INVF 7499 7°02 %9 v A5 4L HARPS
Multimicroprocessor System HARPS

MEF 7 -L9272F A
An Outline of HARPS and Its General Purpose
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This paper introduces the new type of multimicroprocessor system
constructed under the cooperation between the Graduate School of
Information Engineering of Hokkaido University and Nippon Mini-

Computer Corporation.

This system named HARPS consists of O

microprocessors ( 8 processing elements and 1 control processor )

and operates under the the support from a host minicomputer

ECLIPSE S/200.

All the memory units in HARPS including WCS's and

Mapping Arrays are shared with ECLIPSE as a part of its main

memory .

In this system; the specially designed hierarchical

firmware architecture allows for the hierarchical parallel

processing flexibilitiy.
depends on its firmware.

The operation of this system completely
MOSES is a firmware operating system

as a parallel machine with various parallel instructions.
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E: ECLIPSE S/200, 1I/F: Interface,

CP: Control Processor, MP: Micro-Processor,
MM: Main Memory, PM: Program Memory,

DM: Data Memory, DT: Data Transporter

Fig. 1. Configuration of HARPS,
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Fig. 2. Parallel expansion of a macro-
command by NMA and the function
of Global Command indicators.
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Fig. 3. A chain of entry pointers.
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sequencing by CP program

the k-th macrocommand.

s(k,i}: the i-th bit of the start-up-selector
defined in mc(k); this bit is the
selector for the i-th MP.

ep(k,i): the entry pointer for the i-th MP

generated by expanding mc(k}.

me(k):

Fig. 4. Parallel control structure
with one-level trees for
3 Micro-Processors.
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Fig. 5. Multi-level tree structure of
the control for 3 Micro-
Processors.
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Table 1. A part of the instruction set of CP
1. SEQ B/W, n 5 ( Sequence ) Immediately
following n bytes or n

e.g., words are NMA pointers

SEQB, 2 ( NMAP ) or macro-commands,
NMAP1,NMAP2 depending on the B/W
or indicator.

SEQW, 2 sl, s2: start-up-

s1, NMAP1 selector

s2,  NMAP2

2. Control Flow Group
JMP (@) address ;( Jump )
JSB (@) address ;( Jump to Subroutine )

LOOP a, n ;Repete the following
program segment that ends
a: ASCII with the corresponding
character NEXT for n times.
NEXT o

3. FORK-JOIN Group
JOIN selector ;Freeze CP until all the

selected MP's halt.

4. Skip-If-MP's Group

SAZ selector ;Skip the next instruction
- if all the selected MP
accumulators are zero.
;Skip the next instruction
if neither of the selected
MP accumulators are zero.

SNZ selector

SAP selector
SNP selector
SAN selector
SNN selector

3 ( positive )

;3 ( negative )

5. Status Check Group
SST n, selector ;( Set Status ) The n-th
bits of selected MP status
registers are collected
and stored in the high
byte of CP status register.

6. Set Register Group
SSL selector ; ( Set Selector Register )
CRM mask ;( Set CR Mask Register )
CRR address 5 ( Set CR Routine Address
— Register )

etc.
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NMAP: NMA Pointer.
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0
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Fig. 6. A multi-level tree and its
representation by NMA.
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Calling Sequence
*format: selector/level

SSL 111

SEQW, 1

111, NMAP(1)

101/ 1 ; selector for node B

111/ 1 ; selector for node C

001 / 2 ; selector for node D

xxx / 0 ; terminator of subtree

xxx: don't care

Subtree

Fig. 7. Calling sequence for the
multi-level tree in Fig. 6
and the resultant subtree.
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Table 2. Accumulators of each MP.

ac: fixed-point accumulator
fac: floating-point accumulator

register #0 : ac A
#1 : ac C
#2 : ac B
#3 : ac D
#4 :
#5 @

: fac A
: fac B

: fac C

LOAD/STORE instructions

FLA : ( MEM ), ( MEM+1 ) — fac A
FLB : ( MEM ),( MEM+1 ) — fac B

FST : fac C —s MEM, MEM+1
STC : ac C —= MEM
STD : ac D —— MEM

( MEM: memory )
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Table 3. CP instructions to manipulate
operand tables in each MP
REQ selector, table name ;Request ECLIPSE to
T he solenred Mpve, ©
e, e e the scitiod
tables.

