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" Preface

The need for a comprehensive computer communication net-
work has been evolving over the past years due to the increase
in the number of information systems in the Depart?éht of
Defense (DOD). There is also economical considerations of
establishing a single large reliable and comprehensive
communications network as opposed to numerous small to medium
communications networks.

The AUTODIN II computer communication network is designed
to meet these needs. However, communications requirements
change and, as with any large project during design and devel-
opmeht phases, questions are raised as to the operational
capabilities of the system. Many such questions may be
answered through simulating the network in its operational
environment. This thesis effort developed a computer simula-
tion program of the proposed AUTODIN II network (or any varia-
tions of it) in an environﬁent that can be changed either
permanently or dynamically.

We had hoped to have operational data from an initial
three node AUTODIN II network to validate the simulation,
but the data was not available before this thesis effort was
completed. Also, we were desirous to test hypothesis con-
cerning other AUTODIN II c9nfigurations and ascertain the
"weakest links", if any, of the present proposed network,
but sufficient time was not available. Others are invited

t6 carry out these tasks.
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/ Abstract

l£§7The AUTODIN II computer communications network is

expected to provide for present and future Department of
Defense communications requirements. . The AUTODIN II require-
ﬁents approach for development is to start small, meét the
known validated requirements, and grow ag requirements in=-
crease and the needs for service change.( The background and
present and future development of AUT2DIN II network is dis-
cussed.

<> The proposed AUTODIN II network configuration is
designed to provide reliable comm.nications and minimal

time delay for both interactive and timesharing and trans-

-action-oriented systems. As development towards an opera-

tional network proceeds, questions concerning efficiency

L)

and optimality of the network are asked by both the design
managers and future AUTODIN II users. To answer these ques-

tions ,and other future questions concerning the operational;

P
AUTODIN II network,Pa simulation program at the switch con-

‘trol module (SCM) hierarchal level was develo ed. 1:#
il

The simulation program<éllows the user to:

(1) Change the configuration network connectivity
and add or delete nodes, SCMs, links and llnesJ

(@) Generate various communication traffic levels
from any source location and to any destlnatlon

locatloq)

(/3) Define network parameters, such as prlorltles,
percentages of packet sizes, transmission times

anq special workload identification. 4, { ;7 C”MJOT‘ﬂpX/

’
.4



(ﬂ) Perform any of the previous options dynamically
to analyze the effects of network configuration
failures or catastrophic events.

A/Béér'sluéﬁual is provided,as part of the thesis
and may be used as a separate document. It describes the
input requirements and user 6ptions, the output data files
and their format, and a data analysis methodology.

‘ Analyses are performed for two Air Force organizations,
each with opposite views or concerns regarding the AUTODIN II
network; one from the design managers view of the overall
network performance measures and specifications, the other

from the user's view of the specific netowrk performance

measures for a particular type of workload and priority.



CHAPTER 1

INTRODUCTION

Background

In recent years the number of computer information
systems with geographically dispersed terminals has ex-
perienced continuous growth. These information systems
are transaction oriented and require online communications
for interactive timesharing, remote job entry and bulk
data transfer. Each information'system's transaction
application has usually requifed the establishment of
its own dedicated communications network with special
leased lines.

-In 1972, the assistant Secrefar& of Defense for
Commﬁnications, Command, Control and Intelligence tasked
Defense Communications Agency (DCA) to make recommendations
for a common Defense Communication System (DCS) to fulfill
computer communications requirements for the Department of
Defense (DOD). DCA was also tasked to prepare a plan to
fulfill the communications fequirements for the World Wide

Military Command and Control System (WWMCCS).
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DCA had already initiated a comprehensive study to
determine the present and future data communications re-
quirements in the military environment. From this study
projections into the mid-1980's indicated that within DOD
there would be approximately 2500 computers involved with
data communications with 20,000 input/output terminals.

The study recommended an AUTODIN II plan to be written

which called for 47 worldwide data communication switches.
This recommendation was later revised, and the current
philosophy is to start small, meet the known validated
requirements, and then grow and evolve as requirements and
the needs of the DOD community increase or change. In the
technology area, the DCA.study concluded that packet switch-
ing would be the best approach to use in AUTODIN II. The
AUTODIN II Request for Proposal was released in 1975 and -the
contract for development and implementation was awarded to
Western Union Telegraph Company in 1976 (Ref 1).

AUTODIN II has similar capabilities and performance
characteristics to the ARPANET developed by the Defense
Research Projects Agency. Subscriber computers and ter-
minals are connected to the nearest AUTODIN II packet
switching node (PSN).. At the initial,PSN, a subscriber
message is converted to one or more AUTODIN.II standardized
messages or packets containing the destination address,
security, precedence, com@unity of interest information

and other pertinent information. Each packet is dynami-

2
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cally routed along one of several paths to the destination
PSN, where the backet is forwarded to the appropriate destin-
ation computer or terminal. The deiay time between message
entry and delivery is so small, that each subscriber's com-
puter or terminal will appear as a dedicated connection.

The path for a packet to take befween the source and
destination node is determined by a routing algorithm de-
veloped initially by Systems Control Incorporation (Ref 2).
The algorithm is based on the ARPANET routing methodology
but with major changes to implement the requirements of
AUTODIN II. Like ARPANET, a distributed routing algorithm,
as opposed to a centralized algorithm, was selected to in-
crease survivability of the network. The routing algorithm
for AUTODIN II provides more network information to each
node in order to make nodes more responsive to network
changes and to prevent looping of packets. The routing
algorithm is of primary importance in the consideration of
the AUTODIN II network configuration and a significant
portion of this thesis effort. .

A significant difference exists between the AUTODIN II
network and previous computer networks. Previous computer
networks have been constructed around a single computer per
switching node. The AUTODIN II Packet Switching Node con-
sists of one or more computers, calleq Switching Control
Modules (SCM). Each SCM can act independently or with
other SéMs. This- concept alloﬁs expansion of a PSN (by add-

ing SCMs) to meet permanent exﬁansion<of traffic workload.:



Statement of the Problem

The DCA has not developed a satisfactory inhouse analy-
sis of the AUTODIN II network to test and verify the proposed
configuration and software. Systems Control, Inc. (SCI)
simulated the PSN level of the network in developing.the
routing algorithm (Ref 2:App C). Rockwell International Co.
(RIC) developed a simulation of a single PSN with one, two
and three processors (Ref 3 ). Capt. J. Whittenton developed
a simulation of the PSN level with the proposed network con=-
figuration (Ref 4 ). However, the AUTODIN II algorithm must
be simulated for various network configuration and tested
under potential stress conditions, including projected work-
load changes, hetwork failures and various traffic levels
and peaks. Knowing the results of the stress conditions for
various network configurations will allow for corrective
action to be taken before the complete'network is developed.

Thus, a significant dollar savings could be realized.

Scope

The primary objectives of this thesis are:

1. To model the AUTODIN II backbone network, that is,
from the time a message enters a PSN to the time
it leaves a PSN.

- To analyse the network behavior under projected
_operational and stress conditions.

Objective (1) will allow the user to simulate AUTODIN II,

§



. varying numerous parameters, such as traffic levels, traffic

fluctations, flow densities, workload systems and levels of
priorities. For each set of pérameters the user will be
able to change the proposed network configuration to test
another configuration. Verification of the model is through
comparison with Capt. J. Whittenton's thesis results (Ref

4 ). The desired result of the simulation is to provide
future users with sufficient flexibility to analyze the effects
of changing network configurations and workloads.

The authors separately evaluated potential network
problems from two opposing views: the designer and the
customer. The evaluations were accomplished using the simu-
lation model and the data available at the present time. The
authors hoped to use actual data from the initial 3-node net-
work scheduled for operation in June, 1980, but the schedules
were slipped past this thesis effort.

The efforts to simulate all details of the AUTODIN II
network are beyond the scope of this thesis effort. There-
fore, only fhe backbone of the network is simulated; that is,
subscriber compdters, terminals and associated access com-
ponents are not included in the model. - The routing algorithm
code was classified at the time of this thesis effort and was
npt available to fhe authors. Therefore, some differences
may exist in the simulated algorithm and the actual algorithm.
However, after discussions with DCA personnel, these differ-

ences’ should be very minor.



Approach

This thesis study was initiated through the interests
of two sponsors, Capt. W. Nielson, DCA Engineering Center,
and Major B. Gilbert, of AF/LEXY. Two AFIT students, the
authors of this thesis, Mr. J. Healey and Mr. D. Henderson,
were assigned respectively to these sponsors. Since each
student required a model of the AUTODIN‘II network, a joint
effort was established to produce a simulation program.

Early in the thesis effort, it was decided not only to
attempt to produce a simulation model which could be used to
satisfy the requirements of the sponsors, but also the re-
quirements of other Air Force and contractor personnel who
may be interested in analyzing the effects resulting from
changes in the AUTODIN II network workload and/or configura-
tion. A users manual of the simulation model was written
for this purpose énd is included as part of the thesis.

The first step in the thesis project was to research
and study literature written on the AUTODIN II network.

With a background into the present state of the art of the
network andé with the guidance of the AFIT faculty, the QGERT
model was selected. Before selectioﬁ of QGERT, a simpli-
‘fied version of the AUTODIN II configuration and routing
algorithm was tested. Upon satisfactory results from this
test, the authors proceeded to model the AUTODiN II network.
This simulation model differs from previous simulations

in overall‘concept and fills a gap left by them. The Rock-

6
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well International Co. simulation concentrated on simulating ¢

e
]

the interactions occurring within a single PSN and the sim-
ulations by Capt. J. Whittenton and by Systems Control,
Inc., concentrated on interactions between PSNs within the
complete network. This simulation was developed to portray
interactions between SCMs within the complete network and
to allow SCMs to be added or removed from a PSN.

Upon successful completion of the model, the authors
simu;ated the proposed network and evaluated the potential

problems provided by their respective sponsors.

Seguence of Presentation

This report contains eight chapters. Chapter Two
describes the AUTODIN II network topology and architecture.
Included 'in this description are some of the requirements
and specifications of the AUTODIN II system. Chapter Three
describes thé AUTODIN II routing algorithm, it's functions
and it's six modules. Chapter Four describes the éimulation
model cf the AUTODIN II network and routing algorithm. Also
includid is the simulation input data in detail for future
users of the model. Chapter Five contains the author's
methods of analyzing the simulation model results. Chap-
ter Six describes the results of verification of the model
with Capt. J: Whittenton's simulation results. Chapters
Seven and Eight discuss the.results of the éimulation model

from two viewpoints: Chapter Seven contains the results of

7



the analysis by Mr. D. Henderson for Major B. Gilbert,
AF/LEXY and Chapter Eight contains the results of the
analysis by Mr. J. Healey for his sponsor, Capt. J. Nielson,
DCA Engineering Center. Appendix 1 contains the User's

manual for the AUTODIN II simulation model.



CHAPTER 2

THE AUTODIN II NETWORK

Autodin II Description

AUTODIN II is designed to provide economical and reli-
able data communications service for both interactive time-
sharing and transaction-oriented systems requiring rapid
response between terminals and gomputer-to-computer data
transfers requiring high transmission capacity (Ref 1 : ES-2).

