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Michael Flynn

Preface

Design of microprocessor and/or multimicroprocessor systems represents a continuous struggle; success (if achieved) lasts only infinitesimally long and disappears forever, unless a new struggle (with unpredictable results) starts immediately. In other words, it is a continuous survival process, which is the main motto of this book.

This book is about survival of those who have contributed to the state of the art in the rapidly changing field of microprocessing and multimicroprocessing on a single chip, and about the concepts that have to find their way into the next generation microprocessors and multimicroprocessors on a chip, in order to enable these products to stay on the competitive edge.

This book is also about the microprocessor and multimicroprocessor based designs of the author himself, and about the lessons that he has learned through his own professional survival process which lasts for about two decades now; concepts from microprocessor and multimicroprocessor boards of the past represent potential solutions for the microprocessor and multimicroprocessor chips of the future.

In this book, the issues of importance for current on-board microprocessor and multimicroprocessor based designs, as well as for future on-chip microprocessor and multimicroprocessor designs, have been divided into ten different topics. Each of the topics is further subdivided into three different sections:

(a)  the first one on the basics (traditional body of knowledge),

(b)  the second one on the advances (state of the art information), and

(c)  the third one on the efforts of the author and his associates (a brief research report).

After long discussions with more experienced colleagues (see the list in the acknowledgment section), and the more enthusiastic students (their wishes should represent the highest priority), the ten major topics have been selected, as follows:

(a)  Microprocessor systems on a chip

(b)  Cache and cache hierarchy

(c)  Instruction level parallelism

(d)  Branch prediction strategies

(e)  Input/output bottleneck

(f)  Multithreaded processing

(g)  Shared memory multiprocessing systems

(h)  Distributed shared memory systems

(i)  Multicomputer systems 

(j)  Distributed computer systems

Topics related to issues in uniprocessing are of importance for microprocessor based designs of today and the microprocessor on‑chip designs of immediate future. Topics related to multiprocessing are of importance for multimicroprocessor based designs of today and the multimicroprocessor on‑chip designs of the not so immediate future. The author is one of the believers in the prediction that future on-chip machines, even if not of the multimicroprocessor or multicomputer type, will include strong support for multiprocessing and multicomputing. Consequently, as far as multiprocessing and multicomputing is concerned, only the issues of importance for future on-chip machines have been selected.

This book also includes a prolog section, which explains the roots of the idea behind it: combining synergistically the general body of knowledge and the particular experiences of an individual who has survived several pioneering design efforts of which some were relatively successful commercially.

Finally, this book also includes an epilog section, with three case studies, on three microprocessor based designs involving multiple microprocessors. The author was deeply engaged in all three designs. In this author’s opinion, each project, in the field which is the subject of this book, includes three major types of activities:

(a)  envisioning of the strategy
 (project directions and milestones),

(b)  consulting on the tactics
 (product architecture and organization), and

(c)  engaging in the battle
 (design and almost exhaustive testing on all logical levels, until the product is ready for the market).

The first case study is on a multimicroprocessor implementation of a data modem for high frequency radio. This design has been often quoted as the world’s first multimicroprocessor based high frequency data modem. The work was done in 70s; however, the interest in the results reincarnated both in 80s (due to technology impacts which enabled miniaturization) and in 90s (due to application impacts of wireless communications). The author, absolutely alone, took all three roles defined above (one technician only helped with wire-wrapping, using the list prepared by the author), and brought the product to a market success (after the wire-wrap boards were turned, by others, into the printed-circuit boards) in less than two years (possible only with the enthusiasm of a novice). See the reference in the acknowledgment section, as a pointer to details (this reference is not the earliest one, but the one which conveys most information of interest for this book).

The second case study is on a multimicroprocessor implementation of a GaAs systolic array for Gram-Schmidt orthogonalization (GSO). This design has been often quoted as the world’s first GaAs systolic array. The work was done in 80s; the interest in the results did not reincarnate in 90s. The author took only the first two roles; the third one was taken by the others (see the acknowledgment section), but never really completed, since the project was canceled before its full completion, due to enormous cost (total of 8192 microprocessor nodes, each one running at the speed of 200 MHz). See the reference in the acknowledgment section, as a pointer to details (this reference is not the earliest one, but the one which conveys most information of interest for this book).

