HoHE K B

2 8 it il &

. =T ERME AR 2R 7k
L7 B B 1% 25 R A i 5

&
I
\

% Al Bmti
£k BHM
o A R
R EER IR

2009 4 6 H9 H



AT FAOE I ER R AR

A GE TITRE TR CFERSATE R, W AR R
TR AATE O, ST Ee S DR E: b A L A e SR T Ak
aWEE, AR M RERY. HEEEE HAD S B T

(B I 2 s TR B D R AT A )

s ———

-E@%’/ﬁf} ) s TR gh ri 3 g, 2009 .00 df
(AL - ,



RCHE

AR SCHIFST T A W gt r 3T UM 5 AR (1 18 o) 50008 0 7 FH P At 5 0% 905 A R 1)
Mo IR R A AT REPHRAE I EAR NS HL, BE A R
e VR A FH AR R i TARRCR I P . I TF A 35T Xen EAUEEIAR
ViGrid BRIPIAS RS, AT T TiZEyE R a5 . 8L %47 Rmon 1 Montage
PRAS LIRS R A N, BRATTERAIE T 1% 520 S Brag AT ORI Bt e T A7 AE 1 1)

i

SRR POMS: BRI Bl HEREIML



ABSTRACT

Abstract: In this paper we present resource management in data grid. To deal with
the on-demand and fine-grained resource allocation problem, we proposed an
integrated algorithm that incorporate virtualization, system identification and optimal
control techniques. We built a ViGrid system as a testbed to test the performance of
this method. We also applied the Rmon and Montage application in this system and
verify our method.

Keywords: Grid; Resource management; Data Stream; Virtualization
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5

J = B(Iw(y(s+ 1) — Q% + IPCe(k) — t(k— 10)117]

AL e, NI Y2 ST 0.

A

el

AT AT AL BIFRHF SN2 TR VR R R X(K)A BO At il i ik ARMAX
BB TF A5 IROR I R LR K 45

(k) = ((WBTWBy + PTP) L ((WBy) "W(Q(k) — X(K)$(k) } + PTP t(k— 1))

25 FE4ZER

Iy TSR A SR PR, BT H5 2L T Matlab (IR T4
25.1 (FEIRE

WATESL T —MET Matlab ~F& 5SS, 2 P LCRH Matlab 1 & 2 P
NEARSRME T LB R BT B S AR AT, M=2,
N=2, #EHIRGE DX AR G RS #HIRR Nk = [,k &)
NIRRT RN I R 0BG o AEFRATTIBIAL pr, IX AT 5 R HATAH 7 17
R ESH, IS TR ERR AR, X — AR S R SERR IS AT ER
BEEARRAR, B SRR RT DR 5 (A R BN L I ATIERS, TR G R
PN LIRS A 1R AL TP R — 3. FRATMEAH T —4 ARMAX B8, il £
R ZESS TN R A I AR S H A [nanb ne]=[2 4 1] .«
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252 (FE4ZR

DI SR UL TR BT RE, RefSEREETE(E, I BLAS REU8 AR
W I P SRR RENS A AP IO ROR . R — N sE b, SCTTe e, Fdl1#0
4 Q(k) 7t t=0 I %5T 10, 7 t=100 S5 T 15, 1fifE t=200 45T 5, X&N T
LA HERER RO K . Hin y(K)ZEA T LATE 10 2 WERER | Q(k), X ETE RS
RVFTEE AN 534, XTI U] T 5 B AR 2 A OC, R 7 —A
FSLR A PR AT B 2 QoS 19 BIUKE o R FRATIZE AN 1T R VAR T T AH A (1)
AR, 5 AR AR R

Kl 2.3 BLHT T W=1 I P=1 IN [t BREE T (AL AR . nTLUE B, BARAFAE
— BB, (HRIEAPRER M eI 2 R

o

=
T

(]
T
1

(=1
T
1

] = [ . o o
i T T
1

’&]2.3 W=1FIP=1IN % Hb Al 30 2
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a 0 100 150 200 20 300 30

&]2.4 W=1FIP=1} iy A8 H 1

L] T

0r .

0 | | | | | |
0 & 100 150 200 0 300 30

&]2.5 W=1FIP=1Ir} )5 il A8 2

N T B R TS I TR RE, BATIESE T AFM W AP 24, RUER
SRR FRIRIL. 1B 2.3~ 2.5 LI 718 W=1 A1 P=1 I ()4 tH ERERSOCR,
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2.6~14 2.8 FRIL T AE W=0.4 Fll P=1 I [FJERERRA, v CUE ZIREAG W /NI P
(R3E N, b A N e e 1122, DA P SEls b S i i) A2 A A\ JE S P (AL,
1MW R 2R ZRBUE, P B, A 2oz thge sz, w
TR A H i e DR 2 ), AR i 2 i) AR A 00 Sl R B H SRl BB £ o

| | | |
0 a0 100 140 200 240 300

K12.6 W=0.4F1 P=1 % o A0 e {l
20 T T T T
—t
15} g
i g
5 B -
|:| -
5 ] | | ] | |
0 &0 100 180 200 240 00 30

K2.7 W=0.4F1P=1 5 H45 F 1
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] ] ] | |
0 all 100 150 200 280 300 30

2.8 W=0.4F1P=1 #5145 -2

L EHERE W=0.4 Fl P=1 B4R 5 2 Bifi I 1A) AR 4k (1 o DR A A FH ) 4%
S HURIA, FrLAE TR R 2 R AR 1 AR AR L. (H R AE S B
GUH, X E AR RN, e flAr s 1 nl AR N AE, BUE VI
128-512MB, ##iilA S nlfg& CPU A, HUEVEHIM 1%-100%. AidBEAAKR
LR 2 BRI S o 155 0 17 2

AN 2.9~ 2,11 Frfifiad i), PR WA 22 i H o R0 2 i 0 19 22 (1AL
B, FrClzB g i o gt LA s 2 0B, RISk B E A R ZL . 1E
ShR RS, T ARG R, RS SEONRREE, X AR S T )
SCPR SIS TP RIS UE . kT RN SRAFAR T PR R PRI Y, W T PR R R R
W e — el 2 W . L A s B B S ATt ] DA BRI 4 18 .
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20

2

20

T T
]
""""" Qik)
| | | |
100 150 200 260 300
2.9 W=1.4F1P=1] %y - R P 2 1
I I I I I I
— 1
| | | | | |
&0 100 180 200 250 300 30

K2.10 W=1.4F1P=1H} 51| A8 a1
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Ta—

] 1 |
0 50 100 150 200 20 300 360

K2.11 W=1.4F1P=11 [f145s ) A5 2

2.6 KELiL

FEIR G SCEE R, BATVEER Bt RS Hh ) T A AR B, AR T i A SR e S 4
KIS i ¢ QoS ) o RUEBHIIAIAGHGE WAL, SRR T 8Lf
(Y it e S I A A AR O 1 )R

AT RPIZAS AL, BATIPE S T A B G N ] 1) 3 A R R BRI L AL 2
AR AL B EER, DU LR 2 AN R IR S5 A0 Ao 2l a2 Heis AT iy
AR ST E 1K) A PR IR 26 5 > I VAR AN 28 . Matlab 475 B PP A 1
BATHE R A B DA RN, JAT I FEHIES REUS WAL QoS 73 Al H AR ATIE N
ENAS RGBT 22 Bl A PR, Ry il 2 5 5 SR IK T AR P b &R
GEMRESII o
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$3FE F % ViGrid &

e b, BT RS AL TSI RE. W TP 1%
FOZSITAR LB RGAEL R, TIFK T ViGrid UM R S8
(Virtualization-based Integrated Grid), Jf: H#EH + 34T T Rmon F1 Montage %5 4%
N INR, A TR A QX — VIGrid j2 42l k281 G b LRI ) RE UL AR

3.1 ViGrid *F & Frik#i R R L B K

3.1.1 Xen E#IH

PIF R 5 2T IA M Xen EIWLRFZIATIF KN, Xen 5 Linux &4t
HARGF WG, RIS R 2 R S IR R B A T

Xen & — T IR BRS¢ B Virtual Machine Monitor
A FK VMM, 1] L VIR S — [ BEALES b RIS AT 2 AN E RG] . B2k
132 i X86 ARE MMl TF A, SCRFAIINIEAT 2 249 100 S FEAUNL. XEN 5]
AR PRI (Hypercalls) FIZEf (Events) HLHI, LLE TS & XK UM LA
VMM 2 [8] R =2 A7 B A8 LA A A8 K 2 P LR R 284 (XEN FEAELL
k) BAHE AR RE, HRI e T e L AUME SUR T HLERE R YRR
fih,

Xen K% IR Z A AU (Domain), Hirh 0 5zl o AR 454 e
P Y TR P RG M FIR S5 o M IEFE PN 10 TR W o i) 28545
Hilrisc# PIC/Local APIC/IO APIC 4%, At REfplssltly vl AP #0110 B
BB R 58 o A ) B AL 6 1) R AR Ay o 25 e 45 B B33k (Isolated Driver
Domain) B4 FR ik & 9K s (Driver Domain). %3 i fldak K A5 i L 2% i AN
H E AL 34 DT A . XEN T H 4% Hypervisor 754 XEN.

