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Abstract: Due to the diversity of resources and different management requirements, cloud management is faced with great challenges in
complexity and difficulty. For constructing a management system to satisfy a specific management requirement, redeveloping a solution
based on existing management system is usually more practicable than developing the system from scratch. However, the difficulty and
workload of redevelopment are also very high. In this paper, a runtime model based approach is presented to managing diverse cloud
resources. First, the runtime model is constructed for each type of cloud resources based on their management interfaces. Second, the
composite runtime model is build for all managed resources through merging their runtime models. Third, cloud management is setup to
meet specific requirements through model transformation from the composite model to the customized models. Additionally, based on
OpenStack and Hyperic, a runtime model based management system is implemented to manage the hardware and software resources of

virtual machines with the proposed approach. The results prove that new approach is feasible and effective.
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Fig.1 Overview of the runtime model based approach to managing diverse cloud resources
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Fig.2 Synchronization between the runtime model and the running system
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Fig.3 An example of merging distributed runtime models
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<7xml versicn="1.0" encoding="UTF-3"7>
<5Cloud:Cloud xmi:version="2.0" xmins:xmi="hocp://www.omg.org/XMI" =mins:xsi="hocp://www.w3.org/2001,

<paaSList> <Cloud>
<pass 1d="1"> <PaasList>
<placform xsi:cype="5Cloud:JCnAS™ VID="1" Storage="25" CPU="12" Memory="50" /> <Daas id="2ms
<platform xsi:type="5Cloud:JOnAS® VID=#2" Storage="55" CPU="40% Memory==100% /> .
</pass> <Platform wid="3">

<paas id="2"> <property>CPU</property>
<placform xsi:type="SCloud:Apusict VID=#39 Storage=rd4® CPU=m22" Memory=nson /> <property>Memary</propercys
<platform xsi:type="35Cloud:Tomcat” VID="4" Storage="120" CPU="60" Memory="3$0" ThreadFocl="5"/>

</pass> <property>Storage</property>

</paaSLisc> </Platform>
<nodelist: <Platform vid="4">
<node ID="1">
o <property>Memory</property>

<VM xsi:cype=nSCloud:XenVM® VID="1"/s>

<VM xsi:cype="5Clcud:XenVM® VID="3"/> <property>ThreadPool</propercy>

</node> </Platform:»
cnade ID=n2"s

<VM xsi:cype=rSCloud:XenVM® VID=v2n/> </Paas>

<VM x3i:type="SCloud:XenVH" VID="4"/> </PaasList>
</acde> </Cloud>

</nodslises
</5Cloud:Cloud>

Fig.4 Fragments recognition in cloud resource runtime models
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5 PR

AR B Bt
<merged:Merged> <OFCloud:Projects ip="222.20.11.4">
<projects mark="162.105.31.245_GCCloud"> <project tenant_id="1">
<project project_id="1" creationTimestamp="28902342133"> timagesy
= <image id="1" minDisk="512MB" minRam="S12MB"/>
<images project_id="1"> =
<image id="1" creationTimestamp="79234123" name="image 1" /3| </images>
</images> </project>
</C0PCloud:Projecta>
<!p‘..'ojec\-.> fﬁz%llﬂ
</projects>
lop_projects mark="222.20.11.4_OPCloud"> <namespace_description>
<op_project tenant_id="1"> <google_compute>
<op images> <projects />
<op_image id="1" minDisk="512MB" minRam="512MB"/> <images />
- <image />
</op images> </google_compute>
- <open_stack>
<.-"&;” rodeces <projects alias="op_projects" />
/o p::fei:__,) <images alias="op images" />
E ETH] a <image alias="op_image" />
</merged:Merged> </open_stack>

