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1 Introduction

Any code that you develop, modify, or execute will ultimately depend on the hardware that it is running on.
One of the goals of CSC-215 is to expose you to hardware aspects that are common across all computers.
Because it is not possible to examine all possible hardware combinations and to update the text whenever
a new piece of hardware is released, the text focuses on common aspects to create a foundation for later
training and analysis.

As part of CSC-215, you will examine a computer system of your choosing. The computer can be
a computer in a traditional sense (laptop, desktop, tablet, etc.), or a non-traditional one (smart phone,
wearable device, microprocessor, etc.). These are requirements regarding the choosing the computer:

1. It must be digital.
2. It must be yours. Either you currently own it, or will in the very near future.
3. You must declare your choice by next class.

4. Your choice can be changed only with my approval, and only with significant justification.

2 Details

A portion of the complete project will be due at the end of each chapter in the text. The details of each
portion are:

1. Between 2 and 4 pages of text. This page count does not include the front-matter (title page, table of
contents, list of tables, list of figures, etc.), the end matter (references, possible appendices, etc.).

2. 10 or 12 point, single sided, New Times Roman (or similar font).
3. You'll submit a PDF document (not a Word, or Open Office, or something else).

4. Use modern language Association of America (MLA) format.

2.1 Local resources

The TCC Writing CenteIEI is available during normal business hours and for a limited time on the Weekends.
The center is located in the Lynnhaven building, room E121 (757) 822-7170.

Thttps://web.tcc.edu/students/resources/writcent/


https://web.tcc.edu/students/resources/writcent/

2.2 Remote resources

There are a number of on-line resources to assist with writing styles and formatting. These include:

e Purdue OWL: MLA Formatting and Style Guide El The Purdue Online Writing Lab (OWL) offers a
large number of free resources including style guides, avoiding plagiarism, and developing a résumé.

e Cornell University Library E| with lots of examples of style. citing sources, and works with varying
numbers of authors and contributors.

e Modern Language Association (MLA) E| is the canonical source.

2.3 Notional organization
Each submission (there will be one submission for each chapter in the text) will have the following sections:
e Introduction
e Discussion
e Details
e Conclusion
o References

Each section should have at least two well written paragraphs. A well written paragraph has the following
elementst

e Unity — a single focus,
e Coherence — easily understood by the reader,
e A topic sentence — a general statement of what the paragraph will be dealing with,

e Adequate development — discussing the topic sentence fully and adequately

3 Supporting documents

The class text is based on chapters drawn from the author’s complete book. I've attached table of content
pages from her book to help you see how to organize your submissions.

%https://owl.english.purdue.edu/owl/resource/747/01/
Shttps://www.library.cornell.edu/research/citation/mla
“https://www.mla.org/
Shttps://owl.english.purdue.edu/owl/resource/606/01/


https://owl.english.purdue.edu/owl/resource/747/01/
https://www.library.cornell.edu/research/citation/mla
https://www.mla.org/
https://owl.english.purdue.edu/owl/resource/606/01/

xxiv  Contents
CHAPTER MARIE: An Introduction to a Simple Computer 145
ll 4.1 Introduction 145
4.1.1 CPU Basics and Organization 145
4.1.2 The Bus 147
4.1.3 Clocks 151
4.14 The Input/Output Subsystem 153
4.1.5 Memory Organization and Addressing 153
4.1.6 Interrupts 156
4.2 MARIE 157
421 The Architecture 157
422 Registers and Buses 159
423 The Instruction Set Architecture 160
424 Register Transfer Notation 163
4.3 Instruction Processing 166
4.3.1 The Fetch-Decode-Execute Cycle 166
432 Interrupts and /O 166
4.4 A Simple Program 169
4.5 A Discussion on Assemblers 170
4.5.1 What Do Assemblers Do? 170
452 Why Use Assembly Language? 173
4.6 Extending Our Instruction Set 174
4.7 A Discussion on Decoding: Hardwired vs. Microprogrammed
Control 179
4.8 Real-World Examples of Computer Architectures 182
4.8.1 Intel Architectures 183
4.8.2 MIPS Architectures 187
Chapter Summary 189
Further Reading 190
References 191
Review of Essential Terms and Concepts 192
Exercises 193
CHAPTER A Closer Look at Instruction Set Architectures 199

