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Abstract: Dynamic multi-tiered Web system can be affected by many unexpected factors during runtime. At the
same time, it has different performance characteristic under different workload pattern condition. Accordingly,
different performance models are needed to describe the system. Currently, performance guarantee mechanism
based on feedback control theory, which aims to eliminate the effect of unexpected factors, often employs single
and fixed system performance model which can not adapt to changing performance characteristics. Under fluctuant
and unexpected workload condition of Internet, the method can decrease the precision and stability of performance.
To guarantee anticipated response time goal, this paper presents an adaptive performance guarantee mechanism
based on online estimation of performance model. Using two complementary transactional Web benchmarks to
evaluate the techniques experimentally shows that the mechanism can efficiently reduce the squared departure of
performance goal under varying workload.
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R . . 1
equest 4 || web Application DB time
Input || Server server [ server Output

Fig.1 Typica architecture of dynamic Web site

1 Web
Internet Web 1415 Web ,
) . Web ,
[16,17) )
, r(k) AK) Web ,
r(K)=f(A(k)). : f1(A(K)).f2(AUK)), : :
Reet, f(A(k)), Rre=f(A(K)) A . .+ Web
: Rie=f(A(K)) A Reet,
: A(K) S ,
(monitor) r(k) Rref , Ar(K)=r(K)—Re.
(controller) r(K)=f(1(k)) Ar(K), A,
A , Gate A+AAL
p)
+ __ Response
Goal Rret az A+aAL Dynamic -
459—» Controller Gate W e >
r(k) Monitor |«g
Fig.2 Performance guarantee based on feedback control
2
2
, Web . , )
Web “TPC-writ8 « (auction site)” ™Y, ,
J 1 2. , 4

Tablel TPC-W: Test data under different workload Table2 Auction site: Test data under different workload

1 TPC-W: 2
Browsing Shopping Ordering Browsing Bidding
Workload g5y o) (80% read)  (50% read) Workload (100% read) (85% read)
Response time 5.63 7.37 9.26 Response time 3.25 4,71

Peak throughout 195 247 372 Peak throughout 3170 3889

TPC-W (browsing) (shopping) (ordering)
15% 45%, 31% 64%, 27% 90%.

(browsing) (bidding) , 15%,
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3
[12,13] ’ 3
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Fig.3 Adaptive guarantee mechanism based on online model estimating
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) (ftting)

Web TPC_W, 4 “ ” “ ”
, (least-squares regression)
Web Web

[4,11]

(2o, (coefficient of determination,R?) 3

1 , R . , R>08
(412 3 , (12s 149
(>0.8). 2 3 , 1 6% 9%.

) Web
(1)

r(K)=ay-1. r(k-1)+bc 1. A(k-1) @)

Table 3 Fitting metric values under First-order model
3 1

Sampling period (s) 4 6 8 10 12 14
All-Read 035 042 059 077 082 0.86
All-Write 047 051 057 068 080 0.84

: [19],

. , , 2 a b
3.1.2

, ab 2

0,

’ ’ ’

’ (recursive |east-squares, RLS) (1213
O rR=1Kp(k-1),  JR=[beraeil fk-D)=[2"(k-Dr'(k-1)]"

Params_estimating (r(k), | (k-1))
{1+r(K): T(k-1) k-1
[(k=1):*/
Var:gK);p(k);  /*p(k) (covariance matrix)*/
K)=r(K)-1(k-1) g(k-1); /* r(k) [(k—1) ¢(k-1) i
if (k)=0then 1(k):=i(k-1); /*
else {/* (k) *]
p(k—2)¢(k-1)¢" (k-1)p(k-2)
P = e T D pk-2pk—D)

T =i (k-1 +— R k-Dpk-2)
1447 (k-1 p(k—2)p(k-1) ’

) */
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return f(k);
}
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Fig.4 Realization of admission control mechanism
4
AK); Gate (token) , A(K)
: (1)
Web , 3,
(2 Rei(3) A0).
) AK):
Admission_level (sampling_period,r(k),R«) /*r(k): ,sampling_period: */
{  Initid ((0)=1; /* [(K), 1(0) =1*/
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1 a
Ak)== -—=r(k); /I* */
(k) bRref b (k)
return A(k);
}
4
4.1
. Web TPC-W
(online bookstore)!*¥, 14 , 8 6 .
, , (browsing) (shopping) (ordering),
4, 2 (auction site, i, , 26
, (browsing) (bidding), 5.

Table4 Workload mix of online bookstore benchmark

Table5 Workload mix of auction site benchmark

4 5
Mix Browsing  Shopping  Ordering Mix Browsing Bidding
Read operation (%) 95 80 50 Read operation (%) 100 85
Write operation (%) 5 20 50 Write operation (%) - 15
Web , Web
' ) Web ,
(think time), 6
, 7 , :
, 4s, 12s;
25, 6s.

Table6 Changing input workload for online bookstore

Table7 Changing input workload for auction site

6 7
Periodl  Period2  Period3  Period4 Periodl Period2 Period3
Browsing 0—-400 400—-0 0 0 Browsing 0—4000 4000—0 0
Shopping 0 0—400 4000 0 Bidding 0 0—4000 4000—0
Ordering 0 0 0—400 400—0
5 \ ;Web ; 3
: Web : : OnceAS2.01%,
PC Server , 100Mbps Redhat Linux7.1
Client HTTP Web server Application server DB server
(OnceAS) (MySQL)
emulator @ proxy <\;;> apachel.3 @ <):>
CPU: 1.3GHz CPU: 1.3GHz CPU: 2.0GHz CPU: 2.3GHz SCSI
Memory: 2G memory: 2G

Fig.5 Thetesting environment
5
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(a) Comparison with model derived from browsing

@

(1)

S(mean square).

2.23,
(1.37-0.51)/1.37~63%.

(2.23-0.58)/2.23~74%;
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Table8 < of response time of online bookstore Table9 S of response time of auction site
8 9

s Periodl  Period2 Period3 Period4  Whole s Periodl  Period2  Period3  Whole
Browsing  1.64 0.56 3.88 5.79 2.96 Browsing 0.44 2.87 0.49 1.37
Ordering 0.76 312 415 0.82 223 Bidding 4.65 0.38 3.61 2.83
Adaptive  0.48 0.62 0.67 0.51 0.58 Adaptive 0.47 0.55 0.52 0.51

422
Proxy s
, 400 400 ,
, 8 . , 4000 4000
9

------- Off-Line

)
=]
(@]
?
.
5
[}

=
[4)]

Response time (s)
=
o

5
0 0
1 7 13 19 25 31 37 43 49 55 61 1 6 11 16 21 26 31 36 41
Time (s) Time (s)
Fig.8 Overhead under online bookstore benchmark  Fig.9 Overhead under auction site benchmark

8 9
2.6s 3s, (3-2.6)/2.6=15%; 2.2s 2.4s,
(2.4-2.2)/2.2~10%. , ( 39
5

Web , ) ;
,Web
E " Web
Web . , Web , Web Web
/ Web ( Apache ) .
Web , , Internet
[6,7] Web , , CPU
., Web (static gain) ; [8]
Apache , )
; [9] (multi input multi output)

(proportion-integral controller), , Apache

; [24] Web ,
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