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5 567885 9: ;7<=:><?:: @A;<  : 97BC :B:9<?:5885D5 

B5A7=:;5E<8:@ SIMULAB 

7.  . 7'F,3 (5.+") 

E3!2!/$! 

  !"#$%&'(( )*(+& #,'(#$),($ -%./0%( 1%.23(#$)% *"4.23!56 #2#$(+ 2+2$"72-

%!!%8% +%9(.2*%)"!2& (:;<), 1"1 ,41%#=(72".242*%)"!!56, $"1 2 +!%8%7(.()56.   

9"!!%> #$"$/( -,9($ *"##+"$*2)"$/#& #2#$(+" +!%8%=%96%9!%8% 2+2$"72%!!%8% +%9(-

.2*%)"!2& Simulab, *"4*"-%$"!!"& 8*,==%> #%$*,9!21%) 1"?(9*5 @:A;B A+CDB.   

4"9"32 ")$%*" #$"$/2, ) 3"#$!%#$2, )6%92.% =*%(1$2*%)"!2( 2 *(".24"72& &9*" 2 #*(95 

*"4*"-%$12 +%9(.(> :;< Simulab. 

5+,G!//,+)$ '!(1$4(#$$ %2'(  :B Simulab 

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

=."!2*%)'21" 9.& %*8"!24"722 )5=%.!(!2& #%-5$2> 2+2$"72%!!%> +%9(.2 ) 6*%!%.%-

823(#1%+ =%*&91() :;< Simulab – +2!2+24"72& )*(+(!2 )5=%.!(!2& 2+2$"72%!!%> 

+%9(.2 !" 1%+=/E$(*( (=*%7(##%*!%8% )*(+(!2). 

F*%7(##%*!%( )*(+& ) =(*),E %3(*(9/ 4")2#2$ %$ 3"#$%$5 24+(!(!2> ) +%9(.2-

*,(+%> #2#$(+( 4" +%9(.2*,(+5> =(*2%9 )*(+(!2, " $"1G( %$ %-H(+" )532#.(!2>, #)&-

4"!!56 # %-*"-%$1%> #%-5$2> [1]. D"12+ %-*"4%+, +%9(.2*%)"!2( #.%G!56 #2#$(+ +%-

G($ =%$*(-%)"$/ 4!"32$(./!56 4"$*"$ =*%7(##%*!%8% )*(+(!2.  

:%1*"'(!2( =*%7(##%*!%8% )*(+(!2 +%G($ -5$/ 9%#$28!,$% -."8%9"*& I??(1-

$2)!%+, 2 =%.!%7(!!%+, =*2+(!(!2E "=="*"$!56 *(#,*#%) J <.   3"#$!%#$2, *(02$/ 

=*%-.(+5 *(#,*#%(+1%#$2 2 )532#.2$(./!56 4"$*"$ =%4)%.2$ *"4*"-%$1" !%)56 #=%#%-

-%) =%#$*%(!2& ".8%*2$+%) 2+2$"72%!!%8% +%9(.2*%)"!2& 2 =*2+(!(!2( I??(1$2)!56 

+($%9%) =*%8*"++2*%)"!2&. 

A9!%> 24 )"G!56 #%#$").&E'26 &9*" .E-%> :;< &).&($#& 1".(!9"*/ #%-5$2> 

(%3(*(9/ #%-5$2>, event queue), #%#$%&'2> ) %-'(+ #.,3"( 24 I.(+(!$%), 1"G95> 24 

1%$%*56 #%9(*G2$ 1"1 +2!2+,+ 9)" =%.&: 

K ##5.1, !" 4"=."!2*%)"!!%( #%-5$2( (ei); 

K +%9(./!%( )*(+&, !" 1%$%*%( 4"=."!2*%)"!% #%-5$2( (ti). 

D"12+ %-*"4%+, +%G!% #1"4"$/, 3$% 1".(!9"*/ #%-5$2> – I$% #=2#%1 I.(+(!$%) li, 

89( li = (ei, ti). 

