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PREFACE

This Memorandum is one in a series of eleven RAND
Memoranda detailing the Distributed Adaptive Message Block
Network, a proposed digital data communications system
based on a distributed network concept, as presented in
Vol. I in the series.* Various other items in the series
deal with specific features of the concept, results of
experimental modelings, engineering design considerations,
and background and future implicationms.

The series, entitled On Distributed Communications, &

%

is a part of The RAND Corporation's continuing program of
research under U.S. Air Force Project RAND, and is related
to research in the field of command and control and in
governmental and military planning and policy making.

The present Memorandum, the third in the series, is
a continuation of the model simulation study reported in
the previous volume. Since a network of the type proposed
had never been built, there was much we did not know about
its performance. For example, we wanted to learn more
about the distribution of message path-lengths in the
network, in order that transmission times might be de-
termined; we wanted to know how the network behaved

under heavy loading--such as would occur during a crisis;

*
A list of all items in the series is found at the
end of the Memorandum.
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we wanted to know how the network would react when a "hog"
station or stations attempted to purposely overload the
network; we wanted to know how many message blocks would
be lost if a policy of dropping traffic that has circu-
lated longer than some specified time were used.

Because of the complexity of such networks, our only
high-confidence tool for predicting performance was the
Monte Carlo simulation, wherein messages are created and
circulated in a computer model of the network, statistics
of traffic-flow are examined, network parameters are
changed, and the network is re-examined.

A FORTRAN simulation (for the IBM 7090 computer) was
described in Vol. II in the series, together with the re-
sults of the simulation performed. There were three short-
comings to this effort: first, the size network that could
be accommodated was smaller than desired; second, an undue
number of messages was being lost during heavy overload
conditions when messages began to take circuitous routes;
and third, when the routing doctrine was improved to pre-
vent such message losses, it became economically unfeasible
to run the computer simulation long enough to determine the
number of messages which could be expected to be lost. A
target of less than one lost message per 100,000,000 was
sought; this extreme requirement was selected because it
was felt that future systems sﬁould be able to transmit
digital data between computers--and computers are often

intolerant of errors.
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A new simulator, designed to resolve these problems,
was encoded in the SCAT 1anguage.* This Memorandum de-
scribes that simulator and its appurtenances, and reports
on the successful rectification of the previous effort's
shortcomings. In addition, some analytical investigations

of traffic-flow are described and evaluated.

*
International Business Machines Corporation, SHARE
SOS Reference Manual--SHARE Operating System for the IBM

709, 1BM Applied Programming Publication, New York,
1960-61.
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SUMMARY

Results of investigations into the behavior of
distributed ccommunications networks under various loading
ponditions are reported. A mathematical model and a
deterministic equation for predicting the distribution
of message path-lengths are derived and evaluated. A
SCAT-encoded* simulation program that corrects deficiencies
of earlier simulations is described.

An "input-choking" doctrine, together with a short,
purposeful delay of messages passing through each station
(when necessary), proved to be a powerful device in pre-
venting loss of messages within networks operating at high
loading ratios. The decrease in delay and in mescage- |
flow rate caused by the doctrine was negligible.

For the networks studied, a policy of dropping messages
that have traversed paths greater than twice the longest
possible path between the extremities of the network,
resulted in a message dropout rate of less than one in
100,000,000 when the networks were operating at normal,
and even higher than normal, loadings. At low loadings

there were even fewer mescages dropped.
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The ith station in a network,
in an N x M array of stations.

The expected number of stations
to be traversed by a message
originating at Si’ transmitted

via link j of §;, before being

delivered to Sk’

Link j of station S;; links are

numbered from O through 7, and
are displayed (abstract1y3
clockwise around the station
with Ly ; at high noon.

b

A message's station of origin.
A message's addressee.

The hand-over number associated
with a message; i.e., the
number of stations traversed by
a message in its wanderings.

The maximum allowable number of
traverses a message may take
before being dropped from cir-
culation.

By definition, the length of the
best path between Si and Sk'

The number of best paths of
length x.

The maximum best-path length.

The best-path distribution:
Xl
B(x) = NX/ T N

=1

INTRODUCED

ON PAGE

1



SYMBOL

ML

-xii-

The number of links in a
network.

Message-loading factor for
a simulation.

The probability that a link
is impaired (unavailable
or busy).
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I, INTRODUCTION

The distributed communications network examined in
this Memorandum is a collection of communication stations
interconnected in a more or less regularized manner and
employing a common switching doctrine. The connectivity
is such that the number of bi-directional lines (or uni-
directional links) between a station and its neighbors
is constant over the interior of the network; lengths and
bandwidth capabilities of the lines may vary over the
network. Switching, or routing, is performed by choosing
a "best'" initial link toward a desired addressee, rather
than by attempting to choose a 'best' overall path.

Certain stylized connectivities may be introduced
to define the redundancy level of such networks--the
concept is illustrated in Fig. 1.* It is useful and in-
structive to deal with such connectivities, and we shall
do so. However, many of the observations reported in
this Memorandum are dependent on a constancy of connectivity
and routing doctrine rather than on any specific regularity
of connectivity.

The choice of a 'best'" initial link is effected by

adjoining to each station, Si’ a matrix, Hi’ which assigns

*Figure 1 is taken from ODC-I, where the concept of
redundancy levels is fully described; ODC is an abbrevia-
tion of the series title, On Distributed Communications.
The number following refers to the particular volume
within the series.




o] o] (o] O
o} (@] O
(o] (o] O O
R=1 R=15
o]
(o}
R=3 R:=4

Fig. 1 Definition of Redundancy Level



to each link, L.

5,47 of station S; a measure, Hi(j,k),

of link j's merit as an initial link along which to route
messages destined for station Sk--for all stations, Sk’
in the network. The figure of merit used in this Memor-
andum is the expected number of stations to be traversed
before delivery of the message. That is, a value,

K = Hi(j,k), states that station Si expects a message
destined for station Sk that is sent out along link Lj,i
to traverse K stations before delivery. By adjoining to

every message an integer, h--the hand-over number, which

is incremented by unity each time the message is re-
transmitted by a station--the values of H; may be con-
tinuously updated as a function of the hand-over numbers
associated with incoming messages and of the current
values of H,. Messages are routed by applying a decision
procedure to those Hi values pertinent to the messages'
destinations.

The transient behavior of the Hj, and of message-flow
as the Hi change under suitable updating algorithms, is
discussed in ODC-II. The present Memorandum is concerned
with "steady-state' flow, wherein the H; have assumed

their '"best' values and there remain fixed.



ITI. THE ROUTING DOCTRINE

Let So’ Sd’ and h refer to a message's originating
station, addressee, and hand-over number, respectively.
Messages arriving at station Si via link Lj ; cause the

3

values of H, to be updated by the following updating

doctrine (Ul):
(U1) Hi(j,o) = minimum(h, Hi(j,o)).

Let station Si have links Ll,i’ L2,i""’ Lni,i and let
HMAX, the maximimum allowable hand-over number, be a

fixed parameter. Station Si retransmits messages by

applying the following routing doctrine (R1):

(R1) a) if h > HMAX, the message is dropped;

b) if all links are in use or otherwise un-
available, the message is stacked until
some link is freed;

c¢) if links are available, h is incremented

by unity and the message retransmitted over
that link Lj' i for which

b

Hi(j',d) = minimum(Hi(j,d)), for all available links, Lj T

In practice, the H; are originally set equal to
HMAX; as messages move through the network, these values
eventually assume their absolute minima. These minimum

values may be calculated a priori by a best-path* algorithm.

*
See Sec. VI.



Assume this has been done, resulting in values ﬁi' De-

fine, for all stations Si and Sk’ k # i:

B(i,k) = minimum(H, (j,k)), for all links
* (2.1)
Lj,i of station Si;
N, = the number of B(i,k) equal to x (2.2)
for all i,k;
x' = maximum(B(i,k)), for all i,k. (2.3)

That is, B(i,k) is the length of the best path from S;
to Sk’ NX is the number of such best paths of length x,
and x' is the length of the longest best path. The
distribution, B, defined by

X

X
B(x) =N_/ ) N (2.4)
y=

is called the best-path distribution for the network.

It will be shown later that B is of great utility in pre-
dicting traffic-flow in steady-state networks. If

messages are generated by choosing origins and destinations
randomly from a uniform distribution of stations, and if
each message is completely routed through the network
before the next message is originated, then the resulting

distribution of message path-lengths is clearly B. That



B is equally valid for low-load conditions is shown by
Fig. 3,* to be discussed later.

The HMAX test in routing doctrine Rl is essential.
Traffic will, in practice, be cut into message blocks of
fixed length and be sent piecemeal (but serially). 1If
the differential time delay is excessive, then the order
of arrival of these message blocks could fall out of
sequence. This differential time delay is equivalent to
the difference in hand-over numbers of the arriving
message blocks. Therefore, the lower the tolerable
maximum hand-over number, the higher the overall data
rate between two network users will be. We also chose
to drop message blocks whose hand-over number exceeds
this maximum allowable, to insure flushing out message
blocks addressed to nonexisting stations. Since fixing
the length of message blocks implies fixing station
processing time (for routing), network time may be equated
to station traverses by using an average link-length for
the network, and temporal decisions can then be made on
the basis of some maximum hand-over number and the hand-
over number associated with messages. Thus, the problem
of choosing an HMAX small enough to maintain "integrity"
of communications, yet large enough to guard against

excessive message dropout is a central one. The choice

*
See p. l4.



of such a value for a given network depends on a knowledge
of the distribution of message path-lengths of delivered
messages under varying traffic densities and using an un-
bounded HMAX. Three methods for determining such dis-
tributions--Monte Carlo simulation, mathematical modeling,
and approximate calculation--are described and compared

in the next section.



IIT. COMPUTATIONAL TECHNIQUES

MONTE CARLO SIMULATION

The simulator is described in detail in the program
listing of Appendix B; briefly, it operates in the fol-
lowing manner:

1) a network is defined in terms of its size, con-
figuration, and connectivity;

2) 1link-lengths are assigned--as transmission times--
by being drawn from a uniform distribution bounded by the
parameters TPMAX and TPMIN;

3) the hand-over number tables, Hi’ are preset to
either ﬁi or to values bounded by HMAX and HPRIME;

4) a fixed number, (a)-(}), of messages is intro-
duced into the network, origins and destinations of
messages being drawn from a uniform distribution of
station numbers*--\ is the total number of links (twice
the number of lines) in the network and o is a loading
factor;

5) the routing and transmission of messages through
the network is directly simulated by applying the routing
doctrine R1l;

6) delivery or dropping of a message results in the
insertion of a new ''random" message into the network, thus

maintaining loading;

*This defines "uniform" loading.



7) new messages may be ''choked'" by applying Rl first
to enroute messages, then to new messages (which are, in
effect, kept on a special stack).

The parameter o is a measure of the activity of the
network. We may assume that under uniform loading, traffic
density can be equated with a probability, T, that a
1ink is unavailable or busy, and may then relate T to

activity by

n = ML . (@) (3.1)
TPMAXETPMIN +200)

where ML is the processing time per message-unit (i.e.,
message-unit length). (TPMAX-TPMIN)/2 is the average
line-length (or average transmission time), and a message-
unit requires ML time units to be inserted into or with-
drawn from a link. In (3.1), o is treated as the number
of message-units that may be on a link (either in transit
or being transmitted into the link), and the first factor
is interpreted as the probability that a message is being
transmitted into a 1link (thus making the link unavailable).
Under uniform loading in a fully loaded network, at
each time period all links would be jammed and all
stations would be simultaneously accepting and transmitting
a message. The average number of messages in a fully

1oaded network would, therefore, be equal to



-10-

) ( TPM%’&’EI;MIN +2) =N . .

The loading ratio of a network is then equal to N/ai,
_ which is equal to m; thus, ™ may be equated to the loading

ratio, or traffic density, of a network.

MODEL A (Ma)

A model of network behavior is abstracted by con-
sidering the four possibilities that exist for the dis-
position of messages at any station (disregarding the
possibility of dropout). A message being routed at a
station has associated with it that station's prediction
of the best-path length to the message's addressee. The
message may either

1) remain at the station, or

2) be retransmitted to a neighbor whose best-path
prediction is

a) one (1) less than the previous station's
prediction,

b) the same as the previous,
c) one (1) greater than the previous.
That is, links may be characterized as being "best,"
"hext best," or '"worst" for any message. The model de-
fined in Fig. 2 assumes:
1) a uniform distribution of links with respect to

"best," "next best," and "worst' overall addressees;
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Choose a random

path-length, K,
<::>———*' from the distri-
bution B.

j‘_O

j""'j"‘l

Is best
1link
available?

K=—K-1

yes
no (7) ‘
Record the
1s next Path—length,
5 yes best 1link J-
(1-m) \available?
no| (1)

\
Is worst
no 1link
ol . n
(E{)”ﬁ(l_ﬂ) \ available?

yes| (m)

@ K*®—K+1

Fig. 2 Flowchart of Model A
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2) a uniform probability, m, of link nonavailability;
3) uniform loading;
4) stations connected to neighbors only.
The first assumption is the weakest of the four; however,
within the interior of 'reasonably' connected networks

satisfying the last assumption, it is "reasonably' valid.

MODEL B (M)

Model B is obtained from the previous one by aggre-
gating "next best" and '"worst" links. In M_, therefore,
a message at a station whose best-path prediction for the
message is, say, n, will have a probability p(n,x) of

being delivered in x traverses, given by
p(n,x) = g(n,x) (™) 1 - m", (3.2)

‘where ™ is the probability of link nonavailability, and
g(n,x) is the number of combinations of "best'" paths
'(chosen with probability 1 - n) and 'worst' paths
(chosen with probability m) ending in a 'best" path.

That is:

x-1
g(n ,x) = [n-l]

= g(n,x-1) + g(n-1,x-1).

(3.3)

The distribution, M(m), generated by this model is given

by:
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xl

M(xsm) = ) B(1)-P(i,x) . (3.4)
i=1

I
Letting m = 1/a, and using (3.2), we obtain:

x!

M(x;1/a) = ) B(D):(a-Di(@)Fg(i,x) . (3.5)
i=1

Since Z:g(i,x)'(a)-x = (a-l)-i, we have:

x=1
© x'
ZM(x;l/a) - z B(i) = 1 ; (3.6)
x=1 i=1

and for the "tail" of the distribution from x'+k on:

© x! ©

Y M(xsl/a) = ) B+ (a-DY ) eix) (@7
x=x"'+k i=1 x=x"'+k
. (3.7)
X ]
< Y B (ani*k,
i=1

COMPARISON OF RESULTS

The three techniques were applied to networks of
size 10x10 and 14x7, using redundancy levels of 2, 3, and
4. Figure 3 exhibits the results of the 14x7, redundancy-
three case--all other runs produced the same behavior;

Fig. 4 tabulates statistics for the various runs.
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Relation (3.1) was used to equate simulator loading with

the probability of link impairment, 7, used by the models.

Since this is an approximate relation, no exact comparisons
between simulation and modeling can be made. Nevertheless,
it is clear that both models produce distributions which
are commensurate with those produced by the simulator,
Model A tending to reproduce the shape of the simulator
distributions more faithfully than Model B. Moreover,

note that both models tend to produce distribution 'tails"
which are generally pessimistic. The same comparisons
held for the other runs. We therefore conjecture that
both models may be used to predict approximéte behavior of
networks of the type examined, and that (3.7) may be used
to obtain approximate estimates of HMAX's for desired
dropout rates.

Figure 4 indicates that the transition from a re-
dundancy level of three to a level of four results in
diminishing returns. For redundancy levels greater than
two, it appears that an HMAX equal to twice the longest
best-path is sufficient to reduce dropouts to the "noise"
level under normal, and even higher than normal, loadings

(= 30%).
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IV. INPUT-CHOKING AND STACK LENGTHS

Input-choking* in networks has two important conse-
. quences. First, since a link can be usurped by a message
for no greater period of time than it takes to insert a
message into a link (ML), it is clear that stack length
can never exceed the number of links associated with a
station; that is, stations require only one 'word" of
stack storage per link. Moreover, choking tends to smooth
out potential activity peaks, particularly in the vicinity
of "hog' stations and around the center of the network.
Removal of input-choking simply means that new messages
are treated as enroute messages. Under such conditionms,
stack lengths cannot be contained. Since stack storage
must be finite, a new message-dropping criterion must be
added to the routing doctrine, R1:
(R1) d) 1if no links are available and the stack is
full, the message is dropped.

Thus, the choice of a fixed stack-storage length,
STACK, large enough to reduce stack dropouts to the noise
level, becomes as important as a choice of HMAX. Since
stack length is a highly local phenomenon--strongly dependent
on traffic distributions--there seemed to be no simple
way of determining STACK without direct simulation. Ac-
cordingly, the simulator was applied--with no input-choking--

to a 14x7 net of redundancy-three, with maximum stack

*See p. 9.
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lengths of 6, 9, and 12, The distributions obtained were
almost identical to the ''choked'" distributions. They are
not reproduced here; however, Fig. 5 compares the perti-

nent simulations, and leads us to the following conjectures:

1) dropouts will occur under no-choke conditions;
to insure a low dropout rate, STACK will have to be un-
conscionably large--hence, unfeasible;

2) under uniform loading, no-choking produces a
small, uniform increase in loading;

3) hence, there seems to be no justification for
adopting a no-choking doctrine.

