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ABSTRACT

Microservice architecture focuses on dividing it into small and lightweight services to build for the purpose of
performing very close business functions. So it tends to concentrate only on agility, productivity, reliability, and ease of
deployment of software development. Microservice architecture considers database as just a file or storage for storing and
extracting data, emphasizing that data quality can be sacrificed for convenience and scalability of software development.
Database reverse engineering for understanding database structure and data semantics is needed for data utilization for
business decision making. However, it is difficult that reverse database engineering is applied in microservice architecture
that neglects data quality. This study proposes database reverse engineering method that utilizes master data to restore the
conceptual data model as a solution. The proposed method is applied to the return service database implemented by
microservice architecture and verified its applicability.

FIIE : wlolejmlo] 2 2]e2 Qx| of2), ]| mel, nae Hlo]e], upo] Lz Au]s of7]e A
Keywords : Database Reverse Engineering, Master Data, Microservice Architecture, Data Modeling

Received 14 March 2019, Revised 26 March 2019, Accepted 26 March 2019
* Corresponding Author Choon Y. Lee(E-mail:cylee@kookmin.ac.kr, Tel:+82-2-910-4565)
Professor, The Graduate of Business IT, Kookmin University, Seoul, 02707, Korea

http://doi.org/10.6109/jkiice.2019.23.5.523 print ISSN: 2234-4772 online ISSN: 2288-4165

©This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/li-censes/
by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



B2 HEAISHS| =2 | Vol, 23, No, 5: 523~532, May 2019

.M B

85 AEA 7)HE 2z E o] ARQ]o| A o7 ElA] A
EdS A e o mpo]a2 AB|2 of7|ElA 7} iR
= AAIBEAL QUTk [1]0)14] mlo| A& AH] e Al AE
- B v =Y V)5S 3] 9t HAom
TS5t 4% AT AR|AR Bdsks A SRS F
a1, AF A QL AE]| 2 2|7 ob7 |84 2EH 9] 215t &
B = A oJstar Qlek wio] A2 AJH| A ol EIA 5 2§
re = T, A AV, ©E A, S, A=A,
sz 8ol R AN At Auja A, dold
31 ek e A7 E 4= Qltk nlo| A E AfH| A
o}7|glx]of| A vl = Hlo]EH o] A= ©HA] Hlo] B &
Aotal FEShs 4l &2 LB Ao, AZEY
of 7N Hel A1 S fIsliAl diole #4823
= 4 Qlth[2]

H|Z=U 2 SARAS 913t HlolE &85 flsiAl= Tl
olgjHo] 2 22} HlolE ojulE utefsty] i3] H|olE
H|o]A ] A el XU o] (Database Reverse Engineering)
of Aasirh T} nfo| A= AH|A of7E| A o A=
5483] dlolg ®AY @AV} glen ofZeA el
A Ag-8k= A 2J(Query) T4 S = Hlo|E #£2E AA
QEH3-9]. o] wjoll vloje o)A e AL o]
Ale]| gofe] 28} ofn] moto] ofggo] gtk & ¢

£ oo gk 2R o= tlojE o] 2H A QA
HojgollA 7l dleold mele 5L uf up2E Hlo]
HE 2H8-5to] W& AAg

2 =m0 S tha Atk 2782 o2 vl A=

3| ufE Hlo[E 2 ofn|et 7]E glofEH|o] X 2lH

& g Aol BAS B4 dobh 1 5A ol A=
3 FF A S At

II. O|2H u{Z

2.1, otAE H|o[H
71 &gl 71 T4l He dhdes2 dla4

23
O F Party (L2, AM, Al9l, 22| 5), Thing(A&, ¥

524

= AR, 717, e Bl 5ol e, old F72
dlol8= 7l AAFE - SR8 thRejAoF g
o 53] 2o theRl vlolE o] 253 A A AF]
=°] 71l 220 A Z-EEHAMTE 4 HolH
of gt T840l v AXL d=dl, ol FFE ©l
OB & viAH HloJEf2tal gt [10]. vkAE HloE =
EfAA dlole7l ot stee EHAA o]

