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Abstract

Purpose: This study secks to assess the significant effects of blockchain, as a new decentralized technology, in waste
reduction and performance improvement of Freight Transportation Management Systems (FTMS).

Methodolog: The network analysis technique is used as one of the most valid multi-criteria decision-making models.
We developed this model in four levels with four main criteria of performance wastes (including cost, time, trust and
security and safety), and fourteen sub-criteria, considering the blockchain technologies in four areas of digital
infrastructure, visibility, transparency, and smart contracts.

Findings: Findings indicate that each of these technologies, individually and collectively, has reduced the waste of road
freight management systems. The digital infrastructure technology reduced time and cost waste by 46.44% and 53.56%,
respectively. Visibility has reduced 23.99%, 22.30%, and 53.71% of the wastes of cost, time, and safety, respectively. The
transparency technology has influenced time and trust and security by 22.63% and 77.37%, respectively, and smart
contracts affected the two above waste categories by 88.81% and 11.19%, respectively. The most effective wastes were
identified as transportation costs, control costs, transparency in providing information, control of product conditions,
and driver monitoring.

Originality /Value: This study identified the most crucial road freight transport wastes and made it possible to determine

priorities in various areas of blockchain technologies for future investment to improve the FTMS performance, and the
findings of this study might be a starting point for future studies in this context.

Keywords: Blockchain, Freight transportation management systems, Network analysis technique.

Corresponding Author: a.negravi.shomaluni@gmail.com @ http://dorl.net/dor/20.1001.1.25385097.1402.8.2.12.6
Licensee. Journal of Decisions and Operations Research. This article is an open access article distributed under the
@@ terms and conditions of the Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0).


mailto:dastam66@gmail.com
http://dorl.net/dor/20.1001.1.25385097.1402.8.2.12.6
https://orcid.org/0000-0002-2007-0781

s

“

‘..«w.o.ai

29 G5 5 (6,5

FAY-01F tamdp NF Y L)l:VMJU A a)l.o..i' A 0)9> &

Oldos 10 G g (G g5 paonddd

FAY=045 (VP2 Y) (Y) o lach A 090

Journal of Decisions and
Operations Research

www.journal-dmot.ir

g Jox Cu paho (G 3550 g3 puxS M gl 550d0iSS Sl gl sy
SIS o g, 5 oliciand LY losl>

i el 591 5K |
'Q‘)ﬁ‘ ‘ULJ uJLa.w oKl ‘C)‘J“"‘c o ol 05;\

oS>

d K

Sy 9 O 2alS 53 ¢3S 0t 18 55 (69l lsedr (SOl a5 B IS b 4 B ol S5 5s aadllas ol iiiia
3315, VS (glosl> &5 form e Slapins > Shes

B ealislay e 5ol 3 oylamadinn (6 S eand SLadie oy i pine 51 (S5 Olgeas ISl Jolod it < gy ol )
SV gl el s olazel oy et s ol (3 Shas LAl ol jlms 5l 5 ablianus s el slez 5o de pl (255
Clil s o Jloms Gasloj ey sler 53 58 slacs 35188 DTy Ll Ll Jlms 5035l olen 4 0550
238 5 b ayse Lagl p diadigs slaslsl3

S s SN 2818 g rren 55 5 W8I ) geots a5 IS5l 5SS o S isls GLES o (glaanily sLaaily
g ole) 5 aus GOl Jhews Galsle ) @3S NS Gl Loz Y (gloslr J& 5 for oy ko
OBL 5 VS eol 5 0bey ca 3o BNl aws jalS Cse T2s SLGEIHFS Sl 035 EalS JIL OF 0% 5 €7, 88%
b il e s Cial 5 slazel cyle) GO 3 Codlids 6 IS 51 .l 0l OF VAo 5 OXY o (V¥ 48% ()5 &3 o oy
W V8% 5 AN )M T 5 5o Ml wiws 55 pad 5 50 Ladogn Sasls)l 3 o g oalS Oysms s VY, YV% 5 YY 1Y%
P CBlas ( J S Glaay sa VIS |55 fa (slaay 5o 4 by 0 O] 1 5 5y a8 03ls LS Wajlne 3 (sduady Ly SIS 5
WBLAs slaslas eSS Glacs3 ) iSS (slaoy s o ) GAT 53 el 03 0kl Ky gasle 5 YIS a2 S (Sledbl wll
Bl S Il ol Fa ekiadign glaslal3 s Jioms lacslu s o g0

Slaaigm SISy S b [y VIS (gloslr J g foom (SN s ongn b il amllas ol gl £ s 03959121/ Lol
Sy 5> Lo sl s Ol paioge ol OAS (pdis) b oiled oLl OBl 51 G o 1) eSO a5 iSS calise
JosJor (63, Mas Glaptm Cu e 35 Sz 53 T Glaanwss 5 6518 wle jun laieny eSO Glags3lySS s
il anay ol 53 ST slaasilan 31 (ks (Sl (o815, alal LIS o el ) (Slaaily 5 Sl syl VIS (gl

(IS o YIS loslar 85 o S e (6o tamann ¢S Lol LIS

doddo - )

B YLS &\o.}l’- L/LL)J'Q} 3‘}'&&5‘ J.dl.it b Q‘J:'_‘ )).:.S cj:a.jﬁb. g._il:ov.ﬂ le.h)).:.s .>L..a:\§| )\ ;55/‘))’ )L:.m.’ u:ou YKJL}J.A} o
oo o posmasa Gl Shs 5o 5 Sloslr (bLoyl Sl am g B Conms 5 pslgy lilir 4 a5 b (Ss B ) ol
@ VS JBs o ogd (nSgmb s e Ol Y oo 4 0 alrals K6l 5 YIS oo 5 b 0l 5 (5 pdydllans]

da oi'”_ﬁ*

a.negravi.shomaluni@gmail.com
http://dorl.net/dor/20.1001.1.25385097.1402.8.2.12.6 @


mailto:dastam66@gmail.com
http://dorl.net/dor/20.1001.1.25385097.1402.8.2.12.6

¢4y

e G 3o g1 2SN (Slacsl J5SS N o)

