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

2,#,-3/.&$

!"#$%& '()&**( (+,&-$.-/+( &

"0+(0"-.(: .%(1&2&.(3&4 & '$-+&.(

!/%-&5+"3$1"+&: UMA, NUMA, COMA

6$.-"+*& & 5"-"."7& '()&*& &

1&1-"%&8*& '(-+&3&

!/%-&."'59-+&

4%/5"6$ '"()*+,-.& /-0&+$'+1-&

(+,&-$.-/+( – ."'5"*$*-& & "+:(*&;(3&4 *( 1&1-$'(-(

2"* <"='(*"7( (1.3.1) – *( 7>;%& & '+$?& & *$.%(1&8$1.( "+:(*&;(3&4

(1&1-"%&8*&, 5"-"."7&, %":&8$1.& & +$#/.3&"**& '"#$%& & *$7+"**& '+$?&)

.%(1&2&.(3&4 *( Mich(el Flynn (1966) 5" /5+(7%$*&$ *( 5"-".( &*1-+/.3&& &

5"-".( #(**& ("5$+(*#&) – SISD, SIMD, MISD & MIMD (+,&-$.-/+& – (1.3.2)
SIMD – ;( 7$.-"+*( "0+(0"-.(, 2&*( :+(*/%(+*"1-

MISD – ;( ."*7$=+*( "0+(0"-.( ("0+(0"-*(@& 2(;& 7>+,/ 7$.-"+) – 1&1-"%&8*&

'(1&7&

MIMD – "0&.*"7$*" 1 %".(%*( & :%"0(%*( 5('$-; ;( 1+$#*( & $#+( :+(*/%(+*"1-

-$,*"%":&8*"-"+&$*-&+(*( -(.1"*"'&4 *( 5(+(%$%*&-$ (+,&-$.-/+&: 

'/%-&5+"3$1"+&, '/%-&."'59-+&, 5"-"."7& '()&*&, '(-+&8*& 5+"3$1"+&, 

."*7$=$+*& 7$.-"+*& 5+"3$1"+& & 1&1-"%&8*& '(-+&3& – 8(1-&8*"

1>"-7$-1-7&$ 1 .%(1"7$-$ *( A%&* (1.3.3)

HW/SW )/-/%$%&7,(

+$1/+1&-$, ."&-" 1( 0(%(*1 '$?#/ 5+"&;7"#&-$%*"1--( & 3$*(-(. 

B(+(.-$+&;&+(- 1$ 1 5&."7( 5+"&;7"#&-$%*"1- & 1+$#*"

*(-"7(+7(*$. C"= ;(#(7( ;(7&1&'"1--( 5" +$1/+1&.

& 5" /5+(7%$*&$. D$(%&;&+( 1$ .(-"

5(+(%$%&;>' 5" /5+(7%$*&$ - ."*7$=+&;(3&4, '/%-&5%&3&+(*$ *(

2/*.3&"*(%*& 7>;%&. E01%/?7( 1$ 5(+(%$%*", 5+";+(8*" ;(

5+":+('&1-(.

5(+(%$%&;>' 5" #(**& - -&5&8$* ;( SIMD, *" & 5+& MIMD. 

    F5(+(-$* 5(+(%$%&;>' E0/1%(74 1$ "- (+,&-$.-/+(-( &. 

   $#*"7+$'$**" (5(+(-*( & 5+":+('*( 5"##+>?.(.

G(5(+(%$%*"&;5>%*$*&$*(5+":+('&$*$0,"#&'(

H+":+('$* 5(+(%$%&;>' E 0/1%(741$"-;(7&1&'"1--(5"#(**&.  

!$+-&'/: 15'"-$.&$ & $8$'+&6."5+

/1."+$*&$ S(n) = T1/Tn; %&'&-&+(@& 2(.-"+&

$2$.-&7*"1- E(n) = S(n)/n

S(n)

n

1 2 3 4 5 6 7 8

HW

SW

1

2

3

4

I$%$*$ *( "0+(0"-.(-(: :+(*/%(+*"1-

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

2.),-./-$(&. !&%. *$ (345&,-./-$(&-$*"5..

2-.6")3-&. !&%. *$ (.*/.#$)$7*&5" '&'5"(&.

8&94&. !&%. *$ %"95.-&#$6&+5$.

:*'5-396&&. !&%. *$ 9.(,&4$5.-$.

J#+(

:+(*/%(+*"1-

K+$#*(

:+(*/%(+*"1-

A&*(

:+(*/%(+*"1-

<&7" *(

5(+(%$%&-

;'(

L"'/*&-

.(3&"*$*

17+>,-"7(+

SIMD
"0"0@$*&4 '"#$% 7.%987( ."*-+"%*" /1-+"=1-7" & $#*"-&5*& "0+(0"-7(@& '"#/%& 1

#"1->5 .>' "0@( 5('$- – (1.7.1) 

5+":+('*"-(5(+(-*( ;(7&1&'"1- *( 5(+(%$%&;'(//1."+$*&$-" – 5+&'$+ ;(

&;5>%*$*&$ *( 5+":+('( *( SIMD '()&*( (1.7.2)

5+"3$1"+*&-$ $%$'$*-& &;5>%*47(- "5$+(3&&-$ 7>7 2"+'(- 0&-"7$ &%& #/'&

%".(%*(-( 5('$- ;( #(**&-$ '"?$ #( 0>#$ +(;5+$#$%$*(, "0@( &%& =$+(+,&8*( (1>1

17>+;7(@( '+$?() (1.7.3)

"1"0$*"1-&:
"5+"1-$*( (+,&-$.-/+( 15+4'" MIMD 5"+(#& "0@"-" ."*-+"%*" /1-+"=1-7" (;( #$)&2+&+(*$

& ;(+$?#(*$ *( &*1-+/.3&&-$) & 1>"-7$-*" 5"##>+?(*$ 1('" *( $#*" ."5&$ "- ."#( ;(

&*1-+/.3&&

1.(%(+*&-$ "5$+(3&& (7.%98&-$%*" ."*-+"%*(-( %":&.() 1$ &;5>%*47(- "- ."*-+"%*"-"

/1-+"=1-7" – $7$*-/(%*" ."*./+$*-*" *( 5(+(%$%*(-( "0+(0"-.( *( #(**& 7 "0+(0"-7(@&-$

/1-+"=1-7(

&'5%&3&-*( 1&*,+"*&;(3&4 '$?#/ "-#$%*&-$ "0+(0"-7(@& /1-+"=1-7( (5+& MIMD –

$.15%&3&-*()

5+&'$+& – 2('&%&4 Connection Machine *( Thinking Machine Co. 

!ISD
-"7( $ (+,&-$.-/+*&4 5+&*3&5 *( 71&8.& ."*7$=+& – 7.%. *( 5+"3$1"+*&4

."*7$=$+ – "0+(0"-.(-( 1$ +(;#$%4 *( 5"1%$#"7(-$%*& 2(;&; "0+(0"-.(-(

*( 1%$#7(@(-( &*1-+/.3&4 (5+& *(=-2&*( :+(*/%(+*"1-) &%& *( 1%$#7(@&4

5+"3$1 ;(5"87( 7$#*(:( @"' 5+$#,"#*&4 5+"3$1 "17"0"#& 5>+7(-( 2(;( –

(1.8.1)

5+&%(:(- 1$ & 2/*.3&"*(%*& (&%& 3&.%&8*&) ."*7$=+& *(5+&'$+ 1 2(;&-$

(1.8.2):
8$-$*$ *( &*1-+/.3&&-$ "- "0@( 5('$-

;(+$?#(*$ 7 "0+(0"-7(@"-" /1-+"=1-7" 1 $7$*-/(%*" 0/2$+&+(*$

"0+(0"-.(

5+$*"1 *( +$;/%-(-( .>' "0@(-( 5('$- (0/2$+&+(*$)

;(5&1 7 "0@(-( 5('$-

&*1-+/.3&"**", 1/01&1-$'*" ("0&.* 5+& (+&-'$-&8*( "0+(0"-.( – *$%&*$=*&

."*7$=+& 1 2(;& add, mul, div, sort…)  & 1 & 1 - $ ' * " * & 7 "(5+"3$1&, 1>@" &

5+":+('*( "+:(*&;(3&4) *( ."*7$=+&;(3&4



2&5+"%&9.& (/+-&:& (Systolic Arrays)
5+$#1-(7%47(- '"#&2&.(3&4 *( MISD *( 1/01&1-$'*" *&7", 15$3&(%&;&+(*(

(+,&-$.-/+( ;( "5+$#$%$*& (%:"+&-'& – 1 '*":"#&'$*1&"**& ."*7$=+& -.$. 2&.1&+(*(

'+$?( "- "0+(0"-7(@& /1-+"=1-7(

":+(*&8$*" 5+&%"?$*&$ – MEK (3&2+"7( "0+(0"-.( *( 1&:*(%& – DSP), "0+(0"-.( *(

"0+(;& & #+. 

"5+"1-$*& 5+"3$1"+*& $%$'$*-& & ."'/-&+(3&**( 1>"0@&-$%*( '+$?( 1 ":+(*&8$*

*(0"+ )(0%"*&

/5+(7%$*&$-" $ 5" &*1-+/.3&& (control flow – *$ data flow) *" 5+":+('&+(*$-" $ .(-"

5+& 5"-"."7&-$ (+,&-$.-/+&

(+,&-$.-/+(-( 7.%987( "0+(0"-7(@ '(1&7 (1 ."'/-(-"+) & /5+(7%47(@ '"#/%, ."=-"

*(1-+"=7( '(1&7(, 5+$#(7( #(**&-$ & &;7%&8( +$;/%-(-&-$ (+ ."*-+"%$* 7>;$% – ,"1-) 

– (1.9.1)

5+"&;7"#&-$%*"1--( 1$ 5"*&?(7( ;*(8&-$%*" 5+& &*-$*;&7$* 7,"#/&;,"#

-"5"%":&8*& )(0%"*&:
1&1-"%&8*& 7$.-"+& – 5" 1>@$1-7" ."*7$=+&

#7/#&'$*1&"**& '(1&7& – "0&.*"7$*" +$:/%4+*& 1 ."$2. *( 1>1$#1-7" *(=-8$1-" 4 &%& 6 (1.9.2)

…2&5+"%&9.& (/+-&:&
(Systolic Arrays)

-$*#$*3&4-( $ .>' $%$'e*-& ;( 2&*( :+(*/%(+*"1- – *( &*1-+/.3&"**" *&7" –

1*(0#$*& 1 *4."%." 7&1"."1."+"1-*& #/5%$.1*& 1$+&=*& .(*(%& (0+"4 *( ."&-"

"5+$#$%4 7(%$*-*"1--( – ."$2. *( 1>1$#1-7") 

5+&'$+: iWrap 1$+&4 *( N*-$% & /*&7$+1&-$-( Carnegie-Mellon (1.10.1) – 5+"3$1"+*(-(

.%$-.( 1$ 1>1-"& "-
iWrap ."'5"*$*- 1 &;8&1%&-$%$* & ."'/*&.(3&"*$* (:$*- &

1-+(*&3&+(*( 5('$- 1 #&+$.-$* &*-$+2$=1 .>' ."'5"*$*-(

5+&'$+: /'*"?$*&$ *( '(-+&3& 7 #7/'$+$* 1&1-"%&8$* '(1&7 1 ."$2. *( 1>1$#1-7" 6 

(1.10.2)

MIMD
-"7( $ (+,&-$.-/+*&4 5+&*3&5 *( 71&8.& '/%-&5+"3$1"+& &

'/%-&."'59-+&:

5+"3$1"+&-$ 1( (7-"*"'*& & '":(- #( &;5>%*47(- +(;%&8*&

5+":+('& (7.%. %".(%*" ."5&$ *( EK!)

&'(- "0@ +$1/+1 1 +(;5+$#$%$* ."*./+$*-$* #"1->5 – 5('$- &%&

."'/*&.(3&"**( 1+$#(

"+:(*&;(3&4: 5" 5('$- / 5" ."'/*&.(3&&

/*&7$+1(%*&, "-.(;"/1-"=8&7&, 5"-$#+( :+(*/%(+*"1-

"0&.*"7$*" 1$ &;:+(?#(- 1 '(1"7& 5+"3$1"+& (7'$1-"

15$3&(%&;&+(*& 5+"3$1"+*& $%$'$*-& 1 ":+(*&8$*& 2/*.3&&)

(7-"*"'*& (%".(%*( 5('$-) "0@" (#+$1*" 5+"1-+(*1-7"

("0@"#"1->5*( 5('$-)

'(:&1-+(%*& ."'/-(3&"**&

…MIMD
*(%&8&$-" *( (7-"*"'*( %".(%*( 5('$- :& +(;#$%4 *(:

1&1-$'& 1 "0@( 5('$-; 1&*"*&'&: '/%-&5+"3$1"+& | [shared-memory | 

tightly-coupled] systems | Global-Memory MIMD, GM-MIMD | Uniform Memory 

Access System – UMA

1&1-$'& 1 "0'$* *( 1>"0@$*&4; 1&*"*&'&: '/%-&."'59-+&, [distributed-

memory | loosely-coupled] systems | Local-Memory MIMD, LM-MIMD | Non-

Uniform Memory Access System – NUMA (5"+(#& *(%&8&$-" *( %".(%*( &

"-#(%$8$*( 5('$-)

:%"0(%*" & %".(%*" (#+$1*" 5+"1-+(*1-7"; 7&+-/(%*(-( 5('$- 5"##>+?(

:%"0(%*" (#+$1*" 5+"1-+(*1-7" *( 1-+(*&3&-$ (*$ *( *&7" #/'&), ."$-" 1$

/5+(7%47( "- +(;5+$#$%$*( EK (DEK) ;( !H & ,"'":$**&-$ !L. H+& !L

"0@(-( 7&+-/(%*( 5('$- 1$ 5"##>+?( & 1 "0'$* *( 1>"0@$*&4 – 1.12.3

,$-$+":$**&-$ !L &;5"%;7(- '+$?"7& EK (!EK), 5+& ."&-" *&7"-" *(

#"1->5 $ +(;5+$#$%$*( 2(=%"7( 1&1-$'( (*(5+. 0(;&+(*( *( DNS) 1

5"%;7(*$ *( 5+&'&-&7& "- -&5( rlogin, rcp...

!1%+&'"()*+-&

D(;5+$#$%$*(-( "0@( 5('$- (distributed shared memory DSM): 5+":+('*(-(

&'5%$'$*-(3&4 *( "0@( 5('$- 7 1&1-$'( 1 (7-"*"'*& 7>;%& (& ( # + $ 1 * &

5+"1-+(*1-7()

7&+-/(%*" "0@" (#+$1*" 5+"1-+(*1-7" "- 1-+(*&3& (*$ #/'&) – 4/8 kB –

(."$-" 5";7"%47( 5+":+('&+(*$ ;( '/%-&."'59->+( .(-" ;( 7&+-/(%$*

/*&."'59->+)

5+& "-1>1-7&$ *( 1-+(*&3( "- %".(%*(-( 5('$- 7>;*&.7( 7>-+$)*"

5+$.>17(*$ (memory trap) & ;(+$?#(*$ *( 1-+(*&3(-( 7 %".(%*(-( "-

"-#(%$8$*(-( 5('$-

7>;'"?*" $ +$5%&.&+(*$ *( 1-+(*&3& 1('" ;( 8$-$*$ (read only); 

(." 1-+(*&3(-( $ & ;( ;(5&1, 1$ 5+&%(:(- +(;%&8*& '$+.& ;(

5"##>+?(*$ *( 17>+;(*"1-

K&1-$'& 1 "0'$* *( 1>"0@$*&4 – Message passing distributed systems

;-0&+$'+1-/ 5 "<=/ )/($+ ((1%+&)-":$5"-&) – UMA 

UMA (uniformly shared memory access) - $#*(.>7 #"1->5 *( 5+"3$1"+&-$ -

1&%*"17>+;(*& 1(1-$'&: (+,&-$.-/+(
"0@( )&*( - +(;)&+$*&$ "- /*&5+"3$1&*: .>' '/%-&5+"3$1&*:

."'/-&+/$'( '(-+&3( (crossbar switch)

'*":".(*(%*& '+$?&

5+"3$1"+ ;( 6/N) '/%-&5+"3$1&*: - "0&.*"7$*" ,"'":$**& 1&1-$'&. 

H1 H2

EH1 EHm

6/N

Hn

!"#$%&%' ()&*'"(+,")'%' -%#*-# ()./+ 0"'+, 

()&*$"-*%&+ &+$-",+, &')1)(+'+2'+ &-%3+)

6/N

 1&*"*&' 1&'$-+&8$* 3$*-+(%&;&+(* 6 N & ( 1 & ' $ - + & 8 $ *15$3&(%&;&+(*: ( / ) (

NUMA ! COMA

NUMA (non-uniformly shared 

memory access) - =$+(+,&4

*( "0@(-( 5('$- -

%".(%*&, :%"0(%*& &/&%&

.%>1-$+*& 5('$-&

COMA (cache only shared 

memory access) - 5('$--( $

%(.(%*( (cache) *"

=$+(+,&4-( & 5";7"%47(

8(1- "- *$4 (“#&+$.-"+&4”) 

#( 1$ (#+$1&+(

"-#(%$8$*".

LEH1 LEHm 6/N

L%>1-$+$* ."'/*&.(3&"*$*

+$1/+1

H1

OH
1

H2

OH2

Hn

OHn

PEHk

PEH1

L"'/*&.(3&"*$* +$1/+1

H1

Ch1

I1

Hn

Chn

In

H2

Ch2

I2

>"+"'"6& /-0&+$'+1-& (Data Flow)
5+& .%(1&8$1.&-$ 2"* <"='(*"7& (+,&-$.-/+& (7.%. '"#&2&.(3&&-$ 5" A%&*) 

5+":+('(-( $ 5"1%$#"7(-$%*"1- "- &*1-+/.3&&, ."4-" 1$ &;5>%*47( "- ."*-+"%*"

/1-+"=1-7" – control flow

5+& 5"-"."7&-$ (+,&-$.-/+& "5$+(3&&-$ 1$ &;5>%*47(- 7$#*(:( 5+& *(%&8&$ *(

"5$+(*#&-$ (& *(%&8&$ *( "5$+(3&"*$* +$1/+1) – ."*-+"%( 1$ "1>@$1747( 8+$;

5%(*&+(*$ *( "5$+(*#&-$ -.$. #(**&-$; ."*3$5-/(%*" 71&8.& &*1-+/.3&& 1 :"-"7&

"5$+(*#& '":(- #( 1$ &;5>%*4- 5(+(%$%*" (*( 5+(.-&.( ."*./+$*-*")

5+":+('&-$ ;( 5"-"."7& (+,&-$.-/+& 1$ 5+$#1-(74- 1 5"-"."7& :+(2& ("0&.*. 1

-$.1-"7 1&*-(.1&1) – 7>;%&-$ 5+$#1-(74- "5$+(3&&, ( #>:&-$ – &*2"+'(3&"**&-$

7+>;.& *( "5$+(*#&-$; *&7"-" *( 5(+(%$%&;>' "0&.*"7$*" $ &*1-+/.3&"**" –

1.16.1 

#"5>%*&-$%*& "1"0$*"1-& *( 5"-"."7&-$ (+,&-$.-/+&: +$."*2&:/+(3&4, 

0/2$+&+(*$ *( #(**&-$, ."'5%$'$*-&+(*$ *( "5$+(*#&-$

*(%&8&$ *( /5+(7%4(7@ 5+"3$1"+, ."=-" 5(.$-&+( "5$+(*#&-$ & &*1-+/.3&4-( 7

0%". – token – & :" 5+$#(7( *( *4."= "- "0+(0"-7(@&-$ 5+"3$1"+&



2+/+&9.& )"+"'"6& /-0&+$'+1-&
!"#"$%&$ – 5+":+('*&4 (5"-"."7&4) :+(2 $ 2&.1&+(*. G( &;5>%*$*&$ *( 5"7$8$ "-

$#*( 5+":+('( 1$ &;5"%;7(- +(;%&8*& 7(+&(*-& *( ;(+$?#(*$-" *( #(**&-$, ."&-" 1$

:$*$+&+(- *( $-(5( ."'5&%(3&4

-";& '"#$% *$ 5"##>+?( 5+"3$#/+&, +$./+1&4 & "0+(0"-.( *( '(1&7&

"+:(*&;(3&4 1.17.1

!"#"$%&$ ! '()*&+$,-'#.$/ – %":&8$1.&-$ 7+>;.& '$?#/ 5+"3$1"+*&-$ $%$'$*-& 1$

/1-(*"747(- *( $-(5( ;(+$?#(*$ *( 5+":+('(-(: -"5"%":&4-( *( 7+>;.&-$ 1$ +$)(7(

"- ."'5&%(-"+( & 1%$# ;(+$?#(*$ *( 5+":+('( "1-(7( 2&.1&+(*( 5+& &;5>%*$*&$-"; 

"1"0$*"1-&: 

2&;&8$1.&-$ .(*(%& 1>@$1-7/7(-, *" 1( ."'/-&+(-

0+"4 (%"3&+(*& (;(+$#$*&) 5+"3$1"+& "0&.*"7$*" $ 5"-'(%>. "- &*1-(%&+(*&-$

5+"3$1"+& 5"+(#& ":+(*&8$*&4 7 ."'/-(3&4-( – %":&8$1.(-( 7+>;.( '$?#/

5+"3$1"+&-$ $ #>+7", *$ 71&8.& 5+"3$1"+& 7 %&1-(-( *( ."$-" 1$ &;5"%;7(-

5+&'$+ – MIT Data Flow Machine – .%$-.&-$ 5('$- 1>"-7$-1-7(- *( &*2"+'(3&4-(

7>7 7>;%&-$ *( 5"-"."7&4 :+(2 – -.$. &*1-+/.3&"**&-$ 0%"."7$ (tokens) – .":(-"

0%".( $ ."'5%$.-"7(* 1 "5$+(*#&, -"= 1$ 5+$#(7( .(-" "5$+(3&"*$* 5(.$- .>'

$%$'$*- ;( "0+(0"-.(; 5(.$-( 1 +$;/%-(-( 1$ 7+>@( 7 .%$->8*(-( 5('$- – 1.17.2

?&./(&9.& )"+"'"6& /-0&+$'+1-&
0(;&+(- 1$ *( %":&8$1.& .(*(%& '$?#/ 5+"3$1"+&-$, ."&-" '":(- #( 1$

+$."*2&:/+&+(- 5" 7+$'$ *( &;5>%*$*&$ 5"#"0*" *( 1&1-$'( 1 "0'$* *( 1>"0@$*&4 –

1 '(+.&+(*& 0%"."7$ (tagged tokens)
#>:&-$ 7 5"-"."7&4 :+(2 '":(- #( 1>#>+?(- 5"7$8$ "- $#&* 0%". $#*"7+$'$**" (*" 1

+(;%&8*& '(+.&!) 

"5$+(3&&-$ 1$ &;7>+)7(- .":(-" 7>;$%( 5"%/8& 0%"."7$ (1 $#*(.7& '(+.&) *( 71&8.&-$ 1&

7,"#4@& #>:&

3&.%&8*& &-$+(3&& '":(- #( 0>#(- &;5>%*47(*& 5(+(%$%*": ;( 3$%-( 714.( &-$+(3&4 1$

5+$#1-(74 .(-" "-#$%$* 1/0:+(2 .(-" '(+.&+"7.(-( 1$ +(;)&+47( 1 *"'$+( *( &-$+(3&4-( –

1.18.1 (1('" 5+& &*2"+'(3&"**( *$;(7&1&'"1- *( &-$+(3&&-$!)

5+&'$+ – Manchester Data Flow Machine MDM: 3&.%&8$* ."*7$=$+, 7 ."=-" 0%"."7$-$ 3&+./%&+(-

& 1$ /5+(7%47(- "- .%98"7 '"#/%. L"'5"*$*-&-$ 1( (1.18.2)
Q%"."7 0/2$+ (token queue) – ;( 1>,+(*47(*$ *( '$?#&**& +$;/%-(-& ((." 1$ 5+"&;7$?#(- 5"-0>+;"

"-."%."-" $ 5"1%$#7(@(-( &' "0+(0"-.() – .(5(3&-$- 32L 0%".( & 5+"&;7"#&-&%*"1- 2.5 !Q%".(/K$.

L"'5%$'$*-&+(@( 5('$- (matching store) – ;( ."'5%$'$*-&+(*$ *( 0%"."7$-$ 1 $#*(.7& '(+.& –

5+"3$1( $ (5(+(-$* & 5"##>+?( #" 1.25 !Q%".(

H('$- &*1-+/.3&& (instruction store) – n--"+.&-$ ("0&.*"7$*" 2.&) "5$+(*#&-0%"."7$ 1$ 5(.$-&+(- 1

&*1-+/.3&& & (#+$1 ($-&.$-) *( +$;/%-(-( & 1$ 5+$#(7(- ;( &;5>%*$*&$

"0+(0"-7(@ '"#/% (processing unit) – 20 5+"3$1"+( (24-0&-"7( #/'( & 4L#/'& 7>-+$)*(

5('$-) 

2,)"5+/6'/ ./ '"()*+,-.&+$ /-0&+$'+1-&

!"# $%"&'"# &(

)*+,-."*

/-*%0*+, $%"123"42,- 5123&2

,-

60*7-".&

2,-

SIMD !"#$%&$'$ ()*'+%'$ !*'($& ,)!#+& ,)!#+&

MIMD !-#.$&

&/!%*&+0)1

$&2-!-#.$&

#*3&$)4&0)1

,)!#+&

(5$),'*!&-$))

,)!#+& !*'($&

MISD !"#$%&$'$ ()*'+%'$ $)!+& $)!+& ,)!#+&

5",-21"8&" !-#.$&

&/!%*&+0)1

()*'+%'$ $)!+& !*'($& ,)!#+&

$2-272." !-#.$&

&/!%*&+0)1

!-#.$&

#*3&$)4&0)1

,)!#+& ,)!#+& ,)!#+&

!-$3& 7/ 6-,7'/

"1>@$1-747(- ."'/*&.(3&&-$ '$?#/ 5+"3$1"+*&-$ 7>;%&

(0(;&+(- 1$ *( [.(1.(#& "-] ."'/-&+/'& 0%"."7$ -

.%98"7$)

-"5"%":&& *( 17>+;7(*$
5>%$* :+(2

%&*&4 & 5+>1-$*

#7/#&'$*1&**( 3&.%&8*( & (3&.%&8*( '+$?(

,&5$+./0 (n-./0)

#7"&8*" #>+7"

shuffle exchange 

  5+&71&8.&7&#"7$ !H &!L 1-(-&8*& & #&*('&8*&                 –

"#$#%&'$!(&!%! ./ (-$3&+$ 7/ 6-,7'/

$#)(&#*+!' dij

,!#-'&.$ +# -$'/#&# D
= max{dij, !(i, j)} –
!)!(%0# 12-324*- 5$26
%#+#4! -'/,7 0.)4!&', 
$'(1. 0#4'+&+2(&
0#4'+&+2(& +# 0.)4!&'
(degree)

('8'+!' (bisection 
width) S = min{AllLinks(X, Y): 
||X| - |Y|| " 1}

$#)9!$*'-2(&

-2#2129": ;%2+

.<=1"

.(1*&-&

2,-

1"&": " #%<,-*& d 2

).2"8&2 )<%.2 2^d-1 3

shuffle exchange 2^d 3

 !" #$%&'#(&&)

$*%+)

d^2 4

,#-%*."/ 2^d d

-01%& 2*)3 N N-1

2.  !"#$%"!&' (!)'*$+*,!'

 !"!#$%&'(

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

2'&$3&' ' &$-'&$3&' +"&1$3!'

4!)'*$+*,!( &( &(5"!( '&%*!,+#''

6,5'&%*!,+#'"&$& 0(!(-$-'789

6,0$!%+(-(!&' ' 9,-*'0!"#$%"!&'

9(%"1' 0!"#$%"!'

)#*+(,*#&' %#-'.(/.0#'
Main frame – :'!"+ (!)'*$+*,!$& +-(% "* +"90;*!', 0!'-(.(* %$ &<+"3 "*

%-$=&'*$ 0!"#$%"!&' (!)'*$+*,!':

6+(-(!&' 0!"#$%"!' CISC (Complex Instruction Set Computer); RISC (Reduced 

Instruction Set Computer);

6,0$!%+(-(!&' CISC; RISC, %(9" /$ RISC %$ '70"-71( 0"-/$%*" 0"

*$)&"-".'/&' 0!'/'&';

 !"#$%"!' VLIW – Very Long Instruction Word;

>$+*"!&';

6,0$!+"&1$3!&' [super piperline];

?%&"1&' )(!(+*$!'%*'+' &( 1%'/+' (!)'*$+*,!&' +-(%"1$ 0!"#$%"!':

 !"#$%"!&' #'+-' CPI;

@(+*"1( /$%*"*( CR.

@$7' =1( 0(!(9$*8!( &( 0!81 0".-$= %( &$7(1'%'9', &" 9$A=, *<)

%8B$%*1,1( +"!$-(#'<, +"<*" 9"A$ =( %$ 0!$=%*(1' 1 ='(.!(9( &(

*$)&"-".'/&"*" 0!"%*!(&%*1":



2'%3#%4% &% .(-&*5*3'6&*.*

7#*,.#%&,.8* [MHz]

20

10

5

2

1

0,5

0,2

64              128            256 512 1024

VLIW

!"#$%&'()(%*+

RISC

,$'-.%*+

&'()(%*+

RISC

&'()(%*+
CISC &"#$%'.*/$0%+

CR

CPI

!"#$%&#"', (#')# *+ %,'- $'(./

'*!./-01+) !#1%2% #) %,-+

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

&35'-&)"3($'#--# -'1#

D(7' &( '&%*!,+#'"&$& +"&1$3$!

 !"#$%"!&(*( "5!(5"*+( &( *'0'/&( '&%*!,+#'< !$(-'7'!( MISD 

0(!(-$-'789 &( '&%*!,+#'"&&" &'1" ' 9'&(1( 0!$7 E(7'*$ '71-'/(&$ ("*

cache - "5'+&"1$&" 1 '&%*!. 7( #'+8-), =$+"='!(&$ (,%*(&"1<1( E,&+#'<*( 7(

'708-&$&'$ ' &$"5)"='9'*$ !$%,!%' - !$.'%*!', 9(.'%*!(-', ,%*!"3%*1(), 

'7=(1(&$ (!$7$!1'!( !$%,!%'*$ /!$7 5-"+'!(&$ ' '71-'/( "0$!(&='*$ "*

!$.'%!'*$ +89 ,%*!"3%*1(*(), '708-&$&'$ (1 '-' 0"1$/$ E(7'), 7(0'%1(&$

(writeback - &( !$7,-*(*'*$ 1 !$.'%*!'*$).

12/)+3(*$ *(

+*&-%"'4+5

fetch

6$'.7+%(*$

*( +*&-%"'4+5

decode

12#8)*$*+$

execute

9(#+&

write back

>!$9$='(.!(9( &( '&%*!,+#'"&$&

+"&1$3$!

F(+8%&$&'$*" 9$A=, =1$ 0"%-$="1(*$-&' '&%*!,+#'' $ $=&( E(7( 0!' %+(-(!&'*$

0!"#$%"!'

 "!(=' !$%,!%$& +"&E-'+* 9$A=, E(7'*$ &( '71-'/(&$ ' 7(0'% 0"-/$%*" %$ 0!'-(.(

7(+8%&$&'$ &( =1$ E(7' (=1( %,5*(+*() 9$A=, '&%*!,+#''*$:

:.&)$7./(-$)*. +2/)+3(*$ *( +*&-%"'4++
;(2( 12#8)*$*+$

6'&)!"&&' -'&$3&' +"&1$3!&' 0!"#$%"!'

2G 

2G $ +(%+(=( "* k 0!"#$%"!&' E(7' (stages - Si), +"<*" '708-&<1( E'+%'!(&(

E,&+#'< 18!), =(&&'*$, 0!$9'&(1(B' 0!$7 ,%*!"3%*1"*" "* 1)"=( (S1) 0!$7

0"%-$="1(*$-&'*$ E(7' (Si!Si+1) +89 '7)"=( 9, Sk. @$ &$ %( ='&(9'/&" (run-

time) &(%*!"31($9' *.$. %( %*(*'/&'. H708-&<1(* "0$!(#'"&&', (!'*9$*'/&'

' "59$&&' '&%*!,+#''. 

6'&)!"&&'*$ 2G %( % '&*$!E$3% 9$A=, E(7'*$, +"3*" 0!$=%*(1-<1(

!$.'%*!' +"'*" '7"-'!(* 1)"="1$*$ "* '7)"='*$ ' 0!$=(1(* =(&&'*$

%'&)!"&&" 181 1%'/+' E(7'. D(7(*( % &(3-."-<9" 7(+8%&$&'$ "0!$=$-<

"5B'< *(+* ' "5B(*( 0!"'71"='*$-&"%*: "="max+dlatch ; Ppeak=f =1/" .  !"<1<1(

%$ ' E(7"1" "*9$%*1(&$ s (skew[ing]) &( *(+*( 0!' 0!$=(1(&$ &( *(+*"1'<

%'.&(- 9$A=, E(7'*$. F(*"1( %$ '75'!( "="max+dlatch+s.

   %'&)!"&'7'!(B' 5,E$!&' +-;/"1 % "5B *(+* D'. G-;/"1$*$ %(              (latches) . . 2.7. 

4%'&)!"&&' -'&$3&' +"&1$3!&'

0!"#$%"!' 2G 

4%'&)!"&&'*$ 2G +"&*!"-'!(* 0"*"+( =(&&' %

“Hand Shaking” 0!"*"+"- - Ready/Ack 9$A=,

Si!Si+1. D'.. 2.8.  "=)"=<B' 7( +"9,&'+(#'"&&'

+(&(-' 0!' %'%*$9' % "59$& &( %8"5B$&'<. 

 !"'71"='*$-&"%**( &( "*=$-&'*$ E(7' 9"A$ =(

1(!'!(.

I$-'&$3&' +"&1$3!&' 0!"#$%"!' I2G 

!"#$%"&#", #$'()*+,$-%", .*/0'1$ '- )$213*#-#"-, *4)$(#$

,)521$ (feedback) " / )--/)-.$,$#- (feedforward) #$ .$##"(-

2$ *4)$4*(1$. 6"7. 2.9.1. 829*.5( %*:- .$ #- - *( /*'3-.#$($

;$2$.

<$ )$23"&#"(- ;0#1="" %*:- .$ !"#$#"  ! "#$%!&#$'( )

'%*+* ( !" #$%). &'(. 2.9.2. )* +% ,!$! ' +-$.%+ '.#+  ! /!

0#+1%,#$! %1/' % 23/"4'' 0# 3+ 5#6+ $!  .%. 7!$'+'.#+  !

'. 0# 5%+35+'

,(%$(-(%* . * % ' ( / ) 0 $( )3" /% %  5'$'!1/! "! # 05' 89:. . 

 !"#$% !" %"&'(!)!$)*+ ,-$ ./01
;!"-+/%/'% # (latency) +% 05%,+ !$* # <5#* 05#4%+#5/'  !" #$% k .%=,3 ,$%

0#+1%,#$! %1/' '/'4''5!/'* /! 23/"4''. 

>0' ! 7! 0#$%?% # %,/# '/'4'5!/% %,/#$5%.%//# /! %,/# 3+ 5#6+ $# % "#1'7'*, 

"#* # +% '7<*($! ?5%7  !"#$%"#& ('$( &)&%$*"+$,, scheduling) /!

0#+1%,#$! %1/#+  ! # '/'4''5!/'*. 

9#(! # 7!"-+/%/'% # %  !"#$!, ?% 05%,'7$'"$! "#1'7'*,  # % *"-%"#&#. *"/0(#&#$&; 

 5*<$! ,! +% '7<%5% 0#+1%,#$! %1/#+ # 7!"-+/%/'*,  !"! ?% ,! /% 05%,'7$'"$!

"#1'7'*. :5'.%5 7! ,$% 7!<5!/%/' 7!"-+/%/'* + "!5 ! /! 5%7%5$!4'* ! - 2'(. 2.10.

1$/0! #" *"/0(#&#$&2. % 0#+1%,#$! %1/#+ # 7!"-+/%/'*, "#* # +% 0#$ !5*

/%#05%,%1%/# ,-1(#. @/ %5$!1' % .%=,3 ,$% 0#+1%,#$! %1/' '/'4''5!/'* /!

23/"4'' $ 4'"-1! /! 7!"-+/%/'% # .#=% ,! +! %,/!"$', (/.#(2"#2&# +$/0!), /#

.#=% ' ,! +! 5!71'?/', 05' "#% # +% '7?'+1*$! (%&'#. *"/0(#&#$&. A5%7

"#%2'4'%/ ! /! 7!0-1$!/% /! 4'"-1! +% 0#13?!$! %2%" '$/#+  ! /! "#/$%6%5!. 

 !"#$%&'()!*! &)!+*,*$

20 ) (,)3$"#$%$-"! %" +4-"4+*&" !" ,+(#)5+6"*)#!$*)
$!(*-7&3$$ 6 8"9$!!$: &+5 ;-)% ,-$,+&-$6"!)
(overlapping)
*$,$;!"*" $!(*-7&3$: 8$!"6" ,-)% <"%$*) $%6#$;"!) (+*
cache - +4$&!+6)!+ 1 %" 3$&'#), 5)&+5$-"!) (7(*"!+6:6"
<7!&3$:*" %" $%,'#!)!$) $ !)+4=+5$8$*) -)(7-($ -
-)>$(*-$, 8">$(*-"#$, 7(*-+?(*6"), $%5"6"!) (-)%)-6$-"
-)(7-($*) ;-)% 4#+&$-"!) $ $%6#$;" +,)-"!5$*) +*
-)>$(-$*) &'8 7(*-+?(*6"*"), $%,'#!)!$) (1 $#$ ,+6);)
<"%$), %",$(6"!) (writeback - !" -)%7#*"*$*) 6
-)>$(*-$*)). 
"-=$*)&*7-"*" !" ,-+3)(+-!$: &+!6)?)- @$>. 2.11 
,-),+5-)A5"!) !" $!(*-7&3$$*) %" ,+->+#:8 &+)<$3$)!*
!" %",'#6"!) !" 3$&'#" <$>. 2.11.1



. / $ 0 / ) # & 0 ! 0 1 $ * 2 ) 3 ( # *
0 + ! 6 ) ? - $ % " 3 $ : * " ( ) # $ 8 $ * $ - " + * % " 6 $ ( $ 8 + ( * * " , + 5 "

$!(*-7&3$$*) %" ,-)=+5

1-+$%6+5$*)#!+(**" ,-$ ,-+>-"8" ( 20%/10% 6)-+:*!+(* %" 7(#+6)!

,-)=+5 8)A57 ,+(#)5+6"*)#!$*) $!(*-7&3$$, 50% 6)-+:*!+(* %"

$%,'#!)!$) !" 7(#+6$)*+ (*.). !" ,-)=+5"; (*"*$(*$;)(&$ +4";)

,+6);)*+ 7(#+6!$ ,-)=+5$ - 60% -() $%,'#!:6"*) $ 8-<"%)! &+!6)?-

) 41%/25% ,+-8"#&" +*&+#&+*+ ,-+$%6+5$*)#!+(**" ,-$ ,-+>-"8", 6

A)#"*)#!+ "#>+-$*'8'* 5" () &+5$-" ( 8$!$878 7(#+6!$ ,-)=+5$. 

1-)56$A5"!)*+ !" ,-)=+5$*) () $%,+#%6" %" 5" () +*#+A$ ,-)=+5"

5+&"*+ () $%,'#!:* +,-. 4-+? $!(*-7&3$$, !)%"6$($8$ +* 7(#+6$)*+

!" ,-)=+5". C+ 8+A) 5" 4'5) 4"%$-"!+ !" &+5" !" ,-+>-"8"*" -

(*"*$;!+ $#$ !" $(*+-$:*" !" $%,'#!)!$)*+ - 5$!"8$;!+

D"*+6" ,-$ &+!6)?-!$ ,-+3)(+-$ )      &+:*+,+!))5!"*"6)-+:*!+(*)                   0. 

4 $ 2 ( # * & # % $ 0 ! 0 ! 0 / ) $ 0 ( ! "

E"%>-"!$;"6"* () &#"(+6)*) RISC $ CISC ,+

(#)5!$*) ,"-"8)*-$: 

• <+-8"* !" $!(*-7&3$:*" $ !" 5"!!$*)

• -)A$8$ !" "5-)("3$:

• -)>$(*'-!+ "5-)($-"!) (-)>$(*-$ ( +4F+

!"%!";)!$))

• 7,-"6#)!$) !" $%,'#!)!$)*+ !" ,-+>-"8"*"

(flow control instructions)

CISC
&#"($;)(&" "-=$*)&*7-" (,'-6$*) ,-+3)(+-$ (" +>-"!$;)! !"4+- $!(*-7&3$$)

76)-$;)!$: !"4+- $!(*-7&3$$ !"(*',6" ( 8$&-+,-+>-"8$-"!)*+ ( ,-+8:!"*"

!" SWcost/HWcost (,'-6+($>!"#!" -)"&3$: !" ()8"!*$;!"*" !+A$3" 8)A57

HLL $ ,-+3)(+-!$*) "-=$*)&*7-$/8"9$!!$*) )%$3$) 

,"-"8)*-$:

120 – 350 $!(*-7&3$$ ( !:&+#&+ <+-8"*" !" $!(*-7&3$$*) $ 5"!!$*)

32 – 64 -)>$(*'-" ( +4F+ ,-)5!"%!";)!$)

4 – 16 -)A$8" !" "5-)($-"!)

>+#:8" ;"(* +* $%-"%$*) !" HLL (" 8$&-+&+5$-"!$ (*.). $8"*

('+*6)*(*6$) 6 !"4+-" $!(*-7&3$$)

(&"#"-!$ CISC ,-+3)(+-$ – %" +,)-"3$$ 6'-=7 (&"#"-!$ 5"!!$; ;"(*$;!"

&+!6)?-$%"3$: ,+-"5$:
%"6$($8+(* ,+ 5"!!$ 8)A57 ,+(#)5+6"*)#!$*) $!(*-7&3$$

-)(7-()! &+!<#$&*

<$>. 2.14. 

RISC
25% +* 8"9$!!$*) $!(*-7&3$$ &+5$-"* 90% +* HLL ,-+>-"8"*" $ () $%,'#!:6"* 95% +*

,-+3)(+-!+*+ 6-)8)

,+5=+5$ %" +,*$8$%"3$::

*-"!(<+-8$-"!) !" 8$&-+,+->8!" ,"8)* 6 -)>$(*'-)! cache

FPU $ 5-7>$ (,)3$"#$%$-"!$ 7(*-+?(*6" !" ,-+3)(+-!$: ;$,

(7,)-(&"#"-!$ ,-+3)(+-$

4-+: !" $!(*-7&3$$*) ) < 100 – ( < $ & ( $ - " ! < + - 8 " *(,-)5$8!+ -)>$(*'---)>$(*'-)

5+ 5 -)A$8" !" "5-)($-"!), $!(*-7&3$$*) (" ,-)5$8!" +* *$, load/store

“-)>$(*'-!$ <"#+6)” – ,+ 32+ 6'*-)9!$ -)>$(*-$ %" 4'-%+ ,-)6&#G;6"!) 8)A57

,-+3)($*)

&+)<$3$)!*

(&"#"-!$*) RISC ,-+3)(+-$ (" ,+5+4!$ !" (&"#"-!$*) CISC !+ ,-$ )5!"&6" *"&*+6"

;)(*+*" ,-+$%6+5$*)#!+(**" 8+A) 5" ) ,+-!$(&" ,+-"5$ ,+-8"#&"*" ,#'*!+(* !"

&+5"

!)+4=+5$8+(* +* )<)&*$6)! &+8,$#"*+- %" ,+(*$>"!) !" 6$(+&+ !$6+

&+!6)?-$%"3$: !" !$6+ $!(*-7&3$:

(7,)-(&"#"-!" RISC "-=$*)&*7-" – <$>. 2.15.

   )5!+;$,+6$ %"*+6" 6$(+&" *"&*+6" ;)(*+*"      $!$('&       * ) 6$(+&, CR CPI . . MIPS 

:#"!7! %1' CISC RISC +"!1!5%/

C5#6 '/+ 53"4'' 128-256-300 24-32

&#5.! /! '/+ 53"4'' 16-64 <' !,  .%. '/+ 53"4'* !

% + 0 1 ! $ ! D ! , - 1 = ' / !

32 <' !,  .%. ,-1='/! ! %

2'"+'5!/!

&#5.! /! !,5%+' 8-12 <' !, 5!71'?/' /!?'/'

/! !,5%+'5!/% /!

#0%5!4'#//! ! 0!.% , 

"-+'/,-1('

E%('+ -5-5%('+ -5 (./#(#

0#-(#1*. <5#6 $- 5%F/'

5%('+ 5'), 5%('+ %5/'

2!61#$%), 3-4 <5#* /!

5%('+ %5/' % 2#5.! '

CPI <5#6 05#+%4#5/'

 !" #$%

8-20 05#4%+#5/'  !" !,  ./!5. 

'/+ 53"4'' + 5!71'?/!

+ %0%/ /! +1#=/#+ 

3-6 05#4%+#5/'  !" !, 

'/+ 53"4'' % +! +

2'"+'5!/! ,-1='/! –

#05#+ %/'

CM 305!$1*$!D "#/ 5#1%/

.#,31

C!7'5! +% /!

.'"5#05#(5!.'5!/%

G 0#.#D! /! !0!5! /!

1#('"! (H8) hardware 

control

5%1*$"&060$!( 1$)'*")$( (RISC ( CISC)

1+6);) +* 1 $!(*-7&3$: !" *"&*

,+-"5$ !"#$;$)*+ !" !:&+#&+ (!",-. 

3) $!(*-7&3$+!!$ &+!6)?)-" –

('+*6)*!+ !:&+#&" -)%7#*"*" +*

6()&$ $!(*-7&3$+!)! 3$&'#

8+5)# MIMD $!(*-7&3$+!!+ !$6+

-"%#$&" +* 6)&*+-!$*) ,-+3)(+-$, 

&+$*+ -)"#$%$-"* SIMD !"

$!(*-7&3$+!!+ !$6+

,"-"#)#$%8" () -)"#$%$-" !"

$!(*-7&3$+!!+ !$6+ – ("8+ 8)A57

#+>$;)(&$ !)%"6$($8$ $!(*-7&3$$

&-"*!+(* !" $!(*-7&3$:*" m = 2 5+ 5 

(,-$ (&"#"-!$*) ,-+3)(+-$ m = 1)

(7,)-(&"#"-)! RISC ,-+3)(+- – <$>. 

2.17.

m=4

VLIW 1$)'*")$(

0+84$!$-"* &+!3),3$:*" %" =+-$%+!*"#!+

8$&-+&+5$-"!) $ (7,)-(&"#"-!" "-=$*)&*7-": 

5'#>$ $!(*-7&3$$ ((*+*$3$ 4$*+6)), &+$*+ %"5"6"* ,+

!:&+#&+ +,)-"3$$ !"5 +,)-"!5$*)

-"%#$;"6"* () +* (7,)-(&"#"-!$*) ,-+3)(+-$ ,+
4'-%+ $ ,-+(*+ 5)&+5$-"!) !" $!(*-7&3$$*) ,+!)A)

)5!" VLIW $!(*-7&3$: %"8)(*6" !:&+#&+ (7,)-(&"#"-!$

$!(*-7&3$+!!+ !$6+ (,+!)A) $!(*-7&3$$*) (" (

<$&($-"! <+-8"* &+?*+ 8+A) 5" 6&#G;6" $

!$)%,'#!$8$ +,)-"3$$, " (7,)-(&"#"-!$*) +,)-"3$$ ("

("8+ $%,'#!$8$)

!),-)!+($8 +4)&*)! &+5 ,+!)A) !$6+*+ !" ,"-"#)#$%8"

,-$ -"%#$;!$*) ,-+3)(+-$ ) -"%#$;!+ " ) %"#+A)!+ 6

("8"*" 5'#>" $!(*-7&3$: ((7,-)(&"#"-!$*) "-=$*)&*7-$

(" ,+-*"4)#!$ ('( (&"#"-!$*)) – ("8+ %"

(,)3$"#$%$-"!$ &+8,G*-$

$!(*-7&3$+!!$: ,"-"#)#$%'8 () %"5"6" !" )*","

&+8,$#"3$: – *.). (*"*$;)!; !:8" 5$!"8$;!"

5$(,);)-$%"3$: $ ($!=-+!$%"3$:

VLIW ,-+3)(+- – <$>. 2.18.

  ,+ !$(&",#'*!+(* !"&+5"!+,+                    6 $(+& ,"-"#)#$%'8 !"- -

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

,% 2%,$-[$]

/3&4$." -"*.+($ ()%/-$5%-%6$ /3&7$)%.% )% ("4$,.3()$." 8%9&+-") ," ,"42").$(%.

$),.(0*#$$." ,% .$!

("4$,.3(-("4$,.3( – *(%.*$; %/(",$(%. ," ("4$,.3()$ 8%9&+-"

!%2".-!%2". – /3&4$ ('%6+.+ ,3/3(7%. %/(",$ +. +,)+-)%.% !%2".); ." 2+4%. /% +:(%:+.-%.

!+-4+&"2$ 2%,$-$ , (%'&$;)% /3&7$)%

.$!$;)$ -"*.+()$ +!"(%#$$

'%("7/%)" )% -"*.+( +. !%2"..% )% *+2!<.3(%: V1 Mn;

'%!$,: V1!Mn;

",*%&$(%)": S1"V1!V2;

-"*.+()% +!"(%#$1, !($ *+1.+ $ /-"." +!"(%)/$ ,% -"*.+($ $ ("'0&.%.% " -"*.+(: V1"V2!V3;

("/0*#$1 +. -"*.+()$ +!"(%)/$ $ ("'0&.%. ,*%&%(: V1"V2!S1.

'%("7/%)" -"*.+(--"*.+(: " V1 !V2.

("/0*#$1 )% "/$)$;") -"*.+(: " V1 ! S1.

%)%&+4$;)$ $),.(0*#$$ +. .$! !%2".-!%2". – +!"(%)/$." ,% +. -$/%Mi(1 : n)



!"#$%&'()$*%(+ +%,-.$&."%+

>($ ,."!") n #$*3&% )% ,0!"(*+)-"9"(% " 1/n +. :%'+-$1 #$*3& )%

8%'$.". ?$4. 2.20.

@%*3,)")$".+ '% "/)% +!"(%#$1 " (%-)+ )% :%'+-$1 #$*3&, )+ ILP e n. f   

T(1, n) = k + (N-1)/n

S(1, n) = … !n '% N!$.

Cray1: n=3.

f d    e   w
m, n = 3

!"#$%&'()$*%(+ /"#$%/&+0+%(+
+%,-.$&."%+

 ."!").% " (m, n) *%.+ m " *(%.)+,..% )% "/)+-("2"))+

$'/%-%)$." $),.(0*#$$ (..". )% ,0!(",*%&%()+,.) % n "

*(%.)+,..% )% ,0!("*+)-"9"(% (1/n +. *(%.)+,..% )%

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

$),.(0*#$$). ?$4. 2.21. @%*3,)")$".+ '% "/)% +!"(%#$1 "

(%-)+ )% :%'+-$1 #$*3&, )+ ILP e n. 

T(m, n) = k + (N-m)/mn

S(m, n) = … !nm '% N!$.

DEC Alpha: n=6, m=2.

1$,('0'2-- (+ #%'3$/'%-.$

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

#(%()$)+234 #. /(**+ - 4*.5.'%(,*+ .#$%(6++ &$

+2#3)*07(, '.*'"%$*,*. *( *0'.)'. $/*.,+#*+

"&,%.8&,7( (9 ) . ' . 7 $ 2 ( + 2 # 3 ) * $ * + $, #.%,.7$ '34

%$5+&,%.7+ :(8).7$ …). ;(,.7( *$.9-./+4.&, ., #.

5.)04( +*,$5%(6+0 7 <+#( – CMOS ,$-*.).5+0. 

=.49+*+%(, &$ & RISC (%-+,$',"%( *( #%.6$&.%*(,( /"4(.

!"#$%'.*7$8%+,$ &$ 9(2+%(, *( #(%()$)234 #.

"#%(7)$*+$, #.%(/+ '.$,. &31$&,7$*. #%+ ,0- $

#%+)(5(*$,. *( "&,%.8&,7( & 7+&.'( ,(',.7( <$&,.,( – ,.$. 

TTL ,$-*.).5+0. 

Intel Pentium
! 737$>/(*$,. *( ?$*,+"4 (%-+,$',"%(,( (1995) @*,$) #%+)(5( #%$/+4&,7(,(

*( *$')(&+<$&'( #(%()$)*( (%-+,$',"%( 7 #%.+27./&,7.,. *( #%.6$&.%, 

#%$/*(2*(<$* ,+#+<*. 2( 4(&.7+ '.4#A,%+:

• &"#$%&'()(%$* #%.6$&.% & *+7. *( +*&,%"'6+.**+0 #(%()$)+234 m=2 (3 2(

B4) – $/*.7%$4$**( .9%(9.,'( *( 2 6$).<+&)$*+ .#$%(*/( #. 4./$)( MIMD 

('.5(,. #.&)$/.7(,$)*+,$ +*&,%"'6++ *04(, 2(7+&+4.&, #. /(**+ +)+

"#%(7)$*+$!); 

• 7&$'+ +*&,%"'6+.*$* '.*7$8$% &$ &3&,.+ ., 5 :(2+: +27)+<(*$, /$'./+%(*$, 

(/%$&*( 5$*$%(6+0 (,+#+<$* CISC #%.6$&.% & 4*.5. %$>+4+ *( (/%$&(6+0 *(

C?), +2#3)*$*+$ + 2(#+&

• +2#3)*$*+$,. *( #.&)$/.7(,$)*+ +*&,%"'6++ ., 7&$'+ '.*7$8$% $ &3&

2('3&*$*+$ 1 :(2( (+27)+<(*$): /7( &(4.&,.0,$)*+ I cache + D cache #. 8 'D

…Intel Pentium
• 2( $:$',+7*. &3<$,(7(*$ *( %(9.,(,( *( '.*7$8%+,$ (,.$. 2( +29057(*$ *(

*0'.+ ., &)"<(+,$ *( '.*:)+',) %(9.,(,( *( /7(,( +*&,%"'6+.**+ '.*7$8%(

$ «/$:(2+%(*(» &3& &,3#'( ., 1 :(2( (#3%7(,( :(2( «+27)+<(*$»)

• &3& &31(,( 6$) Dcache $ & /7"#.%,.7( .%5(*+2(6+0 – #. $/+* &(4.&,.0,$)$*

#.%, 2( 7&$'+ ., +*&,%"'6+.**+,$ '.*7$8%+

• cache 9":$%+,$ &( & (&.6+(,+7*( .%5(*+2(6+0 *( /.&,3#(: (&.6+(,+7*(,(

#(4$, +4( 32-9(8,.7 TLB & #.&)$/*+,$ (/%$&+ ,('( <$ ,3%&$*$,. *(

2(%$>/(*(,( &,%(*+6( &,(7( 7 32 (/%$&( (74$&,. 8=)

• +2+&'7(*$,. 2( &73%2(*.&, ('.-$%$*,*.&,) 4$>/" /(**+,$ 7 cache + 7 C ? & $

#.&,+5( <%$2 &#$6+()$* #%.,.'.) – MESI – '.$,. #.27.)07( +25%(>/(*$,. *(

4"),+#%.6$&.%*+ (%-+,$',"%+ (,. *(%. &+4$,%+<$* 4"),+#%.6$&+*5 –

-.4.5$**( 4"),+#%.6$&.%*( (%-+,$',.%( & .91( #(4$, 4$>/" #%.6$&.%+,$)

• +*,$5%+%(*. FPU "&,%.8&,7. & 8-:(2.7 '.*7$8$% (+27)+<(*$, /$'./+%(*$, 

(/%$&*( 5$*$%(6+0 +2#3)*$*+$, .9%(9.,'( 4(*,+&(, .9%(9.,'( $'&#.*$*,(, 

  

+*&,%"'6++ $/*.7%$4$**. ('.5(,. $/*(,( ., ,0- $ #%+&7.07(*$).

    #)(*+%(*$,. *( (',+7*+,$ &,%(*+6+ 7 $ #./+&6+#)+*(,(                cache LRU

.9%(9.,'( #%+9)+>$*+$ + 2(#+& '.8,.4.>$/(+2#3)*07( +/7$,                         FP 

…Intel Pentium
mul

f1

f2

f3

d1

d2

d3

m1 m2 m3

a1 a2

I1

m1

w1

W2

IC

add

logic

Look ahead window

!"#$%&'($ $)*+,-.,/)$ %&)*/

0)"1-2")-( '+0

Look ahead window – 0)"3")-1

3$ 0)-4%$)+,-5-( 0)-65-4 ($

+(2,)/.1++,-.

Mul – 7"4/5 3$ +30&5(-(+- ($

/7("8-(+-,";

Add – 7"4/5 3$ 2&#+)$(-;

Log – 5"6+'-2.+ 7"4/5;

Intel Multicore
Intel Core Microarchitecture !"#$%&%'() *+(&,', ($!"'+(+,$" $,
-,.($$,!, ,+#(!"/!0+, $, 1(-"!+(2$() -0&!(*+%3"1($' 4
-(/+%*%+3"1%+
10*"+/%$4"5+$( 10*"+1/,&,+$( )6+,: 14 7,8( (/%"7. $,
10*+"/%$4"5+$%1! 2); *% 4 ($1!+0/3((
94"/2"!(+( $"8,4(1(-( )6+, – NUMA -0&!(*+%3"1($' 1 &%/,&(8(+,$
L1-cache 8, 41)/% )6+% ( %:; L2-cache

"&"-"$!( $, VLIW ( RISC ("6$%4+"-"$$%!): 
*%66<+=, #86 CISC $,:%+ ($1!+0/3((, /,!% 6"/%6(+, 2,1! %! !)# 6% 2 (
*%4"2" /%$4"5+$( -(/+%($!+0/3(( – RISC
!.$,+. -(/+%%*"+,3(( %:"6($)4,! $)/%&/% 2"1!% 1+";,$(
*%1&"6%4,!"&$%1!( %! -,.($$( ($1!+0/3(( 8, (8*<&$"$(" /,!% "6$,
($1!+0/3() – $,*+. *+%4"+/, $, 1!%5$%1! ( *+"#%6 *% 7&,' 1, %:"6($"$(
4 “-(/+%%*"+,3()!,” 01&%4"$ *+"#%6

($!"'+(+,$ ,+:(!+,= $, 6%1!<*, 6% L2--,'(1!+,&,!,
+,8.(+"$( 4<8-%=$%1!( $, 0*+,4&"$(" $, "$"+'(5$%!%
*%!+":&"$(" ( 4"+1((

3. !"#"$%$&" '(#"(')*"



!"#"$%&'()

!"#"$%$&' (#)*%+'

!"#"$%$&' "$,)#'-.' – (#'&*'(', 
(#)%/-'#"&%, .%-#'/"

0#%1' ' %2'*' 2" ("#"$%$&' (#),#".'

0'&3#)&'2"*'4 &" ("#"$%$&'-% (#)*%+'

5"$"&+'#"&% &" ("#"$%$&"-" )6#"6)-/"

7-"$)&&' ("#"$%$&' "$,)#'-.'

*+,-)#+.&/)-'( ( 0&$&-)-'( 0$+1$&2(
(#),#"."-" +% +8+-)' )- (#)*%+', /)'-) .),"- 1" 681"- '2(8$&49"&'

()+$%1)9"-%$&) '$' /)&/:#%&-&)

(#' '2(8$&%&'% &" (#),#"." 9 !"#$% &% '(!)#$(*%+#),(+(

'"(-"%./"%,#
(#),#"."-" +% +8+-)' )- %1'& (#)*%+

#%2:$-"-8- )- '2(8$&%&'%-) ; + %1&"/9' 1"&&' % 9'&",' %1'& ' +8<

'2(8$&%&'%-) &" 9+4/" '&+-#:/*'4 % ()+$%1)9"-%#&) ' &%2"9'+'.) )- '2(8$&%&'%-)

&) 1#:,' '&+-#:/*''

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

:(#"9$%&'%-) +% (#%1"9" ()+$%1)9"-%$&) .%=1: #"2$'>&' (#)*%+'

.%=1: )-1%$&'-% (#)*%+' +8<%+-9:9" 2"9'+'.)+- () 9#%.% &" '2(8$&%&'%, &)

#%2:$-"-" )- '2(8$&%&'%-) '. +% 2"("29"

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

-4 9/$?>9" )+9%& :(#"9$49"< /)1 ' 1"&&', +8<) ' '&+-#:/*'' 2" +'&3#)&'2"*'4 '

)6.%& .%=1: (#)*%+'-%, /)'-) +8+-"9$49"- &%;&'4 ($"&'#"< (#)*%+ (scheduler)

#%2:$-"-8- )- '2(8$&%&'%-) &" ("#"$%$&"-" (#),#"." .)=% 1" 2"9'+' )- #"6)-"-" &"

($"&'#"<'4 (#)*%+

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

 .!.*$*+. "3!.3"'4., 1"0.' 2. 3)2.' .*'$!+.'&-+":

!$ *&4&, &( )*+,-./& $2+.4-&  "2 !"0!.1& -)!56

!.(*&7+& 2.++& – 1"2$* SPMD (Single Program Multiple 

Data). N.B.: !.(*&4.'. "' SIMD $, 7$ - '"(& %*67.8

%&+5!"+&(.#&,'. %$ &(-)!9-. +. +&-"  "2 !"0!.1.

"3%*6:-.+$ %$ &( )*+,-. +. MIMD 4"1 ;'!&

!.(*&7+&  "2 !"0!.1& – 1"2$* MPMD (Multiple 

Program Multiple Data);  !& '"(&  "25"2 "'2$*+&'$

 "2 !"0!"1&- !"#$%& %$  "!.:2.' 4.'" 2)/$!+& +.

$2&+ [0*.-$+]  !"#$%

%$01$+' .+$+.+&-"&+%'!64#&, &(.'"-.                            ( ), SPMD 

'!() *(  !"#$%&+$ 
([precedence | dependency] graph)

(.-&%&1"%''.  " 2.++& & 6 !.-*$+&$ %$ &(%*$2-. [7!$(

0!.<&] +. !.(*&7+& +&-. – 3*"4, &(!.(,  !"1$+*&-.

4"1 &*.'"!&'$ "3&4+"-$+" &(%*$2-.' 0!.<. +.

(.-&%&1"%'&$ +. +&-" &(!.( &  !"1$+*&-. –  !&1$! (.

%$!&,'. &(!.(& (<&0. 2.5):
S1: A = B + C

S2: B = A + E

S3: A = A + B

– &(!.(&'$ %$ &("3!.(,-.' 4.'" -)(*& - 0!.<. +. (.-&%&1"%'&'$, .

2)0&'$ %. (.-&%&1"%'&'$ 4.'" +.7.*"'" +. 2)0. $  !"1$+*&-.

(.!061$+' &*& %'"8+"%') +. &(!.(, . 4!.8 – %)/.'.  !"1$+*&-. "'

%*$2-./ &(!.( – "%-$+ 4"0.'" +.7.*"'" & 4!., +. 2)0.'. %.

.!061$+'& ("' 2,%+.'. %'!.+.) +. &(!.(&'$

(.-&%&1"%'  " 2.++& (data flow): !$(6*'.'. "' &(!.( $ .!061$+' +. %*$2-./

&(!.( ( !$+.!$:2.+$'" +. &(!.(&'$ &*&  .!.*$*+"'" &1 &( )*+$+&$  !"1$+, !$(6*'.'. +.
%*$2-./&, &(!.( – -:. 6 !.:+$+&$ 1 (.  !&1$!. "' '. 5. & 2!60&  !&1$!&) – '.(& (.-&%&1"%' $
+$ !$"2"*&1.

