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This report describes a Simula progtam designed to model the 
behaviour of X.25 Public Data Networks and produce statistics on 
various performance indices of the network. These include such 
indices as: 

- packet transfer times for each pair of nodes 
- time spent in each node 
- line utilisations 
- wait times for each line 
- buffer utilisations 

The user descibes the network by suppling the model with 
infotmation on each node and the lines that connect the nodes. This 
allows a large variety of X.25 network configurations to be studied. 



Contents 

1 Introduction 

2 Model design 

2.1 Design decisions 

2.2 Simulation Program 

2.2.1 ServerClass 

2.2.2 NodeClass 

2.2.3 Related Processes 
2.2.3.1 TimerProcess 
2.2.3.2 OutputProcess 
2.2.3.3 Source 
2.2.3.4 Submitter 
2.2.3.5 Sink 
2.2.3.6 Retransmitter 

2.2.4 StatsCollecter 
2.2.4.1 The collection procedures 
2.2.4.2 The procedure Report 

2.2.5 Initialise 

2.2.6 Main Program 

3 use of the model 

3.1 The configuration file 
3.1.1 Routing algorithms 

3.2 Simulation times and seeds 

3.3 The collected statistics 
3.3.l Title 
3.3.2 Number of packets created 
3.3.3 Packet transfer times 
3.3.4 Time spent in each node 
3.3.5 Number of packets with errors received 
3.3.6 Number of Retransmissions 
3.3.7 Number of acknowledgements 
3.3.8 Line Utilisation 
3.3.9 Wait times for lines 
3.3.10 Buffer Utilisation 
3.3.11 Packets rejected due to lack of buffers 

3.4 The Dump and Debug files. 

4 An example of use 

5 The Source emulator 



6 Conclusion 

7 Acknowledgements 

8 References 

Appendix 1 Code of PSN, the model itself 

Appendix 2 Code of EM, the source emulator 



l Introduction 

The aim of this project was to develop a tool for the study 
of the effect of different network configurations and routing 
algorithms on packet switched network efficiency. The tool is a 
Simula program which models the behaviour of Packet Switching 
Networks (PSN). The model takes as input a configuration file 
describing the nodes of the network and the lines between them. 
It produces statistics on: 

- packet transfer times for each pair of nodes 
- the time packets spend in each node 
- the number of packets with errors that were 

transmitted between each pair of nodes 
- the number of retransmissions that occured at 

each node 
- the number of acknowledgements between each 0 [, 

pair of nodes 
- the line utilisation ( 
- the wait times for each line 
- the buffer utilisation at each node 
- the number of packets rejected at each node 

due to a shortage of buffers. 
These statistics are useful for the intial design or in planning 
extensions to an existing network. It was the interest expressed 
by the New Zealand Post Office in obtaining this type of 
information, for possible expansions to the existing PSN, that 
prompted the initation of this project. 

A Packet Switching Network is a data communication service 
in which the information transmitted on the lines is grouped into 
variable length frames which are separated by variable length 
pauses depending on the volume of data being transmitted. Each 
data frame consists of service data (to enable the packet to be 
routed through the network and allow the detection of 
transmission errors) and user data. (see figure 1) These frames 
are transmitted independently across the network and are 
regrouped by the network at the destination for transmission to 
the receiving data terminal equipment (DTE). As a result, packets 
from different terminals can travel via the same communications 
channel thereby providing increased channel utilisation. 

The user/network interface for a PSN is described in CCITT 
standard X.25 [l]. This standard covers the physical, data link, 
and network layers of the International Standards Organisation 
Open System Interchange (ISO OSI) model [2] and uses a sliding 
window protocol to handle transmission errors [3]. There is no 
standard covering the internal protocols of PSN. However most use 
some form of sliding window protocol at layer 2 (Data Link) to 
handle errors and at layer 3 (Network) to impose flow control to 
ensure that one terminal does not monopolises a line. 

This report assumes that the reader is reasonably familiar 
with the concepts of both the CCITT standard X.25 and the ISO OSI 
model [4,5]. 
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2 Model design 

The decision to use a simulation rather than an analytical 
model was taken after an examination of the literature on routing 
in PSN [6,7,8,9], which consists mainly of proposed analytical 
models supported by limited simulation. It was considered that 
the assumptions required to produce tractible analytical models 
were too broad and in some cases were not reasonable. The main 
example of this is the assumption of node independence, which 
means that the number of packets transmitted from any node has no 
effect on the number of packets received by any other node. This 
assumption holds only in very limited conditions that are not 
often experienced in actual networks. It was also felt that a 
simulation model would be more flexible. 

2.1 Design decisions 

In this project the Simula programing language was used on a 
Data General Eclipse S/130. Simula has distinct advantages in 
flexiblity and power over GPSS and similar simulation languages 
particularly for more complex models such as the one under study. 
There are other less well know simulation programming languages 
available which may have been just as suitable, but Simula was 
available on a suitable machine. 

The model uses a sliding window internal protocol without 
piggybacking of acknowledgements. Piggybacking was not 
implemented because of the coding difficulties that this would 
cause.The major difficulty is ensuring that the correct layer 2 
receive state variaft5'le V(R) was placed in the N(R) of each 
packet. It· is not known until the transmission stage which node 
the packet will go to and so it is at this point that the N(R) 
must be assigned the correct value. While this is possible the 
code to carry out this operation and to extract the N(R) at the 
other end is complex and so it was decided that this should be 
avoided. The lack of piggybacking should be minimal as there are 
only a small number of small (48 bits) packets being transmitted. 
This will cause slightly higher line and buffer utilisations and 
marginally larger wait times for lines. 

This model does not consider DCE-DTE communication in that 
packets arrive at a data switching exchange (DSE) from a DTE 
without errors so long as there is a free buffer for that packet. 
Packets are removed from the DSE upon arrival at their 
destination immediately freeing the buffer occupied. A virtual 
circuit through a PSN passes from a D'rE to a DCE and then through 
one or more DSEs to another DCE and finally another DTE. A DSE 
being a switching exchange that switches a packet between DCEs or 
other DSEs. These simplifications can be considered as divorcing 
the role of the DCE from that of the DSE and providing both with 
seperate buffer pools. When a packet arrives at its destination 
the DSE passes the packet to the DCE freeing the buffer the 
packet occupied in the DSE as it does so. The DCE is then left 
with the task of transmitting the packet to the required DTE. The 
decision to enforce this seperation was made on the grounds that 



the wide range of performance characteristics of the many DTEs 
attached to a DCE would make it impossible to model the rate at 
which the buffers would clear successfully. (A packet mode DTE 
connected with a 9600bps line could clear a packet in 
approximately 117 milliseconds whereas a character mode DTE 
connected with a 300bps line would take over 3.5 seconds to clear 
the same buffer.) While layer 2 retransmissions take care of 
transmission errors layer 3 retransmissions are responsible for 
recovering from sequence errors at layer 3 caused by variable 
routing algorithms. These can occur because packets switched, by 
the routing algorithm, to less congested routes may arrive at 
their final destination ahead of the last few packets to use the 
old route. 

A PSN can be viewed as a collection of nodes connected by 
lines (see figure 2). Each node consists of: 

- a source of packets. This generates packets and handles 
layer 3 retransmissions 

- a sink. This accepts packets which are at their 
destination and handles layer 3 acknowledgements 

- a receiver. This receives packets and generates layer 2 
acknowledgements 

- a route procedure that sends a packet to the sink or an 
output line depending on its destination 

- a transmit procedure which sends a packet to another node 
and sets up a layer 2 retransmission. This procedure also 
introduces transmisson errors. 

2.2 Simulation Program 

The model consist of three main classes; a link class 
"Packet", and two process classes "ServerClass" and "NodeClass". 
The link class Packet acts as the packets of the network and is 
passed between the instances of "NodeClass". Each instance of 
"NodeClass" represents a node of the network. There is one 
instance of the "ServerClass" which represents the lines of the 
network. It's procedures "Acquire" and "Release" ensure mutual 
exclusion on the lines of the network. As well as these classes 
to model the operation of the network the class "StatsCollecter" 
contains all the statistic gathering and reporting procedures 
used by the program. The procedure "Initialise" as its name 
suggests intialises the network by reading from the configuration 
file. The process class RunningMessage displays a message on the 
terminal every 5 simulated seconds indicating that the model is 
still running and how many simulated seconds have elapsed. 

The logical structure of a node of the model is displayed in 
figure 3 and a more detailed description of the function of each 
procedure makes up the remainder of this section. 

2.2.1 ServerClass 

This process class ensures mutual exclusion on the lines 
between the nodes. The boolean array "channelfree" indicates the 
state of each line and is only altered by the procedures 
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"Acquire" and "Release". 

The procedure Acquire places the current process into a 
queue for the required line and then waits until that line is 
free. Once it is free the start of the use of that line is 
monitored then the array "channelfree" is altered to indicate 
that the line is no longer free. Finally the current process is 
removed from the waiting queue. 

The procedure Release monitiors the end of the use of the 
line and changes the state of the line to free. It then wakes up 
the first process waiting for that line if there are any. 

2.2.2 NodeClass 

This class and its related process classes (described in 
section 2.2.3) model the activities that take place within each 
node of the network. The procedure "L2Receive" handles the 
reception of packets from other nodes in the network. The 
procedure "Route" is called by "L2Receive" or "EmptyL3waiting" to 
decide where the packet should next be sent unless the packet is 
an acknowledgement in which case the procedure "Acknowledged" is 
ca 11 ed by "L2Recei ve" to process the acknowledgement ( an RR 
frame). 

The procedure "Route" activates the Sink process if the 
packet has reached its destination otherwise the "Outputline" 
process for the next line on the packets path is activated. This 
process calls the procedure "Transmit" to schedule the 
retransmission and carry out the actual mechanics of the 
transmission. 

The procedure L2Receive is responsible for receiving packets 
transmited from other nodes of the network. It ensures that there 
is a spare buffer available for the arriving packet, that there 
have been no transmission errors and the packet is in sequence at 
layer 2 before the packet is accepted for further processing. 
There are four possible ways in which an incoming packet can be 
processed. If the packet has been correctly received and is an 
information packet the local layer 2 receive state variable 
"L2VR" is incremented and the layer 2 acknowledgement timer is 
restarted. If the layer 2 receive window has been reached a layer 
2 acknowledgement (an RR frame) is created and added to the head 
of the input queue and the receive window is advanced. Finally 
the information packet is added to the end of the input queue and 
the procedure "Route" is called. If the received packet is a 
layer 2 acknowledgement the procedure "Acknowledged" is called to 
process the acknowledgement and the packet is not added to the 
input queue and route is not called. If the packet is a layer 3 
acknowledgement that has arrived at its destination then the 
procedure "Acknowledged" is called to process the acknowledgement 
and the packet is not forwarded. Otherwise it is added to the 
head of the input queue and the procedure "Route" is called. 



The procedure L3Receive is called by the process class 
"Submitter" (see section 2.2.3.4) to introduce packets to the 
network via the queue "L3waiting" once the source has created the 
packets. 

The procedure EmptyL3waiting is called by "L3Receive" or 
"Acknowledged" to take packets from the queue "L3waiting", set up 
a layer 3 retransmission, add the packet to the input queue and 
call the procedure "Route". This procedure also increments the 
layer 3 send state variable "L3VS" each time it adds a packet to 
the input queue and will not add a packet to the input queue if 
the layer 3 send window has been reached for that packets 
destination. 

The procedure Acknowledged is called when a layer 2 or 3 
acknowledgement has been received, it then searches the 
appropirate queue ("L2unacknowledged" or "L3unacknowledged") for 
all the pending retransmissions that are acknowledged by the 
received packet. The send window of the correct layer is then 
advanced if any retransmissions were acknowledged and the buffers 
occupied by the pending retransmissions are freed. 

The procedure Route takes the first packet from the input 
queue and determines if it has reached its destination; if so it 
is added to the DTE queue and the sink is activated. If not the 
procedure "FindLine" is called to determine the "Outputline" the 
packet should be transmitted on. The packet is then placed in 
either, the priority output queue if it is an acknowledgement or 
in the output queue, and then the output process for that line is 
activated. 

The procedure FindLine is local to the procedure "Route" and 
called to determine which of the available output lines should be 
used for this packet. The way in which this line is selected 
depends on the routing method being used by the network. If 
static routing is being used the line is selected by a simple 
table look up. If one of the biased shortest queue methods is 
used the selection amongst the possible options is made by 
comparing the lengths of the priority and normal output queue 
lengths of each line. 

The procedure Transmit handles the mechanics of the actual 
transmission and is called by the output process to actually 
transmit the packet. This procedure sets up a layer 2 
retransmission, determines if a transmission error has occured, 
acquires the line, holds for the time required to transmit the 
packet, releases the line, and finally calls "L2Receive" of the 
destination node to pass the packet on. 

The procedure Debug is called by "L2Receive" and "Transmit" 
if the global flag "debugon" is true indicating that debugging 
output is required. It prints the debugging output for the 
packet received or sent to the debug file. 

2.2.3 Related Processes 



Conceptually these processes are part of the node and 
should therefore be declared within the class "NodeClass" however 
in Simula process classes must be declared at the outer most 
level •1 This will explain the sometimes convoluted use made of the 
S imula\dot notation. 
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2.2.3.1 TimerProcess 

This process creates a layer 2 or 3 acknowledgement, 
advances the appropriate receive window, adds the acknowledgement 
to the head of the input queue, and calls "Route" to send the 
acknowledgement on its way. This process is reactivated each 
time a packet is received at the corresponding layer so that it 
will only become active if the gap between two incoming packets 
at either layer 2 or 3 is larger than the delay of the 
reactivate. That is if the gap between the packets is larger than 
the acknowledgement timer. 

2.2.3.2 OutputProcess 

This process takes packets from either the priority output 
queue if it is not empty or the output queue, and calls the 
procedure "Transmit" to transmit the packet to the node to which 
this output line is linked. At the same time the layer 2 send 
state variable "L2VS" is incremented. This process continues 
sending packets until the layer 2 send window is reached or both 
output queues are empty. 

The procedure PriorityPackets takes packets out of the 
priority output queue and transmits them to the node to which 
this output line is linked. Note that packets in this queue are 
sent in preference to packets in the output queue. 

2.2.3.3 Source 

This process creates the packets that are to be passed 
around the network. As the packets are created they are placed in 
the source queue and the process "Submitter" is activated to 
submit the packet to the network. The distributions used in the 
source are discussed in section 3.1 and a means of experimenting 
with the source parameters is discussed in section 5 of this 
report. 

2.2.3.4 Submitter 

This process is activated by a "Source" and calls 
"L3Receive" so long as there is a buffer available and the source 
queue is not empty. If there is not a buffer available the 
process holds for a short time and then continues attempting to 
submit packets. 

2.2.3.5 Sink 

This process takes packets from the DTE queue and discards 



them after first checking if they are acknowledgements or 
information packets. If the packet is a layer 3 acknowledgement 
(no other acknowledgements reach the sink) the procedure 
"Acknowledged" is called to cancel the pending layer 3 
retransmissions that the acknowledgement covers. If the packet 
is an information packet and is in sequence at layer 3 the fact 
that the packet has arrived is recorded by the monitor, the layer 
3 receive state variable is incremented, and a layer 3 
acknowledgement is created if the layer 3 receive window is 
reached. If the packet is out of sequence it is discarded. 

2.2.3.6 Retransmitter 

This process is activated by the procedure "Transmit" or 
"EmptyL3waiting". It holds for a specified time and then adds 
the packet it was set up with to the head of the input queue and 
calls "Route" to send it on its way. It will continue to do this 
until the boolean needed is set to false. This is done in the 
procedure "Acknowledged" when the approiate acknowledgement has 
been received. Each instance of this process class is placed in 
either the "L2unacknowledged" or "L3unacknowledged" queue 
depending on which layer the retransmission is set up by. 

2.2.4 StatsCollecter 

There is one instance of this class; "monitor". As it name 
suggests this class contains all the statistic gathering and 
reporting procedures. 

2.2.4.1 The collection procedures 

These procedures collect the statistics produced by the 
model. The procedures "UtilStart" and "UtilEnd" monitor the 
utilisation of lines. The procedure "Acknowledgements" monitors 
the number of times the procedure "Acknowledged" is called, that 
is how many layer 2 or 3 acknowledgements are received. The 
procedure "Waiting" monitors the time a packet spends waiting for 
a line. The procedure "Creation" monitors the creation of packets 
at each source. The procedures "Entry" and "Departure" measure 
the amount of time a packet sends in each node. The procedure 
"PacketTransfer" notes the successful arrival of a packet at its 
destination and collects information from the packet on the time 
it spent in each node. The procedure "Error" counts the number of 
packets with transmisson errors that are transmitted between each 
pair of nodes. The procedure "BufferUtilisation" monitors the 
utilisation of buffers in each node. The procedure "Bufferlack" 
notes the number of occasions on which a packet can not be 
received because there is no free buffer in the node. For a 
detailed description of the statistics gathered by these 
procedures see section 3.3. 

The procedure "Reset" initialises all the statistic 
collecting variables and is called twice, in the main program. 
Once before the start of the presimulation period and again 
before the start of the simulation period. 



2.2.4.2 The procedure Report 

This procedure calls the eleven reporting procedures to 
print out the gathered statistics in suitable formats. The report 
is written to the file outf. The external name of this file is 
specified by the user when the program is run. A message is 
displayed on the screen as soon as this procedure is called to 
indicate that the simulation is complete and that the report is 
being writ ten. 

The procedure Mean is called by several of the reporting 
procedures to calculate the mean of the passed values. Note that 
this procedure returns zero instead of attempting to divide by 
zero. 

The procedure StDev is called by several of the reporting 
procedures to calculate the standard deviation of the passed 
values. Note that this procedure returns zero instead of 
attempting to divide by zero or find the square root of a 
negative number. 

2.2.5 Initialise 

This procedure 
constants and calls 
each node and to 
related processes. 

reads from the configuration file the network 
"EstablishNode" to read the data required for 
create an instance of "NodeClass" and its 

The procedure EstablishNode is called to read each node 
description from the configuration file and to create an instance 
of "NodeClass" and one instant of each of its related processes. 

2.2.6 Main Program 

The main program calls the procedure "Initialise" to 
establish the network, it then activates each source and the 
"RunningMessage" process. The "monitor" is reset, the program 
holds for the presimulation time, the "monitor" is reset again, 
and the program holds for the simulation time. Finally the 
"monitor" reports the statistics and all open files are closed. 

3 Use of the model 

3.1 The configuration file 

The configuration file describes the network to be modelled. 
It consists of a network title (not more than 80 characters), the 
number of nodes, and the routing method followed by a number of 
node descriptions and finally some network constants. 

Each node description consists of the name of the node 
more than 6 characters), the number of buffers in the node, 
number of output lines from that node, a number of 
descriptions, a description of the source associated with 

(not 
the 

line 
that 



node, and finally an initial routing table. 

For static routing this table consists of a pair of node 
numbers, the desired destination and the packets immediate 
destination. For the biased shortest queue methods instead of one 
immediate destination up to five alternatives may be specified 
(if less than five are required the rest must be 0). Each line 
description consists of the destination of the line, its 
transmission rate (in bits per second), its length (in 
kilometres), its propagation time (in microseconds per 
kilometre), and the bit error probability for the line. 

The description of the source gives the average intermessage 
time, the average interpacket time, the mean length of each 
message in packets, and the resubmission back off time. The 
source generates messages consisting of one or more packets with 
a negative exponential delay between the completion of one 
message and the start of the next, the mean of this delay is the 
intermessage time. There is a negative exponential delay between 
the packets that make up a message, the mean of this delay is the 
interpacket time. The number of packets in each message is 
negative exponentially distributed. The destination of each 
message is uniformly selected from all the nodes in the network. 

This source was designed to give an interesting packet 
creation pattern based on what seem to be reasonable assumptions. 
No claim as to the representative nature of this source is made. 
The limited amount of published data on traffic generation for 
Packet Switched Networks makes statisical analysis leading to the 
formulation of a general source impractical. To assist in the 
selection of source parameters a small program called the source 
emulator has been written and is described in section 5 of this 
report. 

Note that words in a configuration file, except the 
and node names, are ignored by the program; they are 
make the file more readable for the user. The relative 
of the numbers are important so the blank lines and 
containing words must be retained to ensure the 
interpretation of the numbers by the program. 

network 
there to 
post ions 

the lines 
correct 

3.1.1 Routing algorithms 

There are at present three routing methods [3,10] available: 
1. Static Routing - this entails a simple table 

look up from a static routing 
table 

2. Biased Shortest queue (ignoring line speed) 
- this entails selection of the 

output line from a range 
based on queue length for 
each line 

3. Biased Shortest queue 
- this entails selection of the 

output line from a range 

\II 



An exa~Ele configuration file 

based on queue length for 
each line and the speed of 
that line 

Figure 4 shows the configuration of this network, all the 
lines are run at 64 kilobits per second. 

Configuration Example 
4 nodes 
2 Biased shortest Queue (ignoring line speed) 

Node 1 
CHCH 
50 buffers 
3 output lines 
line dest, speed, 

2 65536 
3 65536 
4 65536 

length (km) , 
390 

1065 
360 

propagation, 
4 
4 
4 

error prob. 
0.00005 
0.00005 
0.00005 

source (intermessage, interpacket times; packets/message; backoff) 
1.5 0.2 1.25 0.015 

routing table (to, via) 
l 1 0 0 0 0 
2 2 3 4 0 0 
3 3 4 2 0 0 
4 4 2 3 0 0 

Node 2 
WELL 
50 buffers 
3 output lines 
line dest, speed, length (km), propagation, error prob. 

1 65536 390 4 0.00005 
3 65536 675 4 0.00005 
4 65536 750 4 0.00005 

source (intermessage, interpacket times; packets/message; backoff) 
1.5 0.2 1.25 0.015 

routing table (to, via) 
1 1 3 4 0 0 
2 2 0 0 0 0 
3 3 4 1 0 0 
4 4 1 2 0 0 

Node 3 
AUCK 
50 buffers 
3 output lines 
line dest, speed, length (km), propagation, error prob. 

1 65536 1065 4 0.00005 
2 65536 675 4 0.00005 
4 65536 1425 4 0.00005 

source (intermessage, interpacket times; packets/message; backoff) 
1.5 0.2 1.25 0.015 
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routing table (to, via) 
1 1 2 4 0 0 
2 2 4 1 0 0 
3 3 0 0 0 0 
4 4 1 2 0 0 

Node 4 
DUND 
50 buffers 
3 output lines 
line dest, speed, length (km), propagation, error prob. 

l 65536 360 4 0.00005 
2 65536 750 4 0.00005 
3 65536 1425 4 0.00005 

source (intermessage, interpacket times; packets/message; backoff) 
1.5 0.2 1.25 0.015 

routing table (to, via) 
1 1 2 3 0 0 
2 2 3 1 0 0 
3 3 1 2 0 0 
4 4 0 0 0 0 

routing alg time 
0.0001 
frame check seq time 
0.0 
time to process an acknowledgement 
0.00001 0.005 
Send window size 
7 3 
Receive window size 
7 2 
retransmission timer (in bit times) 
28000 70000 
Acknowledgement timer (in bit times) 
4000 4000 

3.2 Simulation times and seeds 

The presimulation time allows time for a number of packets 
to be sent through the network before the statistics collection 
commences. This means that there may be several packets in 
transit when the actual simulation commences and thus it is 
possible for a few more packes to arrive than were generated 
during the simulation time. This also means that some of the 
buffers and lines of the network will be in use at the time the 
actual simulation occurs. A presimulation of less than 20 seconds 
will be adaquate in most cases as a longer time than this will 
simply allow large numbers of packets to pass through without 
being measured. 

The simulation time should be of a reasonable length. It 
should not be less than 120 seconds for realistic simulation 
because of the small number of packets that are generated and the 
large effect one or two retransmissions would have on apparent 



performance. The model when run on a Data General Eclipse S/130 
takes approximately 2.5 minutes of actual time for each minute of 
the simulation. However the Eclipse used did not have a floating 
point unit and so real numbers have to be simulated by software 
reducing the running speed of programs. 

The five random number seeds should be odd and have no 
obvious pattern. They are included in the statistics report so 
that they may be used again to repeat an experiment under the 
same workload patterns but with different network configuration. 
The first seed is used to determine if a transmission error has 
occured, the second determines the intermessage gap, the third 
determines the number of packets in a message, the fourth 
determines the destination of a message, and the fifth determines 
the interpacket gap. 

3.3 The collected statistics 

3.3.l Title 

The title gives the network name, the presimuation time, 
simulation time, and random number seeds. This information allows 
the user to recreate an experiment using different network 
configurations to examine the effects of various changes. 

3.3.2 Number of packets created 

This table gives the number of information packets created 
at each node destined for each other node during the simulation 
time. 

vJ.3.3 Packet transfer times 

This table gives the number of information packets 
sucessfully transmitted between each pair of nodes in the 
network, the minimum, maximum, and mean times taken and the 
standard deviation of these times. The maximum may be several 
times the minimum if any retransmissions have occured. Note that 
if the presimulation time is non-zero there may be slightly more 
packets transmitted than created as some packets created during 
the presimulation time may still be in transit. This table gives 
an indication of the overall network performance. 