These conjectures are fortified by a consideration of
the distribution of total time in stacks (including input-
waiting time) for delivered messages. These distributions
were identical for the choke and no-choke cases. 1In fact;
the distributions shown in Fig. 6 were typical of all net-
works simulated; they show that the probability of exces-
sive delays-in-stack is exceedingly small, even under high

loading.
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Mode
Probability Value
of Link : HO HO of HO Stack No. in
Impairment, m Average Variance No. Choke? Drops Stack
.1 6.5 13.2 4 yes
6.5 13.5 4 no 0 12
6.5 13.5 4 no 0 9
.3 8.0 20.6 5 yes
8.1 21.7 5 no 0 12
8.1 21.7 5 no 0 9
.5 13.7 104 3-7 yes
14.3 117 3-7 no 5 12
14.2 114 3-7 no 72 9
.7 17.9 166 3-7 yes
17.4 167 3-7 no 27 12
17.9 176 3-7 no 251 9

Fig. 5 No-Choking Statistics
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V. EDGE BINDING

In any network, much of the routing power of peripheral
stations is wasted simply because peripheral links are
unused. Thus, messages tend to reflect off the boundary
into the interior or to move parallel to the periphery.
Providing alternate paths by edge binding, as illustrated
in Fig. 7, should tend to shorten average path-lengths
measurably. Figure 8 exhibits flow patterns produced by
simulations of a 14x7 network of redundancy-three with
and without edge binding. Each diagram is a spatial re-
presentation of the network, the entry in position (i,j)
of the representation indicating the number of messages
routed through the corresponding station since the start
of the simulation. The effect of edge binding in reducing
interior clustering is clear. Figure 10 exhibits the dis-
‘tributions for the edge-bound net, while Fig. 9 gives
statistics for the various runs. Although edge binding
reduces clustering and results in an increase in flow-
rate, it seems clear that the resultant distributions are
less desirable than those obtained without edge binding.
Apparently edge binding tends to overly penalize paths
through the center of the network, and seems to provide
higher flow rates at the expense of slightly higher drop-

out rates.
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VI. VARTATIONS IN TRAFFIC DENSITY

Techniques for smoothing out fluctuations in traffic
density are discussed in ODC-II. A technique suggested
and evaluated in that Memorandum uses a modification of
the HO-table updating algorithm which allows the values
of Hi(j,k) to adapt to changing traffic conditions. The
adaptation algorithm is described in the footnote to
Fig. 12 of the present Memorandum (p. 37), which considers
the effects of lengthy bursts of activity from a single
station or between a pair of stations. Such effects can
be studied by appending to the simulator provisions for

treating specified stations as message sources or sinks,

with specified weights associated with each station so
chosen. A station specified as a source (sink) of weight
k < 1 will be chosen by the simulator as a message origi=-
nator (addressee) with probability k. Since correct
receipt of each message block is acknowledged by the
adjacent receiving station, it is clear that any pro-
longed increase in the rate of message generation by a
single station will result in a commensurate increase in
network loading. 1In such cases we would expect effects
similar to those produced by an increase in message load-
ing. In cases where many stations suddenly increase
their rate of message generation to a particular station,

a similar increase in network loading should occur. This
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is prevented from occurring by mechanisms described in

ODC-VIII.

Several hog cases were simulated on a 7x7 network
of redundancy three. The procedure used was fgg‘following:
first, simulate the network at a 20 per cent loading ratio
without sources or sinks; then increase the loading ratio
to 40 per cent, specify a commensurate source/sink con-
figuration, and continue the simulation, comparing statistics
at each step. The results are summarized:

1) Regions of heavy flow activity centered about
sources and sinks;

2) Source/sink configurations caused a 50 per cent
decrease in the message-flow rate--this was probably
caused by input-choking;

3) Distributions of stack-waiting times--with sources
and sinks--were identical to those obtained for 40 per
cent loadings without sources or sinks;

4) Single stations acting as both source and sink
had little effect on the distribution of path-lengths of
delivered messages, the distributions being only slightly
less desirable than those obtained for 20 per cent loading
with no sources or sinks;

5) Two stations, each acting as both source and
sink, had effects on the path-length distribution which

depended on the relative positions of the stations within
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the network--the more remote the stations, the worse
the distributions.

We conjecture that single stations acting as a hog
source will reduce message-flow rate but will result in
few, if any, dropped messages.

The case of a single source was simulated, such as
would occur when a '"fraudulent' station attempted to over-
load the network. The results were as anticipated--the
increased loading produced distributions expected from
the new loadings. Single sources had essentially the
same effects as single source/sinks, with the exception

that stack waiting times remained relatively unchanged.
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VII. THE BEST-PATH ALGORITHM

Although the algorithm used to set the hand-over

" number tables, H,, to their best values was designed solely
to minimize computer running time, it might also con-
ceivably find use other than in the Distributed Adaptive
Message Block Network in allowing broadcast of best-path
information through a network. The algorithm requires a

specific, recognizable message~type, an info-message, and

a variation of the standard routine doctrine to process
such messages. The algorithm is as follows:

1) a station, S,» that wishes to broadcast best-
path information to the rest of the network originates an
info-message and transmits the message over all its
links, Lj,o;

2) a stationm, Si’ receiving an info-message, charac-
terized by (So,h), via link Lj,i compares h with Hi(j,o):

a) if h > Hi(j,o) the message is dropped;

b) otherwise, Hi(j,o) is set to h, h is in-
cremented by unity, and the message is re-
transmitted over all of Si's links.

The best-path algorithm used is a parallel application
of 1) and 2) above, with all stations acting as originators
once and only once, In practice, info-messages may be

characterized either by the absence of an addressee or by

a "universal" addressee.
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Appendix A
PROGRAM DESCRIPTION

A listing of a collection of SCAT-encoded computer
routines designed to operate under the aegis of a user-
composed supervisory routine is contained in Appendix B.
The collection includes routines for defining networks in
terms of pertinent parameters, for assigning and re-assigning
parameter values, for performing Monte Carlo simulations
on networks, for applying Model A and Model B to networks,
and for displaying results of simulations and model-runs.
The routines are operative on the IBM 7090, require the
RAND versions of SOS* for that machine, and are well-
described by the listing of Appendix B.

Supervisory routines to perform network calculations
must be encoded in SCAT and should use the macro-directives
described on p. 4 of the listing. Figure 11 contains
an example of a supervisory routine, suitably annotated.
The general procedure is to first assign parameter values,
then to simulate or model, and finally to display or
interrogate results and, perhaps, iterate the procedure.
Network parameters are described in Fig. 12; the '"normal"

values there listed remain in effect until changed by the

*
Bryan, G. E., Ed., The RAND-SHARE Operating System
Manual for the IBM 7090 Computer, The RAND Corporation,
RM-3327-PR, September 1962,




*

* %

oA

L2

L4

JCB
ASSIGN
LOAD
CHANGE
RCOW
COLUMN
WEAVE
CHOKE
NOBIND
FLOW
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BIUSGsTEST 9 JWS6189705353001»354C

B2=SYSBR1

GOIF sNOSQZsNOLIST»SYSBR]

NETPGM
14

7

3

BEGINNING OF SUPERVISORY ROUTINE.
14X7 NETWORK

REDUNDANCY THREES

WwITH INPUT CHOKINGs AND
NO EDGE-BINDING.
MESSAGE FLCOWS DESIRED.

FIRSTs PRINT BEST-PATH DISTRIBUTION.

BESTAO

THEN APPLY SIMULATOR,

SYSTEM

MCDEL A»

EXIT IF NOGOs

AND MODEL 3 =-- VARYING LOADING FROM 1C

PERCENT TO 50 PERCENT IN JUMPS CF 10s USING UNBCUNDED HMAX({NORMAL CASE).

AXT
IMPAIR
SIMUL
PRINT
PRINT
PRINT
MODELA
MODELSB
TIX
IMPAIR
SIMUL
IMPAILIR
SOURCE
CONT
PRINT
PRINT
PRINT
SINK

CONT
PRINT
PRINT
PRINT
TRA
DEC
DEC
DEC
DEC
DEC
EQU

Sl

oblol
SYSTEM» 3000
S1DIST
SIWAIT
SUFLOW
SYSTEM
SYSTEM
oA’l’l

oL2
SYSTEM,3000
LG

195

10006

S1D1IsST
SIWAIT
S1FLOW

1se5

1000
S1DIST
SIWAIT
S1FLOW
SYSTEM
ol

2

3

ol

5

*

SET LCADING, THEN

SIMULATE FCR 30C0 CYCLESe THEN DISPLAY
PATH-LENGTH DISTRIBUTIONS
STACK=-WAITING-TIME DISTRIBUTIONs AND
MESSAGE~FLOW PATTERNS.

NEXTs APPLY MODELSe ( DISTRIBUTIONS
ARE DISPLAYED)

NEXT RUN FCR 300C CYCLES AT

20 PERCENT LGADING.

NEXTs DOUBLE LCADING AND CEFINE STATION
1 AS A SOURCE OF WEIGHT 1/2e

CONTINUEs THEN CISPLAY.

THEN MAKE STATION 1 A SINK OF WEIGHT
172y MAINTAINING ITS SOURCF STATUS.

FINI

Fig. 11 Sample Network Program



-35-

supervisory program. Much of Figs. 11 and 12, and the
macro-directive listing in Appendix B, is self-explanatory.
The parameter WEAVE, which specifies network con-
nectivity, is defined by Fig. 13. The parameter GRAIN
defines the ratio of message-unit length (time required
to insert a message into a link) to the time required by
a station to route a message. Since message-routing time
is equivalent to simulation cycle time, GRAIN defines
the '"coarseness" of the simulation. Note that simulations
may be halted and then continued; during these ''pauses"
the user may display results of the simulation and may
change the values of certain parameters. Parameters which
may be changed during the course of a simulation are in-
dicated in Fig. 12 with an asterisk. Sources and sinks
may be defined, deleted, or have their weights changed
during a simulation. Deletion of a source or sink is
accomplished by assigning a zero weight. One further
restriction exists: the impairment factor, IMPAIR, may
not be reset to a value greater than that which held at
the initiation of the simulation; this, however, is not
a real restriction, since the simulator can be initiated
for a zero-time run.
Execution times for application of the two models
are negligible. Simulation times are a function of the
size and connectivity of the net being simulated and of

the traffic density. A reasonable approximation to
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WEAVE Redundancy Level

1 1
2 2
3 3
4

5 3
6 2
7 2

1 J QI ©

Fig. 13 WEAVE Parameter
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execution times for an n x m net of redundancy rais given
by:

. . . 2-r°n*me-Q
time per simulation cycle = ——ll%%ji—- ms

where a is the loading factor described in Sec. III.
Computer storage required is a function of net size

and connectivity, of traffic density, and of other

desiderata. An n x m net of redundancy-r requires approxi-

mately
(4onem)(Ldrdra) + S0 rh e © (e-1) (ntm) ]

words of computer storage, 24,000 words being available.
A 10x10 network of redundancy-four, or a 11x1ll network

of redundancy-three can be accommodated.



-40-

Appendix B

PROGRAM LISTING

In this appendix is presented the program listing,
together with a Table of Contents to the routines listed.
The page numbers referred to in this table are the

numbers internal to the listing, not the pages in the

Memorandum.



TABLE OF CONTENTS

# INCICATES ROUTINES DOF DIRECY INTEREST TC USERS

RCUTINE DESCRIPTICN PAGE
MACRO DESCRIPTIONS ]
NETDMP ERROR DUMPS AND DISPLAYS 7
NETPGM SUPERVISCORY PROGRAM 7
PARSET USED TO SET PARAMETER VALUES 8
«ENTRY ENTRY ROUTINE FCR SUPERVISORY MACROS 1C
PRESET INITIALIZES NETWORKS. USED BY SIMULATOR AND

BY MODELS. USES INL, INS, IA, IL, BH. 11
INL SETS CONNECTIVITY MAP 16
INS CCMPUTES STORAGE MAP 17
14 SETS LINK TABLE 21
IL GENERATES LINK LENGTHS 23
| O] GENERATES INITIAL HO TABLE 26
BH GENERATES BEST HO TABLE 29
MCVER USEC BY SIMULATOR TO MOVE MSGS 31
HCVER USED BY MOVER AND BH TO UPDATE HO TABLE 34
UPDATE # USED B8Y HOVER AS HO-TABLE UPDATING ALGORITHM 36
DELIVR USED VARIOUSLY TO STACK MESSAGES AT STATICNS 37
RCUTER & USED BY SIMULATOR TO ROUTE MSGS. LSES FA, FB 39
FA DETERMINES A STATIONS AVAILABLE LINKS 42

FB ORDERS AVAILABLE LINKS W.R.T. HO-TABLE VALUES 43

PAGE 1



DROP
RECCRD

CHAIN

MG

ACTIVE

GM

RV

SImMuLS

CCNT

SKTLY
SCTLU

SIDISTY
S1FLOwW
SIWAIT

PB

SETHMX

CLEAR

BESTHO

HTF
HTS

MCDEL2

MCOELL

PLACES DROPPED MSGS ON DROP LIST
PLACES DELIVERED MSGS ON ARRIVAL LIST

USED VARIOUSLY TO PLACE MSGS ON LISTS

USEC BY SIMULATOR TO PRESET MSG LOADING

& RECALCULATES MESSAGE LOADING, ALPHA

USED VARIOUSLY TC GENERATE AND INSERT NEW MSGS

USED BY SIMULATOR TO MAINTAIN LOADING

s THE SIMULATOR, S1

# CCNTINUES SIMULATION INITIATED BY SIMULS

® INTRODUCES MESSAGE SINKS
« INTRODUCES MESSAGE SOURCES

¢ DISPLAYS S1*S DISTRIBUTICN
e CISPLAYS S1°'S TRAFFIC FLOwW
& CISPLAYS S1°'S STACK WAITING TIME OIST

CISPLAYS DISTRIBUTIONS

& SETS HMAX TO VALUE THAT INSURES DESIRED DROP RATE

INITIALIZES ALL COUNTERS, ETC

s DISPLAYS THE BEST, BEST-PATH DIST

COMPUTES BEST HO-TABLE DIST
CCMPUTES AVERAGE AND VARIANCE OF DIST

® APPLIES MOCELB AND DISPLAYS DIST

e APPLIES MODELA AND e

44
45

47

48

49

50

52

53
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57

61
61
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62
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PCOL LITERALS, MASKS, SwITCFES, EIC 7
_PaRam NETWCORK PARAMETERS 7
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TABLES LISTS ANC TABLES USEC BY VARICLS PROGRANMS 77



BINC
NCBINC

CHOKE
NCCHCK

FLOW
NCFLCW

ACAPT
NCCAPT

HMAX
WEAVE
RCw
CCLUMN
TPMAX
TPMIN
STACK
HPRIME
GRAIN
IMPAIR

SCURCE
SINK

LIST OF MACRO-CIRECTIVES

ALL MACROS PRESERVE IR'S AND SENSE

*I' MEANS EITHER OF 1) INTEGER
2) LOCATION
3) LOCATION TAG

MACROS FCR SETTING PARAMS

NC ADAPTATION TO BE USED

£ omt St o ot Bt b G ey G

0C.TAG

MACROS TO CEFINE *+0OG* STATIONS. STATION
N IS TO BE ASSIGNED AS A MESSAGE
SCURCE (CR SINK)WITH PROBABILITY K

Ny K K A DECIMAL FRACTICN
NeK

PAGF
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MACROS 1O CEFINE SPECIAL LINKS Tg BE ADCEC
OR DELETEC.
LINK N1sKloN2,K2 LINK FRCM STATICN N1 LINK

NRe Kl, TC STATICK NZ,LINK
NR K2, IS TO BE ACDED.

CLT NL,K1,N2,K2



SIMUL

CONT

MCCELA
MCDELB

BESTHC

SETHMX

PRINT
PRINT
PRINT

MACRC DIRECTIVES

*E* MEANS *ERROR EXIT®
‘LY MEANS *LOCATION COF SPECIAL-LINK CONTROL-WCRD®
WHERE (L) CONTAINS -
LOCATION QF FIRST SPECIAL LINKS,,NR OF SPECIAL LINKS
ANC L=0 OR {(L}=0 IMPLIES NC LINKS
I REFERS TC EITHER LCCATION OR INTEGER

Eolyl START S1 SIMULATION, RUN FOR
I OR (I) CYCLES

CONTINUE SIMUL FOR I OR (1) CYCLES

EsL APPLY MCDEL A. CISPLAY DIST.
EoslL APPLY MODEL B. CISPLAY DIST.
EeL GENERATE HO-TABLE BY BEST-PATH

ALGORITHM, DISPLAY 'BEST®' CIST.,HBAR

Xol USEC IMMEDIATELY AFTER APPLICATICN OF
MODEL A OR B TO SET HMAX TC A VALUE THAT, CN ThE
BASIS OF THE APPLICABLE MOCEL'S RESULTSICISTRIBLYICN)
» WILL INSURE A FRACTICNAL DRCP-CLT NCT EXCEECING (L)

EXITS TC X IF NO SUCH VALUE EXISTS.
MAY ALSO BE USED AFTER OR DURING SIMULATION RUN
TO ADJUST HMAX.