The third case study is on the implementation of a board (and the preceding research) which enables a personal computer (PC) to become a node in distributed shared memory (DSM) systems of the reflective memory system (RMS) type. This design has been often quoted as the world’s first DSM plug‑in board for PC technology (some efforts with larger visibility came later; one of them, with probably the highest visibility, as an indirect consequence of this one). The work was done in 90s. The author took only the first role and was responsible for the project (details were taken care of by his graduate students); fortunately, the project was completed successfully (and which is more important for a professor, papers were published with timestamps prior to those of the competition). See the reference in the acknowledgment section, as a pointer to details (this reference is not the earliest one, but the one which conveys most information of interest for this book).

All three case studies have been specified with enough details, so the interested readers (typically undergraduate students) can redesign the same product using a state of the art technology. Throughout the book, the concepts/ideas and lessons/experiences are in the foreground; the technology characteristics and implementation details are in the background, and can be changed by the reader, if so desired. This book:

Milutinovic, V.,
“Surviving the Design of Microprocessor and Multimicroprocessor Systems: Lessons Learned,”
IEEE Computer Society Press, Los Alamitos, California, USA, 1997,

is nicely complemented with other books of the same author, by the same publisher. One of them is:

Milutinovic, V.,
“Surviving the Design of a 200 MHz RISC Microprocessor: Lessons Learned,”
IEEE Computer Society Press, Los Alamitos, California, USA, 1996.

The above two books together (in various forms) have been used for about a decade now, by the author himself, as textbooks for two undergraduate courses that he has taught periodically at various universities worldwide. Other books are on the more advanced topics, and have been used in graduate teaching on the follow up subjects: 

Ekmecic, I., Tartalja, I., Milutinovic, V.,
“Tutorial on Heterogeneous Processing: Concepts and Systems,”
IEEE Computer Society Press, Los Alamitos, California, USA, 1997
 (currently in final stages of preparation; will be out definitely before this book). 

Protic, J., Tomasevic, M., Milutinovic, V.,
“Tutorial on Distributed Shared Memory: Concepts and Systems,”
IEEE Computer Society Press, Los Alamitos, California, USA, 1997
 (currently in final stages of production; will be out definitely before this book).

Tartalja, I., Milutinovic, V.,
“Tutorial on Cache Consistency Problem in Shared Memory Multiprocessors: Software Solutions,”
IEEE Computer Society Press, Los Alamitos, California, USA, 1996.

Tomasevic, M., Milutinovic, V.,
“Tutorial on Cache Coherence Problem in Shared Memory Multiprocessors: Hardware Solutions,”
IEEE Computer Society Press, Los Alamitos, California, USA, 1993.

In conclusion, his book covers only the issues which are, in the opinion of the author, of strong interest for future design of microprocessors and multimicroprocessors on the chip. These issues have been treated selectively, with more attention paid to topics which are believed to be of more importance. This explains the difference in the breath and depth of coverage throughout the book.

Also, the selected issues have been treated with a various level of detail. This was done intentionally, in order to create room for creativeness of the students. Typical homework requires that the missing details be completed, and the inventiveness with which the students fulfill the requirement is sometimes unbelievable (the best student projects can be found on the author’s coursework web page). Consequently, one of the major educational goals of this book, if not the major one, is to help create the inventiveness among the students. Suggestions on how to achieve this goal more efficiently are more than welcome.

Finally, a few words on the educational approach used in this book. It is well known that “one picture is worth of one thousand words.” Consequently, the stress in this book has been placed on figures and figure captions. All necessary explanations have been put into the figures and figure captions. The main body of the text has been kept to its minimum—only the issues of interest for the global understanding of the topic and/or the thoughts on experiences gained and lessons learned. Consequently, students claim that this book is fast to read and easy to comprehend.

Veljko Milutinovic
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