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Abstract

The Multi-PSI system has heen developed in
the Fifth Generation Computer Systems{FGCS)
project in Japan. Tt is an experimental parallel ma-
chine mainly used for the parallel software research.

Network-connected multiprocessor systems like
the Muiti-P5SI have such a nature that inter-
processor communication costs much higher than
intra-processor processing, which affects the system
performance, However, measurements of the com-
munication cost for a realisitic multiprocessar sys-
tern have rarely been seen.

This paper describes the network system of the
Multi-PS1-V1 system and measurement of the inter-
processor conmumunication cost for the network sys-
tem.

1 Introduction

The Parallel Inference Machine(PIM) is one of the
most important research themes of Japan's FGOS
praject. In the first three-year stage of the project,
FIM research sought to develop basic technclo-
gies of machine architecture and parallel execution
mmechanisms, and accuomulated several methods for
constructing machine hardware and parallel execu-
tion metheds of logic programs [2]. But several ze-
ricus problems of paraliel software were revealed by
the research, and we recognized that paralie] soft-
ware research has to be done along with parallel
architecture research.

We think it is important to prepare a research
and development environment for parallel programs
first in which programs can be executed in parallel
and developed and evaluated efficiently. So we plan
two systems ; the first is Aulti-PSI-V1{versionl}
focusing on ease of realization, and the second is
Multi-PSI-¥2 improving machine scale, funetions,
and speed,

Figure 1: Multi-PSI-V1 system

(1)Multi-PSI-V1

Multi-P51-¥1 contains 6 to 8 PS5l machines
cannected hr adedicated lattics network : =ach
P51 has its own /O devices (see figure 1) [8).
The purpese iz to implement a prototype of
KL1{Kernel Language version 1) language pro-
cessing system experimentally in a short period
[7]. The parallel logic programming language
KL is based on GHC and implemented in ESP,
the sequential system df.sl:ﬁpticm 131151:35& of
PSI (1] [B]

(2)3ulti-PSI-V2
A smaller and faster wversion of the PSI
machine{ PSI-I1} without 1/0 15 used for the
PEs, and 16 toc 64 PEs are compected with
& new version of the network, which 15 im-
proved in speed and funetions [;‘II One PSI
machine is used as a front-end processar, The
KLl lenguage execution svstem is written in
firmware to realize high execution speed. The
PIMOS( Parallel Inference hachine Operating
Svstemn} is implemented, and the dynamic load
balancing method, parallel algorithms, and



large-scale parallel application programs are
studied.

Network-connected multiprocessor systems like
the Multi-PSI have such a nature that inter-PE
communication costs much higher than intra-FPE
processing.  This [act strongly affects the system
performance when the inter-PE communication rate
increases. It i3 important to know the inter-PE
eommunication cost for the researches of load bal-
ancing and parallel algorithms. However, measure-
ments of the communication cost for a realistic mul-
tiprocessor system have rarely been seen.

This paper describes the neiwork system of the
Mulii- P51V system and measurement of the inteég-
PE communication cost for the network systerm cou-
pled with KL1 language processing system, a real-
istic parallel language processor.

2 Connection Network of

Multi-PSI-V1 System

2.1 Overview of the System
The PEs are PSI machines, & to 8 PEs being con-

nected on a dedicated lattice pnetwork. There 15 no
shared memaory. Inter-PE communications are per-
formed by exchanging message packets., A user does
not handle special message primitives, but simply
writes goals with pragmas and unifications. The
pragma is an annotation which allows the program-
mer to specify explicitly how the goals should be
assigned to the processors. Inter-PE communica-
tion messages are auvtematically generated by the
]anguage execution system. There are two major
message types; one concerns KL1 goal management,
such as goal sending and lermination reporting; and
the other concerns unification acrass the PEs. Each
PE has a different address space, and when a refer-
ence poinier is passed from ane PE to another PE,
the internal address of the source PE iz converted
o a glnl‘:al idcntiﬁcr{ID} and then scnt [3] The
address translation table between internal address
and glebal [ is maintained in each PE.

Figure 2 shows the configuration of Multi-PSI-
W1, The underlined sections have besn newly de-
veloped, and the other sections represent the PSI
machine svstem itself,

2.2 Connection Network Hardware

We think that the network-connected structure is
essential for large scale multiprocessar systems. We
alsa think that a network. in which logical inter-
PE distance is not uniform like mesh, hyper cube,
ete., s important for very large scale systems. From
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Figure 2: Configuration of the Multi-PSI-V1

this reascn, we chose mesh network for the Multi-
P5I to study load balancing method and parallel
algorithms which can be applied to very large scale
multiprocessor systems.

Figure 3 shows the block diagram of the network
hardware. It is installed in the option slots of CPT
internal bus, and four cables are used to connect
adjacent four PEs, Each connection of PE to PE is
called a channel. A channel contains two signal sets,
one 15 for transmission and another i3 for receiving.
Data is transferred in 10-bit parallel containing a
parity bit. The transmission rate is approximately
500k bytes/sec for cach direction.

