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Decision Support System for Migrating Legacy Applications to the Cloud:
Improving System Availability and Protecting Against Disasters

O. Bushehrian”, S. Y. Nabavi
Shiraz University of Technology
(Received: 24/06/2018; Accepted: 13/02/2019)

Abstract

Using cloud computing helps enterprises to reduce their operational costs as well as to improve the scalability,
availability, and reliability of their services. To improve system availability and protecting against disasters,
enterprises have to decide how to migrate their on-premise applications to the cloud. Migrating of a legacy
application to the cloud is a very complicated and time-consuming process, due to the complexity of applications,
the dynamic environment of the enterprises and the variety of available cloud services. Despite many types of
research in this context, a formal migration model based on known patterns has not been presented yet. In this
paper, the Finite State Process (FSP) algebra is applied as a formal basis by which a step by step migration
support system can be built automatically from the known application and cloud profiles. The proposed step by step
migration model is superior to the current optimization methods that search the optimal deployment of application
components to cloud services due to the fact that a step by step approach is more appropriate for dynamic
environments. In fact, the main advantage of this method over previous methods is that it supports the automation
of the migration plan with the possibility of modifying the migration path based on changing objectives in dynamic
enterprise environments.

Keywords: Finite State Process, Cloud Migration, Protecting Against Disasters.
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2 Evolutionary Method

® Integer Linear Programming (ILP)
* Feature Modeling
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L oYlasl same  (gyl8p  slp  "post_compensate™
o sl 4 Sleladl plauS o GO 095 (sloniad g
BT bgls) 0gd 48,5 1o 0 LA & 0aid g
(AddComponent() b oS 4
(1) AddComponent (i, PreDeploy[i], CloudServices[i],
ServerComponents[i] , ClientComponents[i])
(2) begin

?) Emit (COMPIi]=);
4) foreach Component C in PreDeploy[i] begin

(5) j = C.index

(6) St = St.Add (wait[j][i]—)

@ end for

8) if (St is null)St=nowait[i]

©) Emit(St—HST/i] | St—CLF[i])

(10)  endif

(11)  Emit(DEPLOYEDIi] =

12) shutdown[i] — start_redeploy[i] —COMP[i]
(13) | shutdown[i] — restart[i] -=DEPLOYED[i]

(14)  foreach Server S in ServerComponents[i] begin

(15) j = S.index

(16) Emit(|start_reconnect[j][i] — CRECONNECT/j][i])

17) Emit(CRECONNECT]j][i]= post_rebind[j][i]—-DEPLOYED(i] )
(18) Emit(CRECONNECTI[j][i]=post_adapt[j][i]—DEPLOYED[i])
(19) Emit(CRECONNECT(j][i]= post_conv[j][i]—DEPLOYED[i])
(20) Emit(CRECONNECT]j][i]=post_compensate[j][i]—DEPLOYEDi])
(21)  end for

(22)  foreach Server S in ServerComponents[i] begin

(23) if (there is next server inServerComponents[i]) begin
(24) J = S.index

(25) Emit(SRECONNECTIi][i]=

(26) Emit(| post_rebind [i][j]— SRECONNECT [i][j+1] )
27) Emit(| post_adapt [i][j]— SRECONNECT [i][j+1] )
(28) Emit(] post_conv [i][j]— SRECONNECT [i][j+1] )
(29) Emit(] post_compensate [i][j]— SRECONNECT [i][j+1])
(30) endif

(31) else begin  /*for last server in list*/

(32) j = S.index

(33) Emit(SRECONNECTIi][j]=

(34) Emit(] post_rebind [i][j]—>DEPLOYED[i])

(35) Emit(| post_adapt [i][j]— DEPLOYED[i])

(36) Emit(] post_conv [i][j]— DEPLOYED[i])

37) Emit(] post_compensate [i][j]—DEPLOYED[i])
(38) endelse

(39) end for
(40)  Emit(HST[i]=)
(41)  foreach Service S in CloudServices[i] begin

(42) j = S.index

(43) if(S is CLOUDHOSTING)

(44) Emit(h_transfer[i][j] —H[i][j] | )
(45) end if

(46)  end for

(47)  Emit(CLF[i]=)

(48)  foreach Service S in CloudServices[i] begin
(49) j = S.index

(50) if(S is CLOUDFICATION)

(51) Emit (f_transfer[i][j] —F[i][j] | )
(52) end if
(53) end

(54)  foreach Service S in CloudServices[i] begin

(55) j = S.index

(56) if(S is CLOUDHOSTING)

(57) Emit(H/i][j] = signal_client[i] — deployed[i] —
SRECONNECTII].)