XEN 7 & = ZIE-T IR Linux WAZARISEE AR IR, RN T 1
XenLinux A Linux FEHETTR, 500 3CHE XEN ZERI ) Linux. [RIFESCRE XEN 42
f411) free BSD H1 WindowsXP HAEWTE XEN Fizfr. NP (X86) A
FEATE SO AT LAZE XEN (X860 _LizAT, 1 Linux A FFERA AT LLFE XenLinux |
AT WindowsXP [ FHFEFE RS LLZE XenXP 34T o i FeAl it A 3 FH B 4588 wl
CentOS. Xen fgfE 4 CentOS HEALAR LF 1) S Fr R M 2k
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3.1.2 Xen MEEMILIKRLEH

Xen WEFEF Chypervisor) BATTEE R LS (Ring 0) L, #EEFILIT
% PVSGEATIE AR A6 (Ring 1-3). Xen/X86 ik R 1 W A% is 4T 7E 4L
Jek 1 b, N HREPARIEITAEMR AR 3 L Xen ARG MBS A X 384~ (Bl
oy PR G TR BT ek £, WoRFI N AR

Xen SCRAERE IR 56 4 BRI R [ s AT, s 3.1 Xen ERIL A R
SRR BRI 0 (RIIRSS MU0 14 hypervisor 478, HIEEA KRGl
PER N B B2 % (10, DMA %5, IR DA 250 EL A 6ok 41 4% 45 10 18 ) i £E (Naative)
WANFET o AR O $R I AN REME B &, W — MR, B
12— N RS T Y B R A, DIt 75 22 Native IKEh %7 LA & ) He
PR S i R A I . R 2 e — AN R AL, ARG Y
WEF B4, A POl R A B e CRITHT I A IRBRE ) [al A7 T~ ME4UE 0 1) iy 152
25 IR BFE P FE IR 45 i SE BT 2 (T 1) o AR EAE M EAE R EtnT Blis
ATVRE R UM 00 T i 1 4 I BN R P AR ECE s F) M e

X — ViGrid RZ0H FH 1502 Xen IHEESRIMEEA, K2 Xen Ik UL EA
RERETRAILAIRLRE (1) PR IR BE, SN AF A CPU, CPU (WA B v LU A ks 4l . Hf
WL T REREXTIX P AT ADRLEE WA L, FRATA RERHATHE— I RS ROIF HAR
HH G 3 PR 2 555 o Xen IIHE R SR B SR 2 & REAUALIFIN 24T BBl W s,
X i BRI IR IR T B A A K, R AR — P IR R R b, W R R UAL I 2
HREEY, Xen X — SRR RAERAEHR . LB R, RO RN E
ok, iR fEd N, A S S EURUNRAE RGOS W R RN A A E
N, XOTREE Y EENLI NAEAE ], SBORIERAE, W sc 5% . BrLliie
B R IAE — e VB P, BATTH IR P9 A7 G 128-256MB, BE D TE A
— BBV 128-512MB, {HIEfE/E— & M RSBk . CPU %t
B AT R, BROMBR TS CPU A A2 AR5 ik 1, Refs i 2 — M)
AR BT K . X mer TRATE IR RGN T AT EA
AR, (R CPU A R AR IR 55 2%, LASEIL ST B I 22 BF 1k g
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1350

(privileged domain)

HERAE

(privileged domain)

HE Al 2

MNon—privileged domain)

a1 BE AL S ) E b o) Rk b =l L [P ERE iR
(Device Manager and ClUmmodified User (Inmodified User
Contral Panel S/W) Software) Software)
% 108 & 108 & J10s
{(XenLinux) (Xenlinux) (enlLinux)
Jo i 45 sl (Back—End) Jo i 5 i (Back—End)
S o ok e 5 94
Native Device Native Device {TFront—End
Nriver Driver Devics Drivers)

XEN Hypervisor

[413.1 Xen ALK R 451

3.1.3 AFELNK

T—~ X86 &/ AL A7 HEE B AN O FFUR T, 1AL T i bk 43 iy 47 X
A, KRR LR S HI O TFAG I A7 Hu kb % 2 oAb 2 4 A7
7L, R R A S WL U C guest virtual address) F] % ) HL4)
iR L (guest physical address) IS CE P HLILR) #HATEHMUE, RIEE
FOHLE IR R 2 FE bk ¢ machine physical address &% physical address) [
W5 . Xen HEREAUAL SEBR G 22 ML TR 1 7 AU BX — Fopr g, A p i
TR 5515 7% (shadow page table) 77 528 .

Xen #EREFUALIE hypervisor Fl%s P LI [/l — Mkl =¥ [/] . 32 £ X86 (JF
PAE #X) ZLR R 1Y hypervisor 545 4G 2% [H] ¥ 75 64M ik [H] B A\
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0XFC000000 #| OXFFFFFFFF, IXifid 5E () #ERESAL 2 LI GDT RSl
Hypervisor A& —N B UHE & — 8 GDT RUAAENE S HL GDT, {H[HE A
Xen {4 B —HB AT 23 18 T 1) hypervisor K5 B 5 RS AIEEE 75 551 w45 5]
ringd, 1 #13; 2) mfgdE—A CPU ¥ TSS; 3) g4 — CPU (¥ LDT. Kt
HERERML I Xen 2P HLRAEMH] 0 5] 4G-64M (Rl 25 6], IX FF A 23540 Linux
I PR P (0 IR T OS R BB 0-3G b= [a]) . Xen AR IKIHI 46 P
LR/ NEZIB RIS S e, B LLAR X (partition) B UIL 34 R4 1)
YIFNAE. XenLinux S2EL 7S5k (ballon) BXEHFLRS, ST & e alds 2 [ (4
BNAEIEE . R A TR Z ML, e n] DU SR IR SR )
Hypervisor $58 WA7iEK, Hypervisor 1] LAAE AR5 BE 1) A7 R Bk ) Hog 20135 B
WSROI SR I AT E 1% A BRI A (R ERIN S FE A 49 5
Hypervisor #fe i N A7 5 ) 5 4E RGERET

Guest Memory may

inflate page ou
~ P
Guest Mamory

Guast Memory

KH may

deflate page in

GiEs

3.2 Ballon IR#hFLF

JA SNBSS AR A I N AE SIS BRAB 7 il 4 Domain0. )5, IL
EREHLE I, 25 )\ Domain0 SREX A7 BE . A 2R KRS LIE 78 56 42 R SUA A 2
Fig47T, hypervisor ¥ ICvk S EAANAZAS UG, SE0H A A e R SVE AR . AN
R, W RAEME R MR L (Para-virtualization) ~, Xen [¥] hypervisor &t il LL5)
AHEANAFSE . KHAERE B, — 228tk Domain0 %2 /ba] LI 13— &
I AEZEYE, DA e NAEA L. T Domain0 ¥ P A7 Bl fse /M,  JEEE A
512MB.,
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%27 DomainO Tl E A7, mT LA NS IN—ANE 8 30: dom0_mem= . 141,
dom0_mem=512M. FJJF Grub FCE XA TIL R E . 7F Grub BLE SCHFH, &
PR3N Xen WAZHI RSP, &R

title XEN

root (hd0,0)

kernel /xen.gz

module /vmlinuz-2.6.16 .46-0.14-xen

root=/dev/system/root

vga=0x314

resume=/dev/system/swap splash=silent showopts

module /initrd-2.6.16 .46-0.14.xen

FEECE SO IR 2 — N “module” T J5 TS i dom0_mem JE 2. SN2 )5
VA% X FE

title XEN

root (hd0,0)

kernel /xen.gz

module /vmlinuz-2.6.16 .46-0.14-xen

root=/dev/system/root

vga=0x314

resume=/dev/system/swap

splash=silent showopts

dom0_mem=512M

module /initrd-2.6.16 .46-0.14.xen

BCE Af Domain0 (A A7 Bl e, At T LU BRAR B RESUNL N A7 0 BE 1o SR 38—
AN REFUALI, 8% B2 N Domain0 FREN A7 53U . A7 — Bl EFUAL,
Domain0 Koy i, BIVE A7 RESUALE A A5 B AN BRI Rl o 12 PR Ry I A Jit
A, BT Ly Domain0 ¥ & N A7 fre/IME TR & B2 .

T SUBIHL N A7 o3BT, T BUR T PIAS xm i 4

xm mem-set: i A LUSE B & RESUUDL A 24110 9 A7 20 s

xm mem-max: Al LLRE — & B AUNLIK N H R B . At 5o
KAEZ 5 its B A A B AR

WAL 5, v LA xm list iy 20 25 1 B2 15 AE ORI IE A -
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3.1.4 CPU &1

SN, BAl T nT DL Xen St 14 1 B UL CPU 43Ad. i
REFUHLAS FH IS HE R, CPU [ 43 Bith v DA AT . A UL B CPU I,
AN 8 ZEARHE I 55 T A 3 CPU B H k71 o i RARMEE, A2 AT LR A, A,
PR LT PEAAS T PEREI « W 5K UL S 45 5E P BE CPU 485, xR
KRR EUALIERE . BRILZ A1, 36 7T LI CPU #3247 B %1 (run queue),
LG EAMLAE CPU H BA 3wy AL S o

Fr nzAT I RE AU CPU (VCPU) 52 FHA 3 CPU HP A IS AT A1) BEIK)
XANBAI AL FFATHEA 1K, BABH R 4E4> VCPU 43 CPU i . VCPU
I SE R ASFT P FI{E: over A1 under. Over £75'E 5 I CPU B isia T % U5
A, under FARK T XAEME. W VCPU [ 4 HPIRZA A under, i BERE 7
RS SE RS 1% VCPU . T R A2 e AR CPU AT REUML Y under
WA, WESHEHLE CPU F &4 VCPU ARAN under, WHARIL, ST BRI AR %% %
VCPU. JExXF 7=, Brf CPU #4134 it CPU ik,

% weight Al cap 4048, B EE G vl LU EE CPU L 5E 4. Weight 44
T/ CPU cycle, 2&—MAHXHME. —> weight *h 128 [#] VCPU LL—4> weight
“h 64 1) VCPU 3%151¥) CPU cycle 2 —1i% . X, FI X NS 500] LLyk @ W4 VCPU
RIGHEZ, WA D, 255 AN WE CPU S HUE cap, & WA 1/& domain
ARAFH CPU cycle 1170 %, & —AM4E0HME. WR¥E Y 100, #&sB4> VCPU
4> 100%3Hs 5 A BE CPU W7 H cycle. Wi cap 4y 50, WIZK7R1Z VCPU i HIH
CPU cycle #if ol S —F.

