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Abstract ; To solve the problem of multi-criteria decision making for usability evaluation of cloud service,
an evaluation method for cloud service usability based on analytic hierarchy process( AHP) is proposed.
Firstly ,research achievements related to cloud service usability of international organizations for standardi-
zation and scholars at home and abroad are sorted and analyzed. Then, measurements of characteristics
and subcharacteristics are proposed considering the definitions of them and the industry best practices.
Finally, AHP is introduced into the evaluation process to ensure the scientificity of the evaluation result.
Experiments show that the method can be used to improve the standard level and accuracy of usability e-
valuation of cloud service by hierarchical division of characteristics /subcharacterisitics and relative
weight setting.

Key words: cloud service; usability; analytic hierarchical process

W& b A Tsh ey st , 2B O R BB R, 2 T 2R 1T IR R e T

s B 2019-05-31

HE&WH . FEEOWAITRI5E (2016 YFB1000200 )

EZEEN: B F(1977—), B, W TR

BISEE. TEM(1987—), B, T, E-mail: wangzsh@ cesi. cn.



80 | T/ = R = = i ¢

944

137 AL, W 2= IR 55 S5 55 A e ()18 24T
N H A2 SRTRGH | i 00 1B 460 12 Ik 55 o
BRI 2 55 2 M = T B A b i ) 3222
Pz —.

%5 TR R 2 A A 5 SRR Z —
XTI IR 55 AT R o B B S5 5 9 = Ik 55
FR) AR AT 45 SCRT AR 2% b 2= ik 55 I 2 26 AT % W%
Vo, [mIy A Bl T4 2l & A N H ATECE P 1) = i
. XM T ass i pteym e, Rt Rz ks
JE IR 55 o B TH P G R ) T B
W S 2 IR 55 B AT 2 Ry 2 AR SRR Pl G
ERIDE Y

I BB U5 M TR SOk, A
R 55 (1) 222 )7 A HE ST 2 RS T i S 22 A
LS URBE B4 b A RO 4[] B2 kP 2 I AE A
SEREPE B AL FEAE BN, Brian 57 4R T —Ff
O HIERERL. 2o 55 T PP A 46 R A fd FH BRI
e, P 2 M 55 SE B B AR AT R0CPE B8R
RS BAR, T MR e o R S5
IR E LR 2R . AR, 7 AR Sl i A B2
i ) 2= IR 55 a7 k.

25 LT 2 A AR SRR L IT IR 55
J LAY i ) T R B R AR T R R
W55 VPN T, AT B A BIF IS R % Y
BB Z Ak FEAE T

1) @7 TR R A2 AL B = Mk 55 7T I PEAE
A0 2 A5 T PR A9 el R AR PO 2.

2) MR = Rk 55 AT FH M B REE R RE M R £
WUARFAE | N7 1 M P 1 2 AR B A R AT .

3) &% Mk 55 AT FH AT 19 22 o U e 3 ) A
(MCDM , multi-criteria decision making) , F| F J2 K53
Hrik ( AHP, analytic hierarchy process) , #&H T =
55 Al FHE VAR T i

1 #HxXxIE

H AR B A AR IO SO [R], PEAN A 5t st
TR IR 55 59 T PR DT AN E T 2 i 55, 7 2
TR = 55 v IR PP ik

FI I, 55 T R R R e = IR 55 ) PR PAf 2
—FhiE AR Tk, SCHRL8 ] BUE 1 1T iz 55 Joi A
YK T R o S 3 AU AT 2 o R A
6 T HEE. G E R ES BRI B LA T =

A FPERE SR 2= R 45 B k7 4R T = R S5
JERARR Ry MR 45 v R B R T O k. B il
55 FE R ECHE  T 2 IS5 B AR bRk & R L
HEAHERL ) 2 B 45 T FME s SR B 2 2] R (i
IR0 ] 24 2 M 3B B R ] BR AR5 7 AT
Rtk

BRI T B () 7 vk A0, 7ok B = R 55
A] SR e AR AT FHPE RS PR Fa b, a0 . BT B =
MR 55 Rl FH M 0 - (IR S5 ) 0 8 40 b 4 -
R 55 AT A3 B0 80) /i 55 T B 20 B 8 x 100%
2R AR Y AR EORT A B IR G = IR 55 T
PR BB PPN k", DL =i R 42
i

