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De la limbaj la hardware

¥ Permite operații de bază de intrare / ieșire

¥ Alocarea de spațiu pe disk și memorie

¥ oferă protecție share-urilor unui calculator 
”ntre aplicații multiple

LINUX, MacOS, Windows

¥ translatarea unui program scris ”ntr-un limbaj de 
nivel ”nalt ”n instrucțiuni pe care hardware-ul ”l 
poate executa

COMPILATOR
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E2F57G2H:.=.)?.)24;636.)B)+&$D(

• 2()H58&2(";":2&7&72V(5;&K#&CE[A

• 2()H58&H"543&383!;("H3!7#)!&!5&6)8V&7&72V(5;&87&4)4;3H383&X7!)#;"4\&J)&X)!("4"]&K#&CEA^

• ')#&CEE@&;"7;3&!78!587;"7(383&'3&:2&'34_;"2&2("'543&75&7U5;&7;7J7;3&J)&!I;3&5#&H"543

• H"543?58&"2:!&7&72V(5;&(387:U&(323'3M

• 85H)#7&34;3&"$3();V&'3&5#&0,+

• "&!7H3(V&456>)(3&786&`&#3*(5

• 5#&2("!34"(&4)H285&"2:!
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E2F57G2H:.=.)?.)2.A26.)B)9742;760=
• 0)a5)'&-(b4;78&+)4287b4&c0-+d&?&')4287b&!5&!"#45H&(3'54&'3&!5(3#;&&

• 0-+?5()83&5:8)<37<V&"&H7;()!3&7!:UV&!7(3&7(3&5#&;(7#<)4;"(&456>)(3&23&2"4;&'3&4e);!\&87&T3!7(3&2)=38&23#;(5&5#&!"#;("8&
2(3!)4&78&!5(3#;585)&J)&7&$"(H3)&)H7*)#))

• N&H74!V&Qf.&74"!)7;V&T3!V(5)&25#!;&'3&23&3!(7#&'3;3(H)#V&)#;3#4);7;37&!38"(&;(3)&!58"()&!"H2"#3#;3&K#&)H7*)#37&T#78V&?&
3=)4;V&;(3)&;(7#<)4;"()&!"H5;7;"7(3&23#;(5&T3!7(3&25#!;

• WH7*)#37&34;3&!"H254V&')#&2)=38)G&!7(3&2";&T&(32(3<3#;7>)&!7&"&H7;()!3&'3&6)>)&?&.WR&X/1

• +)#&25#!;&'3&U3'3(3&\7('e7(3G&23#;(5&H3H"(7(37&H7;()!3)&'3&6)>)&3=)4;V&raster	  refresh	  buffer&475&frame	  buffer
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g++ 1("!34"( +h+

h3#:87;"( h3#:87;"(

X3H"()3 .7;3()3 187!V&'3&67<V

Care este deosebirea dintre DRAM și o bandă magnetică ?

DIMM

SIMM

DRAM
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C'&!(D&'$#

• 27(;37&7!:UV&7&5#3)&28V!)&'3&67<V

• !"#>)#3&!7837&'3&'7;3&J)&!"#;("858&?&7'5#V&#5H3(3G&;34;37<V&#5H3(3G&7!:U37<V&43H#78383&W`N

• K#&)#;3()"(58&2("!34"(585)&43&*V43J;3&5#&78;&:2&'3&H3H"()3&?&memoria	  cache	  -‐&!"#4;(5);V&K#;(?"&78;V&;3\#"8"*)3&iQ/X
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+.97623)5624/253=I)A2)?2F/062=.)9384.H/.
• H3H"()7&2()#!)278V&'3&:2&+Q/X&34;3&')#&CEAj

• ')4!5()83&H7*#3:!3&45#;&74)H)87;3&!5&H3H"()7&43!5#'7(V&')#&CE[j

• g++&!"#>)#3&"&!"83!>)3&'3&287;7#3&!7(3&43&(";34!&!5&"&U);3<V&'3&jB@@

2I#V&87&Cj@@@&'3&(";`H)#%&P))#'&"&!"H2"#3#;V&H3!7#)!VG&:H258&'3&7!!34

34;3&'3&87&j&2I#V&87&k@&H)8)43!5#'3

• X3H"()7&flash&34;3&#"#U"87:8VG&7(3&7!!37J)&67#'e);\&!7&J)&5#&g++&'7(

87;3#>7&34;3&'3&C@@&2I#V&87&C@@@&'3&"()&H7)&(72)'V&'3!I;&K#&!7<58&5#5)&
g++%&

l#&k@@D&2(3>58&5#3)&H3H"())&flash&c2(3>&23(&f.d&34;3&'3&[&2I#V&87&C@&"()&
H7)&H7(3&'3!I;&K#&!7<58&5#5)&g++

