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PauyHapCKu cncrtem

e CKyn mawunHa (xapasepa) n nporpama (coptBepa) opraHM3oBaHUX
paau BpLlerba ayToMaTcKe obpage noaaTaka.
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DyHKLUMje payyHapPCKOr CUCTema

* YeTUpKU OCHOBHE PYHKLMjE:

 Obpapa nopaTtaka
» CopTupame, arpernparbe, apuTMeTUYKe onepauuje, ...
* YyBarbe noaaTakKa
* KpaTKopo4yHO
e Jlyropo4yHO
* [lpeHoC nogaTaka
* Yna3 u n3nas (Ka n oa nepmndepHor ypehaja)
* KomyHuKaumje — npeHoc Ha Behe yaa/beHOCTU NYTEM MpPEKe
* KoHTpoOna

* Ynpas/barbe pecypcmma payyHapa v nogaumma y cknaay ca 3agatmm
MHCTPYKLMjama nporpama
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OCHOBHM €1eMEHTU PaYyHapPCKOr CUCTEMA

* UeHTpanHu npouecop (CPU) — KOHTpOMLIE TOK onepalmja padyHapa u
n3BpLUaBa obpaay nogaTtaka

® [NnaBHa MemopMja — YyBake NoAaTaka Npu paay padyHapa

® YnasHo nsnasHu nogcuctem (I/0) — npeHoc noaataka nsmehy pavyHapa u
OKpYKeHrba

* KaHanu Bese (marmcrtpane) — mexaHn3amu Koju omoryhaBajy KOMyHUKaLMjy
namehy CPU, rnasHe memopuje n /0
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®oH HojMaHOBa APXUTEKTYPA

The Von Neumann or Stored Program architecture

. I'IpMHu,MﬂM paja:

[Mporpamu n nogaum ce Hanase y UCToj MemMopujn

* [lopgauu ce Wwasby U3 Memopunje y apuTMeTUUKO
nornyky jeanHuuy (ALU*) nytem gesbeHe marmuctpane

* ALU BplM U3payyHaBakba

e [obujeHun pesynTaT ce Bpaha y memopujy

* KoHTponHa jegnHunua (CU) ce 6aBu n3spluaBakem
MHCTPYKLUM]ja

* CUwn ALU cy genosu gaHawnUX MmogepHUX npouecop
(CPU)

MEMORY HOI
BOTH DATA AND

(c) www.teach-ict.com

* 360r NpPeno3HaT/bMBOCTU aKPOHUMM he BUTK 3aNUCUBAHU Y EHINIECKO]
BapujaHTn, HNp. CPU, ALU, OS, a He UMJ, A/, OC...



Cnmncak HaCTaBHMUX LIe/IMHA

* OCHOBHM TEPMUHU Y BE3U PavYyHAPCKUX CUCTEMA

* AcTopunjaTt pa3Boja padyHapa

* [eHepaywuja payyHapa

* TexHONoOrnje nspaae n OCHOBHU AeTas/bU OpraHusauuje
* MaTtemaTU4yKe OCHOBe YyBaHba NoAaTaKa:

* A3byKa 1 KOA0BM

* bpojeBu n 3anuc

* [IpeBohere 6pojeBa y pa3nnymTe oCHOBE
e 3anmc o3Ha4YeHmnx bpojesa
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Cnncak HacTaBHMX uenmnHa (2)

* Pa4yyHapCKa apUTmeTumKa:
* 3anunc nogaTaka
e Llenn 6pojeBu n uenobpojHa apnTMeTnKa
* bMHapHK 3anuc

* YBOA4 Yy Nnporpamumpamse
* [lojam nporpama, aaropuTma
* OCHOBHM enemeHTU Nnporpamckor jesunka Python
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Cnncak HaCcTaBHUX LennHa (3)

* [lpeactas/bakbe NoaaTaka U onepauunje Haa Hhuma
* [l[pomeH/bUBE
* [leknapaumje
* OnepaTtopu
* KoHBep3uje...

* Hapenbe n KOHTPONA TOKa Nporpama

* JIncrte n CTPUHrosu

* QyHKUMje n moaynu

* TpaXkere U OTKNabakbe rpellaka - gebarep
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Cnncak HacTaBHMX uenmnHa (4)

* Paa ca paTtoteKama

* PyHOaMEHTA/IHE CTPYKTYpPE NoaaTaka
* CteK
* Pen
* Crabno

¢ CDyH,EI,aMEHTaIIHM dJITOPUTMHA
* [lpeTpaxkmnBare, copTUparbe
* Pekyp3nBHU anroputmu

* BpeMEHCKa U NPOCTOPHA CZIOKEHOCT aJITOPUTAMA

YBoga y pavyHapcTeo 1
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JlnTepatypa

. Iilglf??p, MwuTuh, YBoa, y opraHn3auujy padyyHapa, Matematuykun akynTer,

* HeKa ckpaheHa nornassba ce mory Hahu Ha aapecu:
http://poincare.matf.bg.ac.rs/~nenad/uoarhl

e Paul Gries, Jennifer Campbell, Jason Montojo: Practical Programming, 2nd
Edition: An Introduction to Computer Science Using Python 3, 2013.

