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This thesis proposes the risk analysis framework of software from a functional 

model which emphasizes on analyzing the risk of object behaviors. This framework 

assesses risk during analysis and design which are in an early step of system 

development. It may help system developers know the probability of each failure wh ich 

may occur. The obtained result can be used to manage and control risks in order to 

produce software with high quality, and reduce time, cost and resources . 

The proposed framework for software risk analysis uses Use Case diagram to 

represent software functions provided by the system, Class diagram represents structure 

of the system , and Sequence diagram and State Machine diagram represent object 

behavior and interaction among objects for system to provide a promised service. Risk 

analysis of object is computed from a number of truth values of predicate wh ich are 

generated from a condition of transition of a state machine diagram , and risk analysis of 

interactions among objects is computed from dynamic coupling of object interaction in a 

Sequence diagram. Finally, all risks caused from each single object are integrated into a 

scenario risk and a functional risk of the functional model. 

Moreover, a risk analysis tool is developed to support the functional model ri sk 

computation. Tool validation is done by computing the results from tool generation and 

manual computation . Both results are the same. Also , the result from the proposed 

framework is consistent with the other related research. An additional important part of this 

framework is the risk computation caused from a condition of a changing state which is the 

root cause of the changing of object behavior. Thus , the developed tool is benefica l for 

software risk computation proposed in the framework. 
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OJ 

Risk Analysis Using UML) ~~LtI'W~fimrtlr:;Ln'WI"),)1~L~U~1 'WL~~ mr~Ll")r1:;\fLL~:;!l!lnLLUU 

r:;uU'1J!l~.)il{nr~(;1'11!l~vlLL')fL~umrt-nLLc.J'W1l1Yl~1~U (Sequence Diagram) LL~:;LLc.J'W1l1Yl 
.Q .... d.J Q J' 

~ L(;1Yl LL~'1I'1I'W (State Machine Diagram) 1 'Wm rr:;1Ju"" U 1")') 1~ L~ U~Yl!l1" Ln ~'1J'W"1 n 
I I.... I I 

~ r ... ~ !"I...... ...... -=! ... 
I")!l~ ~YlL'W'W(;1 (Component) '1I~I")!l~ ~Yl L'W'W(;1 ~'WYl'W ~~1£J()~ ')(;1~ (Object) LL~:;r:;1J1"),)1~L~£J~Yl 

~ I 

!l1"Ln~~'W"1nmrfl~;r!lm1~ (Message) rl'Wr:;"d1~.)(;1~ 1'W'1Jru:;Vi~1'W~{£J'1J!l~ Steven J. 

Bleistein et.al [12] 'l~u1L~'W!lnr!lU~1'W (Framework) 1'Wmr~Ll")r1:;\f1"),)1~!1f!l~mr'1J!l~t)~~nr 

~~tlr:;n!lU~,)u 3 fl')'W ~!l ~YlfiM1~(;1f (Strategic) u1'UYl (Context) LL~:;nr:;u')'Wmr (Process) 
~ ~ 

"1mr'WU1LL1J1J~1~!l~ (Model) LL~:;LLc.J'W1l1Yl[;\1~1 ~1 t-rL'Wmr!lfiU1ufl')'Wtlr:;n!l1J;1~ 3 fl')'W 
I ~ 

L fit) LtI'Wi''W(;1 t)'W1 ""~1~1r()U1 'ltltl~~ LL~:;1Jrr~ Lih~~1U'1J!l~!l~ ~ nr 'l~ fl,)'W~1'W~{£J'1J!l~ Jeff 

Offutt et.al [5] LL~:;~1'W~{£J'1J!l~ Karunee Bowornprasirtkul [7] L~U1L~'W!lmr~~1~;r!l~~mr 
OJ 

t- • .lI 
Yl~~!l1J"1n'1Jt)m~'W~(;11~Yl'Wj1'W~m'W:; (Generating Test Data from State-based 

Specifications) ~~ LtI'WLL 'W,)Yl1~~~'Wt" L~m rl1Jnu ~:;L~£J ~Yl ~ ~ nrr~'1J!l~') (;1 ~~ L~'W!l1 'WltlLLU1J 

'1J!l~ LLc.J'W1l1Yl~ L(;1Yl LL~"lf:n'W ~ ~"Ji')u1 'Wn 1 r~ ~1~ nrruYl ~~t)1J (Test Case) "1 nLLc.J 'Wll 1 Yl 

~ L(;1Yl LL~"lf:n'W L~u~"1rru1"1 n L1!l'W 'l '1J'1J!l~ m rLtl~u'W~ m'W:; 
I ~ I 

"1n mr~n1i1Yl1J~1 ~fi1'Wmr~ Ll")n:;\f 1"),)1~ L~£J~'1JT.l~ [8] t!'W~'Wt"Vi 1"),)1~ri1J-n!l'W'1J!l~') (;1 () • 
L~£J~"1rru1"1n~1'W,)'W ~m'W:; (State) LL~:;LLYlr'W;ri'W (Transition) 'jJ!l~ LLc.J'W1l1Yl~L(;1YlLL~'1J:n'W 

I I " .. .... 

;~ LL~ ~~Yl ~ ~ n rr~ m rLtl~ £J'W~ m'W:;1l1u1 'W') (;1 ~ LL[;\1 'W1"),)1~ LtI'W" 1~t!'WYl ~ ~ nn~'jJ!l~') (;1 ~ Ln ~ 
rtl I " ... I <II .l' tl..J "1n!l~ I") r:;nt)1Jm~1111£J ~'W~ L(;1Yl LL~"lf'1J'W n ~1,) 1")T.l L~'WYl1~ (Path) mrL ~£J'W~ m'W:;"1 n 

.J. ~tl... ... t- .... .J. ~ I ..J." t- ... tl..J .J. t-
~m'W:;~'W~ ~ £J~!ln~m'W:;":;(;1!l~Yl"1rru1"1nL~!l'W ~'1Jm~1 YlYl1 ~~Ln~mn ~u'W~m'W:; '1I~m 

m ntl~£J'W~ m'W:;'1J!l~ L~'WYl1~,r'Wi1 1")') 1~ri1J-nt)'W~1 nm" LL~ ~~ L~~1Yl ~ ~ nrr~'1J !l~') (;1 ~,r'Wi1 I")') 1~ 
ri1J.j{!l'W~1 n~1!lm!l m ~ 1 'WmrLn ~ 1"),)1~ L~£J~ ~1 n L "Ji'Wrl'W "1 n LL 'W,) fi ~ 1 'Wn 1ru1 L~'W!l nr!l1J~1'W 

mr~Ll")n:;\fm1~!1f!l~mr'jJ!l~~1'W~{£J [12] ~11 "" L~'WC1~mrU1 nr!lU~1'W~11-n~1'Wri1Jt)~ ~nr 

L(;luii mrU1 LL1JU~1~!l~~1!l LLc.J'W1l1Yl [;\1~1 ~~ LtI'Wfl ')'Wtlr:;n!l1J~ 1~1~1'W i')~ rl'W ":h 1 ""t)~ ~ nr 

~1~1r()U1 nrt)1J~1'W'ltI1-n L~T.l1 ""1Jrr~ Li.h~~1U'1J!l~!l~ ~ nr'l~ fl,)'WLL 'W,) fi ~ mr~~1~ nrruYl~~!l1J • 
~ . 

'!l~~1'W~{£J [5] LL~:; [7] t!'WLL~~~1""L~'WC1~mr~"1rru1LLc.J'W1l1Yl~L(;1YlLL~'1I:n'W L~£Jmr~"1rn.n 
..J tl.J .J. ." 0..... I'" 0 .... 

Yl mn ~£J'W~ m'W:;'li~~ 1"),)1~~1 I") '1J (;1t)Yl ~ (;1 n rr~ m rYl1~1'W'1J!l~,) (;1 ~ 

..... ~ ... ... r~4C" oQ.J ~ 0 ..... _ .. 

~~ 'W'W~ 1'W,)Yl U 1 't.tYi'Wfi'W"~ ~ LL 'W,) I") ~Yl ":;1'\ n1:t1 n r!lU~1'W ~ 1 ~ ru n 1 rr:;u LL~:;,) Ll")r1:;~ • 
1"),)1~ L~ £J~'1Jt)~ LL1JU~1 ~!l~ L;~Yl~ nri'W L~u1.j{Yl ~ ~ nrr~'1J!l~') (;1 ~ ~~ c.J ~~'l~,,:;~ nU1 Ltl1-rL 'Wm r 
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~ (1I~t.! 1"'l LL~:::4' (11 n 11rl1J F1'l1~ L~ m L(1ItI Li~"'l1 n n11oW1 F1'l1 ~ ~'il~ n11~1 'il'il n LL1J1J LUt.!LLCJt.!Jl1Y1 

fJ~LFI~ (Use Case Diagram) ~~ LUt.!LL1J1J~1~'il~ L;~~~nit.!.yh 1 ~'L~t.!n~~~ nit.!~1t.!'jJ'il~1:::1J1J 
~ ~ 

"'l1 nut.!~~oW1~~ nit.!~1t.!ut.!hJ'il'il nLL1J1J LUt.!LLCJt.!Jl1Y1 F1~1 ~ (Class Diagram) LLCJt.!Jl1Y1~1 ~1J 

.!' ..I .... X 0" .oj ..1 % 't" ..1 't 1.1..1 
L~t.!Vl1~Vl'il1"'l Ln (1I"JIt.!"'l1 nn1n'l1~1t.! ~ t.!LLCJt.!Jl1Y1~ L~Vl LLW1i"lft.! 'jI~t1~ Ln ~ (1I"'l1nL~'ilt.! '1n11L ~tlt.! 

........... ..1% ... ..1 1.1" 
M11t.!:::1Jt.!LL Vl1t.!"If"lft.!~1~LL t.!'l FI (11 [5] Vl'il1rltll!l~ n n11Vl F11'il1JFI~~ 1:::YI"'lt.! (Full-predicate 

Coverage Level) 1t.!n11l!11Fl1F1,)1~"'l1~ (Truth Value) "JI'il~~1m:::"JI'il~tl1:::YI"'lU (Predicate 
~ , 

Logic) "'l1nut.!"'l:::~1~1Hl fi1t.!')nJl!I1 Fl')1~t.i1"'l:::LUt.!"'l1n Fl1 F1'l1~"'l1~Vl.yh 1 ~ L~t.!Vl1~ n1n;1~1t.! 

1 t.!~ L~VlLL~"If;t.!hj LUt.!'ttl ~1~~ F1'l1"'l:::LUt.! ~~ n11~mi111"'l4'tI Fl')1~ L~ tI~'jJ'il~1' ~Cl1 t.!~ minJ:::;l"'l::: • 
o '" ~ .. ~.J - J' 't '" ,. ~ J' .J't " .... .. Vl11 l!I~1~11m LFl11:::l!IFI'l1~ L~tI~Vl'il1"'l Lnc;)"JIt.! (1I~~1J1nJ~1 ntl~"lJt.! LL~:;CJ~Vl (1I"'l1n n11'l LFln:::l!I .. 

, ~ 

F1'l1~ L~tI~n"'l:::Cl noW1 'ttl~"'l11nJ11t.!1:::~1J"JI'il~;t.!t.!11L'il (Scenario) LL~:;1 t.!1:::~1J~~nit.!~1t.!'jJ'il~ .. 

1} L ~'iloW1 L~t.!'ilm'il1J~1t.!~ 1l!111J n11tl1:::Lnt.!FI')1~ L~tI~'lh~ n111 LFln:::\fLL~:::'il'iln LL1J1J 

1:::1J1J L(1Itln111:::1JLL~:::1LFl11:::\f~~1~L~tI~'jJ'il~YI~~m1~'jJ'il~1'~~ LL~:::YI~~m1~n11tl~i~~t.!fi 
(Interaction) 1:::l!I~1~1'~Cl • 

2} ~ ~ t.! 1 LFli'il~ij 'il~-n'l tl1 t.!n 111 LFI n:::\f F1'l1~ L~ tI~ 1 t.! 1::: ~1J~ Cl111 ~tI m1~ L ~ 'il 
... ...~" ...... ../ ..I_X" ...... ..I "" 

~t.!1J~'4t.!n11~(1I~t.! ~"'l LL~:::"'l(1ln11n1JFI'l1~L~mVlLn(1l"JIt.! ~t.!1:;(1I1J'l~~ m~VlL~t.!'il ~t.!"JI'il 1} 

1} LLCJt.!Jl1Y1fJLi1~LL'il~ (Unified Modeling Language: UML) ~oW1~1~"'l11nJ1"'l::: 

tl1:::n'il1J~'ltl LLCJt.!Jl1Y1t1~ LFI~ LLCJt.!Jl1Y1 F1~1~ LLCJt.!Jl1Y1~1 ~1J LL~:::LLCJt.!Jl1Y1~ L~VlLL~"If;t.! ~~n11 .. 
~ 

.- II '" G' I 
'il'ilnLL1J1JLLCJ\.!Jl1Y1t.!"'l:::~'il~ ~ n~'il~ ~1~niJ"JI'il~~ L'il~LL'il~ tt.! 2.0 

_ ...IX ,... ~ ..I....... ..I 
2} "'l:::YI"'l11nJ1 F1~1~Vl"JIt.!'iltJ n1J~ Cl1t.!::: (State-dependent) Lut.!F1~1~Vl~YI~ ~n11~Vl 

", ..I.... X ..1 X , ... ....I..."" 0 "" ....... 
l!I~1 nl!l~1t1 ~ t.!LL~~:::~ Cl1t.!:::Vl Ln (1I'jJt.! 'jI~"JI t.!'il~ n1J L l!I [;J n11nJVl11J L 'jJ 1~1 LL~'lVl1 ~ l!I LL Vl1t.!'jI"JIt.!"JI'il~ 

~Cl1t.!:::Ln(1ln11Ltl~tlt.!LLtl~~ 



r.,L~Ut-~f1.LN,,!;'\tLUf1.}yt-~I1L~ f1.~U.I1"lA~H~M.LLm~";:~" I1~L~ 

M.LLmtm t.3L~~M.LlJf1.~'ml1"UBB;:~"t.3~'t.3llM.LLmm1t\~f1.Lt-f1.1-yt-~;:~~"j\;:Lt~'~ (£ 

f1.u.U.I1"lA~1t.3M.LLm~1';:~" I1~L~M.LlJf1.~" t.3L~~M.LLm~11 t.3~1t.3llM.LlJf1.~" ~ ~ 0 

!J"~tt-~ ~Jf1.M.t}LlllA~f1.U~~~B1111!r11lM.LLm~11t-Brr.~1l!!1;:~IlLtj\;:Lt~1~;:~11t".qU~ (G 

t-1l~mLr.,~Il}!!.~;:~1' t-1l~mLr.,~g~UIAt".qU~ (~ 

IiM,!.LUn.n1L~!.LUg~~tt"n.@,~n.rr. V· ~ ,.... ... 0 tIP..... ". ~ 

I1I1;:t G IlBttt-LflB f1.Lt-L!;'\tLUI1I1;:tt-LflBr.,~tyW~~ (8 

!!.~f1.~~~tLU 

f1. ~1lr.,!f.BM.' f1.rr.~ U';:!!.!!.LBIAt-Il~mLr.,~ k1.;:Lt~' r.,;:~" ru r.,f1.L~l1tk1.Lt.3BI1t-Bt~' Lf1.tM M. (L F' ,f ~ r' F ., ~ 0.... 0 IP' F' ..... 
• .!t !!.M.;:tf1I1~~ I1Bt~ I1I11,tLU U ~k1.H 1l~1 f1.~u.I11' IA~' t.3t-BII.~jLU II. t f1.B~1t\ l..f1.!!.M.;:tf1U L!!. 

L rut L!!.t1 t-~ .!t !!.M.;:tf1t-BU-E,!!.11 L r.,~ L\!'f1.r.,f1.L ~ t-Brr.f1.L~ f1.~~ ~;:!!. f1.~I1.I1" lA~' t.3 M.LlJf1.~'1t\ ~ f1.L t-L!;'\ 
, ~ 

t LU t-L lAf1.~' t-B II.L f1.llt Ltf1 t-~f1t~J M.~ ~ ~ t-B 1I.f1.[J';: !!.Lj111 L r.,~ L\!,ru r.,f1.L!;f t LU 11~ k1.L ~ (9 

• • f1.11UIl"LrutLbt1tLUI1~k1.L~~~B~' ~t.3f1.~~!!.t-9 
, ~ 

• f1tf1.Jt! 11~1~!!.U L!!.f1.Lt-L!;'\tLU t-Brr.t-LlAf1.~1;: ~~11 t-BII.f1.~11.11'1lA~1 t.3M.LlJf1.~1ml11' U BBt-BJt!;:b t-LlAf1.~1 

•• • Il L~k1.f1.L t-L!;'\t LU t-BII.t-LlAf1.~1 !:E~~f1.~I1.I1" lA~' t.3M.LlJf1.~" U Lk1. ~ t.3f1. ~~ bt-9f1t f1.Jt! 11-E,' ~!!.U L!!.I1I11' 
~ , 

t-Uk1.t-1l~1f1.Lt-L!;'\tLUt-BII.t-LlAf1.~'!:Et-BJt!;:!!.LrutL!!.t1LI1L~~f1.~U.I1"lA~'t.3M.LlJf1.~" ~ , , 
no 

11~';:f1.Lll t.3f.1L 11.1;: bf1.L t-LlAt LUf1.tJ. btt.31 BI1' ;:f1.Lll t.3U Bf1.IlLLmIl.LlA;:t UtLU ~ U1 r.,~11 
... 1"" o.f .. I'" ,ro ... " 

f1.~;:tU LI1LJr 1 L~1..rutLU ~ k1. 1 ~Bp' ~f1.}~f1.tlA '1t\[J1 (uO!l!SU8Jl lias) t-B' r.,~I111f1.1-!:f1.tlA 1';:~11 t-?k1. 

;:f1.Lllt.3U Bf1.n1 t-f1.k1.;:f1.Lll t.3U L!!.f1.Il~n'tL·U ~ U, k1.' LlAlArutLU~ k1. 1 11 lAf1.11. Lf1.tlA ,1t\n, t-L (UO!1ISU8J 1 ~ ID I'" 1"'1" -,," 0 1"'--.... 1'" ~.. ID I'" . 

a1Q8u3) f1.}!:f1.tlA"~G1Lf1.f1.B1I1mm[J'~f1.1-~f1.tlA"LrutL!!.t1;:~1' f1.,!\L!A' (lON) ~Bf1. ;:~1' 
, ~ 

(tJO) jBB (ONV) J1f1.B1' B~ 11m, £ ;:Utt~t-LlAtLUf1.t}'L~r.,~rlr.,Jt'I1BU;:tf1~ (uO!l!pu08 PJ8n8) , 
• ~jLU IT. tf1.B~1 I1m'JUtLU ~ k1., LrutL!!.t1 t-9!}U L!!.U 1;f1. f1.,!\L!A'!!'~ 1 1;f,k1.t--E,bf1.[J1.!tbM.;:tf1t-I;IT.L\!, 

, ~ ~ 

111l~' ;:f1.Lllt.3f1.ll~n1tLU~U1k1.' LlAlArutLU~k1.1t\n't-1J, (luaA3 a5U848) lAf1.r.,1Bbl1.ml11,rutLU~k1.' .... ~ 1"'1 " ... ,," 0 1"'__ ID I'" --.... ~ --

Il r., ~ 11 I; U;:t n IA M. L lJf1. ~'m n, t-B~;: b L rut L bM. L 11 L f1. lA f1.11.11.11" lA ~1 t.3 M. L lJf1. ~'1 (v " 1"1'" ID" ... 01"' .... 

(a181S 1UaJJn:::>u08) f1.Ul1l;tM.f1.Lt-LlAtLUI1IA;:f1.Lllt.3 
~" 0 ~I'" 

no 
L rut L!!. t1f1t;: !!.!}Jf1.M.t}L 1l1A~ f1.L t-11~ k1.L ~ L ~ I1Ug;:f1.LU t.3 f1.Bts k1.1t\ L t-L!;'\t L U!:S Il ~1 fl 1;11 r.,t;:f1.L II t.3 

~ 

LIlL~k1.f1.' IlLlJIlBIl;:f1.Lllt.3llr.,ltII1BU;:tnlA;:f1.Lllt.3 B~ I1I;U;:tn;:f1.Lllt.3t-1J, (a181S al!sodw08) 
" , " 1"1'" p I" I'" 

I1I;U;:tf1;:f1.Lllt.3l1l1";:~" LltIl1ttg;:f1.Lllt.3l1l1"f1.[J'~f1.~I1.I1"lA~'t.3M.LlJf1.~"f1.~ ;:f1.Lllt.3 

rlr.,~f1111I;U;:tf1;:bLrutL!!.t1LI1L~~f1.~I1.I1"lA~1t.3M.LlJf1.~";:~,,t.3L~~M.LlJf1.~" (£ 

v 
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4) vh n111::;1.J LLfi::;";) LFl11::;\f Fl'l1tJ L~U~~tl1'"l'"l::;Ln ln~tJ LlnuYi'"l11nJ1U'"l4'u j;h~1 ~~ 
... 

ntJn11(;]tlLUU 
, 

(1) Yi'"l11nJ1n11~~~tlFl'l1tJntJ1::;~~1~<)(;I~ ltJLLtJtJJ11Y'1~1~U ;~LL~ In~Y'I~ ~n11tJ 

n11uljitJ~tJfi"lltl~<)(;I~ 

(2) Yi'"l11nJ 1 tJ fi ~Y'I fi~hJ~~u 1::;~~ f'1"lltl~ L~ tJVl1~ LlnU ~'"l1 nL1tltJL"ll n11LU~ UtJ 
, 

..::tt..... _.....- ..... 

~ tl1tJ::;UtJLL Vl1tJ'li"l!tJ"lltl~ LLtJtJJ11Y'1 ~ L(;IVl LLtJ"i!"i!tJ 'li~ LL~ In~ ()~Y'I ~ (;I m1tJ"lltl~'l (;I ~ 

5) t'l11~ m'tlU~1tJ~1~1Un11";) LFl11::;\f Fl'l1tJ L~m"lltl~ LLUU~1fitl~ L;~Yl~nitJ'"l1 n 

Y'I ~ ~ n 11tJ"lltl~<) (;I ~ 

6) tltl nLLUU LLfi::;~ WJ tJ 1 LFl~tl~ i1tl L ~ tlt'lU Ut'l tJtJ n 11";) LFl11::;\f Fl'l1tJ L~ m 1 tJ1::; ~ U , 

~tl1U(;IUn11tJ 

7) t'l1UtJfin11";)4'U LLfid'tlLt'ltJtlLLtJ::; , 
..... 0.. __ ... 

8) '"llnVl1'lVltl1tJY'ltJfi 

1.5 1.h~L!J'iit1v1fl1(;l-l1'"1::1~~t1 

1 ) L~nffiU~1tJ~1~1Un11U1::;LijtJFl'l1tJ L~U~ 1 tJ"1h~"lltl~ n11";) LFl11::;\fLLfi ::;tltln LLUUL ~'tl 

-rl'lul tJn11(;] ln~tJl'"l LLfi::;4' In n11nU Fl'l1tJ L~U~~tl1'"l'"l::;Ln ln~tJ ~~'"l::;-rl'lU fi In rJItJVltJ L'lfi1 LLfi::;L ~ tJ , 

~ ruI11Y'1"lltl~ n 1::;U'ltJn11~ WJtJ 1'litlYl (;]LL'lf 

2) L~~(;I1~1~1Un11~1tJ'lnJFl'l1tJL~m"lltl~<)(;I() ~Yi'"l11ru1Fl'l1tJL~m'"l1ndtltJL"lln11 .. , 
.loJ .., 

LufiUtJt'l ()1tJ::;"lltl~'l (;I() , 

3) lJ1 LFl~tl~ i1tl L ~tl-rl'lUt'lUU t'ltJtJn11";) LFl 11::;\f Fl'l1 tJ L~m 1 tJ-rl'l~ n11";) LFl11 ::;\fLLfi::; , 
, ... 

tltl n LLUU ;~ LtJtJ"1h~ n 11~ LFln::;\fLLfi ::;tltl n LLUU1::;UU LLfi::;-rl'lU fi lnitJ(;ItltJn 11vh~1w~I'l U 



... 
'U'VI'VI 2 

h!n11~4'tJ ~4'tJ1~~m~t1Ylq~nLL£'l:;~1tJ~4'tJ~L~tJ'l;rt)~~1~fUn11~4'tJ L~tJYlq~nLL£'l:; 
~1tJ~4'tJ(;h~1 ~~4'tJ~n1i1 iJ~~t;jt)1tld 

2.1 

~ J'.., 4Q..... l.-cIIo .... ' 't II,,!! .., ,~ o !"I'" q '" .-
~ tJLUt)~ (;ltJ'1It)~ n11'l'"l tJ C-J'l'"l tJ ~V'l f"1 n1i1 LL£'l 'l~U'l1~ FI'l1~'"l1 L utJ(;lt)~ L1tJtJ1LL tJ'l FI ~ LL£'l:; 

~ ~ 

Yl q1in t;j1~1 L ~t)tl1~1tl1:;t.J n (;]1-if1. tJn11~ LFl11:;\f Fl'l1~ L~ tJ~'t)~ LLUU~ 1£'lt)~ L;~Yf~ nitJ LV'ltJiJ 

2.1 .1 n1~'U~~1~Fl'l1~Litl~ (Risk Management) 

FI'l1~L~tJ~ [2 , 1 0] ~~1tJ~~ FI'l1~1l1'"l:;LiJtJ~'"l:;LnV'lFl'l1~~ '1!L~tJ FI'l1~L~tJ~1tJ 

~1t)n11U1V'lL~U ~11~·bJ~1~11(1U11~~~1'(;l~tl1:;~~rr'1lt)~t)~rrm1~ ;~LiJtJ~~nn11~tJJ1tJ"1It)~ 
n11u1~11Fl'l1~ L~tJ-:l U1~ FI¥~Fl'l1~ L~tJ~t)1'"l(1nL1-tJn~1 C-J£'l n1:;YlU FI'l1~ L~tJ~ (Risk Impact) .. 

RF = P(UD)· L(UD) 

LV'ltJ RF f1t) t1'"l4'tJFI'l1~L~tJ~ 
... ,~ .. .., .. .Jl'''' tl P(UD) FIt) FI'l1~tJ1'"l:;LutJ (Probability) '1It)-:ln11LnV'lC-J£'l£'l~fiYl ~~~ 111(1tJ1 

(Unsatisfactory Outcome: UO) 

L(UD) ~t) FI'l1~ L~tJ~1tJ (Loss) ~'"l :;1~luL~t) Ln V'l C-J£'l~~fi~hl~~tl111(1tJ1 

..j.,J .. J' tl ~... .J.. J' " 
FI'l1~ L~tJ-:lYlt)1'"l'"l :;Ln V'l'!ltJ LL£'l:;n11 1:;~1 ruFl'l1~ L~tJ~1tJ ~1t) C-J£'l m:;YlUYl'"l:;Ln ~'!ItJj;]1~~1 m 

m~n11ru~~ n~1'lt!tJLn ~;tJ ~-:l.,r~ ~t)~t1'"l4'tJd'"l:;'lI'ltJ 1 tJn11r;i V'l~tJ 1 '"l1 tJn114' ~M1Yl f~tJ1 n1 ~1t) 
!"t."1.J .. J' 1'" .. .Jl ,,,, tl .. J' ... ..,::. ... 

n11LLn ~'!Iu'1!~1Ylt)1'"l'"l:;Ln~'1ItJ V'lnt)tJL~~n11ruYl ~~~ 111(1tJ1'"l:;LnV'l'!ltJ'"lN ~~tJtJ'"l1ntJtJ1~ 

% ~ " , ...J. ... ~ ~tl~ ".J ... J' ~ , ... .. 'I 
'"l:;l'1~Lnj;] ~~'l1 m~n11ru'jj~~Fl'l1~LutJ ~ ~V'lYl'"l:;LnV'l'!ltJ(;l1LL(;l~C-J£'lm:;YlU~1n nm.,.,:;~n~tJ~., 
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'I !AI ' .. .JeI~'" X ,~ ,eI ... eI " 
~kln1~LLn ~"IIl-J1nnrn m(;1n1nUVll-J ~tln1fHnj;l"llkl~~LL(;1 ~l-Jl-Jr.J~n~:;VlU~~tll-Jr.J~m:;VlUkltltll-J1n 91..1 

• v 

''I ... ..1 ... ~" 
tlfJ ~kI~:;j;lUVltl'fll-J~U ~j;l 

~1~fULrlNn1~~iJ~\~m;rtl~~~1n~~1t1 L'llkl ~nFh ~"t1(;J.Jkl1 ~-D ~U1Nfm~1 
" " " ""--

Lil1..I~kI 9:;iJn1~~91~ru1r.J~~Vifi"ll'fl~ L~(;1n1~nr~'W~~tJ~1~nkl1~ (;]1~ rlkl'fl'fln 1tJ (;11l-Jl-Jl-Jl-J'fl~ LL~:; • • 
.'1 " ..I " , 
Lu1~l-J1t1"11'fl~ ~ Lntl')"II'fl~ LL(;1~ :;1.Jrl rl ~ 

~~,rkl n1~U1~1~rl')1l-JL~m ~l-J1t1~~ n1m~:;vi1~-;tln1~tJD~ L~tl~9:;4'j;ln1~ 
.... ,J,J .. J'.c ,,~ .... .,~ 
nUrl,)1l-JL~t1~Vltl199:;Lnj;l"llkl ~~tJ~:;ntlUj;l')t1 2 "llkI(;1tlkl~~n j;l~kI 

~ ~ .... .J.J 11 .... 

1) n1~tJ~:;Lnklrl,)1l-J L~t1~ (Risk Assessment) LilkI"IIkI(;1tlkl~~ nVl Lnm"lltl~nu 

ntln1~ (;]tl1tJn 

(1) n1~~:;Url,)1l-JL~t1~ (Risk Identification) Lilkln1~~:;Url,)1l-JL~t1~~tl199:; • • 
... X ... ~ oJ ... ..1..1"... d::. ....... eI. 

Ln j;l"llklnu ~rlN m~ ~~ LVI rlklrlVl Lntl,)"IItl~ numn:;1.J rl,)1l-J Lt'itl~klkl9:;~,) l-J n~ m~Vl1ut1J"l!~1~,)9 

(Checklist) n1~LmtiULYitiUrlUtJ~:;~Un1~nr LL~:;n1~LLtlntltlmilkl~,)kltl'fltl (Decomposition) 

(2) m~~Lrln:;\frl,)1l-JL~t1~ (Risk Analysis) Lilkln1~tJ~:;Lnklrl,)1l-J"h9:;Lil1..I 
~.J ... X ,..I .J~" ~ " oJ .....1..1" 

"IItl~n1~~ t1J Lt'itlVl9:;Lnj;l"jJkI LL~:;rl,)1l-JtklLLN"IItl~ LL(;1~:;rl,)1l-J L~t1~VI ~c;)~:;1.J ~ ') ~~ LVI rlklrlVl Lntl')"jJ'a~ 

rlU n1~~ Lrln:;\f rl,)1l-J L~m9 :;~,)l-J~~ LLUU~1~tl~n1~tJDu~~1k1 (Performance Model) 

LLUU~1~'a~~klVlkI (Cost Model) n1~~Lrl~1:;~1rlN,]1t1 (Network Analysis) m~~Lrln:;\fn1~ • 
~j;l~kl19V11~~t1~ (Statistical Decision Analysis) LL~:;n1~~Lrl~1:;\ftf94'm;~~ruJ11Vi (Quality­

factor Analysis) L'llkl rl,)1l-JthL~'fl~'a ~Jl1ViVi1'fll-JH~1k1 LL~:;rl,)1l-JJklrl~ LilkI~kI 

(3) n1~4'j;l~1~Url,)1l-J~1~t1J"IItl~rl,)1l-JL~t1~ (Risk Prioritization) Lilklm~ 

4' j;l~ 1 ~U"jJtl~ rl,) 1l-J~1 ~ t1J"jJtl~ rl,) 1l-J L~t1~~1~iJn1 ~~ m:;1.J LL~:;~ Lrl n:;~lrl LL~,) ;~ LVI rlilrl~ 

L~m;rtl~rlUn1~~1~Url,)1l-J~1~t1J"IItl~rl,)1l-JL~m9:;~(m~~ m~~Lrl~1:;\f~,)kI~nrl')1l-JL~t1~ LL~:; 

n1 ~~ Lrl~1:;\f r.J~ n ~:;VlU"IItl~ n1~~ j;l rl,)1l-J L~ t1~ 

2) n1~rl,)Urll-Jrl,)1l-JL~t1~ (Risk Control) Lilklikl(;1tlkl~~n~L~m;rtl~rluntln1~ • 

(1) m~,)1~LLr.Jkln1~U1~1~rl,)1l-JL~t1~ (Risk Management Planning) LilkI 

m:;u,)kln1~"IItl~ n1~"t1 (;J.Jkl1 LL~:;m~vi1 Ltln~1~(;]1~1 ,htl4' j;l L(;11t1l-JL klm~~:;1.J~1t1 n1~rl,)1l-J L~t1~ 

;~ LVI rlilrl~ L~t1');rtl~ rlU m~'l1~ LLr.Jklm~u1~1 ~rl'l1l-J L~t1~9 :;~,)l-J~~ n1~vi1Ut1Jijj ~1~,)9"11tl~ 

LVI rlUrlm ~LLti n rl'l1l-J L~t1~ m ~~ Lrln:;\f r.J~tJ~:;LtI"l!ULL~ :;~klYJkI LL~:;l-J1 (;1~S1k1LFh Lm~ LL~:; 

ltJLLUUn1~,)1~LLr.Jkln1~U1~1~rl'l1l-JL~m 

(2) n1HLtlnrl'l1l-JL~t1~ (Risk Resolution) Lilkln1~~11~~rl1k1m~~~ 
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n1~Yh~lJLLUU (Prototype) n'W~I~'il~ (Simulation) n1~t)~LmUULYlUUfll-J~~t1lJ::; (Benchmark) 
, , , 

.oc:Irt. .. s,.oCIII II ...,.oC:lIQ t; 

n1~(HI"l~I::;~J11~::;~lJIYl (Mission Analysis) LL~::;'!I'ill;]n~~'!I'il~l.Jl"ll"l~~~nYlLnm'!l'il~ 

(3) n1~I;]~'l"fl'ilUI"l'lIl-JL~U~ (Risk Monitoring) LUlJn~::;U'llJnl~~l?iI;]Il-J 

1"l'l1l-J n l'lmJ ILlJnl ~LLm '!I LL~ ::;lh::;Li3lJn l~m::;Yh n1 nLm '!I1"l'l 1l-J L~ u~mj 1~ L ~l-J1 ::;fll-J'!I'il~ 

LI"lN n1~ ;~ L Yll"ltjl"l~ L~U'l;r'il~ nUn111;J1'l" fl'ilU 1"l'l1l-J L~U~"::;~'ll-Jt1~ "ll'l~ L'l~ ILlJn1~~ l?i1;]1l-J 

... ... .J .J 0 'I ' %. I r , d d.J 'I 
1"l'l1l-Jn1'l~lJl LL~::;nUn111"l'l1l-JLfW~YlClnYlI ~lJLLI;]~::;'Ciul?il~ LLI;]~::;L"''illJ ~1'il"1I'l~L'l~1 ~lJn1~ 

v 

2.1.2 n'i'elunu (Framework) 

m'ilU~llJ I;]Il-JVi"lJl'ln~l-J'il'illJ1~tf [19] 1~,x~I~ln~I"l'lIl-JH~1 LUlJLI"lNfl~l~ 
..J ....., I '" .: 0..., '.J", ",.4 

Yl ~ n'il'il n LLUU L Vi'ilfllJUfl'llJUI~ ~~ L~U LI"lN fl11~" ::;LUlJVilJ SllJ ~ 1~~U~~YlI;]'il~ n 11~ 11~ ~1'il LUlJ 

m'ilu~1'il LI"l Nfl ~1~~u~::;n'ilu~'lm'hlJ~ Cl n ril~lJ"'LL~::;Cl nYiI~llJi'll-Jn'U ~ 1'il LUlJn11Yi 1~I'ULlJ 
v .. 

I • I II 

LL lJ'l ~ "''!I'il~ n~l-J LUmml-JU~::;u n ~Yl i l-J~lJ finlJ LlJ Ll?i Ll-JlJ~il~ ;~ LL lJ'l 1"l'l1l-J ~ ",Uflll-J 1 ~mJIl-J1 • • " , 
fl~l~ LUlJLUnLml-JU 1::;U n ~L:n~ ~ufinl-J1~ ~'l U n 1'ilU~llJU~W Iij,JlJ 1 hI ~'il~ L~l-J il~ n11L;UlJ 

• v .. 

4' l?i LI;]1ul-J~fin I~LLnu '1!~1 ~1~ fu Ll?i Ll-J'UU '1!~1 LL~ ::;~fin1~ufuu~~ n ~::;U'llJn IHLnu '1!~I~~~lJ 
~1~1 m'ilU~llJ Cl n L-n'ilrh~l-Jln LlJ~P\'l n11l-J'1I'ilrl~LL'lf Ll?iU L~ViI::;nUn11~ Ll"ln::;tfLL~::;'il'ilnLLUU .. , , 
_....... .- ..... Q.Q .. G' QoCIII 

L'1I~'lI;]Cl '1I~m'ilU~llJL'1I~'ll;]mLmfll?iYlClnVi"I~rul I"l'il L'ill-J'l'1l (Model View Controller: MVC) 
~ .. .. .-

Ll?iUtjUIl-J'!I'il~ m'ilU~llJL:n~t) I;] t1 ~'il m'ilU~llJLUlJL'1II;]'!I'il~ 1"l~lfl;~~'lU~'ll-J n11'il'il nLLUUL:n~ • 

lJll-Jfi~~l-J~I~fu~finI1LLnU'1!~I~i1trn1;'ru::;I"l~IUnlJ 

LlJn1~~lij,JlJl'11'ilrl~LL'lf [21] n~'il\NllJ ~'il LI"lNfl~I~~,rUfl'llJ~~nril~'U",H 

~1~fu Lm~ n11~ Iij,JlJl'11'ilrl ~LL'l~~flll-J11Cl Cl n~11uL i LL~::;~ Iij,JlJ11~ m'ilU~llJ'il1"" ::;~'ll-J t1~ .. 
LU1LLml-Jfl,rU~'llJ 1~un1nrfl~li~ (Code Library) J111;'IUYl~li~ (Scripting Language) 

d •• 1 r r.,J .J .J"' .,J, "' ~ r , 'I ~ "' 
~1'il'1l'iln I;] LL'l~'illJ1 Yl"lI'lUVi Iij,JlJ 1 LL~::; L '1I'ill-J I;]'il nlJ'!I'il~ I"l'ill-J ~ Vi L lJlJl;] 1;]1~1 ~ lJ ~I"lN n1~Vi 1ij,J'U1 

'1I'ilrl~LL'lf 

"1 ntjml-Jj;J1~1 '!I'il~ n~'ilu~llJ~1~n~I'll-J1 m'ilU~llJiJtjml-J~ LLI;] n j;J1~ rllJ'il'iln 11J 

~lJ'il~nUn1~~lm'ilU~llJ1uHYlI~~llJL'" ~1'il L"'Ll-JlJLl?i ~1~fU~llJ~YlUltjVilJfi~uu~n~'ilU~llJ 
d d ~ ... .J. I .....J. I ,.J 0 'I ...... 0 

"::;~l-JIUt1~ m'ilU~~'il ~I"lN~n~Ylu~::;n'ilU~'lU'Ci'l'Uu1::;n'ilum~1 Yl~nn1~lJl?i ~~l-Jn11YlI~llJ 
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" , 
i'l ~ n'W LC;)U LL[;] ~ :::~'l 'W lh:::n'ilU"l :::Sji'W~~'W~1~ m:::U'l'Wn1 ~"'Wn 1 n11'11'W L Yi~" ~ U~~~ n 'I • 

~ ~- ~-fHU'lf~t1 J;J".I.I'el,m~'eltl~1U'VI~ n1~'el'£ln Uti tI 'VI J;J [15] 
• 

1) m~U'I1'WLtl'WYi ~ ~n~~~'n~'1~'l'Wtl~:::n'ilu [;]1'11 ~4' c;) L~1u~ n1nj1n~u~1"-if 

"~ll" 'W~ 'l'W'n~'1 n1 ~~ LFln:::lf n1~~~ nLLUU LL~:::"l! c;) ~1i'l ;'1 n ~~ U'I1'W~~'1 Sj Fl'l1~ fWU~ru . " 
(Complete) ~1~1~(1uc;)mj'Wt~ (Flexible) ~1~1~(1"llmut~ (Extensible) LL~:::~1~1~m-if1""lt~ • 
~1U (Understandable) 

.,J .... &II .... 'j' ".,J .... .J .... ../.,J "J',,' 
2) m'ilU'I1'WYl~'il nLLUU c;)~~~~ ~FlN ~ n'lYl c;) L~'il~ ¥"I'l'WYl (1 n~ n'l'1l'W ~~ LL~::: 

" 
~'il'l n1~"l:::L~~ L'1 ttl ~'l'W~ L~~ L'1 ttl'"l:::~1~1~(1tl~:::n~un'WLC;)USj CJ~ nr:::YlunU~'l'Wtl~:::n~u 

3) m~U'I1 'W"l :::ri1m,lC;) Ltl'WLLuu41 ~'il'l~ ~~ ~'W1 ~'il'l,j1 ttl" -if~th'l L ~~1:::~~ 
" 

~ oJ'::.- .- ... 
L Yi~Yl"l:::L Yi~ CJ~ CJ~ ~ LL~ :::tl~:::~Yl fiJl1Yi'1l~'1 n1 ~Yi ~'W1 

4) m'ilU'I1'W" 'Wn1 ~~~1'1 Ltl~LLm~tl~:::u n ~"l1 n Fl'il~ L YiL 'W'W~~Sj~tl ~~'11.-if41'W'l'W . " 
'lI'il'l Fl'il~ L Yi L 'W'W~1 ~U'ilU LL~ :::L~ u'W~1i'l" ~u~U Lyh~ Ltl'W ttltrn 

5) m'ilU'I1'WlJ n"l:::SjUYlUTVI" 'Wn1~Yi"l1n1.!1 LFlN~~1'1 Lc;)m'l~ LL~:::n1~t~~'1I'il'l 

n1~Fl'lUFl~"'WLtl~LLm~ • 

6) n~'ilU'I1'W~~ "l:::~fiU1U"l!ilC;)'1I~'1~'l'Wtl~:::n~U~~1 ~ 'Y LL~:::4'c;) L~1u~ ~1 f1Yil1 

~1~fu n1 ~Yi c;) flU L~ m nuu ru~1 L ~~~"l:::'ilfiU1U~:::UU~ ~~'1 n1~~ ~1'1 ttl" 'WYi PlYl1'1 L~m n'W " . ~ 

," 
LL 'W'l Yl 1'1" 'Wn1 ~41 LL 'Wn n~'ilU'I1'WSj~~1U~ nhru::: "'WVi,h :::mh'l n'l n1~~1LL 'Wn 

" tl~:::LJlYl'1l~'1n~~U'I1'\JLtl'W 3 ~nhru::: ~'1[;]~ttli1 
, " 

1) m~41LL'Wnm~U'I1'Wm~'n~UL'n~LL~:::~U1Vi [14] Sjn:mLU'ltl~:::LJlYl ~'1i1 

(1) n~'ilU'I1'WLtlHLn~~tl~:::~n ~ (Application Framework) ~uu~~'\Jm~ 

~ ~'\J1 Ltl~LLn~~tl~:::un ~ ~1~~'l'W'1I~'1 Ltl~LLn~~tl~:::u n ~ • • 
(2) m~U'I1'\JLC;)L~'W (Domain Framework) ~UU~~'Wn1~~~'W1~1~fu 

Ltlmn ~~ LC;) ~'\J~rt'l1 

(3) n~~U'I1'\J~UU~~'\J (Support Framework) "~u1n1~"'W~:::~U~:::UU 

L ~ij'il'\Jm H'1 n'l LL Yl~']'il~~ ~1~~UU~'W'Wn1~~1'\J'l ruLLUU m:::"l1 U " . 
, " 

2) m~~1LL'WnnffiU'I1'\J~1~"l!ilC;)'1I~'1m~iuLFl~'il'\J Sjm~LLU'Itl~:::LJlYl ~'1i1 
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(1) m''tltJ~1U~ClnitJLVlu~mi1~Um'nJ (Architecture-driven Framework) .. 

(2) n~'tltJ~1U~ClnitJLVlU;r'tllJfi (Data-driven Framework) 'tl1~U~'lU .. .. 

, ., 
U'tllJftJlJ1nVl~Vl iin1~LLtl~1.h:;LI1Yl ~~il • 

(1) m''tltJ~1uLLtJtJl'litJ'tlni (White-box Framework) m''tltJ~1UClnH1u .. 
... ~ ""'I" ..,j.J 'I" ~" 
finhru:;n1~~tJY1'tlVl ~'tl~L'tJ1 ~"n1~~n~n~'tltJ~1ULYl'tlY1":;~1lJ1~Cl ~"lln~'tltJ~1U ~j;J 

(2) m'!ltJ~1ULLtJtJLLtJ~ntJ'tlni (Black-box Framework) ~'lu1.h:;n'tltJ(;h~1 

n~~~1un1~vr~u1n~~~~1U 

n1 ~~ w.JU1 n ~'tltJ~1U ii.r ~ ~1.h:;~~ I"lL~!l~:;1.J~1~:;~1 ~ '1J LLfi:;~fin11Ldli1 '1J~1"1 n 

~1~~UtJU (Bottom-up) LVlmilJ"1nn1~~~'l"~'tltJ~fin1mni1Cl.J~1~ii'tl~ LLfi:;f'1'l1lJ~1lJ1~Cl1u 
n1~.yi11""Ltluinhru:;~'l1 ttl'tJ'tl~n1~LLni1'1J~11un1~1-ifm':;tJ'lUn1~~w.JU1m''tltJ~1'W,rn'':;LilJ 

., 
~ w.J'W1 nffitJ~1ULLtJtJ 1 'litJ'tl ni ri'tlULL~ 'l ~'tlU~ w.JU1 ttl Ltlun ~'tltJ~ 1 ULLtJtJ LLtJ ~ n tJ!l ni i 'W~'tlU 1 U 

., 0-

n1~~w.JU1m''tltJ~1ULLtl~!l'tlnLtlu 3 iU~!lu ~~il 

1) ~ Lf'111 :;\f'tJ'tltJL 'tJ ~"lI'tl~i1 Cl.J~1 L1-UUtLL U'l~ ~ LLfi :;LritJ~'ltJ~'llJ ~'l'tlth~'tJ'tl~ 
, 

ttl1LLn~lJVlt1f'tl~n1~~11~ 
_ .J 'I" ... , ... ., 

2) 'tl'tlnLLtJtJLLU'lf'1VlY1~1lJ1~m"1:;"~ ~~f'1~'tltJf'1~lJ'Vln ~'l'tlm~ LLfi:;Y1~h!J ~Un1~ 
., 

'tlfitJ1U ttl~LLn~lJ1.h:;tJ n (;]UU 

3) Y1j;J~'tltJm''tltJ~1U Lj;JuHn~'tltJ1un1~LLni1Cl.J~1~'l'tlth~ 

n~'tltJ~1U~n'tl'tlnLLtJtJL~'tl~~~lJ1U1""n1~~w.JU1'jf'tl~(;]LL'lf~1U~U Lj;JU'tl~Cl.J1~1"" 
" " ... ~. I 'I ,,- " •. 1....' .J C.J'tl'tl n LLtJ tJ LLfi:; C.J Yl w.J U 1 ~ u ~LLn ~lJ ~"ll L'l fi 1Yl" 1 ~ru 1 f'1'l1lJ ~ 'tl~ n 1 ~'tJ !l~'jf 'tl n ~ LL 'l ~lJ 1 n n 'l1Y1":; .. .. 

., , 
U'tl n" 1 n iln ~'tltJ~ 1UU~ ~ 1lJ1 ~Cl ~ n ~"1 ~ru 1 Ltlun ~:;tJ'lUn1 ~LLfi:; L Y1 f'1 L U Lfi ~V1 ~ n 1-if1 'W n1 ~ 

"."1' .J... ..." ~.,.,. " 
LLn u Cl.J~1Y1lJ f'1'l1lJ'1ltJ'1l'tlU ~j;J'tl n Vl'lU 
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2.1.3 
.., .., -- ~ 

1l1'l~"lI (;l"ll'il~ LL~~n1~/Hfl~1~'\II ~~ n~~vl'l..J (Failure Mode and Effects 

Analysis: FMEA) 
o 

111'J:;-n/;J-if'fl~LL~:;m1':JLl'lj1:;\fc.t~m:;Vlu 'VI1-'flL'flyh~lJ~L'fl [4] f)'fl m:;U'JiJ~1iJl1 

111'J:;i /;J-if'fl~ (Failure) 1 iJ1:;UU(1 n':J LI'l11:;\fL ~'flYi911CW1 c.t~i""Hf 'VI1-'fl c.t~ m:;VlU"1I'fl~111'J:;i /;J;r'fl~ 
" 

~, I"""'''' .J .. J' ..... '" <Q r 
iJiJ L iJ1:;UU LL~:;LLU~111'J:;"1I /;J"1I'fl~ 1n1lJ1:;/;JUI'l'J1lJ~iJLLNVI Ln /;J"1IiJ 111'J:;'1I ~"1I'fl~ LL~:;m1'J Ll'ln:;'VI 

c.t ~ n 1:;VlU LiliJlJ 1 In 1~1iJVl1~ n 11V1 'VI11~ ~ nufuu~~~ 1 'VI fu1·n iJ'VJ n ttl'J iJ'VI1-'fl LLc.tiJn"1l'fl~ 
n1:;Vl1'J~ n~1 L'VIlJ LLr;i111U'VIi~'VI~1U'fl~ rln1ijm1l11lJ1UfuHfnUI11U1iJ'fl~ rln1ph~1 'flth~ 

LLyd'VI~1U 

J' 1I o::~ .J ..... 
'il'fl n LLUU1:;UU LU'fl~ lniJ LL~ ::;1'l'J 19:;(1 n Vl1'J11 LlJ'fl m1'fl'fl n LLUU (1 n LU ~ UiJLLU~~ U99UiJn 11 

" " . 
I II.... .... 

':J LI'l11::;\fL 'fl~ L~lJ~ L'flI'l'J19 :;Yi911CW1l1 m1'il'il n LLUU ~~ LLr;iiiJ~iJ9iJ~~ ~ iJ~ /;Jn11'fl'fl n LLUU m1 • 
':J LI'l11:;\f 1'l'J 19::;~ n 1.if L ~'flU1:;Li1iJnU m11'l'J1lJ L~ m LL~::;n9 n 11lJ 'VJ n n9 m1lJ~ ~ nU1:; Li1iJc.t ~il'lfi 
91 n m1':J LI'l11 :;\fL 'fl~ L ~ lJ~ L'il m 19:;(1 nU1:;Li1iJLL~:;n 1'V1iJ/;J'fltl1~ L 'VIlJ 1:;~ lJ 1'JlJ ~~ mn; 1 L 'il n~11 

" ~ ~ 

'fltl1~~lJL'VIIn~lJc.t~ iiJln'iliJ1iJmm1:;Yi1L'flyh~lJ~L'il ij~~r;i'flluu • 

111U 1 'l.ILL~:;n11L~'fllJ r;i'fl n11n1'V1iJ/;J 1'l'J1lJi /;J;r'il~ m1U11tJ1U L:n~Yi~ niiJ"1I'il~1:;uu~~m19 :;1'JlJ 

m1'flfiu1U'1I'il~LLr;i~:;1111::;'VIU1~ (Mission) 1iJl'l9'll""1I'fl~Yi~niiJ~~1:;U~1iJ~9:;Yi1~1'V1fULLr;i~:; • 

o I I 

.... .lICIt. '" '" ~..cI .... , ". I ~,. 4C!I dI 
fl n~CW:;L'ill'l1:; L 'JI~ LL'J /;J ~'illJ L 'J fl1'11'fl~1111:;'VIiJ1V1V11'l1 ~'VI'J~ m1 L'JI u1:; LU'JIiJ"1I'fl~ LI'l1'il~lJ'ilLLfl:; 

Yi~ n-niJ LLfl::;;r'fllJfll11'fl'fln'1l'fl~ LLr;ifl:;11U n11 
" 
2) ~~1~U~'fln'1l'il~ LLc.tiJI111'1 L/;JULLc.tiJI111'1 L:n~Yi~ n-niJ~~ LL~ ~~n11~h L UiJm1 

1'l'J1lJilJ~iJfi1::;'VI~1~niJ LLfl:;m1~iJr;i'flniJ"''il~ L'flUVi ~ (Entity) L:n~Yi~ n-niJ~ 1'l'J19:;1~fU'VI1-'il ~ n 

" • .,J.,J.,,,.,J 
~11~~1'V1fULLr;i~:;LI'lN LLUU (Configuration) nu n11V1 LnU'J nu n111 'JI"1I'fl~1::;UU 'VJ m:;uuVI 

.... " I .J <Q.J' ~ 
3) 1:;1J'VJ nnu n 11LLfl ::;111'J:;"1I /;J'1I'fl~"1I'il~ ttl'JiJln'flU1:;~ 1iJVI'il199:;Ln /;J"1IiJVI~'VIlJ /;J 

LLfl :;n1'V1iJ/;J c.tfl n 1:;VlU'1I'fl~VI nnu n11UiJYi~ n-niJ'1I'fl~ 1::;UU LL~ :;1111:;'VIU1~ 1'l'J1m:;Yi1 • 
• 1 .Q I .., '" .., ... .J ~ J' .J 1!'1 .1 

4) u1:;LlJiJLLIn~ :;111'J:;'1I /;J"1I'il~'1I'fl~ c.t fl fll'l fiVl'fl199:;Ln ~'1IiJ'JI~ (1 n LLU~ LuiJu1:;LJ1VI 
" 



12 

.J '" A 0 J"J", ~ J 0 .... 

6) 1:;1Jn11ililmL1.11.1YI~n(;]~N ~1iln11m:;Y11illJ1 Y1(;]il,m11 LYlilYl'~:;n1r.H;U;1,)1l-J 

i~~il.:J ~1ilf1')1.1rll-Jrl,)1l-JL~m • 

7) 1:;1.1t.J~m:;Y11.1'll'il.:Jn11n1:;vh~tlntX'il.:J ~1il~m~tru:;lh:;~1'll'il.:J1:;1.11.1~lJ1 . ~ 

8) 4' ~l11 Liln~1m11~ Lrln:;\f LL~:;~ttltJ'1!~1~.:Jhj~1l-J11(1l11 h"~n tXil.:Jl~~£1 
n11'ilil n LL1.11.1 LL~ :;1:;1.1 n11fil') 1.1 fill-J L ~Yl1:; ~.:J~1 LUlJ~1~~1.1 n11~ rn f1')1l-J L~£1.:J fil,)1l-Ji rnifil.:J • • 

, 
.... '" 0 0 0.... I .... 11 ~ 

'll ~'llil.:J'llil.:Jn11ilil n LL1.11.1 n11"11 LLlJn fil,)1"1:;tl nn1~lJrn~1~11.1LL(;]~:;111,):;'ll ~'llil.:JYI tlm:;1.1 n11 
~ ~ . ., 

~1LLlJntl1:;LI1Y1 fil')1l-J1lJLLNLLU.:J LUlJ 4 tl1:;LI1Y1 ~.:J r;lillt1i1 • 
... ~ ... .,..1 ~ ,.,_ 

1) 1:;rn1.1~1£1lJ:; (Catastrophic) LlJlJfil,)1l-J'llrn'llil.:JYlm"l"l:;LlJlJ~1L~~ ~~Ln~n11 

(;]1£1 ~1ilrl,)1l-JL~£1~1£1r;lil1:;1.11.1m1fi L-rllJ il1n1f'lmlJlJn'll1l~ 1tlt1.:J Lfilia.:JU.:J LL~:;L1il LUlJtXlJ 

2) 1:;~1.1~nq (;] (Critical) LUlJfil,)1l-J~ rnYl~1rn~.:J LUlJ~1 L~ ~'ll'il.:Jn111.11rn L~1.1~ 

1lJLLN fil,)1l-J L~£1~1£1'llil.:JYI~YltJ~lJ~~1;.{ ru ~1ilf1')1l-J L~£1~1£1'llil.:J1:;1.11.1~~1;.{ ru ~.:J LUlJ~~ 1 ~ . ~ ~ 

.oj , ... 

L~£1~1£1(;]'il111m"l 

3) 1:;~1.1I"l'illJ~1.:J~nq (;] (Marginal) LUlJfil,)1l-J~rnYl~1rn~.:J'il1"1"1:;LillJ~1 L~~'llil.:J 

n111.11 ~1L'~ 1.1 L~ mJil£1 f1') 1l-J L~£1~1£1'll'il.:JYI~Yl tJ~lJ~1~~1;.{ '1! ~1il fil') 1l-J L~ £1~1 £1'll il.:J 1:;1.11.1 L Yi£1.:J 

L~ nU'il£1~.:J~.:J ~ ~ 1 ~ Ln rn n11~ 1ih~ffi rl,)1l-J L~£1~1£1'llil.:J1111n"l ~ (1 ~ tlil£1~.:J 

4) 1:;~1.1 L~ nUil£1 (Minor) fil,)1l-J~ ~Yl~1 rn~1~~1;.{ '1!1~ LillJ~1 L~~'ll'il.:J n11 

1.11~L~1.1 n1n~£1~1£1'll'il.:JYI~Yl£1"'alJ ~1iln11L~£1~1£1'll'il.:J1:;1.11.1 LLr;l"l:;n~~1lJn11ii1N~n~~"I:;hJ • 

2.1.4 '" ~L'!l~LL'!l~ (Unified Modeling Language: UML) 

fJLi)l-JLL'il~ [1, 3, 6, 13] ~'il LL1.11.1~1~il.:Jl-J1(;]1S1lJ~1-if~~nn11'ililmL1.11.1L;.:J1'(;]Q 

ltl LL 1.11.1'll il.:J1111=t1 fJ Li) l-J LLil~ "I:;n ~ '1! ~ n1=tru~~11 tl1 -if ~1 ~ ~1.1 n11il'il n LL 1.11.1 ~.:JfJ Li)l-J LLil~"I:; 

tl1:;nil1.1lt1~')mL1.11.1~1~il.:JL;.:JYf.:JnilJ (Functional Model) LL1.11.1~1~il.:J L;.:J tfilN~~1.:J (Structural 

Model) LL~:;LL1.11.1~1~'il.:JL;.:JYlq~n11l-J (Behavioral Model) LL~lJI11YlfJLi)l-JLLil~~L~mifil.:Jnm1lJ 
., , ., 

~Y1mllYllJfii1"1:;djlJmi)l-JLLil~ 1lJ 2.0 ;.:Jtl1:;n'il1.1~')mL~lJI11Yl ~.:Jr;lillt1i1 
~ . 

1) LL~lJI11YlfJ~Lfil~ (Use Case Diagram) LUlJLL1.11.1~1~il'H;.:JYf.:JnilJLL~rn.:J~.:J 

Yf.:J nilJ.:J1lJ~~ n'll il.:J 1:;1.11.1 LL~ :;'llllrn'll il~ ~ -if.:J 1lJ 1:;1.11.1~l11 n11t1B~ l-J~lJfi n1.1Yf.:J nilJ~ 1lJ'llil.:J 

1:;1.11.1 (t~mL~lJI11Yl£1~Lrl~tl1:;nil1.1~')m1n£1~l-J~lJfiLlJI11fil~lJ')n n) 1lJ1t1~ 2.1 LL~rn~ 
~ ~ , ., 

~,)lJtl1:;nil1.1'llil~ LL~lJI11Yl£1~ Lfil~'ll'il~1:;1.11.1 Lilli Li)l-J'ilth~~1£1 ;.:J n n£1 ~ :;L~£1 ~ ~.:Ji1 
~ 
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... 
(1) "II'tltJL"II(;l"ll'tl~~::tJtJ (System Boundary) rl'tl "11'tltJL"II(;l"ll'tl~n~::tJ')t.!n1~VI1~ 

I.'" t I 
fi~ii9 ;~i1;'tl'1l'tl~~::tJtJut.!n1ntJ'tltlJ11ult.!n~'tltJ~L~~mJ , ~ . .. 

" c:I" <4 .dI .:::11 II.... • I 4i' ~ dI c:I " .... (2) tJLnm"ll'tl~ (Actor) rl'tl tJrlrl~~~'tl~::tJtJV] "'~tJU~::LU"JIt.!~~'tlLnm"ll'tl~ntJ 
~ , 

~~nit.!~1t.!~in"ll'tl~~::tJtJ L"lIt.! ~::tJtJL'tlYiL~lJ9::i1\lnfl1 (Customer) LL~::fit.!1rl1~ (Bank) LUt.! 

. " 
LL~ "'~ Ltlt.!')~1LL~ ::n1 ntJ;'tlYl~ nit.!~ 1t.! 1 t.!')~ 1ut.! L"lIt.! ~::tJtJ L'tlYi L ~lJ9 ::i1~~ nit.!~ 1t.!n1 ~(;l ~,)9 ~'tltJ 

nr~ (Validate PIN) n1~~'tltJmlJU'tl"'L~t.!rl~L~~'tl (Inquiry Balance) LL~::n1~C'I'tlt.!L~t.! 

(Withdraw Money) Ltlt.!~t.! 

(4) rl,)1lJilJ~t.!fiLLtJtJn1n~'tllJtu~ (Association Relationship) ~'tl L~t.!L~'tllJ 
J .1'" ~ ........ ." J " -l .!'..; • " 
V] LL~ "'~ n1~u!) ~lJYi t.!fint.!~::~,)1~ ~ Lnu')"II'tl~ LL~::fJ ~ Lrl ~ L "Dt.! L~t.! L "JI'tllJ ~::~,)1~ \l n rl1 LL~::n1 ~ 

(;l~,)9~'tltJn.r~ Ltlt.!rl,)1lJilJ~t.!fiLLtJtJ~~1U r;i'tl~~1U ~~~lJ1U rl,)1lJ~1\l n A'1~~~ rlt.!9::n ~::Yi 1 n1 ~ 
" (;l~,)9~'tltJn.r~ 1tJl~~1U rlf~ L 'llt.!Lt1mnt.!n1 ~(;l~,)9~'tltJ~~~ ~1lJ1~C'I C'I n nr::Yi11cfiL",u~n A'1~~1U 

" " .. Fl11~~~"UfiU'U'U 

O1~L~'a~t!l.:J 

~ ~ 

Automatic Teller Machine 
System !I~LFI~ .. 

-t-----..;:-----;-------j* Inquire Balance 1------+----7--+-

Customer Bank 

~ 

2) LLCJt.!111Yirl~1~ (Class Diagram) Ltlt.!LLtJtJ'~1~'tl~~t1(;l (Static Model) ~1'tl 

LLtJtJ~1~'tl~ L;~ trlN~~1~ rl~1~LL~::rl,)1lJilJ~t.!fi~::~~1~ rl~1~ ~,)lJ~~ rlru~lJ~"II'tl~rl~1~ 1 t.!~tl , ~ 
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I ., 

Fl~1i'lLLM'I~1Wl1Flr.J'W')n n) ;~iJntJ~~LiitJ~~~il 
4 Q' .J",J' .J .... ct ..... II 

(1) fl~1i'l (Class) Fl'a lJ~'an'VlM1~'1l'W LYl'a"~LnlJ LL~~.,~n1~'1l'a~~'1l'a~~~lJlJ .. 
LL(;\~~Fl~1i'l"~U~~n'tllJ~')tJ~'ilfl~1i'l (Class Name) LL'il'Vl1-U'l~ (Attribute) LL~~L~'Vlfi'a~ 

(Method) ~~"~lJ'ilnFlCWi'l~1Jvi'1l'il~Fl~1i'l L1'W Fl~1i'l ATMController u~~n'illJ~'ltJntJ~~LiitJ~ , 

I 
&II &II 

- 'll'ilfl~1i'l Fl'il ATMController 

- LL'il'Vl1-U')~ ~'il status LtI'Wf'lCWi'l~lJ~'1l'il~Fl~1i'l ~LLM'I~~~~,)'W'1l'il~ 

-if'il~~~~1tJ1 ~'l'W ~~')~n'WLtI'WntJ~~LiitJ~"1I'a~Fl~1i'l~'W ;~~'l'W'1l'il~LL'il'Vl1-U'l~(;\1~1111tJ1t.! 
Fl~1i'l'il1"9 ~1l11u LL 'Vl'WLtI'Wi'l m'W~(;\1~1111tJ 1 'WLLr.JWl1Yli'l L(;I'Vl LL~'ll~'W 1~ 

- L~'Vlfi'il~ ~1-'ilt'ilLu'ilfL~i'W (Operation) ~'il cardlnsertO LL~~ 

pinEnteredO LtI'Wn1~m~Yh~ffiYl~ni'W ~fl~1i'li'l1~1~t1n~~Yh 1~ 

ATMC ... _ 

.... ~ 

~~ ____ ~~A~1~ 
1 CardReadeftntertace 

Uilfl'i1.J1f;l 
/ 

...,ardReadettnielface() 
~ectCa-d() 
+inputCard() 

ATMCanI 

ATMCanI() 
+inpulCardDataO 
+requeslCardDataO 

.~ 

A TMTransaction 

A TMT '"""1ICtion() 
+checI<Customer1nfo() 

updateS1alus() 

1 1 

aankSeMr 

Tranaactlon<:ontroller 

+ T......aionControlerQ 
choooeTranudion() 
doTranuction() 

!<perfonnTranuction() 

I 1 1 IL....,-__ ----, 
jr-+-------.J 

Inquiry 

Inq<.OryO 
t.....,;"";ci..uionO 
I~~ 

inquireBaIance( 

(2) Fl,)1~~~~'Wfi (Association) 1'(;I~U~~i'l~I"l~~n'1l'il~LLr.J'W111YlFl~1i'l ~'il 

n11LLi'l~~Fl'l1~~~~'Wfin'WnlJFl~1i'l~'W Fl,)1~~~~'Wfi"~'l1~LtI'WL~'WLL~~iJ~'ilihnlJlt)~L~'W~'W ;~ 
~ %....... ~ .... "" .... .J ..... ~" .!'~ .dI. 

Lu'WlJ'VllJ1'Vl'1l'il~ fl'l1 ~ 'Ci ~YlUfi 'W'il n91 n'WtJ~~ (;I') L~'1l 'Vl n 1 nlJ L'llJ'WL'Ci U'll~lJ'il n t1~91'W'l'W 
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3) LL~W11Yi~1~1J (Sequence Diagram) 

LL~lJJl1Yi~1~1J LtllJLL1J1Jr.h~'tl~"'H'l1'j;1 (Dynamic Model) ~1'tlLL1J1J~1~'tl~L:n~ 

Yiq~n~~~ ~LL~I11~1\h~lJ()~m~~~wl'tlrilJ~:;~~1~1'j;1'l~1'tl~~nilJmn11~1lJ1lJ;lJlJ11t'tl ~')~()~ 
A. ," , .~ r.." 0 "I.t "'" "'~"I • I..J A. • I 

m~rl~ ~1lJ~'tl rl')1~~:;~,)1~n~ n"lllJm~Yl1~1lJ ~ lJ~lJ~'lilJlJ1~ ~'tl ~ lJ~lJYl 2.3 LL~ l11~rl,)lJlJ~:;n'tl1J 
" 

, " .:I .q .OQj.., 4 

Jl11'l~lJ')n n) 'l~~~1tJ~:;L'tltJl11l11~lJ 

(1) 1'j;1~ ~'tl1'j;1~~L~m;r'tl~ri1J~1~1Jm~yh~1lJtl11tJm~f1J~1'tl~~;r'tl1'l,)1~ • • 

_x 0 .. d.J.., 
(3) m~Lnl11'11lJ'1I'tl~mm~:;Yl1 (Execution Occurrence) I'l'tl ~L~~tJ~~m~tru:; 

LLI'l1J1 ~,)1~;11J'tl~1JlJL~lJir)j;1 ~nri1~lJI11Lri'tl1'j;1'lf1J~1'tl~~;r'tlrl')1~ 

1 "ATMC~stomer I l · cardRe~tnterface I 1 "AT~card I 

~(;ICl 
l 'ATMC~trolier I~ "I :ATMT~nsadion I 

l"4'utCardO 
~ 

, , , 
I 
I 

, 
I 
I 
I 

InputCardDataO I 
I 

cardlnsertedO 

: . ' retum(PIN!JmPt) 

E-------------L-------------~~---------
: inputPINO 

, , , , 
I , I 
I I I 
I I I 
I I I 
I I I 
I , ., I 
I I '!J'ilfl'l1JJ I 
I I I 
I 

getPINrY 

I 
I 
I 

- -----------

requestcardDataO 

retum(cardData) 

--------- - -----------:l checkCustomertnfo() 

IL. ~ ~ -:-
pinEntered() I 

I 
I validatePIN() 
I n1no~'!Ju'!J'il.:l I 

I I 
I I [valid]: retum(validPlN 

n1~nr.:fi1 I E------------ r---------~ - -I displayMenu() I , 
I I 
I I updateStatus() I I 
I I 
I , 

retum(acknowtedge ) I I 
I I : ~---------~ti-------------I I 
I seledionMenu() I 
I I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Liui1(;1 
I 
I 
I 
I 

(J 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

----------~U 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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(4) i'flr1'J'UJ ~'fl L~'UYl1~1'Um~~~i'fllJfl'"l1n1'[;]t)~ti~hJu~~n1'[;]m~ti~ L"'U~ ". . , ~ 

n1~~Un~1 Ltl'Un1~~n1' [;]t)~n~'"l:;LL~ "'~ LiI'Ufl n p\n~'Uliu LLfl:;iji'flr1'J1lJn1rlU'flUU'Ufl n p\~ ;ntlu~ 
41 '-I IIJ " 

l' [;] t)~ ~'fl~ m~C1U n ~1 L U'Um~ 1 'U'JJ ru:;~ n1~~~ n~u'"l :;LL~ "'~ LiI'U fl n ML~ 'Uti:; LLfl :;rh~ t) n n 1 rlU 't t) . "" 

Q. .. _ 0 .... 

(5) n~'flUU~UY1 (Frame) r1'fl U~UYl'JJ'fl~LL~'Ufl1~fl1"'U 

... 
4) LL~'Ufl1~~L[;]Y1LLlJ"J!"l!'U (State Machine Diagram) 

LL~Wl1~~ L[;]Y1LLlJ"l!;'U LiI'ULLUU~1~'fl~ L;~~ g ~ n~~lJ ;~ LL~ "'~~~ r1'J1lJ LL[;]n (;h~ 

"11'fl~~m'U:;"11'fl~1'[;]t)1'U~:;~~1~n1ni1~1'U~1ijL~[;]n1~ru1",u1~~yh1~1'[;]t)~ti~LtI~U'U'"l1n~m'U:; • • • 
~~~ 'ttl LiI'U~n~ t) 1'U:;~ti~ 1 'U ~tI~ 2.4 ~ 'J'UtI ~:;n'flU LL~'Ufl1~ ~ L[;]Yl LLlJ"J!;'U"11'fl~ r1~ 1~ 

" 

, , 
(1) ~m'U:;L~lJ~'U (Initial State) ~'fl '"l",iSlJ~'U"1I'fl~LL~Wl1~~L[;]Y1LLlJ"J!;'U • 

, , 
(3) ~m'U:;tI~:;n'flU ~'fl ~m'U:;Yltl~:;n'fluJl'Ju~t)'l'U:;U'flUfl1U1'U ~~~tlYl 2.4 

" , 
, ... ... .1 .. 
~'ULL~'Ufl1~~ L[;]Y1 LLlJ"J!"J!'UlJ~ m'U:;u~:;n'flU"l!'fl Processing 

" , 
~ m'U:;u'flUYl LL~ "'~ n1~LtI~U'U~ m'U:;fl1UL 'U ~~~tlVl 2.5 

" ~ ~ 

(4) ~m'U:;~'U~'" (Final State) ~'fl '"l"'~'U~"'''1I'fl~LL~'Ufl1~~L[;]Y1LLlJ"l!;'U • • • 
~.cI ... .J_.t '" 1-'_ .J 

(5) m[;]m~ru r1'fl L~[;]n1~ruY1Ln"''JJ'ULLfl'J~~~fl1~Ln'''m~LtI~U'ULLtI~~~m'U:; • • 

when(informationDisplay) 

when(validPIN) w ' . to C 
alting r ustomer 

Choice 

when(invalidPIN) [PIN count=3] ~ 
- L- L~'£1U\'lIm.f61 

U'YI'iU=i!.UU 

when(conficateComplete) 
Confiscating Card 
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when(PIN) 

Waiting for PIN Iwileili~:iidPiN)jiilOtPiNoolJiit-;;3r1 Validate PIN t---?\ 

2.1.5 

.. .,I... 1/ ......,1. 11/ .. ., .. 
L,"~m~tl.IVl).Jmm~:;~l.I (Triggering Event) rltl L,"~m~tl.IVlVl1 ,"LLVl~l.I"Jl'lll.lLnV'l 

m~LU~t1l.1LLU~~ 1 l.ILL~'W11Vi~ LVlVlLL).J"l!;l.I Lvltlvh 1,x Ln V'Imnu~t1l.1~ ml.l:;"'l1n~ ml.l:;,"il~ Lud:Jl.I 

@T(X) ==..x A X' 

@T(X A Y) == -,(X A Y) A (X' A Y') 

==(..xV-,Y)A(X' AY') 

@T(X v Y) == -,(X v Y) A (X' V Y') 

==(..x A-,y)A(X' AY') 

@F(X) == X A..x' 

@F(X A Y) == (X A Y) A -,(X' A Y') 

==(X AY)A(..x'V-,Y') 

@F(X v Y) == (X v Y) A -,(X' V Y') 

== (Xv y)A(..x' A-,Y') 

., 
"'l1nnD;h~!1il.lUtl1).JLL(;]~:;rhL~ ~~\l 

---( 1 ) 

---(2) 

---(3) 

--(4) 

---(5) 

---(6) 

@ 
.. @F .. .,I... 1/ .J I I 1/ 

T ,"~tl LLVll.lL,"~m~tl.IVl).Jm~m:;~l.I '~,").J1t1rl'l1).J'l1 rl1"JJtl~ X Wil~ 

• 1.,1 .J... 1/ 1 1/ .. . 1.,1 1 .. ., ~ .,I ... I 1 u 
Lu~t1l.1L).Jtl).Jmm~:;~l.I ,"LnV'lm~Lu~t1l.1~(l1l.1:; l.ILLVl~l.I"Jl'lll.l ~V'It1Vl X rltl rl1 l.I'l~L~U'lltl~ @T 

,"ffi @F 

@T(X) . ,").J1t1rl'l1).J~1 f11 X !1itl~LU~t1l.1"'l1mVi"'l LUl.I "'l1-~ ~~"'l:;vh1,xLnV'ln1~ 
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, , 
".4 0, I.t c. tlQ 

m'~(;)lJ'l!~"I~"'1 ~VlLnC?ln1~L ~tJlJ~rnlJ~ • 

"I1nn!JvY~ 6 n!J~l~'LL~C?l~;h~~lJ "I~;jn1~LLtJnYi"l1~ru11"l1"lltl~LVI~n1nwdJlJ 2 

X' Fitl LVi"lLL~~"I1~ LrltlL;h~n!J~ 1 "I~1~ -, (LVi"l) /\ ("I1~) ~~"I~1~~~i~fitltlm.J1LulJ"I1~ 
"'~4~ .J J' ",.J AI .cI.., ",..J " 
C?l~lJlJ"I~Lnj;)n1~Ltl~tJlJ~rnlJ~"lllJ ~'llJn!J"lltltllJ1 ~"I1~ru1LVll-JtllJmJn!J"lltl'" 1 LUlJ(;)lJ 

"I1n."glin~~n~1'lctl4'tJl~L~tlnl-ifn!Jn1~"lltJ1tJLVI~n1~ru1lJn1~Yi"l1~ru1L~tllJ1"ll 
tJlJLL." ~lJ;;lJ"lltl~ LL~lJfl1~~ L(;)'" LLl-J'l!;lJ~'ltJ n1 ~~ ~1~ 1"l11'1'l1l-J"I1~"ll'il~tl~~~"I11 L ~tll ~ L ~lJt1~ 

.... ...J~ ,... tI ...!' ., Q"';... ... 
~~~~fi'" ~l-J~~ ~~~~fil"ll'tl~L\'ilJ"'1~n1~"'1~1lJ ~lJLL~lJfl1~~ L(;)"'LLl-J'l!'l!lJ LlJtl..:J"I1nl-Jn1~~"I1~ru1 

1"l1"11tl~ LVI (;)n1 ~nrritllJLL~ ~Vli~ n1 m ~~~lJ~~Vi11 ~ L ~lJI"l1"ll'tl..:J L VI(;) n1~nrri'illJLL~~Vli~ n1~Ltl~tJlJ • • • 
't s,...., J".4 0 '" oQ ~ '1 .J 

~rnlJ~ ~C?l'l!j;)L"IlJ"lllJ '1I~"I~"'11V1~~C?l')n llJn1~~"I1~ru1L~'tllJ ~"lln1~LtI~tJlJ~rnlJ~ 

a ~ a 't 2.1.6 L'eln'llL'el)J 'el (XMI: XML Metadata Interchange) 

L~niL~l-Jl'tl [16, 22] LUlJl-J1(;)~~1lJ"ll'tl~LtlL~l-J~ (OMG: Object Management 

Group) ~~ ~n l-if'tl[h~n.)'1~"ll'l1~~1V1ftJn1~LL~ nLtl~tJlJ~1~~lJL'" PI Ll-J (;)1 LC?l(;)1 (Meta-data) ~1lJ 

L~niL~l-JLLtl~ (XML: Extensible Markup Language) L~niL~l-J1'il~1l-J1nll-rt~lJVI~1nVl~1tJ 

t)(;)Cltl~~~~.-l L"JilJ n1~~ Lfiln~lftJL~l-J LLtl~ '1Itl~~LL'lffl1li1"11'l1 LL~~fl1li1;~i~1 filtll-JL~ LlJlJ~ 
• OJ 

" ~'ll-JLtl1l-J1 (;)~~1lJ 3 l-J1 (;)~~1lJ~~ ~tl1tl\h;h H ~'ltJfilJ 

1) L~niL~l-JLLtl~ [20] LUlJl-J1(;)~~1lJ"lltl~~tJdj~~.,,1; (W3C : World Wide Web 

Consortium) 

ct ~ .J. f f ct ... ...; '!:'I • f 
2) tJLtll-JLLtl~ LulJl-J1(;)~~1lJ"'n1V1lJj;) ~j;)tJ ~tlL'tll-J"I L ~'tl ~"11 ~lJn1~"'1 ~l-J LC?l~ 

OJ ~ 

3) L~l-JLtlLtl~ (MOF: Meta Object Facility) LUlJL"'filLlJL~U~lJ~1lJ~1V1fun1~ 
tlfiU1tJLLUu41~'tl~t) (;)tl ~~~nri1V1lJj;) Lj;)tJ LtlL~l-J~ L ~'tll-if1lJn1~Vi1Ll-J(;)1 Ll-JLC?l~ LL~~~ LnULl-J (;)1 LC?l(;)1 

n1~~'ll-JnlJ"1Itl~l-J1 (;)~~1lJvY~ 3 e ~~ ~tl LUlJn1 ~~'ll-J Ltl1 L." fil t lJL~U L~tI'l nu 

Ll-J (;)1 Lj;) (;)1 LL~ ~n1~Vi1 Ll-J LC?l~"lltl~ Ltl L~l-J~ LL~ ~~tJ LD~ tJ.,,1; L ;[11.)' ~'l tJ nlJ ~~Vi11 ~t1n~ WJlJ1 
OJ 



19 

'l!tlYl ~LL'l fLL ~ :;0'\1 '1'U~ '1 ~ 11Cl LL~ n L tJ~ tJ'U t~ L'" ~~tl\lt) l'l q~ 1tl L~ l'l'1 L'" l'l'1'l!il",~'U 1 i.~ ~:;'" 'l n 

t"'tJ L ~Yn:;tlth\l~\I 1 'Umm~ n LtJ~ tJ'U;rtl~~ n'U'Vl1\1~'UL 'VltlfL ill'l (I nternet) 
" ... , , 

1 'U~'VlmilYi'UfiiJ i.~' LL ~ ~;rtl ~~ l'l'1~ ~'1l'l1fj'1'UL.a niL.a~ 1. tl L Yltl LL~ nLtJ~ m.!;rtl~~ 
,,~ " 

2.2 

(Architectural-level Risk Analysis Using UML) 

\I'1'U~4'tJe [8] i.~U'1L~'Utl ~fi1'Um1tJ1:;Lij'U~'l'1~L~tJ\I ~\lCln1-nt'ULYl~m1 
" 

..J i1.J'" '" '" 41... ..1 r r 'i' ... r..J, '" 41 , ... '" 
tltlnmJU'VlL 'UlI'l\ll'l'U"lItl\l'l!l"'l n1'l!'ll'l'l!tlnl'lLL'l1 ~"'tJ m1'l L~1'1:;~'Vl LLl'l~:;'ll'lq LL~:;m1L1tJn ~"lI n'U 

1:;~~'1\1t) l'lCl 1 'U1:;~U~ mtfl'ltJm1~ • 
~fim1~ L~1'1:;lf ~'l'1~ L~tJ\I ~~"'I1 n m1tlflU1tJ n 1:;U'l'Um1~ L~11:;lf ~'l1~ L~tJ\I ;\1 

1,m~ L~~ LL~ :;~l.l'U'11ttl~tl\l;r'el ri'1~'U"'tJ L.a~ LLtl~ 1 'Um1~ L~1'1:;lf ~'l'1~ L~tJ\I "'I '1 mr'U~\ltlfl1J1tJ 
" " 

L'Vl~il~~'1~fU~"'I'11ru1tf"'l4'tJ fl'l'1~ L~tJ\I~tl\lt) l'lq LL~:;m1~tJn 1 'n'U1:;~~'1\1t) l'lq 1 'U~'U'U'11ttl 1"'1 

t"'tJ ~h ~'l'1~ L~tJ\I"lItl\lt)l'l q ~'el CJ~ ~ ru1:;~~1\11'1'1 m'1Wi1J''el'ULL~:;1:;~1J~'l'1~ ~'ULLN~"'I:;Ln '" 
~'Un1Jt) l'l Cl~'U LL~ :;1'1'1 ~'l'1~ L~tJ\I"lItl\l n'11L1-tJ n 1, n'U1:;~~'1\1t) l'l Cl ~tl CJ~ ~ ru1:;~~1\11'1'1 ~itJtJ~\I . . " 

(Coupling) LL~:;1:;~1Jm'1~~'ULLN~"'I:;Ln"';'Un1Jm1L;r1~1"'1 ~\I~'l1~iU'tl'U'lltl\lt)l'lq~1~11Cl 
~1 i.~"'1'1 n 1'1'1 ~'l'1~i1J''el'ULL1J1JYi~t) l'l (Dynamic Complexity) ~yh 1 ~\i1'U1J1nl"'j'1'U 

... 
(Normalize) LL~'l"lltl\l LLCJ'UI1'1Yi~ Ll'l'Vl LL~'l!~'U1 'Ut) l'l m1'U LL~:;~itJtJ~\I"lItl\l n'11~tJ n 1, n'U1:;~~'1\1 • 
t)l'lq~'1~'11Cl~'1i.~"'I'1n l'1'1i."''U1~nflitJtJ~\I (Dynamic Coupling) ~Yh1~'LiI'Uu1n;"'j'1'ULL~'l 

II .J,J'" I'" ~ 0 ....,J Q, ....... J' I 

"lItl\l"ll'el m'1~'Vll"i\l n'U1:;~'l'1\1'll'l q ~ 'ULLCJ'UI1'1Yi~'1 "'U l"i'l'Un'11'l Lfl1'1:;~ 1:;",U m'1~~'ULLN"'I:;'1l'UtlfJ 

n1JtJ1:;~1Jn'11nr"ll tN ~ L ~ tJ'l'l! '1 t1J Lu'U~Yh n'11tJ1:;L~'U t"'tJ"'I dJ n'1 mU\I fl'l'1 ~ l'ULLN LiI'U"ll 'l\l1:;~1J 

~'l1~~'ULLN 4 "ll'l\l ~'el 

1) 1:;~1J~'1tJ'U:; LiI'U1:;~1J~m"'l"'l:;Lu'U~'1 L~l'l~'elm1L~tJ~l'l ~1tl1:;1J1JL~tJ~'1tJ • 

2) 1:; ~1J~ n ~ l'l LU'U1:;~U~tl'1"'1"'1:;LU'U~ '1 L ~ j;J 1,x Ln '" n'111J 1 '" L~1JtlU1\1l'ULLN 
'VlfYitJ~'U ~1tl1:;1JU~~'1 Rt1J Ln"'fl'l1~ L~tJ~1tJ 

3) 1:;~U I'1tl'U;r'1\1~ n ~ l'l LiI'U1:;~1J~m"'l"'l:;LiI'U~'1 m j;J1,x Lf1"'n'11U'1'" L~1JL~ mJtltJ 

'VlfYitJ~'U ~1tl1:;1JUL~tJ~'1m~mJtJtJ 
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4) r~~UL~ nUtl£J Lilt.!r~~u~ LUt.!fl1 L ~(;1~tln1rU1 ~ L'~U 'VI¥rlU~t.!~1-tlr~UU • 
L~£J~1£J ~-:j~dJCJ~~'flmrihN¥m~n~hhut.!hJ(;l1iJL,)~1 • 

~ , 
~1mrt.!1-n LLUU~1~tl-:jiJ1fPltl~ (Markov Model) 1 t.!mr~ LPlr1~iPl,)1iJL~m'1Jtl-:j 

.cal .c::. I.Id .J .... .J .raJ' ::. 
'lIt.!t.!1r L tl LL~')~-:jlb~iJ1 ruPl,)1iJ Lfl£J-:j'1Jtl-:jU'"I'"I£J'VI'"I ~Ln ~"llt.!'1Jtl-:j£Jfl LPI fl LL~ ~r~uu'VI-:j~iJ ~ 

" 
~ " 

~1 n-:j1t.!~{ £Jil~ ~ L ~t.!~ 1~fi1 t.!m r~ LPI n ~i PI') 1 iJ L~£J-:j~ ~fl t.! 1 ~Yl PI') 1 iJiuoitlt.!"lltl-:j 

.) (;1~ L£'I£J~~1 ru1~1 n~1t.!')t.!fl mt.!~ LL~~LL 'VIrt.!;-nt.!"lltl-:j LLCJt.!1l1rlfl L(;1'V1 LLiJ"lliit.! LL~hjL~~'"I1rcU1 

~-:jtl-:j f011.Jr~ntlU1l1£J1 t.!fl L(;1'V1 LLiJ"Jliit.! L"llt.! ~') m~~t.! ~1-tl L1tlt.!L"ll m f£'l LUt.!~t.! ;-:jrl ~ ~ m'riJ"lltl-:j 
", I I 

.) (;1Cl Ln £'I~1 ntl-:j f011.Jr~ntlU L ~fi1,rt.! mrL1.J~£Jt.!fl Cl1t.!~'"11 nfl mt.!~~il-:j L1.JU-:j~ nfl mt.!~~il-:j'"l~~tl-:j • 

~~1rru1~1 n dtlt.!L '1J ~1-:j1 ~vi11 ~ Ln ~ mrLU~£Jt.!fl mt.!~ ;-:j 'hmrL1.J~£Jt.!fl mt.!~iJ PI,)1iJi1Joitlt.! 
~ , 

iJ1 n LLfl ~-:j 1 ~ L~t.!~1rl ~ ~ mriJ'1J'fl-:j.) (;1 ~,rt.!iJ PI,)1iJi1Joitlt.!iJ1 n~1-tliJLtl m fl1 t.!m nn ~PI')1iJ L~m 

iJ1nL"llt.!nt.! 

