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Web Access(only LB)

(a)Request count, (b)average and (c)max response time(sec)

AN || W=

DB Access(only DB)

(a)Processed data (bytes), (b)Written data (bytes)
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Response Time and Request Count (MIA=4)
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Probability and Distance (MA=4)
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Probability and Distance (MA=4)
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Probability and Distance (MA=4)
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Probability and Distance (MA=4)
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Probability and Distance (MA=4)
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’ Eval. ‘ Exp. ID ‘ Heat ID ‘ Euclid. ‘ Correlation

X Exp-Sa | L4 0.66 0.36
R4 0.60 0.88
O | ExpSb | L2 2.57 0.95
R2 3.19 0.95
O | ExpSc | L4 0.16 0.98
R4 0.38 0.96
X | Exp-Sd | L4 1.27 -0.07
R4 0.73 0.28
O | ExpSe | L4 1.26 0.37
R4 1.31 0.30

g25:0000o0ob0o0oo0ooooboooooodd

’ Eval. ‘ Exp. ID ‘ Heat ID ‘ Euclid. ‘ Correlation

O | ExpDa | L2 1.27 0.90
R2 1.45 0.90
X | ExpDb | L2 1.34 0.90
R2 0.97 0.95
o Exp-Dc | L3 0.39 0.97
R3 3.50 0.88
O | Exp.Dd | L3 0.57 0.80
R3 242 0.85
O | ExpDe | L3 0.97 0.95
R3 3.37 0.72
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(2) Hibernate version — no entity beans
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Grd0OOOO0O0O030WebOOOOOODODOODDOOOOOOOOODODOAOON33]
OoDoboOO0oboODOoOO0b0Oo0oOoOobOwebDODOOODOOOISPO Servietd D OO OO
000000 D0Javad0 00000000000 O0OODGrdODOWebOO OOOOODO
gbooobObOoobOoobOOooooboboooboboooobDOocGd0OOO0bDOOOO0DnnO
googooooooobooooogoogooboobooooboboooboboooDooboobooOon
obobooooboboobboobooobbooooobooobobobDboboon
Grd0 0 00 0O0O00ODOO0D0OO0OOO0OO0OO0DO0oDObODDOoO0oO0oOoDbDOoOoOoOoGrdonO
O0JavaOODOO ServletD DO O00O0O00O00O0O0O0O0OODOODODOODOOODOORDO
ooooooboobooooobGdbbooboobooooobDoboboooogooo
OREEODODOWebOO OOOOOO0O0GrdOOOODOODODOODODOODOO OGridO
oo0ooo0cobOoooboboooboooooobobobooOowebOOO0OooooOooOoOanO

o oo 4o oo oo o g

ogooogad
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O
O
O

gboooobobobooootwebOD O OOOOoooOoOoQOoOOODODDODODOODOOORDO
obOooobObOOob0ooo0oooGd0ObOOoO0OO0OO0OO0OOOOOOOOOE4O0O000
goboooooooobobooboobobooobooooooooooooobobooDbo
goooboobooobooboocoooobooboobobbobooboooooooaon

Grd0 0000000000 OODOOOODOODODOOODODODOOOOOODOO

u
u

oboooo0ooboboOowebOOODOOoOooobOOoOooOOobOooooobDOoODbOOnD
gboobobooogooao
tooooOoobOo0ooooboooobOoooooooobobOoobooobooOoobobOO

Grd0d 0000000000 OO0O0D0O0OO0OO0OO0WebhOOOOOOOOOOOODODOOO

O
O

O o o o g o

O o o O

O

0O O 0O Akamai O Digital Island 0 O O O Content Distribution Networks (CDN) 0 OO 0O O 0O OO
oooDDODDOOooODoOOcCcoNOOODOOooobDobDOoboOoOOOoOwebO OO ODOOoOOO
ooooobooobooobbuoobooooeDNDDODODODODODOobUooboo
gooooooDOooOoOOo0oOoo0oobODOo0ooDOoo0oobooooooooooooodd

oooooooooboboooo3pedobbo0boobooobobbooooO
OOoO0OO0OO00oO0oOobOObOwebOOOOODODOODODODODODOOODODODOOOOOO
ooboooooooboooobooboooooobbooobooooooobooboooOooan
ooooooooao

ooobobooooboboooboobooooobooobooobooooboboooboobooDbao
coooooooobOobocGrdODOODOODOOOO0DOODODODODDODDODODDOO
obobooooooool1ocooboooboboooboooboobooobobooboooboo
goobooboooboooooooobobooooboooboooobooobooooonn

oooooooboooboobOobOoboobooobooooan

ooooObOoooobooboboobOobOooooooboooobOobobooobOon
OFmO0O0000O0OOOOOODODOOOOOOODODOOODODODOODOOO
OO0OwebOOOOOOOODODODOODOODODODOODOODOOOODO
ooodGnd0OO0OO0OO0OO0ODOGrdOOODOOOGridOOOOODODODOOODOOOCOO

O
O
O
gbooooboooooaGiddbogoGnddb0DOoOoOoOO0OO0ODDODDOOOOOO
ocooooGndOOO0OO0OO0O0OOODO0DO0OOODDODOODODODDOOODODODODOOOOO
O

goooooooooboooooooooao
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U040 000000 ooooobooonod
000

41 0OO0ODO

oooo,00o0o0oo0ooboobbobobOoobOooooboobobo,obooobobobobooo
goboboooboo,oboooboboobbobboobbbboooobb.bd
o, goboooooooobobobooobooboooobooo,0o0o0ooboboooo,
oboooooooooobooboooocooooo,bo0ooooooboboooan

O o o Og

ooooooao.
uoooobooboboobooooo,oboboooooooboobooan.

