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Automatic Phase Detection for Execution Trace
Based on Collaboration of Objects

Yur WATANABE, ! Takasur Isniof! and KaTuro INOUET!

Visualizing collaborations of objects is important for developers understand-
ing and debugging an object-oriented program. Many techniques and tools are
proposed to visualize dynamic collaborations involved in an execution trace of
a system, however, such execution trace may be too large to be transformed
into a single diagram. In this paper, we propose a novel approach to efficiently
detecting phases, or high-level behavioral units described in a use-case scenario.
Our idea is based on the nature of object-oriented programming; a phase starts
with preparing objects for the phase and ends with destroying temporary ob-
jects. Our technique uses an LRU cache for observing a working set of objects,
and interprets a sharp rise in the frequency of the cache update as a phase
transition. We have applied our approach to two industrial applications and
found that our approach is promising to visualize a phase corresponding to a
feature as a sequence diagram.

1. 0000

0000000000000 000D00000000000000000000000
0000000000000 0000000000000D00000000000000
OY000000000000000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000 0000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000 0000000000000000100000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000 000000000D000000000000000000
00000000000000000000000000000000000000000
0D00000O00O0%® 000000000000 0000000000000000
0000O00O0O0Y200000000000000000000000000%*2 00
00000000000 000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000 00000000D000

000000000000 100000000000000000000000000
0000000000000 000000000000000000000000M0 0
0000000000000 000000000D0000000D00000000000
00000¥OoOo00000000000000000000000000000000
0000000000000 00D0000000000000000000000000
000000000D00000D000000000000D00000000000 “00
O Feature’ ') 000000 “0O00Feature 00000000 O0000O00OOOOO
0000 “000”02000000

000000000000000000000000 Least Recently Usedd LRUO O 00
000000000000 00000000000000100000000000000

t100000000000000
Graduate School of Information Science and Technology, Osaka University

(© 2010 Information Processing Society of Japan



2274 0OO0OO0OO0OO0O0OOOOOOOOOOOOOCOOOOOOGOOOO

gooooooooooobooooooboboboooobboooobobboooooDbbooo
000000000000000Y 000000000000000000000000
ooooooooooobo LRubDbDOOOOOOOCOOOO0O0000000000000
gobodoooooboooobooooooobooooboooooooobooooooon

goooboobooooooboobooooobooooooOoboOooooooOoboOoboOoOoooooo
gboboobooooboooodobooooooooboooooboooboOobooOooooono
gbobooboooooooooodoo loooboooobouobooboooboobOoooDa
gobooodoobossouobooooobooobboooooboooboooobooooooDooo
goooooooooooooboooooooooooobooboooOoooooOobooOoobo
goooooooooooooobocooooobooooooboooOoOooOooooDoobonoo
oono

gbooobooooooooboobooboobOoOo 2000000000000D0O0
goboooooooo2000000000000000O0DOOO00O0OOO0O0O0OO0O0
gobooooboooobooobooooooboooosooooboooooooooo
OO00OOOO0O0OO0000000000000000 “O00Feature O0OOOOOOO
00 93%0 “000Feature 00000 “0007 0000000000 48%00000
goooooooooooooooooooobooooboooooooDoooooooDoo
goboooooboooooooobboooboooboooobobooooboooooo

gb02000000000000000DOOO0O0DOO0OOODODOODDOOOODOOOO
jobooooOo0oooooooobooobooooooooboo4bbbOObOOOOOoOoDOO
oo sbooooooobobooooooboogoon

2. 0 g

2.1 OO00OO0OO0OO0O0OOCOOOO0OOOOO0DOOO

goboooobooooooooboobooooooooboooobooooOoooooooboo
0000000000000 0000000000000% 0000000000000
gooooooooooooooooobooOoboOoooooobObooOooboOoooooDoDOObo
goooobooooooooooobooooooobobooooooobooocOoooooobooboo
gooooboooooooooooooooboooooooobooocOoooooboooDoobobo
0000000000000 000000000000000Y00000000000
000000000000000000000000000000000Y0000000

