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Abstract

This report covers the activities related to OCA Contract DCAIOO -76-C-0058 during

the period August , 1976 to May, 1977.

The report is organized according to the three areas of the problem in which we

have concentrated our efforts. The areas and the individuals involved are:

1) The design and implementation of appropriate protoco!s to handle the
circuit switched portion of the Integrated Network tra ff ic (M.
Barbacci , K. Sakallah).

2) The design and implementation of appropriate protocols to handle the
packet switched portion of the Integrated Network traffic. They
include the mechanisms used to handle transient and permanent
failures of lines and nodes (M. Barbacci , 0. Levner, 0. Siewiorek, W.
Wu).

3) Variations in the basic SENET scheme used to implement the
Integrated Network (M. Barbacci , W. Paulsen).

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— ~~~~~~~~~~~~~~~~~~~~~~~~~ - -‘——- .. .- ~~~~~~~~~ ~~“~~—~~~ a~ c . ~~~~~ .r
---.. - -

# S
DCA100—76 -C-0058 May 29, 1977

1. Introduction
During the period covered by this report (8/76-5/77) CMU continued the study of a

network of integrated switches. An integrated switch is a message processor that can

handle a range of message types. Principall y, th~ message types are: Ordinary voice ,

encrypted voice , di gital (100 bps to 50 kbps), and some video and other real time

traffic. Integrated switches. interconnected in a communications network constitute a

backbone system. Local access lines tie in to the processors in the backbone network

-to provide user access to the network.

Prior to this effort , CMU emulated a single node of the network using C.mmp

[Wu 172], a multiprocessor system consisting of up to 16 miniprocessors (DEC PDP-11)

connected through a crosspoint switch to a central memory. This work had several

results: We identified the functional character istic s of the system , we dev&oped and

implemented a task decomposition that performs the different functions of an

integrated switch, we developed theoretical models of performance for the switch , and

finally, we developed a reliability study of the hardware components of the system.

Statistics gathered during the experiments (Bar76b) indicated the feasibility of using

multiprocessor nodes using relatively slow mini-processors.

During the emulation of the single node we ignored several critical issues since we
. .were concerned mainly with measuring throughput. Among these issues were: 1)

Routing Protocols , 2) Real Time traffic , and 3) Error Detection and Correction. During

the period covered by this report we addressed these aspects of the integrated
p

network.

The first part of this report describes the Network Simulator and the Command

1 
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Language Interpreter used to initialize and perform experiments. This part also

describes the format of the trace files used to collect raw data from the experiments.
- 

. Some projections indicate that Class I traffic will constitute the major part (approx.

- 87~) of the total traffic carried by an integrated network in 1985. It is, therefore ,

essential to pay particular attention to the design of an effective Class I protocol that

- 
is both simple and flexible. Part 11 of the report describes a set of experiments

conducted to study protocols for efficient Class I communications.

Part III of the report describes the experiments conducted to study protocols for

reliable communications. The experiments studied three problems that arise in real

communication networks: 1) node congestion, 2) line faults (transient and permanent),

and 3) node faults (transient and permanent).

The network simulator is capat le to simulate other schemes besides SENET. Some

‘ experiments were conducted to measure the performance of a “frameless ” network

transmitting Packetized Voice and Data (or PVD, for short). A PVD network is somewhat .

similar to the Packetized Voice Circuit (PVC) developed at Lincoln Laboratories , MIT

(For76). The PVC scheme treats Class I traffic in a similar manner to Class II and III
- di .1traffic. Real time traffic is transmitted in packets through a preassigned path. There is

no buffer reservation mechanism and Class I packets must compete for resources with - ‘

other packets, albeit with a higher priority. The experiments with the PVD scheme and

some comments on its similarities and differences with PVC are the subject of Part IV.

2
I
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1. The SENET Scheme
The integration of circuit and packet switching is based on the transmission of

information using a Time Division Multiplex (TDM) scheme first proposed in [Cov75]. In

this scheme , time slices of fixed size - a frame period - are transmitted synchronously

over high speed lines between two adjacent switches in the network. The frame acts

as an envelope for smaller time slices of variable size , each acting as a slot for

transmitting a “packet” of information.

In this Slotted Envelope - NETwork (SENET) scheme , frames are transmitted

synchronously between adjacent nodes and a circuit switching subnetwork can be

defined by the reservation of fixed slots inside a frame. Since the slots carry the same

amount of bits every frame period, beginning at exac tly the same point in time , this is

equivalent to the reservation of -dedicated channels between the two adjacent nodes.

The rest of a frame can be allocated on a demand basis. If a suitable protocol is

defined for the proper interpretation of the ir-’ormation transmitted on this part of a

frame, a packet switching network can be easily implemented.

• 1.1. Traffic Types

The primary driving force in the design of a communications system is the character

of the information it must handle. Based on existing communication networks , three

‘different classes of traffic can be identified: -

Class I Traffic. - Characterized by long transactions requiring continuous
real time response (voire , video, facsimile ). This type of traff ic can be
transmitted in the synchronous portion of the frame. They are
representative of transactions transmitted in a circuit switching “network ”.

Class II Traffic. - Characterized by short discrete transactio ns requiring
near real time response (interactive data). This type of traff ic can be

- 
,, ... . transmitted by dynamic allocation of slots in the asynchronous portion of

a frame. They are transmitted in a packet switching “network ”.

I—i
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Class III Traffic. — Characterized by long transactions requiring neither
- 

- continuous nor immediate response (bulk data). This type of traf f ic can be
transmitted , as the previous class , on the asynchronous portion of a
frame.

The details of a frame are shown in Figure 1.1. Starting at 12 o’clock a certain

number of bits are reserved for CCIS (Common Channel Interswitch Signaling), followed

by a Class I region containing the real time traffic. The end of the Class 1 region is

indicated in Figure 1.1 at 5 o’clock. Class II and III regions cont aining the interactive

and bulk traff ic occupy the rest of the frame. (Unless we make it explicit , we shall

make no distinctions between Class II and Class Ill traffi c. We will use the term Class

lI lo indicate both interactive and bulk data). -

The differences between the requirements and characteristics of the above

classification of traffic imply different types of service:

Class I traffic is either accepted or rejected , with short connection delays and

without error control. Class I traffic requires low delay and a constant throughput in

order to maintain the intelligibility of the message. Class II traffic is always accepted

but may incur a system delay, with short connection and cross -network delays. The

traffic is characterized by bursts of information followed by “waiting ” periods,

• 
requiring a high degree of reliability. Class III traffic is always accepted (although the

network might temporarily suspend this type of service), with longer connection and

cross—network delays than the previous class. In Class III traffic , variations in the

delay of individual packets is not important and this can he used to reduce the impact

of the long periods of high traffic volume. As in Class II traffic , a high degree of

reliability is required.
- 

H_



- - ~~~~~~~~~~~~~~~~~~~~

DCAIOO-76 C-0058 May 29, 1977

1.2. Implementation Assumptions

The above discussion summarises the top level characteristics of an Integrated

Switching Network. For the purposes of the project , however , we had to take a closer

look at lower level considerations that wifl play a role in the actual implementation of a

SENET system. The remainder of this section outlines the major characteristics of a

possible implementation [Bar76a, Bar76b].

1.2.1 Class I Mapping Tables

The real time requirements of Class I traffic dictates that it be processed in a

special fashion by the integrated switch. Since veice carries a significant amount of

redundancy, a larger error rate can be tolerated in most applications (secure voice

transmission presents lower tolerance to errors). 8y eliminating or reducing the need

for error control, the transmission of Class I traffic can be performed in a

* straightforward manner. The establishment of a log ical circuit between two

- 
di subscribers is reflected, on each switch along the path, in the updating of Ctass I

Mapping Tables internal to the integrated switches. These tables indicate , for each

slot in the Class I region of an input frame, both the output frame (output channel) and

slot position reserved for the logical circuit , as shown in Figure 1.2.

The reservation of entries in the mapping tables is performed during the

establishment of the communication and remains in effect until the communication is

terminated. The reservation of the slots along the communication path guarantees a

fixed bandwidth for this type of traffic. As traffic requirements vary during the day

the portion of a frame reserved for Class I traffic can be reduced or expanded

accordingly.

1-3
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1.2.2 Non-Homogeneous Links

The input and output links in the network need not necessarily be homogeneous.
- - For a given time window length, say 10 milliseconds , the length of a frame varies

accord ing to the capacity of the link. ihus, for a T I carrier , a frame conta ins 15,440

bits. For slower carriers , the frame will he accor d i r -~~ i y smaller.

Allowing the use of lines w ith different capacities permits the use of similar nodes in

different capacitie s in the network. They can appear as switching nodes, connec ting

high speed trunk lines, as part of the access system connecting and concentrating

large numbers of low volume users, connecting HOST computers into a communications

network , etc (Figure 1.3).

1.2.3 Asynchronous Behavior

The scheme does not assume the existence of a master network clock. Each link

transfers frames at a consta nt rate (1 frame / time slice) but the links are not

* 

necessari ly synchroniz~ ci among themselves (Figure 1.4).

Requiring a centralized network clock has a serious impact on the reliability of the

network. In an asynchronous network each link works independently fr om all other

links. There is no central critical component (a clock ) whose failure will bring the

network down. Each link between two nodes constitutes an isolated entity whose rate

of failure has no impact (other than perhaps on the volume of traff ic permissible) on

the network. This approach also allows the presence of transient errors in a link which

might possibly throw it out of step. Link protocols and error detection and reporting

are the responsibility of the two nodes interconnected by the line.

-~~

1-4
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1.2.4 Line Interf ace Devices

The line functions (detection of frame and packet headers , detection of special bit

patterns or f lags , Cyclic Redundancy Checks, etc) are performed by special purpose

hardware devices. The actual (physical) input and output operations are performed by

these Line Interface Devices (LID) using their Direct Memory Access (DMA) ca pabil it ies

(Figure 1.5).

The presence of hardware devices to handle line error detection frees part of the

node processing capability. From the LiD, the frame is loaded directly into memory and

the event is indicated to the integrated switch processor(s). Having special line

handling devices allows thc detection of errors on a packet per packet basis. If error

detection were performed over the entire frame , a single err or anywhere in the frame

might make it invalid and therefore the frame might have to be retransmitted , an

unacceptable situation from the point of view of Class I transmission.

1 .2.5 Packet Transmission Format

The use of the Advanced Data Communication Control Procedures (ADCCP) [ADC75),

or variant thereof , seems reasonably well-suited to this application. Each packet to be

transmitted is augmented, as in ADCCP, by hardware-genera ted header and trailer

fields, Figure 1.6. The header field identifies the start  of a packet (by a unique flag-

character) and passes control information to the Line Interf ace Device (LID) at the

destination. The trailer field contains the cyclic redundancy field followed by the f lag-

character to indicate the end of the packet. By so delimiting the packet with unique

f lag-characters , err or detection becomes strai ghtforward.

p
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1 .2.6 Class I Tr~msmission

Since Class I slots are small (say, 80 bits for an 8 Kbps vocoder channel [see

F0r75]), sending each as a separate packet would entail a great deal of overhead.

Indeed, the main reason for using sep a rate packets for Class 11 traff ic is error

detecti on, which is not a concern with Class I t ransrn~,sions. The reasonable conclusion

is to send the entire Class I portion of each f rame as a s inp~le p~çket. This has the

advantage of minimizing the number of overhead bi ts required (a single header/ trailer

pair). However , it is important that this Class I packet should always be accepted by

the destination LID, even if a transmission error is detected. What is needed is a ~~~
f ield in each packet header which identifies the packet as either Class I or Class II

(Figure 1.7). The solution to the problem is then to have the destination LID

intentionally ignore any possible error indication for Class I packets . As a

consequence , control information used to establish or break Cla~c I communications

mus t be send as Class II packets. Thus, a frame can not be dedicated exclusivel y to

Class I traff ic , some small portion must be reserved for CIas3 II control packets for this

purpose. 
. 

. 

- I
• I .2.7 Frame Generation and Timing -

II

According to the original Coviello and Vena concept , new real- time data appears say,

every 10 milliseconds (in a Ti carrier this corresponds to 15,440 bits/frame ) . Hence,

every 10 milliseconds a Class I packet must be transmitted. The start of a frame

would simply ho indicated by receipt of each Class I packet header. No explicit s ta r t—

of-frame marker would be required. In other words , a frame consists of a single Class

I packet followed by zero or more Class Ii packets. The intervals between Class I

packe ts are fi led, ei ther partially or completely, by Class II packets (Figure 1.8).

1-6
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2. Network Simulator

in this chapter we describe the organization of the Network Simulation system used

to model an integrated network .

The simulator allows experimentation with arbitrary network topolog ies , traff ic

patt erns, node processing power , line characteristics , etc. The system is implemented

in SIMULA-67 and runs on the POP-lO processors at CMU. Modelling the network in a

simulation language instead of emulating it using C.mmp was dictated by practical

considerations. C.mmp has a fixed upper bound in the number of processors available.

If we try to simulate multiprocessor nodes, the number of nodes that can be simulated

is of necessity rather small (in the order of 4 or 5). Moreover , some processors have

to be dedicated during the experiments to interface with the user , perform I/ O

operations , etc., thus reducing even further the number of processors available.

Simulation was also better suited for some of the planned experiments. In

par ticular, we were interested in study ing the behavior of the network under transient

and permanent faults in the lines and nodes. Injecting faults in the real hardware was
S. -

clearly more difficult than in the simulated network.

2.1. 
- 

A Global View of the Network Simulator

The network simulation experiments take place in three steps:

1) Definition of the network characteristics

2) Running the simulator and collecting trace data -

• 3) Analysing the trace data.

The first two steps are performed interactively. The latter is performed off-line , at

a later time. This partition of the experiment allows us to perform any number of

1-7

.1 . - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- 
S ~~

-- -~~~~~~-~~~~~~~~~

DCAIOO -76-C-0058 May 29, 1977

analysis procedures independently of the simulation run, i.e. we have the freedom to

study the data at leisure without having to repeat the experiment.

- 

- Figure 2.1 shows the organization of the system. The rest of this chapter describe

in detail the Network Simulator proper. The Command Language interpreter , the

Anal ysis programs , and the results of the exper imE~rits are described in later chapters.

A network (Figure 2.2) consists of a set of links (transmission lines), switching nodes,

and host processors. Hosts generate traff ic (packets); nodes process the traf f ic  and

route the frames and packets; lines carry the frames and packets from node to node.

2.2. Host Processors

Several types of hosts can be attached to a node. Each type of host is geared

towards handling a different type of traff ic. For the purpose of this section we are

interested in the following types of hos.: Input, Outpj~., and Vo ice-Generator , as shown

in Figure 2.3.

* 
Input hosts are asynchronous processes responsible for the generation of Class Ii

and Class III packets. They are driven by tables describing the rates of generation for

the different types of packets. The tables are initialized by the user through the

Command Language Interpreter and remain in effect throughout the length of an

exper iment.

Output hosts are processes which are normall y dormant. They are activated by a

node when a packet destined for the host arrives to the node. The output host then

removes the packet from the node and does the proper clean -up operations associated

with the end of the packet life.

Voice Generators are asynchronous processes responsible for the generation of

1-8
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Class I traff ic. They are driven by tables describing the ra tes (calls/minute) and the

c haracteristics of the calls (traff ic rate and duration). These tables are initialized by
- - 

the user through the Command Language Interpreter and remain in effec t throughout

the length of the experiment.

Hosts send and receive packets via two queues in the node. These are the Host-

Input and Host-Output queues. Each node has exactly one of each, regardless of the

number and type of hosts attached to the node.

2.3. Nodes

Nodes are made of asynchronous processors of , poss ibly, different characteristics ,

and a number of buffer queues used to store the packets. The characteristics of a

node are specified by the user through the Command Language Interpreter.

There are two input queues from which a node gets its packets. They are the Line-

input and Host-Input queues. The former is used by the input lines to store newly

arr ived packets. The latter is used by the hosts of the node to store newly generated

packe ts , as shown in Figure 2.4.

After a packet is removed from an input queue by one of the processors , it is

examined and processed according to its type, source , and destination. The operations

executed for the different packet types are described in later chapters. For our

purposes let us say that most packets that arrive to a node are routed to either an

output host or another node in the network. This is done through a set of output

queues. A Host-Output queue is used to store packets destined for the output host

associated with the node. A set of Line-Output queues, one for each output line, is

used to store packets destined for an adjacent node. These packets are removed by

the lines and placed in the Line-input queues of the destination nodes.

1-9 
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Besides the input and output queues, no’Je~. have on~ additional queue called the

Holding queue. It is used to store cop ies of the packe ts that have been sent to an

adjacen t node, w hile waiting for a positive acknowledgement. If an acknowledgement

fails to arrive within a prespecified “time — out ” window , the packet in the holding queue

is retransmitted. The algorithms and techni ques used to handle transmission errors are

described in Part 3 of this report. ¶
r Routing tables are used to drive the routing algorithms. Briefly, a routing table

contains the identity of the best adjacent node which can be used as an intermediary
- 

in order to reach a given final destination. More details are given in Part 3.

Class I mapping tables are used to drive the Class I processing algorithms. Briefl y,

these tables contain the characteristi cs of each channel in use as well as the “route ’s

that the channel must follow (i.e. the output tine and the position of the channel within

the frame). More deta ils are given in Part 2.

Each node has some fixed storage capacity for packet buffers. When the storage

* capaci ty of a node is exceeded, the node is said ~o be congested and new traff ic can

S. not be accepted. Congestion can arise due to increases in traff ic or due to component - I
fai lures. The techniques used to detect , avoid, or correct congestion are described in

• Part 3.

— 2.4. Lines

Lines are synchronous processes which are responsible for taking packets out of a

line output queue (in the sending node) and placing them into a line input queue (in the

rece iving node). -

r I At the beginning of each frame period a line transmits the Class I pac.~et (the Class I

H
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- portion of the frame) , f ollowed by as many Class II and III packets as can fit in the

rest of the frame. If no Class II or III packet can be completely transmitted before the

start of the next frame period, these packets are delayed until after the Class - I packet

of the next frame has been transmitted (Figure 2.5).

Lines provide the basic timing of the network i.e. while nodes and hosts are

asynchronous processes , lines are driven by the frame frequency. Each line of the

- ~
. network has characteristics determined by the user through the Command Language

Interpreter. Although the basic frame period is a network parameter (i.e. it is the same

for all lines), lines can have different speeds or transmission rates. Lines are not

necessar ily synchronized with each other and a constant “line skew ” can be spec ified

by the user.

$ 
- 2.5. Packet Format

Under the working assump tions mentioned in Chapter 1, we are not particularly

concerned about the specific data transmission protocol used by the lines. We assume

that appropriate error detection mechanisms are available to prevent garbled packets
S.

from arriving to a node. In this section we will explain the format of the simulated

packe ts as seen by a node, and the meaning of the information transmitted in the

header. 
- -

For simplicity, the network simulator only uses four types of packet. These are

labelled types 1, 2, 3, and 4. Type 2 packets are Class II with high pr iority. These are

used to transmit control information between the nodes. Type 3 packets are the host

genera ted Class II packets. Type 4 packets play the role of Class III packets. They

are handled in the same fashion as type 3 packets but with a lower priority. Type 1

packets correspond to Class I packets in PVD experiments.

1—11
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2.5.1 User Information Packets

These are the packets generated by the different hosts of the network. Thus , this

group includes all packets of type 1, 3, and 4. We will now explain the different fields

-~ 

- that appear in these packets besides the user information or data. Bear in mind that

we are describing simulation packets and that in a real implementation , packe ts will

have a more condensed header. We included extra informat ion mainly f or tracing

- purposes.

Field Comments

TYPE This field defines the packet type (i.e. 1, 3, or 4). The TYPE field is
used by the nodes to process the packets in priority order.

LENGTH This field contains the simu lated packet length, in bits. The LENGTH
f ield is used to compute the simulated transmission delays, copying
delays, and storage requirem ents.

SN The Source Node field identifies the node attached to the host
generating t his packet.

ON The Destination Node field identifies the node attached to the
destination host.

LASTIMEOUT This field contains the time that the packet was last transmitted. It
is used to detect errors by comparing the difference between
LAST1MEOUT arid the current time with a time out constant. See
NTIMEOUT.

NTIMEOUT This field counts the number of times this packet has “timed-out”.
It is used by the error detection routines. If the number of
re transmiss ions exceeds some limit , the line and or adjacent node
become suspect. This counter is reset after a successful
transmission.

PACKETNUMBER This field contains a unique identifier (an integer) associated with - -

each packet that is ever created in the experiment. It is used to
acknowledge packets and in the trace files.

SENDINGNODE This field conta ins the identity of the node that last transmitted the
packe t. This field is used to generate and route the
acknowledgement packets.

TEMPON This field contains the identity of the node to which the packet must
be sent. This field is computed by the routing procedures.
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2.5.2 Control Packets

Control packets are always packets of type 2 and have higher precedence that all

other packets. Control packets carry control commands to be obeyed by the receiving

node. Some control packets also carry data to be used by the receiving node (e.g.

routing information). —

In addition to the fields described for the user packets , control packets carry a

CTLMESSAGE field. This field is an array of six (6) integer that identify a control

cu.nmand and its parameters , if any. The meaning of these commands and parameters

will be explained in later chapters.

* -

S. 

- 

-

-
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3. Command Laii~u~~e Interpreter

The Command Language Interpreter provides the facilities for the user to interact

w ith the system. It allows the user to define the network characterist ics , the

exper ir:~ent parameters , and t he collection of trace data for further analysis.

The Command Language Interpreter is invoked automatically when the system is run.

It prompts the user for commands and performs then immediately. The available

commands can be classified in three major groups: 1) Network Characteristics , 2)

Experiment Characteristics , and 3) Miscellaneous.

3.1. Network Characteristics Commands -

These are the commands that define the topology of the network and the

characteristics of the Hosts, Nodes, and Lines. - 
-

3.1.1 NEWNET

The NEWNET command takes the following form: -

NEWNET <integer>

The NEWNET command is used to define the size of the network by specify ing the

number of nodes as an integer. This is usually the first command to be issued.

3.1.2 CONNECT
.

The CONNECT command takes the following f orm:

CONNECT <nodel>-<node2> [ / <speed> I <skewl2> I <skew2l> / <delay> ]

The CONNECT command defines a line between two nodes. The nodes are specified

by two integers between 1 and the size of the network (see NEWNET). Besides 
. 

8

speci f ying the nodes connected by the line, the user can specify the line

1-14
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char ac teristics. The first optional parameter is the speed of the line in Kilobits/second.

The default speed is 1544 Kbps (T i). The second and third optional parame ters specify

the skew of the lines. These parameters are given by an integer number of

milliseconds and is used as an ~,t ia l line start-up delay. The default skew is 0 ms. The

last optional parameter is an integer which defines the “cost” of using t he line. It is a

relative delay time needed in travelling from one node to another. it is used by the

routing algorithms. The default delay is 4.

3.1.3 DISCONNECT

The DISCONNECT command takes the fol lowing form: 
-

. DISCONNECT <node 1>-<node2>

The DISCONNECT command is used to eliminate a line from the network.

3.1.4 HOST

The HOST command takes the following form:

* HOST <node> <switch> :<arg> <swi tch>:<arg> 

S. The HOST command defines the characteristics of the traffic generated by the hosts

attached to a node (the first parameter). The allowed switches are:

H<n>:<r> Defines which fraction, r, of the data traff ic generated at this node goes
to node n.

V<n>:<r> Defines which fraction , r, of the voice traf f ic generated at this node goes
to node n. -

A:<n> Defines n as the average number of packets/millisecond generated at this
node.

D:<r> Defines the fraction , r, of DATA packets (1-r is the fraction of BULK
pac kets).

L:<e> Defines e as the number of Erlangs of voice traff ic generated at this node.

Defines Ii as the average holding time of ca lls generated at this node.

1-15
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3.1.5 KILLHOST

The KILLHOST command takes the following form:

- - KILLHOST <nodei> <nodej> 

The KILLHOST command removes the host associated with the nodes specified in the

command. The traff ic patterns generated by the remaining bu~.ts in the network might

have to be respecified. -

3.1.6 PROCNUM

The PROCNUM command takes the following form:

PROCNUM <n>-<p> <n>-<p> -

The PROCNUM command specifies a list of node/processor pairs. It defines the

number of processors/node. The default value is 4 processors.

3.1.7 WMOVE DELAY 
-

The WMOVEDELAY takes the following form:

WMOVEDELAY <delay>

The WMOVEDELAY is used to specif y the speed of the processors used in the

network. The parameter to this command is a real number specifying the time (in

milliseconds) that takes to move a 16 bit word to a memory location. The default value

is 0.005 ms (i.e. 5 microseconds) and corresponds .to the speed of a PDP-1 1/20.
.

3.1.8 FRAMETIME -

The FRAMETIME command takes the following form:

FRAMETIME <period>

The FRAMETIME command is used to specify the frame period, in milliseconds. The

default value is 10 ms.

1-16

- - - -

~ 

- - - - - - -- -— --



DCA100-76-C-0058 May 29, 1977

3.1.9 MAXHOLD 
-

The MAXHOLD command has the fc llowing form:

MAXHOLD <node> <size>

The MAXHOLD command is used to spec ify the buffer space allocated to the holding

queue of a node. It is specified as a number of bits. The default value is 128,000 bi ts.

3.1.10 MAXIN

The MAXIN command takes the following form:

MAXIN <node> <size>

The MAXIN command is used to specify the buffer space allocated to the input

queues of a node. It is specified as a number of bits. The default value is 128,000 bits

(16 Kbytes). -

3.2. Experiment Characteristics Commands

These are the commands that define the characteris tics of the experiment. - - -

S. 3.2.1 MODE

The MODE command takes the following form:

• 

- 
- MODE <modetype> <modetype> 

The MODE command is used to specify the type of experiment to be performed. The

following types are defined:

DATA Only Class II and III traff ic to be generated. No Class I traff ic is generated
(regardless of the HOST command).

VOICE Only Class I traff ic is to be generated. No Class ii or ill traff ic is
genera ted (regardless of the HOST command).

ERROR Faults will be injected in the simulation. This mode enables the reliability
and fault detection /correction procedures to be active.

1-17
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Note that more than one of the types can be specified. The default modt~ is VOICE

DATA (i.e. Classes 1, 11, and III traf f ic  wi ll be generated ~ccording ~ the HOST

command. No faults will be simulated).

3.2.2 A1.LOC

The ALLOC command takes the following form: -

ALLOC <mode>

The ALLOC command specifies the strategy to be used in allocating the Class I

por tion of the frame s. The mode is specified by a 3-letter keyword that describes the

traff ic rates , slot sizes , and reg ion size. The foliow ing modes are defined:

FFF Fixed rate (i.e. all channels will use the same t ra f f ic  rate. See the VRATE
command), Fixed slot length (i.e. the Class I region is allocated in fixed
size units), Fixed boundary (i.e . the Class I region occupi es a fixed
portion of the frame. See the VFHACTION command).

VFF Variable rate (i.e. there are diff e re nt channel rates. See the VDIST
command), Fixed slo t length, Fixed boundary.

VFV Variable rate , Fixed slot length , Variable boundary (i.e. the Class I region
is allowed to shrink and expand. See the Vfract ion command).

S. VVV Variable rate , Variable slot length (i.e. different channels will be r~lt~~ated
different size slots in the Class I region), Variabl e boundary.

3.2.3 VFRACT ION

The VFRACTION command takes the following format:

- VFRACTION <fraction >

The VFRACTION command specifies an upper limit in the size of a Class I region. In

alloca tion modes *tF (see ALLOC command) this is also the lower limit. The def ault

value is 0.87 (i.e. 8fl of the frame).



- ~~~~~-~~~~~~~~~~~~~ ---~~~~~~ - . - -- - -- ~~~~~ - — -
~~~~~~

DCA 100-76-C-0058 May 29, 1977

3.2.4 VRAT E

The VRATE command takes the following form:

VRATE <rate>

The VRATE command specifies the basic channel rate in bits/second. In allocat ion

mode FFF (see ALLOC command) this is the rate for all channels. The default value is

16,000 bits/second and mode FFF.

3.2.5 VDIST -

The VDIST command takes the following form:

VDIST <rate>/<fract ion> <rate>/<fraction> 

The VDIST command is used to specify the distribution of channel rates. For each

ra te (bits/second) the user must specify the fraction of channels with such rate. The

default va lues are:

2400/0.1 4000/0.1 8000/0.15 16000/0.5 32000/0.1 50000/0.05

— 

‘ 3.2.6 FAIL -

S. The FAIL command takes the fol lowing form:

FAIL <component> <time>

The FAIL command makes a component fail at a prespecif led time. the following

components can be specified: —

N <n> Failure of node n.

L <nl>-<n2> Failure of line betwen nodes ni and n2.

P <n>-<p> Failure of processor p in node n.

The fault times are specified in milliseconds from the start of the experiment.
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3.2.7 HA

The FIX command t~ k~~ the following form. .

FIX <cC)rnpOnent> <time> 
.

The FIX command is used to indicate the repair of a failed component. See the FAIL

command. -

3.2.8 PKTLENGTH

The PKTLENGTH comm~md takes the following form: -1

PKTLENGTH <size >

- The PKTLENGTH command is used to specify the Class II arid III packet lengths. The
- 

-~

size is specified in number of bits. The defau lt value is 2000 bits.

3.2.9 NOPKTIN - - -
~

The NOPKTIN command takes the following form:

NOPKTIN <interval > 
-~

The NOPKTIN is used to specif y a t ime limit before the absence of t ra f f i c  from an

S. adjacen t node becomes susp ici ous. The interval is specified in milliseconds. If the

interval elapses without any traff ic being received from a neighbor, a specia l high I
pr iority packet requesting immediate response is sent. The default value is 500

milliseconds. 
- 

-

3.2.10 TIMEOUT
/

The TIMEOUT command takes the following form: 
-~

TIMEOUT <interval>

The TIMEOUT command is used to specify the “time-out” w indow before an

unacknowledged packet is considered lost and must be ret ransmitted. ihe default

value is 125 milliseconds.
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E l
3.2.11 RTXUMIT

The RTXLIMIT takes the following form:

— 
- .  

RTXLIMIT <limit>

The RTXLIMIT command is used to specify the maximum number of times an

unacknowledged packe t can he re t ransmi t ted  before a line or node becomes suspect.

When this number of ret ransmissions is exceeded, a specia l high priority packe t

reques ting immedia te acknowledgement is sent. The default value is 3 retransrnissions.

3.2.12 HELLOLIM IT

The HELLOLIMIT command takes the following form:

HELLOLIMIT <limit>

The HELLOL.IMIT command is used to specify the maximum number of times a high

prior it y “hello” packe t can be retransmitted. If this limit is exceeded the line is

consi dered faulty end the appropriate procedures are invoked. The default value is 2

re transmissions. -

S. 
- 3.2.13 ROUTEUPDATE 

-

The ROUTEUPDATE command takes the following form:

• ROUTEUPOATE <interval>

The ROUTEUPDATE command is used to specify the frequency of updates of the

routing tables. The interval is specified in milliseconds. The default value is 500 ms.

3.2.14 XEQ

The XEQ command takes the following form:

XEQ <interval>

The XEQ command is used to specify the length of the experiment. The interval is

1-2 1
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spe ci f ied as the number of ni ~ cL~ Ids tnc s~~ui~ 1ed n~ Iwo rk must wo k. ihere is no

- - defaul t value for the parameter. It must be specified. When this command is issued ,
- .  the netw ork simulator star ts running. This must therefore be the last command.

- 3.3. Miscellaneous Commands

- 
The following commands provide facilit ies not covered in the previous commands.

- 
3.3.1 HELP

- The HELP command takes the following form:

HELP <command.name>

The HELP command can be used to obtain assistance from the system. if no

command name is specified , the system will typo the list of available commands.

- ‘ 3.3.2 QUIT 
-

- 

- 
-

~ The QUIT command does not take any parameters. Its use terminates the session and

control returns to the POP-lO monitor.

S. 3.3.3

The I command takes the following form:

<text>

The ! command is used to insert comments. The Command Language Interpreter will

ignore w hatever follows the I until the end of the line. This command is useful to

provide users of command files (see the READ command) with commentarie s and other

information.

—— a 
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3.3.4 READ 
-

The READ command takes the following form~

READ <filename>

The READ command can be used to execute predefined sequences of commands

placed in a text or command file. The READ command in fact  substitutes the user

terminal with the command file. When all the commands in the file have been executed

the user terminal again becomes the command language interface. The READ command

can be used inside a command f ile, allowing t he nesting of com m and files.

3.3.5 SAVE

The SAVE command takes the following form:

SAVE <filename>

The SAVE command can be used to save the current setting of the network and

simula tion parameters in a command file. The command file can later be read to set the

parameters to the values they had at the time the SAVE command was issued. See the

READ command.
S.

3.3.6 SEED

The SEED command ta kes the following form:

SEED <integer>
.

The SEED command can be used to specify an integer to be used as the random

j number generator seed by the network simulator and the SIMULA-67 run time system.

The default value is 10.

L
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3.3.7 TRACE . 
-

The TRACE command takes the following form:

TRACE <fik~name>

The T RAC E command is used to specify the name of the file where the trace data ic

to be written. The d?iault file name is DSK: TflA 1~E. TflC.

3.3.8 TITLE

The TITLE command takes the following form:

TITLE <text>

- The TITLE command can be used to specify the f irst line of the trace fi le. It is useful

to identify the experiment , the user , etc.

3.3.9 SHOW

The SHOW command takes the following form:

SHOW <parameter> <parameter> 

The SHOW command is used to display on the user ’s terminal the setting of various

S. network parameters. The following parameters can be specified:

NODES Shows number of nodes in the network.

‘ PROCNUM Shows the number of processors in each node.

HOST <n> Shows specif ications of the host(s) attached to node n.

CONNECT Shows the network connections.

FRAMETIME Shows frame period in milliseconds.

TITLE Shows the heading to be printed in the trace file.

MODE Shows the current mode (voice , data , error).

MAXIN Shows the memory allocated for the input queue5.

MAXHOLD Shows the memory allocated for t i e  holding queues.
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TOTLI NES Shows the n~~t~ ’ r of lines con nected to each node.

- FAIL Shows the schedule of failure/ repair events of components.

- !  
- LIMITS Shows all the variables for error control. 

-

WMOVEDELAY Shows time needed to move a 16-bit word.

ALLOC Shows the current voice-slo t allocation scheme.

VRATE II ALLOC is FFF, shows the voice rate employed. If ALLOC is VFF or VFV,
shows the basic voice rate upon which the basic slot length is based.

VFRACTION Shows the percentage of voice traffic.

- VDIST Shows the fraction of each voice rate for all allocation schemes except
- FFF.

If no arguments are specified , the SHOW command will disp lay everything.

.

I~

~

1.
-

- - 
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4. The Tracing F~ci~i1ies

As packets are generated , processed , and terminated , a trace of these activit i n’ , is

kept in a trace file. The trace file not only conta ins information about the events in ho

life of a packe t but it also contains information about the state of the nodes and lines

of the network. The trace file contains a record of all si gnifican t event during a

simulation run and can be processed by user def ined analysis programs. This chap ter

describes the format of the trace file and the meaning of some of the events so

recorded. Other events , specific to particular modes of operation (i.e. experiment

type) will be described later.

4.1. Trace Entry Format

Regardless of the particular event being recorded, al l trace file entries share a

common format. A trace entry is a text line which contains the event time , the event

identification , and a vec tor of event parameters:

<time> <event> <parameters>
I

S. ‘ The time information is a lways recorded in milliseconds from the start  of the

exper iment. The event identification consists of one or two keywords that uniquely

• identify the type of event. The parameters provide the information necessary to

identify the event and the number and type of parame ters depends on the type of

event.

4.2. Initialization Trace

When the network is being initi dized a group of trace entries are generated. These

entries describe the initialization of the network components. Although these entries

do not provide inforrria!ion with regard to ste ady state events , they are nevertheless

useful  to ver i f y that no errors were comrnited at the star t of the expe~imont.
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4.2.1 NEW NO DE

The NEW NODE entries have the following form:

<time> NEW NODE <node>

The NEW NODE entry describes the initialization of a network node.

4.2.2 NEW PROC

The NEW PROC entries have the fol lowing form:

<time> NEW PROC <node> <processor>

The NEW PROC entry describes the initialization of a node processor.

4.2.3 NEW IHOST

The NEW IHOST entries have the following form:

<time> NEW 1HOST <node>

The NEW IHOST entry describ es the initialization of a node input host.

4.2.4 NEW VIHOST

The NEW VIHOST entries have the following form:

<time> NEW VIHOST <node>

The NEW VIHOST entry describes the initialization of a node PVO voice generator

host.

.
4.2.5 NEW OHOST

The NEW OHOST entries have the fol lowing form:

<time> NEW OHOST <node>

The NEW OHOST entry describes the initialization of a node output host.
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4.2.6 NEW VGEN -

The NEW VGEN entries have the following f orm:

<time> NiW VGEN <node>

The NEW VGEN entry describes the initialization of a node call generator host. This

entry only appears in SENET simulations. See NEW VIFIOST.

- 

. 4.3. Packet Trace Entries

In this section we describe the general format of the trace event entries assoc iated

with the normal (i.e. error free) transm ission of data (type 3 and 4) packets from

source host to destination host. We also include the acknowledgement (type 2) packet

trace entries. Later chapters contain additional cases of trace entries.

4.3.1 CREATE PKT

The CREA1E PKT entries have the fo llowing form:

<time> CREATE PKT <packet> <source> <destination> <type> <length>

The CREATE PKT entry describes the creation of a packet by a SENET host. The

S. 
parame ters identify the packet (a unique integer), the source node, the destination

node, the type (3 or 4), and the length of the packet (in bits). When a packet is

crea ted, it is place d in the host-input queue of the source node for processing.

4.3.2 FRAME TRANS

The FRAME TRANS entries have the following f orm:

<time> FRAME TRANS <node 1> <node2’

The FRAME TRANS describes the transmission of a frame between two adjacent

nodes. This entry only describes the arrival of the frame tra nsfer period and the
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transmission of the Class I packet in a SENET experiment. The transmission of

individual packets (PVD or otherwise) is indicatej by entries of type SND PKT.

4.3.3 SND PKT

The SND PKT entries have the following f orm:

<time> SND PKT <packet> <source> <destination> <from> <to>

The SND PKT describes the transmission of a packet on a tine (inside a frame in

SENET, alone in PVD). The parameters describe the packet number (attached to the

packe t at crea tion time, see CREATE P1(T), the packet initial source node, fina l

des tination node, sender node (the node sending it right now), and receiver (the node

at the other end of the tine).

4.3.4 END P1(1

The END PKT entries have the following form:

<time> END PKT <packet> <source> <destination> <type> <length>

The END PKT entry describes the arrival of a packet to its final destination (an
.9

output host). The parameters are the same used in the CREATE PKT entry.

• 4.3.5 GEN CTLPKT (Acknowledgements)

Acknowledgements are control packets generated by a node when a newly

processed packet has been placed in the holding queue. The generation of an

acknow ledgement has the following form:

<time> GEN CTLPKT <packet’ <source> <destination> <sender> <receiver>

1 <pkt.ackd> 0 0 0 0 <length>

This entry identifies both the acknowledgement packet and the packet being

acknowledged. The entry describes the control packet identificatio n, the source and
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destina tion nodes, the sender and rece iver nodes (identical to the previous two for this

type of entry), the control command (1 = acknowledgement), the identity of the packet . 
-

being acknowledged , and the length of the control packet.

- : 4.3.6 REC CTLPKT (Acknowledgement arrival)

The arrival of an acknowledgement control packet to a node is described by an

entry of the following form: -

<time> REC CTLPKT <packet> <source> <destination> <sender> <receiver>

1 <pkt.ackd> 0 0 0 0 <length>

The entry describes the packet number , the source and destination nodes, the

immediate sender and rece iver nodes (equal to the previous two), the contro l packet

command (the entire vector), and the length.

.9
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1. Cla~~ I Trrff ic
This chapter desc~ bC~a the simulation of the synchronous , circui t—switched portion of

the SENETT master frame. As some projections ind icate , Class I traf f ic  will con st i tute

the major part (approx. 877) of the total  t raf f ic  carr ied by an integ rated network ir,

1 985. It is, therefore , essential to pay particu N:r attention to the design of an

effect ive Class I protocol tha t is both simp le and f lexible.

In the following sec tions we describe the various types of Class I tra f f ic , then

indicate the major assump tions that we made in desi gning the Class I protocol. Next we

discuss the protocol proper , and give some examples demonstrating its workability.

1.1. Class I Traff ic Typos

The integrated networ~; v/ill be required to accommodate and service a number of

differen t CIa~~ I tra f f ic  types. The r~~in categories a re: voice , video , and fzcs irn i!e. As 
- -

far as the Class I protocol is concern ed , thu major diff erenc es among those types are:

1) diUerent bandwidth requirements

2) ore-way (e.g. facs imile ) or two-way (voice) communi cation

3) different priorit ies

Fur thermore , the voice t raf f ic , which wi ll consti t ute the bulk of the network t ra f f i c ,

will be generated by dif ferent vocoding techr .ique s. leading to dif ferent bit rates. The

network might have to provide facil it ies to connect subscribers with different rates

and/or di f feren t vocoding schemes.

1.2. Implementation I~sues

Wh~ mi we se t out to imp lemen t t l lr  ~ENET sc h em e, we soon reali7ed the need to

a 
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more precisel y def ine a nutnh- - ,r of lower Is ~cpl det a ils that were , out of necessity, 1: 11

out in the origina l concept. In some cases compromises had to be mmdc when a ni;r~ ~

of options presented thc~ r -~ - lves as possible soluti ons to a given problera - . l Ie

fo llowing subsections attemp t to put those consideratio ns in persp ec t iv e , lay ing do-.’~n

t he back ground for the siibsoqinnt discu ,sion of the protocol i r a plomented in the

simulator.

1.2.1 Class I Reg ion Modification Protocol

As mentioned earlier , c-han sel—contro l functions (adding and dropp im - g Class I slots)

will be carried out by special Class II control packets. This is necs i sary  since the

Class I region in the frame w iti not be checked for errors , v,hereas it is of the utmost

importance to gu~ r~ ntee that the control inform ation , that is ussd to decodc the

allocations in the Class I reg ion, is error-free. -. -

For proper operation , switches at both ends of a given link should have matching

information about the Class I allocations in the frame. A f i lly inter !o~ I — .rd protoco i is ,

therefore , require d to insure that changes in the Class I reg ion are recognized

s imultaneousl y by both switches at the proper times.

Information about the active call s is kept in both switches in Class I Mapp ing Tab lec

that are consulted on each frame arrival to determine where each incoming call should

go (on which line, and on which position in the frame ). Gaps that occur inside the

Class I reg ion a~ e ignored by the receiving switch.

When ths. sending switch decides to alter the Class I r~ - allocations by adding a

new call or dropping an old one, it updates its Mapping 1 adi~es , sends a request for

- 
- change to the rece iving switch and waits for a positive acknow ledge ment before it

cons id rs that the receiving s’- .il h i~ aware of the chenge

11-2
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T he receiving switch , in turn , ignores the uu dr ! eu:ced C I~~n~,e until it f inal l y

manages to process the contr ol message t h a t  ~~scr ibe~ t i i~’ nature of this ch~ nge. Due
- a 

to line errors , the t i ne  lapse between the occurrence of the change and its recognition

by the receiving switch might he seve ral fr~ rnc s (if t l ,e control p acLc - -t v. as received in

error , no acknowledgeme nt is generated , and t i e  rem - ding switch times out and

re transmits it). When the rece iv ng switch updates its Mapp ing Tables e~ proprietely, it

sends an acknow ledgement bac-k to the sending switch. Receipt of th is

acknowledgement comp letes the transaction.

The above approach was favored to the other appro r-ches that V e t  e s i i g g e - t r  ~! in

[Bar7Gb]. The “time—absolute ” approach requires a central ized master clock that

prov ides a global time refe rence. II was mentioned earl ier that rel ia bi l ity

a 
considera tions advise against such a clock. Ti me “t ime-relat ive ” appro~~h, on the o l l c r

hand, can lead to “out—of phase ” si tuations that might cause unpredictable delayr. in

es tablishing the required change to the Class I reg ion.

The reasoning that led to the deve lopmont and adop tioa of the above protoco l is

quite simple. Realizing that the process of establishing a logical circuit between two

subscribers is performed by a series of transactions between successive swi tches , it

was conc luded that the process can not be considered comp lete until all the

transactions are successfully done. The suggested protocol insures th is by requiring a

new transaction to begin only after the previous one ended. The establ ishment of the

logical circuit proceeds , therefore , one link a t a time. Only w hen the whole path is c lear

end-to-end can it be used to carry the commun ication.

The only penalty in this techni que is that a “dead space ” is created fr om the time

the sending switch incurs the change , until it f inall y murc ives  an ac know ledgem ent of

_ _  
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the change from i i - :  rece lvi r- g s  e tch. l i e  slot nv~- I - -. c  d in u c h3nE is unu

during this period for either data transmission or other Ci~~s I alloc ations. Since fl s

- - per iod will in genera l he on the order of a few frames , ~ iJ since such a situation wil l

only oc cur on call a l location and le r e inatior ,, the overhru d tb- it result s wil l t e nd to he

negli~~ib e.

1.2.2 Uni— vs. Gi-d irectional Control

The various clia ; rsl con trol functions ca n be ca rr i ed out in one of two ways:

bidirec tional l y or unidirec tionall y.

In bid ir-ectiona l control , those function s are ps rfor mech , for two—way c ote m un ic a t i n ie - ,

simultaneousl y in both directions on a full-dup lex link, ibis means fl si the for v.’r

pa th (from the ca U source to t i e  call dest it aition) and t I n  backward path (from t i

destination to the source ) are the same geograp hical route . ~esid~ s a s m i n g  f a

dup lex links (which gkt be a reaso nable s~ ’ -u pt rn  to r~~-k 
~
), this ms thi aj d requir

that all the switches on a given call path knn’~- a - whether t Ie -  cal l  is one— or I wo— wa y .

Furthermore , sonic rouflr~ f le x ibi l i ty is lost hec ause the fo rward  and hack v iard paths

are cons trained to follow the same route. -

In unidirectional control , the channel functions proceed in one d irect ion: from the

call source to the call destination along the forward path , then (for two-way calls) from

the destination to the source on the backward path , thus comp leting a closed loop. In

many cases both paths might coincide , but it is conceivable that they might not. A

heavy one-way load in one part of the network , or the existence of simplex links ould

lead to such a situation. Unidirectional control unifies the t i catcm ent of one- and two-

— way t ra f f i c  since only the source and destination of a call need to know its t ype. In

-
~~ particular , the desti nation switch dec ides on whether to in i t iate re r -e rvat i on on the

11-4
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backward path towards ~~ ~c’urce dep€ iu i ng on tr io ~~~~ ii type. ibis method a iuws

also f or greater routing f lexibi l i ty than that provided by bidirec tional control.

It should be obvious now that unidirectional control is both slower and and incurs -

more control overhead than bidirectional control. Nevertheless , we felt that those

shortcomings are n-ore t i tan compensat ed for by the ~f m  c- - mentioned adva nt a- a~es ,

Later we will show that the control overhead issue is irre levant because it is less than

27- in any case. Similarly, if conneot ion delays on the order of a few seconds a t  e

: acceptable , then unidirectional control provides sa t is f ac tory  performance. It is the

method adopted in the simulator.

I .2.3 Routing Strategy

The routing of Class I t ra f f i c  is carr ied out through the use of f ixed Routing Tehlcs

that reflect the topology of the network. Each switch has a Routing Table whose

entries indicate all the possible routes to all other switches , arranged in order of

preference( i.e. prit s; y route , then secondary route , and so or). When a switch t r i e s

to route a Class I call , it consults its Routing Table for eec ’ ‘~‘h capaci ty  to carry the

call on the primary route to the destination. If this fails , it tries the alternate routes

success ively.

The call pa th is determined one step at a time as the routing decision is passed from

one switch to the next. Each switch tries to route the call to its final destinat ion ,

regardless of where it is coming from. If af ter a path has been established from swi tch

i to switch j, t he latter switch fails to route the call , control rever ts back to switch i

an~ rerouting is attemp ted. If this fails too , blocking is indicated and the cal i

rejec ted. This limited routing capabil i ty w as felt to be suff icient to provide adequate

service. In later work , fu r thor routing consideration s will h~ s tud ied and comp am e~ ,

including adaptive routing as w i th  packe t-switched t ra f f ic .

11-5
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1 .2.4 Allocation /Com paction Met hod~

a 
1.2.4.1 Conipac tior m Problem

The Class I re~’,ion mnreli f k at ion protcxo l d-scus sed chor e rests or the assur ;~t on

that a change in the Class I al locations introduced by (lie sending nude man be

temp ora r i ly ignored by the ; c - ~~nvi rg nods, The imp lic et ter i  of th~5 a i~ i tw i l i o r i  is t i - a t

the sending node will not he a llowed to dra s t f t  ally alter the Class I r ~‘ion ri the frame

in one operation . Rather , changes in this reg ion should he performed graduall y, one

change at a time.

One immediate question arises: how can l ie  Class I r’- I,;ion compact ion be per formed

w hen s lots are dropped. If the constraint of one change ~tt  a time is r o t  imposed , the

obvious way to do compaction is to modify the start ing l~~s t i on  of all s lots beyond the

one be ing dropped. The Class I boundary is thus moved t owa rds the l:egi~’ning of the

frame by an amount equal to lh~’ leng th of t h e  dropped sI~ t. Droppin~ and com pect io n

are clone s imultsneously in thie case.

This will not work for the proposed protocol. It creat es a state of confusion fer a

period of time during which the switches at both ends of the link have incons;clent

ir,forn,ation. The solution to this problem is to do compaction by domiNo trans mission

of the last slot in the Class I region. This is i l lustrated in Fi gure 1.1 for equal—length

slots. The rece iving switch will remain unaware of this double tran r .ra f.c ion until It

receives and decodes the special “REPACK” con trol packet that  describes the c lian~ e

that occurred. It , then, sw itches to the new slot position , upda tes its Mapping laNes ,

and responds with a positive acknowled pc’ rrent. Upon rece ipt of this ac knnwtedgem rant ,

the sending switch drops the old slot position and moves t u e  Class I hn’. nt htry t ow a rd s

the beginning 0f the frame appropr iate l y.

a
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This method works perfec t ly well for ec~ual—le ng th s lots since any slot can exac t i ~’ f i t

in the space created by dr opp ing any o ther slot. With vari able-length slots , however ,

the situation is more comp licated. The existence of gaps in the Class I reg ion can not

be precluded comp letely because of partia l f i ts. In addition, one compac tion operation

-mi ght not he suff icient to mninimiae the number arid size of gaps. L’s re will be raid

about this later.

1.2.4.2 Slot Quantization

Confronted with a Class I traf f ic  consisting of a mixture of rates , we were natura ll y

led to the following question: should we consider arbitrary slot le rtgt l s , or is it more

advantageous to specify a “bas ic channel length” as the minimum transmission unit.

The management of arbi t rary length slots tends to be cumbersome , especiall y if the

previously described Class I region modification protocol is adopted. In addition , such

a scheme would require bi t addressabi hity since the start ing position of a slot car,

occur anywhere inside the Class I reg ion.

We , therefore , considered the divi ~~ of the Class I reg ion into a number of equal-

length transmission units , which wil l be called channels. A given ca ll mnft sht require one

or more contiguous channels depending on its rate. If the call requires a slot length

that is not a multip le of the basic channel length, the source of the call appends a

number of bits to the slot so that it f its in an integral number of channe ls. These ex t ra

bits add to the total over-head and should be recognized and removed by the

destination switch. By properly choosing the basic channel length, the overhead

introduced can be minimized.

1.2.4.3 Allocation Schemes I m p le m ented

The simulator provides for three alloca tion options , tha t can be invoked by giving an

_  - -  ~~~~~~~~~~~~~~~~~~~~~ _
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appropriate argumen t to the Command Language J ri ie rpr c~tur command ALLOC. Other

options and variations on the existing ones will be added later. A description of the

current options is given below.

A l locat ion Scheme I ([ED

T his scheme h andles Class I calls of a F- iec; d bit ra te , ar -id ass i- ns t I sm to F i x e d —

length channe ls(chtann el length correspondin g to hit rate). The boundary of the Ch- cs I

reg ion is also Fixed. This scheme was the f i s t  to be incorporated in the simulator , and

was used mainly for program debugging in the initial stages of the project. Boca it  - of

the ‘ixed bit rate restriction , this schemc’ is of no practic a l value.

Allocation Scheme 2 (VFFj

Th is sc heme dif fers from the previous one in that it a llows for an a i-b: tr ary Clcss I

traf f ic  composition (Variable bit rates ) .  To a1o r~te a gi\ —e r ; c al l  the al ic~ atier ~dgu; i t i r n

searc hes for a number of conti guous chen ;- ” ls that provide enoug h c a p - - HI -,’ to c~ r ry

the call .  Because of the f ixed boundary, no c c i i pact i o n a:; ‘ - r fo rme d. Upon dropp in 1 a

a a agiven commun icat ion, the correspondi ng channels are f a ~ ged as a v a i l a — ! e  for other

calls.

~~~~cat ion Sc he me 3 
~~~~~~~ 

- 

-

This scheme allows the Class I reg ion boundary to become f lexib le (V a r i a t t l e

boundary). This brings in the compacti on problem. In section 1.2.4. 1 we i l lustrated how
.

compaction can be done if all Class I calls require equal-length slots. We consider now

arbi trary—length slots. -

When compaction by double tra nsmission is emp loyed in this case , gaps will

unavoidably appear in the Class I reg ion. Allocation of nc’ v~ call ’ ; by appending them to

the ongoing ones (as would be done if there are no gap- .) will even tua ll y push the
p~~5.
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boundary to its limit , ar id cause further t raf f ic  to bu rejected , eve n  t hough the major

portion of the Class I reg ion is wasted in useless gaps. There are basically two ways

ar ound this problem: repeated compaction or a ~‘hy brid allocation ” al gorithm.

