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Abstract: High dynamic computing environment makes QoS (quality of service) guarantee more important for
component-based distributed system. Software system should possess self-tuning capacity for reacting to external
environment variation. This paper proposes an adaptive self-configuration framework, which can automatically tune
configuration parameters to preserve QoS as workload changes. The key of this framework is a layered queuing
network based performance model, and it guides the search for the best combination of configuration parameters to
satisfy the QoS requirement. This self-configuration framework is prototyped on OnceAS application server, and is
validated using StockOnline by comparing the performance requirement satisfaction with and without this
framework. The results show that through the framework’s regulation, system performs well on QoS goal.
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Fig.2 Layered queuing network model for entity Bean
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Fig.3 Layered queuing network model for statefull Bean
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Fig.4 Layered queuing network model for stateless Bean
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5 updateAccount 45 I 5 41 &
Z IR 558 B W3~ 4144 BrokerBean 52— AN TR A 231 Bean, 52 B HI 1] % 7 $2 A (1 Il 45 A\ H;Account /& CMP
SR Bean, 4E47 ik 7 IR A AE BrokerBean 1) updateAccount IR 25 04T RE P, B 5 I findByPrimaryKey J7 %45

© hEE

HAFIIFEF http:/ www. jos. org. cn




PEFE S —F TR b R g i EAER 2123

FIXS IV (1 Account S5, 4% 5 1 HI update 77 ik ST I 7R A 6 NI A4 I R R, 1 20 BrokerBean 1 Account 4
IV PR I (10 75 2 A REASEAR, A5 80 AL P A1 A 28 (T 90~ R I 4 988), PR AR A0 0 T O 2 4 P A AL 1 i
THERGERGE R B 6 45 TR Jn AR R I PE R A 7S il I B Xt update Account [Nk 55 37 5 X T A
IR UL, 5 BELR G T BT A S A9 BIALE ) SE B TR TG &R

Invoke Client
[thinkTime=0] N)

I BrokerBean
v

invokeUpdateAccount ContainerFrontEntrance
[$s_invoker] (inf)

¢1

Process | Request processor
[$s_process] M) Thread pool

¢1
updateAccount Bean
[$s_updateAccount] (inf)

1 1 Account
findByPrimaryKey invokeUpdate ContainerFrontEntrance
[$s_invoker] [$s_invoker] (inf)
J 1 / Thread pool
Process_remove Process Request processor
[$s_process] [$s_process] ($M)
instance pool
[ T ~ I
181 s ‘
1 preparelnstance | InstanceManager update Instance
[$s_prelnstance] ) [$s_update] 1)
‘/l—$p
passivateStore/activateLoad | CallBack
[$s_callback] ()

T K

I el conli:;%?ws;ool
$s_DBoperation
[$s_DBop ] ($0)

Fig.6 Layered queuing model for updateAccount service
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BB REE 45 S FE AT %A P B D 5 VR I RAT I [R] 7 R At b RT AR B AT S5 N T I IR 45 75 SRk S 4000
(EERNOE Rt S (R A
BrokerBean: $s_invoker=0.823ms; $s_process=0.003ms; $s_updateAccount=0.020ms.
Account: $s_invoker=0.642ms; $s_prelnstance=0.368ms; $s_callback=0.260ms; $s_update=0.220ms.

DataBase: $s_DBoperation=2.427ms.
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BrokerBean: $M=6; Account: $M=6, $/=10; DataBase: $C=5.
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QOS I A28 B T £ 45 A A & I 1) 111 B P 3% IR 45 e o 11 3 R 80 A % %17 iR 140 i 2 I i) 850 4 A A 1 48 vt
V) TED % PAY ) - 250 W 7 B ] AR o A 2 2 75345 R QoS i, W A 1 A B AT T I A A U g Ak
K E L Ay A ©). T B PR A% A6 B QoS WA AL B8 1) AL iy A 5 , 76 2 B AR 25 R) PN 3 R LB A A I i
Aoff FH 1 AR 2L SR A7 e 5 1) T I % 0 T, LA Db IR gl A M A R SR I L . S B I L RS S A
BT I 1) R0 P 5 A M 45 10 07 SR 250 A 20 ) 3 28 &5 4 I P B VT R D 4% RS 2.3 71 v [ 5 vk Dy I T e S AH
(P e B L ©) . 1k BE T BT 38 7838 47 N B % AF 45 N O (K9 CPU IR IA] 78 3% @, B Pk B 465 78 ) IR 4% 75 3K (service
demand) 2 4. 1t REASE 2L K Al 23 AR AR R 55 T SR @ IS5 28 S 5000 B @ (AR MR/ L SEBIK /N EE) B S 3 @1
B N RS AT SRR, 4 HE WD S B T R 7 e A PR T AL B, L 34 36 4 AR 8 TR VP Ak A L S B B T (0 12
2 SRR 150 A AT R A T 0% 3 T ) O, 3 M e 0 L A A HE 4 i AR 28 SR A 9% 418 FH Carleton K 2% FF K 1)
3 T2 HE A 199 2% S fif T FLLQNSTL,
32 MEEEEE

PE AR EAE S 00 B AR 2 AL 5 BB G R 8 1 38 Y b R AR DG 45 B8 S B B AT A 2 A IR
2“2 3R (constraint 1,constraint 2) 1R 08 R 8“5 29 3R 1 % H{E (constraint 3) i 31| i K, A 1 S B 2
M 7 I (T T S . A 4 (0 T B R 4 R T T L 38 R B vk 7 Mk 2% % T TG 8 2 5 1) HU{EL 2% I o Tk — A

X TR R /N IR B (AR 3 H AR 5 1 3 AN 400, SO S5 5 AT I A Y R4 R VA L ZE AN K.

