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system designer of the need to design the basic processor as well as the over="
organization.

2. Advances in processor-to-processor communication schemes. With hundreds o=
thousands of processors working cooperatively, efficient and fail-safe methods
of coordination and data exchange are vital.

3. Performance demand. Even with the stupendous gains made in performamoe
with each successive generation of processor, application performanos
demands have grown even more rapidly. Parallel processing schemes provade
a means of boosting performance using existing processor technology.

This last point is particularly important. Despite the rapidity with which new
processor generations are produced, the software demands will always be one
step ahead. This is not true just in the supercomputer realm, but on the desktop
Every time computer companies deliver more power in their latest product
invariably new applications come along that utilize the system to the maximum
and then some. An Intel 80486 personal computer is clearly overkill for running =
word processor under DOS, but only just adequate for running Windows. Pen-
tium systems can handle Windows displays with ease, but they begin to buckls
when trying to service multimedia functions (e.g., live-action video or vides
phone applications) or advanced technologies such as real-time voice recognition

The subject of parallel processing is complex, involving issues relating to orgs-
nization, interconnection structures, inter-processor communication, operating-
system design, and application software techniques. The purpose of this section =
to provide a brief overview of some of the important organizational concepts.

Types of Parallel Processors

A parallel processor system is one in which multiple processors are interconnecta=
and work cooperatively to execute application programs. The term is meant &
refer to systems that support what might be referred to as high-level parallelism
These are systems that offer an explicit framework for developing system softwass
and applications that exploit parallelism. Excluded are systems that employ onis
low-level parallelism but that are generally still viewed as having a single proces-
sor. Examples of low-level parallelism include

* Instruction Pipelining: Each instruction execution is divided into a sequence
stages, so that multiple instructions can be executed in parallel, each one in =
different stage of execution.

® Multiple Processor Functional Units: Replication of ALU units enables a supes-
scalar approach, with multiple instructions executing in parallel, all at the sam«
stage of execution.

* Separate Specialized Processors: The most common example is the use of 10"
processors, which free the CPU from detailed I/O control responsibilities.

A taxonomy that highlights parallel processor systems first introduced by Flynm
[FLYN72] is still the most common way of categorizing such systems. Flynn pro-
posed the following categories of computer systems:
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¢ Single Instruction Single Data (SISD) stream: A single processor interprets a single
instruction stream to operate on data stored in a single memory. Some paral-
lelism can be achieved using any of the techniques listed above.

o Single Instruction Multiple Data (SIMD) stream: A single machine instruction con-
trols the simultaneous execution of a number of processing elements on a lock-
step basis. Each processing element has an associated data memory, so that each
instruction is executed on a different set of data by the different processors. Vec-
tor and array processors fall into this category.

o Multiple Instruction Single Data (MISD) stream: A sequence of data is transmitted
to a set of processors, each of which executes a different instruction sequence.
This structure has never been implemented.

* Multiple Instruction Multiple Data (MIMD) stream: A set of processors simultane-
ously execute different instruction sequences on different data sets.

With the MIMD organization, the processors are general-purpose, because they
must be able to process all the instructions necessary to perform the appropriate
data transformation. MIMDs can be further subdivided by the means in which the
processors communicate (Figure 16.15). If the processors share a common memory,
then each processor accesses programs and data stored in the shared memory, and
processors communicate with each other via that memory; such a system is known
as a multiprocessor. Multiprocessors were covered in Sections 16.1 and 16.2.

If the processors each have a dedicated memory, then each processing element
is a self-contained computer. Communication among the computers is either via
fixed paths or via some message-switching mechanism. Such a system is known
as a multicomputer.

Practical parallel processing systems include SIMD, multiprocessors, and multi-
computers. Figure 16.16 illustrates the general organization. First, as a baseline,
Figure 16.16a illustrates the general organization of an SISD. There is some sort of
control unit that provides an instruction stream (IS) to a processing unit. The pro-
cessing unit operates on a single data stream (DS) from a memory unit. With an
SIMD, there is still a single control unit, now feeding a single instruction stream to
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Using the Intel Pentium and PowerPC as running examples, Stallings relates contempo-
rary design issues to the fundamentals of computer organization and architecture. The

author’s highly accessible presentation and readable writing style make this an eminently
usable book.

The challenge of designing a system with balanced, optimized performance grows with the
rapid improvement of computer system performance parameters. This book meets the chal-
lenge through careful examination of important issues such as the design of innovative bus
interconnection structures, cache memory organization and protocols, instruction set archi-
tecture, and I/O architecture.
Stallings provides currency through the following Key Features:

> Examples of two recent system bus specifications (PCI and Futurebus+).

» Expanded coverage of cache memory material, including separate instruction and

data caches as well as the use of two levels of caches.

> Recent developments in DRAM organization.

> Discussion on RAID technology.

> Detailed examination of SCSI parallel and P1394 serial bus specifications.

>

»

Cache coherency in multiple-processor systems and MESI protocol are explored.
Parallel organizations including many microprocessors are discussed.
> Big-Endian, Little-Endian, and the new Bi-Endian approach are presented.
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