_ ~CIiI ... ~ ..., -''''' 

2.2.2 U-L'il1hl'Yi: n~'ilU~1U n1~'l LFI ~1~~ FI'l1)J j;\'il·m1~ ·tt1~~U n1~j;\~'l~~'ilU n1~ 

t1~u LL U'ltJVI fiflf1~ j;\i'll'il~L VI FI t Ut'afj~1~~U LVI flfL~~'il~ ~ n~uui4'u ~1U'lI'il~ tJVI fi flf1~ j;\i . .., . 
U~UVI LL'a~n~~U'lUn1~ (B-SCP: A Requirements Analysis Framework for Validating 

Strategic Alignment of Organizational IT based on Strategy, Context, and Process) 
~ 

-:j 1t.!~{ £Jil [12] L~tl1 Lflt.!'fl m'fl1J-:j 1 t.!1 t.!mr~ LPlr1 ~i PI') 1iJ ~'t)-:j mr~ 1~¥1J 

L'VI PI L t.! L~ ~ fl1 rfl t.!L 'VI PI L ;-:j'fl-:j f01 m ~~ tl~1 U-L tl fl:nyj ;-:j 1-n1 t.! m r(;1 r')~ fl'flU LL~ ~'VI ') t.! fltl1J PI') 1 iJ 

~'t)-:j mr (;l1 iJ£J'VIfiPl1fl (;1 f'VI1-:j firn~'1J'fl-:j'fl-:j f01 nrLL~ ~m r1.J¥u PI') 1iJ ~tl-:j mr'1J'fl-:j L'VI PI L t.! L~ ~ fl1 rflt.!L 'VI PI • • 
~ ~ 

LUrl~'fliJnU~'VIfiPl1fl(;1f,rt.!L~£J(;1N L~£Jnr'fl1J-:j1t.!il~~1.Jr~ntlU~,)£J 3 ~')t.! Fi'fl ~'VIfiPl1fl(;1f 1J11J'VI 
, ~ 

LL~~m~1J')t.!m1 ;-:jLL~~~~')t.!~~~nLLfl~-:j~,)£J~'1l~m~tru'VI1-:j~MnrriJPI')1iJ~'fl-:jmr ~-:jil 

1) LLUU~1~tl-:j L;-:j Lih~iJ1£J 1-i1l t.!m rLLfl £'I-:j £J'VI fi Pl1 fl (;1 f'VI1-:j firn~ L "llt.!LCi\m nu PI') 1iJ • • 

2) LLCJt.!1l1rl1J11J'VILL~PI~t.! (Jackson Context Diagrams) 1-rLt.!m1LLfl£'l-l1J11J'VI 

"ll'fl-:jLLUU~1~tl-:j'VI1-:jfirn~LL~~r~1JU • 

~ , 
~1n-:j1t.!~{ £Jil~~~11~ L ~t.!~-:j m1'fltlnLLUUmtlU-:j1t.!YlU1iJ1 Hfn1Jtl-:jf01n1 L£'I£JiJ 

n1rtl1~')t.!1.Jr~ntlU ~1-:j1 iJ1~1-:j1t.!1,)iJ nt.! L ~tl~~~~ LPlr1~i PI,)1iJ ~'fl-:j mr'1Jtl-:jtl-:j f01 m LL~ ~ 

t'l,r1Jfl~t.!mr{ ~ mrPl,)1iJ ~tl-:j mr~ Lilt.!~iJiJtl-:j 1 t.!L;-:j~rn~~tl~1 t.!r~~ULL t.!') ~~ 1 ~ djt.!Lih~iJ1£J 

L;-:jr~uuLL~~~-:jn-nt.!-:j1t.! L~£Jtl1 Lt'lt.!tlLilt.!LL1J1J~1~tl-:j"lltl-:j nrtlu-:j1t.!L~tl1 ~fl1iJ1rCltl1L1.J1 i1~ ;-l 
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., ., ., o.r . 
2.2.3 n1'i~ 'i1~'JI -eUJ ~ n1'iVi (;l~ 'il1.J~1 n'JI'il nTVI'U (;l (;l12J v.'U ~1'U ~ rn'U:: (Generating 

~ ~ 

Test Data from State-based Specifications) 

, " 
Lijtlih~j;ln1~nrdh2J1m':;l1flJ i1~inLn{U"t1'i)ti 4 ~:;~1J ~~~'i) hJil 

• • OJ 

1) ~:;~1J~fl~'i)1Jfl~2JYJnLLYl~'W;ilJ (Transition Coverage Level) ~2J1t1~~ YJn 

" ...... " I '" .... 
LLYl~lJ'jj"lllJj;l'i)~tlnYl{;l~'i)1J'i)tI'NlJ'i)tI 1 flN 

OJ 

..,.J tJ" ~ 2) ~:;{;I1JYlfl~'i)1Jfl~2J ~:;Yi~'W (Full-Predicate Coverage Level) ~2J1t1tl~ • 
tJ~:;ttlfl (Clause) LlJLL~~:;tJ~:;Yi~U (Predicate) 1J'WLL~~:;LLYl~'W;ilJ 11f'i)~~nYl{;l~'i)1J'i)ti1~LU'W 

" , 
L{;ItlL 'W~1lJ'.14' tlill~~ 1tJH~1 n 1ruYl {;I~'fl1JVi~ ~1~~1 n n11~~ 1nU1~i n Ln (Uay] • 

, " 
flffi1Jfl~2JtJ1:;Yi~U~12J11tlFllJYi1J;r'i)~ ~Yi~1 {;I HI2J1nVi~ {;I ~1 n L ~ j;l ~~~~ mhl)Yi1L ""~1lJ'.14'tlill~ • • • 

tJ
.J ... " ~ ... ....Jl ,.... tJ.J 1" , 

L ~tllJ~mlJ:;2JLYl1 L{;I L{;ItlYi~11{u1~1nm'{uYl{;l~'i)1JYl 2JYl1Lncnn11L ~tllJ~m'W:; LL~cn~ (;II)1 

d'i)lJ'l"JJ ~~ n~11) hi LUlJ ltJj;l12J~~:;1J1J fll)~~ :;LU'W 



col 
tl'VI'VI 3 

1fin1'l1 LFl 'l1~~ FI'J1)J Li t1~"lI'U~ LL tltl~1~'U~ L :a~Vf~ n~'U LIP! tI "l i'Yi q ~ n'l'l)J"lI'U~-r IP! Cl • 

-#UPI'ilU;! 3 .1 r------------ ------------1 
1 
1 
1 
1 
1 
1 

1 
t\h~U~::ijLfln::"'M1lJllJ~Ufi,tl'lLLC./\J111l'UJ~LfI~ 1 

.. 
LL~ ::LLC./\J111fj ~ Lfl Yl LLlJ'Ii 'liU 

1 
1 
1 
1 

l_~~~~~~~~~~~~~~~~_J 

~ .. 
'!JUPI'ilU\'l 3.2 r-----------

1 
1 
1 

ij Lfl n ::"'LL~::~ 1U'l CUfl 'l1 lJ L~ [J'I' tl 'I V) n 

;UU1HtlL uulli~::Y('1niu'I1U ~[J;;'11l'CU1 

"1nfjC];jnl'l'lJn1l'Yi1'11U'litl'l'lltlli~LL'lf 

~ .. 
'!JUPl'ilU\'l 3.3 

r-----------
~ .. 
'!JUPl'ilU\'l 3.4 

Utl~'1LLC./U111fj~~LfI~ LLC./\J111fjfl~1~ 
o ~ .. 

LLC./\J111fj ~1~1J LL~::UC./\J111fj~ LflYl LLlJ'I!'I!U 

LiluLtln~1niiniLiilJ'ttl 

~~U1Lflitl'l;jtl~1~fu"ll'l[JijLM1::'" 
fI'l1lJL~[J'I 

r~---------- -----------1 ----------- -----------
1 I 

: ~11'1mtl1J'I1UmnLfln::"'fI'l1lJL~[J'I : 

: 'tl'lLL1J1J'~1~tl'lL;'1Y('1niu : 
1 ______ ----- ___________ ~ 

I >-

nJVj 3.1 i'lJ(;]tl'lJm~~1L'h.m1~~4'£J 
'" 

~ .. 
'!JUPI'ilU\'l 3.6 

~ .. 
'!JUPI'ilU\'l 3 .7 
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." . 
LL'W,) ~111 h!n15'~ LFln::,fm1l-J L~tI'I i'W[;I'a'WVl 3.3 oW1 L~'W'an5''aU'I1'Wil1~fum5'~ LFln::,f FI,)1l-J 

L~tI'I i'W[;Itl'W~ 3.4 LL~ l11'1i'W[;I'a'Wm5'~ LFl5'1::,fLLfl::tltlnLLUU LFI~'a'l;jtl"ll')tI~ LFln::,f FI,)1l-J L~tI'I tl11t1 

" . 
t ct ~ 1/" .. 6f AI.. q t 

9::nfl1') rl'l mffitl n LLUU ~Fl5''I~5'1'1'Y'1'W ii1'WLLfl::~ m u [;ItI n5'5'l-J'tItl'l LFl5'tl'll-J'a 5'1 tI fl:: Ltltl l11"lltl'l LL[;Ifl:: .,.. 

i'W[;Itl'WLL~'M1'W,r');rtl 3.1 LLfl:: 3.2 [;I1l-Jih~U t'h'Wi'WIwa'W~ 3.3 LLfl:: 3.4 ;'ILL~I11'1m5''atlnLLUU 
n5'tlU'I1'Wm5'~ LFl5'1::,f FI,)1l-J L~tI'I LLfl::m5'~ LFl5'1 ::,fLLfl ::tl'a n LLUU LFI~tl'l ;jtl~UU~ 'W'Wm5'~ LFln::,f • 
FI,)1l-JL~tI'I9::nfh')n'l1'WuYl~ 4 fh'Wi'W[;Itl'W~ 3.5 3.6 LLfl:: 3.7 ;'ILL~'Mi'W[;I'a'W"lltl'lm5'YlI11~tlU 
LFI~tl'l;jtl m5'[;I5',)9~'aun5'tlU'I1'W LLfl::m5'MUr.!flm5'~4'tI 9::m:h')n'l~'aLu1'WUYl~ 5 UYl~ 6 • 

3.1 

" ., . 
1 'Wi'W[;Itl'Wth::~91HW1 m5'~h'l LLr.!'WJl1'Y'1t1 Liil-J LL'aflVl9::oW1l-J11-rL 'Wm5'~ LFln::,f FI,)1l-J 

" I I I I .... 

L~ tI'I il1~ fu LLr.!'WJl1'Y'1 tI Lii l-J LLtl fl Vl Lr1t1 ');r tl'l flU n 15'~ LFI n::,f FI ') 1l-J L~ tI'I1 'W'I1'W~ 4'tlill~ LLn 
" 

" . 
5'::uu~')tI n15'Hf LLr.!'WJl1'Y'1fJ Liil-J LL'afl ~1'11 L ~fhil LL~fl::LLr.!'WJl1'Y'19::ij m 1l-J~ l-J~'Wfifl'W 0]'19:: 

... ct • 

tlfiU1t1rl'ln15'Yl1'11'W"JJ'a'l5'::UU 

LLr.!'WJl1'Y'1t1 ~ LFI~ rl n 1-rL 'Wm5''atl nLLUU5'::UU L~tl LL~ 111'11'-" L ~'Wn'l~'I ni'W'I1'W"JJtl'l5'::UU~9:: 
" " 

. ." 
fl ::fJ~ LFI M119 9::U 5'::n tlU ~') tI~'W'W 1rt 'a ~tl'l ~'W 'W 1rt tl~ -;tl~ fl1 tl1 ~ 'W 'W 1rt tl 0] 'I LL~ 111'1 n'l i 'W[;Itl'W 

" . 
~-;'a n9 n5'5'l-J mni1'11'W"lltl'l LL~fl::tI~ LFI~U'W tentl LL~fl ::~'W'W1rttl9::~1l-J15'rl rl ntltl n LLUU~,)tI 

" " 

Flfl1 ~~ rl ntltl nLLUU1 'WLLr.!'WJl1'Y'1 Flfl1 ~ il1~fu LLr.!'WJl1'Y'1 ~ L[;IYl LLl-J'll~'Wrl n 1-rL 'Wm5'tltl nLLUU L ~tl 
" " 

'I " Of ct ~ ~ ~. I~ ,,::. .I~ ~.r . ... 'I 
LL~en'l ~m~'Wrl'l~m'W::Yl Lu'W ~u ~enYl'l~l-J111 LLfl::n1nufltl'W~ m'W::"JJtl'lFlfl1~Yl'tl'WtlfJnu~m'W:: ~'W 

LLr.!'WJl1'Y'1 Flfl1~ 

..Y. ... ....J -, '" CIt..:I.... I _ 

FI,)1l-J~l-JYi'WfiYll-J ~ 'Wm5'tl1'1tl'lrl'l n'W5'::~,)1'1 LLr.!'WJl1'Y'1 Flfl1~ LLfl::LLr.!'WJl1'Y'1~ L[;IYl LLl-J'll'll'W9:: 

LL~ 111'11'-" L ~'W~1~ m'W::"JJtl'l LLr.!'WJl1'Y'1 ~ L[;IYl LLl-J'll;l 'Wl-J 191 mh'W 1111"JJ'a'l Flfl1~~Vi1 m5'~915'ru1 5'U~ 
" 



CardReaderlnterface ATMTransaction 
(6) "fl1ft ATIAController 

+ejectO 
ihJn1fum.," updaleStatus ~~PdateStatuso 
1U11ft1ft ATlATransaction I withdrawalO 

(1) "ft1ft CardReader1nlerface A TMController / / +queryO 
Iren1fum.,,, cardtnsef1ed() 

Status: / 
+checkBanlanceO 

'lwIft1 ft ATIAController 
(1 :ldle. v 
i2:Processing PIN Input 

(Waiting for PIN. Validate PIN). (4) " ft1ft ATMController 

~~Waiting for Customer Choice) r', Iren1fum.,,, VaiidalePINO 
(3) " ft1ft Cuslomerlnlerface 

+eardlnsertedO , 1U1\ft1ft BankServer 
Iren1i'uJrI.'" pinEnleredO 

i:'PinEnteredO 

~ 
1U1\ft1ft AT/ 

, 
+validPINO , 

Customerlnterface , BankServer +cancelO ... ' (5) "ft1ft BankServer " 
+ejectO 

... ... ... tI~,hnl\'WI11tl'"ft1ft +validatePINO 
+displayMenuO 

... ... ... ATMControlier ... 
+displayCancelO ...... (2) "fl1ft ATMControHer 

"nun'fltunu.m1i~"'ItI~"ft'ft;U 
+getPINO 

... ....... Iren1fwYllie" gelPINO 

1U1\ft1ft Customer1nterface 

~ 
:j~liluit;!r(i'vftl.l" 

"YlUI\ft1ft;ly;'1'N1,hn1'lren1fumli'''1'~ 
- - - - -.... "ft1ft~I.I:j~till.l~~~r(i'v'Wftl.l" 
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l1JYl 3. 2 ~1~1J n1~~tI n 1.jf~1tJ~:::~~1~ fl~1~ A TMControiler LL~ :::fl~1~~tJ1 'Vl Lnm;r~~ 1 tJ1J~ Lfl~ 

n1~(;] ~'lIOlM)1J~,r~ 

• .J.J " ... .J .J", 'I" " 
(;]1~1 'VlLnm"1l~~ntJ L-utJ fl~1~ CardReaderlnterface 'VlL~tln ~"l!LtI'Vlfi~(;l cardlnsertedO fl1t1 ~tJ 

fl~1~ ATMControiler ~~1tJfl~1~ ATMControiler 1Ol:::i1~rntJ:::n1~'ti1~1tJ~~fl1t11tJ LL~(;l~H\~,)tI 

LL~tJfl1Vi ~ L(;]'Vl LLtI"l!;tJ ~~ nJ~ 3.3 ~~~ mtJ:::"1I~~ fl~1~IOl:::Lri1J d~JtJLL~'Vl1-U') (;]~~~ "11 ~~ fl~1~~ 
OJ 

Yi1Ol1~ru1 Lc;)tli1n1~1~Fhn1JLL(;j~:::M11tJ:::~Ln(;l~tJ L"iltJ fl~1~ ATMControiler i1LL~'Vl1-u')(;]1~ 
Status ~~i1n1~Lri1J~Cl1tJ:::"1I~~fl~1~ Lc;)tlFh 1 LL'VltJ~mtJ::: Idle F11 2 LL'VltJ~rntJ:::1.h:::n~1J 

Processing PIN Input ~~fl1t11tJ1.h:::n~1J~')tI~rntJ:::ti~tI 2 ~mtJ::: fi~~rntJ::: Waiting for PIN 

LL~:::~rntJ::: Validate PIN LL~:::F11 3 LL'VltJ~rntJ ::: Waiting for Customer Choice L~~'ti11~'Vln1J 

~1 ru tJlOl'UtJf'1~1~~ ri1~~YiIOl1~ru1~~1 tJ~ mtJ:::1(;lU1~ ~~1 tJLL~tJfl1Vi~ L(;]'Vl LLtI"l!=ntJ~:::i1n1~ 
'ti1~1tJl~ri(;j~L~~i1L~(;]n1~rutl1m:::!1ftJ ~~~tln~1 L~(;]n1~ru~d1tJ~')m:::!1ftJ ~~~:::'ti11~Ln(;ln1~ 

III 4J III 4J 

Lt.l~tltJ~mtJ:::~~~l1.htltJ~n~rntJ:::~~~ L(;ltl~1n~'l~ti1~ f'1~1~ CardReaderlnterface 'ti1n1~ 
L1t1n1.jfLtI'Vlfi~(;lfl1t11tJf'1~1~ ATMControiler 9~vh1 ~~mtJ:::fl1t11 tJfl~1~ Ln(;ln1~'ti1~1tJ ~~ 



25 

, , 
L ~ (;1 mnUYl Lth.l~'l n~:;~ul ULLc.JU111Yi~ L(;1Vl LLl-J"ll;!U'"l:;djULl-JVlfi'a (;mil~ 1 URfi1~ A TMControiler • • 
4 ~ ~ 0 .J 4 X 
"ll~'"l:;(1 nL~t1 n L-D1(;1t1 Rfi1~ CardReaderl nterface UUL tl~ ~'lUn1~m:;Vl1Vl Ln (;1'11Ul ULLc.JU111Yi .. 

, 
~ L(;1Vl LLl-J"ll;!U'"l:;LL V1U~'ltl n1~Yl Rfi1~ ATMControiler L~t1 n Hi' Ll-JVl fi'a (;111 1 tiL URfi1~~1tl~..:j 

itlR'l1l-JhJL1t1nHfLl-JVlfitl(;11uRfi1~~u L"llU Rfi1~ ATMControiler L~tlih~(;1m~nr111t1Utlnl-J1 • 

m:;~uLL~'l";11\XLn(;1mm~:;v'h fitl getPIN n'"l:;~~;rtlR'l1l-JhJu~Rfi1~ Customerlnterface 

L~tll~~~~~i~L;r1l-J1 

Processing PIN Input 

validatePIN 

PIN I invalide 

PIN prompt 

vaiidPIN I 

displayMenuu 

Status 

Waiting for 
Customer Choice 

.I~ ~ 
~uVl 3.3 LLc.JU111Yi~L(;1VlLLl-J"ll"llU'1Itl..:jRfi1~ ATMControiler .. 

~..r , ... ~... ~ 0., " ... . I~ ., ~... ., 
Rfi1~Vl'1lUtltl nu~ mU:;VlYi'"l1~ru1 "l!~'"l:;Vl1 ~ ~ Ln(;1 m~LufitlU~ mU:;111t1 ~ URfi1~VlYi'"l1~ru1 ~ U .. 
I" I I I I 

YlilfitlL~ (;1m~nrYlLtlU~'l n~:;~u L(;1dl~~Ul '"l Ll-JVlfitl(;1'11tl~ Rfi1~Yl~'"l1~ru11t1 L1t1n 1 oj{ Rfi1~~U ~..:j • • 

~ , 
':jVlmilYiufiil~tl~ m~U1 L~Utl nffilN1U~ 1~ fu n 1 ~':j LR~1:;\f R'l1l-J L~ t1~'1Itl~ LLUU~1fitl~ L:n~ 

.~ .. ... ~ ., "... ... ~ ... • I'" ~ ~ ... ..r ... 
n~ n"ll U ~(;1 tI ~"llYi ~ (;1 n ~~l-J'1I tl~ 'l J;1 '1 ~(;1 t1l-J LL U 'l Vl1~ n 1 ~u~:; Ll-J U R 'l1l-J L~ t1~ Vltl1'"l'"l:; Ln j;) "II un u 

"l!'arJ j;fLL 'If ~'ltl m~~:;1JLLfi:;':j LR~1:;\f R'l1l-J L~t1..:j 'I. u"ll'l~ m~':j LR~1:;\fLLfi:;m~tltln LLUU'1ltl~1'~]'~'n~ 
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;~ Wll~~ (;]LL 'If;~ 1 \!~1\!~9tl~U1 L~\!'tl m'~tJ~1\!1 \!n11~ L~11:;\.f Fl'l1i-J L~tl~~lh:;~ n ~1-n L ~i-J L~i-J 
r.nn~1\!~9tl [8] L(;lm~i-JL~i-Jn11Yl911ru1~'l1i-JL~mr,nniJ99tln1nU~tl\!~m\!:;"1I~~1'~(1~'ltl • 
n11~ L~ 11:;\.f ~'l1 i-J L~ m9:;~ \! 19 ~'l1i-J L~ tl~ "1I'tl~ LLC.J\!1l1Yl~ LL~ (;l~ Yl q ~ n 11i-J"1I~~1' ~ ~ L(;ltlYl911ru1 

~1 L~~~yh 1 ~ Ln(;l n11LU~tl\!~ m\!:;1l1tl1 \!LL~\!1l1Yl~ L~'VlLLi-J"li;\! ;~~1i-J11(1Yl911ru11~91 n • 
• , "'. I ... ..; ~ • l...l ...l~ " " x" ... 
91\!'l\!m ~'l1i-J9 N"1I~~u1:;Yl9\!L~'tl\!~"1I n11Lu~tl\!~ m\!:;'Vl ~(;l91 n n11~n~"1I\!(;l'ltl~~ nn11 

L~mritJ~~nn11~1~tJ~~i-JU1:;Yl911~u1L~\!~1\!~1\!~9tl [5] LL~:;Yl911ru1n1Ul~;r~~'l1i-Jri\! • 
1:;~~1~1' ~ (11l1tl 1 \!LL~'W11Yl~1 ~tJ • 

II I I I I 

i\!~~\!"1I'tl~ LL \!'l ~ (;lVjU1 L~\!~m'~tJ~1\!~1~ftJn11~ L~11:;\.f ~'l1i-J L~tl~ Li1\!~~1UVi 3.4 L1'i-J .. 
" 91nn11~L~n:;\.f~'l1i-J~'tl~n1m~:;'tl~mLtJtJLL~\!1l1Ylm~i-JLL~~ ~~i'l;r~ 3.2.1 91mr\!9~U1 .. 

LL~\!1l1Yl~ L~i-JLL~~~1~uYl911ru1Fl'l1i-J L~tl~1 \!1:;~tJ1'~~ ~~i'l;r~ 3.2.2 ;~LLtln n11Yl911ru1 

~'l1i-JL~m1\!1:;~tJ1'~(1~~mtl\! 2 ,r\!~'tl\!~~n ~~ • 
1) n111:;tJLL~:;~L~n:;\.f~'l1i-JL~tl~"1I~~1'~(1 ;~Yl911ru191nn1nU~tl\!~m\!:;"1I'tl~1'~(1 • • • 

1\!LL~\!1l1Yl~L~'VlLLi-J"li;\! ;~1'~mr\!Ltl\!~\!~LL~\!l1"11~~~~1~~;\!~uritJ~m\!:;~Yi1~1\!hi-Jri\! . .. 
2) n111:;1.J LL~:;~ L~11:;\.f Fl'l1i-J L~tl~"1I'tl~ n11U~~i-J~\!fi1:;~~1~1' ~ ~ ~~Yl911ru191 n 

n11~~;r'tl ~'l1i-J 1:;~~1~1' ~ (11 \!LL~'W11Yl~1 ~tJ~ LL~ (;l~;\!\!11'L~"1I~~tl~ L~~ . .. 

7::l.jILt'l:::jLrl71::l1iJ"4'U"''l1~L~U~ 
W~-illl'l LIIU;;"17CU1"1nWJWl1'Yi 

'" ~..JJ', ~ 
ftLIIIYlw.rll"DUlIfl~YJn'lIll'lYlllUfltJnUft01U:: 

:jLrl71::l1 1Lt'l::~1U'lCUl'l'l1~L~U~ lu 7::CIIu'ilu1:tfl 

LIIU;;"17CU1"1n'YiCj~ri77~n1nh~1Ullfl~'!IflYlIlfIL'lf 

4'fIIlhCIIU"''l1~L~U~lIfl~YJn'iluu11tfllu~t'l::n~niu~1U 
1Lt'l::"'hU'lCUI'\'l1~L~U~1I!l~n~niu 

/ 
/ 

tU~ 3.4 i\!~~\!"1I~~LL\!'l~(;l1\!n1flLM1:;\.f~'l1i-JL~m"1l~~LLtJtJ~1~~~L;~YI~ni\!L(;ltlH' 
Ylq~n11i-J'lJ~~1'~~ 
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~Lrln~lff)'J1)J L~U~ 1l.!~~~u~l.!"n1L~LL~~YI~ nil.!~1l.! ~'J)J~~4' {;lii1 ~Url'J1)J~1r1 '1!"11~~ rl'J1)J L~U~ 

~~tr'J;r~ 3.2.3 
0-

nu ~~ L ~U {;l"1l~~ LLc.Jl.!Jl1Yl n'"l n ~~)J 1c1i'~1 L~l.!~ Lill.!~l.!~~l.!~fi (Algorithm) 

rl'J1)JL~m"1l~~LLUU~1~~~L~~YI~nil.! ~~nJ~ 3.5 
" 

.fu"'ilu~fi O11~lfI11::lff'l,)1lJL~tN1It).lL1uu41flt).lL;-3Y1-3r1iU 

"'il~ft'h~,h iftlfhl-lUlill'l,)1lJllit).101111tl-31~U 

"'il~ftU1'i1'iln: 11V-31UI'l,)1lJL~tN1Itl-3Y1-3ni'U-31U 

i'ilri,,,u,,: {Ut.lU111YUJfH"ft. Ut.lU111Yiflfl1ft, UtJWl1YU~1~U, LLc.JU111~flUJlVlU).J,;tU} 

~1'ilul'llri'ilu : L1~Ufl1Vi~tltlnL1Uut1ftl-3LiluL1~UrnVi~~nllitl-31111lJ,)1nvtflJ~utf 

IhU;l1{~lfI11::lfP\,)1lJllitl-3n11L1fl::tltlnL1UUL1~Ufl1Vi~LtilJL1tlfl1ltl-31::UU 
(3.2.1) ~11-3 L1~Ufl1Vi~~LP\~ L1~Ufl1Vif'lfl1~ U~U111VithKu Ufl::U~Ufl1\'1I'1LII1Y1 L1lJ'!!1U 

ft 1l-lfu L1oifl::YI-3 ni'U-31U1Itl-31::UU 

(3.2.2) 

lhu;l3 
(3.2.3) 

thl-lfu L1oifl::,uuirltl1uYI-3ni'u-31U 

ft1l-lfu L1oifl::t)1I1 Q~1n ~U111ViI'l LII1Y1 L1lJ'!!1U 

~ ~ tJ...I 1 ~ ... 
Vi"l11CU1Vi~lI1nl1lJ01rL flVUMnu::rnv U,)1I1 Q"I1n L1~Ufl1ViI'l LII1V1 UlJ'!!'!!U 

ft1 l-lfu L10ifl ::U\UVI1-3 01 rn1-31U 1UL1~U111Vi ~ LII1Y1 L1lJ'!!1U 

Vi"l11CU1n11LtJ~VU~(nU::"I1nLitlul11n11LtJ~VUl'lmU~UuVI1u;i'U1Itl-3I'1U11V1L1lJ'!!1U 

f'i 1U') CUI'l,)1lJU1"1 ::Li]u1I tl-3 fi 1P\ ,)1lJ~ T-3Y11-311111n::11 tl-3tJ r::Vi"l UvI Yi11lX Lii lil n11LtJ~VUI'I n 1U:: 

ti1U,)CUf'l,)1lJU1"1::LilU1Itl-3~fltrVitfvl'wn-3tJ11rnU111tl-3Lt\'UVl1-3 

ri1l-luCllr::liiuP\,)':llJLaVl-l1V~"I::'LIlfuIl11lJLtl~LtilJ~LtllC11V~L~V'l'!!1ClJ 
ti1u')cufi1if"l4'Vf'I,)1lJL~V-311tl-3t)II1Q 

ft1l-lfuuoifl::L1~Ufl1Vifl1IiiUn1rn1-31U 

t)CIIl'ltrtJtJfl-3L;-3Viflt)II1~1nL1~Ufl1Vifl1Iiiu 
• ~ -"j ...I ~.1'~ •• 1 .... 'i' .. ...I 

O1l-lUlI1r::CIIUI'I')1lJLnVl-l1VYI"I:; Ll'lrull11lJ Ltln LtllJtlL tl LCIIVC;j L'!!V'l'!!1 ClJ 

ti1u')cufi1if"l4'Vf'I,)1lJL~V-311tl-301runtflJ~utfr::l-l~1-3t)II1Q 

~ 11-311 V01111tl-3t) III Q L1fl::01 runtf lJ~utf 1II1lJ r::IiiUI'I,)1lJ LaVl-l1V 

~h-3L1uu~1fltl-3f'1,)1lJL~V-311tl-3;uui11tlL1fl::ti1u,)cul'I,)1lJLilultNr1Jtl-3L1Y1ru;i'u 

ti1u')cufi11'l,)1lJL~V-31Jtl-3if"l4'vl'l,)1lJL~V-31Jtl-3;uuiHtl 

4'lIIfl1IiiU;UU1TltlIll1lJif"l4'vf'I,)1lJL~V-3 
. ri1u')cufi11'1,)1lJL~tN1Jtl-3Y1-3ni'U-31U 

4'IIIYi111V-31UP\,)1lJL~V-31Jtl-3Y1-3ni'U-31U 
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3.2.1 

~ ~.r:::.t.... .JQI a S/ ..J" 
"Jfkl(Mlklkl9:;L~lJ"1lkl\HN91n'YllJm~LnU~'JU~'JlJFl'JllJ(Wfl-.1m~"Jf'fl-.1~:;UU'Yl(Wfl-.1m~ 

~ (;JJkl191 n ~~i1~'JklL~m-If'fl-.1 riu~:;UU 91 n,rkl9:;lJllJltltlnLLUU LUklLLtJklI11Ym~ LFl~ L ~tltlfiUIt1 
" " 

. . . 
~:;UU LVltl Vi LL~ fl :;Yl-.1 nikl-.11 kltl199 :;1.J~:;ntlU ~'J m~il-.1; kIkI I'iL tl~ 1tl~ fll tI; kIkI 11L tl ;-.1 ~llJl HI 

LL~ Vl-.1 ~'JtI LLtJkll11'Yiiii ~u~vh L'" L ~klC1-.1'Yi ~ ~ n ~~lJ m ~~-.1-If'fl Fl'JllJ rikl~:;~~I-.1~ [;1 ~ ~1~fuLL~fl:; 
.., .J'x I ..... '" CIf.J.ct _ 

'J[;1~'Yl"1lkltl~nU~nlk1:;9:;~ntltlnUUUVl'JtlUtJklI11'Yi~L[;1'YlUlJ"Jf"JfklL'YitlU~Vl-.1n-.1'Yi~~n~~lJnl~ 

L1.J~ tlkI~ C11kI:;111tiL kI~ ~ ~ LVltl~ LLtJkl111'Yi ~1-.11 L ~fil;19:;~ nlJ1L1.JL ~ LFl~I:;"f Fl'JllJ L~tI-.1L kI 

" ikl~'flkltlVlL1.J 

. " 
;klklI1LtlViL~91 n n 1 ~ij LFl ~1 :;"fLLfl :;tltl n LL UUYl-.1 nikl-.11 klL UklLLtJkll11 'Yi tI L tfllJ LL'fl fl91 nikl~tlklritlkl 

" " . . 
~tJlil LVltl9:;Yi91~n.11 Fl'JllJ L~tI-.1"1l'fl-.1'Yl n~ ~ (I LLfl:;Fl'J1lJ L~tI-.1"1l'fl-.1 m~~-.1-If'fl Fl'JllJ rikl~:;~~I-.1~ [;1 (I • • • 

;-.1L kI~;1 ~lJlt1 C1-.1 m ~1.J~ftlJ~kI€~:;~~I-.1~ ~~ L klLL~fl:;;klklI1Ltl LVltl Fl'JllJ L~m"Jftl-.1'1Jtl-.1~ ~ ~ 
~llJ1 ~nYi91 HU 1L~91 nLLtJkll11'Yi ~ L~'Yl LLlJ"Jf;kI;-.1 LL~ Vl-.1'Yi ~ ~ m~lJ m ~L1.J~tlkI ~ C11k1:;"1ltl-.1~ [;1 ~ LLfl:; 

fil'JllJ L~ tI-.1"Jf'fl-.1 m~1.J~ftlJ~kI€~:;~~ 1-.1~ [;1 ~~llJl~nYi91 ~ru IL~91 n LLtJkl111'Yi ii 1 ~ U;-.1 LL~ Vl-.1 m ~~-.1 

-If'fl Fl'JllJ rikl~:;~~I-.1~ ~ (lL kI~klkll1Ltl 91 n,rkl~-.1lJl FlI fil'JllJ L~ tI-.1~L~ L ~ fil;1lJ1L' ~1~fu m ~ • 
o ~ r ~.J __ J'" I CIf .oCIi.)' d. 0 I 

filIkI'J CULLfl:;'J Lfiln:;~ Fl'JllJ L~ tI-.1 'Yltl 199 :;Ln Vl"Jfkl ~ klLL~ fl :;"Jfklkll~ ~ 'fl "Jf-.1 m:;u'Jklm ~'Yl1-.11k1m-.11 

" " .. I '" ---AI.., .... -=I 
u~:;ntlU Vl'JtI ntlfl:;L tltl Vl"UkI[;1'flkl Vl-.1k1 

1) m~Yi91~rulfil'J1lJL~tI-.1"1l'fl-.1~[;1(1 • 
nl~klVlL'" SNx = {object"object2 , ... ,object,,_pobject,,} LkI;klkll1Ltl X 

(Scenario x: SNx ) 

m~Yi91~CUlfil'JllJL~m"Jftl-.1tf99t1fil'J1lJL~tI-.1 (Risk Factor: RF) RF; "Jf'fl-.1~~~ 
" i LkI;klkll1Ltl x ~llJ1~(lnl~klVlL~ ~-.1il 

RF; = P UOOS; . Svt; 

LVltl PUOOS; ~tl fil'JllJoJI9:;LUkI"Jftl-.1tJfli'Yi€~LlJ~-.11.J~I~(lkll"Jftl-.1~~~ i;-.1 

~ mJfu FlI fil'JllJoJI9:; L UkI~ IlJ Ltl n 1 ~ ~9:; Ln Vl~ ~ ~ ,rklL kI;kI kI 11Ltl x (Probability of 

Unsatisfactory Outcome of an Object in a Scenario: PUOOS) i1Flltl~~:;~~I-.1 0 C1-.1 1 
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d .... ~ .J .. II.... ~ .... ....J~ _ ! 
LL~:; Svt j f'I'fl ~:;(;)tJf'I'J1l-!L~tJ~1tJ (Severity: Svt) Yl'"l:; ~(;)~tJLl-!'flCJ~~rtfiYl U-l 

tJn~n\!1Ln(;)~\!'"I1n.r~1Cl i 1\!;!\!\!11L'fl x ijI'i1'flU~:;~~1--1 0 n--1 1 . .. 
~1~~tJI'i1f'1'J1l-!U1'"1:;LtI\!"llra--1CJ~irtfi~hl~--1tJn~n\!1"ll'fl--1L~\!Yl1--1n1n11--11\! 

1\!LLCJ\!Jl1rt~ L~YlLLl-!"lf;!\!~ LL~ (;)--1rt q~m~l-! n1~LtJ~tJ\!~ Cl1\!:;"ll'fl--1.r ~~ i ~'fl~1\!;\!\!11L'fl X ~1'fl 
~ '" .... ...,J~ ... • I .!' 0 'I .I.,J 

PUOOS j ~1l-!1~n~1 ~(;)'"I1 n CJ~~rtfiYl ~l-!rt--1un~n\!1"ll'fl--1 L~\!Yl1--1 n1~Yl1--11\! ~\!n1~LlJ~tJ\! 

~ Cl1\!:;"ll'fl--1 LLCJ\!Jl1rt ~ L~Yl LLl-!"lf~\! L(;)tJ n1~Yi'"l1 ~ru1'"11 n L1'fl\! 1 "lltJ\!LL Yl~\!;i\! ~--1 n1 ~~'"I1HI.!1 
.... ...,J~ ... • I • I.,J "" o. "" .,J ~ ~. I~ '" 

CJ~~rtfiYl ~l-!rt--1u~1~n\!1"ll'fl--1 n1~Lu~tJ\!~ Cl1\!:;'"I:;n nrt'"l1~ru1'"11 n'"l1\!'J\!f'l1 f'l'J1l-!'"INYl LuU ~lJ ~(;) .. 
"ll'fl--1 mm:;"ll'fl--1tJ~:;rt'"ltr'"l1 n d'a\! 1 "ll"ll'fl--1 n1~LtJ~tJ\!~ Cl1\!:; 

1 \!~eWl4'tJ"ll'fltJn ~'J'flU1--1tJ~:;n'fltJ L ~'fll ~ L~\!n--1 LL(;]~:;i\!~'fl\!"ll'fl--1 n1~~'"11 ru1 .. 
~--1 ~'J'flU1--1~tJ~ 3.6 LtI\!LLCJ\!Jl1rt~ L~Y1 LLl-!"lf~\!~ LL~ (;)--1 n1~LtJ~tJU~ Cl1\!:;Jl1tJl \!~ Cl1\!:;tJ~:;n'fltJ .. 
Processing PI N Input ~--1 LtI\!~ Cl1\!:;~;1--1"ll'fl--1 LLCJ\!Jl1rt~ L~Yl LLl-!"lI~\!~ LL~ (;)--1 n1~LtJ~tJ\!~ Cl1\!:; 

"llra--1f'1~1~ ATMControlier l\!~:;tJtJL'flVlLill-! ~l-!IX\!n1~Vi1--11\!"ll'fl--1~Cl1\!:;tJ~:;n'fltJ ~Cl1\!:;Jl1tJl\! 

'"I:;'fl~ Waiting for PIN L~'fl~'fl~tJnr~"ll'fl--1U~1L'flVlLill-!L~'flijL~[;Jn1~nr~L;r1l-!1m:;~\!LtI\!nr~ PIN 

o 'I" "" • I.,J ~. I .... .J 0 

'"I:;Yl1 ~~Ln(;)n11Lu~tJ\!~Cl1\!:;'"I1n~Cl1\!:; Waiting for PIN LlJtJ--1~Cl1\!:; Validate PIN Lrt'flYl1 
., 

n1~~~'J'"I~'fltJ~"r~U~1L'aVl L ill-! ~1 m"r~u ~~L'aVl Lill-!hl nnIX'a--1 LL~ :;~1\!'J\!f'I~--1"ll'a--1 n1~ 1~ ~tr~u~~ .. ., . 
~--1hln--1 3 f'I~--1 '"I:;Ln(;)n1~LtJ~tJU~Cl1\!:;'"I1n~Cl1\!:; Validate PIN nitJltJ~--1 Waiting for PIN 

• "" I 

L Yl'fl ~'a~tJ~tr ~u ~H'flVl Lill-!~ n f'I ~--1 ~ 1~~tJi\!~'fl\!1 \!n1 ~~'"I1~ru 1 L~ 'a\!1 "ll"ll'fl--1 LL Yl ~\!;iU~1 ij 
lJ.:I" '1'" I ....... .J~.J' .. "' .... ...J cI tJ~:;rt'"lU1(;)Jl1tJl~ L--1'a\! L"lJ'a:; L~tJ1--11 \!LL~~:;LLYl~\!"lf"lf\!Yl Ln (;)"ll\!LL~ (;)--1 L(;)(;)--1 mn--1Yl 3.1 L(;)tJl-! 4 
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Input 

Processing PIN 

Input 
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when(PIN) 

Waiting for PIN lwihei1iirW3iidiPiN\iil(ltP~OOUi~if( Validate PIN 1-------:::>1 

Waiting for PIN @T Validate PIN 

Validate PIN @T f Waiting for PIN 

tltlnl.J11rJl LC;}U~'"l1HW1(;]1l.Jn!ln1~"1IU1tJL~~n1~nr~i1n1m~:;~tl ~~lh:;Yl'"ll1~ 1 LLfl:; 2 

(;]1l.J~1~1J 
I I I " 

lh:;Yl'"ll1~ 1 i1m~m~nr~i1m~m:;~tl Fitl PIN Li~tl1-nn!lm~"1Imu'"l:;lrJl~~~ 

@T(PIN) == -,PIN /\ PIN' ~l.J1Uti~ f'l1L~~n1~nrri'fltln1~m:;~tl (PIN) 

,;rtl~LiJtlLVi'"l LLfl:;f'l1"11tl~L~~m~nr~~~mm~:;~tl (PIN') ,;rtl~LiJtl'"l1~ .. . 
.. I ~iIIi::II -=:J ..-q,q SI .dI oAiI 4 '1 ....dI 

u~:;Yl'"ltlYl 2 l.JL~(;]m~ruYll.Jm~m:;(;]tl ~tl invalidPIN LLfl:;m~tltl ~"1Im~", ~tl • • . ~ 

.... 'I '" ~ "'., ... PIN_count=3 Ll.Jtl ~"JIn!lm~"1ImU'"l:; ~C;}"'~tl 

@T(invalidPIN)/\-,(PIN _ count = 3) == -,invalidPIN /\ invalidPIN' /\ 

-,(PIN _ count = 3) ~l.J1tJti~ f'l1L~~m~nrritltlm~m:;~tl (invalidPIN) ,;rtl~LiJtlLVi'"l LLfl:;f'l1 
~ . 

"1Itl~ L~~n1~nr~~~ n1m~:;~tl (invalidP IN') ,;rtl~ LiJtl'"l1~ tl'fl n'"l1n~'"l :;,;rtl~~'"l1~ru1 L~tltll"11 

mf", (PIN_count = 3) ,;rtl~LiJtlLVi'"lrJl')tJ 

L~m;1 m ~"lltJ1tJ n!l ~~1J~ nU~:;Yl'"ll1LL~,) U1 f'l1~1rJl1u1~1 tl(;]1~1~~ 3.2 L ~tl 
~ 

u11u~~1~ f'l1m1l.J'"l1~"lltl~u~:;Yl'"l111 tlitl(;]tltl~tllU 

L~tllrJl;;tlri1~tlC;}11tJfl:;L~tJ C;}U~:;Yl'"ll1LL~,) '"l:;~1l.J1Hl~~1~ f'l1 ~,)1l.J'"l1~ 1 tlLL~ 

fl :;u~:;Yl'"ltl1,x ~~tl1J ~fll.J Lc;}tJtl1 ~tJ~fin 1 ~(;]1l.J~~ n m ~~ ~1~ n ~ruYl "'~tl1J LL1J1J ~ ~tl1J ~fll.JU ~:;Yl'"ll1 • • 
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.=lei '" .. I '" I r I .... "',J I 

Yl~n1~m'::;(;l'W u~::;ntlUVl'Jtll'l1"l1tl~L~(;ln1fCWntl\JLL~::;lU~~n1~m'::;(;l\J rl'J\JFl1 t LL~::; f ~1'"11nn1~ • • • 

~'"I1~ru1rhFl'J1~'"I1~"lItl~L1'el\J1"l1n1fVl 

P1 Processing Waiting -.PIN A PIN' Validate 

PIN Input for PIN PIN 

P2 Processing Validate -.invalidP IN A invalidP IN' A -.P IN count = 3 Waiting for 

PIN Input PIN PIN 

P2-1 Processing Validate PIN F f T Waiting for 

PIN Input PIN 

P2-2 Processing Validate PIN T f T Validate 

PIN Input PIN 

P2-3 Processing Validate PIN F T Validate 

PIN Input PIN 

P2-4 Processing Validate PIN F F Validate 

PIN Input PIN 

t'lm\J::;Li:h~~1t1 Waiting for PIN UILYimL~'el invalidPIN LiI\JLVi'"l PIN_count=3 LiI\JLVi'"l LL~::; 

invalidPIN' LiI\J'"I1~ (~~1t1L~"lItl~::;Yi'"l\! P2-1) m'nlL~mL·rh~\J ,r\JFi'el~~~Yifi'1J'el~ri1F1'J1~'"I1~ 

LiI\J'"I1~ LLt'I Vl~~1Yi~ ~m'~~n11Ltl~t1\Jt'lm\J::;1l1t1t \J.)(;l~t'l1~1~ClYi1~1\J1~(;l1~~ Fl1 Vl~')~ ~'J\Jt \J 

n~ru~\J1 ~~ ~Yifi'1J'el~ ri1 FI'J1~'"I1~ LiI\JL Vi '"I L Yi 11::;L ~'el~'"I1 n t'I Cl1\J::;U'"l,,.r\JU~ FI~ LiI\Jt'I m\J::; 

L~mriut'lm\J::;Li:h~~1t1 (~~1t1L~'1Jtl~::;Yi'"l\! P2-2 P2-3 LL~::; P2-4) ,r\Jn~~1t1F1'J1~~1i1n1~ 

ri1~\JVl L1'el\J1 '1J ~r'el n1m~::;~\JL1tl\J1 '1J~~ VlYi1L "'Yi ~ ~ m'~~'1Jtl~') (;l ~ hjt'l1~1 ~ClYi1~1\J1~ (;l1~~ 
Fl1(;)~')~ 

~~~\J'"I1 n LL \J'J fo1 Vl4f 1~ ~\J t'l1~ 1~Cl ~1\J'J rum1~tl1'"1::;L i1\J'1J'el~ ~ ~ ~Yifi~hj~~ 
.1 .!' 0 'I ... .,J _ .I.,J 
u~1~Cl\J1'1J'el~ L¥'i\JYl1~ n1 ~Yl1~ 1\J ~ \JLL~\J1l1Yi t'I L(;lYl LL~"JI"JI\JYl LLt'I Vl~Yi ~ (;l n ~~~ n 11Lu ~t1\Jt'I Cl1\J::;'1J'el~ 

.)(;lCl i ~'eltit\J:n\J\J11L'el x ~r'el PUOOS 1~ ~~n 
• .. I 
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.,J .4 1 .... q .J. I 

Satisfactory Outcome: PSO) 1 \Jn1~LU~t1\J~Cl1\J:; '"l1 n~ Cl1\J:;~\J-l Utl-l'tl n~ Cl1\J:;~\J-l"ll'tl-l LL(;] 

~:;L1'tl\Jl"llu\JLL'Vl~\Jon-n\J ~-l~m 
" 

ITrue Truth Valuepql 
PSO = +--------';­

pq ITotal Truth Valuepql 

~ I I" 0 0 ... .,J... J' .4 1 ~(;ltl True Truth Value pq fI'tl '"l1\J'l\Jfl1f1'l1l.J'"lN'VlLn(;l"ll\J'"l1nL-l'tl\J "ll 

U\JLL-r1r\Jon-n\J;-l1~~~~.,..nrLtI\J'"l1-l vi11~Ln(;ln11LU~t1\J~Cl1\J:;'"l1n~Cl1\J:; p luLtI\J~Cl1\J:; q 

ITotal Truth Valuepql Fl'tl ~1\J'l\Jr11f1'l1l.J'"l1-l~LtI\Jlul~~-l~l.J(;l~ 
_J' .- ..; 1 ..... 0 

Ln(;l"ll\J'"l1nn1~Yi'"l1nlJ1L-l'tl\J "llU\JLL'Vl~\J'l!'1l\J ~:;~'l1-l~Cl1\J:; P LL~:;~Cl1\J:; q 

pso pq fi'tl r11f1'l1l.J1l1'"l:;LtI\J"lltN~~~Yifi~~-lun~Cl\J1"ll'tl-ln1~LU~t1\J 
~Cl1\J:;'"l1n~Cl1\J:; p luLtI\J~Cl1\J:; q 

..... I oJ I ~.J"J' .. .J. 
'"l1n(;]'l'tltl1-l (;]1~1-l'Vl 3.3 LtI\JfI1f1'l1l.J'"lN'VlM1-l"ll\J'"l1nU~:;Yi'"l\J P2 'lI-l 

LtI\JU~:;Yi'"lUU\JLL'Vl~\Joni\J~vi1H\n(;ln1~LU~t1\J~Cl1\J:;'"l1n~Cl1\J:; Validate PIN lUU-l~Cl1\J:; 
..:i.J 0 I .Q.J_X 

Waiting for PIN "ll'tl-lLL~\J111Yi~L(;]'VlLLl.J'1l'1l\J1\JlU'Vl 3.6 '"l1n(;]1~1-l '"l1\J'l\JfI1f1'l1l.J'"lN'VlLn(;l"ll\J 

'"l1nL1'tl\Jl"llu\JLL'Vl~\Jon-n\J;-l1~~~~YifiLtI\J'"l1-l ~1'tl ITrue Truth Valuepql ihYim P2-1 n~Ol 
'" I '" I 

L~m Lvh~\J LL~:;~ 1\J'l\Jr11 fI'l1 l.J'"l1-lYl LtI\Jlul~l1-l~l.J (;l'"l1 n n1 ~~'"l1 ~tlJ1 L~'tl\Jl "llU\JLL 'Vl ~\Jon-n\J 

~1'tl ITotal Truth Valuepql iJ~-l~l.J(;l 4 mOl fi'tl P2-1 ~-l P2-4 ~-l,r\J r11f1'l1l.J1l1'"l:;LtI\J"ll'tl-l 
o ., 0 

~~~YifiYl~-lUn~Cl\J1 PSOpq "ll'tl-ll1-l 2 U~:;Yi'"lU'"l:;~1l.J1~Cl~11~ ~-l(;]1~1-lYl3.4 

P1 Waiting Validate 3 0.33333 

for PIN PIN 

P2 Validate Waiting for 4 0.25000 

PIN PIN 

o ., 

L~\J'Vl1-l LLtI n n\J L(;l tI n 1 ~~ '"l1 ~tlJ 1'"l1 n ~ Cl1 \J:; L1l.J ~ \J 1 UU-l ~ Cl1\J:;~ \J ~ (;l LL~:; ~ 1\J'l tlJfI'l1 l.J1l1'"l :; • 
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LihJ"1I'tl~ LLv1~ ~L~hlVl1~~Yi" 1 ~ru1 1-1 ~~"1 n lrJlI'i11"l')1l.JlJ1" ~LilhI"1I'tl~ tJ ~ ~~fi~~~un Hlhl1 '11 'tl~ LLv1 

~~LLVl~hI;;hl1 hlLLtJhl111~~ LInVl LL~"1I:nhlLL~,) v1'tl~I"~~Ih1,) rul"l,)I~t.iI"~LilhI"1I'tl~ L~hlVlI~ n1~ 

v'h~Ih1LLv1~~L~hlVlI~ Ll'ltl1-nn1~~Ih1')rul"l,)I~t.iI"~LilhI"1I'tl~ L1-11n n1mr~ Ln 1'Iv1'tl L~'tl~nhl ~~~ In~ . ~ 

n-I 

PS0inilial-fmal = IT PSOPIPi+l 
i=1 

~ ""'!'I"' .. .J .... 1 
Ll'ltl PS0initial-fmal I"l'tl 1'111"l,)I~hll"~Luhl"1l'tl~tJ~~~fiVl~~u~I~t1h11"11'tl~ 

L~hlVlI~n1~v'h~Ih11h1LLtJhl111~~LInVlLL~"1I:nhl ~~L~hlVlI~~~"1n~mhl~ PI ihlfll'l~~mhl~ Pn Ll'ltl 

Ln 1'1"1 n tJ~ ~ ru"1l'tl~ 1"l,)1~t.i1"~LilhI"1I'tl~ tJ~~~fi~~~un ~t1h11"11'tl~ n1 ~LU~tlhI~ mhl~" 1 n ~ mhl~ PI 

lu~mtJ~ P2 LL~~~mhl~ P3 1n1~~1~iJ "hln~~mhl~flI'lVfIt1 ~'tl ~mhl~ Pn 

''In[;],)'tlth~ 1U~ 3.6 ~1~1~t11-111'i11'1,)1~t.iI"~LilhI"1I'tl~tJ~~"r'ifi~~~ 
" 

Un~t1h11"11'tl~ L~tJVlI~ n1~v'h~Ih11 hlLLtJhl111~~ LInVl LL~"1I:nhl PS0initial- final UI Lrntll111'i11"l,)1~ 

t.i1"~LilhI"1I'tl~tJ~~~fi~~~Un1t1tJl PSOpq "1I'tl~ LLv1~~LLVl~tJ;;hI~'tltl1 hlL~hlVl1~~11'1 runtJ ~~ 
" " 

[;]')'tltll~ ~~~ ~1 "" L~hlVl1~n1~lil~1tJ"1I'tl~ LLtJhIl11~~ LInVl LL~"1I:ntJi1 L~m L~tJVlI~ L~m ~~ 1 hlL~hlVlI~ 
u~~n'tllJ rJl')tlLL Yl~hI;;hI 2 LLVl~hI;;hI ~~i1 L1'tltJl "1I"1I'tl~ LLv1~~LL Vl~hI;;hllnl~1-1~lt1L~'l1U~~~"tJ P1 

~ , 
LL~~ P2 ~~,rhll'ilml~t.iI"~LilhI"1I'tl~tJ~~~fi~~~U~1~t1h11"11'tl~L~hlYl1~nl~lil~Ih11tJLLtJtJ111~ 

.Qj .cl I.... '" I .... 

~LInVlLL~"1I"1IhI PSOinilial - final "~LYllnlJ 0.33333 ~rul'l,)tI 0.25000 LYllnlJ 0.0833325 

(3) 1-111'i1 f'l,)1~t.iI"~LilhI"1I'tl~ tJ ~~~fi~hl~~u~1 ~t1tJ1"11'tl,mv1~~L~tJVlI~ n 1 ~ 

lil~1h11 tJLLtJhIl11~~ LInYl LL~"1I:nhl ~~~ In~ 
" 

PU0inilial - fmal = 1- PS0inilial-final 

~ ...,' iI "' .. .J~ ,... • I 
Ll'ltl PUOinilial- f mal I"l'tl 1"l1f'l,)1~hl1"~L hI"1I'tl~tJ~~~fiVl L~~~un~t1h11 

(Probability of Unsatisfactory Outcome: PUO) "1I'tl~L~hlVlI~n11li1~ltJ1h1LLtJtJ111~ 

, 
U~I~t1h11"11'tl~L~hlVl1~n1~lil~Ih11tJLLtJhl111~~LInVlLL~"1I:nhl i11'i1L'VhnlJ 1 ~lJ~,)tI 0.08333 ;~ 

LVi'lnlJ 0.91667 

(4) 1-111'i11"l,)1~t.iI"~LiltJ"1I'tl~t)In'l (Probability of Unsatisfactory Outcome 

of an Object: PUOO) ~~~Ih1')rul~"1ntJ~1,)~"1I'tl~tJ~~~fi~llJ~~un1t1h11"11'tl~L~hlVl1~n1~ 
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" li1~1lJVI n L~lJVl1~ LlJLLeJlJJ11Ylt'l L{;1V1 LLl-J'lI;lJ L(;Itln n1~ L,x roh-u1~l1n'll'tl~ LL(;]~:;L~lJVl1~ ~')t191lJ,)lJ • 

. ( P U 0 inilial-final) k 

, " 
PPk ~'tl 91lJ,) lJ L~ lJVl1~ Vi Lij lJhJL~";~ ~ l-J ~ LlJ L~ lJ Vl1~ n1 ~li1~ 1lJ 

(Possible Path: PP) ~ k LlJLLeJlJJ11Ylt'lL{;1V1LLl-J'lI;lJ ;~roi1lJ,)nJl~'"l1nn1~Fln.!fllJ'lI'tl~91lJ,)lJroh 
" 

PI,)1l-J'"l1-~~ LijlJ hll~~~~l-J ~'lI'tl~ LL(;]~ :;LL VI ~lJij;lJ~'tlrJLlJL~ lJVl1~~lJ 
" 

L~lJVl1~ LlJLLeJlJJ11Yl t'l L{;1V1 LLl-J'lI;lJ 

(PUOinilial -final)k ~'tl PI,)1l-J'W1'"l:;LijlJ'lI'tl~eJ~ftYlfi~hj~~tJnHll.!1'l1'tl~ 
L~lJVl1~n1~li1~1lJ~ k LlJLLeJlJJ11Ylt'lL{;1V1LLl-J'lI;l.! 

(5) L ~'tl~ ~')t1J11t1LlJ~l.!lJ11-L 'tltJ~:;n'tlU ~')t11' {;1 ~~lJ1 ~li1~1lJ1,)l-J IllJ ;~'tl1'"l 

d:JlJ1' (;1 ~~~l.!'tl~ IlUt'l tl1lJ:; ~~~lJ~~ ~'tl~tJfu L,x 1'i1 PI') 1l-J'W1'"l :;djlJ'lI'tl~ eJ ~ ftYlfi~hl~~tJn~Cll.!1 
, " 

'lI'tl~1'{;1~ L~1 ~1'tl P UOOj L,xLUlJI'i1P1,)1l-J'W1'"l:;Li:JlJ'lI'tl~L'tln1t'lYl'"l:;Ln~1' (;1~l1lJLlJ~lJl.!11-L'tl x ~~ 

t'l{;1~ 
" 

PUOOS = PPOi . puoa 
I n I 

LPPOj 
j =1 

L(;ItI PUOOSi ~'tl PI,)1l-J'W1'"l:;LUlJ'lI'tl~eJ~ftYlfi~hj~~tJ~1~CllJ1'l1'tl~1'{;1~ i 

;~ ~ ntJ fu I'i 1 PI ') 1l-J'W1 '"l:; L UlJ{;11l-J L'tl n 1 t'l ~'"l:; Ln ~1' {;1 ~~ lJLlJ~ lJlJ 11L'tl x (Probability of 

Unsatisfactory Outcome of an Object in a Scenario: PUOOS) 
," , 

PPOi ~'tl 91lJ,)lJL~l.!Vl1~YlLUlJltJl~";~~l-J~'lI'tl~1'{;1~ i ;~~nroi1lJ,)nJ'"l1n 

eJ ~ ~') l-J 'lI 'tl ~91lJ,) lJ L ~ lJ Vl1~ ~ L U lJ 1 tJl~ ~~ ~ l-J (;ILlJ LL(;] fl:; L~ lJ Vl1 ~ n 1 ~li 1 ~ 1lJ 'lI 'tl~ LLeJ lJJ11 Yl 

t'lL{;1V1LLl-J'lI;lJ'lI'tl~1'{;1Cl i • 
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n , ., 

I P PO j ~~ ~~~(m'll~'l41tJ'JtJL~tJYl1'lVl Li:ltJ1.tl1.~l1,nnJI?1'l1~'l n l' (;1 ~ 1 tJ 
j ; \ 

2) n1~~91~r:u1f'1'J1~L~tJ'l'll~'ln1~tl~~~~tJfi~:;~~1~1'(;1~ 

n1~~91 r:u1 f'1'J1~ L~tJ'l'll~'lif9~tJ f'1'J1~ L~tJ'l RFij 'lI~'l n1nl~~~~tJfi~:;~~1~ 

1'(;1~~ i LL~:; j 1tJ;tJtJ11L~11?11 ~1~1~n~91~r:u11.~91nn1~~~;J~f'1'J1~ritJ~:;~~1~1'(;1~ ~~ih~tJl?1 

Ll?1tJ NDC jj ~~ ~1f'1itltl~~L;~Vi~1'(;1 (Normalized Dynamic Coupling: 

NDC) 'lI~~n1~tln~~~tJfi~:;~~1~1'(;1n~ i LL~:;J'1tJ;tJtJ11L~ x ~~nn.yh1~d:ltJ~1U~~11I?1fi1tJ iJ 
~ ~ " .. 

I I I .:I. 

rl1~fJ~:;~'J1~ 0 n~ 1 

.4 ..... -:;J .J '1 "......J ..... ~.J'1 I ..c:. J' 
Svtij f'1~ ~:;I?1Uf'1'J1~ L~tJ~1tJYl9:; ~1?1~UL~~~~~VifiYl ~~tl~1~ntJ1Lnl?1'l1tJ91 n 

n1~tl~~~~tJfi~:;~~1~1'(;1~~ i LL~:; j 1tJ;tJtJ11L~11?11 iJ~1~~~:;~~1~ 0 ~~ 1 

~1~jU~1 f'1~tltl~~ L;~Vi~1'(;1'l1~~ n1~tl~~~~tJfi~:;~~1~1'(;1~ NDCij 9 :; 

~1~1~n~1tJ'Jr:u1.~ ~~~(;1~ 
" 

IMI NDC .. = lj jjESNr.i~j 

lj IMI 

U(;1~L~V1Lil~nn~~~ ~~~tl~ 3 . 7 ~1~1~n~1tJ'Jr:u~1f'1itltl~~ L;~Vi~1' (;1'l1~~m~tln~~~tJfi~:;W)1~ 
" " lJ 

1'(;1~ ATMCustomer l.tlu~ CardReaderlnterface 1.~91n41tJ'JtJ;J~f'1'J1~~~~91n1'(;1~ 

ATMCustomer l.tlu~ CardReaderlnterface ~1~ IMij l ~~iJ41tJ'JtJ 1 ;J~m1~ ~1~~'JtJ41tJ'JtJ 
'" ~ .J. ..... .., I ..,.J 0 Q..c:. ~ .cI .:J -=-10 

'!I~f'1'J1~Yl~~~I?1Yl~n1~~u~~ntJ~:;~'J1~VJn1 'J(;1~YlYl1~1tJ1tJ"l!tJtJ1~L~tJ ~~~ IMI ·N~1iiI1tJ'JtJ 
., 

16 ;J~f'1'J1~ c;)~l!tJ~1f'1itltl~~L;~Vi~1'(;1~~LYhriu 0.0625 



I "ATMC~stomer II 'CardRead~nterface I I 'A~Card I l 'ATMC~troner II ·customednterface I 
, . 

I :ATMTransac!joo I 
I , , , , , , , , , , , , 

I , 
InputCardO 

InputCardDataO 

cardlnsertedO 

: retum(PIJJmpt) 

getPINO 

~ ____________ L __ _ __________ ~~ _____ ____ _ 

inputPINO 

requestCardData() 

retum(cardData) 

--------- - ----------~ 

, , , , 
selec!jooM,lOU() 

pinEnteredO 

checkCustomer1nfo() 
~ .. 

validatePIN() 

~dispi;';M;';-uO-- r~dl:-~~~~v~~d!'~~ ----------~{j 
updateStatus() , , 

retum(acknowtedge) 

T~---------:fl~------------
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n1~~1'w')ru"'l:;~1'w')ru"r1nn1~u~~~~'t!jh:;\dl--11'~~~~-lLUU--1iln1'~~~~--1 

LLM1-lLtllJ~I~I--1I"l,)I~~~~lJfit~ ~--1~ln--1~ 3 .5 

"1'- -
.' 0) ' 

, L... E 0) 
'0 . ''0 ... 
en ro 
::l 0) 

0 ~. <0. 0:: 
, ~ 

",.J- . '0 .. L... 

I- .ro . . ~ .. '.0 ',' . 
'. 

0 0.0625 0 0 0.0625 0 0 

0 0 0.0625 0.0625 0 0 0 

0 0 0 0 0.0625 0 0 

0 0 0 0 0.125 0.0625 0.0625 

0.125 0 0.0625 0.0625 0 0.0625 0 

0 0 0 0.0625 0 0 0 

0 0 0 0.0625 0 0 0 
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" " 9~tl n~91 ~ru1 L(1ltJ ti L~m"Jj1 ru ,-:J t lJ-:J1lJ~Ylmilvn.lfiih~LLti-:J~~~U fil'J 1lJ L~mntJ L(1ltJ t ~fi'1J'tl-:J 
~ ~ ~ 

" " L'tlvhtllJ~L'tl (;J1lJ~1~mh'J1t)1lJ [8, 17] ;-:J1~iJn1~4'(1lmhJ-n'tl-:J~~~Ufil'J1lJL~mntJH lJ'tln91nil • 
" u-:J1~iJn1n11~lJ(1lrht~rlULL(;]~~~~~Ufil'J1lJ~lJLLNH~'JtJ ~-:Jil • 

.... <4 <Q ~ ~ I CII Q.Q .odI 

(1) ~~(1lU~1tJlJ~ fil'tl fi\'J1lJc.J(;lVi~1(1lYl'il199~LUlJ~1m(;,!(;l'tln1n~tJ"Jj'J(;l ~~'tl 

" ~~UUL~tJ~1tJl1-:J~lJ(;l iJrhLVi1rlU 0.95 

(2) ~~~u~n~(;l ~'tl fil'J1lJC4(1lVi~1(;l~'tl199~LUlJ~1L~(;,!t~Ln(1ln1~U1(;lL9U 

'tlth-:J~lJLL~-:J YlfVitJ~lJ~~1r1~L~tJ~1tJ ~'i'tl~~UU~~1r1'\!L~tJ~1tJ iJri1LVi1rlU 0.75 

(3) ~~~Url'tllJ.;J1-:J~n~(;l ~'tl fil'J1lJC4(1lVi~1(1l'tl199~LUlJ~1L~(;,!1~Ln(1ln1~ 

U1(1lL9UL~mJ'tltJ YlfVitJ~lJL~tJ~1m~mJ'tltJ ~'i'tl~~UUL~tJ~1m~mJ'tltJ iJrl1LVi1rlU 0.50 

(4) ~~~UL~nU'atJ ~'tl fil'J1lJC4(1lVi~1(1lL~nU'tltJ~hhUlJ~1L~(;l(;]'tln1~U1(1lL9U • 

3.2. 3 n1~1 LFl~1~"" Fl'l12-1 L; tI-3'11 'el-3:alJ'\J11L 'el LL'a~Vl~ n-a-lJ~1lJ 

~~-:J91 n n 1~~ Lfil~1 ~~ fil'J1lJ L~tJ-:J'1J'tl-:J1' (;l Q LL~ ~fil'J1lJ L~ tJ-:J'1J'a-:J n1~U~ llJ~lJfi 
~~V1~ 1-:J1' (;l Q t lJLL(;]~~~lJlJ1 ~L'tl LL~ 'J (;]'alJ19~ LUlJn1~~ Lfiln ~~ fil'J1lJ L~ tJ-:J t lJ~~~U~lJlJ1~L 'a LL~ ~ 

Yi-:J nilJ-:J1lJ ~~ 1~fu91 n n 1 ~~ h-:J LLUU~1~'tl-:J L :n-:J~ Lfil n~~ L(1ltJ9~'tl1 ~tJ~fi n1~~ ~1-:J LLUU~1~'a-:J 
" " " UlJYllJ~1lJ'll'tl-:J~mlJ~ (State-base Modeling) [8, 9] ~1lJ1~m111~lJ 2 i'lJ(;l'alJ ~~il 

1) n1~~~1-:JLLUU~1~'tl-:JVi~~m~lJn1~Vi1-:J1lJ-n'tl-:J"Jj'tlyjPlLL'Jf~1~fU~lJlJ1~L'at(1l1 

LL~ ~LlJYl ~ni fil'J1lJ LUlJ 1u1~'ll'tl-:J n 1 nL Yl ~lJ:nilJ L(;ltJ LLUU~ 1~'tl-:JVi '1 ~ m~lJ n1~Vi 1-:J1lJ'1J'tl-:J'jj'tlyj PILL 'Jf 

9~m~tJflru~lJu"i'll'tl-:JlJ1ffil'tlt)yj (Markov Property) LL~~~~1-:JLUlJ~nb'ru~'1J'tl-:JLLUU~1~'tl-:J 

lJ1ffil'tlt)Yl (Markov Modet) ~-:JiJ~m~ru~L~ij'tllJn~1yjfil'JUfllJn1~1~~ (Control Flow Graph) 

ih~lJ(1l t m ~lJ(;l LL(;]~~ L ~lJ(;l LUlJ1' (;l tl LL~ ~ L~lJL~'tllJ LUlJn1~~-:J.;J'tllJ~ fi\'JU fillJ rllJ~~~~1-:J1' (;l tl L~tJ 
" """ , , " 

~lJlJ~t~ L~lJ(1l~L~lJ~lJn1~Vi1-:J1lJ'll'a-:J~lJlJ1~L'tlLUlJL~lJ(;l S LL~~ L~lJ(1l~lJ~(;ln1n;1-:J1lJ'1J'tl-:J • 
" , 

~lJlJ1~L'tlLtllJL~lJ~ T LLUU~1~'tl-:Jil9~ijn1~~~1-:JL~lJL:n'tllJ~~~~1~L~lJ~L(1ltJ~91~ru191nn1~~-:J 

.;J'tlfil'J1lJrllJt lJLLc.JlJ111Vi~1 ~u L~'tl LtllJn1~~~11'(;ltll~~-:J.;J'tlfil'J1lJrlu1' (;ltll~ L~'tl HlLLUU~1~'tl-:J 
~. . 

, , " 
LUlJ'll'tl-:Jn11LLYl~lJ:nilJ91nL~lJ(1l~u-:J1uu-:J~nL~lJ(1l~u-:JllJ~lJlJ1~L'tl x ~-:Jil 
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;~ Pi} = ni} t(;1rJ~ i,J E R LL~:; R LthJFl'J1lJilJ~u€'"l1nt~U(;1~~~ 1.tJu~~n 
nj 

t~U(;1~~~ LULLUU~1~'tl~"(j~~m'1lJm1Yh~1U'jjtl~"l!'tlvl(;]LL'Jfntl~;lUU11ttl x 

t(;1rJ Pi} ~tl Fl'J1lJtl1'"l:;LtluL:n~L~tlul'jJ~hhLLn1lJ'"l:;L1-rJnL-ntj'Vl~ i 

~lJ\J1nr LL~'J~~L1rJnHtj'Vl~j LtlUtj'Vl~5(;1hJ LU;lUU11ttl x 

ni} ~tl ~1U,)U;;tlFl,)1lJ~fl~tltln'"l1ntj'Vl~ i ltJu~tj'Vl~j LU;lUU11ttl x 

n ~'tl ~1U,)U;;'tlFl,)1lJ~fl~'tltln'"l1ntj'(;J{l i ltJu~tj'(;J{l~UYlntj'(;J{lLu;luu11ttl x 
I 41 'II IIIj " 

~,)tl~h~ ltJ~ 3.8 LL~(;1~LLUU~1~tl~"(j~~m'1lJmn11~1U"1Jtl~"l!tlvl(;]LL'Jf"1Jtl~ 

;lUu11ttlm1(;J1,)'"l~tlU1tr~ m'ru~ n ~1Lfl1\r~UmLtlYl LtllJ{l n I1ftl~'jJtl~ LLe.JUJ11"(jih ~unJ~ 3.7 
" " " 

LLUU~1~tl~"(j~~n11lJn11Yi1~1U'jj'tl~"l!tlvl(;]LL')fLL~:;m1tJ!)ilJ~u€'"l1ntj'(;J~~~~ltJu~~ntj'(;J~~~~ 

L ULLe.JUJ11"(j~1 ~u'Jn~h~ LtlUL~UL~'tllJ1:;~tJ1~ t ~U(;1L ULLUU~1 ~'tl~"(j ~ ~ m'1lJ n11Yi1~1U'jj'tl~ 

"l!tlvl (;]LL')f LLUU~1 ~'tl~"(j ~ ~ n 11lJ m1Yi1~1u'jj'tl~"l!tlvl (;]LL,) f'"l:;iJ m1ih~u(;1' (;1 L~'lJ l1fum1Yi1~1u 
... 