/ 3. 3. 4 Time spent in each node 

This table gives an indication as to where in the network 
information packets are spending their time. The time spent in a 
node is the time between the arrival of the last bit of the 
packet at the node and the sucessful departure of the last bit of 
the packet from the node-.-Ifi:he-packet suffers a transmission 
error it is not considered to have succesfully departed the node. 
The distinction between local and nonlocal is made to stop the 
very short times spent in the destination node artifically 
lowering the mean time spent in a node. A packet is in a local 
node when that node is its destination and the packet is 



therefore simply handed to the DCE. 

3.3.5 Number of packets with errors received 

This table gives the number of packets suffering 
transmission errors transmitted between each pair of nodes. This 
does not include errors suffered by acknowledgement packets. 

3.3.6 Number of Retransmissions 

This table gives the number of information packets that have 
been retransmittred between each pair of nodes at layer 2 and 
layer 3. This table gives a good indication as to how well the 
network is recovering from errors that do occur. If large numbers 
of retransmissions occur while there are little or no errors it 
is an indication that either the retransmission timer is too 
short or that the acknowledgement timer is too long. 

3.3.7 Number of acknowledgements 

This table gives the number of acknowledgement frames (at 
layer 2) and packets (at layer 3) that have been successfully 
transmitted between each pair of nodes. If the number of 
acknowledgements is excessive this is an indication that the 
acknowledgement timer is too short or that the receive window is 
too small. 

3.3.8 Line Utilisation 

This table gives the percentage utilisation of each line in 
the network. If any of these utilisations are excessively high 
this will be reflected in high wait times for lines and high 
times spent in the affected nodes. 

3.3.9 Wait times for lines 

This table gives 
waiting for the lines of 
transmission once it has 
and stops when its first 

3.3.10 Buffer Utilisation 

the time that information packets spend 
the network. A packet starts waiting for 
been routed to a particular output line 
bit is transmitted. 

This table gives the percentage utilisation of buffers in 
each node by both information and acknowledgement packets. A 
buffer is used by a~ information packet from the time it is 
received until an acknowledgement for it arrives. At the source 
of the packet the acknowledgement must be at layer 3, at 
intermediate nodes on its path a layer 2 acknowledgement frees 
the buffer. The buffer of an acknowledgement packet is freed as 
soon as its contents has been transmitted. 

3.3.11 Packets rejected due to lack of buffers 

This table gives the number of times a packet was not 



accepted by a node because there was no spare buffer in the node. 
If the packet was submitted by the source of the node this is 
considered a local rejection. If the packet should have been 
received from another node this is considered a nonlocal 
rejection. These should be zero, if not the configuration has 
major problems in transmitting the offered workload. 

3.4 The Dump and Debug files 

The Dump and Debug files are provided to assist in the 
modification and validation of the model. The dump files provide 
a means of ensuring that packets are indeed arriving at their 
destination in sequence and without duplicates. One dump file is 
produced for each node in the network and is numbered with the 
number of the node that produced it (for example dumpl is the 
dump file for node 1). A dump file has the following form: 

Packets receive by Node 1. From Nodes: 
1 2 

1 

2 
3 

1 

2 

This indicates that node 1 has received packets 1,2 and 3 from 
node 1 and packets land 2 from node 2. Note that the packets are 
indeed in order and there are no duplicates. 

The debug file shows the packets that are transmited between 
a given pair of nodes and the values of various state variables 
in each node. Figure 5 attempts to clarify the format of the 
debug file output, it should be read in conjunction with the 
following example debug file. It should also be noted that layer 
2 retransmissions are indicated by an"*" to the right of the NS 
and layer 3 retransmissions by a "+" (neither occur in this 
example) . 

4 An example of use 

The following is a simple example of the use of a model on a 
network. The configuration file, the terminal session, and the 
output from the model are presented. 

An example of~ configuration file 

This configuration file is called NZPO. 

NZPO Packet Switching Network 
3 nodes 
1 Static routing 

Node 1 
CHCH 



RR(l) -
) 

R.R (1) 

I(l,1) 

Error!!! 

LL 

Note: The two errors 
and the out of sequence 
packet occure<:l on 
another line. 

Note: this out of sequence 
packet oc<;urs on 
another line. 

Note: this error 
occw·rs on 
another line. 

Note: this packet is 
not re<;ei ved. 
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50 buffers 
2 output lines 
line dest, speed, length (km), propagation, error prob. 

2 65536 390 4 0.00005 
3 65536 1065 4 0.00005 

source (intermessage, interpacket times; packets/message; backoff) 
1.5 0.2 1.25 0.015 

routing table (to, via) 
1 1 
2 2 
3 3 

Node 2 
WELL 
50 buffers 
2 output lines 
line dest, speed, length (km), propagation, error prob. 

1 65536 390 4 0.00005 
3 65536 675 4 0.00005 

source (intermessage, interpacket times; packets/message; backoff) 
1.5 0.2 1.25 0.015 

routing table (to, via) 
1 1 
2 2 
3 3 

Node 3 
AUCK 
50 buffers 
2 output lines 
line dest, speed, length (km), propagation, error prob. 

1 65536 1065 4 0.00005 
2 65536 675 4 0.00005 

source (intermessage, interpacket times; packets/message; backoff) 
1.5 0.2 1.25 0.015 

routing table (to, via) 
1 1 
2 2 
3 3 

routing alg time 
0.0001 
frame check seq time 
o.o 
time to process an acknowledgement 
0.00001 0.005 
Send window size 
7 7 
Receive window size 
7 7 
retransmission timer (in bit times) 
28000 70000 
Acknowledgement timer (in bit times) 
4000 4000 



Figure 6 shows the configuration of this network, all lines 
are run at 64 kilobits per second. 

An example screen dialouge 

psn 
Enter name of configuration file 
>nzpo 
Enter name of the statistics file 
>report 
Enter y for dumps 
>y 

{enter nothin9 if dumps 
not requiredJ 

Enter y for debugging 
>y 
Enter numbers of left and right nodes 
>l 
>2 
Enter 5 random number seeds 
>12345 
>22345 
>32345 
> 42345 
>52345 

{asked only if answered 
y to debugging question} 

{bad random number seeds 
because of pattern} 

Enter Presimulation and Simulation time (in seconds) 
>5 {both times are too short} 
>60 
Running! 
Running! 
Running! 
Running! 
Running! 
Running! 
Running! 
Running! 
Running! 
Running! 
Running! 
Running! 
Simulation 

5 seconds elapsed 
10 seconds elapsed 
15 seconds elapsed 
20 seconds elapsed 
25 seconds elapsed 
30 seconds elapsed 
35 seconds elapsed 
40 seconds elapsed 
45 seconds elapsed 
50 seconds elapsed 
55 seconds elapsed 
60 seconds elapsed 
complete, writing report. 

This run of the model will produce the files; report, dumpl, 
durnp2, and debug. In most cases only the statistics report will 
be required. 

An example report 

This output is in the file report. 

Report on the 
----------------------------
NZPO Packet Switching Network 

Presimulation Time, Simulation Time (seconds) 
5.00 60.00 

Random Number Seeds 



Wellingt~~ 

Christ.church 

Etgure 6 The New Zealand Post Office 
Packet. Swit.ching Netv,,ork 



12345 22345 32345 42345 52345 

Number of packets created 
-------------------------
Source Destination 

CHCH WELL AUCK Total {note variation in the 
CHCH 14 26 11 51 number of packets 
WELL 19 13 11 43 between each pair of 
AUCK 13 19 11 43 nodes due to the short 
'l'otal 46 58 33 137 simulation time} 

Packet transfer times (milliseconds) 
-------~~---~--------
From To Number Mean StDev Minimum Maximum 
CHCH CHCH 14 0.04854 0.05191 0.00124 0.11501 
CHCH WELL 2 75.17070 162.98880 17.91768 637.61499 
CHCH AUCK 11 21.34470 1. 93610 20.61766 27.17564 
WELL CHCH 19 18.02789 0.10054 17.91768 18.13098 
WELL WELL 13 0.05842 0.05247 0.00016 0.11231 
WELL AUCK 11 135.69739 199.49614 19.05920 446.31519 
AUCK CHCH 13 20.7619Q 0.09664 20.61835 20.83246 
AUCK WELL 19 41.88597 98.95015 19.05740 450.49927 
AUCK AUCK 11 0.06987 0.05143 0.00017 0.11429 
Total 137 

Time spent in each node (milliseconds) 
----~----~~~~~--~-----~ 
Node 
CHCH 
WELL 
AUCK 

Node 
CHCH 
WELL 
AUCK 

Number 

From 
CHCH 
CHCH 
CHCH 
WELL 
WELL 
WELL 
AUCK 
AUCK 
AUCK 
Total 

Local 
Number Mean StDev 

46 0.06014 0.05062 
64 0.05397 0.05094 
37 0.05854 0.05148 

Nonlocal 
Number Mean StDev 

37 40.39417 138.34636 
30 42.78459 130.34767 
32 13.55060 76.25642 

of packets with errors received 

At 
CHCH 
WELL 
AUCK 
CHCH 
WELL 
AUCK 
CHCH 
WELL 
AUCK 

Number 
0 
3 
0 
0 
0 
1 
0 
1 
0 
5 

Number of Retransmissions 

From Layer 2 Layer 3 

Minimum Maximum 
0.00005 0.11501 
0.00000 0.11519 
0.00017 0.11513 

Minimum Maximum 
0.00024 619.69751 
0.00026 427.25757 
0.00000 431. 44189 



CHCH 
WELL 
AUCK 
Total 

Number 

6 
3 
1 

10 

of 

0 
0 
0 
0 

acknowledgements 

--------------------------
From To Layer 2 Layer 3 
CHCH CHCH 0 13 
CHCH WELL 15 15 
CHCH AUCK 12 12 
WELL CHCH 20 20 
WELL WELL 0 12 
WELL AUCK 17 17 
AUCK CHCH 8 8 
AUCK WELL 10 10 
AUCK AUCK 0 8 
Total 82 115 

Line Utilisation ____________ .._ ..... .,,,...,...._ 

From To Utilisation ( % ) 
CHCH WELL 1. 04101 
CHCH AUCK 0.61235 
WELL CHCH 0.72072 
WELL AUCK 0.63982 
AUCK CHCH 0.58011 
AUCK WELL 0.75008 

Wait times for lines (milliseconds) 

From To Number 
CHCH WELL 31 
CHCH AUCK 12 
WELL CHCH 19 
WELL AUCK 14 
AUCK CHCH 13 
AUCK WELL 20 

Buffer Utilisation 

Node 
CHCH 
WELL 
AUCK 

Utilisation (%) 
2.31098 
2.17135 
2.16057 

Mean 
20.36418 

0.54976 
0.00642 
0.00682 
0.00654 
0.21535 

Minimum 
0.00000 
0.00000 
0.00000 

StDev 
111. 24162 

1.89218 
0.00528 
0.00455 
0.00492 
0.93697 

Maximum 
4.00000 
4.00000 
4.00000 

Packets rejected due to lack of buffers 

Node 
CHCH 
WELL 
AUCK 

Local 
0 
0 
0 

Nonlocal 
0 
0 
0 

Maximum 
619.69751 

6.55823 
0.01424 
0.01440 
0.01331 
4.19605 

Available 
50 
50 
50 

The following are some of the observations that can be made 
from the above report. The very low line and buffer utilisations 



together with the high number of acknowledgements indicate that 
there are large gaps between packets and therefore the network as 
configured is capable of tramsmitting a lot more traffic. If the 
traffic offered to the network is as described the network could 
most probably could be run using 9600 bps lines. This could be 
confirmed by another run of the model. The large number of 
retransmissions relative to the number of errors indicates that 
the retransmission timer may be too short. The high number of 
acknowledgements may be reduced by increasing the acknowledge 
timer, this must however remain less than the retransmission 
timer. Further runs of the model could also be made with higher 
and higher workloads to give an indication of how the network 
will react to increased load. 

An example of a dump file: dumpl 

These files are produced only if you responded "y" to the 
prompt "Enter y for dumps". 

Packets received by Node 1. From Nodes: 
1 2 3 

---·-----------
1 
2 
3 
4 
5 
6 

l 
1 

7 
2 

8 
9 

1 {note end of presimulation period} 
1 

2 
3 
4 

1 
2 
3 

5 
2 

{ and so on} 

An exam:e_;te of the debug file 

This file is produced only if you responded "y" to the 
"Enter y for debugging", it is 130 characters wide. See the 
following page for an example and section 3.4 for an explanation 
of this type of output. 



send 

recei ve 

recei ve 

rece i ve 
send 

send 

send 

send 

rece i ve 

rece i ve 

send 

send 

rece i ve 

rece i ve 
seno 

rece i ve 

rece i ve 
send 

send 

rere i ve 

rece i ve 

rer~ i ve 
send 

send 

{ and s 0 a n 

CHCH 
L2V8 L2VR Send L3VS L3VR 

wi nci aw 
1 0 7 1 0 

l 0 0 1 0 

1 0 0 1 0 

1 1 0 1 0 
1 1 0 1 1 

1 1 0 1 1 

2 l 0 2 1 

~ 1 2 2 1 

2 l l 2 1 

2 1 1 2 1 

3 1 1 3 1 

4 1 1 4 1 

4 l ·:r w 4 1 

4 l 3 4 1 
~ 
J 1 3 5 1 

5 1 4 ~ 
J 1 

~ 1 4 = 1 0 0 

6 1 4 6 1 

6 1 6 6 1 

6 1 ~ 7 1 0 

6 1 ~ 
0 7 1 

6 2 ~ 
0 7 1 

6 2 5 7 ~ 
L 

6 ~ 
~ 7 2 0 

} 



5 The Source emulator 

The source emulator is designed to assist in the selection 
of the three main parameters of a source: intermessage time, 
interpacket time, and the average number of packets in each 
message. Given the three parameters and a simulation time it 
produces a histogram of the number of packets generated against 
time and the average number of packets generated per second and 
per hour during the simulation period. The fourth parameter for a 
source in the configuration file is the time that the source 
waits before attempting to resubmit a packet that has been 
rejected by a node because there was no free buffer for it. This 
can not be simulated by the source emulator as there is no way of 
simulating buffer congestion except by running the main model 
which does not collect these detailed statistics on packet 
creation. This timer is not used unless packets are rejected due 
to a lack of buffers. 

An example run of source emulator: 

Ineut: 
enter name of outputfile (nothing for screen) 
> 
enter width of histogram classes 
>5 
enter 3 random number seeds 
>12345 
>22345 
>32345 
enter intermessage and interpacket times 
>1.5 
>0.2 
enter average number of packets per message 
>1.25 
enter simulation time 
>30 

Output: 
Random number seeds 

12345 22345 32345 
Intermessage and Interpacket time 

1.50000 0.20000 
Average number of packets per message 

1.25 
Simulation time 

30.00 



Time 
I**** 

5.00 
****** 

10.00 
********* 

15.001 
******* 

20.00 
****** 

25.00 
***** 

30.001 

4 

6 

9 

7 

6 

5 

Average number of packets generated per second 1.23 
Average number of packets generated per hour 4440.00 

The program has three procedures Initialise, Report and 
Plot, and one Process Class Source. The procedure Initialise 
asks the user for an output file name, the width of the histogram 
classes, 3 random number seeds, the three source parameters, and 
the simulation time. If there are more than 60 classes in the 
simulation time it is shortened and the user is informed. The 
prodecure Report as its name suggests writes the report for the 
program, it calls the procedure Plot to plot the histogram. The 
process class Source is the same as that in the model except that 
instead of introducing packets to the network it calls the 
standard procedure histo to update the histogram. 

6 Conclusion 

This model appears to succesfully model the behaviour of a 
packet switching network with similar internal protocols to that 
described in section 2.1 of this report. The limited amount of 
testing carried out supports this assertion in comparison with 
the New Zealand Post Office Packet Switching Network. It should 
be noted that the Post Office network implements piggybacking. 
The model however requires validation, one possible means of 
doing this would be to compare the results obtain from the model 
with those of an actual network. There is extensive room for 
further work on this project particularly in providing a better 
workload description and source of packets. Further work could 
also be undertaken in allowing the user to specify some aspects 
of the internal protocol to enable the model to be applied to a 
wider range of networks. The inclusion of further routing 
algorithms is another area with large scope. Finally the actual 
use of the model to predict the performance of an actual network 
or to assist in the design of a real network should be the 
ultimate aim. 
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Appendix 1 Code of PSN, the model itself 



.,. 

Bl::13 I 1,1 
SIMULATION BEGIN 
comment************************************************** 

·X· 

Packet Switched Network Model 
========================~==== 

* Written by Paul Reynolds, ·)\· 

D c:\ t c:·:,1 2 0 I':'.! I :i. '::i B t.:1 ... ·i\· 

************************************************** 
This model is designed to give information on packet 
in X .. 25 Public Data Networks. It reads a description 
network from the given configuration file and writes 
results to the given statistics file; 

F<[F. 
H1:::.1·· 

i··(i:::.I"' 

HEr::· 
HEF 
Hl:::1::· 

Tl:::/T 
i"i':'1<':,\ 1 
i''('.·'.•i·l 1 

CNodeClass) array DSE <1=20) 
(ServerClass) channel: 
(StatsCollecter) monitor; 
( fl U 'r'l \·'l i. i"l(I JYi E?l'i> !:ii i':\<,;.i Ei) r U \·'\l"l :i. 'r''1 <,:J ; 

(Ii\lFIL .. E) :i.nf; 
COUTFILE) outf, debugfile; 
(OLJTFILE) array dump(l:20); 
networkname, dumpfile; 
array acknowledgetimer<1=2> 
routingalgtime, FCStime, 
p l'' f,,, \::; :i. 1Y1 t: :i. 1'(10~· ., ~; i 1Y1 t: :i. 1Y10:~ :; 

:i. \Ti,; i-:1!(:!E! \'' i:':\ l"• r,Y~y S('}r?c:i ( :i. :: :~'i) ... :i. \·"1 :i. t '.'o(i:),'i7.•d ( :I. :: !j) 1 

1.2vH < 1 ~ ~::o., 1 = 20) ., 1....:::::v1< < :1. = 20., 1 = :::::o) ., 
1...::wr3 < :1. :: 20., :i. ~ 20) ., 1. .. ::.!;vi:~ < :t: 20., 1: 20) ., 
L2sendwindow<1=20, 1=20), 
L3sendwindow(J.i20, 1:20>, 
L2receivewindow(1:20, 1=20), 
L3receivewindow(1:20, :i.=20); 

int r'?g <''~ r 1Y1 i l"ll"i o d r,i ., 1Y1c:\ >-: r·i o c:I f:,1, i ., i' out :i nq,t,r:?t hon., 
L2timerc:ieiay, L3t:i.meraelay, 
L2sendwindowsize, L2receivewindowsize, 
L3sendw:i.nciowsize, L3receivewinciowsize, 
L2windowtimer, L3windowt:imer, 
1Y1 <':\ >-: !o, (·''.·) q u (~ n c 101 'r'l I..\ 1Y1 ... 
J.0?ftnod0c'., ri(Jhtnoc:ic:!; 

boolean dumpon, debuqon; 

f} 0~\I 

Of t hE~ 

COMMent: ********************************************************; 
LINK CLASS PacKet; 
comment This class is passed around the network acting as 

the packets in the network; 
Dfa?Q :ln 

boo1ean L2acknowledgement:, L3acknowledgement, 
<01 r r o r, r(,:·it i''i,,\ ni::,1Y1 i i,,i,,, :i. on., l ic\yc:2 r:·.'.; ., c<'.1. J. l r1:::q uei::; t ., 
'r'iE''\; ~\JO i"·/·1; 

integer source, destination, size, NS, NR, PS, PR; 
real transtime, waitingtime; 
real array entrytime(11Ma>-:node), 

tot i::\ l :i. rit f:? r·l'li:,\ l t :i.1¥10? ( :i. ~ t(li::\Hi"lOCif:::), :t I 2) ; 
:i. n t r~ r;1 c-:-i r· 1··i u 1Y1 i::H11 r' :; 

End of LINK CLASS packet; 



comment*****************************************************; 
CLASS BerverClass; 
coMment 1nis js a collection of procedures relating to the 

operation of the lines connecting the nodes of the 
\·')E·Jt v\l () r 1·1 ; 

BE'(::J .i. tl 
Hi:~.1-·: ( l···IE(.)D) c:\ r r,~1y v'Jc\ :i. t :l n(:;J ( :I. :: 1Y1E\ x no cl 0::• ., :I. :: 1Y1.:-:\ >-:no c:i (c~) ; 

i:) o o l 0?c\ n t:1 r' r,e',\Y c: hii\ t1nE1 1 f rE!(i? ( :l :: 1Y1,,,\ ><no CJ F!, l :: 1Y1i,:\ >< ·r·1 o d (0:) ; 

:i. nt \,~q<:,·: r :i ... , J ; 

C01Y11Y1E:nt M• .. -0<• ~, ....... -h· ,-,,. ..... '"" ""' ....... ,,. ••••• ..... <•<» ....... ~. "'.'""'<A••"'"'~-°"" HO• ..... O••,O ..... ""' .4 .. h< ................ , "''' h<•O '"'" O,>o> ''"' »~> ,.,,. ,,,,, ,.,,. "'" <•'" ,..,, ,.,_ 0,,., °"'' '''" ,,. .. '"'' " 

Procedure Acquire(source, destination); 
integer source, destination; 

., 

comment This procedure ensures mutual e><ciusion on each of 
the channels between the nodes. The queue 'waiting' 
contains those processes waiting for the channel to 
be£·:C () 1Y1f!:: f' )"·(·:~£'! ; 

B\':::<J :i. )··1 

Cl../ I::< F~El\!T" I i\lTCJ ( i·\I,,,\ :i. t J. 1· .. 1q ( i;;; o u r··ct::i ., 
While not channelfree(saurce, 

pr:ii::;s I \lATE; 

d c,: ~;; t :i. n c",\ t i on ) ) ; 
d (·c: 1;;; t :i. 1··1 i',\ t i o )·1 ) cl o 

1Y1 on i t o r'" u t i 1 ~-;; t <'\\ rt ( ~,, o u r' c (',·! ., c:i (:~ s::. t :i. n <",\ t i on ) ; 
chi"\ n·n1'? 1 f r'c·:·::[? < :;,, o u rc·(·::i, cl El:,,,t :i. n;:,\ t ion) i '"" ft'.\ 11::;f?; 

CUPf<E!\iT .. UUT :; 
End nf procedure Acquire; 

comment-·----·---------------------------------------------; 
Procedure Reiease (source, ciestination); 

integer source, destination; 
comment This procedure releases the channel and wakes up 

the first process waiting for tnat channel; 
B<'i'i;J :i. n 

H~~ (PROCESS) transmitter; 
c h,:J l"ll"'1 (·,? 1 fr f,,l(·,? ( i:; o 1 .. t r'C<·:~ ., ci <':)\;;; t :i. n i::\ t i. on ) t ""' t r' u e ; 
monitor.utilend(source, destination); 
if not waiting(source, ciestination),EMPTY then 

b(':·!q:i.n 
transmitter :- waiting(source, ciestination).FIRST; 
t l'E~n:,:;1Y1 :i. t t f,: r. CJUT ;: 
ACTIVATE transmittep; 
(:·:·))•'\cl :.: 

End of procedure Release; 

C C) 1Y1 1Y1 (!,' 'r''i t: -----------------------------------------------------· 
comMent CLASS ServerClass initialisation; 

f o r i. :: "" 1'11 i r·1 n o cl f:'i r:,; t F,' o :I. u ri t: i 1 1Y1 i::'1 >< 1·1 o ci E:· c:I o 
for J == minnode step 1 until maxnode do 

iJc-,i<;,:_1 :i.n 
w2~ :i. ti 1·"1g ( :i. ., J ) :: ..... i\lti:t..J HEn:O :: 
C h i:H'll''l (~ J. f' r E1 ('l ( :i. ., .J ) : "" t i'' I.H,! ; 

€0l"H::I :; 

End of CLASS ServerClass; 

1 



comment*****************************************************; 
CLASS NodeClass (node) 

:i. nt c1 q<-::1 r 1··1odf0; 

comment This class is a collection of procedures dealing with 
the processes that take place within each node on the 
ni?ltwor'k, :.: 

B<·?g :i.1··1 

REF 
l<f::: r-:~ 
Ht::.I"' 

IH:::1:: 

(OutputPrccess) array outputline(1:maxnode) 
(Source) DTEsource; 
\ G IJ I::) 1Y1 :i. t; t €-? l"• ) b U t:) 1Y1 i. 'I:; ; 

( El :i. 'r'l Ii ) ).) I !:::. t,, l. n l·i ; 
REF CTimerProcess) array L2timer(1:maxnode), 

L3t:i.mer<i=maxnode); 
REF (HEAD) array outputQ(1:maxnode), 

priorityoutputQ(1:maxnoda) 
REF <HEAD> inputQ, DTEQ, L2unacknowledged, 

L3unacknowledgeci, 
sourceQ, L3waiting; 

I I::)<; I 'r''1 o c:I f:·i n r:,\ 1Y1 t7! :; 

