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Abstract

Parallel computing operates on the principle that large problems can often be divided into smaller ones, which are then solved
concurrently to save time by taking advantage of non-local resources and overcoming memory constraints. Multiplication of larger
matrices requires a lot of computation time. This paper deals with the two methods for handling Parallel Matrix Multiplication. First
is, dividing the rows of one of the input matrices into set of rows based on the number of slaves and assigning one rows set for each
slave for computation. Second method is, assigning one row of one of the input matrices at a time for each slave starting from first
row to first dave and second row to second slave and so on and loop backs to the first dave when last slave assignment is finished and
repeated until all rows are finished assigning. These two methods are implemented using Paralld Virtual Machine and the
computation is performed for different sizes of matrices over the different number of nodes. The results show that the row per dave
method gives the optimal computation timein PVM based parallel matrix multiplication.

Keywords: Paralldl Execution, Cluster Computing, MPI (Message Passing Interface), PVM (Parallel Virtual Machine)
RAM (Random Access Memory).
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1. INTRODUCTION PVM (Parallel Virtual Machine) is a software packathat

allows a heterogeneous collection of workstatidms{ pool) to

Parallel processing refers to the concept of spgedp the
execution of a program by dividing the program intaltiple

fragments that can execute simultaneously, eachtsolown

processor. Matrix multiplication is commonly usadhe areas
of graph theory, numerical algorithms, image preces and
aviation. Multiplication of larger matrices requirea lot of

computation time. This paper deals how to handletrida
Multiplication problem that can be split into sutplems and
each sub-problem can be solved simultaneously usia

methods of parallel matrix multiplication.

MPI (Message Passing Interface) is specificationnfiessage-
passing libraries that can be used for writing glae parallel
programs. In MPI programming, a fixed set of preessis
created at program initialization. Each process waats
personal number. Each process knows number ofraétlepses
and they can communicate with other processeseBsatannot
create new processes and the group of processkdics[11].

function as a single high performance parallelugattmachine.
The PVM system consists of the daemon (or pvme)ctinsole
process and the interface library routines. Onaendeeprocess
resides on each constituent machine of the virtnathine.
Daemons are started when the user starts PVM ifging a

host file, or by adding hosts using the PVM congb.

This paper deals with the implementation of pafalle
application, matrix multiplication using recent siens of
PVM, under PVM using PVM3.4.6 [12] for communicatio
between the cores and for the computation. Becthese are
very much suitable to implement in LINUX systems

2. RELATED WORKS

Amit Chhabra, Gurvinder Singh (2010) [1] proposeldis@er
based parallel computing framework which is basedtle
Master-Slave computing paradigm and it emulatesptrallel
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computing environment. Hai Jin et al (2001) [6]adissed the
incentive for using clusters as well as the tecbgiels available
for building clusters. and also discussed a nunafelinux-
based tools such as MPI, PVM etc. and utilities Bailding
clusters. Rafiqul Zaman Khan and Md Firoj Ali (201[R]
represented the comparative study of MPI and PValfeh
programming tools in parallel distributed computiagstem.
They described some of the features for parallstriduted
computing system with a particular focus on PVM aniil
which are mostly used in today’'s parallel and disted
computing system. Sampath S et al (2012) [3] ptesethe
framework that demonstrates the performance gaihl@sses
achieved through parallel processing and made dffenmance
analysis of parallel applications using this cluftased parallel
computing framework. Rajkumar Sharma et al (2019) [
evaluated performance of parallel applications giditPl on
cluster of nodes having different computing powarserms of
hardware attributes/parametesirtek Pand Racek S (2007)
[4] made the performance comparison of distribdieaulation
using PVM and MPI in which presented the possib#itof the
simulation programs speedup using parallel proogssind
compared the results from an example experiments.

Eyas EI-Qawsmeh et al [7] presented a quick matrix

multiplication algorithm and evaluated on a clustef
networked workstations consisting of Pentium hastsnected
together by Ethernet segments. Petre Anghelescist8jved
how the implementation of a matrix multiplication a network
computers can be accomplished using the MPI stdndad
presented extensive experimental results regardihg
performance issues of matrix parallel multiplicat@igorithms.
Various ways of matrix distribution among processbave
been described here. Muhammad Ali Ismail et alpf@formed

Parallal Applications (Matrix ku Kiplicationl «e

the concurrent matrix multiplication on multi-copeocessors.
This study is a part of an on-going research faigténg of a
new parallel programming model SPC3 PM for multcor
architectures. Ziad A.A. Algadi, et al [10] condedt the
performance analysis and evaluation of parallel rimat
multiplication algorithms, In this work, a theoxl analysis
for the performance and evaluation of the parattetrix
multiplication algorithms is carried out. Howevemn
experimental analysis is performed to support theoietical
analysis results. Recommendations are made basethi®n
analysis to select the proper parallel multiplicatalgorithms.
In our work we do the comparison of row per sland aows
set per slave method which is implemented using PV
show that optimal computation time can be obtamngdg row
per slave method of parallel matrix multiplication.