Subscriber terminals and computers (hosts) will be

" connected to the nearest PSN. Subscriber terminals are char-

acter oriented input/batch devices such as teletypewriters,
CRT terminals and remote batch terminals and minicomputers
that serve as communication handlers (Ref § :v-1-55). Sub-
scriber hosts are larger computers capable of producing large
quantities of data. The sﬁbscriber data (or messages) are .
separated into discrete elements called packets, each packet
containing the address of its destination, security, prece-
dence and community of interest information (Ref ‘1:ES-3).
Community of interest information specifies which users

are allowed access to certain information or messages.

" Packets will be dynamically routed to their destination

9



along one of several paths. Each packet is routed indepen-
dently so that if the subscriber's data requires more than
one packet, each packet may take a séparate route. The
appropriate route is determined by the AUTODIN II routing
algorithm discussed in Chapter Three. A subscriber com-
puter will be capable of maintaining ﬁultiple virtual
connections with other terminals or computers.
There are currently 47 ADP systems identified as poten-
tial candidates to connect to AUTODIN II network. These 47
ADP systems consist of 161 host computers and 1324 connected
terminals (Ref 1:1). A number of these connected terminals
are concentrator devices that, as a total, connect an addi-
tional 1700 devices to the AUTODIN II network.
The primary requirements and specifications for imple-
menting the AUTODIN II network are (Ref 1:8):
1 Initial network configuration of four nodes,
network control center and system test facility
Yiﬁgs?apac1ty for terminatrion of 200 access

- Capability to grow modularly to eight or more
nodes with approximately 1700 subscribers.

3. Node capacities:

L. 150 to 200 full duplex line terminations;

i Each line can be 110 bps to 56 kbps for
subscribers and 9.6 KBPS to 230 KBPS for
trunks;

8. Throughput from 500 KBPS to 2.5 MBPS.

4,.,- Maximum packet length of approximately 5300 bits.

§.° Four traffic acceptance categories (CATI, CATII,

10
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CATIII and CATIV).
6. Nonblocking for the highest precedence traffic.
7. Availability of 99 percent for singlé-homed
subscribers and 99.95 percent for dual-homed
subscribers.

8. Minimum impact on existing subscriber equ1pment/
system software.

9. End-to-end undetected bit error rate of 1less
than 1 X 10-12

10. Segment misdelivery rate of less than 1 X 10-11,
A subscriber's data is broken into elements
(at the CCU for hosts, at the PSN for terminals)
called segments. At the initial PSN, segments
are converted to packets.

11. 300 MS maximum backbone delay for interactive
and highest precedence packets (600 bit packets).

12. Transparent to text

13. Capable of supporting effective transmission-
rate of at least 75 percent of lowest access
line speed on a connection.

14, Top-down, structured design of software using
a high order language to its maximum extent.

15, Capable of being certified to handle all levels
of classified traffic.

The initial AUTODIN II network will consist of three
PSNs located at Fort Dietrick, Frederick, Md.; Tinker AFB,
Oklahoma City, Okla.; and McClellan AFB, Sacramento, Cal.
After thorough testing, a fourth PSN at Gentile AFS, Dayton,
Ohio, will be added. The network will continue to grow to
eight PSNs. As requirements increase, additiongl PSNs may
be added to.the network. The eight PSNs will be located

at the present AUTODIN I CONUS sites. This was recommended

11
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to keep overall costs down.

AUTODIN II Architecture

The AUTODIN II network and routing algorithm are the
results of studies performed by DCA, Western Union Telegraph
Company (primary contractor), Ford Aerospace and Communica-
tions Corporation and Systems Control, inc. Each packet
switching node will be directly connected to at least three
other PSNs with backbone trunks (lines) between the PSNs
operating at a maximum of 56k BPS as shown in Figure 1. All
network elements will consist of common equipment, the
Digital Equipment Corporation (DEC) PDP-11 family of com~-
puters. This will reduce quantities of spare parts and
simplify training.

" The basic elements of a PSN are: Switch Control Module -
(SCM), Terminal Access Controller (TAC), Line Control Module
(LCM) and Patch and Test Facility (PTF). (Ref 1:ES-21)

The SCM4managés the basic packet switching function and inter-
facing of subscriber hosts and consists 6f one PDP-11 pro-
cessor. Each PSN contains one or more SCMs depending on the
quantity of throughput required. The TAC performs the func-
tion of interfacing the subscriber terminals to the network
and also consists of one or more PDP 11-70 proceséors de-"
pending'Sn the quantity of subscribers and the traffic

volume. The LCM, attached to both thé~SCM and TAC units,

terminates access lines. The PTF monitors and updates test

12
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points to restore or maintain circuit operations. The PTF
uses the present AUTODIN I equipment. Each PSN also main-
tains a standby subsystem (PDP 11-70) to take over in the
event one of the processors fails.

One of the design objectives of AUTODIN II was to
minimize the subscriber hardware and software modifications
when conneéting a host to the network. This objective is
met through the use of one of two channel control units (CCUs)
as shown in Figure 2. The single CCU (SCCU) provides one
physical ﬁort between the host and the SCCU and one logical
connection to the network. The multiple CCU (MCCU) provides
up to 32 ports between the hosts and the MCCU and 32 simul-
taneous logical connections to the network.

Located outside the eight PSN network will be the Net=-
work Control Center (NCC). The NCC gathers information on
network performance and usage to respond to the management
and control requirements of AUTODIN II. The PSN, SCMS, Links
and trunks of the proposed AUTODIN II network configuration

are shown in Figure 3.

14
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CHAPTER 3

THE AUTODIN IT ROUTING ALGORITHM

" Description

The AUTODIN II network employs a distributed adaptive
routing algorithm. It is distributed in that decisions of
the paths that packets will take are not controlled by a
centraliy located processor. It is adaptive because, for
example, a system failure or link congestion in one area
of the network will effect the decision as to what path
packets will take in another past of the network. ‘Adaptive
routing is possible through the exchange of information be-
tween»nodes in the network. The AUTODIN II routing algorithm
is a derivative of tl.e ARPANET routing algorithm with signi=
fi¢ant changes and improvements for application to the AUTODIN

II network architecture and topology. In fact, a detailed

-study of the ARPANET applications s:.d problems was made before

the present AUTODIN II rogting algorithm was proposed and
accepted (Ref 5:V-1-105).

A ?outing decision is made by accessing routing tables
maintained at every SCM. The routing tables contain the

most current information on the network status. Thus a com=-

17



plete path from a source SCM to a destination SCM is not

determined by the source SCM; each packet is directed along

the path the current SCM thinks is best. The operation of

the AUTODIN IT routing algorithm is summarized as follows

1.

Each node maintains a copy of the network topology.

Each node monitors its output trunk group queue,
and compares them with a predetermined congestion
threshcld value.

Whenever the connectivity of a node alters, or
the congestion status of any of its trunk groups
alters, or on a periodical basis, the node trans-
mits a connectivity/congestion message to all
other ncdes.

On receipt of a connectivity/congestion message,
each node updates its local copy of the network
topology and updates its table of minimum-hop
paths to all destinations. (Minimum-hop is the
least number of hops required for a packet to
take to reach its destination PSN from its
present PSN.)

Tandem nodes (nodes between the source and destin-
ations nodes) route packets by choosing only
among the minimum-hop paths.

Source nodes route packets by choosing only a-
mong the minimum-hop paths and the minimum-hop
+ 1 paths. .

When a tandem node or source node has two or more
paths to a destination, it chooses a specific out-
put link by minimizing the conbination of local
queue delays plus bias representing the delay due
to and reported congestion on the paths.

As discussed previously, each node contains one to

three SCMs depending on the projected traffic volume at that

node.

Nodes are interconnected by from one to three logical

18
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links with each link consisting of from one to three physical
transmission lines (trunks). Each SCM processor operates
with a copy of the routing algorithm and is tﬁerefore re=-
sponsible for routing packets on the paths to the next PSN
(SCM). ‘A distributed routing algorithm may have problems
with looping of packets between PSNs or SCMs or delayed in-
formagion on network status. Looping is possible since each
PSN, independently, makes its own decisions, and two PSNs
could loop a packet between each other. Therefore, certain
precautions have been built into the routing algorithm.
Some of these precautions are
1. A field in the packet header is decremented and
tested at each PSN to identify packets previously
processed by the PSN.

2. No packets are returned to the node from which
they have just been received.

3. All routing updates take place concurrently
throughout the network and the full delay table
is accumulated before the minimum delay route is
chosen.

y, The exchange of routing information is planned
to occur frequently enough (of the order of 0.5
seconds) so that changes are rapidly transmitted
throughout the network.

It is important to note that although each SCM could
appear to be considered as an independent PSN, this is
actually not thé case. A hierarchical approach is taken.
The routing algorithm is implemented on an inter-PSN basis

with a separate process for intra-node routing between SCMs.

For example, if an SCM computes a path for a packet which

19



requires transmission on the line of another SCM within the
same node, the packet is placed in the output queue of that
SCM through the processor communications link (PCL). If
the link contains more than one line to the next node the

line with the minimum output queue is selected.

Design

An explanation of the routing algorithm tables, arrays
and modules will now be presented. The routing algpritﬁm
data base is. a table of the status of the network called the
link distance (LD) table. The LD table is maintained by
periodic internodal status packets. The LD tabie is a three

state value defined from node i to node j;

1.00 if i and j are connected, but not congested.
LD(i,j) = 1.01 if i and j are connected and congested.

if i and j are not connected or i = j.

An example of the LD table for the Andrews node is given
in Figure 4.

If the LD table in a node is changed, an algorithm called
MINHOP (to be explained later) is executed to generate, from
the LD table, a routing distance (D) table. The D table for
node N contains the distance to every other node in the net-
work over egch link from node N. 'The D table contains, for
each link of node N, the qistance, in number of hops, to

each of the other nodes in the network. Only minimum hop

20
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and minimum-hop plus 1 paths have non-infinite entries.
With the minimum hop and minimum-hop plus 1 constraint it
can be proven'that looping cannot occur in the network
(Ref 2:A-2)., An example of the D table for fhe Andrews
node is given in Figure 5.

The routing algorithm is made up of 6 modules: PAKROUTE,
MINHOP, RTABLE, TTABLE, UPDATE and MESGEN. The overall
organization of the routing modules is shown in Figure 6.

The UPDATE box includes both RTABLE and TTABLE modules. The
purpose of the authentication block is to ensure that only
actual nodes (not users) can send authentic network status
packets, Otherwise a user, either malic?ously or accidentally,
could bring down the network by bringing all links down.

The reader should note from Figure 6, that the routing
modules-are divided into two functions: Background functions
and Per Packet functions. An explanation of each of tﬁese
functions and each of the routing modules follows. For a
more detailed explanation, consult the references in the

bibliography.