:i. n t f·~ (;t f:i r ,,,, r' r' ,,,, '/ r· o 1J t :i. n q t ,,·,, i:l 1- f?.! ( :J. : 1Y1 ,,,, >< no c:I E) .
1 

:I. ,; ~':i ) , 
linechoice(1:maxnode); 

integer buffersinuse 1 totalbuffers; 

comment------------------------------------------------; 
Procedure L2Receive (massage, from>; 

REF (packet) message; 
:i. nt f'·iCJ €-,' r fro 1Y1 :; 

coMment This procedure is called by the transmit procedure 
of another node. This procedure adds the incoMming 
message to the input queue of this node if there 
is a spare buffer and there were no transmission 
errors. The procedure Route is called to snift 

Bt::GJ i 1··1 

the message onto the correct outgoing queue. An 
L2acknowledgement is created and sent either by 
the,i t:i.iiJ(';}l" prOCC-i!!;;,'i,i .. , :i.f thE~ Qi:iip bEitw0~(":'r1 th<·,:,· p<i,\Cl·~('::'G~; 
is large or when the receive window size numoer 
of' I packets' have been received from that node; 

REF (packet) ack, temp; 

if buffersinuse < totalbuffers then 
b C·') (J :i. n 
comment room for packet; 
buffersinuse i= buffersinuse + l; 
monitor.bufferutilisation(node, buffersinuse) 
if not (message.L2acknowleogement or 

message.L3acknowledgement) then 
monitor.entry(message, node); 

HCJI .... D < r:·c;r:;t :i. ,Y,E·: > :; 

if message.error or (message.NS <> L2VR(from, node) and 
not (message.L2acknowiedgement or 

message.L3acknowlecigement)) then 
bc,-?q:i.1··1 
comment packets with errors or out of sequence are 

simply ciiscardea; 
buffersinuse =~ buffersinuse - 1; 
monitor.bufferutilisation(noae, buffersinusel 
if not (message.L2acknowledgement or 



message.L3acknowledgement) then 
bc;iq :i. n 
monitor.cieparture(message, node) 
if message.error then 

1Y1 o n :i. t o r' • (}·? r' .,., o r ( f r' o N1 , t'1 c) cl e ) 
01·r1cl ~ 

:i. f c:l1:2i::iug 0Y1 t r'lE,'Jn 

(·:::nd 
f:? 1 '.:;;(:,,, 

hE•c;J i. r'l 
c:lebugfile.OUTTEXT(blanks(45)) 
:i. f 1Y1 <:·? <;; 1:$ <'.HJ fl • I:'.·'.·) 'i" i' 0 r t l·'H? )•') 

dr:-:·huqf::i.lc·,:,OUTTEXT(''El"i~or! ! ! '') 

'"'' l \;:,~~\ 
cfo·:buq f :i.]. E,·:. DUTTEXT ("Out of bc;iq") 

debugfile.OLJTIMAGE; 
f'.·:nc:I ; 

i:J€,,'~J in 
comment process corl"ectly received packet; 
if not message.l2acknowledgement then 

i::H:·:g :i. r"1 

:i.f not message.l3acknowledgement then 
i:Jf,:q:i.n 
comment process I frame; 
if not message. layer3 then 

message. retransmission == false; 
REACTIVATE L2timer(from) DELAY CL2windowtimer I 

OU t; p U t 1 i l""IE) ( :I. ) , 1 :i. \"'"J(·'.·,i~'; pE,:C,~C:1 ) 

comment increment receive state variable; 
I ... :::::\) f~ ( f r o 1Y1 , n o c:I c:·: ) :: "" L. :;::: V f~ ( f r o 1Y1 ., n o cl f,,, ) + :I. ; 

if L2VR(from, node) > maxsequencenum then 
L.:::::•,,J R ( f )' 01Y1 'I 

:i. f l.. .. 2'v' F< ( fr 01Y1 1 

b(,ig:i.n 

no c:l (,,i) 
nodf,r) 
L2receivewindow(from, node) tnen 

coMment create acknowledement (RR fl"ame) if 
receive wincow reached; 

ack =- NEW packet; 
I l\lt3PEC::T <',tel( ci o 

bv.,Jg :i '('1 

l2acknowledgement == true; 
L3acknowledqement == false; 
F! r r· or : '''" f:<','t 1 i;;,.c,:1; 
retransmission == false; 
callrequest == false; 
network == false; 
i::; o u r·c("·: = "'" no cl E'.' ; 

aestination == from; 
NR n= L2VR(from, node) 
~::} i. ·z. C·? ~ :::.~ t+ (::~ '.; 
end of INSPECT acK; 

comment insert acknowledgement before I 
packets in inputQ; 

temp :- inputQ.FIRST; 
while (temp=/= NONE) andthen 

(temo.L2acknowledgement or 
temo.L3acknowledgementl do 



temp =- temp,SUC; 
if temp=/= NONE then 

ack.PRECEDE(temp) 
(:-::a 1 ~::} t:.::, 

c.\cl, .. II\ITCi ( :LnputCl) :; 
i,;\C h :: "" NONE :; 
comment advance receive window; 
L. :? r- (I! c c.:: :i. v f:c: v-J i ·n cj cn•,1 ( f r o 1Y1., 'r'ltl d t:1 ) = ::~ 

L2receivewindow(from,node) + 
L2receivewindowsize; 

if L2receivewinciow<from, noce) > 
maxsequencenum then 

Firrd 

Ernc:l Of 

I..:? \''(!)(:'(:2 i. VG':V,J :i. nc.1 0 W ( 'i'' )" ('l 1Y1 ., l"l O Ci("·:) : ::, 

L2receivewindow(from, node) 
!YI c:\ >< i"; E:· q IJ (:·? n c (,;) n l..l tYI 

of L2acknowledgement creation; 

f~ l !'',€-') 

()Elc:J:i.n 

f'.,i 1 r,;r? 

if node~ messaqe .. destination tnen 
t:i E) q :i. 'r1 

comment note arrival of layer- 3 acKnowledgement; 
,,:\ C I·, n O ~'-! l (:·:: Ci q o:::.' d ( 1Y1 (:? 1::; f'l i,\ g <-:,: ., ·f" r o 1Y1 ., '.":; ) :; 

:i. f cl~,! t::, uq o 'r"r t hE1n 

message =- NONE; 
•,·~nd 

('.-::ls:;,,:,, 
i.::.(,iq:i.n 
comment forward L3 acKnowleogement; 
temp =- inputQ .. FIRST; 
while (temp~;~ NONE) ancithen 

(temp.L2acknowledgement or 
temp.L3acknowledgement) cio 

temp =- temp.SUC; 
if temp~;~ NONE then 

message.PRECEDECtemp) 
€(·) 1 l':10? 

message. INTO(inoutQ); 
:i. f d f:J i::) u~J on t h0,1n 

cl E:! b•..tq ( 11 r £·!Ct,:• :i. vc,i '' , no c:1 E~ ., f' r' o ,v,, 1Y1E:·~;;1'::·c:tq E:,•) 

message =- NONE; 
no ut E:! :; 

E·:nci :; 
buffetsinuse == buffersinuse - 1; 
monitor.bufferutilisation(noae, buffersinuse); 
t:!\ .. lci ; 

i::i10:·q in 
comment note arr-ival of layer 2 acknowleagement; 
acknowledged (message, from, 2); 
butters1nuse =~ buffersinuse - 1; 
monitor.bufferutilisation(noce, buffetsinuse>; 
:i.f c!E:~i::lUt]Ol"'r t:hG)l"i 

ck:·hucJ (" \''c0C(':·i 1 VE'''., n c; d r-.;i, f i"· o fir, 1Yrsis;s:;,:r1q c•) 

message =- NONE; 



(·'?'rlCi 

Fil i,,;c;:, 

if Message=/= NONE tnen 
l::l(:2(] i j·"1 

if d0"1bug on t h0,1n 
c:I (,i: /::; u CJ ( 11 r' E·: c r,: :i. v f'J 11 

•• n o cl €,: ., f r o f-11 ., 1Y1 c;:, f,; f:~ 1,,1 (I c·:·i ) 
Message. INTO(inputQ) 
message =- NONE; 
Rout El; 

(:~~r\•')CI ; 

end of pr'ocessing corPectly received packet; 

i:)E)c;:J :i. n 
camMent note lack of buffer fop incoMMing packet; 
1Y101""1i.tor. buffE:·r·l,,~ck (nocf,! .. , frt11Y1); 
Emd; 

End of Pracedur'e L2Receive; 

COMMent ------·------------------------------------------·' 
Procedur'e L3Receive(message); 

REF (packet) Message; 
comment This pPocedure introduces packets to their' 

i,,ourCE) .r'lC)C:iC!; 

Bc·2q :i. n 
huffer'sinuse == buffersinuse + 1; 
monitop.bufferutilisatian(node, buffer'sinuse); 
monitar.entry(message, node) 
message. INTO(L3waiting) 
,y,c:><,;,c,,;,:;i(::w :: ··· i\lUi\lE::: :; 
Ci:1Y1pt yL.:'511\JiJ. :i. ti 'r'l(.:,:,J; 
End of' P l''OCE':fju re·,' LiSF~c0:cc·,• :i. VE·::; 

comment------------------------------·--------------------; 
Pr'oceciure EMptyL3waiting; 
comment This pPocedure takes packets fr'om their' source, 

BE!(J :i. l'"1 

sets up layer' 3 r'etPansMission then sends the packet 
on its way. This procedur'e maintains tne layer' 3 VS; 

f·< I:::. I .. : ( Ci c.\ C i·i Ci) t ) t 0:·) 1Y1 p ., 1Y1 €·:·) ~~:> ;:;:. (7:\ <;_:,l f:'.' ~ 

REF (retr'ansmitter') 
int E!CJE·:) r :i. ; 

r· 1;,? t r' ;:,\ n i::, 1Y1 :i. i"' s :i. o n :; 

,Y1 E:~ i,,,. ~, <',\ (:.10,1 :: .. .. L.. ::1; v,J ,',\ :i. t :i. nu . F I r~ b T :; 
While (message=/= NONE> do 

hc·:ct :i. n 
t E:!IYI O :: ····· j\lDJ\if::'.:; 
:i. f L:';vr:; ( n O d €!·) ., 1Y1E-:~1''i r:\i',\q Fl, c:J f,;)~:; t int,\ 'l; :i. 0 l'"I) () 

L3sendwindow(nooe, message.destination) then 
bc:1(.:.:J i. n 
Message.PS == LJVS(nocie, message.destination) 
L3VS(node, message.destination) == 

LJVS(node, message.destination) + 1; 
:i.f L3VS(nocie, message.destination) 

maxsequencenuM then 
L3VS(nocie, message.destination) == O; 

comMent set uo layer' 3 PetPansM:i.ssion; 
retransmission =- NEW retransMitter(node); 



1·»' .:::~ j\f 

retransmission.message:- NEW packet; 
retransmission.message.L2acknowledgement == false; 
retransmission.message.L3acknowledgement == false; 
retransmission.message.error == false; 
retransmission.message. retransmission t= true; 
retran0mission.message. layer3 == true; 
retransmission.message.source == message.source; 
retransmission.message.destination == 

message.destination; 
retransmission.message.size == message.size; 
retransmission.message.PS == message.PS; 
retransmission.message.transtime =~ 

message.transtime; 
for i == 1 step 1 until maxnode cic 

bE,,:q :i. n 
rF;,,t ra,r·,i::;,y, :i. ~,;s; ion. 1Y1E:~,;1::;,,,\(JE,:. E:,:•r,t r':yt: i 1Y1C'1 ( i) : ::::: 

message.ent:rytime(i) 
rc0t ri:nF;:;fi1:L1::i\:c,i on. 1Y1c01:'>1'sii:\q('0. t ot,,,\l :i, ni;;(;:i rn,;~ 1 t :L ,y,r,;,1 ( i, :L) = ::::, 

message.totalinternaltime(i, 1) 
r(,;;1t r'i'.'tr11";,y, i ',,f:i i O'r''1 .. 11,<011::;i,:;,,:i,;,ic': .. tot <'c\ :1. int,::::: r'nt,\ 1 t :i.1Y1E· ( i,::;::) ,, ... 

message.totalin~ernaltime(i,2) 
E,•'r'lc:I :: 

retransmission .. message.number == Message.number; 
retransmiss:Lon .. timer == L3timeroelay I 

c) u t 1::i u t l :l rn:::,i ( :t ) • 1 :l nf:,:,::, pE:0::c:i ; 
retransmission.needed == true; 
r' e:i t r <'H'i 1;,; ,Y, i is ,c,; i o n • l i:I y f:,, r<',:: :: :,::: t: r u r.:i ; 
retransmission.sentto == message.destination; 
retransmission. INTOCL3unacknowlecigeci) 
ACTIVATE retransmission; 
retransmission =- NUNE; 

t:e,Y,p :: "" 1Y1(,1s1::;,i\(;JC~; 
EWtci; 

message =- message.sue; 
if temp=/= NONE then 

b(t1q :I, l'"i 

teMa. INTO(inputQ) 
t !':! 1Y1 p :: ""' I\I (J 1,1 E :,: 
f:<outE:· :; 
~,,:rKi :; 

end of L3waitinq; 
Enci of EmptyL3wa:Lt:Lng; 

comment-----------------------------------,--------------· '! 

r::• r' o c(,:ic:I u '1'(,? Ac i,i no h' :L i':0cJ o «c:cl ( 1Y1t?!:?,',,,aq f,:,i ,,. f' P n 1Y1 ,,. 1 ,,\yr,· r) :; 

i"\ l:::J" ( p <':\ C }i E! '(~ ) tYI Ci'.' 1:~ ~;; ii:\CF? ; 

:L nt f,!qf,i r f' l''Cl1Y,, J ;:,1y(",: r; 
comment This procedure searches the queue unacknowledgec 

for a retransmission Process waiting to retransmit 
any of tne packets for wnicn an acknowledgement has 
been received. By setting the boolean neeoed ta 
false this procedure stops tne retransmission; 

Dc,itJ in 
H L:, i"· ( r, c,i t: rt,\ n f:,; ,Y, :L t: t E,: l"' ) r E: i:: r' <',\ r"1 ri,, ,Y, i sL, 13 i on,, t (\21Y1 n ; 
int (0:i<;J E:· r c (Ju rit :; 
boolean found, advance; 

if message .. destination = nooe then 



bG•(:J :i. n 
if layer= 2 then 

l .. iCJL.D (<":1ciin(J\1-JlE:ci(1c0t i1Y1<0r ( :i.)) 

Ell f::iG! 

HOLD(acknowledgetiMer(2)) 
coMMent search for oencl:i.ng retransM:i.ssion; 
c::·our·1t ,:::::: O; 
founc:I :::::, fa.l~:;ra; 
advance == false; 

if layer= 2 then 
b€·:gJ.n 
comMent layer 2 acknowledgement; 
r·t-:t r',':I 1··11s1Y1 :i.1,,~'l i o 1··1 :: ..... DF3[: (nod <I?) • L-21J n<':,1c Iino IA' l <·?c:i (J <·,:d. FI l~!:3T :; 
Wh:i.le (retransmission=/= NONE) and 

r1ot founc:I oo 
bf,'(.:.:J in 
t t:@ p ~ ..... r,iONE ; 
if (retransmission.sentto - messaue.source) then 

b("''J :i. 1·1 

if retransmission.message.NS <> message.NR then 
b0?:<.:.J :i.n 
if retransmission.needed tnen 

i::if,"!(J :i. ·n 
comment layer 3 acknawleogeMent frees 

buffers at source; 
if retransmission.message.source () 

(;,:nd 
f:') l i,;;(,') 

count =~count+ 1; 
retransmission.needed ,- false; 
temp =- retransMission; 
r::t d \/ -::·~ n c: c·:.: :: :::;: t r u (·::·': ; 
t:·,:nci :; 

founcl ...... tr'UE·); 
F·)ncl; 

retransmission =- retransmission.sue; 
if temp=/= NONE then 

t f':ltYt p" UUT :; 
end of unacknowlecged 

if layer - 3 then 
i::lEli;J i. n 
comment layer 3 acKnawlecgement; 

no c:I (,': t nr,,:n 

retransmission =- DSE(nocle).L3unacknowledgecl.FIRST; 
While (retransmission=/= NONE) and 

not found c:io 
bE::lq :i.n 
t €0;1Y1 p :: .... i\lUNE; 
if retransmission.sentto = message.source tnen 

l:Jt:)g :i. ,··1 
comment layer 3 acKnowlecigement; 
if retransmission.messaqe,,PS <> message.PR then 

bC:·)(;J :i 1··, 

if retransmission.needed and 
retransmission. layer3 then 

bE0C] i. n 



,./ 

comment ~ayer 3 acknowledgement frees 
buffer at source; 

co u 1·"1 t :: :::., co u n t + :I. !; 
retransMission.needed == false; 
temp t- retransmission; 
i::\d\/t:\f'1CE' :: .::: t Y'U(,:·:• :; 

(') l·"1d 

t c;:•1Y1 p :: .... 1\iUNE ; 
c::.·nd 

ci:l. '.i,;n 
f O IJ )·'l d :: .~, t '1' U !:·:) ; 

C.ri··-,d; 
retransMission :- retransMission.SuC; 
if temp=/= NONE then 

t (;·,ltYt p" OUT:; 
end of unacknowledged j'.) tl 

H<• '1 

i f <'.\d \I ii:'1'r1CE:/ t 1"1G:l·"1 

b<'~g in 
comment advance send window and release the 

unneeded buffers; 
if layer= 2 then 

bf,•(;J i'r"t 

L2sendwindow(node, from) == message.NR + 
L2sendwincowsize; 

if L2sendwinaow(nooe, from) 
L.:? !',; E~ n c:11.,_1 :i. n c:I o 1,\1 ( no c1 E'·I ., f r' o 1Y1 ) 

maxseauencenum then 

L2sendwinaaw(noae, from) 
maxsequencenum - 1; 

E-:~\ .L 1::; (:::, 

bt::~i] i l"'I 

comment layer 3 acKnowledgement; 
L .. ?;isf~nc:i ~'J :i. 1··1d D w ( n oci c·:·: ., 1Y1FJ'.2,'.='>c.'l(J (;~. 1,; o u \''CE?) i '"' 

message.PR+ L3sendwindows:Lze; 
if L3senciwindow(node, message.source) 

maxsequencenum then 
L.. ::.:; 1;;; E: n cl VJ :i. n cJ o tAJ ( n o ci 1::~1 ., 1Y1 C·,? 1,', i,:; "'' q f!~ • !:ii o u r c r:i ) :: "' 

L3senciwindow(nocie, message.source) 
maxsequencenum - 1; 

E?tYI pt yL.:::;w,,,\ :i. t :i. n9 :; 
f,n·Ki !; 

buffersinuse == buffersinuse - count; 
monitor.bufferutil:Lsation(node, buffersinuse) 
fc:lj•"1d; 

monitor.acknowledgements(message.source, 
message.destination, 
:J. is ':,'E:1 i') 

c0nci; 
End of Procedure Acknowledged; 

comment---------------·------------------------------ .. ----; 
Pro cE0c:i u r·t::c1 F< out£,·: :.: 
comment This process ae~ermines wnich cutout line tne 

incomminq packet shDuld oe transmitted on by 
looking uo tne routing table; 



REF (packet) message; 
integer outputlinenum; 

- - - - - - - - - - - - - - - - - - - - - - -· 'I 

Integer Procedure Findline<message); 
REF (packet) message; 

comment this proceoure returns the line number to be 
used (note that L2acknowledgements are not 
rc,1rnutE!cl); 

Bc;'.1(:j i 'r'l 

l'<::!c;\ 1 P j'' ()[)'I I'll J. no; 
:i. n t Ei GJ <·+1 r :i. 1Y11Y1 <::·1 c:i d (·::i 1:; t .. , :i. ..• p o 1,:; l :i. n (i? ; 

if message.L2acKnnwledgement tnen 
immeddest == message.aestination 

E! :J. i";c) 

bt,1q in 
comment select immediate destination; 
if routingmethoci = 1 then 

i::lE!CJ in 
comment Static Routing; 
:i. 1Y11Y1 f.,i cl cl 0:·i ~, t ~ "''' r' o u t :i. n q t et b 1 0,1 ( 1Y1 c,i ~,,. i;;; i::t c.:.i E·'i • c:i ("1 ·,:,;. t :i. n <':\ t i o n ., :I. ) 
Ginc:I 

(,:1 l i,; f.) 

t)Ec'q :in 
if routingmetnod = 2 then 

l::)E'(J :i. ·n 
c cl 1Y11Y10':'r",t E: :i. i':\ r;;.ec:I r,:; no r·t c-,i<::;t q uc·,i uc,1 r c) ut :i. nq ( i q 'r'·, n r :i. nq 

1 :i. l"'lf.'1 spr2c:1d) :.: 
1Y1 i 1"l ('.;! :: "" '::'J '::) ':) ':':':) ~ 

for i i ::,: :I. ,:;;t:f.·'1P :I. unt :i l :::,; clo 
b(0q :i. n 
if rout i nq ti::\ bl. (c:1 ( 1Y1E'1<.,;~;;;:,1q 0:·1., c:l()~;;t i nt'tt :i. CJ n, i ) < > 0 t l·'iE:n 

l::H,:1\'.):i.i·'i 
posline == linecnCJice(routingtable( 

message.,destination, i)); 
if (CJutputQ(poslinel .. CARDINAL + 

pr:i.orityautputQ(posline).CARDINAL) 
IYt J. n() t flf.,)l") 

b<"'(.:Ji.n 
minQ == CJUtputQ(pCJsl:ine).CARDINAL; 
:i. 1Y11Y1 E! cJ cl f.'2 \':", t :: ::::: 

r o u t: i 1· .. , (;1 t ab l r,·i ( 1Y10:·i f,; 1,:; ,:,\ CJ 1:a .. cl E: 1;:; t i n <':\ t: i o 1·1 ., :i. ) 
fi)i"lc:I ; 

f'.mci; 
rind:; 

end of D:iased Shortest Q (iqnor:inq line speed) 
0': l 1cif:': 

t:lE:'U in 
if rout1ngmethod ~ 3 then 

b<·:,1q :i.n 
comment Biased shCJrtest queue routing; 
1Y1 i 1··1 C.1 : ::::: '7:Y:J':Y::i :; 
for i ::::::, :I. ~5tE:p :I. unt:i.l :5 c:lo 

bf.';)(J :i. i''l 
if rout:ingtable(message.destination, i) 

< > 0 them 
b(,::>CJ in 
posline .,- linecho:ice(routingtable( 



message.destination, i)); 
if (outputQ(posline).CARDINAL + 

priorityoutputQ(posline).CARDINAL) I 
o u t p u t l i \ ·1 F'! ( o o ~,; l i \·"1 (i:·) ) .. 1 i n f.o,) '.,:l pf:"' E1 c:i < 

1Y1 :i. y·,Gi t: hf·')\"\ 
b,aq i r"1 

minQ == outpu~Q(posline).CARDINAL; 
:i. IYI 1Y1 E-':! cl d t·? '.:i; t h .... . 