</namespace_description>

Fig.5 Solution to naming conflict in composite models
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Fig.6 Three kinds of model operations
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Fig.7 Three types of basic mapping rules between model elements
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H JEAR TR AT ] — AN Server JGE M4 Hm M imageld HIME (S B H B RIHLR T WS 4 B AR#TY - Apache,
JOnAS 5 MySQL R — AN K.
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FH P 4 i B2 B 20 5 A 8 T 1) G 3R LB O R IB AT LR IR O LA B 3 BB AR C R 4L A
TATEA T — BB R WM S H B Bl A AR 11 77323, 48 1555 3 03 e Ja I o SO 2R ] 1) o6 35 A
S % 2R KA B A R (B8 5 e e B2 )P (QV'T 5 181 ABE R 1) ) G 3R MR 56 R I Ik — > XML SCPFREAT 34 ik
DUp e R G B o LR
(1) helper: H T-H R S FIZ 2 1) 70 28 BRGS0 R
helper b5 — & AHANETE:— N2 key,— 42 value.value 7R YR HRO LML 1 0 2 key o8 H AR
FBEIR vf of Y. 1) TG 3%
helper 18 # & H — AN B 1 type K3 W AW URE LY 31 H b8 B ¥ 70 28 WU S8 B A 7R R PR FD type HU(A:
o Y type N “basic”Hf, /R 1% helper fXFR AL JCF ]« 0 — A X R B2 X — WL R R,
o Y type N “multi”Bf, 378 1% helper AR 12 70 58 ] [ — X 2 Wi ¢ & i helper £ 43 g4 Hi B
HHT helper HI T34 70 38 19 Wi O 3%, T 76 28 00 5 0k 2 B0, B J8 1k B At T 25, IR M helper #5%8 BLIE 0 25 ik
£ helper $r28 . mapper AR F1 query #7285, Ho i mapper Fr2E 1 query FREE IR IR & 1 (] 1 i ¢ &
(2) mapper: H T8 ZEF1 28 2 0] J& P (1) B DG R
mapper b3 %I A PR key R value key o H brAR S 12 4 5 (19 0 22 8 4 B 4 B, T value &
AN PE AR vh T 2R R P IR A AR L e AT A B 1K 6 2 43 i BB —J2 1 helper #7458 E X.
(3) query: HI Tk FE I 2 [A] Ja8 1 1) i S 56 3R
55 mapper 818, query #%Z5 AT key Ml value J& 1, key F7m H ArAR Y B 12 5 R IR 1) 0 3% D8 P 11 22 R,
1M value 7R 5 AR T o 76 280 WY J8 1 1 44 FR L,
o EARBLES g AT 8 BT FE KRBt b —JZ W helper FR28E X ;
o YR b JE P TR 1) G 2R B query FRZE I ILARPIANJE M node A condition B X, EAI R R
TG 5 1 28 TR 00 5 205 A2 1 4%
Ll 8 I, 7 LA b OG- i AR A b FRATT A AT LA R B DGR L < WL O R A< — X £k
SO0 ZR IR 8 S, 53 T3 X AR TR ] (9 70 3% LA 00 R AT R IR
Lo FE—X — W (1 491 b YR B T o Flavor 28 1 76 28 MU 21 H A5 1584 o MachineType ZE 1702, K ik
FH— helper #7325 K 338 helper b2 1) key Ji P A1 value J& P43 51 by H A5 A58 78 R0 JEAE Y (28 1) 42 K.
o Flavor [1J id 55 MachineType I¥) id X [V;
e name Al name ¥V ;
e ram 1 memoryMb X [¥V;
o disk Al imageSpaceGb Xt [V;
o vcpus FI guestCpus XJ V.
(A It H mapper 52K i, mapper bR 11 key J& LR value J& 243591 S H ARA5E 7 R PEAR 7Y b o) 1 )
PEI A4 FR;
2. FECE XS WU ] A SR R Tmage 28 F Kernel 2816 70 R Wi 21 H AR A1 (1) Image 2511
JUE AR P () Image ZEF1 H AR 1K) Image ZE M9 AU B 88 BRI B ATTH — N helper FR25 KA
RIX A TR ER (A 1 WS ¢ R i 55— Kernel ZR(M IG5 & P 2] H FRBLY Image KL 5=
JEE R AT query ARZ SRR, query FRZEHT key JE PERT value J8 4 43 51 26 7 B bRASE R0 54
B ep ot 3 & P 1R 44 FR, o node JBPEMECH Kernel, R REMH A BTN E G E K ALY Kernel
condition J& A 2 7R 7C 25 75 T3 AL 1) 44T
3.0 FEC XU ) TR PR R A ) Server 2SIV G E T REMLST O H ARBE AL 1) Apache 5. JOnAS
2. MySQL KTt i —F. AT type {0 “multi” ] helper F5%8E KAk — X 2 FIHLE K&,
H:d condition J& {8 4 “self.imageld=1",2 1] Server JL % ) imageld 24 1 J&i% Wi i) & Az 44
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H Flavor | g i S Hippen 5 MachineType
' o kind

o id I ) |2 5
& name o creationTimestamp
= ram <helper key="machineType" value= "flavor"” type= "composite"s S name
o d‘Sk <mapper key="id" value="id" type="basic" /> = description

