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Service-level agreement negotiation mechanisini based ¢n semantic Web technology
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Abstract: Aiming at the lack of semantic desciiption for Service-Level Agreement (SLA) elements used in negotiation

and the negotiation process in the SLA auto-negotiation, a negotiation mechanism based on the semantic Web technology was
proposed, At first, a negotiation ontology named Osn was proposed, which was used for the description of SLA elements
directly used in negotiation; the mapping funciion and the evaluation function of negotiation for these SLA elements were
designed and described in this Osn, and the formal description of the main concepts and the relationship between these
concepts was given based on description logic to provide a satisfiable semantic model for the Osn. Then a bargain model was
put forward for SLA negotiation, and it was illustrated thai a Pareto optimal offer could be generated by adopting this model
through the proof of the related proposition and theorem; the service ontology was designed for SLA negotiation based on the
mapping between OWL-S and Unified Modeling Language (UML) using this bargain model. The result of case study shows that
the knowledge can form the sequence of offers which satisfied the need to maximize the interest of negotiation participants. It is

illustrated that Osn can provide the service ontology with the parameter type support for the negotiation of an arbitrary SLA; the

SLA negotiation oriented bargain model can generate the SLA accepted by both negotiation participants.
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NFT SLA 1 B g UrRH (H TAEME TV i REAR ST
MR, SCR[7 IR TSR EBRM A T SLA WA s E
PR TURRT AR B AR RN SR T 5 oCEk (6 ] A 2L i W
ALETUME o B % SWRL( Semantic Web Rule Language )
HATHER

SR PR RS 0 7k SR UM R X SLA By st L4
FRT S THE, BR8] 4R M Ak fi ik SLA, R
OWL( Web Ontology Language) %} SLA [ B LE L& i1
B, SCER[9 ] SLA HhiAEZR T AP T SLA JLR WiE iR
H L TR R F A SWRL, 21 T H T B 3k
MR G4 B EZ A R — A AR, R BO T
R AR R R B E CUMER
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WHZ 5K SLA il R — BN IRS S &, gahnif
B sl I R R R XU o IR AT I E VA A T
15 LT AR K] OWL-S(Web Ontology Language for Services ) il
DAXF A iz 45 0 B B 40 AR S R 3 . BR8] &
SLA 1) H shPr i el , R A A /R34 18 SLA, % SOF: TN
X % 41 $5. Unit Ontology, Time Unit Ontology. Temporal
Ontology , Currency Ontology , Network Metrics Ontology , SLA
Ontology 45 , SR EEAMR I AN F M+ SLA Ty, W2 AT 72
F4525 SLA BRI , SEPR 308 A A 0 ) 2 45 Bk SLA 1938
FAMES, Bl ] R0 5, (B SLA MBI R R RN A
WIEE XFHAY Ko BT L SCHR B A R M 5 #2 A F SLA
PR A R S B L AR s . TR (9 9B AR
SIAT SLA WP R, BOCR Y T —F0 ) TR SLA 122
S A R FI—F A T SLA Yhii 1 R4 4, SWRL 8L T
EHYMEERE, EH T2 5 SECE T SWRL 591 #
TR EL R ) B 2B , B ) FE SWRL A0 i X 28 24
REEWMAZR, AREERPIRTR SLA BR w3, A w]
e EAT WA MR RT R SLA 25 5 Mok il &2 st i 2 A1
i SWRL MU, X3 B3 7 N A R4 38, SCHK [ O 1t A 42 1
BRI R,
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RE#ESS SLA hilME R ;2) 18 Y MB AR H TR
il —FE O A #R . &M% SLA H s R B 0F 5% SR
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AP, Z AR IE LM R B AT SLA IR A B iR
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BRI RLR i OWL-S % i I 45 A A 3R SLA 10
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( Parameter , Party ,offer ,SNO) , .9 : Parameter 251 X137 H
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RFERMNMESEGE, T p R/ 7 —RKENE S
BRSSO ET R, TR p”, 375 ov, T p; BIIRE v, HIR
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BUEBLE A — 140F w, BN ZSEINE) s w <
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TG A AR W w BRIACH 1,

