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Abstract: In order to realize human-in-the-loop scientific computing in cloud like environment, we have to
conquer the problem of network latency. For this purpose, we propose a simulation model which we referred
to it as “Simulation Caching”. The infrastructure for Simulation Caching is a sort of cooperative cloud where
a high performance remote server cooperates with a moderate scale local server to provide an immediate and
reasonable response to the operator’s interactive steering of the simulation. To hide the latency to the re-
mote server, Simulation Caching lets the local server caches a part of the simulation from the remote server
and performs the duplicated simulation concurrently with the remote server, while keeping the accuracy
of the cached simulation. This paper reports about the prototype implementation of Simulation Caching

Framework and its use case examples with some performance report.
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Fig. 2 Behavior of simulation caching.
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Fig. 4 Remote and local server’s collaboration schemes.
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(@) ¥YTal—varXyyyy /oL
int SC_INITIALIZE
(int *arge, //a< ¥ F 74 Vil
char x*argv, //3°Y F 74 V5HDLFH
int *proc_num, //7 0% AL
int *rank) //7 ¥ 7 BEHEINAE

(b) 754 774 v SRR
int SC_READY(void)

() YEab—vavXvryyr/ORTAM
int SC_FINALIZE
(int rank) //7 0¥ AHT

[COR i Rokex S

int SC_INPUTSET

(void *message, //iLfG9 %7 —% DAL 5
int count, //Af5Y 27— % DEFH

int datasize, //1 EHEDT—F %4 X [Bytel
int step) //¥Ial—YaryATvIHY

(e) ALt DHUG

int SC_INPUTGET

(void *buffer, //Z{FT 5T %/3y 7 7 DFRIHKA v ¥
int count, //Z{5Y %7 —¥ DEFH

int datasize, //1 BHENDFT—¥ 41 X [Bytel

int step) //¥ 3al—YavATy IHES
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int SC_OUTPUTSET

(void *message, //iK{S59 %7 —% DAL 5
int count, //IAFY %7 —% DEHEH

int datasize, //1 EHEDFT—F %A X [Bytel
int step) //¥Ialb—vavAivIHS

(g) AHEIRSHROMUYT

int SC_OUTPUTGET

(void buffer, //ZET 2T 5/%y 7 7 DRHlRA v 5
int *count, //ZMFL 77 —% DEHRH
int datasize, //1 EHENDFT—F44{ X [Bytel
int step) //¥3al—vav A7y IHES

(n) — BRI e 7oy

void SC_INTEGRITYCONTROL_S

(void *data, //—FIHEHIHHT—% oFadissk

int count, //EZIET 5T —F DEHRK

int datasize, //1 WHEODTF—%4 4 X [Bytel
int step, //¥Ial—vavAiy THY

int rank, //7 ¥ 7 &7

int data_no, //—HELHlfHl7—4 1D

int data_num) //—HEEHITHT— & OO K

10 7L —2a7— 278

1) —HERE AR

void SC_INTEGRITYCONTROL_I

(int step, //¥3alb—vavATy 7HS
int data_num) // -EPEGIET— 8 OREEIOHK

G) —HERE vy 7EFL

int SC_INTEGRITYCONTROL_R

(void *sim_data, //¥3al—YavF—FRL vy
void #roll_data, //H—N/Sy 7 F—8FHLv%
int count, //EZ(ET 5T —8 DEHRE
int datasize, //1 EHEDT—F %4 X [Bytel
int step, //¥ 32l —Yav ATy IHE
int *roll_step, //0—N\/\v 7 X7 v 7THE
int rank, //7 ¥ 7 %&5
int data_no, //—E{1EHliHl7—4 1D
int data_num) //—E{HERIEHT — & OO

) —HEHE Fev 2
int SC_INTEGRITYCONTROL_CHECK
(int step) //¥ Ial—vav ATy 7HE

Fig. 10 Functions provided by our framework.
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Table 1 Experiment environment.

JE— R O — 77 A — N FEER AR
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(b) FiAfLHE OF Ct0

11 Y Ialb—=va #RoAF vy 7Ty ay M

Fig. 11 Snap shot example of simulation results.
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Fig. 12 Output interval in heat distribution simulation (w/o

simulation caching).

® 2 FAIRIEEDCR & FEATHM

Table 2 Output interval violation ratio and execution time.

#4T No. 1 2 3 4 5
FFE I I SR (%) 57.7 61.0 29.5 458 43.1

1000step FEATHF [sec] | 35.5 35.8 36.2 36.5 36.0
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Fig. 13 Output interval (Violation ratio 29.5 [%]).
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Fig. 14 Output interval (Violation ratio 61.0 [%]).
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xR 3 BRI RIRE Z 2 L 22 O RFR IR IR R & TR
Table 3 Output interval violation ratio and execution time

for different consistency control period.

— BRI [step)] 25 50 250 500
FEAR I MESE SR (%) 73.6  75.1 29.0 14.0
1000step FEATHR [sec] | 39.4 38.5 34.9 34.0
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Fig. 15 Output interval for consistency control period

of 25 steps.
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Fig. 16 Output interval for consistency control period
of 250 steps.
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=4 P -EUERIBRR (CEMERS T -4 32 [KB])

Table 4 Average time spent in consistency control (Data size

of 32 [KB]).

