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Network-Level Description of Backbone Simulation

What follows is a more low-level look at the implementation of the centralized network controller and the
operation of the packet switches in the original backbone simulation.

3.1 Control Operation

Referring back to Figure 9 shows the basic anatomy of the control domain’s structure and interaction with the
external, timed DE domain. Modeled in the untimed, task-oriented MQ environment, the control domain consists of
a number of telephones (in this case twelve to represent each of the customers in the system), the control unit, and
two stars to assist the control unit in its functions, a router and a network congestion level table. Several other stars in
the DE domain which communicate directly with stars in the MQ control element are also pictured. Each telephone is
unidirectionally triggered by a separate, independent call request star and also communicates bidirectionally with a
distinct traffic generator star. In addition, the control unit communicates bidirectionally with each of the switches in
the system, in the case of this network topology, four. Within the MQ domain, in which all connections are two-way,
the control unit communicates with each of the telephones and also connects with the router and congestion level
table.

Having pointed out the structural details of the network control, the mechanics of its operation are now
explained. In actually implementing the MQ-in-DE wormbhole, Ptolemy runs the DE system in its usual chronological
fashion and will at some point, process an event which passes from an external DE star to an internal MQ star. Recall
from section 2.3 that Ptolemy achieves this by first providing for a conversion from DE to a universal event horizon
and then from the universal event horizon to the MQ description. MQ has no need for timing information and so dis-
regards time stamps of any token(s) entering the system from the outside. In deciding whether to run an internal
wormhole scheduler, Ptolemy checks if the internal domain is “ready” to run; in this case, MQ is always ready to run
and is always successfully triggered. At this time, the MQ scheduler begins operation in processing the triggering
event(s) appropiately. MQ stars pass messages to one another until the scheduler sees that there is a deadlock condi-
tion, meaning that there are no more messages to be processed in the system. Control is now returned to the external
DE scheduler. During the execution of the MQ control, messages or tokens may be produced which are passed from
MQ star(s) to external DE star(s). Since the MQ domain has no notion of time, the DE environment views the execu-
tion of the MQ system as occurring in zero elapsed time, to some extent reflecting the usual negligible time duration
of control functions. Thus, time stamps(s) of tokens produced by MQ which are output across the domain boundary
are identical with those of token(s) that originally were passed from DE into MQ in triggering the operation of the
MQ universe.

During the course of the simulation, the call request process stars of the DE domain generate events according
to independent Poisson processes to model requests which are fed to the MQ telephone stars. These requests contain
information about the desired customer party to be called, and subsequently, the telephone star proceeds to interact
with the control unit as the control attempts to set up the call. Should the called party be already engaged in another
conversation, the telephone is notified of failure in the call attempt; otherwise, the control unit determines trees of
possible virtual circuits by which the two customers can communicate with the aid of the router star. The reason for
this is that switch trunk lines have a maximum allowable utilization which is a parameter specifiable by the user. By
successive inquiries of the congestion level table, the control unit can establish a suitable virtual circuit to support the
conversation. It will attempt to set up “direct” conversations over more roundabout ones; for example, referring to
Figure 10, a direct conversation between CPE #2 and CPE #8 would only employ switches 1 and 3. If a packet sent
from CPE #2 to CPE #8 was following a more indirect route, it would first traverse switch 1, then either switch 2 or
switch 4, and lastly switch 3. The control unit allows as a worst case the traversal of two “intermediate” switch nodes
for a packet to travel from source to destination, the previous scenario considering one “intermediate” switch. Should
no suitable route be found, the calling telephone is notified of failure. Otherwise, the control records the relevant
information pertaining to the newly established conversation, updates the appropiate switches to implement the vir-
tual circuit, modifies the entries of the congestion level table, and informs the called telephone of the new connection.

Heterogeneous Cell-Relay Network Analysis with Ptolemy 13
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Programming Network Control with Message Queue Domain

end case

case (calling state): . ..

