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Abstract : Korean construction engineering firms want to pave the way for expansion of overseas markets through the
World Bank’s Official Development Assistance (ODA) projects as a way to improve their overseas project performance,
However, since the World Bank project competes with global companies for limited projects, building partnerships with
suitable business partners is essential to gain an upper hand in bidding competition and meet the institutional conditions
of the recipient country, In this regard, many network studies have been conducted in the past through Social Network
Analysis (SNA), but few have been analyzed based on the process of changes in the network. So, This study collected
winning data from the three Southeast Asian countries that ended after the World Bank's ODA project performed
smoothly, and established a learning—based link prediction model that reflected the dynamic nature of the network, As
a result, the 11 main variables acting on building a cooperative relationship between winning companies were derived
and the effect of each variables on the probability value of cooperation between individual links was identified,
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AFFTEY SRS A, §Y A 153 S3 A
& Aks Algshks Aol Ul 7199 el A 24
g el E=zol 2 4= Qlrt, ole} wRsto] AR YIEL
FA(Social Network Analysis: ©|3} SNA)S =410 &
WA HEYAL] E4wA =2 FaRAt =3k 22 o+
7} th Z8gE v It Chinowsky et al., 2008; Lee et al,
2018; Liu et al., 2015).

TLeju AIA3Y ODA ARt 22 A4 AR kA<l
7190] 5= A714 ALt e, 58 AMdS
ozl UAJAo|aL =1 5=7|7F AgHA Q] A|0]7] Wi
1 A 9] §ig} doll AF BTt QoL olo] Qg
AAE 715ke] BAS AARE s EETHZheng, X, et
al., 2016).
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1) 154A]: AlAR3Y ODA IR Y of=) AR 37H=t dlelE| 3t

=4 dlole 55 sl AlAgo] Algsh= World
Bank Finance' 2= H|oJE{H|o| A5 ARSI ow, =) 7]
A x|y olg] 71go] 2 ofshk= AA A" AujAR
dlolgE =gkttt sl dlolE o= 200455 20174
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Bzo)Eud 75 Sls) WERt 9= T goleE o
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World Bank Finance Data
(Vietnam, Indonesia, Bangladesh)
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Fig. 1. Research Process
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ahaL, Helo) §as o) w = LER= Feature Importance’
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Fig. 2. Link Prediction

A4 718 35S 44 HH(topological
information}& 7|WFOR =& Alo]o] FALEE 4510,
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2 |23 Wolth, fARE ghe o vt iz o
0] 52 o R ok AR BALS Hlgo R Egun
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Table 1. Network Topology Variables & Definition

Topology Abbreviation Definition Range
;’{giergte'ﬁ't PA PA(z,y)= 1G] - (1) 0~158
Adamic/Adar AA A4 y)= X seronroTegT iz T |0~10-40

Efjé’:{lgi RA RAGy)= T seronroTRZT | 0158

S;gg;’; ON CN(zy)= 1 1(2) 1 1) | 0~9

S‘T;lexe” S| 51(z,y)= % 0~0.5
Holn::icﬁé;man LHN LHN(z.y)= % 01
Hub Promoted HP HP(z.y)= #% 0~1
Hub Depressed HD HD(z,y)= Wm 0~1

T A W o & o5 7Nk Ao 52 A AE /5l
gt o] X EF(binary classification) ZA|Z, == 7 ¢|o]
& Bl R 71 sy daregfES o8sto] ARl &
7 5 BdS 755k ol o= 2 Hiol"E 7]
Hro g 3-82Ql A&y 150] 7hasto] 2T w4l 2y
F= HeldS E85to] oS5k A7t skl Qlct,

2.2.2 XGBoost

XGB (eXtreme Gradient Boosting; ©|3} XGB)+= Chen
and Guestrin(2016)°] 2Ja A70H W Akt 22 {A
Ao] Al dare|F oz AFHKaggle)'Ql B +5AE
o] o] dAP|ES WE £ BAS HSoP| 2 K=
B7Fstedct.