Background Functions

Background functions are accomplished on a peri&dic
basis to update (if necessary) the routing tables and other
associateq information as shown in Figure 7. The routing
of packets in the network is hierarchical in that first,

node to node routing is determined and second, which trunk
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of a link to use is determined. . The background functions,

performed by MESGEN, UPDATE, MINHOP, RTABLE and TTABLE

"hodules, develop the node-to-node and trunk rodting tables.,

The background tasks ﬁeed nct be performed by each SCM
in a node, and MESGEN (the module which generates status
packets to other nédes) must cnly be accomplished by one SCM.
Othérwise duplication of status packets could flood the net-
work. Thus, one SCM in each node will be designated as
"king" and be responsible for implementing the background
tasks and notifying the other SCMs within the node of changes
in the routing tables. The king will be periodically deter-
mined in a distributed fashion as the SCM having minimal
load. This will distribute these background tasks to the
processor with the smallest current load, Each SCM must
determine the same king SCM. In the case of a failure:of
the king SCM, the next king will take over the background
functions (Ref 7:4).

To provide the king with the necessary information, and
for eacﬁ SCM to determine a common king SCM, the SCMs
within a node will exchange v&i.tors containing (Ref'7:4).

\ the processor utilizatién during a time interval
and/or other estimates #t the current processor
load

2. the input queué size for processing at the SCM

3. the oﬁtput queue sizes for each of the trunks

emanating from the SCM with minimal prosessor.
utilization. A ,
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Figure 8 shows the process each SCM goes through to

determine the next king and when and how to exchange vectors.

MESGEN

The MESGEN module checks fof changes in the connectiv-
ity and congestion of the node and, if a change exists,
sends status packets containing the node's current status
to all other nodes in the network. The flowchart of MESGEN
is shown in Figure 9. A link is congested whenever the
average number of packets over all trunk output queues in
the link is greater than a threshold tl. A node is con-
sidered to be saturated whenever the total number of packets
in the node input queue exceeds a threshold t2. When a node
is saturated, all outgoing links are considered congested. ’
MESGEN is executed periodically at two different time inter-
vals, FTICK and STICK. When executed as a result of FTICK
(100 milliseconds), "bad news" is checked, that is, if the
congestion or saturation thresholds have been exceeded since
the last FTICK or if a trunk, link or SCM have gone down '
since the last FTICK. When executed as a result of STICK
(400 milliseconds), "good news" is checked, that is, if the
coqgéstion and saturation levels are within the thresholds
since the last FTICK or STICK or if a connectivity within
the node which was down is now ﬂp. Again, only if a chahge
in the node connectivity or congestion and saturation levels

is found at FTICK or STICK intervals will status packets be
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generated and sent to other nodes in the network. If a change
is found a copy of the status packet will be sent to the

UPDATE module for local (nodal) processing.

UPDATE

The UPDATE module processes status packets received from
other nodes or from other SCMs within the same node. When
a status'packet is received from another node, the SCM at
which it arrives executes UPDATE and sends copies to the
other SCMs in the same node. Each arriving status packet is
checked to see if it contains a change from the existing
information in the LD table. If a change does exist the LD
table is updated and a flag is set to indicate a change has
occurred. The MINHOP, RTABLE and TTABLE modules are then

executed. TFigure 10 describes the procedure of UPDATE.

RTABLE

The RTABLE module uses the information in the distance
(D) table and queue length data in the node's.links to main-
tain the two routing arrays, SROUTE and ROUTE. The SROUTE
array contains the minimum hop or minimum hop plus one paths
to determine the next path for a packet entering at a source
node. The ROUTE array contains the minimum hop paths to

determine the next path for a packet entering a tandem node.

" Both arrays are N x 1 arrays, where N is the number of nodes
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in the network. An entry in either array contains the link
over which a packet wiil be routed next. The rationale be-
hind having two routing afrays is based on the idea that
under normal operating conditions a packet will encounter
at the most only one tandem node because of the network
connectivity. The source node could have multiple "best"
routes to select from to get the packet to its destination,
but a tandem node, in gene;al, would have only one "best"
route which would be the link directly connecting it to the
destination node (Ref u4:32). The RTABLE procedure is

shown in Figure 11.

TTABLE

TTABLE is the module used to build the trunk routing
tables. These tables contain the trunks over which packets
are to be routed, given a selected output 1link from SROUTE
or ROUTE. The TTABLE algorithm and its associated array
were not specified in the SCI documents. But fpom a descrip-
tion of the algorithm (Ref 6:38-39), a TTABLE module was
developed by the authofs to more fully exercise the rout-
ing algorithm. The trunk is selected based on the minimum
packets in the output queues of all trunks in the selected

link.

MINHOP
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The MINHOP module is the "heart" of the routing algorithm
(Ref 2:A-9) . It calculates the entries of the D table
which, again, reflects the number of hops (plus a constant of
.01, if congestion e#ists) required to reach another node on
a particular link. This table contains only minimum hop
and minimum hop plus one values. The entries are infinite if
the hop count exceeds the minimum hop plus one. MINHOP con-
sists of five processes: CONNECTIVITY, CONN-CHANGE, INIALIZE-D,
COMPUTE-D, and INCREMENTAL-D, briefly described below.

CONNECTIVITY

CONNECTIVITY is used for initial computations of the
connectivity pointer (P) array and the connectivify vector
(NC) array. An example of the P and C arrays are shown in
Figure 12. The P array is an (n+l) x 1 array representing
the nodes in the network whose entries point to elements
in the NC array. The NC array is an NL x 1 array, where NL
is’ the number of one way links in the network. Each entry
in the NC array corresponds to the destination node of -each
link from an initial node. The P and NC arrays aré computed
from the LD table to provide equivalent but more convenient
informational form (Ref 2:A-9) . CONNECTIVITY is executed
only when gross modifications in the network‘require it,
that is, upon adding or permanently deleting nodes or links,

or upon initialization (Ref 7:25).
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CONN-CHANGE 1

CONN-CHANGE is used to update the NC array and the
corresponding entries in the LD table to reflect a link
failure or repair or other minor network modifications.
This procedure is faster than performing the CONNECTIVITY
procedure and will be used to update the NC array most of

the time.

INITIALIZE-D

INITIALIZE-D initializes the entries in the D table
using entries from the LD table and the P and NC arrays.
As with the P and NC arrays in the previous two processes,
INITIALIZE-D and COMPUTE-D initialize and maintain two
arrays, LIST and HOP, to provide network data in a conven-
ient informational form. The LIST array is an N X 1 array
where NLN entries are the nodes connected to the subject
node and the other N - NLN - 1 entries are the nodes not
connected.. The authors could not find any use of this
array in the routing modules and found the array dimensioned
incorrectly in (Ref 2:A-15). The HOP array is an N X 1
array whose entries contain the minimum number of hops re-
quired for a packet to reach a particular node (if the entry
is for the subject node the value is.zero). ‘An example of

the LIST and HOP arrays are given in Figures 13 and 1u.
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COMPUTE-D

COMPUTE-D completes the‘computations of the D table

and the LIST and HOP arrays.

INCREMENTAL-D

INCREMENTAL-D is a procedure that is entered when only
a congestion status change is reported. For a congestion
status change it performs the same function as the INITIALIZE-D
and COMPUTE-D processes but in much less time. Initializing
the D table and LIST and HOP arrays and updating them for
connectivity status changes must be performed by the
INITIALIZE-D and COMPUTE-D modules. Since congestion reports
are much more frequent tﬁan connectivity change reports, the
INCREMENTAL-D saves a significant amount of processing time %

(Ref 7:33).

Per Packet Function

The per packet function determines the path a packet °
will take to reach its destination through a single module,
PAKROUTE. PAKROUTE ié executed fof every .packet entering
the SCM., Figure 15 shows a flowchart of the per packet
routing tasks. The routing tables developed by RTABLE and

TTABLE are used to determine yhich outgoihg link and trunk,

* . if any, will be used.
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PAKROUTE splits the packets into three broad categories:

s Packets destined for other nodes,

2. Packets destined for the present node,

3. Undeliverable packets (due to hardware failures
separating part of the network, etc.)-

Figure 16 shows the PAKROUTE module overview. PAKROUTE

determines the path packets will take by first selecting

the outgoing link through a table (ROUTE and SROUTE) lookup.

The ROUTE and SROUTE tables are produced by RTABLE in the
background functions. Secondly, the outgoing trunk is
selected by another table (TROUTE) lookup. TROUTE (not
.shown in Figure 16) is produced by TTABLE in the background
functions. Packets arriving at an SCM from another SCM in
the same node can be queued directly to the correct trunk,
that is, it is not necessary for a packet to process through
two or more SCMs in the same node even when the appropriate
trunk is connected at another SCM in the node. PAKROUTE is
a simple module, however, it is executed for every ﬁacket

which enters the SCM.
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CHAPTER 4

AUTODIN II SIMULATION

Constraints and Parameters

The AUTODIN II simulation model described in this
chapter was developed to fill a void left by other AUTODIN
II simulations. Rockwell International simulated a single
Packet Switching Node (PSN), including Switch Control
Modules (SCM), Terminal Access Controllers (TAC), and Line
Control Modules (LCM) (Ref 3)ﬂ. Systems Control, Inc. and
Capt. J. Whittenton simulated the complete network but only
down tc the Packet Switching Node (PSN) level (Ref u4; and
6:C1-C11). Input, output and processing control for the
network, however, is accomplished at the SCM level. 'There-
fore, the simulation developed as a part of this thesis
models the AUTODIN II network down to the SCM level.

The model is limited to the network itself and does
not include any provision for simulating external host
computers and TAC line connections. Source packets afe

introduced at the SCM input queue. The network model

‘.maximum limits are eight PSNs, 25 SCMs, and 125 transmission

lines. Any'sﬁaller configuratioh may be éimulatgd. Any
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single PSN may contain from one to five SCM's. Each SCM
has one input queue (input line connection) and from one to
five output queues (output line connections). The simula-

tion model is constructed using the capabilities of the

Q-GERT simulation language and is established through standérd

Q-GERT control statements and user supplied parameters.
The objects which will be tracked through the simula-
tion, to provide statistical information concerning the
AUTODIN II routing algorithm and modelled network, are
Q-GERT transactions. These packets should not be confused

with AUTODIN II packets.

As an introduction to Q-GERT network modelling
let us consider a one server system in which a single
line of items forms before the server. The server
of the system has a status: busy or idle. The
server status changes as system conditions change.
The server is busy when he is processing an item,
otherwise he is idle. The items flow through the
system. They arrive, possibly wait, are served,
and depart the system. Such a sequence of events,
activities and decisions is referred to as a pro-
cess. Entities that flow through a process are
called transactions. Thus, items are considered
as transactions. A transaction can be assigned
attribute values that enable a modeler to dis-
tinguish between individual transattions of the
same type or between transactions of different
types. For example, the time a transaction enters
the system is an attribute of the transaction

(Ref 8).

The characteristics of AUTODIN II packets are imposed
upon Q-GERT transactiPns as attributesl Therefore, the
arrival and flow of AUTODIN II packets is modelled by the
generatiqn and flow of Q-GERT transactions. When a trans-

action is discussed as an item flowing through Q-GERT it
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will be called a Q-GERT transaction. When a transaction is
discussed as an item flcwing through AUTODIN II it will be
called an AUTODIN II packet.

