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Abstract

Microservices are not only developed independently, but can also be run and deployed independently,
ensuring more flexible scaling and efficient collaboration in a cloud computing environment. This impact
has led to a surge in migrating to microservices—oriented application environments in recent years. In
order to introduce microservices, the problem of identifying microservice units in a single application built
with a single architecture must first be solved. In this paper, we propose an algorithm-based approach to
identify microservices from legacy systems. A graph is generated using the meta-information of the
legacy code, and a microservice candidate is extracted by applying a clustering algorithm. Modularization
quality is evaluated using metrics for the extracted microservice candidates. In addition, in order to
validate the proposed method, candidate services are derived using codes of open software that are widely
used for benchmarking, and the level of modularity is evaluated using metrics. It can be identified as a
smaller unit of microservice, and as a result, the module quality has improved.

FIAYT ¢ vholam Az, Raeld opplaA, Az AW, AYE, Felzee, BEG

keywords : microservice, monolith architecture, service identification, coupling, clustering, modularity

* St} el )=l A Haed Ak 2021.05.31. AAFSEE: 2021.06.18.
*x o]z stal 7] 2 g ehE A A A 2021.06.20.
T WA A2} A7 (email: ykim.be@sookmyung.ac.kr)



SEHPEHOIEIE o SEAH0IE T5S

1.M E

H v =2Us 87 wske] Fo|7 &
1 9] g ALEkolu Al Wstel] 4145
h-&-st7] ffeiA 29 =g FANS FEE o
&= dloJE]l B (cloudnative) 7Hdo] FER
al = HolEE ofEg Al A
AFE 7es 7o o EeA o]

TFHHT AY L AdsHE gl

obw

woll, mho]AzAu] 2 of7] HlX (Microservice
architecture, MSA)1} H B3 (DevOps), NAY
(Agile) WHES 22 ??ﬂEH o Eg Aol
i HE 7|gko ® JdkE
uho] 2 A{H]
Hol, ZyAor A 9 wjE7} btk
ol glrh wEbd A&o] Thed dF @i
npo] Az MM EF02 o] RestFull API
9,]- %Lo] | el 1—%_9_; /ﬂH]A 7k /\1-2_ EA o]
7Feetal AAE 4 AS B R [aaS A B
o A A S A ke By 2
& o] 7hesixivta & & Uk ol
dFgor HT B U|YEe] 7] Exgd of
%( onolithic architecture)ollA] w}o] T = A
F oo Eef Aol o= HEaslr] s
@3% 7]&ola itk

71E AZEY O AlA

0]
o [11.

Z AEaE SEHeR A

M
L
o oo

"olA o]

3} xhﬁo]uq EL_‘L—E]/\] o].7]

NS Al FHLAE

e S, Rl s)Eo

7F 710l WEskA 7] o

3wkl A ET % =

o 2 =M UM AlA"HozE vlol
5

AR A Ao FAE dagF 7o R 3§

aska d. 01% %sﬁ, 2o MEARE ol
3 Ze~HYS E3) v

_|L
£
.
)
L
il
032
_o|L
R

2 &ew 248 Beal 2o, 23 o)
olZzAu 28] At §A vkl AZAu 2 A
288 2 S8 71200, SANE

e, AR AFA A} 2ol

Aza) A8 49 2 Bl
Ak v el AR ¥ ¥
H

AlzElg SARL &9 Al2Elo R REeh=
A& AZE O] FE Lofo A g AL
Zjolt}, Parnast Hx2 Al2ElS BEZ B
e wf AREsof sk 71EE A ﬁlx—iﬂi A 2k
a9t [2]. Parnas o] F ol AFolA E7HA

4eel AkERen, Audt e
oEE 53] vhol 2z AN~ o g AE Q)
25 a7k Al BAS W gl

[Ble| A A RS mfol AR A 2~ FaFS Tjo}

=

>

at7] 98l vheFg qrRe] 427 71dell A o] AH]
2 3 E S At 53] MHls R
o} B3Aol AEHIIE, Au2e A7]= v
- ksl 100 LOC Pkl w9~ 2k AJH]
a2 000 LOC o]AFel uf$ & Anjx9}

