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Abstracl—
'rhe SCﬂla
jl clusters of

ble Coherent Interface (SCI) is an IEEE interconnection

ch is becoming widely used for the construction of paral-

workstations. SCI provides a hardware-supported com-

ddress space shared by the computing nodes, enabling the use

mon 2 memory as a distributed communication mechanism. Due to

(t,;sl;atz:é NUMA characteristic of SCI-based clusters, the placement
e

=3 egments among the nodes has to be carefully planned, in or-
of sh . imize the costs of network communication latencies. In this
der 10 ﬂ'“ resent a visual tool, OptiSCI, to help in the task of placing
paper “ccl:nory segments onto a SCI cluster with respect to such com-
shared I ~costs. OptiSCI is composed of a graphical modelling tool
m“mcauodwarc simulator which makes use of a detailed cost model of
and 2 ha:‘ s in order to produce reliable results. At the end the tool is
Sflildcalt?d eagai“St a real implementation of a parallel application on a
‘

. CI cluster.
Lm;(l;jor 45—SCI, distributed shared memory, NUMA, placement

strategy-

[. INTRODUCTION

The widely-spread practice of cluste.r computing (11,
3] has stimulated the developmer}t apd lmplement.atlon of
many high-performance communication technologies such
as Myrinet [1] and SCI (Scalable Coherent In%erface.) (8] for
standard personal computers. Though established in 1992,

the SCI standard has only recently been implemented in prac-
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tice as PCI and SBus interface cards [4] by the Norwegian
company Dolphin Interconnects. As a result, SCI has been
gaining attention, in the last few years, as an interconnect
technology for the establishment of parallel clusters [5].

The main differential characteristic of SCI is the ability to
transform a distributed-memory cluster in a shared-memory
machine. SCI provides a hardware-supported common ad-
dress space which is shared by the nodes of a cluster, which
allows communication between nodes to be performed by
regular memory-access instructions, consequently transpar-
ent to the programmer.

Such a distributed shared-memory machine is referred to
as a NUMA (Non-Uniform Memory Access) [7] machine,
where accesses to remote memory are considerably more ex-
pensive than local accesses. For this reason, applications
based on shared-memory cannot simply be ported unmodi-
fied from SMP architectures to SCI-based clusters, what usu-
ally results in very poor performance [2]. In other words,
shared-memory applications for SCI-based clusters must be
carefully planned, in terms of placement of shared memory
segments, 1n order to minimize the cost of remote memory
access.

With the goal of minimizing the effort in this task, we have
developed OptiSCI, a visual tool designed for modelling and
evaluating the performance of DSM applications when run
on clusters connected by SCI. The 1dea 1s that OptiSCI be
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1. BACKGROUND

¢ Interface

erface (SCI) 1s an [EEE stan-
bus-like services 10 4 set of
cted in a ring. SCI
twork nodes,
multi-

A SCI— Scalable Coheren

The Scalable Coherent Int

dard that provides compuler-

nodes via fast um'direcnonal links conn€
nt interface hetween the ne

uses a poim-to—poi
which allows several topologies like rings, meshes,
he chosen. The ring topol-

stage networks and crossbars O
ince it 18 Very simple

ogy, however, is especially suitable s
-ve to realize. The (I standard specifies the

supported interface [0 run at SOOMHz over 16 parallel sig-

nals yielding a raw point-to-point throughput of 1GB/s.
The standard implements d 64-bit address space which 1s
divided on 16-bit unique node IDs with each node having a
hown in Fig. 1. The upper-

48-bit local address space, as >
most 16 node addresses are reserved for special purposes,
thus leaving 65520 possible nodes in a SCI system.

A SCI cluster therefore do€s not only provide the facilities

for messsage passing communication, but also enables paral-

lel programs to use shared memory segments. Unfortunately,
has, unlike the original JEEE

the PCI-based implementation
standard, a major drawback: the idea of the standard 1s to
hich spreads over the whole

have a cache coherent system W
cluster onto many nodes. Every node has its private memory
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€ mem
0
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tems, since transactions o <l POssibe r The
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B. Visual modelling

]Vlsual modelling tools are f;
velopment of parallel applicatio: ey useq
S.

