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Construction and Efficiency Evaluation of a
Secure Data Access Model in the Cloud
Computing Environment

Patrick S. Chen

Department of Information Management, Tatung University

Yong-Kuei Liu*
Department of Information Management, Tatung University

Abstract

Purpose —Due to the growing intelligent attacks, internet service providers are
facing more and more risks. It has become a big concern, especially in the emerging
cloud computing environment, whether the service providers have the capability to

properly protect users’ data from attacks and prevent unauthorized access.

Design/methodology/approach — In order to meet the information security
requirements of confidentiality, integrity and availability with consideration of access
efficiency in the presence of huge amount of data, we proposed an efficient and secure
data access model covering active authentication, encryption/decryption, and access to
databases.

Findings — Through experiments, we found that the control of “read” will solve

most unauthorized access problems and serialization of “write” will avoid deadlocks.

Research limitations/implications — We designed a multi-layered, distributed
database system and proposed a secure access model in which only two locking
mechanisms, two-phase locking and altruistic locking, are compared. Other mechanisms

are not considered in this study.

*  Corresponding author. Email: alex51204612@yahoo.com
2013/05/11 received; 2014/10/30 revised; 2015/01/15 accepted
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Practical implications — A prototype was implemented to test the applicability of
the proposed model. The system first authenticates a user and then assigns him a ticket.
This process accomplishes fined-grained access control. After analyzing the data
obtained from the experiments, we found that the proposed data access model is well

suited for the cloud computing environment in terms of security and efficiency.

Originality/value — This study proposes a new approach to system security,
permitting distributed database access and efficient scheduling. The system allows
active identity verification, secure data isolation and information exchange, multi-level
scheduling based on priorities, distributed access control and use of encryption
technology.

Keywords: cloud computing, information security, active authentication, multi-level

security, distributed data access
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4. 9 1 2SR A F R (SQL Injections )

(1) ¥ IP 3 00F b BB do ] 8 97 e isd & enh o A Tl A - s
T Paul b gzd (Connect Seesion )~ i £ (Flow) #eis 4 B B (Time)
o dpletfd e HERT FAT TR RRAAS AT B
% (,F:(\_%,ELb:!H)o ?‘%‘jﬁﬁ%f{?—%’& ¥ 5 é;fi , %I.‘l:’%/"” v PP 2
R e A~ B % b D BRI e B B A e
PR RE

(2) Fip #kﬁ SQL Injection &% 4 > 47 3% 7 = p& g‘ o SR ] el BAY N (B
LR FARIAES ) MRS TS A o AR VAR $A0-SQL Injection £h
BSE S PR o e R R R TP R LY (RF P
S ) R B A F AR AL e 9 R o fF R ReRSE
BOF G AT s 2 R R R R S o
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BG)h¥ IPreEggtsg=y @ & 5% ?‘%E ST el ¥ R (Proﬁle)
SE_ART F aRBIE R 5 P R R T4 ﬂ‘ﬁ;xﬁ;ﬁ%ﬂi B B AE X RE
HE2 SRR F PR R S o
T — ot g Web server 80port F > 0 g o AR 4 IP i
=1 %i\:éfa‘:;gxg v J R A% ot A SQL server ensk A o U iR R R AT
R
(=) 4 3% 90 4 Ay 2
1. RFID ¥ 4 Zs8in 7}4’-
RFID Ji'/)%ﬁ%;mﬁe@ 10 57 » %Twm D(1)PPRE G Pk F IP
DR LA 2 AR - Q) 4 A A RFIDID % - (3)@ PEES
M A w8 A=A (seript ) & FRES %M RC4 FiRAvRIL BT RER Y o
(4)#% RFID ID % > 4v % B 422% (script) © 30 558A% 4 Key 4v H 14 3 2
IDw %3 BPREE ERETE -

S
&(1)%& DI EARSID

(a)ClientHello

\

[

1 (b)i & [P R @ IR I
I

(O BiF S e 2 HpmU B G R» Kdhwr

|
(@)D » 5 357 5 123 5 B MRCA+ %
L ()P 1 R 4 IDsk A
D s AL L EEmr 0% X

e
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(3)serverfisn s — }
< v A pT o i A BT
(2)RFID ID Key m%® it gt
| R C 410% | R C 4102
) 10 : RFID ¥ 2 Z=gi 4y VR R