• +3<7U7#;7L58&5#3)&H3H"())&m74\M&"&H3HH"()3&m74\&7(3&5#&#5HV(&
8)H);7;&'3&!)!85()&'3&4!()3(3G&'3&87&C@@%@@@&2I#V&87&C%@@@%@@@

• R3!\#"8"*)7&')4!5()8"(&"2:!3&34;3&;";78&')$3();V&'3&;3\#"8"*)7&')4!5()8"(&H7*#3:!3%&l#&!3&!"#4;75&7!34;3&')$3(3#>3&n

R3\#"8"*)7&$"8"4);7&87&')4!5()83&Qo&34;3&')$3();V&'3&!37&$"8"4);V&K#&!7<58&')4!5()8"(&F`?&Q%&R3\#"8"*)7&.85?Q7b
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C.6J7693413)0402)/3=/0=3;76

• R\("5*\25;&475&.7#'e)';\&?&"&HV45(V&7&23($"(H7#>3)&5#5)&!78!587;"(&?&#5HV(58&'3&;74_?5()&3=3!5;7;3&23&5#);7;37&'3&:H2%

/!34;&)#')!7;"(&34;3&$"7(;3&)H2"(;7#;&23#;(5&H7#7*3())&'3&'7;7!3#;3(?3%&i3&5:8)<37<V&87&43(U3(?3%

Avion Capacitate 
pasageri

Distanță 
maximă

Viteza 
maximă Throughput

Boeing 777 ^Aj B[^@ [C@ kkDAj@

Boeing 747 BA@ BCj@ [C@ kD[A@@

Concorde C^k B@@@ C^j@ CADk@@

Douglas 
DC-8-50 CB[ DAk@ jBB AEBkB

• Q342"#!3&R)H3&475&,=3!5:"#&R)H3&?&"&HV45(V&7&23($"(H7#>3)&5#5)&!78!587;"(&?&:H258&;";78&#3!347(&23#;(5&5#&!78!587;"(&'3&7&
3=3!5;7&5#&;74_%

/!34;&)#')!7;"(&34;3&$"7(;3&)H2"(;7#;&23#;(5&5:8)<7;"())&)#')U)'578)%&i3&5:8)<37<V&87&!78!587;"7(3G&4)4;3H3&3H63''3'

• l#&!7<58&!"#')>))8"(&'3&H7)&L"4&!3&43&K#;IH28V&!5&5#&4)4;3HM&!(3J;3&;\("5*\25;?58G&4!7'3&:H258&'3&(V425#4&475&7HI#'"5Vn

C%&i!\)H6VH&2("!34"(58&!5&5#&2("!34"(&&H7)&(72)'

k%&/'V5*VH&2("!34"7(3&4)4;3H585)&!7(3&5:8)<37<V&74p38&H7)&H58;3&2("!34"7(3&23#;(5&;74_?5()&4327(7;3

+34!(3J;3(37&:H2585)&'3&(V425#4&!"#'5!3&K#;";'375#7&87&KH65#V;V>)(37&;\("5*\25;?585)%
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• 13($"(H7#>7&J)&:H258&'3&3=3!5>)3&23#;(5&5#&!78!587;"(&=&43&'3T#3J;3&74p38M

• 13($"(H7#>7&!78!587;"(585)&x&34;3&H7)&H7(3&'3!I;&23($"(H7#>7&!78!587;"(585)&y&Zq&:H258&'3&3=3!5>)3&78&85)&y&34;3&H7)&H7(3&'3!I;&
!38&78&!78!587;"(585)&x

• -78!587;"(58&x&34;3&'3&n	  "()&H7)&(72)'&'3!I;&!78!587;"(585)&y

Performantax
Performantay

=
Timp executiey
Timp executiex

= n

• 13($"(H7#>7&(387:UV&?&+7!V&!78!587;"(58&/&(5837<V&5#&2("*(7H&K#&C@&43!5#'3&J)&!78!587;"(58&.(5837<V&7!387J)&2("*(7H&K#&Cj&
43!5#'3G&'3&!I;3&"()&34;3&H7)&(72)'&!78!587;"(58&/&'3!I;&!78!587;"(58&.&n