4 rr
AUR
=)

Ze A Fels AR AL e &
FEe B B Aujage dijHew v
S st g gl e e o]
S5 glvke AR RS By o}
718AE RZEole] BE FAYLLTF 3 2R
AEe] S3tuof ol Fulolt s 4 Tt
®oolge] A, E2 g AUt RHe



2021 68 =LA EY LY

grets] ==X H17dE M=

LA o]d F3E Pl Bl o}y
B2 A Hol7] Wil Hle
2] o}7]Elx & MSAR who] 1o A3}

wolA 3 gl

o] ARMH|AE FE5w o] AFA 2
Argre] Ht [4]9] Aol M= SetoldES}
T84, dolgue] golE 2 =2y

A9 &4 1 TS BitE B
1=

o2

S
=
o N1 EY

2
)
)
b 2
Y
)
>
offt
i
(2
o
ri
19
=1
1>
o
2
>
e
e

4
o
o
1=
o,

>

b1

DT
M
K
E

>
[
o
1o et
-

e

5l.
HCutting) S E3 %3

A =7E FASAT. #a
[e)
h

B

sl
M
:<|)L_'.
x

_Z’_
ServiceCuttero|t} [5]. o] Aol A
5} %l |
)

r
o

|o

QoA FZ3 167HA] 7159 JtE R
2 3ty 28y ServiceCutterts i
Egoo] m=gRY FQa% o7 g A
olYsAY AL § e FEE A
Fot7] Wl JteRaE veR ae
o RIS AT AZEY ] FEES
g glke dAE 9

[BllA=  d@AA F=o]  FHEA(Static

analysis) 7]<=& #8&3dto] =mQl &1 (Terms)

X

o Mo 2
1>
Bz
I

H

ol
QL

3 i

o

=

,
o
fr
o
s
it
ol o rIf

2,

:?L_‘,
X
e
[
[t
1>
2|
ol
ol
2
v}
Hmt
iz
td
i)

zEge] it BES) ¥
Eglolu}t 442 vho]
3} e oy 71eEe] A8

Al =
- T
B w=ReAE o3l J1Ee $a AHES

(SN}

1o ¥ rfr

£

Ho

o
2
ofo
o
2
=)
o,
1
fetl
X
=
[
1>
1%
o

rie
rir
Mo
=2
>
2
22
_0|L
rlr
>,
I
[
1>
e
3u!
1
flo

M lo Hu Mo b
2
N
rir

3 Zo] xd@He agx ¢=(V, F) %
v, € Ve BE (BEE FY2)E et &
oM Ses B9t AR FRe] AR
TAE AXEo]e] A B9 E BT Fag

Moz

o ¥gEE s, olAg agxe) gHo
EAHE Bk 1A ZY M ¢ € B BT
& 24 gom AFH gl oJd AEE AF
A7k ol Tk A FrE AFY AL 0
% APF AE Aolel Aol Avht B

34% 2

ol r
_OL
o
rr
o
o
et
r
Hu)

8 1 7EEA 2= G = (V, B)

Fig. 1. A weighted graph G

I
ol
o

I



SEHPEHIOIE|E OfSE[A01E 55 AT A0|IZMH|A AE WY

e

ST

i
1
\

% 2 Opo|3ZMH|A FHF MM
Fig. 2. Creating microservice candidates

1% 29 #o] S P oR KX o
g mpo]laR A~ FHIo] AT 4 29
2H+= 923" A XYW E(Connected components)
B gAY 2 ZEA 747 mlolamAu] A FH
2 AoHm, wepx =EE BEadze i
7b A% mtelA gAMb =] Jigreta & 4 itk

