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Abstract

Roadmap and especially technology roadmap is a management tool and
technique to achieve future goals in order to link business to technology.
With the increasing trend and the need to use different types of roadmaps,
new tools are needed to analyze the complex relationships between layers
and roadmap elements. The purpose of this study is to focus on a new tool
for analyzing the relationships between roadmap layers with a combined
method with a proposed framework. Previous research has addressed
relationships between layers only with tools such as quality function
deployment (QFD) and the linking grid. Although DSM and TRM have been
extensively studied independently so far, this study, therefore, proposes an
integrated six-step framework combining a multi-domain matrix and design
structure matrix and fuzzy set theory in designing, creating, and developing
technology roadmaps for Suggest systems to support decision making and
case studies. In this study, multi-domain MDM matrix and fuzzy inference,
and network theory were used in designing the technology roadmap. The
advantage of using a multi-domain matrix is the simultaneous analysis of
each domain specifically in the DSM format as well as the entire domain in
the MDM format. The results of the present study indicate the provision of
detailed instructions for managers to prepare a suitable roadmap.
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1. TRM: Technology Roadmap

2. QFD: Quality Function Deployment
3. Linking Grid

4.Son

5. DSM : Design Structure Matrix.
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3. Lindeman and Maurer



Yyy (OLen 5 Obsloes) oo atabs ™l L Slo (iloar LS

ssb ojon 9 Jpaxe MloSadjo 5 hymeln lp 8 upend sbowsle
ol Su 3l el ey slp (VAAY) Sy g " SlsS g oo odlitul 03,28
(Syde oy (S padds s ple jl alie jeboas (1324) Tolw [¥F] 135S ealitn) (Soluen
107] 28" oolizsl (Sl (slopiunss (Sl 5> il 5 (o3 93 Shos glooje

) s fspaiis 45 JS5 s ot ile S DSM o e (slacusgions & 4253
Ol (JSSdats ile (i b b cunl oY ans ploxil ]y 1503 0jo & aiely S
DM 52,5 (ol | U Sty 5 ooy i | il sloojs> (o sl
Sl slis wsyly Jols @ jls oS

2 g V15 plnl PD ) laojen (e Sty 390 3 (Slalllas ¥+ +Y) Tgslils
Jlie 3 ailsy sl g lojlo Jlsle Jlie )3 Jgame (gilose (uyp 4 (lboh 90
Sl 5l algd atels Juloxiga jos5 oY+ oY) CueSiw 5 guogily .ciby olojlo Hlsle
- Uimad ol Y] 0ol 611, g5 elinl g o3,Shas Slol il Jsaanme st o g
g oy b oylsl fleiue DSM Lo lgeds ailfgd aly g jor 4 b
Ol 1y syttie slajl 5 Jpae (silene 4 bgrye S5 biatie il (V02 Y) 7))l
o oly ks dbml gl {V--V) Yygle g e 5 (Vo) oamg ¥ iepuid aly
sl 1y dnly el (5 3 s S polic oy Llyy 51 ()3t 45 cgpo (sl ilo
WS o CatlS G0 Ay 4 ) b S yolie & S Llatie (sla s ylo 5 D o
LYY Y] 000 )5 sloul 1y €aioly (o)l padids Ly ylo» e Mlas]

B S 5 [¥Y] s e i Solud, |, DSM 5 DMM MDM bLls,) & S

sl 005 03] (9700 g 5lo) il a1 (gl by (gL

. Kusiak

.Suh

. Danilovic

. Product Design

. Danilovic and Sigemyr
. Lindemann and Maurer
. Lindemann

. Lindemann and Maurer

O J oy U b W N



VFeo )l« Y oyl ‘VJD}L‘ JL (e S g j\.\}\r.ia:- YY¥

Ave : Rrise
A sigs b Sdy A sjes e oty
a) S ias v B) i o
A sje Bajee LR By
.
A sjes a Loty | A ajas | Sty W iy
b Sy { |

C) S rism w2300 043 7 s Compulations

d) i Sl

Y] (5700 i pile) ppile el o (sl stiodins B S5

w4 JS Gillas oazmy slapiuss Jdod sl odliiul BB L ple glgil S ygbay
g oo S\l y 5 £
MDM DSM DMM
A /m
o
L ;
oo
|
Ach]
Ed gl

DSM 5 DMM MDM (sla s ilo glgil & IS

S Slegoge clp 3B degerme )k (551 ZURWI phuaw 9 (55 dsgeme 4,15
Maly Gles S @l glod dojs CusBge oyl bwg ] Jlueb] § Cushadpas il
olis & e B by Sl s Gl 1y Sl ol olples g5 54 bl
Lol S0 (8 yr0 (owiiteo &)y 50 5l Cptwss (gl ey pl S o o2l 8V U yas l eoue
0dlatwldyge i )y g 03 (gla i Wil (6,500 Calizee Blual (gl (glod inS joba



Yo (OLen 5 Obsloes) oo atabs ™l L Slo (iloar LS

j Capde ol o g 139 sn A1) Sy 4 b b ik S, sl 435 )3
OA] (s3t6 slac]

2 g 2 Bl ol 4 o b pais 8l Gliegere jB dcgere S
D) 0,Lil wul ] 4 late paie ol d do b aSl 4 (o5l dcgemme SO 0 Cuguae
Oy sl by )5 iy pai v jyo b Glis gazme lgisar Glgie 1) 636 sagece
Srele Gimgh ) [YV] 295 Chyyos (SS9 408 L Billas (pne g aSudis dogorme Sy
oabodlitul (e310 gla b))l 4 (B pd g panasie Sbj Ohle bas oy 5l gl
Iz (IS 4y &Sl ae SO S0 4 & (gl aST Sbj (gl yurie Cpuin Sl 5D Ll
Dlon 33 Slos 455y 55 (6w sl Jio 53 el 5,5 o s b S
sl i o B Hlade cpbolas glp e B dae I Yaere (g3l dlasl glgil
IV ] o9 g0 03lital (g S pronas

fglisl Hgige (0 oL 5l wlojle (51 plae Sy eamd S5 Lol (slje]
ol odlitwl (ladjed 9 Hie (6518 dae | 35 dalllas cpl > cplpls sl pue 5 Lol
5 03,8 oslitul (g6 glistusl 1 4 iy Wlob oly 4t (gl (¥+18) oySed 5 (59,5 anl
Y] 05505 ookl cuili— GBS b 58 syl