2.4 N ERENR A
(1) % SSL 2 4% 3 # Bhe™ :
(@ FE— "ClientHello | ¥ & > 3B © 2 $ enR A% g B 0% 7] 4 Fﬁ“\,}f
FE ARG R A o © RO T AR
(b) #&its92 5] — ® [ ServerHello | ¥ 4, » & > HPREiRIFend s £ 350 F
i 55 kA 89 idg i en T ClientHello | ©
() % B> ieif 7 R 2 4e > 35 B GRE L PED (G
ARG )RR LK S vs/\X 50907 #* % ¥ % 2 §5 2 OpenPGP
Rt arE3
() #F § B2 B (4 95004 BE) 85 SSLLIVB R B 2
W AT AR A2 SSLL R 3 Y AL e ko B B0 B
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N § PEAEAS ks AR AT 53 e F k| T ClientHello ;> @
PR P % 1% * ;P 1P ,g'd,x 3 EMA 2 ,?.4%\1' qué 4 pf;,%@%,ggﬁr&
A G (scrlpt) — H4eix (RC4) 14 B 3c= 52 B (Ciphertxt) &
P 58 F 5 Rl R ID (HREE RAS - "EASAE S RFIDID) 4%
x> deigir B A2 (seript) @ 3 F Besah d Key B4 R4 w 63 @PRE S
A FPRBRF| BT HuEam ¥ Key 23 148+ 5 J 45 ID i 5 3+
R RE RS AR 2 R JREAE RCAA e R 5 RS § R
ARG S RIS ARG AP T A g U RCA4r Rz 2 54 o
fid tdded Arendeipig B+ 02 P U E a‘#%* C o EFERTY BB A T A
PowmaPpi E“Eill“—l 7w BANE 5 SSL o
(B) 2 BN H L ERERA AT A BN S RERA AR 11 A () ¢
LY 1] ggqu;m TCP/P = 7 i4 ClientHello - (b)it * 4 % ) IP —JH 5%
HPRIE o () PJRE G AT [P 4o 'a}sagg oy dr;bgwé
Key > @ PRE A 4e 20k § 4228 (script) & 55854 RC4 = 240 % 18 f;-ff\
% F ;P gt o(d)r B f“*la 5@—&% K e g B 4248 (script) -
* ’ﬂ;’l+ ID (&3t %4 3 RFIDID ) <% > 4v % iw B 4248 (script) ® 3 45 5%
S Key’4v_~ I PR R (e);;%» PR RIS LR R
B F s v Key #2738 0 & % B 4228 (script) FXL./@—&;,E@;E%%
Key & ID & GANGREA B Gt fassrisna 15 - (Daa o o &
el g S S IPSRFID ID~ R 2 S v A BoEs 4 0 273 2 2
AR AT S B IR xa‘%'fo(g)* Rapgr —kpisk
R PR R il b o W S I A
f en® > Bt £33 A ek
(2 ) 4ciz UFH‘
M‘4n u:}i/% (#]4e RC4) > £ 4 2z Bt 4o 2
éﬁ#}kﬁ (key scheduling algorithm; KSA ) : KSA 1 & A #4351 — "2 7] {8
S» 442 Key Bep T oS EARAT AL 0 o fiA 256 ¥ BALA
FHER — B> RIET A R AR 0 2 BATAe B 12 A o B
KSA % ¥ = #3424 K Air & R cnKey Bdfy > LA BMFK R -

2 Brute Force Attack on Cryptographie Keys[EB,”OL] - http://www.c1.cam.tic.uk/~mel/brute.htm].
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(BFe |

T st : \
{For i=0 For i=0 to 255 i=0 Lo
j= 48[ I=0 = Bt sl
o 255 J=itS[LHKLT i=H80i] I]I(l)d 25(Ji
?Eéh U aungasi)
¥ 12 : KSA # & B 13 : PRGA = &

2. LEFS %éﬁé 2 (pseudo random generation algorithm; PRGA ) : PRGA # 5
BRE ife Tt ™4 00 Rid ife] Gacr wBA 2 Key %48 54
WAT e ] 13 27 o

