Multimedia Network
Integration and
Management

Larry L. Ball, Ph.D.

Managing Director
Telenetic Controls, Ltd.
Vancouver, B.C., Canada

McGraw-Hill

New York San Francisco Washington, D.C. Auckland Bogota
Caracas Lisbon London Madrid Mexico City Milan
Montreal New Delhi San Juan Singapore

Sydney Tokyo Toronto



Contents

Preface

Chapter 1. Multimedia Systems Introduction

L1, Definitions: Multimedia, Hypertext, Hypermedia
LLT s Multimedia

112 Hypertext and Hypermedia

13, Personal Multimedia Systems

14, Networks and Integration

120 Overview of Essential Technologies

121 e Enabling Technologies

122, Implementation Technologies

1230, Multimedia Database Management Technologies
1.24 s Data/Image Compression Technologies

1.2.50 e ... User Platform Technologies

1.2.6..ve. Transmission Systems Technologies

1.3 Classifications and Standards

1.3 1 Hierarchy of Multimedia Creations

13200 Categorization of Media Effects

1.3 3 e, Multimedia Data Standards

1.3 4. Organizational Forms of Multimedia Data

D S Issues Involved in Multimedia Network Management
| 107 R Psychophysical Aspects of Multimedia
142, Vendors Involved

1.43. . Operational Restrictions

144, Multimedia Quality

1450 Multimedia Network Management Paradigm

15 T System Considerations for Multimedia Implementations
LS50 e, Hardware

152 Multimedia Communications Concepts
1.6 A Look Ahead

XV



viii

Contents

Chapter 2. Multimedia Technologies:

Audio, Text, and Images

P28 The Technologies of Multimedia Systems

2.2 On-Line Storage Technologies

221 Compact Disk Technology

2.2 2. Magnetic Storage Technology

2.3 i Image Collection Technologies

23 0. Document Scanners

232 Optical Character Recognition

233 Frame Grabbing

234..e. FAX Capability

2.4 Image Processing

241 e Image Enhancement Using Histogram Modification
Techniques

242 Image Enhancement Using Image Smoothing Techniques

243 Image Enhancement Using Low-Pass Filtering
Techniques

244..... Image Enhancement Using Signal Averaging Techniques

2.5 e Animation Facilities

2.6uinee Other Technologies

2.6.1..cunnene. Knowledge-Based Systems

2.6.2.....uuu.. Theorem Proving

2.63....cuue. Automatic Programming

2.64......... Solutions to Combinational and Scheduling Problems

2,65 Machine Perception

2.6.6.......cu..... Expert Consulting Systems

2.6.7. o Robotics (

2.6.8........ Natural Language Processing

2.6.9......uuu. Computer-Aided Instruction

2.6.10............. Topological Reference

2611 Text-to-Speech Conversion

2.6.12............ Voice Recognition

2.6.13............. Tone Decoders

2.7 e Basic Components of Multimedia Services

Chapter 3. Multimedia Technologies -

Video Systems

G20 IS Evolution and Importance of Video
3.2 s Basic Video Parameters

3.2 e Video Generation

3.2 20 Video Presentation

3.3 Emerging Video Services

33 e Video Dial Tone

3320 Packet Video and Audio Accounting Systems



Contents

12 SO Video Storage Technologies
340, Laser Disk Technology
342 WORM Devices

343 i CD-ROM Technology
344, Optical Disks

3.4.5. . Magnetic Disk Storage Technology
346 Video Jukeboxes

350 Video and Image Collection

3.5 L, Video Cameras

3.52 e Document Scanning
3,60 Video Processing

3.6 1. Fourier Transforms

3.6.2 ... Neural Networks

3.7 i Video Transmission Technologies
3.7 s Fiber Optics

Chapter 4. Multimedia Technologies: Multimedia Data

Management

2% (R On-Line Storage Technologies

411 Physical Organization

4.1 2. s Traditional Data Storage and Retrieval Schemes
413 Video Information File Structuring
4.2 Attributes of Multimedia Database Systems
4.2.1......4......Speed

4.2.2 i Capacity

4.23 e Multimedia Information Buffering

4.24....... Ease of Use

4.2.5 e Processing Environments

4.3 Features of a Multimedia Data Management System
431, Database Systems Interfaces

432 Complexity and Compatibility

4.4 Example of an Image Database in Operation

Chapter 5. Multimedia Technologies: Transmission
Systems

ISJ0 T Transmission Systems for Multimedia
S50 i, ADSL/HDSL

512 ATM/SONET

513 s Coaxial Cable

S04 Twisted-Pair Copper Wire

5.1.5. e Fiber Distributed Data Interface (FDDI)
516 Frame Relay

99

100

102
107
108
108
110
111
112
113
114
115
116
116

121

122
122
122
125
125
127
128

ix



Contents

5.2 i Attributes of Transmission Systems 129
5.2.1...cc...... Demographic Considerations 129
522 Historical Consideratigns 129
523 s Technical Considerations 130
524... Economic Considerations 131
5.3 i In-Depth Analyses of Transmission Technologies 132
531 High-Bit-Rate Digital Subscriber Line (HDSL) 132
5320 Asymmetrical Digital Subscriber Line (ADSL) 136
533, Analog Transmission Systems (ATS) 138