For £ BT Wik SLA WIS — M BUE, BEAR/E &
M SEMENSEER BN BB R R

offer = {W', v

P(v,) € Parameter; 1 < n <i

Party % SLAMMR IS 5%, — BB RS w iR fits
FIW L Party = {buyer,seller} ,

SNO F75% SLA W F 175 B B5 (SLA Negotiation object) ,
by SRR BT SR BT W AT SLA S8 BUE, T
VIR BHIE L — 1~ SLA, W F offer K 3R7m .
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WITA WA BTG B — 1~ BRI S 3 )7 41
3 Osn W& XA

R FATAR AR TS Osn B RGBS .

EN 2 FIANRERRN SLA il IiE AR R — 4~ —
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&1 = (A, ) A—1MB, E3X 0sn T8 W p,.
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o ipuS L iy

pil = {v,| v, 2 P(v,) B9BUE] ,Parameter’ = Upil,ﬁ
in1
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Frih
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Uszvol = {RHLF = zl,WiUI(vi) FIEE X
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(VhasW)' = {a e A"l Vb. (a,b) € hasW —b e W'}
(VhasP)' = {a e A"l Vb (a,b) e
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p’; E Parameter N Y hasU. U, (8)
p"; € Parameter 1\ Y hasW. W, (9)
U,EUN YhasP. p', (10)
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s IR HRAE PR |
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seller’ =
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ﬂe‘ij{' aﬂh-t%}’i’ - PjI,E\Uﬁ

Pi El’j (15)
B offer BIME X
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1 .
viepiylslsn

SNO' C offer’ ,FiF LA

SNO E offer (16)
offer’ C Parameter’, Fif LA

offer E Parameter (17)
offer © Parameter 11 Y hasUgy,y. Ugyo (18)

Ksn = {To.m !AO.m}
Hp x4 Vaed,,,a e A (B—fkd LR PR REA B8
B EA B X HBUE, T1 M4/ I8 A0 Osn 41 XWHT & SLA BITHRT,
W e — AL BRI P PR TR L — A Ksn BSE 61

Tom = 1(2),(3),,(18) }

EM3  EH RS SLA BRI AT A M i
Ksn BySE B, St FHER offer B9I— P ME 00" = (o) 07,0,

n
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FERAZIH A o, 15 F.(o') > F. (o), s e seller’ H
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Ksn Bysef), ZEh i sk b 85— M2 1 i o B— A
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Fy(0') > F,(0),b e buyer' JRYEFE L 3,07 AR BILEA:
B Y o T ZE o Z RITAY HH A , 42 RE LUK B 7 B 5 K A1 258
H A E BRI, BARAAG A 3 BESR BT AR AR, IR Ay
HEFEH . WX,

4 SLA w2 e g A

OWL-S A4 R F 1 # A5 #L ( Process Model ) 134 IR 45 1) B
R, process B2 OWL-S AT 2413 Service Model f—4>
T2, Service Model Fi+ 2 LR 5 BRI N HMRE, B
AHEIR S R H R A EE L, DA ST B B 25 R 28 4R 30,
Ty %, BTSHMS WA s Ld G mfr. H,
process ELA7 BEAEHIR B 24 IR 55 0 B 1) 728, R PE RSl 454
¥ 1& 7, 3 34U HE Sequence ., Split + Join ., Choice , If-Then 4,
ek PR K s R G5 AR 5 F P AR OWL-S 1 B AR A Ay B T3t
2 ( Atomic Process) T HE XN BANE LN HEIE
( Composite Process) , 40 & 1 # W] LL F sk #5800 & 24 W IR
%o

R Fl OWL-S X SLA i B g iR 55 A ik, b g ad
FATLCR AT e B A, KR b SO i 4 B A i it
W, B R Y AR L - U B U AR I SLA S48 P
RO B A R SNO B Bl A A Fo) B
A e F(o) BB IR, 8 OWL-S & XMRE &
MR F I R AEEs AR ik BT B RRME . RIFH#EH
Tl 48 4 3 P T TR e R DT [ PR A B LB 2
HENRE, AT B E N TR SLA P S B4
AR, A SR ] UML( Unified Modeling Language ) 1 3 B i

