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~~ nev poin t of view. It can be shown that the file lockout state of the di.—
‘ tributed multiple copies is an inherent characteristic of the file manipula-

tion operations.

The objective of this work was to determine the performance of data syn-

chronization techniques in the maintenance of distributed multiple—copied

files in a computer network using G.P.S.S. simulation. The system visualized

is a set of Identical copies of a file residing in nodes that form a computer

network. Each file is supervised by a Local File Manager (L.F.M.) which is

under a control scheme to maintain the congruency and consistency of these

files by synchronizing the file access and updating information. This is
achieved by locking out the file copies once an L.F.M. was granted the right

of updating a file for a particular user.
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EVALUATION . 

-

This effort investi gated alternate schemes for synchronizing the

update of fi l es which are located on several distinct hosts on a

computer network . It was assumed that the individual files could

receive simultaneous update requests from multip le users. Theoretical

anal ysis was performed on various approaches , and model s were developed

to obtain relative performance data .

This effort applies directly to the Command and Control Information Pro-

cessino Thrust of TPO-3. It provides basic technology In the area of

distributed computer system control and can be used as input to severa l

distributed data base efforts recently initiated under Project 2530

“Computer System Reflability and Survivability ”.

RICHARD A. METZGER
Project Enqineer

vi
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thapter 1

Introduction of the Data Synchronization Problem

Da ta synchronization problem in a single computer environment had

been studied intensively some time ago using semaphores by Dijkstra [12).

There is the possibility that concurrent processes may in—

tend to access the same data set. If in the lack of lockout mechanism

for file access, one process changes the data set based on the old in-

formation that has been changed by another procesa,unrecoverable problems

may be created. A semaphore is used to synchronize the concurrent pro—

cesses so that exclusiveness of file access among themselves is guaranteed . —

The same type of problem also exists for a geographically distributed

multiple—copied file in a heterogeneous computer network.

The nature of the file access exclusiveness and multiple updatings

of a file is considered . Advantages of multiple—copied files are

also discussed. A simple study model proposed in this chapter allows

a comparison of control schemes on a set of performance criterion.

1.1 Distributed Data Base

In the age of so—called information explosion, computer networking

technology is now being widely recognized . The original motivation behind

networking is aimed at resource sharing . It generally included expen—

Hive hardware sharing, specialized software sharing, and data base sharing .

However , in the trend of decreasing hardware cost due to new technology ,

the data base or information sharing becomes the most significant reason

for networking.

When the need to facilitate transferring of appropriate information

across partially connected networks of heterogeneous computers became~

L - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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clear, many ideas and studies were initiated in recent years. As a result

of evolutionary procedures, it is often desirable to integrate distributed

data bases into a network (1]. The conventional approaches to handle

these problems are centralized methods. Some computer nodes in the net-

work have an equivalent right of control as compared to the others.

Centralized approaches have been disfavored by their poor dependability apd

potential of causing network traffic congestion. The distributed approach

to control of distributed data bases is a challenging problem which

deserves a large amount of fundamental research.

Over the years, networks designers have been intérésted in the reality

of a Network Operating system (NOS) [2,3,4]. User communication primitives,

job migration primitives, control primitives, and data migration primitives

are essential components in a Network Operating system. Despite the many

problems In the implementation of other primitives, the reality of data

migration alone means the existence of global (network—wide) file directory,

partial file access, data translation,and data synchronization. The

research effort described here is concentrated to the study of the data

synchronization problem.

In the initial stage of integrating distributed data bases, the

problem is to conceive and study the control scheme. Once some limited

capability exists, there is also an emphasis on data security and pro-

tection. Distributed data base allows the local owner to implement any

desired protection mechanism. In addition, a distributed control mech-

anism can efficiently use the communication link capacity to avoid net—

work flow congestion. Therefore, the objectives of using distributed data

bases and control mechanisms are to have reliability, fast access perfor-

mance, optimizing usage of links, and localized data base protection.
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Many aspects of a distributed data base have been studied. The parti-

tioning problem of distributed files was investigated by the pioneer work

of W. Chu [5]. He assumed that the number of file copies was known ,

queries were routed to all files, queries ’ pattern were known, and the

arrivals followed a Poisson distribution. A linear prograsmzing technique

was used to resolve the partitioning problem. V.1CM. Whitney, R.G. Casey,

and K.D. Levln let~r on relaxed or extended the technique to consider

the communication system as a whole . This included both data and program

allocation problems (6 ,7 ,8).

1.2. Multiple—Copied Files

There are two methods to setup distributed data bases . In the first

method, segments of a file are located at different nodes of the net-

work. Data access will be directed through the networks to the correct

node for processing. This is the conventional configuration of a distributed

data base. The second method allows multiple—copies of the same file

located at several nodes of the networks. P.R. Johnson, R.H. Thomas,

and W.R. Sutherland mentioned these methods in some of their works f9~ l0

111.

In a dispersed computer network, frequency bandwidth requirements of

the links between network nodes are chosen to support satisfactory

thoughput and packet delay. It has been pointed out by researchers that

extensive efforts are required to design a network which can support

various high thoughput traffic, low delay traff ic, and real time traff ic

[3]. Whenever a high level protocol is designed for an existing packet

switching system , the time—bandwidth product required by the protocol should

be minimized. The real t~ine file manipulation and modification of a remote

_
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file in a foreign node usually puts a great strain to the capacities of the

store and fo rward networks , with multiple copies in the networks a user

is able to retrieve and manipulate a file copy that is the closest to

the user . User ’s file manipulation traffic does not need to load large

amounts of the capacity of the communication links. Therefore, communi-

cation capacity of the link is used more efficiently. At the end of file

manipulation activities, updating information has to be transferred to

nodes with the same file copy to maintain file consistency.

Distributed multiple—copied file has the advantages of reliability

and redundant backups. In the case of partial failure of the computer

nodes, the other computer nodes with the same file copy still can provide

file access to users. If the computer host has enough distributed con-

trol capability, a multiple—copied file in a network is resilient to partial

network failures. Reliability of important data bases in a computer net-

work is very important. The conventional approach to upgrade the relia-

bility requires a standby data base system which does not participate in nor-

mal network activity. But, in the multiple—copied file environment mentioned

above, no expensive standby system is required to achieve reliability .

In a multiple—copied file environment, control and updating information

flows through the links according to a high level control scheme (pro-

tocol), those traffic are already enciphered by the previous states of the

protocol. Therefore, there is no danger of a large volume of sensitive

file flowing about the communication links. The resultant security

should be better than before. Of course, low volume traff ic, reliability,

and better security in this environment are gained in compromise for

redundant storage capacities required across the network. 
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1.3 Synchronization or Lockout mechanism

Data synchronization problems in a single computer environment

have been studied intens ively for some time using semaphores by Dijkstra

[12]. There is the possibility that more than one concurrent process may

intend to access the same data set. In the absence of lockout mechanisms

for file access, one process changes the data set based on the old in-

formation that has been changed by another process, therefore creating

unrecoverable problems.. A semaphore is used to synchronize the con--

current processes so that exclusiveness of file access among them is

guaranteed. The same type of problem also exists for geographically

distributed multiple—copied files in a heterogeneous computer network

[9]. In addition to the file access exclusiveness problem, there is also

a need for multiple updatings mechanisms to guarantee the consistency

of all copies of the file. J. Roth~ie, P. bernstein, and N. Coodman pro-

posed serialization method to achieve synchronization [13). However, syn-

chronization of file access and multiple updatings in the network are

achieved by the lockout mechanisms in this reported work.

There is an inherent characteristic in the operation of file access

which can be either f ile evaluation or modification . Whenever a user

gains the exclusive right to access a file, he should be protected from

interference of activities on the same file by other users [15,16]. In

other words, once the file access is granted to one user, that file is

in a lockout state. No other user can access that file until the current

user has finished his activities. The lockout state of a file in a single

computer environment has been studied and handled elegantly using sema-

phores by Dijkstra. Lockout of a file is synchronized by a sema-

phore for a number of concurrent processes to guarantee the exclusive

L 
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right of file access. This inherent characteristic of the lockout state of

a file also exists in a multiple—copied file environment. The differ-

ence is that not only one copy in the local host, but also other copies

of the same file at remote hosts need to be protected in lockout state.

In this report prevention of interference of file access by the

lockout synchronization of multiple—copied file will be described in de-

tails for three schemes . The modeling and simulation results of the net-

work—wide semaphore scheme, and hopping permit scheme and the adaptive

hopping permit scheme will be discussed [17,18,191. It is possible to

provide a general description of the lockout synchronization schemes.

As a result of taking this point of view, an adaptive hopping permit

scheme was conceived and shown to have superior performance than that of

the other schemes. It is easy to demonstrate that the adaptive hopping

permit scheme is a special case of the network—wide semaphore scheme

and also a special case of the hopping permit scheme.

In our search for an ideal control scheme to synchronize the lock-

out states of a multiple—copied file, the local file managers (L.F.M.)

of the computer node should possess the following attributes.

* involves distributed processing and control.

* uses only limited available local or global information.

* can be either a deterministic or nondeterministic (adaptive)

control scheme.

Having distributed identical local file managers in a control scheme is

essential to survive from partial network outages. A local file manager

with available information can coordinate with others to synchronize

lockout states of the multiple—copied file. In order to optimize the

system performance criteria, either deter~inistic (time invariant) or
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nondeterministic (adaptive or time variant) scheme can be used. To mini-

mize the vulnerability of the synchronization schemes, a centralized

approach cannot be employed . Local file managers at the computer node

of the ne twork should be identical and immune to failures of each other.

It is intriguing to the network designers which distributed control

schemes can achieve these objectives and which performance criterion

should be used to evaluate the control schemes (or protocol). In addition,

it is also interesting to reveal the change of characteristics of the

control schemes when the number of computer nodes in the network increases.

Simulation using GPSS was employed in this work to study the character—

is tics of the proposed control schemes and to conceive a new scheme

which has a better performance than the old scheme.

1.4 Simulation Model

The network model in which control schemes are implemented and sinai —

lated is shown in Figure 1.1. For simplicity in comparing the control

schemes, only a file X exists in this network model. 8ach host in the

network has a local copy of file X. Access to file X can only

be granted to one of the users p, q, and r. While one user at a host

gains the access right of the file X, all the other copies at foreign

hosts should be in the lockout state. This network model can be expanded

to four nodes or five nodes, etc. The data synchronization problem is

complicated by the fact that the user’s processes located at different computers

can only communicate between themselves with stochastically delayed messages (4).

It is assumed in our simulation model that the networks are strongly

connec ted . In other words we assume that there is always a

virtual link between each pair of the nodes in the network. In reality

a network might be partially connected , but at a higher level of protocol ,

—-
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a direct virtual link usually can be established. The communication

link will have stochastic uniformly distributed delay from .1 to .9 second.

Full—duplex idealistic links are assumed. Because characteristics of

the pro tocol are studied here, data rate (or bandwidth) limitation has

not been incorporated in this model. For simplicity in the simulation it

is assumed that only one file X is involved and each node on the net-

works has only one user.

The lockout synchronization problem can be considered in Figure 1.2,

where all the requests to access the file are forced into a conceptual

queue. This queue may not exist physically anywhere in the network.

If the queue forms somewhere in the network, this scheme becomes a un-

desirable centralized approach. The activities related to this file in

the network can be divided into alternating synchronizing—phase and up-

dating—phase in sequence.

* Synchronizing—phase: In this phase one file access request in

the network will be granted. Some control traffics occur during

this phase.

* Updating—phase: In this phase granted user process will modify

its local copy, and updating and acknowledgement traffic occur

during this phase.

By some means in a particular control scheme granting a request is res-

olved , then updatings of the local copy followed by updating of the foreign

copies. In this work we assume that the service time for local file manipu—

lation has f ixed period of 1 second. This stringent assumption will

be set aside for the study ~n the future. After the local file mani—

pulation is finished, the local file manager (LFM) sends out updating

information to all the computer~ nodes with copies of the same file X. Later

- - - . -- - rn -- -. ~~~~~~~~~~~~~~~~~~~
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on in the report, the local file manager, the computerl node, or the node itself

are referred to in an intermixed fashion, because~ in our model , there is only one

control: mechanism at a node. It is also assumed that the updating information

is a fixed length message.

In summary, the assumptions in the simulations of the three control

schemes are ,

* stochastic link delay: uniformly distributed from .1 to .9

seconds.

* Single user at the node of the network with file access request:

requests are Poisson distributed with average interarrival time

of 20 seconds.

* fixed length of time for local updating: 1 second.

* fixed length of updating information.

In this study, G.P.S.S./360 was used to simulate the performance of

control schemes. Not only the performance of the schemes are of interest,

but also the dependencies of the performance on the network size is of

considerable interest. Therefore, clever design of simulation program

is essential to avoid finite memory limitation of the main—frame com-

puter. G.P.S.S. supports a powerful indirect addressing capability.

Using indirect addressing, it is possible to simulate the network activi-

ties using only two sections; transmitting section and receiving section.

The program size of these sections do not grow rapidly when the total

number of simulated computer nodes in the network increase. For each

additional program, cards are inserted , therefore, leaving more storage

for data collection in the simulation. Another ~dvantage of’ using C.P.S.S.

is that it allows close correspondence between simulation programs and

the actual system. This way i~ i becomes easier to debug and verify the simulation 

- - - -~~~~~~ -- - - - --~~~~~-— --_--—--- ---- - --— —--~~~~~~~~~— - - ——  - -
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program of the control schemes . Detailed descriptions about the programs

will be presented in later chaptsrs.

1.5 Performance Criteria

Once the configuration of the network model is decided , a fixed

amount of updating t raff ic  and upda ting acknowledgement traffic is in—

volved to maintain the copies of the file. This amount of traffic is

invariant to the control scheme employed . An ideal control scheme should

have as minimal control traffic as possible. Therefore, control—traffic—

overhead, which is the percentage ratio of the control traffic to the

total traffic in the network, can be used as a criterion.

Total traffic — control traffic + updating traffic

ti control trafficControl—traffic—overhead 
total traffic 

X 100%

The next important criterion to evaluate a control scheme is the

average response—time. For our simple network model, it is assumed that

a fixed amount of one second is required in updating of the local file.

The updating information has a fixed length of data which will be simu—

lated by update begin message and update end message separated by a fixed

period of one second. The response time is defined as follows:

Response—time the time interval between initiation of a file

access request and granting of the request.

In the simulation study, a fixed load of Poisson arrival requests

is assumed at the computer node. As the network size increases, the con—

t rol—traff  ic—overhead and the response—time in handling these loads vary

accordingly. A superior control scheme should impose the minimal control—

traffic—overhead and have the shortest response—time as the network size 

-~~~~~~
_ .- . 
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increases. Therefore, the variation sensitivity of the performance

criterion is also an important measure of the schemes.

____________ - ~~~~~~~~~~~~~~ 
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Chapter 2 -

HOPPING PERMIT SCHEME

The simplest distributed control scheme which achieves the desired

objectives of synchronizing file updates of multiple-copies in a dis-

tributed computer network is the Hopping Permit Scheme. The activities

of a Local File Manager (L.P.L) is represented by a State Transition

Diagram following a description of the basic operation of the control

scheme . A detailed discussion of the use of G.P.S.S~. entities and a

description of the simulation program are also included.

-2.1 Descr~.ption of the Hopping Permit Scheme

In this scheme, fi le access right is associated with a special message

packet called permit. Since only one host in the network can possess the

permit at a time , exclusive file access is guaranteed . Dur ing the syn-

chronizing—phase of this scheme, the ~~rmit is passed in a deterministic

route to the next host. Dur ing the updating—phase of this scheme, local

request at the host with a permit can be serviced .~ Figure 2.1 shows com-

puter A, B, and C wi th a deterministic path for a permit ~.n the scheme.

When a user p at computer A wants to access the file X , he makes a re-

quest to his local file manager. The local file manager will gran t the

user ’s request only when it possesses the permit.

After the short modification is completed by the user , the local

file manager then transmits the updating information to all foreign local

file managers with the same copies . Meanwhile, this local file manager

at host A blocks any further modification by the local uaers and waits

for updating acknowledgements from foreign local file managers . After

all updating acknowledgements have been received , the local file manager

passes the permit to the next local file manager. When the local file
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manager does not possess the permit, it will queue up the local requests

and modify the resident copy according to the incoming updating informa-

tion from other local file managers with the permit.

The activities of local file managers in the network can be des-

cribed in Figure 2.2. During time period t
A~ 

the local file manager 1 -
allows the user to modify the resident master copy. During time period

tA~ 
the updating information are sent out to other copiea. After the

updating is f inished, the permit is sent out to the local file manager

at host B. There is also a finite time delay t
1 

before permit arrives

at host B. At this time, a uSer at host B only reads the file. There-

fore, no time is spent In transmission of updating information and wait-

ing for updating acknowledgements. After tim. period t
2 

is over , the

permit arrives at host C and the same procedure starts over again. Since

at the end of the synchronizing phase the local file managers are coordinated ,

rather than allowing the local file managers to start the open~-bLdding

procedure autonomously, it is possible to keep them in lockout states

and pass a file access permit to a second node in the network.

