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Abstract

Generally speaking, the expertise of researchers is the key component for a
successful R&D project. Therefore, Companies in the R&D business is very
important to efficiently use limited research resources. In particular, when
companies prepare a project portfolio as to maximize profit, considering and
allocating resources of only those projects that the occurrence is certain at the
time of creation may not have optimal efficiency. In cases of probabilistic
high—yielding projects that the occurrence is not determined at the time of
planning, it may be more efficient to consider the allocation of resources for
such projects.

Therefore, in this study, a mathematical model was developed that maximizes
the profit by including not only the projects whose occurrence is confirmed in
the R&D project portfolio selection problem, but also the projects where the
occurrence is unknown and only probabilistic. For estimation, a method of
averaging total revenue using a simulation method is presented.

According to the simulation results, allocating a certain percentage of research
resources to projects with a probability of occurrence showed better results than
to allocate 100% of research resources to projects with confirmed occurrence in
terms of overall project portfolio return. This means that, as in the conditions of
the simulation, if the profit of projects with a probability of occurrence is to be
higher than those projects with confirmed occurrence, and if the distribution of
the occurrence is known, it is better to allocate a certain percentage of research
resources to the projects with a probability of occurrence in terms of overall

return of the portfolio.

Keywords @ R&D Project, Portfolio Selection, SRCPSP, Uncertain Project List
Case

AEd(2022d 1149 199), 4920223 119 259), AAEAA(2022d 11€
264)
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2 AFAE Z2AE TEZZQ A Ao Aol FEHQ gy T2 AHE
SolgtE BEAAY 24 E FUtsl BRdS FAAsta, E4E49] s Hugshe
Gy FS ZoAF s T ATstax; s

II. o] 2% v A
2.1 R&D ZT=ZAE YEZgQ A= FEA

TRAE TEZZQ AW EA(PPS, Project portfolio selection problem)+ Ayt
2037 e dxto) o) ATHUT R&DY FoAo = 2 Ao A RS
F2 R&D ZRAE} FA#EFATE 2000t o] A7k#] PPSoll #3d AGE wjg- A
A7) wiitoll AAMB] oFH] GUTE HAAE Z2AE HAd #sk Ay TEETQ

Ao ek Aot g P Oﬂ?t 2000 d e =WHEE S8 7F A FE AT PPS
o 3 A HA A5 = dvtE Chu, Hsu & Fehling(1996)¢] <& 3= on,
5L R&D ZZAE YEZZQ AES 93t AAA XY A 2=8(DSS, Decision
Support System)s 7SIttt SkatEe] tiFES PPS Ao HEFow
Archer & Ghasemzadeh(1998, 1999)9] %7] #S AF3ty. 2152 PPSH 54
24 e st ZRAESS O5S dede Zolgt Adsiien], 699
PPSE 93t A28 ZHAYYIAE A} 3 )95k o (Mohagheghi
et al., 2019). Z2AE 8 FAof ot B QR Fe A ek
0-1RFE AF83t 482 43 4= 9l o™ (Santhanam et al., 1989),
% |

4
R&D ZRAEe] B34S AWy 9% 94 RD TEZe e HE Rdw /uw

H A tH(Wang & Hwang, 2007). H3gt, T EEZ|Q HA sl 2 A9 wix|9t dAH=
T g MAe 3 44 wdE A7HYov, Liu & Wang(2011)& 224
Eo Adust dAALS A& vE4 daddas ]o ?5‘}“‘:1' olE2 AdYd ZeA

<] It ole) =thstel A&d 7IZE Alelo] ERE A WEe] HAsE 9
g7 7 SR eE AXEIY. ZEAE Eﬁ%ﬂg G G I S R
T2 AR, ARbel] wE Aple] Aleko] = ZRAES AdE Bl AdA ZAES 9
gt 243} mdo] AA(Hassanzadeh et al.,, 2014), R&D ZZAE Mg 9 o4 F
Aol A molef 3 FAH]go] BEAd g MEE HA S 2] AAe} Huol &
A AEAE A FHd dagls AA ﬂ:rL(Huang & Zhao, 2014), 49 By}
]S AYdte] zrAES HAEyn AdAHS Afste T Ay TR el o
T(Shariatmadari et al., 2017), ZZAE NPV 3te] #8S 93 59 Az AJH
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oo " adws

I Al H FEggAe AY, FE TS AAste Z2AE dH YW A FE

Aol th3k AT (Habibi et al.,, 2019)7} At} = Abs BH Mohagheghl et
al.(2019) ZRAE ¥EZEQ Mud #dd £d A7E 44 2 F7 71
,o#ea, A, A, A, AESTEsAd 5
(Stochastic, Fuzzy %), PPSel Ag&%¥ =dd Y2 (Frameworks, DSSs, &3} #

