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EVALUATION

The effort described in this report resulted in the development of a
complex discrete event simulation of a multi-node, integrated communications
system. The model was used to test the differences between deterministic
and adaptive routing schemes in both hierarchical and non-hierarchical
networks. In both cases the deterministic scheme proved better if one can
Tive with the non-adaptability of this type of scheme. The model contained
in the report was demonstrated effective in this kind of analysis. As
written, it can easily be expanded for other studies planned under TPO 3.
Portions of this model were used to support the ADP Telecommunications

Program and Project 2022, Automated Digital Switching Techniques.

Qnal) Tl

DANIEL JMMCAULIFFE
Project Engineer
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PREFACE

This study involved development of a communica-
tions network model, a series of algorithms and
procedures for different message and call hand-
ling, design and test of a simulation proaram,
and analysis of the results under various traffic
loads. In addition, an analysis of projected
nrocessor call handlina times and memory sizes
was reaquired for the various routing and sianal-
ina candidates and for the network architectures
studied.

In addition to the authors, the following individuals
assisted greatly in the effort: Kenneth Bodzioch,
Thomas Russell, Irving Susskind, and Richard White,
as well as short term assistance from other

engineers and scientists at RCA.

The engineer at RADC (who gave both technical
as well as contract direction) was Daniel J. McAuliffe.
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ABSTRACT

The work which was accomplished under the ADSS (Advanced

Signaling and Supervision) effort resulted in three major

outputs, as well as some results based on off-line analysis.

a)

b)

c)

A simulation model prepared in the GPSS language, was
designed and tested. This model represents a multi-
node communications network where the nodes can be
characterized to accommodate various switching
services. In addition, the structure of the model
allows modification of the traffic mix to reflect
different distributions, as well as changes in inter-
nodal trunking facilities. This has been accomplished
by organizing the program into four major modules,
Traffic Generation, Network Simulator (describing
connectivity), a Path Calculator, and Statistical
Reporter.

The results of this model and its structure offer a
flexible and useful tool for future switched network
studies.

Three routing plans were tested with the use of the
simulation. The two primary routing plans are Deter-
ministic and Deterministic-Adaptive Routing Technique
(DART); a modified version of the latter plan using
a Calculated Path algorithm is also considered. Each
of the above routing plans were tested in the context
of a hierarchical and a non-hierarchical structure.

Digital signaling and supervision based on protocols
developed within the study were developed and used for
establishing call/message flow and control.

PR — e




f . d) A series of estimates were made for program and memory
sizes, for various size circuit switches operating
under the routing plans and signaling schemes. OQuanti-
tative sizing of each program varied for Deter-
ministic and DART routing and whether in a hierarchical
or non-hierarchical network structure. Call processing
times were also investigated for the two primary
routing plans under both hierarchical and non-hierar-
chical networks.

After an introduction in Section 2, a definition of the
operational model in terms of the network selection and
sizing, the routing plans and the state diagrams are
discussed in Section 3. Section 3.1 describes how the
hypnthetical network was developed, and Section 3.2 describes
from a set of rules, how each routing plan functions in the
| simulation to find paths through a hierarchical and non-
hierarchical network. Section 3.3 describes the protocol
of data transfer over a path once established.

In Section 4, a detailed description of each functional
module of the simulation is presented.

Section 5 presents selected results obtained from the
simulation pertaining to such parameters as number of calls
completed and lost and delivery times, etc. Other pertinent
results appear in Appendices I and II.

Section 6 presents two aspects of the simulated routing plans
in a real world environment. Section 6.1 presents practical
flow charts of the routing schemes and discusses the content
of the various messages and Section 6.2 details memory
requirements when the routing schemes are applied to
practical switches.




In Section 7, some of the problems encountered in develop-

¥

£ ing the simulation model are discussed as pointers to

| future users of the simulation technique for complex

\ networks.
Finally, in Section 8 some suggestions are offered which
should be considered for future study.

}
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2.0 INTRODUCTION

2.1 STATEMENT OF THE PROBLEM

The report which follows addresses a simulation of a network
which attempts to examine some routing doctrines and signal-
ing and supervision in the context of those routing plans.
Some special analysis of these routing/signaling plans, as
tested by the simulation and also relating to "real world"
considerations, has led to some recommendations on tech-
niques for improving the routing and signaling/supervision.

The original concept, and the routing plans considered, derive
from work published as RADC-TR-67-286, Advanced Digital
Signaling and Supervision. During that program a network
model concept was developed which included store-forward

and circuit switched service. This was modified during this
investigation to include a simplified packet concept using

a subset of a store-forward algorithm.

2.2 APPROACH

In order to further address the ADSS effort, it is probably
useful to state the objectives of a routing plan and assoc-
iated signaling and supervision. A routing plan should be
sufficiently robust that it demonstrates an ability to "find"
available paths for a call or a message request based on
preselected criteria. The criteria might be survivability,
minimum connection time, cost objectives, etc. The signal-
ing and supervision plan must exhibit at least three charac-
teristics including: a) complete information to allow for
completing the call/message attempt; b) relatively fast, and
c) positive response or equivalent to guarantee accuracy of
the signaling and supervising response information between
an originating source and the destination, and the plan
should also incorporate a robustness to accommodate error
conditions.
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A critical factor in the routing plan is in the method of
determining the routes which might be attempted. This is
independent of whether the plan is deterministic or an
adaptive plan. The path selection or path calculating
algorithm may be exercised a-priori and/or during the call
attempt, but it must be integrated with the routing plan
to support the routing plan criteria.

A modification of the model was prepared to accommodate a
non-hierarchical network, while the original model which
was also evaluated was based on a hierarchical structure.
Briefly, the major differences include:

Hierarchical - most subscribers terminate on an access

or tributary node. A1l calls which
are destined for remote points (i.e.,
two or more inter-node links/trunks)
must request routes from a regional
node, which is the entry into the
backbone/high density net.

