!f5 - T T

1, 1

ASSIGN - - = -

N

EN TE

|

PDIS' 1.3 115

\

1,N

- — —{ AssieN

(ATCLS) 7

(ALCLS) N\

ENTER

s
~. (ALCLS)

TAT

A4
2, XH

ASSIGN

(FLOR) \L

MTOCC (P1, P2) G

o> W
(DYN)

> Oﬁ (®)

-4




e, B-6 ;
| \L’ |
§ ENTER
P1 To enter in a particular cell P1
| N
J [~
: 3, MTOGC(E1, P2)
| ASSIGN g
MSAVEVALUE Eliminate channel from cell. i
MTOCC, P1, P2,|Vv6, H 5
/
12 g
j
PRIORITY 1
|
.l. I
ADVANCE | *
V55, FN%XPDIF
5% 1 N 0 S (D) If there is a dynamic chamnel
TEST (DCP) go to free it. :
( BAD)
/
IOGIC To acertain that there are ;
R * 1 I fixed channels. !
§ — Ne
; LEAVE
|
i . ¥
|
| (E)
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H
H
1
B
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(E))
TABULATE
.
JOYOE
MTOCC, P1, P1,[P3, H
TAT
LEAVE
ATE
(B) —
(CONT.)
2-,1
ASSIGN
P2 E 0
7
TEST (FLOR)
LOGIC
S *
(DYN)

;
i
|

Tabulate calls that have
been served. '
1
i
Return the channel for next
call. i
{
i
!
_;'
Leave the system. 5
i
}
[
{
» ;
Decrease column number in :
3
search of a free channel. !

‘See if all fixed channels

are exhausted.

No mcre free channels.

Go to borrow dynamic channel.
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(DYN)

SAVEVALUE

2,P1,H

ALTER @
ALL, 50, Xj

RIN /

RfB UNT.INK

BV*5C

’

DT

11
PRIORITY
ATT
TINK | PA

Origin of call is saved

All dynamic channels are informed
which cell wants to borrow.

Unlink channel that satisfies the

buffer constraints.

Make czll wait for free channel

PP
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SCAN

*1,PR, 11, 4‘; ’

(STED)

SAVEVALUE

7,P1,H

SAVEVALUE

8,P5,H

f/

d

SAVEVALUE

9,P3,H

SAVEVALUE

"

SAVEVALUE )

11,0,H

ALTER
,2,XH10
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Calls that borrow dynamic channel
have priority 11 and one of these
calls has its borrowed channel put
in P5 of passing transaction.

For communication. Cell origin saved.

Dynamic channel saved.

Fixed channel saved.

Store the value of colliumn in matrix
MTOCC,

Call, with borrowed dynamic channel.

e




(F)

ALTER e
1,3,XH9, 4, X8

ATTER

1, XH7,XH11,

/

REMOVE
1, ,4,XH8

Z

/ (AGAIN)

Alter channel being used in cell

The call is

no longer using dynamic channel

/

LEAVE

P1

\

TABULATE’_'\

TAT

LEAVE

(AGAIN) \L/

Y

LEAVE

TABULAT
JOYRE

=

TAT
LEAVE

AT




(RMB)

" SAVEVALUE

50, %5

0

( ASSIGN )

Y
UNLINK

el

PRIORIT]

Y

LINK

RIN
P47

The channel to be borrowed is saved
in 4.

Enter this in appropriate parameter
value.

Go and use channel -XH4

These ensures continued servicing of
call immediately

et




(LUCKY)

JOIN

L

XH
ASSIGN

ENTER

ADVANCE I
5, ENSXPDI
*34////%§<\\\\\O

:> See 1f this is a re-assigned call.
EST (XAN) If it is, then go and see if there
are any more calls using dynamic
channel in this cell numberzr.
SAVEVALUE
6,¥4,H
SAVEVALUE
12,P1,

J
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(RMV)
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ATTER

1,XH12,0, 48/ XHS

oy,

IEAVE

TABULATE |
JOYCE

LEAVE

TA

Unconditional remove from group.
REMOVE

TERMINATE
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(KAN)

G*1

/

7~
TEST (DCP)

MSAVEVALU

MTOCC!

P1,P2,P3,H

LOGIC ot

(RMV)

by

(HDT)

A4

I
TABULAT
|FAILD

ILEAVE |

TERMINATE
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See 1if there are more dynamic
channels in cell.

Return channel to cell.

Inform in-coming calls that now
there are fixed channels available.

Go to remove from group.

Tabulate blocked calls
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MODEL SEGMENT-2

GENERATION AND CONTROL OF DYNAMIC CHANNELS

(SAs{GENEﬁkmE
,,1,1,10,60

Creation of master seed of dynamic

channels.

46, XH1
ASSIGN
/
SPLIT Split master channel into desired
number of dynamic channels.
= A
(TEMP)
PR
PRIORITK Re-start scan of current chain.
BUFFER
LNUP
(B) 1 UNLINK i =-2, N, . where N is the total number
47 of dynamic channels in the system.
(TRA1)" | -
4/
\
|
(SCovR)
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(SCOVR)

LINK

RING
47

R

( TEMP)

N

LINK

LNUP
PLT

R
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K is the matrix row. number and Vj
is the column index.