%), BRAAel m® A
A way
Fol®), FesY R vl FesE £54 AW, PPSS 48 AHIE EW A7
=

BZAE Ae], L2AE 7lbﬂ 7HA A g Al=E) g5 A BEE AlEE el

g T 57lx Z=Hor BEse AESYom, Abbasi et al.,(2020)% AlAE )t
(NPD) Z2AE IFEZZQ AHolr vkt M8 7|3 245 BSC(Balance
Score Card) X ] 19998 ALg3te] s Zder] Y8 =4 wE FasE g
=5 483t ¢ 6‘}2‘14 Bai et al.(2022)% T RAE YEZF o LIS Y3 &
A AUA & Eﬂ A2=El A mde] W ES AASIYle ] YA k] o s =

£ |

ZF

E

T3 AT} Kettunen & Lejeune(2022)2 oz HAZHI2loA o] T2 AE
Zo]o AEls 93 54 Zzragy ndS e

e

2.2 SRCPSP(Stochastic RCPSP)
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2 Tt 2y 71h e ZEA 2= A A
2] A o] O}Hf‘%, B89 Q4% EA5aL Atk RCPSPY d oAM=
2344 245 AH&slr] ¢l RCPSPe &% drdel SRCPSP(Stochastic
Resource Constrained Project Scheduling Problem)e] w3t dA+4t7F &= ¢ict
(Meld, 2019). SRCPSPollA &&F 7|7+ ¢4HA SEEY = 59 3 7|17
o W& <Jojo] W .‘?_‘““”EE}(Rostam1 et al.,, 2018). o]e]gt A9 AP

Stork(2001)= e 17) 34 dug]ES AA YoM, Creemers(2015)= 9
g otz A dayEss ﬂl Falodth T, Chen et al.(2018)% 12| Aol A
177vA A7)k -deel +E Felage Ades ARSI, Ballestin &
Leus(2009)= GRASP(Greedy Randomized Adaptive Search Procedure)d #-8%
WS  AokdlY. Fang et al.(2015)] <dAFolx= HFH e =g
EDA(Estimation of Distribution Algorithm) F3AE A<tttk Chakrabortty et
al.(2017)2 59 3 7|zko] &I RCPSPl #3] A73t3lem, Wang &
Ning(2018)¢] AFolME Z2AES] AHS 9e A 7HA] 5820 A8 Ao =2
i) mddlo] AAE A e, Davari & Demeulemeester(2019)2] Ao A= A Elo]
Aot Gagd By daugso] MEEdk. Creemers et al.(2010)2] Aol
Me HAY 2AEE A 2SS A% AL nEaE s 7Ive s g
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SDP(Stochastic Dynamic Programming)E AF&%5 2™, Raghavan, Yoon, &
Srihari(2018)2] oA+ EMS(Electronics Manufacturing Services) ‘jolmﬂ/ﬂ kol S

A A 2 AAAE 7H A A0 ES Sfe) HEE fFHA dae
ol NI

ZRAE A A o] dAAL v AVl TRAE VI 49 =94
e Wdta TRAE dF Aol JIFS Frh ZRAE GF b oJEAe] =
AE 7)2F el mAe S BAGAL, &% P =4S e 538 Wy A
715 ERE B2 oE JAAE ARESte] WY Aol S AAshe WHE AAE Y

(Bie, L. et al., 2012)

2.3 A Ed o] A (Simulation) 7]

H7le= Algdolda vhne 29 F5& ol &3ty g9 #he FHAeE
2 B Aol vhed Aol FA AREET, AlEdold 7

At I A E ]O]’ﬂ ]mg‘

2E3 {3 S

2007). o] gk *1%31101’8 71‘?301] 7Rk = HA3 712 ‘“E‘ﬂ FELE }ﬂo}fq
[e)

AlEdeld 7S ARRSte]l Wi RIFE Wol ALgste MW Tom A8 4 gl

(Werner et al., 2006). Z2AE AA Ao glo] A& o] BdHHdom QT
FE54 a]lo] xod FHTs o FA4 AHEE 4 o PERT Algdolds
ot o des AFeta a&How ik Zlo] A asilld o dagh
Ay F8 g A S S8k PERT AlEdeld Rl =5 A+
skl A9l CPM/PERTS] 4 3AE S58ta ad4ds Fde7= s (Lu

& Abourizk, 2000).