DLW 5 () JRy BIR 5 B A BRZE W 5 1 . — 2 mT
PR BE AR R R A — B %A BRI Jr ik,
TR ACR— B[] P T R 1] A AR A
JE AR bR, 3R T

2 ZlRJBAAMGERREES

AR 0 1 B 92 Bl 45 5 = R U i
o I B o A 2 iz 55 o P A B B 9 R R
1255w LS 23 S D RE i L Rl A AR AT
fRANE 5 ANRedE, DLRARE OCHR | R WA &
RSB TR, X SRR P AR R L [ A T2
UAL ALz IR 55 Al HPEREZR BRIV T
FUE 25 55 I, 0 AT R | R R R P
fr, anlEl 1 R,

IERhee
I
[ I I I ]
preze] | 2w || amw || o | | ow |
| | | | |
serte | [ aensee| [ |[-aomma] [k
A | | i | | samier || | | e
iEate | | P | | e || kst |- e
Akt | |-zt | | v
P
fimh

K1 zliRds nl S

2.1 MEEEEEE

2 IR 55 D REE FLJE 75 48 B PR Tl 2 ik 5
I, S AL A% Dl B 6 2 LA A RIS Y e R A R
Ve 2 IR 55 BRI B2 02 D e A2 IR, O T A 8K
B IR gs DIt , 456 SCHR [ 14 ], 8 = I 55 D g ik
— Aoy e e IER R S AR R 4 K



C AR

Ji VA BETIRWO LR = IR AT Oy i 81

WL FREE. AR B A F.

h=1-E/ (1)
Horp, f, BT 2= W55 DR 4278 35 BT A ILE B9 AT 55
R BARRIRREE &' Rz 55 Bl ) T R i, ¢
G D RE AL

f=1-F/F (2)
o, f BT 2 iR 55 D RE B A3E T 75 4 60 5 1 1
WHZE R, F° = RS A IEM B D RES &, F”
s IEw AL D) RE A

f = ﬁ A/N (3)
o, £, RET 2 55 1 D RS Bl S 3Ry A 55 Al
HAREIRRRE ; A, Al = M55k 2] B Ar i iR ThaE
EAEVE, A =1 -X/B, X Nk B HbR i Bk B0 E
GRS, B ik B Hn i I B TIRes; N i
PSR H bR AL
T-T

fo=" (4)

Horfry f SO T TEFR R A0 HIAEE T AR E 4
B T] SN, = ik 55 DR ml A Rl H R 38 T 3R
& IR JE ] T RoR = Ik 55 B9 w] e [a] 4k
(— LA BN B
22 BlLEESE

Ll fiets = s s a1 B R G5 A TIer
FREE , DA Kz R 55 B fel I R i S 1 T ORAIE = il
FIHHSEEFTEEIR Ll 2R = RS
Fr i R R P T P AR i A i — 20 A o e
RS PE B TCNE -6 TR = R A DI fE 4
AW MABZE G I FHREE. &R
FEWT .

51:? (5)

Hrpe HEUAERZ 6 ~H 12 M H 12 ~ 18 A |
18 ~24 A H VUK 24 4~ F Lh b 35 2 IR 45 Fir R Y
AR MK 5,432 F1. s, BGERRIT = RS
KB AR L.

55 ,85,8, TMARFRE TN PRI =
FeA hfie, BUB A A 0 5% 1, B3 2 45 o6k P
TR V5 61 B8 A B LR A NS X ]
R YRR M = MR 55 B HUE R 1, H At A B0 BRUE
0.
2.3 ANMUEE

N AEAC ST F P i 2 R 45 ek ) 32 A 56

WSz | FORE fr 25 38 52 FH P il = I 55 I 2 5
o, NPEAHE— 20000 R Sy 2k G A ErE
FEUR BRI P U AT IS v, AR
T mE.
3 L-O
P = 2 w,l EJ, (6)

Hor Ly (j=1,2,3) 3 AU P SR rp 4 ZOK i
WDy RERCE 48 R R B R A B B R P B
it O ST KR L) o3 i AR SR SR A A 1 Zh BE R |
BT BB R P SR 5w, X T S
B R (E BRI P SR AT R R T AR L
Fh 1.