In repeated compact ion dropp ing a slot s tar ts  a sequence of compactions that take

the last slots in the Class I reg ion in success i on arid fit them in the space free d F y the

dr opped slot. This helps reduce the number and size of the gaps and, consequently,

new cal ls can be always appended to the Class I reg ion.

By “hybrid allocation ” we mean that in try ing to route a call , the allocation al gorithm

firs t tries to fit the call inside the Class I reg ion (in one of the gaps) before it

cons iders appending it to t h e  region. It thus comb ines the features of a fixed- -

boundary scheme and a “pure ” flexible-boundary scheme.

• The simulator implements the “hybrid” sc heme at present. The other option will be 
-

added to it later.

1 2.5 Service Restrictions

— 
A number of service features have been left out of the s imulator in this phase of

the project. These include preemption policies , secur it y cons iderations (encrypted

voice, e.g.), and the possibility of connecting noncompat ibte subscr ibers(with di f f e rent

rates and/ or vocoding methods).

In addition, the protocols are built on the assum ption that the initiation of channel

reserva tion and channel release is done by the calle r , while channe l allocation is

started at the destination switch when the called party goes off-hook.

1.3. Class I Protocols

This section describes the various channel-control messages that were def ined and

implemented ii the simulator.

11-9
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1.3.1 Class I Call Phases

A Class I -ommunic ati cn can be convenientl y v iewed as c o r p - nd of t hm r r -e  distinct

phases: reservation , allocation and t c r  mination. A brief descri ption of each of these

phases fo llc ,y~s,

1.3.1.1 l~ ’se rvat io n Phs-~ e

During this phase a path for the ca ll is establ i s hed between the calling ~nd the

called parties . The path is do termi red as was described in sectior , 1.2.3 . Res erv at ion

is initiated by the ca ller. If it is comp leted se-s c eas fu l l y, the r a u r c  r’ swi tch sends a

ringing s ignal to the calle ’J part y and a r ing ing ton - to the cal li r ip party. If t i c  cal led

party line is engaged or the network is congested , se that fur ther ~~~erv a t i vris cannot

he carried through, al l previous reservat ions are cancelled , and a busy tone is

re turned to the ra i ler .

The Class I reg ion s no t disturbed during t f ts phase. A r: .;~~cr~ ful m e s s  r v ~- lion

causes a RES EIWATJON NOTICE to be kep t in the switch until allocation time, The

NOTICE contains the following information: -

- Call number

— Input line (line it is coming from ) -

— Output line (line it is leaving on) -

— Output channel(s)

A value of -l for output channel indicates that the call should be appended to the

Class I reg ion.

It is important to realize (for flexible Class I boundary allocation schem ec) that  until

al location is done the reserved channels are available for non--Class I t ra f f i c  . This is

also true for fixed boundary schemes if the gaps inside the Class I region are

emp loyed to car ry  ron-CIa -s I t raf f ic .  -

11-10
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1.3.1.2 Allocation Phase

This phase beg ins w hí’n the called party goes off-hook. The inform ation ~ t in the

RESERVATION NOTICES in the switche s on the rai l path , is used during th is phase te

update the Mapping Tables and add the rese rva d channels to the Class I ree ion , The

NOTICES are deleted , then, and the Mapp ing Tables keep t r a:  ka of any la ter e location

of those channels (e.g. during comp action )

1.3.1.3 Termination Phase

When the cal!er decides to quit , he sends a message to h i s  loca l swi tch raquesti i i~

ca ll termination (i.e. he hangs up).This starts the termination sequence. For f ixed-

boundary schemes this amounts to recovering the channels that were carry ing the call

to the pooh of available channels. For variable -- boundary sc tvs r i - ’s , co mp- don of t b -

Class I reg ion might he necessary.

- 
- 1.4. Channel Control Messages

We define here the control packets that imp lement the Class I protocol describ ed in

previous sections. As iemarked earlier , the information field that comprises the body

of a cont rol packet is represented in the simu lator by an array called ct lmessage. Each

control packet in the simulator has such an array as one of its attr ibutes. The array a

has six elements , the first of which serves to identify a particular control action. The

remain ing five elements provide other information needed to carry out the specific

action.

The ct lmessage fields for the eig ht Class I control packets are given below. The

packets have been grouped according to function in correspondence with the above

Classification of call phases.

~~ tTROL_PflCIU
(1] (23 (33 (4 3 (5) (6)
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fl)R vat ion

RESLRVE 2 s lot r..t~- p a t h c a ll fwd sftt
UNRESERVE 3 pr t ac tion N/fl c l i  N/fl

- -

. 
CIINCEL 4 slot ~/fi N/fl c.-. l l N/fl
RING 8 slot rat~, or ig in c ..ll N/fl

B )flll o ca t ion

flLLOCflTC slot r at - ~~~~~~ ca l I N/fl

C)Ter ,riruat Ion

RELEPSE 6 s lot sIc ,ir n~ N/fl c~~l I N/fl
REPR C~ 7 slo t not - - r~s cldp o s c a ll U/fl
CONF IRI1 I pkt U/N N/fl c- a ll N/fl

pk t : r e f lu e s t  pac l et  ( R E S E R V E , ChS CLL , ALLOC RI E , I~ELEf l S E , F~I I I I )  num ber 
- -

path: c a l l  path +2 Fori,ard pa th , ?- aq m a I  I
+1 Foi w,—~-d r . .t h , I—way c all

P.aorw r-d path , 2— ia~y cal
rate: hi t rato , b its /sec
slot : umi q ue slot
act Ion: +1 e m ou te

—1 C-~rrc~- I
slo tp c~.: ~ !c t p o s i t i o n i n  Input f r a -  ~
or Igin: nor~ n — b’- - c i  the ca l l
ca l  I : unique c a l l  ,-~ . a

noupos : n~ w slot p ll c m i  in In— a I I r a  repack r~ 
a

ci clpos: o I d  s l o t  poc i t  io ,m In ir ~ so he far-c repacl~ in’j
N/fl : not arpl i ca ble

Figures 1.3 to 1.9 display the control f low for each of t h e  above pack et types. The

terminology used in those figures is clef ned in Figure 1.2.

1.5. Demonstra t ion Facilitie s

A demonstration aid was developed to hel p illus t r a t e  and verif y the various Class I

pro tocols implemented in the simu lator. The demonstratio n program t a kes  the hr ace

produced by the si ,niila tor as its input. It , then, shrinks it reta ining only those evenls

needed to follow the Class I a ll setup and hr e.~- .do , .ri . In addilinri , it g ives snapshots
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of the Class i rcglon in the arnie ~le  ~~~ the aii~~c dion of t i e  Class I chat rr ~ - ls to the

ongoing cal ls , and display ing the dynamic boundary Lu-tw een Class 1 and Cias5f s II and

- a Ill.

1.5.1 Trace Messages

Most of the trace entries that the de mo-rs t i -at io n program retains have been

descr ibed previousl y (see ). A brief descri ption of the remaining entries

fo llows.

1.5.1.1 CREATE CTL

The CREATE CTL entries have the following form:

<time> CI~EAT E CTL <packet> <source> <destinat ion> <msgi> <msg2> <nisg3>
<msg~~> <msg5> <rrsg6> <leng th>

This entry describes the event of a control-packet creation by a SENET host. For

Class I s r - - - l r ~ r rs , the r c a t r Q r I  of such packets is the means by which ti ss host

re c s is the r’ two r lc’s a~ lion. The pa rameters ide it i f y th-a p~~ ‘ed , its source and

dr” t mna i rm , the c t I n e y  ~ vec tor , and the packet length, k’s:~1 specif ies the

p~ r t ic ut ar  a c t i o n  that the host is requesting. For Class I traf f ic , these actions are: call

init e -th on (P[Sf IV-JE packet , rr g1=2) ,  c a l l  alloca tion (ALLOCATE packet , msgl=5), and

call termin a l o’l (RELEA SE pa Let , msg 1~ 6).

1.5.1.2 GEN CTLPKT - 

-

The GEN CTLP- T entries have the fol lowing form:

<time ’ C~~-~ CT LPKT — r a c k e t >  <source> <dest ination> <sender > <receiver >
<msg l> c rmi’ e ?> <msg3> <msg 4> <msg 5> <msg 6> <leng th>

This entry describes the generation of a control packet by a SENET node in

response to the re~.~i pt of ano ther control pa cke t .  The other pac ke t  might be coming

_ _  ~~~~~~~~~~~~~~~
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from a ho ,t or f i-om al um n :1 node, he paramF- i :- r I dLa n tity  the i - ~ 
Let , its sce r r ce and

des tinatio n , i ts irnmedr ~— te s:~nder a n i  re c e i ve r , t I - ~ c - -~ ssa~ e vec tor , and the ~ac Lot

leng th. lv~ g 1 identif ies the pa: ti c u~ar C O ;  t r o t  ~rc i:; If ~
- current e l y  a requ m~~ f rom

the receiver of the p r I ,~-t.

1.5.1.3 NEW PE~~IREV

The NEW F~ESERV e nt r :e s Have the t tu ~~ing Ic r ;

<time > Li V.’ LF~2 LRV - all <e le t -  <from> <to>
<out put lmne~ a ) ~~~ ’ put slot pcas i t ,on>

This entry describes tha successfu l comp le tion of a reservat ion for a cal l  I t s .eo n

a two nodes. The par a met e rs  identif y the call and the s lot (tw o kniqu: numbers), t i ;5 l ink

on w hich the reservation has been r- ade(hy specify ing the ncd:s at both of its ends).

The last two para mete rs u~:-~nt i f y  the m) LLp Ll t line r t ! a a r ( I ; H E S  ccr ;f-ctcd he :; a r i a i r i

node have local ident if i~ alien nirmbers th - ; t  go f t  : - ;  I to the to a- ! r ; r r r ~he’ of lines

connected to the node) and the slo t pe~~tion on li. l ne. A sho t 1- o:- ition of —I ~nJicates

tha t the slot is to be appended to the Class I reg ion at alloca tion t ime.

1.5.1.4 NEW ALLOC

The NEW ALLOC entries have the followin g format:

<tin ’s > NEW ALLOC <ca ll> <slot> <from> <to>
<slo t length> <inline > <inpos> <ou~linc> <ou t pos>

.

This entry appears af ter  the comp letion of an alloca tion. The parameters identif y

the call , and the slot , the link(<from~ to <to>), t be ~ slot length (in bits) . The la s t  four

parame ters specify the input line number (i ts ln~ at Id - m r !  dc at io n rn r ; I er ) , the c I manes ’ 1

position of the slot on t h at  line , the output line r im!’’ r, and the channe l posit i r f l  c f  the

slo t on that inn . Thus the last four pa ra met e rs ~a~~~ P( if y the ma i r l inf ~ of IL’  s~c’t f rom

s. the input to the output lines.
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1.5.1.5 TALK

The TALK entries have the following for m :

<titse~ TALK <call> <source> <dasl i na t ion>

This entry appears when allocation hac been complete d on the hac .Lward path c-f a

ca ll, and is start ing on the forward path. It is issued af ter  t h y  source r ode has

disconnec ted the ringing tone from the caller s tine and indicated that the

communica tion may start.  The parameters identify the call , its sOurce , and des tination.

1.5.1.6 BLCK -

The ~LCK entries have the following fo r rn: -

<time> OLCK <call> <source> <destination> <blocked et node>

This entry decc r i bes the even t of blocking of a ca ll. The paramelc’ ; s- identify the call ,

a 
its source and des tination , and the node at which the blocking occurs.

1 .5.2 Examples

Appendix A contains two examp les of the Class I protocol. The fir~ I

examp le, a two node network , il lustrates all of the control functions excep t for routing.

The second example i l lustrates routing and unidirectional control. In particul a r , it shows

instances when the forward and boc-kward paths of a call do not coincide. —-

11-15
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2. Class i ~~n urii,~:t ~~~ /-~d)h k’~ s

This c hap ter describes t I r e  s tat is t ica l  ~~ f l a ! y ’ a th a t !oi i ra ’.’/s a sd ;! ,mt ion r i , , to

determine a numh, r of perf um l a n ce m m c l i i CS- f r  the CL- ‘ - I t i a~fic. T ! ;- - dad a a re

progr am is descr ii ,~acJ f i rs t. The t ier l r ; ’ r t  of the ch ‘~
t ; des c r i h a  - s I ~ - r~v ne r ! r ~

that were conducted and the I esu id ’.a ohtaiia ’d .

2.1. Data Anzi l y~is

As mentiocied earlier , stat is t ic s are co map ;~s ci s L ibs m ql  ‘ -  it Ic’ the s i m i c at ion run. A

record of the run is kept in the form of a t ra ce  f i le tha t can be OX c . r n ad  (~ cc ’  i t -  
~~~~ if

necessary) by da ta anal ysis pro~ ramns. iliis sact ion dec a ir bc-s the cha r process fo r

Class I traf f ic .

2.1 .1 Ct~ss I Da +.a i.nalys is b’ru;y~

T ime - Clacs I da ta analysis p c ~~ a ’ a m n  r i-ac! - s : c r  a - ry e  r - ~~~O~~~!-s f c m a a ;’ ~~~s’r ’ ~~~~~ 
a

f ile , p occ ’sses them , and produces an output ~“c cut a ir - m n~. t I i-c cir sir m d  at a ’ ‘ d  c s .

The information cont a ined in the t r a ce , is co ’  essec i ra n d  ee ’a ,ra r i : ’ cd icr the for m of

a list of all calls rnade during the s imn u! ,t ion . Each e t r ~’ in th e list contains the

• 
following items:

1) Call eu’ , her

2) Source

3) Destination

‘1) Bit rate

5) Time of initiation

a 6) Whether blocked or successfully comp le ted

7) If blocked , a t which node

8) Number of hops
S
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9) A sociat ed 0 - ic r  k-cd

10) Connection time (leng t h of rese rvation period)

- ‘  11) Holding time.

As the program scans thro ng i the t r c ’co Ide re c o rc lc , it discards irrelevant eve n ts ,

and uses other cve ’ - t s  to update the cal l Ha t. A r rc - ,e e n t ry  is addc- d to the list cEc h

a t ime a new call is initiated. (This is detected w h c ’ ncv- ’ r  a CREATE CTL mess age that

refers to a RESERVE control packet is found). When all e ords have been read , the list

- - is searched for unfinis hed ca lls(those stil l in the reserv at ion phase) , and the

corresponding en t r ies  are deleted. The call list can then be analyzed and a nun lier of

s ta t is t ics  computed.

2.1 .2 E.ctirnat ion and Elimination of Initial Bi~s -

A si m ula tion run star ts  wi th a network in an idle state in which all Class I ch l r r - , iS

are free. Early ca l ls , therefore , experience an unusu al l y tow blocking prohah ih t y nd

cause t he computed stat is hca to be biased. As the leng th o~ the run i i m r” ase s , the lay.-

of large numbers ‘“ndrrs those early cells insignificant. It is desir aldo nevertheless to

determine the length of this initial tran s ient interval and to discard it as this tends to

eliminate the need for a very long run.

To achieve this , the Data Analysis Prog ra m samp les the number of busy channel s in

t he class I reg ion on all the lines at regular intervals. At the same samp ling times , it

a examines the list of calls ma de and computes all the s ta t i s t i cs  of inte, est ,A ft ” r  the

t r a c e  f i le has been read , N samp les of all the stat is t ics  are available.

The samp les for the number of busy channels are use d ,then, to alc ulate N ~ ar ap e

means and their assoc ia ted sta ndard deviation s , each h;ra.’ d on the f i r s t  i samp P s ,

W I;r ; r ( j assumes the values 1 to N. ‘I hios:’ are tabul ated ,ms a funct i on of time (w lm rc  Ii

~
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the c a i r o as ta bu at lrd . thet a a’ ; a function of the nurriber of scu rplo:  s ince samp ling i,

done at regu lar nt , m ‘ia i :), Fur I l -  - ;  i nu re , t b . ~ o~ r am Pu s the mean nu i-he r of bus ~~
-

c tman r ra l c .  as a functio n c f  t i r e - , N~ exami ni r- g this curve , o r e  c~n ds ’ ter mr nc :- the onset of

steady s tate. Net Ic r ys a t , if t a s tand a rd c !c- v iat ion is H a Ic d against u r i c  on I ce , - log

sca f t - s - , the end of i l ; - ~ t ra ns ien t  i~ ed can I-c d e tec ted  v - han  the curve ct~ r Is, s Ic ;

down a t a rate of — 1/ 2  (con esponding to an inverse square root re l a t i o n ; s e a

[Gor69]) .[ither v~’ny,a point in l i n ac  can be found v ! l f t l -u can be regarded as thr’ end of

the initial bias period. All s ta t i s t i c s  of interest I - e ~ to exc lude this per le d.

The N samp les of ea ch s ta t i s t ic  ire used in an analo d rcc ’ - u-caner to those of Ii, --

numbei of busy d i ,m nr ”ls. N rn ’ a n i a are c alc utat ed. This t i m - c , however , each of t ime ~

I ea nc is haced on ti me Le t  i samples , wherc i ’ ic, 1 to N. In c f I cc t , each of P CCC fliC~~~~i a

discards en init ial Liar, interval p~n~ ortion al to (b !— i )

Wit Ii all this data c -vai lch!c ,, a s irnp!e corr e ! e r ;  hct’’ .’een I h’~ c t r i e s  f e a r  i he niur’La~

of bus y chani el ’ -,, ari d the tab les for tim e ot h-a r s ta t is t ic s  cf a l r r min”c which set of

s ta t i s t i cs  to quote. This procedure is il lustrat ed in appendix B.

2.1.3 Statistics Gaiae r irrj

a We define hero the various performance meas ures that are produced by the d at a

anal ysis program.

2.1.3. 1 Blocking Probabilities

Blocking (or Loss) probability PL mr defined as fol lows:

PL Number of blan c Lad cal ls / Total  number of at t a n i p t m a d  calls

A di f ferent  PL is calculated for each of the Clay, I bit r a t ’ s , and a co m posi te PL is

4-- computed for all Class I t ra f f i c .
i~*.
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2.1.3.2 Allocation Scheme Eff iciency

Efficiency Eff gives an indication of the amount of o- --c ’ rhe ad associated w i lh a

cer tain allocation s t ra t i - d y .  It is defined below:

Eff = Total information bits trans mnitted/ (Tot info bits-t- Tot overhead bits)

The overhead associated wi th a Class I call can be broken down into h o  fol lowin g

a 
four categories:

1) Contro l-packet overhead

2) Dead-space overhead (due to the step by s tep fr~’mrc- modi f icat ion
protoco l) 

-

3) Double-transmission overhead

4) Quantization overhead (the extra hits padded to a slot to make it f i t
an integral number of c l ran nel s )

Everything eise , including silence gaps that might occur during a Class

communica tion, is co rus ide rcd pure informa tion.

2.1.3.3 Class I Region Util iza tion

Uti l ization U is defined ~s follows:

U = Average number of busy channels /Total number of channels

2.1.3.4 Average Capacity available for Non-Class I Traff ic

This is the capacity C (in bits/ frame ) that rem ains after the Class I requirements

have been satisfied. More precisely,

C Total bits in the frame minus

(avg Class I reg ion lr’ n,~th+avg C lc s m , I control packet requ i r r - r - cn ts )

This measure assumes t tua t Class I t r a f f ic  has precede nce ova r other t ra f f i c  c las r r os ,

and ge ts allocated f i r s t , The remaining capaci t y C is what is lef t for packet switc hed

da ta and bulk t ra f f i c , and the ir a~’o c ia ted cont ro l .
~~
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2.1.4 0u11ut Ropurl

The output of t l - _ - d ’ t a  ana lysis program c o r e  i s I s  of the 1o!Ir;wind pan - : 
a

a 2.1.4.1 Ex periment Pa ra m s- ters

This part is bac - Pa lly a copy of the f i r s t  r r r~~r in ti a~ Ir ~ce file. It ch ide- a

descript ion of the ii-: i - .yc n m- t., and air the ~,,‘r ii : - ic r5  l lm , , j ~, ‘ a  i n — rd ri I l -  -

run, including the ~~~ ; . a !  at icr i~ pc nod (in mn i lha c- ~;n dc) .  T Ie  - Ta ; r a t  of this pa r t  is k i n -

same as that prod uced by the Command I a n ’ g i a age 1 ; ; U-r  pm eier Sl - J ~~, co mm z ;nd

described earlier. This part serves to identif y the part ic u l ar run for la t e r  refere n r-

and comparison wi th oIl- run runs. -

2.1.4.2 List of Sin iulat i-d Calls

This sect ion pm o ’ a- ; nJ:s. .;n C X t C ; m ~~e IVC listi ng of all the c al ls  f l i r t  occ u r r ed  during t i ; ’

simulation, Each o- ad r- .’ in this list h-ac the Tc utto\ ’rir g Tield s.

<ca ll> unique c ; i i  numm nlj er

<ori gin> node number at which c all was onig i rn ; I sad

<des tination > node number of call dest iuia tion

<rate> bi t rate of ca l l  in KBPS

<connec tion time> duration (in milliseconds ) of the reserv a t ion phase

<holding time> duration of the call in minutes

<numbr’r of hops> average number of links traversed (this is one half the sun~ of
the lengths of the forward and hac l,ward paths )

<blocked at node> if the call is blocked , th~ node a t which blocking oc c ur red is
indicated here

2.1.4.3 Node Act iv i t ies

In this part , calls are classif ied by the ir  source nodes and tab ulated as fo l l ows:

<node > <total calls. attempted> <comp le tedc alls > <btc’ct’-ed cH t - - >

II 20
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2.1.4.4 Stat ist ics

a This section contains the stat is t ics dc-fined pre\’ iou’ - l y. They a r e tabulated for

various init ial—bias interva l lengths. It also cotains a table of the u- c an number of busy

channels in a frame , and its standard deviation for dif ferent sari - p t  sizes. Finally, it

con tai ns a plot of the mean nri raber of busy channels as a function of time.

2.1.5 Sample Output Report

Appendix 13 illustrates a typ ical output report from the Data Anal ysis

Program. It describes , too, the procedure used to determine the length of the initial

bias interval. -
,

2.2. C’ass I Exper iments

This section describes the set of experiments that va ’  conducted to evaluate the

perfo rmance of the network f c c  Class I t r a f f i c .

2.2.1 Data Base
I

The experiments are based on the following voice t ra f f i c  mix [Syivanie76).

I~a~~~ RaJ ,~ ~e~cj’nj ~ tRe,narks)

2400 bIts/see 10/. Vocoder
40C0 101 Linear Predictive Cod ing
8000 1~ l Prlapt ive Predictive Coding
16000 SOX Continuous Voice Delta Ilod ul a t ion
32000 lOX Continuous Vo i c e  D e l t a  M o d u l a t i o n

58000 SX Secure Vo ice  PC1I

In the experiments (he only Class I traf f ic  that is simulated is voice t raf f ic .  All future

~~ references to Clam. ,, I traf f ic  are to inte rpreted accord ingly. -
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2.2.2 Common r:- r.s - o L ? s

The fo llow inp cxp o ri rnent para neter s  are shared by al the e x p c - r i r n n o n n l s  des r i L - * r l

later.

2.2.2.1 Network Topo lopy

l’he netwo r K tend for the; c- s- r- a~ m r m ’ nr ni’~ co -~sis ts of t ’- a - t n  r;nd~ s cii; ; a ; c - cl by a T I

carrier. Eac h nude has One pm-oce ss or c ap~hle of mOvirn~l. a lEd- b t  word in 5

microseconds.

2.2.2.2 Frame Period -

A 10—millisecond f r ame period is assumed T h ro ug hout.

2.2.2.3 Traf f ic  Paran- ut e rs

Thu host of nod~ 1 pc’nr rate s 60 Lr lan l- . s- of voice tr~ If ic , destined to node 2. The

average ca ll duration is 5 m i i i rmu i :c.  The ave- r re~e resp o r s :  ~irr ’~ of the ce ded par t ,- to

answer a cal i is t aken  as JO ‘c  ond~. ] he haD mr t of node 2 [ ‘e r ; r - ra leS  Ni t~atI ic.

2.2.2.4 Simulation Vra cJ~

The simulator is run in the VOiCE mode. In this rrn; t , only Cl ass I t ra f f ic  is

generated and processed.

2.2.2.5 Basic Channel Length

The Class I channels are based on a 4 KI3PS bit rate , This corresponds to 10-bit

channels in a 10-millisecond master frame.

2.2.2.6 Control Packet Length

All control packe ts are assumed to be 100 bits long.

a - ¼.2.2.2.7 SImulat Ion Length

The simulation leng th in all thu experiments is 45 minutes. Several pilot runs w e re

necessary to determine an appropriate length. The run has to be long enough so t hat  -

a 

stead y s ta te  is reac t - re d.

a
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2.2.3 Experiment Va r iab~~s

The voice frac tion in the master frame wa s varied frc ; n - 0.5 to 0.9 in steps of 0.1 .

This required f ivc runs for cc sh of two al lo cat ion met l - nc la :  the f ixed (VrF) an-rd f lexible

(V FV ) boundary schemes.

2.2.4 Rosults ~rrd Conclu~ion~

2.2.4.1 Eff iciency of the Al locat ion Sch emes

Figures 2.1 and 2.2 show time variat ion of the allocation scheme eff ic iency Eff as a

function of the voice fract io n in the frame. Three conclu s ion s can be drawn from t i u~e

two figures: .

1) The overhead due to control packets and slot quantizat ion is less
than 2Z

2) The eff iciency does not vary significantl y with the allocation method
emp loyed

- a 3) TI-re eff ic iency cloc-s not vary sign if ic a nt ly wi th the size of t h i n Class I
region in the fram e

-

- 

The above results , then, jus tif y ti- re use of quantizat ion as opposed to arb i t rary

length slots. They also indicate that the control packet over head introduced by the

frame modification protocol (which is based on unidirectional step-by- step control ) is

a negligible.

I 2.2.4.2 Blocking Probabilities

Figures 2.3 to 2.5 si- row the variat ion of the various blocking probabil i t ies as a

funct ion of the voice fract ion in the frame. It is evident that more dr - ta points are

needed in order to be able to measure a s t e t i s t i c - a l y  si gnificant blocking probabili t i es - .

Nevertheless , the following conclusions can be inferred:

I..a 1) As ti - re voice ra le increa se s , the probabi l i ty of i t s  benn~ Irlocked a-

-~~ inc rc a-T n-- - . In p a r t e ’ - - r , du r ire~, the -~~~ rr i irnlte runs no 2 , 4 , .~ Cr

KBPS were blocked. Uris i m p lies that lr n g l r - q u a hm ty ” voice is more
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pro c to ~ ri~~ b-et r,nd ~m d  a preLal l it om i policy les  to be ueveIe~~ud
to unsurE’ an adequate ~r ma de  of se r\- ’ ice for it.

2) The r, u t - ~ do not al low a’;y inference to be m.sdc as to the e f f e c t  of
the alLication me thod on ft -c block nd probabil i t ies.

3) In genera ! , the rn -- c - s r i tad overal l  h!c ’ ! ;ng probabi es a r e  s m i a d er  a

- 
- than t i-re approxim ate O rr O o~ t a ne d  from t h e  Erlanej loss for mula by

ass u n mnmn : :  ~~a I dil ca s~ ce n nec t r o’ reT 1 _ ; i ’ t s  fl’ ( r i ’ i ~ en

c hannel - l~ m- rii- i as deter re i r ed Ira ;  t I n  given t i ch ic mix, for the
specific n i x  at hand, this normalized’ c hannel has a len~~th of I h~h4
bits per 10 millisecond fra nnie on a Ti ca~m er.

2.2.4.3 Class I Reg ion Util ization

Figure 2.6 shows I! ; :: variation of the uti l ization U as cm f unct ion of the v o m  C f r ; c  t ion

in the frame.It disp lays for both al location schemes the’ right t rend of decr i-esin g as

the avai lable capacity increases. A possible reason for the hi~,l- n a c n u’~i l izatio n observed

for ti- re flexible bnm u~~dac ry scheme is double t r a n i r a ra - n r s i on n  during com ra ben. The

• uti l ization predicted by the Erl arm d formula (fo r the norn - rai i~~-d voice c-h.5 n~n T - ?IS) is

plotted for c r —  Nnrisor.

2.2.4.4 Av~;ra~ e Capacity for Non-Class I t ra f f i c

Figure 2.7 si- rows hot- the capacity available for da ta and b : h  t r a f f i c  var i es v.a it h  the

voice fract ion in the frame. The straig ht line relationship for tire f ixed bc’undci ry

sc heme indicates that the class I control- - packe t ovi-rhead is extremely small.

For the flexible boundary scheme , the location of the boundary depends on two
a 

fac tors: the offered load , and the u n i t  voice fr action. For small voice f ract ion s , the

class I reg ion will be almost fu ll y util ized (refer to Fi gure 2.6), and the location of the

bounthry will be determined by the voice fra c t ion. This exp lains the int ia l  linear

portion of the curve. As the vo ice f rac t ion  inc r rese :~ the uti l ization of t i e  c l.rss I reg ion

drops and the location of the boundary becomes governed by the class I load. Since

we are amsunning a f rx r - c b  load, the curve bends and te nds In a cc n’ a ta n t  value. The

par ticular value to which the boundary adj us t s depends on the magnitude of the load.
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1 Ills - f ig urt r Cin~.i - ‘ shows the benefits of a f lex ible bou nea ry  scheme over a f ixed

boundary sc heme. .
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Appendix A: ( ; t z ~;s I ‘;  :~~o~ o~ L ~mples

This appendix cc ’- r ie in:; t v o  dc - ic L-d e x a r i l l e s  of t ire C las s I protocol. 5 3 :  I n exa re p ie

con s is t s  of a tr a e  cml 11 mm n a T , !  s-v ents arr aJ 5:  n cp s h o t s  of ~he ~r 5 ’ : - C maps sh Snv ;im ;d

the c 1 nann~ l a lloca t ien; . Addi ! ous t c omments am ~c n d a d  to i a ~ e it ea m- iu r to fol low the

con trol sequence.

A.1. Ex~ mpIe 1 -

ihis example i l lustra tes the bas ic Class I p - - c t c n ce l  except f ur routing. It is based on

a 
a ne twork of two nodes , in whic in r m;n iaj 1 is sm a rt ing noic o t r a f f ic  to node 2. The linl-~

between the nodes is 1000 KOPS. T ! 7  voice f rm . c lion is i ix c - d rI 0.1 , p r r a d e ’ :  i i - ~ a Clam - c I

reg ioi- that can grow up to 1000 k its / lO- mi hl iss ’ cond fra n c. The basic channel rate is

20 K I-3P5. The maxir um number of channels , the refore , is 5 (200 b i ts/ ch nns - i ) .  TN--

voice load is equall y divided La c tv a - n: c -n two rc - t -: : 20 KP~~ (c c :nu ring ons c n~ nn’: l :er

ca ll) and 30 KE3PS (requiring tw o cl iannc-lm. per ca ll). TI - re Ncr - em s is ( ler a i !s l s an d n-a

a 
da ta t r a f f i c  is gener atrd.

The following coi rrne nts should be correba led ~,i th the t r a c e  t i - rat  fol lows.

TIME EVENT

199823.1153 Host I initia tes call 1 (30 KBPS) by sending RESEIW E packet u 1 to node 1

199823.481 The prcn c secor in node 1 attends to R[SER\’L packet ~ 1 af ter  ii is
removed from the input queue. It decodes the nntr~ h action and fi les a
RESERVATION NOTICE for call 1 aft e r it makes a- reservat ion on line 1— 2.
It , then , sends RESEPVE packet zn 2 or-r this line to node 2. -

199830.131 Node 2 receives PE~~~ l - V F  pac k rt it 2, makes a r !ac ervat ion her k on line 2- -
1. It acknowledges the rece t nt  ~f packe t ~ 2 Ny sending bce k CONFlN’~1
packe t ~ 3. It finally snn l~ RrSETkV E pac ket r* 11 (an line 2-1 to n-rode 1.

199840.131 Node 1 receives ( 0Nm 1PM packet u 3, and responds by removing packet ~
1 from its holding qr nmc Inn.

r ~ 199810.230 Node 1 re c e ive s  RLSI . l- JL packet u 4. It ~r :knu~ idges l~ sending back

a
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CONi- 1i- ~~ p~i~ ee ~ b. ~~~~~~~~~~~~~~~~~~ that the rese rvat ion phase has rcc ’ n
successfull y cci i loted , it ~e rmd ~ PiNG p a c t e t  ~t 6 to node 2.

a

, 1998r50.13 1 Node 2 rec e ives CONFIRM pac ket ~ 5 and removes pa- s l u t  U lfrc ; ; its
holding queue.

199850.230 Node 2 re ce iv as RING padut e 6, c o r f i r  s it (packet ~ 7), and sends a
ringing tone to the called part ,’.

202970.998 The called party goes of f - h ook , and sends ALLOCATE packet ~ 8 to nc a c i s ’
2.

202971.029 Node 2 connects the called pa rty to channels 1 and 2 on line 2 — 1.  It ,
t i- ren, sends AL LOCATE packet in 9 on this tine to node 1.

202980.53 1 Node 1 rcce- i - -.~i-s ALLOCATE pc ’ :  P t  ~ 9 ans I rcas kao nds by c u nne c t i r c~-. h o
cal ling party to channels 1 and 2 on line 1 —2. It , the m , sends ft L’ .C - - / -T E

a packet e 10 on line 1— 2. Finall y, it sends C DN~ 1PM packet it 11 to n- rode 2.

202990.53 1 Node 2 receive s. ALLOCAT[ packet it 10, arid recognizing t i r a t  t i n s - -
al location phase is over , it rn - n ’~reby ac knomvbe dge s its recei pt by S c a n ( r1c

CONFIRM packet it 12 back to node 1.

202990.631 Node 2 receives CONFIRM pac lo t  ~ 11 and responds by re r r ; c v n g  b~~’: Pet

it 9 from its holding queue.

a - 203000.53 1 Nodo I receives CONFIRM pack e t it 12, and responds by removing l a ic s - I
u 10 from its ho $ di r :p  queue.

2’15690.465 The caller hangs up, and sends RELEA SE pack- I in 13 to node 1.

245690.496 Node 1 receives RELEASE racket it 13, star ts  sending “silence ” on

channels I and 2, arid sends RELEASE pac ket e 14 to node 2.

245700.531 Node 2 receives RELEASE p~cket it 14, star ts sending “silenc e ’ on
a channels 1 and 2 on Hne 2— l It then ssnds RELEASE packet it 15 and

CONFIRM packet it 16 to node 1.

245710.53 1 Node 1 receives RELEASE packet u 15, and responds by sending CONrIPM
packe t U 17 to node 2.

245710.631 Node 1 receives CON~ IPM 1- acket  it 16 ackn mow led g ing RELEASE packet ft

14. It knows now that node 2 is aware of t I -  tact  that call 1 is ove’ an i
a is therefore ignuri.v1, channel s 1 and 2 on line 1 —2. Node 1 f rees t i n -  e

channels now and i - - ev e s t Fn e boundary of t h i n Class I reg ion toward s the
beginning of the frame (it happens that Class I reg ion becomes eni pty
now).

215720.131 Node 2 receiv es C m~~j li~’N1 m a c l i t  it 17 and rI - - r onds ft, dropp ing ch,vrn’cl ’ .
1 and 2 on line 2- 1 and rnovinp the boundary accordin g ly.
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613145.532 C~ll 2 is m r m i n r L-d. t he c -cr q um flCC C— e\ - e nt s  for its re rv eo — nin  and
alloc a t ion par aLci ’ ;  t im e one j uc . t descri Lea c i f a r  cal l  1.

a 710789.578 Call 3 is i r s tmn t r r i . It is al loc ated on ch a ’ - nai s 3 on both the for \ - .’cr rd and
the hackw ard 

~ 
- mt

~OG262.3 l 7 Call 11 is in i t ma ; t c c! .  It is alP n-led on c l i an raL  ~ and 5

~72723.727 Cal l 5 is ini t i~ i~~J.

872723.75N Call 5 is blocked when rc a l-a 1 find - t Im - c t  n - l i  the Class I c a p a c i t y is
currentl y al loca t e d.

907486.320 T ime termination phase of C31! 3 is start ed.

90750 1.2311 ra i. ; a a 1 receives COr-JFIPI-A pa cke t  4: me. flO \ Y i vd ; : ’ ~
- l-:Ll EASE r a ~s ~ct it

NC , arid frees channe l 3 c rc line 1 —2 (h is is iarFca t n ’n t by a ~~ in t Ie frr nr ~~~

map). This introduces 
~ E’ i ’ n which t f a i l s  !o f i l l  by -Jr nsmhl e t r mmrc mit I n

call 4 bc - c em i ss call 4 rsr 1uires two c ham neka . No ~n5nc i , a c t iOn is c o ne ,
he ref ore.

I01?~P38 ~6’iThr2 terminrll ,on pI-nase of a ll 2 beg in- - .

101 2881.231Chc:nnel~ I and 2 are f r eed . Call 4 i~ daJUhi& tra -ec r . hted , and PLP~~.Ci(
packe t e 65 is sr ’nt to nods’ 2.

101 290 1 .23” iNad~ 1 rec \a5~~5 CONF IRe! t n c c k e t n 67 ~~~ know led~ ir~ RFPt\CK l : c  l. I
6b.lt knovis n’s ’ ’, th at n ode 2 ic recei \ - ir m~, call 4 Cam t ire new ( I -

posi tions (1 m m d  2) .T lic- refrc r~ , it comp act s I he’ Class I ri-  - ion by drc p ni mmn
the old e n nu i pOsition s (4 arid 5) nd : - d j m n ; l i i m i ;  the ro u- r - e - -ry
accordingly.

a
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1 2 5 8 2 3 ,c c c $ CREfl1 E CT). I I I- 2 1 38001’ 7 1 ~
199823 .484 REC CT LP CT 1 1 2 1 1 -2 1 3011:i9 2 1 8

a 199823.4n -ei New Pr- ’:-’i 1 1 1 2 1 -.1
a 19 98 23. 4 84  E- EN CT LCn - T 2 1 2 1 2 2 1 301-110 2 1 8 110

1998311.131 REC CTLP I.1 2 1 2 1 2 2 1 3~- mi ~n0 2 1 8
199839.131 New Res erv 1 2 2 1 1 —1
199830.131 CEN CT L PKT 3 2 1 2 1 1 2 0 0 1 8 1C~199830.131 GEN CTL P~ T 4 2 1 2 1 2 2 30083 —1 1 1 1 09

a 199n45m . 131 REC CTLPI T 3 2 1 2 1 1 
- 

2 8 8 1 0
199840.230 REC CT L P~ T 4 2 1 2 1 2 2 3 c a c o ~~ _ 1 1 1
199840 .730 S E N CT LP I -1  5 1 2 1 2 1 4 1 ~ 1 8 1C~
199848. 2313 GEN CTLPi T 1 6 1 2 1 2 8 2 3G ;~83 1 1 0 108

- - 199858.131 REC CTLPKT 5 1 2 1 2 1 4 8 8 1 8
199850 .230 PEG CT LPK T 6 1 2 1 2 8 2 30080 1 1 0
199850.230 GE M CTLP ET 7 2 1 2 1 1 6 0 8 1 8 100
199868. 131 REC CTLP PT 7 2 1 2 1 1 6 0 0 1 0
202978.998 CRERTE C I .. 8 2 1 5 2 38888 0 1 0 180

a 292971. 1129 EEC CTLP KT 8 2 1 2 2 5 2 38801 8 1 8
20297 1.929 New f l h l o c  1 2 2 1 488 8 8 1 1

ERn IE I m P  FUll LINE 2 — I

CIIIINNEL I ii 21 -

CRLL I ii ii

2 0 29 7 1.0 2 9  GEM C T L P K T  9 .~ 1 2 1 5 2 30008 1 1 8 180
a 202968.531 PEC C 1LPK i 9 2 1 2 1 5 2 30308 1 1 0

2029 30 .533  New RIloc 1 1 1 2 488 8 0 1 1

FE lINE MflP FOR LINE 1 — 2
a 

CFIRNNEL I 11 2 1

CPLL I ii II

202988.53 1 GEM CTLP~cT 10 1 2 1 2 S 1 311080 1 1 6 100
202980 .531 GE M CTL P~T 11 1 2 1 2 1 9 0 e 1 8 108
282989.531 HILL 1 1 2
202990 .5 31 REC CT1 P~ T ‘8 1 2 1 2 5 1 38000 1 1 0
202990.571 GEM CTLPM 12 2 1 2 1 1 18 8 8 1 0 1011
20 2998.631 PEE C 1LPKT 11 1 2 1 2 1 9 0 8 1 8
203080.531 PLC CTLPKT 12 2 1 2 1 1 18 8 8 1 0
245690.465 CEI flIE CTL 13 1 2 6 1 0 8 1 0 198
245690.496 E~~ CTL PLT 13 1 2 1 1 6 1 0 8 1 0
245698.493 665 CTLPLT 14 1 2 1 2 6 1 1 0 1 0 108
26 5780. 531 EEC CT LE~ T 14 1 2 1 2 6 1 1 8 1 8
245708.531 GEM CILPLT 15 2 1 2 1 6 2 1 8 1 0 100
24c ’ l ’ 0 .53 1 GE M C T L PVT 16 2 1 2 1 1 14 0 8. 1 0 100
7 4 9 7 1 9 . 5  ml RIG CT LP~cT 15 2 1 2 1 6 2 1 0 1 8
2457 10.531 GEM CTLP EI 17 2 1 2 1 15 0 0 1 8 180
24 571 0. 63 1 REC CTLP ET 16 2 1 2 1 1 14 0 0 1 8
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F PIJiE r -r ’ FUR L iLL 1 2 a

NO 012701MG CELLS FIT f a n U a E N T
:-‘65 7 28. 131 EEC CTLPP: 1 17 1 2 1 2 1 15 0 C 1 0

FElINE flUE FOR L iflE 2 —

NO OUS fl I l i C C ELLS lIT ~a~~~[~~
a

613143.923 (:E: IriL GIL 13 1 2 2 3 32110 0  2 2 0 1 is
u13145.’:uu ULU C1LPKT 16 1 2 3 1 2 3 3 1 C 2r 3  2 2 0

6)3145.555 Lv -: P.~s?rv 2 ~ 1 2 1 —1
613145.555 ULl~ 1TL 7’ T 19 1 2 1 2 ‘ 3 3C~~7 2 2 11 108
6 13150. 133 REC L1LPEI IN 1 2 1 2 7 3 31111:1 2 2 0 —

613150 . 133 Ii :: R~ r irv  2 4 2 1 1 —1 -

613159. 133 G~- U CT LPLT 20 2 1 2 1 1 19 8 C 2 8 1119
613159 .133 C - LU C1LPET 71 2 1 7 3 2 4 31’l ac n —1 2 3 188
613160.133 E E C  CTLPKT 20 2 1 2 1 1 19 8 0 2 0
613161 ,234 REC CILPET 21 2 1 2 1 2 4 30000 •-1 2 3
( 13 160 . 234  (LU CT1 PKT 22 1 2 1 2 1 21 8 9 2 0 102
613160.234 GEN C1LI’LT ~3 1 2 1 2 8 4 300 s O 1 2 11 1011
613170. 133 REC C rI.PKT 72 1 2 1 2 1 21 11 0 2 11
613178. 234 RLC CTLPET 23 1 2 1 2 8 6 38600 1 2 0 a
613116. 234 G EM CT LPKT 24 2 1 2 1 1 23 0 0 2 11 1011
[-1 2120 )33 EEC CiLn’E T 24 2 1 2 1 1 23 0 1 2 8
1-2~~- R ’ .939 tJ LETC CTL 23 2 1 5  4 39088 0 2 0 188
1~27092. 961 EEC CT LI0F 25 2 1 2 2 4 391100 8 2 11
627092. 96 1 10w h~I Ioc  2 4 2 1 4 01 1 8 1 1

[ P I m L I  EPl ’  FOR LIlU 2 — 1

C U N N’ ) L L  I 1! 2 1

CflLL I 2! 21

6278 92 .96 1 CF. U CILPET 26 2 1 2 1 5 4 30090- 1 2 0 1110
a 627100. 531 EEC l:TL EYT 26 2 1 2 1 ¶3 4 30000 1 2 0

627108. 531 N~n n f l I l o c  2 3 1 2 400 0 6 1 1

a FRPIIE M9P FOR LINE 1 — 2

CI-4O1INEL I II 2 1

CPLL I 2 1 2 !

627 100.531 c-l U CTLPK T 27 1 2 1 2 5 3 30909 1 2 0 160
627100 .531 GIN CTLP KT 28 1 2 1 2 1 26 0 0 2 8 1011
627100 .53 1 TIIL V- 2 1 2
627110.531 rm rm: CTLPKT 27 1 2 1 2 5 3 380110 1 2 0
(77110.531 G I N  CTLPLT 23 2 1 2 1 1 27 0 0 2 0 100
627110.633 PlC CTL Pr T 28 1 2 1 2 1 26 8 1’ 2 0
627 170 .5 3 1  PEG CT LPKT 2’) 2 1 2 1 1 27 0 0 2 8

a 710789.578 CPFETE CTL 30 1 2 2 5 28088 2 3 P 180
710789.609 PLC ETLEKI 39 1 2 1 1 2 S 20 1188 2 3 0
7111789.689 ~~~ E, ’s q rv  3 5 1 2 1 —1

— 
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DCAIOO-76-C-0058 May 70, 1977

710)89.6133 Glil GI L ILT 1. 2 1 7 2 b . 2 7  ~ ~ 3 0 109
710790 .531 FEC CT LPKT 31 1 2 1 2 2 5 20 (1 2 3 0
710790.531 l i- i P o s e r - v  3 6 2 1 1 —1
710798.531 GIN CT ! PKT 32 2 1 2 1 1 31 8 0 3 0 188
710798 .531 GEN CT LPKT 33 2 1 2 1 2 6 2 15 ,7  ~~~, 3 5 )~~718808 .531 E(C C1LI’IJ 32 2 1 2 1 1 31 0 8 3 8
718809 .633  [ T a  CTL PKT ~3 2 1 2 1 2 6 2Caal — 1 3 S
710808.633 GEN CTL (11-T 34 1 2 1 2 1 33 C 8 3 0 100
710800.633 Gui C1:PET 35 1 2 1 2 8 6 211-52 1 3 6 100
710810.531 EEC GILt-IT 34 1 2 1 2 1 33 0 0 3 0

a 
711810.633 PEG C1LPET 35 1 2 1 2 8 11 2 05 - : ; 1 3 8
719818 .633 GEM CTLP K T 36 2 1 2 1 1 35 8 0 3 8 100

a 
- 7 10828.531 EEC CTLPKT 36 2 1 2 1 1 35 9 0 3 0

- 
748411.594 C EE PTE CTL 37 2 1 5 6 23880 P 3 0 100
748411.625 EEC CILPKT 37 2 1 2 2 5 6 20061 6 3 0
748411 .625 Now PlIo c 3 6 2 1 200 0 6 1 3

FOR L INE 2 — 1

I ii 2 1 3 1

CALL I 21 21 31

748411.625 GEM CTLPKT 36 2 1 2 1 5 6 268811 3 3 0 100
746420.7 34  PL C CTLP LT 38 2 1 2 1 5 6 ~~~~ 3 3 0

a 

- 748428. 734 l(~-~ R I loc  3 5 j  2 200 8 8 1 3

FOR LINE 1 — 2

CHONNEL I 11 2 1 3 1

I 2 1 2 1 3 1 -

74 84 20.734 GEM CTLP KI 39 1 2 I 2 5 5 200 00 3 3 0 100
748420.  734 GIN CTLP L T 4 0 1 2 1 2 1 38 0 0 3 0 169
748420 .734 TE LK 3 1 2

a 74 843 0 .734  EEC CTLP Pc T 39 1 2 1 2 5 5 28900 3 3 0
a 

768 430. 734 G E M C1LPI T 41 2 1 2 1 1 39 0 0 3 0 188
74843 0.836 REC CTLP C T 40 1 2 1 2 1 38 0 11 3 8
748440.734 EEC CTLP KT 41 2 1 2 1 1 39 8 8 3 0

- 806262 .313 CRE F1T E CTL 62 1 2 2 7 30000 2 4 8 1011

806262.346 EEC CTLPKT 62 1 2 1 1 2 7 30000 2 4 0
806262.344 N’- Reserv 6 7 1 2 1 —1
80626 2.344  115 CTLPET 43 1 2 1 2 2 7 30000 2 4 0 100
806 278 . 736 PEC CTI PKT 43 1 2 1 2 2 7 30000 2 4 0
60 6 2 7 8.7 3 4  5’ Rese rv  4 8 2 1 1 -1

-
a 606 278 . 734 GIN CTL EI T 44 2 1 2 1 1 43 0 0 4 0 188

- - 806 270 .734 GEt! C ILPE T 45 2 1 2 1 2 8 38110 8 —1 4 7 108
- 806280 .734 NEC CTLP P T 44 2 1 2 1 1 43 11 0 4 0

a P1 780. 836 PlC CT LEE T 45 2 1 2 1 2 8 30080 .1 4 7
806288.836 GEM C T L F 0 T  46 1 2 1 2 1 45 0 0 4 0 180
806280.836 6 - I N  CT LNT 47 1 2 1 2 8 8 38000 1 4 8 108

a 
- 

~~~ 8962 90 . 734 REC CT LP KT 66 1 2 1 2 1 45 8 8 4 0

11-3 1
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D CA J OO- 7 6- C -0058 ld:~ ’ 20, 1977

606290.u3u PLC C !L PEl  4 /  1 2 1 2 L- 8 3 m - c ? 2 3  1 4 1
a a P0U::LU. r.35 CCL C u L T  18 2 1 2 1 1 47 0 8 4 8 162

805:,~~~9 . 7 ’ c  R [ L C ) C P ! T 4 8 2 1 2 1 1 4 /  0 0 4 8
• 8081 17.750 CElia ) Cl . 49 2 1 ¶3 8 36011 ~ 4 0 100

- 808107 .781 ((EL L 1 L I T T  69 2 1 2 2 3 £ ? 1-7 (0  C 4 9
808107 ./71 Nraw 1111cc 4 8 2 1 461. 6 0 1 1

r ElINE MEP FOP LINE 2 —

CIN1NNEL I ii 2 1 3 1 4 1  51

CELL 1 2 1 2 1 31 4 1  4 1

808 107 .70 1 GIN C1LI’ !.T 58 2 1 2 1 5 1 ~( 1UCC 4 4 0 IOC
808111.133 EEC GlUt - I  50 2 1 2 1 5 u .~- muc 4 4 0
888 111.(33 h e w  FlIIo ~ 4 7 1 2 .100 mm 0 1 4

FREME P22 Hi ’~ I. i i i  I - 2

CF1F!NNEL I II 21 31 41 SI 
- 

a

CELL I 21 21 3! 41 41

808111.133 GEM C n H 1 T  51 1 2 1 2 5 7 3a1 .~0 4 4 1 11-9
OC3iillL .13s SE!! CTLF’KT 52 1 2 1 2 1 52 0 11 11 12 (1
806111,133 TELL 4 1 2
808121.133 REC 21L11.T Fl 1 2 1 2 ¶3 7 ~~~~ 4 ~ 0
808 121.133 GF! ~ C lIPET 53 2 1 2 1 1 6) 0 0 (a 8 11- i a ’

808121.: 36 PlC EU1- i~m 52 1 2 1 2 1 50 0 11 4 0
808131.133 REC CT ! PET 53 2 1 2 1 1 51 8 0 4 0
872722 .727 CR1111 CT1. 54 1 2 2 9 30808 2 5 0 100
872722.758 PLC C ILI  S T 54 1 2 1 1 2 9 30 61. 2 5 0
872723.7 55 ELC E 5 1 2 1
9074 813 .32 13 CRE11TE CIL 55 1 2 6 5 0 0 3 0 180
907486 . 3F2 PEC CTI ELT 55 1 2 1 1 6 5 0 11 3 0
907486.352 615 CTLP! T 56 1 2 1 2 6 ¶3 3 

- 
8 3 0 J O G

907491 .133 PEG CTLP LT 56 1 2 1 2 6 5 3 8 3 8
907491.133 GEM CTLPKT 57 2 1 2 1 6 6 3 8 3 0 1011
907691.133 GEN CTLP!.T 58 2 1 2 1 1 56 8 0 3 8 1011
987501.133 REC C1LPKT 57 2 1 2 1 6 6 3 8 3 8
907501 . 133 GEM CT LFI:T 59 1 2 1 2 1 57 0 8 3 8 108
987501.234 REC CTL PI. T 58 2 1 2 1 1 56 0 8 3 8

IRENE NEP FOR LINE I — 2

CIIENNE L I 11 2 1 3 1 4 1  SI

CELL I 2 1 2 1 ~ I 4 1 4 !  

L 9075 11.133 RIG CTL P! T 69 1 2 1 2 1 67 0 0 3 0.,
11-32 
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DCAIOO- 76-C-0053 May 30, 1n i77

F E r N :  1a1’ [LII LINE 7 — I

C I-111N?J EL I 11 2 ! 3 1 4 !  51

CELl. I 2 ! 2 1 * 1 4 !  4 !

