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Abjtract— :
This paper presents a performance evaluation of 4

olution for some collective communicati
hal'd‘::f:::; j“ a cluster of 8 PCs based on Myrinet a.:r.;ll
?megmet switches. It was implemented a modified versipn
. TTL _PAPERS [DIE 95]. for 8 nc?des and the hardware
olleative operations were.mc]uded m. MPICH version 1]
(GRO 96}, which is an implementation of MPI message
passing standard. The performance evaluation was done
measuring the execution time of the collective operations and
evaluating their impact on the total execution time of several
application programs. We concluded the special hardware for
collective communication operations is a suitable option to
improve the performance on a parallel machine based on

cluster of PCs.
Keywords— Collective communication operations, MPI,

performance evaluation, cluster of PCs

L INTRODUCTION

In high performance computing, the communication
operations may be either point-to-point, which involve a
single source and a single destination, or collectives, In
which more than two processes participate. The collective
Operations can be used to exchange data (broadcast, gather,
allgather, scatter), for global calculation (reduce, allreduce,
Scan) and process control (barrier synchronization).
Cnile_ctive operations are found in numerous parallel
ﬂgpnﬂ!ms a5 sorting, graph, and search algorithms.
;ﬁﬂ'?g their ilmpartancef the syntax and s_emantic of

Ve operations were included in MPI passage
"essage standard [SNT 96]. |
Eﬁ'lcie:i:&ie a few !}l-l_bl_ical;iuns about the inﬁuencc'uuf
Machipe Olutions for collective operations on paralie
* Perlormance, Tn this work, it is analyzed the

E:Z"ﬂ&nce behavior of a cluster of § Dual Pentium lf'!'D
°Pﬂ‘ﬂii0a|? Independent hardware for some collective
0ns,

Pm}z‘he Platform adopted s a cluster of eight Dual Penuun;
2035 hacaq - OCESSOTS running Red Hat Linux 5.3 kerne
064 Mww on FastEthernet 100 Mb/s and Myrinet (0.64 +

S NetWorks. The 1/O interface is done by PCI bUS:

i o network switch and interface are M2F-
g%;ﬁgﬁégpcmzﬁ, respectively. For FastEthernet, the
network switch is a BAY Network 350 of 8 ports and
network interface employs TULIP DC21 14_{] c_hlps.

The objective of this work is to quanlltal!vcly evalugte
the influence of a hardware solution for collective
operations on the total execution time gf some parallel
applications. In order 1o accomplish this rescarch._ the
MPICH version 1.1 [GRO 96] library was used, which is an
efficient implementation of MPI message passing standard.
Moreover, we implemented a modified version of
TTL_PAPERS [DIE 95], a hardware solution for some
collective operations.

It was used two versions of the MPICH library, the first
one contains efficient implementations of collective
communication operations in software, and the second one
includes collective operations in hardware plus those
medifications.

The remainder of the paper is organized as follows. The
hardware solution is described in Section 2; the
measurement techniques are specified in Section 3; the
application descriptions are exposed in Section 4: the
performance analysis is presented in Section 5; and finally,
conclusions and future researches are summarized in
Section 6.

11, DESCRIPTION OF THE HARDWARE SOLUTION

The built prototype is based on TTL_PAPERS [DIE
95]?1PAPERS (Purdue’s Adapter for Parallel Execution and
Rap:ld Synchronization) is a hardware projected to provide
barrier synchronization and other collective operations as
bmtfdmﬂ,_ allgather ¢ allreduce. TTL_PAPERS is a
version TTL of PAPERS interconnecting 4 nodes through
the parallel port.