Non-Hierarchical - all nodes have equal capability for

tandem routing; thus call routing is
established by each node.

The routing plans to be considered were Deterministic and
DART. A third plan called Calculated Path was considered,
but zfter considerable study, this was determined to be the
route selection aglorithm, rather than a routing plan.

As a result, Calculated Path algorithm is used to establish
routes for Deterministic and DART. The signaling plan

involved a technique requiring an out-of-band trunk channel,

using a quasi-message digital format. The signaling plan
divides into two segments: the actual signaling/routing
message to attempt to establish the calling/message trunk

P AT —— o e ——
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request, and (reverse leg) supervisory messages to denote
the successful or unsuccessful allocation of the trunk.

The resulting supervisory response varies depending on
whether the call is a voice call or a data (packet or
narrative/record) message. Two responses exist for the

voice call; route/trunk available or a "busy" (node or
trunk)/outage response. Alternate paths are attempted in

the latter condition. The outage (node/trunk down) condition
is considered a long term condition and essentially reflects
a network status message, which modifies the routing
selection strategy. Data traffic is handled differently

than voice calls. Where a busy/outage supervisory

response is sensed by the originating node, data (packet or
record message) is sent forward in the network to a
responsible data node, which queues it up for future attempts
at delivery.

Certain assumptions and simplifications were made to facili-
tate attaining useful runs. These include the assumptions
made for the model, the actual conditions in the network,
and the characteristics of the node and its associated
processing functions.

In brief terms, the assumptions were:

1. Nodal processing times were quantified at a fixed
level.

2. Internodal trunks were sized arbitrarily to develop
trends from test runs. The trunk sizing was "tuned"
as experience was developed on the network model and
imposed traffic.
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3. Network and model stability was determined on an
empirical basis. This reflected a compromise between
statistics which apparently showed stability after
various test runs and excessively long runs or extensive
model analysis.

4. Analysis of the impact of the routing and signaling
plans on program size and call handling times were
based on flow charts, and extrapolantions, from the
ICMS Program described in RADC-TR-72-27.

In order to expand on these, it is desirable to examine the
considerations or environment which governed the assumptions.

The primary emphasis of the simulation was to investigate
performance within the network; this meant that the nodes
were to be made as "transparent" as possible. Since nodal
delays in call message handling vary as the traffic load,
queues, configurations of hardware and software, etc., the
quantification of cross-office delay was fixed rather than
develop a lengthy investigation of the probabilistic
performance of a node. The model is sufficiently flexible
so that a rigorous nodal delay model can be incorporated if
desired.

The original sizing of the trunks created conditions where
a large number of calls were blocked. Therefore, by
examination of the test runs and the derived blocking
performance, it became apparent that the trunk sizing was
inadequate.

Recourse to standard telephone traffic analysis and careful
review of the statistics gathered in these runs allowed fine
tuning of the trunk sizing, so that:




a) Apparent network stability was achieved without
Tong CPU runs;

b) call blocking statistics were at acceptable levels.

The question of network model performance under an imposed
traffic Toad introduces the need to achieve a stable
situation. From the pragmatic viewpoint, it was decided

to run the model under well defined conditions to achieve

a point where the model apparently has reached steady-state
(or near) conditions. As can be seen, stability is a
function which is related to many factors: (a) "real world"
factors - trunk blocking, nodal call (message handling)
delays, queue lengths, available routes; (b) simulation
related factors - length of the run, correlation of the
collected statistics, intensity and distributions of traffic
introduced at various points in the run, and various model
characteristics.

The analysis of the memory sizing and call handling functions
was based on circuit switch call handling program flow
developed under the ICMS Program. This also related timing
to a specific controller. However, the routing and
signaling supervision as considered in this study were
introduced as additional functions. The estimates for these
functions were for the Deterministic and the DART plans, for
the hierarchical and non-hierarchical networks. It must be
noted that the estimates of memory size do not necessarily
require that all these functions be in working core; in
particular, the adaptive routing path algorithms within

DART could be overlaid from mass storage only when required.

Finally, the use of standardized simulation language and
structure (originally Flowsim, and finally GPSS) was an
important factor in allowing concentration on the model and




real world factors. However, it should be noted that there
were discrepancies between the user manuals and the level
of program issue on the machines used. The user should
consider these factors when attempting to use the GPSS
package in conjunction with the ADSS Program.

10
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3.0 DEFINITION OF OPERATIONAL MODEL

3.1 NETWORK SELECTION AND SIZING

3.1.1 INTRODUCTION

The selection of the original network as presented in the
proposal was arbitrary and selected as a point of departure.

As the program developed and trial runs of the simulation
were made, adjustments in trunk capacities, node capacities,
and connectivity were seen to be necessary in order to prove
that the simulation was indeed functioning correctly with
respect to the various functions of trunk busy, node busy,
and pre-emption.

The final network was reached through a heuristic analysis
of traffic since the original runs of the simulation
showed the capacity to be inadequate. This analysis will
be discussed later in this section.

The following sections describe how the network was devel-
oped, leading to the ultimate simulated network and the
factors affecting the changes from one to the other.

The organization of the program requires a brief discussion
at this point. The major program modules and their func-
tions are:

a) Traffic Generator (TRGEN) - Translates the input
traffic statistics to a series of transactions re-
flecting voice and data (packet or message) to be
handled by the network.

b) Path Calculator (PCALC) - Depending upon the routing
plan, a path is determined for the call on
each transaction by the calculated path module,
which then allows the Traffic Generator to release

1
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the transaction to the simulated network.

c) Network Simulator (NETSIM) - This processes and follows
the actual transaction as it precedes through the net-
work, 1.e., it involves the signaling and supervision,
as well as connect/disconnect, channel selection, and

information movement.

d) Statistical Reporter - This module collects and tabu-
lates .all the data representing the network performance,
as represented by snapshots of the message (voice or
data) status and history. Thus, delays, length in
queue, message types, etc. are recorded and tabulated.