11 ... .. 

routingtable(message.destination, i) 
F·incl; 

<'?nd :; 
f')l'rd ; 

end of Biased Shortest Q; 
C?'r')Ci; 

f'i•\'\d; 

f::,)'r'\(j ; 

FindLine == linechoice(immeddest); 
End of Integer Procedure FindLine; 

C01Y11Y1F1nt - Body raf Route - -

While not input:Q.EMPTY do 
l::iC)(.J :i. n 
message =- inoutQ.FIRST; 
IYI (\i) i;;; 1:; i':\ '] (·:'! .. CJ l.J T ; 
if messaqe.callrequest tnen 

HCJI...D (\'Out :i. nq ii:\ 1 (.:.Jt :i.1Y1E') :; 

if message.destination= node then 
i::H,:i <;J i n 
comment arrived at correct DSE; 
message. INTD<DTEQ) 
1Y1E! 1,:; 1,:; "'' q ,,~ :: _.. i\l ONE :; 

ACTIVATE DTEsink; 
0mc:I 

(-:',) l i;;;(·:') 

fH:.·)fJ in 
comment forward to next DBE on route; 
outputlinenum == FindLine(message); 
comment acknowledgeMents and retransmissions get 

hiqher priority tnan I frames; 
if message.L2acknowledgement or 

message.L3acknowlecigement or 
messaqe. retransmission tnen 

message. INTO(priorityautputQ(autputlinenum)) 
t~f~ 1 i::;. C? 

message. INTO (outputQ(outputlinenuml); 
comment note time that message enters output queue; 
message.waitingtime == TIME; 
message =- NONE; 
ACTIVATE outputline (outputlinenum) 
e!nd; 

r? rn::I o f :i. ·n CJ u t: Ci :; 
End of Procedure Route; 

comment-------------·-------------------------------------; 
1:::, \'' o cf,! c:i 1..1 \'' f? T 1' ,f.\ n i,:; ,Y, i t ( 1Y1 <':? s i,:; ,,,\ (;) E~ ., 1 :i. n <'-? ., f 1' o 1Y1 t"1 o d E'! ) :; 

REF (packet) message; 
inti,,qG!l'' l:i.'r'lf,?., f1'01Y1nocJe; 



comment This procedure carries out the actual mechanics of 
thE,·i tr',,\nf,,1Y1if:,;s,;:i.on .. It E;,ats". up thE:· 1E,y€·:~r :;::: 
retransmission, acquires the line, halos the line 
for the required ransmission time, releases the line 
anci then decides if there has been a transmission 
Eirr'or .. F'in,,,1J.Jy tnf,:·i r0icc,,1:i.ve::i procE,·ic:lurEi of tnE"i 
destination node is called ta acid the message ta 
it~,; :i. 'r'iput qur,,uc:,i, :; 

Bt?q :i. t·1 
REF (Retransmitter) Retransmission; 
h!l:::.i"· ( p,0,\Ckrnt) i"l.Ci·i ~ 

rt','i,,\ 1 1. :i. nf.0idt-:! 1 <',\'/ ., l•Jt\ it .i nq t i 1Y1€,'!; 
:i. n t Ei g ('·1 r :i. :; 

if not (message.L2acknowledgement or 
message.L3acknowledgement or 
message. retransmission) tnen 

l::H:0q :i. )'1 
comment retransmit only• I packets' 
Retransmission =- NEW Retransmitter (fromnode); 
retransmissian,message·:- NEW packet; 
retransmission.message.L2acknowledgement == false; 
retransmission.message.L3acknowledgement == false; 
retransmission.message.error == false; 
retransmission.message. retransmission == true; 
retransmission.message. layer3 == false; 
retransmission.message.source == message.source; 
retransmission.message.destination == message.destination; 
retransmission.message,size == message.size; 
retransmission.message.NS == message.NS; 
retransmission.message.PS == message.PS; 
retransmission.message.transtime == message .. transtime; 
for i : '"" :I. s,;t 0,ip :l. unt i J. 1Y1<',\><noc:i0,i ci C) 

i::>(:'J<J:i.n 
retransmission.message.entrytime(i) 

message,entrytime(i) 
rt?.d; r,,n·11:,1Y1 i i:,s i an. 1Y1f:0~,;f,,,,:1q c;?. t (J t ,c\ 1 int E~ rria 1 t i t'l'1(:0 ( :i .. , :L ) : '''" 

message.totalinternaltime(i, 1) 
retransmission.messaqe.totalinternaltime(i,2) 

message.totalinternaltime(i,2) 
f'.i)'r'ld; 

retransmission.message.number i= message.numoer; 
retransmission.timer := L2timerdelay I 

D Ut p U t 1 :i. l"lE? ( ]. :i. l"'tf:)) • ]. i l"'tfi.~S p0:,11:,~d ; 
retransmission.needed == true; 
retransmission. layer3 == false; 
retransmission.sentto == outputline(line). linkedto; 
retransmission. INTO(DSE(fromnode).L2unacknowledgeci) 
ACTIVATE retransmission; 
retransmission :- NONE; 

<-:-:·!)·')Ci ; 

chHl"'tl"lE0 l. i::\Cq U i. )"•f? ( f )''Cl1Y1r'i(:)Cl ~:0 
7 

C) ut p1.1t ]. i t11..":) ( ]. i )")(,'.',!) n :1. :t J•')l·\t?d '(; C)) ; 

if Ui\lIF'ClF:<iYI (0, 0 . ., l, 0 . ., ~:;r::;,,E!c:i (1)) < 
(output1ine(line).errorprob * message.size) then 

message.error == true 



(,? 1 S:i(·'? 

i::JE1(J :i. n 
messaqe.error == false; 
:i. f not ( 1Y1f.'1r::; 1;,f:'\1J e .. I .. :?;"1 c i, n c; tPJ l (·,:id q ('?1Y1 f,?n t o \' 

message.L3acknowledgement) then 
monitor.cieparture(message, fromnode); 

(?nc:I :; 

if not (message.L2acknowledgement or 
message.L3acknowledgement) then 

i:Jf,!GJ :i. n 
waitingtime == TIME - message.waitingtime; 
1Y1on it or. ti-ii:\ :i. t :i. r'\<;J (fro ,11·r"1Dn f:1 ., out pu.t l :i. 'r'lii' ( 1 i nf:i) • 1 i \"li·, G•cl to., 

lf.}<7,'\ :i. t J. nut :i. 1'{11.c:1) 

debt.HJ (" 1,,c,i1··1d 11 ., fr ci 1Y1n o d r2 ., 

(:) IJt put J :i. i'"\f:·) ( 1 i nE"') • J :i. n 1-\G)ci t O? 1Y1f,·))':,'c,;,::\(:JC-'.)) 

HOLD (linedelay + nutputline(line) .. propagationtime); 

chi:,\ 1·1n0:1 l .. r0:11 E,!,a:1s;;E? ( f' r n 1Y1n o cl F,., ., output l :i. nc·:l ( J. :i. nc·:l) • l. :i. n i-•; (',,:·d t o i 

Df3E (output l :i. nci ( l i. 1·,t)) .. 1 i 'r'l i, ii)d t o ) .. 1...2 i''(',•Ct·:) :i. \/(:·"!! ( 1Y1i::\'f:""'>·'i:\•'.,;l t.:l ., f' r· o rt1n o d c.:·) 
End of Procedure Transmit; 

C01Y11Y1t,)'r'lt ....... - ......................................................................................................................................... "' .................................................. ,. ....................................... .. 

Procedure Debug(sendreceive, noae, from, message) 
value sencireceive; TEXT sendreceive; 
:i. nt (;".!(J('!.:· r noc:iri, f P01Y1 :; 

REFCpacket) messaue; 
comment This procedure prints the debugging output to the 

dE,i::)U<,:;J f :i. l f:'1, ; 

Deq :in 
if (node::::: r'igi··1t·r'·1odE'!) .:::1r1c:i (frou, ..... :i.f.;,·ft·noc:IF:) t:i'1;:.:,:•1·"1 

l::lE:(J :i. \"\ 
comMent right to/from left; 
debugf:i.le.OUTTEXT(blanks(39)); 
deibu~Jf:i. lr,i, DUTTEXT ( 11 i 11

) :: 

if ~:,t:?nd rt,ic0:i :i. VE! "'" " r'i!'::C(·:':: :i. VE'" t h~::!r, 
debugfile .. OUTINT(message.source, 2) 

G' 1 s,,(}~ 

debugfile.OUTINT(Message.destination, 2) 
if message.L2acknowledgement then 

i:) £·? CJ :i. \"\ 
dt,?bug f :i.1 C,)., OUTTEXT ( II er:<'' l 
debugf:i.le.OUT!NT(message.NR, 5) 
c:mci 

r::, 1 ~5 (·:·:·~ 

i::lG1q :i. n 
if message.L3acknowleciqeMent then 

[)(;?g :i. i•'\ 

dcibu(;_if:i.lt'~.DUTTEXT(" L.~.'\ f<H") :; 
debugfile .. OUTINT(message .. PR, 5); 
£·:1nd 

(·:·:l). 5{;;1 

bc-:1~;1 in 
debugfil.e.OLJTINT(Mess~ge .. NS, 5) 



debugfile.OUTINT(Message.nuMber, 5); 
if Message. retransmission then 

l::iEHJ :i. l"l 
if Message. layer3 then 

dt,il::iuqfi :tc,,i. OUTTE:::::<T ( 11 ·I· 11
) 

C'l :J. 1;,;c,1 

c:if,~buqfi:i.F,i .. DUTT::::XT( 11 
·/(· 

11
) 

E!l"lC:i 

e 1 !:oF,• 

debugfi:J.e.OUTTE:::<T(blanks(5)) 
E"1'Ki ~ 

f.·n1c:I!; 

debugfile.OUTINT(message.destination, 2) 
f? l !:;:.(~ 

debugfile.OUTINTCmessage.source, 2); 
debuqf:i. l.t,i. DUTTEXT ( 11 i 11

) :; 

c:l02buqfi lE,i .. DUTii\!T (l .... 2VEl ( riqhtnCid(:::•., lt::)ftnode) ., :5) :; 
dF,,l::iuqf:i.1e. DUTil\iT CL..::?\Jj'.~ ( :L(·:::ft1··1oci(·:·:·:., r'i.qhtnocir::)) ., :'')); 
cir,:: bug f i J. c,1 .. ClUT I NT ( L.:;?,,;,.c:1nd 1{\1 i ncj o i.tJ ( r· :i g ht: no c:lt:,': ., 1 c,:·ft no cl C:') ., 

:i. '[-' !'SE!r'lCi l''E·)CE-') :i. \If') :;,:: II i''f::)C(;'~ :i. vr~ II t hE·)'r') 

r.::if:::q in 
debugfile.DUTINT(~3VS(message.destination, 

message.source), 5); 
debugfile .. OLJTINT(L3VR(message .. source, 

message.destination), ~); 
d 0,1 l:J u.q f :i. 1 E: .. UUT I l\lT' ( i ... : .. 'Si,,,f::1'r'1cl w :i. nc:l o v,, ( 1Y1Ei•::,1;;;,,,\c:1 r::, .. c:I c-:11,s t :i. nE1 t :i. o 'r'i ., 

Message.source), 5); 
F!!i•'\d 

f,'11 '.,,,Ci) 

b€,~q i. n 
del:Jugfile .. OUTINT(L3VS(Message .. source, 

message .. destin8tian), 5); 
del:Jugfile .. OUTINT(L3VR<message .. destination, 

message .. sou.rce), 5); 
debugfile .. OUTlNT(L3senc:lwindow(message .. sou.rce, 

C?nd ; 

debu.gfile.OUTTEXT(sendreceivel 
debugfile.OLJTIMAGE; 
end of right to/from left; 

message .. destination), ~,; 

if (node= leftnode) and (froM - rightnode) then 
c:i0::q:i.n 
comment left to/from right; 
debu.gfile.OUTTEXT(sendreceive); 
di::~ bu q f i. 1 co1 .. 0 UT I i\l T ( !.... 2 V 8 ( l t·~ f' t no ci e ., r i (I n t no c:I E'!! ) .•• '.".i ) ; 
d (,? b 1 .. 1 (J f :i. 1 f'I .. DU T I NT ( L. .. ::? 'v1 F~ ( r :i. (J l"l t nod(::,.... :i. t': ft no c:I ,,, ) ., '.'''i ) ; 
de:, i::i U(;-J f' :i. l E:,. DUT I i\JT ( L.2:;;,c,i·nd '"J :i. ncl o 1,,1 ( l t0:· ft , .. i o c:i 1:,·, r' :i. g ht no c:i <:0) ., ~.:i) :; 

:i. f i::;f;i·nc:I r(:::c(0: :i. vr:i "" " \"·e:cr,c.· :i. vr::," t h(r·1·n 
b£!qin 
debu.gfile.OUTINT(L3V8(Message.destination, 

messaqe.source), 5); 
debuqfile.OUTINT<L3VR(Messaqe.source, 

message.destination), 5); 
ciebugfile.OUTINTCL3sendwinclow<message.oestination, 

message.source), 5); 
('!~r1(:] 

el.r:,;0:: 



b1,-:•(.J :i. n 
debugfile.OUTINT(L3VS(Message.source, 

1Y1 f,' .,,,, i:,; ii:liJ (·) • cl es:; ·l~ :i. )"'1 ,",\ t :i. o n ) ., ;:'.; ) :; 
aebugf:i.le.DUTINTCL3VR(message.ciestination, 

Message.source), 5); 
debugfile.OUTINT(L3sendwindow(Message.snurce, 

Message.destination) 5) 
E,!nd; 

d1.:.1i::lUCJ f i J. f.:,), OUTTEXT ( II i II) 
:i. f i::; t? ·n c1 r r.·'l c 0? :i. v f,? ,,,, 11 r (':')ct,·! :i. v f:,:• 11 t l··i (:0 n 

debugfile.DUTINT(message.ciestinat:i.on, 2) 
(:~ ]. f:,[~ 

drabugf:i.le.OUTINT(Message.source, 2); 
i f 1Y1Eii:;1'",EI\J !,'l. L..2E1C I( no tAJ 1 t?ci o li,!1Y11:,?n t t h<clr1 

i:)E)(.:;J in 
d0?i::)1 .. tgf:i lr·:·l. OUTTEXT ( 11 

debugf:i.le.DUTINT<message.NR, 5); 
f.0r1d 

1::-:,1 l 15C·,' 

C)E?<;:) :in 
if Message.L3acknowledgement tnen 

i::ir:::.'(.~ in 
dc,ii::)1..t!Jf:i. :l.t:1, ClUTTEXT ( '' L.?; f'.<(< 11

) 

debugfile.OUTINT(message.PR, 5) 
F!!\"lci 

!;,~ 1 s:;E) 

bc·:·:·g :i. n 
debugfile.OUTINT(message.NS, 5) ~ 

debugfile.OUTINT(message.number, 5); 
if message. retransMission then 

l::Kig:i.n 
if message. layer3 then 

Ci(':)buq f: .i. 1 (;'.• .. Dl..JTTi::::xT ( II 

E? 1 f;;;e;:, 

d€2buqf:i. j_e. OUTTE~:XT ( 11 

(·,?l"ld 

+ II 

·¥1· II 

c:,: J. 1;;; (.() 

debugfile.OLJTTEXT(b1anks(5l) 
r?nd ~ 

E·!nd; 
if ~:;e:,nd rf:::)C':E' :i. VC:) ,;:; 11 Y'i:"1 Cf:,: :i. \IC::!" t hr,11·"1 

) 

) 

debugf:i.le.OUTINT(message.source, 2) 
ri! 1 !::i c,:· 

debugfile.DUTINT(message.destination, 2) 
d(,?huq f i. :i. ('°) .. ouTTi::::xT c 11 1 11

) : 

debugfile.OUTIMAG~; 
end of 1.eft to/from right; 

End of Procedure Debug; 

C O 1'111'11 E·l )·1 t ......................................................... · ........................................................................................... · ............................ · ................................. · .......... · ... · ... ...... ... .. · ............... · .... ·· · ..... ; 

End of CLASS NodeClass; 

COMMent ******************************************************; 
F1 r o c::1::?1:01', C 1 "" i:,'.-':, T :i. 1Y1f:~ r·P r· n cF01;;;·::,; ( ·n n c:; f·:·i ., fro 1Y1 .. , l ,,,1y(::? r·) :; 

intE:(:J0~r nodr.,i., f'ro1Y1., :i.ayc,:ir; 
This Process sends 
t; i. 1Y1 (-;',1 l" E) >< p j_ l" (·:01::; ( i (:'). 
i ~c, t O Cl J. i::\ r q f.') ) 

an acknowlecigeMent if the 
the gap between incomming 

~ .. , :i. 'r'·, c:i n v,1 
p <':\ C I\ <:·:·) t ~:; 



D(·::q :i. n 
REF (oacket) ack, temp; 

l,Jh:i.lci trutJ do 
i:iE)(J :J. n 
p(:~Hb I 'v1r:1TF :; 

ack =- NFW packet; 
INf;t•ECT E\Ck cin 

br,·q in 
if layer= 2 then 

bt-)(~J :i. 'r'i 

L.2acknowledgement 
L3acknowledgement 

:: ::::.: t: \'\ IJE·~ !; 
1) ;:~! f:t:1.1 !i!}f::') ~ 

NR == L2VR(from, node); 
(:i,)l'ld 

E) 1 \i;;f:? 

bEJ(J in 
L.::\<i,\CiO"tC)hl :J. fi·)d(]C-:!1Y10:,''r'lt l "'" t i"'IJ(.',) :; 

L2acknowledgement == faise; 
PR == L3VR(from, node); 
t·,ind 

1;.0 r r or- : ::::: f 2;, 11::;r0 !; 
retransmission false; 
CE,\ 11 rf:,:q UC::.•'i;t :: :::: f'E11 f::,(() :; 

network =~ false; 
~::::. o u r\ cf·:~ :: ::::: 1··) o d r:·:, ~ 

destination== from; 
~;;; i ;:~ (::;,', :: :;.;: ;;\ (3 ~.: 

enci of INSPECT ack; 

if layer~ 2 then 
bE·:(J in 
L2receivewindow(from, node) 

L2receivewinciow(from, node) + 
L2receivewinciowsize; 

if L2receivewindow(from, node) 
L.2receivewindow(from, node) 

maxsequencenum then 

L2receivewindow(from, nocie) 

c;ind 
€,) :i. i;:,. ('·) 

bEHJ:in 
L.:.'5 't''f"!CC.' i VC,'ltJ :i. ncl C) w ( fr O IYI ·' \·'\ od c:·) " ..... 

maxsequencenum i; 

L3receivewinciow(from, node) + 
L3receivewindowsize; 

if L3receivewindow(from, noae) 
L3receivewindow(from, node) 

maxsequencenum thon 

L~ :.:.; r r:! c:· E·~ i \/ c·:·) 1,J i 1· ·, d o tN ( ·f r o 1Y1 .
1 

1··i o cl f:-: ) 

C·:'r'ici 
temp =- DSE(node) .. inputQ .. FIRST; 
if ~emp =/= NO~E then 

ack .. PRECEDE(temo) 
(~') l f.-,t"' 

ack. INTO(DSE(node). inputQ) 
,,;;.c i-< i ..... I\\Cll\l[:; 
t f.iWI p ll ..... i\j Cii\l [: ; 
D::3E (1··1ocif2) .. F~outE·; 
end of while true; 

mDxsequencenum 1; 



End cf Process Class TimerPrccess; 

CCMMent *******************************************************; 
1:::, r O ct·?~:; 1:'i c l ,'I 1:ii 13 Ci u t p IJ t 1:::, l"• Cl C: C! s 1':i ( n O Ci (·'.,·'.· '! l :i. i .. i ,:.:.:i y·, u !YI ) :,; 

int f!.·?q c01 r noclE,· ., l :i. ne:'!nl..l1Y1; 
comment This process taKes a packet from the output queue or 

the priority output queue (if not empty) for its 

Df,:(.1:i.n 

lil'1G? E1nd c,:,\1}.s". thf.-?. pr·occ-::c:iu·N:! trt1ns:J.1Y1it to t:rc:n·1~:,.ff1:i.t :i.t 
to the node that this line is connected to. 

H~~ (packet) message; 
r,:::,•i:11 ). :i. 'r'l(\?1::lpt:-?f'.1d .1 p i''O pi::\,:;)<':'c\t :i. Cl'r'it i 1'11t0.1 

f,irrorproh; 
integer linkedto; 

comment------------------------------ ,. »-• ,,,., ''"' ""' '"' ""' •••·• ""' """ .,. '''"' '"" '"" ~ .. , ,.,., .--., H 

Procedure PriorityPackets; 
comment layer 2 and 3 acknowledgements and retransmissions 