* Sivarama Dandamudi: Fundamentals of Computer Organization and Design,
Springer, 2002.

* YBOAHM KypcC nporpammpatrba y Python-u Ha MIT:
https://ocw.mit.edu/courses/electrical-engineering-and-computer-

science/6-0001-introduction-to-computer-science-and-programming-in-
python-tall-2016/index.htm
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http://poincare.matf.bg.ac.rs/~nenad/uoarh1
https://ocw.mit.edu/courses/electrical-engineering-and-computer-science/6-0001-introduction-to-computer-science-and-programming-in-python-fall-2016/index.htm

HauymH nonararba NcnmTta

* [pegucnutHe obasese: 50 noeHa
* Konoksujym: 20
* CemunHapcku paa: 20
* [loxaharbe HacTaBe: 5
* AKTMBHOCT Ha HacCTaBu: 5

* 3aBpwHU ncnut: 50 noeHa
e ®dopmat he 6UTKU HaKHAAHO AePUHUCAH...
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Victopwuja pavyyHapa

[MpemexaHUYKn, MeXaHUYKN, eNEKTPUYHN U eNeKTPOHCKM pavyHapu

YBog y pavyHapcTso 1
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AHANONHO N ANTUTANHO

* hn KOHTUHYa/IHO U AUCKPETHO

* MW }XNBUMO Y aHaNOMHOM CBETY
* ma beckoHayHO mHoro 60ja
* beCKOHaYHO MHOro TOHOBA
* beCKOHAYHO MHOrO CUTHanNa, ...

* [InrntTanHm CBET je KOHa4aH
* Y pauyyHapy Hema 6ecKoHa4yHO MHoro 60ja
* \an ToHOBa
* Camo Halem OKYy naun yxy Tako genyje, ...
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AHaNOrHO v AnrnMTanHo (2)

* [1a N1 je yMEeTHMNYKA CIUKA aHANIOTHa NN AUTUTANHA?

e [1a nu je cnncak npocTtms bpojesa Ao 1000 HanucaH Ha napyeTy
nanupa aHanoraH Uan AnMrutanaH?

——=—ame
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AHaNOMHa pPavYyHCKa cpeacrsa

* [pMmepn aHANOTHMUX PavYyHCKUX cpeacTaBa:

* Antikythera (Pogoc, n.H.e)
* aCTPOHOMCKM ypehaj
e Knusajyhu newunp (17. Bek)

e lInpepeHumnjanHu aHanmnsatop (20. BeK)
* pewaBarbe onwTux aAndepeHuUUnjasHnUxX jeaHa4YMHa

* AHaNOrHM pavyyHapu n3soae onepaumnje Hag PU3NYKUM BEIMYNHAMA
YMecTo Hag 6pojeBuma

° HI'Ip. noTeHUnomeTap ce MeXxaHU4Ykn nomepa y 3aBUCHOCTU O, HANMOHA
* Hucy nporpamabunnum

* TAYHOCT 3aBMCK O NPELIU3HOCTU U3paje cpeacTsa



AHaNOrHa payYyHcKa cpeacrsa (2)

AHanorHu payyHap 1960-tux roguHa

YBoga y pavyHapcTteo 1
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[lnrmTanHa payvyyHCKa CpeacTBa

* Yna3sHe n nsnatHe nHpopmaumje cy 6pojesu

* [Tpumepwm:
* Abakyc
* MoaepHu payyHap

* TAYHOCT He 3aBUCU OA, NPELU3HOCTM U3paae cpeacTsa

* Hnp. wndpa 3anmucaHa bpojeBMma Ha CTapoj NOTAMHE/I0j XapTHjn u
HOBOM Nanupy Mma UCTy BpeaHoCT

* lUTa je agurntanmnsaumnja’?