W R a2, id A 3 BRI weight 24 128, S N4H CPU
[K1FT 4 CPU cycle:

xm sched-credit -d 3 -w 128 -¢ 200

X T REFU CPU, & S — N2 TAERE CPU 73 id. BRUTEOL T, FEHL
CPU 52 CPU 2 A e BRI . B TERE, W2 e T A — NI
MECER, XA TAERMR 1T, gl CPU 43 CPU H v “k R 711 1 B4 &b
s& Al LAGT 1AL CPU 247 . W R BH“BRR", R P2 b iU CPU ikt
—MEL CPU. A BE CPU AL T2 RS, B CPU e, o)
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— ML CPU kS5 . XA TAEX I REMI M 2R K. Bt #E40 CPU 54
H CPU 485 &AM

e, FAE R LUE SUB LB CPU &, B Sutb i &, BEnl LAURIH
PSS (Virtual Machine Manager) #E4T, 7] LU 1 xm vepu-set 74>
#i4n, # domain 1 7L VCPU 05k 4 4>, -

Xm vcpu-set 1 4

fEHZAar 20, ANSRINEARAEER- . XZEEDY, BRUNLIEE RS
WIS AT CPU s, ANRBIAREXFEE S T Fril, 7EELIR AL E
AP L VCPU BUEA R, i HANS B 35 R AUATL M 2R3

YT REFNLFEREAE L, MAFS CPU i B AR B, ATy i 1A
WAL, ARFEATIEAA T AT R R ALY BE CPU L SE

3.2 ViGrid &%

AT B E A I CPUL AT 38 S8 BH N B A& 4%, JF Hdy
GRS R GHREAR, FAVTA T ViGrid B R 5

3.2.1 ViGrid &% Thae

XV & S BT A

1. filgk. EH., TBZ AVENLAN BN — RIS —A 15 A,
AT USRI T & B I5IF HAL T — @ M s b a5 i . Esdhdh 4 A
REZN AT

2. WEEEAFIAESIEK . BN BE— & BAUNLVERIIA — DM ERAE RS, AR Y
(PR A e 55 e AL BE A5 Bl K, f04% Rmon A Montage W

3. MRHEASIFIT QoS Az il SR S A [R] FRAE 55 FUAN [ (1) 15 43 R A il AR
P T SRS SR FH 28— 3 TR IR B L4 R A R R T

4, R B TRAER — S BRNLEI TR TR o 8 n 5 ) ) 4 08 ok
SERX R R

5. fAfifid IR B RS 5

BT, AT TiX— ViGrid R&4c.
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System
Identification [~

4

Qy

Optimal T Data Grid y
Controller

T

A 4
v

Xen $iATHE
]
YVirtual
Machines

3.3 ViGrid FE UL kS ZEH
ViGrid &2 2 & %38 T XEN BRIV ENLAL KT, —a At —a&

HEAUBLALE TR0 o SN P EEAL IR W 263 125 SR B 45, IXREAE R 45
JEUR B BN RSB 55 1 o
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15 ViGrid RESLMIRE iz AT () &> S SR A0 465«

1. AR : R RGP R RES ALK T VM KRG A S
A I 0 AR I ELE I Xen $R A2 117 28 B AL 7 U5 A3 A .

X1 Xen S-S BT RS- G oR U, PO YIEINLA RES I R UL B Y
CPU A7 BT, BT AFEHIBERE BT BN L, WA 15 &M RN
[ ) ZEO RS, FeAT RS 0 T H B ) fir AL idE e

3. R EEUR AR — G R HEYL B st e, HE
LEVE 2 AT SE L CRAUE A5 405 € 7 AT

4. BuAthm BERE: SCOAR S N T ORIE &N R 0] AT S o A far

5. RGEFHEERE: PRRREA R VM RS R A ORI AR AH
KAV SN RS

6. PATHERE: I81T7ER— G RN T BEARY LA R AL/ Z 5 A
BRI ERTARR), AR N T ARG 1A AR, PPN LAS AL B s 1y AL
DRI T AN R G S H . AT S AT 7R AL R E P
WAESs o IXEARSS A, W TE SRS AR S AR AL B . TS R4
oA TR 4.

[ IS A Bhis AT FE AR 0 R HERE, SRR R, “ PRI 77 ByThae. K4
RGBT KER) . FIARWIRSS, i AT BEXT REML R e 2 W) 3L R S8t AR K
THB )Y R GRG0 . WK BEREHUE N T By & Bds Z R m AWt iz 17 Hdls
BEAT A& 3 () — N ERE

TR A XS B IE LA JERE 1) ] S/ 4

FEESHIT A (B BENLR S, WU ERALA S i

pthread_t th_listen,th_process,th_control;
pthread_create(&th_listen,NULL,listen,NULL);
pthread_create(&th_process,NULL,process,NULL);
pthread_create(&th_control,NULL,control,NULL);
pthread_join(th_listen,NULL);
pthread_join(th_process,NULL);
pthread_join(th_control, NULL);
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void™ listen(void *data) [ (FJ3EFE S th_listen, ‘B MiWr i —3m 0, WA %
P L AL R SR s AL 3 25 process BEATALEE, A IMIHENZEAE, W REA7HE
o U B 5.

void* process(void*data) *J M IERE A th_process, ‘& SEHL I ZEDNHERE M
command_list.txt B SHT EPATIAES, REHAT, FFHRE RG220
AT IR,

void* control(void *data) X B [ HEFE AL th_control, ‘& SEHLIK T2 B Dh g e R 4 3k
1945 BT AL, T A O RS get_u(), AR JE MRS TH S5 AU TH BBt A T
SHEZGHR

double get_u() AW O (5 B a0 2 a2 T o 55 DA i s il
F u.

FR L AR

class CommandClient ¥54% Fum2, n LUERTR 4, REAHIEATHAT .
Horp A% O B U run();

void run(int listen_port) A Wt i Wy il 45 3 11 5

class CommandServer f54 kd5im2k, LR AR HTES, RIGIETRS 2 il
1T HA kL EUE connect();

void connect(char* ServerlP,int ServerPort) & %%

RG] LRI 25 77 0 4298 5 IR 45 i AR HBPAT (R 3K A =X
Aot EIFIEAA

SCATAR R 5 -

class FileTransferClient SC{:20 /" uidS, A il RAEIR, W LS BRIk S5
Ui JOE TR R, WA LU AL X & . 0 R EE connect():

void connect(char* ServerlP,int ServerPort) A H 15K ;

class FileTransferServer SCA Ik 453w, Hloi RALix, vl LS A A ST,
WAy P i A2 S0 D R run()s

void run(int listen_port) W Wr it 111 F H AL HE 5K ;
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3.2.2 [EHUHLERHY M 45

BATZ wrEd, SR ViGrid B8] DAL E AN [F] 94 25 30 0 S5 440 1R R 0L I 4% K
BT RN ARV 4X 1 . ViGrid RS2 HZ S WBEIHLA KR, &8
YIEENL FIEAT 2 SR, HEE 2 &, (2 0] ARG DAL BE R i 3
PN A S S EHR AT, A SRV R e R G R DA A DL
AT RBIUNLR S T LA VIGrid [P I 26 77 A% SR Tt KE LML 2 R) 1T I 285 4
FhE5H .

EHMRGRCE T, BAMEH T —FEA TR . HOH M BER
TE—ANNT ST 1P ikl A1 AU ARTE A — AN R N o BRR S22 T S R A
D5, BTN RELS B — AT S A8 L) 4k ™) 1P Huhik o (H 2 Bl HE— B TR
ST AR 2% Fh D S A R PTAT IR, Bl RIS ) 3 o e 42 5 ) 0 1 ) 3 9 A
G55 HALM L a5 g nT DA LRI . Xen St T 2 M 4% 457 i
MR, it fuds VPN 45,

Application Request 3

=

Pipeline 1

'

Application Request 2 g™ = = — — U Pipeline 2

|

'

3.4 — Bl 28 Hh Hh S KR SUATL I 45

K 3.5 AR S W EEHL I SR M LS5 e RGE T fE
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Command and File

Transfer

Virtual Machine2

Execute Thread

Pipeline

—

Virtual Machine1

Exzcute Thread

Domain 0

ViBridge Interface
Control Thread

3.5 HESIHLA B4

TEVIEEHL A RIS AT I P & RESILI G B A A IS — 350y, KA A AT T 2 ok
U5 E AR — A EA LI SO I HOB T 2% 2 il 43 2061 . AHR AR — & L
JrisAT AT S5 AR, IF FOR RIS LG AW 3 2B IR AR AT ) 525
Fad, R FHEESUERNLINPATIES WS, 27280k command_list.txt
B

LE Un7E montage 1X AN SEEGHT,  command_list.txt [¥] N 2542 :

13

source /etc/prifile

mlImgtbl rawdir images-rawdir.tbl

mProjExec -p rawdir images-rawdir.tbl template.hdr projdir stats.tbl

mlImgtbl projdir images.tbl

mAdd -p projdir images.tbl template.hdr final/m101_uncorrected.fits

mJPEG -gray final/m101_uncorrected.fits 20% 99.98% loglog -out
final/m101_uncorrected.jpg

mOverlaps images.tbl diffs.tbl

mDiffExec -p projdir diffs.tbl template.hdr diffdir

mFitExec diffs.tbl fits.tbl diffdir
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mBgModel images.tbl fits.tbl corrections.tbl

mBgEXxec -p projdir images.tbl corrections.tbl corrdir

mAdd -p corrdir images.tbl template.hdr final/m101_mosaic.fits

mJPEG -gray final/m101_mosaic.fits 20% 99.98% loglog -out
final/m101_mosaic.jpg

B AT RN 13 DT i T B RIPAT, RJEHE N R 134
FRAT o EPAT Z 0T 77 ZEORIE Montage 1) T AT SCAFEE 12 DA IN RN T R
(LN

HoAth JUANEC & SO AL RS parameters.ixt S 005 T RGEHFHFIFEHI 2 11— 2 540
SO, R AR B HRR BN 5 AN [ T AR AL o

e 7E Bk se s, parameters.txt P ) Y 2542 -

MAX MEMORY

256

MIN MEMORY

128

BUFFERSIZE

15

TIME SLEEP

60

X B 2 425 | Sl AR P o 2 2

[ IS A7 Ak R AN W UK R Geas AT B ARt . S AN & R AR I N 2480
A log 3%, JEHALHE vlog, u.log, utmp.log 25 JLAN SO R0 s Se e el b i
Hedhs o