Join the group of dynamic channels

Put all dynamic chahnels on user
chain RING.

Temporarily put on chain, till
dynamic channel value is assigned.
to the transaction.
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MODEL SEGMENT-3
(TIMER SEGMENT)

GENE B
300000

BV41

N
pd
(KHW)
SPLIT
c=5
A =2
(FNSD)
(FNSD)
ERMINATE
1
START 1, NP No prints required at this
point.
RESET S49 Reset everything except
the storage #49 = TAT
START 18
END
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COMPUTER PROGRAMS




AT T L SR

C-1

P ST

CREATE

REALLOCATE FACsS+FUNsS sLOG+sS0+sFMSs14HMS,2,3QUES10+,570,50
REALLOCATE FSV4s104+sTABsS+HSVs50,CHA+10,VAR60+8BVR,60,C0OM,1014789
REALLOCATE GRP+50

SIMULATE §
LR
* MTCCC IS A MATTRIX OF DIMENSION (40,60) «THE CELLS IN THE SYSTEM !
* ARE REPRESENGED BY NUMBERS FROM 1 TO 40,CORRESPCNDING WITH POWS NF
x THE MATTRIX MTOCCeTHE COLUMNS OF HET MATTRIX SERVE TC INDICATE HCW
* MANY CHANNELS ARE ALLOWED FOR USE IN A CELL.
*®
*
* THE FOLLOWING INITIAL CARDE ARE FOR ASSIGNING VALUES
* TO THE MATTRIX MTOCC.
* 3
MTOCC MATRIX Hs40 460 :
INITIAL XH1, 20 !
INITIAL MHSMTOCC(151),101
INITIAL MHSMTOCC(2+1) 4111
INITIAL MHSMTOCC(3,1),121
INITIAL MHSMTOCC (44 1),131
INITIAL MHSMTOCC(S+1) 9141
INITIAL MHSMTOCC (64 1)+ 151
INITIAL MHSMTOCC(7+1)4161
INITIAL MHSMTOCC(8s1) 4171
INITIAL MHSMTOCC(9+1)+181
INITIAL MHSMTOCC(1+2) 4102
INITIAL MHSMTOCC(2+2) 5112
INITIAL MHSMTOCC(3+s2),122
INITIAL MHSMTOCC{4+2)s132
INITIAL MHSMTOCC(S5,2) 4142
INITIAL MHSMTOCC (65 2)4152
INITIAL MHSMTOCC(7+2) 9162
INITIAL MHSMTOCC(8+s2)9172
INITIAL MHSMTOCC(9+2) 4182
INITIAL MHSMTOCC(1+3),4103
INITIAL MHSMTOCC(2+3) 51132
INITIAL MHSMTOCC(3,3),123
INITTIAL MHSMTOCC (45 3),133
INITIAL MHSMTOCC(5+3) 4143
INITIAL MHSMTOCC(6+3)+153
INITIAL MHSMTOCC(7+3)+163
INITIAL MHEMTOCC(8+3)+173
INITIAL MHSMTOCC({94+3),183
INITIAL MHSMTOCC(1+4)+104
INITIAL MHSMTOCC(2+4) 4114
INITIAL MHSMTOCC(3+4),124
INITIAL MHSMTOCC(4+4)4134
INITIAL MHSMTOCC(S+4) 144
INITIAL MHSMTOCC(6+4) 4154
INITIAL MHSMTOCC(7+4)+164
INITIAL MHSMTOCC(8+4) 4174
INITIAL MHSMTOCC(9+4) 4184
INITIAL MHSMTOCC(145)+105
INITIAL MHSMTOCC(2,5),115
INITIAL MHSMTOCC(3,5),125
INITIAL MHSEMTOCC(4+5) 5135
INITIAL MHSMTOCC(5+5)5145
INITIAL MHSMTOCC(6+5) 4155
INTTIAL MHSMTOCC(7,5)4+165
INITIAL MHEMTOCC(B8+5)s175
INITIAL MHSMTOCC(9+5) »185
INITIAL MHSMTOCC(156) 4106
INITIAL MHSMTOCC(2,6),116
INITIAL MHSMTOCC(3+6),126
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INITIAL MHSMTOCC (32,59 )+ 649
INITIAL MHEMTOCC(33,59) 4599
INITIAL MHSMTOCC (34 4,59) ¢549
INITIAL MHSMTOCC (35 +59)+599
INITIAL MHSMTOCC (36,59) 649
INITIAL MHSMTOCC (37 +55) +549
INITIAL MHSMTOCC(384+59) 4599
