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34567638 93:3;<4=3 >?=9@A75:6?B <=<73C<< D E3;3F3G 

=?;5H<:?D36<8 9?D5;56<8 GRID-<6I:3 7:J>7J: 

5. ?. >&$1!#"$K, A. 3. L!M!", (=,("*+) 

 !"#!#$%&'! #()%*+*! &(,-* * "'%$.!&*! /0'1&'/+* #!.(!2$3 )(4(5 "#*%'4*+ 

- +'2,, 5+' 406 /%'!%#!2!&&'7' #!.!&*6 /0'1&$3 )(4(5 /+(&'%*+/6 &!4'/+(+'5&' /+(&-

4(#+&$3 %$5*/0*+!08&$3 2'9&'/+!:. ; /%6)* / <+*2 ='08.': *&+!#!/ %$)$%(!+ "#*-

2!&!&*! Grid-+!3&'0'7**[1]. >'4 Grid-*&?#(/+#,-+,#': "'&*2(!+/6 "#'7#(22&'-

(""(#(+&(6 /#!4(, -'+'#(6 "'/+#'!&( *) %$5*/0*+!08&$3 ,/+(&'%'-, "#'/+#(&/+%!&&' 

#(/"#!4!0!&&$3 % '+-#$+': /!+!%': /#!4!, "')%'06@9!: 4*/+(&A*'&&' */"'08)'%(+8 

0@='! -'0*5!/+%' #!/,#/'% <+*3 ,/+(&'%'- 406 %$"'0&!&*6 .*#'-'7' -0(//( "#*0'1!-

&*:. >'4 #!/,#/(2* "'&*2(@+/6 "#'A!//'#$, '"!#(+*%&(6 * "'/+'6&&(6 "(26+8, "#'-

7#(22$ * 4(&&$!.  B+2!+*2 &(*='0!! )&(5*2$! /%':/+%( Grid: 

C D%+'&'2&'/+8 #!/,#/'%. E!/,#/&(6 =()( Grid ?'#2*#,!+/6 *) &!)(%*/*2$3 

4#,7 '+ 4#,7( %$5*/0*+!08&$3 A!&+#'% *0* '+4!08&$3 -'2"8@+!#'%. E!/,#/$ '=/0,-

1*%(@+/6 * (42*&*/+#*#,@+/6 %0(4!08A(2*, -'+'#$! *2!@+ "#(%' "#'%'4*+8 /'=/+-

%!&&,@ "'0*+*-, 4'/+,"( - &*2; 

C F!+!#'7!&&'/+8 #!/,#/'%. E!/,#/$, %'%0!5!&&$! % Grid, *2!@+ #()0*5&$! 3(#(--

+!#*/+*-* (""(#(+&'7' * "#'7#(22&'7' '=!/"!5!&*6, "'<+'2, /0!4,!+ "'4=*#(+8 +'08-' +! 

#!/,#/$, 3(#(-+!#*/+*-* -'+'#$3 '+%!5(@+ &!'=3'4*2$2 +#!='%(&*62; 

C F0'=(08&(6 #(/"#!4!0!&&'/+8. G'/+(%06@9*! Grid %$5*/0*+!08&$! ,/+(&'%-* 

#(/"#!4!0!&$ % '+-#$+': 70'=(08&': /!+!%': /#!4!, % -'+'#': %!0*-* -'22,&*-(A*-

'&&$! *)4!#1-* * "#!4H6%06@+/6 "'%$.!&&$! +#!='%(&*6 - =!)'"(/&'/+*; 

C I'00!-+*%&$: #!1*2 #(='+$. E!/,#/$ Grid */"'08),@+/6 % -'00!-+*%&'2 #!-

1*2!, "'<+'2, &!'=3'4*2' 7*=-'! * /-''#4*&*#'%(&&'! *3 #(/"#!4!0!&*! 2!14, 

"'08)'%(+!062*, #!.(@9*2* #()&$! )(4(5*; 

C J*&(2*5&'/+8 /#!4$. I(- /'/+(% #!/,#/'%, +(- * /'/+(% "'08)'%(+!0!: 2'1!+ 

2!&6+8/6, "#*5!2 <+' 6%06!+/6 "#(%*0'2, ( &! */-0@5!&*!2. 