get priority over I frames; 
B1,~<.J :i. n 

~~~ (packet) message, temp; 

message :- DBECnode).priorityoutputO(linenum).FIRST; 
While message=/= NONE do 

b(i2(J :i. 'ri 

tE·)1Y1p ::-.. i\iCli\lE; 
if message,L2acknowledgement or 

message.L3acknowledgement then 
bc?g :l n 
t E·! IYI p :: .. .. IYI t~,~ ~5 ~;;; <:,:i (} (~·'.) ; 

DfJI:::: (no cl1c.:>) , t: r··c,•. nr:',1'11 :i. t ( t '"·i1Y1 p '-' 1 :i. n,::·:·:n 1..1.1Y1 n ocl C·'I) 

i::0l''1Ci 

t') 1 i;;;c-;~ 

i::i0:,•q i. n 
if message. retransmission then 

l:)Ei(_:]:i.·n 

c:· o 1Y1 fi1 i',· i-yt; i;;;-t; o 1:::, n o n ..... r «? t r ;,n·1 "'' 1Y1 :i. i:; ,:: :i. o n "''· 1.H'l't: :i. 1 <"H'l 

i::\ C [, n O t,,J l i'') Cl q ('.') 1Y1 (·') \·'\ t :.: 
if message. layer3 then 

bi·:·,:q:i.n 
:i.f L.~:::VH(noc!E,'!, J.:i.nk«0c:lto) <> 

L .. 2:0:;E1nd l;'j :i. nd O ~'\I ( n O cl€·'.·) 'I 1 :L )•"1 k ('.')d t O) t: i'11!::)l'l 

l::Jf:?q :i. i'"1 

L3sendwindow(message.source, 
message.destination) 

L3VS(message.source, 
message.destination) 

1Y1 i:-::·~ ~::; ~;5 .;:\ i:,:.:i (·'.·) 11 I\I f) 11 
..... L. :? 1v1 

~::) ( ·n n Cl (·::: .
1 

1 :i. i·'i I·\ t::·:} d t () ) :.: 
L2,)f3(·noclr:,i, l:l1·"1i·,edto) ~'"'' 

'I 

:i. f I... 2 V h ( 1·1 Cl Ci F! ., 
1.. .. :::::vE; ( nodE'!., 

L .. 2\,Jb ( i··i o di:':, l :i. n k c:d t o) + :L :; 
linkedto) ) maxsequencenum then 

f.:'!nc:l 

(::I 1S(·:~ 

1 i nkE·~cit n) :: "" 0 :; 
t f:? 1Y1 p ~ .. _ 1Y1 C:-? \,;'.:,,:A t;J (·:? ; 

Dt:;E: (no c:10.,1 ) • t \'',::1 n~;;,y, it ( t i!'.·l1Y1 p ., :J. :i. ncin u,v, ., 1··10 c:i E:) 

E1i"\C1 :.: 

bE·l(:) :t n 
l...21::;f·c'ncl1,.o.J i r"1Ci o ~,1 ( n odE~ 1 l ink E?cl to) ,1 .... . 

ll ... , 



!.. .. 2 ',./ Fl (no c1 t:,: .. , 1 :i. n i1 c: cl t: o ) 
t (·:: 1Y1 p :; ..... 1Yt f·Z1 ':ii> f5 <':';\ (.l t::I ~: 

Ds1:::: ( 'r'l O d C:!) " t re:\ ni::;1Y1 it ( t E:•1Y1 p '1 1 :i. i'')C,·)i'"1 UIY1., n oc:i ,:.:::, ) :; 
<,f1nci :.: 

c::•rn::i; 
(,;))•')C:i; 

message a- message.sue; 
if temp=/~ NONE then 

t (',;)1Y1p. ClUT :; 

end of priorityoutputQ; 
End of Procedure PriorityPackets; 

c n 1Y11Y11:,int ............................................................... El o c:i y of Ci ut put P \'' o Ci':·11,,;1:;; ........... " ................................... .. •• <>-- •••• "'" ~--~ tJ 

i,~h:i. lfi1 t rUE' do 
l::H)q :i. n 
Pnss I vc:1TE::: :; 

if not DSE(node) .. oriorityautputQ(linenum).EMPTY tnen 
pr :i. n r :i. t: yp,,:1ci..;c,::t i,,, '.: 

while not DSE(node). output:QClinenum).EMPTY and 
( L.2'...JD ( ·n C) ci c,,i ., 1 :i. Yi I, E,·ci to ) < > 

L2f:,i<'i'inci w :i. nc.i o ~,J C l"l o df..::· ., l :i. n h (01d to) c:l o 
i::JC·,)GJ :i. 'r1 

:i. f not DflE:: ( noci i':)) • pr' :i. n r- :i. t yo ut: put O ( l :i. n;,:c,:n 1 .. t1Y1) .. 1::::;·11PTV t il['in 

pr :i. 0 l' i. t y pi:'~C i·1 ~·,1t :::; :.: 

if (L .. :?VEl()•'i('.)C:/c,1 ., li.nkE1c:lto) <> 
L .. 21,,;c,inc:i 1t,1 :i. ncl o t"J ( n odG1 ., 1 :i. n k ,::,,cJ to) ) t hcin 

l:i('?<,::I :i. 'r'l 

message a- DBE(node).outputQ(linenum).FIRST~ 
1Y1f')~';'.,)i:\(J('.·) .. ClUT :,: 

comment assign and increment layer- 2 VS; 
1Y1cii,,i,,;,::,,q ("). I\!\::; :: ""' L..2Vt'.3 (no o E1 .1 1 in I, <:"'cl t o) :; 
L.2Vf:; ( )·"11J t:I ('"' ., 1 :i. n i,; fE·cl to) ~ "'' 1 .... :::::vf; <no cki .1 l :i. 1·1 k c,ici t o ) + :I. :; 
:i. f L.2 ,JG ( n Ci ci ,,,,i , l. i. 'r'i I..; <·,) d t n ) > 1Y1 ,,,. >< i:,; r:i c:: u ci ·n ,.::: Fi r·11..t fi1 t h El n 

L .. 2VD ( noc:IE:·:.1 1 :i. nl·,E!clt o) ~ "" 0 :; 
DbE (no c:i C'')) .. t l'ic, ni,,;1Y1 :i. t ( 1Y1<:.:1~;;:;;;.,,:19 <',I., 1 i l"ltI)n 1..t1Y1 .

1 
'r"1 o o (·.:·i) ; 

message a- NONE; 
(::ind :.: 

G)nc:I of' nutputGl; 
end of while true; 

End of Process Class DutputPr-ocess; 

1 

cnmment ******************************************************: 
p \' 0 Cfii:•f:}f:, CJ. 2\ f:':,f:'; Eo U \''Cf:i) ( nod C)., :i. nt f:! )"f'(1f::)':';s:;.t :i. 1Y1f2., p,,:\C fo;("')t qF:nt :i. 1'11(!), 

,':\ vq l"\ U1Y1 p,i,\C I, (X:•t 1'5) :.: 
i n t <',:,· (J <,? r n o c:i I:'? :.: 

)"'f:}ii:\ 1 :i. i''l'(; €,:• r1Y1f::)f:;s t :i. !'lit'"'' p6\C /., E,·t I] ('~)·"1t: i. 1Y1f.i)' 2\ \/<,:;) )'l UIY\ pc:\ c::· k f::'.\ t: ~;,, :; 
comment This process generates traffic for this hooe of the 

ne:itv11or1·( .. It c,::11 li=; thc.:·i nr'cicc:,1;,,;i:i:. 1::;ui::)1Y1:it to 'i::,.E)l"'1d'' e,,,\ch 

oacket to its node; 
Bt'?q in 

REF (packet) message; 
integer numpackets, sent, dest, 

~~h:i. :i.E~ t \''!..((~ CJD 
HF1q:i.n 

:i. ' l " ~ '/ 

HOLD (M:::(Ji:.:XP ( :J.. 0 I :i.ntc,1r'1Y1Elf';~;,.t:i.1Y1ic~, ',,;Elf:·,)d (:?i)) :; 

numpackets == NEGEXP(l .. O I avgl"lumpackets, seed(3)) + 0.5; 



( IYI :i. n 'r') 0 Ci(;'.,) •
1 

While sent <= nuMpackets do 
i::Jr·,HJ :i. n 
HOLD CNEGEXP (1.0 I packetgentime, seed(5l>) 
message =- NEW packet; 
1Y101··, it or .. c l"f:')E1t ion ( nclcic:·, dc,,1,;;t) ; 

INSPECT Message do 
b cc:• r.1 i n 
number== monitor.numberpackets(node, dest); 
L2acknowledgement ·- false; 
L3acknowledgement == false; 
F: \'' ,, n r :; '''" f ,,·,1 l i,:; E1 :; 

retransmi~sion == false; 
f,. o u ref,) : '''" no c:i E,: :.: 

destination :~ dest; 
if sent= 1 t~en 

callrequest := true 
G:: J. s,c,:· 

C,':\ l :J. \''f:)Cj U.1":·:~::-t 
network == false; 
Si i :.:·~ 1'.·:1 :: ::::: :I. 0 7 :;;:: :; 
for :i. "··· :I. (:::.t0:10 :I. 1..1.i·it:i.:i. 1Y1E1><nocif:·:·:· c:lo 

i::lF!(J :i. n 
f o \'' J = "'" :I. i;,; t e o :I. 1..1. n t :i. 1 :;::: c:1 o 

t; ot a :1. :i. nt C) \'r'ii,'.\ l t :i.1Y1(·:i ( :i. ., .J > : :,:: 0 :; 
(:::nt ryt :i.1Y1c-:1 ( i) :: ""' 0 .. 0 :; 
E:nd :; 

end of INSPECT message; 
sent =~sent+ 1; 
Message .. INTO (DSE(node) .. sourceQ) 
message :- NONE; 
ACTIVATE DSE(node) .. submit; 
end of group of packets; 

End of while true; 
End of Process Class Source; 

comment*****************************************************; 
Process Class Sui::JMitter(tonocie); 

:i. n t: r!q (,:· r' t Cl nod t:~) ; 

comMent This process takes packets from tne source queue and 
calls the procedure L3receive to acici them to the 
n f.') t v,i o r k " I f t h E,,, r' F,· i '"; n o ·::,; p ,,.,\ \'' c::• b u f f .. 0,: i"· cit t n ('·:·:· n o cl 0., t h :i .. ,,,;. 
process waits for a 'short time' and then resumes 
submitting packets; 

Bi'?CJ :i. ·r1 

REF (packet) message; 
\"E)i::\ 1 t :i. 1Y11:,2 r'; 

[;.Jh:i. lc,1 true,) do 
i::l<'·:!q:i.n 
p~:1s i; I wrn::: ; 

While not DSE(tonocle).sourceQ .. ~MPTY do 
bE~(;;,I i ·n 
if DSE<tonode) .. buffersinuse < 

l);::i;E ( t on o d c,i) .. t: o t t:\ 1 i:::, u 'f .. f E,i r·i::; t ;-1c,n 
hf;,iq :i. ·n 
Message =- D5E(tonodel .. source0 .. FIRST; 



l'l1eS'>E,H(IG) .. UUT :: 
message.transtime =~ T1~F; 
DSE(tonode).L3receive(Messagel 
1~mc:1 

(::) 1 (;;<-:,:• 

l:IE·)q:ln 
1Y1 o , ... , :i. t o \'. bu f f c0 r· l <':\ c k ( t o t"1 o cl i:} ., t on o d E1 ) 

HOL .. D ( t :i.1Y1(:? r) :; 

E:~nd ; 
E!nCJ Of !',, 0 U \''Ct:iG.i :; 

message =- NONE; 
end of while true; 

End of Process Class Submitter; 

COMMent ******************************************************; 
Process Class Sink(node); 

int f.i,•CJ <;,) r no c:I E'.1; 

comment This process removes traffic from the network when it 
has reached its destination, collecting statistics as 
i t d o E·) !','· !i:; o. J: t i:I J. i::;. Cl 1Y1 ,:Tl i \ .. \ t; <':\ :i. n s t i"1 f::) J 2:\ y El r :) V H ., GI (,2 'r"1 I:'.·,) '!" ,,·,;. t: e ;0,; 
Hnd processes layer 3 acknowiedgements. 

J. n 
REF (packet) message, ack, temp; 

(;,j \·1 :i. :i. E! t r u Ii:) ci o 
f{(,·)CJ :l.n 
:::ins:3 :i: ',..Jrrn:::; 
l.0h:i.1cl r·1ot: DflC (noc:ic-:)). clt«-:·lC! .. 1::::i',rPTV c:lo 

i::)f)i;J :i. '('1 

message :- DSE(node).dteQ.FIRST; 
1Y1 ('.) \':', !','· .:.,\ '} (:') " CJ UT :; 
if message.L3acknowJedgeMent then 

bt?(J in 
comMent process layer 3 acknowledgement tnat 

h ,,,\ '.,'i i,:\ \'' r i v ,::: cl ; 

DSE(node).acknowledged(message, node, 3); 
message =- NONE; 
r:inc:i 

(·:-:,• 1 i::i(·:::1 

c)r,:·q :i. n 
comment process received I frame; 
monitor,departure(message, node); 
monitor. oackettransfer(message); 
if message.PS~ L3VR(message.source, node) then 

bc-:,1q :i.n 
REACTIVATE DSE(node) .. L3timer(messaqe.source) 

DELAY (L3winoowtimer I 
D:3E ( ·,.·1 o ci u) .. o 1.t t u t 1. :i. ·nc1 ( :I. i . 1 :i. nf1'.'; oc-:·:-(:c:,cJ ) 

L3VR(message.source, node) I,'"" h ..... 

L3VR(messaqe .. source, node) ~· 1; 
if L3VR(message.source, node) > maxsequencenum then 

L3VR<message.source, node) =~ O; 
if L3VR(message .. source, nocie) 

L.. ~S i"' E~ CE·:,• :i V f:,;) lt.J J. )") Cl Ci lf'.J ( 1Y1 ("! <:,; '.C::, ,:cl CJ F::O • ·0c, 0 U )"·CC' , \"'! 0 Ci C-'.·1 ) '\'. (i f·i '('1 

br,:,,q:i.Yl 
comment create layet 3 acknowledemRnt (RR frame); 
ack =- NEW packet; 
I i\lbPt::CT i::\CI·, do 

bt:ciqi.'rl 



L2acknowledgement ,- false; 
L3acknowledgement == true; 
<-::: r' r o r :~ ::::: f .. .£~\ i t:; r:1 :; 

retransMission == false; 
callrequest == false; 
network == false; 
frJo u re<':) :; '"" ·nnc:ic? :; 
destination =~ message.source; 
PR== L3VR(message.source, node) 
::::- :i. :~:: (:·~' :i ::::: 1.\E>; 
i::·2ncl iJ f I l\lbPFCT c,\C Ii :.: 

temc =- DSE(node). inputQ.FIRST; 
v·J hi I ~,2 ( t (·~11'1 p "" / '"" I\IDNl::::) <',,\ nci t hf)i·i 

(temp.L2acknawledgeMent or 
temp.L3acknowledgement) do 

temp =- temp.SUC; 
if temp=/= NONE then 

ack.PRECEDE(temp) 
(:,,) 1 \,3(,:i 

ack. INTO(DSE(node). inputQ) 
,w Ii :: .... l\lc:Jl\lE; 
t f."! 1Y1 p :: ..... i\l C) l\lfi: ; 
L ::1; r (i',' cc,,, :l v r;,, 1,\1 :i. n c1 o t,\1 ( 1Y1 c;i !',; s,; '"' CJ ,:,,.) " ~,, o u 1·· c t:1 , n o d c:!! ) 

I ... i'5 r' c1 c (·:,i i v t;;i V·J :i. n e1 n v.J ( 1Y1 (·':·i ·::'; ·;;:; L\ 9 c· • '.',i o u r c: ;,;" ... n n ( :1 1.:·., ) · I· 

L3receivewindowsize; 
if L3receivewinciow(message.source, noce) 

maxsequencenum then 
L.. :·.:.!; r\ C·~ c\ c,:,:~, i \/ (·::::1 t.AJ :i. ·n cl o t·\I ( fl1 C·:,:, ~::; E;. H:'~ CJ E· " ~::; D u. r c r:! ., r1 ("'.! ci C·:i ) :: i.::: 

L3receivewindow(Message.source, nodel 
((1 i:~ )( ·:::,(;-)Cj l.,l.(i)'(1C::·C1 '(I IJ i'i1 

DSE(nnde). route; 
end of L3acknowlecigeMent creation; 

if Message.source <> node then 
bE)C:J :i. n 
DSE(node).buffersinuse 

DSE(node).buffersinuse - 1; 
mnnitor.bufferutilisation(nade, 

f:?)·1d ; 

t,H1c:i 

(:';)]. ~:i(·:·:) 

1::iE)<;;j:i.n 

DBE(node). buffersinuse) 

comment discard packet at layer 3; 
IYI E'? ;:; ~:; i':\ Ci t:i) : ..... I\I u N E:: ; 
r,~nd; 

message =- NONE; 
(·:·?nci ; 

end of dteQ for this node; 
End nf while true; 

Enc:! of Process Sink; 

comment********************************************~*********; 
Process Class Retransmitter(node); 

i r1t r,,,q E) r no c:i f.,i; 
comment This process is activated each tiMe a packet is 

t r ,:;1 'r'i '.',.1Y1 :i. t t '"' cl b cit 1,,J t',' t:0 r1 t \t-J CJ ·r'1 o ci (,:,' '.c:i • I f t 1··1 t~ p r-· o c ,::- ci u r (:i 
Acknowledged has not set the boolean needed to 
f c:\ :i. :::; (0) i::l i''.? f o r· t::"! t h E1 t i. 1Y11:7., r' 1',~ ;,< p i. r·· <"LI·;:; t: h c:i p r· o c (,:·i c.i u i'' c-:i 



route is called to retransmit the packet; 
Bc:1g :i. n 

K~~ (packet) message, temp; 
r(·:H:\ J. t i. 1Y1G/ )"·; 

int f~C.:JE· r i,',.E,int to; 
b no :i. F.:•<i,\ n i··ir,!t':·:c:i <;;ic:i ., 1 ,,,\'y'E:• l"·'.'5; 

HClL .. D ( t :i 1YH'·: r) '.; 

~\lh:i. 11'0 n<:·?E,•Cltc?d cio 
hr·1(.J 1 n 
1Y1 on :l t n r. r· e:·1 t r' ,,·~ n i:;; 1Y1 :i. i,,;. ,5 :i. on i,:; ( nod 1"'~ ., J. .,,.,t 'l 1:::-i i'' :'.) ) 

message. retransmission == true; 
message. layer3 == layer3; 
comment retransmissions get priority: 
temp:- DSE(node). inputQ.FIRST; 
while (temp=/~ NONE) anathen (temp. retransmission or 

temp.L2acknowledgement or temp.L3acknowlecigement) do 
temp =- temp.SLJC; 

if temp ~I= NONE then 
message.PRECEDE<templ 

E1 1:::iE1 

1Y1€;:r::;i,;aoc,~. Ii\iTCl (DSE (noclE!) ... i.·r'·,nutCl) 
D'.3E ( 1 .. 1 o ci c:~) • r< o 1,,1. t t" !J 

HUL .. D ( t: i 1Y1c: r) 

f::)'r1c:I '.; 

CUHf<El\iT. UUT :; 
End of Process Class Retransmit:ter; 

comment***************************~**************************; 
CLASS StatsCollecter; 
comment: This Process Class contains all tne data collection 

p 'f'OC('::"!c'I I.J. l"E•!::i; 

Bt'?t,::! :ii· .. , 
l"E!t,\ 1 ,,.,\ r rt,\y ut :i. l /:;t ,,.,, rt ·r i 1Y11c·,: ( :!. :: 1Y1ii:'t i< nod ,,,1 ., :l. :: 1Y1i',\ x no c:i E-:l) ., 

1..1.tilisation(llmaxnoae, l=maxnode), 
v~ ;::, :i. t t i 1Y1 c·:l ( :I. :: 1Y1 Et >< 'r'i o c.i c,:,:, ., :I. :: 1Y1 ,,':'t. >< n o d (',·l ) ., 

W ,,.,t i t t :i. 1Y1 F! b q ( :i. :: 1Y1 i:.\ >< 'r'l O c:i i:c:• ., 1 :: i'i1 ,,\ >< 'r'i D Ci E·:• ) ., 

maxwait(:l.:maxnode, 11m2xnode), 
t r ,,·~ i·"1 i;;; f (·"' r' t :i. 1Y1 ,:.:.:1 ( 1 :: 1Y1 i,\ >< r'\ o c:, c,:, , :i. :: 1Y1 a. x 'r'\ o d ,:.,:, ) ., 
t r ;,,\ n "'; t :i. 1Y1 c,:• :::; q ( :I. :: !'11 Et i< \·"1 n c:i f'.-': ., :I. ,: 1Y1 t,t i< y·, o cl r:·:· ) ., 
IYI :i. )") t \'' i':\ )") 1:5 f i:'c.' )" ( :I. :: IYJ i':\ >< 'r"1 0 c:i ""' '/ :i. :: 1Y1 ,':.\ )( \"1 0 Cl (,:() ) '/ 
,v,a >< t r i::\ n~". f E! r ( J. :; 1Y1i':t >< no c:I t·:! ., :I. ',: l'I,,,,, ><no Li 1::,) ., 

l::i u ff E: \'' u t :i. 1 ( :I. :: IYI i::\ )( n c, d (';;) ) '/ 1 i':\ '.i'c' t; t i 1Y1 ((') ( :i. :: i'{I i', ii n C) d i::c• ) ., 

minbufferutil(l:maxnodra), 
maxbufferutil (1:maxnooe), 
i r·,t E,' )"\•"1<':\ :J. t i. IYl!i.c-! ( :I. :: 1Y1,':\ :,( i'"I O cJ f::1., :J. :: ::::: ) ., 

inter'naltimeSq(1tmaxnocie, 
mininternaltime(1:maxnod8, 
maxinternaltime<1=maxnodP, 

). ii:::::) I 

I. ::2) 
:i. :: :?) ·; 

integer array numacks(1:maxnocie, 1:maxnocie, 1:2) 
l''l IJ IYI \A) i" :i. '\'.: ii, ( :i. ft !Yi<'::'•. ){ 'r'l ('.) C: (':'.-) 1 :I. :: 1Y1 i'J. )( 'r'\ D cl (·;;) ) .1 

nu1Y1l::J0?r·p,'itCi\E:,·t'.'c, (:I.: :I. :I .. , :I.:: :I. :I.) .. , 

i"ll..l1Y1p,"\ck,"?t i;;;t \''i·,\'r'i!i:i ( :i.11Y1ic:\)()·"1CJC:IE1 , l :: 1'11<":\)('r'i(lC:I(:·:') ., 

p,":\C j.,;r:::t ('~ )" \"• C) '!"::::. ( :I. ~ 1Y1,::\ )( 'r'i C) cl I''!., :J. ,: !'(le:\)(\"\ D c:i Fl) ... 

1·1 U1Y1 l"E''\; l"i:'~ 1'113 ( :i. :; 1Y1i':\ )( 'r'i O Cl f:·i .. , :i. :: 2) .1 

b u f ff.': r· ~;; 1 a c k :i. n q ( :l :: 1Y1 ,,t >< 1·"1 D cl ,::,i ., :i. i :;::: ) ., 

n u 1Y1 t i-1 r n u. u i·, n o ci r::-i ( :i. :: 1Y1 a >< n o c:i Ei , :i. :: :;::: ) ; 

CC) IYI 1Y1E:) )·"1t .............................................. '"" ..... '"" ................ _, ......... ,_ ..................................................... " ' .......... "" ........... " ....... , .. _ .. ' ..... "" ............................ ' ., 



P rocc·ici U l"·(·,,) Ut :i. l Ht ,,1 l''t ( >< ., y) :; 
:i. nt r,i~:J 1-;;i r >< ., y :; 

coMMent Monitors the start of transmission on the line 
i::>c0d; v·.JE)C:il"l >< <:H'iCi y ; 

Uc,'.1q :i. n 
ut :i. l ::3t <'':\ rt T :i. 1Y1e ( ;,-i ., 

End of Procedure 
y) :: ~:: TI i'<'IE :; 
Utilf:3ts.1rt; 

C CJ IYIIYIF!'r"it ,..,. ,.,., '"" •·•" ~,,. «-• .- ... •••" ,.,., ••••< •-• '""' '" • ,.,., .,.- >rn• "'" '"'" !><« ,.,_., ,.,., '"" "' O•w• =" '"" "'" "'"' ,.,., .,.,, -.u• ""' ,.,,, ,-,,. '""'' •·••• u,,, .,.,, ~··• •-• ""' •·• • '"" >•>•• ""' •-·• , '" «•••, • •·••• 11 

·.• 

Pro cc::•c:i u 'i''<'i,i Ut i 1 i::::nd ( >< ., y) ; 
:i. nt c,iq (,! r >< ., Y :; 

coMment monitors the end of transmission on the line 
I:) i:::·) '['; l;\I ff.•(,;) 'r'i )( i::I 'r'i ci y :; 

Dt:1q :i. n 
ut: i l i ~ii<':\t ion ( >·: ., y) == util:i.sation(x,y) + TIME -

utilBtartTime(x,y) 
Enc:i of Procedure UtilEnci; 

c; C.\ 1Y11Y1 C-:1' "rh1 t ..... ., ... ·-.. ---· ,._, .......... ""' .......... ._. .. "'" ·-·· ... ~ ., ... ,, ... ··-· ~ .. , .. .,. , ............... ,.. ,,. .. "-· -·· .. ,,, ..... --·· .. -....... · ... · .... ,,. ,_,., ..... ,._. · ... .,_, ""' ..... ,, ... ····· .. ,,, ... ····· ..... · ,., .......... ; 

Pr' o C(0,CJ u rEJ ric I( now 1 (;,,d q f,~1Y1c::•nt i;, ( )<, y .. , ::. iJ.yt:? r') ; 
int t'!g1."~ r' >< ., y ., 1 t,1yt,: r :; 

comment counts the number of acknowledgements between 

:H1:'!(J :tn 
if layer~ 2 then 

l"lUIYl<:;\C k '.0:i ( ){ ., Y 'I :J. ) •• ""' '() l..t1Y1E:l.C i"'; .,:;. ( >< 'I ':/ ., :J. ) +· :I. 
r11 ::0, (c·: 

nu1Y1E1.ck~·; ( >< .
1 