<o

o S g 5 eslinal L YIS glosl> Jag fo

<

ozl (godate GO 4 5lrs VS (slosl Jg Jor (5Lt o ke 5, Ses b3 Sblze 2525k [1] e Sles
ails 5 g (Glosl Stuad S e daie (gla fisny 53 LadM) -l L[] ([2] ol ol 5 siag) vy 58 ¢ ds 9oy (saM!
S5 oS [A]-[6] sl oo | pmS D a3l 95 a3 pSS 3,8 L Jad e 1 0T 5,80 350 (63 ate Slallas
oSN L HAsSS 2,08 )l Sl 2,08 JBs Jem mbis abar3l mlis 51 (ol 3 0ig ol &5 Cunl (6 S0t 8
Sl S Olser eSO [7] S el 1) Sl 5 Lnesls o ay (guw s Sl 5 Gliadsl CLiB (5510315 15 o
Sbaslayl b S ez b sy Asle Thas 2 e Sleds oS )ls 1y oU15 ol ([8] e 4 Lo (05 s 2 5Fen Slodl
I Geabieyasy laacar e U158 o ¢S 35 Gac Ll bl 4y [10] ([9] LS A5 dnalisn slajlil 5 Jliamss SIS
o213 Gilmn 0155 oo L) 5l sl a3l b b 0T Al b 5 [11] slsy)3 i S 0L s 42 o 525 B sl slpe 5
3302 1y dgnams 0330 555 5 SILal ¢ b3y Cbl riman 55,8 ol cpalio sy (slaan] b 5o VIS Sz 51 ST 280 LG
SU ang 555 (AT 508 ol 13 o JolSS gl gl 55 mSS (558 Sl @ a5 b [12]-[14] aots
Geos b Bl el Ol BB 31 (5ol 3 4l 0l 3 LB 0T 3,08 Tl 8 B Sl 0 el 5los )0 e L
S o LB Sl 5306 53 pll 53 VS Glaslor Jais fom 2 (oSO ST 5SS 51 o any )3 andllas (sl Gl e
2 LSS5 pl 308 @ ble ang 5 AT 2l oo Jis fo o e (Slaptomn 3,S0es 35040 2 9 S518 n
Slallas slaadly 31 ¢ xS0 b aS sl O Iz 4 ool G e pl 4 (b plaiens 33,5 YIS St Cnio
Gl 5 lacinis 2alS oo Ll o0 6550 SO b Jas o (Slas 5505585 5l eslisl as ey o) Jlgon o) 4 42508
Sy ol el JS |y allie el JooSS sy LB o) Jlpen ) a0 oy 355 VIS (Gloslar Jiip o (ot pes $Laptss

e sl @ 35 0lnl 3 eksm aygm ol ol (slaandlae (5 S IS s sl 5 wlud (8 Ulyieay

@855 Olwdl (5590 =Y
YIS glosls s oo gyt 5L piiummman 5o (gl s Lis -¥ - )

b ol 5l VI gloslor a5 Jemm S e (oo it slaeigm 53 S Slacs 50585 Sl b3l 5l i
D aom ) Laay 58 Ll ls Lol b s e slaassans ) 5 La(.:w:.w gl Ll 5 Cdy s s esle olulis
Slaa 5 gl s 3503 s @23 53 43 S 55ba 015 g0 b a5 ol e VIS (gloslr L85 Jam (Slaptans (SLa 330
Ll i CS 8 Cleb 0 5 (5 GV g alaml s lasis 5 Laay s ol Sl VIS ol 5 (85 Jom
o slod 3 plasl 5 s,y 8 4 3l e as )l 5 (Sl VS iz 5 (Slbodald o1 sl 03 s (51
Gk 3 ailg e a8 Sl SN guames plos 31 5 C3leas o (slaan 3o aS [1] S e sl ladlaeses lag salS o850 5
S 5 AS IS Gl pa Jold pl oo 1y ey 5o () s J S Slaas 38 s as ipd ratler Jsems slagpelS
3 o ol oo alises glaton 53 IS gy wanils L oo 5 (eSS (1001 a3l alio oy (sla S sles 5
G o e 53 e AN K05 51 dow oy [15] 505 &) g0 ilises Sl 5 SaSL 5 Sl (555 b
S i 31 31l ot VIS ol o5 & 35w U8 15 Jam oy ke (St 93 05 ot el [ o
23k 5 oIl ke 3l Ciltee Sllee ploy Jalds S ol Sllas 5l 0S5 )35 2w [16] ol i oy iz
OB By sl gl Jols S0 o Cuils wio,e 5 A5 SLLolE 5 Lasasmss @ by e 5Lonyse Sledlbol
Dby ar by S iy [18] 17] sl VIS almaslm s 51 3Bl g Ji5 fom il (sla 2 3 Sledbl il o
Jyeneysba (o5 (S5 /S 8 5 SIS Slaslaslp anls Galalu ) 4 amsi b s ol ool Lasls)) 3 e 5 o
Ol -3 g oo 35hke (SIS Sy 1 53 SLsla)l3 4 Loy o (slaedis 55 3)l50 (5 53 5 00l O o gl i (61 (6345 0oy
Clo 35 aiSUI S CS)5 oS adlse 50 ehaa (Dl polel sy JBsJe b e slaaypa Sl Gl el Oy
Ml sy oy s S o 53 Colid pids L fam 4358 wpaay Sl poe il ) 53 3L U5 Lo 0S50

! Blockchain *Internet of Things (IoT)
2 Pair to Pair (P2P)

3 Online

* Transportation Management Systems (TMS)



e OBl S s e o B 6,55k 0l 3l edd G o Sl 4 VIS 5o oy ol Loy BNy 13851 Sl e s
e 30 slagle) 5 (S5 oS15 dsle she gla) 53 (S35 e S 305 s 07 en 2 Shs Ol Sl ol ol 25
E) slazel [20] Sl )‘.@;‘ﬂ&:ﬂ U'-’-‘ Ulj:'aj" DJ.:&.JB;:J‘J:M b)’ﬂ")}:‘““" Lgl.ag.aé}; O‘}:‘A c(’,Sf C,&f.d ¢L§.L;b a‘}}r_.l G|
Dol utol 5 olisabl lie S sbar sl 5 slaze) (ot Ls .ol JE 5 oo wnn (5La NG Sl la Ko ol el
u&\zszggu&gjau&jygg;&s‘o@u)},wuﬁ}w‘ﬁ&psbjlﬁ‘_&}d&wéudpwomel
e 355 0 sleds & S5 Jo GLapTs LA 555 ) S e 0856 o2 3 VS 5 s el sose [21]
Conioy Sy sle 5 OS50 5 YIS Jowa 3 g3 5 by ¢ Js o o180 55 S sbo s 5 Los e i) VIS Loyl 80 J 8 (oo

