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&*./2('&20*.!,(*\$&2!Cn095!QDH
U! 3$/09.!,#%/$:
U! 40330.9!,#%/$:
U! &*./2('&20*.!,#%/$:
U! &*-,1$20*.!,#%/$5

"#$!-*3$1!*+!,(*\$&2! 0-,1$-$.2%20*.!%2!,(0-%()! /2%9$!%.3!$1%4*(%20*.!*+!&*.2(%&2*(!
/$1$&20*.!0.!40330.9!,#%/$!3'(0.9!,(0-%()!/2%9$!*+!,(*\$&2!0-,1$-$.2%20*.!0/!/#*7.!0.!
n095!O5

,?YR'ER!"#$!0.+*(-%20*.!j*7!4$27$$.!0.2$(%&20.9!/2%9$/!0.!&*./2('&20*.

Information flow

PHASE 2:

BIDDING

PHASE 1:

DESIGN

PRIMARY STAGE IMPLEMENTATION  STAGE

PHASE 3:

CONSTRUCTION

PHASE 4:

COMPLETION

GOAL
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MR'!L9P?;?;Y'Z!5Z'9@GWL8='T?GW'3A@S'GW@LAS'=S=G@9

d'120,1$! &(02$(0%! 3$&0/0*.! %03! ,(*>03$/! /$>$(%1! ,*7$(+'1! /*1'20*.! 2**1/! +*(! &*.+(*.2;
0.9! /*(20.9! ,(*41$-/! Ce7%.9! %.3!]**.! QZgQL! n09'$0(%! )3' ,#A'OPPVL! I%>%3/<%/! %.3!
K%<1%'/<%/!OPPkL!60.$>0X0'/!)3' ,#A'OPPg%:! 4L!h0%'3%./<0$.$!)3' ,#5! OPPZL!I%>%3/<%/!
)3',#5!OPPg4D5!"#$($!&%.!4$!'/$3!>$()!/0-,10=$3!2$&#.08'$/!+*(!2#$!$>%1'%20*.!/'&#!%/!
AEG'U!?"+;#)'V**"3"1)'W)"8/3"$8!Cd%&R(0-*.!QZogDL!"@?ABA!U!-)./$"R%)'=<2'S2*)2'
T2)=)2)$.)'Q4'?"+"#,2"34'3<'U*),#'?<#%3"<$!Ce7%.9!%.3!]**.!QZgQD5

G#$.!7$!&*./03$(!%!30/&($2$!/$2!*+!%12$(.%20>$/!3$/&(04$3!4)!/*-$!&(02$(0%:! 2#$($!%($!
2#($$!30++$($.2! 2),$/!*+!%.%1)/0/! 2#%2!&%.!4$!,$(+*(-$3! 0.!*(3$(! 2*!,(*>03$!/09.0=&%.2!
/',,*(2!2*!3$&0/0*.;-%<$(/H
U! J./'($!2#%2!2#$!3$&0/0*.;-%<$(!+*11*7/!%!p(%20*.%1_!4$#%>0*'(!C.*(-%20>$!*,20*.D!U!
M%1'$!+'.&20*./:!W20102)!2#$*():!30/2%.&$!2*!2#$!B3$%1L

U! 60>$!/*-$!%3>0&$!4%/$3!*.!($%/*.%41$!C4'2!.*2!0.30/,'2%41$D!('1$/L
U! n0.3!2#$!,($+$(($3!/*1'20*.!+(*-!2#$!,%(20%1!3$&0/0*.!#),*2#$/0/!U!0.2$(%&20>$!-$2#*3/5

"#$!%.%1)/0/!*+!2#$!,'(,*/$!0/!2*!4$!%&#0$>$3!4)!'/0.9!&(02$(0%!*+!$++$&20>$.$//:!7#0&#!
#%>$!30++$($.2!30-$./0*./:!30++$($.2!/09.0=&%.&$/!%/!7$11!%/!30++$($.2!30($&20*./!*+!*,;
20-0a%20*.! CK$.3%11!QZkPL!J#(9*22!OPPVD5!"#$!30/&($2$!&(02$(0%!>%1'$/!&%.!4$!.*(-%1;
0a$3!4)!%,,1)0.9!30++$($.2!.*(-%10a%20*.!-$2#*3/!CI%>%3/<%/!%.3!"'(/<0/!OPPgD5!"#$!
,'(,*/$!*+!%.%1)/0/!&%.!%1/*!4$!30++$($.2!Ci($9%(!)3',#A!OPPgD5!d'120,1$!&(02$(0%!3$&0/0*.!
%03!%.%1)/$3!4)!e7%.9!%.3!]**.!CQZgQD!,(*>03$/!/$>$(%1!,*7$(+'1!%.3!$++$&20>$!2**1/!
+*(!&*.+(*.20.9!/*(20.9!,(*41$-/!%.%1)/$3!4)!n09'$0(%!)3',#5!COPPVD5