PHE EC=(c1,c0,...,cp) RARW T PASHINILE A SHA A4 & WBUEE F e e (™, ™).CIAH
SBHCE M A M={CHIO{C-1}, o 1<i<P ¢ A PR 80, 1,.... 03, SN e R LERITHEN 0.Co N i
HE ) 2 0 B, LG A R D 46 O 1A AR TP Oy R I8 B s R DR A T — A AR
(R HR 0 25 A 48 R R A P RE AR 2L SR i 35 (B predict ol 50) V1 52 BEAME L BCE N 25 IR 45 18 °F 1) i | It
1R 38 75 Bk B R, T, 30 ) RER= (R, R, o, R, )0 46 TR sy 3800602 B D 14 509044, o ik
T=(T, T, veoes T, VR MG 51, s, T30 T B BT, DA T LI B Uity B8 5005 4416 08 12
{H.HC Jy % 25 “BEL A (¥ 5 & satisfy b6 25CHI Wi (R, T) & 153 /2 HC P29 K.

SR AT

Hops=1;

Ceu=Co;

Crenv=Co;

REPEAT

Improved=FALSE;
(R, T)=predict(C..);
MaxUtility=Utility({R,T));
FOR (each Cin M. )
(R, T)=predict(C);
IF (satisfy((R,T),HC) AND Utility({R,T))>MaxUtility)
MaxUtility=Utility((R,T));
Cen=C,
Improved=true;
ENDIF
ENDFOR
Cewr=Chew;
Hops=Hops+1;
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UNTIL(Improved==FALSE OR Hops==MaxHops)
4 %

4.1 SKERIT

FATIHE OnceAS N IR 2% 4% o6 B I B HEZEBEAT T I B8 ST Ay 56 E HE Z2 11 11k R PR B 280 5, LA StockOnline
I FHAE S 0 80, T T A FH A2 A 248 RS A A S ) 76 B 3 AR A O, R SR IK - 38 m B N ) L ok Sk
TR 2 TR T AR O LA R R A R E S A ) AR A L A SE S b O R R L, R R R )
StockOnline 324t (11 95/ Ik 45 queryStock ValueBy I D F1 updateAccount.queryStockValueBy 1D JIi 45 H3 45 J 22 1D #r
HCHE PR3 (0] 15 S5 0 A e o 3k P 2 T2 AR 45, 2 6 . 1% L AT BRGEE 1) i B 1 .update Account il 45 3 i 48 A
JE SRAE UK 7 G, T N W 4538 B A T T, 12 IR 25 A e e R SR R vy, R A X R R LA I T DY BB ST
JEE 2 (038 5 & IR FF JR K ,update Account JIl 45 R 1% B AT L queryStockValueByID 5 i [ B AH MY 1A A % &
W 1.

Table 1 Weights for performance requirement of the experiment

R 1 KEMERET KT I RBE

Service Service weight  Response time weight  Throughput weight
QueryStockValueByID (represented by g) w,=0.3 w; =0.9 qu =01
UpdateAccount (represeneted by u) w,=0.3 wh =02 w'' =0.8

P A IR 55 14D s AR M) 7 B T) R /N A 1
R, =450ms; T, =20tps; Ry, =1500ms; 7, =50tps.

max min » £ min

P/ G- U D e

RI<RI_ 1)
T>Th 2)
R'<R!, 3)
T">Ty, (4)
N 2% sk
Utility = w, [W,f R'%;;%:qu +w, TqT_rzinT’gi” J+ w, -(wf —R;Z;;Ru +w! T~ T 7;‘1‘:;” J (5)
Pl 10 45 H T TR0 14D S 96 3 R v % 4 ol k] T g B0 76 P9 9 %% P B0 AR A
50
45}

Number of clients
N
()]

135 79 111315171921 23252729
Control interval
Fig.10 \Variation of client number during the experiment
Kl 10 JIFk%E &L
75 PRI G0 T R 55 4 R0 46 TC A0 1 N — R, AN AL R 4 2 D BT D $M=4,$1=6, 24 7R 14
B A VIR IC B $C=5, 7 H, 210 % Z 5 U ¥ B 0<$M<50,0<$/<30,0<$C<50.
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Fig.11 Response time constraint satisfaction comparison Fig.12 Utility comparison
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P 19 P 2R O A 1 P B 55 R 25 i) b EAT P e Do, Wk REASE 2 S O SR 2% i I IC B S MR 2

FEIE K — Lok BERCARLE 5T P, O VF 2 Pk B VA N ] T3 AR I BRI 2R 4, i SCRIR[11,12,17], 31X 4%
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7, I SE TR A b 2% FE AL HE Atk 25 K6 S P e Jas e, 22 s sl K 7 6 e )2 AL AP Sk 8 e o 1 8 5 0,
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