[22] wn a3 Li ol slaas games 3 51 (Sl 09 il oSl

Y Sl Co o 18 (xS 51 55909555 (glaojgo - V-

S s o oL wsdS Olallas w)  [24] (23] ol gl Jlhe 55 35 eSO 5505 5,508 5 anus ax S
Slacslu ) sl =V liledds s Lol e Sl 03 VS J5 Jom Cario 5 (aolin iy 5 SIS eSS (sla 655055
Sl 3 ppalbe iy lies (gla i a0 gy o Sdate GLaT S iatign (slaslayl 3 - 5T Blas <Y Ty Y Sl
by 53 LYK Sge 0l 5 S o sl (a3 B el (oS Gl B2y (e Slkes 5t 5 i o Jedlp
3 2 hL i (St (5 5 03,5 S8 QS sl (35 Jlms 4 L35 o oSN n (e LIS hlei o Joee
SUl5 oy B [25] wles al b 4Kl sliasl aan o 03 b SBlas la i ples G Sy Lo
45 Sl LaodiSu I 5 ol puze (o 55 5 LSS slozel sl 5 by SLedBT 213 )3 (oSO Gla3s)esS
adlanly 5 Ol l b [26]-[28] 50y Soygen ks 5 nils SNl ulud Ly 9856 5 VIS Cmbge L3y 30,k 3 Ll e
oSN S5 5SS 58 L DBlelae > Codlils 550 [29] s JalST]) aalns slaasy 3o U315 o S Sba(s3 51655
2 b Sl e glrosls 4 a5 L [B1] ([30] 25 plosl nosls STl el 5 (2200 ol 51 (6 S5k b 51 il o0
Sobazsl 13 wls e Sl Comge Sl ol 1y el (55 50 eliopmdy 53 QEASES 4 (gl Codlids (g )lad S el
slge dibe sl @w ol vt 30 liadol CilB ) [33] ([32] 5 s DMl Calises (sla s 5, Sos 5500 5 005
313,13 [30] sl 13y 55 (2VL a1 LaaT 53 (5 SV gammes W5 ISl pale 5 Il 5 oDl oS 3)ls 0500 5 2108
il ( 5in o (Gl goms 45 Lo 2 [34] S n L] SIS355 5 sbay 1 315513 slse 45 ol Jlims alalas il dialign
LS 1 Lnalansl s 3las diatosn (glasls)l3 [35] sls o g5 oS sl a1y T 4 3 55 oo drecdign 313513 S5 2 b 3 09 o0
Ll e Ladign Glasla)l3 ol osde [36] Lins s il Sllas slaaysa 5 Al (6508 (S Slles 4 5Ls ool
S oyt Dlallas ) s 5 0 [37] s sl S5 Dot |y Shlus Ol ladan dils odlind o 5l (Slaasl
3630 A sla s udls U [38] ol 5 (6 mions mim i) VIS St 5 el oy S ke 53 (635585 31 (5sline
bl sl Bl (s il 4 «omelio oy (55T J2al3l sl 6559555 Slaclbl ol oo il s,
e O i w,e Sphiillan) o) (Sl lSen (K55S Sl ety dagl glawily
5 bolis (el Slaey (65510l p53) 5 Db (5l5 anmsi b o 3l 0Ll s dd plulis ba sl
S oy 2 2 [39] 0LSen 5 e JS5 [38] el (555 00 ooy Sy b8 (5 (S0 50555 (Sa s (5 1S e s
Azl Y YV B Y V€ gladbo 3 lie QY ooy ot o3l 5550 antlan G s agyT ez ls o ol slpe cpmolio oy o Lil &5 2l
Copde i U5 S o 0nel Jolis olajiin 55 lal 5,508 il ghls Lal Sl oS sls plis eyl G slaasily
315 QLS ks gl ol gl Sl sl ondy 53 Codlid 5 I Slge CohS (535S (i Sle roul 3 gogr il il
5 bl anils alio oy sl 53 Cdlids 5 Jgummme CakS oLl (1 L) S 2l 5,08 4 (6 5 45 sl gy Qs 4
4 [40] OSCan 5 Asgz [39] L85 53 pmelbo sy 3l pelaws 53 4z LG sgba b Sledlbl (65518 e (Glapins

' Digitalization * Transparency
2 Visibility 4 Smart contracts

£4¢

LS

3 55989

./j

FAY=01 8 tamis NP1 Y Gl ¥ o)leds A oyss cldos 53 Gaoes 5 (5 S



¢40

e G 3o g1 2SN (Slacsl J5SS N o)

<o

o S g 5 eslinal L YIS glosl> Jag fo

<

Sagl kizsls  rmslio oy 55 Olabsl (133l (550585 BLasl bl 5 mebionnsy 2 SIS Sy sla ) ST gy ol
Pl Jlrs a5 ealinl (Sunady ool Slp el 5 g 5 Jlodd Colsaades w3 gl hs) AL 63,505,
oy 38 oot a5 b Ja o o0 0 5 S5 b ablie sl Juo) glag 512 Ol e plSowtnl 5 (SOl (551 ol
2 OHSE GaKs S 3 S SIS L e slaciy, 4 Wsls ol Laasily b w8 ks bagl oS s
3o 4 [41] QUSCen 5 e 3ol (6 S05 andllas 53 ol 0l o (o) (3 mlias (poolbo s o5 40 (eabio s
bl 2 630 Lo 55 sl S 31 Lol ks W (63505585 L (slaels 55 (518 le jun S (sl 58U (4
Lo plalid Coenl b glacon s 3 (S5 Olseas ($55 588 Sy oy 23550 Gy (s S 53 505 o3lisad (55 (sls e
O SISl G 5SS (3855 o slazel ColB lass 3, Shas 53 Codlasy Jols Syl glaslons 5 -[40]
Sy by (s3lerky Sl 2ol bl 4 [42] 8 Sl 48 5 (55359 25 (535055 Sl ealitad (S50l l5n 55550555
ok (L?._‘,\ S Doty 50351 (3,8 5 Slanwg ¢ O gyl s sl LA ozl 3l ol Sy sbesls 5 e
e sl 3 alulis [y Ll 3zl 31 ol Sy slaesls bl s cpealio s ys (ol o SIS 31 (sl ite LagT .o
i gl yasli ] plosle (Sl sl diedign )b edlaslyl gzl daacdly bl dishs gl )l Sl oo i