.+'&(.-&%&1"%' (anti-dependency): .!061$+'. +. &(!.( $ !$(6*'.' "' %*$2-./

&(!.( ( !$+.!$:2.+$'" +. &(!.(&'$ &*&  .!.*$*+"'" &1 &( )*+$+&$  !"1$+, !$(6*'.'. +.
.+.*&(&!.+&, &(!.() – '.(& (.-&%&1"%' 1":$ 2. 3)2$  !$"2"*,+. 7!$( !$ *&4&!.+$ +.
 !"1$+*&-&'$

(.-&%&1"%'  " &(5"2 (data output) – !$(6*'.'&'$ "' 2-. &(!.(. %$ (. &%-.' -

$2+. & %)/.  !"1$+*&-. ( !$+.!$:2.+$ &*&  .!.*$*+" &( )*+$+&$  !"1$+, %'"8+"%''. +.
'.(&  !"1$+*&-.)– '.(& (.-&%&1"%' 1":$ 2. 3)2$  !$"2"*,+. 7!$( !$ *&4&!.+$ +.
 !"1$+*&-&'$

(.-&%&1"%'  " -5"2 (data input): 2-. &(!.(. &1.' "3/ .!061$+' – '.(&

(.-&%&1"%' +,1. (+.7$+&$  !& %)-!$1$++&'$  !"0!.1+& %&%'$1& ( "!.2& %!$2%'-.'. (.
4"+46!$+'$+ 2"%') )

(.-&%&1"%'  " 6 !.-*$+&$ (data control): 6%*"-+" &( )*+$+&$ +. &(!.(, 
4)2$'" 6%*"-&$'" $ !$(6*'.' "'  !$25"2$+ &(!.( ( " %)/$%'-" '"-. $ !.(+"-&2+"%' +.
(.-&%&1"%''.  " 2.++&)

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

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

 !"#$%& '#$
for i = 1, n, 1

x = A[i] + B[i]

Y[i] = 2 * x
x = C[i] * D[i]

P = x + 15

endfor

'#$ ( &)*)+%&) !), ( *#(-

for i = 1, n, 1

x = A[i] + B[i]

Y[i] = 2 * x
xx = C[i] * D[i]

P = xx + 15

endfor

 !"#$% !&'( )(*#+ 
-  .!.*$*+&'$ %&%'$1& 2"%') )' 2" "3/.'.  .1$' & !$%6!%& (. =/> $
4"+46!$+'$+ & %$ 3.(&!. +. %5$1&'$ (. PRAM (Parallel Random Access 
Machine) – .-'"+"1+&  !"#$%"!& % 4"+46!$+'$+ 2"%') 2" "3/.  .1$'
(4",'" -4*;7-. & =/> 4.+.*&) 
- 1"2$*. PRAM %$  !$*.0.' 4 %5$1& (. "'%'!.+,-.+$ +. 4"+<*&4'$+
4"+46!$+'$+ 2"%') 2" "3/"'" .2!$%+"  !"%'!.+%'-":

EREW (Exclusive Read, Exclusive Write) – !$($!-&!.+$ +. 4"+46!$+'+&, 2"%') 2.
2.2$+ .2!$% (. 2-.'. '& . " $!.#&&
CREW (Concurrent Read, Exclusive Write) – +,4"*4"  !"#$%"!. 1"0.' 2. 7$'.'.
$2+"-!$1++" 2.2$+ .2!$%, +" " $!.#&&'$ (. (. &% %. 1"+" "*+&
ERCW (Exclusive Read, Concurrent Write) – 2" 6%4.' %$ +,4"*4" $2+"-!$1$++&
" $!.#&& +. (. &% +" 1"+" "*+" 7$'$+$
CRCW (Concurrent Read, Concurrent Write) – 4"+46!$+'+&'$ " $!.#&& %. 3$(
"0!.+&7$+&$

**EW %5$1&'$ %)"'-$'%'-.' +. &(&%4-.+&,'. (. 4"+%&%'$+'+"%'
(%)0*.%6-.+"%' & 2$'$!1&+&%'&7+"%') +. 2.++&'$ & %$  !&*.0.' 4.'"
6+&-$!%.*+&  !&  "-$7$'"  .!.*$*+& .*0"!&'1&; 
4"+46!$+'+&'$ " $!.#&& (. (. &%  !& **CW %5$1&'$ &1.' "0!.+&7$+"
 !&*":$+&$  !& +,4"& 4*.%"-$  .!.*$*+& .*0"!&'1&(. "3!.3"'4. +.
0!.<& & 7&%*"-. "3!.3"'4.,  !& 4"&'"  "%'&0.'  "--&%"4"
3)!("2$8%'-&$ "' %5$1&'$ % !$($!-&!.+ (. &%

 !"#$ , !&*#- -( ,.!&'#-%/

 !& "31$+ +. %)"3/$+&, -%,4. 2-"&4.  !"#$%& $

%-)!(.+. % 4"16+&4.#&"+$+ 4.+.*,  !$2%'.-$+ % '"7+"

$2+.  !"1$+*&-. –  "%*$2"-.'$*+&'$ %)"3/$+&, %.

%'"8+"%'&'$ +. '.(&  !"1$+*&-.;
2$<&+&!.+" $ %)%'",+&$ +. 4.+.*. – +. !. 7$'$+$ +.

 !"1$+*&-.'.-4.+.* %$ 2" 6%4. %.1" 4"0.'" %)%'",+&$'" 16 +$ $

 !.($+ (!$% .  !& (. &% – 2. +$ $  )*$+); 

.%&+5!"++&,' & %&+5!"++&,' 4.+.* %. % $2+.4)- !$:&1 +. 2"%') 

+" .%&+5!"++&,' &1. 4. .#&'$' = !.(1$!. +. 36<$!. (>1)



1(2($#$-% ($3!2%+*%

@.!.*$*+&'$ .*0"!&'1& %. 1$:2&++"'" (-$+" -)- -$!&0.'. +.
 .!.*$*+.'. "3!.3"'4. (1$:26 &(7&%*&'$*+&,  !"3*$1 &  .!.*$*+.'.
%&%'$1.) –

.!5&'$4'6!.
%&%'$1./%!$2.
 !"0!.1.
.*0"!&')1
&(7&%*&'$*$+  !"3*$1

@A $ .3%'!.4'+" (<"!1.*+" &*& +$<"!1.*+")  !$2%'.-,+$ +.
&(7&%*&'$*$+  !"3*$1 4.'" +.3"! "'  !"#$%& (. $2+"-!$1$++"
&( )*+$+&$ (- %*67.,  !"#$% $ 7.%' "'  !"3*$1., 4",'" %$ &( )*+,-. "'
$2&+  !"#$%"!)
"%+"-+&'$ 5.!.4'$!&%'&4& +. @A (4"&'" "'%)%'-.'  !&  "%*. .*0"!&'1&) 
%.

3!"8  !"#$%& & *"0&7$%4.'. &1 "!0.+&(.#&, (+. !. master-slave)
!.( !$2$*$+&$ +. 2.++&'$ (2$4"1 "(&#&, + -)(1":+"%'& (. !.( !$2$*$+.
.*"4.#&,)
'"74& +. %&+5!"+&(.#&, (" '&1&(&!.+$)
1"2$* +. 1$:26 !"#$%+&, "31$+ ("%+"-+" "3/.  .1$' – "31$+ +. %)"3/$+&,)

!.(*&7+&'$ 4"+4!$'+& !$9$+&, +. 0"!+&'$ 5.!.4'$!&%'&4&  "!.:2.' #,*
4*.% "' @A, 3.(&!.+& +. $2&+  "%*$2"-.'$*$+ .*0"!&')1

3. !"#"$%$&"
'(#"(')*"

+,-/./  *  -./.-   *  

0-12#3/0.2
10

4(5% -( )2!#6+%2(-#+! -( 17
 !"$4'&!.+$'" +. @A 1&+.-.  !$( %*$2+&'$ <.(& (4.3 ):

!.(2$*,+$ (partitioning) – 2$4"1 "(&#&, +.  !"3*$1.: 
 " 2.++& (0*.-+" SPMD) &*&

 " <6+4#&& (0*.-+" MPMD) –

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

2$<&+&!.' 1+":$%'-"  "2(.2.+&,; 0!.+6*.!+"%''.  !& '.(& <.(. +$ "'7&'.

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

!$(6*'.')' "' <.(.'. $ 2$<&+&#&, +. "'2$*+&'$ (.2.+&,

4"16+&4.#&& (& (.-&%&1"%') (communication) – <"!16*&!.

&+<"!1.#&"++&'$ &*& 4"+'!"*+&'$ (.-&%&1"%'& 1$:26

"'2$*+&'$  "2(.2.+&,; 4"16+&4.#&&'$ %$  !$2%'.-,' 4.'" 4.+.*&

(%)% %)"'-$'+&'$ %-"8%'-. – +. !. 4. .#&'$',  "%"4.) &

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

4.+.*& (+. !. <"!1.', !.(1$!, '& ); .!5&'$4'6!.'. (. "3!.3"'4. %$

&0+"!&!. & +. '.(& <.(., +" % $#&<&#&!.+$'" +. 4.+.*&'$  "1.0.

2. %$ "#$+& .*0"!&')1.  " 4"16+&4.#&"++. %*":+"%'

... 8(5% -( )2!#6+%2(-#+! -( 17

<"!1&!.+$ (agglomeration) – %*$2 "#$+4. +. &(7&%*&'$*+.'. &

4"16+&4.#&"++.'. %*":+"%' +. <"!16*&!.+&'$  "2(.2.+&, &

 !&*$:./&'$ &1 4"16+&4.#&&, '$ %$ 0!6 &!.' - (.2.+&,,  !& 4"$'" %$

"'7&'.' 5.!.4'$!&%'&4&'$ +. .!5&'$4'6!.'. +. "3!.3"'4. – "%+"-+"

3!"8  !"#$%"!&/-)(*& & 4"16+&4.#&"+$+ 1"2$* – & - !$(6*'.' %$

 "%'&0. " '&1&(&!.+$  " %*$2+&'$ 5.!.4'$!&%'&4&

0!.+6*.!+"%' & 3.*.+%&!.+"%' (% "#$4. +. &(7&%*&'$*+.'. %*":+"%' +.

"'2$*+&'$ (.2.+&,)

$-$+'6.*+" !$ *&4&!.+$ +. 2.++& &  "2(.2.+&,

" '&1&(&!.+$ +. 4"16+&4.#&&'$ (% "#$4. +. 4"16+&4.#&"++.'. %*":+"%'

+. "'2$*+&'$ (.2.+&,)

$-$+'6.*+" (. .(-.+$ +. *&+$8+"%' (%4.*&!6$1.%')

'$5+"*"0&7+" " '&1&(&!.+$ (+. !. +.1.*,-.+$ +. !.(5"2&'$ (. 4"2&!.+$

+. (.2.+&,'.)

... 8(5% -( )2!#6+%2(-#+! -( 17

!.( !$2$*,+$ (mapping) – +$(.2)*:&'$*+. <.(.

("'%)%'-.  !&  !"$4'&!.+$ +. @A (. %&%'$1& % 2&+.1&7+"

 *.+&!.+$ – "3&4+. B@ % CDE), 4",'" %$ %)%'"& -

!.( !$2$*,+$ +. <"!1&!.+&'$ (.2.+&, (&*& $-$+'6.*+"

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

%)% 4"2&!.+$ +. %)"'-$'+"'" !$9$+&$. N.B.: "3&4+"-$+"

%$ &( "*(-. % $#&.*$+ $(&4 (. % $#&<&4.#&, +.

(.!$:2.+$'" & $-$+'6.*+" (. +.%'!"4. +.

4"16+&4.#&"++&'$ 4.+.*& +. !. - %&%'$1& % 4"16'&!6$1&

4.+.*&, '.4. 7$ "' .*0"!&')1. %$ &(&%4-. 2. % $#&<&#&!.

& 4"16+&4.#&"+&, 0!.< +. %&%'$1.'. (. "3!.3"'4. 5.1

 #+2%6( % (-($%5 -( )2!%59!"%+#$-!,+( 

%*":+"%''. +.  "%*$2"-.'$*+&'$ .*0"!&'1& (3!"8

" $!.#&&) %$ "#$+,-. 4.'" <6+4#&, %.1" +. !.(1$!. +.

 !"3*$1+.'. "3*.%' & %*$2"-.'$*+" 1":$ 2. %$ "#$+&

.3%'!.4'+" "' .!5&'$4'6!.'.;  !& @A ', $ <6+4#&, +.

.!5&'$4'6!.'. & +. %!$2.'. (.  .!.*$*+. "3!.3"'4.

("%"3$+"  !& 2&+.1&7+"  *.+&!.+$)

"%+"-$+ <.4'"!  !& @A $ %'$ $+'. +.  .!.*$*&()1 C –

1.4%&1.*+&, 3!"8 " $!.#&&, 4"&'" 1"0.' 2. %$ &( )*+,'

 ,!,*$*+"  !& "3!.3"'4.'. +. .*0"!&')1. – '"-. $

.!5&'$4'6!+"+$(.-&%&1. -$*&7&+.;  !& !.(1$! +.

 !"3*$1. W +$  "-$7$ "' P(W)  !"#$%"!. 1"0.' 2$ %$

 "*(-.' $<$4'&-+"; %)/$%'-$+" $ %)"'+"9$+&$'" 1$:26

 .!.*$*+&'$ &  "%*$2"-.'$*+&'$ %$01$+'& +. @A

F.4"+ +. Amdahl (1967):

 !& +.*&7&$ +. 2-$ &+'$+(&-+"%'& ('$1 "-$) +.

"3!.3"'4. +. 2.2$+  "!3*$1 – -&%"4"- .!.*$*+. Rh &

+&%4"- .!.*$*+. Rl, 4"&'" %. - %)"'+"9$+&$ f:(1-f)  "

3!"8 +. 0$+$!&!.+& !$(6*'.'& (1$:2&++& & 4!.8+&) –

"3/.'. &+'$+(&-+"%' +. "3!.3"'4. $

R(f) = [f/Rh + 1-f)/Rl]
-1

%*$2"-.'$*+" f ! 1  R(f) ! Rh 4 5#4 f ! 0  R(f) ! Rl

N.B.: 1.4.! 7$ $ <"!16*&!.+ (. '$1 "-$ +. "3!.3"'4., 

(.4"+. $ - %&*. & %$  !&*.0. (. .0!$0&!.+. %'$ $+ +.

 .!.*$*&(1. +. (.2.+&$'"

G%4"!$+&$ & $<$4'&-+"%'
 !& "#$+4. &*& &(1$!-.+$ +. 6%4"!$+&$'" (Sp = T1/Tp ) %$  !&$1., 7$

-%&74&  !"#$%"!& - 2-.'. %*67., %. % &2$+'&7+.  !"&(-"2&'$*+"%'; 
 "!.2& +.*&7&$ +. 4"16+&4.#&"++& & %&+5!"+&(.#&"++& (.4)%+$+&,

1 < Sp < p

.+"1.*&&: 
!"#$%&'($)(* Sp > p 1":$ 2. %$ +.3*;2.-.  !&

+$" '&1.*$+  "%*$2"-.'$*$+ .*0"!&')1 &*&

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

&( "*(-.+&, 5.!26$!: +. !.  !& 0"*,1 !.(1$! +. 2.++&'$ (+.2-&9.-./
4. .#&'$'. +. D@) $ -)(1":+" (+.7&'$*+" (.4)%+$+&$ +.  "%*$2"-.'$*+.'.

"3!.3"'4. +.  !"3*$1.  "!.2& 3.-+& " $!.#&& % -)+9+.'.  .1$', 2"4.'"  !&
 .!.*$*+. "3!.3"'4. % !.(2$*,+$'" +. 2.++&'$ 1$:26 -)(*&'$ '"(&  !"3*$1

"' .2. (" '&1&(&!.+$ +.  "%*$2"-.'$*+&, .*0"!&')1 - '"(& %*67.8 +$ $

-)(1":+" 4"0.'" (. 2.++&'$ +$ -.:&  !&+#& . +. *"4.*+"%' – +. !.  !& 1+"0"

 !"3*$1& "' AI)

($+*(,*((* Sp1 > Sp2 (. p2 > p1 – 7$%'" %!$/.+. .+"1.*&,

$<$4'&-+"%''., 4",'" $ +"!1.*&(&!.+" 6%4"!$+&$ (Ep = Sp/p = T1/(pTp) < 

100%), 5.!.4'$!&(&!. 7.%''. "' "3/"'" -!$1$ (.  .!.*$*+. "3!.3"'4., 
 !$( 4",'"  !"#$%"!+&'$ $*$1$+'& %$ &( "*(-.'

!#46%# 7" '8%&*" &" 9:*'#%&4%)' 4 

%;%*)4<&':))"

345%#*9( ') p 5#'8%:'#" 47=4:$><" :96")" &" n =4:$"; 

<#%6%)' 7" $'*"$&" '5%#"84> :?(4#"&% &" @<% =4:$" 4 

<#%6%)' 7" 5#%@"<"&% #%79$)")" &" :?:%@%& 5#'8%:'# % 1

!2: =4:$")" :% :964#") $'*"$&' 7" <#%6% n/p :$%@ *'%)' 

$'*"$&4)% (5?#<'&"="$&' ! &" (#'A) 5"#84"$&4 :964 :% 

5#%@"<") &" :?:%@ (1) 4 :964#") (1) 7" 2lbp (4.5.1 )

Sp = n/[n/p + 2lbp] = np/[n + 2plbp];   Ep = n/[n + 2plbp]

5'$9=%&4)% 7"<4:46':)4 (4.5.2 ) 5'*"7<") '(4="A&4>) 
%;%*) 5#4 5'-B'$>6")" =":) ') !2 &" &"6"$><"&% &" 

%;%*)4<&':))" : &"#":)<"&% &" ! (5#4 ;4*:4#"& #"76%# 

&" 5#'($%6" n) – %;%*) ') 7"*'&" &" Amdahl



4$*( & 5"$)&#&$*+ *( &. "6.-(*$ 

#$+. (cost)  !& "3!.3"'4.'. +. @A % p  !"#$%"!. (. Tp 

$2&+&#& -!$1$ (N.B. $2&+&#. -!$1$ $ -!$1$'" (.

&( )*+$+&$ +. $2+. $*$1$+'.!+. " $!.#&,) $

Cp = pTp

'.$. Cp $ 4!&'$!&8 (. 3!", " $!.#&&, 4"&'" 3&5. 1"0*& 2.

%$ &(-)!9.' (. -!$1$'" +. "3!.3"'4. +. %)"'-$'+&, @A

4"$<&#&$+' +. &( "*(-.+$ (utilization)  !& "3!.3"'4.'. +.

@A, %)%'",/ %$ "' D! +. 3!"8 " $!.#&& % p  !"#$%"!. $

Up = Op/Cp = Op/(pTp)

'.$. Up e "'+"9$+&$'" +. 2$8%'-&'$*+&'$ 4)1

 "'$+#&.*+&'$ " $!.#&&  !& "3!.3"'4. +. %)"'-$'+&,

@A

,$/  & &.6&785
'$1 )' +. "3!.3"'4. (execution rate) e .!5&'$4'6!+"(.-&%&1  .!.1$')! &

%$  !$2%'.-, % +,4"*4" %4.*&:

MIPS (6+& !"#$%"!&, B@)

MFLOPS (SIMD, 7&%*"-. "3!.3"'4.)

MOPS (SIMD)

LIPS [# logic inferences p.s.] (AI  !&*":$+&,)

"%-$+  " .!5&'$4'6!$+ 4!&'$!&8, &(3"!)' +. %4.*. (.-&%& & "' '& . @A, 

4"&'" %$ "3!.3"'-.'

&(*&9)4 (redundancy)  !& "3!.3"'4.'. +. @A, %)%'",/ %$ "' !" +. 3!"8

" $!.#&&  !& "3!.3"'4. % p  !"#$%"!. $

Rp = Op/O1 > 1

(4)2$'" !1 $ 3!", " $!.#&&  !& "3!.3"'4. +. 6+&4"1 ;')!) '.$. Rp e 

4!&'$!&8 (. %-!)5'"-.!., 4"8'" %$  "!.:2. "'  .!.*$*.+.'. "3!.3"'4.

+. .*0"!&')1.; p & n (!.(1$!. +.  !"3*$1.) %. .!061$+'& +. Rp +" – -

(.-&%&1"%' "' 4*.%. @A – 67.%'-.' % !.(*&7+. '$:$%'

4$*( & 5"$)&#&$*+ *( &. "6.-(*$ 

#$+. (cost)  !& "3!.3"'4.'. +. @A % p  !"#$%"!. (. Tp 

$2&+&#& -!$1$ (N.B. $2&+&#. -!$1$ $ -!$1$'" (.

&( )*+$+&$ +. $2+. $*$1$+'.!+. " $!.#&,) $

Cp = pTp

'.$. Cp $ 4!&'$!&8 (. 3!", " $!.#&&, 4"&'" 3&5. 1"0*& 2.

%$ &(-)!9.' (. -!$1$'" +. "3!.3"'4. +. %)"'-$'+&, @A

4"$<&#&$+' +. &( "*(-.+$ (utilization)  !& "3!.3"'4.'. +.

@A, %)%'",/ %$ "' D! +. 3!"8 " $!.#&& % p  !"#$%"!. $

Up = Op/Cp = Op/(pTp)

'.$. Up e "'+"9$+&$'" +. 2$8%'-&'$*+&'$ 4)1

 "'$+#&.*+&'$ " $!.#&&  !& "3!.3"'4. +. %)"'-$'+&,

@A

960"!&+/&:*( %6";*"%+
4"!$4'+"%''. +. 2.2$+ @A $ .!5&'$4'6!+"+$(.-&%&1., +"

+$0"-.'. $<$4'&-+"%' (.-&%& "' &( )*+&'$*+.'.

 *.'<"!1.,  "!.2& 4"$'" $ #$*$%)"3!.(+" %*":+"%''. 16

2. %$ "#$+,-. & 4.'" <6+4#&, +. !.( !$2$*,+$'" (mapping) 

 "  !&+#& .*0"!&'1&7+.'. %*":+"%' !  !"#$%& %'"("%)*"

) +' ,*'&#,*%"#) -&'&.*"'),*).) #&  /'&/ *.& – %'"("%&*&

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

. (5#).&!)) ( * . 4* ," + 056&%& %'"("* 2&  /'&/ *.& %

3&3"#& &'-)*".*5'&), & +' ,*'&#,*%"#&*& ,0 1# ,*! %

/' 4 &0 !)'&#) '"7),*') ) .0"*.) +&("* (*.". " = "( , !)); 

 !"#.*& ," 3&%&  /).# %"# .&* 3 0#& ) 7 '#& 7'&#)!& #&

*"2) %"0)6)#) )0) , +')/0)1"#)" – &,)(+* *)6#& ,0 1# ,*

 !"!#$#%& '"&("!)*"!%$ + "!,'"$-$#$%* 
.*./$)*

+')0&7& ( 3"0)*"

'&2+'"3"0"#&  /8& +&("* (DSM)

.096&0.) ,"(&: '), ( #)* '), /&')"')

 /("# #& ,; /8"#)$ (Message Passing Systems)

+')0 1# - ')"#*)'&# ("13)#"# ,0 4 –

MPI ) PVM – +' !"35'"# ( 3"0

RMI ) Corba –  /".*"# ( 3"0

4"'&'-)6#) (master-slave, client-service - Jini) ) # "-

4"'&'-)6#) ( 3"0) (P2P - Jxta)

0&%+$%1*&%!#$% '.$+-&2&- ,! '!"!#$#%* 
!#(&"*/)*
+,"%3 . 3;* (.&.* ) "2)!)*" 2& +' 7'&()'&#") e +')0 1)( 2&

 +'"3"0"#) .0&, %" &'-)*".*5') –  /).# %"# ," %2)(& .&* 

+'"3+ ,*&%.& #&4-'&2+' ,*'&#"#)$ PRAM ( 3"0 2& +&'&0"0"# 3 ,*;+

3  /8& +&("* (+' ("#0)%)) – CREW 

3".0&'&!)$ #& +' !"35') ) :5#.!)) " '&2<)'"#& ,;, 2&+), #& ( 3"0&

2& +&'&0"0#&  /'&/ *.& ) /' $ &0 !)'&#) +' !", '):

Procedure: <name> ({list of parameters})

Model: <model name> with p = f(n) processors

Input: <input variables>

Output: <output variables>

Declare: <[global and] local variables>

Function: <name> ({list of parameters})

Model: <model name> with p = f(n) processors

Input: <input variables>

Output: <output variables>

4#&2 FORALL
* 2) /0 . ," +')0&7& 2& )()*&!)$ #& +&'&0"0# )2+;0#"#)" #& %0 1"#)$ % #"7 

,"7("#* (#&/ ' )2'&2)) – &,)#-' ## (#"2&%),)( – #&+'. % MIMD) )0)

,)#-' ## (#&+'. % SIMD)

,)#*&.,),:

FORALL identifier: RangeType IN {PARALLEL | SYNC}
Statement_1

…

Statement_K

END

identifier " 5+'&%0$%&8& +' ("#0)%&, 3":)#)'&#& % 7'&#)!)*" #& /0 .&; + 

"3)# +' !", ," ,;23&%& 2& %,$.& #"4#& ,* 4# ,* ((# 1",*% * ,* 4# ,*) *'$/%& 3&

" .'&4# ); % ,;23&3"#)*" +' !",) identifier )(& '&20)6#) ,* 4# ,*)

RangeType " *)+;* #& 5+'&%0$%&8&*& +' ("#0)%&, 6)$* ( 8# ,*  ,%"# * %&

2&3&%& ) /' $ +&'&0"0#) +' !",)

)2+;0#"#)"* #& /0 .& 2&%;'<%& ,0"3 )2+;0#"#)" #& %,".)  * +' !",)*"

PARALLEL )0) SYNC 2&3&%& *)+& +&'0"0#&  /'&/ *.& – ,; *%. &,)#-' #"# )0)

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

+0&#)'&* ,0"3 )2+;0#"#)"* #& 3'57)*" – #&+'. . 7&* /' $* )( " + -7 0$(  * /' $

+' !", '))

 "*)$" ,! 5#&2 FORALL

8 +' !",& 2& &,)#-' ##& +&'&0"0#&  /'&/ *.& #&

:5#.!)$ , &'75("#* – # ("'& #& +' !",&

FORALL x:[1..8] IN PARALLEL

y = some_function(x);

END

• %"',)$

 FORALL x X IN PARALLEL do y = some_function(x);



3,"!,   do IN PARALLEL
* 2) )2'&2 ," +')0&7& .&* 3)'".*)%& % '&20)6#) /0 . %" – #&+'. +')

+&'&0"0#& %".* '#&  /'&/ *.&

,)#*&.,),:

for <!"#$" %&#'( !)*+,-!.+ )$ /$-!%> do IN PARALLEL

Statement_1

Statement_2

…

Statement_K

end IN PARALLEL

+')("': 2& %,".) "0"("#* #& (&,)%)*" ," : '()'&  *3"0"# +' !",

for i = 1 to n do IN PARALLEL

read(A[i], B[i])

if (A[i] > B[i])

then write(A[i])

else write(B[i])

endif

end IN PARALLEL

7*%8"&%*,!1*&%%* 2&%+$%1**, .$)!9&"*

,)#-' #)2&!) ##)*" ,-"() /)%&*
. #*' 0 #& 3 ,*;+ – ,"(&: ') ) ( #)* ')

. #*' 0 2& + ,0"3 %&*"0# ,* – /&')"')

+' ("#0)%&  * *)+ ,"(&: ' ," &, !))'& , %,".) &3'", 2&

 /8 3 ,*;+ ) %;'-5 #e$ ," )2%;'<%&*  +"'&!))*"
5,*&# %$%&#" #& ,;,* $#)"* (&.*)%# )0) +&,)%# ) (wait)

/0 .)'&#" #& +' !", (wait)

%;2,*&# %$%&#"  * /0 .)'&#" (signal)

wait(S) e 2&$%.& 2& 3 ,*;+ 3 .')*)6#&*& 2 #&, . $* ,"

+ *%;'13&%& &. S>0 () S ," 3".'"("#*)'&); % +' *)%&#

,056&4 +' !",& /0 .)'& ) )26&.%&

signal(S)  ,% / 13&%& .')*)6#&*& 2 #&, )#.'"("#*)'&

S ) %;2,*&# %$%& 6&.&8 +' !",

7*%8"&%*,*"!: '.$+-&2&- .;. .$)!9&"

P1: wait(S1)

{critical section 1}

signal{S1}

P1: wait(S1)

{critical section 2}

signal{S1}

7*%8"&%*,!1*< . )&%*/&"*
( #)* ')*" ,& '&2<)'"#)" #& ,"(&: ')*", . "* ,"

,;,* ) .&.*  * 3&##)*" 2& . #*' 0 #& 3 ,*;+& – condition 

variable, *&.& )  * +' !"35')*" – signal ) wait 

+') 3":)#)'&#" #& condition variable ," ,;23&%& )  +&<.&

#& )3"#*):).&* ')*" #& 6&.&8) +' !",), . )* ,"

%;2,*&# %$%&* ) + 056&%&* 3 ,*;+ 3 .')*)6#&*& 2 #& ,

 +"'&!)$*& signal

Monitor Resource_alloc

Var Resource_in_use: Boolean;

Resource_is_free: Condition;

Procedure Get_resource

begin

is (Resource_is_free) then

wait(Resource_is_free)

Resource_in_use = true

end

...

Procedure Release_resource

begin

Resource_in_use = false

signal(Resource_is_free)

end

end Monitor

7*%8"&%*,!1*< . 5!"*$"*
, /&')"')*" ,"  ,;8",*%$%& . #*' 0 2&

+ ,0"3 %&*"0# ,* – #&+'. 2& 2&+&2%&#" #& 2&%),)( ,**&

+ 3&##)

/&')"'&*& ,;8 ," ,;,* )  * /5:"' 2& 7 * %) )26&.%&8)

+' !",) ) / '$6

+,"%3 . 3 , )2+ 02%&#" #& /&')"'&:

!"#$%&'&% (#) "*+,-&+*)./*0

For I = 1 to N do IN PARALLEL

{

S1: A[I] = func_a(A[I])

S2: B[I] = func_a(B[I])

S3: C[I] = func_c(A[I], B[I])

}

!"#$%&'&% " ()*+#*,) "+,-*&,+.)/+0

For I = 1 to N do IN PARALLEL

{

S1: A[I] = func_a(A[I])

S2: B[I] = func_a(B[I])

BARRIER(2)

S3: C[I] = func_c(A[I], B[I])

}

=!-!>* %! 5!#!%.*"!%$/& %! *,>*.#*/$#%*< /&+!" (Load 
Balancing – LB, Resource Management, Resource/Job 
Scheduling)

()#)()2)'&#" %'"("* 2& '"<&%&#" #& 3&3"# +' /0"( +')

+&'&0"0#&  /'&/ *.& 6'"2 )2'&%#$%&#" #& 0 .&0# * 

#&* %&'%&#" #&  /'&/ *%&8)*" %;20)

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

#& %;2"0 % +'",* 4 3 .&* *'&" +&'&0"0#&*&  /'&/ *.&

% 7 ' ) 3 –+' + '!)#&0# #&* %&'%&#" #& '",5',) , '&20)6#&

, /,*%"# ,* ) &3()#),*'&!)$

)2* 6#)!) #& 3),/&0&#,
#"'"750$'# ,* #& +' /"(& +') +&'&0"0)2;( +  3&##)

#"3"*"'()#),*)6#) &07 ')*() 2&  /'&/ *.&, #&+'. +') #")2%",*"# 

/' 4 )*"'&!)) 2& 3 ,*)7&#" 3  '"<"#)"*  – *;',"#" % 7'&:) ) 3'.

#"%;2( 1#  )0) #". (+"*"#*#  3". (+ 2)'&#" – +') +&'&0"0)2;( 

+  3&##) )0) +  5+'&%0"#)"

7/!/*>%& 5!#!%.*"!%$

'&2+'"3"0$#"* #& 2&3&#)$*& + %;20) ) &0 !)'&#"* #&

'",5',) ," )2%;'<%& () " )2%",*# ) +'"3) 3& ,*&'*)'&

+&'&0"0#&*&  /'&/ *.& – +0&#)'&#", . (+0"("#*)'&#"

(mapping, matchmaking, scheduling)

+ 3- 3) 2& ,*&*)6# /&0&#,)'&#"
RR – !).0)6# &0 !)'&#" #& 2&3&#)$*& +  /'&/ *%&8) +' !",)

,* -&,*)6# '&2+'"3"0$#"

'".5',)%# '&23"0$#" – +') &07 ')*()*" 2& 7'&:) – /),".!)$

('&23"0$#" #& +' /0"(& #& + 3+' /0"() ,  6&.%&#& "3#&.%&

,0 1# ,* #&  /'&/ *.& ) , 7"#"')'&#" #& ()#)(&0"#

,)#-' #)2&!) #"# ) . (5#).&!) #"# ,%';-* %&')

7"#"*)6#) ) > #*" ?&'0 &07 ')*() – ,%;'2&#) ,& , 7"#"')'&#" #&

%;2( 1#) %&')&#*) #& 3". (+ 2)!)$*& )  !"#$%&#"* )(, *&.& 6" 3&

," )2/"'"  +*)(&0#)$

?$-!./!/;1* %! ./!/*>%&/& 5!#!%.*"!%$

+' /0"(#& +'"3%&')*"0#&  !"#.& #& ,0 1# ,**& #& + 3+' /0"()*", 

+ 056"#) +') 3". (+ 2)!)$*&

#" ( 1" 3&  *6"*" *".58 * ,;,* $#)" #& '",5',)*" + %'"(" #&

 /'&/ *.&*& – : # % * #&* %&'%&#" #& '",5',)*" (+' !", '#)

!).0), +&("*, . (5#).&!) ##) .&#&0)) .&.* ) '"&0#)*"

,)#-' #)2&!) ##) ) . (5#).&!) ##) 2&.;,#"#)$ –  7'&#)6"# 

+')0 1"#)" &2 ,)#-' ##) &07 ')*()

+') #"3"*"'()#),*)6#) &07 ')*() 2&  /'&/ *.&, #&+'. +')

#")2%",*"# /' 4 )*"'&!)) 2& 3 ,*)7&#" 3 '"<"#)"* – *;',"#" %

7'&:) ) 3'. – ,*&*)6# '"<"#)" #& 2&3&6&*& 2& * %&'"# /&0#, "

#"%;2( 1#  ,%"# 6'"2 +')0&7&#" #& + -:)#& 7'&#50&'# ,* )

 *.')%&#" #& .'&4 (distributed termination detection)



@*%!)*>%& 5!#!%.*"!%$

'&2+'"3"0$#"* #& 2&3&#)$*& + %;20) ) &0 !)'&#"* #&

'",5',) ," )2%;'<%& + %'"(" #& +&'&0"0#&*&  /'&/ *.&

) " )2%",*# "3%& ,0"3 +').096%&#"* 4

!"#*'&0)2)'&# + 3- 3 – master-slave  /'&/ *.&; 

3". (+ 2)!)$*&, '&2+'"3"0$#"* #& 2&3&#)$*& )

'",5',)*",  *.')%&#"* #& .'&4 )0) &0*"'#&*)%# 

)#*"7')'&#"* #& '"250*&*& ,& :5#.!)) #& "3)# master 

+' !",

'&2+'"3"0"# + 3- 3 – 3". (+ 2)!)$ #& 5+'&%0$%&8)$

+' !", % 4"'&'-)$  * 5+'&%0$%&8) +' !",) )0)

&,, !))'&#" #& 5+'&%0$%&8)*" :5#.!)) , %,".)  *

 /'&/ *%&8)*" +' !",)

A$%/"!#*,*"!%& -*%!)*>%& 5!#!%.*"!%$
70&%#)$ +' !", :5#.!) #)'& .&* +50  * 2&3&#)$ (work pool) ) + 056&%&

2&$%.) 2& # % 2&3&#)"  * 7 * %)*" )2+;0#)*"0#) +' !",); 

)2+;0#)*"0#)*" +' !",) ,&  /).# %"# '"+0).) (( 3"0 SPMD) 

+50;*  * 2&3&#)$ ," +')0&7& +') (&*')6#)*" )26),0"#)$, +')

&07 ')*()*" “'&23"0$4 ) %0&3"4” 

#"'"750$'#)*" ) 3)#&()6#)*" * %&') ,;8 ,& + 3- 3$8) 2& work pool 

 /'&/ *.& – % + ,0"3#)$ ,056&4 7"#"')'&#)*"  *  /'&/ *.&*& # %)

2&3&#)$ ," +'),;"3)#$%&* %  +&<.&*& #& +50& 2&"3# , *".58)$

'"250*&*  * )2+;0#)*"0#)$ +' !", – :)7. 5.5. 

 ,# %# +'"3)(,*% #& !"#*'&0)2)'&# * 3)#&()6# /&0&#,)'&#" "

0",# * 5,*&# %$%&#" #& )2+;0#"#)" #& 5,0 %)"* 2& .'&4 – +') +'&2"#

+50 ) +'".'&*"#& '&/ *& #& )2+;0#)*"0#)*" +' !",); +') #$. )

&07 ')*() 2& *;',"#" 5,0 %)"* 2& .'&4 ,"  *.')%&  * #$. 4  *

)2+;0#)*"0#)*" +' !",) ) ," +'"3&%& .;( 70&%#)$ +' !", 2&"3# ,

'"250*&*&

#"3 ,*&*;. " %;2( 1# ,**& 2& %;2#).%&#" #& *$,# ($,* ) #),.&*&

0)#"4# ,*

B!,'"$-$#$%& -*%!)*>%! 5!#!%.*"!%$

+'$. + 3- 3 " '&2+'"3"0$#" #& :5#.!))*" #&

5+'&%0$%&8)$ +' !", + + 33;'1&#" #& 3)#&()6#)$ +50

 * 2&3&#)$ #& 4"'&'-)6"# ,0 4 # 5+'&%0$%&8) +' !",)

– :)7. 5.6. 

 +*)()2&!)$*& % 7 '#)$ ,056&4 " +'"3)(# % )2/ '& #&

/' 4 5+'&%0$%&8) +' !",)  * %* ') #)% )0) "%"#*5&0# 

)2/ ' #& /' $ 5+'&%0$%&8) #)%&

+') #$. ) &07 ')*() ," +'&.*).5%& '&2%)* 4"'&'-)6# 

3;'% –  /).# %"# 3% )6# ' *;4 .&* '&23"0$#"* #&

[+ 3-]+' /0"(& #& 3%"  6&.%&# '&%# 6&,*) " + -0",# 

2& &07 ')()'&#" ) 2& +')0&7&#" #& '".5',)$

B2B -*%!)*>%& 5!#!%.*"!%$

*  " :  ' ( & # & +  -+;0# +')0&7&#" #& '&2+'"3"0"# * 

3)#&()6# /&0&#,)'&#". @'"(&-%& ," '&23"0"#)"* #&

5+'&%0$%&8) ) )2+;0#)*"0#) +' !",) .&* %,".) +' !",

)2%;'<%& ) 3%"*" :5#.!))

: '(&0# )  +' ,*"# !$0 * 2&3&#)" ( 1" 3& /;3"

+'"3&3"# 2& )2+;0#"#)" % "3)# +' !",/%;2"0, ,0"3 . "* ,"

)2%;'<%& #"7 %&*& 3". (+ 2)!)$ ) + ,0"%&8 /&0&#,)'&8

*'&#,:"' #& 7"#"')'&#)*" + 32&3&#)$ ("15 %;20)*"

% * 2) ,056&4 3". (+ 2)!)$*& " 1"0&*"0# 3& /;3" )0)

*')%)&0#& (+')("'# +') (&*')6#) )26),0"#)$) )0) +;. 3&

/;3"  +' ,*"#& (+')("'# /),".!)$ #& +' /0"(& /"2

+;'% #&6&0"# &#&0)2 . 0. ,& + *"#!)&0#)*"  /'&/ *%&8)

+' !",), .&.% " *$-# * *".58 #&* %&'%&#" ) .&.%& "

 +*)(&0#&*& 7'&#50&'# ,*)

 !"!)$/"* %! B2B -*%!)*>%&/& 5!#!%.*"!%$
+ 3 /#) /&0&#,)'&8) ,-"() ," #&')6&* 3):52) ##), *;4 .&* 

'"&0)2)'&* /&0&#,)'&#"* 6'"2 *'&#,:"' #& + 3-2&3&#)$ .;(

“,;,"3#)” %;20); '"0&!)$*& 2& ,;,"3,*% % ,056&$ ( 1" 3& )2- 13&

 * . #.'"*#& * + 0 7)$ #& )2+;0#)*"0#&*& +0&*: '(&, # ( 1" 3&

;3" ) + 36)#"#& #& '&20)6#) ,* -&,*)6#) +')#!)+) – #&+'. #&

,056&"# )2/ '  *  +'"3"0"# /' 4 ( +*)()2&!) #"# +&'&("*;'!) 

“,;,"3)”

% 7 '#)$ ,056&4 .&* ,'"3,*% 2& + %)<&%&#" #& 0)#"4# ,**& #&

07 ')*;(& ," )2/$7%&* ,-"() . 7&* %,)6.) %;20) ,& “,;,"3#)”; 

%(",* * %& ," : '()'&* %)'*5&0#) * + 0 7)6#) ,*'5.*5') – 0)#)$, 

+';,*"#, -)+"'.5/ ) 3'. ( /).#. #"4"'&'-)6#)) * + 0 7)); . 7&* 

%&0"#*# ,**& #& +' !",)*" " + -7 0$(&  * 1, ( 1" 3& ," +')0&7&

!).0)6# )0) ,056&4# *;,"#" #& “,;,"3” 2& /&0&#,)'&8 *'&#,:"'

3'57 %&1"# +&'&("*;' #& A2A /&0&#,)'&#" " )#)!)&*)%&*& ()0)

( ("#*& 2& &.*)%)'&#" #& 0 .&0#&*& /&0&#,)'&8& +' !"35'&):

)#)!)&*)%& #& 3 # '&

)#)!)&*)%& #& +')"(#).&

7*./$)* ,! -*%!)*>%& 5!#!%.*"!%$

)#: '(&!) ##&, 0 .&!) ##& ) *'&#,:"'#& ,*'&*"7)$
:5#.!))

7'&:

'&2+'"3"0"#)"

,)#-' ##  /&0&#,)'&#" – co-scheduling
Koala (http://www.omii.ac.uk/repository/project.jhtml?pid=122, & 

http://www.cs.vu.nl/~kielmann/asci-a14/slides/koala/koala.pdf)

 !"#$%&##& ' ( #!"% #) – htc (High troughput computing), 

volunteer computing
Condor/Condor-G (http://www.cs.wisc.edu/condor/), Boinc

(http://boinc.berkeley.edu/)

' ( #!"% * !) #"!+&,%"&%"*)*#"*) ,%&-)!" #  &,&%*.#"!*"/#"*) 

,&*%)'"*)(" –010 2&#&0 %)3"4 (background priority)

 !"#$%%& '"("#)#%& "#*$(&!+&

 !"#$%&##"  (5&%"*4" – Mandelbrot set

(&+ (#&-!"#$%&##"  (5&%"*4" – Wator simulation, odd-even 

sort

5(&' (#&-!"#$%&##"  (5&%"*4" – n-body simulation, Ray 

tracing 44..  !"#$% &'  !"#$% &' (')*(#"#$#&' (')*(#"#$#&' 

+!,-.#(&' +!,-.#(&' '(/%-#0-.(''(/%-#0-.('



!"#"$%&'()

!"#$%&!"#$%& '"()*$+,-'"()*$+,- -+.&)$/)*+--+.&)$/)*+-!"#$%&!"#$%& '"()*$+,-'"()*$+,- -+.&)$/)*+--+.&)$/)*+-

01$2&(&/-2&&01$2&(&/-2&& '' UML UML 

!"#$%&!"#$%& ,-,- &34%$#&&34%$#&

01$2&(&/-2&& '01$2&(&/-2&& ' ADLADL01$2&(&/-2&& ' 01$2&(&/-2&& ' ADLADL

0)+*/)*+,&0)+*/)*+,& &&(*,/2&",-%,&                                     (*,/2&",-%,& #&-4+-5&#&-4+-5&

*+#),( -+./0)$'& &$1(/)2/0$&
0"()*$+,-)- -+.&)$/)*+- 1+$#')-67 – ).$. 5"#$%&+- –

1+"4+-5,&7 1+"$/) (1+"2$' ,- "8'%*96-,$) /-)"
':')-6$, ).$. +-31+$#$%$, 1+"2$' ") '"()*$+,&
/"51",$,)&/"51",$,)&
5"#$%&+-,$)" ,- ;0< $ 1:+6-)- & ,-=-6-9,- (-3- ,-
1+"$/)&+-,$, ,-')+"=/-, )$')6-,$, +-34+:>-,$ &
#"/*5$,)-2&7 ,- +-31+$#$%$,& '+$#& 3- "8'%*96-,$
5"#$%:) ,- #-#$,- '"()*$+,- -+.&)$/)*+- "1&'6-

#$/"51"3&2&7)- ,- 1+"2$'- ,- /"51",$,)&
(*,/2&",-%,-)- &5 /"51"3&2&7(*,/2&",-%,-)- &5 /"51"3&2&7
1+&%-4-,&7 -+.&)$/)*+$, ')&% – ,-1+. 1+"2$#*+$,, "8$/)$,, 

1")"/"6 (data flow), =$+-+.&?$, &%& ,$-=$+-+.&?$,,  

&,("+5-2&",$, (data centric), &,)$+-/)&6$, (interaction oriented), 

8-3&+-, ,- &34%$#& (views) & # +.
/-?$')6$,&)$ (,$(*,/2&",-%,&)$) -)+&8*)& ,- *'%*4-)- – QoS

3$)#-/&45') '& -+./0)$'(/) 6+#),(

@31"%36-) '$ 4+-(& & )$.,& +-3A&+$,&7
"1&'-,&$)" $ ?+$3 #&-4+-5& &%& )$.,& )$/')"6& $/6&6-%$,)&
2$%& ,- "1&'-,&$)" '-

6&3*-%&3-2&7
'1$2&(&/-2&7
/",')+*&+-,$
#"/*5$,)-2&7

!'%$#"6-)$%," "8&/,"6$," 5"#$%:) 6/%B?6- 5,. 1"6$?$ ") $#,- #&-4+-5-

"1&'-,&$)" (5"#$%&+-,$)") ')-+)&+- ") 1"-*1+"')$,&)$ /",2$12&& ,-
8&3,$'-5"#$%- &%& 1")+$8&)$%'/&7 '2$,-+&=

,-1+. $#,"5$+$, 5"#$% ' 8%"/"6- #&-4+-5- (,$,-'"?$, 4+-() – 4.4

3- 1" 1:%," (*,/2&-,-%," & ,$(*,/2&",-%," "1&'-,&$ ,- 1+"$/)- '$

,-1+. «4+1» 5"#$%&, 6/%B?6->&
%"4&?$'/& &34%$#
&34%$# 1+"2$'&
&34%$# 1+"$/)&+-,$
(&3&?$'/& &34%$#
1")+$8&)$%'/& &,)$+($=',& &34%$#&

UML-6+#),( '& !7
&31"%36- '$ 3- CC-'1$2&(&/-2&7, -,-%&3, 1+"$/)&+-,$ &
#"/*5$,)&+-,$ ,- '"()*$+,& 1+"$/)&
'1$2&(&/-2&&)$ '- 6 #6$ 4+*1& #&-4+-5&:
')*/)*+,& #&-4+-5& – !"#"$%&' "1&'-,&$ (&3+$9#-,$) ,-
%$5$,)&)$ 6 '&')$5-)-$%$5$,)&)$ 6 '&')$5-)-
=$+-+.&?,- 8&8%&")$/- /%-'"6$
')-)&?,& 6+:3/& 5$9#* /%-'"6$)$

,-'%$#76-,$ (“is a”)
-'"2&-2&7 (“uses a”)
-4+$4-2&7 (“has a”)
"85$, (method invocation)

(*,/2&",-%,& (behavioral) #&-4+-5& – ($&#)$%&' "1&'-,&$
(*,/2&&)$ (“1"6$#$,&$)"”) ,- &,')-,2&&)$ ,- /%-'"6$)$ ().$.  
"8$/)&)$) ' #&-4+-5& ,- 

, 
/"%-8"+-2&7)-, 
-/2&7)- & 
/",/*+$,),"'))- 5$9#* "8$/)&)$

UML #&-4+-5&)$ 5"4-) #- '$ )+-,'%&+-) #" HLL ' "8>" 1+&%"9$,&$

!/$02/0$'( UML #(&8$&6(
Class @38+"76-,$ & ')-)&?,& 6+:3/& 5$9#* /%-'"6$)$ (,$3-6&'$>& ") 

63-&5"#$=')6&$)" &5 1" 6+. ,- &31:%,$,&$)

Object @36%$?$,&$ ") /%-' #&-4+-5-)- 3- "8$/)&)$ & )7.,")" 

63-&5"#$=')6&$ 6 "1+$#$%$,& '1$2&(&?,& 5"5$,)& ") 
&31:%,$,&$)" ,- '&')$5-)-

Compo-

site

D&-4+-5- ,- ':')-6,& ')+*/)*+& – "1&'-,&$ ,- ')+*/)*+-)- ,- 

#-#$, /"51",$,) /-)" ':')-67>& 4" /%-'"6$ & /"51",$,),&)$ 

&,)$+($='&

Compo-

nent

C1&'-,&$ ,- '&')$5-)- /-)" ')+*/)*+- ") /"51",$,)&, &,)$+($='&)$ 

5$9#* )7., & "8>&)$ '&')$5,& &,)$+($='&

Package E$+-+.&?,- 1-/$),- ')+*/)*+- ,- "+4-,&3-2&7)- *+#!',-"- 6 
#&+$/)"+&& ().$. 4+*1&+-,& (-=%"6$) – 1-/$)& ") /%-'"6$ & 1-/$)& ") 
1-/$)&

Deply-

ment

D&-4+-5- ,- +-34+:>-,$)" - "1&'-,&$ ,- &31:%,&)$%,-)- 

&,(+-')+*/)*+-: ':+6$+&, &31:%,76->& *').'&-&"$"-, '&')$5," 

"'&4*+76-,$ & 5&#:%*$+, &,)$+($='& & 1+")"/"%& , 6:)+$A,- & 

6:,A,- 5+$9"6- '6:+3-,"')

90'2:(+'&,'( UML #(&8$&6(...

Use case D&-4+-5- ,- '%*?-= ,- *1")+$8- – 1")+$8&)$%'/&)$ 

'2$,-+&& ,- 3-76/& /:5 '&')$5-)- & )$.,&)$ +$-/2&& – 3- 

"1&'-,&$ ,- /0&*1$'&#+&$"- $ &-/0&*1$'&#+&$"- 

$2$!*,#&$3 /:5 '&')$5-)-

Activity D&-4+-5- ,- #$=,"')&)$ – "1&'-,&$ ,- /",)+"%,&7 & 

/",)$/'),&7 "85$, 5$9#* /%-'"6$)$ /-)" 5+$9- ") -/2&&, 

/"&)" '&')$5-)- &31:%,76-  3- #- "':>$')6& +$-/2&&)$ 1" 

1")+$8&)$%'/&7 '2$,-+&= – '4*-!"4#1$3 &# #*1$$"- 

State 

Machine

D&-4-+-5- ,- 5-A,- ,- ':')"7,&7)- – "1&'-,&$ ,- 

9&3,$,&7 2&/:% ,- '5-*"$"- *#"' )#6$&# &# 

!7!"'3&$3"# – #&-4+-5& ,- ':')"7,&7)- & 1+$."#&)$  

(-/)&6,& 6:)+$A,"-"8*'%"6$,& & +$-/)&6,& 

6:,A,""8*'%"6$,& 1+$."#& ) 

…  !"#$%&"'("% UML )%'*+',%
Inter-

action 

Overview

 !"#$"%" &" '$(#)(* +" ,&"!%-*(./0,!(0- – -'!/," 

 !"!#$ #!%$&'( %(1*2 -3(40!0( (control flow) ! ( 

4-%3!+"5!6 -0 Action ! Sequence *!"#$"%!0(

Sequence  !"#$"%" +" '-/)(*-,"0()+-/0 - &$)*'*& (".*. +)*%*+() 

, (,-# !" ,-!./*&(0"$ %(1*2 -3(40!0(

Communi-

cation

7+")-#!8+- +" Sequence *!"#$"%"0", +- /0$2402$!$"+" 

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

-'$(*()(+ 3$-. '-/)(*-,"0()+-/0!

Time 

Sequence

:$(%(,- -'!/"+!( +" '$(;-*!0(  %(1*2 ,90$(<+!0( 

/9/0-6+!6 +" -3(40!0( ! +" $"&)!8!%!0( ,9+<+! /93!0!6 

(-0 '-0$(3!0()/4!6 /5(+"$!.) 4"0- '-/)(*-,"0()+-/0  -0 

/9-3=(+!6 

Class )%'*+',%
+".-$"&'$-/0$"+(+-0- -'!/"+!( '$! ,/(4! %-*()

/0"0!8+- !&3$-6,"+( +" /9/0",+!0( 3)-4-,( +" %-*()" 4"0- #3$,!+*

&"*"," «)*4&(#$» +" %-*()" , /9-0,(0/0,!( / '$-3)(%+"0" -3)"/0

4)"/-,(0( /( -'!/,"0 / 0(;+!0( "0$!320!
0!'

!+0($>(./

%(0-*!

/,-./0,"

*-/09'+-/00" (,!*!%-/00") +" "0$!320!0( /( -'!/," 4"0-
public

private

protected

default

-'!/," /( ! -0+-<(+!60" %(1*2 4)"/-,(0( – +"/)(*6,"+(, 

"/-5!"5!6, "#$(#"5!6 (8$(& *9#!)
" /9=- ! %-=+-/00" +" 0(&! -0+-<(+!6 – 1:1, 1:%+-#- ! 0.+. (8$(& %"$4!$-,4! , 4$"6

+" *9#!0()



Class )%'*+',' - .+%,/+

>!#. 4.10

/!/0(%" &" '-0$(3!0()/4! &"6,4!

+"/)(*/0,(+-/0 (/0$()4" 49% $-*!0()6/3"&-,!6 4)"/)

"#$(#"5!6 $-% 49% 4-$(+"

"/-5!"5!6 (+(.($"$;!8+" *9#")

%"$4!$-,4" +" %-=+-/00" , *,"0" 4$"6 +" *9#!0(

Object )%'*+',%

!&,)!8" /( -0 4)"/-*!"#$"%"0"

-'!/," -3(40!0( 4"0- !+/0"+5!! +" 4)"/-,(0( 0.(. '$!%($+-

'-*%+-1(/0,- -3(40! &" *"*(+" 4)"/-*!"#$"%" 4-+4$(0(+ %-%(+0

+" $" -0" +" /!/0(%"0"

'$!%($ – >!#. 4.11

Composite Structure )%'*+',%

-'!/," ,$9&4"0" %(1*2 -3(40!0( (runtime), / 4-(0- $"&<!$6,"

“$(8+!4"” +" %-*()"

-3(40!0( ! ,$9&4"0" /( "+-0!$"0 / (0!4(0! – /9-0,(0+- +" $-)60"

3!&+(/- !)! >2+45!-+")+" )-#!4") ! -0+-<(+!(0- !%

(“4-)"3-$"5!60"”)

'$!%($ – >!#. 4.12

Component )%'*+',%
4-%'-+(+0!0( /" !&'9)+!%! SW-%-*2)! &" %+-#-4$"0+-

!&'-)&,"+( '$! '$-(40!$"+(, 4-!0- /( '$(*/0",60 /9/ /,-6

!+0($>(./

, 0( /" /9/ /4$!0" /0$2402$" 8($+" 420!6 +- '$! $"&)!8+!0(

0(;+-)-#!! /( '$!)"#"0 ! 4-%'-+(+0! 0!' “/!,"” ! “/094)(+"

420!6”]

+"'$.
jar , 4-%'-+(+0+"0" 3!3)!-0(4" JavaBean

dll , .Net

4-%'-+(+0+"0" *!"#$"%" '$(*/0",6 /9-0,(0/0,!(0- %(1*2

!&!/4,"+!0( '-)24$9#8() ! !%')(%(+0!$"+!0( 4$9#8(!&!/4,"+!0( '-)24$9#8() ! !%')(%(+0!$"+!0( 4$9#8(

!+0($>(./! – >!#. 4.13

4-%'-+(+0!0( , *"*(+ '$-(40 %-1( *" /" #-0-,! – COTS – !

/'(5!>!8+!

Packet % Deployment )%'*+',%

>!#. 4.14.1

>!#. 4.14.2

Use case )%'*+',%
-'!/," '-0$(3!0()/4!0( /5(+"$!! +" '$!)-1(+!( +" /!/0(%"0" 4"0- #$">

-0 "40-$!, /)28"! +" 2'-0$(3" ('-0$(3!0()/4! >2+45!!) ! ,$9&4!0( %(1*2

06;

"40-$!0( /" 4$".+! '-0$(3!0()! !)! *$2#! /!/0(%!, '$!)-1(+!6 !

2/0$-./0,"

/ " (U  C ) /" - ( > - - -/)28"!0( (Use Cases) /" 4-%')(4/+! >2+45!-+")+! %-*2)! -0

$"&'$(*()(+-0- '$!)-1(+!(/'$-(40", 4-!0- -'!/,"0 -0*()+! /09'4! -0

56)-/0+"0" 3!&+(/-)-#!4"

-'!/"+!(0- +" /)28"!0( /( *-'9)," , *$2#! *!"#$"%! / '$(*- ! / ) ( *-

2/)-,!60" +" !&'9)+(+!(0- !% 4"0- '-/)(*-,"0()+-/0! -0 /09'4!0( +"

-3=-0- '$!)-1(+!( '$! 4-+4$(0+- +(#-,- !&'9)+(+!(

,$9&4!0( %(1*2 /5(+"$!!0( (>!#. 4.15) /( %"$4!$"0 /
<<include>> -0 /)28".  4-.0- !&'-)&," *$2# /)28". &" !&'9)+(+!( +" *"*(+" >2+45!6<<include>> -0 /)28"., 4-.0- !&'-)&," *$2# /)28". &" !&'9)+(+!( +" *"*(+" >2+45!6

(+"/-8(+" *9#")

!&4)@8(+!( (0.(. 4"0- -'5!6, 4 - 6 0 - / ( ! & ' 9 ) + 6 , " / " % - ' - ! & 4 ) @ 8 ( + ! ()

*!"#$"%!0( +" /)28"!0( +" 2'-0$(3" /" -/+-," +" -'!/"+!(0- !

[+"8")+!0(] !% ,($/!! /( !&'-)&,"0 &" -/+-," +" /0$2402$+!0( ! sequence 

*!"#$"%!0(

-0 /)28". 4 - . 0 - ! & , ! 4 , " * $ 2 # 0 " 4 9 , & " ! & ' 9 ) + ( + ! ( + " > 2 + 4 5 ! 6 ' -<<extend>> , 

Activity )%'*+',%

-'!/,"0 '$-(40" 4"0-  !"!#!+ (workflow) 3!&+(/ '$-5(/, /9/0-6=

/( -0 *(.+-/0! – activities

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

4-+42$(+0+-0- !&'9)+(+!( +" >2+45!!

-3$"3-04"0" +" !&4)@8(+!6

'$(4$"06,"+(0- +" '$-5(/" (termination)

'-0-4-,"0" activity *!"#$"%" (>!#. 4.16) /( /9/0-! -0
(*+" +"8")+" 0-84" ! '-+( (*+" 4$".+" 0-84" (')90(+ 4$9# ! -#$"*(+ 4$9#)

0-84!0( +" $(<","+( (-&+"8","0 /( / $-%38()

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

–. .

/93!$"+(0- +" *," ! '-,(8( '-0-4" /( /8!0" &" /!+;$-+!&"0-$ (/)(*,"=!0( #-

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

/93!0!6 (events - -'5!6) – '$(*/0",60 -3%(+" +" /9-3=(+!6 (signals) %(1*2

4-+42$(+0+!0( "45!! (+"/-8(+! %+-#-9#9)+!5! / (0!4(0!)

State Machine )%'*+',%
-3!4+-,(+- '$(*/0",60 /9/0-6+!(0- +" -3/)21,"=!0(

2/0$-./0," !)! /->02($+!0( %-*2)! , '$-(40" – +"3-$ -0

/9/0-6+!60" !% ! '$(;-*!0( %(1*2 06;

3)-#!4"0" +" /9/0-6+!60" ( $("40!,+" – 0.(. 3" & ! $ " / ( + "

,9+<+! /93!0!6 (events)

/9/0-6+!60" /( -'!/,"0 / 3)-4, /9*9$1"=
!%(, 

/'!/94 '$-%(+)!,! !

activity 

State Machine *!"#$"%"0" (>!#. 4.17) /( /9/0-! -0
( +" +"8")+" 0-84" ! '-+( ( +" 4 ".+" 0-84" ')90(+ 4 9# ! -# " (+ 4 9#

+"/-8(+! %"$4!$"+! *9#! +" '$(;-*!0(

*-'9),"=! State Machine )%'*+',%

/9/0-6+!60" 4-!0- %(1(*"/"4-%')(4/+!/9/0-6+!6                                  /9/0",(+! -0, , 



Interaction Overview, .&0(/)&1'2/("&02"% 
% 1+/,/1% )%'*+',%

*!"#$"%!0( &" '$(#)(* +" ,&"!%-*(./0,!(0- /( /9/0-60 -0 4"*$! 

(frames), 4-!0- '$(*/0",)6,"0 *$2#! *!"#$"%! +" '$-(40", 

%"$4!$"+! / 24"&"0() (reference) !)! /9/ /"%!0( *!"#$"%!%"$4!$"+! / 24"&"0() (reference) !)! /9/ /"%!0( *!"#$"%!, 

%"$4!$"+! / 0!' – +"'$. sd, cd, ad

*9#!0( -0$"&6,"0 4-+0$-)+!6 '-0-4 +" ,&"!%-*(./0,!(0- - >!#. 

4.18.1

sequence *!"#$"%!0( -0$"&6,"0 -0+-/!0()+"0" 

'-/)(*-,"0()+-/0 -0 4-+0$-)+! /9-3=(+!6 %(1*2 -3(40!0( –

>!#. 4.18.2

,$(%(,"0" *!"#$"%" -'!/," #$">!4" +" /9/0-6+!60" -0,$(%(,"0" *!"#$"%" -'!/," #$">!4" +" /9/0-6+!60" -0 

%"<!+"0" +" /9/0-6+!60" - '$!)"#" /( &" RT'$!)-1(+!6 ! 

/!/0(%! – RTOS, ES (4.18.3)

3&)/( "' %4*(/)%
4+1 %-*()!$"+( – '$(*/0",6 AB7 / 4 -/+-,+! !&#)(*" ! (*!+ 

*-'9)+!0()(+ – )-#!8(/4!, $"&,-(+, '$-5(/(+ ! >!&!8(/4! + 

/5(+"$!. +" '$!)-1+!(/>2+45!-+!$"+(, 4-.0- 8(/0- /( 

3 > . >'$!*$21"," ! -0 !&#)(* +" '-0$(3!0()/4!0( !+0($>(./! – >!#. 

4.19

B5(+"$+!60 !&#)(* ! "/-5!+!!$"+!60 / +(#- !+0($>(./(+ !&#)(* 

-'!/,"0 '-0$(3!0()/4!0( >2+45!! +" '$!)-1(+!(0- 4"40- ! 

-/+-,+!0( +(>2+45!-+()+! !&/4,"+!6 

'$-!&0!8" -0 '-0$(3!0()/4-0- &"*"+!(

, UML /( /'(5!>!5!$" / *!"#$"%" +" '-0$(3!0()/4!0( /)28"! (4.15)

CC-#!8(/4!60 !&#)(* -'!/," *(4-%'-&!5!60" +" $"&'$(*()(+-0- 

'$!)-1(+!( / -#)(* +" $(")!&!$"+!0( >2+45!!

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

, UML /( /'(5!>!5!$" / 4)"/-*!"#$"%" (/0"0!8+"), *-'9)+(+" / 

(*+" !)! '-,(8( *!+"%!8+! *!"#$"%! – +".-8(/0- 

'-/)(*-,"0()+-/0+!

5'41&/", .+&$/0/" %  %4%6/0#% %4*(/)
A"&,-.+!60 !&#)(* ! "/-5!!$"+!60 / +(#- !+0($>(./(+ !&#)(* 

-'!/,"0 '-0$(3!0()/4!0( >2+45!! +" '$!)-1(+!(0- 4"40- ! 

-/+-,+!0( +(>2+45!-+")+! !&/4,"+!6 

'$-!&0!8" -0 '-0$(3!0()/4-0- &"*"+!(

, UML /( /'(5!>!5!$" / *!"#$"%" +" '-0$(3!0()/4!0( /)28"! (4 15), UML /( /'(5!>!5!$" / *!"#$"%" +" '-0$(3!0()/4!0( /)28"! (4.15)

D$-5(/+!60 !&#)(* -'!/," *(4-%'-&!5!60" +" $"&'$(*()(+-0- 

'$!)-1(+!( / -#)(* +" $(")!&!$"+!0( >2+45!!

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

, UML /( /'(5!>!5!$" / 4)"/-*!"#$"%" (/0"0!8+"), *-'9)+(+" / (*+" 

!)! '-,(8( *!+"%!8+! *!"#$"%! – +".-8(/0- '-/)(*-,"0()+-/0+! !)! +" 

*(.+-/0!0( (4.20.1) 

E!&!8(/4!60 !&#)(* -'!/," 56)"0" AB7 +" ')"0>-$%"0" +E!&!8(/4!60 !&#)(* -'!/," 56)"0" AB7 +" ')"0>-$%"0"  

'$!)-1(+!(0- – !+/0")"5!6, 4-+>!#2$"5!6, $"&#$9="+(
4-%'-+(+0!0( /" +" +!,- '$-5(/-$! !)! '-+( '$-5(/!

,$9&4!0( %(1*2 06; /" +" +!,- 4-%2+!4"5!-++! 4"+")!

'$(*/0",6 +"+"/6+(0- (!)! 4"$0!$"+(0- – mapping) +" 4-%'-+(+0!0( -0 

$"&,-.+!6 !&#)(* ,9$;2 !+>$"/0$2402$+!0( ,9&)! (4.20.2)

7&2+/8%2/(0#% %"2/+ /90/" %4*(/)

ADL

Architectural Description Language -

#$">!8+" /'(5!>!4"5!6 +" 

%-*()! +" $"&'$(*()(+" 

/- 02($+" "$;!0(402$"

/,-3-*+- $"&'$-/0$"+6,"+" 

/$(*" &" /'(5!>!4"5!6 +" ADL-

%-*()! AcmeStudio 

(http://www.cs.cmu.edu/~acme/AcmeStudio/

index.html) / ",0-%"0!8+" #(+($"5!6 

+" Java ! B++ 

55.. !!"#$%&', ()%)$)*' ' "#$%&', ()%)$)*' ' ,

$)&%#$+%&' ,)-#.' &/ $)&%#$+%&' ,)-#.' &/ 

+)0%1#2&/%/ /23'%#$%12/ +)0%1#2&/%/ /23'%#$%12/ 

!"#"$%&'()!"#"$%&'()

!!!! "#$%&'(&)#%"#$%&'(&)#%))

"*+&#"(,%%"*+&#"(,%%, , +&#)(&)#%+&#)(&)#%, , -&.-/'.%0-&.-/'.%0

"."1%2"."1%2 %% 3#%.,%3%3#%.,%3% ."." 3#-'(&%#".'3#-'(&%#".'"."1%2"."1%2 %% 3#%.,%3%3#%.,%3% ."." 3#-'(&%#".'3#-'(&%#".'

