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l.Introduction

Parallel inference machine (£2fa)
systems are belng developed in the
Japanese fifth generation computer
swvatems project. The PIM/m processes a
Prolog=like parallel logic programming
language, FE&HC (flat guarded horn
clauses), with two-dimensionally arrayed
processor elements. The processor element
heas a processing unit (AU}, & cache unit
&8y, a main memory, a floating point
pProcessor unit and 8 NETWork control unit
as shown in Figure 1.

The PU chip is a 40-bit
microprocessor for the execution of the
logic programming lencuage, under the
contrel of microprogram stored in 64-hit
By &4-Kword writable centrel store. It
will operate at 1l6.THHz clock and achieve
high performance of 1,.ZBMLIPE (logical
inference per second! in “sppend”.

2.hrchitecture

The PU chip comprises five pipeline
stages: an instruction decode (D-sésge);
an operand address calculation (A=stage);
an operand data fetch (R=stege); a
gispatech of microinstruction (S-stage);
and an execution (L-stacge) as shown in
Figure 2. In the D-stage, an instructicn
provided by an instructicn cache in the
CU is decoded with & 54-bit by 51Z=-word
operation decode table (0PF). In the A
stage, & calculation of an cperand
addrezs and an instruction fetch are
performed, The A-stage has copies of a
qU=bit by 3Z-word register file (RF! and
a few special registers er FGHC
execution in the E-stage, which are used
for the caleulation of the ocperand
address. In the D-stage, an opereand &t
the calculated address is read. In the
S-stage, dispatch of micreinstruction,
setup of operands and dereference Are
performed. The dispatch address is
determined by the instruction and a tag
of the operand. Special hardware of the
dereference fis implemented. Data is read
repeatedly until the tag of read data is
not "s posnter®. In the E-stage, the
instruction is =executed by microprogram
centrel. Main resources are a 32-bit ALU,
&8 40-bit by 37-word register file (RF), a
40-bit by 3l2-word work register (AMR), an
8-bit by 512-word tag dispatch table
tréry end B l6-Bit by 32-word
microprogram address stack (ASTH).

3.Layout Design

Figure 3 is a plot ef the PU chip.
The chip eonsists of 13K standard cells
end eight macro cells such &s RAMs  and
FLAs. The macre cells are automaticallw
generated by module generators.

Two phase clocks are distributed as
shown in Figure 4 to minimize clock skew.
The clocks are driven by two stage
puffers. A first buffer is placed at the
upper side ef the chip and drives second
buffers, The second buffers are placed at
right and left sides anc drive all loads.
Both eutputs are connected in horizontal
channels of a standard cell area. The
width of the wvertical lines is wide Lo
reduce the resistance and the horizental
lines have minimum width to reduce load
capacitance. Less than.lmz skew to
control gates of flip-flops was confirmed
by simulation. From the wview poirnt of the
avtomatic layout, this mecthecd has the
advantage cover a hierarchical and tree
clock distribution method[1][2]. Hecause
it i% necessary to control load balance
for each buffer, econtrol line length and
adjust the buffer size if necessary after
the lavout on & hierarchical clock
distribution method, but - they are
diffieult for a commercial automatic
place and route program.

The device features are summarized in
Teble 1. The chip is being fabricated in
a 0.8p¢m double-metal CHOS technology. A
total of 2E4K transistors are integrated
in a 6.3 x 1l3.6mm die.

4.Conclusion

A 40-bit microprocessor for legic
programming language has been designed.
The layout was completed using standard
cells and macro cells generated by module
generators. The clock skew was minimized
by locating two drivers on opposite sides
of the chip. The chip will eperate at
16.7HHEZ clock and achieve high
perfermance of L.2BMLIPS in “append™.
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