SINC selector, table name;Swap the 1lst
increment with the 2nd

increment in the specified
tables.
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Table 4. Examples of MP routines. (MP # i)
FA fac A + fac B —fac C
FS fac A - fac B —fac C | floating-
™M fac A * fac B — fac C ’ point
FD fac A / fac B — fac C

A ac A + ac B—ac C

S ac A - ac B—ac C

M ac A * ac B—ac C

D ac A ¢ ac B —»ac C ( quatient )
ac D ( residue )

XFk ac A — XFO #( i+k mod 8 )
RECVK XFI #( i+k mod 8 ) —» ac C

XFO : output port used to transfer data
to another MP.

XFI : input port used to receive data
from another MP.

/ SWAPR/ (k<ti,2,0r 4) 0 f54 Mby -
Frmpai i () Ci/k)ko IR
*L‘b‘"é’&'(‘k)kld", 4, ll‘hg‘ Aee B Ctack)
OUEL MPHC+k ) LHE [ 24 10 MpyGivk)
PO LhA<s 7- 4 4 Jac Betbigfs e
~y ~Bofiréinds, Likosdend
BHEH, Mp 4 i d dac Aokt Mp 4
(- R, 2. Nea(-ky 4 bf
#rhbha-g ttac Actttnds .

BE L ¥xtodgoff witds 00073,
tid. tororysacd, Athottfar
A LK N DRV I Py
TIT LAY U5, @ dtgagmo 7
Urroadbs s vdiid ab<,

core map of each MP ( MP #i ):

A X=AorcC
XIxa ) B[Py
c *2i . bi2
WK "~ . :
I g1 big
operand tables ( stored in each MP ):
FLAL; A FLB1; B FSTI1; WK-

0/ 15
2/ - 2 /-

0/ 15

0/ 15 0/ 15
4/ - 4/ -

/
/
FLA2; WK |FLB2; WK+2 |[FST2; ¢
/
/

format of operand tables

base address
index -/ upper-bound-of-index
1st increment / 2nd increment

progtam:
SSL 377
LOOP A, 8
SEQB, 1 ,
FIAL, MP #1 Mp #2
éggg 83 §  WKla;b, 41221
FLBL, FM a11P12 4 219822
FST1, a,.b a; b
Next 5 1°13 | 12°23
311018 215028
\ MP #3
LOOP €, 4
SEQB, 5 311P117212P5) {2130 31%2 1404,
FLB2, FLAZ 3110132150251 3130 53%2 40y 5
SWAPL, FA a . b, _+a b a . b, +a, b
FST1, 1171571225 ||213P35*21 4045
NEXT C a, b _+a__b a . b, _+a b
RiX 577 FSTL 11°17"%12%27 11215%37214%47
! MP #5
LOOP D, 2
SEQB, 5 2310113505, 315b51*316b6;1
Cinzy TLAZ - |vaybyyay by |feayoby ey by
,
FST1, 2110157212825 ] 215P5572) P65
NEXT D 813035721405 |[*317075% 21 gPgs
RIX 377,FST1
RIX 377,FLB2
RIX 377,FLAZ WP ¥s
SEQB, 5
FLB2, FLA2
SWAP4, FA
FST2,

RIX 377,FLB2
RIX 377,FLA2

NEXT A

RIX 377,FST2

HLT

Fig. 8. An example program for 8-by-8 matrix multiplication.
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pgachak . thr-912tha,
HARPS o¥ st 4 ioll ft 2 K2 5~ 55,
REsustetsfofsmiiedse, DHA
(F52L. F«7zbrvet-7+31H
), FET , BANS (T« ¥ 7 L AP IE S5 IR
viil-4), - 4n-2 2+ Motk
hoi1tal-J80dhs,
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HARPSH <o 54 o gtk ) BBy hi
’iﬂwiﬁb«('hb. HelrpS o n- ka2
Trﬂ%l’-k.‘!ﬂ hebbhbigd:=aba
-4 (H) o BTAR €KY, &L, K, i
0 ZA L MMPEAR T IL- 700 B K,
KARDS FlAsoF v e AL h bbbl KL Bt
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L34 o, ghagt cRWoELE LY
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