B FAe J0T = 2= 7Ieel 2 5 ok

2.2, o|0|E{H|0|A E2[HA AIX|L|o{

tlo] o] eH 2 A U o P2 AFEEo] EA 5}
A AU AFEES 7IAE Fa o] Q= dlolEH|o]
0] A7)0k dole, s 5& Aoz stol Ay o
ofe] el welg B o2 g,

clolEuo] 2 i 2 XY o] WA= [11]9} [12]
of /FAlsl Aol ek [11]o14= 2842 HlolH
T2 FZ{(Data Structure Extraction)™} g|o]g FL2 7}
d3KData Structure Conceptualization)= 5311,
[12]0]4= 3 A|2 +-& EL(Implementation Recovery),
47| E-1(Design Recovery) 12|11 F4] E-(Analysis
Recovery) 2 F-E3it) & =FoA= &g dojg =
] B L(Physical Data Model Recovery), =2 H|o]g &
4] E(Logical Data Model Recovery) 12|11 7i'd ©|
ol¥ X4l E-(Conceptual Data Model Recovery) 2] Tt
A= G- 2 =mollA nhAE HlolHE A8 o
Al g 2dl E5Rolth 3 12 glofEH|o] 2 i
AR Yol HAE Bl 23k

Table. 1 Database Reverse Engineering Steps

Hainaut[11] Blaha[12] This Paper
Implementation Physical Data
Data Structure Recovery Model Recovery
Extraction . Logical Data
Design Recovery Model Recovery

Data Structure Conceptual Data

Analysis Recovery

Conceptualization Model Recovery
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Table. 2 Database Reverse Engineering Methods

Bt OL0| 3 2 MH|A OFF |20l 2] tf|0|E{H|0] A 2|E{ A QK]0

Methods Assumption Characteristic Output
Chiang [13] (i) 3NF or BCNF the generation of inclusion dependencies and the complete justification EER Model
& (ii) consistent naming of the transformations for EER model
.. (iii) Considering The method reveals the drawback of requiring, earlier in the process,

Batini [14] only the relevant FD | semantic input. EER Model

Petit [15] The only method that includes the normalization of the relational schema. | EER Model
Blaha [16] Not Mandatory This method gives sever'fll clues on how/where the user should look OMT model

for the types of information needed.

Alhajj [17] Generates all possible Candidate and Foreign Keys in an automatic manner | ER Model
Yeh D [18] Forms represent exact Identification of key attributes with least information of keys EER Model
Mfoura [19] picture of Database schema Generating output by analysis of forms in a human-dependent activity | ER Model
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Master Data
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Table. 3 Algorithms for Logical Data Model Recovery

Algorithm Description
Find Candidate Find the combination of the unique
Keys columns and identify candidate keys.
Find Candidate Find the table and column combination
Foreign Keys | that refers to the identified candidate keys.
Find Find the cardinality of the identified
Cardinalities reference keys.
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Thing “1

EX2) Order Detail Identifier
* Order ID + Product ID
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* Order ID = CUST ID + Order Datetime

Order
Datetime

custip | Delvey OrderID | ProductID | Price | Quantity

Order ID Datetime

Fig. 2 Master Data and Transaction Data
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Table. 4 Logical Data Model
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s
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KN
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Service Table Column Count | Normalization
B6 8 3NF
B7 10 3NF
B B8 9 ONF
B9 10 2NF
Cl 25 ONF
C C2 7 3NF
C3 6 3NF

* Tables without Relationships
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Service Table Column Count | Normalization Table. 5 Conceptual Data Model
Al 27 2NF Service Table Column Count | Normalization
A2 12 INF Al 23 3NF
A3 8 3NF A2 9 INF
Ad 28 2NE A4 11 3NF
A5 40 ONF AS 2% INF
A F
6 8 ON A7 8 3NF
A7 8 ONF
A A A8 7 3NF
*A8 8 3NF
A9 25 2NF
A9 25 ONF
Al0 6 ANF Al10 6 3NF
All 9 ONF Al4 19 2NF
Al2 14 NF AlS 3 SNF
Al3 15 ONF Al6 3 3NF
Ald 19 ONF Bl 15 2NF
Bl 15 2NF B4 25 2NF
B2 6 3NF B BS 8 3NF
B B3 5 3NF B6 7 3NF
B4 25 ONF B8 8 3NF
B5 9 3NF B9 10 2NF
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Service Table Column Count | Normalization
Cl1 16 2NF
C C2 6 3NF
C3 6 3NF
*PTY 3 3NF
*PAD 3 3NF
AC * AD 4 3NF
*PCM 3 3NF
*CM 3 3NF
*PR 3 3NF
ABC * VN 1 3NF
* VNP 4 3NF
*ITI 3 3NF