INITIAL MHSMTOCC(394+59) +549
INITIAL MHSMTOCC (40 359 )+ 649 ;
INITIAL MHSMTOCC(10+60) +550 j
INITIAL MHSMTOCC(11,60)+600
INITIAL MHEMTOCC (12 +60) +550
INITIAL MHSMTOCC(13,60)+650
INITIAL MHSMTOCC(14+60) 5550
INITIAL MHEMTOCC(15+60),600 ;
INITIAL MHSMTOCC(16,60)+550
INITIAL MHSMTOCC(17 +60)+650
INITIAL MHSMTOCC(18+60) +550
INITIAL MHSMTOCC(19+60) 600 ;
INITIAL MHSMTOCC (20 +60)+650 !
INITIAL MHSMTOCC(21+60) 4600 !
INITIAL MHSMTOCC(224+60) 9550
INITIAL MHSMTOCC(23+60)+600
INITIAL MHSMTOCC(244+60) 4650
INTTIAL MHEMTOCC(25,60)+550
INITIAL MHSMTOCC(26+60) +650 i
INITIAL MHSMTOCC(27+60) 5600 ;
INITIAL MHSMTOCC (28 +60) +550 :
INITIAL MHSMTOCC(25,60) 3600
INITIAL MHSMTOCC (30 +60) s 650
INITIAL MHSMTOCC(31+60) 4550
INITIAL MHSMTOCC(32,60) 4650
INITIAL MHSMTOCC(32,60)+600
INITIAL MHSMTOCC(34,+,60) 2550
INITIAL MHSMTOCC(35+60) 4600
INITIAL MHSMTOCC (36 +60) 2650
INITIAL MHEMTOCC(37+60) s550
INITIAL MHSMTOCC(384+60) 5600
INITIAL MHSMTOCC(39+60) 550
INITIAL MHSMTOCC(40,60) +650
* DEFINITION OF EQUIPMENT ENTITIES NOW FOLLOWSe
*
STORAGE S1~S40,50 '
TAT EQU 49,5 FORCE TAT TO BE SIGNED THE NG» 40
TAT STORAGE .
*
% DEFINITION OF COMPUTATIONAL ENTITIES NOW FOLLWS.
E 3
XPDIS FUNCTION RN&,C24 EXPONENTIAL DISTRIBUTICN FCN
0v90/2130106/0290222/0326355/043e4509/454069/06+0915/472142/275+1438
1 8+106/0Bbe1e83/08892¢127¢012e3/092+2052/098432481/695+2499/:96,4347
57+ 305/ 0981 365/7659+406/e09G5 Se3/00083642/0a09C+7/e3GCE48
1 VARIABLE XHL+1
2 VARIABLE XH1+2
3 VARIABLE XH1 +3
4 VARIABLE XH1+4
S VARIABLE XH1+5
6 VARIABLE XH1+6
7 VARIABLE XH1+7
8 VARIABLE XH1+8
9 VARIABLE XH1+9
51 VARIABLE XH1+10
52 VARIABLE XH1+11
53 VARIABLE XH1+12
58 VARIABLE XH1+13
. 59 VARIABLE XHL +14
60 VARIABLE XH1+15
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10 VARTIABLE P14+P 24P 34+PS+P6+P7
11 VARIABLE P24+PO+P10+P3+P1+P7+P8
12 VARIABLE P3I4+L10+P11+P124P4+P14+P2
13 VARIABLE P4+P34P12+P134P144+P5+P1
14 VARI ABLE PS+P14P4+P144P15S+P16+P6
15 VARIABLE PE+P7+P1+PS+P164+P1T7+P18
16 VARIABLE P7 +P84P2+P1 +PE6+P18+P19
17 VARIABLE PR+P21+PO+P2+P7+P19+P20
. 18 VARIABLE PO+P224+P234+P10+P2+P8+P21
p 19 VARIABLE PLO+P234+P244+P11+P3+P2+P9
20 VARIABLE Pl1+P244+P25+P26+P12+P3+P10
21 VARIABLE P12+P11+P26+P27+P13+P4+P3
22 VARIABLE PI134P124+P274+P284+P29+P14 +P4 ;
23 VARIABLE P1l4+P4+P13+P29+P320+P1S+P5S i
24 VARIABLE P15+P54+P144+P30+P31+P32+P16 !
25 VARIABLE P16+P6+PS+P15+P32+P32+P17
26 VARIABLE P17+P184PE+P16+P33+P34+P 35
27 VARIABLE P18+P19+P7+P6E+P174+P35+P36
28 VARIABLE P1O+P20+P8+P7+P18B+P36+P 37
29 VARIABLE P20+P384F21 +P8+P19+P37
30 VARIABLE P21+P384+F39+F22+P9+PB+P20
31 VARIABLE P22+P30+P40+4+P414P234P3+P21
32 VARIABLE P23+PA414P424+P24+P10+PO+P22