[43] 55,5 oo ole il Sk g 7S 4203 5 (5 e Sglioy bl oo 5 S s 3o S50 (61 (6 5 e (65 S
. ” 33 . w.’.s) _r
Y sloola Jigdox Copiko (sl 0 Sdos g (xS (slag 5919355 byl (5598 Joro -1~

L3S ol o BLES Ol o S G355 o S b JE 5 Je Cu e (SUaptmns (SO (1 dglis b
Qe by 3o Bl oy Lo (o ks L 0l oo osate (s 5L JICET YIS losla Ji g form S ke 3, Shes 550
5 Sl gy o o Glacsle ) Gsrer 52SM Glas3l eSS Gla S 5 0860 5 VIS el 5 ol 5 slazel
V ISS s pasia |y g ey e SLa gt 3 Ses 5 oS 30 s 38T ol oy DLl dialisn slaslsyl 3

s e gL YIS e g fe Slapian 63,5 e ANl 1y S (sla 6550485 Dl ST aS Sl 0 ggde Jbo

RV
S8 g s Sl 5 5
Y glesla 155 fon

&3 Ko (sl ST sl sl

0 Shes (sl I sl piio

g o o yaoko (Lo 9, 5os 53 (xS (L5 504 9550 (6 1T 5l (ogtedo Joo - ) S
LB s g a0 YIS
Figure 1- Conceptual model of the impact of blockchain technologies on the
performance of freight transportation management systems (source: authors).
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Table 1- The relationship between blockchain technologies and performance parameters of road
freight management systems.

N LSS ()laSus &85 SN glo it 3 sl s
O a5 li yo 0 iS5 L ki YIS g fos Sy SN
coos 3 Juzms sl ) C1 YIS a5 Jox sloais;e 1 loasy o
c2 S laare 2
52 i Jlums sleeslo g n Slkes b 3 ol
Aesigh slasls |8 g cudlas T2 albls,)| 4
3 PSIRPISE 5
T4 loesls p dwg 6
s Y Jego (e 7
Aladisn claols )5 o codlas sc1 oSl 4l o codliss 8 ool g slozel
sc2 YIS 5 oSl ol s slozel 9
SC3 pgw e85, 0,Shes g wledlbl o slozel 10
SC4 besls y o sleel 11
Toes S1 Y Lylys Jpus 120 56 o VIS el
S2 ol 9 b, 13
S3 oasl, K9l 14

Slasads Judods (6 3l oo (sogy - Y-

Al 3 S 35 dbioals plis V K 53 a8 b len VIS (gloslr o fom S ke (63,500 oSN S5 55 31 (omns 2
Sl Gk 3 Wl e bk (6555 A5 ) s o ST Jlasl 355 iy e g mshans 51 8 oS Sl i
3 3gmge ddate S Rs) p O 35S B e olmedin (S o sladis wole il gla

sl e ol (51aSil Jloss 555 51 Geod ol 3 o)linetine (658 eensd (535050020

Ly ol 1Bl wlas geebionasy 5 YIS JBs e Jdodsn 28 50 Silote olbmedin 68 mendd glafhs) o) 4!
MJQFJ/&J’SM Sd=Z0 L;L‘huj'),) -M)dé 4.;‘)‘ G| ddxs g UAELJA Ol JwLJ: 65% M s 6\]: b &Lﬁ&:—ob
Llasl arng | slaaas ub 23 g0 L;La(.:m:...« (Solwands MAUT" skdi AHP ANP le.ﬁui'j) 4.1.«.7)'\ a)\.«.m.x;{
Lb . Lles gad osliiul [51]-[47] ANP o8 [46] ([45] AHP el padads J.:l;& Sla sy 3l ool pladses i8S sladle ula
E54 5 Wit ol (Sl SoaSs oS it [t USG5l SN 3y SIS Jalpe a8 03 S s ) ppioge ol
Ll 53,5 s b SOl ol b 55 Jelye 3 SG pa ot 31 ko a3 Bl IS KI5 e S5 Belse ol
ablanwg Jdo Olseas ANP Sy das 513 ) 05540 I)‘_grf(..:w.al C}hdﬁbp}g}rﬁbcbs&ﬂugjﬁduﬂrﬁ

' Analytic Hierarchy Process (AHP) 3 Multiple Attribute Utility Theory
* Multi Criteria Decision-Making/Analysis (MCDM/A) (MAUT)

£4

LS

3 55989

n/j

FAY=01 8 tamis NP1 Y Gl ¥ o)leds A oyss cldos 53 Gaoes 5 (5 S



¢4y

e G 3o g1 2SN (Slacsl J5SS N o)

<o

o Sk b 3 0slizd U YIS glosls Jisg o

<

C}k.w O (_}JLE:.» b‘}) Ju‘}skso 4[52] J"'SLSO osliin] Csew L;S‘JAM 4.<~3: &.3' )‘ S AHP s_B.J)\?-JJ AHP 2 e
G0 S a b Sy ool a5 BB S se e 5 [54] (53] diled (3l |y baaligs 50 peolis s aadis Gl (s xS pens

sl 03,8 oS 52855 (pl 58y 53 gldas

JAGJJoua)\m‘\SW\ °"“5“J:§:"3d¢)-’@ 6\.&(:@5‘4&}‘;};4 )\ o)L:m-lJa; ‘5"5W 6\.&‘;&});\ mL:w ANP g);ﬁ)
J:;@QMC:UJ;LAJ:;CA)\&ﬁu)‘gmﬂ'@w@@)éjcm&@xl;-f))\jil;-f

