
INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI 

films the text directly from the original or copy submitted. Thus, some 

thesis and dissertation copies are in typewriter face, while others may be 

from any type o f  computer printer.

The quality of this reproduction is dependent upon the quality of the 

copy submitted. Broken or indistinct print, colored or poor quality 

illustrations and photographs, print bleedthrough, substandard margins, 

and improper alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand comer and 

continuing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in reduced 

form at the back o f the book.

Photographs included in the original manuscript have been reproduced 

xerographically in this copy. Higher quality 6” x 9” black and white 

photographic prints are available for any photographs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly to 

order.

UMI
A Bell & Howell Information Company 

300 North Zeeb Road, Ann Arbor MI 48106-1346 USA 
313/761-4700 800/521-0600

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



/-f

Distributed Deadlock-free Resource

Allocation

by

Tanarug Issadisai

A dissertation submitted to the Graduate Faculty in Computer 

Science in partial fulfillment of the requirements for the 

degree of Doctor of Philosophy, The City University of New York

1998

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



UMI Number: 9820544

Copyright 1998 by Issadisai, Tanarug
All rights reserved.

UMI Microform 9820544 
Copyright 1998, by UMI Company. All rights reserved.

This microform edition is protected against unauthorized 
copying under Title 17, United States Code.

UMI
300 North Zeeb Road 
Ann Arbor, MI 48103

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



©  1998

Tanarug Issadisal

All Rights Reserved

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



This manuscript has been read and accepted for the Graduate 

Faculty in Computer Science in satisfaction of the dissertation 

requirement for the degree of Doctor of Philosophy.

Date
-e

Chair of Examining CommitteeLtte<

Date Executive Officer

Prof. Stathis Zachos

Dr. Jane Hsu

Supervisory Committee

THE CITY UNIVERSITY OF NEW YORK

XXX

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE OF CONTENTS

Part One Introduction

Chapter 1 Background _______________________________  2

Chapter 2 Introduction _______________________________  5

2.1 Well-know Distributed Deadlock Detection _____ 7

2.1.1 A Path-Pushing Algorithm _______________  7

2.1.2 An Edge-Chasing Algorithm _________________ 7

2.1.3 A Diffusion Computational Algorithm ______  8

2.1.4 A Global State Detection Algorithm ______  9

Chapter 3 Overview -------------------------------------  10

Part Two Models

Chapter 4 The Model   14

4.1 System Model _________________________________ 14

4 .2 Network Model _________________________________  17

4.3 Resource Allocation Model __________________  18

4.3.1 Single Resource Allocation.   19

4.3.2 Multiple Resource Allocation. _______  20
iv

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Chapter 5 The Problems _________________________________  21

5.1 Resource Allocation ___________________________  21

5.2 Deadlock Detection. ___________________________  22

5.3 Deadlock resolution ____________________________ 24

5.4 Deadlock Prevention. ---------------------------- 2 6

Part Three Algorithms

Chapter 6 The Algorithms _________________________________  29

Chapter 7 The Simple Model-------------------------------- 32

7.1 Application Process ____________________________  33

7.2 Resource Process ----------------------------  39

Chapter 8 Proof of Simple Model ______________________  46

8.1 Deadlock Prevention Disrequired ____________  47

8.2 Deadlock detection ___________________________  48

Chapter 9 The General Model ---------------------------- 49

Chapter 10 The General Model Basic Algorithm _________  50

10.1 Application Process ____________________________  51

10.2 Resource Process ----------------------------  64

v

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



89

99

102

112

113

115

vi

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Chapter 11 Propertxes ------------------------------

Chapter 12 Evaluation and Comparison of the Algorithms

Chapter 13 Simulation ______________________________

Chapter 14 Summary ____________________________________

Chapter 15 Open Problems ______________________________

Reference ----------------------------------------------



Part One 

Introduction
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Chapter 1 

Background

The problem of deadlock detection and/or prevention in a 

distributed setting is an important one, and has received 

considerable attention. Dealing with deadlocks in a

distributed environment is much harder than solving the problem 

in a (local) operating system. The main difficulty is the lack 

of centralized information showing the current state of the 

system.

The absence of a central repository means that, in 

general, the process requesting a resource must itself detect 

the possibility of deadlock, and if necessary take steps to 

prevent it.

2
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There are two basic approaches to the problem:

1. Assign a centralized process to keep track of and 

control all resource allocation. In this method, all resource 

allocation activities have to be reported to the central

process. The central process is the most important center of 

information. If the central process has a problem, all the 

information will be lost and the whole system will be in 

danger. In addition, this approach has the effect of 

'serializing' the behavior of the system by reducing the 

concurrency. Although there may be system layouts and 

characteristics for which this would be an acceptable solution, 

in general this method suffers from lack of fault tolerance, 

poor availability, none ability to scale and bottleneck.

2. In a decentralized solution, which is more in the

spirit of loosely coupled, semi-autonomous processes covering a 

large area, a process which wants to know about the deadlock

situation will issue polling messages to all the processes and

3
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analyze the deadlock situation from the answer to these 

messages. This method can be very costly because a process 

waiting for a resource might have to constantly poll the system 

to inquire whether there is the deadlock with the waiting 

resource. The question is when and how often the process should 

send out the polling message.

The deadlock is undesirable as the deadlock happens the 

system utilization is reduced: each process involved in the

deadlock will be blocked, waiting for the resource to be 

available. The goal of this research is to find the way to 

reduce the damage from the deadlock by making the deadlock 

persistence time to be zero, and minimize the network 

communication.

To make the deadlock persistence time zero, we combine the 

resource allocation step with the deadlock detection step. By 

combining these two steps, we can solve the inefficiency 

problem of polling method.

4
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Chapter 2

Introduction

There is a substantial amount of research in detecting 

distributed deadlock. Each publication on this topic is based 

on varying assumptions. Furthermore, there are many solutions 

for each assumption. But every one agrees that the basic 

problems are the absence of a global clock, the lack of 

centralized information, and detecting the distributed 

termination of the algorithms involved.

The global clock problem can be dealt with by implementing a 

virtual clock, but this in itself is an expensive, inefficient 

process.

There are two major ways of detecting the termination of the 

algorithm, one using reference counting and the other using 

markers or coloring.

5
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Detecting distributed deadlock relies heavily on the algorithm 

for termination because the operation has to terminate. The 

repeated snapshot algorithm [1] is a basic algorithm that can 

be modified to guarantee that the operation will terminate.

Additionally, most of the published research is concentrated on 

the theoretical aspects and ignores the practical aspects 

important to real distributed systems. For example, the 

research about distributed deadlock does not mention how to 

collect the information from each process, how to recover from 

imminent deadlock, or the characteristics of the network 

connection between processes.

6
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2.1 Well-known Distributed Deadlock Detection

There are several algorithms for distributed deadlock 

detection. Classified by algorithm, distributed deadlock 

detection can be grouped into four classes: path-pushing, edge- 

chasing, diffusion computation and global state detection[26].

2.1.1 A Path-Pushing Algorithm

In path-pushing deadlock detection algorithm, the

detecting process keep collecting information from the network

and update to local wait-for-graph (WFG) . This algorithm has a 

problem because it can detect a phantom deadlock.

2.1.2 An Edge-Chasing Algorithm

In edge-chasing deadlock detection algorithm, the

detecting deadlock process send the special message called a 

probe. A probe message will be send along the edges of the WFG 

and a deadlock is detected when a probe message returns to its

7
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initiating process or repeat the same path.

2.1.3 A Diffusion Computational Algorithm

In a diffusion computational deadlock detection algorithm, 

deadlock detection computation is diffused through the WFG of 

the system. There are two types of messages used in diffusion 

computation, a query and a reply messages. A process can be in 

two states: active and blocked. A blocked process initiates

deadlock detection by sending query messages to all the 

processes from whom it is waiting to receive a message (the 

dependent set).

When an active process receives a query or reply message, 

it ignores the message.

When a blocked process receives a query message, it 

performs the following actions: If the message is the first

query message received from that process, then it propagates

8
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the query to all the processes in its dependent set, else it 

returns a reply message to the sending query message process.

An initiator detects a deadlock when it receives reply 

messages from all the query messages it had sent out.

2.1.4 A Global State Detection Algorithm

In global state deadlock detection, the detecting deadlock 

process performs global state collecting information. There are 

several algorithms for collecting information that can be 

classified as single or multiple phases. The deadlock results 

from detecting WFG from the collected information.

Repeated snapshot is considered as a global state deadlock 

detection algorithm.

9

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Chapter 3

Overview

This thesis paper provides a series of algorithms for 

resource allocation in a distributed environment. These 

algorithms use a combination of distributed deadlock detection 

and deadlock prevention. By combining deadlock detection and 

deadlock prevention, the system can. achieve being a deadlock 

free system.