3.3 RELL

A FLA A LIRS TR R, I A T IR AR
ViGrid RGN FZEThfE. ViGrid 2T HAidAT 1 Xen F1 CentOS5 - & H A& 11,
REBE ARG H T8 SR Bt BTS00, JF HAN SN S 15453 380 58 8 nl {5 1R IR 5%
KA, TR SEIR T B I5 R FH A A T AR R P4
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F4E WKW RS

W TIX—FH )G, BAWEX— ViGrid & EIgEAT 7 A EZ 0 RS
R HFER?, Rmon JE4E LIGO 251 H o H A HI (AR SC K 73 HR2 7, Montage 71K 3C
Sy R RATIUEREE T A BRI, e BAT b RO T BE 1 55 38 S 1
FE

S 45 RALUF 0 s TR A AT R K ViGrid (el ATV R e e T
FESERRIEE N Al T 25 54 SR A

4.1 Rmon I2F43

Rmon &7t LIGO ks 73 #r i R — AN Eem i o ok B IS W05 5 () it
J(HL AT LY AN A TG K, R X L& S 3151158 . Rmon i
HIEANEAREN r vk 2k 55 WA RINE . R —F S Al A (—
ANELERRATN, 5 oh— NAER S e D R B, A et A nT R 251 h
B burst {55 . — H Rmon #3247, —ANAE i ST FH T e SCE s iR FE R AE—
RIS o DR A EH AR A LA TR R 20 B R R, 8] LU 2 i i e
X HAEE 2 J5 R T A « X2 LIGO FdlE A i — ANl 7, KR sEBRiE
AT PR T AR 22 W A A S N T, — AN e R s A Mt DL — R E R
AT

LIGO it it A /N BB s SCF A ey, B — N EBALHE 1 7E 16 PPl 249
(P o 3 5L AT ()00 SO 4 0 1) LIGO 56 = 2 %, HAadE TkE S
P B - LIk B 4,354MB 1) 1,188 ZH B SO SR e W A7 fl e A I 2

Rmon FEFIFE ) DhRe i ] 4.1 Fios
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fike ks t1. it a1

s e W ame S JLLOML-ROE A LS-TE WEADNS- 1A g i e

muftifstbt

Sk ineds THirarm SILILLOAOES A LTS MM 18 gw
R inude Dirame UL LOMADE R LT MHAME 18 g
B bt T rame L SULOAL MO R LS TS SHAMA A g
B e b L YLLOVLROS A LTS ARG A g = -0
B e 1y L SLLOWL RO A LTS A g

ok e e L S LOVL RO M LTS A2 gl _‘_h |
- -3 - - o 11 i ¥ 40
file it tet -
S ade e e S ARG DS R LT D A T el
Aatnds) e LD A0S R LY T A W } Lo
Saenis! B EIIANTHAOS B LN BT g " 1i
aa el e re ARG N RO E W L3760 N el i L |
S F LT S R R SR VR R BT O E 008
ottt SR PO LT D g
Eil.vi'ldy_ﬂ-ﬂ e S T T P NTR T PIE e &1
. - . ] 3 M = u--llh-& " k] » ad
,E"ﬁ"]} Livan’ standatone run of rmon DIVIF offline monior
[jeacildaspel mmen]d export LD_LIBRARY_PATH: fope/licsede/dal/lib
[jeacfldazpel =mmenld . Jemon -opt opt -dinldiets saleildes. tar
Procmssing waled lize file: mulsilise sxe
Bamber of liste added: § Towal data sereams: i
0“ Procezaing frame list file; fhomefjeasf smonffilelisel. txt

giride 16.0 " Bumber of filer added: 1133 Toval frame files: 1148
= rotering frame list file: fhomeSjedof smonf filelisel txt
channel 1 H1:LSCAS_Q Bambez of filer added: 11#% Toval frame filer: 1156
channel_2 LTLSCAS thanmel (1] =HL:LIC-A5_0 channel [2]=L1:L3C-43_Q
starkgpr=TSl656000 seride=lf r-statistic=-0.0BESLTEL
tartgprTELlESE0LF reride=lf r-statiseic=-0.BLEEEID
startgps=TSl656028 stride=lf r-statistic=0. DLGEE6E

]4.1 Rmontf:Ai %

H— R Rmon 1217 R WKl 4.2 Prow . Hoadsd Linux 247 i H IO BE G35
AT, RIS AT 45 R U r-statistic g —4 30 R Z8i1E . Rmon Fidg
P27 (RIS AT AN b $2: B8 Filelist A 1R ST 22 AR BE L 2 AT L P9 R SCAFI) R SEit
9 H 2R
TR NATEE R, TRATH SO AR AR A Sy o R
BT RIDL ST, IX AT 7 A DU AP Hb IR S, B s AR
EMEN R, H— AR T REYEY, Jhb X 7 AR G ok
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|nickli@yushu rmon|% source standalonerun
Frocessing multi list file: fhomofnicklifrmonfmulLilisL.LxL
Number of lists added: 2 Total data streams: 2
Frocessing frame list file: fhomofnicklifrmonffilclisLl.LxL
Number of files added: 1185 Total frame files: 1188
Frocessing frame list file: fhomofnicklifrmonffi101isL2.LxL
Number of files added: 11858 Total frame files: 1188
channel [1]=H1:L5C-A5 @ channel [2]=L1:LSC-AS Q
startgps=7516538000 stride=16 r—statistic=—0.002517T%2
startgps=731658016 stride=16 r—statistic=—0.012256908
startgps=T721658032 stride=16 r—statistic=0,0168865
startgps=7316580458 stride=16 r—statistic=—0.,028074
startgps=731658064 stride=16 r—statistic=0,0383762
startgps=T316538080 stride=16 r—statistic=—0.0118638
startgps=T7516538096 stride=16 r—statistic=—0.00390466
startgps=T721658112 stride=16 r—statistic=0,03689562
startgps=T7316538128 stride=16 r—statistic=—0.0270225
startgps=731638144 stride=16 r—statistic=—0.0431374
startgps=T7316538160 stride=16 r—statistic=—0.0423102
startgps=75165817T6 stride=16 r—statistic=0.0325139
startgps=731658192 stride=16 r—statistic=—0.0140542
startgps=T721638208 stride=16 r—statistic=—0.0178756
startgps=7316558224 stride=16 r—statistic=0,0387879
startgps=7316538240 stride=16 r—statistic=—0,0406371

4.2 Rmoniz {72 4

XL RAZ AT Rmon I [ faj B R«
#!/usr/bin/expect -f

foreach j {512 256 128} {

seti5

while {$i<105} {

puts "Mem = $j, CPU=$i"

exec /usr/shin/xm mem-set 3 $j

exec /usr/shin/xm sched-credi -d 3 -w 128 -c $i
set password **x*x**x

spawn ssh root@166.111.137.250 /home/ligo/rmon/standalonerun
set timeout 200

expect "root@166.111.137.250's password:"
set timeout 2

send "$password\r"

set timeout 2400
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expect "Time Consumed Is"
incrib

}

}

expect eof
BB R IS TARTE T HAT 1R S EAT W9 2R EA LASR T QoS At S B8 U (1) 5%
o

4.2 Rmon M BFEM

FAAE Rmon B EHEAT (15256 3 BUZ B0 UE WL R 2 Bl QoS KR,
X BLEATHEE X Rmon ¥ QoS Fi s i S HF— ZH B It 56 BRI ], 58 B (1 1) 1)
b, FATTA N IX— QoS FRbRBk I«

“HEBMAREE T, S ANNAEES 5N 512MB, 256MB 1 128MB. 2
BT 3 Fe4s CPU (1) caps {EL A 5% — B % T 100%, H43 R 5%, K kI, W
17X QoS FantI s AR /s, & 4.3 i ml LUR B = AN 26 # L P EAAE— L,
{H2& CPU caps {HA BRI FEMA o 3X BEBHAN R F R LML 2R 48 B Yt AN IRl 1 v
SEEAE RIS . 5 THIK) Montage 3 FH S P 47 D) 58 Ok B8R

3000

25001

2000

1

(=]

(=)
T

Makespan (s)

(=3

(=3

(=)
T

500

0 10 20 30 40 50 60 70 80 90 100
Cap (%)

K]4.3 Rmon L& 45 i
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Rmon 2 i L BT CPU BRI AN A2 P A7 B2 IR BBURHEI 2 X 25 Rmon 3= 212
IWHEPEFE 2, TSSO IEA KR, BT LNAAEREA R, A REE i
ERINAEE /N T 128MB, BE—20 (15256 7 L% &R WA R B PEAIK, (HEnT e
SfE M RGNIRRENE . KGRI AW R A AT 100MB, 4 RS nl fe < i
Tt M AR .

TE B P AN B sE gk 2o . FRATTH 2 I h 630 A >k K 7x CPU cap Aitkb
MM RR, JFHHMERD —FL. T2 —D =2 m 5.

procpeed (¢ ) = —0.9830 + 0.5135 * ¢ — 0.0031 * ¢% ¢ e [5.100]

C /& cap M4is, ‘e N K 4.4,

25
Measured

320__ — Fitted
=
o
815 T
=3
n
o0
S10f .
1]
1]
(]
Q
EZ5f ]

0 . . . . . . .