SICIST DIST. OF PATH-LENGTHS OF MSGS CLVRC BY Sl
S1FLOW TRAFFIC FLOW GENERATEC BY S1
SIWAIT OIST. OF STACK WAITING TIMES
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BEGINNING OF NETWORK PRNOGRAM,

NETPGM TSX FORMAT , & TG CEFINE XFCRMS
SUPERVISCRY PROGRAM FCLLOMWS
+1l TRA SYSTEM PRCTECTICN
CumMp CLAs 1+4
+1 TZIE 2v4
+2 ALS 18
+3 ACC» 1y 4
+4 ST10 +5
+5 STL SYSCB1
+6  TXL SYSCB2,.21
CORE LIMIT,LIMIT,C
+7 STL SysCsl
+11 TRA 2¢4
PANEL
ERRCR STL sysCel
+2  TSX CUMP, 4
+3 PlE TABLES
+S PLE LINTBL
+6 TSX CUMP, 4
+7 PLE BLSY
+8 TSX CUMP, &
+9 PLE NCCTBL
+10 TSX CuMP, 4
+11 PLE MSGTBL
+12 TSX CUMP, &
+13 PLE HODTBL
+l4 TSX CuMP, 4
+15 PLlE HOTBLE
+16 TSX CUMP, &
+17 PLE STDTBL
+18 TSX DUMP, 4
+19 PZE SCTBLE
+20 TsSX DUMP, 4
+21 PLE SKTBLE
+22 TSX DUMP, 4
+23 PZE PCOL
+24 T5X DUMP, 4
+25 PLE PARAM
+26 TSX SIDIST, 4
+27 TSX S1FLOW, 4
+28 TSXx SIWAIT,4

+29 TRA SYSTEM



PARSET
+1
+2
+3
T
+5
+6
.7
+8

PRS2
+1l
+2
+3
+4
+5
+6
+7
+8
+9

+10
+11
+12
+13
+14
+15
+16
17
+18
+19
+20
+21
+22
+23
+24
+25
+26

PRS1
+1

PRS3
+1
+2
+3
+4
+5
+6

SXA
ClLA=
ARS
STA
CLA
ACC
STA
ADD
STA
CLA
STA
STT
LDCe
PCX
Xk
CAL
ANA
CAS
LDQ
LOG
XCA
SsP
CAS
TRA
TRA
TRA
XCA
PXA
LLS
sus
TPL
PXA
STA
PXA
LLS
XCA
ST¢
TRA
XCA
SSP
CAS
TRA
NOP
ORA
FAC

PAGE 8

PARSET USEC TO SET ALL PARAMS

CALL SEQU

STL JEXIT
TXL PARSET,,PARAM NAME
TXL LCC,TAG,0 1 CR 2

SAVES IR*S ANC SENSE

PRSX ¢4
«EXIT
18
PRS1
SEXIT
KAl
PRS2
Ke.Al
<EXIT
28
PRS4
PRS4
PRS4
'4
PRS3,4,0
SYSORG
K.M6
PRS4
PRS 4
PRS4&

KeM2
[ X2
42
PRS1-1

KINT2
[ R ¥4

[ R 4
an
[ X T¢]
PRS X
KoM2

244

KINT]
KINT1

PARAM NAME

FETCH ARGLMENTS
LOC CF NEW VALLE(CR VALULE ITSELF)

Cs1 OR 2

SETTING FLOATING PCINT CUANTITIES
ELSE TEST IF

VALLE CR LCC GF VALLE

VALLE
VALUE

LCC CF VALLE



PAGE g

47 STCe PRS1
PRSX AXT *50,4

41 TRAs SEXIT
PRS 4 PLE



+EXIT
«ENTRY
+1
+2
43
+4
+5
+6
+7
+8
+9
+10
+11
«EN1
+1
2
+3
+4
«EN4
«EN3
+1
+2
+3
+EN2
+1
€2
+3
s
+5
+6
*7
+8
+9
+10
«ENS
«ENX
+1
«ERRCR
+1
+*2
+3
+4
+5

PZE
SWT
TRA
TRA
CLA
ALS
STC
SXA
CLA»
PDX
X1
SXA
PDX
TXI
SXA
SXA
PDX
X1
CLA
STO
TIX
CLA
AXT
STOe
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
15X
TRA
AXT
TRA#
AXT
ClLA»
ARS
STA
L XA
TRA

«ENTRY USEC
CALL SEQU

FOR ALL MACRO DIRECTIVES

STL
TXL
TSX

<EXIT

«ENTRY, ,LENGTH CF CALL SECU + 2

PROCESSCR, 4

MAX CALL SEQU LENGTH = B8

«e0

5

[ 2 4
SYSTEM
JEXIT
18
«ENL
oEle‘
+EXIT
v

®+]ly4,4.EN2

«EN3,4
X
#+]lobyua(
.E~l’14
«EXITy4
v &
*4ly4,-1
*80,4
#20,4
oENG, 4,1
«ENS

']

«EN3
ERROR, &4
ERROR,y 4
ERROR s 4
ERROR, 4
ERROR, 4
ERROR, 4
ERROR 4
ERROR, 4
ERROR, 4
ERROR, &
«ENX
ee0,4
~EXIT
1,4
+EN3]

18

[ ¥4
oENXy 4
[ X 10

CALLING SEQU FOR PRCCESSOR

EXCESS TIME TEST
CCATINUE
FINI
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PRESET VALIDATES PARAMS, DISPLAYS PARAMS
INITIALIZES NET, AND ALLOCATES STORAGE.

CALL SEQU TSX PRESET,4
PLE LOC OF FIRST SPEC. LINK,,NR CF LINKS
RETURN IF STORAGE EXCEEDEDR CR ERRCRS
NORMAL RETURN

PRES STL CSPY ENTRY FROM SIMLLATCR
+1 TRA PRO
PRESET ST2 DSpy ENTRY FROM MODELS ANC BEST-PATH DSPLY
BEGIN 3,7,1
PRO TXL *+7,0,0 SUBROUTINE LINKAGE
+11 CLA 1s4

+12 ST10 PRS
SET RANDOM AND SET ACTIVITY LEVELS

+13 CLA TPMAX
+14 SuB TPMIN
+15 sSSP

+16 ORA KINTL

+17 FAD KINT1

+18 SuB KINT3 {TPMAX-TPMIN) /2 = C
+19 STO K.T1

+20 CLA GRAIN

+21 ORA KINT1

+22 FAD KINT1 ML = MESSAGE LENGTH
+23 STO0 K.T2

+24 FAD K.T2

+25 FAD K.T1

+26 FODP KeT2 {Ce2ML) /ML = ACTIVITY FACTCR
+27 STQ FACTOR
+28 FMP IMPARE ACTIVITY LEVEL

+29 STC ALPHA
+30 STO MAXACT
+31 CLaA RANDOM
+32 LBTY

+33 CLA K.R
+34 SLW RANDOM
+35 SLw RND
+36 NIT psePy

+37 TRA PR7

DISPLAY PARAMETERS
+38 TSX PARAMS, 4
+39 TRA PRY

PARAMS PRINTS PARAMETER VALLUES.

BEGIN 1701
PARAMS TXL *+7,0,0 SUBROUTINE LINKAGE



+11
+14

415

PR1

PR3

PR6

PR?

01
+3
+4
+5
+6

+3
+5

+6
+9
+10
+11

+1
+2

+3
+6
7
+8
+9

+10

+1
+2
+3
+4
+5
+6
+7
+8
+9

+10
+11
+12
+13
+14
+15
+16
«17

XEJECT
STL
AXT
AXT
XPRINT
STL
PZE
PLE
rx1
TIX
XPRINT
STL
PZE
PZE
TIX
XPRINT
STL
PLE
PLE
AXT
AXT
ZET
AXT
XPRINT
STL
PZE
PLE
TXI
TXH
RETURN
TRA

SYSCED
442
RANDOM~ALPHA, )
D.2
SYSOED
PMslyl
RANDOM, 1,1
sel,l,~-1
PRl.l'Zl l
Ey2
SYSOED
PM,1,1
RANDOM, 1,1
PR3,1,1
Fe2
SYSOED
PMy,y 1
RANCOM,, 1
0‘4'2

vl
CHOKE-1,2
141

Ge2
SYSOED
PMC‘[.Z.!
NO, 1,1
#¢1,2,1
PR6+2+0
PARAMS
PARAMS+1

FLUSH OUTPUT BUFFERS

STL PTTGL
TSX SYSDSKy 4
PZE SYSMOrT
TSX SYSDSK, 4
PLE SYSMIT
sTZ SYSIBC
TSX SYSBFD, 4
PLZE SYSSBF,,512
STR
ST2 BFTST

TEST AND SET CONNECTIVITY
LXA WEAVE, 4
TXH *42,4,40
TRA PRX
TXL €42,4,47
TRA PRX
LAC WEAVE, 4
CLA CTABLE, 4
STO LINKS

TEST LINK-LENGTH LIMITS
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+18
+19
+20
+21
+22

T +23

PRS5

24
+25
*26
+27
+28
+29

+30
+31
+32
+33
+34
+35
+36
+37
+38
+39
+40
+41
42
43
*44
+45
+46
%7
+48
+49
+50
+51
+52
+53
+54
+55
¢56
+57
+58
+59
+60
+61
+62
+63
+64

+1
*2
+3
+
+5

CLA TPMAX
TNZ 2
TRA PRX
CAS TPMIN
TRA 43
TRA ®42
TRA PRX
ADD GRAIN
ACD K.Al
CAS TPHIGH
TRA PRX
NOP
TEST HANDOVER-NUMBER LIMITS
CLA MAXHO
ALS 3
TNZ “+2
TRA PRX
CAS HOHI 1
CLA HOHIL
NCP
STO HOMAX
CLA INITHO
ALS 3
CAS HOMAX
TRA PRX
NOP
STO HOMEL
AXT LIMIT-MS5G2-1,1
ST2Z LIMIT, L CLEAR STCRE
TIX #=1,1,1
LXD CNTTBL, 1 CLEAR COULNTS
STZ2 CNTYTBL, 1
TIX s=lel,l
AXT TPU,1 CLEAR TRAFFIC-LIST HEADS
sST2 TP, 1
TIX e—1l,1,1
SXA TPyl
TSX INLy4 SET LINK TABLE
TSX INS, 4 GENERATE STCRAGE MAP
TRA PRX DRAT
NZT NODES TEST VALIOITY OF PARAMS
TRA PRX
NZT LINES
TRA PRX
NZT MSGS
TRA PRX
TSX 1A, 4 SET LINE TABLE
TSX ILe4 SET LINK-LENGTHS AND LINKS
PlE 880, ,020 DEFINES SPECIAL LINKS
TRA PRX
TSX IHe 4
HOMAX
HOMEL
TRA PRX
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+10

PR&

PRX

PMC

+6
+7
+8
+9

+11
+12
+13
+14
+15
+16
+17
+18
+19
+20
+21
+22
+23
+24
+25
+26

+27
+28
+29
+30
+31
+32
+33
+34
+35
+36

2
+4
+1

+3
+hH
+5
+6
*7
+8
+9
+10
+11
+12

NOW CALCULATE EXACT LCACING FROM TRUE NR OF LIMKS

LDQ NODES

MPY LINKS

STC K.Té

LDQ HCNCNT

PXA

pve NCDES

XCA

STO K.T3

XCA

MPY MSGS

ovp KeT&

CAL MSGTBL

ARS 19

ANA K.M6

TLQ .2

XCA

STQ MSGS EXACT LOADING

STQ LOAD

CLA HONCNT

sus K.T3

STO HONCNT
ALLCT EXTRA BUFFERS IF STORAGE AVAILABLE

LAC IH7,1

X1 e+l1,1,32767

TXL PR4y 14255

STL BFTST

SXb “4g4, 1

LXA IHT,1

SXA 42,1

TSX SYSBFD,4

PLE LIV X 14

STR

RETURN PRO

TRA PRO+1

DUMP TABLES

TSX DUMP, 4

DUMP PARAM

TSX DUMP, 4

RETURN PRO,1

AXT 1,4

BCI 1,CHOKE

BCI 1,FLOW

BCI 1+BIND

B8CI 1.ADAPT

B8CI 19 ALPHA

BCI 1, IMPAIR

BCI Ly LEARN

8C1 1, FORGET

8C1 1o HMAX

BCI 1o WEAVE

BCI 14ROW

8ClI 1, COLUMN

BClI 1, TPMAX
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Ld

+13
+14
+15
+16

8CI
8CI
8Cl1
8CI
8C!

1, TPMIN
1,STACK
1, HPRIME
1,GRAIN
1,RANDOM
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INL

INLO
+8
+9

+10
+11
+12

INL3

+2
+3
"
+5
INL2
INLI
.l

+*2

INL PRESETS LINK TABLE AS FCT OF COLUMN DIM.

CALL SEQU TSX INLo4
RETURN

TRA as]
BEGIN 1,7
TXL 45,0,0
CLA cX
STA INLL
PAC ol
AXT 4o &
AXT 1,2
S$XD INL2,2
PXA ol
STA LINK+4,4
PAC vl
PXA 02
STA LINK+8,4
TXI etl,l,uaC
AXT «a0,2
TIiX INL3,4,1
RETURN INLO
TRA INLO+]

SUBROUTINE LINKAGE
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INS COMPUTES STORAGE MAP AS FUNCTION OF

cx = COLLMN CIM

RX = RCw v

LINKS = LINKS PER NODE
ACTIVE= PERCENT MSG ACTIVITY

CALL SEQ TSX INS,4
RETURN IF STORE EXCEECED
NCRMAL RETLRN

INS TRA e+l
BEGIN 2,1
INSO TXL *4+5,0,0 SLBRCLTINE LINKAGE
+8 LDQ cx
+9  RQL 3
+10 STQ c1 BeCOLLMN DIV
+11  MPY RX
+12 STQ LINES 8eNR OF NODES = LINE TABLE LENGTH
+13  LRS 3
+14 STQ NODES NR OF NOCES
CALCULATE MSG LOADING USING APPARANT NR OF LINKS
+15 MPY LINKS
+16 XCA
+17 GCRA KINTL
+18 FAD KINTL
+19 XCA
+20 CLA ALPHA
+21 CAS K.M2
422 TRA #43
+23  NOP
424 ST ALPHA
+25 FMp ALPHA
+26 SSP
+27 XCA
+28 PXA
+29 LLS 8
+30 SuB KINT2
+31 TPL *+2
+32  PXA
+33 STA 2
+34  PXA
+35 LLS #e0
+36 ZETV ACTTGL
+37  PXA NC MSG STG NEECEC FCR MCCELS
+38 ADD KeAl
+39 STO MSGS CESIRED NR GF MSGS
NEXT ALLOCATE STORAGE FOR ALL TABLES
+40 ADD RX ALLCW EXTRA STCRAGE
+41 ADD RX FOR POSSIRLE RINCING
+42 ADD (] OF COARSELY CUNNECTED
+43 ALD cx NETS, OF REC 2 FCR EXAMFLE.
+44  ALS 1 LENGTH OF MESSAGE TABLE

+45 PAX o1



+46
+47
+48
+49
+50
+51
+52
+53
+54
+55
+56
+57
+58
+59
+60
+61
+62
+63
+64
+65
+66
+67
+68
+69
+70
+71
+72
+13
+74
+715
+76
+77
+718
+79
+8C
+81
+82
+83
+84
+85
+86
+87
+88
+89
+930
+91
+G62
+93
+94
+55
+96
+97
+98
+99

SXC
ACD
ADD
STO
LXA
SXD
ADC
STa
ACD
sTa
STA
STA
ADD
STO
CLA
CaAsS
TRA
TRA
STO
STO
ACD
STA
STA
STA
ADD
ACD
STA
STA
STA
ADD
ACC
STA
STA
STA
NZT
TRA
ADD
ACD
STA
STA
5TA
suB
PAX
ADD
SXD
ACC
ST0
ACDC
STA
STA
STA
ACD
STO
ACD

MSGTBL,1
K.Al
BASE
LINTRL
LINES, 1
LINTBL,1
LINES
LINE]
KJAT
LINEA
LINES
LINEC
K.Al
NCCTBL
NCDES
K.MS
INSX
INSX
SKH
SCH
NOCTRL
N1A
N1B
NI1C
NCCES
K.Al
N2A
N28
N2C
NCOES
K.Al
N3A
N3g
N3C
SNAP

[ XX
NCDES
N4 A
N&4B
N&C
NODTBL
vl
NCDTBL
NODTBL,1
K.Al
HODTBL
MAXHO
HODA
HODB
+ODC
K.Al
STDTBL
MAXHO

PAGF 18

TCP OF LINE TABLE

BASE CF LINE TABLE

TCP 0OF NODE TARLE

CVERSIZE MNET

ALLCCATE HO-CISTRIBUTION TABLE



+100
+101
+1C2
+1C3
+104
+105%
+1C6
+1C7
+1C8
+109
+110
114
+112
+113
+114
+115
+lle
+117
+118
+119
+120
+121
+122
+123
+124
+125
+126
+127
+128
+129
+130
+131
+132
+133
+134
+135
+136
+137
+138
+139
+140
+141
+142
+143
+1l44
+145
+146
*147
+148
+149
+150
+151
+152
+153

STA
STA
STA
LXA
SXp
SXC
ADC
STO
ADD
STA
STA
STA
ACD
ADC
STA
STA
STA
ADD
STO
ADD
STA
STA
STA
ADD
ADD
STA
STA
STA
ST2

STZ
STZ
LXA
SX0
X1
Sx0
SXD
ADD
STO
ACD
ADD
STA
STA
STA
Lxa
$XD
ADD
sTO
CAS
TRA
TRA
CAS
TRA
TRA

STDA
sTos
STDC
MAXHD, 2
HODTBL .2
STOTBL, 2
K.Al
SCTBLE
SSLIM
SClaA
sCiB
sCic
K.Al
SSLIM
SC2A
sC2B
Sc2C
K.Al
SKTBLE
SSLIM
SK1A
SK1lga
SK1C
K.Al
SSLIM
SK2A
SK28B
sK2C
SOURCE
SINK
SKCUM
SCCUM
SSLIM, 1
s4+l,1
#+l,ly0m0
SCTBLE, L
SKTBLE, ]
K.Al
BUSY
LINES
K.A7
BUSYA
susSYB
BUSYC
LINES,1
BUSY, 1
KeAl
HOTBLE
UPPER
INSX
INSX
LOWER
*43
INSX
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+154 TRA INSX
+155 LXA NCDES, 1
+156 PXD o1
¢157 ADD NODES
T +158 STOe N3A PRESET REFERENCE TABLE
+159 SuB K.AlCL
+160 TIiX "2'101
+161 CLA LINEL
+162 ACC cl
+163 SuB LINES
+164 STA BOTTOM
+165 ADD LINES
+l166 SUB K. A8
+167 STA LEFT
RETURN INSO
+#168 TRA INSO+1

RETURN INSOC,1
INSX AXT lo4



LA

1a0

1Al

T1A2

1A3

A4

1AS

[A6
1A7

IA8

I1A9

+8
+9

+1
+2

+l
+2
+3
+4
+5

+1
+2

+1

+1
+2
+3
+4
+5
+6
.7
+8

+1
+2
+3

+1
+2
+3
+4
+5
+6
+7

+1
+2
+3

TRA
BEGIN
XL
LXA
LXA
AXT
LCC
PXA
LLS
STCO»
RQL
TNX
TIiX
TRA
LXA
SXC
CAL
LoQ
AXT
TQp
ORS+
RQL
TQe
ORS =
RQL
TNX
TIX
TRA
LXA
SXA
AXT
AXT
LDQ
TQP
CRSe
RQL
TQP
CRS»
RQL
TNX
TxI
TiX
LXA
Ixl
CLAs

PAGE 21

IA INITIALIZES LINE TABLE,
IMAGINARY LINES ARE MACE BUSY.