The resource allocation algorithms I am proposing do not 

use a central process and there is no need to poll the system 

for checking the deadlock. Additionally, deadlock prevention 

will be performed when a resource becomes available and will be 

assigned to a new process.

By using a method of sending and receiving markers as a 

tool, the major problem is ensuring that the algorithm will

10
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terminate. Moreover, allowing multiple instances of the 

deadlock detection algorithm (executing on behalf of unrelated 

processes) overlapping in time is quite difficult. Additional, 

my proposing method can be enhanced to break the symmetric of 

resource requesting by impose the priority to the application 

process. In the event that deadlock or cyclic graph detected 

and there is more than one process involving in the same cyclic 

graph, the requesting of the process with highest priority will 

be accepted.

As the technology is heading to a cyber space technology, 

my resource allocation can be used as a tool for requesting the 

resource from the cyber space that can consider as a gigantic 

network without central information. There are a lot of 

applications that will benefit from this resource allocation 

are:

1. Video conferencing.

2. Cyber Space telephone/microphone.

11
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3. Cyber Space speakers.

4. Cyber space printer/ fax.

12
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Part Two 

Models

13
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Chapter 4 

The Model

4.1 System Model

The system model consists o£ a finite set of application 

processes and resource processes. An application process may 

request to access a resource at any time. Upon the approval of 

the resource process, the application process has exclusive use 

of the resource. The application process will wait for the 

resource until the resource becomes available and eventually 

will release the resource.

14
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We can capture the global state of the system (which is 

not available locally to any process) in terms of a bipartite, 

directed graph:

An edge directed from a resource/R to a process/P 

indicates that R is currently assigned to P.

An edge directed from a process/P to a resource/R 

signifies that P is currently waiting for R. P is then blocked.

15
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To summarize, our system model has 3 out of the 4 conditions 

necessary for deadlock:

- mutual exclusion

- no preemption

- hold-and-wait.

In order to prevent deadlock we have to interfere with the 

fourth condition:

- circular waiting.

16
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4.2 Network Model

Each process in the system is connected by an asynchronous 

message-passing network. Messages that are sent from the sender 

to the receiver are received reliably. A process has no 

knowledge about the network topology.

17
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4.3 Resource Allocation Model

Application processes are service requester processes, 

resource processes are service provider processes. An

application process may request the service from any resource 

processes. A resource process exclusively provides its service 

to only a single application process at a time. An application 

process will wait for the approval from the resource process 

unless it detects the deadlock condition. There are two

characteristics for an application process to request the

service from resource process.

- Execution is suspended during waiting for a resource 

(hold-and-wait)

A resource can provide the service to only one

application process (mutual exclusion)

18
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We will look at two models:

1. Single Resource Allocation.

2. Multiple Resource Allocation.

4.3.1 Single Resource Allocation.

The application process can issue a request to only one

resource at a time. If it needs more them, one service, the

application process has to request a service one by one in 

sequence and receive approval for one before requesting the

next.

19
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4.3.2 Multiple Resource Allocation.

The application process can issue a request to multiple 

resources at the same time. The application process will wait 

for the approval of all resources before returning control to 

the application task. If there is one request that causes the 

deadlock condition, the whole request will be canceled.

In order to achieve deadlock-free, we must combine three 

concepts together:

1. Deadlock detection

2. Deadlock resolution

3. Deadlock prevention

20
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Chapter 5

The Problems

There are several problems to consider in the following areas.

5.1 Resource Allocation.

This is the basic problem dealing with in this thesis paper. We 

have considered the following aspects of our solution:

- Fairness of the algorithm.

This problem had been taken cared by using first-come- 

first-serve algorithm. Any request that resource process 

received first will be granted if that grant do not create 

the deadlock.

- Starvation consideration.

21
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This problem is characterized by behavior of the running 

application. If any request had been rejected due to causing a 

deadlock, that request can not be started in near future. 

Additional, any acquired resource will be released eventually.

5.2 Deadlock Detection.

In a system which features

- Mutual exclusion,

- Hold-and-wait, and

- No preemption,

The only way to achieve deadlock-free operation is to avoid the

possibility of circular waiting. In the absence of global

knowledge, an application process that makes a request for a

particular resource has no direct way to detect whether this

request will close the loop, and introduce circularity. It is

therefore inevitable that we must run an algorithm for the
22
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requesting process to detect such, a situation.

23
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5.3 Deadlock resolution

P2

P3 R2

R3

PI requesting R1

When an application process detects that its request for a

resource will possibly cause circular waiting, and thus create

deadlock, it must take steps to avoid this situation. These

steps involve, at the very least, canceling the request.

However, this is not enough. The 'obvious' solution of trying

the same request later will not work: all the other nodes i.e.,

processes and resources involved in this circularity are

24
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blocked, so that the same cycle will obtain 'at a 

when the process renews its request.

The solution here is to force the process that 

deadlock to back off and give up all of its acquired

later time'

detects a 

resources.

25
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5.4 Deadlock Prevention.

P2

R2

Graph before resource R1 become free

P3

P2

R2

R1 is assigned to P3

P3

P2

R2

R1 is assigned to

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



When an application process requests an allocated resource, the 

resource process places the requesting application on its 

waiting list. If this particular request would cause a 

deadlock, the requesting process will detect this and withdraw 

the request. Otherwise, the resource will eventually become 

available to be allocated to one of the processes on its 

waiting list. At this point it is possible that this allocation 

(which will change the graph) will introduce circularity. Our 

algorithms have the property that there is at least one process 

in the waiting list that can be allocated the resource without 

introducing a cycle to the graph.

The problem then is to decide which of the waiting processes 

can be safely assigned the resource.

27
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Part Three 

Algorithms

28
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Chapter 6 

The Algorithms

Our algorithms exploit the £ollowing features of the allocation 

graph.

- In the stable state, the graph is an acyclic bipartite 

directed graph.

- The sink node (the root) can only be an application 

process.

- If there is a cyclic path, that path will be broken in 

the near future. (There are no stable cycles in the graph.)

- A node whose out-degree is greater than zero corresponds 

to a process which is blocked.

29
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- The tree will expand by the sink node requesting another

resource.

- The tree will shrink by the sink node releasing an 

acquired resource.

- If there is an incoming edge to a resource process, 

there has to be an outgoing edge (a state where the resource is 

free when there is an application process waiting for it is not 

stable).

- Resource nodes have out-degree no greater than one.

In our research, we consider two algorithms, depending on 

the constraints imposed on the way resources are requested.

- The 'simple' model forces applications to make requests 

one at a time.

30
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- The 'general' model allows requests that can involve 

more t h a n  one resource. Xn this case, the requesting process 

blocks until all the resources that requested are assigned to 

it. I£ any of the resources involved would cause a deadlock, 

the application must cancel the request, as well as giving up 

all the resources assigned to it.

31
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Chapter 7 

The Simple Model

In this model the allocation graph is a tree. A deadlock 

occurs when a process requests one of its parents. The

algorithm is quite simple. In particular,

- The deadlock prevention step (when a resource that

becomes free selects a process from its waiting list) is

trivial. Any waiting process can be assigned the resource

without fear of deadlock.

Consequently, this selection can be 'fair' so that the longest 

waiting process gets the resource. It is also possible to have 

this selection be driven by other considerations, such as 

priority.

32
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7.1 Application Process.

Resolution
cancelReq

gotltsOwnProbe

grantedRunning probe

free

req

BlockedResource 
is in ARLError

yes

Send FREE 
marker to 
resource

State Diagram for Application Process
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There are three states for application process:

1. Running-State. This state, the application process 

has the control of the program execution.

2. Blocked-State. This state, the application process is

in a waiting state. The application process will regain 

the control after all the requests had been granted.

3. Resolution-state. This state, the application process

had detected a deadlock and start freeing all the 

allocated resource and canceling the requesting 

resource.

34
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Running-Sfcate.

|| running; ifRequestOper->  ifRequestOper :=  false; running :=  false; 
blocked : =  true; oper : =  id U currentTime;
res :=  removeFrist(reqList); Rres! reqResource(oper); reqTo :=  res;

When an application process want a service from a resource 

process, it send a request message to the resource process, set 

reqTo to the resource process and change to blocked-state.

11 running; ifFreeOper ->  ifFreeOper :=  false;
11 islnList(arl, res) ->  delete(arl, res); RrM!freeResource()
11 ~islnList(arl, res) ->  errorMessage;

When an application process want to release a resource process, 

it send a release message to the resource process and remove 

resource process from ARL(Acquired Resource List).

35
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11 running; Rjjnjtl!probe(oper)-> SKIP;

When a running application process received a probe message, 

the message is ignored.