In this scheme, file access periods (t
A. tB~ 

and t
C

) and updating

periods (tA, t~ , and tc) can have an arbitrary length. No precise clock

information is necessary to guarantee the integrity of this scheme. The

permit being passed by the associated hosts helps coordinate the events

in order . Unless the local file manager possesses the permit, no in-

effective messages are allowed to enter the network. Therefore, network

traffic overhead associated with this scheme should be low.

2.2 State Transition Diagram of the Hopping Permit Scheme

In the course of events under the control of the Hopping Permit

scheme an L.F.M. may be in any of the following four distinct states, 
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local file -
manager at ermit without permit
host A 

— —

:. . t
A_*I

~~~~~~~~~
t

A ~~~

with
permit

local f ile
manager at
host B t, 

~

I-

~~

” 

- 

without permit

local file —

manager at permil without permit

____  —— -1 —— -—- --— .‘.-.
~~~~

l*~
t
2
_

I*tc?P Is_ t#
~ ~~

Figure 2.2 Activities of local file manager in a asynchronous Hopping
Permit Scheme. 
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IDLE : The Idle State

The L F.M. does not possess the permit nor is it in the pro— -

cess of updating its local file.

PER: The L.F .M . has just received the permi t and is examining its

local queue to see if there are any queued up request. 
- 

-

MUPD: The L.F.M. is in possession of the permit and is in the pro-

cess of updating the local file and sending out updating in-

formation.

SUP: The Slave Update State

The L.F.M. has received an update begin from a foreign node.

In this state, the L.F.M. is in the process of updating the

local copy of the file using inf ormation received from a

foreign node.

Figure 2.3 is the State transition diagram of an L.P.M. under the dis-

tributed control of the H.P.S.

2.3 A General Description of the Simulation Approach in G.P.S.S.

A number of ‘Logic Switches,’ ‘Savevalues ’ and ‘Boolean Variables’

are used in the program . The value of these entities are referred to,

by ‘transactions’ at various G.P.S.S. ‘blocks ’ in the course of the simu-

lation. These G.P.S.S. blocks in turn control the flow of transactions

in the simulation. ‘Variables’ are used to achieve indirect addressing

so that minimization of program size is possible. Details will be ex-

plained later.

The activities of the L.P.M. may be described as states in a state

transition diagram. The L.F.M.’s in the course of activities transit

through well defined stable states. These states are signalled by values

or boolean combination of values of a set of Logic Swttcha.a. This set

of logic switches is referred to as ‘COntrol Logtc 9witcbes.’ In the

- -- ,- . -~~~~~ ~~~~- ---- --~~~~~~ ~~ -—~~~~ — 
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T4 IDLE

T3

PER
T Tl T2

T5

MUP SUP

Ti : Updating information is received and the L.F.M. proceeds

Into the foreign updating phase.

T2 : An update complete is received.

T3 : The permit is received. -

T4 : The local queue is empty and the permit is passed on.

T5 : The local queue is non-empty and the L.F .M. proceeds

into updating phase.

T6 Update Acknowledgements from all participating nodes are

received by the L.P.M.

Figure 2.3 State transition diagram of the Hopping Permit Scheme.
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simulation program , there is a set of ‘Control Logic Switches ’ for each

L.F.M.

Another set of logic switches keeps track of acknowledgements re—

ceived from foreign L.F.M.’s. These acknowledgements are in response

to messages sent out by a local L.F.N. This set of logic switches is

referred to as ‘Acknowledgement Logic Switches.’ Bach L.F.M. has its

own set of ‘Acknowledgement Logic Switches’ in the program.

‘Transactions’ might represent the file requests or the other communi-

cation messages. Each transaction has parameter fields as follows:

Information field Control field Boolean field

The iufot~p~ation field contains information regarding the source des-

tination of the transaction, and its type.

The control field contaIns (1) Control Logic Switch ID numbers

(2) information for the control of trans-

action flow.

(3) temporary locations for storing index-

ing Information.

The boolean field contains (1) Control Logic Switch ID numbers

(2) Acknowledgement Logic Switch ID numbers

‘Boolean Variables’ are used to test the binary values of two or

more logic switches simultaneously. The ID numbers of these logic switches

that are to be referred to are entered in this field. Whenever a ‘Boo—

lean Variable’ is referenced in the program, the logic switch ID numbers

are obtained from the Boolean field of the transaction being processed.

Details will be explained later in the chapter.

L  _ _  _ _  -
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2.4 Simulation Program of the Hopping Permit Scheme

The simulation program may be partitioned Into two distinct sections .

(1) The Sending Section:

Transactions are generated as file access requests in this

section and queued up in respective queues. On receipt of

the permit, the transaction is allowed to proceed and generate

Update begin messages. Copies of the transaction are made,

labelled as update begin messages, and dispatched to all other

nodes. After a one second delay, copies of the same trans-

action are made, labelled as updated complete messages, and

dispatched. On receipt of all update acknowledgements, the

permit is released and sent to the next node.

(2) The Receiving Section:

The permit is contained in the receiving section. When a node

receives the permit, it checks to see whether there are any

queued up transactions (requests) or not. If so, the permit

is retained to be released at the end of the updating session,

otherwise, it is dispatched to the next node immediately.

An incoming update begin message sets the receiving L.F.M. into the

SUP state. Whe n an update complete transaction is received, it is

labelled as an update acknowledge message, the source and destination

fields are switched around, and the transaction is dispatched . When an

update acknowledgement message is received, an acknowledge logic switch

is set. When all acknowledge switches are set, the node Is allowed to

leave the updating phase. Before a detailed description of the simulation

program is disc-issed later , the reader is first introduced to the use

of various G.P.S.S. intities.

_ _ _ _ _ _
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2.4.1 Use of G.P.S.S. Logic Switches

Logic Switches are used in the simulation for:

(1) Representing the states of the L.P.M. These logic switches

are termed ‘Control Logic Switches.’

(2) keeping track of update acknowledgements received. These logic

switches are termed ‘Acknowledgement Logic Switches.’

The ‘Control Logic Switches’ ID#’s are specified as:

SUP: Slave Update 
: (I — 1) x 3 + 1

PER: Permit present in node 
— x 3 + 2 i 1,2.. ..N

MUP: L.F.M. is in critical session : (i — 1) x 3 + 3

(Master Update) - 
-

where:

i is the number of nodes

N is the total number of nodes

The total number of atate control logic switches defined in the simu-

lation is 3 x N

The ‘Acknowledge Logic Switches’ ID#’s are specified as follows:

where:

ACK
~~~1

: denotes an update acknowledgement from j to I.

LS $ACK J t i  : denotes the logic switch that is set by ACKjt01
.

LS$ACK
jti 

= 3 x N + (I — 1) x (N — 1) + j
for j<i and l<i < N

3 x N + (i - l) x (N — l) +j -l

- 
- for j>i and l < i < N

The total number of acknowledgement logic switches defined in the simu—

lation is N x (N — 1). The total number of logic switches in the simu—

lation is then N x (N + 2).

L - - _____ - - _______ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
__—------- - ——- --



— -_-—-__-,—,_._______________ _____ — — — -- _—-w •
~
-‘----- - —.

23

2.4.2 Parameter Set of Transactions

Except for the permit all the transactions have the following para-

meter set:

Ell J P12 j P13 J PM J P15 J P#6 J Ui j P#8 J P19 J P#10 iUll I
Information Control Field Boolean field

field

Parameter Number Contents

P#L : Source Node ID number

P12 : Destination Node ID number

P113 : Type 1. Permit
2. Update Begin
3. Update Complete
4. Update Acknowledgement

P114 : Temporary Data

P1/5 : A control Logic Switch ID number

P116 : An Acknowledgement Logic Switch ID number

P17 : Number of loops to be executed. For the loop counter.

• P18 : PER Switch ID number Referred to by 3ooLeanvYar~nble 1

P19 : MUP Switch ID number J

P110 : ACK Switches Referred to by Boolean Variable 2

Pill : ID numbers

The number of parameters defined per transaction in a simulation is 8 + N.

The Permit’s transaction parameter set has the following format:
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P12 P#3L)x(~
Ps5 1

Information Control

field field

Parameter Number Contents

P12 : Destinition Node ID number

P13 : Type (Always 1)

P15 : Destination L.F.M.’s ‘PER’ Control Logic

Switch ID number

2.4.3 Use of G.P.S.S. Variables and Boolean Variables

Variables In the C.P.S.S. simulation program are for the purpose of,

(1) Entering pertinent information into the Boolean Field of the

transaction.

The Boo2ean field of the parameter set contains logic switch

ID numbers. The Logic Switch IDI’s depend upon the source

node ’s ID 11 and are obtained using a set of linear algebraic

equations. (See 2.4.1). Variables are used to represent

these linear algebraic equations.

(2) Entering informa tion into the control field parameter set of

the transaction.

(a) When a Control Logic Switch i5 to be set or reset, P15 is

assigned the Logic Switch IDI using the appropriate Variable.

The Logic Switch Block in the G.P.S.S. program address

that i particular switch indirectly via 215.

(b) When an update complete is dispatched, an Acknowledgement

Logic Switch ID# is entered into the parameter 1 6 of the

message. The IDI of the first of these .ogic switches is 

±_ _ _ 
-~~~~~~~---- ---- - - - ~~~~~~~~~~~~- -•~~ • - - -- - - -
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obtained by referencing a particular Variable after which the

subsequent 1D1’s are obtained by successively incrementing the

initial IDI. On recetpt of the returned update acknowledgement,

the particular acknowledge togic switch which was previously

specified in P16 is set.

Boolean Variables are used to test the condition of two or more

logic switches simultaneously. Two Boolean Variables are used in the

Simulation.

(1) Boolean Variable 1 : MUP + PER

This is tested to allow a request for processing only if it has

a value ‘0’. This occurs when the permit comes in and sets

the PER Switch of the L.F.M. and the L.F.M. is not in master

updating state. Once a request is taken for processing, the

MUP Switch is set. Next time the Boolean Variable 1. has a

value ‘0’ only when the permit comes in again. P18 and P19

contain the ID# of the Control Logic Switches PER and MUP

respectively. The Boolean Variable addresses these Logic

Switches indirectly through P18 and P119.

(2) Boolean Variable 2: LS$ACK#i. x LS$ACK#2 etc .

When an update acknowledgement is received , it sets a predeter—

mined Acknowledgement Logic Switch. Only when all the Acknowledge-

ments are received, this Boolean Variable returns a ‘1’. Once

this occurs, the L.F.M. is allowed to exit the update session

and send out the permit.

The specific use of variables is explained below:

Variable 1 : Cor.atant

to specify the numb~r of nodes in the simulation 

- --- -_--- --- - -- - — - --—----- -—--.“ — -- - -
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Var iable 2 : 1(3 + 1(3 * (P1 — Ki)

to specify the MUP Control Logic Switch of a source

node (see 2.4.1). Before setting the MUP logic

switch at the beginning of an update session and

resetting it at the end of an update session, this

Variable is referenced and assigned to P15. This

variable is also used to enter the MUP Logic Switch

IDI to P19 of the Boolean field of the transaction

parameter set.

Variable 3 : K3 * Vi + (Vi — gl) * P1

to specify the last Logic Switch m l  of the set of

Acknowledgment Logic Switches of a source node.

This variable is used to initialize P16 on trans-

ferring out of the MUP state. P16 is used to ref-

erence all the Acknowledgement Logic Switches.

Resetting of the corresponding logic switch and

decrementing of P16 occurs alternatively.

Variable 4 : Vl — 1(1

to initialize the loop counter. P17 is used as the

loop counter.

Variable 5 : K2 + K3 * (P2 — Kl)

to specify the PER Control Logic Switch of a re—

ceiving node (see 2.4.1). This variable is refer—

enced in the receiving section of the program and

assigned to P15 prior to setting the PER logic switch.

Variable 6 : 1(1 + K3 * (P2 — 1(1)

to specify the SUP Control Logic Switch of a receiving

node. This variable is referenced in the receiving
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section of the program and assigned to P15 prior

to setting the SUP logic switch on receipt of an

update begin. It is also assigned to P15 prior to

resetting the SUP logic switch on receipt of an

update complete.

Variable 7 : K3 * Vi + K]. + (P1 — Xl) * (Vi — Xl)
to specify the first Logic Switch IDI of the set of

Acknowledgement Logic Switches of a source node.

This variable is used to enter Acknowledgement

Logic Switch 1D1’s into P16 of an update complete

before it was sent out. This variable is assigned

to P16 which in turn is successively incremented

before a copy of the update begin is sent out.

Variable 8 : K2 + K3 * (P1 — 1(1)

to enter the PER Logic Switch IDI into P18 of the

Boolean Field of the transactions parameter set.

Variable 9 : K3 * Vi + (P1 — Ki) * (Vi — Xl) + P7
to specify the Acknowledgement Logic Switch IDI’s

of a node. This variable in conjunction with variable

10 is used to enter Acknowledgement Logic Switch

IDI’s into Boolean Field of the parameter set of a

transaction (see 2.4.2).

• Variable 10 : 1(8 + Vi

to specify the total length of the parameter set.

Starting from P110 successive Acknowledgement Logic

Switch IDI’s are entered into successive parameter

locations. This is achieved as follows.

- I
——----- -- --- - --- - ----• - --• -- ---—-- - — —---~~~~ -- -- ~~~~~ -
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Variable 10 is assigned to P14 . The loop counter

P17 is initialized with the loop count variable 4.

Variable 9 provides the IDI of the last logic switch

of the Acknowledgement Logic Switch set. Variable

9 is assigned to the parameter location indirectly

addressed by the contents of P14. P14 is then de—

cremented and the transaction is looped around for

another indirect assignment. The loop counter P17

is also decremented. As a result, V9 specifies

Acknowledgement Logic Switch IDI’s in descending

order. When the loop counter P17 becomes zero, the

assignment of logic switch IDI’s to this section

of the transaction ’s Boo].ean Field is complete.

2.4.4 Details of the Simulation Program (see Figure 2.4 and Appendix A)

The Sendin&Section:

Transactions (requests) are generated at individual generate blocks.

The source IDI is assigned, and the transactions are transferred to a

coni~~n section of the program. Even though the blocks are coamon, G.P.S.S.

keeps track of transactions belonging to the same node by using the source

ID1 specified in P11. Next, the Boolean Field is filled up with per-

tinent information as explained in the discussion involving the use of

variables. The transactions are then queued up for processing. The trans-

action at the head of each queue is stopped unless the value of BV]. is

zero (see 2.1.3.). Only when BV]. of a particular node has a value ‘0’,

a transaction from that node is permitted to proceed to commence updating.

The transaction then departs the queue, and the MUP logic switch is set.

After a .1 second delay, a copy is made, labelled as update begin, and 

- ---— • - - -~~-~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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transferred to a section of the program (BTXT) which assigns individual

destinations to the copy and sends it onto the link. To maintain generality

of this section so that destination assignments can be made regardless

which node the transaction belongs to, the following procedure is res-

orted to:

Step 1: The destination node IDI is specified as 1, i.e. P12 is

assigned a value of 1.

Step 2: The counter is initialized to the number of nodes in the

network.

Step 3: A check is made to see if the destination specified is the

same as the source (P11 = P 12?). If so, step 4 is skipped.

Step 4: A copy is dispatched onto the link.

Step 5: The destination node ID# is incremented, i.e. P12 is in—

cremented .

Step 6: The counter is decremented. If ifl is not zero, then the

program ‘umps to step 3.

Step 7: The transaction is terminated when all the update begins

have been sent out .

After a fixed one second delay which represents the updating period,

a copy of the transaction is made. It is labelled as update complete

and transferred to a section of the program (ETXT) . This section is very

similar to the BTXT section except that Acknowledgement Switch IDI’s are

entered into P116 of the outgoing update complete. This is achieved as

follows :

Step 1: The destination node ID# is specified as 1.

Step 2: Variable 7 is assigned to P116. P16 now contains the f irst

Acknowledge Logic Switch ID# of the set of Acknowledgement

Logic Switches. 

~~~~~~ •~~~~~~~~~~~~~~~~~~~~~ • •• ~~~~~~~~~~~~~~~~~~~
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Step 3: The counter Is initialized to the number of nodes.

Step 4: A check is made to see if the destination specified is the

same as the source. If it is so, step 5 and step 6 are

skipped.

Step 5: A copy is dispatched onto the link.

Step 6: P116 is incremented. The next Acknowledgement Logic Switch

IDIfr is obtained in P16.

Step 7: The destination node ID1 Is incremented, i.e. P17 is in-

cremented.

Step 8: The counter is decreinented. If it is not zero, the program

- 
jumps to step 4.

Step 9: The transaction is terminated when all the update completes

have been sent out.

Having sent out update completes, the resident transaction keeps

testing the value of BV2 for a value of ‘1’ at every simulation clock

update (see Sec. 2.4.3.). BV2 becomes ‘1’ when all update acknowledge-

ments are received. When this happens, the MU? switch and the PER switch

are reset. After this, all the Acknowledge Logic Switches are reset.

This is done as follows:

Step 1: V3 is assigned to P116 (Block 23)

P116 now contains the node’s last Acknowledgement Logic

Switch number.

Step 2: Initialize Loop counter.

Step 3: Reset Logic Switch ac~dressed by P16.

Step 4: Decrement P16.

Step 5: Decrement counter. Jump to step 3 is not zero.

Step 6: Terminate the transaction.