4-&-(-5%4-&-(-5% "#$%&'(&)#%"#$%&'(&)#%

* ** *3"('&."3"('&." -*#"*-&("-*#"*-&("

"#$%&'(&)#""#$%&'(&)#" ++ ("."1%("."1% %% 6 % 1 & # %6%1&#%

 !"#$!%"& !"#$!%"& &$'(#) #*$&&$'(#) #*$&

+!"#) ,#"(+!"#) ,#"( &$'(#) #*$(&$'(#) #*$($ *$ *

,, '$&"(%(-&'$&"(%(-&

#(.#(. /)$"&/)$"& 01, &01, &#(.#(. /)$"&/)$"& 01, &01, &

   !"#$%#!#
$&23(#() "& )2( !3(#) .$("4(.( .$( *,%!5")"& ,!6#*)$"& 

&$'(# #*$& – .1$3!"&7&%"! 2& ,(8*%&4(!""( 8!0)%( (Simula67, 

C++); 9"#)$")# .$(%!5)"(: (Java C#);  18  !8.!")"#"! ;&2($&"(C++); 9"#)$")# .$(%!5)"(: (Java, C#);  18  !8.!")"#"! ;&2($&"( 

#)'"!%!<((

.$(%&<&# ,) #$( !,"!3"( .$("4(.&

 &.,*%($&") – 3(0(8!,# "& 6*" 4((#) ( .$!2$&7"!,# 2& 

(8.%)8)"#&4(:#& . =&.$(8)$ , $(# 31#$)>)"  !"#) ,# ( 

.$!4)0*$( – 7&,#"( .$!8)"%(3( 3  %&,!3)#) ")*,#?7(3(;.$!4)0*$( 7&,#"( .$!8)"%(3( 3  %&,!3)#), ")*,#?7(3(; 

.*;%(7)" ("#)$6)?, – *,#!?7(3 

"&,%)0,#3)"!,# – &0&.#(3"!,# "&  !0& 7$)2 "&,%)0:3&") ( 

0!.1%3&") "& ,.)4(6( &4((#) – #.). !# !;-! ($!0(#)%, (  %&,) 

 18 7&,#"! ("&,%)0)"  %&,, 0)$(3&#)

.!%(8!$6(218 – &0.#(3"& 6*" 4(!"&%"!,# 7$)2 $&23(#() "&.!%(8!$6(218 &0.#(3"& 6*" 4(!"&%"!,# 7$)2 $&23(#() "& 

"&,%)0:3&")#!
!#8:"& ( .$)0)6("($&") "& &#$(;*#( 3 0)$(3&#(#) (3)$#( &%)" 

.!%(8!$6(218) (%(.!%(8!$6(218) (%( 

.$)2&$)50&") "& "!3  !"#) ,# 2& ,1-(:  %&, – '!$(2!"#&%)" .!%(8!$6(218



   '()*+,"$( #$-,$,"'*.(
A;,#$& #"( #(.!3) 0&""(A;,#$& #"( #(.!3) 0&""( 

 &.,*%($&") "& 0&""(#) , 6*" 4((#) 31$'* #:' 

,#&"0&$#"( ;(;%(!#) ( !# #(.!3)

.*;%(7"( ( 7&,#"( &#$(;*#( "& #(.!3)#).*;%(7"( ( 7&,#"( &#$(;*#( "& #(.!3)#)

 %&,!3)#) ,& (8.%)8)"#&4(( "& ABC , .*;%(7)" ("#)$6)?, !# &#$(;*#( 

( !.)$&4((

;!;) #(#) ,& (8.%)8)"#&4(( "&  %&,!3),  !(#! ,) :3:3&# #)'"( «#(.!3)» 

– UML-,.)4(6( &4(: "&  %&, , +/- 8!0(6( &#!$( "& 0!,#1."!,##& "& 

&#$(;*#(#) ( !.)$&4((#) – 6(<. 5.4$ * $ 6

D#&#(7"( !#"!>)"(: 8)50*  %&,!3)#):
 !",#$* 4(:#& "&  !8.%& ,"(  %&,!3) !#  %&,!3)

 !8.!2(4(:4

"&,%)0:3&")

,#&#(7"&  !",(,#)"#"!,# (#.). %!<(7"!,#) "& 2&3(,(8(#)  %&,!3) –  &#! .$( 

;&2(#) 0&""(

&<$)<&4(:, 

&,!4(&4(:

C("&8(7"( !#"!>)"(: 8)50*  %&,!3)#) – !;8)"& "& ,1!;-)"(: 

(!N.B. EE .$!) #($&")#! ) !$()"#($&"!  18 8*%#( !8.F#1$"(#) &$'(#) #*$()

/(0!(1#%#2, 34",43%#2 # 3'(%#3%#2
!"#$"%&'&()* ) 0)6("($&") "&  %&,  &#! ,1,#&3)" !# 0$*<(!"#$"%&'&()* ) 0)6("($&") "&  %&,  &#! ,1,#&3)" !# 0$*<(

 %&,!3)
 !8.!")"#(#) ,& & #(3"( 0! &#! ( & #(3)" ,1,#&3"(:  %&, ( ") ,) 3 %F73&# 3 

0$*<(  %&,!3) (.$),(%)"! !<$&"(7)"() 2& garbage collection – 7$)2 

 !",#$* #*$(#) ( 0),#$* #*$(#) "&  %&,!3)#))

3 UML – .%1#)" $!8;  18 <%&3"(:  %&, , )#( )#( "& 8!-"!,##& - 5.5.1 

 ;* +,- +*'&()* ) &"&%!<(7"! !#"!>)"() "&  %&,!3)#), "! ;)2

(2;$!)"(#) !<$&"(7)"(: - 5.5.2 

*."'&*'&()* ) !;!;-)"&  !8.!2(4(: – 5.5.3; '&$& #)$(2($& ,) ,  ' ' - 4 ; $ $ $
(8) ()#( )#),  !)#! !#$&2:3& ,31$23&-&#& 6*" 4(!"&%"& %!<( & – "&.$. 

«Customer places an/some Orders» 

8!-"!,#(#) "& &,!4(($&")

2 &,!4(&#(3"( #(.& "& 3$12 &#& 8)50* 03&#&  %&,& – 2&0&3&# #(.  !8.!2(4(: 

 18 ("(4(($&-(:  %&,

"&3(<&4(!""&#& .!,! &  18 ("(4(($&"(:  %&, – #.). * &2&#)%(#) "& 

&,!4(($&"(#)  %&,!3) ,& "&%(7"(  &#! &#$(;*#( 3 ("(4(($&-(:  %&, 

(.%1#"& %("(:)

2&3(,(8!,# .!,! &  18 2&3(,(8(:  %&, – 2&3(,(8(:  %&, (23( 3& !.)$&4(: 

"& &,!4(($&"(:  %&, (%( .$!8)": ")<!3 &#$(;*# (.*" #($)"& &,!4(($&"(:  %&, (%( .$!8)": ")<!3 &#$(;*# (.*" #($)

("(4(($&-(:#   %&, 8!5) 0& &,!4(($& .!3)7) !# )0("  %&,!3)

53'6,72.3$, # !(6#0(")#180
"&,%)0:3&")#! !#$&2:3& 32&(8,#3&") "& .!3#&$:-(#) ,)

&#$(;*#( – 0)$(3&#& "&,%)0:3& 3,(7 ( .*;%(7"(

&#$(;*#( (;)2 7&,#"(#) – 3128!5"( (2 %F7)"(:)

.!%(8!6(281# ) 8)'&"(218 2& 0(3)$,(6( &4(: "& 

0)$(3&#(#) .$( (2.1%")"() – 5.6

3 UML "&,%)0:3:")#! ,) !2&"&7&3& , #$(1<1%"& ,#$)% & 

 18 !,"!3"(:  %&,

3 .$(8)$& 03&#& 0)$(3&#& ,) $&2%(7&3&# .! 8)#!0(#) "& 

(0)"#(6( &4(:(0)"#(6( &4(: 
 %()"#1# 2&$)50& cookie 3 ;$&*21$& ,(

$)<(,#$($&"(:# .!#$);(#)% (2.$&-& .&$!%& ( .!%23& !#,#1. &$ $ $$ $ $

( 03)#) 6*" 4(!"&%"!,#( !#,1,#3&# 3 ;&2!3(:  %&,

 9:.3* $3 $3'6,72.3$,*( # ;(0!(1#%#2*3
( 03)#) 7)$#( .!001$5&# 32&(8,#3&")#! "& &#$(;*#( 8)50* 

 %&,!3)#) (reuse), "! , $&2%(7)" !;'3&# "& .$(%!5)"() ,1<%&,"! 

.$("4(.(#):.$("4(.(#):

"&,%)0:3&") ,) .$(%&<& .$( is-a !#"!>)"() 8)50* 0)$(3&#& ( 

;&2!3(:  %&, 

 !8.!2(4(: ((%( &<$)<&4(:) ,) .$(%&<&  !<&#! !#"!>)"()#! ) has a !8.!2(4(: ((%( &<$)<&4(:) ,) .$(%&<&  !<&#! !#"!>)"()#! ) has-a 

.$(8)$: ;&2!3(  %&,!3) Person ( University,  %&,1# Student 8!5) 0& 

;10) 0)$(3&# "& 03&#&  %&,& (%( 0& (8& &#$(;*#( , * &2&#)%(  18 

;03&#&  %&,& (%(  !8;("&4(: !# 03&#& .!0'!0&

Student IS-A Person ! Student e *8),#"! 0& ;10) "&,%)0,#3)" 0)$(3&# "& 

Person

Student HAS A University ! Student e *8),#"! 0& (8& &#$(;*# , * &2&#)%Student HAS-A University ! Student e *8),#"! 0& (8& &#$(;*# , * &2&#)% 

 18 University

"&,%)0:3&")#! ) .$!#(3!.! &2"! 2&  &.,*%&4(:#& (%! &%"!,##&) "& 

 !0& #1?  &#! .$!8:"& "& &#$(;*# 3 ;&2!3(:  %&, .$)0(23( 3& !0& #1?  &#! .$!8:"& "& &#$(;*# 3 ;&2!3(:  %&, .$)0(23( 3& 

 &, &0"( .$!8)"( 3 0)$(3&#(#) -

.$(8)$ (5.7) - Student ( Professor  &#! 0)$(3&#( "& Person (%)<(#(8"! "! 

"(, &  &.,*%&4(:) (  &#! &<$)<($&-( PersonalHandler (, .$!2$&7"&"(, &  &.,*%&4(:) (  &#! &<$)<($&-( PersonalHandler (, .$!2$&7"& 

 !"3)$,(: "& !;$1-)"()#!  18 &#$(;*#()

   3$36#1 – 7#34"303 $3 '6+<3#*,7 " +

&"&%(21# .$)0'!50& .$!) #($&")#! ( (8.%)8)"#&4(:#& ( ,) ,1,#!( 3 

,#$* #*$($&") "& .$)08)#"&#& !;%&,# ( .$)0,#&3:")#! ?  &#! "&;!$,#$* #*$($&") "& .$)08)#"&#& !;%&,# ( .$)0,#&3:")#! ?  &#! "&;!$ 

 %&,!3) , !.$)0)%)"& 6*" 4(!"&%"!,#

!;( "!3)"! ,) ,1,#!( 3 !.(,&"() "& .!#$);(#)%, (: ,4)"&$(? 7$)2 

0(&<$&8& "& ,%*7&(#), !#  !:#! ,) (23%(7& ( &"&%(#(7"&#& ((%( 

.$("4(."&)  %&,-0(&<$&8&

0(&<$&8& "& ,%*7&(#) (Ivar Jacobson 1987) – .$(8)$ 2& OPS (Order0(&<$&8& "& ,%*7&(#) (Ivar Jacobson 1987) .$(8)$ 2& OPS (Order 

Processing System) 5.8:
!.$)0)%: #(.!3)#) .!#$);(#)%( "& ,(,#)8&#& – "&.$.  %()"#, ,7)#!3!0,#3!, 

0!,#&3 &0!,#&3 &

!.$)0)%:# ,) !,"!3"(#) ,%*7&(,  !(#! -) ,) 0)#&?%(2($&#   &#! [)0"& (%( .!3)7)] 

!.)$&4(( 3 )#&.& "& .$!) #($&")#! – "&.$. ,%*7&: 0!;&3:") "& (20)%() 3 

.&2&$, &#&  !%(7 & ;( (2(, 3&% ( !.)$&4(: ,1, , %&0!3&#& GC.&2&$, &#&  !%(7 & ;( (2(, 3&% ( !.)$&4(: ,1, , %&0!3&#& GC

   3$36#1 – !"#$%#!$3 ;63'-7#34"303
.$("4(."&#& +C ) &;,#$& #"! !.(,&"() "&  %&,!3)#) "& ,(,#)8&#& –

.!-;%(2 ! 0! ,4)"&$((#) ( 6*" 4(!"&%"!,##&, !# !% !#! 0! 

(8.%)8)"#&4(:#& (") !#7(#& .$!(23!0(#)%"!,# "& 8!0*%(#)(8.%)8)"#&4(:#& (") !#7(#& .$!(23!0(#)%"!,# "& 8!0*%(#), 

#)'"!%!<(( ( #)'"!%!<(7"!,# "& .$!) #($&")#! ( ) ,.%!&#&4(:#&)

,1,#!( ,) !# <$&"(7"(, ,1-"!,#"( (  !"#$!%"(  %&,!3) (boundary, 

entity, control)

<$&"(7"(#)  %&,!3) ,) (23%(7&# !# ("#)$6)?,"(#) ,%*7&( ( ,& 

!$()"#($&"(  18 (8.%)8)"#&4(:!$()"#($&"(  18 (8.%)8)"#&4(: 

, GUI (Web 6!$8(, .$!2!$4(, ;$&*21$-.%*<("() (%( 

 &#! 8)50(""( ("#)$6)?,( (middleware wrappers)  18 0$*<( 

,(,#)8(

,1-"!,#"(#)  %&,!3) !#$&2:3&# ("6!$8&4(!""(: ,%!? – "&.$. 

 %()"#, &#& (%( .!$0* #!3& (0)"#(7"!,# ,& ,1-"!,#"(  %&,!3) %()"#, &#& (%( .!$0* #!3& (0)"#(7"!,# ,& ,1-"!,#"(  %&,!3)

 !"#$!%"(#)  %&,!3) !#$&2:3&# !#0)%"(#) ,%*7&( #.). 

!.)$&4((#),  !(#! ,31$23&# <$&"(7"(#) ( ,1-"!,#"(#)  %&,!3)

5 9 +C OPS.$(8)$ – 5.9 – .$("4(."& +C "& OPS

   !"(,;*#"3$,
.$!) #($&")#! ) ,&8!,#!:#)%"& 6&2& 3 $&23!("&#& 0)?"!,# "& 

$&2.$)0)%)"(#) ,(,#)8 
"8!5) 0& ,) .$(%!5( .!0'!0, $&2%(7)" !# #!2( "& 6&2&#& "& &"&%(2& – .!#! !3 $ $ 6

(event driven),  !"#) ,#)" (data driven), ,#$* #*$)" (, 6*" 4(()

4)%#& 8* ) 0) !8.!2(4(: "& ,(,#)8&#& "& #)'"!%!<(7"( 8!0*%( –

.$( EE –  %&,!3).$( EE  %&,!3) 
 %&,!3)#) ,) !.(,3&# , #)'"(: ("#)$6)?, #.). .*;%(7"(#) (8 &#$(;*#( ( 

!.)$&4((, ( ,) ,.)4(6(4($&# ,%)0 #!3& "& 6&2&#& "& (8.%)8)"#&4(:#&

$&2%(7&3&# ,) 3(,! ! ( "(, ! "(3! "& .$!) #($&")#!$&2%(7&3&# ,) 3(,! ! ( "(, ! "(3! "& .$!) #($&")#!

3(,! !#! "(3! (0)"#(6(4($&  %&,!3)#) "&.$. , .$(%!5)"() "& 

CRC- &$#( (  %&,-0(&<$&8( 2& ,#&#(7"(#) !#"!>)"(: 

(specification/compile time) 8)50*  %&,!3)#)

"(, !#! "(3! 0)#&?%(2($& .$!) #($&"(#)  %&,!3) ( #:'"!#! 

0("&8(7"! 32&(8!0)?,#3() (run time) , 0(&<$&8( 2&0("&8(7"! 32&(8!0)?,#3() (run time) , 0(&<$&8( 2& 

32&(8!0)?,#3()#! ("&?-7),#! , 0(&<$&8( "& .!,%)0!3&#)%"!,##& 

(%( "&  !8*"( &4((#)) ( "& 8&>("&#& "& ,1,#!:"(:#& (state 

hi ) 6machine) –  &#! ,) (2.!%23&# 0(&<$&8(#) "& ,%*7&(#) !# 6&2&#& "& 

&"&%(2

   !"(,;*#"3$, – '*8!;3 1. " "
.$(%&<&# ,) CRC  &$#( (Class-Responsibility-Collaborator – Kent 

Beck & Ward Cunningham, 1989) (/(%(  %&, 0(&<$&8( 2& .1%"! (& g , ) 0 $ (

") .$("4(."!  &#! .$( &"&%(2&) !.(,&"() "&  %&,!3)#)

CRC  &$#&#& "& 3,) (  %&, #&;%(4& , !.(,&"() "& (8)#!, 

6 ! &2& ) (responsibilit 2& & & ! !6*" 4(!"&%"(#) 2&01%5)"(: (responsibility – 2&0&"(:#&  !(#! 

(2.1%":3& +  !"#) ,#& (8) ( ,.(,1   %!;!$($&-(  %&,!3) 2& 

(2.1%")"() "& #)2( 2&01%5)"(: 

.$(8)$ 2& OPS !# 5.9: RegistrationPage ( RegistrationController –

5.11



   !"(,;*#"3$, – '*8!;3 2. 
!.(,3& ,) 32&(8!0)?,#3()#! 8)50* !;) #(#) !# ,#. 1.

.$(%&<&# ,) 0(&<$&8( "& .!,%)0!3&#)%"!,##& (%( "&  !8*"( &4((#)

8!0)%1# ,) ,1,#!( !# .!,%)0!3&#)%"( ,#1. ( !.(,&"( 7$)2 !;8)"8!0)%1# ,) ,1,#!( !# .!,%)0!3&#)%"( ,#1. (, !.(,&"( 7$)2 !;8)" 

"& ,1!;-)"(:

.$(8)$ – 0(&<$&8& "& .!,%)0!3&#)%"!,##& 2& ,%*7&: Registration –

!.(,3& !;8)"& 8)50*  %&,!3)#) RegistrationPage ( 

RegistrationController – 5.12:

3 <!$"&#& 7&,# "& 0(&<$&8&#& ,& 32&(8!0)?,#3&-(#) !;) #( – ,3 <!$"&#& 7&,# "& 0(&<$&8&#& ,& 32&(8!0)?,#3&-(#) !;) #( , 

!2"&7)"(: <object_name>:<class_name> ((8)#! "& !;) # 8!5) 0& 

!#,1,#3&)

3$12 (#) !#$&2:3&# 0)?"!,#(#) "& ,1!#3)#"(#) !;) #( ( "!,:#3$12 (#) !#$&2:3&# 0)?"!,#(#) "& ,1!#3)#"(#) !;) #( ( "!,:# 

,1!#3)#"(#) )#( )#( – 3 %F7(#)%"! new 2& ,120&3&") "& !;) # !#  %&,-

 !%&;!$&#!$ 

; P f il P3 .$(8)$& ,&8! !;) #(#) successPage ( failurePage ,& (8)"*3&"( – 2& 

$&2%( & !# !,#&"&%(#)  %&,!3) – #1?  &#! ,) .$)0&3&# &%#)$&"#(3"! !# 

RegistrationController  18 RegistrationPage

   !"(,;*#"3$, – '*8!;3 3. 
,#. 3. !.(,3& 0("&8(7"!#! .!3)0)"() "& .!-,%!5"(#)  %&,!3) 2& 

4)%(: (8 4( 1% "& 5(3!# – "&.$.  !"#$!%"(#)  %&,!3) – , 0(&<$&8( 

"& 8&>("&#& "& ,1,#!:"()#!"& 8&>("&#& "& ,1,#!:"()#!

CHD ,) (23%(7& !# 0(&<$&8(#) "& ,%*7&(#), 3  !(#! *7&,#3& 0&0)"(: 

 %&,

CHD ;3 CHD !#0)%"(#) ,1,#!:"(: !2"&7&3&# ,#&;(%"!,# "&  !%) 4(:#& !# 

.!8)"%(3( "& ,$)0&#& ( !# 31#$)>"( .$!8)"%(3( "&  %&,& 

31#$)>"(#) .$!8)"%(3( "&  %&,& !;( "!3)"! 2&0&3&# <$&"(7"(#) $ $ 0 $

,#!?"!,#(, ,  !(#! ,) ,$&3":3&# .$!8)"%(3( "& ,$)0&#& (*,%!3() 2& 

.$)'!0 8)50* ,1,#!:"(:#& "&  %&,&) ( )3)"#*&%"! ,) (2.1%":3& 

.$)'!0 3 0$*<! ,1,#!:"().$)'!0 3 0$*<! ,1,#!:"()

2& .! ,%!5"(#)  %&,!3) CHD ) ,1,#&3"& – 3 %F73& ( sub-state 

0(&<$&8(, "!:

[.$&3(%!] ,%!5"(:#  %&, ) 5)%&#e%"! 0& ,) .$)0,#&3( !# ": !% !  %&,& 

& ! %!<(7), &#& 8* 6*" 4(!"&%"!,# ") ,) !.(,3& !# )0"! .$! #! 

(2$)7)"(); #!3& ,) !#$&2:3& !;$&#"! ( 3 DRC-8!0)%&2$) ) ); ! & ,) ! $&2 & !;$& ! D C !0) &

   !"(,;*#"3$, – '*8!;3 4. 
,# 4 ) .!0$!;"!#! !.(,&"() "& ("#)$6)?,(#) "& 3,) (  %&, – (2;!:3&# ,),#. 4. ) .!0$!;"!#! !.(,&"() "& ("#)$6)?,(#) "& 3,) (  %&, (2;!:3&# ,) 

&#$(;*#(#) ( !.)$&4((#) ( #:'"&#& .*;%(7"!,# (, + ( - 3 UML)

.*;%(7"&#& 7&,# !# ("#)$6)?,& ) 6( ,($&"& ( ") #$:;3& 0& 0) .$!8)": 3 

,%)03&-&#& ,%)0 .$!) #($&")#! 6&2& (8.%)8)"#&4(:#&,%)03&-&#& ,%)0 .$!) #($&")#! 6&2& – (8.%)8)"#&4(:#& 

.*;%(7"(:# ("#)$6)?, ,) ,1,#!( <%&3"! !# 0)6("($&"(  !",#&"#( ( 

!.)$&4((:

; 6 ? 4!.)$&4((#) 3 .*;%(7"(: ("#)$6)?, ,& 4  &#)<!$((

 !",#$* #!$

0),#$* #!$ 

& ,),!$& ,),!$

8*#&#!$

!.$)0)%:")#! "& .*;%(7"(#) &#$(;*#( ( !",#&"#() ,) ;&2($& "& ,%)0"(#) 

6& #!$(6& #!$(

 & 3( ,& 31">"(#) ,#!?"!,#(,  !(#!  %&,1# (2.!%23& 3 ,3!(#) !.)$&4(( – !# 

CRC-0(&<$&8&#& – "&.$.  %&,1# RegistrationPage (2.!%23& 98) ( I&$!%& (5.12)

 & 3( ,& 3128!5"(#) ,1,#!:"(: "&  %&,& !# CHD – #) ,) 3 %F73&#  &#! & 3( ,& 3128!5"(#) ,1,#!:"(: "&  %&,& !# CHD #) ,) 3 %F73&#  &#! 

&#$(;*#( ("! !;( "!3)"! 7&,#"()

!# 8!-"!,##& "& &,!4(&4((#): 1..1 &,!4(&4(: (2(, 3& , &%&$)" &#$(;*#-

* &2&#)%  18 &,!4(($&"(:  %&,, & 1..* &,!4(&4(: – &#$(;*#- !%) 4(: (3) #!$)* 4 $ , 4 4 $ * 4 ( $)

0$*<( &#$(;*#(, ")!;'!0(8( 2& (2.1%")"() "& !.)$&4((#) – !;( "!3)"! ,& 

%! &%"(
5. !"#$%&', ()%)$)*' ' $)&%#$+%&' ,)-#.' /01/23  *  21  *  425 14

 9:.3* $3    3":#*,;*+"#*,
.$)0(8,#3&:.$)0(8,#3&:

").!,$)0,#3)"& 3$12 & , .!#$);(#)%, (#) ,4)"&$(( ( .$!;%)8"&#& 

!;%&,#

32&(8,#3&") (reuse) (  &.,*%($&") "& (8.%)8)"#&4(:#&32&(8,#3&") (reuse) (  &.,*%($&") "& (8.%)8)"#&4(:#&

%),"! 0!.1%3&") 7$)2 .!%(8!$6(28& (  %&,!3)#)-0)$(3&#(

*,#!?7(3!,# "& ,(,#)8&#& .!$&0( 2&-(#)"!,# "& %! &%"(#) &#$(;*#(

; ? 4*0!;)" .$)'!0  18 0$*<( 8!0)%( ( "&?-3)4)  18  !8.!")"#"& 

&$'(#) #*$&

3128!5"( .$!;%)8(:

").$)03(0)"( ,#$&"(7"( )6) #( .$( 32&(8!0)?,#3()#! "& 8"!<! 

!;) #(, 3 %F7(#)%"! .$( &,!4(&4(( 1..*

("#)$6)?,(#) ( 31#$)>"&#& (8.%)8)"#&4(: "&  %&,!3)#) – 8& &$ ( $6 $ 4 $

.!$0* # "& !#0)%"( 6&2( – ") ,& #!% !3& $&2<$&"(7)"(,  !% !#! .$( 

 !8.!")"#"(#) &$'(#) #*$(; !;( "!3)"! ,) $&2$&;!#3&# ,138),#"!, 

 !)#! ,"(5&3& "(3!#! "& &;,#$& 4(: (( ,%!5"!,#) "& 4:%&#& !)#! ,"(5&3& "(3!#! "& &;,#$& 4(: (( ,%!5"!,#) "& 4:%&#& 

&$'(#) #*$&, & ,1-! !;(7&?"! 3!0( 0! .!-6("& <$&"*%&$"!,# 3 

,$&3")"() ,  !8.!")"#"(#) &$'(#) #*$(

"&,%)0,#3)"!,##& 8)50*  %&,!3)#) 7),#! 3!0( 0! <$)> ( 3"&,%)0,#3)"!,##& 8)50*  %&,!3)#) 7),#! 3!0( 0! <$)> ( 3 

,.)4(6( &4(:#& ( ,%)03& 0& ,) .$(%&<& 8" 3"(8&#)%"!

=(*(;(.# (Data Flow) 3":#*,;*+"#
[NB: #*  3 ,8(,1% "& ,!6#*)$"( &$'(#) #*$(]

.$)0,#&3:# !;&$&;!# &#&  &#! .!,%)0!3&#)%"!,# !# #$&",6!$8&4(( 

(# ) <$*.( !.)$&4(() 31$'* .!,%)0!3&#)%"!,# !# "&;!$((#.). <$*.( !.)$&4(() 31$'* .!,%)0!3&#)%"!,# !# "&;!$( 

,#$* #*$($&"( )0"!#(."( 0&""(

,(,#)8&#& ,) 0) !8.!2($& "& 6*" 4(!"&%"( 8!0*%( (%( .!0,(,#)8( 

– .&$&%)%(218 .! *.$&3%)"() – &"&%!<(: , [")%(")?"(#)]  !"3)?$(

("#)$6)?,1# 8)50* 8!0*%(#) 8!5) 0& ) 313 6ó$8&#& "& .!#!4( 

(streams) 6&?%!3)  &"&%( (pipes &,("'$!""( .!#!4() ( 0$(streams), 6&?%!3),  &"&%( (pipes, &,("'$!""( .!#!4() ( 0$.

!,"!3"(:# .&$&%)%(218 ) .! 0&""(, #1?  &#! $(#181# "& !;$&;!# & 

,) 2&0&3& !# "&%(7()#! "& 0&""( 2& !;$&;!# &

.! #&2( .$(7("& – !#,1,#3()#! (%( 8("(8(2($&")#! ( (8.%( &4(:#& 

"&  !"#$!%"(: .!#!  – IA ,& .!0'!0 ( ,#(%, .$(%!5(8 .$)0(8"! 

.$( &3#!8&#(2($&"( .$!4),( "& !;,%*53&") – "&.$. )2( !3(.$( &3#!8&#(2($&"( .$!4),( "& !;,%*53&") "&.$. )2( !3( 

 !8.(%&#!$(, &3#!8&#(2($&"( ,(,#)8( , .& )#"! !;,%*53&")  &#! 

$&2.$)0)%)"(#) #$&"2& #(3"( ,(,#)8(, 3<$&0)"(#) ,(,#)8(

/3*,4("## !(*(;(.# 3":#*,;*+"#
#!.!%!<(:#& "& .$)"!, "& 0&""(#) 8)50* 8!0*%(#) ,) 

2&0&3& ) ,.%(4(#"! , ;%! -0(&<$&8( (5.17) 

!;$&;!# &#& ) &,("'$!""&

8!0*%(#) .!001$5&# ,&8! ("#)$6)?, .! 0&""(, ") ( 

 !"#$!%)" ("#)$6)?, ( ") ,) &0$),($&# 32&(8"! –

&0$),&4(:#& ) ,&8! 7$)2 .$)0&3&"(#) 0&""(

(.! 8)'&"(28& "& ,31$23&") 8)50* 8!0*%(#) (#.). "& 

!;8)") ,) $&2<$&"(7&3&#
.& )#"& !;$&;!# & (Batch Sequential).& )#"& !;$&;!# & (Batch Sequential)

6(%#$($&"(  &"&%( (Pipe & Filter)

 !"#$!%"( .$!4),( (Process Control)

=3;,*$3 (9"39(*;3 (Batch Sequential)
"&?-,#&$(:# 8!0)% "& DA 2& !;,%*53&") 3 #$&"2& #(3"( 

,(,#)8( (  %&,(7), (#) ED ,1, ,#&"0&$#)" 6&?%!3 IO ( 

$)0($) #!$(

.$(%!5)"()#! ) , $(.# ,  !8&"0( 2& (2.1%")"() "& 

,1!#3)#"(#) 8!0*%( 3 UNIX, DOS, Tcl/Tk – "&.$. 
myShell.sh

exec searching kwd <inpitFile >matchedFileexec searching kwd <inpitFile >matchedFile

exec counting <matchedFile >countedFile

exec sorting <countedFile >reportFile

#!2(

(2'!01# ,) .$)0,#&3:#  &#! 8)#!0( ( &#$(;*#( "&  %&,& 

="#6(-#0('* $3 !3;,*$3*3 (9"39(*;3
0&""(#) (3 %F7(#)%"! 8)50(""(#) $)2*%#&#(!) ,& 

!6!$8)"( 3 .& )#( – 6&?%!3), #.). ,  

.!,%)0!3&#)%)" 0!,#1. 

8!0*%(#) ,) .$)0,#&3:#  &#! .$!<$&8(,  !(#! ,) 

& #(3($&# ,1, , $(.# (%(  &#! $)2(0)"#"( 8!0*%(,  !(#! 

, &"($&# 3'!0"(#) ,( 6&?%!3) 

DA 6 ?").$(%!5(8& DA 2& ("#)$&# (3)" ("#)$6)?,

>($! ! .$(%!5)"() 2& &,("'$!""( .&$&%)%"( .$!4),( –

0&""(#) ,) 0) !8.!2($&#  &#! 8"!5),#3! 3'!0"(0&""(#) ,) 0) !8.!2($&#  &#! 8"!5),#3! 3'!0"( 

6&(%!3), & !;$&;!#3&-(#) 8!0*%( ,) $).%( ($&# 3 

8"!5),#3! 312%( – .$("4(. "& !;,%*53&") 3 .& )#"&#&8"!5),#3! 312%( – .$("4(. "& !;,%*53&") 3 .& )#"&#& 

6!"!3& !;$&;!# & – Condor, Boinc



>#6*"#"3$# ;3$36# (Pipe & Filter)
.$(%!5)"()#! ,) 0) !8.!2($& "& (2#!7"(  "& 0&""(#), 6(%#$(,  &"&%( 

(pipes) (  !",*8&#!$ "& 0&""(#) (sink)

0&""(#) ,& .!,%)0!3&#)%"( FIFO .!#!4( (;*6)$(, !.&> () !# ;&?#!3), 

,(83!%( (%( 2&.(,(,  !(#! .$)0,#&3:# 3 .!,%)0!3)#(%)" 3(0 3,(7 ( 

,#$* #*$( – 3 %. ( .!-,%!5"(,  !(#! ,) ,)$(&%(2($&# – 3 ED 

marshalling/unmarshalling g g

6(%#$(#) 

#$&",6!$8($&# .!#! & 0&""( – ;)2 ")!;'!0(8!,# 0& (27& 3&# <!#!3"!,# "& 4)%(: 

.& )# 2& $&2%( & !# .& )#"&#& !;$&;!# &! $ $

2&.(,3&# (2'!0"(#) 0&""( 3  &"&%,  !?#! <( .$)0&3& "& 0$*< &,("'$!""! $&;!#)- 

6(%#1$

2 #(.& 6(%#$(:

& #(3)" 6(%#1$ – (2.1%":3& !.)$&4((#) pull/push 31$'* .&,(3"(  &"&%( –

 &"&%(#) !,(<*$:3&# ,1!#3)#"(#) !.)$&4(( & ("(4(&#(3&#& ) "& 6)%#1$&. J 

Java PipedWriter ( PipedReader  %&,!3)#) .$)0!,#&3:# #!2( ("#)$6)?, 2& 

 &"&%(

.&,(3)" 6(%#1$ – .$)0!,#&3: push/pull ("#)$6)?,( "&  &"&%(#) 

 &"&%(#) .$)8),#3&# – & .! ,1-),#3! ,1'$&":3&# – .!#! & 0&""(,  !(#! ,) 

; 6!;8)":# 8)50* 03& 6(%#1$&

?.8"13$('* $3 )#6*"#"3$#*, ;3$36#
 %&,-0(&<$&8& "& DA , 6(%#$( (  &"&%( 5 21 1 – & #(3"(:# 8!0*% ) , %&, 0(&<$&8& "& DA , 6(%#$( (  &"&%( 5.21.1 & #(3"(:# 8!0*% ) , 

.%1#"( ("#)$6)?,"( %(""(

6(%#1$1# ) ,31$2&" , 0! 3  %&,& – (2#!7"(  "& 0&""(#),  !",*8&#!$ ( 

 &"&%

;%! !3& ( .!,%)0!3&#)%"!,#"& 0(&<$&8& "& K+DA – 5.21.2

K+DA ,) !$<&"(2($& %),"! 3 .& )#"(#) ED –K+DA ,) !$<&"(2($& %),"! 3 .& )#"(#) ED 
"&.$. 3 Unix who | wc -l !2"&7&3& .&,(3)"  &"&% 8)50* 03) !.)$&4(( – 3 

,%*7&: who <)")$($& ,.(,1  !# .!#$);(#)%(#), wc ;$!( 0*8(#) 3 ,.(,1 & (,.$:8! 

,#&"0&$#"( $&20)%(#)%(); .!001$5&# ,)  &"&%( , (8)"&, & 6(%#$( 8!<&# 0& ,& 0 $ $ 0 ); 00 $ , 6 $ 0

.$!(23!%"( .$!4),( 3 !,"!3)" ( 6!"!3 $)5(8 (fore- ( background)

8& &$, 7) *.$&3%)"()#! ) .! 0&""(, .&$&%)%(28& ) *.$&3%)"() ( 

&$'(#) #*$&#& ) .$(%!5(8&  !<&#! !;$&;!# &#& 8!5) 0& ,) $&20)%(&$'(#) #*$&#& ) .$(%!5(8&  !<&#! !;$&;!# &#& 8!5) 0& ,) $&20)%( 

"& &,("'$!""( 8!0*%(

$)&%(2($& 8!0)%& .$!(23!0(#)%/ !",*8&#!$

") ,) .!001$5& 0("&8(7)" ( ("#)$& #(3)" ("#)$6)?, – !<$&"(7)"(), 

 !)#! ) .$)0(8,#3! .$( 0&0)"( .$(%!5)"(:

.$(%!5)"()#! ,) !<$&"(7&3& !# 6!$8&#& "& 0&""(#) 3  &"&%(#) –.$(%!5)"()#! ,) !<$&"(7&3& !# 6!$8&#& "& 0&""(#) 3  &"&%(#) 

!;( "!3)"! ,) (2.!%23& ASCII  !0

/($*"(6$# ?@
.$(%&<&# ,) .$( 3<$&0)"(#) ,(,#)8( (JAD) –  !8.F#1$"!.$(%&<&# ,) .$( 3<$&0)"(#) ,(,#)8( (JAD)  !8.F#1$"! 

 !"#$!%($&") "& .$!4),( 3 $)&%"! 3$)8) , (%( ;)2 7!3) !-8&>(")" 

("#)$6)?, 

.$( 3<$&0)"(#) ,(,#)8( *.$&3%)"()#! ) "& ;&2& "& , &"($&") "& 

.!$8)"%(3( "& ,$)0&#&, (23%(7&"(  &#! .!#!  0&""( !# ,)"2!$( ( 

*.$&3%:3&-! 3120)?,#3() 7$)2  !8.F#1$"!  !"#$!%($&"( & #*&#!$(*.$&3%:3&-! 3120)?,#3() 7$)2  !8.F#1$"!  !"#$!%($&"( & #*&#!$( 

– "&.$. &3#!8!;(%)" ABS – 5.22

( .$( +DA .$!4),1# ,) $&20)%: "& ": !% ! 8!0*%&, "! #) ,& !# 2 #(.&
 !"#$!%"( 8!0*%( – 2& ,%)0)") ( 8&"(.*%($&") "& .$!8)"%(3(#) "& ,$)0&#& ( 

,1,#!:"()#!

(2.1%"(#)%, ( 8!0*%( – 2& *.$&3%)"() "& & #*&#!$(#)

3$12 (#) 8)50* 8!0*%(#) ,& 7$)2 .!#!7"( 0&""(3$12 (#) 8)50* 8!0*%(#) ,& 7$)2 .!#!7"( 0&""(

#(.!3)  !"#$!%"( .!#!4( .$( +DA
 !"#$!%($&"( .$!8)"%(3( – '&$& #)$(,#( ( "& JAD (,(%& "& #! , "&%:<&") ( 0$. 

6(2(7), (  !"#$!%( "& (2.1%"(#)%"(#) & #*&#!$() #) ,) (28)$3&# #) *-! !#6(2(7), (  !"#$!%( "& (2.1%"(#)%"(#) & #*&#!$() – #) ,) (28)$3&# #) *-! !# 

,)"2!$(#) ( ,) ,1.!,#&3:# ,  !"#$!%"(#)  !",#&"#( #.). 4)%)3(#) ,#!?"!,#(

3'!0"( .$!8)"%(3( ,.!$)0 .$!;%)8"&#& !;%&,# (, !$!,#, "&%:<&"), #)8.)$&#*$&, 

3%&5"!,# GPS  !!$0("&#()3%&5"!,#, GPS  !!$0("&#() 

/($*,;'*$# 3":#*,;*+"# (Data Centric)
'&$& #)$(2($&# ,) , 4)"#$&%(2($&"! '$&"(%(-) "& 0&""(#),  !(#! ,& 

0!,#1."( 2& 3,(7 (  !8.!")"#( "& ,(,#)8&#&, #& & 7) 

0) !8.!2(4(:#& ) "& 8!0*% 2& *.$&3%)"() "& 0!,#1.& 0! 0&""(#) (0) !8.!2(4(:#& ) "& 8!0*% 2& *.$&3%)"() "& 0!,#1.& 0! 0&""(#) ( 

&<)"#(,  !(#! (231$>3&# !.)$&4(( 31$'* #:'

("#)$6)?,1# 8)50* &<)"#(#) ( 0&""(#) 8!5) 0& ) :3)" – "&.$. RMI 

(%( RPC – (%( (8.%(4(#)" – "&.$. #$&"2& #(3)"

3 7(,# 3(0 +A$' ") .$)03(50&# .$) (  !8*"( &4(( 8)50* 

("6!$8&4(!""(#) &<)"#( – 5 23("6!$8&4(!""(#) &<)"#( 5.23

8!0*%1# 0&""( (2.1%":3& !.)$&4(( .! (23%(7&") (%( $)<(,#$($&") ( 

.$!8:"& "& 2&.(,( – .! 2 318!5"( 8!0)%&:
'$&"(%(-) (repository) – , & #(3"( (("(4(&#(3"() &<)"#( – '$&"(%(-)#! ) !;( ". ) 

!$<&"(2($&"!  &#! DLGC, CORBA, UDDI (%( Web-*,%*<(

7)$"& 01, & – , ("(4(&#(3& "& 8!0*%& 0&""( – &<)"#(#) ,& &;!"&#( 2& ,1;(#(: 

(event listeners)  !(#! "&,#1.3&# .$( .$!8:"& 3 0&""(#) ( "&  !(#! &;!"&#(#)(event listeners),  !(#! "&,#1.3&# .$( .$!8:"& 3 0&""(#) ( "&  !(#! &;!"&#(#) 

!#<!3&$&# $)& #(3"! – 7),#! .$( AI-$&2.$)0)%)"( .$(%!5)"(:, !'$&"#)%"( 

,(,#)8( 2& $&2.!2"&3&") "& 23*  ( !;$&2, ,(,#)8( 2& *.$&3%)"() "& ;(2"), 

$),*$,( – , %&0!3) #$&",.!$#$),*$,( – , %&0!3), #$&",.!$#  

/($*,;'*$# 3":#*,;*+"# ' :"3$#6#A,
8& &$ ( , *.$&3%)"() .! 0&""( 2& $&2%( & !# .!#! !3(#) &$'(#) #*$( 2&8& &$ ( , *.$&3%)"() .! 0&""( – 2& $&2%( & !# .!#! !3(#) &$'(#) #*$( 2& 

.& )#"! !;,%*53&") "& #$&"2& 4(( – #)2( &$'(#) #*$( .!001$5&# 

("#)$& #(3"(#) UI 

6 5 24 1.$(8)$:  %&,-0(&<$&8& "& *"(3)$,(#)#, & ("6!$&8&4(!""& ,(,#)8& – 5.24.1

 %&,1# Collector .!001$5& 3) #!$ "&  !%) 4(: !# ,#*0)"#, ( 2&.(,( ( 2&#!3& 

&<$)<($&  %&, Student,  &#! .!001$5& UI 2& (23%(7&"), 0!;&3:") ( .$!8:"& "& 

2& , ) 2& , )2&.(,(#) 2& ,#*0)"#(#)

 %&,1# Student ) ("#)$6)?,  18 #&;%(4&#& "& ,#*0)"#(#), 7((#! (",#&"4(( 

.$)0,#&3:# .! )0(" 2&.(, (#.). $)0) 3 "):

0(&<$&8&#& "& .!,%)0!3&#)%"!,##& 5 24 2 .$)0,#&3: ,.!0)%:")#! "& 0&""(#) 7$)20(&<$&8&#& "& .!,%)0!3&#)%"!,##& 5.24.2 .$)0,#&3: ,.!0)%:")#! "& 0&""(#) 7$)2 

 %&,& Student 8)50* ": !% !  %()"#(

$)%&4(!""(#) DLGC ,& !;(7&?"&#& .%&#6!$8& 2& (8.%)8)"#&4(: "& #)2( 

&$'(#) #*$( #1?  &#! .!001$5&# ,31$2&"!,# ( !",(,#)"#"!,#) "&&$'(#) #*$(, #1?  &#! .!001$5&# ,31$2&"!,# ( !",(,#)"#"!,#) "& 

$&2.$)0)%)"(: 0!,#1. 0! 0&""(#),  & #! ( 8"!5),#3! ,(,#)8"( ,$)0,#3& 2& 

!.)$&4((, ;&2($&"( "& 8)#&0&""(

2& .! 3(,! & !# &2!*,#!?7(3!,# ( 2&-(#& "& 0&""(#) ,) .$(%&<&#2& .!-3(,! & !# &2!*,#!?7(3!,# ( 2&-(#& "& 0&""(#) ,) .$(%&<&# 

$&2.$)0)%)"( '$&"(%(-&

!,"!3)" ")0!,#&#1  ) ,#&#(7"&#& ,#$* #*$& "& 0&""(#) – )3!%F4(: 3 

;,#$* #*$&#& "& $)%&4(!""(#) #&;%(4( ,) .$(%&<& #$*0"!, ,#$*3& , 1.! ( 

"&0)50"!,##& ? ,) .$!3)$:3& #$*0"! 

/($*,;'*$# 3":#*,;*+"# ' <,"$3 78';3
!$()"#($&"( ,& <%&3"!  18 .$!;%)8(, $)>(8( , 8)#!0(#) "& AI – "&?-3)7) 

$&2.!2"&3&") "& >&;%!"( 3 $&2%(7"( !;%&,#( (.1$3(#) .$(%!5)"(: !#  $&: "& 

1970#) ,& ) ,.)$#"( ,(,#)8( 3 8)#)!$!%!<(:, (2!;$&5)"(:, 23* , 8!%) *%:$"& '(8(:)

0) !8.!2($&# $)>&3&")#! "& .$!;%)8( ,1-! "& 03&[+] 0:%&$ $ $ [ ]

7)$"& 01, &, ,1'$&":3&-& 0&""( – 6& #( ( '(.!#)2( #.). )3!%F4(!""( 8!0)%( "&0 

6& #(#)

(2#!7"(4( "& 2"&"(: – .&$&%)%"! $&;!#)-( &<)"#(,  !(#! ,1'$&":3&# $&2%(7"( 

,#$&"( (0&""(, !$<&"(2($&"(  &#! 2"&"(:) !# .$!;%)8"&#& !;%&,# – 3,) ( 9M 

 &.,*%($& ,.)4(6(7)" &,.) # !# .$!;%)8& ( ) !#<!3!$)" 2& 7&,#"( '(.!#)2( ( 

$)>)"(:  &#! 7&,# !# !;-!#! $)>)"()

[[ !"#$!%)$ – ,(,#)8& 2& "&7&%"! 2&$)50&") ( *.$&3%)"() "& $&2.$)0)%)"!#! 

.$(%!5)"()]

2&.&23& ,) ;%! -0-#& !# 5.23, "!  !"#$!%"(:# .!#!  ) ,&8! !# /C  18 9M:
( ) ; /C"):3"( ((8.%(4(#"() !;$1-)"(:  18 $)<(,#$($&"(#) 3 /C &<)"#(-(2#!7"(4(

!;$1-)"(:#& 312"( 3&# .$( .$!8)"( 3 0&""(#) ( ,) .$)0&3&#  18 &;!"($&"(#) 2& #)2( 

.$!8)"( 9M,  !(#! (2.1%":3&# $)& #(3"! 2&%!5)"(#) 3 #:' %!<(7), ( .$&3(%& 2& (23!0

#!2( &,(8)#$(7)" 8)'&"(218 "& !;8)" ) (23),#)"  &#! 8 ! 0 ) % p u b l i s h / s u b s c r i b e#!2( &,(8)#$(7)" 8)'&"(218 "& !;8)" ) (23),#)"  &#! 8 ! 0 ) %  p u b l i s h / s u b s c r i b e  

(pub/sub) 3 !;-(#)  !8*"( &4(( (35. %-: 7.)

 %&,(6(4($&# ,)  &#! ,%&;!-,31$2&"& (loosely coupled) ND .!$&0( &,("'$!""(: 

 !8*"( &4(!")" 8!0)% , !;8)" "& .*;%( *3&"( ,1!;-)"(:  18 &;!"&#(#) (2& $&2%( & !# 

,(%"! ,31$2&"(#) (tightly coupled) ,(,#)8( , '$&"(%(-&,  10)#! #$&"2& #(3"!#! 

!;,%*53&") ) ,31$2&"! ,1, 2& %F73&") "& 0&""(#) 2&  !" *$)"#)" 0!,#1. – %-: 11.)

B#34"30# $3 /@": ' <,"$3 78';3
 %&,-0(&<$&8& "& #& &3& &$'(#) #*$& – 5.26.1 0 $ $ *

 %&,!3)#)-(2#!7"(4( KnowledgeSource ,1'$&":3&# ,.)4(6(7"(#) .$&3(%& 2& 

%!<(7), ( (23!0(, $)<(,#$($&# ,) 3 ,1!#3)#"&#& /C, &;!"($&# ,) 2& !.!3),#:3&") 

"& .$!8)"( 3 0&""(#) "& /C ( )3)"#*&%"! <)")$($&# $)& 4(( , (28)")"(: 3 

%! &%"(: ,( (%( !;- (/C)  !"#) ,#; 6!$8&#1# "& 2"&"(:#& ( .$&3(%&#& 2& 3,) ( 

9M 8!5) 0& ) ,.)4(6(7)"

/C *.$&3%:3& !;-(:  !#) ,#, $)<(,#$(& .$!8)"(#) 3 ")<!, !.!3),#:3& &;!"&#(#) ( 

$)<(,#$($& )3)"#*&%"(#) $)& 4((,  & #! ( ,1'$&":3&  $&?"!#! $)>)"()

 !"#$!%)$1# ("(4(($& /C, 8"!5),#3!#! "& 9M, (",.) #($& ,1,#!:"()#! (8 ( 

.*;%( *3&  $&?"!#! $)>)"()

5 26 2.!,%)0!3&#)%"!,#"& 0(&<$&8& "& &$'(#) #*$&#& – 5.26.2

;%! -0(&<$&8& "& +A/C "& ,(,#)8& 2& #*$(,#(7), (  !",*%#&4(( –

5.26.3
!;)0(":3& 8"!5),#3! $)2)$3&4(!""( &<)"4(( – .1#"(, '!#)%, (, 2& &#$& 4((, 2& 

 !%( .!0 "&)8,  $)0(#"( ( #.".

 %()"#, (#) 2&:3 ( ,) .*;%( *3&# "& /C ( ,) !.!3),#:3&# ,1!#3)#"(#) &<)"#(, 7$)2 

$)& 4((#) "&  !(#! ,) (2<!#3:# )0(" (%( .!3)7) .%&"!3) 2& #*$(,#(7), ! .1#*3&") 

( ,1!#3)#"!#! 6("&",($&")

3,(7 ( !.)$&4(( ,) ("("4(($&# .! 0&""(, & ,) .!001$5& ( UI: #(.(7"! 2& +A/C 

 %()"#, (:# ("#)$6)?, .$)2  !"#$!%)$& ) 8("(8&%)" – .$(8)$"! )0"! $&#)", "! 

("#)$)6)?,1# 2& *.$&3%)"() "& &<)"#(#) 8!5) 0& ) (#)$&#(3)"

 9:.3* $3 /@": ' <,"$3 78';3
.!0'!0:-& &$'(#) #*$& 2&  !8.%) ,"( ")(2,%)03&"( ( !,!;)"! 

8*%#(0(,4(.%("&$"( .$!;%)8(  !(#! ,&
;)2 0)#)$8("(,#(7"! $)>)"() ( , .$)0,#&3:") "&  !#) ,#& 313 6!$8&#(#) "& AI$ $ $ 6 $

").!0'!0:-( 2& #1$,)") "& $)>)"() , .1%"! !;'!50&") "& .$!;%)8"(: 0!8)" 

.!$&0( (27(,%(#)%"&#& ,%!5"!,# (%( ").1%"!#&/")#!7"!,#( 3 0&""(#)

8!5) 0& ,) <)")$($&# !.#(8&%"! (%( ": !% ! ,*;!.#(8&%"( $)>)"(: 0 $ $ * $

(%( $)>)"(: "& 7&,#"( .!0.$!;%)8(

2& $&2.$)0)%)"& !;$&# & , *8)$)"& , &%($*)8!,# .!$&0( 

4)"#$&%(2($&"(:  !"#) ,#4)"#$&%(2($&"(:  !"#) ,#

.$!;%)8 ) )3!%F4(:#& 3 ,#$* #*$&#& "&  !"#) ,#& .!$&0( 

!;31$2&"!,# , &<)"#(#) "& 2"&"(:

!#,1,#3()#! "& 8)50*&<)"#"(  !8*"( &4(( 3!0( 0! ")!;'!0(8!,# !# 

4)"#$&%(2($&"&#& (8 ,("'$!"(2&4(: ("&.$(8)$ .$(!$(#)#"&) "& 

0!,#1.& 0! !;-(:  !"#) ,#0!,#1.& 0! !;-(:  !"#) ,#

#$*0"! ,) 6!$8*%($& *,%!3() 2&  $&? "& !;$&;!# &#& .!$&0( 

")0)#)$8("(,#(7"(: '&$& #)$ "& .$!;%)8(#) 



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

!"#"$%&'()

!"#$#%&'(& $#%&)"*)+#&
,-.,#-/#$0& & Master-Slave

12-"1)$ $#%&)"*)+#$ & 3&#)+$2(& 0$4&(&

51&(%#-((& $#%&)"*)+#&
6+7"#&#$(& & ("6+7"#&#$(& 0-."2&

8()"#$*)&3(&  !"#$%&$'!#

()*%+-#,-+%*-&).$!)+%! – I # II 

/!%*0$ 12.%- 30$! &4#2-&).$!)+

 !"#"$%&'% #"$%(!)(*"%
*%&)(/),#! $ 0#0$%( $  /) '/! 1+%.#% .  5%! !"#6.# ()*'+#  - $.%. 

7'.&4##$% 0% -!'/#! $ /) 5%! !"#6%. /!#.4#/ .  .2&)+&) .#1 

&))!*#. 4#2$  )3#&.)1%.) % (%8*' ()*'+# )$ ! ,+#6.# .#1  (1%!$#& +.  

019!, .)0$) # 0% 3 ,#!  .  21.# ($.%. “, 21& -)$-)1)!”) )3!9:%.#2 

.#0&#$% .#1  7'.&4#).#! $ & $) '0+'-# &9( .%/)0!%*0$1%.#$% /)-1#0)&# 

.#1 ; '0+'-#$% 0  #(/+%(%.$#! .# & $) 7'.&4## # /!)4%*'!# #+# / &%$# )$ 

&+ 0)1%

/9+.  /!),! 6.)0$ (%8*' .#1 $  0% /)0$#-  /!# , / ,1 .% .  019!,1 :#$% 

#.$%!7%50#, .) #(/+%(%.$ 4#2$  .  '0+'-#$% ()8% *  %1)+;#! 

 !"#$%&$'!%. ()*%+ .  (.)-) <= (Unix, MS .Net) # .  /!)$)&)+.#$% 0$%&)1%

(TCP/IP); ! ,0+)21 .%:

3 ,)1# '0+'-# – 0#0$%(.#$% '0+'-# 0% -!'/#! $ 1 ()*'+# ,  IO, $! ., &4##, 

3 + .0#! .) /+ .#! .% .  /!)4%0#, , :#$  .  #.7)!( 4#2$  

(%8*#.%. 0+)5 – “2*!)” – /)**9!8  /!)3+%(.)-)!#.%$#! .  +)-#&  – 3#,.%0 

/!#+)8%.#2, 6#0+)1  )3! 3)$& , #.7)!( 4#)..  )3! 3)$& , & $) /!%*0$ 12 

#.$%!7%50# &9( &)+%&4## )$ 3 ,)1#$% '0+'-#

/)$!%3#$%+0&# #.$%!7%50%. 0+)5 – . /!. &)( .*%. %&! ., -! 7#6.# &).$!)+.# 

/!),)!4#, Shell 0&!#/$ #.$%!/!%$ $)!

 !"#"$%+ , -./-".0"#1% (Main/Subroutine)
$! *#4#)..   !"#$%&$'! , /!%*")8*  <<, 3 ,#!  0% .  /!)4%*'!# 

090 0/)*%+%. *)0$9/ *) * ..#$% (0 () 6 0$#6.  & /0'+ 4#2)

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

7'.&4#). +.)0$ .  /!#+)8%.#%$) 0% ! ,*%+2 .  .  /)-( +&# 

7'.&4#). +.# -!'/# – /!)4%*'!# # /)*/!)-! (# – 0 4%+ $2".)$) 

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

 &$' +.#$% * ..# 0  / ! (%$!# .  )39:%.#2$  &9( #,/9+.#$%+.#$% 

7'.&4## # ()- $ *  0%  *!%0#! $  /)
'& , $%+ – /)*/!)-! ( $  ()8% /!)(%.2 $%".#$% 0$)5.)0$# .  09:#2  *!%0

0$)5.)0$ – /)*/!)-! ( $  /)+'6 1  0$)5.)0$#$% & $) &).0$ .$#

#(% – /)*/!)-! ( $  #,/)+,1  & $)  !-'(%.$ +)& +. $  0$)5.)0$ ,  09)$1%$.)$) 

#(% (+-2 10.) – . 5-6%0$) $)1  0  +)& +.# #(/+%(%.$ 4## .  /!)$)&)+# # *!'-# 

!%,#*%.$.# /!)-! (# #+# *#. (#6.# 3#3+#)$%&#

-+ 1. $  /!)-! (  '/! 1+21  /!)4%0  .  /)0+%*)1 $%+.# 

)3!9:%.#2 &9( /)*/!)-! (#$% 

/)*/!)-! (#$% 7)!(#! $ .%7#&0#! .  .)  4#&+#6.  0+)%0$  

5%! !"#2 – 6.4

2%#0"#1% '# MS #"$%(!)(*"#  
/)$)&)1 $  *# -! (  0% #,/)+,1  ,  . 6 +.) ()*%+#! .% .  

#,#0&1 .#2$  &9( 0#0$%( $ 
/)$)&)1  *# -! (  .  OPS (Order Processing) – (%0$ $  )$! ,21 $ )3! 3)$& $ ,   

*9-#$% – /!%.)0  .  * ..#$% – 6.5.1

19,%+ 1 – !%-#0$! 4#2 .  , 21&#$%; 1. 2 – 1 +#*#! .% # )$& , (1. 4) #+# 

/!%* 1 .% .  , 21& $ ; 1. 3 /!#%(  #+# )$& ,1  , 21&  (1 , 1#0#()0$ )$ 

#,/9+.#()0$$ ); 1. 5 /!)(%.2 0$)&)1 $  . +#6.)0$ # /!%* 1  ,  7 &$'!#! .% .  

1. 6; 1. 7 )3! 3)$1  /! 1#+ $  ,  )$& , # /!%* 1  .  1. 8 ,  '1%*)(+%.#% 

(/!#(%!.) *!'-  )7%!$ )

/!#  . +#,  0% #*%.$#7#4#! $ 
$! .07)!(#! :#$% 19,+# – /!)(%.2$ 7)! ( $  .  1")*.#$% * ..# (. /!. XML) 

&9( 19$!%>%. 7)!( $ – )3#&.. 19,+#$% 0 %*#. 1")* # %*#. #,")* 

$! ., &$#1.#$% 19,+# – )3! 3)$1 $ 1")*2:#$% * ..# # -# . 0)61 $ &9( %*#. #+# 

*!'- #,")*%. /)$)& #+# /9& .2( $ #,")*2:# *9-#

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

 !"#$%&$'! $  – &)2$) % 090$ 1%.  )$ &).$!)+.# # *#0/%6%!0&# 

()*'+# (/)*/!)-! (#) – 09$1%$0$1 :# !%0/%&$#1.) .  

$! .07)!(#! :#$% # $! ., &$#1.#$% 19,+# .  /)$)&)1 $  *# -! (  

– 6.5.2

Master/Slaves
$)1  % 1 !# .$ .   !"#$%&$'! $  0 /)*/!)-! (#, &)5$) % 

0/%4# +#,#! . &9( /)**9!8 .% .  *)/9+.#$%+.# .%7'.&4#). +.# 

#,#0&1 .#2 – . 5-1%4% 

)$& ,)'0$)56#1)0$ (fault tolerance) # . *%8*.)0$

3 + .0#! .% ,  '0&)!%.) #,/9+.%.#% .  , 21&#$%

!% +#,#!  0% 6!%, !%/+#&#! .% .  7'.&4#). +.#$% ()*'+#

, * 6  .  ? %  +$%! .$#1.) 

*  )4%.#  *%&1 $.)0$$  .  / ! +%+.) )3! 3)$%.#$% !%,'+$ $# 

)$ Sn – 09:%0$1'1$ /!)$)&)+# ,  )$& ,)'0$)56#1)0$, 

#*%.$#7#4#! :# -!%>.#$% # 1%!.# !%,'+$ $# /!# )-! .#6%. 

3!)5 .  #,/9+.#$%+.#$% !%/+#&#

*  #,19!># ! ,/!%*%+2.% .  , 21&#$% /!#+ - 5&# /!#.4#/#$% ,  

$)1 !%. 3 + .0 (+-2 3.)

3+)& *# -! (  # &+ 0 *# -! (  .  Master/Slaves  !"#$%&$'!  – 6.6

34$5#( '# -./-".0"#1'%(! 
#"$%(!)(*"%

>#!)&) /!#+)8#(# ! ,*%+2.% .  7'.&4##$% /) /!#.4#/  )$-)!%-

. *)+'

/!#+)8#(# 0  # /!# << #(/+%(%.$ 4#2

/!)3+%( ()8% *  39*% *)0$9/  *) -+)3 +.#$% * ..# 

-+)3 +.#$% * ..# 0  ()*%+ .  [! ,/!%*%+%. ] )3:  / (%$ – , $)1  

0  /)-/)*")*2:# /!# ('+$#/!)4%0)!.# ( >#.# – # )3#&.)1%.) 

 !-'(%.$#$% .  )3!9:%.#%$) 0  '& , $%+#,   .% 0$)5.)0$# 

67.!,(% #"$%(!)(*"%
-!'/#! .% .  ! ,+#6.#$% .#1  1 5%! !"#2$  191 7'.&4#). +.) 

019!, .# 0+)%1% )$ / &%$# &+ 0)1%, 3#3+#)$%&# )$ /)*/!)-! (# 

(1&+;6%.# 1 $.. !. header files – , -+ 1.# 7 5+)1% .  /!)%&$ )

#.$%!7%509$ .  0+)2 0% 090$)# )$ #.$%!7%50#$% .  1&+;6%.#$% 1 .%-) 

&)(/).%.$#,   #,/9+.21 . $  )$ $2" 7'.&4#). +.)0$ – $.%. . 3)!  

'0+'-# – % /!)$)&)+  .  0+)2; #.$%!7%509$ (' &9( .#0&)+%8 :#$% 

0+)%1% 0% )/!%*%+2 )$ $%".#2 #.$%!7%50 

)3 3)$& $  0% *%&)(/),#!  .  , 21&# )$ /)-1#0)& 0+)5 &9( 

.%/) 0!%*0 $ 1%.#2  /)-.#09& 0+)5

19,()8.) % /!%0& 6 .% (“bridge”) 1 5%! !"#2$ , .) $) % .%$%".)+)-#6.), 

$95 & $) #,#0&1  /)**9!8 .%$) .  /)1%4% )$ %*#. #.$%!7%50 &9( 

0+)%1% 0 '0+'-#; $)1  0% . + -  /!# .%)3")*#()0$ )$ (#.#(#,#! .% .  

4%+#2 /!)%&$ – . /!. /!%( "1 .% .  &!#/$#! : 0+)5

/!)$)&)+#$% .  1#0)&#$% .#1  #,/9+.21 $ /!#+)8.)-)!#%.$#! .# 

'0+'-#,   .  /)-.#0&#$% – 0#0$%(.)-)!#%.$#! .# 

$#/#6.) ! ,0+)21 .% (6.8.1): /)$!%3#$%+0&# #.$%!7%50 @ 3#,.%0 0+)5 

@ 3 ,)1# '0+'-# @ '0+'-# .  2*!)$) 

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

#.$%!7%50 )$ 10#6&# 0+)%1% – 6.8.2



9.1-.'!'('.-4#:%"#'. "#:,7.+5#'!
)0.)1%. /)*")* ,  & /0'+#! .%$) .  '0+'-#$% 1 0+)5 % 7)!(#! .%$) 

.  &)(/).%.$, &)5$) 0% )/#01  090 01)2 #.$%!7%50 – . /! .jar 7 5+ 

1 JVM

jar 7 5+9$ (09,* 1  0% 0 jar –cmf) /!%*0$ 12 10#6&# &+ 0)1% )$ /)-

.#0&#$% 0+)%1% # 1&+;61  &+ 0)1%$% )$ 0+)2, &)5$) #(/+%(%.$#!  

&)(/).%.$#$%  .  )$*%+.#$% 0+)%1% 7)!(#! $ / &%$  .  

/+ $7)!( $  – Java API

10%&# &+ 0 )$ jar &)(/).%.$  % *)0$9/%. ,  /!#+)8%.#2$  6!%, 01)2 

#.$%!7%50 – 0$#-  *  % 1&+;6%. 1 /!)(%.+#1 $  .  0!%* $  

classpath

+)-#6%0&  )!- .#, 4#2 .  / &%$ )$ &)(/).%.$# – / &%$.  *# -! (  

6.9

;./!7% '# "#:,7.+5#'!
OSI: App @ Pre @ Ses @ Tra @ Net @ DLL @ Phy

Web-'0+'-# – 6.10 # +-2 8.: SOAP @ XML @ HTML @ TCP/IP

Unix: shell @ core @ device drivers

MS .Net: CLR @ JIT @CTS
.Net  % $%".)+)-#2, &)2$) )0#-'!21  /+ $7)!( $  CLR (Common Language 

Runtime) , #,/9+.%.#% .  /!#+)8%.#2 .  C#, VB.NET, C++/CLI  . +)-#6.) .  

JVM – 6.10

,  /!),! 6.)0$ # /!%.)0#()0$ /!#+)8%.#2$  0% &)(/#+#! $ *) /+ $7)!(%.)-

.%, 1#0#( (%8*#.%. %,#& CIL (Common Intermediate Language), 

/) 1!%(% .  #,/9+.%.#% CIL &)*9$ ($. . !. „'/! 1+21 . &)*“) .% 0% #.$%!/!%$#!  