AEGHEAT R AL B ik . UML S ShE T - TR
b 55 FERAE ARG , B0 5 3 2 [ P il i L, SR L E A8

FI TR OWL-S 4 & a8, %
OWL-S stk &M -2,

X T DML S

F1 UMLEFHES OVL-S X F
B3t OWL-S UML 2.0
Sequence Sequence B
Split Fork
Split + Join Fork + Join
Ly Choice
MIRERF
If-Then-Else .
. Decision
Repeat-Unitil
Repeat-While
Input
B8 e object
Output
Precondition
%14 Result Constraint
Effect
MiE Atomic Process Actions

RGN Ko RE BALE S B K SLA ZHE) 284
KXt B B BUR) 2R R B e I Ksn WISEBIZAH . thRTaL
FErp Xt SLA SE05) L PRIEHh T W] DL X 107 o B A0 B4k
FESUAE OWL-S BIAMmsE ™,

5 EHlaHT

B 1 Fraon i i OWL-S #R i) SLA B Re A Iz 55 A &
XX S B R 0 — R . W T — e B9 SLA, B 5k

i 2 SCEHXHZ SLA 1y Ksn (5249, HETTR H OWL HiidiX —
RERE I Ksn SEA), 48 J5 I 45 7 1A FT L 2 9 P 2% S 491 5 X
SLA S8 B Kot 7 R A R BN BARRE o X —T7
=, i1 OWL-S R B R4S AR TT LI SCRp45 28 SLA BB o

®
{
RFIT]  (CHGARE)
: A R

R HSNOH)
A TR

x':lfxﬁ“rﬂP; AB |
e AP UA:JEGE AR PR

ZRGWE | [ EIRS

Emmt [\ ERbR0N
I

R bR R

Bl HET UML SRR IR S A

F 2 HR T — SLA IR Br, B4 0TI 5 BE R 19
SLA #EATUME , B e R E H 441 SLA i Bt KR 55 1y
SLA JLER , B XX ST HR E X Osn S HHRIZ Ksn 56
eSS G R4 AR TR o B2 Toipime e HETH
Prime [ Bt AT i 0 225 SRR ] ) S A AR D 4R 4, B4R, XoF
b(b € buyer') KUL, b, > 1, W U papime (1) > Uppipime (1)
3t € Toprmeo 2o LM, BIBEE Topime» & 8y < £/, M
Usarprime (8'1) > Uarpime (12) 5 81583 € Tgprprimeo W T IXER
NI SLA S48, iR W AT EUIRIAE 1,

F2 SLA HEFEE

woETRIZEA  RbaE WTREM/%  WERIESEY s
Prime 8.00—18.00 98 4
Standard 18.00—8 .00 95 10
Maintenance ~ 0.00—4.00" 20 No monitoring

T R AABT B 4 vk R R B A B e Bl
AR IR T, BT Kn WA S X — 320, R
OWL XX —f Wit A ik . DUF 235 OWL AHS:
< owl:Class rdf;ID = " Umaintenanceresponse” >
< rdfs : subClassOf >
< owl ; Class >
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< owl ; intersectionOf rdf; parseType =" Collection” >
<owl:Class rdf; ID="U"/ >
< owl : Restriction >
< owl; onProperty >
< owl; ObjectProperty rdf;ID = "hasP"/ >
< /owl: onProperty >
< owl ; allValuesFrom >
< owl;Class rdf ; ID =
" maintenanceresponseT" / >
< /owl:allValuesFrom >
</ owl : Restriction >
< /owl ; intersectionOf >
< /owl; Class >
< /1dfs ; subClassOf >
< rdfs ; subClassOf >
< owl ; Restriction >
< owl : onProperty >
< owl ; ObjectProperty rdf: about =" #hasP"/ >
< /owl ; onProperty >
< owl: allValuesFrom >
< owl ; Class rdf; about = " #maintenanceresponseT" / >
< /owl ; allValuesFrom >
< /owl ; Restriction >
< /1dfs ; subClassOf >
< rdfs ; subClassOf >
< owl:Class rdf;about = "#U"/ >
< /1dfs : subClassOf >
< rdfs: comment rdf; datatype =" http.//www.
XMLSchematsiring" > &lt;
p style = " margin-top; 0" &gt ; &#xD;
1-T/60&#xD ; &lt;/p&st;
< /1dfs ; comment >
< /owl;Class >