#AT No. 1 2 3 4 | 4 [
SSA x4 [msec] | 39 30 52 67 47
SSA XfSEHE [msec] | 131 143 128 121 131

x5 CTPH-HMMERRE (—HEH# T -5 128 [KB])

Table 5 Average time spent in consistency control (Data size

of 128 [KB]).
#AT No. 1 2 3 4 | 4
SSA 3 5RA [msec] | 220 244 230 249 236
SSA 3R M [msec] | 240 264 248 228 241
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sizeof (GLubyte), step);
//— BV
,frj. @i SC_INTEGRITYCONTROL_S(mini_data, 0UT/4,
sizeof (double), step, rank, 0, 1);

Al JL—LT7—7% @A I 2 d
L—3>NDY—X0— KDH—ER /IR T 1 2
[/ A A N —F

/I AT E T a1 X o .
e void idle(void)
/ /3R AT {
void dataset(double *data, int step){ e .
P int size; // FHEMERTAX
double t = step * (2*M_PI/SPEED); int i
int i;
data[0] = (DX/2) + 3.0*sin(t);
FILE* fp;
data[1] = (DY/2) + 3.0%*cos(t); .
) int s;
i /Y3 ab—a VR R R
[/ AA VI —T
SC_READYO) s = SC_OUTPUTGET(color, &size, sizeof (GLubyte), step);
£ _( t ’1 tep <= MAXSTEP; st ){ // IV
or(step = 1; step <= ; Step++
v P P P glutPostRedisplay () ;
dataset(in_data, step); -
SC_INPUTSET (in_dat IN i f (double) tep) gLFinish();
_ in_data, , sizeof(double), step); B -
P /13T SRR
SC_INTEGRITYCONTROL_I(step, 1);
3 if (step == MAXSTEP){
SC_FINALIZE(rank) ;
. exit (0);
//a—=F ) —=NT Tt A 3
[/ xA AN —T
stept+;
SC_READYQ) ; }
for(step = 1; step <= MAXSTEP; step++){
/I AT — 5 WS ~ o~ < . N - o
S, X N wy s A
SC_INPUTGET (in_data, IN, sizeof(double), step); A.2 vIalb 73~ :‘—\— vy 7}Eﬁ 7 9
Y T A— */ 7274)

/] 3Ialb—vay
#include<stdio.h>
simulation(out_data[0], out_data[1],

i <uni .h>
in_data, 255.0, dt, N/2); #include<unistd.h

/AR T — & OVERk #include<string.h>
convert_RGB(out_data[0], color, N/2); #include<stdlib.h>

/* */ #include<float.h>

memcpy (out_data[0], out_data[1], sizeof (double)*0UT/4); #include<mpi.h>

/T — 5 Bk

SC_OUTPUTSET (color, sizeof(color), /) ATEE T & ADE R [sec)

sizeof (GLubyte), step); .
#define INTERVAL 0.033

/IR IERE [sec] (INTERVAL & 57 L)
#define LIMIT_RELAY 0.033

//— BRI
SC_INTEGRITYCONTROL_S(out_data[0], 0UT/4,
sizeof (double), step, rank, 0, 1);

}

/(TR ADT VT
//V)E— FF—NTHER /I ATIREE T a2 A
e #define INPUT O
SCREADYO)s 4R T 2

for(step = 1; step <= MAXSTEP; step++){
/I AT — & Ws
SC_INPUTGET (in_data, IN, sizeof(double), step);

#define OUTPUT 1
/1) == NTOE

2 R LY | (A */ #define REMOTE 2
/v ial—vay /A= —NT Tk A
simulation(out_datal[0], out_data[1], #define LOCAL 3
in_data, 255.0, DT, N); /RIS 70 4 A
// WAL T — ¥ OVER #define RELAY 4
;onvert_RGB(out_data[O], color, N); ) J/7FUF 4Ty hO— L TaER () E— 1)

#define QC_REMOTE 5
memcpy (out_data[0], out_data[1], sizeof (double)*0UT); B .
11— BRI 7 — 5 OFER //7F )T 43y ba—LTakLR (=)
makedata(mini_data, out_datal[0], out_data[1], N, 2); #define QC_LOCAL 6
/1) — 5 %k VENONAE TS

SC_OUTPUTSET (color, sizeof (color), #define PROC 7
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//05E 1%L

#define MAXSTEP 1000

// AT T — & IR

#define BUFSIZE_IN 500

#define BUFSIZE_OUT 500

J/AT) - —BHRE T — % Ok A X [Bytel
#define MAXBYTE_IN 100

#define MAXBYTE_OUT 140000

#define MAXBYTE_IC 140000

//SSA XM 7 3 — 7 — 4 AERINE [usec]
#define SLEEP 150000

//— BV B

#define REFRESH 100

/7K =)oy 7 — BRI 0
#define RB 5
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