(58) elseif(S is CLOUDFICATION )

(59) Emit(F/i][j] = signal_client[i] — deployed[i] —
SRECONNECTT[i].)

(60) endif

(61) end for

(62) end

Synchronizer() g&U.Y-¥
Sl 00l gu pi5 Synchronizer() sl oS 4l jo a5 b jlen
Gloan] B acgeme g0 doanlp le (Sinlen obxl oy
glanld Jols gl asseme o)ls 092y siluplen
o Ll oy i sy o 45 @S les .ol CONNECT][]]

ol s se 5 COMP] I G (g5t adlie j2 gl

(1) AlgorithmFSP_Migration_Plan
(Application APP, Cloud_Profile CSP)
(2) begin
®3) InitializeComp, CloudServices, PreDeploy, ClientComponents,
ServerComponentsusingAPP and CSP
4) FSPmodel F=Create FSPmodel();

5) foreach Component i in Comp

(6) F.AddComponent (i,PreDeploy[i], CloudServices[i],
ServerComponents[i], ClientComponents[i]);

@ foreach Service sCloudServices

8) F.AddService (s);

©9) F.Synchronizer(Comp)

(10) F.Compose(Comp , CloudServices)

(11) end
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(AddComponent()
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Fadlge JLal ln |y silus ! (295 9 9ld 5 nl Sl
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aul,d 5l signal_client[i]” eladl «jlaie ol (gl wle
sl 5l “signal_client[i]" pladl L COMPIi]
sl 5l “start_reconnect[i][j]" aladl 3 CONNECTII][]

adso I “start_reconnect[i][j]" pladl L CONNECTIi][j]
Gly 055 syt o i a0 e Gloje Cj (5 e
YV B0 bshs) wiS o M i ailie b sazme Jlail 5,0,
CONNECTTII][j] ax1,5 .(AddComponent() sl oS as o
ol el ool dloul COMPII] 5l Cj (i adlie o (gl
Gl o S5 ah dalgS 0dls mide Gum A y0 wnl
Jlail sazee (5,18, adelog A adlie O 2 loe 50 50 a5 el
39> o p A 4 0didd gy sloadlie 5 adlie ol Gl
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(1) Compose (Comp , CloudServices)

() begin uri’ COMPIi] &5 o ) ‘_",.J 4 .4.'5‘5@ Salen O‘ Ok ymie
3) foreach Component i in Comp " i "o o
@ Emit (COMP[i] |} 5 2l 4 ol ol |, "f_transfer”l,"h_transfer” wlladl |
(5} endfor Al &S o >l 1) "signal_client[i]" plasl T 5
(6) foreach Service s in CloudServices OF IOt <t D gnal_ [] £ O o
) Emit (S[s] || ) pladl S yia aalge S5 Oleedy COMPJj]
(8) end for . - . " e
©) foreachComponentClient in Comp.ClientComponents begin Solde sl 1y ol 5l aw Sliladl g Ustart_reconnect]i][j]
(10) j = Client.index . . . . .
(1) Emit (CONNECT [i][jlll) b o5 ad b)) wSe Ll Jlal sue
(12) end for .(AddComponent() &b oS 4% ,0 VYV s 4 Synchronizer()
(13) foreachComponentC in Comp.PreDeploy begin B
(14 j=Cindex ) eadlse JLiiul oo 5 iluplRen slaonl 3 5l pgs acgane
(15) Emit(WAIT[ILT 1) 7. . . .
(16) end for Al e 4 ag L Bae ol pll Gl wS o JS
17) foreach Component C in Comp Ses | 5 COMPIi1 ol Jas Late b a5 COMPIi
(18) foreach Service S inCloudServices[i] begin 5> J‘s [l 2 o 1l
(19) s= S.index as VB VY b3) ogd e ol WAITI[] ol )3 ol
(20) i= C.index )
(1) if (s is CLOUDHOSTING) «(Synchronizer() &b oS
(22) Emit(service[s]/h_transfer[i][s].) )
@3) elseif (s is CLOUDFICATION) 8 zy”_C“m“'zer (Components)
h I ) egin