5085 5SS e ol 1055 ) Slaolie iy 4 S (Slaslidons s ol s 2 295 Slaslis s il s - ) fo
NS Slaslms ol s gy ol 03 (A3Rel i3l ge 934193 D) ot s w5y SIS ST Sla el anslie 4y pnmasie
333 (Sl s Coarl oms 40 46 45 5 ol 55 (g LSS Cedtl mo 40 K 455 it 6 B SG glaas) ls S

Sl 0313 LS 1y DS (dsady ) ¥ J g [B5] ol dunslite 350 4 S

[55] (oM sz sy oll 2 (o295 Sliliio Copnarl (e =¥ Jgu
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Figure 2- Decision tree of the relationship between blockchain technologies and functional
wastes of road freight management.
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Table 4- The matrix of pairwise comparisons and the relative weight of the stabilized super matrix
(K=100) for the second level factors related to the goal.

Layie  Coiol goleiel  ploy (gl g YU (Pl odbians (i pilo pgw 3O (s 039
(LW) Local Weight

a3 1 3.45 215 1.65 0.4227

Ceol g Sloel 0.29 1 042 0.66 0.121
olej 0.47 2.38 1 1.21 0.2444

Ol g Y sl 0.61 152 0.83 1 0.2119

o g (529381 (g2 (K=100 50) oundoond (o pigaw (oo (339 9 (529 Clilio (o pilo -0 Jguar
Table 5- The matrix of pairwise comparisons and the relative weight of the stabilized
super matrix (K=100) for the third level factors.

C1l C2 LW T1 T2 T3 T4 T5 LW

C1 1 0.55 0.3554 0 0 0 0 0 0

Cc2 | 181 1 0.6446 0 0 0 0 0 0

T1 0 0 0 1 130 215 270 057 0.236
T2 0 0 0 0.77 1 0.80 0.63 036 0.1227
T3 0 0 0 047 125 1 127 0.32 0.1304
T4 0 0 0 037 159 0.79 1 0.26 0.1189
T5 0 0 0 175 280 315 3.85 1 0.3921
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Table 5- Continued.

SC1 SC2 SC3  SC4 LW S1 S2 S3 LW

SC1 1 3.70 280 215 0.4661 0 0 0 0
SC2 | 0.27 1 065 034 0.1070 0 0 0 0
SC3 | 0.36 155 1 0.59 0.1617 0 0 0 0
SC4 | 047 290 1.70 1 0.2652 0 0 0 0

S1 0 0 0 0 0 1 135 2.65 0.4716

S2 0 0 0 0 0 0.74 1 0.46 0.2275

S3 0 0 0 0 0 0.38 2.8 1 0.3009

b (512,53518 (K=100 50) suudsnsdt (s yilo piguw (caansd (139 9 (29 Slamslitn (yus yilo -7 Jguz
Fluzud S lu gy daey 5o o5k

Table 6- The matrix of pairwise comparisons and the relative weight of the stabilized super
matrix (K=100) of the fourth level factors in the field of digital infrastructure.

sl c1L c2 T1 T4 T5 LW
.. C1 1 365 2.2 14 315 0.3565
[T}
U= Cc2 | 027 1 088 045 075 0.1079
T1| 045 114 1 062 245 0.169
T4 | 071 222 161 1 325 0.2662
T5| 032 133 041 031 1 0.1005

T (512,558 (K=100 10) suudsnsdl (s yilo piguw (caansd (339 9 (5295 Slailibo (s yilo -V g

T Si9 ST dp 40 o oz
Table 7- The matrix of pairwise comparisons and the relative weight of the fixed super
matrix (K=100) of the fourth level factors related to the visibility technology.

Cl1 cC2 T1 T4 T5 S1 S2 S3 LW

C1 1 165 31 22 245 065 085 045 0.1422
C2 | 0.61 1 215 17 19 035 055 035 0.0977
T1| 032 047 1 075 045 065 03 025 0.0538
T¥29 T4 | 045 059 1.33 1 07 05 04 017 0.0608
T5 | 041 053 222 143 1 087 125 0.65 0.1084
S1| 154 286 154 2 115 1 14 08 0.1625
S2 118 182 333 25 08 071 1 075 0.1423
S3 | 222 286 4 588 154 125 133 1 0.2324

T (5l (K=100 59) ool (o yilo pags (o (339 9 (5295 Slantlibo (o -A Jgur

Bl (53819555 a0 ) o)l
Table 8- The matrix of pairwise comparisons and the relative weight of the fixed super
matrix (K=100) of the fourth level factors related to the transparency technology.
T2 T3 SC1 SC2 SC3 SC4 LW
T2 1 175 065 076 084 049 0.1339
j T3 | 0.57 1 074 079 025 0.65 0.0924

SC1 | 154 1.35 1 11 07 215 0.1823
SC2 | 1.32 119 204 1 054 175 0.185
SC3 | 1.19 4 143 1.85 1 3 0.2767
SC4 1204 154 047 057 0.33 1 0.1296

(K=100 ;) ouub (g yilo ygun s (339 9 (529 S lamtlilo (s yilo -4 Jgu

oo (5Bl 8 dise 53 0yl el (sl
Table 9- The matrix of pairwise comparisons and the relative weight of the fixed super
matrix (in K=100) of the fourth level factors related to the smart contracts.

sWols,l,b T2 T3 SsCl LW

2

aigh

T2 1 043 3.6 0.3168
T3 | 23 1 415 05713
SC1 | 0.28 0.24 1 01119
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Figure 3- The relative weight of all indicators, factors and alternatives affecting the objective
function on the decision tree network.
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Figure 4- The effect of each of the blockchain technologies on the performance wastes.
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Figure 5- The ranking of sub-criteria of functional wastes of road freight transport management
systems based on final weight.
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Figure 6- The ranking of blockchain technologies in influencing the performance of road
transport management systems based on final weight.

