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 345 678 94:43;<== >85; =?=6;<=8::8@ ?854A=, 

 87?4 6=?8@  8  6;:5;368? HLA 

7. ;. ;1),1!1",, 5. B. 7,0"+1,*, ?. 7. C$(),0$1,* (?,("*+) 

  !"#$%&'(( )*(+& *",*"-%$"! .(/01 *&2 #*(2#$) 3 &,04%) +%2(/3*%)"!3&. 5#-

!%)!0+ #$"!2"*$%+ ) %-/"#$3 #6(.3"/3,3*%)"!!07 #*(2#$) +%2(/3*%)"!3& *"#6*(2(-

/8!!07 #3#$(+ &)/&($#& High Level Architecture (HLA) (IEEE 1516, 1516.2010) [1]. 

52!3+ 3, 9/")!07 4%+6%!(!$%) #3#$(+0 +%2(/3*%)"!3&, %63#"!!0+ ) #$"!2"*-

$( HLA, &)/&($#& Runtime Infrastructure (RTI). :%2 RTI 6%!3+";$ #*(2< 6(*(2"=3 2"!-

!07 +(>2< 4%+6%!(!$"+3, )7%2&'3+3 ) +%2(/?. @#7%2& 3, #$"!2"*$" HLA, !(%-7%23-

+% 2/& 4">2%1 3+3$".3%!!%1 +%2(/3 %$2(/?!% %63#"$? !(#4%/?4% 2(#&$4%) 3!$(*A(1-

#%) 2/& ),"3+%2(1#$)3& # RTI. B/(2%)"$(/?!%, 6%+3+% ,"$*"$ !" 6%#$*%(!3( #"+%1 +%-

2(/3, *",*"-%$=34< $*(-<($#& 2%6%/!3$(/?!% ,"!3+"$?#& %63#"!3(+ 3!$(*A(1#%) 2/& 

),"3+%2(1#$)3& # RTI.   *(,</?$"$( "4$<"/?!" ,"2"=" #%,2"!3& #*(20 *",*"-%$43  

HLA-#%)+(#$3+07 +%2(/(1, ) 4%$%*%1 6%#$*%(!3( +%2(/(1 %#<'(#$)/&/%#? -0 6*3 

6%+%'3 $(4#$%)%9% 3/3 9*"A3=(#4%9% &,04" %63#"!3& +%2(/(1. 

6&!D,*+1$% " (&!'()*/ &+.&+D,)"$ -,'!0$ 

5#!%)!"& .(/? *",*"-"$0)"(+%9% #*(2#$)" – "-#$*"93*%)"!3( 6%/?,%)"$(/& (*",-

*"-%$=34" 3+3$".3%!!07 +%2(/(1) %$ %63#"!3& 3!$(*A(1#%) 2/& ),"3+%2(1#$)3& # 

RTI. :*3 C$%+ !(%-7%23+% 6*32(*>3)"$?#& 6%27%2" # 3#6%/?,%)"!3(+ 9*"A3=(#4%1 

%-%/%=43 2/& 6%#$*%(!3& +%2(/3, $"4 4"4 *",*"-%$=34 +%2(/3 !( %-&,"! -0$? 6*%9*"+-

+3#$%+.  @#7%2& 3, C$%9%, #63#%4 $*(-%)"!31 )09/&23$ #/(2<;'3+ %-*",%+: 

•  !"#$%&'($) $*+&!#&)'. D"/3=3( 9*"A3=(#4%1 %-%/%=43 2/& 6%#$*%(!3& 3+3-

$".3%!!07 +%2(/(1. 

• ,-./"*$& HLA-'-01&'+$123 1-/&4&).  %,+%>!%#$? 6%/<=(!3& !" )07%2( 3#-

7%2!07 4%2%) +%2(/(1 # %63#"!!0+ 3!$(*A(1#%+ 2/& 6%24/;=(!3& 4 RTI.   