Receiving_Section: When a transaction is received, it is identified In

-— -~~~~~~~~
. 
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the following order :

(1) Permit: P13 1

A check is made to see if the local queue is empty . If the

queue is empty, the IDI of the next node Is entered into the destination

field, P12, and the PER logic switch ID11 of the next node is entered into

P15. The permit is then sent out onto the link. Before a destination

is specified, a check is made to see if the destination is N. In which

case, the next destination specified should be 1. If the queue is not

empty, the PER logic switch is set. The node retains the permit until

the updating session is over. When the sending section resets the PER

switch, the permit is allowed to leave. The next destination node IDI

and its corresponding PER switch ID# are entered into the transaction

field as before, and the permit is sent Out.

At the start of the program, a single transaction is generated by a

generate block. This transaction is labelled as a permit. After labelling

the corresponding PER logic switch [D# to node 1 is done, this pei~uit

is dispatched to node #1 in the beginning of the simulation.

(2) Update Begin: (P113 2)

If an incoming transaction is not a permit, it is checked to

see if it is an update begin. If it is, ~then the SUP logic switch is set

and the transaction Is terminated .

(3) Update Complete: (P#3 3)

If an incoming transaction is identified as an update complete,

the SUP logic switch is reset. The transaction is labelled as an update

acknowledgement. The source and destination fields are switched around,

and the transaction is sent out to the link.

(4) Update Acknowledgement: (P13 = 4)

If the incoming transaction is none of the above, it must be

L _ _ _ _ _ _ _ _ __ _ _ _  
_
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-

an update acknowledgement. The logic switch ID# in P16 is set indirectly

and the transaction is terminated . In the simulation, the communication

is mudeled by an advance block with a statistical delay.

• ~~~~~~~~~~ -- - - -  
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Chapter 3

NETWORK-WIDE SEMAPHORE SC}IHME

In the Hopping Permit Scheme, a node must have possession of the

pre—established permit before transferring into the updating phase. In

contrast, a semaphore is established in the Network—Wide Semaphore Scheme

by one of the nodes prior to its transition into the updating phase. The

establishing of the semaphore is accomplished on the basis of request

times after  the synchronizing phase. In this chapter, the basic operation

of this control scheme is presented . A detailed discussion of the use

of G.P.S.S. entities and a description of the simulation program are also

included.

3.1 Description of the Network—Wide Semaphore Scheme

In a network environment file requests might be generated at any

node. It is necessary to control and grant these requests in an appropriate

order. The situation is complicated by the fact that this global infor-

mation about where a request is generated is not known to a local file

manager . The distributed control scheme has to be able to achieve coordin-

ating requests in an appropriate order without complete global information.

In network—wide semaphore schemes, the local f ile manager engages in two

phases of activities periodically . In the synchronizing phase, local

file managers broadcast local requests to all the nodes. The protocal

will work in such a way that oniy the local file manager with the earliest

local request can obtain the file access right. In the following updating

phase, all the other nodes will lock out f ile access and wait for updating

information from the node with access right.

Essentially, the resolution to grant a file access request in the

synchronizing -phase is by open bidding. Each local file manager has its

_ _ _ _ _ _ _ _ _ _ _ _ _  _ _
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loc.al requests queue. It will broadcast the local request time to all

other nodes. The lotal file manager with the earliest request will be

completely acknowledged, and consequently obtain the file access right.

R. H. Thomas and P. R. Johnson had proposed a time stamp approach to

implement the RSEXEC capability of the ARPA network [10]. Though the

details of implementation is different, their approach is very similar

to the network—wide semaphore scheme studied here.

Requests for f ile access are queued up at each node on a first come

first serve basis.-- In the synchronizing phase, the Local Pile Manager

(L.F.M.) sends out the arrival time of the request at the head of the

queue to all other participating nodes in messages. These messages are

called ‘requests’. A request R~ (T~~P1) originating from L.P.M.1 is said

to be earlier than a request R~ (T~~P~) originating from L.P.M.J
.

i.e. R~ (Tj,Pi) < R~ (T~,P3
) if

(i) T
1
< T

J

or

(ii) T
i 

— T~ and P~ > P~

where :

are the times when requests were made at their

respective nodes

P
1
,P~ : are the pre—assigned source node priorities

There is a finite probability that two requests R
1 

(Tj,Pi) and R~ (T~~P~)

might have the same generation times (T
1 

— T
i
). Such a tie is broken by

taking account of the arbitrarily assigned source priority (P
11P~).

- - - ---

~

- .- -— -.

~ 
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During the synchronizing phase, L.F.M.’s broadcast the request at

the head of the queue. Having sent out a request, if the L.F.M. receives

a foreign request which is earlier than the local request sent, the for-

eign request is acknowledged by a request acknowledgement message. The

local request is returned to the head of thë queue for consideration at

the next synchronizing phase. If the foreign request is later than the

local request sent, it is ignored. If at a synchronizing phase an L.F.M.

possesses no local request, the first incoming foreign request will be

acknowledged . Having acknowledged a foreign request the L.F.M. goes

into an intermediate phase wherein it is inhibited from sending out any

local requests. In this phase the L.F.M. is waiting for updating in-

formation. The updating information is signaled by an update begin

message which initiates the transition from the intermediate phase into

the updating phase. Only the L.F.M. with the earliest request will be

completely acknowledged and granted permission to proceed with the file

access .

Upda ting information is proceeded by an update begin message and

followed by an update complete message. The interval between receiving

an update begin and an update complete is dedicated to the updating of

the resident file by the L.F.M. During this interval the local users

cannot access the file. On receipt of an update complete, the receiving

L.F.M. acknowledges the receipt of the updating information by dispatching

an updating acknowledgement. Then, it re—enters the synchronizing phase.

The L.F.M. tist originates the updating has to wait until it receives

• upda te acknowledgements from all the nodes before it can go into the

next synchronizing phase. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • 
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3.2 State Transition Diagram

The state diagram of the local file manager (L.P .M.) is shown in

figure 3.1 to accomodate every possible situation in the open bidding

procedure. The following is a description of the operation of LFMs.

Possible states of the local file manager (L.P.M.) are:

(IDLE): The Idle State -

In this state the local request queue is empty and the L.P.M. is

not aware of any foreign request for file updating after the last

updating phase.

(MREQ) : The Master Request State

The LJ.M. would be in this state if it has sent out a request and

is unaware of earlier requests (if any) in the network. In this

state, the L.F.M.. is waiting for request acknowledgements from the

foreign nodes. If instead of receiving a request acknowledgement

the L.F.M. receives an earlier request, it relinquishes its interest,

requeues its pending old request and sends out a request acknowledge-

ment to the source of the earlier new request.

(MUP): The Master Update State 
-

If the L.P.M. receives request acknowledgements from all the other

L.F.M.’s in the network, it proceeds to the updating phase wherein

th. local request is granted file accsiè’ rights.

(SACK) : The Slave Acknowledgement State

A transition to this state occurs when the L.P .M. acknowledges a

foreign request. The L.P.M. is then ready to accept incoming up-

dating information. When the L.P.M. is in this state, in the event

of an earlier request arriving, the incoming request is duly acknow-

ledged . 

—~~~~~~~~~ -------•-----~~-•-- - ~~~-~~~~-~~~~~~~~~~~~~~~~~~~~~ —-.- - - - • - -
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r.qu..t.

- - 13 t A foreign requ .st is iscoived. There being no local

request it is Ssa.dtately acknowledged.

Tb A foreign requ est is received wit h t P.N. is avatti ag

r.que.c acknovledg.nontm. The loca l request is

earl ier than the foreign requ est and no act ion is CakeS.

15 : A foreig n request ii received which earli er than th, local

reque st and h.nc. is acknow ledged.

Tb : All request ackn ow ledge ments hav, been received and the

L.?.W proceed s to the updating phasa of nodtfping

the Inrab f i le  end send ing upd ati ng in(ornat to. to afl

ot her part icipa tin g nod...

Ti A for cig’~ reques t is received. If it is earli.r the,

the tac t ncknovlsdged request , the incoming request is

acknowled ged. else ignored. -

T8 : U pdating information is racetwed and the L.P.M. proceeds

Into ihe updating phase and up date. the resident cO~7 of

the fit , with foc,ign updating Info riastlo.. 
-

19,19”: A req uest that arrives La saved if it is to be eck —

soviedged on •giting either of thee. states.

110.110” : The re., .est to be acknowledged is a foreign reques t .

111,111” The reques t to 5, &cknuwledked is a local request.

112,112’’ u No r eques ts ci.. in w h i le  the L.F.M. vs. in ths updating

phase.

•,,~ of the MUP st ete occurs when :1.. L P.N. rv.t,e.
update acknowledgm ents ‘-a. all the oth er nodes. T~snsttio *

out of .,~ie SUP sCat, Oct u rs when an update comple te Slelage (a

rece ive d

Figure 3.1 State transiLion diagram of the Net”~ork—Wide Semaphore Scheme.

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~
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(SUP): The Slave Update State

A transition to this state occurs from the ‘SACK’ state when the

L.F.M. receives the update begin message. When in this state, the

L.F.M. is in the proc~es of updating a resident copy of the file

with information presented to it by a foreign node.

A request to gain access right, for file X may be local or foreign .

Assume that a local request incurs and the L.F .M. goes from IDLE to MREQ

state. Requests including a source node, a destination node , time, and

last acknowledged time are sent to all other nodes in the network. When

request acknowledgements from all other nodes are received, L.F.M. has

gained the access right and will go into MUPD state and start the up-

dating session. When L.F.X. receives all updating acknowledgements, it

will go back to either IDLE state or SACK state. A received foreign

request generated earlier can move L.F.M. from MREQ state where L.F.M .

is waiting for request acknowledgements to SACK state and restore tl~

local request back to local queue. In SACK state, L.F.M. will respond

by sending out request acknowledgements to any foreign request that has

an earlier time than the last acknowledged time. In SACK state or SUPD

state, L.F.M. can recognize the legitimate requests by consulting the

last acknowledged time and keep only the earliest one . Legitimate re-

quest can be received by L.F.M. before or during updating sessions of a

foreign node because of the stochastic network delay, A received update

begin message will move L.P.M. to SUPD state.

In both the Master Update State and the Slave Update State, the

L.F.fl.’s may receive a request from nodes that have finished their up—

date sessio~is early. There is a distinct .~.ikelihood that this can occur

due to the randomaess of comeunication delay. If the request comes in 
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when the L.F.M. is in any of these states, a comparison is made with the

request times of the earliest of all requests (if any) already received.

The source and t ime of the earlier of the two requests is saved to be

acknowledged in the future when the L.F.M. exits from these states. If

the local queue is not empty, a comparison is made between the request

times of the request at the head of the queue and that of the incoming

request. The earlier request time and source is saved . If the L.F.M.

is in the Master Update State, the above situation can occur after it

has sent out an update complete message, i.e., it has completed trans-

mission of updating information. It could be waiting for update acknow-

ledgements and may receive a request from an L.F.M. that has received

the update complete message and sent out the update acknowledgement.

If an L.F.M. is in the Slave Update State, the above situation may happen

when ano ther node has received its update complete message early and

hence broadcasted its requests.

Transition out of a Master Update State and the Slave Update State

can occur at the end of the update session into:

(1) The Idle State: No local request needs to be served and there

were no foreign requests received during the

updating phase.

(2) The Master Request State: The local request is the earliest

of all requests that the L.F.M. is aware of.

(3) The Slave Acknowledgement State: A foreign request is the

earliest request knowr to the L.FJ4. at the

end of the updating phase. The foreign re-

quest is acknowledged when the L.FJ4. is traits—

~erred into the SACK state.

L ~~~~~~~~~~~~-_- - -— ~~~~~~~ --~~~~~ - - - -~~~~~~~ --~~ -- --- —---—-—- - - --~~~-- -- - -~~ - -~ .-- ~~ - - -~~~--
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Figure 3.1. is the state transition diagram of an L.F.M. under the

distributed control of the Network-wide Sempahore Scheme.

It may be noted that:

(1) The synchronizing phase comprised of the IDLE and the MREQ,

and other SACK states.

(2) The updating phase comprises of the MUP and SUP states.

There are two weak points in this network—wide semaphore scheme.

The first weakness is the requirement of synchronized precise clocks at

every computer site. Keeping accurate time information at each site of

a large network is difficult [20]. The second weakness is the network

traffic overhead associated with this control scheme. Before all file

managers go into critical states, a lot of ineffective requests are

allowed to enter into the network. It is possible that a request from

computer B,to access file x,goes out to link, while an earlier request

to access the same file from computer A is already in transit to B.

If this information were known to B, the request could be prevented

from going into the link. -
~~

3.3 Simulation Program

The simulation program may be broadly partitioned into the sending

section and the receiving section.

(1) The Sending Section:

In the sending section, transactions are generated and queued

up for processing in their respective queues. In the synchroni-

zing phase, a copy of the transaction is labelled as a request

and dispatched to all the other nodes. The transaction proceeds

for updating only if request acknowledgements are received

from all the nodes. This becomes known to the sending section

if all the acknowledgement switches in the receiving section
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are set. However, if an earlier request is received, the local

transaction is requsued at the head of the local queue.

If the transaction is allowed to proceed for updating, copies of

it are labelled as update begins and is dispatched to the other nodes.

The acknowledgement logic switches are then reset. After a one second

delay copies of the local transaction are labelled as update complete and

dispatched. On receipt of all update acknowledgements the transaction

is allowed to proceed. It resets all the acknowledgement logic switches.

The L.F.M. at this juncture leaves the update phase.

(2) The Receiving Section:

an incoming transaction is identified in the following order:

Update Begin: On receipt of this, the request acknowledgement

logic switches will be reset, and the L.F.M.

is transferred to the SUP state.

Request: An incoming request undergoes the most extensive

processing. This is explained in the detailed

program description. In short words, an earlier

request is acknowledged, and a later request

is ignored.
Re~ ues t

Acknowledgement:
When a request acknowledgement comes in, it

sets a predetermined logic switch. When all

request acknowledgement logic switches are set,

the local file manager is allowed to begin up-

dating.

Update

Complete: The L.F.M. transfers out of the ‘SUP ’ state and

begins the synchronizing phase. 
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Update

Acknowledgement: When an update acknowledgement comes in, it

sets a predetermined logic switch . When all

update acknowledgement logic switches are set,

the L.P.M. transfers out of the updating phase.

3.3.1 Use-of 0.P.S~8. Logic Switches

Before a detailed description of the program is presented, the use

of G.P.S.S. entities is discussed.

Logic switches are used in very much the same way as in the h opping

Permit Scheme. The Control Logic Switch ID#’s are specified as:

MREQ : (i — 1 )x4+l

MUP : (i —i ) x 4 + 2  i — l ~2 N

SACK : ( i —1 ) x 4 + 3

SUP : ( i —l ) x 4 + 4

where: i is the ID# of the node

N is the total number of nodes in the simu-

lation.

A total of 4 x N control logic switches are

defined for control in the simulation.

Acknowledgement Logic Switch ID#’s are specified in much the same

way as in the Hopping Permit Scheme. In this case, each node has four

control logic switches, hence:

( 4 x N + (1 - 1) x (N — 1) + j
L$ACKjtoi for j < i < N

4 x N + (i —1) x (N —1) +j — 1

for j > i and 1 < i < N

The number of acknowledgement logic switches defined in a simulation is

_ _  - - --~~
. - - - ~~~~~~~~~~~~~
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the same as for the Hopping Permit Scheme, which is N x (N — 1). There-

fore , N x (N + 3) is the total number of Logic Switches defined in the

simulation.

3.3.2 Use of G.P.S.S. Saveva].ues 
-

Savevalues are used to store request times and source IDI’s. Four

Savevalues per node are used and they are numbered the same way as the

State control logic switches:

Savevalue # 1 : (i — 1) x 4 + 1 
-

Savevalue # 2 : (i — 1) x 4 + 2

i — 1,2 N
Savevalue 11 3 : (1 — 1) x 4 + 3

Savevalue # 4 : (i — 1) x 4 + 4

The following information is stored in the Savevalues:

Savevalue II 1 : SLACK

The time of the request responsible for the last

updating session is stored into this savevalue.

In other words , this is the time of the last re-

quest that all the L.F.M.’s are acknowledged.

SLACK is updated with every incoming update begin

message. All request messages between update

begin and end messages are checked for the condi-

tion SLACK~as P$LACK1. Where , P$LACK~ of the re—

quest is assigned to SLACK
i 

by the foreign node
~

before it was sent to node
s
. This serves as a

safeguard against invalid requests being considered .

R.H. Thomas and P.R. Johnson also encounter similar 
—

problems like this in their work [10].

~

- —_ ~~~~~~~~~ - -~~~~~~~~ -~~~~—.-~~~~~~~~ - - ~~~~~~~~-—— -— ~~~~~~ -
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Savevalue ii 2 : REQT

The arrival time of the request at the head of the

local queue is stored into the Savevalue 1 2.

Savevalue 1/ 3 : OREQT

The earliest foreign request’s time or the last

acknowledged request’s time is stored in this

savevalue. If an incoming request finds that the

receiving L.F.M.’s OREQT — SLACK, this would mean

that either L.F.M. has no local request or the

incoming request is the first request coming in

since the commencement of the synchronizing phase.