g5 Azl -7

el 315 VIS (Glosl g fo oy e Sla g 5,50 35 SN S35 (1S3 oLl 4 andlas )l
Ol 5 s 0loy 53 (5 pdydllanil 5 5508 53 ysligy (sloslr (b1 aSl e VIS (Sloslr Stz a5 Ji6 GLlie 085 e
Ol el aborm 3l (gadats Sa Dl 4 5lors VIS Gloslr 5 Jorm Glapimew Lo ks 3, Shae VS 55 4 2 i 525
JsJom mlio dhosl cmlis 51 (ol 53 01g 5l &S Lol (535 50%0 18 (93 (S L) Sl 5 fanl laey 5o
Slaolol3 5 Jhams sl gy «Zodlidoobml Gy b 5 Al oo S G555 2,18 0)ls Sbls 518
S Sl Giludde bl 5 G (ol 53 5315, VS (Glasl Jis Jom o s Slaptins 5 Sas 3500 40 cdiadipa
S SN S Slas 51555 la ise 51 S a SIS bLal Loyl 0 ANP L o) Ol ojlms i
sl 0355 YIS S a0 53 0,05 Y0 51 5y Slaglie aoliis 5 33,k 51 SleMbl (55515 8 .ol ol a3 VIS (glosl~
Sl 03 5 (S il «IMmans Ol O (alslne DBS] ol 53 5035 (ol b oty Sl (ST ansl

Ll 035 = 2

&b el 1 63 Shas (Slasdl (lay gSU (6,50 am S (sla 6550 85 51 K aS 3l OLES G ol (slaasl
2556 gloy S35 iy g B I3 ol 5 ey 5 sl sS Loy S 53 (555 2 (Sl slacs L) oo
G5 P5SS 03 505 loy ey 3 Jalds M1 (gl it 05,5 5 T 31 5 ol anls g5 B 31 056 5 VIS ol
GMIS ) ool 5 sloze) NI s Lol el 0353 SIS 31 Coal 5 slazel 5 oley (63, Shae BN (Lo aze lass S Codlids
Wl g iy (6505 o 1S3 ool 5 slazel L dl anns  dnedign glaslayl 3 (sla g5 55 .ol ails g5 |16
351 oSO G355 5 baslns ) dlajloma 51 S5 s (sl Geosd gl ccpl s osdle sl a2lls oS (510851 gley
slazel daay 3o Jolde ol ey DS o 5y 6,5 Mes GLaDl (sla s L g 31 3o gl bl oSl 03503 ya5ele
Lgs o LM 3 5t 45 Sl 0315 L35 (63, Shoe GV (slaslma 5 (sbnady ol 033 ey 5 336 5 YIS sl ctel
Sledb| 3 slaze! colsly K ygsile YIS Ll i J 8 (DMl alyl 5o Codlid ¢ J =S sbaayja VIS &5 Jo (sbaay 3o 4
WCBlad (S Slag 51T Slaey s (s 5l 48 Lsls Ol gl Sl sl 035 Lasla)l 3 0ol 5 pg 0S50 )

ladly g gl dnalisa bl 3 Lol s 5 Jlams Glacmlu ) (s

Oliizme (gl S solgcioy -V

a5 b Tl YIS (loslor J5 fom s (S s 3,500 S Sy 31 ain 53 Lnaalllas ol s) a1 5o )
23 iy ol 53 (6 P e saandlas 555 oo JWRS) )l 13 o 2 5 ede JolSS el Jlhe 55 S las 3065 a5
2355 SusS Gaaie) 53 o plaies & Wb slgiley OBt B 2 pds Spgo arwidl s SlaysdS ple s34 5 oLy
3135 a8 Sladlas 5yepll Al adls (65t 35505 Staad Conis 53 S (5la (350588 (IS 3T e slaaney



Oy

il ST Ol (6555 e Slaaly KI5 e d3ls 5 oo AKED 5 Crtes Sla sy ol baaslidn 33,k 51 Sledb|

SN Gdins o 25 dw 53 olidses (51 wbaslely Wls e ol (Hludde saanllas (’L?QU dm g 8 gaartllas w)

(1]
(2]
(3]
(4]
(5]

(6]
[7]

(8]
(9]

[10]

[11]

[12]
[13]
[14]

[15]
[16]

b

108 g Sl

S S Ol Spe DS ol Dllas 55 5ol 5 (5 S eondl aloms 3 s 5 e Ol 51 il 5

o @b

s Gla s o Jbe Cole S s )

&3l b oyl

i HLE) S ol 55 5 el 0fd Ol ol 3t Sl Lol ol 31 callio 4SS o ol 800y 55
&b

Taleshi, M. (2006). Examining and evaluating pricing methods in road transportation of goods and providing
suitable solutions for it. (In Persian). https://ganj.irandoc.ac.ir/#/articles/7195d16f08cd8e3bc3ff659aa96df477

Hu, T. L., Sheu, J. B., & Huang, K. H. (2002). A reverse logistics cost minimization model for the treatment of
hazardous wastes. Transportation research part E: logistics and transportation review, 38(6), 457-473.

List, G. F., Wood, B., Turnquist, M. A, Nozick, L. K., Jones, D. A., & Lawton, C. R. (2006). Logistics planning
under uncertainty for disposition of radioactive wastes. Computers & operations research, 33(3), 701-723.

Tijan, E., Aksentijevié, S., Ivani¢, K., & Jardas, M. (2019). Blockchain technology implementation in logistics.
Sustainability, 11(4), 1185. https://doi.org/10.3390/su11041185

Dasaklis, T. K., Casino, F., & Patsakis, C. (2020). Atraceability and auditing framework for electronic
equipment reverse logistics based on blockchain: the case of mobile phones [presentation]. International
conference on information, intelligence, systems and applications (11SA) (pp. 1-7).
https://doi.org/10.1109/11SA50023.2020.9284394

Kouhizadeh, M., & Sarkis, J. (2018). Blockchain practices, potentials, and perspectives in greening supply chains.
Sustainability, 10(10), 3652. https://doi.org/10.3390/su10103652

Wamba, S. F., & Queiroz, M. M. (2020). Blockchain in the operations and supply chain management: Benefits,
challenges and future research opportunities. International journal of information management, 52, 102064.
https://doi.org/10.1016/j.ijinfomgt.2019.102064
Chang, S. E., Chen, Y. C., & Lu, M. F. (2019). Supply chain re-engineering using blockchain technology: a case
of smart contract based tracking process. Technological forecasting and social change, 144, 1-11.