CaLL SeCL TSX 1A,4

RETULRN
CCAN = CCNNECTIVITY TYPE
CTABLE({...) DESCRIBEC FLSEWHERE

as]
1,7
#+5,0,0 SLBRCLTINE LINKAGE
CONNy 1
LINES,2
B8+4
CTABLE, ]

0 BUSY-FLAG COFF FCR REAL LINE
LINEL CN FOR IFMAG LINES
1

1A3,2,1

[A244,1

IAl

Cle2 NCw SET BCUNCARIES
1A9,2

K.MZE

B.T.

8s4

.s2

BCTTOM

18

a+2

LINE1 TCP

19

[A642,1

1AS44,1

[A4

LINES, 1

41,1

wu(,2

By&

SIDES

.42

LINEL RIGHT

18

®e2

LEFT

19

IA9,4,1

[A8,2,-1

IA741,0e(

LINES,1 DG SAME FOR BUSY TABLE
*4ly1,7

LINEA



+4
*5
+6

.7

STOs
TX1
TXH
RETURN
TRA

BUSYA
#+l,1,-1
.-3".'7
1A0
IAC+1

PAGE 22



LINK

It
+8
+9
+10
+11
+12
+13
+14
+15
+16
+17
+18
+19
+20
+21
+22
+23
€24
+25
Il
+1
+2
+3
+4
IL2
L3
+1

*3
"
+5

IL4
Lo
+1
1L00
+1
+2
+3

Il

BEGIN
TXL
CLA
SuB
ADC
STO
CLA
PDX
TXL
AXT
SXA
STL
PAX
SX0
™I
SXA
LXA
TxI
SXD
SXE
CLA
PAX
PDX
TXL
TXL
TXH
TXH
TPL
CLA
STOe
STOs
STOe
STOe
TiX
2ET
TRA
AXT
SXA
LXA
X1

PAGE 23

IL INSERTS NEW LINKAGES, ASSIGNS TP*S,CRAWN

FROM UNIFORM
REAL LINES,

CALL SEQU

DISYT. BTwWN TP-BCUNCS, TO ALL
AND POINTS IMAGE LINES AT EACH CTHER.

TSX ILy4

PIZE Ay4B
ERROR RETLRN
RETURN

WHERE B = NR OF SPECIAL LINKS
A = ACDRESS OF FIRST LINK SPECIFIER,
LINKS FROM (I1,J1) TO (12,J2) ARE SPECIFIED BY

eJ1e12,J2

3,7
"’5'0'0
TPMAX
TPMIN
K.Al
IL.T
1e4
ol
I1L0.,1,0
IL4,1
IAL7,1
K.T2
24
e+l,1

stlobyeal

IL1,4
LINES,2
841,2,7
IL2,2
1L3,2
sa0,1

ILXy 6,7

ILXy2,280
ILXo4y8eC

IAl10
K.MZE
LINEB
LINEC
BUSYB
BUSYC
IL1y,1,1
BIND
1A18
[AlS,1
IAl17,1
LINES,2
841,2,7

SUBRCUTINE L INKAGE

NO SPECIAL LINKS

SET RETURN SWITCH.

HIGHEST LINE NR

GET LINK SPECIFIER
(11,J1)

(12,02)

ARE LINES WITHIN BCUNDS

TO TA1C IF LINK
OTHERWISE, CUT LINK

TEST FOR EDGE-BINDING.
TO BE BOULND.

NOwW, SET

RETURN SWITCH, AND
BEGIN ORDINARY LINKS.



*4
1A14
+1

IAl0
el

+3

+4

+5
1A13

+1

+*2

+3

+4

+5

*6

+*7

+8

+9

+10

+11

+12

+13

+14

+15

+16

+17
IAl6

+1

+2

+3

+6
IA17
IAlS

+1

+2

Inx
IAl8

€2
+3
+4
+5
*6
+7
+8

+10
+11
+12
+13

STZ
CLA»
™I
TNZ
LDQ
mMPY
STQ
MPY
ADC
ADC
ALS
STO=
LET
TRA
STD
PXA
LGR
PAX
PXA
LGR
CAQ
SXD
X1
XCL
PXA
LGL
PAX
CLA
STOe
PXA
STOe
PXA
STO»

X1
TXH
RETURN
TRA
RETURN
AXT
AXT
SXA
CLA
S$TO
STO
ALS
sTa
SSM
STO
CLA
STO
sTO
XCA
MPY

K.T2
LINEB
IALS
IALS
RND
KeoR
RND
IL.7
TPMIN
GRAIN
18
LINEB
K.T2
IAl6
K.T1
v2

3

4

3

LINK, 1,1
s4l,1

4]l y4,0e0

vh
3
4
K.T1l
LINEC
2
BUSYC
&
BUSYB
[ X Xo]
*4142,~1
TAl14,2,7
I
IL+1
IL,1
14
1A19,1
1A17,1
cx
QLS-"
o15-2
3
+LD-3

eLD-1
ROW

oLS-3
oLS-1

«LD-3

PAGE 24

IGNORE DEAD LINES
IGNORE PROCESSED LINES

TP ¢+ MSG LENGTH LSED AS TP
SET TP
SPECIAL LINE

GENERATE
IMAGE
LINE

NR.

SAME TP TO
IMAGE LINE.
IMAGES

POINT

10

EACH OTHER
RETURN SWITCH.

BINDING EDGES.

SET RETURN SWITCH
COLUMN BECOMES
TOP—-EDGE-COUNT,
BOTTOM-ECGE~COUNT,

RIGHT-SICE DELTA, ANC
SCALED
LEFT-SIDE DELTA {-).

ROW BECOMES
SIDE~-COUNTS.

ROW X COLUMN (SCALED)



+14
+15
t16
+17
+18
+19
+20
+21
+22
+23
*24
+25
+26
+27
+28
+29
+30
+31
+32
+33
+34
+35
+36
+37
+38
+39
IA20

+2

+3

+“%

+5

+6

+7

+8

+9

+10

+11
IAl9

+]

*2

+3
1A21

¢l

€2

+3

+4

STQ
XCA
ALS
ADD
sus
ORA
STO
cLA
ALS
ADD
ALS
ADD
CRA
STO
cLa
ADD
sus
STO
ALS
ADC
sus
sus
ORA
STO
AXT
TRA
AXT
TNX
SXA
CLA
ALS
ADD
stTo
LDQ
CLA
PAX
XCA
TXI
AXT
TNX
CLA
ADD
STO
SXA
PAX
PDX
TRA

K.T1

18
KTl
K.Al6
«LK 1‘2
oLK2-2
+LD~3
17
«LD~-3
1
+LD-3
«LK2-3
K.T1
K.A8
oLD-3
K.T1
18
K.T1l
oLD-3
-L0-3
+LK1-1
LK2-1
4,1
1A20+42
sn0,1
ILOO, 1,1
1A20,1
LDyl
18
.LD. 1
K.T2
LK2,1
«LS,1
el

IA2141,-2
«20,1
IA20,1,1
KeT1l

K.T2

K.T1
IA1G,1

02

b

1A10

PAGE

LINK{RC 44 4RC-2,3)

LINK{C,2,3C,1).

RC-C+1

LINK{RC-C+1,6,RC~-3C+1,5).

INITIALIZE ECGE-COUNT

FINI IF ALL EDGES BCUND.

NEW INCREMENT.

FIRST LINK IN NEXT ECGE.
NEW COUNT+2

CUT IF EDGE HAS BEEN BCUAND.

INCREMENT LINK

TC SET LINKS IN NET.

25



IH

IHl

IH2

IH3

+8

+9
+10
«11
+12
+13
+14
+15
+16
*17
+18
*19
+20
*21
€22
+23
24
+25
+26

+1
+2
+3
+
+5
+6
.7
+8
+9

+1
+2
+3
+4
+5
+6
+7
+8

+1
+2
+3

BEGIN
XL
CLA
ADC
ARS
STO
CAL»
XCA
CLAw»
sSSP
TLQ
XCA
CAS
TRA
TRA
STO
STQ
LXA
X1
ST2Z
CLA
LDQ+
TQP
TRA
STAs
ADC
XCA
CLA
ADD
STO
XCA
TXI
TXH
CAS
TRA
TRA
CAS
TRA
TRA
TRA
STA
sus
PAX
SXD

IM CHAINS REAL LINES TO HO TABL
PRESET FROM UNIFORM DIST BETWEE

CALL SEQU ¥5X IHs 4
A
B

€y, WHICH IS
N (A) ANC (B).

RETLRN IF STCRE EXCEECED

NORMAL RETURN

447
#45,0,0 SUBRCU
NODES
K.A3
2
HOL INE
2+4

le4
*4+2

HOHIGH
[hX

IHX

IHA

IHB
LINES,1
®4+lyl,7
HCNCNT
HOTBLE
LINEA
[P

1H2
LINEA
HOL INE

HONCNT
NODES
HONCNT

eel,1,-1
IHL, 1,7
UPPER
IHX

IHX
LOWER
IH3

IHX

IHX

IHT
HOTBLE
vl
HOTBLE, L

TINE LINKAGE

PAGE 26

NR WCORDS PER HO-TABLE ENTRY
AT FCUR ITEMS PER WCRC

ILLEGAL H0 BCUNDS

NO ENTRIES FCR IVMAG.

LINES



IH6

1H4

IHS

IH9

+%

+5

+6

+7

+8
ve
+10
*11
€12
+13
*14
+15
+16
17
+18
+19
+20
+21
+22
+23
+24
25
+26

+27

+1
+2

+1

+1
+2
+3
+4
+5
+6
+7
+8
+9
+10
+11
+12
+13
+14
+15
t16
+17
+18

+1

+3
+4

CLA
TZE
suB
TNZ
cLA
XCA
MPY
STC
STQ
CAL
ALS
GRA
ALS
OKA
ALS
CRA
SLWe
TIX
ZET
NZT
TRA
TRA
TSX
RETURN
TRA
sus
Stw
LXxa
ST2
AXT
LDQ
MPY
STQ
MPY
ACC
ANA
TXL

IX1

CAL
ORS
TRA
CRS
ADC
ST0
PBT
TRA
CLA
ADD
STO
cat
TNX
ALS
SLuW
TRA

I8
[ ]
IHA
1H6
HONCNT

IHA
HOTOT1
HOTCT
IHA
9

IHA
9
[HA
9

1FA

1+7
e=~1,1,41
IHB
psSePy
.t
1H6
BH, 4

IH
ITHe1l
HOINC
I1+D
NODES, 4
I1HC
442
RND
KeR
RND
| § 210]

IHB
#4244,0
B4444,-]
HOHIGH
I=C
149
I1-C
HCTCT
HOTCT

ats
KeAl
HOTOT1
HOTOTL
IHC
THT7,2,1
9

1HC

145

PAGE 27

IF HPRIME IS ZERC

CR ENTEREC FRCV MCCFLS CR BEST-PATH,
USE BEST-PATH ALGCRITHM,
ELSE, FILL HCTBLE.

PRESET TC BEST VALLES



IH?

THX

+1
+2
3

+4

SLwW #e0,]
TXH "42,4,0
LXA NODES, 4
TIiX THG, 1,41
RETURN IH

TRA Irel

RETURN [IH,1
AXT l1e4

PAGE 28



8H
+8
+9
+10
+11
+12
BH1
+1
+2
+3
+4
+5
+6
+7
+8
BH2
+1
BH4
8H3
+]l
+*2
+3
+4
+5
+6
+7
BHS
+]
2
+3
+4
+5
+6
+7
+8
+9
+10
+11
+12
+13
+14
+15
BHG
+1
+2
+3
+4

BEGIN
TXL
cLA
ST0
CLA
ST0
LXA
SXA
LXA
CLA
STQOe
TIX
STle
ST2
STL
TRA
ST12
LXA
ST
SXA
CLAw
STO
AXT
PXA
ALS
PAX
SXD
CLAs
™I
PDX
TXL
PXA
STDe
PXA
STO
CAS
TRA
TRA
STO
STL
SXA
XEC
LXA
TNX
X1
N2TY
TRA
CLA

B8H PRESETS HO TABLE TO

CALL SEQ

1,7
%+5,0,0
UPDATE
BHX
MIN
UPDATE
NODES, 4
K.Oy4
NODES, 2
HOMAX
N2B
a=1,2,1
N2C
BH. A
BH.M
BH3
BH. A
NCDES, 4
BH.M
KeNyo 4
N2C
B.HO
8,2
vh
3
vh
BHI, 4
BUSYC
8kH6
vl
BH64,1,0

BUSYC
vl

K .HO
B.HC

[ 2 XN

[ XX ]
B.HO
BHoM
Kel o4
HOVER
Kol o4
42, 2,1
BHS, 4,1
BH.M
BH10
8.H0O

PAGE

YBEST® VALUES

SUBRCUTINE LINKAGE
SAVE HO-TABLE

UPDATING ALGCRITHM
USE MIN AS

UPDATER
I = NR. CF NODES¢N
RECYCLE ON I

HO(K) MAXHC , K = U(U)N

HO(I) = C
ACTION-TOGGLE OFF
MOVE-TOGGLE ON
INTO INNER LOCOP WITH J = 1
BEGIN INNER LGCP, ACTICN OFF
J =N
RECYCLE ON Jo MCVE IS CFF

B.HO = HCIJ)
K = Cy (COUNT FRCFM 8-K TO 1)

BeJ+K IS REL. PCS. OF LINE(J,K)
IN LINE TABLE

LINEUJ,K)
IGNORE [F LINE DEAC

IGNORE IF NO MSG CN LINE
ERASE M56

FOR FLTULURF (USE BY +OVER
B.HO = MIN(B.HCs HC CF ¥SG)

MCVE IS CN IF K.kC DECREASES
SAVE LINE NR
UPCATE HC-TABLE ENTRY

INCREMENT K, TEST
ANDC RECYCLE IF K LESS THAN B8
TEST MOVE TOGGLE
OFF, NODE J SENDS NC MSGS
ON

29



+5
+6
.7
+8
+9
BH8
.l
+2
+3
%
BH9
+1
+2
8H10
+1

+3
+4
+5
+6
+7
+8
+9
+10

+11
BHX

LXA
STO»
ADD
ALS
sTC
CLAs=
TMI
PAX
CLA
STC»
TXL
TXI
STL
LXA
TIX
ZET
TRA
LXA
TIX
LXA
ST«
TIX
CLA
STO
RETURN
TRA
PLE

K.N,2
N2B
HCINC
18
K. HO
BuUSYC
BH9
02
K.HO
BUSYB
a2, 4,000
8“8'4.-1
BH. A
KeNo 4
BH&, 4,1
BH.A
BH2
KeOo 4
BHle4,1
NCDES, 4
N2C
s=le4,1
BHX
UPCATE
BH
BHe1

RESET HC(J) ANC INC. B.HC - -

SENT TC ALL NEIGHBCRS

IGNGRE DEAC LINES

IMAGE LINE
MSGS SENT
TC NEIGHBCRS
FINI IF K = C
DECREMENT K ANC RECYCLE

RECYCLE INNER LCCP CN J

TEST ACTICN TOGGLE

CN, REDQO IANER LCCP
CFF

RECYCLF CN I

FINI, CLEAR THINGS

RESTCRE UPDATING
ALCOR]ITHM

PAGE

30



PAGE 31

MCVER MOVES MESSAGES THRU NET, UPDATES HO TVABLE
FOR REROUTED MSGS., STACKS RERCUTED MSGS. AT
APPROPRIATE NODE, PROCESSES CELIVERED MSGS.

CALL SEQ XeC MCVER
NORMAL RETURN
SAVES IR1l, IR2 AND SENS



MA

v AO
+11
+12
+13
+14
+15
+16
+17
+18

FAL

+1

+2
¥A3

+1

+2

+3

.

