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Arhitektura racunara —
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Arhitektura racunara

Razvoj masina za racunanje

—cecceec
Abakus — 2700. p.n.e. — e
——Ceceeeecer)

Masina sa Antikitere — 200. p.n.e.
Astronomski satovi — Xll vek
Leonardo da Vinci, Paskal, Lajbnic — XV do XVII vek

Analiticka masina — 1837.

Tjuringova masina — 1936.

Elektronski racunar (ENIAC) — 1946.
Tranzistor — 1948.

Mikroprocesor — 1971.

Savremeni racunari

Izvori: www.wikipedia.org, www.computerhistory.org
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Arhitektura racunara
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Masina sa Antikitere —200. p.n.e.

Analogni racunar (pracenje polozaja planeta, preko 30 zupcanika)

prof. dr Dusan Gajic 326




Arhitektura racunara

Masina sa Antikitere —200. p.n.e.
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Analogni racunar (pracenje polozaja planeta, preko 30 zupcanika)
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Astronomski satovi — Xl vek
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Analiticka masina — 1837.

s —— %
3 A

=
L
-
-
J
"
.
1
-
-a
-
-
-
e
-
-
-
b=
=
-~
-,
el
1 Y
| n
_—
N

Charles Babbage
(1791-1871)

\ ' \ ¥ )
(diferencna masina — racunanje : )
vrednosti polinomnih funkcija,

analiti¢ka masina — racunar Ada Lovelace

" opiteramene, - g (1815-1852)
busene kartice — Zakardov razboj) Model analiticke masine (prvi ragunarski program - metod za

(prvi Tjuring-kompletan racunar: racunanje niza Bernulijevih brojeva)
ALU, kontrola toka — selekcija i iteracija, memorija)
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Tjuringova masina — 1936.

Alan Turing Priblizni model Tjuringove masine

( 19121 954) (beskonacna traka, glava, registar stanja, tabela operacija)

Turing, A.M. (1936). "On Computable Numbers, with an Application to the Entscheidungs problem". Proc.London Mathematical
Society.2 (pub. 1937). 42: 230-265.
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Elektronski racunar — ENIAC |1946.
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Electronic Numerical Integrator And Computer (ENIAC)
(20000 vakumskih cevi, 5 miliona lemljenih spojeva, 170 m?2, 150 kW)
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- Atiekwnmwen
Arhitektura racunara
Tranzistor — Bell Labs 1948

microelectronics group A replica of the £irst Lransistor,
invented at Bell \abs.

0 December 23, 1941
Lucent Technologies % 50 Years and Counting...

e Las Iemovanont
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Mikroprocesor — Intel 4004 1971.
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Personalni racunar — IBM PC |98]1.
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Arhitektura racunara

Sveprisutni racunari — XXI| vek
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Strukturirana organizacija racunara

Nivo 5 Nivo namenskih programskih jezika
Prevodenje (kompajler)
Nivo 4 Nivo asemblerskog jezika
Prevodenje (asembler)
Nivo 3 Nivo masine operativnog sistema
Delimicna interpretacija (operativni sistem)
Nivo 2 Nivo arhitekture skupa instrukcija (ISA)
Interpretacija (mikroprogram)
Nivo | Nivo mikroarhitekture
Hardver Ne
Nivo 0 Nivo digitalne logike "‘
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Arhitektura racunara

Porast performansi racunara

Murov zakon je zapazanje da
se broj tranzistora u integrisanim kolima
duplira priblizno svake 2 godine

X ° N N\
Evolucija arhitekture Gordon Moore
elektronskih racunara (1945-danas) (1929-2023)

1950s 1960s 1970s 1980s 1990s 2000s 2010s
Silicon TTL 8-bit 32-bit 32-bit 64-bit 3072-Core
Transistor Quad Gate ﬂquoprssor Microprocessor Microprocessor Microprocessor GPU

=

4500 275,000 3,100,000 592,000,000 8,000,000,000
Transistor Transistors Transistors Transistors Transistors Transistors Transistors
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Arhitektura racunara

Graficki procesori

* Graficke procesne jedinice (engl. Graphics Processing Units — GPUs) su postale
standardni dodatak centralnim procesnim jedinicama (engl. Central Processing Units

— CPUs) — oblast GPU computing ili General-purpose computing on GPUs
(GPGPU)

* Evolucija arhitekture GPU od protocnog sistema sa fiksnim funkcionalnostima (engl.

fixed-function pipeline) do programabilne masivno-paralelne platforme

,i

* Commodore Amiga — 1985.

