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Description:

Encore Computer Corporation was established inbdanugh, Massachusetts in
1983 by some very experienced, senior and notaiiguater professionals: Kenneth
Fisher (ex-CEO, Prime Computer), Gordon Bell (Mitesident, Digital Equipment
Corporation [DEC]) and Henry Burkhardt Il (co-fader of Data General and
Kendall Square Research). The intention was to certialise parallel machines
using commodity microprocessors.

The Encore Multimax commercial symmetric multipregar (SMP) minicomputer
was introduced in 1985, based on a 10MHz NatioraiiSonductor NS32000 series
microprocessor chipset, which included a 32-bit@{&PU, a floating-point
coprocessor, a virtual memory coprocessor, andakesther support chips, very
attractive for its clean and orthogonal instructsat and the simple interconnection of
its CPU-group hardware. Up to ten processors stapdprietary 100Mhz snoopy
cache-coherent 32-bit address and 64-bit Nat@obus It ran symmetric ports of the
BSD, UNIX System V or Mach operating systems.

Unfortunately the NS32000 had lost its market mamm@ndue to many design bugs
in its original NS16032 / NS32016 chipsets. LatertWhax models employed faster
NS32332 and NS32532 chipsets, but National Semiatind National halted further
development of the NS32000 series in 1989. Enduwe pivoted to the Motorola
88000 RISC microprocessor, but then in the earB0%9ts further development was
halted too. By 1994 Encore pivoted yet again toDBE€ Alpha 21064, but with little
success.

Their main competitor was initially the Sequentd@ale, also NS32000-based, but in
1987 Sequent switched to 180386 processors foceesgor, the Sequent Symmetry.
Both companies were pioneers of large-scale synmmatiltiprocessing, which with
contemporary advances in cache coherency protbedi$ecome a hot topic. Encore
still exists as an entity, albeit not an independ@®mpany anymore.
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The Beginnings

Founded in May, 1983 by Kenneth Fisher and others, Encore Computer Corporation
spent its early months exploring possible company directions. By the end of the sum-
mer of 1983, the company’s executives and engineers had decided that computer tech-
nology had reached an evolutionary stage justifying the commercial design and imple-
mentation of a parallel processing architecture. This decision was based on two key
facts:

The price/performance ratio of microprocessors had grown, and promised continued
growth, at a much faster rate than that of discrete component processors. Already,
in 1983, low-cost single microprocessor chips were available with performance
approaching that of low-end superminicomputers.

Operating systems had for some years supported multiprogramming, allowing
uniprocessors to emulate the execution of multiple processes in parallel. Encore
engineers agreed that modifying an industry standard operating system such as
UNIX to allow simultaneous execution of multiple processes on separate processors
ought to be a feasible task — provided that the system hardware was designed to
assist in the complex coordinations required.

For these reasons, Encore decided to sponsor the development of a new computer that
would take maximum advantage of existing hardware and software standards, existing
and developing microprocessor and peripheral chips, and an as yet undetermined bus
design. Marketing and engineering personnel agreed that a successful machine must
deliver an unprecedented price/performance ratio, must be modular and expandable,
must provide implicit as well as explicit opportunities for parallel program execution,
and must provide customers access to all major languages, tools, and applications
available to the industry.

Early Multicomputer Architectures

As a concept, the multiple-processor computer system was not new: the Burroughs
B5000, a dual symmetrical processor, had been introduced in 1961. In the following
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Preface

Encore’s response to this problem was that, although unlimited scalability of a parallel
processing architecture might be theoretically attractive, it came at too high a price in
terms of the agreed-upon objectives. Encore decided that limited scalability was
acceptable and could produce very worthwhile improvements in price/performance if
the saturation point could be moved high enough.

Bus Design

After some deliberation, Encore engineers agreed that raising the bus saturation point
to an acceptable level would involve two fundamental design efforts. The first was to
create a wide, very high-speed bus that would have surplus bandwidth to permit the
bus to accomodate several generations of microprocessors,” each operating at two or
three times the speed of its predecessor. Out of this design effort came the Encore
Nanobus, a 100 Mbyte/second structure providing independent address (32 bits plus
parity), data (64 bits plus parity), interrupt vector (14 bits), and control lines. Since
the Nanobus architecture permits pended and pipelined bus transactions, system com-
ponents can exchange massive amounts of data with minimum bus contention.

Cache Design

The high-bandwidth Nanobus design, however, was only part of Encore’s solution to
the bus saturation problem. A second component of the solution was to minimize the
need for processors to access the bus at all. Since the principal activity of Von Neu-
man processors is to access instructions and data from memory and to return modified
data to memory, it was clear that one way of reducing the load on the bus was to pro-
vide each processor with an auxilliary local cache memory that could be used to store
the most recently accessed (and most likely to be reaccessed) instructions and data.
Because caches would be small relative to the size of main memory, they could be
implemented with high-speed static RAM that could be accessed without wait states
and thereby serve the additional purpose of speeding up processor execution time
while still preserving the shared-memory model of the architecture. The first genera-
tion of Encore processor boards allocated 16K bytes of cache memory for each proces-
sor, the second generation allocated 64K bytes, and the third 256K bytes. Although
the growing power of each processor generation made increasingly severe demands on
cache memory, these cache sizes provided estimated hit rates in the neighborhood of
89%, 95.7%, and 97.5%, respectively: once the cache was loaded, only a very small
proportion of memory accesses needed to be made across the bus to main memory.