PerformantaA

PerformantaB

=
Timp executieB

Timp executieA

= n⇒
15
10

= 1.5

• 13($"(H7#>7&-1Y

• R)H258&'3&3=3!5>)3&-1Y&?&:H258&7!;578&78&2("!34"(585)&#3!347(&(378)<V())&5#3)&47(!)#)&423!)T!3

• R)H2&-1Y&5:8)<7;"(&?&:H258&#3!347(&2("!34"(585)&23#;(5&3=3!5>)7&5#5)&2("*(7H

• R)H2&-1Y&4)4;3H&?&:H258&#3!347(&2("!34"(585)&23#;(5&(378)<7(37&47(!)#)8"(&'3&4)4;3H&)H2543&'3&3=3!5>)7&5#5)&2("*(7H
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• Y#&2("*(7H&(5837<V&K#&C@&43!&23&!78!587;"(58&/&!7(3&7(3&5#&!374&7&!V(5)&(7;V&34;3&'3&kfg<%&l#!3(!VH&4V&!"#4;(5)H&5#&78;&
!78!587;"(&!7(3&U7&(587&2("*(7H58&K#&[&43!5#'3%&1(")3!;7#;58&7&4;76)8);&!V&"&!(3J;3(3&4564;7#>)78V&7&(7;3)&!374585)&34;3&2"4)6)8VG&'7(&
7!374;V&!(3J;3(3&U7&7$3!;7&2(")3!;7(37&2("!34"(585)&?&!78!587;"(58&.&U7&#3!34);7&C%k&!)!85()&'3&!37&K#&2854&$7>V&'3&!78!587;"(58&/&
23#;(5&7&(587&7!387J)&2("*(7H%&-3&(7;V&'3&!374&;(365)3&4V&4;76)8374!V&2(")3!;7#;58&n

Timp executie CPU
pentru un program

=

ciclurile de ceas
pentru un program

durata ciclului de ceas

timp CPUA =
cicluri ceasA
rata ceasuluiA

⇔ 10s = cicluri ceasA
2 ×109 ciclii

sec

⇒ cicluri ceasA = 20 ×10
9 ciclii

timp CPUB =
1.2 × cicluri ceasA
rata ceasuluiB

⇒ rata ceasuluiB =
4 ×109 ciclii

s
= 4 GHz
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• 13($"(H7#>7&)#4;(5!>)5#))&?&"&U7()7#;V&2"4)6)8VM&:H258&'3&3=3!5>)3&Z&#5HV(58&'3&)#4;(5!>)5#)&3=3!5;7;3&r&:H258&H3')5&#3!347(&
3=3!5>)3)&5#3)&)#4;(5!>)5#)

• -1W&2"7;3&T&$"8"4);&K#&!"H27(7(37&')$3();38"(&)H283H3#;V()&'"7(&'7!V&43;58&'3&)#4;(5!>)5#)&(VHI#3&7!387J)%

• 1(34525#3H&!V&7U3H&'"5V&)H283H3#;V()&!5&7!387J)&43;&'3&)#4;(5!>)5#)%&-78!587;"(58&/&7(3&5#&:H2&23#;(5&!)!858&'3&!374&'3&kj@&24&
J)&5#&-1W&'3&k%@&23#;(5&7#5H);3&2("*(7H3%&-78!587;"(58&.&7(3&5#&:H2&23#;(5&!)!858&'3&!374&'3&j@@&24&J)&5#&-1W&'3&C%k&23#;(5&
7!3787J)&2("*(7H%&-7(3&!"H25;3(&34;3&H7)&(72)'&23#;(5&7!34;&2("*(7H&J)&!5&!I;&$7>V&'3&!38V878;&n

timpul CPU = numar instructiuni × CPI × timpul ciclului⇔ numar instructiuni × CPI
rata ceasului

• ,!57>)7&!874)!V&7&23($"(H7#>3)&-1Y

• Y#&2("*(7H7;"(&'3&!"H2)87;"7(3&K#!37(!V&4V&'3!)'V&K#;(3&'"5V&43!U3#>3&'3&!"'&23#;(5&5#&!78!587;"(&27(:!587(%&13#;(5&7!374;7&
J:3&U78"()83&-1W&23#;(5&5(HV;"7(383&!8743&'3&)#4;(5!>)5#)M&

• /&Z&CO&

• .&Z&kO&

• -&Z&^%&

X7)&!5#"7J;3&'"5V&43!U3#>3&'3&!"'&2(3!5H&J)&#5HV(58&'3&)#4;(5!>)5#)M&

43!U3#>7&'3&!"'&C&?&/&Z&kO&.&Z&CO&-&Z&k

43!U3#>7&'3&!"'&k&?&/&Z&BO&.&Z&CO&-&Z&C

-7(3&43!U3#>V&'3&!"'&3=3!5;V&!383&H7)&H58;3&)#4;(5!>)5#)&n&-7(3&34;3&-1W?58&23#;(5&T3!7(3&43!U3#>V&n&-7(3&43!U3#>V&34;3&H7)&
(72)'V&n
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