IDSM 3 MDM L TRM sl s, +(iasws J0) DSM g MDM L TRM (53l
S iy oo sl Sy 5 lnisls B 25 g o Jao 5 4 Lol Sl
¥ IS el S et ol (Siwdly g 059> Lk » DSM g MDM L TRM  gules
Cusl p;¥ DSM g MDM L TRM gubel piaw Chog (glp &S sl Siuly ¢ laatels

S o S )

MDM M P T

b M | DSM | DMM | DMM

Jgaze P | DMM | DSM | DMM

&y9ld T | DMM | DMM | DSM

S9ld oly adis TRM

MDM i Jdo .V S5




VP Hle Y oyled ‘V.A:)'li JL (xR ‘:"iji"\‘).‘“u‘r‘&“?. YY5&

GR9 3 owlind g, .V

zeris ol Wi Jeatiay ol 5 39800 @) odloidy (oS5 oy LiSe ol 2
W .u»la&

Jlsy o MDM s o Y S5 iy 0awddily) (o3leiulny (oS 55 ol
ol LS 1115 S e dlotiy DSM g MDM L TRM (gadss (sl 1y (gl o i
el Al o Lol ossetly) oolpitn ousS

iy 5 TRM nsss (sl yolic 5 oY 5 sl LIS Cin ojon Sy s dlo o 52
Lol Sl )b pasd i a3y, Jl Olgie dsye cal ) polie Sl Wsdis
3k (coss) Jpame 5398 sY dw Ygano 5 o3lital (518 polic 5 Jpameo ol
(i 5318 epole e |) oY (5o (Ve R) T Sl Sl g s e 485 s 5
P> db>po )3 .28 Hla > plejls bulyd a4t by Lk g B e (Jgae cuss
ol p ol ool o el 5 Lailyy s yo (pl )3 395 00 ploxl Bres LibSsa o5
Gl (s 4 0329 4295 LDSM g atebaiz (o 5le 5 (636 gliinl (198 (o5 5 052k
7y pole gm Ol g balg) 38> oWl lp ulpl D9 (wyn Som (o
ol 295 9 500 o3litel (458 gl e 5 Tl 53 oI Ll o il JieSS
O Slp pgw dl>ye 3 35S 0 )18 DSM g MDM - gla o> 53 (2135656 5l
> po 3 28 (o0 Cjgo GAGAEL 9 SluADS o g aSed JoSaa oS polie Cogl
ba¥ ol ldls 5 ¥ abje ) polic (g ordgincagyl Lals) (ool ) TRM oplex
TRM @ls o alsyo 13 5 3800 (25 o) 4l g9 ooty o )3 oo dawys
Cal 0ds BA S )3 (o3l (5 5 Camaly 25850 Pl Silos par 5 o

1. Phaal
2. Expert Workshop



Yy (OLen 5 Obsloes) oo atabs ™l L Slo (iloar LS

bl)w)mughda\[w)u5t;lsdv\no)5>&_§aubw]\ =|J>).a

rolis G ballg) Jedod g o5V al> ye

OBy o550y

&b il Y=Y

DSM MDM aiels iz (s ile 5 oo jlilos (gl oy ilo slox) Y

(o o plo oy opisyly 9 gy adgd) bl )l ool 1 polic clo coglgl walais ¥ als o

)..oL.c O 0l (g W}b‘ ]a.gl” u.:l.u:l » TRM Azwgl ¥ Ab)n

(3el5) ol 4 sl 5 £33 el el o

(Fleomd) oly 4y gl (g5lw (5 s 5 o yi ¥ dlsyo

9l obpaid sl (ST A8 A S

il 0 ol Jpadias pj GiSe ) dledie Cole e
TRM wil,d
A 0 N )
TRM yolic ol cis s 5 LIS Cin oo Sy ol ) dls yo
ool Y=Y (656 glicl Y=Y 5 08 o855V -Y s polie o by, Jdodga o Y s ye
DSM MDM wialsiiz sl 5 ol ,ilos slo o
(shgpt)h 5 saadsd) Cbls)l pelol p polie slaco gyl wiass ¥ al> o
f).\oll.c O onJ«uw;ng ]a.glg) u»l.wl » TRM dxuw gl ¥ 4J>).o
TRM s (gjlocs par g paw i & Al yo
!M Jb",o
TRM olic 5 aayY cipys5 g LIS G ojg> S0 sl 1) dls po
S5 O] Br) &S A)l)u.o dxwgd )lf%,mf 9 d)st-é L;LAM 9 L;.\ﬁlf dlmc)’? 2 TRM
i dibie Sy a8 5508 ol ploj izmen 5 Jlo g Sl mlio 1 Cunl (Sas lojles
paic g9 dw ol Ol o] ;3 4 slagyld 5 Gledd (Y gae yaic dw b
9 Jols |y sz oyt (sl 855) 3oml sl 5090 5 (598 s

5 e s TRM loj wgmyls S o sbu) TRM Gua S, oS alKin
2 b o lleds cpl 005 e Dbl oy CB kil ;o TRM Gus jlaleuds