L9*% :;< )5-2*"($ 24 1".(!9"*& #%-5$2> #%-5$2( # +2!2+"./!5+ )*(+(!(+, 

1%$%*%( )=%#.(9#$)22 #$"!%)2$#& $(1,'2+ +%9(./!5+ )*(+(!(+. M".(( &9*% =*2#)"2-

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

)*(+(!2, !" 1%$%*%( 4"=."!2*%)"!% )5=%.!(!2( #%-5$2& 2 =(*(9"($ (+, ,=*").(!2(. 

N#.2 #*"4, !(#1%./1% #%-5$2> 4"=."!2*%)"!5 !" %9!% 2 $% G( )*(+&, $% %!2 )5=%.!&-

E$#& =%#.(9%)"$(./!% 9*,8 4" 9*,8%+, #2#$(+!%( )*(+& !( 24+(!&($#& 9% $(6 =%*, =%1" 

)#( I$2 #%-5$2& !( -,9,$ %-*"-%$"!5. M".(( =*%2#6%92$ ,9".(!2( )5=%.!(!!56 #%-5-

$2> 24 1".(!9"*& #%-5$2>. M.& $%8% 3$%-5 =%2#1 -5. I??(1$2)!5+, 1".(!9"*/ #%-5-

$2> ,=%*&9%32)"E$ =% )%4*"#$"!2E )*(+(!2. 

A-*"-%$1" %3(*(9!%8% #%-5$2& ei $"1G( +%G($ =%*%G9"$/ !%)%( #%-5$2( ej, )5-

=%.!(!2( 1%$%*%8% 4"=."!2*%)"!% !" !(1%$%*5> +%+(!$ )*(+(!2 tj. D"12+ %-*"4%+, ) 

1".(!9"*( #%-5$2> =%&).&($#& !%)5> I.(+(!$ lj = (ej, tj).   I$%+ #.,3"( &9*% #2#$(+5 

+%9(.2*%)"!2& =%+('"($ !%)5> I.(+(!$ ) 1".(!9"*/ #%-5$2>, #%6*"!&& =*2 I$%+ ,=%-

*&9%3(!!%#$/ =% )%4*"#$"!2E. 

A#!%)!"& =*%-.(+" 92#1*($!%-#%-5$2>!%8% 2 "8(!$!%8% +%9(.2*%)"!2& – I?-

?(1$2)!%( 2#=%./4%)"!2( 1".(!9"*& #%-5$2>. D*"9272%!!% 1".(!9"*/ #%-5$2> *(".2-
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4,($#& !" %#!%)( #)&4!56 #=2#1%) (linked lists), %#!%)!%( =*(2+,'(#$)% 1%$%*56 – 

)#$")1" 2 ,9".(!2( I.(+(!$%) – 4"!2+"($ )*(+& t = O(1), 3$% 9(."($ 26 !(4"+(!2+5+2 ) 

#.,3"&6, 1%89" !(%-6%92+" -5#$*"& )#$")1" I.(+(!$%) ) !"3".% 2.2 1%!(7 #=2#1". A9-

!"1% ) #.,3"( # 1".(!9"*(+ #%-5$2> =*%&).&($#& 2 %#!%)!%> !(9%#$"$%1 #)&4!56 #=2-

#1%) – )*(+& =%2#1" +(#$" 9.& )#$")12 (9.& #%6*"!(!2& 6*%!%.%823(#1%> ,=%*&9%3(!-

!%#$2) =*%=%*72%!"./!% 1%.23(#$), I.(+(!$%) ) 9"!!%+ #=2#1(. O%./02!#$)% ".8%-

*2$+%), =*(9.%G(!!56 ) [2] 2 2#=%./4,E'26 #)&4!5( #=2#12, *"4.23!5+2 #=%#%-"+2 

=5$"E$#& %-%>$2 I$%$ !(9%#$"$%1, !"=*2+(*: 

1) =*(9=*2!2+"($#& =%2#1 # !"3"." 2 1%!7" #=2#1"; 

2) 9.& *"4.23!56 $2=%) #%-5$2> 2#=%./4,E$ *"4!5( #=2#12; 