@4) Er_nlt(serwce[s]/f_transfer[l] 1) ®3) foreach Component Comp in Components
(25) end if @ begin
(26) endfor 5) i = Comp.index
(27) end (6) foreach ComponentClient in Comp.ClientComponents begin

@) j = Client.index

cs"l-ﬁ-'-*-“ o¥9) ‘55L~.,°.>L,‘_; 3! «51'“: JL,.O 0 ®) Emit (CONNECT [i][j] = signal_client[i] —

9) start_reconnect [i][j] — CONNECTI[i][j]1)

(10) end
S5 el ool oolaal [vy] 5o oad &l e 51 msu ol jo (11) foreach Component C in Comp.PreDeploy begin

_ . ) 12) j = C.index
e )8 sloacly 3,5 oo preal Jbo Dloas &S50 (13) EMit(WAITj] i} =deployed jj—waitlj] i}~ WAITLj]i])
R R . . . (14) end for

Sl Sole slagsyslid jl loaelyy was & y2lee pl ) 25 (15)  endfor

(16) end
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(1) AddService (CloudServices)

. RS . P . (2) begin
9 ol PL“ ! ‘-J"JD ) Sl o 7 L5 3) foreach Service S in CloudServices
. . e 0. (@) Emit(Cloud_Service [S.index] = (service[S.index]
ML’J‘? ">)|‘> Y = L ‘5)L“‘°)'$‘>° “""3)']0 “ )Lﬁ) “'f)L‘\‘4 —Cloud_Service [S.index].)
(5) end
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4 Compose() b 3l oolaiwl b ool adgy oS woledys g

|| Migration = (COMP[1] || COMP[6] || COMP[4] || COMP[5] ||
COMP[7] || COMP[3] || COMP[2] || COMP[8] || COMPI[9] ||
COMP[10] || CloudsService[3] || CloudService[4] ||
CloudService[5] || CloudService[6] || CloudService[7] ||
CloudService[11] || CloudService[15] || CONNECT[1][3] ||
WAIT[2][1] || WAIT[4][1] || WAIT[5][1] || WAIT[6][1] ||
WAIT[7][1] || WAIT[8][1] || CONNECT[6][1] || CONNECT[6][4]
[ WAIT[2][6] || WAIT[8][6] || CONNECT[4][1] || WAIT[61[4] ||
WAIT[8][4] | CONNECT[5][1] || WAIT[8][5] || CONNECT[7][1]
[ WAIT[8][7] || WAIT[9][3] || CONNECT[2][1] ||
CONNECTI[2][6] || WAIT[10][2] )

I{service[3]/h_transfer[1][3],service[6]/h_transfer[1][6],service[6]/
h_transfer[6][6],service[15]/f_transfer[6][15],service[3]/h_transfer
[51[3],service[5]/f_transfer[5][5],service[6]/h_transfer[3][6],servic
e[11])/h_transfer[3][11],service[3]/h_transfer[2][3],service[4]/f_tra
nsfer[2][4],service[3]/h_transfer[8][3],service[6]/h_transfer[9][6],s
ervice[11]/h_transfer[9][11],service[7]/h_transfer[10][7],}.