A2 R E 13 A2 A Ry Key 8 AR 0P A R o R

B E 4w B4 ¥ AL RS R éﬁKey FpAc B2 2 S RS enpp

{ o
FLoRBRES D AT AR RS F R T AR
N S B R AR OO kg L 3k A R e

(3) Bi A ¢ mBAE IR

%~ 4 (Priority/MLS/AL ) i+

(D) BrAFd §2 58] (2PL): é& VR AR o — b P
A % & 15 en (concurrently ) » & ® 4 = B4R % % B &0 (sequentially ) »
TR TR > S —?’ﬁi‘ﬂ:\ ( shared lock) % %LIE;‘% # (read lock;
RL); »2 = % gz (exclusive lock) * %LI_‘; & #% (write lock; WL ) o 725
AP E R 4 P47 (schedule) B+ ﬁ*"‘ 2 BFR o el 14 A o ;}z&gr;;\AL 1
¥ > B TI TP Eapd EaMer i B ws jdr » Fpt T2
E”'&.ﬁ]%}i'5/m7€5r§fk"‘3ﬂ;T3€“%‘ BRF 2 FLHPE
746 Tl d ¥ p o 47 2AfRBE 7% fq (Indebtedness)
RFBRAA 2 cEE T3t — B TIWE iy =R T3 & § F0T1
BAAS ARRAS 22T [a: R Ea J A ERFL b AR S
TR MAELPRFL o] A2 ek d2 ALZHZ 2P -

<2
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RLock(a, T1)
Donate(a, T2)
WLock(a, T2)| F & % f
Commit(T2)

%

#74% & f (Indebted) & 2. &

WLock(b, T3)| 7 & & % — &M Bl (r g mes 2 H 2 A% 2 £FR— B §REHFEN)

Commit(T3)
RLock(b, T1)
Commit(T1)

W 14 : )i s 2 eniFR % % Salem ¥ (1994) »# 3 ibp

F A4 AL G E B R (A rFERER)

AL &% (Fer A B af

@)

AL/?_H R (4n ;é:f):;kg %)

RLock (a,T) {
i— (T) Uwl (a) ;
w—o (T) Nd (a) ;
ifi=w then{
rl (a) «rl (a) U{T};
1 (T) (—i;
o (T) «w;
return (accept) ;}
else return (reject) ;

}

5 TRAHP = a
HEHNP Eahr L TiLn i s
o

&
ek T ¥ P A A B BT § o
%7'%?'3?"%?*"#%3‘151 B

25 TeHsgp=a

g3 ¢ (T)

3w (T)

w2 F TeAaP = agun i
”4ﬁﬂ%$é5Tﬁﬁﬁﬁ%&a

WLock (a,T) {
i1 (T) Url (a) Uwl (a) ;

we—o (T) Nd (a) ;

if i<w then{
wl (a) «wl (a) U{T};
wl (a) «wl (a) Url (a) ;
1 (T) <—i;
o (T) «w;
return (accept) ;}

else return (reject) ;

}

TG a
%f}iv % 5 A x BFEAg WY mpj;tfgy_li
33 ]1%@%

Sk PRA Y LA pETenR J 4R

40 R = f%%ﬂ%] » B

2y Tzigﬁjﬁf:'a

fier fRBE

g3 ¢ (T)

¥ o (T)

w2 ) T® Hady = adnt i

S Ee 2 TRAGHP = a

I Kk
\%3: “mL v

3

e

1 < 4‘

;‘1

A PARGR L B R N RO R B B AT E e R (1)
# B2 5 2 &t ¥ FR 2 (conflictinglock) b — 4 = » Rgp v —
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AR S E (ke RT3 f AT R T3 57 § & T1 ekt
7 v oo m F]T1 A2 -

Q) Al ey (AL): ™ @ uw B@¥ fﬁ;‘é W AL e B E R
Z’é?ﬁgﬁﬁ‘l’*{ﬂleTZA’Kiy WA I 1(T1)0)(T1)A1(T2)
o (T2) ap=AfFaEw (a)rl(a) 2d(a) 4ol 15 5 >
4 »|#hi5 RL (a,T1) RL (a,T2)~ RL (a,T1) WL (a,T2)~ WL (a,T1)
RL (a,T2) = WL (a,T1) WL (a,T2) &= "1153'?5 B A PEAE T E R andh
FigAg T G o R EERAF R 24 RL (a,T1) RL (a,T2) ®
BPAIE o 20 R R & eI %ﬁz:dé.gﬁ%iﬁ‘zﬁ o

ahe Q-
I~ \“‘m

w(T1)
r(T1)

w(T2)
r(T2)