Savevalue 1 4 : ASID

The source ID# corresponding to the request time

stored in OREQT is stored in this savevalue.

In the event of foreign request arriving during an MUP or SUP session

of an L.F.M.’s, the requests are retained until the transition out of

these states occurs. In transferring out of these states, the earliest

of all foreign request’s times is stored in OREQT and its corresponding

Source ID# is stored in ASID. If there is a local request, OREQT is

compared with REQT to determine the earlier request of the two. Other-

wise, the foreign request is acknowledged . If OREQT is less than REQT ,

a request acknowledgement is sent, or else the L.P.M. proceeds to send

Out its own request.

3.3.3 Parameter Set of a Transaction

All the transactions in the Network—Wide Semaphore Scheme have the

following parameter set: 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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[
~#i 

(
P12 

(
P13 

(
P14~ PUS 

j
P#6

(
P17

J 
P18 

1”
~ I

PIlO
l 

P111
1 
P112

1 
P#l31-PI14

J
P#l5

J 
.

Information Control field Boolean field
field

Parameter U Contents

Pill : Request Time

P12 : Source Node IDU

P13 : Destination Node ID U

P//4 : P$LACI( (see 3.3 .2)

P15 : Type : 1. Request
2. Request Acknowledge
3. Update Begin
4. Update Complete
5. Update Acknowledge

P116 : Temporary Data

P117 : Loop Counter, and Temporary Data

P118 : A Control Logic Switch ID#

p//9 : An Acknowledgement Logic Switch IDU

P1110 : MREQ Switch ID# -~ Con ten ts referr ed to by

P/Ill : MUP Switch ID# Boolean Variable 1

P112 : SACK Switch ID/i 
( 

Contents of P112 is also referred to

P1113 : SUP Switch ID/I ) u y Boolean Variable 3

P1114 : ACK Switches ID#’s-~ Referred to by Boolean

1 1115 : “ “ J Variable 2

A totai of (12 + N) parameters need to be specified for a simulation with

N nodes~

I

_ _ _ _  _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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3.3.4 Use of G.P.S.S. Variables and Boolean Variables

Variables are used in exactly the same manner as in the case of the

Hopping Permit Scheme. Here, they are used to:

(1) Enter pertinent information into the Boolean Field of the

parameter set (see 2.4.3).

(2) Enter information into the Control Field of parameter set

(see 2.2.3).

P18 of a message is assigned a Control Logic Switch 1D1 using

the appropriate variable prior to setting or resetting a

particular Control Logic Switch.

P19 of an update complete and request is assigned an Acknow—

ledge Logic Switch IDI using the appropriate variable prior

to dispatching (see Blocks 67 — 75 in figure 3.2)

The Boolean Variables in this simulation program perform the following 
-

functions :

(1) Boolean Variable 1. : !~fflEQ + MUP + SUP + SACK.

A request is allowed for processing only if this Boolean

Variable has a value of ‘0’. This occurs when the L.F.M. is

in the IDLE State. In the simulation, a transition from the

SUP or MUP State to the MRE Q or SACK State is achieved by

transmitting through the IDLE State. P110 — P113 of a trans-

action contains the ThU’s of the ccntrol logic switches which

are referred to by the Boolean Variable indirectly addressed

by these parameters.

(2) Boolean Variable 2 : LS$ACK1 x LS$ACK2 ..., etc. This Boolean

Variable is used to check if all request acknowledgements and

update acknowledgements are received when the L.F.M . is ex-

pecting them. This Boolean Variable returns a ‘1’ if,,, 

-—--~~~-~~~~--------~~
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(a) All request acknowledgements are received. In this case, the

L.F.M. moves itself from the MREQ to the MUP state.

(b) Al]. update acknowledgements are received. In this case, the

L.F.M. is allowed to exit the MUP state.

(3) Boolean Variable 3 : SUP + BV2

In the synchronizing phase when the L.F M. sends out a request, it

may either get acknowledgements from all the foreign L.F.M.’s, or

it may receive an earlier foreign request. This Boolean Variable

checks for either of these events when an L.F M. is in the MREQ state.

The local request which is made to wait is returned back to the

head of the local queue for future consideration if an earlier re-

quest is received. Otherwise, the request is totally acknowledged ,

and the L.F.M. is allowed to proceed to the MUP state.

The specific use of variables is explained below. Variables 1 — 9

are referred to by transactions in the sending section. Variables

10 — 14 are referred to by transactions in the receiving section.

Variable 1 : Constant

to specify the number of nodes in the simulation.

Variable 2 : K]. + 1(4 * (P2 — K].)

to specify the MREQ Control Logic Switch ID# of

a source node (see 3.3.1). Also used to specify

Savevalue U 1 (see 3.2.2).

Variable 3 : K2 + 1(4 * (P2 — Xl)

to specify the MUP Control Logic Switch IDU of

a source node and Savev~lue #2.

Variable 4 : K3 + K4 * (P2 — Xl)

to specify the SACK Control Logic Switch ID# of a

_ _ _ _  _ _ _ _  ___—
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node and Savevalue 13. - —

Variable 5 : K4 + 1(4 * (P2 — K].)

to specify the SUP Control Logic Switch 1D1 of a source

node as well as Savevalue #4.

Variable 6 : Vi — Xl

to initialize the loop counter. P17 is used as the

loop counter.

Variable 7 : K12 + Vi

to specify the total length of the parameter set.

Starting from P114 successive Acknowledgement Logic

Switch ID# ’s are entered into successive parameter

locations (see 3.3.2).

Variable 8 : K4 * Vi + (P2 — K].) * (Vi — K].) + P7
to specity Acknowledgement Logic Switch 11)1’s of a

source node. This variable in conjunction with V7,

is used to enter Acknowledgement Logic ID#’s in the

Boolean Field of the parameter set. This is achieved

as follows . V7 is assigned to P16. The loop counter

is initialized using V6. With the loop counter ml —

tialized, V8 provides the ID# of the last logic switch

from the Acknowledgement Logic Switches set. VS is

assigned indirectly to the parameter location specified

by the contents of P16. P16 is then decremented and

the tvansac*ion is looped around for another indirect

assignment. The loop counter P17 is decremented.

As result, VS specifies Acknowledgement Logic Switch

11)1’s in descending order. When the loop counter

becomes zero, the assignment of logic switch 11)1’s

~ 

- - - - -~~ - - --- -- -~~~~~~~~~~~~~~~~~~~~~~~~ -- - -~~ 
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to this section of the transaction’s Boolean Field is

completed .

Variable 9 : K4 * Vl + (P2 — Xl) * (Vi — Xl) + Xl
to sepcify the first logic switch ID# of the set of

Acknowledgement Logic Switches of the source node .

This variable is used to:

(1) Initialize P19. P19 is used to reset all the

Acknowledgement Switches. It is done by re-

setting the corresponding logic switch and in-

crementing P19 alternatively until all the

Acknowledgement Logic Switches are reset. These

are done at the beginning and end of an update

session .

(2) Initialize P19 which is successively incremented

before a copy of the request or the update com-

plete is sent out.

Variable 10 : Xl + K4 * (P3 — Xl)

to specify the MREQ Control Logic Switch of a des-

tination node. Also used to specify Savevalue #1.

Variable 11 : K4 + K4 * (P3 — K].)

to specify the SUP Control Logic Switch 11)1 of a

destination node and Savevalue #4.

Variable 12 : K4 * Vl + (P3 — 1(].) * (Vi — Xl) + K].
to specify the first logic switch IDU of the set of

Acknowledgement Logic Switches of a destination node.

When an update begin is received, P19 is initialized

with Vl2. P19 is used to reset all the Acknowledge—

ment Switches as explained earlier.
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ----- — ---
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Variable 13 - : 1(2 + K4 * (P3 — K].)

to specify the MUP Control Logic Switch 1D1 of a

node and Savevalue #2.

Variable 14 : 1(3 + K4 * (f~3 — Xl)

to specify the SACK Control Logic Switch ID# of a

node and Savevalue #3.

3.3.5 Details of the Simulation Program
The Sending Section: (see Figure 8 or Appendix B)

Transactions (requests) are generated at indivi4u;l generating blocks.

The source ID# is assigned, and the transactions are transferred to a

common section of the program. The time the request was generated is

entered into P11. The Boolean Field is filled with pertinent informa-

tion as explained in the discussion involving the use of variables. The

transactions are then queued up for processing. The transaction at the

head of each queue is stopped unless the value of BV1 in zero (see 3.3.4.).

Only when BV1 of a particular node has a value of ‘0’, a transaction

from that node is permitted to proceed. When this happens, the MRE Q logic

switch is set, and P$LACK (P14) is assigned to P$SLACK (see 3.3.2.).

REQT (Savevalue #2) is assigned to the request time. The transaction is

labelled as a request , and a copy is transferred to a dispatching section

of the program. The dispatching section assigns individual destinations ,

enters Acknowledge Switch IDU’s into P19 of the transactions, and sends

out the required number of mes~ages. The following procedure accomplishes

the dispatching function:

Step 1 : The destination node IDU is specified as 1, i.e. P13

l~~~ assigned a value of 1.

Step 2 : The counter is initialized by setting P17 to the

number of nodes in the simulation.

_ _ _ _ _ _ _ _ _ _ _ _ _ _  --~~~ -- -~~~~----~ 
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Step 3 V9 is assigned to P19. P19 will now contain the

first Acknowledge Logic Switch ID# of the node.

Step 4 : A check is made to see if the destination specif ied

is the same as the source (P12 ~ P13?). If so,

step 5 and step 6 are skipped .

Step 5 : A copy is dispatched onto the link.

Step 6 : P14 is incremented. The next Acknowledgement Logic

Switch 11)1 is obtained.

Step 7 : The destination node ID1 is incremented, i.e. P13

is incremented.

Step 8 : The counter is decremented. If not zero, the program

jumps to step 4.

Step 9 The transaction Is terminated when all the messages

have been sent out.

This very same set of blocks is used to dispatch update completes .

Once the reques ts are sent, the resident transaction tests BV3 for

a one. (see 3.3.4.). BV3 gets a value one if either an earlier request

is received by this node or all request acknowledgements are received .

When the transaction proceeds , the value of SACK switch is tested. If

it is a one, this indicates that an earlier request was received during

the synchronizing phase. The local transaction is then returned to the

head of the queue with priority 1. In the case when all acknowledgements

are received, the transaction is allowed to proceed into the updating

phase. The transaction departs from the queue and transfers the node

from the MREQ state to t~ke MUP state. All the Acknowledgement Logic Switches

are reset.

Savevalue 11 and #3 are assigned to the request time. P$LACK is 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
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also assigned to the request time. Savevalue #3 is assigned the request

time for reasons discussed In section 3.3.2. After a .1 second time

delay , the transaction Is labelled as update begin, and a copy is made

and transferred to the update begin dispatch section. This section sends

out upda te begin messages to all the nodes in the same way requests and

update ends are dispatched, except that in this case no logic switch ID#’s

are entered into the parameter field.

After a fixed one second delay which represents the updating time,

the transaction is labelled as update complete, and a copy is transferred

to the update complete/request dispatch section. Now the local trans-

action being processed has to wait for update acknowledgements from all

the nodes to come in. When all the update acknowledgements come in, BV2

gets a one value (see 3.2.4). The transaction then proceeds to remove

the L .-F.M. from the MIJP state, and all the Acknowledgement Logic Switches

are reset.

The Receiving Section: When a transaction is received it is identified

in the following order:

(1) Update Begin: (P15 3)

On receipt of an update begin, the SUP logic switch Is set and the

SACK logic switch is reset. The local SLACK is updated by assigning

Savevalue #1 to P11. All the other message types are checked for P$LACK

— SLACK. If there is an inequality, the incoming transaction is ignored .

(2) Request: (P15 1)

An incoming request Is allowed to proceed only if the MUP logic

switch has a zero value. Next, it is checked :o see if the MREQ logic

switch has a value of one. If ?4REQ logic switch has a value of one,

the incoming request’s time is compared wit~ the local request’s time. 

- -- - - - --~~~~~~- -  - - - - ---- -“-~~~~--~~~~ - _
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If the incoming request is an earlier request , its request time and

source 11)1 is saved, the SACK logic switch is set, and the ?~ EQ logic

switch is reset. The transaction is labelled as a request acknowledge-

ment, and the source and destination fields are switched around. Then,

the transaction is sent out to the link. If the MREQ logic switch is

zero, either the SACK logic switch or the SUP logic switch may have a

value of one or all the logic switches may have a value of zero. A check

is made to see if OREQT — SLACK (see 3.2.3.). [f they are equal , one

of the two conditions may hold:

(a) All the logic switches have values of zero (IDLE State). The

incoming request is the first one to come in since the last

update phase.

(b) The SUP logic switch has a value of one. A foreign node has

finished its update session early and the incoming request is

the first request of the current synchronizing phase. The

local node will commence the current synchronizing phase on

receiving an update complete message.

For both the above cases OREQT (Savevalue #3) is assigned to the incoming

reques t ’s time , and the source ID# is saved for the purpose of comparing

requests that may come in during the current synchronizing phase. If

the SUP logic Switch has a value of one, this request is held back.

Otherwise, the SACK logic switch is set, and the transaction is labelled

as a request acknowledgement. The source and destination fields are

switched around , and the transaction is sent out to link.

If OR.EQT # SLACK, this would mean that the node is aware of a re-

quest from the current synchronizing phase. A comparison is made between

the earliest request that the node is aware of and the incoming request.

If the  incoming request is earl ier , the incoming request’s time is

L~~~~~~~~~~.. -—
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assigned to OREQT, and the source node IDI is saved. If the SUP logic

switch has a value of one, the request is held back. Otherwise, it

means that the SACK logic switch has a value of one. The request is

labelled as a request acknowledgement. The source and destination fields

are switched aro und , and the message is sent out to link.

If the SUP logic has a value of one and there are requests that

have been held up at the end of the updating phase, only the request

whose request time corresponds to the one that has been saved is allowed

to proceed. If a local request exists, a comparison of request times is

made . If the foreign request is earlier , the MREQ logic switch is reset,

the SACK logic switch is set, and the foreign request is acknowledged.

If no local request exists at the end of the foreigti update phase and

there is a held over request, the SACK logic switch is set and the re—

quest (earliest of all requests the node is aware of) is acknowledged .

Request Acknowledgement: (P15 2)

When a request acknowledgement comes in, it sets a predetermined

Acknowledgement Logic Switch. When all the Acknowledgement Logic Switches

are set, BV2 and BV3 will have a value of one.

Update Complete : (P15 — 4)

When an update complete comes in , the SUP logic switch is reset.

The message is labelled as update acknowledge, and the source and des-

tination fields are interchanged. Then, the message is sent out to the

link .

Update Acknowledge: (P15 — 5)

When an update acknowledgement is received, it sets a predetermined

Acknowledgement logic awitch. When all these switches are set, BV2

will have a value of one.

_  - -.
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Chapter 4

ADAPTIVE HOPPING PERMIT SCHEME

The Adaptive Hopping Permit Scheme is an alternative approach to the

Hopping Permit Scheme. The simulation program is also a modified version

of the Hopp ing Permit Scheme Program with appropriate changes made to ac—

comodate the adaptive routing of the permit. These modifications are ex-

plained in detail.

4.1 Description of the Adaptive Hopping Permit Scheme

This control scheme combines the advantages of the Network Wide Sem-

aphore Scheme and the Hopping Permit Scheme. It is akin to the Hopping

Permit Scheme except that the permit is not always routed in a round

robin fashion. Whenever an L.F.M. dispatches an update acknowledgement

message in response to a foreign update complete, it tags on to the mes-

sage the arrival time of the earliest local request (if any) as a bid.

The L.F.M. that possesses the permit examines the bid field when the up-

date acknowledgements come In. The earliest request time and the corre-

sponding source ID# are saved. The same method to compare request times

is used in this scheme as in the Network Wide Semaphore Scheme (see 3.1).

When exiting out of the updating session the L.F.M. that possesses the

permit routes it to the L.F.M. with the earliest request. If the local

L.F.M. has the earliest request, the permit is retained. If there are

no requests in the network i.e. if all the foreign nodes respond with

negative bids and the local queue is empty at the time when the last up-

date acknowledgement comes in, the permit is passed down stream as in the

Hopping Permit Scheme.

4.2  State Transition Diagram

The Stat es in the transitioc diagrax~ are identical to that of the

L ___
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Hopping Permit Scheme, however, there is one more transition possible.

An L.F.M. can continue to be in the MUP state if at the end of an update

session it realizes that its own request is the earliest request. In

such an event the permit is retained and the request at the head of the

local quieu is serviced as shown in Figure 4.1.

4.3 Simulation Program

4.3.1 Use of G.P.S.S. Entities

The Adaptive Hopping Permit G.P.S.S. program ia a modification of that

of the Hopp ing Permit Scheme (see 2.4). The only additional entities are

the use of three Savevalues per node to store routing information. An ex-

tra parameter in a transaction Isneeded for the bid. Because of this ad—

ditional parameter slight changes have to be inade in the variable and Boolean

variable expressions. The functions performed by these variables and Boo—

lean variables are exactly the same as those iu the Hopping Permit Scheme.