& $) /!# *!'-# 1#!$' +.# ( >#.#,   0% &)(/#+#!  /) . 6#., #,1%0$%. & $) JIT 

(Just In Time) &)(/#+ 4#2 1 /+ $7)!(%.)-, 1#0#( ( >#.%. &)* (native code) – ,  

&).&!%$. $  " !*'%!.  /+ $7)!(  # )/%! 4#)..  0#0$%( 

'/! 1+%.#%$) .  / (%$$ , .  .#>&#$% # /!)4%0#$%, , :#$ $  .  / (%$$ , 

1%!#7#& 4#2$  # 19$!%>. $  &)(/#+ 4#2 0  0#0$%(.#$% '0+'-# .  CLR

CTS (Common Type System) *%7#.#!  10#6&# 3 ,)1# $#/)1% * ..# # #,19!>1  

&).1%!0##$% #(. B%,# $#/)1% 0  0/)*%+%.# (%8*' 10#6&# .NET %,#4# # 0  

0$ .* !$#,#! .# 1 CLI.

<%"(*#7'% 1#=%'%
1#!$'+.#$% ( >#.# 0  0+)%0$ ()*%+, &)5$) /!%*)0$ 12 1#0)&) .#1) 

.   30$! &4#2 – /!)-! (%. %,#& #+# #.$%!7%50 ,  /!#+)8%.#2$ , 

/!# &)5$) 0&!#1  #+# )31#1  #,/9+.#$%+. $  /+ $7)!(  
NB: C? /!%*0$ 12 )0.)1.#$%  30$! &$.# 7'.&4## .  0#0$%( $  & $) -# 

'.#1%0 +#,#!  3%, *  -# /!)(%.2 – . /!. 0&!#1  #.$%!7%509$ &9( <= – *)& $) 

#,/9+.#(#$% /!)-! (# (=++) $!231  0$ $#6.) *  0% /!%&)(/#+#! $ ,  102&  <=, 

& &$) # ,  10%&# $#/ /!)4%0)!; /).2$#%$) %('+ 4#2 (0 &)%$) .%/! 1#+.) 

1#!$' +#, 4#2$  0% 0(%01 ) ),. 6 1  #,/9+.%.#% .  7'.&4##$% .  * *%.  

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

. /!. %('+ 4#2 .  Unix 19!"' MSDOS/Windows #+# %('+ 4#2 .  PDA # 

Smart/Mobile Phones )$ . 0$)+%. &)(/;$9! 

Unix BM – 6.11.1

MS .Net BM – 6.10

JVM – 6.11.3

34$5#( '# ,7.!,(%(! #"$%(!)(*"%
/!#+ - $ 0% ,  %1)+;4#)..  ! ,1)5.  *%5.)0$, /!# &)2$) .#1)$) .  

 30$! &4#2 0% /)1#> 1  – /!#.4#/  .  /!)%&$#! .% % )$*)+'-

. -)!%,   .% )3! $.)

10%&# 0+)5 ()8% *  0% ! ,-+%8*  & $) 1#! $' +.  ( >#.  )$ 

)/!%*%+%.) .#1)

/)0$#-  0% 
191 1#0)&#$% 0+)%1% – ,. 6#$%+.  /!),! 6.)0$ # /!%.)0#()0$ .  &)*   

1 .#0&#$% 0+)%1% – 19,()8.)0$# ,  1, #(0$1 .% .  &)* (reuse) 6!%, /!)(2.  # 

*)3 12.% .  &+ 0)1% /!# , / ,%. #.$%!7%50 .  0+)2

/)*")*2:  ,  &)(/).%.$.# #(/+%(%.$ 4##

1#0)& 0#0$%(%. 01!9"$)1 ! # /)-.#0&  /!)#,1)*#$%+.)0$ – 1 

0! 1.%.#% 0 MS  !"#$%&$'!#$%

01!9"$)1 !9$ ()8% *  0% /!%)*)+%% 0 “()0$)1%” /!%, 0+)%1%$%, .) 

$)1  . ( +21  /!%*#(0$1 $  # 0(#09+  .  )3:  1#!$' +#, 4#2

0+)%1%$% #( $ $%.*%.4#2 *  0&!#1 $ . 0$9/1 .%$) .  #,&+;6%.#2 

)$ /)-.#0&) .#1)

>,%'$".''% #"$%(!)(*"%
3 ,#! $ 0% .  .%21.# (implicit)  0#."!)..# )3!9:%.#2 (%8*' 

)30+'81 :#$% /!)4%0#

 0#."!)..#2$ )3(%. ()8% *  39*% 
1 !% +.) 1!%(% (online) – 3%, 3'7%!#! .% – # *1 $  /!)4%0  $!231  *  0  

 &$#1.#, .) .% 3+)&#! $ #,6 &1 :) 1 $)6& $  .  )3(%. – 6.13

.%, 1#0#( (offline) – 0 )/)0!%*21 : )3(%.  /!)4%0-3'7%! .  09)3:%.#2$ ; 

/!#%( :#2$ /!)4%0 ()8% *  .% %  &$#1%. 1 ()(%.$  .  #,/! : .% .  

09)3:%.#%$) # )3! $.)

 &$#1.#2$ /!)4%0 -%.%!#!  09)3:%.#2,   / 0#1.#$% /!)4%0# -# 

/)+'6 1 $ # %1%.$' +.) #,/9+.21 $ !% &4#2
/!#+ - $ SW-> 3+).#$% D!)#,1)*#$%+ /E).0'( $)! (Producer/Consumer) #+# 

F,* $%+/G3). $ H I 3+;* $%+ (Publisher/Subscriber, Observer) 

'/! 1+%.#%$) % /) 093#$% (event driven) – &9*%$) 093#$#%$) % #,* 1 .% .  

09)3:%.#% )$ #,* $%+2 # /)+'6 1 .% .  09)3:%.#% )$  3). $ 

1 .%, 1#0#(#2 1 !# .$ /!)4%09$-3'7%!  +$%!. $#1.) ()8% *  

0+'8# & $) 
4%.$! +#, $)! M e s s a g e  T o p i c  .  10#6&# #,* *%.# 09)3:%.#2 # *  -# 

/!%/! :  $%( $#6.) *)  3). $#$% – %*#.-&9(-(.)-) )3(%.

!%,%!1#! .  )/ >&  M e s s a g e  Q u e u e  ,  %*#.-&9(-%*#. )3(%.

?!4*@!"%"#'% #,%'$".''% 6>
0#0$%( $  0% *%&)(/),#!  .  2+ 6 0$#

-%.%! $)!# .  093#$#2 (sources) 

0+'> $%+# .  093#$#2 (event listeners)

!%-#0$! $)!# .  093#$#2, &)#$) )/)0!%*21 $ )3(%.  # /)-&).&!%$.) /)**9!8 $ 

 0#."!)..)0$$  # .%21.)$) (.%/!2&)) )/)1%0$21 .% .  0+'> $%+#$%

 !"#$%&$'!%. ()*%+ .  SmallTalk /!#+)8%.#2$ :

n / 0#1.# -! 7#6.# &)(/).%.$ -0+'> $%+# Viewn 0% !%-#0$!#! $ 1  &$#1.) ($.%. 

#.#4#$#1.)) /!)0$! .0$1) .  093#$#2 EventSpace ,  09)3:%.#2 )$ * *%. 

-%.%! $)! .  093#$#2 Model – 6.14.1

&+ 0 *# -! (  .   !"#$%&$'! $  – 6.14.2

&+ 09$ Event Source )0#-'!21  )/%! 4## ,  !%-#0$!#! .% .  0+'> $%+ # ,  

'1%*)(+%.#% ,  093#$#%

&+ 09$ Event Listener )0#-'!21  )/%! 4#2 ,   . +#, .  093#$#%$) # -%.%!#! .% 

.  !% &4#2

/)*")*2: ()*%+ ,  /!#+)8%.#2 0 GUI # 0+ 3)-019!, .  +)-#& , 6##$) 

()*'+# 0% /!%*0$ 12$ 0 ( >#.  .  090$)2.#2$  # #( $ .%*%$%!(#.#0$#6.) 

/)1%*%.#% (/)! *# &)%$) /)-0+)8.  . 0$!)5&  # $%0$1 .%)

. +#6.  % ,. 6#$%+.  /)**!98&  )$ (%8*#..# &)(/).%.$#

%+%(%.$ .  0#."!)..)0$ (!) % . 6 +. $  !%-#0$! 4#2 

0! 1.#$%+.) .#0&  /!)#,1)*#$%+.)0$ # -)+2( 0#0$%(%. 01!9"$)1 !

A*@!"%"#'% #,%'$".''% 6>
0#0$%( $  e 

&).$%&0$.  (data-centric), 

0+ 3) 019!, .  (.% 0% 6 &  /)$19!8*%.#% ,  /)+'6 1 .%$) .  09)3:%.#2$  # 

)3#&.)1%.) .% 0% /)+'6 1  )$-)1)! 0+%* )3! 3)$& $ ) – .) 0 . *%8*%. )3(%.

*%&)(/),#!  0% .  3 6 0$#

-%.%! $)!# .  09)3:%.#2 (producers) 

&).0'( $)!# .  09)3:%.#2

'0+'-  ,   0#."!).%. 3'7%!#! . )3(%. .  09)3:%.#2 – ?<? (Message 

Oriented Middleware

1#0)&  0& +#!'%()0$, . *%8*.)0$, !2! # CS /!#+)8%.#2

,  0#0$%(.  /)**!98&  ((!%8#, $%+%&)('.#& 4##), 3#,.%0 /!#+)8%.#2 

(3;+%$#.# – .)1#.#, (%$%)!)+)-#2, -!'/# /) #.$%!%0#; $! ., &$#1.) 

3 .&#! .% # %-$9!-)1#2)

/)**9!8  )/ >&# (Message Queuing, MQ) # $%( $#6e. )3(%. (Message 

Topic, Publish/Subscribe Messaging P&S) 

 $!#3'$# .  09)3:%.#2$  0  ID, , -+ 1#% (header) # $2+)

&+#%.$#$% .  0#0$%( $  )3(%.2$ 09)3:%.#2 #.#4# $#1.) #+# / 0#1.), & $) 

 *!%0 4#2$  % .  3 , $  .  #*%.$#7#& $)!, /)+'6%. /!# . 6 +. $  

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

;3;
MS MQ

(http://en.wikipedia.org/wiki/Microsoft_Message_Queuing)

IBM WebSphere MQ (3#1> MQseries)
(http://en.wikipedia.org/wiki/WebSphere_MQ)

JBossMQ (Java Message Server)
(http://www.jboss.org/community/docs/DOC-10525; 

http://java.sun.com/products/jms/tutorial/1_3_1-fcs/doc/jms_tutorialTOC.html)

Oracle [3#1> BEA] WebLogic JMS 
(http://e-docs.bea.com/wls/docs92/index.html)

(18. # +-2 7.)



"2" (point-to-point) .41!'
)3(%.9$ % 1:1 – 102&) 09)3:%.#% #(  $)6.) 1 /)+'6 $%+

%+%(%.$#: #,/! : 6 .  09)3:%.#2, /)+'6 $%+ #  0)4##! .  0 

/)+'6 $%+2 )/ >& , &)2$) /)**9!8   0#."!)..)0$$  .  )3(%. 

09)3:%.#2$  *) * *%. &+#%.$-&).0'( $)! 0% 09"! .21 $ 1 .%-)1 $  

)/ >& -3'7%! *) #,1+#6 .%$) #( #+# *) #,$#6 .%$) .  0!)&  #(

/!#(%! – 3+)&)1  *# -! (  .  !2! )3(%. 1 EJB (Enterprise Java 

Beans – Java &)(/).%.$.  3#3+#)$%&  ,  3#,.%0 /!#+)8%.#2) – 6.17

/)+'6 $%+ % MDB (Message Driven Bean)

#,/! : 6 % &+#%.$0&# /!)4%0

)/ >& $  ()8% *  0% )!- .#,#!  6!%, JMS (Java Message Service 

http://java.sun.com/products/jms/) API – 0#0$%(.) /!#+)8%.#% ,  

/)**9!8 .% .  '.#1%!0 +%.  0#."!).%. )3(%.

Pub/Sub (P&S) .41!'
$ ,# =G 0% 3 ,#!  .  4%.$! +#, $)! (hub), /)**9!8 :  0#."!)..#2 # 

.%/!2& )3(%. .  09)3:%.#2 (%8*' #,* $%+# #  3). $# /) $%(#  

(topics) – $#/ 3;+%$#.

#.#4# $#1 $ 1 )3(%. /!#. *+%8# . #,$)6.#& . 09)3:%.#%$) – . 

#,* $%+2 0/!2() 3;+%$#. # . 3;+%$#. 0/!2()  3). $ – $ & 0%

/)0$#- ( &0#( +.  0#."!)..)0$

1 !# .$ % '0$)56#1#2  3). (%.$ (durable subscription), /!# &)5$) 

 3). $  /)+'6 1  # 09)3:%.#2$  /) * *%.  $%( , #,* *%.# /!%*# 

.%-)1 $  !%-#0$! 4#2 1 3;+%$#. 

3+)&-*# -! (  .  P&S =G 6.18 – 0#0$%( $  0% 3 ,#!  09:) .  JMS 

MDB/EJB, .) ,  ! ,+#&  )$ !2! /!# P&S &! 5.#$% /)+'6 $%+# .  * *%.) 

09)3:%.#% ()- $ *  39* $ /)1%6% )$ %*#. – 10#6&# !%-#0$!#! .# (# 

%1%.$' +.) 39*%:#$%!)  3). $# /) $%( $  (#+# $%(#$%), ,  &)#$) % 

#,* *%.) 09)3:%.#%$) 

/!# ! ,-9!. $  P&S =G &+#%.$#$% – #,* $%+# #  3). $# – 0  

)$* +%6%.# ! ,/!%*%+%.# /!)4%0# 3%, .#& &1  21.  1!9,&  /)(%8*' 

0#, & $)  3). $#$% )3#&.)1%.) #,/9+.21 $ #.7)!( 4#)..# '0+'-# ,  

$!%$# &+#%.$# – . /!. 0%0## 090 =JKL 

JMS ).14%'%"#'# ("2" + P&S) 6>
&+ 0-*# -! (  # *-(  .  /)0+%*)1 $%+.)0$$  – 6.19

/) )$.)>%.#% .  '0+'- $  .  )3(%.  &+#%.$#$% (/!)#,1)*#$%+# # 

&).0'( $)!# .  09)3:%.#2) 

0% !%-#0$!#! $

)$&!#1 $ 0%0#2 ,  #,/! : .% #+# /!#%( .% .  09)3:%.#2

09,* 1 $ )/ >&  #+# $%(  

JMS (# *!. ?<?) /)**9!8  0+%*.#$% &).$!)+# ,  . *%8*.)0$ # QoS 

.  )3(%. 

)3(%. 0 /)$19!8*%.#% )$ )/ >& $ /3;+%$#. 

),. 6 1 .% .  09)3:%.#%$) & $) )3(%. 3%, , -'3 

'0$ .)121 .% .  /!#)!#$%$ .  09)3:%.#2$ 

0!)& .  09)3:%.#%$) (expiration)

34$5#( '# #,%'$".''%(! 6>
" /)*")*2:# 0  ,  0+ 3)019!, .# 0#0$%(# 0 '0$)56#1 .%21%. )3(%. .  

09)3:%.#2, /!# &)#$) )3(%.2:#$% /!)4%0# 0   . ) .#(.#  –.% ,. 2$ 

#*%.$#6.)0$$  .  &)(/+%(%.$ !.#2 /!)4%0/# (1 $.6. # .%-)1#2 #.$%!7%50!)

" $.%. 1!%(%1  # +)& 4#)..  .%, 1#0#()0$ 

" 1#0)&  0& +#!'%()0$ # , (%.#()0$ .  &)(/).%.$#$% 

" /)*")*2: ,  *#. (#6.) . 0$!)51 %(# ! ,/!%*%+%.# #,6#0+%.#2 (/!# 

 0#."!).%.  +-)!#$9(!)

" /)*")*2:# =G ,  / &%$.  )3! 3)$& 

" /)*")*2:# ,  #.$%-!#! .% .  . 0+%*%.# /!#+)8%.#2 (legacy systems) 1 

091!%(%..# /!)%&$#

! .%, 1#0#()0$$  (%8*' )3(%.2:#$% &+#%.$# )-! .#6 1  +)-#& $  .  

/!#+)8%.#2$ :

! +)-#& $  .  &+#%.$#$% $!231  *  % .%, 1#0#(  )$ /)+'6 1 .%$) (# .%/)+'6 1 .%$)) 

.  &).&!%$.# 09)3:%.#2

! .% 0% #*%.$#7#4 !  #,$)6.#&  # .2(  /!2& )3(%. 0 .%-)

! '0+)8.%.  +)-#&  .  &+#%.$#$% /)! *# #,0&1 .%$) ,  -91& 1)0$ $.%. 10%&# 

&+#%.$ 0% 0 ()&).$!)+#!  (&).$! 0$ 0 5%! !"#6.#$% # 4%.$ !+#,#! .#$% 

0#0$%(#)

! 19,()8.)0$ ,  $20.) (20$) (bottleneck) – /) 1!%(% (/!)#,1)*#$%+.)0$ .  

)/ >& $ /3;+%$#. ) # /) /!)0$! .0$1) (! ,(%! .  )/ >& $ /3;+%$#. ) 

B'(!"#)(%5'% ,.@(*!"'% #"$%(!)(*"%
/)**9!8 $ #.$%.,#1%. /)$!%3#$%+0&# #.$%!7%50

,  4%+$  *%&)(/),#4#2$  .  0#0$%( $  % .  3 7'.&4#). +.# ()*'+ 

()*'+ ,  /!%*0$ 12.% (#,-+%*) – 0 /)$!%3#$%+0&# #.$%!7%50 – ,  /!%*0$ 12.% (1 

$.6. -! 7#6.) #+# ('+$#(%*#5.)) .  #,")*.#$% * ..# # 09:) . (%0  .  

/)$!%3#$%+#$% 1 )3! 3)$& $  ($.%. 1")* ,  * ..# # &).$!)+)

()*'+ * ..# – /)**9!8 .% .  * ..#$% 0 3 ,)1  7'.&4#). +.)0$ 19!"' $2"

()*'+ ,  '/! 1+%.#% – 0#0$%(.# &)('.#& 4##, '/! 1+%.#% .  /!)4%0#$%, 

#.#4# +#,#! .% # &).7#-'!#! .% .  ()*'+# * ..#, '/! 1+%.#% .  #,-+%*#

/)**9!8  (.)8%0$1) (# $)  * /$#1.#) #,-+%*# ,  * *%. . 3)! * ..#

0+ 3) 019!, .   !"#$%&$'! , &)2$) /)**9!8  21.# # 09:) .%21.# )3!9:%.#2 

&9( (%$)* – !%0/. RMI # ()*%+ !% - # 0 $ !  4# 2 /' 1 %*)(+%.#%  (notification)

*1% & $%-)!## F=G: PAC (Presentation-Abstraction-Control) # MVC (Model-View-

Controller)

 . +)-#2$  % P-V, A-M # =-=

/!#+ - $ ! ,+#6.) '/! 1+%.#%:

MG= % 0 5%! !"#6.) (! ,0+)%.)) # ! ,/!%*%+.) '/! 1+%.#%, /!# &)%$) 

0#0$%( $  0% 7)!(#!  )$ . 3)! &))/%!#! :#  -%.$# .  $!# .#1  – 3 ,)1) .#1) 

 -%.$# .  )3:# * ..# # 3#,.%0 +)-#& , .#1) .  #,-+%*#$% ,  +)& +.# * ..# # 

0!%*.) .#1)  -%.$# &))!*#. $)!# .  #,-+%*#$%; 10%&#  -%.$ #.$%-!#!  M, G # = 

&)(/).%.$#

1 MVC  -%.$#$% 0  ! 1.)/)0$ 1%.#

MVC
)0.)1%. ()*%+ ,  09!1%!.# /!#+)8%.#2 0 Web-&+#%.$# ,  *)0$9/ –

%-3#,.%0, %-'/! 1+%.#%, 0#0$%(# ,  /)$!%3#$%+0&# /!)7#+# # $...

0/%4# +#, 4#2: /!)(%.# 1 &).$%&0$  (* ..#$%) 0% /!%*0$ 12$ 

*#. (#6.) $.%. 1 !% +.) 1!%(% /!# )$* +%6%.# &+#%.$#
#,-+%*#$% 0% 3 ,#! $ .  #.$'#$#1.# -! 7#6.# #.$%!7%50# 0 /!#+)8%.#% .  

&).$%&0$.) . 0$!)51 %(# “&)8#” # 7)&'0#! .% .  #.$%!7%50  – %$#&%$#, 3'$).#, 

#,3)!.# /)+%$  # *!. &)(/).%.$# )$ $#/ widget (1-8 +-2 9.)

/!#+)8.  &)(/).%.$.  /+ $7)!(  ,  /!)%&$#! .% .  MVC % . /!. 

Java Swing (http://java.sun.com/j2se/1.4.2/docs/api/javax/swing/package-summary.html) 

$!#$% *2+  .  MVC #( $ 0+%*. $  0/%4# +#, 4#2:

/)$!%3#$%+0&# , 21&#; . 0$!)51  #,-+%*  1&+. *#. (#6.) # '/! 1+21  

)0$ . +#$% ()*'+# 1  =G – 0$ !$#! .%, . 0$!)5& , )3(%.

(.%/!),! 6.  )31#1&  .  * ..#$%); /!# =G MVC I $)5 .% /)**9!8  /!2& 

#.$%!7%50 0 /!#09%*#.%.#$% &9( .%-) #,-+%*# 

)$ &).$%&0$ 

#,-+%*9 $ %        *#. (#6.) . 0$!)51 %() -! 7#6.) /!%*0$ 12.% .  , 21%.  6 0$ 

()*%+9$ #,/9+.21             3 ,)1#$% 7'.&4#).+.# '0+'-#, & $) & /0'+#!  &).$%&0$  

&).$!)+%!9$ !%-#0$!#! ,               /)*!%8*  # /!%* 1  /)0+%*)1 $%+.)0$$  )$ 

MVC I
&)(/ &$.  # 3 ,)1  *1'*%+. #(/+%(%.$ 4#2 .  MVC, /!# &)2$) 

&).$!)+%!9$ # #,-+%*9$ 0  #.$%-!#! .# 1 %*#. ()*'+ C/V

C/V 0% !%-#0$!#!  # /!#09%*#.21  &9( * *%. ()*%+ & $) 0%  3).#!  

,  '1%*)(+%.#2 ,  /!)(%.# 1 &).$%&0$ , &)#$) /!%*0$ 12 1 !% +.) 

1!%(%, # 0+'8# & $) C"/F," .  ()*'+  ,  * ..# – 6.23

C/V
/)**9!8  7)!(# ,  /)$!%3#$%+0&# 1 " ) * – $%&0$)1# /)+%$ , ! *#)3'$).# (,  

 +$%!. $#1%. #+# (.)8%0$1%. #,3)! .  )/4##) # *!. '#*8%$#

/!# /!)(2.  191 1")*.#$% * ..# -# 1 +#*#!  # -%.%!#!  , 21&  &9( ()*%+  0 

.)1)$) 09*9!8 .#%

/!%*0$ 12 !%,'+$ $ , &)5$) 0% -%.%!#!  )$ ()*%+  (.  3 , $  .  , +)8%. $  1 

()*%+  7'.&4#). +.)0$)

/!%*0$ 12 /!)(%.#$% 1 &).$%&0$  .  ()*%+ , ,  &)#$) %  3).#! . (3%, , 21&  )$ 

/)$!%3#$%+2) – ()*%+ “ &$#1%. &).$%&0$”

MVC I % /!#+)8#( ,  /)-/!)0$# /!#+)8%.#2 0 &)(/ &$%. GUI

MVC II
/!# MVC II &).$!)+%!9$ # #,-+%*9$ 0  0 ()0$)2$%+.#,   %1%.$' +.) 

# )$* +%6%.# /!)4%0#

*)/9+.#$%+.  7'.&4#2 .  &).$!)+%!  % *  #.#4# +#,#!  1!9,& $  

(%8*' #,-+%*  # ()*%+  # '/! 1+21  )3(%.  (%8*' $2"

&).$!)+%!9$ # #,-+%*9$ 0% !#-#0$!#! $ 1 ()*%+  # 0% '1%*)(21 $ 

! ,/!%*%+%.) ,  /!)(%.#$% 1 &).$%&0$ 

! ,*%+2.%$) /),1)+21  0 ()0$)2$%+.  #(/+%(%.$ 4#2 # 

$%".)+)-## ,  V # C
$)1  0/)0)30$1  ,  /!)%&$#! .% .  0+)8.  7'.&4#). +.)0$ # 09:) ,  

0 ()0$)2$%+.  %1)+;4#2 .  *1 $  ()*'+  – /)-0/%4# +.) .  #,-+%*#$%, &)#$) 0% 

/)**9!8 $ )$ 39!,)! ,1#1 :#$% 0% -! 7#6.# $%".)+)-##

3+)&-*# -! ( , &+ 0-*# -! (  # /)0+%*)1 $%+.)0$.  *# -! (  .  

MVC II – 6.24
#.0$ .4##$% .  &+ 0)1%$% V # C 0  “0*1)%.#”, & $) (.)8%0$1) *1)5&# 0% 

/)**9!8 $ )$ %*#. ()*%+

&+ 09$ ()*%+  -!%-#!  &)+%&4#2 )$ &+ 0)1% 0 ! ,+#6.# 7'.&4## 19!"' 3 , $  

* ..#



MVC II , Java
3+)&-*# -! ( .  MVC II =G, 3 ,#! .  .  Java $%".)+)-## – 6.25

JSP (Java Server Pages) 0% #,/)+,1  ,  V; EJB (Enterprise Java Beans) + JDBC 

(Java Data Base Connectivity) 0% /!#+ - $ ,  ! ,1#$#% .  ?; = ()8% *  0% 

#(/+%(%.$#!  & $) /)!#,1)+.) 09!1%!.) /!#+)8%.#% – . /!. 0 Java Servlet

$%".)+)-#2$  (09!1+%$#$% 0  Java 09!1%!.# /!#+)8%.#2 3%, /)$!%3#$%+0&# #.$%!7%50, 

&)#$) 0% #.#4# +#,#! $ )$ !%,#*%.$.# 09!1%!.# /!)-! (# . /!. Tomcat – /)*)3.) .  

 /+%$#$%, &)#$) )3 6% 0% #,/9+.21 $ 1 &+#%.$0& $  6 0$ )$ 3! ',9! )  

&).$!)+%!9$ /)+'6 1  /)$!%3#$%+0&  , 21&  )$ -! 7#6%. #+# $%&0$)1 #.$%!7%50

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

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

#,-+%*9$ /)+'6 1  * ..# )$  ()*%+  (4) # -# /!%*0$ 12 -! 7#6.) (5) 

# ! ,-+%* 5$%  . +)-#6.#$% $%".)+)-## 1 /+ $7)!( $  MS .Net – ASP/ADO

)3"1 $ .  MVC
$)1  % 3 ,)1 $   !"#$%&$'!  ,  /!#+)8%.#2 0 #.$%.,#1%. /)$!%3#$%+0&# C/F 0 

*#. (#6.) /!%*0$ 12. .  * ..#$% # 0 19,()8.)0$ ,  0 ( 0$2$%+.  

#(/+%(%.$ 4#2 .  ()*'+#$%

/)**9!8  0% )$ (.)8%0$1) /!)7%0#). +.# /+ $7)!(# ,  > 3+)..) ! ,1#$#% .  

/!#+)8%.#2$ 

.% /)**9!8   -%.$.)-3 ,#! . #.7)!( 4#)..%. )3(%., " ! &$%!%. ,  0#0$%(#$% 

0 !%*'4#! . /)$!%3#$%+0&# #.$%!7%50 –  1$).)(.# # 1-! *%.# 0#0$%(#, !)3)$#, 

 1$). 1#- $)!# # *!.

PAC
MG= % ! ,1#$#% .  MVC, &)%$) /)**9!8   -%.$%. )3(%. .  

09)3:%.#2

0#0$%( $  0% 090$)# )$ (.)8%0$1) 0/%4# +#,#! .# ($.%. 0 ! ,+#6.# 

7'.&4##)  -%.$#, *%&)(/),#! .# .  $!#$% ()*'+  – M, G # =;

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

#.$%!7%50 (M) )$ 7'.&4#). +.)0$$ , &)2$) /)**9!8  (G) # )$ 

()*'+  (' ,  )3(%. 0 *!.  -%.$# (=) – 6.26

/!%,%.$ 4#)..#2 ()*'+ .   -%.$  % )/4#2 (09:%0$1'1 $  -%.$#-

/)0!%*.#4# 3%, /)$!%3#$%+0&# #.$%!7%50)

&).$!)+.#2 ()*'+ % , *9+8#$%+%., )01%. &)('.#& 4##$% 0 

)$* +%6%.#  $%.$#, $)5 '/! 1+21  *)0$9/  *) 7'.&4##$% .  

 -%.$  – M # G 0  0+ 3)019!, .# /!)4%0# 3%, /!2& )3(%.

 30$! &$.#2$ ()*'+ & /0'+#!  * ..#$% # )/%! 4##$% .   -%.$  

PAC--"%7.C!'%! 
/!#(%!.) MG=-/!#+)8%.#%  (&+ 0- # /)0+%*)1 $%+.)0$.  *# -! (  

6.27) ,  /!%-+%* .  )$* +%6%. 0$! .#4#! . *)&'(%.$ 

0 4 3'$).  – ,  /9!1 , /!%*#>. , 0+%*1 :  # /)0+%*.  0$! .#4  –

/)**9!8 .# )$  -%.$#$% Æ2 ÷ Æ5 09)$1%$.)

Æ6 – ,  -! 7#6.  #.$%!/!%$ 4#2 .  0$! .#4#$% )$ *)&'(%.$  /) 

09)$1%$%. 0$ .* !$

Æ1 %  -%.$  ,  *)0$9/ *) *)&'(%.$  1 KL 

=1 /!#%(  , 21&#$% )$ =i (i = 2 ÷ 5), . 0$!)51  G1 .  09)$1%$. $  

0$! .#4 , /!#%(  2 )$ .%-) # 2 /!%* 1  .  , 21#$%+2 – Æ1 .2(  

.'8*  )$ M1

=1 09)3: 1  .  =i ,  . 0$!)5&# .  3'$).#$% )$ Mi (. /!. #,3+%*.21 .% 

.  3'$).# “0+%*1 :  0$!.” # “/)0+%*.  0$!.”  &) /!%-+%*  *)0$#-.% /)0+%*. $  

0$! .#4 ) # /!%* 1  .  =6 09*9!8 .#%$), &)%$) 0% /!%*0$ 12 )$ M6

Gi /)**9!8 $ &).$%&0$  .  09)$1%$.#$%  -%.$# – . /!. /!%*/)6#$ . 

#,-+%* .  3'$)., $%&':)$) (' 090$)2.#%

G6 /)**9!8  &).$%&0$  .  /!%*0$ 12. $  0$! .#4  – . /!. 

*%&)*#! : (%$)*, &%>#! .# 0$! .#4# 

34$5#( '# PAC
/!#+ - $ 0% ,  #.$%! &$#1.# 0#0$%(# )$ &))/%!#! :# 

0/%4# +#,#! .# #.7)!( 4#)..#  -%.$#

0+ 3)019!, .  ! ,/!%*%+%.  0#0$%(  – &)('.#& 4##$% 0  

.%3+)&#! :#  0#."!)..#

" *)3!# 19,()8.)0$# ,  , (%.#()0$, %1)+;4#2 .   -%.$#$%, 

%0& +#! .% .  0#0$%( $ 

" /)**9!8  %*. &1) (.)-).#>&)1# # (.)-)/!)4%0.# ! ,/!%*%+%.# 

/!#+)8%.#2

! ,. 6#$%+%. 01!9"$)1 ! )0)3%.) /!# -!'/)1# &)('.#& 4## 

! .%/!2& (3 1%.) )3(%. (%8*' &).$%&0$  # /!%*0$ 12.%$) ('

! #(/+%(%.$ 4#2$  .  G # M % , 1#0#(  )$ $ ,# .  = – , $!'*.%.#% 

/!# /!)%&$#! .%$) 

! '0+)8.%.# )/%! 4## ,  )$&!#1 .% .  3!)2  # #*%.$#7#4#! .% .  

$%&':#$%  -%.$#

77 !    !    77.. !"#"$%$&' "$()#'*+' ," !"#"$%$&' "$()#'*+' ," 

(#"-'(#"-' ' *.#/%&%' *.#/%&%(#"-'(#"-' ' *.#/%&%' *.#/%&%

!"#"$%&'()!"#"$%&'()

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

302/$-(1- 4) 302/$-(1- 4) /"5/6&),% - .7( /"5/6&),% - .7( ––

./'0%&/*)(%0,- - .)$)0%0,- *%$'--./'0%&/*)(%0,- - .)$)0%0,- *%$'--

87$'%,% * 9-$-,) *87$'%,% * 9-$-,) * &70"/:-,)&70"/:-,) ––87$'%,% * 9-$-,), * 87$'%,% * 9-$-,), * &70"/:-,)&70"/:-,)

./'0%&/*)(%0,- - .)$)0%0,- *%$'--./'0%&/*)(%0,- - .)$)0%0,- *%$'--

;; ! i i;.(-1-$),% ;.(-1-$),% ' "-! minimax (7$'%,% 

*$&+( – #)+('(,((
2$)#7( G(V, E) % &*/<=) =$)<,- 1,/6%'(*) ,) *7$5/*%(% (vertexes) - 

&72-(% (edges); &72)() e#E % &*/<=)() !=(u, v) (u, v#U), -0- 

,)$%&%,)() &*/<=) !=$u v% ,)'/:%, 2$)#,)$%&%,)() &*/<=) !=$u, v% – ,)'/:%, 2$)#

'7'%&,- (adjacent) ') *7$5/*%(%, '*7$4),- ' &72- (- * &*)() (-.) 

2$)#-); N.B. &$u, v%#E ' u % '7'%&%, ,) v, ,% - /"$)(,/(/

.7( * 2$)#) % ./'0%&/*)(%0,/'( (,)$%&%,/ 1,/6%'(*/) /( *7$5/*% 

"={v1, v2, …, vk}:  (vi, vi+1)!E, 1" i " k

 !"#$ % &'(): *#+  ={v v v }: v # v ; ( !"$!,-! &'()!; *'./+ !"#$ % &'(): *#+  ={v1, v2, …, vk}: v1 # vk; ( !"$!,-! &'()!; *'./+ 

 !"#$

*#$0- &'(): %/!,"! %#'1.%0 /( /#/02-!

/%#'3(- &'(): /#40/+%5%( *#+ 60725 %/8"( 2%.9"( %#'1.%0

*.2&'(): GI(VI, EI) $ G(V, E): VI $V ! EI $ E; /%#'3(- *.2&'() 

(connected subgraph) *.2&'() -( /%#'3(- &'() ".9+. 3(*(3%((connected subgraph) – *.2&'() -( /%#'3(- &'(), ".9+. 3(*(3%( 

/%.9/+%.+. /%#'3(-./+ 60725 *.26-.70/+%.+. %#'1.%0

/%#'3(- ".6*.-0-+: /%#'3(- *.2&'() G* (V, EI $ E) -( -0-(/.,0-!8 

/%#'3(- &'() G(V, E), 3( ".9+. |E I | = min (7.3 )

 !"#$%!& ! '(&)*%+

2#'%.: /%#'3(- ( !"$!,0- &'(); /-%(:

|E| = |V| -1 | | | |

02!-/+%0- *#+ 60725 %/8"( 2%.9"( %#'1.%0

6('"!'(- &'() G(V, E, W); W(E)%&; +0&$. -( &'() !6('"!'(- &'() G(V, E, W); W(E)%&; +0&$. -( &'() ! 

+0&$. -( *#+ (/56!)

2%520$0- &'(): ' V1 ! V2: V1 ( V2 = ) ! V1 * V2 = V !   5 ' ) 1 2 1 2 1 2

 (u, v)!E+(u!Vk; v!V-Vk ) (%#36.7-( 0 :!/0" !8)

7.  !"!#$#%& !#'("&)*& +! '"!,& & )-".$%$ /01/23  *  45 *  2 6 4



-(+.$%&!/0+ 0& '(&)*%+
3( ($&.'!+6!,-!  0$! &'()#+ G(V, E) / |V| = n /0 *'02/+(%8 / 

6(+'! ! !$! /*!/# !

)6(+'!,-! ).'6!:

6(+'! ( -( /#/02/+%. (adjacency matrix):  An-n(aij): a={1 + (vi, 

vj)!E |   0}; 3( -0-(/.,0-!+0 &'()! " 0 /!60+'!,-( (7.5.1 )j) | }; ' ) ' ( )

+0&$.%-( 6(+'! ( (weight matrix) 3( 6('"!'(-!+0 &'()! Wn-n(wij): 

wij = {0 + i = j |   w(i, j) + (vi, vj)!E |   .};

({ ti it | fl i | t iti l }6(+'! ( -( /%#'3-./+ ({connectivity | reflexive | transitive closure} 

matrix) Cn-n(cij): cij = {1 + /#40/+%5%( ( !"$!,0- *#+  ij |   0};

/*!/#,-( ).'6(: G /0 *'02/+(%8 / n $!-09-! /%#'3(-! /*!/#"( /#/ ) ' ' 2 '

/#/02!+0 -( %/0"! %'#1 – 7.5.2

-("12+3* !4(56 '(&)* ($ 7&(&2+20" 
(+8+0*+)

.:1.72(-0 

6!-!6($-. *."'!%(4. 2#'%. (minimum spanning tree)

9-(9-"#/ *#+

.+"'!%(-0 -(  !"$!+0

3(2(,(+( 3( +#'&.%/"!8 *#+-!"3(2(,(+( 3( +#'&.%/"!8 *#+-!"

915":.&0+

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

%0'/!!:'

+#'/0-0 – “% 2#$:.,!-(” (depth-first) !$! “% <!'.,!-(” 

(breadth-first): !3:!'( /0 *'.!3%.$0- %#30$ v ! %/!,"! 

-0&.%! /#/02! /0 6('"!'(+ / v; % /$02%(4!+0 /+#*"! 

!+0'(+!%-. /0 !3:!'( *'.!3%.$0- -06('"!'(- %#30$ 

w ! /0 *.%+('8 *#'%(+( /+#*"( 3( 6('"!'(-0 -( 

/#/02!+0; /$.7-./+ =(n + m) "#20+. |V| = n  ! |>| = m

/ !3*.$3%(-0 -( 6(+'! (+( -( /%#'3%(-0 

/ '(320$8-0 -( *.2&'()!

915":.&0+ ;(+< 3&%(*=&%& 0& 
$4$+.$%!" (transitive closure)$4$+.$%!" (transitive closure)

60+.2#+ *./+'.8%( 6(+'! (+( -( /%#'3%(-0 -( &'()( Cn-n, "(+. 

/+0*0-5%( $.&!,0/"! 6(+'! (+( -( /#/02/+%. A/+0*0-5%( $.&!,0/"! 6(+'! (+( -( /#/02/+%. An-n

*. *'!- !* $.&!,0/".+. 56-.70-!0 -( :5$0%! 6(+'! ! ("("%!+. /( 

An-n ! Cn-n) *'02/+(%$8%( .*0'( !8+( (/ #$%&'()*$ 56-.70-!0 ! 

/#:!'(-0!)

An-n - Bn-n = Cn-n : cij = (ai1b1j) + (ai2b2j) +…+ (ainbnj)

*#'%(+( /+#*"( -( 60+.2( 0 *./+'.8%(-0 -( /*.6(&(+0$-( 6(+'! (*#'%(+( /+#*"( -( 60+.2( 0 *./+'.8%(-0 -( /*.6(&(+0$-( 6(+'! ( 

+n-n ".8+. /0 *.$5,(%( .+ "n-n / '(3*.$(&(-0 -( 1 *. &$(%-!8 

2!(&.-($; +.&(%(  bik !B = {1 ((". !6( ( !"$!,0- *#+ / 2#$7!-( 0 

1 ) | 0 }!$! 1 .+ vi 2. vk) | 0 }

/$02%(4!+0 /+#*"! /( !+0'(+!%-. -(6!'(-0 -( *'.25"+( Bm (m<n), 

0$060-+!+0 -( ".9+. .+'(38%(+ /#40/+%5%(-0+. -( ( !"$!,0- *#+ ' 4 5  

60725 /#.+%0+-!+0 %#'1.%0 / 2#$7!-( -0 *.-&.$86( .+ m; – *'!60' 

7.8

…915":.&0+ ;(+< 3&%(*=&%& 0& $4$+.$%!"
%/0"! ( !"$!,0- *#+ 60725 2%( *'.!3%.$-! %#'1( -( G e -0 *.%/0"! ( !"$!,0- *#+ 60725 2%( *'.!3%.$-! %#'1( -( G e -0 *.-

2#$#& .+ :'.8 %#'1.%0 n / C = Bn-1; -( *'("+!"( !+0'(+!%-!+0 

!3,!/$0-!8 /( B, B2, B4,…, Bm, C, "#20+. m = (n-1)/2 ($&.'!+#6#+ 

0lb( 1)1!6( 0lb(n – 1)1 !+0'( !! .+ 6(+'!,-! 56-.70-!8 

".&(+. '(360'( -( &'()( -0 0 *. /+0*0-!+0 -( 2, m e -(9-6($"(+( 

/+0*0- -( 2, *.-&.$86( .+ (n-1) – -(*'. 3( A7-7 C = B8, ( ) ' 7-7

/$02%(4(+( /+#*"( 0 *.$5,(%(-0 -( 6(+'! (+( -( /%#'3%(4!+0 

".6*.-0-+! Dn-n () C, 8-9$)(  djk !D = {vk (!8( cjk=1) | 0 } (0" j, k "
n 1) "$9 j %! D .-9-":! ;-"<(;$)$  8-* 8(&)( v (="!+>;! .;-"+!% n-1) – "$9 j %! D .-9-":! ;-"<(;$)$, 8-* 8(&)( vk (="!+>;! .;-"+!% 

8(*?(%$%) . &%9$8. !, 8-9$)( ! *&%&*!#%&@ &%9$8. %! %$%>#$; djx

+.3! 60+.2 0 52.:0- 3( *('($0$-( .:'(:.+"( +#9 "(+. /0 /%072( 2. 

6(+'!,-! !3,!/$0-!8 / *('($0$!3#6 *. 2(--!; '02( -( !3,!/$0-!0 

0 A % B %C % D % ,0+!'! *./$02.%(+0$-!  !"#$( 3( *('($0$-! 

!+0'( !! (*./$02-!8 0 3( -(6!'(-0 -( !-20"/( -( ".6*.-0-+!+0 ,)'  ( 2 ' 2 )

.#(:%(.))! %! >*%(:$%&$)( %! #('&A$.8& *!)"&B& $ lb(n – 1) 

&)$"!B&& – ;.@8! . (B$%8! "(lbn), 8($)( 9!;! (=C! .#(:%(.) %! 
!#'("&)-*! "(lb2n)!#'("&)-*! "(lb2n)

915":.&0+ ;(+< (&<.+2/0+ (adjacency 
matrix partitioning)matrix partitioning)

*$)(9-) .$ .-.)(& ; "!+$#@%$ %! *!)"&B!)! %! .-.$9.);( An-n ?( 

"$9(;$ %! # A!.)& – 8(#8()( .! (="!=();!C&)$ ?"(B$.("& – 8!)( "$9(;$ %! # A!.)& 8(#8()( .! (="!=();!C&)$ ?"(B$.("& 8!)( 

?"(B$.(" Pi (="!=();! ?(9'"!,! Gi(V, Ei), 8(D)( .$ .-.)(& () 
.-();$)%&)$ ;-"<(;$ & 9-'& – 7.10

= =    ,     (="!=()8!)! %! .-();$)%&@ ?(9'"!, $ ()8"&;!%$ %! %$'(;()( 

?(8"&;!C( 9-";( A"$+ )-".$%$, .#$9 8($)( ?(8"&;!C&)$ 9-";$)! %! 
?(9'"!,&)$ .$ .#&;!) ?( 9;(D8&

.#&;!%$)( %! 9;$ ?(8"&;!C& 9-";$)! S1 & S2 – 8(&)( &*!) %!D-*%('( 

(n-1) (=C& ;-"<(;$ – .$ &+;-"E;! 8!)( +! ;.@8! 9-'! (u, v)!S1 .$ 

?"(;$"@;! 9!#& ;-"<(;$)$ D ?"&.-.);!) ; S2 – !8( 9! – S1 & S2 .$ ?"(;$"@;! 9!#& ;-"<(;$)$ D ?"&.-.);!) ; S2 !8( 9! S1 & S2 .$ 

.#&;!) ; )$+& ;-"<(;$, ; ?"()&;$% .#>A!D .$ *&%!;! 8-* 

.#$9;!C!)! 9-'! %! S1

! ( " & * .$ . . ( & ! (  . ! 1: ( ! ( ".$ $ ! !#'("&)-*-) .$ .-.)(& '#!;%( ; .)-?8! 1: #(8!#%( )-".$%$ %! 
?(8"&;!C&)$ 9-";$)! %! ?(9'"!,&)$ & .#$9 )(;! .)-?8! 2: .#&;!%$ 

?( 9;(D8&

...915":.&0+ ;(+< (&<.+2/0+( (

.#(:%(.))! %! .)-?8! 1 +! )-".$%$ %! ?(8"&;!C()( 

9-";( ; *!)"&B!)! %! .-.$9.);( A %! ?(9'"!,! G $ 9-";( ; *!)"&B!)! %! .-.$9.);( Ai (n/p)-n %! ?(9'"!,! Gi $ 

O(n2/p)

.#(:%(.))! %! .)-?8! 2 +! .#&;!%$ %! ?(8"&;!C&)$ .#(:%(.))! %! .)-?8! 2 +! .#&;!%$ %! ?(8"&;!C&)$ 

9-";$)! ?( 9;(D8& .$ .-.)(& () lbp .#&;!%&@ . O(n) 

.#(:%(.) %! ;.@8( () )@<, )!8! A$ (=C!)! .#(:%(.) %! , C
)!+& .)-?8! $ O(n lbp)

(=C!)! .#(:%(.) %! ?!"!#$#%!)! ;$".&@ %! !#'("&)-*! $ 

O((n2/p)+(n lbp))

-4% ! 3&(>*(&0 '(&)
*!"8&"!% '"!, G(V, E, W); W(E) !;  !"#$ %& '(  W(p) = W(v1, v2, … , 

vk) = "i=1, k-1W(vi, vi+1); %&)-*(+ '( 

,  '-$,#!./: 

%&) *(+ '(  0& 12$)*& 2(-3$2!

%&)-*(+ '(  0& %&'-&2#!%/! d# $  $+ &%&#/ ! 2(-3$2!%&) *(+ '(  0& %&'-&2#!%/! d# $  $+ &%&#/ ! 2(-3$2!

%&) *(+ '(  + %&4&#$ s# 1$ $+ &%&#/ ! 2(-3$2!

%&)-*(+ '(  .!516 2+/4*/ 12$)*/ 2(-3$2! – .& -/8& D + %&) 

*(+/ ! '( /9& – +2$)+ 2$: %&)-*(+/: '(  .!516 12$)*& 2(-3$2! 

+(1(-5& %&)-*(+/ ! '( /9& .!516 2#$5!%/ ! 12$)*/ 2(-3$2! 

(“Optimality principle”)( p y p p )

.! $1/ 0& '$+ -$:2&%! %& D:

.&-*/-&9 &#"$-/ (. %& Dijkstra (greedy .! $1)

&#"$-/ (. %& Floyd (1/%&./4!% .! $1)



!"#$%#"& "'()#%*+, -" Dijkstra 
) ),&0/-& +! %& 2-!.!%%& / *-&)%& 12$)%& .&-*/-$2*& %& 2(-3$2! ! j 

+'$-!1 '( /9& & /. 1$  :3 $  1&1!%$ %&4&#$ s:

! /*!  d(j) = 1(#5/%& & %& %&)-*(+/: '(  (s, j), ./%&2&9 +&.$ '-!0 2(-3$2! + 

*-&)%& .&-*/-$2*&

! /*!  "(j) = '-!17!+ 2&9/: j 2-(3 2 (s, j)

&#"$-/ (.:-

+ ('*& 1: *-&)%$ .&-*/-&%! %& s :  

d(s) = 0; "(s) = %

2-!.!%%$ .&-*/-&%! %& $+ &%&#/ ! 2(-3$2! j: d(j)  &; "(s)  %2-!.!%%$ .&-*/-&%! %& $+ &%&#/ ! 2(-3$2! j: d(j) = &; "(s) = %

+ ('*& 2: &*$ k ! '$+#!1%/: 2-(3 + *-&)%& .&-*/-$2*&, 

1$+ /5/./ ! $  %!"$ 2(-3$2! j + 2-!.!%%& .&-*/-$2*& +! 

.&-*/-& :
d(j) = min{ d(j), d(k)+dkj }

p(j) = {k ; (d(j) = d(k)+dkj ) | p(j)}j

+ ('*& 3: .&-*/-$2*& & %& 2(-3& + %&)-.&#*$ d(j) + &2& *-&)%&;

&*$ /.& 2(-3$2! + 2-!.!%%& .&-*/-$2*& ! + ('*& 2; 

*-&)*-&)

."#"'/'-" 0/#1%2 -" ,"#$%#"& 
Dijk t"'()#%*+, -" Dijkstra 

Vp = {s}

forall v#(V\Vp) do

if (s, v) exists 

then d(v) = wthen d(v) = w

else d(v) = &

endfor

while (Vp ' V) do

select vertex u: d(u) = min{d(v) | v#(V\Vp)}

Vp= Vp({u}

forall v#(V\Vp) do

d(v) = min{d(v)  d(u) + w }d(v) = min{d(v), d(u) + wuv}

endfor

endwhile

O(n2) – / O(n3) &*$ +!  (-+:  %&)-*(+/ ! 0& 2+/4*/ 12$)*/ 2(0#/

3'()#%*+, -" Floyd 4" -"5-$+1 6+* ,/789 
01%:$% 0+#;)0/01%:$% 0+#;)0/

,&0/-& +! %& 

O i li  i i l  k P (k  i  j V)   P  ) Optimality principle: k#Pij (k, i, j # V), &*$ Pij ! %&) 

*(+/: '( ,  $"&2& / Pik Pkj +& +($ 2! %/ & %&)-*(+/ 

'( /9& /'( /9& /

“ -/("(#%& & $'!-&8/:” wij(k) = min{ wij, wik + wkj} 

)i,j ' k)i,j ' k

0& “ -/("&#%& & $'!-&8/:” +! 1$*&02&, 4! &*$ +! 

'-/#$5/ 2(-36 2+/4*/ + $)%$+ / %&  !"#$2%& & .& -/8& - - 6 - 8
%& "-&<& k=1, 2, …, n,  $ 2+/4*/ + $)%$+ / %& '$#64!%& & 

.& -/8& +& -&2%/ %& %&)-*(+/ ! '( /9&

&#"$-/ (.(  + &- /-& + .$1/</*&8/: %&  !"#$2%& & 

.& -/8& W(0), 2 *$: $ 

wij
(0) = min{wij, (i, j)# | & , (i, j)* | 0, i = j } 

...3'()#%*+, -" Floyd 4" -"5-$+1 6+* ,/789 
01%:$% 0+#;)0/01%:$% 0+#;)0/

2 '(-2& & ($  n) + ('*& wij = wij(1) –  .!.  -/("(#%& 

$'!-&8/: +'-:.$ 2-(3 1 (&*$ '( : '-!0 2-(3 1 ! '$-*(+ - 8 - - ( - -
$  1("& &,  $) : 0&.!%:) – -!06# &  W(1)

'-/ 2 $-& & + ('*&  -/("(#%& & $'!-&8/: +! '-/#&"& 

+'-:.$ W(1) / 2(0!# 2: wij(2)(2) = min{ wij
(1), wi2

(1) + w2j
(1)} 

( .!. %&)-*(+ '(  +&.$ '-!0 2(-3$2! 1 / 2 – &*$ 

 )  W(2)+(9!+ 262&  &*(2) – -!06# &  W(2)

-!*6-!% %$: wij
(k) = min{wij, k = 0  |  min { wij

(k-1), wik
(k-1) + 

w (k-1)}  0 < k + n 1  } wkj
(k 1)}, 0 < k + n-1  } 

%&)-*(+/ ! '( /9& .!516 2+/4*/ 2(-3$2! +! %&./-&  
+#!1 n- & & + ('*& + -!06# &  W(n)+#!1 n  & & + ('*& + -!06# &  W( )

%& '-&* /*&  (-+!%& & D = W(m) *(1! $ m = ,lb(n – 1)- –

 .!. 0& n=7 m=3 *& $ .& -/8/ ! '$ + !'!%/ ! %& 2 +!  .!. 0& n 7 m 3 *& $ .& -/8/ ! '$ + !'!%/ ! %& 2 +! 

'$#64&2&  4-!0 + &%1&- %$ 6.%$5!%/!

.)1'/8)0"*/'-" 0/#1%2 -" "'()#%*+," 
-" Floyd-" Floyd 

+(+ $/ +! $  n .& -/4%/ / !-&8//, 2+:*& + n2 '-$2!-*/,  &*& 4! 

+#$5%$+  & ! *6,/4%& –  .!. +(9/: -!06# & & *&* $ n '( / +#$5%$+  & ! *6,/4%&  .!. +(9/: -!06# & & *&* $ n '( / 

/0'(#%!%/! %& &#"$-/ (.& %& Dijkstra; %& '-&* /*& $,&4!  &0/ 

'-$"-&.& ! + '$- ,(-0$ /0'(#%!%/! %& $ 1!#%/ ! 8/*#/ / *& $ 8:#$ 

+ '$-*-& (* *$1+ '$-*-& (* *$1

'+!21$*$1:

array D[n, n], W[n, n]y [ , ], [ , ]

for i, j = (1, 2, …, n) D[n, n] . W[n, n]

for k = (1, 2, …, n) 

for i = (1, 2, …, n) 

for j = (1, 2, …, n) 

D[i  j] . min{D[i  j]  (D[i  k] + D[k  j]}D[i, j] . min{D[i, j], (D[i, k] + D[k, j]}

return D

."#"'/'-" 0/#1%2 -" "'()#%*+," -" 
FloydFloyd 

2!-+/: 0& /0'(#%!%/! $  p = n2 '-$8!+$-&, [#$"/4!+*/] +2(-0&%/ 2 

126.!-%& .-!5& *& $ '-$8!+$- Pij /04/+#:2& '$+#!1$2& !#%$ wij
(k)126.!-%& .-!5& *& $ '-$8!+$- Pij /04/+#:2& '$+#!1$2& !#%$ wij

($  + $)%$+ / ! %& wij
(k-1), wik

(k-1) / wkj
(k-1) ) 0& 0 < k + n-1  

,-$:  %& '$+#!1$2& !#%/ ! / !-&8// ! ,lbn-

'+!21$*$1 (.!51/%%/ ! -!06# & / # ! %!$,3$1/.$ 1& +! '$#64&  
'-!12&-/ !#%$, 0& 1& +! /0,!"%! *$%<#/* %$ 4! !%! / 0&'/+ + 

'$+#!1%/: /0-&0):1 - )

array D[n, n], W[n, n], T[n, n]

forall i, j = (1, 2, …, n) in parallel do D[n, n] . W[n, n]

, -repeat ,lbn- times

forall i, j, x = (1, 2, …, n) in parallel do

T[i  x  j] . D[i  x] + D[x  j]T[i, x, j] . D[i, x] + D[x, j]

forall i, j = (1, 2, …, n) in parallel do

D[i, j] . min{D[i, j], T[i, 1, j], T[i, 2, j], .., T[i, n, j]}[ j] { [ j] [ j] [ j] [ j]}

return D

."#"'/'-" 0/#1%2 -" "'()#%*+," -" 
FloydFloyd 

2!-+/: 0& /0'(#%!%/! $  p = n2 '-$8!+$-&, [#$"/4!+*/] +2(-0&%/ 2 

126.!-%& .-!5& *& $ '-$8!+$- Pij /04/+#:2& '$+#!1$2& !#%$ wij
(k)126.!-%& .-!5& *& $ '-$8!+$- Pij /04/+#:2& '$+#!1$2& !#%$ wij

($  + $)%$+ / ! %& wij
(k-1), wik

(k-1) / wkj
(k-1) ) 0& 0 < k + n-1  

,-$:  %& '$+#!1$2& !#%/ ! / !-&8// ! ,lbn-

'+!21$*$1 (.!51/%%/ ! -!06# & / # ! %!$,3$1/.$ 1& +! '$#64&  
'-!12&-/ !#%$, 0& 1& +! /0,! %! *$%<#/* %$ 4! !%! / 0&'/+ + 

'$+#!1%/: /0-&0):1 - )

array D[n, n], W[n, n], T[n, n]

forall i, j = (1, 2, …, n) in parallel do D[n, n] . W[n, n]

, -repeat ,lbn- times

forall i, j, x = (1, 2, …, n) in parallel do

T[i  x  j] . D[i  x] + D[x  j]T[i, x, j] . D[i, x] + D[x, j]

forall i, j = (1, 2, …, n) in parallel do

D[i, j] . min{D[i, j], T[i, 1, j], T[i, 2, j], .., T[i, n, j]}[ j] { [ j] [ j] [ j] [ j]}

return D

...."#"'/'-" 0/#1%2 -" "'()#%*+," -" 
FloydFloyd 
• %& k & & / !-&8/: &#"$-/ (.(  '-$2!-:2& 0& %$2 '(  $  i

1$ j  ./%&2&9 '-!0 '$2!4! $  2k-1 2(-3& / '-!0 '$ .&#*$ 1$ j, ./%&2&9 '-!0 '$2!4! $  2k 1 2(-3& / '-!0 '$-.&#*$ 

$  2k 2(-3&, *$) $ 1& ! “'$-*(+” $   !*69/: %&)-*(+ '( , 
/ &*$  &*(2 2-(3 ! x, 1(#5/%& & +! 0&'/+2& 2 #/ &*$  &*(2 2-(3 ! x, 1(#5/%& & +! 0&'/+2& 2 #

• 2 '$+#!1%/: /0-&0 -&01!#:%! $ %& *$% !*+ & '$ 

'-$8!+$-/ /0,:"2& *$%<#/* & .!516 %$2/ ! / + &-/ ! - 8 - < 16 -
+ $)%$+ / 2 D



<"8":% 4" *+#1/-/
!"#"$%&' !" &()*'+' *" ,+-.- /%)-0 01"* % 2)-%!&%$"& -& 

)"!+--3)"!+% 2)%1-4+% -31"*&% – +"5-$'*&- * 2)'#*&"67+' +" 

3 3 82)-31',+"&" -31"*& 6 &'),%+% -& &'-)%7&" +" .)"8%&' – % *",- 

*)"6+%&'1+- +'.-17," $"*& -& &'!% "1.-)%&,% ,-."& #" *' -3)"3-&7& 

+" 2-*1'#-6"&'1+% ")9%&'0&:)% !" 2)%',1%6- 6)','# ) : )) )

&()*'+'&- *' -*(;'*&676" 6 )"!1%$+% *&):0&:)% #"++% – 6 

!"6%*%,-*& -& 2)%1-4+"&" -31"*& – 2-)"#% 0-'&- *(;'*&6'+ ' 

,'&-#" +" &()*'+' 0-5&- 2)70- 2)-%!&%$" -& -3)"3-&6"+"&",'&-#" +" &()*'+', 0-5&- 2)70- 2)-%!&%$" -& -3)"3-&6"+"&" 

*&):0&:)" (+"5-$'*&- 6 .)"8% % #()6'&")

-*+-6+% ,'&-#%:

&()*'+' * )"!#'17+' (divide and conquer)

&()*'+' 6 #(13-$%+" (depth-first search, DFS)

&()*'+' 6 /%)%+" (breadth first search BFS)&()*'+' 6 /%)%+" (breadth-first search, BFS)

-2&%,"1+- (9%3)%#+-, '6)%*&%$+-) &()*'+' (best-first search)

&()*'+' * )"!01-+76"+' (branch and bound, BB)

-2&%,%)"+' – &()*'+' +" -2&%,:,% (alpha-beta minimax search)

=+#1/-/ 1 #"48/'2-/ 0 1)#*%#"- 16%1+$
'$+#!1$2& !#%$  (-+!%! + 12$/4%$ -&01!#:%! – '+!21$*$1:'$+#!1$2& !#%$  (-+!%! + 12$/4%$ -&01!#:%! '+!21$*$1:

location(index low, index high, x) {

middle = /(low + high)/20

if (x == Elements[middle]) return middle

else if (x < Elements[middle]) return location(low, middle – 1, x)

l  t  l ti ( iddl  1  hi h ) }else return location(middle + 1, high, x) }

'$+#!1$2& !#%$  (-+!%! + . %$ "$*-&  %$ -& 01!#:%!, '-/ *$! $ 

2+:*& '$1$,#&+  +! -!7&2& -!*6-+/2%$ 2 $,9& & '$+#!1$2& !#%$+  –1 - - 6 - 9 1
'+!21$*$1:

Procedure Divide&Conquer(Input, Output)

Di id (I t  I t1  I t2 I tM)Divide(Input, Input1, Input2, …, InputM)

for i = 1, M do

Divide&Conquer(Inputi, Outputi)Divide&Conquer(Inputi, Outputi)

endfor

Combine(Output1, …, OutputM, Output)

End Divide&Conquer

."#"'/'-% 0/#1%% -" *+#1/-/ 1 #"48/'2-/ 
0 1)#*%#"- 16%1+$0 1)#*%#"- 16%1+$

2)% ,:1&%0-,2<&)%&' *' %!.)"4#" 1-.%$'*0- #()6- -& 

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

&()*'+'; +"2). 6()9: 2)-='*-)'+ 9%2')0:3 ' +'39-#%," 

2)'#6")%&'1+" 8"!" +" 0")&%)"+' (mapping) &"0" $' #" 

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

#(14%+" )'*2. 6)',')

2)% ,:1&%2)-='*-)%&' +"1%$%'&- +" -3;" 2",'& 

3 3:1'*+76" #-*&(2" 0(, -31"*&%&' +" 2-#2)-31',%&'

.#%,/# 4" 6"#"'/'-) *+#1/-/ 1 #"48/'2-/ 

n .!-!% 2!* $- $  +$- /-&%/ !#!.!% / S = {E1, E2, … , En} +! 

'-! (-+2& 0& + $)%$+  $ $  "-'-$8!+$-%& &-3/ !* 6-& + $,9& '&.!  
(" < n)(" < n)

S +! -&01!#: %& '$12!* $-/ / 2+!*/ '-$8!+$- %i $,-&,$ 2& 

'$+#!1$2& !#%/ ! !#!.!% / {En(i-1)/p + 1, En(i-1)/p + 2, …, Ein/p} *& $ ( ) p ( ) p p

'-$4/ & $ 2 CR -!5/. / &*$ 0& %k En(k-1)/p + 1 + x + Ekn/p –  $"&2& +! 

 (-+/ #$*&#%$ j: x = En(k-1)/p + j , -!06# & (  ! output = (k-1)n/p + j

'+!21$*$1:'+!21$*$1:

Procedure Parallel_Divide&Conquer(Input, Output)

Divide(Input, Input1, Input2, …, Input_p)

for i = 1, p do in parallel

Parallel_Divide&Conquer(Inputi, Outputi)

dfendfor

Combine(Output1, …, Output_p, Output)

End Parallel Divide&ConquerEnd Parallel_Divide&Conquer

=+#1/-/ 0 8+'>):%-"
2- *(;'*&6- &-6" *" "1.-)%&,% !" -39-4#"+' +" .)"8% (2-#-3+- +" "1.-)%&,%&' 

!" 2-0)%6";- #()6-) – 2)-6')76" *' #()6-6%#+" *&):0&:)" !" #"#'+" *&-5+-*& +" 

"&)%3:& +" +70-5/% -& 6()9-6'&' (% '6'+&:"1+- +'.-6"&" 2-!%=%7)"&)%3:& +" +70-5/% -& 6()9-6'&' (% '6'+&:"1+- +'.-6"&" 2-!%=%7)

!" ='1&" .)"8%&' *' 2)'#*&"67& *(* *2%*(0 +" *(*'#*&6-

*2'=%8%$+- !" &()*'+'&- 6 #(13-$%+" ', $' -39-4#"+'&- +" *2%*(=%&' 

2)-#(14"6" #- +",%)"+' +" 6)(9 $%%&- *(*'#% ('1','+&%&' -& +'.-6%7 *2%*(0 +"2)-#(14"6" #- +",%)"+' +" 6)(9, $%%&- *(*'#% ('1','+&%&' -& +'.-6%7 *2%*(0 +" 

*(*'#*&6-) *" 3%1% 6'$' 2)-6')'+%; *1'# &-6" * 6)(;"+' +"!"# +" ,%+%,"1+- 

)"!*&-7+%' -39-4#"+'&- 2)-#(14"6" 6 +-6" 2-*-0" (+'%!*1'#6"+%7 6)(9) 

2)%,'):  !" #$% #& '&(' )( "& *'+, v ( #$% '%-(#&'(' )( .+- & (v w) !+.%&" w %/'($%':  !" #$% #& '&(' )( "& *'+, v ( #$% '%-(#&'(' )( .+- &  (v, w) !+.%&" w % 

0%/"#%&%0, * #)%.* 1 &  #&+/!  #& '&(' $% '%!2'#(*0" # w

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

'%!2'#(4 ( v "#& * *'+, /" 7((&" .+-( #% &+'#( .'2- 0%/"#%&%0 *'+, – & %'%!2'#(4 ( v "#& *  *'+, , /" 7((&" .+-( #% &+'#( .'2- 0%/"#%&%0 *'+, &.%. 