B 1S 9B 3 FE g e B( 25 B 16 AL Se(B (2 ¥HAs & %

AP & F3 % 2005) A3 3 % 2005) A3 ik
Bp

Low EgE R 0 AL FOUGFE S ] 0 AR ok L e B RS e
Bl 16 %7 » 20 TI~T2 A T3 425 rasbbfFEH e 225 )F
% % RL (a,T1) —Donate (a,T1) -»WL (a,T2) —Commit (T2) —RL
(aT3) —WL (b,T3) —Commit (T3 ) —»RL (b,T1) —-Commit (T1) -

2. ¥ %xx 7§ (PMLS) i
;f_:,?,,i’mj Hf},&c%§$|lj;;;&a\:'#ggﬁg\ S A TR A LA TR @
FRUS BRS BRABSAB-CAD Eh8 3 #d o 2ty oty

PRILE L3 r ot RRF R A T FER R ARAD R
R3S 7N F'é; é 2o "‘Lmﬁkgb g#ﬂfﬂm/}é"/ °

+ 55 % % Chen ~ Li & Liu. (2010) 3 128 5 > A Rt e § 8% 7



RIEIE

RENLZEFRUR ISR 19

(prioritized multi-level security; PMLS ) #p = 3 &> s 4o ™ > R AF
AL RT3 AT 4 BRESE BT BEAK A(14) &7 4 (e
AEAF CERAR  —HFEI) A2 BRARA (JS3) THF RS S
Bk F e (K=4)o 23 Remffae kA vl T A Ko 5§ ks
g FI(ATRF B Cri D ﬁ;m B3 7 R A ]
BT R R s — RGBT (10 208 31 A4
HIATHA R 2 Bf 1P =t 7 %kK(ts A s AR -
cCiiprul B )PERE 0 50 AR UE 1T Rk o Bk EAIE T
D-Th:D"T3:C~T4s:B~Ts:D-Tg: AR T;,:Da=%} ét’ffr”n’ﬁﬁ
Séf%i%%’@fbA&h%%ﬁ%ﬁx% v B T A L 0§ kA B~ C
ADiTe~Tax T3ia=BF53 (M3 tA-B R C) &A% L4k 7z
SR BAS TAT N To Ts & Ty 9 ¥ end 5 40k 4 2 2 EHs (g
D)’Fk;l—gﬁ‘f"]’b'?'@é’éu\ﬁkﬁ.,p}_;;/\é'}—_:l"m wﬁ‘&lm 2 B
FoOFMM T A LA E A A2 A3 Rt R TR RBER 9
Ats A B FeE FPBETHEF e o RIEHEFERER 4 Te> Ty~ Ta >
Ts~To~T7 & T

D A

o) _— ordered

C c3

g D.3 D.1.cu D 1.ts.s

D D.1 D.1.ts s D.1.c.u

A D.1

ordered
D ———» D2
B 17 @ B>+ % % B % s T % Eeni é,\ff‘o )

%5 ## (Priority/MLS/AL) % #
F&wm e PClient ~ PMLS %= AL % 2 5 6 B »‘3&‘&’1 g% P M g»
;’;ibsh&kné?‘%mnﬁ‘l-*é —F;’*fl_gl'—b‘i}/ l}g}:}"’lé'}‘ M" \f%:‘};k
PR o AU ML PR AL () fgE e — ka3 o H

wmg};‘f;iﬁgﬂm‘ B f S ARER 2T 0 RS BART 4 RA
e AT 1 P L Sk VR R F 2 -
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TARE G (2) ;f -~ & RFID ;{_;E-ID (3)% 4k

5k B gk e
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(4) RS LT T D (5)E d RE LA T B B Y ) j;:hf%?g

x A+ 2PL/AL # t;:y ,(6)zq~ gﬂ,}m TR AR

= ?E}E&j’%ﬁ; °

B3 HE PR AT 5 ORDER (&) i 21 % 5 J48 7% ( DATA

SERVER IP ~ ré ks ’g Fx;}—ﬁ 7h’§“3g 2PL/AL
HAAT A RPN R S R

B }uﬁ B o~

ks %L"

RFID ~ & 4kp5 1 ~ @& % 3 [P ~ Besd e A A o 450 1 8 s

B St w B4R X ‘*%\ (3)& * F GRS A
TS) i > 4 4538 o A G By o (4)%?4’

F e B i AL T

S RIS PRIEAG ) o
:(DID ~
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& (U~C- S .
qf 5 PR AE 2R