VP Hle Y oyled ‘V.A:)'li JL (xR ‘:"iji"\‘).‘“u‘r‘&“?. YYA

2k glesls 5 Casl (6518 5 (losd polie (Jpame ol olsl 4545 oo ) (g52ya0l
Sesih sply b cwl shb b plejls 5 1y Slal LU g)plsl ©g] cavdas s
Sogpod |y ol ol U o9d s g ol (o 1l ol g2 ogdle A8 jl5en (a3 Lol
el L5 1) Ko TRM 1y ol peudgs spm

o) Gl jluleda (Sloj corl B ojex cuipar Sl wwss dls e
o) 4l polie pus jl gy b 3 9 23ea TRM polie 5 aY olulid gl (panss
28 Joix @l LSl i 5 pais o Coanl Sbj slagh))l § clbMasl jleslaal L
Sigbin (651 (Slabjad 5 tlto el 5l adlitul b zult 5 36 o asdo oy ol S

S (o Cood! Z yolie oo bly, XY polic Cuonl
S bl . . o Ma!
N @ )l Sy Mol e gose ) .
©de Sb b
s z Y X
; Aol
D1 YYS o S os1oraa o BL AL Y& i
o G
D2 a¥y S s b¥r 5 B2 Aty e

D3I VYSDS  luge S3 VELYF huge B3 A3 VEDF  ape by
DA AVSD Yy oS4 AYSED Y B4 AL VAN e b
QAAY b AAY b St sl

D5 S5 B5 A5 \-A&dA
Ve N Ve YL ke

rolis o balyy Jloiga jou 1F als yo
a3 g polie b5 oa b plply asl TRM sl slye cp o j) dloye oyl
TRM 3 (i0 (p e 9 (nipke dleye (ol Y 5 polie o Ol CLLS)|
W55 o0 58 0olitwly 50 MDM 35 5 (638 zlitw! (yezmad oduzy sla)lil 90005l .l
2 ol il pm Ol g Lalyy (s Comnl Jlog o5 g (yp 4 Al ye (nl
(st Corodl (s & g 295 LDSM g alabiz (o 5le 5 (56 glitinl Cg2yle (ol
JeoS5 355 9 polie g Ol g Ll (38> (Lol sl cnlply D98 e adly Ngn
8,5 plol (cio l38la 5 b (Slios £95) (53 glitiwl g 9 (B 33 o8, bl layn Lo
il b g 5,8 o 51 DSM s MDM (glaJga> 55 098 (s386d 1 o of 295 9
33,5 0 03l MDM 445 dls 1o bl 13 3¢ oo oy 4Sud



YY4q (O, 5 Obsbam) oo sl s iy o jile (55 Luer S

B o &S gpais 9 2w ol (B plitw] pieaw co s 5l eolael (gl
Jol 95 ol p €T (SH ylgs b conl dnyd )l dg3g La:‘j O bl 8
blijlasyd 5 (Y 9 X) paie 93 Coodl a > e oo (550501 bliyl as)d 5 Coonl as s
gaxio &S Jboyd fhid 7w cpais g0 o bl ds g Y Sx cgim pais Cuenl
o3l (s ool oo gl €olSST 5D 0aclE 93 cpaic jb gl Ly (08,5 dals
g0 &S Jlapd () 0aeld) 0yl 505 Y 9 X Cuo] 5B gl XY oy 50 9 0
S o ol 1y led

il glecio] aclyd Jleo ¥ ot

YU oy (o5 Coponl S =85 il y=B5 9 x=A5 ;S1:V sl Ryle 1: If x is A5 and y is B5 Then S is
S5

]

Rule 2: If xis A4 and z is S3 Then S is

ol Lawgio oud Cuonl S =83 Wil Z=S3 g x=Ad S1:¥ oucld 3

Dgdise o9l ol slaging g s el p (5,8 by JS)sbar (lsd oyl
e apoloe sly Sliee lawgy sddolpin Jils @Shs Gua ob L Sldes ploslyw
2 9035 (b)) el 93 ol by e slad)l cdos cpl )3 4 395 00 M5Bl (295
obgy 3 el b i jl8le 5 (g5l gl I Jols (25 ke g e pled] [0S
OiRgR > Shes g9 il 5B gl Jl 38> X9y S 9o (2P COG U 55
Sl ome dlael dls g cpl UL 5o [V] Gl o 00l s gi (YY) ) Sad g Cangd yel
WS 0, MDM s DSM Ly 5le jo objsile
(ol g ganadgs) Olbls)l golul y polie slacyglyl mda Y dls yo
o)l g by b 4 Jdodga o ulul p polie Coglgl pouw als e )
Lylyy ool p yolie sancoglyl cls o pl Bun g o pldl dabdiis s ylo s DSM
adgs (giloedpoil) an b b CLSUST & ol sl pgd pB )5 0ud e
ol ol o gdise silociye o] ool pole lacodsl o 2gbe Jlos!
sl oaboolitiol T kio o " tog) & yg5igusg ! ST gy gl (sl Blp 5

1. Netdraw
2. Ucinet



VFeo )l« Y oyl ‘rﬁbjl.g_ JL (xR iﬁ;ﬁ*‘)‘“‘r‘? Yy«

2l cagdyl it e polie Pl A5 S e e 3R 0pdh JeboSgjo0
V5l iy podlie U S oo i pe 0)lgd |y polie cgdinpliahy b cnlpli 8515 paie 93 2 (o
2 odbciye gyl So oV plie cplply 265,88 e (ol b ol iS5
ADVI S (o0 518 (e ol Jlad Sl 53 b (ol o

5 DSM G sle anads cilizee slagby) jl cunl 0ad (o (63)90 adlllae
29 odlawl MDM
rolie o oddgancuglgl lgy bl 5 TRM drwg :F als o
crl plsl sy sl polis ( edigancaggl balg) wlol 3 TRM (gilwosly (i pl8
oS Mad 9 M)l aSud g g le (el b Y ) baY jlsls ol
P9 ol (b