3.1 &A9 714
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o Be A4, 73k, WE, wgo] me dHA ok

Y TR AE o= o] Qs T2 AEY FRHWH G ALY
Afre TaHEY

Az A4 AR A4 e F Hx TeAE TEZO A4 A
A BAE ZeaEe ddd AT 5 Y Ade vgolu

Ao 27 AP ZFE= AYolA s AR ALY, AdATYd,

Ex 3

g SurE FAUAS AT W A9 FREE 47 42 1 oy )

: 2l T3 Al Tae 27k 112
o WER AT F Aok w9, Az Y Foz 49)4o]
AR 19e] fAd writh ZaAE 9 s)zke] F7kskn, sh9) Aol
AR AT A 58 71 Fat
Fage AW F WP ZRAE Fyge
F Qon, $aw
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=2 t}(Non—preemptive).
7R o] g XEEZY QS dA AHF 73t AAH AJAEE THE ERE

= fY o 24
o Aol e deA o, EE A 3 Sl ZRAEZ M
ERY A Se) g A A A HeU S8 239 5
nH 713 (Due Date): ZHz4e] LRAE= wighr]gho]l glow, ey RE L=
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Aol HMofo| Q= R&D ZEME TEEZZ|Q ME 2X: TEME ZE0| EHFFQ AL
M,
Maximize Z {Z [(I/Z)!m—qu)Xyp!m] Xz, [1]
pEOP\m=1
Subject to
T, = {1, if p€EP VpE OP [2]
0, otherwise
yp,me{oal}a Vp,m [3]
M,
Z yp,m :17 vaEP [3]
mel
st, > ES,, VpE EP [4]
M,
st, + Zl[dmeypm] < Due_Dute,), VpE EP [5]
o
M,
Z (rp,m,k ><yp,m) = bk’ v tak’ vaEP [6]
pES, m=1
M,
3 i XYy ) < (0, X RR), vtk VpE (EPNDP) 7]
pESm=1
Tk = 1 Y =1, Yk, VpEEP [8]
Where,
o pr AF OPd Fotve ZRAEE Yed= Yoy, p=1,2,3,..., N o=
7]kt
e OP ZrAE XEZZQ Aud & v Ee ZRAES TS ofn|dit.
o] Ao &3 TRZAESL HXx FEZQ A A Aud 5 e =
ZAESR ofel, AA 713k Yol WA ZRAE TEEL0 A I}
T3 BE Z2AEE XIS
o m ZRAES FPT £ Qe ALY 2F(RE)S HEUE QlYzolH
m=1,.., Mz %730,
o M: EZRAE p& FIHT w, ALT F Ade ALY 2H(RE) Frolrh
.+ V. TRAE prk wE moz £35AS o o dse Aol
© G, ZRAE prt RE mo® FYPHAS w) TRAE Faof o gdEE n)
golt},
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s - Holy - 2FS - oS
Yyt ZEAE p7h BE mow FIHEAE YERE 0-1 A
U ZRAE p7k BE moR AW 19 & 7HAW, oy 0] g 7t
Rt
z, ZRAE prp L2AE FEZEQ AHHAN=AE Hehls 0-1 94t
Aoty ZRAE pr AeEw 19 g%& 7, ohyw 09 g 7k
o}
Ep: Z2AE YEEYQ Heg IRAES] g ofulsi, ojd] &g
ZRAESY x,= 19 g 7R
st ZEAE pE AR F 9l AHS vEith
ES; Z2AE pE AAE 5 gl 7 whE AlRE ov e
dypt ZRAE p7b BE mOR = Ay, Z2AE prp sPE = A
T3 713kt
Due_Date,: ZZAE po] vpzk7]go]},
S AA tellA A FQl ZRAES] [ Kok A AeR, AA
tol AAshE ZRAEE ¥FEIL, TS TRAEE A@
Tpngt Z2AE p7b BE mo2 5= 4, ol AE A9l k7F A
= Fe sy
ki A7l ER(AgATe, AgdTe, dukdge)el g Qlgsoln,
A

AT A 7H
3.
RR: 74844 b,

=
-

o b, — (A% 0ol

e

g gk

EED

(1] 2 a7

TAYS BHoFEr, o]

H, g5 ZRAE po

166

=
A= Aol njgolt

AR k=1,2,302 3E7]s}
A2 FF/ kol tisl m) AR HF Tk AR kot 7
Azt e] FHe TRAE FEZEQ A 7|7t Ax Y

24

< 3 AR (=0 FHE Z2AES

SAEgTEA, 7o HAUYIE 9 ZRAE ¥
AFEHAM V,,,—C & ZEAE po

AEE, Yy ZEAE prt ojHl BER A3
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ok, wheba] o] Ao e HuE ZRAESC] ofm 2o XFP(RE=)O
Aol wEh AR Ak [2]eA4