* NVidia GeForce 256 — 1999.

* NVidia CUDA se pojavila 2007.

* Deep learning —“big bang” se desio 2009.

prof. dr Dusan Gaji¢


https://www.youtube.com/watch?v=MMejgL50FTI
https://www.youtube.com/watch?v=MMejgL50FTI

Arhitektura racunara

lzvrsavanje programa na GPU

DOMACIN _UREDAJ (GPU) Legenda:
CPU PM_— [Tr"\s/t‘r - Kontrola

L2 kes 1 [instrull i keg] i komunikacija
|| || polje | Histara
Jezgro KonFr_0|a I I I konst. i kes I | . .
ollL1 niti ~= BEE BE zraCunavanje
ShASl LESISL e faAs Memorija
DIOI|I€E DAUIAdICE
Kontrolna jed.

| [| | tokalfnem. || [ | Skraéenice:
ﬁ L2 kes

m </Plr,\> PM - protocni multiprocesor
ost Xpress
press _ PM PM

PP - protocni procesor

I I| |l | o .
Globalna/| || 1| ] | JSF - jedinica za spec. funkcije
n konstanta [ [ | | ALU - aritmeti¢ko-logicka jed.

memorija L1 - kes$ nivoa 1 (na ¢ipu)
vlazni . vlazni L2 - ke nivoa 2 (van ¢ipa)
podaci bafer
izracunati izlazni
rezultati . bafer
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Primene paralelnog racunarstva

* Slozena i obimna izracunavanja

* Obrada velike kolicine podataka (oblasti nauke o podacima (engl. data
science) i sistema za rad sa velikim koli¢inama podataka (engl. big data))

— Internet (veb pretrazivaci), genetika (DNK), medicinske i astronomske slike, senzori (engl.
Internet-of-Things, loT)

* Simulacija
* Vizuelizacija

* Svi prethodno opisani problemi zahtevaju znatne resurse za izracunavanja,
vode nas do oblasti racunarstva visokih performansi (engl. High
Performance Computing)

— Klasteri, data centri, super-racunari...

— Programiranje super-racunara: ssh protokol za komunikaciju, MPI +
OpenMP/CUDA/OpenACC
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Primene paralelnog racunarstva

Naucna izracunavanja (engl. scientific computing)

— Klima i vremenska prognoza, genetika, astrofizika, okeanografija, seizmologija, farmacija,
ekonomija i finansije, ...

Vestacka inteligencija (engl. artificial intelligence)
— Masinsko ucenje, duboke neuronske mreze, ...

Inzenjerstvo

— Projektovanje vozila, letelica i masina, razvoj novih materijala, ...

Energetika

'''''''

— Obnoviljivi izvori energije, istrazivanje tla , ... = y <
Medicina $

— Obrada medicinskih slika, ... i
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Arhitektura racunara

Preporucena literatura

OREILLY" &%

Hands-On
Machine Learning
with Scikit-Learn,
Keras & TensorFlow

Concepts, Tools, and Techniques
to Build Intelligent Systems

powered by

-
jupyter~
)

Aurélien Géron

https://www.deeplearningbook.org https://www.oreilly.com/library/view/hands-on-machine-learning/9781098125967/
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Preporucena literatura