+5

+6

.7

+8

+9
+10
+11
+12
+13
+14
+15
+16
+17
+18
+19
+20
+21
+22
+23
+24
+25
+26
€27
+28
+29
+30
+31
+32
+33
+34

VA4
+l

TSX
BEGIN
TXL
LXA
TXI
TIiX
SXA
CLA
ST
PDX
TRA
LXD
TXH
RETURN
TRA
CLA
STC
SXA
PAX
CLAs
PAX
STA
ARS
PAX
STA
CLAs
T™MI
LDQ
PXA
LGL
ST0
PXA
LGL
STC
PXA
LGL
STO
PXA
LGL
STC
PXA
LGL
ADD
STO
XEC
CLA
suB
TNZ
XEC
TRA
CLA
CAS

MA IS A MOVER

etl b
17,1
#47,0,0

TP, 1
#+lyl,l
e+l,1,TPU
TP, }
TPyl
TPyl
02
MAL+]
TPy 2
MA3,2,0
MAQ
MAQ+]
MSG2,2
TP
KeMSG,y 2
v 1
BUSYA
o1
K.l
3
' 4
KoN
NIC
MA2.1
MSGl,2

7
K.O

SUBRCLTINE LINKAGE

NEXT FRAME®S TRAFFIC LIST
COLNT MODULC TPL

ENC TRAFFIC

EFFERENT LINE NR.

IMAGE LINE

AFFERENT NODE

CROP MSG

ORIGIN

CESTINATICN

PRICRITY

TIME DELAYED INSTACKS

HO

UPDATE HC TABLE

RECCRD ARRIVAL

DROP MSG IF HC EXCESSIVE

PAGE 32



+2
+3
+4
+5
+5
+7
+8
MA2
+1
+2
PA2.1

2
+3
+4

TRA
NOP
CAL
ACD
SLw
XeC

CAS
TRA
TRA
XEeC
TRA
CLA
STO
TRA

MA2

MSGle2
HCINC]
MSGl,y2
CELIVR
MALl
HCHI1
stsy

[ XX ]
CROP
MAl
HCHI 1
K«HO
MAL

INC KO

IN MSG TABLE

STACK MSG

PAGE 33



HOVER UPCATES HOTBLE FOR LINE I, MESSAGE J

AFTER INCREMENTING HO IN MSG TABLE

CALL SEQ. XEC HOVER
RETURN

(K.L)
(K.MSG)
(K.N) =
(x,0}) =
{K.HO) =
(K.D) =
(K.P) =
SAVES IR1,

1

= J

CURRENT NODE
ORIGIN(J)
HO(J)
DEST(J)
PRIORITY(J)
IR2 ANC SENS

PAGE 34
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kA IS A HOVER

HA TSX *tl 4
BEGIN 1e7,1
HAO TXL £+7,0,C SUBROLTINE LINKAGE
-+11 CLA K.O

+12 CAS KN
+13 TRA 42
+14 ST2 K.HO
+15 SuB K.Al
+16 LGR 2

+17 PAC vh REL WRD NR CF HC-ITEVM WRT CRIGIN
+18 PXxa

+19 LGL 2

+20 PAX v2 POSITION IN WCRO CF ITEM

421 LXxa K.Ly1
+22 CLAs LINEA
+23 STA HAG

HA4 CAL #20,4 HO WORD
+1 XEC HSHe 2 SHIFT
+2 ANA KeM7
+3 LDQ K.HC
46 SXA HAl, 4
+5 XEC UPDATE EXECUTE LPDATING ALGCRITHN
+6 TRA HA2
HAl AXT ee0,4

+1 STO HA.1
+2 CAL KeM7
+3 XEC HSH1,2
+46 COM

+5 ANA» HA4

+6 STQ» HA4

+7 QORSe HA4

+8 CLS HA.1
+9 ADD K.HO
+10 ADD KOTOT
+11 SLW HOTOT
+12 TZIE HAS
+13 TMI HA3
+14 PBT

+15 TRA HAS
+l6 CLA HOTOTI]
+17 ADD KeAl
+18 STO HOTOT1

HAS EQU HA2
RETURN HAO

HA2 TRA HAQ+1

kA3 CLA HCTCT1

+1 Sus K.Al

+2 SLw HOTOT1
RETURN HAQ

+3 TRA HAO+]



MIN

LRN
LRNO

€2
*3
.4
+5
.6
.7
.8
+9
+10
.11
.12

TLQ

TSX
STO
XCA
sus
TZE
XCA
TQP
MPY
TRA
MPY
ADD
XCa
CLA
TRA

PAGE

UPCATE EXECUTES HO-TABLE LPDATING ALGORITHYN,

CALL SEQ

ENTRY

EXIT

XEC UPBATE

RETURN IF NC CHANGE [N HC-TABLE
RETURN IF TABLE TO BE UPDATED
(ACC) = OLD ENTRY

(MQ) = HC OF MESSAGE

(MQ) = NEW ENTRY

SAVES [IR*S AND SENSE

MIN UPDATES BY MAKING NEW ENTRY

HAL

LRN UPDATES HO ENTRIES AS FCLLOWS
HO = KO + K1#{MSG HO - HGC) IF (MSG HC - HO) IS ANEG.
HO = HO + K2#{MSG HO - KO) [IF (MSG HO - HO) IS PCS.

LRNO, 4
LRN1

LRN1
| P

(2 X}
K1
(24
K2
LRN1

LRN1
244

= MIN{OLD ENTRY,HO OF MSG)

HO ENTRY

MSG KO - HC

NG CHANGE
LEARNING -~ USE K1

FORGETTING - USE K2

36



DELIVR APPENDS MESSAGE J TO TRAFFIC STACK
FOR CURRENT NOOE

CALL SEQU XEC DELIVR
RETURN
INITIAL CONDITIONS AS FOR HOVER
SAVES IR]1l, IR2 AND SENS

PAGE 37



Ca
CAQ
CAl

Oas

CA2

CA3

+11

+1
+2
+3
+h4
+5
*6
+7
+8
+9
+10
+11
+*12
+13
*l4
+15

+16

+1
*2

+3
+1
+2
+3

¢+l
+2

+3

DA IS A D

ELIVR

DA STACKS MESSAGES AS FOLLOWS =--
DECREMENT (ADDRESS) OF NCCEL1(J) PCINTS TC FIRST
ENROQUTE (NEW) MSG ON STACK FOR NODE J.

S IN STACK, HO IS INCREMENTED AND MSG2 IS

A
A2

TSX
BEGIN
XL
LXA
CAL
ALS
ANA
CRA
SLW
LXA
CLA»
PDX
LEY
TRA
NZT
TRA
PAX
TXH
PXA
STAs
RETURN
TRA
TXH
PXC
STCe
RETURN
TRA
SXA
CLA
PDX
TXH
AXT
PXD
STD
RETURN
TRA

FOR ALL MSG
PREFIX
DECR
TAG
ADDRESS

ZERQ LINE

DAO, 4

| PRERY
.*700.0
KeMS5G,2
K.L
15
K.M3
K.MZE
MSG2,2
K-Nll

DAO+]
DA2,4,0
02

N1A

DAC
DAO+1
DA3,4
MSG2, 4
vh
DA2,4,0
sa0,4
2
MSG2,4
DAO
DAQ+]

= MZE

= POINTER TC NEXT MSG
= INCOMING LINK NUMBER
= TIME IN STACK {(ORIGINALLY ZERQ)
NR (K.L) INDICATES NEw MSG.
ERO POINTER INCICATES ENC OF STACK

SUBROLUTINE LINKAGE

PAGE 38

STACK-FLAG ON, LINK KR IN TAG

TEST MSG

ENROLUTE MSG

NEW MSG. ARE WE CHOKING INPUT
NO - TREAT AS ENRCLTE MSG.

YES — PLACE ON SPECIAL INPUT
IS STACK EMPTY - NC

YES

YES

IS STACK EMPTY - NC

PLUT MSG CN END OF STACK

STACK



PAGE 39

RA IS A MESSAGE STACK PROCESSOR.
FOR EACH MESSAGE ON STACK FOR NCCE J, RA CHCOSES
NON-BLSY EFFERENT LINE HAVING SMALLEST HANDCVER
NUMBER TO MESSAGE®'S DESTINATION. ThC STACKS ARE
USEC - A *STANDARD®' STACK AND A *NEW-MESSAGE®
STACK, THE LATTER BEING ULSED FOR INPLY CHCKING CNLY.
IF NO LINES ARE AVAILABLE, MSG REMAINS CN STACK. THE
STANDARD STACK IS PRUCESSED BEFORE NEW-MESSAGE STACK,
AND MESSAGES IN LATTER STACK ARE NEVER DRCPPED -
THUS STACKING AT INPUT IS ENFCRCED.

CALL SEQUENCE XEC RA
RETURN
SAVES IR*'S AND SENSE

RA TSX RAOD,4
. BEGIN 14741
RAD XL #47,0,0 SUBROUTINE LINKAGE
+11 LXA LINES,1
+12 TXxI *+1,1,7
RAO3 CLAs BUSYA FOR ALL LINES, ---
+1 TMI RAO2 IGNORE DEAD LINES
42 PDX 2
+3  TXL RAQ2,2,40 IGNORE FREE LINES
+46 TXI1 *+1,24~-1 DECREMENT
+5 PXD 02 BUSY
¢6 STCe 8USYA COULNTER
+7 TN2 RAO2
+8 CLAs LINEA FREE LINE IF CCUNT BECCMES ZERC

49 SlWe LINEA
RAO2 TIX RAO3,1,1

+1 Lxa NODES, 2
RAQCO SXA KoN¢2

+1 sT2 RA.O FIRST CYCLE PRCCESSES ENRQOUTE MSGS
+2 ST2Z RA.4 BUSY-FLAG OFF

+3 STZ RA.S5 STACK-LSE FLAG CFF

¢4 STle N2B CLEAR STACK COUNT

+5 CLAs NlB
+6 STO MSG2
RAO1 AXY vl

RAl SXA RA.1,1 LAST MSG NR.

¢l CLA MSG2,1

+2 PDX vl

+3 TXH RA3,1,0 TESY END-CF-STACK
RA2 L0Q MSG2 END

1 RQL 18

+3 €T RA.O TEST CYCLE
+4 TRA RAX LAST - FINI
+5 STL RA.O
+6 TRA RAO1

RAX STQs NlB



RA3

+1
+2
+1

- 2

RA6

RA9

RAT7

RA4

RAB

+3
"%
.5
*6

+8

+]1
*?2
*3
%
+5
+6
*7
+8
+9

+1
*2
+3

+1
+2
+3
*4

+1
.2
+3
"
*5
+6
7
*8
+9
+10
*11
+12
+13
*14
*15
*16
17

+1
*2
*3
.

TIX
RETURN
TRA
SXA
ZET
TRA
TSX
LXA
TXH
STL
LET
TRA
CLAe
CAS
TRA
TRA
ADD
STQOe
CAL
ADC
STA
STL
CAL
ADD
SLW
TRA
CLA
LXA
STOD
XEC
TRA
CLA
PAX
STA
sTP
CAL
STPe
CLA
ADD
ALS
ADDs
STO»
STD
CLA
LXA
STD
CLAs
STD
LXA
X1
X1
TIX
TSX

RAO0O,201
RAC
RAQ+1
KeMSG, 1
RA. &
YA
FAy4
K.ALy &
RA4,4,0
R‘.~
RA.O
RA9
N2B
STACK
RA7
RA7
K.Al
N28
MSG2,.1
K.Al
MSG2,1
RA.S5
MSGl,1
STKINC
M5G1,1
RAL
MS5G2.1
RA.ll l
MSG2.1
DROP
RAl
ALy 4
')
MSG2,1
MSG241
K.MLE
LINEC
GRAIN
K.Al
18
8USYC
BUSYC
RAS
MSG241
RA.1,1
MSG2,1
LINEC
[Tk}
TP, 1
edtlyloaeQ
s+l,1l,2e(C
e¢l,1,TPU
CHAIN, 4
TP, 1

PAGE LO

CURRENT ¥SG NR.
ARE ALL LINES BUSY
YES
ORDER AVAIL. LINES FOR RCUTING
NR. OF AVAILABLE LINES
ANY AVAIL. LINES
NG, SET BUSY FLAG
TEST CYCLE
SECOND CYCLE (INPULT STACK)
FIRST CYCLE (STANDARD STACK)
IS STACK FLLL
YES
YES
NO, INCREMENT CCUNT

INCREMENT TIME-IN-STACK

STACK IN USE

INC STACK-TIME CCUNTER

DELETE MSG FROM STACK

ROLTE MSG OVER THIS LINE

LINE NR. TO MSG TABLE
STACK-FLAG OFF
MAKE LINE BUSY

MAKE LINE BUSIER BY GRAIN+1

DELETE MSG FROM STACK

SET MSG TP

MSG ARRIVES NEXT STATICN AT TIME
T* + TPILINE) ¢ BUSY(LINE)
+ GRAIN + 1

MoDuLC TPU
STACK MSG
ON LIST FOR TIME-FRAME-NR



+5

.7
+8
- ‘9

+10
+11

LXA
NZT
TRA
CLA=
ADD
STQe
TRA

RA. l!l
SNAP
RA1
N4B
K.Al
N4B
RAL

PAGE 4]

COUNT MESSAGES PASSING
THRL NCDE IF SNAPSHCTS CF FLOW
ARE BEING TAKEN.



FA

FAl

FA2

FA3

FAb

+8

+9
+10
+11
+12
+13
+14
+15
+l6
+17
+18
+19
+20
*+21
+22
+23
+24
+25

+1
+2
+3

.
*1
*2
+3
.
+5
.l

+2

FA COMPILES,
AVAILABLE AFF.
H.
RANCOMLY WITHIN

CALL SEQ.

PAGE 42

FOR GIVEN NOCE AND MSG, A LIST COF
LINES ORCERED BY INCREASING H.C. AR,

R.T. CESTINATION NCCE OF MSG.
LINES HAVING IDENTICAL H.0. NRS. ARE ORDERED

RETURN
(IR1) = MESSAGE NR. = (K.MSG)
(IR2) = NODE NR.

EXIT {K.AL)
(AL(1])

ADD.LALL]))
BITS 0-9
BITS 10-21

BEGIN 17

XL «+5,0,0

ST2 K.AL

PXA 2

ALS 3

PAX v2

LDQ MSG1,1

LGL 7

PXA

LGL 7

STO K.D

sSuB K.Al

LGR 2

STA FA2

PXA

LGL 2

PAX 4

CLA HSH2,4

STO FA3

AXT 8,1

CLA+ L INEB

TMI FA6

SXA Kel 2

STA LA 4

AXC *80,4

CAL 20,4

NOP

ANA KMl

ST10 ALHO

STO ALWD

SXA ALMWD, 2

TSX FBy4

X1 s+l,2,1

TIX FAl,l1,1

RETURN FA

TRA FAel

)

TSX FA,4

THEIR COMMON H.O0. NR.

= (Ko.N)
NR. AVAILABLE LINES
I-TH BEST CHOICE OF LINES
LINE NR.
c
ASSOC. HO NR FOR DEST. NCCE

SUBROUTINE LINKAGE

FIRST LINE NR. FROM SOURCE NODE

CESTINATION NODE

REL. HO WORD WRT TC DEST NOOE

POSITION IN WCRD CF ITEM
SHIFT

RECYCLE IF LINE BUSY

FETCH HO wORD
SHIFT

SAVE AL ENTRY PZE LINE,,H.O.
INSERT NEW AL ENTRY



F8

Fs8l

FB6
F82

FB4

F85

FB3

+8

+9
+10
+11
*12
+13
+l4

.l
+2
*3
+4

+1
+2
+3

+1
+2
+3
+1
2

+1
*2

BEGIN
XL
LXA
TXH
TXI
L0Q
MPY
STC
RQL
CAL
ANA
CAS
X1
TRA
TIX
sxc
LXA
™I
SXA
TXL
CLA
STO
TXI
CLA
ST0
RETURN
TRA
RQL
TQP
TXI

FB UPDATES AL LIST,
FOUND IN (ALWD),
AL COUNT IN (K.AL)

1.7
*+5,0,0
Ke.AL, 1
#42,1,0
FB2,1,1
RND
K.R
RND
12
AL, 1L
ALHO
FB2,1.,1
FB83
FBl,1.,1
FB4, 1
KeALyl
s4l,1,1
K.AL,1l
FBS5,1,2eC
AL+1,1
ALl
FB4,1,~-1
ALWD
AL, 1

FB
FB+1
1
FB6
FB2,1,1
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INSERTING ENTRY

ORDERELC BY H.C. NR. IN {ALFC).

SUBRCUTINE LINKAGE

INSERT ABCVE HERE
EQUALITY - RESCLVE CONFLICT

SAVE PCIATER

INCREMENT CCUNTER

MCVE UuP

INSERT HERE

FLIP CCIN TO RESCLVE CONFLICY



ORO

CRO

P

+8

+9
+10
+l1
+12
+13
+1l4
+15
+16
+17
+18
+19
+20
+21
+22
+23
+24
+25

426

DROP APPENDS DISCARDED YRAFFIC TC DRCP-LIST.
MSG2 BECOMES

USING MSG TABLE AS STACK
M2E CURRENT NODE ,

X

POINTER TC NEXT MSG

WHERE X = 4 IF MSG DRCPPED IN STACK, ELSE O.
TOTAL DROPS AND DROPS AT NCDE ARE INCREMENTEC.