 (='# ?,&-A*:, -'+'#$! +#!=,@+/6 % Grid-/*/+!2(3 '+ "#'7#(22&'7' '=!/"!5!-

&*6 –  <+' '=!/"!5!&*!  =!)'"(/&'/+*, &(4!1&'/+*, 2'&*+'#*&7( )(4(&*: * ,/+#':/+%, 

,5!+( * "#'+'-'0*#'%(&*6 )(4(&*:. I0@5!%'! 2!/+' % <+'2 #64, )(&*2(!+ ?,&-A*6 

4*/"!+5!#*)(A** )(4(&*:. K+( ?,&-A*6  '=!/"!5*%(!+ #(/"#!4!0!&*! #!/,#/'% *) '=-

9!7' #!/,#/&'7' ",0( Grid 2!14, )(4(&*62*, 4'/+(%-, "#'7#(22 * 4(&&$3, #!(0*),6 

'4&, *) %(1&!:.*3 -'&A!"A*: Grid, ( *2!&&' %*#+,(0*)(A*@ #!/,#/'%. K+'+ "#'A!// 

#(/"#!4!0!&*6 &()$%(!+/6 )(4(5!: (00'-(A**.  

G0,1=( 4*/"!+5!#*)(A**[2, 3] %$"'0&6!+ (%+'2(+*5!/-,@ '=#(='+-, 2&'1!/+%( 

)(4(&*:, %-0@5(6 #(/"#!4!0!&*! )(4(&*: "' 4'/+,"&$2 #!/,#/(2 – "0(&*#'%(&*!, 4'/-

+(%-, &!'=3'4*2$3 %3'4&$3 ?(:0'% &( #!/,#/, )(",/-, ,"#(%0!&*! * 2'&*+'#*&7 %$-

"'0&!&*6 )(4(&*6, 4'/+(%-, %$3'4&$3 ?(:0'%. 

 !)(%*/*2' '+ +'7', -(- "0(&*#,!+/6 #(/"*/(&*! %$"'0&!&*6 )(4(&*:,  4' )(-

",/-(  0*=' % #!(08&'2 %#!2!&*, 406 (07'#*+2( "0(&*#'%(&*6 %/!74( 2'1&' %$4!0*+8 

%#!26 "0(&*#'%(&*6 "#'A!//'% &( 2&'7'"#'A!//'#&': /*/+!2!. K+' %#!26 '"#!4!06!+-

/6 2'2!&+'2 2!14, "'0,5!&*!2 "0(&*#'%9*-'2 *&?'#2(A** '= '/%'='14!&** "#'-

A!//'#( * 2'2!&+'2 &!"'/#!4/+%!&&'7' &()&(5!&*6 #(='+$ &( */"'0&!&*!. ;(1&': )(-

4(5!: 6%06!+/6 2*&*2*)(A*6  <+'7' %#!2!&*. B=$5&' #(/"*/(&*!, =0*)-'! - '"+*2(08-

&'2,, +#!=,!+ ='08.'7' %#!2!&* "0(&*#'%(&*6, ( =$/+#' /4!0(&&'! #(/"*/(&*! =,4!+ 

4(0!-' '+ '"+*2(08&'7'. >'<+'2, "#*3'4*+/6 */-(+8 -'2"#'2*//.  

G(2$2 "#'/+$2 2!+'4'2 #()4!0!&*6 "#'/+#(&/+%( #!/,#/'% 2!14, )(4(&*62* 

6%06!+/6 2!+'4 FCFS [4]. L!3(&*)2 #(='+$ 4(&&'7' (07'#*+2( )(-0@5(!+/6 % +'2, 5+' 
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)(4(&*!, "'/+,"*%.!! % '5!#!48 #(&8.! 4#,7*3, *2!!+ /(2$: %$/'-*: "#*'#*+!+ * 

4'01&' =$+8 )(",9!&' "!#%$2. M/0* 406 )(",/-( +(-'7' )(4(&*6 '-()$%(!+/6 &!4'/+(-

+'5&' #!/,#/'%, +' '1*4(!+/6 2'2!&+ %#!2!&*, -'74( &(-'"*+/6 &,1&$: '=H!2 +#!=,!-

2$3 #!/,#/'% * )(4(&*! =,4!+ )(",9!&'. >'#64'- )(4(&*: % '5!#!4* &! 2'1!+ =$+8 &(-

#,.!&. J(&&$: 2!+'4 7(#(&+*#,!+ )(",/- )(4(&*6, &' &!<??!-+*%&' #(/3'4,!+ #!/,#-

/$, +(- -(- % "!#*'4 &(-'"0!&*6 #!/,#/'% 406 /(2'7' "#*'#*+!+&'7' )(4(&*6 5(/+8 #!-

/,#/'% "#'/+(*%(!+. K+' '/&'%&': &!4'/+(+'- 2!+'4(, "'<+'2, , &!7' /,9!/+%,@+ #()-

0*5&$! 2'4*?*-(A**, "#*)%(&&$! "'%$/*+8 <??!-+*%&'/+8 #(/"#!4!0!&*6 #!/,#/'%. 