XGBE= o8 719] CART (Classification and Regression
Trees) R & A tree ensembled 7|HEO & Tl4=0] B
27(tree)E WL, KA B (gradient boosting)S 3l &
771 & vl5(weights)& 2| 3lsto] 2]2o] £57 ndS 2
= garejFEolct,

XGBOJ| ARE-El= CART ZEl2 7|5 AP L decision
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tree)= 2132 (leaf)oll 27k (decision value)it EA= A
g Zp R e dgE o] HElef 2F Aujof
s AR B 2 E71E W o Atk

o]% Al HAEL Gradient Descent YilE]ES ©|

2510, o] MR errorE HATBH= A EL HES A4

F Z3RE02A HAo] BRRUS TET o Fo]
2 Aol Aayslo] XOBO| QiHw S wheA| si,

o] Z+e A# o] IAof| A XGBE A5 7HA| A7) (Greedy—
algorithm) & A2 T4 Hoverfitting) WA|, 12|l theF
3 ALY 2235} 24 B9t oS4 Il felste] 2
Aol At 7| A REE Akt

2.2.3 TIZt=(sensitivity)

S5EES Brkshs el W 5 2 At 22 B
A= T et SoleE A eghch(Kim, 2017), o17]4] ¥l
T Aol it TIXAE Yehls 232 4|
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(Frederickson & Laporte, 2002; Klinkman et al., 1998)o]|4]
23S PR WHsk= AT BT AA o 3
S HAIH] 2 F 7)o QI vlgo] 7] wjiol A
St EolEtete T EE 55 BP0 & ARgRl

A3 ODAS 22 7 4k B4 A 7hs 3l
7t g Elo] Q7] wioll BIEE Akl vl A Ak7F
- SAa=o|t), o] 2 2l3f|, ODA dloJg 7]¥te] S5l
2 A AHIE vECE 3RF A8 7heAdol e He
FHAS HESHA|TE AAR T Al Agro]7] wie]
dlo] Aot} stedsh= d/do] AT, whaba 2 At
A B SHAE AHsto] Aoyt shetsirete, A4
Ak T2 e s s S 1Y Ut
i o g Aol

3. MiAI2 tiolg] & ZAe|

3.1 M[A2H HlolE 7H2

AALL Open Financial Data? & E3 2§ 22
HERE ZRAE oAt 27| A2 59 ARE sk
glom, E3] X (procurement) 3-=-2] ‘Major Contract
Awards®]| Z=gol| A Al A|Al-eY S ODA AR &
dlo|E 7} =5 =0l

s dlolel ) mRAE AuEpel Zedey, =

2) https://finances, worldbank, org/

110 s=zumalss =25 M0 HeS 20194 118

9713, 2) AR AEA g, 224, 3%), 3) SR
FEGR7Y, TG4, AR 59 ARRE
xgkslal 9k, 2 EAof|= AlARSY ODA ARe] $&5
H ofAJo} INH(HIEY, A=vAlof, HEeHA)S = o
oz Agkom 1 o] AEAYE H Faof ARESE Hel=
(Table 29} At} Est . A= Y YEYTS J4 &
S T A BHOoR 47| YR HEH o= HY
FE|= AFYe] Hofgt H9uhe tiko s B A
o}, FFH oz BX AR dlofE= 273702 7]l ¥
 JE 2 4713] it 18279] A} dlo|gfolct,

Table 2. Analysis Scope by Category

Category Analysis Scope
Vietnam
Borrower Country Bangladesh
Indonesia

Management / Technical Assistant
Feasibility Studies
Project Management

Procurement Type Construction Supervision

Procurement Technical Assistant

Design Service

Geological / Geophysical Services

Quality and Cost—Based Selection

Procurement Method - -
Quality Based Selection

Water / Sanit. / Waste
Transportation

Major Sector

Energy & Extractives

w
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T AL aRlo] wjgie] FE acle] wjX=
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Table 3. Period Division and Participation Count by Country