-y B

Py = Z,l w, B (7)
Hrg, (m=1,2,3,4,5) /0GR — SR E 30 H.
AL 55 i g P fai A 756 i i 438 1y vl i il 2
AEAICE: SR E AR AN A A Ko A RS R hE
S RERCEE , ALK AT H BT A 3 24 A8 g A D7 k) Bl Y
155505 B, o HIMUR T B — B 3 HAL 55 50k
PP BERE 52 45 04 % 1 D RERCIE 45V ML RE M1 53 1T 9
Hodm B2 48 T WA RE I M ZhRERUR LR R GE
R 5 Bk 5wl DA E 28 B3 U 55 Bk O P
A5 (S i B 4 4 T B4 ] D RERSCRE | 434 AL A
G e BATIRS Ry Sh ek, L AT
H BT AT 3 24 B g AT YR R Sl AT 55 K0 B AL

2 E
P = z w:% (8)
n=1 En

Hrp B (n=1,2,3) 50 AR SLBRRER) 1L R ERAE M)
B AIE 0 H P R ARG RV S 0 PR AR
ik £ o SRR AT B 1k A iR PR B A 3 Y
BRPERAVERICR R AT BB & A MR B E B w0 X B
1R TRIEAE RIRAE D IE R R AR IR S R T
A I T A, AR 1.
Ta
P4 :7'711 9)
Hrpror, AAMWAE P S - R, A
FH P S A
2.4 AIEEE
AT A P Ir e B 0 = R 55 (AR FR 3, L
e T RS 2B EAE . alfEH X0 HR
B B (AL AL DR ) | B SR 45 {3
AFRE AT R R R VA S IR T i



82 Sl AN AN

944

T E FRARME 1SO/TEC 25024 2.
T, =t (10)

o, D2 SRy 2 MR 5 A SR 1) B I i AR 1Y
oo, il an s sk | — Bk RLEWIPESE, DL M RLE
RS o e P B

B E R RS A (10) AU R BE R LA
0 5L 1, RIUARHE 2= IR 55 $ A T A JCA £ IR B 28
HUH.
2.5 MEE=E

2 P = Mk 553k B 00 B bR 19 FR
BRI T 2 k55 P 55 kR e 28808, e
HE— 2R3 AR Wl R AR 3 A TR 45

A TARER FE T T
(M RUCERIEIRS o

S, SR B MRS SR 5
Forpr o ARSREAA JEAUMLRI AN A%, 5 25 X el i
TS5 5S¢ AR A BT A B VR ATIE R A%,
B 5 2 55 AR A I 55

ne=y X b, (12)
Horb g, (y 2 [1,07) WAL A XEHAME 0 2 o

AT .

vy =u’/u’ (13)
For s u® S TR 8O R, 81 A S B Ke B H
u” SR R

3 EF AHP =R A AHSIEM

3.1 =IRSAEITENHE RSN

M Lk s SCRYa] HIPESE A, 75 Bk — it
PN TR SR Z R e a5 B T HITE A, SRt T
—Fl AHP, REAZ AR 48 ] - 750K, 1 i i B AN R A9 45
FRACER , Xof Z2 70 25 B 55 AT m AP, S TP e it
A RLAR Y 2 B 55 i) FAE A .

AR AT SCRE SCAY T A R 1 AT R A A
BCE T 2 JRIRAR 2, i 2 s, & 2 PR E —
JERERR CRRIESR TR ) 20 T $R 20 2 % 7 B e 22
TR = s H ¢, 58 B8 b (TR bR )
=55 B S A (FEERFRER) JRZH ¢,
@y, BT T IR B B AR R B A 1 55 Y
6. = M55 Bl PPN SR bR | 20 @ RS b AL E
RARER 2 F. b ETESR AR IR R AN RE B L

1117 H R Z2 X% B0 T ARGE HL P R 56 ] AU HR b 2
B dabs, B P QoE $8 4R, & fE 48 b1 2 45 g
1538 b AP S Al A R 0 0 52 B L 1) 45 s 810 4 2
RESE ELAR AR, BT 4R 7 % P 19 = iR 55 T AR E AN 43
PRI N SE RARR.

