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Multilevel hierarchical clustering of call graphs for large-scale system analysis
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Abstract

A static call graph, one of the methods for understanding
the software structure, illustrates the calling relationship
between functions in an easy-to-understand manner for
humans and intuitively understands the software structure.
However, in the case of a large call graph, the number of
edges is so large that it is difficult to check the software
structure. Previous studies have tried to solve the problem
by clustering and mapping all execution paths hierarchically
by dividing call graphs into packages, classes, and function
levels. But there were still many edges and difficulties in
identifying relationships between functions. In this paper,
we aim to make the call graph easier to see by adding
Modular Decomposition to the abstraction levels proposed
in the previous study by reducing the number of edges
compared to the call graph. Modular Decomposition has
a short learning time and can reduce the number of the call
graph’s edge by more than 40% on average to make it visible.
Adding this level reduces subjects’ task-achieving time by
more than 30% compared to existing studies. Therefore,
we show that call graphs can be fully utilized for software
analysis, static analysis, etc. even in large-scale systems
using the method proposed in this study.
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4.3.1 Feature Matrix
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Z DR TITIMARIL X iz Package L \JL, File LUV
EDA—NT T IhoH A 7 VEHIBRL, 2 TORTRE & H
W32, M LEZBRBIEIRLIO LS ICRES B, @
572 W 0 @ Binary TZRI L 7z Feature Matrix % {EAL
T3,

4.3.2 linkage

PIRRY T RT B EIHbNS linkage K& LTY
TEV 7RV —RA—=RKh 57 7 A AKEER Y OERE H
H3 2720123 software architecture recovery T & <
bz 7 2% — RO R/MEZEE < simple linkage, 27
FRAX—REMORKEE D D7 7 AR —%%L Complete
Linkage. 7 7 X & — [ D V39l 2 B HEICE < Average
Linkage DT, Y7 bV =27 DI FAXY ¥ 7 IZ—HKHET
SN TS [4]Complete Linkage 2 VT 2% Y »
795,

433 HEME

AR TIRBEETI R W T o 7 X 2 — O EREZ HE S
5, ZOWY 7 b =27% 277 AKY 273 58 Complete
Linkage E L iHABDLEZ Z L TL W EHETEAMEERESN
3 2 Ebiiz [4)Jaccard Similarity Z{H 5,

|P; N P
|P; U P

d(P;,Pj)=1-

434 BBHISREZUDT

R 2 2 A& > 27 eidy v —%2FH L CTEBIE K% IE
R, BEREENEELL 2N L7 — T e iE UTHER(ES
Z27NTYVALTHY, HEMEHEIMNIEDRITHI FAX
VY I REITTE S,

e LT, MEEIEESINBIEFERTY VU —TEEOH
JET®H % Dendrogram %R L 72, #Y)RKETY V) —%1]
N 27T -2 E2HET IR TOHRCTIT S L5k 5,

AWFETlE Agglomerative Hierarchical Clustering % W
THRILE N7z Package L)Lk File LNLVDa— L7 57
h 6 OBFIEITIREE BB Y 2 AR V7T 5,
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