($%00" /'"*%'! &  0  *+',"*%&% % * 0 ' #&* 1  .+)3"7(0  0  .+'*"&"

8  2."3#&*" #% /'(%$  !"0*%05(4&  &+'#%0%&" * 0 #)%.0(5(&% (#+#%.(&%) 0  

. .%0 *'+, . #& * "&)4*" 0 .4#0"; *#%!( /'"*%'%0 *'+, /")27 * %&(!%&-(0.%!#. .%0 *'+, .  #& *  "&)4*" 0 .4#0"; *#%!( /'"*%'%0 *'+, /")27 *  %&(!%& (0.%!# 

DFI # '%.  $2 * /"#)%."* &%)0"#&&  "& /'"*%'!( (* ' $!(&% 0  -' 9  – 0% # $" * 

#+"&*%&0(4 !)"0)

 !"#$%$ & '!()*+,%- – ."*/$'0"- 
 !"!#$%&" '!  "()$*+"!%! $ ,-&".!' /"!0, .!*!*$' ,&, , 1,&2 '! 
,&,$*,%-( 1 ,%!"%(- -&.$3 v, ! "$.+3%!% – 1'*$2,1%$ '! -&"4(-$%$ #+ 
(,%!"%1"!521 , v = 1) – 7.26

 ,$-*(2(*:

Procedure DepthFirst(A)

mark every vertex unvisited

i = 1

DepthFirstSearch(v)

Procedure DepthFirstSearch(v)

mark v i

for (each w adjacent to v) do

if (w unvisited) DepthFirstSearch(w)( ) p ( )

i++

endif

endfor

End DepthFirstSearch

End       DepthFirst

,3(6'(,% '!  (,3$*(-!%$3'17 !3/("1%&#: n 1'*$2,1"!'17 1 m  "(-$"21 O(n,3(6'(,% '!  (,3$*(-!%$3'17 !3/("1%&#: n 1'*$2,1"!'17 1 m  "(-$"21 O(n

+ m) – #(8%'(,%1%$ '! V 1 E

1-"-($(%* 2!"#$%$ & '!()*+,%-
DFS  )-"'(&+$+& % /"#)%."* &%)%0 /" /'('". , 8  / ' )%)0" 

&+'#%0% % 0%"3,".($" .  #% (8#)%.*  $ &'(5 &  0  #+#%.#&*" 

( )(*$%#&" #/(#+!  0  #+#%.#&*") ( #% *+*%:.  #/(#+! 0  

0%$ '!(' 0(&% #+#%.( – U(v) – /".$0":%#&*" 0  #/(#+!  0  

#+#%.(&% 0  v,  !" *+8%) w 3+.% /"#%&%0 ( $ '!(' 0, &"6 #% . , . ' ' ,

(8!);7*  "& U(v) (! !&" ( "& *#(7!( #/(#+5( 0  0%$ '!(' 0( #+#%.(, 

* !"(&" /'(#+#&* )

'%82)& &+& % *+* 9ó'$ & 0 .* #/(#+! 0 .+-(&% ( 0 !)"0(&%'%82)& &+& % *+* 9ó'$ &  0  .*  #/(#+!  – 0  .+-(&% ( 0  !)"0(&% –

! &" #/(#+!  .+-( ARC_LIST(v) e *#+10"#& #/(#+! 0  #+#%.0(&% 

*+',"*% 0  v,   

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

*#(7!( *+',"*% 0  ' 8#&"40(% %.0  .+-  "& 0%-", #)%. &"*  – 0  .*% 

.+-( ( &.0. ." /'"*%'!  0  *#(7!( *+',"*% – 0  /' !&(!  #% 

/"#&'"4*  $(0($ )0"&" /"!'(* 1" .+'*" (* 0%$ '!(' 0 

-' 9/.+'*" /+&4/!)"0  #% (8$%'*  * 3'"6 .+-() ' 9 . ' ' ' . )

"&0"*" !"0*%05(4&  8  /'"*%'!  % "&)4*" 0 .4#0" ( *#%!( /'"*%'%0 

*'+, /")27 *  %&(!%&-(0.%!# BFI # '%.  $2 * /"#)%."* &%)0"#&&  "& 

/'"*%'!( (* ' $!(&% 0 -' 9 0% # $" * #+"&*%&0"&" 0(*"/'"*%'!( (* ' $!(&% 0  -' 9  – 0% # $" * #+"&*%&0"&" 0(*"-

.(#& 05(4 "& !"'%0 ) – '%82)& &  % .+'*", $ '!(' 0" # (0.%!#(&% 

BFI (7.28 )

/'"5%.2' &  #% 3 8('  0  "3' 82* 0% 0  "/ <!  "& /'"*%'%0(&% 

#+#%.( 0  &%!21(4 !"'%0, *+',"*%&% * !"4&" #)%. &"*  #& * & 

!"'%0( 8 &+'#%0%&" 0 #)%.* 1"&" 0(*":!"'%0( 8  &+'#%0%&" 0  #)%.* 1"&" 0(*":



 !"#$%$ & 3,",%- – ."*/$'0"- 
Procedure BreadthFirstSearchProcedure BreadthFirstSearch

mark every vertex unvisited

initialize Queue with start vertex v

i = 1 /* BFIi = 1 /* BFI

while (Queue not empty) do

remove the top q of Queue  /* v in the beginning

f  h t   dj t t  for each vertex w adjacent to q

if (w unvisited) then

mark w = i

ii++

place w in the bottom of Queue

endif endfor endwhile

End

,3(6'(,%%! '!  (,3$*(-!%$3'17 BFS $ 2!%( '! DFS ('( ,  (-*(:"1 

-&.#(6'(,%1 .!  !"!3$3'! 1# 3$#$'%!)17): n 1'*$2,1"!'17 1 m  "(-$"21 

O(n + m) – #(8%'(,%1%$ '! V 1 E

 "13!/!% ,$ *-!  (*4(*! .!  !"!3$3'( BFS: 

%&",$'$  ( -&"4(-$ (vertex-by-vertex BFS, VPBFS)" " ( y , )

%&",$'$  ( '1-! (level-by-level BFS, LPBFS)

1-"-($(%* 
2!"#$%$ & 3,",%-

Procedure ParallelBreadthFirstSearch_VP(ALM, EM, U)

mark all vertices “unvisited”

2!"#$%$ & 3,",%- 
– &-",-%2 VPBFS

v ! start vertex

mark v “visited”

instruct processor(i) where 1 " i " k   /* k-node 
systemsystem

for j = 1 to k do

if (k*(j-1)+1) <= EM(v)

delete v from U(ALM(v  k*(j-1)+1))

(%'(-( ,$ 1. (3.-! 

, 1,&)1 '! delete v from U(ALM(v, k (j 1)+1))

endif endfor endinstruct

initialize Queue with v

while (Queue not empty) do

, 1,&)1 '! 
'$#!"21"!'1%$ ,&,$*1 

U(i) (1 " i " n), 

#!%"1;$' , 1,&2 '! while (Queue not empty) do

extract v from Queue

for each w#U(v) do

mark w visited 

#!%"1;$' , 1,&2 '! 
,&,$*,%-(%( ALMn$(n-1) 1 

-$2%(" '! -!3$'%'(,%%! 

(end marker vector) 
instruct processor(i) where 1 " i " k

for j = 1 to k do

if (k*(j-1)+1) <= EM(v) then

(end-marker vector) 

<M1$n

delete w from U(ALM(w, k*(j-1)+1))

endif endfor endinstruct

add w to Queue

endfor endwhile

End

5.2,6,"-%$
&"*  % !) # "& 8 . 7( 8  &+'#%0% 0  "/&($2$ 0  .(#!'%&0( 920!5(( 

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

> i i/'() -  #% $%&".  0  ?-> minimax &+'#%0% # (87%'/ &%)0  /'"*%'!  

0  *#(7!( *+8$":0( ,"."*% (/'%.#& *%0( # *+',"*% * .+'*") ( 

(8/")8* 0% 0  *'+1 0%-0 8 .; $%&".  % "& !) #  0  "-' 0(7%0"&" ' 1 .; . '

&+'#%0% * .+)3"7(0  # 920!5(4-!'(&%'(6, !"4&" "5%04*  

*+8$":0(&% 0 #)%.0(5( 0  &%!21(4 *'+,

0 6 ."3' & "& "5%0!(&% 0 0 #)%.0(5(&% #% /'(#*"4* 0 0 6-."3' &  "& "5%0!(&% 0  0 #)%.0(5(&% #% /'(#*"4*  0  

'".(&%)4, (83('  #% #+"&*%&0(4 0 #)%.0(! ( '%#/%!&(*0" #% 

"5%04* & 0%-"*(&% 0 #)%.0(5( ($ !#($(8(' 0%) – 7.31.1

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

&'43*  .  "&7(&  0% # $" "/&($ )0(4 ,". (&.%. ."#&(:($" 

#+#&"40(%) 0 9 8 & $ !#($(8(' 0% 0" ( "5%0!(&% 0 #)%.* 1(&%#+#&"40(%) 0  9 8 &  $ !#($(8(' 0%, 0" ( "5%0!(&% 0  #)%.* 1(&% 

."#&(:($( #+#&"40(4, /"' .( !"%&" /'( "-" minimax !+$ '".(&%)4 

#% /'%. * & #+1" “0 6-$ )!" )"<(&%” "5%0!( 0  ' 8)(70(&% 

0 #)%.0(5( "& *#4!  0%-"*  .+-  (9 8  $(0($(8(' 0%) – (7.31.2 ) 

7-8 minimax *.2,6,"-9-2- #2"-2$:,; 
?-> minimax "/&($(' 1 &  #&' &%-(4 % '%!2'#(4 #+# #)%.0(&% 

 &'(32&(:

9-%0%' &"' 0  ,"."*% – 920!5(4, !"4&" *'+1  #/(#+! 0  

."#&(:($&(% #+#&"40(4 8  *#%!( (-' 7

(-' 7 – $":% .  3+.% * /"8(5(4 maximizer («(-' 7») ()( ' . . 5 ( ' )

minimizer («/'"&(*0(!»)

920!5(4-!'(&%'(6 – #&"60"#&(&% 6 #% 0 '(7 & #& &(70( "5%0!(  

!'(&%'(6 8 !' 6 (0.(! &"' 8 !' 6 (/'%.%)0 .+)3"7(0 ) 0 !'(&%'(6 8  !' 6 – (0.(! &"' 8  !' 6 (/'%.%)0  .+)3"7(0 ) 0  

'%!2'#(4&  – /'( !"6&" #% (83('  (/" 920!5(4& -!'(&%'(6) 

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

#  /'%.%)0  .+)3"7(0  * 3'"6 0(*  ()( «(-' )0" *'%$%»

7-8 $ & " , # 2 , + $ % <",2$",= 
/'( ?-> minimax "/&($(' 0%&" #% /'() -  %*'(#&(7  920!5(4-

!'(&%'(6 (?-> pruning) 8  "-' 0(7 * 0% 0  &+'#%0%&" 

6#&"60"#&&  ? % .")0 &  -' 0(5  0  "5%0! & , !"4&" $":% .  /")27( 

*+',  3%8 .  3+.  "&,*+')%0; '%#/. > % -"'0 &  -' 0(5  (!"4&" $":% 

( .  0% 3+.% $ !#($ )0 &  "5%0! ) . . 5 )

/' *() &  8  !"0&'") 0  &+'#%0%&" 7'%8 &%8( %*'(#&(70( / ' $%&'( 

# :
&+'#%0%&" 0% /'".+): * #)%. *'+, 8 !"6&" (-' 7 (maximizer) /")27 * ?&+'#%0%&" 0% /'".+): *  #)%. *'+,, 8  !"6&" (-' 7  (maximizer) /")27 *  ?-

"5%0! , 0% /"-$ )!  "& >-"5%0! &  0  /'"&(*0(!  (minimizer) 

&+'#%0%&" 0% /'".+): *  #)%. *'+,, 8  !"6&" /'"&(*0(!  /")27 *  >-"5%0! , /"-

-")4$ "& ?-"5%0! & 0 (-' 7 -")4$  "& ? "5%0! &  0  (-' 7 

# /"$"1&  0  & ! *  920!5(4 #% /'"7(#&*  .+'*"&" 0  ."#&(:($(&% 

#+#&"40(4 "& '%<%0(4, !"(&" 0% $"- & .  3+. & "/&($ )0( (0" !"(&" 

“ ” i i )#+-) #0" “7(#& & ” minimax #&' &%-(4 /".)%: & 0  (8#)%.* 0%) –

&.%. 0  9 8 &  $ !#($(8(' 0% #% /'%$ ,* & "& ' 8-)%:. 0% ,"."*%, 

8  !"(&" #% 2#& 0"*( 7% "5%0! &  1% % /". &%!21(4 /' - ( 0  9 8  2 5 1 . 21 ' 9

$(0($(8(' 0% – /'( "5%0!( 0 . /' -  (/'($%' 7.33 )

1-"-($(%* 7-8 minimax *.2,6,"-%$
&"8( !) # / ' )%)0(  )-"'(&$( "3(!0"*%0" ($  0(#!( #&"60"#&( 0  

0 #(1 0% 0  2#!"'%0(%&" (&.%. 0(#!" 0(*" 0  / ' )%)(8$ ) 

3 3 3/ ' )%)0 &  "3' 3"&!  #% 3 8('  0  #)%.0(&% /".,".(:

/ ' )%)0  -%0%' 5(4 0  ,"."*%&% ( (87(#)4* 0% 0  #& &(70(&% 

"5%0!(5

/ ' )%)0" &+'#%0% ("3,":. 0%)

/ ' )%)0 &  -%0%' 5(4 ( #& &(70( "5%0!( ($  #' *0(&%)0" /"-

0(#! )(0%60"#& "& / ' )%)0"&" &+'#%0%0(#!  )(0%60"#& "& / ' )%)0"&" &+'#%0% 

/'( / ' )%)0"&" &+'#%0% #% ' 8.%)4 .+'*"&" @ 0  !)"0"*% – BFS 

/".,".; * 04!"( *%'#(( 8  /"--")%$( #(#&%$( #% ."/2#!  ( 

' 8.%)40% 0  8 . 0(%&" /" 0(*  /'( !"%&" /'"5%#"'(&% #% 

"'- 0(8(' & * )"-(7%#!" .+'*" 

88 !    !    88.. !"#"$%$&' "$()#'*+' ," !"#"$%$&' "$()#'*+' ," 

+"*#'-'  ',#",' ' +"*#'-'  ',#",' ' .)#*'#"&%.)#*'#"&%+"*#'-', ',#",' ' +"*#'-', ',#",' ' .)#*'#"&%.)#*'#"&%

!"#"$%&'()!"#"$%&'()

! " "! " "!#$#%&%'# ("$#"()*# +# !#$#%&%'# ("$#"()*# +# 

,$&-.*/'. .+0./%&'.1 ,$&-.*/'. .+0./%&'.1 

2#)$.3.2#)$.3.

.+$#+..+$#+.$$

/($).$#'&/($).$#'&

!"#/ !  *  "# *   $% 2



!"#$%&'(% %)*%'+#(%, 
!"#$%$&'( )" *+&,- %'&"!"%. /%.0")(*. .( &"'1%$ 2./3.%"%($ {x1!"#$%$&'( )" *+&,- %'&"!"%. /%.0")(*. .( &"'1%$ 2./3.%"%($ {x1, 

x2, …, xn} $ ').4$'($*%' 5$%'&%' .3&"4$6 *+&,- (6, ! – %'3&. 

)+5$&'%" $ -/%.0"%$" %' &"'1%$ 7$)1', /$%$/-/ $ /'2)$/-/ %' 

!*" 7$)1', 2.%2'("%'4$6 %' %$8.*" $ 1.9$7")2$(" .3&"4$$ *+&,- !*' 

5-1"*$ .3"&'%!'; 8' 3&.)(.(' %62+!" ! " 8'3$)'%' 2'(. )-/' («+») 

3. %'!.1- %. .3"&'4$6(' %" " %"3&"/"%%. 2./-('($*%'!)3.-%'!.1-, %. .3"&'4$6(' %" " %"3&"/"%%. 2./-('($*%'!)

3&"#$2)%$(" $87$)1"%$6 ($1$ )-/$) )' )(.:%.)($(" (8.3.1 )
S1 = x1,

S2 S1 2S2 = S1 + x2,

...

Sn = Sn-1 + xn

3&"#$2)%$(" $87$)1"%$6 )" 3&$1'9'( 3&$ $87$)1"%$" %' 3.1$%./$3&"#$2)%$(" $87$)1"%$6 )" 3&$1'9'( 3&$ $87$)1"%$" %' 3.1$%./$, 

CAD )$)("/$, !$)3"7"&$8'4$6, )1$*'%" %' )3$)+4$, .5&'5.(2' %' 

9&'#$ $ !&. 3.&'!$ 2."(. )' /$2&.2.!$&'%$ 2'(. .3"&'4$$ * %62.$ 

)3"4$'1$8$&'%$ 3&.4").&$ 

3&"#$2)%$(" )-/$ )" $87$)16*'( 3'&'1"1%. * !*.$7%. !+&*. ) 

!+15.7$%' d = ("lbn# + 1) 8' d+1 )(+32$ 2+/ 2.&"%' $ .;" d )(+32$!+15.7$%' d = ("lbn# + 1) 8' d+1 )(+32$ 2+/ 2.&"%' $ .;" d )(+32$ 

2+/ 1$)('(' – .5;. 2d+1 )(+32$ – 8.3.2
'()/ !  *  "# *   $% 3

!"#$%&'(- %)*%'+#(%# . /%0#"&12
8' $87$)1"%$" %' 3&"#$2)%$(" 

)-/$ %' n "1"/"%(' * n-

3&.4").&"% ,$3"&2-5 *)62'

3)"*!.2.!:

!

3&.4").&"% ,$3"&2-5 *)62' 

!*.:2' )+)"!%$ "1"/"%($ xi $ 

xi-1 )" &'83.1'9' * )+.(*"(%$6 

i3&.4").& &i $ * 2&'6 %' 

.5&'5.(2'(' * %"9. )" 

3.1-7'*' Si !-

8' 4"1(' (8.4 ):

*+,-./ 1: 0 !i Si $ xi-1 ! xi (i

= 1   n; “+” -123*+/04 !) = 1, ..., n; +  -123*+/04 !) 

*+,-./ 2: k = 2; !i 52+2 Si-k 6+
!i-k 7 Si $ Si-k ! Si (i = k+1, ..., 

n)
!

n)

*+,-./ 3: k = k + k; -12863 .,9 

*+,-./ 2 (36./+6 k < n)

1+71/:2
'()/ !  *  "# *   $% 4

345"%*(% %)*%'+#(%,
3&.$8($7'( .( *)$72$ 3&.51"/$, 2.$(. )" &'<'*'( )+) )&"!)(*'(' %' 

1$%":%'(' '19"5&' $ %62.$ ($3$7%$ 8'!'7$ 8' .5&'5.(2' %' /'(&$4$ 

)" 3&$"/'( 2'(. "('1.%%$ '19.&$(/$ 8' $8)1"!*'%" %' 

3&.$8*.!$("1%.)((' %' 3'&"1"1%$(" )$)("/$

/'(&$4$(" )' 3+1%$ $1$ 31+(%$ (dense) – &")3. 5"8 $1$ ) /'1+2 & 4 ( ) &

5&.: %-1"*$ "1"/"%($ $1$ &'8&"!"%$ (sparse) – ) /'1+2 5&.: 

%"%-1"*$ "1"/%($

3'&'1"1%$(" '19.&$(/$ )" !'*'( *+* *$! 8' 31+(%$ 2*'!&'(%$3'&'1"1%$(" '19.&$(/$ )" !'*'( *+* *$! 8' 31+(%$ 2*'!&'(%$ 

/'(&$4$ (n % n), .)('%'1$(" )1-7'$ /.9'( !' 5+!'( .5.5;"%$

.)%.*%$6 3.!,.! 8' 3'&'1"1%' /'(&$7%' .5&'5.(2' " 

!"2./3.8$4$6(' – 51.2.*' $1$ &"<"(+7%' (“checkerboard 

partitioning”)

6+-&-.4 % "#7#58*(4 9#&-:0-)%;%,
51.2.*'(' !"2./3.8$4$6 )" $8*+&<*' $1$ )'/. 3. 2.1.%$ $1$ )'/. 

3. &"!.*"; 3&$ 31+(%$(" /'(&$4$ *)"2$ 51.2 )+!+&0' "!%'2+* 5&.: 

2.1.%$ &")3. &"!.*"2.1.%$ &")3. &"!.*" 

5&.6( %' 51.2.*"(" n " 0"1'("1%. !' 5+!" 2&'("% %' 5&.6 

3&.4").&$ & 8' 3.-!.5&. 5'1'%)$&'%", 2'(. .52%.*"%. n = k*p (8' 

))2'1$&-"/.)( %' '19.&$(+/')

&'83&"!"1"%$"(. %' 51.2.*"(" 3. 3&.4").&$ /.0" !' 5+!" 9&-3.*. 

$1$ 4$21$7%. – 8.64

&"<"(+7%'(' !"2./3.8$4$6 )" $8*+&<*' "!%.*&"/"%%. 3. 2.1.%$ $ 

3. &"!.*" ) "!%'2*' 7")(.(' * !*"(" %'3&'*1"%$6

<#7#58*(4 9#&-:0-)%;%,
* 6;<23 :/ =/>60/+/ 6-21/?74 9/+175:6 7<7 9/+175:6-02.+61:6 

@9:6A2:72, 12B2+,5:/+/ 32.69-6>7?74 96A2 3/ *2 7>-,<:7 -6 

1/><75:7 :/57:7 0 >/07*796*+ 6+ *,6+:6B2:72+6 :/ 1/>921/ :/ 1 1 1
9/+17?7+2 7 02.+617+2 (12*-. n%n 7 n%1) 7 =164 6=1/=6+0/C7 

-16?2*617:

! > n3 – 0*75.7 @9:6A2:74 :/ 2<292:+7+2 :/ 6-21/:37+2 96;/+ 3/ *2 ! > n 0*75.7 @9:6A2:74 :/ 2<292:+7+2 :/ 6-21/:37+2 96;/+ 3/ *2 

7>0,1B/+ 23:601292::6 ./+6 n .6-74 :/ 9/+17?/+/ *2 1/>-6</;/+ 
-6*<2360/+2<:6 :/ *,*23:7 0,><7 7 .6<6:/+/-02.+61 *2 12-<7.71/ *,C6 

n -,+7n -,+7

p D n2 – -17 9/+175:6-02.+61:6 @9:6A2:72 0*75.7 -167>0232:74 96;/+ 
3/ *2 7>0,1B/+ -/1/<2<:6, -17 9/+175:6-9/+175:6 @9:6A2:72 *2 

-17</;/+ *<23:7+2 -638637-17</;/+ *<23:7+2 -638637

0*2.7 *+,<= (7<7 123) 6+ 12>@<+/+/ *2 6=1/=6+0/ -/1/<2<:6 :/ 23:/ 
*+,-./ – 6=C6 n -6*<2360/+2<:7 *+,-.7

>/ n -6*<2360/+2<:7 *+,-.7 *2 -6<@5/0/+ *,=71/297+2  6+ .67+6 2 >/ n -6*<2360/+2<:7 *+,-.7 *2 -6<@5/0/+ *,=71/297+2, 6+ .67+6 2 

*,*+/02: 0*2.7 .69-6:2:+ :/ 12>@<+/+/

p < n2 – 9/+1757+2 *2 6=1/=6+0/+ -6 5/*+7 ./+6 *2 -17</;/ =<6.60/ 
7 7     7   7  =   732.69-6>7?74 – -6 123602 >/ -,1074 6-21/:3 7 -6 *+,<=602 – >/ 0+6174

345"%*(--.#&5-"(- 1:(-=#(%#
C1%n = An%n *B1%n & ci = ' j=0, n-1 aijbj, .,32+6 C1%n =[c0, c1, …, cn-1]

T, An%n

=[aij] 7 B1%n =[b0, b1, …, bn-1]
T

      (   6?2:./+/ :/ -6*<2360/+2<:74 /<;617+,9 2 .0a31/+75:/ (/.6 *2 

-17292 @9:6A2:72+6 :/ 30/ 2<292:+/ 7 36=/04:2+6 79 .,9 +2.@C74 
02.+612: 2<292:+ ./+6 =/>60/ 6-21/?74):

-/1/<2<:6+6 9/+175:6-02.+61:6 @9:6A2:72 96A2 3/ *2 7>-,<:7 

./.+6 * =<6.60/  +/./ 7 * 12B2+,5:/ 32.69-6>7?74./.+6 * =<6.60/, +/./ 7 * 12B2+,5:/ 32.69-6>7?74

345"%*(--.#&5-"(- 1:(-=#(%# ' 
2+-&-.4 9#&-:0-)%;%,2+-&-.4 9#&-:0-)%;%,

-17 n--16?2*61:/ /187+2.+@1/ 3712.+:74 -63863 2 0*2.7 0,>2< 3/ 
>/1237 123 6+ 9/+17?/+/ 7 .6<6:/+/ :/ 02.+61/ 7 3/ 7>57*<7 

*,6+02+:74 2<292:+ :/ 12>@<+/+/ 02.+61: *,6+02+:74 2<292:+ :/ 12>@<+/+/-02.+61: 

-17 .62+6 6?2:./+/ >/ 0*2.7 -16?2*61 7 >/ *7*+29/+/ 2 O(n) (>/ n
-16?2*61/ 12>@<+/+/ 2 n2 6-21/?77); 652073:6 :/E-@36=:6 0 +6>7 

*<@5/E 2 -17<6A2:72+6 :/ =<6.60/ 32.69-6>7?74 -6 123602@ 1 3 ? 1 3

/.6 ! < n *2 -17</;/ ;61:/+/ *829/ :/ =<6.60/ 32.69-6>7?74 -6 

123602 (?7.<75:/ 7<7 ;1@-60/ – 8.9 ); -6-36=16 =/</:*71/:2 (+.2. 

2F2.+70:6*+) *2 -6*+7;/ -17 .1/+:6*+ :/ 6+:6B2:72+6 n:!2F2.+70:6*+) *2 -6*+7;/ -17 .1/+:6*+ :/ 6+:6B2:72+6 n:!

/.6 ! > n 7 n:! = k >/ 2F2.+70:/ 6=1/=6+./ 2 :26=863796 0*4./ 
;1@-/ 6+ k -16?2*61/ 3/ *7 1/>-1232<7 *,6+02+2: 123 6+ 9/+17?/+/ 
7 5/*+ 6+ 02.+61:/+/ .6<6:/ (.62+6 2 0*,C:6*+ 12B2+,5:/ 
32.69-6>7?74)

345"%*(--.#&5-"(- 1:(-=#(%# ' 
"#7#58*(4 9#&-:0-)%;%,"#7#58*(4 9#&-:0-)%;%,

-17 ;61:7+2 @*<6074 >/ .6:+2.+*+/ n2--16?2*61:/ /187+2.+@1/ 
3712.+:74 -63863 2 3/ *2 F61971/ -16?2*61:/ 12B2+./ ./+6 0*2.7 1 F 1 1 1 1 1
0,>2< >/1237 *,6+02+2: 2<292:+ 6+ 9/+17?/+/ / .6<6:/+/ :/ 
02.+61/ *2 >/12A3/ 0 -,1074 123 6+ n -16?2*617

-/1/<2<:74 /<;617+,9 *2 7>-,<:40/ 0 3 *+,-.7: -/1/<2<:74 /<;617+,9 *2 7>-,<:40/ 0 3 *+,-.7: 

*+,-./ 1: 1/>-16*+1/:40/:2 :/ 02.+61/ 0,0 0*75.7 123602 :/ 
-16?2*61:/+/ 12B2+./

 2     E      *+,-./ 2: <6./<:6 @9:6A2:72 :/ 306E./+/ 2<292:+7 :/ 9/+17?/+/ 7 

02.+61/

*+,-./ 3: *@971/:2 :/ 2<292:+7+2 :/ 12>@<+/+/ -6 123602 

-6 .6:02:?74 12>@<+/+/ *2 1/>-6</;/ 0 37/;6:/<:7+2 -16?2*61:7 

2<292:+7 6+ 12B2+./+/; 0 87-21.@= *,* *,C74 =16E -16?2*617 

6=1/=6+./+/ 2 -6-=,1>/ -61/37 -6-07*6./+/ 0/<2:+:6*+ :/ 0,><7+2 6=1/=6+./+/ 2 -6 =,1>/ -61/37 -6 07*6./+/ 0/<2:+:6*+ :/ 0,><7+2 

(12*-. -6-=,1>6+6 1/>-16*+1/:2:72 :/ 92A37::7+2 12>@<+/+7

+6>7 /<;617+,9 96A2 3/ *2 -17<6A7 ./.+6 0 MIMD, +/./ 7 0 SIMD

/187+2.+@17/187+2.+@17



345"%*(--:45"%*(- 1:(-=#(%#
Cn%n = An%n *Bn%n & cij = ' k=0, n-1 aikbkj, .,32+6 Cn%n =[bij], An%n =[aij] 7
Bn%n=[ bij]

+.2. "ij e -163@.+ 6+ Ai 7 Bj (*,6+02+:6 123 7 .6<6:/)+.2. "ij e -163@.+ 6+ Ai 7 Bj (*,6+02+:6 123 7 .6<6:/)

-17 @9:6A2:72 :/ -60252 6+ 302 9/+17?7 *2 7>-6<>0/ 
-6*<2360/+2<:6 /*6?7/+70:6*++/ :/ 6-12?74+/ (.64+6 :2 2 

.69@+/+70:/ + 2  >/3/3:74 123 :2 96A2 3/ *2 :/1@B/0/): C  .69@+/+70:/ – +.2. >/3/3:74 123 :2 96A2 3/ *2 :/1@B/0/): C = 

C1C2…Cn = (..(C1C2)C3)…Cn)

-*2036.63:

345"%*(--:45"%*(- 1:(-=#(%# . 
9.1:#"(4 0"-;#'-"(4 "#7#5&4

/<;617+,9,+ *2 6=1/=6+0/ 6+ 0 n%n >/+0612:/ -16?2*61:/ 12B2+./ /<;617+,9,+ *2 6=1/=6+0/ 6+ 0 n%n >/+0612:/ -16?2*61:/ 12B2+./ 
(SIMD) 7 *+/1+71/ *,* >/12A3/:2 :/ e<292:+7+2 :/ 6-21/:37+2 aij 7
bij 0 -16?2*61/ !ij – -17 +60/ */96 n -16?2*61/ (-6 ;</0:74 37/;6:/<) 

*,3,1A/+ 306E./ 2<292:+7 >/ @9:6A2:72*,3,1A/+ 306E./ 2<292:+7 >/ @9:6A2:72

-/1/<2<:74 /<;617+,9 *2 7>-,<:40/ 0 3 *+,-.7: 

*+,-./ 1: >/ .69=7:71/:2 :/ -638634C7+2 306E.7 2<292:+7 n1 3 3 C3
-,+7 *2 7>0,1B0/ 16+/?76::6 92*+2:2 :/ #-2<29:+7+2 :/;612 7 

:/ $-2<292:+7+2 :/<406 

*+,-./ 2: <6./<:6 @9:6A2:72 :/ 306E./+/ 2<292:+7 :/ *+,-./ 2: <6./<:6 @9:6A2:72 :/ 306E./+/ 2<292:+7 :/ 
9/+17?7+2 

*+,-./ 3: 1/>-16*+1/:2:72 :/ <6./<:7+2 92A37::7 12>@<+/+7 

.,9 *,*23:7+2 0,><7 :/<406 7 :/;612 >/  - n 7+21?77 – *<23 

.62+6 12>@<+/+/ "ij *2 *,3,1A/ 0 !ij

345"%*(--:45"%*(- 1:(-=#(%# . 9.1:#"(4 
0"-;#'-"(4 "#7#5&4 – &-9, 8.130"-;#'-"(4 "#7#5&4 &-9, 8.13

$$

$ $

$

345"%*(--:45"%*(- 1:(-=#(%# . 
5"%:#"(4 0"-;#'-"(4 "#7#5&45"%:#"(4 0"-;#'-"(4 "#7#5&4

/<;617+,9,+ *2 6=1/=6+0/ 6+ 0 n%n%n -16?2*61:/ /<;617+,9,+ *2 6=1/=6+0/ 6+ 0 n n n -16?2*61:/ 
12B2+./ (SIMD) 7<7 87-21.@= ./+6 (q: n = 2q +.2. p = 23q

-17 ;61:6+6 @*<6072 n = 2, 4, 8 … 7 :6921/?74+/ :/ 1 1 @ , , 1
-16?2*617+2 79/ FG19/+/ pijk = px >/ x = in2 + jn +k (i, j, 

k = 0, 1, .., n-1 ; x = 0, 1, .., n3-1), .62+6 *,6+02+*+0/ :/ 
  = (8 14):6921/?74+/ 0 87-21.@= (8.14)

/.6 /187+2.+@1/+/ * n3 -16?2*617 2 12B2+./, / :2 

87-21.@= (+ 2  0/<2:+:6*++/ :/ 0,><7+2 2 .6:*+/:+/ 4  / 87-21.@= (+.2. 0/<2:+:6*++/ :/ 0,><7+2 2 .6:*+/:+/ 4, / 
:2 lb(n3) = 3q), +6>7 /<;617+,9 2 0 *7</, :6 -12:6*/ :/ 
6-21/:37 :49/ 3/ =,32 */96 92A3@ *,*23:7 0,><76-21/:37 :49/ 3/ =,32 */96 92A3@ *,*23:7 0,><7

/<;617+,9,+ 7>-,<:40/ -/1/<2<:6 n3 @9:6A2:74 * .62+6 

6=1/=6+0/ n2 2<292:+7 6+ 12>@<+/+/:1 1 @

… 345"%*(--:45"%*(- 1:(-=#(%# . 
5"%:#"(4 0"-;#'-"(4 "#7#5&45"%:#"(4 0"-;#'-"(4 "#7#5&4

*+,-./ 1: 2<292:+7+2 aij 7 bij *2 >/12A3/+ 0 *+,-./ 1: 2<292:+7+2 aij 7 bij *2 >/12A3/+ 0 
-16?2*61 p(ni+j) (-16?2*617 0 ) n2-1)

*+,-./ 2: 1/>-16*+1/:2:72 :/ 6-21/:37+2 36 *+,-./ 2: 1/>-16*+1/:2:72 :/ 6-21/:37+2 36 

6*+/:/<7+2 -16?2*617

 3     *b (  *+,-./ 3: 0 -16?2*61 pijk cijk = aji*bik (*<23 

>/12A3/:2 :/ :26=863797+2 237: 7<7 30/ 
  )6-21/:3/ 6+ *,*237+2)

*+,-./ 4: *<23 *@971/:2 cij = 'k=0, n-1cijk 12>@<+/+/ j j

cij *2 :/971/ 0 -16?2*61 p(ni+j)

-17921 >/ n = 2 (8.15) 1 1 ( )

>%'5#:4 +%(#?(% 1"4.(#(%,
*7*+29/+/ <7:2E:7 @1/0:2:74 ' a x = b 79/ 9/+175:6+6 *7*+29/+/ <7:2E:7 @1/0:2:74 'i,j=1, n aijxj = bi 79/ 9/+175:6+6 

-123*+/04:2 An%n x1%n = b1%n * 12B2:72 x = A-1b – -17 @*<6072, 52 

$ 2 :27>1632:/ 9/+17?/ (+.2. 123602+2 7 *+,<=602+2 E :2 */ 
E<7:2E:6 >/07*797); 

[!"#$%&#'&# e 9/+17?/ * :2:@<207 2<292:+7 */96 -6 ;</0:74 

37/;6:/<; .6;/+6 :2:@<207+2 2<292:+7 :/ 37/;6:/<:/+/ 37/;6:/<; .6;/+6 :2:@<207+2 2<292:+7 :/ 37/;6:/<:/+/ 
9/+17?/ */ */96 237:7?7, +4 2 (!"&")&# 9/+17?/ In ./+6 AA-1 = 

A-1A = In ; *+"!"#$%&#'&# 2 9/+17?/ * :2:@<207 2<292:+7 */96 

-6 ;</0:74 7 30/+/ *,*23:7 37/;6:/</ (+.2. >/ .67+6 |i – j| *
1); !%'&%-*+",$'&# 2 9/+17?/ * :2:@<207 2<292:+7 */96 :/3 

;</0:74 37/;6:/< 7 6=1/+:6 – $%+&%-*+",$,'&# 2 9/+17?/ * ;</0:74 37/;6:/< 7 6=1/+:6 $%+&% *+",$,'&# 2 9/+17?/ * 
:2:@<207 2<292:+7 */96 -63 ;</0:74 37/;6:/<]

-17 -123*+/04:2 :/ .62F7?72:+7+2 (+.2. 2<292:+7+2 :/ 1 1 F (

9/+17?7+2) * -</0/C/ >/-2+/4 12B2:72+6 A-1b 52*+6 -61/A3/ 
57*<60/ :2*+/=7<:6*+; :/ -1/.+7./ *2 -17</;/ 92+63/ :/ LU-

32.69-6>7?74+/ (0 9/+29/+7./+/ 92+63 :/ H/@*)  .6E+6 32.69-6>7?74+/ (0 9/+29/+7./+/ – 92+63 :/ H/@*), .6E+6 

57*<606 2 -6-*+/=7<2: 7 *2 6=1/=6+0/ 6.6<6 +17 -,+7 -6-=,1>6

<#74.4(# (4 '%'5#:4 +%(#?(% 
1"4.(#(%,

7324+/ :/ 1/><75:7+2 92+637 >/ 12B/0/:2 :/  I! 2 7324+/ :/ 1/><75:7+2 92+637 >/ 12B/0/:2 :/  I! 2 

-1702A3/:2 :/ 1/>B712:/+/ 9/+17?/+/ $bn%n+1 .,9 

;61:6-+17,;,<:/ F619/ (*,6+02+*+0/C/ :/ 123@?71/:2 1 1 F 1 ( C 1 3 @ ? 1
:/ -1692:<707+2) 512> 2<292:+/1:7 6-/12?77 -6 123602 

+/./ 52 -63 ;</0:74 37/;6:/< 6*+/0/+ */96 :@<207 

      F  2<29:2+7, / 37/;6:/<:7+2 2<292:+7 */ 237:7?7 – F/>/ 
2<797:71/:2 (forward elimination); *<23 +60/ *2 

7>0,1B0/ F/>/+/ >/92*+0/:2 (back-substitution)  -17 7>0,1B0/ F/>/+/ >/92*+0/:2 (back substitution), -17 

.64+6 $ *2 +1/:*F61971/ 0 237:75:/ 9/+17?/, / 0 
*+,<=/ b *2 *,3,1A/ 12B2:72+6 :/ *7*+29/+/1 1

LU-9#&-:0-)%;%,
+60/ 2 -17<6A2: 92+63 >/ ;2:2171/:2 :/ n%n 9/+17?7+2 L 7 U, 

>/ .67+6 2 0 *7</: 
L 2 237:75:/ 36<:6-+17,;,<:/ 

U 2 ;61:6-+17,;,<:/

F/>/+/ 2<797:71/:2 >/-650/ * 36=/04:2 :/ -638634C7 7>1/>7 F/>/+/ 2<797:71/:2 >/-650/ * 36=/04:2 :/ -638634C7 7>1/>7 

.,9 0*75.7 @1/0:2:74 * 7>.<J52:72 :/ -,106+6, * .62+6 *2 

2<797:71/ -,10/+/ -1692:<70/; -6 *,C74 :/57: *2 

2<29797:71/+ -6*<2360/+2<:6 -1692:<707+2 6+ *<230/C7+2 

@1/0:2:74 – 0 6=C74 *<@5/E >/ 3/ *2 2<797:71/ i-+/+/ 
-1692:<70/ 6+ j-+6+6 @1/0:2:72 :/E :/-123 *2 @9:6A/0/ i--1692:<70/ 6+ j +6+6 @1/0:2:72 :/E :/-123 *2 @9:6A/0/ i
+6+6 @1/0:2:72 * aji/aii 7 -6<@52:6+6 2.070/<2:+:6 @1/0:2:72 

*2 7>0/A3/ 6+ j-+6+6 @1/0:2:72 

6-1232<4 *2 =/>60 123 (@1/0:2:72), .6E+6 *2 7>-6<>0/ >/ 
:@<71/:2 :/ 2<292:+7+2 -63 ;</0:74 37/;6:/< 0 .6<6:/ i, 
(pivot) (pivot) 



LU-9#&-:0-)%;%,: 0'#.9-&-9 (51& @ # "4)7%"#(454 
:45"%;4 @bn%n+1)

)1.0%.)((' %' (.8$ 

3.)1"!.*'("1"% '19.&$(+/ * ! &

!*"(" #'8$ " ) 2-5$7%' 

O(n3), (+: 2'(.:

" & 8'"1$/$%$&'%" – 8' 

*)"2$ &"! i 4$2+1+( 3. k

)" $83+1%6*' (n – i + 2) ( )

3+($, ' *1.0"%$6(  4$2+1 

3. j – (n – i) 3+($ (.". 

.5;. 8' #'8'(' ' (n.5;. 8' #'8'(' 'i=1, n (n

– i + 2)(n – i) – 2."(. !'*' 

1$%":%' .4"%2'

8'/")(*'%"(. " ) 

2*'!&'($7%' .4"%2'

!4"4+#+(% .#"'%% (4 LU-9#&-:0-)%;%,54
-/1/<2<:/+/ 6=1/=6+./ :/ 302+2 F/>7 6+ LU 32.69-6>7?74+/ 
96A2 3/ *2 7>0,1B7 * 1/>-1232<4:2 :/ /<;617+,9/ 92A3@ 
-16?2*617+2 -6 123602 7<7 .6<6:7 :/ 9/+17?/+/ $b 1-16?2*617+2 -6 123602 7<7 .6<6:7 :/ 9/+17?/+/ $bn%n+1

-17921 – .6;/+6 1/>921/ :/ *7*+29/+/ 2 6+ -6143,./ :/ n, 

F/>/+/ >/92*+0/:2 -17 -/1/<2<:/ 6=1/=6+./ -6 .6<6:7 96A2 

3/ *2 7>0,1B7 0 *<23:7+2 (n -1) *+,-.7:

*+,-./ 1 – 0863 36<:6-+17,;,<:/ 9/+17?/ $ 7 02.+61 B –

:/-1  8 20 >/ n  4 (n 1) -16?2*61/ 6=1/=6+0/+ :/-1. 8.20 >/ n = 4 – (n - 1) -16?2*61/ 6=1/=6+0/+ 
-/1/<2<:6 7>1/>7+2 6+ 073/ bi

(1) = bi + ai1x1,   i = 2, …, n 7  

x1 = b11 1

*+,-./ 2 – (n - 2) -16?2*61/ 6=1/=6+0/+ -/1/<2<:6 7>1/>7+2 

6+ 073/ bi
(2) = bi

(1) + ai2x2,   i = 3, …, n 7  x1, x2 */ 7>02*+:7 

*+,-./ k - (n - k) -16?2*61/ 6=1/=6+0/+ -/1/<2<:6 7>1/>7+2 

6+ 073/ bi
(k) = bi

(k-1) + aikxk,   i = k +1, …, n 7  x1, x2, …, xk */ 
7>02*+:77>02*+:7

64+4('%"4(# (4 LU-9#&-:0-)%;%,54"

=164+ :/ 6=1/=6+0/C7+2 -16?2*617 :/9/<40/ * 7>-,<:2:72+6 :/ =164+ :/ 6=1/=6+0/C7+2 -16?2*617 :/9/<40/ * 7>-,<:2:72+6 :/ 
*+,-.7+2,  .62+6 0637 36 -6-:7*./ 2F2.+70:6*+ :/ 6=1/=6+./+/; 
+6>7 2F2.+ *2 :/=<J3/0/ -17 -60252+6 92+637 >/ 12B/0/:2 :/  I!

    =    ( )  -6 -17:?7- 1/>32<4:2+6 :/ -16=<29/ -6 123602 (@1/0:2:74) 2 

*0,1>/:6 * 6-1232<4:2 :/ =/>6074 123 7 -123/0/:2 :/ :2;607+2 

-/1/92+17 36 6*+/:2<7+2 -16?2*617, *<23 .62+6 0*2.7 -16?2*61 

6=1/=6+0/ 237: (7<7 -60252) 6+ 123602+2

/:/<6;75:/ 6=1/=6+./ 96A2 3/ *2 7>0,1B7 7 * 1/>32<4:2 -6 .6<6:7, 

:6 0 -60252+6 *<@5/7 6=1/=6+./+/ -6 123602 -6*+7;/ -6-36=16 :6 0 -60252+6 *<@5/7 6=1/=6+./+/ -6 123602 -6*+7;/ -6 36=16 

=,1>632E*+072

@"%5:#5%*(% %)"4)%
*,*+64+ *2 6+ 6-21/+617 7 6-21/:37 *,* *.6=7 >/ 40:6 >/3/0/:2 :/ *,*+64+ *2 6+ 6-21/+617 7 6-21/:37 *,* *.6=7 >/ 40:6 >/3/0/:2 :/ 
123/ :/ 6-21/?77+2

-17 *7:+/.+75:74 1/>=61 (parsing) 7>1/>7+2 *2 -126=1/>@0/+ 0 
      =     =  3,106; .6;/+6 6-21/?77+2 0 +48 */ =7:/1:7 – 7 3,106+6 2 =7:/1:6 –

8.22

7>57*<2:72+6 :/ 7>1/>/ *+/0/ 12.@1*70:6 -6 :2;606+6 3,106, .62+6 1 1 @ 1 3 1 ,

<6;752*.7 2 2.070/<2:+:6 :/ >/3/5/ >/ 6=86A3/:2 :/ =7:/1:6 3,106

2<292:+/1:7 7>1/>7 */ +2>7, 0 .67+6 0*2.7 6-21/:3 (-1692:<70/) 
@5/*+0/ */96 023:,A@5/*+0/ */96 023:,A

36*+/+,5:7 @*<6074 % 3/ 2 2<292:+/12: 7>1/> */:
% = xi; xi 2 -1692:<70/

% = ! G; G 2 -16*+ 7>1/> 7 !+{+, -}

E = G  H; G, H  ! "#$ %' ()* $(+' $")#!,-' '  !{+, -, *, /} 

"#'.)#:  = x1 * x2 * x3 e )/).),%!#),, ,$ H = x1
2 ,) )# # 1 2 3 # , 1

)01'1!/),%,' '*#!*'  ! %)*', 0$'%$ "#').!% )-,!021 ,!($# 

!#34.),%' ("$ (#$5 ' %'") ' 1#2+!% )-', '  2+ #)*4/%!% *! 1 )0' 

,!($# $%  %$5,$ %' ,! %)*' !#34.),%' "#'.)#:   (x x + x )x + ,!($# $%  %$5,$ %' ,! %)*' !#34.),%' – "#'.)#:  S = (x1x2 + x3)x4 + 

x5; EP = x1x2x4 + x3x4 + x5

 !"!#$#%! &'"!'&()! %! !"*(+$(*,%* 
*-"!-*

"!#!/)/'*.2% "#' #)6!1!,)%$ ,! '*#!*'  ) *!-!1!   -2#1$%$ ,! 

(       7   #!*($#!, ! "#' "$%$0$1'%) !#8'%)0%4#' –   3#!7! ,! *!1' '.$ %'%)

)01'1!/),%,'%) '*#!*' .$3!% -! '.!% #!*/'9,' -2#1)%! ,! 

"#)- %!1:,) '  2$%1)%,$ #!*/'9,!  %)"), ,! "!#!/)/'*2. – ,!"#.  # - # # #
 S ' EP ($% 1.)  ! "$-8$-:+'  2$%1)%,$ *! "$ /)-$1!%)/,! ' 

"!#!/)/,! $(#!($%0! ' '.!% #!*/'9,$ "#)- %!1:,)   -2#1$ ,! 

#!*($#! ' #!*/'9), "!#!/)/'*2. – 8 23 1#!*($#! ' #!*/'9), "!#!/)/'*2. 8.23.1

*!  2"$ %!10! ,! ") /)-$1!%)/,!%! ' "!#!/)/,!%! $(#!($%0! ,! 

)-', '*#!* (#) ". ,! )01'1!/),%,' '*#!*')  ) '*"$/*1!%  /)-,'%) 

 (8 23 2 )0#'%)#'' (8.23.2 ):

(#$5  %2"0' ("$ /)-$1!%)/,' '/' "!#!/)/,' $")#!;'') *! #)6!1!,) ,! '*#!*!

(#$5 "#$;) $#' – %.). ,'1$ ,! "!#!/)/'*.! ("#' MIMD !#8'%)0%4#!)

$(+ (#$5 $")#!;''

."*(+$(*,%* *-"!-* / SIMD * MIMD
-$"2/,'%)/,! 8!#!0%)#' %'0! *! '*#!*! ) 12*.$<,$ %! *! $(#!($%0!%! $% SIMD

!#8'%)0%4#!, "#' 0$:%$ "!#!/)/,$ .$<) -!  ) '*"2/,:1!  !.$ )-,! )/).),%!#,! 

$")#!;': ($% 1 '90' "#$;) $#,' )/).),%') – "#'.)#: )01'1!/),%,'%) '*#!*' 

 0 = (((((x1*x2)+ x3)*x4) + x5)*x6) + x7;

  (((( * )*( * ))  ( *( * )))  (( * )  ))   1 = ((((x1*x2)*(x4*x6)) + (x3*(x4*x6))) + ((x5*x6) + x7)) ' 

 2 = ((((x1*x2) + x3)*(x4*x6)) + ((x5*x6) + x7)), 

 !   #!*/'9), "!#!/)/'*2. '  /$<,$ % ((#$5  %2"0') "$ $%,$6),') ,! SISD, SIMD ' 

MIMD  (8 24)MIMD !#8'%)0%4#! – (8.24)

"!#!/)/,!%! $(#!($%0! ,! -!-), '*#!* "$ "#',;'"  ) '*12#61! 0!%$ *! 1 )0' 1#28 ,! 

-2#1$%$  ) "/!,'#! "#$;) $#:

1#).)1!%!  /$<,$ %! ,! %!021 !/3$#'%2. ) O(lbn) 02-)%$ n ) (#$: $")#!;'' ' 

"#$;) $#', !  %$5,$ %! ,! $(#!($%0!%! ) O(nlbn)

"$#!-' *!1' '.$ %%! "$ -!,,' (#$: "#$;) $#' .$<) -!  ) ,!.!/' ()* -!  ) 41)/'9' 

1#).)%$ *! #)6!1!,) ,! '*#!*!  #)-,$ %!%' %'9) 0' p = n/lbn; 1 %$*'  /49!5 1#).)%$ *! #)6!1!,) ,! '*#!*! –  #)-,$ %!%' %'9) 0' popt = n/lbn; 1 %$*'  /49!5 

 %$5,$ %%! ) O(n)

0&"(*"!%$
 $#%'#!,)%$ ,!  %#40%4#' $% )/).),%' "$ %)8), 0/=9 ( %$5,$ %) ) 

*!-!9!, 0$:%$  ) '*"2/,:1! $% 0$."'/!%$#', #)-!0%$#',  ' %).,' 

.$-4/' *! 4"#!1/),') ,! "!.)%%! ' "#$;) '%) ' .,$3$ "#'/$<),':.$-4/' *! 4"#!1/),') ,! "!.)%%! ' "#$;) '%) ' .,$3$ "#'/$<),':

 $#%'#!,)%$  ) #!*3#!,'9!1! ,! 12%#)6,$ ' 12,6,$, 0!%$ "#' 

1%$#$%$  !.$ 9! % $%  $#%'#!,'%) )/).),%'  ) #!*"$/!3!% 1 

$ ,$1,!%! "!.)%, ! $ %!,!/'%)  ! 121 12,6,!%! "!.)%

 $#%'#!,)%$  ) (!*'#! ,! #!*-)/:,) ,! )/).),%'%) "$ 3#4"' ' 

 #!1,:1!,)%$ '. 1 #!.0'%) ,! 3#4"!%! (1 0#!5,!  .)%0!  #!1,:1!,)%$ '. 1 #!.0'%) ,! 3#4"!%! (1 0#!5,!  .)%0! 

 #!1,:1!,)%$ '. "$ -1$50'), %!0! 9) '.! -1) "$ /)-$1!%)/,' 7!*' –

#!*-)/:,) '  /'1!,)

7     5   7!*!%! #!*-)/:,) "#' 2 %1! 1',!3' %25 0!%$ $")#!;':%!  #!1,),')-

#!*.:,! ) (',!#,!,  /)-$1!%)/,$ "$ /)-$1!%)/,$ %%! *!  $#%'#!,) 

%#:(1! -!  ) #!*-)/' "$ -1$50' $")#!,-'; -$"2/,'%)/,$ 

"#)-'. %1$ ,! #!*-)/:,)%$ ), 9) $(#!($%0!%! "$ 9! %' "$*1$/:1! 

"!#!/)/'*2.

1$(&2* -! 3&"(*"!%$
-1! $ ,$1,' .)%$-!  ) "#'/!3!% $% #!*/'9,'  $#%'#!+' !/3$#'%.':

 /'1!,) – "$ /)-$1!%)/,$ %%! *!  $#%'#!,)  ) #!*-)/: ,! -1) 

      5    #!1,' "$ #!*.)# 9! %', 0$'%$ ,!  1$5 #)-  )  $#%'#!% 
#)04# '1,$;  /)- %$1! -1)%)  $#%'#!,' 9! %'  )  /'1!% – "#' 

%$*' .)%$-  #!1,:1!,)%$ (' '*($#!) ,! )/).),%'%)  %!1! 121 

1%$#!%! 7!*! –  /'1!,)%$ («easy split / hard join»)

#!*-)/:,) – "$ /)-$1!%)/,$ %%! *!  $#%'#!,)  ) #!*-)/: ,! -1) 

#!1,' "$ #!*.)# 9! %' 0!%$ 1 )0' )/).),% $% "2#1!%! ) "$-.!/20 #!1,' "$ #!*.)# 9! %' 0!%$ 1 )0' )/).),% $% "2#1!%! ) "$ .!/20 

$% 0$5 -! ) )/).),% $% 1%$#!%!; "#$;) ! ,! #!*-)/:,) 

"#$-2/<!1! #)04# '1,$ *! %)*' 9! %' -$ '*9)#"1!,),  /)- 0$)%$ 

"$-#)-),'%) )/).),%'  )  /'1!% 1  $#%'#!,! "$ /)-$1!%)/,$ % "$-#)-),'%) )/).),%'  )  /'1!% 1  $#%'#!,! "$ /)-$1!%)/,$ % 
– "#' %$*' .)%$-  #!1,:1!,)%$ (' '*($#!) ,! )/).),%'%)  %!1! 1 

"2#1!%! 7!*! – #!*-)/:,)%$ («hard split / easy join»)

)7)0%'1,$ %%! ' (2#*$-)5 %1')%$ ,! "!#!/)/,'%) 1)# '' ,! 

 $#%'#!+'%) !/3$#'%.' *!1' :% *,!9'%)/,$ $% '*"$/*1!,!%! 

!#8'%)0%4#!# 4



 "$23(!/5%$ %! 3&"(*"!%$(& 3 +"$6*
 $#%'#!,)%$  ) "#)- %!1:   .#)<' '/' 3#!7', $% 0$'%$ /) ,$  ) 

'*1/'9! %$"$/$3':%! ' "#$;) '%) ,! "!#!/)/,$%$  $#%'#!,)

   (      $#%'#!+'%) .#)<'  ! 0$.(',!;': $% 0$."!#!%$#' – /$3'9) 0' 

4 %#$5 %1!, 0$'%$ '*12#61!% $")#!;':%!  #!1,),')-#!*.:,! (8.27)

7$#.!/,$ 0$."!#!%$#2% ) 9)%'#'"$/= ,'0 – 4 %#$5 %1$   -1! 18$-! 7 # # # # 4 # - -
I1,2 ' -1! '*8$-! O1,2 – 0$'%$ '.!%  /)-,'%)  1$5 %1!:

O1 = min(I1, I2)

O1 = max(I1, I2)O1  max(I1, I2)

0$."!#!%$#', 0$'%$ ,:.!% $(+' 18$-$1)-'*8$-', .$3!% -! 

74,0;'$,'#!% "!#!/)/,$

0$."!#!%$#'%)  )  12#*1!% 1 0$."!#!%$#,' 0! 0!-' (comparator 

stages), 0!%$ '*8$-['%)] ,! )-', 0$."!#!%$# e/ ! 18$-[$1)] ,! 

 /)-1!+ – 74,0;'$,'#!,)%$ ,! 0$."!#!%$#'%) 1 0! 0!-! ) 

"$ /)-$1!%)/,$

0&"(*"!7* +"$6*
7$#.!/,$  $#%'#!+'%) .#)<'  ! ,! $9),' 3#!7'  2   /)-,'%) 7$#.!/,$  $#%'#!+'%) .#)<'  ! ,! $9),' 3#!7'  2   /)-,'%) 

 1$5 %1! (8.28.1):

12#8$1)%), $% 0$'%$ '.!  !.$ '*/'*!+! -23! (#)(#$)  ! 18$-$1), ! %)*' 02. 

        70$'%$ '.!  !.$ 1/'*!+! -23!  ! '*8$-' ,! 3#!7!

$ %!,!/'%) 12#8$1) ($ 1), 18$-$1)%) ' '*8$-'%))  ! 0$."!#!%$#'

'*8$-'%) ,!  $#%'#!+!%! .#)<!  2-2#<!%  $#%'#!,! "$ /)-$1!%)/,$ % $% 
 %$5,$ %'%)  0$'%$  ) *!"' 1!% 121 18$-$1)%) % )   $#%'#!+'%) .#)<'  )  %$5,$ %'%), 0$'%$  ) *!"' 1!% 121 18$-$1)%) – %.).  $#%'#!+'%) .#)<'  ) 

 2 %$:% $% 0$."!#!%$#,' 0! 0!-'

  "$.$+%%! ,!  $#%'#!+' .#)<' !/3$#'%.'%) *!  $#%'#!,) .$3!% -! 

 ) #$) '#!   ' ).! ' $   7$#.! '  #)  ! ) "#$)0%'#!%  ' %).!%'9,$   7$#.!/,'  #)- %1!

"#'.)# (8.28.2): .#)<!%! ,!  $#%'#!,)%$ «.)84#9)»  )  2 %$' $% 
n(n-1)/2 0$."!#!%$#' 1 (2n-3) 0! 0!-', "!#!/)/'*.2% ,! !/3$#'%2.! ( ) # # ( ) # #
) (n-1) ' "#' ,!/'9') ,! %!021 (#$5 "#$;) $#' !/3$#'%2.2% +)  ) 

'*"2/,' *! (2n-3)  %2"0'

 /'1!+! .#)<! ) %!0!1!  $#%'#!+! .#)<!  ,! 0$:%$ 18$-$1)%)  )  /'1!+! .#)<! ) %!0!1!  $#%'#!+! .#)<!, ,! 0$:%$ 18$-$1)%)  ) 

-)/:% ,! -1) [,!#)-),'] #!1,$.$+,' .,$<) %1! ' !0$ ,! 1 :0$ $% 
-1)%) .,$<) %1! 18$-$1)  ) "$-!-)  $#%'#!,! "$ /)-$1!%)/,$ %, 
,! '*8$-'%)  ) "$/49!1! $(+!%!  $#%'#!,! "$ /)-$1!%)/,$ %,! '*8$-'%)  ) "$/49!1! $(+!%!  $#%'#!,! "$ /)-$1!%)/,$ %

 "$23(!/5%$ %! 3&"(*"!%$(& 3 8"!9*
 $#%'#!,)%$ .$<) -!  ) "#)- %!1' '   3#!7', 0$'%$ $('0,$1),$  ! 

(',!#,' -2#1)%!, 0$, %#4'#!,' "$  /)-,': ,!9', (8.29.1):

/' %!%! ,! -2#1$%$  ! 18$-$1)  1 0$'%$  ) #!*"$/!3! ,) $#%'#!,!%! /' %!%! ,! -2#1$%$  ! 18$-$1), 1 0$'%$  ) #!*"$/!3! ,) $#%'#!,!%! 

"$ /)-$1!%)/,$ %

12%#)6,'%) 12#8$1) '*"2/,:1!% $")#!;':%!  #!1,),')-#!*.:,! 12#84 
"$ /)-$1!%)/,$ %'%), 0$'%$  )  2-2#<!% 1 %)8,'%) ,! /)-,';' "$ /)-$1!%)/,$ %'%), 0$'%$  )  2-2#<!% 1 %)8,'%) ,! /)-,';' 

%25 0!%$  $#%'#!,)%$ '.! -1) 7!*' – #!*-)/:,) '  /'1!,) – 0$'%$  ) 

'*"2/,:1!% "$ /)-$1!%)/,$ 1 %$*' #)-, "$,:0$3! %$  ) "#)- %!1: 

0!%$ -1)  12#*!,' (',!#,' -2#1)%! (*! -1)%) 7!*' 8 29 2) '/' 0!%$ -1)  12#*!,' (',!#,' -2#1)%! (*! -1)%) 7!*' – 8.29.2) – '/' 

)01'1!/),%,$ – 0!%$ )-,$ -2#1$, ,! 0$)%$ -23'%)  ! -14"$ $9,' ' 

7!*!%! #!*-)/:,)  2$%1)% %1! ,! -1'<),') 02. /' %!%!, ! 7!*!%! 

 /'1!,) – ,! -1'<),') 02. 0$#),!

$%  $#%'#!+$%$ -2#1$ /) ,$  ) '*1/'9! "!#!/)/'*.! ,! 

$(#!($%0!%!: 12#8$1)%) $% )-,$ ,'1$ .$3!% -!  ) '*"2/,:% $(#!($%0!%!: 12#8$1)%) $% )-,$ ,'1$ .$3!% -!  ) '*"2/,:% 
"!#!/)/,$ $% #!*/'9,' "#$;) $#' (0$)%$  2$%1)% %1! ,! $(#!($%0! 1 

-2/($9',!)

0&"(*"!%$ «,$(%*-%$,$(%*»
,! "#!0%'0!  ) "#'/!3!% "#)-'.,$ !/3$#'%.' $% 0/! !  $#%'#!,) 

9#)*  /'1!,); "#' "!#!/)/,!%! $(#!($%0! ,!5-9) %$  ) #)!/'*'#! 

 $#%'#!,) «9)%,' ,)9)%,'» ' ('%$,'9,$  $#%'#!,) (0$'%$  ! $%  $#%'#!,) «9)%,'-,)9)%,'» ' ('%$,'9,$  $#%'#!,) (0$'%$  ! $% 
0/! ! 9#)*  /'1!,)) – "#'9',! *! 0$)%$ ) ,)  !.$ -$(#'%) $;),0' ,! 

%)*' !/3$#'%.', ,$ ' %$1!, 9)  8).'%) ("$ /)-$1!%)/,$ %'%)) ,! 

       #!1,),': "#' %:8 ,) *!1' :% $% 0$,%)0 %!

(!*$1!%! 1)# ': ,!  $#%'#!,)%$ «9)%,'-,)9)%,'» (Odd-even 

transposition sort) '*12#61! $")#!;':%!  #!1,),')-#!*.:,! p ) # # ; # #
"$ /)-$1!%)/,$ 1 -147!*,' '%)#!;'':

1 "2#1!%! 7!*!  )  #!1,:1!% ' #!*.),:%  !.$ 9)%,'%) )/).),%' ' 

%)8,'%) [,)9)%,']  2 )-'  2   /)-1!+ "$ 3$/:. ',-)0  % )  [i: i+1]  %)8,'%) [,)9)%,']  2 )-'  2   /)-1!+ "$-3$/:. ',-)0  %.). [i: i+1]  

121 1%$#!%! 7!*! ,! '%)#!;':%!  #!1,),':%!  ! "$ !/%)#,!%'1,'%) 

,)9)%,' ',-)0 '

0&"(*"!7! +"$6! odd-even
•  $#%'#!+!%! .#)<! ,! (!*$1': !/3$#'%2. *! n 18$-,' )/).),%'  ) 

 2 %$' $% n 0$."!#!%$#,' 0! 0!-'; 1 :%! 0! 0!-!  )  2 %$' $% (n-1) 

"!#!/)/,$ #!($%)+'%) 0$."!#!%$#' [i: i+1]  2$%1)%,$ *! 9)%,'%) ' "!#!/)/,$ #!($%)+'%) 0$."!#!%$#' [i: i+1] –  2$%1)%,$ *! 9)%,'%) ' 

*! ,)9)%,'%) )/).),%' (8.31)

• (#$:% ,! 0$."!#!%$#'%) ) n(n-1)/2

• "#)-'. %1$%$ ,!  $#%'#!,)%$ «9)%,'-,)9)%,'» ($ 1), "#$ $%$%!%!) 

) *!"!*1!,) ,! "#',;'"! *! /$0!/,$ % ,! $"#);''%)  #!1,:1!,)-

#!*.:,! '  2+$  0!/'#4).$ %%! ,! !/3$#'%2.! ' (!/!, '#!,) ,! #!*.:,! '  2+$  0!/'#4).$ %%! ,! !/3$#'%2.! ' (!/!, '#!,) ,! 

$")#!;''%) .)<-4 "#$;) $#'%) 1 #!.0'%) ,! 1 :0! '%)#!;':, ,$ 

)7)0%'1,$ %%! $% "#'/$<),')%$ ,! n2 0$."!#!%$#' ) ,' 0!

         • 1 "!#!/)/,!  ' %).! $%-)/,'%) '%)#!;'' .$3!% -!  ) '*"2/,:1!% 
"$ /)-$1!%)/,$ $% n "#$;) $#!