3. SYSTEM REQUIREMENTS
3.1 Hardwar e Requirements

* Processor: Pentium D (3 G Hz)

+ Two RAM: 256MB and 1GB

» Hard Disk Free Space: 5 GB

* Network: TCP/IP LAN using switches or hubs

3.2 Softwar e Requirements

» Operating System: Linux

* Version: Fedora Core 14

e Compiler: GCC

« Communication protocol: PVM
* Network protocol: Secure Shell

Parallal programming and Commun ication libraries { MPI, PV

MODE 1 MODE 2 MODE 2
COREL COREZ2 COREL COREZ2 COREL COREZ2
| Cache | | Cache | | Cache |
| R | | RAM | | RAL |
| ruc | | rac | | MIC |

Interconnecion of nodes using TCP/IP Ethernet LAMN

Fig 1: Cluster based parallel computing architecture
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4. CLUSTER BASED PARALLEL COMPUTING
ARCHITECTURE

Fig.1 shows the cluster based parallel computirodpiacture
involving three nodes over which PVM based parallel
applications can run. Desktop PC’s are termed hsr@odes
which are connected together using Ethernet TCRAR to
work as single high performance computing systeathEhode
contains two cores. Using the capacity of undegyiodes, the
processes perform the parallel computation. One thef
processes acts as master and remaining processes ataves.
For each process unique task ids or number wilgdmerated
for identifying processes in the communication dorThe
main problem is taken by the master process andrasshe
task into slaves. Each slave send back the sohutainthe
assigned task.

5.ROWS SET PER SLAVE METHOD OF MATRIX
MULTIPLICATION

The operations involved in Rows set per slave neetifanatrix

multiplication are as follows: Master finds averagember of
rows to be sent to each slave and extra rows. Mester finds
the number of rows to be sent in a rows set of im#trand

Send the each set of rows along with the offs¢héoavailable
slaves. Assigning is done serially from first slaeethe last
slave. Slaves computes the rows set of resultattixm@ and

send back the solution. Slave uses entire mati@ad rows set
assigned to it for computation. Receiving of saatis done
serially from first slave to last slave. Master eiwes the
solution of subtasks from each slave which is tlzet of

resultant matrix C along with the offset. The Roer glave
based algorithm for master and slave side opematbiown in
Fig 2 and 3 respectively.

6. ROW PER SLAVE METHOD OF MATRIX
MULTIPLICATION

The operations involved in Row per slave methodmattrix

multiplication are as follows: Master sends one wfvthe first
matrix (matrix A) and the one count value whichigarfrom 0
to size of matrix-1 to each slave. Slaves as shey teceive a
row of first matrix, computes the resultant row roftrix C

using received row of matrix A and predefined MatB in

them. Finally slaves send back the resultant roMatrix C to

master along with their tid and count value. Bitiatly, master
starts receiving resultant rows only after the grasient of
single row to all available slaves is finished. kéasthen
receives the row of resultant matrix, count valnd &d from

the process which finished its computation andsisét free.
This tid is used for assigning next task to theveslprocess.
Then master copies row just calculated into C maimi a

correct order using count value. This procedurepeated until
all the rows of Matrix A is finished assigning ttawes. The
Row per slave methodology of master and slave gigeations
is shown in Figure 4a and 4b respectively. The atpmrs
involved in getting the resultant matrix are shownFig. 4.c
with simple example.