! <mapper key="name" value= "name” type="basic"” /> = guestCpus
& vepus <mapper key="memoryMb" value="ram" types="basic" /> S hestCpus

<mapper key="imageSpaceGb" value="disk" type="basic"” /> = memoryMb

<mapper key="guestCpus"” value="vcpus" type="basic" /> = imageSpaceGb

</helper>
& Image
o lind B Image
oid r " [ — ] =id
2 vsirtinesamp | VWL ik A Apmm 29
i  status
© description T ————
& sourceType p_ 9»
& preferredkernel v = minDisk
= minRam
= rawDiskSource
H Kernel <helper key= "image” value= "image" type="composite™ o kerne[Description
o kind <mapper key="id" value="id" type="basic"/>
o id <mapper key= “name” value= "name" type= “basic/»
@ ¢reationTimestamp <mapper key="rawDiskSource” value= “SourceType" type="basic" />
S mame <query key="kernelDescription" value= "description” node= "Kernel” condition= "id=self.preferredkernel” type="query” />
© description </helpers
E Server 3 ) S — ey | Apache
YRR RS Hppis = "
B I
o id .
. ! = applianceld
o tenantid | v S name
O name <helper keys= "sever” value= "jonas” conditions= "self.imageld=1" types "multi"s a ip
<mapper key= “ip" value= "ip" type= “basic" />
(=]
ﬂavorld <mapper key= "name” value= "name" type= “basic” />
(=] imageld </helper>
= ¢helper key="sever” value="mysgl” condition= "self. imageld=2" type="multi™ E JonAS E] MySQL
'p <mapper key="ip” value="ip" type="basic” /> oid oid
o status o, ira;ze" key="name " value="name" type="basic" /> = applianceld| | = applianceld
/helper
<helper key="sever” value= "spsche” condition= "self. imageld=3" type="multi™ = ‘ﬂame = .name
<mapper key= "ip” value= "ip” type= "basic” /> =ip Sip
<mapper key= "name” value= "name” type= "basic” />
</helper>

Fig.8 Descriptions of basic mapping rules between model elements

B8 G ER A SEA WU O R 1 ik
5 SEBIFR

PR BE v 7 6T R ST 0 R A L b R A [ B 3R AT 3, DA S I R YR UL L . H A, — 2L TT IR K
PEEE R 22 v S b e A B ) R K T B S PRy 22,35 P OpenStack & — 3 IR 1 JE Al 15 it A B AR 1R, 4R
AT 0] R RO LA A2 % 5 AT 0 R/ B 42 11 s Hlyperic WU — YR 0 v 1) A2 45 3 A 1 B 1t 7700 22 oo [ 4 A
PR REAT I 1 HE AR T, H AT AT TE — 28 B W IR I  RE LAX S A Tt 50 AT B 1) TR 7 .

H T B UF A SCT VR R AT AT AT Rk, 1155 T OpenStack 15 Hyperic PR 0 7 14 B4R A4, 30 3 455 264 Ay
T A IF R ) U R SR T ALK . B R ) 4 — L 6, M3 T OpenStack 5 Hyperic FIEAT I
AR I 20 A BT 0 AN IS AT IR AT T 5 90 B e AR PR AR SR T H P R e B TSI T A5
AT FH R i A B 11 X ] 2 45 A FRAT T K B AR R 1 T7 5 55 A% e A SRR S CEAT T HL R 6 7 vk A R AT M A
HRNMEWEAT T 3EAG.

5.1 OpenStack5Hypericiz {7 &8

OpenStack 6] 5z S 10 48> 78 i Jo 9305 A7 B, I 9 98 20 1) B /> B 70 12 K UL L (serveer), T 5 A R AU
HUERAF A5 T — NI H (project) B8 /> i il Bt 1) 5% 5 4% M 300 H 73 ;e 22 A #8236 — A RESUH LR 5 — SR S
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F(image) Fl—ANAC & SC A (flavor), EATT 43 7 5 5 SN SCAR R BRI SR EAT IR & 181 9 #5387 OpenStack
05 1) 2T H Projects MU E, AR T #2517 s BEAME B, 0F % T 3 H 9512, Project X 7R—AIH,
A% — Images JUH . — > Flavors JGZ& Fl—> Servers JG%;Images JTCHE & T Image f%13R, K7~ 1Z I H v
DA 6 K AN IAG SCAE IR 6 TR — A Image JCEHR R T —FUEIHLAR CC 1 R %), Flavors JCEH Y
T Flavor B2, 2 7~ 50 H w] LU FH I R UL & SO 85, T B — A Flavor JTHR RN T — P SUALAC
(CPU,Memory %5 % li).OpenStack fJ41F 2445 DL EAFOCZan. MBgfmEt &g . Bl koo
25 1) AR X S P AE 43 T AT DU SR b 6 35 SN L SR R A O LR R status B AL A0 G ERIPL IR B .
BRI A Server TG HSE N, ERINLA T A F T R Server H name J& P IF) 25 55 T RSB 45 L o
A ISR 2 Server H status Ji& P 1K A2 k.

