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Implementation of Scheduling Strategies on PC Clusters
Oh-Han Kang' - Hee-Heon Song'" - Joong-Soo Chung'™'

ABSTRACT

In this.paper, we propose a new task scheduling scheme for bus-based cluster architectures and analyze performance of the scheduling
scheme which has been implemented in a PC cluster. The implemented scheme schedules the tasks of a task graph to the processors of a PC
cluster, and it reduces parallel execution time by selectively duplicating critical tasks using heuristic. Experimental results show that the proposed
scheduling scheme produces better parallel execution time than the other scheduling scheme.
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LST (i) = LCT(i) — t(3) (9)
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%9 [ EST, ECT, LST, LCT, level, CPT, CCPT //

compute ESTVi), ECIi), LST(i), LCT(i), level(i), CPT(i), CCPTi)
for all nodesi v,

oA 2:
/) A8 ¥ 3 YZ (V) E, ¢, o), queue (Hdo] Wt 28350
2 %‘Q% 2 =)
29 35 H238 ZE Para F2HE /

i=0
n, = first element of queue
assign 2. to a W,
while (not all tasks are assigned to a workstation) {
for (qindex=0 ; num_of_task-~1 ; gindex++) dupflaglgindex] =0
ny = CPT(x)
if (#, already been assigned to another workstation) {
#,=another parent of #. which has not yet been assigned
to a workstation
If (LSTx) - LCTy)) = ¢} then// #, is not critical for 7, //
{n,=n, ; dupflagly] = 1}
else
candflag = 0
for another parent #. of #,, z =y
if (FCT(x) +¢y) = (ECT(2) + €) &&
7, has not yet been assigned to a workstation) then
{n,= n.; candflag = 1}
endif
if (candflag = 0) {#,= n,; dupflagly] = 1}
endif
}
endif
assign 7, to W,
”n,= n,
if #, is entry node
assign #. to W,
for (qgindex=0 ; num_of_task - 1 ; gindex++)
if (dupflaglqindex] =1 && CPTlgindex) is in W)
assign ” gindec to W
#,=the next element in queue which has not yet been assigned
to a workstation
increment {
assign 7. to W
endif
}
oA 3:
A48 ) FEE HAAR o]0 A FH2HE
2) bus_slot Jist - ESY A AollM A% 758 228 ehy
2713000, ], B i [sy, e}, [s2, 2], -+, [ 4, 0] //

let there exit n task clusters on n workstations, ie. { W, W,--, W,_,}
while (not all nodes be scheduled) do {
for (i=0;1<0;i++) { .
select the node #; to be scheduled from W
let there exist p parents of 7;, ie. { %, %5 %)
if (all #/s p parents have been scheduled) {
for (k=1;k<p;k++)
If (7, was scheduled onto W)
i{ (tmp_rst of #; <tmp_rct of #,,) tmp_rst of #;=tmp ret of 7,
else
let[ 5. €:] be the first slot in bus_slot_list for %,

f (e~ si+1) > Cf, ;) && (5> RCT of 7)) {




slot_busy = s;+ €, j
substitute {s.. e;] to [s:+ €j, 5, e]

else
if ((RCT of %+ Ciup) < e |

slot_busy = RCT of #i,+ €4,
substitute [ s;. &1 with {s;, RCT of #:.] and {RST of #,, +
Cu i €]
}
if (tmp_rst of 7; <slot_busy) tmp_rst of #;= slot_busy

if (tmp_rst of #;< W_busy) {
tmp_rst of #;= W, _busy

tmp_rst of #;= tmp_rst of %, + €j,
~ Wi_busy = tmp_rct of 7
t

)
}
if (RST of #; is not assigned) {
?ST of #,=tmp_rst of #; ; RCT of #;=tmp_rct of 7,

else
if (tmp_rst of #;< RST of n;) {
RST of 7, = tmp_rst of #;, RCT of #;= tmp_rct of #,