0 10 20 30 40 50 60 70 80 90 100

Cap (%)

Kl4.4 IEHHE HCPUKX R

M ETHPIIEE S, FAT TR BLE 24 CPU caps B I 50061 Nk, 14K If A
W2 o AERE PRI AT UG, K00 B, CPU Be A AN 2O I
50%fK], X T BA AL SR I 2t 2B R AR B CPU BHlE A L ZAE
P

HEERBE 50% LA B K, BATERERG T 2 00U

2
procpeed (¢ ) = —0.1111 + 0.4330 * ¢ — 0.0017 *¢* , ¢ < [5,50]
M2 7r & 4.5 PRI LR
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—
[ee]

Measured “
| — — Fitted

—_
»

S

—
Do
T

—_
(o} (oe] (el
T

Processing Speed (M/s)

IS
T

Do
T

Cap (%)

K45 15 E 5CPUX R (M2 mit)

THr SN, ATAT DA B 2 IO R
procpeed (¢ )~0.3636*c,c<[5,50]

WK 4.6 Fios.
20 T
Measured
18} . 4
— — Fitted 7~
16 |

— =
NI
T T

Processing Speed (M/s)
o o
T

e,
T

0 5 10 15 20 25 30 35 40 45 50
Cap (%)

Kl4.6 1254 5 CPUIKIC R (— M 7 FE)

BRI T AT R AT DU TS B SR A T AR R BT Y
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4.3 Montage &9

N T RE— USRI R, 34117 Montaget T BT RE— 2B S
Montage 7E R 3% A4 HUERMFEZ T RARZ N e, R
HAE AN B T E MR TR . e — NI Y ] ) B AR 4k B SRk
WS, 2R T HABSER G o 3K BT A [F VBT 0 B WO AR AR AR 5 (1) TR 3 -
B Rk BRI AR bR &R, RS, SRR BB AN . AR R ARG IR DT X M
TERZ EIHEA S IAh, VP2 RSO %, WAL R BIFIE AR X 5 0 &
KRBT (1 S

RO e HAh 2B R I T 2 - PR, BN R N 2 A B Hdls AR
PHE R ZON T B30, i G gk B B —AN 3L R 1 AR bR R A B
[P — K5 . Montage DA 2R FE R A 5t RO FE (1) 58 E P I AR Bt s I AR 2 Bk
TAE A T W BRI 1 £k Y IE S 4 i) . Montage J&— AN THEAL, ERE R
WEHLPE S Flexible Image Transport System (FITS) M8I&1#4 336 [ s XK 3800
g . e EER S

R s RERE O B 2 TR BRSSO\ B R DR B

AIREAE Y 3B AT TR P Linux / Unix P&

AN dsAT T A ML, SRS S

AISRA M FRICEACRD A P SO AE T T A

WA PE: BT I World Coordinate System (WCS)OURIH:Ath i H I P 22

PEfE: BEWEAE 128 15 A1 Linux SEHF-H AL P Sk 4000 J715 3 32 444

Y

TG BTG EER LA 73 MR 2 B R BRI AR, T SEUL G, L (R 1 &

IR ROV T H, gefR PR GRSt

Montage C#¢ RN PTH e, 5 TR AL, RICAZn]Af R S i
i ke 58 ARAT TR 22 40 B, FRAMATI H FUESS P B, Bs AT e v A% v BLSE
R R ST 55 AT 2RI 5 B A0E o 3 B 40 A 2 Teragrid 2 4:07,
It H T RICEF AT X — N EHEVIMN Y, Montage ¥ 1E
2 ek AnR ¢ 2MASS D BH, Hepifis RS0 8 ¢ DPOSS ) PRI #
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FIRK ( SDSS ) B Pk, e KKy BRSO, IF Hg— AN
I TR PAES RN . & 1D Re 4.

2 WA AR

TR AR R K

G R AME 2O G RE:

S N IS VAR Y KA

PR K A5

BUG 22 53 KA T g9 5 5

RIUF Rk

Montage [7l 12 [ 5 bl R Se & B —38 4 . 82 R kA SCi44d Montage
LR RIPERE, IR Z T A W A RS BN H

A7 IR T — AR DAPES = 5K B () Montage JEAT TAE# .. & n] A7
ZAH AT O ENIEAT, WA LIHTIEAT. A OREHRE S S A R 4
e DT E R, RZEPA G ER O 258, TR RIE Y UL S8
BT AR A 5E, AT A AT S IR W A T DL R AT
i

| Final Mosaic
\ >
// \\ I'-,
< <>
D >
\ . P il
I'. | rd 3
. 4 IS
L |
N 27 3
il 1 24 @
y v
D, D

axtbytec=0
g T g
dx +ey+ =0

4.7 Montage ) —A 29 TAEFE
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Montage TeraGrid Portal /& — /A s &5k . SRR AR, &AM
HALHE A P — MRS 10 P aiR, 20 R TAERRSS, 3. 2MASS
BKIGHI RS, 4 MR SHATIRS, 5. FF @RS . FEIHEHE TiX—41
Jil o

Region MName, Degrees A
- Pegasus
méridExec | Grid Scheduling Concrete Workflow
JPL|  User Portal oo | and Exeeution |IST
Workflow Service Condor DAGMAN
A T
o Abstract DASM
mDAGFiles Worklow il o
A:_‘_ - &TemGrid Clusters |
strae Computational ’
JPL Workflow Crid
Service SDsC
. \'-.
m2MAssList] |G mNotify \ ' =
\ I
¥ ¥ \ NCSA F
ZMASS User \ =
IPAC| Image List IPAC]  Netification |\ B e
Service Service \ f
\ 1s1 J
"-.\ Condor Pool

F<14.8 Montage TeraGrid Portal

4.4 %% Montage B9 M101 3RI&

M101 5L A AL T KRR R AL R o AR 1) ML0T il IX A — AN
B, AP BOL KB ——2,700 JEF A e A B8O VAl . [ 4.9
FEFADK B BT GERUN ) M101 (158 4 85
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F4.9 M1014 R I (e — )

EXAM T, TR TRE 3 BB m101 2 R INUT 0.2 BTG 68—
¥ 10 1R 2MASS FI4E 1) B ZE e EIGR o FRATDRE ™ A BE 1 55 VT TC SR SO 1) H 36 v
B o 5 25 M GO G T m101 AL 2RIV Y > 5 3 v TG SOATDRE I 1y i BB ) P45
ALAGTE Montage A EFXT M101 SEAIR () SEER 7, PRI N A AT L2 I
Montage [F1F J7 MY, M &G I, IX 484 Montage F K38 i 15 LLIE
85 2 e P PRI N SO AN 75 BB AR B ORAE

@ http://montage.ipac.caltech.edu/docs/m101tutorial.html
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IR RE5E Montage L JE, AT R E T m101 PFEZATHIE .
B3R 154M. IR E s AR m101 XAk e T A
T, o rawdir £ 5 T IR 2MASS SCHE, - projdir T DA - A7-fif TS
K, diffdir - TAEftioor B5,  corrdir FI TA76 1 B, final U2 R 214k
B TR S I . B A S Al 2 ik 21 20.7MB.
7E m101 SO tp A B A (template.hdr) o 8 HHSEHLIRATAT A7 B #7] LIS AT
m101 3CfF, (H2 T EE R AT BCE 4 Montage $AT 6 42.
M101 £:55 I SO S 4
m2101/
|--rawdir/
| |--10 2MASS atlas images, SIN projection
|
|--projdir/
|--diffdir/
|--corrdir/
|--final/
|--template.hdr

PATDRATE

1. fifHs R4t
$ gunzip tutorial-initial. tar. gz

$ tar xvf tutorial—-initial. tar

2. FEIW MR AR B A R B o it R IE CAT Y rawdir YN 2

$ mImgtbl rawdir images-rawdir.tbl

AT )5 B

[struct stat="OK", count=10, badfits=0]

XK 74 images-rawdir.tbl, L rf images-rawdir.tbl il & i H EG o s

FIHX—JcdnE, 1217 mProjExec K W 4F— A K14
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$ mProjExec -p rawdir images-rawdir.tbl template.hdr projdir stats.tbl
iy L 45 5 & [struct stat="OK", count=10, failed=0, nooverlap=0]

Forpi S B0 SO S SRR

Rawdir A5 T P s s B AR R SC ke
Images-rawdir.tbl A Bk B o s
Template.hdr I FE v HF L 1) SR AR AR

projdir A5 T U ) P B

Stats. tbl A T A & BT I T RDIR S

X DB R AL LIS TR], TR LB, R T AR BEES I ST RE ) . XA
SEPA 1T LR AT — s BRI 2MASS G A — AN IE D
S, mProjExec RJ LAR F PRIH 5 5532 (mProjectPP) >k 15 4 5 43 B 1]

B A I ARAE projdir SCEFIC A = AR — AN E U BUR IR, FI—ANE0 5 7 Ab B
[ FILR AR K S 1 stats.thl o AL 58 T iX S8 H B KR 2 5, KA s— B o3k

P, HAE TG R
$ mImgtbl projdir images.tbl

o Ay [struct stat="OK", count=10, badfits=0]
M= A28 B el 2% images.tbl.

3. RBEIELIETCHA

DUAETRAT TN T (1) B 2R B D RAB IR S 3R e A, it e Al
YU A . 7 projdir FizfT mAdd:

$ mAdd -p projdir images.tbl template.hdr final/m101_uncorrected.fits

A Yt [struct stat="OK", time=8]

Ferpip KB S o iy

Images.tbl FiR IR BRI okl %
Template.hdr L FE v P ) Sk B AR R
projdir 05 T L) T B
final/m101_uncorrected.fits A= T A S

R BT b

AN K JPEG XU
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mJPEG -gray final/m101_uncorrected.fits 20% 99.98% loglog -out
final/m101_uncorrected.jpg

iy Y 5 7R [struct stat="OK", min=80.747, minpercent=20.00, max=180.914,
maxpercent=99.98]

M101_uncorrected.jpg K f o4&l 4.10:

K410 M101 R1&IEK A

4, TR

TR A R IR B 43 2P AL BE, - Montage D4 & — > EL & 70T
HERCT — M EHEOF BRCE T AP . E5E, Montage il ZEENE R — B2 2
EAW, XA LU mOverlaps K Wi

$ mOverlaps images.tbl diffs.tbl

[struct stat="OK", count=17]

ot images.tbl s ffd ORI G ocEdE &, diffstbl i ook, W2
PR AN SR . X R S LB SE L, AR Montage AR L
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B Y . mDiffExec 1K — SCPRBIBCE AN RS KB, Jf LA diffdir 3C
I A — O B

$ mDiffExec -p projdir diffs.tbl template.hdr diffdir
[struct stat="OK", count=17, failed=0]

Hrp

Diffdir Ty BB IR AR At SCAT R

Template.hdr I FE v P 1) Sk B AR

projdir O T ) e

Diffs.tbl mOverlaps £ & [F 053 Bl 15 2%

H AR mDiffExec IAZAT N AL T ZEAC BRI BB H AR & 1B AT I
[B) 38 & Hu ik ProjExec.