4Y 5 Jpaze o Y (Jilom x5 5 TRM ol 53 5l s Ygomn
L3S o 58 gy Cyao 5 500 sl Y 5 lons

@ YL sl 5 Jpamme @l aipidy |y a4Y dw jl @pe pyp 3 TRM Ygase
X5yS oo )3 4d8 59y 2 TRM jolic e 95 (0 355 4 (b
TRM sl 4 g5 o] 10 als yo
bl 2 g 0ad (alos Y g Slojolal g ladjpeal) )8 g Ban uayd g dloyo ol
(& %) 39800 2o RS (59, > Cpgoty 5] 2B ¥ P g5

GHEBTRM digai 4[5

TRM s (sl (spar g puw 5 37 dl> o
Looad a3 Lo 5 58 g Bam g o L TRM anwgi g (ol zols (bl al>yo 5

(Y JSK8) 298 00 ams 5 oo 13

1. Excel

2. Vosviewer
3. Loomeo
4. Matlab



vy (OLen 5 Obsloes) oo atabs ™l L Slo (iloar LS

Division 2015 2016 2017 2018 2018 2020 2021 2022 2023

Product

Service

I m/
‘1’%/’ | D
Technology g / 1
et
et A
_m_/
Sig  SHTRM digasi ) e[S

oly 4l polis o bulyy Jlod Comal 1 (olidny o)l 53l Do yla Sl
& 3lg o0 onlple WS e (bles imjlite |y TRM jslie e Lalyy Jiboss 5 00,8 a5
9 48 551 gliwl wlol p 1y 568 TRM Lol polie b uis SaS laylojlo ¢ ey
Luly) IS8 aw & Wlgi o &8 polie (g Laily) glgil g polie Lo (olal 3 (o 5lo Jilos
by a2g 4 (8 b o) dg2g ellaly L) S g sho ©jpon o oS ol adi b
5,559 cpl ogMedy sl 035 &Iyl Glbls)l Cuenl dn > b Joadl o, S by 0
Olpte (£ ySpmanad Wl 5 ol ol L byl gjlwosly 45 cusl SSWSS 51 e
o;l.awl b ey L;Lmolo g Jolye 4 asg b (YA LS 5 o addlles b (oolpiiny
3 e ,w Pl i b lbs 15 cul 55 Cusdly 4 mls da )l jl plgs
L awlis » Ll K0 5l 56 MDM ais L g (gjlws par sblio cpiomon f4nd o
Jaus jobay oly 4 Koo (gl ybgy JUS 1 ol e ) 5,505, opl e Sldllas (505
23,5 oalauwl

oW BBl g Ladly o .F

ol gilwodly jshied 4¥aix TRM & pujiwdpis & @29 L (53,90 anlllae
aw ¢ (P, P2, P3) Joaxe aw ¢ (T1, T2, T3) (,0ld aw b o,8 Jlie O (odlpiin
9 39d 0 siwodly Loyl Jalye cab] o .l snds as 5 b 15 (S1, S2, S3) cwss
lise Jolpo )3 0 salss SLI Jos )3 Coz)le ilwosly jslaieds Jlodsa o mls



YYY

\Feo )l« Aal o)l.g..i: ‘("Aé).li Ju ‘&w ‘:"iji"\‘ j‘.\}‘rf.‘?_

wd) ) e 5 ghogd yggugmy (JuST 0 pwg )5 slalile i oleidny o2 )le
Ll
Dgui oo Syl Oli s b Al drwgi g (b Jolye asbl )
¥ s> le TRM polic g bayl Qi 23 9 (IS Buad 0398 SG ST 2 s o
Vil S b b yobis 1 G Contl a2)d (555 g Y 5 polie a5l ey
Do oo yastiie Ve iy
O3 by polie j1 Sy Coonl 430 8 o>
s3 s2 sl p3 p2 pl 3 12 tl s Glys
D A /A A AY el afs AR A JUSTSINGONNY

D Joi> glao V- B 1)) b b polis o 0bls)l 1 6 conl a2y
2 3959 bLo,I V0 ) )0 &S 24 0 asiie 5 8 bawg

[N H — ™ (52} — — — /g
5 g 2 2 338 % 8 %2 23 %8 g g o
2 % 9 9 9 ¢ 8 g9 8 = 8 € 2 € ¢ g )
- + > Q8 3+ o » < < > & 98 <8 < Sy
= = < =2 = < > < = = < = = = = o

)

ol om bilyy Julodigay o5 1Y dls yo
(5 s oS )l5 _
(s gl -
DSM MDM sialsiz (s ile g b sl (sl ile sl -
o 9 Jsaed (b gliul slagby) b kly) oms Cusnl e ol )
sl o @) & Jgax )3 (3 gl j) Jols) bulyy (oo Cponl gl 94 00

()8 gliccal jl o) Lily) (i oot @l F gt

[N I R T e’ SR B B o BN 0.0 S I s Y o's SN o R Y N | -
22 2852888583883 838 sy
% (%] %‘, [72] [72] g O O O 0O += = = = - T'_. <
< XN -~ < I > L o - 3 g a < J“.'?}(s"‘*‘. Cood |
> T Tz FOFTZTEZOEFE Oz Z .




