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Abstract: As a typical form of cloud-native application, microservice architecture has been widely used in various enterprise
applications. In enterprise practice, many microservices are formed by decomposing and transforming the legacy system of monolithic
architecture. The decomposition decision, especially database decomposition, has a great impact on the quality of the microservice system.
At present, the microservice decomposition decision mainly depends on the human subjective experience. The whole process is costly,
time-consuming and the uncertain. To solve this problem, this paper proposes a scenario-driven, bottom-up microservice decomposition
method for monolithic system. This method uses scenario-driven method to obtain the method call and database operation information of
monolithic system by dynamic analysis, generate database decomposition scheme based on analyzing the association among data tables,
and then it searches from the bottom up to generate the corresponding code module decomposition scheme. Based on this method, this
paper implemetns a prototype tool MSDecomposer, which visualizes the decomposing process and supports feedback adjustment

strategies of multiple dimensions. This paper conducts case studies baed on severial open-source software systems, and the results show
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that the method proposed in this paper can significantly speed up the decision-making of microservice decomposition, reduce the
decision-making burden of developers and the final result is reasonable.

Key words: monolithic system; microservice; scenario-driven; bottom-up; decomposition
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P =My = =1, .. (XL 14)
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m

14 BRSHET X TIE R R — A IE A o i 5K R a8, R4 — A EEBUR RO, B e A4l 7
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2:,G-N BRI g ek X0 2% ) B S A o 32 40 9 A ek DX PR 320 £ B v PO AL, 2 R X 6 6 L R I F I B 38
47 0 255 AR 1 SR MRl o3 09 22 A A DX O b SR B A T AU/ B (Betweenness) {F i — 2530 /& 15 R iZ M
Vo B o3k P e . — 2% 3 BT A B SO M 4 vh 285 IX 25 TL TR B R AR R G-N SR AT R <5
LN 5 BRI Bl B X WA R BB P v A I R N B B RO 32 S S A B U AL
X G5k e 2% o FE R — BRAL X S5 R (R 7 BIras ) 0 0 8 — 2 08 IS — oo oxef B 10 2% fg &l 70 (Partition) , F THEH4
) A DR R e ORI 22, ) 90 L R R R A, 5 S B A TR S — AN SZ AR DX FIOE SR L KL A Al
FRRS T 45 4 1E B3 30 T U S5 4 7 i AR, 2.3 9 TR 1)« IR 7 R R T G-N BVE B R RR .
T NE AN [ RLE 1 7 53 5 %6 vh e 35— AN e A & IO HERE 5 %6,G-N S5 AR (Modularity) B9E
ot AR e, L E Sn R A
Modularity = Z(e“ — a,-z) (& 15)

15 H, e R ALK § BT S AL E 5 A P 25 P SR ¥ E il 2, /s 5 4L X 1 P9 T A S 1 BT 14
FRA T 7 B IR 28 BT A T s T JEE 2 PR AL 10 U 48] A e 8 ) BUAEL 90 B DR -0.5, 1) BB DR, v B IR 8 LA B A 1)
RRR B A XA IE— R P EX RS TR P ERRE AEARETEN— A iS5
Scoreoduiario Pr) B0 2 10 SR G FE 1] 7 ALV 1 R (B 7 JBOR T SE0 R4 JeeSite 1 22 7KA
i 2 110 0 52 3R S T X 7 (18 4 [X 5 MRS RS B 88 - B 68 R L ey P SR e b W) T R B e v R A 20 T )
B LHER R R R AL
Wn: B R E AR M
B B AR AL X 4l R AT — JE X R R AR R
1:  function Cluster(M)

2 MR AR AR M B G,Gv AN S 5E,Ge AEIKIL %

3 maxModularity /10 3% 5 K HL

4 maxBetweenness /17035 i KU HL

5: Map<Modularity,Partition> partitionMap //{R A7 15 5 0 %6} 87 i &1 43 &5 S
6

7

8

9

while Ge=0
for edge in Ge
5 edge WAL edge.betweenness

maxBetweenness = Max {maxBetweenness, edge.betweenness}

10: end for

11: for edge in Ge

12: Ifedge.betweenness == maxBetweenness

13: remove edge from Ge |/ $ 5 T B KA Htid
14: end if

15: end for

16: BRI G AATHIRI D G5 R Peurrent

17: T Peurrene RS Scoremodutrie (Peurrent)

18: maxModularity = Max{maxModularity, Scoremoduiarity(Peurrent)}
19: partitionMap.put (curModularity,curPartition)