DAEH] mFitExec RIFE A A A RGBT IE & 25 X —

LRI F B LA B, I LA T AR THDE & 2 80 ool 3 fits. thl,

$ mFitExec diffs.tbl fits.tbl diffdir
[struct stat="OK", count=17, failed=0, warning=0, missing=0]

FCrpib K B ORISR RAT -

Diffdir 57 RS At S
Fits.tbl A5 T HPFIIEE A S &
Diffs.tbl mOverlaps 4 il K135 B 15 2%

5. #lLfic

PIAE Montage T8 H Vi S0 BRI e X — R A —MEIE
I A N e — N5 b Finth SO 72 correction.tbl

$ mBgModel images.tbl fits.tbl corrections.tbl

[struct stat="OK"]

Images.tbl T R IR o E &
Fits.tbl AL T AP HIE & SE &
Conrrection.tbl PRBEIER

PR, A mBgExec SR IEIFPRETY 5t UL C N HIAE B B8

$ mBgExec -p projdir images.tbl corrections.tbl corrdir
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[struct stat="OK", count=10, nocorrection=0, failed=0]
X HAE corrdir SCPEI N A — 20T S VLI S R B ISR AR
XL DA S — R

6. ZIESIRCHHA

K4.11 M101& 1F S5 O A%

] mAdd K42 I 538 e HF DT B AR 2E

$ mAdd -p corrdir images.tbl template.hdr final/m101_mosaic.fits

[struct stat="OK", time=1]

—NIKE JPEG B4 1 A i

mJPEG -gray final/m101_mosaic.fits 20% 99.98% loglog -out
final/m101_mosaic.jpg
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[struct stat="OK", min=82.3272, minpercent=20.00, max=178.227,
maxpercent=99.98]

4.5 Montage 3R 4%

Montage 5245 3= 22 5 2 A A7 5T QoS Fa a2, IX BLFATI QoS FhbriE X
ARG (R 58 T T, B[R] I S e T A B E o AR SRR R v, aX— s R A UK
18, JREET RSN, i BT RO R e AN RETS B S AR I
ABERR, DN EE— 52 T ARG TEIA S AL BRI, 55 3201 b9 ki g
HH St BT R NS o PRI 2 R 13X — 2R 48 1) B o A\ el o 4 e P —
SCAE, BTEAERATIA QS ¥ H AR AN ri M) A BH I F5E PR AN T o e e e 1
PORNIR Y, R T RRIEAE R, IR R T RCR, e H AR,

ERIEE
260 . .

S
240 H i

2201 .

200§ .

180 4
160 .
140 2
12DD _ ;

| | | | 1 1 1
a0 100 150 200 250 300 350 400 450
2

FTFMB

K412 e WAFAR L I 26
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HITF/MB
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1000

-1000

-2000

-3000
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-5000
0

BT Els

400

350

300

240

200

150

100

a0

Tt RS

[ wrRaEE |

[T S

1 1 1 1 1 1 1
50 100 180 200 260 300 360 400
F3

K14.13 TUE NAFAZ 1L £k

TEAT BT [E]

T |

T, LR e

1 | 1 1 1 1 1
50 100 140 200 240 300 350 400 450
2l

£14.14 QoSHEHr 15 N A7 7 U5 (128~256 MB) I 5% 5
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FEIX 2 B P AT 138 5 5256 & 0 CPU % Montage 52 /N, i T 782041 R 4%
PR SR NAE. [N Montage T B ESK IR AL, (HR TR EAN K
SCHE, P LA AR R . I Xen ASCRFANAS AT TE, BT DAIRATT =20 b N A7
XF QoS KM . FAiTaE X QoS i hy H (AL FEIN Ta] .

K 4.12-18 4.14 FKoRIIEAE QoS Fabs (ALBERSIR]) ¥k 50s Wt fy b —17
MRS EE T g 508 I, % MRS, K 4.14 FORMEABE R, B 412 %
AR AR, 8] 4.13 KR Rt AU 4 TH 5 H R 0 A5 22 1 N A7
1k, AH T N AE BRI (128MB<RAM<256MB, LIS TAE T XN R), SEhrfe
¥ 10 N AE(E N ] 4.12 FiToR

XENH— T RETVRABRNE T HA UL NN AR 26, HERR
A S NAETE, BIIRS S WA 7T00MB, WP & R LR B
BAT, B BRI L S K WA IS 256MB; Wit i & B UMLIEAT, B
2% AT LA K A AN L 512MB. it DL B AR i ok S I 4 il 8 73
HH (1) 9 5 P P A8 {1 ] B e 2 TR 2K o

THNR T RIEERAE R IEHIBAT, TATBE IV N A KT 128MB,
FECAR A T g I A7 A A H TR T 1 P9 A7 150 (] BB TE A1 o 31X — S A
B AR AR R T N AF B8 B ARNER Y, 45 52 Bl (1 2R AN a1 Matlab {75 521
it

LRI, BARRGRE IR PR IBE: B e QoS {H, 1H 2% 50 MNMEH
A e A R s BRI VE IR a0, 3X NI AT R ik 300s, AR BHIX AN ik R8T
IR STB v SO N 1T X VIR NS E P P

XL L B — AR PR R . R R A TR LK) ARMAX AR
ARMAX &GN T TR R G, AR FRAT TN 1R 2R G0 A2 iy A HLAE i S50
bt N AL R R GE Ik BE T AR AL IR o R G U Bt 75 T — 52 I i) £ K g A 22
A R A BB IEM IR LE A, T KB 100 S s 4R . [ ik A7
[ FIRE P T RERE I T IX — 3 A2 .

IR IR BEEM, I AE RAM 75 128~512MB, bt HAER — & i
PIMLTAE.
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EHES
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iR A INCERBAMIRIEIRES

FINE-GRAIN RESOURCE ALLOCATION BASED ON VIRTUALIZATION IN
DATA GRIDS

Virtualization technology was developed in the late 1960s to make more
efficient use of hardware. Hardware was expensive, and there was not that much
available. Processing was largely outsourced to the few places that did have
computers. On a single IBM System/360, one could run in parallel several
environments that maintained full isolation and gave each of its customers the
illusion of owning the hardware.1 Virtualization was time sharing implemented at a
coarse-grained level, and isolation was the key achievement of the technology. It also
provided the ability to manage resources efficiently, as they would be assigned to
virtual machines such that deadlines could be met and a certain quality of service
could be achieved.

Traditional query processing in database management systems is usually carried
out in two phases: optimization and execution. While the details of optimization
have been improved over the years, the basic approach of optimization followed by
execution has not been changed.

Adaptive Query Processing (AQP) is becoming more popular in recent years
since most new projects that need query processing use some adaptive approach. The
main reason is the emergence of new domains where it is nearly impossible to use
traditional query processing, because of lack of reliable performance statistics or the
dynamic nature of data and environments.

The data grid integrates wide-area autonomous data sources and provides users
with a unified data query and processing infrastructure. AQP is required by data
grids to provide better quality of services (QoS) to users and applications in spite of
dynamically changing resources and environments.
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Existing AQP techniques can only meet partially data grid requirements. Some
existing work is either addressing domain-specific or single-node query processing
problems. Data grids provide new mechanisms for monitoring and discovering data
and resources in a cross-domain wide area. Data query in grids can benefit from this
information and provide better adaptability to the dynamic nature of the grid
environment.

In this work, an adaptive controller is proposed that dynamically adjusts
resource shares to multiple data query requests in order to meet a specified level of
service differentiation. The controller parameters are automatically tuned at runtime
based on a predefined cost function and an online learning method. A testbed is built
to evaluate our controller design. Simulation results show that our controller can
meet given QoS differentiation targets and adapt to dynamic system resources among
multiple data query processing requests while total demand from users and

applications exceeds system capability.

1 Introduction

Resource allocation is an important problem in the area of computer science.
Over the past years, solutions based on different assumptions and constraints have
been proposed by different research groups [1, 2, 3, 4]. Generally speaking, resource
allocation is a mechanism or policy for the efficient and effective management of the
access to a limited resource or set of resources by its consumers. In the simplest case,
resource consumers ask a central broker or dispatcher for available resources where
the resource consumer will be allocated. The broker usually has full knowledge
about all system resources. All incoming requests are directed to the broker who is
the solely decision maker. In those approaches, the resource consumer cannot
influence the allocation decision process. Load balancing [1] is a special case of the
resource allocation problem using a broker that tries to be fair to all resources by
balancing the system load equally among all resource providers. This mechanism
works best in a homogeneous system.

To attain a fine-grain resource allocation, virtualization is the best method.
Virtual machine monitor allows multiple commaodity operating systems to share
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conventional hardware in a safe and resource managed fashion (CPU, memory,
bandwidth are all manageable), but without sacrificing either performance or
functionality. Modern computers are sufficiently powerful to use virtualization to
present the illusion of many smaller virtual machines (VMSs), each running a separate
operating system instance. This has led to a resurgence of interest in VM technology.
In this thesis we present Xen, a high performance resource-managed virtual machine
monitor (VMM) which enables applications such as server consolidation [5, 6],
co-located hosting facilities [7], distributed web services [8], secure computing
platforms [9, 10] and application mobility [11, 12]. Successful partitioning of a
machine to support the concurrent execution of multiple operating systems poses
several challenges. Firstly, virtual machines must be isolated from one another: it is
not acceptable for the execution of one to adversely affect the performance of
another. This is particularly true when virtual machines are owned by mutually
untrusting users. Secondly, it is necessary to support a variety of different operating
systems to accommodate the heterogeneity of popular applications. Thirdly, the
performance overhead introduced by virtualization should be small.