y ., ::::: ) ....... nu1Y1i,\Ckf,; ( >< .1 y., ::::: ) ·!" .i. :; 
End of Procedure Acknowiedgements; 

C C) 1Y11Y1 (': 1'"1 t ..... ····· ....................................................... ····· .............................. " .......... " ................ ·· .......... · ... ····· ..... · · .............................. · ... '" · ... · · ............. ····· .... . 
Procedure Waiting <x, y, waitingtime); 

int G)q€: \'' ){, y :; 
real waitinqtime; 

comment monitors the time each packet spends waiting for tne 
line between node x and y; 

:Bc,':q in 
i f 1,,J ""\ :i. t i )•'HJ t; :i. 1Y1 E? 

i::H:·,) CJ i n 
waitingtime == waitingtime * 1000; 
numwaits(><,y) == numwaits(x,y) + 1; 
waittime(x,y) == waittime(x,y) + waitingtime; 
waittimeSq(x,y) == waittimeBq(x,y) + waitingtime * 

i f v·J i:'! i 'i.; :i. 'r'l <;;,! t :i. 1Y1 f:? ) 1Y1 i::l, >< t,J i:':'1 :i. 'l; ( >< , y ) t h E! \"\ 

1Y1 ,':\ )< 1,\1 E:\ :i. t ( >< ., y ) 1 ::::: 1,\1 E\ i t i. l'1 (J t :i. 1Y1 f.0 :; 

1:::-! f"1ci :.: 

End of Procedure Waiting; 

C01Y11Y1c·:Jl·"1t.: ........................................................................................................................................................................................................................................ :; 

Procedure Creation (source, dest); 
integer source, ciest; 

coMment This procedure monitors the number of packets 
created at each source; 

.l3€":q :t l'1 

l"ll..\1Y1 t:•€-:) j"• pack F)t !:', ( ~:; 0 l..t )''CC·:., cl C·)~:;t ) " '"" 

numberpackets(source, ciest) +· 1; 
nu1Y1bf'.)l''p,,:1c1.,;0::ti,:; ( :L 1., dt:·,•r,,t) i ,,, nu1Y1bc?\''Pi::l.Ci·~c0ti:,; C :i. :i. ., c:IE,i,,,t) + :i. :; 
'r11..\1Y1 bt"! '(' p,0:\C I·( E.:>t ·:::; ( ~:; C) I..\ i''CE.1 ., :I. :J. ) :: ::::s ·n UIYI i::Jc:i )'' C},:':\C: I'\ c;,t f,'. (~:;CJ U l"'CE· '} :i. :J. ) •I» :I. :; 



, ... • ••• , J ~.1 

,.·, 1..t1Y1 i::l<"! r pi,\C l·i 02t i::i < :I. :i. ., :i. :t. ) :: '''" n u1Y1 DC') r pt:1c k c)i; ·::,; < :i. :t. , :i.) + ::. '. 
End of Procedure Creation; 

comment-----------------------:·------------·- ·----~-~--··r-·-; 
Procedure Entry(message, x) 

fH:T' ( p Cl C'.: }( (') t ) tYI E:' ~.:; 1::i ,::\ (:,! GI ; 

:i. 'r'\tC)(JElr )(; 
comment notes tne entry of a cacket into a node; 
E{t'lCJ 1 n 

:i. nt 0;!qr,:· \"· y; 
if x ~ message.destination then 

~v1 :j ::::, :i. 

y II .. ~. 

, .. 1u1Y,t h l''O uq hr·, od1-;::1 ( ><, y) :: "'" ·nu1Y1t hr· o ui;J hno c:i E: ( x ., y) ·+· l ; 
1Y1<:i!f:5Sc,\C:) c0. t::0)nt ryt i ,Y1r:1 ( ><) i "" TI l"iE: :; 
End of Procedure Entry; 

c n !'t11Y1 El n t .... ···· ................................................... ··· ..... ···· .............. ··· .............................. · .................... · · ............... ···· ........................ · ... · ··· ··· .................... ·· ..... " ., 
Procedure Departure(message, x); 

REF (packet) message; 
:i. nt <-:}C:,I E: r ><; 

comment notes the departure of a pacKet from a node; 
k:!t':)(J i Yl 

r·E~i::\ 1 int t :i. 1Y1E! :; 
i ·n t; E' (_] 1::~~ i'\ Y ~; 

if x = message.destination then 
y ~ :::: :i. 

0? 1 i:S€? 

(TIME - message.entrytime(x)) 
message.totalinternaltime(x,y) h '"" ll ... ,. 

message.totalinternaltime(x,y) + inttime; 
:i. '(": :i. n t t :i. tYI H ( 1Y1 :i. i•1 i n t f:i l'' r'l {:\ 1 t :i. IYI (::;: ( >< :• y ) t h (,·:! n 

mininterna:l.time(x,y) == inttime; 
if inttime > maxinternaltime(x,y) then 

1Y1E,\ ><int E,~ r·nr.:11 t i 1Y1i:'::· ( >< ., y) :: ::::: :i. nt t :i.1Y1<0:·i :; 

End of Procedure Deoarture; 

C01Y11Y1E·)·r1t .... ,_,,_, ........ - ......................................................................................................................... - ................................................. "' .................................... :; 
ProceLlure PacketTransfer (message); 

REF (packet) message; 
comment th:i.s procedure collects the data an packet 

Bf~q i r·1 
rE::1 0':\ J. t rt·,\ ns,, t :i. 1Y1c·:· ; 
:i. nt t:·,:·9<'·? r >< ., y :; 

transtime n= (TIME - message.transtime) * 1000; 
x == message.source; 
y == message.destination; 
'r'l U1Y1 p,::,ckc:,)t ~,t: l''i:1i"l!':l ( )< '} Y) :; ::.: i"'\ l..\1Y1 pi::\Ck E)t j,:;t r,·::1'r"i!S ( )(, '/) + :i. ; 
'G r i::\ i'1 ~_; f' C') rt :i. tYI \c:' ( )-( ., '/ ) I ::::: t: '!" ;;;\ '('11·,i f Fi )"' t: :i. 1Y1 ,:,.,, ( >< , / ) .. ,.. '[; 'f' E:\ \·"1 i:;; t: :i. 1Y1 E:) :; 

t \''i';\"r'11::,t :i.1Y1t'?E;q ( :>i, y) :: :::c -I:; l"i::\\•"i!''it: i IYIEif:;q ( l<, :/) + 
transtime * transtime; 

if transtime < mintransfer(x,y) then 
1Yii. 1·-r(; r ,,:\\'"1 ~5 f E.? )" ( )( , '/ ) :: =: t j'' ,?:\i"'l ~,; t J. 1Y1 C·:,· :; 

:i.f transtime > ma><transfer(x,y) then 
1'11,,1 >< t l'ic\ ni,,; f 121 r ( >< ., y) ~ =:: t r2,\ ·r'·1s t :i. l'itE·: :; 



for x == 1 step 1 until maxnoae do 
b(~iq :i. n 
if x ~ Message.destination then 

y 1 :::o :i. 
E) J. ~::; f.,'.:' 

y ::::::: 
int 0,1 l"'\""lE\ J. t i 1Y10·,' ( >< ., y) 1 "'" :i. nt f.,i r·r .. 1c·,\ 1 t :i. 1Y1E' ( x ., y) + 

message.totalinternaltiMe(x,y); 
int c-,1 rn,,,1 J. t J.1m-,1Bq ( >< ., y) :: "'" :i. 1··1t 0:,· rnc11 t i 1Y11]:·1bq ( ><, y) + 

message.totalinternaltime(x,y) * 
message.tatalinternaltime(x,y); 

:i. f d U1Y1 p O "("1 t; h0:11···1 

l::ir?(.:J :i. n 
f Or' i I c::: :I. ~:; t f.'! p :I. u 1··1t :i. 1 1Y1€c)Sci\:c'·c:\(J €·:·). ~:; 0 u )''CE! .... :I. cl O 

dump(message.ciestination).OUTTEXTCblanks(4)) 
dump(message.destination).DUTINT(message.nuMber,4); 
dump(message.destination).OUTI~AGE; 
f2\"ici Of d IJ1Y1 p ; 

End of procedure packettransfer; 

comment ------------------------------------------------·--· , 
Procedure Error(x,yl; 

:i. nt E1qc-:·:· r >< .1 y :; 
comment counts the nuMber of transmission errors between 

each pair of nodes; 
I·kiq:li-""1 

pE,\Ckf·?t 0:i r \"'o r'f:', ( >< ., y) .. ····· p,,,\CkE·:·t: ("·) r· r·o \"·s,; ( >< ., y) :I. ; 
End of Procedure Error; 

comment-------------------------------------------------; 
P r-·oct~c11..1. r<::: Rffl; r0 ,,:n·11"i1Y1 i f:'il:c'· :i. D"r"iE; ( >< ..• l i:'lyc11 r?;) :; 

i n t f.,i r~1 1,:·) r· >i ; 

l::i o o l 0?i,\ ·n 1 ;,:1 ye~ r' '.') ; 
comment counts the nuMber of retransMissions froM each 

nooe at each layer; 
Bc1(J:i.n 
:i. f 1 ,c1ye:1 r?; t hc-:-!n 

M U1Y1 i'f:)t i'E:\ Mfci ( >< ., :_?) :: ,::: n U1Y1 \''C-'.1t r'ii\ nG ( ){ ., 2) + :~:: 
t::.• 1 SiEI 

YH.li'(I i" E~ t \'' {:\\""11::i ( ){ ., :i. ) ~ ,::: n IJ fi1 r· E) t i"' <:H'"i i,; ( )( ., :I. ) + :I. :; 
End of Procedur'e Retransmissions; 

CO 1Y11Y1 El n t ..... ····· --·· ····· ............... ···· --- ···· ····· -- .............................. ·-· ...... , ............................ ····· ·--- .......... ····· ·-· .................... __ ... --·· ·- -.......... · ........................... -··· :; 
r::i \''OC0:)c:l l..l r·t,) Bu ffE) rut :i. 1 :i. i"'ii::\t :i. O"r""i ( )( ., nu1Y1bC·) r) ; 

integer><, number; 
comment measures the utilisation of the buffers at each node; 
Ht?~;I :i. n 
bu f f i:,i 1~ u t :i. 1 ( >< ) :: ::::, !:::, u f r· c-:· r' u t: :i. l ( >i ) + n u 1°11 D fc,• r-- ·,1· 

(TIME - lasttime(x)) 
if number> maxouffePutil(x) then 

1Y1 i':\ )·( b l..t f f €-') r l..l t :i. 1 ( )i ) j ::::: n IJ IYI [:) €".• r ; 
if number < minbuffePutil(x) then 

1Y1 i. \"""1 i::l u f' f fD r 1J t j_ ]. ( )i ) :: "' 1··-1 u 1Y1 i::) E: \"'" :.: 

:1. i,\ f::'· t t :i. IYI (i~ ( >< ) :: ::::: T I JYj E ; 
End of Procedure BufferUtilisation; 

comment-----------------------------------·----------



.,: .. \,,} 

Procedure Bufferlack(x,y>; 
:i. nt Ci·:CJ c,1 r >< ., y :; 

comment counts the number of times a packet can not be received 
because tnere 1s no snare buffer at its :i.mmeGiate 
d1'c:1::;t :i nE1t :i. on!; 

Ui::c:(J in 
comment local or non-local packet unable to be stored; 
:i. f >< '"' :/ t h<',:r"1 

i:::i u f' f c," r ~i', 1 c,\ c i·( i ·n >;J ( >< ., :t ) :: '" l.:i u ff E1 r i,,; 1. e1 c i·( i i .. 1 r;,J ( x ., :I. ) + :I. 
f::~ 1 ~:;:. f:? 

buff'Ei:r·~;;l1:H:k:i.·r1<,:;,1 (><., :::::) ....... l::iuffE:r'i::,IE1ci<:i.·,..iq ()<, :?) + :l.; 
End of Procedure Bufferlack; 

comment---------------·-------·----------·---·------------; 
Procedure Reset; 
comment This procedure initialises all the counters used 

by thff: ft1onitnr'; 
Bc~c:i in 

int Ei!(.t£,: r 1 ., J ., 1,; 
f C) )'' i. " ..... 1Y1 :i. n n Ci d 0.') ~;; t E! p :l. u '('1 t i 1 1Y1 <:':\ ),( \'"1 0 c:J (',;) c:I O 

bEiq i r'l 

for J == minnode step :l. until maxnoc:Je do 
bf,:(;J :i.n 
ut :i. :1. E\t "'" r·t Ti 1Y11,:·: ( :i. ., J) r. "'" ut :l 1 :i. i,;t,1t :i. o·,.-·, ( :i .. , J) :: ''" 0 .. 0 :; 
l;·.Ji:;\ it T i.1Y1(:-:) ( :i.'...]) :: ::::: l;Ji:":\ :i. t T :i.1Y1f":::Fiq ( :i .. , .J) u ... o .. 0 :.: 
1'(1E,\><~·Jc:\ :i. t ( :i., J) :: ::::: O .. 0 :; 
i·'l l..\1Y1ta,1 i::\ :i. t 1:5 ( :i .. 1 .J ) :: "" () :; 
transferTime(i.,J) 
1Y1 :i. nt l"'i:;\ "r"l\::; f' C·) i"' ( :i .. , .J ) 

== transT:i.meSo(i,J) 
:: '''" ':) ':Y:Y'.YJ':} ';) ':1 ':) ; 

1Y1 tT:\ )< t r e:'t n r~~ ·r· t~! r' ( :L .
1 

J ) :: ::::! () " () :; 

()II O '.; 

·n u1Y1 be:: r pack f':t i:;; ( :i .. , J ) :: "" n 1JIY1 l::if:0 i"' pt,\C I, (·:,•ti::; ( :i. " :I. :i. ) :: ::::: 0 ; 
nu1Y1 bE': r' p,,,\C 1-,i",,t s ( :I. J . ., J ) :: ::,;: n u1Y1 p<',\C k c,1t 1::; t r·,,,tnf:,, ( i ., J ) 0 :; 
p,o\cke:.·t 1:,) i'' rn ri::, ( :i. ., .J) :: ,:,, 0; 
n U1Y1,';1C 1-( i,; ( i ., .J .1 :J. ) :: "'" \·"11..l1Y1,':\C k r;:; ( :i .. , J ., 2) " ..... 0 :; 
c,w,d; 

bufff':) l''Ut :i. l ( i) ll ,,: 0 .. () :.: 
). c,\ 1::; t T :i. 1Y1C':;1 ( :i. ) ~ ::::: TI l•1E ; 
1Y1inbuffc•r'ut :i. l ( i) = ::: 9-:J':J'::")':9':)9'::l; 
1Y1 i:":l. >< b U ff ti? r U t :i. 1 ( :i. ) :: ::::: () .. 0 :; 
fork == :I. step 1 until 2 do 

b(c:)(J :i. ·r1 

nu!'r1 rc,it l"'E1ni::; ( :i .. , I,) :: ::-::: () :; 
bufferslacking(i.,k) ·- O; 
nu1v,t h rouq hnoc:10:,1 ( i., i-<) = "'' 0 :; 
:i. r·it f,] rn<:.11 t; :i.1Y1F:: ( :i. ., i·,) ·· ..... :i. r1t <·:':· r·r''1i::\ :t t :i.1Y1c-:-113q ( :i., k) :: ,,::: 0 .. 0; 

1Y1 :i. 1··, :i. n t: 0:1 r· n t:1 J. t i 1Y1 E·::· ( :i . ., f, ) i ::,,: ':°i' 9 9 ':':) ":J '::l '::.l ':Y::l ; 
maxinternaltime(:i.,k) =~ 0 .. 0; 
e.;,nc:I :; 

C·:nd ; 
r11J1Y1 be.:: r· p,,,\ c i·( ffl; s; ( l 1 . . , :I. J. ) i "'' 

End of Procedure Reset; 
(') It "., 

COMMent ---------------------------------------------------; 
Procedure Repnrt; 
coMment prints report on s~atistics gathereo by the 

St ,:it i,:;C o l l E·ict <·'~ r; 
BEH.:.:J in 

coMment - - - - - - .... 11 ., 



Real Procedure Mean ls1gma, number) 
)" 0:·1 i::\ 1 f:::. :i. g tYI <::\ ; 

:i. 1·1t i:::?(Jf'I r r'lUti1bF:: r; 

Beu:ln 
:lf number> 0 then 

Mean== sigma I number 
E'! I l:'i('.·C) 

iYI (,:~ <":':\ \•') ~ :~.:: ,:) fl () ~ 

End cf Reai Procedure ~ean; 

comment - - - - - - - - - - - - - - - - - - - - - -
Real Procedure StDev(sigma, sigmaSq, number) 

r f.7! <:·;·i 1 :::; :i q 1Y1 t:;\ ., i::; i <J 1Y1 {:·:, r; q '.; 
:i. nt ii1gr:,· r ·nu1Y1be r :; 

Dr.:1q in 
real sigmaTimesSigma; 

sigmaTimesSigma ==sigma* sigma; 
Strhev : "'' O. 0; 

:i. f ( ·n , .. \ ,vii::rn,i r' > l. ) t: h E' r·1 

tJi:::q :i. n 
if sigmaSq >~ sigmaT:i.mesBigma I number then 

::::; t I:) C·:·:I \/ ti ;'.;:; 

ED F:T ( ( 1,:; i q 1Y1,',\ f::ic:i ···· :'" :i. (J 1Y1i:\ T :i. 1Y1F!·,;;:3 :i. q 1Y1E:1. / n u1Y1 hr,? r') / 
( Yl l..l.1Y1i::i(·''.• r ···· :i. ) ) :; 

<-:·:·: 'r'I Cl ~.: 
End of Real Procedure StDev; 

C01Y11Y1C·1'r'lt ····· 

Pro cc::c:l u r't-,i T' :i. t l f,·'; 
Be::1q :i.n 

:i. n t t':(J c:: r :i. :.: 
outf .. C:)UTTf::XT("Fle::ipor't on thc-c1 ") 

(:) 1..\'l; f,, UUT I Mnc;r:: :; 

o u t f .. c:, u T ·r [~ x T < 
11 

'''" "" ''"' '"" ,,,:: '''" "" "'" '''" "" "" '"" ,,.,, 
11 

> 
out f' .. ClUTilv1n(:3E; 
outf .. OUTTEXT(networkname) 
nut f .. UUTI!Yif'.:~Ei[:; 
out f .. Cil.i"i"TL'.::XT ( 11 11

) 

out f .. ClUT I MF!f:i[:; 

out f, UUTTi:C:XT ( 11 P r'E,:f:5 i 1Y1 u 1 ,,~t :i. on Ti 1Y1c·i ., U :l 1Y1 u 1,,,\t :i. on T :i. 1Y1C:·) ' 1 
) 

out f .. (JUTTE:::xT ( 11 (i,,;f,iCO'rlO~i) II) 

out f. OUT J i''if:lCJE:: :; 
outf .. CJUTFIX (pr·€'1'",.i1Y1t:i.1Y10~., :::::., :1.2) 
au t f .. DUTF" IX ( i,;; i 1Y1t :i.1Y1(·:·,L., ::::: ., l ':D) 

out f .. DUT I i"if:lUE::; 
Cl U t f .. CJ UTT f:: X ")" ( II F;,::,\ nc:I O !YI i\l lJ 1Y1 l::iC·.') \'' ncic-:·)d i,; 11 

) 

01Jtf' .. C)i.JTIIYi(:)(31:::; 
for' i :1":: :i. ~:;tcc•Ci :i. until '.5 c:io 

outf .. UUTII\\T ( i.nitE,.(,:~c,:d ( :i.) B); 
out f .. DUT I Mf'.'.lC)[ :; 
out f .. CJ1..JTT1::::xr <" ") ; 
outf .. DUTii"lrlGE; 
End of Procedure Title; 

COMMent - - - - - -
Procedure Created; 
Ek:·iq in 



:i. 'r'l t; f'H;J ':'.'! l'' i ., J :,: 
Cl ut f" C::1UTTEX ·r ( ,, i\lu,v, l::)C') \"' 0 f' Pi':'(C h:E')t f;:, C )"•E)ii1t: E·)d ' 1 ) :; 

outf .. DUTIIYir:::JUE~::; 
Cl ut f .. CJUT"i"[: X l ( " ...................................................................................................... ·" ) ; 
out f. UUT I IYJrJC)E; 
out f .. OUTTEXT ( "Sou rec,) 
out f .. OUT I 1v1AC:1E; 
out f .. J Mr:)Gi:: .. SUB ( 7., .1.:;:::) ~ "" Dl3E: ( ,v, i nno cl i,?) .. nod 0:1ni:,11Y1E) :; 

for i == minnode + l step 1 until maxnoae cio 
Out f" I iYl(.'.)C·:,E. !:3UJ-:::: ( 7 ·)i· :i. '} '.'.'i + 7 ·X· i ) :: ::::: DUE ( :i. i " j·"1 Ci c:I (·,Hlii:\1Y1G) :; 

outf, IMAGE.8UB(7 * <maxnode + 1), 
:'5 +· 7 ·fi· ( 1Y1 <':\ x r"t O c:i €-;.• .. , .. J. ) ) ,l ::::: 'I ·r O t i,:\ l I I :.: 

out f .. OUT I IYiA(:31:::.; 
for i. : "'" ,v, inn o c:I F:i r,;;.t 0.:1 p :i. unt i. l 1Y1c:1 >< n oc:iE:· ci o 

br?q :i. n 
outf.OUTTEXT(DSE(i) .. noc:lename>; 
out f .. DUTTE::XT (" ") :; 

outf.OUTJNT(numberpackets(i, 1), 3); 
for J == minnode + l step 1 until maxnoae do 

outf .. OUTINT(numberoackets(i,J), 7); 
out f .. OUT I J\!T ( 'r'lU1Y1 i:Jt:.· r' p,,J.c k<::it i::; ( :i. ., :i. :i. ) ... 7) 
nut f.. OUT I iv1nc-:;E:; 
(,?'r'lCI ; 

out f .. ClUTTEX T ( 11 Tot: i:t 1 11 l u 
I •., 

autf.OUTINT(numcerpackets(11, 1), 3); 
for J == minnaae + 1 steo J. until maxnade do 

0 1..1. t f .. CJUT I I\I T ( 'r'l U1Y1 i::JEI i' p,:':\C i< (0:•t '.S ( :i. 1 I .J ) 'I "/) 

out f .... DUT I NT ( 1· .. ,u,v, i::•E·! i' p<',\C i(c,·it: ,,, ( :I. :I. .. , :I. :l ) ,. 7) ; 
outr· .. DUTIIYi(lFi[::; 
out f. OUTTi::XT (" ") :; 
out f .. UUT I 1v1nc-:i::::: :; 
End of Procedure created; 

comment - - - - -
Procedure TransferStats; 
Be<,::,1:ln 

rt:?{:\ 1 tot,,,\ 1 t l"<'Ini;;;; 

:i. nt t'!c.JE,i r' i. ., .J ; 
out f" DUT'T'E :x: T ( '' r::•c:1c· k E-!t: t: rt,t n~:; f El r t: :i. 1Y1t,·!',:; ( 1Y1 :i. 1 J. :i. 1,".f?c n nd ·::.',) 11 

) 

out f .. Cll.J'i" J Mn(·3E ; 
out f:. OUT TEXT ( 11 ............... - ................................................................ ,, ) 

nut f .. DUTilrir::i(3E; 
out f .. OUTTEXT ( 11 F r·o1Y1 

out f .. CJUTT(:::xT < ''t3ti)(::~V 
o u t f .. 0 UT TE X T ( 11 M i n i ,v, •..t 1Y1 

Cl ut f .. UUT I i"inUE=:; 
totalt:rans == O; 

To Nu,v,i::)e) r' 
" ) ; 

j'IJ,;·:\X :( 1Y1U1Y1") ; 

jYJ(:·:~i:\i"l 

f o i' i i ""' 1Y1 :i. nn o c:I f·,· f::, t t'I p :I. u nt :i. 1 1Y1i':'1 >< \·"1 o cl 1'-:·i ci o 

for .J ==·minnode step 1 until ma><nooe do 
t:lt:·)i;:J :l ·n 
outf .. ClUTTEXT(DSE(i).ncclename) 
ClUtf .. Ul.JTTE:XT('' ''); 
nutf.OUTTEXT<DSE(Jl,nodename) 
outf .. DUTINT (numpacketstrans(i,J), 5); 
out f .. OUTF I)( ( JYlc,~a n ( t rans; f' r .. i rt: i 1Y1<:.:-i ( :i ... , J) ., 

II). 11 

' '/ 

n I..\ 1Y1 p ,',\ c I, t:·:1 t S5 t r a. n s ( i .. , J :1 ) ••• !':) ., :i. 2 ) :; 
outf.OUTFIX (St:Dev Ctransfertime(:l,J), 

transtimeSq(i,J), 
)•) UiYI p,'°\C:.' k E' t: ~J> t \''<'c\. (i'.'ci ( i. 'I j ) ) 'I t'.'j 'I 1. 2) 



if n l..\fi1pt,1ci·( E:t i,;;t r,:,1 y1·::', ( :i., J ) < > 0 t h(:::o·n 
out: f .. DUTF IX ( 1Y1 :i. nt rt,1n~'i· f <::.;· 't" ( i, .J ) ., :.'.'.i.1 :l. 0) 

(·::: l i::;r,:i 
outf .. DUTFIX (0. 0 ... '.5., :1.0) :; 

out f .. DUTF IX < 1Y1i':I>< t r',,1n·:::; fE·: r' ( :i .. , .J) ., ~.'5, :I.:::::) :; 
out f .. DUT I 1v1r-1DE: :; 
totaltrans == totaltrans + numpacketst't"ans(i,J) 
(-;~\·'\Ci; 

out f .. DUTTE:XT ( 11 Tot c,11 11
) ; 

autf .. OUTINT(totaltrans, 13); 
CJ I..\ t f. CiUT I IYir::11:::)E ; 