The packet flow may be separated into two segments
for statistical tracking. This is done by placing the
proper values in user supplied parameters. The capability
was supplied to allow tracking a specific portion of AUTODIN
II traffic against a background of all other traffic (see
the NORAD scenario .in Chapter 8), but can be used for other
purposes.

The remainder of this chapter will describe the Q-GERT
model of a Switch Control Module, and the User Input (UI),
User Function (UF), User Subroutine (US), and User Output
(UO) , FORTRAN subroutines written to model the AUTODIN II

routing algorithm.

Q-GERT

Only those portions of the Q-GERT simulation language
which were used in the AUTODIN II model will be described.
Anyone wishing more information concerning Q-~GERT should

refer to "Modeling and Analysis Using Q-GERT Networks" by

" A, Alan B. Pritsker (Ref 8).

There are two basic types of symbols used in Q=GERT
networks. These are ovals, used to represent simulation
nodes (not to be confused with AUTODIN II packet switch-

ing nodes), and lines, representing activities. A node
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can represent a queue or be a branching point for simula-
tion transactions. Activities occur between nodes, act

as connections between nodes, and can accumulate time.
Activities represent services rendered. Activities in

the AUTODIN II model are used to accumulate SCM processing
time and line transmission time.

The Q-GERT oval length is divided into three sections.
The first section is divided into an upper and a lower
portion. The top portion of a regular node (also source
and sink nodes) contains the number of Q-GEéT transactions
which must enter the node the first time to cause a Q-GERT
transaction to leave the node. The lower portion contains
the number of Q-GERT transactions which must enter the
node thereafter to release a transaction. The top portion
of a Q-node contains the initial number of transactions in
the queue and the lower portion is the number of transactions
the queue can hold.

The middle sectign of a Q-node identifies the queueing
discipline which is used within the queue. In a source
node, it identifies the arrival.rate for transactions. In
regular or sink nodes, the middle section decides whether
or not statistics will be collected at the node. The final
section contains the identification number of the node.

The AUTODIN II model consists of three different Q-GERT
networks. Network N1 in Figure 17 is the clock which estab-

liéhes-the FTICK aﬂd STICK time intervals discussed in.the
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description of MESGEN in Chapter Three. The basic time unit
for the clock is one m%llisecond. The clock consists of a
source node, an activity, and a sink node. The source node

is identified by the jagged line entering it, while the sink
node is identified by the jagged line leaving it. This is
true of all source and sink nodes. The first time the source
node becomes active it does not need a simulation transaction
to activate it. The zero in the upper left portion of the oval
signifies that this node can become active the first time
without a Q-GERT simulation transaction; Thereafter, a trans=-
action is required to activate the source node, as signified
by the one in the lower left portion of the oval. When the
node is activated, it gen;rates transactions along all activi-
ties extending from the right portion of the oval. One of
these activities returns to the left portion of the oval, and
therefore, during the first activation, and subsequent acti-
vations, the source node generates the transaction which acti-
vates it next. The transaction traversing the loop activity is
givén a time delay of 12.5 milliseconds. This time delay was
chosen to divide a 100 millisecond time interval into eight
segments, so that for each Packet Switching Node; FTICK

and STICK processing would occur at a different time. This

simultaneous occurrence could cause simultaneous generation

‘of AUTODIN II status packets at all nodés and was considered

unrealistic by the authors.

. While the source node is active a call is made to user
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subroutine UF (portrayed i.. the central portion of the oval)
and a parameter of zero is passed to that subroutine. This
subroutine controls updating of the clock. The actions that
occur due to the call will be discussed in the section con-
cerning subroutine UF. Finally, there is an identification
number in the right portion of the node.

An activity extends from the clock source node to the
clock sink node. Transactions generated by the source node
traverse this activity. In so doing they cause a call to
user subroutine US and a parameter of zero is paséed to
that subroutine. This activates the message generation
routine MESGEN. The actions resulting from the call will
be discussed in the section concerning Subroutine US.

The clock sink node requires a transaction for every
activation, including the first one. This is signified by
the two ones in the left portion of the oval. The I in
the lower middle portion of the oval identifies it as a
node that collects interval statistics and its identifica-
tion number is three.

The second network, N2, in Figure 17 allows modification
of AUTODIN II network parameters (such as the rate packefs.
arrive in the network, whether lines are up or down, priority
and short packet percentagés, and others) during the running
of the siﬁulation. N2 consists of a basic Q-GERT node, an
activity and a sink node. The initial node requires a trans-

action for every activation, but has no entering activify.
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Transactions which activate this node are generated in user
subroutine UI and will be discussed in the section about
Subroutine UI. Transactions traversing the activity from
node 25 (the initial nodes identificatiop number) cause a
call to user subroutine US and a number 30 is passed to
that subroutine as a parameter. The final node in N2 is
the sink node, which acts in the same fashion as node

three in network N1.

Thg final network, N3, represents an SCM, and occurs
in multiple copies, one for each SCM (up to 25), but all
copies are the same except for identification numbering.
Q-GERT provides a method for creating multiple copies of
portions of a simulation model which are similar (minor
differences are allowed). This method was used to provide'
for multiple SCMs.

The SCM contains_a--source node, six queue nodes, a
branching node, six basic nodes, and two sink nodes plus
all connecting activities. The source node (node 5) gener-
ates the traffic which would come into this SCM from terminal
access controllers and host computers. A call is made to '
user subroutine UF where AUTODIN II packet paramefers become
a part of the generated transaction. These parameters
include priority, type of packet (long or short), source

and désfination'Switching Control Modules, and for which

.segment of traffic the statistics are gathered. An activity,

which does not delay the transaction, connects node five
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to node seven. This activity is a dummy and provides only a
connection. A basic node, number six, is also connected to
node seven by the same type of activity. Node six represents
the input connection for lines from SCMs which are contained
in other Packet Switching Nodes. |

Node seven represents the input queue at this Switching
Control Module. It is a Q-GERT QUeue node and is recogniz-
able by the tail at the lower right of the node oval. The
infinity symbol in the lower left of the oval identifies the
queue limit as infinite. The S identifies the queue order
as ranking by priority and the two beneath the S states that
parameter, or attribute, two is the priority parameter. The
activity which follows node seven represents the SCM processor
and does provide a time delay to transaction traversal. Since
a queue node will not release a transaqtion to an activify
until that activity is clear, the processor delay will cause
transactions to back up in the input queue.

Activity seven calls subroutine US, passing it the identi-
fication number of the SCM this portion of the Q-GERT network
represents. Purther'routing of the transactions within the
Q-GERT network is determined here, and a processor delay time
is returned to the activity.

Node eight is a branching node. This is evidencéd
by its shape and by the number of activities leaving it.

The conditions for branching, which are listed one to an
activit&, are tested beginning with the top activity and
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proceeding to the bottom activity. The first activity with
a condition which tests true receives the transaction.

If transaction attribute five is less than -.10, thé
transaction will traverse the activity connecting node eight
to node 9. A call will be made to user subroutine UF and a
parameter of 101 passed to it during that traversal. User
subroutine UF will determine whether the transaction should
be discarded (passed to sink node 21) if it cannot be delivered,
should be treated as an AUTODIN II status packet for another
SCM in the same node, or should be treated as an AUTODIN II
data packet for another SCM in the same node. If one of the
last two decisions is reached, Subroutine UF will make the
connection to route the transaction to the proper copy of
the Q-GERT SCM model; to‘node six or node eight in that copy.
If attribute five is equal to or larger than -.10 condition
testing will continue.

If transaction attribute six is less than or equal to
zero, the AUTODIN II packet which is represented by the
Q-GERT transac¢tion should leave the AUTODIN IT network from
this SCM. It is therefore sent to sink ndde ten, which is
labeled "Local Delivery",

The remaining five branches from node eight have iden-
tical functions and will be described in coﬁmon. Transaction
attribute six, for any transaction selecting one of these
activities; represents the transﬁiséion line over which the

corresponding AUTODIN II packet would be routed. Nodes 11
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through 15 are queue nodes and correspond to the AUTODIN
II output queues for lines one through five. The activities
which connect noaes 11 through 15 to nodes 16 through 20
all call user subroutine UF, passing it a parameter value
102. A transmission delay for the specified line is returned
to the activity. After the delay time is complete, the trans-
action representing an AUTODIN II packet will pass through
the appropriate basic node (16-20) to node six of the SCM to
which that transmission line is connected. The total network
line configuration is established by user input parameters
to user subroutine UI and will be discussed in the next section,
which describes that subroutine.

The Q-GERT network described here is deceptively simple
since many of the functions of the simulation are performed
in user subroutines UI, Uf, US and UO. The functions con-
tained in those subroutines correspond to the functions MESGEN,
UPDATE, MINHOP, RTABLE, TTABLE and PAKROUT described in Chap-
ter Three. The following four sections describe the contents

of UI, UF, US and UO.

Subroutine UI (User Input)

Subroutines UI, US, U0 and function UF are placed in the
Q-GERT simulation langﬁage to provide a means by which Q-GERT
users could insert their unique processiqg-requirements.
Since.Q-GERT is written in- FORTRAN these processes also should

be written in FORTRAN. This is true for Q-GERT simulation. in
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general. Subroutine UI is called by processing internal to
the Q-GERT simulation language after the standard Q-GERT
network configuration input is processed. UI allows the
simulation user to read in any user unique data records
which will effect the Q-GERT network processing and to
accomplish any processing initialization the use; requires.
A return must be made from UI to the calling process before
any simulation transactions can be generated.

Early in the development of the AUTODIN II simulation
model a decision was made to configure the network as much as
possible through user input parameters. Therefore, six types
9f user input records were developed. Four of these (types
001 through 004 - Tables I through IV) establish the initial
AUTODIN II network configuration for each simulation run.

The remaining two (types 900 and 910 - Tables V and VI) pro-
vide the abilify to vary selected parameteré of the network
while the simulation is in progress.

Card types 001 through 004 are required for each Switch
Control Module. They prsvide the basic description of that
SCM and the Packet Switching Node that contains it.

Each of the user input records contains the identifi-
cation numbers of the Switch Control Module and Packet Switch-
ing Node which it's data describes. These are identified
as ISCM and INODE in the record. The type 001 gecord also
gontains the.number of Switch Control Modules in the Packet

Switching Node specified. This number is used to insure the
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FORTRAN
Label

ISCM
INODE
INRSCM
GNMCHRS

SHRTPKT

ICONSCM

SPMCHRS

LINDLA

PRECDNC

CRDTYPE

TABLE I

CARD TYPE 001 FORMAT

Card
Columns

1-2
3-14
5-6
7-16

17-19

20-21
22-23
24=25
26-27
28-29

30-38

39-43
Ly4-48
49-53
S5u-58
59-63

64=-66
67-69
70-72
73-7%

78-80

Contents

SCM identification number
PSN.identification number
Number of SCMs in this PSN.

The normal, or general, traffic
rate originating at this SCM,
in millions of characters per
hour. '

The proportion of total packets
originating at this SCM, to be
identified as a short packet.

Other SCMs connected by trunk
to this SCM.