3) #=2#%1 # 9%=%.!2$(./!5+ ,1"4"$(.(+ !" (8% #(*(92!, (I.(+(!$ *")!%,9".(!-

!5> %$ !"3"." 2 1%!7" #=2#1"): =*2 I$%+ #!"3"." =*%2#6%92$ #*")!(!2( # !,G!5+ I.(-

+(!$%+, " =%$%+ =%2#1 ) !,G!%> =%.%)2!( #=2#1" (# !"3"." 2 1%!7" =%9#=2#1"); 

4) #=2#%1 #%-5$2> 9(.2$#& !" =%9#=2#12, 1%$%*5( #%%$)($#$),E$ 2!$(*)"."+ 

#2#$(+!%8% )*(+(!2, =*2 I$%+ 9.2!5 )#(6 2!$(*)".%) *")!5 ?21#2*%)"!!%+, 4!"3(-

!2E, 1%$%*%( 4"9"($#& =%./4%)"$(.(+. F*2 =."!2*%)"!22 !%)%8% #%-5$2& )532#.&($#& 

(8% 2!9(1# ) +"##2)( ,1"4"$(.(>, =%#.( 3(8% !%)5> I.(+(!$ #=2#1" #%-5$2> +%G($ -5$/ 

*"4+('(! ) #%%$)($#$),E'(+ (8% =%9#=2#1(. 

P #%G".(!2E, 2#=%./4%)"!2( =(*(32#.(!!56 +%92?21"72> #)&4!%8% #=2#1" !( 

$%./1% !( =*2)%92$ 1 4!"32$(./!%+, =*2*%#$, =*%24)%92$(./!%#$2, !% 2 ,#.%G!&($ 

".8%*2$+ %-*"-%$12 #=2#1". 

P"1 =%1"45)"($ =*"1$21", =*2 *(".24"722 1".(!9"*& #%-5$2> !"2-%.(( I??(1-

$2)!5+2 =% #*")!(!2E #% #)&4!5+2 #=2#1"+2 &).&E$#& ".8%*2$+5 !" %#!%)( #"+%-"-

."!#2*,E'26 -2!"*!56 9(*()/() =%2#1" (self-balancing binary search trees).  54)"!% 

I$% =*(G9( )#(8% $(+, 3$% 2 )#$")1" (#%*$2*%)1" ,4.%) %#,'(#$).&($#& ")$%+"$23(#12), 

2 ,9".(!2(, 2 =%2#1 ,4." 4"!2+"E$ .%8"*2?+23(#1%( )*(+& t = O(log2N), 89( N K 1%.2-

3(#$)% ,4.%) ) 9(*()( (9".(( =%9 ,4.%+ 9(*()" -,9(+ =%9*"4,+()"$/ I.(+(!$ 1".(!9"*& 

#%-5$2>). P"1 =*")2.%, 2#=%./4,E$ 1*"#!%-3(*!5( 9(*()/& (red-black trees) [3], =%=,-

.&*!%#$/ 1%$%*56 #)&4"!" # $(+, 3$% !" !26 3"#$% 9%#$28"($#& .,30(( #%%$!%0(!2( +(-

G9, #$(=(!/E #-"."!#2*%)"!!%#$2 (9(*()% #-"."!#2*%)"!%, (#.2 =,$/ %$ 1%*!& 9% 1"G-

9%8% ,4." 2+(($ 9.2!,, !( =*()50"E',E O(log2N)) 2 #.%G!%#$/E (( =%99(*G12. :-"-

."!#2*%)"!!%#$/ 9%#$28"($#& 4" #3($ ))(9(!2& 9%=%.!2$(./!%8% "$*2-,$" ,4." 9(*()" K 

«7)($». J$%$ "$*2-,$ +%G($ =*2!2+"$/ %9!% 24 9),6 )%4+%G!56 4!"3(!2> K «3(*!5>» 

2.2 «1*"#!5>». 