3.1.2 BASIC NETWORK A
The basic network is the one presented in the proposal and
shown here in Figure 3-1.

No trunk capacities were assigned at this point but high
density trunks designated as the super-net (back-bone) were
assigned as the main route.

Packet and message switching nodes were arbitrarily assigned.
The types of nodes, tributary, regional, etc. are recog-
nizable from the key.

3.1.3 NETWORK B (MORE CONNECTIVITY THAN NETWORK A)
Network B, shown in Figure 3-2, assigns capacities to the
trunks between nodes. These values were arbitrarily
assigned, and as will be seen later, proved to be inade-
quate in simulation runs. The conclusion reached here
shows the value of simulation of a complex network.

Since packet switched traffic was of considerable interest
in the simulation, additional nodes were assigned a packet
switching capability.

12
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This network was the first network for which a connectivity
matrix was prepared for the simulation program.

3.1.4 NETWORK C (MODIFICATIONS OF MODEL)

Several alterations to Network B were made to facilitate
the testina of the NETSIM program as shown in Figure 3-3,
including more adequate trunk sizing.

It was determined at this point that the voice and data
traffic flowing in the network represented independent
areas of interest and it was, therefore, decided to create
separate pseudo-channels for handling the two types. The
number of data channels is the same as that shown in Net-
work B, but the number of voice channels were assigned to
reflect the longer call duration for voice calls, and it
will be noticed that in most cases the number of voice
channels exceeds the number of data channels.

In addition to the assignment of voice channels, separate
signaling and supervision channels were assigned between
nodes, one for voice calls and one for data. Finally, and
in order to simplify the testing of the NETSIM procram, the
link between nodes 4 and 12 was eliminated.

In order to test that the network responded correctly to
such functions as node busy, trunks busy and pre-empt, the
link capacity between nodes 3 and 12 and between 2 and 12
were reduced to 1. This ensured that the trunk and node
busy conditions would be encountered by the test message.

3.1.5 NETWORK D (CHANGE IN NODE CAPACITY)

The basic difference between Network D shown in Figure 3-4
and Network C is noted in Node 9 where the nodal capacity
was reduced to 1. This change was also made to facilitate
testing of the NETSIM program and in particular, the
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pre-empt feature of the simulation.

3.1.6 NETWORK E

Figure 3-5 shows the network as it was used in the early
simulation runs. A1l links and node capacities were
restored to their original values.

A number of runs were conducted; the statistical output of
these runs appeared to indicate that the network was over-
loading to the applied traffic level.

3.1.7 NETWORK F

The number of trunks between nodes in Network F shown in
Figure 3-6 reflects the heuristic changes, supported by an
analysis, which was made in an attempt to more closely
approximate actual traffic conditions.

For these simulation runs, the average call rates and hold
times were as follows:
Data - 6 calls per second with a 10 second duration

Voice - 3 calls per second with a 4 minute duration.

Total busy hour traffic generated is:

Data = 3600 X 6 X 10 = 60 Erlangs
3600

Voice = 3600 X 3 X 4 = 720 Erlangs
60

Averaging these total network traffic figures over 20
trunk groups in the network and allowing for the fact that
data 1inks can be treated as simplex and voice links full
duplex, the average traffic per link is:

Voice 720 = 36 Erlangs, 20 duplex channels are
required for voice.

e
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Data 60 = 1.5 Erlangs, 40 (simplex) channels are
40 required for data.

Applying Erlang "B" and a blocking probability Pg = .001
the average number of trunks required is:

Data
Voice

6 Channels
48 Channels

Applying these values to Network F gave the values as shown
and provided the network on which the ultimate simulation
runs were made.

3.2 ROUTING PLANS

3.2.1 INTRODUCTION

The hypothetical network defined in Section 3.1 was the
basis for determining the mechanization of the routing
schemes to be simulated. For the purpose of simulation,
the network was assumed to be both hierarchical and non-
hierarchical, these items defining the inter-relationships
and responsibilities of the nodes. The following section
describes how each of the routing schemes were defined for
the purpose of the simulation. The definition consisted of:
establishing the routing rules whereby a path is determined
through the network,and in formulating the protocol by
which information is transferred over the established path.
Both of these functions are essential inputs to the
simulation.

Two basic routing schemes were simulated as follows:
a) Deterministic
b) DART (Deterministic Adaptive Routing Technique).

21

— 5 —— ——— ———-—7——-————~———~~— “W——- R ————




R I — e e . B I ——

Within the structure of the DART method is an algorithm
which calculates a path through the network and is referred
to in the simulation as PCALC.

Since the simulated network is universal, i.e. it provides
for circuit switching, packet switching and message
switching, the protocols involved within a given routing
scheme must vary according to the type of information
being handled. This variation comes about since only

selected nodes have message and packet switching capability.

When over-laid on a hierarchical and non-hierarchical net-
work structure it is possible to define a total of eight
combinations of routing rules which are summarized in
Figures 3-7 through 3-14.

Each of these figures has a hypothetical network for
descriptive purposes which is a subset of the full network
previously described.

Abbreviations used throughout these figures are as follows:

0T - Originating Tributary - a node at which a call
originates.

DT - Destination Tributary - a node at which a call
terminates.

RON - Responsible Originating Node - a node used only
in packet or message switching being the nearest
node to an originating data subscriber which has
message switching capability.

RON - Responsible Destination Node - a node used only

in packet or message switching being the nearest
node to a terminating data subscriber which has
message switching capability.

PNR - Packet Narrative Record - a collective term for
packet and message switching.