Ol..\t f .. ClUTTEXT ( II II):.: 

out: f .. DUT I iYlf'.'.'IGE:; 
End of Procedure TransferStats; 

C01Y11Yt€1)\"\'f.~ .............................. ., ........................................................................ - .. .. 

PPacedu't"e TimeinNade; 
BE1q :l 1·1 

int t,:!(J f,1 r i ., J :; 
C) ut f. C)UT''i"i:~: x T ( II ·r :i fi1<-:,) !::, Cit~'r"1t :i. \•'\ (:·'.·)i::\C h n C) de·:) ( 1Y1 :i. 11 :i. i::,f·)C D nc:i ~;;) II ) 

out; f .. CJUT I !Ylr:JUI::: ; . 
out f .. DUTTEX T ( 11 ................................................................................................... 11 ) :; 

o 1Jt f .. OUT I J·11f.~1GE: :.: 
f o r' J ~ '''" :I. ;;:; t Ei o J u n t :i. 1 ;,:: c:I o 

i:JE1(J :i. l''l 

:i. f J "" :J. '(; h0:)\•"1 

out f .. UUTTEXT ( 11 

c,i 1 s,;r,, 
out f .. CH.fi"TD~ T (" 

out f .. OUT I IYW1GF :; 

L.oc:·,::i .. i. 11
) 

i\l Ci n 1 (:) C:· .';;\ J I I ) :; 

out f. UUTTEXT ( 11 i\loc:l<-::l 
01 .. lt f .. OUTTl::.XT ( II 

Jvlc·li',\'r'1 [;t Dc"'V") 
IY1 i .,.., :i.1Y1 l .. \1Y1 J'fi i:\ ){ :i. 1Y1 U 1Y1 11 

) ; 

OU t f .. C) UT I jYl ~:1 [i r:: :; 
f CJ \'' i l ""' l f.,; t f.,l p :I. IJ \•"1 t :i. J. 1Y1 i::\ >< \"\ 0 c:i E\) cl O 

br,iq i.·n 
outf.OUTTEXT(DSE(:i.) .. nodenaMe); 
o t..tt 'i' .. 01.J"i"'TT: '.{ T ( " 11

) :; 

outf .. OUTINTCnt..tmthrougnnode(i,J), 5); 
out f .. DUTF IX ( itif::i,,:1·,.-, ( :i. nt (") l'''r'ii,:11 ·(:: :i.1Y1<-:? ( :i .. , J) ., 

nu 1Y1 t h r· o 1..t q h n ci d !'.·: ( i .. , .J ) ) , ;''i ., :I. 2 ) 
outf.DUTFIX( StDev( internaltiooe(i,J), 

intePnaltiMeSq(i,J), 
nu 1Y1 t h r o u q n no c, (,',' ( i. ., .J ) 1 ., ~.'.\ ., :i. ::::: ) ; 

:i. f 1Y1 .i. n :i. nt: f.c' \'l"'tc,\ 3. t :i. 1Y1E: ( i ., J) ( 'i::l'::i':)'!)9 t; h«·,·i··, 
out f .. UUTF' IX ( 1Y1 i ·r1 :L nt El rnc:\ :i. t :i.1Y1C',' ( :i. ., J ) , '.'.','.; ., :i. 2) 

0? J. 1:'i(:? 

out·fll C:)LJ1··r,::·:r.x (()" ().
1 

;'i.=i.} :t.:?) :; 
o 1..tt ·f .. DUTF=' IX ( fi1i::l. >< i Ylt: F,l r··na.1 t 11Y1C,'l ( :i .. , J) ., '.'.'.'i ..• :i.::;::) ; 
out f. OUT I iYl( .. iUE :; 
(;') )"\ ci :; 

ffnc:l; 
out f .. Cll.JT"i"[ X T ( " 
outf .. UUTIMnDE; 
End of Procedure TiMeinNode; 

comment - - ·- - - - - - - - -
Proceciure Errors; 

,,,,, •••n ~-.. ~_,, ,. •• , F••> 0 ••• ••"• -H .,.,, •-·• '"'°• ,,_, 11 

'I 

Beq:in 
inte:1qf.·?l'' .i., J., t:ot;,;·,1.1; 



o u ·i.; f .. OU TTE: X T ( 11 1\i u,Y, i::><·,c> r' o ,r:· p,':\C i( fc:1t 1::; t•J :i. tr'\ f:':.\ ·,, r or::;;. r('2CE) i vi:::·c:i '' ) ; 
out: f .. ClUT I :vJ{'.:lE)r:::: !; 
out f" DUTT EXT ( •• ....................................................................................................... _, ....................................... ,, ) !; 
outf. CJUTIMHbE:; 
out: f. CiUTTi.:'.X T ( '' :::: r 01Y1 

() ut f" OUT I !Yin GE::; 
totc:\.l , ..... (i; 

for i == minnode step 1 until maxnode do 
for J == minnooe step 1 until maxnooe do 

l:lt,~q :i. n 
outf"OUTTEXT(DSE(i) .. nodename); 
01 .. d; f .. UUTTT::XT ( 11 11

) !; 
out:f.OUTTEXT(DSE(J).nodename); 
o 1..t'l; f .. OUT I l\!"f' ( p,,:\cl·(t,·:·i~ 0_~ r' re) r:::; ( :i. .. , J) ., '.'.:'i) !; 
tot2,,1 :=:: tot,,,11 .. , .. p,,·,,ckc,i·c:i-:,,)rr-ors:;(:i .. ,J) :; 
o 1..tt f" CJUT I 1Yi(.21UE; 
t'Jr,d .; 

outf. DUTTEXT(''Tot,,,11 11
); 

out f. DU TI J\i T (to t ,,,1 ). ,, 1 ;:::;) ; 
cjutf. DUTiiYJrJ(:)E;. 
out f. UUTTE::XT ( 11 11

); 

out: f .. OUT I ivJr:JC)E; 
End of Procedure Errors; 

c::· CJ 1Y11Y1 E! '1TG '"" ""' '"" ""' ""' '... ''" "" ''" 

Procedure Retransmissions; 
B0,•(.::J i l"'1 

J. nt ii~C:Jf.':: r tot r'Eit r··,:.1v11;:;2., t: ot: \''E)t rc,1ni::;;:'::., :i.; 
out '!". (JU TT f::'. X T ( 11 J\l 1..t1Y1 i::lEi r• o f f<Eit r ,::l'r"1J:,.1Y1 :i. i::i'i'i :i. en·,,":; 11 

) ; 

outf .. Cil.lTJiYlf~)U:~:; 
Out f., OUTT1::x T ( II'''""''""'""'''""'''"""'""""••""'"''•" ..................... ""'' ''•"'"""" '' ) ; 

out f .. ClUTIIYi(lc-:JE :; 
out f. CJUTTEX T ( '1 r::· rn1Y1 L .. t,\YE-' r' 2 L.ayE'i' r 
out f .. CJi..rr11v1ric0i:::; 
tatretrans2 == totretrans3 .- O; 
for i == minnooe step 1 1..tntil maxnode do 

[)E)<;;J in 
out:f.OUTTEXTCDSE(i) .. nodenaMe); 
Out f" UUT INT ( n1..t1Y1 r1::::t: r,0:ln::; ( i, :i.) 'I !.1.) ; 
out: f .. OUT I J\iT ( nu1Y1 l'£.:·)t rr:,\n~,; ( :i .. , 2) ., 9) !.: 

tot rt:o)t r·2~. \.'\G2 :: ''" tot r(0:·t r,,.1 ni;;;2 + n 1..11Y1 \"F}t l''c:\ ni;;; ( i , :i. ) ; 
totretrans3 i= totretrans3 + numre~rans(i,2); 
outf. OUTIIYinGf:::; 
0:~·r.cl; 

outf .. OUTTEXT(''TotE,\1 11
); 

outf .. OLJTINT(tot:retrans2, 5); 
outf"OUTINT(totretrans3, 9); 
out f .. CiUT:CJvjr::)(3[~ :: 
out: f', CilJTTi::'.XT ( 11 

") ; 

out f' .. DUT I 1Yif'.H3E :.: 
End of Proced1..tre Retransmissions; 

CClMMent - - - - - - - - - - - - - - - - - - - - - -
Procedure Acknowledqements; 
J.::lr?q :i. n 

J. nt e:ii;:,1 t·:·) r :i. ., J ., t c> t: i,1 :i. t r·c,I ni,;2 ., t: o t: 2,11 t r,,,1 ni::;:~:: ; 
totaltrans2 == tataltrans3 == O; 
out f, DUT'T'EXT ( 11 i\lU1Y1i:.1E,1 i'' of c:\cknot,\1 :I. c:1ci•J<.'C:·1Y1(·i'1·1i; ,,::. 11

) 



\ ..... ,. 

out f .. DUT I IYi()(JE :.: 
out f .. DUTTEXT ( ,i .......................................................................................... - ................. ,,) :; 

out f .. DUT I 1'11r:::ir:i1:::; 
outf.OUTTf:'.XT( 11 F·ro1Y1 To LE,\yc:-ir ::;:: L.ii,\yc:r ::; 11

) 

out f .. OUT I lvl(l(3E :; 
f D l" :i 1 ::::: I'll :i. 1··11··1 D c:l 1:::-1 ~;; t ("j p :I. U 'r'l t :i J. 1Y1 c:\ )( n O d C·:·: cl O 

for J =~ minnooe step 1 until maxnoae do 
i. f ( n u1Y1ac 11 ~; ( :i., .J ., :I. ) > 0) o r' 

( nu1Y1acki,; ( :i .. , J ., 2) > 0) t h0?n 
i::lG:~q :i. n 
outf.OUTTEXT(DSE(i.l.noc:lename) 
out f .. DU"i"TEXT (" 11

) ; 

outf.OUTTEXTCDSE(Jl .. nociename> 
O I.I. t f. CJ u T I 1,1 T ( 1·11..1. 1Y1 <::\ck~, ( .i. ·, J 'I t ) ·., ll. ) ; 

out f. UUT I I\IT ( nu1Y1f.\C i··; s ( :i .. , .J ., 2) ., 1 0) :; 
outf .. ClUTIIYit!GE; 
totaltrans2 == totaltrans2 + nuMacks(i,J, 1); 
totaltrans3 == tataltrans3 + numacks(i,J,2); 
E;,,nc:i; 

out f., CJUTTEXT ( 11 Tot,£-1J. 11
) :; 

Ci ut: f .. CiUT I 1,1T ( t: ot c~-1 l t rc,1 ns,;2 .
1 

:l. 2) :; 
out f' .. UUT I I\IT ( t n t: E1} t r,Y:1'r·1~0,:::; ., l O) ; 
out: f .. OUT I iYl(.:·,c;:::: :; 
c;ut f' .. CiUTTf::XT ( ' 1 11

); 

out f. UUT I \YIHCJE :; 
End of Procedure AcknowlecigeMents; 

comment - - - - - - - -
Procedure LineLJtilisations; 

,.,,. ..... • .. ~ , .. ~ M•• .. ,~ ""' ""' ,,,~ ••••• ""' ""' .. ~, 

B(~:q :i. n 
:i. 1·1t t::,·,:;;ie r i I J ., i··; :; 

out f" OU'fTEX T ( 11 i.. .. :i. l'l(·i~ Lit :i.}. :i. i',iii.\t :i. 01 .. 1 11 ) ; 
outf, OUTiiYl('.:)GE~ 
out f, OUTTEXT ( ii .................... _ ............................................. 11 ) :; 

outf .. C:HJTIIYir::lGEi; 
ci 1Jt f. OUTTE:XT ( 11 F rc:i,y, 
outf .. CJUTIIYl(.'.\hE; 

To Ut :i. 1 :i. i;;;,,:i t :i. on ( 1,,) 11 
) ; 

f o r· i i '"" 1Y1 :i r"1 no d c,", r,:; t 0,l p 1 u ,·"1 t i l 1Y1 ,,\ >< n o c:I Ell c:I o 

for J i= minnc;oe step 1 until maxnooe do 
if utilisation(i,J) > 0 t:hen 

bf::.'q i r, 
out:f .. UUTTEXTCDSECi> .. nodename) 
outf .. CJUTTE:XT(' 1 11

) :; 

nut:f.OUTTEXT(DSE(J),nodename) 
utilisation(:i,J) == utilisation(i,J) I 

'.';, :i. 1Y1t :i. 1Y1€-'.: ·)l· :I. 00; 
out f .. DUTF' IX< ut i l :i. Si:',\t ion ( :i .. , .J) .. , :·:':i., :L 2) ; 
out f. OUT I i"li::1f:JE; 
('?'r'ld; 

out f .. Di.JTTE)<T (" 11
) ~ 

nutf .. DUTil"ln(:JE; 
End of Procedure LineUtili.sations; 

comment - - - - - - - - - - - - - - - - - - - - - - - -
Procedure WaitTiMes; 
Bc?q i. n 

j, r, t 1":CJ E! l' .i .. , J .1 !.; :; 
out 'f" CiUTTf:~X T ( 11 i-.Jc,1 :i. t t: i 1Y1E,·i~s for· J. i nEo~s-, ( 1Y1 i 11 :i. \'';t'?C o nd s,;) 11 

) 

o u i,; f .. OUT I 1Yif'.:1GE; 

'/ 



C) ut f" UUTTEX T ( 11 ............................... ,.,so .................................................. II) 

Cl ut f" DUT J iY!nt::)E :; 
out f .. DUTT EXT ( '' r-::· ro1Y1 

nut f .. DUTTEXT ( '' 
out f .. OUT I i"lnUi': :; 

'To 
IYic,\ >< :i.1Y1 U1Y1 '' ) 

for i == minnade step 1 until maxnocie do 
fnr J tc minnacie step 1 until maxnode do 

if numwaits(i,J) > 0 then 
l::if::i(J :i.'r'l 
outf .. OUTTEXT(DSE(i).nodename) 
ou.t ·f .. DUTTEXT ( 11 11

) :; 

outf.OUTTEXT(DSECJ>.nodenam8) 
outf .. OUTil\iT (i·1u1Y1W,'Iitf,;(.i..,.J)., !5); 
out f. ClLJTF IX ( IYIE1i:\l''l ( v.J,':\ :i. t ti 1Y1t,'! ( :i. ., J) ., 

r;t: l)[~,,1 ,1 ) :; 

l'l U1Y1V·.Ji:). :i. 'G i::; ( i. ., .J) ) ,, :::i ., :i. ::::'.) ; 
outf. CiUTFIX Ut Dt:,)V ( i•Jii:'t :i. t t: :i. 1Y10~' ( :L, J ) ., 

lt\lii:1. :i. 'I.; 'G i 1Y1Ci\Jq ( :i. ., J ) 'I 

n u,v,~\lc:.i. :i. i:: ,7:; < :i .. , J l > ., z:i ., .i. o > :.: 
out f .. C)I..JTF IX ( 1Y1,::l.><1t\ti':1. :i. t ( i, J) ., !'.'.'.i.

1 
:i.?) ; 

out f. CJUT:;: Mr:JC:lt~; 
(:;)'r'ici :; 

out f. DUTTEXT (" ") ; 
outf. DUTIMHDE.; 
End of Procedure Wa:i.tT:i.mes; 

C01Y11Y1E'lTt ..................................................................... ···· ..... '" ...................... .. 

Prncedure BufferUt:i.lisation; 
B0»(.i :i. n 

int Ei<;;Jr,·i r :i. ; 
clutf. ClUTTEXT ( ''Bufft:-?l'' Lit i l :i.S:ii':it: ion''); 
out f .. UUT I 1v1n(::iE :; 
Out: f .. OUTT1::::x "(' ( II ..................................................................................... 11 ) ; 

out f. Cll..JTIM(::1ui:::: '.: 
out f .. OUT TEXT ( ' 1 J\loc:i c,l Ut :l l i 1::li:',it :i. Qn ( y;;) iVI :i. n :i. 1Y1 u1Y1 '' ) ; 

Out f" ClUTTE X 'f ( '' !Yi,,:\)( :i. fi11..\1Y1 nv,"1. :i. l ic\ I::; :1. I:.:')'') :; 

outf. ClUTJ:iYl(:)G1~::; 
for i == minnode step 1 until maxnode do 

bEiq:i.n 
outf.ClUTTEXTCDSE(i).naciename>; 
o u t f. DU T F~ J X ( ( buff' C) r tJ t :i. l ( :i. ) I :::; i !'ft t i.1Y1 ,:.:,,l I 

DSE ( :i. ) • t C) t <::\lb I..\ f fc,:1 l''1::; -~i· :I. 00) 'I :':'i ., :I.:::::) :; 
:i. f IYI :i. r'l I::) I..\ ff Ell'' 1..1. t :i. 1 ( :i. ) ( '::!':}'::)'::)''] 'i:; hE!'r'l 

o u t f .. Cl UT i:::· I X ( 1Y1 :i. n buff Eii r' u t :i. l ( :i. ) .
1 

i:l, :I. :;::: ) 
C-:? 11,:l[? 

outf. OUTFIX (0 .. 0.
1 

~'5, :1.2) :; 

CJ u t f , 0 UT i::~ J X ( 1Y11,,\ >< bu f f c·:· r· 1..1. t :i. l ( 1 ) .
1 

:.'.'i .. , 
outf .. OUTINT(DSE(i).totalbuffers, 
out f .. OUT I M1::H:3E; 
ff,'rn::i; 

out f .. DUTTE~XT ( 11 
'') ; 

nut f .. UUT I !Yii'·:'1Ui:::; 
End of BufferUtilisation; 

). ::::: ) ; 
r.:i, ) • 
, .... 'J 

comment - - - - - - -
Procedure Bufferlack; 

~ .. , ..... ..... •·••• ..... ...... ..... •·•·• ..... • ... ~-.. _,., ,.... ..,.. ..... It 

'/ 

Beq:ln 
:l nt c~<JE,: r :i. ; 

outf.CJUTTF:XT( 1'Pack1;:itr-;; l''f',lJF::•ctf,':d c:luc,l to l,:1ck of buffci!ri::;'') 



out f .... OUTTi::: '.< T ( 1' ................................................................................................................................... - .......... -.............. ·····-· ... 11 ) ; 

out f .... OUT I iYl{'.:1(:)E; 

out f., Cil..iTTi:::XT ( 1'i",locit:) i....OCi:':i.l i\/01··1 J OC·:':1:i. 1
1

) ; 

out f .. UUT I IY1C:l(::Hi:; 
f O r :i. :: "" IYI :t \•"1 i"'I C) ci C,·:· f:,i t: C') p :I. U \·"1 t i J 1Y1 ii:•. >·( )") 0 c:i C·:) cl O 

hi:-:iq :i. n 
outf.OUTTEXT(DSE(i) .. nodenaMe); 
o 1J t f , Ci U T I l\l T ( b u f f E) r l:c.· l. ic\ c I\ :i. 'r'l q ( :i .. , J. ) ., ~"i ) :; 
ci u t f . DU T I i\i T ( h u f f E,: rs; 1 ,',\ c i·( :L n (I ( :i. ., 2 ) 1 ·] ) :; 

out f. CJUT I IY!()UE; 
EH1c:l; 

out f, DUTTEXT ( 11 11
) 

out: f .. uuT I IYi(.:1ui:::: ; 
I.... I f' :::. nc: o ... Procedure Bufferlack; 

coMment - - - - -Report Body- -

E:iYE,DLJT .. ClUTTE X T ( 11 f:l i !'!1 u 1 <',\t i o 1··1 c o,v, pl E-:Jt E' .. , w r' :i. t i 1· .. ,1;J \''F) po rt .. 11 ) 
E3Y\3DUT, DUT I M(.~CiE; 

I l t .J. 0.'l; 

c: , ... (:'.,~\~\ t (,'.,;,:,(5. ; 

t re:\ ni:;; f £·: r~;; ti:':\ ts~; 
'i:; :i. 1¥1(,Z• :i. \"in O Cl (,0); 

E-~ r r o ri::; ; 
r c,:,.\ t 't'' <'.~\ y·, ~31Y1 :i. ·:::> ~;; :i. o n f:i> ; 

acknowledgements; 
lineUtilisrations; 
V·Ja :i. t T :i.1Y10}1:::. :.: 

buff f.'l l''Ut :i. :i. :i. 1::;.::\'l: :i. (.)·r·, :; 

l::iuff(::'!r'l,Jci( :.: 

End of procedure Reoort; 

COMMent -------------------------------------------·---------; 
End of CLASS StatsCollecter; 

comment***************************************************; 
Procedure Initialise; 
comment Main initialisation routine; 
D(·:~q in 

intGi(Je.·,ir :i.., J., d02s:;t; 

C Cl IYI 1Y1f!i1 \•"1 t ................................... _ .................................................................................................................................... · ...... .. 
REF (NocieClass) Procedure Estal::iiishNode (node); 

int0°,1~;lf':r noc:10:1:; 

'"' ..... "'" ........... , .. ,-....... .,, .. 11 

' 

comment This procedure initialises a node a'r'\d activates 
all the processes associated with it .. 

D,,iq :l n 
R~F (NodeClass) teMp; 
:i. l'l'C i,,i q (·::) r' n u 1Y1 i. :i. 1··1 r;;:, 1::; , :i. ., .J ., i,; ; 

temp=- NEW NodeClass(noc:ie); 
:i.nf .. INiirff)(:iE:::; .i.nf· .. Il',JlM1~1(::J[::; :i.nf .. :c1,1Ittif'.-)Gl=::; 
INSPECT tf.·~1Y1p do 

i::!EHJ :i. l"l 
nodename :- BLANKS(G); 
nodename == inf. IMAGE .. SLJB(l,6); 



inf., I l\l l lYIA(JE ~: 
buffersinuse ·- O; 
t o t i::\ l. i::i u f f Fi r i,s :: ::::, i "r'l f .. I \\i I i\l T ; 
inf., I i\l I iYJ('..)ClE; 
numlines == inf. ININT; 
:i. nf. IN I M(lCJE :; 

fclr' i :,,::: :I. f";t0}p :i. until nu1Y11inr:,,\,,; do 
bi::,J(J :i. n 
outputC!(:i.) ::-.. l\il:J,J HEAD; 
p r :i. o i' :i. t yo u t put C! ( :i. ) :: .... I\I E: l1J HE(.'.) D :.: 
j_ \"'1 f' " J: j\/ l iYI (~l (:) I,::: :; 
out put J. :i. r"1f,'! ( :i. ) :: ..... NEi,,J out put p r'OCE:•·,::;s ( noc:l l;:i ... :i. ) :; 
ACTIVATE outputline(i); 

INSPECT outputline(i) do 
br»gin 
li.nl(f''.~c1to :,,,, :i.nf .. Ii\lINT:; 
linechoice(linkedto) 1, ..... J." 

It .. ,.. ''} 

li\·"1C-:'~c;p,?:.:•f:?:.ld ;::::: :i.Y1f,, :(i\iF~Ef.'.'.ll...:; 
propagationtime := inf .. INREAL * inf .. INREAL I 

1000000; 
errorprob == inf .. INREAL; 
end of INSPECT outputline(i); 

(:':)nc:I :; 

inputQ :- NEW HEAD; 
DTEC! :- NEW HEAD; 
L2unacknowledged :- NEW HEAD; 
L .. :.':;1..11··1,i:\Ci·( r'l 01.,J l (·,:ic:lq f;;;)ci :: ..... NEV..1 l·IE:nD; 

SourceQ =- NEW HEAD; 
L3waitiny 1- NEW HEAD; 

inf .. IN I ivJ~'.l(3E; 
i. n f .. I 1\1 I i1i AGE:. ; 
DTEi,;ourcE-i :: ..... i\iElrJ s;ourcf.,·! (nodc-,i, inf .. Ii\iHEf::il...., inf',, Ii\li::<t::r1L .. 

1 

:i.nf., INF~EAL .. ) !; 

Submit =- NEW Submitter(nadel; 
f:3ub1v1 it .. t :i.1Y1E·! r = ::::, :i. 1··1f .. I i\iF<E::AL.; 
ACTIVATE GubMit; 

DTEsink =- NEW s:i.nk(nodel; 
ACTIVATE DTEs:i.nk; 

for' i ="' 1Y1innodt:1 f:i'.tE•D :I. ur,t:LJ tY1-5,1><nCldt,,1 do 
i::H,HJ:i.n 
inf .. Ii\l.i:IY!f'.lt::i[:; 
if routingMethod - :I. then 

I·( :: ::::: :I. 

dE:1 \,;;t ::::::: :i.Yif .. II\IINT!; 
fo \" .J .: "''' :I. f;t E'D :I. unt i 1 k c:i o 

r o u t i t·1 q t <::\ b i. (,,? ( cl Ei ~" t , J ) :: '''" :i. \·"1 f.. l l\i I 1\1 T ; 
t~nc:I ~ 

end of inspect temo; 



EstablishNode =- temp; 
End of EstablishNode; 

.................................................... Boc:ly of I n:i. t ii:,\ l i s,ci ................................................................................................. ". :; 

comment open tne configuration file; 
f;Yf:30UT. CH .. JTTi::::xT ( "Ent<.::)"· n<':\1Y1f,::, C)'I" conf':i.C]U\''c:\t ion f:i. ].(,;)") :; 
SVUUUT .. OUT I 1v1(.:1t:JI:::: :.: 
l::;YDIN .. INIM(=1GE; 
inf 1- NEW INFILE (SYSIN .. IMAGE .. STRIP); 
inf' .. DPE~N (i::)J.,,,1n1·,Ei (i::10)) :; 

comment open the s~ats file; 
E>YbDUT .. DUTT r:: ::< T ( 11 C nt 1c·! l'' t i-'iFI n<',\1Y1t,i n f t hEe r,:; t <":\ t i ~:; t i cs; f' i 11:.-:·! 11 

) 

HYSUUT .. OUT I Mn(::JE !; 
tWb I I\I,, I i\i I Mf'.1DE; 
outf :- NEW OUTFILE(SYSIN. IMAGE.STRIP) 
out: i' .. CiPl:::J\J ( b 1,;;\ ni-i :::; (GO) ) :; 

comment clump files requireo?; 
SYHDUT .. DUTTEXT(''Entc·::-r' y for' r,:iu,v,p~:;' 1

); 

ffVbClUT. ClUT I jYJJ'..)(:)I::::; 
HYH I l\i .. J J\i I !YiJ'.:it31C:: :: 
if (ffYbII\I .. Jiv1r1CiF .. nTi<IP ..... "Y") or' (HYSii\i. Ji'1l(]C)1::: .. 1,:i"iHI1:::i ··· "y") ti··i<o:·:·n 

C:iU1Y1pCl'r'l :: :.::: t l''UE-! 

f::)]. !::i c-~ 
Cl 1..l1Y1 po)") :: :::a f ii:\]. ];;i<',~; 

comment debugging required?; 