36
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Blocked-state

R(<qTo?reqGrant() ->  add{^arl, reqTo);
[ 11 reqList = null - >  running :=  true; reqTo :=  null;

j j reqList <  >  null - >  oper : =  id U currentTime; 
res :=  removeFrist(reqList);
R,J reqResource(oper); reqTo :=  res;

When a blocked process received a grant message, it adds that 

resource to ARL. If there is more resource to request in 

reqList then it send another request to the first resource in 

reqList otherwise it changes state to running-state.

I l,,„.riRi?probe(oper) ->
[ || -isM yO per(oper)->  RrjqTo?probe(oper);

11 isMyOper(oper) ->  deadLock :=  true; blocked :=  false; 
resolution : =  true;

1;

When a process received a probe message, it forwards to 

all the process that it is requesting. When a process received 

its own probe, it declares a deadlock and abort.

37
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Rssel utioar&ta fee

11 resolution ->  resolution :=  false; running :=  true;
[ 11 R(K)To!cancel() - >  reqTo :=  null; reqList :=  null;

| I^^RJfreeResourceO ->  delete(^arl, i);
1;

When a process detected a deadlock, it frees all the 

acquired resources and cancels the requesting resource.

38
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7.2 Resource Process

fr ie 
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re 1

probe1 pric in Acquired

Free

State D.-i aqram for Resource Process

39

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



There are two states for a resource process:

1. Free-state. This state, the resource process is free

and ready to receive a request from an application 

process.

2. Acquired-state. This state, the resource process is

assigned to an application process until it receives a 

free message.

40
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Free-state

11 free; Piin.?reqResource{oper) ->  assignTo :=  i; PlreqGrantO; 
free : = false; assigned : =  true;

When a free resource received a request, it replies with 

grant message, and changes its state to acquired-state.

41
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Acquired-state

| |P,in.?reqResource(oper) ->  P^Jprobefoper); addppwl, i);

When an acquired resource received a request, it add the

requesting process to PW L(Process Waiting List) and send the

probe message to the process that it is assigned to.

11 P.»*,T<r freeResourceO- >
[

11 count(pwl) =  0 ->  assignTo :=  null; free :=  true;
assigned : =  false;

11 count(pwl) >  = 1 ->  assignTo :=  removeFirst(pwl);
P ^ o n J re q G ra n tO

];

When an acquired resource received a release message, if

there is no process waiting then it changes to a free state. If

the PWL is not empty, it assigns to the first process in the

PWL.

42
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I I PMnpw.?Pr0be(0Per) -> P^flnTo!Pr°bef°Per>

When an acquired resource process received a probe message, it 

forwards that message to the application process that it is 

assigned to.

11 p,,nPw.?cance|()-> deleteppwl, i)

When an acquired resource process received a cancel message, it 

deletes that process from PWL.

43
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Application Process.

P«P:: t INIT; reqTo :=  null; arl :=  null; / *  arl =  Acquire Resource 
running : =  true; blocked : =  false;

11 running; ifRequestOper ->  ifRequestOper :=  false; running :=  false; 
blocked : =  true; oper : =  id U currentTime; 
res :=  removeFrist(reqList); R^l reqResource(oper); reqTo :=  res;

11 running; ifFreeOper-> ifFreeOper :=  false;
11 islnList(arl, res) ->  delete(arl, res); RrM!freeResource()
11 ~islnl_ist(arl, res) ->  errorMessage;

|| running; Riinart!probe(oper)-> SKIP;

11 blocked - >
[ 11 RrBqTo?reqGrant() - >  add(Aarl, reqTo);

[ | | reqList =  null ->  running :=  true; reqTo :=  null; 
| | reqList <  >  null ->  oper :=  id U currentTime; 

res :=  removeFrist(reqList);
R„s! reqResource(oper); reqTo :=  res;

];

| |lin„,Ri?probe(oper) ->
[ || — isMyOper(oper)->  RrBgTo?probe{oper);

11 isMyOper(oper) ->  deadLock :=  true; blocked :=  false; 
resolution : = true;

];

| resolution ->  resolution :=  false; running :=  true;
[ 11 Ri(KiTo!cancel() - >  reqTo :=  null; reqList :=  null;

| li^RlfreeResourceO ->  delete(Aarl, i);

44
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Resource Process Algorithm.

R,."[
pwl :=  null; assignTo :=  null; 
free : =  true; assigned : =  false;

11 free; Piin.?reqResource(oper) ->  assignTo :=  i; PlreqGrantO; 
free : = false; assigned : = true;

/ *  Should not happen
11 free; P>PB?probe(oper) ->  / *  Should not happen * /

*/

11 assigned ->
[

| |P,in.?reqResource(oper) ->  P^Jprobefoper); add(Apwl, i); 
11 P^nro^reeResourceO^
[

11 count(pwl) =  0 ->  assignTo :=  null; free :=  true;
assigned : =  false;

|| count(pwl) >  = 1 ->  assignTo :=  removeFirst(pwl);

1;
11 P,,npwl?cancel^ ->  deleteppwl, i)
11 P, ,„pw,?Pr°be(oper) -> p.»0nTO!Probe(°Per)

];
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Chapter 8 

Proof of Simple Model

The proof of Simple Model had been divined into two parts:

1. Deadlock Prevention disrequired.

2. Proof of Deadlock Detection for Simple Model.

46
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8.1 Deadlock Prevention Disrequired

Acyclic graph, node N of out degree 0 can invert a ny 

incoming edge and maintain acyclic property (application 

process can have the degree of out bound edge only one).

Proof In order to two disjoint set of graph become a cyclic 

graph, two joining points are needed. Once node N invert one 

edge, it performs one joining point. Because every node can 

have only one out going edge, so it is impossible to have a 

joining point on the other side.

47
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8.2 Deadlock detection

I have developed a complete set of proofs for the simple 

algorithm. In particular, I have shown that, under the 

assumption that acquired resource will eventually be released, 

the Simple Algorithm has the following properties:

- An application process that issues a request is guaranteed to 

get a response.

- The response will be one of two things:

- The request is granted, or

- The request causes/involves a deadlock.

- A process P requesting resource R will never get a deadlock 

warning unless the allocation graph had a cycle involving P and 

R at some point during the interval between the time the 

request was issued and the time the warning was received.

48

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Chapter 9

The General Model

In this model the allocation graph is a tree. A deadlock 

occurs when a process requests one of its parents. The

algorithm is more complex. In particular,

- The deadlock prevention step (when a resource that

becomes free selects a process from its waiting list) is

required. Not any waiting process can be assigned the resource

without fear of deadlock.

- There is no guarantee that the longest waiting process 

gets the resource. It is also possible to have this selection 

be driven by other considerations, such as priority.
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Chapter 10

The General Model Basic Algorithm

This model allows each application process issue more than one 

request simultaneously. The multiple requesting process will be 

suspended until all the requesting resources are granted.

There are two parts of the algorithm for the basic model:

1. Algorithm for the application process.

2. Algorithm for the resource process.
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10.1 Application Process.
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There are four states for application process:

1. Running'-State. This state, the application process

has the control of the program execution. When the 

system started, all the application process will be in 

this state.

2. Blocked-state. This state, the application process is

in a waiting state. The control of the execution will 

return to application process after all the request had 

been granted.

3. Selection-state. This state, the application process

is in a waiting state and there are some pending 

selection message that have not been responded. When 

all the selection messages had been responded, the 

application process will return to the blocked-state.

4. Recovery-State. When the application process received
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its own probe, it will move to this state. If there are 

any selections that are pending, it have to wait until 

all the selection had been complete, all the receiving 

selection message have to be responded. Then it cancels 

all the outstanding requests and frees all the acquired 

resource.

Remark. The selection-state starts from a blocked-state. There

is no selection-state that started from a running state because 

of in the running-state when an application process received a 

selection message it will respond immediately.
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Running-State.

11 running; ifRequestOper->  ifRequestOper :=  false; running :=  false; 
blocked : =  true; oper : =  id U currentTime;
111 m.e<,Lj.t R,! reqResource(oper) ->  addrreqTo, i); 
reqList: = null;

When an application process want a service from a resource 

process, it send a request message to the resource process and 

add the resource process to reqTo list and change to blocked- 

state .

11 running; ifFreeOper ->  ifFreeOper :=  false;
11 islnList(arl, res) - >  delete(arl, res); RrJfreeResource()
11 ~islnList(arl, res) ->  errorMessage;

When an application process want to release a resource process, 

it send a release message to the resource process and remove 

resource process from ARL(Acquired Resource List) without 

changing the state.
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11 running; Rilnari!probe(oper)-> SKIP;

When a running application process received a probe 

message, the message is ignored.