To verify our theory, we would apply it in Adaptive Query Processing Problem
among many grid applications. Query processing (QP) is an essential technology for
traditional database management systems [1]. QP aims to transform a query in a
high-level declarative language (e.g. SQL) into a correct and efficient execution
strategy. Query optimization [14] is one of key techniques to achieve high
performance data query using cost estimation in various types of database systems,
e.g. multimedia, object-oriented, deductive, parallel, distributed databases,
heterogeneous multidatabase systems, fuzzy relational databases, and so on [15].
Traditional query processing in database management systems is usually carried out
in two phases: optimization and execution. While the details of optimization have
been improved over the years, the basic approach of optimization followed by
execution has not been changed.

Adaptive Query Processing (AQP) [16] is becoming more popular in recent
years where optimization is required to be carried out during execution. The main
reason is the emergence of new domains where it is nearly impossible to use
traditional query processing, because of lack of reliable performance statistics or the
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dynamic nature of data and environments. Two styles of adaptation in AQP is
summarized in [17]: plan-change based adaptation provides a well-defined query
execution plan but allow the plan to be changed during query processing;
tuple-routing based adaptation views query processing as routing of tuples through
operators and effects plan changes by changing the order in which tuples are routed.

The grid is such an environment where AQP is required for distributed data
access. Grid computing aims for integration and sharing geographically distributed
resources in multiple management domains [18]. While the grid is originally
motivated by computational power sharing, data management turns out to be an
essential service since large volumes of data processing are involved in most grid
applications. Data grids [19] provide a transparent and seamless infrastructure for
cross-domain distributed data access, leading to the following challenges for data
query processing:

Performance of grid resources may change dramatically over time, since most
these resources are shared and not dedicated to the grid.

QoS requirements of data query processing from grid applications may also
change over time, since most grid applications last for a long time with large amount
of data processing involved.

To adjust system parameters like CPU and Memory distribution, Xen provides a

service to control the virtual machines dynamically.

Existing AQP techniques can only meet partially data grid requirements. Some
existing work is either addressing domain-specific or single-node query processing
problems [20]. Data grids provide new mechanisms for monitoring and discovering
data and resources in a cross-domain wide area. Data query in grids can benefit from
these information and provide better adaptability to the dynamic nature of the grid

environment.

In this work, an adaptive controller is proposed that dynamically adjusts
resource shares to multiple data query requests in order to meet a specified level of
service differentiation. The controller parameters are automatically tuned at runtime
based on a predefined cost function and an online learning method. A testbed is built

to evaluate our controller design. Simulation results show that our controller can
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meet given QoS differentiation targets and adapt to dynamic system resources among
multiple data query processing requests while total demand from users and

applications exceeds system capability.

The rest of this article is organized as follows: detailed research background of
our work is introduced in Section 2; Section 3 provides a formal representation of the
issue to be addressed in this work; corresponding adaptive controller is described in
Section 4; Experimental evaluation results are included in Section 5; and the article

concludes in Section 6.

2 Related Work

2.1 AQP

As mentioned above, AQP is required in scenarios where optimization is carried
out during execution, e.g. continuous queries (CQs) and data streams [21]. In this

section, a brief introduction to several existing projects is given below.

CQs are persistent queries that allow users to receive new results when they
become available, and they need to be able to support millions of queries.
NiagaraCQ [22], the continuous query sub-system of the Niagara project, a net data
management system being developed at University of Wisconsin and Oregon
Graduate Institute, is aimed to addresses this problem by grouping CQs based on the
observation that many web queries share similar structures. NiagaraCQ supports
scalable continuous query processing over multiple, distributed XML files by
deploying the incremental group optimization ideas. A number of other techniques
are used to make NiagaraCQ scalable and efficient:

NiagaraCQ supports the incremental evaluation of continuous queries by
considering only the changed portion of each updated XML file and not the entire
file.

NiagaraCQ can monitor and detect data source changes using both push and pull

models on heterogeneous sources.
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Due to the scale of the system, all the information of the continuous queries and
temporary results cannot be held in memory. A caching mechanism is used to obtain
good performance with limited amounts of memory.

The Telegraph implementation explores novel implementations for adaptive CQ
processing mechanisms. The next generation Telegraph system, called TelegraphCQ
[23], is focused on meeting the challenges that arise in handling large streams of
continuous queries over high-volume, highly-variable data streams. Specifically,
TelegraphCQ is designed with a focus on the following issues:

Scheduling and resource management for groups of queries

Support for out-of-core data

Variable adaptivity

Dynamic QoS support

Parallel cluster-based processing and distribution.

Researchers in Stanford University developed a general-purpose DSMS, called
the STanford stREam dAta Manager (STREAM) [24], for processing continuous
queries over multiple continuous data streams and stored relations. STREAM
consists of several components:

The incoming Input Streams, which produce data indefinitely and drive query
processing;

Processing of continuous queries typically requires intermediate state, i.e.,
Scratch Store;

An Archive, for preservation and possible offline processing of expensive
analysis or mining queries;

CQs, which remain active in the system until they are explicitly reregistered.

Eddy [26] is a query processing mechanism continuously reorders operators in a
query plan as it runs. By combining eddies with appropriate join algorithms, the
optimization and execution phases of query processing is merged, allowing each
tuple to have a flexible ordering of the query operators. This flexibility is controlled
by a combination of fluid dynamics and a simple learning algorithm. Eddies are
typical implementation of tuple-routing based adaptation.
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Barham[25] have presented the Xen hypervisor which partitions the resources of
a computer between domains running guest operating systems. their paravirtualizing
design places a particular emphasis on performance and resource management. They
have also described and evaluated XenoLinux, a fully-featured port of a Linux 2.4
kernel that runs over Xen.

Traditional query optimization can be successful is partially due to the ability to
choose efficient ways to evaluate the plan that corresponds to the declarative query
provided by the user. AQP merges optimization and execution because well-defined
query plan cannot be achieved beforehand, especially for continuous queries and
long-running data streaming.

2.2 AQP and the Grid

The grid brings more challenges for distributed data query processing. For
example, information about data properties is likely to be unavailable, inaccurate or
incomplete, since the environment is highly dynamic and unpredictable. In fact, in
the grid, the execution environment and the set of participating resources is expected
to be constructed on-the-fly. Existing solutions for AQP are either domain specific or
focus on centralized, single-node query processing [27], so cannot meet adaptability
demands of query processing on the grid. In this section, several efforts on AQP in

the grid are given below.

Distributed query processing (DQP) is claimed in the work by University of
Newcastle and University of Manchester to be important in the grid, as a means of
providing high-level, declarative languages for integrating data access and analysis.
A prototype implementation of a DQP system, Polar* [28], is developed running
over Globus [29] that provides resource management facilities. The Globus
components are accessed through the MPICH-G [30] interface rather than in a lower
level way. To address the DQP challenge in a grid environment, the non-adaptive
OGSA-DQP1 system described in [31] and [32] has been enhanced with adaptive
capabilities.

A query optimization technique, Grid Query Optimizer (GQO) [33], aims to
improve overall response time for grid-based query processing. GQO features a
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resource selection strategy and a generic parallelism processing algorithm to balance
optimization cost and query execution. GQO can provide better-than-average
performance and is especially suitable for queries with large search spaces.

In the work described in [34], a data grid service prototype is developed that
aims at providing transparent use of grid resources to data intensive scientific
applications. The prototype targets three main issues

Dynamic scheduling and allocation of query execution engine modules into grid
nodes;

Adaptability of query execution to variations on environment conditions;

Support to special scientific operations.

Based on the ParGRES database cluster, a middleware solution, GParGRES
[35], exploits database replication and inter- and intra-query parallelism to efficiently
support OLAP queries in a grid. GParGRES is designed as a wrapper that enables the
use of ParGRES in PC clusters of a grid (Grid5000 [36]). There are two levels of
query splitting in this approach: grid-level splitting, implemented by GParGRES, and
node-level splitting, implemented by ParGRES. GParGRES has been partially
implemented as database grid services compatible with existing grid solutions such
as the open grid service architecture (OGSA) and the web services resource
framework (WSRF). It shows linear or almost linear speedup in query execution, as
more nodes are added in the tested configurations.

ObjectGlobe [37] is a distributed and open query processor for Internet data
sources. The goal of the ObjectGlobe project is to establish an open marketplace in
which data and query processing capabilities can be distributed and used by any kind
of Internet application. Furthermore, ObjectGlobe integrates cycle providers (i.e.,
machines) which carry out query processing operators. The overall picture is to make
it possible to execute a query with unrelated query operators, cycle providers, and
data sources. Main challenges include privacy and security enduring. Another
challenge is QoS management so that users can constrain the costs and running times
of their queries.
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Processing of multiple data streams in grid-based peer-to-peer (P2P) networks is
described in [38]. Spatial matching, a current issue in astrophysics as a real-life
e-Science scenario, is introduced to show how a data stream management system
(DSMS) can help in efficiently performing associated tasks. Actually, spatial
matching is a job of information fusion across multiple data sources, where
transmitting all the necessary data from the data sources to the data sink for
processing (data shipping) is problematic and in many cases will not be feasible any
more in the near future due to the large and increasing data volumes. The promising
solutions are dispersing executing operators that reduce data volumes at or near the
data sources (query shipping) or distributing query processing operators in a network
(in-network query processing). In-network query processing, as employed in the
StreamGlobe [39] system, can also be combined with parallel processing and
pipelined processing of data streams, which enables further improvements of
performance and response time in e-Science workflows.

An adaptive cost-based query optimization is proposed in [40] to meet the
requirements of the grid while taking network topology into consideration.