Speéial, or identified, traffic
originating at this SCM, in
millions of characters per hour.

The number of miles between this
SCM and other connected SCMs

‘(the mileage must be in the

same order as the connected
SCMs in ICONSCM described above).

The proportion of packets to
be assigned to each precedence
level (highest level to lowest.
level, respectively).

Type of card (001)
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FORTRAN
Label

ISCM

INODE

NODTRAP

NODTRP

CRDTYPE

TABLE II

CARD TYPE 002 FORMAT

Card
Columns

3-4

bl4-48

49-53
54-58
59-63
64~66
67-69

.70=72

73=75

78-80

Contents
SCM identification number
PSN identification number

Proportion of traffic, originat-
ing at this SCM, destined for
node 1.

Proportion of traffic, origi-
nating at this SCM, destined

for Nodes 2 through 8
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FORTRAN
Label

ISCM
INODE

SCMTRP1

SCMTRP2

OO £ W

CRDTYPE

TABLE III

CARD TYPE 003 FORMAT

Card
Columns

3-4

4l4=L8

49-53
S4-58
539-63
6U4~-66
67-69
70=-72
73=-75

78-80

Contents

SCM identification number
PSN identification number

Proportion of traffic, from
node 1, to be locally dellvered
by thls particular SCM.

Prbportion of traffic, from
nodes 3 through 8, to be locally
delivered at this particular
SCM.

Type of card (003).
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FORTRAN
Label

ISCM

INODE

SATLEVEL

CNGST1

CNGST2
CNGST3
CNGSTUu
CNGSTS

CRDTYPE

TABLE IV

CARD TYPE 004 FORMAT

Card
Columns

1-2

3-4

7-15

39-43

78-80

59

Contents
SCM identification number
PSN identification number

Saturation level for this
SCM (node saturation level
is determined by adding the
SATLEVELs of all SCMs in the
node).

Congestive level for the
Link corresponding to ICONSCM
on card 001.
Same as CNG§T1
” "

K] " "
" " S

Type of card (004)



FORTRAN
Label

ISCM

INODE

LNSTAT1
LNSTAT?2
LNSTAT3
LNSTATUu
LNSTATS

LNCHTM1
LNCHTM2

LNCHTM3

LNCHTMA4
LNCHTMS

. CRDTYPE

TABLE V

CARD TYPE 900 FORMAT

Card
Columns

1-2

34

20-21
22-23
24-25
26-27
28-29

38-43
hi-48
49-53
54=-58
59-63

78-80

60

Contents
SCM identification number
PSN identification number

Line status. LNSTAT (i)

must correspond in order
with ICONSCM on the 001 card.
Minus one is line down. Plus
one is line up.

The time (in milliseconds)
into the simulation run to
change the lines status as
indicated by the LNSTAT (i)
code.

Card Type (900).




TABLE VI

CARD TYPE 910 FORMAT

FORTRAN Card
Label Columns Contents -
ISCM 1-2 SCM identification number
INODE 3-4 PSN identification number
GNMCHRS 7-16 General traffic originating at
this SCM (in millions of charac-
ters per hour). '
SHRTPKT 17-19 Percentage of short packets
originating at this SCM.
SPMCHRS 30-38 Special, or identified, traffic
originating at this SCM (in
millions of characters per hour).
TIME 39-43 The number of milliseconds into
" the simulation the action will
take place. :
PRECDNC 64-66 Four precedence (priority)
levels.
67-69 Probability of traffic for each
70-72 . SCH.
73=75
CRDTYPE 78-80 Type of card (910).
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correct number of SCMs are established for each node and is
used as a cross reference against the type 001 received for
each SCM. Two fields provide the parameters for establishing
arrival rates of AUTODIN II packets from sources outside the
network to node five of the SCM model (see Figure 17). Both
fields have units in millions of characters per hour. The
first of those fields is identified as GNMCHI ° and represents
the combination of all different types of traffic which can
flow across the network. The second field is used to segre=-
gate a porfion of the traffic and develop statistics on that
portion only. This field is identified as SPMCHRS. The
input unit of measure for these two fields was chosen to be
understandable by users. The simulation, however, has a base
unit time of one millisecond and a base unit transaction of

a packet. Therefore, the input iﬁformation must be converted
to, the correct unit of measure for the simulation by sub-
routine UI. A reference to the transaction generation loop
for node five (Figure 17) shows that an exponential (EX)
distribution is being used to quel source packet arrival. A
mean interarrival time (time between arrival of packets) must
be supplied to use this distribution. Since packets come

"in two sizes, 4704 bits and 600 bits (Ref 4:77), with eight
bits to the character, the percentage either of short packets
or of long packets must be known. The percentage of short
packets is contained in the type 001 input record as a decimal

figure and is identified as SHRTPKP.
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The method for developing the equation to convert
millions of characters per hour to interarrival time in

milliseconds followed this reasoning:

i Total bits/hr = (GNMCHRS + SPMCHRS) X 8 bits/char

2. Total bits/hr + (Total packets/hr X (1.00-percent
short packets) X 4704 bits/ long packer) + (total
packets/hr X percent short packets X 600 bits/short
packet)

3. (GNMCHRS + SPMCHRS) X 8 = (total packets/hr X
(1.00 - SHRTPKP) X 4704 bits/ long packet) +

(total packets/hr X SHRTPKP X 600 bits/short
packet)

4. Total packets/hr = (((1.00-SHRTPKP) X 4704 bits/
long packet) + ( SHRTPKP X 600 bits/short packet))-
( (GNMCHRS + SPMCHRS) X 8 bits/char)

5. Total packets/millisecond = total packets/hr =
3,600,000 millisecond/hr :

6. Interarrival time between packets = 1 = total
packets/millisegond

The final equation is:
Interarrival time = 3,600,000 milliseconds/hr =
(((1.00-SHRTPKP) X 4704) + (SHRTPKP X 600)) -
- ((GNMCHRS + SPMCHRS) X 8) ;
This interarrival time is computed by Subroutiné UI from .
SHRTPKP, GNMCHRS and SPMCHRS supplied by user in card typex
001.
. The short package percentage, SHRTPKP, is also used '
in function UF for assignment of type of packet code to
attribute one.

. The type 001 contains four precedence levels (priority)

. fields identified as PRECDNC., Each field contains the per-

centagé (in decimal point form) of all traffic originating
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at that SCM which will carry the corresponding pfiority.
These percentages must add to 1.0 and are used in function
UF for assigning preéedence code to attribute two of the
Q-GERT simulation transaction.

The remaininglfiglds in the type 001 record establish
the network configuration and the transmission line mile-
age. There are five connectivity fields. Each one corres-
ponds to a line from this SCM and contains the identifica-
tion number of the SCM to which that line is connected. If
a line is not connected, the field is left blank. A check
is made that the connection between two SCMs is showrr at
both SCMs. The NFTBU array (Ref 8:243) in the Q-GERT simula~
tion language processor is updated from this information to
establish the connections between Q-GERT SCM models (as
described in the preceding section). There are also five
mileage fields; 6ne corresponding to each line. These fields
are used as part of the calculation which determines trans-
mission delay on outgoing lines from the SCM. This computa-
tion is done in PAKROUT, wﬁich is contained in subroutine UO.

The type 002 user record contains eight fields (excluding
the SCM and PSN identification number fields). Each field
contains the percentage of traffic originating at this switch-
iné control module which is to be sent to the corresponding
packet switching node, i.e. field one contains the percentage
(in decimal point form) which when multiplied by the total

number of packets gives the number to be sent to PSN one.

64




These percentages and the percentages from the type 003 user
record are used to establish a destination SCM percentage
which is then used in function UF to assign destination SCM
codes to attribute four of the Q-GERT simulation transaction.

The type 003 user record alsoc contains eight fields
(again, excluding SCM and PSN fields). These fields contain
a decimal number which represents the percentage of traffic
to this PSN originating at the PSN whose identification
number corresponds to each field and which is directed to
this SCM. Chapter'Oné of the User Manual (Appendix A)
provides an example of these percentages.

.The type 002 and type 003 records establish, respec-
tively, a 25 by 8 matrix and an 8 by 25 matrix. When a matrix
multiplication is done using these two matrices, the result
is a 25 by 25 matrix containing the percentage of all traffic
at a specific originating SCM which will be directed to a
specific destination SCM. As specified before, this matrix
is used to establish destination SCMs for the Q-GERT simula-
fion transaction. This is called the DISTRIB Table.

The type 004 user record for each SCM contains a satura-
tion level field and five céngestion levgl.fields. The satura-
tion levels (in number of packets in qQueues) for all SCMs in
a PSN are added together to establish a saturation level for
the PSN. Each of the congestion levels (in number of packets
in queue) ip each SCM represents the corresponding transmission

line's output queue. When. the simulation is_in progress if
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the average of the contents of the output queues for a link
exceeds the average of the congestion levels for the lines‘
contained in the link, the link is declared to be congested.
A link is defined as all the lines (trunk is used interchange-
ably with line) which connect one PSN with another PSN, no
matter which SCMs within the two PSNs they connect. A econ-
gested link is weighted by the AUTODIN II routing algorithm
so that it is used less often. When all input queue levels
added together exceed the séturation level all links for that
PSN are declared congested. |

The type 900 and type 910 user records, as stated before,
allow changes of parameters while the simulation is in pro-
gress. The type 900 transaction contains five line status
change fields (one for each liqe'in the SCM) and five corres-
ponding status change time fields. A minus one in the line
stétus change field means the line is going down, 'a plus one
means it is coming up and a zero means no change. The corres-
ponding change time field contains the number of milliseconds
into the simulation at which the change is to occur. Each
line status change field which is nonzero generates a Q-GERT
transaction through use of the Q=-GERT subroutine PTIN (REF .
8:259) which is entered into'Q-GpRT node 25 (Figure 17) at
the simulation time specified in the status change time field.

The type 910 record (Table VI) allows changes in
GNMCHRS, SPMCHRS, SHRTPKP and the four PRECDNC fields and a

recalculation of interarrival time. . The structure of ‘the 910
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record\is similar to the type 001 record. The type 910 also
contains a time change field and the generation of Q-GERT
transaction occuré in a manner similar to the ones generated
for the type 900.

Several tables are generated and initialized from the
data contained in user record types 001 through 004. The
original data on the type 001 card is held in one of two
arrays, depending on whether it was in real or integer for-
mat. These two arrays contain 25 lines each and are line
indexed by SCM number. This gives such benefits as a cross
reference from SCM to the PSN which contaiﬁs it or from SCM
to e SCMs which are connected with it.by transmission
lines.

There is also a PSN to SCM cross reference table
(Table ‘VII). The DISTRIB table has already been described

(Table VIII). It is constructed from the two halves of

- the SCMEDIT table, which contains the information from the

type 002 and type 003 user records (Table IX). There is a
LINKS table (Table X) fof_each PSN. Each LINKS table con=-
tains 8 lines of 20 entries. Each line represents a PSN.
The entrys in the table identify the transmission trunks
whicﬁ ﬁake up the link between tﬁe table ownef PSN and the
line PSN. The first entry in each line is the number of
trunks in the link. The second entry is trunk one, the
third is trunk two and so on, until all trunks are iisted;

Each entry contains four pieces of information. Positions
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two and three contain the SCM number to which the trunk is
connected in the owner PSN. Position one identifies which
line it is of that SCM. Positions five and six identify
the SCM to which the transmission trunk is connected and
position four identifies which trunk it is in that SCM.