1P120b8.66’~ 11(12 1 1 CTL II 1 2 6 3 0 0 2 0 100
1C1 2 F- ~ 1.695 Ill PTLFI .T 611 1 2 1 1 6 3 C’ 8 2 8
1012868.6 05 (-I N CTI 011 11 1 2 1 2 6 3 1 (1 2 0 100
1012871. 133 FEC G I L 1  T 61 1 2 1  2 6 3 1 0 2 0
1C126 71.133 GEM CT LU 1 62 7 1 2 1 6 4 1 8 2 8 108
1 012871.133 GIN LTLPY.T [2 2 1 2 1 1 61 0 0 2 0 108
181268 1. 133 PLC CTL !’El 62 2 1 2 1 6 4 1 8 2 0
101280 1.133 GEM CIVIl 64 1 2 1 2 1 62 0 0 2 0 100
1012881.234 PlC CTL P KT 63 2 1 2 1 1 61 8 8 2 8

FREI1E MEl’ FOR LINE 1 — 2

CHANNEL I 11 2! 31 6! 51

CELL I *1 *1 ~ I 4 !  4 1

1017881.234 New [ l I lac  4 7 1 2 400 9 0 1 1

FRFil1I I1EP FOR LINE 1 — 2

C!(PN!411 I Il 2 ! 3 ! 4 !  SI

CELL I 41  4 1  ‘U 4 1 4 1

1012881.234 GEM CTLP KT 65 1 2 1 2 7 7 1 4 4 0 180
1012891.133 EEC CTLP KT 66 I 2 1 2 1 62 0 8 2 8 - 

-

• 
FREFIE NIP FOR LINE 2 — 1

CHANNEL I II 21 31 41 SI

CALL I *1 * I ’t- l 4 !  4 !  

1812891.133 New fl llo c 4 8 2 1 608 0 0 1 1

IRENE MOP FOR LINE 2 — 1

CHANNEL I II 2! 3! 4! S~

CELL I 4 1  4 !  * 1 4 !  4!

a 11-33 
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DCA 100- / h - - C- OO5~ ~-.‘Ny 10 , 1977

1 C 1 . L ! . l3~ CL )  C I V  m 11., 1 7 1 7 Ii 1 4 4 C 1411
10i2891 .23-~, EEC L i l F a l  65 1 2 1 2 7 7 1 4 4 C a

1 0 1 1 1 3 1 2 4  GEL GiL- I f  17 2 1 2 1 1 65 0 II 4 8 110
JO127 Pi .133 VC C III -1 i 1-6 2 1 2 1 7 8 1 4 4 0
1017 :11.153 CI! ( I L l S  I I~8 1 2 1 2 1 66 11 c- 4 C 11:3
1111231-1. 274 REC Gi L l! 1 67 2 1 2 1 1 01 0 0 4 0

IRPI1E 11110 FOR LINE I — 2

CUII NWE L I 1! 21

I 4 !  4 1

1012’j lm ; .531 REC CT ! -‘H 68 1 2 1 2 1 60 0 0 4 0

FEEtlE hIP.!’ I II-) L 1) 4 ( 1 2 .- I

CIIENN EL I II 2 1 

CEL L I 4 !  6 1

1071122.531 CP.C IITE GIL 69 1 2 6 7 0 0 4 C 100
19 1 ~

‘ 1 1 6 7 8 1 4 C
1071122 .[63 C - L I  G i l l- Li  711 1 2 1 2 6 7 1 0 4 8 11- 6

- 
- 10711311.E-3 1 EEC CT L F ’E T 70 1 2 1 2 6 7 1 0 4 0

10711 11 .53 1 GE M C l U e  1 71 2 1 2 1 6 1. 1 1’ 4 8 160
107 113(1. 3 2 1  G EL C T L ! K [  72 2 1 2 1 1 70 0 0 4 0 10 -0
1071 14 2 .331  REC C i t l i T  71 2 1 2 1 6 1- 1 0 4 8
107 1160.531 GE M GIL ‘CI 73 1 2 1 2 1 71 0 Ii 4 0 1(2

a 1871160.525 EEC CILF’Ki 72 2 1 2 1 1 78 0 0 6 0

IREN E 11 10 FOR LINE 1 — 2
NO ONGOING CELLS PT PRESE14 1

1871150. U-S EEC CT LELT 73 1 2 1 2 1 71 0 0 4 8

F REM E MOP FOR LINE 2 — I
NC) 014801MG CELLS Il l ERFIaHI )

1490603.281 CREOlE GIL 74 1 2 2 10 20 000 2 6 0 108
1490803.313 REC CT( P[- T 74 1 2 1 1 2 18 20008 2 6 0 

a

14908113.3 13 N’,-i R,-~~~~ra .- 6 10 1 2 1 —1
1490803.313 GE M C1 LPI T 75 1 2 1 2 2 18 20008 2 6 8 1110
14906 10.12 5 EEC CII (‘IT 75 1 2 1 2 2 10 20 1100 2 6 8
14 908 10 .125 Now ~~~~~~ 6 11 2 1 1 — 1
14 90810.125 GEM CTLPI(T 76 2 1 2 1 1 75 0 0 6 0 113 11
1490810. 125 GEM CII 211 77 2 1 2 1 2 ii 28000 —1 6 10 100
1490820.175 PlC CTLN:T 76 2 1 2 1 1 75 1 (‘ 5 0
1 4 90 8 2 0 .2 19  P l C  C I L U T  77  2 1 2 1 2 11 20008 — 1 6 18
16911870 .219 GIN C1LPI T 78 1 2 1 2 1 77 0 0 6 8 10 11

a 

I 14 9062 0.2 13 GIN C ILPET 79 1 2 1 2 8 11 78080 1 6 0 100
14102113 . 125 PLC CIL. PIT 78 1 2 1 2 1 7/ 0 8 6 8
14 00 :L0.219 FEC CTL PI - T 79 1 2 1 2 8 11 20000 1 6 0

11-34
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DCAIOO-76-C-0053 May 3 , 1977

1490830.219 G~ N CTL Pi.T LI 2 1 ~ 1 1 79 8 11 6 3 100
1490840.12 5 PLC C1 LPKT 60 2 1 2 1 1 79 11 0 6 0
1618336.359 CR~~TE C1L 81 2 1 5 11 28000 1’ 6 0 1130
1518336.391 PEG CTLP ET 01 2 1 2 2 5 11 7(~~~( ç a  0 6 8
1618336.39 1 New E l I o c  6 11 2 1 2116 0 (I 1 1

IRENE hIP FliP LINE 2 — 1

a 
CHENNEL_ I ii

CELL I S I

15 18336.391 GIN CTL PKT 82 2 1 2 1 5 11 2 13) ’ ) 1 6 0 180
151 0:348.328 PLC CTLPKT 82 2 1 2 1 6 11 208110 1 6 0
1518340.328 New El Ioc  6 10 1 2 200 8 0 1 1

FRENE MOP FOR LINE 1 2

CHONNEL I ii - 
-

CA LL I 6 1

1618340.328 6114 CILPET 83 1 2 1 2 S 18 2000-0 1 6 0 188
15 1834 8 .3 28 6 - I N  CTLP KT 84 1 2 I 2 1 82 0 0 6 8 100
16 16348.328 T ELL 6 1 2
15 18358.328 RIG CILPKT 83 1 2 1 2 5 18 200 110 1 6 11
1 (10150.328 GI N (1LPI.T 85 2 1 2 1 1 83 0 8 6 0 180
15 1635 0 .4 22 EE C cnr~~T 84 1 2 1 2 1 82 0 0 6 0
1518360.328 EEL . CTLEIT 1-5 2 1 2 1 1 83 8 0 6 8
1522650.016 GRIllE CTL 86 1 2 6 10 0 8 6 0 100
11” ~50,047 RIG C1LPKT 86 1 2 1 1 6 18 8 8 6 6

— 152:1650. 847 61.11 C1L2 II  87 1 2 1 2 6 16 1 0 6 0 100
1522669 . 328 EEC C TL P KT 87 1 2 1 2 6 18 1 0 6 0
1622660. 328 GE M CTLP LT 88 2 1 2 1 6 11 1 0 6 0 180
1622660.328 GE M CTLP LT 89 2 1 2 1 1 87 0 8 6 0 100
1522670.328 PLC CTL PKT 88 2 1 2 1 6 11 1 0 6 8
1572678 .328 GIN CTLP KT 90 1 2 1 2 1 88 0 8 6 8 180
1522678 .422 FEC CTL PKT 89 2 1 2 1 1 87 0 8 6 8

FREIIE MEP FOR LINE 1 — 2
NO ONGO ING CELLS PT PRESENT -

1522680.125 FEC CILPKT 98 1 2 1 2 1 88 8 8 6 8

FF11111 MOP FOR LINE 2 — 1 a 
a

NO ONGO ING CELLS El PRES ENT

~ 1.. 11-35
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DCAIOO-/6-C-0Q 53 tA a y 30, 19/ 7

A.2. Ex~imp Ie 2 
a

a 
Fi~,iire A.2 sho’.- -~ t l~~~~ rt e tw o ~ , for this ey,- a : .,~e, t o r la t ho r  ~a i t I i  the rout r~~ t:~be  for

each of the nodes. 1 hc-re is onl y 0 7 0  Voice ~ L’ (20 (522) t h : t  req.iirt s 200 -b it 110k.

Again t t~e voice f 0 a : l t j O ! )  in t l :~ f r a r t : e  is 0.1 . 1hi~ time , theu b, In of d i f f e r t ’ i~~

speeds a i r- used to sh :ulate tho (fect  of lJi lqu I 05(212 (ill Ii f lOCa f e l t hll,V0 the 515

speed. The max ’ t r -u !(, number of annols on -
~~

-
~ h of the lines is as folIo~--as:

Lines 1- 2 ~ nd 2— 1 : 5 c Iialiri-* ,

Lines 1—3 and 3—i :  1 channel
Line’ 2--2 and 3-2: 2 c ha nn Is
Lines 2-Il  led 4-2: 0 channa’k
Lines 3--Il and 4-3: 5 (i lOflf l :IS

All call s . a rc ’ fro m IlOdC 1 to ri~ de 1.

a 
TIME EVENT

a 851 6117S1 Call l i - s i l l  ated. a

85168.815 Node 1 i ia t ’ .es a rese rvat ion for ca l l 1 on its prir :eo ~ ‘ route to ado 4 (Iin~
1-2)

851170.131 Node 2 makes a reservat ion for c a l l  1 on its se condary route  to node I
(line 2-3)  because the capacity on the primar 1’ route (line 2- 2) was not
suff ic ient to car ry  t I ic cal l ,  

a

a a 85180.281 Node 3 6- lakes a reservat ion for ca ll I on its prim~ry route to flOdS a I (line
3— 4). This comp letes the forward reservation for call  1.

85190.131 Node 4 makes a reservat ion for call I on its primary route to node 1 (line
4-3).

85200 .230 Node 3 m akes a reserv at ion for ca l l 1 on its prima ry route to n~- .le 1 (line
3—1 ) . This comp lete ’ , the mc - serv ai io n phase for crd l 1. Note ft it becpu’ .e
of a

~CO hi ,a ,e ,t iO l i a• on 1103 2—4 , the fot \ . z r d  and h- r.viar d paths for cal l 1 dd
not co i r ic  ide (forward:  1 —2 — 3— 1 ; hac kw :r d: 4- 3- -

~~~

_ 

127878.757 Reservat ion for call 2 beg ins at nn2~’ 1. Its fo rward  path is the same a~.
th at for cal l 1.

11-3&~-
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DCAIOO-76-C-0058 I-Ray 30, 19~ 7

I 219) 30.221 i-lud~ /4 ~~~~~~~~ d i ~~~~veliori for ca~ 2 01 its p: i r i :ry route IC node 1 (line

127910.43 1 Node 3 makes a reserv at ion for call 2 on its secondary route to node 1
- . a a - . a

- (line 3-2) since its prii” :nry route (line 3— 1) is congested (call 1 is sti l l
going on). 10 thi s ca ,~c’ the forward i r d  backward pa : i hr. co incided .

F
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DCAIOO--76-C-0058 ~tl!\ ~O, 1977

1 a - 1 ’ ~~0 . i Ca ~. 5 : - L 1 H E  I L  4 1 a 1~~~~~:a , 2 1 6 10- a-
851-0 .815 PEG CUIs 6 1 1 4 1 1 2 1 34 IajC 2 1 0
85 16- . . 1-15 N~ w P ,o- , rar - - - 1 1 1 7 1 —1
85168. 8 16 1:6- s. CT I i i i  2 1 4 1 2 2 1 : 7 6 - 3 0  7 3 0 110
85 173.131 CC CT~ 6 -O T 2 1 4 4 2 2 1 : , ,- ,~ 1 ~85 1/0. 131 I r : i rv  1 1 2 3 2 —1
86177.131 CL: CTLI- I:T 3 2 1 2 1 1 2 13 0 1 9 i f~
8 5 1 7 0 .! 31  E U C 1 L - l - T 4 1 F. 2 3 2 1 2~ a 3 c  2 1 6 106 -
8510L- . 1 i  FEC CiLPO T 3 2 1 2 1 1 2 0 0 1 8
8 5 1 0 6 , 2 ’ l  EEG C T I 4 r ’l 4 1 4 2 3  2 1 2 1163 2 1 0
851L!~~241 10- Ce~~~ - -. 1 1 3 4 3 -1
65141.281 CEN CILF a I.T S 3 2 3 2 1  4 9 0 1 0 3/6 -
65)66- 241 GEM CTIPI T 6 1 4 3 1 2 1 2c- ~ oU 2 1 Ii 100
85196.331 PEC CTiJ’- LT  6 1 4 3 4 2 1 2 1 : 06 - 0  2 1 0
85190.131 E~~ t Res ~~av 1 2 4 3 2 — 1
85190.131 GIN CT J I.T 7 4 3 4 3 1 6 0 0 1 0 1110
85190. 13 1 GIN Cit ri:i 8 6 1 4 3 2 2 2 11-00 — 1 1 1 1 0~85 190’ . 21- 1, EEC C~ I P 6T  

- S 3 2 3 2 1 4 8 0 1 0
852116-. i~~1 PLC CT L7L1  7 4 3 4 3 1 6 13 8 1 7
8S200.7:1o 6Cc  CILPKT 8 4 1 4 3 2 2 21:” S C  —1 1 1
652110.230 l0- w Rr~E Ea r\ - 1 2 3 1 1 —1
0-5200. 2 3 7  GEM CTLPK 1 9 3 4 3 4 1 8 0 0 1 0 100

a 85200.230 6-CU GI L l - i T 18 4 1 3 1 2 2 201-00 --1 1 1 1 6 - 3
85218.131 FEC C 1LP 1  3 9 3 6 3 .  4 1 8 C 0 1 II
85210.531 RIG CT I PKI 18 Ia 1 3 1 2 2 2136 - 0 —1 1 1
852 10.531 C711 CII 11 11 1 3 3, 3 1 16 8 0 0 180
852 Ie .5~’-1 116 ETIPI T 12 1 4 1 2 8 2 2613 0 1 1 0 173
86220.171 065 C11 ,PF1i 12 1 4 3 2 8 1 27140 1 i o
85223.331 016 C3LPLT 1-a 2 1 2 1 1 12 0 8 I a leo
85220.17-1 5-3 1: CTIE ; T 14 1 4 2 4 13 2 :7(110 1 1 8 172
85 22 8 .53 1 61, 1 CTLP I T 3 1 1 3 - 3 1 10 11 8 1 0 a
8523 0 .)  -~1 IIEC Cli 13 2 1 2 1 1 12 0 8 1 8

- 8523 1. 6-3 1 FEC C1H’- : T  14 1 4 2 6 8 7 2 0 00 6 -  1 1 0
a 85231.031 , GEM CTL I1 - 1 12 4 2 6 2 1 14 8 0 1 0 1 1 1 3

8524 1.1331 E E C  CTL I-IT 15 4 2 4 2 1 14 0 8 1 (1
89815. 1116 -  4 0 0 5 6 6  1 ’ !  16 4 1 5 2 200130 6- 1 0 103
898 15.120 FEC C1LPLT iL 4 1 4 4 5 2 261108 8 1 0
89815.120 Nt,w R I l o c 1 2 4 3 208 0 8 2 1

a FRIi F1E FlOP FOR LINE 4 — 3

CI1IINNE L I II

CA LL I ii

89816.128 GEM CTLP KT 17 4 1 4 3 5 2 261i00 1 1 0 188
89820 .3 11 EEC CTLPKT 17 4 1 4 3 5 2 20 08 0 1 I 0
89820 .331 New R i l o c  1 2 3 1 2 130 3 1 1 1

rrPriF: MA P FOR 116- 1 3 — 1

CHENNEL I 11

CELL I II
L --

_
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DCA100-76-C-0058 May :RO, 1977

898213.331 GIN C IL I—~ i 16 4 1 3 1 5 2 ~-.033 1 1 8 J~~(i

a 89820.331 6-E N CR660 19 3 4 3 4 1 17 8 8 1 0 100 -

89830. 131 REC CIt PKT 19 3 4 3 4 1 17 e 0 1 0
8983 1.631 EEC CT L PKT 13 4 1 3 1 5 7 2 6 - 2 0 8 1 1 8
89831.531 Flew R I l o c 1 1 1 2 206 0 13 1 1

F ROME MOP FOR LINE 1 — 2

CHONNE L I 11

CELL I II

89831.5. 3 .! SEN CT LPLT 28 1 4 1 2 5 1 20080 1 1 0 108
89831.531 GIN CTLP KT 21 1 3 1 3 I 18 8 0 1 8 100
8983 1.531 TOLK 1 1 4
89840.331 FEC CT LPET 28 1 4 1 2 5 1 209138 1 1 0
89840.33 1 Nc~ P I l o c  1 1 2 3 200 1 1 2 1

FErtil E MOP FOR LiNE 2 — 3

CHENN EL I II

CELL I ii

89860.331 SEN CTLP KT 22 1 4 2 3 5 1 20000 1 1 8 180
89848.331 SEN CTL P” I 23 2 1 2 1 1 20 11 0 1 8 108
89840. 531 F EC CTLIO. T 21 1 3 1 3 1 18 0 8 1 13 a

89856.131 FEC CTL PIIT 23 2 1 2 1 1 28 13 0 1 8
89850 .20- 1 EEC C r6 - i l l ! 22 1 4 2 3 5 1 28000 1 1 0
89858.781 lie:4 A I l o c  1 1 3 4 289 2 1 3 1 -

.4 - a

FROliC MOP FOR LIME 3 — 4

CFIRNNEL I 11

‘I - CELL I II

8985 0.781 GEM CTLP KT 24 1 4 3 4 5 1 28060 1 1 0 180
89858.78 1 GEM CTLP KT 25 3 2 3 2 1 22 0 9 1 0 100
896 60 .2 ) ,! REC CTLP KT 25 3 2 3 2 1 22 0 0 1 0
89860 .33 1 PEG C 1LPKT 24 1 4 3 4 5 1 2 13000 1 1 0
89860.331 6-EN CTLPKT 26 4 3 4 3 1 24 6 8 1 0 188
89870.331 REC CT LPPI T 26 4 3 4 3 1 24 8 0 1 0

127878.726 CREOl E CTL 27 1 4 2 3 29800 - 2 2 6 180
127878. 757 EEC CT LPET 27 1 4 1 1 2 3 286 00 2 2 0
127878. 757 M~~ Ea~~ s , - 2 3 1 2 1 a

127878.757 GIN GlEN 0 28 1 4 1 2 2 3 29010 2 2 8 180
127880.331 REC CTLP KT 25 1 4 1 7 2 3 71’/ l ’ O 2 2 0
127880 .331 New P~ s e v  2 3 2 3 2 — J
127888.311 GEM CTL Pt 0 29 2 1 2 1 1 28 0 8 2 8 100
127880. :31 G EM CTL PKT 30 1 6 2 3 2 3 201100 2 2 0 180

11-39
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j 2 , ’ O , a a ’ . ) j  t a , L.H 23 . 7 1 1 —~~ 6- S 2
1 27 0 3 0 . 7 8 1  PLC C1L O T 3 0 1 4 2 3 2  3 33 132 2 2 13

-a a a  
- j ç ~~ ~~

. ,  6~~-~ 
- 2 3 3 4 3 -

12;’ /eo 7111 66 - r I  6 1 1 L - i~ 31 3 2 3 2 1 26 -  C 0 7 1 1311
1 7 / 3- ~~~~.7LI 6 - 01 0116 ; 32 1 4 3 4 2 3 70 10 0  2 2 C 16- U
177 7 1 3 . 25 1  115 5’ 12H 3!  3 7 13 2 1 3u C 11 2 0
12796 -L3 131 P I C C . I V T  3 2 1  3 6 2  7 01133i 2 2 0
12/ 26- .~~31 fk~ F , ~~.- ,  v 2 4 4 3 2 -°
1 2 7 5 6 - 7  a : -  33  f a Fi 1-TL II! 1 33 1 4 4 3 1 32 0 6- 2 8 123
12/6 0 . 3 3 1  6 - 76 -  C u Ll 34 4 3 e. 3 2 4 26 - 27 ’~ 1- 3 1 . 7
1 27 3 1 E- . 3 3 !  all. S i l l - a- 33  Li 3 4 3 1 36 C 

~ 2 3
122717 .431 I11C Ci~~ 1.1 34 4 j  3 2 4 26-80 0 — 3 2 3
J27i110 .431 i~ -’: I. ’ ~ - - v  2 4 3 2 2 .~J
12 / 7 3 6 . 4 3 1  G IN G i Ll  1 35 3 A 3 4 1 34 0 6- ~ 0 16-fl
127910.431 CII! 0 1 1 1 - 1 : 3  :-.o -1 1 3 2 2 4 :7210 —i 2 3 1 0
1 2 7: 2 0, 2 81  R E C C TJ ’ F i  20- 4 1 3 2 2 4 20 00 0 —1 2 3
1?, ’23 .?81  6-~a; Rc~~-r~’ 2 4 2 1 1 —1 ’
32 7 ’! a I . 2 2 1  6- I ll C ’ I P I I 37 2 3 2 3 1 36 0 6- 2 P lii O
1?/:s0.22J GEN C1LL I 3 4 6 -  1 2 1 2  4 27!-u2 ~-l 2 3 1 1 10
127 9213.331 REC E IL L I T 3 5 3 4 3 41  3L 0 6- 2 0
177976. 131 I-L U C 1L PLT 38 4 1 2 1 2 4 26 -6 - ui !  —1 2 3
127932 .J 31 GEM CT I 1 i T  39 1 2 1 2 1 OS CI 1- 2 6- 1211
122 3 (1.131 6-EU (1661 40 1 3 1 2 8 4 226-6-0 1 2 13 11 7
127932 .781 FEC CTL~’LI 37 2 3 2 3 1 132 8 1’ 2 6-
1 7 / 1 . 4 6 . 7 3 1  FIEC CTI - i T 39 1 2 1 2 1 ~6 0 Ii 2 6
12 /941!. ‘3 1 FEC C~~LrLT 61 1 4 1 2 8 6 7 - 4 0 0  1 2 0’
1 2 Y’ 12 . 43 1  0-f E CT I L ,1 41 1 2 1 1  laO 8 (1 2 C !‘L.l
1 2 7 3 / 0 . 6 - 3 1  (,i~Fl CII 1-LI 4 2  i 0 2 4 8 6- 2 0 /00  1 2 1’ 1110
12 / 6 3 .131 FEC CTL PE T 4 1 2 1 2 3 1 40 0 17 2 0
12 7 6 - 4 0 . 6 - 3 1  FEC C1l , 1c1i 42 1 6- :1 4 8 4 2377/ 1 2 1-

1276 - 1. 6 - 31 516 5 1 6 6 1  43 4 :- 6 2 3 42 ~
- C 2 6-i 113 4

127623 .6-31 FEC ( l i l t  43 4 2 4 2 1 4.1 0 1 2 (:
120’ ,~4 i 3 . 2 i 8  G R E I I L  S i C  44 4 1 5 4 221-61 3 2 8 10- 1

a 1264-30.21-1 13 REC 1 3 i i 1 1  44 4 1 4 6 S 4 2211: -i t~ 2 i
126 ,411 .7313 New P.1k -c 2 4 4 3 200 (3 14 2 2

FROliC rinr ro~ LINE 4 .- 3

CIII1NNEL I Il 2 1

CELL I 11 2 1

128540.23 9 GIN CTLP ET 45 4 1 4 3 5 4 20000 2 2 0 100
128550.531 REC CTL PFIT 45 4 1 4 3 5 4 2118110 2 2 CI
128550.531 N~ w P h I o c  2 4 3 2 200 3 2 2 1

170ME MOP FOR LINE 3 — 2

CHONMEL I i t

CEL L I 2 !

128550.531 GE M CT IPYT 46 4 1 3 2 5 4 2 ( 1000 1 2 0 1(10

11-40 
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0 2 2 - 2 .5  1 5 1 6  6 - 1 6 - I l ,! ~ / 3 6 - 3  4 3 ..~~ 7 13 1! I i !
128560. 37 1 P l C CTL PIIT 47 3 4 3 4 1 45 0 8 2 8
128560. 76 1 EEC C i L I ’ I T  66 4 1 3 2 5 4 2 F000 1 2 8
128560.761 He w P.11cc  2 4 2 1 200 2 1 1 3

FROME MOP FOR LINE 2 — 1

C IIOWNEI . I 1! -

a 

CF3LL I 2 1

1 2 856 0 . 70 - 1  G E M  C T L P P I T 68 4 1 2 1 5 6 20P00 1 2 0 100
128560 .781 GEM CT LPET 40 2 3 2 3 I (0 (3 8 2 0 108
128570. 331 FEC CR161 48 4 1 2 1 5 4 28(36-13 1 2 0
128578.331 New R I l o c  2 3 1 2 288 8 13 13 2

FRO liC MOP FOR LILE 1 — 2

CII CINNEL I 11 21

CELL I Il 21

128570.331 GUN CR161 50 1 4 1 2 5 3 20000 2 2 9 3317
a 128579.331 ([N CTLPKT 51 13 2 1 2 1 48 0 0 2 8 308

128570.331 TOLK 2 1 4
128578.781 136- C CTLPKT 49 2 3 2 3 1 46 CI 8 2 8
128588.571 IIC CTLPI:T 5 0 1 4  1 2 5  3 2006-0 2 2 0
128580.533 Cr11 R I l oc  2 3 2 3 280 1 2 2 2

a 
FROII E 1100 FOR L I NE  2 — 3

CHONM EL I II 2 1

CELL I 1 1 2 1

128580.531 GE M CTL PKT 52 1 4 2 3 5 3 20800 2 2 0 100
128580.631 SEN CTLPr .T 53 2 1 2 3 1 50 0 0 2 8 180
12858 0.0431 6- EC CR0111 5) 1 2 1 2 1 48 C 8 2 0
128598. 331 EEC CTLPKT 53 2 1 2 1 1 60 0 0 2 0
128591.281 FEC CILPCT 52 1 4 2 3 5 3 20600 2 2 0
128591.281 New R I l oc  2 3 3 4 286 2 2 3 2

FREME MOP FOR LII)L 3 — 4

CIU1NNF. L I ii 2!

CELL I II 2!

11—Lu
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J2~~51i 1.21~l ( ILl ;  C 1L i ~~~, 1  54  1 4 3 4 5 13 2008 0 2 2 0 h O
12 0 - 6 5 1 .2 8 1  SEN 6-13 , 6 6 - !’ 65 3 7 3 2 1 52 Cl 0 2 6- 10?
1205 -1 ,531 FEC CT61 ~LT 51 1 6 1 4 5 3 2 8806 2 2 0
J23::~C6- .Ea31 0-1 1 C u l l  25 4 3 4 3 1 54 ~ 0 2 C 1 ( 1 7

a 
1 2 :~ 4 1 .7S1 EEC C T L , IET 6 - 5 3 2 3 2 1  62 (3 0 2 0
17. 11.4/ 1 ( 1- 5 CTI - LT 55 4 3 4 3 1 5’- 13 11 2 (1

1 3 1 6 4 2 . 1 3 7  51- 1 1112 0 - i L  57 1 4 6- 3 I- 0 1 l~ 1( 1
1 6 1 1’ a 6 - 2 . 1 6 8  NEC C 2 L ( I , T  57  3 4 1 1 6- 1 0 6- 1 Ci

a 1 3 1 - 4 2 . 1 6 8  SEN 5176- lIT 1- 3 1 4 1 2 6 1 1 0 1 0 1130
a 

1312 6 -6 531 1.r 1, n;~-r I--I  1 4 1 2 0 3 1 0 3 C
13 3 - - 13i- .6.~ 1 CI I I C i i ~~6T 63 1 6 7 3 6- 1 1 1- 1 C 16 .1
13155-13 .531 (:1U CTLPI,T [-II’ 2 1 2 1 1  58 0 6- 1 0 16 - 5

- 33 153 .3 .3 3 0  FEC CTL I11 1 60 2 1 2 1 1 58 0 (3 3 13

FElINE - N66 FOR LINE 1 — 2

CHONNE Ia- I 11 2 1

CELL I *1 21 a
.

131!- -C.3:9 NIW 1 1 1 1 C C  2 3 1 2 2 10 6- 1’ 1 1

a 1-1:171W I1I3P 1 6 9  1 1132 1 a- 2

5111 ( 13551 I II 2 1

5161 , I 2 1 2 1

131 56 - 7 .7/ 0  GEl-I CillIll 61 1 2 1 2 7 3 1 2 2 0- l uS
1 3 1 5 , S 1 . 2 c a i  REC 0 - 1 ( 2 4 1  59 1 4 2 3 6 1 1 9 1 11
13 16- - 1 .2 8 i  6- 1 1 1 0 1 1 1 - l I 62 1 4 13 4 1; 1 1 1’ 1 0’ 1113
13164 1 .21 -;! 6- El - . 6- 11 11 63 3 3 2 1 59 0 (3 1 C 16 -0
131578.531 RIG (IL 1- 11 61 1 2 1 2 7 3 1 2 2 11
131570. 531 6- I l l  Cfl 1 - I 1 64 2 1 2 1 1 [-1 0 8 2 6 16-3
131570.531 REC 0 1 1 1 1 , 1  62 1 6 3 4 6 1 1 CI 1 0
131510.6-31 GIN CII I’Ll 65 4 1 4 3 6 2 1 0 1 0 1 6 - 1 7

a ! 131570. ra i l  6-EN CT I P6T 66 6 3 4 3 1 02 6 8 1 8 3 1 7 3 1
131570.781 EEC CTLI’I’l 63 3 2 3 2 1 59 0 8 1 0

FREME MOP 6- OR LINE 2 — 3

CHENMEL I 11 2 1

CELL I ~ I 2 1

131570.781 Now 011cc 2 3 2 3 200 1 1 2 1

100111 MOP FOR LINE 2 — 3

IHENNE L I II 2 1

a 11-42
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• DCAIOO-76-C-0058 May 30, 1977

CflLL 1 2 1 21

131570.781 CEN CTLPKT 67 2 3 2 3 7 3 1 2 2 8 180
131588.330 NEC CTLPKT 64 2 1 2 1 1 61 0 8 2 8

FRflME IIRP FOR LINE 1 — 2

• CHRN?~EL I I I

C~1LL I 21

131588.531 REC CTLPKT 65 4 1 4 3 6 2 1 0 1 8
131580.531 CEN CTLP~ T 58 4 1 3 1 8 2 1 0 1 0 188
131580.531 CEN CTLPKT 69 3 4 3 4 1 65 8 8 1 0 108
131580.631 NEC CTLPKT (~6 4 3 4 3 1 62 8 e 1 0

FRRrIE I1PP FOR LINE 3 — 4

CH~1NNEL i i i  21

CRLL I *1 21

131588.631 N~w P.I Ioc 2. 3 3 4 208 2 2 3 1

FRRME tIPP FOR LINE 3 — 4

CHRNNEL I ii 21

CR11 1 2 1  2 1

131580.631 CEN CTLPKT 70 3 4 3 4 7 3 1 2 2 8 108
131581.281 REC CTLPKT 67 2 3 2 3 7 3 1 2 2 8
131581.281 CEN CTLPKT 71 3 2 3 2 1 67 0 8 2 0 100
131590.531 REC CTLP~T 69 3 4 3 4 1 65 8 0 1 0

FRRPIE MaP FOR LINE 4 — 3

CHRNNEL 1 1 1 21

CR11 I *1 21

131590.531 N~w Rl Ioc 2 4 4 3 208 8 0 2 1

FRRME IlflP FOR LINE 4 — 3

11- 43
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DCA100-76-C --0058 May 30, 1977

CHANNEL I ii 2 1

• • CNLL I 21 21

131590.531 GEN CTLPI(T 72 4 3 4 3 7 4 1 2 2 0 108
131590.631 NEC CTIPKT 70 3 4 3 4 7 3 1 2 2 8
131G90.631 GEN CTLPKT 73 4 3 4 3 1 70 (5 0 2 8 188
131598.781 REC CTLPKT 71 3 2 3 2 1 67 (5 8 • 2 8

FRAME MAP FOR LINE 2 — 3

CHANNEL I ii

CALL I 21

131591.531 REC CTIPKT 68 4 1 3 1 6 2 1 8 1 0
131591.531 GEN CTLPKT 74 1 3 1 3 1 68 8 0 1 8 10(5
13168(5.531 REC CTLPKT 74 1 3 1 3 1 68 0 B 1 8

FRAME MAP FOR LINE 3 — 1
NO ONGOING CA LLS PT PRESENT

• 131608.5G3 NEC CTLPkT 72 6 3 4 3 7 4 1 2 2 9
131600.5G3 CEN CTLP~T 75 3 4 3 4 1 72 (5 0 2 8 100

• 131600.631 NEC CTLPLT 73 4 3 4 3 1 78 B 8 2 B

• • FRA ME HAP FOR LINE 3 — 4

• CHANNEL I ii

CALL 1 2 1

• 131618.330 NEC CTLPKT 75 3 4 3 4 1 72 8 8 2 0

• ‘ FRAME h A P  FOR LINE 4 — 3

CHANNEL I II

CALL 1 2 1

• 513666,863 CREATE CTL 76 1 4 2 S 20008 2 3 0 180
513646.895 NEC CTLPKT 76 1 4 1 1 2 5 20000 2 3 8
513646.895 New Reserv 3 5 1 2 1 —1
513646 .895 CEN CT LPKT 77 1 4 1 2 2 5 28068 2 3 0 100
513650.332 NEC CTL P KT 77 1 4 1 2 2 5 2 (500 0 2 3 8
513650.332 U~w Re~erv 3 5 2 3 2 —1
513650.332 CEN CT1P~T 78 2 1 2 1 1 77 8 0 3 8 100

.1 . 513690.332 CEN CTLPKT 79 1 4 2 3 2 S 200~8 2 3 e 100
513660.332 NEC CTLPKT 78 2 1 2 1 1 77 8 0 3 0

• 11-44
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51’660 .  781 REC CTLF;. I ‘3 1 4 ~ 3 2 5 20000 2 3 8
• 513660.781 New Resei’v 3 5 3 4 3 —1
513660.781 SEN CTLPKT 80 3 2 3 2 1 79 8 0 3 8 1(59

• 
• 

513668.781 SEN CTLPIc T 81 1 4 3 4 2 5 28000 2 3 e 108
• • 513670.332 NEC CTIPKT 81 1 4 3 4 2 5 200(50 2 3 0

513670.332 New Reserv 3 6 4 3 2 -1
• 513670.332 SEN CTLPLT 82 4 3 4 3 1 81 8 0 3 0 180

513678.332 SEN CTLPKT 83 4 1 4 3 2 6 28000 —1 3 5 108
513670,781 REC CTLN~T 80 3 2 3 2 1 79 8 8 3 8

• • 513680.332 NEC CTIPKT 82 4 3 4 3 1 81 8 8 3 0
513680. 434 REC CTLPK 1 83 4 1 4 3 2 6 20C80 —1 3 5
513688.434 New Reser’v 3 6 3 1 1 —1
51368(5.434 SEN CT LPLT 84 3 4 3 4 1 83 0 8 3 0 1(50
513680.434 SEN CT LPrT 85 4 1 3 1 2 6 28880 —1 3 S 100
513690.332 REC CTLF~ T 84 3 4 3 4 1 83 8 8 3 B
513698.531 NEC CTLPKT 85 4 1 3 1 2 6 20809 —1 3 5
513690.531 SEN CTL PKT 86 1 3 1 3 1 85 0 8 3 0 100
513699.931 SEN CTIPKT 87 1 4 1 2 8 6 28800 1 3 0 188
513780.332 REC CTLPI( T 87 1 4 1 2 8 6 20800 1 3 8
913700.332 tEN CTLPKT 88 2 1 2 1 1 87 8 B 3 0 180
513780.332 SEN CTLPU 89 1 4 2 4 8 6 20080 1 3 0 180
5(3700.531 REC CTLPKT 86 1 3 1 3 1 85 B 8 3 8
513718.332 NEC CTLPKT 88 2 1 2 1 1 87 8 8 3 8
513711.031 REC CTLPKT 89 1 4 2 4 8 6 28808 1 3 8
513711.831 SEN CTLPKT 98 4 2 4 2 1 89 8 0 3 0 100
513721.031 REC CTLPKT SB 4 2 4 2 1 89 8 8 3 B
534525.258 CREATE C’rI 91 4 1 5 & 28080 8 3 0 189
534525.289 REC CTLPKI 91 4 1 4 4 5 6 20008 B 3 8

• 534525.289 New Rh loc 3 6 4 3 200 0 8 2 2

FRAME MAP FOR LINE 4 — 3

CHANNEL I 11 2 1

• CALL I 21 31

534525.289 SEN CTLPKT 92 4 1 4 3 5 6 20008 2 3 8 108
534538.931 REC CTL.PKT 92 4 1 4 3 5 6 20098 2 3 8

• I 534530.531 New RIloc 3 6 3 1 288 3 2 1 1

FRAME hAP FOR LINE 3 — I

CHANNEL I 11 
• -

CALL 1 3 1

534538.531 SEN CTLPKT 93 4 1 3 1 5 6 20(588 1 3 8 108
534938.531 SEN CTLPKT 94 3 4 3 4 1 92 8 0 3 8 108

• 534540 .336 NEC CTLPKI 94 3 4 3 4 1 92 8 8 3 0
• 

• 534541.531 REC CTLP~T 93 4 1 3 1 5 6 20898 1 3 0
534541.531 New P11cc 3 5 1 2 288 0 8 1 2

11-45
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FRAI1E MAP FOR LINE 1 — 2

CHANNEL I 11 2 1

CALL 1 2 1  31

534541.531 SEN CTL PLT 95 1 4 1 2 5 5 20000 2 3 8 108
93454 1.531 SEN CTL PKT 96 1 3 1 3 1 93 8 8 3 8 1(50

-• . 534541.531 TALK 3 1 4
534 550. 531 PLC CTLP KT 96 1 3 1 3 1 93 8 0 3 0
534550.531 REC CT LPKT 95 1 4 1 2 5 S 20008 2 3 0
534550.531 New f l h Ic ,c  3 5 2 3 288 1 2 2• 2

FRAME hA P  FOR LINE 2 — 3

CHA NNEL I II 2 1

CALL I 2 1 31 

534590.531 SEN CTLPI( T 97 1 4 2 3 5 5 ?C300 2 3 8 1~’0
• 534590.531 SEN CTLPKT 98 2 1 2 1 1 95 0 0 3 8 103

534560.336 NEC CT IPKT 98 2 1 2 1 1 95 8 8 3 8
534561.281 NEC CTLP~ T 97 1 4 2 3 5 5 20088 2 3 8
S34 ES1.2~ 1 New A l I o c  3 5 3 4 280 2 2 3 2

FRAME MA” FOR LINE 3 — 4

CHANNEL I 11 2 1

• CALL I 2 1 31 

534561.281 SEN CTLPKT 99 1 4 3 4 5 5 2000 0 2 3 0 180
534561.281 SEN CTL PKT 100 3 2 3 2 1 97 0 0 3 8 100
534578.531 REC CTLPKT 99 1 4 3 4 5 9 28000 2 3 8
534570.53 1 SEN CTLP KT 181 4 3 4 3 1 99 8 8 3 0 100
534576.781 NEC CTLPKT 180 3 2 3 2 1 97 0 0 3 8
534580.531 NEC CT LPKT 101 4 3 4 3 1 99 0 B 3 0
664195.852 CREATE CTL 102 1 4 6 5 B 0 3 0 188

• 664195 .883 REC CTLPKT 182 1 4 1 1 6 5 8 8 3 8
• 664195.883 SEN .CTLPKT 103 1 4 1 2 6 5 2 8 3 8 188

• 664200.531 NEC CT LPKT 103 1 4 1 2 6 5 2 0 3 8
664208.531 SEN CTLPKT 104 1 4 2 3 6 5 2 8 3 8 100
664208.531 SEN CTLPKT 105 2 1 2 1 1 103 B 0 3 0 100
664218 .336 NEC CTL PKT 109 2 1 2 1 1 103 8 0 3 0

FRAME FlAP FOR LINE 1 — 2

CHA N NEL I i i

CALL I 21

11-46
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664211.281 REC CTLPKT 10~ 1 4 2 3 6 5 2 0 3 0
664211.281 SEN CTLPKT 1(56 1 4 3 4 6 5 2 • B 3 0 188
664211.281 SEN CTLPKT 107 3 2 3 2 1 184 0 8 3 B 180

• 664220.531 REC CTLPKT 106 1 4 3 4 6 5 2 8 3 0
• 664220.531 SEN CTLPKT 108 4 1 4 3 6 6 2 8 3 9 108 : -

664220.531 SEN ~TLPKT 109 4 3 4 3 1 106 0 0 3 0 180
664228.781 NEC CTLPKT 1(57 3 2 3 2 1 184 e e 3 8

FRAME MAP FOR LINE 2 — 3

CHANNEL I II

CALL 1 2 1  •

664230.531 REC CTLPKT 108 4 1 4 3 6 6 2 0 3 8
664238.531 SEN CTLPKT 118 4 1 3 1 6 6 1 0 3 8 188
664230.S31 SEN CTLPKT 111 3 4 3 4 1 108 0 0 3 0 188
664230.633 REC CTLPKT 189 4 3 4 3 1 186 8 8 3 8

FRAME MAP FOR LINE 3 — 4

CHA NNEL I 11

CALL 1 2 1

664240.336 REC CTLPKT 111 3 4 3 4 1 108 8 0 3 0

FRAME MAP FOR LI NE 4 - 3

CHANNEL I l l

CALL 1 2 1

664241.531 REC CTLPKT 118 4 1 3 1 6 6 1 0 3 0

• 664241.531 SEN CTLPKT 112 1 3 1 3 1 110 8 B 3 8 108
664250.531 REC CTLPKT 112 1 3 1 3 1 118 B 8 . 3 B

FRAME MA P FOR LINE 3 — 1
NO ONGOING CALLS AT PR ESENT
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• Appendix B: Sample Output Report

This appendix shows a typ ic z l  output of f l y  Data f ’sk Program. The various

sections of this output have been descr ibed p~~ ’:ously, ~~ 1 i~ not d~f uicu? t to follow

through. An attempt will be made here, though, t o expla in h~rl! t hey initial l~~is period is

es timated. -

• By examining the curve for the mean numh~er of busy chM,r*els versus time , it can

be easily established that the steady state is on after about 11 minutes from the

beginning of the simulatio,. To conso lidate th is es tim ate , thr~ s tandard devi,~t ion entries

tabulated alongside the means can be plotted on log-log sc~ l~ s against time. This has

been done in Figure Ri. It confirms our ect im-t c for the teng~h of the h~~ intervat .

Having determined this , the entries in the first tab le corresp~ rdirg to a L~~: into rva~ of

11 minutes are chosen. In this case the entries chosen are:

- U=85.36~~ V

- C = 8134 bits/frame

- PL 9.33 ~f for 16KBPS

• - PL = 27.12 % for 32 KBPS 
V

- PL = 28.191 ~ for 50 KBPS

• 
- PL — 9.999 Z overall

NE~INET 2
• CONNECTIONS 1— 2/ 1544 .0 / 8.8 / 8.0 / 4.8

PROCNUM 1- 1 2- 1
FRA METIME 10
HOST I H 2* 1.88 V 2* 1.08
HOST 1 A t 0.00 9:0.80 1* 68.00 1: 5.00

• HOST 2 H 1:1.80 V 1* 1.88
HOST 2 Pt 8.08 0*0.00 1* 8.80 T :100.00
TRACE DS K:PV I.T2
ROIJTEUPDATE see -

NOPP~TINTERVRL 500

• TIFIEOU1OCLRY 125
LINEQLIRI .ITY 18 -

. •  
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r 
I!ELLOLIIIIT 2
RETXL IM IT 3

- WMOVEOELAY 8.80580
I1RXHOLDO 1 128000

- 
MAXHOLDO 2 128000

L IIAXINFRAMEO 1 1280000
MAX INFRAMEQ 2 1280080
VS 1/LI 8 N: 8 St 0
VS 2/L: O R :  O S : 0
VS 3/L: 0 R : 0 St U
VS 4/1: 8 R: 0 5: 0
P~ tIen 2808

• SEED 10
• 

- 
MODE VOICE
VFRACTION 0.580

~ VRATE 6088 
•

VOISTRIB 2480/ 8.100 4000/ 0.100 8800/ 0.158 16080/ 0.500 32800/ 0.100 68000/ 0.858
PILOC VFV
SIMULATION PERIOD 2788000.eae

• 

- 

. 
.

. 

I

L

Ii • . 

.

•

. • 

-

-
~ 
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S i~ I Iu~•~ I-k. 5’~- S
~~~~~~~~~~~~~~~~~~

1. LIST Ot- SflULRTEO CALLS

ICRLL IORI G IDE ST I RA TE ICONC1TI~ E HOLDT M E IF i OPS IBLOC KED I
• I I I I (rl~rS) I (IIILLISEC) I (hUN ) I lOT NOVE l

I I I 1 I 2 I 1 . 8 I 19.710 1 8.71 11 .0 1 I
I •2 I I I 2 I 32.8 I 11.173 I 8.91 11 . 0 I I
I 3 I 1 I 2 I 32.8 I 13.772 I 18.80 11.0 I
I 4 I 1 I 2 I 4.0 I 13.089 I 14.93 11 .0 I I
I 5 I I I 2 I 8.0 I 12.392 I 9.74 11.8 I
I 6 I 1 I 2 I 2.4 I 19.9 15 I 17.99 11.8 I I •1
I 7 I 1 I 2 I 60.0 I 16.937 I 9.67 11.8 I I

I 88 1 1 1 2 1 18.8 1 17.016 1 6.94 11 .0 I I
I 87 I 1 I 2 I 16.8 I 21.137 I 18.69 11.0 I I
I 88 I I I 2 I 3~?.8 I 8.831 I I I 1 I
I 89 I 1 I 2 I 18.0 I 0.027 I I 1 I
I 90 I I I 2 I 16.0 0.035 I I 1 I
I 91 I I I 2 I 16.9 I 17.8(51 I 1.36 11.0 I I
I 92 I 1 I 2 I 32.0 I 21.320 I 9,96 11.0 I I

V .I

I 452 I 1 I 2 I 4.8 I 23.031 I 0.16 11.8 I I
• 1 453 I 1 I 2 I 16.8 I 17.938 I 5.41 11 .0 I I

I 454 I I I 2 I 32.8 I 8.863 I I I 1 I
I 455 I 1 I 2 I 4.0 I 19.166 I 8.57 11 . 0 I I
I 456 I I I 2 I 16.8 I 0.831 I I I 1 I
I 457 1 1 1  2 1  2.4 1 15.813 1 7.08÷11.0 1 I

II. NODE ACTIVITIES

I NODE I TOTAL CALLS I CI1PLTD CALLS I 0U~D CALLS I

I I I 457 I 413 I 46 I
I 2 1  0 I 8 I 0 1

11-50
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111. STATISTICS 
V

• B U C BlocE Ing Prob abI li t ies (7)
16988 32800 50808 O~rra hI
KOPS KAPS KBPS

44.60 82.38 7717 11.888 48.989 55.080 12.406
V 43.00 88.60 7717 11.951 40.222 53.080 12.264

42.60 98.67 7730 11.777 38.481 52.794 12 .104
41.08 90.03 7857 11.488 37.E~ ; 52.rc E 11.9~ 6
40.80 98.57 7981 11.304 37.118 52.152 11.842
39.08 89.81 7904 11.281 36.781 51.355 11.741
38.80 90.38 7952 10.895 36.566 50.368 11.639
37.80 90.16 7988 10.637 35.906 69.219 11.533
36.80 89.98 8016 10.335 35.284 47.917 11.422
35.00 89.33 7998 10. 126 34.568 46.458 11.318
34.68 89.02 7969 9.964 33.962 44.832 11.202

• 33.00 89.51 7951 9.847 33.301 43.477 11.898
32.00 89.52 7970 9.766 32.937 41.988 11.001
31.00 89.82 7986 9.693 32.436 49.563 10.908
30.~~0 88.95 8064 9.656 32.002 39.525 10.822

V 29.00 88.15 8132 9.638 31.622 38.760 10.743
28.88 87.28 8164 9.668 31.287 38.084 10.672
27.80 87.82 8148 9.781 38.998 37.483 10.607
26.e8 86.91 8142 9.758 30.723 36.946 10.549
25.08 86.74 8137 9.798 38.387 36.462 10.497
24.88 86.82 8125 9.858 30. 182 35.678 10.449

• 23.80 87.19 8107 9.857 29.843 34.966 18.404

• 22.80 87.16 8184 9.765 29.634 36.315 10.368
21.60 86.23 8136 9.693 29.235 33.811 10.318
20.00 86.09 8153 9.636 29.176 33.348 18.278
19.00 85.47 8181 9.609 29. 122 32.928 18.240
18.00 85.09 8174 9.602 29.133 32.523 18.205
17.80 84.68 8168 9.613 28.807 31.888 10.171

• 16.80 84.35 8162 9.639 28.552 31.143 10. 139 
•

p 
15.08 84.34 8167 9.688 28.315 38.521 10.109
14.00 84.76 8143 9.741 28.093 29.997 10.081
13.00 85.02 8135 9.677 27.885 29.506 18.854
12.00 . 85.34 8127 9.532 27.689 29.845 10.027
11.00 85.36 8134 9.330 27.128 28.191 9.999
10.80 85.30 8139 9.149 2(5.605 27.385 9.971
9.08 85.26 8144 8.986 26.118 26.625 9.963
8.80 85.16 8163 8.845 25.682 25.905 9.915
7.08 85.36 8164 8.612 25.087 25.223 9.883
6.00 85.39 8172 8.391 24.365 24.577 9.868
5.80 85.45 8188 8.181 23.756 23.962 9.832
4.00 85.38 8208 7.982 23.177 23.378 9.804
3.00 85.37 8215 7.792 22.625 22.821 9.777
2.80 84.68 8271 7.611 22.099 22.290 9.750
1.80 83.28 8392 7.438 21.597 21.784 9.725

VOICE TXMN EFF : 98.586 Z

B Is the In I t Ial  bIas perIod In mInutes
U Is the utIlIz a tIon
C Is the bits per fraiv e avaIlable b r  non—c lass I tra f fI c

~LH ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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t~~— : ~~rr ~ In~~t io n  of  U~~V .V i n  ht . i  b~~—~ IfIIer~~a I ;

Time (m irl ) Avg Busy Ch St~ ;,d~ird O~v
- V

. 

1.08 4 4 . 0  0 .060
- 2.80 76 .8 32 .0~ 0

3.08 185 .3 45 . 026
4.00 

• 
118.6 48 .401

• 5.00 123.8 47.900
6.08 135.3 49.963
7 .00 141.8 45.2 13
8.60 143.5 42 .600
9.88 145.5 40 .582

18.08 147.1 38 .777
11.60 148.8 37.370
12.60 161.8 37.877
13.08 153.9 36 .409
14.08 156.4 36.165
15.00 156.7 34.968

V 
16.00 156.3 33.9 89
17.00 155.2 33.176

• 18.00 154.6 32.325
19.00 153.6 3 1.766
28.00 153.9 30 .993
21.00 152.5 3A. 866

V 22.00 153.2 3s.- .367
23.88 154.5 50.258
24.00 155.2 29 .804
25.00 155.4 29.225
26 .00 ¶~ 5 .7 28 .785
27.00 156.0 26.1~ 3
28.00 155.4 27 .863V 

29.00 155.1 27.421V 
30.00 154.8 26.998
31.00 155,7 26.951

• 32 .08 156.2 26. 697
33.08 157.0 26 .687
34.00 157.3 26.336
35.80 157.4 25 .964
36.00 157.8 25.698 V

• 37.00 158.1 25.639
38.00 158.7 25.367
39.08 158.9 25.066

• 40.00 159.4 24 .949
• 41.00 159.7 24.697

42.08 168.2 24.698
43.08 168.8 24.610
44.08 160.7 24.338

V ~~~ V V~1 ~~
,

V J
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TIflE VA I A T I f l J  OF fl 1~ OF BUSY 1 ~@ I  5

0.8 19.3 38.6 57.9 77.2 96.5 115.8 135.1 154.4 V

+ + + V + + + + + +
1 +  V *

• 

• 

2 +  a
V 3 

*
4 + a
5 +  *
6 +  a
7 + *

• 8 + a • V

9 +  *
18 + a
1 1+  . *
12 + • V 

*
13 + a
14 + *
15 + *
1 6 +  V 

*
17 ~ *
1 8 +  a
1 9 +  a
2 8 +  *
2 1 +  . 