YBoga y pavyHapcTeo 1
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[lpemexaHn4ykmn nepmon

* OKko 3000. rognHe n.H.e
* Cymepu ype3nBasin 3HaKe Ha IMMHEHUM NaoYmLama
* KZIMHACTO NUCMO

* OKo 2000. roanHe n.H.e

* PackuHynu sesy namehy 3anmca peum u camka
* Cumbonu He onucyjy nojam Hero cnor Uam rnac

* [pun U PUMm/baHU Aasbe npeysenn n yHanpeaunm
* ErmnhaHn — nnucarbe Ha nanupycy
* [loyeTKOM HOBe epe — Npon3soaHa Nanmpa y KNHu



[TpemexaHnykm nepmos (2)

* Pa3Boj bpojyaHunx cucrtema:
* Heno3numoHu (ermnaTcku, PUMCKHy, ...)
* Mo3numonun (MHAyCcM noyeTKkom HOBe epe 1 Apancku KacHuje)

Abakyc

YBoga y pavyHapcTteo 1
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MexaHnykm nepuop,

e 15. BekK - LUtamnapcke npece (JoxaH yTeHbepr)

*17/. BeK
e Jloraputmu 1 nucame aeummasnHe Tadyke y 6pojesmma (LloH Henep)

» Knnsajyhu nemwunp — wunbep (Bunmjem Aytpen)
* lLiInkapaoBa mallMHa — oay3MMatbe n cabupame wectoundpeHmnx bpojesa
* JlajbHMUOBa MallMHa — oAy3nMmame, cabuparbe, MHOXere A0 12 undapa

)
k!

NajbHMyoBa MalLnHa

LLlnkapaosa mawmHa
LLinbep
21
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MexaHnykm nepvosa (2)

e 19. BeK - bebuosa gndepeHumnjcka mallmHa
* PauyHatbe KBaApaTa 1 Kybosa wectoundppeHmnx bpojesa
* 3ynyaHuuu 1 nonyre

YBoga y pavyHapcTteo 1
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EﬂeKTpOI\/\exaHl/N RN Nepmnoa

* Pa3B0Oj TeNIeKOMYHMKaLM]a
e 1830. r. Tenerpad
e 1876. r. TenedoH
* 1894. r. Paguno

e 1854, r. ,MaTtemaTtnyka aHanun3a nornke” Llopu byn — bynosa anrebpa
e 1884. r. MawwnHa ca byweHnm KapTmuama — XepmaH XonepuT
* TOKOM ApYyror CBeTCKOr pata — Hemayka EHMrma n nosbcka bomba

YBoga y pavyHapcTeo 1 23



EnektpomexaHnykm nepwoa (2)

* 1944. r. MARK | — npBu nporpamadbuaHu Kaakynatop
* 800 Km Kunue
* 3 MWIMHA CNOjeBa S

e Cabuparbe 1 MHOXeHa B -
33 OKO CEKyHAyY =

* Ynas n usnas Ha
byLeHMM KapTuLama
UM NanMpHUM Tpakama = %

YBoga y pavyHapcTteo 1
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ENeKTPOHCKY nepuos,

* 1903. r. ENeKTPOHCKO /IOrMYKO KO0 Uaun npeknpga — HMKona Tecna
* 1906. r. BakymcKa ues

* 1919. r. MpBU dann-dbnon eNeKTPOHCKN eNeMeHT

* 1927. r. Tenesunsunja

* 1941. r. ABC — KankynaTtop 3a pelwlaBatbe cuctema NuH. JeaHauymnHa
* 300 BaKYMCKUX LLeBU

* 1943. r. Konoc — gekpuntosarbe Nopyka ca Hemayke EHurme
* 2400 BaKYMCKUX LeBM
* AnaH TjypuHr



EnektpoHcku nepuoa (2)

* 1946. 1. ENIAC

30 ToHa
30 meTapa AyX*KKMHa
~18000 BaKyMCKUX LeBU
5000 cabupatrba y cekyHam
[lporpamupamse:

® npeMOLLIhaBal-beM KUua

YBoga y payyHapcTeo 1
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EnekTpoHcku nepuoa (3)

* 1945. r. Haupt pavyHapa EDVAC Koju moXe aa namTu nporpame
* |lloH ®oH HojmaH
* ®oH HojmaHOBa apxXMTeKTypa padyHapa

e 1949. r. EDSAC — npBuM pavyHap ca 3anamheHnm nporpammma
e 256 peun gyxuHe 35 buta
* Memopwuja ca CTaHUM cagprKajem 3a MHULUNJATHO NOKpeTake
* TakT og 500kHz

YBoga y pavyHapcTeo 1
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[eHepaunje eNeKkTPOHCKUX
PaYyHapa

BaKymcKe LieBU, TPaH3UCTOPU N MHTErpucaHa Kona

yyyyyyyyyyyyyyy



4a
46 (5)
4y, (6)

[eHepauuje pavyHapa

1946-1957
1957-1964
1965-1971
1972-1977
1978-1991
1991-

BaKymcKe ueBu
TpaH3uctop

Mana n cpeara UK (SSI)
Benunka UK (LSI)

Beoma Benunka UK (VLSI)
N3y3eTHO Benmka UK (ULSI)