An LD (Link Distance) table is initialized as des-
cribed in Chapter Three and Figure'u. This is done by
setting the entire table to infinity (or 1000) and then
those positions that have PSN to PSN links to one.

The NC (Node Connectivity) array (as portrayed in
Figure 13) was changed to. an eight by eight array containing
the same information with infinity (1000) where no link
exists. This eliminated the need for a P array which is
not included in the simulation.

The final tasks performed in UI are calls to MINHCP
and RTABLE in function UF to complete initialization.

After this a return to the caller of UI initiates the simula-

tion.

FUNCTION UF (USER FUNCTION)

Function UF performs four of the backgrpund tasks des-
cribed in Chapter Three. They are MINHOP, UPDATE, RTABLE and
TTABLE. It also assigns the attributes to Q-GERT simulation
transactions. This includes not only those which represent
AUTODIN II packets, but tﬁose which flow acrosé the clock

portion of.the Q-GERT network. It makes the required branch-
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ing decision when a transaction traverses the activity from

Q-GERT node eight to Q-GERT node nine. Finally UF supplies

the line transmission delay'time for transactions simulating
AUTODIN II packets flowing to other SCMs in other PSNs.

UF ENTRY. The UF function is called from Q-GERT
nodes two and five. It is called from the activity between
Q-GERT nodes eight and nine and from the five activities
between Q-GERT nodes 11,12,13,14,15 and Q-GERT nodes 16,17,
18,19,20. When UF is called from Q-GERT node two a zero
is pa.sed as a parameter. This iﬁentifies the call as
coming from the clock portion of the Q-GERT network and UF
assigns attributes'(there are 10 attributes in this simula-

tion's transac*ions) to the clock transaction. Attributes

one and two are assigned constants of 1.0 and 0.0 respectively.

Attribute three is supplied by a counter called ICLOCK.
ICLOCK is initially zero. Each time UF is called from Q-GERT
node two ICLOCK is increment by one. If ICLOCK becomes
greater than eight it is reset to one. After this process
is dccomplished the contents of ICLOCK are assigned to
attribute three of the Q-GERT simulation transaction. Since
a transaction is generated across the clock network every
12,5 (simulation) milliseconds, every 100 millisecond inter-
val is divided into eight segments. The clock transaction
is used to initiate the MESGEN process in.subroutine US

and pfovides an PTICK/STI?K time interval, as described in

Chapter Three, for each Pabket.Switching.Node. Attribute -
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three selects the PSN which will generate "Bad News/Good
News" status messages (Chapter 4, Subroutine US, MESGEN).
Keying all nodes every 100 millisecond could cause peaks

in network t:affic due to the possible release of 56 status
packets at the same time. Initiating a separate node every
12.5 milliseconds precludes that from happening.

When UF is called from Q-GERT node five the identifica-
tion number of the Q-GERT SCM Model network is passed to UF
as a parameter. This number corresponds to a particular SCM
and is used as the SCM's identificatioﬁ. The number will be
between one and twenty-five. Using the SCM number (as an
index) and the data arrays established in subroutine UI
from user fransactions 001 through 004, attributes which
describe the simulated AUTODIN II packet can be assigned to
the Q-GERT transaction. Attribute one is packet type. The
code for attribute one is determined by using a random
number obtained from the Q-GERT subroutine DRAND (Ref 8:4ul)
and the SCMs percent of short packets (SHRTPKP). If the
packet is a short packet a two is placed in attribute one.
If it is a long packet a three is placed in attribute one.

A one in attribute one signifies a AUTODIN II s&stem status
packet. Status packets are generated in MESGEN.

Attribute two is packet priority. A cumulative array
of four values is developed using the SCMs precedence per-
ceﬁtages (fRECDNC). A correqunding array of four codes,

(10,20,30,40) is also built. Tﬁese.two arrays are passed to '
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Q-GERT subroutine DPROB (Ref 8:251) which select the packet
priority from the codes.

Attribute three identifies the source SCM and is the
SCM number. Attribute four is the Destination SCM. Another
cumulative array with 25 entries is established using the
distribution table (DISTRIB) developed by the matrix opera-
tion in UI. A code array containing the numbers 1 to the
maximum SCM number is also built. These two arrays .are
passed to the Q-GERT subroutine DPROB and it selects the
destination SCM to be placed in attribute four. If the
packet is a long packet, it may be from either the special
traffic or the general traffic. A percentage is developed
by dividing SPMCHRS by SPMCHRS plus GNMCHRS. If this per-
centage is greater than a random number between zero and one
(obtained from DRAND), attribute ten is assigned a two for
special traffic. If the percentage is less than the random
number, attribute ten is assigned a one for general traffic.

Attributes five through nine are assigned by fore-
ground task PAKROUT, which is in subroutine UO. PAKROUT is
called from subroutine US when a Q-GERT transaction pasées
between Q- -GERT nodes seven and eight.

When UF is called from the activity between Q- GERT
nodes eight and nine a parameter containing 101 is passed
to UF. This indicates one of three conditions have occurred:

1. The packet's destination has been disconnected

and the packet is to be discarded. Also net-

~ work status packets that have reached their
destination and have been processed are sent
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here to be discarded.

2. A status packet is to be delivered to another
SCM in the .same PSN for background processing.

3. A status or data packet's destination is in
another node but the packet must enter the line
output queue of another SCM within the current
PSN to reacﬁ that node.

The conditions were detected during the Q-GERT simula-
tion transaction's traversal of the activity between QTGERT
nodes seven and eight. A call is made to subroutine US,
which then calls PAKROUT (in subroutine UO). PAKROUT does
the required tests and assigns the values to attributes five,
six and eight to cause processing along this activity. -The
primary condition (see Figure 17) was that attribute five
be less than ~.10.

Immediately upon entering UF, attribute five is made
positive by using the FORTRAN ABS Function. If condition
two or three is the reason for entering, attribute five is
the next SCM for packet delivery. If attribute six is equal

to or less than minus .one, condition one holds and the packet

is discarded at this SCM in Q-GERT node nine. The pequires

use of Q-GERT subroutine NFTBU to insuring routing ‘to Q-GERT

node nine of this SCM model.

If attribute six is greater than minus one, and attribute

one is less than two, the packet is a status packet and
either condition two or three holds. The packet, through
use of Q-GERT subroutines NODCV (Ref 8:3u44) and NFTBU, is

routed to Q-GERT node six of the SCM model identified in
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attribute five.

If attribute six is greater than minus one, and attribute
one is equal to or greater than two, the packet is a data
packet and condition three holds. The packet is routed to
Q_GEﬁT node eight of the SCM identified in attribute five.

When UF is called from one of the activities between
Q-GERT nodes 11,12,13,14,15 and Q-GERT nodes 16,17,18,19,20
a parameter containing 102 is passed to UF. This signifies
that a packet will be transmitted across a transmission line.
UF returns the contents of attribute nine to the activity.
Attribute nine contains the t;ﬁnsmission delay time to be
used by the activity. The transmission delay time is.calcu-
lated as follows:

delay time = ((56kilobits/sec ¢ 1000 millisecond/sec)

X number chars/packet) + (trunk miles &
100 miles/millisecond)

UPDATE. The simulation subroutine UPDATE (discussed
in Chapter Three) consists of MINHOP, RTABLE and TTABLE. If
UPDATE is called by MESGEN due to a change in PSN status at
this node, all three background tasks ére processed. 1If
UPDATE is called due to receipt of a status packet from another
node only RTABLE and TTABLE are initiated.

MINHOP. The simulation subroutine MINHOP builds three
tables. These are the D table or distance table (Table XI),
the HOP table (Table XII) and the LIST table (Table XIII).

No function could be found for the LIST'table. Therefore tbe

process to build it will not be  described. .
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A call to MINHOP from UI established these tables
initially. Entries to the tables are produced from the LD
or link distance table and the NC or node connectivity
table. The LD table is a matrix with rows ideﬁtified as
source PSN's and columns identified as destination PSNs.
If'there is a line connecting a source and a destinatiéﬁ

PSN and that line is not congested, there is a 1.00 in that

matrix position. If there is a direct connection, but the

- line is congested, there is a 1.01 in that matrix position.

If there is no direct connection, the matrix position con-
tains 1000. Both the LD and NC tables are produced in UI.

There is an NC table for each PSN. There are as
many eﬁtry positions for each NC table as there are PSNs.
The table contains the identification numbers of the PSN's
to which the owner PSN is directly connected, beginning with
lowest numbered PSN to the highest numbered PSN in each
succeeding entry positioﬁ. Entry positions not filled have
1000 in them (Table XIV).

There is a D table for every PSN. The D table rows
are assigned to PSNs and the columns are assigned to links.

Since there can be only one link between the table owner and

‘each PSN, the table has as many columns as exist PSN's.

The D table entries are either minimum hop distances
(minimum number of transmissions line traversals needed to
travel from the source PSN to the destination PSN), minimum

hop distances plus one, or 1000 (signifying this entry is
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not to be used). If a destination PSN can be reached in
minimum hops or.minimum plus one hops on this link, the
entry is that number of hops.

There is a HOP table for each PSN. There is one HOP
table entry for each PSN. That entry is the minimum hops
required to reach that PSN from the owner PSN. If there is
no connection, direct or indirect, between the two the entry

is 1000.
The Algorithm for building the D and HOP tables is:

i. Place 1000 in every entry in the tables. Place
zeros in those entries connecting the owner PSN
to itself. :

2% Set a link index to one.

3. Select the D and HOP table owner PSN row from
the LD table. Examine each column entry of the
LD table, using the PSN number as an index.

If the entry is 1.00 or 1.01 (positive) place

a one in that PSN position in the HOP table

and a one in the matrix position indexed by

the PSN number for row and link index number
for column. Add one to the link index. If

the entry is -1.00 or =1.01 or 1000 do not change
the entry. Repeat this step until all entries
for that LD row are examined. Note that a minus
in the LD table means there is a connection
normally, but not when the entry is minus (i.e.
the link is down). \

4. Set a hop count to one. This count indexes the
level of hops used as a basis for the remaining
search.

8¢ Examine each link column from table D in turn.

If an entry in the link column is equal to the
hop count, determine the row index (Destination
PSN .number). Select each succeeding entry in
that PSN's NC table. If the NC entry is a PSN
number examine that row position in D table

link column in process. If the entry ig greater
than the hop count replace that entry with the
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hop count plus one. When every link column
has been examined add one to hop count and do
step five again. Continue this process until
no change is made to the table during an
examination of all link columns.

6. In each row of the D table find the minimum
number. This is the minimum hop. Replace any
row entry which is not equal to minimum hop -
or minimum hop plus one with 1000. Place
each row's minimum hop in the corresponding
position in the HOP table.