Country Period1 Period2 Period3
Year 2003~.10 2011~.14 2014~17
Vietnam #of 77 76 60
Participation
# of Enterprise 51 46 49
Year 2003~.05 2006~.11 2012~17
Indonesia #of 61 66 59
Participation
# of Enterprise 4 56 42
Year 2003~.09 2010~.12 2013~.17
# of
Bangladesh Participation 29 20 23
# of Enterprise 19 17 21
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Oy ZF 717k ' 37,1287H o]t}

o] ARR] HIEERA &4 =T33l ‘Gephi g o83}
HEZE 581l I=RE ZF 7|7te] kel 47HA] F
A4 A3 (degree, closeness, betweenness, eigen—vector
contrality) & 223151,

m&a‘ )
£
ok

ol
-

3485 %5

Yol slREle (Fig. 3] pair datac] Lk 71
%7k shtel dlole) gelolt, Siemy Wt 7k 93
W wasin, olo] 3ie] 7|71] tisl elolE 7]H107)
3 QUAR 7IHION) 5 Wom F 2070] Wiss 2
it
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A b e | 1
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Fig. 3. Link Prediction

dlofg 7|8k M= 7Y AEL} AR YEY A 44 A
H(social network centrality)® THA| AlEstEc) 719 A
Hi= 7V 7199 Al A9 A4, Bt 59, Joint
Venture WollA ] 914 5k o] AlAI23 do]efso]A
of 3/ME %= ARE P ==Y FHe=E st &
T E9] zjo] ke F3 R AJSHIh((Table 4) %+
%), B3 338 HESA 15 & £& 7hatt 4714 A
3 LﬂE °451 A4/ A3 SNAGIA old Ay A4S &

A-B Link
Information
1. Experience Difference
2. Contract size Difference
3. Centrality Difference
4. Global-Local

C-D Link

Information

1. Experience Difference
2. Contract size Difference
3. Centrality Difference

4. Global-Local

Fig. 4. Link Variables Extraction

MASE SENLHZAIRIC] AX|L0fZ 7| 7 HetA ol Z2E T

QWA E 718k Mg (Table DollA] HAISH i =9
10714 Network Topology #+< 214 AXlste] &3 EA
Fro &2 ARSI

Table 4. Data-based Variables

No. Variable Definition Class Range
) Difference in the year of
1 Estap\\shed establishment between | Numeric 0~136
Year Difference )
the two enterprises
Nationality attribute of
2| Global—-Local | the link(combination of Factor 0~1
Difference global&local enterprises)
between | | Posiion Position in JV Factor ot
Em(?rpnses Difference (Leader, Sub)
rom - - -
Finance | 4 E%penence Differences in the pumber Numeric 0~8
Data) Difference of WB ODA projects
Enterprise Size | Difference in the number of )
- Numeric 0~1
Difference employees
Contract Size Difference in the size of
6 ) contract that are primarily | Numeric | 0~13,118,866
Difference .
involved
Degree Difference in the sum value
7|  Centrality of the gther nodes tha.t qne Numeric 0~7
; node is connected within
Difference
the connection
SNA Closeness Difference in distance
Centrality | 8| ~ Centrality between all indirectly Numeric 0~1
(from ODA Difference connected nodes
Network) Betweenness | Difference in the degree to
SNA 91 Centrality which one node is located | Numeric 0~3,354
Difference between the other nodes
Eigen—vector | Difference in the weighted
10| Centrality | centrality of the other nodes | Numeric 0~1

Difference associated with one node

35 81409 Ojo/E 15

%z0)% shmelo) 248 d o B 717k Qleuiss

2 59 B FolRE oE5he Zlo] ok, 71 thg /I
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A Bigok 71 The wAle] BAsE

r (
Hu)
)
1o
1A
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- IS}
%o S mElS A1 O};_ HElo|c}
Variables ~Target
(Linked/Unlinked) ) Train set
Period 1 ! v
i Y2
Period 2 Xz vz
X, oy
Period 3 X3 Y3
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471 & ok F5H ODA 717 HES|F | 24
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2323]°Itt,

Table 5. Link Prediction Dataset(Original)

Dataset Linked Unlinked Total
Count 134 36,994 37,128
Train
% 0.36% 99.64% 100.00%
Count 232 36,896 37,128
Test
% 0.62% 99.38% 100.00

3.6 0O|E =27 =3

Zej2o] vjgo] U xfo] L ted] SAISH FEAS
Bl5h= o] HEer} o B s dlo] g o]
o gkt gepbd 4= Qlrt,