V

2 2 +  *
• 2 3 +  a

2 4 +  a
2 5 +  a

• 26 +
2 7 +  V *
2 8 +  V

V 
29 + a
30 + ‘ - a
31 + - *
3 2 +  V a
3 3 +  *
3 4 +  a
3 5 +  a
36 + *• 3 7 , ~

, V 
*

38 + a
39 + *
40 + *• 4 1 +  a
42 + *
4 3 , ~
44 + *

11-5 3
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• Channel allocations before Channel allocatio ns after V- • call K is dropped cal l K is dropped

V 
I I

Method A: ~ ter s tart ing
M posi tion of all N

— calls after K
N 0

_ _—  —_ _ _

0

V ‘N Method B: double t i ansmit

and move boundary
V N
N 

las t slot (o) and V 
V

w hen receiving node V
V acknowledges

V 

V I

Double I —-_______ .— —a t raflsrnL.SiOflt M M

•

~~~~~~~~~~~~~~~~~~~~ 

_  
N

V Comparison of class I region compaction methods

Figure 1.1
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V
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SOURCE 
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______________

• 

V
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REPACK to NEXT new calls
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-V~~~~~~~~~~~~V 
~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~- V V  V _  ~~~~~~~~~~ V~~~_ - V V ~~_ V V _ V V ~~~~~~~~ V~~~-V ~~~~~~~~~~~~~~~~~~~~~~~~ V VVV VV V V V V V V V -~~~~~~~~



- - 
~~~~~~~~~~~ V _ V V~~~~~~~~. ~V V V V V~~~V V~~~~ V

4:

P 
V

‘--

V
I I V 

--
<V V I

4’

.1•

V V V H  E~fc~~~c~ of ~~~ed-S far ~
V V -VV 

V

Figure 2.1

I Voice 1°t.c~c fio~ /~-i Ehe &a’a~e

I J~~~~_ IV V~~~~~~~ I.
0:, 0.2 o.q

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~V~~~~~~~~~~~~~ VV ~~~~~



— ~~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I a 
-~~~

‘~ 1

‘
V

-t

V ~sf F(e~
,’Ue - boc iuI~ r~

V V

V V Figure 2.2

• 
~~~~~~ 

r,~ c-i~ ~~~ t~~
- I — I _ io:~~ I _______—___
V 

0.5 O.~, 0.7 0.~ o.9 .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~~ 
V- V~~~~~~~ -V V - V - V  V -

IV.
‘-V ~)

- 

V

-‘- V

‘—‘V -

6I~ic k/ ~j / ~‘ô1~ 
!; V /, I V :c.s (c (

F(j
’

~~~ V / _  /~oL~QV? c/(4~y 
/-1~

(c ci~ (
V .~t~~~~~

• -.

~8 

r

• 
~~~~~~~~~~~~~~~~~~~ 

V

I ______ - ______

0.5 o.6 o.1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V V V~~~~~~~~~ V



__ - - V V V V V V -_~~~~~~~V-V_~~~ -V~~ V V V~~ V V V.~~~~~~~

0~

c’V~~~

I V

I’

•

8/4
~

CI</~L7 / ~~~~iJ A b ; ~~
Il€ i

V 

/~i~~1bi~ —bou. a~2h~j  sc~It erneJ

V Figure 2.4

P.
-- 

L’o/ce Fc~~h~~, Iii IJie &a~ ie 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~~~~~~~~~~~:i i~~~~~~~:i:i~~~~~~~~~~~~~ -~~~~~~~~~



- V-5,__ •-V - ‘ V V V .  
V -V~~~~V- V V

V V 
V

~~~~~~~ 
U. b/~~~~ V~~~V ’~~~~~~~ ~~ ~~~ ~~~~~

~~~ \ -~~~~~ j ,~\~~ ; 
V

Figure 2.5

• 
~~~~~~~~~~ 

F~ex -B~u.41ak~r~ 
V

‘

~~~~~~—,~~~~-
_- I~j ’~ed. ~~~~~~~ V

~ for f l a / Jcd~~~/;afr1,u’1~

• \\ ~~ F, *c/ ,~ i I•I-1 (7a~ I . : (-

____________— V1______~ __J_ - V - _ V  — V

0. -I ci.~~ o. c
~ 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



V - -  _ _SV.~~~ V-~~ V V V-~~~~ V V~ V . ~~~~V VV ~~~~V V V V VV V V
- 

~~~~~~~~~~ -_ -- — . ~~~~~~~~~~~~~~~~

V..

-‘1
-

~~

V \_~1

I

I(e~,bIe 6o ~dar~ T

V V V - - C/ ~.cs I’ it?e~jio~i li~~ h’ok? V V

IV V V

Figure 2.6 
V

e c I ion (~-~ /~2z ,~, e V

___ __ _V

~~~~~~~~~~~~~~

VV

~~~~~~~~~~~

V

~~~~~~

___ ____V1 ______  ____

p~~~ . O.5 o. *~’ o~7
V C

I1~~L~ V I ~~~~~~~ V L I i V L IV1V VLV.~~~ LVVL L V~~~VL LLi 1V~I~ 
V ~~V~~ VV ~~~~~~~~~~~~~~~~~~~~~~ L ~~~~~~~~ ~~~~~~~~~~ V - L__~ - V~



- 
— V - ~~~~~~~ 

-V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
~~~~~~~

7c9o0 ~~~~k a- V

~ c~~O ~~~~~~~~~~~~~ 
V

V 
fle,~ L~

V V V

(J~ 
V

V 4c1~c) - 
V 

~~~~~~~~~~~~~~~

V V - 
I 

. : VV V V V V V

V 
- 

: V V V

• 
V . V

V V V

Avei&~ C~p aa/ ’-j l~c(f f~r ~Jo~t —
- - 2dc ’O Ct ~ ç~ f  7~~f~c - 

V ~V 
:1

Figure 2.7 V

/0(10 .. 
V 

V V V V

I 
V 

V V . 1
I V

V I

V 
V 1/a, 

~~~~~~~~~~~~~~~~~~~~~ ,~~~~ ~~~~~~~~ 

~~~~~~~~~~~~~~~~

~ ‘—~Aj I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



• - — - -‘-V . . V V V~~~~~~ V V~~ V V VV ~ V V V V V VVV V~~ -~~~~~

Routing Table for Node 3
- If PEST Tlic~n NEXT node is
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Pn~~~ry ~~~~~~ar~ T~~~~~ry

1 1 2 4
2 2 1  4

3
4 4 2 1

200 KBPS 1000 KBPS

V 
V Routing Table for T~- d e  4

V If D~ ST Then LEX-~Node isV No~o is _____

V V 400 KBP S 4 v Prim a ry -~~oi~ ar

V 1 2 3
1000 K6PS
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V) f)  ~~)Routing Table for Node 1 V -

V 
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______ V

Node •g V V _______ —— _______ _______
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V

-
‘ 2 2 3 -

3 2 2 Routing Table ton Node 2
V If PEST Then NEXT node is

4 2 3 Nodo is VV 

— 
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4 4 3  1

4 — Node network with inhomogeneous links to illustrate
routing and unidirectional control
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V 1. Flow Coi:~rc- ! ~~ C;cr csi Hr i

- 
V 1.1. Introthlction

In any comm uai icVat io n networ k 1 there is a lirrit to the t r & f f i c  it c ar i  • - r r y .  If thu

V 
V 

t r a f f i c  demand excec ~ c cer tain c~- t E ’Jiisho d rei i, 0 1 0  of the Ir 4fic w~~flJ ft~vo t o b~-

rejec ted. The state in v it- ich the n-- tw ork  has to reject  5 0 1 0  tr~-1uic ~ cV Q! V ~V c ~~ j i~)n. V

Conges tion is a type of network fai lure \~i ItCh v.-oi~id ;crea nd more and nIn~ C

attention ~s the network cod an ourt o~ t r a f f i c  ~row c as i t  coii!d degrade the r r c t . o ~
V V

perf ormance severely. The present APPANE1 !ow control works quite v -oi l .  ( A brief V

descrip tion .9~ con trol schemes w ith ARPANET as an exampie could be fouiid in ?)

However, it is o bse -ve d that it may be only because most of the time Nv channel is

under utfl izcd. The busiest channel in ARPANET [KLE74] h~~ an aver aL~e uli! iza t ion of

onl y 20 7 and peak of E~3 7 only. F~cluding the overhead , t i- ’ f -oa k ut~~L- : t io n  is only

about 25 7~. A diccur .sicn of ii~ source of conges tion could be found in sect ion

2.7. 
V -

)

Besides, the ARPANET flow control scheme is not without inefficiency. Since it lacks

the instantaneous current global knowledge of the state of the network transmission , it

cannot make the best and the fairest routing and flow control decision. Consider
- V 

• - 
another example, a node with two routes to its destination. With the procent routing

sc heme only one preferred route is being used, if tw o routes could be used at the

same time the maximum amount of t raf f ic  between the two nodes could have been

doubled. ( see 6 for an simulation c~ ample ) 
V

~ Using a SENET concept with dynamic boundary be tween voice and data rr~- io n , adds

ex tra flexibil ity and a new dimenaion to the a lready comp l ica t l -d  con trol r r t ron ie .  The

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ 
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-. reduced procu-~~~ing power ) at a node i.s p~~: V : ~~ble. To tri~-:~ .U host ri~ ~‘ of the n :- - 
~~, 

V

- 

the number of processor :rt a node si~~u~d be taken into account  dj r in~ f low cen~rol

decision.

As there is no real  anaivt ~c way to c~’~ ~n a f F L V V  ~ - I r d  S C 1 I T h VV O rac,-~t of ~~~

V 

sc heme has been approached {FPA75) in an ad hoc fashion , the network cha rac . t:- 1 i- T ~~-s

- l-~ 
were studied ( wi th  no global flow con trol ) fo r future r fo re nce in dr si gning a uc r r r t r o l

V sc hem e. There are two clas ses - of flow coidrol — local ar -id gL~bid . ( see 1.2 ).

We are at present interest ~d in local contro l only and hence no obal control is

implemented here. In other words , the network vilde con~ ost ion is ~ su-U1rT ed imp roi >-~ble

here.

1.2. An Overview of Flow Control Scheme V

- 

- There are four m ajor object ives in flow cont rol [FR4733:

1 To avoid severe performance degradation ros u lt ing from congestion.

V 2 To prevent cripphng deadlock. V

3 To maximize resource utilization and minimize delay.

4 To provide fair allocation of comm unication resources.

There are two classes of flow control mechanism that can be distinguished -local and

global. Local control is concerned with decision making on the bas ir . of information

- 
available within a specific node or obtained from its immediate neighbors. It is a d i rc-c t  V

consequence of the limited buffer space in each node. Adaptive rout ing is the local

control used in the ARPANET. The global control mechanisms would required

w idespread knowledge of network activity to put some limit on the total number of
V 

packets in the network.
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1 .2.1 Arpanot Lnc,,~ Control

V I Adaptive routing is the i re nr  t ’ c  hniqilr m r  d in pr~~- - -ne. local ( - - I  t Of l . f~ T DUt

V - twice every second, a node (lt-~~’) r xc i i ~ \‘.rt b  ik I I V , I V V d I T V L Ie  rn  gi- h er  its c . - rent

routing informntHn[5EP75J . ii. I n f o r r I et I o n  - - CI - C ’ _~ L U  a rode- is ce :~ined v.’~~h i s

own knowledge to contp ’j t r.’ t ft — routing ta ble- v .iik h ~- ;vr . 
~~~~ no ~~~~ n -  on ‘..‘h~ Ii

to place a packet bound for each destination. gn pac etc . could he rn j r  -
~ f rom lo~ afly

congested area , over a w hole region of n.:.-t ~vor k inc iced of a f ixe d route- ( e V
V c

V 
6 for an examp le). A rnord detailed descri ption of t b -  schcm c- COIH he f oco - d

in 1.3.

1.2.2 Arpanet Global Control- V

V Sou rce L D eel i - et ion Control [KAH7I) It is c o n c e r n -  -d with t i e  rrc’~~rnt on of

congestion in the store— anJ—f o~v,’ard suhnetv’ork. F3uf fe r st orage for a pa rty  -! ar  V

mecr-~~,e at the dcs tin~Iion node has to be al located f i t  et bc f c - re  Ide  i V 1C 5 ~~ V C io

al lowed to enter the network. The source no issues an al location rceu c s t  to Iii’.’
des tinat ion, only when sto ra~ c has been rese rved at the dest inat ion and a loc et o-

I
control message returned in reply does the source node accepts the rcrra inder of th e V

message from the host and forwa rd it throug h the network. To allow high throug hi- -ut ,

V 
subsequent messages to the same destination are allowed to bypass the handshaking

described above. The destination node, upon comp letely receiving the messa~ e,

automatical ly allocates buffer storage for another message and returns notice of the

allocation with the “request for next message ’s (RFNM) acknowledgement to the source.

Host to Host flow contr~ [KAU7I)

It is concerned with fair distribution of avai lable host buffer space among sev e ral

V users. The receiving host controls message f )ovi by periodk a l ly aut hori~ in~, the re- f l ier  V

to send a given number of messages or bits.

111-3
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A local c O  m i  scl eie. a r~uite sir ii~~r to t h -~ / -L ~ ad.- :. ivr- routH a ch - me  is

irôplerr - c_ -n~ — d Iii t I e  s ! . i t i ~~V t i O n.  
-
~ 

V V~~~V~~~~~~(j _ V.~~~~V~~ 

~c-u d be ~xp lc - i e - V. tb t I e  fo~lov ’ i r r ~

e-~ emple.

Consider a ne twork wi ll, N node~ c- at 1 nod i t i -V U an N ~- A 1 l e t  rix ( A~ is the

nun)ber o~ lu-ks connected to node i ) cel le d de coLl ie. Eac h c-f  Le ~~~~~~ ~~V of the

cJela,’tal) c I (k ,l) is thu es timated minimum delay from node k to f iC V l f l  I. f - re - , - t l ik  tah e

ar - i N— d i r - Vee-do nal  vector called the delayve c is o bt c m c d . Eec I c- f the entry of this

vector oe layvec [I) of rode i is Ihe cai r. ula ted f r I  i I - e u -t delay fro rr , node i to node I.

Ma th e m~d ft ally,

delayveet l ) o~ in-~ MJN (dc-Ja yta b c’jk,l] -)- 
V

• del y from i to  k+
length of the l-~~? d m~-,~ queue of I-ej c I)

where k < A 1

From the delaytable a similar N dd;-- e n c i onal vector called routingvrc is a lso 
V

obtained. The routingvec[ l) of node i tclls it which immediate destination to c-end a V

packe t bound to some final destination (node I). That is, for node i

• delayvec[l):= dclaytcble[ routingvec[lj, l] +
cfe ay from i to Ic +

length of the holding queue of node i

In other words , rout ingvec~l] points to the best minimum delay route. Periodicall y,

each node wi ll update its routingvec and delayvec and send out to its neighbors its

delayvec. Each of the nei ghboring nodes wil l copy the delayvec rio its de layta ble and

used it in the future routingvec and delayvec compntelion.
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I he t LIe ec uiu ~~~~~~ co ,,-.-~ t r-e i enc - ) U~ or~ 
V I~~~ m r U L ) I CV Howi

V I discon nected node ~~nnot I t -  detected repid y enrrut-,Ir f~ c- rn delay ore I-err , C SV ( V I U I  V

V - pro tocol  for t l i i - e  is needed (co n sect ion  o r  2) Ice t i - :  d~ e-,t ab le coo l-. no t U

V c o I e ) ! . teiy up to — d el - a  (i .e. i r t t - t : - dLe te  s ta t e  of t he  n e t wo rk  is net r~~t -  ted in the it I -H)

durinj~ de l - V: yv c r c cr . d r e u l i r - V V \ - - -c  e : l cm l t l : o i i s , rl V i n ~~ u r I c  eV V i t h c h  ~~id de r • c i V  t h e

network perfo rm~tncc severc- i~- ould occur. This p: c - b Io s  w e-s C- ! : C L V O I ro d  m r  t I r e V

ARPANET , it was pre’iented by instead of rr
V V e L V i V f

y ing  the V V c t ~~rr c - C t  r 1 -.t) fl in’ - , I

new vectors ca !c u leted are kept and modif ied for 3 routing updates V 1  lIe lit: old

vec tors are still being used do i n g  this per iod. At the- Ci d of the ~~~r
V
d it1. d tn the r I d

one wou ld be rep it-ce d. This apparently pi-ovides enoua h t ime for a node to ~V~~~~ I

enough informa t ion of the network to prevent ruut i i g loops. Hov avur , t Iic

V adapt iveness of Ill-c scheme is sac rif ied and the rosp rrre -~ time ot i l- - sc hc.rr , : In

V 
congre - rion is decrea- ;ec l.

It is felt that be t t e r  adaptiv e nc- -e s and response would be nc-c- dod to m a c  best r : ee

of the new SENET concept where the re- sourc es for dr-Ia pack ets dept td on c o o n

t ra f f ic .  It was also noted that the delayvec computation is not sensible fo r some ca r -ce.

For example , in a str a ig ht line network 1 - 2 - 3 - 4, for node 3 to calcu late the

delayvec or rou t i r-rgvec to node 1 would be meaningless. Routing loops coul d Occ u r

whet-i node 2 is congested and node 3 erroneously considers node 4 as the shon e el

rout e to node 1 under our present implementation.

1.4. Behavior of a Network Under Var ious Load Levels

The immed iate cf:ocl of hi gh load level in a nrtwork wou ld be the buf fer  storage V

requiremen t for packets to and from the node and I/O buffering. A series of test v,itti

vari ous load level was conducted on a simple network as shown in figure 5.1.

- 
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T h e  t - ~. O ~
V . VV I ~~~ c- r I V _

~~~~~~V n~~ e- C— u t, I I LJ  W ( t c -  m l  I t t ! ( . - J~~ ( ~~~~~~~~~ of

V t r~rn : ,m: i t rJ  f e V k f  Is w h  h are e v - d t u~ for l i t - n C C k V V ) :*(
’

I V S  ) ~ t~itI t iVc tj V f t

V qo-~ruo . ( for c- tor~ e- of In ;t i a ek c I -  • , V . U t h ~~~
. to I c -  r r - e ( L-c -~ r- -d ) t l I O t ~ nc r -  f O I V :c p

C t ) t V I i n t , : C~ ; i f  be~ f - r  ~ - - - i : o r r

1 [. cr ue u ~c- ‘c e- - t  f e~ f r a f t v  i t t  c-Cd i V t l i  c~ Oc-t ’,l~ f~
.u ;- : . c t i o n .  ~l i i’- t i c - c  h et e V

V
V It ; tut t l n p  a P~ V~ V I ~~c I r- to l I e  ocile - ul C :- : :-

and t i c .- p ’  .~ I I a;io~, ex~~r r ’~d by t he t - i i  ,- : i IC~i is c~
V . e c - r , t I e - i I ) / I

V 
th: : r a f r :~c- ie

2 The hoidinf V t p : u~~-drr is not full 1 i- - t I  t h~- i t - p -I et i o t ie  it . f m f . The IV r t e t  l I t
n C  It is the no . of pr oc e V V V e V o r s  to handle t I e  I t i tCO r ; l f l~ t r cd f ’ c .  V -:

3 The holdir:. q - - :uc is full , hut t i e  inp~ t r r V I e l c  is not. l-~:V r ~e- u I 0  bot H:-
V r r ~ I- - is t Ire (t iJi pilt ( !eV i Ce ( he- in -€ - ) c- the t V b t s t t l - : V h z n  0 .00’ . II V t S

obeerved th at  Il- u input pu -t urn l r nco r V :r- fu ll ra p id ly  if the hob ;-u : :
qlc-.uc remains full.

4 13o 1h queues  au c- full. This I’- the final s t e - i c ’  of st~- tv  3 if ~~ aIr : P is

not checked. Potentia l dc-~ -~H~c h. could cc e r r  when I :;- I o l d , rg  qe’ -no
— 

V is too full to ac-cc-pt any per not fro r u II input CIU~~~v t el the r t 1 r , . t

queue is too fu ll to receive eny ::CEOO I. V
i C ~~i• 1=V rV fl~

V-V I V l f  \Vh’dl  ( oiler C- :-

- 
V up the coupe - I iou ; in the 1C-h V i i 0

~~ queue- .

Case two h ad been st udied with two d if Ferent hind: - r;f test. In cc-r e case the CI .n r c  0

of packets generation v- as  ass igne d infin ite a rno l I l l  of merr o r-~- , w her eas a rn:e r C-

realis tic size of memory V V e-S  assigned in t he other series of test.

1.4.1 Description of Experiments and Rc~ulk V

V Infinll~. Meup ~~~ For Holdi~~ Queue V

The data file and results could be found in section 5. in this series of

expe r imen t , node 3, w here most t ra f f ic  was gen e- re- lcd was given a large mei nomy for

. the holding queue (6110,000 bits). This is similar to having a great no. of nodes

V represen ted by node 3. The large memory is to kec-p node 3 f rom being conge- -H-d , so

that node 2 would truly experience the t r a f f ic  f l o — .- d’ V c - i red. 1°  centre r~~ tJ-: was

V 
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V
~~~l l  COh / ti,1C ~~. (~~., 0- .u( , SO t i i~ I (O ! i~~0 I U I  i t ;  t he input qu e ue-  of t O t e

(the o ntre nod -:)  wouid oc un - T F r .~ results II : I ~re of int er c ;o t  are

1 The cl -I e - y  t im e - Ii is the tir r -e h-: -.rO- --rr putt iec -. a ~:- ~ekcI in to a- u input
queue n -~ the I err ; H - - packet i~ s c - u .

~ out f t :- ~ l i re node.

2 The ~ rejection H is I ho 7 r j - I c-n of i i :  -el feC - IC-d c I~y t t c  in
cont oliel of cc-n t c r  mt dr .

Tv.’o series of tcs ts wc r- c  (~~~; r V Each t o r i e s  consists c-~ four se t of da ta cvh ue i t  - . 0

~lmost the se-mo, except th a t I Pie- i t  t e of p — n t - r e - l i e n  w e- :  var red . The r c - I  C~~~V ran e- ed f r et . ;

.6 packe $ c-/ uri s to .9 packets / rn —. . The. two u - c- t i e s  were run v - i th  a d if it- d random -

for t i o c ir  random ruuriber generator . It w e - s found that I I - -  res ults fro m the I V ’ c -  s r - r i ce

are quite c lose. (see f igure 5.2 ni tI fi gure 5 3 )

The ‘ix of tI- IC U a t t i c  in the si rir u lat ion was ~0 7 type 3 e - ’ U  50 7 t ype  -1 I -e - ;  cc Is . 11

w e - s  found from It it : - tests that t . in cc - type.- 2 c - r d  3 had hip I -:- r prior it ic.- ;- I Pc - n ty~ I

packets , their delay distr ibutions v -o re quilt; ( n -s i a n !  ( r c-:.e ‘-or he t v ’ r - t - : ;  ms ~IC( I

- 
- 

- t hr oc r :diout elI the tc - t - t s .  1~oc- .’-:vc; r, type 11 peeL- Is e~~ p u m  i t -n t  c - el qui te a v.- id;- re - n p -  V

delay.

Congestion of the centre nc-dc occurred 1— r V tw o e n  1ft~ ccI t t  of 7 pc- c .rt;;/ms to P.

packets/ ms . Congestion degraded ihe networ k perfor mancc severely. D:ley of 1 ) - I - - - /~

packets increase-c ! dras tically as the network approached congestion In fact , Ho-

occurrence of congestion could be seemed from histograms for the delay of t ype ‘1

packc ts (sce sect ion 5). As the packet gei -c- ra t ion rate increased t i re delay of

type 4 increased according ly. -

7- lirro rejection remained around 32 7 for packet rate of 0.~ and 0.9 pack e ts / r e - .

1 he dc f f e re nt  i t -. not too r i gni f icaru t here becaus i- the simulation ‘v a-i l im-ted by thf-’

- 
V 

memor y- s ize a t 9 pa; l ce - ts / ms . Approximate ly .5 ~
; t

~~~
- Is were reject e d by node 3 ( ; V

j~~V

i ts  holding queue ~~~~ V 5 full) in- c 10 me .

V 111-7

V -~~ VV ~VV V~~~~~ 
- -- ~~~~~~~~~ _~ ~~~~_ ~~ - -V ~~~ V 

- V- —~~~ -_ - —~~~~~~~~~~ - V



— - V- ~~~~~ 
V V~~~~~~~ V- VV V V -V-— V

~~~~~~~~~~
V V-

~~

I I :  i , I ( - U - / 6 - ( ~-~~~ )~ 

V 

~~
-‘ - - PP., ‘~ r 7 -

L1-” .Le -P ~/V~~
V
J O, V~~; V

Y V i V
V LSV Y: V V V ! ! I  ~~~~~

V f’.i - c - i i t , r r rtt .: I ; C - e r~f u - i r ii ; -r  l r -  : ~~: r e - i  ~~~ ;~~ .—~~i I I~ nc-- c (:~ I . r r - t . - ic --  - c - ;  
V

t lt ’ I~- V V
V V !

V
:V I d CV ;I I - V V _

~ lii_ COtt ~~~V I I t I 1 _  P; t l i i -  r - ’-e : ., e.e - t  I;e k . o ;  f t C \ ~~ 5 .rt t~:-t~

to t I re u - ’  two rk  f - :  - I un-i r;o’ 1n ~ m o - u :  ~~~~~~~~~~~ ( : t ; a ~;;‘ - _ I -€ ~ t I’ - ) Ic .. .c -c - orul ~- t he

par Ic ~s f r c r r - - r r - . 0 re- lu Li 1 0:1: ~ i - i  H-- 1 ~- - r i - - P .  j~ r.V t O c - V  i .  H- : ’ U~~~I ; - c - :  V

here because r-~ t r e -  - -c pu mer . ery —v at, u r n ~ i - -o f l  to ed- ’ 3. fis crd u~lI y r r c - H c  2 ;~~:;

Inv oel to  h a V L - (o ngOs t i cn if c : d c -  P wu;- c c - ;~:- - :.Ic-cl .

For a descr i~- t - c r of th~ It: twork -:ct~ fupi r r e  5. 1 Fr i t i ck : c ’  ‘ :-e rir - .;nt the

cen ter node in t i ;~ e i - ’ ; r l c t io ;, \‘ ctt- c-pr:~ - I willi ( - i it ~
- c - c c - c --c- c cnly cc-  beet coruge . ; l rn u

at nc-dc 2 could be- c cce - ted. -I l ie - I r i t e  r r e Ht r, of inte rest  ate -

a The rhe l c :-e t ime — t i:a Imme he- It ’. - - - - i  pu ll :: ; ‘:-t l- -e t c - b en
(
~ueu u c-nd the t i n :  Ike r-n c l- c - l ; - - c- -~ ru t out f t - c u ;  tlicr reP : (f igure

5_ 5)

h T i;c 7- (‘1 packe ts dreppod c-y u l u -- -  de ’ I i urarr nui i - O t t .  (c ic - :- i~ :u : H - : - 1  L . - /
dir:1 r~c- ; i on t ip - t  Ct 5.6) ( c c - . pac t  - c - i c -  PrOt  -pi- d b’ II;: V

V d e s t i r u r l i o m u  node due t o c c n p o s i i e - : r  in t i re u r i ~~ e r t  c c - e c u / I o u  I ;_ Is
that v~’i cc ten t to the d- :’.ti na t ;o r titHe hut riot i r e ;  ; c - t e - r  Il y ; c c - - : : l-:d)

c The / of new p l-c - :- t e r c - j ec  Ic-cl b
~ 

t lit- nc- - (-dc-si gn c-: J ~~~ 
Vt

.— rejec ted on f i p e t r i ’ 5 7 )  (i c- . pe-c k— - t s  sent f ro m Ic -c :1 ic- - I
hut r uj c - c t c c l  by t i1 :  c -i al node/ total new pac ket s gene-u c - Ic - i  by the
local host)

• It was observed that when cong estion (input queue f i I : c- J) occurred the netwc u i-k

V performance ( t u e f f ic  delay ) d- - p r a -dc tc l  r em idly. Even at t I c  I i i -  eshold of congestion

- when data rate generation is .b pac kets / r:i;~ ) the ov - r  ,li traf f ic -  dc ny limit it ~ 
V

cons iderable lower than the overall t ra f f i c  de lay time of a sh g l - utl y co rpe- - .ted ne twork.

It w e - s also observed that at some point the delay t i n- c of the cc - n 1-m ’s ted route is less

than II r~ - de lay time of an uncongested route . It o n  an’ - t he - I  I it~~ av c - i  c -pc  delay li r e

over -
~ short ink rye - I ( fe .’.’ secon ds) cou ld rot he an in t l - c  at ion of the 

~
t H t  c-u - c - f V

a V

V 
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ni’ e,l-St ion t i -i tI re t r cnI ic  I - - - ~I ~-u id 1 - :  ( - c ~~~Q c r l c c  i - . -~~~ ; -  ‘ m~r~ i t i I ~~ c c _ - c -  ul t i -  :c - :

at exc e s s  t ra f f ic .

V V Extreme f lu -  t icat ion of Z d: opped arid 7 r e j e c t e d  ~c :-r. c - b ’ e r v o d . It -~- as cI so oh: c r — c - c l

that wi th dif Ice er t ra r ; Ie - : ’  cc — c d for t~c:- r -an;i-c- r-i riu:c ;hcr t i c - n c - c c - h - c  ir- t I t e r  u - - i - t u i t io n ,

coni~:l-eiei y d, t f n rcmel  c hc d e n t - t i c  curv - c c : : r t ; l  Pc c-lb a i c e : J .  It cou ld Lic con i lm rd t - cJ  tea l

nc- il It:- r of this could be usc: d ec a ic -eec - nrc of 7- ove r c- ed .  As w .V-i;; ~ r r t i  sa t e d , c - - c e - c -  I he

input q;’t iuui ltt full , the I ol’Jir p queue  of II r— ecr ;edcnp tic -dc v.-ould Le e  tot c full r apid i i,’. in

- our u--.imulation , the -Z re ject ed curve f o l lowed  closely w ith  the 7- d opped u rves , c:h icI

sugges ts t h - .t  II holding qi c-sue length ca nte r be a f t - c - e l  i l I d i t e- t i o n  ib Ih-~ c o r d  crc - c Of

I the correspordi : it ; rece ivin g node if we base u - c - p c- s a te hsrb dt:r h queu~s fo r dit i; ic— n t

lines. 
-

~ ~~ 

. 

. 

V

- 

p
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V
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It Frie s F - c c-n c i- Iycr i v~-d ci l~ r- l i t - c c -  t i n -  [: . ; : _ ; - c j  i l l  _ e e - t i c ; _ c m  c e - i c c - i c — c -  rot or

b u ’ n c t - o r r o u - c c  ri s e - t u g  c c - c - c ’  c - I  V V V V~~V t O V  i c- c e - P t -.: i t a  cc-uc t r r t uu ;d nic-  1 c - -  Ii Li

c u e,; 1-enr i  t V l IV I\ V 5 fl qua lit , -- : iv- : I- , - [E3 L! m72i b e - I  e - c - t c_ i uci Hct  i c - c -- V ; 4  cqu- - - i  Y b - b ) u--~ H ccr- e cr c ’;

inherent ly ri-- S d  scd tmebic— fur co st cI:t~ c c - ;V r r i c u t r i : c  t i c - c u  I i -  cc i c - r v r e - - t J  t c m  or- c c - t l u ~ I ( I  LC)

a :c e. — kn-c- w b- -J , c- - t / i  c - I c c - c -  H i ee i ’ n r  s t c d b - p y  s- ,-es  used to Iun , ce , ic  P- Pa

tre nem isu - ic  u ( ‘ ccc  noisy cI t  - C V  Is

It is ascii :  -t ~: P that It :  c c - I c -  c o n t ents  of each pa. Pc- i \ - :o c c t d in cl -c Pc-i by Ii c-s t i c - c

c c ) r - itrol ler r. ccc - ::ine’ t error i b i s :  to tr an-ncries io T u e  !)e-~ f t  v,-ou! d riot I -  r - arcse d j u t e  l ie

V 
• t l c - d ,~ V i f  found ur~~~~ep1.s IcI~ . 1 he nude riot c - t r o m p t h e  pc ’e ket W O Ol - t i 0)1 send n i t  e - i ) /

f l (- ; -~ - i  ye ackctc - sv t -  c g e m - 5rr t c- :~ it e- ! . Th rre c- lea - sic al l -  ic - ic -c -  ,~Itt ~ Sc I: - -

1 Store , f e i rs ’ ard cord c-se - i t .  T Iec -- it. by far It : :  V V
~ IV ; I  viidelv c- - -ci - - c u t - i ;

• ~V c I h  t l i :u- , e c lec t i c: , a f t e r  c- er~
- i t - c- : a p a c k e t , t l : ’ : e d : n p ,  I;-; m a t  would

w e - i t  f or pc--: Ii”c- : - t t  ; r—i s Itsd - -  i- nt  f rom i : i c ’  c- -c-b - - i n ”. I- - c  - t e l  l - f c r c

su-’-nd:r tg c t no t F- _ r packet . I I c e -  c - c he ’ mrc : F - c s  the ndv m- nls : pi:- of I ei ,’~c
very simple. Hov -cc ;er , it is i ’~ i c em i t l y ineI f i cmc- it due to t i c -  idle t i n c r
spen t in wa i t i ng  for ac knovs k d1p ei~ V n l  or t ini’o i  ‘I for ro t c e—n-: r : ic- s iOn.

• 2 Store and forward. The same packet is ii erc rniIt ~ d n - t e e t h until a
pOSit iv e acknov.’ledgemen t l i d - c  been recevod.  This set e m - c -  is simp ler ,

V but it has the di c-a dva ntage of ~r-u ic ra t ing  exit a t ra f f i c  arid it suffers

• 
fr om the delay mentioned in the previous scheme.

3 Store and forward. Different p ‘c kets c-re lu ~- m  - e r u t ted c a n t ir-uous ly. If
no posi tive acknowledgement fo r cer ta in  t - c - c  Pc- I has b c - r n  received
after an elapsed period • that packet would be re t r a n s ru i t t r - d .

L it is suggested that for hipht >— noisy link (e.g. sa tel l i te 1i 1V I Ice) cci ::  f l i u -~ 2 ~ho:iIc! be

used. However , for our network scheme 3 is to be ucod.

I ~~~

_____ —V — -

~~~~~~~~~~
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~

V V V 
~~~
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V 2.2. F~e. b ~~~~~~~~~ ~~~~ c v

- .  
— Ac a pu c l- .c- I it - i - ’ ic-S l i m o ’ : P cc c e~- I - , t i c -  ‘ oc tet c - t o r e , the p: t t r t  1101:1 a

nc- - i t - - c  e-:.i f l c - V~
V ’ Y l c - f l V~~i t  i~ i- bu rr ;  it  f roric  tho c - c r - c - - c - -  binp m u

V h o  at lcncc-, - ieci - - ‘nt  i n c - c a i r O  b ice t  ib m i c - -  ~- c - t v ie -c-  r e t  c o d  w ,F : i c l
- 

- : c - r i  c r  and se-c - c - c ’ e - - c - p t e i.

V — 0 c c - c -  a ucoch- 1 c  S e - :C C - i p i c - - I  a pat I- ,s-’i icc - t i rotu t  r e t  a ~~c -t~ l ’ t t

V e- cV L,irO- :Jt -c- d~’ c c i r c i u t  , it hcdtb c - t i c -  th~ ~- -n t c t  until it i t ’, turn rec er - c-u-

c-cl ac ku ,o\s - I c - I PI i  t ent f rtu n tic - c ’ uc cc - c - i c r : ,  rn - i:- .

— It the packet is not acc ep ted by the roc e ic i n :. nc-dc;, r i m -

V c - -c  Lnc -sc-Ic c ’ i - m - : ,;r.-:irt se -o uld I:e ; c - i t t .  This s- - c-c - t i  Pc- u - c- :t y Pe l t - c tec 1
-

V the c-enci inp nc-- Ps- f r om  t i c - ~ Is- ~i ,ric rr of ii i - - I,: n- ::] c - - t i e - n v -  c c - d e c - t ent
within a re c -e .o r i c - P k-  t ime j ibe - i c - I . The p -c ket  sc - c - ur d ‘Ct r I — t r i o ’  c c l  I r - ~:
Thore’ i-c a pr r i : . - t P l c t y tI c- I t i c -  c-e know lec - :ccc - -mni t Fc~c :ht l:cc n r t c r - i ’ -

I’ just af t er  i t t :  re-I r :insruis- .;ioo In this case the pac tc~ t mc a holding
quc-cLie w ould ho- d~ c- tad.  V

— Ac k,r c-w lrdgoiii -ru t  t he ms et — ,- , - :- c- re not to lie ccc be now lec t c m-ct

‘ 
— I o~s of c- r k ’ ice - :c tc ipcicc rnt r ; -c i ’ t t s  in the- c -- - .-’cs ntual r u - t i  n;~~ekc- ion c i

V t i r e -  pocke t .

— Duplic c l o d  C c -H - - c  would b-s u- -o r led out h; the I c - s t  of the Iiru:i
— 

I c t : s t i n - e t ic - n , (  i c - . there is a r~-e - ’- ;~c-m bIy hilton ;  at t i r -c i~ I c - ‘2 do not
ine ici c le this f e e - - t e - i r e  in our experiment ).

2.3. Error Cc-~~roI on Link Fai!ure

• A link would he dech’u-ed down if a number of imicuc- diate respouuoc request l ied 1:-c -en

V sen t through the link at f ixed intervals arcd yet no positive respon;- o lies bee-n i c - c  c - i ce d

• 
- 

via the link.

V The transmission of a inumediate response rcq iic-c .t could be invoked or rc! i
V V r the

V folIow~ng conditions:

1 Sustain absence on that link of e i th e r regular racke ts  c’
- 

I ack now ledgonirc-nt.

2 Thr- no. of t~iii V S ii [ I a n  Pet has been t o t t  crn r,itt~ d throug h the  c a r e ; -

link luas exc r-e ded some h u r t-  . -: ci.

- 
Il l— li-
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~ ~J ~I c - - ,~~ L I -is- I L- S  - 0 c - i  i~~~~ . - L - .  c- i  - - c - c - -  ; t ~ i c c - I  V - - t c - i  V

i t  l :,dtr3~. V

4 F- :- -c ei pt ol r - - cciec , t  t i e - ic ~~ - r  -n ~ m e  e t c - t i  ii cdt te r ( . -c ‘a
V - rc ~iunc,t .

see- tc- :-t c ec -~-’ shic ’.s- ij-i ic-i 5 0 c c - c - i l ? f t  - c i s i ~- - i - -~~ . I L )c-I ’- I ) i t - )

In o: iHr it ) I t - c it t i :- I rk  ftc - - - u i - - I Dc; t i ~~ - . t :e 0 - i c - t i :  r~ c ’ - c - t V f~ rt o~ I - c l e  ( t ! i-

m a y  happen if all of t i re c P-c-ve ce t mi ’ t uo n  is so ic- P~ d ~l cc ’ :-se P t ic :: - c - n - t i rr e c . A f i r e- m t V

V amount of time has to be ela p-st :d is - s ic- ; .: t i c ’ : i- e xt  r -  qnc - c - t  s- .-oe J F -- -  sent c - c t .

2.3. 1 Crs - t i t roI After Lick Failure it; b.c- - I c - cc - s -el

V - — Routing table of t i c s - rc- -:Ja t b— i t c n t  c- Is the I tilt v:c,ulcl En upcl: ted

— New routing inufo r r ; i-~ii- D n wou ld he cent tc ti ers - nei gl bc - c itc - :tr- . The i t -  - - - i b o r  i’u~—

node upon receiving h I is- new rouiinp informatio n v cs - c - i d upd.-mt n - c -
~ 

lion of i t - c  r OOi in c -V

table.

— As cc - c I~ node hns a rre-o ri of nc-cl - :- con d iti c-n ccl c- ti t l i t r  r ein;; in fliT [i ‘‘~- - c - r h  ( it it ; V

the number of oper c ’ t i nc ’, l:nk~ connec t- - i to tha I node) Tt.i- re- - c- rd of tb; c ic - t e -c t i np ,

node would be updated. -l ic - re are h i - c a  possib to outcomes

1 The detecting node discovered that it is disconnected. It would s top
transmitting ;- i ud  receiving packets.

• 2 1Iie other node is disconnected. In thi s- case the “bad nevi s ” would H-:- V
propagated to all the other nodes. hlic receiving nc-dc -s w ould stop
transmitt ing and acceptin g pact eet s for the node that is down. V

• 3 The node condition is not zero. The node wou ld s- cu d out co nt~ ob
packe ts to all b i te  nodes for them to update their rd-cords of node
condi tion. h i - ’-~~ ode (sender) would wa i t for control  packets from
other node j~~f i - r~, it of t I t e condition of the node- or-i the - other c-nd
of the link wl I tL  down. If no positive respons e is rc cived a f t -  r a
prespecif icd i — s r c - d, th em node would e - eu -- c i ; ’i;e that ( Ire node at t iec ’
ot her end of t I re link is down and would ge ner ated paclc et - s- to
announce (lie “bad news”.

V -c
~~ V
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2.4. Ei-i-or C c t ~~~OI on L s.

A node would be- de c la r e-c t  dc- - r i  ci n der t c te fc - c - -s - -~- ir:g c c - m i : t t c

1 The r ec iu c  c t c - f t b- c - nc r - - Th ee of l - c c r c - c s - - c - t e n  In li- i-c- nods- I I s - c - ro me
zero. ( c - c o test c rc - c -  c b c - . c - ? in t t - c t c - c i  I for ci

2 No pct:. i i ivn c-r ~ - u  -c c--bout ti c - ; i :  tic-- F -ic - c I--: — n nec ~- ived r ic e Iii;;
t r c m n r - r f  -ben of c o n t u  cs - I p_ ~c r t ts ‘ -  c 1uest i ’ ’~ ; c f - : - c c r - a t i n r  t i - s - s t  the
ned-c ~inJ tha t plc. ru u- rd f i r - c c .- h r _ c- c- re - c c - : s-I a tL t ~-~ i c- id . (- - ‘ n-s t c. ire
SI-IOWI.C i i  ;-cc ic - _ icc I for a dc - Ic - P. :1 e s - r i - p l c )

2.4 .1 Conitrol Aft -.- ; !- -~d- Fcc -n c c: is lt ~~t e rt c -c I

- routing ta b le would be updated

— tb-c- packets of h i -c rin d-: - s-sc uld be dc c-p I L  ri

V 
— no more Firs - -cs - c’ I-c - Is for IF:- n o d e woo - id he gn-nc-r.ii:

V 
— t I~~ news w utui: . Ucu i ropc -c - : - t ec i  to c- li t I - c - ni -r i - s - - c - :  - v i a  c - p - - i M  c i  ; i r c - 1  ) i -  ‘ . -

A disconnection of cc i r c t s- .- oc F. i-d o 2 s- . - t - c r  c - to r ; c - t c .~e . ; I i- . oc t c - - - cs - i ’ d to hc~ -- - n

here.

2.5. Control Mo’,sages for Error Control

The individual control mee;oc-E. rs  used for ci rcr contr o l described a!Y,VC are l is ted 
V

and described in the following.

V • The- format for traces of these control packets i- c the Sa n te -  as trace for

acknowledgement packe ts described in Part I. In short , i t  it .

<time> GEN CTLPKT <packet> <source> <destination> ‘sender> c- receiver>

<msg l> <ncsg2> ‘zmsg3> <msg ll> - : r m c g 5> ~r e -1; c-~ <leng t i i~

There are six types of contr o l messages that are concerned w i t h  c- m r  cot - i t t  ol .

They are ,

Il1-1~
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2.1. I l i . -- r , i s - ic st~ b - . c - -  - - - Icq ues t

It (t ype 23) is i- ; s - te d  wi - c - i t I -  ce1!N-: r - — - :~ r- n- - ;s - - ( t e .  l i ’  + c-e- I c ’ ’ . c c - t r i t e - c  1 ie  - -  -

IC) the (it . t i n a t i o ru  c-dc- is r c ’ i i c : t : C - t r.~~. 1- :- r - os - I ’.e~ t i c S ,  to I- - . - . ! cl 

mnmedoiotv by t i c -  i -  c i  iv i r .~ re -c - - - Ahse ;i-.u 01 ack i n’s- -i s -Tht mi e rd ( f - c e  ? P .: c

he- low) - . - - ~- t i c - sc - I - - n e - I - a n i rlc . i i.~c : , If t I c - -  t i L l -  i l - c - - ~~~ t c - t i  - . t S  s ic - c - io n Ii~-~
; i : - c c - C J c - t~

cer tain rresc ncbed l u ncH , ners bus -cs- ‘ - 5 ’ . c l i  i - -c- c -sc- - c O C i ic-c t ti u - c - c t --c -ic c- i_ I C C  -~t c - ,  i_i

would hc- in—s-oked .

It has. a I race fo rr icc- t of the fo Hc’ - - ic-c r n

<fi r m s >  CEN C)LPAC1<ET 

I’ V ~3 ( i O O O O < l c : i . i j i >

2.5.2 AcIerm ti’- . ,e ,~ot c-- c t  I. Irc- ,mrd! : - f - s  I. - - c-usc - Id r1- m c i

It (typo :-‘t) is generatud in recd- n i ise to an i c - i  c-~~imi~p re~~-c- c -  -. n 5q ccc - i (c c - c  2.E.1)

Its de u-ct in:. t c j n  wou ld ls- - it; source - r c - c - 1- s -  of lIi~ j c r c i s - d i t t c -  r r - t ; G . n c c- r e - C l Ue - c t  I - k ’ t .  It

V 

- 
is s imihar to the gener.I a c l -cnc nv - t r - -  i~

- . c s - u - i t  kr d~ ta packets , c- : ~c1A Iii - it has

I information c oncet-ning the condition U’i 11cc source i Cc - ic - (i .e. the r c c , d er of f e t e -  I cOnin g

link conncctc- d to the so c- i cc node).

It has a trace format of the following form:

<t ime> GEN C1LPACKET <rece iver>

• 24 <packet number> <node condition> 0 0 0 <leng t h >

V where~

~~~~~~ <pac ket number > is the packet n tu , ic l - c- m of the irr iec hate response request F - c - c l  et

. 
<node condition > is the number of o perat ing In 1 connec ted to the source node.

111-14
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2.5.11 Nc- dc- i c -  c O i t O f l

This type ul t cc - cI .c t ( type c - h )  would is-s invoked if cc Ink is dc- c ;-tn: - c J do - / t  b y  li~~

source node. It inic - - o rn_ i s i ts c icnc t i r .— t u o r ,  r - : c : o  the node c - C n d m l i c - u r  of t i - c -  -so i ree ri - cc - ic - c- r ic -j

tha t tn-c nc-d-~ at t lcn o t t o ;  i- V l tS i  of the irk i~~c-~ _~ i~ çi-:n ,crn- h -as e-- ic - Ic - ic -S f u ne t c o n i u r i  c - n o .

It c- - l e e  ,cc t t ~ c - c  .r ‘ - c - i - - m t  for 11cr- dc - s - I n. i c ~ - n t or i - - to t O V I  tti: ,l - - r u e nc- ic- i t’ l I i~ V

des tir ,c - 1 ion ric -_ i s - t o  a ne- it ’d P- -cr  of t lcat sc - c s - i f i c  node.

It has a t r ace format of t he:- f c c - owing fo r cs:  V V
.

<time> GEN C1LF ACKET <source> <dcu-~t in c aI i occ> <rende r> 0 V

25 1 <nods condition> <c-pcci Iic node> 0 0 <length:’

w h e r e, V -

<node condition> is t i c -_ i nuc ieher of OpSc r c - t im-p  links coniii s led to the source node.

<spec ific r r-:’ nIe> i Itte n-xIs- number on I ; other end of the link v~i i t — i l  IS down.

2.5.4 Nodcc 1 , l , c t c - c  j i , l c rnrc- t~o-i

This packet (t ype 26) is gen- : s - t e d  to i c i f c - r r ’  the ( i-5 - - :t i ion no d- .- o- - hich c- s - r I i’ - - I ts - - .

sen t a NODE INc-CdV.AT !ON ( see 2.5.3 nb - c - c e ) control pcc- l e t , that a ;- pec if ic n c - - d C  is

func tioning.

It has a trac e format of the followin g form: 
V

<time> GEN CTLPACKET <source> <destination> <serud2r> 0

• 26 <specific node> 0 0 0 0 <length>

2.5.5 Node Down Inform ation

This packet (type 27) ir- if o rr is the destination node that a specif ic node is down. It

ak;o con tains the - source node- condition (i.e. t I - c- number of operating links connected to

the c c iurcc ’ neck)

~ “
~ It has a t race format of the following (c - i  r :

V

Il l— IS

~~~~~a.i J _ - . - -~~~~- -~ - -~~ —---- - -- -- - -~~~~~-- —— - - - ~~~~~~~~~~~~~~~ - - - ~~~-~~~~~‘- ~~~~~~~~~~~-‘ ~~~~~-“-  ~~~~~~~~~~~~~
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27 0 ‘ti ’ ç i -c-c- tic , : > < ic- dc I c t ’ r : ~ - 0 i_i ‘z ic-r t Ii>

- c  w here, <rio-dc n : - e r c f i c - r >  i-:. I t o  ri ’ ’ ’ - :  r (  hic- nrc - ct -  ~-sl is-I - is dc - is-

2.5.6 bloc- I cc 1’ 1t.fc ’ c iii3tiOI-~
V 

The packet (t : ’~:c- 2E:) I- .. us. ~d to r s u i t t  i o -j t~rc ;~ ic- i-c-cm s t iu  o~ ti re crOon cc icc - dc - t c - - V

the dest in - eI on u-c - ole ( wh ic Ii a n c i - - I-o r of SOL c ’ r- r e-do ). The i~ Icy - 1u - C ‘ - f  bce

soun cc node is tr c- no rriitt ed. bin: c it is poso m~~e- for I h. - -i_ is t inat iôn r ’’ c ct to eccc i s  i—f l ’  the

source node in t i - c c ’  r.ini-iu ! c , t c - ; n  t i - c 1? r - : - ~~ e I is a dun :sy packc i  oc - I t ch  f l i l t C - i -~~- Ifs -

dest ination nod-- - to copy ti c - c lolayvec of  II cc -  soiii cus - c ’;:-I- . to I I - .: I :yt c - b e -  ( c ;  I _i~
dec-I u nation.

It has a trace format of the followin g f-s-nm:

<time> GEN CT IPPCKET <c c - i c c - c - >  <desfi r i , t i c - - ru > <se-n- I - u -  0

28 0 0 0 C 0 ~Ic h,th>

2.6. Trace Formats for E~ror Contro’

2.6.1 Packet Rejection by Node and Local ihs~

The PKT RJCTD entries have the following form

PKT RJCTD <pkt> <r.sn> <r.dn> <this node> <r.type~ <n.Iength>

• The PKT RJCTD entry describes the rejecti on of a p~’cI.c- t when t h u d -. ,t in ntiS, ,e n c - - I s -

of the packet is not functioning.

The HST STP entries have the fo l lowing form:

HST STP< > <r.sn> <r.dn> <r .type>

The HST STP entry describes the re ject ion of a ç)~c~-c- t ~~-n er  clod It c - u n  a local host

from being put into the input queue. The rej - ” ct  ion of Ic-” n ’ -  I -f  co u ld b-c - due tn:

111-Ic .- 
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1 tIre ,iudc - ,couru - - _ c l c u c p  to t h e  local I- c ,- ,t is riot fi .- rc ct i un in - .

2 t I c -  Icc -c - Ic ng n uts - us - of the ni-Sc - Ic- is full

T ire M FULt. entr ies Ic c -e the- f oI I t c -s -’ ir - - f e r n- :  V

M.FIJLL pkt> <r.sn> - s :.d;c :- <li e- i c ~:c I s - >

The- t-.~.i UiJ. enti 1-- d~ - c r i tm rn- r th e- ;c - j ccbo n  c-I a p - c P e t  \ - l : : ch  were ~c ! c t : : c I y  in Ib is -

input qu oeun ~ cit the ce - ic -  duo- to ( u P sd hot c - rc~t (ICc us- Ti ne packet could be f rom the b ce - b

host or line input.

The XI iT RJCTD c - t i  S m - have the- f : c Pc -wing to t  m:

XPKT dii 1) <Ic u c i> <r.srn> <r i- u - - d l c~~; nc-dc > <tic-c t rode>

The XblKI bl.JCrD entry d~ sc ribes II ;:- r . j c - c t i o n  of a

packe t from t I - c  hnldiI~ ; queue  I c ~ ;nj -ce the nut- - ben of r e - t n  ~ rnsr i5sion of llV ce packet

f t c— . e~ ce c -d - sci a prescri be:! sec t .

2~i.2 Pc-cisc-Is Rc-jecti: ’ - : ~ - - hirs-~ Cc- s - h s - k r

The INDP;c (~r,l n o - . I -c -c  t h e  f o l I o - - . cm~~ form:

INDRP <pb’.t> <r.sn> ~r.dn> <t Ir s ,co:l ;- :- < nex t node>

The 1NDRP entry d - m c n u b c - s  t i-ic dropping of an incoming p~cc keI because of t i ’e - filled

input queue.

The DRP c-ntr i es h~ --c thu- n following form:

DRP PKT<pkt> <r.sn> <r.dn> <this node> <nxt node>

The DRP entry describ es the dropping of an ouut p - - i r g  packe t to simulate t ins failur e.

2.6.3 Miscellaneous Traces

The I’M DISCON entries have t b - c fo l lowing ~nr I - :

I’M DISCON <this nc d-r - <last cc -  c - c 1  - , f r e -  :

V 
_ _ _ _ _ _ _
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cJ iscon n-nc-c I ~-d.