•  &*&!"5$6 (-/" 7- 8"94-*"1.  %,+%>!%#$? 9(!(*".33 3#7%2!%9% 4%2" +%2(/3 

(!"  B++) 6% 6*(2#$")/(!!%1  23"9*"++( #%#$%&!31. 

• ,0-9-/*"6 4$5&*.$6. D(%-7%23+%, =$%-0 -",%)%( #*(2#$)% *"#6*%#$*"!&/%#? 6% 

GPL /3.(!,33.  

• :-.1-;*-'+< 0&!$#$("5$$. B/(2<($ 6*%)(*&$? ,"2"!!0( A<!4.3%!"/?!0( 

#)%1#$)" *",*"-"$0)"(+%1 3+3$".3%!!%1 +%2(/3, !"6*3+(*, # 3#6%/?,%)"!3(+ -3-/3%-

$(43 UPPAL. 

 /E!()*/FE$! (&!'()*+ ,G$(+1$% $-$)+#$,11HI -,'!0!J 

:*3 #%,2"!33 #*(2#$) %63#"!3& 3+3$".3%!!07 +%2(/(1 *",*"-%$=343 3#6%/?-

,<;$ %23! 3, #/(2<;'37 6%27%2%) [2]: 

• B%,2"!3( &,04" # A<!4.3&+3 6%22(*>43 +%2(/3*%)"!3&. 

• D"63#"!3( #6(.3"/3,3*%)"!!07 +%2</(1 (-3-/3%$(4 4/"##%)), *(E";'37 ,"-

2"=3 6%22(*>43 +%2(/3*%)"!3&, 2/&  &,04" %-'(9% !",!"=(!3&. 

• B%,2"!3( 9*"A3=(#4%9% 3!$(*A(1#" 2/& %63#"!3& +%2(/(1. 

  6(*)%+ #/<="( #%,2"($#& (4"4 6*")3/%, !" %#!%)( #3!$"4#3#" #<'(#$)<;'(9% 

&,04") !%)01 &,04, ) 4%$%*%+ *",*"-%$=34"+3 6*(2<#+"$*3)";$#& #6(.3"/?!0( 4%!#$-

*<4.33, 6*(2!",!"=(!!0( 2/& *(E(!3& ,"2"= 3+3$".3%!!%9% +%2(/3*%)"!3&. F"!!0( 

4%!#$*<4.33 +%9<$ 3#6%/?,%)"$?#& 2/& <6*")/(!3& +%2(/?!0+ )*(+(!(+, 2/& %63#"!3& 

),"3+%2(1#$)3& 4%+6%!(!$%) +%2(/3, A<!4.33, 6%,)%/&;'3( ,"63#0)"$? 3,+(!&(+0( 

6"*"+($*0 ) $*"##< C4#6(*3+(!$". :*3+(*%+ $"4%9% &,04" +%2(/3*%)"!3& &)/&($#& 

MM-&,04, 3#6%/?,<(+01 ) #*(2( +%2(/3*%)"!3& DYANA [3]. 
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:*3 3#6%/?,%)"!33 )$%*%9% 6%27%2" %63#"!!0( )0E( A<!4.33 *("/3,<;$#& ) 

)32( +%2</& &,04" %-'(9% !",!"=(!3&, !"6*3+(* -3-/3%$(43 4/"##%) 3 E"-/%!%) C++ 

3/3 Java. :*3+(*%+ $"4%9% &,04" +%2(/3*%)"!3& &)/&($#& SLX [4]. 

:*3+(!(!3( <>( #<'(#$)<;'(9% &,04" 6%,)%/&($ <6*%#$3$? *",*"-%$4< +%2(-

/(1 -/"9%2"*& $%+<, =$% !( $*(-<($#& 3,<=(!3( *",*"-%$=34"+3 !%)%9% &,04" 3 )%,-

+%>!% 3#6%/?,%)"!3( #<'(#$)<;'37 6*%9*"++!07 #*(2#$) ($"437 4"4 #*(2" *",*"-%$-

43, $*"!#/&$%*, %$/"2=34) 3 #<'(#$)<;'37 -3-/3%$(4 6*%9*"++!07 4%+6%!(!$%). 