H F’rcujer:ts1 « H Project
Sip  @——>>| = tenantid H Agents H Agent
= ip 1 = ip
1 1 \ = Availability
1 4 1 1 = freeMemory
= loadAverage
H Flavors H servers =] Images
= tenant_id = tenant_id = tenant_id 1
4 1 1
1 1 ! ; .
H Apache E MysqL
i * = version £l Jonas = version
H Server E Image = status = version o status
H Flavor . o id = Availability = status = Availability
- = id ) = name = RequestsPerSecond = Availability = ProcessMemorySize
- ! = tenant_id = status = RequestsPerMinute = UsedMemary = Cpulsage
. name = name o progress o BytesPerMinite = TotalMemory = TablesPerMinute
- :Tc =] Iﬂa\rorld & minDisk = FilesPerMinute
- Is = !magEH o minRam = QueriesPerMinute
vepus o
P P = rawDiskSource
= status

= kernelDescription

Fig.9 Architecture-Based models of OpenStack (Left) and Hyperic (Right)
K 9 OpenStack & &R 25 KR A (A2) 5 Hyperic 748 2R 45 MBS (47)

Hyperic {ERFANS2 1 b e de— /MR 6l 2% (agent), 10 it 4 BE 42 1) 25 B8 8 X0 15 b 19 22 o oo ) i 47
EHLL T R R 2 LR A K, SE ) H A6 Apache,JOnAS Fl MySQL iX 3 o [ £ & e AT HI BRI
WS AT T R O R E 2 R 9 AR T Hyperic (511 32 20 % Agents JEAR TG E IR T #HI1T A 5
AT B IS T AR IS5 R, Agent W R IR — /MR IR HIHS, 6% — > Apache JG# . —~> JOnAS JL# Al
—/> MySQL JG #;Apache JG % . JOnAS JG % fll MySQL JG % 40 KR T 77 s B el RE 2235 10 3 Fheb al 4, e 116
J P MR 7R 7 v )2 () P B i b FIAC ' 2 40 Hyperic I #RAE 2 202 A 40k BeH8 A R B 2 800035, e Al
WS S 0 JE I A ek

#5T OpenStack 15 Hyperic 18 17 I AR Y FRATT AT LA7E R 78 J2 30 e A5 28 5 AR, ol %o K2 RLATLARE 2 ¢ Ot B IE b
Rl R A AT A L
5.2 OpenStack5HyperictA 518 E!

OpenStack F 4 fig % Xof iz SN IE 1 B U5 0EAT 4 B8, 175 Hyperic A58 0 B 88 %8 kg S0 BL b B b 3100 47 45 2L 4
DAL PANBRAE S B8 B, 2 4 Ay — AN AR 20 5 7R sl e v ) R UM BIL L B 0 Y R AT 48— 1R 45 PR
T T PR AR SR RAT R AT LSRR A 55 OpenStack 384T I BEAY . Hyperic 32 AT I AL (1 £idfs [7] 2

10 JE73 T HEAUML 1 i 1541 1% 4 21 OpenStack 32 4T I B I Bl pAT A9 2 AE RE SN B A R AT Z T,
OpenStack F ¢ A7 AT H L — AT H G — AN ERHL, 10 55— 300 F WA 5 i UL A% i 21 3a A7 I A
R (45 A SO K ZE AT (R AR AT T RN (1 A
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(1) Query:#kF|—A 1t H, 3 tenant_id 4 19764071;
(2)  Add:AigEE— R, KM (node) h BRI L(sever);
(3)  Set:Fr @ JC R ) name J& M (F R B 4 ) I ME 24 TOnASAna, flavorld J& #4:(3 7= 2 SN LI L L
YA 2,imageld J& L (R 7S EFUHLIK L 5) 1 (A 6ebf952c.
HRAE B A SCRF R, 18 4T I RIS 64T T A8 B 19 MDA ML G 45 4 1 AL T 1B A6 8 Mk (i ip 58) WU AR AT
B EAE J5, 1 OpenStack R4 Hah4h .