• "#$: %& '( ')(*+( (,(-*./+0'**& . #&$&1(1.2)&$ , $

0&"(*"!%$ «,$(%*-%$,$(%*» ,"$- 3#*/!%$

%$*' !/3$#'%2. (Odd-even merge sort) '*"2/,:1!  $#%'#!+$  /'1!,) 

,! -1) '0$*.$&+. "$ /)-$1!%)/,$ %'   )-,!021 #!*.)# ' 

#)04# '1,$ #!*-)/:,) ,! "$ 02 '%) "$ /)-$1!%)/,$ %' "$ 9)%,' ' #)04# '1,$ #!*-)/:,) ,! "$-02 '%) "$ /)-$1!%)/,$ %' "$ 9)%,' ' 

,)9)%,' ',-)0 '

" )1-$0$-:

 "*+$": Odd-Even merge
"#'.)#: 3 = {2, 6,10, 15} ' 4 = {3, 4, 5, 8}  ! -1)%) #!1,' "$ #!*.)# 

 $#%'#!,' "$ /)-$1!%)/,$ %' *!  /'1!,) 1 S ( $#%'#!+! .#)<!: 

8 33):8.33):

 %2"0! 1: 3odd = {2, 10}, Bodd = {3, 5}, 3even = {6,15}, Beven = {4, 8}; 

 %2"0! 2: Sodd = {2, 3, 5, 10}, Seven = {4, 6, 8, 15};odd { , , , }, even { , , , };

 %2"0! 3: Sodd-even = {2, 4, 3, 6, 5, 8, 10, 15};

 %2"0! 4: Sodd-even = {2, 3, 4, 5, 6, 8, 10, 15};

-2/($9',!%! ,! #)04# ': ) /$3!#'%.'9,!; "#' 1 :0! '%)#!;': 

$")#!;''%)  /'1!,) '  #!1,:1!,)-#!*.:,!  ) '*"2/,:1!% n/2 "2%', 

12#84 n "#$;) $#! %)  ) '*"2/,:1!% *! 1  %2"0! –  /)-$1!%)/,$ # 4 # ; # -
1#).)%$ *! $(#!($%0! $ %!1! /$3!#'%.'9,$, !  %$5,$ %%! ,! 

$(#!($%0!%! ) O(nlbn) – 0$:%$ ) $"%'.!/,! 1  #!1,),')  2  1 )0' 

"$ /)-$1!%)/),  $#%'#!+ !/3$#'%2."$ /)-$1!%)/),  $#%'#!+ !/3$#'%2.

 !"!#$#$% Odd-Even merge



9999.. !"#"$"%", &'($)*"(+,(" * !"#"$"%", &'($)*"(+,(" * 

SIMD SIMD SIMD SIMD -."/.+0*.+(1-."/.+0*.+(1

!"#"$%&'()!"#"$%&'()

!"#"$"%" &'"(')*+'),- !"#"$"%" &'"(')*+'),- –– "."/-,".#+ + -01+"."/-,".#+ + -01+

VALVALVALVAL

23,$1+",)4," &'"(')*+'),-23,$1+",)4," &'"(')*+'),-

SISALSISALSISALSISAL

!'"(')*+'),- % !'"(')*+'),- % SIMDSIMD--)'5+#-$#3'+)'5+#-$#3'+

6*6*

FORTRANFORTRAN9090

*+,)$&-(.'/ ( ,/-/0/./ (data flow) 
,$/1$&+($&') !"#!$%&!$'(

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

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

('.,/)#%#'%*" #( ,-"1-(+(*( % !(*" ,-"2'*(#%*" #( !#'1()

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

-(.)'2#' (%$%#*5()#" %0#(!$' ," *',) -%.5)*(*'

.($' '+" *'*% ," 0(##' #%  % .(0($( 3$#" ' "*!-'$(#%*" 4 #% % *-'$'()#" 

" "6%#" (!"  % '.,").$(* !"+(#0' .( ,-%7"0 "* *',( #( goto ')' (!" 0 - 0 g

,-"+%#)'$'*%  % '.,").$(* .(  /7-(#3$(#% #( ,(.)'2#' +%80'##' -%.5)*(*'

  %.'&'*%  .( ,"*"!"$" ,-"1-(+'-(#%  %  /.0($(* ,-"1-(+' .( 

,"*"!"$'*% (-7'*%!*5-' ' $ *%.' ,-"1-(+':,"*"!"$'*% (-7'*%!*5-' ' $ *%.' ,-"1-(+':
 ,%&'9'!(&''*% #% "*-(.3$(* ,"0-%80(#%*" #( !"+(#0', ( .($' '+" *'*% +%805 

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

,-"+%#)'$'*%  (  %0#"!-(*#" ,-' $"3$(#%,-"+%#)'$'*%  (   %0#"!-(*#" ,-' $"3$(#%

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

(( '#7-"##") – $ .($' '+" * "* #()'2#'*% -% 5- ' #( '.,/)#'*%)#(*( 

,)(*9"-+(

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

)"*"+"," & -.'+/&"'$0'" 
 !"#!$%&!$'( !"#!$%&!$'(

" "6%#" *'*% #( %.'&'*% .( 95#!&'"#()#" ((,)'!(*'$#") 

,-"1-(+'-(#%  (:
,-"1-(+(*( ,-%0 *($)3$( 0%9'#'&'3 #( '.-(. ')' #( 95#!&'3 $/-75 

,-"+%#)'$' ' 0-51' 95#!&'"#()#' 0%9'#'&'' 

'.,/)#%#'%*" #( 95#!&''*% ,-"'.$%80( #"$'  *"4#" *' 6%. 0( ,-"+%#3 *%.' #('.,/)#%#'%*" #( 95#!&''*% ,-"'.$%80( #"$'  *"4#" *' 6%. 0( ,-"+%#3 *%.' #( 

,-"+%#)'$'*%-(-15+%#*'

95#!&'"#()#"*" ' ,"*"!"$"*" ,-"1-(+'-(#%  % -(.1)%80(*( !(*" 

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

95#!&'"#()#" ,(-()%)#" ,-"1-(+'-(#% SISAL

SISAL  /2%*($( ,-%0'+ *$(*( #( 95#!&'"#()#"*" ' ,"*"!"$"*" - 0 95 &

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

'.,/)#'+ !"0

VAL % ,"*"!"$ %.'! "-'%#*'-(# !/+ ,-')"8%#'3 .( ,"*"!"$'VAL % ,"*"!"$ %.'!, "-'%#*'-(# !/+ ,-')"8%#'3 .( ,"*"!"$' 

(-7'*%!*5-'

)"*"+",& &12&30('&4
,"*"!"$'*%  ' *%+'  (  5,-($)%#'% ," $7"0 (data driven greedy,"*"!"$'*%  ' *%+'  (   5,-($)%#'% ," $7"0 (data driven, greedy 

evaluation) ' 5,-($)%#'% ," '.7"0 (demand driven, lazy evaluation) 

,-' 5,-($)%#'% ," '.7"0 -(.6"-/* #( ,-"1-(+(*(  % ,-($' "* 

!-(4#'3 -%.5)*(* $ ," "!( '0%#*'9'&'-(#% #( #%"67"0'+'*% 

+%80'##' -%.5)*(*' $ ,-"1-(+(*( – 0"!(*"  %  *'1#% 0" '.-(., 2''*" 

(-15+%#*'  ( 1"*"$';  )%0 *"$( "6-(6"*!(*(  % '.$/-:$( $ "6-(*%#(-15+%#*'  ( 1"*"$';  )%0 *"$( "6-(6"*!(*(  % '.$/-:$( $ "6-(*%# 

-%0 #( "67"80(#%*"

,-' 5,-($)%#'% ," $7"0 $ '2!' '.2' )%#'3  % '.$/-:$(* $%0#(1( 

;"+ #%"67"0'+'*% '+ ",%-(#0'  ( 1"*"$' – ,"*"!( #( "6-(6"*!( #% 

 % (#()'.'-( ,-%0$(-'*%)#", ,"-(0' !"%*"  *(-*'-(#%*" #( 

,-"1-(+(*( % ,"-6/-." #" '.,/)#%#'%*" +"8% 0(  % .(6($' (!" $,-"1-(+(*( % ," 6/-.", #" '.,/)#%#'%*" +"8% 0(  % .(6($' (!" $ 

!"0( '+( #%#58#' +%80'##' (' !-(4#') -%.5)*(*'

,"*"!"$'*% %.'&' "6'!#"$%#" '+,)'&'-(* ,-($')"*" .( %0#"!-(*#" 

,-' $"3$(#% #(  *"4#" * #( $ 3!( (!*'$#( ,-"+%#)'$( (!"%*" 

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

.($' '+" *', !"'*" #%  ( #%,-%"0")'+').($' '+" *', !"'*" #%  ( #%,-%"0")'+')

)"*"+",$  !"#!$%$
,"*"!"$(*( ,-"1-(+( % 9"-+()#" ",' (#'% #( "6-(6"*!(*( !(*","*"!"$(*( ,-"1-(+( % 9"-+()#" ",' (#'% #( "6-(6"*!(*( !(*" 

+-%8(, !"3*" "*-(.3$( .($' '+' *'*% +%805 0(##'*%, ( ",-%(&''*% 

!"'*"  % '.$/-:$(* $/-75 *37  ( ,"- !"-" !(*" +(-!'-"$!( #( 

$/.)'*% – ," )%0"$(*%)#" **(, $ !"3*" ;%  % '.,/)#3* 

'# *-5!&''*%, #%  % .(0($( 3$#" ' +"8% 0( $(-'-( $ .($' '+" * "* 

 (+'*% 0(##' '  ' *%+(*( (,)(#'-(#%*" ' -% 5- '*%) (+'*% 0(##' '  ' *%+(*( (,)(#'-(#%*" ' -% 5- '*%) 

'.2' )'*%)#'3* 1-(9 #( ,"*"!"$(*( ,-"1-(+( % ,"  /;% *$" 1-(9 

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

(')' ,-"&% "-'*%) ( 0/1'*% – +(-:-5*( #( 0(##'*%

$/.+"8#( % *-(# )(&'3 "* !"+(#0#( !/+ ,"*"!"$( ,-"1-(+( ' 

"6-(*#""6-(*#"

$ !"+(#0#(*( ,-"1-(+(  /;" +"8% 0(  % 5!(8% 3$#" ,(-(-)%)'./+ 

( /   /"*$%*#'*% %.'&') ')' 0(  % ,").$( ,(-()%)%# !"+,')(*"-; 

 +3*(  %, 2% #(4-0"6/- -%.5)*(* !(*" %9%!*'$#" * '  )%0"$(*%)#" 

!(*"  !"-" * #( "6-(6"*!( +"8% 0(  % ," *'1#%   3$#" .(0($(#% #( 

,(-()%)'.+( #( '+,%-(*'$%# %.'!, #" ,"*"!"$'*" ,-"1-(+'-(#% %,(-()%)'.+( #( '+,%-(*'$%# %.'!, #" ,"*"!"$'*" ,-"1-(+'-(#% % 

 %-'".%# !"#!5-%#*

)!&%(! '$  "*"+",$  !"#$!$%$
'.2' )%#'% #( '.-(.( X = B2 4*A*C'.2' )%#'% #( '.-(.(   X = B2 – 4*A*C

  '+,%-(*'$%# %.'! !"0'-(#%*" % ,-'+%-#" (9.7.1 ):

  ,"*"!"$ %.'! !"0'-(#%*" ;% "*-(.3$(  )%0#'*%  */,!' (9.7.2 ):

)"*"+",& (1&/&
,"*"!"$(*( ,-"1-(+(  % ",' $(*  ,"*"!"$ 1-(9 2''*" $/.)',"*"!"$(*( ,-"1-(+(  % ",' $(*   ,"*"!"$ 1-(9, 2''*" $/.)' 

(actors)  %  / *"3* "* #3!")!" ,")%*( – ",%-(&'3, %0#" ')' ,"$%2% 

,")%*( .( $7"03;' +(-!'-0(##' (tokens) ' ,")% .( #( )%0#'! #( 

-%.5)*(*(;

$/.)'*%  % "*#( 3* !/+ #3!"4 "* ,%**% :(6)"#(-,-'+'*'$' (9.8):
95#!&'3 ('.,/)#3$( ,-'+'*'$#( ",%-(&'3 $/-75 $7"0"$%*% ' ,-%0($(95#!&'3 ('.,/)#3$( ,-'+'*'$#( ",%-(&'3 $/-75 $7"0"$%*% ' ,-%0($( 

-%.5)*(*( !/+ '.7"0(/'*%)

!)<2 (gate – $7"0/*  % ,-%0($( #( '.7"0( ,-' '.,/)#%# ,-%0'!(*%# '.-(.) 

1%#%-(*"- (,-%0($( !"# *(#*( !/+ '.7"0()- - ( - 0 0 )

 *"7( *'2#"  )'$(#% (,/-$'3* 1"*"$ $7"0  % ,-%0($( #( '.7"0()

-%,)'!( (!",'% – -(.+#"8($(  *"4#" **( #( $7"0( !/+ '.7"0'*%)

,"*"!"$'*% %.'&'  ( 95#!&'"#()#' ((,)'!(*'$#') %.'&'; & 95 & ( ) & ;

7(-(!*%-#' ,-%0 *($'*%)' #( *".' !)(  %.'&'  ( ID – #( Uinevrsity 

of California - Irvin [Arvind, 1978] ' VAL – Value Oriented Algorithmic 

Lang age ( MIT [Ackerman 1979]Language #( MIT [Ackerman, 1979] 



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

(0-% ') – ," ,-'#&', '+%#(*( #( ,-"+%#)'$' ,")52($(*  *"4#" * 

 (+" $%0#/8 – $!)<2'*%)#" '  *-5!*5-'; #%  % 0",5 !(* '.-(.' "* 

*',( 

)"!()#" * "67$(*( #( ,-"+%#)'$'*% % "1-(#'2%#; #3+(  *-(#'2#')"!()#" * – "67$(*( #( ,-"+%#)'$'*% % "1-(#'2%#; #3+(  *-(#'2#' 

%9%!*' – #(,-. '.,/)#%#'%*" #( %0#( ",%-(&'3 #% $)'3% $/-75 

-%.5)*(*( #( 0-51' ",%-(&''; " $%# *"$( "* / *$( 1)"6()#" (0-% #" 

,-" *-(# *$" ')' ,(+%*   "6; 0" */,

,"*"!"$'*% %.'&'  ( (,-'!(*'$#' – "-'%#*'-(#'  ( !/+ 1%#%-'-(#% 

#(  *"4#" *' !"'*"  % '.,").$(* .( '.2' )%$'% #( #"$'  *"4#" *' –#(  *"4#" *', !"'*"  % '.,").$(* .( '.2' )%$'% #( #"$'  *"4#" *' 

0" '.2%),$(#% #( ,)(#'-(#'*% ",%-(&''

"1-(#'2%#" ,").$(#% #( '*%-(&'' 

"* / *$'% #(  '#"#'+' – #(,-. #%  % 0",5 !( +#"1"!-(*#" 

,"."$($(#% #( %0'# -%()%# ,(-(+%*/- $  ,' /!( 9"-+()#' 

,(-(+%*-' #( 95#!&''*% "* *',( .( '.2' )%#'% #( >2,(-(+%*-' #( 95#!&''*% "* *',( .( '.2' )%#'% #( >

7&3/& 0&'$ '$ ,810&*( ,  "*"+",&*( 
(1&/&(1&/& 

-(6"*(*( #( $/.)'*%  % ",-%0%)3 "* #()'2'%*" #(  /"*$%*#'*% 

$7"0#'  *"4#" *' (tokens) – ,-' 1"*"$#" *  %  *(-*'-( ,-%0$'0%#(*( 0 ( ) - - - - 0 0

"6-(6"*!( #( $7"0#'*%  *"4#" *' (node firing) ' -%.5)*(*('*%  % 

,-%0($(* !/+  )%0$(;' $/.)' ,"  /"*$%*#'*% 0/1',  )%0 !"%*" 

.% % -% "4 "  % ( " ".( ( ( % (9 10)$/.%)/* % $ ,-% *"4 0"  )%0$(;"*" «.(,()$(#%» (9.10)

 7%+' #( (!*'$'-(#% («.(,()$(#%») #( $/.)'*%:

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

$7"0#' 0/1'  ( 1"*"$'   0(##' ' $ '2!'*% +5 '.7"0#' 0/1'  ( ,-(.#' 

(.( !"%*" $/.%)/*-#( )%0#'! #( 0(##'*% '.,-(;( ,"*$/-80%#'% #( 

-"0'*%)3 2% 0(##'*%  ( ,-'%*')-"0'*%)3, 2% 0(##'*%  ( ,-'%*')

0'#(+'2#( (!*'$(&'3 – 0" *(*/2#( % 1"*"$#" **( #( $7"0"$%*%, 

1"*"$#" * #( '.7"0'*% #%  % '.' !$( – ,"-(0' $/.+"8#" **( #( 

#(*-5,$(#% #( 0(##' $ 0/1'*%, "*0%)#'*%  *"4#" *'  (tokens)  % 

,-'0-58($(* "* +(-!' (tags) #( ,"-%0#" **(, ,-'#(0)%8#" **( !/+ 

",-%0%)%# #(6"- 0(##' (  /;" ' $-%+%*" #( 1%#%-(&'3 ' $/.%)(-",-%0%)%# #(6"- 0(##' (  /;" ' $-%+%*" #( 1%#%-(&'3 ' $/.%)(-

'.*"2#'! 

9'*(! !(*$/&4 '$  "*"+",&*( (1&/&
$/.)'*%  % ,-%0 *($3* !(*"  *-5!*5-' $ ,(+%**(; ,"*"!"$'*%$/.)'*%  % ,-%0 *($3* !(*"  *-5!*5-' $ ,(+%**(; ,"*"!"$'*% 

,-"&% "-' ($8 )-3 1.)  %  / *"3* "* !"+(#0%# '#*%-,-%*(*"- CPU ' 

,5) "* ,-"&% "-#' %)%+%#*' ?@

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

",%-(&'3, (-15+%#*' ' (0-% ' .( -%.5)*(*(

,-' '.,/)#%#'%*" #( '# *-5!&'3 ?@ 1%#%-'-( ,(!%*  /  *"4#" **(,-' '.,/)#%#'%*" #( '# *-5!&'3 ?@ 1%#%-'-( ,(!%*  /   *"4#" **( 

#( -%.5)*(*(, (0-% '*% .( ,-%0($(#% ' %$%#*5()#" +(-!'; ,(!%*(  % 

.(,' $( "* ?@ $ ,(+%* .( '*%-(&''*% (memory update system)   

,(-()%)%# 0" */,

#%'.,/)#%#'*% '# *-5!&''-$/.)', !"'*" ,")52(*  *"4#" *'*%  ' 

( )%0 ,-"$%-!( #(  /"*$%* *$'%*" #( +(-!'*%)  % ,-%0($(* #(( )%0 ,-"$%-!( #(  /"*$%* *$'%*" #( +(-!'*%)  % ,-%0($(* #( 

 ' *%+(*( .( .(-%80(#%, !"3*" ,)(#'-( '.,/)#%#'%*" '+ "* ?@

VAL (Value-oriented Algorithmic Language)
.(,' '*% #( *".' %.'!  /0/-8(* #%3$#" ",' (#'% #( ()1"-'*+'2#'3.(,' '*% #( *".' %.'!  /0/-8(* #%3$#" ",' (#'% #( ()1"-'*+'2#'3 

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

2-%. !"4*"  % ,)(#'-(* $/.)'*%-'.-(.' .( ,(-()%)#" '.,/)#%#'%

.(,' '*%  /0/-8(* '.-(.' ' 95#!&''   *%7#'*% $7"0#'  *"4#" *', 

!(*"  ,%&'9'!(&''*% *-36$( 0( 1(-(#*'-(* ,-'#&',( .( "* / *$'% 

#(  *-(#'2%# %9%!* "* '.,/)#%#'%*" '+; 0$"4!'*%  *"4#" * '+%#(  *-(#'2%# %9%!* "* '.,/)#%#'%*" '+; 0$"4!'*%  *"4#" *-'+% 

,")52($(*  *"4#" *  (+" $%0#/8 $ -(+!'*% #( "67$(*( '+ (95#!&'3 

')' 6)"!)

*','.'-(#%*" #( ,-"+%#)'$'*% %  *-'!*#" ' 3$#"; 0",5 *'+'*% 

 !()(-#' *',"$%  ( &3), -%()%#,  '+$")%# ' 65)%$:

" $%# " #"$#'*%  *"4#" *' TURE ' FALSE, 65)%$'*% ,-"+%#)'$' 

+"1(* 0( ,")52($(* '  *"4#" *' .( '.!)<2%#'3: ' 

!"'*"  /"*$%* *$(* #( #%0%9'#'-(#(  *"4#" *, !"'*"  /"*$%* *$(* #( #%0%9'#'-(#(  *"4#" * 

')' "* / *$(; (-15+%#*

:83*$,'& *& ",( ;$''& ,8, VAL 
 / *($#'*% *',"$%  ( +( '$' .(,' ' ' '.-%80(#% ("6%0'#%#'%) / *($#'*% *',"$%  ( +( '$', .(,' ' ' '.-%80(#% ("6%0'#%#'%)

,-' 0%!)(-(&'3*( #( +( '$'*%  % .(0($( '+%*", *',( %)%+%#*' ' 

0'+%# '3*(, #" #% ' -(.+%-( (*"4  % 9'! '-( ,-' ,-' $"3$(#%*") –

,-'+%-': 

!

(#()"1'2#"  % 0%9'#'-(* .(,' '*%:

91!$1& & -.'+/&& ,8, VAL 
0%9'#'&'3 #( 95#!&'3:0 9 & 95 &

$ 6)"!( (*3)"*") #( 95#!&'3*(  ( 0" */,#' #%4#'*% 9"-+()#' 

,(-(+%*-' ' ,-"+%#)'$'*%   )"!()#' 0%9'#'&'' (  "67$(* 0" 

$-/;(#% #(  *"4#" **( #( 95#!&'3*()$-/;(#% #(  *"4#" **( #( 95#!&'3*()

6)"!/*  % '.,").$( .( 0%9'#'-(#% #( ,-"+%#)'$' $ *3)"*" #( 

95#!&'3*(;  *"4#" **( ')'  *"4#" *'*%, !"'*" $-/;( 95#!&'3*( 

($/$ VAL $-/;(#'*%  *"4#" *' +"1(* 0( 6/0(* ,"$%2% "* %0#()  % 

.(,' $(* !(*"  ,' /!   -(.0%)'*%) .(,%*(3: 

)$!$0(0'& &1!$1& ,8, VAL 
,(-()%)#"*" '.,/)#%#'% #( '.-(.'  % .(0($( ," #3!"4/' "*,(-()%)#"*" '.,/)#%#'% #( '.-(.'  % .(0($( ," #3!"4/' "* 

 )%0#'*%  ," "6':

"67$(* #( '#0%! '*% #( %)%+%#*'*% "*  *-5!*5-( .( ,(-()%)#( 

"6-(!"*!(

!"+6'#'-(#% #( -%.5)*(*'*% "* ,(-()%)#" '.,/)#%#'*% 6)"!"$%

.( &%)*( '.,").$( !"# *-5!&'3*( forall  /  )%0#'3  '#*(! ' .( &%)*( '.,").$( !"# *-5!&'3*( forall  /   )%0#'3  '#*(! ' 

)!&%(!& 1$  $!$0(0'& &1!$1& ,8, VAL 
,(-()%)#( "6-(6"*!( #( ,/-$'*% ,%* %)%+%#*( #( +( '$( :,(-()%)#( "6-(6"*!( #( ,/-$'*% ,%* %)%+%#*( #( +( '$( :

,(-()%)#( "6-(6"*!( #( ,/-$'*% ,%* %)%+%#*( #( +( '$(  /  

.(,'  #( -%.5)*(*( ($  )52(3 !$(0-(*'*% #( %)%+e#*'*%) $ +( '$ 

( /   *"4#" *' 1, 4, 9, 16, 25):

,(-()%)#( "6-(6"*!( #( ,/-$'*% ,%* %)%+%#*( #( +( '$( ' 

$-/;(#% #( %0'# -%.5)*(*  /1)( #" .(0(0%#( ",%-(&'3 ($  )52(3 55 

= 1 + 4 + 9 + 16 + 25):= 1 + 4 + 9 + 16 + 25):



<30",&4 & /&+0& ,8, VAL 
 '#*(! ' /* #(  *-5!*5-(*( .( 5 )"$#" '.,/)#%#'% if-then-else % '#*(! ' /* #(  *-5!*5-(*( .( 5 )"$#" '.,/)#%#'% if then else % 

 )%0#'3: 

 *-5!*5-(*( .( &'!/)-'*%-(&'3 %  % '.,").$( .( 

0%!)(-'-(#% #( &'!)'2#' ",%-&'' ,-' .($' '+" * ," 0(##' +%805 

," )%0"$(*%)#'*% '*%-(&''; *"$( % '.!)<2%#'% "* ,-($')"*" .( 

%0#"!-(*#" ,-' $"3$(#% &'!/)/* % 6%. 9"-+()#' 5,-($)3$(;'%0#"!-(*#" ,-' $"3$(#%, &'!/)/* % 6%. 9"-+()#' 5,-($)3$(;' 

,-"+%#)'$', +#"1"!-(*#(*( +"0'9'!(&'3 #( ,-"+%#)'$'*% +"8% 0( 

 % '.$/-:' $ 6)"!(

,-'+%- .( '.2' )%#'% #( :

=.'+/&"'$0'"  !"#!$%&!$'( 
95#!&'"#()#"*" ,-"1-(+'-(#% % 6)'.!" ,"  /0/-8(#'% ' 9"-+( 0" 

,"*"!"$"*" ,-"1-(+'-(#% '  /;" %  -%0 *$" .(  ,%&'9'&'-(#% #( 

,(-()%)#( '#*%-,-%*(&'3   ,-%0 *($3#% #( '.2' )%#'3*( $ 

," )%0"$(*%)#( 9"-+( – 95#!&'"#()#'*% %.'&'  % -(.1)%80(* !(*" 

7'6-'0'.(&'3 #( '+,%-(*'$#'*% ' ,"*"!"$'*%

,"00/-8(  % ,-'#&',( .( %0#"!-(*#" ,-' $"3$(#% #( ,-"+%#)'$'*%, !"4*" 

%)'+'#'-( ,-%"0")'+'*% .($' '+" *' ' 5)% #3$( ,(-()%)#(*( - - 0 5 -

'#*%-,-%*(&'3 (*/4 !(*" #3+( #580( "* 1)"6()%# (#()'. #( .($' '+" *'*%)

,-"1-(+(*(  %  / *"' "* 0%9'#'&'' #( 95#!&'' ' '.-(.' $/-75 *%7#'*% 

 *"4#" *' 6%. .#(2%#'% #( -%0( #( "6-(6"*!( #( *%.' 95#!&'' *"4#" *' 6%. .#(2%#'% #( -%0( #( "6-(6"*!( #( *%.' 95#!&''

95#!&''*% #( ,"0-%80(#%/,)(#'-(#% #( ",%-(&''*%, !"+5#'!(&''*% ($ 

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

'#*%-,-%*'-(;(*( '#9-( *-5!*5-( ((-7'*%!*5-( AB) – $/.+"8#" *'#*%-,-%*'-(;(*( '#9-( *-5!*5-( ((-7'*%!*5-(, AB) – $/.+"8#" *, 

0/)8(;(  % '+%##" #( 5)% #%#(*( '0%#*'9'!(&'3 #( ,(-()%)#'*% ,-"&% ' 

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

,(-()%)'.+(  % "*!-'$( 0'#(+'2#" ($+% *" 0(  % 0%9'#'-(  *(*'2#"),(-()%)'.+(  % "*!-'$( 0'#(+'2#" ($+% *" 0(  % 0%9'#'-(  *(*'2#"), 

 /;"*" $(8' ' .( "6+%#( '  '#7-"#'.(&'3*(

$ -%.5)*(* 95#!&'"#()#(*( ,-"1-(+( % %0#(!$( .( -(.)'2%# *', ' !)(  

(-7'*%!*5-' '  (+'*% %.'&' #% ,-%0$'80(*  ,%&'()'.'-(#'  -%0 *$( .( 

 ,%&'9'!(&'3 #( ,(-()%)'./+,  '#7-"#'.(&'3 ' *.#.

>1&+",&  !&'/& & '$ -.'+/&"'$0'" 
 !"#!$%&!$'( !"#!$%&!$'( 

,-'#&','*%, #( !"'*"  % 6(.'-(* %.'&'*% .( C?,  ( -(.-(6"*%#' "* ($*"-( 

#( C"-*-(# John Backus ,-%. 70*% 1"0'#' #( DD $%! ' $ -%.5)*(* *"4 % 

,-%0)"8') %.'!( FP (Functional Programming language – 1978), $ !"4*"  ( 

.()"8%#' %)%+%#*'*% #( +(*%+(*'2% !'*% 95#!&'':

95#!&'"#()#' ,-'+'*'$', !"'*"  % %)%+%#*' #( %.'!( ('  /"*$%* *$(* #( 95 & - , (

$1-(0%#'*% ')' 6'6)'"*%2#' ",%-(&'' $ '+,%-(*'$#'*% %.'&')

95#!&'"#()#' 9"-+' – ,-"&%05-', !"'*" ,-%0 *($)3$(* !"+6'#(&'3 "* 

,-'+'*'$',-'+'*'$'

",-%-(&'' #( ,-')"8%#'%*" –  $/-.$(* 95#!&''*%   *%7#'*% (-15+%#*' ' 

'.$)'2(* -%.5)*(*(

"6%!*' 0(##'  *(#0(-*'.'-(#'*%  *-5!*5-' "67$(* #( $()'0#" * '"6%!*' 0(##' –  *(#0(-*'.'-(#'*%  *-5!*5-', "67$(* #( $()'0#" * ' 

0%9'#'&'"##' "6)( *'

0%9'#'&'' #( '+%#( – +%*"0 .( '+%#5$(#% #( 95#!&''*%,   !"4*"  % 

6 9 9'.631$( +#"1"!-(*#" ,"$*(-3#% #( 95#!&'"#()#' 0%9'#'&'' $ ,-"1-(+(*(

!(!*" $ +(*%+(*'!(*( 95#!&'3*( ' *5! % '."6-(8%#'% #( #(-%0%#( n-*"-!(, 

2'3*"  *"4#" *  % '.,").$( !(*" (-15+%#* .(  )%0$(;( 95#!&'3 $ 

,-"1-(+(*(

=.'+/&"'$0'&  !&%&*&,& 
!"#$#%#&# '( #')*" +( FIRST  LAST # TAIL:!"#$#%#&# '( #')*" +( FIRST, LAST # TAIL:

x1 " FIRST(x1, x2,..., xn)

xn" FIRST(x1, x2,..., xn)( , ,..., )

<x2,..., xn> " FIRST(x1, x2,..., xn)

!"#$#%#&#%, '( +%"-.%-"#"(/, ROTR, ROTL, LENGTH # CONS +, 

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

<xn, x1,..., xn-1> " ROTR(x1, x2,..., xn)

<x2 xn  x1> " ROTL(x1  x2 xn)<x2,..., xn, x1> " ROTL(x1, x2,..., xn)

n" LENGTH(x1, x2,..., xn)

<x, x1,..., xn> " CONS(x,<x1, x2,..., xn>)

("#%$,%#4/# )#/("%/# *!","(1##: +, -, *, div # | ('( *+%(%2.):

residue_x1_by_x2" |:<x1, x2>

   5  T  F!",6#.(%/# *!","(1## +2+ +%*5/*+% T #0# F

0*7#4,+.# *!,"(1## &2"3- )-0,&# ("7-$,/%#

*!,"(1#8 '( #6,/%#4/*+%:  x " ID:x*!,"(1#8 '( #6,/%#4/*+%:  x " ID:x

=.'+/&"'$0'& -"!%& 
.*$!*'#1#8 /( 6&, 9-/.1##:  (f ! g):X " f:(g:X).*$!*'#1#8 /( 6&, 9-/.1##:  (f ! g):X " f:(g:X)

.*/+%"-.1#8 /( n 9-/.1##:  [f1, f2,…, fn]:X " <f1:X, f2:X,…, fn:X> –
!"#$,": [min, max, avg]:<1, 2, 3, 4, 5> = <1, 5, 3>

:-*)*);,/#, (apply_to_all): : f:<x1, x2,…, xn> = <f:x1, f:x2,…, 
f:xn>

&.0<4&(/,:  /f:<x1 x2 xn> = <x1  /f:<x2 xn> !"#$,": /+:<1&.0<4&(/,:  /f:<x1, x2,…, xn> = <x1, /f:<x2,…, xn> – !"#$,": /+:<1,
2, 3, 4, 5> = 15

>1&/& 1$ -.'+/&"'$0'"  !"#!$%&!$'(
FP #% % -(.$') 0" *(*/2#" '.-(.#' ' ",%-(&'"##'  -%0 *$(, #" -(.-(6"*$( 

,-'#&','*% #( 0-51' %.'&' .( C? !(*" E' ,, B*-(#0 ' B' ()

STRAND (Stream And) % %.'! .( C?  ,"00/-8(#% #( ,"*"!"$' 0(##'STRAND (Stream And) % %.'! .( C?   ,"00/-8(#% #( ,"*"!"$' 0(##' 

(streams – #% $  ,%&'9'2#'3  +' /) #( +5)*'+%0'4#'*% !"+5#'!(&'', ( 

!(*" #%,-%!/ #(* ,"*"! #( "6+%# +%805 !"#!5-%#*#' .(0(#'3) ' #( AND-

,(-()%)'./+ ('#9"-+(&'"##"- $/-.(#'*% .(0(#'3  % '.,/)#3$(*,(-()%)'./+ ('#9"-+(&'"##"  $/-.(#'*% .(0(#'3  % '.,/)#3$(* 

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

B*-(#0-,-')"8%#'3*(  ( ,-%#" '+' (' %9%!*'$#') #( %0#",-"&% "-#' ' 

,(-()%)#' !"+,<*-' ("* -(.)'2%# *',),(-()%)#' !"+,<*-' ("* -(.)'2%# *',)

,-"1-(+'*% #( B' ()  (  *-5!*5-' "* 95#!&'' ' +(*%+(*'2% !' '.-(.', 

2'%*" '.,/)#%#'% (#1(8'-( ,-"+%#)'$ 6-"4 "* ,-"&% "-'   #%3$#" 

4 6 6.(0($(#% #( ,(-()%)'.+(;  *"4#" *'*% '+(* '+%#( ' "6-(6"*!(*( #% 

 /7-(#3$( (' #%  % #580(%) "*  *(*'2%# !"#*%! *

,-"1-(+'*% #( B' ()  % *-(# )'-(* 0" ,"*"!"$' 1-(9', !"'*" '+(* 

+(:'##"#%.($' '+( '#*%-,-%*(&'3 '  /0/-8(* .($' '+" **( ," 0(##' 

+%805 ",%-(&''*%

SISAL
SISAL (Stream and Iterations in Single Assignment Language) e *','.'-(#SISAL (Stream and Iterations in Single Assignment Language) e *','.'-(# 

95#!&'"#()%# %.'!   "6;" ,-%0#(.#(2%#'% ' .( %9%!*'$#' #(52#' 

'.2' )%#'3, 6(.'-(# #(  '#*(! ' ( #( ?( !() ' ,-"'.$"0%# #( %.'!( VAL

B (,"1-(+(*( #( B' ()  %  / *"' "* !"+,')(&'"##' +"05)' (-(.0%)#( 

!"+,')(&'3), $ %!' "* !"'*" % #(6"- "* 95#!&''   '#*%-9%4  .( $/#:%# 

0" */, 0" *37 (+"8% 0( '+( ' 95#!&''  (+"   $/*-%:%# 0" */,)

(-15+%#*'*% #( 95#!&''*% (#5)( ')' ,"$%2% #( 6-"4), !(!*" '  *"4#" **( #( 

-%.5)*(*( (,"#% %0#()  ( "* ,-%0$(-'*%)#" 0%!)(-'-(# *', ($ 0%!)(-(*'$#" 

,")% – header – #( !"+,')(&'"##'3 +"05))

95#!&''*%  ( -%.%-$'-(# 0" */, 0" (-15+%#*'*%  ' – 6%.  *-(#'2#' 

%9%!*', 6%. , %$0"#'+',   %0#"!-(*#" ,-' $"3$(#% ' '+%#5$(#% #( 

 *"4#" *', ( #% #( (0-% ' $ ,(+%**(, 0-

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

#%.($' '+( 9"-+( #( ,"*"!"$ 1-(9

 -%0(*( .( '.,/)#%#'% #( B' ()-,-"1-(+' '#!"-,"-'-( ",*'+'.(&'3 .( -%0(*( .( '.,/)#%#'% #( B' () ,-"1-(+' '#!"-,"-'-( ",*'+'.(&'3 .( 

,(-()%)#" '.,/)#%#'% #( !"0(, ( ,-"'.$"0'*%)#" **( %  /," *($'+(   *(.' 

#( !"0 #( C"-*-(# 

?& ",( ;$''& , SISAL
SISAL ,"00/-8(  !()(-#'*% *',"$% &3) -%()%#  '+$")%# 65)%$ 'SISAL ,"00/-8(  !()(-#'*% *',"$% &3), -%()%#,  '+$")%#, 65)%$ ' 

0$"%#, !(!*" '  *-5!*5-'*% +( '$, .(,' , "6%0'#%#'% (union) ' ,"*"! 

(stream) 

+( '$'*% %0#"0'+%# '"##' (')' +( '$' "* +( '$')   ",-%0%)%# *', 

.( $ '2!' %)%+%#*' ' +"1(* 0( '+(* -(.)'2%# 0")%# '#0%!  ' 

-(.+%-:-(.+%-:

,"*"! % ," )%0"$(*%)#" * "* #(-%0%#' %)%+%#*'- *"4#" *'   

%0#(!/$ *', ' 0" */,#' ," -%0( #( ,-%0($(#% (#%   ,-"'.$")%# 

0" */,)  %0'# '.*"2#'! ' %0'# ')' ,"$%2% ,")52(*%)'0" */,),   %0'# '.*"2#'! ' %0'# ')' ,"$%2% ,")52(*%)'

%)%+%#*'*% #( ,"*"!(  ( 0" */,#' .( ,")52(*%)'*% $%0#(1( ;"+ 

6/0(*  /.0(0%#' "* '.*"2#'!( '  % '.,").$(* .( !"#$%4%-%# 

/,(-()%)'./+  !  "# $/% 



!"#"$%$&' '(#"(' ) SISAL
'#(#!)! "*+, -) .) "#/#0# 10-2   -1*# .')3 #! " (#-# )" 420# '2//(+54# 

(42),2 '(#0  42/# 6- 0)(.#!-2 '()-2. *)

0+"*25-2.,,# "# '#(#!)!-2  "'+!-)- ) -# 3 4! ,) .) '2//+(5#   2, .!)/- ,) 

7!2420)

for initial: /2'6.4# '#(#!)!-2  "'+!-)- ) -#  ,)(#3  ,) . 27(+8)- ) 4+* 

.,29-2., , /): - (#-  0 /(6;   ,)(#3  ; .+.,2  .) 2, <), (  42*'2-)-,#:
 - 3 #! "#3 1 – "#()5/# 6'(#0!10#8 ,) '(2*)-! 0  -# 3 4+!#   .,+29-2., ,) -# 

2.,#-#! ,) '(2*)-! 0 

,1!2 -# 3 4+!# – 4!=<+, -# ,1!2,2 -# 3 4+!# *25) /# ) '(): 4.)- (while)  !  '2.,: 4.)- 

(until) . 27 <#9-#,# .)*#-, 4#   0+"*25-2., ,1!2,2 /# -) .)  "'+!-  - ,2 0)/-+5 0 '+(0 1 

.!6<#9.!6<#9

'(20)(4# "# 4(#9 –  "< .!10# -20 ,) .,29-2.,  -# 6'(#0!10#8 ,) '(2*)-! 0  (2,4!2-)- ) 

2, '( -3 '# "# )/-24(#,-2 '( .0210#-) – "# . -,#4, <-# .+0*)., *2., .,#(#,#   -20#,# 

.,29-2., -# 6'(#0!10#8 ,) '(2*)-! 0  .) (#";(#- <#0# . '(): 4.# old

4!#6"# "# ()"6!,#, ,) ()"6!,#,+, ) 4(#9-#,# .,29-2., -#  *),2 -# .+2,0),- 1 3 4+!  ! 4!#6"# "# ()"6!,#, ,) – ()"6!,#,+, ) 4(#9-#,# .,29-2., -#  *),2 -# .+2,0),- 1 3 4+!  !  

()/643 1 2, 0. <4  4(#9-  .,29-2.,  -#  ,)(#3  ,), 421,2 .) "#/#0# . -1421 2, .!)/- ,) 

.)/)* 4!#6" : array of, stream of, catenate, sum, product, least, gratest

for: "# -)"#0 . *   ,)(#3   7)" 27*)- -# /#-- ; .+.,2  .) 2, ,(  42*'2-)-,#:

;)-)(#,2( -# 27>0#,# – 2'()/)!1 (#"*)(#   42*'2" 3 1,# -# #;(); (#-  (.+.,#0- ) 

.,(64,6(  4#,2 ()"6!,#, 2, dot  !  cross 2')(#3 1

,1!2 -# 3 4+!# – -#72( 2,  "(#"  "# 0.)4  )!)*)-, 

4!#6"# "# ()"6!,#, ,) – 4#,2 '( for initial4!#6"# "# ()"6!,#, ,) – 4#,2 '(  for initial

!#'*%#' (" +"#"$%$&' '(#"(' ) SISAL
for initialfor initial

I := 1;

X := Y[1];

hil twhile I<N repeat

I := old I + 1;

X := old X + Y[I];

returns array of X

end for

for I in 1, N 

X := A[I] * B[I]

returns value of sum X

end for

for I in 1, N cross J in 1, M     /* array NxM as
aggregate of 2 sequences

returns array of (I * J)returns array of (I * J)

end for

SISAL ,-*+'$".-#
42*' !#,2(+, -# ? .#! Osc ) .+. .!25-# .,(64,6(# ,+9 4#,2 ,(#-.!#3 1,# 

2, #7.,(#4,- ,) .')3 : 4#3   -# ? .#! /2 27)4,)- 42/ "# .+2,0),-,# 

'#(#!)!-# #(> ,)4,6(# .)  "0+(@0# 0 .)/)* :#" 

,(#-.!#3 1,# 2, ? .#! 4+* *)5/ --#,# :2(*# IF1 .)  "0+(@0# 2, '#(.)( 

4#,2 ()"6!,#,# ) #3 4! <)- '2,2420 ;(#: . :6-43 2-#!-# .)*#-, 4#: 

0+"! ,) .#  !  )!)*)-,#(-  2')(#3   (04!. *#- '6!3   -# *#. 0    ( ( 3 ( 6 3

'2,23 )  !  .+.,#0-  0+"! , .+/+(5#8  '2/;(#: 

.0+("0#-),2 . 7 7! 2,)<)- 42/ .) 2.+8).,010# 2, IF1LD, -#<#!-#,# 

*#@ --2-)"#0 . *# 2', * "#3 1 – 2, IF1OPT*#@ --2-)"#0 . *# 2', * "#3 1 2, IF1OPT

0 .!)/0#8 ,) :#"  .# "# .,#, <-# #!24#3 1 -# #/(). ,) -# *#. 0    /(6;  

.,(64,6( , .!)/ 42),2 .)  "0+(@0# '(20)(4# -# '#(#!)! "*# 2, IF2PART, 

429,2 2'()/)!1 ;(#- !#(-2.,,#   "0+(@0# (#"/)!1-),2 -# '#(#!)!- 429,2 2'()/)!1 ;(#- !#(-2.,,#    "0+(@0# (#"/)!1-),2 -# '#(#!)!-  

'2/"#/#- 1

'2.!)/-#,# :#"# ) CGEN, 421,2  "0+(@0# ,(#-.!#3 1,# 2, IF2  4+* ?  42/, 

'2/!)5#8 -# !24#!-# 42*' !#3 1  .+82 ;)-)( (# . ->(2- "#3 2-- ,)'2/!)5#8 -# !24#!-# 42*' !#3 1,   .+82 ;)-)( (# . ->(2- "#3 2-- ,) 

'( * , 0  "# .+2,0),-#,# '!#,:2(*#; ?  2. ;6(10# '()-2. *2.,   

0+"*25-2., "# /2'+!- ,)!-2 -#.,(294# -# ;)-)( (#- 1 42/ 

SISAL /0#-
? .#!  " .40# . .,)*-#  -:(#.,(64,6(# 1/(2 42),2 /#  "'+!-10#? .#!  " .40# . .,)*-#  -:(#.,(64,6(# – 1/(2, 42),2 /#  "'+!-10# 

;)-)( (#- ,) *-2;2"#/#<-  '( !25)- 1,  "'+!-10#94  :6-43  ,) 

'2 / -#* <-2 '!#- (#-) -# '#*),,#    -,)(:)9. 4+* A? "# 0>2/-

 ">2/   42*#-/-#  -,)('(),#3 1

'(  -#! < ) -# n '(23).2(# (4+/),2 7(21 '(23).2(  .) "#/#0# . 

#,( 76, -# 42*#-/#,# "# .,#(, (#-) -# '( !25)- ),2 0.+8-2.,#,( 76, -# 42*#-/#,# "# .,#(, (#-) -# '( !25)- ),2  0.+8-2., 

*25) /# -) .+2,0),.,0# -# #4,6#!- 1 7(29 '(23).2(  0 

#(> ,)4,6(#,#) 1/(2,2 (#"/)!1 3 4! ,) -# n <#.,    ;  272.2710# 

4#,2 2,/)!-  - @4  ( !  !)4  '(23). ) 0 .')3 #!-# 2'#@4#, 2, 

4+/),2 .)  "0! <#, "#  "'+!-)- ) 

),#!2-- '(2;(#* 4#,2 42*7 - (#- ,) ,).,20) "# -#6<- ),#!2--  '(2;(#*  4#,2 42*7 - (#- ,) ,).,20) "# -#6<-  

 "< .!)- 1 Livermore Loops (24  "< .! ,)!-  #!;2( ,+*# 04!. 

)! * -#3 1,# -# B#6.-C6(/#-) '24#"0#, .+'2.,#0 *2., -# 

'(2 "02/ ,)!-2.,,# -# D2(,(#-   ? .#! 0+(>6 )/-2'(23 .2(-  

#(> ,)4,6(    6.42()- 1 *)5/6 7.3   9.0 0+(>6 10-'(23).2(-# SISD 

#(> ,)4,6(# (Cray Y-MP – 1992)#(> ,)4,6(# (Cray Y MP 1992) 

12-3%&-2.' &" +#-4#"*'#"&%.- (" SIMD
0 SIMD )/-#  .+8#  -.,(643 1 .)  "'+!-10# 0+(>6 (#"! <- /#-- 2,0 SIMD )/-#   .+8#  -.,(643 1 .)  "'+!-10# 0+(>6 (#"! <-  /#--  2, 

2,/)!- ,) '(23).2(-  )!)*)-, ; '#(#!)! "*# ) -#  -.,(643 2--2 - 02 

(42-,(#., . SPMD); . ->(2- "#3 1,# ) #'#(#,-2-0;(#/)-#

N B 7 7 (EAF)N.B.: '#(#!)!-#,# 27#(72,4# -# /#--  (EAF) 4#,2 '(#0 !2 '2(#5/# *-2;2 

'2-0 .242 - 02 -# '#(#!)! "*# 2,42!42,2 '#(#!)! "*# '2 6'(#0!)- ) 

(429,2 27 4-20)-2 ) -14#40# :2(*# -# 42-0)9( "#3 1) – /2(    42;#,2 

'2.!)/- 1 .) '( !#;# '(  .+8#,# : -# ;(#-6!#(-2., – -# - 02  -.,(643 1; 

'2-0 .24 1 '#(#!)! "+* 27#<) -) 2"-#<#0# #0,2*#, <-2   '2-/27(# 

):)4, 0-2.,

'2(#/  . ->(2--2,2  "'+!-)- ) -# '#(#!)!- ,)  -.,(643   -) .) -#!#;# 

'( !25)- ),2 -# .')3 #!-  )" 420  .()/.,0# "# 6'(#0!)- ) -# 

. ->(2- "#3 1,#   '#(#!)! "*# 4#,2 31!2   '(2;(#*#,# *25) /# .) ( 3 ( 3 ( ( /

.')3 : 3 (#   . 42-0)-3 2-#!)- )" 4; '( *)( – ?-42/ "# 0)4,2(-  

 "< .!)- 1 (9.29):

5(',-)' #"(6'#%&'/ (" !17
'2-;2!)*  0+"*25-2.,  "#  "(#"10#-) -# '#(#!)! "*# '(  SIMD 

27(#72,4# 0.) '#4 .) '2., ;#, .+. .')3 #! " (#-  / #!)4,  -# 

42-0)-3 2-#!- ,) )" 3 – -#'( ?*  FORTRAN90 –  "0).,- 4#,2 data-42-0)-3 2-#!- ,) )" 3  -#'(. ?    FORTRAN90  "0).,-  4#,2 data

parallel languages (,64: )" 3  "# '#(#!)!-# 27(#72,4# -# /#-- , GEAF)

0.) '#4 .'2-,#--2.,,#, . 421,2 .)  "(#"10# '#(#!)! "*# '(  SIMD, .) 

-65/#) 2, .)( 2"-# . .,)*-# '2//(+54# – -) "# . ->(2- "#3 1,#   

6'(#0!)- ),2 -# '2,24#  -.,(643   – # "# '!#- (#-)   (#"'()/)!1-) 

(mapping) -# '#(#!)!-2  "'+!-10#- ,)  -.,(643   0+(>6 2,/)!- ,) 

EG; ,#"  '2//(+54# ) .,#, <-# '2 .021 >#(#4,)(, '2(#/  42),2 ) '2-

):)4, 0-2 /# 7+/)  "'+!-)-# 2, GEAF-42*' !#,2( ,) – 4#40#,2 )   

27 <#9-#,# '(#4, 4# '( . .,)*-2,2 2. ;6(10#-) -# SIMD27 <#9-#,# '(#4, 4# '(  . .,)*-2,2 2. ;6(10#-) -# SIMD

'2-42-4(),-2 .')3 : <- ,) :6-43   -# GEAF-42*' !#,2( ,) .#:
(#"'()/)!1-) -# EG "# '#(#!)!- ,)  -.,(643  , 

'!#- (#-) -# '#*),,# "# '#(#!)!)- /2.,+''!#- (#-) -# '#*),,# "# '#(#!)!)- /2.,+' 

'!#- (#-) -# *)5/6'(23).- ,) 42*6- 4#3     

/27#01-) -#  -.,(643   "# ;!#0- 1 '(23).2(, 2. ;6(10#8  '#(#!)!-2,2 

"#()5/#-) .'2()/  "0+(@)-2,2 (#"'()/)!)- ) ( / ( / ( ( ( /

!17 (" 8IMD
MIMD #(> ,)4,6( ,) .# . '2 ;2!)* 2')(#3 2-- 0+"*25-2., 2,MIMD #(> ,)4,6( ,) .# . '2-;2!)*  2')(#3 2--  0+"*25-2.,  2, 

SIMD, '2(#/  42),2 *2;#, /#  -,)('(), (#, GEAF-'(2;(#* , -2 

42;#,2  -,)('(),#3 1,# ) / ()4,-#, ,20# -#!#;# .+2,0),-2   -#9-

: -# ;(#-6!#(-2., – -#  -.,(643 2--2 - 02, 42),2 27 4-20)-2 -) ) 

-#9-):)4, 0- 1 ()5 * -# (#72,# -# MIMD *#@ - ,)

'2 (#3 2-#!-2 .!)/20#,)!-2 ) /# .)  "2.,#0  " .40#-),2 "#'2-(#3 2-#!-2 .!)/20#,)!-2 ) /# .)  "2.,#0   " .40#-),2 "# 

. ->(2--2  "'+!-)- ) -# 2,/)!- ,)  -.,(643  , 4#,2 ,2<4 ,) -# 

. ->(2- "#3 1 .) "#'#"0#, .#*2 '(  2')(#3  ,) "# 

*)5/6'(23).2()- 27*)- -# /#--  – ()"6!,#,# 2<)0 /-2 ) SPMD-

*2/)! -# 27(#72,4#

*#4#( <) MIMD .# '( ;2/)- "#  "'+!-)- )  -# '#(#!)! "+* '2*#4#( <) MIMD .# '( ;2/)-  "#  "'+!-)- )   -# '#(#!)! "+* '2 

6'(#0!)- ), 27 4-20)-2 .) '()/'2< ,# '( !25)- ),2  * 0 SPMD-

()5 * 0 -#;  42;#,2 ,20# ) 0+"*25-2 (0 "#0 . *2., 2, '#(#!)!- 1 

#!;2( ,+*) – '2-'2/(27-2 "# EAF 0 MIMD #(> ,)4,6( 

!17 292 :*
?* ) )" 4 "# EAF .+. (#"@ ()- . -,#4. . -# .,#-/#(,- 1 ?  )!)*)-, -# AAE 4#,2?  ) )" 4 "# EAF .+. (#"@ ()- . -,#4. . -# .,#-/#(,- 1 ?   )!)*)-,  -# AAE 4#,2 

0 ?++, 429,2 '()/.,#01  "'+!- ,)!-#,# #(> ,)4,6(# 4#,2  -,)(:)9.)-  !  ;!#0)- 

(front-end) 6- '(23).2(, (#"@ ()- . 42-'(23).2(  (EG) "# SIMD 27(#72,4# (back-end) 

– 9 329.32

, '20),) /#-- , 2')(#,2( ,), 42-.,(643  ,), 64#"#,)! ,)   :6-43  ,) .# -#.!)/)-  

2, ? (+ .+2,0),- ,) )" 420  (#"@ ()- 1)   2')(#3  ,) 0+(>6 .4#!#(  .)  "'+!-10#, 

2, ;!#0- 1 '(23).2( '2 -#< -, '2 429,2 7  .)  "'+!- ! .,#-/#(,)- ?-42/( 3 ( , / ( /

'(2;(#* ,) .!)/0#, 4!#. <).42,2  *')(#, 0-2 (control-flow) 6'(#0!)- )   

 "'+!-10#, 0)4,2(- ,)  -.,(643   0+(>6 0)4,2(- ,) EG, < ),2 !24#!-2 #/().-2 

'(2.,(#-.,02 ) /2.,+'-2 "# ;!#0- 1 '(23).2( 

7(21   ,2'2!2; 1,# -# EG .# / -#* <-2 -#.,(290#)*  (,.). '2 0()*) -#  "'+!-)- ) 

-# '2(;(#*#,#) 

'(2;(#*#,# .) .+.,2  2, '2.!)/20#,)!-  7!2420) "# '#(#!)!-2 (domain – 0+(>6 EG) 

( )  '2.!)/20#,)!-2  "'+!-)- ) (.#*2 0+(>6 ;!#0- 1 '(23).2()

/#-- ,) .# .4#!#(-  (/)4!#( (#, .) 4#,2 mono   .) "#()5/#, 0 '#*),,# -# ;!#0- 1 

'(23).2()  !  0)4,2(-  – poly, 42 ,2 .) (#"'()/)!1, 0 !24#!- ,) '#*),  -# EG

,(#-.!#3 1,# 4+* '#(#!)!)- 42/ .)  "0+(@0# 2, 42*' !#,2(# -# ?* 429,2,(#-.!#3 1,# 4+* '#(#!)!)- 42/ .)  "0+(@0# 2, 42*' !#,2(# -# ? , 429,2 

'()27(#"60# .,#-/#(,-# .4#!#(-# 2')(#3 1 "# '#(#!)!-2  "'+!-)- ) 0+(>6 /#-- ,) 

0 EG

?* ) (#"@ ()- .  "(#" "# .)!)43 1 429,2 #4, 0 (# .+2,0),- 1 7(29 EG "#?  ) (#"@ ()- .  "(#" "# .)!)43 1, 429,2 #4, 0 (# .+2,0),- 1 7(29 EG "# 

 "'+!-)- ) -# 0)4,2(- ,) 2')(#3  



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

)( ,3)(&)4%&'%() *%567 #"-*%#'(% &" +%1()#" ' &" ,',(%*"(")

"(#'27( &" !"#"$%$&'(% !#)*%&$'+' % shape – 4"2$)&, 1)8() -"6"+" *)9&),((" '

,(#71(7#"(" &" !"#"$%$&"(" !#)*%&$'+" – 1"() ,("&6"#(%& &"2)# )( %6&)('!&'

,1"$"#&' %$%*%&(' – , 1)%() ,% -":+:+" !"#"$%$&" )2#"2)(1" &" ,3)(+"(&"("

!#)*%&$'+":#
shape [10][10] array; /* 10x10 template

shape [5][5][10] cube_array;  /* total 250 elements

4"2$)&3( ,% ;"#"1(%#'-'#" , 2#)8 6'*%&,'' '$' ),' (#"&.) &) &:*" ,!%<'='>%&4"2$)&3( ,% ;"#"1(%#'-'#" , 2#)8 6'*%&,'' '$' ),' (#"&.), &) &:*" ,!%<'='>%&

('!

!"#"$%$&'(% !#)*%&$'+' ,% -"6"+"( , 6%1$"#'#"& 4"2$)& ' ('!:
shape [10][10] array;

shape [5][5][10] cube_array;

int: array array1; /* parallel variable array1 of 100 integers

int: cube_array grade[100];/* grade: 250 elements of 100 
integers each 

;"3$-&&' -3#9<%&'/ ) :*
)2#39%&'%() 13* %$%*%&('(% &" 4"2$)&" % , $:+) %6'&'>&) '&6%1,'#"&% 1)%())2#39%&'%() 13* %$%*%&('(% &" 4"2$)&" % , $:+) %6'&'>&) '&6%1,'#"&%, 1)%()

,3)(+%(,(+" &" "$)1"<':(" '* + /0: [0]array1 – %$%*%&(" + !3#+': !#)<%,)#

4"2$)&&'(% !"#"$%$&' !#)*%&$'+' *)."( 6" 236"( ,3,("+%&' ' )( ?-,(#7(17#':

shape [10][10] array;

struct list     {

int id;int id;

float  income;

char*  name;  }

struct list: array listA; /* 100 elements of type 
list in shape array

1"() 1)*!)&%&('(% &" ,(#71(7#"(" ," 6),(3!&' ,3, ,("&6"#(&': -"!', #7 7# 6 6 #
[15]listA.id

!"#"$%$&' -+%#"='' ) :*
1)."() !)&% %6'& )( )!%#"&6'(% % 6%1$"#'#"& 1"() !"#"$%$&" !#)*%&$'+"1)."() !)&% %6'& )( )!%#"&6'(% % 6%1$"#'#"& 1"() !"#"$%$&" !#)*%&$'+",

)!%#"<':(" ,% '-!3$&:+" !"#"$%$&), -" 1)%() % &%2;)6'*):

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

*",'+' , %6&"13+ #"-*%# ' 6'*%&,':

)!%#"<':(" 6" % -"6"6%&" , '-#"- with, 1)8() -"#%56" ,3)(+%(&': 1)&(%1,( +

/0/0

!#'*%#:

shape [10][10] array;

integer: array x, y; /* two similar arrays of integers

with (array)   {

x = x + y; } /* element-wise additionx x + y; } / element wise addition

>%0?,='' ) :*
?* 6%='&'#" &"2)# )( +.#"6%&' )!%#"()#' (#%671<'') , 1)'() ),&)+&' )!%#"<''? 6%='&'#" &"2)# )( +.#"6%&' )!%#"()#' (#%671<''), , 1)'() ),&)+&' )!%#"<''

+3#;7 4"2$)&&' !"#"$%$&' )!%#"&6', >'8() #%-7$("( % ,1"$"#%&, *)."( 6" ,%

!#%6,("+:( (%-'1)+)) 1"() !),$%6)+"(%$&' )!%#"<''; !)$7>%&'(% )( #%671<':("

,1"$"#' *)."( 6" ,% '-!)$-+"( ' &%:+&) + ,("&6"#(&' ? =7&1<'':,1"$"#' *)."( 6" ,% '-!)$-+"( ' &%:+&) + ,("&6"#(&' ? =7&1<'':

@!%#"()# A%-7$("(
+= ,1"$"#&" ,7*" &" %$%*%&('(% &" !"#"$%$&" 4"2$)&&" !#)*%&$'+"# 7 # #

-= &%."('+&" ,7*" &" %$%*%&('(%
&= !)2'()+" 1)&B&1<': &" %$%*%&('(%
^= !)2'()+) '-1$B>+"9) CDC &" %$%*%&('(%^= !)2'()+) '-1$B>+"9) CDC &" %$%*%&('(%
|= !)2'()+" 6'-B&1<': &" %$%*%&('(%
>?= *"1,'*"$&" ,()8&),( &" %$%*%&('(%

!#'*%#:

integer total;

<?= *'&'*"$&" ,()8&),( &" %$%*%&('(%

with (array)       {

total = (+= x);  }

printf(“The maximal element is %d: ” >?= x); /*printf( The maximal element is %d: , >?= x); /*
implicit scalar

!"#"$%$&' -+%#"='' )9#@? 
+-0*&-A%2.)" %$%*%&.'+-0*&-A%2.)" %$%*%&.'

'-#"-3( where , ) ! < ' :else 6%='&'#" !)6*&)5%,(+" )( %$%*%&('(%

&" !"#"$%$&' ,(#71(7#' – “"1('+&' !)-'<''” – +3#;7 1)'() ,%&" !"#"$%$&' ,(#71(7#' "1('+&' !)-'<'' +3#;7 1)'() ,%

'-+3#4+" )29" !"#"$%$&" )!"#%<'::
shape [10][10] array;

integer: array x, y;

with (array)        {

where (y <> 0) {where (y <> 0) {

x = x/y;       /* active positions of 
positives only

lelse

x = Max_int; } } /* non-positives only; blue 
code optional

B-*?&',"='' ) :*
)2*%&" &" 6"&&' *%567 /0 + ?* *)5% 6" 236% #%4%(3>%& (“grid”) 1)."() ,% '-+3#4+" )2*%&)2*%&" &" 6"&&' *%567 /0 + ? *)5% 6" 236% #%4%(3>%& ( grid ) 1)."() ,% '-+3#4+" )2*%&

*%567 %$%*%&(' )( !"#"$%$&' !#)*%&$'+' , )29 4"2$)&, '$' )29" – 1)."() 4"2$)&'(% ,"

#"-$'>&'

#%4%(3>&':( )2*%& ,% '-+3#4+" , =7&1<':(" pcoord 1):() '-+3#4+" !#%&), &"#%4%(3>&':( )2*%& ,% '-+3#4+" , =7&1<':(" pcoord, 1):() '-+3#4+" !#%&), &"

%$%*%&('(% &" ='1,'#"&) )(*%,(+"&% !) ,3)(+%(&"(" ),:

source2 = [pcoord(0)+1][pcoord(0)+1]source1

source2: source1:source2: source1:
1 2 3

4 5 6 1 2

7 8 9 4 5

)29':( )2*%& ,% '-+3#4+" , 4"2$)& &" !#%&),", 1)8() ,363#5" '&6%1,'(% &" #"-!)$"."&%

&" %$%*%&('(% ' ,% -"!',+" +$:+) )( !"#"$%$&"(" !#)*%&$'+" &" #%-7$"("(" – )!%#"<':

7 8 9 4 5

# # # 7 # <
send – '$' +$:+) )( !"#"$%$&"(" !#)*%&$'+"-'-()>&'1 – )!%#"<': get (9.38 ):

[index]source2 = source1;

/* source2[index[0]] ! source1[0] ...

/* source2[index[i]] ! source1[i]

source2 = [index]source1;

/* source2[0] ! source1[index[0]] ...[ ] [ [ ]]

/* source2[i] ! source1[index[i]]

5$%*%&.' &" 5!17 FORTRAN90

FORTRAN90 ) GEAF, 429,2 (#"@ (10# .,#-/#(,- 1 :2(,(#- . 

64#"#,)! , '2,()7 ,)!.4  , '20) ()46(. 1, / -#* <-# #!24#3 1 -# 

'#*),, :6-43   "# 27(#72,4# -# *#. 0    /(. – ;)-)(#3   :2(,(#- 

9.39.1

'(2;(#*- 1, *2/)! 0+(>6 429,2 .)  "'+!-10# ,2" 42/ 04!=<0#'(2;(#*- 1, *2/)!, 0+(>6 429,2 .)  "'+!-10# ,2"  42/, 04!=<0# 

3)-,(#!)- '(23).2(, !2; <).42 6.,(29.,02 "# .4#!#(-# #( ,*), 4# 

  ,#420# "# 0)4,2(-# 27(#72,4#   278# '#*), – 9.39.2

'2.!)/20#,)!- ,)  -.,(643   .)  "'+!-10#, 2, ;!#0- 1 '(23).2(, 

429,2 6'(#0!10#   (#72,#,# -# /0#,# #( ,*), <-  42'(23).2(#

2'()#3  ,) . 0)4,2(- ,) '(2*)-! 0 .) .')3 : 3 (#, 4#,22'()#3  ,) . 0)4,2(- ,) '(2*)-! 0  .) .')3 : 3 (#, 4#,2 

.4#!#(- , -2 27(#72,4#,#  * .)  "0+(@0# '#(#!)!-2   . ->(2--2 –

,.). -# )" 4202 - 02 '#(#!)! "*# )  *'! 3 ,)-

7%,$"#"='' )9) FORTRAN90
,'&("1,',3( !#' 6%1$"#"<':(" &" !#)*%&$'+' %,'&("1,',3( !#' 6%1$"#"<':(" &" !#)*%&$'+' %

type [(kind)] [, attribute]... :: variable_list

136%()6

type % +"$'6%& =)#(#"&,1' ('! 1"() REAL, INTEGER, CHARACTER,
LOGICAL

(ki d) =(kind) e )!<':, 1):() 6)!3$&'(%$&) 6%='&'#" ,(3&6"#(&': ('! – &"!#.

