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ABSTRACT 

PETRI NET MODELING AND PERFORMANCE ANALYSIS 
OF Z39.50 SEARCH AND RETRIEVAL PROTOCOL 

by 
Roopali Paranjpe 

Z39.50 is an American Standard for information retrieval. The standard depicts a client-

server model of computing. With reference to the Open System Interconnection (OSI) 

model developed by International Standards Organization (ISO); Z39.50 is an application 

layer protocol. A Z39.50 client performs searching, querying and requesting functions 

and a Z39.50 server interfaces with the database in the remote system and responds to 

client requests by providing a set of records for the search query. 

Z39.50 state tables describe a complex set of concurrent and serial events. A Petri 

net model is prepared for the entire system comprising the protocol. A Petri net 

methodology proves to be a very effective way of analyzing this client-server model. A 

Reachability Graph is applied to the Petri Net model to study the behavioral properties of 

the protocol. We have used a timed Petri net simulator to evaluate the performance of 

this protocol. 
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CHAPTER 1 

INTRODUCTION 

1.1 Objective 

The objective of this thesis is to analyze the performance of ANSI/NISO Z39.50 Search 

and Retrieval protocol. In order to evaluate the high level protocol such as Z39.50, we 

have used the following modeling and analysis techniques: 

We identified the different facilities provided by Z39.50 protocol standard. We found 

that there are eleven core services at the heart of this protocol and these services 

contribute to a very complex set of events and actions. To model these events and actions 

for further analysis, we have used the Petri net methodology. Using Petri net theory, we 

have developed a place-transition model for the entire system. To study the behavioral 

properties of the system, we have applied a Reachability Graph for the Petri net model. 

Assuming deterministic delays, time analysis is performed and completion times are 

computed for different successful events and operations. We have used a timed Petri net 

simulation tool for evaluation of Z39.50 services and operations. 

1.2 Overview of Z39.50 Standard 

Z39.50. is an American National Standard for information search and retrieval. It is a 

computer to computer communications standard which defines a set of rules and 

procedures for database searching and record retrieval. 

1 
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1.2.1 Evolution of Z39.50 

The Z39.50 protocol was originally proposed in 1984 for use with bibliographic 

information retrieval. National Information Standards Organization (NISO) approved the 

Z39.50 standard in 1988 (Z39.50-1988). Based on the enhancements proposed by Z39.50 

Implementers Group, a second version of the standard was released in 1992 (Z39.50-

1992). Z39.50-1992 replaced and superseded Z39.50-1988. A new set of services was 

introduced in Z39.50-1995 and a third version of the protocol was developed in 1995. 

Z39.50-1995 is a compatible superset of Z39.50-1992 and the international standard, ISO 

10162/10163 [1, 2]. 

1.2.2 Motivation Behind Z39.50 

Libraries are repositories of information. For effective exchange of information, it is 

only natural to think of a library network spanning the world. Such a network will prove 

to be an invaluable aid for students, professors and researchers. Z39.50 is one example of 

such a standard which serves the library, information and publishing communities. 

The motivation behind the development of this standard was the numerous problems 

associated with the multiple database searching. The forms-based interface of the World 

Wide Web (WWW) along with the graphical clients or browsers is a relatively 

inexpensive solution for searching online catalog systems. However, there are some 

serious drawbacks of this system. Since no two information systems share the same 

interface characteristics, each system requires the user to master a new interface structure 

and a new set of custom-designed icons and symbols. The advantage of Z39.50 protocol 
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is that it allows different information resources to look and act the same to the individual 

user. 

Hyper Text Transfer Protocol (HTTP) which is at the core of the WWW, presents a 

stateless protocol model. The server does not have any knowledge of the previous search 

results. Z39.50 protocol depicts a state based model of information search and retrieval 

system. 	Although the existence of state based model for Z39.50 makes its 

implementation complicated, it is extremely useful for high-quality database searching. 

Z39.50 protocol is not only restricted to bibliographic information retrieval but it also 

supports data, images and multimedia in a distributed network environment. It is based 

on the client-server architecture of computing and it operates over the Internet. Figure 1.1 

shows the model of Z39.50 Information Retrieval (IR) system. 
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Figure 1.1 Model of Z39.50 Information Retrieval System 



CHAPTER 2 

Z39.50 - INFORMATION RETRIEVAL SYSTEM 

2.1 Model and Characteristics 

Z39.50 is an Information Retrieval (IR) system. In this IR system, two processes are 

involved: A initiating process called the client and a responding process, the server. The 

server is associated with one or more databases. Communication between the client and 

the server is carried out by the Z39.50 protocol. The portions of the client and the server 

that carry out the Z39.50 procedures are referred to respectively as the Z39.50 Origin and 

the Z39.50 Target. 