3.1 ASE =0 WE JISA| Al

7FeA e 712 Al we xR
e Atole] Aol dvh sl o
AE UERiH, =eHel 2 A
oty =eA Ade d
AAe FxelA 2ol = ¢ vk AA 5%
Aoodd A 9#(Single  Responsibility
Strategy)< EEo|U Seaeh 22 AZE 0]
o) T &97h she] Jio]% ZHe s A eojs o,
HAsH H= 4 °

I gtAska otk [7] whebA 22 olfrm W7
o] o] FoA = ATES 0] @AEL a}ursq o)
2 Hopxof gt} H3 mlo]amAu e A

>

- =
7] e A4 dok Huw, 4YE w
£ A4S Agdcl a 4€9 wE A9

A A AHS B3l A2l W] Uol
3%,

N
N
of
B

N
~
>

)~
>

o
o

2 ohds} 2 aIEO] 74 248l A%
olaL, t;i= dld WA olMEZF B Bl T

AE Yetlle Aoz ofiE pol o) A ¥
ol HITHH 18, 2%A] Fr¥ o' FHS
shgsicl, oW T aa]/\,] =dA 243 A=
LC(Loglcal coupling) = T (4] 1) o] A<
T AUtk
LC(ey, ¢y) =

E ’Yh(cu CQ) (4D

Sejmel 4Rl FAsE EEst
oo F AA v, v, VS A= M ¢, e F
= e; = (vy,v,) 0] 3L,

w(e;) = LO(vy, vy) 2 ALFSH



2021 68 S=AZEAZEIIEE ==X M17H M1z

oL
1o,

of
EO)

]
-
r

E(subgraphs)® A°
A oA IHAES AlASEH
of, 7P AEstA ddd HHAER 9A =
= AREET 7bEA 2 Eel A 1Hd e b
SAE o] &8t ] dHE AAGE HHLe
HA *J’é} E#](Minimum spanning tree)S
2 A7 B Jorng A%
(Kruskal’s algorithm)o]u} Z# 9]
A 18 Z(Prim’s algorithm) ¢ #-&o| 71538
sl e 7 At A% 1t
A Folok dEE, Ho AH
(Maximum spanning tree, MST)Z A4 &}7
3 AHEHE AFAZ daugFelA Haie
A& Adeste= dal Hoje TteAE dYehe
Ao FAst Z“laﬂ =

>

(o]

=
1}
=]

lo
N
ol

H 22 o] &ehrhs frjstez, AaA
o2 AAE e ThEATE wE R Ee] ¢
AAes aedn

o] g,

2t
o
hu
Q
i)
)
iy
&
Y
oy
[
et
o
oft
1o
r
&
-
H

gro] 7P vk o A= S’MW ”ZﬂEl B
A QA9 F4 22 Bl wEsl A,
wagol dE ¥ owel A= pEe
clusterReduction 3<F2 HAEE o H|AZdH oz
2 FeaE) fed Bee 4L ANy
clusterReductione F#~H 37|17 wj$¢ & 7
9, a0 AFAT A 2 FAs wEE G
2 2L §3 A9 A4S 4D 0 W
He RESY IF0R A w3s s N
o= ZHE o o]gA W, A" 7 &
e g A% FES BA fAA 2
H2H 278 Y F Ao
1. EAaHE gne[E
Table 1. Clustering algorithm

1: function Cluster(Z, )

2: for e in E do

3 Eyr < Krusal(e)

4. endfor

5. while £)4, is not empty do

6 Eygr < delete e’ € By

7 Search(E)ep)

8 endwhile

9: clusters <- clusterReduction( £}, )

10: return clusters

11: endfunction
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Mil Module Interaction Index
NG Non-API Function

SM Closedness Index
APIU | API Function Usage Index
DI Implicit Dependency Index

CDI Cyclic Dependency Index
LOI Layer Organization Index
Module Interaction Stability
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Normalized Testability—
NTDM Dependency Metric
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