Exeloo AeHIEAE etk o), z,9 ol 19 ¢ ZRAE pE ¥
Eeo0] AUHASS s, o@) EEE Q] AU RE ZRAES £3
e EPe Ak AR [3]2 ZRAE prh ow Ade] 2FHEE) mOE 3
HEAS vtk Aok [4]E A9® 47ke] ZzAEs} 74 AdelA B s
SEWe AU 5 Qe etk A [51E ZRAE pol A% A Zz
AE pol F FAHE A% dE U @l VI Due Date, & 23T & 98

kol oigh Afra2e] FAR, e AHdA A7 ko] 718 #3F4 bE
20 & glee Uehdth Al [7]1 HEx Z2AE FEZF 2 AHA
Batgao] gl FAHE Z2AE p(pEDP)S MR 5 Q= ATAYe] BAR
Aoz AN to]l FAHL Y ZRAE p(pEEP) T F4E ZRAE A
F(DP)e| &g ZRAE pEoll ag AFAY kol g AfaFo] A2
TR k9 A b9t HEx Z2AE A AHGE=0) FHH ZZAEL
A 4+ e Hx 2Ad MEERR)Y ¥ b, XRRS 2943 F ¢las YeEd
Ok AlekA [8] AEE Z2AES AFade FHF b Ha doxide #sg
AefAoR, Med ZZAE pr} e mo R Agr= A9 9] AHE dad x
Aol FFo] BE FFH kel diste] 1o]/4ke] #tels vrebdth
Iv. &ud&

B9y Z2AE TEZQ MY Fi 2 3td Adolgls A tzAn A
bed TRAE F dRVL gEAHoR FolAE AT HAFFE Huslee HAx
A A E(RR)S 3 EAlolH, Z2AES 88 93 HAfsle Ade TH7}
theE A golth. ol A9 Aol g ZRAE AA FA(RCPSP) F 44
o®& o3 &2 (Stochastic) &7} dow, thekst S8 (Multi Modes)S 74
Qe A9 AR mEkd, B oAy (1) Jd S 93 ZRAE YEZ
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geo S Y3t ZzAE Melo RCPSP(Resource Constrained Project
Scheduling Problem) & td3gt 3R] = RCPSPMM(RCPSP with Multi
Modes)E ©]&3}lH, (2) Hx LZAE YEZZQ 24 Alfd vy ZZAE
of dig EI9HA airE FAS 18l RCPSPe]  &&4 AR
SRCPSP(Stochastic Resource Constrained Project Scheduling Problem)2] A]&#9]
A 71 e AREE T

A o7 theket awyo] gl RCPSPMMe 49 &2l NP-Hard Class
Aol NP—Hard Class &A1= 312 <9 (Solution Space)°] AAE= 45 A
wAs S7FsHA "v. wEd BEE e 'ste HH S 7IHES ¥
AZE el §-78k e S e FElaE VIEE ARgeke Blo] dAA
(Ahn & Erenguc, 1998). webA] 2 dATolx= Ao ¢ Z2AE ¥ E
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Select ST Mode
Ty Stp,l yp-,l
T st Y
ZRAEAGHA S £ L TGRS ER B S B
L3 sty 5 Yp.3
T ,
N Sty n ) U,

) RNV, —C, ) B NS gkl )8 2

AEE FEHAFECIL. of EAA el Fe(Solution Space)E elAAH WS
; g

T, 8t, 0 Y, ol THOE o] FIAH, o] 27 T ShollA AAE EE AFRIE
%3l A9 Ado] 7153 d(Feasible Solution)7} a1, shubet= AlfxAe U

ek B A7 844 RS vEvd, ddgo] 7Hed 3 FolA HH g
ke Hdislets #43)(Optimal Feasible Solution)E 2te datgl5S AobatAY,
¥ o157} NP—Hard Classell didsl==z Fal2g 7IHS T3 7Hd £& dl(Best

Solution) & %+ digl&FS Aljtsh= Aol £

314 =

oEa gk webd #3449 =
MAE(RR)C) A88 FRol Ue Felsg /g Aa
4.2 &4

421 Az XEZTYL AP AHY FI2E 7Y Fe

Hx TrAE IEZYQ A4 A 49 dFAI RCPSPMMI frAlak, 2
AFo M= o] A (Neighborhood Search) 7I|¥HES 7j¥to=w 3 U H=
(Multi—Pass) &aLe]sS ofefob o] AlQtgi.

e Step 1: [H& 7}53%t &l (Feasible Solution)9] A ]
A 7hss Al A4S Step 2E o] 53t
o Step 2: [3l¢] FEA0 HAL S /A
A o

ChER ol WA /1S wRHom ALgse] @Al ddel s HE AN
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