Our prototype is an expanded version of TTL_PAPERS
f“f 3 Processors, it is done on an Altera® FPGA and the
original implementation is modified with a register for

collective operations, Figure | presents the block diagram
of our prototype.
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Fig.1 Block diagram of the special hardware

We added a reglster in the basic block Lhat lmplemen@'

the collective operations for data movement. The regists =
function 1s to stabilize the circuit behavior because it sto

4 bits allowing the NAND gates to be cnrractly read by the
processing nodes. == -:"

Figure 1 also exhibits the barrier synchmmzahon blnc =
composed by two NAND gates and a r&g:sfér.-? ;,,—‘_

configuration allows each node initializing and ﬁnlsh]ng
barrier operation in an independent form [DIE 95_j 3 ¥

In this figure, the basic block cﬂnstllutssf_ the
fundamental structure to carry out the collective operation

that demand manipulation of data. The cummum&aﬁﬁn 1’”" 3

accomplished by the standard parallel port, Iumtmg
basic data size to 4 bits.
In the nr;gma] implementation [DIE 95], the mi[qm
i ‘operations: were executed jointly with the bafﬁ"
synchronization block, so the coordination was dﬁn‘&
~ seftware. In our implementation the coordination i is done
hﬂrdwam through the added register, as explained abnve :

:'_ to-all and one-to-all operations.

synchronization, allreduce, allgather) is measured D)
- procedure showed in Figure 3. The medida)
< consasts in accumulating S0 times the operation €X

It allows the execution of broadcast, allgathe,
and the barrier synchronization, and SUPports dr
of nodes, whenever this number is less thap - Y gy
nodes. The figure 2 shows a photograph the Prot ;iL.u' tos
prototype was built together with the Elebry Cone i
the Hipersistemas Integraveis project, financeg by Fiy; ¥ e

Fig.2 Special hardware prototype \

The NAND gates of the basic block are responsiy, |,
the execution of put and get basic operations. These by, |
operations "get” and "put” data on the parallel por T,
high level collective operations are based on these 1y,
operations, For example, a 4 bits broadcast operay;
requests the execution of a put basic operation by the o
node and a get basic operation by the other nodes. A § his
broadcast operation requests the execution of two pur basi:
operations by the root node and two ger basic operations by
the other nodes. Therefore the increment of the number of
bits increases the number of basie operations.

111, PERFORMANCE MEASURE TECHNIQUES

DESCRIPTION

Unfortunately there are not patterns for measuring (b
total execution time of collective operations, each authr
generally adopts its own methodology. :

They were analyzed in detail different methodologies
find the common points and to establish a procedure ¢
allows measuring in an exact form the collective operate®

_ performance.

The collective operations evaluated in this paper ar o

types: all-to-all and one-to-all. The number of pamupﬂ'
nodes changes in the beginning and/or the end of

execution of each collective operation class, influencité
their execution time. Therefore, in this work we a00r®
dissimilar methods for measuring the execution time 01"

The time delay of an all-to-all operation

funbnuﬂ
ecutid”
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each process involved. This accumulateqg t
4 30 times (k = 30) and it is chosen the m;
educing the effects of other jobs),
minimal time is collected fmm_ all processes, To §
(he results we focus on tlhr: maximal time because j;
all processes involved 1n the machine have finig
operation- This method 1s used for many authors
type of collective operation [GRO 96].
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Fig.3 Procedure to measure the execution time of
collective operations “all-to-all”

The time delay of an one-to-all operation (broadcast) i
measured by the adopted procedure in [NUP 95]. The
author shows to utilize traditional methodologies in this
type of operations produces erroneous results on the
performance. The procedure consists of centralizing the
measurcs in the root process. This process begins the
collective operation. After receiving the corresponding
data, a non-root process sends a 0-byte message to the root
process. The root process receives the message and marks
the time of that specific process. The operation is
accomplished with the all non-root processes, one each
time. The execution time of the collective operation is the
maximum time of the root process measures.

In all measurements, the timing starts on the third
iteration in order to ensure that the connection setup time is
not included.

The application programs were compiled with C GNU
compiler using the optimization option ~O. The MPICH
library was configured for using ch_p4 device and the
-nodevdebug option for excluding the overhead of

debugging time. In order to collect the execution time Was
used the MPI Wtime primitive, which is based on the
UNIX gettimeofday system call.