7. RESULTSAND DISCUSSION

We compared the new row per slave and traditiooalsrset
per slave methods using the parallel computing RaA13.4.6.
Computation time is taken for different sizes guh matrices
and for executions over different number of nodeable 1
shows the computation time taken for rows set peresand
row per slave based matrix multiplication using PVM
Comparison of these two methods over single, twi thnee
nodes using PVM are shown in figs 5, 6, 7. The paw slave
method of matrix multiplication is taking less coutgtion time
compared to rows set per slave method. The rowpesetlave
method takes more computation time as it does risgigsub
tasks and retrieving solution serially and in tewhgsows set

define mafrix a, inifialize mafix c
start timer
if taskid € MASTER
Initialize ityput matrices el ements
start imer
averow < INE_Adymmwork ers
extra < NE A% rummworkers
set offset as zero
miype €FROM MASTER
for i <0 to WNPROC
rows - i = extra T averow+1 @ averow
serud offset, matriz A’ s subset and Matrix B
offset <—off=st + rows;
end for
* R eceive results from worker tasks ¥/
miype < FROM WOERKEE
for i<1 to WNPROC

end timer
pritit resultant matriz O

receive offset, portion of resul tant mamix C usng PV Eecwv

Fig 2: Algorithm for Mater side operations using rows jget slave method
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define matrix B
get parent id, so we know where to receive from
mtype < FROM_MASTER

for i<0 to rows
c[i][k] € 0.0
for j<0to NCA
clillk] < cfil[k] + afi][j]
end for
end for
end for
mtype = FROM_WORKER
send offset, set of rows portion of resultant mei

receive offset, matrix A’s subsetand Matrix B f&#R to NCB

*bj][K]

Fig 3: Algorithm for Slave side operations using rowspsat slave method

a) Master
Initialize matrix A&C b}
Count=0
ntaskz=51LE
idle=NT}M
F
Spawn
Slave Process
Return Time Taken
Exit
X [‘}
Receive slave
salution C Row
ntasks=ntasks1
idle=idlet1
Assign tasks sequentially
to each process thid=tid[count]
Send rowof A to the Slave process
idle=idle-1
count=count+l

Fig.4.a) Flow diagram for operations involved at the Maside

Initialize
matrix B

#7

Receiving A row
from Master

’

Compute C row

.

Send C row
to Master

\—r

4 sk
et
1 wbtak ]\
5 btk |\

'W F\ .I".
vt peocess | J

§ ek

1] Whaster peocess civid tasky into mbashs.

1] subtask] s wigmed to Stave provel,

5] subtackd s scipeed b Shove pracentd

&) shawe process] sand resck] b master process
a4 madi first dve proveii e

U Subtackd i asigned t St procesd.

8 6] sove proced send reschd o maste process
aed bicomes ot sece oo mare sbtarks b be
wpeed,

Tickove peocesc] sand resul to mate process
£ Matar process combine saltions of swbiacks
o pet fial sltinn by maie tack

b). Flow diagram for operationsoilved at the Slave side c).
Example (1 task into 3 subtasks computed using\&s) to show Operations involved
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Table 1: performance comparison of rows set per slave awdper slave method using pvm(all time in seconds)

Number of| Type of matrix| 1000*1000 1500*1500 2000*2000 2500*2500 3000*3000
Nodes multiplication

Rows set per 10.1783 36.2335 86.3251 171.3234 291.5617
Single Node | slave

Row per 5.4749 28.2361 43.0896 133.6212 157.8411

slave

Rows set per 7.5521 18.4315 45.8543 75.1528 136.2641
Two Nodes slave

Row per 2.8996 12.0456 22.0475 58.4992 80.4918

slave

Rows set per 7.6645 19.1214 36.2816 66.9552 108.2531
Three nodes | slave

Row per 1.9545 7.4321 14.6072 31.4274 48.4312

slave

350

0 / 291.56
250
171.32 /
200
150 / W 15784 —&—Rows set per slave
86.32 m3 62 —#—Row per slave
100 : / .

/ Time in seconds/]\
50 W713.08
0 ! ! ! Matrix size
2000*2000 2500*2500 3000*3000 —_

Fig 5: Comparison over single node using PVM

10

144
/ 133826
120 /
100 —— Rows set per slave
- 75.15 / ——FRow per slave
co - _-.——_—.-"//. 2046

i o
o 149 Time in zeconds
a0 = Matrix size
20 .
22.04 Matrix size
i} T T 1 >
2000%2000 2500* 2500 3000* 3000

Fig 6: Comparison over two nodes using PVYM
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66.95 /
60

—— Rows set per slave
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36.281 /
40

/
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—
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0 T
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Fig 7: Comparison over three nodes using PVM

Even though the slaves finished computation theystrhe
waiting until their turn to send the solution, can8ut in case
of row per slave method the slaves do the compmurtaif only
one row at a time and sends back the solution aodives
another row for computation.

CONCLUSIONS

The row per slave method is giving more optimal patation
time than the rows set per slave method in PVM thaseallel
matrix multiplication. An average reduction in comgtion
time with row per slave method when compared tosreet per
slave method of matrix multiplication is around 50%
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