2.3 Control Theory for Adaptability

There have been many works on the implementation of adaptability of
computing systems using control theory. For example, variations of proportional,
integral, and derivative (PI1D) control is applied in [15] and [16] for performance
optimization and QoS supports of Apache web servers. The linear quadratic regulator
(LQR) is adopted in [17] for application parameter tuning in web servers to improve
CPU and memory utilization. Fuzzy control is utilized in [18] for IBM Lotus Notes
email servers to improve business level metrics such as profits. Adaptive control is
used in [19] to improve application level metrics such as response time and
throughput for three-tier e-commerce web sites. In the work described in [20], an
adaptive multivariate controller is also developed that dynamically adjusts resource
shares to individual tiers of multiple applications in order to meet a specified level of
service differentiation. This work has the similar motivation to maintain QoS
differentiation at a certain level with our work, though at a different context of
virtualization based host sharing.
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Traditional query processing research is focused on fine-grained adaptability
within a single node or database. As mentioned in Eddies [26], eddies can be used to
do tuple scheduling within pipelines, since they can make decisions with ongoing
feedbacks from the operations they are to optimize. The work described in this
article is focused on higher level coarse-grained data query processing optimization
in a distributed data grid environment. Adaptability is achieved using feedbacks from
real-time outputs of QoS levels of different applications.

3 Problem Statement

In this work, we consider a data grid query processing scenario described in
Figure 1. A data grid is usually composed with many nodes, each serving a different
dataset. If data replication strategies are used, different nodes can serve the same
dataset, which is out of the scope of this work. A data grid application, e.g. scientific
data analysis and processing, is in general a pipeline of tasks, each processing a
different dataset. Users send requests to the grid for data query processing, each with
different levels of priority corresponding to different levels of QoS requirements.

Data Grid Node

Data Grid Node

Data Grid Node

Figure 1 Query Processing in a Data Grid

[

[

[

In general, a data grid node is composed with large storage facilities and

corresponding query processors, serving multiple QP requests. One of the key

characteristics of the grid is that all nodes are shared instead of dedicated to the grid,
so the available capacity of QP of a node varies over time. A grid node always gives
highest priority to local users (resource owners) before sharing resources with grid
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users. When demand from all QP requests from grid users exceeds the total available
capacity of a node, the node becomes saturated and cannot meet QoS requirements
of all QP requests. In this situation, since different grid users have different priorities
and QoS requirements, it is desired to keep QoS differentiation among multiple QP

requests.

Besides that multiple QPs are sharing one node to access a same dataset,
different tasks of one QP on different nodes are also correlated with each other. For
example, some scientific data analysis applications are pipelines of tasks, each
looping through one dataset. After each loop of a task, the results are transferred to
the next task for further data query and processing. The more resource located to a
task, the more data query processing loops can be fulfilled, the higher QoS level can
be achieved for a request. In order to achieve a higher end-to-end QoS, QoS levels of
each tasks in an application pipeline have also to be coordinated. Reducing resource
allocation to one task of an application leads to reduced load going to the next task in
the pipeline. Such dependencies have also to be captured.

Let N be the number of datasets and tasks involved in a certain data grid
application, each located at one data grid node. The total processing capacity of the
node i, pi (i=1,2,...... ,N), can be normalized up to 100%. Let M be the number of

concurrent requests sent from different users with different QoS requirements.

Let tij be the resource allocation for the task i of the request j. Since the total

processing capacity of the node i is limit:

there are totally (M-1)*N such independent variables.

Letyj (j=1,2,...... ,M) be the normalized end-to-end QoS ratio for the request j.
The desired QoS ratio for the request j is represented as Qj (j=1,2,...... ,M). Since

there is: y

D.v;=1
i1 ,

there are totally M-1 independent outputs.
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The major issue we are trying to address in this work is to find appropriate tij,
for all i’s and j’s, there is:

y;=Q;(1<j<M —1)_

4 The Adaptive Controller

The problem described in Section 3 can be solved using existing methods in
control theory. As shown in Figure 2, a closed-loop control system is designed
between user requests and the data grid to determine the overall resource allocation
scheme tij.

System

A
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A

A 4

0 I Optimal t Data u
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A

A 4
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Figure 2 The Adaptive Controller for Query Processing in a Data Grid with
Online System Identification Supports

In order to maintain QoS ratios for each request, the system has to figure out the
relationship between the resource allocation scheme and QoS ratios. This can be
represented using the linear, auto-regressive MIMO model and model parameters can
be determined using online system identification. The actual optimal controller
generates the optimal resource allocation scheme based on estimated model
parameters and a predefined cost function. These are introduced in details below.

4.1 The Online System Identification

Composed with M users and N nodes, the system can be modeled using the
linear, auto-regressive MIMO. The use of a MIMO model allows us to capture
interactions and dependencies among data nodes for different application tasks. For
example, reducing resource utilization for one QP task on a certain grid node will
increase resource allocation for other QP tasks on the same node, and may reduce the
load going into the next node of the same QP request. Such dependencies cannot be
captured by individual SISO models. The MIMO model enables the controller to
make tradeoffs between different QPs and their tasks when the system total demand

from users’ QP requests exceeds system capability. To simplify the problem, the
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system model is written using the ARMAX model (with multiple inputs and single
output, M=2):

Algly(k) = Blgl(k- 1)+ Clg)a(k)
Alg=1—-Aq - — A q"
Blql= Bl:-fl_'l +oet B g

Clq) = 1+ € q7+ € q7®

The values of above parameters may or may not change as system conditions
and workload change. It is difficult to determine these values to represent all cases
beforehand. Therefore, a self-learning approach is preferred where model parameters
are estimated online and updated whenever new data has become available. In this
work, the Matlab System Identification Toolbox is used to resolve system parameters
online. In general, the order of the system is usually low in computer systems [47],

which can be defined offline in advance.

For the convenience of computing, we rewrite this model to be:

vik+1) = Xb(ki + o(k+ 17

Where

X=[Bg w Byq Ay w A

e =[t"E . tTk ni ¥yE . ¥k nly]”

For the sake of processing, we define:

b= tT(k-1) .. tTk-n+1) ¥I(K .. y(k—n+1]7

We use an ARMAX model and its corresponding estimator to estimate the
parameter matrix X, as provided by combing matrix A and B.

4.2 The Linear Quadratic Optimal Controller

The optimal goal of the adaptive controller is for the output y(k) to follow the
reference input Q(Kk) as close as possible, as defined in Section 3. Note that the
required QoS level from users may change over time. Meanwhile, we penalize large
changes in resource allocation variables t(k). Here we adopt the following cost

function:
= E{[Wwiy(k 1 1) q(R)(* 1 [Pelk) ek 2)[]%)
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The following derivative is zero when the cost function J is at its minimum:

ak)

The derivation of the control law below is adapted from the controller synthesis
in [20]. Note that X(k) and BO are system identification results obtained using the
ARMAX model estimator described in the last section.

(k) = ((WE)TWEB, + PTR) " ((WBp) TW(Q(k) — X(K)& (k) } + PTP t(k— 1))

5 Performance Evaluation

As an example of the shared hosting platform presented in Section I1, we
present the experimental evaluation results of our controller and estimator design on
a two-tier testbed.

5.1 Matlab Simulation Environment

We first build a simulation environment in the Matlab platform, which provides
sufficient math functions. In this simulation environment, M=2, N=2, and the
controlled system is a two-input-one-output system. The input variables are
tlk) = [t. (k) t;.K)]" while each denotes the resource entitlement for the
application. In our models, the two nodes have similar parameters of transfer
functions, and therefore the resources would be like, which is investigated in next
section. For the result shown in next section, we use a order of ARMAX model to be
[na nb nc]=[2 4 1] by minimizing a robustified quadratic prediction error criterion.

5.2 Matlab Experimental Results

The experimental results depict clearly the effectiveness of this algorithm and
the influence of Q and P in control performance.

In each experiment, we set the target output Q(k) to be 10 at t=0, and 15 at
t=100, and 5 at t=200, in order to observe the tracking results. The output y(k) can
get to Q(K) in less than 10 seconds, which is tolerable by the system requirements.
What’s more, in most cases, input of this system depicts the resource (usually CPU
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and memory consumption) allocated to an application. This figure shows inputs and
target output are positively related, demonstrating a physical fact that QoS will
improve with the increase of resource allocated. As we use similar transfer functions
for the two nodes, the inputs are like.

To further explore the characters of this algorithm, we select different Q and P
to observe their influence in the control performance. Figure 3 shows the tracking
result of output and the variation of two inputs with Q=1 and P =1. Compared to
Figure 4 with Q=1 and P=0.4, the decrease of P and relatively increase Q will
smooth the curves of both output and inputs. This conclusion is credible as P serves
as a weighted parameter of the continuity of inputs (and thus output). What’s more,
Q is a weighted matrix of the gap between target output and current output.
Therefore, the curves of Figure 5 will be steeper at the point of change, compared to
Figure 3 with a relatively increased Q. In practical systems, the fast tracking will
increase the instability, while Figure 5 shows more burrs. In order to obtain a stable
and fast performance, the Q matrix and P should be set in a specified zone.
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Fig 4 Tracking result of output and variation of input with Q=I and P=0.4
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Fig 5 Tracking result of output and variation of input with Q=I and P=1.4

6 Conclusions
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In this work, we address the connection of AQP and Data Grid, where AQP is
required to provide better quality of services (QoS) to users and applications in spite
of dynamically changing resources and environments. Existing AQP techniques are
either addressing domain-specific or single-node query processing problems.

To solve this problem, we proposed an adaptive controller that dynamically
adjusts resource shares to multiple data query requests in order to meet a specified
level of service differentiation. The controller parameters are automatically tuned at
runtime based on a predefined cost function and an online learning method. A testbed
is built to evaluate our controller design. Simulation results show that our controller
can meet given QoS differentiation targets and adapt to dynamic system resources
among multiple data query processing requests while total demand from users and
applications exceeds system capability.
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