This process is repeated for each PSN to construct all

eight D tables and HCP tables.

The reasoning behind this algorithm is that since
direct connectivity is known, those PSNs directly connected
to a PSN which is directly connected to the owner PSN can
be no more than two hops away (they may be only one). Those
PSN's directly connected to a PSN two hops away, can be no
more than three hops away. Thus the D table is built in
layered increments.

RTABLE. RTABLE produéés two tables, SROUTE and
ROUTE. RTABLE works on a per PSN basis. When RTABLE is
called initially from UI, it is called once for each PSN.
Subsequent calls occur due to processing within a specific
Q-GﬁRT SCM model, which defines the SCM and, therefore, the
PSN for which RTABLE will process.

RTABLE uses the LINKS table to determine which lines
are in each link from the processing PSN to other PSNs.
Recall that a link consists of all lines between two PSNs.

The total number of packets in output queues for a single

link is accumulated by accessing each line's output queue
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in that link using the Q-GERT function XNINQ (Ref 8:260).
This is then divided by the number of lines in.the link to
obtain the average number of packets in output queueé for
that link. This is done for each link from the processing
PSN.

With this information and the processing PSN's D and
HOP tables, RTABLE is ready to build tables ROUTE and SROUTE.
Each of these tables has eight entries, one for each PSN.
The SROUTE table is used when a packet's source SCM is in
fhe PSN processing the packet. ROUTE is used when the PSN
processing thé packet is an intermediate node between the
packet's source and destination SCM's.

The algorithm for building SROUTE and ROUTE is:

b Begin with the PSN index set to one and SROUTE
and ROUTE entries set to 1000.

- Examine the D table row indexed by the PSN index
a column at a time. If the integer portion of
the link entry is equal to the HOP table entry
for the same PSN index and is not infinite
(1000), determine if the link is congested
(entry has .01 added to it). If it is multi-
Ply the integer portion times 7 and add it to
the average number of packets queued for the link.
If the resulting number is less then the corres-
ponding entry (indexed by the PSN index) in the
SROUTE table, replace the entry and do the same
for the entry in the ROUTE table.

- If the integer portion of the link entry is
equal to the corresponding HOP entry plus one,
do the computation outlined in step 2 but add
seven for the extra hop. If the resulting
number is less than the corresponding entry
in SROUTE (and SROUTE only) replace the entry.

4. ° After all links are examined add one to the PSN .

index and redo steps 2 and 3. Continue until the
PSN index is larger than the number of PSNs.
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The algorithm determines the best links to be used
from source PSN to destination PSN and places them in tables
ROUTE and SROUTE.

TTABLE. TTABLE builds table TROUTE. Whenever RTABLE
is called TTABLE will also be processed. TTABLE also works
on a per PSN basis. TROUTE contains the best Switch Control
Module and line to the next Packet Switching Node.

There is a TROUTE table for each PSN. Each TROUTE
table contains two entries for each link in the PSN. These
two entries define which line in the link contains the minimum
queue length. The first entry is the SCM which contains the
line and the second entry is the line number.

fhe processing is a straight forward testing of output
queue for each line in a link to find the one with the mini-
mum queue. This is done using the Q-GERT function XNINQ.

That line and the SCM it is in make up the entries in TROUTE.

SUBROUTINE US (USER SUBROUTINE)

Subroutine US (User Subroutine) is called from three
activities in the Q-GERT network. These are the activity
between Q-GERT nodes two and three in the clock network,
the activity between Q-GERT nodes 25 and 26 in the modifica-
tion network, and between Q-éBRT nodes seven and eight (the
processor activity) in the SCM model network. The parameters
passed are zero from the clock network, 30 from the modificaé

tion network and the SCM model copy identification number
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(1 to 25) from the SCM model network, to identify the actions
to be taken by Subroutine US.

If the parameter passed is one through twenty-five
attribute two of the simulation transaction is checked. If
the attribute (AUTODIN II packet priority) is above ten a
processor delay time of 5 milliseconds is passed back to the
activity. If the packet priority is ten or less a processor
delay time of 3 milliseconds is passed back to the activity.
Finally, a call is made to PAKROUT (in Subroutine UO) before
control is returned to the activity. PAKROUT detefmines the
next destination of the packet.

If the parameter passed is 30, attribute four is
either 901 or 910. If it is 900, the simulation transaction
is either a line up or a line down transaction. Attribute
three is the SCM which is connected to one end of the line.
The SCM at the other end of the line is obtained from the
connectivity information supplied in the user type one record.
This requires the use of attribute three and the line number
in attribute two. From this information the PSNs with a
change in line status are determined aﬂd the appropriate
LINKS table entry is selected; The line positions in both
SCM's connectivity information fields are turned negativity
if the line is going down or turned positive if the line is
coming up. If attribute one is minus one the line is going
down. If it is plus one the line is coming wup.

If attribute four is 910, the simulation transaction
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is a change transaction that changes either GNMCHRS,

SPMCHRS, SHRTPKP or the four PRECDNC fields or any combin-
ation of those fields. These fields are in attributes five,
six, two and seven through ten. If the attribute is zero

no change is made. If there is a value it replaces the
original value in the appropriate array. The interarrival
time is recomputed using the equation .stated in the UI section
of this chapter based on the new values.

MESGEN. 1If the parameter passed to US is zero, it
came from the clock network and background task MESGEN is to
be executed. MESGEN consists of two sections, "BADNEWS"
and "GOODNEWS". BADNEWS is processed for each PSN every 100
millisecond. GOODNEWS .is processed for each PSN every 400
milliseconds.

BADNEWS checks to see if any links have become congested
or have gone down. The row corresponding to the processing'
PSN is selected from the LD table. Each entry is examined.
If an entry is either negative (connected but out of service)
or infinite (1000), the next entry. is examined. If the entry
is positive but not infinite, each'line in the correspond-
ing link is examined (using the LINKS table and the connectiv-
ity fields from the type 001 user record). If either end of
the line (or both ends) is negative, the entry in the LD
table is set negative. If the entry is set negative, the
corresponding entry in the NC table is set negative. '

If the entry is not set negative, it is tested fo see
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if it indicates congestion. If it does not indicate con-
gestion the number of packets in all line output qQueues for
the corrésponding link are added together and divided by
the number of lines to obtain average output queue backup.
Then all qongestion levels for the lines in the link are
added together and divided by the number of lines to obtain
an average congestion level. If the average queue backup
exceeds the average congestion level the entry is set con-
gested.

When all entries have been checked for link-down and
for output link congestion, the total number of packets
backed up in the SCM input queues (Q-GERT node seven) be-
longing to the active PSN is compared to the total obtained
by adding the saturation level for those SCMs together. If
the backup exceeds the accumulated saturation level, all
procéssing PSN LD table entries which are clear are set to
congested.

GOODNEWS checks to see if any links have come up or
become uncongeéted. The LD table row corresponding to the
active PSN is selected and each entry is examined. If the
entry is negative, the corresponding link is examined. If
any line in the link has both ends (in the connectivity
fields) positive the LD entry is turned positive but marked
congested and the corresponding NC entry is set poéitive.
After all entries are examined for link down, each entry is-

examined for congestion. If an entry indicates congestion,
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the number of packets in all line output queues for the

corresponding links are added together and divided by the
number of lines to obtain an average output queue backup.
Then all congestioﬁ levels for the lines in the link are
added together to obtain an average congestion level for
the link. If the average queue backup is less than the
average congestion level the LD entry is markéd clear
(uncongested).

When all entries have been checked, the total number of
packets backed up in the SCM input queues belonging to the
proéessing PSN is compared to the total obtained by adding
the saturation levels of those SCMs together. If the total
input queue backup exceeds the saturation level all process=-
ing PSN LD entries which are clear are set congested.

If either BADNEWS or GOODNEWS changes entries in the LD
table, UPDATE (in function UF) is called. This call to
UPDATE initiates background tasks MINHOP, RTABLE and TTABLE. '
An LD table change also causes the generation of AUTODIN II
" status packets to each PSN gthér than the processing PSN,
through Q-GERT node eight of one of the SCMs in the process-
ing PSN.

If no change has been made by GOODNEWS or BADNEWS, UPDATE
is still called but only RTABLE and TTABLE are initiated to
update SROUTE, ROUTE and TROUTE.

SUBROUTINE UO (USER OUTPUT)
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Subroutine UO consists of a single foreground task,
. PAKROUT.

'PAKROUT. PAKROUT determines which activity branch
should be selected out of Q-GERT rnode eight of the process-
ing SCM,

Attribute three and four of the simulation transaction
to be routed contain the source and destination SCMs. From
this information the source and destination PSN are deter-
mined. The current SCM is placed in attribute eight. If
the current node is equal to the destination node attribute
six is set to minus one, marking the transaction for local
delivery. If attribute one contains a one and attribute four
ig equal to the current SCi, the transaction is a status
packet for this SCM. This causes UPDATE to be called and
MINHOP, RTABLE and TTABLE to be initiated. Whether it is
a status packet or not, if it is marked for local delivery
attribute four is moved to attribute five. If attribute
five does not equal the current SCM, it is set negative.
Control is returned to the process which called PAKROUT.'

If the destination node was not equal to the current
node, an output line must be designated in attribute six.
If the source node :dnes not equal the.éurrent node the
ROUTE table for fhe current node is used for routing. The
entry corresponding to the destination node is selected.

If the ROUTE table entry is zero the node' cannot be reached.

Attribute five is set to minus the current SCM, attribute

88 .



six is set to minus ten and control is returned to the
process which called PAKROUT. The packet will be discarded.
If the entry was not zero, find the corresponding link in

the current node's LINKS table. The node that link corres-
ponds to is the next node for routing. Find the next SCM by
using the TROUTE table, the current node and the next node.
If ¥he next SCM is zero, discard the packet by setting
attribute five to minus the current SCM, attribute six to
minus ten and returning control to the process which called
PAKROUT. 1If the next SCM was not zero the proper transmission
delay is placed in attribute nine. If next SCM (outgoing
SCM from this PSN) is equal to the current SCM, set attribute
five to the current SCM, set attribute six to the TROUTE
table line entry corresponding to the next SCM and return
control to the process which called PAKROUT. If the next
SCM is not equal to the current SCM set attribute five to
minus the next SCM, set attribute six to the TROUTE 1line
entry corresponding to next SCM and return contfol to the
process which called PAKROUT.

If the source node does equél the current node the
processing is the same as that specified in the last para-
graph except that SROUTE is used instead of ROUTE to find
the best link route. The ROUTE table allows only minimum
hops, whereas the SROUTE table allows both minimum hops

and minimum hops plus one.
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Summary

The use of Q-GERT's duplication capability to provide
many SCM's, and user input records to configure the line
connections provides a convenient means to reconfigurg the
simulated network. The ability to vary the AUTODIN II net-
work load and to disconnect and reconnect lines using user
input records, allows testing the metwork under varying
workload conditions. The extensive use of Q-GERT queue
nodes (six for each SCM), however, causes the AUTODIN
simulation to require extensive computer core memory
(233000 words of CDC CYBER 750 meméry) and the simulation
requires at least 500 seconds or CPU time (for the entire
job stream) to gener;te sufficient data to be useful. This

limits the usability of the model.
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CHAPTER 5

METHODS FOR ANALYZING THE SIMULATION RESULTS

Background
The computer program to simulate the AUTODIN II network

in this thesis effort may generate a large quantity of out-
put data. The problem arises as to how to reduce this data
to a form which can be comfortably manipulated and, on the
other hand, can provide a sufficient quantity and quality of
data for a thorough analysis of the AUTODIN II network. The
methods for analyzing the simulation results used by the
authors are presented in this chapter, and illustrated by an
example simulation run in Appendix A.