33 VARIABLE P24+P424+P434P254+P11+P10+P23
34 VARI ABLE F25+P43+P44+P4S+P26+P114P24
35 VARIABLE P264+P114P25+P27+P12
36 VARIABLE P274+P124+P26+P28+P13 4
37 VARIABLE P2B8+P294+P134+P27 !
38 VARTIABLE P29+P30+P14+P124+P28
39 VARIABLE P30+P31+P15+P14+P2C
40 VARIABLE P31+P32+P15+P30
41 VARTIABLE P324+P334+P16+P15S+P31
42 VARIABLE P3Z+P34+P17+P16+P32
43 VARIABLE P34+P35+P174+P33
44 VARIABLE P3S+P364+P18+P174P34
49 VARTIABLE P364+P37+P190+P18+P35
46 VARIABLE P37+P204+P19+P36+P38
47 VARIABLE P384P394+P204P37
48 VARIABLE P39+P40+P20+P214+P38
49 VARIABLE P40+P22+P21+P3Q
1 BVARIABLE VIO'E*O
2 BVARIABLE V1i*E*'O
3 BVARIABLE vViz2*E*'Q ]
4 BRVARIABLE VI13'E*'O ;
s BVARIABLE V14'E'0 i
6 BVARI ABLE VIS*E®*Q
7 BVARI ABLE vievg?'o
8 BVARIABLE V1i7*E'Q
S BEVARIABLE vig'e* o
10 BVARIABLE Vig'gQ
11 BVARIABLE V20'E*0
12 BVARIABLE Vv21'E*'0
13 BVARIABLE V22%'E*O0
14 BVARTABLE V23'E*0O
15 BVARIABLE V24'E'0
16 BVARIABLE V2StEYQ
17 BVARIABLE V26*'E'0
18 BVARIABLE V27'E'QO
19 BVARTABLE v28'E*'QO
20 BVARI ABLE V2Q'E*' D
21 BVARIABLE V30*'E*OQ
22 BVARIABLE V31°*E*O
i 23 BVARIABLE V32'E'0Q
24 BVARIABLE V33tEQ
25 BVARIABLE V34'E*O
26 BVARI ABLE V35'E*'O
27 BVARI ABLE V36'E'0
28 BVARIABLE V37T'E*O
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29 ~ BVARIABLE V38'E'0
E: 30 BVARI ABLE V3Q'E*'Q
? 31 BYARIABLE V4Q*ELD
E 32 BVARTABLE V41*'E*D
ﬂ 33 BVARI ABLE V4G2*'E'Q
K 34 BVARTI ABLE V43*E*Q
| 25 BVARI ABLE Va4*E*Q 3
3 26 BVARIABLE V45'E'0 5
: 27 BVARIABLE V46'ED
f 38 BVARI ABLE V47*'E*0
A 39 BVARI ABLE v48*E*Q
E 40 BVARTIABLE V4agrE'Q
g 54 VARIABLE 7200000
i 55 VARTABLE 120000
= 56 VARTABLE P3-2%pP3
fﬁ 57 VARIABLE 2400000
50 VARIABLE TCSJOYCE+TCSFAILD
41 BVYARIABLE Cl'LEYWS4%VSO'LE*6000 L///7 CALLS T0O BE S&ERVED
"~
* DEFINITION OF STATISTICAL ENTITIES NOW FOLLCWS
*
JOYCE TABLE Plelaslsél
FAILD TABLE Plslsl,yal
*
%k
%
* NOW WE BEGIN TO GENERATE CALLS FROM THE CELLS COF THE SYSTEM,.
3% THERE ARE FOURTY CELLS AND THEREFORE FOURTY GENERATE BLOCKS ARE USED
* THE ASSIGN BLOCKS ARE USED T0O TDENTIFY THE QRIGIN OF THE CALLSe
%k
%*
CEL1 GENERATE 6000+sFNSXPDISs 9015
ASSIN 1,1 IDENTIFY ORIGIN DOF CALL
TRANSFER sALCLS CALLS TO FENTEP STORAGE OF THF WHOLE SYSTRN
CELZ2 GENERATE 6000+FNSXPDISs 99415
ASSIGN 142 . IDENTIFY CELL 2 AS DORIGIN
TRANSFER +sALCLS CALLS TO ENTER STORAGE OF THE WHOLF SYSTRN
CEL3 GENERATE 6000 +FNSXPDISess015 .
ASSIGN 1.3
TRANSFER s ALCLS CALLS TO ENTER STQORAGE OF THE WHOLE SYSTRN
CEL4 GENERATE 6000 +sFNEXPD ISesss 15
ASSIGN 14
TRANSFER +ALCLS
CELS GENERATE 6000 +FNSXPDISss99215
ASSIGN 1+5 IDENTIFY CALL AS FROM §
TRANSFER s ALCLS CALLS TO ENTER STORAGE CF THE WHOLE SYSTRN
CEL6 GENERATE 6000 s FNEXPDISs 99915