Chapter 6. Multimedia Technologies: Interfacing with

Network Systems 143
6.1 o Existing Network Systems for Multimedia 144
6.2 AT&T's Unified Management Architecture (UNMA) 144
6.2. 1. Background 144
6.22..n. Multimedia Technology Impacts 147
6.3 i, IBM's Netview 149
6.3 1. Background 149
6.3 2. Multimedia Technology Impacts 151
O GTE's Network Performance Monitor 153
6.4.1 .. Background 153
6.4.2.....u... Multimedia Technology Impacts 155
6.5 i, Novell's Netware ‘157
6.5.1 .o Background 157
6.52.ccine Multimedia Technology Impacts 159

Chapter 7. Multimedia Technologies: Coding and

Compression 165
728 [ Data Conversion 166
T2 Pulse Code Modulation (PCM) Techniques 167
T2 e Adaptive Pulse Code Modulation (APCM) 168
722 Differential Pulse Code Modulation (DPCM) 169
73 TN Information Coding 170
G T [ Loss versus Lossless Algorithms 170
732 Interframe Coding 171
733 Motion Picture Experts Group Coding 174
T34 Linear Predictive Coding (LPC) 175
7350 Run-Length Coding 182
7.3.6u s Huffman Coding 183
S Complexities of Information Coding Algorithms 185
) e Delays 185

R s cximsassosas Complexity 185



Contents

743 i Sensitivities to Algorithms and Channel Errors 185
7S T Data Compression 186
TS50 Null Compression 187
7.52 i Bit Mapping 187
7.53 i Run Length 188
754 Diatomic Encoding 191
755 i Pattern Substitution 192
7.5.6..ccceue Relative Encoding 192
757 s Digital Facsimile 193
76, Digital Audio Compression 194
T T Frame Compression Techniques 195
A/ R Interframe Compression 195
772 e Intraframe Compression 196
7.7.3....ce...... Companding (Compression and Expansion of Data) 196

Chapter 8. Applications Requirements for Multimedia

Networks 201
£ 3 General Requirements 202
82 Components of Multimedia Networks 203
821 Multimedia Network Elements 204
822 Multimedia Network Protocols 206
823 . Applications Packages 208
824.......... Network Management Implications 209
825 . Multimedia Information Loading 216
83 Multimedia Data 217
831, Imagery 217
832 e Text 218
833 e Audio 219
L SRR [ssues Related to Multimedia Applications 220
84. 1. Multimedia Data Transmission 220
842 Multimedia Data Reception 220
843 .. Quality Determination 222

Chapter 9. Multimedia Network Control Techniques 227

170 PR Network Control Criteria 228
120 O R Quality Tagging 229
9.1 2 Quality Requirements 230
9. 2. Error Reporting and Evaluation 232
921 Video 234
9.2. 1.1 Frame Size 236
9.2.1.2...........Frame Depth 236

9.2.1.3..........Compression Ratio 237



xii

Contents

9.2.14......... Noise Level

9.22.cen. Audio

9.2.2. 1o Musical Instrument Digital Interface (MIDI)
9.2.2.2...........Audio Quality Measures
9.23. e Text Information
9.2.3.1...........Background
9.2.3.2..........Text Quality Measures

9.3 e Predictive Methods
931 Polynomial Regression
9.3 2. Correlation Functions
933 Simulation
9.3.3.1............Single Servicing Points
9.3.3.2..........Multiple Servicing Points
9.4 Intelligent Approaches
9.4. 1. Data Structures
9.42....u.. Al Tools

9.43..... Knowledge Transfer and Reasoning
9.5 Design Control Approaches
9.5.1...............Reliability

9.52.u e Availability

9.53.cne Delay Times

9.54........ Capacity

9.5.5. e Execution Speed

Chapter 10. Multimedia Network Management
Architectures

10,1 e Architectural Concepts

10.1.1 e Open Systems Interconnect (OSI)

10.1.2.e The ISO Environment

10.1.3............. Common Management Information Protocol
10.1.4............. Layer Management Entities

10.1.5............. System Management Application Entity (SMAE)
10.1.6............. Development Approaches to Multimedia Networks
10.1.7...unee OSI Model Communications