ey (OLKen 5 Obsle) v atals™ i e Sl (g jluar LS

AV S cwl YA B VY Gl S sllae cdie Jeley b silwedly ol gy
Spie 1 S pp Cogas @l oy AV S g )6 gluinl (639)9 lajerte Ly
e Su g (LY X (6399 it aw) yite ¥ (53 glitiul ly ol (556 izl
Y JSS sl oad a5 e cygde @l b OV S 5V S Bk S (295
i Aslgd (295 Y 9 W cla IS g dad oo L 1) aeled oy yas

oo aa

Varmbe Memersto Lrctnn pres grooe] )

rs

. « o ! - *
e [V
isnasre sve B snarsal sauki|

vS
P<

i

i izl flize 1 Ko Cupde silyi e Y S



Vel FY oplad a3l Jle (it g ke il ot Y'Y

0 o 54 then ety i 03} (1)

5 85 then) (SOMdariaiaeets) m 04} (1)
@0
anats) i a3} (1)
Al i 335 (1)

‘.m aso

(Sanarsatanehy) i af ]

NBlpy 3 selgh iy yas

x Al A2 A3 MM AS
il 4] OI
& o D2 03 03 03
8 02 03 4] 04 D4
B4 02 D3 03 Da 05
8BS D2 D3 > D5 05
) g9 delod
x A A2 A3 A4 AS
z
51 [ D1 [¥F] D2 [17]
52 D2 D2 D2 D3 03
53 D2 D3 D3 D3 4
54 03 D3 D4 Ds D5
55 D3 D4 D4 D5 D5
Y g9 Aslgd

Vo) goiotclide Cipper IV IS



o (O 5 0bslns) oo atals iz oy Sl (Lo LSS

e heten Qg

- St - PRSI
'
.
' i -
o ~
) —
. -
*
. =
> —
"
n
u o
" { g
" S
"
» =~
" .
" -
" o
- -
» o
=
=
n —
=
B
o
» o
» .~ -,
>
alny "

b glicis] (2905 NF S

. Scwraraianets) < 85

1 o I <
2 = 1 e
3 | g >
: —_— —_—
; —_— —_— S pe—
"' -~ —

= ——
n —— =
o — — —
1" » o —
g == Vs et
- | — > \‘
a | -
o | —1
-
2
3
3

J)'b.@k‘:“’/gr?})& 0 s



VP Hle Y oyled ‘V.A:)'li J (xR ‘:"iji"\‘).‘“u‘r‘&“?. YY s

ool 005 B A oV (cloJsiz 1> DSM s MDM  (¢layus o

MDM .¥ st

Olodd Yoj95  Jgamo Yojon (55908 Vo0
s3 s2 sl p3 p2 pl t3 t2 t1 MDM
\ . . . t1

\ . . . . ) . . t2 d)glﬁé \ 0jg>
\ \ . . . . . . ) t3
\ . . . . . \ pl

\ . . \ . . . . . p2 Joame ¥ 059>
p3
) . . . sl

\ . . \ \ . \ s2 Sledd ¥ 0j9>

DSM A g
s3 s2 sl p3 p2 pl t3 t2 t1 Dsm
. . . \ . . . t1
\ . . . . \ . . t2
\ \ . . . . . . \ t3
\ . . . . . \ pl
\ . . \ . . . . . p2
p3
\ . . . sl
\ . . R TR s2
) . . . . s3

(xiacmind )b 9 aandish) ObLS ) (wlal 2 polis Gy glyl walald ¥ ds 5o
Iy (P2, p3, $3) ases (t1, pl, s1) ases (12, 13, S2) adss ¥ ,li8le 5 VA JSG 3illas
ol 038 duwloro



YV (OLen 5 Obsloes) oo atabs ™l L Slo (iloar LS

L |-
[ -
« - Bls2

-sl

[ - &8

- - B
B
B

[ - FX
|- 0
B B
Bl

- B

[ = [

[ o [
-51
ﬂsz
nl3

2 [ 2] 1 W

u [ 5] 2 | 2] \ '

=2 N R “ m ' = '

ot = I o1 ; I \

ot [ 4] N B - K .

t [ 1] ' o & B

o2 Wi 7] . [

=3 ' . =2 n 1 1 ! 1 .

“ " . m ! o
b e o 455 1Y S el B Al 5518 S

W Ve ¢ @8 ® ®e

5\\{5 VOSviewer

5% VOSviewer

s Bl b 4Kl pdipadss VA S

Ol 958 o0 paztie 55 polie Caglgl s ) i)l 3l o M JSS il
Ssygo)) Conl iyl duome (S (g & GAGISL )Nl 4 2 L
Syl 9 Sy Olgicen (258 yiaS adyed il g 0nd K3 ol Jlab yolie 4 ol
B8 ) 5l JS 12 iy gz IV JSD & dagi b ciged gl )5 )l )5 3 ) olis
08 dplos V (65l Cuglgl aeldl )3 g sl ¥ (5)gld Sl i Y (g)5ld Cuglyl dlie
oW sl adls (men @Sl Jelod slalpl 5l e 568 b s delod sl
WS o SaS ais ol g BaSeslaiw] & add s oo > aS 58 ealatwl 55
ool o dlre & Joua )3 (S slapadls (sl oS s



VP Hle Y oyled ‘("A’).li JL (xR ‘:"iji"\‘).‘“u‘r‘&“?. YYA

S S 35 80 3 (455 S S st 3 o

o (4ul) Q18 Colaseuiine
RS Jages g5
q %)
\$ 384 yaia (slaad) Jb
SIS 3)lge b nad
\$ & ggome
Self-Loop adls d¢5
TETYY Jlito i ) o
-/ Y
\ Jao 12
Jate ol ) S5 lalad
a Jate s S5y Sl g,
\$ Jato spr S5 o Sl )
3 (oB) o8l alols 5Tas
Y/ v ol Aol (Lo
AYYYYYY Aged o515
- o9 Ysjle

ol gl o sadgacuglsl buly, owlwl y TRM dsws F alsye
o Siloodly pole g & galsye I Lol ordsancagyl ilyy olol  TRM s o
9 ol olol p b BaY (pS)l3 Jore (pizren 9 ¥ Ll glate (py 9
A ol Al WY S 5l ead cabades (gdSs