* Master Data
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Table. 6 Results of Reverse Database Engineering
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Table. 7 Detail of Entity type count

bject Area . ) '
Data Mode Service A Service B Service B
LDM TD 14 9 3
Party (5) Party (5)
com | M| product @y | PN ™) | produt (4)
TD 11 6 3

Service

A B C

LDM | CDM | LDM | CDM | LDM | CDM

Average of

Normal Form 1.35 | 2.86 | 2.11 | 2.81 2 3

Entity Count 14 20 9 10 3 12

Attribute Count | 227 | 167 91 38 38 55

Relationship 11 22 8 11 2 14

Count

* LDM = Logical Data Model, CDM = Conceptual Data Model

* LDM = Physical Data Model, CDM = Conceptual Data Model
TD = Transactional Data, MD = Master Data

S48 712 whlo) 3567) Aok o] 26072 Zof
£ 52 219 4 gl o) 2 S ik A 454
96747} nt2e) wlole] 4402 B3hE9l] whitelc
Yeol 414l 3L 712 WHlo] 217 Algk o] 477)

o}

2 ol 22 313 5 e}
g8} 1 upe dlolele] 2§ Yojg ny
F22 3 APl A PRI, W sk 54
o] ukad glolEel BN SA5TF ZolS9A
4

g, lEE R Ydlold Ao S Solut )
glole male] BAtEL Sofyr.

V.2 E

upo] & AfulX op7[EIA = HlolH F9| se
AFALHA Az 11 SR =2 dlolE HRofA
INFI= A 7] 4] ¢4 ¥k Afeh f-3 o] A= et INF
£ A71A Gtrhe AL WA A S ket Aol A,
DBMSE 7t A ARIA 7 AR3ohs 71 ot

71 HlolE o] 2lH A XU olw] W2 4
INF7} s ojof 28 o= itk Z12fuf 2 1ol A Aok

528



OlAE Hl0|EIE

A kg dlo|el S FE3F Hlolelo) 2jul 2 A
Yol e ONFI A0l 4 2 4 91, 470 4
¥ k53 s deEel
W AT 4 289 4 slehe Fdo) ok T
Hlole Andzst dole Saol Fae vhag o]
Bo] 2§ 92 dloleulol elul s Aol &
oF Wl 7]ojieh. G5 AT Rohri: thopdt =
W lo] that A5 Aot B B A dele) ma
2 F2 43 ol were] Aolth

REFERENCES

[ 1] M. Fowler, and J. Lewis, Microservices a definition of this
new architectural term [Internet]. Available:
http://martinfowler.com/articles/microservices.html , 2014.

—
NS}
—

R. Rodger, The Tao of Microservices. Manning Publications
Company, 2016.

F. Bugiotti, L. Cabibbo, P. Atzeni,
“Database design for NoSQL systems,”

and R. Torlone,

—
w
—

In International
Conference on Conceptual Modeling, pp. 223-231, Oct.
2014.

[4] R. Hernandez, Y. Becerra, and J. Torres, “Automatic query
driven data modelling in Cassandra,” Procedia Computer
Science, 51, pp. 2822-2826, 2015.

[571 A. Chebotko, A. Kashlev, and S. Lu, “A big data modeling

In 2015 IEEE

International Congress on Big Data, pp. 238-245, Jun. 2015.

K. C. Shin, C. H. Hwang, and H. K. Jung, “Study on NoSQL

Data Modeling,” In INTERNATIONAL CONFERENCE ON

FUTURE  INFORMATION &  COMMUNICATION

ENGINEERING, vol. 8, no. 1, pp. 285-287, 2016.

P. Atzeni, F. Bugiotti, L. Cabibbo, and R. Torlone , “Data

modeling in the NoSQL world,” Computer Standards &

Interfaces, 2016.

D. Pasqualin, G. Souza, E. L. Buratti, E. C. de Almeida, M.

D. Del Fabro, and D. Weingaertner, “A case study of the

aggregation query model in read-mostly nosql document

methodology for Apache Cassandra,”

—
N
—

—
~
—

—
o]
—

stores,” In Proceedings of the 20th International Database
Engineering & Applications Symposium, pp. 224-229, Jul.
2016.

K. Shin, C. Hwang, and H. Jung, “NoSQL database design
using UML conceptual data model based on Peter Chen’s

—_
o
—

framework,” International Journal of Applied Engineering
Research, vol. 12, no. 5, pp. 632-636, 2017.