4
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3.2.2 DETERMINISTIC

3.2.2.1 Circuit Switched Hierarchical

The routing rules for the deterministic routina scheme for
circuit switched messages in a hierarchical network are
shown in Figure 3-7.

Actual routes in this method are stored in the Regional
Node and are passed to the OT on request. The route
passed to the OT consists of the primary and the alternate
route.

Each succeeding node through which a call passes determines
the availability of the specified route and failure of a
route request either because of busy trunks or node block-
age results in the message reverting to the 0T for an
alternate route.

The OT passes network status information derived from
acknowledgment messages to the reaional which has the
responsibility.

In determining the optimum route. the regional node has the
option of routing a call over the "backbone" network if it
is determined that the ultimate route would require an
excess of two trunks.

3.2.2.2 Circuit Switched - Non-hierarchical

The routing rules for this combination are shown in
Figure 3-8.

The basic difference between this method and that described
above for the hierarchical network is in the disposition
of the routing tables which now reside in the originatinag
tributary. The primary and alternate routes are thus
defined at the OT.
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Since the regional node is not required a backbone network
no longer exists. However. the OT will still have the
capability of defining the optimum path.

3.2.2.3 PNR - Hierarchical

The routing rules for packet or message information in a
hierarchical network are shown in Figure 3-9.

The hypothetical network in this figure shows that nodes
C & E are desiagnated as having packet and messaae switching
capability in addition to circuit switching.

Furthermore. these nodes are designated as "responsible"
nodes to subscribers A and B, the originating and termin-
ating subscribers respectively.

A responsible node,because of its capability to store
messages, is used to route a message as far as possible
through the network. For example, if a message from
subscriber A is to be routed to subscriber B via nodes AC,
E & G and if the trunk between C & E is out or node E is
blocked, Node C as the responsible node will send a LOCKIN
to Node A. The messaqe will be transmitted to Node E
which will now become the originating node as far as that
particular message is concerned.

As with a voice call, the OT derives its routes from the
connected regional and the route returned to the 0T will
consist of the primary and an alternate. Also the regional
has power of decision on the routing of calls over the
backbone network if alternate routes would require in
excess of two links.
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3.2.2.4 PNR - Non-hierarchical

The deterministic routing of PNR traffic in a non-hier-
archical network uses the rules as shown in Figure 3-10.
This differs from the hierarchical network by the exclu-
sion of desianated reqional nodes and the backbone network.
In comparison to circuit switched non-hierarchical it
differs in the provision of responsible nodes.

Route determination is made at the OT and failed calls
revert to the OT for alternate routes. As with the
hierarchical network, a PNR message is forwarded to a
responsible node if the full route is not available.

3.2.3 DART

3.2.3.1 Circuit Switch - Hierarchical

Routing rules for circuit switched traffic in a hierarch-
ical network usina the DART technique are shown in
Figure 3-11.

Routina tables are contained in the regional which deter-
mines the route on request from the oriainating tributary
to which it passes the primary and alternate routes as
reauested.

If a route fails due to a busy link, this information is
passed to the regional which removes this 1ink from con-
sideration only for the next trial in which it is needed.
If a call fails due to link outaae, the link is removed
from further consideration until re-instated by external
means (network control). With DART, a tertiary route is
determined if required by use of the calculated path
technique.
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3.2.3.2 Circuit Switched - Non-hierarchical

Routing rules for circuit switched non-hierarchical usinag
the DART technique are shown in Figure 3-12. These rules
are similar to those for the hierarchical network except
that responsibility fordetermining primary and alternate
routes and for calculating the tertiary route is vested in
the OT which maintains and updates routing tables otherwise
performed by the regional node.

3.2.3.3 PNR - Hierarchical

The routing rules for this technique are as shown in
Figure 3-13.

As with deterministic routing certain nodes have circuit
and message switching capability and are designated as
responsible nodes.

Routes are determined from the regionals by the 0T and
failures are passed to the regional for table update.

Any given call triesa primary and alternate and then
tertiary which is determined by the PCALC algorithm in
the regional.

3.2.3.4 PNR - Non-hierarchical

The PNR non-hierarchical routing scheme, rules of which
are shown in Figure 3-14> is identical to the DART PNR
non-hierarchical scheme except that the routing decisions
are made in the tributary node.
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3.2.4 CALCULATED PATH-ROUTING ALGORITHM

The following describes the routing algorithm used for
calculating a path through the network. The algorithm is
resident at Regional nodes only in the hierarchical network
and in all nodes in the non-hierarchical network.

The principles of the algorithm are described in this
section and detailed flow charts of the program are given
in Appendix E (Program Documentation).

3.2.4.1 Basic Assumptions

In order to define the calculated path algorithm, certain
basic ground rules were established below:

1. A path is obtained using the routing algorithm
from the originating node (ON) to the destination
tributary (DT).

o Traffic originating and terminating in the
same node is not handled in the routing
algorithm.

o Traffic to adjacent nodes one link away is
handled by the algorithm.

2. If a path is available, meeting certain minimum
requirements (described later), this path is
found.

3. If no path is available, the message is returned
with this information in P75 (Path Connection).

4., Path-Request Paths are generated:
o ON-Responsible Regional (RR) for normal
traffic.

0 ON-RR-Gateway (GW) for traffic to mobile
subscriber.
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5. "Disconnected Nets", networks severed into two or
more distinct subnetworks, are permitted.

6. Path type is determined by message type: CS, MS,
PS. (Circuit Switch, Message Switch, Packet
Switch)

7. One or some combination of the following path
types are generated:

o Direct (least links).
o Supernet (high-density trunks).

o RPM (Responsible Packet-Message Switch Nodes)
for MS or PS traffic.