b, OWL iR RY BT 1Y =

C = {maintenanceend , maiite

v3. org/2001/

CHES
iceresponse.,
maintenancestart,, primeend, primerespoise.,
primestart ,standardend ,standardresponse ,
standardstart, primeavailability
standardavailability, maintenanceailability}
B Ve e Cc ARTHE, B ¢ E Parameter, il il
OWL R K) eEEL U 73508 -
Urniimenanceens. = T/12

Unpiinienancorsponse. = 1 = 1760

Umamtemmcestﬂ,rt = T/ 12

U primeend = T/24

Upimerespomse = 1 = T/60

Upnmemm 1 -17 12

U iiariena = T/12

Usmmianlresponse =1-17/60

U:mndanbmn: = 1 - 17 24

Upimeaitavisiy € 10-98,1]

U standardavailability € [0.95,1]

mainsenanceaiiasiiny € 1 0-2,0. 8]

01 - {v . £ Vimai > Vmai ’vPYimeend!
v v 5, ) 0 ,
1)[- dabiliy 3 ¥ I . }

R W IR EL T M Ko, = 11,0,4,20,5,5,5,20,5,
0.98,0.95.0.2} ,0; e Parameter',

F(o,) = ZWU(D =
1712 + 0712 + (1 - 4/60) +20/24 +
(1-5/12) + (1 -5/60) +5/12 +
(1 -20/24) + (1 -5/60) +0.98 +
0.95 +0.2 = 6.98

F %t F(o,) WIVEREIAN o) AT WIHE32 o) TG
KAk BTN o NATHE2 R o) TIETA 1L,

B — BB A AT R R A ol R T AR
KISHBENRFRARIRS RE, BT LR F ¥ KRN E
PRE MRS MM IG R, WK ER S WRERE X Vo,
v, e ¢ .o = {1,0,3,20,5,3,5,20,3,0.98,
a_f':F'v. porse ~ Uprimeresponse ~ Ustandard yi)
INT o WAL I Z Bl , VR S 5 1 A O e IRD I‘Jﬁj‘ﬁﬁ%
SE R RSN 0 omanconianiigy KT 0, TN S HUA , B
B HE A AR E R RS

7 ZWUM, =7.26 > F(o,)

AT LA OWL-S 115 B 40 5 BL 1M B2 OWL $ ik iy
Ksn SR 25 sha 5| A SLA B 5723 2 1 HR 45 48 R DA T
InCAR o B85 250K

1) fdi A process ] T-2& process: InputBinding BY, process:
OutputBinding & X 4§58 3L

2) fii F process; toParam J- 2% J& BX process: Input BY
process : Output T A HPE L HIE X process M A K H S
5

3) XtE X ) process Iy # A% H 2 I 58 X process ;
parameterType T35 M40 E Z TR 1 Kon SEHIH S H8
2l

4) 3P B LI SLA YRk B2 i 45 AR i 3 1R e L
process : hasInput T-Z& #3244 ;

5)EI 1) ~3) B 4B5E Ksn SLH)E LIS HCERB A

7
o,,c e C,

0.95.0.41, fi°

W SHIH,
OEHE 1) ~5),
6 4

ASCERS SLA B9 B 3l B BT AL B T UR RS SLA ST
R LM RS TR SR ) R, B T — B R TE XM
BoRE SLA PR HLE . $2 3 T —Fh B Xk SLA B B B9 A< 14
Osn ,ZAMAR T T T U RT#Y) SLA J0E KOAH B4 1)
L 5 RS R VT R, AT X SLA By blp il s FR AR AL T B 4
VR S F o BT R BRI AR BT T AW E 1R X
AL, AR OWL A4 - S RP AL 0 SLA Bl 9 F U Rt T
WL, BT —FhEEXT SLA PR R IR MR, i T
XA SR A X A B I B 150 9 SR AR A T AT R SR A
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