O

o, 0o0oo0oooooboo,0oo0oocoooobobbooobO,ob0o0ooobobooon
ooobooob,00oooobooboobobooobbbob,0c00bbbooooobDbDo
go.

9:=0;

= f(5);

h:= g+ 10;

041:000000000 g000O0oQOo,0b0f000D00O0

ocoo,04100000000C0DODO0O0O0DO,D1000000DDOgOOOOO
OoO0s30b0o0ogoooo010o0Db000os30coooooobO.co0b0042.000000
ocooooofOOOOOO0OO0OO0.00O0OO0ODODODOODODODODOODOOOOO
gooooooooogooobobooboooooboooobobbooboonb

O o o o

pcoooooooooooo,0oooo0oogoooooooo, fO0cOoOOoOOOO
g,00o0o0oo0obooooboooboooo,cobooooboooboooboao.

e fOO0D0O0Og¢y0OOODOODO,103000000,0000, fO00¢g0O0O00O0OS30O0O
ooo

e flgy00O00O0O0ODODODODODODOODDODODDODUOUODDODDODDODDODO, fOODgOOO
10000300000
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e f0gy000OOODODODOOOODODODO,10300000

oo, 0o0ooo0oooboobooboobobbooobobo,00b00obooboobOooboo
g, 0ooboooooooooboooboooooboboooooobobo,obobobooao
goobooooboboo,oboobobboboobobooobobobobooobob,o
oooooboobooobooooooooo,b0o0oooboobooboo,oboo0o0o0n
I I A A A N A

oooooooboooo,0oooboobOoboooooobooo,obooboobOonn
ooooooboooobo,ooooooboococobbooobbobobooboooo.booo,
goooooboooooooooobooobboooboo,o0ob0ooooooooboooboo
gooboooogoao.

42000 0000C0CO0OO0O0COOO0OOOOODODODODODOO.O0DOOOOODODOO
ooooooooooobooboo,00b0bo0obo0ooobooboooooooboooboboo
ooobobooo,00obooogoobo.

Source Code

Analisys of Data Dependences and
Control Dependences(Sec. 4.3)

translation

Program Dependency Graph(PDG)

USGI’ —_——input

a program point \ . Analisys of Reachability(Sec. 4.4)
variables P

compu"cétion of slices

Ty
Slice

0420000000000

ocoooooooo,420,00000000000000DO0O0DDODOOO, 43.0,
ooofboooooOoO0oO0oO0oO0oooooOO0oooo0oooOoooD4200000000,44.0,
oobObooobooobbooooboboboobob42000000000, 45.0,
ooooooooooboobooobo,coobooboobao.
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42 O O0DODO0O0OO0ODOOoO0OO0obOoOoOood

O0000,Otenstein, Horwitz O O OO0, 000000 0000000000 0OCDODOAO
oo, 0oooooo0ooooooobbobooboooo.boboo,0bbobooo
uooooobooooooo,0ooboboobobobooo,ocb0bo0oobooooaon
ocoooOOoOoboo4s5.000000,00D00DO0C0CDODO0O0DODODOODODOODDDOOO
gooboooboobo.cobobgo,obbo,bo0ooobooboobboboboDbb
oooooboooao.

421 0ODO0ODO

000000000000 00000000000,00000000000 Pascal
0000000000.0000000000000,0000000000,0000
000000000 00,0000000000a0.
0000000000000 G), 000,0000 0 (while), 00 O (readln), 0 O O
(writeln)y 0 00 0000 0,000 (begineend) J 0 0. 0 0000000000000
0000O0000D0.000000,000000,000000000000,0000
000O000O00,000000000(04700).000000,000000000
000000000000 000000000000,00000000000000
0000.0000,000000000000000000000,00000,000
ooooao.

422 0OO0OO0OOO0OODOOOO

OO00O0oooooboOobOoDDDOaD (Control Dependence, 1 O CD)OD O OO OO OO (Data
Dependence, 0 O DD)O OO O 0.0 sOif00000O0O0DODOOODODOOO,D00,sO
oot sy 000000 s0ddbddoooboooobod,syds,dn
cCb0o0O0oO0UoUO0o.00o0CcbOO0O (s1--—-—+s9)000.00, 050000000000,
wOIODDODOOOOs,0000000000'0,s;0s,000DDO00OO0OO0OO0O.O0
O0DDO OO (s1-Y>s5)0 00,

423 00ODOO0OO0OOODOOO PDG)

OOO0ODOOO0O00DOOQO (Program Dependence Graph, 0 O PDG) OO0, 0 OO O OOOOOO
goobooooooooooooo,0bo0o0oo,0o0oooboOooooboboooooao,
ooo,0o0goo,0ogoooogoooo,0opopooogoooooboOooooDoooo
co,cooooooobooo.ocoOOo,0bO0D0DDOO0ODDOODO,0O0D0D0DO0DODDDODOOO

05100 s 00,v00000000000000000000O0000OO
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oboboooo,b410000000,00000000000000.000,0000
g0, 000p00000 fODDOOO0ODOODOO43000000,exitd O f-exit,in

\ /

fp- par /fg—l n

Function Body

f -out
g

043:00 f0000PDGOOO

00 fy=in,outO O f,—out,0 000 f—par0 O 0 ODO.