8. Any node which is a PM (Packet-Message Switch)
node is assigned as its own RPM.

9. Traffic may not terminate in a Regional node.

3.2.4.2 Calculated Path Decision Table

Table 3-1 presents a dicision table for message handling
in the calculated path algorithm. This table is read in a
vertical direction and the number(s) at the foot of each

column indicates the next column to be read. Double numbers

at the foot of each column indicate message to be sent to
both columns.

The key to the lettering of the columns is as follows:

Column Mnemonic Meaning
1 MT Message Type
2 RG Regionals
3 CcSP Circuit Switched Path
4 RPMP RPM Path
9 MBS Mobile Subscriber
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Key to lettering of columns (continued):

Column
6
7
8

Mnemonic Meaning
PRP Path Request Path
RET Return
DP Direct Path

Figure 3-16 presents the flow through the table of all

possible path combinations. The lettering above each of

these paths ind

The specific pa

constrained by message type, nodal distance and node types.

The specific co

icates the columns in Table 3-1.

th to be computed for a given message is

nstraints are as follows:

A. CIRCUIT SWITCHED (CS) TRAFFIC:

1. ON must

be originating tributary (0T).

2. If minimum nodal distance (0T-DT) < 2 links,

direct

path is generated from OT to DT.

3. If minimum nodal distance (0T-DT)> 2 1links, then
an attempt is made to find a supernet path (high

density trunks between Regional nodes):

c

e

R R D

Randomly select a Regional node as close
as possible to the OT (Originating
Regional: OR).

Randomly select a Regional node as close
as possible to the DT (Destination
Regional: DR).

Find direct path (0T-DT) if OR or DR not
available (to meet Assumption 2).

Direct Path: DT-DR.

Supernet: DR-0R.
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0 Find direct path (0T-DT) if no path between
DR and OR is available (to meet Assump-
tion 2).

o Direct Path: OR-DT.

MESSAGE OR PACKET SWITCHED (MS-PS) TRAFFIC:

1.

ON may be OT or a Liable Packet-Message Switched
node (tributary or Regional).

The Originating Responsible PM node (ORPM) is
found for the ON and the Destination Responsible
PM node (DRPM) is found for the DT.

No path is found if the ORPM or the DRPM cannot
be found, or if they cannot be incorporated in
the path (because of lack of connectivity).

Direct Path: DT-DRPM.

If minimum nodal distance (ORPM-DRPM)<2 links,
direct path is generated from DRPM to ORPM.

If minimum nodal distance (ORPM-DRPM)> 2 links, an
attempt is made to find a Supernet path:

o OR and DR picked as in CS ‘fic except
with reference to ORPM and DRPM,
respectively.

o If the ORPM is also a Regional node, it is
always made the OR.

o If the DRPM is also a Regional node, it is
always made the DR.

o Find direct path from DRPM to ORPM if OR
and/or DR not available (to meet Assumption
2},

o Direct Path: DR to OR.
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0 Supernet Path: DR to OR.

o Find direct path from DRPM to ORPM if
path from DR to OR unavailable (to meet
Assumption 2).

o Direct Path: OR to ORPM.

o Direct Path: ORPM to ON.

3.2.4.3 Testing the Path Calculator

The Path Calculator is a subroutine incorporated into the
Traffic Generator, and requires four subroutines already
available in the Traffic Generator: OBTNN, RNDRG, GNODE,
GPATH. The Path Calculator, however, is not tested within
the normal Test sequence of the Traffic Generator. Instead,
a separate test deck is developed and maintained (concur-
rently with Traffic Generator revisions). This deck pro-
vides an iterative calling routine to generate a set of
messages which forces the Path Calculator to calculate
paths exercising all the columns in the Decision Table.
The path formats necessary to do this are shown in Figure
3-16 a)through c). The paths to be followed for testing
are:

Figure (a): 1,3

Figure (b): 1,4,6

Figure (¢): 1,17,21,23

Figure (c¢): 26,27,29

Network input and CIDI matrices are also provided in this
deck. Network A (used in Acceptance Tests) can be the

basis for obtaining path formats 1-3, but a modified ver-
sion of this net is necessary to provide the connectivity

40

e — S tno———- - e




required to produce format 4.

3.2.4.4 Modifying Connectivity

PCALC finds a path based on the current connectivity
provided by the CIDI matrices; therefore, a routine to
modify CIDI and call PCALC is needed. The Network Simu-
lator will call this routine, providing the 1ink(s) which
are to be removed from the connectivity. This routine is
called 'TDR' and a functional block diagram is shown in
Figure 3-15.

3.3 STATE DIAGRAM DESCRIPTION

3.3.1 INTRODUCTION

The following presents a description of the protocol used
in the simulation to define the passage of transactions
through the simulation model. The state diagrams are
shown in Figure 3-17 which includes protocols for the
delivery of voice messages and packet messages with store
and forward operation. Detailed decision tables are given
in Appendix I1.

3.3.2 CIRCUIT SWITCH (CS)

3.3.2.1 Routing Between Origin and Destination

Circuit switch protocol is shown in Figure 3-17 in which
the originating node is shown on the left and the destina-
tion on the right. It should be noted that intermediate
nodes may be located between the point of origin and the
destination and that a connection request can encounter a
blocked node or a busy trunk condition at any of these
intermediate points. This situation will become apparent
from the description.
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ENTER R
TOR ROUTINE

MODIFY CONNECTIVITY
REMOVING SPECIFIED
LINK(S)

SET TOR FLAG

EXECUTE CIDI!
PROGRAM

{

MODIFY CONKECTIVITY
REMOVING SPECIFIED
LINK(S)

S——————

A

RESTORE PREVIOUSLY
REMOVED CONNECTIVITY

SEE——

IR N

REEXECUTE
CIDI PROGRAM

CALL PCALC FOR PATH
O WITH OLD CONNECTIVITY
TAG NO ALTERNATE PATH

PATH

CONNECTIVITY
AVAILABLE
?