Rodriguez Espindola, O., Chowdhury, S., Beltagui, A., & Albores, P. (2020). The potential of emergent disruptive
technologies for humanitarian supply chains: the integration of blockchain, artificial intelligence and 3D printing.
International journal of production research, 58(15), 4610-4630.

Wright, A., & De Filippi, P. (2015). Decentralized blockchain technology and the rise of lex cryptographia.
https://ssrn.com/abstract=2580664
Aghajani Mir, S. F., Rajabi Kafshgar, F. Z., & Arab, A. (2022). Identifying and prioritizing challenges of
implementing blockchain technology in the supply chain: a Bayesian BWM group-based approach. Journal of
decisions and operations research, 6(4), 464-483. (In Persian).
https://doi.org/10.22105/dmor.2021.277066.1336
Cai, Y., Choi, T. M., & Zhang, J. (2021). Platform supported supply chain operations in the blockchain era:
supply contracting and moral hazards. Decision sciences, 52(4), 866-892.

Bai, C. A., Cordeiro, J., & Sarkis, J. (2020). Blockchain technology: business, strategy, the environment, and
sustainability. Business strategy and the environment, 29(1), 321-322.

Baumers, M., & Holweg, M. (2019). On the economics of additive manufacturing: experimental findings.
Journal of operations management, 65(8), 794-809.

Myerson, P. (2012). Lean supply chain and logistics management. McGraw-Hill Education.

Rahimi, A., & Hosseinzadeh Saljooghi, F. (2018). Multi-objective programming model for determining the
efficiency and returns to scale in supply chain management of two-stage: a case study of resin companies in Iran.
Journal of decisions and operations research, 2(3), 213-227. (In Persian). DOI:10.22105/dmor.2018.57124

LS

3 55989

./j

FAY=01 8 tamis NP1 Y Gl ¥ o)leds A oyss cldos 53 Gaoes 5 (5 S



3508 1 SN S5 9SS DSl gy

e

e sla

<o

o S g 5 eslinal L YIS glosl> Jag fo

<

[17]

[18]
[19]
[20]
[21]
[22]
[23]
[24]

[25]

[26]
[27]
(28]
[29]

[30]

[31]

[32]
[33]
[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

Wijewickrama, M., Chileshe, N., Rameezdeen, R., & Ochoa, J. J. (2021). Information sharing in reverse logistics
supply chain of demolition waste: a systematic literature review. Journal of cleaner production, 280, 124359.
https://doi.org/10.1016/j.jclepro.2020.124359

Rahiminezhad Galankashi, M., & Helmi, S. A. (2016). Assessment of hybrid Lean-Agile (Leagile) supply chain
strategies. Journal of manufacturing technology management, 27(4), 470-482.

Christopher, M. (2016). Logistics and supply chain management. FT Publishing International.
https://books.google.com

Ozalp, 1., Suvaci, B., & Tonus, H. Z. (2010). A new approach in logistics management: Just IN Time-Logistics
(JIT-L). International journal of business and management studies, 2(1), 37-45.

Irani, Z., & Sharif, A. M. (2016). Sustainable food security futures: perspectives on food waste and information
across the food supply chain. Journal of enterprise information management, 29(2), 171-178.

Raak, N., Symmank, C., Zahn, S., Aschemann-Witzel, J., & Rohm, H. (2017). Processing-and product-related
causes for food waste and implications for the food supply chain. Waste management, 61, 461-472.

Carter, C. R., Rogers, D. S., & Choi, T. Y. (2015). Toward the theory of the supply chain. Journal of supply chain
management, 51(2), 89-97.

Frohlich, M. T., & Westbrook, R. (2001). Arcs of integration: an international study of supply chain strategies.
Journal of operations management, 19(2), 185-200.

Nakasumi, M. (2017). Information sharing for supply chain management based on block chain technology
[presentation]. 2017 IEEE 19th conference on business informatics (CBI) (Vol. 1, pp. 140-149).
https://doi.org/10.1109/CBI1.2017.56

Casey, M. J., & Wong, P. (2017). Global supply chains are about to get better, thanks to blockchain. Harvard
business review, 13, 1-6.

Mansfield-Devine, S. (2017). Beyond Bitcoin: using blockchain technology to provide assurance in the
commercial world. Computer fraud & security, 2017(5), 14-18.

Roeck, D., Sternberg, H., & Hofmann, E. (2020). Distributed ledger technology in supply chains: a transaction
cost perspective. International journal of production research, 58(7), 2124-2141.

Michelman, P. (2017). Seeing beyond the blockchain hype. MIT sloan management review, 58(4), 17.
https://search.proquest.com/openview

Collomb, A., & Sok, K. (2016). Blockchain/distributed ledger technology (DLT): what impact on the financial
sector? Digiworld economic journal, (103).
https://www.academia.edu/download/50652048/DWEJ_103_COLLOMB_SOK.pdf

Tian, F. (2016). An agri-food supply chain traceability system for china based on rfid & blockchain technology
[presentation]. 2016 13th international conference on service systems and service management (ICSSSM) (pp.
64-82). https://core.ac.uk/download/pdf/154897065.pdf#page=66

Francisco, K., & Swanson, D. (2018). The supply chain has no clothes: technology adoption of blockchain for
supply chain transparency. Logistics, 2(1), 1-13. https://doi.org/10.3390/logistics2010002

Saberi, S., Kouhizadeh, M., Sarkis, J., & Shen, L. (2019). Blockchain technology and its relationships to
sustainable supply chain management. International journal of production research, 57(7), 2117-2135.

Wang, J., Wu, P., Wang, X., & Shou, W. (2017). The outlook of blockchain technology for construction
engineering management. Frontiers of engineering management, 4(1), 67—75. DOI:10.15302/J-FEM-2017006

Bocek, T., Rodrigues, B. B., Strasser, T., & Stiller, B. (2017). Blockchains everywhere-a use-case of blockchains
in the pharma supply-chain [presentation]. IEE symposium on integrated network and service management (IM)
(pp. 772-777). https://doi.org/10.23919/INM.2017.7987376

Dolgui, A., & Ivanov, D. (2020). Exploring supply chain structural dynamics: new disruptive technologies and
disruption risks. International journal of production economics, 229, 107886.
https://doi.org/10.1016/j.ijpe.2020.107886

Omar, 1. A., Jayaraman, R., Debe, M. S., Salah, K., Yaqgoob, I., & Omar, M. (2021). Automating procurement
contracts in the healthcare supply chain using blockchain smart contracts. IEEE access, 9, 37397-374009.