YBoga y pavyHapcTteo 1

40.000
200.000
1.000.000
10.000.000
100.000.000
1.000.000.000
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[lpBa reHepaumuja

* Bakymcke ueBu
* |/O - bywwieHe KapTuue, NnannmpHe N MarHeTHe TpakKe
* [porpamuparse - MalWMHCKK je3nK n acembnep

* [lpumep - UNIVAC

YBoga y pavyHapcTeo 1
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[lpyra reHepaumja ’

* TpaH3uncTopU /

e 1947. r. Oa repmaHmnjyma

* 1954. r. Og cunnumjyma

* YBPCT NPOBOAHUK, MakW, MOY34aHNjU, Matbe 3arpeBaHbe

* 1951. r. memopuja — marHeTHa je3rpa — NpBM MArHeTHU ANCKOBMU
* [lporpamuparbe: BULWK Nporpamcku jeanum (Fortran, Lisp, Cobol)

YBoga y pavyHapcTeo 1

31



Tpeha renepaumnja

* UIHTErpncaHo Koa0 ymecTto nojegunHAYHUX TPAH3MUCTOPA
* HoBM nporpamckm jeanum

* Pa3B0Oj onepaTtuBHUX CUCTEMA:
* Myntunporpammpamre
* [le/berbe BpemeHa
* Pa3B0Oj KOMYHMKaUMja
* 1946. r. IBM System / 360
* Pa3Boj 5 mmaunjapamn gonapa
* [1pBa YHanpea nnaHnpaHa damuamja padyHapa
e CBU payyHapu y damMuamjmn cnnmyan cKyn MHCTPyKumja, OS, nta.

YBoga y pavyHapcTeo 1 32



Tpeha renepaumja (2)

* 1964. r. Komnanuja DEC
* PDP-8 - npBn mmnHunpayvyHap
e JeptTnH — 16000 gonapa

* YBeJleH KoHUenT marucrpase

Konzolni CPU Centralna U/1 U/1
kontroler memorija uredjaj uredjaj
Omnibus

YBoga y payyHapcTeo 1

33



HeTBpTa reHepaum|a

e [la/be cMarbUBaHe UHTETPUCAHUX KONA
e LS| —large scale integration

* VLS| — very large scale integration
e ULSI — ultra large scale integration

* 1971. r. NojaBa muKponpoLecopa
* Intel 4004

* 1975. 1. PC pauyHapu
 Altair 8800

YBoga y payyHapcTeo 1

Altair 8800
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Esonyumja Intel mukponpouecopa
(1970.r.)

L 8080 8086 8088

ObjaB/beH 1971 1972 1974 1978 1979
Bp3uHa 108 kHz 108kHz 2MHz 8MHz 8MHz
LLnpmHa 4 6buta 8 butoBa 8 butoBa 16 6butoBa 8 butoBa
Mmarucrtpane

Bpoj TpaHsuctopa 2300 3500 6000 29000 29000

YBoga y pavyHapcTteo 1
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Esonyumja Intel mukponpouecopa
(1980.r. )

80286 |386TM DX |386TMSX | 486 TM DX

Ob6jaB/beH 1982 1985 1988 1989
bp3nHa 6MHz 16MHz 16MHz 25MHz
LUnpurHa 16 6buta 32 6uTa 16 6buTa 32 6uTa
Mmarucrtpane

bpoj TpaH3ncTtopa 134000 275000 275000 1.2M

YBoga y pavyHapcTteo 1
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Esonyumja Intel mukponpouecopa
(1990.r. )

ObjaB/beH 1991 1993 1995 1997
bp3nHa 16MHz 60MHz 150MHz 200MHz
LUnpurHa 32 6uTa 32 6uTa 64 6uTa 64 6uTa
Mmarucrtpane

bpoj TpaH3nctopa 1.185 M 3.1 M 55M 7.5M

YBoga y pavyHapcTteo 1

37



Esonyumja Intel mukponpouecopa
CKOpu)1 npouecopu

Ob6jaB/beH 1999 2000 2006 2013
bp3nHa 450MHz 1.3GHz 1.06GHz 4GHz
LLinpunHa 64 buta 64 buta 64 buta 64 buta
mMmarucrpane

bpoj TpaH3nctopa 9.5M 42 M 167 M 1.86 G

YBoga y pavyHapcTteo 1
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* 1965.r. TopgoH Myp — cyBnacHUK NHTena

* bpoj TpaH3UCTOpa Ce yABOCTPYy4aBa CBaKe roamHe

* Temno ce ycnopuno 1970. r. Ha yaBoCTpy4YaBatbe cBakux 18 meceum
 Op Tapa ApXKuU Taj TpeHAa cTabuaHo