B%)*(+(!!0( $(!2(!.33 *",)3$3& &,04%) +%2(/3*%)"!3& [5, 6] ,"4/;=";$#& ) 

<+(!?E(!33 *%/3 $(4#$%)07 #6(.3"/3,3*%)"!!07 &,04%) %63#"!3& +%2(/(1, #)(2(!3& 

37 4 3#6%/?,%)"!3; $%/?4% 2/& )!<$*(!!(9% 6*(2#$")/(!3&. D" 6*"4$34( >( *",*"-%$-

=343 #6(.3"/3,3*%)"!!07 &,04%) 6*(2%#$")/&;$ 9*"A3=(#431 3!$(*A(1# %63#"!3& 

+%2(/(1 (!"6*3+(*, ) )32( 23"9*"++ 4/"##%)). 

@, "!"/3," %$4*0$%1 /3$(*"$<*0 -0/% )02(/(!% !(#4%/?4% %#!%)!07 &,04%) 

3+3$".3%!!%9% +%2(/3*%)"!3&, 2%+3!3*<;'37 !" *0!4( #6(.3"/3,3*%)"!!%9% :5 

2/& 6%#$*%(!3& +%2(/(1, " $"4 >( 6*%"!"/3,3*%)"!0 )%,+%>!%#$3 &,04" UML. G"#-

#+%$*3+ %#%-(!!%#$3 C$37 &,04%). 

Modelica – #)%-%2!% *"#6*%#$*"!&(+01 %-H(4$!%-%*3(!$3*%)"!!01 &,04 2/& 

+%2(/3*%)"!3& #/%>!07 A3,3=(#437 #3#$(+ [7]. I,04 3+(($ 7%*%E<; $(7!3=(#4<; 

6%22(*>4< *",*"-%$=34%), 2/& !(9% #<'(#$)<($ -%/?E%( 4%/3=(#$)% -3-/3%$(4 4%+6%-

!(!$%). Modelica %-(#6(=3)"($ #%,2"!3( *",/3=!07 +%2(/(1: +(7"!3=(#437, C/(4$*3=(-

#437, 932*")/3=(#437, 73+3=(#437. 

  %#!%)( &,04" Modelica /(>3$ 4%!.(6.3& #%(23!&(+07 -/%4%). :*3 #%(23!(-

!33 ) #%%$)($#$)33 # $*(-<(+%1 #7(+%1 ")$%+"$3=(#43 9(!(*3*<;$#& #%%$)($#$)<;'3( 

<*")!(!3&. J$% 2(/"($ &,04  6*%#$0+ 2/& 6%!3+"!3& 3 3#6%/?,%)"!3& #6(.3"/3#$"+3 

!(+"$(+"$3=(#4%9% 6*%A3/&.  

SLX. I,04 SLX [4] %#!%)0)"($#& !" E3*%437 )%,+%>!%#$&7 &,04" 3+3$".3%!-

!%9% +%2(/3*%)"!3& GPSS/H. 5-(#6(=3)"($ -%/?E3( )%,+%>!%#$3 2/& +%2(/3*%)"!3& 

#%)*(+(!!07 #3#$(+, %63#0)"(+07 &,04"+3, 6%7%>3+3 !" C.  

5#!%)!0( %#%-(!!%#$3 SLX 6%,)%/&;$ #%,2")"$? *",!%%-*",!<; /%934<, 6($/3 

<6*")/(!3&, *"#E3*(!3&, 23"9!%#$343.   2%6%/!(!3( 4 !%)0+ 23*(4$3)"+ SLX 6%2-

2(*>3)"($ $*"23.3%!!0( +"4*%#0 3 +%2</3 *"#E3*(!3&, 6*3+(!3+0( 4"4 6*3 4%+63-

/&.33, $"4 3 ) 6*%.(##( 3#6%/!(!3&. 