} /* end switch */

The actions taken in the code mirror those of the flow diagram. In the “ACK” branch of the if-elseif-else struc-
ture, data. expect() and control. expect() are called because the star enters the calling state and anticipates one of two
possibilities. Possibly, its traffic generator will later order it to cease transmission in which case it receives a corre-
sponding message on its data port. Also, it is possible the other phone will end the conversation first in which case
that phone would send a message to the control star, and the control star would send a “stop” message to this phone
over the control port. In the “NAK” branch, callReq. expect() and control. expect() are called since once again, this
telephone star will be fired in one of two possible situations. First, it may receive a message from its call request trig-
gering star over the callReq port. Or it may be randomly selected by the control star to converse with another cus-
tomer that has issued its own request for a conversation.

Let’s consider a more complicated example: the MQControl star in its “idle” state. Refer to Figure 9 to see that
this star has connections with every other star in the MQ universe in addition to the network’s switches. (It is actually
connected to each of the multiple Telephone star instances though the diagram doesn’t show this.) For the purposes of
this example, we only are concerned with the Control star’s connections to the Telephone stars via its multiporthole
phones and the network control congestion level table via its porthole mgcclt. The pseudocode for the Control star’s
actions in the idle state:

switch (state of Control star) {
case (idle state):

Access incoming message with “portToService()”

if (message is new call request) {

record identities of calling customer and randomly selected “target”
customer as vciActive and vciPassive (from message)

issue inquiry message to congestion level table star to determine
whether target customer is “busy,” access output token
by mqccit. out(0), anticipate either ACK or NAK

phones. flag()

maqcclt. expect()

state = beginning of call request loop

}

else if (message is call termination request) {
from message, determine identity of customer desiring to end
conversation and access internal data to determine other
customer’s identity. Record these respectively as vciActive
and vciPassive

Heterogeneous Cell-Relay Network Analysis with Ptolemy 20



Programming Network Control with Message Queue Domain

issue “stop” message to other customer, access output token by
phones. port(vciPassive). out(0)

phones. flag()

phones. port(vciPassive). unflag()

phones. port(vciPassive). expect()

state = beginning of call termination loop

}

else {
error message

}

end case
case (beginning of call request loop): . . .

case (beginning of call termination loop): . . .

} /* end switch */

When the Control star is sitting idle, it may be triggered into action by one of two means. First, it may receive
from a Telephone star a call request message containing the identity of the customer issuing the request and a ran-
domly selected customer it has chosen to establish a connection with. This information is locally recorded as vci-
Active and vciPassive. The Control star is responsible for checking the network congestion level table to see if the
vciPassive party is already busy in conversation. Thus, it produces a message on its mgcclt porthole containing the
vciPassive value and calls mgcclt. expect(), anticipating an ACK or NAK message on this port as appropiate the next
time it is invoked. While it is engaged in this call processing loop, it cannot also process additional requests from
other telephones; hence, it flags all of its connections to telephone stars by making the multiporthole method call
phones. flag(). If it later finds from the congestion level table star that the vciPassive party is free to talk, it will
“unflag” the two ports connecting to the two relevant telephone stars. After the Control star has unflagged these ports,
there is no problem when one of these phones wants to end their session as it can safely issue a call termination
request message as described below. At this point, the Control star proceeds to the call request loop.

The second method by which the Control star might be invoked from the idle state is receiving a call termina-
tion message from a Telephone star. The message will contain the identity of the customer wishing to end a conversa-
tion which is noted as vciActive. Thus, the Control star can check its internal data to see which party it is conversing
with (marked as vciPassive) and then to send that party a “stop” message. That customer will go about asking its
associated traffic generator star to stop transmission and then to send back to the control an ACK message. After the
control has sent the message, it flags all of its connections to telephone stars for the same reasons as in the preceding
situation except, of course, the customer whom has been asked to cease transmission since an ACK is expected from
it. Thus, the star makes method calls phones. flag(), phones. port(vciPassive). unflag(), and phones. port(vciPassive).
expect () in succession before proceeding to the state corresponding to the beginning of the call termination loop.

It is also of interest to consider what actions the Control star should execute when a message is received from
a telephone over a port which has been flagged. A call request message from a telephone is bluntly replied to with a
NAK message from the control. However, the same cannot be done for a call termination message; otherwise, the
telephone that issued the message will be left dangling indefinitely. Thus, the message is queued up for later service.