Z39.50 is a session oriented protocol. The two important terminologies regarding the 

communication session for a Z39.50 protocol are: I) Z-association and 2) A-association. 

1. Z-association: The Origin communicates with the Target via a Z39.50 association 

which is also known as a Z-association. The Origin establishes a Z-association. A Z-

association can be terminated by either the Origin or the Target. Within a Z-

association, the role of the Origin and the Target is fixed. Once a Z-association is 

terminated, no status information is retained except information that is explicitly 

saved. There may be multiple consecutive as well as simultaneous operations within 

a Z-association. 

2. A-association: A communication session between a database user and a database 

provider is known as Application association or A-association. Termination of an A 

5 
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-association can terminate a Z-association. There may be multiple, consecutive Z-

associations within an A-association. 

2.1.1 Searching a Database 

Z39.50 protocol enables a client on one computer to search and retrieve information from 

one or more server databases. A query is applied to a database, specifying values to be 

matched against the access points of the database. An access point is a unique or non-

unique key that can be specified in the search of a record [1]. Following the process of 

search, a result set is made available by the Target to the Origin. This result set may be 

referenced in a subsequent query and manipulated to form a new result set. 

2.1.2 Z39.50 Operations 

The Origin can initiate an operation by generating an initiating request of a particular 

operation type. An operation is terminated upon receiving a respective terminating 

response from the Target. There are eight different types of operations: Init, Search, 

Present, Delete, Scan, Sort, Resource Report and Extended Services [1]. 

2.1.3 Z39.50 Services 

Z39.50 services [1] are described as exchange of messages between the Origin and the 

Target. A message could be a request or a response. There are three types of services 
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defined for the Z39.50 protocol: Confirmed, Non-Confirmed and Conditionally-

Confirmed. 

Confirmed Service: For a Confirmed service, a request (from the Origin or the Target) 

is always followed by a response (from the peer). 

Non-Confirmed Service: A Non-Confirmed service is defined as a request from the 

Origin or the Target, with no corresponding response. 

Conditionally-Confirmed Service: A Conditionally-Confirmed service may be invoked 

as either a Confirmed or a Non-Confirmed service. A response may or may not follow 

for a Conditionally-Confirmed service from the Origin or the Target. 

2.2 Facilities of Information Retrieval Service 

Information retrieval facilities consist of a single service or groups of services. There are 

eleven facilities identified for the Z39.50 standard [1]. 

1 . Initialization Facility (Init Service): The Init service allows the Origin to establish 

a Z-association. In the Init request, the Origin proposes values for the initialization 

parameters. In the Init response, the Target responds with values for the initialization 

parameters. If the Target responds affirmatively, the Z-association is established. 

2. Search Facility (Search Service): Search service enables the Origin to query 

databases at the Target system, and to retrieve information about the results of the 

query. The Target then creates the result set, which represents a set of records with 

the properties indicated by the query. The Target maintains this result set for 

subsequent retrieval requests. 
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3. Retrieval Facility: The retrieval facility consists of two services: 

• Present Service: In the Present operation, the Origin sends a Present request to 

get the response records according to a position within the result set maintained by 

the Target. The Origin requests a range of records: For example, N records 

beginning with M where, 

N = Number of records requested and 

M = Result set start position 

(Note: The upper bound on N is (Result count - M)+ 1) 

• Segment Service: This is often useful if the records requested by a Present 

request do not fit in a single segment. 

4. Result-Set-Delete Facility (Delete Service): The Delete service enables the Origin 

to request the Target to delete a specified result set or all the result sets created during 

a Z-association. 

5. Browse Facility (Scan Service): This service enables the Origin to initiate a Scan 

operation. 

6. Sort Facility (Sort Service): The Sort service enables the Origin to initiate a Sort 

operation. 

7. Access Control Facility (Access Control Service): The Access Control service 

allows the Target to challenge the Origin. An Access Control request issued by the 

Target could be a part of a specific operation or a Z-association. This mechanism is 

used to support password and authentication challenges. The details of Access 

Control service are discussed in a later chapter. 



8. Accounting/Resource Control Facility: The Accounting/Resource control facility 

consists of three services: 

• Resource Control Service: The Resource Control service is initiated by the 

Target. It does not initiate an operation. A Resource Control request originated 

by the Target includes a resource report. A resource report informs the Origin 

about actual and predicted resource consumption. 

• Trigger Resource Control Service: This service is initiated by the Origin 

during an operation. The Trigger resource Control service permits the Origin to 

request the Target to initiate the Resource Control service. 