Logic Switches are numbered exactly the same way as in the Hopping Permit

Scheme (see 2 .4.1). The same equations that are used to obtain the numbers

of the Control Log ic Switches are used to obtain Savevalue numbers for each

computer. The Savevalues for each computer are numbered as follows :

Savevalue II 1: Contains the request times of the local request if any :

( I —  1) x 3 + 1

Savevalue # 2: Contains Source ID# of earliest request: (I — 1) x 3 + 2

Savevalue U 3: Contains earliest request time : (i — 1) x 3 + 3

When the updating L .F.M . sends out an updated complete message , the

time of the request at the head of the local queue is entered into Save—

value #3 if any request exists. Otherwise, a future time is recorded and

the source ID# is entered into Savevalue 1/2. As the update acknowledge-

ments come in , the bids are compared with Savevalue #3. The earlier re—
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IDLE

PER
T6 Ti 2

T5 Ti

MUP sup

T8

fl : Upda ting information is received and the L.P.M. proceeds

into the foreign updating phase.

T2 : An update complete is received.

T3 : The permit is received.

T4 : The local queue is empty and the permit is passed on.

T5 : The local queue is non—empty and the L.F.M. proceeds

into updating phase.

T6 : Upda te Acknowledgements from all par ticipating nodes are

received by the updating L.F .M.

T7 : No requests exist in the network at the end of the update

session.

T8 : The local request is the earliest request in the network.

Figure 4.1. State transition diagram of the Adaptive Hoppin Permit Scheme.
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quest and its corresponding source ID# of the two is recorded into these

Savevalues .

4.3.2 Parameter Set of Transactions

The permit in the Adaptive Hopping Permit Scheme has the same para—

meter set as that in the Hopping Permit Scheme. All the other transac-

tions have the following parameter set:

~ 
P/ll ( P#2

j 
P#3 

I
P#4 P#5 

I
P#6 I P#7 j

P#8
I
P#9

I~~~~~
J
P#lliP#l2

J

Information Control Field Boolean Bid Boolean
Field Field Field Field

Parameter Number Contents

Pill : Source Node ID#

P112 : Destination Node ID#

P113 : Type (Same as for H .P .S . ,  see 2 .4 .2)

P114 : Temporary Data

P 115 : Control Logic Switch ID#

P 116 : Acknoiwedgement Logic Switch ID/I

P117 : Loop Counter

P 118 : Per Switch ID# -
~ Refe rr ed to by Boo lean

P119 : MUP Switch ID# J Variable 1

P1110 Bid Field

P 1/il : Ack. Switches Referred to by Boolean

P 1112 ID# ’s J Variable 2

The number of parameters defined per transaction in this simulation

1.s 9 + N.

L~~~~ _ _ _ _ _ _ _ _ _ _
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4.3.3 Details of the Simulation Program (see Figure 4.2 or Appendix C)

The Sending Section

The following diff erences between the Hopping Permit Scheme program

and the Adaptive Hopping Permit Scheme program are outlined below. Here,

the program is basically the same as that of the Hopping Permit Scheme

with a few modifications to include the adaptive routing feature.

(1) The request ’s generation time is entered in P#lO.

(2) A faci l i ty is introduced in the sending section. The transac-

tion at the head of the queue seizes this facility and releases

it only when proceeding into the update phase. The arrival

time request is stored in Savevalue #1.

(3) Prior to dispatching an update begin, the status of the above

facil i ty is checked . If this is ‘0’ then it means that the

queue is empty . In that case a future time (present simulation

+ 10 seconds) is stored in Savevalue #3. Otherwise , Savevalue

#1 is assigned to Savevalue #3.

The Receiving Section

The only change made in the permit processing section is that the

node ID# stored in Savevalue #2 is assigned as the next destination.

This Is done only if the node retains the permit. If the destination

specified is the node that possesses the permit, then the permit is re—

cycled within the node. Otherwise, it is dispatched.

When an update complete is received the local queue is checked to

see whether it is empty or not. If it is not empty, then the contents

of Savevalue #1 is assigned to P1110 as the bid . If the local queue is

empty, a future time (present simulation time + 30 seconds) is assigned

to P1110 as the bid .
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When an update acknowledgement is received, the bid is compared with

the earliest bid received thus far.  If the incoming update acknowledge-

ment has an earlier bid , Savevalue #3 is assigned the new bid , and Save—

value #2 is assigned the source node ID# of the bid. If all the nodes

reply with no bid the permit is recycled within the node. If a request

arrives between the time an update complete is sent out and all update

acknowledgements are received, this request will be processed. 
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-- - - - - - - •--~~~~~~~~~~ ~~~~--— —- --- ~~~-



_ _ _  ~~~~~~~~~~

~~~~~~~~~~~~~~~ 
t~~~~~~~~~~~

]P1

‘-_-_—__----, St’. I — — ——
~~fI~~ ~~~~~~~~~~ 1Y~~ 7¼~~~ 

[
~~~~~ic a ~s)

~—‘ ~~
‘. I ~~~~ to Pt MI P2

— —  lEST 3

3,V3 
- IIPAST fl

6 —

( 10 ASSIGN SPLIT 1 ADVA1~~E

~ GEUE*AT’~~ I

9.V3 
- -3.’

L L  -

• 
- 

- (
~~~~~s~~~~~
) 

- - - • . 

TENMINAT

-- 
SET. 

[
NT] - - 

-

- 
- (

~
° ASSI~~~
) 

• - ETET 
- S4 ~~~

G
~~~~~~~

~~ GN LJ~~~~
‘~‘ (~~~~~ ica

J ~~

~~~~~~~~~~ (~~~~~ Aum

( ASSIGN )
• ___

ASSI GN TEST

~~~~~~~ SIGN

I I I  
I O , . &.IUI

• 

L~~~~~~~~~3 
n

_ 

O~~~~!kh ~~

_ è 
-

~
K

~C~~
L’~~Tl

Figure 42. G.P.s.$. flow chart of the Adaptiv. Hopping Permit Scheme.

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _



_______________________________________ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- -

ASSI 
(

i
~~~~

;VALUI 
ITI6

~7 ‘lO

LOGIC I 
- fill -\ / ‘it1 .X1 

~~~~~~~ SIG ~~~~~) 
( . ~~SICN

~~~ 
L! ‘6~

_ _  

‘6 
~~~~~~~~~~~~~~ N~~ ER

GATE LI ‘S )
UL9I*AT$ EI.MIMATI

I • ‘2_____j~~~~ S --
%.ur) L.._ ASSIGN

ES? 7 X’S

s:ca

C ASSIGN •\

~~~ P3 LII 
‘•• I P’I E P’TEST 

~~~~~~~~~~~~~~~~~~~~ TESTI~~~~~ I 19 ’

oJ LOGIC I
I INTIO

PER k
4.”

~~~ P3 1 K2~~~.,. ~j  V
TE ST ASSIGN —- 

ASS WI

S

(
~~~~~ IGN OUT TlANSFfl

[~~~~oGI~
j

~
J

~~~~~~ 

~~~~~~~~~cs

TEMIIN AT* 
3 4

~.0ASSIGN
TESQ

[
~~~~~~~~~~~~

1 O }
~~~~~~~~~~~~~~

IO

~~~~~~~ 

_

I; 

•

TPMSYEI OUT ‘NO? TIlT P N? IT IS Ct~ RATED IN

tIAKSFFI

Figure 4 .2  (contd.)

--

~

--- - -

~

-----

~

- --— --

~ 

- - -



-- 
‘~~

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

-- ,-•
~~~

.-•-——_—~ —•-- — =  -
•-.-.- - 

~~~~-~~~~
--

70

Chapter 5

SIMULATION RESULTS AND COMPARATIVE STUDY

In this chapter collected data is presented and evaluated. The per-

formance of each control scheme subject to load fluctuation is studied.

From the simulated data, conclusions are drawn about the performance of

control schemes under various system configurations and workload condi-

tions. The result of this study shows that the Adaptive Hopping Permit

Scheme is the most attractive scheme with regards to response—time, con-

trol—traffic—overhead , adaptation to load fluctuations, and distribution

of response— times.

5.1 Measure to Avoid Transient Bias

Transient analysis was carried out for each configuration to deter-

mine the time duration of the transient periods. This is necessary to

avoid bias due to the transient data in the steady state data collection.

Both the transient control—traffic—overhead and the transient cumulative

average of response—times were studied to estimate the duration of trans-

ient periods. It was found that the control—traffic—overhead settled

down to a steady value in a shorter time, from the start, as compared to

the cumulative average response—time. Figure 5.1 a—b—c are representa-

tive plots of the control—traffic—overhead during the transient period for

the three schemes. Figures 5.2 — 5.4 are representative plots of the re-

sponse-tim during the transient period.

In the case of the control—traffic—overhead the overshoot was not

very pronounced. The peak of the overshoot did not vary significantly

with differen t strings of pseudo random ~iumbers used in the simulation.

(The Pseudo random number of strings depenis on the choice of random num-

ber multipliers which are specified by the user.) The transient response

L~. ~~~~~~~~~~~ 
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time however, was sensitive to the random number multiplier. The over—

shoots varied for different nodes in the same run. In some simulation

runs the value at which the cumulative average response time settled was

higher than the f irst  peak. This effect becomes more pronounced as the

number of nodes in the network increases. Obviously the simulation model

with a large numb~~ of nodes is more sensitive to arrival patterns of the

requests than the ones with the smaller number of nodes.

The transient duration of the average response time was always much

longer than the transient duration of the control—traffic—overhead .

It was noticed that the transient duration increased with the increase of

nodes in the simulation model for each scheme. This may be ascribed to

the increase in the utilization factor which will be discussed later.

The transient period is then decided by an educated guess which varies

from run to run. Refer to Table 5.2 for the estimated transient periods.

In a simulation run, the model program is reset at the end of the tran-

sient period. Data collection will be started and continued for the next

hour.

5.2 Collection of Steady State Data

Steady state data was obtained by both the method of replication and

the method of batch means (21, 22 , 23). However, due to cost considera-

tions the number of replications were not large enough to do a statisti-

cal analysis for a confidence interval within which the true mean may be -

located with a finite probability. Since the aim of this study is to ob-

tain a method for comparison, this is overlooked initially.

Steady state data was collected at intervals of 90 seconds for a per—

iod of one hour of system time for each slmulation run. Figure 5.5—5.7 are re-

presentative plots of the steady state cumulative average response—times. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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It was noticed that even though steady state data collection was commenced

after the estimated duration of the transient response, there would always

be an initial period of fluctuations. It is felt that during this one

hour time window of data collection the effec t of these fluctuations can

be overcome. Data collected in simulation is presented in Tables 5.2a — 1.

A summary of the simulated results is presented in Table 5.1. Of inter-

ests toan analyst is also the average queue length. The average number

of requests waiting for service at a node is also presented.

5.3 Step Change in Average Arrival Rate of Requests

A five node network is subjected to a step change in average arrival

rate of requests at one of the nodes for the measurement of response—time

for each of the three control schemes. The average arrival rate of re-

quests at node 1 is doubled half an hour later after commencement of steady

state data collection. For the purpose of comparison the response—time

of node 1 and node 3 is plotted both with and without the average arrival

rate modification in figures 5.8 a—b—c .

5.4 Simulation Results

5.4.1 Results of the Hopping Permit Scheme

The inherent characteristics of the Hopping Permit Scheme is that

the permit is routed in a deterministic manner. As the number of nodes

in the simulation increases with equal request arrival rates at each node,

it is observed that:

(1) Due to the deterministic routing of the permit this scheme re—

suits in long response—times.

(2) The deterioration of response-time is more of a fact in this

case than those of the other two control schemes.

The response—time spread for five nodes is shown in Figure 5.12 (a). As

I 
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TABLE 5.1

THE HOPPING PERMIT SCHDIE

NUMBER AVERAGE AVERAGE CONTROL DURATION
OF NUMBER IN RESPONSE TRAFFIC OF

NODES THE QUEUE TIME OVERHEAD TRANSIENT

.1047 2.107 sec. 59.172 30 m m .

4 .2114 4 0957sec . 35.96% 50 miii.

5 .4713 • 9.055 sec. 18.552 90 m m .

THE NETWORI( WIDE SEMAPHORE SCH~~4E

NUMBER AVERAGE AVERAGE CONTROL DURATION
OF NUMBER IN RESPONSE TRAFFIC OF

NODES TUE QUEUE TIME OVERHEAD TRANSIENT

3 .1384 2.713 sec. 41.9 2 30 miii.

4 .210 4.173 sec. 44.292 60 miii.

5 .3664 7.524 sec. 48.94% 75 miii.

THE ADAPTIVE HOPPING PERMIT SCHEME

NUMBER AVERAGE AVERAGE CONTROL DURATION
OF NUMBER IN RESPONSE TRAFFIC OF

NODES TEE QUEUE TIME OVERHEAD TRANSIENT

3 .0747 1.536 sec. 60 27% 20 miii.

4 .143 2.82 sec. 36.852 30 miii,

5 .2538 S.109 sec. 20.572 60 miii.

~ 
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HOPPING PERMIT SCHENE

TABLE # S.2a

NUMBER OF NODES IN THE SIMULATION s 3

OBSERVED DURATION OF TRANSIENT g 30 minutes

QUEUE AVERAGE NUMBER OF AVERAGE NUMBER OF TOTAL TOTAL
SET CONTENTS REQUESTS RESPONSE OVERHEAD NUMBER OP NUMBER OP

NUMBER OF QUEUE PER NODE TIME MESSAGES MESSAGES REQUESTS

1 .11 190 2.O88se

1 2 .092 162 2.O62se 4693 7873 330

3 .105 179 - 2.125ae

1 .098 175 2.O36se

2 2 .108 184 2.126se 4692 7991 549

3 .123 190 2.33 sei

1 .084 161 1.886se

3 2 .114 189 2.lB4se 4712 7957 540

3 .109 190 2.083se

SU?44ARY OF SIMULATED RESULTS:

AVERAGE RESPONSE TIME 2.107 sec

AVERAGE QUEUE CONTENTS : .1047

CONTROL—TRAFFIC— OVERH EAD: 59. 172

L . . - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - •
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HOPPING PERMIT SCHENE

IH
TABLE # 5.2b

NUMBER OF NODES IN THE SIMULATION: 4

OBSERVED DURATION OF TRANSIENT : 50 minutes

QUEU E AVERAG E NUMBER OP AVERAGE NUMBER OF TOTAL TOTAL
SET CONTENTS REQUESTS RESPONSE OVERHEAD NUMBER OF NUMBER OF

NUMB ER OF QUEUE PER NODE TIME MESSAGES MESSAGES REQUESTS

1 .151 156 3~ 5O2 cc

2 .188 165 4.1206cc
1 3782 10217 715

3 .262 202 4.6846cc

4 .284 193 5.310 cc

• 1 .211 193 3.95 sec

2 .194 173 4.O57sec -

2 3661 10438 753
3 .235 195 4.345see

4 .230 194 4.274sec

1 .226 196 4.l67cec

2 .195 176 4.04 sec
• 

- 3 3665 10231 729
3 .2 19 202 3.9l7sec

4 .142 158 3.24 sec

SUMMARY OF S IMULATED RESULTS:

AVERAGE RESPONSE TIME : 4.0957 eec

• AVERAGE QUEUE CONTENTS : .2114

CONTROL—TRAFFIC— OVERHEAD: 35. 96%

_
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HOPPING PERMIT SCHEME

TABLE # 5.2 c 
-

NUMBER OF NODES IN THE SIMULATION: 3

OBSERVED DURATION OF TRANSIENT : 90 minutes

QUEUE AVERAGE NUMBER OF AVERAGE NUMBER OF TOTAL TOTAL
SET CONTENTS REQUESTS RESPONSE OVERHEAD NUMBER OF NUMBER OF

NUMBER OF QUEUE PER NODE TIME MESSAGES MESSAGES REQUESTS

1 .504 201 9.O37sec

2 .322 
- 

163 7.l23sec

1 3 .514 193 9.60 sec 2528 13800 940

4 .423 203 7.556sec

5 .372 181 1.4O3sec

1 .581. 198 1O.Slsec

2 .448 185 8.llsec -

2 3 .568 194 1O.54sec 2462 13974 959

4 .485 205 8.519se

5 .434 182 8.585se

1 .475 192 8.9llse

2 .680 214 11.44 se

3 3 .429 157 9.84 cc 2680 13560 907

4 .348 163 7.69 cc

5 .486 181 9.67 cc

SUMMARY OF S IMULATED RESULTS:

AVERAGE RESPONSE TIME : 9.055 sec

AVERAG E QUEUE CONTENTS : .4713

CONTROL—TRAFFIC—OVERH EAD: 18.55% 
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NETWORK WIDE SEMAPHORE SCHEME

TABLE # 5.2 d

NUMBER OF NODES IN TIlE SiMULATION: 3

OBSERVED DURATION OF TRANSIENT : 30 minutes

QUEUE AVERAGE NUMBER OF AVERAGE NUMBER OF TOTAL TOTAL
SET CONTENTS REQUESTS~ RESPONSE OVERHEAD NUMBER OP NUMBER OF

N UMBER OF QUEUE PER NODE TIME MESSAGES MESSAGES REQUESTS

1 .144 194 2.679 cc REQ : 1404

1 2 .174 206 3.042 cc RACK:123~ 6226 594

3 .154 195 2.95 se TOT : 264~

1 .146 189 2.786 se R.EQ : 1211

2 2 .114 161 2.57 se RACK:11W 5576 540

3 .135 190 2.564 se TOT : 2322

1 .118 162 2.643 se~ REQ : 1172

3 2 .130 179 2.62 see’ RACK: 1073 5401 324

3 .126 183 
•
2.493 ccc TOT : 2245

SUMMARY OF SIMULATED RESULTS:

AVERAGE RESPONSE TIME : 2.713 sec

AVERAGE QUEUE CONTENTS : .1384

CONTROL—TRAFFIC— OVERREAD : 4 1.9%
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NETWORK WIDE SEMAPHORE SCHEME

TABLE # 5.2 a

NUMBER OF NODES IN THE SIMULATIONs 4

OBSERVED DURATION OF TRANSIENT : 60 minutes

QUEU E AVERAGE NUMBER OF AVERAG E NUMBER OF TOTAL TOTAL
SET CONTENTS REQUESTS RESPONSE OVERHEAD NUMBER OF NUMBER OF

NUMBER OF QUEUE PER NODE TINE MESSAGES MESSAGES REQUESTS

1 .234 189 4.473sec REQ : 2839

2 .2 169 4.276sec
1 RACK:2372 11810 730

3 .223 191 4.2l4sec

4 .205 181 4.O8l~ec TOT : 5211

1 .193 181 3.83 sec ~.EQ: 2856

2 2 .224 192 4.2 sec 
-

RACK:2330 11665 719
3 .211 184 4.14 sec

4 .213 164 4.69 sec TOT: 5186

1 .19 174 3.933sec ~EQ: 2851

2 .226 196 4.l57sec

~ACK:2389 11827 730
3 .231 202 4.l29sec

4 .173 158 3.962sec L~OT: 5240

SU~21ARY OF SIMULATED RESULTS :

AVERAGE RESPONSE TIME : 4.173 sec

AVERAGE QUEUE CONTENTS : .210

CONTROL—TRAFFIC—OVERHEAD: 44.292

L ~~~~~~
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NETWORK WIDE SEMAPHORE SCHEME

TABLE # 5.2 f

NUMBER OF NODES IN THE SIMULATION: 5

OBSERVED DURATION OF TRANSIENT : 75 minutes

QUEUE AVERAG E NUMBER OF AVERAGE NUMBER OF TOTAL TOTAL
SET CONTENTS REQUESTS RESPONSE OVERHEAD NUMBER OF NUMBER OF

NUMBER OF QUEUE PER NODE TIME MESSAGES MESSAGES REQUESTS

1 .246 177 5.05 REQ : 5069
2 .284 171 5.991

1 3 .226 150 5.443 RACK:3869 19013 837

4 .227 176 5.666

5 .308 164 6.768 TOT: 8938

1 .335 185 6.536 REQ : 6107
2 .400 196 7.364

2 3 .335 162 7.443 RACK:4299 21190 895

4 .376 178 7.615
5 .384 175 7.902 TOT : 1040’

1 .421 174 8.713 REQ : 6765
2 .459 176 9.406
3 .451 169 9.619 RACK:4552 22436 924

4 .588 224 9.450

5 .457 - 182 9.051 TOT: 1131

SUMMARY OF SIMULATED RESULTS :

AVERAGE RESPONSE TIME : 7.524 sec -

AVERAG E QUEUE CONTENTS : .3664

CONTROL—TRAFFIC—OVERHEAD: 48.942
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ADAPTIVE HOPPING PERMIT SCHEME

- 

TABLE 1/ 5.2 g

NUMBER OF NODES IN THE sIMULATION: 3

OBSERVED DURATION OF TRANSIENT 20 minutes

QUEUE AVERAGE NUMBER OF AVERAG E NUMBER OF TOTAL TOTAL S
SET CONTENTS REQUESTS RESPONSE OVERHEAD NUMBER OF NUMBER OP

NUMBER OF QUEUE PER NODE TIME MESSAGES MESSAGES REQUESTS

1 .067 167 1.459sec

1 2 .056 164 1.249 4891 7908 504

3 ~073 173 1.531

1 .066 161 1.495sec

2 2 .088 189 1.679 4759 7998 539

3 .079 189 1.517

1 .078 187 1.599sec

3 2 .086 200 1.649 4766 8012 575

3 .08 188 1.595

• SUMMARY OF SIMULATED RESULTS:

AVERAGE RESPONSE TIME : 1.536

AVERAGE QUEUE CONTENTS : .0747

CONTROL—TRAFFIC—OVERHEAD : 60.272.

~ 

•
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ADAPTIVE HOPPING PERMIT SCH~~~

TABLE # 5.2 h

NUMBER OF NODES IN THE SIMULATION: 4

OBSERVED DURATION OF TRANSIENT : 30 minutes

QUEUE AVERAGE NUMBER OF AVERAGE NUMBER OF TOTAL TOTAL
SET CONTENTS REQUESTS RESPONSE OVERHEAD NUMBER OF NUMBER OP

NUMBER OF QUEUE PER NODE TIME MESSAGES MESSAGES REQUESTS

1 .164 194 3.05 sec

2 .145 167 3.142
1 3796 10265 729

3 .131 179 2.651

4 .145 190 2.754

1 .147 194 2.737sec

2 .148 189 2.823
2 3760 10271 • 735

3 .152 163 3.362

4 .135 189 2.573

1 .147 196 2.7l4sec

2 .136 174 2.823
3 3784 10237 730

3 .151 202 2.695 -

4 .115 158 2.636

SUMMARY OF SIMULATED RESULTS:

AVERAGE RESPONSE TIME : 2.82 sec

AVERAGE QUEUE CONTENTS : .143

CONTROL—TRAFFIC—OVERHEAD: 36.852

~ 
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• ADAPTIVE HOPPING PERMIT SCHEME

TABLE 1 5.2 i . -

NIJMBER OF NODES IN THE SIMULATION : 5

OBSERVED DURATION OP TRANSIENT : 60 minutes

QUEUE AVERAGE NUMBER OF AVERAGE NUMBER OF TOTAL TOTAL
SET CONTENTS REQUESTS RESPONSE OVERHEAD NUMBER OF NUMBER OF

NUMBER OF QUEUE PER NODE TIME MESSAGES MESSAGES REQUESTS

1 .247 178 5.0 sec
2 .320 200 5.774

1 3 .294 201 5.275 2734 13597 905

4 .253 166 5.504

5 .281 165 6.143

1 .263 191 4.969sec

2 .319 214 5.376
2 3 .222 157 5.098 2710 13586 - 906

4 .240 163 5.317

5 .292 181 5.827

1 .223 173 4.64lsec

2 .177 158 4.054

3 3 .213 166 4.63 2901 13373 873
4 .238 192 4.468

5 .2 26 184 4.434

• SUMMARY OF S IMULATED RESULTS:

AVERAGE RESPONSE TINE : 5~ 109 sec

AVERAGE QUEUE CONTENTS : .2538

CONTROL—TRAFFIC—OVERHEAD : 20.572
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compared to those of the other two schemes shown in Figure 5.12 (b) both

the mean and the variance are the largest. The spread of the response—

time is very large and makes this scheme unattractive to the network de-

signer.

The plot of Response—time and control—traffic—overhead for a dif-

ferent number of nodes is shown in Figure 5.9. The control—traffic—

overhead decreases as the number of nodes in the network increases. This

is so because for each additional node the update traffic increases by

three messages per request. For the same duration of running time the

permit is retained by the nodes for a greater period of time and sent out

into the link a fewer number of times. What is experienced is a decrease

in control traffic and an increase in update traffic and total traffic.

The response—time to the step load change at node 1 is very poor.

The other nodes experience a slight increase in response—time. But, at

the node where the step was applied the response- time deteriorates beyond

re overy as shown in Figure 5.8 (a). This is due to the fact that only

‘me request is processed when the permit comes around. The permit is not

able to make the round trip fast enough to cope with the situation of in—

creased arrival rate.

5.4.2 Results of the Network—Wide Semaphore Scheme

The Network Wide Semaphore Scheme has an improved response—time.

This is explained by the fact that the requests are processed on the basis

of their arrival times. Because of this feature the control scheme adapts

itself to some kind of global minimization of response—time. As the num-

ber of nodes in the simulation is increased it is observed that:

(1) The response—time increases but better than that in the case of

the Hopping Permit Scheme. The response—time is always greater 