Message packets are constructed by soflware.
Each packet has a destination PE number in the
packet header. The network recognizes the desti-
nation PE number, and if equal to its own, the
nelwork Lakes the packet into its receiving bufler.
If the PE number is difierent, the network looks
up the path tzble to get the channel number to
which the packet should be re-transmitted. There
are simple routing methods which avoid this net-
work deadlock. One involves passing the packet to
the horizontal direction prier to the vertical diree-
tion when the packet should be passed to the PE
on the diagonal direction.

3 Ewaluation of the Connec-
tion Network System

3.1 Objectives

The inter-PE communication cost contains netwerk
transfer cost and cost of pre- arsed EJDG-L—].!EUL'("—SRi11E far
the network transfer. The farmer 1= affected h:r' the
inter-PE distance, the latter is not. These pre- and
post-processing contain inter-FE goal management,
address transiation, and data format conversion for
the netwaork transfer. These processing cannol be
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Figure 3: Block diagram of the Network Hardware

remeoved from the execution zvstem of an network-
eonnected multiprocesser system. It is very impor-
tant to know the inter-PE communieation eost and
its eomponents not only for parallel software re-
gearch like load balancing and paralle]l algorithms
but also for netwerk design and tuning of parallel
language processing systern.

The objective of the evaluation is to show the
inler-PE communieation cost and its components
for the Mulsi-PSI-V1 sysiem, a realistic parallel pro-
cessing systemn of the logie programming language
L1, The ather ahjective is to make an estimation
of these costs for the Multi-PSI-V2, more power-
ful and practical systern than Mualti-PSI-V1. We
expect that the measuments will give an order of
the cost vaiue which can be used practically in the
study of load balancing, parallel algorithims, ete.

Multi-P51-V] consists of the KL1 language pro-
resaing system and the connection network system
The hisrarchical structure of the connection nst-
work system is os shown in figure 4.

[1)The KL1 Processing System

This ts a language processing system writlen in
ESP that executes and controls KLE programs.

{FiNetwark Tandler

This takes the messares from the language
processing svstem, formats dhem nto byvte se
quences, and passes them o the handler ker-
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Figure 4: Lavercd structure of the Network System

nel, also peclonming the corresponding reverse
conversion processes. It also handles the KL1-
related goal management for transmission and
reception, and address transiation. It is writ-
ten in ESP.

{3V Handler Kernel {Network Support Firmware)

This takes the byie sequences from the oel-
wark handler, and performs conversion in both
directions between byle sequences and network
pockets. The handler kernel s implemented as
firmware in KLO evaluable predicates,

3.2 Measurement Methods

3.2.1 Basic concept about the Mensure-

ments

We meascred the vactous data ond pssessed then o
termis of the following two main items to evaluate

the connection netwark syster [4]:

{1} Comparison of intra-PE and inter-PE process-
ing performances [in terms of the processing
Lirne for a single redoction}. We found the time
taken te perform one reduction on o single PE.
and the time to perform it on two PEs. and
tliscussed the macre performance of the con-
nection network system,

(2} Analysis of dynamic characteristics of each
laver af the connection network. Mare detailed
analysis of the data fram (1) above. yields o
guantitative estimate of the comparative cost
{in time)} of using the different lavaes of the
connection network system.

Here, we chose to take the time o perform one
reduction oo a twe-PE mulu-BS1L
we defined the comparative intra-PE and intee-TE
performance as the ratio of the time taken Lo per-
form the reduction for a given goal on a single PE
to the time taken to perfotin the reduction for the
surme goal on the other PE after sending it to the
other PT and receiving the regdy bieeh . This is ae

Ini wther words,




test3_lald) - true | true,

testd 1a{8) :- Ni ;= N-1 | w=alt3_la(R, K1),
call {bench_sark@td_la.R, ).

waitd la{suceess N} - true bobest3_laiN).

t3.1a - true | alloc(B)eeteiain).

tb3al¥) :- true | H=atom.

Figure 5 An exampic of the bench-maork pro-
gram{unify test)
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Figure §: An example of the message exchange

exiremely important parameter when writing KL1
programs, o deciding how much the rate of inter-
TLE communication 12 allowed against the intra-PE
processing. A number of benchmark programs of
the type shown in figure & were prepared, and ox-
ecution time measured (see fizure 6). We took the
total of ihirtecn orders for inter-PE communica-
tiens | throw.goal™ "unifv™ “read” efe.) and mes-
sored the cosl [or varving tvpes of arguments and
nummbers of executions of them. We timed them hy
laoping each program 100 times. taking the average
time Lo reduce the virianee of the timer supported
by the operating system,

3.2.2 Communication foor Different

Layers

alv g

{1) Handler eommunication cost {Ha) can be de-
rived by raking the tirme of exeestion (1) found

i aceordance with the principles givenin 3.2.1,
and deducting from this the cest of the handier
kernel (F} and of the network hardware (H):

Ha =L =-F - K

where T and H are as described in items (2)
and (1) below.