RESET TDR FLAG

RETURN
XACT

FIGURE 3-15 TRAFFIC DESTINATION ROUTINE (TDR)
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A call is originated at point A through a connection
request (CR) to the destination node via any intermediate
nodes. If the CR encounters a condition at an intermed-
iate node which prevents the transaction from further
progress, a Node Blocked (NB) or Trunks Busy (TB) signal
is sent to the originating node. These signals are seen
at points E and F on the diagram. Either of these signals
causes the originating node to select an alternate path
to the destination and to send a further CR (point I on
the diagram). If this CR also encounters a TB or NB, the
transaction is terminated.

If the first CR was successfully received at the destina-
tion (point R) or if the second CR was received at point U,
a security check between calling and called subscribers is
conducted. If a security mismatch is encountered, the
transaction is handed to the nearest compatible subscriber.
This function is seen in the simulation as a delay indi-
cated in the diagram by the loop designated "Security
Mismatch". When a successful security check has been con-
ducted, a "LOCKIN" (L) is sent to the originating node
from point T on the first request or point W on the second
request.

It should be noted that the simulation is arranged such
that although a "path" is reserved during the CR, the
facilities are not taken into service until LOCKIN. This
can result in the received facility being busied or pre-
empted before the "call" can be completed. These condi-
tions result in a Trunks Busy (TB) or Pre-empt (PE)
appearing at points G & F on the first CR and will result
in a new CR from point I. If the busy or pre-empt condi-
tion is encountered on the second CR, the TB or PE signals
will appear at points M & N respectively and the call will
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be terminated.

A successful LOCKIN received at points B or C will result
in a completed call and information will flow as shown
from point D to X.

If, during the connect time a call is pre-empted, the PE
signal (Point 0) will cause a termination of the call.

Normal release will result in a "DISCONNECT" (D) signal
appearing at Point P. If the disconnect signal encounters
a pre-empt before being operative, a Pre-empt (PE) signal
appears at point Q and the call is terminated. This

latter (pre-empt) condition would not occur in practice

but was included in the simulation as a point for gathering
statistics.

3.3.3 PACKET/NARRATIVE RECORD (PNR) PROTOCOL

3.3.3.1 Routing from Origination to RDN

Figure 3-18 shows the signal flow for packet and message
switching from an originating tributary node via a respons-
ible originating node (RON), a responsible destination

node (RDN) to a destination node. As with the circuit
switch protocol, it is possible that intermediate nodes
will be encountered between the RON and the RDN. An
elaboration of the signal flow between these intermediate
points is shown between the RON and a liable node (LN) in
Figure 3-19 and between the 1iable node and the RDN in
Figure 3-20.

Referring first to Figure 3-17 a connection request (CR)
from the originating tributory node (Point AA) will seek a
path to the RON. In order to arrive at the RON, inter-
mediate nodes could be encountered. If either an
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intermediate node encounters a blocked node condition or
if an intermediate node encounters a blocked trunk condi-
tion, a NB or TB signal (points BA & BB respectively) will
result in a second connection request (point BE) being
transmitted over an alternate path. If this second CR
encounters an TB or NB condition (points BF & BG) the call
is terminated (roint BN). If either of the CR's is suc-
cessful in finding a path, a LOCKIN signal from the RON
(Point CC) is received by the originating node at Point

AB or AC.

Paths through intermediate nodes are reserved during the
CR period but are not actually taken into service until
LOCKIN is returned. If a reserved trunk is taken into
service or pre-empted by another call before LOCKIN
occurs, a Trunk Busy (TB) or pre-empt (PE) signal is re-
ceived at the point of origination (Points BC and BD).

If this occurs after the first CR a second attempt is made
(Point BE). If it occurs on the second attempt (Points

BI & BT) the calls are terminated.

A successful LOCKIN (Points AB or AC) results in the com-
plete message being sent to the Responsible Originating
Node (Point AD). If the facilities are pre-empted during
transmission, a Pre-empt (PE) signal is received (Point
BK) and transmission is discontinued.

On completion of transmission, a disconnect (D) signal is
received by the originating node (Point BL).

[f the disconnect signal encounters a pre-empt before
being operative, a Pre-empt (PE) signal appears at the
originating node (Point BM) and the call is terminated.
This condition would not occur in practice but was in-
cluded in the simulation as a statistical gathering point.
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The complete message is now resident in the RON which is
responsible for finding a path through the network to the
destination node, packetizing the message if required,
and re-transmitting the information.

3.3.3.2 Transfer Between RON and RDN

In Figure 3-18 the signal flow is shown when the respons-
ible originating node is directly connected to the
responsible destination node (RDN).

Finding a path to the RDN is the same as the method
described between the originating node, except that after
two unsuccessful CP's the information is placed in a
delayed queue for a later attempt. Up to 20 attempts at
obtaining a path are made for any given message and if
after 20 attempts the call is still unsuccessful the
message is considered as "lost."

The information is transferred in the following manner.
If the information is in packet form each successful
package receives a packet acknowledge (PACK) (Point FK)
which results in the transfer of the next packet. If the
information is the last packet in the message or a com-
plete message in itself, the successful transmission
results in a message acknowledge (MACK) (Point FL) which
also causes release of the trunks. The "RON/RDN Signaling
Terminated" designation is not normally used in practice
but is included as a data gathering point in the
simulation.

If a message is pre-empted at any point in the trans-
mission shown by the pre-empt (PE) signal in the diagram
(Points EJ, EK, EL, EM) the message is stored for later
attempts in the delay queue and up to 20 attempts at
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retransmission are made, after which the message is
considered "lost".