E3YbUUT .. DUTTFXT(''Entt:ir y for c:i0:)i::JttcJqinq'') :.: 
:3Yf:3CJUT .. CJUT I IYlnc:)E; 
E3YS IN .. IN I iYliiGI:::: :; 
:i. f ( t3YS I i\i .. :i: 1v1ne::,i::: .. i::;T H 11:::1 

.... 
11 Y '') or ( SYS I i\l., I IYl(:'.'rbf:: .. f::lT F< I :::i .... 11 y '') t hc,·n 

cJt-:,buq on : "'" t rw".,' :; 
SYSCllJT .. Dl.JTTE X T ( '' i::::nt F: r n u1Y1 i::ic-:,1 r'i::; of l c-:-:: ft F.\ nc:i , ... :i. q ht nod i:,11''=- '' ) 
SYSDUT .. UUT I iYif'.~GE :; 
EN EH N .. I i\l I iY1 i:) 1::) 1:::: ; 

l ff.· ft no Cir-,! ~ ::cc UY S I 1,1.. I I\I I I\I T :.: 
rightnode == SYSIN. INI~T; 
<c~ncl 

Ei'!J. l::i8 

debugon == false; 

comment qet the random number seeds, tne presimulat:i.on anc:l 
simulation times frnm tne terminal; 

1:3YUClUT. rn ... iTTEXT ( "Entc,·il" ~5 N:\\'"1dn1Y1 nu1Y1i::it'!l"' SiE:)t'~d~:;") :.: 

1::iVf:3ClUT .. DUT I M(.:)(3[: :; 

f3Vf::;.IN .. Ii\lJ:M(.::1f'.:J::~; 
for' i. :: o::: :I. ~,;t t}p :I. unt i 1 ;:'.i ci o 

flYHCJl.JT .. ClUTTE X T ( '' i:::nt: E·: r P r'c,ii::; i 1Y1u 1 E:\t :i. n n e\nc:I t:; :i.1Y1u l ,:,1t :i. on t i.1Y1r:·i '' ) ; 
ffYf:3CiUT .. uuT .. rE:<T <" < :L ·r'·, 1::i(',1cm1(:h,;) ") :; 

HYflDUT" DUT I iYlf'.:1(::;E; 
SV::3:rn .. II\II!Yi()(3f::'. :; 

p Y'El,:.o i 1Y1t i 1Y1f.~ ~ "" SYH 11\I., I i\l F~Er:1L; 
simtime := SVSIN .. INREAL; 



comment read tne network name, 
configuration file, and 

inf .. I l\i I MA(31::'.:; 
networkname :- BlANKS(BO); 
netwarkname ==inf.IMAGE; 
inf .. IN I jvlf:ic·:JE ; 
maxnade == inf. ININT; 
,v, i i·-, n o cl f:~ :: "'' :I. :; 
:i .. nf. II\IIM(.~(31::~; 
rclutincJ1Y1('',·th<:lci ::"" :i.nf .. INii\lT:; 

maxsequencenum 1= 7; 
channel :- NEW ServerClass; 
monitor 1- NEW statscollecter; 

comment establish each nocie; 

nu,v,br:1 i'' of' noc:11;:c,i,; 
r· o u.t :i. n<;:1 1Y1E•t hod :.: 

far i =~ minnooe step 1 until maxnode do 
Drn:~: ( i ) : ·-· E i,;; ti::\ i::i l :i. ~,; hN c, ci ra ( :i. ) ; 

comment read the routing algorithm time, 
frame check-sequence time, 
acknowledgement processing time, 
layer 2 and 3 send window size, 
layer 2 and 3 receive window size, 
layer 2 and 3 retransmission timer, 

r··· ... .'l'l 

and layer 2 and 3 acknowiedgement delay time 
from the configuration file; 

inf .. INIMAGE; inf. INIMAGE; inf. INIMAGE; 
routingalgtime == inf. INREAL; 
inf. INIM(;,i13E; :i.·r"1f. Il\1l!Yi(.:'1DE'.: 
FCStime 1~ inf. INREAL; 
inf. INIMAGE; inf. INIMAGE; 
<':\Ck now 1 E)ci CJ(:'lt: i.1Y1Ci·l r' ( t ) i "" :i. nf .. I i\l f~E(ll...; 
<':\Ck now 1 f:)c:iqe.it .i.1Y1f::: r' ( 2) :: ::::: inf', I Nf~Ei'.'.11...; 
inf. Ii\iJ:ivlnC:lE; :i.nf .. Ii\iiiYlriDE; 
L .. 2 i,; (·,:) ·r·, d 1;-J :i. n c:i o ~" f,; i ;:.-: (·,~ :: ::::: :i. i''i f .. I J\I I 1·\J T ; 
L:~i;;;f")nd r·J :i. nc:l o wi:,; :i. :,'. f,i :: "'' :i. n f' .. I i\l I i\iT :; 
:i.nf .. Il\iIJYi(:(::-)i::~:.: :i.nf. 11\IIIYl()C:iE:: 
i .... 2P1:.::·cc·):i.VE,lW:i.ndo1,,~"':i.:;,'.1c.? ::s::: inf .. INii\iT:; 
1... :::. l' r? c E:) :i. v (-:~· l>J i i·'i cl o vv i;;; :i. :,: i::c) :: :,::: :i. n f • I l\i I 1,1 T ·; 
:i. nf .. I i\J I iYlf'..iGJE; :i. nf .. I i\l I Mr.:iOE; 
l....2t :i. 1Y1f? l'ci Ei 1 i:,\y :: "" :i. ·n f .. IN I l\l'f ; 
l ... ::;t: :i. 1'11E·) l'Ck:·) 1 ay ~ :a:: j, nf" I l\l I l\lT :; 
ii'·if .. Il\!Ilri(1(:3E::; :i.rif. Il\iJIYif.:lUE; 
L.2~,1:i.nclo1/-Jt::i.,Y1E·)r ~::::: inf .. Ii\lJl,JT:; 
L. .. :5tN :i. r·,ci o wt i ,Y,r,:· r :: '''" :i. n f .. I 1\1 I l\iT :; 

comment oaen the cluoop files; 
if c:i u,y,pon t hr2n 

l::i0:·:<;J :i. n 
f CJ '(• j, 7. :::a :I. !3 t (:/ p :f. Un t: :i. 1 I'll i;°\ ){ 'r''t () cl !!-:·) c:l O 

r.:lfJ(_:_1 :i. n 
dumpfile :- blanks(G); 
du1Y1pfi:1.0,:.f::li...JB(:L .. ,t1.) ::,,,, ''c:lu,Y,p''; 
if :i. < :I. 0 t hran 

du1Y1pf:i. lE:', f3UB (:."i., :I.) .. Pi..Jl'Hff' ( i) 

f':.' i. :,.;(? 
dumcfile,SUBC5,2) .. PUTINT(i) 

clu1Y1p ( :i.) ···- I\IEt·J C)(..JTFil..i:: (ciU1Y1pf:i.1E·:); 



:a6essawBwtwunH sserJ ssa~DJd 

:***************************************************** ~uawwo~ 

:asJI9t1JLlI BJnpa~OJd JO pu3 
:3NON -: JUt 

t3so1J"Jur 
'.pua 

; (r)JGWT1£1'(1)3Sa 3!UAIJ.JU 
t (()JBWJ~Zl'(J)38Q 3lUAilJU 

:(~·r·r,ssaooJdJawJ~ M3N -= cr)Jawr~r~·ct)3SO 
: cz•r•r,ssa~oJciJaw11 M3N -= cr)Jewr;z~·cr>3Sa 

:azJSMOpUJMSAJB~BJ~l =: (r'J)MOpUJMaAtaOBJ~l 
i0zrsMopurMaAra~aJz1 ~= ,r·r,MopuJMaAraoaJz1 

'.aZJSMOpWJMpU85£l =I (r'J)MOPWJMpWaS~l 
:azrsMOPUJMpuasz1 == cr'T)MOPLlJMpUasz1 

:o == cr'r>~Atl == cr'1>SAtl 
:a== cr•r>NAZl == cr'r>SAZl 

Wtbaq 
op apouxew rriun T da~s T == r JOJ 

aa aaouxew 111wn 1 da1s I== r JOJ 
tsan1eA !D~o~oJci MoputM 6UJPJ!S esrre11rur iuawwoo 

l ( 
111V1C) pl.J. '[ 1\.') 

:a11J bnqap Buruada Jo pua 
:38UWilno·arJJ6nqap 

MCi[.:)l,.l,lM11) .1..x:::1..1..J.i"'!Cl •,:')T ·~.,,1,Bnq0:)p 
c CO£)s~uerq)J.X3J.J.no·atrJBnqap 

: ( 11MOCiUl1vl Mor.::iu,M11) J .. ~<:~j .. LJ.f'lU "i'Jl: T.,,1.6nc:10:·ip 
( ( 6 l ) S :ri 1..J. \:! '[ q ) . .L X ';'.].L.Lno "i·:':) '[ T J i3n q i'3P 

:39uw11no·arr1Bnqap 
c ,, nt...t,·)':::; (it\:::.: .. , i::t,'.i: .. ·1 p1..1,"1H Hr\::::: .. ·1 '.::lf\?:· .. 1 1, > .1..x:::1.1....t.no ·e Tr. J f'inqi,·:ip 

: ((£)S~l.J.BTC!)lX3.l..lnU"BlTJ6nqap 
; < 11 !:l 1,1 ... 1. ,:::1q 1-11n t..t SI\! 11 > .. L :< ::::' J..Lf"lD • .:0 '[ ·~ :J bn q ,.;Jp 

: ((9)S~I..J.BtC!)lX3llnU"BrTJbnqap 
< /; pL.1.::J::3 iit,:::.:··1 H/'i'.:'..'."'I pL.ti'·'lH (':1A::~: .. ·1 E;r\::::: .... 1 ,, ) .. 1..x::LL. .. IJ'l(J ·,·::.1 IT ,J. f':inq,:ip 

:( (6)S~U&Tq)lX3.l..lnD'BlTJ6nqap 
t3ouwr1no·a1rJt:inqap 

t cawewaµau·canou+yB1J)380llX3llnD"BttJbnoap 
t ((8Z)S~Ue[q)lX3llnO"BTJJ6nqap 

: (aweuaoau·(aaau1Ja1)380)J.X31lf"lO"B1J.,J.bnqap 
: ((0£)S~uerq)lX3.l..lno·arr+5nqap 

: ((0~1)s~ue1q)N3dCJ'BtJJbnqap 
t ( " i3n cuJ p,, ) ::J ... 1 I .:J.UlO M::::11\! ..... :: 0,1 '[ ): J 5n q ap 

\,.( ·1: l::i~:)q 

L,\,,)L,I q. l,l()t:\l"l(F'JP J -~ 
ta1TJ bnqao wada ~uawwc~ 

tsarrJ dwnp Buruada JC pua 
:; p!.,\i':1 

:38UWIJ.nO'(J)dwnp 
( 11 ................... 11) .. l.X::l .. L .. !..f"lD • ( 1:) cl1.1.1np 

o p il,i po 1 • ..t >< i.::.> w T ·~ :'.). u n l c:l ,::.3 :.,.1::, T "" ~ r ,.t. o J 
:3ouwI.1..no"<J>dwnp 

; ( ·17 '· i.·· :i .. I.. !\I I .. !. f"1 C) " ( 1: ) cl 1,11 n p 
op apouxew IJ1Ul"I l da1s t =: f JOJ 

;38UWili"'!O"(t)dwnp 
!; ( 11 :: i:,; i'} p ,::) .1\/ IAI (J ,.( .::! " 11 ) .. !.. X ::J .. I.. .. !. f"'! CJ " ( r ) c:I W l"I p 

t < r.: '· ·,: ) J..1\1 I J. nu • < T ) c:J w n P 
( 11 ,:,,l pc! l\i ;; q p,·::!! l\ T ,::J ;:i,::) ,.t ~s '.).i·:J :,.1 ;::l\?,::J 11 ) .. !.. x :::i .!.. .Lii CJ " ( ·i: ) c:i wn p 

:'; ( ( 0\3) i;;; ~-11..1 \',.' T q) 1,1::::1,:::1u ' ( ·i: ) c! 1,11n p 



comment lhls process displays on tne screen a message 
indicating how far the model has got; 

ElC!(.::J :i. i'l 
l;Jh:i. J.r,i t l"UEI c:lo 

l::ir1q :i. n 
HDL.D(;:."j.0) :; 
E;;YSDUT. DUTTi::::XT ( 11 Hunn i ng ! 11

) :; 

SYSOUT.OUTINT (TIME, 3); 
f3YSDUT" DUTT[: XT ( II '.,,;f.0)C O nci i;; 0:·) 12\ pi:5F!.·d ' 1

) 

SY\3CJUT .. DUT I MnGt::: :.: 
(,2nd; 

End of Process Class RunningMessage; 

(··, .... ,,, 

comment****************** MAIN***************************: 

:i. n :i. t ii:\ l. i f:,;c;i; 

for i i= minnode step 1 until maxnode do 
ACTIVnTE DSE(i).DTEsource; 

runninq =- NEW runningmessage; 
ncTIVnTE running; 

HOLD (presimtime); 

HCJi.. .. D ( !:'> i.1Y1t j_ !'(1(,')) :; 

1Y1o·n :i. tor .. r'c,:,po rt::; 

c:, ut: f .. CL .. Ci:3E:~; 
if c:iu1Y1pon thrc,1n 

f o r· i i "'" :I. '.',; t [~ p :I. 1 .. t n t :i. 1 fr'1 '"' >< n o ci 0:-1 c:i o 
cj U1Y1p ( :i.) " CL.cr::ii:::: :: 

if c:!Eii::iuqon t i"ll:'·?n 
d f'i) I:> uq f :i. 1 (~1 .. CL.Of;E:; 

END of Simulation; 
El\!D of P rog r·,,:\1Y1 :; 



Appendix 2 Code of EM, the source emulator 



Br!:.'9 in 
SiMulation Begin 
coMment ******************************************** 

·r..· 

:=:; o u l''Cf!:.' E,Yru 1 c,\t or 
:.:~:; ::.:::: :;:;: :.:::: ::::: ::::: :::: ::::: ::::: ::~: :::-: :!:·: :::::: ::-~ ::::: 

·)\· 

Written by Paul Reynolds 

l / 'J / :i. 'JBl.1. 
·l\· 

******************************************** 
This prograM produces statistics on the 
nuMber of packets generated by a source; 

REF (source) DTE; 
REF (OUTFILE) outf; 
TEXT f'iJ.en,c\1Y1r,i:; 
rf::i,:,\:i. e1 rr'E\Y c:·ount~:; < l ~ f=,t) ., bounc:i~;; ( :l ~ f.)0) :; 
real 1n~ermess~1me, packetgentime, avgnumpackets, 

simtime, c:i.asswidth;· 
:i. nt t~q<',i r' ,,:\ r' r,:'\Y 1::;E!<-:,~ci ( :i. :: ;:; ) ., i 'r'l :i. t i::;('DE?c:i ( :i. :: :.:S) ; 
integer length, totalsent; 

comment*****************************************************; 
j'.:) r n c (;;) is; i;:; c :t <',;\;,;El f:3 0 u r c C) ( :i. Yl t \7,) l'' Ill(,': )::i F:i t :i. IYI (·;;) ., p ,',\ c i·i (::) t q f'? 'r'i t i 1Y1 C) ., 

<::\ vq n U1Y1 pi:,\C k C,)t l:',) :; 

real intermesstime, packetgentime, avgnumpackets; 
comment This process generates traffic for a nocie of the 

'r"10·2t v-,10 l'l·i.. J t t heJi··i c,:,\ l :1.1,3 h :i. !cit o t: o :i. nc i''0,)1Y10,,iy·,t t hF' 
fr,?.·?qUf:::ncy· c:·ount for thE.' pr'E·.'s:;E,.>nt ti1Y1G01 :i.ntic-:·.'rv,,:-\1., :; 

Bc,~q :i. 1··1 

integer numaackets, sent; 

[ .. \)hi. :1. '"'! t r U(01 Ci O 

BE:1rJ in 
HDI....D ( i\lEC-:lE:XP (:I." 0 I :i. nt E·.' r1Y10:::s;~;;t :i.1Y10?., %02t·:-:ci ( :I.) ) ) ; 

numpackets == NEGEXP (:i..O I avgnumpackets, seeci(2)) + 0 .. 5; 
f5 €~~ r, t :: :7w": :J. ; 

While sent <= nuMpackets do 
i:1c-:::q :i. n 
HDL.D (i\iE(:)i:::XP ( :J.. () / i:),:i\Cketq0°.'nti1Y1C:--l, f.-';f::H:,·:·ci (;';.!.;))) 

sent ==sent+ i; 
totalsent ,- totalsent + 1; 
comment increMent counts; 
HI:::lTD (counts,;., bounc:lf:;., TIME .. , :I.. 0) 
end of group of packets; 

End of while true; 
End of Process Class Source; 

COMMent ****************************************************; 
Pro cc-:,'!d u r'<·:~ J:<f:,.' po r't (count';.',., b o u ncl is., l F:1·nq th., f :i. :L 0:~1·"1i:11Y1(,·,·) :: 

value filename; TEXT filename; 
real array counts, bounds; 
:i. nt: c,,q 0:::· r' l E'n(J th:.: 

comment This procedure writes out the report for this 
program including the histogram. 



CO 1Y11Y1E) n t ....................... ···· ................................................................................... · ........................... · ............ · · ................................................................. ····· 

r:1 roct~U1..tr(") Plot (co1..1.nt·,,~, bci1 .. incii,,;, :1.E!'r'1qt1··i .. , 1tJic:lth); 
real array counts, bouncs; 
integer lenqth, width; 

comment This procedure plots a histogram; 
)JE!(J :i. 'r"1 

int C,)C:IE·) r i' .J; 

for' i ::,0 , :I. ~,.tc,)p :I. U'r'lt:i.J. lc·:·:•nqth do 
bi::iq i i"l 

out f. CJUTTEXT ( 11 j II ) ; 

:i. 'f' count<::; ( :i.) > tr,) :i. d t h t l·'l(·:i'!'rl 
bC:iq in 
outf .. ClUTTEXT( 11 Dvcirf'lcnAJ 11

) 

o u t f . DUTT E:: X T ( b 1 i·:1 t·i i, i;; ( tr·J i c:i t h 
f.\'\"lci 

E!i.l:'if:) 

hEJ(:J in 

'::) ) ) ; 

f o r J ~ '"" :I. .~,; t €·~ p 1. u r"1 t :i. J. co 1.i ·n t s:; ( i ) c:i o 
0 1..1.t f,, DUTT[: X "{" ( 11 ·M· 11

) :; 

outf.OUTTEXT(blanks(wiclth - counts Ci))); 

outf.OUTINT(counts(i),3); 
out f'. CJUT 1 !Yir::)131::.; 

outf.CJUTFIX(bounds(i),2,5) 
out f .. UUTTE:XT ( 11 i 11

) 

out f'. DUT I i"irlC:)1::::; 
f?nc:I () f )''C)\I~; 

End of Procedure Plot; 

comment --------------Body of Report--------------------------; 
comment output to screen or file?; 
if filename= blanks(1.0) then 

out f' :: .... bYbCJUT 
eJ.:::,,E: 

t:rn?<,:,:J :i.n 
outf :- NEW OUTFILE(filename) 
outf.OPENCblanks(BO)) 
f..:md :; 

nut f. OUT TEXT ( 11 f<<',\ nc:l n 1Y1 i\l u1Y1 bE~ r' bE1f:'.;'c:i '.,, '' ) ; 

nut f. OUT I IYi(tC-:lE :; 
'I" o i'' i. :: ::::: :I. f', t f:? p :J. 1..1. nt :i. 1 ?; do 

out f, UUT:Ci\lT ( :i.·n:i.tsr10:1cl ( :i.) ., fl); 
out f. OUT JiYinL:)E :; 
out f. C::1UTTE X T ( 11 Int i,:·i r'1Y1i.:0~0,s}2,\q E' 2\ nc:I Int:~·'! r· pi:\C k e:lt t :l 1Y1E,·: 11 

) 

Ci 1 .. d; f • OUT I iYj(:1UE ; 
outf.OUTFIX(:i.nt:ermesstime,5, 10); 
nutf .. OUTFIX(packetgentime,5, 10): 
out f. Ci UT I M()G1::::; 
o u t ·f • 0 UTT i::. X T ( 11 1;1 v C'l l' "'' (I t,: 'r''il..t ,yii::l r.,n-· o f r.:) <','t c k c:d.: 1;:; pf':·: r 1Y1 !':-! :,:;<:,; ,,,\ (.:J E! " ) 

out f. UUT I Mr=-1C:3E :; 
outf.OUTFIX(avgnumpackets,2,6); 
out f. UUT I !Yi()C-3E: :.: 
nut f .. UUl"TEXT ( ''f;:i,Y,ul,;,\t ion t .i1Y1t:·:1' 1

) 



out ,r· .. DUT I MnC·3i'.:: :; 
out f .. DUTi:::· IX ( i::; :i 1Y1t :i. 1Y1f:,l ., 2 ., r::.,) :; 

out f" OUT I IY1(1UE; 
outf .. OUTTEXT(blanks(80)); 
(Jut f .. OUT I l•1(HJE:; 
o u t f .. CJ i.J"I" T 1::~ X T ( 11 T :i. 1YJE,·l 11 

) ; 

out f" OUT I l>'inGE: :.: 

plc;t (c,::iunt~;;., bounc:11:i., l<::ln<;_:,1th.1 :.'.=;<)) :; 

comment print average pacKet generation figures; 
avgnumpackets == totalsent I simtime; 
out f .... Dl.JTTE:: X T ( 11 PIV(·::l l"<':\q ("1 n 1 .. 11Y1 i:Jc1 r of pa.c i, f:?t i:;; q r:,:-1n<;.:1 \''<iAt r::id pf:·? r 1,;;E1c o nd 11 ) :; 
outf.OUTFIX(avgnumpackets,2,7); 
out f .. UUT I /·;i(HJE: :.: 
avgnumpackets == avgnumpackets * 3600; 
outf .. DUTTl:~:XT ( 11 nvf:,1r,,·,\q(·:·? i"\U1Y1b(·,'ll" of p,,:'\Cki::-?ti,:; qr0·r'1<:-:1ri:',\t«:1cl p<-:~!l' 1··1our' 1'); 
outf.OUTFIX(avqnumpackets,2, 10) 
out f .. OUT I 1vJ(.:J(JE; 
End of Procedure Report; 

comment*******************************************************; 
Procedure Initialise; 
BEl(.::J :i.n 

:i. nt E1(::J \':~ \"• i ; 
f :i. 1 F)i .. \fl1Y1cci ; ···· h 1 ii:\ nk !:'> ( :i. 0) '.: 
flY\3UUT .. DUTTt:~ X T ( 11 e::•nt e:·:· \'' n,:,\1Y1C:,! C) f output: f :i. :J. F;) ( not h :i. nr:,i for' i,:;c i"·t::.>i,:n) ' 1 

) 

f::;YSDUT .. ULJT I IYJ()(:;)C:,; 
f:::;YS I i\l,. I i\l J iYlf'.:lG1~:: :; 
filename == SYSIN .. IMAGE.STRIP; 

BY'.3DUT .. UUTTl:':XT( 11 c>Y"Jtc .. 1r' \N:i.c:ith CJf hi·:::,tniJr<::\1Y1 c:t,,:1~;;1,;;e':!!::, 11
); 

FlYbC.Jl..lT. OUT I iYl(H3E; 
f:3YFlII\I., Il\iIIYi(:iGE~ :; 
classwidth := SYSIN. INREAL; 

SYt::;uuT .. UUTTl:::::x:T ( ''(:,:•ntF.}\'' ;::, \'',";i,\''lciD1Y1 'r'lUJYJ!Ji;;;)j'' i,;c,::t,•CI!::;'') :; 

f3YbCiUT. OUT I Mf'.lbE; 
bYB IN .. I I\I I 1,1nCJE :; 
for i ::s:: :i. t:,itE,:p :l. unt:i.J ?.: c:lo 

~50'.H:c'C] ( :i.) :: ,,: i j·'\ :i. t 1,:;f.00:.'Ci ( :i.) :: ;:;:; !3YB I I\I .. I 1\1 I NT:; 

SYbUUT .. ClUTTE:XT ( 1'c:-;;,r,tf·:r int0,,r'J'(1f.·:i~,;<:,;<',\i.;:1c·:· i:,\nci int:E,:\''f.'.li:':\cl,E.'t t: i1Y1E:'':.,'') :; 

\3YF;DUT .. Cll.JT I IY1A(:31:: :; 
FiYS I 1\1 .. I i\i I iVir::1UE:; 
:i. 1··1t f2 r1Y1(:?E\!';;'C i 1Y1f~ u •.•• svE:; J i\l .. l i\i f~EnL.; 
packetgentime I= SVBIN .. INREAL; 

E;YbDUT. [1UTTEXT ( ''<:,·int:1?,1r ,,~vr..:::r·, .. ~qr.,~ nuli'1br}r of pc,1ckc,1ti:"' pc,:1r 1Y11o.i~;;i,:;2,\CJc"'1) 
HYHUUT .. UUT I 1Yif'.1Gt:: :; 
ElYS I i\l,, IN J iYlrJC::l!:::; 
avgnumpacKet:s == SYSIN. JNREAL; 

bYHCJUT .. DUTT!::: X T ( 11 EJl'1t: (·:·~ r i;,; :i. 1Y1 u :i. 1,,\t :i. on t :i.1Y1(i,.' 11 ) ; 
f:3V!:3UUT. CiUT I 1v1nGE; 
bYEi I l\i .. T 1,1 I /Yj(l(:iE: :; 

~s;i.1Y1'Ci.1Y1f!.~ ::a:: f::JYH:i:N .. Ii\lHF(.:'.ll.. .. ; 

coMment ensure room on h1stograM for w~ale si~ulatian: 



length == simtime I classwidth + 0.5; 
if length 60 then 

Df,1(.J in 
1 E-:,,·nqt h : """ (:\0; 
simtime ==length* classwidth; 
::3YSUUT. DUTT[:'.< T ( '' t3 :i. ,Y,1.t 1 i,\t ion t :i.1Y1(,! I uu I....Ul\1CJ .. , i:=; ho \"'t (·?nee\ to : '' ) 
SYSOUT.OUTFIX(simtime, 2,8); 
SYSOUT.OUTIMAGE; 
E~nc:J; 

comment initialise bouncs of histogram classes; 
l::i Ci u nc:i i::; ( :i. ) :: '"" c :1. ;::1 i,,;~,,~·J :i. cit h ; 
for i. ::,,, :? f,;t:c•p :l ui··,tiI 1t,'1l"'ic:Jth cio 

hou·ncJ~:;(:i.) :,:::: bou.ncls(:i.··· .. :i.) + c:i.e .. s;;f,,,tAJ:i.cith; 
t () t {:':\ ]. ~;;; (-'.{~\ j·~, t: :: ::::: () :; 
Encl of Procedure Initialise; 

comment*********************** MAIN*******************************; 
:i. n :i. t i '"\ 1 :i. s:;0? ; 

:0 Ti:::: = ..... i\i E ltJ i;;; o u l' c E' ( :i. n t rn r 1Y11:·:! i,3 i,:; t i ,Y, E,! ., p "" c i-·; c,! t (;J (:"· ·,.-·, t :i. 1Y1 c:i ., ;,,\ v q 'r'l ' .. ( 1'11 p E1 c i·i f.'! t '.,'i ) 

()CT I Vr::1TE~ DTE; 

HUI.. .. D ( r::; :i. 1Y1 t :i. 1Y1 t:·:·1 ) :; 

1f f:1.:1.0,!l"l<:,\1'11(01 <> hli,,1v1h1;5(10) t1···,r:in 

out f'" Ci .... Db[ ~ 
~nc\ of Simulation; 
1~::nc:1 of P r·oq l"i:,\1Y1 :; 
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