| =gk |

et | [t | Lot ] [ ]

B2 ol PR R A

WAL, bR YRR AN 4P $8 Br RE % s 8
1) 2= M 55 , HE SE KR IR 48 Bk 8 108 3R 75 e ik o FH FIRR 3
RS, Hor AR Ss FOE 6 IR 55 AR R
ANGE— WP ME LU S S Aok R 55 A T
fb. At 3 AR X 3 A it s R 45 $E AT AT
T
3.2 SEEBBUHNEMNNEITE

TG AHP J5 i 2 45 52 e PR 3 4% JE 2
RI3h 1 ~9 NERIFFTIE. T aRSTH
PEPEH T SRR R R 2 S R T2
(= NS N1 2 B 2l R R s B G
) 35 FH N BT L SR i

R T A Tl Ik 55 AT A, R PR Y
FEPEFNFRePE A T A A, B R 2 7 3 %0 A
XA A T IR

1) F PR IRA

FHFH P 25 Bl AR A R A TACE .
AT DI 25 0 SE PRt R E AT AR RAE, ] LA
A LSRR B T RE M 2 R ) G R . AR
FCE S I ), e 1 .

®1 ENNESEE

B &N
i (1,2)
AR % (3,4,5)
I (6,7,8)

B I 9




C AR

Ji VA BETIRWO LR = IR AT Oy i 83

TR IR R R R 4 AN, SR
S SR AN [ 18 25 2 58 AR DX ], DT S 45 2 2
K R E AR LB e | 7 WU | s R e B G S 7 )
RA[EACHE , S L5 AHP JT 490 %) 4y 6% &
BRRFME A E G2 — 158 R 9 AR L 2k
FetE RO R A O TN AR A 3 A4S w]
TEEAE AL E.

2) LR/ B A

ok TS B B 7 s, P R X 45 Rk
PRI T8 — 0 53, RARYE S A LT
B AT BR BACE | 76 R, (LR AL A
A A SR 3N, G SRR 5. R
13BN ACEAEA I EFIA—E R 1. FEZAE S B
BUN , AHP T 22 4 AR A 70— AL #H.
3.3 EFSHENZREHEAZ

3 X 22 o 2 Ml 55 HEA T SR 2 A 3 4 R
FFAPE A SE BRI 0, 25 MR 55 22 1) 04 mT R B
T BRI — bR E SR T B AR SR, & IR 55
A MR PP A 24 B S sl R e 1
EAPEARE T IR, BN . = IR 55 A A
RS, B RE AN T R R B LS — bR
HEMEAT S fLAb P,

BT T —Fh B A 35 7 75 R R B Rk
IR, BAR R IR.

s @2 o R TR & T AL
L5, F18, 53 MIZRRRE o B b XERME. @, o,

ST E RS w R R K,ﬁﬁz%ﬁéﬁﬂﬁz%

w FBRS k HHEZ X R,

PR EET AHP 9z k55 al ITEEAN T7 1%, 0k
3.

2 B E T IR 89 = IR 55 2 LA ) Y
PERIPEAT BALHEAT LERE, BN, £ X0 HE S B E
7 LB, 75 220 A1 % B AL A CPU | N A7 FIA
fifi P RE LR A b 2E AT OB A X B a4 i o ik
A7 HUERT 75 2B X A i 5 A 8 7 B0 I T 7 22
(14 P i) A BSEAS HEAT L.

Xtz 55 ] IR R PR e A 8

1, 8, =5,
°, 8,=1,8,=0
&: wx’ a 'Yh (14)
¢ |
—, 0,=0,0,=1
w,

50 AR LRI B B ST A IR T
FEPEPEOT A9 N IR B £ B0 12 I B R 1
S ET IR N R E

=20 R AHP, X 2 iRk 55 R 9 7 44
PEATJRUACALB], 25745 7% S8 P X 2= Al 55 ml IR &
SRR 73 e RS EEL (L, 38 i 4 A e A 3 22 7o 5 MR
55 Z Al ] IR PEAN 25 23

4 LWHERS5HH

Y BT £ D 9k B A A AR N O iR g
T 5 A R HE 4T 20 19 2 i 55 42 43 1 v B AL 4k
W3 GRBEAT O ECS 0, DL ORAIE K0 MR 45 38 2 17
M R EOR. RO 3 K 2 e g5 e A o0 S
A @, @, M@y, MR 55 19 AT AT T 4R
PR A 45 3 KA 5 20T 1Y = e 55 4
PR B IR 55 A RSB AE K P X 3 A=
Hie 55 T P B e A R AT T AL (R (2 P 45
Perb, P TR B ol 55 i 5RO B HE AT £ X
PEBCE) . HAR BRI AT R AR R
BEHLECE 4135 2 fi .