CHARACTER (LEN = 10) ::... -"6"+" *"1,'*"$&"(" 63$5'&" &"

,'*+)$%& &'-

[, attribute] e ,!',31-)!<': , +)6%9" -"!%(": ' #"-6%$'(%$ -"!%(":, 1)8()

,363#5" ,("&6"#(&' "(#'27(' &" !#)*%&$'+'(%

!#)*%&$'+'(% ," ,3, ,("&6"#(%& =)#*"( &" '*%&"(" ' #"-6%$'(%$ -"!%(":!#)*%&$'+'(% ," ,3, ,("&6"#(%& =)#*"( &" '*%&"(" ' #"-6%$'(%$ -"!%(":



C(#"(' )9#@? *"2')' )9) FORTRAN90
6%1$"#"<':(" &" !#)*%&$'+' *",'+' ,% !#"+' , "(#'27(" >''()6%1$"#"<':(" &" !#)*%&$'+'-*",'+' ,% !#"+' , "(#'27(" DIMENSION , >''()

"#.7*%&(' 71"-+"( 2#): 6'*%&,'' ' (%;&'(% .#"&'<':
INTEGER, DIMENSION (1 : 10) :: int_vector

)!%#"<''(% , *",'+' *)."( 6" ,% -"!'4"( 1"() )!%#"<'' ,3, ,1"$"#', &) 1)&(%1,("

-"6"+" !"#"$%$&" '&(%#!#%("<'::

/* FORTRAN77 /* FORTRAN90/ FORTRAN77

INTEGER A(10), B(10), C
DO I = 1, 10, 1
A(I) = B(I) + C

END DO

/ FORTRAN90

INTEGER C
INTEGER, DIMENSION () :: A, 
B
A = B + C

*)."( 6" ,% -"6"+"( )2$",(' ' ,%$%1<'' )( *",'+' 1"() ,% '-!)$-+" -"!',":
V(l b d b d t id ) /* t id i ti l l ti

END DO A = B + C
1

V(lower_bound : upper_bound : stride) /* stride is optional selection

/* and can be negative as well

&"!#'*%#:
(1 10)• INTEGER, DIMENSION (1 : 10) :: A, B, C

• A(1 : 5) /* first five elements of A

• A(1 : 10 : 2) /* all elements with odd indices 

• A(1 : 5) = B(1 : 5) + C(2 : 6) /* non-correspondingA(1 : 5) B(1 : 5) + C(2 : 6) / non corresponding
subscripts

8&-4-0'*%&2'-&&' *"2')' )9) 
FORTRAN90FORTRAN90

!#' *&).)6'*%&,')&&'(% *",'+' ,%$%1('#"9'(% )!%#"<'' +3#;7!#' *&).)6'*%&,')&&'(% *",'+' ,%$%1('#"9'(% )!%#"<'' +3#;7

)(6%$&'(% ),' ,% #"-6%$:( ,3, -"!%("::
INTEGER, DIMENSION (1 : 3, 1 : 6) :: A /* 3 rows by 6 columns 

A(2, : ) /* all elements of row 2

A(2, 3 : 5) /* elements 3, 4 and 5 of row 2

A(2, 1 : 6 : 2) /* elements 1, 3 and 5 of row 2

1)&,(#71<':(" where-elsewhere-end where (elsewhere – )!<':) -"6"+"

7,$)+&" ,%$%1<'::
INTEGER, DIMENSION (1 : 3, 1 : 6) :: A

where (A > 0) A = sqrt(A)   /* root takes positives 
only

D4#"0%&' (“intrinsic”) E?&,='' )9#@? 
*"2')' )9) FORTRAN90*"2')' )9) FORTRAN90

7 7! 2,)4#,# . 0;(#/)-  :6-43   0+(>6 *#. 0  -) .) -65/#) 2, 

10-2 /)4!#( (#-) 0 '(2;(#*#,# *#@ -- 1 42/ "# ,)" :6-43  .)10-2 /)4!#( (#-) 0 '(2;(#*#,#, *#@ -- 1 42/ "# ,)"  :6-43   .) 

/27#01 #0,2*#, <-2 -# ),#'# .0+("0#-) 

-1*# . -,#4, <-2 (#";(#- <#0#-) *)5/6 -#.!)/)- ,) :6-43   "# 

.4#!#(    /2*#0)- ,) :6-43   0+(>6 *#. 0  – 2,-202 42-,)4.,# 

"#/#0# , '# 2')(#3 1  *'! 3 ,-2

-142 0;(#/)- :6-43  :-142  0;(#/)-  :6-43  :

=7&1<': ,()8&),(
MAXVAL(A) *"1,'*"$%& %$%*%&( – ,()8&),(
MINVAL(A) *'&'*"$%& %$%*%&( ,()8&),(MINVAL(A) *'&'*"$%& %$%*%&( – ,()8&),(
MAXLOC(A) *"1,'*"$%& %$%*%&( - !)-'<':
SUM(A) ,7*" &" %$%*%&('(%
PRODUCT(A) !#)'-+%6%&'% &" %$%*%&('(%PRODUCT(A) !#)'-+%6%&'% &" %$%*%&('(%
MATMUL(A, B) *"(#'>&) !#)'-+%6%&'%
DOT_PRODUCT(A, B) !#)'-+%6%&'% &" *"(#'<" ' ,1"$"#
TRANSPOSE(A) (#"&,!)&'#"&%TRANSPOSE(A) (#"&,!)&'#"&%
CSHIFT(A, SHIFT, DIM) #)("<': &" %$%*%&('(% (SHIFT>0  !"#$ %)

10.  !"#$%&'(& '# !")*&+(,& $ 

"#-!"&.&%&'( +(+,&/(

 !"!#$%&'( !"!#$%&'(

 !"#$%& & '&()&

*+,-&.!"#$%&'/ 0 UNIX*+,-&.!"#$%&'/ 0 UNIX

*&/!1#&2 '1 )"3

43$'-&5&)1#&2 '1 "6$)-&

G b  ll tiGarbage collection

0")*&+(0")*&+(
  !" #$%&'()*' (+ ()(*',-) ) #%*$'.)*'/(0) #$%1$+,), 2%#3(-+*) 
2% )4#5/-'-)'  4+ 0%)*% 2)-+,)6-% (' #/+-)$+* -'%.7%2),)*' 2% )4#5/-'-)', 4+ 0%)*% 2)-+,)6-% (' #/+-)$+* -'%.7%2),)*' 
%#'$+&)%--) (#$%&'(%$-%  $',', #+,'*, 8/9 ) 2$.) ) 
0%,3-)0+&)%--) $'(3$()

:  !"        #/+-)$+:0), !" (542+ + 4+  ('0) #$%&'(  )$*3+/'- #$%&'(%$ ) 
#%4)&);   *+./)&+*+ -+ #$%&'()*' ( $'1)(*5$'- .3<'$, 0+$*+ -+ 
#$%&'(-+*+ #+,'* ) -+ %* %$'-)*' <+:/% ', #$)%$)*'*), #$%&'(-% 

       (6'*% %2(* % ) 2$. – (5=% ) 4+ ,'>23#$%&'(-+ 4+=)*+

(542+ +-'*%/#$' 0/?6 +-'*% -+ #$%&'() (#$%&'('- 0%-*'0(*) ' 
('$)%4'- ()(*','- ( $57*% +$ – -+#$.:$ $ $ $

+/%0+&); -+ ('1,'-* 4+ 2+--) (' '-*3+/-% -3/)$+-)

4+$'>2+-' -+ 0%2% ); ('1,'-*, +/%0+&);/4+$'>2+-' -+ (*'0+, -+ $'1)(*$)*' 
(#$%&'(%$-) $-$), #$%1$+,'- .$%;6, (*'0%  30+4+*'/, M@U ) TLB $'1)(*$))( $ & $ $ $ , $ $ $ , 3 , $ $ )

3#$+ /'-)' -+ swap %#'$+&)) ,'>23 %(-% -+*+ )  5-A-+*+ #+,'* (#$) 
,3/*)#$%1$+,)$+-' ( #% '6' #$%&'())

0#"#%&%'( !")*&+(0#"#%&%'( !")*&+(
#+$+/'/)4,+ (1$+-3/+$-%(**+) ' -+ -) % #$%1$+,+ ) #$%&'23$+

*% + -) % (5%* '*(* + -+ ,3/*)#$%&'()-1+, *5: 0+*%  (;0+ #$%1$+,+ ' %*2'/'- #$%&'(3 $ &, $ $ 2 $ &

#$) SPMD ,%2'/ (-+#$.   UNIX) ( #$),)*) + fork (' (542+ + $'#/)0+ -+ 
)4#5/-; +=); #$%&'(:

 roc-id = Fork()
(        :   < )((542+ + (' -% + $'#/)0+ -+ #$%&'(+ ) : (' #$)( %; + )2'-*)<)0+*%$)

2 +*+ #$%&'(+ ($%2)*'/ ) -+(/'2-)0) (' $+4/)6+ +* (+,% #% (*%:-%(**+ -+ Proc-id, 
  -+(/'2-)0+ *; ' 0:

 roc-id = Fork() roc id  Fork()
if Proc-id = 0

then do {child processing}
else do {parent processing}

      it       2$31) #$),)*) ) %* *+4) 1$3#+ (+ !xit 4+ #$'0$+*; +-' -+ #$%&'(+ -+(/'2-)0 ) 
wait – 4+ ()-7$%-)4+&); (#$%&'(5*-$%2)*'/ ./%0)$+ 2% 4+ 5$A +-' )4#5/-'-)'*% 
-+ -+(/'2-)0+) 

#$) #$%&'23$'- #+$+/'/)45, -+ ()(*',-% -) % #$%&'23$+*+ (' +(%&))$+ ( %*2'/'- #$) #$%&'23$'- #+$+/'/)45, -+ ()(*',-% -) % #$%&'23$+*+ (' +(%&))$+ ( %*2'/'- 
#$%&'(

 roc-id = new process(A_procedure)
kill process (A_procedure)

0#"#%&%(-1/ '# '($) (-"#-0#"#%&%(-1/ '# '($) (-"#-
*% + -) % ' ( 5$4+-% ( '4)0% ) (#'&)<)0+&)) (#$),)*) ) 4+ 
#+$+/'/-% )4#5/-'-)' -+ )-(*$30&)))#+$+/'/-% )4#5/-'-)' -+ )-(*$30&)))

-+#$. #$),)*) 5* Parbegin/Parend 4+2+ + .#%0 %* )4$+4) 4+ 
#+$+/'/-% )4#5/-'-)', #%  $',' -+ 0%'*% 1/+ -);* #$%&'( ./%0)$+ 

#$),'$ – )4$+45* (a+b)*(c+d)–e/f ,%>' 2+ .52' )4#5/-'- 
0%-03$'-*-% (5( (/'2-+*+ (#'&)<)0+&); (#(' 2%0%2):
Parbeging
Parbegin
t1 = a + b
t2 = c + dt2 = c + d

Parend
t4 = t1 * t2
t3 = e/ft3 = e/f

Parend
t5 = t4 – t3



0#"#%&%&' (-"#- $ UNIX0#"#%&%&' (-"#- $ UNIX
#+$+/'/)45, -+ )4$+4 ( #$),)*) )*' fork-join-quit:

fork label #$'2)4 )0 + (542+ +-' -+ -%  #$%&'(--+(/'2-)0  6)'*% fork label #$'2)4 )0 + (542+ +-' -+ -%  #$%&'( -+(/'2-)0, 6)'*% 
)4#5/-'-)' (*+$*)$+ %* 2+2'- '*)0'* (*+0+ -+(/'2-)0+ ) $%2)*'/; ,%>' 2+ -' (+ 
$'#/)0)): 

quit ' #$),)*)  4+ #$'0$+*; +-' -+ *'03=); #$%&'(q $ $ $ 3= $ &

join t,lab ' #$),)*)  (5( (/'2-+*+ )-*'$#$'*+&);:
t = t – 1
if t = 0 then go to labg

#$),'$ 4+ )46)(/'-)' -+ 1%$-); )4$+4
n = 2
m = 2
Fork P2
Fork P3
P1: t1 = a + b; Join m, P4; Quit;
P2: t2 = c + d; Join m, P4; Quit;
P4: t4 = t1 * t2; Join n, P5; Quit;
P3: t3 = e/f; Join n, P5; Quit;
P5: t5 = t4 – t3

0#"#%&%') !")3"#/("#'& $ UNIX0#"#%&%') !")3"#/("#'& $ UNIX
-+:-$+4#$%(*$+-'-+*+ !" 4+ #+$+/'/-) ()(*',)

#$%&'()*' (' 3#$+ /; +* 6$'4 ()(*',-) 4+; 0) (calls):#$%&'()*' (' 3#$+ /; +* 6$'4 ()(*',-) 4+; 0) (calls):

(542+ +-': )4#%/4 + (' 4+; 0+*+ fork() 4+ $'#/)0)$+-' -+ 
*'03=); #$%&'(-$%2)*'/3= $ & $

#/+-)$+-' ) 0%-*$%/ – -+#$. ( )4#%/4 +-' -+ ()(*',-); *+:,'$ 
– <3-0&))*' timer-init() ) timer-get() (  
,)0$%('03-2)) )/) ( )4#%/4 +-' -+ (',+<%$),)0$%('03-2)) )/) ( )4#%/4 +-' -+ (',+<%$)

,'>23#$%&'('- %.','- – 6$'4 +/%&)$+-' -+ %.=) #$%,'-/) ) 
(5( 4+; 0+*+ Share()

   .  :   "  #+$+/'/-)*' #$)/%>'-); (' $+4$+.%* +* -+:-6'(*% -+ " ( 
)4#%/4 +-' -+ .)./)%*'0+*+ parallel.h ) (' 0%,#)/)$+* ( 
%#&); -lpp 4+ 4+$'>2+-' -+ #+$+/'/-+*+ .)./)%*'0+:
cc program -lpp

4')3)!")*&+') !"(%)5&'(& $ UNIX4')3)!")*&+') !"(%)5&'(& $ UNIX
4+  5*$'A-+ )2'-*)<)0+&); -+ #$%&'()*' 6'(*% (' #$)/+1+ ) )-2'0()$+-': 
#$),'$ – <3-0&); Mkps() 4+ (542+ +-' -+ n #$%&'(+--+(/'2-)&) (5( $ $ <3 & p () 2 $ & 2 &
(*%:-%(* -+ ppid 0   #$%&'(+ $%2)*'/ ) %* 1 2% n   -+(/'2-)&)*':
Mkps(n)
int n;
{{
int i;
for {i = 0; i<n; i++}
{
switch (fork())switch (fork())
{
case 0:  /* process creation*/
return(i+1);

case -1:   /* cannot create process*/case 1:   /  cannot create process /
{
printf(“Cannot create process %d\n”, i)
return -1; }

default:  /* goto next creation */default:  /  goto next creation /
}

}
return 0;

}}

0#"#%&%') !")3"#/("#'& $ UNIX
A+./%- -+ #+$+/'/-+*+ #$%1$+,+:
main (argc, argv)
int argc;
char * argv[];g [];
{
int ppid, procs;
scanf(argv[1], “%d”, &procs);
ppid = Mkps(procs); /* creation of argv[1] number of processes*/pp p (p ); / g [ ] p /
switch (ppid)
{
case 0: { /* parent process code */}
case 1: { /* child1 process code */}{ / p /}
case 2: { /* child2 process code */}
...
case n: { /* childn process code */}
default:
{
printf(“Program error”); break;

} }
/* termination of the children: */
if (ppid != 0)
{
printf(“child # %d terminates\n”, ppid);
exit(ppid);pp

} } 

67/&' /&5.8 !")*&+(,&67/&' /&5.8 !")*&+(,&
UNIX -;,+ 2$31) ($'2(* + 4+ 2'0/+$)$+-' -+ %.=) $'(3$() ,'>23 
#%*$'.)*'/(0)*' #$%&'() %( '- %.=) #$%,'-/) ), 6):*% *)# 4+ )() %* $ $ & = $ ,
)4#%/4 +-); '4)0

#$%,'-/) +*+ )/) (*$30*3$+*+, 0%;*% ' ( %.= 2%(*5#, (' 2'0/+$)$+ (51/+(-% 
'4)0% ); (*+-2+$*:
struct  SharedData

{
int x, y, z;
fl   bfloat a, b;
char* name
} mySharedRecord, *toMySharedStruct;

 [ ]     .  .   .   (   (;0+ [ '6'] 2'0/+$)$+-+ #$%,'-/) + ,%>' 2+ .52' %.; '-+ 4+ %.= 2%(*5# () 
+/%&)$+-+   %.= ('1,'-* %* #+,'**+) (5( ()(*',-+*+ 4+; 0+ Share():
toMySharedStruct = Share(0, sizeof(mySharedRecord));

$'43/*+*5* '  6' %( '- 2'0/+$)$+=); #$%&'(   ()60) -'1% ) -+(/'2-)&) $'43/*+*5* ', 6' %( '- 2'0/+$)$+=); #$%&'(,  ()60) -'1% ) -+(/'2-)&) 
((542+2'-) (/'2 -':-+*+ 2'0/+$+&); 0+*% %.=+) ),+* 2%(*5# 2% (5%* '*-+*+ 
#$%,'-/) +

9"&/&$) !%#'("#'& '# !")*&+(,&" " " *
 $',' %*% #/+-)$+-' ' 6+(*'- (/36+: -+ #/+-)$+-'*% #% (5.)*)', #$) 0%:*% 
(5.)*)'*% ' )4*6+-' -+ *+:,'$; 

         #%/4 + (' ()(*',-); 6+(% -)0 ( ),#3/() -+  (;0+ ,)0$%('03-2+; 

4+; 0+ 05, ()(*',+*+ timer-init() (*+$*)$+ (-3/)$+) /%0+/'- .$%;6 4+ #$%&'(+, + 
4+; 0+*+ timer-get()  $5=+ *'03=+*+ ,3 (*%:-%(*   ,)0$%('03-2)

#$),'$: #+$+/'/-) #$%&'() ( /%0+/-) #$%,'-/) ) 4+  $','*%#$),'$: #+$+/'/-) #$%&'() ( /%0+/-) #$%,'-/) ) 4+  $','*%
main (argc, argv)

int argc;
char * argv[];
{
d bl  idouble ProcessTime;
long timer;
int ppid, procs;
scanf(argv[1], “%d”, &procs);
ppid = Mkps(procs); /* creation of argv[1] number of processes*/pp p (p ); / g [ ] p /
switch (ppid)

{
case 0:  /* parent process code */

{
timer-init() /* set the clock */timer-init() /  set the clock /
timer = timer-get(); /* get current time */
ProcessTime = (timer-get() – timer)/1000000.0;

/* get execution time in sec */
break;

}}
.......

:(';")'(-#*(< + $-#(/') 

    UNIX(-=%>?$#'& /&5.8 !")*&+(,& $ UNIX
#$%,'-/) ) %* *)# lock %()13$; +* ,%-%#%/'- 2%(*5# -+ )4 5$A +-)*'  5$73 *;7 
%#'$+&)) 4+ 2+2'- #$%&'(
(#'&)<)6-)*' %#'$+&)) 4+ *%4) *)# (+ lockname_create   lockname_init, 
!"#$%& lockname e '(&)$*%+& &% *,$#( %$ % -&+$: LOCK, BARRIER, 
SEMAPHORE   EVENT
LOCK $ % - #.((  * !&/%& $ .*&0  1.( .%1 23% *"* *%&/(&*%  PAR LOCKED   LOCK $ % - #.(( , * !&/%& $ .*&0  1.( .%1 23% *"* *%&/(&*%  PAR_LOCKED   
PAR_UNLOCKED   *$ 1$., 4 1. !,.* 5$*! 6 -&#7&# 4. +4. '(&  4!,85+.($; * %&4  
% - *. .*&0  1.(    &-$1.0  %$ lockname_lock   lockname_unlock
BARRIER e % - #.(( , *"*%.+$( &% #+&/!.%. (count, flag) , !"#$%& count

 2     2      24.#.+. 21&6 -1&0$* , 5 $%&  4-",($( $ %162+. #. #&*% 9($ #& *"&%+$%( 6 &2$!%-
2.1 $1., -1$#  #. -1&#",).%; flag 4.#.+. 1$) '. (.  45.!+.($:

flag = SPIN_BLOCK: 2,&! 1&+!. * 0 !, 5(&  45.!+.($

flag = PROCESS BLOCK: 2,&! 1&+!. -1  #&*%"- #& #.(( flag = PROCESS_BLOCK: 2,&! 1&+!. -1  #&*%"- #& #.(( 

EVENT e % - #.(( , *"*%.+$( &% #+&/!.%. (event, flag), !"#$%& event
4.#.+. *"2 % $, !&$%& %162+. #. *$  4-",(  -1$#  -1&0$*. #. -1&#",)  (+"4'&)(& $ 
-&+$5$ &% $# ( -1&0$* #. 5.!. %&+. *"2 % $); flag 4.#.+. 1$) '. (.  45.!+.($ !.%& 

 BARRIER-1  BARRIER
SEMAPHORE e % - #.(( , .*&0  1.( * #+&/!.%. .%1 23%  (count, flag), 
!"#$%& count 4.#.+. 21&6 -1&0$* , !& %&  '.% -1.+& (. #&*%"- #& -1&'$(, +.%. 
-1$#  4.!,85+.($%& /; flag 4.#.+. 1$) '. (.  45.!+.($ !.%& -1  BARRIER; * %&4  1 # ; g # 1 1 ;
% - $ .*&0  1.(. &-$1.0 6%. semaphore_set 4. count

 !"#$%"!&' %( )*"+$!'&$ , 

*(-)*$.$/$%'&$ !'!&$0'
$:$!% +(&%& -,.( 1.($ (. 1.4-1$#$,$( %$ -1 ,&)$( 6 (-1$# '(& $:$!% +(&%& -,.( 1.($ (. 1.4-1$#$,$( %$ -1 ,&)$( 6 (-1$# '(& 
-& '&#$,. !, $(%-*"1+$1) *  -1 ,.9.($ (. '(&9&( ;!&+ -&#7&# 
(multithreading) 4. -1 -&!1 +.($ (overlapping) -1 '$1(& (. 
!&'3( !.0 &(( %$ :.4  * :.4 %$ (. ,&!.,(. &21.2&%!. (. !&'3( !.0 &(( %$ :.4  * :.4 %$ (. ,&!.,(. &21.2&%!. (. 
&%#$,( %$ -1&0$* ;

1.4, !  + -,.( 1.($%& -1  !, $(%*!    *"1+$1(  '.; (  !.!%&   
'$)#3 *"1+$1 %$ * 1.4, 5(& -1$#(.4(.5$( $ ((.-1  &21.2&%+.<  '$)#3 *"1+$1 %$ * 1.4, 5(& -1$#(.4(.5$( $ ((.-1. &21.2&%+.< , 
:./,&+ , !&'3( !.0 &(( , 4. 1.4-1$#$,$(  &2$!%    #1.)

+"4'&)(&*%  4. ' 91 1.($ (. -1&0$*  &*&2$(& + 7$%$1&9$((. 
  2   :     *1$#.   ($&27&# '.%. # (.' 5(. 1$!&(: 931.0 6 (. !, $(%    

*"1+$1  (-1&0$* )

-1 ,.9.($ (. &21.2&%!. * -1&0$* -.9$(%  – 1.+(&-&*%.+$(  -1 ,.9.($ (. &21.2&%!. * -1&0$* .9$(%  1.+(&-&*%.+$(  
-1&0$*  4. &2*,3)+.($ (+'$*%& .* '$%1 5( 6 '&#$, !, $(%-
*"1+$1) 



2'34'2'34'
-&#-1&0$* %$ – %1.# 0 &((& «( ;! » (threads) – *. *1$#*%+& 4. -&*% 9.($ (. -&-
: (. 91.(3,.1(&*% 1$*-  -&-&-% '.,(& -,.( 1.($: (. 91.(3,.1(&*% 1$*-. -& &-% '.,(& -,.( 1.($

-1  ( ;! %$ $ ($#&-3*% ' *+1"7%&+.1 !.%& -1  -1&0$* %$ > -&-*,.2. 
!&(!31$(%(&*%   4.< %.: ( ;!&+ 6 !&(%$!*% *$ *"*%&  -1 '$1(& &% CPU-
!&(%$!*%.   %$!3< *%.%3* ((.-1  2,&! 1&+!. -&1.#  * (71&((. !&'3( !.0 6); %.!. !&(%$!*%.   %$!3< *%.%3* ((.-1. 2,&! 1&+!. -&1.#  * (71&((. !&'3( !.0 6); %.!. 
5$ 4.< %.%. (. ( ;!&+ %$ #.((  + 1.'! %$ (. -1&0$*. 4.+ *  &% !&# 1.($%& (. 
'(&9&( ;!&+&%& -1 ,&)$( $ (> -&-*,&)(& -1&91.' 1.($)

'(&9&( ;!&+& -1&91.' 1.($ *$ -1 ,.9.   -1  3( -1&0$*&1(  -1 ,&)$( 6 '(&9&( ;!&+& -1&91.' 1.($ *$ -1 ,.9.   -1  3( -1&0$*&1(  -1 ,&)$( 6 –

-1 '$1: $,$!%1&((. %.2, 0. * &%#$,(  ( ;!  4. -&%1$2 %$,*!   (%$1:$/*   4. 
&21.2&%!. (. :&1'3, %$

'(&9&( ;!&+.%. -1&91.'. 4. 3( -1&0$*&1 $ -1$(&* '.   4. -.1.,$,(. '(&9&( ;!&+.%. -1&91.'. 4. 3( -1&0$*&1 $ -1$(&* '.   4. -.1.,$,(. 
&2.12&%!.

'(&9&( ;!&+ %$ -1&91.'  *. -&-3#&2(  4. (.*%1&/!. – -1 '$1: %$!*%&+ 1$#.!%&1 
    UI    :    * &%#$,(  ( ;!  4. UI, 91.'.% 5$*!. -1&+$1!., :&1'.% 1.($, 9$($1.0 6 (. 
*"#").( $   %.(.

5'.",$ %'34'5'.",$ %'34'
+ 1.4,. ?@ *$ -1 ,.9.% ( ;!  + -&%1$2 %$,*!  1$) '  ,  + 1$) ' (. 6#1&%&

-1  !"#$" % &'()*+"(*,-$" )*."/ *$ -&,4+.% -1&91.'(  -.!$%  4. -1  !"#$" % &'()*+"(*,-$" )*."/ *$ -&,4+.% -1&91.'(  -.!$%  4. 
'(&9&( ;!&+  -1&91.'  * &-$1.0   4. #$!,.1 1.($ (. ( ;! %$ (create, 
destroy), 4. * (71&( 4.0 6 #&*%"-. #& &2<  -1&'$(, +  – mutex
(!,85.,!. !.%& *$'.:&1 %$ * 1$;.+.($ (. 2,&! 1&+!.%. 51$4 -1 &1 %$%   ,  (!,85.,!. !.%& *$'.:&1 %$ * 1$;.+.($ (. 2,&! 1&+!.%. 51$4 -1 &1 %$%   ,  
FIFO) 

-&-( *"! * *%$'$( *+1"7%&+.1 – 2$4 &-$1.0   +"173 -.'$%%.: -1  
*"4#.+.($/4.!1 +.($ *.'& 4.#$,6($   &*+&2&)#.+.($ (. *%$!.   -1  *"4#.+.($/4.!1 +.($ *.'& 4.#$,6($   &*+&2&)#.+.($ (. *%$!.   -1  
-1$+!,85+.($ - *.'& 4.'6(. (. *%&/(&*% %$ + ABC 1$9 *%1 %$

($#&*%.%"!: 2,&! 1.($%& (. $#(. ( ;!. ((.-1. -& D/E) 2,&! 1. 0$, 6 -1&0$* –
% $  $, ' ( 1. &*(&+(& -1$ '3<$*%+& (. '(&9&( ;!&+ 6 -1&0$*%.$. $, ' ( 1. &*(&+(& -1$ '3<$*%+& (. '(&9&( ;!&+ 6 -1&0$*

!"#$"(* % )*."/ !0 12)'(' *. !&'-&($(%  (. * *%$'(.%. 2 2, &%$!.   *$ 
 4-",(6+.% !.%& -1&0$*  (. 6#1&%& – *"4#.+.($%&   -1$+!,85+.($%&  ' *. * 
2       2   &21"<$( 6 !"' * *%$'.%. – -1$&#&,6+. *$ %&%.,(&%& 2,&! 1.($, (& 
*+1"7%&+.1. $ *"-&*%.+ ' * -1&0$*( 6

6$4' )*"+$!'6$4' )*"+$!'
LWP (lightweight process) – 7 21 #$( -&#7&# – ,$! %$ -1&0$*  *$  4-",(6+.% !.%& 
&2 !(&+$(  -1&0$* ; $# ( -1&0$* '&)$ #. +!,85+. (6!&,!& LWP

*"<$+1$'$((& *$ -&,4+.%   -.!$% %$ 4. '(&9&( ;!&+  -1&91.'  -1  !& %& ( ;!&+ %$ 
&-$1.0   *. + -&%1$2 %$,*!  1$) '

'(&9&( ;!&+ %$ -1 ,&)$( 6 *"4#.+.% ($&27&# ' %$ ( ;!  (-&%1. 1$) ')   -1$#.+.% 
[ '-, 0 %(&]  4-",($( $%&  ' (. LWP : 9  10 16   [ '-, 0 %(&]  4-",($( $%&  ' (. LWP – : 9. 10.16.  

LWP *$ *"4#.+.% * &21"<$( $ !"' * *%$'.%.   *$ .*&0  1.% * (6!&6 &% .!% +( %$ ( ;!  
(*"9,.*(& # *-$5$1*!. -1&0$#31.)

 4-",($( $%& (. “#+&/!.%.” * *%$'$( LWP   -&%1$2 %$,*!. ( ;!. -1&% 5. -1$# '(& + # 1 1 1 #
-&%1$2 %$,*!  1$) ' – LWP *$ -1$+!,85+. + !&(%$!*%. (. ( ;!.%.   (.-1. 
* (71&( 4.0 6%. * mutex *$  4-",(6+. + -&%1. 1$) '

-1  2,&! 1.($ (. ( ;!. (-&1.#  2,&! 1.<& &21"<$( $ !"' * *%$'.%.) 3-1.+,$( $%& (. 
*#+&$( 6 -&#-1&0$* *$ +1"<. + 1$) ' (. 6#1&%&/LWP  . '$)#3+1$'$((& * *%$'.%. *#+&$( 6 -&#-1&0$* *$ +1"<. + 1$) ' (. 6#1&%&/LWP, . '$)#3+1$'$((& * *%$'.%. 
-1$#.+. 3-1.+,$( $%& (. #139 LWP (!&/%& .!& ($ $ 2,&! 1.(, ' (.+. + 1$) ' (. 
.*&0  1.(.%. * ($9& ( ;!. – %.$. -&%1$2 %$,*! )

* *%$'( 6% *+1"7%&+.1 $ 1$#30 1.( (+ -&%1$2 %$,*!  '(&9&( ;!&+ 1$) ')   
     2   2   4-",($( $%& (. 0$, 6 -1&0$* $ *+&2&#(& &% 2,&! 1&+!. 

LWP *. -1&41.5(  4. !&#.; -1$(&* '&*% 4. 3( -1&0$*&1(&   -.1.,$,(& -1&91.' 1.($ 
(+"+ +%&1 6 *,35./ ,$! %$ -1&0$*  (. $#(& -1 ,&)$( $ *$  4-",(6+.% (. 1.4, 5(  
-1&0$*&1 ) 1 0 1)

7%"8"%'34",' 4/'$%&!4' )*"+$!' 7%"8"%'34",' 4/'$%&!4' )*"+$!' 
&2 !(&+$(& -&*% 9.% '.*! 1.($ (. !&'3( !.0 &(( %$   
* (71&( 4.0 &((  4.!"*($( 6 (. (6!&  ( ;!  51$4  4-",($( $ (. #139 * (71&( 4.0 &((  4.!"*($( 6 (. (6!&  ( ;!  51$4  4-",($( $ (. #139 

-1 '$1: C$2 21.34$1 %$ (!, $(% +  (%$1.!% +$( 1$) ')  4&21.46+.% 
+$#(.9. 4.1$#$( %$ $,$'$(%    -&*%$-$((& -&-",+.% *%1.( 0.%. – *,$# 
4.1$)#.($ (. [5.*% &%] &*(&+(.%. *%1.( 0. ((./-5$*%& %$!*%) *$ .!% + 1. 
( ;!. 4. ($9&+&%&  4&21.46+.($, -,"4+.($ (scroll),  42&1   #1. :3(!0     
#139. ( ;!./  4. 2,&! 1.<&%& 4.1$)#.($ (. -&-2.+( %$ !&'-&($(%  (4. 13 1 < 1 (
2,&! 1.<. 4.6+!. !"' ?@ 4. +1"4!. *"* *"&%+$%( 6 *"1+$1/ ); 

-1  -&+$5$ &% $#(. !&'3( !.0 &((. ( ;!. *$ -&*% 9. -.1.,$, 4.'   (. 
!&'3( !.0  %$/4.1$)#.($%& (. &*%.(., %$ !&'-&($(%  ((& *.'& .!& !&'3( !.0  %$/4.1$)#.($%& (. &*%.(., %$ !&'-&($(%  ((& *.'& .!& 
*"1+$1. 1.4-&,.9. *"* *"&%+$%(. -1& 4+&# %$,(&*% – (.-1. 1$-, ! 1.(  
*"1+$1  (%.$. $# ( .#1$* (& 1$-, !  (. *%1.( 0 %$ (. (6!&,!& '.; ( , 
!& %& *$ .*&0  1.% -1&41.5(& *"* 4.6+! %$ (. &%#$,( %$ ( ;!  (.-1 -& !& %& *$ .*&0  1.% -1&41.5(& *"* 4.6+! %$ (. &%#$,( %$ ( ;!  (.-1 -& 
Round Robin)

7%"8"%'34",' !9*,$*'7%"8"%'34",' !9*,$*'

'(&9&( ;!&+ %$ *"1+$1  &2 !(&+$(& *$ !&(*%13 1.% * 
       ( ;!.-# *-$5$1, !&6%& -&,35.+. +*6!. (&+. 4.6+!. 4. 

&2*,3)+.($   6 .*&0  1. * (6!&6 &%  45.!+.< %$ 
 4-",( %$,(  ( ;!  : 9  10 18 4-",( %$,(  ( ;!  – : 9. 10.18.

-1 '$1: -1  :./,&+   #&!3'$(%$( *"1+$1 $#(&( ;!&+ 
&2*,3)+.< -1&0$* <$  4-",(6+. 4.6+! %$ &2*,3)+.< -1&0$* <$  4-",(6+. 4.6+! %$ 
-&*,$#&+.%$,(& – +!,.   4.!"*($( $%& 4. #&*%"- #& 
+%&1 5(.%. -.'$% +%&1 5(.%. -.'$% 

'(&9&( ;!&+ %$ “# *-$5$1- 4-",( %$,” -1&0$*  *$ 
2.4 1.% (. 2,&! 1.<  &21"<$( 6 !"' * *%$'.%. + 2.4 1.% (. 2,&! 1.<  &21"<$( 6 !"' * *%$'.%. + 
 4-",( %$,( %$ ( ;! 

F 91.0 6 (. !&#F 91.0 6 (. !&#
*1$<. *$ -&# :&1'.%. (.:

' 91.0 6 (. -1&0$*  – (.-1. 4. 2.,.(* 1.($ (. ,&!.,( 6  45 *, %$,$( %&+.1 
'$)#3 +"4, %$ ( 4'$1+.( (.-1  * #",) (. (. ,&!.,(.%. &-.;!. &% 4.6+!  '$)#3 +"4, %$ ( 4'$1+.( (.-1. * #",) (. (. ,&!.,(.%. &-.;!. &% 4.6+! , 
(.%&+.1+.($ (. -1&0$*&1./&2*,. 3*%1&/*%+&   #1.) 

' 91 1.($ (. -1&91.'  4. &%#.,$5$(&  4-",($( $ –
-1  *"1+$1. (.-1  4.1$)#.($ + *"1+$1. (. -1&91.'. 4. ,&!.,(. &21.2&%!. (. -1  *"1+$1. – (.-1. 4.1$)#.($ + *"1+$1. (. -1&91.'. 4. ,&!.,(. &21.2&%!. (. 
#.((    +1"<.($ *.'& (. 1$43,%.%. (+'$*%& 4.1$)#.($ (. #.(( %$ -1  !, $(%.)

-1  !, $(%. – (.-1. 4.1$)#.($ + !, $(%. (. -1&91.'. 4. -&-",+.($ 
-.1.'$%1 %$ (. 4.6+!.   +1"<.($%& / !"' *"1+$1. (+'$*%&  (%$1.!% +$( 1 1 1 < 1 1 ( 1
&2'$( *"* *"1+$1$( -1&0$* 4. -&-",+.($ (. 4.6+!.%.)

' 91.0 6%. (. -1&0$*  4 *!+. -1$'$*%+.($ (. *$9'$(%. !&#, 
*$9'$(%. #.((    *$9'$(%.  4-",($( $ (%.$. *%.%3*) *$9'$(%. #.((    *$9'$(%.  4-",($( $ (%.$. *%.%3*) 

-1  *$9'$(%. #.(( : -1&0$* *+"14+.($ (binding) %.$. (.*%1&/!. (. .#1$*( %$ 
.193'$(% (#.(( ); +.1 .(% :

*+"14+.($ -&  #$(% : !.%&1 – (.-1. -1  ' 91.1$($ (. #.(( , !& %& *. .#1$*  (. *+"14+.($ -&  #$(% : !.%&1 (.-1. -1  ' 91.1$($ (. #.(( , !& %& *. .#1$*  (. 
:./,&+$ * URL  #$(% : !.0 6 (-&($)$  #$(% : !.%&1. $ 3( 1$*.,$()

*+"14+.($ -& *%&/(&*% – (.-1. .#1$* 1.($ (. *%.(#.1%(. 2 2, &%$!. + @   Java 
(#$/*%+ %$,( 6  '  #$(% : !.%&1 $ ,&!.,$()

       /  (  )*+"14+.($ -& % - – (.-1. .#1$* 1.($ (. ,&!.,(  3*%1&/*%+. (-1 (%$1 , '&( %&1 )

7".$/' -( 0'8*(+': %( 4".7".$/' -( 0'8*(+': %( 4".

( *!. (weak) '&2 ,(&*% – *.'& (. *$9'$(% %$ !&#   #.(( ; 

    J    4-",($( %& *%.1% 1. &%(.5.,& – -1 '$1: Java .-,$% %$ 

( 4 *!+.( 6 4. -1$'$*%+.$'&*% (. !&#.)

 ( t ) 2  +    + *&!. (strong) '&2 ,(&*% – + *$9'$(%. (. *%.%3*.; 

-&  ( 0 .% +. (.  4-1.<.< 6 -1&0$* – -1 '$1 :  4-1.<.($ (. 

-1&91.'. 4.  4-",($( $ &%  45 *, %$,$( *"1+$1 ( 4-1  - * $ -1&91.'. 4.  4-",($( $ &%  45 *, %$,$( *"1+$1 ( 4-1. --* $ 

!, $(%; 4. 4.< %. $ ($&27&# '.  #$(% : !.0 6 (. !, $(%.)  ,  

 4-1.<.($ (. -1&0$* 4. 2.,.(* 1.($ (. %&+.1. -1  913-&+& 1 < 1 0 1 1 1 13

&2*,3)+.($ ( 4-1. --* $ *"1+$1)

-&  ( 0 .% +. (. -1 $'.< 6 -1&0$* – Java .-,$%  (-1 $'. --* $ 

!, $(%)  ,  &%(&+& 4. 2.,.(* 1.($ (& -1   ( 0 .% +. (. -1 $'.< 

*"1+$1

7'8*(+': %( 4". , ;$&$*"8$%%( !*$.(7'8*(+': %( 4". , ;$&$*"8$%%( !*$.(

-1  ( *!. '&2 ,(&*% (*.'& (. !&#   #.(( ) $ ($&27&# '. 
-1$!&'- ,.0 6 (. -1&91.'.%. 4. 1.4, 5(  '.; ( /?@ – (.-1  -1$!&'- ,.0 6 (. -1&91.'.%. 4. 1.4, 5(  '.; ( /?@ – (.-1. 
 4-1.<.< 6 -1&0$*  '. 1.4, 5$(  4-",( ' !&# 4. +*6!. &% 
+"4'&)( %$ -1 $'.<  -,.%:&1' 

  2  (    )    -1  + *&!. '&2 ,(&*% (!&#, #.((    *%.%3*) – * -&##"1).($ (. 
'.; ((&($4.+ * ' ' 91.0 &($( *%$! + &-1$#$,$(  %&5!  (. 
-1&91.'.%., (+ !& %&   *.'& + !& %& '&)$ #. *$  4+"1;  

) ' 91.0 6%.) 
+ -1&0$#31( %$ $4 0  (C) %&+. $ *,$#  4-",($( $%& (. %$!3<. 
:3(!0 6/'$%&#   -1$#  *%.1% 1.($%& (. *,$#+.</. – 4. #. ($ *$ (.,.9. 
-1 '.1(& -1$(&* (. *%&/(&*% %$ (. -1&0$*&1( %$ 1$9 *%1  !& %& *. -1 '.1(& -1$(&* (. *%&/(&*% %$ (. -1&0$*&1( %$ 1$9 *%1 , !& %& *. 
'.; ((&4.+ * ' 

*  (%$1-1$% 1.(  $4 0  – -1  *!1 -%&+ %$ $4 0  + 1%3.,(.%. 
     (G l)  '.; (. # 1$!%(&  (%$1-1$% 1. -1&91.'( 6 !&# (G*l)  ,  

3( +$1*.,$( '$)# ($( !&#, 9$($1 1.( &% !&'- ,.%&1 (Java)



<0$%(, (.*$!' ' '.$%&'='4(&"*'<0$%(, (.*$!' ' '.$%&'='4(&"*'
"/*!0(0 *. * '+&,(  ( 4&+$ 4.  #$(% : !.0 6 (. !&'-&($(%  – 1$*31*  (+"4, , 
3*%1&/*%+. +!,. +%&1 5(  -.'$% , :./,&+$)   &2*,3)+.(  !&'-&($(%  (-1&0$* , 
-&%1$2 %$, , *"&2<$( 6, #&!3'$(% , (84913- , '1$)&+  *"$# ($( 6   #1.)

 '$(3+.( %$ !&'-&($(%  -&#,$).% (. 3-1.+,$( $  ,  -1&'6(. -&*1$#*%+&' *"&%+$%(  
%&5!  4. #&*%"- – .#1$* 

+ H@ *. ; 1&!& 4.*%"-$(  2"!0/"3!"(* 02)*-" >  '$(.%. *. -&-3#&2(  4. 
 #$(% : !.0 6 (. -&+$5$%& !&'-&($(%  &%!&,!&%& # (.' 5( %$ .#1$*  #$(% : !.0 6 (. -&+$5$%& !&'-&($(%  &%!&,!&%& # (.' 5( %$ .#1$* 

*"<&%& +.)    4. /!'.*-(%*!"(* 02)*-" – $# ( !&'-&($(% * (6!&,!& .#1$*. (%&5!  4. 
#&*%"-) *$  #$(% : 0 1. *  '$, (& ($   * $# ( &% .#1$* %$ * ; -1 '$1 – 1.4-1$#$,$(. 
Web 3*,39.,  4-",(6+.(. &% (6!&,!& *"1+$1. * 1.4, 5(  .#1$* 

-1   '$(.%.    .#1$* %$ *$ #&-3*!. '&(&9&4(.5(&*%   -1&'6(.

4. -1&41.5(.  #$(% : !.0 6 *$  4-&,4+.% 02)*-!'!*40%"-"/" "/*!0

"2*!("5"$0(')"(* *.  '$(., !& %&  '.% $#(&4(.5(&-&21.% '&   3*%&/5 +& *"&%+$%*%+ $ 
* !&'-&($(% %$:* !&'-&($(% %$:

+*$!   #$(% : !.%&1 *"&%+$%*%+. (./-'(&9& (. $# ( !&'-&($(%

+*$!  !&'-&($(%  '. ($ -&+$5$ &% $# (  #$(% : !.%&1

 #$(% : !.%&1 %$ ($ *$ -&#'$(6%  ,  -1$(.*6% (. #139  !&'-&($(% # : 1 # 1 #13

!"#$%!&!'(%)*!%# )+!,-*./(% 0#+$) +*(/$./($# (.  #$(% 5(&*%%. (. !&'-&($(% %$ (4. 
1.4, !. &%  '$(.%.   .#1$* %$ -&1.#  %67(.%. '(&9&4(.5(&*%   -1$7&#(&*%)

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

>*"!&*(%!&," %( '0$%(&( ' *(-*$3(,(%$ 

  %( '0$%(&( 
+"17&+$%$ (. !&$%& *. 1.4-&,&)$(   '$(.%. (. !&'-&($(% %$; 
 '$(.%. +"+ +"17&+$%$ *. (. !&'-&($(% -# 1$!%&1  ; &2 !(&+$(&  '$(.%. +"+ +"17&+$%$ *. (. !&'-&($(% -# 1$!%&1  ; &2 !(&+$(& 
#"1+&%& (.  '$(.%.  '. *.'& $# ( !&1$(

-"% + 91.:. (.  '$(.%. – .2*&,8%$( (&% !&1$(.)   &%(&* %$,$( -"%

91.:"% (.  '$(.%. &2 !(&+$(& $ #"1+& (*.'& * $#(& +7&#6<& 1$21& 
4. +*$!  +"4$, – +1"7, , *%&)  ,  $ .0 !, 5$( 

1$;.+.($ (.  '$(.%. (name resolution) $  4+, 5.($%& (. 1$;.+.($ (.  '$(.%. (name resolution) $  4+, 5.($%& (. 
 #$(% : !.%&1 (. !&'-&($(%. -1  4.#.#$(&  '$ (  -"%)

-*$+#&( ' (alias) e #&-",( %$,(&  '$ (. !&'-&($(%: 
 :            !&9.%& 91.:"% (.  '$(.%. #&-3*!. -&+$5$ &% $# ( -"% #& !&'-&($(%. – -1 '$1 

+ UNIX (: 9.10.23)

!&9.%& *"#"1).( $%& (. +"4$,-, *% &% 91.:. (.  '$(.%. ($ $  '$ (. 
!&'-&($(% . .2*&,8%$( -"% #&  '$%& (. %&4  !&'-&($(%!&'-&($(% . .2*&,8%$( -"% #&  '$%& (. %&4  !&'-&($(%

*+"14+.($ (mounting) (. #+$ -1&*%1.(*%+.  '$(. *$ 1$., 4 1. !.%& 
+"4$, &% $#(& -1&*%1.(*%+& (mount point) *"#"1).  #$(% : !.%&1 (. 

    ( ti  i t)+"4$, &% #139& -1&*%1.(*%+& (mounting point)

?(-!/"$%" )*"!&*(%!&," %( '0$%(&(* *
-1  9&,$' %$/9,&2.,( %$ H@ -1&*%1.(*%+&%&  '$(. *$ &19.( 4 1. /$1.17 5(& 
51$4 1.4*,&6+.($, -&##"1)./!  &2< !&1$(

&2 !(&+$(& *$ -1 $'. %1 *,&$( '&#$,:1 1 #
9,&2.,(& ( +& (global layer) – !&1$(. (. 91.:.   *+"14.( %$ * ($9& +"4, -
# 1$!%&1  ; (. %&+. ( +& -1&'$( %$ (.  '$(. *. '(&9& 1$#!  ((./-+ *&!. 
*%.2 ,(&*%), &%#$,( %$ +"4,  *"#"1).% *- *"! *  '$(. &% *,$#+.<&%& ( +&, 
913- 1.(  -& &19.( 4.0 &($( -1 (0 - ((.-1  + DNS &2,.*% %$ com  edu  gov  mil  913- 1.(  -& &19.( 4.0 &($( -1 (0 - ((.-1. + DNS &2,.*% %$ com, edu, gov, mil, 
org, net,   (. *%1.( %$)

.#' ( *%1.% +(& ( +& (administration layer) – +"4, %$-# 1$!%&1   *"#"1).% *- *"0  
* !&'-&($(% , -1 (.#,$).<  (. &2<. .#' ( *%1.% +(. &2,.*% ((.-1. *- *"! * 

            &%#$, %$ (. $#(. &19.( 4.0 6  ,  *- *"! *"* 7&*%&+$%$ + #.#$(  (%1.($%  ,  
*- *"! (. +* 5!  -&%1$2 %$,  &% %.4  &2,.*%) – &%(&* %$,(. *%.2 ,(&*% (+ DNS 
sun.com, uni-sofia.bg, fmi.uni-sifia.bg, acm.org)

,&!.,(& ( +& (managerial layer) – +"4, %$-# 1$!%&1   -1$#*%.+6% ,&!.,(  ( g y ) # 1 1 1 #
!&'-&($(%  – (.-1. :./,&+.%. * *%$'. (. &%#$,$(  7&*%&+$ + #.#$(. ,&!.,(. 
'1$).   &%#$,(  ,&!.,(  # 1$!%&,     :./,&+$ 4. &2< #&*%"- – ( *!. *%.2 ,(&*%; 
-&##1")!.%. (. %.! +. +"4, -# 1$!%&1   *$  4+"1;+.   &% -&%1$2 %$, %$ (+ DNS 
courses.fmi.uni-sofia.bg)courses.fmi.uni sofia.bg)

&*+$( /$1.17 5(&, -1&*%1.*%+&%&  '$(. *$ 1.4#$,6   .#' ( *%1.% +(& (. 
($-1 -&!1 +.<  *$ 5.*%  – 4&(  – +*6!. &% !& %& *$ &2*,3)+. &% *"&%+$%$( 
*"1+$1 (.  '$(.%.

Domain Name System DNSDomain Name System DNS
DNS $ (./-9&,6'.%. 1.4-1$#$,(. * *%$'. 4.  '$(. (. 
!&'-&($(%  (. !&6%& *$ 2.4 1. E(%$1($%!&'-&($(% , (. !&6%& *$ 2.4 1. E(%$1($%

/$1.17 5(. (%.$. #"1+&+ #(.) &19.( 4.0 6 (. +"4, %$, !&$%& 
-&4+&,6+. -&,4+.($%& (. &2< $% !$% 4. [$# (*%+$(&%&] +7&#6<& 
2    1$21&   4. +"4$,.

$% !$% %$ *$ &4(.5.+.% *"* * '+&,(  ( 4&+$ 2$4 1.4, 5.+.($ (. 
9,.+(    '.,!  23!+  #& 63D, . * .2*&,8%( 6 -"% – #& 255D3 # , #

.2*&,8%( 6% -"% *$ &%5 %. &% !&1$(.   *$ &4(.5.+. * “.”, !&6%& 
'&)$ #. *$ -1&-3*($ – courses.FMI.uni-Sofia.bg.

&2,.*% (domain) $ -&##"1+& + DNS  .2*&,8%( 6% -"% #& ($6 $ &2,.*% (domain) $ -&##"1+& + DNS, .2*&,8%( 6% -"% #& ($6 $ 
 '$%& (. &2,.*%%. 

*"#"1).( $%& (. +"4$,. (%.$.  (%$1-1$%.0 6%. (.  '$(&+.( 6 
!&'-&($(%) *$ 4.#.+. * .*&0  1.( !"' ($9& *- *"! &% 1$*31*(  
4.- * :

?$!@*!%' -()'!'?$!@*!%' -()'!'
[RFC1035]
A         1 a host address                     
NS        2 an authoritative name server           
MD        3 a mail destination (Obsolete - use MX) 
MF        4 a mail forwarder (Obsolete - use MX)
CNAME     5 the canonical name for an alias
SOA       6 marks the start of a zone of authority 
MB        7 a mailbox domain name (EXPERIMENTAL)
MG        8 a mail group member (EXPERIMENTAL)
MR        9 a mail rename domain name (EXPERIMENTAL)
NULL     10 a null RR (EXPERIMENTAL)              

       11  ll k  i  d i i       WKS       11 a well known service description      
PTR       12 a domain name pointer                 
HINFO     13 host information                      
MINFO     14 ilb   il li t i f ti       MINFO     14 mailbox or mail list information      
MX        15 mail exchange                         
TXT       16 text strings

DNS '0)/$0$%&(+':DNS '0)/$0$%&(+':

DNS -1 ,.9. %1 *,&$( '&#$, !.%& -&##"1). 9,&2.,(&%& 
   (    : /    .#' ( *%1.% +(&%& ( +& (,&!.,(&%& ( +& $ :./,&+.%. 

* *%$'. (. +"4, %$)

    [ ]   4&( %$ *$ -&##"1).% &% [1$-, ! 1.( ] *"1+$1  (. 
 '$(.%.

  2   *"&%+$%*%+ $: '$)#3 &2,.*%    4&( 
!&9.%& &2,.*%%. $  491.#$(. !.%& $#(. DNS 4&(., + 4&(&+ 6 
:./, (6'. *"1+$1  (.  '$(.%. + #139  4&( :./, (6'. *"1+$1  (.  '$(.%. + #139  4&( 

!&9.%& &2,.*%%. *"#"1). -&#&2,.*% , !& %& *. + &%#$,(  4&( , 
4&(&+ 6 :./, *"#"1). 4.- * *  '$%& (. -&#&2,.*%%., ($/( 6 : # 1 # ,
DNS *"1+$1   ($9&+ 6 .#1$* (+). )",% 6 2,&! + *,$#+.< 6 
-1 '$1) 

 #/(!& ! )"."#/(!& #/(!& ! )"."#/(!&
[amigo.acad.bg]
acad.bg. SOA amigo.acad.bg vedrin.acad.bg. (200310210128800)

d b NS i d bacad.bg. NS server = amigo.acad.bg
acad.bg. NS server = unicom.acad.bg
acad.bg. NS server = ns1.univie.ac.at
croom8 A 194.141.0.97

9 A 194 141 0 98croom9 A 194.141.0.98
art NS server = amigo.acad.bg
art NS server = unicom.acad.bg
vtu NS server = ns.vtu.acad.bg

t A 194 141 4 1ns.vtu A 194.141.4.1
vtu NS server = amigo.acad.bg
vtu NS server = unicom.acad.bg
muvar NS server = asclep.muvar.acad.bg
asclep m ar A 212 39 81 180asclep.muvar A 212.39.81.180
muvar NS server = dpx20.tu-varna.acad.bg
dpx20.tu-varna A 194.141.24.4
muvar NS server = unicom.acad.bg
muvar NS server amigo acad bgmuvar NS server = amigo.acad.bg
gateN A 194.141.0.212
dis A 194.141.0.26

<&$*(&',%" *$3(,(%$ %( (.*$!'&$<&$*(&',%" *$3(,(%$ %( (.*$!'&$
-1   %$1.% +(&%& 1$;.+.($ (. .#1$* %$ -",(&%&  '$ (* -"%) –
(.-1  ftp://is fmi uni sofia bg/t3/rITa1 pdf *$ -1$#.+. (. *"1+$1. (. (.-1. ftp://is.fmi.uni-sofia.bg/t3/rITa1.pdf – *$ -1$#.+. (. *"1+$1. (. 
 '$(.%. + !&1$(. (.#1$*"% (. 5 6%& 1$-, !. $ -1$!&(: 931 1.( 
,&!.,(&) )

!&1$("% 1$;.+. &2 !(&+$(& *.'& (./-+"(;(.%. &2,.*% %.$. +1"<. 
.#1$*. (. *"1+$1 (.  '$(., !&/%& 6 &2*,3)+. (+ *,35.6 .bg)

-1&0$*"% -1&#",).+. (.#&,3 -& /$1.17 6%., #&!.%& *$ *% 9($ #& 
*"1+$1 (.  '$(., !&/%& +1"<. .#1$* (. -1&%&!&,$( *"1+$1 
(.#1$*. (. :./,&+.%. * *%$'., -&##"1).<. *"&%+$%( 6 #&!3'$(% (.#1$*. (. :./,&+.%. * *%$'., -&##"1).<. *"&%+$%( 6 #&!3'$(% 
 ,  :./, – %3! ftp) – : 9. 10.29

DNS-:.4.%. &% 1$;.+.($%& (. .#1$*. *$ &2*,3)+. -1  !, $(%. &% 
*-$0 .,$( -1&0$* – name resolver, . -&*,$#(.%. *%"-!. * 
-1&%&!&,( 6 &2'$( *$  4-",(6+. &% #139 !, $(%*!  -1&0$*



?$4@*!',%" *$3(,(%$ %( (.*$!'&$?$4@*!',%" *$3(,(%$ %( (.*$!'&$
-1  1$!31* +(& 1$;.+.($ (. .#1$* %$ -",(&%&  '$ – (.-1. ftp://is.fmi.uni-
sofia bg/t3/rITa1 pdf – *$ -1$#.+. &%(&+& (. *"1+$1. (.  '$(.%. + !&1$(. sofia.bg/t3/rITa1.pdf *$ -1$#.+. &%(&+& (. *"1+$1. (.  '$(.%. + !&1$(. 

*"1+$1"% (.  '$(. ($ +1"<. 1$;$( 6 .#1$* ((. *,$#+.< *"1+$1) !"' !, $(%., 
. +'$*%& %&+. -1$#.+. &*%"%"!. &%  '$%& !"' %&4  .#1$*/*"1+$1

*%"-%.!. *$ -&+%.16  #&!.%& ($ 2"#$ 1$;$( .#1$*. (. -1&%&!&,( 6 *"1+$1  *%"-%.!. *$ -&+%.16, #&!.%& ($ 2"#$ 1$;$( .#1$*. (. -1&%&!&,( 6 *"1+$1, 
!&/%& *$ +1"<. &21.%(& -& /$1.17 5(.%. +$1 9. !"' !&1$(.

1$;$( 6% .#1$* *$ -1$#.+. !"' !, $(%*! 6 -1&0$* &% !&1$(., *,$# !&$%& 
   2   2      &%#$,$( !, $(%*!  -1&0$* &2*,3)+. -1&%&!&,( 6 &2'$( * %.!. 1$;$( 6 .#1$* –

: 9. 10.30

-1$# '*%+&%& (. 1$!31* 6%. $ *"!1.<.+.($ (. !&'3( !.0  %$ (*%.% *% 5$*! )   
2-&-#&21. +"4'&)(&*% 4. ,&!.,(& !$; 1.($ (. .#1$*( %$ 1$;$( 6

($#&*%.%"! $ 0$(%1., 4.0 6%. (. 1$;.+.($%& + *"1+$1. (. !&1$(. –

4.%&+. DNS -1 ,.9. (. 9,&2.,(& ( +&  %$1.% +( 6 -&#7&#, . (. 4. & . S 1 , . .. ,&2., & & $1. &# &#, . .
.#' ( *%1.% +(& – 1$!31* +( 6

B1$'.7+.($ (. ($.#1$* 1.( %$ !&'-&($(% B1$'.7+.($ (. ($.#1$* 1.( %$ !&'-&($(% 
Garbage collection – + H@ &21"<$( $%& !"' &%#.,$5$(  !&'-&($(%  *$ 2.4 1. (. 
,&!.,(  3!.4.%$,  !"' %67; &%*"*%+ $%& (. %.! +. 3!.4.%$,  &4(.5.+. 5$ ,&!.,(  3!.4.%$,  !"' %67; &%*"*%+ $%& (. %.! +. 3!.4.%$,  &4(.5.+. 5$ 
!&'-&($(%. %162+. #. *$ -1$'.7($, (& (., 5 $%&  ' ($ + (.9  &4(.5.+. 
.!%3.,(&*% ((.-1. 0 !, 5(  3!.4.%$,  '$)#3 #+. ($(3)(  !&'-&($(%.)

-1  1.4-1$#$,$( %$ &2$!%  #+&/!.%. proxy-skeleton: -1&!* -*%"2 &2*,3)+. -1  1.4-1$#$,$( %$ &2$!%  #+&/!.%. proxy-skeleton: -1&!* -*%"2 &2*,3)+. 
!, $(%*! 6  (%$1:$/* !"' &2$!%., . *!$,$%&(-*%"2 – *"1+$1( 6; &2 !(&+$(& %$4  
#+$ *%"2-5.*%  &2*,3)+.% 1.45 *%+.($%&, 4.<&%&

1.4-&,.9.% *  (:&1'.0 6 4. %$!3< %$ &21"<$( 61.4-&,.9.% *  (:&1'.0 6 4. %$!3< %$ &21"<$( 6

'&9.% #. '.*! 1.% %.4  * *%$'(. :3(!0 6 &% !, $(%*! 6   *"1+$1( 6 -1&0$*

91.: (. 3!.4.%$, %$ * '(&)$*%+& (. !&1$( %$, !& %& ($ *$ -1$'.7+.% #&1    
2!&9.%& (6'. 3!.4.%$,  !"' %67 – (.-1. -&%1$2 %$, , * *%$'(  3*,39  – : 9. 10.31.

!&'-&($(% %$, !& %& ($ *. -16!&  ,  !&*+$(& #&*% ) '  &% '(&)$*%+&%& !&1$( , 
-&#,$).% (. -1$'.7+.($

-&##"1).($%& (. 91.: (. 3!.4.%$, %$   (. *- *"! * ($#&*% ) ' %$ !&'-&($(%  
+ H@ *$ &*"<$*%+6+. * '&#$, (. !&'3( !.0  , *"&21.4$( *  4 *!+.( 6 4. 
$:$!% +(&*%   *!., 13$'&*%: 13

A*"$%$ %( @4(-(&$/'&$A*"$%$ %( @4(-(&$/'&$
.*&0  1. *%.%3*. (. &2$!%. (!&'-&($(%.) * 21&65 (. 3!.4.%$, %$ ((.-1. !, $(%*!  
*%"2&+$) !"' ($9& *"* *"&%+$%(&%&  (!1$'$(% 1.($   #$!1$'$(% 1.($; &2$!% * (3,$+ 
2     2      2   21&65 -&#,$)  (. -1$'.7+.($; 21&65"% (. 3!.4.%$, %$ *$ -&##"1). &2 !(&+$(& &% 
*!e,$%&(-*%"2. (. &2$!%( 6 *"1+$1 – : 9. 10.32

-1  H@ %&4  -&#7&# (-1 ,&)$( 2$4 '&# : !.0  ) -&1.)#. -1&2,$'  -&1.#  
!&'3( !.0 &((  4.!"*($( 6   4.932  – (.-1: !&'3( !.0 &((  4.!"*($( 6   4.932  (.-1: 

#32, 1.($ (.  (!1$'$(% 1.<    #$!1$'$(% 1.<  *"&2<$( 6, -&1.#  4.932. (. -&%+"1)#$( 6 
&% *"1+$1.

-1  (.*,$#6+.($ (!&- 1.($) (. 3!.4.%$, !"' #139 !, $(%*!  -1&0$*  (!1$'$(% 1.<&%& 
*"&2<$( $ (. (&+ 6 3!.4.%$, '&)$ #. 4.!"*($$ *,$# #$!1$'$(% 1.<&%& !"' 0 *"&2<$( $ 4. *"&2<$( $ (. (&+ 6 3!.4.%$, '&)$ #. 4.!"*($$ *,$# #$!1$'$(% 1.<&%& !"' 0 *"&2<$( $ 4. 
*%.1 6 3!.4.%$,

4. -1$&#&,6+.($ (. !&'3( !.0 &(( %$ -1&2,$'  *$ -1 ,.9. 21&$($ (. %$9,&%& (.  
3!.4.%$, %$ (weighted reference counting), !&$%& -1$&#&,6+. -1&2,$'. * 1.4'(&).+.($%& 
(. 3!.4.%$,  -1  1$-, ! 1.($ (. !, $(%*! %$ &2$!%  51$4 -1 *+&6+.($ (. [1.+(.] 5.*% &% (. 3!.4.%$,  -1  1$-, ! 1.($ (. !, $(%*! %$ &2$!%  51$4 -1 *+&6+.($ (. [1.+(.] 5.*% &% 
%$9,&%& (. *+&6 3!.4.%$, (. +*$!  (&+&*"4#.#$( 3!.4.%$,

#139 -&#7&# $ 21&$($%& (. 9$($1.0  %$ 3!.4.%$,  (generation reference counting), -1  
!&/%& &*+$( 21&65 (. -&1$#( %$ 3!.4.%$,  *$ .*&&0  1.   * 21&65 (. 9$($1.0 6%.: .!& 

  2   k     2  (    k 1 (.-1. !, $(%*!  &2$!% &% k-9$($1.0 6 *"4#.#$ n (&+  &2$!%. (!& %& *$ 6+6+.% k+1 
9$($1.0 6), *,$# !&$%&  4%1 $ *+&6 3!.4.%$,, *!$,$%&("% + &2$!%( 6 *"1+$1 &%1.46+. G(k) 
= G(k)-1   G(k+1) = n.

B)'!94 %( @4(-(&$/'&$B)'!94 %( @4(-(&$/'&$
-1 (0 -(& 1.4, 5$( -&#7&# 4. garbage collection $ +'$*%& #. *$ 21&6% 3!.4.%$, %$, 
*!$,$%&("% #. 1$9 *%1 1. -1&!* -*%"2&+$%$, !& %&  4+ !+.% &2$!%., + *- *"! (. 

