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1. lptroduciliofh . §
ir. “he Jepanesc Fifth Generaiien Computer

r c arallel imfersnge machine (PIH) EYELemE
E}SJ;ntﬁs:hnvnﬁnpad. Foer procetgor elamante of Plfjm
we have been developed s VLSI intelligent cuche
memory EBuilable for Lhe execulion of loglc progras-
nlhg lanEUBZODE. Thisx oevige includes 1R Words
ipeEirutilion ceche memory, 1R LAgs for BCCEAELRE the
eff-ghip 4k word daitse CAChe wesory, mnd DRAK con-
irosier. This cachw chip, Processur chip, neatwork
control chip ARd memory deviCeR roallize compactl
ns Ehown im FLIE.1. ,

Th this fepori, ilhe novel architechurss IR
ﬂnvlt; canfi;urfi:nn. performance, LeEtaLility and
cell-pesed dRelpn are Oescribod.

processor element

i. Device coonfigurailen

Fif.2 shows the bBlock dimgram of iLhe cache
ehlp. Tne device fentures Afe susmarized in Table .
The instiructien and daca ceche memories employ the
phvsical sddress caching echems wWilh en-chlp
TiR's[1] The wnigue Teatures of this device are
descriced in the fellowing.

i.1. Empedded program counter

Hecently the Harverc archiliecture 1s goining
Ereund m= & Bt¥le of high-ahd microprocessers[z]. It
iE sultsble for the precesszer which pipelines the
decode ent execwiion of the instructions because the
Processor unRil C&T TAICh the instruction and operand
cipultenecusly. However the requirement of dedicated
podress mnd date buses for both lnstructilen and
ppEraNd accasses makes its implementatien aifficult
vhan the processlng wnlt snd the cache unit are
seprraled on d1ffercni chilps because Lhe incressed
Lumber of pin count affects the chip eslze and pack-
LEITIE COFLE. .

Te gplve this problem, ithe caché chlp has &
prugram counter that is the copy of the program
counter in the procegser chip ms shown in FIig.Z. The
srogram counter is set vism the lpstrustisn gals bus
end incremented sfter the fetech cperation, When
ihere &re no brench operaticns, the processor unit
neec not feed tThe instruction eddreses. Thus %Lhe
address and data signals for the instrustion cache
enr sha=e the bus to reduce the pim count by 32 with
Littie penalty.

I.2. suppori for logicsl Inference

*p the execution of logic progrem=iRg lan-
Fusges. B varlable assignment by unificatlon should
be resct when the inference falls inte contradic-
tion. The trail owuffer memory im Fig.2 Guppoerts this
process. When the processor unit unifies = varia-
tle, the mddress of the varilable 1s pushed ints the
+reil buffer memosy. When ihe processer unit iavali-
dates the unification., the sraill buffer memory Pops
the adiress of the wvariable, and The dates LTag
wnicn etendes fer the uwn-unified state & written
imto the veriable. Eince the uniftication ils one
of the mosl importahl procecses LR the logic program
uxecuiion, its hardware support is effsctiive.

i. Device performence

The proper choice of the TLE and cache memory
cenfipuration {8 important in order to reduce Lhe
hardware while keeping Righ hit-ratie. We justifled
the configuration of this chip by simuletion. The
device BehRavior qurina the execution of Lhe Fh‘ald‘
compiler is simulated. 5Since the Prolef coempiler s
¢ large and practical progrem, the simulated resull
Eeems to be & good measure of the device pecrform=
BOCE.

Fig.3 and Fig.4 ehow the simulated hit-ratie
versus the TLE size and eache sife, respectlvely.
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The hit=ratioc of E8.83 X and BE AE X are oblained by
the 32-entry 2-way sel asscciative TLE's for the
instruction snd operend mddress transimtion, respec-
tively. The k4.4 X and PE.2 X hit-reiilc ere oblalnec
by the 1K worde Lnetruction and 4K wvords operand
direct mapped cache memories, respectively. There-
fore this cache chip can successfully cospensate the
speed Eap between the processor chip and DRAM'&.

A8 Lo the cache coherency, Lhe wrile back
wethod sxecutes the main memory accese ln only 1% %
of miss=nit write operations mccording To Lhe Bimu-
latlon, while the write Lhrough method, 1in genoral,
regquires the maln memory acceEs Ln every vrite
operstion. Since this chip reslizes high hit-ratie,
the less chance ©f the meain memory access pays for
the hardvere of the write back method.

The worst conditlon (Voos4, 5V, Te=75"C} access
times are mgtimated by simulation to be 58 nsec from
elock to instruectlon, 56 msec from elock to InStruc-
tionh cache ready slgnal and 22 nsec from clock to
deie ceche resdy E1gnal. Tenllzing LO0.THH: system
cloek for the processor clement shown Ln Flg.l.

4. Teeisbility

The eontrel circulle are Lesiec using Lhe Roen
test method. 1ts pattern fs mutometleslly genefated
by the in-house seftware “HULTES". There iz & single
#can path with 420 scen resisters. This methoc
increases chip area by only 2 X, As e the Lest of
80=Kbilt on-chip memory ecells, the usual scan testi
regquires lengthy serisl test paitern. Thus we em-
ploved the specia]l commands to Access every had
Through a0=0it dnta bus in order e reduce Lhe Lest
time. With the special commanfs, The Lest tieme iS5
reduced to LI ¥ of that with the convenbtional scan
Test.

5. Layoul date preparation

This deviee ie lefd sut by saftvers with Auto-
metically generated RAM's, FLA's, &and standard
celle, integratling BIOK transistors im 14.47 K J4.64
mr® deviece ares AE Shown In Flg. 5.

In the layout of large chips, the contrel of
signal propagation delay is importsnt. The chip i
laid put hierarchically te minimize The vire length.
However L1t iz inevitabie thet & small nunber of
elgnals are routed with wunexpectedly leng paths.
Re-execution of automatic routing takes time and
often ends ih fallure. Therefore we inirodoced Lhe
sdjustable sitandard eell. At first, the fan oul
number decides Tthe drive capacity of standerd cells.
Standard cells with Alfféerent drive ceapacity have
different width with the same height. after the
suTomATic place &nd Toule, Lhe actual delay is
estimated from the perasitic capacitence exiracted
from the layout data. The standard cell which drives
2 sigoel line with unexpected delay is replaced by a
greater drive capacltiy eell with same width and
different heifht ag shown in Fig.7. Due to the
double layer mluminium process. ihe replacemant is
carried oul without changing the originel routimg.

€. Conclusion

The instruction/date cache and DRAM eantraller
are integrated on & chip te compese high perfermance
inference machines. The embedded pregram counter
reduces pin count and the treil buffer memory facil-
itartes execution of logic programplinf langusge. The
cache conflguration is optimized by simulstlon Eo as
te mehieve high hit-ratic and realize 1.28H LIPE
{logieal inference per second) for inference me-
ekine.
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