The RI . I I ~c u~c i n - :  - h— v - :- lI e, Ic- :- -~.it , - -~ for ts :

tII~ 1X I- iI-~~: ,l - - <r.sui~ <r i I , :- ~t I i s  ‘~ c ’ .~~> - - c t - i u - :

The l~F I . -- it c-nl r ’ -  i:2 c c i sc -n ,  t I m e r- - i r _ i c l emc _ in c iu - ’ ,  t e f

2.7. Id c-vVr  ~ t- ~-:.d- - :ce c~ ~~~~~~~~ 
t - - ~~~ V~~

The l u - cu ed s tor c -gc-  cc - - ps - c i ty of a st or e—a n c .:- - fc cr -s ; s-~d nod s: ’ c :  ii \ - u i c r :- t  c - L1 c

cccr ncc c n-t ioni if i V _ i c i ~c . te .. c - rc c c to v.isd I -c  r . r t - _ i  the Syn-Ir - r-e 1:- rIo- i tI~ c c I t _ i : - ~ d c t c — (i \- ds n t’ Cl

to their uJ c-s h ins - l i on. Fc-iu c c c- to de l ios -V c pcc ! - c .ot s  at c r IciC as f t - - ~t c - c they a in  rccc - io ’e d

cou ld ho dos- icc - :

a Congest ion c- I l b s - c - des t i~iz- t co s -  node.

b ~ i r - .t ed c~up cc -it y of the output devices ( i i : c s -~ c)  V

c b i r c s - u ! Icnr .o tc ’  o—te c I i On ci t i c _ i  n - s - i c c ,  cc - t Ie by di l fe r :  - I  i - s - c- O S .  ( c :s--

c-xc rnp te in sec t iOn 6

Conges tion usuall y crc- c u r s  with o : u iocee nt fa ilure ( nod e , l in e- - , etc.  ) U- c- U ouc

present di- . t r ibuted routing scheme , caniponents fa i lure could not ho u-Jjun ted

immedia te l y and hence th ie sc lccme could riot be ef f ect ive and o I i t imc i -n for a i c - - p  t ime.

Rou t ing loops which could degrade the system pe rf or i c c - - m ice  drasti - : all y could c-c r e i d .

2.7.1 Descr i ption of Experiments

The following types of component failure have been s tudied an d could be f o s - c md in

4

line fail ure

Network studied:

a. A ful ly con nected network of thre e nodes (a It cc nt plct ). Test c .-irr
St PW 1 .A.

— - 

h1I-18.
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b. A st r~ c p hu icc: :  f l O c /SO L Oi 3 icu - ~~-s . I~~~j ( V _ I bI-;j~\1.B.

c. A c- t i c - i j : : t i c e -  ee l — c - c - e l. of d t- t - c ! -. s v - c l h  Ii: -:H’ire in t c .  Ic d e c - c -.
(d iscc - n ty  c - c -  the n- _ V i’ s - t i t  m b  lot -c h , m! c - s - c - . )  Test c - s e  SHud’lC.

~b A t c~ 0 0 c r - c O o ted I-c- u’ nc-dc’ n~ t - - : -  K ( a squat ce ) ~- c - i t h  H s-K f _ i
cI isc ~~u - nuc - c i c r i p  the n -c i t - c - c !  K c - t o  Ic - -c- .: f t - I c - cs .  is ’  I c _ i - -er Ki- i-:y ’-! J . Li.

c- f ic _ t — -

Nctv1ork si u- U~~:

A fully co nno-c t -  d 3 node i~e - t , .or K (a Ir is . -: ;i-: ) wi th c- c d  f s c l ure. To - -t c c - r e -  V

s hovi 2. - 
V

2.7.2 [
~c-~ iit~

Rce - uttc ; of s in - u lc - t i o u i  were condensed i c - t o  f o r c m : c - t -  s- cc duo- c- c Icc-d in 3.

I—howeve r , only the r e - so - I ts  o~ in ie ’c s - V - V _ I  to the e - bs - ci :  t n-c - I s  v.— ,- r c -  _ i- t~ached. ( i c c - - ’~ are tt i~

da ta f i Ie -e ~, major t r ac es of ernor i- tc-’ chon contro l ps - c ke ts g i: imc r iced ,~ r~tp I c m  s - - rd I c - bk - -

of t ra f F ic  ic c- i v / een nodc- s cu-c a t t - ec l c :d  in Cnapter ~~ .

Do pe cciu mp on t i e  I c-vs of t ra f f i c , c o ts - por t ion  n - n  V y  occur ‘. 1  Ii  c - c - s  f ac tun c- . U - _  - - c s c -  , ue

the tes ts  i-c- - r for med, c c c e ~ cst ion o c cu r red  vc - hc-rc - -v c- j -  fai lure I -s -p p-c - c- rd oven Ii nucp h the

l ine uti l ization is only 10 to 25 7-. —

The protocol v -cs suff iciently fast enough to detect failu r -- ; within 62E1 - ms a f t i c-

failure occurred (it depends ois- the parameter s for error contro l that ‘ .5 5  elected. V

For e x a m p le, Npp bc t int e rva~ T imn- -~ t e! ) .  However , it is not ir lcIh~cc n t enough to de - tect

d isc onnection yet. Depending on the flow of t ra f f i c , c ongestion may occur with failure.

However, in the tests performed (c nr c f -pe s tion ccc c ur red whennvc- r fa i lure happened even

though the line ut i l izat ion was only 10 to 25 7-. The adap t ic- r  routing sch e me worke d

suff icientl y we ll iii sonic cases c - CCI  v--as ab le to sw i tch the routes before fa i lU res wer e

disco v e red -
‘I.

I.

111 — 1 9 
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/ \ i i i c L c c c i mon o o - t c c - c ‘.~~l~) - - t ! c - c t - O  l j i - c  r , c - - - t v . - l_ : i~ -.~~- ic-n c c - - c l : -  c ( - c , c-~~-

s tor cII s- 10n-cc c i t e - ~ t.  in hc- rce r~ i ~- - c : - c - t  its ~s - O ’ U  t ~ ‘ edEO -c s - - c s :  r , Il c ( : c V I .~ I e n c - n_ i c - n e ’- I

- -  tha t I c - r gm to ragc cc ,ule! poso .i l- -!: s t - u s - p  ou t c o c ~
- c - l ioc - d’. -u Is c c - cel l  i i  an , ;er - I t i c

V 
p c- - ’ - s  h r - p. p - s - t e t i t i al c l .  - t i c - c bs .  Ic c - s c i : V H O ? ,  l i, I nc: f c - < C : .  0 - r c -  ~~~c- f c - u s - r r u  is ~~~~ - -~~ : 0-

c-nd t Ic s - d isc - n c- I ~! i t i : e _ i I u - - n  of a TI c s - c  - L-~ -c ~~~~ / (~~uneI y r~;-lt i- ~ -- ~~~ s c  c i t

wo c u lc i  t i c - c d  250 to: -~ ~~ ( C O  bc - s c - s - n fn s r i :- / ( 10 use . ;cc - ; i : - s - : e  t 8 bits ; ‘ s c  byl : -

I 22kb~—t c -s  ( v- l i ich is Iccore than I of hI e s I c - - c - :  cc fo r me - rn - i _ i t  c p - s etion ) i s -  c - c~ ~-r hi t I c - :

- ex t ra  f t -s e ts. H.:ric o’ to i~reven t c -o cr -  c c- t oc - duo to  c o n s - p c - c - :  :1 ~:::iUc c- ur*— r s’ -~ - -y Ici ad

condit i - -n , s im ply increa s ing the o-~o _ i~ u size is i e - : i ; ; r c - c t i c s l . C; c- - c pr - -t- .t cI .-n Hr m os s - i t s - c - Ic -  if

l ine or node failure dos-s occur ur co l o n  heavy load c o s-d i l lon .  Pi e - c u - - p t  f a i l ut e- di :c - c - . c r y  I-

needed to reduce t I c s -  level of con estion.

.

L

111-20 
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3. C c . ; .~Ini~ CI~ ~~
- : ‘ m .)( i t i lCi- ~ RetlI ~~~

V -
- The si mc d c  I s-n rusu! t- - nrc - c - C oncdc ’nc- -I i n c to  two  e - r o c c - - s  :—

1. Ic- t e rn_ is i s ] r :- - f f i c

The re’ -u h: t - rLoub-u te d -- - t o’ o O n s c : r u c ci 05-i cc the 1 c Pie - c 1 - ; c - - -c-nc ic-u s p e r i f i c - n c-doc - .

2. Intr cmncc - t T r - utf ic.

V lire results t c b c m t c s c t e d  cc -n :  c- rn : - :) \ :i i ic t i c  overt — l I  t r . : f f i c  of c- - 5 ( 1110:  r n )

3.1. In t er u ~~ sc T~ , f f c:

J r t o - u  u s - c - c’- - I r s - f  f ic re-suIts are furt h er e-u ’c - dHid- ~td into tv ’o ca t ,s - cn -e c - c t - o : —

4 0

3.1.! Density

The fof lowmn~ tc - L - Ies ct c 5- concernc-d vc- ith lIce in ls -y ;mc --i. - t r a f f i c  tb - ce-  ci

11c c - c - c in

c Pill- i NO IcE 1 10 i-cc - c c-i : 2
11 51 flO ST in _ i u -ocr c - c r  u: .+nc L i - _ ~- o . 1 i - sc - m i c-LiEV 
( i , r5 ) TF - u _i 1i ;r~: icc - sr icc _ i :  r n  pc - i pci END ( - 5 -
0 8 5 c-o; 589 0 0 0 8 0 687

-c Ic - Cu 0 632 637 6 0 P Cc 0 cc _ i
c - f i l e R  8 67 7 578 0 8 8 0 8 577
3000 0 876 572 0 0 0 8 F- Sc- i-
401-0 8 599 003 8 8 0 0 0 5~-J
5080 0 677 827 6 0 0 8 0 6 7

- I -s - cO 0 C-7b 621 8 0 0 8 0 c - c - c -
• 

- 
7000 8 589 592 0 e o 0 -0 Cc - )
8008 8 816 616 8 0 0 0 0 616
9000 e 687 582 0 0 0 0 0 537

1N HLE j~

Cr - n c r  NODE 3 TO cc_ic - F: 1
T i l E  HOST LINE N_ ic -_ i RET I i~N L i c e  ri I H051 i ;T -t
(ms) TRFW Ins- : IROF T ROF REJ ‘~r u i- u i F ND F _ i

O 600 0 0 0 8 8 8 5Fc- C
— 1 1 : _ i C  630 0 0 8 0 0 8 c- ’

2000 567 0 8 0 0 0 0 5 - ~ P
3000 577 0 0 8 0 0 6 5’-u < ~
4000 ~99 0 8 0 0 0 0 S ccm P 

V

5000 611 0 c e 0 0 1 _ i 3  c
( . 1t P~ 622 0 8 0 P 8 a ~~: p

P 
-
- 7c r - U Yu~ a o ~ 0 c- a ~u 1

800 0 605 0 8 0 8 0 0 C l .  0

V 
111 - 1
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i V I c :  Ic ic les a l - c : - -  s - nc - - Ic-i - r e - I c c - - - - -  7 - . ~ 1 - ~tr i icc ) ,  PE.J (: i-~- :ct ior1 ) c - n i

END ( a r m  ~- I )_ in c - us - n)- c-: ’H,c- t in  - - 
~

- -

1 P-I :- ( u s e  us - r - i ! I H _ i r - s - -.I :- ic -~ tc i c ’  c t : t r  c- C c i rss -~~f :e r : ) 1 1 c c  c c - :  o r  ~ s- 1j t~

co t - i t s - l i - s  t i n e- 5 t a r t i d : - t  1 -~~~ ,C! ~ u ~~~~ - n f : - ry 1 l~ ‘- -.~~ I -  ‘ c  lbs rcs - - :’ Ic os - -n r c -  c - t i s c i ’ s - : - . i c - n

exa mp !c- , (t s - c - kc IA ) t i c s -  res ults- c c c  t i c ec  s e c n i u _ ’ re - - V .cre culb- ’ ’ - d  - cct v:c - -- - c -  Iii’ s m Is-’ -sal

of 1001) cs to 2000 u ’s .

b. I~L.b I 1 RAL (I ~ c~ T [RE- - FIC)

The col ic - s - n (labile lfl) con iain c :~ l ice number 01 1 - ~- : k e tc -  (1 ,- c c - _ i  :c’ or ~
) p,- cs -- n _ it ec t Is - ,-

loca l l ost to the ho-s t of the - i c - -. r n-c do. Eon -c: som t- Ie , in t i c -  2nd c o I n s - i s -  _ ihe C c - I

row in table 1 B, 600 1— ske ls v- s-nc generated I - ,- i - o - c t  of n - ‘ u 3 to ho- - I r i  code 1 
—

during tI me-  1st !000 c’s-s .

c. Ll c-P [~ o~ (LIFII . I k/cf FIC)

The co uil-n cont: ir~ the nur Ie-n  of pac ke ts ( c - l i  t ypes) t ic o r e  ~c -cs - l t l n r o , c : ’ . Ii t hc- V

link connec ting the two n odes. (in c-- nc direc lion c cc ’ : ) . For c-~~:--: , d - , c c c c - - i c l c c  tab le 1 1— ,

in cot nimni 3 of row 1, 588 packets was sent from node 1 to rode 2 ‘ c - c  ( c c -c - Y r  the liru is

between node 1 to 2.

d. NODL TRAF (NODE TRA FFIC)

The column (table IA) cont a ins Hue number of control packc- t~ (type 2) gel ra ted h~-

node 1 to node 2.

e. RET TRAF (RETRANSMISSION TRAFFIC )

The cutumn (table 1 A) cont a ins the nu n- i l -s r of i d e  I ‘- Is (all t y p e - c  ) that we r

V 
r e t r c r n c c - r - i t t c d  f rom rode 1 to node 2 via the lini~ - - -tween nn-i~ 1 ar.d 2.

f. H+N 1~[J (REJECTION BY NODE and BY HOST C) -  i i  1: SOURCE) 
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E s - c i t  low of Ic - 0 - COi c :c ~:i ( s-Ne ) / c )  c on ta i nuc -  t i :c r c c n c c l i c - r  c- I n :-- .. ps-d~s lc - .  ( - I I  t ync - e- )

V that v:cieild c - c - se Isn - .- n-  p- -n -n - clod it’ ’  t c re i rs - st  i d  u~sde i c- n u i s - r - 1: I if t ic - - / ~- ‘ene us - s -- I

rejec t i - I l_-j  Ic-c ni s - (dccc -  to c - I l — c l I~c - i - t t - qu:- .

g. LII ) V - :EJ (PLo0 10~! 2~ I i  . i P-C PDL LEF1 pp p~~~~c p~ j : P - - s-c’D )

Ti n- c c - I - s r i  ( i s - b c e C\) con ta in ’ - Ic - c - s - 5 h : l t Cs- O~ e- 5 l s - : c t s  ( - i l  t ;c - s - - ) t i - s c -  \5 s - - :. i) i s-ye-

bee- ru ~c c , n,j t -~i by I t :~ ins- c onutno hlu- r cc l the de- :.t i: :5 i o u  uncle ( r c c - d ~ 2 ) 1  its in c - c t que- un

was not f~’li.

h. REl CL.I ( REJ3C] ION OF RETI: ’- i C i - I I T TE D P,-’E) L IS )

The column (table 1A) cc - nt  c - ins - flue number c-I ps - - c I s - Is w i -c I - bc - rI hc- rc n no I rc cs - s mit tcs d

for severs) t u nes and the number ci red n c - nc r c l i r - c - i o n i  I- tad ex c- cs :d- -cl er t a i nr  - r e - se t l u t r /  I

and hence t b - c  arded. (indic t the pc - s - I c-Ic - co n_ ic r c o d  I - ~ cc  arc pc- ck c ts v- ls - - _ iac source is

node 1 on i c c .s- .t of nr c - c l : 1 s- c c - i  whccs:- c- i c - i do - s t  m c I  - s -  is n-node 2)

i. HO~~i 1- -~i) (A HRIV/ - .L OF I1Ac- K~ i ’ -I T( 1 DEsTI: ‘- ,i c-n -I HOST)

The c c l -  - i  (table 18) conta ins Ic-c number of ps - ck ’ : t~ (lyps 3 and 1) -.- .-b ich had

arr ived tho d-~-) i ni n tio n  h ur t .  Here II c:i packets vssre gen er atcrd 1 -y hos t of mcc l-:- 3 and

the c iest ir ic - l ion of the packets were n ts-dc 1.

j. NODE END (ARRIVAL OF PACKETS 10 DESTIt- UoT ION NODE)

V The column (table IA ) con ta ins  the num bs r of type 2 packets which were generated

by node I and had reache-d their fin - nat dest nnat uon ni_ide 2.

3.1 .2 Delay

The delay t ables conr-icl~ red here Ic- the time ba tw een the gen-_ irat i on of a ~-~~c b n - t

and the t in: - - t he packet being ex m c r i ns - c - -d  by its t c na l  des ti nuc l ic in. 1 he d’ lays were

tabulated into t v o  form ats:

a. MEAN, VARIANCE s-nd PACKET COliC I during d i f f r - ,  ent i n c h - n c ’ s - I - - (tab le 2)

IIl~23
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;:,~ 1’ , /

- - u I : lc- I
V 1YIs- e- i - - r i c c j t :cv ~: 3 ~ i i

V T im - u L ni— i- - n c \ s -dl-: sun 1
(0 1 .  - 1 — &1n ‘5 1 321

V li i ’ 1s - -~~~c.3 ~~~~~21:_ i c- i — ‘ -
~~ 1& - .1s - t c - -s r

305 ’_ i 1 -  • :11 1i..~~1 3/ .3
4 r c c c c  i - - -s - c -- c - ’ 1 .  -; s -t sc-c -
5(- c ‘ Ii. . inn 12. 1-
r c c - c  1 - s - - ’ .’ 1.c - c - ’ - 53

- 7 L- c ic  I - ~ - 5  c - s
8Lu (iO j E .-~2fJ j c-’ , t c - _ i  71 4
9_ i s-c - u i c - c s - i  ~~~~~ Sc - . 3

n - a r m ’ . s - r d  van c i r c e -  c - I t r s - n s - r n i r c a onl cl-5 Lc - - - of c i i : . - - c - r d  t c -s - c of p m- c s t  - c - t o o ’ - ii

- their n c - i - -  ‘ cru d it , - h r - i c - t i c - n  s-sI r a h,’ ic-c :lr;h-d. (‘ ° - c e~ c- nc- - ic - - , f t c - a c  the t mi~sl’s s- bc-cvu: or

— 
packets of t :ps- C u .  n-: - rated by m oo- I c- I icc -dc 3 t :— i i  - c - I of us -c ’ - - 1 has a cs - - n c - c r  dir t y ot

16 .311 i i ~ . a :d  a ‘j ot - cc of 12’  - 1 u - -c d u r c t c : , t i - _ i  i d e - n v ,  c i  3 )(cQ usc -  Ic- ‘~C-0O ii

373 i - s - c 1 Ie -  : - i n i v e d  I c - n  d - s s t - o ’ c i i c - cn  (i~c r ’ n i g  $ i l c:  i c i c - r o c r l .

A . h. l1PTn12RAMI c - f  i RAl- lb~ lic- hdC [c- l A Y  (cs - t b  ,: 1i~a! c o t i c ~ - - ~~
s- y c- c - n i

TIIOLE Sic
h~~s t ’ s - j t~~m cd- i t y m~~r 3 4 t u ’~ 3 to 1 ( i n  i c - c i t  c t - c i - t )

t i m - ?  c, - , - t c ’ : i  t o t i n - -  c-~sc : ’ i r i ~ cu by t i - ~ ‘ O c s t i n a t i c , i
I C — I 10— I 2,1— I 30— I 4(0— I c-c— I 60— I Si — I 80— I 13 - - I 10 0 I

( nat ) 10 I 20 I 3(c i 49 I Si-c I (-3 I 79 I Ott I 80 iN : I up I u ’- t - i

— 8 10 265 59 0 0 0 0 0 (0 0 0 373
1000 32 271 --1 P 0 8 0 0 8 8 6 3’--i
2008 18 291 48 0 0 0 0 0 8 0 8 31-7
3000 26 283 66 0 0 C 0 0 8 C 8 373
4000 25 268 49 0 0 8 0 0 0 8 8 3n?

• 5000 17 278 68 8 0 8 0 0 0 0 0 353
6000 13 285 61 0 8 8 0 0 8 U B 3S~
7000 20 286 45 0 0 8 8 0 8 8 0 351
8000 13 235 66 8 0 e 0 8 8 0 0 316

• 9000 18 248 60 0 0 8 0 0 8 0 0 326
OVER OLL 1_i_ i 2688 563 8 0 0 0 8 8 0 0 3442

T08i - E 38
h i s t o c j r , -~i of  type 3 i r c o r” 3 to 1 ( in  7)

t ime  c , - e~~t oct t o  t i m ’ -  ec~~mIned by ( I- ’ -  d - ’ c t i n a t  ion
t i m e  I U -- I 10— I c - I c — I 30— I 40— i Sc u- - I 60- I 71)— I IcO— I _ i d -  I ICO I
(rn s ) I 10 I 28 I 30 I 40 I SO I £0 I 70 I 80 I 98 I i l - I I I

0 6 .9  75 .9  18 .3  0 .0  0 .0  0 . 0  0 .0  0.0 8 .0  c - , (c 8.8
1000 9.0 76.1, 14.4 0.8 8.0 0.ti 0.8 0.0 8.8 0.8 0.8
2001- 5 . 0  81 .5  1 3 . 4  8 .0  0 .8  0 .0  0 .0  0 .0  0 .0  8 .0  0 . 3
3000 5 . 4  75 .9  1 7 . 7  8 . 0  0 . 0  8 . 0  0 . 0  2 . 8  0 .0  0 .2  ~~ nc
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h(nv 30 , 1977

~~~ .S 7 , . t L’ .u ~j .c  ~- ( 5  t t . t 3  c r c -  (5 .0 I i :  P .O c c -
V 

1- (,- : -  4.8 700 .8 10 .’. [C 1) (i ,c-r (0( 0 ~ . r- mc c o  C O  C t ’  NC
60it c- 3.6 73. 4 17.8 0- i-- 0 .0 0.0 I c c  t- .C (‘- .C 0 . L c  [‘ .0

- 
- 7 s - 3c - c - 5 . 7  61. 5 L-- .0 [- .0 ( c O  8.0 _ i . 0 0 ,0 0. 11- 1 .(~ 0 .0

V 
-~~ 8 t - c - C ‘- . 1  74 .8 21 . it 0. i 0,0 9 , 0  (0- . C  0 .0  1 ,1 :  ( . 0  O P

95 : 0 5.5 7~~. I 1I- .4 0.0 11.0 (5.0 c - .  P .C (00 I - P  ic0
0’-SHc- l.i 5.8 77.9 15 .4 8, 1 c - r  ~~. it C u r  t t . t t  C t  u~,0 o.c

[3c 1: .y h - s - i c p r : - c  ‘- . c - I t - ,- pc - 2, 2 .- -- .:l I -
~~~~ c~ f : 2 j t c l r - -:i v~- r e - m c s  t i c - c s - c -  ( 10  i t S  h ou r c c c

e t c - n ‘cc - i). [i,f f e re nj  r c n c Is - ’ ;nar r c -  c- r i- c ’ bt s c inm _ i - J Ic- - d Ir-nc-ni i u : t c - ~ c’ c,~ c- of I n  c - j r i i u L  lion

we ll no for Ic-c- c- - c- - c  s- Il . l n n , I i : l i e - - i  o Ie rv 1-l ,  F r - c  c :- c- ic l p l- - - ( 1, . - e 2 ” ) ,  n :  2 c son t a r . c ,  c -i

h i s t c - c -s ra rm , of delay during the ic r - c - cc - c - i  2OcO i-ct -  ‘ 2000 nc- c - . 2°c- 1 1s- — - u - -
~~c. h~d s- c 5 _ l s - - c  c

10 nrc . — 20 ms d ur in c - ’. t hrc u r Ic c - c - I .  l i e  fe - l e t  c - u - c -he r (c - f  s - c - bc :-Io , of tv r- - -s C t Ics - i  a r r i - .- - c— d

durinp the inta r - : .  I i- 357. Cc-c m c -o pe - ic c! in~ ly us - - - -- 3 c-f t : lc l c ’  CR ‘ I c y- ”  1 1 c c !  C t .h  ~ of

p~rc kr- ~ ::. m c n r iv e d  duc irg tho- 1 0 nc- c - cc to  20 nrc- I ~ - - - ~~ _id l’l me cc - lu- n “ 100 cc c - .’ coni c - c - l ie -

the nc - c - c c - c r of p~-c k- c - I s that i. ç- . - - u - i - ~r ’r -s d cc d- ’I:y of nc - s - c c - nc- ( cc c 100 n -s .

3.2. ~- c - ‘~ 
c
~~~t_ i  T; oh ic

Si cicI ~ r to the above ( c - c r c - c - n c r  ci nc -s - c - ic  to r : c - c  I -  r :sulls C c c -  ne - suI t s  c n c -  d::id -ci c - r I O  f - - s c’

ca t epo r ic-c -  :—

- - 3.2.1 D~ n~ ty

TPBL E 4
I no d e 3
- 

Ti tlE HOST LINE NOSE U S E  Ii~ N /1:IJ 7P(  j
(mm ) I n c - ic r  rc - ,c t  TROr RU n J  H+N L irci

0 600 ‘390 3 0 0 0 .0 8.C
1000 630 637 4 8 8 0 .0  0.0
2000 567 577 4 8 0 0.0 0.0
3000 577 973 4 0 8 0 .8 0 .0

V 6000 c-c- c c -i 602 4 8 (1 8 .0  0.0
5000 611 626 4 0 8 8 .0  (‘ .0

- 6000 622 623 4 8 13 0. 15 0.8
7000 I’ - -’. 591 3 8 - 0 0 .0  (1 .3

- 
8000 c r _ i - 616 4 0 8 0 .0 2 .0
9000 515 583 4 0 0 8 .0 8 .0

1II-2t~ 
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~ i c -y X c - . ’ j  c-

l l c - ~ i - I - c .  :,f I 
~ - - ~ t - : c - c: . - iv~ — i t .  5 -  , - . , .~. , . .  I I - - . c - ~m c - - , m : . _ c , ,  . , J  .‘U —

an j nd r- ’ id - _ u , -:t nc-dc- l ’ c -d  i r c - f l c (- -c- , c o - c -  c c-c - i . j O :  5 :  c- r a - ’ c- e- c - ic e c c - s - I - I s - c - S c -c- c - c

-~ - S - a. FliCt~

,cn- i. r : f o u e  thi . n- 2 ; c- c , , u  i c r d : c c - t ” _ i  , - - ,c - ~t - - t  5 : Ic - - c -  nh c - s c - 1  -i -, cHc I n  r . ‘ t t ~ c- .

co c s -pi !- - s - . r- - . c-~ a c I:tc’- n r - e - u 1  ii, n~~,-s 2 c- :

li- i c: t v . . c -c - ( ( ‘ i Ic - L. Ic--: 1 d c -  nrir i~,_i 1 11 -  s - i - - i  va l c -- I c s -J c - )  c i -  10 22- ,~
( cc ’s.

b. I -C_ i TRAF ( II - s- i Ira f ic -c

Eaci u rot — - .’ of tha c i — Ic - i c - t r i  conta i i - i- the tota l  n c - c m .  - : -  r of pc— c i- r  I - - (I c
~~

ic- 3 ~~
- I) c - -s - -c - n ali -‘I

by host c f  r , d ~ 113 s - rn- i  c - c r c  p i rd  I. 
~‘ 

r c - ’c- c ~ 2.

c. L1h2 I RAE (Linc t r: 1 IL)

Each rc - \ .’ of the cotLirmu contains t Ics- ic - ta t r c s - - : I - - - r  of re -  c - I .  ( c- Il I c- I - a s  ) wI c- c- cc-

were senI to node C and (‘Ic-f i-s c - c c -  - - c - I c -  d by rue-cc- .- C.

d. NODE TIIAF (nrc - d c -  f c c - C c -

Each c c - - .-, 01 the C olu I n cum c c - ntai u uo the toc - d I  i c c -  r of ocn t rc - ! t ; c - c ket s  ( t y t - -  2 ) 1 1cc - i

were gi-nera ted by node 3.

e. LINE REJ (line rc- j i -c t ion)

Each row of the column contains the total nun bor of pack ets  sent fr c- r ri nodes

connecting to 1 but vie-re rejected by the tine coritn oIler of node 1 ( re jected because

the input buffer was filled ).

f .  H+N REJ (Host and node reject ion)

Each row of the column contains t ime total  number of packets that would be

generated b y the host of node 3 or node 3 II tIme holding queue of node 3 v - sun no t f u l l .

g. -Z REJ 1l+N ( ~I of Host and Node reject i on)

Each row of the column is the result of 100 * (I I - N REJ)/ (I 14N rEj + HOST TRAF +

NODE T RA I’) v~ here t I c - - . - c - c - n  lables arc In om I c - c -  sc - c r c- c c -v .
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LCAI OO-76 -C-  0058 I c - -v 1~() 
~9’/1

ti. 2 ~EJ L I I  ~L ( ‘7 of Li is- n c c - c - a c t i o n )
I,-

[c -cc - h rot -,- ,’ of the co lur ,mn is- c the rc- ~~ r ’t of 100 (LiIIh RE.D/~t II III -11.! u ilL 1RAF) . 
V

v.’here tile c - c - c - n  c c - f i l e s  c - c  c - c -  f u ( c t . _ i  ti c -c- c - u r ic -  n cc-c .

3.2.2 Dc- lay

T I - cs  is c e - n r c - c m  c -cd wi l l . l i _ c - ,  prC P~- s - . : ; s - ; ; in c - ce of p - :-ck in s i c - - :  ( c c- . t I me c- ms-c tile

pac ice- is is put into the in irc it queue of tIs -~ node to t i c -  n rc - c t I - c p: 1 c~t is c-e r :1 out of

t l u c-  node). It is a measure of queiie irc_ i- delay in t I c - n ’ s - c - i c c. A~ nin It is ce - n d -c - r c o - ( -  - ‘ into

two (c - n mu;- !- :; ‘ n y  s c ns - d : c r to t I e - s e  in sc - r d c li-i ucodo ru- c-c - fCc.

a. The M E AN , \‘ARIANOL c c - nd the tot a l  cs - c -c l -u n of 1- ,c - , r kc -  Is

1521 I S
T Pl ’ l  3 POCI V E1 ( t u n e  Put rI,— node Ic t l r  -c- nen t  out o f  r’ -ol ’ i

1 I t E  M LP N \‘pn3 CO ’J2 1
0 5 rc - c- c - 5.756 310

1000 5 .7 0 2  6 .59 1 316
2 c c - t i  5 .614  6. 575 274
3( c - ’ c 5 .715 7 . C 0c - G 306
4 P c - ’ ,i 5.1- 2 5 .790 291
~-P~-5 S .4N 6 . 291 318
b i ’ -O 5.437 6.814 318
7P11’O 5 . 753 7.125 2001
8,00 5 .855. 7 .227 288
sooo s .sc e 6 .5e2 291

For each node two tables were tab uts -ited for typo 3 & /1 packets only bcc ause it

• 
- was f ound thai type 2 packets always have a de lay less than a fc c-n e-time.

• I
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b. I C c- s - n c  ( s.f cc ’ mc - - u - rn 2  ~~i C

TSP- LU c c
i c - c c - I c — 3 (ul p c--c- -~ f f t c - -- 3 ; - - .t c~ Uc- i c-. )

I r -‘- is - : t I - - 0 I - - - t qc- ;- - ; - - -  -— 1 1- V —. - c rc - c t - -c
t i c - - ?  I mc- — u !.c- - - r c - c : . . I 51- - 1 c - c - . — i E d t — I ‘ i - — I i-c - - I t u u i_- p
( r’-c ) i~~~i3 1 2 ,n I c-: (- i - c - t i  t ic - ’  f I l l  I lt_ ~ 1 1 - c -  1-3 I m n - ~c i  c: c - : l t  
0 s-p c c- r- a - 0 n, r’ a 6 I c - S

It :- c - c ? I c - c c- ‘1 (: 13 cc p 5- is-
c- -sc - - -; ;. -s 10 s-’ t- p 13 ~ c p c c c - - c
30 i10 ;- - .c 11 fl 8 Os P 1 (I (c- (1 ii Ic-c-
4000 2_ i - I  lii U It C’ (3 i_i C- U
c - s r - i  311 7 I- e s ci a ci o u- 3,0
6c c - I l ’  S c - I  15 8 ci 0 8 1- 1 ~ ~ - P sc -
7011(1 277 12 8 0 1: p mc- o 13 n c U Is- V
80110 2/13 18 1? ci 5 Ii 0 0 (3 0 0 ? c --
ceno sic - c- ii e ci Ic- P Ic- P 0 ml ~u c - - s -c -

Ic-TIlL 267 7 118 0 Cm 8 0 Cr ic- 1- Ic- Ic 1-c-S c-

a
m, TI1OLE U’S

CORR ESI P - 2 c - I L G  7 i i lSI :2 s - : lli i
t i m e  1 0 — i  10— I 2 _ i —  39 — I 4 0 - V I l-I—— I Plc- V I 71’.— I 8I~V I 5:’ . 1 c c - I
( ins) I 11 1 2 8  I l- Cm 40 I S P  1 6 1  1 7 3  Ut I ’ -6 i l l  up i

U ~c - 5~~~ 1.6 ~n p  i- .C ’  .5  # 3 . 8  0. 13 ( .8  1 .11 s- ,6 (- .1-
100 13 94 .0  6 .0  (c~ O 0 .8 0 .1’ (c- .1 6 . 0  (- .1 P.C i s - -  (- .8
2000 9- 1.4 3 .5  5 .0  0 . 13  P . O  6 .0  u .o e.c-  0 .e P. 1k 0.0
30 0( 3 [3 .3  3. 7 8 .0 ~J .8 p p  5 - i ’  p s -  u o  ii . is s i :  is- U
40 0 0 51.6 3 .4  Ic-J r l- Jl ~~~p u-J Pc - .  5 U , 8  1.0 0 .6
50110 11 .8 2. 2 1s- s- 13.8 0.5 0 .13 5, 1.- 1 .3 (- .0 i c - f l  ( - . 0
6c c - I l 52 .3 4.7 13 .0 5.0 6. 1 0.8 0 .0  -1. - - (- .0 (- .0 P . ( 3
7000 93 .3 4. 2 1.0 1.0  s .D 8. 1 (00 (‘ .0 1 - 0  t . 0  ~- .5
8000 93.8 6 .3  0.0 8.8 (- .0  8 .3 8.0 (- .0 0 .8 #,- , [  P . O

9000 53 . 2 3.8 0.1 1.0 0 .0  8 .6  0.0 0 .0  (3 .0  8 .8  8.8
TOTOL 9-6.1 3.9 0 - 0  0 .8 0. 0 0.0 0 .0 C t -  8 .8 fc .p 0.0

Tables of histogr am for type 3 arid I pac t c s c - t c - -  \ - - c r c  tabr ,ch: t rc d  for c c - ac Ii nc - c -  d- s- . ( is -b c- -

above) . As for node to node resu lts , his tograms of packets count ac -c - w i - - I f  is 7. count

• 
are ava i l ab l e . The histograms have a format similar to the histograms cJnc ~cr ibed for

table 3A and 33.

4
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4. LiT L i ’ L.~;~~c- J :ij :,I ~~~~~~~~~

u i_ ic iOIIO ’.vinc -c - c -. is a c - u—u us of 0 : - i c -c -  r imc c - n -d n - c  c-V- V n r c c - r  dc - I c -  : - -~ r c -  r cc - tc n2 1 c -c - c -y cc- c - c c - I c c -

found doc - c r i btc- d t n 2.7 . The - r c c - r c -  :~~irk do - s I c :

a. A fully con c - n c d e c -.i r c - - - C - c - c i rk  uf Ii - c - e -  i c e - d c - -  - (a I’ ,s-n~~Ir’ ). i c - -~~ c- ass -
SHOc-!11 .A.

h. A c - f  r/- : , ic t  m a  n: s - : C.- :c - ’ rk  of 3 n c c - C s .  Tsc - ! C. ~, c - Lc ’c-11.B.

C. c - t i c ; :: i f  in:: m ’ r : t \ - ,c - r ’ k 01 4 r - a ’ :-c-. w i th  c - c c -. f ;’.c - 2j re in i l - c  iT-
(dis- cot c r- c .t i n ug the nc I- ;-’ork into i c -c - s  In s - i c -ins-s. ) T - s t c c - c - _ c ;

d. A tv !o c onc - c r c t cd  f e - - c r  node- n c - c - Ic - - c - - k ( a square ) -.‘- - ‘ f t m n I - i c c - .  f t - l u - - c s
di s - c C e - n c - c - ’ - c - t j n~c the - i c e - i s - conk  into 1’.-;c hc - c - fs - c -s ,  To I c _ i  c -cc SHCs’.C.D.

e. A fully conneckd 3 nod-c- n-c C.- ork (;t t i  c - r n i ; Ic- ) wi th ne-c-Cc-
fa ilure. c- I c-s t Cc- s - ce

4.1. T c c - t  Cs- s cc-

Thc lol le --v ing is sr dai s f ile Uc.C ~ i to do me - u - - I r , t e  t he ~u iOU ce- i lt ro l  -m c - ~ : dure of I - c - :

netvro t 1-c w i - c c - u i  a m i _ i  f a i l u r e o c  urn- . The nc-c- c- -. ork is a thr c n-c -do s n c - c - I - - o r - k  c- .- lc - c l i  ‘ c

fully connected s - s  shown in f i~;us- c- 4.1. Link fai lure b c - l w - - c - - i ,  J s c - cd 3 V :;-s c -- c l  cd _ i i l : t t sc - i

600 .Omn c- . ( f i e  SHOW I.A)

1\JF ‘7cc - i c -c - c - i  3
Pi ?( ) C1N t . J~-d 1— 1 2— 1 3— 1

10
CONNECTIONS 1- 2
CONNECTIONS 1- 3
CONNECT IONS 2- 3
HOST 1 H 2:0.50
HOST 1 H 3:0.50

V HOST 1 A: 0.10 0:0.50
HOST 2 H 1:0.50 V

HOS1 2 H 3:0.50
HOST 2 A: 0.10 0:0.50
HOST 3 H 1:0.50

HOST 3 H 2:0.50
HOS T 3 A: 0.10 0:0.50
I F~ACI DSK:TS~ ) c- 7c-

~ l.A
r 

~ - rail [ i n k  1 — 3 ~~ccj m
W MOVL DELAY 0.00500

11k29
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-- -

c- I /~103- ‘ih~C-ic 058 d, 1 - 7 7

k-i/~X l i~ f [ , : ; 1 1 ~-T -- : 
--

~.~c - c - c -  ‘II D’c-~I 2 lIT -

i- ,~ I- _ i X~~- i ( c -i Cd 3 12c - sc -_ - s-

~~;-c-x ir-~rn: - ic - k~ 1 z T c T )

c - c -  ,/ 1 :c 2 1 c - - ’ 0 c - ,c - ( c

fc-s -c-c- ! ~ l I f c - , - ’ . ( )  3 ~,c - E c - 1 J c -:
1

)

i c - - c - i c -  t c - ’-
~~ ’_i r V

x 2000

F -Cc-’.u!ts

The c a I c t u f a c - t~ -d time t I c - - c c ;  i:-y a n c-d c- icc c c - c c - I c - c t  e- i c - c - k  f c c -c - l u re  sire- cc- a link i~. - c c - h -  - I c - i

dow n n ’  ~~i icn by Non c- r + ( L c -  c -, 2) + t- c - c - I c c  c- n - n - Jt m~ c-c- -‘ ( - I

t h c - c ;  tes t. Ac - pre- dic ted IL:’ i c o n -  at w l n ic i - c Cc - c - fai lur e- - ‘ f - cs  c - Lc - tc~ tcd vt _ icc -  c - ct  o c m c c d  ( c - c - S c  s - i

625ms 1 2~T c r c c - s ,  The ad - ‘liv e rO ui i rcd c - c - owed its- e f f c  s - l iv e s- es-s in  air  c - i c - r c - ; c T  c - c  V h , c c  Jfl

fs ’c- t , the rouli;cg f or pads-etc-c f ron ’n ronc- c- c’ 1 to node 3 ‘~ ‘ c- -. sv:itc hc-_-ci  lo  ~: c - as 5  th rc - , : : i  - c e - - c -cc

2 bc - - for e fa iL: : v- c - cs d c I c c t c - c - J, ihis ccuid i c c - c -  s e c - c - c - c d f ro m the s i c - c - t : i f c -c- i ns -l i nc - c - c- - c c - c c  in

line t ra f f i c  fro m 1 to 2 - f c - c - H o c - ’ the interval  of 1OC - c - V  in 120 Cc - cs (see c-i -’ n c - - c - - . cc-d

f i gure 4.2 & 4.3). The ; - c - d s - c c - t  -cc - ne - ui  ncc ~ v,- ; - s not f s - - .t # :c - c - 0~ s-s-h to c-v ,- i t  Ii the re - c - t i -  In ann

node 3 to nodo - 1 though. There was a f e- c  go c-HI-u- of I rs - l i  i-c - th -  ic - n c - s - f :  node- 2 dccn i s - c g t i c -

interval when link failure \ -/1 :; detected. This was bc - c - ause of if n - t rans i r ic c c . io . n c-f

packe ts from 1 to 3 via node 2 and vice versa , This potent ia l l y would Ic - ’ .- d to

conges tion if the t raf f ic  was higher. Nc-xi~
. 3 c hanged it s - routing t a b l e -  as soon c - c -c - ink

fai lure was detec ted and was able to pr cc vent  congestion which ir- ight happen if it had V

•

to wa it for its next routing update time.

Traces of i-A c- j ur Contr~ Pad Is fo r l c h l c c r e  Detect ion

To exp lain the oper atic -ni of the error de-tect ion proc’edure , t i c — ’  trace of ~-~ c- : -c

contro l packet s that were gere rated when a link ~aii i c r r :  is listed an~d exp lained be - m w , P
(SUOW I.A)

111-30
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____________________________________________________________________________________________________ c-c- .c- .:’-— ‘~~~ . V
- -~~~-~~~~~---

DC/d c- C - 71, - C- C- c- IT-. ~~~ - - - :‘o , i n , - ;

t i c - I c : Lic - i , c- 1 , - ;  - c - l  l o t  li ii , s - c - f  c e n t r e - c -  c - - c - c - ,  ‘ s - c -0 c - •  c- I ‘~~~c u s - c - -  c- -i ( r i - e n- c - . --  c-

V c-,c~ni t ,  nc - I s — c n - ,c ’g l > <c - c - c : —’ 2_ - , ,  ~n -~~~ s-- C, c - c - i s - c -  t l c r y  c - - - -  c - c t  c c - c c -  - ‘ c - - c- c-- c- for t I ; - _- i - c -  ic r c t c n i f S c - :.

V - 

of t ic - cc - p c : C- ::t I .

T i c - I s -  I - : 1 1 1  on  I -~ c-s- i- c- H F r  T uPE
1. / 1 c~ nc - - c- n-~ ~ c l u -r i Us - 3 1 cc- 1 23
2.  7 -c - . r

~-c- c c - n c -  c t~~t ’~~’~ , c - - c--- - c - .1 3 2
3. 5/ s-i . 1~. -‘ c - - c -  m ’ c - n i  4c - s-c- 3 1
4.  L c - . i c -tJ l Ic - I T ’ -, Ic I 4 13 1 ‘i 1 3
5. ¶ ‘icI . 7 1 2  (c c- no. c - i~ tc 2 3 1 1
6. 57 1.341 c c lx c T  465 1 3  3
1. 110 1.053  LIII,- i T  462 3 1 3 1
8. i iua .556 f - ~~’a - UI 4Cc-c- I 3 1 3
9. 12;’ - -S I i Cc-J C c - J - c - . T 1-V 3 1 3 8  H
10. L’,Jc- .6i1 C-HI c - i c -  Pc - I  758 3 c-c 3 6 c- c-c-
11. Ic - s - L Ull i c - n c -  c c - _ i c - s r  s - c - i  c-c 2 3 8 c- s
12. 1 2 - 2 3 . 5 1 !  0-F - L u c - n r 1 P c  46 ? 3 1 3 1
13. j ,- c _ i - . ’ - 1 ~ SN-! HUn- i! 752 1 2 1 6 25
14.  1 2 7 5 / 5 4  (c c - ~ cm s -c - i 7 c - 6  1 3 1 0 H -

c

15. J c h ç c 4 54 GE() iT ; i ’ c - l 7s7 i c - - l a  c - c - .
16. ic , :s . -c--~ xr c - c- P5710 465 1 3 1 3
17. i2~o. u:77 uc - c - c r i t r-u : i  755 1 2 1 2 c-s
18. n 2 3 _ i~. P77 s-~~c- cc - !  .1 75Cc - 2 1 2 1 1
19. L Vc -677 c- t i- t i c - U s - i  759 2 3 2 3 13
28. Hc- .323  REC C s - I s- i 750 3 ? 3 2 25
21. . t77cc - 323 Sc -c -I s-T!~-~T 762 2 3 2 3 1 7c -~
22 .  ic- 15 . 123 REF f l I s - S T  155 1 3 2 3 25
23. 1 2/ 8 . 1 2 3  CLN C ILc - - Y ’ r  c- c- Ic - c- 3 2 3 2 1 7 !- c -
24 . 1;- /- 0.206 REF C 1LUI T 7-1 9- 3 1 2 1 25
25 . 12/,0. 266 6 F 1 ~ C c - L I L T  776 1 2 1 2 1 7 19

E~ plc - uc - - ;.tions :

line

• 1 immediate r t - ’  pcnse req- i c - c s - i  control pc - - c kc - - t  (ft 462 ) c- cn n- rated by is-ode (On) 3

to node (Do) 1 as link 3 to 1 was n- l m s l ic c -c ted to be not ope ra t i nc - ,

2 Immediate ri- sponse request control packet (~ 465 ) pcnerated Iiy node (On) I

to node (Do) 3 as irk 1 to 3 W~~~5 s n uc -- pected to be not operating.

3.—S Ret ransm ission of Ic - rue -c - - -dc - :i~ rc~ lcccu ’ c-: requ es t control par knc - ts a f ter  about

125 m c- of last tr an - - c - - c -- n-ion.

9-1 0 ink of 3 to 1 v -ac - . detected down by i -c--s - c - i c  (On) 3 a~t rr  three r r t r ; - n c - , r r - i c r , i o n c - .

111-31
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Ic - CA l  ~~~~~~~~ - C- -CC C c- : -‘ C ) , 1 ~ / 1

0~ 1 c - c r  c- - c t  .-. - U_ I c C  . _ -~ -- n \  - c - .  c - : , ,-
~~.c- c -d c - c c -  Lu c - 5 . c -  A c - c - c c -.i 1 c c - C  ~~ c - c - c -  c~~ 1 V tc - r, Hc -c - _,

f c- -c- ( k c -. i -c- 7c-19 and ‘c - 7 Cc-s  c- c - c - 1 c - :  - ( i - cc - - Ic , . ( 1 5 c c - c -  - i t  I- ~i c - c -c s - I c -UP  p 1 ,- k )

11 Uc- c c - i c - : t c - d  ni c c - o’/ r us i : n .  C- nc - c - c -l i e - c c -  w . - c I n c - n - s c - c - c - f t c - cd In c - i -  - c - o - cn -c - c i -e -J

i - c-d c- i c - d : s n t i s -~ nod’- c- f n c - - - -:k 3 K~’ 1 c c - - c - c - . c - c -t c- c - 7 5 f  c - - - c - s -  c c - -  t c - -  ‘- -c - - k  2 e- - ’ c ’ c - - i c - c - i  - l in t

3—1 v - c - . dc o n nc -c c -_ c i c  -

12 TI cs - c -  lccc - nc c - - c - : c -  to re - ;pe - c - c I -  c- s t i s - c - I c - - i  ‘c -(c - 2 dc c- - c - c - s -c-c- ( n c - i c - c -  - -  it -c - .c - -c - us.

lon~c- c- t  no - - c - - c - )
1 3 - 1 6 C c - c c - i l _ i - i  to )-12

17 iC - cc Let c-t 7CC (~‘,- p —  2 5)  n-ni irom n~c c-~~V V V  (On) I f- c nc - -c - I :-- (Dn) rc - _ -~ c - c - c -c cc - - . c - c - UI

pc o s - - ’.- - - I - > ’ node c - .

18 C c - - c c i r n i  p_ i s- ITt  ii ‘/52 gn-i cc - r c i c c - d  icc- is-ode 1 to c - c -~ k c - c - ., t :  - d c - c  ar t  i c - s - f  of ~ s - c - c -~ .n- 1 c

755-

10 N-c-dc ; 2 I _ i L- c - -  ( t - cc , - c \ ’ p n )~ i ii: cuu dr ~ pc-s - c - i- i  i t  / 9 s - c  f n - c - - s -  nc - c de- I , c - - c  c- c - c l  in li--c - I

if node 3 v —c c - s ,— c - t c c  i V Y d e c -_ ic - n or c - c c - c - I  i cy  s - c - n - c - - i c - c -  out a is - c - c - _ ic - c  I; c - c -  c- p c - c - - c c - s -c- c c - c - I c - i  c- -c -

pac ket ‘c 759 to nec -C- 3.

20—21 Since node 2 L c d  received a control r c - c - c I - ,et of t s - - r - - s - Pc -c- f c-orn c - crc - c -Icc- I n-c - s . t  t a - - c-

long ago, upon rece ivi uc g control p.:cket e 750 of type 25 f r e t _ i c  n- de 3, ii v - nc - c - I d  n - I

• send out a immediate response r c - - q ; c - c -  c - - i packet to n ode I cc - ’- it knev.’ its - a t  n ode I \van .

up.

22—23Node 3 received the packet ft 756 type 25 gen e - ra t e d  by ri~ dc- 1. Since it c--

knew that the Link vi ,c c-. down, no a c t i o n  was t .c - I:c-n . Ac p c - c c - -. I: . :1 ’s- nc - ce nt ( i’775 ) for V

packe t u756 generated.

24-25 Node 1 reci i-;cd the pu- I - I n 749 I ; - ‘  PC c - crc - - i  s - I d  hy nod? 3. Since ii

knew that IL— Ic - n c - ’ Vs - / V  dc-c .c c c - , no ?_ i no w.c - -. I at-rn. ~c - _i - - n c c -  - H!geis -leflt ( it  776 ) for V

packet u7il ) c - c - c - n c - e r _ i C  c i

ilI-32
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t I : .:;. I 00- - /6 -C -  cc’ c-
~s t ./~ ,-- - 10177

L i e  f o i l o . - - , c - _ i -.c -. c - c - e 1_ i L c e c .  ~- I , s - -~,’ c c c - 0  c - I c - C  c - - Cc - c - c - -  I-) i c - c - c -. - :  i c c - c I i c ~ fo r c - c - c -c t . - :c Ccc- U - -o c c r . r J  in V

ic - c ’ ’ C~ c - s - I c - C c  /c- .

F ic-si: i-c-not : 1 10 53511 2
T i l lS  Us - ST t i c - V  P s - I c - c - PU T I - ’! i 155 ~c - E T I c c - c - I  — c —

c- - c) 1521 151-: 10c c - U n: N J  L I I  U- - I ENs - F t c - -
0 Ic c - - s - c - 113 6 0 C- -~ 13

c-~i-o 12 75 18 1- 0 0 II 9 ii ;
4 1- c .  i r s -  c:b 12 r (i a cc- ii c--

~
[I’ C 6 i -Ic 10 (c- (3 Ci 13 6 11
Cc- S iT 7 1.-. 8 o a cc- ci c. cc

10-7 0 1’ c - c -  11 1 0 0- 0 Ic i l
j ~- c Cc 11 10- 43 C 0 C’ 0 11 / -3
I-c c-c - Cr 7 c-Il :3 It 0- 0 Ci 7 :— c-
11-30 12 45 22 L 0 0 13 ii 21
J800 7 4- ’. 22 8 11 1 6 7 25

rot c - c - SIJUE I TO LODE 3
1 il ;L HOS T L i :  i : c - c - nc -  Pi~~ N c - N  LIT - I T FT 11051 5 7 c c _ i
( c- -c- c- TRPF ‘Ic -TN 1511_ i iS_ ic- F ic -E J R !J  J i- c_ is

C 17 23 7 0 C 8 II! 16 7
200 13 25 12 ii 0 0 0 13 Ic -
4 c r ’  11 11, 5 c . - a a 6 11 c--
51- 0 11 0 2 8 (1 8 0- 0 0-
Ec a O 10 Ci 0 25 C. 0 Ci 8 1-

1513 0 9 0 1 3 1 6 ii 7 11 2
1 7 0 0  9 8 1 6 8 0 2 18 1
1 / c - c - I. 11 0 ci 1 0 U (1 13 1’
J [ ’ c - c - - c -  16 Ci 8 0 0 C 0 1” . Ci
1-5111 15 (3 13 Ci 0 1 Ci 14 1

N- f c c-  Is-ODE 2 10 i:CILrU 1
Ti lls - HOST I l i t ’ .- I- c - i c - PU RET HiN Hi_ il RET HOST NOPE
(m r_ i ) 11(05 T FJ1I IRI1F TRill REJ R E J  PEJ [ Ic - CT ELI

o i i  21 13 0 0 0 0 10 11
2(30 1? 29 9 0 0 0 0 18 11
600 12 23 11 6 0 0 0 12 11
(c rc- a 9 10 8 Ci C C ci 8 8
8cc - cc- 8 16 6 Cc- 0 0 0 8 6

1000 18 32 29 6 0 0 6 10 77
120 - f l  12 74 38 0 0 0 Ci 12 34 V
1668 11 44 18 8 0 0 0 11 21
i ( - P 0 -  12 47 27 0 0 0 0 12 27
1808 9 43 21 0 8 0 0 18 21

F 0 - ( c c - 1  Ic - c e -It  2 TO 50111 3
i r n~ i c - I c -ST L INE 5C9~ ~- i c- ii.~u l i t : ’  r E T  i c c - c - c c - I  1:- -
(~~~) TR OF IRI S if-U S I c - - c - i-c- .1 Ic-Li SCi END ic-c- c-c

0 13 22 16 0 (1 6 0 13 16
.00 3 11 1 0 ci 8 0 ci 3 8
60- 0 7 19 12 0 0 0 0 7 12
f c - - 1l 9 s- u:) 16 0 0 0 0 9 17
80 -7 18 17 6 8 8 0- (I 10 7

111-3:3
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IJc V Vi, i c -
~~~~

7F V .c
~~

c c c .; o ~~ :-c - , 3 ( 1 7 , -

1 ‘-J .c- .. H c-c L .1 ~ H
1: - s - - c- S L 7  12 Cc- us- ci 13 -1 4-’.
I - _ i  2 10 17 13 0 c - c 1 c 12 7- -
1t~- - ’~c 14 4 /  F 1- ci ~ 1 1-c- 3 ’.
Ic-: -  15 18 c- c - - 13 c-c c- U: 15 Ic- I

l- c- :-~ I_ i _ c - c - c - s  3 10 - c - c - I : I
T I c - S c c - s - I  I c - c - - t i c - c -  P1.1 c c - - , t. c- c c l i  11)51 ic- I’ .