20: end while
21: return partitionMap




TH ¥ BRIEH. BRA LR Z RIS T T & 11

Modularity
=] = = =
= o P WP
o h = M RS
T T T I T 1

I 12345678910111213141516171819202122 I

I 1234567921011 1213141516171819202122

[Gadseswnz3usisteriswa |12z |[5]

| 2345679]011121314151618192| 12122 |[5]

[ 234567910111314151618192@

[23456791013141516181920 IEE

[3ewisnstes |[4s6720 |[1n ][22 [ (12122 |[5]

[[23sw0131415161819 [[4se720 | |1z J[17 J[A][z122][5]

————— SRERTRTINTITATIOM | ICTT | MEYSTSZT | ey g [ | 0 e |

[3Bus16s [ © [ |[aser2e [0 [ |7 ][ |[5]

[z313a1s16 a8 [ ][o0 J[45s720 J[1n [ |7 J[A][zzz (5]

[zamtste [ (o ][ ew [ Fe720 ][ [ [ ][z 5]

[Eammetste s o e s ] o e ]z [E]

I :313111515 G e Dw GG E =] EEOEE]

141515 N I | NSO | I | T | | | N | | e | v |

23 ][3141516 |[1s (1o J[owe |[5] | N | NV | e | e [ 6 | e [ [

EEH | Y || CEN T | TN | N I | e | I | | e | 0 |
NN | I | | N | T | | O 1 3 | e o e e | e | e [
RT3 T L I 3| S T 0 0 [ £ e
3 R 08 R 0 W T 3] A AT R
33 R B 0135 R 30 P 1 e 3
I 3| T T | | N IEE X N 3 5 e v | e | e |

Fig.7 Partition process of database tables
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Bk FE = B R W RR L= A2 T KRR RDRLEE R 43 77 2,48 B AN 7 R AR o TR % T 4T 4

(X 16)

Max{Cost(P;), i =1,...,K} — Cost(P;)
Max{Cost(P), i = 1,..,K} — Min{Cost(P,), i = 1, ..., K} (1D
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Scorecost (PL) =
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4% (Scenario Name) FIALFE (Scenario Weight) FEAN FH I AT #H (A1 48 i 4% H SRS A X P IHE B

Scenario Name Scenario Weight
Scenario Name Start Time End Time Scenario Frequency
== 2019/8/20 F43:22:28 2019/8/20 F43:22:32 1.0
g5 2019/8/20 T4-3:22:38 2019/8/20 T43:22:40 1.0
HESW 2019/8/20 T4-3:23:02 2019/8/20 T43:23:03 1.0
FENEE 2019/8/20 FF3:23:25 2019/8/20 TF3:23:27 1.0
TFiTe 2019/8/20 T43:23:44 2019/8/20 T43:23:45 15

Fig.8 Scenario input page after modifying Kieker
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Fig.9 Data access trajectory and static structure of ‘Modify Personal Information” Scenario
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Fig.10 Interface of MSDecomposer — split proposal page
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DL R B3 SEMEER R T EM R (GBS g . BEREIMZ R0 BT 3AH LR
1T SQL 15 ), Jo i MR 38 24 S ks B AT TR 23 BT AT — AN IR 2% it LA MSDecomposer #4 3% SeACAG I 2 1] — A
B TROR 5% b BT N GBS AR 4 RN B3 AT DU S BRI B AT P X 2 AR ) iR %5 D .
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Fig.11 Interface of MSDecomposer — manual adjustment page
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Table 2  Test result of G-N algorithm
2 G-NEEMEREMILE R

TREE RRCEE I FER (ms)
20 82 588.4
30 193 1853.2
40 343 5050.7
50 542 8332.8
60 779 15142.4
70 1055 30102.2
80 1383 59033.2
90 1759 119139.6
100 2198 201506

4 =GR

ARSI T PIATFIAT 2R GEEAT RO T, 0 T R G020 J8 FB R - ERP (M BRtJa ) e Bl R 52
1725 DU AN AN [ 10 U8k 2R 350 H RS AE TR 4P 2 Gt v AR R BOR. T T ¥ 58 DAL A — > 2 4t Spring JPetStore 4
91, LU M 57 H AR ST AR Y BRI 35 7 23 D3 ik B i N S R e ) 5 SR 5 [27) e 0 v 4 SRR i 9 T
AT UL IR A ST v LA IR W5 PR AR . L SE RS HE AR 23 77 SRS BT ST RO B A o PRk T A
EA IR 55 WF I8 SR RO A 36 ORI AT 70 A 08 DU AN Se 3 R GEdEAT 17 N T M 9 4 OR 55 4 0 O 58l i
X LR B A SO B T AT IR I e, ELHL R T8 A A SO 5 T R 3 I 22 B B 2 7 RE 08 B I M o 5 0 R
SRR R JE, WHIR A R T AT LR R PR