ements 1n this set are HeNCE and Cop r
E
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m [10]. Another Interesting effors :. as dege, ,.
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L qvironmentis divided in two graphical tools: DAmj . o o -
c t\ ,plici“m" Modelling Tool), with which the yser In- . | - |
) \1- fdilrcf‘w during the modelling step, and SCIPos (S |
eract® - Optimization System), which simulates the hard. o = b &8
place ;d ~valuates the application. These tools are presented . . . .
\\'ﬂrc : :
ncx‘ o 4 i 4
y, The DAMTL i ' . . . .
. 100l implcmentcd in Java for its powerful GUI de- i 2 targ o , ups
N ’ . . . 1 |
Thl»]cnt support, provides a graphical interface for con- . . .
\'0‘0‘-’21 > DSM applications. It has been implemented on the e T
cructing . TR e PR A e AT v e R
‘\tru;]ian «ide of the cooperation by the groups at UFRGS ,
371} : E
Sf: q PUCRS' . Fig. 3. Screen-shot of the DAMIT application. ,'
Fioure 3 <hows a screen-shot of the tool. As mentioned
{ ;c DAMIT is used by the programmer to model and later B. The SCIPOS Program i
be10ivs I : :
application. s }
fne-tunc the app . The SCIPOS program, developed jointly by the groups at 3
The main screen shows the available computational nodes UFPR and Uni-Paderborn, is written in ANSI C and sim-
- grid layout, where each node holds one single process, ulates the actual communication process. After importing
N ac"s -nted by a dark box. Shared segments can be created ~ the matrices generated by DAMIT, the program calculates the
CP;C vailable space within a node, and can later be moved costs involved in the remote accesses between nodes and dis-
| one node to another. The behaviour of the application is plays a graphical screen (Fig. 5), similar to that of DAMIT,
ﬁor;]elled by do uble-clicking a process and adding accesses showing the nodes and the costs generated by each one 1n
me hared segments, as illustrated 1n Fig. 4. These accesses terms of distributed shared memory and message passing'.
to Srepresente d by lines drawn from a process to a node (see Both the total and the individual costs for remote reading and
are . d
s are used to separate read acce , ,
Fig. 9). lefe.rent color , P i !SCIPOS has been designed to support this kind of communication as
(more expensive) from write acCesses. Yol

The DAMIT tool generates as output a data file containing

. cidence matrices wl}ich represent .the communica}ions In- B
Jolved in the application. This file is then used as input for ;;Au:,ﬁses i TSR i
the SCCOnd tool. Li‘f."lffo'?oo?y‘_ef ........... = *f = D‘el‘d’e = J} ;
The moving of shared segments from node to node is the [§ %:: :; %‘:2_2;‘:: RN ;i ‘ . Deleteaccess }ﬁ
key point of the DAMIT tool. T.he idea 1s thgt many differ- ; 4 S o
ent configurations can be Fested in a short period of time, so . DR ; SRR RS J
that the final implementation .can use the placement strategy P A b e Ao =5 :
.4 from this step. Section IV shall present a concrete
Ob[?::]e . the use of the {0 ol Fig. 4. Definition of accesses to shared segments.
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Accessing the local memory +Tcr033mg e
+T k1)

s1ze

® lcrossing-PCI — 3% PCycle e
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Fig. 5: The SCIPOS application.

+Tcrossing.PCI(ak,l)
+Tpreparing_SCI (ak,l)
1 nsertion (ak,l )

[
o Z Tpass-node (ai,m)

m=)

+Tchangering

k
35 Z Tpass-node (am,l)

m=i
] Ceceive (ai,.‘i)
+Tcrossing_PC'I (ai,j)

+ 1 nemory_access (ai,j )

On the following lines, the number of processes to be
mapped shall be denoted with k, the number of available seg-
ments with m. The number of nodes on which the processes
and segments are (o be placed 1s given by the letter n. Thus,
the actual event of allocating the processes onto the nodes

can be described as a function

m:{l...k} = {1...n}

and also the placing of the segments is a function

¢:{1...m} = {1...n}

so that the time needed for the communication of process 1

can be formalized as

Tsm(i) == ZTremote-read(W(i)a¢(j))
71=1

= Z Tremote-wrz’te (ﬂ'(’i), ¢(]))

)=1

Hence the overall cost function to be minimized is given as

This 1s the value presented by SCIPOS (Fig. 6) as the total
shared memory cost, which must be observed by the pro-
grammer when fine-tuning the application. Individual values
for reading and writing are also displayed.

IV. TooL VALIDATION

In this section we will use the OptiSCI tool to model a
distributed application and validate the simulated results with

a distributed implementation of the same application in a SCI
cluster.

As target machine we used the SCI cluster from the Re-
search Center for High Performance Computing (CPAD-
PUCRS/HP). The cluster 1s composed of 4 nodes connected
by a 500MHz unidirectional SCI ring. Each node 1s a HP
Vectra VE8 with a Pentium III running at S5S0MHz and
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owever, is the indication that the values obtainegd
| correspond to the behaviour of the application,
n be used for the purpose of our work.

v CONCLUSIONS AND PERSPECTIVES

of shared-memory applications on SCI-based
|| a task that demands careful planning. The

e epvironment presented in this paper is an attempt to
: Jize the offort in this task. By means of a quick mod-
Juation process, the programmer of SCI is able to

Hine h quas,‘-optimal segment placement strategy to be fol-
obtain - time of the actual implementation.

at th :
]Owed hown an example of OptiSCI use in the mod-

o distributed scheduling application, validated
elling -eal implementation of the same algorithm with the
against aAPI The obtained results show the effectiveness of
yasmin haviﬂ g presented performance variations which cor-

o measures done in practice, within a 10% error

The dCSign
asters 15 S

mzi;ﬁli:version of OptiSCI does not find the best mapping

. but only calculates the involved costs for the solu-
solution, sed by the user. This forces the user to be involved
tion prop® ing process and helps him to better understand
in the maPPdei For the future we consider the addition of

hanisms (0 suggest better mapping alternatives.
ech , NUMA machines, SCI clusters represent a new
Belﬂoe for parallel and distributed applications program-
challeﬂ’ﬁhe cesulting applications will run efficiently only if
mers. ors master the mapping cost model. Our tool aims
Progrlamm"; hetter understanding of the involved costs in this
;;Oh:egure and is a step in this direction.
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