"lltl~;luu11ttl LtlU t ~U(;1 S LL~:;'"l (;1~U~ (;1m1Yi1~1U'jJtl~;lUU11ttl LtlU t ~U(;1 T , , 

5 
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"11 n LLUU91 ~ 'tl'lyj ~ ~ n ~nJ n 1n11'lllJ 'll'tl'l'lf'tl~ J;\LL ')f"l :::~llJ 1 ~() ~llJ,) ruFl,)llJ 

l.!l"1:::LtllJ'll'tl'l n1nLYl~lJ;ilJ"I1n L ~lJ~~~'lhJu'l~n L~lJ~~~'l 1~c;i'l [;lln'l~ 3.6 "I1n[;l1~1'lFl,)llJ 

l.!1"1 :::LtllJ'll'tl'l n1~LL Yl~lJ;ilJ"I1 n L ~lJ~ S hJU'l L ~lJ~ ATMCustomer iJ L Vitl'l LLYl~lJ;ilJL~tJ') 
., ., 

LVh~lJ c;i'l~lJFI,)llJl.!l"1:::LtllJ~'l L."h nu 1 ~,)lJm1lJl.!1"1:::LtllJ'll'tl'l n1~LL Yl ~lJ;ilJ"I1 n L ~lJ~ 

ATMCustomer hJU'lL~lJ~ CardReaderlnterface "I:::iJl'llL."hnu 0.5 

ATMCustomer ~llJ1~mLYl~lJ;ilJhJu'l L ~lJ~ CardReaderlnterface ~1'tl Customerlnterface 

n1~ 

.J I c.., .r:41"'.::1 .4 
[;lln'lYl 3.6 FI,)llJlJ1"1:::LtllJ'll'tl'ln1~LLYl~lJ'l!'lflJ"I1n L~lJ~~lJ'l utl'l'tln L~lJ~~lJ'l 

-' ."~ .:· L~''I.!~1U ' . Q) ' , ~ . . . . . u · 
~ 

"," . -- ,fQ) 

.fu -. ' ' c " 
"~ 

E 
L: " 

: 0 
Q) .;. -til ::I 

, '. ,0 ' 
, ' 

~ J~'I.!~t'l-1 I-
Cf) , « 

S 0 0 0 0 0 0 0 0 

A TMCustomer 0 0 0.5 0 0 0.5 0 0 0 

.~ardReaderlnterface 0 0 0 0.5 0.5 0 0 0 0 
, 
AfMCarci' 0 0 0 0 0 0 0 0 
., . 

~~t~pontrolle ;' 0 0 0 0 0 0.33333 0.33333 0.33333 0 

',C,ustqrriei'lriteijac-e 0 0.2 0 0.2 0.2 0 0.2 0 0.2 
': . "oj ': "t o",-

". 
ATfy1Ti-arisaqtion 0 0 0 0 0 0 0 0 

. B,af),I<S,e,ryer 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 1 

2) n1~~11'l LLUU91~'tl'l FI,)llJ L~tI'l'lJ'tl'l;lJlJ11L'tl L ~'tl~"I1 ~ru1 m1lJ L~tI'l'll'tl'li'J n1 

.r [;l ~ LL~:::n 1 ~u~ ~ lJ~ lJfl LL~:::n1 ~~ 11'l LlJYl1ni m1lJ LtllJ1u1~ lJn l~LL Yl ~lJ;ilJ'll'tl'l LLUU91~'tl'l 

FI,)llJ L~ tI'l;lJlJ 11L 'tl Lc;)mLUU91~'tl'l FI,) llJ L~ tI'l'll'tl'l;lJ lJ 11L'tl"l :::iJ~ n ~ru::: L ~n'tllJLLUU91 ~ 'tl'l 

yj ~ ~ n1~lJ n1~li1'lllJ'Jl'tl'l'lf'tl~ ~LL')f LLr;1"1:::iJ n1~L ~lJ L ~lJ~"1J'tl'l~ mlJ:::~:::c;iu FI,)llJ ~ c;)yj~ 1 c;) L;]l 'tu 

o .J..J":- IQj ..J., . ~ 
1lJLLUU"l1~'tl'l 'l!'l1lJYllJ"I:::L~tlnL~lJ~YlLtllJ':J[;l()YlnL~lJ~ LL~:::L~lJ~ S ')1 L~lJ~~mlJ:::'lf':JFln') •• 
(Transient State) LL~:::G'-tlnL~lJ~'lJ'tl'l~mlJ:::~:::c;iuFl,)llJ~c;)yj~lC;)YlnL~lJC;) LL~:::L~lJ~ T ~1 L~lJ~ • 

., I 

~ mlJ:::~ ~n~lJ (Absorbing State) "I1nLLUU91~'tl'lih:::'tlfiU1t1 FI':J1lJ LtllJ1u1~ lJn1~LU~ tllJ 

~ mlJ:::91 n L ~lJ~ 1~1 'tUU'l L ~lJ~~lJ1 ;'l~,)lJn'l L~lJ~~ mlJ:::~:::c;iUFl,)llJ~ ~yj~l~ ~':JtI L~'tl1~ 
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LLUU~l~tl'l fl'll~ L~tJ'l"lJtl'l~'W'Wl1L tl LL~'l"'l::;~l~lnl-Wl~l L~tJ'tm.JYl1nsD P R LL~ "''l fl'll~'tll"'l:::LtJ'W 

'lJtl'l nlnLi'lt'W=B-n'W1 'W;'W'Wl1Ltl x LL~::;~l~lnlril'W'l ru'\.-ll L~i'l1nsD Au ;'ltlflUltJ fl'll~'tll"'l:::dJ'W 

'lJtl'l LLUU~l ~tl'l ~ Li~ ~'W~'ltJ L '\.-I'W"'~ n 1'W:::.r'l fl n'l LL~ :::Yil'll'W~'W~ "'~L '\.-I'W'" ~ n 1'W::;~ '" n ~'W 1", 1 

;'l R LtJ'Wfl'l1~~~~'Wfi"'llnL'\.-I'W",1"'1 hM'lL'\.-I'W",1"'11'WLLiJU~1~tl'lfl'l1~ 

L~m"lJtl'l;'W'Wl1Ltl x 

;'l U dJ'Wfl'l1~~~~'Wfi"'llnL'\.-I'W"'~m'W:::.r'lml'l1"'1 hltJ'lL'\.-I'W"'~m'W::: 

~"'n~'W1"'11'W;'W'Wl1Ltl x 

L"'tJ Qs ~tl L~i'l1nsD£Jtl tJ~tl flUltJ fl'l1~'tll"'l::;LtJ'W1 'Wnl ntJ~ tJ'W~ m'W:::"'ll n 

L'\.-I'W"'~m'W:::.r'lml'l LtJtJ'lL'\.-I'W"'~m'W:::.r'lfln'l1'W~'W'Wl1Ltl x L~tl LL~"''l1tXL~'WLtlnl~1 'Wnlt 

Yil'll'W"JJtl'l'l!tl~ (;]LL 'lf~"'l!:rJ nlntJ~tJ'W~ m'W!:"'ll n L '\.-I 'W'" l' (;l n'\.-l~'lLtJtJ'l~ n L '\.-I 'W ",1' (;l n'\.-l~'l1 'Wt:::wb'l , . 
, ~ 

nltYil'll'W ;'l~h1'WL~i'l1nsD~1~ltniltJ1~L~vl'lU 

;'l q i) = (1- RFJ· Pi) . (1- RFi}) L"'tJ~ i,j E S LL~::; S LtJ'Wfl'll~~~~'Wfi 
"'lln L'\.-I'W"'~m'W::;.r'lml'lLtJtJ'l L '\.-I'W"'~m'W!:.r'lfln'l 1'WLLUU~1~tl'l fl'l1~L~tJ'l'lJtl'l;'W'Wl1Ltl x 

qi} ~tl ~1'lJ'fl'lL~i'l1n'l!1'WLLm~ i '\.-I~n~j 'lJtl'l;'W'Wl1L'fl x ~~l'W'lruL~"'lln 

nnU~L'\.-I'W"'1'(;l~ i hJLn"'fl'll~L~tJ'l (1-RFJ ~runUfl'll~'tll"'l::;LtJ'WL:n'ld'fl'WL"lJ~LtJnLnnJ"'l::: 
nt:::Yil1'(;l~ i L~~"'l~~\!tru LL~'lLtJnLnt~"'l::;nt:::Yil1'(;l~j (Pi)) LL~::;~rununnu~nlttJB~~~'Wfi 
t::;'\.-I~l'lL'\.-I'W"'1'(;l~ i LL~::; j hhn"'fl'll~L~tJwrl'Wn'W (1-RFi}) 

C ... ... r, eI... '.!"I 1 . lei 'i' 
T fl'fl L~i'lm'l!tJtltJi'l'flDUltJfl'll~'Wl"'l::;Lu'W 'WnltLu~tJ'W~m'W:::"'lln b'\.-l'W'" 

~ m'W:::.r'l fld1'lLtJtJ'l L '\.-I'W"'~ m'W::;", '" n~'W1 'W;'W'Wl1L'fl x L ~tl LL~ "''l1 tX L ~'Wti'l Ltl nl~ fl'l1~ e1 "''Yi~1 '" 
'lJ 

, ~ 

Vltl1"'l"'l:::Ln ",~'W1 'Wt:::vlu~h'l1 t::;'\.-I~l'l nltYil'll'W"JJtl'l1' (;l~ 1 'W'l!tl~ (;]LL'lf 
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~'l C = RF + (1- RF)· p .. . RF i,J' E T LL~:; T Lth..lfl,)I~~~~'Wfir.l1n 
Ij I I Ij Ij 

L t-I'W(;)~ rn'W:;.r') flJ'I'J hJu'l L t-I'W(;)t'Hl1'W:;(;) (;) n~'W 1 'WLLUU~I~!l'l ml~ L~tJ'l"lJ!l'l~'W'Wl~'L!l x 
" 

Ci} ~!l ~1"lJ!l'lL~yii'n"n1'WLL(l'J~ i t-I~n~ j "lJ!l'l~'W'W1H!l x ~~I'W'Jrul~"'lln 

fl'Jl~L~tJ'l"lJ!l'lLt-I'W(;)~VI~ i (RFJ u'Jnnu ~~~ru"lJ!l'lmruLt-I'W(;)~VI~ i hlLn(;)fl'Jl~L~tJ'l 
(i-RF;) LL~:;fl'Jl~Ul"'l:;LtI'WL;n'ld!l'Wl"lJ~hJnLnJ'~"'l:;m:;~I~VI~ i L~~"'l~~\lJ'ru LL~'J hhLLm~ 

'"l:;m:;~I1'VI~j (Pi}) LL~:;mru~n1J'uD~~~'WfiJ':;t-I~I'lLt-I'W(;)1'VI~ i LL~:; j Ln(;)fl'Jl~L~tJ'lL-rl'Wn'W 

(RFi}) 

o ~!l L~Yl1-ni~'W~ 
Au ~!l L~Yl1-ni~!lfiultJfl'Jl~Ul'"l:;Lil'W"lJ!l'l LLUU~1 ~!l'l~ Li~ ~'W~'JtJ L t-I'W(;) 

o " 0 

t'l rn'W:;-n'J fln'J LL~:;~'W~ (;) n1J'~I'lI'WVlL t-I'W(;)~ rn'W:;~ (;) n~'W1(;)1 

vl'J!l~I'l J'U~ 3.9 LL~(;)'l LLUU~I~!l'l fl'Jl~ L~tJ'l"lJ!l'l~'W'Wl~'L!ln1J'm'J9t'l!luJ',xt'l 
" 

mru~ n fll1~ J',xt'lUVl n!lVl L~ ~ (l n ~!l'l ~'l (l nUfUUN"'l1 n LLUU~I~!l'l'Vi n ~ n J'J'~ n1 J'~I'lI'W"lJ!l'l 
\I 'll \J ~ v I 

"1l!lYi I1lLL'J f'l(;) tJ L ~~ L t-I'W(;) J':;vi'u fl'Jl ~ ~ (;)'Vi ~1 (;) LL~:;t'l ~1'l L~'WLL Yl J''W;n-n'W'''l1 n L t-I'W(;)Yl n L t-I'W(;)~ ~ fl'Jl ~ • 
o " 

L ~ tJ 'l VII ~ LL (;] ~ :; J' :; vi' U fl 'J 1 ~ ~ (;) 'Vi ~ 1 (;) 1 U U'l L t-I 'W (;) J' :; vi' U fl 'J 1 ~ ~ (;) 'Vi ~ 1 (;) '11 'W L -rl 'W L t-I 'W (;) 

ATMCustomer iJfl'Jl~ L~tJ'l"lJ!l'l1'VI ~ LL~:;n1J'UlJ~~~'WfiJ':;t-I~I'l1'VI ~!l~1'WJ':;vi'u d~ mJ'fltJ rl9:; 

~~I'l L~'WLL YlJ''W:n-n'Wluu'l L t-I'W(;)J':;vi'u ml~ ~ (;)'Vim(;) L~ nU!ltJ 



42 

rhl'W(;l1n'l 3.7 Lij'W~1'1l!l'lLl-JYl1n-n Qs ~LL~Vl'lrl,)1l-Jhi1'"l:;LU'W'1l!l'ln1j' 

L,j~U'W~m'W:;'"l1n LVl'WVl~m'W:;-E',)rln') 1tJU'l L Vl'WVl~m'W:;-E'') rln') ~1l-J1nl ~1'W')ru1~'"l1nUml-J 

;r1'l !X'W~1~ mh')B LL~,) L-D'W ~1'1l!l'l~~ Ll-J'W(;11 'WLl-JYl1n-n Qs ~ LL~ Vl'l rl,)1l-J~l-J~'Wfi'"l1 n tVl'WVl 
I I" I I II 

ATMCustomer ;n'l1 'W~ill,x LU'W tVl'WVl i hJU'l CardReaderlnterface ;n'll 'W~ill ,xdJ'Wt Vl'Wt'l j 
... 

~1l-J1H)~1'W')ru1~'"l1n~(;1j' ~'lil 
" 

LnVln1n11'l1'W~~t'l'Ylfl1Vl (1- RF;) LLfl:;'i:Vl'WVl i LLfl:;'i:Vl'Wt'lj i:Jrl,)1l-Jhi1'"l:;Lu'W"1I!l'ln1nLYlj''W:ni'W 

LJ1!ln'W LLfl:;n1nL'r1j''W:ni'W~'lmh,)!X!l'lhlLnt'l;r!l~Vl'Ylfl1Vl (1- RFij) .yhl,xLnVln1j'vi1'l1'W'"l1nr)(;1~ 

i hJu'lr)(;1~j HI 

(;11n'l~ 3.7 rl1"lJ!l'l Ll-JYl1n-n Q LL~ t'l'l rl'J1l-Jhi1'"l:;LU'W"lJ!l'l n1nU~u'W~ m'W:;'"l1 n 'i: Vl'Wt'l~ m'W:; 

-E'') rlj'1,) 1UU'l t Vl'WVl~ m'W:;-E'') rln') 

1'\ol~Vlfu Q) 
0 

~ Q) 
0 c 

Co 
2 

~ 
~ 0 c 
2 U E 1ii e c ro Co .9 '0 1ii en 

en ro 'E C c ~ 
::J OJ ro 0 E ~ OJ 

(,) 0:: (,) (,) .9 l- (/) 

~ 'E ~ ~ ~ 
.:s:. 

1'\ol~Vl~~ en c 

~ ro ~ ~ ::J I- ro 
(/) (,) (,) <{ Q) 

s 0 1 0 0 0 0 0 

ATMCustomer 0 0 0.4921875 0 0 0.4921875 0 

CardReaderlnterface 0 0 0 0.4921875 0.4921875 0 0 

ATMGard 0 0 0 0 0 0.9843750 0 

0 

0 

0 

0 

ATMControlier 0 0 0 0 0 0.1888364 0.1986037 0.1986037 

Customerl nterface 0 0.1875000 0 0.1937500 0.1937500 0 0.1937500 0 

A TMT ransaction 0 0 0 0 0.9843750 0 0 0 

BankServer 0 0 0 0 0.9687500 0 0 0 

~11'W(;11j'1'l 3.8 LU'W~1"lJ!l'lLl-JYl1n-n C r ~LL~Vl'lrl,)1l-Jhi1'"l:;dJ'W"lJ!l'ln1j' 

Lu~u'W~m'W:;'"l1n tVl'Wt'l~m'W:;-E',)rlj'1')1UU'ltVl'Wt'l~m'W:;t'lVln~'W ~1l-J1H)~1'W')ru1~'"l1nUml-J 
" 

, , ... 
ATMCustomer ;n'll'W~ill,xdj'W'i:Vl'Wt'l 1uu'l F(Minor) 

, , ... 
ATMCustomer Vl';'-!l Ln Vlrl'J1l-J~Vl'Ylfl1Vl'"l1nn1j'u5~l-J~'Wfinu CardReaderlnterface ;n'll'W~il 
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, ,., 
l~Lth.JL",u(Pl j ",1'flLn(PlfO),)ll-l ~(Pl'YH'lI(Pl"llnmJ'1JB~l-l~urfnu Customerlnterface ;\lluYli11~Luu 

., 
L",U(Pl k ~1l-l1J'f1~IU')rul~"lln~(;lJ' ~\li:l 

'" 

~(PlYlftl(Pl Ln(Pl"llnr:JftJ',)l-lmll-l~(PlYlftl(Pl~Ln(Pl"llnL"'U(Pl i ~'fl RF, J',)l-lnUfO),)Il-l~(PlYlftl(Pl~Ln(Pl 

"llnmJ'1JB~l-l~urfJ':;"'~I\1L"'U(Pl i l1J~\lt",u(Plj ~'fl (1- RF,)· Pi} . RFi} LLft:;fO),)Il-l~(PlYlm(Pl~ 

Ln(Pl"llnmJ'1JB~l-l~urfJ':;"'~I\1t",U(Pl i l1J~\lL"'u(Pl k ~'fl (1- RF,). Pik . RF,k 

mJ'I\1~ 3.8 ~1"lJ'fl\lLl-lyi1n'1r C ~LL~(Pl\lmll-ltil"l:;LUU'lI'fl\lmn1J~t1U~mU:;"lln t"'U(Pl~mu:; 
i')fO)n')l1J~\lL",u(Pl~mu:;(Pl(Pln~U 

'IJ 

~ t1.l"w~~\I T F(minor) F(marginal) F(critical) F(catastrophic) 

S 0 0 0 0 

A TMCustomer 0 0.0156250 0 0 

CardReaderlnterface 0 0.0156250 0 0 

ATMCard 0 0.0156250 0 0 

A TMControlier 0 0 0 0.4139562 

Customerl nterface 0.200000 0 0.0312500 0 

ATMTransaction 0 0.0156250 0 0 

BankServer 0 0 0.0312500 0 

"'~\I"lln~1~Ll-lvi1n.n Qs LLft:; Cr LL~,)"l:;~Il-lIJ'f1~IU')ru"'ILl-JVl1n.n Au 1~ 
~\I(;lIJ'I\1~ 3.9 ;\1 LL~(Pl\l~I'l1'fl\l fO),)ll-ltil"l:;LUU'lJ'fl\l LLUU91ft'fl\l~ C4l-l~u~')t1t "'U(Pl~mU:;i')fO)J'l,) 

; o..J~ ~ 'I 
LLft:;~U~(PlmJ'Vll\11UVl b"'U(Pl~mU:;~(PlnftU b(Pl1 

r:Jft'lJ'fl\lLl-lVl1n.n A ~~l-l~U~')t1L"'U(Pl S LLft:;l1JiU~(Pl~t",U(Pl T LLft:;t"'U(PlfO)')ll-l , 

L~tI\IJ':;~u~h\l1 ~n~Ul"lLLft:;Ull-J1L~t1U ~\lmn\l~ 3.1 0 LUUf1l,)'fltJl\1ntl\lIUfO),)Il-JL~t1\1'lJ'fl\l 

~UU11L'fl mJ'(;l J',)"l~'flU J''iX ~U (;l n 'flYl L~ l-J ;\ll~iJ n 1 J'LLti n mll-lti 1"l:; LUU'lI'fl\l fO),)ll-l L~t1\1~'fll"l"l:; 
., " 

Ln (Pl;ULUULLl1lft:;J':;~U mll-l L~ £.1\1 J'') l-J L~tI\I1,)l-J'lJ'fl\l~UU1H'fl LLft:; L'fl n1~ n1J'l11\11U~1 Lj"l L(Pltlhl 

iJ fO),)ll-J ~ (PlYlftl (Pl"lJ'fl\l nl ni l\11ULn (Pl~U Vl n~uul1L'fll uff\l niU\llUVl nff\l niU\llUfI n ~lU,) ru , '1J 

0 

0 

0 

0 

0 

0 

0 

0 
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. I I '" I I I 

L'e)n1~~'e)'1 ~(Y1)J L~tJ'I ~'J)J~'e)'1~u\.n1L 'e)Y1"'l:; Ln V1~U Vl~'1"'l1 nYllJl ~'Jl)J L~tJ'I1 ULLvI ~:;~uul1L 'e)Y11Jl 

" " 
i1 nl ~r.r V1~1 ~ul') (;11)J L'e) nl ~~'e)'1 ~'Jl)J L~ tJ'I Y1'e) 1"'l"'l :;Ln V1~ULL~'J LLvI ~:;~'1 niU~'1~I)J 1 ~C1 

~IU'JruVllml)JL~tJ'I~'e)'1~'1niu'IlulJl ~'1~(;1~ 
" 

n 

RiskFunction; = L(ak • RiskScenariok ) 

k:/ 

LV1tJ RiskFunction; ~'e) ~'Jl)JL~tJ'I~tl'l~'1niu'I1U i 1u~:;uu 

RiskScenariok ~'e) rhml)JL~tJ'I~'e)'1~UU11Ltl k JlltJ1u~'1niu'I1U i 
", , 

a k ~tl ~1"jlWWn;'1LL~V1'1n'lL'e)nl~Y1~UU11Ltl k 1V11 "'l:;~m1-tJnH''11U i1~I'e)~ 
" ~:;Vl~I'1 0 n'l 1 LV1tJe.J~~'J)J~'e)'1 a k lU'V1n~UU11Ltl~'e)'1'V1n~'1niu'I1U"'l:;~'e)'1i1~ILUU 1 ~1i1"'l:; , , 

~ n nlVluV11Jl"'l1 n nl ~'V1 V1 ~'e)'1Vl1'e) Lnu ~ 1'V11'1~ ii ~ L ~'e) LL~ V1'1 n'l Ltl n 1 ~ n1nn V1 n1 ~1-if '11U~'e)'1 

~'1niu 

, " , 
i'J~n'J LL~:;~U~V1n1nil'1 1UYlLVlUV1~mU:;~V1n~u1V11 

~ t~~~~'1 T F(minor) F(marginal) F(critical) F(catastrophic) 

S· 0.2984812 0.048201 0.055599 0.597719 0 

A TMCustomer 0.2984812 0.048201 0.055599 0.597719 0 

CardReaderlnterface 0.2358315 0.041512 0.046979 0.675678 0 

ATMCard 0.3648158 0.039913 0.064953 0.530317 0 

A TMControlier 0.1143338 0.012682 0.030496 0.842488 0 

Customerlriterface 0.3706065 0.024674 0.065984 0.538735 0 

A TMT ransaction 0.1125474 0.028109 0.030019 0.829325 0 

8ankServe~ 0.1107609 0.012285 0.060793 0.816160 0 

, " , 
e.J ~ ~'VHfYllJl"'l1 n'lIU~'V1tJlilYiufii1 ~'e) ~1 tJ'Il U~'J 1 m~ tJ'I ~'e)'1 LLUUr.h ~'e)'1 L;'1 

~'1 n-nu~ LL~ V1'1 ~'Jl)J L~tJ'I~tl'l~:;UULV1tJ LLtJ n ml)J L~tJ'I'e)'e) n LtlU~'1 n-n'Wn1n11'1TW ~'1 m n'l~ 

3.11 LL~V1'1~lml)JL~tJ'I"lJ'e)'1~:;UU ~'11'W~:;~u~n~(;1i1~1 0.60195 L(1ltJ~'1n-nu Validate PIN i1 
, " 

~(1l~'JU~tl'l~'Jl)JL~tJ'I~'1~(1l ~'e) 0.28545 "'llne.J~i1~I)Jl~C1(;11)J~'e)tJ (Trace) n~uhJ(1l1Jl~I~'Jl)J 
"', . 'Il 

L~tJ'I~tl'l~'1 n-n'W'Il'W~ Ln V1~Un Ln (1l"'l1 n ~'Jl)J L~tJ'I~'e)'1~U'Wl1L'e) 1(1l~'1~~ V1 1 'W(;11n'l 3.10 " , 
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I I I tJ I 

Y'l'J1lJ L~tJ'l~':Jl-J1 n Li'1 ~~1 n Y'l'J1lJ L~t1~'iJ!l~i t;l n 1~Vl'r11~1'W!ltllw~'\..rWl1t!l,r'W LYlmh:;n!lu n1 ~ 
'" ,\I . 

I I '" '" 

vl~~'W1~ 1 'Wn1~9~ n1~nu WJ1lJ L~t1'lVlm~~::;Ln~;'W -n'Wt;l!l'W"Il!l'l LL'W'J~ ~ m:;u'J'Wn1~~ bY'ln:;,x 

Y'l'J1lJ L~t1'l~lrJ1 mh'JlJ1-n1'l ~'W ~ llJ1 ~ml1lJ1~ ~1'l Lu'Wn ~!lU'll'W~ 1V1fu n1 ~~ bY'l n:;,x Y'l'J1lJ L~t1'l 

~1 n"f'~ ~ ~ mtlJ"Il!l'li t;l ~ lrJ1 

Validate 

Withdraw 

Money 

Inquire 

Balance 

~uu11tfln111J11'l"lflflU1~fln1cil 

~nA'11ri1~flCJn~fl.:j / Yl.:jn-nUn11 

1JI1'l"lflfl1,J1~fl (Validate PIN) 

0.0414235 

0.0393018 

0.6818948 

o 

0.7626201 

0.2373799 

P1'l1~ L~tJ.:j'lJ'fl.:j 

;!uu11ttl 

(RiskScenario k ) 

0.7626201 

0.6646481 

0.5240825 

0.5342931 

1.0 

D _ I _ ..... .0::lIl I 

"I1U'lU~U~1nn'l1~U~~tl~ 

lUU'1!=iI 

0.5241223 

" ~ ."" 

~ ... " 
n111J11'l"lfltl1,J1'1.-lfl mru~nP11 

lri1~flhlCJm;ltl.:j / Yl.:jn-nUn11 

1JI1'l"lfltlU1~fl (Validate PIN) 

0.0487383 

0.0587515 

0.5571484 

o 
0.6646481 

0.3353519 

1.0 

(a) 

( RiskFunction j ) 

0.2 0.2854536 

0.2 

0.2 0.2116751 

0.2 

0.2 0.1048245 

1.0 0.6019532 



.col 
1J'Vl'Vl 4 

n1'i'fl'fl n bL 1J1J n'i'fl1J\l1'U bb~:; b~~'fl\lij'fl1 b~'i1:;~ ~11a.J b ~ tJ\I"1!'fl\l bL 1J1J~1~'fl\l b ~\I 

W\ln~'UL~tJLi~~~n'i'ia.J"1!'fl\l1~~ 

" " 
1 t..!uVlil9~mh'J n-l n1 r'el'el n bbUU nr'elU-l'lt..!bb~~bf"l1'el-ln'el';) bf"ln~-J f"l'J'l~ L~t.WlJ'el-l bbUU~'l~'el-l 

L=B-lYl-l nit..! L(Vlul-if'Y'l ~ ~ mrwlJ'el-l1' (;l ~ r'J~ n-l n'l r~ tiJ,Jt..!'l bf"l1'el-l n'fl r;)-l mil'J L(VlU9 ~mh 'J n-l n'l r 

tl'fl n LbUUm'flU-l'lt..!n1r';) Lf"lr'l~-Jf"l'J'l~ L~U-l'lJ'fl-l LbUU~'l~tl-l L=B-lYl-l nit..! L(Vlul-if'Y'l ~ ~ mnJ'lJ'fl-l1' (;l ~ 

n1 r';) Lf"lr'l ~-JLL~~'fl'fl n LLUU Lf"l 1'fl-l ij'fl~'t!u ~t..!t..!n'lr';) Lf"ln ~-J m'l ~ L~U-l ~1l'l'Y'l LL 'J (Vl~'fl~~1 fl t..!n1 r • 
" " ~ tiJ,Jt..!'l Lf"lN~~'l-l bf"l1'fl-lij'fl ~-lilnU~~L~u (Vlr;)-lil 

4.1 n'l'i'fl'fl n LL UU n'i'flu.:J'lt..! nl'i1 Lf'I'i'l~l1 f'I'l'l ~ L~ tWll'fl.:J LL UU~'l~'fI.:J L =i.:JYJ'.:J noB't..! LUI!..IL i 
VH1~ n'i'i~"1l'fl.:J1U1 'l 

'\-1~-l9'ln~1~-w'l L~t..!'fl LL t..!'J iii (Vl 1 t..!n1r';) Lf"lr'l~-J ml~ b~U-l'lJ'fl-l-llt..!';)~udL uwTI't..!(;l'flt..! 1 t..!UVl~ 3 

LL~'J m~u~-ll~'el'fl n LLUU LLt..!'J iii (Vlr;)-l nrh'J -W'lL~t..!'fl LUt..!m'flu-l'lt..!~'l'\-1fu n'lr';) bf"ln~-Jf"l'Jl~ L~U-l 
" 

'lJ'fl-lLLUU~'l~'fl~L=B-lYl-lnit..!L(VluH'Y'l~~mr~'lJ'fl-l1'(;l~ r;)-ltU~ 4.1 

9'l nnJ LL~ (Vl-l n r'flU-l'lt..!n'lr';) Lf"lr'l~-J f"l'J'l~ L~U~ tlfiu'lU n1 n11-l'lt..!'lJ'fl~ n r'flU~'lt..!~-l~1 ~1 Hl 
" 

LL1.J-ll~but..! 3 ~'Jt..! ~'fl ~'Jt..!iftl~~-W'lL-ih ~'Jt..!m~u'Jt..!n'lrUr~L~t..!f"l'J'l~L~U-l LL~~~'Jt..!if'fl~~ 
" 'IJ 

" ~~'fl'fln L(VlULL~~~~'Jt..!ilnu~~L~U(VlL(VlU~WlJU r;)-lil 

~ n 'li! (;l U n rr~ 'lJ 'fl-l 'll'fl ~!?l LL 'J f ~~ r'J ~ n -l LL U U ~'l ~ 'fl-l L =B~ Yl-l nit..! ~ Lb~ (Vl -l ~ 'J U Lb~t..!1l1'Y'l fJ ~ bf"l ~ 

LLUU~'lfHl-l L=B-l Lm-l~~'l-l~ LL~ (Vl-l~'Ju LL~t..!1l1'Y'l f"l~'l~ LL~~LLUU~'l~'el-l L=B-l'Y'l ~ ~ n rr~~ bb~ (Vl-l ~'Ju 

LL~t..!ll'l'Y'l ~'l r;)U bL~ ~ Lb~t..!1l1'Y'l ~ L(;lVl Lb~'ll~t..! -if'tl ~ ~-W'l L -if'l~'Jt..!t.J'fl U~~'fl-l ~'fl ~ 'l f"l'J 'l ~ rt..!bbN'lJ'fl-l LL~ " . 
~ ~i!9~ U f"l'J 'l ~ L~ U -l~-l n n';) Lf"l r'l ~'\-11(Vl U ~ L ~ U'J'I! 'l ru L 'U'Y'l 'l ~ ~ 'l t..! 

" "'" , " 
2) ~'Jt..!m~u'Jt..!n1rUr~L~t..!f"l'J'l~L~U-l ur~n'flu~'Ju 3 "llt..!(;l'flt..! ~'fl 
", , 

(1) "llt..!(;l'flt..!n'ln~1Jf"l'J'l~L~U-l Lut..!m~u'Jt..!lt..!n'ln~1Jf"l'J'l~ b~U-l'lJ'fl-l'Y'l~~nn~ 

'lJ'fl-l1' (;l ~ LL~~n1ruB~~~t..!jh~'\-1~'l-l1' (;l ~ 9'l n Lb~t..!ll'l'Y'l~ L(;lVl Lb~'I!~t..!LL~~ bb~t..!ll'l'Y'l ~1 r;)U(;l'l~~1 r;)U 

., r X.. ...l ...l ~ ~" 
~~~'Y'lfi'lJ'fl-lm~U'Jt..!n'lrt..!f"l'elnUn'lr'lJ'fl-lf"l'J'llJL~mVl LiJt..! bU b(Vl 

" , 
(2) ,]t..!(;l'flt..!n'lr';) Lf"lr'l~-J f"l'J'llJ L~U-l Lut..!m~u'Jt..!n'lrl t..!n'lr';) bf"lr'l ~-J f"l'Jl~1l'l9~ 

I I II II 

LiJt..!'lJ'fl-l Lb~~~i!9~U f"l'J'l~ L~mVl r~ul t..!,]t..!(;l'flWl'flt..!'\-1,j'lil L(VlU9~';) Lf"ln~-J ~'l m'l ~1l'l9~LUt..!'lJ'fl-l • 
, , " 

'Y'l ~ ~ n rr~'lJ'fl~ l' (;l ~9 'l n~'lt..!'Jt..!~ 'l m'l ~91--lVl bUt..!lul~'lI 'fl~ (;l rm ~'lI 'fl-l U r~'Y'l9,rVl ~ n ~ ~'l-l ~t..!9'l n 
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, , " 
L~ 'el \.l1 "lJ'lJ\.l LLv1 fi:; LL 'VI ~\.len-n \.l 'lJ'el'l LL~\.lJl1'Yi ~ L(;] 'VI LLlJ"l! ~ wl 'lJ~:; ~ 'lJ fI') 1lJ ~\.l LL N -Yl m fDlfDl:; Ln c;); \.l LLfi:; • 

, . I " 

l"I~tJtJ~'l"lJ'el'lojJ'elI"l,)1lJ-Yl~'l rl\.l~:;~i1'l1' (;] C1L \.lLL~\.lJl1'Yi ~1 ~'lJ rlU ~:;~U 1"1') 1lJ~\.lLLN~mfDlfDl:; Ln c;);\.l • • 

" m~LhJn L.if rl\.l'lJ'el'll' (;] ~ L \.lm~vi1'l1\.l"1!'elvl [;]LL,) f fDl1 mr\.lLLUU~1fi'el'l'Yi ~ ~ n ~~lJ m n'i1'l1\.l'lJ'el'l 

" " 
'1!'elvl [;]LL ')filfDl:;~ ntJfutJt'l1tJ dj\.lLL'lJ'lJ~1 fi'el'l1"l,)1lJ L~tJ'l'lJ'el'l~\.l\.l11L 'el L ~'elL.if1 \.lm~~1\.l,) ru~1 rl1 

" " 
1"I,)1lJ1l1fDl:; dj\.l"lJ'el'lI"l,) 1lJ L~tJ'l-YlfDl:; Ln c;);\.lL \.l~:;~'lJ~\.l\.l11L 'el LLfi:;Yl' 'l n-n\.l'l1\.lv1 'el hJ 

(3) m ~4' c;) fh ~'lJ 1"I,)1lJ ~ 1 ~ 'kj"lJ 'el'll"l') 1lJ L~ tJ'l Ltl \.lm:;u')\.lm ~~fDl:; LttN ~ 1 ~U 

1"I,)1lJ ~1 ~ 'kj'lJ'el'lI"l') 1lJ L~ tJ'lL \.l LLv1 fi :;~\.l\.l11L 'il"lJ'el'l Yl''l n-n\.ln 1 n'i 1'l1 \.lfDl1 n lJ 1 n 1 tJU'el tJ 

n1~'il'il n LL UU'i'l C11U 1Il!J n~~wlf'ilvllll~~ 'If 
UUU'hll'il~L.~YI~n .. u: ~1!J~1'U Fl'l1~ ~ ~!J~'lI'il~LL UU 

UIJ1JJ11"I.JIMI'I 
-i1~'il~~:a~Vl~n-a-'U 

U UU~11l'il~L.~ t",~ ~'IIn~: 
UIJ1JJ11"rlfl11'1 

UUU4111'i1~Li~'I'Hl~nn)J: ~ 
UIJ1JJ11"tl1I1iUUII:UIJ1JJ11"I'II11'11LUJ'I!;U ~ 

11[Jn1 1~11)J~~tH'n1~;~u;H 
I b ljfl,;"f1 ~{. t;'''U'11 1J~ 1 ''C\lutl'1 

+ n1~tln: ~ij'UFl'l1~~~!J~ ~ 

n1~~:::'4Fl'l1~~~!J~ ~ 
,~ 

.)PlI1: 
~: 
~ 

n;mJ~!JUI'lI11U:'IItl~I'II11~U)J'II;U n1~~1I1~1~UFl'l1~i1~~'lI'il~ 

~ n1~tiiil)J"u6nU~t\l';1~')PI'l : 
Fl'l1~~~!J~ 

n11ft~;tl~11~'IItl~UlJ1JJ11"tl1I1iu ~ 

rlUn17ft'l11J,aV< 
rlUn17M11J '~tl< 
~!<;uu1il! , 

n1~1~Fl~:::\i'Fl'l1~~~!J~ 
'oJ « 
,~ 

n1~1~Fl~:::~Fl'l1~~iI!J-.l~:::.ru-rIl1'l - , ~1t! ~ n1~'l~Fl~1:::'\.IFl'l1~~ !J~~:::II1U " 

')PI(1: :a'U'U;~~'il . ~ 

rl11~\h"l:Li]u'IItHn11Ltifl!JUl'la1Ut 

't"Url11)JlUU'N: 
f!l;IflVllf1 

'IIfl~I'IU'I~U)J';U~~~1U1N"I1nI'i1r111~ iI~{V"'11Ju(V< 
I'Ih~UUU~1flfl~"~~nl1~n1nh~1U 

:jLrl11:Ifut!JqL~!J1 "I1~~Li'lu,tM'!I!l~ti1:vt"lullI'lM~Pl1~ 'IIfl~'!lvlI11U1f 

'1C\1L1l"1:iK1U \lflnn11r11!lUrlll)Jti1:vt"l1l I'IM~uu\J'oi1fl!l~"11~L~!J~ 
n1'itiii·)J"u6nU'it\l';1~,)PI'l : '!Itl~;UU11t!l 

"fltifl~'IIfl~~PI'l\UUIJ1JJ11"tl1I1iU 

'" 
a ;..;:- .. ~. . d ... ~'. 'tl,lo" __ . .. . 
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, " , 
m''flU\l1'\.Jn1~fj LPln:;'\.f PI,)1~ L~tJ\lihh:;n'flu ~')tJ PI'fl~ LVi L 'W'W[;] (;]1'11 \.-I~1tJ~,)'W~";1\l1'W 

" I .......... q 

~')fJn'W ~\l'W 

4) n1~'fl'flmLUu~mi1(;1tJm~~"Jj'flYMLL')f 

5) n1nh:;Ln'Wm1~L~tJ'l 

6) n1~~:;UPl,)1~L~tJ'l • 

, 
~ r Q .......... 

8) n1~,) LPI~1:;\.-I PI,)1~ L~tJ'l~:;~U,) (;In • 

9) n1~fj LPln:;'\.f PI,)1~ L~tJ'l~:;~U;'W'W11'l 'fl 
, 

.... 0 .., 0 .., q 

1 0) n1~9~~1~Url,)1~~1rl 'k!"lJ'fl'l PI,)1~L~tJ'l 
, ... 

11) ~1tJ'l1'Wm1~ L~tJ'l 

L~mL(;]~:;PI'fl~LViL'W'W[;]"1J'fl\lm''flU'l1'W~~9tJl~-ifLL~'WLLUU (Template) ~1~ufUU~'l~1 
91n~1'flfiu1tJtJ~Lrl~ (Use Case Description) LL~:;~1(;1~~1'Wl'flYl1uLtJ~~~1\.-1fUn1~~(;J.J'W1 

~ ~ 

m':;U,)'Wn1~,)'l9~~fj(;l"Jj'tlYMLL')f (IEEE Standard for Developing Software Life Cycle 
, " 

Processess) [18] LYi'fl1,n~ntJ~:;L~tJ ~rl~ull,)'W~1\.-1fUn1~'flfiu1tJi'W(;I'fl'Wn1~";1'l1'W"lJ'fl'l LL(;]~:; 

rl'fl~LYiL'W'W(;I1'Wm''flU'l1'W ~'l(;l1n'l~ 4.1 ( ~1'flfiu1tJPI'fl~'lViL'W'W[;](;]1'l1 "1J'fl'lm''flU'l1'WLL~ ~ 'l1'W 

Jl1P1e.J'W')n "lJ) 

4.2 m'i1 LI't'i1::~ LL ~::'tl'tl n LL U1.J LI't~'tl'I n'tlfj LI't'i1::~ 1't'J1~ L ~ t1.;J"lI'tl.:l LL 1.J1.J~1~'tl\l L :n.:lYJ'\l n-nu 
1(;ltlLi~q~n'i'i~"lI'tl\l1(;1~ 

'i' ., cI' ..I .... ..1"1 ~ ... f' 

4.2.1 n1 'i'tl 'tl nLL 1.J 1.J ~ I't 'i.:l f4 'i1 \l ~ U ~1 U"1l 'tl \l L I't 'i'tl\l ~ 'tl VI ~ "if ~ un 1 'i'J L I't 'i1 ::VlI't ')1 ~ .... 
L ~ t1\l"1l'tl\l LL 1.J1.J~1~'tl\l L :n\lYJ'\l n-nu 1(;1 tiL i~ q ~ n'i'i~"lI'tl\l1 (;1 t1 

q 

, , " 
'tl'fl n LLUU~:;UU LtI'WcTI -if Lrlr'fl\lij'tl L1~ ~'W91 n n1 ~~~1'l LLe.J'WJl1VitJ L~~ LL'fl~ L~tJ1 'Wn1~fj9tJil9:;H 

~ ~ 

L~ niL~~l'fllu~ n ~ L'tl1;r'fla.J~~~1 LU'W(;]1'l1 L ~m111ufj Lrln:;'\.frl,)1~ L~tJ\l'1l'fl\l.r (;I ~ LL~:;fj LPln:;\f 

PI,)1~ L~ tJ'l"1J'fl\l;'W'W11'l 'fl 



(Author): 

~'ilFl'il)JLYHUUIll 

(Component Name): 

~,r~FI'il)JLYHUUIIl 

(Component 10): 

(Primary Actor) : 

L'iln~1~vh~!J'l';'il~ 

(Related Document): 

A1'il5tJ1!Jth::n'iltJ 

(Description): 

L~'ilU''!Iri'ilU 

(Precondition): 

n1~n~::~u 

(Trigger): 

(Relationships): 

(Date): 

~u [tulltl~~tlnfl11] 

(Version): 

[ Fltl)JtYj~UUr;lLL,j ~1tlFltl).JtYj~UUr;lVl~nlltl~Fltl).JtYj LUUr;l\l] 

[ Fltl).J t Yj L u tJr;ltJtl £JlItl~ Fltl)J t Yj LUUr;l~] 

n~::tJ'l'l.ln1~ [ii"ln11).J~1tln1:;tJ 'lun1rilLiic;)~u1un1ni1~1ulItl~l'ltl).JtYj~UUr;l\l] 
(Process): 

n~::tJ'l'l.ln1~ 

\11.:JLihln 

(Alternative 

Process): 

(Output): 

Li'il'l.l''!I~i.:J 
(Postcondition): 

-ttl (Conclusion): 

';'il~)J~~l1'1.1 

(Assumptions): 

49 
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... q I" a 
LI'1'i'tl~).J'tl"ll'l!JM1~Ue.lUll1Yi~b'tl).JLL'tl~ 

... .. I _ ~ ~ 
LI'1'i'tl~).J'tl'l!'l!J'lbl'1'i1::~1'1'l1).Jb !J~ , 

" cr.l tJ " I'In~UtJWl1'Yi~Ltl~Utll'l 'II~ 1::ntltJ"'ltJ 

UtJWl1'Yi!JI'ILfll'I Uc.JWl1'YiflI'l11'1 Uc.JWl1'Yi~1,rtJ 

~ ... 
UI'I::Uc.JWl1'YiI'lLI11"~'II'11'U 

\ 1Lfln::"UI'I::~1'U'lNfI'l1~L~tJ~'IJtl~1'(/\Q \ 

I ~.;'::n'.;,", I 
--- -----) LiIltJ~'111N1'11nLLc.JWl1'YiI'lL,""U~'IJ;'U 

.I.t 
'IJtl~flI'I11'I"'IJ'Utl~ntJl'ln1'U:: 

t 
1Lfln::"UI'I::~1'U'lNfI'l1~L~tJ~'IJtl~n11tJD.t~~'Uti1::wi1~1''"Q 
Li1ItJ~'111N1'11nUc.JWl1'Yi~1~tJ~Ul'liIl~;'U'U1iLtln1nh~1'U 

~ 
( 1Lfln::"'Yi'l~nl1~n1ni1~1'U'!Itl~'IJtlrlr;fU'lf 

~ 
( ~1'U'lNfI'l1~L~tJ~'IJtl~;'U'U1iLtl 

~ 
(v . v .I 0 '1i1lI'11i1ltJfI'l1~Ll'ltJ~ 

t 
( UI'I "~11tJn11f1'l1~L~tJ~'!Itl~YJn;'U'U1iLtl1uYl~M'U~10 

i 
, , _ v ~ d q 

~~[;lmnJ'lI'fl~'"J[;lq'll'fl~l~~'fl~lJ'flYl'fl'flnllUU 

~1 m~~ ~'fl~iJ n1~lLU~'l LL~'WJl1~~ L~lJ LL'fl~ ;'lu~::;n'fllJ ~'"JtJ LL~'WJl1~~~ L~~ 
Lli:J'WJl1~ ~~1~ LLi:J'WJl1~~1c;llJ Ll~::;lli:J'WJl1~~ L[;lYl LLl-J"l!~'WLU'WL'fl n~1n~ niL~lJ1'fl Lti'fl'l91 n hl 

" , , 
~1lJ1~ClU1lLi:J'WJl1~11'l 4 lJ11-if LU'W-n'fllJ~U1L;h~1~flJn1~ij L~n::;\f~'"J1lJ l~tJ'l~'"Jm~t'fl'l;j'fl1~ 

" 

;'l dj 'WlJ 1 [;l~1i1'W~~1lJ1~m;11 ~n1nL~ n LU~ tJ'W-n'fllJ~ LLlJlJ~1~'fl'ltJ L~lJ LL'fl~ ~::;~~1'l L~i'fl'l;j'fl 
~ "" 

" " I I I I I 

(;]1'l1 Lu'W1u1~~tJ~::;~'"J n c;l'llJ'W1 'W~1'Wijr.rtJi11~ L~'flnVl9::;H L~t'fl'l;j'flVl~'fl ij"l!'"J~~1n 1~,r ~'l 
" , , 

~1lJ1 ~Cl ~'l'fl'fl n Ll YllJ -n'fllJ ~ l~ n iL~ lJ1'fl1~ ~ nl1'll U'Wl~ t'fl'l ;j'flVl ~ 1lJ 1 ~Cl ~lJ lJ ~'W'Wn1 ~~ h'l " . 
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4.2 .2 

1 'W ~ 'l'W'lJ'el'l n1 ~-:S Lfl ~1 :;-JLLt'l ::::'el'el n LLUU'"l:::: 1-n LLe.J 'WJl 1 YHJ ~ Lfl ~ LLt'l:::: LLe.J'WJll 'Yi fit'll ~ 

dj'WLfli'el'liJ'el1 'Wn1~ 1.jjrj LfI~I:;-JLLt'l::::'el'el n LLUU ~'ll-J n'l n1~'el'el n LLUU~ mu [;1rJ m~l-J"1J'el'l Lfli'el'liJ'el ~'1 
" ilnut'l:;L~u~~'1LVl'elhJu 

1) LLe.J'WJll'YiU~ LfI~"1J'el'l Lfli'el'liJ'el~ ~tiu~'W'Wn1~-:S Lfl n::::-J fI'lll-J L~U'I " . 
LLe.J'WJll'Yi~~ LfI~ LtI'WLLe.J'WJll'Yi~H LL~ ~'1~~1~ LLt'l::::Yf'l ni'WLVlI'11 'lJ'el'l~::::uu1 'W 

l-Jl-Jl-J'el'l'lJ'el'l m-n'lI'W ;'1'"l::::LL~ ~'11 'IX L ~'W~lm-n~Il-Jl~blYil'el:::: hnu~::::uul~ul'1 l~U LLe.J'WJll'YiU~ LfI~ 
~ ~ ~ ~ 

'lJ'el'l Lfli'el'liJ'fl~tiu~'4'Wn1~-:S LfI~I::::-JfI'lIl-JL~U'I'lJ'el'l LLUU91t'l'el'l L:n'lYf'l ni'W LL~ ~'1 ~'1ltJ~ 4 .3 l~U 

m-n Lfli'el'liJ'el~Il-Jl~bl1-n Lfli'el'liJ'el1 'Wn1~-:S Lfl n::::-JLLt'l::::~I'W'l rufl'lll-J L~U'I'"l1 n LLe.J'WJll'YiU L ~l-J LL'elt'l~ 
" " 

t'lri{;};;fll;lfi"l1mLY1~;;fl~fi 

LflniLti~lfl 

~1l.!'lruf'l'l1~ti1"1::Lilu~fl~ 

f'l'l1~L~tJ~ 

" , 

«include» ~1U'lruf'l'l1~L~tJ~ 
~fl~1't;lt) 

«include» , 

"'" 

• ..I 
f'l1U'lruf'l'l1~Lt'ltJ~ 

~fl~:nUU,.1tfl 

, , 
o .., 0 ~ ell..., ~ .oI:IiI 

~1~~Um'elfiU1U~~LfI~LL~~'1nUt'l::::L'elU~ ~'1mn'lYl 4.2 mn'lYl 4.3 (?]1~1'1 

~ 4.4 LLt'l::::(?]ln'l~ 4 . 5l~Ulm'l~~I'1if'ell-Jt'l"1J'el'l~::::UU '"l::::mh'ln'l1'W,r'l;r'eltl~ltJ 
" 



~iift'l'U L~!J'l';'il~~'Uv1 

fI'U1.., : 
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Lt1niu ~~~'lIi\JCIl -l'UV\ : -)\JYi 29 ~~\41rl~ YU'I.2550 

1\l: 2.0 

'l01 

~tl~)jn11tltlnm..JULLtJ\JI11V;~Lii~LLtl~;~lh::ntluJi'lU LLtJ\JI11V;~i'lLrl~ LLtJ\JI11V;rl~1~ LLtJ\JI11V; 

fl1~U LL~::LLtJ\JI11V;~L(;lY1LL~'I!~\J ~)jrl'l1~i~~'Ufin\J LL~::li1n11"'~tltln;rtll;J~tltln~1l-Xtl~t\J 

11.! LL UU'lltl~ LL Yl ~;rtll;J ~ L ii niL ii ~ 1 tl ntl\J 

cflLrl11::~rl'l1~L~u~~tl~n11~Lf'l11::~rl'l1~L~UWll~LLtJ\JI11V;~Lii~LLtl~'lItl~1::uu~1JifltlnLLUU 

111V1un1n11L;r1LLYl~;rtll;!~LiiniLii~1tl'lltl~LLtJ\JI11v;~Lii~LLfl~~~tl~n11~Lrl11::~ 

Association: 

Include: 

Extend: 

Generalization: 

-- .. .~." 1. r;J'lLrl11::\4rl'l1~L\'iU~L~tln 

-~" " .. " ~ .. 
LLTf~'lIfll;JflLfln'l!Lfl~ ~tlLV;tl 

,j1~1 H\u\J;rtll;!~,h;r1 

2. 1::UU";1n11fl1\JLLYl~;rtll;!~LiiniLii~1tl 

3. 1::UU";1n11~nVl;rtll;J~'lItl~LL~\JI11V;~~Lrl~"I1nLLYl~;rfll;!~ 

LiiniLii~1fl 

4. 1::uuli1n11i'lnVl;rfll;!~'lItl~LLtJ\JI11V;rl~1~"I1nLLYl~;rtll;!~ 

LiiniLii~1tl 

5. 1::UU";1n11~nVl;rfll;JfI'lItl~LL~\JI11V;fl1I1lU"l1nLLYl~;rtll;J~ 

LiiniLii~1fl 

6. 1::UU";1n11~nVl;rfll;JfI'lItl~LL~\JI11V;~LI;jY1LL~'lI~\J"1n 

LLYl~;rtll;!~LiiniLii~1tl 

LLi'lVl~i'U(;ltl\J'lIfl~n11~nVl;rtll;!~LiiniLii~'tl L~tlcflLrl11::~LL~::tltlnLLuu1::UU~tl~n1nLP'l11::~ 

P'I'l1~L~U~'lItl~1::Uu~1"'tltlnLLUU 

LLtJ\JI11V; fJ L ii ~ LL tl ~~ cfl LP'I 11 ::~,j1~1 Ht \Jn11ri1\J'l CUP'l'l1 ~ L~ m ~tl~ LU\JLLtJ\JI11V;Yitltl n LL UU 

~n~fl~(;l1~'l1nui~~'Ufi'lltl~fJLii~LLtl~ t\J 2.0 



~1~!J'l,rll~\4in 'l U 

~)J)Jll~'IIll~~~ii<t: 

~1~tJ';1,rll-ll\4in'l u 

~)J)Jll-ll'llll~~::1.J1.J : 

-.J ..I 0-
~)Jl'I';1Uln!J'l'llll-ll 

~U~ftu'l<t : 
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ItlnitJ ~~q1JifUvl -luvL -rU~ 29 ~~""1~)J YU'l .2550 

~U: 2 .0 

liitl-ll ij n 11~ n ~;rtl';l~ U VllJ;rtl ';l ~ Iii nil ii)J 1 tl1Jtl~ Ue.JU111YJ ~ lii)J II tl fl~-IItl1::ntl1.J Ji ';1tJ Ue.J\.ll11yj f.J~ 11'1 ~ 

11e.J\.ll11yj~1l1~ 11e.J\.ll11yj~1~tJ 111l::11e.J\.ll11m'H(;l'\'lII)J'Il;U ~ijl'l';11)Jif)J~ufinuritlu 

Association : 

Include: ';103,';104 

Extend: 

Generalization: 

fi1U';1rul'l';11l:H~tJ-II ;rtl';lfl,h;r1 

3 . 011'l11:: .... 1~1::~tJl'l';11)JtuUN1Jtl~ 4 . 1::tJtJfi1U')ruPi11'1';11)JI~tJ-IILU1::~tJ-r(;l~ 

Uj;jfl::11tJn11i1~4'tJI'\';l1)JI~tJ-II 5 . 1::tJtJfi1U')rul'l,)1)JI~tJ-IILU1::~tJ;!UU1'tLtl 

6 . 1::tJtJ4'~~1~tJl'I';11)J~1f'iClJ1Jtl-llI'l,)1)JI~tJ.:) 

7. 1::tJtJ11tJ-II1UI'l,)1)JI~tJ':)1Jtl.:)VJ n;UU1'tLtlLUllv1fl::YI-II rHu 

':)1U 

Ui'l'MiUllltlU1Jtl-lln1nI1'l11::lfl'l,)1lJl~tJ.:i1Jtl~lltJtJ~1fltl~I;-IIYI~niu Ujtl~11'l11::lfufl::tltlnUtJtJ1::tJtJ 

Iiitl.:in11~11'l11::,"~,)1lJl~m1Jtl-ll1::tJtJ~lJitltlnutJtJ 

IIe.JUl11yjf.Jlii)Jlltlfl~011'l11::lfU1lJ1L-n\.ln11fi1u')rul'm)Jl~tJ~liitl~ltlulle.J\.ll11yj~tltlnlltJtJ~nliitl-ll1ll1)J 

,)1ntJif)J~\.lfi1Jtl-llf.Jlii)JUtlfl tu 2.0 



~Lnmi'il'l"'in'l'U 

~)J)J'il'l'll'il'l1::\J\J : 

~1i?i'l'ULnmi'il'l 

~'Uvl ... 'U'l"l : 

Association: 

Include: 

Extend: 

Generalization: 

1. 0LPl11::"'Pl'l1~L~EJ'ILflflnL)J~n11 

1'i1'U'lrul'\'l1~L~tJ'I1Jfl'l-rI11~ 

s- .. .J ... 
4. f;l'lLI'\11::"'1'\'l1)JLt'ltJ'IL~flnL)J~n11 

1'i1'U'lruPl'l1~L~tJ'I1Jfl'ln11tJljl~~'Utf 

1::"'~1'1-r111~ 
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2 . 1::tJtJI'i1'U'lruI'i1f'1'l1)Jtl1"1::Ltl'U'llfl'lPl'l1~L~tJ'I'll'1l'l-rI11~"l1n 

LLe.JW11'1i~LI11Y1LL~'I!;j'U 

3 . ~'l'Uj;JfltJ1::~1'U'llfl'l1::\J\JLL~~'1e.J~Pl'l1~tl1"1::Ltl'U1Jfl'lf'1'l1~ 

L~tJ'I1Jfl'l-rI'l~ 

5 . 1::tJtJI'i1'U'lruI'i1Pl'l1~tl1"1::dj'U1Jfl'lPl'l1~L~tJ'I1Jfl'ln11 

tJljl~~'Utf1::""~1'1-rI11~"I1nLLe.J'UJ11'Yi~1vitJ 

6. ~'l'Uj;JfltJ1::~1'U1Jfl'l1::tJtJLL~'Me.J~f'1'l1~tl1"1::d'J'U1Jfl'lI'\'l1~ 

L~tJ'I1Jfl'ln11tJljl~~'Utf1::""~1'1-rI11~ 

LLe.JW11'Yi~Lti)JLLfl~~0LPl11::"'U1~1'l-n'Un11~1'U'lruPl'l1)JL~tJ'It1ffl'lLtl'ULLe.JW11'Yi~flflnLL\J\JtJnt1ffl'l1'l1~ 

'l1ntJl~~-",l!f1Jfl'l~Lti~LLfl~ tu 2.0 



~Ln!l'li'il~1IIin1\1 

,-!)J)J'il~"lI'il~f::\J\J: 

~L~!l'l,r'il~Ylih'h\l 
• ..I 

f'l)J'il\l: 

~1ill'l\lL~mi'il~ 
~\lYli'I\l1",: 

Association: 

Include: 

Extend: 

Generalization: 

1. ~Lf'ln::il'l'l1"'L~tJ~L~'!lm"'\fn11 

R1'U'lNf'I'l1"'L~tJ~'II'!l~:a'U'U11t'!l 
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~\I: 2.0 

2. 7::uu~r1~LL\JU~1~'!l~Yi~~m7)Jn17";1~1'U'II'!l~'II'!lvlj;JLL'lf 

3. 1::uuR1'U'lNfl'l1,."h'l::Lij'UL'UL,.,."lni P 

4 . 1::uUl'lr1~LLUU~1~'!l~fl'l1"'L~tJ~'II'!l~:a'U'U11t'!l 
5. 1::uuR1'U'lNfl'l1)J1.l1'l::Lij'UL'UL)J."lni Q 

6. 1::uuR1'U'lNfl'l1)J1.l1'l::LU'UL'UL)J."lni C 

7. 1::uuR1'U'lNfl'l1,.,1.l1'l::LU'UL'UL,.,."lni A 

LL~'\Jl11Yi~L~"'LL'!l~~~Lfl11::i,j1"'1LfL'Un11~1'U'lNm1"'L~tJ~~'!l~LtI'ULL~'\Jl11Yi~'!l'!lnLLUUCJn~'!l~Ii11'" 

'l1ntJ~)J~'Ufi'll'!l~~L~"'LL'!lfl ~ 2 .0 
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2) LLCJ'W111Yifl~1~"iltl~Lfl1'a~ij'a~1'~~fun1~~Lfln:;"fm1l-JL~m 

LLCJ'W111Yi fl ~1 ~ L tl'WLLCJ'W111Yi~1 -if LL~ 1M fl~1 ~ LL~:: tl'1 ~~ ~ h~ WJ1 l-J ~l-J~'Wfi"iltl~ 

LLt1I ~:: fl ~ 1 ~ 1 'W ~:::uu t~ tJ LLCJ'W111Yi fl ~ 1 ~ "iltl~ Lfl1tl~ ij tl ~ 1 ~ fu n 1 ~~ Lfl ~1:;"f fl 'J 1l-J L~ tJ'l"il tl~ 

LLUU'~1~tl'lL1~Yl''lni'W LL~~~C;)'l~tl~ 4.4 
" 

SOOata 

COData -SOldentifier . -msgList 
-cd Identifier -objList 
-classList 

I I 
-numberObj 

-subdiagram . . · -numberMsg 
-subdiagramQf 

OOMManager 

~ocument 
-ucList 

SMOata 
UCOata -cdList . . -sdList . · -SMldentifier 

-ucldentifier : String 
-smList -stateList 

-usecaseList 
-subdiagram +readXMLintoDOM{) -transition List 

+getDocument() -subdiagramOf 

+extractUC{) 
+extractCDO 
+extractSD{) 
+extractSM{) 

. 
1 ScenarioRiskManager 

RiskFactorManager 

RiskAssessmentFrame 1 · +createSoftwareBehaviorModel() 
+setCouplingTable{) +createTransitionMatrix{) 
+generateTruthValuesO 

1 +main{) +createScenarioRiskModel() 
+setlnteractionRiskFactorModel() +createMatrixQ{) 
+setObjectRiskFactorModel() +createMatrixC{) 

+createMatrixA{) 

, ~ 

e]1f~LL'Jf (Hardware) LL~:;'lltlyjvlLL'Jf (Software) Vl1-if1'Wn1~~lijJ'W1~:::UU i]C;)'lil 

0' 0' 

lJ1'i(;l LL 1'i 4.3.1 

1) Lflitl~fltll-JYl'JL(;1tlfLti(;11Jn (Notebook) m;nm.h:;l-J'J~CJ~~'WLY1~fltlVJ~ ttl 1.66 

nn::L~fY1"n (Intel Core 2 Duo Processor 1.66 Gigahertz) 

2) ml'JtJm1l-Jr.h~~n (RAM) 1.5 nn:::luvl (1 .5 Gigabyte) 

3) enf~~~n (Harddisk) 160 nn::luvl (160 Gigabyte) 
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RiskAssessmentFrame Vi1~U1~dlWfl~1~\Htn"lJ'fl\lLfi1'fl\lij'flLUn!~LL~VI\I~'Jul?lmh:;~l'w 

LL~:;m~u 1-n'fl~~'"l1 n fl~ 1~~U1 l-n LL~ VI\I~~'JUI?I'fl1h:;~1U 

DOMManager LUUfl ~1~VlVi1~U1VlL Un! nLU~\I-n'fl),l~'"li n m'4 ),I-n'fl),l ~ L ~ niL~),I 1 'fl),l1 .. .. 
LUU-n'fl~ ~~\I'"l:;~ 1),11 ~r;) ~ nUl ),IlL fl Un!~~1U'J rum 1),1 L~~N 1~ 

UCData 

LLU~\I"lJ'fl\l DOMManager 

COData 

"lJ'fl\l DOMManager 

SDData 

"lJ'fl\l DOMManager 

SMData 

mnLU~\I"lJ'fl\l DOMManager 

RiskFactorManager 

ScenarioRiskManager 

.,1" .. 4 .3.2 'if'el-n UI LL 'J'a 

System) 

LYm~"1l-nULLU~ (Microsoft Windows XP Professional) 

2) Lfli'fl\lij'fl~OO-lUI~'JtJ1lTIj'I'"lI'Ji L{l1'lUU~ iu 5.5 (NetBeans IDE 5.5) , 

3) 1l1~1'"l1'J1~I~f'lJ~OO-lUI L'"lXlL'fl~~ 6.0 (J2SE Development Kit 6.0) 

4) Lfli'fl\lij'fl'li'JtJ~~I\1 L'fln~I~LLc.JU1l1Yim~),I LL'fl~ ~"lJ'J~Yiln lV1,r~Tj,~f'lJm~)J LL'e)~ .. .. 
(Visual Paradigm for UML) iu 6.0 , 

Lfl N ~ h\l"lJ'fl\l Lfl i'fl\l ij'fl ~1~ f'lJ n! ~~ Lfl ~1:;\f fl'J 1),1 L~ tJ\I"lJ'fl\l LL'lJ'lJ~ 1 ~'fl\l L:n\lYl"\I rHu '"l:; 

'fl fi'lJ 1 tJ LVltJ L-if LLc.JU1l1Yi LL Vi n Ln'"l ~\I LUULLc.JU1l1Yi ~L-if LL~ VI \I fl'J 1),1 ~),I~ Ujh:;~~ 1\1 ~ 'JUU~:; n'fl'lJ 

1?11\11L U ~:;'lJ'lJ LVI tJ LLc.J U1l1 Yi ~ 'J UU~:; n 'fl 'lJ"lJ 'fl \I Lfl i'fl \I ij 'fl ~ 1 ~ f'lJ n1 ~~ Lfl n:;\f fl 'J 1),1 L~ tJ \I "lJ 'fl \I 

LL'lJ'lJ~I~'fl\l L:n\lYl"\I n-nu LL~ VI\ll~r1\1~U~ 4 .5 
" 



ri~UUi\IM~\Jl11tlU'IItH 
hJ1un1~ 

, 
, , 
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I \ -_ , , , , " , 

ri~ultl"'U~~;tll;lfl 

liin'lii~'tl 

ri~U:jI"'11::\liI~(tJ"'~1~I~tJ~ 
'IItl~_rI11'l 

----,:;' ' ... -..::-----
, ' 

" "" ... , , 
,,' ""' , 

/ ' 
r---~~'-----. r---~'~' ~----, 

ri~U:jlfl\11::\liI'I(tJl'I~1~I~tJ~ 
'IItl~n11l.Jfll~~ufi1::14~1~-rI11'l 

ri~U:jI"'11::\I"'~1~I~tJ~ 
1::"U;UU11Ltl 

1- -_ 

ri~UUi\"'~~flfl,.fi 

'IItl~"'~1~I~tJ~ 
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r.nnnj~ 4 .5 LU'WL~1'H~11\l~'J'Wth:;ml1J"lJ'e1\lLf"i1'e1'lij'e1 (;'l11tJf'1:;L~tJ~n11H'\l1'WL~i'e1\lij'e1 
'IJ 

" 9:;'e1Ul'W111~e.J'W'Jn 'l) 1'WLLI'if'1:;~'J'Wi1v1t~.h9'e1 ~'li1 
'IJ 

1) ~'JU\-rW19mHrn LU'W~'J'Wl'imh:;~l'W\-1tt n"lJ'e1\l L~i'e1'lij'e1~9:;~~I'i'e1ntJm.jf'l1'W ;~ 
'IJ 

" th:;n'e1tJ(~htJ~'J'WU'e1tJ I'il\l1 ~'e1 ~'J'WLL~ ~\liU(?\'e1'W"lJ'e1\l hJ1LLnnJ ~'J'WLtJ~ LL.yh.J-n'e1l,!m~niL~l-Jl 'e1 

~'J'WLL~~\lntJf'1:;L~tJ~ LLf'1:;~'J'WL~'e1n~e.Jf'1ttYifi LL~~'l~'l1tJ~ 4 .6 
'IJ 'IJ 

I II I I I 

Yil\llU"lJ'e1'lLtJ1LLn1l-J L~mL~~\lLi'l'W~'e1i'W(?\'e1'Wn11~L~n:;tf~'Jll-JL~m"lJ'e1'lL~1'e1\lij'e1 ~'l~'J'WYl11'W 

1tJ~ 4.6 
'IJ 

~L~n:;tfmll-JL~tJ'l LL~~\l~'l~'J'W~ 2 1'W1tJ~ 4.6 Ln'e1n~tll-J~'W~ (Browse) L~i'e1\lij'e19:;LL~~\l 
'IJ ' 'IJ 

" , 
vn'11I'il\l~1\-1ftJn11L~'e1mLYil-J-n'e1l-Jf'1L~niL~l-Jl'e1~'Wl-Jl~'l1tJYl4 . 7 

'IJ 'IJ 

, " 
4) ~'J'WLL~ ~'l11tJf'1 :;L~tJ ~ LU'W~'J'WYl LL~ ~'l ntJf'1:;L~tJ ~ n11Yi l'll'WLLI'if'1:;iU(?\'e1U"lJ'e1\l n11 

~L~n:;tfmll-JL~tJ\l LL~~'l~'l~'J'W~ 3 1'W1tJ~ 4 .6 L~tJI11tJl'W~'J'WLL~~\lntJf'1:;L~tJ~9:; 
'IJ 

" tJ1:;n'e1tJ~'JtJ~'J'WU'e1tJl'il'l1 ~'li1 

(1) ~'J'W~L~n:;tfmll-JL~tJ\l"lJ'e1'l~(?\rl Li'l'W~'J'W~ LL~ ~'l11tJ n11~'Jll-JL~tJ'l"lJ'e1\l1'(?\rl , , 
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(2) ~'".l\J~LI"l~1:::lfm1l-JL~U.:j"ll'e1 ,m1~1J~~l-J~\J€~:::·wh.:j.r[;l~ dJ\J~'".l\J~LLM1 .:j 

~1Un1~1"l'".l1l-J L~U.:j"ll'e1.:j n1~1J~~l-J~\J€~:::vd1.:j.r [;l ~ L~'e11 iX 0 Lm1:::lf 1"l'".l1l-J L~tJ.:jVi1 n1~~ Ll"ln:::lf 

~:::~UI"l'".l1l-J L~U.:j"ll'e1.:j n1~1J~t{l-J~\J€~:::vd1.:j.r[;l~ 1\JnUn1~1"l'".l1l-JL~tJ.:j LLvlfl:::nUn1~ ~.:jl1J~ 4 .9 . 

~Ll"ln:::lf~~~m~l-Jn1~~1.:j1\J"ll'e1.:j'll'e1~vlLL'".lf LLfl:::n1~~Ll"ln:::lfl"l'".l1l-JL~U.:j"ll'e1.:j~\J\J11'l'e1 ~.:jl1J~ 

4.10 

L~tJ.:j"ll'e1.:jLLvlfl:::~\J\J11'l'e1"ll'e1.:jVJn~~LI"l~ ~.:jl1J~ 4.11 

5) ~'".l\JL~'e1n~ ~fltr~€ dj\J~'".l\J~'"l:::LL~~.:j L~'e11iXm Ll"ln:::lf 1"l'".l1l-J L~U.:j~1l-J1 ~m~'e1n~ 
'IJ 'IJ 'IJ 

~x. , ______________________________ ~~~ 

8 
PlolectNamo 

V 
Please click ' 'Browse''ln order to select XlvII file. 



: ~ Risk Analysis Ctf Func.tiooal "'\odE>! U:si~g Objt .... .:. !. 8o€otldvlor 

k~"~ LI ________________________________________________________ ~ 

file. 

FiletiOl"e: I 
AH~~: ILM_AH __________________________ ~I·~I 

: I1,d RI sk An3Ivsi!.?f Function :):1 ~~M Usin~ Ob.i~"t: t BE-havior 

. Fde Edft Help 

lnput)(Mt !C.\XMI Flle\tsc.mu i I. Browse 

PlUgram S1ep~ 

~ Import XMII tie 

XMI information 

I Analyzing scenario tewI risk 

• Analyze SW •• tctOlon_ 

- Analyze Kenario risk 

Soo.nary and Result 

D Project Name 

Identifying / andlyllng '''k facto, of an object behavior from a state madone diagram 

.-Oeser Iptjon 

llls step ~ idenlifyhg and an;jyZng the fisk factors of an objeCt from state ma 
.chne dagams and seventy of a class whctl dep€nds on a state. 

Stal.-dependenl class of a class diagram: A SIS fOf FCS - Class diagram 

••• Please assign sewrlly level to state·dependt'MTf class (on the green cen) for risk fadOf conltMfation 

~~~ 

ltl~ 4.8 ~'J'W':jbfOln:;~fOl'J1~b~tJ_:j·"lJ!l_:j~(;]~ 
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ll"is step is IdenHfytlg <nd ~Zhg Itle fisK factors of an object tlreract10n !rom seqJer1Ce d 
;qam <nd ~verity. 

ObiKt i •• ractlon of a sequence diagram: Norm'" Purchase Procklct Scenario 

Slarting Ohtect: I--Choose an Object--J. I TerminaUng Obj&Ct:. I- Choose an Object-- I .... I 
Sendina Ob/ect Recelwtna Oboec Norm3irzed OVnaml .. SeverItY Level Risk Factor 

Clerk ProdutlBarcode 0.071428571085 ... 0.0 0.0 
Dl?alinQUst InventoryController 0071428571085-. 0.0 0.0 
Inventol)'Controlier invenlory Q . l . 28~71 . 28571 M" 0.0 0.0 
Inventoft' . InventorvController 0.1428571428571... 0.0 0.0 
InventoryController Count~rtnterface 0.14 28571428571... 0.0 0.0 
Counti!rlnterface ClerlC 01428571428571... 0.0 0.0 
ProductBarcode ProducUteOl 0071 . 28571.285 .. 0.0 0.0 
Producmem ProductBarcode 00714285114295 ... 0.0 0.0 
ProduclBarcod'i! InventoryControll?f 00714285714295 ... 0.0 0.0 
I nve-nto_~onlroller OealiMUsl 0.0714285714295 ... 0.0 0.0 

Obtect ill.faction of a se~ence diagram: Alter-nat;'" Ptrchase Product Scenario 

Starti1g Ollied: I--Choose an object- ( -:; I T eflniflaring Object: I-Choose an objectm 1 ... .1 

, Oescriptkm -- -- -

ilhe scenm risk model Is composed of two steps. 

,1. Ana'ymg sottw<l'e exerut10n behavior 
;2. AnaIyzhg scen.rtl risk 

,--------

Please cid< "Ne", " n ",dar t·, next step. You can see mati>< Q and C resllts .fle< stbrrit>:o. 
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Input XMl: Ic.\XWI FileVsc xmi 

Ptoglam Steps 

_.~and~lGobjectb_ risl! 

• Identify , .. \aIyle ris« (I( objects 

. Idet.;ry ' anaIyte rls« (I( object Interactions 

Analyzing scenario ~I risk 

- Analyze SW execution ~ 

. Anafyze Kenario risk 

, Project Nam6 
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'Vlor 

II Browse 

SUmmary 



d 
tJ'Vl'Vl 5 

" I I II I 

1 \JUVI'WIOl:; L u\Jm ~VlI11M1U Ll"l~'el~;j'elVl~ ~\Jl~\J11U n nll~ m~1 ll11U i11' 111 ~U~:;~~ ~VlIOl:; 

Vl~'JIOl~'elU~1 Ll"ij'el~;j'el ~~ n ~1'J ~1l-Jl nwil n1~~ LI"I n:;,x I"I'J 1l-J L~ U~ 1~ Cl n rX'el~ LLrl:;I"I~U rl'J\Jml-J~ 
'\J 

" 1~~:;uH1 \J"lJ'elU L"lJVl n1~~9U ll11mltJrl:;L~tJ I11L \Jn1~VlI11~'elUi1 ~'1 l?1'elluu • 

5.1 ~l11'vm'll?li'tl).Jm"jji:unl~Vll?l~'tlU 

~1l1'Yi LL'J 111~'ell-J~1 fl \Jnl~VlI11~'elU 1Ol:;1-if~1l1'Yi LL'J 111~'ell-J L "Ji\JL~ tJ'J nu~l~ n~I'J 1~ \Jnl ~ 

~~\J1Ll"li'el~;j'ell\JUVl~ 4 

~U~ 5.1 
SJ I I \.I 11 

LL~ 111~-n\JVl'el\Jm~VlI11~'elU LI"I1'el'l ;j'elVl~ ~\Jl;\J ll11tJ-n\JVl'el\Jn1~Yi1~I\JLL1.J~ 
'\J 

• II I I tI I t I 

'el'elnLU\J 2 ~'J\J ~'el ~'J\JVlLU\J-n\JVl'el\JVlvil~'JtJ;j'el LLrl:;~'J\JVlLU\J-n\JVl'el\JVlvil~'JmI"l1'el~;j'el ~'1 
" ntJrl:;L~tJl11'elfiultJl~ ~~u 

" , 
1 ) -n \J Vl 'el \J LL ~ n vi 1 n 1 ~ ~ L 1"1 ~ 1 :;,x LL rl :; 'el 'el n LL U U ~:; U U L tl \J LL e..J \J III 'Yi tJ L ~ l-J LL'el rl ~ 'I 

" 

" .c.I.dl d q " .... 0 .... !/ ..:!II 

mruPln'l!l'l 1"I'el ~:;UUL'elVlL'ell-J LLrl:;~:;UU~\JU~\J\J~I~JUn\J~:;I11'Jn"1l'el , 
, ," 

2) oWl~:;UUVl LU\Jnnll~ n'l!l'll-Jlvi 1 m~~ Lfljl:;,x 1"I'J1 m~tJ~ ~'J tJ;j'el ml-J-n\JVl'el\J"lJ'el'l 

m'elu~I\J~Hl'elfiultJl~\JUVl~ 3L~I"I~'elUl"lrll-J~~nn1~~ri1~\J1111\J"lJ'elUL"lJVln1~~9tJ • 

3) 1 \J~ 'J \J "lJ'el'l n lr~ LI"I n:;,x I"I'J 1l-J L~ tJ~ ~ 'J ml"l i'el~;j 'el oWl LL Ylwif'el2,J rl~'el~l \Jt;U"lJ'el'l 

LLYll-J-n'el2,JrlL~n'llL~l-Jl'el t\J 2.1 "lJ'el~~L~l-JLL'elrl t\J 2.0 ~~n~~I~~'Jml"li'el~;j'el"Ji'JtJ'el'elnLLUU ~'1!'Jrl 
vnnll?l"J i\J 6 .0 ll?lmLYll-J-n'ell-JrlL~n'llL~l-Jl'el"lJ'el'lLLe..J\Jlll'Yim~mL'elrllOl:;U~:;n'elu~'JtJ LLe..J\Jlll'Yi 

• '\J '\J 

~ ~ LI"I ~ LLe..J \Jill 'Yi 1"1 rll ~ LLe..J \Jill 'Yi ~ 1 ~ U LLrl:; LLe..J\J1l1 'Yi ~ LVlVl LLl-J"1l~ \Jl-J lvi 1 m rVlI?l ~ 'el U ll?l tJ l-if 

LI"I i'el~ ;j'el~1~1Ol1 n m ~~ (;JJ\Jll-J1 ~1\J'J ru~ LI"I n:;,x l"I'Jll-J L~ tJ'IlOll n LL Yll-J-n'ell-Jrl L~ niL ~l-J 1 'el ~~ n~I'J 
'\J 

~'JtJ~fi n 1~~ LI"I n:;,x I"I'Jll-J L~ tJ~"lJ'el~~'I ni\J ll11tJL-if'Yi ~ ~ nnl-J"lJ'el'l1' Vl ~~ 1"1 ~'elU 1"I~l-J ml-J~~ n n 1 ~~ 

nl~\JI?lL\J"lJ'elUL"lJVln1r~9tJ 

4) vii mnmtJu L VltJUe..Jrl"lJ'el~ I"I'Jll-JL~tJ'I~l~1Ol1 nm~~I\J'J ru~'Jml"li'el'l;j'el ~1i1I"1'Jll-J 
, , " 

Cl n rX'el'l Vl ~'1 nu e..Jrl"lJ'el'll"l'Jll-J L~tJ~Vll~lOlln m~~I\J'J ru~'JtJ Vl\JL'el'l m l-J-n\JVl'el\Jm~~ Ll"ln:;,x"lJ'el'l 
" 

" ~1\J~9tJ\j~1'el hi 
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l:. ...I... ..._ 
'!I1JIR'il1J'I'1'1'11fl'ltJ LfW'il~)J'il 

I 

/ 

-------------

I '" I I '" 

nJVl 5.1 -ntJVl'fltJn1tYlI?1~'flULf'it'fl'ln'flVl~OO-JtJl~tJ 
" 

"I '" I I 

~ltJ~~mn;'fl L~VleJ~VlL~'fln 2 t~uutlLil'fl'l'"llndjtJt~UUVl~ltJ(;]'fl n1tYilf'1'Jl~ L-tlL'"lLtJn1t , 

" " ~,rU~tJtJ~l~fu~ltJ~~I?1'J n;'fl 'flfiultJl~(;)'1tl , 

4QI~ CIiII " 5.3.1 n"irul"lm~l"i:::'lJ'lJL'£lV1L'£UJ 

1) n1t~ Lliln~,xIil'Jl~~'fl'l n1nL~~'fl'fln LLUU LLeJWllYW L~l-J LL'fl~"lJ'fl'lt~UU L'flVl L~~ .. 
, " , 

L1~'"lln n1n)l~tJl?1lil'Jl~~'fl'l n1t"lJ'fl'lt~UU '"l1 n,rtJ9'1\11~1'fl'fl n LLUU LUtJLLeJtJfllYitJ L~~ LL'fl~ ~'1 .. 