( c - n c - - )  i i P  ‘I ! f C  1 -  F i c - - c - - c -  V
c- _ 1 REi OI l  I c - c -  c - f l

0- 7 2 2 16 1 P ‘/ 15-
c - - c- 1, 12 ‘ .1,; 13 cc- ci cc Cc - 13
411.) 6 11 11 Ii TI Ci i 5 12
60 - 0  18 C I C- 0 cc- 1 (3 1
111-C c -  8 Ci I 21 C 13 11 0 0
In c - f - ic -  10- 0 Cc- 22 CI (I tc C Cc-
3 c- - - cc Ic- 1 2’ Ic- C f - 

- c-I. 12
I c c - c- c- 13 3 U Cc- 1 1’ 1 12 Cu
ll - _ i _ i’ 7 Ii 0 Ci Ii C I- Cc- C-
1Cc c - cI 17 Ci 0 0 5 0 Ci 1” ci

Fi c uc - NL-2I _ 3 10 I : c c - c - : - c- - 2
115 .: ic - 2- - - T L i LT - c - c - ’ ’ .  tc - 7~T Ic - c - i-c - LI PS F-ST i c - c -I l , - -

( c - c - s ) 1 c - Ic - i -  10-I F N- c - c F 10-c-il l -:2 i REJ FIT - ‘ [ 01 Si - c ’
0 1/ 2-1 13 C P Ci 0 16 13

7cc - cs- 9 3 3 3 Ci (3 0 C IC S
• 4 115 12 19 7 0- 0 C’ Cc 12 7

5 c c - I  15 7/. j ( .  13 ü ii a is o
C ; I-l c 5 c c- ii (3 0 0 Ci I ii

10 -c -i ’  14 2-7 - 21 0 0 0 Ci 13 H
1210 9 64 77 1 Ec 0 C 9 27
1680 10 4 1, 23 0 C 0- 0 11 25
ICOCi 8 44 3(3 0 Ci (I 13- 8 2~-
1800 8 55 20 8 C 8 0 1 - 30

4.2. lest Case SUOWI.I3
V The following is a da ta f i le en.ed to demon s t r a te  t ic - c - c - c - ;  r ic- c control prof - .cso i a c - c d  tO

study the behavior of a simp le nc -’ - twor k w i th  f c- i l ure. i i ’ -  n - : - I -c -n r k  ic a c - I t  c c - i c - c - l i t  trio

network of three nodes. Link f s - i t ur e which d kcon nect -c c - c - s c  enc-d ic-Cd- c is c cL- ’s-duiecl to

happen at 600.Onns. The network is shown in t i c - c - c r c  c-lA. ( f c - 1 c- cc - SHOW 1, fl)

i i i -  :3 ‘2 
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DCA IOO- 76 - -C -O ’ .c - ’ .’: ,

~~~ 30 , 1 7/

tv -v .c - i c c -- t  3
P c-c c - c c - c - c- 1- -i 2 —i  21-- i
f r . c i , c - c - L i , c --,c - c - 10
c r c - c r c - - - c c - _ ic - n 1 — 2
cc- c - c - - , - s 2 1 c c - c - c -
l nc c - I I 1i 2: 50 hOc - ‘ -)I) :c- : .11; _ ic - c - c
Ico~-i 2 11 : .50 I c ’ . I - : , c-21.c- c- .10 d: hO

‘ - - i  3 h t 00 2: 00 - 0 ~I c - . ! P
I (c c-I -ti - — 

‘~1 .ite c - Sr i  or
Ic c - c - i c - c -  d c - k :  t i - h- c - ’.- .-
fa i l  u c - c - c c - c - ’  3 000, ’.
m a x in s - f r  cs -c -c- -sq 1 221000
mex inf r c - i - c - c - : c c -  2 21c c- ‘. c - U1 )
rn_ iui :i n f r s - c c - c - c - o q  3 21 : .1-03
ii c~ c-hOld -i 1 (c- c- ’ 1:210

V r cc cc - ’c I:c - t ’dq 2 (i -iC - c- c - I l ’)
n c _ i ’c-cI - iold-~ 3 () c-15c- c( )
nop c- c- t c - c - c - t c c r v _ il 120
x 2(1c-u0

~~~ 
c- c- 

-

A:- c ’ p - cs iod lice c - c c - f  of l i p ’ .-, I c - i c - c - c - c e  s t a r t - - i c - - I c - c c - c - cl 1 2 1 c - ’ c - c - c - . c - c - ’ . l E - r  thc r  i c - u ! ,  i c - - ’ t v . ’e c - n  2

c- and 3 -.- :c - t :- broUu~ i ut dc-c -,vn ( Gill- - c - c - -. ) i c- ’ p - b c - - c - cc- ‘/ 2c- c-~ c-’ s - . Ic - Ocr  t i c - c -  c- r o t rc - ccccnc - i c -’;ions of

the co uitrol packet (i yps-  23 - c c - c - c - c c - -  d c - a t e  r cc- c p - :c-c  c - c ’ s -  rcq U’cs t ) i c - c -. ; :f tc ’ r 1221 (2 + 2) rc - - - -

l ine node was dc-c id ti to ho down (725 1’ 500 1 2 2 5: c - - c - - )  - c - : d  t h e  in f on  c - c - c -  c - c t i c - c - is- w .- -
~-

i)~~’- c- - c-d on to a f t the ot hec - nodes. in ti -ce networ i - c- , ( ‘oe f i gure ‘~,h arc-cl 4.6)

Node 1 was in for nc - -c2d c - f the f a i l c c rc -  of node 0 shortl y a f is - r  I 2Cc-U rns of t in :-  s irnuic- it ion

and hence i t stopped g c ’ nc o r at t n ’ .c -  ~— c . c  1, _ i- Is for node 3. Simihar l :)- c - c - nc - k - 2 s - Ic ’ ’ . -p c- ti packets

generat ion for r-~ d cc 3 during tine interval of 121210 - 1 lO Oms. Node 3 d i c : c c - c - -~-- - - r ing that t

was disconn e cted also stopped all l c r ,- s t  t r a f f i c .

Trace s. ci 214a icc r C c c - n c -t rol  Pac ket s.  for Fa ilure Di I’ - d c - c - - ns -

To ‘ ‘ s - I c - la i n  the op rat ion of the ‘ - c - r e ’  dc I c -c t iou- ’n p ro_ i c - c - d c - c - ic , the t r , c - c ,  of ‘- p c - - c - i c - c l

control pc -sI ts t i c s - c t v erc gcnc- r . c - t c - d  v,’iiCn fc - i t~u c - e  oc c u r r e d  v~- ; - u e  I c - - t ed .  ( f c c - St ( : ’’.~’ 1. l3 )

21’ 
- 

( no t ’c - : k c - r  explanat ion of Iii’, t r _ i c -  es c- cc- 3)
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I i c - - c - - 1 c - t i c - i -/G ( V ;- ( c- , 3 c - -~~ i- -c- - ,- 0 0 , j ;~

T it l E  P-~ i c - U -i - - l i C - I  Ic - I: 1- 14 FI~I 3 1) 3 c-S S ~

7 : c - 1.Hc - _ i  C-I L C d l i  7- c l  - 2 3 2 I c -  ‘c C Ci 0- c-I c - _ i
7 _ I i I ’ S  c , c -_ i C I I c — v , ‘ 1 7 3 2  3~~’! 0 - 1. 1 3  u ‘I,~
1 3 5 0 -  1 5 3  ‘ S i c - I  01 ,1 ~,1 .

- 2 3 c- 21
c - H  c i  C - - 3 13 3 13 2

Ic - 7H3 3 1 IL c - c  - I c -- I c - ’  3 - - 3 2
I - I_ _ i ,- c- , c- 5-bc - .1 3 13 13 1-

1Ii’S . ’It so 5 - c - i l  I- l i ‘-1 9  S c - c - I 7 2
1 I r ~-3 . C L cn c - S c - i  c - ’ c -  13 1 2 3 7
12,2’ s - .  ic- I ll J ’ c - 1 c - Ic - c - c - Ic - i c - I  c-c - c- c -

123’ .- . 181 1 3 1 5 C c - L I - I f F c c -  2 1 2 1 2 7  c- I 1 3 13- 0- 110
H-Ys - .056  O c - C CTIJ - cc - T 1 3 3 2 2 1 2 1 2 7 cc- I 3 0 - C  S

I - ~c - f  S’i ’ c l I icary :  
- 

V

L ink f c - c c 2 1 u c - c  w _ i c - s  :cc c - .--p -~ c Ic-c d at i c c - _ i c - c - ti 72 1 n - ,, scni t ro l  L’c _ kEc iS Of t - 3-~~C /0 I c - -0 1c - - C f : 2

I ~cc - c -~
- c - - t s - s e  r c -c c - u cs I )  v -s ic :  s e c - c - I  oc c t .  Nods 3 - ‘ I c - - c- Cc vc - : r ( - : i  1 1 c c - i  t \c,c -~ d c - c - ;  - - ::y - c c- sd c-ti

1 220.60 c - c - - s  w hc- re cc- ic node 21 v.’~ - , dc - c - - c - c c ’ s - u c- c- I i c- c - c - s - r i  c-ct ; - - r c - _i ‘~cd 12321,2’ c - c - i c  by c c - c c- ’ 7 -:

Cons - ic ci ;c -- ~ . Cc -, I- , of t ) ’5 c - 1 ’  27 -~nc
_td - _ ’ dcc-~~irn c - c - I :  r : c - _ ic1c -~c - cc - ) wc-c-s-c- 1 -cc--n s - cc - c c - I ou t b y - c c - c - ic 2. 1 c-c

fol io ’.. in” I ,  t c - i c -Ic - s  showing I c c - c c  i c - c- c c - c  h o  n ci ’~t~ t r a f f i c  j rc - c n c - c  tv- ’cc rk  cic-_ c - - c n t ibe d iii f cc - c - -

Si c-CY-/ II. [3

I-RUiI I-c- Is-J O 1 10 ‘Hc- ’ 2
T J c - 2  Ic - S T L I PS n c - i c - ’ . -c RET ti+U UIt- ~E RET c - c c-- S-- i _ i -J c - c-

(~~~~~ ) in:fl1~ TIIDF i c - c - -s 1c c -a r ~
; c nc - c -  J F- E’. J [UI) [c - _ ic -i

0 13 45 1! (1 0 C Ci 13 16 02 00 - 18 49 30 0 0 0 0 9 27
4(10 1(1 43 17 0 CI Ci Ci 11 21
60( 1 6 29 11 0 0 0 ii 6 11 _ -

80(1 13 29 5 0 Ci 0 0 3 5
1000 5 44  4 34 1 41 0 Ci 4
1200 10 29 15 13 3 8 Ci 27 14
1400 12 1 ’ 3 0 Ci 0 Ci 12 4
1600 9 15 8 8 0 8 0 9 6

• 1800 13 25 11 8 0 0 13 13 12

FROF1 NODE 1 TO N0DI~ 3
TI nT 11(1ST L INS NODE Ic -S i  H~ I4 LINE RET HOST NODE
(ms ) TRIl l WIl E TRIl l WO E REJ FIEJ PIJ END END - V

0 17 0 9 9 Ci 0 0 15 - £
200 13 0 0 8 0 0 0 13 Ci
400 11 0 0 8 8 8 0 12 8
600 11 8 0 0 0 Cc 8 B 0
800 12 0 0 8 8 9 0 0 0

1000 9 0 0 8 8 (1 0 8 0
1280 8 0 0 0 1’ 8 23 0 Ci

111-36
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l)C _
~i\ n1)(”i - .0, - ( 1—0 1k -C I / - ‘— ‘0 , 1’ ’7/

I- - c - - c-c- C- I, ,. t- I. ci U
16011 Ci 1- 0 8’ CI C’ 1) r- 0-
1808 Cc U ~ ~c U Ci C- I. CI

ERIc - I l  c - ; : -  c - V 2 TO c - c - c - -  1
T SI1E i .~ I~ c- E l ’ - :  c - H  I l c - c - c -  L c - ’ -~ Ic-E n ic c - - _ - c- _ I ’S

( c - - c-c- I l i T  i c - c - c - c - S  1l’It r c - I c - S n; -
~~~~~~ Fl _ c N J

0 11 (- 13t 20 1’ C U U c -f :  ~5
c - c r c  17 54 77 P (1 0- 0- 18
4 0 c -- J c -  4 c -  rc a cc c-

9 26 21 , Ci _i c- 17 _ic 8 3 9
806 4 14 (_i 0 S C’ 0 13 9

i C I c O  CI 6 13 1 3 0 0 (5 4
1 2 0  11 53 41 2 0 1: Li 11 41
1400 3 14 12 0 - I’ U Ci 3 11
1600 13 17 11 0 1- 0 (1 6 11
3 r c - o c_i 12 24 13 0 cc- i ~c 1 1 15

F~P,Ofl i -2Ic - 2 10 Pc- c - Li 3
TIr -i E I c - i- c - i ’ L1II E n c - c- Ic - ST I - I c -  t i c - S  SI T i- c - c c - c- c- c FOci
( p c - c - )  TiJ1I- T i c -~c - 1 i I c - c - I  T c l ’ c I  I n _ I c - f l  F L_ n I c- El [cdl )

O 13 51 23 Pc 13 13 cc- 3 7  23
213 c c - 3 36 2> 0 P Ii (1 13 20
4013 7 36 15 Ii 13 (3 17 7 37
( S - P P  9 Ci 2 12 0 Cc- 0 is- C
808 13 0 0 39 4 I’ 8 17 0

1000 9 Ci (I 51 16 1- 0- 0 0
1200 c-i 0 13 13 4 13 H C (1
1,_ CO c-c- Cu ~c- 0 0 13 0 1’ 13
16110 C Ci Ci 0 0 0 8 Pc 8 -c
1600 (1 0 0 0 0 0 0 (3 13

FROI1 c- c - a c - c s  3 10 NODE 1
T I M E  i -c - I T L IN E iHi- . i c -F T H - c - S  I I T -  RET Fl- cc - c T c- f l Ic - L

(his ) 1 c - I~
[ Tu RF iI:ic~ s - c - c - cc - c - - R E.J i- - I, ? REJ i c - c -. LI_ i l l

Ci 7 0 (1 Ci C Ci 0 7 0
200 11  8 0 8 0 0 0 3 2  0
40 0 6 Cc- 0 Ci 0 (1 0 c- . 0
600 10 8 (1 0 0 Ci 0 1 0
800 2 8 0 0 5 0 0 Ci 8
1000 Ci Ci 0 0 16 8 0 0 0
12 00 0 Ci 1- 0 9 0 10 0 0
1400 0 0 8 Ci 12 8 3 0 0
1 0 0  8 8 Ci 0 9 0 0 15 0
1800 0 0 0 0 £ 0 9 0 8

F R O M  P( c - Ic -~ 3 10 NODE 2
111W Sc - IT LINE Nc- c- c- - RET ic - . rc -  i INC RET Ic-c - c - S T NODE

( c - p  ,) li-c - Il l T ic - SE T 131 ,O TRIll I-li iILJ 1c-IJ f~~
) [140

0 1/ 51 28 CI C Ii 8 is :--a
200 1) 30 16 0 0 0 Ci 10 16
4 80 12 37 19 Ci Ci 0 9 n , 19
600 15 0 1 15 0 0 0 1’ 9

I -
_
c-. 800 1 Ci 1 47 10 0 (F 8 0

111-37
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( IC . -  1_ i i0 - ’/ 6  - C - ( ’ --0l~ .~~c - /  ~1 , j ’ / /

1, - - - 0 Cc- 0 2r-~ 12 Ic 12~ 15
Cc L ~ 2 ic -  c - c - r ci c

11 _ icc - l i  Ic - Ci 1’ 1 11 (7 1 (7 C
- I c - -  9 1- Ci 7 Ii ~ ‘c -c - c-

_ 
C

4J .  15:it C’1~~ : - -~~~~ : ‘
c- ’1 .U

i c - c - c  tO ~ 5) \&’_ i i l  0, ( i . c - j~ I c - c c -  ~:cc-: J ic - c  -c -Cs - - o r - i c - c _ i c - c c  tn: en- icc  c ont rc t i  n n o _ i c - ,c - s c i , I c - c - _ i c-

n o t , ’ c c - r k  ~i’~s-ci is a f t c - c - c -v n ’ - dc -  s_i c , 5 c- s - i c i c - c - . - r ’ i - c -
~~~ n F c c - c  i c - - c f c -~,c - _ i :c’ i S 7• A I c - - c - k  f a t i c - c -

i,i- t v ’ r - ,- c - c  ncodc: 2 z- n -- ,I 3 \c - ’c - _ i -  ~ c-s - c - c c - c - ; ’ t ’d c - I  ~ c- ’~ ‘ c - c -c- . Thic h i d , Cc- c - i c - j c- ’~ c- I ’ ’ c - c - c c - ’ c - cc - c l : c - -J I c - - c -

netv~or I- , c c - t o  two  h- c - I -s -c - —- , Sir c~o t i c - ;  p c - e t c -e nd p r O t O C O l  v.-oc i ld nc c-,c - i  c - c - i - c - ’  c- c c - c - t ed  ftc ’

dc - scc- r ’ c - s - : ’. i c - c c -, tr c - c - f f i c  fQr n c- C - Sic- -- on c - i - c  o~I c - i 5 _ i c - I c -c- of I c - c - I ;  _ ic - c  - s o c - s- c c - c -  1- - - 1c - - ’ t - r I - ~ c - c - ’ t_ c- (J t :I

CO nt d c - s - c - c - : -  and lc - -o c c - -  c - I  c- : r oc - cr :d the c - c - - ;  c o _ i  k.

f l f c - \ ’ c c ~~i 4
prc cr  I c - I ! c \ c -  1—1 2 — i  3-_ I t

~
— _ 1

V f r a rcc - c-I u me 10
COO: c - :  tio~ 1 -2’
( ( c c c c - ’ l - r t i O r l  2—3
C O n i c - c c liorl 13-1
host 1 i c - 2 _ i  .311 1i3: .33 hI: .33 , c - c .  1 Cl d: ~;c-0
hcc: t 2 h3: .34 hI-. .32 hi: 1313 _ i c - J O  c - hL ’c-)
host 3 h/i: .34 hi Cc - I—I h2; .313 cc - : .1 O d:.bO

. ho .t I hi: .31 1c 21 -. .C,3 h3: .33 r c - c - 1 C c -  d:.50
• mode d- ta error

t race d- ,k: tshow l .c
fai l lint; 2—3 60 11: - - -

• ns - ax c ’ c -~rcs - meq I 2U)OO
ns- c - -c - i cs - f r  c - c c - c - n c - c -  2 i-, c r i f l 3

nc - > c - —c ir-cfn -am eq 3 56000

• rrc a c-dn tun nis -eq L( 2~lOO0
niaxi c rd r l q 1 6 ’ i ( c -c c - O
max ho lcf q 2 61000
r c - c - .s - c - -holdq 3 6/1000
ri-c - c - c -  --holdq 4 61000
nopkti ntc rvzn l 125
x 3000

Rr s ’ c l t - ,

p - -.
1l1—3R~

_ _  - - -~~~~~~
-
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I hie I c - c - I c - c - i _ i -  c - c - I l :  s~_i u I t c - -  5 - c - i c - c - I _ i c - I  (0 ~ i L c - V ~c - L  i c c - c c - c -. f c c - c - I _ i c - n ,  t c - : i ! / c - ’ - ’ c- c- c- c - I - i  2 c-.-c - .c--

at c c -  c - c - c - m i d  c--0-c - I , c c - c - C .  c - s c - - c - - c - -  rd c rc’ c - c c - I i _ i c : - c c  Fc-~- t ~ Ic- c-
V c - c -  we re scs I o c - c - l ) ,  I ; c - cc - -  13 s- cc ’ ;

c - i c - - c- c - - i  cc- si c lc c- , r t  ~IIcr c - c , 1 3 c - c - ,’ ‘ ,c - ;  - ‘ iOOnc c’- c-i c - - c -  c c - c r c - i c - - c - i  i c c - c - c  c r c - c - i t  Icr cc in~c- ‘ - ‘c-

ri-~ cc- s- SO for ic r ’ CiEc -  i c - c - C c -  19 - c - ion I : - c - - n c -  hc~, - c - s - c - ’ c - c -c - -, the c - c - C l , ;  ~~ 1 c - - c - c -c- nol ~c- b l-~ to

Sc - II cc:  ( : c - c -c - i c : ’ c l d  n c-i t i ~ Is -’~- i ’c O L  F cc - - r e ’ - - . - - 13~ , r~~cI -c 1 ~r’ -ti c-~~u c - - t i  I - - - c - c - c -- c - c - c - c c

p~’ - 1, - Is fo r Ic - c -c c-i c- I (see fi~~u c - c - - ‘ l. ~I ‘~~‘ / 1, 11, _ic- n’J t i--s f - f cc - I - c - c- tS  loops d I~ tw een nsc- c-.I. 2 - - c- c- c - i

no de 1. (cc - -s c - c - c - _ i t  b :c  c - c - e r c -’ c - - - c -  f r o nci t i c - c  c - l i _ i c - c - l i - c - - c - i  i c - - bbs _ c- i c r  _- aVy C rc - c t r a f f f t  IcO ic - : ’ ,cc ’ ’ ’ i 1

c - n , - .l 2)

Jr _ i c -c - es of c -H ’ s C~ nI r t , l  ‘c c - ic - rh- ; fcc : I - c - l~~c- : c  Dc C - c l - c - c -

lo exp lrch c- t i c ”  op e r c - c -i dc-c- c-- c of the c rc - o r  det~ c- i c -c - c - n  - r c - - c. c- - d c - c r c , IC_ i- t r a c - c c -  o13 sc- c -  s ial

C c - i c - c  C-i pc - c c - t i- — I- - t i c - at ‘c-c-c - C r c - :  p _ i c - c - s - c - c - r a t e d  ~ c- c - t i  Ia ihnj re ( c - c -  c cnc - r c _-( i v,’cr - c - c -  ftc l b’ r’ bcc - : .
Ic - S c - - . - - S

T I c - c - I  rc l c - c - c - s c  H S 011 1 - c - c - Sc - I ‘Ic - 1 2 3 4 5 6 i c c - c - c - - S c -,
V (TYPE )

7 (9.1137 a c - c - u  ~TL PFT 7(8 2 3 2 3 23 Ic 0 0 Ci C i c - c - C -
‘ / S - 5 . ( 7 9 8  ii: ( iLL ;-  I 7 4 1  3 2 3 c- 23 U (I o c - c - ~c- 1C~
rc-~ s . i c - c fc- c-,T~ C c - I - - - 3  2 3 2 3 2
8 4 5 . 2 _ i F  1 I l c - X  N c - i 74 9 3 2 3 2 2
97 1 .2 05  F- c - F i X  I - I - i ISEc - 2 3 2 7 7
U8O.0 ( - 5  0- 0 11’ l I T  7!,lc 3 2 3 2 2

1100.NcE c - c - si x Pci 748 2 3 2 ~~~~ ‘c-

1110.065 ic -f iX  c - c - IT  ic-_ i S 3 2 3 2 2
• c- - 12~ 5 . i 1 3 1  C-UP [T i c - i l  ‘ c - I ’  2 1 2 0 2 5  8 1 3 0 11 100

122 5 . lc ;J  c - i c - c -  CT LP) :T 1320 -  2 3 2 0 25 0 1 3 0 (7 10(1
1225. 15- 1 Ic - n il CTLP 6 T 1321 2 4 2 0 25 0 1 3 0 U IOU
1235 131 F - I c - I  CTLPI’c- T 1: 32 3 1 3 Ci 25 Ci 1 2 Cl 0 1(30
1235. 12 1 MN CilI’KT ¶ 153 3 2 3 (7 25 9 1 2 Cc- C 1_ i c c-c

c- 123 5 . !F_ i 1 n c - l I  CTL PKT F c c -  3 4 3 0 25 0 1 2 Ci (I 15- 0
lb~- ’1. f c - c- - 9 c - c -~~ C T L P L T  3 c -c 1 7  2 1 2 0 2 7  0 1 3 0 0 101’
162 5 .829 F - r rc  cTL rc i i_ i  IF 2 4 2 U 27 Ci 1 3 8 0 1011

• 16 3 5 .8 29  Il- c-i c CTLP ET 1836 3 1 3 0 27 (1 3 2 0 0 108
1635 . 132 ’ c - [E N CT L PI 1 1837 3 4 3 0 27 Ci 1 2 0 II 1(10

Br ief Sumricury:

Fa ilure v /c c - c - .  s c c - s r c e c . ted c- - I c - - round ‘/dCl-n s. C c - c - c t  rol p c - c c  k e l  c-. immediate c- - ‘ nc - c c - s - c - c

re nc - nc - - c - - I  (I 
~~~ 

c - c -  - 2 5)  w ere  re nt out. Li c - c i .  f c c - H r o wc - c - .  decl~ rrd ~. cc f l c - c - c - , ;  lo te r. I - c - c - c - c -’

j c c - f o r r c - _i dion 
~- c - c 1 c - ’ t s  wer e ‘- - c - h  cut to i n - ’ !  i f  ccn d c -s 2 _ i . c - c -.i node 3 v ;c -_ ic  ;c- ’j -.- :n c by r. - - i c - -  13

111 3~
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i_ V.
Dc-_~/ c - C, ,_i 

~~c- —o ’i — c - c -  c- - - h _ I , - c - ) c- ’c - c- c-c-

c- c - I  c - c - i  m cd:: c- - i C c - I c - :, c - c -  . 1 , .  , o c - c - - c -  ‘c- c - I c c - c -~ 3 c - c - ”  ‘c- - Cl - c - c - c - c -, c- c-, 1 c - t c - I i -, c - c c c -  - c - c - ( - - f c c-~ c--

i c c - f c c : c - c - c - c - H (_ ’ c - c -  pc - c - i- _ s I’ — - , n -  ic ~ 2 d c - c - c c - c c - c -  :t t I c - _ r h i c - i , - c-~~ do- - c - c c  cc - _ i c - -c-i c - c - c -~~i~ ’ (4 ’ ; r’ - ‘ - ‘ ‘ c - c - : ’ ; c - _ i -_ c - -

p_ i c - c - I c -- c - I-c- ( I c -- p c - ’  27) s _ c - c r -  c- - c - - c s -i c - H  c - : c - c - - c - c - c  3 dcc -  c - c - i _ _ i l  t c - c :~t i -  -
c-

-
c- ‘. c - c - c - c - c c- c - c -  c - c - c - - t i

sCc - - p~~t ’ ’ n c - c - d 0cc - c - n c - c - c - c d ,- c c- - c - c - -c- - i n  c - ’ 1 c - c - r c - : -c - c - c - c -’-n nc- 1- c- I - , ‘i c - c -cc - f ’ ’ l l i c - c - - : c c - ’  c-re l c - 1 d ~ c -c - c- ’ - c- c-, , c - c - p Il

n r c - c -c - I — 10 c - c - c - c - c-c- t r c - t d c - c :  Ic -c S i_ i k - c - c - t n . i c - - c -  _ i c : c - - c - cj  c- n I c - c -  bi - -V I C.

I ROIl  I c-- -
~~ 1 i’D c-cc- 2

i 11111 i c - S c - i  L i l - I l  ‘ I i l -c - N i i c - c - i  rc  1 I.
( c - c - c -’,) i c - c - S c - T EF F 11cc- c - _i Ic- c - i c -  Y J  i-I c- F ; c - J c - c -- i c - c - c - c -
0 10 67 35 Ci 0 C 0 1 33

3c - c - 1’ 11 5- 1 7? 0 Cc- 0 1’ 11 7l - c -
( c -,t ic - I c -  41’ 1 Ci (7 (I U 7 IC
c - c - c - U 1 ‘c - F -  3 4 1  2 48 0 11

4 2 7 ’)  Ic - c - I 4 c - c - 2 4 1  (3 7 122
15110 Ic- 2 - 0  1~~ - 31 F- c - s  0 1- 17S
11 c - 1 ’ c - _ i  10 - 443 IN ’- 21 4 7 1 8 2c- ;0
2100 6 3s - 7 J c-5 , 27 4 S~ 0 7 1 5 1
2 1 1 ( 1  1 115 ¶ 3 ( -0 17 Cl (I C c-c-

2700 8 213’, 112 41 8 7c-~ Ci 5 120

c- * I 6011 Il ( ’ [ ’c - I ‘1(1 ! c - I l 5 c - L  3
TI M E i c - Ic - -I c- i_ i c c - c  ? ‘ c -

~~~~ V [CT i I c - i c- (j F ’ ( ,  C l i  lc - 0 - i  NODE
( c - , . ) i c - - c - c -  T c c - 0 ;  

~ :c - r Ic - r, r ( ‘i i 0- l~J c- Li c- c - - c  1. 51’
0 11 P 1 Ci (7 Cc- ~‘c- i c -  (2

360 ~c- rt C U 0 0 0 8 (1
1- Ic- fl 14 C 3 (I C (I Ci 0 1’
900 8 U C Ci 5 43 0 0 1;

1200 2 0 Ci Cl 5 (I 3 Ic- (I
1500 7 0 C 0 4 0 1 II 0
1800 0 8 0 5 2 0 Ci Ci (I
2100 0 8 0 8 18 0 0 0 0
71- 13 cc 0 8 Ci C - 10 0 0 0 0
2700 0 0 0 Ci 7 0 0 1’- 0

FR OII I c - I c c - c _ i  1 TO NODE 4
11111 I _ i c - ’ )  LINE N c - c c - c - F  RET H.N 4 I c -c - F  RET I c - c - c - I 1,1_i c - c - C

( ms ) 16, 1) 1 114111 T i - I c - I  IR RF RU I - F l  I~ I i S c - c- END
6 9 0 a e 8 0 (1 8 8

300 10 8 (I 0 8 0 0 ic - c -  0
60Cc 10 8 0 0 8 0 0 Ci 0
9(10 II- 8 0 8 1 8 0 Ic- 0

1200 2 Ci 0 9 8 0 2 0 0
1500 5 0 8 0 5 8 0 0 8

- 1t~00 Ci 0 0 0 4 0 I Ii 0
2100 2 0 8 8 7 0 0 8 0
7400 1 0 0 3 Jo 8 0 0 8
2786 2 8 8 0 11 9 10 8 8

r c-. [11011 Pc - I - i l l  2 10 1401)1, 1

in — c-
~
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Il- . i~1CH ‘/n ( - f 1 c - ) c -)~~~ ~.
-
~~c- - c -  ~~3

c - _ i _ i  c-, _ . L c - c -- I c c - c - . H_ _ i  ftc- c- i L . . c  c - - c l  i c - _ c - _c- I i - I - _ i .
( c - I  I L - - T n - v T c - ’ c - r’ .- ic - Si  i~~j  l ’ J  1 _ i c c - c -  n c-

- c-

ti 1:- ’ C7 34 cc- 0 0- 1’ 11 7.-c-
3 c c - lii 5/ c - Ic 0 0 0 c- 9 37
c- ‘ c - c - 5 31 24 13 2 F- Ci II -

- S
c - c -pc  c- c- 4 i ic - -  a & - c-c- 4

I2 fc - -i 3 30.1 14 ” c -  c c - 8 21 c-c- 1 i - Ic-c-
I - ~~c-~ 5 1’ — - I’/l) 01? 6 31’ Ci 4 173
1 1 ( 0  5 ~

c - , c- 2: 13 31 13 1 0 4 i c -c -
c - i c - - c - c 3 c - - c -  i -c- -a c - i  4 i H_c
c- - c - c - f l  Ic ‘1 137 71 ic-c- /c - I c-i c-c- c - c -’

c - c c -  - 2 j c - c - c - ’-: 136 44  12 4 3  1’ 2 125

l i ii i c - c - c - _ i _c- . .2 TO c - c - i t _ iC 3
i l l_ i L  140E- T I c - l IE Nc - IOU I l - U i  l i _ i  LIII 271 I c - c - I c - I  i c - c - c - c- ’

C c -  ~) 11 ’  c - I c c - c -  1111cr I~~~c- i-U ic - c - : j  i -li I ’ l l  L I I )
Cc 16 H, c -F - Ci 0 0 (7 7 ? 2 - c-

31- c-’ i c - c-
, c 3  41 0 6 1 0 16 7”)

(- ic - c- ’ 4 1 2 26 3 (1 F (I 1:
9 C c - c -  5 0 I) ( ccc - 13 0 C’ 0 Ci

1 - ’ - - 2 0 2 75 12 cc 2 ~
p (c -_ i ) 1 11 0 0 10 C C, Ci C
I c - c - c  0 (2 0 c-c- JO -C Ci C (c-c
l-c- i c - c - C c -  (I Ct 8 (2 1- II (1 (7 0

0 (1 8 cc 10 1 c-c - (c- (3
27 c c -C (7 0 U 0 8 (7 8 Cc - 4’

i R D _ i! cc - c - c - c -c- 2 10 - ‘ c - f l- C 4
11 . _ iL c - c - c - c G c -  1 , 1 1_ ic - -, - c - I c -c - c _ i  c- c- ICc - S U N  ic - I T 113131 I _ i c - I c -c -

( c - c - - ) 111c c- i-c- Ic -c - T i c - c - i c  1 c - _ i c- IIEJ REJ NC_ n i_ il i c - c ,-
0- 12 4’ 8 0 C 0 0 1 1’

al -a 10 Ci 6 ~c- 0 (7 8 9 P
6 10  9 0 0 0 2 (7 (I 1 0

— 900 0 0 0 43 11 0 0 8 (3
ic - - c - c -  4 0 1 0 9 Ci 7 0 0
P- I c - c -’ 7 (i 1 8 5 0 8 0 (2
1800 2 0 0 0 11 P 1 0 ~2 ) 00  9 0 0 Cc- & 0 0 Ci (c-

c- 2 4 0 0  1 0 Cl 0 13 0 0 8 0
2700 4 0 Ci 0 5 0 6 0 C-

PR oc - n I c - c - ID E 3 TO 1_ ic - r O E 1
T I lIE HOST L i 05 NODE REl H+N i l l _ i _ i l  [1. 1 1-1051 Pc - 1 ’ I c - I
(m n ) 1141W TI c - sr IRQF u _ i r s  R[ . i REJ Ic-E J EPIc - ) c r c - c - )

15 9 0 0 Cl 0 Ci Cc- 9 (7
360 10 0 Ci 0 8 0 4) 9 Ci
COO S 0 8 0 Ci 0 8 1 0
90 (1 8 0 0 0 18 8 0 8 3

1 1—Ic - P 4 8 1 Cc- 9 8 3 Ic- Ci
15(7(1 2 8 1 0 6 0 0 0 0
i,c -c - c - I 11 0 Ci 0 7 Ci 0 0 Ci
2100 3 0 0 0 10 0 0 0 0
24 0 f l  8 0 9 (I 5 0 3 8 (2
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-. 2 7 c c - I c  1 0 0 8 6 Ci 
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Plc- c c - c - c -  n c- - c - c c-: 3 TO I _ i c - _ i - F  2 ,~i i c -  i c - c - c - F  L i _ i _ i; I - _ c -c - c -c - H_T c - i c - c - ’ ,c - NIl c - c - CF - i  1- ’ - :
( c s )  i c - c - c - c c  11’ 151- ’ c c - c - c - -  -

~ I 7-Si 11._ i I c - , . .c- ( 5
cc- i _ i  ( ‘ c- I c - c - I) (I 1’ Ct 17 4 /  - -

3 c - c - I -  1Cc - l~ 44 c-c- Cc- 0-- 0 lO 4- c-
I Bf c 5, 1 2 I’S Ii cc - 11 (3 c-c-

‘c - P c-c - 0 0 c- 75 ic- c - - 0 5 U_i Cc
127- c - _ i I_i Cc- 1 26 3 In 3 13 Ci

0 1- 0 1’ c - - 0 7 0 0
L ’ ;I c- c - c-c- ~ I I- (c- 1- r.
210 0 Cl C 0- 8 5 C C- cc- c-c
2411 ’  (7 0 0 (3 0- Ci (7 C Ci
2 70 13 C P Ic-c- 0 1- Ci I- Cc- 0

160_il l,c - l-IIFc- 3 TO i c - C - i ’  4
i l l _ i c- I _ ic - c - I -I h I- U c - i - I c - I  SET i _ i - n c -  LiNE Ci I - c - c - I c -  I-c- P lc-C
( c-- - ,) i _ i c - I c - c -  1Fc- ’c- — I c _ i c - - F  ic - IF - F c - c - i  n,c- -j  c - l i  i c - c - c  [ c - c - ’

I) .9 (-0 32 C 0 0 (2 I) 31
F- Ic - c- 11 57 2 C c -  0 0 0 (1 11 27
6(70 8 311 2c c - 0 2 (7 Cc- 8 73
900 0 3 3 0 8 Ci 1 0 3

1200 (c-c- 373 I c-c - I 19 7 17 Ic- C 1Cc- i
3 0 - c -  lCd  20 3 24 (7 

~, 197
1800 6 6 7 &c -c- c - - c c - c- 22 Sc- Ci ~c- 7 23 1
2 1 00 c-i 216 112  ~1 c- - I C 7 11?
24(11) 2 126 61 63 i c -_ i 66 1) 1 61
270 0 3 2 4 ( 7 121’ 40 11 42 2 2 126

i’ ll _ic - _ il ~~~~ 4 TO Ic - H_ c - I: I
T I l lS i c - u.’~i LINE ic - C c - i C Ic-El ic- - 1_ i LINE RUT cc - j . c - c - i NODE
(ins ) ic - c - c - c - ’  TR OF i c - c - - c - c - TRill’ 6E ,~ 1_ i EJ RE..c s c - c - c -  E N D

(I 11 0 Cc- B C 0 Ci Cc- 0
3(70 Ic- 0 0 43 0 C 0 9 (I
6150 16 0 II Ci 0 II (1 1 0
900 8 8 8 0 8 0 8 Ci Ci

1200 2 Ci 0 Cl 5 0 6 (r Cl
1500 3 Ci 0 0 5 8 3 (7 Cl
1800 S 8 0 0 6 0 3 0 8
2100 1 8 0 Ci 13 e 0 8 8
2400 0 8 Cl 0 15 Cl 4 8 Cl
2780 2 8 0 8 7 8 8 8 8

[ROll NODE 6 TO NODE 2
I IIIE N c - c - c- I I INU P _ i c - c _ i c - I  RET I-Cc - f _ i LINE RET i c - - I l  NODE
(c-n c-. ) 161W TRIl l IN c - Ic - TRIll REJ RF .J REJ 5:1 INC

8 9 0 0 0 8 8 0 9 9
300 12 0 0 0 0 P 0 11 8
600 4 8 0 Ci 8 8 0 0 Ci
900 13 0 8 0 8 8 Ci 8 Ci

1200 3 8 1- 8 6 Ci 2 8 8
1500 0 0 0 8 5 0 & 0 0

L 1800 0 8 Ci Ci 4 Ci 0 43 8
71 (70 0 8 0 8 8 0 0 C- U
241c c - i  0 0 8 8 7 0 4’ 8 0

iI1~ 4~
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DCA1 OC1 - / b - - -C ’~ c-it I- / - ~/ ~- c- I.c- , J C ,’,•

2701 ’ 0 ii 7 7 4 4 c~ c - c -  (2

I Ic - _ i c - r i  s- ‘ c - c 4 10 I - -  3
-

. 
Ic- liE 4101- i L l c - c - c -  c - c - c - ic -, P0- I c - c - c  ; , l ~ 

c c -  c- c- c- - c - 13  i _ i c - c c - c - i
( c - - ) TI c - i - c - ’  TRIlL i n c - c - I  c c - c . f - c - _ i c - c -  c- n c- c - c - -

1 14 1-4- 7’c - Ci c-c 0 (7 14 21’
300 1 50 30 0 6 0 4) 1- 33
I;U- -3 10 62 11 0 I (7 0 9 11
c - coo 7 52 2 2 -c C’ .-?  I’ C 1

1 c - -_ i c -c-~c- 7 36? I c - _ i c -  F - c -c 3 1 3 c -  0- Ic-I 1 7)
1500 6 374 c - c - c c -  30 7 2.1 1 13
ic - - PC 4 464 c - I -c - c - c - _ i ;  4 6 1 4 :c - 3 1

2111 0 1 222 lu) c- c- c-. 6 59 0 5 i- I c- c -
2407_ i 2 127 03 54 9 Ic - I Ii C Cc - c -
2701_ i 2 232 ( I c - . 50 7 41 0 cc-- 111

I~• L~• ? _ i ;~~~ (,
~CIS~ ~i.;’c- - N1.D

The f n I i c~’c nr - g i - : a dc : t _ i c  fj l p  c - _ i - : --c- to ( Io _ i _ i - c ’ _ i - t rJe the c - - c r  c - c - - c o n t ro  p_ i c - t i c - -c- c - c - I .

f l t c - c t V -c - O c -  c - c -  c c o: c - c i is p~ f~~
c-- : c - ’  c - c - c c - d~~ic- t c -  ~

- c - c - - c - - c -  i- c- c - c - - c - h p -.c - ’ r i  c - c -  f _ i c -:c_ c- nc - -  z~, ’o rc- _i~ c-~ c- ~
c- ,- c --~~

,
~~

- ~ c-

so that t hc- c - i_ i c - ’ t w c c -c- k v ;ot td be d c - ’ , - n c - ’ cc - c tc -- , i l - c o  t WO I 1c- ’ ! c -c- c - C c . f,i co c -,c-c-~ c-cn r ~c - r - c - - c-~ r c - t

‘ pro toc ( rl c- c- c - c ot  ‘ c - c - - p c-: -n c - c - I c - c - cd to c - i,:, c- c- c- ’; d i c - c - conn c - : c t c - o rn  (iii v - i _ i : -  P rni or cc - Uc -  c -c -- c- c - c - c - c -c- i- c - c - c -  -

w hch are r o c - c - c - -c c - - c t r - r t  i c - c  n-~hc- r ~c - c - c - c -  d c - c - c o n n _ i c - ’ : f t : l  f r c ; c - c - c  tho c - c - - c - -i of t hc -~ ic - - c - - t s’. c - c - I c - ) ,  t i c - c - c - c -  c - c

a spec ial c c -c - - n in \:~~ c - c - c -  c- c- d’ :-c- 0: nrc - c - cc  I c - ’ c _ i i  v i c--c- c-c - r c--((c - c- c - r i n d .  ‘T i c- l c r c - ’c- be twr ~en 2 c - nd  3 c - c - n d

the l i n k  be twe c~n I c - cr u d I wer - scheduled to I c - c - c - P c - - n c - c ’  it ( I 3 - -vn at ic- c - I : I ,O nc-c- , ( f i lc ~

SHOW 1 [))

rcewnet ‘1
procnu ic -  I- i 2 — ]  3-1 4-1
co nnc ’c t ion 1 -‘2
connection 2-3
cc nn- ’c  c - Cc - ri 3-4
connrc~iorn /1-i
f r a m e t c n c - ( c -  J O
ho13t I I c - ? :  .34 h3: .33 h/h .33 a c - t O  d:.50
host 2 h3: .3-1 hI: .~~3 hI : .33 _ii:. iO d:,~0
host 3 hI: .31 hi: .3? P2: .33 ~:, 10 cJ:,5O
hos t “~ h i :  .31 1i2: .33 h3 .33 o:,i0 d:.50
n’codn c - Ic - i a error
t r c - c c e  dr - k : ts how I n-I
ail l in t -  ~ ‘3 600mrc-.

fa I l tnn k 4—1 (.c - ( _ i O rc - c- -c-c-
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-c-’- ’ - - - 

- 
- ~~‘ ~~~~ c--
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{ c - . c - /~~iCc -~~
_i - 7 i c - - c ,,-~~Qp~: c- h_ i :1, J 5 7 7

rnua - ’ i ! t i r c - - - - - : c -
~ 1 1,n-c - c - ; I,c.;

i c - c - c - c - x i c c - f r  - c - - c - q  2
fi’c - c - i X I f l i  I C c - i c c - .. c - f  3 51’c-(i)Q

• 
. rn~~x i n u f c -  c- c - c - , c - c -  c-

~ I Lc- CYT --
- - 

i c - c - , >  c- . 1 C, ’~0C3
fl c - c - c -  ~-

, 
c- -i c- - c- - t i c - c - t i

nc- u -c c- c- c - :~ ’ c- 
7 _ i

rn.-c-~.I c - c -  c- _i c- c - _ i 4 6-00 -u
I c - c - c - ; c - k i i c _ i % c - _ i  c-

x 3 0 0

T his is a c- - i. c- ’ c j c - ’ i  C C - c - c -- - ( c - c -  c c - c - c - c o n e - c - c -  c- ;~ c - c -  II-) c c- c-c- I c - r c - !  I _ i c - _i l Ij iturci r - c - c -~~ c - -c -, ; - c - t  c- _ic - r ic- P c- c ”

T he nc - c - ’ l v ’ oc -  c - c -  was ah~:’ to d c - f t - c t  I c - c -c- c i - . - i_ i c - _ i c - c -  c- t j -
~ c c  I - c - ~~a , :c c -c - I c -  S i c - _ i ’- t ,  l’c-~~

c k - c - t c -  (l;c- ’ c-~
c- 7 j , c - )

had henri soul out to ( c - - c c - i  all the ncc-d -c - c - n  the n c - - t - ,- c - - c - - k .  
~c c- :c- n ~c- r,c - _i . c - c - - for f t c - r i -  c - c ’iii~~rc- of