IV.  DESCRIPTION OF APPLICATION PROGRAMS

The application programs employed are ScalAPACK
(DON 95] and PETSc [BAL 95]. |

ScalAPACK s a library of high-performance lin¢ar
algebra routines for distributed-memory message-passing
MIMD computers and networks of workstations supPOrtTe
PYM andfor MPI, Like LAPACK, the ScalAPAC
outines are based on B’Iﬂck-parﬁiinncd algorithms 10 order

(o minimize the frequency Df data movement between
different levels of the memory hierarchy.

The library provides routines for solving systems of
cimultaneous linear equations, least-squares solutions of
linear systems of equations, eigenvalue problems, and
singular value problems. The associated matrix
factorizations (LU, Cholesky, QR, SVD, Schur, generalized
Schur) are also provided as are related computations such
as reordering of the Schur factorizations and estimating
condition numbers. We used the ScalLAPACK library

version 1.5.
They were chosen some example programs of

gcalLAPACK for performance analysis; xdscaex is one of
them. This program solyes systems of linear equations for
double precision numbers.

The figure 4 shows the xdscaex behavior using a 3x2
matrix for 6 nodes. The charts indicate the number of
collective and point-to-point operations in the program.
Also they reveal the message size of these operations by
mean of the “count” and “type” arguments of MPI
primitives. The “count” argument informs the number of
data in the communication operations and the “type”
argument informs the class of data (float, integer, byte, eic).
The first chart shows the message size of the collective
operations specified by the “count™ and “type™ arguments
of MPI primitives. The second graphic shows how many
collective communication operations were utilized and the
number of participating nodes. The last chart shows the
message size of point-to-point operations which are not part
of collective operations.

Figure 4 indicates there are many point-to-point
operations that are not part of collective operations,
incrementing the network traffic. Also, it is observed there
are more barrier synchronization operations than other
collective operations. Besides, it is observed the number of
participant nodes in collective operations (allreduce,
broadcast and reduce) depends on the matrix dimensions.

Since the special hardware has limitations of supported
messages type and size, only 35 of 90 collective operations
of xdscaex program are executed there.

The Portable, Extensible Toolkit for Scientific
Computation (PETSc) is a suite of data structures and
routines that provide the building blocks for the
implementation of large-scale application codes on parallel
(and serial) computers, PETSc 2.0 uses the MPI standard
for all message-passing communication.

PETSc consists of a variety of components similar to
classes in C++. Each component manipulates a partic'_iﬂ_ar
family of objects (for instance, vectors) and the operations
one would like to perform on the objects. Some of Ehe
PETSc modules deal with index sets, including
permutations; vectors; matrices (both sparse and dense);
distributed arrays (useful for parallelizing regular grid-
based  problems);  Krylov  subspace methods;
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V. PERFORMANCE RESULTS |

The performance evaluation was done measuring ¢
execution time of collective operations and evaluating thet
impact on the fotal execution time of several applicaic?
programs, Unfortunately, the Myrinet switch has ol
available up to six ports, therefore the Myrinet measures &¢

- limited to 6 nodes. The tables I to IV present a compai™®

of execution time of collective operations in hardware it
efficient software. Fast, Myri and Hard Rl
FastEthernet, Myrinet e Hardware. respectively. :

The results allow concluding the hardware solutio” ”
some restrictions, The special hardware uses a paralle! P
as Interface with date size of 4 bits and a basic collest™
operation based on NAND logic; these facts limit 1h]e[
execution ‘time and number of date types support i
Ppresents a low performance when the message 2
mncreased, then causing 2 poor bandwidth.
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TABLE 1