"#$($! 0/!%!703$! (%.9$!*+!-$2#*3/!4%/$3!*.!-'120;&(02$(0%!'20102)! 2#$*()H!AEG!Cd%&;
R(0-*.!QZogL!60.$>0X0'/!)3',#A!OPPg%:!4DL!d@@lE!U!d'120;@4\$&20>$!@,20-0a%20*.!
*.!4%/0/!*+!l%20*!E.%1)/0/!Ci(%'$(/!)3',#5!OPPg%:!OPPg4L!K%104%2%/!%.3!"'(/<0/!OPPgDL!
"@?ABA!Ce7%.9!%.3!]**.!QZgQDL!MBK@l!U!&*-,(*-0/$!(%.<0.9!-$2#*3!C@,(0&*>0&!
QZZgL!@,(0&*>0&!%.3!"a$.9!OPPTDL!R@?lEA!CI%>%3/<%/!)3',#5!OPPg%:!OPPZDL!%.3!*2#$(!
-$2#*3/!C"'(/<0/!OPPgL!"'(/<0/!)3',#A!OPPZD5

^$&0/0*.;-%<$(/!0.!2#$0(!%&20>020$/!3$%1!702#!'.&$(2%0.!+'2'($5!"#$!-'120&(02$(0%!3$&0/0*.;
-%<0.9!&*'13!4$!%,,10$3!2*!%//$//!30++$($.2!%12$(.%20>$/!*+!+'2'($!%&20>020$/5!e'0!$2!%15!
COPPZD!0.&*(,*(%2$3!2#$!+'aa)!&*.&$,2!0.!10.$%(!,(*9(%--0.9!2*!*42%0.!2#$!4$/2!,*//041$!
*'2&*-$!0.!,*(2+*10*/:!7#$.!30($&2!($%1!$/2%2$!0.>$/2-$.2!0/!0.&1'3$35

"#$!4$/2!/2(%2$9)!&*'13!4$!/$1$&2$3!+(*-!%>%01%41$!/&$.%(0*/:!%.3!0.+*(-%20*.5!B.!/2(%;
2$90&!3$&0/0*./:!3$%10.9!702#!'.&$(2%0.2):!2#$!>%1'$/!*+!&(02$(0%!&*'13!4$!3$2$(-0.$3!%2!
0.2$(>%1/!U!+(*-!,$//0-0/20&!>%1'$!2*!*,20-0/20&!>%1'$5

"#$!10-02/!*+!&(02$(0*.!>%1'$!&*'13!%1/*!4$!3$2$(-0.$3!4)!$[,$(25!B.!2#0/!&%/$!3$2$(-0;
.%20*.!*+! 10-02/!3$,$.3/!*.!2#$!8'%10=&%20*.!%.3!$[,$(0$.&$!*+!$[,$(25!"#$($+*($! 02! 0/!
4$22$(!2*!&*11$&2!2#$!*4\$&20>$!3%2%5

^$.9! CQZgOD! 3$>$1*,$3! 2#$!6($)! /)/2$-! 2#$*()! %.3!3$/&(04$3!*,$(%20*./!702#! 9($)!
.'-4$(/5!6($)!($1%20*.%1!%.%1)/0/!,*//$//$/!%3>%.2%9$/!C!^$.9!QZgg:!QZgZD:!05$5H
U! 0.>*1>$/!/0-,1$!&%1&'1%20*./:
U! ($8'0($/!/-%11$(!/%-,1$/:

Y<%2$,#'<='Z%&"$)&&'7.<$<+".&',$*'>,$,8)+)$35'EFBF5'BB[B\H'MG]OO
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U! %!2),0&%1!30/2(04'20*.!*+!/%-,1$/!0/!.*2!.$$3$3:
U! 2#$!8'%.20=$3!*'2&*-$/!+(*-!2#$!6($)!($1%20*.%1!9(%3$!3*!.*2!($/'12!0.!&*.2(%30&;
2*()!&*.&1'/0*./!2*!8'%102%20>$!%.%1)/0/:

U! 2#$!6($)!($1%20*.%1!9(%3$!-*3$1!0/!%!2(%./+$(!+'.&20*.%1!-*3$1!2#%2!0/!$++$&20>$!0.!
3$%10.9!702#!30/&($2$!3%2%5

h0.!)3',#A!COPPTD!%.%1)/$3!2#$!/2%2$;*+;2#$;%(2!*+!2#$!2#$*()!%.3!%,,10&%20*./!*+!2#$!/*;
&%11$3!9($)!/)/2$-/!2#$*()!+*'.3$3!0.!2#$!QZgP/5!h0!%.3!h0'!COPPZ%D!#%3!,$(+*(-$3!2#$!
0.,'2;*&&',%.&);*'2,'2!%.%1)/0/!%.3!,(*,*/$3!9($)!-*3$1!*+! 0.,'2;*&&',%.&);*'2,'2!
%.%1)/0/!+*(!9($)!/02'%20*./!%.3!+*(!-%.%90.9!2#$!$&*.*-0&!/)/2$-/!702#!-0//0.9!0.+*(;
-%20*.5!"#$)!%1/*!$[,1%0.$3!2#$!&*..*2%20*.!*+!9($)!.'-4$(:!7#0&#!0/!2#$!4%/0&!'.02!*+!
9($)!-%2#$-%20&/!%.3!2#$!<$)!2*!$/2%410/#!2#$!-%2#$-%20&%1!+(%-$7*(<!*+!9($)!/)/2$-!
2#$*()!Ch0!%.3!h0'!OPPZ4D5!h0!)3',#A! COPPZD!3$>$1*,$3!6($);d%(<*>!&#%0.!%19*(02#-5!
"#$)!+*'.3!2#%2!&*-40.0.9!2#$!9($)!-*3$1:!d%(<*>!&#%0./:!%.3!1$%/2!/8'%($!-$2#*3:!
&%.!4$! %!.$7!%19*(02#-! +*(! +*($&%/20.9! 2#$! 2$.3$.&)!*+! 2#$!9(*//! %-*'.2!*+! $.$(9)!
/*'(&$/!&*./'-,20*.5!R%<0(!COPPgD!3$>$1*,$3!2#$!9($)!$[2$.2!%.%1)/0/!%.3!#%3!/#*7.!
2#%2!2#$!,(*,*/$3!,(*&$3'($!&%.!4$!'/$3!%/!%!3$&0/0*.;-%<0.9!2**1!7#$($!2#$!\'39-$.2/!
*+!2#$!3$&0/0*.;-%<$(!%($!.*2!$[%&2!C05$5!0.!2$(-/!*+!9($)!/)/2$-!2$(-0.*1*9)!2#$)!%($!
.*2!_7#02$`D5!K'*!)3',#5!COPPgD!%.%1)/$3!2#$!'/$!*+!9($)!($1%20*.%1!%.%1)/0/!0.!/*1>0.9!
-'120,1$!&(02$(0%!3$&0/0*.;-%<0.9!,(*41$-/5!^'!%.3!A#$$.!COPPVD!3$>$1*,$3!2#$!,%>$;
-$.2!,$(-%.$.2!3$+*(-%20*.!,($30&20*.!-*3$1!4)!9($)!-*3$10.9!-$2#*35!h0.!%.3!h$$!
COPPkD!,($/$.2$3!%!.*>$1!#09#;,($&0/0*.!9($)!+*($&%/20.9!-*3$15

h0'!%.3!h0.!COPPoD!#%>$!/,$&0=$3!+($$!,*//0401020$/!+*(!*&&'(($.&$!*+!2#$!G#02$:!6($)!
%.3!i1%&<!0.+*(-%20*.!C"%41$!QD5

6($)!2#$*()!7%/!%,,10$3H
U! 2*!2#$(-%1!,*0.2!*,20-0a%20*.!C]%.!%.3!]%.9!OPPZD:
U! 2*!%'2*-%20&!/2*&<!-%(<$2!+*($&%/20.9!%.3!,*(2+*10*!/$1$&20*.!Ce'%.9!OPPZD:
U! 2*!$-$(9$.&$!%.3!3$>$1*,-$.2!*+!9($)!/)/2$-!2#$*()!Ch0'!)3',#5!OPPZD:

$<PJ@'ER!R*-,%(0/*.!*+!G#02$:!6($)!%.3!i1%&<!/)/2$-/!Ch0'!%.3!h0.!OPPoD

(S=G@9=

.W?G@ 3A@S 0J<QD

B.+*(-%20*. K.*7. B.&*-,1$2$ W.<.*7.

