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Abstract - Three VLSI chips which are a
pracessor chip, a cache memory chip, and a
network control chip for a highly parallel inference
machine with capability of max 118 MRPS (Mega
Reduction Per Second) have been developed. A
processing  element (PE) which consists of the
processor chip and the cache memory chip has been
designed to be suited for logic programming
Ianguages. The processor ciiip has been constructed
in a submicron CMOS process techrologies. The
cache memory chip implements a hardware support
called "Trail Buffer” which is suitable for the
execotion of the Prolog-like languages. The
netwark control chip makes it possible (o connect
256 PEs in a mesh nelwork,

L. Introduction

A high performance machine has been required for a
massive knowiedge informarion processing, It is not suitable
for general purpose computers o make an inference from huge
amounts of data, In order to solve this problem, expert
systemns which execute logic programming languages in high
speed have been developed. To attin higher performance, it is
effective 19 make 2 lot of processing elements gperale in
parallel and to reduce the machine eyele time of processing
element.

A large scale Parallel Inference Machine (PIM/m) is
being developed n the Japanese Fifth Generation Compuer
Systems Project [1]. The maximum configuration of FIym is
shown in I-‘Lgu:-.*. I. Up o 256 processing elemems are
connected to form a mesh network, The processing element
has the processing unit, the cache unit, the main memory, the
floating point processar, and the nerwork contral wnit as
shown in Figure 1. We have developed a processor {PU) chip,
a cache memory (CU) chip, and 2 netwark conmal (NU) chip
required for high speed operztion and for highly parallel
processing. All chips are packaged in 161 pin-PEA and
operate by a single 5V power supply. Towl power
consumprion of three chips is 7 W a2 16.7-MIHz operation, Al
device features are summarized in Table 1.

The FU chip and the CU chip ares also key compaonens
of an Al workstation. The PLU chip has capahitiy 1o execone
1w different type logic programming languages, KL1[2) for
EIM/m and ESP[3] for the Al worksiation, KL1 15 2 parallel
logic pragramming language and is very powerful 1o represen
parzllel process communicatng. ESP 15 the language in which
Prolog and objec: anened language faatures are combined.
The ML chip has four bidirectional channels to connac:
adjacent four PES and twa buffers for messnge packers. The
packet transmission and buffesing are amiomatically performed
without any inierrupiaon of the execotion of the PU and the
CU chip.

This paper describes characiensies of these thres chips
s can be wsed w develop a large scale parallel infercnee
machine - PIMfm

I1. Processor Chip

The PU chip is & S-stage pipelined microprocessor
undsr the conmal of & micropragram s1ored 1o 2 32K-word
control stare [4] and this chip was inrodeced in CICCY] [3]
The PU chip supports fast exzcutign of the logic programming
languages through a wpged 40-bit architeciure, A 40-bit dasa
includes an §-bit tag which indicates a dat oype.

The block didzram of the PU chip is shown in Figure
2. The performance of the PU chip has besn improved by a
facor of 3.78 a5 compared with the previous non-pipzhined
processor. Achieving the high performance, this chip has
powsrful mechanism of pipelining, @g manipulation, and 2-
siage clock scheme of layout and is fabricated in a 0.8gm
double-mewl CMOS5 wechnology.

The execution mechanisms of the logic pro ming
languages stand on vnification, data rvping and dereference are
very impgrant operations for efficient implementation, For
these pperation, the PU chip has powerful mechanisms 1o
manipula: tagged data. Especially, the pipelined data ryping
and dereference are the most unigue feareres. Those
mechanisms greatly contribute 1o the high performance with a
capabil.ityﬂfg!; MRPS/PL in append operation,

[II. Cache Memory Chip

Figure 3 shows the block diagram of the CU chip,
which contains of an instruction cache hlock, 2 data cache
block, and a main memory interface block as a DRAM
contreller [6). This chip includes the “Traif Buffer” with 16-
word x 32-bit RAM which aceelerates the execution of the
Ingic programming languages. The detailed cache features are
tisted in Tabls 2.