CALL SEQU XEC DROP
RETURN

(K.N) = NOCE NR
(K<MSG) = MSG NR
SAVES IR1l, IR2 AND SENSE

TSX stle b
BEGIN 1,7
TXL *+5,0,0
CAL MSG2,1

AXT 2
PBT

AXT 142
ARS 18
ANA K.M3
SSM

ORA KeN

STO MSG2,1
CLA STKCNT,2
ADC K.Al

STO STKCNT,2
CLa MSGCNT
suB K.Al

STO MSGCNT
TSX CHAIN, 4

OR

RETURN DRO

TRA DRO+1

SUBRCLTINE LINKAGE

®AS MSG DRCPPEC INSTACK
NO

TAG = 4 IF IN STACK

PREFIX = MZE
ACD = NOCE

COULNT DRCPS

PAGE L4



PAGE 45
RECORD APPENDS COMPLETED TRAFFIC TC ARRIVAL-LIST
CALL SEQ XEC  RECCRC
RETURN

(KeMSG) = MSG NR.
SAVES IRl, IR2 AND SENSE

RECORD TSX stloed

BEGIN 1.7
RCO TXL #+45,0,0 SUBROUTINE LINKAGE
+8 LXA K.MSG,2

+9 CLA KeMZE
+10 §STC MSG2,2
+11 CLA ARRCNT
+12 ADD K.Al COUNT ARRIVALS
+13 STO ARRCNT
+14 CLA K.HO
+15 ADD ARRMO
+16 STO ARRHO
+17 PBT
+18 TRA (2 2%
+19 CLA ARRHO1
+20 ADD K.Al
¢21 STC ARRHO1
+22 CLA K.HC
+23 TlE .46
+24 ARS 3
+25 PAX ol
+26 CLAs HODA
+27 ACC K.Al
+28 STO» HODA
+29 CLA K.ST
+30 PAX o1
+31 TXxI etl,l,l
+32 CAS MAXHO
+33 NOP
434 LXA MAXHO, 1
+35 CLA» STDA
+36 ADD K.Al
+37 STQO» STDA
+38 CLA MSGCNT
+39 SuB K.Al
+40 STO MSGCNT
+4]1 TSX CHAIN, 4
+42 AR

RETURN RCO

+43 TRA RCO+1



GN

"%
+5
*6
+7
.8

+9

GN GENERATES A RANDOM NODE NR

CALL SEQ TSX GNy 4
RETURN

EXIT (ACC) = NODE NR
SAVES IR1, IR2 AND SENSE

BEGIN 14
TXL *+3,0,0
LoQ RND

MPY KR

STQ RND

MPY NODES
ACC K.Al
RETURN GN

TRA GN¢l

SUBROUTINE LINKAGE
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CHAIN
+4
+5
+6
+*7
+8
+9

+10
+11
+12

CH1
+1
2

CH3
+1
*2

CH2

BEGIN
TXL
LDQe
CLA
STA»
ALS
XCA
TNZ
XCA
STD=
TRA
PAX
XCA
STC
PCX
PXA
STD
RETUR
TRA

CHAIN ADDS MSG. TC TOP OF LIST CHAINED VIA CECR.
HEAD OF LIST IS PZIE LAST MSG NR , 4 FIRST MSG NR

CALL SEC
TSX CHAIN,&
PZE LIST-NAME (MAY BE TAGGEC)
RETURN
(K.MSG)} = MSG NR
SAVES IRl, IR2 AND SENS

244
«+3,0,0 SUBROUTINE LINKAGE
14
K.MSG
1.4 UPCATE LIST'S TAIL
18

CH1
EMPTY LIST
let HEAD = TAIL

MSG2. 4 CHAIN LAST TC CLRRENT

MSG2, 4 CURRENT BECOMES LAST
N CRAIN
CHAIN+]
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¥G

MGl

NR .o

+8
+9
+10
+11

+1
.2
+3
+4
+5
+6
+7

+8

MG PRESETS MSG STACKS AND GENERATES DESIREC

CF MSGS.

CALL SEQ
BEGIN lo7
XL «+5,0,0
CLA MSGS
ALS 1
PAC ol
ST2 MSGCNT
SXA K.MSG,1l
TSX GM, 4
NOP
TXI s+l,y1,2
TXH MGl,1,0
ST12 AR
ST DR
ST2 oL
RETURN MG
TRA MG+1

TSX MGy 4
RETURN

SUBRCLTINE LINKAGE

SYSTEM LCACEC
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ACTIVE
+8
+9

+10
+11
+12
+13
+l4
+15
+16
+17
+l8
+19
+20
+21
+22
+23
+24
+25
+26

ACTV]

+1

+2
+3
+6
+9
+10

+11

ACTIVE RESETS ACTIVITY LEVELS

CALL SEQU TSX ACTIVE.4
RETURN

BEGIN 1,7
TXL «+5,0,0
LDQ IMPARE
FmMpP FACTOR
CAS MAXACT
TRA .43
TRA ae2
TRA "5
CLA MAXACT
STC ALPHA
CLA MSGS
TRA ACTV1
STO ALPHA
FCP MAXACT
PXA
LLS 8
Sus KINT2
STA LA ¥4
PXA
LRS ae0
MPY MSGS
STC LOAD
NZT PRETGL
RETURN ACTIVE
TRA ACTIVE+]
XEJECT
STL SYSOEC
XPRINT ©C,2
STL SYSOED
PZE PM-RANDCM+ALPHA,,1]
P2E ALPHA,,1
RETURN ACTIVE
TRA ACTIVE+1

SLBROLTINE LINKAGE

IS CESIRED ACTIVITY TCC LARGE
YES

YES

NO

LSE MAXIMUM
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GM
GM1

GM&

GM3

GM2

GMS5

GM8

+1
+2
+3
+4
+5
+6

+1
+2
+3
%
+5
+6
.7

+1
*2
+3
+4
+5

+l

+3
+4
+5

+1
+*2
+3
*%
+5
+6

+1
*2
+3
+4
+5
+6

GM
(K
AT
ar

BEGIN
TXL
LXA
TXL
LXA
LDQ
MPY
STQ
XCa
TXI
CASs
TRA
NOP
CASe
YRA
TRA
TIX
Lee
MPY
STQ
MPY
ADC
PAX
CLA®
ST2
STA
PAX
CLAe
™1
LXA
XL
LXA
LoQ
MPY
STQ
XCA
Tx!
CAS»
TRA
NOP
CASe
TRA
TRA

GENERATES A RANDCM MSG WHOSE MSG. NR. IS
«MS5G). IF CESIRED MSG LCACING HAS NCT BEEN
TAINEC, MSG ENTERS SYSTEM VIA DELIVR -
HERWISE MSG IS PLACED ON CROP LIST

CALL SEQU TSX GMy4
RETURNEC IF LOADEC
NCRMAL RETURN

27

«+5,0,0 SUBRCLTINE LINKAGE
SOQURCE, 1 GENERATE CRIGIN
G¥3,1,0 NC SCULRCE DIST.
SCHy 4
RND LSE SOLRCE CIST.
KR
RND

“+leb,l
SC1A
GM3

SC2A

GM2

GM2

GM4,1,1

AND LSE (NIFCRV CIST.
K.R

RND

SCH

K.Al

vh

N3C

KN

K.N

4

N1C

GM1 CISCARD IF CEAC
SINK, 1 GENERATE CESTINATICN
GM7,1,0 NC SINK DIST.
SKHy 4

RND USE SINK DIST.
KR

RND

®4+]ly4,1
SK1A
GM7

SK2A
GM6
GM6
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+7 TIX GM8,1,1
GM7 LCQ RND
+1 MPY K.R
+2 STQ RND
+3  MPY SKH
+4 ACD K.Al
+5 PAX b
GMé6 CLA» N3C
+1 APRS 18
+2 CAS KeN
+3 TRA 42
+4 TRA GMs DISCARD IF INCESTVCUS
+5 STO K.D
+6 ALS 29
+7 XCL
+8 CLA KN
+9 LGR 7
+10 LXA KeMSG,y2
+11 S7TQ MSG1,2 ORG, HO=C, LCEST, PRICRITY=C
+12 ST12 MSG2,2
+13 CLA MSGCNT 1S SYSTEM LCADEC
+14 CAS LCAD
+15 TRA GM9 YES
+16 TRA GM9 YES
+17 ADC K.Al NC
+18 STO MSGCNT
+19 ST2 Kol INITIALIZE FCR CELIVR
+20 XEC CELIVR STACK MESSAGE
RETURN GM
+21 TRA GM+1
GM9 TSX CHAIN, 4
+1 PLE CR MSG TC DRCP LIST

RETURN GM,1
+2  AXT lv4



RM
RM1

RM2

RM3

+2
3
*%
+5

+6
+7

+1
+2
+3
+4
+5

+6
+7

+1
2

BEGIN
XL
LxD
XL
CLA
STD
SXA
TSX
RETURN
TRA
TRA
LXD
TXL
CLA
STD
SXA
TSX
RETURN
TRA
TRA
ST
sT2
TRA

PAGE 52

RM REPLACES OROPPED AND CELIVEREC MSGS
WITH RANDOMELY INITIATED FRESH MSGS.

CALL SEQU TSX RMy4

1e7
€+5,0,0 SUBROLTINE LINKAGE
AR, 1
RM2,1,0
#SG2,1
AR
KeMSG, 1
GM, 4
RM SYSTEM LOACED
RM+]
RM1
CR, 1
RM3,1,0
MSG2,1
DR
K.MSGy1
GM, 4
RM SYSTEM LOACEC
RM+1
RM2
AR
DR
RM+1



SIM

SIv

SIM

CON
NGO

NGC

uLs
+11
+12
+13
+14
+15
+16
+17
+18
+19
+20
+21
+22
*23
+*24
1

+1
+2
2

SPACE

T

-2
-1

+1

BEG
TXL
ST2
cLA
STO
CLA
STO
CLA
TZE
CLA
sT0
TSX
PIE
TRA
STz
TSX
PLE
VFC

RET
TRA
RET
AXT

BEG
XL
EQU
AXT
LOQ
PXA
LGL

PAGE 53

SIMULB CYCLES THRLU SIMULATOR K TIMES AFTER
INITIALIZING NET.

CALL SEQU TSX SIMLLE,4
PLE K OR LOC OF K
PLE L TAG
VFD H3&6/K OR LCC OF K
RETURN IF NOGC
NORMAL RETURN
WHERE (L,TAG) CONTAINS -
LOC OF FIRST SPECIAL LINK,,NR. OF SPECIAL LINKS
AND L=TAG=0 IMPLIES NO SPECIAL LINKS.

IN YRR
*+47,0,0 SUBRCUTINE L INKAGE
ACTTGL
ly4
SIM]
3,4
SIMLe]
2¢4
*e2
- 2v4
ae2
PRES, 4 INITIALIZE NET, DISPLAY PARAMS

SIM2 ERROR
INITGL
CONT,, 4

H36/

URN SIMULS
SIMULB+]

URN SIMULS,1
l.4

CONTINUE SIMULATION FOR K MORE CYCLES

CALL SEQU TSX CONT,4
PZE K OR LOC OF K
VFD H36/K OR LGC CF K
2
IN 3,71
#47,0,0 SLBROLTINE LINKAGE
CONT
641 TEST IF K OR LCC CF K.
244

6



NGB

NGO

NGA

+2
+3
4
+5
+6
+7
+8
+9
+10

+1
+2
+3
4
+5
+6
+7
+8

+10
+11
+12
+13
+le

+l

+*2
+3
+4
+5
+6
+7
+8

+10
+11
+12
+13
+14
+15
+16
+17
+18

+1
+2
+3
+4
+5
+6
+7
+8
+9

PAGE

TEST IF BLANK——
IMPLIES LOCATICN
BLANK

TEST IF NUMERIC
IMPLIES LOCATION
NUMERIC—

Cirtvo.

NUMERIC IMPLIES K

EXIT IF ZERD CYCLE CCUNT.
TEST IF FLOATING

CONVERT
T0
INTEGER

CALCULATE OUTPUT INTERUPT FREQUENCY FROM K

CAS K.A48
TRA " NGB
TRA [ 22
CAS K.A9
TRA NG8
NCP

TIX NGCy 1,1
CLA 14
TRA .e2
CLAe le&
sSsp

TZE NGO+1
CAS KoM2
TRA 3
TRA NGD+1
TRA NGD+1
XCA

PXA

LLS 8

suB KINT2
TPL .42
PXA

STA NGD
PXA

LLS se0
NOP

STO NG3
LOQ NG3
ARS 1

TZE 4S5
STO NG3
ARS 1

TZE *s2
ST0 NG3
XCA

ZET INITGL
TRA NGA
STO NG1l
TSX CLEAR, 4
S$TZ COUNTS
STL INITGL
TSX MGy 4
TRA 43
ADC NG1
STO NG1
CLA NG3
TZE NGO+1
AODD COUNTS
STO NG4
CLA HMAX
ALS 3

STO HOMAX
LDQ FACTOR

IS ENTRY VIA SIimMuLB
NO - CONTINUATICN
YES ~ CLEAR THINGS

54

PRESET MESSAGES — STACK THEM AT NODES

RESET HMAX IN CASE CHANGED



+10
+11
+12
+13

_+14

NG2

NGS5

+15
tlé
+17
+18
+19
+20
+21
+22
+23
+24
+25
+26

+1
+2
+3
+4
+5
+6
+7
+8
+9
+10
+11
+12
+13
+14
+15
+16
+17
+18
+19
+20
+21
+22
+23
+24

+1

+3
9%
+5
*6
+7
+8
+9
+10
+11

FMP
CAS
TRA
TRA
TSX
cLa
TSX
LeQ
STQ
CLA
TSX
LDQ
STO
LDOQ
LET
LDQ
STC
SWT
TRA
TSX
TSX
TSX
TRA
XEC
XEC
TSX
CLA
ACD
STO
CAS
TRA
NCP
NZT
TRA
CAS
TRA
TRA
TRA
ACC
STO
TSX
TRA
CLA
LoQ
LLS
ovP
STQ
CLA

STQ
ADD
LoQ
STO
MPY

IMPARE
ALPHA
ae2

®+2
ACTIVE, &
LEARN
FRACT,4
KFULL

Kl
FCRGET
FRACT,4
KFULL

K2

MIN
ADAPT
LRN
UPDATE

5

*+5
S1DIST,4
S1FLOW, 4
SIWAIT,4
SYSTEM
RCUTER
MCVER
RM, 4
COUNTS
K.Al
COUNTS
NGl

NG5S

BFTST
NG2
NG4
«+3

[ X
NG2
NG3
NG4
SYSTST 4
NG2
HOTOT]
HOTCT
7
HONCNT
HOAVG
DRPCNT
STKCNT
K.T1
ARRCNT
K.Tl
KoT1
K.Al00

PAGE 55

HASLCADING BEEN CHANGEC

YES

NC

YES - CALCULATE NEWw ACTIVITY LEVELS
RESET LEARN ANC FCRGET

SET HO-ENTRY
LPDATING ALGCRITHWV

EXCESS TIME TEST
CKAY - CCNTINUE

RCLTE MSGS AT ACDE

MOVE MSGS THRU NETWORK

REPLACE DLVD/DRCPPELD MSGS WITH FRESH
INC. AND TEST CYCLE CCULNT

MEAN OF HC TABLF



hG1

+12
+13
+14
+15
+16
+17
+18
+19

+20

LLS
ove
sTQ
CLA
LDQ
LLS
pve
STQ
RETURN
TRA
ocrT

10
K.Tl
DROPPC
ARRHO1
ARRHO

ARRCNT
ARRAVG

NGO
NGO+1
0
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PERCENT FSGS DRCPPED

MEAN HC CF DELIVERED MSGS.



SKT3

SKTS

SKTLU APPENLCS NEW SINK TC SINK TABLEF

CALL SEC TSX SKTLU.4
PIE NCCE NR
CEC PERCENT MSGS TC BE PRFEMPTEC

BEGIN 3,7

TXL *45,0,0 SLBRCLTINE LINKAGE
CLA 1.4

STO SC1

TIN2Z 242

TSX ERRCOR, 4

CAS NCDES

TSX ERROR 4 &

NOP

CLA 2¢4

TSX FRACT, 4

TSX ERROR, 4

STQ SC2

LXA SKHy 1

CLA SsC1

PAX '

CAL e N3C

ARS 18

CAS sC1

TRA -l

TRA (X ¥4

TRA [

SXD sel,l

TXL SKTl,4,%4C NEW ENTRY
SXC SKT12+1,1 CHANGING OLD EANTRY.