5

5.1 Introduction 199
5.2 Instruction Formats 199
5.2.1 Design Decisions for Instruction Sets 200



Contents XXV
522 Little versus Big Endian 201
5.2.3 Internal Storage in the CPU: Stacks versus Registers 203
524 Number of Operands and Instruction Length 204
5.2.5 Expanding Opcodes 208
5.3 Instruction Types 210
5.4 Addressing 211
54.1 Data Types 211
542 Address Modes 212
5.5 Instruction-Level Pipelining 214
5.6 Real-World Examples of ISAs 219
5.6.1 Intel 220
5.6.2 MIPS 220
5.6.3 Java Virtual Machine 221
Chapter Summary 225
Further Reading 226
References 227
Review of Essential Terms and Concepts 228
Exercises 229
CHAPTER Memory 233
6 6.1 Memory 233
6.2 Types of Memory 233
6.3 The Memory Hierarchy 235
6.3.1 Locality of Reference 237
6.4 Cache Memory 237
6.4.1 Cache Mapping Schemes 239
6.4.2 Replacement Policies 247
6.4.3 Effective Access Time and Hit Ratio 248
6.4.4 When Does Caching Break Down? 249
6.4.5 Cache Write Policies 249
6.5 Virtual Memory 250

6.5.1 Paging 251

6.5.2 Effective Access Time Using Paging 258

6.5.3 Putting It All Together: Using Cache, TLBs, and Paging 259

6.5.4 Advantages and Disadvantages of Paging and Virtual Memory 259
6.5.5 Segmentation 262

6.5.6 Paging Combined with Segmentation 263



XXVi Contents
6.6 A Real-World Example of Memory Management 263
Chapter Summary 264
Further Reading 265
References 266
Review of Essential Terms and Concepts 266
Exercises 267
CHAPTER

7

Input/Output and Storage Systems 273

7.1 Introduction 273
7.2 Amdahl’s Law 274
7.3 I/0 Architectures 275
7.3.1 1/0 Control Methods 276
732 I/0 Bus Operation 280
7.3.3 Another Look at Interrupt-Driven /O 283
7.4 Magnetic Disk Technology 286
74.1 Rigid Disk Drives 288
7.4.2 Flexible (Floppy) Disks 292
7.5 Optical Disks 293
7.5.1 CD-ROM 294
7.5.2 DVD 297
753 Optical Disk Recording Methods 298
7.6 Magnetic Tape 299
7.7 RAID 301
7.7.1 RAID Level 0 302
7.7.2 RAID Level 1 303
7.7.3 RAID Level 2 303
7.7.4 RAID Level 3 304
7.7.5 RAID Level 4 305
7.7.6 RAID Level 5 306
7.7.7 RAID Level 6 307
7.7.8 Hybrid RAID Systems 308
7.8 Data Compression 309
7.8.1 Statistical Coding 311
7.8.2 Ziv-Lempel (LZ) Dictionary Systems 318
7.8.3 GIF Compression 322
7.8.4 JPEG Compression 323



Contents XXVii

Chapter Summary 328

Further Reading 328

References 329

Review of Essential Terms and Concepts 330

Exercises 332

Focus on Selected Disk Storage Implementations 335
7A.1 Introduction 335
TA2 Data Transmission Modes 335
7A3 SCSI 338
TA4 Storage Area Networks 350
TA.S Other I/O Connections 352
7A.6 Summary 354
Exercises 354
CHAPTER System Software 357
8 8.1 Introduction 357
8.2 Operating Systems 358
8.2.1 Operating Systems History 359
822 Operating System Design 364
8.2.3 Operating System Services 366
8.3 Protected Environments 370
8.3.1 Virtual Machines 371
8.3.2 Subsystems and Partitions 374
833 Protected Environments and the Evolution of Systems Architectures 376

8.4 Programming Tools 378
8.4.1 Assemblers and Assembly 378
8.4.2 Link Editors 381
8.4.3 Dynamic Link Libraries 382
8.4.4 Compilers 384
8.4.5 Interpreters 388
8.5 Java: All of the Above 389
8.6 Database Software 395
8.7 Transaction Managers 401
Chapter Summary 403
Further Reading 404