5 SN Bty
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| 1 |
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m
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1
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s : o T I
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gl e eevua] gl e [l = | £
U 14 Bioint wig v |y < ‘ > e >
U Priorit: Int y -
U Name Varchar v . =)
U Email Varchar Y
C Phone Varchar gar v [v g
C CellPhone | Varchar sdewe [y [ le—1| X
C dress Varchar S st v |v S E7 3
C Birthday | Varchar s V[ 3 #
S Password | Varchar sqamm v o
C Denartment | Char gy v [ B ey
alar Int 3 v 28 SFZAENS L@ | gemvim| gkl | s | som = X
T Bonus Int Hih Gy v |v Password Varchar L 3
T C ¥ He#ridev | v < | > S alary Int HiE ‘
- authorize Char 30 HERE v - thori; Char SDHEE
verify Char 3l smamp [y ify Char 30 gparme
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B RO B A AR AN P R ZRF R PR 0 H 4 el
R T a‘;jﬁ’ FrAREREEZIRAR rﬂg\v}—/\l& B B bz at a?“? R
oo F A g T — Bt AR AF &jﬁbﬁ#“ﬁ] (Priority/MLS/AL ) # #
& \5%'&3‘%»\‘151‘\ #"}— SHE :fiﬂ‘fl‘ B RHAEM & wsu’l-r’fﬂfﬁ'ﬁm@i‘bik
AR ABREET — B EN3E 7}##&%{& d3L2 G o

AR A R

RANT 2 35 ERgR ren B B A }f# ﬁxgn;]d.ﬁ]ﬁ? Benor 3o i R R IRE
£ % 7#&4&’ ST E RN R ST ER LS S

= R SN R J 43 2PL & AL A 4R R R|iE 5
N R »i’»"ﬁﬁj};‘( B B BB B S RAER L B T A

{\

— BB AN X § IR R

BT 28 Fq‘g\»’v A % SQL Query Analyzer F #Hk#t > € 2 F IR
S S
(=) 157 %

LRERAF L THREI RS 5 A-Bo 2d R X0 J A A KES
PEE s (2PL) 2 gHfE 8 eni 35 5 @ 5% B ARKHA] % 2 (AL) 2 Hfe4d
Tlent =)

(=) A, P‘? % (2PL A %)

A ARFTHRT L A B3R Y AL FBREB <) (long-running
transaction; LRT) %@ B§ % 5 (short-running transaction; SRT ) H73% & 2_ RS mFgﬁ
o Hwe F’;ﬁf,ﬁim%aS EF .l

&5 AE‘?%F&F %4

s | 4% /%
A & A-1 TA11 TA12-34 TA13-34
T A2 TA21 TA22-3% TA23-5§
4 5 A-3 TA31 TA32-% TA33-3%
A & A-4 TA41 TA42-% TA43-%
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BEB®R F-+=% F—H

Bie—Bx E-&] B )
128

ke E > ST R AN L guk RS B G o duration t R J R enpE g s CPU L = 5 AC

% CPU &g sread © 2 5 3Pk de s write © 2 J B > R dide f 6 577 o

T oRRedh & TR R € A 128 50 B B E A (

F6 ARSI (eI T kR -

w2l ht
TP . ) Sl Rk ) %Rt En@ PR
5 s E L
? P Duration| CPU | Read | Write TDS 4 & | TDS 4 & = ;; Z;IE o
TA11(197254.7/180423.5[89756|79234| 3.6 88351.3 423.9 174466.3
? #|TA12| 56.9 500.5 | 131 0 1.7 279.5 456.8 38937.3
A-l|TA13| 588 512.6 | 131 0 23 275.8 499.01 46449.5

TA21(238765.2181245.2|89834(88923| 4.3 97897.87 432.1 305563.8
T & |TA22| 538.1 5239 | 135 ] 0.6 1.9 267.7456 434.2 49254.4
A2ITA23|% § AR T — BAB A TS AL .

TA31|238624.5|174256.8/89825(90926| 5.0235 | 89005.6 543.6 254482
FARTAR| R J SR 4T —BRBEHgA TR SR o
A-31TA33| 4567 | 4835 | 129 | © 1.8 262.3 442.2 50562.9

TA41|264572.3|195687.3|92924(84828| 5.8 | 976454 | 501.7 | 271961.1
RAR|TA42| 2 J SR ST - BRI E sl o
AdITA43| 2 R kT — bR R g TS

o

i

FRRRA TR, ) (FRA2-FRAIATRAA) R fE ARG
25 A F 4 2PL e G2 o 2 TALL & TA21 %4 > % B TA21 & B4# = chi
FHARF TAIL A > B4 FmP TH  he e A SHMARR S # o
—r REM2 A TE | 2 ) (TA23 ~ TA32 - TA42 % TA43) ) % faph 3
70 EF T;z g‘éj e ko
=) Bag & (AL & #)