Jesl wlbele Jdos il 51 eolaiwl L Jow oyl
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On-Premise
oA Platform-C
On-Premise [}O
0 Platform-B

Expense System
Website

Browser

Integration
Service

On-Premise Platform-A

[V ] 0 isn Jl 69,05 sloask (s lone B S

g oaile Bb oo Lie (g9, » "User Profile"aals. <5 .5
20,5 o Jatie pl 4y

can b oolpen daddie oo 3l JSise Jlo 00,5 aly
5,50 Sl Olsicds HA o F4 F3 o F20 H3, H2 HI @ s o
F 9 ).)l s:l.:).uo U"ﬁ) )‘ oslauwl H) Sl 44..9; )|)5 sslazuwl
Sle (F) o (a0 lii 1) giluispl by, 5l oolaiul
o adlie Gl (Shaly Geizmed a3 (o0 Gl Sy S
ol 00 ;O (Y) Jju\} B

L Jbo slp FSPJse (golorinn p,ssdl 5l oolal L
&b lawss ool slml FSP oS digai ylaicay .l ouls sl
5 JS& a0 Active Directory aalje sl AddComponent()
|
COMPI6] = ( wait[2][6]—wait[8][6]—HST[6]
| wait[2][6]—wait[8][6]>CLF[6] ),

DEPLOYED[6] = ( shutdown[6] — start_redeploy[6] —
COMPI6]

| shutdown[6]—restart[6] >DEPLOYED[6]

| start_reconnect[2][6]-CRECONNECT[2][6]),

CRECONNECT[2][6] = ( post_rebind[2][6]—-DEPLOYEDI[6]
| post_adapt[2][6]—=DEPLOYEDI6]
| post_conv[2][6]—-DEPLOYED[6]

|
post_compensate[2][6]—-DEPLOYED[6]),

HST[6]=(h_transfer[6][6]—H[6][6]),
CLF[6]=(f_transfer[6][15]—F[6][15]),
H[6][6]=(signal_client[6]—deploy[6]—SRECONNECT[2][6]),
F[6][15]=(signal_client[6]—deploy[6]—~SRECONNECT[2][6]),

SRECONNECT(2][6] =post_rebind[2][6]->DEPLOYED[6]
| post_adapt[2][6]—~DEPLOYED[6]
| post_conv[2][6]—-DEPLOYEDI[6]

|
post_compensate[2][6]>DEPLOYED[6])

AddService() a3l eolatwl b oo gy oS cpl 0 ogdle
! ») JS..» Q F2 9 H1 ‘_gj.}‘ G’L"“ 6‘]‘-’

Cloud_Service[3] = (service[3]— Cloud_Service[3]).

Cloud_Service[4] = (service[4]— Cloud_Service[4]).

O Sy Glp ool ol slaaS alal, (rea o
ol o3 IS 45 Synchronizer() &b 51 oolaswl b oaalge

CONNECT([1][2] = (signal_client[1]—start_reconnect[1][2]—

CONNECT[1][2]).

CONNECT [1][3] = (signal_client[1]—start_reconnect[1][3]—
CONNECT [1][3]).

WAIT[1][2] = (deployed[1] — wait[1][2] — WAIT[1][2]).
WAIT[1][3] = (deployed[1] — wait[1][3] — WAIT[1][3]).
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Scan Service i FIA 4 \ _ _
Event Log I A - \ F3,H1 AN
DB SQL 2 Y/A Y \/¥ F4,H2 YeIY.
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On Premise
Platform-A

On Premise
Platform-B

On Premise
Platform-C

Expense System

Event Log

Payment Active

I

Website System Dlrectory
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<StateMachine ID="7" Name="User Profile" Type="Component">
<Role>

<Left>COMP[7]</Left>
<Action>wait[8][7],signal_client[7],deploy[7]</Action>
<Right>DEPLOYEDI7]</Right>

</Role>

<Role>

<Left>DEPLOYED[7]</Left>
<Action>shutdown[7],start_redeploy[7]</Action>
<Right>COMP[7]</Right>

</Role>

</StateMachine>
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Component[4]->post_rebind[6][4]
Component[4]->post_adapt[6][4]
Component[4]->post_conv[6][4]
Component[4]->post_compensate[6][4]
Component[3]->h_transfer{3][6]
Component[3]->h_transfer[3][11]
Component[2]->h_transfer{2][3]
Component[2]->{ transfer[2][4]
Component[9]->shutdown(9)
Component[10]->start_redeploy([10]
Component[10]->restart[10]
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