00o0oooooog Vol 51 No. 12 2273-2286 (Dec. 2010)

00000000000000000000000000000000000000000
000000000000 00D000000O0O0ooognYY9:8:.12.200
1000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000
00000000000000000000000000000000000000000
00000()0000000000000000000000000000000000
0000000000000000()00000000000000000000000
00000000000 00000000000000000000000000(3)00
0000000000000 0000000000000000000000000000
00000000000000000000000000000000000000000
00O
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000000(1)000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000 (2)0(3)00000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000 (2)0(3)0000000000000000000000000DOONDOODn
00000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
000000000000 00000000000000000000000000000
0000000000000 0000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000 00000000000000000000000000000
0000000000000 00D0000D0000000000D000000000 30
0O0oooooo

(© 2010 Information Processing Society of Japan



2275 O0O0O00O0O0OOOOOO0OOOOOOOCOOOOOOOGOOOO

0o0oooooooooood Hamou—LhadeG)DDDDDDDDDDDDDDDDD
dooodoobooooooooboobooodoooooobooooooooooo
00000000000 000000000000Reiss0™® 0000000000
gobooboobooboobooboooboobooboobDboooboboo
goboobobobooobobooboobobbobobobDoobobobobooboo
00000000000000000000Y9120
0000000000000 PawwO'? 000000000000 D0O00D0OO0DOO
00 O Cornelissen 0% O Circular Bundle View 00 00000000000000O
goboobobobooooboobooboobooboobooDbobooobooobo
gooboooobooooo
000000000000 0000000000 DRTO design recovery tooll® 00O
0d00o0obooboo GUIODoOooooDooDooooDoooobOOobOoDbOOooboobooo
00D0D0D0D00Shimba?” 0 JIVEY 00ODODDODO0O0OO0O0ODOODOOOOODOOO
000000000 0Brand 0V 0000000000000 DOOODOOODOO
OORMIODOOOOOODOOO
00000000000000000D000000000O00O00O000 (H)ODDOOO
0o0o0oo0oo0oooo0ooon ()o@ oUoooooooooUooooo
ogooooooo
Doooooooooboboooddoooooooooooooooooooo
00000000 3)ooooooobo0oooooo0ooooooOoooooooo
godlooooooboboboooobobboooobob0booooobbboooobobbo
goboobooboboobooboobobobooboobooobbobDoobooo
gobooboooboboboboboobuoobooboobobobooboboobDooboobooo
gooboooobboooobooobobooobobooobobooobobooooboo
gobooboobooboooboobooboobooboboboooboobooo
gooboooooboooobboooobooooboooobU0oooobooooboo
000o0oo0oo0oooUoOoooooooUoULOOD (Vo)) LUooooooo
goobooobobooobobooo
gooodboooboboobooboooboobobbooDbobDooboboobooo
gooodboooooboobooboobobobooobobooo 3ooOooooo
Jgoo0o0bOo0oobo0oobOooDoOobDbO0obOo0o0o0ooDbOobDoOoOoOoobooboobooo

00o0oooooog Vol 51 No. 12 2273-2286 (Dec. 2010)

000000000000 000D000D0000000D0000000000000000
0000000000000 000D0000000000000000000000000
000000000000000000000000000000 Amida® 000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000000000000000000000

2.2 0000000
0000000000000000000000000000000000000000
0000000000000000000OSalah00O010000000000000
0Doooooooonto
00000000000000000000000000000000000000000
000000 “000Featurel’ 00000 “000Feature 00000 “000” 000
02000000000000000000000000000000000Feature-level
phase(D 0000000000000 DO000DOO0ODOOOODOOODOOOOO
0000000000000 000000D0000000000000000000000
0000000000000 0DD000000000D000000000D0D00000
0000D000000000000000000000 “000 Featured ') 00000
000 “O00Feature 0000000000000 000O0O0O000O0O0OOOOOO
00000000000000000000000000000000000000000
00000000000000000 “000Feature 00000000000000
0000000000000000000000000000000000000000
“O00Feature 0000000 “0007”000000“000”0000 100 “00