53] 2.3%o|| AF3h vkel o] ol oA
(linked) A7} AA|2] 0,36%((Table 5) )= A5}
AL sk BRG] 27F G4l 49 ATt wok= 1l
Ae7t 543] 2oz vtiA dlold A (imbalanced
data problem)7} AT &, AYEE wol= WFo=E
Al sy mdl 4 A FAIE HEE(unlinked) &2
Adsl= WeFo g 759 7hsAdo] ot & Ate] B3]l
HPAEE B md Ado] o2 Rl 4= Qlct,

ol s Ashz WA C R Dbe] FHA 5 YR =
Z3to] AMgsl= AT AEH (under sampling), 2)4 2
WAE ST @H MET (over sampling)©] it &
P o ® Sy Y| glofd 47 WS auto]
7] giof @ HAUET 7S BStHYap et al., 2014).

2 Ao E eHAEY 7HeR TP Eol ARSE
3 Q)= SMOTE (Synthetic Minority Over—sampling
Technique)S A5 THChawla et al., 2002). SMOTE=
2T ol daElES E85lo] A HlolE AlolE HE
ato] A =2-2- doJElE A/doh= Wralelot, 11 AukE (Table

Table 6. Link Prediction Dataset(Over-sampled)

Dataset Linked Unlinked Total
Count 36,994 36,994 73,988
Train
% 50.00% 50.00% 100.00%
Count 232 36,896 37,128
Test
% 0.62% 99.38% 100.00

112 s=zymalss =25 M0 AeS 20104 118

6yoll Uehfiglon, 7|& Edgolg e FdA47} 1341
(0.36%)N1 4 BIEE ALt FYSE 36,9947(50.00%) = &
7h=| it

S AW ET] 98] 7 e AR HAISHITH

(Fig. 6)9] box plot= HH 94 AR 79k W= A
g 0 & 0of 4=Hat ¥ (linked)¥} ¥ 2 (unlinked) A}
olof == Alo|7} gl AE SIS 4= Qlit, whd
olg] 7|8t W= F5lsk QFAINE el viE Y ARIZE]
Afo]7} EAfek= A& UEyth 53] v|gE tin] g
Ao A ODA AF 738 Alo](experience difference)?} U E
A= 414 2}o](degree centrality difference)7} & 2
F= Harh
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Fig. 6. Data Distribution
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4. XGB 2l =& U =7} A}

4.1 XGB 22 =& (training)

(Table 6)9] training set2} (Table 3, 4)2] WS 7|4l
S8 XGB BES SHsIIT

XGB= #A 9] &7 RES 15317] flaiA 4 dlo]
Elof| 3= 2% gfehu]E (hyperparameter) 40| Z a8}
o}, & AtollA= 24 wetn|y TS 918 Re] mirsf~]
A 718t GridSearch HHE AR5t GridSearch= A}
FOR thrl] YR By A § o]59 e S BT
HIAESIO Ba XA 9] uletuEE Fola= WHORE, o]
£ 5ol 2 Aol 53t mElle] 24 uletn|E = (Table
7y}




Table 7. XGB Hyperparameter

Hyperparameter

Parameter Definition Value
nrounds Number of boosting round 100

eta Learning rate 0.05
max_depth Maximum number of boosting iterations 9

min_child_weight | Minimum sum of instance weight in a child 9.88

subsample Subsample ratio of the training instance 0.786

colsample_bytree Subsample ratio of columns when 0.955

co

nstructing each tree

42 XGB RH HS
ohx] TElE XGB 2ES (Table 5) HIAE Ho|EE 7]
Hho 2 HSIACT,
A2 © 2 B (accuracy) 38,93%, VI7HE (sensitivity)
70.26%2] A7F =EE Ut A 2.380] AERiE 2
FAoMe UAES wolet FEHLh &, AARA
(actual ‘Tlinked)E &HIZ | Z(predicted Tlinked)d}= Zoj
AZzshgich, 2 o] uizke 70.26%= 2327 ZoA] 163
NE S8R &3t 2 ongict,

(test) A}

Table 8. XGB model’s Predictive Results
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