ASSIGN 1+6 IDENTIFY CALL AS FROM CFLL 6
TRANSFER s ALCLS CALLS TO ENTER STORAGE OF THE WHDOLE SYSTRN
CEL7 GENERATE 6000 +FNSXPDISssssl5
ASSIGN 147 IDENTIFY CALL AS FRCM C=LL 7
TRANSFER s ALCLS CALLS TO ENTER STORAGE CF TRE WHNOLE SYSTRN
CELS8 GENERATE 6000sFNEXPDISssssl1lS
ASSIGN 1.8 IDENTIFY CALL AS FROM CFLL R
TRANSFER +ALCLS CALLS TO ENTER STORAGE OF THE WHOLE SYSTRN
CELQ GENERATE E000+sFNSXPDISeses4+15
ASSIGN 1,9 IDENTIFY CALL AS FROM CELL 9
TRANSFER +sALCLS CALLS TO ENTER STDRAGE CF THE WHOLE SYSTREN
CEL10 GENERATE 6000 »FNSXPDISe99+15
ASSIGN 1410 IDENTIFY CALL AS FROM CELL 10
TRANSFER s ALCLS CALLS TO ENTER STORAGE (OF THE WHCLE SYSTRN
CEL11 GENERATE 6000 +FNSXPDISes9915
ASSIGN 111 IDENTIFY CALL AS FROM CELL 11
TRANSFER s ALCLS CALLS TO ENTER STORAGE 0OF THE WHOLR SYSTRN
CEL12 GENERATE 6000 +FNSXPDISs 999215
ASSIGN 1,12 IDENTIFY CALL AS FROM CELL 12
TRANSFER s ALCLS CALLS TO ENTER STORAGE QF THE WHOLE SYSTEN
CELL13 GgNERATE 6000 +FNSXPDISs+3s515
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ﬂ ASSIGN 1,13
4 TRANSFER +ALCLS
K CEL 14 GENERATE 6000 FNEXPDISe s 39215
E ASSIGN 1414
B TRANSFER +sALCLS
3 CEL1S5 GENERATE 6000+ FNSXPDISssse15
o ASSIGN 1,15
o4 TRANSFER +ALCLS p
g CEL16 GENERATE 6000+FNSXPDISses»1S g
4 ASSIGN 1+16 !
; TRANSFER +ALCLS
- CEL17 GENERATE 6000 +FNSXPDISss 9915
ASSIGN 1+17
TRANSFER s ALCLS
CEL18 GENERATE 6000 +sFNSXPDISss9915
ASSIGN 118
TRANSFER + ALCLS ;
CEL1G GENERATE 6000+FNSEXPDISs 99915
ASSIGN 1,19
TRANSFER vALCLS
CEL20 GENERATE 60CO+FNSXPDISs99915
ASSIGN 1,20
TRANSFER s ALCLS
CEL 21 GENERATE 6000+FNSXPDISs 99415
ASSIGN 1.21
TRANSFEF s ALCLS
CEL22 GENERATE 6000 sFNSXPDISs94+915 i
ASSIGN 1422 i
TRANSFER +sALCLS
CEL23 GENERATE 6000 +FNEXPDISss9915S
ASSIGN 1+23
TRANSFER s ALCLS
CEL24 GENERATE 6000+sFNSEXPDISss9+15
ASSIGN 1+24
TRANSFER +ALCLS
CEL.25 GENERATE 6000 +sFNSXPDISss 9915
ASSIGN 125
TRANSFER +ALCLS
CEL26 GENERATE 6000+ FNEXPDISs 99915
ASSIGN 1+26
TRANSFER + ALCLS
CEL27 GENERATE 6000+ FNEXPDISs 99915
ASSIGN 1427
TRANSFER + ALLCLS
CEL28 GENERATE 6000 +FNEXPD ISy 9915 |
ASSIGN 1+28
TRANSFER +ALCLS
CEL29 GENERATE BE000+FNSXPDISss9el5
ASSIGN 1,29
TRANSFER + ALCLS !
CEL30 GENERATE 6000+sFNSXPDISs 915 )
ASSIGN 1,30
TRANSFER +sALCLS
CEL31 GENERATE 6000+sFNEXPD ISy 19415
ASSIGN 1,31
TRANSFER s ALCLS
CEL32 GENERATE 6000sFNSXPDISss9915
ASSIGN 1,32
TRANSFER ¢« ALCLS
CEL32 GENERATE 6000 +FNSXPDISss9915
ASSIGN 1+33
TRANSFER s ALCLS
CEL34 GENERATE 6000, FNEXPD IS 99515
ASSIGN 1,34
TRANSFER s ALCLS
CEL35 GENERATE 6000+FNEXPDISs9s9915
ASSIGN 1,35
TRANSFER s ALCLS
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"CEL3€& GENERATE 6000+FNSXPDISs49+15
ASSIGN 1+ 36
TRANSEER 2 ALCLS