N'0!! *&+!#!/&$: /"'/'= #!.!&*6 "#!40(7(!+ 2!+'4 '=#(+&'7' )("'0&!&*6 

BackFill [5,6]. ; '+0*5*! '+ #(//2'+#!&&'7' #(&!! FCFS, '& +#!=,!+ '+ "'08)'%(+!0!: 

'#*!&+*#'%'5&,@ 'A!&-, %#!2!&* %$"'0&!&*6 *3 )(4(&*:. K+' "')%'06!+ %$4!0*+8 #!-

/,#/$ 406 )(4(&*: )(=0(7'%#!2!&&'. J06 <+'7' /+#'*+/6 #(/"*/(&*! )(",/-'% )(4(&*:.  

; "#'A!//! "'/+#'!&*6 #(/"*/(&*6 #!/,#/$ %$4(@+/6 )(4(&*62 % "'#64-! *3 

"#*'#*+!+'%. D07'#*+2 Backfill #(='+(!+ "' /0!4,@9!2, "#*&A*",: #()2!9(6 &(*='-

0!! "#*'#*+!+&'! )(4(&*!, '& '"#!4!06!+ 2'2!&+ %#!2!&*, -'74( '/%'='4*+/6 4'/+(-

+'5&'! -'0*5!/+%' #!/,#/'%, * #!)!#%*#,!+ <+* #!/,#/$. O(4(&*! / 2!&8.*2 "#*'#*+!-

+'2 2'1!+ =$+8 )(",9!&' %&! '5!#!4* +'08-' % +'2 /0,5(!, !/0* '&' &! =,4!+ 2!.(+8 

)(",/-, ='0!! "#*'#*+!+&$3 )(4(&*:, &("#*2!#, !/0* /%'='4&$3 #!/,#/'% &!4'/+(+'5-

&' 406 )(",/-( )(4(&*6 / %$/'-*2 "#*'#*+!+'2. P(-*2 '=#()'2, 4(&&$: 2!+'4 "')%'-

06!+ #(/"#!4!06+8 )(4(&*6 "' #!/,#/(2 / &(#,.!&*!2 "'#64-( '5!#!4*, 5+' /"'/'=/+-

%,!+ ='0!! <??!-+*%&': )(7#,)-! #!/,#/'%. I#'2! +'7', (07'#*+2 '=0(4(!+ /0!4,@9*-

2* 4'/+'*&/+%(2*: 

C #(='+(6 &( '/&'%! "#*'#*+!+'%, '& "')%'06!+ "#!4'+%#(+*+8 )(%*/(&*! )(4(&*6 

* 7(#(&+*#,!+ !7' )(",/-; 

C <??!-+*%&' )(7#,1(!+ #!/,#/$, &! 4'",/-(6 *3 ?#(72!&+(A**; 

C #(='+(!+ / 2&'1!/+%'2 7!+!#'7!&&$3 #!/,#/'%; 

C 4'/+(+'5&' =$/+#', 4(1! "#* #(='+! &( ='08.'2 -'0*5!/+%! %$5*/0*+!08&$3 

,)0'%. 

B/&'%&': A!08@ #(='+$ 6%06!+/6 /')4(&*! "#'+'+*"( *2*+(A*'&&': 2'4!-

0*(QL) Grid-*&?#(/+#,-+,#$. QL "')%'0*+ (4!-%(+&' 'A!&*%(+8 "'%!4!&*! Grid-

*&?#(/+#,-+,#$ "#* *)2!&6@9*3/6 ,/0'%*63, ( +(-1!  'A!&*%(+8 /+#(+!7*@ ,"#(%0!-

&*6 "'+'-(2* )(4(5 * "#* &!'=3'4*2'/+* -'##!-+*#'%(+8 !!. ; -(5!/+%! %$=#(&&$3 

/+#(+!7*: #(/"#!4!0!&*6 #!/,#/'%  % #(='+! #!(0*),@+/6 #(//2'+#!&&$! #(&!! (07'-

#*+2$, ( +(-1! *3 2'4*?*-(A**[7, 8, 9].  

>#* #()#(='+-! "#'+'+*"( QL =$0 */"'08)'%(& "#'4,-+ AnyLogic 6.5. E()#(='-

+(&&(6 QL "#!4/+(%06!+ /'=': (7!&+&,@ 2'4!08, % -'+'#': %)(*2'4!:/+%,@+ 4%( #()-

0*5&$3 +*"( (7!&+'% – (7!&+$-#!/,#/$ * (7!&+$-)(4(&*6. 