F*2)(9(+ !(#1%./1% =*2(+%), 2#=%./4%)"!!56 =*2 *(".24"722 &9*" :;< 

Simulab 2 ) #%)%1,=!%#$2 =%4)%.&E'26 ) !(#1%./1% *"4 =%)5#2$/ #1%*%#$/ *"-%$5 # 

1".(!9"*(+ #%-5$2> !" -"4( 1*"#!%-3(*!%8% 9(*()". 

1. P"1 -5.% %$+(3(!% *"!((, ) %-'(+ #.,3"( )*(+& )#$")12 !%)%8% ,4." ) 1*"#!%-

3(*!%( 9(*()% #%#$").&($ t = O(log2N) (3$% 2+(($ +(#$%, !"=*2+(*, =*2 )#$")1( ,4." # 

+2!2+"./!5+ 2.2 +"1#2+"./!5+ 4!"3(!2(+ 1.E3"). A9!"1%, 2#=%./4,& #=(72"./!5( 

,1"4"$(.2 !" ,4.5 9(*()" # +2!2+"./!5+ 2 +"1#2+"./!5+ 4!"3(!2&+2 1.E3", +%G!% 

#%1*"$2$/ )*(+& )#$")12 ) !"3".%/1%!(7 1".(!9"*& #%-5$2> 9% t = O(1). 

2. M.& 1".(!9"*& #%-5$2> !" 1"G9%+ 0"8( +%9(.2*%)"!2& 6"*"1$(*!% 9%-").(-

!2( 2 ,9".(!2( %9!%8% 2.2 !(#1%./126 I.(+(!$%). Q(%-6%92+% %$+($2$/, 3$% ) I$%+ 

#.,3"( =*%2#6%92$ #%49"!2(/,9".(!2( !%)56 I14(+=.&*%) %-H(1$%) (I.(+(!$%) 1".(!-

9"*&), 3$% #2./!% #1"45)"($#& !" -5#$*%9(>#$)22 1".(!9"*& #%-5$2> (*2#. 1,  ). M.& 

*(0(!2& I$%> =*%-.(+5 =*(9."8"($#& =*2+(!&$/ #=(72"./!5> =,. I.(+(!$%), 1%$%*5> 

2#=%./4,($#& #.(9,E'2+ %-*"4%+: =*2 ,9".(!22 I.(+(!$" 24 1".(!9"*& #%-5$2> %! !( 

,!23$%G"($#&, " =%+('"($#& ) #=(72"./!% )59(.(!!5> 9.& I$%8% +"##2). F*2 9%-").(-

!22 ) 1".(!9"*/ #%-5$2> !%)%8% I.(+(!$" &9*% #2#$(+5 +%9(.2*%)"!2& #!"3"." =*%)(-
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*&($ !".232( ) =,.( ,9".(!!56 I.(+(!$%), 2 (#.2 $"1%)5( 2+(E$#&, $% 2#=%./4,($ %92! 

24 !26, ) =*%$2)!%+ #.,3"( – #%49"($ !%)5> I.(+(!$. 

3.   3"#$!%+ #.,3"( ) 4"9"32 &9*" :;< $"1G( )6%92$ 6*"!(!2( +"##2)" 4"&)%1, 

!"6%9&'26#& ) +%9(.2*,(+%> #2#$(+(, " $"1G( ,=*").(!2( I$2+ +"##2)%+. A9!"1% 

9%#$,= 1 4"&)1"+ =% 2!9(1#, #%=*&G(! # 9%=%.!2$(./!5+2 )*(+(!!5+2 *"#6%9"+2 

(*2#. 1, !), )54)"!!5+2 =%#$%&!!%> =*%)(*1%> !" )56%9 4" 8*"!275 +"##2)". M.& *(-

0(!2& I$%> =*%-.(+5 =*(9."8"($#& 6*"!2$/ ) I.(+(!$( 1".(!9"*& #%-5$2> ##5.12 !" 

I14(+=.&* 4"&)12, #)&4"!!%> # #%-5$2(+. 