11 running; Ri.narl!selection(oper)-> oper :=  oper U NORMAL; R!respond(oper);

When an application process received a selection message, 

it responds with the message with the normal return code.
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Blocked-state

11 blocked; -selection ->
I L,„ToR,?rSe,ect'on(°Per> ->

[ | |  count(reqTo) = 1 ->  R,!respond(oper U NORMAL);
11 count(reqTo) >  1 ->

sid :=  getSelectorlDFromOper(oper); 
retumCode[sid] : =  NORMAL; allSID = allSID U sid; 
addOne(i.count[sid]); tmp :=  reqTo; deleteptmp, i);
111 mtmp Rilselection(oper) ->  subtractOne(i.count[sid]); 
selection : =  true;

When an application process received a reverse-selection 

message (a message that resource process start sending out when 

that resource process start the selection algorithm) . If there 

is no other requesting resource, it responds with normal return 

code, otherwise it forward the message to all other requesting 

resource process and move into selection state.
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| |jinrMTo fyreqGrantO ->  moveChanFromTorreqTo, Aarl, i); 
[ 11 reqTo = null - >  running :=  true;j | reqTo <  >  null ->  SKIP;
1;

When a blocked process received a grant message, it move 

the granting resource process from reqTo to ARL. If it received 

all grants, it changes state to running-state.

I l,,n*|Ri?Probe(oper) ->
[ 11 ~isMyOper(oper) ->

[ 11 ~islnList(seenOper, oper) ->  addpseenOper, oper);
111 mreqTo R,?probe(oper);

11 islnList(seenOper, oper) ->  SKIP;
];

11 isMyOper(oper) ->  deadLock :=  true; 
t 111 inraqTo R,!cancel() ->  deleterreqTo, i);

I |,,„,(,R,!freeResource() ->  deleteparl, i);
];
blocked : =  false; running : =  true;

When a process received a probe message, it forward the 

probe message to all the process that it is requesting. When a 

process received its own probe, it declares a deadlock, cancel 

all the pending requests and free all the granted resource then 

abort.
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I LjnirfRi?selection{oper) ->  selection :=  true;
sid :=  getSelectorlDFromOper(oper); retumCodefsid] :=  NORMAL; 
allSID =  allSID U sid; addOne(i.count[sid]);
11 j m raqTo RlSelectionfoper) ->subtractOne(i.count[sid]);

When a process received a selection messages. It forwards 

to all the requesting resource process and subtracts one to the 

counter. Note, as the application process is in a blocked-state 

that means the requesting resource process (reqTo) is not 

empty.
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Selection-state

11 blocked; selection ->

I lMnr«qToRi?rSelect i° n(°Per) _> selection :=  true; 
sid :=  getSelectorlDFromOper(oper); 
addOne(i.count[sid]);
[ 11 count(reqTo) = 1 ->  oper :=  oper U NORMAL;

PJrespondfoper); subtractOne(i.count[sid]);
11 count(reqTo) > 1  - >

returnCode[sid] : =  NORMAL;
allSID =  allSID U sid; tmp :=  reqTo; delete(Atmp, i);
I l.mtmp RiiSelection(oper) ->  subtractOne(i.count[sid]);

When an application process received a reverse-selection 

message (a message that resource process start sending out when 

that resource process start the selection algorithm), if there 

is no other requesting resource, it responds with normal return 

code, otherwise it forward the message to all other requesting 

resource process.
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[ | |jin(eqTo Ri?reqGrant() ->  / *  R already send respond * /
moveChanFromTor'reqTo, Aarl, i);
[ 11 reqTo =  null ->  running :=  true; blocked :=  false;

selection : =  false;
11 reqTo -  = null ->  SKIP;

];

When a blocked process received a grant message, it moves the 

grating resource process from reqTo to ARL. If it received all 

grants, it changes state to running-state.

| |„nartR?probe(oper) ->
[ 11 ~isMyOper(oper) ->

[ 11 ~islnList(seenOper, oper) ->  add^seenOper, oper);
111 mreqTo R,?probe(oper);

11 islnList{seenOper, oper) ->  SKIP;
];
11 isMyOper(oper) ->  deadLock :=  true;
[ M i in arl and | in allSID and i.countfjl > 0  ^

Ri!respond(retumCode[j]);
subtractOne(i.count[j]);

1;
[ 111 m req T o  R!cancel()-> recovery :=  true;

| |MnartR!freeResource() ->  deleteparl, i);
I;

When a process received a probe message, it forward the 

probe message to all the process that it is requesting. When a 

process received its own probe, it declares a deadlock, cancel 

all the pending requests and free all the granted resource then
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put itself into recovery mode.

11 i in«, R.,?selction(oper) ->
sid :=  getSelectorlDFromOper(oper); 
addOne(i.count[sid]);
[ 11 isSidlnAIISID(allSID, sid) ->  oper :=  oper U NORMAL;

Plrespond(oper); subtractOne(i.count[sid]);
|| ~  isSidlnAIISID(allSID, sid) ->  returnCode[sid] :=  NORMAL; 

allSID =  allSID U sid;
111 inroqTo FVSelectionloper) ->

subtractOne(i.count[sid]);
1;

When a process received a selection message from an 

acquired resource process, it forward to all the requesting 

resource process if that selection message is new, otherwise it 

respond with the NORMAL code.
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II Rli„,«1To?resP0nd(c>Per)_> Sltl :=  getSelectorlDFromOper(oper); 
subtracts, countfsid]);
[ 11 getReturnCode(oper) = LOOP ->  returnCode[sid] =  LOOP; j j getReturnCode(oper) ~  =  LOOP ->  skip;
];
[ ' ‘reqTo.count[sid] =  0 - >

i  I I i in reqTo and i.caunt[s id l > 0  ^

R!respond(retumCode[sid]);subtractOne{i.count[sid]); 
delete (AallSID, sid);

1;
i.count[sid] ~  =  0 ->  skip;

];
allSID =  null - >  selection :=  false;

When a process received a respond message, if the return from 

respond message is 'LOOP', it sets the return code parameter 

for that selection to 'LOOP'. If the application process 

received all the respond from all the selection messages that 

send out, all the counter in reqTo list are zero, it send the 

respond back to the resource process that received the 

selection message from. If reqTo is empty then return to 

winning-ahate otherwise return to blocked-state.
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Recovery-state

11 recovery ->
|| R.inr<iqTo?respond(oper)-> sid :=  getSelectorlDFromOper(oper); 

subtract(i.count[sid]); done :=  true;
I 11,,naiisiô ,coun«i, <> o”>  done —  false;
1;
done = true ->
[

deleterallSID, sid); deleterreqTo, i); 
allSID = null - >  
t

t 111 inraqTo R,!cancel()->  delete("reqTo, i);
| |iinjflR.!freeResource() ->  deletepari, i);

1;
selection : =  false; recovery : =  false; blocked : = false; 
running : =  true;

1; 
1;

When a recovery process receives a respond message, it checks 

whether all the selection messages had been respond. If all 

received selection messages had been responded, it cancel all 

the pending requests, free all the acquired resource and reset 

all the internal variables to initial value for running state.
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10.2 Resource Process.
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There are four states for resource process:

1. Free-State. This state, the resource process is free

and ready to receive a request from an application 

process.

2. Acquired-State. This state, the resource process is

assigned to an application process until it receives a 

free message.

3. MySelection-State. This state, the resource process

had received a free message and in a process of 

selecting one of application process in a process 

waiting list.

4 . Selection-state. This state, the resource process had

received a selection message from a waiting application 

process and forward the selection message to the 

application process that acquired that resource.
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Free-state

11 free; P.in.?reqResource(oper) ->  assignTo :=  i; PJreqGrantO; 
free : =  false; assigned : =  true;

/*  Should not happen
11 freer P,pp?probe{oper) ->  / *  Should not happen * /
11 free; Pipp?selection(oper) - >  / *  Should not happen * /

*/

When a free resource received a request, it replies with a 

grant message, and changes its state to acquired-state.
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Acquired-state

11 assigned; ~mySelection; —selection ->
[

| |Piin.?reqResource(oper) ->  P___a_Jprobe(oper); addPpwl, i);
1;

When an acquired resource process received a request, it 

add the requesting process to PWL (Process Waiting List) and 

send the probe message to the process that it is assigned to.

11 assigned; P1J5ignTo?freeResource()->
[

11 count(pwl) =  0 ->  assignTo :=  null; free :=  true;
assigned : =  false;

11 count(pwl) = 1 ->  assignTo :=  pwl; pwl :=  null;
P ^ Jreq G ran tO  

| | count(pwl) >  1 ->  assignTo :=  null; eligible :=  pwl; 
mySelection : =  true; oper : =  id U currentTime;
111mpwi PJrSelection(oper) ->  subtractOne(i.count[id]);

];

When an acquired resource received a release message, if 

there is no process waiting then it changes its state to a free 

state. If there is only one process waiting, it assigns to that 

process otherwise it starts a my-selection by sending a reverse 

selection message to all the waiting application process.
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11 assigned; Piinpwl?probe(oper) ->  P ^Jprobefoper)

When an acquired resource process received a probe message, it 

forwards that message to the application process that it is 

assigned to.