OFeatured 000000000000 O0OCOOOOOOOODO100000000000O

oooooooooooooooo40000000000000000O0T-10010
gostotbuooooooobocoooooooobooo sbobboobObObobboooooboobo
OOO0O0OD0 /00 “O00Feature 0000000000 OOOODOD “0C0O0OFeature
O100000LeginODOOOOCOOOOOODODOD 1000000400 ‘000700
gobooooboooboooooboobo1l100000000o000obL T100000000 50
O “O00Featured’0000O0O 1400 “OO0O”0000000O0O00OO0ODDOOOOOO

(© 2010 Information Processing Society of Japan



2276 O0O0OO0OO0OO0O0OOOOOOOOOOOOOCOOOOOOOCOOOO

01 000000 T-1000000000000000000 “000Feature@0“00070
Table 1 Features and Tasks executed in scenario T-1.
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Fig.1 Caller/Callee Objects in a use-case scenario of an industrial system. The execution trace

comprises five feature-level phases: login, three steps to update a database record and logout.
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procedure DetectPhases (
in [e1,e2, - ejqst]: list of methodcall event;
in ¢, w, m: integer;
in threshold: double;
out P : set_of_integer ) ;

(01) LRUCache C = new LRU _cache(c)
(02) integer[] update = []

(03) double[] frequency = [|

(04) set of integer P = ¢

(05) for integer t in [1...last]

(06) bl = C.update(et.caller, t)

(o7) b2 = C.update(et.callee, t)

(08) if b1 Vv b2 then update[t] = 1 else update[t] =0
(09) double flags =0

(10) for integer k in [max(t —w + 1,1)...¢]

(11) flags = flags + update[k]

(12) end for

(13) frequency(t] = flags/w

(14) if frequency[t] > threshold then

(15) integer min = max(t — m + 1,1)

(16) for integer k in [max(t —m 4+ 1,1)...¢]

7) if e;nin.callstack > ey .callstack then min =k
(18) end for

(19) P = P.add(min)

(20) end if

(21) end for
02 000000000000
Fig.2 Phase detection procedure.
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02 000000000O0O00O0000O00000
Table 2 Use case senarios (feature-level phases) to record execution traces.

ID Scenario
T-1 Login — Listing tools — Maintenance view of a tool
— Updating the tool information — Logout
T-2 Login — Listing tools — Maintenance view of a tool
— Updating the tool information — Cancelling the edit — Logout
T-3 Login — Listing tools — Maintenance view of a tool — Logout
T-4 Login — Searching tools — Maintenance view of a tool

L-1,2,3,4,5 Login — Showing mylist — Adding a new book
— Registering a new book — Showing booklist — Searching books
— Borrowing a book — Showing the detail of a book — Returning a book
— Marking a book — Unmarking a book — Showing browwinglist
— Logout — Login as a new user — Logout
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Table 3 Execution traces and number of phases detected by developer in those traces.
ooooooooo oooooooo

ID #e #obj #f #m ID #e #obj #f #m
T-1 32,416 546 5 18 L-1 3573 261 15 52
T-2 30,494 524 6 19 L-2 3,371 272 15 51
T-3 26,603 438 4 14 L-3 3,797 286 15 51
T-4 15,909 237 3 10 L-4 3,862 300 15 51

L-5 4,506 341 15 64
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Fig.4 Average recall and precision for various parameter configuration that result in the same

number of phases in the trace T-1.
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Table 4 Average recall and precision for various parameter configuration that detects the same
number of phases.

ooooooooo oooooooo

#p  Recall(F) Recall(A) Precision #p  Recall(F) Recall(A) Precision
5 0.56 0.39 0.93 10 0.24 0.20 0.99
10 0.90 0.48 0.80 15 0.53 0.29 0.98
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