L!3(&*)2 %)(*2'4!:/+%*6 <+*3 4%,3 %*4'% (7!&+'% 2'1!+ *)2!&6+8/6 % )(%*/*-

2'/+* '+ */"'08),!2'7' (07'#*+2( #(/"#!4!0!&*6. ; QL "#!4"'0(7(!+/6, 5+' "#'*)%'-

4*+!08&'/+8 #!/,#/'% 3(#(-+!#*),!+/6 %#!2!&!2 %$"'0&!&*6 &( &*3 /+(&4(#+&'7' )(-

4(&*6. G+(&4(#+&'! )(4(&*! – +', -'+'#'! +#!=,!+ T /!-,&4 "#'A!//'#&'7' %#!2!&* '4-

&'7' #!/,#/( /' /+(&4(#+&': "#'*)%'4*+!08&'/+8@ V '"!#(A*: % /!-,&4,. >#* <+'2  

)(4(&*6 '+0*5(@+/6 /%'!: /0'1&'/+8@ * +#!='%(&*62* - -'0*5!/+%, "#'A!//'#'%, &!-

'=3'4*2$3 406 *3 #!.!&*6. >'4 /0'1&'/+8@ '"#!4!0!&' %#!26 %$"'0&!&*! )(4(&*6 &( 

/+(&4(#+&'2 #!/,#/! % +!5!&*! %#!2!&* 1T, 2T, 3T * +.4. P#!='%(&*! - -'0*5!/+%, "#'-

A!//'#'% 2$ &()'%!2 #()2!#&'/+8@ )(4(&*6 D. D – -'0*5!/+%' "#'A!//'#'% '4*&(-'-

%': "#'*)%'4*+!08&'/+*, &!'=3'4*2$3 406 %$"'0&!&*6 )(4(&*6. 

J06  "#'+'+*"( QL #()#(='+(& *&+!#(-+*%&$: *&+!#?!:/, -'+'#$: "')%'06!+ 

/0!4*+8 )( 3'4'2 #(/"#!4!0!&*6 )(4(&*: "' #!/,#/(2, '+/0!1*%(+8 *)2!&!&*! '/&'%-

&$3 "'-()(+!0!: #(='+$ 2'4!0*, %')4!:/+%'%(+8 &(  ,"#(%06@9*! "(#(2!+#$. I#'2! 
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+'7' #!(0*)'%(& 2!3(&*)2, "')%'06@9*: "!#!&(/+#(*%(+8  -'&?*7,#(A*@  2'4!0*#,!-

2': Grid (#3*+!-+,#$. L'4!08 4(!+ %')2'1&'/+8 (&(0*)*#'%(+8 3'4 %$"'0&!&*6 <-/-

"!#*2!&+( "' /0!4,@9*2 -#*+!#*62: 

C -'0*5!/+%' */"'08),!2$3 * 4'/+,"&$3 "#'A!//'#&$3 ,)0'%; 

C )(7#,1!&&'/+8 -0(/+!#'% % "#'A!&+&'2 /''+&'.!&** "' -(14'2, 5(/, * 4&@; 

C -'0*5!/+%' )(4(5, %$"'0&6@9*3/6  % 4(&&$: 2'2!&+ %#!2!&*, * 14,9*3 %$-

"'0&!&*6; 

C -'0*5!/+%' '+-()'% #()0*5&$3 ,)0'% *&?#(/+,-+,#$; 

C /#!4&!! */"'08)'%(&*! "#'A!//'#&$3 <0!2!&+'% -0(/+!#'% )( -(14$: 5(/. 

E()#(='+(& "#'+'+*" QL, "')%'06@9!: -'&?*7,#*#'%(+8 #()0*5&$! Grid-

*&?#(/+#,-+,#$. N$0 "#'%!4!& #64 <-/"!#*2!&+'% 406 %$=#(&&': Grid-

*&?#(/+#,-+,#$ / )(#(&!! '"#!4!0!&&$2* )(4(&*62*. E!),08+(+$ <-/"!#*2!&+'% /#(%-

&*%(0*/8 / #!),08+(+(2* 4#,7*3 /*2,06+'#'%[8, 9] 406 +!3 1! &(5(08&$3 ,/0'%*:. 

G#(%&*+!08&$: (&(0*) 4(&&$3 #!),08+(+'% "'-()(0 &!"'0&'! /'%"(4!&*!. K+'+ ?(-+ 

'=H6/&6!+/6 +!2, 5+' % #()#(='+(&&': 2'4!0* =$0* ,5+!&$ &! %/! %')2'1&$! ?(-+'#$, 

&' "#* ,/+#(&!&** <+*3 &!4'/+(+-'% /')4(&&(6 2'4!08 2'1!+ "#*2!&6+8/6 406 2'4!0*-

#'%(&*6 #!(08&': Grid-*&?#(/+#,-+,#$. D7!&+&$: "'43'4 6%06!+/6 '4&*2 *) <??!--

+*%&$3 /#!4/+% "#* #!.!&** )(4(5* (00'-(A** 406 Grid-*&?#(/+#,-+,#. 
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