The Q-GERT modeling and analysis program provides a
summarf of the results of each simulation run in the output
listings. For an explanation of this summary information,
the reader should study Pritsker's text (Ref 8).

Within Q-GERT, there exists a unique capability to per-
form a transaction (or packet) trace. A trace provides a
chronological listing of packets' events from their arrival
at a source SCM, to a tandem P3N (if any) and to the final_
destination SCM. For each event of a'packet.(input queue,

processor, output queue, trunk transmission, discard and
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delivery), a record is printed (two output lines) with the

following data name variables (Ref 8:2u5):

1.
2.
3.

4.

Q-GERT START NODE

Q-GERT ENDNODE

ACTIVITY NUMBER

START TIME (milliseconds)

END TIME (milliseconds)

ACTIVITY NUMBER

MARK TIME (milliseconds)

TRANSACTION NUMBER

PACKET ATTRIBUTES (10):

1.

10.

Packet type: status packet, short data packet

or long data packet.

Priority level: system packet, CATI, CATII,
CATIII ot CATIV.

Source SCM
Destination SCM

Departure SCM (SCM from which the packet
will depart this node).

Departure line (line or trunk from which the
packet will leave the departure SCM to reach
the next SCM).

Processor Time

SCM the packet is presently visiting

Time, in milliseconds, for the packet to
be loaded into the output line or trans-
mitted to the destination SCM.

Code to identify the packetsisource work=
load: General or Specific. .
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In only a few seconds of the simulation run, the total
packet activities may generate thousands of records. The
trace records are produced in chronological order, that is,

a single packet's activities are ﬁot grouped together. Packet
activities are interspersed among each other. Manually
searching through the trace records, to organize and summarize
packet activities would be an enormous task. For example,

an 8 PSN, 16 SCM simulation of AUTODIN II, at 20% of network
capacity, for 45 seconds, produced over 60,000 records.

To provide output data for an effective and efficiént
analysis of the AUTODIN II system, a series of three programs,
STRIP, SORTMRG and SUMARIZ, were developed to provide a single
data file for analysis. This data file was then processed by
the Statistical Package for Social Science (SPSS) for analysis.
The following sections will give a description of the three

data reduction programs and the SPSS analysis program.

STRIP

_ Only a portion of the trace Eecords, generated for each
packet, are necessary to describe the important events of the
packet while traversing through the network. STRIP is a
FORTRAN program which extracts pertinent trace data to show
the historical events of packets from the time they enter a
source PSN to the time they. leave a destination PSN. A list-
ing of the program is contained in Appendix B.

The output from the Q-GERT simulation model, including the
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trace data, is stored on a disk file, TAPEl. STRIP selects

~records of Q-GERT activities beginning at the following Q-GERT

nodes:
3 Q-GERT node 10, the beginning of the activity
to discard packets or to send packets to an-
other SCM within the same PSN,
2. Q-GERT nodes 16 through 20, the beginning of
the activity to transmit packets to another
SCM within another PSN.
3 Q-GERT node 21, the beginning of the activity
to deliver packets to a host or terminal.
These records contain sufficient information to describe or
compute the pertinent packet events, for example, time spent
in the input queues and the output queues.

Records containing information of the AUTODIN II network
configuration (input by the user) are also selected to pro-
vide a cross reference betweei PSN and SCM required in the
SUMARIZ program. The Q-GERT simulation summary is written

on the output listing and the selected records from the trace

data are written to the TAPE2 disc file. TAPEl is returned.

SORTMRG

Although TAFE2 is a significant reduction in quantity of

dgia from TAPEl, the records are not organized in packet

‘groups. The SORTMRG is a CDC library program to sort and

merge data files. 1In this process, TAPB2.is sorted and the
resulting output stored on the TAPE3 disk file. A listing

of the SORTMRG cards is contained in Appéﬁdix_B. The records
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are sorted first by packet activities and then by MARKTIME

(the time the packet entered the system). TAPE2 is returned.

SUMARIZ

The SUMARIZ program was developed to reduce the packet
activity records (on TAPE3) into a single record per packet
that could easil& be interpreted by the Statistical Package
for Social Sciences (SPSS) or other statistical frograms. A
source listing of SUMARIZ is given in Appendix B.

SUMARIZ selects all of a packet's activity records,
until the packet is delive~ed or discarded, and builds a single

record containing:

Ls General information abéut the type of packet and
the time in the AUTODIN II network.

2 Detailed information about the packet's activities
within each node of the network.
Fields for all eight PSNs were included in each record (even
though a packet did not visit all eight PSNs), to provide
casy processing by SPSS. The output records are stored on the
TAPEY4 disk file. The output records could easily be punched
on cards, written to magnetic tabe or placed on a permanent

file, by appropriately routing or copying TAPE4 in the job

control stream. [he output records are in chronological

- sequence and consist of five lines (or cards). The format

of the output records are given in the User's Manual (Appendix

A). TAPE 3 is returned.
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STATISTICAL PACKAGE FOR SOCIAL SCIENCE (SPSS)

SPSS was selected over other statistical analysis pack=-
ages because of the thorough documentation available to AFIT
students and its prior use by the authors of this thesis.
Users may prefer to use other statistical packages or to de-
velop ther own analysis program. A listing of an example of
the SPSS program cards is given in Appendix B. For an explan-
ation of the SPSS cards, the reader should study Ref 9 and 10.
In the example listing, only the fields.on card 1 are used in
a total data analysis. While the fields on cards 2 through 5
require specific selection or editing. These fields (on cards
2 through 5) are provided to collect data for each PSN. How-
ever, since a packet visits only a few of the PSNs in the net-
work, the PSNs not visited must be omitted from the analysis
of a single PSN. 1In SPSS this is done by selecting only those
PSNs which were actually visited. This is discussed in more
detail in the User's Manual (Ref Appendix A):

This chapter briefly described the methods the authors
used to reduce the Q-GERT data into a form for use by a computer
library statistical anélysis package. These methods proved
useful to the authors, but users may desire to incorporate
their own methods of analyzing the Q-GERT data. .More detailed
information on tﬁe structures of the output files (produced
from the Q-GERT simulation, STR;P, SORTMRG and SUMARIZ pro-

: grams) is provided in the User's Manual (Appendix A).
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CHAPTER 6

VALIDATION AND VERIFICATION

Introduction

Before a simulation model is used to gather data on new
situations, validation and verification should be performed.
Validation insures that the model performs to the expecta-
tions of the modelers. Verification establishes that the
model produces results close enough to those obtained from
the process modeled that when the model is applied to scenarios

for which there is no previous experience, the results obtained

" will be useful.

Validation of the AUTODIN II model was not difficult.
Verification on the other hand, proved very difficult as
AUTODIN iI is not functional and actual results were not
available for compariscn. An effort, however, was made to

both validate and verify the model.

Validation

The Q-GERT simulation language provides a trace capa-
bility. This trace capability allows the modeler to follow

a Q-GERT simulation transaction from it's source to it's
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termination. A line of information is printed when a trans-
action arrives at a Q-GERT ncde and when it is leaving a node.
When a transaction leaves a node the information printed in-
cludes the node it is leaving, the destination node it is
going to, the time it leaves the node, the time it will arrive
at the next node, the number of the activity it is traversing,
the time it was 1last marked (for AUTODIN II, the origination
time for the transaction), the transaction identification
number, and the values assigned to it's attributes. When
the transaction arrives at a node the trace priﬁt line in-
cludes all the same types of information, except for the
identification number of the node.it left. This field is
replaced by three asterisks, to identify the print line as
presenting information concerning an arrival at a node.
Table XV presents examples of both types of print lines as
they appear in an AUTODIN II simulation trace. |

The authors insured that the simulation performed
according to expectations by establishing scenarios for the
simulation, then b§ tracing simulated AUTODIN II packets
through the simulated AUTODIN II network to insure they
traveled-fhe expected routes, with the expected delays,
through the network. The scenarios included norﬁal traffic,
congested transmission lines, dropped lines, dropped links,
and droéped Packet Switching Nodes (PSNs). Several anom~
alies were discovered and corrected dur;pg validation,

including lines not dropping properly, excessive arrivals
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at the discard Q-GERT termination nodes, and status packets
not performing UPDATE subroutine at their destination node.
The Q-GERT trace capability proved to be a useful tool

during validation.

Verification

Since AUTODIN II is not functional and since the AUTODIN
II configuration is unique, verification using actual data
for comparison was not possible., 3ince verification against
actual data was not possible, the next option was to use the
data in the thesis by Capt. Whittenton to compare results
from two different simulations ‘of AUTODIN II constructed
from similar base assumptions. Capt. Whittenton used 20%
of the maximum packet traffic capability projected for
AUTODIN II as the normal traffic load for his simulation,
and introduced one second increases (spikes) to 60%, 70%,
80%, and 90% of maximum projected capacity to study their
effect on the network. The AUTODIN II model was configured
to match Capt. Whittenton's model, including traffic load,
and a 70% one second spike was introduced in the model's
traffic. The resulting data is compared to Capt. Whittenton's
data in Figure 18. The ver£ica1 scale of tﬂe graph is in
milliseconds and represents the average delay time accumu-
lated by AUTODIN II packets during each one.second time

period (horizontal axis scale). The time is accumulated

'&s a transaction enters the network for graphing purposes.
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It appears that there is no similarity between the spike
in Capt. Whittenton's data (the solid line, Ref 4:F267-271)
and the AUTODIN II model data (the dashed line).

The authors examined Capt. Whittenton's thesis, but
could not find anything that explained the differences.
Capt. Whittenton, during a telephone conversation concerning
the possible differences in models, stated that his model
generated status packets on a 100 millisecond period basis,
whether there was a change in network status or not. The
AUTODIN II model only generates status packets when network
conditions change. Although Capt. Whittenton's thesis did
not confirm his verbal statement, a simple change was made
to the AUTODIN II Subroutine US (User Subroutine) to gener-
ate status packets on the same periodic basis, rather than
on a condition change only basis. Thus, status packets
were genefated into the network every 100 milliseconds from
each Packet Switching Node. This increased traffic by u9
packets each 100 millisecond period. The results were then
graphed two ways. First the delay time for eacﬁ packet was
accumulated when the packet entered the network. This produced
Figure 19. The path of the dashed line (AUTODIN II results)
ié clearly much closer to the solid line (Whittenton's
results). Since the authors did not know when Whittenton
accumulated the delay times, another graph was produced with
delay times accumulated when: packets left the network. This

produced Figure 20, in which the paths of both lines appear -
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