Simulink – C$% 3!$(*"4$3)!"& 9*"A3=(#4"& #3#$(+" 2/& "!"/3," /3!(1!07 3 !(-

/3!(1!07 23!"+3=(#437 #3#$(+. 5!" 6%,)%/&($ +%2(/3*%)"$? #3#$(+< 6*%#$0+ 6(*(-

+('(!3(+ -/%4%) ) *"-%=<; %-/"#$? 3 6%#/(2<;'(1 <#$"!%)4%1 37 6"*"+($*%). 

Simulink +%>($ *"-%$"$? # /3!(1!0+3, !(/3!(1!0+3, !(6*(*0)!0+3, 23#4*($!0+3, 

+!%9%+(*!0+3 #3#$(+"+3 [8].  

D"3-%/(( 3!$(*(#!0+ # $%=43 ,*(!3& +%2(/3*%)"!3& )#$*%(!!07 #3#$(+ &)/&($-

#& 6"4($ Stateflow Simulink [9]. Stateflow – C$% 3!$(*"4$3)!01 3!#$*<+(!$ *",*"-%$43 ) 

%-/"#$3 +%2(/3*%)"!3& #/%>!07 <6*")/&(+07 #%-0$3&+3 #3#$(+. 5! %#!%)"! !" $(%-

*33 4%!(=!07 ")$%+"$%). Stateflow 6*(2/"9"($ *(E(!3( 2/& 6*%(4$3*%)"!3& )#$*%(!-

!07 #3#$(+ # 4%!$*%/3*<;'(1 /%934%1. F/& %63#"!3& /%9343 +%2(/3 Stateflow 3#6%/?-

,<($ 23"9*"++0 #%#$%&!31 3 6(*(7%2%).  

5$+2&+--H (,(),%1$J %.H"+ UML &)/&;$#& 7%*%E% 3,)(#$!0+ #*(2#$)%+ 

%63#"!3& 6%)(2(!3& #3#$(+. 5!3 %6*(2(/&;$ )#( )%,+%>!0( #%#$%&!3&, ) 4%$%*07 +%-

>($ !"7%23$?#& 4%!4*($!01 %-H(4$, " $"4>( 6*%.(## #+(!0 #%#$%&!31 %-H(4$" ) *(-

,</?$"$( )/3&!3& !(4%$%*07 #%-0$31. @, 4%!4*($!%9% #%#$%&!3& ) 2"!!01 +%+(!$ )*(-

+(!3 +%>($ -0$? %#<'(#$)/(! $%/?4% %23! 6(*(7%2; $"43+ %-*",%+, <#/%)3& &)/&;$#& 

),"3+!% 3#4/;=";'3+3 2/& /;-%9% #%-0$3&. B<'(#$)<($ 2)" %#%-07 #%#$%&!3&: )7%2 

3 )07%2. K;-%( 2(1#$)3(, #)&,"!!%( # #%-0$3(+ )7%2", )06%/!&($#&, 4%92" %-H(4$ )7%-
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23$ ) 2"!!%( #%#$%&!3(. B%-0$3( )07%2" )06%/!&($#& ) $%+ #/<="(, 4%92" %-H(4$ )0-

7%23$ 3, 2"!!%9% #%#$%&!3&. 

F"!!0( &,043 +%2(/3*%)"!3& -0/3 6*%"!"/3,3*%)"!0  !" 6*(2+($ #%%$)($#$)3& 

6%#$")/(!!0+ $*(-%)"!3&+. G(,</?$"$0 6*(2#$")/(!0 )  $"-/. 1. 