041:0000

ooog ooo
exit 0 O oboocboooooooobooooooboobooooano f-exit
o, 00o0o0ooobgobo
in0 0O uooooobooooobobooooooboboooao fg—in
g, 0000, oooboocoobboboco,0coboboo0n0o
out ] O ubbooooboboboboobobboboooanbad fq—out
ooooo,0oo0go,0gooooboooboboo,0oooo
oo
gooad obooboooooooboooooooobooooano fp—par

g, 0ogdgboooobbooboabao

424 0000

ooooooOpbGOOOO,00sO000000000D0D0CDO0O00O0O,PDGOOCD
oboooooDDOOOO0OO0ObOD0ODOsOO0OOyOOOODODOOODODOOODOODOOOO
ooobogooogno.

46



oodd,04400 000000 writeln(c) 0 00oooooo, 04500000,
obobobooooooooooooboboonoboObObOOOODOnn.

- N

program atoi (input, output);
var c:integer;
n:integer;

ch:char;
begin

n := 0;

c := 0;

readln (ch);

while (ch >= ’0’) and (ch <= "9’) do begin
n :=n % 10 + (ch - ’0");
c :=c + 1;
readln(ch) ;

end;

writeln(n);
writeln(c);
end.

N J
D4400000aa0i0 000000000000 ODODOOOOODODDODGO

- N

program atoi (input, output);
var c:integer;
ch:char;
begin
c := 0;
readln (ch);
while (ch >= ’0’) and (ch <= '9") do begin
c :=c + 1;
readln (ch);
end;
writeln(c);
end.

N /

O45:at0i0 O writeln(c) OO O OODO0OODDODODOOOOODDODODODODDOOOOOO

43 PbGUO OO DO

oboooOoooopbGOOO0DOOCOO,000000C0O0D0DODO0O0CDOOOOODDO
gooooooboo.chbooogooboboobooboboooooooooboooo,oo
go,pbogooooobooobooan.

47



431 OO0

O00v000nr000dO (0,n)000,00 00 dyer0,0000dpereed00.0000
000000S@OOO00000000000)I000000000 (Reaching Definition
Set) RD;,,(S)0, 000000000,

RD(8)={(v,n) |0 0n000+v000000ARD SOODDODDOY}

00,S00000000000000000RD(S)DDO.000O0410000
0O00000.000,k0(S)DS0000D00000,gen(S)0SO00D0D0D0DO0
goboocoboooooao.

RDyyt(S) = RD;n(S) — kill(S) U gen(S) 4.1)

ooooobooooogosoooo,soopoopooo@oooooboooOo)yooao

0000000000000 0o0OUU0oO0U00Do0DU0o0DUDO0ODU0OO0OO0DO0OOOoOOg,SuDEF(S)
ooo.co,boo0ob0obobooboooboobooooboobooooboobobooan
O000,PoDEF(S)000.0000, 0000000000000 O00O0DOOOAO.

SuDEF(S) C PoDEF(S)
00O0,000000000.

SUDEFyqr(S) = {dyar | d € SuDEF(S)}

PoDEF,q,(S) = {dyar | d € PODEF(S)}
000000000 0000000000,041000000000000000000.
RD,yu1(S) = RDi(S) — {(v,n) | v € SuDEF,,(5)} U PoDEF(S) (4.2)

00,00000000000000D00v00000p0000000000000,
00000 ImUSE(p)D 00O.

ey OO0OOODOO
ep00vOIOODODOOODOvO0D0O000O0OOO

ImUSE(p) 000000000000 000000s0O00O0OU0DODOUOO,pO000O0
0000000000000 UO,RD,(s) 0000000000 sOODDOOOO
oooooooao.

2soo0oooooOooan
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432 0O DOOOOOOO0OOO

O o o o o

O

O o o O O

O o o og
O o oo ooooooobooifb0oo0oogoooooo-boogo o Od

O O O &g

O

oo

ooooO0ooooooooDoOooooOooooob.Oo0DopbOODODbOPODOO
0000000000 000000000 g0OOO0ODOOO (SwEF(g)), 0000
(PoDEF(¢)),0 0000 0UO0O0DO(ImUSE(q))0 D ODODOUDOODDOOODOOD.O00DO,O
oooooooo0oOooooooo,q 000000 geoObODODODDDODPOO
cooooooooobbooooOo.oob,b00ooobobUoobooobgoo,o0o0oo
OO0000D0,00 SuDEF,PoDEF, ImUSELD OO DO OOOODOOODO.
oor000000sODOO0DODO,sO0-00000000,-r0000D00 sO00O
cooooooboob,s0oooooo,roobooooOooO,rooooOO0oDOoOoOOOD
oooooooboo.ocoob,0b0b0oboo0obboboboooooo,b00boboo
ocoooooooo,00o0o0o0oboo0o0oooooooDo.
ocooooboooooooo,0o0oobooo—-0bOb0o0ooboobOooDbobobooo
,0oooooooooob,0o0oooogoo,0b,0bbO0—-0000DO0OO00O,00
Oo00oobooOoo0oboob0oooboboOob0O0Og CallGraph, D O CGOODOO.O
OO0O0O0OO0OcGOOOODOODOODOD (Directed AcyclicGraph, 0 0 DAGO 0 0O 0,000
gooo,0b0/moocoobooooboan.
gooooooooooogoogo,0ooooooobooooooooboooboooog,
,go0oobooooooooooobo,0booboobooooooo.ooo0,0g
cooooooobooooooobo,ooooooobgoobobooo,oooobooo
oooooooboboo,b0ocb0obO0obOooboobOooobooDbD.obDOo0ao
I e I A
ocoooooooooboooooooo,bbb0O0oDODDDODDODOODOODOO
oboooOobooooooo0o,ccoobn0nnanag (Strongly Connected Component) O
ooo0o.0ooooooogooboooboooboo,ooob0oooobbooooboDbOobo
ooooogoob.cgooooooobooooboDboDbDO0oO0oOobDOoO0DOEsSIolo
oooDOoao.
og,.00o0o0obo0oooboboboboobooooob.obob0oobooooao
g, 0000obgobogoboccUibiboDoboDbu0o00u0ouoDbDOoUonO0n (Reduced