2) n1t~ Lliln~,x lil'Jl~ L~tJ'I"lJ'fl'l LLUtJ'oll~'fl'l L:n'l~'1 nitJ~ ~ltJ'J rul~ 

LLeJtJfllYi~ L ~~ LL'fl~"lJ'fl'lt~UU L'flVl L~~~l~'fl'fl n LLUU ~ n 1 frj Llil n~,x lil'Jl~ L~tJ'I 
'" I I '" I 

"lJ'fl'lLLUU~l~'fl'lL:n'l~'1nitJVll~itJVl'fltJVll~mh'Jl-rltJUYlVl 3 Ll?1tJ-ntJVl'fltJVl (1) (2) LL~~ (3) '"l~ 
'" I I I 

. LUtJ-ntJVl'fltJn1t~ Lliltl~,x lil'Jll-J L~ tJ'IVll~ ~'JtJn'fl ((;]'J'fl ~1'l n1t~ Llil tl~,x f'1'Jl ~ L~ tJ'I'"ll n nnl1~ m~n 
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'" I ... , , 

LL~ C'I'I1 r)l 'Wl114 e.J'W'J n 'U) ~'J'W L-WiWWfl'WVl (4) '"l :;LU'We.Jtl~'YHf'iJ'fl'li'Wl'l'fl'Wm~';j LI4 ~1:;'If l4'Jll-J L~ tJ'IVl 

(1) m~~Ll4n:;'lfmll-J L~tJ'I'iJ'fl'l1'l'l~ tC'ltJ~'"llHW1'"lln~1'W'J'Wfllmll-J'"l1'1~ 
Lu'W1tJ1~'1l'fl'l'lh:;Yi'"l~'1;111iX Ln C'I m~LtJ~tJ'W~ tl1'W:;1 'WLLe.J'WfllYi ~ Ll'l'Yl LLl-J"l!~'W (;]'J'flfh'l m n'l m ~ 

, ," 
~'1 LU'Wl4tll~Vl~'W'fl~ flU 

L ~~m~nrrim,lLLtl:;~~'1mm~:;~'W ~'1l'lln'l 'U.2 tC'ltJl-if n!J m~'1ltJ1m ~~ m~nr'"llnYl~~~~1~ 
, , " 

n~l'J 1r)l 'WU'YlVl 2 ~'1 Lb~C'I'I e.Jtl'1l'fl'lm~'1ltJ1tJ tC'ltJ~'"ll~rul'"ll mb[;)tl:;tJ~:;Yi'"l'W1~ ~'1il 

(;]'J 'fl U 1'1 n 1 ~'1l tJ ltJ tJ ~:;Yi'"l,r~ i:J b ~ l'l n 1 ~nr~ b;r 1l-J 1 n~:; ~ 'W ~'<il ~rul • • 

, , , 
eM ~ ~d dQ !,IoC:IiI \of\.! 

bLtl:;b'l'fl'W b'llm~C'I 14'fl not PIN_count=3 bl-J'flYi'"ll~rull'lll-Jn!Jm~'iJtJ1tJ'1l'fl'Yl 1 '"l:; bC'l 

@invalidPIN 1\ -,P IN_count = 3 

== -,invalidPIN 1\ invalidPIN' 1\ -,PIN count = 3 
" 

'"l1 m!'W;11 m ~~'"ll~rul fll mll-J'"l1'1'1l'fl'l Lb[;) tl:;tJ~:;Yi'"l,rbLtl:; bLtl:;e.J~~Yifi 

'iJ'fl'lflll4'Jll-J'"l1'1~'1n~1'J'1l'fl'l'YlmbVl~'W:ni'W~'Ju~'fl ;'Ibb~C'I'I1.rl'Wflll4e.J'W'Jn 'U l'lln'l~ 'U .3 n'l • 

m ~~1'W'J ruflll4'Jll-JU1'"l:;bU'W'1l'fl'l e.J~~Yifi~~'ItJ~lnl'Wl1 'Wm ~btJ~tJ'W~ tl1'W:;'iJ'fl'l bL[;)~:;Lb'Yl~'W:ni'W 

~'1bL~C'I'I1r)l'Wflll4e.J'W'Jn 'U l'l1~1'1~ 'U .1 0 

" 
'"l1 nl!'W~'"ll~rul L~'W'Yll'1 n 1 ~;11'11'Wl 'W LLe.J'WfllYi ~ Ll'l'Yl bLl-J"l!~'WbL[;) ~:; 

L~'W'Yll'1 ~'ILL~C'I'I1r)l'Wflll4e.J'W'Jn 'U ~tJ~ 'U.1 n'l 'U .6 Lb~'J;11m~~lU'Jrul4'Jll-Jtll'"l:;LUU'1l'fl'l 
'IJ 

, " 
e.J~~YifiVl~'ItJ~l H1Ul'iJ'fl'l LL[;)~:;L~u'Vn'l m~;11'11U1 ULLe.JUfllYi~ Ll'lYl LLl-J"l!~U [;)'fl'"l1 nl!u~'I ~lU'Jru 

14 'J 1l-J Ul '"l:; L U U'iJ'fl'l e.J ~ ~Yi fi~hJ ~ 'I tJ~l HI U 1 'iJ 'fl 'I Lb[;) tl:; L~ U'Yll 'I n 1 ~;11 '11 u1 ULLe.J Ufll Yi 

" " ~ Ll'lYl LLl-J"l!~UI4 ruflU fll~l~l!n'iJ'fl'l L~UYll'1 LUUI4'Jll-J L~ tJ'I'iJ'fl'ltJ l'l Cl ~'I LL~ C'I'I1.rl Uflll4 e.JU'J n 'U 
'IJ • 

, 
q 0 v 

l'lln'l'Yl 'U.11 LL~:; 'U.12 l'lll-J~lC'1U 

flll4'Jll-JU1'"l:;LUU'iJ'fl'l e.J~~Yifi~hJ~'ItJ~l~ClUl'iJ'fl'l1' l'l ~ 1C'11 1 u~uulH'fl 
Cln~lu'Jru ~'ILL~C'I'I1r)luflll4e.Ju'Jn 'U l'lln'l~ 'U.13 LUU(;]'J'flUl'1'iJ'fl'l1'l'lCl ATMControlier ~'ILUU 
'IJ • 

," 
14~1~Vl~U'flUflU~rnu:;LYitJ'II4~1~L~mlu~uul1t'flm~l'l~'J'"l~'flu~,r~Ul'ln'flVlL~l-J 

'IJ 
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~1~furhmll-JtlI9~dlW'lJ'a.,'J~~~YHr~1,j~.,'JUrlrrl1..!I'lJ'a.,'JrJl?l~L"11 L1..! 

~1..!1..!lH'a rl n ~11..!'J ru9~rl n L-ii1.1..!mr~I1..!'J rurh rl'Jll-J L~tJ.,'J'lJ'a.,'Ji:l94'tJ'lJ'a.,'JrJ I?l rl L"1m11 rh~1~l-!1 rl ru 
\l \l "\J 

nUr~~'Umll-Jr1..!LLN~ rl n L,x rhr~~u rl'Jll-Jr1..!LLN L"1tJ m4'tJ ~.,'J LL~"1.,'J1.n 1..!1l1 rl ~1..!'J n ttl I?lln.,'J~ 
"\I "\l 

'U.14 

(2) mr";) Lrln~,xrl'JI~L~tJ.,'J'lJ'a.,'J mruB~~~1..!fin1..!r~~~I.,'JrJ I?l~ LVltJ~91rrul 

91nrhrl~uu~.,'J ~~I1..!'Jru91n~I1..!'J\J-if'arl'JIl-J~~.,'Jn1..!r~~~I.,'JrJl?lrlL1..!LL~1..!1l1~~I~U LL~Vl.,'JLlI1..! , 

I?lln.,'Jml~~l-!~1..!fil.1..!1l1rl~1..!'Jn 'U mrl.,'J~ 'U.15 r11rl~Uu~.,'J~1~91mLr;!~~mruB~l-!~1..!fin1..! 

r~~~I.,'JrJ I?l rl9~rl n L-ii1.1..!mr~I1..!'J rurl'Jll-! L~tJ.,'J'lJ'a.,'J m run~l-J~1..!fin1..!r~~~I.,'JrJ I?l rl LL~ Vl.,'J L1..!mrl.,'J 
.. \l dJ" 

o 

Vi 'U .16 

o ~ 

rl'Jll-J L~tJ.,'J'lJ'a.,'Jt194'tJ'lJ'a.,'JrJl?l~ LL~~nlrUB~l-!~1..!fin1..!r~~~I.,'JrJ I?l~ LL~'J "ll1..!I?l'a1..!r;!'a 1u9~LlI1..!nl r 

~11..!'Jrurl'JIl-JL~tJ.,'JL1..!r~~U~1..!1..!1n'a LVltJmr~~I.,'JLLUU~I~'a.,'J~~~nrrl-!nlrvil.,'JI1..!'lJ'a.,'J'D'aYl~LL'Jf 

LL~~~h.,'J LLUU~I~'a.,'J mil-! L~tJ.,'J'lJ'a.,'J~1..!1..!11L 'a 

- nI r~h.,'J LLUU~I~'a.,'J~ ~ ~mrl-! nlrvil.,'JI1..!'lJ'a.,'J'D'aYl ~LL'Jf ~.,'JL1..! 

III rl~1..!'J n 'U lU~ 'U . 7 LL~Vl.,'J LLUU~I~'a.,'J L1.,'J~~~nnl-! mrvil.,'JI1..!'lJ'a.,'J'D'aYl~LL'Jf'lJ'a.,'J~1..!1..!11L'amr 

I?lr'J9~'aur'IX~ul?ln'aViL~l-! 91mU9~~Il-!lrrl~~I.,'J Ll-JY11ni P LL~Vl.,'Jrl'Jl~ LlI1..!1U1~L1.,'J L1'a1..!1 'lJ'lJ'a.,'J 
'" 

mnnVlmnLY1r1..!1i1..!91nL~1..!Vl~~.,'J1u~.,'J~nL~1..!Vlwd.,'JLVltJr1l'lJ'a.,'JLl-JY11niLL~Vl.,'J ~.,'Jl?llrl.,'J~ 'U.17 

- nlr~h.,'JLLuU~I~'a.,'Jrl'JIl-JL~tJ.,'J'lJ'a.,'J~1..!1..!11L'a ~.,'JL1..!1l1rl~1..!'Jn ttl ru~ 
'" 

~h.,'JLl-JY11ni Q LL~Vl.,'Jmll-!tlI9~LlI1..!L1..!mnU~tJ1..!~m1..!~91nL~1..!Vl~m1..!~i'Jrln'J1u~.,'JL~1..!Vl 

~m1..!~i'Jrln'JL"1tJr11'lJ'a.,'JLl-JY11niLL~Vl.,'J ~.,'Jl?lln.,'J~ 'U.18 LL~~~Il-Jlrrl~~I.,'JLl-!Y11ni C LL~"1.,'J 

rl'Jl~tlI9~Ltl1..!L \JnlrLU~tJ1..!~ rll1..!~91 n L ~1..!Vli'J rl n'J 1u~.,'J L ~1..!Vl~ rll1..!~Vl Vl n~1..! LVltJ r11'lJ'a.,'J 
" 

I I I '" I 

tl19~ Ltl1..!'1J'a.,'J LLUU~1 ~'a.,'J Vi L1l-J ~1..!~'J tJ L ~1..!Vl ~ rll1..!~i'J rl rI'J L"1 LL~ ~1 U~ 1..!~ VlViL ~1..!Vl~ rll1..!~ 

c:JVln~1..! ~.,'JLL~Vl.,'Jr11'1J'a.,'JLl-JY11n'D11..!l?lln.,'J~ 'U .20 
o 

- n1r4'Vl~I~Url'JIl-!~I~'1!'lJ'a.,'J rl'Jll-J L~tJ.,'J ~~.,'J91mLr;!~~~1..!1..!11L'a'1J'a.,'J 

YJ ntJ~ Lrl~'1J'a.,'Jr~1Ju L'aVi L~l-! Q n ~11..!'J rurl'Jll-! L~tJ.,'J L1..!r~~U~1..!1..!11t'a ~tJ1J~'atJ LL~'J rl'Jll-! L~tJ.,'J'1J'a.,'J 

LVl tJ~1 LL 1..!n rl'J 1 ~tl19 ~ Ltl1..!'lJ'a.,'J rl'Jll-J L~ tJ.,'J L1..! LLr;! ~ ~r~~u LL~~ L'a n 1 ~ rl'J 1l-! ~ 1 L19'lJ'a.,'J LLr;! ~ ~ 

~1..!1..!11L'a VfltJ~Vlmll-JL~tJ.,'J'lJ'a.,'J~.,'Jni1..!L1..!r~uuL'aViL~~9~Qn~I1..!'Jru ~.,'Jmrl.,'J~ 22 
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(4) ~~~Vifi'il'el~n1r1 Lfln::\f flr.lll-J L~u~~1~1Ol1 mfOd'el~;j'el Ln'el H LL~iUlIVi 

m~l-JLL'elm~Ur.ln'WnUn1r'Vl~~'elU~r.lu;j'el ~~nj~ 5.2 LL~~~1,xL~'W~1 ;'W'W1HmJn~'iI'el~n1r 
~ ~ 

ULOlr~~ ;'W'W1H'el n1r~'elUrtll-JU'el~ L~'Wfl~ L~~'el1 'Wu '1!; ;'W'W1HmJn~'iI'el~n1rrt'el'WL~'W LL~:: 
;'W'W1~'L 'el n1 rrt'el'W L~'Wn ni1~ n fll1~91'Wr.l'WL~'W~ vi'el~ n1 rrt 'el'Wl-J 1 n n~ 191'Wr.l'WL~'W~ iJ'elU1 'WU n I~ ~ ~ .~ 

Probabity Normal Vaidate PIN Scenario ; Exceptional vaidatePIN Scenario i ExceptW WiMaw ~y Scenario I Normallnqie Balance Scerwio Normal WiM a'~ Money Scenario ._---- -- -.-~-~, - -- .. - ._-_.- ,- -- ----.--.-- ----- _. -
r-mr ~ . 0114235249 0.0187382711 ~ . 07S605S269 ~ . OS39283S89 O. OS20'H7626 

~aI ~.03930180S9 0.058761%82 ~.037724816S ~ . 0272260148 0.0261176887 

Crllcal ~. 681S94 7S39 0.SS7HS3901 ~.0011S76848 ~.OOI20120S9 0.00063112 13 
atastrophic ~ . O 0.0 ~.H9775074S ~ .HI7636na O. H52889325 

SCemrio Risk Facior 0.7626200847 0.6646481294 ~.SJ42931026 ~ . S241222604 0.5240825051 

Successfu ScetmJ 0.2373799153 0.3353518706 ~.46S706S9n ~ .4758m39S 0.4759174948 

1) n 1 r 1 L fl r 1 :: -J fl r.lll-J vi 'el ~ n 1 r LL ~ :: 'el 'el n LL U U LL t.J 'W [11 Vi U L ~ l-J LL 'el ~ 'iI 'el ~ r:: U U 
~ 

" , " Q.o' 0 _'" d_ 0 '" _~o 

~'WU~'W'W~ l~rUn'W~::~r.l n'll'el Lrl-JlOlln n lrn1~'W~ flr.lll-J [;l'el~ n 1 r'il'el~ r::uu lOll n'W'WIOl~'W 1l-J 1 , 

, , 
q l.J a .qq '" v 

LL~:: LL~ 'W[11 Vi ~ LLOl 'Vl LLl-J'll'll'W(fl r.lll-J LOl 'el~ n 1 r'il'el~ r::uu LL~:: LL~'W[11 Vi U L'ell-J LL'el ~ Yl Ln Ur.l 'iI 'el~ n U 
~ 

" 
n ni1~ m~nr::uu~i!u~'W'W~I~fu~I'W~::~r.l n~'el LL~ (;1~ 1.)1 'W[11 fl ~'Wr.l n 1Ol) , 

2) n1r1Lflrl::-Jflr.lll-JL~U~'iI'el~LLUU91~'el~L;~YI~ni'W~1"11'Wr.lru1~ 

LL~'W[11ViU L ~l-J LL'el~'iI'el~ r::uu~i!u~'W'W~I~fu~I'W~::~r.l n~'el~1~'el'el n LLUUrt n 1-ii' 
~ . ~ 

I "I I" I 

1 Lflrl::-Jflr.lll-J L~U~'iI'el~ LLUU91~'el~ L;~YI~ni'WLOlll-J'll'W[;l'el'WVl1~mhr.l1.)1 'WU'Vl'Yl 3 L(;1U'll'WLOl'el'WVl 
" , , 

(1) (2) LL~:: (3) lOl::d1'W'll'W[;l'el'Wn1r1Lfln::-Jflr.lll-JL~mVl1~~r.lu;j'el (l'lr.l'elUl~n1r1Lml::\fflr.lll-J 
I "I" 

L~U~1Ol1nnni1~m~1 LL~(;1~1rn'W[11fl~'Wr.ln ~) ~r.l'W1'W'll'WLOl'el'WVl (4) IOl::LU'Wt.J~~Vifi'il'el~'ll'WLOl'el'Wn1r 
I • I I 1 " 

1 Lflrl::-J flr.lll-J L~U~Vl1 Lfl n::~1~1Ol1 mfl1'el~;j'el LOlll-J1fiVloWl L~'W'el1.)1 'Wm'elU~I'W 1 'WUYlVl 3 'll'WLOl'el'W 

", " j.... od I .oc:l q _ q 

LLLOl~::'iI'WLOl'el'W'Vln~lr.lrt~l-J(;1~'W 

(1) n1r1Lfln::\fflr.lll-JL~U~"lJ'el~1'LOlrt L(;1uYilOllrrulIOl1n91'Wr.l'Wfillflr.lll-J1Ol1~~ , 

I I I'" 

LU~U'W~ rt1'W::"lJ'el~ LL~'W[lIVi~ L[;lYl LLl-J'll~'W"lJ'el~ fl~l~ InventoryControlier :n~ LtJ'Wfl~I~Vl~'W'elU nu 
~ 

, , 
" q I ,-c.I '" l.I 0 'I '" 

~rt1'W::LL~(;1~ L'W[11fl~'Wr.ln ~ 1Ol1nmn~Yl ~ . 23 fll'i1'fl~mLOln1rru'VlL"lJll-Jlm::LOl'W'Vll L~~rt1'W::n1r . , 
, , , 

Yh~I'W'iI'el~fl~l~ InventoryControlier LU~U'WlOlln~rt1'W::~u~1utJ~~n~rt1'W::~U~IOl::~mJU1U 
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LthJL~~n1J'nrri'fl'WLL~:;~~,mlmJ'::~'W ~\lI?lIJ'I\1 'tl.24 L~mL.jfn!)nlJ'"lIU1m~~nlJ'nrr.l1nYl~~~~ 
• • <-

l~mh'd l.rt'WUYl'Vl 2 ~\I LLM1\l t:J~"lI'fl\ln1J'"lIU1tJLVltJYi"'lln\.Jl"llnLLI'l~:;th:;'Yi"l'W1~ ~\ln 

(;]'dmh \I n 1 ntJl mh::'Yi "l11~ il L ~ I?l n 1 J'nr~ L -if 13-J 1 n J':; ~ 'W Yi"l1 HW 1 , , 

. . . 
ell ~ ~ cd .QI .o:::!t. '" .::aI 

productlnfo LL~::L\I'tl'W~"lIn1J'VI I"l'tl menuChoice=purchase L3-J'fl'Yi"lIJ'rulm3-Jn!)nlJ'"lIU1t1"l1'flYl 

1 "l:;1~ 

@productInfo /\ menuChoice = purchase 

-,productlnfo /\ productInfo' /\ menuChoice = purchase 
... 

"l1 mr'W~ 1 nI J'~"l1 J'ru 1 fll 1"l'113-J"'l1-\l"lI'fl\l LLI'l ~:;1.1 J':;'Yi "ll1LL~:; LL~:; t:J ~ ~'Yi fi 

"lI'fl\lflll"l'dI3-J"l1-\l~\ln~I'd"ll'fl\lYlmLYlJ''W:ni'W~'dtJ;.j'fl ~\lLL~VI\ll.rt'Wllll"lt:J'W'dn 'tl mJ'I\1~ 'tl .25 n\l 
. .... 

, 

1?l1J'I\1Yl 'tl.38 

~1'W'd ruflll"l'dI3-JU 1"'l:; Lij'W"lI'fl\l t:J~~'Yi fi~~\l1.1 n nl'W1L 'Wni n1.1~ tJ'W ~ til 'W:;"lI'fl\l LLI'l ~:; LL Yl J''W:ni'W ~\I 

LL~VI\ll.rt'Wllll"lt:J'W'dn 'tl 1?l1J'I\1~ 'tl.39 
<-

"l1 n 'I1'WYi"l1 J'ru 1 L~'WYll\1 n 1 J'~I\11 'WL 'W LLt:J'Wlll'Yi ~ LI?lYl LL3-J"ll~'WLLI'l~ :: 

L~'WYll\1 ~\lLL~VI\ll.rt'Wllll"lt:J'W'dn '!l J'1.1~ 'tl .9 n\l 'tl .13 LL~'d~In1J'~I'W'drul"l'dI3-JU1 "'l:;d:J'W"lI'tl\l 
'II 

• <-

t:J~~'Yi fiY; ~\l1.1n HI 'WI "lI 'fl\l LLI'l ~:; L~'WYll\1 nI J'~ 1\11'W L 'WLLt:J'Wlll'Yi ~ LI?lYl LL3-J"ll~'W 1'l'fl"l1 n 'I1'W9\1 ~1'W'd ru 

I"l'd 13-JU 1 "l:; d:J'W"lI 'tl \I t:J ~ ~'Yi fi~h.j~ \11.1 n HI 'W 1 "lI'fl\l LLI'l ~:; L~ 'W Yll \I n 1 J'~ 1 \11 'Wl 'WLLt:J'Wlll 'Yi 
<- •• 

~ LI?l Yl LL3-J"ll~'W1"l ru n u fll-J,I~'I1n"ll'tl\l L~ 'W Yll\1 dJ'WI"l'd 13-J L~ tJ\I"lI 'fl \I 1 I?l Cl ~\I LL~ VI\ll.rt 'Wllll"l t:J'W '1 n 'tl 
'II , . 

.... 0 .., 

I?lln\lYl '!lAO LL~:; 'tlA1 1?l13-J~IV1U 

fll 1"l'113-J Ul"l:; Lij'W"lI'fl\l t:J~~'Yifi~hj~\l1.1 nJ'Cl'W 1 "lI'fl\l 1 I?l ~ l V1 1 L 'W~'W'Wl1-L 'tl 

~n~I'W'dru ~\lLL~VI\ll.rt'Wllll"lt:J'W'dn 'tl mn\l~ 'tlA2 Lij'W(;]'d'flrJl\1"l1'fl\l11?l~ InventoryControlier 

~\ldj'WI"l~I~~~'W'fl~nU~tII'W:;LYitl\ll"l~I~L~mL'W~'W'Wl1-L'tlnlJ'~'fl~'W~hnnll~'W~h~1?lJ''d''l~'tluil 
'fl~L'WU'k!~ntJnlJ'~'W~h 

~1~fu flll"l'dI3-JU1"l :;dJ'W"lI'fl\l t:J~~'Yi fi~hj~\l1.1 n J'Cl'Wl"l1'fl\l1 I?l ~ LVl1 L 'W 

~'W'Wl1-L'fl "l::Cl n 1-ifL 'WnlJ'~I'W'drufllI"l'113-J L~tJ\I"lI'fl\l1 I?lCl LVltJ-J,1 fll~l~3-Jll"l runuJ':;~u 1"l'd13-JJ''WLLN 
\I It \I , 

~ClnL,xfllJ':;~UI"l'dI3-JJ''WLLNLVltJenr.rtJ ~\lLL~VI\ll.rt'Wllll"lt:J'W'dn 'tll?lln\l~ 'tlA3 
'II ' 'II 

(2) nlJ'~ LI"l n :;\fI"l'dI3-J L~tJ\I"lI'fl\l n1 J'1.1{j~3-J~'Wfin'WJ':;vdl\11 I?l ~ LVltJ~"'lIJ'rul 

"l1 n flll"l~1.11.1~\1 ~ ~1'W'd ru"ll nr.il'W'd'W;r'tl 1"l'113-J~ ~\I n'WJ':;~~I\11 I?l ClL 'WLLt:J'Wlll'Yi ~1 ~u LL~ VI \I L U'W , 
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. ~ 

r1'Jll-J L~rWil'el-li [;l ~ LL~:;m Jtllj~l-J~'Wfin'WJ:;vdl-li [;l ~ LL~ 'J "ll'W[;l'el'Wvl'elltllil :;Lij'Wm J~I'W'J CU 

r1'Jll-J L~~Nl 'WJ:;(;)U;'W'Wl~'L'el LI?1tJ mJ~h-l LLUUr.h~'el-l'Yi ~ ~ nJJl-J mJl11-l1'W"lJ'el-l"lf'elWIflLL'Jf LL'fl:; 

~¥I-l LLUU91'fl'el-l r1'Jll-J L~m"lJ'el-l;'W'W1H'el 

- m J~ ¥1-l LLUU91~'el-l'Yi ~ ~ nJJl-J n 1 JVi 1-l1'W"lJ'el-l"lf'elW IflLL'J f (;)-l1 'W 

111 r1t.J'W'J n 'U ltl~ 'U.14 LL~ I?1-l UUU91~'el-l L:n-l'Yi~ ~nJJl-JmJVil-ll'W"lJ'el-l"lf'elW IflLL'Jf"lJ'el-l;'W'WltL'el 

mJ[;lJ'JIil~'eluJtr~umL'elvh~l-J IillnJtl9:;~1l-J1Jbl~¥I-lLl-JYl1n"li' P LL~I?1-lmll-JLu'WltlHi\:n-ld'el'Wl"lJ 
" 

'UA6 

~¥I-l Ll-JYl1n"li' Q LL~I?1-lr1'Jll-JtlI9:;LU'W1 'WmJLtl~tJ'W~ bl1'W:;1il1 n L~'WI?1~ bl1'W:;.a-'J r1J1'J hJ~-l L ~'WI?1 

~bl1'W:;.a-'J r1 J1'J (;)-l LL~ I?1-l ~1"lJ'el-l Ll-JYl1n"lfL 'WmJl-l~ 'UA 7 LL'fl:;~Il-J1 Jbl ~ ¥1-l Ll-JYl1n"li' C LL~ I?1-l r1'JIl-J 

tlllil:; Lu'W1 'Wn 1 JLtl~tJ'W~ bl1'W:;91 n L ~'WI?1.a-'J r1Jl'J ltl~-l L ~'WI?1~ bl1'W:; 1?1 1?1 n~'W (;)-l LL~ I?1-l ~1"lJ'el-l 
" 

I I I '" I 

"lJ'el-l LLUU91~'el-lVi Ltl-J ~'W~'JtJ L ~'WI?1~ bl1'W:;-n'J r1Jl'J 11?1 LL~:; ltl~'W~ I?1V1L Vl'WI?1~ bl1'W:;I?11?1 n~'W (;)-l LL~ I?1-l , " 

, 

- mJr.rl?1~I(;)Umll-J~1 rlbl.)"lJ'el-lmll-J L~tJ-l Vl~-l91 mLvl~:;;'W'Wl1L'el"lJ'el-l 

YlntJ~ Lr1~"lJ'el-l J:;UU L 'elVi L~l-J bl n ~1'W'J CUr1'Jll-J L~tJ-ll 'WJ:;(;)U;'W'Wl1L'el LrtJU ¥'eltJ LL~'J r1'Jll-J L~tJ-l"lJ'el-l , " " 
LLvl~:;;'W'W1tL'el9:;~n-Wll-Jlr.rl?1 LrtJ-l mll-J~1 rl'1!"lJ'el-l r1'Jll-J L~tJ-l (;)-l[;lIJl-l~ 'U .50 ~ LL~I?1-l r1'Jll-J 

L~tJ-l"lJ'el-l LLvl~:;;'W'Wl1L'el"lJ'el-lYl ntJ~ Lr1~"lJ'el-lJ:;UU L'elVi L~l-J~ bl nr.r I?1~1 (;)U mll-J L~m LrmJ¥'eltJ LL~'J 
, " 'IJ 

, . ~ 

Y11tJVI ~ 1?1 r1'Jll-J L~ tJ-l"lJ'el-l ~-l n-n'W-ll'W 1 'W J:;uu ~'111J ~'W'W~I~ fU¥I'W ~ :;I?1'J n~ 'el 9:;bl n 
, • 'IJ 

, 
o ~ .... 

r11'W'JCU I?1-l[;lIJ1-lYl 'U.51 

(4) t.J~ ~'Yifi"lJ'el-l nl J1 Lr1J1:;,J r1'Jll-J L~tJ-l~l~1il1 nLr11'el-ln'el LntlL-D'LL(:.J'W111'Yi 
, ~ 

~L~l-JLL'tl~L~tJ')n'Wn1JmJYll?1~'el1J~'JtJn'tl (;)-lltlVl 5 .3 LL~I?1-l1~Li~'W~1 :n'W'Wl1L'tltln~"lJ'tl-lmJ;'el 
, . ~ 

~'W~i'1iJr1'Jll-JL~m~-lVl~I?1 J'tl-l~-ll-Jl ~'tl ;'W'W1tL'elYll-lL~'eln"lJ'el-lmJ~'el~'W~i'1 ;'W'Wl1L'elmJ-D1J:; " , 
L~'W ;'W'Wl1L 'el n1J~-lJ1tJ-ll'Wn1J"lJltJtlJ:;91i'W LL~:;:n'W'Wl1L'tlYll-l L~'el n"lJ'el-l m J~-l J1tJ-ll'WmJ"lJltJ 

tlJ:;91i'W [;l1l-J~I(;)1J 
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Probability Normal Purchase Product ... I Alternative Purchase Product. .. I Normal Payment '" ! Normal Send Da~y Sale .. . ! Alternative Send Daily Sale I 

Il.o1B2638ij37--------~:02B406~--------O:-04751B3242 
-- -- - --- - --0.0542155078--- - --Mnor 0.0665677191 

Marginal 0.1006435374 ~ .0668871679 ~ . 0336S72602 0.0651272796 0.0559913314 
Crtical 0.0008863827 0.0007168053 O. 1589352223 0.0782637878 0.0840519958 

-
Catastrophic 1).8725242586 0.7046972371 ~.2082160084 0.2159881283 0.2140346777 
Scendrio Risk Factor 1) .9923180623 ~ . 8007074 338 ~.4483268151 0.4259469148 IJ.4OB2935126 
SUccessFul Scenario 0.0076819377 ~ . 1992B61862 ~ . 5516731847 0.5740530850 0.5917064872 

" 
91 n m :i"VlI?l ~ 'flU ~'lu mruM mn :i':::UU L 'fl ~ L ~ ~ LL~ ::::i':::UU ~,r U ~ 'W 'W ~ 1"v~t'U~1 'W~::: I?l'l n; 'fl U,1 , 

I I " I 

Lri~'fl-:)~'fl~~ oo.J'W1~'W u'1~1 LmUU L~UU e.J~~~fim:i'~ Lrl:i'1:::'!f~ ~1'W'l ru1~ e.J~tl:i'1n{)~1 e.J~m:i' 

~ Lrl:i'1:::'!f rl'l1 ~ L~U-:)~ ~1'W'l ru~'lU Lrli'fl-:)~'fli1rl'l1~~'fl1?l rl~'fl-:) (?1N flU e.J~ m:i'~ Lrl :i'1:::'!f rl'l1~ L~U-:)~ 
" , 

~1'W'l ru~'lU~'fl (?11~-n'W(?1'fl'W"ll'fl-:) n :i''flU-:)1'Wm:i'~ Lrl:i'1:::'!f rl'l1~ L~m"ll'fl-:) LLUU~1~'fl-:) L;n-:)Yf-:) ri'i'W ~ n 
" , , 
11'1~1~1:i'n~ Lrl:i'1:::'!frl'l1~ L~m1~mh'l tl n ~'fl'l LL~:::rl :i"lJrr'l'W(?11l-J~1~:i':::uH1 'W"ll'flU L"ll (?1"ll'fl'l m:i' 

~ , 



!f~~JM~~t"ll1ra~mra£j1'HLI't I't~m~' 

LY1.l'MlA!f~Ul1lb~JY1.MULralA~Y1.~ra}~Y1.Lt-~ [8] :::ru~:::~" 81\OU8folSdod-81\8S08 8U!J8l8>l t-~~ ~ , 

ra}~Y1.UH:::!!' Y1.~ra}~Y1.Lt-Y1. ~ ~Y1.~' Ltt~a~rau!ft-ra~, I'tLu~ .r-:::L~~' ~~LU t-~~Y1.u~Y1. ~ (£: 

£: ~1A11Y1.~~raLI1~~!f~~Y1.~~Y1.j.t-~ Y1.Lt-I1~~U , ,~ 

Y1. ~ ~Y1.~' Ltt~~ L Ua~rau!f t-ra~, I'tL u~.r-::: L~~' ~~LU L!:1.LI'tL~U ~~WY1.Ij' ~1111:::~ Ltt (2: 

• ~~Uu~:::~Y1.L~111I1L~Y1.Y1.~I1,tt~I1I1:::~:::~" 1't~'~~ml1:::~ @~ L~U~~W 
~ 

t-~rr. Y1.~u.m' IA~' ~MLLJY1.t"l" :::~" 11~ L~MLLJY1.t"l" ~L~~ MLLJY1.t"l" ~~WIlMLLJY1.t"l'mu!f l1~u:::~rt 

t-~ ~ ~" I't~, Il M L LJY1. t"l,mjJ' 1111:::~ 11m, U ~~::: ~".r-::: L~~' ~u U L !:1.u~'m ~ ~Y1.j. (~ , ~ 

Ut-~ ~ ra~,:::~raL~~I1~~!!'u~~~LUY1.~~Y1.j.t-~ H ~Y1.~' Ltt!f~Y1.~ra}~Y1.Lt-~~LUa~rau!f t-ra~, I'tLu~ " " , I I I 

.r-:::u~' ~~LU ~1':I1111 Y1.Lt-I1~WY1. t ~Y1.~' Ltt~~LUa~rau!f t-ra~, I'tLu~ .r-:::L~~' ~~ LU ~t"ll1ra~, I1ra£j1ULU 

ra~l ~Y1.~'Ltt!f~~t-ra~'I'tLu~.r-:::L~~'~~LUY1.Lt-I1~WI1~~!!'u~~~LUY1.~~Y1.j.t-~~" ~ 0g ~rtl It", I 

t-1l~'I'tLr-~":::L~~'r-~LUY1.Lt-I1~~UI1~~~r-~~~LUY1.~~nll. Gog joio I' .,. -;: 

t-ra~mLu~ra}!!'lJ 

. ~ 

t-~~t-ra~, I'tLu~ t-~'m~I'tLu~ 11~:::~~Y1.I1L~:::~".r-:::L~~' ~~LUY1. ~Y1.11 w~m~ t-ra~, I'tLu~ .r-:::L~~' ~ 

• ~t:::~" Y1.'yW~'t-L[l~u~~~unjJ'tttt-ra~'I'tLu~.r-:::L~~'~~~t-L[l~u~~WI't~l1u~ra~l Y1.~ra}~nLt-

I1.YUl1lb~JnMULralA~n ~H ~n~' Ltt~Y1.Lt-I1~W 11~~ !!'u~ ~~ LU 111I1L~I't~~ ~ U" MLLJ~ ~ , 

n.~~~r-~~~Lun '\I'~I't~~~r-m.\LlI~ ~ 0g 

Urt~ ~~ t-~~I1~~!!'u~~~LUY1. t ~ ra~,:::~raL~ 
~ 

• ra~l ~~uu~:::~Y1.L~111I1L~nY1.~I1,tt~I1I1:::~:::~" 1't~'~~ml1:::~ ~~ 1111:::~ 2: nLt-I1~WI1~~~IA~LUY1.t 
~ 

L~U~~W~~t-~I1:::L~~'~~LUI11I1L~~~rt1JM~~t"lLttlgLI'tL~~~~~' Y1.~ra}~Y1.Lt-Y1.t~Lu~~UL!!'!f~ , , 

~JM~~t"l:::~"UJY1.MULraIA~n1.Y1.Lt-I1~~UUL!!'!f~~JM~~t"lt-~rr.t-~~~~@~I'tLu~UL!!'~u,t-~:::!!'u~nt 
I" I "I 

~ 

nLt-I1~Wn ~ t-ra~, I't Lu~nts' :::~rt~ LUI11I1L~~ ~ ~n~' Ltt!f~~t-~~L~I1I11' t-~rr.t-~Jtl u 111'tLu~ n.~~!!'u~~ , , 

:::!!'~Jlt-~:::~rt~~l>~ra~l t-ra~'I'tLu~.r-:::L~~'~~LunLt-I1~WI1~~!!'u~~~LUt-~uqW:::!!'UIAn.Y1.t 
" ~ 

N~~ 1 ttLt.1i!f II1.~L~1i!f1 t.~LU nLNl.~~U rt~~bt.~~~LU JC' ~ "4::P 

9 IA.lA.rt 
F' 
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4) viln1nmUUL Vluue.J~~'V'lfi"lJ'el'l ~'Jl~ L~U'I~l~~l n n1~~l'W'J ru~'JU';jfi~Ul L~'W'ell 'W 

m'elU'Il'W nUe.J~~'V'lfi~1~~lnn1~~1'W'Jru[;l1~';jfin1~~'11'W';j9U~'Wl~U1L~'W'el ~le.J~~'V'lfi~l~iJ 

~'Jl~~'el ~ ~~'el'l LL~:;Lu'WhJl 'WLL'W'J'YI1'1 L~m n'W'I-l~'el hJ 

1'i1'U'lruUft:;'lLI'l11:;"1'l'l1~L~U~i'.f'lU~1U'l4'u 
"fl~ Katerina Goseva-Popstojanova (8) 

/' 
/' 

1"01~~"1 
LmUULViuu~ftiiYifi"fl~m1:jLI'l11:;,x 

1'l'l1~L~U~~MvT~t\fl~'ifi 

, ., , 

nJVl6 .1 i'W[;l'el'Wn1~[;l~'J~~'elUm'elU'Il'Wn1~';jL~n:;tf~'Jl~L~U~ 
" 

nn1JMm~1~Ul~11-n'Wn1~[;l~'J~~'elUm'elU'Il'W HnnUMm~lL~U'Jn'WnUnnWMm~l~ 

Ul~11-n'Wn1~'YI~~'elUL~i'el'l;j'el ~l~ulL~'W'ell.n'Wu'YI~ 5 ~'el ~:;UUL'elVlL~~ LL~:;~:;UU~~U~~'W 
., ., 

~l'1-lfU~l'W~:;~'Jn;'el 'elfiU1Ul~~'1i1 

Cf~ CII a 
6.3.1 n'itul"lm~1'i:::'l.J'l.JL'il'VIL'fl~ 

1) n1~';j L~n:;tf~'Jl~~'el'l n1m~:;'el'el n LLUU LLe.J'WJll'V'lm~~ LL'el~"lJ'el'l~:;UUL'elVl L~~ 
" , ., 

~:;L1~~1 n nl~ril'1-l'W~ ~'Jl~ ~'el'l nla'el'l ~:;UU 'ill n~'W~'1'il:;U 1~1 'el'el n LLUU L U'WLLe.J'WJll'V1 

fJ L~ ~ LL'fl ~ ~'11h:; n 'elU c:l'J ULLe.J'WJll 'Vi fJ ~ L~ ~ LLr:J 'WJll 'V1 ~ ~ 1 ~ LLr:J 'WJll 'V1 th ~U LL~:; LLr:J'WJll'V1 

~ L[;l'YI LL~'ll~'W (~'Jl~ ~'el~ n1~'lJ'el'l~:;UU LL~:; LLe.J'WJll'V1 U L~~ LL'el~~ L~U'Jir'el'l nu nnilM mn ~:;UU 
'IJ 

L'elVlL~~ LL~~'11.n'WJll~r:J'W'Jn ~) 

2) n 1 ~';j L~ n:;tf ~'J 1 ~ L~ U'I 'lJ'tl'l LLUU91 ~'el'l L :n'lYi'l ni'W ~ ~ 1'W'J rulc:l LLr:J'WJll'V1 

U L~~ LL 'tl~'lJ'el'l~:;UU L'tlVl L~~~lc:l'el'el n LLUUC'ln 1 f3 L~~l:;tf~'Jl~ L~U~"lJ'el~ LLUU91~'el'l L:n'lYi~ ni'W[;ll~ 
" " 
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11 I I II I 

'llulwtluYllJlmh')l<J1uuYlYl 3 L(;1mL~~:;'lluj;]'elUnI~1Lml:;ifLL~:;t.J~~YlfiYllJlr.nnnl~1L~n:;if 

~,)1~ L~tI-.l'll'tl-.l~:;UUL'tlYl L~~ lJl'tlfiUlt1l<J1uUYl~ 5 (th:;n'tlu nUr;l')'tl£il-.l nI~1 L~n:;if~,)l~L~tI-.l 
'"l1 n nni1~n'\jl LLfl (;1-.l1<J1 url1~ t.Ju')n 'U) ~,)U-.llU19t1~Ull.J1 H'~ ~n.~fu nI ~j;]~,)'"l~'tlU'll'tl-.lm'tlu 

I '" I I 

-.llUYllJlu 1 L~U'tlL U-.llU~ Yl til QYI ufiil ~'tl -.llU19 tI L~'tl-.l nl ~1 Lfl ~l:;if ~') 1 ~ L~tI-.lL U~:; ~U 
, ~ 

~rnUj;]tlm~~L(;1tJL-n~L~~LL'tl~ 'lI'tl-.l Katerina Goseva-Popstojanova LL~:;flru:; ;-.l1YltllQViUfiil 

lJlUl~lTI Iij.JUl L~~ L~~ L(;1t1-.llU19t1 d'tl-.lnl~1 Lfln:;if ~,)1~ L~tI-.lL u~:;~u~ rnuj;]tI m~~ L(;1t1L-n 
"II' I I 

~ L~ ~ LL'tl~ ;:J'llUj;]'tlUfl~ lt1 nU'lluj;]'tlUni ~1 Lfl n:;if fl') 1~ L~ tI-.l YllJl U 1 L~U'tll<J1 un ~'tlU-.llUn 1 ~ 
I " II '" CIt. II" q 4 ~ if" .... Q..... ..., CII 

,)Lfln:;Vl~,)l~L~m'll'tl-.l,)YltllUYlUfi'UUUU ~'lIUj;]'tlU(;1-.lU 

(1) Y;'"ll~rulfl,)l~L~tI-.l1J'tl-.lt)j;](l L(;1t1 rhfl,)l~ L~tI-.l'll'tl-.lt)j;] (l ~lu')rulJl'"llnt.J~ • • 
, " " I I _'" ..., .::II _4 __ ..., 

~ ru ~:;Vl,) 1-.l fll fl') 1 ~'1!U'1!'tlULL~ :;~:; (;1U fl,)l mu LLNYl'"l:; Ln (;1 'lI U nu') j;] (l UU " ., 

" ~lu')rurhl'1!Lfl~L~~nfl'tl~LLYI~nfl~ (Cyclomatic Complexity: CC) ~-.lil 

CC =e-n+2 

I , I,... 

e ~'tl 91U,)UL~UL~'tl~ (Edge) ;-.lluYlilVl~1t1n-.l91U,)ULLYl~u~iulu 

, , " 
n ~ 'tl 91 U') ULVlU(;1 ; -.lL U Yl ilVl ~ 1 tI n-.l91 U') U~ (llU:;L U LLt.JUJll Vi 

" , 
~U'tl~nU~mU:;LL~(;1-.l1UJll~t.Ju')n '"l ~tJYl '"l .g LL~:; '"l .10 ~l~l~(l~lU')ruVllrllfl,)ll-Jiu.n'tlU 

," 
'lI'tl-.lr) j;] (l Ll?ltl rll fl,)l~iu.n'tlU'lI'tl-.l LL~~:;r) j;] (lYl~unu~ (llu:;l U ~:;UU'"l:; (l nUl~lvh 1 tX LtluunVi (;1 

• • 'U 

, ," 
j;]l~l-.lYl 6.1 n1~~lU')rurllfl,)l~iu.n'tlU'lI'tl-.lfl~l~Yl~u'tl£inu~rnu:;Lu~:;UU L'tlYl L~l-J 

" 

1-" . 
··~11'l'l1~'U't1U~~n. 

. ' 

vii 1~'LfluU1~11~31U 
. . 

A TMControlier' 11 10 3 0.4285714 . .-
TransactionController 13 11 4 0.5714286 
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(2) ~Ll"ln:;-JI"l,)lm~U~'ll't)~mjulj~l-J~ufiri\'!j:;\d1~t)j;]~ t~UYi91j(1.!191n 

fi1I"lftUU~~ ~r11U')ru91n~lU')U-n't)1"l,)1l-J~~~nuj:;\d1~t)j;]bl1uLLe.JU111Yi~1~U LL~~~LUUmn~ , 

j;]ln~~ 6.2 fi1I"lftUU~~'ll't)~mjulj~l-J~ufinuj:;"'~1~t)j;]~1uLLe.JU111Yi~1~U~LL~~~~UU1~,t'fl 

n1jj;]j,)9~'t)Uj~~Uj;]n'flYlL-fll-Jmru~nfh1~j~~uj;]n't)YlL-fll-J~n~'fl~ 

~ .' CardReader Customer ATM 
ATMCustomer . ATMCard ATMControlier BankServer 

t)1/I~~ri"4itll'l'l1~ 
Interface Interface Transaction 

ATMCustomer 0 0.0625 0 0 0.0625 0 0 

CardReaderlnterface 0 0 0.0625 0.0625 0 0 0 

ATMCard 0 0 0 0 0.0625 0 0 

ATMControlier 0 0 0 0 0.125 0.0625 0.0625 

Customerlnterface 0.125 0 0.0625 0.0625 0 0.0625 0 

ATMTransaction 0 0 0 0.0625 0 0 0 

BankServer 0 0 0 0.0625 0 0 0 

" , 
'll'fl~t)j;] ~ LL~:;n1jUlj~l-J~ufinuj:;"'~l~t) j;]~ LL~,) -llUj;]'t)Ur;l'fllU9:;LUUmjr11u') rul"l,)ll-J L~m 1 U 

j:; ~U~UU 11t't) t~ u n 1 j~ ~1~ LL UU~ 1 ~'fl~Yi ~ ~ n jjl-J n 1 jvi 1~ 1 U'll 'fl~ "ll't)~ [;]LL,) f LL~:;~ h~ 

LLUU~1~'fl~m1l-JL~U~'ll'fl~~UU11t'fl ;~Luu~fiL~mnu~fi~1~-W1L~U'fl1unj'flU~lUn1j~Ll"lj1:;'\f 

- n1j~h~ LLUU~l~'t)~Yi~ ~nal-J n1jvi1~lU'll't)~"ll't)~ [;]LL')f di'fl~91n 

LLe.JU111Yi~ L-fll-J LL'fl~~1-ii1 um j~ LI"l n:;'\f rl,)ll-J L~U~ LUULLt.JU111Yi L~m nu LL~:;mj~ ~1~ LLUU~l ~'fl~ 

Yi~~mjl-Jn1jvi1~lU'll't)~"ll't)~[;]LL')fLUU~fiL~mnu~fi~1~-W1L~U'fl1um't)U~lUmj~Ll"lj1:;'\f1"l,)1l-J 
, " 

L~U~ ~~t!ULLUU~1~'fl~L;n~Yi~~mjl-Jmjvi1~lU'll'fl~"ll'fl~[;]LL')f9~L".;j't)W1U ~~1U1111"le.JU')n 'U lU 

~ 'U. 7 ;~ LUULLUU~l~'fl~Yi ~~njjl-Jn1jvi1~lU'll'fl~"ll'fl~[;]LL')fl u~uu11t't)n1jj;]j,)9~'flUj~~Uj;]j 

L'flYlL-fll-Jmru~nfh1~j~~Uj;]jL'flYl L-fll-Jbln~'fl~ 91mU9:;~1~ljbl~~1~ L~Vl1nef P LL~~~~,)l~ 
~ ~ ~ 

Luulul~L;n~ L1'flUl 'll'll'fl~ n1nn~mnL VljU;n-nU91 n t ".u~m~'llu~'l~ n t "'U~"'~'l ~'l LL~~'l fi1'll'fl~ 
L~Vl1n"ll1uj;]lj1'l~ 'U.17 

- mj~~1'lLLUU~1~'fl~m1l-JL~U'l'll'fl'l~UU11t't) Luu~fiL-rluL~mnu~fi~ 
," , 

1~-w1 L~U'fl1 Um'flU'llUm j~ LI"l n:;'\f 1"l,)1l-J L~U'l ~'lt!ULLUU~l~'fl'lI"l,)l~ L~U'l'll't)~~uU1H'fl9'l 
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1 tJnlntJ~tJtJfH)1tJ:;'"ll n t '\.-ItJl'l~ bl1tJ:;-B''l flJ"l'l hJu'l t '\.-ItJl'l~ bl1tJ:;-B''l fl11'l 111'1 L911 J"l'l~ 6.3 Llf'l:; 

~1)Jl1el~rl'1l)JVlrn-n C ll~ l'l'l I'll fI'l1)J'Wl'"l:::lUtJ1 tJn1ntJ~tJtJ~ bl1tJ:;'"ll n t'\.-ltJl'l-B''lflJ''l'lltJU'l 

t'\.-ltJl'l~bl1tJ:;l'll'ln~tJ 111'1L911J"l'l~ 6.4 '"llnL)JVlrn-n Q LLf'l:; C ~1)Jl1el~ltJ'lruL)JVlrn-n A ~LL~l'l'l 
" I , I "I 

I'll fI'll)J 'Wl'"l:; l UtJ"lItl'llL UU91 f'l tl'l Yl LrlJ ~tJ~'l tJ t '\.-ItJl'l ~ ell tJ:;i'l fI J"l'l1l'l Llf'l:;l tJ ~ tJ q l'lYlt '\.-ItJl'l 

~bl1tJ:;l'll'ln~tJ I11'1LL~l'l'l1tJm11'1~ 6.5 
'" 

Ql 
0 

~ Ql 
0 

a; 2 '- ~ c 
~ 

~ Ql 
E e c s " '0 'E ~ en ro C 
::> ti. ro 0 E 
() () () S 
~ 'E ~ ~ en 

c 
0 

U a; ro en 
C ~ 
~ Ql 

I- C/) 

~ 
"., 
c 

~. ro ' ~ ~ 
::> 

C/) () () 
I- ro 
<{ aJ 

S 0 1 0 0 0 0 0 

ATMCustomer 0 o 0.4921875 0 0 0.4921875 0 

CardReaderlnterface 0 0 o 0.4921875 0.4921875 0 0 

ATMCard 0 0 0 0 0 0.9843750 0 

0 

0 

0 

0 

ATMControlier 0 0 0 0 0 0.0755208 0.0794271 0.0794271 

Customerlnterface o 0.1875000 o 0.1937500 0.1937500 o 0.1937500 0 

ATMTransaction o o o o 0.9843750 o 0 0 

BankServer o o o o 0.9687500 o 0 0 

~ T F(minor) F(marginal) F (critical) F(catastrophic) 
.,J . . " 

t)j;]~y\~~ .' 
. " 

.. 
• < 

S · or 0 0 0 0 0 

A TMCustomer 0 0.0156250 0 0 0 
". 

CardReaderlnterface ,. 0 0.0156250 0 0 0 
-' .. 

ATMCard -, 
" 0 0.0156250 0 0 0 ., 
. " 

A TMControlier 0 0 0 0.7656250 0 

Customerl nterface 0.2 0 0.0312500 0 0 

ATMTransqction . ~ 
. 

0 0.0156250 0 0 0 

BankServ~f .' . 0 0 0.0312500 0 0 
~ ' . ' 
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~ t)(;1~Yl~ T F(minor) F(marginal) F(critical) F(catastrophic) 

S 0.237375 0.0414230 0.0393005 0.6819013 0.0 

A TMCustomer 0.237375 0.0414230 0.0393005 0.6819013 0.0 

CardReaderlnteriace 0.166756 0.0338499 0.0285546 0.7708400 0.0 

ATMCard 0.310600 0.0339000 0.0504927 0.6050069 0.0 

ATMControlier 0.028205 0.0031284 0.0075229 0.9611442 0.0 

Customerlnteriace 0.315531 0.0185651 0.0512942 0.6146102 0.0 

ATMTransaction 0.027764 0.0187045 0.0074054 0.9461263 0.0 

BankServer 0.027323 0.0030306 0.0385378 0.9311084 0.0 

I I I " 

~l1n~Yi 6.6 MU fO)'l1l-J L~mYi Ln Vl~iJ1 iJLLvl~:::;iJt.l11't tl'lJtl~'Vl mJ~ LfO)~"lltl~ j:::UU L tlYi L ~l-J , , ., 
-'I.I'I.n'1Ltl / YI~n-n'l.l n111111'l"li'ltlU -n111111'l"li'ltlU1..ri'l Cltl'l.lL~'I.Im-rult'l~1'1.1'l'l.l i'ltlUm~tJtlIilL~'I.I Cltl'l.lL~'I.Im·rult'l 

fl'l:1~L~,!~''l~ < " 

"IItl~:auu11ttl -:: 

t'iln1ft 

fl'l1~,h; ... 

"II'il~:aUU1n'il 

1..ri'l m-rult'l ' . mrult'lrni'lillil / . L~'I.I'W'Jnliitl~ ~~'bJ PI~L\I~tl / (Inquire ~1'1.1'l'l.lL1'1.1'Jnliitl~ 

(Validate PIN) 

0.0414230 

0.0393005 

0.6819013 

0.0 

. 0.762~248 

0.2373750 

I . 

1.0 

0.0487378 

0.0587595 

0.5571584 

0.0 

1'\1~11ClCltl'l.lL~'I.I / 

(Withdraw Money) 

0.0755983 

0.0376996 

0.0011632 

0.4199009 

0.6646558 .,. . 0.5343620 

0.3353442 0.4656380 

1.0 

Balance) 

0.0539236 

0.0272066 

0.0011793 

0.4418692 

0.5241787 

0.4758213 

1.0 

i'l1~11ClCltl'l.lL~'I.I 

,~ / (Withdraw 

Money) 

0.0520406 

0.0261027 

0.0006180 

0.4453594 

0.5241207 

0.4758793 

1.0 
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1) n 1 r;'j L 1"1 J 1:; \.f 1"1 I) 1 ).J ~ 'il 'I n 1 J LL ~ :; 'il 'il n LL U U LL e.J 'W.n 1 ~ tI L ii ).J LL 'il ~ "lJ 'il 'I r:; U U 
'" ~ , ~ 

..... 0 .... '" .diI ~ 0 It v-=S: 0 

~'WU~11'W~1~Jun'W~:;"'I)n"lf'tl '"l:;Lr).Jr.nnnrm1~'W",m1).J(;1'il'lnrr"lJ'il'lr:;uu '"l1n'W'W'"l'l'W1).J1 

'il'il nLLUU LtI'WLLe.J'W.n1~m ii).J LL'il~ ~'11.h:;n'ilu ~I)mLe.J'W.n1~t1~ LI"1~ LLe.J'W.n1~ 1"1~1~ LLe.J'W.n1~~1 r;1U 
'IJ '1/ 

, , 
~ "" c: .r:::J.:::.I 1.1' .... 

LL~:; LLe.J'W.n 1 'Yi ~ LWr1 LL).J"lf"lf'W( 1"11) 1).J (;1'il'l n 1r"lJ'tl 'I r:;u U LL~:; LLe.J'W.n 1 ~ tI L'il).J LL 'il ~ 'Yl Ln tI I) "lJ'il'l nu 
'1/ 

~ 

nnll~mj'1J:;Uu~'I!U~'W'W~1~fu~1'W~:;mn:n'il LL~ "''11.n 'W.n1 1"1 e.J'WI) n '"l) • 

~ , , 
tI Lii).J LL'tl~'lJ'il'lr:;uu~'I!u~'W'W~1~fu~1'W~:;"'I) n:n'ilYll~'il'tl n LLUU tl n 1~ Lm1:;\.f 1"11)1).J L~t1'1'lJ'il'l 
'" . '" 

II I • " 

LLUU~ 1~'il'l L1'1Yf'l n-n'W(;11).J'n'W(;1'tl'WYll~ n ~11) 1.n 'WU'YlYl 3 'i:", mL(;] ~ :;i'W(;1'il'Wnr J;'j LI"1 n :;\.fLL~:; 

e.J~~'Yi fl~1~'"l1 n n 1 J;'j LI"1 n:;\.f m 1).J L~ t1'1'lJ'il'l r:;uu ~'I!u ~11'W ~ 1~fu ~1'W~:; ",I) n~'il 1~'il flU1 t11.n 'W 

U'Yl~ 5 (ur:;n'tlUnULVll)'tlt.l1'1 nrJ;'j Ll"1r1:;\.f1"11)1).J L~t1'1'"l1n nJru~ n~1 LL~ "''11.n'W.n1 1"1e.J'WI) n 11) 
, , ~ 

~I) 'W'I 1 'W;'j4't1YlU1 ).J 11-D'~1~ fu nr J(;1 rl)'"l ~'ilU n r'ilU'I1'W Yll~U 1 L~'W'tl1 'W'I1'W;'j'Yl t11U'Yi'Wflil ~'tl 

'I 1 'W;'j 4' m1'il'l nr J;'j LI"1 n:;\.f 1"1 I)1).J L~ t1'11 'W r:;r;1U~ m11 (;1t1 nJr).J 'i:", t11-D' mii).J LL'il~ 'lJ'tl'l Katerina 
'1/ 

I " I I 

Goseva-Popstojanova LL~:;l"1ru:; ~'1;'j'Yltl1U~'Wflil1~U1).J1~(;J..J'W1L~).JL~).J 'i:"'t1'11'W;'j4't1~'tl'ln1J 
, ~ ~ 

;'j LI"1 J1:;\.f 1"11) 1).J L~ t1'11 'Wr:; r;1U ~ m 11 (;1 tI n JJ).J 'i:", t11-D' tI L ii).J LL'il ~ iJi 'W(;1 'il'W1"1 ~ 1 tI nui 'W(;1'il'W n1 J 
'1/ 

I I I" 

;'j Ll"1r1:;\.f 1"11)1).J L~t1'1Yll~U1 L~'W'ill.n 'WnJ'ilU'I1'Wn 1 J;'j Ll"1r1:;\.f 1"11) 1).J L~ t1'1"lJ'il'l;'j'Yltl1U'Yi'Wfl11Uuil iJ 

(1) ~'"l1 Jrul 1"11)1).J L~t1'1'lJ'il'lrr (;1 tl 'i:"'t11"11 1"11)1).J L~t1'1"lJ'il'lrr (;1 tl ~1'WI) rul~'"l1 n e.J~ • • 
, " " I I .... 1.1 .... q CIt,..:::t .... cv ..... 

1"1 ru J:;~I)I'1 1"11 1"11)1).J"lfU"lf 'il'WLL~:;J:;"'U 1"11) 1).J J'WLLN'Yl'"l:; Ln "'"lJ'WnuI) (;1 tl'W'W '" .. 

" ~1'WI)ruI"111"lf'i:I"1~L).J~nl"1'ilmL'Yi~nofon~ ~'1il 

CC =e-n+2 

I • I" 

e ~'il ~1'WI)'WL~'WL~'tl).J ~'11 'WYlil~).J1t1 n'l~I'WI)'WLL 'Ylr'W1-n'W1 'WLLe.J'W.nl~ 
... 

~ L(;1'Yl LL).J"lf"lf'W 
, , ~ 

n ~ 'il ~ 1 'W I) 'W 'i: ~ 'W '" ~ '11 'W Yl il ~).J 1 tI n 'I ~ 1 'W I) 'W ~ tll 'W:; 1 'W LL e.J 'W.n 1 'Yi 

LVll)'ilt.ll'1 LLe.J'W.nl~~ L(;1'Yl LL).J"lf~'W"lJ'il'l 1"1~1~ InventoryController ~'1 LU'W 
," , 

1"1~1~Yl~'W'tl~nU~m'W:;LL~"''11'W.nll"1e.J'WI)n '"l lUYl '"l .18 ~1).Jlrtl~I'WI)ru~11"111"11)1).J-nU-D''il'W'lJ'il'l 
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," 
i ~ C'I L(?)iJ 1"11 mll-JenU.jf'fl1.J~'el'l LL(;]f!:;i ~ C'lVl;'Wnu ~ C11'W:;1 'W~:;UU'"l:;C'I nUll-J1Yll1,x Lu'Wunl1 (?) '"il'W 

" , '\I d.9 

, ," 
~ln'lVl 6.7 n1~ril'W'JruI"11mll-JenU.jf'el'W"lI'el'lf1f!I~Vl;'WmjnU~C11'W:;1'W~:;uu~'!!U~'W'W~I'1-1fu " . 

I ..,,, ... 

f'l1f'l'l1l.J'lIU'lltllJVI~n 

l111~Li~lJU1111(;l31lJ 

InventoryControlier 13 10 5 0.625 

PaymentControlier 7 8 0.125 

ReportControlier 6 6 2 0.250 

(2) ";j Lf1 n:;oJ f1'Jll-J L~iJ'l~'el'l n1 j1JD~l-J~'Wfin'W~:;'I-I~I'li ~ ~ L(?)iJTI'"lI~rul'"l'1 n 

1"11 f1~thJ~'l ~ ril'W'J ru'"ll n~I'W'J'W-ii'el f1'Jll-J~~'l n'W~:;'I-I~I'li ~ C'll 'WLLc.J'W[)IVi~1 vi'u LL~ (?)'l LU'W~ln'l , 
, " , 

f1'Jll-J~l-J~'Wfi vi''lmn'lVl 6 .8 LU'W(;]'J'eltJl'l1"11f1~tJtJ~'l"lJ'el'l;'W'W1H'eln1~~'el~wlhnnw~'Wfil Vl 

~~'J'"l~'elUn'eltJl'Wuru;niJnl~~'Wfil " ... 

" , 
n1~~'el~'Wfilnnu~'WfilVl~J'J'"l~'elun'eltJl'Wuru;niJm~~'Wfil " ... 

S Clerk Product Productltem Inventory . Oeal ingList Inventory Counter 

Barcode Controller Interface 
1V1Q~ri~;rfll'l,)1~ 

Clerk 0 0.071429 0 0 0 0 0 

ProductBarcode 0 0 0.071429 0.071429 0 0 0 

Productltem 0 0.071429 0 0 0 0 0 

InventoryControlier 0 0 0 0 0.071429 0.142857 0.142857 

OealingList 0 0 0 0.071429 0 0 0 

Inventory 0 0 0 0.142857 0 0 0 

Counterlnterface ' '. 0.142857 0 0 0 0 0 0 

, " , 
L~iJ'l~'el'li ~ ~ LLf!:;m~tJD~l-J~'Wfin'W~:;'I-I~I'li ~ ~ LL~'J i'W~'el'W(;]'elltJ'"l:;Lu'Wn1~ril'W'J ruf1'Jll-J L~iJ'l 

1 'W~:; vi' u;'W'W1H'el L(?)iJ n 1 ~~ ~1'l LLUU~ '1 f! 'el'l Vi ~ ~ m~l-J n 1 ~Yl I'll 'W ~ 'el'l 'J!'elvJ I1lLL'J f LLf!:;~ tI'l 

LLUU~If!'el'l f1'Jll-J L~iJ'l~'el'l;'W'Wl1'L 'el ;'l Lu'W";jfi L~ iJ'J nu";jfi~l~ul Lt'l'W'ell 'Wm'elU'l1 'Wm~";j Lf1 n:;oJ 
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- n1~~h\l LL'lJ'lJr.h~'fl\l~ ~ ~ m'nJn1~vl1\l1'W"lJ'fl\l"l!'fl~ [;]w)f L~'fl\l91 n 

LLe.J'Wfl1~tJ L ~~ LL 'fl~~H1 'Wn1~1 LI'I~l:::\f 1'I'J1~ L~tJ\l dj'WLLe.J'Wfl1~ L~m n'W LL~:::n1 ~~~1\l LL'lJ'lJ~l~'fl\l 
" 

, ., 
L~tN ~\li!'WLL'lJ'lJ~l~'fl\l L~\l~~~ nn~n1~vl1\l1'W"lJ'fl\l"l!'fl~ [;]LL 'Jf9\l mn'fl'Wn'W ~\l1 'Wfl11'1 e.J'W'J n 'tl XtJ 

...J .t _ 0 ,..caI..:::.. J' '" -=I ",.J 
Vl 'tl .14 'J!\l LU'W~~l1lm~~n1~Vl1\l1'W"lJ'fl\l'J!'fl~I1lLL'Jfl'W'J!'W'W1~t'fln1~'J!'fl~'Wl'I1nm.l~'W1'l1VlI1l~'J9~'fl'lJ 

iJ'fl~1'WU'1!1~ltJn1~~'W~1 91nxtJ9:::~1~1~n~~1\l L~Vlln-n P LL~~\lrl11'1'J1~ Lu'W1tJ1~\~\l d'fl'W1 'lJ 

"lJ'fl\ln1nn~n1nLVl~'W~i'W91n t"vl'W~"vlti\l1tJu\l~n t"vl'W~"vlti\l ~\l11l1~1\l~ 'tl.45 

- n1~~ ~1\l LL'lJ'lJ~ 1 ~'fl\l m1~ L~ tJ\l'lJ'fl\l1'W'W11t 'fl LU'W1ih -rl'WL~tJ'J n'lJ1fi~ 
," , 

1r;')U1 L~'W'fl1 'Wm''fl'lJ\l1'Wn1 ~1 Ll'ln:::\f m1 ~ L~tJ\l ~\li!'WLL'lJ'lJ~1~'fl\l1'l'J1 ~ L~tJ\l"lJ'fl\l1'W'W1H'fl9\l 

mn'fl'Wn'W ~\lfl11'1e.J'W'Jn 'tl ~tJ~ 'tl.15 91m'tJ9:::~1~1~n~~1\lL~Vlln-n Q LL~~\lrl11'1'J1Utl19:::LU'W 
" " 

1'Wn1ntJ~tJ'W~m'W:::91nt"vl'Wl'l~m'W:::i'Jl'ln'J1tJu\lt"vl'Wl'l~m'W:::-I'JM1'J ~\l11l1n\l~ 6.9 LL~::: 

~l~l~n~~l\l L~Vl1n-n C LL~l'l\lrl11'1'J1~U19:::LU'W1'Wn1~LtJ~tJ'W~m'W:::91n t "vl'Wl'l-I'J I'In'J1tJu\l 

t"vl'Wl'l~m'W:::~l'ln~'W ~\lmn\l~ 6.1 0 91m~Vlln-n Q LL~::: C ~l~l~n~l'W'JruL~Vlln-n A ~LL~l'l\l 
I I I "I 

rlll'1'J 1~U19::: LU'W"lJ'fl\l LL'lJ'lJ~l~'fl\lVl Ll~ ~'Wr;')'JtJ t ~'Wl'l ~ m'W:::i'J I'In'J 1~ LL~:::1 tJ~'W~ ~Vlt "vl'Wl'l 

..J 
m~l\lVl 6.9 

ts:: ~ .J~ 'JI1lQ'r1. -l 

S 

Clerk 

Product 

Barcode 

Productltem 

Irwentory 

Controller 
" 

, DealingLis!' 

Ih'ventory 
" . 

" 

Counter 

Interlace 

• 

., , 
rl1"lJ'fl\lL~Vlln-n Q "lJ'fl\l1'W'W11t'fln1~~'fl~'W~hnn-u~'W~lVlm'J9~'fl'lJiJ'flu1'Wuru1 " ~ 

S Clerk Product Productltem Inventory DealingList Inventory Counter 

Barcode Controller Interface 

0 1 0 0 0 0 0 0 

0 0 0.9821428 0 0 0 0 0 

0 0 0 0.4821428 0.4821428 0 0 0 

0 0 0.9642855 0 0 0 0 0 

0 0 0 0 0 0.0157738 0.0144048 0.0154762 

0 0 0 0 0.9642855 0 0 0 

0 0 0 0 0.9285715 0 0 0 

0 0.4821429 0 0 0 0 0 0 
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~ ~ I 

11l1n'l'Vl 6.1 0 ri1"1J'tl'lL~'Vl1WI c "1J'tl'l~Uu11t'tln1~~'tl~u~hnnuth.l~1'Vlm')r.H~'tlu~'tl~lUUClJ~ 
ntJn1~~U~1 

'1 Ul!lVl1tJ ~ ... ..J fl 'lUlc]Vl ~ , T ~ F(minor) F(marginal) F(critical) F(catastrophic) 

S 0 0 0 0 0 

Clerk 0 0.0178573 0 0 0 

ProductBarcode 0 0 0.0357145 0 0 

Productltem 0 0 0.0357145 0 0 

InventoryControlier 0 0 0.0011905 0.0008929 0.9522619 

DealingList 
c 

0 0 0.0357145 0 0 

Inventory 0 0 0.0714285 0 0 

Counterlnterface 0.5 0.0178571 0 0 0 

, ", 
11l1n'lVl 6.11 ri1"1J'tl'lL~'Vl1ni A 'lI'tl'l~Uu11t'tln1~~'fl~U~1ndbU~U~1VlI1l~,)'"l~'flU~mJ1uuru~ 

" '" 

~ t)(;1tJVi~~ T F(minor) F(marginal) F (critical) F(catastrophic) 

S 0.0070978 0.0182330 0.1003788 0.0008190 0.8734714 

Clerk 0.0070978 0.0182330 0.1003788 0.0008190 0.8734714 

ProductBarcode 0.0072269 0.0003825 0.1022038 0.0008339 0.8893528 

Productltem 0.0069688 0.0003689 0.1342682 0.0008041 0.8575900 

InventoryControlier 0.0080203 0.0004245 0.0036357 0.0009254 0.9869940 

DealingList 0.0077339 0.0004094 0.0392203 0.0008924 0.9517440 

Inventory 0.0074474 0.0003942 0.0748045 0.0008593 0.9164945 

Counterl nterface 0.5034222 0.0266480 0.0483969 0.0003949 0.4211380 

, 
(4) 4'~~1~um1~~1fl ClJ"1J'fl'lro1,)1~L~tJ'I 

" , 
tJ~ Lro1 ~"1J'fl'l ~:::uu ~,ru~UU~ 1 V1 fUt1U~ :::~') n~'fl n n ~1U,) t'Uro1,) 1 ~ L~ tJ'Il U~::: ~u~'W1..n 1t 'tl LrtJ U ttl tJ 
" ~ " 
LL~,) Fl,)1~ L~tJ'I"1Jtl'l LLvl~:::~'W'W11t'fl'"l:::~ m,j1~1~ ~ L1tJ'I ro1,)1~~1 fl ClJ"1J'fl'l m1~ L~tJ'I ~'1l1l1n'l~ 

6.12 ~ LL~ ~'1 ro1,)1~ L~ tJ'I"1J'fl'l LLvl~:::~U'W11t'fl"1J'fl'l'VlntJ~ Lro1~"1J'fl'l~:::UU~,rU~'W'W~1V1fut1'W~:::~,) n , " , 
'" I I t 

;'flVl ~ n~~~1~U m1~ L~tJ'I LrtJUt'tltJ LL~,) t~tJ91 LL'Wnro1,)1~tl1'"l:::dj'W'lI'tl'l m1~ L~tJ'Il 'WLLvl~:;~:;~U 

LL~:; t'fln1~ ro1,)1~~1 L~'"l"1J'fl'l LLvl~:::~'WU11t 'tl 



81 

I I I '" 

IWln~Yl 6.12 MtJfl,)Il-!L~mYl LnVl~u1uLLj;J~:::~UUI1t'el'1l'el~Y1ntl~ Lfl~'1I'el~r:::uu~,rU~UU~I~fu 
'I ~ \J " 

!:t ,,-I !:t ,,-I 
rlUI'l'lVllnl'l"H'1'fllJ rlUI'11Vllnl'l"H'l'fllJ 11U-l1Un11'll1U (Payment) n11'll1 m.h:;411'U 

fl11~L~!J-l'i'nl 

"II'tl~:aUU1~L'tl . 

L'tln1~fl11)J~1L~~ 

"II'tl~:aUU1;L'tl 

fl11~\h~:a tJu 
l:. 

'i1)JVI~"'~(;l 

i'j'fl~1ul1'\j; hli'j'fl~1u1J'\j; th:;411'U I (Send 

11Un11~UPf11 11tJn11~UPf11 Daily Sale) 

.(Purchase 

Product) - i 

0.0182330 

0.1003788 

0.0008190 

0.8734714 

0.9929022 

0.0070978 

1.0 

(Purchase 

Product) 

0.0283863 

0.0667147 

0.0006621 

0.7053196 

0.8010828 

0.1989109 

1.0 

0.0648031 

0.0570510 

0.1965544 

0.1362197 

0.4546282 

0.5453717 

1.0 

, 

0.0476785 

0.0336858 

0.1398829 

0.2235158 

0.4447629 

0.5552371 

1.0 

I (Send Daily 

Sale) 

0.0529228 

0.0518824 

0.1874941 

0.1421755 

0.4344748 

0.5655252 

1.0 

.- ... q t.I c.lcS q Cf 

~1 n m rl?l r')~~'elU m'elU~ IUmr') Lfl n:::~ mil-! L~ t1~ Vl,) tI mruPl m~nr:::uu L 'elYl L 'ell-! LLr:!::: 

r:::uu~,ru ~UU~ l~fu ~IU~::: Vl,) n~'el -WI e.J r:! n1 r7J Lfl n:::tX mil-! L~ t1~~ ~IU,) ru 1~ ,Jhtl7Jfi n1 r'1l'el~ , 

Goseva-Popstojanova 
, "" 

-WIL~U'el1um'elU~IUn1r7JLfln:::tXfl,)ll-! L~t1~~I~fu~IU7J9t1i1 -W1e.Jr:!~YHfl1~ 2 l-!1 LmtiU LYltlUVl 
" 

mil-! L~ m 1 U r:::r;)u~~ niun n ~1'W,) ru~ 1 n e.Jr:! fl ru'1l'el~ fl') 1l-! L~ t1~ 1 u r:::r;)u~u'W11t 'el Ur:!::: ~1 
" " 

'" I I '" " 

-w1~,rn:n~ n n 1 tX ~11?l1l-! t'el n1~Yl~uuI1t'el,ru~:::n n Lrtl n 1.jf~IU ~1 n mu fll-! 1 tX ~1-w1~,rn~uuI1t 'el 
~ '" 

II I I I II 

iJ~1 LYl'l rlUl1-:j 2 7Jfin1r7J Lflrl:::tXmll-!L~t1~Yl~:::LmtiUL YltiUrlU e.Jr:!~'I"lifYll~ri~:::~'W'el~ rlU WJ1l-! 

L~t1~'1I'el~~UUI1t'el~~ LtJ~t1ULLtJr:!-:jltJl?l1l-!7Jfi~l.jf~~lrrul fl,)lm~t1-:j r;)-:j LL~Vl-:j 1 Ul?llrl-:j~ 6.13 

LL~:::l?lln-:j~ 6.14 LUUe.J~mr7J Lfln:::tXfl,)ll-! L~ml ur:::r;)u~uuI1t'el~~IU,) ru~,)t17Jfimr'1l'el-:j 
, , 

~.... ~ t,.o...,.<CIt.... c.I c,/ 

-:jIU')~t1'11'el~ Katerina Goseva-Popstojanova l-!fl,)Il-!~'elVlflr:!'el-:jnue.Jr:!n1r,)Lflrl:::~fl,)Il-!L~mYl 

~lu')rul~~')t17Jfin1r~l~-WIL~U'ell~um'elU~IUn1r7JLfln:::tXfl,)Il-!L~t1~ m'h')~'el fl,)Il-!L~t1~'1I'el-:j 

~-:j niuiJ ~11n~ L~t1~ rlUl-!1 n L ti'el-:j ~')t1 fl,)ll-! L~t1-:jr') l-!'1I'el-:j uj;J r:!:::~uuI1t'el~9 Vl~1 r;)umll-!~1 ~ blJ 
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• I I II 

'iI'el\l fPl,)ll-J L~tI\l L1-tI\l~l ~UiOll n fPl,)ll-J L~tI\ll-Jl n hJ'Vn fPl,)ll-J L~tI\lU'eltl'il'el\lY]\l~'el\l';)fi Lij-w1 UL 'WLL'W,)'Vll\l 

L~tI')n'W LL~:;mll-J'IlliOl:;Lij'W'iI'el\l fPl,)ll-J L~tI\l'lJ'el\l~'W'W1H 'elL 'WLLL'1~:;'j':;~U mll-J L~ tI\liJ 1"11~'el C'I fPl~'el\l 

1UL'WLL'W,)'Vll\l L~tI'lL'J!'Wn'W L'J!'W t'W'j':;UUL'elVlL.al-J ~'W'Wl1t'el n1'j'm')iOl~'elU'j'~~ n'i'ru.~n~h L~nX~ 
" . ... 

n n t1f'el\l iOl:;iJ fPl')ll-J'IlliOl:;d'l'W'lJ'el\l fPl,)ll-J L~tI\l Ln C'I;'W~\lt 'W'j':;~u';)n n Vl LU'Wt1f'W 
'II " VI 

I I I" I 

l-Jl n L U'el\l t1f')tI nnu~ mj'lVlL-n~')'Wt V1 '1!~'W'Wl1t 'el n1'j'Yil\ll'WiOl:;iJ fPl~l~Vl;'W'el~ nu~ rI1'W:; LYltl\lV1l1\l 

" , I It " 

fPl~l ~ L vhu'W vi1tlli'fl n1~VliOl:; Ln C'I fPl,)ll-J L~tI\l'il'tl\li Vl ~;'W'el ~ nui Vl ~ih Yl tI\li Vl ~ L~ tI') LLL'1iJ 3 
. . ... 