6+D0$#+ 1  

8),D&+K!1$! UML G&$-$)$*,* 1+ XML ,DL!")H $ M+D0,1H ",'+ 

>&$)!&$J Modelica SLX Simulink Stateflow UML

L*"A3=(#431 3!$(*A(1# + - + + 

G"-%$" 23"9*"++"+3 #%#$%&!31 + - + + 

B%,2"!3( HLA #%)+(#$3+07 +%2(/(1 - - - - 

L(!(*".3& 4%2" 6% E"-/%!"+ + - + - 

B)%-%2!"& /3.(!,3&  - + - + 

 %,+%>!%#$? )(*3A34".33 + - + + (*) 

 

M!"/3, 6%4","/ !(#%%$)($#$)3(  #6(.3"/3,3*%)"!!07 &,04%) 3 #*(2 *",*"-%$43 

3+3$".3%!!07 +%2(/(1 6*(2H&)/(!!0+ $*(-%)"!3&+. B/(2%)"$(/?!%, !(%-7%23+% *",-

*"-%$"$? #%-#$)(!!<; #3#$(+< 6%#$*%(!3& 3+3$".3%!!07 +%2(/(1 3 9(!(*".33 3#7%2-

!07 4%2%) +%2(/(1, #%)+(#$3+07 #% #$"!2"*$%+ HLA. I,043 +%2(/3*%)"!3& Modelica, 

Simulink Stateflow 3 UML <2%)/($)%*&;$ !"3-%/?E(+< 4%/3=(#$)< $*(-%)"!31, !% #)%-

-%2!%1 /3.(!,3(1 3, !37 %-/"2"($ $%/?4% &,04 +%2(/3*%)"!3& UML. F"/(( %63#"!% 

#*(2#$)% 2/& 9(!(*".33 4%2" 3+3$".3%!!07 +%2(/(1  !" %#!%)"!33 23"9*"++ #%#$%&-

!31 UML.   

9!1!&+#$% ",'+ -,'!0!J G, '$+2&+--+- (,(),%1$J UML 

B*(2#$)% 2/& 9(!(*".33 4%2" 3+3$".3%!!07 +%2(/(1  !" %#!%)"!33 23"9*"++ 

#%#$%&!31 UML (L(!(*"$%*) -0/% *("/3,%)"!% !" &,04( :3$%!. F/& #%,2"!3& 3 *(2"4-

$3*%)"!3& 23"9*"++ #%#$%&!31 UML 3#6%/?,%)"/%#? #*(2#$)% ArgoUML [10]. 52!"4% 

9(!(*"$%* !( *"-%$"($ !"6*&+<; # 23"9*"++%1 UML, " $%/?4% # (8 XML 6*(2#$")/(!3-

(+.   4"=(#$)( XML 6*(2#$")/(!3& -0/ )0-*"! #6(.3"/3,3*%)"!!01  XML A%*+"$, 

6*(2!",!"=(!!01 2/& *"-%$0 # 23"9*"++"+3 #%#$%&!31 – State Chart XML [11]. F"!!01  

A%*+"$ 6%,)%/&($ %63#0)"$? 4%!(=!0( ")$%+"$0 ) %-'(+ )32( !" %#!%)( 23"9*"++ #%-

#$%&!31 N"*(/". @#6%/?,<& SCXML, +%>!% %63#"$? *",/3=!0( $360 #$*<4$<* 4%!(=-

!07 ")$%+"$%).   4"=(#$)( 6*3+(*" +%>!% 6*3)(#$3 $"43( #/<="3, 4"4 )/%>(!!%#$?, 

6"*"//(/?!%#$?, #3!7*%!3,".3& 3/3 6"*"//(/?!%#$? 6%2")$%+"$%). 

F/& *"-%$0 # E"-/%!"+3 9(!(*".33 4%2" 3#6%/?,%)"/"#? #6(.3"/3,3*%)"!!"& 

-3-/3%$(4" E"-/%!%) Cheetah [12]. B<$? *"-%$0 2"!!%1 -3-/3%$(43 #/(2<;'"&: E"--

/%! 4%+63/3*<($#& # 6%+%'?; cheetah-4%+63/&$%*" ) 6*(2#$")/(!3( E"-/%!%) !" &,0-

4( :3$%!. F"!!01 A"1/ 3#6%/?,<($#& ,"9*<,=34%+ 63$%!" 2/& 9(!(*".33 )07%2!%9% 

A"1/". O"-/%! Cheetah #%#$%3$ 3, 4%+-3!".33 )07%2!%9% $(4#$" 3 4%2", 6%7%>(9% !" 