Graph) CG/0000,000000000O00OO0OODAGOOO.CGUODDOO, 00000

ooooo-—-ooo0ooOooooOoooOoUOoOo,cGU0oo0ooooooUooUoooao,

g
O

gogogooboobooooo,00bobgoobobbobboobobog.
goooooo,gooboooao.
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0000000 ANALYZEPROGRAM
Input: 0 OO OO P
Output: P 00 PDG

Step 1. oooprPOCGLODODODOODDODOO,ODO0DO0ODODODO,ODDOO0O
gooogo,oboboboboboobboobobobo,bboo0obooonb
gooooboobooo,oocobuobobooooooobobo,0oo0o0ba0o
O

gooogad.

O o ogodg
O 0o o0od

Step 2. O

(]
O

gooboooooooboooboooooooooooobo,oo0coocoooobooan
O

O
O
O

Step3. 0 0 0O 0O SuDEF,PoDEF, ImUSED OO0 00O ODO0OO0OOOODO @ O0O,0 0 SuDEF(f)
0000 f0O000O0OD0ODOODOOOOOan).

SuDEF(f) «— ¢
PoDEF(f) «— ¢
ImUSE(f) « ¢

Step4. Stepl0 0000 O0O0O0DOOCOOOSOOOCODDODOOOCODOOOOOO

(a SO000D00D00OStep20 000000000 OODOOO OOO ANALYZEPROCE-
DUREOD OO0 O OO OO OO0O OO 0O ANALYZEPROCEDUREO 4.33.0 00 0 O O.

() SODODDO0OO0DODO SuUbEF,PoDEF, IMUSED 00D D DODOOOO @@GDODOO
ool

Step5. 000000000 OO0OOO

433 0OO0OOOOOOoOoo

ocooooOo fOo,00004600000000000.0D0DDO0O0O0ODODOOO

pOoo0o.00f00O0O0O0O0O0ODOOOODODODODOOOO,00O0ODO0O0OOOOO,
extD OO OOODOO0O,000000000000COO00C0COO0OOOOObOOOO0OO0OaO
ooooad.

function f(...):--;
var - -
begin

end;

O46:0000000

‘Doo,soDoo0oao
0 SuDEF, PoDEF, ImUSE [J

oooooooooooooo,00
,0oooooooooooooo s

(|
od
[mpg;
[
OO
OO
[
[mp;
(|
oo
[mp;
(|
OO
(|
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042:.000000000000000

ooooboooo

00O 0000000000 0000
00O thenD0 O else 000D 0000000000000 0000000
oooooOo
0ooO0O 0000000
ooo 000000000000 00000000000000
sEsNsisRsRsisls 0000000000000 0DD00000000000000
O
ooo 000000000000 000000000
ooo sEsEssNslals
043:000000000000000
Ooooooooaoaon
0oQo Joo0OO0O00O00O0O0000
OooOod thenO Oelse0J 000000000000 DOO0OO0OOOOOOO
oooooOo
oooO0O 0000000000000 00D00000000000000
000
ooo 000000000000 00000000000000
sEsssRsRsisls 0000000000000 0D000000000000000
O
ooo 000000000000 000000000
ooo 0000000
000,0000000,000000000000000,000000000000000
oooo(ob4200).00, 00000 00D0O0OO0OCODODOOO,0D0D0D000000DO0O00O0O
000000000000 0.00,00000000000000000000000000
ooooDDOOOOOOO.

00000 0O ANALYZEPROCEDURE
Input: 0 O O f
Output: SuDEF(f), PoDEF(f), ImUSE(f)0 OO O OO
Step 1. RDin(B) «— {(u, fy—par) |u0 fOO000 00 }U{{v,fo—in) o0 0000}

Step2. BOO OO D42,0430000000004000000,f00CDO0O0,DDO
000 000, RDew(B), SuDEF(B), PoDEF(B), ImUSE(B)0 00 OO0 OO OO0 OO0,
InUSE(B) 0 f0 000000000 O0 ImUsSEDOOOODOOOOOODOO
0Doooao.

Step3. 00000 QC,000000000D00000,GlebalD0000DOODODODOGO
ooooooooboogao.

SuDEFy.r (f) == Global(SuDEFy.,(B))
PoDEF .. (f) == Global(PoDEF,..(B))
InUSE(f) == ImUSE(B)

‘000D000,0000([360000000

51



gooboboooo,ooooobobooooob,bboo,00o0co0o0oooobooooban
oo, 0booobooocboooocoboobo.cocbobo,0bo0oboobooOoboan
oobooo,00bo0oo0booboboobboooooboooooooao.

SuDEF(f) <« {(v, fu—out) | v € Global(SuDEFy.(B))}
PoDEF(f) « {(u, fu—out) | v € Global(PoDEFy.(B))}
ImUSE(f) « ImUSE(B)

Step4. RD.(B) 00U 0,0 0000000COCOOUO0ODODO,000000n00exitd O
DDDDDDD(nL»f—esm't)[lDD.DD,DDD,DDDDDgD[ID[IDD[ID[I,
goooogbmO D,outDDDDDDDDD(mLfg—out)DDD.