~'W'Wl1t'elVlJll tit 'WYil\ll'W~\") tI fPl~l~Vl;'Wmj nu~ rI1'W:; 2 
" 

L~tI\l'1l'el\l~'W'Wl1t'el'1l'el\l Katerina Goseva-Popstojanova 

1~ LmtiU LVltlU'iI'elU L'1l Vl'il'el\l n1'j'';) LfPl'i'1:;vl mll-J L~tI\l'1l'el\l n'i''elU\ll'Wn1 'j'';) LfPl'j'l:;vl fPl,)ll-J L~tI\l~1~ 

"jlL~'W'elnUn1'j'';) LfPl'j'l:;vlmll-J L~tI\l'il'el\l Katerina Goseva-Popstojanova L ~'elt t\'L~'Wn\lfPl,)ll-J 
... . ... 

LL(;l n L'11\l'il'el\l'il'elU L'1l Vl LL~:;'ll'W(;l'el'W'iI'el\l\ll'W 'j")l-J n\l tJ~ ~'Yi If'1l'el\l~,)'WVlYi lL t\' LLVl n L'11\l n'W'iI'el\l'11\l ~'el\l';)fi 
. ... 

LC'lti fPl,)ll-J LLVl nL'11\l'il'el\l n1'j'';) LfPl'j'l:;vl fPl,)ll-J L~tI\l'il'el\l'11\l~'el\l';)fi LL~ C'I\lL 'W(;l1'i'1\l 6.15 
I 1I I '" 

lOll n (;ll'i'1\lVl 6.15 LL~ C'I\lL t\'L ii'Wn\l'il'elu L'iI (;l LL~:;'ll'W(;l'el'W'iI'el\l n1 'j'';) LfPl'i'l:;vl mll-J L~tI\l'11\l~'el\l 

';)fi ~\l~,)'W~ LL(;ln L'11\l ~'el n1'j'';) LfPl'i'1:;vlfPl,)ll-J L~tI\l'il'el\li(;ln LC'lti n'i''elU\ll'Wn1'j'';) LfPl'j'l:;vlfPl,)ll-J L~tI\l , 

. 
\ll'W,;)4'tI'iI'el\l Katerina Goseva-Popstojanova '"l:;';) LfPl'i'1:;vl mll-JL~tI\l'1l'el\li (;l ~'"l1 n91'W,)'W 

~ rI1'W:;LL~:; LL'Vl 'j''Wen-n'Wt 'WLL(:,J'WJll'Yi~ LVl'Vl LLl-J'l!~'W '"l1 n~')'W~ LL~ C'I\lL t\' L ii'Wn\l fPl,)ll-J LLVl n L'11\l'1l'el\l n1 'j' 
. ... . 

';) LfPl n:;vl fPl') 1l-J L~tI\lY]\l ~'el\l';)fi1~"j ll-Jl LL~ C'I\l d'l'WVll n\l Lmtl U L VltlU n 1 'j'~ 1'W,) rumll-J L~ tI\l'1l'el\li (;l n , 
"I I I 

'iI'el\lY]\l~'el\l';)fi ~\l(;ll'j'l\lVl 6.16 LL~C'I\ln1nmtlULVltlUn1'j'~l'W')rumll-J L~tI\l'il'el\lth4'tI fPl,)ll-J L~tI\l 

'iI'el\liVl~t'W'j':;UUL'elVlL.al-J n'i'ru.~~'W'Wl1t'eltC'l1 ~iJfPl~l~ ATMControlier LL~:;fPl~l~ Transaction 

Controller Yil\ll'Wi,)l-Jn'Wt 'W~'W'Wl1L'el ~')'W(;l1'j'1\l~ 6.17 LL~C'I\ln1nmtlU LVltlUn1'j'~1'W')ruI"11 
I "I I 

fPl,)ll-J L~ tI\l'il'el\l i Vl n t'W 'j':;UU ~ u U~ 'W'W~ 1 V1 fu ~1'W~:; C'I') n~ 'el n 'j'ru. Vl~'W 'W l1t'eltC'l1 Vl iJ fPl~ 1 ~ 
, 1 

InventoryControlier fPl~l~ PaymentControlier LL~:;fPl~l~ TransactionController vil\ll'W 

i,)l-J n'Wt 'W~'W'Wl1L'el 

'"lln (;l1'j'1\l~ 6.16 LL~:; 6.17 iOl:;~\l Ln Vl1~~1 LL~1"11 mll-J'IlliOl:;Li'l'W'1l'el\l (:,J~~'Yilf~hJYl\l 

un 'j'n'Wl'1l'el\l LLuJ ~:;t) Vl n~1~iOll n n'i''elU\ll'Wn1'j'';) LfPl n:;vl fPl,)ll-J L~tI\liJ 1"11 mll-J'IlliOl:;LU'W'iI'tl\l fPl,)ll-J , 



83 

" ," 
1'111 bI l'w~uulH'el Lc;)UiJ m j~c;) r11thwwn'lJ'el-.l Ltl m~Vl9:;Ln c;)~ucJl'lU vl111X r11 "''l1l-JtJ19:;d:JULL~~:; • 

Katerina Goseva-Popstojanova L~'el-.l)J191 n LLUU~1~tl'l~U1l-J11-if~1\-lfU~lU'l rur11"''l1)J 

tJ19:; d:Ju"lJtl-.l "''l1l-J L~U'l1' 111 ~iJ1' 111 ~1.h:;~-.l r)"lJtl'l m j~lU'l ru~ LLI11 n ~1'l nUI111l-J~lcJltJJ'1 n!J 1 U 

I '" " I 

1111J'1'lVl 6.15 ~'lUU1Uj:;UULtlVlL~l-J LL~:;j:;UU~UU~UU~1~fur1U~:;C;)'ln~tl9'lLUuhJlcJlVl1'I11b1 • • 

~iJ Lt\U'Vl1'l'lJ'el'l LL~U111"fj~ LI11'Vl LL)J"ll~U,J'elU LL~ L1'elul 'lJ~vl1 11X Lnc;) mjLtJ~uu~ mu:;1 ULt\U'Vl1'l 

~'lmh'liJ"''l1l-Jiu-if'flU)J1n 9'l9:;iJr11"''l1)JtJ19:;LUU'lJ'el'l''''l1l-JL~mLnc;)~U)J1n ~'l~U~~"''ll)J 
," , 
L~U'l1 Uj:;~u1' 111 b1ih:;iJ ~~ m:;'Vlu~tl "''l1l-J L~U'l1 Uj:;~u~uul'Htl LL~:;Yl'l n-nun c;) ltJ • 

'llU~r.rU'lJtl'l Katerina Goseva-Popstojanova LL~ c;)'l LUUI111j1'l~ 6.18 "fju';l1m'flU'llUmj 
I I "I 

~ L",n:;\f "''l1l-J L~U'l9:;1 ~ r1 1 "''l1l-J L~U'l'll'fl'l1' 111 b1l-J1 n ~u1 un HU,Vl Lt\U'Vl1'l n1 jvl1'l1 U'lJtl'l • 
LL~U111"fj ~ LI11'Vl LL)J"ll~UiJ~lU'lULL 'Vl ju:n-nu ~1tliJ d'flul"lJ~ rXtl'lYi91 jru11 un 1 jLtJ~ UU~ b11U:; 

~lU'lU)J1n LL~'llU~r.rU"lJ'fl'l Katerina Goseva-Popstojanova 9:;1~r11m1l-JL~U'l'lltl'l1'I11~mn 
" , , 
~u1 un n-u.Vl ~ 1U'lULt\ U'Vl1'l n 1 jvl1'llU"lJ tl'l LL~U111"fj ~ LI11'Vl LL)J"ll~UiJ~lU'l U)J 1 n L U'fl'l91 n 1-if 

l"llL"'~ Ll-J ~ n "'tl)J LL"fj~ n:n~1 Umj~lU'l ru Lc;)uhJ~u19 "''ll)JUl'l'lJtl'l Lt\U'Vl1'l LL~:;m1)J-nuoD'flU 

'lJtl'l dtlul "lJ~vl11 1X1' 111 ~ LL~ c;)'l"fj ~ ~ n jj)J mjLtJ~uu~ mU:;9T'l ~'l~u1 U'llU~r.rU"lJ'fl'l Katerina 

Goseva-Popstojanova 9:;1 1X e.J~~ LuultJlcJl~l1' 111 ~~ iJ Lt\U'Vl1'l mjvl1'llU~'l LtJ~ UU~ bI1u:;,J'flu 

'fl19iJm1)JL~U'l~'l\-llniJ~lU'lULt\U'Vl1'l)J1n L"liU j1Umj~ 2 LL~:;j1Umj~ 7 1UI111n'l~ 6.18 
" 

I I '" I 

LL~~l~fu nj'flU'llUmj~ L",j1:;\f"''l1)J L~U'lVlU1 L~U'fl1 U~'VlUlti"fjufii'l ~~ mj~ L",j1:;\f m1)J L~U-.l 

"lJ tl'l1' 111 b19:; LtJ~ UU LLtJ~'lltJ 1111)J "''l1 )J-nU-DtlU'lJ'fl'l dtlul"lJ n 1 jLtJ~ U U~ b11 U:; LL~ :;"''ll)JU 1'l'lJ'fl'l • 
" Lt\U'Vl'N mjvl1'llU"lJ'fl'l LL~U111"fj ~ LI11'Vl LL)J"ll~U111U1 u1' 111 bI ~'lUu.jJ'fl ~"lJtl'l mtlU'llUmj~ L",j1:;,f • 

I I II I 

m1)J L~u'lVllcJlU1 L~u'fl1 U~'VlUlti"fjufii'l Lij'flLmUU L VlUUnU'llu~r.rU"lJtl'l Katerina Goseva-
I I '" I 

Popstojanova fi'el n jtlU'llUm j~ L"'J'1:;,f "',)1)J L~ u'lVllcJlU1 L~U'fli'l~ 1)J 1jbl~ L",j1:;,f "''l1)J L~ U'l 

'lJ'fl'l1'I11~ lcJl"'j'elu"'~l-Jnj(u'~1'l11cJll-J1 nn~l L~tl'l91 n hJlcJl~u19 LYim LLr1mj~lU'lru"''ll)JL~m 
" , , 

91n~lu,)uLt\U'Vl1'lmjvl1'llU"lJtl'lLL~Wl1"fj~LI11'VlLLl-J"ll~UL'Yh,ru LL~~'l1~~,)1)J~1~'1!nUL1tlul'lJVl 

vl1 1~ Lnc;)mjLtJ~uu~ mu:; LL~:;"',)l)JUl,)'lJ'el'l Lt\U'Vl1'lmJ'r11'llU"lJ'fl'l LL~U111"fj~ LI11'Vl LL)J"ll~U~ n 

cJl'lU vl1 1 ~~1 )J1jbl~ L'" J'1:;,f m1)J L~U'l'lJ'fl'l1' 111 ~ 1 un n-u.~"fj ~ ~ mj)J m jLtJ~uu~ mU:;"lJ'fl'l1' 111 ~iJ 

Lt\U'Vl1'lmjLtJ~uu~ mU:;,Jtlu LL~ Lt\U'Vl1'l~'lmh')iJ "',)l)J~~uiuoD'flU"lJtl'l d'flul "lJ)J1 n 
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ln~ L~tI'l ri't..l(;lI~~fim~~ L~~I:;,r'lJ'il'l m'ilU'II'Wm~~ L~~I:;,r ml~ L~tJ'I L ~'il'l~I'"l1 n LLUU~lrl'il'l~ 

1 fl 'Wm~fi1'W') rufh fl,)1 ~t.!I'"l:; LU'W'lJ'il'l fl ') 1~ L~ tJ~ l' (;l rI '"l:::~ 1'W,) rum 1 ~t.!1 LU 'W'"l 1 n~ 1'W,) 'Wfh • 
, ," 

~,)11-1'"l1-'1Vl Lu'WhJH1'lJ'il'lU ~:;Yi'"lUVl rI n~ tl'1~'W'"l1 n LLj;]rl:; LL 'Vl ~'Weni'W t~1tI1.jfVl~ n m ~~ tl'1 nnw 
" 

, 'I I I " I 

~m'W:;Vl\l'l1utJ'I~n~m'W:;Vl\l'l t~tJ~')1u51LVl(;lmnL1Yl~'il'l~'"lI~ruILYltJ'IVl\l'lLVl(;lmmrLVhu'WYl • • 
L ;]11-11 n ~:;~'WLL~ ,)l111lX Ln ~ m nu ~ tJ'W~ rll'W:; '"l:;51 ri 1 ~,)11-1t.!1'"l:; LU'W~ ~'1U n ~rI'WIU ~:;1-I1 ru 

0.33333 L ~'il'l IX') tJ L Vl (;l m mr~ L ;]11-11 n ~:;~'Wt1l'l mh,)'"l:;rI n~'"lI~rul LU'WU~:;Yi'"lU'lJ'il'l L Vl (;l mmr 
" ,,'\j .. 

" , , 
ntJ m~ t~tJ51 ril ~,)11-1'"l1-'1'lJ'il'lU~:;Yi'"lUL YltJ'IntJ mn~m Lvhu'WVl'"l :::l111lX Ln ~ mnu~tJ'W~m'W::: 

" , 
Ln ~~'W '"l1 n fl') 11-1 t.!1 '"l ::: L U'WYlYi'l U~1 ~rI'WI'lJ'il'l LLj;] rl:; LL 'Vl ~'Weni'W'"l:::rI m11 ~ 1 ~ 1'W,) ru L U'W~,) 11-1t.!1'"l:; 

" 

I II I I I 

L Vl(;l m nwVl Ln ~~'W'iltJl'1 j;]'il L U'il'l :n'l'"l:::l111lXril ~,)11-1t.!1'"l:;LU'W'lJ'il'l L~'W'VlI'1VlYi'lUn~rI'Wlm'ilm~ • 
I I I" " I 

~1 L~'"l rl ~U'iltJrl'l U'WVl1-l1tJ n'l ~,)1~ L~tJ'IVl Ln ~~'W'"l :::1-11 n~'WIX')tJ n nuVl 51Vl rl 1 tILL 'Vl ~'Weni'WVl~'il 
" " 

L Vl(;l m~ruVl j;]'il L U'il'l n'W~I'W,)'W1-I1 n~'W'"l :::l111lXt'il nl~ m11-1~1 L~'"lrl ~U'iltJrl'l'"l'W~rlln~ L~tI'l n'W • 

" I I " 

t1l'lu'Wm~ tJ1IXvh m~~ L~ ~1 :::,rLL~,)YiU~1 m'ilU'II'Wm ~~ L~~I:::,r ~,)11-1 L~tJ'IYl1IX,.j1 L~'W'ilil 
'IJ 

I I I" I I 

L Vl1-l1:::~1-I num ~~ L~ n:;,r m11-1 L~tJ'I'lJ'il'l~:::uUYl51f (;l rlVl~'W'iltJ nu~ m'W::: ;'151 m n U~tJ'W~ m'W:; . " 
, " , 

L'WL~'W'VlI'1hlLn'W 3 ~m'W:; (hh,)1-I~m'W:;L1-~~'WLLrl:::~m'W:::~'W~~) t1l'l~UYl 6 .2 t~tJm'ilU'II'W . " 
I " I I 

m ~~ L~ n:::,r ml~ L~tI'lil'"l:::~ 11-1 1 ~rI ~1'W,) ru~ rl m 11-1t.!1 '"l:; LU'W'lJ 'il'l ~') 11-1 L~ tJ'I 'lJ'il'l LLj;] rl:::f (;l rlYl • 

, " 
~ L~n:::,rfl,)l~ L~tJ'Iil'"l:::~11-11~rI~I'W,) ru~rl1~~ LL(;ln j;]1'1 n'WL 'WLLj;]rl:::f (;l rI • 

" ~rl'"lln m~~ Lml:;,ril~I~I~m111-111.jfufuU~'1 n1~'il'iln LLUU~:::UUL 'W'&'l,)'W'lJ'il'lYi ~ ~ m~1-I 

m nu~tJ'W~ rll 'W:::'lJ'il'lf (;l rlVl ~'il LL~'W111Yi ~ L(;l'Vl LL1-I"ll~'W t~ tJ llX LLj;] rl:::f (;l rlL 'W ~:::UU fu ~ ~"ll'ilU m ~ • • 

l11'11'W(;l11-1 fl,)l~ LVl~I:::~1-I L~'W'VlI'1 n1~l11'11'W'lJ'il'l LL(:.J'W111Yi~ L(;l'Vl LL~"ll~'W1~ m~'"l:;tJ1') Vl~'il51 

fl,)l~oIu-n'il'W'lJ'il'lL1'il'W1'lJmnu~tJ'W~m'W:::1-IInVlln1~~ILU'W LLrl:::1~~,)~Ulnl~l11'11'Wj;]1'111-11 
~')~ n'W1t)1 'Wf (;lrl~~'W'il'inu~ m'W:;L YltJ'If (;l rl1~f (;l rI L~m ~'1'il1'"ll111lX Ln ~ ~,)11-1iu-n'il'WVl~'il ~,)11-1 

.. \l .... 

~ ~Yirll ~~ Ln ~~'W1IX~ltJ t1l'l,r'Wm~'il'il n LLUU~~9'1'il1'"l51 mmu'l ~,)11-1fu~ ~"ll'ilUm~l11'11'W1utJ'I 
I I I I " I 

f(;l~~'W1 LYl'ilLu'Wm~m:;'"lltJ~,)I~L~tI'lYl'il1'"l'"l:::Ln~~'W1utJ'If(;l~~'WUI'1 



(;1'ln~~ 6.13 mm.nmJ LYltJU ~~~Yifim1~'ll.l')rurl,)'l~ L~tJ~~~~'El~i)fill.l1:;uU L'ElYi L'~~ 

... cr 0-

~:: I1nJLf'1ntJ'El tJ 

... ... ... 
~::I111JLn'El1J')nC]lJl 

~::~1J~nC]lJl 

~::~1J~1tJtJ:: 

PI,)1~Li!l~'i'nl'll1l~ 
:n'U'U1;.tll 

tllm~PI,)'~~1L;'ll'll1l~ 

:n'U'U1;.tll 

PI ')1 ~'lh'll:: L t!'U'i,) ~ 
::. 
'VI~~~(;l 

0.04142351 0.0414230 

0.03930181 0.0393005 

0.68189481 0.6819013 

o 0.0 

0.76262011 0.7626248 

0.23737991 0.2373750 

1.0 1.0 

.~~. 2o{r?~·. ":1, 

0.04873831 0.04873781 0.05204481 0.0520406 

0.05875151 0.05875951 0.02611771 0.0261027 

0.55714841 0.55715841 0.00063111 0.0006180 

o 0.01 0.44528891 0.4453594 

0.66464811 0.66465581 0.52408251 0.5241207 

0.33535191 0.33534421 0.47591 75 1 0.4758793 

1.0 1.0 1.0 1.0 

"' ~'lm"'(;1 1 ~'El r.J~ n'l1~'ll.l,) ru(;1'l~il.l(;1'Ell.l'lJ'El~ m'ElU~'ll.l~~'l L~l.l'Elll.l~YlmllYil.lfi'U,ruti • 
" ... 0 ..., _.... . • 

2 rl'El ~~n'l1ml.l')ru(;1'l~'lJl.l(;1'Ell.l~'ll.l,) '"l tJ'lJ'El~ Katenna Goseva-PopstoJanova LL~:;rlru:; 

0.0756055 0.0755983 

0.0377248 0.0376996 

0.0011877 0.0011632 

0.4197751 0.4199009 

0.5342931 0.5343620 

0.4657069 0.4656380 

1.0 1.0 

,.".~ f~ 1",-

0.05392841 0.0539236 

0.02722601 0.0272066 

0.00120421 0.0011793 

0.44176371 0.4418692 

0.52412231 0.5241787 

0.47587771 0.4758213 

1.0 1.0 

OJ 
(}1 



.J • ~.001 ..-... .J ::. _.001" ..- ...- I.- J' 
lJ1111..:JYl 6.14 m1LlJ1t11JLYltl1Jt.J~~~fim1Fl1\6'lruFl'l1~L~tI..:JYl..:J~ltW.lfi ~\61~1J1J~\61J~~\6~1~11J11\6~~(;1'ln'lf'tl 

''-. t;;,!-~ "', r .. , ~j;~ ~UV?i11~';tY{-ln-nl.l ,"':. ~1~t)~l.l"hmru~l.lFh~ .; mJt)~l.l"hn1ru~l.lPi'1~ m1"D11::~l.l / (PaYrne~t) 
!r ("~~ "="'. .::'~ ~. ;~: "~\1; , "T~ ~' • ~~. • ... .~ ~ ... ... .... ... 

m1~tJn~u.~::~~l1tJ~1l.l m,.(;'tJfl~11tJ-l1l.lmriJ'itJ 

m"n~~1::~1t)l.l ;'send . ~1i~1t)l.l J Send Da'ilY~ ~t' .1' :;5,.:'.~ i'~" 31; ., ... '.N,"> .. ·· . : ~1'l"ii'lt)U).Jt)fJh~UC1J'l!11tJn11 ~1'l"ii'lt)U't).J).Jt)fJi.l.lUC1J~ 
I .~;~:~,,~··;~~'·~: t,_." ".1 ,"';f~~~ ~l;~:., .~.~·:t~ ... ~ ·~, .., I . -'.'1 .-'.:'.. ,;_' • ;~;:~f"c~~"~' 1 :~:~ I 

, ,~ "', f,,'" :", 

.~{);~! :~~~;'t.~.-.i~ .' ;. ,:,~:,",. ,,~ ~<~"'i';; ·';i;~l.lFl1' / (p'Lirc~a~e. Pr~duc~L '11tlm1~l.lFf11 ,~~urchase 
,,' .'!!;.j';"' .... ,$,';"i?,')'lt;;, "3.;:1; f < ".\ ,- ~ ," "J. ,.",0" , .. ' ',," " 
~.t.~~ :.."·~"i'4·"~~~:?t~~t-:- ~~''"' ..,-,\':'\ .'t~ .. ,,, • ',{-.1 '/: ..... : • t .:;!,(~C;:}'''-' .•• ~·r .. · _ .\ .... : ) 

1t .... J;. :tl4.i~{'·~, ~~t·· ·'1r~ fi'if ~·;~~ ... , ".' ""' ... ~ .. / ~... "'':!i,.('' .. r .. , ~"",-~, ':-r .C'\.,-;"l l' .. '-' ~'Product 
~ s';,-.~~ .. '<~ .. t_~!l:.1.:,(' 1-'=~"4:"' ,:,;'~:,::'~=_""""_"'::;:';;"_-"' _____ 4-_____ "'"T":'-->' 

I~:~·!·~L .\ '..-,~~;: .. ... ~~~:'::I~.':~~t:'~p.'2·.,· ~I.o '-';0(:"1 !, 

Pl.'l1),J~~~?Lut&,tl! ~ <~ ~'" . ; .. ',' "," ~. 1. ' , 1 -4. ., .... .J.~.*~v.z:- _~ ('~''''~''''''of ..... ",{Io ....... ~ 

. k':·,iI:'}i~'~r·~·. ":\:.'.1'''' 
'-' ', •. ~'~"':;."'''''' ,:, I. t::' 

·~.,>'~~ i"t7'1 .. j ._ 

DailY-Sale) '.' i'. <' ; , • .:-::« ?al'e) ," i' 
";;;:})(:L ' 

~ ' .. ' I '. "1 . "", ~ I ~ "'2 .' ;., 
:' ; ',' "," '" ',.,".C!-, '?-' 

~ , .. " --.- "- ' ... 

~< x-1:"" .. ,, 2J'>'" 

to:', ....... 

'" or '" 1::~ULMt&t)tJ 0,0182639 0,01823301 0,02840621 0,02838631 0,04751831 0,04767851 0.06656771 0,06480311 0.05421551 0.0529228 

'" ..... 
1::~ULnt)U'ln~~ 0.1006435 0.10037881 0.06688721 0.06671471 0,03365731 0.03368581 0.06512731 0.05705101 0.05599131 0,0518824 

1::r;iu~n~~ 0.0008864 0.00081901 0,00071681 0.00066211 0.15893521 0.13988291 0,07826381 0.19655441 0,08405201 0.1874941 

1:: r;iU"'1 tJl.l:: 0.8725243 0,87347141 0.70469721 0.70531961 0.20821601 0.22351581 0.21598811 0.13621971 0.21403471 0.1421755 

fI~1 ~ L i !I~'i'l ~'IIil~:j!'U'U1~L il 0.9923181 0,99290221 0.80070741 0.80108281 0.44832681 0.44476291 0.42594691 0.45462821 0.40829351 0.4344748 

Liln1'llPl'l1~~1L;'iI'IIil~:j!'U'U1~Lil 0,0076819 0,00709781 0,19928621 0.19891091 0.55167321 0.55523711 0,5740531 1 0,54537171 0,59170651 0,5655252 

, ~I l:. 
Pl'l1~'U1'i1::L u'U'i'l ~'VI~~~ I'l 1.0 1,0 1.0 1.0 1.0 1.0 1,0 1.0 1.0 1,0 

~~1t1L"'(;1 1 ~'tl t.J~ n11~1\6'lru[;11~.r\6lJ1'tl\6'1l'tl..:Jn1'tl1J..:J1\6~,j1 L~\6'tl1 \6~Yltl1\l~\6€'ilU1Jv. , 
'" ... 0 .... ..... .... 

2 1'I'tl t.J~n11Fl1\6'lrulJ11~'1l\6lJ1'tl\6..:J1\6'l9t1'lJ'tl..:J Katerina Goseva-Popstojanova LL~~Flru~ 

co 
en 
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I '" I '" 

(;l11'NYl 6.15 LmUU LYlUU"lJ'tlU L"lJ (;l LLfl::;,j\J(;l'tl'W"lJ'tl ·.:m11';j L~11::;,x ~,)1l-J L~U'I'~1'1 ~'tl'l';jfi 

n 1 7 ~ L l"\ n :: tf LL fl :: n 17tH) n LL U U 

flmuj;)tmm.J'lItlvlvlLL'lr 

n17~LPln::tfPl'l1~L~tJ~~'tl~n17 

t1~~~~\.Ifi7::t.lt)1~.rj;)~ tl?ltJ~"17rul 

"1n~I\.1'l\.l~'tlPl'lI~t\.lLL~\.IJl1Yi~1~U 

n17{1?l~1~Ul"\'l1~~I~~~'tl~l"\'l1~ 

L~tJ~~'fl~:a\.ll.n1t'tl .. . .... 
n tJ~ 1'Wl"\'l1~ Lfl tJ~~'tl~ LLUU" 1 'I'l'tl~ L 'l!~ 

Yi~n-n'W 

~1\.114'!l"lJ'el~ 

K. Goseva-Popstojanova 

1L~'i1:::~~11~L~!l~"lJ'el~-r(;ltl 

L(;l!l~~1'iW1~1nt;j1\.11\.1 

'i'lm\.l:::LL~:::LL Vl'i\.l:ai'\.I"l \.I 

LL~\.I111Yl'i'lL(;lVl LL~"lI;!\.I 

. 

.... .. 
n'i'elU~1\.1n1'i'lL~'i1:::~~11~ 

L~!l~"lJ'el~LLUUt;j1~'el~L;l~ 

Yl~ni'\.I 

1 L~'i1:::~ A'l1~ L ~ !l~"lJ'el~-r (;ltl • 
LIPI!l~~1'iw1~1nL~'el\.ll"lJ"lJ'el~ 

n1'iLU~EJ\.I'i'lm\.l:::"l \.I 
LL~\.I1l1Yl'i'lL(;lVl LL~"lI;!\.I 

, , " 
(;l1n'lYl 6.16 LmtlULYltlUn11~1'W')ru~,)1).JL~tl'l"lJ'tl'lrr(;lCll 'W1::;UUL'tlYlL~l-J"lJ'tl'li'l~'tl'l';jfi • 

ATMCoritrolier T ransactionControlier 

n7tlU~I'U ~1'W~{tJ~tl~ m'tlU~1'W ~1'W~{tJ~tl~ K. 

l"\'l1~\l1"::L{j'W'TJ'tl~~fl~Yifi~hl~~t1n7C"\\.I1'TJ'tl~ 

.rj;)c"\ • 

n11~Ll"\n::tf K. Goseva- m7~Ll"\n::tf Goseva-

l"\'l1~L~tJ~ Popstojahova l"\'l1~L~tJ~ Popstojanova 

10 11 

11 13 

3 4 

0.9999371 0.9989316 

0.9443553 0.4285714 0.0555258 0.5714286 

0.75 0.75 0.95 0.95 

0.7082665 0.3214286 0.0527496 0.5428571 
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-r61Q~~unlJ~mu:: InventoryControlier PaymentControlier ReportControlier 

n1fllJ.:J1Un11 .:J1U~4'U'lltl.:J n1tllJ.:J1Un11 .:J1U~4'U'lltl.:J n1tllJ.:J1Un11 .:J1U~4'U'lltl.:J 

-~LM1::,rrm~ K. Goseva- ~LM1::,rf'l'l1~ K. Goseva- ~Lf'l11::,rf'l'l1~ K. Goseva-

p\'l1~,h,,::d:lu L~U.:J Popstojanova L~U.:J Popstojanova L~U.:J Popstojanova 

~1U'lU~ mu:: L ULLe.I'LUl1'1'f~ L61'Vl 

oj - 10 - 8 - 6 
L~'II'11U 

~1U'lULL 'Vl1\J=Biu L ULLe.I'LUl1'1'f ~ 
oj 

- 13 - 7 - 6 
L6l'VlLL~'II'11U 

1'11Lp\flL~~nf'ltl~LLVifln=B;\ - 5 - 1 - 2 

P\'l1~.J 1"::L UU'IItl.:J e.I fl fl Vi fi~hj 

~.:Jtl111t'lU1'11tl.:J-r61Q 
0.9958333 - 0.9976852 - 0.9861111 -

1'i1f'1'l1~.J1"::LUU'IItl.:J-r61Q {P} 

LU;;UU11Ltl 
0.7415780 0.6250000 0.1910461 0.1250000 0.0629432 0.2500000 

1'i11::~lJP\'l1~tuLLN {L} 0.95 0.95 0.75 0.75 0.75 0.75 

fi1f'1'l1)JL~tl.:J {P x L} 0.7044991 0.5937500 0.1432846 0.0937500 0.0472074 0.1875000 

~1~tJ 
~ q 

ft m:tru::'II'fl~ ~~eJt.IJl1fj ~ ~111Y1 ~~~'l!'l!'IJ ph P1'l1~ ~~ tJ~'II'fl~~fim1ri 1lJ'l ruPl'l1~ ~~ tJ~'lI'fl~t) 111 ~ 
0 

41lJ'l'IJ~~Yl1lJ; ~ " ~1lJ~4'tJ'II'fl~ Katerina "l1'IJ'l'IJ P1'l1~'litJ'l!'fl'IJ'II'fl~ m'fltJ~1'IJm1 

~~lJYI1~ i'lJtJ'IJ~~lJYI1~ .01 't .. ~ 
~~'fl'IJ 'IItJlJL~Yl1'IJ'Ii'll'IJ ~ ~P111::lfPl'l1~~~tJ~ Goseva-Popstojanova 

1 " " " 0 

~1 lJ'fltJ lJ'fltJ lJ'fltJ 1111 

2 " " 0 

~~ ~1n lJ'fltJ lJ'tltJ 1111 
" 

3 ~1n ~1n " 'IJ'fltJ ~~ ~~ 
" " 

4 " " 0 

lJ'tltJ ~1n 'IJ'fltJ ~~ 1111 
, 

" 5 ~~ 
0 

lJ'tltJ ~1n ~1n 1111 

6 " " ~1 lJ'fltJ lJ'fltJ ~1n ~~ 
" 

7 " ~~ fl~ ~1n lJ'fltJ ~1n 
" " 

' 8 ~1n ~1n ~1n fl~ ~~ 
" 
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when(E2) 

I I' '" 

l1JVl 6 .2 (;]'J'tlf.h:J bb~t.!1l1Y1i'l b~'Yl bLl-J"lf~t.!Vliln1n1.l~rJt.!i'l (11t.!:::1 t.!L~\JVl1'! hhnt.! 3 lilt''! 



d 
1J'VI'VI 7 

~'i'l..h.J~ n1'i~4'tJ LL ~~LL U'J'VI1\1 n1'i~4'tJ ~'el 
q 

", , 
1 'WUYlU9 ~LiJ'Wm ~~nJ e.Jrl m~~9tJVll~ ~1 L U'Wn 1~ LLrl~1~ L~'W'fl LL 'W'JYll~ 1 'Wm n;I~9tJVI , 

0-

~1~1~~~I~'fl91n~I'W~9tJul~ 

" , 
~1'W~9tJul~'fl'fln LLUUm'flU~I'W~I'j,d'u n1~~ Lfln~lf fl'J 1~ L~ tJ~"1J'fl~ LLUU91 rl'fl~ L:n~Yl'~ ni'W 

, " , 
t~tJ L i!'Wm~~ Lfl~l~lf ml~ L~tJ~91 n LLUU91rl'fl~ L:nW~ ~ ~ m~~ i'W(;]'fl'Wm~~1 L U'Wm~~9tJ L1~91 n 

m~~h~ LLrl~~ Lfln~lffl'Jl~~~~'Wfi"1J'fl~ LLe.J'W111YW L~~ LL'flrl "1J'fl~~~UU~ I'l'fl~m~~ Lfln~lffl'Jl~ 
'IJ 

0-

flrll~ LLe.J'WflT~'j~1 (;)U LLrl~LLe.J'W111Yi~ L(;]Yl LL~"ll~'W 91n,r'W9~-w1 LLe.J'WfllYi (;)~ mh'J~11-if1 Lfln~lf 
I " I I 

fl'Jl~ L~tJ~ t~tJ m9tJl~-w1 L~'W'fli'W(;]'fl'W~TI-Ifun1~~ Lfln~lf ~'Jl~ L~tJ~VltlfU1h~91 n~I'W~9tJ"lJ'fl~ 
'IJ , 

Katerina Goseva-Popstojanova LLrl~flrw~ [8] '\.-I~~91mr'W9~1~-W1L~'W'flm'flU~I'W~I'\.-1fUn1~ 
~ L~~I~lf fl'Jl~ L~tJ~ LLrl~~ 11J.J'W1 Lfli'fl,dj'fl-rl'JtJ~ Lfln~lffl'Jl~ L~tJ~ 

" , 0-

i'W(;]'fl'Wn1~~Lfln~'!.ffl'Jl~L~tJ~ tl~~n'flU~'JtJ 3 i'W(;]'fl'W'\.-I~n ~'fl 

1) L"4~1'l'W91 nn1~'fl'flmLUU LLe.J'WflTY'lm~~LL'flrl ~~tl~~n'flU~'JtJ LLe.J'WfllYitJ~ L~~~lfl'W 
'IJ 'IJ 

n1~'fl'fln LLUU L~'fl LL~~~1,x L ~'Wn~Yl'~ ni'Wm~~I~I'W"1J'fl~~~UU t~tJ LL~rl~fJ~ Lfl~'\.-I~ltJ n~Yl'~ni'W 

~1'W"1J'fl~~~UU LLe.J'W111Yiflrll~9~LL~~~n~flrll~~dj'WtflN~~I~;r'fl~rlLLrl~ml~~~~'Wfi~~'\.-I~1~ 
'IJ 

, ,0-

r) (;] ~ 1~1 VI dJ'W~'W~ LL(;]'W~"1J'fl~ ~ rll ~VI~'W'fl tJ nu~ n1'W~9~~ n'fl'fl n LLUU ~'JtJ LLe.J'W111Yi~ L(;]Yl LL~"ll~'W 
, 'IJ 'IJ 

L~'flLL~~~n~Yi~~m~~n1ntl~tJ'W~n1'W~111tJl'Wr)(;]~ LLe.J'WI1TY'l~1~1 mrhe~n-wl1tl1-if1L~n~lf 
, 0-

fl'Jl~ L~tJ~ 1 'Wi'W(;]'fl'Wt1 ~ ltl 

2) m~~Lfl~l~lfWl1~L~tJ~l'W~~(;)ur)(;]~ 9~~IYln~'W'Wl1t'fl"1J'fl~LL~rl~Yl'~ni'W~1~91n , , 
0- 0-

m ~~ Lfl~l~lfLLrl ~'fl'fl n LLUU~~UU dJ'WLLe.J'WfllYi fJ L ~~ LL 'flrl"1J'fl~i'W(;]'fl'Wri'fl'W'\.-li!lil t~tJ9 ~Yi91~rwl 

fl'Jl~L~m"1J'fl~r)(;]~ LLrl~~'Jl~L~tJ~"1J'fl~n1~tllj~~~'Wfi~~'\.-I~I~r)(;]~1'WLL~rl~~'W'Wl1t'fl f!Jrwnul"h 
, , 0-

~~(;)Uml~~'WLLNVI LL1J~ LU'W 4 ~~(;)U (;]1~~~(;)Uml~ L~tJ'\.-IltJVl9~Ln~~'Wt~tJ'fllP1tJYl~1fn"1J'fl~ 

111'J ~i ~;r'fl~ LLrl~n1 ~~ L~ ~1~lf e.Jrl m~Ylu'\.-I1'fl L'fl~ L ~~~ L'fl m ~~I'W'J rw~'J 1~ L~m"1J'fl~r) (;] ~~1~1~~ , 
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'" I I 1.1 

~TW,) ruLUUrl1 rl~UU~'l"ll'el'l n1~u!i~l-J~ufinu~::\d1'l.r (;] ~ IOl1 m!u;;j'l,j1 rl,)1l-J L~mYl1Jl L V1~hi1l-J1 
" " l-n~1V1fu n1 ~~ 1U') ru LL~::f) Lrl n::'lX rl,)1l-J L~ t1'lYl'fl11OllOl:: Ln ~~u 1 U LL(;] ~ ::;uu11'L 'el LL~::Yi'l niU'l1U 

" luiu(;]'elun~lU 

3) n 1 ~f) Lrl ~1::'lX rl ') 1l-J L~ t1'l1 U ~::~U;U U 11'L'el LL~::Yi 'l niU'l1U 1Jl IOl1 n n 1 ~~ r1'l 

" , 
LLUU91~'tl'lUU~U ~1U~ mu:: ~'el m~~r1'l LLUU91 ~'el'lY1 ~ ~ n ~~l-J mn'i1'l1U"ll'el'l'li'el~ l1lLL,) fYl 

LL~ ~'lllX L l1un'l rl')1l-J Luu1u1Jl"lJ'el'l mnn ~ n1 nLVl~U:niu~::W;l1'l.r (;] (l~vi1'l1U'eltJl U'li'el~ l1lLL')f 
, '\J 

'el'el n LUU~::~U rl,)1l-J L~m (;]1'l1 LL~,) rl,)1l-J L~t1'l"lJ'el'lYJ n;uu11'L 'ell uYi'l niu'l1u~1~'l ~1U,) ruL'U ~t1 

~,)l-J LUUrl,)1l-J L~t1'l"lJ'el'lYi'l niu 

V1 ~'llOl1 n ~lJl,j1 L~U'el LL U') ~ ~ ~ 1V1fu m ~f) Lrl n::,x rl,) 1l-J L~ tI 'l LL~ ') m9 t1;;j'llJl'el'el n LL UU 
" 

LL U') ~ ~ ~'l n ~ 1 ')1.1 1 L~ U'el L uun ~'elU'l1 U~1V1 fu n 1 ~f) Lrl ~1::,x rl,) 1l-J L~ tI 'l ~ LL~ ~'lllX Ll1un'l 

rl 'ell-J L Y1 L UUl1l (;] 1'l1 ~vi 1 'l1U 'i') l-J n U L~ tI LL(;] ~:: rl'ell.J L Y1 L U Ul1llOl::U~:: n 'elU Jl') tJ ~1 tJ ~:: L~ tI ~ LL~:: 

m::u')um ~ 111 tJ 1 u~ (l n'elfiu 1tJ1Jl Jl') tJ LLeJULLUU~ m9tJ 1Jlufuu~'ll-J11Ol1 n ~ 1'el fiu 1tJ tJ~ Lrl ~ LL~:: 
'U ~ ~ 'U 

," " 
m'elu'l1uYl1Jl,j1L~U'eli1 LLU'l'el'elnLUU 3 ~')u ~'li1 

2) ~')um::u,)Un1~U~::LijUrl,)1l-JL~m u~::n'elu~,)tJ mn::Url')1l-JUIOl9tJ rl,)1l-J L~tJ'l , 

'lJ 'el'l.r (;] (l UIOl9 tJ~lJllOl::,j 11Uf) Lrl ~1::'lX rl') 1l-J L~tJ'l 'lJ 'el'l.r (;] (l ;'l rl') 1l-J L~ tJ'l 'lJ 'el'l.r (;] (l ~lJl,j 11ul.if , " 

, 
.... 0 ..... 0..... q .... 

IOl ~~1 ~U rl,)1l-J~1 rl ry'lJ'el'l rl,)1l-J L~m ml-J~::~u rl,)1l.J ~ULLN 

3) ~')Uif'ell-J~,j1'tl'tl n IOl::LUU11tJ'l1Url')1l-J L~tJ'l'lJ'el'lYi'l niU'l1U L ~'tll.if Luuif'ell-J~ 
'\J '\J 

" , , 
U'5 nlOl1 ni1 ~'ll~'el'tln LLUU LL~:;~ ~U1Lrl'1'tl'l~'tl~'l!u~UUn1~f) Lrl~1::,xrl,)1l-J L~tJ'l ~'l n~1,) , 

L~mr (;] LUmi L~ tJ m9 t11Jl L~'tl n l.if111'1~1 L~ niL~ l-J1'5;'l LUUl-J1 (;] ~lii1un ~1'l~lJllOl1 n n 1 nLU~'l 
" ~ ," , 

LLeJU111Y1 fJ L~ l-J LL'el ~ l-J 11.if L UUif'el ~~,j 1 L if1'lJ'tl'l Lrl'1'tl'l ~ '5 IOl1 n 'l!u;;j 'llJl Vl ~ ~ 'el U Lrl'1'el'l n'el LL~:: 
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" o IV '" 4 
~1~~tJnW~:::!1I'ln'll'El 

~1'1tlftJm~'Yl !1I~'ElU Lfli'El-:j ij'EliJ1' ~ m.h:::~-:j I"lL ~'El ~'El-:j m~~~'l9 ~'EltJ n 1~~ Lfl n:::,x f1'llaJ L~tJ-:j • 
It'" I 

'1J'El-:j Lfl1'El-:jij'El~1~~ ~'Wl;'l.dliJ m~~I'W'l ru~ tl n ~'El-:j~1'El hi b!1ltJ LmtJu L ~ tJtJ ~~ n 1~~ Lfl n:::,x 
'II 

, , " 
~1 n1~~ Lfln:::,x fl'llaJL~tJ-:j~1~91 n~'El-:j~fiiJ f1'llaJ~'El!1l f1~'El-:j ~N rl'W ~ nyJ-:j~laJl ~tl~ Lfln:::,x f1'llaJ 

, , 
c/~"" " c/~!:'"I c/ " 

L~tJ-:j ~!1IfI~tJtl'l'WLL~:::tJn~'tl-:j~laJ'Yl~:::1J b'l b'W'1J'tlUL'1J~'Eln(;l'ltJ 

m~~n9~'EltJ m'EltJ-:jl'WiJi ~ ~1.h:::~-:j I"lL ~'El ~'El-:j m~m'l9~'ElU fI'llaJ tJ n ~'El-:j'1J'El-:j LLtJU~I~'tl-:j 

~l~ul L~'W'El H~I~fum nh:::Lii'WfI'llaJ L~tJ-:j 1 'Wm'EltJ-:jl'W b(;l tJ LmtJu L ~tJu ~~ n1 ~~ LfI~I:::,xfl'llaJ 

L~tJ-:j'1J'El-:jm'EltJ-:jl'W~l~Ul L~'W'El rltJ ~~ n1~~ Lfl~I:::,xfl'llaJ L~m maJ~fim~~ Lfl~I:::,x f1'llaJ L~tJ-:j'1J'El-:j 

-:j 1'W~9 tJ Li'El-:j nl ~~ Lfl ~1:::,x f1'llaJ L~ tJ-:j 1 'W ~:::C;) tJ~ m11 ~tJ n naJ b(;l tJl-if tJ L~ aJ LL'El ~ 'll'El-:j Katerina .. 
, " 

Goseva-Popstojanova ~mhl n!l~1 n1~~ Lfl n:::,x fl'llaJ L~tJ-:j'1l'El-:jyJ-:j~'El-:j~fiiJ fI'llaJ~'El (;l f1~'El-:j rl'W 
'" I I I I 

'W'El n91 nil~-:j 1~iJm~yj91~rul L yj aJ L~aJ ~~ n1 ~~I'W'l rufl'llaJ L~m'1J'El-:ji ~ tl~ Lu'W,,'h'W~il-:j 1 um'EltJ • 
I '" I I 

-:jlu~l~Ul Lli'lu'Ellu~'YltJ1ih'lUlm ~-:jl~tlftJ1.h-:j L yjaJ L~aJaJ191 n-:jl'W~9tJ'1J'El-:j Katerina Goseva-• 

Popstojanova ~~tl~ln!l~1 tJ1-:ji~~1'IX~~n1~~I'W'lrufl'llaJL~tJ-:j~1,jLuultlLuLLU'l'YlI-:jL~tJ'lrlU 

L~'El-:j91nLLU'lfi(;l1'Wm~~Lfln:::,xfl'llaJL~tJ-:j~LL~n(?]l-:jrlU mh'l~'El m'Elu-:jluiJn1~~LfI~I:::,xfl'llaJ 

L~tJ-:j'1l'El-:ji ~tl b(;ltJyj91~ruI91 n d'Elul '1J~Yil1 'IX Ln (;l mjLtl~tJ'Wli'l m'W:::'1l'El-:ji ~ tl ~'lU-:jlU~9tJ'll'El-:j • • 

, " , 
~ ~ ~'Vi fi~1~91 n-:j 1'W~~tJil YilL'IX m Lfl ~1:::,xli'llaJ 1 ~tl~ Lfl ~1:::,x f1'l1 aJ L~ m'1l'El-:j LLtJtJ~I~'El-:j 

'U 

L=B-:jYl-:j ni'W b(;l tJl-if'Vi ~ ~m~aJ'1J'El-:ji ~ ~ 1~ b(;ltJiJ Lfli'El-:j ij'El L ~'El-rl'ltJ ~1'W'l rufl'llaJ L~ tJ-:j'ElUl-:j!l ~ b UaJ~ 
" " ~ nyJ-:j'tl-:j I"l n ~(?]1-:j1 1i'l1 aJl ~tlUI m'tltJ-:j 1'W 1 tll-if fI'ltJ ~ rltJ m:::tJ'l'Wm ~~ ~'W 1'll'El~ ~LL'lfl U"ll'W~'tlU 

'1J'El-:jn1~~Lfln:::,xLL~:::'El'ElnLLtJU~:::tJtJ L~'ElYil1'IX'El-:jl"lm~~~UI'll'El~~LL'lfli'llaJl~tl'YlntJl~~1 ~'l'W 

1(;l '11 'tl-:j n 1 ~'El'El n LLtJtJ~ iJb'tl n lli'l Ln (;lif'El ~ (;l'Vi ~ 1 (;l aJ 1 n L~'Elt111tll-ifl 'Wn1 ~~ ~'W 1 L U'W'll'tl ~ ~LL'l f 
I I I II 

L Yi'tl~9:::f1'ltJ f1aJ LL~:::~ !1Iif'tl ~ (;lYi ~1 (;l c;)-:j n ~ I'll 'lXU'tl tJ~-:j ~-:j~1 n-iJ'tl ~!1I'Vi ~1!11 c;)-:j n ~1'l Ln (;l;ul u • 
JlltJ~~-:j9 :::Yil1 'IX'tl-:j I"l m~~ ~Ul'l!'El~ ~LL'lf~'El-:j L~ tJ L'l ~1 LL~:::~u'Yl'Wl un 1 ~~ ~Ul'll'El~ ~LL'l faJl n • 

I '" '" I I 

tj-:j;U c;)-:j~'Wn1~Ulm'tlU-:jlultlt~-:jYilt'IX'El-:jl"lmiJm:::tJ'lU~~UI'll'tl~~LL'lfViiJtl~:::~'YlfiJlI'ViLyjaJ 
" I '" I 

aJ1n;u -rl'ltJ~ (;l~:::tJ:::L'l~1 LL~:::~(;l~'W'Yl'Wt'IXrltJ'El-:jl"lm ;-:j-:jlU~9tJilri'tl t 'IX Ln!1ltl~:::btJ'll,r'tlUl-:jtj-:jrlU • 

I .... I '" 

~:::tJU fl'lU flaJ Lfl1'tl-:j9 n m~ t U bN-:jlU LU'W~'W 'W'tl n91 nil~'l'W~il-:j'1J'El-:j-:j 1'W~9 tJill~ L~ tJ'WLUU • 
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U'Ylr1'J1lJ';j'lllmJ'll~:;1~fumJ'~Yh.JyfJ':;c;lUUTW1'll1~ 1 U'Ylfl'J1lJ (ll~(;l\lLUJl1flc.JU'Jn 'll) l~'ellUU 

l.h:;LtJ'llU~'fl'fl(;l~l~nJ'J'lJ'll'fl~(;]ll'Jf ll~:;mJ'~rortJ~n~'JtJ , 

~ , 
1 ) \llu~rortJi11~iJ mJ'~ ~U1 m'flU\llU~l~fu mJ'f) Lfl n:;-J r1'J1lJ l~tJ\l'll'eN llUU41~'fl\l 

l ;n\loW \l n-nu L(;l tJL-ifYi ~ ~ n J'J'lJ'll'fl\li j;l ~ ~\l m J'f) lfl J'1:;-J fl'J llJ l~ tJ\l~:;';j LflJ'1:;-J fl'J llJ l~ tJ\l~l n 
• I I ....., 

Llt:JUJl1YitJ l~ lJ ll'fl~ L(;l tJL-if ~ L ~ tJ'J'lll n I LUU~ Lfl n:;-J J':;c;lU fl'J1lJ l~tJ~ltJYl~ :;Ln (;l;ULn'flln (;l 
~ \I l1li i1 '" 

I .......... I 

L~ j;ln1J'nrYlhl~\l1.h1nlU1;U c;l\ltJU~lniJmJ'tJfutJN L YllJ L~lJL U~'JU'll'fl\lll U'J'Yl1\l (Guidline) , , 

n1 J'J':;U fl'J1lJ l~ tJ\l l ~'fl-rl 'J tJ L,x ~ Lm1:;-J r1'J1lJ L~ tJ\l ~ llJ 1 HI ih ~U(;l J':; c;lU fl'J llJ L~ tJ\ll~mJ 1\l , ~ 

I I I I ..... 

~ n ~'fl\l LL~:;L ~lJ1:;~lJ ri~:;LUU~\lYl-rl'JtJL ,xmJ'';j lfln:;-J fl'J1lJ L~miJtJJ':;~'Yl fiJl1YilJ1 nU\l~U 
, ~ , 

2) m J'~lU'J rum1lJ L~ tJ\l'll'fl\loW\l n-nU\llUL U\llU';jrortJi1 ~llJ1J'Cl ~lU'J rufl'J1lJ l~tJ\l'll'fl\l 
, ~ , 

oW\l n-nU\ll ul~(;l tJ n1 J''vn fl'J llJ b~tJ\l'll'fl\l~UU1~L 'fl fl run U ~h U 1 ~tJn 'll'fl\l L'fl n1 ~Yl~:; bn (;l m J'vi l\llU 
~ 

..... I" ..... '" 
'11 'fl\l;nUU11L'fltJ U (a ) ~\l ';j'Yl tJ 1i:lYiU fii11~iJ n1 J'n l~U(;lL tX ~hu 1 ~tJn i1iJ rl 1 b vh n UL Ubb~ ~:; 

~UU11L'fl mh\lhrimlJ~lniJmJ''Yl(;l~'fl\l~1-'fllriuif'fllJ~n1J'H\llUoW\ln-nU'll'fl\lJ':;uu~e.hUlJ1 l~'fl 
~ 

.......... I I I 

U1lJ11-if LUUrl TW l~tJn i1~:; b UutJJ':; LtJ'llumh\l U\l ~1 'VI fu n 1 J'Yl~l J'ru1 fl'J llJ l~ tJ\l~\l'fl1~~:; bn (;l 
~, , 
;unuoW\l n-nU\llU%r nil mJ' L-if\llUtJ'fltJ vi1LtXmJ'~lU'J ru L 'fl m~ mnn (;l fl'J1lJ b~tJ\lilfl'J1lJCln~'fl\l 

'IJ 

~ ,0 .. 
LL~:; bllJUtJ1lJ1 n'llU 

3) ~1 n\llu~rortJdl~il n1J'~ lfln:;-J fl'J1lJ l~tJ\ll ~'fl j;l'flU~U'fl\loW\l n-nUnlJ'vi1\llU'll'fl\l 
, , " 

J':;uu~\ll~il mJ''fl'fl n LlUU 1 ~ l UUbLt:JUJl1YitJ L ~lJ Ll 'fl~ ~1 n~llJ1J'Cl';j LflJ'l:;-J fl'J1lJ L~tJ\ll~(;]\l LL~-rl'J\l 
~ 

I I I ..... 

'fl\ll"l n J' ~:; l UU tJ J':; LtJ'llumh\l U\lL Unl J''Yl nu n\l fl 'J1lJ ~ 1 ~ '1! ll~ ~ fl'J llJ l~ tJ\lYl 'fl1~~:; In (;l~U~'fl 
" , 

lU1~lJ1tJ'll'fl\l'fl\l1"l n J' c;l\ltJU9\liJ fl'J1lJt.h~uL~Yl~:;U1lbUu41~'fl\ll;n\llU1~lJ1tJ (Goal-oriented 

Model) ~\l~llJ1J'ClL-ifror(;l nlJ'nUr1'J1lJ~'fl\lnlJ''ll'fl\l'fl\l1"l m lJ1L-if~1~fumJ'1~lJ1~\lif'fln1'V1U(;l 

fl 'J llJ ~ 'fl\l n 1 J''ll 'fl \l J':;U U~ ~:;~ tJ U ~U Ul U1~ lJ 1 tJ 'll'f)\l 'fl\ll"l n J'ri'fl UtJ 1 fl'J llJ ~ 'fl\l n 1 J' c;l\l n ~ 1'J lJ 1 , 

" , , 
4) \llUf)rortJi11~~ m~n nlJ'';j lfln:;-Jfl'J1lJ l~tJ\l L(;ltJ l UUnl J'f) lfln:;-JYlllUu41~'fl\l b;n\l 

Yi" ~ ~ nJ'J'lJ ti U~ 'fllbt:J UJl1 Yi ~ 1 c;l U ll~:; LLt:JUJl1Yi ~ bj;l 'YllllJ'll~U ~ \ll UWlt:JUJl1 Yi ~ 'J U'VI~\l'll 'fl\l 



94 

, , " 
~91 HW 1 fl ') 1l-J L~ tJ\ll~~ n L"lf'W LLe.J'WJl1'Y'/ n 9 m~l-J ;'1 LL~ ~\l..n 'WIwe:J'Wm:::u') 'W n1 ~Yi I'll 'W t~ tJ 

" 
m:::Yi1 LL~:::n1~l 'VI~"ll'tl'I m:::U')'Wn1~ ~,)l-J~\l n1~1 'VI~"ll'tl'Ii 11l ClJl1tJ1 'W..n'W11l'tl'Wn1~Yi1\l1'W 1 'W , 

LLe.J'WJl1'Y'/n9n~~l-J~\lth:::n'tlu~')tJ L~'tl'Wl"lln1~I'i'~~'W19~1'V1fun1~1'V1~"ll'tl\ln~:::u')'Wn1~Yi1\l1'W;\l 

~1l-J1~Cll-J'tl\l Lll'W~ mjru:::L~tJ') nu L~'tl'Wl "ll"ll'tl\l LLe.J'WJl1'Y'/~ Ll1lYl LLl-J'D~'Wl~ 
" " 

5) 91 n\l1'Wfj9tJU~\l fl\l n;r'tl~1 n ~ [;]1\l11 'Wn1~~ Lfln:::tf fl,)1l-J L~ tJ\l1 'W~:::~ui (;1 ~Vl 

~1l-J1 ~Cl~ ~'W1 [;]'tll~ L"lf'W n1 ~~ Lfl n:::tf fl,)1l-J L~tI\l"ll'tl'li (;1 Cl91 n LLe.J'WJl1'Y'/~ Ll1lYl m-l'D~'W~i:J~ Cl1'W::: , 
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t.jL-a).JLL'flrl (Unified Modeling Language: UML) ~'fl LLUU~1rl'fl'l).J1(;1~j1\J~dj'WJl1~1 

~1~fUn1~~1rl'fl'lL=D'lf(;1'l (Object-oriented Modeling Language) L~'flH'flfiu1m:::uu 
, ," 

~1U~\JLYlPl (Information System) L~uH~C\!~n~cllU1l1Y'1Yldj\J~1nrlYl~nf1~~\J).J1~1~fUn1~ 
, "" 

~L~~1:::trLLrl:::'fl'flnLLUU~:::UU ;'l~1).J1~Cl"lhuL~L;r1LiOli1C\!~11~~1U~\J \J'flniOl1ni1U'l"lhu.yi1L~rf"D 

nu~~ [;JJ\J1 ~ W.l1).J L -ii'1LiOl (;1N n\J1~~ n ~')U 

m~).JLL'tlmi).J~\J~f'lLLmL\Jtl1994 ~U1';YlL~-n\J\J'fl~"l!'flyj~LL')f (Rational Software) .. 
" L~U LLm~ \J"l! (Grady Booch) LLrl::: LiOl).J; LL~).JLijfn (James Rambaugh) f(;1'lU~:::~'l~Lii'tl'l~\J 

" , , 
L \Jn1~i')).J'l1\Jn\J~:::WJ1'l11'l 2 ~\J LU\Jn1~~ [;JJ\J1m:::u,)\Jn1~~ [;JJ\J1"l!'flyj ~LL')fL=D'lf (;1 ClYl dj\J~U'l , 

L~m (Unified Method) L~UU1L'fl1~fi"ll'fl'lLL(;]rl:::f1\J~'fl ~fi"ll'fl'lU"l! LLrl:::~fi"ll'fl'lL'flL-a).JYl (OMT: 
" 

Object Modeling Technique) ).J1~')).Jn\JLLrl:::ufuu~'lLmJ (;]'tl).J1L\Jtl19951'fl')1iOl1f1!lU~\J 

(Ivar Jacobson) ~~[;JJ\J1m:::U,)\Jn1~~Plm~).J"l!'flyj~LL')fL=D'lf(;1'l (OOSE: Object Oriented 
, "" 

Software Engineering) 1~L-ii'1i')).JnuLm'ln1~~'ln~1,);'lL\Jf1f'li1LU\Jn1~~~1'l1l1~1LLUU~1~'fl'l 
" , 
~\J).J1LmJ L~un~1 m~).JLL'flrl (;]'fl).J1L\Jtl1997 m~mL'fl~i\JYl1.11~Clm~\J'flL~numl,)U'l1\J 

'U 'U '" 'U 

LLt:.J\J1l1Y'1L \JU L-a).J LL'fl~ iJ n1HLU'l n~).J'fl'fl n LU\J~~1U~ n~ru:::(;11).Jf (;1 ClU~:::~'l ~ n1~U 1 '" . 
, " 

LLt:.J\J1l1Y'1L-if'1UH''l1\J ;'lL \J'l1\J~Yl milY'l\Jfim~ LLU'l LLt:.J\J1l1Y'1L \JU L ~).J LL 'fl ~'fl'fl n L U\JLLUU~1rl'eN 3 .. 
" U~:::b11Yl [1] ~'li1 

1) LLUU~1~'fl'lL=D'lY{'ln-n\J 

" nU~:::L~U~L~U~'lL"llU ~'li1 

(1) LLt:.J\J1l1Y'1 niOlm~).J LU\JLLt:.J\J1l1Y'1~~,rU~\J\Jn1~~~1'l LLUU~1~'fl'l L=D'l(;1~m::: , 
" 

"ll'fl'l n ~:::U,)\Jn1 ~Yl1'l fi~niOl LL~ :::,]\J(;1'fl \In 1 n;1'l1\J , 

2) LLUU~1rl'fl'l L=D'l Lf1~'l~~1'l ~1'fl L1un~n'flrJ1'l~1 LLUU~1rl'fl'l L=D'l LL\J') f)~ (Conceptual 

Model) LU\JLLUU~1rl'fl'l~'tlfiU1U Lf1 N~ ~1'l'1l'fl'l;r'tl).Jrl~'l ~,ru~\J\Jm:::u,)\Jn1 n=D'l fi~niOl L \J'fl'l ~ m .., , 
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>-

~:::"d1-l L ~ ~ n1 ~';j Lf'l ~1 :::lhrULLtJtJ~l ~'tl-l L=R-l Lf'l~-l ~~1-l9::: LL~ l?1-l n ~ l-J1J'tl-lifmJ ~ L=R-lln ~m:::Ll?1 tJ . .. 
>-

tJn P\91n n1nj-ltJ'tln~lif'tll-J~t!UCl mntJ Cln~~l-l vit'tl Cl n9l?1n1~'tlth-lh LL[;)mLf'ln:::tf~:::tJtJ9::: 
'tJ .,., 'U 'tJ 

LUU~m1l-J~1r1 n 11J'tl-lif'tll-J~[;)'tlfi~n9 LLc.JUll1Yi~ LijULLtJtJ'~l~'tl-l L=R-l Lf'lN~~l-l 1~ LLn LLc.JUll1Yi "l;j 'II • 

f'l~1~ LLc.JUll1Yi1'In~ (Object Diagram) LLc.JUll1Yi~Yi~'tltJLl-JU(;] (Deployment Diagram) 

LLc.JUll1Yif'l'tll-JLYiLUU(;] (Component Diagram) LLc.JU111YiLLYimn9 (Package Diagram) LL~::: 
, >-

LLc.JUll1YiLf'lN~~1-ltJ~:::n'tltJ (Composite Structure Diagram) ;-li:JntJ~:::L~tJl?1 Ll?1tJ~-lL1JtJ (?)-lil 

(1) LLc.JU111Yif'l~1~ LUULLc.JU111Yi~ LL~ l?1-l f'l'J1l-J~l-J~ufinu~:::"d1-lf'l~1~~1i:J 

f'l,)ll-J~l-J~ufinULLtJtJll?1 LL~:::i:J f'l ru~l-JU~'tl :::1~ir1-l f'l~ 1~ LL[;)~:::f'l ~1~9::: LUULL~ULLtJtJ • 

(2) LLc.JU111Yi1'In~ LUULLc.JUll1Yi~LL~l?1-l1'In~LL~:::f'l'J1l-J~l-J~ufi ru L'J~1~~-l1 

'tl19 Cl n ~ 91 ~ ru 1 dj U n ~ ru Vi). Yi 1 ::: 'lI 'tl-l LL c.J U 111 Yi f'l ~ 1 ~ ~ 1- 'tl LL c.J U 111 Yi f'l 'tll-J l-J D L f'l-D U 
.. 'II 

(Communication Diagram) 

(3) LLc.JU111Yi~Yi~'tltJLl-JU(;] djULLc.JUll1Yi~LL~l?1-l~rni1lntJm~l-J lu~n~ru:::Lf'lN 

LLtJtJ (Configuration) 1J'tl-lL~Ul?1 (Node) m:::tJ'JUn1~~lL'WU-l1ULL~:::~'JutJ~:::n'tltJ~'tl~ltJ 

L~tJl?1 

>-

'tlfitJ1tJ LUU'tl-l rl n nL~:::n1~;tJ[;)'tl nU~:::~~l-l n~l-J'lI'tl-l f'l'tll-J L Yi L tJtJ(;] • 

>-

In~m::: LL~:::LL~l?1-l1'IXL~tJn-ln1~;tJ[;)'tlnu~:::~~1-ln~l-J • 

(6) LLc.JUll1YiLf'lN~~1-ltJ~:::n'tltJ 

3) LLtJtJ~l~'tl-l L=R-lYi ~ ~ nnl-J LUtJLLtJtJ~1~'tl-l~'tlfitJ1 tJ ~ n~ru:::L=R-lYift1' 1n111tJl U~:::tJtJ 

~lU~ULVlP\ ;-l~utJ~~um:::tJ'JUn1n=R-l~~n91 tJ'tl-l rlnnLc.JU111Yi~ LUtJLLtJtJ~lft'tl-l L=R-lYi ~ ~nnl-J 
1~ LLn LLc.JU111Yi ~1 (P)'tJ LLc.JU111Yi f'l'tll-J~'WLf'l-DtJ LLc.JU111Yi~ LInVl LLl-J"l!~U LLc.JtJ111Yi n1 ~tJB~l-J~tJfi 

Ll?1tJ~-lL1JtJ (Interaction Overview Diagram) LL~:::LLc.JUll1Yiih~tJl?1L'Jft1(Timing Diagram) Ll?1tJ 
>-

i:J~ltJ~:::L~tJl?1 Ll?1tJ~-lL1JtJ (P)'-lil 

(1) LLc.JU111Yi~1 (?)tJ LUULLc.JU111Yi~ LL~l?1-l1 'IX L ~tJn-l n1~~l?1 [;)'tlnU~:::~~l-l~'JtJt1'tltJ 
,,,, 

(Element) ~1-'tlluV1il'tl199:::~l-J1tJn-l1'InCl ~1-'tlYi-ln-DtJn1~l11-l1U1U~UU1H'tl ~'Jl-Jn-ln1~~-l~ltJ • 
if'tlf'l'J1l-J~:::~~1-lYi-ln-DUn1~l11-l1U1U~~-l~tJU11L'tl 

(2) LLc.JU111Yi f'l'tll-J ~DLf'l-DU djtJLLc.JtJ111Yi~ LL~ l?1-l n 1 ~tJB ~l-J~U fi ntJ ~:::~~ 1-l 

t'l')tJt1'tltJ (Element) 'lI'tl-l~ rni1lntJm~l-JLf'lN~~l-l11ltJl tJ LLft:::n1~t'l-lif'tlm1l-J111tJl U'tlt11-l LUtJ 

~1 (?)tJ Ll?1 tJi:J n 1 ni 1~Ul?1~l-J1tJ Lft1J1J'tl-lif'tl m1l-J 11 
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(3) LLe.J'W111'Y'H~ LIn'Yl LLl-J"lf~'W Lij'WLLe.J'W111'V'j~ LL~ ~'I n'l fl'J 1l-J LLIn n ~1'1"lJ'el'l ~ bI1'W:;"lJ'el'l 

l' Intl1 'W1:;"d1'1 mn11'11'WrJ1iJ L",,1n m1ru1~U1'1~vi11 tX1' In tl",,~'1 L tl~ tJ'W91 n~ tl1'W:;""~'Iltl LU'W~ n • • • 

(4) LLe.J 'W111 'V'j n 11tllj ~l-J ~'WfiL~ tJ ~'I L"lJ tJ L U'W LLe.J'W111 'V'j ~ LL~ ~ 'I n 111"" ~ "lJ'el 'I 

n1:;u'J'Wm1'Yl1'1u1n9 • 
(5) LLe.J'W111'V'j n1""'W~ L'J ~1 LU'WLLe.J'W111'V'j m1tllj~ l-J~'Wfi"lfij~l-1~'I~ L ~'W~ d'el'Wl "lJ 

"lI'el'lL'J~1 tlnH~1l-1fU~'Wl-11'V'jn~m1l-J"lJ'el'l1'lntlln~'el~"ll'J'IL'J~1 
~ "I • 

o 0 " 

LLe.J'W111'V'jmill-J LL'el~vhnmif'el'l nU'I1'W~~tJi11~ LLTl LLe.J'W111'V'jtJ~ Lfl ~ il'J1 ntJ ~l-J~'WfiLL~ ~'I1 'W 
~ ~ 

1n1n'l~ n.1 LLe.J'W111'V'jfl~1~ iJ'J1ntJ~l-J~'WfiLL~:;fl'J1l-J~l-J~'WfiLL~~'I1'Wmn'l~ n.2 LL~:;ln1n'l~ 

n.3 LLe.J'W111'V'j ~ 1 ~U il'J1 n tJ ~l-J~'WfiLL~ ~'I1 'Wln1 n'l~ n.4 LL~:; LLe.J'W111'V'j ~ LIn'Yl LLl-J"lf~'W il 

'J1ntJ~l-J~'WfiLL~~'I1'Wmn'l~ n.5 

o 0 

'" q tJ .dI q~ I 

~Lnm"ll'el'l: LL'Yl'W1.Jflfl~ U'YlU1'Yll-11'el1:;UU'YlIn~In'el 

nU1:;UU ~'Il~futl1:; LtJ"lfUl-11'el L~mif'el'l nuff'l rfi'W 

'I1'Wl-1~n"lJ'el'l1:;UU 

fJ~Lfl~: LL'Yl'Wl-1~1~l-1~n"lJ'el'l1:;UU l-11'el~'J'W"lJ'el'l 
ff'l rfi'Wm1vi1'11'Wl-1~ n"lJ'el'l1:;UU L~mL~ ~'I LU'W'J'Ir 

o " 

LL~:;n 1 nU~'elff'l rfi'W'I1'W 1 'W'J'Ir'l1'W 

"lI'elUL1'el'l (System Boundary): LL'Yl'W"lI'elUL"lIIn"ll'el'l 
o 0 

.dI .o=r. d C'iiI.c:I 

1:;UU l-11'elm:;U'J'Wm1'Yl1'1u1n9 "If'll-J"lf'el''lJ'el'l1:;UU • 
" 0 0 

'l1'Wn1nU'el~111tJ1'Wm'elU~Ll-1~tJl-J 

fl 'J 1lJ ~lJ ~'W fiLL U un 11 L ~ 'ell-J L tJ 'I (Association 

Relationship): 

C) 
-f--

« actor» 

Actor/Role 

Actor/Role 

System 

* * 



rl')124i24~uifLLtJlJ~,)24 (Include Relationship): 

LL YlUn1 ~~,)24~-:I nonu-:I1 U"1l'fl-:l ~ fl Lrlfl~~-:I L if1 11.J 

rl,)124i)J~uifLLtJtJ'1lU1U (Extend Relationship): 

LLYlUm~'1lmU'1l'fl-:l~fl Lrlfl LUUYi ~~m~)Jl u~nlj-ru:; 
. " 

Yl1-:1L~'fln tI?lU~nPlnlnL~UUIil1nUflLrlflVinn'1lmu:n 
~" ., 'Ii 

rl ') 1 24 i 24 ~ U if LL U tJ L Iil U L U ~ f f ~ 1 ~ L "l! on U 

(Generalization Relationship): LLYlUrl,)1)Ji24~uif 

~:;~~1-:1Ufl Lrlfl~,) 11J LL~:;Ufl Lrlfl~ L'UYi1:;LIil1:;Iil-:l;-:I 
~ ~ 

t'flLtl'flfL~onU: LLYlUmm~:;vi1~1'fl~-:lnonuVirl~1flfl1241~n 

~1LUum~1~ 
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<It------

Class 

-attribute 

+operationO 

attribute name 

/derived attribute name 

operation name 0 

1 . .* verb phrase 0" 1 



Exactly 

one 

Zero or 

more 

One or 

more 

Zero or 

one 

Specifie 

d range 

1 

0 .. * 

1 .. * 

0 .. 1 

2 . .4 

Multiple, 1 .. 3,5 

disjoint 

range 

1 Dep.rtmeo' 1 
Boss 

1 Employee 1 
0 .. * Child 

Boss 1 .. * 
1 Employ~ 1 

r----I EmPloY-t-" 1 -----to .. ' 1 5po.,. 1 

1 Employee 1 
2 .. 4 

1 V.c'';oo I 

1 Employ.. 1 t--_1_ .. 3. 5---11 Commltt •• 1 
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" ~LL~~t!n'IT\.J1Jl(;],m~ 

1 PI'W~'WhJ 

.... ... .. 
~'Wn ,n'W~'W~PI'W9:;#J 

'll(H~1~n~'el'W1Jl 

~:;~~1~ 2 n~ 4 1''W 

... ... 
~'Wn~1'W~'W~PI'W 

~1#J1~mU'W~'l'W~ii~ 

~'el~ PI ru:;m~#J n1~lJl 



o 

nu~:;uu ~1'tll~futh:; LU"1!Uron m:;uu L~U"I:;Lnm;r'tl~ 

nU~1~Un1~~1~1UL~Un1~fu~~;r'tl~~1~ 

t)~'r LLVlUt)(;J~vhnm;r'tl~nU~1~Un1~~1~1UL~Un1~ 

fu~1'tl~~-n'tlm1~ 

o 

Vl1~1U 

4 J 0 

n1nn~'lJU'lJ'tl~n1mr:;Vl1 (Execution Occurrence): 

LL VlUt) (;J Cl~~ 1 n1 ~~~ LL~ :;fu-n'tl ~~1~ • 

tJ~~nt)(;]Cl~~'1 L~u~n1~iSun~1LUUn1~~nt)(;JCl~~~"I:; • • 

LL~ ~~ LUU~ n PI n~u~ u LL~:;iHr'tl ~~1~ ih nu'tluuu 
~ ti 

., 0 0 

~nPl~ ~hJtJ~t)(;]Cl~!1f'tl~n1~L1-un~1LUUn1~ 1u'lJru:;~ 
ti • 

n1~~1~1Ut)(;J~ (Object Destruction): LLVlU'~~U~~ 

n1~~1~1U'lJ'tl~L~U~~(;]'lJ'tl~t)(;]Cl • 
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C) 
--

«actor» 

Actor/Role 

anActor 

I anObject: aClass I 

aMessageO) 

x 

Context J 



nlOl mJ'~: LL'Vl'W'Yi ~ ~mJ'~VllOl:;tJnm:;Yi1l-1~~IOl1nij 

Ll-II?ln'lJ'ruL-ih~lm:;t1f'W LL~:;LtI'Wlul?ll~d'5'Wl'lln'lf~ , . 
" , , 

'i' ...... 0 ""... • ,'" 

~~t1'Yi ~ I?l mJ'~'WIOl:;tJ n n J':;'Vll L~'5~ n'lJ'Lu~ t1'W~ m'W:; 
, , 

lOll n~ m'W:;l-Iu~ luu~~ n ~ m'W:;l-Iu~ 

oQ A q oQ 

m'5UuJ'U'Vl: LL'Vl'WUJ'tJ'Vl'll'5~ LUJ'WJll'Yi~ LI?l'Vl LL~"1I"1I'WL"J1~ 

'Yi~~nn~ 
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~t1!~n~nr 

( aState ) 
e 

-
anEvent 

[guardCondition] 

anActivity 

> 

Context I 

, " , 
Ll-I"Jn'lJ'ru VlLn~;'W1'WmJ'WJll'Yi~LI?l'VlLL~"J1~'W~1~lnlLLu~1~LtI'W 4 1.h:;LJl'VlC?l~l?lln~Vl n. 

6 

~~IOl:;vht,xLn~n'lJ'Lu~t1'W~m'W:; n'lJ'm:;vh LL~:;~m'W:;Lihl-l~1t1 ~~~l~lnlLLU~UJ':;LJl'Vl'll'5~ 

LL'VlJ''W:n-n'Wl~LtI'W 5 UJ':;LJl'VlC?l~l?llJ'l~~ n.? 



tJ~:::L1lVl"il'el~ 

LLVl~U:niu 

f1'elfl~L'),Wvl '"l:::dju~'el"il'el~ L'elbtJ'elfb~iU"il'el~f1fl'1~ Yl'1~'1~ bl?l'elf 

"iI'el~ f1'elfl~b'JUvi '"l:::djUYl1~1~LI?l'elf"il'el~L'elLtJ'elfL~iu 

" "'" I Yl'1~1~LI?l'elfl.uL~I?ln1nl1,ru b~l?ln1mril'"l:::Ln~~uLij'el~1"i1'el~ • • 

djU'lh~L'Jfl1~~'1n~~1'el~1U~ULtJ ~~~'"l'1n(1tJnL~!1Jn1nU after(time) 

(L~tJ~'JLtJdjuvnwii1"i1'el~~mu:::u'"l'"luu) 1umii~bb'elfl LVl~~ . " 
L'J U vi ~ n ~ '1 fl 'el ~ ~l'J tJ n '1 ~ 1-if ~ TVI ~ n (Keyword) ~ '1 "After" 

1?l1~~~~ilYl'"lt11J1~'el th~~ n 1'i~U~ bUU'lh~ L'J fl1 

" ... 

105 

.:II I'" !4 q& I 1.1 ,. ~ .ct 
~~mu:::tJ'eltJ '1!~Luu~mU:::Vlu~:::n'el1J~'JtJ L~!1Jn1nU e1 Ln~"ilU A 1 

~t11U:::U'eltJ~yh~'1uYl¥'el~nu ~1'elLUU LLfl::: 81 '"l:::nfl1tJLUuiJ 

~t1'1U:::U'eltJfin~~1~'el hJiJn1nh~'1u n1~m:::l11(active) 

Yl¥'el~nu LUUn1~l1'1~1umij'elU~mu:::tJn~ 

LUU LL Vl ~u:nfuVihJ iJ L ~ I?l n'1 nl1~'1 m:::~u L~tJULUULLVl~U:niuLtJ~-h1 
1 • , 

t.I "" ~ c:i '" 'I 
Ufl:::'"l:::t1nn~:::I?lU~'JtJn'"ln~~~VlYl~'el~bU " . 

... , 
~'eliJn1~m:::l11Ln~~Ubb~'"l:::LlJiJn1ntJ~tJu expression 



, 
1?l1r1~Vl n.7 LLMWllU~"1J'tl~LLVln.!:ni'W (~'tl) 

t1r~\JlVl"1J'tl~ 

LL VI r'W:ni'W 

L'tl'W'W1 LiJfl 

LL VI r'W:ni'W 

LL VI r'W;i'W 

nUI'l,)L'tl~ 

, , , 
LU~U'W"nn~m'W~~i1~LU'W~n~m'W~~i1~ 

LU'WLL VI r'W;i'W Vl ~~ m'W~ L1'lJ t1f'W LLfl ~~ m'W~ e( a: T) [exp ]/action 

Lij1l-llJ1U L U'W1Ol ~ L~U,) n'W~~ IOl ~~1~1Ol1 n • 

, 
.. 0 0 ct ct " .., 

~m'W~ LlJ'tlVl1n1rm~Vl1LMlOlnlOl~L"1J1lJ1U~ 

~m'W~L~lJ 
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g'l!. ~t-LbLWt-~ JlnnHA11i~~I1Ln.&~L\;'t-~~m t-11~'IiLt..~nLt-I1Lb (g 

~t-ULWt-~ JlnmM.lli~~I1Ln.&~L\;'t-~~" t-11~mLt..~t-~l!.m~L~IiLt..~n.~L~~~bLU (L 

9'I!. ~t-LbLWt-~ JlnmM.lli~~I1Ln.&~L\;'t-~~" ~l-tLnn~n.~;:bw~mLt..~j\;:Lb~'~bLU (9 

S'I!. ~t-LbLWt-~ JlnmM.lli~~I1Ln.&~L\;'t-~~" ~w~n.~;:bt-l1~mLt..~j\;:Lb~'~bLU (S 

V'I!. ~t-LbLWt-~ JlnmM.lli~~I1Ln.&~L\;'t-~~" t-11~mLt..~j\;:U~'~bLU (v , , 

S'I!. ~t-ULWt-~ JlnmM.lli~~I1Ln.&~L\;'t-~~" t-11~mLt..~h;:ULU (S 

(;'I!. ~t-LbLWt-~ JlnmM.lli~~I1Ln.&~L\;'t-~~" t-11~mLt..~n!:!';:brtbLU ((; , , 

~ '11. ~t-LbLWt-~ JlnmM.lli~~I1Ln.&~L\;'t-~~" .ft.."JltA~U.libWI1WDLl1~n.m'U~~bLU (~ 

L'I!. 