Heterogeneous Cell-Relay Network Analysis with Ptolemy 21
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Switch Performance Experiments

control

true  demand

size |

outData

overflow

clock input
Switch| gee FIFOQueue
input#1 (blaCkhOIe) inData
true  demand
input
Switch| fase FIFOQueue
input#2 (blaCkh()le) inData
true  demand
input
Switch| faise FIFOQueue
input#3 (blaCkhOIe) inData

DE Input Queue Galaxy

input sizeln enable

e

demand

output

RanSelect

sizeOut

serviced

lost *

avgLossProb
(each trunk)

LossProb

demandStats

avgLossProb
(over all trunks)

Figure 23 The design of the DE Input Queue Galaxy. There are multiple, parallel instances of Switch and FIFOQueue
stars, one for each trunk line, and single instances of the LossProb and RanSelect stars. For convenience, connections
to the LossProb and RanSelect stars are only shown for one trunk line. Multiportholes on these stars have their arcs
marked with slashes. Connections made to stars external to the galaxy use different arrowheads than those made among
stars internal to the galaxy.

LT3

FIFOQueue; otherwise, by disabling it, the clock signal is shut off from the FIFOQueue.

The Switch star acts as a binary router. When it receives a token on its “input” port, it routes it to either its
“true” or “false” output based on its most recently received input on the “control” port. As can be seen, a clock signal
external to the galaxy feeds into the Switch star and can either continue onward to provide a demand signal to the
FIFOQueue or to be thrown away into the BlackHole star which merely accepts tokens and disposes of them. The
RanSelect star has an “enable” multiporthole which acts as the input to the Switch stars
the RanSelect star enables a Switch star, it allows the clock signal into that Switch star to trigger that trunk line’s

control” inputs. Thus, when

Heterogeneous Cell-Relay Network Analysis with Ptolemy
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Switch Performance Experiments

eight of them. The first three, numbers one through three, are connected with customer nodes. Trunk lines four and
five are drawn vertically, six diagonally, and seven and eight horizontally. These simulations follow the description of
section 3.1 and allow a maximum of one conversation to be supported over a given trunk line. As above, customer
nodes are represented by single voice source processes and the time slot interval of the switches is set at 16 ms.
Results in this case were much different as Figure 27 indicates. The latency figures correspond to traversal time of
packets routed to the twelve customer nodes in the network, three for each of the four switches. Statistics for average
per-packet latency and switch throughput per trunk line are given. Intermediate queueing, although achieving higher
average switch throughput, suffers greatly in average per-packet latency time. Trunk lines four through eight can be
considered as the “inter-switch” trunk lines and among those, trunk line six averages the highest throughput, natu-
rally, because switches diagonally opposite each other are singly connected instead of diagonally connected. Thus, it
would more frequently support traffic in a randomly established conversation.

LATENCY

Intermediate Input
SW1 Sw2 SW3 SW 4 SW 1 SW 2 SW3 SW 4
1 .2686 3225 3329 2671 .0259 0235 .0241 .0269
Trunk Line No. 2 2553 .3009 3357 2824 .0263 0256 .0272 .0210
3 2921 2711 2863 2733 .0293 .0280 .0251 .0258

THROUGHPUT

Intermediate Input
SW1 SwW2 SW3 SW 4 SW 1 SW 2 SW3 SW 4
1 2785 .2643 2748 2628 1539 1514 .1500 .1500
2 2613 .2620 .2804 .2698 .1340 .1339 .1464 1305
3 .2690 2778 2622 2755 .1408 1391 1133 1340

Trunk Line No.

4 .1160 .1166 1212 1170 .0455 .0476 .0619 .0610
5 .1240 1222 1261 1297 .0605 .0629 0671 .0609
6 .1949 2125 2054 2019 .1249 1133 1144 .1046
7 1357 1167 1184 1354 0620 .0685 .0679 .0592
8 1257 1258 .1208 1207 .0662 .0568 .0562 .0747

Figure 27 Throughput and latency statistics for network-level simulation, intermediate and output queueing
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