TRM g5 G120 als> o

Do o 2l LAY 5 Sloj slul g ladpaly )5 5 Bud o yd g9 Al o opl

TRM g5 (5 jlos s 9 w3 17 > o

9 siuCaglyl 9 Al 4 g b adB ol (298 O JSS Billas alspe ol



Yvq (08 5 Obsloens) o dials ki oo jile (6 5lear LSS

Loy cunal g oocuglyl s oy pieil 4 g b il ol (25 I USS

ndloiudyy 9 (6 5 425 .0
izl S 5 Glojom ol 3 & Cunl (536 e TRM dnsgs il S adlllas
TRM jole o bly) sancagsl (uyn sl &4 o 9 DSM y MDM (56
deg0 (6D padd (old ) Sg) 00iiS oS golpiuiiy gyl 39, o0 Hlaml Ll oo laiu]
o & ilise sla gy 5 23 yn 5l 55,5 TRM polie lolis iy o5 23

S bl sl ond o)lal o] (g0 ciliseo slagsby, 5 (6ygld ol 4 glgil 5 ook



VP Hle Y oyled ‘V.A:)'li JL (xR ‘:"iji"\‘).‘“u‘r‘&“?. Y¥-.

o) Se b MDM g (o6 glazal ) plojen oslisial cimgy ol opgly sloaia
i o bailyy (owyp sl (bl as b QFD oS’ L3 ldllas G ol (oS 5
sbaudgize padé lp ad gy p @Y 4w (o bily) Glojen jobay 5 8,54 TRM
(V-YA) J g oo adllae oS 5 b oy (e by 2 39505 b (vl cnl 3 ¢ wlilllas
ol ol o33 ] Moo i3 ety ol Kt YY) olSen 5 ol g
e (8 adlhs 5 pow o TRM dnwgi (6l S0 b duglie )3 adllao ol (ool
WS o 5 (36 gliztl g MDM 5l oo odlizl MDM (gl jl olizl 5o
)3 eJols 93 bt TRM jpolie o Lally) (bl s TRM dewgs $59) Sz 20l
By el yude oo sz cwl b 1) paie 93 o laily) 0508 5 paie 95 Coonl
ais oblb ly g8 SledMbl colgys Jg il ol colee jl Lls i slaosls 4

22,15 oo YL )3 (S el
Conle olpl 23 (s 1) TRM aswg 859, (Sagme TRM laa¥ (6,53
sdiipn)d sy glol b oS Syp elde ) (gyml) ladld )3 ohigh (sdlidy
2 OB il b gl zls 1 edlaiel b gy cplil g daled Puube wad o asuine
Slojor MDM sitn slizal B 5 5585 DSM 5 MDM  cledbl ¢pgd dls e
ClS Gl ple o 9 (b Bl o ple SIS 50 5l 5 oS oo
Lo aS] Consss 139 olyon ilise (clacgsgise b imgh cpl )58 o jLis] )5 1) asels
‘5”1@? il Lnled dawg Sl TRM zlicw! (10le8 ol dgu BB (gologuiy o9,
ol ) e Sy Hshio TRM jolie conal (2bj)l lp (o5l 5 3:55 sl )b
Bbrigts 5 b ol ool sl Sioygn TRM as plin 53 olaaie (655 e
i 5 SIS 5 51a30 111, TRM 31 s s o ool oty o o
a9 e Aujp g olej 4 bgye SleMbl Ll 2 TRM 5 cosl (bls)l wleMbl
Do d8lal 385 (g3l LTRM iy iwso 4 b (g i SleMbl ¢ 8ly base
Sylil )l dgxg endoleidny womly 5l Cales g Jurwd sl soaxe o by, cales)
dwg’ $lp DSM Jgaze (Ll uple )l8ley sbajlil g ojon Capte )b
OlPer s pdssb 9 s 9 Jloig 5 sl g Mt (o pies p3 (bS] e ile
5 LY | Sy Slges Cunle dg3g 4 dag b 3gd oo dlgidiy 3,5 edlitwl bl )



YE) (OLen 5 Obsloes) oo atabs ™l L Slo (iloar LS

P e e b el ol Jeoll ob pbol ) gunades 1503 glgl g e polis
5 omasie Jip o ) kit imgly il 2 0 s 5 e 35 TRM g
oo 9 ) (29990 pdlie oS Jbs > il dlpiin TRM yolie le balgy waais (glyy 8,5
iy 5 ol o] Adrads 45 05 asedio cbighd Jgb 55 Lol Sl ordolitl ] iy gl
by odae DSM &l oolitwl )00 slpsuiy 0)l6 2959 (29993 (6338 piaanens b Laslg,
&l 2y o Sl sloingly 3 55 536 MDM | g5 oo (yimam il 29345 DSM
P38 0s 05 Soge Gyidy Slllhe b olidy caly oy ksl Gl
% i sbghey b olgie 1) odleidn amily d9d oolitul Cuaio g Sy
Siloispar 5 il 5 Baas TRM 39350 (b pis S92 CPM 4 PERT wile
I olida el S by cwl oad jSyete TRM 1> 0lbls)l g (ol jewe (35
ity TRM a5 oloj )3 Ciliso o)l8 5l gt s (gl Wnodls (5 glaer

S e



VP Hle Y oyled ‘V.A:)'li JL (xR ‘:"iji"\‘).‘“u‘r‘&“?. Y¥Y

o

1. Amindoust, A., Ahmed, S., Saghafinia, A., & Bahreininejad, A. (2012).
Sustainable supplier selection: A ranking model based on fuzzy inference
system. Applied Soft Computing, 12(6), 1668-1677.