{2} Handler kernel cost {F) is measured by the
GEVC counter, which counts the execution
time for evaluable predicates such as "mpsi-
write_buffer” and " Tnpr.i_mad_buﬁer" ele that
either read data from or write it to the interface
rcg'!!itr:rﬁ o bele al a Ui,

(3} Network hardware communication cost (H} is
derived from anslysis of hardware operation.

3.2 Measurement Hesults and Caon-
sideration

Consider the frst item, the comparison be-
tween the intra-PE and inter-PE performances.
First selecting particularly imperiant items like
"throw . goal” "unify" and "read” from among the.
inter-PE communication arders, we investigated the
communication costs,

Figure 7 shows the results of running different
benchmark programs with different argument types
{atom.integer undefined variable structure list) and
different argument numbers{1,2 3.4 5).

The vertical axis of the graph is the average time
taken for the one execution of 100 loops, and shows
both the time taken when the goal is assigned Lo
a different PE (with pragma) and when the geal =
haandled within the PE {without pragmea), The dif-
ference between the time (A) with pragma and (EB)
without pragma can be taken as an approximation
tor Lhe compinenication cost, [t s important to note
that reductions are of two types: those that have
been opuimized, and those that have not. Tn owur
benchmark programs, those without pragmas have
been optimized, but those with pragmas have not
{sew figure 8 for Rop and Bn). When calculating
the communication cost, it 8 not encugh to know
the difference in execution time; account rust alss
he taken of the difference in the reduction time. In
fact, therefore, the communication cost (L) is given
by the follawing equation:

L = execution time A {with pragma)
- execution time B {uwitheut pragma)
- (reductien time REn
- reductiion time Rep)

Mote that the optunized reduction timec Hop

(1.12smseet  and  the non-optimized time Bn
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Figure 7: Execution time for predicate argument
numbers{throw_goal)

{2.25msec) were measured using a different bench-
matk program.

Again, the ratic of the inte--PE communication
processing time to the intra-PE processing time is
given by the following equation:

Processing time ratio = { L + Rn J / (Bn)

Table 1 gives the ratios, L, derived from the pro-
cessing tirmnes (A H) with and without pragma for
different types and numbers of arguments,

It ig elear from this table that, altheugh there s
some scatter in the processing time ratio, H, it is
generally abowt 20:1. This indicates that it takes
about 20 times longer to perform the reduction for
the same goal by addressing another PE and wail-
ing lor the reply than by performing it within the
sarme PE. It means that the inter-PE communica-
tion consumes much more processing time than a
goal reduction within a PE, and the communica-
tion degrades the system performance. The volume
of inter-PE communition processing should be re-
duced by these corresponding amount,

New fet us consider the second e, of determin-
ing the communication cost for each level of the net-
work. Tn this respect, the size of the packet for or-
ders {"throw_goal” "read” "unily” etc) is fixed for
each type of argurment, enabling calculation of com-
munscation cost for firmware {the handler kernel)

withealt pragsa wilh progas

pragma

and hardware, and this in turn enables the handler
communication cost to be calculated [see table 1).
Table 1 shows that the ratios of the hardware cost
and Rrmware cost are much lower than the handler
communication cost, approximately in the ratio of
1:3:500. It means that the communication bottle-
neck is not the hardware message transmission but
the software message processing in this system.
Finally, let us extrapolate these results to Multi-
PSI-¥2. The speed of the handler is expecied o
increase by about 100-fold, and the netwark hard-

ware by about 3-fold. The processing time ratio for
Lhe MulLi-FS1-V1,

{communication cost
+ cast of one reduction)
/ {eost of one reduction)

Ratio =

will change into the following for the Mulu-P51-
Vi

Ratio = (handler cost/100
+ firmware coszt + hardvare cost/S
+ one reductien coxt/100)
/ {cne reduction cost/i00)

Take the case at the head of table 1. This cal-
culation vields a valuc that increases from 178 ta
#8-fald.

This impliﬁ that the inler-PE communication
cost for the V2 system will be higher than the V1
syslem, or rather that the volume of inter-PE pro-
cessing in the V2 system should be reduced by the
corresponding amount.

a



Table 1: Results of execution time with pragma and
without pragma
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4 Conclusion

Tt was shown that the inter-PE processing costs
around twenty times more expensive than the intra-
FPE processing and the communication bottleneck is
not the hardware message transmission but the soft-
ware message processing in this system. Network-
tonnecied multiproccessor systems like the Multi-
P'SI mav have these characieristics in general. In
such case, these measurements can be applied to
give a guideline of the maximum inter-PE commu-
nicaion rate which does notl reduce the system per-
farmance much.

It was also shewn that the communication fre-
quency on the Multi-PSI-V2(high performance and
more practical model) would have to be maintained
loweer than the V1 system.

The Multi-P5I-V2 systemn is under development,
on which the dynamic load balancing methead, par-
allel elgorithms, and large-scale parallel application
programs will be studied.
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