Projects Project Images
ip:192.168.1.10 | ltenant id: 9764071 | ltenant id : f9764071 i@gt’ié;{s;"""'"'""""""""'"""":
E (action node="Sever”, type="add”) E @
[ [ [ E (query node="Project”, HO)
- ! condition=“tenant_id=f9764071"/)
Project Flavors Image i (set key="name”, value=“JOnASAna”/) E ®
tenant_id : e8954352 tenant_id : 9764071 id : 6ebf952c¢ ' (set key="flavorld”, value="2"/) E
name : JOnAS4.7 E (set key="imageld”, value="6ebf952¢”/) |
i (/action) E
| | Y/actions) i
Server Flavor B 5" AT '

id : 3e8elcc2 id: 2
tenant_id : €8954352 name : SMALLSIZE

—I:Transferring & executing the action

Projects Project Images Image
ip:192.168.1.10 |_tenant_id : 9764071 L__ltenant_id : 9764071 [ |id : 6ebf952¢
name : JOnAS4.7
I - — -
Project Server Flavors
tenant_id : e8954352 id : 2f9f0cee tenant_id : £9764071

tenant_id : 9764071
name : JOnASAna
flavorld : 2

imageld : 6ebf952¢
ip: 192.168.1.143
status : running

I
Server
id : 3e8elcc2
tenant_id : 8954352

Flavor

id: 2
name : SMALLSIZE

Fig.10 Operation of virtual machine creation being executed on the runtime model of OpenStack

K10 REAHLEI A #:AF 7 OpenStack JZ AT I LAY | i) 4T

5.3 OpenStack5HypericTE kiR 2 240 & 15 8 19 B 5¢

BT T B S SO L A 08 95 2 e T SE A A ) N 3R AT A L, D S I R RO G A T B 1
KA (B LG A — B 4 (virtual application!®), 1y 5 /N K152 5 e, i AF — AN W& A28 T — NI H
op DL ) IR 25 T 58 B R FH 2R e, A R At A it %) R DU R I H 4y 2 AR 4 B L B g s FRATT B
Apache,JOnAS Hl MySQL iX 3 2K“i# R 4l,kyis T M PR e AL 18 11 ik 7 P R e SR 55 1 2 2800
#:Projects AR JLER,JFEL & T I H 513, Project JLE MR /R — NI H , 87— Servers Ju#;Servers JL R KR
T H 04 108 & AL A —A Apache 5138 . —> JOnAS 5| & Fl—4> MySQL %13 ;Apache JG 2 % 78 Apache
FRIN %, L% — ApacheSwConfig JT 2,38 7 H AR S 4000 & (LA & WL 4 20 #1), 38 61 7% — > HwConfig TG
2,8 HA 4 % JRC B . JOnAS A1 MySQL M5 Apache AL DS ik, 45 8 4 35 U 48— 57 B b AR v 160 4% 45 244 TR
SR O PR A 2 vy LB R AR b s S % e A S R A SR s

FH P i MR A PR SR EAT T T I IR ) 3,10 OpenStack 1 Hyperic 2H A8 70 ) iz i 7 F bR 52585 %3
B A 2L H P E R o Apache JGZE . JOnAS JCE M MySQL JGE 3 R ¥ 4% A &R Server
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JEE (HEIIHL) Agent JCER 2 ] HY LS 5C AR BRI B 0 F) S 1 DAL A BB (1 A B R Server J0 3R
F1 Agent 7G 2 B ] RE s SR (1 4 H PR ARAL) h JOnAS TG 2 1R WSt b 491, 5K 7 41 A 23 WS G R 1 4k A AR 1

2L B

2 AR (U] 9 FT7R),Server JG 3 7R Mg FUAL, B A7 K2 FLAL 45 R 8 Y T 7 2545 RL, Agent TG R R AR
PRI, BE 0T H Y 2L B JOnAS AT & LM A A R E B JOnAS TTE RN A SR, AR B
SR e iZ i s bR B Server G 3R HAE B YRS BRI Agent TG E TP S H0{E S E) JOnAS Jo ML ki

e rf, A AR P A A A

(1) Server JLZ A AEWRYS &y Apache JCZE. JOnAS JCHE A MySQL JG [ —Fl, 5 TR B JAML Y

(condition="self.imageld=TYPE")KAffi & %I I 7G % [ A 1Y BRI« —XF 2 [ B D6 &

(2) R Server T E MY 1S EI 1 JOnAS Ju 3,186 75 L MABXS W1 Agent JGZ (condition="ip=self.ip”) 3} H{

WS 55 B, 75 AR LA B SR A SR Agent TG, R X — MWL G R,
K 11 JE7R T Server JGZHE A1 Agent JG 3 F JOnAS JG 3 ML 5¢ R il ik A A0S F BL.