2.An, Y., Lee, S., & Park, Y. (2008). Development of an integrated product-service
roadmap with QFD. International Journal of Service Industry Management,
19(5), 621-638.

3. Browning, T. R. (2016). Design Structure Matrix Extensions and Innovations: A
Survey and New Opportunities. IEEE Transactions on Engineering
Management, 63(1), 27-52.

4.Browning, T. R, & Eppinger, S. D. (2002). Modeling impacts of process
architecture on cost and schedule risk in product development. IEEE
Transactions on Engineering Management, 49(4), 428-442.

5. Caetano, M., & Amaral, D. C. (2011). Roadmapping for technology push and
partnership: A contribution for open innovation environments. Technovation,
31(7), 320-335.

6. Carlos, R., Amaral, D. C., & Caetano, M. (2018). Framework for continuous agile
technology roadmap updating. Innovation & Management Review, 15(3), 321-
336.

7.Cho, Y., Yoon, S.-P., & Kim, K.-S. (2016). An industrial technology roadmap for
supporting public R&D planning. Technological Forecasting and Social
Change, 107, 1-12.

8. de Alcantara, D. P., & Martens, M. L. (2019). Technology Roadmapping (TRM):
a systematic review of the literature focusing on models. Technological
Forecasting and Social Change, 138, 127-138.

9. Daim, T. U., & Oliver, T. (2008). Implementing technology roadmap process in
the energy services sector: A case study of a government agency. Technological
Forecasting and Social Change, 75(5), 687-720.

10. Danilovic, M., & Browning, T. R. (2007). Managing complex product
development projects with design structure matrices and domain mapping
matrices. International Journal of Project Management, 25(3), 300-314.

11. Danilovic, M., & Sandkull, B. (2005). The use of dependence structure matrix
and domain mapping matrix in managing uncertainty in multiple project
situations. International Journal of Project Management, 23(3), 193-203.

12. Danilovic, M., & Sigemyr, T. (2003, October). DSM approach in early product
development phases. In Proceedings of the 5th International Design Structure
Matrix (DSM) Workshop, Oct (pp. 22-23).

13. Dunn, T. P., & Sussman, J. M. (2006). Design Structure Matrices to Improve
Decentralized Urban Transportation Systems. Transportation Research Record:
Journal of the Transportation Research Board, 1978(1), 193-200.

14. Garcia, M. L., & Bray, O. H. (1997). Fundamentals of technology roadmapping.
Retrieved from http://dx.doi.org/10.2172/471364

15. Geum, Y., Jeon, J., & Seol, H. (2013). Identifying technological opportunities
using the novelty detection technique: a case of laser technology in
semiconductor manufacturing. Technology Analysis & Strategic Management,
25(1), 1-22.



YFY (O, 5 Obsbam) oo sl s iy o jile (55 Luer S

16. Geum, Y., Lee, S., & Park, Y. (2014). Combining technology roadmap and
system dynamics simulation to support scenario-planning: A case of car-sharing
service. Computers & Industrial Engineering, 71, 37-49.

17. Geum, Y., Lee, S., Kang, D., & Park, Y. (2011). Technology roadmapping for
technology-based product-service integration: A case study. Journal of
Engineering and Technology Management, 28(3), 128-146.

18. Geum, Y., Lee, S, Kang, D., & Park, Y. (2011). The customisation framework
for roadmapping product-service integration. Service Business, 5(3), 213-236.

19. Greitemann, J., Hehl, M., Wagner, D., & Reinhart, G. (2016). Scenario and
roadmap-based approach for the analysis of prospective production technology
needs. Production Engineering, 10(3), 337-343.

20. Groenveld, P. (1997). Roadmapping Integrates Business and Technology.
Research-Technology Management, 40(5), 48-55.

21. Herrera-Viedma, E., & Peis, E. (2003). Evaluating the informative quality of
documents in SGML format from judgements by means of fuzzy linguistic
techniques based on computing with words. Information Processing &
Management, 39(2), 233-249.

22.Jeon, J., Lee, H., & Park, Y. (2011). Implementing technology roadmapping
with supplier selection for semiconductor manufacturing companies. Technology
Analysis & Strategic Management, 23(8), 899-918.

23.Jeong, Y., & Yoon, B. (2015). Development of patent roadmap based on
technology roadmap by analyzing patterns of patent development. Technovation,
39-40, 37-52.

24.Jin, G., Jeong, Y., & Yoon, B. (2015). Technology-driven roadmaps for
identifying new product/market opportunities: Use of text mining and quality
function deployment. Advanced Engineering Informatics, 29(1), 126-138.

25. Kim, J., Park, Y., & Lee, Y. (2016). A visual scanning of potential disruptive
signals for technology roadmapping: investigating keyword cluster, intensity,
and relationship in futuristic data [Article]. Technology Analysis & Strategic
Management, 28(10), 1225-1246.

26. Kusiak, A., & Wang, J. (1993). Decomposition of the Design Process. Journal of
Mechanical Design, 115(4), 687-695.

27. Lee, H., & Geum, Y. (2017). Development of the scenario-based technology
roadmap considering layer heterogeneity: An approach using CIA and AHP.
Technological Forecasting and Social Change, 117, 12-24.

28.Lee, C., Song, B., & Park, Y. (2015). An instrument for scenario-based
technology roadmapping: How to assess the impacts of future changes on
organisational plans. Technological Forecasting and Social Change, 90, 285-
301.

29. Lee, J. H., Phaal, R.,, & Lee, S.-H. (2013). An integrated service-device-
technology roadmap for smart city development. Technological Forecasting and
Social Change, 80(2), 286-306.

30. Lee, S., Yoon, B., Lee, C., & Park, J. (2009). Business planning based on
technological capabilities: Patent analysis for technology-driven roadmapping.
Technological Forecasting and Social Change, 76(6), 769-786.