I r a f f c - c  InC c - c - nc - Icc - on the oppos ite c-- ide of the d- c - c - c - c c - c - l c d  n c - - t c c - c - o c -- _ ic )  If rn 
~~~

c- c - c - s e

I r ’c --p onc - -o c - c - c -- s  reccivil ci ton the c _ iun t c -’ c-’c - i c - c c - c -_ c - - c - d c-c- c- nc-c c- I - c -  ‘ n o t _ i d  bc - c- c - c- c- - c - : ! ; - c -  c-ti 1 c - .- n .  A- c c i

i c - re v iou s c - c - c - c -c-c-c- s m l - , f r - c - i c - c - - c - c - c -  w i - re  ci :  c - c,c~ e c-I at c - c c - c - c _ i c - c d  17 ’2 i c -  m r .. c- - c - - c - c -  “2fl c- c c - c - - c - d c - i

p c - i c l c - r c - t c - c  ( t y c - c - c -c- - 25) werr- sent out. A c - t i c - c  c - c - uO _i~~~
c-
~c- ( tt ’ c - c - d c - c - f ault r r c - :- - ‘ P c - c - c l  t c - c c -  c-c- dcii ( ic - c -

- c- receiv ing respo nse for P1- pc - - 25 con utro! packets), c - c -  c - c - c - _ i _ i _ i c -  rec o i n no pos iii c - c -  cc~ c- - c-

for the control packe tc ; , c- cc - c - c c - c - c - c -  1 decidcd that node I Vc - ’ o c -; down and rode 2 ck- c icc - le d I l o t

node 3 V // c - ’. down and vice versa and they sc-nt out control roc ket  (nc - n d c - c -  d-o -~,’n

informa tion) to their ncti c-, t c - b o r s .

Traces of L~i-~i2~~ 
Cont,cd Packot ic- for Fr c-~ i c - r c- Dcc - t c c l i c , n

To ex plain the operation of the error detection procedure , tho t race of c-c- pedal

contro l packets that wore generated when- u failure occurred we re Ic - led.  (f ile SItiu’~V i.D)
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[ c - - ~ f i i O O - ’/( ,  C 0OP~ rc- - c - ,: , ‘ c- i~~77

1 I _ i c -  871 ic - c - c - _ i  ( c -  T i c - c - c - F t  SI-i c- P 1 2 c-c- ‘c i--c- 4 - I ~c-~c - c - i c --
C T c - I l _ i

710.0:6 c rc - - c - CTI, F’i l C~ -~c- 1 4 ;‘~ I’ I. Ci I~~c- ’
7 / c - c - . r c - c -’) c- NI CTlu - i d c - c -  4 ‘- ‘ ~c-: p ti is i c _c - p
72 1.01 c c - (- 71: CT L c - c - 1  ( c - / c -  2 3 2 3 23 Ci C 1 4) 0 n - ~ c-
/ c - c - c - . c-- c-c (c - ri ) c - c - -  . 1  c-c- c - c - c- c c - l I  .c - c - I, I’ c - c Cc- 43 n c - c - c -
5 ) 1 — c - 3 0  FE / I  C c -  c- c-- I-c- 1 4 1 c-c- 1
64 5 ,4 (7 P c - I F -  c - _ i t 0 72  :- c- - 3 2
(cc - Ic- I _ i - c- c - i c -  - c - CT N/b 2 c-I 2 3 7
i-c r c -~ c -s Fc - L T C _ i’c - : f C c - c -  2
9 1 1 . 3 - c - c -  i c - t- ,c - x t c - . r  0/ 2 3 2 3 2 2
9 1 c - C i . L. 3  [ F IX N T  - C c -Ic - 2 3 2 3 2
9E _ ic - c . Cc - c - S  It c- Y PKT i c - i _ i c -  2 1’ 2 3 3 -

98 1 . 7 - c - ’ )  c - - c - c - T x  P c - I  c - / c -  4 1. 4 1 Ic- -

i l _ i  _ i c . lc-ic- 3 c-c - c - T X  r-i i cc-c- i c- 4 2
f l1 c - ’c - . 0 U 3  I c - c - c -  (‘CT ‘/2 3 2 3 2 7
i i i e . c -  c-c- i E i\  I T  L / _ i  4 1 4 1 7
i - i c c - . Pc - S c - c - c - TX 1-i I c - > b  2 3 c- c - 3
1 2 1 3 . 4 _ ic- c-_i c - -Ill C T I C I . T  lc-7 I C I Ci 75 c-c- 1 4 0 0 100
1213 . 4134  CJl( CT I f -( T c-l- - -8  1 3 1  C - I S  c c - 7 4 4 ) 4 :  102
1213. / -64 S N  0,111- - I 1149 1 /c- 1 0 c - _ i c -  0 1 1- Ci 0 11)
122 3.0)0 c - - r d  I T I P T  F- c--I’ 1 2 1 2 2(7 (3 1 c-’ 9 (3
1234. 1-4- c - ’ (c - i c - C c - f _ i c - iT (c- Ic- ? 3 1 3 c c - /F - 11 1 2 1 (1 Ic-c -c-
1 c-c- c-’c - c - . tc -? u r,c-: r- : CTLP I-T Nc- c- ; 3 2 3 4 : : -  Ic- 1 1- 1’ 0 1/c-
1 2 7/ c- . Cc- c - c - c O c - Pc - C i t r I c- fc- c- - c-3 3 4 3 0 c - c - ’  4: 1 2 11 4) c - c - - c-
1240.C ’ ) c - i  c-c-- c- c- c lSF -_i c - 1 1 3 3 4 1 4  (3 ,- c - - ( 1 1 1 0 1 3  J c - i c - _ i

124 0 . 17 / -  C-Er _ i  c - r i _ i c -i Cc - , 4 2 4 11 c - -c - c - 41 1 1 0 1 11-c - _i
- 1 2 c - k . c - : - . ( c - c - c -  C c - _ i_ I c - I c- I 6 ;;c-~ 4 3 4 C ;-c - e 1 1 1’ In 104:

1 2 4 0 . 7 - - c - c - F,EC C ’ H l i T  0 - 5 3 4 3 / 2 3 0 5  c - c o
1,_ic- _i 7 12161 7- /1 2 1 2 Cc - c - I c -  0 1 3 6 0 1_ i - _ill

12 4 4 . . ’ c -  C c - P _ i  C1N ’c - - T  / 7/  2 3 2 C_i c - - c - 7 1 3 0 Cr 10 - c - c -
1244 .121 C E U C I i . c - ’ I T - ‘ )c - - 3 2 4 2  Cc- c- ’ ) Cc- 1 3 4 : 0  J c - 0 -
ic-” c - o c -  c- - c - ( i c  CIi. PFIT Il~ 1 2 1 2 1 I - c - 0 1 3 7 0
12c - c - 4 c- . c - 0c - c -  c - c - c - c  Cc - c - . r c - I  f- - S  4 3 4 n 2’) ‘1 1 1 Cc Ci

~c - c - j 3 . c -c- c - - - ’, C- I c - I  [ 1 _ i c c -- I 1c-- 2 1 2 1 0 7 1  0 1 1c- 4) cc- . 100
161 3. 11c c - c - c -  C c - N  C I Sc - i- i i c - ’ ) 3  1 3 1 4 ) 2 7  0 1 4 (7 1 b c - c
1621.971 ic- Ic- CT I P1T 1 -1- 2 1 2 1 2 27 (1 1 4 Ci 43
163 5.17.3 60- N CT LP K 1 2 C c - i - C  3 1 3 0 27 Ci 1 7 C 0 141 8
1635 . 183 c-Cc - i  CT IPiJ C c - I ?  3 4 3 0 27 0 1 2 0 11 17- 17
104 (7. c c c - ,: Sc- c - f 715Cc -I 2023 4 2 4 17 21 0 1 1 0 0 100
1640. c c-_i- c - c - c - i  CT I ‘i I 2 C c - c - c -  4 3 4 0 21 0 1 J Ii (1 100
1660. 103 I~c- C 7 1504 _ iT 201/ 3 4 3 6 27 0 1 2 4) 8
ic’ 1.78 1 ‘CC 71504:1 2C c - c- c-S 4 3 4 c- 77 0 1 1 43 0
16~S .19O GU N CT IPIc- l 2058 2 1 2 (7 27 (3 1 3 0 11 1(70
1651.317 REC C1LP~/T 205 8 2 1 2 1 27 8 1 3 (3 0

F3rief summary :

Link failures were su’-pe ctcd at around 72 0 rc c - - ,c- control  ac L c - t c - -  of 1 y c - c - c - -  23

(immediate c - c -  ‘ - p ’ ’ -—nc - e request) were c-- c - -nt out. Link f a c ! u ’ - e  c - V / S  d oc - -~- I i’d P110 cc - c - c- i c - c - I r c - r

-
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_i i - .’ , ~‘ c - , i c - c - c - c -

c - i c - c -cc cc - L-CLT I I ; c - O c -  c c - c - c - c - c - - c - _ i c  c- - c  ~ c - c - 6 c  I . )  c- . c - c -~ -~c - - n~ c - - c -I. c-~ c c ~ ’r c- c - c - ’ _ i-~ ~cr 40c-c - c -  c - c o

( i c - c - ’  ( _ i  c - i c - c d P c - c - c - ;  - c - c - c - f  In’  r c - -~.ii- -,c Pc c -  f ,’ o ’ : ; i u i - c - - c- I c - _ i c c - c -  C c - c - , ’ t I c - c ?Pc- c - c - - I - L7 , 1M, ot c - c -  c -c

rc- oc -7c’-. v ’ c _ i  ~ d,c- c- Id:- c -, te I — c - - c c , c - , c- - 
c- _ i c  cc - c- - c - I - .- c c - c c - - t c - : : c -  c - c -c -  - c - c c - c - -  : 2 .  - c c

i n 1o rc - , , : c -~ c - - c - c - c -  ( iy5c - cc- ‘/ )  \‘,c-~~ c - c -  -c -~ c - c - c -  ~‘t ‘- c - - c -c - c  :c-o 0 c c - c - i c - c - ’  c - c  :~~ c - _ i~~~~ c--~~~ 
\c -~ c- c - :c-,- c - I c - - c- ’. ’ . i c - -c -

f c - :Hcc - - .’,c - i _ i R ic - c- I C c - c - c - - c -c-cc- c c - l i - c-c-c c - c - c - ’. ’ ‘ - c- c c- ’ c I r c - -  c - I c nc-Ic- c - c -  t r . c- 7 ; c - c -  f n c - i  . c - - ’c - - i- C r e ~~2c!

51 11- c- c - i l  . rc-

( Ic - c - c - c -C c - _ i c- c - c - c-c-~ I Ic - c - c - c - C c - c - c - ~
T i c - c - c hOc -/ i L ] c - c c -  i - c - D c - c - C  P c - c  c - c - f  L I- c- I c - _ c - c -  c - c - c - ST  P c - I c - I

( c - c - c -~ .)  i c - C c - c - F  1 _ i c c -  c - c  c-
~ li-_ i c - i i.c- .J P[J I C . . C c - 7  i c - c - i

0 iCc - 72 341 Ci cc- e 0 13 c-I _ i_ i
3 _ i c - 3 11 17 28 0 C I’ I. Ii c - c -
( c - c - c -c- 8 36 3 Ci 1 8 13 0. 1 ’,
(c - c - c ’  2 68 3 c-c- c - c - 5 (1 (3 Ic

c-I 1207 2 33’)  1/c- b c - c -  -j 41 2 ic - c - -
i c - - c - c -  c- 2 1  i c - i  c- Ic- 2 24 7 1 14 /
1804: 12 Ic - c - 8 4) 17 0 C 11 C
740c-- 11 20 9 7 ( 4) 7’ ii S
241 ’ >  16- 32 14 Ci c- (3 0 18 1”
2 / P / c -  1(1 i_ i  Ii (7 c-i 1- 0 10 6

r~~c- - c - c -  - 1 ic c - I . : 3
T I C .  c - c - c -c- i c - i c - c  - 

- pri c - ’ :  L I r E  c - C T  - - c- ic - C c -_ic- S
n c - - c - )  ‘iI/ c- i~ ic - c - ic-f - c - c -c-Ic- c- i c - ” _ i ’  1- 73 1~i~J I L  c- [ ic - Ic- [1c - c-

o j i, ~ ~ 
p ~ 

p ] 5 c-_i
3_ i c ; ’  8 0 c-c- C (3 0 Cc- 8 (1
6 0  14 17 P 0 0 (3 7- 0 ~
900 6 0 13 Ci 2 0 4) 0 0

12cc - In 4 (3 1 0 133 13 4 0 0
10cc - P 4) 0 1 0 4 0 7 0 0
1808 8 0 (3 P (3 0 Ii 8 8
210 (3 0 Ci 8 8 C 8 Cc- 0 8

• 24(10 8 (3 8 0 4) Ci 0 0 4)
27013 Ci 8 8 8 Ci 0 4) 8 4)

• FRtill N O E F I  I TO I _ ic - c - c - c -  4
TIME HOST LINE P/ c - c - I c r  RET I c - c - N  L INE RET ic - c - c - ;i NODE
Cr - :. ) lR flF 11111 TI/PC TRAF REJ REJ Ic-i I [N-Ic END

O 9 39 18 B 0 8 0 9 ICc -
308 18 40 21 0 8 0 Ii 10 21
600 11 41 2 17 0 (3 8 8 0
900 7 0 1 4 9 6 B 0 0 8

1200 4 8 1 20 7 13 2 0 0
15 0 c c - 8 0 0 8 3 0 14 0 0
1800 8 0 0 8 0 0 43 Cl 0
2100 8 8 0 e icc-c- 0 0 0 8
2400 B 8 0 13 0 0 8 0 B
270 17 (3 8 8 0 8 0 8 8 8

Ill- ’I&- 

~ ‘~~~‘ ) c- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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- ‘,., ~~
c- .c-c- .

~
..c - c - ’~y ’ ’  c- ‘ - .  

- 

I

11 c-/\~ (c-j c-’c- ‘/1c-  ~3 - - c - - ’ I c -c-
c- ’. c- c - c -  ) P I c -’7

ic - c -c nc- c -c- .. - c - c - -L

I IIIE i _ i c - j c- L c - _ i c -’. N c - c- _i c- _ ic - I. 1~ ic - N [ i S _ i  r-oi i c - Pc - C T Ic - c - c -c - c -C
( c c - c - c -c - )  i c - c - c -c - i c - c - c - i  c c - - - T i c - c - c -  RU r.c - c- ,i rc,i c - - s  r c - c - c -

O 1/ ‘/0 3/ 13 0 0 (1 17 cc - _ i
300 IC c - c - a c-c c-c- 7 C- 4: 0 9 ic- c-_i

- - i c - I / c -  c- c-  35 24 C- 1’ 15 Ci U 24
c-c- c-c- (3 7 0 -9

12013  3 ? c - c- c -- 7 7 7  1/ 3 c-’ Ci 7 i/ / c
I c - c - - c -  ~ (‘ ‘c - i  ic -c - _ i _ i 18 4 c-_ ic- I Cc- Ec- c - - c - c -
l; OP 2 20 ii C’ c c - c-c- Cc- 41 1.’
c - i c - c - f l  1’ 217 13 Cc- 13 11 Ci 7 i c-c-
2 c-c-- 2 11 31 20 Cc 0 0- 0 Ic - 1~c-c- c- 0_ ic - icc- 17 1 0 ic- Cc- 4- 41 Ic- 11

1- c- _ ic - il i c - D c - c - C 2 10 c- c - f l  Ic
1 1 _ i c  HO SI  U S:. Pc - O IL c - n  _ iic - _ i c -  L I _ i . - [CT (( 0cc - i  (: 1- C c-c-
( L c - c -’) 111_ill IC c -C _ic- 151(7’ c- C c - c - F FIEJ ic-C .1 F_ iL_I E c-~ c -- c - C
0 1 0 /~ 27 Ci cc- ic- Cc- 7 c - C

300 14 ‘2 20 (3 13 Cc- (I jc - -  1-c-
660 7 4: 2 16 Cc c- c - Ci 1,_i (3
Ic - c - _ i D 1 (I 1 /4 8 _i3 (3 7c- (3

1c - c - f l ?  4 II 1 32 11 Cc - 2 0 I’)

1( 0 0  (1 13 Ii (3 3 C. 6 Cc 0
I7F00 0 33 0 (3 (c-c- Cc- (3 {c- c-c-!

8 c-c- 0 Cc 0 0 Cl C U
74 00  Ci c- c -  U It El Ci u 0 11

(I 0 0 c- c - (3 0 (c 0 c-c-

i c - - c - c - c - c - c -  ( i C c - c - St  2 CI) _ i c - c - 7 i 5  I,

l i _ i c - C I I C S c -  c- Ic - -c - C r c - O _ i c - c -  c - c - -I H c - c - i  L IP _ i l  RET ilill - ‘cl_ i
C c - ’ ; :)  ‘1 SIc-li i _ i c - I c - c -  11.1 ._ i TRi ll REJ ic - i ,i ic - EJ [ I c - c- F - I c - c -

C 12 c- c- Cc- Cc 8 0 (i 12 (3
3c c- c- c-c- 10 1’ 0 (3 Cc 0 8 9 Ci
600 ICc- Ci 8 0 8 (I 4) (1 8
c - c - co  1 Ci 0 (I 5 0 13 (1 8

3 20 8  1 Cc 1 0 9 Cc- 7 (3 8
1600 1 0 Ci 0 2 0 6 0 4)
180(1 4) 0 0 4) 0 Ci Ci 0 4)
: 100  0 Ci (7 8 8 C 0 (3 0
240 0 8 0 8 0 -  8 0 0 0 4)

• 2700 8 0 8 0 0 13 8 4) Ci

FRO M PIOI _ iE 3 TO NODE 1
• TIM E HOST LI c - c -c- . HOc-lU ic- ri Ic - c - _ i c  1,INI P -c - FT (-(031 Ic -- c - CC

( c - r -,) TR ill T i c - c - i  IRIIF ic - c - _ i c - F REJ Fc - E J CEJ END END
0 9 Ci 13 0 8 I) Ci 9 (1

30(3 18 8 0 0 0 0 0 9 0
600 6 8 13 6 B 0 0 1 0
900 11 0 0 0 4 41 13 0 0

174 )0 0 8 1 (1 2 (1 3 0 0
i c - c - C O (3 (3 1 8 7 Cc- 5 (3 0
1 Cc - I c - Cl 0 0 0 0 0 0 0 (3 Cc-
2 100 0 0 8 0 0 0 0 4) 0
2400  0 (7 0 Cc 8 0 0 8 0
27 08 0 0 13 0 0 (3 0 8 c-c-

p Ic--
c-c-

111-47
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—‘~~~~~~~~~~~

* 

i c - c - / c - l i - / C - - C - ( c - c - Y --~ . c- . c- c- ~ c c -  ~~
c - c - c - 2

c - c - c - c l .  c-~- , i c -  c-cc- 11) nc- c c - c - -,
T I _ i : _  c- -~ c - - i  i i - C ’ i- c - - c - c - c - - c - I c- c- c - c - c- _i c -

~~i c - _ i c c - ,
( c c - c - c- ; )  I c - c - c -  c c - c - i c -  i c - -c - _ic - c- 1 -c -l ’C ( c - I ~J c-~~c- i c - c - _ i c - i-c - c-

Cl fl 47 23 cc-c- II C) C- 17 27
3 _ i c - f l  i c - c- 65 2-4 U 0 Cc- C -  25
i - c - i c -  (3 1 7 14 fc - C’ Ii c- c- Cc-
D c - c - c - c -  C- ci 1- - .2 6 0 0 U C

i c - CO 3 Cc- I 3 1 I- I_ i 3 4: (1
Ic - - Pc - I  1 (3 i c - c - 33 5 c- c- 2 0 1)
ic -c - o c - c -  ‘- c-i c-c- Cc - (1 C 13 u C-
c - I Q c - c -  (3 4: c-c- Cc- 1. C (3 Ic-’ C

2(c- c- .c -D 1’ C) (I 0 0 c - c - 0 U (7
2 70 0 0 0 7- 0 (3 Cc- (3 13

ic - c - P _ i -_ i  c-c - c - ic - c - c - c - 3 10 711 c c -c - I -

T I M E  ic- ic- . I C l _ i - IS Ic - C c - c c- Ic- FT Ill!’ 7 _ i c - c - E 1_i c-I F i _ i c - c- I c - c - - n:
C - c - c - c ) ic - / i l •_i _ic-~c - c -  u - c - n (1.- i  Pc- i  i c - c - c - F _ i c - . i  7 _ i _ i_ i c -  i c-c - I )

8 9 22 14 C- 8 7- Cc Ii 73
300 i.: 17 c- c- Cc- 0 0 C- 11 6
600 c - _ i 1~ 12 C- 8 0 Ci F I c - c-
r c - c - c -  3 1_ic- 4 1 3 c-c- 0 3 C

c- 1201) 3 426 i c - - c -  16 8 0 (1 3 192
9 256 11c - 1  12 1 31 Ci i c - c -  1 - _ i l

18013 11 233 F- (3 0 Cc (I 7 _ i - ’ S
c- h O  9 c - - s 17 0 (Ic- I C C- 17
2 (_ i _ i0 II; 25 11 1’ 1, Cc (3 I c - c - 11
2700 9 Cc c - 1,1 o a u a c-c- ii

i Ic c - cM i .c - c -c - c - (~ 4 TI) ic - Cc-RE I
TI M E c c - c - c -  L I - _ i .  ic - Pc - c -C ic - cr i _ i c - c - _ i  L I _ i c - C  Ic - C T HO/I i c - _ ic - - c -c
( c - c - cc - )  Ti c - c - i i c - c - O F Icc - c - c - i i c - - c - c - SF3 Ic- li SF3 I c - c - c - ) Cc - ID
0 11 36 21 33 Ci Ci 8 9 18

300 9 42 19 Cl 0 0 0 10 2 1
600 1’ Ci 2 14 (Ic- C 13 Ci (3
900 1’ 8 0 63 5 0 (3 0 8

17170 4 8 3. 35 4 0 5 0 (3
1503 1 (3 Ci 0 2 0 S 0 Ci
1800 0 Ci U Cc 0 8 0 (c- 8

• 21 0(3 0 0 8 Ci Ci 8 Ci Cl (3
24(3 0 0 0 8 4) 0 Cl 0 8 Ci
2700 8 0 Ci 8 0 0 Ci 0 Cl

• FROM NODE 4 TO c - O O E 2
TIM E 1(091 L Il1E I-~ODE r~ i H4N [ INC FIT i c - - c - - c -  iDlE

L 

(Ir,s) TRIW 151W TR(W 151(1 SF3 1-03 SF3 C c - c - fl END
0 9 Ci 8 0 0 0 0 9 0

300 12 0 0 0 0 0 8 11 Cl
6 330 6 0 0 41 0 8 8 0 8
900 3 0 0 8 8 0 0 0 8

1700 0 8 1 0 5 0 3 0 0
l i - c - CO 8 8 1 0 3 1 8
18130 8 0 0 0 8 0 0 Ii 8
2 100 Ci 8 (I (1 0 8 0 Ci 0
2408 8 (3 0 (3 8 II I Cc- 0
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c-~~~ ,

~~~~-, -c-a

D~~A 1 00 - - ; ‘c - c - - c- oo~ ic- H .c - , ‘ c-c- I ~7?

2/Cc - I  13 0 0 Cc U L~ tj ~ I

[ROll r u _ i c - c -- . ~ Ic - c - c - c - ic - c - C 3
T I M E  i c - c - c - c - I  L I _ i - _ i _ i c -  I c - c - - c - c - c -  i c - - i i c - c - _ i _ i  1_ i_ i-c - c - , ( E l  c - cc - c - c - c -i ‘- C c - I L
( c - c - _ c - c -) I c -  Ic-

V Ii r_i~ T c - C c -’c- I c - c - O r  0 _ i~~c- c - Ic -  (-‘ii c - c -c - c - c - _ i c-)
(7 i c -c -  1-7 i-i 8 0 Ic- Ci 1- i S

3013 Cc- 17 11 Cc- 17 U 13 S 17
( - Dc - c - 113 10 i_ i _ i  I) 0 Ii C I c - c -  i c - c -
9 _ i c - c - c - c  2 8 c -c- Ii 8 Cc - 0 Ic- 5

i c - c - c -_ic - 4 17 - ’?  c - c - c - -  13 U, Cc- Ci I ~~~- ‘

11-00 3 283 12~ 12 c-c - 13 ii (3 i c C )  
-i 8 21 i _ i c -  (3 (c- Cc- 0 Cc- 13

21033 15 75 IC 0 Ci C 8 (3 10
Ic- C C- U 10 25 c-~ 8 17 C 0 0 16
2700 10 20 0 0 0 Ci 0 11 S

4 5  T~.c - ( c - c --c-
~~~

c-,-c - ~~~

4: The f c - I i c c - - c - i n g  is a dc - c - t c - c -  f i le c - c - s _ i ’ d  to c c - - c - i c -c - a _ i c - - c -h c - h :  0- c- c c -_ i ror c c c - c - t c - c c -  c - c -  ~ c - c c - _ ij c - - : c - cc- f th c - c-

netwo rk c- c-,c-
~~~c - c - c -  a icod f c c - c - c - c - c - c - s  o c .cic - c -~- . 1 c-c n c - e t c -c- c - c - c -c- Ic - c-c- a 0 c - r~~c i- c - c c - J ’~ c - c - nc tv :cc- c- c- c- c-.c- ; i c - c - c -  Ii i c - c -

f ull y conc-’c - c - c c-c - c d as C - h o c - c - c - c - c -  in f n~ ure  1c- c-c- Nod- c- 3 vc--: - - fa ilure Cci  c - c - : c-* c - c-~- c -~ at ( c - ’ c-,I 5/ : c - c - c - c -  ( f f t

S~ 
c - u )Vc /? )

N i Vc-’i-~C 3
F’ i/ _ ic - c -~c I 1— J :-~ — I c-c-~ J
F / c -.OC - : i 1 c - c --c -c- 10
Cc-0 - !c - c - ; T _ i~_ ir-J o 1- (C

• CONO: C1j ~C _ i J~ 1-3
CONI-J[ C— c- i c - 0 rc - i 0  2 3
HOST 1 1-1 2:0.50
HOST I H 3:0.50
HOST 1 A: 010 D:0.50
HOST 2 I-I 1 :0.50
HOST 2 H 3:0 50

• 1 10S f 2 A: 0.10 D:0.50
IIOSI 3 ( 11:0 50
1-lOST 3 II 2:0.50
HOST 3 A: 0.10 D:0.50
TRACI D S c - - c - c t c -- how?
1 all Nc- c - _ i c -- 3 600.0
iJ_ i i c - c -  I)K I l i l T  1 1c-c-VAL 1 25
(c-i <( K)l DO I 1~.~c - c - _ i 0 0

Ic- F c-ic- i 11 Dc-) 2 1 ?c-c -000
(--A/c- \ c - i c -  cc - c - c -) 3 1 20000

~
, - 

c- -~- r - ~~~
c - c -  - p~~p c-t c Q  I — c -I - c - Ti - h)

If ~c- c-
- F _ i c - -c- : Q ? c - c - c- 0c- ) ( )

-

~ 

— - _---‘ ‘ - - -__  -,‘c--”-.-.~- -
c-_ -— ‘~~ - - - ~~~~ -,. -,‘-~-- -.~~~ --- — _

~~~~~
.‘ - _ ~~---

-,-~~~~----~~~~-
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c-.c-c-
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c - c - c -

~~~~~~~~~~~~ 

l - c- c - l O O — 7 6 - I c-, - 0 c - c - 0 c - T~ i c - _ i c -.,- c - c - c - i c c -  , c -7

I c -a c-o r , u

~ l c - a  c c - ,  c - w c - c - c -f’ . c c - c -- c-I is f c c -  c - c - s c c - c -~ a- -, i c - c - - c -  
~

c-c- n. ‘ c - c - :  f~~~c- c- _i~~
’c- c - i l . Ic - ) a c - c - d  c - . c - c - c c c  i c c - I - . c - _ i ,—

c c - c - c - .~~ - f c - c - c - l c - c r r ’  - I c - t c - c - c - I, c - r  l Ic - c - c - I’. c - ,~~I c - ec -~, t _ i~ I _ i c -  c- C c - cc - c - c -c-c - a ’ -; c - - ’ r c - : -~~~~ c - r c --c- c - i c -- r  ( c - c - . A~ 
- h ci

Ii c c - _ i c - c -  ic - i c ( c - c - ! (  c: ; c - 1 c - o _ i c -  f ri’: c - - c- O c - i c - ; c- - c-c - - c - c - _ i  - c - c- 111(l”c- fc - c - c - t _ i c - c - ’cc-- I - c . _ i ’. c - -c ’-:c - 2 to 3 and I c - c - c -  3

w c c -  c d c - c - c o c c i  - P at c - c - bc - c - c - c t  l ?2~; c - c -c - _i c c - c - i c -P 3 2- c -c - b _ i c - c - -c- t C ”c-p e C t c - c -” c -I / . Fat c - c - - c - c - I c - -  2 , 1 d s c - ’)\ :cc - r( : J

iL dic -c-co nr i c - r i c a n  at 1 20~ c - c - c- c- - , tc-
~ c-yL ’  ( c - - c - _ i - c - c -i’ c - c - f  node 3 c - c -- ’c -~ - di s c o - c - c c - c - P a f le r  n - c -  C -c - c - 3

1-c - c - c- ch- lnfor r . c- , f -c ’ rc  c.ont~ c!  c - - c _ i c - c t :  L c - r _ i ,’.- c -  c- - c - c -  c - _ i c - dc - c  2 ac- c - P 1 . _ A c- c- in t I c - c -  ; c - _ i r - v i o c - c s  c- 
~~c- I c - c - p

- Ic -c - I  - c - c -  i cc -c- r Oc - ih c - c - ;  H 3, cc - r ithrc ’c hc- c ,i c _ i c - c - r~~c’P iC c- c-c- route of p c - c -, ; c - c - t s  f rom i c - c c - d c - -  1 to I’c Uc- c- -I - 3c- to

pac - c - c - throug h nc - cc - dc 2 b c - c - f c c - c - c -  c - i c - c c- or Icoc c-c - c - f c-c-P l c - c r~c was  ( c - c - - -:’ t c - c - d. Ti c - c : c- c -c- c - c - c - i ic-c- ri c - c - c c - c -  1 _ i  c - c - c -c- c-

~, 1 c - c - c -  i rc - c - - c- c- c -_ iic - ,€c-c- i c - c -  ic - cc -c t r z c - t c - i c  1’ : t - .- c- c - - c - c - n  1 c - c - c - c - -~i c- c - t c - c i : c - c - c - c -  C I c -~c - c - -  I i-? c _ i — c - _ i c _ i - c -c- -a l  I C c - I c - c -’ - - to

1 ‘c - 0 3 1(c- (c - c - c - c -~ c c - c-:. c- r c - c - c - c - a c - c - L c - d  ~~_i c - c - p c - i c - - ).

Traces of I- . ’ c - c - c - c -  Contro l P c - _ i c - C c - I c -- I - cr C - c - c - c - c - : -  a D c - I c c - c - c - I c c - _ i

c- To explai n 1 _ i c- operat ion of l i-cc- _ i ’ rro l c f t ’ t - - c t c - o n  p c — c - c - dc - c - c - - c, th’~ I c - c -c - c e  of s _ i c - c c -  c - c - i

contro l packets t i c - c - _ it were bcn era tcd  vc- c - l ien failure oc-: c _ i c - c c -  c-id werc c -  i c - c - c c - i  Ic-c-dc- ’.c-i. (I i_ ic

St C IV?)

• note: Unimportant portions of control Isc ’ssage ic- c- c! i c - c - rn  I r u _ i c - c  c - c - ted ( i c - c - - c - c - c - c - - c - cc -c

contents <ms~ 1> <msg2> ....<rcc -sp G>), :j nc - rc -  t I c - c - cy are no t n c - c - - c r c - - c - c - c r y  fc c -c - - t i c - c  understand c-’g

of the pro tocol.

4’ 111111 f lCT ION ri T On On c-n Rn TYP E
1. 7 1 8 . 2 1 2  c -- c -  ii CTL ~ L T  66 7 ~ 3 2 3 c - c -
2. 7213.1-c - ;? GEM CT LP( I T 4 4 1  3 1 3 1 23
3. 720 .171-7 7 - c - _ i c -  CII c - _ i I 4 69 3 2 3 2 23
4 .  73 13 . 1- ’ ; -  6110 C I t _ i c - i  4 51 1 3 1 3 23
5. 848. 1c c - i i c - s i x  P1 . 1 44 7  2 3 2 3
6 . 8 S 0 . 1 3 - 2  i - c - i c -  I’l l 4 4 8 3 1 3 1
7. 850.037 F , [ T C  PL T i _ i D  3 2 3 2
8. 86 0. 1’ - ? n i x  1 ( 1  4 i - 1 1 3 1 3
9 . 9P1( , J c - ’fl I ITX P3 I ‘- C ’  3 3 2 ‘c-

— — . 10. D3 c- cc - c - 600 I -c -  IX I~ 1 468 3 1 3 1
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- c - (c - ( c c - 7 f  1k, .’ 0Cc- c- ~c - 7  7

i t.  c - c -_ i  c - c - ;  ,, _ i c ’ V c - _ i , ;  c - -~ c-c- 3 c- c -
1/c- . J ic - , c - c - c - -  P E 1 X  c - c - c -  c- c - c - c- ’ 3 7 2 c-_i
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- 
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c - c - b _i c - _ i c -— c - c c - C _ ic-c- c- c r -c - - i  t ic - - c - t i — c - _ i -  c - _ i c - c - _ i c ,, c - c - f (c - _ i < p U r _ i c - c -  c c - c - I  - c - c -c - C r i _ i c - c -  c - c - c - i c -  c- c - c - c - c - Jo 3 I c - c- v _ i c  c-
c- 3 I _ i c - c -c - _ i c - -

:c - t or~~c-c - : c- c - - c - c - -.

I C u c - c -  c- U- - cc- V / c - c - Ic - c- c - c - c -  c-~ ~~~; c - c - c -~~c - c c-

T I _ i c - -  ‘ c - c - c - c - c r  c:~~c - c - c - c - r i c -- . - -n I c - c - c _ i \ c - c - c - I ; c -  Ic as c - d c - c - c -c- -c- c - _ i  I c - c -  f - c - _ i c - c - c -c c - c - .1 1:- c - d C  3 c- c - f c - Nc -c- c - c - c - i c - c -c - c - c -  c - c-

c- 
c-

c 
- v - -c -n c- _i c - _ i c - c - - c - i - c - I  I c - c -  ( c -  c - c - -  c - c - l c -,c- c- c - c - c -  c- c- _ i~~c- c- c-c - of c-~ ,~~c-~~~~c - _ i  ( c - c - k  ( c c - c - c - i c - _ i c - _ i --ft unIi c - c - dc - c_ c- c - c - _ i - ; rc-; c-

~~
c - - _ i _ ic- ~d- -- H 2 \~c-~~fl 5~~~~ c-~c - c - ~ “c - ; t I i  c c c - ! y c - c - c - _ i c - c -  [ c - C - c - c - c - - c - c - c - c - c -  50 c - I c - c - i c c -~ c - c - c - - c - i i Oc- c - c - c c - i  c - c - ( ( l i c -  -

it s crc - put c - c - U S c -c - c - c - .  TY )  c- c- c - c -  Ic-c-Icc- lit c - - c - c - i c - c -s 1)1 L’ c- [c- c- c- c- , - c - c - I  c-vera c - _ i - c - c - .  Pc-s c - C c - _ ic - d I: - c - c - - c - i c - c - f r _ i c - c - c _ i

f i gure _ ic - , 2 c-c rc-cl f i gure -C,i C ~ the c cc - c - c - c - i t s  c c -~_i _ i ’ _i :c-c - c - c -_ i c - c - dc -- - c - i c - c- Coc- c- c - : ’ . c - c-  c - - I c - c c - i  - - c - c -  to occ -- u r r ~-d

i c - c -c - t v ’ c - rn  ( Ic - c c - i c - i c -  p - c - k - - b  ra te of .7 r c - c c - c _i c c c - t c - /  c- - - (
~ .8 r- - - c -  c - c -  c - c -c- c- ( t i c - c - c -  c - c - - _ i - cc -- II~~’

packet ~-c- rc - c -. e rc - t i o n  c - c - c- c - I cc- of node 3). Proc e c - c - c - c - ic - c - ’ c -  dc - I c-c -y  at I h_ i c - c c--c- rc ie r I c c - c -  -
- ~c- ~ r c - c - c - c -

• node) i c - c - c c -  - c - c - c- -ed  d rc -c - c - c t i ca I ( y  when c c c c - ’ c - c - c -c t cd ,  In f c - - c - i c- w } c - c -, c - c -  l c - c - c - _ i k c - _ i’c -g at t i c - c - c- h - - i c - c - c - c - c  a c - _ i c - c -

at t ic - dc- c - dc- during c c - c - c - c - _ i _ i c c - i _ i c c -n almost c - l i  type ‘1 p cc - c-c- _ i c - rt c- Ic - c - c - n  ck_ ic l c-c- y of c - c - c - c - c - c -  t i c - a n  ( ( ‘ c-c-

,ns. Ti c - cc c - c - c - c  an delay time f luctuate ’. but it ic - c- c - c - c - c -  i c - c - c - c - c - c c - l i o n  of P c- c- a l ev c - c - c -l c c - C C c - c - c -’c- c f lS t iO f l  i f

t c - c - k c - ’ c - -c- 0- - n c -  c-c - long period of say 10 c - c - c - co _ ic - dc - ’  c- c- c-’ - hi c- her t r c - c - I c -’ c-_ ic - c - - c- - c - c - I c - c - I c - c - c - c .  c-c- a I c - c - c- r, cr

dc-c - lay t i c - c - - ’- ,

Ill - c - _ i c -

_  
-  --•~~--—-~~~~~~--c - c - -~~~-- . ‘ —-.- --~~~~~~ - - -
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c- c- 

~-0 , 1977

The fo l _ ic c -cc-~irc g t :‘c c-~re t ic-e pr oc - c - c - c - c - _ i c - c - c -  dc-’ _ i : c - y  of Iy~- c _ i I p - c - c - - c- c- ic - c - c - c -  c- c - -c - 2 ( t I c - c -

center c - c - cc -  - I _ i c - ) .  The pc- c - c -. i.( c- ‘ c - c - C - ! a t_ i o n ra te  W 3 c - c- c - _ic - cc - ic - _ i  I p~~c icc - t c - c - /  10 c - c - i c - .  Co n_ ic - ac t ion dc - c l

not occur a c - c - c l  the d~ i c - c - y  minimal.

nec - I c -_c- 2 ( I i i s f e p c - c - c - - - c . f  type 4 c-~~- 3  c - - f  C ’ c - c - c - : c - I c - c -)
I c - ’ c -~ c -c -c - c - t c - c -  ic- c-  i c - c - p c - c -f c- c- ’~~ c - c - c - -  Ii’ I i c- - c - c -c- ~ c - _ i c - c -t rc - c -’ I c-c -c-

~ I i c - c -c- c -  
-

t c c - c -~ 1 0 —  I 13— I c - C - — i 3 _ic -— 4 0— i F- c - - . I C .2— I ic - c - — I CC— I i _ i _ i _ i -  I iFO
( c - c - c s ) I 10 I 20 I 30 I 1.0 I SO I Ic- U I 70 I PC I 90 I i c - c -c-c I i c - c - c - I t a l c - I

8 1 28 127 75 1 0 8 (1 8 8 26 1
1000 1_ i c - 3 122 32 2 0 0 8 8 0 0 0 319
2000 178 119 7 0 8 0 0 0 0 (1 0 296
3000 148 109 22 0 8 8 0 0 ci 8 ci 27 1
4 0 C c - f l  136 137 15 8 0 (1 0 0 0 0 8 303
51330 132 12-] 32 8 0 0 ci 0 0 8 0 301
6013 13 90 165 42 3 0 13 0 0 0 C 0 3C0
7(1013 135 16 5 5 ci ci ci ci 8 ci Ci 0 3135
8(108 124 178 16 8 0 0 8 0 0 13 C 318
900 0 138 138 24 0 0 0 0 0 0 13 8 292

TOT II L 1348 1409 220 16 0 13 0 0 0 0 0 2991

CORP ESP DND1I c- c. / HIST OGROI1
l i m e  I C — I 18— I 28. - I 30— I 4 0 — I SC- I 80— I 70- I 80— I 9 0— I 1130 I
( ic-c- ) I 10 I 20 I 38 I 40 I 5 0 I CC I 70 I I- c-] I 00 I 100 I up I
0 45.6 46.2 8.9 0.4 0.13 0 ( 5  0.0 0.0 (1 .0 13 .0 (c- c - U

10c - c - O 5 1 . 1  38. 2 10 . 0  1.6 0 . 0  (‘ .0  13.0 0 . 0  0 .8 0 .0  0 . 13
2000 5 7 . 4  4 0 . 2  2 . 4  13 .0  0 .0  0 . 1 3  0 .0  0 ( 1  0 . 0  0 . 0  (‘ .0
3008 5 1 .7  4 0 . 2  8 . 1  0 .0  0 . 0  0 .0  0 .8  8 .0  0 .0  0 .0  8 .0
4000 44 .2 F - i c - B  4 . 9  0 .8 8 .8  8 .0  (1.0 0 .8 0 .0 0 .0  0 .0
5000 4 3 . 9  42 .9  18.6 2 .7  0.0 8 .0  0. 13 0 .0 0 .0 8 . 13  0~8
60(10 30.0 55.0 14.8 1.0 0.0 8.0 13 .0 (i c - fl 0.0 0.8 0 0

— 
7008 44 .3  5 4 . 1  - 1.6 0.0 0.13 0.0 0.0 8.0 0 .0  0 .0  0 .0
8000 39 .0  5 6 .0  5 .0  8 .0  0 .0  0 .0  0 .0  0 .0  0 .8  0 .0  8 . 0
9000 44.5 47.3 8.2 0.0 0.0 0.0 8.0 8.0 8.0 8.0 0.8

TOT O L 4 5 . 1  4 7 . 1  7 .4  0 .5 0 .0  8.8 8.8 0 .0  0 .8  8 .0 8 . 8

TYPE 4 POCIc -_ iE T (tIme put Into node to tire sent out cc -f node)
TI ME MEPN VOR COUNT

0 12 .144 26.398 281
1000 11.793 29 .703 319
2000 10.279 10.929 296
3000 11.141 20 .509 271
4008 11.280 15.955 308
5000 12 .874 38 . 182 381
6000 12.642 30.958 300
7000 10 .5 77 12 .75 9 305
8800 11 .488 18.373 318

- 

. 9808 11.683 22 .459 292

-— 
111-56 
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‘~~c- - ...c-—.u

[ c - c - c -1  ) Q - / _ iL- L - L c - _ i c~3 (c- ’ . . ‘c - _ i c -,

i I c - 0  l u I _ i c - ,- . c- c - c - c - ;  t c - ~ b !c - c- .c- c - c - c - c -. c - _ i c - c - :  ~c - I c -  1- - c- c- -
c- _i d r i c c - y  c - I \ - c - c - c -  4 c- c- c - c - Ic - c - k  ri c - c - c-c- c- c - c -  c -c - ~c - _ ic - c

C c - c - c - _ i- c- nc-H’ ). ( I c - c - -  p.c - c _ i - - . _ ic- c-- - c - c c - c - I c - c - c - c -  r c - - _ i t r c -  c-’.- c c - -  ab o c - _ i c -  
~ pcc lc c i- , f 0  -c - c - ’- . C c - - r c - c -,-,- c - c - - c - rc - d c - - c - i

c - c - c - _ i  0c c - c - c - c -  c - - n . ( ( c - u  c - c - c - c - - c c - c -  c[ l c - -y  is c - c - - c - c - i  I c- i c - . I - tc - _ i - c- ’;~ vt r , c - c - c - c - ,  ~
( c - c - ’  ~.c - c o _ i c _ i c -c- ’ c - - - t c - o ’ c - \- .c - c . s

c - - ( c - ,~ .’ c c - . f l _ i c c  I c - c -~~c - c - - c - _ i _ i c - , _ i , c -  _ i c - - .- ,- ;c-  a v - _ i c - i  - - c - c - c - - c - c - -~ 
of d c - c -  c~c- c - r c - c - j c - c - c -c -c - -, l i - c - _ i c  c - Ic - c I c -~~~ c - c - c - _ i c - c - c - c -c-

f c c - c -  c - c - c - c c - c - - i  c - _ i - c - _ i c -  c - c ‘i _ d c i C c - I c -  Ot .N c c - c c - c - i - c - r - c - / c - : t c

c - c - c - c - - c - c - -  2 1’ c - i - c - t ’c - c - ’  - c - o f t i c - _ i - v  c - c _i c - c - c- c - - c - - c - c - i :  _i
t i c - - - c - c - u t  c - c - c - l u  i c - c - _ i c - i t  c - c - c - c - c - - c - -c- c - c - c -  t i c - c - e  c- c-c-c - i t c - c - ’ c - t  I c - c -  I _ i c - c - S

t i c - c -.c-- t C - — I 1 c _ i c -~- c - 2 0 — i 3 c - c - . - I 4 c - c - c - - - I c - c-— _ i c - c - c - —  ‘, _ i _ i - -  c- c- I c - c - U — I 1 c - c - it
( c - c - c - - 1 I 1 1 3  i _ c - c - c - 1 3 0  l O t ’ i S O  I c - c -  1 7 ;  I c - c-c - c - c - i c - c -.’ I _ i c - f l  c - c - c - c - f oc i

c- c- c - _ i c - J c - c - c -c - cc- ’-’ i c - c -  (I (5 8 0 (1 c-c- 11 : ‘ 4c -
11100 P c - c - 171c- 74 3 c-c- (I C C Cc o 0
2 Cc - c - c-c- 1-7 c - i - c -  c-- c - c - t  ‘~c- 4 E (1 C C Ic - c-p
3 - ;  -] 77 i ’ ~c- 03 11 2 C (1 c-c- Cc- C 7 - c - c -
4 C c - I c - il l i - c -  i c - c- 3 3 .4 _ic- 2_ i ’  7 1. Cc- 8 0 C 347
5 1 - c - _ i  95 i - c - fl 74 c- i 6 C C 8 0 c-,c C 33 -S
(c- c - - c - c- c - c - 17 1c-~c- 81 56 34 1. ,c- 38 33 4 0 Cc- 7- 3 _i
7 c c - c - - c - c -  7Cc - 1173 133 23 12 11 I) C Cc -0 Ic- 3c -2
c - n c - c c -  93 133 1-? i ’ c -~c- 17 7 0 (1 (1 (1 c - c - 7 / 7
9 1 3 1 7 6  _ic - r c- 2 _ i l  Cc - 6 0 0 0 C C 0 0 213 3

837 i c - I _ i c -c- 723 c- c -7 69 fCc- 33 3~ c-c- ci 1, 3494

( - 17 _ i  c- c - c -c- I c - 0 i - [ _ i u c- c- 6 -
~ c - c -  IS TU 1 ’ c - _ i1 c - !_ i

I c - c - c - c -! I C — I  c - c - c.~ 28—- I c - - C — I 4C c — I c - _ i _ i- I c - c - i- - c -  c - f l  I _ ic - c - c -— Cl_i — 1 1 1c- c- I
( c - c - c- ’ )  1 1 ( 5  I _ic - c - c -c- 1 313 I /c- c-I I SO I C- c-c- I cc - .’ 80 I (c - c - c - I i c - c - _i_i I c - c- c- c- c-

I) 2 7 . 5  c-c-
c - c - c -  26 .0  2.~ (1.8 ( c - c - c -  c c - c -  o. rc- c - - c -  c - - c-i c - _ i c -

Ic - c - I c - Cc- 2 5 . 4  c - I c - _ i _ i  2 1.6 c c - c - )  8 .0 0 .0  0 .0 0 .0 ~c - r c -  
~- .c-c- c - c - c - c -

_ i 0 0  24 .4 c - _ i _ i _ i 29 . 1  13. 4  1 . 1  U ( ’  (1.11 1 3 . 0  i c - c -i- (c-~ (5 C c - Ic-

3 C 1 ’ c - i  7 7 . 4  _ i c - 3 . 4  73 .3  3 2  11.6 C c - C l  Cc- c- c-) 8 0  0. _ i ic- c - I c -  (5. C
6C c-I c - U 32 .9  c - c - c -c- fl 11. 0 1 _ i c - c -  C c - 3  _ i . 0  0 .3 0.0 ( ‘ c - C ’  13.0 C c - I c-
c - c - c - c - c - -c-’ 28.1 61 . 4 21.9 5.2 2 . 4  C c - I c -  13 .0  0 .0 c - c - C  0 . 8  0.0
c - C OO 4 . 3  21 .7  28 .7 14 .3 8 .7 11.0 7 . 7  8 .4  i c - U  0 C c -  1 3 . 0
7 1 c - _ i c - O  2 6 . 2  3 1 - 1  22.5 9 .6  6 . 8  3. 1”- 1,0 8. 13 (‘ .0 (‘ .0 (4 .6
(c- cc- I- c -_ i 2 5 . 8  3 1 c - c - 8  16 . 7  i _ i c - c - I 4.6 1.9 8.0 0.0 c- . rc- 1 3 1 3  f- c- Ic-
( _ i 1 7 c - c -  26 .2  c- - c - _ i l  14 .6  1.1 0 .8  0 . 0  17.13 I_iI .O C C (1.13 8 . 0

T01l ’c -L 2 4 . 0  ~~~
‘ c - 3  2 8.7 8 .1  2 .8  1.9 1 . 1  9 .9 c - c - I  0 . 0  1 7 . 0

ivrc 4 PPC~ 1T (I c- c- c- c-c- put in t o i c - c - c - c - _ i t  t o  t i c - c - c - -  c - ic - -c - c -f out of n c - c - ci~ )
VOR 1 3 C c - c - c - c - I T

0 15.371 60.004 342
1008 14 .1 -71  4 5 . 4 4 7  339
c- Ic -nfl 19 .1 1-c --  103 .353  357

48 c - c -c - 343
4 1_ i c-i (i 18 .355 165. _ i 4 3 347
c-c- c - i c - P 16 . 5 7 6  9 2 . 2 4 1 3 3cc - I

3 7 . 1 1 _ i c - c -  4 ) 7 109 39 1
J O / c - I 13 .  c c -- c - , 150 .3 8 3  313 2
61 _ iC c - _ i  19 .1-70 j c - c - c - ç~~g 372
c - c - c - c -c- c-_ i 13 .4/4 -36 . 7’ c - 9 _ i c - f c -3

1Ii-57~ 

~
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DCA 10O-76~C- OC~~i k& y 30, 1077

The follow ing tc - bies c - c - r i’ I c - _ ic ’  c- r c - c - ( c ’ _ i ’c-cn ( Ic - I c _ i ’,- of t ’ , - c - c - : c -  ‘4 p ac - c - I c - - I -  i _ i -c node 2 (the

cent c-~c node). T lc-e packet ~c-~~ c- : c - _ i  c- l ion c- c - c - I c - c -  c - c - c - c- . el_ ic -out 7 c - c c - c -  IceIs/ i 0 mc - . c - c -  congest 0c c-

occurr i- d but sign of nec - c c - C c - c - c - c - I c -- i c - n c - c -  w~~c- c-~ c-v~ in ti c’ l i _ i c - t o c - c - -c - c - c - c - c - c  below c - c - c -- the

distr i but ion of t ’,’ c - c - c ’  LI packet tJc - lc - c -~ c- - p r c - ’ o d

c - c - c c - c -c- c - c - 2 ( I i c - c t v q c - -c- cc- of I c - c _ i c - c - c -  A c - l C b c-c-f c - c c-c- ic - c - c - i - )  -

t i c - - ’. p u t  i n t o i c - c - p u t  c- c- c - c - c - - i c -c -- t o  t i c - -u c c - c - c - c - _ i  out  c- - c --c- c - c - ! c - c - ,
t i m c - 3  I 0 — I ic-I — I 20— I I ic - c - ) - -  I 58— I ( c - f l — I 70— I 80— I Ic -U — I 180 I
(mc , ) I IC I 20 I 30 I 4(5 I Sic- I CC I 7(3 1 130 I Cc-i 1 1 up I t o i z i I

0 84 93 71 33 28 20 4 0 C Ic- 0 33c-
1000 52 172 98 31 5 0 Cc- 0 0 8 0 358
2 1300 107 11- 3 48 17 7 0 8 8 8 C 0 3?”
30 130 89 165 64 14 1 0 (4 Ci 13 0 0 c - c - c - ]
4000 10 1 136 36 16 26 4 2 3 5 0 13 c - A c - i
5 0 (4 0 26 63 71 73 56 33 sc - c - 6 8 0 8 3Cc - fl
600 13 124 175 4 9 Ii 0 0 0 0 C 8 6 348
7000 66 139 69 27 23 38 12 8 C 8 1 3_ i c-c-

‘
- 8000 96 144 66 39 18 8 0 0 Ci (1 8 353

90(10 116 136 72 16 2 13 Cc- 0 0 (7 8 342
TOT Ic - 1L 861 1383 648 265 1511 87 70 15 5 ci 8 34 1c c - c -

COHIc - c - CI - c c - NDI N G 7- H Ic- 1OCR f l M -

t ic - c - c -u I CI — I 10.- I 28— I 30— I 4 0— I 53— I 60— I 76— I 80- I 9 0 — I 100 I
(c-n m ) I 1(1 I 28 I 313 I 40 I 50 I 11_i ) I 7° I 11(1 I 90 I 10( 5  I up I

0 2 5 .2  27 .9  21.3 9 .9  8 .4  6 .0  1 .2  0 .0  0 .0  0 . 0  (‘ .0
1000 14 .5  4 8 . 8  2 7 . 4  8 .7  1 .4  13 .0  0 .1 _ i  13 .0  6 . 0  0 .0  0 .0
2000 31.6 47.2 14 .2 5 .0  2 .1  0 . 0  0 . f l  0 .0  8 .0  cc- c- fl 0 .0
30130 26 .7  4 9 . 6  19.2 4 . 2  0 .3  8 .3  8 .0 6.8 0. 13 0 .8  0 .0  

—

6000 30 . 3 40 . 8 10 .2 4 . 8 7 . 8 1. 2 0 . 13 2 . 7 1. 5 0 . 0 8 . 8
5000 6 . 8  16 . 6  18.7 19.2  1 4 . 7  8 .7  13 .7  1 . 6  8 . 8  8 . 8  6 .8

c- c-. 
6000 35 .6  50 .3  14 .1  0 .0  0.0 0 . 0  8 . 0  0 .0  0 .0  1 3 . 0  8 . 1 3
7000 18.8 38 .0  18.9 7 .4  6 .3  8 .2 3 .3  (3 .0  0 . 0  0 . 0  0 . 0
8000 27 .2  4 0 .8  18.1 11.0 2 .8 0 .0  0 .0  0 .8  0 . 0  0 . 0  0 .0
9000 33.9 39.8 21.1 4.7 0.6 8.0 0.0 0.8 0.0 8.0 0.0

• TOTAL 24 .7  39 .7  18.4 7.6 4 . 5  2 .5 2 .0  0 .4  9 .1  0 .8  0.8

TYPE 4 PPC~E1 (t ic - c - ce put Info nodo to tIm e sent out of node )
TIME MEA N VA R COUNT —

.
0 22.488 211.488 333

i000 18.504 83 .257  358
2000 14 .622 68 .434 339
3008 15.608 59.185 333
4000  2 0 . 1 36 3 0 0 .3 7 3  333 -
5000 36 .266  3 2 9 . 5 8 7  380
6000 12.788 28 .204 348
7000 23 .301  2 55 .066  366
8000 17 .395 9 9 .11 7 353
9000 14.938 67 .770  342

—-
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_

E) ; c - / - . i c - - c -  7_ i “ C c - c -  c -c - /

l _ i c - c -,~ c - c -, :c- ) ,’ ; c - c- _i I - c-c- c- _ c - - c - c - c - c - c ,. c - _ i 8 C c . _ - -c- c - c - - c -c-; ( i c -. ;~~~’ c - _ i  c - / c -  .- ‘ c -  1c - c - 3 ’_. ic - c-_ c - l  c - c -  c - . _ c - ._ 
~c- c - : ;-

( c -  c - c - i c - - c -  c - i c -c - d c -_c c -  i l _ i n  pc - tc - c- c - c - I  c - c - c - c - c - e r c c - c - c -’c - c - ’c- r c -~ c - c - ~ c - c -~~~~~~~~~~~~ _i’~c- I -  _i l_ c - _ i I c - - / ! f l  c - ;, c- .. (,,c -c - _ i  c - c - ( c - .,,c- rc-

Ic-C (L’ c -c - I _ i _ i c - c -~ ~~~~
- _i ‘, of Iyr c - c -” 1_i - c c - c - I c - c l -, c-~~c-~~c - _ ic - c - c - i r c - c - c - : _ i l  d c - i c - -c- c- ~:g:- r - t i c - _ i c - _ i c -  If ~_i c-:c c - c - c -c -_ i

c - c - c - - _ i c -~ 2 ( c - c - c -~ . t c c - -:.c - , o f  t ’ c -~~~ 
I c- ‘ ~c- ~ c -’ c - c-c - i

I c - c - c - c - - I c - c - f  c - c - I c - ,  i c c - c - c - c c - c - c - c - c - c - c -  t~ c - c - c - --’ c ,m c - c - l c - -c - _ i _ i j I c - c -c - c -.c-

t i c- , , i ( _ i — - I i - — ! ; c- c c - — I c - _ i c - I  _i i I c - _ i c-c - 1~_ i c - c - - -  c- i c- 8c -c - - - 1 10:- c-
C-  c- .) I iC_ i I 2 _ i _ i  c - c - _ i ’  I c - _ i ’  c- c - c - c  I c - c - ?  _i c-/ - I 53 c- _ i c -:c-: I c-c - , - I c- c - I