A, Cache configuration

The instruction and data cache blocks employ ihe
physical address caching scheme with en-chip translation
logkaside buffers (TLB's) for high hit-ratio. We have
determined the cache memory size by practical simulation
taldng the relatonship berween the chip size and hit-ratio of the
cache memory inw configuration. Figure 4 and Figure 3 show
the simulacon result of hit-ratio versus the TLE size and cache
size, respeciively. Hit ratios of 99.83% and 9988 % ars
obained by the 32-enry, 2-way ser associauve TLE's for the
ingtruetion and data address wranslations. And hir-ratios of
94.4% and 99.2 % are obrined with the cache memories,
respectively. The scan test method and the special command o
acczss every memory cell are applied 1o enhance the wsiabiliy.



B, Support for logival inference

To accelerate logical inference, the CU chip has
hardware called “Trail Buffe:”. In Prolos Jlike banguages, there
i an wperadun called “Havkrack” When Lachiva Gprgion
poeers, a variahle assignment by unificzrion should be resst.
In this operation, when a processor unifies a vanable, the
address of the variable shoold be stored in “Trzil Srack”. The
wail boffer, which con hold up 1o 14 addresses of assigned
vanables, 15 2 cache of the mail stack

The functions of the trail buffer are 1o sore the
addresses of assiphed vanables, w supply address data of the
variable 1o be reszi, and 10 remember the number of resel
times. It ic estimated by simulacion, thar the trail buffer
improves the speed of the logical inference by 10% (average),

IV. Network Control Chip

B & loosely coupled highly parallel compuier svstem, 11
i imporiant 10 develop network circuits which realize high
speed communication and reduce loads of processars.

A Hardware

Figure 6 shows the block dizgram of the MU chip. I
consists of a network coantrol unit, a trace memory, 4 System
timer, 3 mainienancs control unit, and an exemal bos conmal
unit. The aetwork contrsl unit has Gve pars of channels which
e el for four adjacent PEs and its own processor chig. The
channels which are connected 1o interface hus have 1374 x G-
bit read buffer memary (RB) and 1024 x % bit write buffer
memory (WB]. Each of four mansmission channels has 64 «
10-bit FIFO huifer memory 1o reduce the possibility of
network choking. Packet data are wansfermed asynch ronously
i 10-bit paralie] including a parity bit. The external bus
conal umt has a function which arbisrmies among the N1
chip, FPP, and SCS1.

B. Swirch civcuics

The WU chip supporis 2 message-passing
commumcaton between FEs. Swich circuits are shown in
Figare 7. Four adjacent PEs and its own processor unit are
connecied by 3 x 4 swirch circuits. Each receiving channel hag
itz own path table (FT) to determine the channel 1o mansmir 2
packel. Channcl controller looks wp this table wsing the
destination acdress of the packer, and conneeis receiving and
transrnission channels according o the PT datz. Packers are,
therefore, switched in paraliel regardless of the procssser
operation. The index of the PT 05 the coordinate of the
destination point which is represented by a 1024 x 2 bit map.
Lack entry of the PT conuiing the channsl number (o which
packets are transminied. The netwark comrgl scheme is
surnmarized in Table 3.

V. Performance Evaluation

Figure & shuws a 1ypical sehmeoo plot of eycle time
wersus supply voltage of the NU chip. This chip achieves 80-
Mbitsfsec data wansmission for each chznnel a1 33-MHz
operation.

These three chips have been seccessfully construeted.
FIMim which is wiilized by these chips hag Y:sscd system
pevel tests, and has comrectly executed the KL1 a0 15.4 MHz
under worsi gate condition, [t has peak performance of 12§
MRFS (Mega Reduciion Per Second) and 40-Mbitg/sec dara
wansmission for each channel. Table 4 shows 2 performance

companson with a protatype parall=l inference machine (7]
which used sleven gate anavs, memories, and gloe lopics.
Chwing to these three VLI, PIM/m achieves about 15 times
higher than the prototype machine at peak performance,
Though the nember of PE n PIMim 35 4 dmes a2 many as
previous ang, it keeps the same size, The power consumption
ncrease of PEMm is only 30 %.

WI. Conclusion

A VLS! chip sat for a high performance large scale
paraliel inference machine has been éeveloped. The die photos
of thesz three chips are shown in Fizore 9 Al chips operale
ez sinale 3.V power supply, Towrl power consumption of
thoee chips is 7 W under a rypical comdinion. A photograph of a
32 5.crm x 31 0-em PIMIm processing element board 15 shown
in Figure 10 These chips make it pocsible o construet a high
perfonnance, small size, and low power consumption paraliel
inference maching,
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