434 0O 0O0O

O000,432.000 0000 000 ANALYZEPROGRAMDO 000, 047000000
oooooooooogd.

o000, SteplO0OODODOOprogression CGO OO, 000000000000 O48
O, 00000000 o0{fl={wh}00000.00, Step20 000, Step300 00O
000000 0oO0o0.000,Stepl0000O00DOODDOOO, Stepd( {ft0000DO0
f O ANALYZEPROCEDURED 000 O 0O 0O0OOOOOOBOODODODOODOOODOOODO.

SuDEFvar (B) = {f7 g}
PoDEF,,.(B) = {f,g,1}
ImUSE(B) = ¢

f00000g009000000,000000008000000000,g00000
00000, ImUSE(B) 0 g0 0000 0.00 O, SuDEFya(B) 0 PoDEF,.(B)0 00000
000D0000000,0000000000000000, Sepdb)0 00000 {f}
0000 Stepd(D 0000 D,

SuDEF(f) « {(g, fy—out)}
PoDEF(f) «— {(g, fo—out)}

ImUSE(f) « ¢

o{fj0oo0o0o00O0Uo0O0O0O0U00, 00000 fO0O00DO0DO0O0DO0DOOOOOODOO
ooooboooob.o

0000 {f}00000000000000UO0O{flo0O0000.00 Stepd(a)d
O0,{mh}000000.{nth}00000000DO0O,000000000D00COODO
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1 program progression (input,output); 1 program progression (input,output);
2 var g:integer; 2 var g:integer;
3 3
4 function f(p:integer) :integer; 4 function f (p:integer) :integer;
5 var l:integer; 5 var l:integer;
6 begin 6 begin
7 if p>1 then begin 7 if p>1 then begin
8 1 :=2 % f(p-1); 8 1 :=2 % f(p-1);
9 g =g + 1; 9
10 £f :=1; 10 f = 1;
11 end 11 end
12 else begin 12 else begin
13 g :=1; 11
14 f :=1; 14 f :=1;
15 end; 15 end;
16 end; 16 end;
17 17
18 procedure nth; 18 procedure nth;
19 var n,a:integer; 19 var n,a:integer;
20 begin 20 begin
21 g :=1; 21
22 readln (n); 22 readln (n);
23 a := f(n); 23 a := f(n);
24 writeln(a); 24 writeln(a);
25 end; 25 end;
26 begin 26 begin
27 g := 0; 27
28 nth; 28
29 writeln(qg); 29
30 end. 30 end.

N AN j
04700000000

ooao.
SuDEF (nth) <« {(g,nthg—out)}
PoDEF(nth) <« {(g,nthg—out)}
ImUSE(f) «— ¢

{nth} 0000000000000 O0OO0OC0O0OO0DCOOUDDODUOUOODODODDODOODUOOOO
0000000000 ooUoUOo.000,{nth}00O00DO0O0OOO.
ooD,Sep5S0 000000000 DOODODOODOOOODDOOODOODOO.
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()
(D

Extraction of strongly
connected components

0 48:0 00O O O progressiond O O O CG
44 00O OOOODO

ob0ooobopbGOOO0O0O0OO0OOO0ODOOOOODODOOD4200000000.00
oobooobDbogoDbsOo0oobobovbobooooooo,pbGOOCDODOODODOO
DbOoOoboooodbOsOOobyvob0oooboobobooobbooobobooboooooan
ooOoocoo,pbGOOD0OODODOOOOOOOOOOODODODOOOODOOODOO.O
go,00g0o0ooooopbcg000o0booobbooooooboboboobobobobooo
goooboooboooboboo,0boo0oboooooobobOooDbDbaOo.
ooooobDooO0sObobobOwvbOO0O0DODOODDOODODOOOOOVO, 000000
doobooboob.obio,ns0s00booboooog.

000 000 GETSLICEONPDG
Input: PDG, 0 s,0 O v
Ouwpu: O OO OOODOODOOV
Step 1. V — {ns}
Step2. N — {n|n-Yen,}> U{m | m-—»n,}
Step3. NA¢00,000000000O0O

@neNOOOOOO

b)) N—N-—-{n}

© V<—Vu{n}
@@nd0dmOdO00O0OO0OO0OODODOOOODOOOOODOOO

N— NU{m|mgVA(m—nV m-—-—>n)}
ooddm—nOdmIdUOnO0O0D0OOOOOODDOOOODOOO

oooooboobbooooosgobbOoboDDOSsSep20 000 000O0DDODOOO.

S000000 {n|(yn) €RDy(s)}0000,000,00000000,00000000s00000
0000000000D0,000000000000000.
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Step 2. N <V
00, 0000800000000 0O0O0OOOOO,000,Stepl0D000O0O0O0O0OO
Ooao.

Step 1" Ve |J(sooooo)
s;ES

cooooooooooooooooooooooo,vooooo,ocooboobooo

oooobooobOooooooobobob.0oo0, 0490 PDGOO O writeln(a) O
Ub000000D0DDODOOO0OO0ODODODbDOO0O4000000DODODOODOO
oo, 0o0ooboogoooboboooooboobooobobboooobDboD 047000000
ooooao.

45 OO0 OO0OO0ODOOOO

oobo0o043.,44.00000000000D0O0O0O0O0OODOODODO.DODODODOO

Uo0ObOO00,0000000PDGOO0OODOOOD (ANALYZEPROGRAM)O,PDGO O OO O
OO0O0O0OO0O000GerSLiceONPDG) DO ODODOOOOO, 0000000000000
oooao.