25 010|322 MH|2 o7 |=HH0llM 2] B|0|E{HI0| A 2| A QK]0

[10] C.Y. Lee, Business Ingelligence & Data Analysis, Kookmin
University Press, 2016.

[11] J. L. Hainaut, J. Henrard, D. Roland, V. Englebert, and J. M.
Hick, “Structure elicitation in database reverse engineering.
In Reverse Engineering,” Proceedings of the Third Working
Conference on IEEE, pp. 131-140, Nov. 1996.

[12] M. Blaha, “On reverse engineering of vendor databases,”

—

Proceedings  Fifth Working Conference on Reverse
Engineering, Honolulu: HI, pp. 183-190, Oct. 1998.
[13] H. L. Chiang, T. M. Barron, and V. C. Storey, “Reverse
engineering of relational databases: Extraction of an EER
model from a relational database,” Data & Knowledge
Engineering, vol. 12, no. 2, pp. 107-142, Mar. 1994.
C. Batini, S. Ceri, S. B. Navathe, “Conceptual Database
Design - An Entity-Relationship Approach,” Benjamin/

[14

=

Cummings, 1992.

[15] J. M. Petit, J. Kouloumdjian, J. F. Boulicaut, and F.
Toumani, “Using Queries to Improve Database Reverse
Engineering,” Proceeding ER '94 Proceedings of thel3th
International ~ Conference on the
Approach, Manchester, pp. 369-386, Dec. 1994.

[16] W. J. Premerlani, and M. R. Blaha, “An approach for

Reverse Engineering of Relational Databases,”

Entity-Relationship

Proceedings
Working Conference on Reverse Engineering, Baltimore,
pp. 151-160, May. 1993.

[17] R. Alhajj, “Extracting the extended entity-relationship

—

model from a legacy relational database,” Information
Systems, vol. 28, vol. 6, pp. 597-618, 2003.
[18] D. Yeh, Y. Li, and W Chu, “Extracting entity relationship
diagram from a table-based legacy database,”
Systems and Software, vol. 81, no. 5, pp. 746-771, May.
2008.
N. Mfourga, “Extracting Entity-Relationship Schemas from

Journal of

(19

[}

Relational Databases A Form-driven Approach,” Proceedings
of the Fourth Working Conference on Reverse Engineering,
Amsterdam, pp. 184-193, Oct. 1997.

D. Tsichritzis, and A Klug, “The ANSI/X3/SPARC DBMS
framework report of the

[20

[}

study group on database
management systems,”
pp. 173-191, 1978.

Information systems, vol. 3, no. 3,

529



B2 HEAISHS| =2 | Vol, 23, No, 5: 523~532, May 2019

APPENDIX
Service A
A1
A3 ’
A4
A2
Service B

s

B6

Fig. 3 Physical Data Model

A5

B4

BS

A9
A6 }
A7 ’

’A10
A8 ‘
B7
B8
B9

530

Service C

C1

A14

A12

A13

C2

C3



OFAE] H|0|EIS &5t 0l0| 22 AMH|2 o7 [ 0f|A{ 2] H|0|E{H]|0] A 2|t A AX|L|o{

Service A
A1 | | A5 A9 o A12
A3 '
A6
o 4A13
Ad
A7 . i . F
A2 ' ’Mo w A14
A8 ‘ A1 ‘
Service B

i — Service C
| B3 B4 —
B1 preee por C1 b G2

B8
‘ | o o C3
B2 i
\ ! P S o
B6 B5 B9

Fig. 4 Logical Data Model

531



Al e W)
A10 |, . 9 -
Aé A7
A14
A8 L o

Service B

B4 B8

Fig. 5 Conceptual Data Model

AlZ& (Kwang-Chul Shin)

2007'A 2k QIMCHEt HFEIZ S (FEA)

20134 2&: Shtrhetn ZANMZONEHR (ZYLstAAl

201314 3¢ ~ BAl : ZRICHSIW H| =LA T M2 CiShel 2t oFy

xEHelE0f: 2|t H|O|EfH|0] A AIX|L0f2, H|o[E] 222, H|o|Ef &t2], NoSQL

0

0|&Y(Choon Y, Lee)

1979 23 MECHEh MRS SIS E)

198311 28 M2CHetn ZAStnlZAGSM A}

19901 22 0= University of Michigan(Zd &St IA})

199314 32 ~ B : ZIcHstn AANY SR

B0 : H|0[E] B2, H|0[E{015FRA, HIXL|A olslz|MA

532