%2 ZBAG

e (AU THHE () o1 e s
SEEE(0.4) 1.0 09 0.8

IE#MEC0.2) 0.8 0.8 0.7

AEEE0-4) IEEHE(0.2) L0 0.7 0.6
ARME(0.2) 0.99 0.9 0.99

BRSSP (0. 2) 5 4 4
WA IR (0.2) 1 1 1
CRROD 0 1 1
=R YIRE(0.3) 1 1 1
S5 4(0.3) 0.6 0.7 0.8
Sy¥ErEME(0.3) 0.7 0.8 0.9
A1) JHP R4 (0.2) 0.7 0.6 0.8
PR & EYE0.2) 0.6 0.6 0.7
Hff 5t (0. 4) 0.7 0.8 0.7
A7 (0.2) BUMETL(0.2) 0.8 0.8 0.8
e AN L0 1.0 1.0
BLA(0.3) 5 3 3
i (0.2) MR 0.4) 8 7 6
B (0.3) 0.9 0.7 0.8

PAFE 2 PR BRSO 18], AR 2 R 55 Jee P £



84 Sl AN AN

944

PR A5 3 bz iS5 (9 (BRSO 1
PEZ SRR 3 Biri i

1, 5/3, 5/3
R=|3/5, 1, 33
3/5, 3/3, 1

SRIG  RRIEIZ 3 BRI ] LAAS S LA 1) 2R
R, =[1.43,1.00,1.00]. #RUKISHEAS BN (EERM: T
B TR AR ) R, RN R RO T
FRRAE Ir] 2 Ry, KK MR, = [1.43,1.00,0.85],
R, =[1.20,1.00,0.94].

R, 75 A0 (B R 3 A4S R A0 R AE 1)
IS, AR 45 A PR R AR, P LA A B R PR 1

FFAE ) 2 Ay
1.43, 1.43, 1.2070.37 [1.361
H;={1.00, 1.00, 1.000.4|=|1.000
1.00, 0.85, 0.94]00.3] [0.922

DL 75t HoAth 4 75025 I 55 T PR R P 0 il
[ KU

0. 987 1.000
H =|0.900 |, H,=|1.120 |,
0. 816 1. 280
0.953 0. 948
H,=|1.000 |, H, =| 1.000
1. 178 0. 948
3 SRS PR B R Z T R AT
@i
@, |=
@3
0.987, 1.000, 0.953, 0.948, 1.361
0.900, 1.120, 1.000, 1.000, 1.000 |x
0.816, 1.280, 1.178, 0.948, 0.922
0.4
0.1 1.0519
0.1(=]0.9720
0.2 0.946 2
0.2

P, #7725 MR 55 3 19 2 IR 55 R TP AR IR
@, > @, > @y, BVER S AR E R B, = 55
TRBERT AT KRN @, 0, M @y BT AT
b Bk = XF 2 I 55 Al I 9 G2 — PEA, IR o
REHLEE A 3 K 2 MR 55 P2 (LR i T 3 o5 A R DL e
HARATF == e 55 BE ) VAL 45 R A O 2 2% ik dle. 5

W2 R W, NI 82 07 86 45 B B = R 55 Al A
PN SRS T b A R Ko IR S5 BE PR A R
AR — 2L

5 ZERIE

BT Y 1 2 iR 55 ol PR R 22 2R 0 R, 7EF
T MRE M I EAE L, e T = RS nl ik
TR BIAREAL TR, X = AR 55l PR EAT T RRAE AR
PR EACSE I, SRS 20 T AT AHP 1 = Ik 55 7]
FAHEVEAN J7 . 2 L RE S AR I F P B 2RI
KRR = MR 55 oT PR AR, S A R
LR = R 45 rT FIPERS SR, s xd B Ar 3 i e
2 W55 ] A T B A0 ) 3 S 56 50 R B 4
J5 2 e AR I B () 52 4 B N, SRR SN 550
= MR55 T MR 7 56

SE

[1] ISO/IEC JTC1 SC38. Information technology-cloud com-
puting-overview and vocabulary: ISO/IEC 17788—2014
[S]. London: BSI Standards Limited, 2014 1-10.