• Resource-Report Service: The Resource-Report service is initiated by the 

Origin to initiate a Resource-Report operation. The Resource Report service 

permits the Origin to request the target to send a resource report pertaining to a 

completed operation or to a Z-association. 

9. Explain Facility: The Explain facility does not include any services. This facility is 

absent in version 2 (Z39.50-1992). It allows the Origin to obtain the details about the 

Target. The information about the databases available for searching can be found 

using the Explain facility. 

10. Extended Services Facility (Extended Services Service): It enables the Origin to 

initiate an Extended Services operation. 

11. Termination Facility (Close Service): It allows the Origin or the Target to abruptly 

terminate all active operations and to initiate the termination of a Z-association. 

Table 2.1 explains the Z39.50 services, their types and whether they are initiated by the 

Origin or the Target or both. 



Table 2.1 Z39.50 Services 

Service Name Service Type Service Initiated By 

Init Confirmed Origin 

Search Confirmed Origin 

Present Confirmed Origin 

Segment Non-Confirmed • Target 

Delete Confirmed Origin 

Scan Confirmed Origin 

Sort Confirmed Origin 

Access Control Confirmed Target 

Resource Control Conditionally Confirmed Target 

Trigger Resource Control Non-Confirmed Origin 

Resource Report Non-Confirmed Origin 

Extended services Confirmed Origin 

Close Confirmed Origin/Target 

10 



CHAPTER 3 

PROTOCOL MODEL AND SPECIFICATIONS 

3.1 The OSI Reference Model 

OSI is an abbreviation for Open Systems Interconnection. The OSI reference model 

divides the communication process between the two application programs into seven 

intermediate layers. Each layer provides a certain kind of service to the next higher layer. 

This service is provided by communicating with the peer entity in the same layer of the 

remote host using the service provided by the next lower layer. Figure 3.1 describes the 

seven layers of OSI model [3]. 

3.2 Service Provided by Presentation Layer 

With reference to the OSI model, the Z39.50 protocol is an application layer protocol. It 

uses the presentation layer service to provide a connection between a Z39.50 

Origin/Target pair. The communication service that supports this protocol is a 

connection-oriented service. The establishment of an A-association takes place in the 

following manner: 

The life of an A-association has three distinct phases: Connection establishment, 

information transfer, and termination. Once a connection is established, Z39.50 

Application Protocol Data Units (APDU) are transferred between the Origin and the 

Target. An APDU is a unit of information, transferred between the Origin and the Target. 

11 



It consists of application protocol information and application user data. 
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Figure 3.1 Seven Layer OSI Model [3] 







CHAPTER 6 

CONCLUSION 

6.1 Summary 

The complexity of the Z39.50 state table was simplified using Petri net modeling 

methodology. We prepared a Petri net model for each and every sub-section of the 

system and thus a model for the entire system was developed. This model gives a clear 

understanding of the various services provided by this protocol. Using Reachability 

Graph, we have done a behavioral analysis of the Petri net model. The temporal analysis 

is done using timed Petri net simulator (TiPNet) developed at NET. The following 

observations were made based on our study and experiments: 

1 . Z39.50 protocol is capable of processing various operation requests simultaneously. 

When there are multiple operation in progress, we have found that the time required 

to process an individual request decreases as number of requests increases. We have 

observed a significant reduction in processing time when the number of operation 

requests vary from 5 to 50. As we further increase the number of requests;  the net is 

saturated and there is no significant drop in the cycle time. 

2. The transitions responsible for transferring the operation request to the network 

receiving the operation response from the net are identified as the critical components 

of the model. The cycle time gradually increases as the request time (delay associated 

105 
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3. with t23) increases. The response time (delay associated with t18) plays a significant 

role in the operation cycle time. For a significantly high response time (high delay 

with t18), the variation in the request time (delay associated with t23) has almost no 

effect on the cycle time. This phenomenon is observed for small as well as large 

number of simultaneous operation requests. 

4. The Access Control service and Resource Control service are the two distinguishable 

features provided by this protocol. We have found that these services contribute 

significantly towards the performance of Z39.50 processes. The overall process time 

can increase by 50% to 100% due to these services. 

5. From the Reachability Graph for Concurrent operations, it can be stated theoretically 

that the time required to process an operation request is 9 units time (4.5 units for 2 

requests). However, if the Access Control or Resource Control Request occur during 

the process of Concurrent Operations, the system has to pause the active operations 

and process these requests affecting the cycle time. 

6.2 Future Work 

We have installed ZPRISE (a Z39.50 client-server software) developed at National 

Institute of Standards and Technology (NIST). ZPRISE supports Z39.50 version 3. The 

Zclient installed on the local Sun operating system establishes a connection with the 

remote Zserver at NIST. One can get an adequate feel of Z39.50 services and operation 

using ZPRISE. 
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A theoretical model for Z39.50 protocol has been prepared and by performing additional 

experiments we have tried to simulate the behavior of the Z39.50 protocol. Using 

network monitoring packets such as etherman [13] or tcpdump [14], the actual time 

delays can be measured and these delays can be substituted in our model to find out the 

system performance. 