3#7%2!01 4%2 &,04" :3$%!. 

D" )7%2 9(!(*"$%*< 6%2"($#& 23"9*"++" #%#$%&!31 &,04" UML 3 E"-/%! 2/& 9(-

!(*".33 4%2". F"/(( 23"9*"++" 6(*()%23$#& )% )!<$*(!!3( 6*(2#$")/(!3( &,04" :3-

$%!. :%#/( #%,2"!3&  SCXML A"1/",  %! 6%2"8$#& !" )7%2 !(6%#*(2#$)(!!% 9(!(*"$%*< 

4%2" 6% E"-/%!<, 4%$%*01 9(!(*3*<($ .h .cpp .fed A"1/0.  F/& 9(!(*".33 4%2" A(2(*"-

$%) (# 6*")3/?!0+3 3!$(*A(1#"+3 2/& 6%24/;=(!3& 4 RTI) -0/3 #%,2"!0 %#%-0( E"--

/%!0: %$2(/?!% 2/& .h, .cpp 3 .fed A"1/%). D" *3c. 1 6*(2#$")/(!" #7(+" *"-%$0 9(!(*"-

$%*" 4%2" +%2(/(1 #%)+(#$3+07 #% #$"!2"*$%+ HLA. 
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3$(. 1.  I!-+ &+D,)H 2!1!&+),&+ ",'+ 

  *(,</?$"$( !" )07%2( 6%/<=(!0 3#7%2!0( A"1/0 +%2(/(1 # 3!$(*A(1#"+3 2/& 

6%24/;=(!3& 4 RTI. B*")!(!3( #9(!(*3*%)"!!%9% 3 )*<=!<; !"63#"!!%9% 4%2"  6*(2-

#$")/(!% !" *3#. 2 3 3.  

 

3$(. 2. N&$-!& (2!1!&$&,*+11,2,  

header O+J0+ 

3$(. 3. N&$-!& (2!1!&$&,*+11,2,  

cpp O+J0+ 

P+"0FQ!1$! 

5-,%* #6(.3"/3,3*%)"!!07 &,04%) +%2(/3*%)"!3& 6%4","/, =$% *"##+%$*(!!0( 

&,043 +%2(/3*%)"!3& !( %-/"2";$ !(%-7%23+%1 A<!4.3%!"/?!%#$?; 2/& <2%-!%9% 

%63#"!3& HLA-#%)+(#$3+07 +%2(/(1. :%C$%+< -0/ #2(/"! )0-%* ) 6%/?,< #%,2"!3& 

#6(.3"/3,3*%)"!!%9% #*(2#$)" 2/& 6%#$*%(!3& HLA-#%)+(#$3+07 +%2(/(1 # 3#6%/?,%-

)"!3(+ ) 4"=(#$)( &,04" +%2(/3*%)"!3& 23"9*"++0 #%#$%&!31 UML. D" %#!%)"!33 
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9*"A3=(#4%9% %63#"!3&, 2%6%/!(!!%9% 4%2%+ !" C++,  9(!(*3*<($#& 4%2 HLA-

#%)+(#$3+%1 +%2(/3 !" &,04( C++. 

P0/% *",*"-%$"!% #*(2#$)% 2/& 9(!(*".33 4%2" HLA-#%)+(#$3+07 +%2(/(1 6% 

E"-/%!"+. J4#6(*3+(!$"/?!0( 3##/(2%)"!3& 6%4","/3 *"-%$%#6%#%-!%#$? 9(!(*3*<(-

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

#*(2#$)% 6%,)%/&($ #%4*"$3$? )*(+& *",*"-%$43 3+3$".3%!!%1 +%2(/3 3 -<2($ )7%23$? 

) *",*"-"$0)"(+01 4%+6/(4# 6%/<!"$<*!%9% +%2(/3*%)"!3& G B G . 
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