4.1 Spring JPetStore 5] 4> #7

Spring JPetStorel** 2 —AN3E T Spring!*™. Spring MVC Fl Mybatis!* HE 42 Sz B /N B MR IS R 40,85
THPFNIE B fh AR IR — R 5 R Il 0 & ) DI RE I X R Gl - 2 Sun AR TR —DNIUE R
Wil T 7R il i Mybatis HEZE, BT~ &5/ 8 5. Thae 58 3, 0 VR LI A% AL UIRAS G L1 LT
25T & RGAE N, R RS A7 53 7 210 70 b id 72

it N L4 H7 Spring JPetStore 1) FEE DI RERIAE, FRATAS H T 0% 3 B )\ A EZ WK 50 85

N REANGFES T — ERBCE N ERBUEIEEIN[, 2] 58 E] “F3” M “ Firs” 2 i E TSR,
RN 7 B A A, T DA G N X =AM s A E, B s A E Y R ME 1.5 2 A4
T AP AT T 8O B R A B S AR R ON D7 kA e SR I R R B SR AN AR iE N
Ji R4 B I P RE S B e, a0 S AR R BEPRAT i SQL 1B ) BA K AT I 56 4 AH R, AR 4 X 2R
FHEE GRS S A [R) AN TR 19 3 5 rT R 260 & R0 [RD 10 F BE 2R TR B “ I NEm A S InTa M R
T4 A0 TS 1 P Ff i FH A DS 200 5 300 0 1 2, G SR v 4% TR R BE V0 N 10 v 4 A T B 1) 14 5 65 2 0 AH TR0 3 82
WS 28R — 8 A )07 ) ) — AN G & DL M NS 30 AN TR, 7T R -5 3008 A B 30T 10 7 IR BT IR AN 56 42
AIE (NG 6B BAEAE if-else 43 SO MR G NS B EMCA R R (HIX PG HLAE Spring JPetStore i H
O E HIL.

T EM MR R S B R NGB R 4 B TR 3 TR RS B AT 1) SQL 1R A 45 KBSk
SQL WA HEAE M AR (S HIR SQL BRI AFRIZEIE R [RIFETT LG B, A [H 998 A 88 28 B4 AT g2 44
ATAHTF ) SQL i A1), AR 1k 25 2% (R WHERE TH) 5 440 HIS 8 NME S FLEZ BN N
— AR YT 2T BAE R AOE R R — R
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Table 3 Test scenarios list of Spring JPetStore
£ 3 Spring JPetStore Mk I% F 5| F

Wik F= WE WHABRERS GAASADOTES)
FEM 1 T1 (newAccount)
& 1.5 T2 (loadUserByUsername)
R 1 T3 (searchProducts)
W T 2 T4 (viewCategory), T35 (viewProduct), T6 (viewltem)
I 4 1 T4, T5, T7 (addltemToCart)
AR 1.5 T8 (newOrder), T9 (viewOrder)
EHEI R 1 T10 (listOrders), T9
B ANE R 1 T11 (editAccount)

Table 4 Trace type list of Spring JPetStore
# 4 Spring JPetStore Vil i FE A 41 %

Lkl PATH SQL EAIR S GRIENEIRERA)
T1 SQL1 (account), SQL2 (profile), SQL3 (signon)
T2 SQL4 (account, profile, signon, bannerdata), SQLS5 (product),
T3 SQL6 (product)
T4 SQL7 (category), SQLS5
T5 SQLS (item, product), SQL9 (product)
T6 SQL10 (product, item, inventory)
T7 SQL11 (inventory), SQL10

SQL12 (sequence), SQL13 (sequence), SQL14 (inventory),

T8 SQL15 (orders), SQL16 (orderstatus), SQL17 (lineitem)

T9 SQL18 (orders, orderstatus), SQL19 (lineitem), SQL10, SQLI11

T10 SQL20 (orders, orderstatus)