Execution time of Barrier SY“Chmniza;ign

wumber of MPI_Barrier {jus)
Nodes FastEthemet §| Myrinet | Hardwarp
4 598 811 24
i 903 1086 B4 |
[y 964 1308 | 24 ]
e = 1086 B
Cr T 2%
TABLE I1
Execution time of Alfrreduce
Number of MPI_Allreduce (ms)
Hoss 1 byte 16 bytes
Fast Myri Hard Fast Myri Hard
4 059 (.7 0.067 0.6 0.8 0.8
5 0.96 1.2 0,065 0.98 12 0.8
fy 1.13 1.4 0.1 1.16 1.6 1.38
71 1.14 0.12 1.16 1.63
B 1.08 0.14 1.1 .91
TABLE III
Execution time of Allgather
Number MPI_Allgather (ms)
offugs 1 byie 16 bytes
Fast §| Myn Hard Fast | Myn Hard
.81 1:21 0.095 .84 12 0.82
0.99 .41 011 1.02 1.5 1.07
] 1.0 1.55 0.13 1.05 1.5 1.38
7 119 0.15 .22 1.66
g 1.01 0.16 1.04 2.04
TABLE IV
Execution time of Broadcast
Number MPI_Broadcast (ms)
of Nodes
| byte 100 byles
Fast § Myn | Hard Fast | Myr Hard
| S 058 § 079 | 0035 | 066 | 083 0.99
5 123 1 139 § 0037 | 10 | 14 1.09 |
L6 1 12 ) i6 J oosz Juzr Jies ] 197
B T 0,037 | 118 1.08 |
§ 0.98 0035 | 097 1.32

A broadcast operation in hardware is efficient for
Sl messages 90 byles. Allreduce and Allgather
OPCrations are efficient for smaller messages 9 bytes. The
hardwm solution supports only traditional data types, data
like MPLPACKED are not supported. The performance
characteristics of a hardware solution can be iMprove

other type of interface as a PCI bus, since it will

ndwidth. ; _
e act of hardware solution on total execution

- qome parallel applications 1s shown. In Eigurc; 6
OI ﬁgl'mn refers to MPICH implementation with
& Iu[inns in software for scatter, gather, _r(:‘.i']l.llce,
llreduce, allgather and barrier synchmmzanpn,
o+HB refers to preceding implementation
eluding the special hardware fo_r blmrzdms:, a!el‘garhef-,
s .duce and barrier synchronization. The tme Is
:ﬁ;’;mll;i{zcd as the ratio of the program execution time to the

hest execution time.

ysing an
ipcrease the b

Nexl, the 1mp
time
and
gfficient 50l
broadcast, &t
whereas, Qum
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o3 ==
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Fig.6 Performance comparison of xdscaex program

Figure 6 exhibits there is a performance gain for the
hardware solution. In both of the cases, Myrinet and
FastEthernet switches, the program execution time
decreases approximately 20% with the special hardware.
Aithough the special hardware does not execute all
cu!l?.cnve operations of example programs, as mentioned in
section IV: no more than 35 of 90 collective operations are
realized by hardware special.
broF:gum 7 presents the perfl?rmancc results of slex-ex3
) [E ﬁlm. The program execution time decreases by 45%
okt ¢ hardware solution for a 6 nodes cluster based on
thé’rmel switch. In.a cluster based on FastEthernet swilch,

Program execution time decreases by 25%.
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Fig.7 Performance comparison of sles-ex3 program
The cluster using the Myrinet network is more sensible P
o a hardware solution because the overhead of point to
point messages is highest than the cluster using the
FastEthernet network due to TCP/IP protocol is inefficient
on Myrinet interface, >
VL CONCLUSIONS =
: ghl? work quantitatively evaluates the influence of a
ardware sfo_}utlan fo_l_' collective operations on the tota]
cxeizuuc:l::j time of lsome parallel applications. =
0 tus article shows is important o
measurement techn‘iqu‘e': for each p o todeﬁna E
o ach collective operation to
obtain a correct execution lime. Moreover tis cumass oo
- Moreover, it IS necessary to

study the application behavior for perfo :
_ i vior for performance analysis
Th.?up?h ‘thc implemented hardware Sﬁlﬁﬁ'ﬁnysp?se:géﬁf '

In coming performance analysis v e
two processors of the DUAL Pentium floda Congig,.

In the future, it will be implementeq o 4
that supports all collective operations 4 da‘uw;.,.t i
standard with a minimum execution time It € typa: iy

L P

- F - . W i z .I- rl hi
employing a different interface instead of the FLlh be I‘-f.m-\f'll'
aral| . th

el |
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