CEL 37 GENERATE B6000+FNSXPDISsssel5
ASS IGN 1,37
TRANSFER +ALCLS

CEL38 GENERATE 6000 +FNSXPDISss94+15
ASSIGN 1,38
TRANSFER +ALCLS

CEL39 GENERATE 6000+FNSXPDISe 9915
ASSIGN 1,439
TRANSFER s ALCLS

CEL40 GENERATE 6000+sFNSEXPDISss+915

ASSIGN 1440
TRANSFER +ALCLS
ALCLS ENTER TAT TO ENTER IN ONE OF THR 12 CELLS
ASSIGN 2+ XH1 P2 EQUATED TN MAXe NDe« OF CHANN,
GATE LR *1 4 DYN

*
o
* THIS PART OF THE PROGRAME SRAERCHES FOR A FIXED CHANNEL TO ASSIGN
* TO HTE CALL FOR USE.IF THERE ARE NC MORE FIXED CHANNELLS,THE CALL 1S
* ROUTED TO A SECTION IN THE PROGRAME THAT ASSIGNS DYNAMIC CHAMNES
* TO THE CALLS
%k
FLOR TEST G MHSMTOCC(P1 +P2) s 04 CONT SEARCH FOR NEXT CHANNEL !
ENTER P1 TO ENTRE IN A PARTICULA® CELL O1 !
ASSIGN 3, MHSMTOCC(P1,P2)
MSAVEVALUE MTOCCsP1,P24V564H ELIMINATECHANNALFROM CELL -P3
FRIORITY 12
ADVANCE VS55,FNSXPDIS :
TEST E G*1,0,DCP IF THERE IS A DYNAMIC CHANN.FPFE IT
BAD LOGIC R *1 TO ACERTAIN THAT THERE APEZ .STATIC CHANN.
LEAVE P1 4
TABULATE  JOYCE
* WE GIVE IT A HIGHRE PRIO. SO THAT WE DONT LOSE NEW CALLS
MSAVEVALUE MTOCCsP1,P2,P3,H FREQe P32 IS RE-INSTATED IN CELL
LEAVE TAT :

TERMINATE
STUPD TRANSFER + BAD JUST TO CHECK TF SCAN 1S WORKING QaKa
*
* THIS SECTION LOOKS FOR AND ASSIGNS DYNAMIC CHANNES TO THF CALLSe
*

DYN SAVEVALUE 2,P1,H ORIGIN OF CALL STOPED
ALTER 45 ,ALL » S0y XH2
UNL INK RING+RMBs1+4BV XS0,y 4 HDT

x CHANNEL PLEASE GET ITAND SEND IT TQ RMB
PRIGRITY 11

LINK WAIT .P1 MAKE THE CALL WAIT FOR DYN. CHANNEL,
HDT TABULATE  FAILD !
LEAVE TAT ' i
TERMINATE
CONT ASSIGN 2-,1
TEST E P2,0+FLOR
LOGIC S *1
TRANSFER +DYN GO FOR HELP
* IN THE USUAL BIG PROGRAME THIS MEANS THAT NOW GO TO POUTINE
* OF ASSIGNING TO THE CALL ISING THE DYNAMIC CHANNELS
DCP SCAN %1,PRe1154+45,STUPD CALLS THAT BCRROWED DYN, CHANN.
* HAVE PR=11,&£ ONE OF THESE CALLS HAS ITSBORROWED CKFANN.PUT INPS
* OF PASSING TRANSACTION

SAVEVALUE 7sP1+H FOR COMMG.CELL ORIGIN SAVED
SAVEVALUE 8sP5+H DYNMNe CHANN SAVED
SAVEVALUE 9,P3,.H NOMINAK CHANNo, SAVED
SAVEVALUE 10e%2,H STORE THE VALUE OF COLLUMIN MTOCC
SAVEVALUE 11,0.H
ALTER P1s1+s2+XH10+4sXH8 CALL WITH BORROWED DYNe CHANN,
%* CHANNe IS TOLD - IN WHAT COLUMN OF MTOCC TG RETURN TkE FIXTZD CHANN,
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ALTER Plysl 93eXH9s4, XHE ALTER CHANNes BFEING USED IV CELL
ALTER 45491 s XH7 s XH1 1448, XH8
REMOVE XHZ 2l esbl ¢ XHBAGATIN NO | ONGFR USING DYN CHANN,
LEAVE P1
TABULATE JOYCE
t EAVE TAT
TERMINATE
AGAIN LEAVE P1
TABULATE JOYCE
LEAVE TAT
TERMINATE
RMB SAVEVALUE 4.,P48,H
ASSIGN *504 %50
UNL INK WAITLUCKYs1s14XH2 GO & USFEF CHANXH&4 ‘
PRICGRITY PR THIS ENSURES CONT=-D SERVICING OF CALL IMMEDIATLY !
L INK RING P47
LUCKY JOIN P1
ASSIGN 4 4 XH4
ENTER Pl
ADVANCE V55,FNSXPDIS
TEST E *3 309 KAN SEE IF THIS IS A REASSIGNED CALL
SAVEVALUE 6y %4 oH
SAVEVALUE 12+P1 H
ALTER 45419 XH12+04+484+XHéE
RMYV LEAVE P1
TABULATE JOYCE
LLEAVE TAT :
REMOVE *1 UNCONDITIONAL REMOVE i
TERMINATE
K AN TEST E G%14,0,DCP SEE IF THERE ARE MORE DYNe CHANNSLIN CFLL
MSAVEVALUE MTOCC,P1,sP2+P34H
LOGIC R * 1
TRANSFER e RMV
%
%
* MODEL SEGMENG-2s ASSIGNS TO THE SYSTEM THE NUMBER OF DYNAMTC CHANNFLS
* THAT ARE 7O BE USED IN THE CURRENT SIMULATINON,
* ONE MASTER DYNAMIC CHANNELIS CREATED AND THEN SPLIT INTQOQ THE
* NUMBER OF DYNAMIC CHANNELS REQUIRED.
%*
SAS GENERATE +91+1510460 CREATOIN OF MASTER SEED FOP DYN CHNNS
ASSIGN 46 ¢ XH1
SPLIT 44 yTEMP 347 460 N ;
PRIORITY PR ,BUFFER RESTART C SCAN OF CURR, CHAIN H
UNLINK LNUP+TRAZ2,51 44742 !
UNL INK LNUP s TRA3+1447+2
UNL INK LNUPsTRA4,14479 4
UNLINK LNUP+TRASs1447+5
UNL INK LNUP s TRAG6,1+47, €
UNLINK LNUPsTRA7+1 44747
UNL INK LNUP s TRAS8s1 +47 48 i
UNL INK LNUP 4+ TRAGs1+4749©
UNLINK LNUP4TRA104+1+47410
UNLINK LNUPLsTRAL11,1,47411
UNLINK LNUP,sTRA12+1:47-12
UNLINK LNUPsTRA1341+0474+13
UNLTINK LNUPsTRA14,1+:47+14
UNL INK LNUP+sTRAL1S55 1447415
UNL INK LMUP s TRAL16+1+47416
UNLINK LNUPS,TRAL17,1+,47,17
UNL INK LNUP;TRA184+1547,18
UNL INK LNUP+TRA1G,14+47,4,19
UNL I NK LNUP s, TRA20,147,20
UNL INK ELNUP,TRA214+14474+21
UNLINK LNUP s TRA22s 1447422
UNL INK LNUP+sTRAZ23+1947+23
UNL INK LNUP s TRA24 4,147+ 24