~~~~~~~~~~~~~~~~~~ -~~~~~~~-,---- - .- --- _ _ _ _ _ _
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h opping Permit Sch s

Number of Average - Control—Traffic
Computers Response—Time Overhead

3 2.107 sec . 59.1(%
14 l4. 095 see . - 35.96%
5 9.055 sec . 18.55%

• 60

Control—Traffic—Overhead
10 - 50

0
9

• ‘1
0

6 •~~~
•

Average Response—Time

2 . • - 10

1

3 4 5

Number of Computers in the Network

Figure ~~ 
Plot of the Control—Traffic—Overhead and Average Response—Time
versus the Number of Computer. of the Hopping Permit Scheme.
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than the Adaptive Hopping Permit Scheme.

(2) Steady State response is prone to fluctuations but these fluc-

tuations are more evenly distributed amongst the nodes .

The control—traffic—overhead increases as the number of modes

in the network increases. Nevertheless, the update traffic per request

increases the same amount as those in the other schemes. This is so be-

cause:

(1) The control t ra f f ic  increases by two messages per request for

every additional node.

(2) In the synchronizing phase each node with a queued up request

send s the request out onto the links, regardless of whether it

is the earliest or not. This accounts for part of the excess

control traffic. An L.F.M. may acknowledge a number of requests

before acknowledging the earliest request. Those ineffective

requests and acknowledgements of traffic add to the total con-

trol traffic.

The plot of Response—Time and Control—Traffic—Overhead for different

numbers of nodes is shown in Figure 5.10. The response—time spread for

five nodes is shown in Figure l2b. The spread is much smaller than that

of the Hopping Permit Scheme. It has an improved mean and variance.

Even though this scheme is capable of adapting to global changes,

it responds very poorly to a step load. All the nodes experience a uni-

form increase in response—time. It is seen that the response—time in Fig-

ure 5.8b does not settle within a half hour period. The node at which the

step was applied experiences a longer response time that the others. The

deterioration of response—times may be explained as follows. As the ar—

rival rate is increased at node 1, the probability that two consecutive 
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requests belong to node 1 is very:high. Because of the open bidding pro-

cedure the synchronizing phase is slightly longer if two consecutive re—

quests belong to the same node than that of the case if they belonged to

different nodes . This is so because a node has to wait for all update

acknowledgements before it can broadcast its request, after which it has

to wait all request acknowledgements. On the other hand , if two con-

secutive requests belong to two different nodes, there is an over—lap—

ping of the updating node’s updating phase and the foreign node’s synchro-

nizing phase. Consequently, consecutive , updates from the same node has

a slowing down effect.

In this scheme a better response—time is obtained in comparison to

the Bopping Permit Scheme, but at the expense of increased traff ic and

control—traffic-overhead. This excess traffic is due to a lot of inef-

fective requests entering the network, and a lot of ineffective acknow-

ledgements being sent during the synchronizing phase. The other weak

point is the requirement of synchronized precise clocks at every computer

node; keeping accurate time information at each node of a large network

is difficult (20).

5.4.3 Results of the Adaptive Hopping Permit Scheme

This scheme has a better response—time than both the Hopping Permit

Scheme as well as the Network Wide Semaphore Scheme as shown in Figure

5.11. The Adaptive Hopping Permit Scheme can adapt itself to load fluc-

tuations just as the Network Wide Semaphore Scheme. As the number of

nodes are increased there are fluctuations in the steady state response

of the response—time shown if Figure 5.7 (c). These fluctuations affect

the response-times of all the other nodes fairly uniformly. The response—

time spread for five nodes is shown in Figure 5.12 (c). The Adaptive Hop—

~



______  
____ _____ — ______

lii.

ping Permit Scheme is found to have the best response—time distribution

with the smallest variance. This aspect of the scheme makes it very at-

tractive to the network designer.

The Control—Traffic—Overhead decreases with the increase of the

number of nodes in the simulation. This is true in both the Bopping Per-

mit Scheme and the Adaptive Bopping Permit Scheme which is a modification

of the former. However, this scheme has a slightly higher control—traf—

f ic—overhead than the Hopping Permit Scheme for the same number of nodes.

Simulation runs were made of both these schemes for identical arrival

patterns of file access requests. In all the cases (3, 4 and 5 nodes),

the Hopping Permit Scheme had a slightly lower control—traffic—overhead.

The difference is due to the adaptive nature of routing the permit. If

the permit was utilized by each node everytime it came by, the control—

traff ic—overhead would be 16.66%, 11.11% and 8.332 for networks with 3,

4 and 5 nodes respectively for both the schemes. However, the actual

simulation results showed control—traffic—overhead of 59.17%, 35.96% and

18 .55% for the Hopping Permit Scheme and 60.27%, 36.85% and 20.57% for

the Adaptive Hopping Permit Scheme of networkds with 3, 4 and 5 nodes

respectively . The excess control traffic is due to the fact that the

permit idles around in the link from node to node because lacking in re--

quests occurred in the network. In the case of the Adaptive Hopping Per-

mit Schemes, the service rate is faster, the average queue length is

smaller (Table A), and the permit spends more time idling. Hence, the

increase in the Control—Traffic—Overhead occurs.

The response—time of this scheme to a step load is favorable. It is

far better than that of the case of the Network Wide Semaphore Scheme.

This scheme can adapt to changes in request arrival patterns faster than

L - - .  - ~~~~~~- - — ~~~~ ----~~~~~~~~ - - -~-- ~~~- , - ,.- -~~~~~~~~-.-~~~~~--~~~~~~~ - -



- ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ - . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~

P.12

the Network Wide Semaphore Scheme, because the synchronizing phase is cut

short by the permit. All nodes experience an increase in response— time,

and the increase Is uniform. In this scheme consecutive updates made

from the same node can finish in a short time because the time spent in

passing the permit is saved. It Is seen here that where the Network Wide

Semaphore Scheme fails is where the Adaptive Hopping Permit Scheme suc-

ceeds.

Superficially, it may seem that this scheme faces the same problem

that the Network Wide Semaphore Scheme has to maintain synchronized

clocks at each node. However, in the case of the Adaptive Routing Scheme

instead of tagging absolute arrival times, relative waiting times of the

requests are tagged. The permit would then be routed to the node with

the request that has waited the longest. Therefore, precise clocks are

not required at the nodes. One of the weaknesses of this scheme is the

loss of the permit due to node or link breakdown. This is a weakness of

the Hopping Permit Scheme too. It is possible to generate a new permit

by an election process in case of failures. Le Lahn has proposed the a—

bove procedure in his recent work (14).

5.5 Comparative Discussion and Conclusion

Because no open bidding procedure happens in the Hopping Permit Scheme

there is no control traffic such as request and request acknowledgement.

Only permit routing traffic is involved in the synchronizing phase. Per—

mits are passed in a deterministic route from node to node. There is no

attempt to minimize the response— time. Figure 5.9 shows the variation

of the average response—time increasing from 2.1 seconds to 9.0 seconds

when the number of computers increases it has a faster increase rate than

that of the network—wide semaphore scheme. Nonetheless, this scheme has

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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a very superior performance in the control— traffic—overhead which decreases

from 59% to 18% when the total number of computers increases. That means

only a very small percentage of traffic is involved in the synchronizing—

phase of this scheme. Therefore, the simulation results have indicated

clearly that from the traffic overhead point of view the hopping permit

scheme is better than the network wide semaphore scheme. But, from the

average response—time point of view network—wide semaphore scheme is

slightly better than the hopping permit scheme. From the nature of the

hopping permit scheme it is easy to notice that the only traffic in the

synchronizing phase is the traffic associated with the permit. When net—

work size grows, the percentage of the permit traffic certainly becomes

small. Because the permit is passed in a deterministic route from node

to node, each node has to wait longer for the next permit in a large net-

work.