H Projects H Project B servers E HwConfig
=ip ‘} =id » = id = flavor
= status

Mapping description
(helper key="Severs”, value=“Servers”, type="“composite”)
(mapper key="tenant_id”, value="id”, type="“basic”/)

(helper key="Sever”, value=“JOnAS”, condition="self. imageld=6ebf952¢”, type=“multi”) <

(mapper key="id”, value=“id”, type="basic™/)

(mapper key="name”, value="name”, type="basic”/)

(mapper key="imageld”, value="applianceld”, type="basic™/)

(mapper key="ip”, value="ip”, type="basic”/)

(helper key="Server”, value=“HwConfig”, type=“composite”) <
(mapper key=“flavorld”, value="flavor”, type="basic/)
(mapper key="status”, value="status”, type="“basic”/)

(/helper)

(helper key="Sever”, value="JonasSwConfig”, type="“composite”)

H Apa®e g Jon H My:
oid oid oid
© name © name © name
oip Sip Sip

El ApacheSnCanfig

E JonasSwConfig

E MySQLSwConfig

(query key="JOnAS.version”, value="version”, node="“Agent”, condition="ip=self.ip”, type="query”/)

(query key="JOnAS.status”, value="status”, node=“Agent”, condition="ip=self.ip”, type="“query”/)

(query key="JOnAS.Availability”, value="“Availability”, node=“Agent”, condition=“ip=self.ip”,

type=“query”/)

(query key="JOnAS.UsedMemory”, value=“UsedMemory”, node=“Agent”, condition="ip=self.ip”,

type="“query”/)

(query key="JOnAS.TotalMemory”, value=“TotalMemory”, node=“Agent”,

o st o status o status type="“query”/)
= Availability = Availability = Availability

S Req =t y = ¥ (/helper)

= RequestsPerMinute | | © TotalMemory | | = CpuUsage

= BytesPerMinute = TablesPerMinute (/helper)

= FilesPerMinute

condition="ip=self.ip”,

= QueriesPerMinute

(helper key="Sever”, value="MySQL”, condition="self. imageld=5cfe863d”, type="multi”’)

helper Sever:: Sever2JOnAS: JOnAS{
if (self. imageld=6ebf952¢) {
return object JOnAS {

id:=self.id;
name:=self.name;
applianceld:=self.imageld;
ip:=self.ip;
HwConfig:=self.server.server2HwConfig();
JonasSwConfig:=self.Sever.Sever2JonasSwConfig();

helper Server:: server2HwConfig: HwConfig{
return object HwConfig{ < |
flavor:=self.flavorld;
status:=self status;
}
}

helper Sever:: Sever2JonasSwConfig: JonasSwConfig{ 7
return object JonasSwConfig { 2
version:=OpHpMerged.objectsOfType(Agent)—
select(ip=self.ip)—selectOne(true).JOnAS.version;
status:=OpHpMerged.objectsOfType(Agent)—
select(ip=self.ip)—>selectOne(true).JOnAS.status;
Availability:=OpHpMerged.objectsOf Type(Agent)—
select(ip=self.ip)—>selectOne(true).JOnAS. Availability;
UsedMemory:=OpHpMerged.objectsOfType(Agent)—>
select(ip=self.ip)—>selectOne(true).JOnAS.UsedMemory;
TotalMemory:=OpHpMerged.objectsOfType(Agent)—
select(ip=self.ip)—>selectOne(true).JOnAS.TotalMemory;

Fig.11 Customized model, mapping descriptions and code snippets
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L] UML Diagram '
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E romar H
i I
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" 03 Tomcat_§
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' power:zon
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________________ MySQL JT#
“Relation
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Frestart Firue
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Fig.12 Runtime model-based tool of unified management of virtual machine resources
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Fig.13 Performance test results of the unified management tool
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