11 assigned; Piinpwl?selection(oper)-> selection :=  true; 
sid :=  getSelectorlDFromOper(oper); 
returnCodefsid] :=  NORMAL; allSID :=  sid; 
addOne(i.count[sid]); P J. ISelectionioper): 
subtractOne(assignTo.count[sid]);

When an acquired resource process received a selection 

message, it changes to selection-state and forward that message 

to the application process that it is assigned to.

11 P,,nPwî cancel^‘ >  deleteppwl, i)

When an acquired resource process received a cancel 

message from the application process that is waiting, it 

deletes the process for process-waiting-list(pwl).
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MyS&lection-state

11 Piin.?reqResource(oper) ->  add(ApReq, i); prOperti] :=  oper;

When a started-selection resource process received a 

request, it add the requesting process to a pending request 

List(pReq).

/ *  Never get freeResourceO
11 p MS1B„To? f r e e R e s o u r c e 0 - >  * /

A started-selection resource process will never received a 

free resource message.
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11 P. ,„pw,?cancel()->
t [ I lim-,s.o«K<j.c«.,ui1>o ->  P,!respond(returnCode[j]);

subtractOne(i.count[j]);
1;
deleteppwl, i); delete(Aeligible, i); 
pwl =  null - >
[ mySelection : =  false;

moveChannelFromTorpReq, Apwl);
[

11 count(pwl) =  0  ->  assignTo :=  null; free :=  true;
assigned : =  false;

11 count(pwl) =  1 ->  assignTo :=  pwl; pwl :=  null;
PM3.g„T0'reqGrant()

|| count(pwl) >  1 ->assignTo :=  null;
mySelection : =  true; oper : =  id U currentTime;
111 m pwi PfrSelection(oper) ->

subtractOne(i.count[id]);
];

J; 
1;

When a started-selection resource process received a 

cancel message from a process in pwl, if there are any 

selection-messages that had not been respond, then respond 

those messages with NORMAL return code and delete the canceling 

process from pwl and eligible-list (eligible). If the remaining 

pwl is empty then move any process in pending-request-list 

(pReq) to pwl. If pwl is empty then changes its state to free 

state. If there is only one process in pwl then assign itself 

to that process. Otherwise, start a new selection process by 

sending a reverse selection message to all the application 

process in pwl.
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11 P.i„pR*rcancel()->
[

[ 11 ji„ psid and i.countiji > o ->  °Per : =  ps0per[j] U NORMAL;
PJrespond(oper);
subtractOne(i.count[j]);

];
delete(ApReq, i); delete(ApProbe, i);

When a started-selection resource process received a 

cancel message from a process in pReq, if there are any 

selection messages that had not been respond for that channel, 

then respond those messages with NORMAL return code and delete 

the canceling process from pReq.

i I p , , n p w , u p R « , ? P r o b e ( 0 P e r > ->  add TpProbe, i); pOper[i] = oper;

When a started-selection resource process received a probe 

message, it adds the message to pending-probe (pProbe).
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11 P.«pwl u pRtq?selection(oper}- >
sid :=  getSelectorlDFromOper(oper); 
addOne(i.count[sid]);
[ [ | sid =  id ->  / *  My Selection, and there is a LOOP * /

oper : = oper U LOOP;
PJrespondfoper); subtractOne(i.count[sid]);

11 sid >  id ->  P!respond{oper U NORMAL);
/*  Resend selection because of obsolete info. * /
11 islnList(Apwl, i) and i.count[id] = 0  ->

o p er: =  id U currentTime; 
P!rSelection(oper);

| | sid <  id ->  addPpSID, i); psOperfi] = oper;
1;

When a started-selection resource process received a 

selection message from the application process in pwl or pReq, 

if its own selection, it responds with the LOOP. If the 

selection from the higher priority resource process, it 

responds with NORMAL otherwise add the selection to pending- 

selection.
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/ *  mySelection Mode, R waits a respond from PWL. * /
11 Pljn0wl?respond(oper)->

sid :=  getSelectorlDFromOper(oper); 
addOne(i.count[sid]); rCode =  getReturnCode(oper);
[ 11 rCode =  LOOP ->  returnCode[sid] =  LOOP;

jj rCode =  NORMAL->  SKIP;
];
[ 11 sid =  id ->  / *  My Selection * /

[
[ 11 rCode = LOOP ->  deletepeligible, i);

11 rCode ~  = LOOP ->  SKIP;
];
[ 11 pwl[*].count[id] = 0 ->  /*  All count in PWL is zero. * /

[ i : =  getFirst(eligible);
assignTo :=  i; /*  Can I =  NULL? * /
P!grant(); mySelection :=  false; 
moveChannelFromTo(ApReq, Apwl);
 ̂ I l im o S ID

[ 11 i =  assignTo ->  oper = psOperfi] U NORMAL; 
P!respond(oper U NORMAL);

11 i -  =  assignTo ->  oper =  psOper[i]; 
P^olselectionfoper);

I;
];
pSID :=  null; psOper :=  null;
 ̂ I I i in pProbp ^

[ 11 i = assignTo ->  SKIP;
11 i ~  =  assignTo ->

I 11 *  0  and j <  prO per(i|.count ^
oper : =  prOper[i][j];
Pasa.gnT0'Pro^e(oper);

1;
pProbe : = null; prOper : =  null;
1;

11 pwl[*].count[id] — = 0 ->  SKIP;
];

11 sid >  id - >  P,!respond(oper U NORMAL);
subtractOne(i.count[sid]);

|| sid <  id - >  addCpSID, i); psOper[i] =  oper;
];
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When a started-selection resource process received a respond 

message, it calculates the new return code. If the returning 

code is LOOP, the new return code is set to LOOP otherwise no 

change.

If the receiving respond is for that resource process and if 

the return code is LOOP then delete the receiving application 

process that the respond message receive from eligible list.

If the resource process received all the respond from the 

application process then it assigned itself to the first 

application process in the eligible list. After that, all 

pending probe messages and pending selection messages will be 

forwarded to the application process that it is assigned to.
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Selection-state

II P. ,n  p w l u PR«r selection(oper)- >
sid :=  getSelectorlDFromOper(oper); 
addOne(i.count[sid]);
[ 11 sid = id - >  / *  My Selection, and there is a LOOP * /

oper : =  oper U LOOP;
Plrespond(oper); subtractOne(i.count[sid]);

11 sid > id - >  P.lrespondfoper U NORMAL);
/ *  Resend selection because of obsolete info. * /
11 islnListPpwl, i) and i.countfid] = 0  - >

oper : =  id U currentTime; 
PlrSelection(oper);

11 sid <  id ->  add^pSID, i); psOperfi] = oper;
1;

When a selection-state resource process received a 

selection message from a process in pwl or pReq. If the 

priority of the selection message is greater than the priority 

of resource process, it responds that selection message with 

NORMAL, also, it checks whether that channel had received a 

respond message for its selection, if it received the respond, 

it have to re-send the reverse selection again. If the priority 

of the selection message is less than the priority of resource 

process, it adds that selection message to pending-select ion- 

list (pSID) . Otherwise, the selection is its own selection 

message then it respond with LOOP.
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11 p„npw,uBR*,?Probe(0Per> ->  add TpProbe, i); pOper[i] =  oper;

When a selection-state resource process receives a probe 

message, it adds the probe message to a pending-probe-list

(pProbe).

| |  P  . ?respond(oper)-> s id :=  getSelectorlDFromOper(oper); 
addOne(assignTo.count[sid]);1 1  getReturnCode(oper) =  L O O P  ->  returnCodefsid] =  L O O P ;  j j getReturnCode(oper) — =  L O O P  - >  skip;

[ 11 assignTo.count[sid] =  0  - >
 ̂ M i m p w l and i.countlsidl > 0  ^

P!respond(returnCode[sid]); 
subtractOne(i.count[sid]); 
delete (>kallSID, sid);

1;
11 assignTo.counttsid] — =  0 ->  skip;

];
allSID = null ->  selection :=  false;

When a selection-state resource process received a respond

message from the application process that it is assigned to, it

calculates a new return code. If it had received all the

respond for all selection messages that had send out, it

responds with the new return code. If there is no selection

pending then it set the selection flag to false.
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The probe message is propagated as following:

1. For application process, the receiving probe message 

will be sent out to all the resource process that had been 

requested but have not been granted.

2. For resource process, the receiving probe message will 

be sent out to only the application process that it had been 

assigned to.