HIGH PERFORMANCE
COMPUTING

MODERN SYSTEMS AND PRACTICES

THOMAS STERLING, MATTHEW ANDERSON
MACIE] BRODOWICZ

https://www.elsevier.com/books/high-performance-
computing/sterling/978-0-12-420158-3

prof. dr Dusan Gaji¢ 343



https://www.elsevier.com/books/high-performance-computing/sterling/978-0-12-420158-3
https://www.elsevier.com/books/high-performance-computing/sterling/978-0-12-420158-3
https://www.elsevier.com/books/high-performance-computing/sterling/978-0-12-420158-3
https://www.elsevier.com/books/high-performance-computing/sterling/978-0-12-420158-3
https://www.elsevier.com/books/high-performance-computing/sterling/978-0-12-420158-3
https://www.elsevier.com/books/high-performance-computing/sterling/978-0-12-420158-3
https://www.elsevier.com/books/high-performance-computing/sterling/978-0-12-420158-3
https://www.elsevier.com/books/high-performance-computing/sterling/978-0-12-420158-3
https://www.elsevier.com/books/high-performance-computing/sterling/978-0-12-420158-3
https://www.elsevier.com/books/high-performance-computing/sterling/978-0-12-420158-3
https://www.elsevier.com/books/high-performance-computing/sterling/978-0-12-420158-3
https://www.elsevier.com/books/high-performance-computing/sterling/978-0-12-420158-3
https://www.elsevier.com/books/high-performance-computing/sterling/978-0-12-420158-3

Kvantni racunari

1959. Richard Feynman predavanje “There’s Plenty of Room at the Bottom” —
mogucnost kvantnog racunarstva, 1981.” Simulating Physics with Computers”

* Danas u aktivan razvoj ukljuceni IBM, Google, Intel, D-Wave

 2017. D-Wave prodaje kvantne racunare sa 2000 kjubita (engl. qubit), ali zasnovane
na principu kvantnog celicenja (engl. quantum annealing) specijalizovanom za
probleme optimizacije

 2023.IBM Condor sa | 121 kjubitom, univerzalni kvantni racunar, zasnovan na
neutralnim atomima i superprovodnicima

l "' z:

'— .\
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¥, b m ‘."“' |

Richard | Feynman
(1918-1988)
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Arhitektura racunara

IBM Condor

IBM Quantum

_ CONDOR
. 1121 QUBITS
SCALE | YIELD

Izvori: https://postquantum.com/industry-news/ibm-condor/,
https://www.newscientist.com/article/2405789-ibms-condor-quantum-computer-has-more-than- 1 000-qubits/
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Kvantni racunari

* Kjubiti (engl. qubit) se mogu nalaziti u kvantnim stanjima 0 i |, kao
i u superpoziciji ovih stanja. Rezultat merenja stanja kjubita je uvek O ili
|, ali verovatnoca rezultata zavisi od kvantnog stanja u kome se kjubit
nalazio

4

* Kbvantna logicka kola (Toffoli, Fredkin, Hadamard, Pauli, ...)
* Sorov algoritam za faktorizaciju Z

* Groverov algoritam trazenja
* Kvantna Furijeova transformacija

Januara 2019. IBM predstavio komercijalni
kvantni racunar — IBM Q System One

Jezici: QASM, Qiskit (IBM), Cirq (Google), Q#...

Quantum Computers Explained:

https://www.youtube.com/watch?v=B3U I NDUiwSA —z=|1)
Blohova sfera

prof. dr Dusan Gaji¢ 346
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Preporucena literatura

Thomas Wong

Introduction to Classical and

Quantum Computing

Introduction to
Classical and
Quantum Computing

2022 Thomas G. Wong
Rooted Grove

prof. dr Dusan Gaji¢ 347




Preporucena literatura

Chris Bernhardt

Quantum Computing
for Everyone

FOR EVERYONE
2020 e
The MIT Press
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Arhitektura racunara

Preporucena literatura — napredni nivo

Michael Nielsen,

Quantum
Computation
and Quantum

Information

Isaac Chuang

Quantum Computation and

Quantum Information,

";: MICHAEL A. NIELSEN
4/ /and ISAAC L. CHUANG

U

’_ Fe

| 0" Anniversary Edition

201 |
Cambridge University Press
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