The average response—time and control—traffic—overhead of the Network

Wide Semaphore Scheme have been shown in Figure 5.10 for a number of com-

p u t e r  nodes in the networks. It is noticed that the average response— time

Increases nonlinearly with respect to increasing size. On the other hand,

the control—traffic—overhead also increases slightly with increasing size

of networks. In other words, when a networks size increases the average

response—time deteriorates. During the synchronizing phase of this scheme,

every local file manager is allowed to participate in an open bidding pro-

cedure. Because no global information is available, a lot of ineffec tive

requests are allowed to enter the networks. Had the local file manager

known global information, a later generated request can be prevented from

entering the networks. Therefore, control—traffic—overhead of the net-

work—wide semaphore scheme is not optimal at all. The second disadvantage 
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Network—Wide Semaphore Scheme

Number of Average Control —Traffic—
Computers Response-Time Overhea&

3 2.113 sec. 1~l.9 %
I. ~e.173 sec. 

h41~.29%
5 7.52~e sec. 148.914%

I : 

~~~~~~~~~~~~~~~~~~~~~~~ ont~o1-TraffIc~~verhead 
:•

:
.

/-o 6 . 
1’ 3 0 ’  ~p4 1

I ::
Number of Computers in the Network

Plot of the Control—Traffic—Overhead and Average—Response-
Figure 5.10 Time versus the Number of Compu ters of the Ne twork—Wide

Semaphore Scheme.
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of this scheme is that synchronized clocks are required at the computer

node. To maintain synchronized clocks at nodes of a geographically

spread network is difficult. The success of this scheme depends on the

time label of the request. Therefore, the network—wide semaphore scheme

still has difficulty in its implementation.

The network—wide semaphore scheme has the advantage of slower dete-

riorating average response—time than that of the hopping permit scheme

when the number of hosts in the networks is increased. The earliest re-

quest in the network will gain the file access right in the synchroniz-

ing—phase of the network—wide semaphore scheme. On the other hand, the

hopping permit scheme has the advantage of decreasing control—traffic—

overhead when the network size grows. Because no open bidding procedure

Is involved in the synchronizing—phase, control traffic does not increase

with the network size. Therefore, to combine the above two advantages it

is necessary to minimize the average response—time by always servicing

the earliest request and to avoid open bidding procedures in the syn-

chronizing—phase. The adaptive hopping permit scheme is conceived in

this way. It will be in every respect the same as the hopping permit

scheme except that the routing of the permit is not deterministic. When-

ever a local file manager sends out an updating acknowledgement, an ex-

tra field is tagged in this message to indicate the earliest local re-

quest time to the file manager with a permit. The local file manager

will use this information and transmit the permit to the foreign local

file manager with the earliest request. Because of this routing policy

for permit, the average response within the system is optimized.

It is easy to agree that the adaptive routing permit scheme is a

special case of a hopping permit scheme. Because the earliest request
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time is tagged in the updating acknowledgement message back to the local

file manager with a perinit, autonomous open bidding procedure in the syn-

chronizing—phase of the network—wide semaphore scheme is not necessary.

The adaptive hopping permit scheme has forced this autonomous open bid—

ding procedure into a synchronized bidding procedure. In other words,

from this point of veiw the adaptive hopping permit scheme is also a spe-

cial case of a network—wide semaphore scheme.

Figure 5.11 shows the control—traLfic—overhead and the average re-

sponse—time of the adaptive hopping permit scheme versus the total num-

ber of computers. Control—traffic—overhead has shown the same advantage

of decreasing trend as that of the hopping permit scheme. But, the most

impressive performance of this scheme is that the average response—time

increases almost linearly with the total number of computers at a small

rate. For a five computç.: network, it can achieve 4.5 seconds average

response—time. On the other hand, the average response—time of both the

network—wide semaphore scheme and the hopping permit scheme show very

nonlinear increasing trends at a fast rate.

In our simulation of control schemes, a steady state request arrival

rate is assumed. It has been reported that the adaptive scheme usually

has superior response behavior to the request load fluctuation than that

of the deterministic scheme (8,9). When file access requests suddenly

increase at a host in the hopping permit scheme, the route of the permit

will not be affected. Consequently, congestion and severe deterioration

of response—time can happen to the host with increasing requests. On the

contrary, in the adaptive hopping permit scheme the permit will be dir-

ected more frequently to the heavy loaded host because more requests are

waiting there.

_  -
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Adaptive Bopping Per mit Scheme

Number of Average Control—Traffic
Computers Respuos s—Time Overhead

3 1.5 36 sec . 60.27%
14 2.82 sec . 36.85%
5 5.109 sec. 20.57%

. 60

50

Control—Traffic—Overhea d

2 Average Response—Time ‘ 10

1

3 4 5
• — I

Number of Computers in the Network

Plot of the Control—Traffic—Overhead and Average Response—
Fi gure 5.1]. Time versus the Number of Computers of the Adaptive Hoppin g Permit

Scheme. -
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Assume that in the network—wide semaphore scheme there was only one

host computer requesting file access. After the host sent out all the

requests, it experienced an outage. Assume further that all other hosts

responded with their positive acknowledgements and went into a critical

session. Consequently, the file is dead—locked and no fur ther access of

the file is possible. Similar situations can also happen in the hopping

permit scheme. If the host with the permit goes down, the permit is

trapped and other copies of the same file are deadly locked. Conceivably

there are methods to decrease the probability of dead lock situtations

for the network—wide semaphore scheme, a time out can be set up in the

local file manager when it goes Into a critical state. It will expect

to receive updating information within the time—out period. Otherwise,

it will assume that some abnormal situation has happened and that the

original host in the requesting state is down. Consequently, the local

file managers in critical state can be reset back to the requesting state.

For the hopping permit scheme after any host released the permit to its

next neighbor, it will check the status of the receiving neighbor period-

ically until the permit has again been sent out. After the period of

time—out if no permit has been sent out by the neighbor, the neighbor com-

puter will be down, and the host releasing the permit perviously, will

create another permit. Of course there is a finite possibility that both

hosts are down. But, the probability will be small.

Increasing the number of nodes with the same arr ival rate of requests

as the other nodes will increase the total rate at which requests enter

the system. This indirectly amounts to an increase of the utilization

factor of the total system. The utilization factor is also dependent

upon the control scheme. For each scheme the network with three nodes

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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has the least utilization factor. A network with five nódie has the

highest utilization factor in the simulation studies. The adaptive hop-

ping permit has both the best response-time as well as the lowest con— •

trol—traff ic—overhead . For networks with a moderately high utilization

factor the adaptive hopping permit scheme i. the most attractive shceme.

The adaptive hopping permit scheme has other very desirable features such

as efficient adaptations to load fluctuations. It also has the best time

distribution. Taking into consideration the various factors discussed

the adaptive hopping permit scheme has the most desirable features and

is a feasible Control Scheme for varied traffic conditions and computer

network size. 

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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APPENDIX A

G.P .S.S. PROGRAM LISTING OF THE HOPPING PERMIT SCHEME

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

_ _  
_ _ _ _



— 

~~~~~
_ ‘ _

~~~~~~
-
~~~

_
_ ‘~~~~ 

J L~~

/

~~IS PAOZ IS BEST QUALITY F ACflCA~8I.g
)~~~~~~~ ~n F ~~~ TO DD.C ~_~__.—

~t O C  OP ERATP)N A,I~,C,D,E,F,G . .  ~~~~~~~~S U~LJ I ATE
K M 4 J L T

1 FLJ flCT I I ~I-J ~u’J2 ,c2~,

I V41~1M~LE K3
2 VA~~IAr ~LE K3+K3* (Pl—KI) TO SPECIFY MUD SWITC HES

V AF

~

IAI

~

LE K3;~V 1+ (V I — K 1 )*I’l  LAST OF A CK SW OF EA CH CO MP
4 V IWIAIiLE V I—K l  FUk LOOP COUNT ER

‘~‘R(~C U IV ING SE C T IflN
5 V A F I A 8 I E  K2 +X3~’(P2—K 1) TO ASSIGN PCP SW

-. 

~Ri~c Ezv IN( ;  5rCTION VA~~IAI~LE . . -

o VA RIA I-SLE KI+K3* (P2—K1) TI) ASSICN SUP SW
7 V4PIM~LE K.S~tV 1 +K19 (P1-~K1)* (V1_K1) 1 ~T O~ ACK SW

z a VARIM41E K2+K3~ (P1—Kt) PER AND MUP SW - --

9 V4RIMIIE K3’~’V1+IP1—K1 )*(V1—K1)+P7 •

10 VAFI A b LE K8+V1
1 BVt.I~1MiLE LS~’9+1R*82 BV~ P I A B L E  LS*1O’~L.S*1t -: -

-  1 M A T R I X  X,2 ,3  - -

I G E N L ~1kAT E ,,,1,,12 -
2 A S S L ( ;~! 2 , 1

- A s S I G N  3,1 ~~~~~~~ ~~~
--
.

•

::. - -  ASSIGN 5,2 - - •  - - - •

5 TP.ANSEI R , IN T O
6 GE~~~~ATE 200,FNI,,,,12

(.OMPA ,?.SSU,N 1,1
8 T r41~SV F P.  ,~sEGI N
9 G E M P A TE 200,FNL,,,,12 . -

tO CO~ PE~ A S IGN 1,2
~ 11- TRM’SFER ,t3 EGIN

- - GCf- ~EI~ATE 230,FNI,,’,,12 .

~~ ~~~~~ 
•
~~

•. 
~~~~~~~~~~ 

. .. .

13 CO MPC ASS IGN 1,3
14 MFG IN ASSIGN ?,V4 SET LJOP COUNTER
15 - - ASSIGN 8,-V8 SET Pa8=PEK SW - 

- 
— —“- --- --  — - ‘ - - —

~~~
— 

-- 16 - ASS IGN 9,V8 SE - .

17 A S S I G N  9~~,K1 SET P$9=MLJP SW
18 ASS IGN 4,V13 SET LA ST OF P11 FOR A~~ SW

- 19 SET ASS CN *4,V9’ - ... - - - 
- 

. . - • -
20 - - ASSIGN 4— ,KI. 
21 LOOP 7,SET -

22 A SSIGN 5,V2
23 ASSIG N 6,V3 - SPECIFY ACK SWITCHE S “

~~~~~
-

24 AsSI(;N i V4 SET L OOP COUNTE R - - • • •  - 
25 O(IFUE
26 TEST F F~V1,KO- 27 - - - LOGIC S *5 . ..- • - - - - ~~•-- ~~,,.- • - •-..- - .

• 28 - - OLPART Pt - - - - ~ .--.. -
29 A l) VANCE - 1
30 ASSIGN 3,2 P$TYPE =UPDATE BFGIN
31 SPLIT - 1,b TXT -

~~ S~NO UPDATE bEGIN 32  ADvAN CE 10 ~~~~~~~~~~~~~~~~~~~~~ 

-

33 ASSIGN 3,3 P$TYPE=UPDAT E COMPLETE
34 SPLIT 1,ETXT SEND dPOA TE COMPLETE

7 

:i -ttt ZL~~~I~~~~II -

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



- 

31~2-5

~~~$ PAGE 15 BEST QuAI~t1’y PRLCTX~4~IJF1~O& (XiPY FW~I1s~~~ 70 ____

35 T E S T  F DV2,K1  -

36 ASSIGN 5— ,Kt ‘
_ 

~~~~~~~~~ ~~...
j-- —

37 LOGIC R “5
38 A S S I G N  5+ ,K1 - . -

39 LOGIC R *5 - - - -  -40 RESET LOG IC R *6 ‘
~~~~~~~~~~~~~ _~~~~~~~~ :_ :L . —-• 4 1 A SSIGN 6- ,K1

42 LOOP 7,RESET - - 
- -  - 

-

43 T [PMINAT E - 

4’, I~TXT A SS IGN 2,1 — .. ~~~ _~~~~. ..- 
45 ASS IGN 7,V1
46 CYCL I  T E S T  NE P1,P2 ,JUMP1  - -

47 SPLIT 1,OUT 
- - -

JUMPI ASSIGN 2#,Kt .,_~~~~ .~~~
.J_. ~~~~~~~~~~~~~~~~~~~~~~~ ..

49”’. 1001’ 7,CYCLI
50 TERMINATE - - 

- - -

51 ETXT ASSIGN 2,1  - .  .

52 A S S 1 CM 6, V7 ~~ 
-

- 53 
. 

ASSIGN l,Vt -   - -• —. -

54 CYCI2 TEST NE P1,P2,JUMP2 - 
- -  -

55 SPLIT t,OUT 
- - - - . 

56 : A S S I G N  6# ,KL - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Si ’  JUMP2 A S S I G N 2+ ,Kt -

58 LOOP 7,CYCLZ - . - - 
. 

- 
. - 

-

59 TE RMI NATE - - . - - .

- 
6O~~~ ”~ ” OUT - ADVA NCE 5 4~ 

—~r-.~-• •- 

61 INTU TEST E P3.,t,INTLO TEST INCOMING XACT FQR TYPE
62 PER TEST E Q’2,KO,[NTLL • . -

63 INTI3 TEST F P2,V1,1N116
- - _  - ‘ - “ — I 4S A - I . ~~~~~ ‘~ ~~~~~~~~ - ,~~~~~ -.

- 64 . .
~~ . - - -  A . a L’ I -. - 1. - .~ ~~~- ~~. • ~~~

. ,_ •
~~~ --—.•-—.• •.—. •—--

65 1Mh Z A S S I G N  5,V5
66 TRANSFER ,OUT - -: “ -

67 INT16 A SSIGN 2+ ,K1  - .  -

68 TfPNStIR ,INTI2 “ ~
. 

~~~~~~~~~~ -:
69 1 11T h L(~G L C  5 5
70 GA T E 1K ict 5 • - 

- 
- -  - -   .

71 T~~ANSFFP , I N T I 3  - - . -

72 1 11Th., TFST F P I ,2,INTL4~ 0 TEST INC OMING XACT FOR TYP~~Z~73  ASSIGN 5,Vo
74 LOGIC S *5 -  - ‘ -

75 TERMINATE - - .

‘7 6  INTI4 TEST F P3,3,INfl5 0 .TEST INCOMING 7Af.3 F69 ’ ,7~~”‘71 A S S I G N  - - 5,V6  
-

78 LOGIC R *5 . 
- . - . -

79 A S S IG N  4,*j  -
.  

- - 
- 

-

80 ASSIG N l, *2  --
- 
81~~~

’ A S S I G N  - 2,*4~~~~~82 A S S I G N  3.4 -

~3. TF AN SFEF. ,OUT - 
-  - -

34 I NT 1 5 LOG I C S *6 — -: - -
~~ 

—
- 85 T E I . ~INATE
86 GEI’4 ERAI E 900,,18000,,,1,F
87 M A R K  I - - -

88 STAT tISAV FVAIU E t,1,1,MtPER — ____

89 I’ISAVFVALUE 1,t,2,N.~OUT 
‘ ‘“

9i) t-i S~~v FvALuE 1,1,3,PL - - - - • 
-

91 MSAV F VALU E k,2,1,QT L . 
-

MS~~VFV ALL J E 1,2,2,012
M~PA V EVALUE

95 TEP iI INATE -- .

96 T IMEf  G&N Fk LTE 18)~ .) -

. 97 - - T~~1.~I 1P ’AT C ). 
~~

• - — . - .-- —

~~~

- .- — —— 
“ START 1,NP -- — - —

RESET - - - -
- START 2 -  -

- 
~~ 

- -
~~~~~ ~~

- - - -  -•
~~~~

-- - - - — -• .. •,.—.•-‘. . .. .• .  —
~~~~~~~~~~ ST ART 2 ~ ~~ 

— — — — ~ ~ — — —s—

_
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1~I$ PAGE IS BEST QUALXTY PRLcI’IC.&BLE
7,~OM QOPY !7.~~j1.L5fl~~ TO ~~.C

NUMBER *LOC OPE~ A TTON A,B,C,D,E,F,G CO’~MENTSSIfrI JLATE -

SMu T 235G1,53206
I FUt~CTICN Sr12,C24

C,~~/.1,.l)4/ .2,.22~~/ .3,.355/ .4 ,.5C9/ .S L.69/.6,.9IS/ .?,1.2/.l5,1.
•8,1.6/.8—,,1.O3/.b~l,2.12/.9,2.3/.92,2.)2/.94,2.81/.95,2.99/.96,3•s7,3• ‘5/. SF ,3.9/.’i9,4.~~/.~~9S 5.3/.99i3,6.2/.°9c 7/ .9~iCi8 8
*TH I S IS A SI’tJ LAiIO~J ~iF THi~~E COI4PUTETS IN NW~ S SCHCM~1. VA R!-~BLE K3
2 VAR I AB lE tcl+K4*(P2—K1) TO SPECIFY MP .EQ SWS

VA RIAB LE K2+K44(P2—K1) TO SP:~C!FY MOP SWS
4 VA RIABLE k3+K~ 4tP2 —K1) TO SPECIFY SACK SWS
5 VA~~I A I ~LE K4+K4~~(P2—K 1) TO SPECIFY SUP SWS
6 V A R IA B L E  V1—K1
7 VA R IMBLE K12+V1

- 8 V A R i - ~BLE K4*V1+ (PZ_K1)*(V1_K1)+P
9 VAR IABLE K4r.V1+ (P~ —K 1 )* (V1—KI)+K 

S - - -

* p ECEVEI ~~G SECT I)N VAi~1 ABL ES - 
•

10 VARI AB LE K1+K4* (P~ —K1) TO ASSIGNX~~1 AND MREQ SW11 VA RI A B L E K4+K ”1P3 K1) TO ASSIG~iXH4 ANI) SUP SW
12 VA RIA ’~LE K4~ Vi+ (~~~_K1 )* (V1_K1)+KI
13 VA RIABLE K2+K4’(P3—K1) To ASSIGMX~~~~~ND MUP
14 VA R IAB LE  ~3.K’’~U~3—K1) TO ASSIGNX#3 AND SACK
I. B V A R  AB 1~ LS~~1O+LS41I+LS~~12+LS*13
2 ~V A~ ABL E LS~xl4~ LS*15 

- - - -

3 3V~~ ABL E LS*12+8V2
I MATI- X

- INIT AL X .L—X 12 ,O -

• 1 GENE RATE ~JQ,FNl,,,,15,F 
-. -•  ‘ - - -

2 A S S I G N  2 ,2
3 TRA1~SF~P ,BEGIN
4 G~~NEr ’~TF 200,FM1,,,,15,F
5 ASSIGN Z,t - -

6 T F A F ~SFER ,BEG1N
7 GENFi~ATE 200,FN1,,,,l5,F
8 ASS I GN 2 ,3  - 

- - - - - -

9 
- BEGIN MARK 1 - - - -

to ASS GN F,V6 S~ T LOOP COUNTER11 A SS GN 1O ,V2 MREQ TQ 8V P#IO
12 ASS GN h1,V3 MOP TO BV P~~11
13 A SS GN 12,V4 SACK TO RV P012 - -  -

14 ASS GN 13,V5 SUP TJ DV P013
15 A SS GN 6,V7
16 SET ASS IGN *6,V8 - - - - - - -

17 ASSIGN 6— ,K1 
-

18 LOCP 7,$ET
19 A S S I G N  - 8,V2 ASSIGN MREQ SW
20 QUEUE P2 -

21 SEIZE P2 
-  - - - -  - -

22 BACKA TEST E BVI,K0
23 LOGIC S *8
24 ASSIGN 6,V2 S -

25 ASSIGN 4,X$6 
- -

26 ASSIGN 6s ,1
27 SAVFVAL (J E *6 P1
28 ASSIGN 5 ,1  

- -  - 

- 

- - -

_  _
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isis PAGE Is BEST QUAIiXIY PR&C1~I~&1lIj~

- 
- - 

- - 
J~~ I ~~PI FU iS.~ TO

29 
- - 

- S P L I T  1,REQT • 

_ _  ‘
.  