SXA SCl,4
LXA SC1,2

™I a+l,y2,~1 FIRST,

XL SKT3,2,%#0 DELETE
CLAe N3C CLC
LOQe N3B ENTRY
STCe N3B

XCL

STCe N3C

X! SKT2,4,-1

CLA NODES NEXT, DELETE
sus SCl FRCV
LXA SINK, 4 SINK
SXC SKT4,4 TABLE
PAX 6

TXI #+l,6,1

CLAs SK1C

SuBe SK2¢C

STC sCl1

sus SKCUM

SLW SKCUM

TxI #41,2,1

PAGE 57



SKT4
+l
*2
+3
+4
+5
*6
+7

SKT6
+1
+2
+3
4
+5

+6
SKT1
+1
+2
+3
+4
+5
+6
+7
+8
+9
SKT7

*2
+3
+%
+5
+6
.7
+8

+9

SCTLU
+8
+9

+10
+11
+12
+13
+l4
+15
+16
+17

TXH
CLAs
suB
STCs
CLA»
suB
STCw
X1
2ET
TRA
TXI
SXA
™I
SXA
RETURN
TRA
CLA=
LDQe
STCs
XCL
STDe
TXI
SXA
LXA
X1
SXA
CLA
STOs
CLA
TOV
ACC
TNO
TSX
STO
STO»
RETURN
TRA

SKT6,2488(C

SK18

SCt

SK1C

SK28

sC1

SK2C
SKT5,4,1

SC2

SKT7

*+l,4,-1
SINK, & -
*+l,1,1
SKH, 1
SKTLU

SKTLU+]

N3C

N3A

N3A

N3C
etl,yl,~-1
SKHy 1
SINK, 4
s4+l,4,1
SINK, 4
SKCUM
SK2C
SC2
[ 2%
SKCUM
as2
ERROR, 4
SKCUM
SK1C
SKTLU
SKTLU+1

CHANGING ENTRY.
CELETING ENTRY,

SCTLU PERFORMS SAME FUNCTION AS SKTLU FR SCURCES

BEGIN
TXL
CLA
STO
TNZ
TsSx
CAS
TSX
NOP
CLA
TSX
TSX

3,7
®+45,0,0
1ot
SC1
ae2
ERRORy &
NODES
ERROR 4

244
FRACT . 4
ERRCRy 4

SUBROUTINE LINKAGE
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+18

+19

+20

+21

+22

+23

+24

+25

€26

+27

+28

+29

+30

+31

+32
SCT2

.l

*?2

+3

+4

+5

+6

*7
SCT3

+1

€2

+3

+4

+5

+6

7

+8

+9

+10
SCTS
SCT14

+]l

+2

+3

+4

+5

+6

+7
SCTé6

+]

*2

+3

th

+5

+6
sCrl

+2

STQ
LXA
CLA
PAX
CAL»
ANA
CAS
TRA
TRA
TRA
SXC
TXL
SXC
SXA
LXA
X1
TXL
CLAs
LDQe
STAe
XCL
STAs
128!
CLA
sus
LXA
SXD
PAX
X1
CLAe
SuUB+
STO
SuUB
SLw
X1
TXH
CLAs
sus
STOe
CLAs
sus
STQe
X1
LET
TRA
™I
SXA
TXI
SXA
RETURN
TRA
CLAs
LOQ+
STA«

SC2

SCH, 1

SC1

')

N3C

K.Mb6

sC1

"—4g

e+

-6

estl,1
SCTl,4,y2»0
SCT2+1,1
SCl,4
SC1,2
#4]1,2,-1
SCT3,2,ee(
N3C

N3B

N38B

N3C
SC'Z.*.‘!
NODES
SC1
SCURCE, &
SCT4,4
6
841,641
SC1C
sCaC
SC1
SCCUuUM
SCCUM
#41e2,1
SCT642,8eC
SC18
sC1
SC1C
sC2B
SC1
sc2cC
SCTS5,4,1
sC2
SCT?
*#4+1,4,-1
SOURCE, 4
stl,el,l
SCH, 1
SCTLU
SCTLU+L
N3C
N3A
N3A

NEW ENTRY
CHANGING OLD ENTRY.,

FIRST,
DELETE
oLe
ENTRY

NEXT, CELETE
FRCV
SCLRCE
TABLE

CHANGING ENTRY,
OELETING ENTRY.
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+3
+4
+S
+6
+7
+8
+9
SC17?
+1
2
+3
+4
+5
*6
+7
+8

+9

XCL
STAs
TX1
SXA
LXA
™I
SXA
CLA
STQe
CLA
Tov
ADD
TNO
TSX

STOs
RETURN
TRA

N3C
#+]lyl,-1
SCH,l
SOURCE, 4
4]l ,4,1
SOURCE, 4
SCCuM
scz2c
SC2
[ 23
SCCUM
.e2
ERROR, 4
SCCuUM
SC1C
SCTLU
SCTLU+1
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S101SY

+3
+6

+0D
+6
+5
+6

+7

~aCX
+8
.9
+10
+11
+12
+13

+14
€7

+18
+21

+22

S1FLCwW

FLWO
-16
-15

-14

-11
-8
-7
-6
-5
-4

PAGE

S1DIST PRINTS DISTRIBLTICN OF PATH-LENGTHS
OF MSGS DELIVERED BY SIMULATOR.

XEJECT
STL
XPRINT
STL
PLE
BEGIN
TXL
CLA
TSX
TSX
RETURN
TRA

BEGIN
TXL
LDQ
MPY
LRS
XCA
sus
SLW
XPRINT
STL
PLE
XPRINT
STL
PLE
RETURN
TRA

SYSOED
Jel
SYSOED
Flo.3'|2
|
«+3,0,0
HODA
PBy4
HODX, 4
=0D
HOD+1

1.7
#45,0,0
ARRAVG
ARRAVG
10

MU
My
Kyl
SYSQOED
Fllol.'lz
Ayl
SYSOED
COUNTYS,,7
HODX
HODX+1

SUBROUTINE LINKAGE

SUBRCUTINE LINKAGE

FLOW CISPLAYS FLOW THRU NETWORK. MESSAGES PASSEC THRU
NOCES ARE DISPLAYED ROW-WISE, BEGINNING WITH FIRST RQOW.

BEGIN
TXL
EQu
NZY
TRA
XEJECTY
STL
XPRINT
STL
PIE
CLA
STa
LXA
SXD

1,7
®#45,0,0
SIFLOW
SNAP
1:4

SYSOEC
Jel
SYSCED
F1l0.69¢2
N4 A

FLwl
COLUMN, 4
FLWle 4

SUBROLTINE LINKAGE
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-3

-2

-1
FLW3

+2

+3
FLW1
FLw2

+1

SIWAIT

+3
+6
*7

P8
+11
+12
+13
+14
+15
+l6

*17
P82
.l
P81
+1
+2
+3
4
*5
PB3

+1

PBX
+8
+9
+10
+11

SXD
LXA
XL
CLA
sus
STA
XPRINT
STL
PZE
TIX
RETURN
TRA

SIFLOW PRINTS DIST CF DELAYS IN STACKS FCR OLVC MSGS

XEJECTY
STL
XPRINT
STL
PLE
CLA

BEGIN
TXL
STA
$T2
LXA
CLAs
TNZ
TIX
RETURN
TRA
SX0
AXT
LDC
PXA
XCA
ovP
TSX
T™=xI
TXL
RETURN
TRA

BEGIN
TXL
sTQ
MPY
RND
PAX

FLW2,4
NODES, 4
FLWO+1,4,0
FLW1
COLUMN
FLuwl

Hel
SYSOED
«ea(, 080
FLW3,4,0e(C
FLWO
FLWO+1

SYSCED
Jel
SYSOED
F10.5492
STDA

1,71
®47,0,0
Pa1
My
MAXHO, 1
P8l
PB2
a=2,1,1

PB
PR+l
PB3,1
1,1
a80,1

ARRCNT

PBXo4

s4lylyl

PBl,1,2eC
PB

PR+l

1,7
*45,0,0
0T+1}
K.Al100

v2

SUBROUTINE LINKAGE

SUBROUTINE LINKAGE

PAGE 62



PAGE 63

+12 TXH #4242,C
413 TX1 24]le2,1
*l4 AXT 1744
+15 (AL FILL-6

T +l6 TIX #4342,6
+17 CAL FILL,2
+18 AXT Y4
+19 SLW 0T.1+418,4
+20 TIX #-byb,]

+21 SXxA CT,1
XPRINT C,1

422 STL SYSOFC

+25 PLE OTes2C

+26 LDQ ot

+27 MPY orT

+28 MPY OT+1

+29 LLS 10

+30 ADD MU

+31 STQO MU

+32 STL PTTGL
RETURN PBX

+33 TRA PBX+1

SETHMX SETS HMAX TO VALLE WHICH INSLRES LESS THAN
A FRACTICN, Ky OF DRCP-CUTS.
CALL SEQU TSX SETHMX, 4

PZE LOC OF K,TAG

RETURN IF NOGC

NCRMAL RETURN

BEGIN 3,701

SETHMX  TXL «+7,0,0 SUBRCUTINE LINKAGE
+11 CLA» le&
+12 XCL
+13 PXA
+l4 LLS 8
+15 SuB KINT2
+16 STA "td
+17 TZE 42
+18 TPL 214
+19 PXA
+20 LRS *s0

+21 STQ K.Tl
+22 ST K.T2

+23 LXA MAXHO,y 4
SET1 LDQe HODC
+1 PXA
+2 XCA
+3 DvpP ARRCNT

+4 XCA



+5
*6
+7
+8
+9
+10
SET2
+1

+2

+3

CLEAR
+h
+5
+6
+7
+8
+9

+10
11
+12
+13
+14
+15
+16
+17

+18

ADD
STC
CAS
X1
TXI
TiX
TXH
SXA
RETURN
TRA
RETURN
AXT

K.T2
K.T2
K.T1
SET2,4,1
SET2,4,1
SET1,4,1
843,4,63
HMAX, 4
SETHMX
SETHMX+]

SETHMX, 1
le4

CLEAR ZEROES ALL COUNTS
CALL SEQU TSX CLEAR4

BEGIN
TXL
LXA
STZ»
STZl=
TIX
LXA
STle
LET
STZe
TIiX
ST2
sT2
STZ
ST2
$T2
RETURN
TRA

RETURN

1,4
*+3,0,0
MAXHO, &
HCCC
STDC
#=244,1
NODES, 1
N2A
SNAP
N&A
e~3,1,1
DRPCNT
STKCNT
ARRCNT
ARRHO1
ARRHO

CLEAR
CLEAR+]

SUBRCUTINE L INKAGE
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BESTHO
+11
+12
+13
2
+15
+16
+17
+18
+19

+20

+21

HODIST

NTC
-11
=10

-9
-6
-3
-2

-1

PAGE

BESTHO PRESETS HOTABLE TC BEST-PATHS,THEN
INVOKES HOGDISTIBELCW)

CALL SEQU TSX BESTHC, 4
PLE LyTAG
RETURN IF NET CAN NOT BE RUN
NCRMAL RETLRN
WHERE (L,TAG) CONTAINS
LOCATICON OF FIRST SPECIAL LINKS,,NR OF SPECIAL LINKS
AND L=TAG=0 IMPLIES ND SPECIAL LINKS.

BEGIN 3,7,1

XL *+7,0,0 SUBROUTINE LINKAGE
STL ACTTIGL NC ACTIVITY

CLA 1s4

TZE LR ¥

ClLAe 14

STC 842

TSX PRESET 4 INITJONET

PLE

TRA *e3 NO, GO

TSX HODIST, 4
RETURN BESTHO
TRA BESTHO+1
RETURN BESTHO, 1
AXT 1e4

HOCIST COMPUTES AND DISPLAYS THE BEST-PATH
CIST. FOR THE HOTABLE EXTANT.

CALL SEQU TSX HODIST, 4

RETURN
BEGIN 1,751
TXL *+7,0,0 SUBROUTINE LINKAGE
EQU HODIST
TSX HTF,4 COMPLTE +CDLI)
TSX HTS, 4 COMPUTE HO STAT,
XEJECT
STL SYSOED
XPRINT J,1
STL SYSOED
PlE FlOs4,s2
TSX HOD, 4 PRINT

RETURN HTD
TRA HTD+1

65



HTF
. .8
+9
+T0
+1
+2
+3
+4
+5
HT3
+1

+3

+4

+5

+6
HT4

+1

+3
*+4
+5
+6
+7
+8
+9
+10
+11
HTS
hT2
+1
+2
HT7
+1
+2
+3
%
+5
+6
+7
+8
HT6
+1
HT1
+1

+*2

BEGIN
TXL
TSX
LXA
SXA
PXA
ALS
PAX
SXD
X1
CLA»
™I
STA
SXA
AXT
LXA
AXT
LoQ
PXA
LGL
NZTe
TRA
CAS»
TRA
TRA
STO»
TNX
TIX
x1
AXT
XL
12.9¢
LXA
CLAs
ARS
CAS
CLA
NOP
PAX
CLAS
ADD
STOe
STZs»
TIiX
AXT
TIX
RETURN
TRA

1,7
*+5,0,0
CLEAR, 4
NODES, 1
HT1l,1
v 1
3
vl
HT2,1
edl,l,7
LINEA
HT2
HT4
HTS5,1
o1
NODES, 2
H44
seQ,1

9

N2B

[ X2

N2B

[ 2 X

ee2

N2B
*43,2,1
HT441,441
HT4-1,1,-1
2a80,1
242,10
KT3,1,~1
NODES,1
N2A

3

MAXHO
MAXHO

02
HOODB
HODB
N2A
HTTe101
vl
HT0,1,1
HTF
HTF+]

comp,

rO-DIST,
SUBROUTINE L INKAGE

PAGE 66



kTS

KT8

+8
+9
+10
+11
+12
+13

*1
+2
+3
+
+5
+6
.7
+8
+9
+10
+11

+12

BEGIN
TXL
LXA
PXA
ACCs
TIX
STO
st
PXA
XCA
MPY »
XCA
ADC
STO
TIX
XCA
PXA
LLs
ove
sTQ
RETURN
TRA

167
®+5,0,0
MAXHO, 3

HODA
#-1,y1y1
ARRCNT
ARRAVG
2

HODB

ARRAVG
ARRAVG
HT8,241

10
ARRCNT
ARRAVG
KTS
HTS+1

COMPUTE AVG ANC COULNT CF HC-TABLE
SUBRCUTINE LINKAGE
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MOOCEL2

TS

+11
+12
+13
+14
+15
+l6
*17
+18

-41

-38
-35

=34
=31
-30
-29
-28
=27
-26
-25
~24
~23
-22
=21
-20
-19
-18
-17
~16
-15
-14
-13
~-12
-11
-10

-9

PAGE 68

TS COMPUTES AND PRINTS M2°*S DIST AS
FUNCTION OF IMPARE

CALL SEQU

TSX MCCEL2,4

PZE LsTAG

RETURN IF NET CAN NOT BE RUN
NORMAL RETURN

WHERE (L,TYAG) CONTAINS
LOCATION OF FIRST SPECIAL LINKS,yNR OF SPECIAL LINKS
AND L=TAG=C IMPLIES NO SPECIAL LINKS,.

BEGIN
XL
STL
CLA
TIE
CLA»
STC
TSX
PlE
TRA
EQU
XEJECT
STL
XPRINT
STL
PZE
XPRINT
STL
PLE
CLA
TSX
TRA
STQ
CLA
Sus
STC
TSX
TSX
LXA
NITs»
TIiX
SXA
LOQe
PXA
XCA
ove
STQ«
STZs
TIX
AXT
STl»

3,71
*+7,0,0
ACTTGL
| LY
et
le4
[ X s
PRESET 4

TSX
MODEL2

SYSCED
Jel
SYSCEC
FlO.ZooZ
1.1
SYSOED
IMPARE, o1
IMPARE
FRACT, 4
TSX
K.PI1
KFULL
K.PI1
K.Pl
HTF, 4
HTS 4
MAXHO, L
HODA
w=1,1,1
TS1,1
HODA

ARRCNT
HODA
STDA
=6,1,1
ol

STDA

SUBROUTINE LINKAGE
NO ACTIVITY

INIT. NET

NC GO



151

182

783

TSX

-8
-7
-6
-5
-4
-3
-2
-1

+1
+2
+3
+4
+5
+*6
+7
+8
+9
+10
+11
+12
+13
+14
+15
+16
+17
+18
+19
+20

+1
*2
+3
+4
+5
*6
*7
+8
+9

+1

ST
ST2
ST2
AXT
CLA
STCs
PXA
STO
AXT
stz
LCQ»
MPY #
ACD
STO
TIX
T2€
LXA
STO
XCA
TSX
PXA
XCA
MPY
LLS
ADC
STO
X1
SXA
LXA
TXI
LDQs
MPY
STO
LDC=
MPY
ADD
STQs
TIX
TRA
TSX
RETURN
TRA
RETURN
AXT

PAGE §9

MU
ARRCNY
ARRAVG
1,1
K.PI
STCA

vl
TS.T1
wa0, 1
K.T2
HCDA
STDA
K.T2
KoT2
a-4,1,1
TS3
TS.T1,1
TS.T2

PBX, 4
vl

TS.T2
10
ARRAVG
ARRAVG
sel,l,1
TS.Tl,1
TS1.3
#+]l,2,-1
STDA
K.PI1
TS.72
STDB
TS.T2
STDA
TS2,1,1 -
TSl
HODX , 4

TS
TS+1
TS,1
le4



FYODELL
+11
+12
+13
tl4
+15
+l6
+17
+18

L]

-13
-12
-11
-10
-9
-8
-7
-6
-5
-4
-3
-2
-1
¥00
+1
*2
+3
+4
+5
+6
+7
+8
+9
+10
+11
+12
#D1
¥D2
+1
*2

PAGE 70

MD CCMPUTES AND PRINTS M1'S DIST AS

BEGIN
TXL
STL
CLA
TZE
CLAe
STO
TSX
PZE
TRA
EQU
CLA
TSX
TRA
STQ
MPY
STC
XCA
MPY
STC
TSX
TSX
AXT
STl
LDCe
PXA
XCA
T1E
STls
pve
XCA
ADC»
PBT
T™xI1
TRA
STOs
TRA
TxX1
SXA
X1
SX0

caLt SEQU

AS FUNCTICN CF IMPARE

TSX MOCELL,4

PlE L, TAG

RETURN IF NET CAN NCT BE RUN
NORMAL RETLRN

WHERE (L,TAG) CONTAINS

LOCATION DOF FIRST SPECIAL LINKS,,NR OF SPECIAL LINKS
AND L=TAG=C IMPLIES NC SPECIAL LINKS,

3,71
#47,0+C
ACTTGL
let
.2
lo4
242
PRESET 4

MOX
MCOEL]
IMPARE
FRACT,4
MCX
MC.O
MC.O
"DQ[

Mc.o

MD.Z
HTF, 4
+TS,4
1.1

STDA
HODA

MOl
HODA
ARRCNT

STDA

842,1,1
MC2

STDA

MCO
MD2,1,-1
MC3,1
s4l,y1,-1
MD6, 1

SUBRCLTINE LINKAGE
NG ACTIVITY

INIT. NET

NO GO



#D9
¥D3

MD4&

¥0D5

MD6

MD7
L] ]

PDX

+3
+4
+5

+1

+1
+2

+1
+2
+3

+1
+*2
+3
+4
+5
+6
+7
+8
+9
+10

+1

+1
+2
+3
+4
+5
+6
+7

+8

+11
tle

+15
+18
+19

+20

LXA
SX0C
SXD
AXT
LDQ
AXT
MPY
TRA
TXI
CLAs
TLQ
AXT
TX1
TXH
mPY
CLA
TLQ
TRA
CLA
TLQ
TXI
CLA
TLQ
TXH
TX1
TIX
TXL
LXA
CLAs
ADD
STO#»
TIX
STQ
TSX
XEJECT
STL
XPRINT
STL
PLE
XPRINT
STL

TSX
RETURN
TRA
RETURN
AXT

MAXHO, 1
M08, 1
MD5+1,1
3200044
RND
ee(,1
K.R

.42
st]l,1,-1
STDA
MD4

2
#4l,2,1

MD8+1,2,0¢0

K.R

MD.O

.42

MD7

MC.1

.2
MD5+1,42,1
MD.2
MCS5+2
MCS5,1,8e(
MDS, 1.1
MD5,1,1
24242080
MAXHO, 2
HOOB

K.Al

HODB
MD3,4,1
RND

HTS, 4

SYSOED
Jel
SYSQED
Fl0.1492
I,1
SYSCED
IMPAREys 1
HOD, 4
MD
MD+1
MD, 1
1o

FRACT CCNVERTS FLOATING FRACTION TG BINARY CNE
CALL SEQU

TSX FRACR,4

RETURN

{ACC)
IFf GREATER THAN 1

FLTNG NR

PAGE
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NORMAL RETURN (MQ) = BINARY AR

FRACT XcL MAKE POSITIVE.