4. :$"!9"*$!"& *(".24"72& 1*"#!%-3(*!%8% 9(*()" !( =*(9,#+"$*2)"($ )%4+%G-

!%#$2 6*"!(!2& ,4.%) # %92!"1%)5+ 4!"3(!2(+ 1.E3", 3$% =*2)%92$ 1 !(%-6%92+%#$2 

*(".24%)5)"$/ ) 1"G9%+ ,4.( =% +(!/0(> +(*( #)&4!5> #=2#%1, =*(9!"4!"3(!!5> 9.& 

6*"!(!2& #%-5$2>, 4"=."!2*%)"!!56 !" %9!% )*(+&. J$% =*2)%92$ 1 9%=%.!2$(./!5+ 

4"$*"$"+ ="+&$2 (*2#. 1, "), =%#1%./1, +5 )5!,G9(!5 6*"!2$/ ##5.1, !" I$%$ #)&4!5> 

#=2#%1, )%4+%G!%, $"1 !21%89" 2 !( )%#=%./4%)")02#/ 2+. M.& *(0(!2& I$%> =*%-.(+5 

=*(9."8"($#& +%92?272*%)"$/ ".8%*2$+ )#$")12 ,4.%) ) 9(*()% $"12+ %-*"4%+, 3$%-5 

!%)5( ,4.5 #% 4!"3(!2(+ 1.E3", *")!5+ 4!"3(!2E 1.E3" #,'(#$),E'(8% ,4.", *"#-

#+"$*2)".2#/ 1"1 ,4.5 # +(!/02+ 4!"3(!2(+ 1.E3". 

 

;$+. 1. HII!")$3/,+)J '!(1$4(#$K "(1!/2('% +,GL)$K + $+-,1J4,3(/$!. -M1( N1!.!/),3 

( ), + $+-,1J4,3(/$!. ++L1," /( N"4!.-1%'L (0!/),3 ($) $ + .,2$I$"(#$!K "'(+/,-

*!'/,0, 2!'!3( (%) 
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F*2 *(".24"722 &9*" :;< $"1G( !(%-6%92+% ,9(.&$/ )!2+"!2( I??(1$2)!%+, 

2#=%./4%)"!2E %=(*"$2)!%> ="+&$2. J$% %#%-(!!% )"G!% ) "8(!$!%+ +%9(.2*%)"!22, 

=%#1%./1, =*2 -%./0%+ 1%.23(#$)( (-%.(( +2..2%!") "8(!$%) 1".(!9"*/ #%-5$2> -,9($ 

#%9(*G"$/ +2..2%!5 I.(+(!$%), =*2 I$%+ 1"G95> "8(!$ -,9($ %-."9"$/ #)%2+2 ,!2-

1"./!5+2 #)%>#$)"+2 2 ")$%!%+!5+ =%)(9(!2(+ (=*2!&$2( *(0(!2& ) #%%$)($#$)22 # 

!(1%$%*5+ !"-%*%+ =*")2., )4"2+%9(>#$)2( # %1*,G"E'(> #*(9%> 2 9*,82+2 "8(!$"-

+2, #"+%24+(!(!2( 2 $.=.). 

F*2)(9(+ !(#1%./1% =*2(+%) *(".24"722 1."##" "8(!$", 1%$%*5( =%4)%.2.2 4!"-

32$(./!% ,+(!/02$/ 4"$*"$5 ="+&$2 ) :;< Simulab. 