Messages which fail parity and other checks at the RDN
receive negative acknowledge (NACK) signals. Three at-
tempts at retransmission are made by the RON, the first
two unsuccessful attempts being responded to by NACK 1
and NACK 2 (Point DF). If the third attempt fails NACK 3
(Point EN) is received which releases the path and places
the entire message in the 20 attempt queue for later
attempts.

When the entire message is resident in the RDN, the RDN
attempts to deliver the entire message to the destination
used.

3.3.3.3 Delivery from RON to RDN Via Intermediate Nodes

Certain nodes between the RON and the RDN are designated
“Liable Nodes." Although these nodes have the same Sstor-
age capability as the RON and RDN, this capability is not
used unless the "Liable Node" fails to find a path forward.
This situation is illustrated in Figure 3-19.

A CR from the RON is repeated by the 1iable node to the
next node in an attempt to find a path. If this attempt is
unsuccessful, a TB or NB signal is received by the liable
node. The liable node on seeing this signal generates a
LOCKIN to the RON and the information is transferred from
RON to liable node in identical manner as described above
for transfer between RON and RON.

The path determination and message transfer between liable
node and RDN also follows the same procedure as between
RON and RDN.
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3.3.3.4 Delivery To Destination

Referring again to Figure 3-18, the right hand portion
shows the sequence of events for delivery of a message to
the destination. It should be noted that when a route to
the destination is established, the whole message is
transferred to the subscriber.

A connection request CR (Point GA) generated by the RDN
will receive either a NB or TB response, a subscriber
busy or a LOCKIN (Points IA, IC and IB respectively). If
NB, TB or subscriber busy are received, a second CR is
generated (Point HF). If any of the same conditions
prevail as for the first CR, the message is placed in a
queue for later attempts.

A successful CR results in a security check being made
with the receiving subscriber terminal. If this security
check fails, the message is passed to the nearest com-
patible subscriber and a LOCKIN is received from either
the first or second attempt.

Completion of transmission is signified by a DISCONNECT
(Point II) from the destination.

56

S — i " R—

e




N

:
:
:

4.0 CONSTRUCTION OF THE ADSS MODEL

4.1 INTRODUCTION

The ADSS model constructed for the simulation is designed
with the following objectives:

1. To provide a basis to evaluate routing techniques and
network types,

2. To service all message and call types using common
facilities.

With this in mind, the model can readily be changed to
produce empirically derived data using various network
features. The variable network attributes are listed in
Table 4-1.

In order to provide flexibility in the construction of the
model, the program is segmented into four major modules
which are the Traffic Generator, the Path Calculator, the
Network Simulator and the Statistics Reporter. The inter-
relation of the modules is shown in Figure 4-1. The
detailed submodules are depicted in the flow charts (see
Appendix C, program description in program documentation).

The Traffic Generator is that unit which creates all
traffic from inputs which reflect the user
specifications pertaining to incident traffic; the
output is the complete traffic set ready to enter the network.
The path is determined for each message in the Path
Calculator unit; where based on the routing technique an
appropriate path is determined and the signaling message
returned to the Traffic Generator. The message next enters
the Network Simulator where message delivery is attempted.
Upon termination of a run, the message proceeds to the
Statistics Reporter which records anomalies occurring
during the simulation and message transmit times in a form
specified by the user.
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TABLE 4-1

VARIABLE NETWORK PARAMETERS

Input Connectivity (for all nodes)
Link Capacities

Link Plex Type (Plex = simplex, duplex, or half
duplex capability)

Node types (RN, RDN, ON, etc.)

Node Capacities

Node Function (type of switch - C/S, M/S, P/S, etc.)
Traffic Interarrival Time

Traffic Types

Priority Distributions

Security Distributions

Message Lengths

Routing Techniques

Network Types
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4.2. MODULE DESCRIPTION
4.2.1 TRAFFIC GENERATOR

The function of this module is to create the incident traffic
conforming to the user specifications. Table 4-2 represents
a convenient specification form utilized whenever traffic

is modified.

From Table 4-2, it should be noted that the numerical

values in the parentheses represent the values established
for the contract. Excluded from the chart is the type of
distribution, such as Normal, Negative Exponential;
presently a negative exponential distribution is used. This
can be changed by the user as desired.

Fundamentally six traffic criteria must be defined:

priority, destination distribution, message type distribution,
message timing parameters, security distribution and the
mobile subscribers.

Five priority classes are provided, with unique distributions
for packet and non-packet data messages. The desired
distributions should be recorded in the accompanying spaces.
Continuing this procedure the remaining categories on the
chart should be completed. Further instructions for the
Traffic Generator modification can be found in the SNUG
manua].(])

Subsequent to generation, in the Traffic Generator portion
of the model, the messages are then marked with specific
data indicating message length, message type, originating
and destination tributaries, priority, security, identifica-
tion number and various parameters necessary to meet

message formats. This information is stored in particular
parameters locations within a transaction, as illustrated in
Fiqure 4-2.

(Msection 6, CORL-A004.
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TABLE 4-2
TRAFFIC SPECIFICATION

A. Priorities

Packets % Non-Packets %
(High) 60 ____kB)* 60 SED A0 L
50 ____(0) 50 oo
40 e 40 = = £15]
30 ) 30 oo £58)
(Low) 20 o ikag) 20 __{s0)
Total 100 Total 100
B. Destinations .
Local . o 28]
Adjacent Node . £16)
Intra-Net e ke
Inter-Net (11)
Mobile Nets (10)
’ Total 100
C. Message Types R
Record - Single - Address Circuit-Switched (RSACS) D S
- Multiple - Address Message-Switched(RMAMS)  (13)
- Single - Address Message-Switched (RSAMS) ~_k13)
Voice - Two-Party Calls (VTPC) SO
- Conference Calls (vce) sl
Packet Data - Multiple Packets (PDMP) . -L13)
- Single Packets (PDSP) e ) i