5

30 TEST E 8V3, K1
31 A S S I G N  7 , V 4
32 GA T E  LR •7 ,BAC KL
33 DE PA R T  P2   -. •  -

34 RcLEASE P2
35 A S S I G N  7— ,K1
36 L OGIC S *7 -  - -

37 A S S I G N  7— ,K1
38 L’ JGIC R *7 -

*P.ESET ACK SW
39 A S S I G N  7,V6  -_   - -

40 - A S S I G N 9,V9 -  “
41  R S TI  LOGIC R *9
42 A S S I G N  9+ ,K1
43 L OCP 7,RST1  -

44 A S S I G N  7 ,V 2
45 SAVEVALUE *7,pL
46 ASSIGN 7+,2
47 ASSIGN 6,V3  -

48 S4~~EVALU E $?,X*6
49 A S S  GN 4, *t
50 A J V A N C E  I. -

51 A S S  GN 5 ,3   - 
- -

52 SPL I 1,BTXT •.  - • .  .. 
- 

- 
-

53 A DVIS- NCE 10
54 ASSIGN 5,4
55 S P L I T  1,~~EQT -

56 T E S T  E 8V2,K 1  1-~• - . -....,.
57 A S S I G N  7 ,V 3  -

58 LOGIC R ‘47 -

* RESET A CK SW - -

59 A S S  GM 7,V 6
60 A~~S GN 9,V 9
61 RS T 2  LOG C R *9
62 ASS GN 9+ ,K1  -

63 LdGP 7 , R S T 2
(i4 TER f r I NAT E
6 5 B A C K I P R I C R I T Y  1
66 T s M~ SFER ,BACKA
67 RE QI ASSIGN 3,1.
68 A S S I G N  1,V1
65 ASSIGN 9,V9
70 C Y C L1  T E S  NE P ,P3,JUMP1
11 SPL I 1,OUT • 

-

72 ASS GN 9+ ,K 1
13 JUMP1 ASS GM 3+,K1
74 LOCP 7 ,CYCL1
15 T ERI’ INATE
76 BTXT ASSIGN 3,1
77 ASSIGN 7,V1
78 C Y CL2 T E S T  NE P~~, P3,JUMP2
75 - S PLIT  1,UUT   -• 

. 
--

80 JU MP2 A S S I G N  3+ t K~  
-

81 LOOP 7,I.YL.L2
82 TER ”INATE
83 OUT ADV ANCE 5,4 • - -

- -- —-—•- --——---- --—-
~~~~~~~~~- —---~~~~~~~~~~~ 

S _ _ _ _



- - . ‘~~~~‘ - - - - - - ‘ -—-- -

1~
- ,  

129

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~FI~o~L cOI~Y FUE~lI5MED [‘0 D~C

84 TEST E P5,3,INCIO ‘
. - - • 

- . .. - -

*XACT IS AN UPDATE BcGIN
85 ASSIGN 6,V1O
86 S.-\VE VALUE *6,P1  • -

87 ASSIGN 8,VII
88 LOGIC S *8
89 ASSIGN 8—,K1
90 LOGIC R 48

* RESET AC K SW - •  .• -
. 

- 

-  

- .
91 ASSIGN 9,V12
92 ASSIGN 7,V6
93 RST3 LOG IC R *9
94 ASSIGN 9+,K1
95 LOOP 7,RST3
96 TER 1’ INATE
9? INC 1O ASSIGN 6 ,V 1O
98 TEST E X*D,P4,DES1I
99 T EST E P5,1,JNCII

* XA CT IS A REQUEST —

100 CCNT 1 A S S I G N  8,V 13
101 GATE IR
102 BUFFER
103 ASSIGN 8— ,K1
104 GA TE IS *8,I~~~I2105 ASSIGN 6,V14
106 

- 
ASSIGN 7,V13

107 SAV ~ VA1 UE *6,X47
1C8 T EST E x*7 ,P1,INC L3
109 T EST I P2,P3 ,D~~S12 - 

: - - -
110 INCILt S A V E V A L U E *6,P1
111 A S S I G N  7,V 11 AS I IG N #4 10 P07
112 S.&VEVALU E *7,P2 CCPY ACKNUWLEDGcD SOURCE
113 LCCI4 A SS1GN 8,V I.’, - -

114 b c-I C S
115 A SS GN 8— ,K2
116 LOG C 5 *8
117 T r~A I\SFER ,LOC11
118 INC13 TES T I X*7,P1, INC14
119 T~~Rt ~INAT E
120 INC12 A S S  GN 6,V14
121. T C S T  ~ X~ 6,X*8,INC15
122 Il~C19 S A V E V A L U E ~b,P1
123 I1~C18 A S S  GN 7 ,V 1l
124 S AV VALU E *7,p~125 A S S  GN ?,P3
126 ASS GM 7+,V1, -

127 QUELE P7
128 ASSIGN 8 ,VL 1
129 GATE LR
130 T RA1 SFER ,LuC13
131 INCI5 TEST E X~~~,Pi,INC17
132 ASSIGN 7 ,VL1
133 T E S T  L X~~7,P2,INCt8   2 . - I .
134 T~~~~INAT E
135 INC h TEST I X*6,P1,INCL9
136 T I R ~~INAT E
13? INC 16 ASSIGN 8,V11 - 

-  
-

- 
S -

. - 

~~~~- ~~~~~~ 
-
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~ !IS PAGE IS BEST QUAIstTY PR&C1’ICAZI
J~OiM CO.P~ 1L~ IIJ.SH~~ TO ~~G _. ..... —

138 - GATE IR *8 - - - - -139 BUFFE R
140 ASSIGN 7,P3
141 ASSIGN 7+,V1 - - . •

142 - • 
• DEPART PT - -

143 - ASSIGN 6,V14
144 TEST E X~ b,Pt,DES13145 - TEST E X*tj,P4,DcSl3  4

1.46 - ASSIGN 8— ,K3  •

147 GATE IS ‘U,L~ C15
148 ASSIGN 1, V13
149 TEST L X*7,P1,LOC14   - -

150 TERMINATE .- - - S

151 LCCI3 ASSIG N 7,P3
152 ASSIGN 7+,V1 -

153 DEPM~T PT -
154 LCC15 ASSIGN 8,V14 .. S

155 LOGIC S ‘8
156 LC CI L  A S S I G N  5,2
157 LC C12  A S S I G N  6,*2 - .•
158 A S S I G N  2,~~3  - - -.

159 A S S I G N  3,*6 -

160 TR AN S FER  ,00T
161 INC h .  TEST E P5,2,RECLO - - . • - - -162 - CC NT2  LOGIC S - • - 

163 T E R M I N A T E -

164 RECLO TEST E P5,4,REC1I-
165 . ASSIGN 5,5
166 - ASSIGN 8 ,V1 .1 - - . -

167 L O G I C  R *8
168 TRA NSFER ,L0C12
169 RECI1 LOGIC S *9 - - -

170 TEPI~I NAT .. - 

171 - 0E511 TER’INAT
172 DES 12 T~ R~’INAT~173 o~ S1~ TE~~~INA T~ - 

-

1 14 GENERATE 900,,,,,L,F - • S
175 MA RK 1
176 MSAVEVA LUE 1,1,1,N$CGNT
177 ISAV EVA L UL 1,L,2 ,$4$CONT - -

178 PISAVEVA LUt 1,1,3,NSOUT - -

179 MSAV.EVALUt 1,i,4,P1
180 ~4SAVE VA L U~ 1,2,1,QT1
181 MSA V~ VALUC ~~~~~~~~~ -

18~ - -  M S A V ~ VALUE 1,2,3,QTI . .  . . . - -
183 Pr IN T L,1,MX,1
184 T~~~M I NAT E 1

STAR T 40
CL-EAR 

- - 
.

START 40
-END

1 

- 
5 - .  

-
S 

- 

- 

5 

-

5

- 5 5 - 

1

• 
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APPENDIX C

G.P.S.S. PROGRAM LISTING OF THE ADAPTIVE HOPPING PERMIT SCH~~4E
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1~ IS PAGE IS BEST QUAI~Iry P TI(j~~I41~OS1 OOiPY 7[~~ISIWD [‘0 D~)C ~~~~~~~~~~~~

— I3I flCK - - .
I~UWI1LI-~ *LCC (‘I’I~PA TION A,13,C ,U ,E,F,G CCJMM rNTS

SIWU I.AT E 3

~ AOAP T 1V t~ tiCI’I’ING I’Er~M It SCHIIME W1TI- $ CCJWPUTERS
R~~’ULT 23 50 1. 53 2 0 6

I F UNCTION Rt12 ,C24
o,01.15.Iu4/.2,.222/.3,.3 /.4,.5O9/.5,.69/.6,.~~1’”.7,1.2/.?5,1.
.~~,1.t./.c4,1.83/.’ .2.12/.~~.2.3/. ,2.52/.94,2. ($1/.~~5.2.59/.96,3 -~
•c7,j.5/.c~~,.3.g,.99,4.-6/.qc5,5.3/.g9a.6.2/.999.7/.9q98,8
I VA I-U A EL E  k3
2 VA~~IM -~1E V i—K I - FOR LOOP COUNTER
3 VA I~ IAI3L~ K2+K 3 S’ (Pl—KI ) PER AND MUP SW
4 V A ~~IAb LE K9 +V L
S VA IflA I’LE K 3 *VL+ (PL—K1 )* (V1—K1 )$ P7
6 V A r I A U L E K3 +K )* (P1— K1 ) TO s~rcir~ MUP SW ITC HES
7 VA ~.IAI1 LE KJ~~V L + (V 1— K 1 ) * P 1  LAST OF ~CK S~ OF EACH CORP
a VA F -IA 1-I LE K 3 *V 1+K 1+ (P1—K 1 )* (V 1— K1 ) I S~ OF AC K S~
9 VA ~~IAE LE K2 +K3~~C P2—K I) TO ASS IGN PER SW
10 VAP lADL E KI +KZ3* (P2—K1 ) TO ASSIGN SUP SW
ii VA F~IACL E K3+K3* (P2—K1 )
12 V A R I A I ~LE Ki+K3* (FI— K2 )- . -

1 I3VA r~IA liLE LS*9~ LR*8 -

2 I1VARIM-~LE LS*1 L~tS*12 - -

I GENCI ATE ,.,1,,12
2 ASSIGN 2,1
3 ASSIGN 3,1 -

4 ASSIGN 5,2 -

5 IPI4NSFER ,INTO -

6 GENEF- .AT E 200,FN1,,.,14,F
7 CQ-U’A ASSIGN 1 ,1
e TRANS FER ,flt~GIN - - -

9 GE NCI~A TE 200,FNI ,,,,14,F
10 CCMPB A~~S1CN 1,2 --
11 TRA NS FER ,HE G IN
12 GENE I~ATE 230,Ftfl,,.,14,F
13 CCMPC A3S IGN 1,3
1 4 LWG IN ASSIGN 7,V2 SET LOOP COUNTER
15 MAI~K 10
1 6 ASSIGN 8,V3 SET PNS PER SW
17 AS SIGN 9,V3
IS AS SIGN 9+ ,K1 SET P49 MUP SW
19 AS SIGN 4.V4 - SET LAST CF PP FOR ACK SW
20 SET ASSIGN *4,V5
21 ASSIGN 4— ,Kt -

22 LOCP 7.SET - -

23 AS SIGN 5,V6
24 ASSIGN 6,V7 - SPECIFY ACK SWITCHE S
25 ASS ICIN 7,V2 5E~ LOOP COUNTER
26 QUEUE Pt -

27 S E I Z E  P1 --
28 A SSIGN 4,V12 . -

29 SA V FVA LUE *4,410
30 TEST C flVl ,KO S

31 PLLE ASE P1 -

32 LO G I C S *5 - .

33 DEPAR T Pt
3* AD VANCE * - 

-- _  -
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DO 
LX

35 ASSIGN 3,2 P$ YYPE =UPCATE BEGIN
36 SPLIT 1.OTXT SEND UPDATE BEGIN
37 - AD V ANCE 10
38 ASSIGN 3,3 PsTYPE UPOATE CO~ PLETE
39 SPLIT 1,ET XT SEND UPDAT E COMPLETE
40 A SSIGN 6,V3 -

41 SAVEVALUE *4,Pt
42 TEST E F*1 ,I,MT O .-

43 - ASSIGN 4 .V 12
44 SAVEVA LUE - *5,44 - -

45 RET TEST E 0V2, K1
46 ASSIGN
47 LOGIC R *5.
40 ASS IGN 5+ ,K1 -

49 LCGIC R - *5 -

50 RESET LOG IC R *6
51 ASSIGN 6— K1 - • - -

52 LCCF 7, RESET
53 T (RM INATE -
54 M 1Q MARK 10
55 A SSIGN 1Q+ ,KI00 - - - - - - .  -

56 SAVEVAL -UE *5,*10 - - -

51 TRA N SFER .RET
I3TX T A 3SIGN 2,1 - -

59 ASS IGN 7.V1 -.• -
60 C’(CL1 TEST NE Pt ,P2,JUMP1
61 SPLIT K ,00T -

62 JUM P I ASS IGN 2+ ,K1 - -

L OCP 7,CYCL1 • - - .

64 TEkMINA TE
ET X T  ASSI GN 2,1 --

66 AS SIGN 6,V8 • -

67 AS SIGN 7,Vt - - -  -

SE C~ CL2 TEST NE Pt .P2,JU~~P2
65 SPLIT t,OU T .

70 ASSI GN 6+ ,KI - -

7 1 JLMP2 ASSIGN 2+ ,KI - •- - - -

72 LCCP 7,CYCLZ - 
-

73 TERMINATE - -
14 OL .T M)VANCE 5,4
75 INT O TEST E P3 ,l,IN TIO TEST INCOMING XACT FOP TYPE
76 PER TEST E Q~ 2,KO ,INT 11
77 IN T I3 TEST E P2 ,V1,IN ’16 - -

78 A S S I G N  2,1 - 
-

79 It ~T12 ASSIGN 5,V 9 -

80 T~~ANS fEP ,OUT -

~31 IN T I6 ASSIG N 2 +, K 1  - - - -

82 TRANSFER ,INT I2
fl3 IN T I I  LCGIC S *5
E4 GA IF Lfl *5
85 ASSIGN t,*2 ASS IGN P~~I=P12
86 ASSIGN 2.X*5 A SSIGN NEXT DE STINATION
87 TF5T NE *1 ,*2,PER TEST IF NEXT DES TINAT ICN IS SELF
88 ASS IGN 5,V9
ac TRA NSFER .OUT . 

-

90 INT IO TEST E P3 ,2 ,INTI4 o lEST INCOMING XA CT FOR TYPE
91 ASSIGN 5 ,V 10 

-~~ --— —-- ~~~~~-5-- - -— - 5 - - ---
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92 LOGIC S *5
93 T E R M I N A T E
94 INT L4  TLS r E P3 .3 ,INTI5 0 TEST iNCOMING 7AC3 F69 .1~

95 ASS IGN 5,V I0
96 LOGIC R *5 - -

A SSIGN 4, *1 - -

90 ASSIG N
cg AS -SIGN 2,~~4

100 ASSI GN 3,4 S

lOt  T EST 5 
- O,~1,K0,YES0

102 MAPK 10
103 ASS iGN 1o+ ,K300

104 TRANS FER ,OUT - -  5 5

105 YESO ASSI GN 5,V6

106 ASSIGN to ,X*5 . -

107 TPAt ~SFER .OUT - -

108 INT15 ASSI GN 7 .V lt - -

109 TEST L *i~~,X*7,IGNOR

110 SA VEVALUE *T,*10

111 ASSIGN 7—,Kl

112 SAVEV ALUE *1.41 COPY SOURCE - 
- 

-

11 3 I GNOR LOGIC S *6
114 TE RMINATE -

115 GENERATE 10000 - -

116 TE I MINATE 1 ‘ 5

STA R T  I --
- RESET S

STAR T 2 -
.

END - -
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