 ( f  li t)        3!.4.%$, %$ (reference list) *  #$'-&%$(%(  &-$1.0   4. +!,85+.($    4!,85+.($ 
('&<(&*%%. (. +*6!& -1&!*  + *- *"!. $ 1)

#&-",( %$,(& -1$# '*%+& (.  #$'-&%$(%(&*%. $, 5$ 4.6+! %$ '&9.% #. *$  4-1.<.% 
(6!&,!&!1.%(& ((.-1. 4. &%!.4&3*%&/5 +&*%) 2$4 #. *$ -1&'$(6 1$43,%.%. + *- *"!. –(6!&,!&!1.%(& ((.-1. 4. &%!.4&3*%&/5 +&*%) 2$4 #. *$ -1&'$(6 1$43,%.%. + *- *"!. 
!&$%& ($ $ +., #(& -1  21&65 %$

%&4  '$%&# *$ -1 ,.9. + Java RMI – -1  &%#.,$5$(& &21"<$( $ !"' &2$!% + !.< 6 9& 
-1&0$*  4-1.<. (. *!$,$%&(. *+&6  #$(% : !.%&1   *,$# -&,35.+.($ (. -&%+"1)#$( $ 
[4. +!,85+.($ + *- *"!. 3!.4.%$, ] -1&0$*"% 4.1$)#. &2$!%(&%& -1&!*  + .#1$*(&%& *  [4. +!,85+.($ + *- *"!. 3!.4.%$, ] -1&0$*"% 4.1$)#. &2$!%(&%& -1&!*  + .#1$*(&%& *  
-1&*%1.(*%+&

.!& &%#.,$5$( -1&0$* B1 -1$#.#$ !&- $ &% &2$!%(&%& -1&!*  (. #139 --* B2, B2  4-1.<. 
4.6+!./  4. +!,85+.($  + *- *"!. (. *!$,$%&(.    (*%., 1. -1&!* -*%"2. *,$# 
-&%+"1)#$( $

-1&2,$' -1  9&1( 6 *0$(.1 /: 4.6+!. &% B1 #& *!$,$%&(. 4.  4!,85+.($ &% *- *"!. -1$#  
B2 #. 4.6+  +!,85+.($ – .!& *- *"!. '$)#3+1$'$((& *%.($ -1.4$(, *!$,$%&("% '&)$ #. 
 4%1 $ &2$!%.; *1$<3 %&+. *$ -1 ,.9. 4.6+!. &% B1 (*"<& * -&%+"1)#$( $ !"' B1) 4.  4%1 $ &2$!%.; *1$<3 %&+. *$ -1 ,.9. 4.6+!. &% B1 (*"<& * -&%+"1)#$( $ !"' B1) 4. 
-1$#*%&6<& +!,85+.($ (. B2, %.!. 5$ *!$,$%&("% -&##"1). *- *"! (. %$!3< %$   (. 
-1$#*%&6< %$ 4.6+!  

2$."!&'C'0' 4"0)"%$%&'2$."!&'C'0' 4"0)"%$%&'
($#&*% ) '  !&'-&($(%  (-&#,$).<  (.  4%1 +.($) *. !&'-&($%  
2$4 -"% &% 3!.4.%$,  !"' %67 &% (6!&/ !&1$(2$4 -"% &% 3!.4.%$,  !"' %67 &% (6!&/ !&1$(

%$ ($ *$ 4.* 5.% -& ( !&/ &% 9&1( %$ '$%&# , . 51$4 -1&*,$#6+.($ 
(tracing-based garbage collection) – -1&*,$#6+.($ (. 3!.4.%$, %$ 

   (    !)!"' +* 5!  !&'-&($(%  ('$%&# * ( *!. *!., 13$'&*%!)

-1  6!"&)'7*-')"(* -1&*,$#6+.($%& *$ -1.+  -& '$%&#. mark-
and-sweep: p

* :.4. (. '.1! 1.($%& (. #&*% ) ' %$ &% !&1$( %$ !&'-&($(%    

:.4. (.  45 *%+.($%&, -1  !&6%& * *%$'.%. &%!1 +. + -.'$%%. !&'-&($(% , 
($: 931 1.<  + '.1! 1.( 6 *- *"!, !& %& *$  4%1 +.%: 3 1 1 <1 1 , 1

+.1 .(%: !&'-&($(%  * &%!1 % 3!.4.%$, !"' %67, (& -1$#  #. $ 
 4+"1;$(& -1&*,$#6+.($ (. %$7( %$ 3!.4.%$, , *$ '.1! 1.% 
'$)# ((& !.%& “* + ” (%1.# 0 ((& “2$, ” *. !&'-&($(%  !"' !& %& '$)# ((& !.%& * +  (%1.# 0 ((& 2$,  *. !&'-&($(% , !"' !& %& 
($ *. &%!1 %  3!.4.%$, , . “5$1( ” *. #&*% ) '  !&'-&($(% , 4. 
!& %& -1&*,$#6+.($%& $ 4.+"1; ,&)

7ark and sweep -( *(-)*$.$/$%' !'!&$0'7ark-and-sweep -( *(-)*$.$/$%' !'!&$0'
+*$!  --* Bi *%.1% 1. *&2*%+$( !&,$!%&1, !&/%& &0+$%6+. -1&!* -   *!$,$%&(-
*%"2&+$%$, !.!%&   *.' %$ &2$!%  * I, J   @ + *,$#( %$ *%"-! :, , #

-"1+&(.5.,(& +* 5!  !&'-&($(%  *. &0+$%$(  * I

&2$!%  &% .#1$*(.%. &2,.*% (. Bi, !& %& *. #&*% ) '  &% Bi (6+6+.< *$ ,&!.,$( 
!&1$(), *$ &0+$%6+.% @, *"<& %.!. *$ &0+$%6+.%   -1&!* -*%"2&+$%$, 4.1$#$(  &% 1 ), 0 , < 0 1 , 1 #
%&4  &2$!%; !&$%& &4(.5.+. 5$ %$7( %$ 1.4-1$#$,$(  &2$!%  *. *"<& @

#& *!$,$%&( %$ *"&%+$%*%+.<  (. “* + %$” -1&!* -*%"2&+$ *$  4-1.<. 
*"&2<$( $, !&$%& &0+$%6+. @ *.' %$ *!$,$%&(    %$7( %$ &2$!%  (*!$,$%&( %$   

 2          Bi)%$7( %$ &2$!%  *. &%#.,$5$(  -& &%(&;$( $ (. &0+$%6+.< 6 !&,$!%&1 (. Bi)

-1&!* -*%"2&+$%$, 4.1$#$(  &% &%#.,$5$( &2$!%, &0+$%$( @, *"<& *%.+.% @; 
%&9.+. &%#.,$5$( 6% &2$!%   ($9&+ 6 *!$,$%&(-*%"2 *%.+.% J   *!$,$%&("% +1"<. 
*"&2<$( $ (. .#1$* 1.< %$ 9& -1&!* *%"2&+$*"&2<$( $ (. .#1$* 1.< %$ 9& -1&!* -*%"2&+$

-1&!* -*%"2&+$%$, -&,35 ,  %&+. &21.%(& *"&2<$( $ *$ &0+$%6+.% J

!&,$!%&1 %$ -1&#",).+.% 1$!31* +(& #& 4.+"1;+.($ (. &0+$%6+.($%& %.$. #& 
&0+$%6+.($ * I   J ((.!1.6 (6'. @ !&'-&($%  (6'.)&0+$%6+.($ * I   J ((.!1.6 (6'. @-!&'-&($%  (6'.)

+%&1.%. :.4. $ -1$'.7+.($ (. +* 5!  I-!&'-&($(% : &2$!% , *!$,$%&(    -1&!* -
*%"2&+$, (4.1$#$(  &% I-&2$!% %$  ,  .*&0  1.(  * %67)

D!/",'$ -( )*"!/$.:,(%$D!/",'$ -( )*"!/$.:,(%$

'$%&#"% mark-and-sweep  4 *!+. 91.:. (. #&*% ) '&*% #. ($ *$ 

         -1&'$(6 #&!.%& %1.$ &0+$%6+.($%&    4%1 +.($%& – %.$. *- 1.($ (. 

 4-",($( $%& (. -1&0$* %$ (“stop-the-world”); + 1.4-1$#$,$( 

+.1 .(% %&+. &4(.5.+.  5$ +* 5!  -1&0$*  %162+. #. +.1 .(% %&+. &4(.5.+., 5$ +* 5!  -1&0$*  %162+. #. 

* (71&( 4 1.% '&'$(% %$ (. *%.1% 1.($ (. -1&*,$#6+.($%&   (. 

*,$# %&+. (. +"4*%.(&+6+.($ (.  4-",($( $%& *  #

4. -&-#&21. *!., 13$'&*% (+!,. -1$&#&,6+.($ (. $:$!% %$ &% “stop-

the-world”) *$ -1 ,.9. -1&*,$#6+.($ + 913-  &% -1&0$* : 

-1&0$* %$ *$ 1.4#$,6% (. 913- , + !& %& *$  4+";+. 913-&+& -1&*,$#6+.($ –

.* (71&((& (. &*%.(., %$ 913- 

*,$# !.%& *.  45 *%$(  +* 5!  913-  *$  4+"1;+. 9,&2.,(& -1&*,$#6+.($  *,$# !.%& *.  45 *%$(  +* 5!  913- , *$  4+"1;+. 9,&2.,(& -1&*,$#6+.($, 

!&$%& *$ &5.!+. #. $ -&-2"14&, %"/ !.%& +$5$ *.  45 *%$(  -&+$5$%& I-

!&'-&($(% 

11. !"#$%&'" #(%)#$*+ ,+ (%+-'. 

*(%&%

/+#"- 0%.(1"%*

! ci.fmi.uni-sofia.bg/
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!"#"$%&'()!"#"$%&'()

!"#$%&#"'()"* " +"+,-.#& /%-.-

0%&,&1&2" '( 3&4%-54(#- !"#"$"%& '( )"*!+,*(-+

.%"/(%+- 0#(#101

2'(&3-" &'$%456(-+

77(')!+*+%+-& #!(-'($8&&

 !"#$%&' ()$%$ ! #*+%$)! 
 !"#$%"!&'(!)*' + "+%,#%-!.' /$!: !"#$%"!&'(!)*' + "+%,#%-!.' /$!:

0%.1"!0'(!! .+2-1 /$%(+ !*+

/%-$+2-'"+ "' $'&/$+-+3+"!  4,!*!) – /$'5% "' -% *4/, ,63+*!", *$'"&'0(!!

!&/%3&5'"+ "'  ! *+."%*% 5$+.+ 0'*% '$71.+"* – /$!.+$ make 0%.'"-' 5 UNIX

5 89 (&' $'&3!0' %* 1"!- ! .13*!/$%(+ %$!*+) /$%7$'."!*+ 0%./%"+"*! .%2+ -'  ' 
$'&/%3%2+"! "' 0%./6*$!   $'&3!0' 5  ! *+."!*+ 5$+.+"' – :!7. 11.3.1 – -+ !"#$%"!&'(!) 
(clock skew) /%$'-! $'&3!0' 5 *'0*%5'*' ;+ *%*' "' % (!3'*%$!*+ ! /$! "' *$%<0'*' "' 
 ! *+.'*'

 ! *+."%*% 5$+.+  + %*;!*' %* *'<.+$ – 0$! *'3+" % (!3'*%$ + ,$%); + $+7! *4$ &' ,$%) 
!./13 ! &' 1  +0. –   7+"+$'(!) "'  ! *+."% /$+04 5'"+ (%,!0"%5+"%   !"*+$5'3 1  +0.); 
 ! *+."!)* ;' %5"!0 + /$%(+ , 0%<*% %*,$%)5' /$+04 5'"!)*'  /% *'<.+$ 

 ,     UTC U i l Ti  C di t d   &' 73%,'3"' 0%%$-!"'(!)  + !&/%3&5' UTC – Universal Time, Coordinated – 0%+*%  + 
$'&/$% *$'")5' ;$+& 04 %543"%5! $'-!% *'"(!! %* "'(!%"'3"!*+ !" *!*1*! /% 
 *'"-'$*!&'(!) ! 7+% *'(!%"'$"!  '*+3!*!

(+3*' + dC/dt = 1,  t; $+'3"!*+ % (!3'*%$! 5 .' %5!*+ 0%./6*$! $',%*)*   %*"% !*+3"' ( , ; $ ( $ $ $
7$+=0' ! > 10-5, *.+. 

1-! " dC/dt " 1+!,

! + .'0 !.'3"% %*03%"+"!+ (maximum drift rate)   54&.%2"% !&,4$&5'"+ !3! !&% *'5'"+ – :!7. 
11 3 211.3.2

%*03%"+"!+*% .+2-1 -5'  ! *+."! ;' %5"!0' &' 5$+.+ #t +

$ " 2!#t,

! '0% *%5' + "+%,#%-!.'*' 7%$"' 7$'"!(' "' -+ !"#$%"!&'(!) (skewing)   + "'3'7' ! '0% *%5' + "+%,#%-!.'*' 7%$"' 7$'"!(' "' -+ !"#$%"!&'(!) (skewing),  + "'3'7' 
$+ !"#$%"!&!$'"+   /+$!%- $/2!  +0.

 !&,)'&!-!)*.! */0')!#%! -* 
  "!"#$%&'#' ()$%$ 

,'&!$'*  + '3*+$"'*!5"% "':
  <     UTC     5$+.+5!  !"#$", 0%<*%  +  !"#$%"!&!$' /% UTC, !3! 1 $+-")5'  ! *+."%*% 

5$+.+ "' 54&3!*+

"%&'"$($)$*+  ,$-+ &' $+ !"#$%"!&'(!) %* *!/ $2$

(+"*$'3!&!$'"' ( 4$5+$"')  !"#$%"!&'(!):
'37%$!*4. "' Christian (1989 –  !"#$%& "'($%( " UTC): /+$!%-!;"! &')50! %* 
 ! *+."!*+ 54&3! 04. 5$+.+5!)  4$5+$; /$%,3+.!: ! *+."!*+ 54&3! 04. 5$+.+5!)  4$5+$; /$%,3+.!:

&'04 "+"!+ 5 (!043' &')50'-%, 3125'"+-%*7%5%$ – &'*%5' 0%$+0(!)*'  + /$'5! 
0'*% 04. /%31;+"%*% 5$+.+ %*  4$5+$'  + -%,'5') %,!0"%5+"% /%3%5!"'*' 
(54&.%2"! 5'$!'(!! ! /%- 3%2"! '37%$!*.!) %* &'04 "+"!+*% "' %*7%5%$' (54&.%2"! 5'$!'(!! ! /%  3%2"! '37%$!*.!) %* &'04 "+"!+*% "' %*7%5%$' 
(!&.+$+"% "' 3%0'3"'*' .'=!"') – :!7. 11.4.1. 

0%$!7!$'  '.% !&,4$&5'"+*% (5!"'7!!) – "'3'7'*  + /% *+/+""! 0%$+0(!! /$! 5 )0' 
 3+-5'?' &')50' – "'/$. 0%$+0(!)*'   2ms 5.+ *% 1 *'"%5+"!*+ 10ms ("+&'5! !.% 
%* /% %0'*')

'37%$!*4. "' Berkeley UNIX (1989 – !)*#$%& "'($%(, -+.%"): /+$!%-!;"' 
/$%5+$0' "' 3%0'3"!*+  ! *+."! 5$+.+"' 545 54&3!*+ ! !&$'5")5'"+ 04. 
 $+-"'  *%<"% * (+%, $(',)! " UTC /$+-'5'*+3) – :!7. 11.4.2. 

)2) "!&,)'&!-*1!2)2) "!&,)'&!-*1!2
,'&!$'  + "' /+$!%-!;"% %,?%-% *4/"% /$+-'5'"+ "' 3%0'3"%*% 

   5$+.+ %* 5 +0! 54&+3

 3+- %/$+-+3+"% !&;'05'"+ 5 "';'3%*% "' 5 +0! /+$!%-, 54&3!*+ 

       !&;! 3)5'* 3%0'3"% 5$+.+ – /$!.+$"% ;$+& 1 $+-")5'"+   

+5+"*1'3"% !7"%$!$'"+ "' +0 *$+."!*+  *%<"% *!; 

/'$'.+*$!: /+$!%- "' 73' 15'"+ R  /+$!%- "' !&;'05'"+ S << R/'$'.+*$!: /+$!%- "' 73' 15'"+ R, /+$!%- "' !&;'05'"+ S << R

! ,$%< "' !7"%$!$'"!*+ +0 *$+."!  *%<"% *! m ('37%$!*4.4* 

!&! 05' "';'3+"  !"#$%"+" .%.+"* &' %*;!*'"+ "' /+$!%-!*+ !0)$ $ - 0)

/$%*%0%3 &' .$+2%5% 5$+.+ (Network @ime Protocol, NTP; Mills, 

1992) – % !71$)5'  !"#$%"!&'(!) 5 A"*+$"+*   *%;"% * -% 50 

. +0.

 !&,)'&!-*1!2 -* 3'4)$54*&$  !&,)'&!-*1!2 -* 3'4)$54*&$ 

/$!3'7'  + &' /%-$+2-'"+ "'  4,!*!), 0%7'*% 

"+ + 5'2"%  4%*5+* *5!+*% .+2-1 .'=!""%*% ! :!&!;+ 0%*% 5$+.+ –

3%7!;+ 0! ;' %5"!0 

"+ + "+%,#%-!.'  !"#$%"!&'(!) "' .'=!""%*% 5$+.+ .+2-1 54&3!*+  '  '.% "+ + "+%,#%-!.'  !"#$%"!&'(!) "' .'=!""%*% 5$+.+ .+2-1 54&3!*+, '  '.% 

+-"'05% /%-$+2-'"+ "' %*-'3+;+"!  4,!*!) 

,'&!$'  + "' 

$+3'(!) &' /$+-#%-"% * (happens-before rel.) .+2-1  4,!*!)*': a%b ("

/$+-#%2-' b), *$'"&!*!5"'

$+3'(!) &' 0%"01$+"*"% * 0%7'*% "+ .%2+ -'  + %/$+-+3! $+-' "' [-5+] $+3'(!) &' 0%"01$+"*"% * – 0%7'*% "+ .%2+ -'  + %/$+-+3! $+-' "' [-5+] 

%*-'3+;+"!  4,!*!) – "'/$. 5 -5' ' !"#$%""! /$%(+ '

3%7!;+ 0% 5$+.+  : a%b &  (a) < C(b); *%  + 0%$!7!$'  '.% 5 /% %0' 

"'$' *5'"+

5 89 3%7!;+ 0%*% 5$+.+ + 3%0'3"% &' 5 +0! 54&+3

 !&,)'&!-*1!2 " ()$%$(! %*)6! 

(timestamps) 

(Lamport  1978):  !"#$%"!&!$'?!  4%,?+"!) .+2-1 54&3!*+   (Lamport, 1978):  !"#$%"!&!$'?!  4%,?+"!) .+2-1 54&3!*+   

5$+.+5! .'$0! "' 3%0'3"!*+ 3%7!;+ 0! 5$+.+"'

'0% /%31;'5'?!) /$%(+  !.' /%-.'30'  *%<"% * "' 3%0'3"%*% 3%7!;+ 0% '0% /%31;'5'?!) /$%(+  !.' /% .'30'  *%<"% * "' 3%0'3"%*% 3%7!;+ 0% 

5$+.+ %* .'$0'*' "' !&/$+*+"%*%  4%,?+"!+, *%< 0%$!7!$'  5%) 3%7!;+ 0! 

;' %5"!0 ( '.% 5 /%3%2!*+3"' /% %0'!) 04.  *%<"% * (.'$0'+1) – :!7. 11.7.

   ,        !&! 05'"+: ").' -5+  4,!*!)   +-"'05%  – '0%  !"#$%"!&!$'?!) /$%(+  

!&/$'?'//$!+.' +-"%5$+.+""% -5+  4%,?+"!)   5$+.+5! .'$0!, *%! 7! 

-! *'"(!$' 3%7!;+ 0! "' 1 *'0*

-%/43"!*+3"% /$+(!&!$'"+ "' 3%7!;+ 0%*% 5$+.+ (&' 1"!0'3"! 

.'$0!)  + /% *!7' 0'*% 04. (+3%;! 3+"'*' .'$0'  + -%,'5! 

 :  (   )  ,  /$%(+ "!) !-+"*!:!0'*%$ (!3! "+7%5' /$%!&5%-"') 0'*% -$%,"' 

;' *

7)'#'6'/ -* #'#*/&' 3'4)$54*&$ 7)'#'6'/ -* #'#*/&' 3'4)$54*&$ 
/$!3'7' 3%7!;+ 0'  !"#$%"!&'(!)   5$+.+5! .'$0! &' +-"'05% /%-$+2-'"+ "'  4,!*!)*' 
(/%31;'5'"+ "'  4%,?+"!)) /$! 7$1/%5% /$+-'5'"+ (multicasting) – "'/$. /$! 0%$!7!$'"+ (/%31;'5'"+ "'  4%,?+"!)) /$! 7$1/%5% /$+-'5'"+ (multicasting) "'/$. /$! 0%$!7!$'"+ 
"' &'/! !*+ 5 $+/3!0!$'"' ,'&' -'""!

/$! 7$1/%5% /$+-'5'"+ "'  4%,?+"!)   5$+.+5! .'$0! !&/$'?'?!) /$%(+  0'*% ;3+" "' 
7$1/'*' /%31;'5'  5%!*+  4%,?+"!) ! *% 5 $+-' "' !&/$'?'"+*% !. ! ,+& &'71,!

     ,    , :     5 +0! /$!+.'? /$%(+  &'/! 5' /%31;+"!*+  4%,?+"!) 5 3%0'3+" ,1:+$ /% $+-' "' 
5$+.+5!*+ .'$0! ! /%*54$2-'5' /$!+.'"+*% -% /$%(+ !*+ 5 7$1/'*'; /%*54$2-+"!)*' 
 4?%  + .'$0!$'* (-! *'"(!$'"% %*  4%*5.  4%,?+"!+)

 4?+5$+.""%  + /$!3'7' ! '37%$!*4.' "' B'./%$* &' /%3%2!*+3"! 0%$+0(!! "'  4?+5$+.""%  + /$!3'7' ! '37%$!*4.' "' B'./%$* &' /%3%2!*+3"! 0%$+0(!! "' 
3%0'3"%*% 3%7!;+ 0% 5$+.+

5 !;0!  4%,?+"!) – 503. /%*54$2-+"!)*'! –  ' 7$1/%5! ("+&'5! !.% -'3!  ' 
/$+-"'&'"';+"! &' 5 !;0! /$%(+ ! 5 7$1/'*')

 , :    (FCFS)   ,      3%0'3"!*+ ,1:+$!  ' %/'=0! (FCFS) %* 0%!*%  4%,?+"!)*'  + /$+-'5'* 04.  4%*5+*"!*+ 
3%0'3"! /$!3%2+"!), 0'*%  + !&*$!5'* %* ,1:+$' (0'0*% ! *+#"!*+ /%*54$2-+"!))

$+&13*'*: 5 !;0! 3%0'3"! ,1:+$!  '   +-"'05% /%-$+2-'"+ "'  4%,?+"!)*' ! /%*%0' %* 
 4%,?+"!) 04. 5 )0% 3%0'3"% /$!3%2+"!+ + !-+"*!;+" (N.B.: +-"'05%*% /%-$+2-'"+ ? $ - ( - -$ -
%,';+ "+ 7'$'"*!$' &'/'&5'"+ "' $+-' "' 54&"!05'"+ "'  4,!*!)*' 5 $+'3"% 
' *$%"%.!;+ 0% 5$+.+ ' '37%$!*4.' "' B'./%$* + /$!3%2!. &'  4,!*!), .+2-1 0%!*% 
").' /$!;!""%- 3+- *5+"' 5$4&0' – causality) 

7)'#'6'/ -* "8,)*&$&' 3'4)$54*&$
/%&5%3)5' *%*'3"% /%-$+2-'"+ "'  4,!*!) /$! &'/'&5'"+ "' $+-' !. 
5 $+'3"% 5$+.+ – "'/$. /$! /1,3!015'"+ "' -! 01 !%""! ! "%5!"'$ 0! 
,        ,    ,63+*!"!, 04-+*% + 5'2"' "+  '.% !-+"*!;"' /%-$+-,', "% ! 
&'/'&5'"+ "' /$!;!""%- 3+- *5+"'*' 5$4&0' – *.+.  4#$'"+"% 
/%-$+2-'"+ (causally ordering) -$ - ( y g)

/$!3'7' 5+0*%$"' .'$0!$%50' (vector timestamp): 
5 +0! /$%(+  8i /%--4$2'  5%< 5+0*%$ %* ,$%);! Vi, ;!!*% +3+.+"*! %*$'&)5'* 
,$%   ,  '   $% + +    % + + +   Vi[j]  ,$%< ,$%)  4,!*!), "' *4/!3! 5 /$%(+ !*+    4%*5+*+" !"-+0  – Vi[j] = ,$%< 
"' *4/!3!  4,!*!) 5 Pj; Vi[i] = ,$%<   4,!*!) 5 Pi

&' (+3*' 0%7'*% Pi !&/$'?'  4%,?+"!+*% m, 04. "+7% -%,'5) (*."'$. 
i b ki )   <     Vi    tpiggybacking) ! *+01?'*'  *%<"% * "'  5%)*' 5+0*%$ Vi 0'*% 5+0*%$"' .'$0' vt

/% *%&! "';!" /%31;'5'?!)*  4%,?+"!+*% m /$%(+  Pj e !":%$.!$'" &' ,$%) 
 4,!*!), 54&"!0"'3! 545 5 !;0! /$%(+ ! /$+-! Pi -' !&/$'*! m – *.+. %,?!) 
,$%<  4,!*!), %* 0%!*% !&/$'?'"+*% "' m .%2+ (/%*+"(!'3"%) -' +  3+- *5!+ 

/$! /%31;'5'"+*% "' m Pj /$'5! 0%$+0(!!*+ Vj[k] = max{Vj[k], vt[k]} ! Vj[i]++, /$! 
0%+*% Pj 5+;+ $'&/%3'7'   ,$%)  4,!*!)- 4%,?+"!), 0%!*% /$+-#%2-'* 
(+5+"*1'3"% 0'*% /$!;!"') m (!  4%*5+*"% – '0% !.' *'0!5' – .%2+ -' 7! !&;'0')



7)!%$)$& "1$&*)!+ -* "8,)*&$&' 

3'4)$54*&$3'4)$54*&$
+3+0*$%"+" ,63+*!"   1;' *!+ "' /$%(+ !*+ Pi, Pj, Pk (! 
-$17!):-$17!):

Pi – /1,3!015' [5 7$1/'*']  *'*!) ( 4%,?+"!+) a; /$! 7$1/%5%*% 
/$+-'5'"+ Pi -%,'5) 04. " ! 5+0*%$"'*' .'$0' vt(a)=Vi

Pj ,     ,  [  ] Pj – /1,3!015' /' !5"% "  3+- 0%+*% /1,3!015' [5 7$1/'*'] 
$+'0(!)*' ( %4,?+"!+) r; /$! /%31;'5'"+*% "' " Pj 0%$!7!$' Vj
*'0' ;+ Vj[i] > vt(a)[i]=Vi; /$! !&/$'?'"+*% "' $+'0(!)*' Pj

,     t( ) Vj (   -%,'5) 04. r 5+0*%$"'*' .'$0' vt(r)=Vj; (/%-$+2-'"+*% "' 
 4,!*!)*'  + $+7! *$!$' ;$+& %*"%=+"!+*% vt(r)[i] > vt(a)[i])

Pk – /1,3!015' /' !5"% a ! r; Pk /%31;'5' -5+*+  4%,?+"!) Pk /1,3!015' /' !5"% a ! r; Pk /%31;'5' -5+*+  4%,?+"!) 
("+&'-432!*+3"% 5 0%$+0*"' /% 3+-%5'*+3"% *) "% /1,3!015' r
 '.%  3+- 0'*%:

vt(r)[j] = Vk[j]+1 (* +  r + *%;"%  3+-5'?%*%  4%,?+"!+  0%+*% Pk %;'05' %* vt(r)[j] Vk[j]+1 (*.+. r + *%;"%  3+-5'?%*%  4%,?+"!+, 0%+*% Pk %;'05' %* 
Pj) +

vt(r)[i] D Vk[i]+1,  i ) j (*.+. Pj "+ + /%31;!3  4%,?+"!), 0%!*% Pk "+ + 
/%31;!3 04. .%.+"*' "' !&/$'?'"+ "' r; 5 0%"0$+*"!) /$!.+$ *%5' + 1 $ ? ; $ $ $
5'2"%  '.% &'  4%,?+"!+*% ")

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

$%&"$'()  !"!# &' ( !)% *+$,! 

*   (    - .     +%*,.'()!" / !0"'1(! (&'*/ &'0% 0$)'0&%1 %23$4!& -/.!+ &' %2*+'5'5%1 
*+$,! , &$ &!4$ #'(!&% ( 0$)'0&%1 (3$415 -/.!+ &' *+%!6'5%1 *+$,! /%)

0$)'0&%1#  #'#/  &' *+$,! %#! ! )$&#!) #&$-2'(% %6 – *+% +'2*+!4!0!&' 78 #$9 
      78 -     - -  6$:! 4' ()0;<('  '6$ 2'*% %#! ( 78 -!2 6!:4%&&%#! +!2/0#'#% &' $-+'-$#)'; 

*+% mark-and-sweep +'2<% #('&! 6$:! 4'  !  " #$%  '6$ $# 6'+)%+$()'#' &' 
 )!0!#$&%#!, *+$) % % $-!)#%#! $# '4+! &$#$ *+$ #+'& #($ &'  "$#(!#&%1 *+$,!  

-    =>   9       ?0$-'0&%1  #'#/  &' =>  ! %2*$02(' &'9-<! #$ 2' 4!#!),%1 &' 6"+#(' #$<)' 
(deadlock) %0% )+'9 &' +'2*+!4!0!&'#' $-+'-$#)' (% ( 4('#'  0/<'1 
%2*"0&!&%!#$ &' ( %<)% 0$)'0&% *+$,! % ! *+!/ #'&$(!&$ % &16'  "$-5!&%1 ( 

     )#+'&2%#; %&#!+*+!#',%1#' ! *+!46!# &' '&'0%2)

*+% => ! (':&' %2% )('&!#$ 2'  !"#$%&' ( ()'& * (+&(&' () &' ?0$-'0&%1 
 #'#/  – #. &'+. 1" '.2"'. '" 34 (distributed snapshot) – &'*+. ')$ *-  P ! 

 -   Q   -       Q  *$0/<%0  "$-5!&%! $# Q, 2' &!6'&!#$ #+1-(' 4'  "4"+:' % 2'*% , <! Q ! 
%2*+'#%0 #$('  "$-5!&%!

)$& % #!&#&$ ##' &' 2' &!6'&!#$  ! *+!4 #'(1   +'2+!2 (cut) – .%?. 11.11.

 !"#$%&'( )* )*+,-(*,- ,* "!#.*!-, 

+&*&/+
=>  ! +'2?0!:4' )'#$ &'-$+ *+$,! %,  ("+2'&%   *+!)%  %6*0!) &% )'&'0% (!4&$*$ $<&%, 2' 
+'20%)' $# 4/*0!) &%#! % *$0/-4/*0!) &%#!) $# #%* #$<)'-#$<)' (&'*+. @>= (+"2)%) 

'0?$+%#"6"#  ! %&%,%%+' $# *+$%2($0!& *+$,!  ,   +!?% #+%+'&! &' 0$)'0&%1  %  #'#/  % 
%2*+'5'&! &' 6'+)!+-2'1()' 2' 2' &!6'&! &' ?0$-'0&%1  #'#/  *$ ( %<)%#!  % %23$415% 
)'&'0%

[2' &!6'&! &' *+$,! :] +!?% #+%+'  ($1 0$)'0!&  #'#/  % +'26&$:'(' 2'1()'#' *$  ($%#! %23$415% 
)'&'0%; Q e &' 0!4&%), ' %2*+'5'5%1 2'1()'#' *+$,!  ! *+!4A! #(!&%)  ! 

[2' &!6'&! &' )'&'0:] ')$ (!<! ! *$0/<%0 2'1()'#' (*$ 4+/?  ($9 (3$415 )'&'0) % ! +!?% #+%+'0 
0$)'0&%1  %  #'#/  #$9 +!?% #+%+'  #'#/ ' &' )'&'0' - # !   "$-5!&%1#'  )$%#$ ! *$0/<%0 *$ #$2% 0$)'0&%1  %  #'#/ , #$9 +!?% #+%+'  #'#/ ' &' )'&'0' - – #.!.  "$-5!&%1#', )$%#$ ! *$0/<%0 *$ #$2% 
)'&'0 ( %&#!+('0' $# +!?% #+%+'&! &' 0$)'0&%1  #'#/  4$ *$0/<'('&! &' *$ 0!4&%1 6'+)!+ *$ 
)'&'0' -

?$+&'#'  #"*)'; 2' &!#%1# $# &!?$ 0$)'0!&  #'#/   ! %2*+'5' &' P (("26$:&% ('+%'&#%   ,!0 

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

&1)$0)$ 2' &!6'&%1 6$?'# 4' -"4'# %&%,%%+'&% #')' <! 4' *+$#%<'# !4&$(+!6!&&$ – 2' 
,!0#' 6'+)!+%#!  "4"+:'# %4!&#%.%)'#$+ &' %&%,%'#$+' ()$9#$  ! %2*$02(' % 2' %2*+'5'&! 
&' 0$)'0&%1  #'#/ )

*+$,! "# *$0/<'(' 2'1()'#' *$  ($9 (3$415 )'&'0  0!4 )$!#$*+$,! "# *$0/<'(' 2'1()'#' *$  ($9 (3$415 )'&'0  0!4 )$!#$Q -Q -

+!)/+ %(&$ $*% '&%! &' *+$,! ')
?$+&'#'  #"*)'; 2' &!#%1# $# &!?$ 0$)'0!&  #'#/   ! %2*+'5' &' (("26$:&% ('+%'&#%   ,!0 P
)+'1# &' 2' &!6'&!#$ 2' ! )$?'#$ *$0/<% 6'+)!+ *$ ( !)%  ($9 (3$415 )'&'0 % %2*"0&% Q

0$%&%1,% )#,% + 2)*%(,# %)3!412*,- 0$%&%1,% )#,% + 2)*%(,# %)3!412*,- 

( /&%*+$,! $+%#! )+%#%<&%#! 2$&% 2' (2'%6&$ %2)0;<('&! &'  4$ #"*' 4$ 

       .    *$4!0!&% +! /+ %  ! /*+'(01('   6!3'&%26%#! &' )0;<'0)%- !6'.$+% % 

6$&%#$+%

( => #!2% *$43$4%  ! %6*0!6!&#%+'# $# ,!&#+'0%2%+'&% '0?$+%#6% 2' 4 4 + , + + +

/*+'(0!&%! &' 4$ #"*', &$  ! *+%0'?'#  "5$ % +'2*+!4!0!&% % +!2!+(',%$&&% 

'0?$+%#6%

,!&#+'0%2%+'&$ (2'%6&$ %2)0;<('&! ,!&#+'0%2%+'&$ (2'%6&$ %2)0;<('&! 

-'2%+'  ! &' %20"<!& )$$+4%&'#$+, )"6 )$9#$  ! $#*+'(1# 2'1()%#! 2' 4$ #"* 4$ 

)+%#%<&' 2$&'

2'1()%#!  ! *$#("+:4'('# *$ +!4' &' *$ #"*('&!

*+$,! %#!   &!*$#("+4!&% 2'1()% %2<')('#

 0!4 $ ($-$:4'('&! &' )+%#%<&'#' 2$&' <')'5%1 (-0$)%+'&) 2'1(%#!0 *$0/<'(' 4 4 + 5 ( + ) /

*$#("+:4!&%! (% 4$ #"*) – .%?. 11.13. 

$?+'&%<!&  0/:!-!& $-6!&, &$ &% )' $#)'2$/ #$9<%($ #; ( #$2% ('+%'&# 2'1(%#!01 

&! 6$:! 4' +'20%<% %2<')('&! $# -0$)%+'0 )$$+4%&'#$+&! 6$:! 4' +'20%<% %2<')('&! $# -0$)%+'0 )$$+4%&'#$+

5*)6$-7-!-,# 2)*%(,# %)3!412*,- 

(Ricart  Argawala 1981) (Ricart, Argawala – 1981) 
-'2%+'  ! #$#'0&$ *$4+!:4'&! &'  "-%#%1#'   &'4!:4&% (*$#("+4!&%) 
?+/*$(% )$6/&%)',%%+/ / ,

2'1(%#!01# %2*+'5'  "$-5!&%!   %6!#$ &' )+%#%<&'#' 2$&',  ($1 %4. 
% 0$)'0&$#$ (+!6!

( !)% *$0/<'#!0 %2("+A(' '0#!+&'#%(&$  0!4&$#$
(+"5' BD  "$-5!&%! ')$ &! ! %0% &! <')' 4$ #"* ( #'2% )+%#%<&' 2$&'

')$ ! ( )+%#%<&'#' 2$&'  &! $#?$('+1  ' -/.!+%+' 0$)'0&$ 2'1()'#'')$ ! ( )+%#%<&'#' 2$&', &! $#?$('+1, ' -/.!+%+' 0$)'0&$ 2'1()'#'

')$ ! %2*+'#%0  $- #(!&' 2'1()' 2'  "5'#' )+%#%<&' 2$&',  +'(&1(' 4(!#! 
(+!6!(% 6'+)% % ')$ %6' *$-)" &' (*$-?$016') 6'+)', %2*+'5' BD &' 2'1(%#!01, 
( *+$#%(!&  0/<'9 &! $#?$('+1  ' -/.!+%+' 0$)'0&$ $#4'0!<!&'#' 2'1()'( *+$#%(!&  0/<'9 &! $#?$('+1, ' -/.!+%+' 0$)'0&$ $#4'0!<!&'#' 2'1()'

2'1(%#!01# %2<')(' BD $# ( %<)% $ #'&0% *+$,! % % 2'!6' )+%#%<&'#' 
2$&'

 0!4 &'*/ )'&! &' )+%#%<&'#' 2$&', *+$,! "# %2*+'5' BD &' ( %<)% 
2'1(%#!0% $# 0$)'0&'#'  % $*'A)' 2' #'2% 2$&' % ?% %2#+%(' $# &!1

*+%6!+ – .%?. 11.14.

5-)-$2%$*,# 2)*%(,# %)3!412*,- Tocken 

RingRing

-'2%+'  ! &' 0$?%<! )$ *$4+!:4'&! &' *- %#! ( *+" #!&; 

  -  -  k   #'+#%+'5%1 *+$,!  $ ($-$:4'('  "$-5!&%!#$ token 

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

 9         *+$,! %#!, 4'('9)% *+'($ &' #!)/5%1 *+$,!  &' 4$ #"* 4$ 

)+%#%<&'#' 2$&',  0!4 %20%2'&! $# )$1#$  "$-5!&%!#$-token  ! 

*+!4'(' )"6  0!4('5%1 *+$,!  ( *+" #!&'*+!4'(' )"6  0!4('5%1 *+$,!  ( *+" #!&'

*$0/<'('&!#$ &' token 4'(' *+'(' &' !4&$)+'#!& 4$ #"* ( !4&' 

$# )+%#%<&%#! 2$&%+

*+% 2'?/-!& token ("2 #'&$(1('&!#$ ! )$&#!) #&$2'(% %6$, #"9 

)'#$ ! -'2%+'&$ &' (+!6!%&#!+('0%

 +'(&!&%! 6!:4/ ,!&#+'0%2%+'&%#!, +'2*+!4!0!&%#! % 

+!2!+(',%$&&%#! '0?$+%#6% 2' (2'%6&$ %2)0;<('&! – .%?. 11.15. 

5*)6$-7-!-,% &$*,)*38%%$ 7 $ 8
• #+'&2'),%%#!  ' 6!3'&%2"6 2'  %&3+$&%2',%1 &'  "(6! #&'#' +'-$#' &' 

/ #+$9 #('#' (  % #!6'#' (*"+($&'<'0&$ *+% /&%*+$,! $+%#!), &' 

(2'%6$4!9 #('5% *+$,! % % 4+(2'%6$4!9 #('5% *+$,! % % 4+.

• ./&),%$&%+'# &' 50('6(5" “/ (7&%-($(-'(,%”: %0%  ! %2*"0&1('# 4$)+'9, %0% 

*+$,! %#!  ! (+"5'# (  " #$1&%!#$ *+!4% &'<'0$#$ &' %2*"0&!&%! &' 

#+'&2'),%1#' (*+%6!+%: $- 0/:('&!    -'&)$6'#, !0!)#+$&&' #"+?$(%1, $&-0'9& 

+!2!+(',%%)

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

*$44"+:'# $# B> %0%  ! %&#!+*+!#%+'# )'#$ !2%)$($ +'2A%+!&%! – #.!. 

$-+"5!&%1 )"6  % #!6'#', -%-0%$#!<&% *+$,!4/+% %0% !2%)$(% %2+'2% 

( *!,%'0%2%+'&%  &$ ( #10$#$ &' #+'&2'),%1#' 6$:! 4' *+% " #('# % %2+'2%   ( *!,%'0%2%+'&%, &$ ( #10$#$ &' #+'&2'),%1#' 6$:! 4' *+% " #('# % %2+'2%   

$-5$ *+!4&'2'&<!&%!)

• &'-$+"# #+'&2'),%$&&% *+%6%#%(% ! )$&#!) #&$$+%!&#%+'&, &$ 2'  %&3+$&%2',%1 

&' $- 0/:('&!#$ (%&'?% ()0;<(' begin_transaction, 

end_transaction, abort_transaction % !(!&#/0&$ read % write –

.%?. 11.16..

:2#;+&2* ,* &$*,)*38%%&- (ACID), .!#3#2% 

&$*,)*38%%
'#$6'+&$ # (Atomic) – #.!. *+$2+'<&$ # – +!2/0#'#' $# #+'&2'),%1#' ! %0% )'#$ $# 

!4&$)+'#&' 6$6!&#'0&' $*!+',%1  %0% %2$-5$ $# " #(' ( ! !4&$ &! ! *+'(!& $*%# 4' !4&$)+'#&' 6$6!&#'0&' $*!+',%1, %0% %2$-5$ $# " #(' ( ! !4&$ &! ! *+'(!& $*%# 4' 

 ! %2*"0&% (“all-or-nothing”) – &'*+. #+'&2')#&$ 4$-'(1&! &' -'9#$(! )"6 .'90 *+!4% 

)+'1 &' #+'&2'),%1#' .'90' ! 4$ #"*!&  '6$ ( &'<'0&%1  % (%4 (-!2 6!:4%&&% 

 " #$1&%1) " #$1&%1)

0$?%<&$ # (Consistent) –  "3+'&1('&! &'  % #!6&%#! )$& #'&#% – *+%6!+'   -'&)$(%1 

#+'& .!+  "  2'*'2('&! &' $-5'#'  /6' *'+% – *$ (+!6! &' %2*"0&!&%! &'  '6'#' 

#+'&2'),%1 *+%&,%*'  ! &'+/A'(', &$ 4+/? *-  &16' 4$ #"* 4$ 6'&%*/0%+'&'#' 

%&.$+6',%1, #')' <! &'+/A!&%!#$ ! *+$2+'<&$

%2$0%+'&$ # (Isolated | serializable) – )$&)/+!#&%#! (!4&$(+!6!&&%) #+'&2'),%%  ! %2$0%+'&$ # (Isolated | serializable) )$&)/+!#&%#! (!4&$(+!6!&&%) #+'&2'),%%  ! 

%2*"0&1('# )'#$ *$ 0!4$('#!0&%  "?0. $*+!4!0!&% *+%&,%*% &' *$4+!:4'&!

/ #$9<%($ # (Durable) –  0!4 %2*"0&!&%!#$ &' #+'&2'),%1#' +!2/0#'#%#! $# &!1 &! 

    6$?'# 4'  ! $#6!&1# 

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

6!:4%&&% +!2/0#'#%, )$!#$ &! (%&'?% ! :!0'#!0&$, &'*+. +!2!+(',%1#' &'  !+%1 + / + + + , +

*$0!#%



9!#=-,% &$*,)*38%%9!#=-,% &$*,)*38%%

(0$:!&% (nested) #+'&2'),%% *+!4 #'(01('# 9!+'+3%<!& 4"+($(%4!& &'-$+ $# (0$:!&% (nested) #+'&2'),%% – *+!4 #'(01('# 9!+'+3%<!& 4"+($(%4!& &'-$+ $# 
 /-#+'&2'),%%, *"+('#' $# )$%#$ %&%,%%+' &1)$0)$ $#  0!4('5$#$ &%($ % #.&. – ( 
 "$#(!# #(%!   0$?%<! )$#$ % )'/2'0&$ (*+%<%&&$- 0!4 #(!&$) +'24!0!&%! &' 
,10'#' “ /*!+#+'&2'),%1”; ( 1)' $#  /-#+'&2'),%%#! ! 0$?%<! )% &!2'(% %6' $# , / + + ,; / + ,
%2*"0&!&%!#$ &' $ #'&'0%#! (*+%6!+'   *$ 0!4$('#!0&%#! *$0!#% – .%?. 11.18.)

,!0#' ! 4'  ! *$ #%?&! / )$+!&$ %2*"0&!&%! *+% *'+'0!0&$ %2*"0&!&%! $# 
&1)$0)$  "+(!+', &$ 6$:! 4'  ! *$02('# % 2'  "3+'&1('&1('&! &' 6!:4%&&% 
+!2/0#'#%

&'-$+"#  /-#+'&2'),%%  !  <%#' 2' %2*"0&!&,  '6$ ')$ ?0'(&'#'  /-#+'&2'),%1 ! 
%2*"0&!&', ' ')$ &! ! – 2'0%<'('#  ! % +!2/0#'#%#! &' / *!A&$ %2*"0&!&%#! 
4"5!+&%  /-#+'&2'),%% ()$!#$ 6$:! 4' *$+$4% *+$-0!6 $ $-!&$ *+% %2*"0&!&%! 4"5!+&%  /-#+'&2'),%% ()$!#$ 6$:! 4' *$+$4% *+$-0!6 $ $-!&$ *+% %2*"0&!&%! 
( =>)

%2*"0&!&%!#$ &' (0$:!&%#! #+'&2'),%% ! +!)/+ %(&$: )$?'#$ ?0'(&'#' 
 /-#+'&2'),%1 ! %2*"0&!&'  2' %2*"0&!&%  !  <%#'# % 4+/?%#! 2'("+A%0%  /-#+'&2'),%1 ! %2*"0&!&', 2' %2*"0&!&%  !  <%#'# % 4+/?%#! 2'("+A%0% 
 /-#+'&2'),%% *$ 9!+'+3%1#'; +!2/0#'#%#! $# &!%2*"0&!&%#!  /-#+'&2'),%%  ! 
2'0%<'('#

5*)6$-7-!-,% &$*,)*38%%$ 7 $ 8

*+% #13 4!)$6*$2%,%1#' &'  /*!+#+'&2'),%1#' ( 

 /-#+'&2'),%% &!  0!4(' 0$?%<! )$#$ +'24!0!&%!  '  !  /-#+'&2'),%% &!  0!4(' 0$?%<! )$#$ +'24!0!&%!, '  ! 

$*+!4!01 $#  #+/)#/+'#' &' +'2*+!4!0!&%1 )$&#!) # –

&'*+  +'2*+!4!0&' -'2' 4'&&%  ("+3/ ( !)% $# 410$(!#! &' &'*+. +'2*+!4!0&' -'2' 4'&&%, ("+3/ ( !)% $# 410$(!#! &' 

)$1#$ $*!+%+' $#4!0&'  /-#+'&2'),%1

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

+'20%<&% -'2% 4'&&% – .%?. 11.19.

)$&#+' #   -0$)$(%#! #+'&2'),%%: -0$)$(' ! &'*+. 

#+'&2'),%1 2' &'<% 01('&! &' 0%3(' *$  6!#)' (( !4&' 

-'2' 4'&&%)

>(6!-(-,&*8%? ,* &$*,)*38%%&- >(6!-(-,&*8%? ,* &$*,)*38%%&- 
  +!2!+(%+'&$ +'-$#&$ *+$ #+'& #($ %0%   4&!(&%) (log-.'90)

+!2!+(%+'&$#$ +'-$#&$ *+$ #+'& #($ %2% )(' *+%  #'+#%+'&!#$ &' #+'&2'),%1#' +!2!+(%+'&$#$ +'-$#&$ *+$ #+'& #($ %2% )(' *+%  #'+#%+'&!#$ &' #+'&2'),%1#' 
,!0%1# )$&#!) # 2'!4&$   (3$4&$-%23$4&%#! .'90$(!  ! +'2*$0'?' ( +!2!+(%+'&$ 
(private) +'-$#&$ *+$ #+'& #($; $*!+',%%#! &!  ! +!?% #+%+'# ("( .'90$('#' 
 % #!6' 4$ *+%)0;<('&!#$ 9 % #!6' 4$ *+%)0;<('&!#$ 9

2' $*#%6%2%+'&!, ( +'-$#&$#$ *+$ #+'& #($  ! )$*%+'#  '6$  "$#(!#&%#! -0$)$(! 
$# .'90$(!#!, $#('+1&% 2' <!#!&! – )')#$ %  % #!6&%1 %&4!)  &'  "$#(!#&%1 .'90

- -       -      $-+'-$#'#'  ! %2("+A(' ("+3/ )$*%!#$ &' -0$)$(!#! % %&4!) ';  0!4 *+%)0;<('&! 
&' #+'&2'),%1#', %&4!) ' % -0$)$(!#!  ! )$+%?%+'# % ("( .'90$('#'  % #!6' – .%?. 
11.20.

*+% 6!#$4'   log-.'90 ( !)% $# 2'*% %#! &' #+'&2'),%1#'  ! %2("+A(' &'*+'($ 
("+3/ -0$)$(!#! &' .'90$('#'  % #!6', &$ *+!4('+%#!0&$  ! +!?% #+%+'   %&4!)  
&' -0$)',  #'+$ % &$($  "4"+:'&%! (writeahead log)

(  0/<'9 <! #+'&2'),%1#' -"4! $#6!&!&', +!?% #+',%$&&%1# (log-) .'90  ! %2*$02(' 
2' ("2 #'&$(1('&! ( $-+'#!& +!4 &' 2'*% %#! (LIFO) – “rollback”

#e2% 6!#$4%  ' *+%0$:%6% % 2' +'2*+!4!0!&%#! #+'&2'),%%, #"9 )'#$ 4 + + + 4 + , ,
 /-#+'&2'),%%#! $*!+%+'# 0$)'0&$

0#,3/$-,&,# %)6'!,-,%- ,* &$*,)*38%%&-0#,3/$-,&,# %)6'!,-,%- ,* &$*,)*38%%&-

)$&)/+!&#&$#$ (!4&$(+!6!&&$) %2*"0&!&%! &' &1)$0)$ #+'&2'),%% %2% )(' 
       . 9   78    )$&#+$0 &' 4$ #"*' 4$ #!3&%1 )$&#) # – &'*+. .'90$(! % 78-2'*% % – #')' <! 

+!2/0#'#' 4' ! )$& % #!&#!& #.!. #')"( )'#$ *+% *$ 0!4$('#!0&$#$ %6 
%2*"0&!&%!

2' ,!0#' /*+'(0!&%!#$ &' #+'&2'),%%#!  ! +'2 0$1(' 9!+'+3%<&$ &' 3 &%(':2' ,!0#' /*+'(0!&%!#$ &' #+'&2'),%%#!  ! +'2 0$1(' 9!+'+3%<&$ &' 3 &%(':
6!&%4:"+ #+'&2'),%% C@ – #+'& 0%+' *+%6%#%(%#! &' $#4!0&%#! #+'&2'),%% ( 
2'1()% 2'  0!4('5$#$ 4% *!<! )$ &%($ (&'*+.   %4. &' #+'&2'),%1#' % [$#4'0!<!&] 
'4+!  &' 4'&&%#! + /*+'(01('5' %&.$+6',%1)

4% *!<!+ 8 – *0'&%+' +!4' % 6$6!&#' 2' %2("+A('&! &' $#4!0&%#! $*!+',%% $# 
+'20%<&%#! #+'&2'),%%  "?0' &$ *0'&%+'5 '0?$+%#"6 (*$ 6!#$4%#!   )0;<'0)% % 
(+!6!(% 6'+)%)

6!&%4:"+ 4'&&% C8 – %2*"00&1(' <!#!&! % 2'*%  ( / #$9<%(%#!  #+/)#/+% 4'&&% 6!&%4:"+ 4'&&% C8 – %2*"00&1(' <!#!&! % 2'*%  ( / #$9<%(%#!  #+/)#/+% 4'&&% 
*+$2+'<&$ 2' *0'&%+'&!#$ &' #+'&2'),%%#! 

)$&)/+!&#&$ %2*"0&!&%! ( => (.%?. 11.21.): 
("( ( !)% ("2!0  !  #'+#%+' 4($9)' $# *+$,! %#! 8 % C8, ' 2' ( 1)' #+'&2'),%1 –("( ( !)% ("2!0  !  #'+#%+' 4($9)' $# *+$,! %#! 8 % C8, ' 2' ( 1)' #+'&2'),%1 
$#4!0!& C@

C@ %2*+'5' ?!&!+%+'&%#! 2'1()% )"6  "$#(!#&%1 8 

8 6$:! 4' %2*+'#% *0'&%+'&%#! $# &!?$ 2'1()% % )"6 $#4'0!<!&% C8

:-$%;,# 6!*,%$*,- ,* 3#,3/$-,&,% 

&$*,)*38%%&$*,)*38%%
 !+%9&$#$ *0'&%+'&! 2'*'2(' +!2/0#'#' $# )$&)/+!&#&%#! #+'&2'),%% #')"(, 

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

*+%6!+ – .%?. 11.22. –   4(! )$+!)#&% % !4&$ &!)$+!)#&$ *0'&%+'&!

)$+!)#&$#$ *0'&%+'&! +'2+!A'(' )$&.0%)#&%#! $*!+',%% 

)$&.0%)#&% $*!+',%%  ' #!2%  )$%#$ 4(! (%0% *$(!<!) )$&)/+!#&% #+'&2'),%% )$&.0%)#&% $*!+',%%  ' #!2%, )$%#$ 4(! (%0% *$(!<!) )$&)/+!#&% #+'&2'),%% 

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

<!#!&!-2'*%  )$&.0%)#

2'*% -2'*%  )$&.0%)#

)$&.0%)#"#  ! +'2+!A'(' <+!2 2')0;<('&! &' 4'&&%#! %0% <+!2 *$4+!:4'&!   

(+!6!(% 6'+)%(+!6!(% 6'+)%

*+%0'?'#  ! 4(' *0'&%+'5% *$43$4':

5. (2( !(7.' 5%-9%-: $*!+',%%#!  !  %&3+$&%2%+'# 50.-( %2*"0&!&%!#$ %6 #.!. 

   .         -  *+$(!+1('#  ! 2' )$&.0%)# % ')$ 4' –  ! *$4+!:4'# *+!4% 4' -"4'# %2*"0&!&%

%5!(2( !(7.' 5%-9%-: $*!+',%%#!  !  %&3+$&%2%+'#  $.- %2*"0&!&%!#$ %6 #.!. 

%2*"0&1('#  ! ,!0%#! #+'&2'),%% % ')$ &')+'1  ! / #'&$(% <! ! %6'0$ )$&.0%)#&% 

$*!+',%%, *$&! !4&' $# #+'&2'),%%#!  ! $#6!&1 ('-$+#%+')

@-+%(%+&%1,# 6!*,%$*,- + 72/A*),# 

)*3!412*,- )*3!412*,- 
#"9 )'#$ #+'&2'),%%#!  ' )$&)/+!&#&%, 2'1()%#! 2' 2')0;<('&! *$40!:'# &' 
*$#("+:4!&%! ($# 8 ( 2'(% %6$ # $# %2% )('&%1#' &' -!2)$&.0%)#&$#$  !+%9&$ 

)*0'&%+'&!)

*+% 4(/.'2&$#$ 2')0;<('&! (two-phase locking, 2PL) 2')0;<('&!#$  ! +'24!01 &' 
4(! .'2%:

 ( i  h )        &'+' #('&! (growing phase): *+$,! %#! &' #+'&2'),%%#! 2'1(1('# 2')0;<('&! &' 
 "$#(!#&%#! 4'&&% (<+!2 2'1()' $#  "$#(. C@ 4$ 8); 2')0;<('&! ! &!$-3$4%6$ % *+% 
<!#!&!

 (%('&! (shrinking phase): *+$,! %#! &' #+'&2'),%%#! 2'1(1('# $#)0;<('&! &' ( g p ) + , + ,
 "$#(!#&%#! 4'&&% <+!2 2'1()' $#  "$#(. C8 4$ 8 – .%?. 11.23.

(':'#  0!4&%#! *+'(%0' 2' 4% *!<!+%2',%1 &' )$&)/+!&#&%#! 2'1()%:
*+% 2'1()' 2' $*!+',%1, 8 *+$(!+1(' )$&.0%)#&$ ##'   (!<! *$#("+4!&%#! 2'1()% % 

          *$#("+:4'(' 2')0;<('&!#$ %0% $#0'?' 2'1()'#' )')#$ % %2*"0&!&%!#$ &' 2'1(1('5'#' 
#+'&2'),%1 (*! %6% #%<&$ *0'&%+'&!)

8 $ ($-$:4'(' 2')0;<('&!  '6$  0!4 )'#$ *$0/<% *$#("+:4!&%! $# 8C, <! $*!+',%1#' 
! 2'("+A%0'+

 0!4 $ ($-$:4'('&! &' 2')0;<('&! *$ 2'1()' &' 4'4!& C@ (% +! *. #+'&2'),%1), 8 &! 
4$*/ )' &$(' 2'1()' $#  "5'#' #+'&2'),%1 – &!2'(% %6$ 4'0% ! 2'  "5%1 %0% 4+/? 
$-!)#; &$(% 2')0;<('&%1  ! 4$*/ )'# *+!4% 4' ! $ ($-$4!&$ *"+($#$ $# #13; *+$#%(&$#$ 
! *+$?+'6&' ?+!A)'  )$1#$ $#6!&1  '6'#' #+'&2'),%1! *+$?+'6&' ?+!A)', )$1#$ $#6!&1  '6'#' #+'&2'),%1

9*$%*,&% ,* 2PL9*$%*,&% ,* 2PL
 !0%:% (strict) 2PL, *+% )$!#$ ( %<)% 2')0;<('&%1 &' #+'&2'),%1#'  ! 
$ ($-$:4'('#  0!4 *+%)0;<('&! &' *$ 0!4&$#$ $# #13 (4$+% % )$?'#$  "$#(. 
#+'&2'),%1 2'("+A('   $#61&'); #')'  ! %2-1?(' ("26$:&$ ##' $# )' )'4&% $#6!&% #+'&2'),%1 2'("+A('   $#61&'); #')'  ! %2-1?(' ("26$:&$ ##' $# )' )'4&% $#6!&% 
&' #+'&2'),%%, )$1#' ("2&%)(' ')$  ' -%0% $-+'-$#!&% +!2/0#'#% $# $#6!&!&% 
(*$ 0!4 #(%! #+'&2'),%% (4$ #"*&%  '  '6$ +!2/0#'#% &' (!<! %2*"0&!&% 
#+'&2'),%%))

-0$)%+$()' ( 6"+#(' #$<)' (deadlock - ) *+% [strict] 2PL &' #"*(' ')$ 4(! #+'&2'),%% 
2'1(1# !4&$(+!6!&&$ 4(! 2')0;<('&%1 &$ ( $-+'#!& +!4

2' %2-1?('&! &' 6"+#(' #$<)'  ! *+%0'?':
 0/:!-&$ *$4+!:4'&! &' 2'1()%#!

(+!6!%&#!+('0 2' $#)+%('&! &' 6"+#(' #$<)' – )$?'#$ 2')0;<('&!#$ *+$4"0:% ( 
+'6)%#! &' #$2% %&#!+('0

.        ?+'. &' *+$,! %#! % 2')0;<('&%1#' 2' $#)+%('&! &' ,%)0%

6.'!0"$(1(0"'% 2PL, *+% )$!#$ 2'1()%#!  ! $-+'-$#('# $# ,!&#+'0%2%+'& 8, ' 
4$ #"*"# &' C@ 4$ C8 ! +'2*+!4!0!&; ('+%'&#: &1)$0)$ 8  % +'2*+!4!01# )$&#+$0' 
2' 4$ #"* 4$ 4'&&%#! (primary 2PL)2' 4$ #"* 4$ 4'&&%#! (primary 2PL)

0"150.-.$.'% 2PL: ( !)% 8 *0'&%+' 4$ #"*'  '6$ 4$ 0$)'0&%#! 4'&&%, &$ ')$ 
4'&&%#!  ' +!*0%)%+'&%,  "$#(!#&%1 8 +'26&$:'(' 2'1()'#' 4$ ("20%#!   +!*0%)%

@-+%(%+&%1,# 6!*,%$*,- + 2$-(-2% (*$3% $ $ $
*+% #$2% 6!#$4  ! 6'+)%+'# )')#$ 2'1()%#!, #')' % 4'&&%#!

2'1()%#!  ! 6')%+'#   (+!6!(' 6'+)' s 2' &'<'0$#$ &'  "$#(!#&'#' #+'&2'),%1 T )'#$  ! 
*+%0'?' '0?$+%#"6' &' F'6*$+# 2' /&%)'0&$ # &' 6'+)%#! – # !  s(T)*+%0'?' '0?$+%#"6' &' F'6*$+# 2' /&%)'0&$ # &' 6'+)%#! – #.!. s(T)

$-!)#%#! 4'&&% 1  ! 6'+)%+'#   6'+)% 2' <!#!&! G 2'*%  –  "$#(. sw(x) % sr(x) –
 "$#(!# #'('5% &' #+'&2'),%$&&%#! 6'+)% s(Tm) % s(Tn) &' *+$,! %#!, )$%#$ *$ 0!4&%  ' 
%2("+A%0%  "$#(!#&%#! $*!+',%%

*+% )$&.0%)# &' 4(! 2'1()%  ! *$#("+:4'(' #'2%   *$-6'0)' 6'+)' (*$-+'&&$  #'+#%+'&!)

*+% 2'1()' read(T, x): s(T) < sw(x) ! 2  ! $#6!&1 ('-$+#%+') – 1 ! *+$6!&1&  0!4  #'+#' &' 2

*+% 2'1()' read(T, x): s(T) > sw(x) ! 2'1()'#' &' 2  ! *$#("+:4'(', )'#$ sr(x) = max{s(T),  sr(x)}

  it (T  )  (T)  ( ) 2   ( - )     2*+% 2'1()' write(T, x): s(T) < sr(x) ! 2  ! $#6!&1 ('-$+#%+') – 1 ! *+$<!#!&  0!4  #'+#' &' 2

*+% 2'1()' write(T, x): s(T) > sr(x) ! 2'1()'#' &' 2  ! *$#("+:4'(', )'#$ sw(x) = max{s(T),  
sw(x)}

*+%6!+% .%?  11 25*+%6!+% – .%?. 11.25

*0'&%+'&!#$   (+!6!(% 6'+)% ($4% *$-<! #$ 4$ $#61&' &' #+'&2'),%% $# #$('  "  2')0;<('&!, 
2'5$#$ $#6!&1 #+'&2'),%%, )$%#$ *+% 2')0;<('&!#$  '6$ -%3' -%0% $#0$:!&%;  "5!(+!6&&$ 
*+% (+!6!($#$ 6'+)%+'&! &! ("2&%)(' 6"+#(' #$<)' (*$+'4% /&%)'0&$ ##' % 6'+)%+'()'#' &' 

)4'&&%#!)

('+%'&#%: )$& !+('#%(&$ *0'&%+'&!   (+!6!(% 6'+)% [Jim Gray, Andreas Reuter: Transaction 
Processing: Concepts and Techniques. Morgan Kaufmann 1993.] % 6&$?$('+%'&#&$ *0'&%+'&!   
(+!6!(% 6'+)% [Ozsu and P. Valduriez. Principles of Distributed Database Systems. Prentice Hall, (+!6!(% 6'+)% [Ozsu and P. Valduriez. Principles of Distributed Database Systems. Prentice Hall, 
1999.]



B6&%(%+&%1,# 6!*,%$*,- + 2$-(-2% (*$3%
)$&)/+!&#&%#! #+'&2'),%%  ! %2*"0&1('# 4$)+'9 -!2 2')0;<('&! % 
 +'(&1('&! &' (+!6!(% 6'+)%, )'#$  "5!(+!6!&&$  ! +!?% #+%+'# 
( %<)% $-!)#% 4'&&%, ("+3/ )$%#$ ! %2*"0&!&$ <!#!&! %0% 2'*% 4 , + /

( )+'1 &' #+'&2'),%1#'  ! *+$(!+1(' 4'0% &!9&%#! $*!+',%%  ' 
)$& % #!&#&% &' $*!+',%%#! &' $ #'&'0%#! )$&)/+!&#&% #+'&2'),% % 
*+% $#)+%('&! &' *+$61&' ( 4'4!& $-!)#  0!4  #'+#%+'&!#$ &' #'2% *+% $#)+%('&! &' *+$61&' ( 4'4!& $-!)#  0!4  #'+#%+'&!#$ &' #'2% 
#+'&2'),%1, #1  ! $#6!&1 ('&'0$?%1   *! %6% #%<&$#$ (+!6!($ 
*0'&%+'&!)

      -  #$(' *0'&%+'&!  ! %6*0!6!&#%+'   +!2!+(%+'&$ +'-$#&$ 
*+$ #+'& #($ 2' ( 1)' #+'&2'),%1, <%!#$  "4"+:'&%!  ! 2'*% (' ("( 
.'90$('#'  % #!6'  '6$ *+% / *!A&$ %2*"0&!&%! &' #+'&2'),%1#' 

$ $-!&$ #% &' $*#%6% #%<&$#$ *0'&%+'&!: (% $) *'+'0!0%2"6 – &16' 
$#0'?'&! % 6"+#(% #$<)% – &$ *+% $#61&' &' #+'&2'),%1, #1  ! 
+! #'+#%+' $#&'<'0$+ + +

*+% (% $)$ &'#$('+('&! &' => (" >80%) *+$%2($4%#!0&$ ##' ! *$-0$A' $# #'2% 
&' *! %6% #%<&$#$ *0'&%+'&!

+14)$  ! *+%0'?' 2' => % *$&!:!  ! ("2*+%!6' )'#$ *$- 0$:&$ 2' + 4 $ ! + 0 ' '2' > $ ! ! ! 2 + ! '' $ $  0$ $ 2'
%6*0!6!&#',%1