Ut-~ nylit..fnLt-L!:1-LIi~ Lt-L~JlnmM.lli~~I1t..Jt'n.~U;:brtUI1~~nLt- ~, ~ 

n \ ~n~' LttJt'\~n1-Y t-M-t-~, t-~~L~n.m' t-~rr.t-I1~' IiLt..~j\;:Lb~' ~bLunLt-n.~wn..fk1.L~ UJnM.ULI1lA.~ , , ~ 

nLt-t-~11. v ~lA.n.nl.H~n~'Ltt~\~~W~t-~l1.liuu~bM.}HI1~ln1-Yt-M-t-~,t-~~L~n.m't-~I1.t-I1~' " , 
IiLt..~j\;:Lb~' ~bLunLt-n.~wn l..wnn, M.lli~~;:~~" t-~I1.I1Ln.&~L\;'t-~~";:l!,.uut..nl":l~LLm \ ~ 

U W,!-t'I1~ltbbU ~ II M.~ 'L'l~ln~y t'M-t'~ 1 

t'11~L~n.n. 11 t'11~Nl~ 1 ItLt,~ ~~Lb~1 ~bLU nLt'n.l1bU t'11(lg~nn 1 M.lltl1~ IlLn.~ I1L~ 

(lg Ut,n~~Ll1 
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~ .,j ,:;1 
Ltlni'u 1Ii.:J~'II~\Jvi" ') \JY1 : 1'\J't'l 8 ~.:J\l11'1l.J YO'\. 2550 

iU: 1.2 

n11f1tlnLLUUfltl1UIIlUn1Tl.J'IItlvlvi"U'lf 

RAF01 

~'t'l~1\l'l'l\Jtf L1tNn1tlU.:J1\Jn1flLf'l11::~f'l'l1l.JL~m'lltl.:JUU1J'~1~tl.:JL~.:JYI.:Jni'\Jt(iluH'I'l~~nnl.J'IItl.:J 

1'1Il'l 

1. ~LI'I11::~1'I'l1l.Jilitl.:Jn11'11tl.:J1::UU~"l::~~\J1 

2. tltl nLLUU LLtJ\JI11'1'l \!fl LI'I fl ;.:J d'l\Juuu41 ~tl.:J L=D.:JYI.:J ni'\J L ~tltl B1J1U ii.:JYI~ ni'\J~1\J~T::UU 

oJ !'I • -~ " .. - .. ~ "" 3. tltlnLLUULLtJ\JI11'1'lI'l~1fl 'NLu\JUUU"l1~tl~L'I!~ LI'INfl11~ L'I'ltltlfiU1Utl~ LI'INM1~'IJtll;j~ 

'IItl~1::uu~iil'l'l1l.J~l.J~\Jtfn\J 

4. tltl nLLUULLtJ\JI11'1'lthlliu ;~ LiI\JLLUU41~tl~ L;.:J'I'l~ ~n 11l.J L ~tltlB1J1U ii~;\J\J11ttl n11 

Yi1~1\J1'll.J n\J\l1tl n11L1Un t ;r;rtll;j~ n\J1::\I~1~1' III 'l~ LU\Jti\Jfl LLIIl\Jvl'lltl~I'I~1fl t \JLLIii~::\!fl 

Ll'lfl\l1tlYl~ ni'\J~ 1\J'IItl~ T::UU 

5. tltlnLLUULLtJ\JI11'1'lflLIIl't'lLLl.J'I!;\J ;~LiI\JLLUU~1~tl~L~~'I'l~~m'Tl.J L~tltlB1J1uii~n1TLtI~U\J 
• , ~ .J iI - .. .JJ', ~ , 

fl tl1\J::n11't'l1~1\JI11U L \J'llll'l't'l L \Jtl\Jfl LLIIl\J't'l'lltl~ 1'I~1fl't'l'll\Jtl \! nUfl tl1\J::'IItl~ LLIIl~::f'l~1fl 

t \J LLtJ'IUl1'1'l1'1 ~ 1fl 'IItl~ 1::UU 

LLtJ'IUl1'1'ltJLtil.JLLtl~'IItl~1::UU~"l::~~\J1 ~~t11::ntlU~f'lmLtJ\JI11'1'l\!flLf'lfl UtJ\JI11'1'lf'l~1fl LLtJ'IUl1'1'l 

~111iU LL~::LLtJ'IUl1'1'l~LIIl't'lUl.J'II;\J ~iif'l'l1l.J~l.J~\Jtfn\J 

~ LPlT1 ::~LL~ ::tltl nLL UU T::U U"l ::i1itl ~ Lii1J1'l1J1'l)J f'l'l1l.J ill '1l~ n 11'11 tl~ T::U U LL ~::tl tl n LL U U L U\JLLtJ\JI11U 

tJLti)JLLtl~ 



109 

~tln{u 6l~~1Jluli1 -3'uvI: 1'uYi 8 ~~Wll'l)J VU'I. 2550 

iU: 1.2 

RAF02 

i)Y1U1\lYiufi ~~n1tllN1Un1n~l'ln::lfl'l'l1)J~~U~1Jtl~U.lJlJ~1iltl~~~~Yl'~n{u1(;lul-!iYiq~nl1)J1Jtl~ 

1'111') 

n111::1..J1'I'l1)J~~U~(RAF03) n11i)~1'l11::lfl'l'l1)J~~U~ (RAF04) n11 

4'(;l~161lJl'I'l1)J~1f'i'1l"tl~I'l'l1)J~~U~ (RAFOl) 

1. 1::1..J1'l'l1)J~~U~~1n1'II1'l ~~il::n11tJBl)J~ufiriU1::wh~1'II1'l (1I11)Jl'ltl)J1Yi~uUIi11,r~ 

RAF03) 

~ .. ..,J ~ ~ ~ ..,J..,J ~ X ~ ~... ~~ '.~ .. ~ 
2. 'l~1'l11::\I1'1'l1)J~I'lU~ ~U1::(;llJ'lIl1')I'l'l1)J~I'lU~Y1Lni1l"U ~U1::i1llJ'lIUU11~tl"tl~~~lI1il::11~n'llU 

n1ni1~1U (1I11)J1'l'il)J1Yi~uUIi11,r~ RAF04) 

3. 4'(;l~1U~~1 ~lJl'l'l1)J~1 f'i '1I1Jtl~ 1'l'l1)J~~ U~1Jtl~ ~~l1iil ::;UU1'Htl t U~~l1i il ::YI~ Mun 11vi1~1U 

((;11)Jl'ltl)J1Yi~uuli1rnl'l RAFOl) 

1'l'l1)J ~~ U~~ ~ni1l~U t U1::~lJ;UU 1'Htl~1~j:j n11L1U~~1 r;ilJ f'I'l1)J ~1f'i '1I1Jtl~ 1'l'l1)J ~~U~ ~~t\'l t u~~vi il:: 

Yl'~n{Un1ni1~1U1JM1::lJlJ 

0-

II1U 



n~::U,}lJn1~: 
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Lfln-DtJ 1Ii'~~lltt'lJl'l 1\JVI: -)lJVi 8 ~-l'W1P1~ VUI\. 2550 

llJ: 1.2 

RAF03 

~'VltJ1\jYilJfi L1fl~n1flm1lJn1nLPl11::lIl'I,}1~L~m'!Jfl~LLuu41flfl~L:n~~~n-DlJ1IiltJHYi~~nn~'!Jfl~ 

-)[;l~ 

r{iLPl11::lILLfl::flflnu.UU1::UU ",1flr{iLPl11::lIl'I,}1~L~tJ~liifloln11~LI'I11::lIl'I,}1~L~tJol'!JflolLLuu41flflol 

L:nol~oln-DlJ L(;)tJ1::1.J1'I,}1~L~tJ~"l1nYi~~nn~'!Jflol-)[;l~ u.fl::n11t1ntt'~~lJfirilJ1::"'~1ol-)[;l~ 

U.c.JlJ111Yi~L-1i~LLflfl~tl1::nflu~'}mLc.JlJ111Yi~t'lLPIt'l LLc.JW11Yil'lfl1t'l LLc.JlJ111Yi~1{;)U LLfl::LLc.JlJ111Yi 

t'lL[;l'VlLL~'lI:OlJ 

1. 1::1.JPI,}1~ L~tJ~'!Jfl-l-) [;l~Vi d:llJtilJt'l LL[;llJv1'!Jflol P1fl1t'l~~lJfl~ riU~Hl1lJ:: 1(;)tJ~"l11CU1~ 

LLc.JlJ111Yit'lL[;lYlLL~'lI:OlJ 

~ .. 1..1 'l .. .I " .;/ 'l" tI.J - Yi"l11CU1YlLolfllJ '!JL"'~n11CU'Vl~1n1::~lJU.fl::L~fllJ '!Jn11(;)'!Jfloln1n fltJlJt'lCl1lJ::UlJ 

LLlI1fl::LL'Vl1lJ:Hu'!JflolLLc.JUl11Yit'lL[;lYlLL~'lI:OlJ 

2. 1::1.JPI,}1~L~tJol'!Jfloln1lt1ntt'~~lJfirilJ1::\-ltj1ol-)[;l~ 1(;)tJ~"l11CU1~LLeJW11Yi~1{;)U 

- ~"l11CU1~ n11I'lol;rfll'l,}1~\-l1fln11C1tJ n H rilJ1::",tj1"'-)[;l~ 1 lJLLc.JW11Yi ~1{;)U 

u.t'l(;)"'iU[;lfllJ~Lnlil~uL~flr{iLPl11::lILLfl::flflnLLUU1::UU ",1flr{iLI'I11::lIl'I,}1~L~tJ",i/(floln111::1.J1'I,}1~ 
d.J - J' v v tI-~ v"v • v • v 

LI'l tJol'Vlfl1"l"l:: Ln (;)'!JlJnu'}[;l ~ u.fl::n11 !l1"l~YilJfi nu 1::\-l')1ol'} [;l ~ "l1nLLc.J un 1Yi fl11ilU LLfl::LLc.JlJ111Yi 

t'lL[;l'VlLL~ll:OU 

" [;lU 

2 . LLc.JW11YiIl11"'1 ~~nflflmLUU d:lULLc.JW11Yi~Lti~LLflfl~jj,}1ntJtt'~~ufi~ni/(flol 



" ." 'II'il~I'IU1L'II1 : 

111 

~ - ,~ Ltlniu c;i~~'IJ~tJj;f 'lU'VI: 1'tJ'r'l 8 ~~\111'1~ Yi.I'! . 2550 

~U: 1.2 

RAF04 

:j'r'lm\lYitJfi L~~n1tllJ~1tJn1nLI'I11:;\f1'l'l1~L~tJ~'IJtl~LLlJlJ41I'1tl~L~~VI~nitJL"'tJH'Yig~n11~'IJtl~ 

1'(;1'l 

....... ....... ,-:1~ "... .~." 
~'lLI'I11:;\1LLI'I:;tltlnLLlJlJ1:;lJlJ \11tl~'JLI'I11:;\11'1'J1~LrtU~"I:;(;1tl~~n111:;1.l1'l'J1~LntJ~'IJtl~'J(;1'l LLI'I:;n11 

tllj ~ ~~tJfiritJ1:;\1~1~ 1'", 'l L1tJlJ 1tl tJ LLfl'J 

...... A....... .-;1." - .. .:1. • 
~'J LI'I11:;\1 LLI'I:;tl tl n LL lJlJ 1:;lJlJ \1 ffi ~'J LI'I11:;\11'1'J1~ Lrt tJ~ (;1tl~ n 11'1 LI'I11:;\11'1'J1~ Lrt tJ~'IJtl~ LL lJlJ"I1I'1tl~ 

L~~VI~nitJ 

n1ru1:;LSltJ~'J1~L~U~ (RAF02) 

n1nLI'I11:;\f1'l'J1~L~U~1:;c;ilJ1'''''l (RAF05), n11:jLI'I11:;\f1'l'J1~L~U~ 
1:;~lJ;tJtJ1Htl (RAF06) 

1. :jLI'I11:;\f1'l'J1~L~tJ~'IJtl~1'(;1 'lVhUtJfltJt'I LL(;1tJ~'IJtl~1'I1'11t'1~~tJtl~rilJt'lCl1tJ:; UI'I:;:jLI'I11:;\f 

1'I'J1~L~U~'IJtl~n1rulj~~~tJfiritJ1:;\1~1~1'''''l ((;11~l'Itl~LYiLtJUj;f1,rt'! RAF05 ) 

2. :j LI'I11:;\f1'l'J1~ L~ tJ~~ Li;"'~tJ 1 tJ1:;c;ilJ;tJtJ11Ltl'IJtl~LL~I'I:;VI~ rlitJn11li1~1tJ ((;11~ 

I'Itl~LYiLtJtJj;frnt'! RAF06) 

" ,~,- .~, ,:'!. ..-.. ~..-.. ,::I." - .. 
LLt'! "'~'IJ tJ(;1tl tJ'r'l In '" 'IJtJ L~tl ~'J LI'I11:;\1 LL l'I:;tl tl n U lJlJ 1:;lJlJ '\oI1tl ~'J LI'I11 :;\11'1'11 ~ Ln tJ~ (;1tl~ n 11'1 LI'I11:;\1 

1'I'J1~L~U~~tl1"1"1:;Ln"'~tJrilJ1'(;1'l LLI'I:;n11tllj~~~tJfiritJ1:;\1~1~1'(;1'l "I1nu~tJI11Yi~1fJLii~LLtll'l~lJi 
tltlnLLlJlJL-l 

1 . r{i LI'I11 :;\fLLI'I:;tl tl nLLlJlJ 1:;lJlJ iIItl~ jj 1'I'l1~ lL~ tJ '1 rilJ n11tl tl n U lJlJLL~\U11Yi fJ L ii ~ LL tll'l L ;jtl~ 

iIItJ 
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ilJ: 1.2 

L'iln?l1~V: ~YlU1ilYllJfi ~~n1tl1.N1lJn1nU~11::.Jf'I'l1~L~m'lltl~LLUU41i'ltl~L;~~~n-olJtCiltJ'~YI~~n11~'lltl~1'~~ 
..I 0-

LntJ'l'!l'il~: 

fi1'1l5U1tJ 

t1~~n'1lu: 

n~~U';llJm~ 

'Vl1,nfl'iln: 

tl BU1tJ ,jlJ~tllJ'lltl~ n11~ 1f'l11::.J f'I'l1~ l~tJ~' lJII~lJl11Y1 i'l I~Yl U~'I!;i lJ 11i'l ::11~lJJ11Y1 ii1 ~u ~~ I i1lJ 

IIUU41i'ltl~I;~YI~~n11~ 
s-.. ... e.- .. ~ "'..., .'!/.'" 
~'llf'l11::\lIIi'l::tltlnIIUu1::UU \l1tl~'llf'l11::\lf'I'l1~I~m"l::~tl~~n111::1if'l'l1~I~tJ~'lltl~'l~~ 11i'l::n11 

t1fli~~lJfinlJ1::\I~1~1'~~i~tJU1tltJU~'l 
e.-.. .. e.- .. .-:J. '" - .. .!'J. .-
r,j'l11'l11::\lIIi'l::tltlnUUU1::UU \l1tlr,j'llf'l11::\lf'I'l1~I~tJ~~tl~n11'llf'l11::\lf'I'l1~I~tJ~'lltl~IIUU"I1i'ltl~I'I!~ 

~~n-olJ tCiltJ~If'l11::.J1'I'l1~I~tJ~"I1nYl~~nl1~'lltl~1'l1l~. 11i'l::n11t1fli~~lJfinlJ1::Wl1~1'l1l~ 

", ~ oJ ~~" .. .j ~ .. oJ " .j ~ .. 
- M'1~f'l1f'1'l1~"INYllillJ ~t1 ~(;)'lltl~1.h::YI"IlJ"I1n l'Itl'IJ ~'ll 1\I"ln11tlJYl~1n1::"l'IJIIi'l::I~tl'IJ ~'lln11(;)'lltl~ 

n11\1.J~tJ'IJ~t11'IJ::U'lJllvli'l::IIYlru;-olJ'lltl~II~'\JJ11Y1~I~YlII~'I!;i'IJ I1I1~\I~nn11f'11tlUf'I~~t11::YI"Ilf 

- Pi1'IJ'ltlJf'I'l1~oJ1"1::liI'IJ'lltl~Pi1f'1'l1~"I1~~ltI'lJhJ\Ji'lltl~u1::YI"Ilf~di(;);'IJ'lltl~11~i'l::UYl1'IJ:n-o'IJ'lltl~ 

11~'\JJ11Y1 i'l 1I1IYl 11~'l!;i 'IJ 

- Pi 1'IJ'l tlJf'I'l1~oJ 1"1::1 iI'IJ'lltl ~ Ii\' 'lJYl1~ n 11"; 1~ 1'IJ' 'lJ11~'\JJ11Y1 i'l 1I1IYl 11~'l!;i'IJ'lltl~ 11f'l::1' (;l ~ 
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ATM System 

Customer Bank 

<ownedMember isAbstract='false' isLeaf='false' name='ATM System' xmi:id='2xH8zCiGAqACAgNm' 

xmi:type='uml :Model'> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<system/> 

<isRoot xmi:value='false'/> 

</xmi:Extension> 

<ownedMember isAbstract='false' isLeaf='false' name='Validate PIN' xmi:id='Alv8zCiGAqACAgQQ' 

xmi:type='uml:UseCase'> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<isRoot xmi :value='false'/> 

<rank xmi:value='Unspecified'/> 

<justification xmi:value="/> 

<businessModel xmi :value='false'/> 

<subdiagram xmi:value='XOsyzCiGAqACAsCE'/> 

</xmi:Extension> 

</ownedMember> 

<ownedMember isAbstract='false' isLeaf='false' name='lnquire Balance' xmi:id='2sACzCiGAqACAgRC' 

xmi:type='uml:UseCase'> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML '> 

<isRoot xmi:value='false'/> 

<rank xmi:value='Unspecified'/> 

<justification xmi :value="/> 

<businessModel xmi:value='false'/> 

</xmi:Extension> 

</ownedMember> 
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<ownedMember isAbstract='false' isLeaf='false' name='Withdraw money' xmi:id='ZawCzCiGAqACAgSQ' 

xmi:type='uml:UseCase'> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<is Root xmi:value='false'/> 

<rank xmi:value='Unspecified'/> 

<justification xmi:value="/> 

<business Model xmi:value='false'/> 

</xmi:Extension> 

</ownedMember> 

</ownedMember> 

<ownedMember isAbstract="false' isLeaf='false' name='Customer" visibility='public' xmi:id='yGP8zCiGAqACAgPq' 

xmi:type='uml:Actor"> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<isRoot xmi:value='false'/> 

<businessModel xmi :value='false'/> 

</xmi:Extension> 

</ownedMember> 

<owned Member isAbstract="false' isLeaf='false' name='Sank' visibility='public' xmi:id='iS8CzCiGAqACAgaK' 

xmi:type='uml:Actor"> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<isRoot xmi :value=' false'/> 

<business Model xmi:value='false'/> 

</xmi:Extension> 

</ownedMember> 

CardRedaet1ntetface 
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1 
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ATMControiler 
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<ownedMember isAbstract="false' isLeaf='false' name='Class diagram of validat PIN' xmi:id='UrTCzCiGAqACAgrz' 

xmi:type='uml :Package'> 

<xmi:Extension xmi:Extender="Visual Paradigm for UML'> 

<isRoot xmi :value="false'/> 

<subdiagram xmi:value='fSICzCiGAqACAgrt'/> 

</xmi:Extension> 

<owned Member isAbstract='false' isActive="false' isLeaf="false' name='CardRedaerinterface' 

visibility='public' xmi :id='3FzCzCiGAqACAgs2' xmi:type='uml:Class'> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<isRoot xmi:value="false'/> 

<business Model xmi:value="false'/> 

</xmi:Extension> 

<ownedOperation isAbstract='false' isLeaf='false' isQuery='false' name='inputCard' 

ownerScope='instance' visibility='public' xmi :id='SRrCzCiGAqACAgu9" xmi:type="uml :Operation'> 

xmi:type='uml:Parameter'/> 

<owned Parameter kind='retum' type='nuIUd" xmi:id='SRrCzCiGAqACAgu9Jetum' 

<xmi :Extension xmi:Extender="Visual Paradigm for UML'> 

<retumTypeDocumentation xmi:value=-/> 

</xmi:Extension> 

</ownedOperation> 

<ownedOperation isAbstract='false" isLeaf='false' isQuery='false' name='ejectCard' 

ownerScope="instance' visibility='public' xmi:id=".KHCzCiGAqACAgvV' xmi:type='uml:Operation"> 

<ownedParameter kind='retum' type="nuIUd' xmi :id=".KHCzCiGAqACAgvV _retum" 

xmi :type='uml :Parameter'/> 

<xmi :Extension xmi :Extender="Visual Paradigm for UML"> 

<retumTypeDocumentation xmi :value=- /> 

</xmi :Extension> 

</ownedOperation> 

</ownedMember> 

<ownedMember isAbstract="false' isActive="false" isLeaf="false" name='ATMCustomer' visibility='public' 

xmi:id='g1 vCzCiGAqACAg.l" xmi:type='uml :Class'> 

<xmi:Extension xmi :Extender='Visual Paradigm for UML'> 

<is Root xmi:value="false"/> 

<business Model xmi:value="false'/> 

</xmi:Extension> 

<ownedOperation isAbstract='false" isLeaf='false" isQuery='false" name='selectMenu' 

ownerScope="instance' visibility='public" xmi:id=' bsAizCiGAqACAhSs' xmi:type="uml:Operation"> 

<ownedParameter kind='retum" type='nuIUd" xmi :id="bsAizCiGAqACAhSs_return' 

xmi:type='uml:Parameter'/> 

<xmi:Extension xmi :Extender="Visual Paradigm for UML'> 

<retumTypeDocumentation xmi:value="/> 

</xmi:Extension> 

</ownedOperation> 

</ownedMember> 

<owned Member isAbstrac~="false' isActive="false' isLeaf='false" name='ATMCard' visibility="public' 

xmi:id='HvQizCiGAqACAhPt' xmi:type='uml:Class'> 

<xmi:Extension xmi :Extender="Visual Paradigm for UML'> 

<isRoot xmi:value="false'/> 

<businessModel xmi:value='false'/> 

</xmi:Extension> 



120 

<ownedOperation isAbstract="false" isLeaf="false" isQuery="false" name="inputCardData" ownerScope="instance" 

visibility="pl,lblic" xmi: id="hSYizCiGAqACAhUW xmi:type="uml:Operation"> 

xmi :type="uml :Parameter"/> 

<ownedParameter kind="return" type="nulljd" xmi :id="hSYizCiGAqACAhUW_return" 

<xmi:Extension xmi:Extender="Visual Paradigm for UML"> 

<returnTypeDocumentation xmi :value=-/> 

</xmi:Extension> 

</ownedOperation> 

<ownedOperation isAbstract="false" isLeaf="false" isQuery="false" name="requestCardData" 

ownerScope="instance" visibility="public" xmi :id="OTEizCiGAqACAhVJ" xmi:type="uml :Operation"> 

xmi:type="uml :Parameter"/> 

<owned Parameter kind="return" type="nulljd" xmi:id="OTEizCiGAqACAhVJJeturn" 

<xmi:Extension xmi:Extender="Visual Paradigm for UML"> 

<returnTypeDocumentation xmi:value=""/> 

</xmi:Extension> 

</ownedOperation> 

</ownedMember> 

<ownedMember isAbstract="false" isActive="false" isLeaf="false" name="ATMController" visibility="public" 

xmi:id="Q_OizCiGAqACAhn5" xmi :type="uml :Class"> 

<xmi :Extension xmi:Extender="Visual Paradigm for UML"> 

<isRoot xmi:value="false"/> 

<businessModel xmi :value="false"/> 

<subdiagram xmi:value="o6pqzCiGAqACAgHR"/> 

</xmi:Extension> 

<ownedOperation isAbstract="false" isLeaf="false" isQuery="false" name="cardlnserted" 

ownerScope="instance" visibility="public" xmi :id="lc8izCiGAqACAht3" xmi:type="uml:Operation"> 

<ownedParameter kind="return" type="nulljd" xmi:id="lc8izCiGAqACAht3Jeturn" 

xmi :type="uml:Parameter"/> 

<xmi:Extension xmi:Extender="Visual Paradigm for UML"> 

<return Type Documentation xmi :value=-/> 

</xmi:Extension> 

</ownedOperation> 

<ownedOperation isAbstract="false" isLeaf="false" isQuery="false" name="pinEntered" 

ownerScope="instance" visibility="public" xmi:id="03CizCiGAqACAhvH" xmi:type="uml:Operation"> 

xmi:type="uml:Parameter"/> 

<owned Parameter kind="return" type="nulljd" xmi :id="03CizCiGAqACAhvHJeturn" 

<xmi:Extension xmi:Extender="Visual Paradigm for UML"> 

<returnTypeDocumentation xmi :value="/> 

</xmi:Extension> 

</ownedOperation> 

</ownedMember> 

<owned Member isAbstract="false" isActive="false" isLeaf="false" name="BankServer" visibility="public" 

xmi :id="z2KizCiGAqACAiGO" xmi :type="urnl :Class"> 

<xmi :Extension xmi:Extender="Visual Paradigm for UML"> 

<isRoot xmi :value="false"/> 

<businessModel xmi:value="false"/> 

</xmi:Extension> 

<owned Operation isAbstract="false" isLeaf="false" isQuery="false" name="validatePIN" 

ownerScope="instance" visibility="public" xmi:id="cC6izCiGAqACAiQm" xmi:type="uml:Operation"> 
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visibility='public' xmi :id='hSYizCiGAqACAhUW xmi :type='uml:Operation'> 
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<owned Parameter kind=' return' Iype='nI,JIUd" xmi:id='hSYizCiGAqACAhUWJeturn' 

xmi:lype='uml:Parameter"/> 

<xmi :Extension xmi:Extender="Visual Paradigm for UML'> 

<return Type Documentation xmi :value=~/> 

</xmi :Extension> 

</ownedOperation> 

<ownedOperation isAbstract=' false' isLeaf=' false' isQuery=' false' name=' requestCardData' 

ownerScope=' instance' visibilily='public' xmi:id='OTEizCiGAqACAhVJ' xmi :lype='uml:Operation'> 

xmi:lype='uml:Parameter"/> 

<owned Parameter kind=' return' type=' nulUd' xmi :id='OTEizCiGAqACAhVJJeturn' 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<returnTypeDocumentation xmi:value=" /> 

</xmi :Extension> 

</ownedOperation> 

</ownedMember> 

<owned Member isAbstract=' false' isActive=' false' isLeaf="false' name='ATMControlier" visibility=' public' 

xmi: id='Q_OizCiGAqACAhn5' xmi:lype='uml:Class'> 

<xmi:Extension xmi :Extender='Visual Paradigm for UML'> 

<isRoot xmi :value=' false'/> 

<businessModel xmi :value=' false'/> 

<subdiagram xmi :value="o6pqzCiGAqACAgHR'/> 

</xmi:Extension> 

<ownedOperation isAbstract="false" isLeaf=' fa lse' isQuery='false" name='cardlnserted' 

ownerScope='instance' visibility='public' xmi:id='lc8izCiGAqACAht3' xmi: type='uml:Operation'> 

xmi: type='uml:Parameter"/> 

<owned Parameter kind=' return' type='nulUd' xmi:id="lc8izCiGAqACAht3Jeturn' 

<xmi:Extension xmi :Extender='Visual Paradigm for UML'> 

<returnTypeDocumentation xmi:value="/> 

</xmi :Extension> 

</ownedOperation> 

<owned Operation isAbstract=' false' isLeaf='false" isQuery=' false' name='pinEntered' 

ownerScope=' instance' visibility='public' xmi:id='03CizCiGAqACAhvH" xmi:type='uml:Operation'> 

xmi :lype='uml:Parameter"/> 

<owned Parameter kind=' return' type='nulUd' xmi:id='03CizCiGAqACAhvHJeturn' 

<xmi:Extension xmi:Extender='Visual Paradigm for UML"> 

<returnTypeDocumentation xmi :value=~'/> 

</xmi:Extension> 

</ownedOperation> 

</ownedMember> 

<owned Member isAbstract='false' isActive='false' isLeaf=' false' name=' SankServer" visibility='public' 

xmi:id='z2KizCiGAqACAiGO' xmi:lype='uml:Class'> 

<xmi :Extension xmi:Extender='Visual Paradigm for UML'> 

<is Root xmi:value=' false'/> 

<business Model xmi:value=' false'/> 

</xmi :Extension> 

<ownedOperation isAbstract='false' isLeaf=' false' isQuery='false" name='validatePIN' 

ownerScope='instance' visibilily='public' xmi:id='cC6izCiGAqACAiQm' xmi:type='uml:Operation'> 



<owned Parameter kind=' return' type='nulUd' xmi:id='cC6izCiGAqACAiQmJeturn' xrni:type='uml:Parameter"/> 

<owned Parameter kind=' inout' name="PIN' type='nuIUd" 

xmi:id='LumizCiGAqACAiQz' xmi:type='uml:Parameter"/> 

<xmi:Extension xmi :Extender="Visual Paradigm for UML'> 

<returnTypeDocumentation xmi:value="/> 

</xmi :Extension> 

</ownedOperation> 

</ownedMember> 

<ownedMember isAbstract="false' isActive='false' isLeaf=' false' name='Customerlnterface' 

visibility='public' xmi:id='UueizCiGAqACAixl' xmi :type='uml:Class"> 

<xmi:Extension xmi:Extender="Visual Paradigm for UML'> 

<is Root xmi:value='false'/> 

<business Model xmi:value='false'/> 

</xmi:Extension> 

<owned Operation isAbstract='false' isLeaf='false' isQuery='false' name='getPIN' 

ownerScope='instance' visibility='public' xmi:id='u,RizCiGAqACAiOq' xmi:type='uml:Operation'> 

xmi:type='uml:Parameter"/> 

<owned Parameter kind='return' type='nulUd' xmi:id='u,RizCiGAqACAiOqJeturn' 

<xmi:Extension xmi :Extender='Visual Paradigm for UML'> 

<returnTypeDocumentation xmi :value="/> 

</xmi:Extension> 

</ownedOperation> 

<owned Operation isAbstract='false' isLeaf=' false' isQuery=' false' name=' inputPIN' 

ownerScope='instance' visibility='public' xmi:id='1uJizCiGAqACAi2t' xmi:type='uml:Operation'> 

<ownedParameter kind='return' type=' nulUd' xmi:id='1 uJizCiGAqACAi2Ueturn' 

xmi:type='uml:Parameter"/> ' 

<xmi:Extension xmi :Extender='Visual Paradigm for UML'> 

<returnTypeDocumentation xmi:value="/> 

</xmi:Extension> 

</ownedOperation> 

<ownedOperation isAbstract='false' isLeaf='false' isQuery='false' name='displayMenu' 

ownerScope='instance' visibility='public' xmi:id='fGZizCiGAqACAi4k' xmi:type='uml:Operation'> 

<ownedParameter kind=' return' type='nulUd' xmi:id='fGZizCiGAqACAi4kJeturn' 

xmi:type='uml:Parameter"/> 

<xmi:Extension xmi:Extender="Visual Paradigm for UML'> 

<returnTypeDocumentation xmi :value="/> 

</xmi:Extension> 

</ownedOperation> 

</ownedMember> 
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<ownedMember isAbstract='false' isActive='false' isLeaf='false' name='ATMTransaction' visibility='public' 

xmi:id="SJNizCiGAqACAITq' xmi:type='uml:Class'> 

<xmi:Extension xmi:Extender="Visual Paradigm for UML'> 

<isRoot xmi:value='false'/> 

<businessModel xmi :value='false'/> 

</xmi:Extension> 

<ownedOperation isAbstract='false' isLeaf='false' isQuery="false' name='checkCustomerlnfo' 

ownerScope='instance' visibility='public' xmi:id='e_9izCiGAqACAIYn' xmi:type='uml :Operation'> 

<owned Parameter kind='return' type='nulUd' xmi :id='e_9izCiGAqACAIYnJeturn' 

xmi :type='uml:Parameter"/> 



<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<returnTypeDocumentation xmi:value=-/> 

</xmi:Extension> 

</ownedOperation> 

<ownedOperation isAbstract='false' isLeaf='false' isQuery=' false' name='updateStatus' 

ownerScope='instance' visibility='public' xmi:id='a 1 TizCiGAqACAlbc' xmi:type='uml:Operation'> 

xmi:type='uml:Parameter"/> 

<owned Parameter kind="return' type='nuIUd" xmi:id='a 1 TizCiGAqACAlbc_return' 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<returnTypeDocumentation xmi:value="/> 

</xmi:Extension> 

</ownedOperation> 

</ownedMember> 

</ownedMember> 

.d Sequence diagram - \~Iidil:e PD-",) 
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<ownedMember xmi:type='uml:Collaboration'> 

<ownedSehavior name='Sequence diagram - Validate PIN' xmi :id='WusyzCiGAqACAsCI' 

xmi:type='uml:lnteraction'> 
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<lifeline name=- represents=' kAyyzCiGAqACAsGoJepresents' xmi:id='kAyyzCiGAqACAsGo' 

xmi: type='uml:Lifeline'> 

xmi:type='activation'/> 

</Iifeline> 

<xmi :Extension xmi:Extender='Visual Paradigm for UML'> 

<active xmi:value='false'/> 

<stopped xmi:value='false'/> 

<multiObject xmi:value='false'/> 

<activation name='Activation' type='false' xmi :id='IIWyzCiGAqACAsNM' 

<lifeline/> 

</xmi :Extension> 

<coveredSy xmi :idref='UIWyzCiGAqACAsNO'/> 

<coveredSy xmi :idref='RbMKzCiGAqACAtY2'/> 

<coveredSy xmi :idref='_nIKzCiGAqACAtV9'/> 

<coveredSy xmi :idref='VbcqzCiGAqACAuZ9'/> 

<message name=- receiveEvent='UIWyzCiGAqACAsNE' sendEvent='UIWyzCiGAqACAsNO' 

xmi:id='UIWyzCiGAqACAsNS' xmi :type='uml:Message'> 

<signature name='Call' operation='SRrCzCiGAqACAgu9' 

xmi :id=' fXFyzCiGAqACAs9W xmi:type='uml:CaIIOperationAction'> 

<xmi :Extension xmi :Extender='Visual Paradigm for UML"> 

<iteration xmi:value="false'/> 

<asynshronous xmi :value="false'/> 

</xmi:Extension> 

</signature> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<number xmi:value=' 1'/> 

<asynshronous xmi:value='false"/> 

<fromActivation> 

<activation xmi:value=' IIWyzCiGAqACAsNM'/> 

</fromActivation> 

<toActivation> 

<activation xml :value="IIWyzCiGAqACAsNR'/> 

</toActivation> 

</xmi:Extension> 

</message> 

<message name=- receiveEvent='uQVKzCiGAqACAtxe' sendEvent='uQVKzCiGAqACAtxd" 

xmi :id='uQVKzCiGAqACAtxc' xmi :type='uml:Message'> 

<signature name='Call' operation='03CizCiGAqACAhvH" 

xmi :id='uQVKzCiGAqACAtxi' xmi:type='uml:CaIIOperationAction' > 

<xmi :Extension xmi:Extender='Visual Paradigm for UML'> 

<iteration xmi:value='false'/> 

<asynshronous xmi:value=' false'/> 

</xmi : Extension> 

</signature> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<number xmi:value=' 10'/> 



<asynshronous xmi :value='false'/> 

<fromActivation> 

<activation xmi:value='ZrvyzCiGAqACAtSk'/> 

</fromActivation> 

<toActivation> 

<activation xmi :value='9g TyzCiGAqACAtGv'/> 

</toActivation> 

</xmi:Extension> 

</message> 

<message name=" receiveEvent='nxjKzCiGAqACALP' sendEvent='nxjKzCiGAqACALO' 

xmi :id='nxjKzCiGAqACALn' xmi:type='uml:Message'> 
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<signature name='Call' operation='cC6izCiGAqACAiQm' xmi:id='nxjKzCiGAqACAt_r 

xmi:type='uml:CaIIOperationAction'> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<iteration xmi:value='false'/> 

<asynshronous xmi:value='false'/> 

</xmi:Extension> 

</signature> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<number xmi:value='11'/> 

<asynshronous xmi:value='false'/> 

<fromActivation> 

<activation xmi:value='9gTyzCiGAqACAtGv'/> 

</fromActivation> 

<toActivation> 

<activation xmi:value='kJjKzCiGAqACALx' /> 

</toActivation> 

</xmi:Extension> 

</message> 

<message name='[ valid]return(validPIN)' receiveEvent=' ASXKzCiGAqACAuJR' 

sendEvent='ASXKzCiGAqACAuJQ' xmi :id='ASXKzCiGAqACAuJP' xmi :type='uml :Message'> 

<signature name='Return' xmi :id='CSXKzCiGAqACAuJV' xmi:type='uml:ReplyAction'> 

<xmi :Extension xmi:Extender='Visual Paradigm for UML'> 

<iteration xmi:value='false"/> 

<asynshronous xmi :value='false'/> 

</xmi:Extension> 

</signature> 

<xmi :Extension xmi:Extender='Visual Paradigm for UML'> 

<number xmi:value='12'/> 

<asynshronous xmi:value='false'/> 

<fromActivation> 

<activation xmi :value='kJjKzCiGAqACALx'/> 

</fromActivation> 

<toActivation> 

<activation xmi:value="9gTyzCiGAqACAtGv'/> 

</toActivation> 

</xmi:Extension> 

</message> 



<message name=" receiveEvent='OgAqzCiGAqACAuRj' sendEvent='OgAqzCiGAqACAuRi' 

xmi:id='OgAqzCiGAqACAuRh' xmi :type='uml:Message'> 

<signature name='Cal!' operation='fGZizCiGAqACAi4k' 

xmi:id='OgAqzCiGAqACAuRn' xmi :type='uml:CaI!OperationAction'> 

<xmi :Extension xmi:Extender="Visual Paradigm for UML'> 

<iteration xmi:value='false'/> 

<asynshronous xmi :value='false'/> 

</xmi :Extension> 

</signature> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<number xmi:value='13'/> 

<asynshronous xmi:value=' false'/> 

<fromActivation> 

<activation xmi :value="9gTyzCiGAqACAtGv'/> 

</fromActivation> 

<toActivation> 

<activation xmi :value="ZrvyzCiGAqACAtSk'/> 

</toActivation> 

</xmi :Extension> 

</message> 

<message name=" receiveEvent="IZlqzCiGAqACAuUL' sendEvent='IZlqzCiGAqACAuUK' 

xmi :id='IZlqzCiGAqACAuUJ' xmi:type='uml:Message'> 
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<signature name='Cal!" operalion="aHizCiGAqACAlbc' xmi :id='nZlqzCiGAqACAuUP" 

xmi :type=' uml :CaIIOperationAction"> 

<xmi :Extension xmi :Extender="Visual Paradigm for UML'> 

<iteration xmi:value="false'/> 

<asynshronous xmi:value="false"/> 

</xmi:Extension> 

</signature> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML"> 

<number xmi:value="14"/> 

<asynshronous xmi:value=' false'/> 

< fromActivation> 

<activation xmi:value='9gTyzCiGAqACAtGv'/> 

</fromActivation> 

<toActivation> 

<activation xmi:value='UkBKzCiGAqACAtql'/> 

</toActivation> 

</xmi:Extension> 

</message> 

<message name='return(acknowledge)' receiveEvent="k8YqzCiGAqACAuWX" 

sendEvent="k8YqzCiGAq':"CAuWW' xmi :id="k8YqzCiGAqACAuWV' xmi:type='uml :Message'> 

<signature name='Return' xmi:id='G8YqzCiGAqACAuWb' 

xmi:type='uml:ReplyAction'> 

<xmi:Extension xmi :Extender='Visual Paradigm for UML'> 

<iteration xmi:value='false"/> 

<asynshronous xmi:value="false"/> 

</xmi:Extension> 

</signature> 



<xmi:Extension xmi :Extender='Visual Paradigm for UML'> 

<number xmi:value='15'/> 

<asynshronous xmi:value='false'/> 

<fromActivation> 

<activation xmi:value='UkSKzCiGAqACAtql'/> 

</fromActivation> 

<toActivation> 

<activation xmi:value='9gTyzCiGAqACAtGv'/> 

</toActivation> 

</xmi:Extension> 

</message> 

<message name=" receiveEvent='VbcqzCiGAqACAuZ9' sendEvent='VbcqzCiGAqACAuZ8' 

xmi:id='VbcqzCiGAqACAuZ7' xmi:type='uml:Message'> 

<signature name='Call' operation='bsAizCiGAqACAhBs' 

xmi:id='VbcqzCiGAqACAuaS' xmi:type='uml:CaIIOperationAction'> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<iteration xmi:value='false'/> 

<asynshronous xmi :value='false'/> 

</xmi:Extension> 

</signature> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<number xmi:value='16'/> 

<asynshronous xmi:value='false'/> 

<fromActivation> 

<activation xmi:value='ZrvyzCiGAqACAtSk'/> 

</fromActivation> 

<toActivation> 

<activation xmi:value='IIWyzCiGAqACAsNM'/> 

</toActivation> 

</xmi:Extension> 

</message> 

<message name=" receiveEvent='9a 1 yzCiGAqACAs.1' sendEvent='9a 1 yzCiGAqACAs.O' 

xmi:id='9a1yzCiGAqACAs.z' xmi :type='uml:Message'> 

<signature name='Call' operation='hSYizCiGAqACAhUW 

xmi:id='9a 1 yzCiGAqACAs .5' xmi :type='uml:CaIiOperationAction'> 

<xmi:Extension xmi :Extender='Visual Paradigm for UML'> 

<iteration xmi :value='false'/> 

<asynshronous xmi:value='false'/> 

</xmi:Extension> 

</signature> 

<xmi:Extension xmi :Extender='Visual Paradigm for UML'> 

<number xmi:value='2'/> 

<asynshronous xmi:value='false'/> 

<fromActivation> 

<activation xmi:value='IIWyzCiGAqACAsNR'/> 

</fromActivation> 

<toActivation> 

<activation xmi :value='fa1yzCiGAqACAs.9'/> 

</toActivation> 
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</xmi:Extension> 

</message> 

<message name=" receiveEvent='.gTyzCiGAqACAtGn' sendEvent='.gTyzCiGAqACAtGm' 

xmi:id='.gTyzCiGAqACAIGI'. xmi:type='vml:Message'> 
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<signature name='Call' operation='lcSizCiGAqACAht3' xmi:id='.gTyzCiGAqACAtGr' 

xmi:type='uml:CaIIOperationAction'> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<iteration xmi:value='false'/> 

<asynshronous xmi:value='false"/> 

</xmi :Extension> 

</signature> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<number xmi:value='3'/> 

<asynshronous xmi:value='false"/> 

<fromAclivation> 

<activation xmi:value='IIWyzCiGAqACAsNR'/> 

</fromActivation> 

<toActivation> 

<activation xmi:value='9gTyzCiGAqACAtGv'/> 

</toActivation> 

</xmi:Extension> 

</message> 

<message receiveEvent='arvyzCiGAqACAtSc' sendEvent='arvyzCiGAqACAtSb' 

xmi:id='arvyzCiGAqACAtSa' xmi:type='uml:Message'> 

<signature name='Call' xmi:id='arvyzCiGAqACAtSg' 

xmi:type='uml:CaIIOperationAction'> 

<xmi :Extension xmi:Extender='Visual Paradigm for UML'> 

<iteration xmi:value="false'{> 

<asynshronous xmi:value="false"{> 

</xmi :Extension> 

</signature> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<number xmi:value='4'/> 

<asynshronous xmi:value='false'/> 

<fromActivation> 

<activation xmi :value='9gTyzCiGAqACAtGv'/> 

</fromActivation> 

<toActivation> 

<activation xmi:value='ZrvyzCiGAqACAtSk'/> 

</toActivation> 

</xmi:Extension> 

<{message> 

<message name='return{PIN Prompt)' receiveEvent='_nIKzCiGAqACAtV9' 

sendEvent='_nIKzCiGAqACAtVS' xmi:id='_nIKzCiGAqACAtVl' xmi:type='uml :Message'> 

<signature name='Return' xmi:id='.JGqzCiGAqACAuIO' xmi:type='uml:ReplyAction'> 

<xmi :Extension xmi:Extender='Visual Paradigm for UML'> 

<iteration xmi:value='false'/> 

<asynshronous xmi:value='false'/> 

</xmi:Extension> 

</signature> 



<xmi:Extension xmi:Extender='Visual Paradigm for UML"> 

<number xmi:value="5"/> 

<asynshronous xmi:value="false"/> 

<fromActivation> 

<activation xmi :value="ZrvyzCiGAqACAtSk"/> 

</fromActivation> 

<toActivation> 

<activation xmi:value='IIWyzCiGAqACAsNM'/> 

</toActivation> 

</xmi:Extension> 

</message> 

129 

<message name=" receiveEvent="RbMKzCiGAqACAtY3' sendEvent="RbMKzCiGAqACAtY2' 

xmi:id="RbMKzCiGAqACAtY1 ' xmi:type='uml:Message'> 

<signature name='Call' operation=' 1 uJizCiGAqACAi2t' xmi:id=' RbMKzCiGAqACAtY7' 

xmi :type='uml:CaIiOperationAction' > 

<xmi :Extension xmi:Extender='Visual Paradigm for UML'> 

<iteration xmi:value="false'/> 

<asynshronous xmi :value="false' /> 

</xmi :Extension> 

</signature> 

<xmi :Extension xmi :Extender='Visual Paradigm for UML'> 

<number xmi :value='6'/> 

<asynshronous xmi:value="false'/> 

<fromActivation> 

<activation xmi:value=' IIWyzCiGAqACAsNM"/> 

</fromActivation> 

<toActivation> 

<activation xmi:value='ZrvyzCiGAqACAtSk'/> 

</toActivation> 

</xmi:Extension> 

</message> 

<message name=" receiveEvent="LMSKzCiGAqACAtdj' sendEvent=' LMSKzCiGAqACAtdi' 

xmi:id='LMSKzCiGAqACAtdh' xmi:type="uml:Message' > 

<signature name='Call' operation='OTEizCiGAqACAhVJ" 

xmi:id='LMSKzCiGAqACAtdn' xmi:type='uml:CaIIOperationAction'> 

• 

<xmi:Extension xmi :Extender='Visual Paradigm for UML'> 

<iteration xmi:value="false'/> 

<asynshronous xmi:value="false'/> 

</xmi :Extension> 

</signature> 

<xr'ni:Extension xmi:Extender='Visual Paradigm for UML"> 

<number xmi:value='7'/> 

<asynshronous xmi:value=' false'/> 

<fromActivation> 

<activation xmi:value='ZrvyzCiGAqACAtSk"/> 

</fromActivation> 

<toActivation> 



<activation xmi:value=' fa 1 yzCiGAqACAs.9' /> 

</toActivation> 

</xmi:Extension> 

</message> 

<message name=' return(cardOata)' receiveEvent='5pqKzCiGAqACAtiv' 

sendEvent=' 5pqKzCiGAqACAtiu' xmi :id='5pqKzCiGAqACAtit' xmi:type='uml:Message'> 
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<signature name=' Return' xmi :id='7pqKzCiGAqACAtiO' xmi:type='uml:ReplyAction'> 

<xmi :Extension xmi:Extender='Visual Paradigm for UML'> 

<iteration xmi:value='false' /> 

<asynshronous xmi:value=' false'/> 

</xmi:Extension> 

</signature> 

<xmi :Extension xmi:Extender='Visual Paradigm for UML'> 

<number xmi:value='S'/> 

<asynshronous xmi:value=' false'/> 

<fromActivation> 

<activation xmi:value=' fa 1 yzCiGAqACAs.9'/> 

</fromActivation> 

<toActivation> 

<activation xmi :value='ZrvyzCiGAqACAtSk'/> 

</toActivation> 

</xmi:Extension> 

</message> 

<message name=" receiveEvent='XEBKzCiGAqACAtqe' sendEvent='XEBKzCiGAqACAtqd' 

xmi:id='XEBKzCiGAqACAtqc' xmi :type='uml :Message'> 

<signature name='Call' operation='e_9izCiGAqACAIYn" xmi: id='CSpKzCiGAqACAtvc' 

xmi:type='uml:CaIiOperationAction'> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<iteration xmi:value=' false' /> 

<asynshronous xmi:value=' false'/> 

</xmi :Extension> 

</signature> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<number xmi:value='9'/> 

<asynshronous xmi:value='false'/> 

<fromActivation> 

<activation xmi:value='ZrvyzCiGAqACAtSk'/> 

</fromActivation> 

<toActivation> 

<activation xmi:value=' UkBKzCiGAqACAtql'/> 

</toActivation> 

</xmi :Extension> 

</message> 

<fragment covered='kAyyzCiGAqACAsGo' message=' UIWyzCiGAqACAsNB' 

xmi :id='UIWyzCiGAqACAsNO' xmi:type='uml:EventOccurrence'/> 

<fragment covered='UIWyzCiGAqACAsMc' message='UIWyzCiGAqACAsNB' 

xmi :id=' UIWyzCiGAqACAsNE' xmi :type='uml:EventOccurrence'/> 

<fragment covered='kAyyzCiGAqACAsGo' message=' RbM KzCiGAqACAtY1' 

xmi :id=' RbMKzCiGAqACAtY2' xmi:type='uml:EventOccurrence'/> 



<fragment covered="4rvyzCiGAqACAtR 1" message="RbMKzCiGAqACAtY1' 

xmi:id='RbMKzCiGAqACAtY3' xmi:type="uml:EventOccurrence"/> 

<fragment covered='4rvyzCiGAqACAtR1' message="_nIKzCiGAqACAtV7' 

xmi:id="_nIKzCiGAqACAtVS' xmi:type='uml:EventOccurrence"/> 

<fragment covered="kAyyzCiGAqACAsGo' message='_nIKzCiGAqACAtV7' 

xmi:id='_nIKzCiGAqACAtV9" xmi:type="uml:EventOccurrence'/> 

<fragment covered='4rvyzCiGAqACAtR 1" message='VbcqzCiGAqACAuZr 

xmi:id='VbcqzCiGAqACAuZS" xmi:type="uml:EventOccurrence'/> 

<fragment covered='kAyyzCiGAqACAsGo" message='VbcqzCiGAqACAuZ7' 

xmi:id='VbcqzCiGAqACAuZ9' xmi:type="uml :EventOccurrence'/> 

<ownedAttribute name="' type='g1vCzCiGAqACAg.l' 

xmi:id="kAyyzCiGAqACAsGo_represents'/> 
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<lifeline name="' represents='UIWyzCiGAqACAsMc_represents' xmi:id='UIWyzCiGAqACAsMc' 

xmi:type="uml:Lifeline'> 

xmi:type='activation'/> 

</lifeline> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<active xmi:value='false'/> 

<stopped xmi:value='false'/> 

<multi Object xmi:value="false'/> 

<activation name='Activation' type='false' xmi:id='IIWyzCiGAqACAsNR' 

<Iifeline/> 

</xmi :Extension> 

<covered By xmi:idref='UIWyzCiGAqACAsNE'/> 

<coveredBy xmi:idref='9a 1 yzCiGAqACAs,O'/> 

<coveredBy xmi :idref=",gTyzCiGAqACAtGm"/> 

<fragment covered="UIWyzCiGAqACAsMc' message='9a 1 yzCiGAqACAs,z' 

xmi:id='9a1yzCiGAqACAs,O' xmi:type='uml:EventOccurrence'/> 

<fragment covered=' ,a 1 yzCiGAqACAs,O' message='9a 1 yzCiGAqACAs,z' 

xmi:id='9a1 yzCiGAqACAs, 1 , xmi:type='uml:EventOccurrence'/> 

<fragment covered='UIWyzCiGAqACAsMc' message=',gTyzCiGAqACAtGI' 

xmi:id=',gTyzCiGAqACAtGm' xmi:type="uml:EventOccurrence'/> 

<fragment covered="Cg TyzCiGAqACAtGA' message=' ,g T yzCiGAqACAtGl' 

xmi :id=',gTyzCiGAqACAtGn' xmi:type='uml:EventOccurrence'/> 

<ownedAttribute name=" type='3FzCzCiGAqACAgs2' 

xmi:id='UIWyzCiGAqACAsMcJepresents'/> 

<lifeline name="' represents=',a 1 yzCiGAqACAs,OJepresents' xmi:id=",a 1 yzCiGAqACAs,O' 

xmi:type='uml:Lifeline'> 

xmi:type='activation'/> 

</Iifeline> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML"> 

<active xmi:value="false'/> 

<stopped xmi:value="false'/> 

<multiObject xmi :value='false'/> 

<activation name='Activation' type='false' xmi:id="fa1 yzCiGAqACAs,9' 

<lifeline/> 

</xmi:Extension> 

<covered By xmi:idref='9~ 1 yzCiGAqACAs,1"/> 

<covered By xmi:idref='5pqKzCiGAqACAtiu'/> 

<coveredBy xmi:idref='LMSKzCiGAqACAtdj' /> 



<fragment covered='.a 1 yzCiGAqACAs. 0 ' message='5pqKzCiGAqACAtit' 

xmi:id='5pqKzCiGAqACAtiu' xmi:lype='uml:EventOccurrence'/> 

<fragment covered='4rvyzCiGAqACAtR1' message='5pqKzCiGAqACAtit' 

xmi:id='5pqKzCiGAqACAtiv' xmi:type='uml:EventOccurrence'/> 

<fragment covered='4rvyzCiGAqACAtR1' message='LMSKzCiGAqACAtdh" 

xmi:id='LMSKzCiGAqACAtdi' xmi:lype='uml:EventOccurrence'/> 

<fragment covered='.a 1 yzCiGAqACAs. 0' message='LMSKzCiGAqACAtdh' 

xmi:id='LMSKzCiGAqACAtdj' xmi:type='uml:EventOccurrence'/> 
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<ownedAttribute name=" Iype='HvQizCiGAqACAhPt" xmi:id='.a1yzCiGAqACAs.O_represents'/> 

<lifeline name=" represents='CgTyzCiGAqACAtGA_represents' xmi:id='CgTyzCiGAqACAtGA' 

xmi:lype='uml:Lifeiine'> 

xmi:lype='activation'/> 

</lifeline> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<active xmi:vaiue='faise'/> 

<stopped xmi:vaiue='false'/> 

<multiObject xmi:value='false'/> 

<activation name='Activation' type='false' xmi:id='9gTyzCiGAqACAtGv' 

<lifeline/> 

</xmi:Extension> 

<covered By xmi:idref='.gTyzCiGAqACAtGn'/> 

<covered By xmi:idref="arvyzCiGAqACAtSb'/> 

<coveredBy xmi:idref='nxjKzCiGAqACAt_o'/> 

<coveredBy xmi:idref='OgAqzCiGAqACAuRi"/> 

<covered By xmi:idref='IZlqzCiGAqACAuUK'/> 

<covered By xmi:idref='uQVKzCiGAqACAtxe'/> 

<covered By xmi:idref='ASXKzCiGAqACAuJR"/> 

<covered By xmi:idref='k8YqzCiGAqACAuWX'/> 

<fragment covered='CgTyzCiGAqACAtGA' message='arvyzCiGAqACAtSa" 

xmi:id='arvyzCiGAqACAtSb' xmi:type='uml:EventOccurrence'/> 

<fragment covered='4rvyzCiGAqACAtR l' message='arvyzCiGAqACAtSa' 

xmi:id='arvyzCiGAqACAtSc" xmi:type='uml:EventOccurrence'/> 

<fragment covered="CgTyzCiGAqACAtGA' message='nxjKzCiGAqACACn' 

xmi:id='nxjKzCiGAqACACo' xmi:type='uml :EventOccurrence'/> 

<fragment covered='VxjKzCiGAqACAt_C' message='nxjKzCiGAqACAt_n' 

xmi:id='nxjKzCiGAqACACp' xmi:type='uml:EventOccurrence'/> 

<fragment covered='CgTyzCiGAqACAtGA' message='OgAqzCiGAqACAuRh' 

xmi:id='OgAqzCiGAqACAuRi' xmi:lype='uml:EventOccurrence'/> 

<fragment covered='4rvyzCiGAqACAtR1' message='OgAqzCiGAqACAuRh' 

xmi:id='OgAqzCiGAqACAuRj' xmi :type='uml :EventOccurrence'/> 

<fragment covered='CgTyzCiGAqACAtGA' message='IZlqzCiGAqACAuUJ' 

xmi:id='IZlqzCiGAqACAuUK' xmi:type='uml :EventOccurrence'/> 

<fragment covered='VEBKzCiGAqACAtp3" message=' IZlqzCiGAqACAuUJ' 

xmi:id='IZlqzCiGAqACAuUL' xmi:type='uml:EventOccurrence'/> 

<fragment covered='4rvyzCiGAqACAtR l' message='uQVKzCiGAqACAtxc' 

xmi:id='uQVKzCiGAqACAtxd' xmi :lype='uml:EventOccurrence'/> 

<fragment covered='CgTyzCiGAqACAtGA' message='uQVKzCiGAqACAtxc' 

xmi:id='uQVKzCiGAqACAtxe' xmi:type='uml:EventOccurrence'/> 



<fragment covered='VxjKzCiGAqACACC" message="ASXKzCiGAqACAuJP" 

xmi:id="ASXKzCiGAqACAuJQ" xmi:type="uml:EventOccl,Jrrence"/> 

<fragment covered="CgTyzCiGAqACAtGA" message="ASXKzCiGAqACAuJP" 

xmi:id="ASXKzCiGAqACAuJR" xmi:type="uml:EventOccurrence"/> 

<fragment covered='VEBKzCiGAqACAtp3" message="k8YqzCiGAqACAuWV' 

xmi:id="k8YqzCiGAqACAuWN' xmi:type="uml:EventOccurrence"/> 

<fragment covered="CgTyzCiGAqACAtGA' message="k8YqzCiGAqACAuWV' 

xmi:id="k8YqzCiGAqACAuWX" xmi:type='uml:EventOccurrence"/> 

<ownedAttribute name=" type="Q_OizCiGAqACAhn5" 

xmi:id="CgTyzCiGAqACAtGAJepresents"/> 

<lifeline name=" represents='4rvyzCiGAqACAtR1_represents" xmi:id="4rvyzCiGAqACAtR1" 

xmi:type="uml:Lifeline"> 

xmi:type='activation'/> 

</Iifeline> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML"> 

<active xmi:value="false'/> 

<stopped xmi:value="false"/> 

<multiObject xmi:value="false"/> 

<activation name='Activation" type='false" xmi:id="ZrvyzCiGAqACAtSk" 

<Iifeline/> 

</xmi:Extension> 

<covered By xmi:idref="RbMKzCiGAqACAtY3"/> 

<coveredBy xmi:idref="_nIKzCiGAqACAtV8"/> 

<covered By xmi:idref="VbcqzCiGAqACAuZ8"/> 

<covered By xmi:idref="5pqKzCiGAqACAtiv"/> 

<covered By xmi:idref="LMSKzCiGAqACAtdi'/> 

<coveredBy xmi:idref='arvyzCiGAqACAtSc"/> 

<covered By xmi:idref="OgAqzCiGAqACAuRj"/> 

<covered By xmi:idref="uQVKzCiGAqACAtxd"/> 

<covered By xmi:idref='XEBKzCiGAqACAtqd"/> 

<fragment covered="4rvyzCiGAqACAtR1' message='XEBKzCiGAqACAtqc" 

xnii:id="XEBKzCiGAqACAtqd" xmi:type="uml:EventOccurrence"/> 

<fragment covered='VEBKzCiGAqACAtp3" message="XEBKzCiGAqACAtqc" 

xmi:id="XEBKzCiGAqACAtqe' xmi:type="uml:EventOccurrence'/> 
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<ownedAttribute name=" type="UueizCiGAqACAixl" xmi:id=" 4rvyzCiGAqACAtR 1 Jepresents"/> 

<lifeline name=" represents='VEBKzCiGAqACAtp3Jepresents" xmi:id='VEBKzCiGAqACAtp3' 

xmi:type="uml:Lifeline"> 

xmi:type='activation"/> 

</lifeline> 

<xmi :Extension xmi:Extender='Visual Paradigm for UML"> 

<active xmi:value="false"/> 

<stopped xmi:value='false"/> 

<multiObject xmi:value="false'/> 

<activation name="Activation" type="false" xmi:id="UkBKzCiGAqACAtql" 

<Iifeline/> 

</xmi:Extension> 

<covered By xmi:idref="IZlqzCiGAqACAuUL'/> 

<covered By xmi:idref='k8YqzCiGAqACAuWN'/> 

<coveredBy xmi :idref='XEBKzCiGAqACAtqe"/> 



<ownedAttribute name=" type='SJNizCiGAqACAIT q' 

xmi:id='VEBKzCiGAqACAtp3Jepresents'/> 

<lifeline name=" represents='VxjKzCiGAqACAt_CJepresents' xmi:id='VxjKzCiGAqACAt_C' 

xmi :type='uml:Lifeline'> 

xmi:type='activation'/> 

</lifeline> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<active xmi:value='false'/> 

<stopped xmi:value='false'/> 

<multiObject xmi:value='false'/> 

<activation name='Activation' type='false' xmi:id='kJjKzCiGAqACAt_x' 

<lifeline/> 

</xmi:Extension> 

<covered By xmi:idref='nxjKzCiGAqACAt_p' /> 

<covered By xmi:idref='ASXKzCiGAqACAuJQ'/> 
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<ownedAttribute name=" type='z2KizCiGAqACAiGO' xmi:id='VxjKzCiGAqACAt_CJepresents'/> 

</ownedBehavior> 

</ownedMember> 

cardlnsert Processing P IN input validPIN 
Wa~ing for rustomer 

choice 

Watting for PIN Validate PIN 

invalidPIN [not PIN_count>3] 

Validate PIN 

ttJ~ Fl.8 LLCJ'W111Yi~LJ;]Y1LL~'D~'W"1Jtl'l~m'U:;tJt:;ntltJ Processing PIN input ~-W1~1~~1'1 
LL Yl~ciftl~~ L~niL'~~ltl 

'II 



<owned Member xmi:id='stateMachinejd' xmi:lype='uml :StateMachine"> 

<region xmi:id='stateMachineJegionjd' xmi:type='uml:Region'> 

<subvertex kind="initial' name='lnitial" xmi:id='CWpqzCiGAqACAgHY' 

xmi:type='uml:Pseudostate'> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<initiaIPseudostate/> 

</xmi:Extension> 

</subvertex> 

<subvertex name='ldle" xmi :id='m6VqzCiGAqACAgL_' xmi:type='uml :State'> 

<xmi:Extension xmi :Extender='Visual Paradigm for UML"> 

<state2l> 

</xmi:Extension> 

</subvertex> 
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<subvertex name='Processing PIN inpur xmi:id='3ENqzCiGAqACAgNI' xmi:lype='uml:State'> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<submachineState2/> 

</xmi:Extension> 

</subvertex> 

<subvertex name='Waiting for customer&#10:choice' xmi:id='wz9qzCiGAqACAgPI" 

xmi:lype='uml:State'> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML"> 

<state2/> 

</xmi:Extension> 

</subvertex> 

<subvertex kind="final' name='FinaIState" xmi:id='_nzqzCiGAqACAgRJ" 

xmi:type='uml :Pseudostate'> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<finaIState2l> 

</xmi :Extension> 

</subvertex> 

<subvertex kind="initial" name='lnitiaI2" xmi:id='aWoazCiGAqACAguv" 

xmi:type="uml:Pseudostate"> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML"> 

<initiaIPseudostate/> 

</xmi:Extension> 

</subvertex> 

<subvertex name='Waiting for PIN' xmi :id='EGYazCiGAqACAgvL' xmi:type='uml:State'> 

<xmi :Extension xmi:Extender='Visual Paradigm for UML'> 

<state2/> 

</xmi:Extension> 

</subvertex> 

<subvertex name='Validate PIN" xmi:id="qAkazCiGAqACAgwT" xmi :lype="uml:State'> 

<xmi :Extension xmi:Extender='Visual Paradigm for UML'> 

<state2/> 

</xmi:Extension> 

</subvertex> 

<subvertex name='Waiting for PIN" xmi:id="wkOazCiGAqACAgyN' xmi:type="uml:State'> 

<xmi:Extension xmi:Extender='Visual Paradigm for UML'> 

<state2/> 

</xmi:Extension> 



</subvertex> 

<subvertex name="Validate PIN" xmi:id="lqcazCiGAqACAgON" xmi :type="uml :State"> 

<xmi:Extension xmi:Extender="Visual Paradigm for UML"> 

<state2/> 

</xmi:Extension> 

</subvertex> 

<subvertex kind="final" name="FinaIState2" xmi :id="GxyazCiGAqACAg9w" 

xmi:type="uml:Pseudostate"> 

<xmi:Extension xmi :Extender="Visual Paradigm for UML'> 

<finaIState2/> 

</xmi:Extension> 

</subvertex> 

<transition name=" source='CWpqzCiGAqACAgHY" target="m6VqzCiGAqACAgL_' 

xmi:id="16VqzCiGAqACAgMO' xmi:type='uml:Transition"> 

<xmi:Extension xmi :Extender="Visual Paradigm for UML'> 

<transition2/> 

</xmi:Extension> 

<guard xmi :id='16VqzCiGAqACAgMO_guard" xmi:type="uml :Constraint"> 

<specification body=" xmi:id='16VqzCiGAqACAgMO_guard_spec" 

xmi:type='uml:OpaqueExpression'/> 

</guard> 

</transition> 

<transition name=" source="m6VqzCiGAqACAgL_" target='3ENqzCiGAqACAgNI" 

xmi:id="UkNqzCiGAqACAgN9" xmi:type="uml:Transition"> 

<xmi:Extension xmi:Extender="Visual Paradigm for UML"> 

<transition2/> 

</xmi :Extension> 

<trigger xmi:idref='OmbqzCiGAqACAgVI"/> 

<guard xmi:id="UkNqzCiGAqACAgN9_guard" xmi:type='uml:Constraint"> 

<specification body="" xmi:id='UkNqzCiGAqACAgN9_guard_spec' 

xmi:type="uml :OpaqueExpression"/> 

</guard> 

</transition> 

<transition name=" source='3ENqzCiGAqACAgNI' target='wz9qzCiGAqACAgPI" 

xmi:id='wz9qzCiGAqACAgP9" xmi:type='uml:Transition'> 

<xmi:Extension xmi:Extender="Visual Paradigm for UML'> 

<transition2/> 

</xmi:Extension> 

<trigger xmi:idref='EF3qzCiGAqACAgdN"/> 

<guard xmi :id="wz9qzCiGAqACAgP9_guard" xmi:type="uml:Constraint'> 

<specification body=~ xmi:id="wz9qzCiGAqACAgP9_guard_spec" 

xmi:type='uml:OpaqueExpression'/> 

</guard> 

</transition> 

<transition source="wz9qzCiGAqACAgPI' target='_nzqzCiGAqACAgRJ' 

xmi:id="SXzqzCiGAqACAgRp" xmi :type='uml:Transition'> 

<xmi:Extension xmi:Extender="Visual Paradigm for UML"> 

<transition2/> 

</xmi:Extension> 
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<guard xmi:id='8XzqzCiGAqACAgRp_guard' xmi :type='uml:Constraint'> 

<specification body=M xmi:id='8XzqzCiGAqACAgRp-9uard_spec' 

xmi:type='uml :OpaqueExpression'/> 

</guard> 

</transition> 

<transition name=" source='aWoazCiGAqACAguv" target='EGYazCiGAqACAgvL' 

xmi:id='6GYazCiGAqACAgwA' xmi :type='uml:Transition'> 

<xmi:Extension xmi:Extender="Visual Paradigm for UML'> 

<transition2/> 

</xmi:Extension> 

<guard xmi:id='6GYazCiGAqACAgwA-9uard' xmi:type='uml :Constraint'> 

<specification body='" xmi:id='6GYazCiGAqACAgwA-9uard_spec' 

xmi:type='uml:OpaqueExpression'/> 

</guard> 

</transition> 

<transition source='EGYazCiGAqACAgvL' target='qAkazCiGAqACAgwT" 

xmi:id='pAkazCiGAqACAgxl' xmi :type='uml:Transition'> 

<xmi:Extension xmi:Extender="Visual Paradigm for UML'> 

<transition2/> 

</xmi:Extension> 

<trigger xmi:idref='SBiazCiGAqACAg3T"/> 

<guard xmi :id='pAkazCiGAqACAgxLguard' xmi:type='uml:Constraint"> 

<specification body=" xmi:id='pAkazCiGAqACAgxl_guard_spec' 

xmi:type='uml:OpaqueExpression'/> 

</guard> 

</transition> 

<transition name=M source='qAkazCiGAqACAgwT" target="wkOazCiGAqACAgyN' 

xmi:id="wkOazCiGAqACAgzC' xmi:type='uml:Transition'> 

<xmi:Extension xmi :Extender="Visual Paradigm for UML'> 

<transition2/> 

</xmi:Extension> 

<trigger xmi :idref='. N GazCiGAqACAhAQ'/> 

<guard xmi:id="wkOazCiGAqACAgzC-9uard' xmi:type='uml:Constraint'> 

<specification body='not PIN_count&gt;3' 

xmi:id="wkOazCiGAqACAgzC_guard_spec' xmi:type='uml:OpaqueExpression'/> 

</guard> 

</transition> 

<transition name=M source="wkOazCiGAqACAgyN' target='lqcazCiGAqACAgON' 

xmi:id='nqcazCiGAqACAg 1 C' xmi :type='uml:T ransition'> 

<xmi:Extension xmi:Extender="Visual Paradigm for UML'> 

<transition2/> 

</xmi:Extension> 

<trigger xmi:idref='SBiazCiGAqACAg3T"/> 

<guard xmi :id='nqcazCiGAqACAg 1 C-9uard' xmi :type='uml:Constraint'> 

<specification body=" xmi:id='nqcazCiGAqACAg1 C_guard_spec' 

xmi:type='uml :OpaqueExpression'/> 

</guard> 

</transition> 
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<transition source="lqcazCiGAqACAgON" target="GxyazCiGAqACAg9W 

xmi:id="FxyazCiGAqACAg92" xmi:type="uml:Transition"> 

<xmi :Extension xmi:Extender="Visual Paradigm for UML"> 

<transition2/> 

</xmi:Extension> 

<guard xmi:id="FxyazCiGAqACAg92_guard" xmi :type="uml:Constraint"> 

<specification body=" xmi:id="FxyazCiGAqACAg92--9uard_spec" 

xmi:type="uml:OpaqueExpression"/> 

</guard> 

</transition> 

<subvertex diagramld="TbQazCiGAqACAgpP" name="StateMachine" 

xmi:id="TbQazCiGAqACAgpO" xmi:type="uml:StateMachine"/> 

</region> 

<xmi :Extension xmi :Extender="Visual Paradigm for UML"> 

<diagram!> 

</xmi:Extension> 

</ownedMember> 
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( 0 
1 1 1 

. . 
I guard specification 

sUbvertex transition 
-xmi:id ~ 

-body 
-kind -source ~ 

-xmi:type -xmi:id 

-name -target 1 . 1 . -xmi:type 

-xim:id -xmi:id 
-xmi:type -xmi:type 

() 
1 ? 

0 
1 1 

I Trigger 

'-- -xmi:idref 

I· . . . 
xml:Extension 

1 -xmi:Extender 1 

o ~Q 1 . . . , 1 

\ . 
. 

.' 

trigger InltlalPseudostate state2 transltion2 finaiState2 8ubdiagram 

-xmi:value 
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1 'lUll fI e.J'W,) nU'"l:;Lu'Wm~mh') n~ m ~ 1 -if~I'WLfl1-'el~ n'el ~ I~~U m ~';j Lfl n :;tffl,)l~ L~tI~~'el~ 

," " 
LLUU~I~'el~ L:n~~~ ni'W Lfntl1-ifYi ~ ~m~~~'el~1'(;]~ ~~ ~'WI;'W~11 'W~1'W';j9 tlU 

", , 
~1'W';j9t1m~ilm~~ ~'WI Lfl1-'el~n'el1 'Wm~';j Lfln:;tf ml~ L~m~'el~ LLUU~I~'el~ L:n~~~ni'W 

I I I '" 

'"llmLe.J'W!lIYim.a~ LL 'fl~ ;~'"l:;'elfiUltlm~i'i1 m~';j Lfln:;tf fI,)l~ L~tI~ ~')mfl1-'el~n'el (9)~ lPI'elluu 
" 

," " 
LL~fn~~ihlPll~(9)~~U~ ~ ,1 Lfntlili'W(;]'el'Wm~1-if~I'WLttl~(;]I~~I(9)U (9)~U 

" " , 
1) i'W(;]'el'Wmnl1L"ifILLYl~-if'el~~ (Import File) L~'eln~~ "Browse" LYJ'eli'iIn1n~'eln 

Lfli'el~n'el'"l:;LL~fn~-if'elml~U'elnnum. -if~I'W~In1nlIL-ifI-if'el~~~1 L1'"l C1t1U1'elti (I mport XM I File 
" " 

Successful) (9)~~U~ ~,3 ~~~'"l,mlIL-ifI-if'el~~~IL1'"lL'1t1U1'eltILL~,) m-ifnfnU~ "Next" ~~'J'W~I~ 
'Ill \I \I' 

, , " 
~'el~ Lfl1-'el~n'el L YJ'ellutJ~i'W(;]'el'Wtlfn lu 

" , 
2) i'W (;] 'el 'W n 1 ~ LL ~ fn ~ -if 'el ~ ~ V11 ~ '"l1 n n I nl'l L -if 1 LL Yl ~ -if 'el ~ ~ L ~ niL ~ ~ 1 'el (Data 

" " 
Information) Lfli'el~n'el'"l:;LL~fn~WWI'"l'el~I~~u-if'el~~~l~'"llnm~'llIL-ifILLYl~-if'el~~L~niL~~1'el (9)~ 

" " 
I I '" I I 

~uV1 ~.4 Ln'elm.-if~I'W~'el~m~lutJ~i'W(;]'el'Wtlfnlu 1tXnfntl~ "Next" ~~,)'W~I~~'el~Lfl1-'el~n'el "" , " , 
3) i'W(;]'el'Wm~~:;1.JLL~:;';j LfI~l:;tffl'Jl~ L~tI~~'el~Yi ~~m~~"1J'el~1'(;]~ (Risk Identification 

," , 
and Analysis of Object Behavior) Lfl1-'el~n'el'"l:;'elfiUltli'W(;]'el'Wm~~:;1.JLL~:;';jLfln:;tffl,)l~ L~tI~ 

~'el~Yif1~m~~"1J'el~1'(;]n (9)~~tJ~ ~ ,5 L~'elm.-if~I'W~'el~ m~L1~ mn:;u LL~:;';j Lml:;tffl,)l~ L~m~'el'l YJ , \I \I q 

" , 
4) i'W(;]'el'Wm~~:;1.J LL~:;';jLfln:;tftl'"l9t1 fI,)l~ L~tI'I~'el~1' (;]~ (Identifying and Analyzing 

I I I'" 

Risk Factor of ObJ'ect) Lfl1-'el~n'el'"l:;LL~fn~ntlm~tI'"l9t1ml~L~tI~~'el~1'(;]nV1;'W'eltJnu~m'W:; , " 
, ", 

Yi1'el~ LL~ fn~ ~1 fI,)I~'llI'"l:;LU'W~'el'le.J~~Yifi~hJ~~tJ~l~n'WI~'el~1' (;]nu'W (9)'1~tJV1 ~ ,6 m-ifi'i1 m~ 
, 'IJ 'IJ 

I '" I I 

L~'el m:;(9)u fI,)l~ ~'WLL~~~'el~ LL(;]~:;1' (;] n~1 n Ln fn e.J~ ~YifiV1hJ~~tJn ~n'Wl Ln fn;'W 1 'W~ fnwlV1~'el , , 
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~ , 
5) '1l'W(;l'El'Wm~~:;1.J LL~:;1 LI")~1:;,xih9tJ I")'J1~ L~tJ'I"lI'El,m1~uD~~~\.!fi"ll'El'li (;l ~ (Identify 

and Analyzing Risk Factor of Object Interaction) LI")1'El'lij'ElIOl:;LL~(;l'l~1tJm~iJIOl9tJI")'J1~L~tJ'I 

1J'El'li'l n m~tln~~~'Wfi~:;"d1'1i (;l blL 'WYln~'W'W11t'El !?l'l~U~ 'I. 7 t(;lmLl1l~:;~'W'W11t'El eTI-if'l1'W 
"dJ " q '\J '\J 

I I I III 

LI")1'El'l~'ElIOl:;~'El'lL~'Elni(;l~vh1~~'W (Starting Object) LL~:;i(;l~V1~'W~(;l (Terminating Object) 
~ ~ 

mn11'11'WL 'Won'W'W11t 'ElU'W1 1Ol1 nU'W~'11 ~ ~1 ~:;!?ltJ m1~ ~'WLL~'1"l1'El'l LLl1l~:;m~uD~~~'Wfi~:;VI~1'1 

i(;l~ Ld'Ell~;r'EllJ~I")~tJYJn~'W'W11t'ElLL~'J l~rrt-ifn(;l~~ "Next" ~~'J'W~1'11J'El'l LI")1'El'lij'El L~'ElLUU'I 
~ 

'1l'W(;l'El'Wt1(;lLU 
~ , 

6) '1l'W(;l'El'Wm~1Lm1:;,xl")'J1~L~tJ'Il'W~:;!?ltJ~'W'W11t'El (Analyzing Scenario Level 
I I" I I 

Risk) !?l'l~UV1 '1.8 LI") 1'El'lij'ElIOl:;'El fitJ1tJ'1l'W(;l'El'Wm~1 LI")~1:;,x m1 ~ L~tJ'IL 'W~:;!?ltJ~'W'W11t 'El Lij'El 
" 

, , ~ 

LI")1'El'l~'El LYi'ElLUU'I'1l'W(;l'El'Wt1(;lLU 
~ 

7) '1l'W(;l'El'W1LI")~1:;,xYl~~nn~m~Yi1'11'W1J'El'l"1l'ElYlj;fLL'Jf (Analyze Software Execution 

Behavior) 

"1I'ElYl j;fLL'J f LL~:;~1 tJ'I1'We.J~ m ~~ t1'1 LLtJtJ91 ~'El'lYl ~ ~ n ~~~ m~Yi1'11'W"lI'El'l"Jj'ElYl j;fLL 'J fLL~:; L~i'l1n i 

1J'El'lmnLi'l~'W:n-n'W !?l'l~U~ '1.9 1Ol1mr'Wl~eTI-ifnmJ~ "Next" ~~'J'W~1'1"l1'El'lLI")1'El'lij'El L~'ElLUU'I 
" ". 
~, , 

8) '1l'W(;l'El'W1 LI")~1:;,xm1~ L~m1J'El'l~'W'W11t'El (Analyze Scenario Risk) LI")1'El'lij'EllOl:; 
~ , 

'ElfltJ1tJ ntJ~:; L ~ tJ (;l"ll'El'l'1l'W(;l'El'Wm ~1 LI") ~1:;,x m 1 ~ L~ tJ'I1J'El'lon'W'W 11t 'El LL~ :;~1 m 1'We.J~ n 1 ~~ h'l 

LLtJtJ91~'El'll")'J1~ L~m1J'El'l~'W'W11t'El LL~:;L~i'l1ni11l1'11 ~~~~'WfintJLLtJtJ91~'El'l !?l'llU~ '1.10 Ld'El 

m-if~'El'ln1~(;le.J~m~~1'W'Jrum1~L~tJ'IL~m-ifn(;lU~ "Submit" ~~'J'W~1'11J'El'lLI")1'El'lij'El L~'El(;l 
'\J '\I 'U " \l 

'" .:t dI 

9) '1l'W(;l'El'Wm~~~Ue.J~LL~:;LL~(;l'le.J~~Ylfi (Summary and Result) LI")~'El'l~'ElIOl:;LL~(;l'l 
I I " I 

e.J~~YlfiMuI")'J1~L~mV1Ln(;l;'Wl'WLLl1l~:;~'W'W11t'El1J'El'lYi'ln-n'W !?l'l~UV1 '1.11 t(;ltJeTI-if'l1'W~1~1~bI . " " 
L~'El n c:J e.J~ n 1 ~1 LI") ~:;,x I") 'J 1 ~ L~ tJ'I1J'El'l LLl1l~ :;~'W'W 11t'ElLrJl t(;ltJ n1 ~I") ~ n L~'El nlOl1 n LLe.J'We4'1 ~'WL~ 

i'l1'1rJl1'W~1'1rjf1tJ1J'El'lLI")1'El'lij'El L~'El(;le.J~1J'El'lLLl1l~:;~'W'W11t'El !?l'l~U~ '1.12 
" " 
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~~II------------------------------------------~ L~==~ 

Please cUd< ''Browse'' In order to select XMI fie . 