T11 SQL21 (account), SQL22 (profile), SQL23 (signon), SQL4, SQLS5

i | MSDecomposer X} Spring JPetStore #E4T W5 #5 R/ M, M 15 20 12 sk RAPIREUE T — AN L= e,
& category (ERIEBIWME . #9) product CEARFII HlanF2 R FHlEEE) item CBEHNVEGHH 44 8L/ 4
W SR 43 9 G B R AR . MEME/HETE D AT inventory (AE item St N F AR BUED U AR AN TE A o< i Bl
2 AN 1% e S 2 AT AT 8 5, I R AR AN X RO 25 B0 R0 AR A B o B (BRI 0,85 FR IR AR i
FEART 5 il AL VR 2 RIB I “ I imt R B 7 (2D R, B A i A4 00 T 52 07 SR 3 AR DA U 45 DR &R b 1 Bl
RN BT =AU SR MS1-3,1 MS4 B8 T B 5 305 R B i 5 i 2k

MS1 B8 T Wik 5H P HRHER, 5 5052 account (K 2R, iE A P g4 . IR FHESE{E R profile

CH PR R P ER BRI signon (L 1TEFH P LM%M 1 bannerdata (A7t F 7 i 4 1
FYFEXS MR GE R

MS2 G5 T = A A U5k 5 BT A R0 3R category,product,item F inventory.

MS3 & T Wk 51T A KR, 7 B2 orders GRS BIELNME S, B T HH P THRE . Hhhk2%%E
B orderstatus (iC3R V] IR ,sequence (FZAETT R4 R ME— ID) F lineitem (VT B AP A4 75 i I00, 4 — I
ALE—A item FIXS R E E 4D |

MS4 L E AT HE R A SQL 15A), RA WA K5 175 1% H b PasswordEqualsValidator 28 53
T Spring HEZE[Y Validator 4 FI . FH T3 11 oy Fay A\ BT 26 A A0 B % 10 2 I AHAE . th T E R B0 J5 BLHE R [BI 46



18 Journal of Software #.A+54R

ST LIZ AN 2 AN B B P B0 7R AR e Bk B AN 22 Cart (AW ZE) T 8088 & b % T 423X 5K 3R B
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Table 5 Decomposition result of experimental systems

RS LRARGHEIER
T H & Fx R WUk FERTH FERTH FERTH
HE HE REE HEHE SQL ¥ &
Spring JPetStore 12 3 0 0 0
zb-blog!*? 15 3 0 0 0
Exam-++ [ 15 5 2 4 4
JeeSite*!] 22 9 10 27 33

4.2 XftEscid
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AT ARRS ™ T P 5L Tk AT 4% 43, BT DA SSCHE A A QRS 4 23 1) B 18] T e 246 & R 38 4,380 75 2 P90 S5 e 1) 23 A ) ),
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FRT AR T, T B A P B [R) 53 2 {8 MSDecomposer M ESHE 20 BRIz 4T 5 70 53K B A e 4 4% 70 7 SR I 1) iy T3
SE R AR N A 1A, BT D AR IS i 2 1T DY S50 A AR I R 2 A

Table 6 Time records of manual decomposition

F£6 N LIrormiaicss CRAJy7e)

=gy WS 5% | BERFONE | RRSRE | FEMSRE | SoHEE
A 41 19 33 93
B 85 120 250 455
C 42 6 13 61
Spring D 45 20 20 65
JPetStore E 90 195 645 930
BT 57.3 53 101 2043
A 49 38 55 142
B 150 100 300 550
C 68 14 22 104
Zb-blog D 57 35 35 92
E 110 220 755 1085
T 78.3 57.7 130 265.3
A 44 34 43 121
B 60 150 240 450
C 72 20 48 140
Examtt D 65 20 20 85
E 245 430 1410 2085
BETH 65.7 68 1103 237
A 67 52 82 201
B 120 80 240 440
C 91 53 103 247
JeeSite D 80 40 40 120
E 190 320 1095 1605
T 97 61.7 141.7 296
Table 7 Time records of MSDecomposer
7 MSDecomposer T EAF7r I [EIIERK (BN A4
W H & Kieker it & HREH 6L LR sy i)
Spring JPetStore 40 30 20 3 93
zb-blog 50 40 30 5 125
Exam++ 30 60 30 5 125
JeeSite 60 70 40 8 178

XF AR 6 AR 7 B9 AT RN, N TR 23 B SF 20 SRR I 2 KT TR 35 20 i) AR I ), 1X 2R W] MSDecomposer
(K 6% BE 0% or ek B A 4% 70 R SR PR L T L e ) S AT A T4 5 B AR IR 0 7 SRR T, R A b 4 2R
WA T3 3 1035 73 U5 S8R, TR AR AR A AR K AL A 2 18], e v Kieker 2D BRARYE 0 H 454 (8 BRI
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