451 pPbGLO OO0OODO

oooooboobooopbGOOOO0OO0OODOODODDDODOOODOODOOODDOOD.

pbGO OO OO000ODO

P 000000

G 0000000

L 0000O0O0O0OO0OOO0OOOOO

S, 0O0OoDOoODOoOoOoOoO

S, 0000
00100000000000000000000000000000000000

g

@obh) bobobooboboooboooooooobobboboobbo
gboooo.bocoocobbobbooboooo,bobo0ooooooobao
oboooocoooobob.co0oboo0ooooooooboboboooobooan
gbooobooobooo,boooobobooobobooa,boog,bb
gobooboobooooobgobobobbooooooo,bogobbbooboab
oooooobooao. O

0020000 SsubEF, PoDEF, ImUSE D00 0000, 00000000000000
gooad

55



(00) 000p000,0000000000000000,0000000
S;0 000, SWEF(p)0 S;0 pO 0D D00 O0O00D000O0 subEF0 D000
000000,0000000000000000000000000.00
0000S00000000000000000000,00000 SuDEF
00000000000 000000,SWEF(p)00D000D00000000
oo.

000 D00 PoDEF(p) 0 ImUSE(p) 0 0 0000000 0,000000000
DoDoO00O0O0o0ao. O

003000000 ANALYZEPROGRAMO OO OO OOOOOOSOOOOOOOOO
000 Step4(@)D0O0O00OO0DOOO|S|OCODOOOOOO,

S0 sOoOoOooUoooooo
ooao

(O0) ODO0O0OO0OO0OSOO0U0O0DO0OO0ODOUp0 SubEF (p)0 00 OO gOOODO
OD0000g,=trued, 000000000 g,=falseO 0000,
SuDEF(p)0,0 00 p000,0000000000DOOOOOO,0000
Ubddpb0O0O000CO0OO0OO0O0OO0OO0swEFOOOODODOOOOO,0000
uobooooooooooooaD.
oboooooooooooo@kies)b00booooo,0oboooonn
000000000000 0.000, SswEF(p)D OO0 O0DO0DOooooooo
0,g,0p0000000000 q1,g2,-..0000 gg,,8p,..-0000000
O,00o00o000000o000O00000.00 gg,840..---00,50000
gobooooobobooboooboooob,oboo0ob0Obao.
00,00200,00g 0000 falseOOOOtrue0OO0O0O0O0OO false
goooooooao.
SoooooO0oooo,socooo0ooo0o0p0O0bDeg, 00000000,
oogooogooogoogogoooooo,s0tgdoo0ooogoooooo sood
000000000 p0eg,000000O0DO00O0O0,S000O00000O00
ooO.000,subEF0 0000, PoDEF, ImUSEOD OO DODOOODOOO.O00O
ANALYZEPROGRAMUO 0000000 00,S0000000000000O0]S]
ooooobooooaoan. O

001000 000 ANALYZEPROGRAMO 0O O 000 OP+S;+P-S,-(G+L))0 00O

(0D0) OO0 0O0ODO ANALYZEPROGRAMO Step I, Step20 0D DO DO O0ODO OO
obobbccOoooooooobooboboboo.boooopPO,00O0O0O0O
S;0,000000000. Srep30000000D00C0O0OO0ODODOADO.

56



ANALYZEPROGRAM DO O O OO OO Step4(a)0,00 [, 300, 0000000
ooooobobououobbuouobgobboobobooo,oooobobooao.
ooo,00000b00Db00o0u0o0obo00oo0oDo POO0DOTOU0DOOD.

goooboooboooboobgoooboogoobobooboo,ooob,00g0o0oo
oobooboobooobooobobboobobo,obboboboobo.oOoO
goboobobooobbbboboooooobboo.oboogbobbbooobo
goooobobobobbobogoogogoooobgo,obbbbobuood
ooooboooooobuobbooooobooao.

000,000 00 0 ANALYZEPROGRAMO 0O 00 O OO O(P+S;+P-S¢-(G+L))
ooao. O

452 PbGUO OO OODOODODOOODOO

pbGO 00 0O0OOCOOOODOOOOOOO.

pObGOODODOODOOODODODODOOO
V pPDGOODOODODO
E pPDGODOOOOOO

000000 GETSLICEONPDGO O,PDGO O OO OOOOOOOO,0000000
00000ooO0ooo0ooOoUooOoOoOoOoOoO0ooOo,0o0o0O000O0(WV+E)DOO.

453 D OUOO0OODODODDOOO

0000000000000 0000000000 O(P+58;+4P-S-(G+L)+V+E)
0000D0000,00000000000000000,0V+E) 00000000
0oOoo0ooooao.
000,0000000000000000000000000000000000,
00000000D0D0,000000000000000000.000,000000
00000000,0P+S8+8-(G+L)+V+E)00D0D00OOD0OOOOOOOOD.

46 U OO

ooooo,00oo0oooooobobobooboo,0oo0oooobooooo,coooao
pbGO O O0O,00000O0DODODODODODOOOODDOOOODDODODDO.ODDODO O
oo, 0ooooogootooboboo,ooobbobboogoooooooooboo,oo
ubooooooooobooobobbooooooobobO,c00ob0ooooooaon
oooooobooobooooobao.