5'U 
" 

I [1J Rid Analyo;l5 or F unctional J.\od~1 Using ObJK.t 8eh<ivior 
1,..-- - - ---- .- - ~ ~ - ----- - - --_ •• _--
:1 Fie Edk Hetp 

"""" XMI: LI ______________________________________________ -'I I. Ik..,~ I 

fie . 
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~,.,... XMI: IC:lXMI FileVsc.xmi 

Import »11 fie successful. 

~1I>ut XMt IC:IXIII FileVsc.xm1 

o " 'W1L"lJ1 
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Input XMI: iC:l)(l.t1 FiI'~SC .lCl11l 

-OescripCion .-------- ---.-- -- - . __ .­

I Risk ldentiflcatlcn 3'ld a"Wysis ~ a prOCi!SS to Identify risk of object b€haviOr 3'ld object nter ""lion fi"om stote 
ImaclTle <nd seqJeI1Ce dag"am. 

I L __ . __ . ____ . __________ . _ . 

i tE"~i~ ~ndiYsf~-~tFu~~~i ~1~?6bL~t~h~~~ 0" :~~: •• =-::-----

!' Ale Edit Help 

hput XIII: !C.\XNI FlleVsc.m1i 

; 
i l11is step ~ Identifyi1g <nd myzi1g the risk factors of ..., object from state ma 
ictTle dag"ams <nd severity of a class whch depends on a state. 

Stafe .. dependen' class of a class diagram: A SIS for FCS . Class diagram 

Ob ect Normalized Probabilit1 SeV'!ritv Level RiskFactor 
RegortController 0.33210933289887 ... SeleCtS ... ilty .. 0.0 
Paym~ntController 0.33759226g99862. _ Seled Sever11y 0.0 
InventoryConlroller 0330298397 10250._ SelectSevert!y 0.0 

1-
... Please assign SeoJefity level to state-depender« class (on the green ceU, for risk facto( computatton 
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~ect Heraction of a sequence dlagrant Normal Pt.-chase Product Scenario 

Slartlng Object I-Choose an object-I ~ I TerminatOlg Object I-Choose an obIeCl·-1 ~ I 
Sending Ob ett Receiving Ob'" Normalized OynamL SiVer!ty Leva I Risk ratlor 

Clerk ProduclB.rcode 0.0714295714295 ... 0.0 00 
OeilinOUst InvemoryControUer 0.0714285714285 ... 0.0 0.0 
Im;enll)ryControlier I"""ntort 0."2857"23571... 0.0 0.0 
Inventory InW!ntoryControl1ir 0.1<2857" 29571 ... 0.0 .0 
lnventoryController Counlerlnterface O. "28571.28571 ... 0.0 0.0 
Countar1nterf-ace Clerk 0.1 U8571 US5i1 ... 0.0 0.0 
ProductBarcode Productttem 0.071 <29571.285 ... 0.0 0 
ProduCUtem roduct8arcode 0.071.28571.285-. 0.0 0 
ProductBarcode Inventof\'Controller 0.071 "28571 4l8S ... 0.0 0.0 
InvenloryControlioer OealingUst 0.071.08511.28L 0.0 0.0 

Objed.lnCeraction of. lequence diagrant: A.rematiw Ptwchase Produd SCenario 

Slarting Object: I-Choose an obIect-1 ~ I T Ofminat.,g Object; 

Inpu1 XM: !C:IXWI FII.~sc.xm1 

-Ilescr1Jljoo 

'lhe scenario risK model ~ composed of two steps. 
I 

11. AniIyzhg soitwa-e executIOn behavior 
i2. Anayzng sceniYio risIc 

I 
I 

____ J 
Please dck "Nert~ il ordef to next step. Yru can see matix Q a'1d C fesUt5" afta' stb'ntion. 
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kIpu( XMI: Ic:1lOO FiJeVsc.xmi 

Description -- - - - - - - -- - --- _.­

j In modet1g softwa-e exerution behavicr, we use centrolnow gaph to show a behavior <T'd a'1 i1tfr action of soft 
iwa-e execution. 
: A tra'1Sition probablty maiJiX P Is used to show a condtxn1I probablty of data cmlToIlTMlSfer betwe€fl object i r the cmlToIlIow gaph. 

Generate software execution behavior models and their matrix successfUl. 
Please ddc: "Next- n ader to neI[ step. You Cit1 see matrix P reslJts after Slbnitkn. 

Input XM: IC:1XlI1 FUeVsc.xmj 

------ - --- -- -- -- - --- ----.-
In modelng scenario risk, we adj.Jst softwa-e exerution behavior model to represent the probablty of OCCUTenc 

e of a faUe. 
A lTansitlal of scenario riSk model is used to compute proi:l<tlilty i1 maiJiX'P b<T. The matJix P b<T ~ matrIX wtlch 

compose of 4 malTlxes : 
1. the maiJiX Q is a maiJiX..tlch shows the probabltles oflTirlSition among lTanslent node 
2. the maoix C is a matJix ..tlch shows the probabltles of trirlSition tram translent node to absortli1g node. 
3. the matJix lis in idenUty matriX. 

I _~ The matJix 0 ~ a zero matJix 

Generate Scenario Risk Models and their matrix successful, 
Please cIck 'Next" i1 order to next step. You can see matix Q Mld C ,eo.Jts after SlbTitT.ln. 



Inp<A XM: Ic.IXM' Fi'eVsc.xm' 

PrOOf am Steps 

knport XMlfIIe 

XMJ ilforlllation 

__ rylJlQ ..... "~k1Q oIIject beh2Mot" rtsk, 

.IdenIWV I analyze risk "'_d, 

• klerfity I analyze risk 01 obieCf neradlons 

Analyzing scenarkJ level risk 

· Analyze SW execu:ion behaytor 

• AlW!lyZe scenario risk 

. Project Name 

..... ~.WII...,..~btIlaMof I~ 

· ilkntly / ~'IIUI~otIfKt5 

· Nenlify/--..z. rlU fII~ lnI:.act .... 

~ 1C ........ lewtrhk 

.~.sw •• ec"''''''''' 

P,ojfCtH;trN 

, G)PUf(hn'P(Odutl 

i- D Nftltutto'. PUf(n;u. PfQdtJ(I S(ln¥lO : 

, Df!Oiiij!itlU1,,",,",,@i<iju~l ' 
t·QP~.nt . 
! L. DNoI'maIP.JYI'n.nt 
, ~ S.uldin90a"'SM 

~ a M.uu"" Sind R,oon o NOfrNl Send RttlGrt 

.0 .. 

. 0 
00 

0 

.0 .. .. .. 
' .0 
' .0 
5 

II ~ 8rows~ 

SLrnmary 

_______ -~ ___ -__ - _-___ ~I Elr0'!WSo! I 

P 
10 0 

0 10 

• 0 
0 • 

GO • 
GO • 
" 00 

" 10 

" • 

CI.rIc 
1.' , , 
• ... 

GO 
48!U~857U_ , 

0 " 0 GO 
00 " 00 10 

3l3111111L 00 
GO 10 

• 00 
.0 GO 

00 00 

p, ar~. Dulin Ust .. • 
9S~1 .&26571 ' • • " " " 0.' O.2Ui 48497 UJ 

0.0 0.' 
0 " gU2aS714!3 . • 

u' 
. 0 
0111511 .t Z8S71 ' ,856 
o 

ao 
o 
o 
011151 1'185;1 ' 2156 

, 
• • 

00 
lL ]lJllnlU . 

0 " 0 • 
GO • 

0 ,. 

1~ ... 

• • o • 
0.482141851142 0 

,96" 85114 285 ~ 0 0 00 

*m 
GO 

• ... •.. 
' .0 
00 
GO 
GO 
00 

1 " 

~. 

• 
0 
0 
0 

00 ., 
0 

10 

P"""",,,m 

• • 
.' UIUS51'4 

• DO 01i1159S11250 .. 0211.&00]52280 • o 09235;1'28571 0 0 

• 0 • • 

.. 
0.' 
.0 
. 0 
.OI11~J3fi6" 111S' 
.0 
.0 

0.' 
0.0 
.0 
. . 

' .0 .. 

O.)U82660~55161525 

o 
' .0 

.. _~ _. _________ . __ J~ .. j l ~ II.~ t 
nJ~ _1.12 ~~I'"l'f)LL~Vl_1~It_J~~~fi"lJ'f)_1LLlil~:;La..Jyi~n"JI1tJLLlil~:;~tJ'l .. n1t'f) 
'IJ 
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I 



tGJ.1 

~ ~ a 
tGJ.1.1 fl11~1?l'il·.:m1~"1l'il~~:::UUL'ilVlL/mJ 

n11'Yh.:nW"ll'el~1:;UUL'elYlL~).J'elth~~1t1 ~nf11~dlwL~1"l1'el~Uru~~1).Jl1r1~'elUm).J 
'IJ ~ 

tI'el ~ L~u1uu tlJ~ LL~:;~1).Jl1r1 rI'elUL~U1uu tlJ~l~ Li).J ~ULd'el~ n f11 ~'el~ n11Hf~lU1:;UU ~ n f11 

tGJ:;~'el~~'el~U~1L'elYlL~).JL-iflhJu~Lrd'el~L'elYlL~).J LL~:;n~1tr~~lU L~'el~1:;uU"'l:;1~.yiln11~1,)"'l~'elU 

~nf11~1).J11r1~"'l:;~1~m11W1UUtlJ~"Il'el~~UL'el~1~ t~tI~m11).J~~1).Jl1r1~11~ th:;ntlu~')tI 

1) n11~'elUm).JtI'el~ L~UfPl~ L ~~'el Ld'el~n f11~'el~ n11MIU m).JtI'el~ L~ufPl~m~'el1u 
'IJ 

" uru~ ~ nf11~'el~ L~'el n LLrlU11t1 n11LUUn11~'elUm).JtI'el ~ L~U tGJl mrU1:;UU"'l:;LL~ ~~-if'elfPl,)l).J m).J 
~ 'IJ 

, , 
.. I .... -' "'" dI 'I" 11' 0 41 .. I Go' qc!l 
u1:; LJl'VlU tlJ"ll"Il'el~ ~ n fPll L'Vi'el b ~ ~ n fPl1'Vl1 n11L~'el nLLrlUl1t1 n11"l1'el~ u1:; LJl'VlU tlJ"ll "ll~1:;UU"'l:; 

~1,)"'l~'elUml).Jrln~'el~"Il'el~tJ1:;LJl'VlUru~"lI'el~~nf11 ~lntJ1:;LJl'Vluru~rln~'el~ 1:;UU"'l:;~1-if'el).J~ 
'U G.I 'U Q.I 'U 'U 

" -if'el).J~tI'el ~ L~UfPl~ L ~~'el"Il'el~U ru~ ~~mh') ~~~"'l1 mrU1:;UU n~1~"lI'el~fiUlfPll1~~'"l:;~~-if'el).J~ 
'IJ ~ 'IJ 

2) n11r1'elUL~U Ld'el~ n f11~'el~ n11r1tlUL~U ~ n f11"'l:; L~'el nLLrlUl1t1 n11LUUn11 
... 'IJ 

" , 
rI'elUL~U "'l1 mrU1:;UU"'l:;LL~ ~~-if'elfPl,)1).Jm).JtJ1:;LJl'VlUn 1~"lI'el~~ n f11 L Yi'el1 'lX~ n f1l'Vil n11L~tl n LLriU .:.i 'IJ 'IJ 

11 tI n11"Il'el~tJ1:; LJl'VlU tlJ~ ,htJ1:; LJl'VlU t1!~ ~ n ~'el~ 1:;UUtGJ:;m).J~ n f11~1 ~'el~ n11r1'elUL~U91U,)U 
" 

L'Yh 1~ "'llnUU1:;UU~~"'l:;~1 n11tn1,)"'l~'elUltJu~1:;uun~1~"lI'el~fiU1 fPll1 n~tI'el~ L~UfPl~ L ~~'el~1 

L Yitl~'Vi'el~9:;~1).J11r11 'lX rI'elUl~~1'el hl ~~ ,htl'el~ L~UfPl~ L ~~'el1UU tlJ~ L Yitl~'Vi'el~"'l:;~1).Jl1r1 rI'elUl~ 

1:;UU L 'elYl L~).J9:;~1 n11'el'el n L~U LL~:;Yi).J'Vi1U L~'f9 ~~~91 n n11~1fim11).J ~tlU~'elti LL~,)1:;UU~~9:; . 
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"'1.1.2 LL~'UI1TtUJ?I Lf'I?I"lI'eWi::'U'U ... 

mWlL~'Wr1'lL~~'ell'WuC1J~ (Inquire Balance) LL~::n'el'WL~'W (Withdraw Money) ;'lLu'W'W'lni'W'l1'W 

~~ n Ll'ltJ~') lu"lJ'el'l~::'UU L'elVl L ~l-I'elth'l~ 1tJ Ll'ltJ LL[;]~::~fl Lr1fl"'::'flfiu1m1tJ~:: L ~tJ 1'I"lJ'fl'l mn11'l1'W 

L1'fl'WL"lJ[;]1'l1 LL~::~~L~m-if'el'l1'W~1'flfiu1tJtJflLr1fl ;'liJLLeJ'WLLUU~'llW1n'l~ ..,.1 ~1~fu[;]1n'l~ 
~ ~ 

.., .2 "'.3 LL~::..,.4 Lij'U~1'flfiu1tJtJflLr1fl[;]~')"'fl'flU~~fl tJflLr1flfl'fluml-ltJ'flI'lL~'Wr1'lL~~'fll'Wuru~ 
~ ~ ~ 

, 
tJ d. d. .. ~ ,....., 

..,1 n r1'J1l-1 [;]'el'l m~"lJ'fl'l~::UU LL~::LLCJ'Wl1TYH.!fl Lflfl"1!'l LLfll'l'l n'ln'l n"1!'W'l1'W"lJ'el'l~::UU 

L'flVl L ~l-I fl1lJ1~n-W1l-11'fl'elmLUU Lfl~'lflr1'l"lJ'el'l~::UU L 'flVlL i)l-I;'lu~::n'flU ~')tJ r1~1fl LL'fl'YI1ih (;] LL~:: 

Ll-I'YIfi'fll'l ~'l~U~ .., .2 
~ 

"'1.1.4 Lb~'U111~~h!Pl'U"lI'fl'l'i::'U'U 

.., 1 n LLCJ'W111 Vi tJ fl Lr1 fl 111 tJ 1 'W LL[;] ~::tJ fl Lfl fl"'::U~:: n 'flU ~ ') tJ~'W'W 11L 'fl m n11'l1 'W 
~ ~ 

, , " 
[;]1'l1 ~'lfl1l-11~mLfll'l'lL~~')mLCJ'W111Vi~1~UVl'flfiu1tJm~L~tJnHLl-I'YIfi'fll'ln'W~::~~1'l t)[;]~ ~'li1 

1) tJflLr1fl[;]~')"'fl'flU~~fl u~::n'elU~')tJ~'W'W11L'fln1~vi1'l1'W 2 ~'W'W11L'fl ~'el 
'II 

2) ~fl Lr1flfl'flU ml-ltJ'fll'l L~'Wr1'l L ~~'fl u~::n'elU~')tJ~'W'W11L'flU n~l 'Wn1~fl'elUml-l 

tJ'flI'lL~'Wr1'lm~'fl LLfll'l'lLU'WLLCJ'W111Vi~1~ul'W~u~ "' .5 
~ 

3) ~flLr1fln'fl'WL~'W u~::n'flU~')tJ~'W'W11L'fln1~vi1'l1'W 2 ~'W'W11L'fl ~'el ~'W'W11L'el 

un ~ nnll~ w~h n'el'WL~'WL~ n n~'fl'l LLfll'l'l LU'WLLCJ'U111Vi~1 ~ul 'W~u~ .., .6 LL~::~'W'W11L 'fl m~n'el'WL~'W 
'II ~ ~ 

," .r:::.I a <£III Cll/d I"" d 

"'1mL~'W111Vir1~1fl"lJ'fl'l~::UUL'fl'YIL'ell-l l-Ifl~1fl'YI"lJ'W'fltJnUflm'W:: 2 r1~1fl fl'fl 
~ 

I I~ ~ 

fl~1fl ATMController LL~::r1~1fl TransactionControlier :n'lr1~1flVl~'WmJnuflm'W::i1fl1l-11~n 
'II 

LLfll'l'l L U'W LLCJ'W111Vi fl L[;]'Y1 LLl-I"1!~'WL ~ 'el'fl fiU1tJ n 1 ~L U~ tJ'W fl C11'W::"lJ'fl'l r1 ~ 1 fll 'W ~::~~ 1'l n 1 ~vi 1'l1'W 

Ll'ltJlU~ ",.8 LU'WLLCJ'W111Vifl L[;]'Y1 LLl-I"1!~'U~ LL~I'I'ln1nU~tJ'W~m'U::"lJ'fl'lfl~1~ A TMController lU~ 
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'"I . 9 dj-WLLl:'J'W111'Y'l~ b(;]'V] bb~'l!~'W~ bb~ lfl .. .mln1J~tJ'W"'H11'W:;"lJ'el'l fOl~l~ TransactionController bb~ :; 

t1J~ '"1 .1 0 dj'Wbbe..J'W111'Y'l~ L(;]'Vlbb~']j;'Wtl'eltJ~ bb~ lfl'l n1n1J~tJ'W~ !.l1'W:;[l1tJ1 'W~ !.l1'W:;1Jj:;n'elU 

Processing PIN Input 

Automatic Teller Machine 

Validate PIN 

-t--E~----l----....:.....j' Inquire Balance 1-------+---....:::,...---1--

Customer Bank 
Withdraw Money 
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~tl1::tJ\Jl 

~tl~LLr;i~l Date: [-l\J~vliI;1~Lilnil1'il 

Version: [~\J1I'1l~L'1lnil1'il 

~'1l!lilLl'lil (Use Case Name: .. (;tlfJ~Lf'I~ ~1t.1futi~1~~~l Use Case Type . 

\,uJ1!lLfl'llt/ilLf'liI (Use Case 10): [t.I~1mfl'!lfJ~Lf'I~ ~1t.1futi~1~~~l Business Requirements: [if 

th~tJf'I'l1~~1ACY (Priority): [1::~tJf'I'l1~~1,;qjlltl~fJt'lLl'lt'll System Analysis: [if' 

LL~ii~,ril~fl (Source): [LL t.I i'l~;rtll;l f1~ fJ t'I Lf'It'lilliitl~ til 

~L~!l'l,r'1l~~inL\J~~~'1l~'Il'1l~ (~~L~t.J'l;rtl~ntJ~t'I Lf'lt'l1\J~~~tl~~1ii"l ~~tl1"1 Ltl\J~m::~'WfJt'I Lf'lt'I LLfI::tl1"1'li1i'fue.JflIiYitl .. . 
~'iii"l (Primary Business Actor): "I1nfJ~Lf'lt'll 

~L~!J'l,r'1l.:l~inL\J~~~il~'Il'1l~ .. . [~~Li'jt.J'l;rtl~ntJfJt'lLf'lt'l1'W~~~tl~lItl~1::tJtJ Ltl'W~m::~'W'Jt'lLl'lt'l LLfI::'li1i'fue.JflIiYitl"l1nfJ~ 
'i::tJ1.J (Primary System Actor): Ll'lt'll 

~Ln!J'l,r'1l~~il?i'l\J~'l~~\J (Other [~~ijfl'l\Ji'l~1 \Jn1'l~1Lil'Wii"lm'l~'lJtl~fJt'I Lf'lt'I L ~tl1l1n"lm'l~~1 L il'Wr;i'!) 'ttJ'li1i'l 

Participating Actors): 

~?i'l\JL~!l'l,r'1l.:l~\JvliI\JL"I [~~ijt'l'lJ 1 "Ie.JflIiYitl'IJtl~ii"lm1~~ Lii~ll1tJ 1'WfJt'I Lf'lt'I L ~tl1-n Ltl'lJ;rtl~f11'lJn11klLil'lJn1'l 
(Other Interested Stakeholders): tlth~~'Wr;itl 'ttl] 

A1ilti1.J1!l (Description): [f'i1tlfitJ1tJfJ~Lf'lt'I ~1fJt'lLl'lt'l~~ni'l1'lijwu1Vitl::hl 

L1'1l\Jl'llO'1l\J (Precondition): [L1tl'lJ'l'IJt.I'1tl;rtln1t.1'lJ(;)~liitl~~"I1mnritl'Wn1'lcn1Lil'Wii"ln'l'l~ll1tJ1'lJfJ~Ll'lt'll 

n1m'i::~\J (Trigger): [~~Lnt.J'l;rtl~ntJ'l::tJtJ t.I'1tl fJt'lLI'l~~'WVi~1n'l::1ii'W1l1tJ~Ll'lt'lilLl~cn1Lil'lJii"lnl'l~l . . . 
1'l'l1~i~~\Jfi (Relationships): Association : -

Include: -
[1'l'l1~l~w'Wtl 

Extend: -
1::t.I~1~fJi\Ll'l~l 

Generalization: -

il1!l~1\Jt.ln ~'Ilil~L ~ 61 m'i(u n1'in'i::~1'1lil~~L~!l'l,r'1l~ m'i(;l'1l1.JiI\J'1l~'Il'1l~'i::1.J1.J 

(Typical Course of Events): 

... .J .... L tI.J..J 1; [ii"ln'l'l~~Lii(;) '((;)tJ~'l'l::tJtJl [n"lm'l~Y1Ln(;) (;)tJr;!Y1Lnt.J'l'IJtl~l 
~ ..i _ J' ,,,..i 

[11 tJ n 1 'In "I n'l'l~Y1 Ln (;)'II'W 'l::t.I'l1~ r;!Y1 

..J .... ... ... 
LntJ'l'IJtl~ ntJ (;I'l'l::tJtJl 

i'l1!l.:l1\JYl1.:1L~'1ln (Alternate [~1t.1ftJn1t.1'lJ(;)mrilVitJ1.:Jii"lm'l~ijY11.:JL~tln~1nn~1 1 YI1~l 

Courses): 

i'I~t.l (Conclusion): [~~ii"lnmJJl1tJ1'lJfJ~Lf'I~l 

L~'1l\Jl'll~i.:l (Postcondition): [L~tl'lJ'l~t.l1tl;rtln1t.1'lJ(;)~liitl.:J~"I1mJ1t.1li.:J"I1nn1'lrii1Lil'lJii"ln'l'l~ll1tJ1'lJ'Jt'lLf'lt'IL~~"I~'lJl 

~imntu't1L:a.:J~'iii"l (Business [t.llinLntu·yM~~'lii"ltJ1.:Jt.l'l::n1'l ~liitl.:J~"I1'ltu1'h~ntJ1'lJn1'l~1Lil'lJii"ln'1'l~ll1tJ1'lJfJt'I 
Rules): Ll'lt'll 

L1'1l\Jl'llU.:lA1.Jufl::,r'1lrh~\J(;)L\J [L1tl'W'l'IJu~PitJ t.l1tl;rtln1t.1'lJ(;) ~liitl.:J~"I1'1tu11'lJn1'lWIij.J'W1l 
m'i~1ijJ\J1 (Implementation 

Constraints and Specifications): 

iI~~~l1\J (Assumptions): [t'I~~~l1'W~Lnt.J'l;rtl.:J~liitl~~"I1'ltu1l 

t.l'i::L;j'lJi1CY~1 (Open issues): [1.1'1::L~'lJilcyt.l1 t.l1tle.Jflli"r'ttl ~liitl~~"I1'ltu11'WfJ~LI'l~l 
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~::tJtJLFl~'il~rtJ.h!JL~lJ~~tlJ~: L'ilViL-e),J (Automatic Teller Machine: ATM) 

LtlnitJ v1~~1l~1J(;) Date: 11JVl 5 ~~,"11'll.J '('1.1'1. 2550 

~Ln!l'l,r'il~,"int 1..1 

~l.Jl.J'il~'II'il~f!~n~: "'. .., ...... ~Ln!l'lll'il~,"i1n ~1J 

~l.JJJ'il~'lI'il~~::'UtJ : 

~LntJ~,r'il~~n~~lJ;~JJ .. 
'il1J: 

~~~lJL~!l'l,r'il~1llJ~ 

fll..It~ : 

L~'ilU''IIU-l''''ULLiI:: 
,r'iln1,"u~tlJn1~~~U1: 

Validate PIN 

ATM01 

fjn~h (Customer) 

1l1J1Fl11 (Bank) 

Association: 

Include: 

Extend: 

Generalization: 

1. fjnA'1I'ltl~UI/l1LtlVlLiil.JL;r1~Lri1tl~LtlVlLiil.J 

3. fjnA'1nl1lffi'l'lc.ht.l 

Version: 1.0 

Use Case Type 

Business Requirements : [i( 
System Analysis: 5( 

2. 1::tJtJLLI'l I1l~ri~ t.lIlitl1.l1::1'l1t.1L Yltlru1...r1'l ~TLJ 

4. 1::tJU;:tl~lltl;rtl)Jfl"l1nUI/I1LtlVlLiil.J 

5. 1::UtJI/I1~"il'ltltJFl~1l.J~nliltl~'lJ tl~1...r1'l~1t.1 
..I ,,, ... ,J 

6. 1::tJtJLLI'lI1l~LLCltJ11tJn11LYitl ~,"Lfltln~1m1l.JV1 

LLI'lI1l~it.ll/ltllJ~Lnl1l~ULiltlfjnA'1Iiltl~n11L;r1H~1U1::tJU tl1ltJ"i::liltl~iln111/11~"il'ltlUFl~1JJLtlu 

v1'l(ljUlltl-lL~11ltl~U'U~ 
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Author(s): Lfln-ntJ j;j~t1~l'U~ Date: 1''U~ 5 ~~~11'l).J YUlI. 2550 

Version : 1.0 

'l1'1lt!1ILA1I: Inquire Balance Use Case Type 

~)J1tlLiI'!It!1ILA1I : ATM02 Business Requirements: [if" 
f-~-1-6i\J-A-'l1-)J-t{-1-;{-ty-: ---+-tl-1'U-n-fl-1-~---------------i System Analysis: []I"" 

.,.-1 ... - 1 ~Ln!J'l'll'1l~\liln '1.1 fJnpl1 

~)J)J'1l~'II'1l~~~n"l : 
... ...1 ... - 1 
~Ln!J'l'!l'iH\liln '1.1 

~)J)J'1l~'II'1l~~::\J\J : 

@j~'l'UL~!J'l'li'1l~il'UVI 

11'1.11"1 : 

1I1!J~1'UtJn~'!I'1l~ 

L\I~n1~cl: 

Li'1l'U''!I,r~;{\JUil:: 

'li'1ln1\1'U fI 1 '1.1 n1~~ ~'U1 : 

1l'U11'l11 

Association: 

Include: 

Extend: 

Generalization: 

1. fJnA'1L~flmLCl\J11tJn11~1nr1).JLtI'U 

t'\fl\JCl1).JtJfl~L~'U 

3. fJnA'1L~flntl1::L11Y1~~mr'1J~ 

2. 1::UULLt'\~~~'l'Uj;jfltl1::t'\1'Ul,xL~flntl1::L11Y1~fl~ 

U'1J~ 

.. 
Lflfln 

5. 1::UUt'\flUCl1).J;rfll;!fl'ltlti~LL2.l'li1tJ~fl~1l'U11'l11 

6. 1::UULLt'\~~tJflCIIL~'UI'I'lL~~fll'UU'1J~~fl'l\jnA'1 

Lri!-fl'lLflYiLti).J~\jnA'1.,::t;f~1'Uliffl'lLtI'ULl'lifl'l~fl'l1l'U11'111~t'\1).J11Cl1fl'lfUUj;)1LflYiLti).JlIfl~~fJnA'1 

d'J'UL~1'!Jfl~U'1J~'l!1f 
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, 
q O.:a. .:::10 

(;l1n'lYl "'lA Fll'tlfiiJlt1~~LFlt'W'tlUL'IU 

Author(s): 

~::tJtJ : 

~::tJtJLfI~'il~~tJ..j1!JL~~i'Jl1~~ : L'ilViL-83J (Automatic Teller Machine: ATM) 

Withdraw money 

Association : 

Include: 

Extend: 

Generalization: 

Cltl\JL~\J 

3. ~nPf1L~tlm.h::LJlVl'!Jtl~Uqj:jj 

Version: 1.0 

Use Case Type 

Business Requirements: [l(' 
System Analysis: [i( 

.1 v .. ..J .. 
4. ~::UU~1'l"li'ltlUu1::LJlVl'!Jtl~Uqj'l!Vl Lfttl n 

5. 1::UULLi'li1l-l~'l\Jl1itltJ1::i'l1\Jt"\\;1n11t~UtlI1lL~\J~riitl-ln1~ 

Cltl\J 

7. 1::UU~1'l"li'ltlUUtlI1lL~\JI'l-lL'I-l~tl t\JUqj=ii 

8 . ~::uU~-lf'i1ffi-l'!JtlltJU-lLL2J1l1m~tltJfutJt-l;rmJft'!Jtl-l 

Uqj=ii ~-31riiijn1~Cltl\JL~\J 

9. ~::UUtlflnL~\JVl1-l'lftl-lfuL~\J 

1 O. ~::UU~).J~LLft::tltln tULi'l1"1 

11 . 1::UU~\JU~1 

Lf'i1tl~LtlYiL~).J~ftnPf1"1::H-l1\Jriitl~LiI\JLfl1tJ~'!Jtl~!i\J1"'1~i'l1).J11Cl~tl-lfuU~ntlYiL~~'!Jtl~YiftnR1LiI\J 
~ ~ 

L~1'!Jtl~Uqj=iil~ 
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A TMCultomer 

+A TMCuslomer() 
+seIedMenu() 

1 

1 

1 

CardReadertnterface 

+CardReadertnlerface() 
+eje<:tGardO 
+inputCardO 

1 

1 

ATMC.rd 

!-<:ardDala 

+ATMCardO 
+inpuICardDala() 
+requeslCardDalaO 

1 

CUltomerinterface 

1 

+Customertnlerface() ~ 
+cIlooseAccouIType() 
+dlooseMenu() 1 
+dispiayBalance() 
+dispiayMenu() 
+dispiayMessage() 
roelACCOUnlTypeO 
+geIPIN() 
+inputPIN() 
+inpulAmounl() 
+inputCardDala() 

·CardReaderlolertace I 

i 

ATMControlier 

status 
·PIN_Counl 

1..-
PIN 

+ATMCon1rol1er() 
+cardlnsertO 
+pinEnieredO 

1 

ATMTranslction 
1 

+ATMTransac:tion() 
+cIleckCustomertnfo() 
+updaleSlalus() 

1 

I 
1 

ClishOispenser 

+GashDispenser() 
+dispenseCash() 

I :AT~card II 

lopulCardO 

i 
i 
i 
i 
i 
i 

lopulCardDalaO : 

cardlosertedO 

1 

1 

BankServ.r 

+BankServer() 
+checkBaIance() 
+getBalanceO 
+updaleBalance() 
+validaleAcx:ounl() 
+validatePIN() 

1 

TranslctionControlier 

fstalUS 
~ice 
amount 

I-balanceRemaindef 
fbalance 
.. TtansactionControllrO 
+chooseTransadion() 
+doTransactionO 
+performTransaction{) 

1 1 1 
1 

ReeelplPrilar 

+ReceipIPrlnler() 
+prlnlReeeipl() 

·Cuslomer1olertace I 

i , 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 

: relum(p'NtlmPI) 

gelPINO i 
i 

1 

r-- Inquiry 

1 1 

+Inquiry() 
+crealeSession() 
+cIoseSessionO 
+ioquire8alance(} 

1 

Withdrawal 

+WilhdrawalO 
+aeaIeSession() 
+cIoseSessianO 
+w~hdraw() 

-ATMTransactioo 

~ ____________ l _____________ ~~ _________ _ 

iopulPINO 

requeslCardDalaO 

relum(cardDala) 

--------- - ----------? 

selecliooMimuO 

checkCuslomerloroO 

pinEnleredO 

validalePINO 

[valid): relurn(validPIN 

~----------- 1------------­displayMenuO 

relurn(acknowtedge) 

: ~---------~t1-------------

----------~u 
i 
i 
i 
i , 
i , , 
i 
i , 
i 
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-ATMCystomer I -CardReadertnterface I I ~ II -ATMController I -Customerlnterface I I -ATMTransaction I l -eankServer I 

InputCardO 

II 

II---'n_p_ut_c_ar_d_oa_ta-c0~'!" 
cardlnsertedO 

getplNO 

, retum(PINtJmPt) 

~------------~-------------~~----------
: inputPINO 

requestCardOataO 

retum(cardOata) 

-
--------- - ----------~ 

... pinEnteredO 

checkCustomerlnfoO 

validatePIN() 

, , , , , , , , , , , , , , , , , , , 
l jE-___________ ~'nv~~L~~t~~~~v-"~<:P~~L --- -- - ---- ~ 1) 
: d,splayMenu():: , , , 
: retrun(invalidPIN): :: 

I~------------}-------------~-----------~--- - -------- I : : 
I I I I I I 
I I I I I I 

-ArnCustomer I -Customerlnterface II -TransactionControlier I ;Jngyiry I I -eankserver I 

, , , , 

n
: chooseMenu(inquiry) l : 

erformTransaction(inqui,y) , 

getAccountType() 

retum(accountTypePrompt) 
kc------------I 
chooseAccountTypeO 

-,:t~~ni~c:,:u~:T!~~ 

, 
createSession() 

, , , -

validateAccountO 

[valid) retum(validAccount) 

(;------------ ----------
inquireBalance() 

getBalance() 

retum(balance) 
(;---------

retum(amountBalance) 

/" ~I;s-;'s;;sio-;'() --

displayBalance() 
, 

ejectCard() , 

, , , , , , , , 

-CardReadednterface I 

, 

, , , , , , , , , , , 

retum(result) 

ieturn(acknowledge~ -1,J 
1~-----------1------------r------------ I , , , , 

'-r ~-----------
, , , , , , , , 
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-ATMCyslomer I I -CYSlomeriOlertace II -TraOsactjooCOOlrol!er I l -cas/lPisoenser I "ReceiolPrinler II -CardReadednlertace I 

I I I 
I I I 
I I I 

I r:I')iriormTraosacIIOO(W~hdra~) 
create$essionO 

1------..-'-1 
gelAccotJoIType() 

retum(accountTypePrompt) 
10.<- - ---- - -----1 

choonseAccouOtTypeo _r:~~ia_~~~T~J, 

getAmouo~) 

relum(AmouoIPrompl) 

~;,~~.;;O-

retum(result) 

I ~ - -- - - - -----
I 
I 

retum(amount) 
-------------; 

displayMessage() 

validateAcx:ounlO 

~--':'"'-T:'----

checkBalaooeO 

~;':~~:~~:Ft~~~~~~--
I ~pdaleBalanoeo 

reluro(acknowtedge) 

~~~~~~~~e~ ~--- - ---~\ 
closeSession(} : 

I 
I 
I 
I 

:dispenseCashO : 

~------ ---- - ~- - -- -~~U~-(~r~~;C;rd()-- t ------ - -- - -Y 
I I I I 

... ~ __ __ _ _ _ ____ ~ - -- - ____ ____ ~e~U~(~~~1~9~~ _ __ _ ________ ~ __ _ _ _ ______ ] j 
i I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 



l 'ATMcystomer I I ,customertotertace I I 'TraosacljooCootroner I I 'Bankserver I 
I 
I 

I I 

: chooseMeou(withdraw) : 
~ .. 

performTransaction(withdraw) 
I 

retum(accountTypePrompt) 

(C------- ------
chooseAccountTypeO 

retum(AmountPrompt) 

iE-------------
inputAmountO -

retum(resu~) 
T~------------

I 

when(informationDisplay} 

when( conficateComplete} 

getAccountTypeO 

retum(accountType) ---------------7 

getAmountO 

retum(amount) 
-----------:-----7 

displayMessageO -

createSessionO .. 

validate~cc;ountO 

[valid] return(validAccount) 

~----------- - -----------

[notEnough] return(notEnoughBalance) 

~--------- -- - -----------
closeSessiooO 

return(acknowledge) 

~-----------

when(validPIN} 

Processing PIN Input 
Waiting for Customer 

Choice = = 

when(invalidPIN} [PIN_count=3] 

, , 
.I q q .I q 

~u'Vl '"l.B LL~lUl1yt~L(;I'VlLL~"ll"ll'WLLM1,:m1~Lum..l'W~m'W:;"1l'fl'lfl~1~ ATMController .. 

162 
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when(inquiryComplete) 

when(validAccountType) (choice=inquiry) 

~-----''----.... when(vaJidAccountType) Ichoice=wijhdraw) r-----_______ 

when(amount) (amount>=l00 and amount<=20000) 

when(notEnoughBaJance) 

when(enoughBaJance) (baJanceRemainder>=100) 

when(withdrawaIComplete) 

. . 
.I q q .Iq 

ru'Vl '"l. 9 LLr.J'W[)1Yl~ LI'!'Vl LLl-J'l!'l!'\..m~ c;)~ n1nu~tI'W"Hl1'W~"1l!l'l ~~1~ TransactionController 
" 

when(PIN) 

Waiting for PIN rw~~~iPliii\""f,;;;:;t~!--;:;:;;-;;:;-~11 Validate PIN 1------7\1 

Processing PIN Input 

" . 
n1~Vi1'11'W"1l!l~~:;UU11'W~:;c;)'l n~!l'"l~L tJ'WL1!l'l n1 ~"1l1 tI~'W~h 1 '" nu~ n ~1 Vl~~'"l1 n 

'lJ . " . 
~ n ~1 L~!l n~'W~TVl ~!l'l n1r~!l L1-tlU1!ltl LL~'l ~ n ~1'"l~tl1 ~'W~1l-J15'1 L~ TULI'!!l fL ~!l'"l :;vi1 n1r 
'lJ 'lJ 

" .. 
(;]r'l'"l (Scanner) ~1Vlfu n1~I'!~'l'"l~'W~1 LL~~:;:n'W L ~!lVlif!ll-J~~'W~1 ~,ln~1'l'"l:;(1 ntl11tll'!~'l'"l~!lU 

'lJ 'lJ . " 
~1 ~1"1l!l~~'W~1Vll~iJ n1~11'WYi n H LL~'l1 'W~:;uu LL~'l ~1'W'l ru~1 m~'ll-J"1l!l'l~'W~1 Vl~'1'"l1 m!'W9'1'"l:; 

!l!l n lu L~~'"l LL~Vl1 nif!ll-J~~'W~1 ~'1 n~1'l hliJ!lul 'W~:;uu ~--1!l1'"l Ltl'WL Vi d1:;Ltl'W~'W~1'l!ilc;) 1 Vl~hljJ 
'lJ " 

. 
o !;!"q " " ~ ... 

'"l:;::q1l-J1~(1~1'W'l rur1 ~1·1N'W~1'Vl~n~1 I'!!l'l n1~ ~c;) 
'lJ 

. " " 
Vl~--1'"l1 nVl I'!~'l'"l~!lUif!ll-J~~'W~1 ~~U'Vl n:n'WL1-tlU1!ltl LL~'l '"l~Ci'li'WI'!!l'W"1l!l--1 n1 ~ 

'lJ , 

'" I I '" !;!... ... .. ~!:'"I !;!...... ...... q", !;! ... q 
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'lJ 'lJ 

'" I '" I 
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~~trlmd¥1'W9::~'fl,a11md(;ld'J9~'fl1Jif'fll-J~md"1J1tJLL~::';hmd~'ld1tJmd"1J1tJ~'W~11h::91f'WLtJ 
'II 'II . ~ 

U'ld::1J1Jrl~'l~'W~1 LYl'fll11n1d1Jf1Jud'ld1tJmd~'W~111'l~l-Jtrl • 

" .,.. .... 
91 n rl'J 1l-J (;l 'fl'l m d'lJ 'fl'l d::1J1J ~'J 9 tJ ~ 1l-J 1 del 'fl 'fl n LL1J1J LL~'WJl1 'Vi tJ ~ Lrl~"1J 'fl,:j d::1J iJ 

'IJ 'II 

~ . ~ 

~tr1J~'W'W~1~fiJ¥1'W~::trl'Jn~'fl V)'ldUVl 9 .11 Ud::n'fliJLU~'JtJtJ~Lrl~ 3 tJ~Lrl~ ~'fl ~'fl~'W~1 
, \I \I 'U 

(Purchase Product) -n1d::L~'W (Payment) LL~::~'ld1tJ,:j1'Wmd'lJ1tJUd::91f'W (Send Daily Sale) 

Ltrl tJ LLI?1 ~::tJ ~ Lrl ~9::'fl fiiJ1 tJ d1 tJ ~:: L~ tJ trl'lJ 'fl 'l n 1 dYi 1'l1 'W d 'fl'WL 'lJ 1?11'l1 LL~:: ~~ L~ tJ'J if 'fl,:j 1 U 
'IJ 'II . ~ 

~1'flfiiJ1tJtJ~Lrl~ ~1~f1J(;l1d1'lVl9.5 9 .6 LL~:: 9.7 LU'W~1'flfi1J1tJtJ~Lrl~~'fl~'W~1 tJ~Lrl~-n1d:: 
'II 'II 'II 

9 .2.3 LLe.I'lJ1l1'Yirl~1~"ll'el.:J';j"~UU 

91n rl'J1l-J ~'fl'l md'lJ'fl,:j d::1JiJ LL~::LL~'WJl1'VitJ~ Lrl~~'l LL~ trl'l n'lYi'l niU'l1U'lJ'fl'l d::iJiJ 
'II 

~ 

~triJ~'Wu~1~f1J¥1'W~::trl'Jn~'fl ~1~1dm,j1~1'fl'flnLL1JiJLrld'l~h,:j"1J'fl'ld::1JiJ~tr1J~'WU~1~fiJ¥1U , . 
~ . . 

~::trl'Jn~'fl ~'lUd::n'fliJ~'JtJrl~1~ LL'flYl1u'Jv1 LL~::L~Ylfi'fltrl v),:jdUVl 9 .12 
'II 

. . ~ 

1?11'l1 ~'l~1~1dmL~trl'lL~~'JmL~'WJl1'Vi~1~1JVl'flfi1J1tJmd~tJnHL~Ylfi'fltrln'Wd::vd1'lf(;l~ ~,:ji1 
~ 

1) f,j~Lrl~~'fl~U~1 ud::n'fliJJl'JtJ~U'W11L'flmdYi1,:j1'W 2 ~'W'W11L'fl ~'fl ~UU11L'fl 
~ . . 

m d~'fl~U~1 nnu~'W~ 1Vl (;l d'J9~'fl1Jnmn uu n I~ d1tJ m d~U~1 LL~ trl,:j LU'WLL~'WJl1'Vi ~1 ~iJ 1 'WdUVl 'II .~ 'II 

~ . 
9.13 LL~::~U'W11L'flmd~'fl~'W~1nnu~'W~1Vl(;ld'J9~'fl1JL,jn'flu1'Wuru~d1tJmd~U~1 LL~trl,:jLUU 

'II ... 

2) f,j~Lrl~~'fl1JCl1~tJ'fltrlL~'Wrl'lm~'fl ud::n'fliJ~'JtJ~U'W11L'flUn~-n1d::L~'W~h~'W~1 

LL~trl'lLUULL~'WJl1'Vi~1~1J1'WdU~ 9 .15 
'II 

3) ~ ~ Lrl~~,:j d1tJ,:j1'Wn1d"1J1tJUd::91f'W Ud::n'fl1J~'J tJ~'W'W11L'flmdYi1'l1U 2 

~'W'W11L'fl ~'fl ~'W'W11L'flUn~nnU~'ld1tJ'l1'Wmd"1J1tJ~U~1Ud::91f'W LL~trl'lLUULL~'WJl1'Vi~1~iJ1u 

.... 
~Cl1'W:: 3 rl~1~ rl'fl rl~1~ InventoryController rl~1~ PaymentController LL~::rl~1~ Report 
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I I "" I 

Controller ;-l ~~1~Vl~'W'EltJnlJ~ m'W:;il~1~1n) LL~ (?}-l dj'WLLI:.J'WJl1~~ L(;lYl LL~'lf~'WL ~'El'ElfilJ1t1 n1~ 
" 

n1ntl~t1'W~m'W:;"ll'El-l ~~1~ PaymentControlier LL~:;ltl~ '"l.20 dj'WLLI:.J'WJl1~~ L(;lYlLL~'lf~'W~ 
LL~ (?}-l n1ntl~t1'W~ m'W:;"ll'El-l ~~1~ ReportControlier 

Employee 

Clerk 

Manager 

A Supporting Information System for 

Franchise Convenience Store 

Payment 

Send Daily Sale 

, " 
~tlVl '"l .11 LLI:.J'WJl1~t1~L~~"ll'El-l~:;lJlJ~t1lJ~'W'W~1~flJ~1'W~:;(?}(m~'El 
" " . 
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1::\J\Jt'nr\J\'I~'Wi41\li'\J;1'W\'I::fI')n:a-'il (A Supporting Information System for Franchise Convenience Store) 

Aulhor(s): Lfln-D[J v1.:j~~d''Wt;) Date: <)'WV; 5 ~.:j'\.nf\)J rtf'! . 2550 

~'il'Wl~U.:jA\JLL~::i'iln1\l'Wfi 

t'Wn11~AJ'W1: 

Version: 1.0 

Purchase Product Use Case Type 

FCS01 Business Requirements: 

System Analysis: 

Association: 

Include: 

Extend: 

Generalization: 

1. Yil!n.:j1'W'II1m:n~'WphLL6ifl::;'W)J1L;r1 2. 1::\J\J1tl.:j~tl;;tll;jfl~'Wph 

L~i'itl.:jm1"'(;]1'l"1 3. 'l::\J\J(;]n"1i'ltl\J;;tll;jfl~'WA'11'WuC\J=ii11[Jn1'l 

~'W;r1'11tl.:j11'W 

~,,~'" JI 4. 'l::\J\JLYi)J'IItll;jflri'Wl'11 L'W11[Jn1'l'l!tl'll1[J 

5. 'l::\Juufuu,.:j;;tll;jfl 1 'WUC\J=ii11[Jn1'l~'WA'1'11tl.:j 

" 11'1.1 

6. 1::\J\JLLi\(;]'Iri'l'W6itlU'l::i\1'WLL~'I;;tll;jfl'l1[Jn1'l 
~ "..I ,,,,, JI 
ri'Wl'11VlCJn L'I!(;]tl'ln11'1!tl 

Alt-Step 3.1: n'lruv;hJYi\J;;tll;jfl~'WA'1;'W1(;]11'WuC\J;'l1[Jn1~tl'l11'W Yil!n.:j1'W~1[J"1::~tl.:j~1 

n1'l1rillri\~'WA'1 LLfl::'l1f\1~tl'l~'WA'1~'WJ'W r1U'l::UUL(;][J(;]'WLtl.:j 
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~::tJtJlIUtJ1I\PJ~1 .... ~tJf1U1l::(;l1n;f'll (A Supporting Information System for Franchise Convenience Store) 

Author(s): Lt1ni'tJ ~":1I1'!1i\J11l Date: 1'\J~ 5 ~~""1rl).J Vi .I'! . 2550 . 

~Lfi~~i'll~ .... inLu~).J).J'll~ 

'Il'll~f!~n"l : 

~L~~~i'll~ .... inLu~).J).J'll~ 
'Il'll~~::tJtJ: 

L'3'llul'llU'IfltJuiI::i'llrh .... ufl 

LUn1~"~U1: 

Payment 

FCS02 

Association: 

Include: 

Extend: 

Generalization: 

1. ViUn~1U'!l1tJni1lL~tln11tJn11L~tl 

~1\J'lru11f111~).J 

7. ViUn'l1\J'!I1tJni1lL~tln11tJn1n~tl 

tltlnLULt'lN 

Version: 1.0 

Use Case Type 

Business Requirements: [i( 
System Analysis: 5( 

2. 1::UU1tl~'!Itl11tJn11~\JA'1~;tl 

3. 1::tJUl1tlUCl1).J11f11'!1tl~~UA'1\Ji1l1).J11tJn11 

~UA'1~~tl~n1~tl 
4. 1::UU~1\J~ru11rl11'l).J 

.... .J ~ '" • 
5. 1::UULLI1i1l~tJtli1lL'I\JY1~nPl1i1ltl'l'll11:: 

6. 1::tJU~).J~11tJn11~UI!hUi'l::11P11'!1tl'l~\JA'1~ 
,,~ 

~nfl1'l1tl 

8. 1::UUUI1i1l~ i'b\Jt;itltl1::t'l1\JLL~'1~i'lflVifin11 

li 'N1U 
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~::\J\J~U\J~'11J~1~~\Jf11J~::fI'ln=['el (A Supporting Information System for Franchise Convenience Store) 

Author(s): L~nftJ ~-3~lI~tAj;f Date: -rtA~ 5 ~-3l11f'l~ .,.tf'l. 2550 

~1t1-31tAtln~'iI'el-3 

L~6!n1nu: 

L1'el1Jl,nJ-3AU LLil:: 

i'elfh~tAfI'l1Jn'w 

~(ijj1J1 : 

Send daily sale 

ATM03 

Association: 

Include: 

Extend: 

Generalization: 

1. ~4'(;In11~1tAn'mfl~n11tJn11L~~1I~~ 

11tJ-31tA 

Version: 1.0 

Use Case Type 

Business Requirements: 

System Analysis: 

2 . 1::UU~~-3'l1~;Jm;!fl~tAfh~1nu'1!;11tJn11~tAf!11 

'tA~1tA 

3 . 1::UUt'l ~1-3ntJ'I1tA~tAPl1~1I1tJth::~1-rtALLfl:: 

~tAPl1f'l-3LlIfl~ 'tA~1tA 

4. 1::Uuri'ltA(;j~lh::t'l1tALLt'l(;l-311tJ-31tAlh::~1-rtA 

5. ~4'(;In11~1tA(;JWlt'l~U11tJ-31tAn11'l11tJ 6 . 1::uutlfutI\-311tJn11~tA~11'1-3f'li-3 

~tA~1t11::~1-rtALLfl::n(;lri-311tJ-31tAL ~~ 'h.J 7 . 1::UUri'ltA(;j~t11::t'l1tALLt'l(;l'lt'l Cl1tA::n1rufutll-3 

Alt-Step 5.1 lI1n ~4'(;In11~1tA(;J1'l"lt'l~1J11tJ-31tAn11'l11tJ~tAPl1 LL~'l'bJtlf~-3n11ri-31i~lJfl 'h.h.JfutJt-3 

11tJn11~tAPl1 'tAf'li-3~tAPl1 t'l1~11C1~"I::"IUn1::1J'ltAn11'1i1'11tA'l~ 
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Employee 

-name 
-surname 

if' 
I 

Clerk 1 ProductBarcode 1 1 Productltem 

-productlnfo -productlnfo 

Manager 1 
+ProducIBarcode() +Productltem() 
+scan() +geIProductDala() 

1 
1 . 

. 
Countartntarface InventoryController 

-menuChoice 1 -slalu, 1 

+Counlerlnterface() 
-item 

+calculateSubmit() -producllnfo 

+display() -price List 1 1 1 
+displayTotal() ~ealingLisl tnventory 

+issuelnvoiceSubmil() +lnventoryControIJer() 
Hosttnterface +key() +addltem() 

1 +Inventory() 
+printlnvoice() +requestDealingLislO 

+checkProductDalaO 

I 1 
+requeslProductPriceO t- +updaleO +HostlnterfaceO +calculaleO 

+viewReportSubmitO +gelDealingListAndPriceO 
+sendReportSubmitO 

1 +requestlnvenloryO 
+display~eportO Paymentcontroller 

J +displaySendingStalusO -stalus 1 1 DealingLlst 
-priceList 

1 +PaymenlControlJerO 
+calculale T olalO 

1 
+DealingLislO 

1 +issuelnvoiceO +addO 
+gel() 

InvoIce WarehouseServer 
ReportController . Report 1 
-status 

+lnvoiceO -reportType +WarehouseServerO 

+viewReportO +ReportO +writeO +updaleO 

+sendReportO +crealeReportO 

1 

, ~ 

nJVl IOl_12 LLc.J'WJl1Yl~~1~"lI'e)'1~:;UU~'t!U~'W'W~1'(,\fu~TW~:;(?j'Jn~'e) 
~ . 
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~ 1 "productBarcode 

~ I 

I" prod~ctltem I "InyentortControlier I "counte~nterface I 
I I 
I I 
I I 
I scanO I 
I I 

I 
I 
I 
I 
I 
I 

getProductDataO : 

:~~~~o~~~t~:!:LJ . 
addltem(p~oductlnfo) 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

: checkProductData!productlnfo): 
I I 

: [valid] retum(validProductltem) : 

: ~-----------~---------: 
I display(validltem) I 

I r--------------r'----------+-r-------~~r,' 
: I noticervalidltem") : 

~---------i-------------t------------ -- - -- --- - ----i---------
add(validltem) I 

I 

retum(acknowledge) 

E------------~---------
display(productlnfo) : 

retum(updateftemResult) : : 

,~---------,-------------r-------------~-------------f----------+-----------
I I I I I I 
I I I I I I 

~ 1 "productearcode 

~ I 

" Inyento~ootroller I 1 " Deali~gLjst I 1 " IOy~ntorv I L.1_"C_O_u_o_te_r,ln_t_erf_a_c_e-l 

I I 
I I 
I I 
I scanO I 
I I 

getProductDataO 

I 
I 
I 

.. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

checkProductData!productlnfo) 

: ~ovalid] retum(invali"dProductltem)" I I 
i ~ ----------dii;~I;;(i-;'~alidlte-m~ 
I I I 

I : ooticeriovalidltem") I I 

~---------~-------------}------------~~-------------i----------+-----------
key(productCode, price) I I 

add(item) 

I I 

addltem(keyedProductinfo) 

I 
I 
I 

:~~~~~~~I~~~e~U i 
display(productlnfo) : .. 

" retum(updateftemResult):: 

1~---------I-------------t-------------~-------------1 ----------+-----------
I I I I , I 
I I I I I I 
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,-_oC~le~r1s_----,1 1...1_, c_Q_U_n_,e_r~lo_te_rf_a_ce-,I I °eayment:ontroller I 

, 
olQyentorv;:0ntrolier I ~ I loealingList I I oln~ice I 

calculateSubmit() 

retum(totalAmount 

IE-----------
issuelnvoiceSubmH() 

calculate T otal() 

displayTotal() 

issuelnvoiceO 

printlnvoice() 

, , , , , , , 

display(completeMessage) 

retum(paymentComplete) 

~---------~ , , , , , , 

requestDealingList() 

return(dealingList) 

geth , 
retum(dealingUst) , 

----------,-----------, , , , , , , , 

calculate(priceUst) 

wrHeO 

, 
get(dealingList. priceUst) , , 

_________ ~,:,:~~~~i~~':i~:..p_ri:,:':iS:~ ______ _ 

retum(invoice) : , , , 
-------- - ----,--- - ---------T--- - -------,----------, , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , 
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~ I I ' I::IQ~IIDI!:rfal6l I I 'B!:Il2!1:QDI[QII!:[ I EJ I 'IDY!:DIQIYQQQ\[QIi!:[ I 
I 

:I!r&!l1QIY I I Wa[!:bQ~~!:ll!:IY!:[ I 
I I I 
I I I 
I I I 

viewReportSubmit(reportType) I 
I 
I 

viewReport(reportType~ 

displayReport() 

retum(report) 
~,--------

sendReportSubmit() 

sendReport() 

displaySendingStatus() 

retum(sendingComplete) L,-iE- ________ ...LJ 
I I 
I I 
I I 

I ' Ma~ager I II..-·H_o_s_t_,o.:_e_rf_a_ce----'I I 

I 
I 

I I 

view~eportSubmit(report!ype) .. 

I 

I 
I 
I 
I 
I 
I 

I I I 

I I I 

I I I 

I I I 

I I I 

I I I 
I I I I 

I I 
I 

requestl!'ventory() I 
I 

I getlnventory I 
I 
I 

:~~~i:~e~~:ll) I 
I 

retum(i;wentory) 

~---------t-----------
createReport() I -. 

I I 
I 

:e~~~~~~~~ 
I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

u~ate() I 
I 

retum(acknowledge) :1) 
~---------'------------~------------i----------- I 

I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 

'Report:ootroller II ' Re~ort II 'Ioveoto:cootroller 

I I 
I 
I 
I 
I 
I I 

I 
I 
I 
I 
I 

viewReport(reportTypeX I I 
I I 
I I 

requesUrlVeotoryO I 
I .. 