+2 LLS 8
+3 SuUB KINT2

+5 TPL le#
+6 STA o2
+7 PXA

+8 LRS L 2 2¢]
+9 TRA 2¢%

DEFINE FORMATS

BEGIN 1o 4
FORMAT TXL *+3,0,0 SUBROLTINE LINKAGE
XFORM 11

+4 STL SYSOED
+7 PLE FMlyo 4
+8 PLE FM2,43
+9 PLE FM3,,4
+10 PZE FMé,y o4
+11 PIE FMS,,3
+12 PLE FM6y 43
+13 PlLE FMTe,e3
+14 PLE FMB,y03
+15 PLE FM94,45
+16 PLE FM10,4,5
+17 PLE FMLl,,2
RETURN FORMATY
+18 TRA FORMAT+]



LIMIY
TPL
PCCL
K.Al
K.AlLCL
K.A2
K.A3
KeAT
K.‘B
K.A9
K.Alé
K.Al1CO
Ko.A4B
KINTL
KINT2
KINT3
KFULL
K.MZE
K.PI
K.PI11
K.R
K.T1
K.T2
K.T3
KTk
KoMl
K.M2
K.’3
KN4
K.M5
K.M6
K.M7
K.D
K.HO
K.L
K.MSG
K.N
K.C
K.P
K.ST
Ko AL
ACTTGL

AL
ALHOC
ALNWD
AR
BH. A
BH. M
B.HO
BFTSY
BOTTCM

EQU
EQuU

PLE

OEC
DEC
DEC
DEC
ocr
ocT
ocT
oCY
MZE
DEC
DEC
ocy

PZE
ocy
ocr

ocY
ocT
ocr
EQU

PZE
BSS
ccy
ocr
ocT

PLE
PZE
PlE
PZE

PCOL

32767

20
®y4.PO0L~»
1

lesl
2

® W

9

16

100

48
233000000000
200
10000000CC
3Tttt

0
0
11060471625

77700000
T17TITITITITITY
o7
77770C0CC
177

117177
K."S

st O00O0O ocoo®O

«042

MLLT FCR RANCOM

TAG

DESTINATICN
HO NUMBER
LINE NR.
MESSAGE AR,
NOCE NR.
CRIGIN
PRIORITY

TIME DELAYED IN STACKS

COUNTER

ARRIVAL LIST
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8.7,
CONN
Cx
CELIVR
CSPY

CR
+1
+2
+3
+%
+5
+6
FILL
FACTOR
FM1
FM3
FM2
FM4
FM5
FMé6
FMT
FM8
FM9
FM10
Fl0.1l
Fi10.2
F10.3
F10.4
F10.5
F10.6
FMll
Fil.1l

+10
YES

HA.1
HOHIGH
HOHIL
HOINC
HOINCIL
STKINC
HOL INE
HOMAX
HOMEL
HOVER
+l
+2
+3
HSH
+1
*2
+3

ocr
EQU
EQu
TSX
PZE
ocT

8ClI
8Cl
8Cl1
8CI
8C!
BC!
ecl
DEC
BCI
8Cl
BCI
ect
8C1
BCI
8Cl

8Cl
8CI
BCI
8CI
8CI
8Cl

8ClI
8cCl
ecCl
.19
8CI
8CI
8C!

ocry
ocy

EQU
ocT

TSX
NOP
ARS
ARS
ARS
NOP
LeL
LGL

1600004C6C0OC
WEAVE

COLUMN

DAO, 4

0 .
0

lysenaas
lycunen
lyoens
leses
loon
lys
1,

0

4oAe2,10X94111,3(F10.4B25)
4eCoelXy110,F12.9B0,A1C8
3,8o5X,1C(110)
49Dy 40X4A643H =
J39Es 40Xy Ab43H =
3.F.60X.A6.3H =
39Go40XyA6,3H =
3,H42,10X%,12110
Sele40XySHIMPARE = ,F7.4
SeJs40XyAL2,13H DISTRIBUTION

2¢MCODEL-M1
24MODEL-M2
2, SIMULATOR
2¢BEST-PATH

29STACK-DELAY
2+ TRAFFIC-FLOW
20Ke2914XyAT2
9, TIME HO-DROPS

1,ST-AVG

2+ VARIANCE
1y VYES

1l NO

776
770

8
HOINC
1000

HAO, &

18
27

18

CRCP LIST
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STACK-DROPS DELIVERIES PC-CROPPEC DI



+3

«LK1

+1
«LK2
-L0
LS
MAXACT
¥0.0
¥D.1
MD.2
MOVER
NG3
NGé
oT

+l
cr.l

+10

PRETGL
PTTGL
RA.O
RA.1
RA.2
RA.3
RA. 4
RA.S
RNO

ROUTER
sC1
S$C2
SCCuM

LGL
ALS
ALS
ARS
ARS

DEC
OEC

DEC
DEC
DEC

PLlE
VFD

VFD
VFD
VFD

ocTY
ocr
ocry
ocT
DEC

TSX
DEC
OEC
DEC
DEC
ecl
8ClI
PLE
ocr
PLE
ocr
ocvT
ocr
ocTY
oCcY
ocr

EQU
TSX

ocr

27
15

12

15/70,3/72,15/70,371
15/0,3/4,15/0,3/3
15/0,3/6,15/0,3/5
15/14370,1573,371
0,0,0

lo'OQ-IOUC
0,0,0,0

(v}

0
MAO, 4

«2580

L

000000000V

b4
[=}
o

RAO, 4

PAGE
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SCH

SI10€ES ocrY 34000700CCO
SINK acr 0

SKCUM ocr 0

SKH

SOURCE 0OCT 0
SSLIw DEC 10
TPHIGH PIE TPU
TS.7T1 DEC 0
1S.1T2 DEC 0

UPPER PZE LIMITY
UPDATE TLQ HALl

COUNTS

DRPCNT NR MSGS CRCPPED EN-RCUTE
STKCNT NR. MSGS DRCPPELC IN STACK
ARRCNT NR OF ARRIVALS

CRCPPC PERCENT CRCPPED

ARRAVG AvG., HO CF CELIVERED MSGS
MU PLE 0 SECOND MCMENT CF CISY
HOAVG AVG. OF HO TABLE

ARRHC1 TOTAL KO OF CELIVERED MSGS
ARRHC

FONCNT NR. OF ENTRIES IN HO-TABLE
HOTOT SUM OF ENTRIES IN HO-TABLE
HCTOT

CNTTRL PZE COUNTS ¢ s=COUNTS
«POOL #*=POOL



PARANM
CHOKE
SNAP
FLCw
BIND
ADAPT
ALPHA
IMPARE
IMPAIR
LEARN
FORGET
HMAX
FAXHC
WEAVE
ROW
COLUMN
TPMAX
TPMIN
STACK
HPRIVE
INITHO
GRAIN
RANDCM
LINKS
+PARAM

TABLES

PlE
P2E
£QuU
PlE
PZE
DEC
DEC
EQU
DEC
DEC
DEC
EQU
DEC
DEC
DEC
DEC
DEC
DEC
OEC
EQU
ocr
ocr
OEC

PARAMETER LIST

%y 9o PARAN—0~]
-
-

SNAP
0
0

o

0
IMPARE

1.0

o]

63
HMAX

0

0

0

6

0

8

0
HPRIME
2
110604716255

0

BEGINNING OF TABLES

&y g MSG2-0+]

ANC LISTS
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LINK

.l
.2
*3
.
+s
+6
.7

FOR
FVE
SIX
SVN
PZE
PON
PTwW
PTH

PAGE 78

LINK TABLE — CONTAINS IMAGE LINK NRS. AND

DISTANCE FRCM EFF TO AFF NOCE
LINKS ARE NUMBERED O THRU T , VIZ.

[C - BV
res O
W N -

LET L BE A LINE NR., THEN
LY = EFF. NODE NR. = GRTST. INTEGER (L/8)

L** = EFF.

LINK NR. = REMAINDER {L/8)

L1* = AFF, NCDE NR, = L' + ACORESS PART OF LINK{L'*)
L1°* = IMAGE LINK NR. = FIRST 3 BITS OF LINK(L*")

LINK TABLE

se(
«s0
[ X 0]
[ X 1o
[ X o]
[ X 11]
[ X 7]
[ X 1¢)

1-D
D+1
-{1-0)

-1
-(D+1)



TPTBLE
TP

8SS
cCrY

PAGE 79

TP LIST CCNTAINS POINTERS TO FIRST AND LASY

MESSAGES CN TRAFFIC LISTS. TP{I*) IS HEAD CF LIST

FOR TIME ' , WHERE

f* 1S COUNTEC MODULD TPL, THE MAXIMLM PIPE-FILLING TIME.
TP(I*) = PLE LASY MSG NR , , FIRST ¥SG NR

TP = T¢v , WHERE T IS CURRENT TIME,

TPU,0
0



¢+l
+2
+3
+4
+5
+6
+7
CTABLE

+1
+2
+3
+4
+5
+6
+7

oCcy
acr
ocT
cCcr
Cccr
(0100 §
ocvy
Ccr

DEC
DEC
BEC
DEC
DEC
DEC
DEC

CONNECTIVITY TABLE

CTABLE HAS ENTRIES CCRRESPONDING TC ALLCWABLE
NETWORK CONNECTIVITIES (SEE LINK TABLE)

CCNN LINKS USED
1 6,42
2 644,42,C
3 Te€s4,s3,2,C
4 ALL

ETC.y AS REQUIREC

31400000C000

146000000000

-2000000cCC00

0

10400000C000

-124000000000
-1€¢6000CCCCCO
-37700000CCCO
NOW , NULMBER OF LINES

sr2rr00O00SMN

ERRCR
PER NCDE
CONN = 1
CONN = 2
ETC.

CTABLE{CCAN)
1otltii1cll
1C101C1C
cclccclc
occcccco

FCR GIVEN CCNN.
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LINE TABLE
PREFIX = BUSY SIGNAL
DECR = PIPE-FILLING TIME, TP
TAG = ZERD
ACCR = PCINTER TO FIRST HCTABLE ENTRY FCR THIS LINE
(ZERO IF NC ENTRIES)

LINES DEC 0

LINE]L se0,2
LINEA 0,1
LINER #e0,2
LINEC «s0,4

LINTEL #80y 000



NODES
AlA
nNLB
N1C
N2A
N2B
N2C
N3A
N3B
N3C
N&A
N4B
NeC
NODTBL

CEC

PlE
PZE
PIE
PIE
PZE

PAGE &2

NOOE TABLE
THREE PARTYS

PARY ONE
PREFIX = 4 IF KILLED, ZERC IF ALIVE
DECREMENT = STANDARD~STACK POINTER
TAG = LERO
ACCRESS = NEW-MESSAGE~STACK POINTER

PART TwO
CURRENT DEPTH OF STANDARD STACK

PART THREE
ADCRESS (CECREMENT) CONTAINS REFERENCE ANOCE NLMBER
FOR CHOCSING ORIGINS [DESTYINATICNS).

PART FOUR EXISTS ONLY IF FLCwW SNAPSHCTS ARE BEING TAKEN,
ANC THEN CONTAINS NR. CF MESSAGES PASSEC THRL NCCE.
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a8y 000

+0 CISTRIBUTION TABLE - READ BACKWARD
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¥SGS. WHOSE HO NRS. LIE BETWEEN I AND 1+1
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OO0 &~~~
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FCR SAME

POINTER TO NEXT MESSAGE CN TRAFFIC LIST
TIME-FRAME, ZERO IF LAST. SEE TP DESCRIPTICN

TAG = CURRENT LINK NR.

ACCRESS =

4]

0

c
MSG2+1

CURRENT LINE NR,

MSG2, o neC
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ON DISTRIBUTED COMMUNICATIONS:

List of Publications in the Series

I. Introduction to Distributed Communications Networks,
Paul Baran, RM-3420-PR.

Introduces the system concept and outlines the
requirements for and design considerations of

the distributed digital data communications net-
work. Considers especially the use of redundancy
as a means of withstanding heavy enemy attacks.

A general understanding of the proposal may be
obtained by reading this volume and Vol. XI.

II. Digital Simulation of Hot-Potato Routing in a
Broadband Distributed Communicati-ns Network,
Sharla P. Boehm and Paul Baran, Rm-3103-PR.

Describes a computer simulation of the message
routing scheme proposed. The basic routing
doctrine permitted a network to suffer a large
number of breaks, then reconstitute itself by
rapidly relearning to make best use of the
surviving links,

III. Determination of Path-Lengths in a Distributed
Network, J. W. Smith, RM-3578-PR.

Continues model simulation reported in Vol. II.
The program was rewritten in a more powerful
computer language allowing examination of larger
networks. Modification of the routing doctrine
by intermittently reducing the input data rate

of local traffic reduced to a low level the
number of message blocks taking excessively long
paths. The level was so low that a deterministic
equation was required in lieu of Monte Carlo to
examine the now rare event of a long message
block path. The results of both the simulation
and the equation agreed in the area of overlapping
validity.



—————

IV, Priority, Precedence, and Overload, Paul Baran,
RM-3638-FR.

The creation of dynamic or flexible priority and
precedence structures within a communication
system handling a mixture of traffic with dif-
ferent data rate, urgency, and importance levels
is discussed. The goal chosen is optimum utiliza-
tion of the communications resource within a
seriously degraded and overloaded network.

V. History, Alternative Approaches, and Comparisons,
Paul Baran, RM-3097-PR.

A background paper acknowledging the efforts of
people in many fields working toward the develop-
ment of large communications systems where system
reliability and survivability are mandatory. A
consideration of terminology is designed to ac-
quaint the reader with the diverse, sometimes
conflicting, definitions used. The evolution of
the distributed network is traced, and a number
of earlier hardware proposals are outlined.

VI. Mini-Cost Microwave, Paul Baran, RM-3762-PR.

The technical feasibility of constructing an
extremely low-cost, all-digital, X- or Ku-band

microwave relay system, operating at a multi-
megabit per second data rate, is examined. The
use of newly developed varactor multipliers
permits the design of a miniature, all-solid-
state microwave repeater powered by a thermo-
electric converter burning L-P fuel.

VII. Tentative Engineering Specifications and Preliminary
Design for a High-Data-Rate Distributed Network
Switching Node, Paul Baran, RM-3763-PR.

High-speed, or '"hot-potato,'" store-and-forward

message block relaying forms the heart of the
proposed information transmission system. The
Switching Nodes are the units in which the com-
plex processing takes place. The node is de-
scribed in sufficient engineering detail to
estimate the components required. Timing calcu-
lations, together with a projected implementation



scheme, provide a strong toundation for the belief
that the construction and use of the node is
practical.

VIII. The Multiplexing Station, Paul Baran, RM-3764-PR.

A description of the Multiplexing Stations which
connect subscribers to the Switching Nodes. The
presentation is in engineering detail, demonstrat-
ing how the network will simultaneously process
traffic from up to 1024 separate users sending a
mixture of start-stop teletypewriter, digital
voice, and other synchronous signals at various
rates.

IX. Security, Secrecy, and Tamper-Free Considerations,
Paul Baran, RM-3765~PR.

Considers the security aspects of a system of the
type proposed, in which secrecy is of paramount
importance. Describes the safeguards to be built
into the network, and evaluates the premise that
the existence of '"spies" within the supposedly
secure system must be anticipated. Security
provisions are based on the belief that protec-
tion is best obtained by raising the "price" of
espied information to a level which becomes ex-
cessive., The treatment of the subject is itself
unclassified.

X. Cost Estimate, Paul Baran, RM-3766-PR.

A detailed cost estimate for the entire proposed
system, based on an arbitrary network configura-
tion of 400 Switching Nodes, servicing 100,000
simultaneous users via 200 Multiplexing Stations.
Assuming a usable life of ten years, all costs,
including operating costs, are estimated at about
$60,000,000 per year.

XI. Summary Overview, Paul Baran, RM-3767-PR.

Summarizes the system proposal, highlighting the
more important features. Considers the particular
advantages of the distributed network, and comments
on disadvantages. An outline is given of the manner
in which future research aimed at an actual imple-
mentation of the network might be conducted. To-~
gether with the introductory volume, it provides

a general description of the entire system concept.
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