31. Lee, S., & Park, Y. (2005). Customization of technology roadmaps according to
roadmapping purposes: Overall process and detailed modules. Technological
Forecasting and Social Change, 72(5), 567-583.



Ve

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

le FY oyl ‘V.A:)'li JL (e S g j‘.\}‘rf.‘?_ Y¥¥

Lindemann, U., & Maurer, M. (2007). Facing Multi-Domain Complexity in
Product Development The Future of Product Development (pp. 351-361):
Springer Berlin Heidelberg.

Lindemann, U., Maurer, M., & Braun, T. (2009). Methods for managing
complex data in product design Structural Complexity Management (pp. 43-60):
Springer Berlin Heidelberg.

Lindemann, U., Maurer, M., & Braun, T. (2009).Product design application
Structural Complexity Management (pp. 143-154): Springer Berlin Heidelberg.
Martin, H., & Daim, T. U. (2012). Technology roadmap development process
(TRDP) for the service sector: A conceptual framework. Technology in Society,
34(1), 94-105.

Moghbel Baarz, A., Azar, A., Taghavi, A., & Nahavandi, B. (2013).
Representing a Methodology for Refinement of Strategic Objectives in Strategy
Map Establishment: Combining Quality Function Deployment and Fuzzy
Screening. Journal of Industrial Management Perspective, 3(Issue 3), 9-38. (In
Persian)

Narimani Ghutlar, E., Fegh-hi Farahmand, N., pilevar, N., Rahmani, K,
Motadel, M. (2021). Design of fuzzy inference system for green supply chain
evaluation of export manufacturing companies. Journal of Industrial
Management Perspective, (In Persian)

Oliveira Valério, K. G. d., Sanches da Silva, C. E., & Neves, S. M. (2021).
Overview on the technology roadmapping (TRM) literature: gaps and
perspectives. Technology Analysis & Strategic Management, 33(1), 58-69.
Okhravi, A., & Shakibamanesh, A. (2019). Provide the model of technology
roadmapping for an advanced system. Journal of Technology Development
Management, 7(1), 91-118. (In Persian)

Park, H., Phaal, R., Ho, J.-Y., & O'Sullivan, E. (2020). Twenty years of
technology and strategic roadmapping research: A school of thought perspective.
Technological Forecasting and Social Change, 154, 119965.

Phaal, R., & Muller, G. (2009). An architectural framework for roadmapping:
Towards visual strategy. Technological Forecasting and Social Change, 76(1),
39-49.

Phaal, R., Farrukh, C. J. P., & Probert, D. R. (2004). Technology roadmapping—
A planning framework for evolution and revolution. Technological Forecasting
and Social Change, 71(1-2), 5-26.

Phaal, R., Farrukh, C., & Probert, D. R. (2013). Technology Management and
Roadmapping at the Firm Level Technology Roadmapping for Strategy and
Innovation (pp. 13-29): Springer Berlin Heidelberg.

Phaal, R., O'Sullivan, E., Routley, M., Ford, S., & Probert, D. (2011). A
framework for mapping industrial emergence. Technological Forecasting and
Social Change, 78(2), 217-230.

Rezaei, E., Paydar, M., & Safaei, A. (2020). Implementation of Accelerating
Benders Decomposition Algorithm for Supply Chain Considering New Product
Development and Customer Relationship Management. Journal of Industrial
Management Perspective, 10(Issue 1), 41-63 (In Persian)

Saritas, O., & Aylen, J. (2010). Using scenarios for roadmapping: The case of
clean production. Technological Forecasting and Social Change, 77(7), 1061-
1075.



YED (OLen 5 Obsloes) oo atabs ™l L Slo (iloar LS

47.Schafer, T., & Mezini, M. (2005). Towards More Flexibility in Software
Visualization Tools. Paper presented at the 3rd IEEE International Workshop on
Visualizing Software for Understanding and Analysis.

48. Shi, Q., & Blomaquist, T. (2012). A new approach for project scheduling using
fuzzy dependency structure matrix. International Journal of Project
Management, 30(4), 503-510.

49. Son, H., Kwon, Y., Park, S. C., & Lee, S. (2017). Using a design structure
matrix to support technology roadmapping for product-service systems.
Technology Analysis & Strategic Management, 30(3), 337-350.

50. Son, W., & Lee, S. (2018). Integrating fuzzy-set theory into technology roadmap
development to support decision-making. Technology Analysis & Strategic
Management, 31(4), 447-461.

51. Steward, D. V. (1965). Partitioning and Tearing Systems of Equations. Journal
of the Society for Industrial and Applied Mathematics Series B Numerical
Analysis, 2(2), 345-365.

52.Suh, J. H., & Park, S. C. (2009). Service-oriented Technology Roadmap
(SoTRM) using patent map for R&D strategy of service industry. Expert Systems
with Applications, 36(3), 6754-6772.

53. Tseng, C. C., Torng, C. C,, & Lin, S. C. (2010). Prioritization of product design
tasks using QFD, TRIZ and DSM. Paper presented at the 2010 IEEE 17Th
International Conference on Industrial Engineering and Engineering
Management.

54. Warfield, J. N. (1973). Binary Matrices in System Modeling. IEEE Transactions
on Systems, Man, and Cybernetics, SMC-3(5), 441-449.

55. Willyard, C. H., & McClees, C. W. (1987). Motorola's Technology Roadmap
Process. Research Management, 30(5), 13-19.

56. Winkowski, C. (2020). Technology development roadmaps: a bibliometric
analysis of scientific literature.

57.Yoon, B., & Phaal, R. (2013). Structuring technological information for
technology roadmapping: data mining approach. Technology Analysis &
Strategic Management, 25(9), 1119-1137.

58. Zadeh, L. A. (1965). Fuzzy sets. Information and Control, 8(3), 338-353.