I . 
geUoveotory I 

I .. 
I 

~~~O~i~~e~~O:! J,J I 
I 

return(i~veotory) 
~---------~-----------
createReportO I 

.. I 

:e~~~~e~~~~ lJ 
displayReportO 

I 
I - I 

retum(report) I I 
I I I 

'-;-~-------- -;- I I I 
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when(requestinventOfy) ImenuChoice""viewReport1 
'{ Getting Inventory ) 

when(inventory) I 
when(keyedProductlnlo) [p<oductCode'l3digrt 

when(invalidProductltem~ ( Key Product Code and priceNotEmpty) 

• 
\. and Price ) 

1 \ when[p<oductlnfo) (menuChoice'pvrchasel 

'l Checking Product ) 

when(validProductltem) I Adding Item to )-Idle I. \. Dea6ng List 

[\ 
Iwhen(addComplete) (not amountOfllem-amountOlCustomerNeed) I 

when(addComplete) (amountOfltem:amountOlCustomerN eed 
when(updateComplete) 

( Updating Inventory) 
Of command\JpdatingNow] 

when(deafinglnfo) (dearongListNotEmpty 
and priceUstNotEmply] ( Waiting for Gotten Oeafing t when(priceUsI) 

\.Information to creale invoice } 

when(r equestoearongLisl) )menuChoiceaPaymenl) I Getting Dealing 1 when(dealjnglisl~( Waiting to< "when(requestPriceL~1( Getting Price 

\. List } " \. Price Request} \. List 

.,---------. when(dealingList) [dealingListNotEmpty) .,---------.". 

)---------';>1 Requesting Dealing List (------------71 Requesting Produd Price 

when(endProcess) [menuChoice=closeReport] 

when(reportType) 
Getting Report I------__=;.( 

when(updateComplete) 
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~:;Yl'.:I nitJ'IltJ 

, ,~ 

1) t1Itl'1ml1.:1n'lntJ~tJtJt1ImtJ:;'1I'fl'l LLt.JtJlll~t1I L(;]'VI LLlJ"Jj~tJ'1I'fl'lrl~1t11Vi;tJ'flunu 
'U 

t1ImtJ:; c;1'1ml1'1~ 'Yl.1 ~'J'flUl'1ml1'1n'lntJ~tJtJt1ImtJ:;'1I'fl'lLLt.JtJlll~t1IL(;]'VILLlJ"Jj~tJ'1I'fl'lA~1t11 

ATMControlier 1tJ1:;UUL'flViL~lJ 

2) t1I tl'1 m 11'1 LLt1I ~'I11tJ~:;L ~tJ ~tJ1:;~liltJ~Vi'l n'l1'11tJ'ltJ ~'J m:; ~tJL '" (;] n l1nJ'1I'tl'l • • 

ATMControlier 1tJ1:;UUL'tlViL~lJ 

3) t1Itl'1~1rl'JllJIil1'1~LUtJ1tJ1cll'1l'fl'lLLI1l~:;tJ1:;~liltJ c;1'1(;]111'1~ 'U.3 n'l(;]111'1~ 'Yl.g 

4) ~1tJ'J rurl'JllJU11il:;LUtJ'1I'tl'l t.J~~~fi~~'ItJ11 1('ltJl1 tJnlntJ~tJtJt1I mtJ:;'1I'fl'l 

'VImL'VI1tJ:nitJ1tJt1IL(;]'VILLlJ"Jj~tJ c;1'1m11'1~ 'Yl.1 0 • 
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5) riTW'J CUrl'J 1l-JU19:; Lth.l~'fl'l e.J~~y.Hf~~'1tJ~l n1U 1~ 'fl'l L~ UYll'1 n1 ~Yi 1'11ULLvi ~:; 

L~UYll'11ULLe.JUfllY'l~ L~Yl LLl-J"l!~U vl'J'flth'l LLe.JUfllY'l~ L~Yl LLl-J"l!~U~'il'l rl~l~ A TMControlier ~ 
" , " 

I) LM1:;'\XLL~:;'fl'fl nLLUU~U19 L~UYll'1 n1~Yil'11U 1 ULLe.JUflli"l ~ L~Yl LLl-J"l!~uYhn ~~u 3 n~ru ~'fl mru 

tJn~~~nfh1~~'IX~U~~L'tl'vh~l-Jr;m~'il'l LL~I?1'1~'1~tJ 'U .1 LL~:; 'U .2 mru~nfh1~~'IX~u~n't.lYlL~l-JEj~ 
\I "'lJ 'U 

" " 
LLvlhln'l 3 rlf'l LL~~'1~'1~tJ 'U.3 LL~:; 'UA LL~:;mru~nfh1~~'IX~u~n'flYlL~l-JEj~ 3 rlf'lYil1~nnm~ 

'" '" '" 
" U~~ LL~~'1~'1~tJ 'U .5 LL~:; 'U.6 ll'l 3 mru9:;r;)nrilU'JCUrl'Jll-JU19:;dju~'t.l'lL~UYll'1n1~Yil'11'W ~'1 

.J 
~ln'lYl 'U.11 

'" '" 

6) rilU'J CUrl'Jll-JU19:; L U'W~'fl'l e.J ~ ~ i"l fi~1~ ~'1 tJ n ~r;) 'W 1~ 'il'l L~'WYll'1 n 1 ~Yil'11'WLLvi 

~:; L~'WYll '11 ULLe.J'WfllY'l ~ L~Yl LLl-J"l!~'W LL~ :;1"11 rl 'J 1l-J U19:; L u'W ~'fl'l e.J ~ ~i"l fi~1~~ '1tJ n ~r;)'W 1~'t.l 'I l' ~ r;) , 
1~1 ~'1mn'l~ 'U.12 LU'Wvl'J'flth'ln1~ril'W'JCUfl'Jll-JU19:;LU'W~'t.l'le.J~~i"lfi~1~~'1tJ~1~r;)'Wl1'WLLvi 

~:;L~'WYll'1n1~Yil'11'W~'t.l'l LLe.J'Wflli"l~ L~Yl LLl-J"l!~'W ;'1 LL~ 1?1'1 n1ntJ~tI'W~ m'W:;~'t.l'l A TMController 

7) Lri'fl ri 1'W'J CWl"l1 fl'J 1l-JU19:;L U'W~'t.l'l e.J~~i"lfi~1~~'1 tJn ~r;)'Wl~'t.l'lYl n rl~l~~ , 
'" '" I '" 

~'W'il U n u ~ r;) 1'W:; LL~ 'J 9 :;Ul1"11 fl'J 1l-JU19:; L U'W oJ'Wl-J ltJ fu 1"11 ~ 1l-J t't.l n 1 ~ Yl9:; Ln ~1' ~ r;)~'W 1 'W '" , 

, ," 
n1~Yil'11'W~'il'l LLe.J'Wflli"l ~ L~Yl LLl-J"l!~'Wl 'W1' ~ r;) A TMControlier ~'1 LU'Wrl~l~Yl~'W't.lUniJ~ m'W:; , " 

rl~l~ L~tI'J lU~'WU11't 't.l n1~m'J9~'t.liJ~'IX~u~n 't.lYl L ~l-J 

8) 1"11~1~91nn1~ril'W'Jcwl'WmJ1'1 'U .13 ~'fl'lLLvI~:;1'~r;)9:;r;)nUll-JlrilU'JCUI"11 , " 

'\1.1.2 m~~"1~ru1Fl'J1l-JL~tI'I".lJ'£l,m1~tJii~l-JWUfi~~VI";h-:Jt)~'J 

1) ~h'l~lJ1'l LL~ 1?1'l1"11rl~tJtJ~'l~'t.l'l n1~tJD~l-J~'Wfi~:;,..dl'11'~~ 1 'WLLe.J'Wflli"l 

~1 ~iJ~ LL~ 1?1'l~'W'Wll't't.ln1~Yil'll'W~'Jl-J nu~'t.l'l1'~ r;) 1 'WtI~ Lfl~ ~'1~1~1'l 'U.15 LU'Wj;]'J't.lUl'l1"11 , " 
fl~tJtJ ~'l~'t.l'l n1 ~tJD ~ l-J~ 'Wfi n 'W ~:;vdl'l l' ~ t1~ 't.l'l~'W'Wll't 't.l n1 ~~ ~'J9 ~ 't.l iJ ~'IX ~ U mL 'ilYl L ~ l-J n ~ru 

~nfh 1~~'IX~ L't.lYl L~l-Jr;)n~'t.l'l 
v " 

2) ril'W'J CWf1'Jll-J L~tI'l~'t.l'l LLvI~:;n1~tJD~l-J~'Wfin'W~:;~~l'11' ~ ~ 1 'WLLe.J'Wflli"l~l j;]iJ 

~'lmn'l 'U .16 LL~~'lj;]'J'ilUl'ln1~rilU'Jrurl'Jll-J L~tI'l~'t.l'l LLvI~:;n1~tJD~l-J~'Wfinu~:;~~l'11'~~ 1'W 

LLe.J'WfllY'l ~1 ~iJ~ LL~ ~'1~'WU11't't.l n1 ~m'J9~'fliJ~'IX~u mL't.lYl L~l-J nnu~ n fll1~~'IX~umL't.lYl L~l-J 
v 
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1) n1~~~1'HL1J1J~1~'el'l'Vi~~m~l-Jn1~vil'11'W"lJtl'l"J1tl~lJlWJf ~'1ltJ 11.7 LL~(?\'1 

I'l'ltl ~1'1 LL1J1J~1~tl'l L:n'l'Vi ~ ~ n ~~l-J n1 ~vil'1'l'W"lJtl'l"J1tl~ lJlLL'l f"lJtl'l~'W'WirL tl n1 ~j;]~'liOl~tl1J~lX~U j;]~ 

L'elYl L~l-Jmru~nI~h Lt'l~lX~uj;]dLtlYl L'~l-Jrtn~'el'l ;'1~1l-Jl~rt~~1'1 Ll-Jvi'tni P LL~(?\'1 ~1~'l1l-J LtI'WltJl~ 
" " 

"lltl'l n1 HL 'Vl~'W:n-D'WiOli n L ~'W(?\~~'11 tJU'l~ n L ~'W(?\~~'1L 'W LL1J 1J~ 1 ~ 'el'l'Vi ~ ~ n nl-Jn 1 ~vi 1'1 1'W"lltl'l 

"J1tl~lJlLL'lf ~'1LL~(;l'lL'Wm~1'1~ 11.17 

2) n1~~~1'1LL1J1J~1~'el'lmll-JL~tI'I"lltl'l~'W'W1Htl ~'1~tJ~ 11 .8 LL~(;l'lI'l'ltl~1'1 
'IJ 

o 0 

j;]1n'lYll1.18 j;]1n'lLl-J'Vl1'ni C LL~(;l'l~1~'1j;]1n'lYll1.19 LL~::;m~1'1Ll-J'Vl1'ni A LL~(;l'l~1~'1 
o .... 

j;]1n'l'Vl 11.20 

3) ~~'1iOli n'Vl n~'W'Wl1'L'el rt n r11U'l ru~'l 1l-J L~ tI'I iOl'Wl~ Ll-J'Vl1'ni 1111'11 "lltl'l LLI11~::; , " 
~'W'Wl1'L'el LLft'l 'Vl n~'W'Wl~'L'ell 'W'Vl ntl~ L~~iOl::; rt nUll-Jl~ (;l~ 1 ~1J ~ 'l 1l-J ~1 fl ru"lltl'l ~'l1l-J L~ tI'I ~'1 

" " ~ '\l Q,I' 

4) ~'l1l-JL~tI'I"lltl'lYl'ln-D'W'Il'W'Vlntl~L~~1'W~::;1J1JiOl::;rtnr11'W'lrw L(;ltlL'W 
, 'IJ 'IJ 

" \I I' 
~'Vltl'lil'Vi'WfiuiOl::;L~~1Ul~'t!n"lltl'l LLI11~::;~'W'W1'tLtli:J~1 LVl'l n'W ~'1m~1'1Yll1.22 LL~(;l'l~'l1l-JL~tI'I 

~'ll-J"ll'el'l~::;1JUL'elYlL~l-J i:J ~1 0 .6019532 ;'1'el~lu~::;~1J~ n ~j;] 'Vi~tll-JU'Il~LLtlnmll-JtlliOl::;LtI'W"lltl'l 
I It" 

~'l1l-J L~ tI'I ~'1 mh'l L t1'W~ 1 ~'l 1l-J L~ tI'IYliOl::; Ln (;l~'W L 'WLLI11 ~ ::;Yl'l n-D'W~'l tI 
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t\Cl1lJ::LuJ t\Cl1lJ:: L1t1lJ'l"L~I1jn1mr t\ Cl1lJ::LUTIUntJ 

U"l,UlJ infonnation card PIN invalid valid confiscate PIN_count 

Display Insert PIN PIN Complete =3 

- Idle @T - - - - - Idle 

- Idle - @T - - - - Processing PIN 

Input 

Processing Waiting for - - @T - - - Validate PIN 

PIN Input PIN 

Processing Validate PIN - - - @T - f Waiting for PIN 

PIN Input 

- Processing - - - - @T - - Waiting for 

PIN Input Customer 

Choice 

- Processing - - - @T - t Confiscating 

PIN Input Card 

- Confiscating - - - - @T - Idle 

Card 

~)J1m~" t\Cl1lJ::LLl.i t\Cl1lJ::U"l,UlJ Lit1lJ'l"L~VJn11nr t\Cl1lJ:: 

lh::'t'l"ltJ LU1~)J1tJ 

Pl - Idle -,informationDisplay 1\ informationDisplay' Idle 

P2 - Idle -,cardInsert 1\ card Insert' Processing 

PIN Input 

P3 Processing Waiting for -,PIN 1\ PIN' Validate PIN 

PIN Input PIN 

P4 Processing Validate PIN -,in validP IN 1\ invalidP IN' 1\ -,P IN count = 3 Waiting for 
-

PIN Input PIN 

P5 - Processing -,validPIN 1\ validPIN' Waiting for 

PIN Input Customer 

Choice 

P6 - Processing -,invalidP IN 1\ invalidP IN' 1\ PIN count = 3 Confiscating 
-

PIN Input Card 

P7 - Confiscating -,confiscateComplete 1\ confiscateComplete' Idle 

Card 
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A TMControlier 

l-untJLfI'II "Cl1U::U.~ "Cl1U~U"l"lUU information Display inf ormationDi splay 
, 

"Cl1U:: 

th::Yi"lll"tlfltJ lih\.l).J1tJ 

P1 -1 - Idle F T Idle 

P1-2 - Idle T T Not Change 

P1-3 - Idle F F Not Change 

A TMController 

\.I).J1tJLfI'II "Cl1U::U.~ "Cl1U::U"l"luu cardlnsert cardlnsert; "Cl1U::IU1\.1).J1tJ 

l.h::Yi"lll"tlfltJ 

P2-1 - Idle F T Processing PIN 

Input 

P2-2 - Idle T T Idle 

P2-3 - Idle F F Idle 

A TMControlier 

\.I).J1tJLfl1Jth::Yi"lll" "(l1u::U.~ "mu::u"l"lUU PIN PIN' "mU::IU1\.1).J1tJ 

tlfltJ 
., 

P3-1 Processing PIN Input Waiting for PIN F T Validate PIN 

P3-2 Processing PIN Input Waiting for PIN T T Waiting for PIN 

P3-3 Processing PIN Input Waiting for PIN F F Waiting for PIN 

A TMControlier 

\.I).J1tJLfl1J "mu::II~ "t"l1U::'U"l"lUU iiivalidPIN PIN_count=3 ' 'invalldPIN' "Cl1U:: 

l.h::Yi"lll"tlfltJ ' - ~ - - IU1\.1).J1tJ 
0 " 

P4-1 Processing PIN Validate PIN F f T Waiting for 

Input PIN 

P4-2 Processing PIN Validate PIN T f T Validate 

Input PIN 

P4-3 Processing PIN Validate PIN F t T Validate 

Input PIN 

P4-4 Processing PIN Validate PIN F f F Validate 

Input PIN 
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l'I1~1'l~ 'U.7 rhl"l,)1l-J"'l1'l~djuhJl~"1J'tl'lth::;y\"'ltl"tn.mJL~"1J P5 "lJ'tl'ln1~LtJ~rJU~rnu::;"1J'tl'l1"l~1~ 

A TMController 

'unm~1J ~rnlJ::u).) ~ Cl1lJ::iI"I,ulJ validPIN validPIN' ~Cl1lJ::Lih""~1t1 

l.l:::yj"lUUfltl 

P5-1 - Processing PIN F T Waiting for Customer 

Input Choice 

P5-2 - Processing PIN T T Processing PIN Input 

Input 

P5-3 - Processing PIN F F Processing PIN Input 

Input 

l'I1n'l~ 'U.8 r111"l'J1l-J"'l1'l~d:luhJl~"1J'tl'l1.h::;y\"'l,r~l-J1m~"1J P6 "1J!l'ln1ntJ~m.J~rn'W::;"1J'tl'l1"l~1~ 

ATMControlier 

""lJ1m~1J ~Cl1lJ::U).) ~C11lJ::iI"I'UlJ invalidPIN PIN_count=3 invalidPI~l .~Cl1lJ:: 

th::yj"lUUfltl Lih""~1t1 

P6-1 - Processing PIN F t T Confiscating 

Input Card 

P6-2 - Processing PIN T t T Processing PIN 

Input Input 

P6-3 - Processing PIN F f T Processing PIN 

Input Input 

P6-4 - Processing PIN F t F Processing PIN 

Input Input 

l'I1n'l~ 'U.g r111"l,)1l-J"'l1'l~LtlultJl~"1J!l'ltJ~::;y\"'l,r~l-J1m~"1J P7 "1J'tl'ln1ntJ~rJu~rn'W::;'lI'tl'l1"l~1~ 

ATMControlier 

""~'1m~1J . ~C11lJ::LL).) ~C11lJ::iI"1'UlJ confiscateComplete confiscata:omplete' ~C11u::Li:l1""~1tJ 

tI:::yj"1UUfltl 

P7-1 - Confiscating F T Idle 

Card 

P7-2 - Confiscating T T Confiscating 

Card Card 

P7-3 - Confiscating F F Confiscating 

Card Card 



'IUn£JLfl1J 

l.!1:;'Yi"lU 

P1 

P2 

P3 

P4 

P5 

P6 

P7 

~Cl1U:;LUJ ~Cl1u:;iI"I'uU ~Cl1U:; !True Truth Valuepq! !Total Truth Valuepq ! 

(p) Lih\l).J1EJ (q) 

- Idle Idle 1 3 

- Idle Processing 1 3 

PIN Input 

Processing Waiting for Validate PIN 1 3 

PIN Input PIN 

Processing Validate PIN Waiting for 1 4 

PIN Input PIN 

- Processing Waiting for 1 3 

PIN Input Customer 

Choice 

- Processing Confiscating 1 4 

PIN Input Card 

- Confiscating Idle 1 3 

Card 

when(informationDisplay} 

1-------3>! Waiting for Customer 1------3>/ Processing PIN Input Choice 
'------ = = 

~ ...J. ) when(PIN) ( L ~ 
~ Waiting for PIN > Validate PIN ~ 

180 

PSOpq 

0.3333333 

0.3333333 

0.3333333 

0.2500000 

0.3333333 

0.2500000 

0.3333333 

xu~ 'U.2 LLc.J'WJllYH'H(;)'Yl LL~"ll:n'WLL~ ~\I L~'WYn\l mnhn'WJllrJL 'W~ bI'l'W:;l.h:;n'flu Processing PI N 

Input mru~n~hl~nr~U(;)1L'flVlL~l-J~n!;l'fl\l 
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when(informationDisplay) 

\-
____ ---?>\ Waiting for Customer 

I-----~ Processing PIN Input Choice 
= '--------' 

nj~ 'U. 3 LLe.J\J111'V'l~ Lin VI LL~"l!~\JLL~ tn-.l L~\JVl1-.l m:i';11-.l1\J'lJ'fl-.l ~rn~ A TMController mru~ n ~11~ 
~ ~ 

" :i'tr~UIn:i'L'flVlL'ii~~tnhjCi-.l 3 ~f-.l 

------, wnen(invalidPIN) [not PIN_count=3) -------...,. 

" Input mrufjn~11~1tr~UIn:i'L'flVlL~~~tnhjCi-.l 3 ~f-.l 

when(informationDisplay) 

1-----3>1 Processing PIN Input 
= = 

when(invalidPIN) [PIN_count=3] 

when( conficateComplete) 

nJ~ 'U.5 LLe.J\J111'V'l~LlnVlLL~"l!~\JLL~tn-.lL~\JVl1-.lmn11-.l1\J'lJ'fl-.l~~1~ ATMControlier mru~n~11~ 
~ ~ 

" ......... .o&:iII ".c:II. .... 
:i'~~1Jlnn'flVlL'fl~e.Jtn 3 ~N 

~-----.. when(invalidPIN) [not PIN_count=3) 

Waiting for PIN I----~ 

when(PIN) 

" Input mrufjn~11~:i'tr~ulnn'flVlL~~~tn 3 ~f-.l 
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... U1~~~U~L~~~~~~nUL~U~1~n11 PSOinitial-final LL~tU11~flL(iI~LL~'l!'l!U 

~1~1U1ULL~tU11~flL(iI~LL~'l!~U 

mru~ nFl1 1fl1,rflU(il1L~Vl Lii~tJn ~~~ P1-P2-P3-P5 0.01234570 

mruflnF111fl1,rflU(ilntlVlLii~Ejc;)hJn~ 3 Flf~ P1-P2-P3-P4-P3-P5 0.00102881 
~ 

mru~nF111fl1,rflU(ilntlVlLii~Ejc;) 3 Plf~ P1-P2-P3-P4-P3-P4-P3-P6-P7 0.000021433 

(PUOinitial-final) k PUOO; 

81 0.001697793 0.987654321 

972 0.020373514 0.998971193 
0.999937119 

46656 0.977928693 0.999978567 
. . ~ . r . ~.. ~ . .. OJ 

47709 : " '1' '. 
L _ __ ~ ___ .-:~~_~L~_· ~_~' -....:.....:.... ~_ . L __ · _~~~ 

PUOOS; 

A TMControiler 47709 0.9999371 0.9999371 

ATMControiler 0,9999371 0.75 0.7499528 
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(;lln'l~ ~.15 f'h~~1.hJ~'1'lJ'tl'lmnJ~~).J~'Wfin'W~:;~~I'11'(;l~1'WLL~'WJllY"l~lcK1J~LL~~'1:n'W'Wifl'tl 
m~(;l~'.l9~'tl1J~tr~U(;l1L'tlVlL~).Jmru~nfh1~~tr~U(;l1L'tlVlL~).Jb1n~'tl'l 

~ ~ 

O)I/1~~fu;rtlf'l'l1~ . <I> 
U 

~ <I> 
U c 2 ~ ... c ~ 

.Q 
<I> 

~ 2 (3 
E e c <II a; 
B u ~ 

<J) 

<J) <II "E C c ~ 
:J <I> <II 0 E ~ . <1> 
0 0:: 0 0 B l- (/) 

~ ""l'l" "E .Yo 
:2' :2' :2' <J) :2' c 

'l1/1~l'I ~'IJtll'\'l1~ I- <II I- ~ :J ~ <II « 0 « 0 CD 

ATMCustomer 0 0.0625 0 0 0.0625 0 0 

CardReaderlnterface 0 0 0.0625 0.0625 0 0 0 

ATMCard 0 0 0 0 0.0625 0 0 

ATMControlier 0 0 0 0 0.125 0.0625 0.0625 

Customerlnterface 0.125 0 0.0625 0.0625 0 0 .06~5 0 

ATMT ransaction 0 0 0 0.0625 0 0 0 

BankServer 0 0 0 0.0625 0 0 0 

(;l1~I'1~ ~ . 16 f'il~'.lI).J L~U'l'lJ'tl'lmnJ~~).J~'Wfi~:;~~I'11'(;l~1'WLL~'WJllY"l~lcK1J~LL~~'I:n'W'W1H'tl 

m~(;l~'.l9~'tl1J~tr~U(;l1L'tlVlL~).Jmru~nfh1~~tr~U(;l1L'tlVlL~).Jb1n~'tl'l 
~ ~ 

l' VI Cl~ fl~;r tH'I,) 'UJ 1'VI~~flJ;r'flPl,)1~ , NDC.. . IJ 1::C;)lJPl,)1~~'WLLN 1'i1Pl,)1~L~U~'lJ'fl~ 

(Svtij ) il,,4'u( NDC ij ) 

A TMCustomer CardReaderlnterface 0.0625 0.25 0.015625 

A TMCustomer Customerl nterface 0.0625 0.25 0.015625 

CardReaderlnterface ATMCard 0.0625 0.25 0.015625 

CardReaderlnterface A TMControlier 0.0625 0.25 0.015625 

ATMCard Customerl nterface 0.0625 0.25 0.015625 

A TMC6ntrolier Customerl nterface 0.1250 0.75 0.093750 

A TMControlier A TMT ransaction 0.0625 0.75 0.046875 

A TMControlier BankServer 0.0625 0.75 0.046875 

Customerlnterface A TMCustomer 0.1250 0.50 0.062500 

Customerlnterface ATMCard 0.0625 0.50 0.031250 

Customerlnterface ATMControlier 0.0625 0.50 0.031250 

Customerlnterface ATMTransaction 0.0625 0.50 0.031250 

A TMT ransaction A TMControlier 0.0625 0.25 0.015625 

BankServer A TMControlier 0.0625 0.50 0.031250 



: L~.'J"'I'l.:j ~. _'~ .... ,:,':!; 
~ '.- "\ .' 

0 0 

ATMCustomer . ' 0 0 0.5 

0 0 0 

0 0 0 

0 0 0 

0 0.2 0 

0 0 0 

0 0 0 

0 0 0 

0 

0 

0.5 

0 

0 

0.2 

0 

0 

0 

~ e 
:c ... 

1- 8 
'- ~ 
6:~ . 

o 
o 

0.5 

o 

o 

0.2 

o 

<1> 
U 

C {? .2 
2 t3 
C rn 
~ 

f/) ·_ c 
E ., ~ 
.8 ; . t-
V) ~ 
:J ~ U 

0 0 

0.5 0 

0 0 

0 

0.333333 0.333333 

0 0.2 

0 0 

0 0 

0 0 

a; 
~ 
<1> 

.- ~ " ' . 
C . 
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.&! <. -. '''t-

o o 
o o 
o o 
o o 

0.333333 o 
o 0.2 

o o 
o o 
o • 1 



L"IU(;Iru 
Ql 

" 
U 

~ 
; :.' ',' .. '.~-- I?, ~ I ~ 2 

I'; . Ql . ., 
c 

,. 
~'k " '. ~ /'§' ',' 

.;~ .;~ '0 
I ' ', Ci) . .C' ro . 

,. 

<\:.~.:.~.,:.: 
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i·'-' .' 0 0 0.4921875 

CardReaderlnterface 0 0 0 '. 
ATMCard "". < 0 0 0 .. ' "'. -
'f.. tMso~tioHer f;';) 0 0 0 

' £gstol1l~rlnterf~C~ .- < 0 0.1875000 0 ., 

I-ATMT r~ri!!action :' ; x:' 0 0 0 
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.' e c 
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0 0 0 

0 0 0.4921875 

0.4921875 0.4921875 0 

0 0 0.9843750 

0 0 0.0755351 

0.1937500 0.1937500 0 

0 0.9843750 0 

0 0.9687500 0 
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~ 
, 

t'"'W~~~ T ' ... F(minor) F(marginal) F(critical) F(catastrophic) 

S 0 0 0 0 0 

A TMCustomer 0 0,0156250 0 0 0 

CardReaderlnterface 0 0.0156250 0 0 0 

ATMCard 0 0.0156250 0 0 0 

A TMControlier 0 0 0 0.7655808 0 

-
Customerlnterface 0.2000000 0 0.0312500 0 0 

A TMT ransaction 0 0.0156250 0 0 0 

BanKServer 0 0 0.0312500 0 0 

~ - "' 

t'"'W~~~ . T F(minor) F(marginal) , F(critical) F(catastrophic) 

S 0.2373799 0.0414235 0.0393018 0.6818948 0 

A TMCustomer 0.2373799 0.0414235 0.0393018 0.6818948 0 

CardReaderl nterface 0.1667609 0.0338505 0.0285560 0.7708326 0 

ATM,Card "- ,:~',,- . 0.3106046 0.0339005 0.0504938 0.6050012 0 

ATMControlier - ".~ 0.0282112 0.0031292 0.0075247 0.9611349 0 

bustom~rlntertace 0.3155348 0.0185655 0.0512953 0.6146043 0 - . , .... , -

A TMT ransactlon 0.0277704 0.0187053 0,0074071 0.9461172 0 

~C!n~Serv~(. _, _ 
, 
~ 0.0273296 0.0030314 0.0385395 0.9310995 0 

"." , 
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I I I II 

m11'1Y] 'il .21 MU fl':l1l-J L~tI'Iy] Ln ~~'W'l 'WLLl'l~~~'W'W1rt 'fl"ll'fl'lYl ntJ~ Lfl~"lI'fl'l1~UU L 'fly] L~l-J 
• • 'IJ 

"tm11L~ I ii~n-nu n11f111'l~jq~\Jnrjq n11f111'l~jq~\J n11Cl~UL~U mN n11jq~\JCl1~tJ~{;lL~U n11Cl~UL~U m-N 

fl'l1JJL;!J~i'lJJ 

'IIfl~;UU1~Lfl 

Lflm~fl'l1JJth;~ 

'IIfl~;UU1~Lfl 

fl'l1~th"::Lilu 
~ 

''lJJ'V1~\UJf/I 

Validate PIN 

Withdraw 

Money 

Inquire 

Balance 

mN~nA'11rinrjq nrjq m-cU~nA'1 ' ~nA'11ri~1u'luL~U ~~Ll-1~~ I (Inquire ~nA'11ri~1u'l\JL~u 

~n!1f~~ I 

(Validate PIN) 

lri1~jq'W~n!ii~~ ~1nn~1L~uYiij~~ 
, 

I (Validate PIN) . lu~cu;j I 

0.0414235 0.0487383 

0.0393018 0.0587515 

0.6818948 0.5571484 

o o 

0.7626201 0.6646481 

0.2373799 0.3353519 

1'.0 '1.0 

n1Hlr'l"~tlUr,r~ nrru 

~n~1 'l~r,r~C1nUftl~ ... ... 

n1Hlr'l"~tlUr,r~ nrru 

~n~1 'l~r,r~hjC1nUf'1l~ 
... ... 

n1rC1tllJL~lJ mruijn~1'l~ 

~1lJ'llJL~lJ~nUftl~ 

o _ I _ .Jc:i 
"1lJ'llJ L~lJ'-I1 n n'l1 L~lJ'V1 '-I 

n 1 r ~ tlU C11 '-I tI tl (;] L~ lJ 

f'1~L"'~'f) 

(Withdraw Money) 

0.0756055 

0.0377248 

0.0011877 

0.4197751 

0.5342931 

0.4657069 

1.0 

f'l'l1'-1 L~tI~'lItl~ 

;lJlJ11Ltl 

( RiskScenario k ) 

0.7626201 

0.6646481 

0.5240825 

0.5342931 

0.5241223 

",.;' i: 
: .. '. '. 
',c', .,_ 'C',.. •..••• 

Balance) 

0.0539284 

0.0272260 

0.0012042 

0.4417637 

0.5241223 

0.4758777 

1.0 

~n6f~~ I (Withdraw 

Money) 

0.0520448 

0.0261177 

0.0006311 

0.4452889 

0.5240825 

0,4759175 

1.0 

(a) 

f'l'l1'-1L~tI~'lItl~ 

Yl~nilJ~1lJ 

(RiskFunction j ) 

0.2 0.2854536 

0.2 

0.2 0.2116751 

0.2 

0.2 0.1048245 

1.0 0.6019532 
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, " , 
nlj~ Lm1:;i rl'J1l-J L~tJ--l"lJ'tl--l~'W'W1rL 'tl nI j~'tl ~'W~1'Jj'tl--lt'l n ~1 n n-W~'W~l~ (;]j,)'"l~mJiJ'tl ~1 'W 

" " 
u~~ntJmj~'W~h Ll?ltJmj~1'W')rul"hfl,)1l-JL~tJ'I'Jj'tl--l.r(;]~LLt'l:;nljtJli~l-J~'Wfij:;\d1--l.r(;]~ Ll?ltJl'W 

oX')ii'tl 'fl .2.1 LLt'lI?l--l mj~l'W,) rurh rl'J1l-J L~tJ'I'Jj'tl--l.r (;] b1~1~'"l1 n mjt'l ~1'1 rl1fl,)1l-J'"lr--l~ dj'WltJl~ , 
" 

'"l1 mLe.J'W1l1Yl ~ L(;]i'lLLl-J"ll~'WLLt'l:;~ I?l rl1 fl') 1 l-Jt.!1 '"l:; d1'W'"l 1 n rl1 rl'J1l-J'"lr--l'W'W 1 'WoX')ii'tl 'fl. 2.2 LL~ I?l--l 

nlj~1'W')rurl1rl'J1l-JL~tJ--l'Jj'tl--ln1jtJli~l-J~'Wfij:;"d1--l.r(;]~~1~'"llnnlj~1'W')rurl1fl~tJtJ~--l'Jj'tl--lmj 

~--lii'tl fl,)lwl'Wl 'WLLe.J'W1l1Yl~1 ~u LLt'l:;oX')ii'tl 'fl .2. 3 LLt'lI?l'l nI j~1'W')rurl1 fl,)ll-J L~ tJ--l'Jj'tl--l~'W'W1rL 'tl 

l'WLL(;]t'l:;~--l n-n'W--l1'W 

, ," 
1) t'l~1--l (;]1 n--l nlntJ~tJ'W~m'W:;'Jj'tl--l LLe.J'W1l1Ylt'l L(;]'Vl LLl-J"ll~'W'Jj'tl--l flt'll ~~;'W'tl~ rlU 

" 

" 
I nventoryController 1'W j:;uu t'l 'WU ~11'W~ 1~ fu ~1 'Wt'l:; I?l ') n~'tl 

2) t'l~1--l (;l1 j1--l LLt'lI?l--l nI j"lJtJ1tJ vl,) n j:;Vl'WL ~ (;] n 1 jru"lJ'tl--l LL(;]t'l:; L1'tl'Wl 'Jj n1 ntJ~tJ'W , , 

38 

4) ~1'W,) rufl,) 1 l-Jt.!1'"l:;LU'W"lJ'tl--l e.J t'l ~Ylfi~~--ltJj1 jb1'W11 'Wn1 jLtJ~tJ'W~ b11'W:;"lJ'tl--l 

'VlmL'Vlj'W:n-n'Wl'Wt'lL(;]'VlLLl-J"ll~'W ~--l(;l1n--l~ 'fl .39 , 

~ , q 

(;] ')'tl tJ 1'1 LLe.J'W1l1Yl t'l L(;] 'Vl LLl-J"ll"ll'W "lJ'tl--l fl t'l1 t'l Inventory 
, " 

Controller 0 Lfl n:;iLLt'l :;'tl'tl n LLUUt'l'W 1'"l L~'W'Vl1--l nljvi1--l1'W 1 'WLLe.J'W1l1Yl ~ L(;]'Vl LLl-J"ll~'W~ Lnl?l;'W 5 

null ~'tl nulltJ n ~~ (;]j')'"l t'l'tlU~'WA' l~iJ'tl~l 'Wu ~~j1 tJ m j"lJ'tl--l ~l'WLLt'l:;~'WA'l fl j1J (;]1l-J fl,)ll-J 

Vl'tl--lnlj"lJ'tl--lt'ln~l LLt'lI?l--l~--ljtJ 'fl.9 null~'W~l~(;]j,)'"lt'l'tluhJiJ'tl~l'Wuru~ntJnlj"lJ't)--l~l'W LLt'lI?l'l 
., '-I ,. Q.I' 

, ", 
~--ljtJ 'fl .11 nn-W~'tl--l'lJ'tlii'tll-Jt'l~'W~1~t'lnA'1~'tlLYi'tl~1'W')runfl1j,)l-JLLt'l:;'t)'tlnluLt'l~'"l LLt'lI?l--l~'1jtJ 

"LI ,,'U \I 

" 
'fl .12 LL~:;nnll~'tl'l"lJ'tlii'tll-Jt'l~'W~l'"llnntJnlj"lJ'tl--l~'WA'l'lJ'tl--l~l'W LLMl'l~--ljtJ 'fl .13 l1--l 5 nn-w'"l:; 

" " 
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6) riTW'JruPl'J'uJ\.h'"l:;Lth.J"lI'fl~e.J~~Yifi~hJYi~t1nJ'tlUl'll'fl~L~UVn~n1n'il~lULLl'1 

~:;L~U'Yl1~luLLe.JUJllYi~L(;]Y1LL~"ll~U LL~:;~hPl'Jl~'l.h'"l:;LtlU"ll'fl~e.J~~Yifi~hJYi~t1nnlUl"l1'fl~f(;]tl , 
1~1 vi'~(;]ln~~ 1l.41 LtlUt;l'J'flth~n1J'ril'W'JruPl'Jl~'t..h'"l:;dju"ll'fl~e.J~~Yifi~hJYi~t1nnlUl1uLLl'1 

~:;L~'WVl1~ nln'il~lU"ll'fl~ LLe.JUJllYi~ L(;]'Vl LL~"ll~U ;~ LL~ ~~ n1 ntl~tJu~ Cl1U:;"lI'fl~ Inventory 

Controller 

7) L~'fl rilU'J rurh PI'll ~1l1'"l:;LtlU"lI'fl~ e.J ~ ~Yi fi~1~Yi~ tI n J'tlUl'll'fl~'Vl n PI~l~~ • 
" '" I '" 

;Utl ~ n u ~ tll U:; LLli'J '"l :;,jl rllP1 'J 1 ~ 1l1'"l:; L tlut! U~ 1 tI fu rll (;] 1 ~ L'fl n 1 ~ VI '"l:; Ln ~ f (;l ~~u 1 U 

~uu11L'fll~1 vi'~mn~ 1l.42 LL~~~ rllP1'Jl~1l1'"l:;LtlU"lI'fl~ e.J~~Ylfi~1~Yi~t1nJ'tlUl'll'fl~L~U'Vll~ 
, ," 

mJ'l11~1'W"lI'fl~LLe.JUJllYi~L(;l'VlLL~"ll~uluf(;]tl InventoryController ;~LtlUPI~l~VI;U'fltJnu~m'W:; . ~ 

" , 
PI~1~L~mlu~UU1H'fl~'fl~'Wmru~u~lV1(;]J''J'"l~'flu~'fltJluuru~J'ltJmJ'~'W~1 

'IJ ~ 

'11.2.2 nl'i~~l'iCUl fl'll ~ L ~ tWlJ'tl~ n1'itllJ~ ~WU fi'i:;~(;h~r (;] 'J 

1) ~¥l~(;]ln~LL~~~rllP1~t1t1~~"lI'fl~ n1J't1D~~~ufiJ':;'V1~l~f(;l ~ 1 'WLLe.JUJllYi~lvi'U 

~LL~~~~'Wuln'fl nlJ'l11~luJ''J~nu''lI'fl~f (;ltll 'WtJ~ LPI~ vi'~ (;lln~ 1l.44 LtlUt;l'J'fltJl~ rll fl~t1t1~~ 
• 'IJ 

" , 
"lItl~mJ't1D~~~ufinuJ':;'V1~1~f(;]~"lI'fl~~UU1rL'fln1J'~'fl~U~lnnn~U~lV1(;]J''J'"l~'flu~'fl~luuC1!~ 

ntJmJ'~u~l 

2) rilU'J ruPl'Jl~ L~m"ll'fl~ LLl'1~:;n1J't1D~~~ufinuJ':;'V1~l~f (;l ~ 1 'WLLe.JUJllYi~l vi'u 

vi'~ mn~ 1l.45 LL~ ~~ t;l,)tl tJl~ mJ'ril'W'J rufl,)l~ L~tJ~"lI'fl~ LLl'1~ :;n1J't1D~~~ufi nUJ':;'V1~l~f (;l ~ 1 U 
, " , 

LLe.JUJllYi~1~UVlLL~~~~U'W1H'fln1J'~'fl~U~lnJ'ru~'W~lV1(;]J"J'"l~'flu~'fltJluuru~ntJnlJ'~'W~l 
'IJ ~ 

" t;l,)'fltJl~LLUU~1~'fl~L1~Yi~~mJ'~n1n11~lU"lI'fl~"ll'fl~vlLL'lf"ll'fl~~UU1'H'fln1J'~'fl~'W~lmru~u~l 

~ (;lJ',)9~'flu~'fl~1 uu qJ~J'ltJn1J'~U~l ;~~l~lJ'tl~¥l~ L~'Vl1'ni p LL~ ~~ rll fl'Jl~ LtI'W1t1Hl"ll'fl~ 

n1nL'VlJ'u1iu'"llnL'V1U~'V1ii~1t1u~~nL'V1U~~ii~luLLUU91~'fl~Yi~~nn~n1J'l11~lU"lI'fl~"]j'fl~vlLL'Jf 

~~LL~~~lumn~ 1l.46 

2) n1J'~¥1~LLUU91~'fl~PI'Jl~L~tJ~"lI'fl~~UU11'L'fl vi'~J't1~ 1l .15 LL~~~t;l'l'fltJl~ 
~ 

, " , 
LLUU~l ~'fl~ PI'll~ L~tJ~"lItl~~UU11'L'fl n1 J'~'fl~U~l n J'ru~U~lV1 (;lJ''J'"l~'flU~tltJl UU ru~J'ltJ n1 J' 

'IJ ~ 
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, , 

~'l~l1n'lYl 'U.47 ~lJl'lL~'Yi1ni C LL~Vl'll"ll~'lmJl'lYl 'U.48 LL~:;mJl'lL~'YI1ni A LL~Vl'll"ll~'l 

I I I " 

~lJl'lYl 'U.50 LL~ Vl'l fl'Jl~ L~tNYl Ln Vl~'W 1 'WLL(;]~:;~'W'Wl1L 'el"lJ'el'l'YI mJ~ Lfl~ 1 'WJ:;uu~,ru~'W'W~l~fu , ~ , 

4) fl'Jl~ L~tJ'l'lJ'el'lY('l ni'W'll'W'YI mJ~ Lfl~l 'WJ:;uu'"I:;r;m ~1'W'J ru LVltJl 'W~'YImll'Yi'Wfi , '" '" 
'" " I I 

U'"l:;1~I"llUl~,rn"lJ'el'lLL(;]~:;~'W'Wl1L'elnl"llL'Yhn'W ~'lmJl'lYl 'U.22 LL~Vl'lfl'Jl~L~tJ'lJ'J~"lJ'tl'lJ:;UU 
" , 

~,rU~'W'W~l~furl'W~:;Vl'Jn~'fl nl"ll 0.6151185 ~'l'flrJl'WJ:;~u~nn~ 'Yir'el~tJ'llJlLmnfl'Jll-Jtll'"1:; 
, 'IJ "I 

I I I " 

LU'W'lJ'fl'l fl'Jll-J L~tJ'l ~'l mh'J LU'WI"ll fl'Jll-J L~tJ'lYl'"l:;Ln Vl~'Wl 'WLL(;]~:;Y('l ni'WJl'JtJ 
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(;l1~1..:J~ 'tl..24 m~"JJmtJ[;](:Jn~::;~'WLtH9Jm~ru"JJ'el..:JmmJ~tJ'W~rn'W::;"JJ'el..:JA~1~ inventoryControlier 

"")J1!lLtI ftt11'U . . ,', ftt11'U::U"l"l,J'U ',;.;- " .. Li~'U'~L""l1Im'irU . . -: - , ;i ~ , • "ct 1 ' , . . 
-k .:' ~.: 

. 
, ::U',j ., :or-· "/ ,,:~: .;: ,. ~{ -:- . .. . 

~;,~ . ,.~':t ,.~ ~~".J;./ .. ' : ,~(;: t ,C 

~ 

~''i::,"''lJ " 

~,..;., 
.. , 

\' ~ . 0, ,_ . 
P1 - Idle -,productInf 0 1\ productlnf 0' 1\ menu Choice = purchase 

P2 - Checking Product -,validProductltem 1\ validProductltem' 
P3 - Checking Product -,invalidProductItem 1\ invalidProductltem' 
P4 - Key Product Code and Price -,keyedProductlnfo 1\ keyedProductlnfo' 1\ productCode = 13digit 1\ priceNotEmpty 

P5 - Adding Item to Dealing list -,addComplete 1\ addComplete' 1\ -,amountOjItem = amountOfCustomerNeed 

P6 - Adding Item to Dealing list -,addComplete 1\ addComplete' 1\ amountOjItem = amountOJCustomerNeed 

v commandUpdatingNow 

P7 - Updating Inventory -,updateComp fete 1\ updateComp lete' 

P8 - Idle -,requestDealingList 1\ requestDealingList' 1\ menuChoice = payment 

P9 - Getting Dealing list -,dealingLis t 1\ dealingLis t' 

P10 - Waiting for Price Request -,requestPriceList 1\ requestPriceList' 

P11 - Getting Price list -.priceList 1\ priceList' 

P12 - Waiting for Gotten Dealing -,dealinglnf 01\ dealinglnf 0' 1\ dealingLis tNotEmpty 1\ priceListN otEmpty 

Information to create invoice 

P13 - Idle -,requestlnventory 1\ requestlnventory' 1\ menuChoice = viewReport 

P14 - Getting Inventory -,inventory 1\ inventory' 

.' , 
ftt11'U::L ih""JJ1!l 

Checking Product 

Adding Item to Dealing list 

Key Product Code and Price 

Adding Item to Dealing list 

Idle 

Updating Inventory 

Idle 

Getting Dealing list 

Waiting for Price Request 

Getting Price list 

Waiting for Gotten Dealing 

Information to create invoice 

Idle 

Getting Inventory 

Idle 

(0 
N 
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InventoryControlier 

lUJ1m~'iI t'lC11U::: t'lC11U:::i1,,'1UU productlnfo menuChoice=purchase productlnfo 
, 

t'lC11U::: 

1.h:::'fI"tr LL~ Lihl-unu 

ti'flU 

PH - Idle F t T Checking 

Product 

P1-2 - Idle T t T Idle 

P1-3 - Idle F f F Idle 

P1-4 - Idle F t F Idle 

I nventoryControlier 

,unm~'iI t'lC11U::: t'lC11U:::i1",uu validProductltem valid Pr oductltem 
, t'lC11U::: 

l.h:::'fI"trtitlU mJ Lih"'~1U 

P2-1 - Checking F T Adding Item 

Product to Dealing 

List 

P2-2 - Checking T T Checking 

Product Product 

P2-3 - Checking F F Checking 

Product Product 

I nventoryController 

t'l C11U-:::i1",uu 
' " 

"'~1m~'iI t'lC11U::: invalidProductitem " invalid Pr oductltem 
, t'lC11U::: 

-
Ih:::'fI"trutlU; ~ LL~ ;'<-. ... ;:. . 

.- J Lih"'~1U 
... ". "' :;-

P3-1 - Checking F T Key Product 

Product Code and 

Price 

P3-2 - Checking T T Checking 

Product Product 

P3-3 - Checking F F Checking 

Product Product 
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l'l1r1~~ 'U.28 fl1f'1'J1l-J9~~~djowhJl~"JJ'el~tJr::;Yi9,rv"-J1m'tl"JJ P4 "JJ'el~n1rLtJ~t1'W~r:I11 . .l::;"JJ'el~f'1m~ 

I nventoryControlier 

\UntJLfill ~Cl1~:; ~Cl1~:;i1"1'lU~ keyed Product productCode priceNot keyed Pr oductlnfo' ~Cl1~:;Lih\unfJ 

t!1:;Vl"U uti Info =13digit Empty 

UtlfJ 

P4-1 - Key Product F t t T Adding Item to 

Code and Price Dealing List 

P4-2 - Key Product T t t T Key Product Code 

Code and Price and Price 

P4-3 - Key Product F f t T Key Product Code 

Code and Price and Price 

P4-4 - Key Product F t f T Key Product Code 

Code and Price and Price 

P4-5 - Key Product F t t F Key Product Code 

Code and Price and Price 

l'l1n~~ 'U.29 fl1f'1'J1l-J'"l~~~dj'WltJl~"JJ'el~tJr::;Yi'"l,r~l-J1m'tl"JJ P5 "JJ'el~n1rLtJ~t1'W~m'W::;"JJ'el~f"1m~ 

I nventoryController 

\UntJLfi1J ~Cl1~:; ~Cl1~:;il"l'lu~ addC<;>mplete amountOfCustomerNeed addComplete 
, 

~ Cl1~:;LihlunfJ 

l.l7:;Vl"lU u~ 

UtlfJ 

P5-1 - Adding Item to F f T Idle 

Dealing List 

P5-2 - Adding Item to T f i Adding Item to 

Dealing List Dealing List 

P5-3 - Adding Item to F t T Adding Item to 

Dealing List Dealing List 

P5-4 - Adding Item to F f F Adding Item to 

Dealing List Dealing List 
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InventoryControlier 

\UJ1 mfl 'II ~'l1'U:: ~Cl1'U::il"l'u'U addComplete amountOfltem= command addComplete' ~Cl1'U::Lih"'UJ1tJ 

tl:::Yl"lU LUJ amountOf UpdatingNow 
~ 

UfltJ CustomerNeed 

P6-1 - Adding Item to F t t T Updating 

Dealing list Inventory 

P6-2 - Adding Item to T t f T Adding Item to 

Dealing List Dealing List 

P6-3 - Adding Item to F f f T Adding Item to 

Dealing list Dealing List 

P6-4 - Adding Item to F f t T updating 

Dealing list Inventory 

P6-5 - Adding Item to F t f F Adding Item to 

Dealing list Dealing 

InventoryControlier 

lnJ1m~'1I ~mu:; ~mu:;tI'*l'UU updateComplete updateComplete 
, 

~mu:; 

-
th':;Yi'*llJ LUJ < Lih",l-I1tJ 

UtltJ 

P7-1 - Updating F T Idle 

Inventory 

P7-2 - Updating T T Updating 

Inventory Inventory 

P7-3 - Updating F F Updating 

Inventory Inventory 



196 

InventoryControlier 

\nJ1m~'11 flCl1'U:: flCl1'U::iJ~"U'U request menuChoice req uestDeal ing List' flCl1'U:: 

l.h::~~u LL~ DealingList =payment Lih~l-J'1tJ 

tifltl 

P8-1 - Idle F t T Getting 

Dealing List 

P8-2 - Idle T t T Idle 

P8-3 - Idle F f F Idle 

P8-4 - Idle F t F Idle 

InventoryControlier 

~l-J'1m~'11 flCl1'U:: . flCl1'U::iJ~"U'U dealing List dealingList' fl Cl1 'U:: Lih ~ l-J '1 tJ 

l..h::~~uti'fltJ LL~ 

P9-1 - Getting Dealing F T Waiting for 

List Price Request 

P9-2 - Getting Dealing T T Getting 

List Dealing List 

P9-3 - Getting Dealing F F Getting 

List Dealing List 

P1~'l'('\ InventoryController 

~l-J'1tJL~'11 flCl'1'U:: ". ~ti'1'U::iJ~"u'U. requestPriceLjst request Pr ice List ' fln'l'U:: 
- ': 

l.h::~~UtifltJ 
I 

Lih~wltl ' LLl-J ":' ". -.. 
- I ·· .. -, .. . 

- . .. .' 

P1O-1 - Waiting for Price F T Getting Price 

Request List 

P1O-2 - Waiting for Price T T Waiting for 

Request Price 

Request 

P1O-3 - Waiting for Price F F Waiting for 

Request Price 

Request 
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rl~l~ InventoryControlier 

'\.UJ1 mfl'1J flmU:: flmU::i1",U-u priceList priceList' flmU::Lih~1J1t1 

lh'::Yl"trt!fltl LL3J 

P11-1 - Getting Price List F T Waiting for Gotten Dealing 

Information to create invoice 

P11-2 - Getting Price List T T Getting Price List 

P11-3 - Getting Price List F F Getting Price List 

rl~l~ InventoryControlier 

lUl1tHflll tlCl1'U:: tlCl1'U::U"'I,UU ., d~alinglnfo dealing List pricelist 
. , 

dealingllnfo tI Cl1'U:: Lih\u.J1U 

tl1::Yi"'l,r u).j NatEmpty NatEmpty 

ut)U 

P12-1 - Waiting far Gatten F t t T Idle 

Dealing Infarmatian 

to. create invaice 

P12-2 - Waiting far Gatten T t t T Waiting far Gatten Dealing 

Dealing Infarmatian Information to. create 

to. create invaice invoice 

P12-3 - Waiting far Gotten F f t T Waiting for Gatten Dealing 

Dealing Infarmatian Informatian to create 

to create invaice invaice 

P12-4 - Waiting far Gotten F t f T Waiting far Gotten Dealing 

Dealing Infarmatian Infarmation to. create 

to. create invaice invoice 

P12-5 - Waiting far Gatten F t t F Waiting far Gatten Dealing 

Dealing Infarmatian Infarmation to. create 

to. create invaice invoice 



198 

~'i'lI'&'l InventoryControlier 

flCl1U::U"I"pju requestlnventory 
, 

lun tJL fl~ i'lCl1U:: requestlnventory menuChoice flCl1U:: 

l.h'::Yi "I,r LuJ =viewReport Lihl-t~1U 

~flU 

P13-1 - Idle F t T Getting 

Inventory 

P13-2 - Idle T t T Idle 

P13-3 - Idle F f T Idle 

P13-4 - Idle T t F Idle 

~'i'lI'&'l InventoryController 

l-t~1tJLfl~ flCl1u::mJ flCl1U::U"I"IUU • inventory inventory 
, 

i'lCl1U:: 

l.h::Yi"l,rtlflu Lihl-tl.J1U 

P14-1 - Getting Inventory F T Idle 

P14-2 - Getting Inventory T T Getting 

Inventory 

P14-3 - Getting Inventory F F Getting 

Inventory 

\I)J'lULflll ~mtl:: ~m~::iI"I"Iutl (p) . . . ~mtl::Lll'l\l)J'ltJ ITrue Truth Valuepql \Total Truth Valuepq \ PSOpq 

tli::'t1"1lJ m.l I\" (q) -. 

P1 - Idle Checking 1 4 0.25 

Product 

P2 - Checking Product Adding Item to 1 3 0.3333333 

Dealing List 

P3 - Checking Product Key Product 1 3 0.3333333 

Code and Price 

P4 - Key Product Code Adding Item to 1 5 0.2 

and Price Dealing List 

P5 - Adding Item to Idle 1 4 0.25 

Dealing List 

P6 - Adding Item to Updating 2 5 0.4 

Dealing List Inventory 



\I:J1tJifl'IJ 

l.l1::ri"lU 

P7 

P8 

pg 

P10 

P11 

P12 

P13 

P14 
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\'\t11~:: \,\t11~::il"l'lu~ \'\t11~:: . ITrue Truth Valuepql ITotal Truth Valuepql PSOpq 

LLl-i (p) LU1\1:J1tJ (q) 

- Updating Idle 1 3 0.3333333 

Inventory 

- Idle Getting 1 4 0.25 

Dealing List 

- Getting Dealing Waiting for 1 3 0.3333333 

List Price 

Request 

- Waiting for Getting Price 1 3 0.3333333 

Price Request List 

- Getting Price Waiting for 1 3 0.3333333 

List Gotten 

Dealing 

Information to 

create 

invoice 

- Waiting for Idle 1 5 0.2 

Gotten Dealing 

Information to 

create invoice 

- Idle Getting 1 4 0.25 

Inventory 

- Getting Idle 1 3 0.3333333 

Inventory 

~--..... when{productlnfo) [menuChoice=purchasej ,.-------...when{validProductitem) ,.----..... 

when{updateComplete) 
IE------'-'----'----'-----j Updating Inventory 

when{addComplete) 
~temNumber=customerNeedNumber 

or commandUpdatingNowj 

lU~ 'fl .g LL!:.J'W1l1Yi~L(;1'YlLLl-J'll~'WLLjMl~L~'Wi'I1~n1~·rh.:J1'W'il!l-lfl~1~ InventoryController nnll 

(;1~,)"'l~!llJ~'W~1~iJ!l~1'Wu'1!~nUn1~~1'WLL~:;~'W~1f1~lJml-JfI,)1l-J~!l~n1~~n~1 
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~----." when{productlnfo) (menuChoice=purchase) ;-----...... when{invalidProductltern) 
_1---71 f----------3>I Key Product Code 

and Price 

when{keyedProductinfo) (productCode= 13digrt 
and priceNotEmptyj 

~ _____ when{addComplete) [rtemNumber=customerNeedNumber 
when{updateComplete) or commandUpdatingNowj 

~-----------l Updating Inventory I<':::------------~ 

tU~ 'U.1 0 LL~'\.U11~~LIn'YlLLl-J'l!~'WLL~~'1Lt~.".!'Yl1'1m:J'·rh_l1'W"lJtl'lfl~1~ InventoryControlier mru 
~'W;r1~ In :J''J'Ol~tltJ hJ iltl ~1 'WU '1!~ n tJ n 1 :J'tl 'W 

~------.. when(productlnfo) [menuChoice=purchasej ~----, when(validProductltem) ;----...... 

tU~ 'U.11 LLe.J'W[)1~~ LIn'Yl LL)J'l!~'WLL~~'1 L~'W'Yl1'1m:J'Yi1'11'W"lJtl'lfl~1~ InventoryControlier mru 
1n:J''J'Ol~tltJ~'W;r1 LL~::;~1'W'J'W~'W;r1~'1 hJ f1:J'tJm)J f1'J1)J ~tl'l m:J'~ n ~1 

~----." when{requestOealingList) [menuChoice=Payment) 

when{dealinglnfo) (dealingListNotEmpty 
and priceListNotEmpty) Waiting for Gotten Dealing 

Information to create invoice 

when{requestinventory) (menuChoice=viewReport) 

" 

when(requestPriceList) 

when(priceList) 

tU~ 'U .13 LLe.J'W[)1~~LIn'Yl LL)J'l!~'WLL~~'1L~'W'Yl1'1m:J'Yi1'11'W"lJtl'lflm~ InventoryControlier mru 
ttl'l"lJtl;rtl~~~'W~1'Ol1 n:J'ltJ m:J'''lJtl'l ~'W~1~ L1i tJ 1 tJ1 'Wt1'W 
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.... 
mJ'WflIYH~ L(;]Vl LLl-J"lI"lI'W 

... 
L~um~n1nh.nu'lu P SOinilial-final LL~Wl1VH'l Lj;]Vl LL1J'l!'l!U 

... 
LL~Wl1VH'lLj;]Vl LL1J'l!'l!U 

n1ruj;]1'l~t'l~U~UFhVlii~~'luUC1J~11t1n11huLL~::~uA'1 P1-P2-P6-P7 0.0111111 

" " ~1Uj;]11J~'l11Jj;]~~n11~n~1 

mru~uA'1V1j;]1'l~t'l~UhH1~~'luUC1J~11t1n1111U P1-P3-P4-P6-P7 0.0022222 

n1ruj;]1'l~t'l~U~UA'1LLfl::41U'lU~UA'1U~'bJ~1Um1J~'l11J P1-P2-P5 0.0208333 

" " j;\~~n11~n~1 
" 

n1ru1tH~~;r~l;l~~uA'1Vi~nA'1;~L~~~1U'lrun~11'l1JLL~:: P8-P9-P10-P11-P12 0.0018519 

~~n'luLt'l1~ 

n1ru1~~~~;r~1J~~uA'1~1m1t1n11~~~~UA'1ViLliu'l.nU11U P13-P14 0.0833333 
" 

(PUOinitial-final)k PUOOi 

n1ruln1'l~t'l~U~uA'1Viii~~'luUC1J~11t1n1111U 

LLfl::~UA'1 ~ 1U In 11J Pl'l11J ~~~ n11fl n A'1 
" 

mru1~~~~;r~l;lfl~uA'1~~nA'1'l!~L~~~1U'lru 

11m1'l1JLL~::~~n'luLt'l1~ 

" , 

/ . \ 

180 0.107143 0.988889 

900 0.535714 0.997778 

48 0.028571 0.979167 
0.9958333 

540 0.321429 0.998148 

12 0.007143 0.916667 

. - . 

_ ~ _____ ." __ ~ ~h_' __ ~ __ .4 

~'W'W1Htlnlj~tl~'Wnj(11~'W~hVl(;]j,)9~tlUiJtl~1'Wut1J~j1£Jnlj~'W~1 

ppo. . " 
. ,. , j 
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t)UlCl PUOOS j • 1::~1J PI'l1).J ~1P1'l1).JL~U~~~~U~{U 

pJLLN (Svtj "> (RF;) 

InventoryControlier 0.9958333 0.95 0.9460416635 

~ , 
n11;'fl~'W~hmru~'W~hV1(;]1'J'"l~'flui1'fl~1'WutlJ~11tJn11~'W~1 

t)UlCl~f1J;r~Pl'l1).J . , L. 

~ 
<ll , .. <ll 0 0 '0 L. 
C\l 0 C 't: 2 E 0 en <ll 

C\l 
~ 0 C en ~ ~ ~ ;:: 

t5 t5 0 OJ .8 <ll 
:l :l C c:: C ., .:.:. '0 '0 ro c:: 

L. <ll <ll :l 
~ .J~" <ll e e > <ll > 0 
'lUl~V1 ~~~PI'l1).J (3 a.. a.. E 0 c:: 0 -

·Clerk 0 0.071429 0 0 0 0 0 

ProductBarcode 0 0 0.071429 0.071429 0 0 0 

Productltem 0 0.071429 0 0 0 0 0 

I nventoryControlier 0 0 0 0 0.071429 0.142857 0.142857 

DealingList 0 0 0 0.071429 0 0 0 

Inventory 0 0 0 0.142857 0 0 0 

Counterlnterface 0.142857 0 0 0 0 0 0 

" , 
n11;'fl~'W~ln1ru~'W~1V1(;]1'J'"l~'flui1'fl~1'WutlJ~11tJnl1~'W~1 

t)UlCl~~~;r~PI'l1).J 9Ul~~f1J;r~PI'l_1).J • NDCij 1::~1JPI'l1).Jt\JLLN ~1P1'l1).JL~U~~~~ 

U~{U 
~ . 

Clerk ProductBarcode 0.071429 0.25 0.017857 

ProductBarcode Productltem 0.071429 0.50 0.035715 

ProductBarcode I nventoryControlier 0.071429 0.50 0.035715 

Productltem ProductBarcode 0.071429 0.50 0.035715 

I nventoryControlier DealingList 0.071429 0.75 0.053572 

InventoryControlier Inventory 0.142857 0.95 0.135714 

InventoryControlier Counterl nterface 0.142857 0.50 0.071429 . 
DealingList I nventoryControlier 0.071429 0.50 0.035715 

Inventory I nventoryControlier 0.142857 0.50 0.071429 

Counterlnterface Clerk 0.142857 0.25 0.035714 
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s 

Clerk 

Productltem 

, " 
lDYl 'U.14 LbUU~1f'l'f.l'l b:n\lYi~~nnl-Jn1rrh~11.J"lI'EWJj'f.lYl~bb'Jf"ll'f.l\l~1.Jt.n1t'f.ln1r~'f.l~1.J~hnj(u 

~1.J~1~j;1~'JiOl~'f.lUl.J'f.l~11.Ju'1!~n£Jn1r~1.J~1 

" , 
n1r~'f.l~1.J~1nj(u~1.J~1Ylj;1r'JiOl~'f.lul.J'f.l~11.Ju'1!~r1£Jn1r~1.J~1 

. 
L:.. 

, 
, . ~ 

Q.J e Q.J 

"0 () 

0 c ~ () E 0 Q.J L.. tl ro 2 u C en 
t5 ~ ::J ~ L: 

" 
t5 0 OJ .8 2 ::l ::l C C 

. ~ "0 "0 ro c c 
.,. L.. Q.J Q.J ::l Q.J e e > Q.J > 0 

CI) (3 . 0.. 0... c 0 c U I-- -
S , " 0 1 0 0 0 0 0 0 0 

0 0 1 0 0 0 0 0 0 

0 0 0 0.5 0.5 0 0 0 0 

0 0 1 0 0 0 0 0 0 
• ~'! -

JriventO(yi9.ontr,9l1e.r 0 0 0 0 0 0.33333 0.33333 0.33333 0 

0 0 0 0 1 0 0 0 0 

0 0 0 0 1 0 0 0 0 

::OQunterIrJ,terface ' .. ~ 0 0.5 0 0 0 0 0 0 0.5 

0 0 0 0 0 0 0 0 1 
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I I " I 

nJVl 'U.15 LLUU~If'l'el\l~'Jll-JL~m"lJ'el\l~'W"n1-t'eln11~'el~'W~lnnllihJ~hVlr;J1'J9~'elUiJ'eltllwuru~ 
~ ~ ~ 

, ," 
r;Jl11\lVl 'UA 7 fll"lJ'el\l Ll-JYl1-n-n Q "lJ'el\l LLlJU'~If'l'el\l~'Jll-J L~t1\l"lJ'el\l~'W'Wl1-t'eln11~'el~'W~lnnll~'W~1 

~r;J1'J9~'ellJiJ'el~1'Wu'1J~11Unl1~'W~1 
t\-n.!~fu 

L.. 

~ Q) Q) g "0 () 

0 - ~ e c: 
E 0 

tl 2 ro - 2 U 
(1) ~ ::J ~ 

c: 

~ 
t:: 

I ,. - t5 0 OJ 0 Q) 

.:.:: =:! =:! C c: C C 
L.. "0 "0 1< . Q) <ii Q) :l 

t~'W~fl'l 
Q) e e > Q) > 0 

(f) U a... a... c: 0 c: U - -

S 0 1 0 0 0 0 0 0 

-Clerk 0 00.9821428 0 0 0 0 0 
'. 

.F~roduct. : " 0 0 0 0.4821428 0.4821428 0 0 0 
' .. . .. ' ',' 

~arc~~e :. ~" -

Pr~pu~!I!~{T) , 0 00.9642855 0 0 0 0 0 

.c' , "'<' ",' • 

Inventory , : 0 0 0 0 00.0170226 0.0155451 0.0167014 

Controller . 

DealingList 0 0 0 00.9642855 0 0 0 

Invent~ry 0 0 0 00.9285715 0 0 0 
-

C9unte,r , 00.4821429 0 0 0 0 0 0 
,...: ".' 

• > 

Interface 
; 
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, ," 
11l1n'lVl 'U.48 ~l"IJ'tl'lLl-J'Vl1-ni C "IJ'tl'l LLtJU~l~'tl'lI"l'Jll-JL~U'l"IJ'tl'l;'W'Wl1-t'tln1~;'tl~'W~hnn-n~'W~h 

~11l~'J'"l~'tltJiJ'tl~1'WUqj;nUn1~~'Wr11 

~ 
.' 

t'l-1'U~~'l T "F(minor) F(marginal) F(critical) F(catastrophic} 

S 0 0 0 0 0 

Clerk 0 0.0178573 0 0 0 

ProductBarcode 0 0 0.0357145 0 0 

Productltem - 0 0 0.0357145 0 0 

InventoryControlier 0 0 0.0012847 0.0009635 0.9484826 

DealingList 0 0 0.0357145 0 0 

Inventory 0 0 0.0714285 0 0 

Counterlnterface 0.5 0.0178571 0 0 0 

, ," 
I1l1n'lVl 'U.49 ~l"IJ'tl'lLl-J'Vl1-ni A "IJ'tl'llLtJU~1~'tl'lI"l'Jll-JL~U'l"IJ'tl'l~'W'Wl1-t'tln1~;'tl~'Wr11nnW~'W r11 

~11l~'J'"l~'tltJiJ'tl~1'WUqj~nUn1~~'Wr11 

~ t'l-1'U~~'l T F(minor) F(marginal) F.(critical) F(catastrophic) 

S 0.0076819 0.0182639 0.1006435 0.0008864 0.8725243 

Clerk 0.0076819 0.0182639 0.1006435 0.0008864 0.8725243 

ProductBarcode 0.0078216 0.0004140 0.1024734 0.0009025 0.8883884 

Productltem 0.0075423 0.0003992 0.1345281 0.0008703 0.8566601 

InventoryControlier 0.0086803 0.0004595 0.0039349 0.0010016 0.9859237 

DealingList 0.0083703 0.0004431 0.0395088 0.0009658 0.9507120 

Inventory 0.0080603 0.0004267 0.0750823 0.0009300 0.9155007 

Counterlnterface 0.5037038 0.0266629 0.0485246 0.0004274 0.4206814 
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I I I '" 

Vlln'lYi 'U.50 Ml.lli1rnl-JL~t1'lV1Ln",;'W1'WLLl'l~:::~'W'Wl1L'tl"lJ'tl'l'Vlntl~LIi1~'lI'tl'l~:::iJU~,ru~'W'W~lV1fu 
, , \J 1 

;UU11Ltl / Yf~niu n1~tl~U;hn1cil~uA'1 n1~tl~uA'1n1cil~uA'1~ n')ri11::L~U / n11C1tJn~LLI\::~~ n11C1tJn~l1tJ~1U 

~~n"ll\tl1J)jm.rlu ~n"ll\tl1J'W)jtlt,lluucu;j (Payment) 11tJ~1Un1n1tJ n1n1tJlh::hl'u / 

UCU;jl1tJn11~UA'1 l1tJn11~UA'1 / lh::41tJU / {Send (Send Daily Sale) 

fl11JJL~!l~~'nJ 

~'il~:aUU1ntl 

t'iln1~ 

fl11JJd1L;"l 

~'il~:aUU1~t'il 

fl11JJU1"l::LtJU 
~ 

~1JJ'V1.:J\lJJf;l 

I (Purchase Product) (Purchase Product) 

0.0182639 0.0284062 0.0475183 

0.1006435 0.0668872 0.0336573 

0.0008864 0.0007168 0.1589352 

0.8725243 0.7046972 0.2082160 

0.9923181 0.8001074 0.4483268 

0.0076819 0.1992862 0.5516732 

1.0 1.0 1.0 

Daily Sale) 

0.0665677 0.0542155 

0.0651273 0.0559913 

0.0782638 0.0840520 

0.2159881 0.2140347 

0.4259469 0.4082935 

0.5740531 0.5917065 

1.0 1.0 

, , " 
VlI~I'lYi 'U.51 1i1,)Il-JL~t1'l'll'tl'lY1'ln-n'W'lI'W'l'W~:::UU~,rU~11'W~IV1fu~I'W~:::WJn~'tl 

Purchase 

Product 

VI ~')" ~ 'tl uhl ij 'tl ~'l 'W11 qj ~ 

~1t1m~~Ufh 

Send Daily nlJ'L1-t1n~LL~:::~'l~It1-:)I'W 

Sale m~'lI1t11.l~:::r.ht)'W 
.... 

nl ~L~t1 n ~n t1-:)I'Wnl~'lI1t1 

1.l~:::~1t)'W 

Payment 

" ~'W'W11L'tl UIWWn Y1'ln-n'W'lI'W 

(RiskScenariok ) (a) (RlskFunction j ) 

0.9923181 0.2 0.3586051 

0.8007074 0.2 

0.4259469 0.2 0.1668481 
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Abstract - Risk management approach has been proposed for 
software development in order to help identify and handle risk. It 
also finally helps improve development process efficiency and 
product quality. Performing risk assessment during early 
development phases could help developers discover unexpected 
outcomes needed to handle carefully. In this paper, we expand 
the work of "Architectural-level Risk Analysis Using UML" by K. 
Goseva-Popstojanova and et aL We present an approach of risk 
assessment during analysis and design phase which identify risk 
from object behavior and interaction. The number of test case 
generated, according to full predicate coverage criteria, from a 
condition transition on a state machine, represents state­
dependent object behavior, are used to compute risk causedfrom 
a single object. The obtained result can be used to manage and 
control risk at afine-grain leveL 

1. Introduction 
Many risk management approaches have been proposed 

for software development [6]. The important step of risk 
management is risk assessment. It performs risk 
identification, risk analysis, and risk prioritization [I]. 
Performing risk assessment during early development 
phases such as analysis and design phase, developer can 
control and manage risk in order to improve both software 
development process and quality of software products. This 
process helps developer identify and handles risks before 
they may occur which finally beneficial to cost and time 
reduction and software development process efficiency [10]. 

UML is widely accepted among software engineers as a 
tool to model the software business blueprint during the 
analysis and design phase since it can present system in 
different views. Use case diagram and its description are 
used to model functional of the software. Class diagram, 
represented classes and their relationships, is used to present 
the structure of information. Each use case is realized with 
one or more independent scenarios modeled using sequence 
diagrams. Sequence diagram is used to present the order of 
messages sent among objects and their interaction shown in 
class diagram to serve a specified scenario of system 
function. Moreover, state machine diagram can be used to 
represent the changing status of a state-dependent class in a 
class diagram. Both sequence diagram and state machine 
diagram are called behavioral model. 

Analyzing risk from the object behavior and their 
interaction, later integrated to support the function or 
scenario of the system, are an essential since it can help 
identify the cause of system error or failure at a fme-grain 
level. 

Considering risk of objects' collaboration, responsible for 
performing a specific function from a sequence diagram, we 
should emphasize on messages sent among objects, called 
coupling between objects, which is related to object fault 
[8]. Likewise, considering risk of individual object behavior, 
we should pay attention to condition on transition of a 
changing state from one state to another state of a state 
machine. Test cases generated from a condition on transition 
of a state machine are the possible chance of execution path 
transition. Both concerns, risk from objects' interaction and 
object behavior, are important to risk assessment since they 
significantly affect the system function . 

The research [9] presented risk assessment approach 
which covers during analysis and design phase of software 
development. Its assessment starts from defining a software 
functional modeling. Each function is realized and modeled 
using class diagram, sequence diagram, and state machine 
diagram. The dynamic coupling metrics are used to consider 
the behavior of interaction complexity between objects. 
However, this work did not pay attention to each object 
behavior which has significantly impact on the system 
failure. We expand the work [9] by introducing risk 
assessment at object behavior level. It is based on test cases 
generated from a condition on transition of a state machine 
according to full predicate coverage proposed by [4]. Risk 
factors of objects behavior can be analyzed into scenario's 
risk factor by building software execution behavior model 
and scenario risk model. Obtained result is used for risk 
management decision. 

The rest of this paper is organized as follows . Section 2 
discusses related works which are introduced in this paper. 
Section 3 provides background of risk management, the 
object behavior and their interaction represent risk of 
functional modeling, and using test cases for compute risk 
of state machine. Section 4 presents an overview of risk 
assessment approach and step of our risk assessment 
approach. Finally, Section 5 summarizes the content of a 
paper and future works. 

2. Related works 
Nowadays, many researches have been proposed various 

risk management approaches which can be applied to risk 
analysis and assessment. In [II], they developed a 
framework for model-based risk assessment of security­
critical systems. The framework integrates aspects of risk 
assessment methods by using UML. UML profile is refmed 
into specialized UML profile in order to support model-



based risk assessment process of CaRAS project. This 
framework assesses risks at the functionality level by using 
specialized UML profile to identify, analyze and treat risks. 
But, it does not assess risks in the fine-grain level which has 
effect to system function. In [3], [9] and [12], they proposed 
a methodology for analyzing risk in an architecture level 
which is perfonned during an early development phases. 
This methodology concerns risk factors of components and 
component calls by using anumber of states and transitions 
in state machine and a number of messages in sequence 
diagram to consider complexity of component and their 
interaction respectively. However, this methodology does 
not concern the cause of chaing state within a state machine 
which actually represents object behaviors. J. Offutt and et 
al. [4] presented an approach to generate test cases from 
state machine withch acomposes of four coverage criterions: 
transition coverage, full predicate, transition-pair coverage, 
and complete sequence. The interesting criterion for 
considering state change is the full predicate coverage 
criteria since it can cover the most of faults as compare with 
other three coverage criterions [5] . The basic principle of 
full predicate coverage criteria was defined from triggering 
event and guard condition which are the cause of changing 
state in a state machine. 

However, generating test cases from state machine for 
computing a probability of risk in each test case which may 
occur at fine-grain level does not realized in any research 
documents. Thus, our research will incorporate this idea to 
introduce a software risk assessment procedure at fine-grain 
level. 

3.Background 
In this section, we summarize essential background 

appreared in this paper. Section 3.1 discusses basic risk 
management. Section 3.2 discusses risks of functional 
modeling defined from object behavior and their interaction 
and section 3.3 discusses using test cases for computing risk 
from a state machine diagram. 

3.1 Risk Management 
Risk is a probability of inability to archive objective of 

program which cause to loss and injure Risk composes two 
factors : probability of unsatisfactory event and loss level of 
consequence defined as 

RF = P(UO)· L(UO) 

Where RF is risk factor, P(UO) is the unsatisfactory 
outcome, and L(UO) is the loss if outcome is unsatisfactory. 

Risk management is concerned with the outcome of future 
events, whose exact outcome is unknown and with how to 
deal with these uncertainties [10]. Risk management is an 
action to handle risk which has two steps [I]. 

1) Risk assessment involves risk identification risk 
analysis, and risk prioritization: ' 

• Risk identification makes a list of potential risk of a 
project. Several techniques for risk identification include 
using a checklist, comparison with experience, and 
decomposition. 
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• Risk analysis assesses a probability of loss and 
impact of identified risk. Several techniques for risk analysis 
include using performance model, cost model, network 
analysis, statistic decision analysis, and quality factor 
analysis. 

• Risk prioritization manages a priority of risk 
importance. The techniques for risk prioritization include 
risk-exposure analysis, and risk impact analysis. 

2) Risk control involves risk management planning, 
risk resolution, risk monitoring: 

• Risk management planning prepares a process and 
document to address risk items. Several techniques for risk 
management planning include checklists of risk-resolution 
techniques, cost-benefit analysis, and standard of risk 
management planning. 

• Risk resolution builds a situation in which risks are 
eliminated or resolved. Several techniques for risk 
resolution include prototype, simulation, and benchmark 
comparison. 

• Risk monitoring tracks a progress of project's 
resolving and assessing risk resolution. Several techniques 
for risk monitoring include milestone tracking for each 
weekly or monthly. 

3.2. Risk of functional modeling defined from 
object behavior and their interaction 

After requirements are gathered from related 
stakeholders, they are taken to design the functionalities of 
the system which may be defined by using UML use case 
diagram and its description. In object-oriented methodology, 
use case is a driver to construct a structural model may be 
represented as a class diagram. To accomplish a single 
scenario of a use case, a sequence diagram is usually created 
to illustrate the interaction among objects instantiated from a 
class diagram. A state machine can be used to show all the 
possible status or behavior of a state-dependent class 
defined in a class diagram. 

A simple A TM system adapted from [2] as shown in 
figure I ' provides two services to customer. One is validate 
PIN whether a customer enters a correct PIN number. 
Another is transaction execution which may provide deposit, 
balance inquiry and withdrawal process. To satisfy both 
responsibilities, the collaboration of the necessary classes in 
a business context level is designed as shown in figure 2. 
The scenario of the PIN validation use case in case of a 
customer enters a correct PIN number is shown in figure 3. 
The A TMControl class, a state-dependent class, plays a 
major role in coordinating among other classes to serve this 

A TM System 

Validate PIN 

Execute Transaction 
CuSiomer 

Figure 1. Use Case of simple ATM system 



CardReadalnlenKC 

ATMYrllftlaCtion t 

Figure 2. Class diagram of Validate PIN process 

scenario. All the possible status of A TMControl class is 
defmed using state machine diagram as shown in figure 4. 
This state machine consists of five states: Idle, Waiting, 
Validating PIN, Confiscate Card, and Waiting for Customer 
Choice. The changing state of an A TMControl class 
depends on the sending message triggered by other objects 
declared in a sequence diagram. Initially, an ATMControl is 
in an Idle state. If a card is inserted into an A TM machine 
an A TMControl will change state to a Waiting state fo; 
waiting PIN. When the user enters a PIN number an 
ATMControl will change from a Waiting state ;0 a 
Validating PIN state in order to check the correctness of 
PIN. Finally, if it is correct, a Validating PIN state will 
change to a Waiting for Customer Choice state in order that 
a customer will select transaction choices. If it is incorrect, a 
Validating PIN state will change to a Waiting state for 
waiting PIN again. If the user enters incorrect PIN exceed 
three times, the machine will confiscate card and change to 
an Idle state. 

After Analyzing the A TMControl state machine, three 
execution paths are defined. I) a normal scenario with the 
execution of entering a valid PIN. 2) an exceptional scenario 
with the execution of entering invalid PIN not exceed three 
times. 3) an exceptional scenario with the execution of 
entering invalid PIN exceed three times and a card is 
confiscated. 

\ 

3.3. Using test cases for computing risk of state 
machine diagram 
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Figure 3. The sequence diagram of PIN validation 
scenario 
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Figure 4 A state machine of ATMControl object 

From the previous section, an interaction among objects 
can be represented using sequence diagram while a 
statedependent object behavior can be represented using a 
state machine. A changing state of a state-dependent object 
depend mainly on two factors: triggering event and guard 
condition on a transition. Both are appropriate for 
considering a complexity of an object behavior because 
triggering event and guard condition have effect to state 
changing. According to [4], they proposed four coverage 
criterions for test cases generation: transition coverage, full 
predicate coverage, transition-pair coverage, and complete 
sequence. For our research, we are interested in only 
generating test cases with full predicate criteria because it 
covers a triggering event and guard condition component, 
which are essential factors of each transition to be tested for 
both true and false case. The full predicate coverage 
criterion requires that each clause in each predicate on each 
transition is tested independently. The predicate and clauses 
is defined [4] as 

• A Boolean expression is an expression whose value 
can be either True of False. 

• A clause is a Boolean expression that contains no 
Boolean operators. 

• A predicate is a Boolean expression that is composed 
of clauses and zero or more Boolean operators. 

Two essential factors , a triggering event and a guard 
condition, are used to generate test cases. The triggering 
event, both the before-values and after-values, should be 
separately tested. If X represents a before-value and 
X' represents a after-value, the triggering event is expanded 
as 

• 
• 

• 

• 
• 

• 

@ T(X) == -,X 1\ X' 

@T(X 1\ Y) == -.(X 1\ Y) 1\ (X' 1\ Y') 
== (-,X v -,Y) 1\ X' 1\ Y' 

@T(X v Y) == ,(X v Y) 1\ (X' V Y') 
== -,X v -,Y 1\ (X' V Y') 

@F(X) == X I\-'x' 

@F(X 1\ Y) == (X 1\ Y) 1\ -,(X' 1\ Y') 
== X I\Y 1\ (-,X' I\,Y') 

@F(X v Y) == (X v Y) 1\ ,(X' V Y') 
== X v Y 1\ (-,x' 1\ -,Y') 

Where @T(X) represents value X, which must changes 
from false to true, and @F(X) represents value X, which 
must changes from true to false. 

After expansion of the triggering event, each clause of 
expanded triggering event and guard condition predicate are 
tested independently. 

From an A TM example, an execution of entering an 
invalid PIN exceed three times and card confiscated path of 



a state machine is defined in a transition table as shown in 
table I . Each row in the table specifies a conditioned event 
that activates a transition from the node on the left (previous 
node) to the node on the right (new node). Next, we expand 
each conditioned event into an expression of before-value 
and after-value as shown in table 2. Each row in the table is 
represented by predicate identifier. For example, the fourth 
transition, P4, is used to illustrate the test case derivation 
based on a full predicate coverage criterion where validate 
PIN exceed 3 times then card is confiscated. The four test 
cases for transition P4 is shown in table 3. 

The number of the test cases generated from each 
transition shows a complexity of predicate of a triggering 
event and guard condition on that transition. If a predicate 
has many clauses and complexity then it also obtains many 
test cases. Thus, a number of the test cases have an effect on 
an object behavior. 

4. An approach for risk assessment of object 
behavior 

In this section, we describe an approach for risk 
assessment in a fine-grain level, object behavior and 
objects' interaction. The process of this approach initiates 
from analyzing requirements into functional model as 
shown in section 3.2. The functional model is realized using 
UML use case diagram and description into class diagram. 
Then, it is realized into one or more independent scenarios 
modeled using sequence diagrams which represent 
behaviors of objects' interaction. Some objects in the class 
diagram are state-dependent classes which can be 
represented object behavior using state machine. In section 
4. 1, we describe overview of risk assessment approach. 
Next, the section 4.2, we discuss risk identification process 
from sequence diagram and state machine, and section 4.3 
discusses scenario risk analysis. 
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4.1. Overview of risk assessment approach 
The risk assessment approach is composed of three main 

parts as shown in figure 5. The three parts are required 
inputs, risk assessment process and prioritization risk 
output. 

1) Required inputs are software architecture includes 
functional, structural and behavioral modeling. In our 
approach, software modeling is modeled using UML use 
case, class, sequence and state machine diagram. The other 
is the severity of each risk factor identified by domain 
expert who has deep knowledge in a concern domain. 

2) Risk assessment process is composed of three main 
steps: risk identification, risk analysis and risk prioritization. 

• Risk identification is a process to identifY risk of 
object behavior and objects' interaction from state machine 
and sequence diagram respectively. The result of this 
process is a list of possible risk factor. 

• Risk analysis is a process to assess the probability of 
each risk factor that identifY in the previous step. First, we 
analyze the object behavior and objects' interaction by using 
the number of test cases generated from each transition in a 
state machine and the coupling of messages sent among 
objects in a sequence diagram respectively. 80th are 
analyzed with severity level that has an impact with the 
system. Second, we use analytical modeling approach form 
[9] to analyze scenario risk. Software execution behavior 
model is used to show a probability of control transfer 
between objects in software behavior. Then, this model is 
adjusted into the scenario risk model that also uses to show 
a probability of control transfer between objects and failure . 

• Risk prioritization is a process to ranks risk of each 
scenario according to its exposure. From our approach, we 
can rank the risk factors in each scenario, which may have 
different of severity levels . After that, we compute risks 
from each function and rank them to finally deliver a risk 
caused from each software function. 

3) Output is a risk of each function . It will be used to 
analyze, manage and control risks. 

Table 1 Transition table of confiscated card scenario in state machine 
,Previous mode ' ,c.rdlniert J' ~PIN " ' invalidPIN ,;; ~ ~ PIN£ount>3 " ~ ~~";, coDfiscateComplete '[iJi tr' . ,New 'mode ;" 

, 

Idle @T - - - - Waiting 
Waiting - @T - - - Validate PIN 
Validate PIN - - @T - - Waiting 
Validate PIN - - @T t - Confiscate Card 
Confiscate Card - - - - @T Idle 

a e T bl 2 A n expan d d e expressIOn a eo t bl f con dT I IOn even t 
Predicate Id , Ip,restate ~""i:" :! " 

'~ " ,J. . ' , ;4 ';<1',f.;': expression ;"t< - -.~. Post-state '" ,~",~ ," , 
PI Idle -,cardInsert 1\ card Insert' Waiting 
P2 Waiting -,PIN 1\ PIN' Validate PIN 
P3 Validate PIN -,invalidPlN 1\ invalidP IN' Waiting 
P4 Validate PIN -,invalidPIN 1\ invalidPIN' 1\ (PIN _ count> 3) Confiscate Card 

P5 Confiscate Card -,confiscate Complete 1\ confiscate Complet e' Idle 

Table 3. Generated test cases of predicate id: 4 (P4) 
~~tPre,d.~y ~~} .<!;ilr;lr.r~~s(ite'*0; .-.i> .,. •. • -.Mo.') ~ • _,.' Jrfi!Jvq/{gPIN :.'* /1);lJ.1N.f:'l "" " 3 ~~ '".~, '. i. ',~,ollnJ"> ~""c ¥f .~.,,; tdBIN' itt;.. , ~r,,,ya) ... ~_ " ~~~.t.Posl"s~l~:~J'l~ 

P.4"I ,,1 ,,:Validate PIN Jr." , E:'t ~ ,;;r ',,.:-
': ~t 

, 
'," ',~jn~ T -, ' :,. 'Corifiscate Card ,i;; ( , , "' ~-~ 

P4-2 Validate PIN T t T Validate PIN 
P4-3 Validate PIN F f T Validate PIN 
P4-4 Validate PIN F t F Validate PIN 
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Figure 5. Overview of risk assessment approach 

4.2. Identifying risk 
A process of risk assessment starts from an iteration of 

each scenario of a single function and finishes when all 
scenarios are assessed. For each scenario, object risk factors 
are considered from severity level and an object behavior, 
determined as two parts of risk identification. First, we 
identify risk factors of an object by considering a condition 
on a transition of state machine as described in section 4.2.1. 
Second, we identify risk factors of objects' interaction by 
considering number of objects and messages sent among 
objects from sequence diagram. Then, the dynamic coupling 
of object interaction is computed as described in section 
4.2.2. The severity level of each risk factor is discussed in 
section 4.2.3. 

4.2.1. Identifying risk factor of an object behavior 
from the state machine diagram 

as 

The risk factor rJ/ of an object i in scenario x is defined 

rrX = NProb x 
• svtX 

J; I I 

Where N Prob;' (0 <5, N Prob;' <5, 1) is a normalized 

probability of unsatisfactory execution path of an object and 
svt;' (0 <5, svt/ <5, 1) is a severity level of object i in scenario x. 

Normalized probability of unsatisfactory execution path 
of an object is considered from a number of test cases 
generated from a condition on each transition of a state 
machine. 

In the same criterion, the number of test cases generated 
from a condition on each transition may be not equal, that 
depends on a number of clauses and complexity of condition 
on transition. Test cases generation earned from section 3.3 
are used to compute the probability of satisfactory outcome 
of changing state from state p to q, Prob(SO pq) is defmed 

as 

ITrueTestCases pql 
Prob(SOpq) = -i--------'-'-'. 

ITotalTestCases pq I 

Where TrueTestCases is a set of test cases generated pq 
from transition between state p and q, and their expected 
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outPut is satisfied, and TotalTestCases is a set of all test pq 
cases generated from transition between state p and q. 

From example, table 3 shows generated test cases from 
Predicate Id: P4. The expected output for the test 
specification is derived from the triggering event, the post 
state and any terms or variables that are defined as a result 
of the transition. Only predicate P4-1 can be changed from 
Validating PIN state to Confiscate Card state while other 
predicates remain in the same state since clauses of 
triggering event and guard condition do not comply with the 
condition of changing status. Thus, the probability of 
satisfactory outcome of this transition is 1/4 = 0.25 . 

Each transition in a state machine is already computed the 
probability of satisfactory outcome, and then we can 
compute the probability of satisfactory path 
Prob(SO "aI final) in each execution path within a state 

IOIU • 

machine. Thus, 

Prob(S0inllial -final) = Prob(SOp,_p) X Prob(S0pr p) X",X Prob(SOp.,.,) 

A probability of unsatisfactory path of state machine 
Prob(U0initial -final) can be computed as 

Prob(UOinilia' -fina') = 1- Prob(SOini,ia'_fina') 

Next, all execution paths are computed to gain an average 
value of all probability of unsatisfactory path of state 
machine as shown in table 4. Then, normalized probability 
NProb;' of an object i in scenario x is obtained by 

normalizing the average probability with respect to the sum 
of average probability of all objects in scenario x. 

4.2.2. Identifying risk factor of objects' interaction 
from a sequence diagram 

This part, we apply [3] and [9] to compute the risk 
exposure of each factor caused from objects' interaction. 
The risk factor rJJ of objects' interaction between object i 

andj in the scenario x is defmed as 

rJJ = NDC; ·svt; 

Where NDC; (O<5,NDC; <5, 1) is a normalized dynamic 

coupling and svt; (0::;; svt; ::;; 1) is a severity level for 

objects' interaction between object i andj in scenario x. 
Normalized dynamic coupling of an objects' interaction is 

considered from a number of an objects and messages in the 
sequence diagram. Then, it can be shown in table 5. That 
rows and columns represents objects and a value in a single 

Table 4. Average probability of unsatisfactory outcome 
in ATMControl 



cell represents coupling between objects in that row and 
column. The row index indicates the sending message object 
and the column index indicates the receiving message 
object. Table 5 shows an example of a dynamic coupling 
value between object CRI (row 2) and object A TMCa 
(column 3) is 0.0625. 

Nonnalized dynamic coupling NDC; of objects' 

interaction between object i and) in scenario x is defined as 
a ratio of the number of messages sent from i to) and total 
number of messages in scenario x. 

NDC; 

Where M; is a set of messages which sent from object i 

to object j in the scenario x, and M;r is a set of all messages 
which interact in scenario x. 

4.2.3. Severity level 
In our research, we consider the severity level associated 

with each object and their interaction based on how their 
failures affect the entire system. This level of severity will 
be estimated based on experience of domain experts. In the 
hazard analysis based on FMEA, the severity level is 
divided to four levels [13] and an assigned value to 
represent the impact of each level [9] : 

• Minor level (0.25): A failure is not serious. It may 
cause a delay of schedule of maintenance or repair. 

• Marginal level (0.50): A failure is little serious. It 
may cause a few injuries, a few system damage or delay, or 
productivity.has a few losses. 

• Critical level (0.75): A failure may cause major 
injuries, major system damage, or many losses. 

• Catastrophic level (0.95): A failure may cause death 
or total system damage. 

However, the assigned value for each severity level may 
be adjusted or changed appropriately by the domain expert 
view. 

The table 6 and table 7 show an assigning severity level 
of objects and objects' interaction of scenario x respectively. 

4.3. Analyzing risks at scenario level 
After we obtained risk factors of the objects and their 

interactions, then we use analytical modeling approach [3], 
[9] and [12] to analyze risk factors of each scenario based 
on state modeling. Thus, the scenario risk model is 
composed of two steps. First step, we build control flow 
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T bl 7 R" f a e Isk actors of an obiect's interaction 
, Interaction r ! . <;:OmplexitY~ ~: Severity . %isk Fac~ors 

.. ' ; ~:. ';,~ f ··Level ·, '. 

ATMCu-CRl 0.0625 0.25 0.015625 
ATMCu-C1 0.0625 0.25 0.015625 
CRI-ATMCa 0.0625 0.25 0.015625 
CRI-ATMCo 0.0625 0.25 0.015625 
ATMCa-C1 0.0625 0.25 0.015625 
ATMCo-C1 0.1250 0.75 0.093750 
ATMCo-ATMT 0.0625 0.75 0.046875 
ATMCo-BS 0.0625 0.75 0.046875 
CI-ATMCu 0.1250 0.50 0.062500 
CI-ATMCa 0.0625 0.50 0.031250 
CI-ATMCo 0.0625 0.50 0.031250 
CI-ATMT 0.0625 0.50 0.031250 
ATMT-ATMCo 0.0625 0.25 0.015625 
BS-ATMCo 0.0625 0.50 0.031250 

graph that describes software execution behavior as shown 
in section 4.3.1. Second step, we adjust the control flow 
graph that are used to analyze risk factors of object and their 
interaction as described in section 4.3.2 

4.3.1. Modeling software execution behavior 
In modeling software execution behavior, we use control 

flow graph to show a behavior and an interaction of 
software execution. We assume that a control flow graph 
has a single beginning node (S) and a single tennination 
node (T). Nodes in control flow graph are defined active 
objects, and edges are represented data control transfer 
between objects. The Markov chain is used to described this 
control flow graph to model software execution behavior for 
scenario x. A transition probability matrix r = [p; 1 is used 

to represent a conditional probability of data control transfer 
between objects in the control flow graph that after object i 
is executed then an object) will next execute. The transition 

probability P; is defined as 
x 

x nij 
Pij=-x 

nj 

Where n; is the number of messages are transmitted from 

object i to), and nix is the number of messages are 

transmitted from object i to all other objects that is in 
scenario x. Figure 6 shows an example of the control flow 
graph of software execution behavior which analyze from a 
sequence diagram of PIN validation. Then transition 
probability matrix for this graph is 

Table 5. A Coupline value of an object's interaction 

,l:ATMCa1i ~:" . 0 0 0 0 0.0625 0 0 
<:A'fMCO I'~""~~,"O: 0 0 0 0 0.1250 0.0625 0.0625 
;>C[~"'~':'" ''lJ''f;1i ~c:. 0.1250 0 0.0625 0.0625 0 0.0625 0 



S ATMCu CRI ATMCa ATMCo CI ATMT BS T 

S 0 1 0 0 0 0 0 0 0 

A7MCu 0 0 0.5 0 0 0.5 0 0 0 

CRI 0 0 0 0.3333 0.3333 0 0 0 0.3333 

A7MCD 0 0 0 0 0 1 0 0 0 

P' ~A7MCo 0 0 0 0 0 0.3333 0.3333 0.3333 0 

CI 0 0.25 0 0.25 0 .25 0 0 .25 0 0 

ATMT 0 0 0 0 0 0 0 0 

BS 0 0 0 0 1 0 0 0 0 

T 0 0 0 0 0 0 0 0 

4.3.2. Building scenario risk model 
After modeling software execution behavior, we consider 

the risk factors of objects and objects' interaction. In 
building scenario risk model stage, the failure nodes are 
added into software execution behavior model and the edges 
are created from any nodes to failure nodes in order to 
represent the probability of occurrence of a failure . In the 
example as shown in figure 7, the four severities of failure 
are added to node: F(minor), F(marginal), F(critical) and 
F(catastrophic). Using the transformed Morkov chain, our 
scenario risk model example has (n+ 1) transient nodes, n 
object node and a starting node S, and (m+ I) absorbing 
nodes, m failure node and a terminating node T. 

Each transition of scenario risk model is used to compute 

a probability in the transition probability matrix r which is 
modified from r. An original transition probability P; is 
modified into Pi; , which it is defined as 

P; = (I-rf/) · P; ' (I-rfg')· 

Where P; represents the case when an object i does not 

fail, then the control is transferred to the object j, and the 
interaction between i andj does not fail. 

Next, the link from object node i to failure node can 
compute transition probability from risk factor of the object 
i, and risk factors between the object i and all associated 
object. Such as, if the object i associate with only an object j 
then the transition probability from node i to failure node as 
rf/ +(1- rf/) · P~ . rfi/' The transition probability matrix of 

scenario risk model, r is defined that 

r =[ ~x ~xl 

Where QX is a (n+ I) by (n+ I) matrix which shows the 

probabilities of transition among transient node, ex is a 
(n+l) by (m+l) matrix which shows the probabilities of 
transition from transient node to absorbing node, I is a 
(m+l) by (m+l) identify matrix, and 0 is a (m+l) by (n+l) 
zero matrix 

For example QX is shown as 

S ATMCu CRI ATMCa ATMCo C/ ATMT BS 
S 0 1 0 0 0 0 0 0 

A7MCu 0 0 0.49220 0 0 0.49220 0 0 

eRl 0 0 0 0.32812 0.32812 0 0 0 

Q' = ATMCo 0 0 0 0 0 0.98438 0 0 
A7MCo 0 0 0 0 0 0.07551 0.07943 0.07943 

C/ 0 0.23439 0 0.24219 0.24219 0 0.24219 0 
ATMT 0 0 0 0 0.98438 0 0 0 

BS 0 0 0 0.96875 0 0 0 
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Figure 6. Software execution behavior model of 
PIN validation 

Figure 7. Scenario risk model of PIN validation 

And ex as 

T F(minor) F(mnrginal) F(criJical) F(Cnltu.) 

S 0 0 0 0 0 

ATMCu 0 0.01563 0 0 0 

CRl 0.33333 0.01042 0 0 0 

C x = 
ATMCa 0 0.01563 0 0 0 

ATMCo 0 0 0 0.76562 0 

CI 0 0 0.03906 0 0 

ATMT 0 0.01563 0 0 0 

BS 0 0 0.03125 0 0 

When QX and ex are already obtained, then we can 

construct the r which show transition probability of all 

objects in scenario risk model. Next, the matrix AX is 
defined in order to represent a probability that starting with 
a transient node into an absorbing node. It is defined as 

AX=(!-QT1C 

An example, the matrix AX is shown as 



T F("';nor) F('""rrinal) F(critical) F(Calas.) 

S 0.20956 0.03983 0.04849 0.70318 0 

ATMCu 0.20956 0.03983 0.04849 0.70218 0 

CRl 0.35741 0.02467 0.02638 0.59155 0 

AX = 
ATMCa 0.06728 0.03976 0.07101 0.82201 0 

ATMCo 0.00611 0.00366 0.00939 0.98084 0 

CI 0.06835 0.02451 0.07213 0.835054 0 

ATMT 0.00601 0.01923 0.00924 0.96552 0 

BS 0.00592 0.00355 0.04034 0.95018 0 

From the matrix AX , it represents a probability that starts 
from any nodes and ends with node T which means that the 
scenario is complete, or starts with any node and end with 
failure node which presents a probability of risks in each 
severity level. In example, the probability of risks in PIN 

validation process obtains from a matrix AX which starts 
from node S and ends with all from failure nodes as shown 
in table 8. The risk factor of this scenario is equal to 0.79150 
which mainly comes from critical failure level (0.70318). 

Whereas, matrix ex can identify the object which is the 
major causes of risks in critical level. Also, this matrix can 
identify a probability of risks which may occur at each 

object. In matrix ex , if we consider risks based on severity 
level and probability, the ATMCo is the first object which 
should be concerned to control risks because it has the 
highest probability (0.76562) in a critical severity level. 
Next we should consider CI, and BS object since both 
objects contain risk in a marginal level with the probability 
0.03906 and 0.03125 respectively. The rest objects are in a 
minor level. 

In a similar way, we can develop scenario risk model of 
all scenarios in all functions from use case diagram. The 
results are ranked according to risk scenario of each 
function. From our example, there is only one scenario so 
this step is ignored. Then, the obtained result is used to 
manage and control risk. 

Table 8. Scenario risk factor 
' .• "' Failure·~" -. : .~ .' ;.validate PIN. Process> .; .. ';; :', 

Minor 0.03983 
Mar~inal 0.04849 
Critical 0.70318 
Catastrophic 0 
Scenario risk factor 0.79150 

In our result, class A TMCo has a high risk with the 
probability 0.76562 in a critical level. Developer should be 
careful when he/she develops the program on this part. The 
reason that it has a high risk may be because of its 
responsibility in coordinating many objects to serve the 
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scenario goal. Thus, we should take into account that the 
changing status of that object to coordinate between objects 
is important. 

s. Summary and future works 
This paper proposed an approach of software risk 

assessment by expanding the work of [9] during analysis 
and design phase. The approach consists of three main 
portions: required inputs, risk assessment process and result 
of risk assessment. The new idea introduced in this research 
is the risk assessment based on object behavior represented 
by a state machine. Test case generation from state machine 
is used to compute risk and identify risk factors. This 
framework has many steps of computation to obtain a result. 
Thus, an automated tool is needed to develop for risk 
computation. Our future work, we will develop a tool help 
analyze risk and reduce times of risk computation. 
Furthermore, we will extend this approach by including 
goal-oriented modeling in many viewpoints according to 
organization's goa\. 
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