UNL INK

LNUP'TRA25‘1147125




UNLINK
UNLINK
UNL I NK

LNUPsTRA26+1+447+426
LNUP s TRA274+1+474+27
INUP S TRAPR 3 1 447 28

A=MAX9# OF DYN

UNL INK
UNL INK
UNL ITNK
UNLINK
UNL INK
UNLTNK
UNL INK
UNL INK
UNL INK
UNL INK
UNL INK
UNL INK
UNL ITNK
UNL INK
UNL INK
UNLTNK
UNL INK
TRANSFER

LNUP+TRA29,1 347,29
LNUP s TRA30+1+47+30
LNUPsTRA3131447,4 31
LNUP2TRA324+1 447,32
LNUP s TRA33+14+47,+,33
LNUPTRA344+1447,434
LNUP s TRA3S54+14+47 35
LNUP s TRA36121:47+3€
LNUPsTRA37 91 047 437
LNUP s TRA384+1+47,38
LNUPsTRAZG, 1,474 39
LNUP«TRA40s1 9474940
LNUP+TRAG1,1,47,41
LNUPsTRA42,1 44742
LNUP s TRA4341+47+43
LNURP,TRA4441447 044
LNUPsTRA4S+1 447 445
« TRA1

CHANNe< B=NEXT BLOCK

"C=SERTA.

PARAMS

D=# 0OF PAR,

* THE ABOVE CARD MMUST BE CUSTOM MADE FOR EACH DIVISON
TEMP L INK LNUP,P47 ;
TRAL ASSIGN 48 «MHEMTCOCC(1,V1) ;