Bus Watching Protocol

Designers have been using cache memory to reduce bus traffic and speed up memory
access on uniprocessors for many years. When the technique is applied in a shared
memory multiprocessing environment, however, we encounter a problem of data
coherency: since memory is shared and can be modified by any processor on the
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Future Hardware Development

But 200 MIPS is by no means the upper limit of the Nanobus architecture. Encore is
e currently developing a system, teqtatively called GigaMax, under a contract from the
] i Defense Adva.nced Research Projects Age'ncy‘(DARPA) that uses a patented, tightly-
o S coupled, multiple bus structure able to maintain cache coherency and greatly increase
Wl maximum performance far above 200 MIPS. The Gigamax will consist of up to cight
aceess Multimaxes interconnected by bus cables carrying high-speed, differential, emitter-
coupled logic (ECL) signals, with a ninth Nanobus acting as a global switch. Each
N Multimax will use write-deferred protocol to maintain internal cache consistency, and
intaining the ninth Nanobus will use the same protocol to maintain coherency between Multi-
re’s first maxes. The Gigamax should easily be capable of over 1000 MIPS of performance.

omfortable Multimax Software

speed third One of the principal goals of the shared-memory multiprocessor architecture discussed
in the previous paragraphs is to allow system users to achieve near linear performance
improvements as processors are added. Meeting this objective requires not only
appropriate hardware, but also a parallel operating system that offers symmetric access
to system resources. Although the multiprogramming character of the standard distri-
butions of Berkeley and AT&T UNIX systems showed considerable promise as starting
points for such an operating system, they share the assumption that only one thread of
e data execution at a timtf can run in the kernel. If such single-threaded execution is
system attempted on a multiprocessor, the effort to protect kernel-shared data structures pro-
duces a master-slave relationship between processors whereby only one processor (the

he cache master) is capable of executing within the kernel context.

written Because such exclusiveness would be incapable of delivering the full power of the mul-
m prac- - tiprocessor hardware, Encore made a number of substantial changes in the UNIX
y a spe operating system kernels. Encore’s kernels utilize threads of execution to allow con-
s being currently running processes multiple, simultaneous entry into the operating system. If
sharing the threads block due to an IO or signal wait, their state is saved. When they are
spon- again free to run, they can do so on whatever processor is currently available. Simi-
read it. larly, a thread that is blocked for an VO completion can have its VO completion inter-
ts OWn- rupt processed by any available processor. This fully symmetric operating system
behavior, working in conjunction with the automatic load-balancing features of the
Multimax, transparently converts the multiprogramming characteristics of standard
used on UNIX into true multiprocessing characteristics. The result is that multiple-process

environments, like those that have always typified UNIX, are parallelized automati-

! of cally.
Encore’s two primary operating systems, UMAX 4.2 and UMAX V (compatible with
Berkeley Standard Distribution 4.2 and AT&T's System V.3, respectively), have each

been modified and optimized to allow users the maximum amount of concurrency. All
of the key user interfaces, networking capabilities, networked file systems, system
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Chapter 1

The Systems

Encore Computer Corporation’s Multimax systems represent the best of a new com-
puter class characterized by a high-performance architecture that accommodates multi-
ple processors in a large number of different configurations. There are currently two
basic platforms in the Multimax family, one providing slots for 11 Nanobus cards, the
other providing slots for 20 Nanobus cards. These platforms can be subdivided accord-
ing to the kind of 32-bit processor cards installed in their backplanes. Since Encore
currently offers moderate- and high-speed processor cards, the two card types and the
two platforms combine to produce four basic models in the Multimax line:

The Multimax 310. Supports from 2 to as many as 10 moderate-speed processors,
each capable of 2 million instructions per second (MIPS) — resulting in an aggregate
performance rating ranging from 4 to 20 MIPS.

o The Multimax 320. Supports from 2 to 20 moderate-speed processors, each capable
of executing 2 MIPS — for an aggregate performance rating ranging from 4 to 40
MIPS.

The Multimax 510. Supports from 2 to 10 high-speed processors, each capable of
approximately 8.5 MIPS — for an aggregate performance rating ranging from 17 to
85 MIPS.

The Multimax 520. Supports from 2 to 20 high-speed processors — for an aggregate
performance rating ranging from 17 to 170 MIPS.

All systems have fast shared memory (16 to 64 Mbytes on the Multimax 310/510, 16
to 160 Mbytes on the Multimax 320/520). They also have configurable extended VO
capacity (1 or more network channels and from 1 to 10 or 1 to 12 intelligent mass
storage channels). On both systems, the microprocessors, memory, and VO interfaces
are coupled across a wide, high-speed main system bus, providing a single computer
product that spans a spectrum of performance from that of minicomputers to that of
mainframes.
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