O 0o o O

goooboobobooboobbobobobobboooobbo,00,Hwangll O OO
O[18]0 HorwitzO O O OO R0 O00O.000000O0CODO,000000DO0DDOO,

57



gooooo,gooobouoobooooboboobobgoboobooogog,pbGO
obO.000c,000000000O0PDGOOO,00000O0O0000O0D0O0DO00O
goooooooooo,0ogooooboobDoboboOoDbDOoO0oOoobDobDOoOo,bo
goooooooooooooboooobobooboobooo.oco,0obbOoobo o
OO000o00OO000oo0Oob0O0oOobDOO0ooo0DbDOO0OO0Db0OOg (Forward Slice)yd O O

O o o o o o

go,ppGOO0O00O0O0OODOODOOOODOODOOOODODOOOOOOOOO.
goooobooooboob,0bboobooooboo,opopo0oooooboobobo
gooooboocoooo,0oocoboooboooboooooobboooboon
oooooOo,0o0o,0co0ooobooobooobooo,bocbooobobooooan
goooo,ooooboooopbGOO0DODOO0ObOODODO0ODODODbDODOOOO

O o o O
O oo o0 oo ooo oo oo

O 0o o o o o g d

gooooag.
ubOooobooboboooooobooo,coboboobooooboboooo,0boo00

O

O00DO00D0Db00000000.0000000 SUNSPARCGstation ELCO O 0O O
o, B300000,70000000000000000D002990000000D00.80
go,.oo8ooooo,90o0oo0oooooo,0coo0boo0ooooooooboooooo
oooo2sbbooooooolleoo,0booooooocoboooo.oco,ooooaon
goobobooobooooboboobobooboobooooooboboboboboDbd
ooad.

58



witeln(g) )

049:0 00 0O progressiond 0 0O 0O PDGO OO0 0OOOOwriteln(a)JODOOaOUd
0000000000000 o0Do0D0o0oo0o0DooOoDooDooboOoon

59



st oo

50 bDoooooobod

oobooboobooooobOoooboooooooooooboboooboooos3oooan
ooooooobooao

() webO OO OOOOOODODODOODODOOOOODODODOODDODOODOOO

goboooooocetobonooobooooboooobbbooobboooooonnb
obooooooobooobbuoooooooobooboobooboboooobao
goocoooooooooooooooooobooobobOooboboooboooDao
gooooooooooobobouobbobooooobobboobobDbOoDbao
oobooooooooOobobOobobooobooboooobooobooooooognn
jooo70000b00o0o0oo0oO0oo0oboooobobobbooobOoboobooboboOooo
ooooooo

@ Grid0 OO WwWebODO OO OO OOOODOOOOO

WwebO OO OOOODOOODOOOOOOOOODOODOOOOOODDOOOGdO
ooooboboooobooooGdb0obooobDobDobooooboonn
go200boo0obooooboobobobooooobooboobooobooDbDbOobO o
OOOREECO0OO0O0O0O0O0O0OO0OOODOO0DOODODOOOGrdOODOOOODOOO
oobOooboooOobOobOoobObOoboobOOooooooaGrdOOn0 WebOODO O
goooobooooobouoooboobobooboobobooooooUooDoUoUoooOoo b

O
O

3) obobobooooobooboooood

oboobooooboboobooooobobooooooboobooooooaoao
oooooooboooooooboboooooooooooooooooan
gooooobooboobobboboooboobOobOoobooobooobooo
gboboboooboooooboooboooobobbooooOobooooooao
ooooboOooboooooobobooboooooboobooboboboooooon
oooooooboboooboooobobobobooooboooooboobooooboao

O o o o o o g
O o o o o o odg

gboooooobooboobbobooooboooooboo

60



uboobooOoboooboboooobooboobobooooobooo@mouoobobao
ooboboobooooooobboboooboooobooooboboobooboobobDbo
ooooooboooooooooobbooobooobobooobobbobDobboooooao
obOoooooboooooooboooooooo
oooobOobOoooooboooobobooboobooobooboooooobon0 @O
Grdd 0000000000 O0bODDbOooOooobooboooboobobOoooboboo
ooboobooboogooooo
gboooooooobooobboobobooboobooobboobboooobooao
gooboooboobooo@uooooooobooobooooooooooooobooonoao
goooooobooooooogogoooooboobooooboboooo
oooooooooOoooooDOobGrdODDODDOODODOODODOODOODDDOO
oooboobooobooboooooobobooooboooooobooooooooooan

gbogoboooboooboboooboboouoooaoboboobobooboooobooao

52 ODOOOOOO

uoobbooooboboboooooobooobooooboobbooooboOoDbOon
ooooOooOooooobooboooobooobOobooobOooobooonodg

ooooooooooobobobobobOoooooobooooboooooooo
oooooo@oboooboooooo70cocogooooboo0ooooooooOoooo
g3dgooboobooooooooboooooooobooboboooooboooDboo
ooooobooooboosooooooooooboboooboobOoooooooooooao
ooobooooobooooboooooooooobboboobonob

uoboboooboooooobooobobbooobobobobOooobboOboooonn
gobobbOooobOooboobobooobboooooooOooooobobbooooboooDoon
oobooboooboobooooooboobonn

gooooooobooogoboooboobuoobooooboboboboooooooooDOono
gooooobboooooboobobobobooooooobooop,0joooooao
obooocobobooooboboobocoooooooooboobobbOO0oooonoao
oooon

61



[]

(1]

(2]

(5]

(7]

(10]

00

Ood.0obooooooOo?27d 0. http://www.soumu.go. jp/johotsusintokei/

whitepaper/ja/h27/pdf/index.html, 2015.

Nikkei. 0 DO D OO0ODODOODOODDDOODOOOODOODODOD. http://www.nikkei.

com/article/DGXZZz025303720Z10C11A3000000/,2011.

0o0o0oo0.000000000000D0000000-0. Technicalreport, 1 O O 0O OO
0O0000D0DOD0IPAO, Oct. 2015.

S. Zhang, 1. Cohen, M. Goldszmidt, J. Symons, and A. Fox. Ensembles of models for automated
diagnosis of system performance problems. In The International Conference on Dependable Systems

and Networks, pp. 644—653, Yokohama, Japan, Jun. 2005.