)
)
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o a3t £2ZEoE A2de VE 298HE AT
B L9AA, 4 xud IPFAY ALE AT 91 A
M2 T2 vlal wne taag FHE7] A g
Azl 7b 2289 AH FAEE FHE] A Mujs =
20¥, dEzz adue A% AP 528 P9 (0¥
E B =8dA 75 Ze2EHY ol xxo REY
#A7 7t gAY HR3 AZTEYOE el Aol

ad YEHA 1= MAC F2 _
. P F2, HuTYY
< DHCP
258 A4 ool .
< 7 oloixy TFTP
24
2E7= nige 2y .
_ NES AHl NES
282y
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2z 97 Aol TCP/IPE AMEst7] H& AHE7E FojA ok
gte}, DHCP(Dynamic Host Configuration Protocol) & vl
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MPI(Message Passing Interface), PVM(Parallel Virtual
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= st

2 =84 2828 F5& 98 Ad §744%4,
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FolR ATE tirlEr w29 MEs AYwizE &
HoE= calculate) F5E Aok obd Z=E caleu-
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void calculate(double msecs, int rank, char *tasknode) {
double start, stop, secs ;
secs = msecs / 10000 ;
start = MPI_Wtimel() ;
stop = start + secs
while(MPI_Wtime() < stop) ;
printf(“Finished [%s] By P{%d].\n,” tasknode, rank) ;

DAGIA EAlH]&L WA A7]9} EA9] B Zo
ds A4E + Uk AP FAH LS THs] A A
A =B ASEEE $43n FANEE Falo A4
A A5 dolHe 2718 FaA 9o £ 4 e
e F A =8 AFY 512Kbyted AET AHE
At A Ime) T A4 FE ANGT TeaPe
AHESt 2 wEelM T2 FH2EHY =2 37 W4
£58 54 23 oF HKbytes/ms =2 et} 22
W9 Aol AAlR Hete] Had ons=o o
F& Fol7] Ast] v 89 ANINE 10ms2 gt of
H A2EE i =2} B AEEEE FHse T
2a9S Y Aol

#include <stdio.h>
#include <stdlib.h>
#include <mpih>
#include <sys/timeh>

static struct timeval start_time ;
static struct timeval finish_time ;

static char *buffer ;
static int iproc ;
static int nproc ;

double roundtrip(int count, int size)
{

MPL_Status status ;
inti;
double elapsed_time ;
gettimeofday(&start_time, (struct timezone *) 0) ;
if (iproc == 0 ) for (i=0 ; i<count ; i++)
MPI_Send(buffer, size, MPI_BYTE, 1, 0, MPI_COMM_WORLD) ;
else for (i=0 ; i<count ; i++)
MPI_Recv(buffer, size, MPI_BYTE, 0, 0, MPI_COMM_WORLD,
&status) ;
gettimeofday(&finish_time, {(struct timezone %) 0) ;
elapsed_time = ((double){(finish_time.tv_usec - start_time.tv_usec) *
0001 + ((finish_time.tv_sec - start_time.tv_sec) * 10000 ))) ;
return (elapsed_time / ((double) count)) ;
}

int main(int arge, char *argvi])

{
MPLInit(&argc, &argv) ;
MPI_Comm_size(MPI_COMM_WORLD, &nproc) ;
MPI_Comm_rank(MPI_COMM_WORLD, &iproc) ;

if (nproc =2 ) perror(“Fatal run time error : number of process-
ors must be 27);

int i,

double elapsed_time ;

buffer = (double *) malloc(512+1024#sizeof(char)) ;
for (1=0,;i<512+1024 ; i++) bufferli] =1 ;

elapsed_time = roundtrip(l, 512+1024) ;
if (iproc == 1) {
printf(“Total Time(512Kbytes) : %.2f ms\t,” elapsed_time) ;
} printf(“Speed : %.2f Kbytes/ms\n,” 512/elapsed_time) ;

free(buffer) ;
}
MPI_Finalize() ;
return 0 ;
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