E,,$%(%.&$ i(09#2 6($) ^%(<

?(*&$// @13 l$,1%&$!*13!702#!.$7 q$7

?(*,$(2) @(3$( R*-,1$[02) R#%*/

d$2#*3*1*9) ?*/020>$ "(%./020*. q$9%20>$

E2202'3$ A$(0*'/.$// "*1$(%.&$ B.3'19$.&$

R*.&1'/0*. W.08'$!/*1'20*. d'120,1$!/*1'20*. q*!($/'12/

7A'^A'_,1,*&@,&')3',#A'6<$32,.3<2'?)#).3"<$'=<2'6<$&32%.3"<$'W<2@&'Q4'V;;#4"$8'?VWD(',$*'-ST?U?'AAA
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U! 2*!%!#)4(03!-*3$1! +*(! /2*&<!-%(<$2! +*($&%/20.9!%.3!,*(2+*10*!/$1$&20*.!4%/$3!*.!
Elr:!9($)!/)/2$-!%.3!lA!2#$*(0$/!Ce'%.9!%.3!N%.$!OPPZD:

U! 2*!9($)!+*($&%/20.9!0.!>04(%20*.!&*.3020*.!-*.02*(0.9!*+!-%&#0.$/!CR$-,$1!OPPgD:
U! 2*!/',,10$(!/$1$&20*.!4)!%!9($);4%/$3! (*'9#!3$&0/0*.;-%<0.9!%,,(*%&#!Ch0!)3',#A!
OPPgD:

U! 2*!9($)!,($30&20*.!*.! 0.3**(!&*-+*(2! 2$-,$(%2'($! +*(!eMER!/)/2$-/! Ch$$,#%<;
,($$3%!OPPgD:

U! 2*!4'0130.9!2#$(-%1!,(*&$//!%.%1)/0/!CG$.30.9!)3',#A!OPPOD5

OR'Z@GWL8LJLYS'<;8'<XXJ?Q<G?L;

"#0/!,%,$(!,($/$.2/!2#$!%,,10&%20*.!*+!.$71)!3$>$1*,$3!"@?ABA!9($):!AEG;6!-$2#*3/!
+*(!2#$!&%/$!/2'3)!*+!&*.2(%&2*(!/$1$&20*.5

"#$!"@?ABA!-$2#*3!7%/!3$>$1*,$3!4)!e7%.9!%.3!]**.!CQZgQD5!"@?ABA!-$2#*3!4$;
1*.9/!2*!dR^d!Cd'120;&(02$(0%!3$&0/0*.;-%<0.9!-$2#*3D!9(*',!%.3!03$.20=$/!/*1'20*./!
+(*-!%!=.02$!/$2!*+!%12$(.%20>$/!4%/$3!',*.!/0-'12%.$*'/!-0.0-0a%20*.!*+!30/2%.&$!+(*-!
%.!03$%1!,*0.2!%.3!-%[0-0a%20*.!*+!30/2%.&$!+(*-!%!.$9%20>$!03$%1!,*0.25!"@?ABA!&%.!
0.&*(,*(%2$!($1%20>$!7$09#2/!*+!&(02$(0%5!"#$!*.1)!/'4\$&20>$!0.,'2!.$$3$3!0/!7$09#2/5!h0.!
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U! 0.!/%+$2)!-%.%9$-$.2!C]%.9!)3',#A!OPPZ4D5

"#$!9$.$(%1!%19*(02#-!*+!,(*41$-!/*1'20*.:!%,,1)0.9!AEG;6!%.3!"@?ABA!9($)!-$2#*3!
0/!,($/$.2$3!0.!n095!S5

d%&R(0-*.!CQZogD!3$>$1*,$3!AEG!-$2#*3!%.3!02!7%/!%,,10$3!+*(!-'120&(02$(0%!3$&0;
/0*.;-%<0.9!0.!>%(0*'/!=$13/H
U! +*(!%!/0-'1%20*.!%.3!&*-,%(0/*.!*+!/$1$&2$3!-$2#*3/!CI%.%<0/!)3',#A!QZZgD:
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Comparison of the calculation results

Ranking and selecting alternatives according to integrated results

Selecting the set of the most importand criteria and descibing the alternatives

Grey initial decision-making matrix (Matrix with values of attributes described at intervals)

Grey normalized decision-making matrix

Linear normalization method

Determining weights of the  criteria qj

Grey weighted normalized decision-making matrix

Calculate optimality criterion Li

Optimal alternative Li

Vector normalization method

Determining weights of the  criteria qj

Grey weighted normalized decision-making matrix

Determine the positive and negative ideal
alternatives for each decision-maker. The positive

ideal alternative – , and the negative
ideal alternative – , of decision-maker

A
A

k

k

+

– k

Calculate the separation measure from the positive
and negative ideal alternatives       ,

and       , for the group

k+di
k–di

Rank the preference order. A set of alternatives
now can be ranked by the descending

order of the value of *+Ci

Calculate the relative closeness       , to the positive
ideal alternative for the group

*+Ci

S
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 W
–
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T
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y
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