9 53 57 ~2 72 37- 3/ i - c- 14 (1 0 c-c- c-
~c-

11c c - c -c -  24 c- c - Ci 1 0 C 1- 46 c - i  c - c - c -  165 351
2 C c - c - c -  I) Cc- 0 1’ 13 C 2 SI F-c - - i c - c - c -  c - i - c -  7_ ic - S
3 c - c - c - J 1) c-c- 11 C 0 Cc- 17 13 7 -  1 _ i c-. /5  

~~~~ 
-j

4 061  Ci c-c- 0 Cc- c- C c-i / 7, 7/ c - 71 16?
‘c - c - c - c - _ i  c- 0 Ic- P Cc- c-c- 1 17 c - c -  I c - 7  c - c - c
I c - c - c - c -  I) 0 (1 c- c -_ i 0 0 0 7 _i’ i_ i? c - - c - - c - c

-

i_ ic - - c - : -  0 17 0 ic- 17 (5 c-c 2 i 1. 3  I c -c- ic-
0 0 0 cc- C Cc - C 4 4 1 C _ i c - c-_ ic - Is — c-

c - c _ i c -c - ic - (3 (1 13 17 Ic- 0 1- 32 C c- c -  C c- .! 313 I c - _ i

TO l l _ i L  33 63 5 7 68 72 38 ¶ 7  170 3617 75 c c - 1 . 6  ;c- c - c - ._i

c - c c - c - _ i  I c-c- c- 6 - _ i c - c - c -INC / usc - C .c - -cc - I l
t c - c - c - c - z . f — l j _ i ’ — I c -c - _ i — I 3_ i_ i— .c- c-c- _ i.- I L f c - — I I ’ 1 7c- ’ — i E-Y _ i - I CCc- - - l _ i c -c - ’c-c- l
c - c -  i I II] I c- c I 72 I 40 I c- - U I so i ~~

c- i c - - c - c - -c - I i c - c - c  -i uc-c- I
P ? .c - - i c - c- c - ; ic- - c- ii- .c - 1 3 7  ic - c - .4  ic - c - I  4 . 6  3 .8  Ic- Ic - C c - I c -

I c - - c - - c -c- (‘- .6 c - i  Ø . f c -  13. 13 c- _ c- - c-
_

c- ic- c - i c -  c - c - _i 12.8 14 . S  c-c- ic - . 5 /c - _ i c - c- I_ic-

c - n c - c -  c - _ i . 0  C c - c- I3 Jc- 0 . _ i c -  C c - I c -  0 .0 6 , _ i S  1 4 . ?  c-~~.1 37.1. 2_iL Ic-
“c- - c- c-c- (‘ . 6 c - c - c- f , i_ i c-_i ( 5 . _ i  1,0  c-:_ i , I,c- c - . rc- c - c - _ic-- : - c - - .i c - c - . 3  27 .1

/c- I c- _i - c- (1. 0 c - _ i c - c c - ( 7 • c -c- Cc- c - U  9 . _ i -  (‘ .0 6 . _ ic- 3 . 6  i - c - _ i c - 4 - c - c - . :5 3 . 8
c- ’C,c - c - c -c - c - ( ( c -  c - -  3 (c- I- C_i c - i _ i  I c _ i c -  0 . 13  13- c - c - c -  f l _ i c -  / c - _ i c -  c - c -  - c - _i c- - c - C c -
(c - I c - ’ C C _ i c - C  c - C l  0 .0 0 .0  (c- _i_ic- 6 .0  c - c - - C  _ i . .4  i c - _ i _ i  - C - c- 4 3 . 1
7 V_ i ’  1 3 . 8  0.8 OJc- Ic- c - Cc -  3. 1 Ic- c - C  0 . _i c-  1.0 Cc-i 2_i I c - 5  7 C c - c - c -
8 C c - c - _ c  (c- c - _i_i C c - Ic- c-c- c - I c -  0 . 1 7  13. _ic- 0 .0  ( c - c - Ic- 2 .1  2 1 , 1  c -c - c - c -c- c - 5  , I c - . 4

c - _ i c - _ i c - c O 0 . 13  (i c- c-_ i ( 5 .0  13 . 0  0.1) 0.0 c - c - c - c -  1 5 .1  26.1  ‘ ( - .7  15 .1
TO1II L 1.3 2 . 1  2 .2  2 .7  2 .8  1.5 2 . 1  (- .6 15.6 7 6 . 3  33 . 6

TYPC 4 PPCc -F ,T ( f _ i c c --c- p c - c - I  I n to  no do to ‘ _ i r ~e c - n c - c - f  out o f  ‘ c - c - c - ’ - - ’
I JOE h EAl-I c- c - c- Ic- C _ i c- c- _ i’ ll - c-

0 41. 8C c-S /.1:7 . 750 3C c -C A
10(3 13 92.890 ( c - ( c -’ .3i7 351
7 C c - c - c - C  94 .523 i _ i c - c - j c - 1 6 3  365
31_ c-_ il _i_i 95.607 1c - —_i,c - c - 699 2 7 4
4 00 (4 98 .261 114 .987 I c - ic -
90(10 1(33 .4 /5  8 6 . 2 7 7  215
6000 98.936 107.644 2174
71- c - _ i c -c - 1174. 11, 7 1 1 4 . 5 1 , 3 7(5 _ i)
8000 96. 139 66 .31 2  c - c - - f
9000 90.716 11 1 , _ i f i c -  169

p

I I I - ~j 9

_  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- -  - ~~~~~~~~~~~~~~~~~~ ~-c------ 
_ w—--_

/
DCA1O0-76-C -u0 ~~c- i.- c-

- c - - ~_ iO, I c - c - / i

Tile u( c - lIO\ - .’ l rc-g Ic -c - I c - !  s are ’ the p_ i  cc- c cc- c- - : c - _ind ( l c - - l c - ,~ ’ üf t _ i ,c - - /_i ~~c - c - ’  ic in r , c c - i c -  (t i_ ic-

c - n ter i c - c - c - d c - c - ) .  The p c - c - c - c --- --~ c- c- c - c - _ i c - c c -  c - t i -c - c - c - i r c - t c - c -c v - c - s  c - ! c ’c - c - j t  8 pc i c- c-’- t c - / t O  c - c - c - c - c -. Co_ i c- c- c- , e- c- t c - c _ i c - _ i

occurred C c - c - c - i 92 1- c- c-f Iypc-  pc - c - c i c - ’_ c- c-~c- c c - c - c - c - - c r  i c - _ i _ i ’  c d  dc- lay of c - c - c - c -c- c’; t I c - c - c - c -  100 c - c - -c - c - in ‘ ic - i I c-

Pxp e r i c _ i c - ’ c -  c- c-~ -

rc - c - c- 1 ’  2 (II c - stoç i c - ~ni o f  I c - c - c - c -  4 pc - cl  c - c -  c - c - c - c - c - - I s )

tc - c - c -c - c -c- p u t  i c - c - j o  i c - c - c - ut c c - - - c - c - -c -  to  t i ” - --c- c c - u t  c c - c - i  Ic - c -c-_ i l i ne
t i m e  I 8 — I C C —  I 20— I 30— I 40-- I 50— I ic- _ic- — I 70— 1 88— ¶ C _ i c -— I 1130 I
(c - us ) I Ic -_ i I 20 I 3(5 I 40 I 58 I C_ i c I 70 I (.8 I 613 I i c - c - c -  I c - c - p I t o _ i c - c -i

Ci 20 7 5 3 9 1 S 3 36 62 I_ i_ i Cc- 322
1000 Cl (1 (1 0 (1 II (5 0 0 9 271 200
20013 0 0 0 0 0 0 0 0 8 0 217 217
30(10 Ci 0 8 8 Ci 0 0 1 Cc- 0 I _ ic - c-_ i Ic - c - -
4 c - c - c - _ i 0  0 0 (3 (1 0 (1 0 CI (7 (5 18(1 If- Cc-
S I_ ic -C O (5 (7 (~ (7 1) I) II I) Ci (3 233 2 136
I c - c - c - i l  0 0 0 0 (7 0 8 (1 0 Cl c - c - c - I  2 c c - i

c- 713130 0 0 Cc- 8 CI 0 0 6 0 (c-c- 196 202
8 c c - c - c - U  8 8 0 I) 0 0 Ci I) 0 1 l b _ i c -  181
9(108 0 0 8 1! 0 1! 0 0 6 8 179 179

TO T I1L 20 7 S 3 9 1 9 3 36 76 Ic - _ i c -c - S  2157

000P ESPOOc - _ i  1 _ ic - C  T IIIST OGICPM
t i c - c - c -cc- I 0 - I IC— I 2(1— I c - C _ i- I 40— I 5(3— I 60— I 7 —  I 80-. I 110— I ic - - c- I
( c - c - c - c - ’ ;) I IC I 20 I 30 I 4 13 I 58 I C o  I 78 I 88 I c-c- c-] I 100 I up I

1) 6.2 2.2 Ic - S 0.9 2.8 (.3 2.8 (1.9 11.1 19 c - 2 52.1 _ i’

1000 C c - f l  (3.0 (1.8 0.13 0c - 0 0.0 0.0 0c - 0 0.0 3 c - 2 96 .11

2000 0.0 0.6 8.0 0.8 8.1) 8c - O 0.0 0.0 0.0 0 c - O 120 .0
3000 0c - O  0.0 13 .0 0.0 0 c - 0 0.0 8.0 0.0 0.0 

- 0 . 0  1UCI 0
4600 0.0 8.0 0.0 ( i c - c - I  0.0 6.0 0c - 0 Ic- c - C 0.0 0.8 117 .0
5000 Ci c - 0  (4c - 0 0.0 8.0 0 .13 0 c - 0 8.0 0.0 0.8 8.0 100 .0
6008 0.8 0.0 8.0 0.0 0.0 8.0 8c - 8 0.0 0.8 0.0 ic-c - c-i c - f l
7000 0.0 0.8 8.0 0c - 0 0.8 8.0 0.0 0.0 0.0 3c - 8 97.0
8000 0.0 0.0 0c - 0 0 c - 0 0.0 0.0 0.0 0.0 0.0 8.6 99.4

9000 0.0 0.8 0 c - 0 0.0 0.0 13 .13 8.0 0c - 8 C c - fl 0.8 11)0.0
1OTflL 0.9 8c - 3 0.2 0.1 0c - 4 8.0 0.4 0.1 1.7 3.6 92.1

TYPE 4 P A c - I C T  ( t i m e  put In to  i-c -ode to  t I m e  s ent out of  node )
TIME F1EPN VAR COUNT

0 92. h’8 1080 .8(52 323
1000 126.745 119.296 280
7000 127.9138 112 .372 217
3000 12 8. 77 8 58 .6 73  188
4000 1 4 0 . 1 _ i _ i c -’) 152 .968 180
5000 128 .663  38 .500 206 

-

6000 120 . 11 31  6 8 .486  201
70 13 0 128 .739 217 .787 202
8000 121. / , 84 99 .67 2 181
9000 137. 4 6 7 120 . 140 179

‘

-
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c-_i
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C c - I _ i c c -’ .. c - c -  c - c  _iL’~c- c c - ; P - I c - c - c - c - V  c -c-c-c - ~c - t :~ - 
c- c- i - c - c -  c c - c -  c - c - c -  c- I

( c - - I _ i t  c - r c- c - c d -,’). c - i c - _ i c -  C- c _ i c - I c - c t -s i _ i c _ i c - c - r 6 t ;c - _ c _ i’. c - J c -,- c - c - _ic--c - -  c - - I - - i _ i t  ~c- ~
‘ c- c - i _ i c _ i k c-’~~ Cc- c - _ ic - _ i ,, (i c - _ i - :  - c -- t

-

. - 

( - c - c - i c - f r e d  ;c- c - c - d  iC c - - c - c- / ci j~~ c- .c - .q 
~~ c - c -c - I ’ c - t c -  _i c - c - - - ! c - C r c - : c - c - c e  d- c - c -- 1c- I c - _ i _ i c - c - c - c c -  I C c - c - c - i 103 ic- c - _ i  d~~- i ,

I !  c - _ ic ’ I - . _ i  ~c - _ i,c - c - i c - c - i l  c- f c - c - i c - c - c - c - _ i c -. i c - c-”

c - c - c - c - c - _i c - -  2 ( t I c - c -  ‘ c- c -c -  c- c-c- - - C c- c - c - c- c- c c  c - c - c - c- c- c - - - )

t c - r - ~ c - - c - _i ‘c - t o  i c - _ i  I ’  - .~ 
- - - , o  I c - c- c - c - ’ -

t c - c - -c - - I 0 — - I 1 c - - - I 7 0 - I _ i -~~- _ i~~~
c - - _ _ i 5_ ic-_ _ i (c- 3 - _ I 7 ( 5 _ I r - c -c- . I _ i c - _ I ir,c -r- I

( c-c -c- :.) i 10 1 2 0  I c - c - ’  ~~~r I L ”  I S_ i) 7cc - c- I- _ ic- I c- c- c - i t - c - _ i _ i l c - - c - c - c-
cc - 23 1_ic-_ i 3 4 1 c-’ 1~ c- c -b c - c - 4 2 - c - / c -  322

[3 P 1- c-c- (3 13 3 (3 cc- 3 3 _ i~_ic- iIc- c- - c-
Cl i c - 13 u o Cl (5 0 I — P 2 c - c -O c-- c-c-c-

3C c -PC (1 17 1) C 1_i 1 17 0 Ic - C i’. c- - c - c - c-c - S
/ c - C ( _ ic- (7 Cc- Cc- 0 0 Cc- Ii (1 (1 0 1 4 _ i c -  c - c - _ i c- ,
5000 0 c- 0 Cc- i_i f_i c-c- 0 Cc- U I-c- I., c- - c - ic-

C C Ic- 0 (1 [3 17 0 1- 2 1,7 Ccc -
7 1- 0_ i c -  0 C 0 ci (3 (5 0 (1 17 8 I C c -  ic - c - c -
C c - f- c c - C 0 0 I_i I_ i 8 Cc- c- c - 0 Cc -C Cc- 17
91 _ ic - _ iC (3 I_i (I Cc- (1 I_i U Ci 1! 13 135 Y - ,

TOIl_ iL 23 I c - c - 3 4 1 8 i i  c - c -c  -Cc - 4 148_ i  c - _ i -- c - . -)

C o c -_ iN  C c - j c - 3 ’ i C c -  1 _ i - c - C / 111 _ i  10_ ic- ic - c - c - _ i
t i c - - c-c- I ( c - — I c - U  l 2i c- — I c - O _ I~~~c -c- _ T S f l - . I _ i.c- c - c - - _ I 7O- . I _ i- c- c - . _ l C c - _ I lc - c -6 I
( c - c -- ) I 1 ( 1  I c - c - c - 1 3 0 1 ’ .  I c - c -_i I S O  I , c-] 3C c- c - c - 1 103 1 c - c - c - I

C 7 . 2  5 . _i_ic- 15.11 1 . 3  0 c - 3  2 , 5  3 , 1  7. ’- c- c- c-_ i 1 .3  / c - c - c- c-’
10_ic- I, c - c - c -c-c- C c - C _ i  0 . ( c -  0 . 1  0 . 1 ’  0 C c -  [‘- c - c - c -  (I c- c-_ i c-c- , . (‘c- c- I c -  i c - c - -c - c -
7 _ i c - _ i _ i c -  D c- Ic- I- c- _ i c - c- c- c - c - c -  8 . 1 ’  0 . 6  (c- c- Cl C c - c -  c-I c- c - c - (c c- Cc- Cc- ic- 10C c-c-
3117(5 0.0 s . c - c -  0 .0  c-c- c - I - C _ i c - fl U 0  I_i c- I_ i 6 . 0  1 3 . 0  1 3 0  I_ i c - c - c -. rc-
(c - c - c - _ i c - c -  0 . 0  ( - ‘ I.’ Cc- c - l I  1.1- 17. _il 0 . 13  C c-_i- ( 3 .0  Cc- Jc- _ic - c - (3 c- Cc-_ic- c-c-
C c- 0 70 15 . 8 15. 1? Cc - Ic- I c _ I c -  (1.8 13.8 C_i c - Cc 0 . 0  ( 1 .17 C c - C c -  I c - c - c--
[c - C c - c -c - U ( I c - I )  0 . 0  1 . c -~ C C  I- c - C c -  0. 0 (S t_i 0 . 1 7  1 5 . 0  1 3 c - 8  12_ i c- I
7 _ i c - _ i _ i _ i _ i  0. 1) 0 .0 8.8 0 .0  ( I c - C -  8.1_i ( I c - c - c  0 . 1 3  o . c c  (5.0 16 C c-i
8120 8.8 Ic- Cc 8.13 0.0 0.0 8. 0 (‘ .0  8 . 8  1 3 . 1 )  8 . 0  ic - is _i
E t_ i c - 178  8 . 0  0. 0 ( 7 , 8  0. 1_i 0 . 0  D c - U  8 .0  ( 7 . 0  0 , 8  0 .0  1 0 1 3 . 6

T0iIl I~ 1.5 I c - I  0 . 2  (1.3 0 . 1  0. 5 8 . 7  ic - c - c - 8 . 1 3  0 . 3  93 .9

TY 1 c - L 6 P0151- i l  ( t i c - c -c - c - c -  put In to  c- _ ic - c - c -u t o  t i c - - c - - ’  ~ c c - 3  out o f  c - c -~~_i c - c - )

1 1 1 1 _ i ,  C_ i_ i _ i Ic- N c-c - I cR  C c - c - _ i c - l i
0 98 .0 6 6  l i _ i - c -_i c- c-c- li 320

1 _ i c - f _ic- 162 .59 1 2 2 3 . 2 6 2  I Cc- c-
20(1(3 144 .823 131.6 31 c - c - S
3 (5CC _ i 13 6 .4_ ic -!, 36 .6 5 7  145
/ c - f lO c - 3 1 4 4 c - i l 4  c - l 7 c - 1~~2 144
50c -,c - c -  141. 777 (c- c-c - 2 546 140
6000 162 . 720 135 .123 82
7 ( 5C c _ i 1 4 - c - COG 1132 .036 195
8 ( 5 6 - _ i  i c - c - c - c - S .c - c - Cc- c- _i c - SO _ i )  8

-
- - 

c - _i c-c -c -c-c- i c - c - c - c - c -. 761 1 C 3c -~~39 i c - c - _ i c-
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1 1cc -’- f c c - c - I c c - -,’ , c - _ i  i - c - l c -’ _ i. c- - c-c - - 
~ - V~ c - - - .- . c c - c-~_i c-c- c - l c -~~ cd i y c - cc 

~ 
c - , - c - l , c - _ i  c - _ i _ i  _i ’c -od~~ ( ( i - c - c - ~~~ r c - t v r

node). The p c - - c -  k_ic-cc- I ge_ i -c - _ i c- st _i c - c - i  r a ic - -  c-,c-; c-_i c-c- s i c - c - c - c _ i t  9 ic - c - c - c -- I- c - k/ 1O n c - s ( d c - c - I_ i t  f i le _ i — c-_ i ~d1~O.q 9)

i c - c - c - r c - c - c -  2 ( I _ i c - c -  t o c - r -~M o f  I c - - c -  -c- - 4 p c c - c i c -, c- _ i c - c - - I c - - c -
t i c - i c - c  put c - c - i t o  c r c - p u t  c - _ i c - c - c -u -c- to t i - ~ ~ c c - c - t  c - c - - c - _ i I c - - !  c - c - c - - n c -

t i c - cc -c 1 0 — 1 1 0 - - I c - U — I 3_ il — 4 0 — I _ i - _ i _ i— _i C-c - _ i--  7 _ i - - I c - - c - — I 90— I l _ i c - C l
(c - c - sI I 10 I 29 I 30 I (c - _ i _ i  I 55 I 6_ i _ i I 713 I 8(5 I 3 _ i c -  I 1Cc - c - I c - c - c - c -  I t o f ~~I
0 Ic-i 5 3 3 5 1. 0 2 6 11 2 12 _ i C - 7

J 0 0 _ i~! 0 (3 Cc- Cc- 1’ 0 0 Ic- Cc- C 11; ic - _ ic -
2Cc - CO 0 0 (1 Cc- 13 C- Ic-) Cl 0 C 13_i _ i 1_ i _ i c-
300 0 0 0 0 0 0 0 0 0 0 0 133 135
4 ( 5 (3 (5 0 6 (I 0 0 0 8 8 Cl Ci 0_i _ i 96
50111) 0 0 Ci (5 0 0 0 0 0 0 216 216
6000 6 0 6 0 0 0 8 C 0 8 144 144
7000 0 (3 C 0 0 6 0 0 0 Ci 337 137
8Cc- C O 0 0 0 0 8 0 0 0 (3 0 175 175
9000 13 Ci 8 Ci 0 0 0 0 13 0 64 66

TCI1CL 16 5 3 3 5 4 
- 

0 2 6 11 i c - I _ i 1562

C(_i RRE SP O ND IN6 ‘7 IIISTOC RPII
t c - _ i _ i c -c- I (3 — I 1(3 -c- I 28-- I 3(1 - I 40— I SC— I [ - 0 — I 70— I 03 — I 96— I ic - S O I
(nis) I iO I 20 I 38 I 40 I 53 I 60 I 70 I 80 I SO I 11)0 I up I

0 6 .0  1.9 1. 1 1.1 1.9 1.5 0.1! 0.7 2 .2  4 .1  7i1 c - 4
- 100(5 8.11 0.0 0.0 (‘ .0 11.0 0 .8  0 .8  0. 1 c-- c - C _ i  Ic- c - U  11711.0
2000 D.C 13 .8  0 c - 0  C c - C  0 . 0  6 c - 6  C c - f l  0 . 0  0 . 0  ( 5 . 0  1 ( 1 1 7 . 0
3(100 0 .6  6 . 0  3 .0  C D  0.8 Ic- c-_ i 0 . 0  ( SO 0 .8  0.0 10c’ .U
4 0 C C  0 . 8  ( 3 . 0  0 . 0  0 . 6  8 c - 8  0 . 0  [C c- Ic- C c - C c -  8 c - 0 8.0 l i - c c - c - C
61300 0 .0  0 .0  0 .6 8 . 0  0.0 0.1’ 1.0 0 . 1 3  0 .0  C c - B  i c - S O c - C l
C c - C O O  8.0 0.0 0 c - 0 D c - C c -  0.0 (- .0 (I c - i c -  1 3 .0  Ic- _ i c - I’ 0 . 1 7  iCc - C O
7(c- 1c- P 0 .0  (I c - C 8.0 P c - _ i  0. 1) 0 .0  0 0  0.0 0.0 (c- c - I) i c - c - c -c- I_i
8(300 0 .0 0.8 0.6 6 . 1_ i ’ 8.0 0.8 8 c - 0  0 .0  0.0 0 . 0  113.8
90Cc -U 0.0 0.0 8.8 (3.8 0.0 0.0 0.0 (7.8 0.0 0.0 i Cc - C c - I)

TCTRL I c - U 0.3 8.2 0.2 13 .3 0.3 158 0 .1  8.4 0.7 1 3 6 . 5

TYPE 4 P O d _ u  ( t i m e  put In to  nod e to t i m e  c - c - - n t  out of c - c - -c - c - c - a )
T 1F1E M E P U  VI1R COUNT

0 113.822 1 7 2 4 .7 0 0  267
• 1000 148 . 15 2 115.336 189

2000 135.393 91.176 139
30013 149.294  i 5 7 c - 0 2 1  135
4000 131 .349 72c -709 96
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DC/ 00-76-C--00.~8 F!.ey 30, 1 Y / /

U. ~~UUUfl~ ; f  C~~~~:y

A Sample Simulation to Dt~ u r e t r , te H o  t~~ IIi -~ cy of t I e  ir ~~ c nt  ~ t in~ ho~~o

A s in r ..le netv .’n~ I. v~a~ us~~ to d~ r n r ~dn e’~e of IH- n~ f~ic ienc ies of t~ e pr c - c - n t

~;chet ~ r . The netv,’ork conf~g t r ~ ti~ i~ is as sh-*~on in ~~ur ~ 6.1. interes t ! I ’  e p ~ c t of

t ra f f i c  f l ow  could t~ ~~nd on ~i~~ w €~ 6.? ~ C

In this example node 3 and n’d~ 5 gcnerid r’ r,n;t of H~ t r a f f ic  to nc ’Je 1. Nod~ 2

and node 4 acts ~e- inte rmedi ate Iio:~e~ . HeF ~ d’j . to heavy I n~fic , if nOd .~ 3 and 5 send

their pacT ~eIs via tho c~i e  route , even tuall y c (  v~ t ion v~ oo cf eccur , Adaptive routing

was f a ’ .! enough to swi tch the ir roe~es to prevent congestion but it was not intelligent

enough to switch one of the route only. Hence , the near con~ vst i o r condition osci l l .t . s

between node 2 and rode 4. The traf f ic delay w~ s ow when th.~ two nodes were

• using the same rou te but incrc~’sed w hen they used the same route.

For o~ ample , init~~ li~ the tv ’o nodes (5 & 3) chose re do ~t 2 as Ihe prir e

inter mediate node and Ncnce packet t ransmu~~on delay from source to destinat ion (5

or 3 to node 1) was around ItO ms. The routing algorith m w as able to switch the

routes fast enough during the 500 to. 2500 ms interva l to keep the delay low.

However , during the interval of 3000 ms to 3500 rns, node ~t 11 was heavily used as the

prime route by both nodes (while 2 had a relatively low t raf f ic )  a spike increase in

delay (up to 64 ms) resulted. Similarly during the period of 1000 ms to 4500 ms ,

route 2 was too heavily used and it produced a spike in mean delay. A hotter strategy

would keep the two nodes from using the same route and thus preventing unnecessary

delay.
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1. P~cketized \‘o~ e/ Da-~: - N~;tw o~ -.

- .

. 

The initial idea for t~ a~ invest i~~at i c Ia  of a packeti ~cd v oic - e i-nd dat a network (Omes

from research curre ntl y c~ t iv~ at ir o?n L~ borato r~. The paper by For ~~i& a? ’t

Nemeth [For76) descr ibes a PVC, P~ kS;t ccd  V ia tu a l  Circuit , inte~uated coaa -~ ’ a ica i ion

network. The researc h being report ed here covers a segment of the o r i~Ja~~l PVC

concep t, initial invest igation and simu lation e~-per imen ts of a simi lar network. ihe

areas not covered here are the Stat ist ical  Flow - Control routing schemo , and a

theoretical model ana lysis .

This report wi D discuss: Pacl~.etized Voice / Data (PVD) network concept and

motivations for initial study; expect ed capabilities of such a network; the techn iques

and input used in the simulation ex perim ents; analysis and conclusions from this work.

1.1. Overview

The approach to a digitized voice/data network scheme described here differs from

most other proposals. 1n the SENET scheme described by Coviel lo [Cov7 5), vo ice

traf f ic is treated in a circuit switched fashion , and da ta - t ra f f ic  in a packet switched

S 
fashion. The method here is to tre at both types of traff ic in a similar way: packet

sw itched. The concept described by Forgie utilizes a packetized virtual circuit scheme ,

in which a source to destination path is f irst established , and the link is used onl y

w hen data is required to be transferred. The PVD scheme utilizes a dynamic routing in

whic h pac kets are handled and route d on an individual basis , dependen t on the state of

the network. The possibility of having a network using a c o mb an ati o n of both these

a- routing methods is discussed la ter .

The ability of a PVC/PVD network to utilize characterist ics of conversational voice

1V- 1~
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I a: omm u3 -IIcet ion to an adv~ riaa de , w Hach a bE~a ~ 1 network could not , was ~~ important

motivation for this initial stud y at CMU. The si lent gap~- in ordinary ~pc~c -c la  a re

unnecess~irily trans rriitU -d in a circuit s- 3’,i tched network , part icu lar ly SENET. But d’j rin~
- t hese g.- -pc. in a PVD network , other data may be transmitt - d; t~~ re appears to b~ an

• 
S 

increase in the u~- c- fa ; i  bandwidth of a node to rode j r ? 3 .  For a c i , -  ~it sv.’ itched

network to approach this would be expensive; the tables containing data on the

sw itched paths would need to be redefined , or dat a may be inser ted in an available

channel. This would require that a data packet fit and that the network know it is not
- 

- voice data . -

1.2. Class I Voice/Real Time Data Transmission

In the PVD network concept all voice and real time data are in packetized form. For

• each ac t ive call , the source node accepts dat a from the loc a l host and a network 
S

packet is created. The packe t contains header information: destination , call number ,

etc. In the case of voice traff ic , w hen a silent gap is detected by the vocording 
S

device , no packet is - created , allowing other data to proceed. For incoming Class I

traf f ic , the packets are processed in order of arrival; a lack of packets for a particular

• 
- ca ll would indicate silence. The possibility of packets arriving out of sequence has not

been s tudied. The problem might become evident in larger networks and as network

traf f ic  increase to such an extent that the routing algorithm decides to select another

path with a shorter delay. -

At all times Class I packets are g iven pri ority over Class I! and III packets by the

node processor. Class I packets are not acknowledged as they are received.

A PVD network has the ability to accommodate real time devices which generate

S 
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- 10 milliseconds , as in SENET, is riot made. - - 
-

1.2.1 Silent Gaps in Speech

-
~~ The stat ist ics on silent pei- iods in conver sat i ona l speech are presented in [Bra~~ ].

— A speech detector and recorder davice is used to measure the duration of talk-- spurts

S and silent gaps. Siler~t periods of less than 200 milliseconds are not considered gaps

and are considered a part of talk-spurts. Th3 detector is designed to tri gger at a

listener under~ tandoble level.

The results indicate that a person talks ‘l4.3~ of the time , silent S5.7~ . The mean

length of ta lkspurts and pauses is .75 seconds; the median about 1.5 seconds. The

paper indicates this is - in agreement with similar , unpublished measuremen ts. The

paper is quick to point out that the conversations used may not be typical of all

telephone conversations.

The conclusion from this report which is app licab le to the PVD study is the ability to

allow a vo ice call to request , say, a 10 khps channel, but to assume that , on t he S

average, it will be used to only 44.3Z of capacity. For a large number of calls, 50 -

100, this advantage can be used safely. 
- 

-

I .2.2 Consequences of Utilizing Speech Gaps -

• 
While taking advantage of these speech gaps, the possibility of almost all

conversationists talking at the same time and overloading the system becomes

S apparent. When opera ting at nearly full capacity and this condition arises , wi thout any

- escape procedures , the end to end delays in the voice ca lls may become intolerable;

- the internal node memory would overflow , losing data haphazardly.

I’- ),
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The i ‘VC propo:od cO lL at i On is- to drop t a- i: ~~ p~~ - ,a--~s ~~. than I a- node. It a ,

expected that this v.’ iU happen inf requent l y enou~’,li so that the ef fec ts  wil l La - minirii,’l,

- - the probability b~~ng. I~ .

- 
An alter native to this r,a~ t laod is to utilize a dyn~Hc rout ine scheme in the n~— t ~v oa - k.

When a pa rticular r o c ~’ dete rm i rf - -:, an inc rease in t r a f f i c  it is h2n:tHn~ , m a - t i n ; control

da ta can be transmitted before a deadly threshold is reached. Th is plan is contin~,ent

on the network’s ability to handle congestion and routing; this is not discu ssed here.

A second alternative is to modif y individual voice packe ts. By shortening some

- packets it might be possible to continue throughput. The capability of decreasing the

size of an arbi trary voice packet in the network is dependent or. the techni que used to

- 
genera te the packet. If the representation is such that dropping 

- 

bits off a voice

packet merely increases distortion in the end, end does not make the packet useless , S

S 
then this scheme is worth investi ga ting.

- 

1.3. Class II and III Data and Network Control Traffic

Data t raf f ic  is handled in the same fashion as in the SENET concept. Data packets

are acknowledged node-to-node as they pass though the network , and end-to-end

-- when the packet’s destination is reached. For each data packet transmitted , an

acknowledgement packet of about 100 bits is created. This type of t ra f f ic  will be

S discussed.

S The processing requirements for a PVD network seem to be greater than for a

3, SENET network. In SENET the voice s lots for each call do not invoke much processing;

the slots are copied into the appropriate output q’:eue area according to the local

-
. Class I mapping table. For the PVD node, eac h packet’ s header must be scanned, and

IV-4~
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then the appropriate aa - ta o n take n. his great er a a-q~a ia c ine ra t a- o a t  -ui by a a ’  ~‘, r r a t e r

link uti l ization obtained.

1.4. Adciit i or~o to t lv~ C .1m~r a. ~ ~~~~~~~ Ta i~ ii arc t~r

The PVD network simu lator is the SUET sir,Iuklor de:,c it~ -d in Part 1 wi th

appr opriate modification s--.

For the PVD experiments , these cotntïa r~ds are va- lid.

1.4.1 VSPECIFY

The VSPECIFY cor~amand lakes the following form: -

- VSPECIFY <type>1L:<arg l> R:<arg2> S:<arg 3> -

The VSPECIFY command specifies a particular type of Class I (voice) transmission

• mode. Up to 4 modes may be defined. All voice calls in an exper iment are of oea e of

• these modes. There are no default values.

<type> Specifies the name of this mode. It is an integer in the range 1:4.

/argl> Defines the length, in bits , of the packetc generated in this mode. -

/ <arg 2> Defines the total transmission rate , in bits per second , for a ca ll of this
type.

• <arg3> Defines the percentage of t~-ese voice packets generated which are silent.

1.4.2 VGE N~RATE
•

The VGENERATE command takes the following form: -

VGENERATE <node>/T<type> /D<node I >:<arg 1> /D<node2>:<arg2>

The VGENERATE commend defines the voice t ra f f ic  generated by the host attached

to this node to other nodes in the network. There are no default values , and all nodes

referre d to must have been previously defined.

-A

IV-5.’



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
S 5 - -

Di ’\1 00- -76- C- (
~~53 k~a- •’ 30, 1 ~77 

1
5

<node> 1k-fines the source node tor the c~ i ia - d - t i ne d  by this instance c~ the
S S cO~;a- rI rao ,

<t ype> Defines the t r an missior, a -ado type , ~~~-; c t - - h a-cd by t !~r~ VSPEC !FY a-~ a r .  If l’~l,

for the calls s P cc i ca cd  in this cara mand t:n.~.

<node 1> :<aq, 1> Specif ics a- dest inition aao ’Ju and def ace s the ncmL-a - r of ca lls to be
alloca ted .

- 1.4.3 MODE

To ac tj wa te the PVD simnu lation sections of the ~S Sstv i ork Simulator , the MODE - -

command must be specif ied as:

MODE X -

4”

1.4.4 HELP

The HELP command contains assistance en the VSPEC IFY and VCENLRATE commands.
p

1.4.5 SHOW

The SHOW command will display the setting of the VSPECIEY and VGENERATE

a network parameters. . -

~ 
S

1 .4.6 Irrelevent Commands

The following commands and their parameters have no bearing on a PVD simulation

exper iment : S

• FRAMETIME , ALLOC, VFRACTION , VRATE , VDIST

1.5. Additions to the Tracing Facilities

1.5.1 NEW V IHOST

The NEW VIHOST initialization tracing entries have the following form:

<time> NEW VIHOST <node>

IV-6
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h ost.

1 .5.2 - CREAT VPKT

The CPLAT VPKT pac ket tracing ent r ie s  have the ma i lowing f or - .:

<time> CREAT \ ‘PKT <packet> <sourc ;- a-cisst> <ty pe > <leng th>

The <type> parameter identifies the trans -m ission r.~ode typo , as specif i cU in the

command language. The other parameters are the same used in the CREATE F- KT entry.

IV-? ‘I
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- . 1}ae es - p ea a o a ts involve a 2 node network , w k l  a 2 — v ’a ~ ,‘ link conna -c t on. The

b’ ra r - -~t ere -  \ - C S C  a - c f  m a d  to he sir ’ ilar to i i c a - e  in t Ia- :  PVC [ [ a - 16] a c- pa rt  to  a f t :  re~)t

to ver i fy  r~~.- ’ a ~ts.

S 2 1. A~~um~ t ions
- 

a 1 The link transm ission rate is 1h1’l kbits/second.

2 Voice packets (Class I) contain 128 hits , of which 96 bits are ac tual
data and 32 b i ts network overhead. Calls are ass - m a-ed l a - f o r e  the
s imulation has st ar ted , - rone are in itialized during simul ation. For
each call es tablished , packets are injected into the net ’ cn rk with
probability 0.115; otherwise they are assun-iod to be s i len t , and are
not created. The vocording fcc  H. que is 16 kbits /seco rad CVSD; this
w ill generate a packet every 6 millisec onds-, for each c a - I l .  Wi th the
32 bits/ packet overhead the total is 21.3 khils/seconcl .

3 Data packets are of various lengths; for ( a - rb packet 32 bits are for
network overhead.

4 For each data ; .act- ~el sen t from node to node , a control packet is
a genera ted and sr-nt in the ~prna- i te direction fa - ackaa ow kd pe recei pt. 

S

These contro l p. ck - ’t s are 101) bits long, arid have priority under S

voice packe ts , hut over data ~~ ~ke ts.

5 Each node is simulated by 1 to 4 processors , as specifie d in the
resul ts. These operate in parallel on the t r a f f ic  stream. Packets are
handled by the processors at the rate of 5 microseconds per 16 bit
word.

6 The delay time as reported in th -~ resu lts is the total time the packet
• remains in the network - from the time the packet is crea led by the

source host until the destination node host receives the packet.

7 The maximum data t raf f ic  is what is available afte r voice arid control
is allocated. The link utilization is the ratio of the total simulated
traf f ic to the link ca pacity.
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2.2. Results

a 2.2.1 Experiment Ia
Conditions:

- voice packet size: 128 hits
calls: 100

• type: 16 k5hps CVSD
S act iv i ty :  457~ total act ive ta- ik , 5h I silent

data packet size: 128 bits
number proces sors~ I per node
pr ocessor speed: 5 microseconds / 16 b t  v.-ord
simula tion duration: 250 rns- , sta t is tics collected after 10 mc
maximum data t r a - f f i c :  245.~ 9 khps
actua l da ta t ra f f i c  generated: 243.75 khps
actual voice traff ic generated: 720 kbps
data header arid control t ra f f i c :  335.118 khps
voice header and control t raf f ic:  239.985 kbps
utilization: .996

Results:

tota l voice packet delay: .25 ms
a variance: .02

data packet delay: 8 ms
var iance: 20
95~ of da ta packets hav.e delay under 17 ms
max im um node memory required: 8000 bits

2.2.2 Experiment lb

• Conditions as in experiment lb  except:

number processors: 4 per node

Results:

S total voice packet delay: .15 ms
variance: .01
data packet delay: 7.8 ms
var iance: 15 ms
957 of data packets have delay under 16 ms
max imum node memory required: 6000 bits

IV-9.~
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2.2.3 ~x pa : ~aa-nt 2

- 

- .  

Conditions- :

voice pacI’ .~t size : i - ~ mis -
calls: loca
I a- pc: 1€. I - l .a - s
act ivity: 45-/ total  a .:tivc ta lk , 551 r- ahmt
data packet size: 128 hit s -

a number proc~essors: 1 per no n e
-
- 

process -or speed: 5 rriicroseconds / 16 bit wa - a c t
- s imulation duratinn: 250 ms , st at ist ic - s col lectcd a f t a - r  10 mc

maximum data t ra f f ic :  2HL.89 [bps
actual data t r a f f i c  generated: 127 .5 kbps
actual voice t ra f f i c  generated: 720 khps
d- ’ta header and control t r a f f i c :  257.8 kbps

I
t 

I voice header and control t raf f ic :  239.985 kbps
utilization: .91

Results:

total voice pac ket delay: .25 ms
S variance: .0375

data packe t delay: 2.3 ns
variance: - 3

957 of da ta packets have .elay under 6 a-a c
maximum node memory required: 4096 bits

• 
2 .2.4 Experiment 3

Conditions:

• voic.e packet size: 128 bit s
ca lls: 100
type: 16 kbps CVSD
ac tivi ty: 457 total  act ive talk , 557. silent
da ta packet size: 178 bits
number process ors: 1 per node
processor speed: 5 microseconds / 16 bit word
simu la tion duration: 250 ms , s ta t is t ics  col lected af ter  10 m s
contro l packet size: 32 hits (100 bits in other experiments)

I maximum dat,i t ra f f i c :  373.76 kbps
ac tual data t ra f f i c  generated: 337.5 kbps

r actual vo ice t ra f f i c  generated: 720 khps
data header and control t ra f f ic :  225 kbps

S 1V-10
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. Pa-s uI ts :

tota l  voice pa - a. [c’ I de lay:  .11 a.
\ ‘OE lanCe: .0:- - - : -

da ta packet dct . :y :  2.2 H a - a.
V~a ienc c ’ :
95/ of data ~ac [-ei s have dc’L:y under E S  r i ,
niaxirnum node ia-e mory required: 11099 h t c

2.2 .5 Experiment 11a

Condit ions :

voice packet size: 128 bits
call s : 100
type: 16 [Na -s CVSD
act iv i ty :  457 toh-a l act ive t a - I l ,, 55Z sIlent
data packet size: 512 ba t s -
number pr oces sors: 1 per node
pr oc a - s - s - or  sPeed: 5 mi- . rca--c ronds / 16 bit word
simulation durat ion: 250 a s , • . t a t i s t i cs -  cef lc cted a f t c r  50 ma - s
maximum data t ra f f ic :  .158.04 I-: l ps
ac tual  da ta t ra f f i c :  445.31 kbps
ac tual voice t ra f f i c :  720 kbpc
data header and control t ra f f i c . : 122.46 khps
voice header and control t raf f ic :  239.985 lcbps
util ization: .989

Results: -

This network confi gura tion is not stable , it appears that the mem ory
requ ired by the node constantl y increases.

2 .2.6 Experiment 4b

Conditions as in experiment (Ia) except:

number pr ocessors: I per node

Re s a. It s:

IV-”
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tL ~~~~Sl  \ .~. a - ;  [ - i , ’Y. - a mJca 1 - .,~ .L~~ m c .
y ea  i a - m a c e :  .0 1

S da t a-  I -aa ~~ dcla’/ : 10 m a -
V a rmn ’ ; ac r :  50
95/ of data c a - c  l- ” ts I~~s -a - delay aim - /e r 25 r a -

- a  ; — - . node ; : - - . . ‘ ‘ ry ra- -~um : -d: 15000 l a - a-s

2.2.7 L . ; [Cr i f l ac-1 m

Con I Ii ; - , :

V Oica -  ~;ack€ t siz e : 128 Pta -
ca l l s - :  100
type: 16 kbpc (/V %f )
act iv i t y: 157. tota l  a ct ive ta lk , 55~- si len t
da t a piaket size: 1021 hits
nua mLa - a proc essom a- : I per a- -ada-
proar ‘- ‘-or spee d; - 5 miCa onec ends / 16 hit viord
S lam ; ;  a la - l ion dura tion: 500 ma ’. :-;, s t a t i s t i c s  co ba- ate c i  af ter  50 inS

ma;- . a - a im data t r r ’f f c  : 512.42 kbl:s
S actua l dat a t r a f f i c :  508.59

S ac tu~,l voice t r a f f ic: 720 kbps
dat a- an; add and c_ e a t  ro t t r a f f i c :  67X~ ‘. 1
voice hess-icr and contro l t ra f f ic :  239.9cHH [ pc

a 
ut i l izat ion: .995

Result s - :

This network configuration is unstable , node memory requ irements do
not level off. -

2 .2.8 Experiment Sb

Cond it i o ns- as in e”periment (5a) except:

number pr ocessors: 4 per node - ; -

Results - :

I voice pack e t  delay: .4 m s

- 
vari ;n( e: .05

a pa-v k c t  delay: 20 ms
variance: 20

IV -12
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P 95/  of data p~ c bs - I s  I~~
,- c- m~~i a - -~ u a a - ~- ; 9)  a-s

t riaxifli uni node memory n c  a - a . ’ r a d :  9220’.) bits

- 
2.3. Ex~~ -~ ~: Sir: uI a~ c o  S ist ~ca O~;L’ut

I a ’ ’  fo l lov i mm ~ I - -aSIa - c c e -  II’ s-ai m ;ea - y a- I the c,~ : t a c t i c s  cof l . -c ~c- ’l f r cm the si namialion

t r a c e  f Ile. Pe~ l.a- Is are grou~a~d i nto c- a-~ct Iy s imilar 1 y a -~~~’ ; 
for r.~~- a r,! c-’ , the f i a  a t  line is

S 

- a summary of al l type 1 (voice) pa-d .c t a - a-f subty pe 2, ( 16 RI ps CVI S as- dcf i ned) , for

I ca lls from node 2 to node 1. The t able ~also indicates the tota l  num ber of pa- . Lnt s

rejec ted by the network (by node mee-ory overf low , for e’ i- pte), to ta l  pc -c ica t

measure d of this type , avc r~ end- to- -en d delay, in nilliseconci ’ .:, and var iance. The

- last two columns indic ate t im e average number of nodes- these pacts -etc have pa - cs - cd
I 

through since leaving the rou rce node , a - mad the avea -age length of packets of this t ype

(the possibi lit y of having, say, da ta pac l;r-is of various sizes was ox1; ‘~ t rd) .

Figure 2.1 through 2.8 dep ic t the aa - c ’ nry rcquire r-en ts as a function of s i m a . l ; t  on

t ime. The data gives the tot a l  memory a mmode needs because of input/oaatp iat queues

and holding queues for data packets durin6 the time interva ls.

2.3 .1 Experiment Ia

t ype sub + ype node to node
. 1 1 2 1

2 1 1 2
1 1 2 - -

-, . 3 0 2 1
3 0 1 2
2 1 2 1

type pkto- re j  t o t - pk ts  avq-del var - c Ia- I n ds - i l r  ‘ a  ~ vq- lain
1 0 1784 2 .354E—0 1 2.481 11-02 1.1313d t . iPd 1.2$(3F~ 02
2 0 587 E. 87 1E— @ 1 1 . 09~~~ L 411 1. ( ) U l a - P~

) 1. ~i1ThESi L(

1 0 17116 2. [f t~[— ~ 1 1J~~S- l - - P2 1. Pdf  - I’d 1.~’ f~~3 0 683 9.(3ij /1i :40~ 3.024 L-+~)1 1.t300E400 1.2.~- P~ -iP,:

~~~~~rraiiI ~~~~~~~~~~~~~~ ~~~~~~~~ -5~~~~~~~~ SS~~~~__ _~~ 
_ S S__A
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S

2 - E-dN 9.  S 5 5 5 ~ Ill . I I  69 a- I 1. PaS/ -m ~ i ) - a

St.4 i s - t i c ’ a a  S j a ; : e a u — - - - — —

2.3.2 Ex pa , a ae n t lb

t y pe subty pe node to node
1 1 1 2
1 1 2 1
3 0 1 2
2 1 1 2
2 1 2 1
3 0 2 1

type p k t s— r ej  t o t — p k t s  av~ —de I v a-a --cl~ I nc ls — thr’u ev e— I ‘a-n S
1 0 1740 1.B4 PE—01 4 .174 F-t~3 1.P11-: . - m PO I .26 19 . -1 P2
1 0 1738 1.C;?I L—O1 1.2395-@2 1. L-~U~i 1.2~ S:;. +@2
3 0 542 8.56~ E+f~0 4. L~~1-r~ 1 1. Pd: ibJ 1.5 
2 0 533 7. %7 5[~ 01 5. ~a- 5a- L~~~l 1. hiS )- 1i~3 1 PI’Y’ a - ; I~2 S

2 C 552 C [~ 1 2 1 ~L—~11 1 “ a ’ a ” 1 1’
3 0 527 6. S01E÷0~ 3. 19511-i-I’ll 1. 15. - b-a-Pd 1 . 2~- .bL-a-92

2.3.3 Experiment 2 
5 

- a

L : -

type subtype node to node
3 0 1 2

- i  1 1 2 1
1 1 1 2 - 

-

3 0 2 1
2 1 2 1
2 1 1 2

type pk ts - re j  to t -p kts  avq-cl e l var-de l nds -— thru ave- le n
3 0 472 2 C~~E-a00 4 1’~ iC O 1 Pm I’ i-CO 1 . .~I ~~~1 0 1728 3 .O T L- E - - tJ l 4 .C3C E-02 1.PPL +0@ 1.2~ PL43 2
1 0 1824 2 . 1 f ~4E- CI 3 .53:’E-0 2 1 .0P 05400 1.76054 -0 2
3 0 452 2. 057E+C0 2. 4G~ 5-i- C[3 1 . Ci’. / :4 00 1 . 26i~9-+ P2
2 0 482 0. dP~- f1 - -0 l  2. C~~ I —CI  I . h929i P0 1 . (‘IL’ ‘ Pd

• 2 0 448 7.I31~.9L--01 3.9//E-01 l .d U9a- -~U~ 1. ic , I de +02

IV- 14 -
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2.3.4 Experim ent 3

type sub tqpe a - maci - a to -

1 1 2 1
a 1 1 1 - 2

3 0 1 2
2 1 2 1

• 3 0 2 1
2 1 1 2

type pk t s—re j  t o t - -pk f s  a vq-  de l  ‘-er~ c ia - I  n c f s - - - t tm ru  ev a—  I
1 0 1/02 3 1, )~~ Cl 2 2 E—13 ? 1 01’ +1’ 1 2?t
1 0 1/36 5 ~G5E-01 3 13 5~~~

) 1 Pa 29 1 2 a
3 0 861 2. 0795-i-CU I . B~3 3. . COdE-a 119 1.2815- -a IL)
2 0 867 2. /3/S- - - lli 6. (‘lhiLF—P2 1. 09L- /1 -a PU 3. 2P59-’- Iiil

t . 3 0 795 1.92?E-- PC 1. GIsIL-; 153 1. e99:: .a po 1. 2605 19?
2 0 797 2,b17~ --(3 1 6.8335 -02 1.0Ii~ E4 - b-2 3 .2 0PL m Bl

2.3.5 Experiment 4a

type sub type node to node
a 1 1 2 1

1 1 1 2
2 1 1 2
3 0 1 2
3 0 2 1
2 1 2 1

type p k t s — r e j  to t . - pk ts  avg-de l v a r—de l  nds- t hru avg—l e n
1 0 1480 2.199E+01 1.-344E402 1.001W-iCC l .280E+02
1 0 1435 2.369E+C1 1.508E+02 1.0005-i -Pd 1 .2805402
2 8 223 7.411E—01 1.80~E-0l 1.CgoE- L’o 1.00054-02
3 8 192 2.658E+01 1.678E-i-02 1.0013E400 S.120E-i-02
3 8 175 3.6013E-i-01 3.987E-i-02 1.030E-i-0@ 5.123E-~0?
2 8 231 7.637E—01 2.241E-01 1.008E+00 1.Ct3CE-i-02

;‘- 1 
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typo subtq~-ao node to node ‘ 5

1 1 2 1
1 1 1 2
2 1 1 2
3 0 1 2
2 1 2 1
3 0 2 1

type pk t s — r e j  to t — pl-a -  ts  evq-- cle I var—de l  ncls—thr a avq — I - ’ ;
1 0 1504 2.47 55— 01 1. 152 E—2? 1 .51105 - C l  1. 26 1)5- i-OS
1 0 1460 2. 41a1 E—U1 1. 0~a5 lE-- 0? 1. 03054 - 59 1. 291 1E-mPS
2 0 183 5.0705-01 1.4075- - hi 1.C9l {T-d~i 1.0505-432 5

3 8 192 5.0275-i-PU 5.8GEIE-i-C,l 1.011 ( 15-cOd 5- . 1b PS - mOd
2 - C  199 G.699 E—C1 2.057E--5l 1.0005±00 1.0009-a 02
3 0 181 1.360F+8l 6.6935+01 1.013054153 5.120E+U2

a 
2.3.7 Experiment 5a

type s ubt u;-~ node to node -

1 1 1 2 -

1 1 2 1
— 2 1 1 2 a

a 3 0 1 2 -

3 0 2 1 -

2 1 2 1

type pkts—rej tot—pkt s avg-de l var—de l nds—thru avg—len
1 0 2495 7.899E+01 1.895E-i-03 1.800E+CI-3 1.280E-i-02
1 0 2498 7.957E4-U1 2.C1CE+03 l.t300E+00 1.280E+02
2 0 245 1.355E÷0f3 4.7t35E-01 1.800E+(33 1.000E-i-@2
3 0 179 1.087E+132 2.97 1E+03 1.f300 E+00 1.024E-i-83
3 0 164 9.071E-i-C1 2.185E+03 1.008E+1313 i.024E+03
2 0 256 1.280E+BC 4.630E-01 1.008E.,-00 1.000E.i-f32

2.3.8 Experiment Sb S

type eubtype node to node
1 1 1 2
1 1 2 1
2 1 1 2

Iv-1~
t
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5- ’ 5 i-
3 0 2 -  1

- :  2 1 2 1

- a  
- 

type pkt s—re j tot-p kts avr a--d -e I va r—dr-  I nSn—thru  ev q— a a-
I C 2196 4 Si! ’  —0 1 7 70 02 1 1 ‘

- 4 13 0 1 1
- 

1 13 2201 4 .59/ i ) - Iii 4. 15’ 55 --02 1. 0 cS ’ E-a- dS 1. 76) S - a 02
- . 

- 2 13 161 1. 012. 5400 5. i3~-- E—C1 1. CPUS- i- OIl 1.
-~ 3 0 147 1145551:400 2. 5~~ E- ;P1 I . OYTi+OC) 1.

3 0 153 1 11 5 i-Ui. 1 a- ,’ L I-i. 1 1 ~ & uU 1 i ~~1. ~,32 147 1.CY+b-i-00 3.6IYaE -01 1.CLICE-a OU 1.0OI- a - i 02

a 2.4. ConcIu~ions

- The results of the simulation experiments indicate that a packotized voice/data

a 
ne twork is able to handle the traf f ic load efficientl y, and with acceptable delay s-. With

the link utilization near I, the variance in the voice t ra f f i c  delay is low enough to be

comparable with the SENET scheme.

S 

Data t r a f f ic  is handled acceptably; it is- dear that as data packet size incn.-ases , the

net amount of real data availab le is increa sed (since there is less network control data

generated). This increase in size causes an increase in the delay in the voice packets;

as a longer data packet is being transm itted~ the next voice packet must wait. The

a 
possibility of allowing various data packet lengths and the way the node processor

handles these requires investigation.

The network control protocols need to be examined in order to determine an

efficient system. The effect of header and control packet size on the total usable data

is clear. 
-

- The processor capabilities within the node are critical in some experiments. Where

one processor Is insufficient , 4 are adequate. The network in which nodes have more

IV -17..
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than one link would require , pi~ - ta r procc ’ s-~-ft-~ pav.’er pc- r a-~cda than for ta -c: n~ twork

simulated here. Ti-’ deta iled p r a - c o s s or rac 1a 5 m £v im en t s a ’r not d as-cu — - se d here; t j  a

ef fect has been noticed.

A question rernainin~ concerns the rout a ng and p
~ 

:~~~ fo rwn rdi m :~ n-s -char S - - ia.

W hother the PVC f low control ¶ c h a m a is accep tab le for a C :  r::~~y~~~5r, is not cIe~.i.

The dynamic routing f or a PVC raelwo rk is not f u l l y investigated. The poss-it:’ility exi c- t a ;

of a point in between .these two which allows data t raf f ic  to be dynamical ly routed ,

while C!ass I traf f ic  exists on virtual circuits . By limiting the total Class I t ra f f i c  on a

link to the maximum physicall y possible the network could accommodate insh.ntaneous

peaks without losses. Class II and Ill data t raf f ic  would be temporaril y suspended on

S 
- - this link, and routed around on anothet path.

_ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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