TRANSFER + SCOVR GO TO QUEUE UP i
TRA2 ASSIGN 48 yMHSMTOCC(25V1) :
TRANSFER s SCOVR GO TO QUEUE UP
TRA3 ASSIGN 48 yMHSMTOCC(3,V1)
TRANSFER »SCOVR GO TO QUEUE UP
TRA4 ASSIGN 48 yMHSMTOCC(1,V2)
TRANSFER + SCOVR GO TC QUEUE UP
TRAS ASSIGN 48 s MHSMTOCC(2,V2)
TRANSFER s SCOVR GO TO QUEUE UP
TRAS5 ASSIGN 48 yMHSMTOCC(3,V2)
TRANSFER +SCOVR GO TQC QUEUE UP
TRA7 ASSIGN 48 yMHEMTOCC(1,V3)
TRANSFER +SCAOVR GO TC QUEUE UP
TRA8 ASSIGN 48 yMHBEMTOCC(2,V3)
TRANSFER +» SCOVR GO TC QUEUE UP
TRA9 ASSIGN 48 sMHEMTOCC(3,V3)
TRANSFER »SCOVR GO TO QUEUE UP
TRA10 ASSIGN 48 yMHEMTOCC(14V4)
TRANSFER s SCOVR GO TO QUEUE UP
TRA1l ASSIGN 48 yMHEMTOCC(2,V4) )
TRANSFER » SCOVR GO TO QUEUE UP
TRA12 ASSIGN 48 yMHSMTOCC(3,V4)
TRANSFER ¢+ SCOVR GO TO QUEUE UP
TRA1Z ASSIGN 48 yMHSMTOCC(1,V5)
TRANSFER +» SCOVR GO TC QUEUE UP. -
TRA14 ASSIGN 48 s MHEMTOCC(2+,VS)
TRANSFER »SCOVR GO TC QUEUE UP
TRA1S ASSIGN 48 yMHEMTOCC(3+sV5S)
TRANSFER + SCOVR GO TC QUEUE UP
TRA1€& ASSIGN 48 yMHSMTOCC(14V6)
TRANSFER +SCOVR GO TC QUEUE UP
TRA17 ASSIGN 48 yMHSMTOCC(24,VE)
TRANSFER + SCOVR GO TC QUEUE UP
TRA18 ASSIGN 48 ¢y MHEMTOCC(35VE)
TRANSFER » SCOVR GO TC QUEUE UP
TRA19 ASSIGN 48 yMHSMTOCC(1sV7)
TRANSFER »SCOVR GO YO QUEUE UP
TRA20 ASSIGN 48 yMHSMTOCC(2,V7)
TRANSFER + SCOVR GO TO QUEUE UP
TRA21 ASSIGN 48 yMHSMTOCC(3,V7)
TRANSFER + SCOVR GO TO QUEUE UP
TRA22 ASSIGN 48 yMHSMTOCC(1,V8)
TRANSFER +SCOVR GO TO QUEUE UP
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TRA23 ASSIGN 48 ,MHSMTOCC(2,VE)
TRANSFER » SCOVR GO TO QUEUE UP
I TeA24 ASSIGN 48 JMHEMTOCC (2 .VR)
TRANSFER s SCOVR GO TO QUEUE UP
TRA25 ASSIGN 48 yMHSMTOCC(14V9)
TRANSFER +» SCOVR GC TO QUEUE UP
i TRA26 ASSIGN 48 MHSMTOCC(2+V9)
g TRANSFER »SCOVR GO TO QUEUE UP
4 TRA27 ASSIGN 48 yMHSMTOCC(3,4,V9) |
by TRANSFER »SCOVR GO TO QUEUE UP
1 TRA28 ASSIGN 48 MHEMTOCC(1,V51)
TRANSFER +SCOVPR GO TO QUEUE UP
TRA29 ASSIGN 48, MHSMTOCC{(2,V51)
TRANSFER +SCOVR GO TO QUEUE UP
TRA30 ASSIGN 48 MHSMTOCC(3,V51)
TRANSFER +sSCOVR GO TO QUEUE UP
TRA31 ASSIGN 48 4MHSEMTOCC(1,VS2) i
TRANSFER +»s SCOVR GO TO QUE UP i
TRA32 ASSIGN 48 yMHSMTDCC(2,.,V52) ;
TRANSFER +« SCOVR GO TO QUEUE UP
TRA33 ASSIGN 48 yMHSMTOCC(3,V5S2)
TRANSFER +» SCOVR GO TO QUEUF UP
TRA34 ASSIGN 484 MHSMTOCC(1,V53)
TRANSFER +SCOVR GO TO QUEUE UP
TRA3S ASSIGN 48 yMHSMTOCC (25 VS3)
TRANSFER +SCOVR GO TO QUEUE UP ‘
TRA3E ASSIGN 48 y MHSMTOCC (3,VS53) ;
TRANSFER +s SCOVR GO TC QUEUE UP ;
TRA37 ASSIGN 48 yMHSMTDCC(1,V58) 3
TRANSFER s SCOVR GO TC QUEUE UP
TRA38 ASSIGN 48 yMHSMTOCC(2,VES)
TRANSFER +SCOVR GO TO QUEUE UP
TRA39 ASSIGN 48 yMHBIMTOCC(3,VS8)
TRANSFER + SCOVR GO TO QUEUE UP
TRA40 ASSIGN 48 yMHSMTOCC(1+V5G)
TRANSFER +» SCOVR GO TO QUEUE UP
TRA41 ASSIGN 48 yMHEMTOCC(2,V59)
TRANSFER +SCOVR GO TO QUEUE UP
TRA42 ASSIGN 48 yMHSEMTOCC (34V5G)
TRANSFER +sSCOVR GO TC QUEUE UP
TRA43 ASSIGN 48 s MHSMTOCC(1,V60)
TRANSFER + SCOVR GO TO QUFUFE UP
TRA44 ASSIGN 48 yMHSMTOCC{2,VED) i
TRANSFER +SCOVR GO TO QUEUE UP i
TRA45 ASSIGN 48 yMHEMTOCC(3.,V60) !
TRANSFER +» SCOVR GO TO QUEUE UP
% THERE ARE AS MANY TRAI AS TGERE ARE DYN CHANNELLS
SCOVR JOIN 45
L INK RING,P&7
* ALL THIS WAAS AN EXCERCISE FOR ASSIGNING VALUES OF DYN CHANN.
* TO THE TRANSACTIONS
%
*+ MODEL SEGMENT-3, FOR CONTROLLING THE DURATION OF THE BUN.
ok
SES GENERATE 300000
TEST E BV41e1sKHW
TERMINATE 1
KHW SPLIT 20+FNSD,s5S
FENSD TERMINATE 1 REDUCE CLOCK TO ZERO NOW
START 1.NP NG PRINTS REQUIERD AT THIS POINT
RESET S49 RESET EVERYTHING ECERPT THE STCORAGE #49
START 189991

i

{
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