The selection message is propagated as following:

1. For application process, the receiving selection message 

will be remember the receiving channel and add the channel 

counter by one. The receiving message will be send out to 

every requesting resource process that have not been 

granted, and subtract the channel counter by one. Upon 

receiving a respond message, the channel counter will be 

added by one. The selection message will be respond when all 

the sending out message had been responded or all channel 

counters of out-channel are zero.
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2. For resource process, the receiving selection message will 

be remember the receiving channel and add the channel 

counter by one. The receiving message will be send out to 

only the application process that it had been assigned to, 

and subtract the channel counter by one. Upon receiving a 

respond message, the channel counter will be added by one. 

The selection message will be respond when all the sending 

out message had been responded or all channel counters of 

out-channel are zero.

78

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Resource Process.

R,„"[
id :=  myOwnPriority;
pwl :=  null; assignTo :=  null;
eligible : =  null;
free : = true; assigned : =  false; 
selection : =  false; mySelection : = false; 
allSID : =  null; / *  All Selector ID * /
pReq :=  null; / *  Pending Request. * /
pSID :=  null; / *  Pending Selection.*/
pProbe : =  null; / *  Pending Probe. * /

|| free; Piin.?reqResource{oper) ->  assignTo :=  i; P.IreqGrantO; 
free : = false; assigned : =  true;

/ *  Should not happen
11 free; P^Pprobefoper) - >  / *  Should not happen * /
11 free; P>pp?selection(oper) ->  / *  Should not happen * /

*/

|| assigned; —mySelection; —selection->
[

11Piin.PreqResource(oper) ->  P..TtrTr!probe(oper); addrpw l, i);

II PM31fl„To?freeResource()->
[

11 count(pwl) =  0 ->  assignTo :=  null; free :=  true; assigned :=  false;
jj count(pwl) =  1 ->  assignTo :=  pwl; pwl :=  null; P,„,onTo!reqGrant()
|| count(pwl) >  1 ->  assignTo :=  null; eligible :=  pwl;

mySelection : =  true; oper: =  id U currentTime;
111 inpwi Pj!rSelection(oper) ->  subtractOne(i.count[id]);

];
11 P.,npw.?cance|0 '>  deleterpw l, i)
II Plin0wl?selection(oper)-> selection :=  true; 

sid :=  getSelectorlDFromOper(oper); 
returnCode[sid] : =  NORMAL; allSID : =  sid; 
addOne(i.count[sid]); P u _ ISelectiontooer): 
subtractOne(assignTo.count[sid]);

11 P.inpwrProbeioper) - >  P^Jprobefoper)
];
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11 assigned; — mySelection; selection ->
[

11 Piin.?reqResource(oper) ->  add(Apwl, i);

/ *  P send all respond before free the resource, so, should not be in selection 
11 P ^ nTo?freeResource()->
[

11 count(pwl) =  0 - >  assignTo :=  null; free :=  true; assigned :=  false;
j j count(pwl) =  1 ->  assignTo :=  pwl; pwl :=  null; P.^IreaGrantO
|| count(pwl) > 1 ->  assignTo :=  null;

mySelection : =  true; oper : =  id U currentTime;
11 i inPw. PfrSelection(oper);

];
*/

11 P, ,„ow,?cance|0 ->
[

/ *  Sending respond to the channel that had not responded yet. * /  
[ 11' m siisida„di.countfp > o ->  P,!respond(returnCode[j]);

subtractOne(i.count[j]);
];
deletePpwl, i)

11 P,,nowl?selection(oper)-> selection :=  true; 
sid :=  getSelectorlDFromOper(oper); 
addOne(i.count[sid]);
[ 11 isSidlnAIISIDfallSID, sid) ->  skip;/* Already got selection * /[  j j isSidlnAIISID(allSID, sid) ->  oper :=  oper U NORMAL;

Plrespond(oper); subtractOne(i.count[sid]);
11 ~ isSidlnAIISID(allSID, sid) ->  returnCode[sid] :=  NORMAL; 

allSID =  allSID U sid;
p^ BnTo!Selection<°Per^
subtractOne(assignTo.count[sid]);

];
11 Pnnpw^Probefoper* - >  P .^ .jp ro b efo p er)

II P.,.g-r.?respond(oper)- >  sid :=  getSelectorlDFromOper(oper); 
addOne(assignTo.count[sid]);
[ 11 getReturnCode(oper) =  L O O P  ->  returnCodefsid] =  L O O P ;j j getReturnCode(oper) — =  L O O P  ->  skip;
];
[ 11 assignTo.countfsid] =  0 ->

I IIiinpwiandi.countfsidi>o ^  P^respondtreturnCodetsid]);
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subtractOne(i.count[sid]);
delete (AallSID, sid);

];
11 assignTo.count[sid] —  =  0 ->  skip;

];
allSID =  null ->  selection :=  false;

1;
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11 assigned; mySelection ->
[

11 Pjin.?reqResource(oper) ->  addTpReq, i); prOperti] :=  oper;
/ *  Never get freeResourceO

11 PMlianTo?freeResource()-> * /

11 p„n0w,?cancel{)->
t I l l 1,„-,s,o«x<,coUn«(i,>o ->  p.!resP°nd(returnCode[j]);

subtractOne(i.count[j]);
I;
delete(Apwl, i); deletepeligible, i); 
pwl = null ->
[ mySelection : =  false;

moveChannelFromToPpReq, '"'pwl);
[
11 count(pwl) = 0 - >  assignTo :=  null; free :=  true;

assigned : =  false;
|| count(pwl) =  1 ->  assignTo :=  pwl; pwl :=  null;

P^nJreqGrantO  
|| count(pwl) >  1 ->  assignTo :=  null;

mySelection : =  true; oper : =  id U currentTime;
I i.,npwi PlrSelection(oper) ->  subtractOne(i.count[id]];

11 P,,n0R.q?cancel()->
[

t 11,m psid and i.countiii > o >  °Per : =  PsOper[j] U NORMAL;
P,!respond(oper); 
subtractOne(i.count[j]);

];
delete(ApReq, i); delete(^pProbe, i);

11 P. >n pwi u pRM?selection{oper)- >
sid :=  getSelectorlDFromOper(oper); 
addOne(i.count[sid]);
[ 11 sid = id ->  /*  My Selection, and there is a LOOP * /

oper : =  oper U LOOP;
Pjlrespondfoper); subtractOne(i.count[sid]);

11 sid >  id ->  PJrespondloper U NORMAL);
/*  Resend selection because of obsolete info. * /
11 islnListppwl, i) and i.count[id] =  0 - >

oper : =  id U currentTime; 
PJrSelectionfoper);
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11 sid <  id - >  addPpSID, i); psOper[i] =  oper;
];

11 PMnpw.u0R«,?Probe{oPer> _> add (ApProbe, i); pOper[i] =  oper;
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/*  mySelection Mode, R waits a respond from PWL. * /
11 P,inpwl?respond(oper)->

sid :=  getSelectorlDFromOper(oper); 
addOne(i.count[sid]); rCode = getReturnCode(oper);
[ 11 rCode =  LOOP ->  returnCode[sid] =  LOOP;

j| rCode =  NORMAL->  SKIP;
1;
[ 11 sid =  id - >  / *  My Selection * /

[
[ 11 rCode =  LOOP ->  delete(~eligible, i); 

j j rCode ~  = LOOP ->  SKIP;
];
[ 11 pwl[*].count[id] = 0 - >  /*  All count in PWL is zero. * /

[ i : =  getFirst(eligible);
assignTo :=  i; / *  Can I =  NULL? * /
P,!grant(); mySelection :=  false; 
moveChannelFromTo(ApReq, Apwl);
 ̂ I I i in pSID ^

[ 11 i =  assignTo ->  oper = psOper[i] U NORMAL; 
P!respond(oper U NORMAL);

11 i ~  = assignTo ->  oper =  psOper[i]; 
P.„0„Jselection(oper);

]; 
];
pSID :=  null; psOper :=  null;
 ̂ I 11 in pPrab* ^

[ | | i = assignTo ->  SKIP;
11 i — = assignTo ->

lli.o ^ p io p    ->  °P er : =  prOper[i][j];
P^nTo!Pr0be(°Per);

1;
pProbe : -  null; prOper :=  null;
];

11 pwl[*].count[id] ~ = 0 ->  SKIP;
1;

11 sid > id - >  P.!respond(oper U NORMAL);
subtractOne(i.count[sid]);

11 sid <  id - >  addppSID, i); psOper[i] = oper;
1;

];
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Application Process.