I. Cohen, M. Goldszmidt, T. Kelly, J. Symons, and J.S. Chase. Correlating instrumentation data to
system state: A building block for automated diagnosis and control. In USENIX Association OSDI’04:

6th Symposium on Operating Systems Design and Implementation, pp. 231-244, 2004.

0000,0000,0000.00000000000000000.000000
0000000 DOOO0O0O0, Vol. 57, No. 9, pp. 506-511, Sep. 2012.

E. Stehle, K. Lynch, M. Shevertalov, C. Rorres, , and S. Mancoridis. Diagnosis of software failures
using computational geometry. In 26th IEEE/ACM International Conference on Automated Software

Engineering (ASE 2011), pp. 496499, Lawrence, KS, USA, Nov. 2011.

E. Stehle, K. Lynch, M. Shevertalov, C. Rorres, and S. Mancoridis. On the use of computational ge-
ometry to detect software faults at runtime. In 7th International Conference on Autonomic Computing,

ICAC 2010, pp. 109-118, Washington, DC, USA, Jun. 2010.

S. Iwata and K. Kono. Clustering performance anomalies based on similarity in processing time

changes. IPSJ Transactions on Advanced Computing Systems, Vol. 5, No. 1, pp. 1-12, Jan. 2012.

T.H.D. Nguyen, M. Nagappan, A.E. Hassan, M. Nasser, and P. Flora. An industrial case study of
automatically identifying performance regression-causes. In MSR’14, pp. 232-241, Hyderabad, India,
May 2014.

62



(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

[25]

obooo.oboooooobooboboogo.oon0d,Apr.2009.

go0oodoooboooooooIrPA0. 000000000 OOOO0O0O0OoOODOn
000000000, http://www.ipa.go.jp/files/000009362.pdf, Mar. 2010.

Capers Jones, Olivier Bonsignour: 0 0 O O 0 0. 000 000000 OCODOOO.O000
O, Dec. 2013.

M. Weiser. Program slicing. In Proceedings of the Fifth International Conference on Software Engi-

neering, pp. 439-449, 1981.

B. Korel and J. Laski. Dynamic program slicing. Technical report, Information Processing Letters,

1988.

S. Horwitz and T. Reps. The use of program dependence graphs in software engineering. pp. 392-411,
1992.

O000.Programslicingd OO0 0O0O,0000,000000.0000,Vol33,No.9,
pp. 1078-1086, 1992.

J.C. Hwang, M.W. Du, and C.R. Chou. Finding program slices for recursive procedures. In Proceedings

of the IEEE COMPSAC ’88, pp. 220-227, 1988.

K.J. Ottenstein and L.M. Ottenstein. The program dependence graph in a software development envi-
ronment. In Proceedings of the ACM SIGSOFT/SIGPLAN Software Engineering Symposium on Prac-
tical Software Development Environments, ACM SIGPLAN Notices 19(5), pp. 177-184, 1984.

S. Horwitz, T. Reps, and D. Binkley. Interprocedural slicing using dependence graphs. In Proceedings
of the SIGPLAN ’88 Conference on Programming Language Design and Implementation, pp. 35-46,
1988.

S. Horwitz, T. Reps, and D. Binkley. Interprocedural slicing using dependence graphs. ACM Transac-
tions on Programming Languages and Systems, Vol. 12, No. 1, pp. 26—60, 1990.

bnlearn - An R package for Bayesian network learning and inference. http://www.bnlearn.
com/.
JPetStore. http://sourceforge.net/projects/ibatisjpetstore/files/

Jjpetstore4/4.0.5/iBATIS\_JPetStore—4.0.5.zip/download.
Worldcup98 site access data. http://ita.ee.lbl.gov/html/contrib/WorldCup.html.

The R Project for Statistical Computing. http://www.r-project.org/index.html.

63



[26] Globus Project. Globus toolkit 3.2 documentation. http://toolkit.globus.org/toolkit/

docs/3.2/.

[27] B. Sotomayor. The Globus toolkit 3 programmer’s tutorial. http://www.casa-sotomayor.

net/gt3-tutorial/, May 2004.

[28] I. Foster, C. Kesselman, and S. Tuecke. The anatomy of the grid: Enabling scalable virtual organiza-

tions. International J. Supercomputer Applications, Vol. 15, No. 3, 2001.

[29] S. Bodoff, D. Green, K. Haase, E. Jendrock, M. Pawlan, and B. Stearns. The J2EE Tutorial. Addison-
Wesley, Mar. 2002.

[30] C. Bauer and G. King. Hibernate in Action. Manning Publishing Company, Aug. 2004.

[31] S. Stark and the JBoss Group. JBoss Administration and Development, 3rd Edition (3.2.x Series). Jun.
2003.

[32] D. Davis and M. Parashar. Latency performance of SOAP implementations. In The 2nd IEEE/ACM
International Symposium on Cluster Computing and the Grid (CCGRID2002), pp. 377-382, 2002.

[33] L. Schwartz, L. Letoutneaut, N. Carey, and S. Kaufer. A grid-enabled electronic commerce application

for small and medium business. In GlobusWORLD Conference, Jan. 2004.

[34] H. Wang, H. Jin, F. Yuan, and L. Pang. Session management for collaborative applications in interactive
grid. In IEEE International Conference on Computer Systems and Applications, pp. 712-715, Mar.
2006.

[35] J.H. Kingston. Algorithms and Data Structures : Design, Correctness, Analysis. Addison-Wesley,
1990.

BejoOoogo,00, 0000, 0000.0D0O0O0DO0DO0O0DDO0DODOOOODODDODOO
O0ODO00O00O0D0O0O0OD0OO0DAD. Technical Report SS93-24, 0 O O O, Sep. 1993.

64