Total 100

* Parentheses reflect user specified quantity.
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TABLE 4-2 (Cont'd.)

f D. Message Timing
Voice Duration - mean value (min.) IS L
distribution Neg. Exp.
Data Duration - mean value (sec.) A saten)
distribution Neg. Exp.
Percent of Record Traffic - 500 Line Blocks PO ¢ 1
Ratio of Data to Voice Traffic 9
Data Traffic ~ L oLeF)
Voice Traffic e & -
Total 100
Traffic Origination Volume (erlangs) _%.25)
Inter-arrival Time Poisson
E. Security 9
Special Category (1) TS 5
i Top Secret (2) dn i WA
. Secret (3) R )
L Confidential (4) N
| Unclassified (5) e ire)
|
| Total 100
F. Percent Mobile Subscribers i, &%

* User Specified Quantity.
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Prior to a transaction existing from the Traffic Generator,

the Path Calculator furnishes the path (parameters P9-
P19), after which a complete call/message exists.

Due to the model modularity the generated traffic can be
imposed upon the Network Simulator or saved on a magnetic
tape. Storing the traffic on tape enables meaningful
comparisons in subsequent simulation runs, since input
variation is eliminated. Another advantage of utilizing
tapes is the subsequent elimination of CPU time in creation
of traffic in future simulation runs.

4.2.2 PATH CALCULATOR

The Path Calculator is the unit required to determine paths
for the Traffic Generator and the Network Simulator.

Since four routing techniques are available (two routing
plans, each within a different network structure), four
different Path Calculators are required. The information
needed for each Path Calculator is structured in two matrix
formats, the Directory matrix and the Connectivity matrix.
The calculated path algorithm is used in conjunction with
these each matrices to determine the route candidates. This
algorithm is different for the hierarchical and the non-
hierarchical models.

4.2.2.1 Connectivity Matrix

The Connectivity Matrix shown in Figure 4-3, is a two
dimensional array where the number of rows and columns in
the array is equal to the number of nodes in the network.
The first element numbers in a row corresponds to the node
numbers. Within a row in the Connectivity Matrix, the
connection is ordered in a specific way. First, all tri-
butary nodes that are adjacent to this node (nodal distance
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equals one) are placed in the row, followed by all the
Regionals adjacent to this node. Next, all tributary nodes
at a nodal distance of two, followed by all Regionals at a
nodal distance of two are inserted in the matrix. Follow-
ing these nodes, all tributaries and Regionals at a nodal
distance of three are found, etc. This process is continued
until all nodes are contained in this matrix. To indicate
the end of a row, a '29' is contained in the matrix. For
example, Node 1 is connected to Node 12 at a distance of
one (no intervening nodes); Node 1 is connected to Nodes

2, 3, 13 and 14 at a distance of two (via Node 12).

§.2.2.2 "Divectory Matrix

The Directory Matrix shown in Figure 4-4, is utilized to
obtain locations in the connectivity matrix. The directory
stores the location of the first Regional at a given nodal
distance, and last node at a given nodal distance. Addition-
ally, the directory matrix stores information pertinent

to the node type, responsibility and maximum nodal distance.

The unique features of the hierarchical deterministic path
algorithm are:

1. The selection of responsible message switch and
packet switch nodes.

2. Hierarchical routing criteria.

Since responsible regional nodes are assigned by the user,
optimal paths are not necessarily generated. This results
in the utilization of the "backbone" network, the criteria
of which is a path exceeding two links.

The hierarchical routing criteria for the Deterministic and
Adaptive Routing Technique (DART) is similar to that above.
But the responsible nodes are selected by an algorithm
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searching for the closest nodes possessing the required
message function. A list of possible originating nodes is
compared to the possible destination nodes in the selection
of the responsible nodes. Finally, regional nodes are
selected, if required, and the selected path is calculated.

For the non-hierarchical routing techniques, regional nodes
are eliminated, and an optimal path is calculated. The
selection of responsible nodes is similar to the procedures
described above.

4.2.3 NETWORK SIMULATOR

The Network Simulator (NETSIM) is the module responsible
for traffic movement. Traffic enters the Network Simulator
from the Traffic Generator module with its path and other
information about itself. As the message moves through the
network, it 'acts' as different types of messages; Control,
Signaling and Supervision, and Information.

Delivering a message from an Originating Tributary to a
Destination Tributary is accomplished by using four phases
of message delivery; channel selection, lock-in, information
transmission, disconnect. The same path is used in each
phase. (See Figure 4-5.)

The Connection Request Signaling and Supervision message in
Channel Selection reserves the channels that this particular
message attempts to use. The signaling determines 1f the
path and nodes are usable as the Signaling and Supervision
message is transmitted from location to location. The
Connection Request enters each node, the traffic level at
that node is incremented. As the Connection Request attempts
to leave a node over a signalling and supervision channel,

it reserves an Information Channel to the next node on its
path.
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Once Connection Request reaches the Destination Node, a
Lock-in signal is transmitted back to the Originator Node.
The Leock-in Phase acquires the channels that were reserved
by Connection Request.

With the Origination and Destination connected, Information
Transmission is possible. If the message is to be stored at
the Destination Node, it will be put in mass store there.

After all information is transmitted, the Destination Node
will initiate a Disconnect Signaling and Supervision message.
This message is transmitted t¢ the Originating Node over the
same path that all Four Phases share. As the Disconnect
message passes through a node in the path, it returns the
related channel the Information Message used and décrements
the traffic level. This is repeated until all channels that
were used by this Information Message are returned to
available status. This will complete delivery of the message
and clear channels for another message.

A normal Network is defined by a non-over-loaded, not-busy,
smooth running network. If an abnormality is detected in

any of the Four Phases, Anomcly S<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>