1. B+(!/0(!2( 1%.23(#$)" =%.(>, !(%-6%92+56 9.& %=2#"!2& -"4%)56 #)%>#$) 

"8(!$". A3()29!%, 3$% =*2 #%1*"'(!22 1%.23(#$)" =%.(>, %=2#5)"E'26 -"4%)5( #)%>-

#$)" "8(!$", #%1*"$2$#& 2 %-H(+ ="+&$2, 4"!2+"(+%> )#(+2 I14(+=.&*"+2 9"!!%8% "8(!-

$". M%-2$/#& I$%8% #%1*"'(!2& +%G!% !(#1%./12+2 #=%#%-"+2, !"=*2+(*, #.(9,($ %$-

1"4"$/#& %$ =%.(>, 4!"3(!2& 1%$%*56 =*2 !(%-6%92+%#$2 +%8,$ -5$/ )532#.(!5 3(*(4 

9*,82( =%.&. A$1"4 %$ =%.(>, 1%$%*5( !( 2#=%./4,E$#& ) $(1,'(+ *(G2+( +%9(.2*%)"-

!2&, $"1G( =%4)%.2$ %#)%-%92$/ ="+&$/. Q"=*2+(*, =*2 +%9(.2*%)"!22 ) *(G2+( )2*-

$,"./!%8% +%9(./!%8% )*(+(!2 =%.!%#$/E %$="9"($ !(%-6%92+%#$/ ) =%.&6 2 +($%9"6, 

2#=%./4,(+56 $%./1% =*2 )24,".24"722 "8(!$%). 

2. A$1"4 %$ 2#=%./4%)"!2& ) 1"3(#$)( =%.(> =*%#$56 1."##%) ($"126 1"1 Point, 

Dimension 2 $.=.). Q"=*2+(*, %$1"4 %$ 2#=%./4%)"!2& 1."##" Point 9.& %=2#"!2& $(1,'(-

8% =%.%G(!2& "8(!$" ) !(=*(*5)!%+ 9),6+(*!%+ =*%#$*"!#$)( 2 #%%$)($#$)(!!% 2#-

=%./4%)"!2( 9),6 =%.(> $2=" double, #%9(*G"'26 1%%*92!"$5, =%4)%.&($ 24-(G"$/ !(-

%=*")9"!!56 4"$*"$ ="+&$2 !" 6*"!(!2( ##5.%1. 

P"1 =%1"4".2 +!%8%32#.(!!5( I1#=(*2+(!$5 # 92#1*($!%-#%-5$2>!5+2, "8(!$-

!5+2 2 +!%8%=%96%9!5+2 +%9(.&+2, &9*% :;< Simulab =% #*")!(!2E # #,'(#$),E-

'2+2 "!".%8"+2 =%4)%.&($: 

• #,'(#$)(!!% #%1*"$2$/ )*(+& !" =*%)(9(!2( ;J ) *(G2+( )2*$,"./!%8% +%-

9(./!%8% )*(+(!2: ) 4 *"4" 9.& 92#1*($!%-#%-5$2>!%8% +%9(.2*%)"!2& (*2#. 2) 2 ) 1,5–

2 *"4" 9.& "8(!$!%8% +%9(.2*%)"!2& (*2#. 3,  ); 

• #%1*"$2$/ %-H(+ ="+&$2, !(%-6%92+%> 9.& =*%)(9(!2& ;J (=*(2+,'(#$)(!!% ) 

"8(!$!56 +%9(.&6), ) 2–3 *"4" (*2#. 3, !). 

 

;$+. 2.  '(3/!/$! Simulab c +,3'!.!//L.$ +$+)!.(.$ :B -, GL+)',2!K+)3$O 3 batch-

'!P$.! -',#!++/,0, .,2!1$',3(/$% 
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;$+. 3.  '(3/!/$! Simulab c  :B AnyLogic 6 -, GL+)',2!K+)3$O 3 (0!/)/,. 

.,2!1$',3(/$$ (() $ -, $+-,1J4,3(/$O ,-!'()$3/,K -(.%)$ (G) 

 

Q,G!% %$+($2$/, 3$% 9"!!5( *(4,./$"$5 9%#$28!,$5 =*2 =%.!%> ?,!172%!"./-

!%> #%)+(#$2+%#$2 # "!".%8"+2 2 -(4 2#=%./4%)"!2& 1"126-.2-% $(6!%.%82> *"#=*(9(-

.(!!56 )532#.(!2>. 

>("1O*!/$! 

;#=%./4%)"!2( :;< Simulab (2.2 %$9(./!56 (( -2-.2%$(1 ) #%#$")( 9*,826 

:;<) =%4)%.2$ *"4*"-%$321"+: 

– #%1*"$2$/ )*(+& !" *"4*"-%$1, ;< 9.& *(0(!2& 4"9"3 ) %-."#$2 =*%24)%9#$)", 
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