& Bafae o4 B3 FH& DA L0 A REHL) (LRT) &4

B2 S (SRT) &3 B2 Menfid » 2 ¢ B fided 7 55 ¢
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g 5 4% 4%
7 % B-1 TBI11 TB12-3% TB13-3#
% B-2 TB21 TB22-34 TB23-%
7 % B-3 TB31 TB32-5% TB33-3#
7 % B-4 TB41 TB42-% TB43-&

BAr—E X BB B )
128

ke o SR AN L guk KA B G 0 Duration © % J i enpE S s CPU D = § 70

% CPU i ; Read : = jofP</kdx; Write : = J & > Rdrded 8 5 o

Tt & T R AR €K 1285 0 3 AL (

8 i mBafRA (LI 3 gy - ©)

T s ¢ s B2l 5 | % 2 il pEE
; ;; Duration| CPU |Read |Write D Si e | TD Saé;l & | };’FL mEE| e o );L% *
TB11|66765.6(65722.7/192567| 924 6.6 23500 167.2 144449
?}éiﬁ} TBI12| 146.5 | 757 | 112 | 0 1.3 13.9 32.8 17614
TB13| 1254 | 736 | 112 | 0 1.5 17.6 44.5 13582.7
TB21|73454.268367.4{91463| 945 7.8 25673.4 156.7 160081.9
?}éiﬁ} TB22| 176.5 | 107.6 | 107 | O 1.2 15.9 28.5 16540.1
TB23| 2243 | 156.8 | 107 | O 2.3 61.4 73 54965.2
TB31|73456.5|68345.9|91676| 927 7.7 23367.5 133.9 163662.5
if} TB32| 207.3 127 | 103 | 0.1 2.3 51.3 53.5 50335.3
TB33| 178.2 | 122.1 | 103 | 0 1.2 16.6 28.2 18075.8
TB41|74578.364378.9/96821| 923 7.6 23867.1 134.7 164670.7
iié} TB42| 212.6 | 1365 | 113 | 0 1.8 51.3 52.1 49800.9
TB43| 2134 | 1293 | 112 | 0 2.5 52.1 53.8 51189

= B

% " #2 TB11 ~ TB21 ~ TB31 A~ TB41 iz 2 & LTT > % % TB4l ehia & X » &%
%1% TB42 & TB43 125 B2 § i I ¥ AR > R H B4 hffie iz s ¥R
TB41 enf Sededpdat c 2§ % B 44 8§ 2 > w47 & Altruistic_Lock =4
ﬁju » & LRT #qi5¢ » 2 %‘r] % SRT er4e > @ 2 2 v 2 5 4 % % Altruistic Lock
g% § R aEs & % READ COMMITTED: @ = #+ 2 4 &1 Cursor 4 OPTIMISTIC »
B AL S e R A
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FHABRA n R R - A A 0 & DA RE A AR TR L
(=) seigrey 24

45 AURSIR RS R A A AL AR A e T i
Twor By R G A AR T AR R AL AFHR Bl evh i APFR A
St g N A N T RAL 40 kA AL BAN2PL s 50 AL 15 G PeAT s AE
? AEIERE § Fadaided 9 B o

F 9 F A A1 2 B B-1 sdt e vk

5 A-1 # 5% B-1
TA1l | TA12 | TA13 | TB11 |TB12| TB13
Duration |177265.3| 548.3 | 587 [66663.4/142.3| 137.2 62.39%|74.05%|76.63%

2 AL 22 ¥
L ag L 53

TR

CPU 168625.6| 473.8 | 512.2 |63811.3| 71.8 | 78 |62.16%|84.85%|84.77%
Read 92356 | 131 132 | 92576 | 114 | 103 |-0.24%(12.98%|21.97%
Hhen T

5y %LI_“: 412.3 | 439.4 | 4742 | 123.6 | 34.1 | 44.5 {70.02%92.24%(90.62%
[ER

%3 e
PEE® JE [172367.8|38756.3|44897.3| 138992 16989|12896.5[19.36%|56.16%]|71.28%
RN

(Experiment 1-1)—(Experiment 2 —1)

nk%

ST AE 1T 4
Experiment 1-1

100000

|

90000
80000
70000
60000
50000
40000
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