Aghaei, M. (2021). Identification and ranking technological capabilities in order to enhance resilience of the
supply chain. Journal of innovation management and operational strategies, 2(3), 229-243.
https://www.magiran.com/paper/2369545 LK

Tavakkoli-Moghaddam, R., Ghahremani-Nahr, J., Samadi Parviznejad, P., Nozari, H., & Najafi, E. (2022).
Application of internet of things in the food supply chain: a literature review. Journal of applied research on
industrial engineering, 9(4), 475-492.

Junaid, M., Xue, Y., Syed, M. W., Li, J. Z., & Ziaullah, M. (2019). A neutrosophic ahp and topsis framework
for supply chain risk assessment in automotive industry of Pakistan. Sustainability, 12(1), 154.
https://www.mdpi.com/2071-1050/12/1/154

Sadeghi Moghadam, M. R., Alibakhshi, R., & Khalili, E. (2015). An Assessment of Selected Mutual Funds in
Iran Stock Market Using a Combined Method of TOPSIS, VIKOR and Similarity-Based Approach. Financial
research journal, 17(2), 259-282.

Nozari, H., & Ghahremani-Nahr, J. (2021). Provide a framework for implementing agile big data-based supply
chain (case study: FMCG companies). Innovation management and operational strategies, 2(2), 128-136. (In
Persian). https://www.journal-imos.ir/article_136140_c2e53be75b723e5873e1eb29805cdf22.pdf?lang=en
Mardani, A., Jusoh, A., Nor, K., Khalifah, Z., Zakwan, N., & Valipour, A. (2015). Multiple criteria decision-
making techniques and their applications--a review of the literature from 2000 to 2014. Economic research-
ekonomska istrazivanja, 28(1), 516-571.



[44]
[45]

[46]

[47]

(48]

[49]

[50]
(51]
(52]

(53]

[54]

[55]

[56]
[57]
(58]

[59]

[60]

Pohekar, S. D., & Ramachandran, M. (2004). Application of multi-criteria decision making to sustainable
energy planning—A review. Renewable and sustainable energy reviews, 8(4), 365-381.

Vaidya, O. S., & Kumar, S. (2006). Analytic hierarchy process: An overview of applications. European journal
of operational research, 169(1), 1-29.

Wang, N., Chen, X., Wu, G., Chang, Y. C., & Yao, S. (2018). A short-term based analysis on the critical low
carbon technologies for the main energy-intensive industries in China. Journal of cleaner production, 171, 98—
106.

Buyiikozkan, G., & Giileryiiz, S. (2016). An integrated DEMATEL-ANP approach for renewable energy
resources selection in Turkey. International journal of production economics, 182, 435-448.
DOl:https://doi.org/10.1016/j.ijpe.2016.09.015

Chemweno, P., Pintelon, L., Van Horenbeek, A., & Muchiri, P. (2015). Development of a risk assessment
selection methodology for asset maintenance decision making: An analytic network process (ANP) approach.
International journal of production economics, 170, 663-676.

Hallikainen, P., Kivijérvi, H., & Tuominen, M. (2009). Supporting the module sequencing decision in the ERP
implementation process—An application of the ANP method. International journal of production economics,
119(2), 259-270.

Lam, J. S. L. (2015). Designing a sustainable maritime supply chain: A hybrid QFD--ANP approach.
Transportation research part E: logistics and transportation review, 78, 70-81.

Zhu, L., Wu, Y., Gai, K., & Choo, K. K. R. (2019). Controllable and trustworthy blockchain-based cloud data
management. Future generation computer systems, 91, 527-535.

Kusi-Sarpong, S., Gupta, H., & Sarkis, J. (2019). A supply chain sustainability innovation framework and
evaluation methodology. International journal of production research, 57(7), 1990-2008.

Wong, W. P., Ignatius, J., & Soh, K. L. (2014). What is the leanness level of your organisation in lean
transformation implementation? An integrated lean index using ANP approach. Production planning &
control, 25(4), 273-287. https://doi.org/10.1080/09537287.2012.674308

Zaim, S., Sevkli, M., Camgdz-Akdaug, H., Demirel, O. F., Yayla, A. Y., & Delen, D. (2014). Use of ANP
weighted crisp and fuzzy QFD for product development. Expert systems with applications, 41(9), 4464-4474.
Nilashi, M., Ahmadi, H., Ahani, A., Ravangard, R., & Bin Ibrahim, O. (2016). Determining the importance of
hospital information system adoption factors using fuzzy analytic network process (ANP). Technological
forecasting and social change, 111, 244-264.

Saaty, T. L., & Hu, G. (1998). Ranking by eigenvector versus other methods in the analytic hierarchy process.
Applied mathematics letters, 11(4), 121-125.

Saaty, T. L. (2004). Decision making—the analytic hierarchy and network processes (AHP/ANP). Journal of
systems science and systems engineering, 13, 1-35. https://doi.org/10.1007/s11518-006-0151-5

Mustajoki, J., & Hamaldinen, R. P. (2000). Web-HIPRE: Global decision support by value tree and AHP
analysis. INFOR: information systems and operational research, 38(3), 208-220.

Mousavi Arab, S. A., Homayounfar, M., & Ajalli, M. (2022). Balanced performance evaluation of B2C online
stores with using a hybrid fuzzy ANP and fuzzy WASPAS approach. Journal of decisions and operations
research, 6(Special Issue), 1-14. http://dx.doi.org/10.22105/dmor.2021.287084.1403

Leung, L. C., Hui, Y. V, & Zheng, M. (2003). Analysis of compatibility between interdependent matrices in
ANP. Journal of the operational research society, 54(7), 758-768.

LS

3 55989

./j

FAY=01 8 tamis NP1 Y Gl ¥ o)leds A oyss cldos 53 Gaoes 5 (5 S