[2] Zheng Xianrong, Martin Patrick, Brohman Kathryn, et
al. Cloudqual; a auality model for cloud services[]J].
IEEE Transactions on Industrial Informatics, 2014, 10
(2) . 1527-1536.

[3] Zhou Ping, Wang Zhipeng, Li Wenjing, et al. Quality
model of cloud service[ C ] //2015 IEEE 17th Internation-
al Conference on High Performance Computing and Com-
munications ( HPCC). New York: Institute of Electrical
and Electronics Engineers Inc, 2015 1418-1423.

[4] Frederic J de Vaulx, Eric D Simmon, Robert B Bohn.
Cloud computing service metrics description [ R/OL ].
Gaithersburg: National Institute of Standards and Tech-
nology , 2018 (2018-04-24) [ 2019-05-25]. htips: //doi.
org/10. 6028/NIST. SP. 500-307.

[5] Saurabh Kumar Garg, Steve Verstee , Rajkumar Buyya.
SMICloud: a framework for comparing and ranking cloud
services[ C] /2011 4th IEEE International Conference on
Utility and Cloud Computing. Melbourne : IEEE Comput-
er Society, 2011 210-218.

[6] Siegel J, Perdue J. Cloud services measures for global
use: the service measurement index( SMI) [ C] // Service
Research & Innovation Institute ( SRII) Global Confer-
ence. San Jose: IEEE Computer Society, 2012. 411-
415.

[7] Brian Stanton, Mary Theofanos, Karuna P Joshi. Frame-



C AR J

WA RET RO 2 I 55 m] AN J5 ik 85

(8]

[9]

[10]

(1]

work for cloud usability[ C ] // Lecture Notes in Computer
Science ( including subseries Lecture Notes in Artificial
Intelligence and Lecture Notes in Bioinformatics ). Los
Angeles: Springer Verlag, 2015. 664-671.
ISO/IEC JTC1 SC7. Information technology-systems and
software quality requirements and evaluation ( SQuaRE ) -
service quality models; ISO/IEC TS 25011—2017[S].
London; BSI Standards Limited, 2017 1-30.
VRIS, XUTROR, ki, 25 R A I g5 Al
REEPLHILT]. JEfE =4, 2014, 25(2) : 202-206.
Shen Shijun, Liu Xinran, Zhang Hong. et al. Guarantee-
ing service availability in cloud computing[ J]. Journal on
Communications, 2014, 25(2) : 202-206.

Gao Jerry, Bai Xiaoying, Wei-Tek Tsai. Cloud testing-

issues, challenges, needs and practice [ J]. Software

Engineering, 2011, 1(1); 9-23.

Tarun Kumawat, Naresh Kumar Marwal, Shritosh Ku-

[12]

[13]

[14]

mar, et al. A survey report on cloud computing testing
environment|[ J ].

Technology, 2014, 1(11): 577-581.

International Journal of Computing and

Sanjay Ram M. Cloud computing testing background and
challenges based on ITS environment [ J]. Journal of
Global Research in Computer Science, 2013, 4 (10) .
7-12.

Gao Jerry, Bai Xiaoying, W T Tsai, et al. SaaS testing
on clouds-Issues, challenges, and needs [ C] // Pro-
ceedings-2013 IEEE 7th International Symposium on
Service-Oriented System Engineering, SOSE 2013. Red-
wood City; IEEE Computer Society, 2013 ; 409-415.
ISO/IEC JTCI SC7. Systems and software engineering-
system and software product quality requirements and e-
valuation ( SQuaRE ) -measurement of system and soft-
ware product quality: ISO/TEC 25023—2016[ S].
don; BSI Standards Limited, 2016 1-45.

Lon-