P^p" [ INIT; reqTo :=  null; arl :=  null; /*  arl =  Acquire Resource
running : =  true; blocked : =  false; 
seenOper : = null;

11 running; ifRequestOper ->  ifRequestOper :=  false; running :=  false; 
blocked : =  true; oper : =  id U currentTime;
111mrequsr Ri! reqResource(oper) ->  add(AreqTo, i); 
reqList : =  null;

11 running; ifFreeOper ->  ifFreeOper :=  false;
11 islnList(arl, res) ->  delete(arl, res); R(M!freeResource()
11 ~islnList(arl, res) ->  errorMessage;

|| running; Riin>ri!probe(oper)-> SKIP;

11 running; R.injJselection{oper)-> oper :=  oper U NORMAL; RJrespondfoper);
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11 blocked; —selection ->
[ | |jjniiqTo RjPreqGrcintO ->  moveChanFromTorreqTo, ~arl, i);

[ 11 reqTo = null ->  running :=  true;
11 reqTo <  >  null ->  SKIP;

1;

I l,«,^Ri?Probe(°Per) ->
[ || -isM yOper(oper)->

[ || ~islnList(seenOper, oper)- >  addCseenOper, oper);
111 mrmjTo R,?probe(oper);

|| islnList(seenOper, oper) ->  SKIP;
1;

11 isMyOper(oper) ->  deadLock :=  true; 
t 11 i in reqTo R-JcancelO ->  deletepreqTo, i);

| I.^RjfreeResourceO - >  deleteparl, i);
1;
blocked : =  false; running : =  true;

| I^^R^selctionioper) ->  selection :=  true;
sid :=  getSelectorlDFromOper(oper); returnCode[sid] :=  NORMAL; 
allSID = allSID U sid; addOne(i.count[sid]);
111 mreqTo RilSelection(oper) ->subtractOne(i.count[sid]);

I l,,n,„ToR i? r S e l e c t i o n ( ° P e r > - >
[ || count(reqTo) = 1 ->  R^respondloper U NORMAL);

|| count(reqTo) >  1 ->
sid :=  getSelectorlDFromOper(oper); 
returnCode[sid] : =  NORMAL; allSID = allSID U sid; 
addOne{i.count[sid]); tmp :=  reqTo; deleteptmp, i);
111 mtmp Rlselection(oper) ->  subtractOne(i.count[sid]); 
selection : =  true;

];
I;
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11 blocked; selection ->
[ | |jinr(K)To Ri?reqGrant() - >  / *  R already send respond * /

moveChanFromTo(AreqTo, Aarl, i);
[ 11 reqTo = null - >  running :=  true; blocked :=  false;

selection :=  false;
11 reqTo ~ =  null - >  SKIP;

1;

| | lin̂ Ri?probe(oper) - >
[ || — isMyOper(oper)->

[ 11 ~islnList(seenOper, oper) ->  addpseenOper, oper);
111 in rsqTo R^probefoper);

11 islnList(seenOper, oper) ->  SKIP;
];
11 isMyOper(oper) ->  deadLock :=  true;
 ̂ I 11 in arl and j in allSID and i.count(i) >0 ^

RlrespondfreturnCodefj]); subtractOne(i.count[j]);
1;
recovery : =  true;

1;

I |,,nartR?selction(oper) ->
sid :=  getSelectorlDFromOper(oper); 
addOne(i.count[sid]);
[ 11 isSidlnAIISID{allSID, sid) ->  oper :=  oper U NORMAL;

P,!respond(oper); subtractOne(i.count[sid]);
11 — isSidlnAIISID(allSID, sid) ->  returnCode[sid] :=  NORMAL; 

allSID =  allSID U sid;
111 m reqTo Ri! Selection (oper) ->  

subtractOne(i.count[sid]);
1;

I LnraqToRr rSelection(oper) ->  selection :=  true; 
sid :=  getSelectorlDFromOper(oper); 
addOne(i.count[sid]);
[ 11 count(reqTo) = 1 ->  oper :=  oper U NORMAL;

Pt!respond(oper); subtractOne(i.count[sid]);
11 count(reqTo) > 1  ->

returnCode[sid] : =  NORMAL;
allSID =  allSID U sid; tmp :=  reqTo; delete(Atmp, i);
11 i in imp Ri!Selection(oper) ->  subtractOne(i.count[sid]);

1;
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I Ri«r.qTo?resP0ncl(oPer)">  s'd : =  getSelectorlDFromOper(oper); 
subtract(i.count[sid]);
[ 11 getReturnCode(oper) =  LOOP - >  returnCode[sid] = LOOP;j j getReturnCode(oper) ~  =  LOOP ->  skip;
1;
[ AreqTo.count[sid] = 0 ->

 ̂ I I i in raqTo and i.coumtsidl > 0  ^
RJrespondfreturnCodetsidDjsubtractOnefi.counttsid]); 
delete TallSID, sid);

];
i.count[sid] -  =  0 ->  skip;

1;
allSID = null ->  selection :=  false;

11 recovery - >
I I  Riinr.qT<rresPonc^c,Per) ' >  s,c* : =  getSelectorlDFrom Oper(oper); 

subtract(i.count[sid]); done : =  true;
f I 11 in allSID and i.countljl < > 0 ~ done false,
1;
done = true - >
[

delete(AallSID, sid); de le tep req T o , i); 
allSID =  null - >
[

t 111 in raqTo FUcancelO->  de le tep req T o , i);
| |nniiilR!freeResource() - >  delete(Aarl, i);

1;
selection : =  false; recovery : =  false; blocked : =  false; 
running : =  true;

];
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Chapter 11 

Properties

Distributed Deadlock-Free Resource Allocation.

As the network system started. The state o£ the network is in a 

save state. The state of the network is changed, when the 

application process issues a request/free for a

resource/resources, and when the resource is granted to an 

application process. On the other hand, the state of the 

network is changed when the edged of the graph is changed.

When the state of network is changed, there are two

possibilities to happen. One is the network still maintain its

save state, the other is in the state of the deadlock. Because

of this reason, when the application process issue the request,

the internal system has to perform deadlock detection algorithm

by sending the probe message. If that request causes the
89
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deadlock, the requesting application process has to be aborted 

and releases all the acquired resources. This requirement is 

needed because just only rejected the request does not make the 

network out of the potential deadlock situation. The 

application process could try to request the same resource and 

constantly is rejected.

As the deadlock state is a stable state, therefore the probe 

message (Deadlock Detection Message) that generated by a 

requester process will be traveled back to the original process 

which will detect the deadlock when the process receives its 

own probe message.

Additional, by the property of wait-for-graph, the graph can 

expand by two conditions. First the application process request 

the allocated resource in the graph. The second, the sink node 

issues the request to smother resource process. In the worse 

case situation, there will be at least one sink node. If that 

sink node request a resource which is already in the tree, the
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deadlock will occur but: the system will break the deadlock.

In Deadlock Detection Algorithm, the algorithm does not need to 

assign a state to the process. When a process requests a 

resource, it assumes that its request does not create a 

deadlock and that request will be granted when the resource is 

available. If the deadlock is caused by that request and the 

deadlock state is a stable state, eventually the probe message 

will travel back to the original process and the deadlock 

condition will be detected and the request will be canceled 

which eliminate the deadlock.
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Deadlock Prevention is needed when a resource become free and 

that resource try to assign itself to one of a process in

process waiting list. Because of the assignment itself to a new 

process have to be done after the algorithm is complete,

therefore the deadlock prevention have to have a signal to show 

that algorithm had been terminated. The signal of termination 

is defined by all the tokens that send out are replied. So, 

each edge in the graph will be recorded in two ways, add one to 

the channel counter when receive an incoming message and

subtract one to the channel counter when send the outgoing

message. The multiple deadlock prevention can be handled by 

adding TAG or smother dimension to all the channel counter. In 

multiple deadlock prevention, the priority of the resource is 

introduced to break the symmetric condition when there more 

than one resource process on the ssune circle-wait-for-graph, 

are freed.

Base on the knowledge of sending the message, the state of each 

process is recorded as started amd stopped. So, the deadlock
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prevention can be repeated.

In the real situation, the deadlock detection and deadlock 

prevention can happen concurrently. These two algorithms are 

working independently. Because the deadlock prevention need to 

remember the state of each edge, so any change of the edge 

during the deadlock prevention will be deferred or remembered 

and be applied when the deadlock prevention terminated. As I 

had mentioned, the edge changing is caused by two situations. 

The first situation when the sink node make a request. The 

second situation when a resource requests a resource on the 

graph.

The total network will never be in a permanent state of 

deadlock, when the last sink-node make a request which could 

request a free resource or request an acquired resource. The 

first case the request will be granted and the last sink-node 

will continue the operation. In the second case, the new

93

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



request will be under the deadlock detection and the deadlock 

situation will be detected and the sink-node has to cancel the 

request and release all the acquired resources. So, in the 

total network, there will be at least one process continue its 

operation.

94

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Theorem Acyclic graph node n of out degree 0 can invert one 

edge and maintain acyclic property.

A x i o m l . If we invert an edge and then create a wait-for graph 

incoming from node P then if we invert the edge to node P there 

will be no wait-for graph.

A x i o m 2. If a process can wait for only one resource then there 

will be no cyclic graph. Then each path will be a disjoint 

partition.