102 Multimedia Network Management

10.2.1............. Multimedia Network Management Requirements
10.2.2..eeee Approaches to Multimedia Network Management
10.2.3.............Component Technologies of Multimedia Networks
10.24............. Protocols for Multimedia Network Management

10.2.4.1..........0SI-Defined Protocols

10.2.4.2 ........Network Signaling Protocols

10.2.4.3 .........Packet-Oriented Protocols

10.2.4.4 ........Message-Oriented Protocols
10.2.4.5.........X.25 Data Communications Protocol
10.2.4.6.........TCP Data Communications Protocol
103 Access to Network Management Information

237
237
237
239
240
240
241

244
244
245
246
246
248
251

252
256
257
260
260
262
263
264
266

271

272
272
274
275
275
275
276
280
282
282
285
286
290
291
294
295
295
297
297
299



Contents

10.4........on.... Network Management Schemes
104.1............. ISO Network Management Functions
10.4.2............ Simplified Network Management Protocol (SNMP)

10.4.2.1 ........SNMP Description
10.4.2.2........SNMP Architecture

10.43 ............ CMIP versus SNMP

1044 ............ Manufacturing Automation Protocol (MAP)
10.4.5............ Systems Network Architecture
10.5.cciine. Operations of Protocols

10.6.......uu... Economics of Protocols

Chapter 11. Multimedia Network Architectures

| 18 The Special Nature of Multimedia Networks
1LLT .. Classification of Generic Networks
1120 Architectural Configurations

11.2.1..ee. Architectural Problem Areas

11.2.2........... Architectural Diversities and Requirements
11.23............ Specific Design Options

113 e Functions of Telecommunications Protocols
1131 Multimedia Network Issues

11.3.2. e Network Principles
11.3.2.1..........Connectivity

11.3.2.2 .........Performance Management

Chapter 12. Multimedia Network Scenarios

121 e Promise of the Future
1220 Multimedia Banking Terminal
122, 1. Application Overview

12.2.1.1.........Market Opportunities

12.2.1.2 .........Key Features and Capabilities
12.2.1.3........Market View
12.2.1.4........Network Services

12.2.1.5......... Functional Alternatives
12.2.1.6.......... Technical Issues

12.2.2............ Network Management [ssues
123 The Personal Information Booth
12.3. 1. Application Overview

12.3.1. 1. Market Opportunities
1.2........Key Features and Capabilities
1.3.........Market View
12.3.1.4........Functional Alternatives
1.5........ Technical Issues

301
303
303
303
304
305
306
306
308
309

315

316
317
320
320
321
323
327
330
331
331
332

338
343
343
344
345
345
347
347
348
348
350
350
352
353
353
354
354

xiii



Xiv

Contents

12.3.1.6.........Development Issues

12.3.2..cee. Network Management Issues
124 Movies-on-Demand Paradigm
124.1............. Application Overview

12.4.2............. Business and Revenue Opportunities

12.4.2.1..........Analog Copper Delivery System
12.4.2.2 .........Digital Copper Delivery System
12.4.2.3 ........Analog or Digital Coax Delivery System

1243 Network Management Issues

12.5 i Personal Video

12.5.1...cuu. Application Overview

12.5.1.1.........Background

12.5.1.2..........Customer Need or Problem Addressed

12.5.1.3..........Key Features and Capabilities

12.5.1.4.........Benefits

12.52.0ne Market View

12.5.2.1..........Description of the Target Market and Potential
Customers

12.5.2.2 .........Current and Projected Target Market Window and Size

1253 Conceptual Approach

12.5.3.1..........Provisioning Approaches

12.5.4........... Key Issues

12.5.4.1..........Possible Regulatory/Legal Constraints
12.5.4.2 ........ Technical Efforts Required
12.5.4.3 .........Special/Unique Client Capabilities Needed

12.6...cne. Personal Network Directory
12.6.1............Application Overview
12.6.2............. The Market

12.6.2.1.......... Historical Perspective

12.6.2.2 .........Recent Events
12.6.2.3 .........Problem/Opportunity
12.6.2.4 .........Product Potential
12.6.3............. The Product
12.6.3.1.........Consumer End Product
12.6.3.2........System Architecture
12.6.3.3 .........User Interface
12.6.3.4 .........Operational Scenario
12.64............. The Technology
12.6.4.1..........System Design
12.6.4.2 ........Key Technologies

12.6.5............. The Issues

12.6.6............. Product Definition

12.6.7............. Service and Support

12.6.8............. Architecture

12.6.9............. The Market

12.6.10........... Risks and Justification

12.6.11......... Description of the Personal Directory

Index

355
357
358
360
364
364
365
365
365
366
366
366
367

378
378
379
379
379
380
385
386
386
387
391
392
393