6.3 Current Implementations 

The Library of Congress (LOC) is the official maintenance agency for the Z39.50 

standard. Z39.50-1995 (Version 3) has been successfully implemented over TCP/IP. 

Many major library software vendors like Ameritech have implemented the standard 

while others are in the process of producing Z39.50 compliant products. Implementers 

also include Government organizations such as LOC, National Library of Canada and The 

British Library. 	Academic institutions such as University of California, Berkeley, 

Carnegie Mellon University have also implemented Z39.50 protocols. 



APPENDIX A 

STATE TABLE DEFINITIONS 

Origin States for Z-association: 

Closed (0): The Origin is awaiting an initialization request (Init req) from the service 
user. 

Init sent (I): The Origin is awaiting an initialization response protocol data unit Unit resp 
PDU) from the Target. 

Acc recvd (2): During initialization the Origin has received an Access Control PDU (Acc 
PDU) and is awaiting an Access Control response (Acc resp) from the service user. 

Rsc recvd (3): During initialization the Origin has received a Resource Control PDU 
(Rsc PDU) and is awaiting a Resource Control response (Rsc resp) from the service user. 

Serial Idle (4): The Z-association is established, there are no active operations, and the 
Origin and the Target are in Serial operations mode. 

Concurrent Idle (5): The Z-association is established, there are no active operations, and 
the Origin and the Target are in the Concurrent operations mode. 

Serial Active (6): There is an active operation and the Serial operations mode is in effect. 
Concurrent Active (7): There is at least one active operation, and Concurrent operations 
mode is in effect. 

Z-Acc recvd (8): The Origin has received an Acc PDU pertaining to the Z-association 
and is awaiting an Access Control response from the service user. 
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Z-Rsc recvd (9): The Origin has received a RscPDU pertaining to the Z-association and 
is awaiting a Resource Control response from the service user. 

Close sent (10): The Origin is awaiting a Close PDU from the Target. 

Close recvd (1 1): The Origin is awaiting a close response (Close resp) from the service 
user. 

Origin States for Operation: 

Present/Op sent (1): The Origin is awaiting a Present response PDU (Prsnt resp PDU) 
from the Target. For operations other than Present, the Origin is awaiting an operation 
response PDU (<op>resp PDU) from the Target. 

Rsc recvd (2): The Origin has received a Rsc PDU pertaining to an operation and is 
awaiting a Resource Control response form the service user. 

Acc recvd (3): The Origin has received an Acc PDU and is awaiting an Access Control 
response from the service user. 

Target States for Z-association: 

Closed (0): The Target is awaiting an hilt PDU from the Origin. 

Init recvd (1): The Target is awaiting an Init Response from the service user. 

Acc sent (2): During initialization the Target has sent an Access Control PDU (Acc 
PDU) and is awaiting an Access Control response PDU from the Origin. 

Rsc sent (3): During initialization the Target has sent a Resource Control PDU (Rsc 
PDU) and is awaiting a Resource Control response (Rsc resp) from the Origin. 
Serial Idle (4): The Z-association is established, there are no active operations, and the 
Origin and the Target are in Serial operations mode. 
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Concurrent Idle (5): The Z-association is established, there are no active operations, and 
the Origin and the Target are in the Concurrent operations mode. 

Serial Active (6): There is an active operation and the Serial operations mode is in effect. 

Concurrent Active (7): There is at least one active operation, and Concurrent operations 
mode is in effect. 

Z-Acc sent (8): The Target has sent an Acc PDU pertaining to the Z-association and is 
awaiting an Access Control response PDU from the origin. 

Z-Rsc sent (9): The Target has sent a Resource Control PDU (Rsc PDU) pertaining to the 
Z-association and is awaiting a Resource Control response PDU from the Origin. 

Close sent (10): The Origin is awaiting a Close PDU from the Origin. 

Close recvd (11): The Target is awaiting a Close response (Close resp) from the service 
user. 

Target States for Operation: 

Present/Op sent (1): The Target is awaiting,a Present response from the service user. For 
operations other than Present, the Target is awaiting an operation response PDU 
(<op>resp PDU) from the service user. 

Rsc sent (2): The Target has sent a Rsc PDU pertaining to an operation and is awaiting a 
Resource Control response form the Origin. 

Acc recvd (3): The Target has sent an Ace PDU and is awaiting an Access Control 
response from the Origin. 
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