Proof If we invert an edge and then there is a cyclic wait-for
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graph. We can order the node in such a way that

If Na ~  * Nb then 

Na <Nb

no path vFrom Axioml. Nb > Na then

Nb not < Na

Given condition, there is no cyclic wait-for graph before 

invert the edge.

From given condition, we can create a partial order list of 

node. The node that is at the end of the list will be the node 

that there is no path from that to the previous order node. So, 

the node at the end of the list can be invert.
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When the system just started. All the resource processes are 

free. None of the application process had acquired any 

resource. Each process is a graph by itself.

State of each graph is changed by three reasons:

1. Application Process requests a resource/resources.

2. Application Process frees a resource.

3. Resource Process select to grant to a resource process.

Application process requests a resource/resources. This action 

will cause two or more graph to combine into one graph. The 

number of graph on the system will be reduced. If the requested 

resource process is assigned to another process, probe 

algorithm will have to be performed to detect whether there is 

the deadlock cause by this request.

Application process frees a resource. This action will cause a 

graph split into two graphs. The number of graph on the system
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will be increased.

Resource process select to grant to an application process. 

This action causes no combining or splitting the graph. It 

causes an edge to change the direction. So, the number of graph 

on the system will remain the same. If there are more than one 

application process waiting, the selection algorithm has to be 

performed to eliminate the edge that could cause a deadlock 

after the edge had change the direction.
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Chapter 12 

Evaluation and Comparison of the Algorithms

The Simple Algorithm is conceptually cleaner and simpler 

than the General Algorithm is. General Algorithm allows an 

application process making a multiple-resource request that 

introduces a complicated case.

Obviously, the general algorithm seems to be faster than 

the simple algorithm in requesting the resource because it can 

request more than one resource at a time. But it introduces a 

higher probability of deadlock. At the same time, the general 

algorithm needs a completion of selection algorithm before it 

can make a decision in allocated the resource. This causes a 

decreasing the efficiency of the algorithm.

So, the efficiency of these two algorithms will depend on

the load of the system, the number of resource processes
59
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available for the entire system also the number of resources 

that an application process requests each time.

E = f(R, L, M)

E = Efficiency of the algorithm 

R = Requesting rate.

Number of Application Process start a request 
Time

L = Load factor

Number of Resource Process
L = ------- ---------------

Number of Application Process

M = Multiple request factor.

Number of requested resource
M  =  ----------------------------------------------

Number of requesting

M = 1 for simple algorithm

M >= 1 for general algorithm
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In case, M = 1 for general algorithm, the efficiency will g

be the same as simple algorithm because M for simple algorithms

always equal one.

In case, M > 1 for general algorithm, the efficiency will g

be better than simple algorithm.

For simple algorithm, the bigger L will not improve thes

efficiency because the resource requesting is done in

serialize. But in vice versa for general algorithm, because in

general algorithm, resource requesting are done in parallel and

the higher L , the lower the chance that resource has to do g

selection algorithm.
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Chapter 13

Simulation

The objective of the simulation is to find the difference of 

efficiency of the two algorithms. In order to compare the 

efficiency of these two algorithms, I have to assume that all 

other factors are fixed. Differences only that, the simple 

algorithm, the application process can request more them, one 

resource at a time.

Start Request All requests granted

As, the activities of the two algorithms different only between

the application process started the request and received grant

from all the requested resource. So, the framework of the

simulator is to create a fixed pattern of all the application
102
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process that requests the resource.

For the simple algorithm, the request for more them, one 

resource, the application process will request one resource 

wait until received the grant and request the next resource, 

doing so until receive all grant then return the control to the 

application.

Assumption, the built-in random function is perfectly normal 

distribution.

The simulator that I had built base on following algorithms:

Assigned Variable:

MAX_USE_RESOTJRCE = Maximum tick in requiring a resource 

NRES = Number Resource Processes 

NPRO = number Application processes

NRESSo, L —
NPRO
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R = Maximum tick that a process will idle before request a

new resource.

Tick = current time

For I = 1 to NPROC

startReq(I) = Tick + (random() mod R) 

numReq(I) = getNumRequest (numAcquiredResource)

end

So, array of startReq will contain the time that the 

application resource will start the request and array of numReq 

will contain the number of resource that it will request. 

Function, getNumRequest, will return the number of resources 

that the application process will request. The return number is 

based on the status of the application process and the random 

number generator. The status of application process will be how 

many resource processes that the application process had 

acquired. The higher number of acquired the resource, the lower 

the number of resource for the current request. With the number
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of acquired resources and the random number, the function will 

use this information to lookup the internal table to get the 

number of current request.

The main Loop.

Do forever

For I = 1 to NPROC

If TICK = startReq(I) then

Request the resource for numReq (I) for j tick 

End if 

End for

For I = 1 to NRES

If TICK = freeResource(I) then 

Free the resource(I)

End if 

End for

TICK = TICK + 1 

End do
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When, all requesting resource granted, freeResource (I) will 

be set to the time that the resource will be deallocated.

For I = 1 to number of requesting resource 

j = random () % MAX_TJSE_RESOURCE 

freeResource (I) = TICK + j 

End for
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Probability Table

Acq\Req 1 2 3 4 5 6 7 8 9 10

0 0.2 0.2 0.2 0.15 0.1 0.05 0.04 0.03 0.02 0.01

1 0.3 0.2 0.15 0.1 0.1 0.05 0.04 0.03 0.03 0

2 0.3 0.2 0.15 0.1 0.1 0.08 0.04 0.03 0 0

3 0.31 0.25 0.15 0.1 0.1 0.05 0.04 0 0 0

4 0.35 0.25 0.15 0.1 0.1 0.05 0 0 0 0

5 0.4 0.25 0.15 0.1 0.1 0 0 0 0 0

6 0.5 0.25 0.15 0.1 0 0 0 0 0 0

7 0.6 0.25 0.15 0 0 0 0 0 0 0

8 0.85 0.15 0 0 0 0 0 0 0 0

9 1 0 0 0 0 0 0 0 0 0

10 1 0 0 0 0 0 0 0 0 0

11 1 0 0 0 0 0 0 0 0 0

12 1 0 0 0 0 0 0 0 0 0

13 1 0 0 0 0 0 0 0 0 0

14 1 0 0 0 0 0 0 0 0 0

15 1 0 0 0 0 0 0 0 0 0

16 1 0 0 0 0 0 0 0 0 0

17 1 0 0 0 0 0 0 0 0 0

18 1 0 0 0 0 0 0 0 0 0

19 1 0 0 0 0 0 0 0 0 0

20 1 0 0 0 0 0 0 0 0 0
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Simulation Results

mo
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Result £rom the simulation shown that the General Model give a 

same result as the Simple Model until the load had increase 

significantly then the General Model starts to perform worse 

than the Simple Model.
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Simulation Results

SimpleModel

GeneralModel

Load

Result from the simulation shown that the Simple Model causes 

about the same deadlock as the General Model. When the load is 

low, the number of deadlock is almost flat. When the load is 

significantly increased, the number of deadlock is enormously 

increased.
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Simulation Results
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Result from the simulation shown that the General Model 

generates more messages than the Simple Model when the load is 

high and about the same when the load is low.
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Conclusion.

From the results, we can conclude that the General Model does 

not perform better than the Simple Model. The fact the Simple 

Model performs better them, the General Model performs when the 

load is high.
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Chapter 14 

Summary

The objective of this thesis is to combine the deadlock

detection with resource allocation to reduce the network 

persistence time. Additional, the deadlock detection had been 

designed to be able to operate in online environment as the 

algorithm can be repeated and there is no freezing the

operation.

In the real situation, the depth of the allocation tree is not

deep. The more the depth of the tree, the more deteriorate of

system performance. But controlling the depth of allocation 

tree is very difficult because it depend on the application. 

What the system analyst could do is to monitor the utilization 

of resource. If the utilize is very high that means that 

resource could be a bottleneck.
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Chapter 15 

Open Problems

Base on this thesis. I had introduced a new algorithm that 

combined resource allocation and deadlock detection together. 

But the problems in the area of deadlock detection and resource 

allocation are vastly enormous. So, there are a number of the 

problems that I did not cover. The open problems are following:

1. If there is more than one pending request that involved with 

the same loop, all the pending requests will detect a 

deadlock and all of them will be aborted. This problem 

enhanced by assigning a unique priority to all application 

processes. Only the lowest priority will detect the deadlock 

and aborted.

2 .As the selection algorithm need the completion of the process
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before the reassignment can be done, which caused the 

resource idle for a long time. This problem enhanced by the 

resource process that started the selection assigned itself 

to the first respond that does not cause the loop and let 

the algorithm terminated later.

3. The capability of combining algorithm between simple 

algorithm and general algorithm. There is no need to use 

selection algorithm for the graph that the maximum fan out 

of application process is degree 1.
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