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Te godine, Leonard Ojler je formulisao sledecu pretpostavku
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Euler's sum of powers conjecture Fa 21 languages -
Contents  hide Articla  Talk Read Edit View history Tools v Appearance  hide
(Top) From Wikipedia, the free encyclopedia Text
Background In number theory, Euler's conjecture is a disproved conjecture related to Fermat's Last Theorem. It was Srall
Counterexamples proposed by Leonhard Euler in 1769. It states that for all integers n and k greater than 1, if the sum of n © Standard
v Generalizations many kth powers of positive integers is itself a kth power, then n is greater than or equal to k: Large
k=3
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Kako bismo mogli da dokazemo da pretpostavka vazi?




Kako bismo mogli da dokazemo da pretpostavka vazi?

Mala pomoc: 1966. je dokazano da ne vazi, tako Sto je pronaden sledeci
kontraprimer: 27° + 84° 4+ 110° + 133° = 144°



Da li je Ojler mogao da ga pronade?



Mozda je mogao da razmislja na sledeci nacin

Hajde da pretpostavim da postoji kombinacija 4 cela broja < 150 za koju
pretpostavka ne vazi za stepen 4 +1=5

Da bih je nasao, moram da izlistam sve kombinacije i proverim da li je zbir
njihovih 5. stepena takode 5. stepen nekog celog broja



Mozda je mogao da razmislja na sledeci nacin

Tih kombinacija ima (%) = 20260275

Najteze ce mi biti da raCunam 5. stepen

Neka mi za to u proseku bude potrebno 60 sekundi



Mozda je mogao da razmislja na sledeci nacin

Tada bi mi za kompletan racun bilo potrebno
20260275 x 60/(3600 x 12 x 365) > 77 godina, ako bih 12 sati dnevno samo
na tome radio

Ali ja vec sada imam 62 godine = ne vredi ni da pokuSavam!



| tako smo morali da sacekamo 1966. da se produzi zivotni vek i da
resavanju problema pristupi neko mladi...



Primetimo da bi uz dovoljno vremena ovaj postupak mogao da sprovede i
mali Perica
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No, problem nije reSio mali Perica

1966] COUNTEREXAMPLE TO EULER’S CONJECTURE 1079
2. F. P. Ramsey, On a problem of formal logic, Proc. London Math. Soc. (2)
30 (1930), 264-286.

DarmmouTH COLLEGE

COUNTEREXAMPLE TO EULER’S CONJECTURE
ON SUMS OF LIKE POWERS

BY L. J. LANDER AND T. R. PARKIN
Communicated by J. D. Swift, June 27, 1966
A direct search on the CDC 6600 yielded
275 + 845 + 110° + 1335 = 1445
as the smallest instance in which four fifth powers sum to a fifth
power. This is a counterexample to a conjecture by Euler [1] that at
least n nth powers are required to sum to an nth power, n>2.
REFERENCE

1. L. E. Dickson, History of the theory of numbers, Vol. 2, Chelsea, New York,
1952, p. 648.

nego racunar koji je mogao da obavi 3 miliona operacija u sekundi

1



Dva pitanja za danas

1. Da li je Ojler mogao da osmisli racunar pomocu kog bi nasao
kontraprimer?

2. Da li je ipak mogao da ga pronade i bez racunara?

12



Graf mentorstava preuzet sa mathgenealogy.org

) 5 6 7 8 9

S obzirom na to da nismo tako daleko od Alana Tjuringa, oca savremenog
racunarstva, a medu sobom imamo i matematicare i fizicare i hemicare, trebalo bi

da mozemo da pomognemo Ojleru
13



Podimo od najskuplje operacije: stepenovanja
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Mnozac

a b

Mozemo li da izra¢unamo a®> pomocu 4 mnozaca?

15



Stepenovanje mnozacima




Stepenovanje mnozacima

Nakon cetiri ka$njenja mnozaca,
na izlazu ¢e se pojaviti rezultat



Stepenovanje mnozacima

Mozemo li da izraCunamo
peti stepen sa tri kasnjenja?



Stepenovanje mnozacima

Mozemo li da izraCunamo
peti stepen sa tri kasnjenja?

y=(((a x a) xa) xa)x



Stepenovanje mnozacima

Mozemo li da izraCunamo
peti stepen sa tri kasnjenja?

y=(((a x a) xa) xa)x

y=((axa)x(axa))xa



Stepenovanje mnozacima




Stepenovanje mnozacima

y=((axa)x(axa))xa

Nakon tri kasnjenja mnozaca,
na izlazu ¢e se pojaviti rezultat



Stepenovanje mnozacima

Da li su nam dovoljna tri mnozaca?



Stepenovanje mnozacima




Stepenovanje mnozacima




Ruth Lichterman and Marlyn Wescoff reprogramming ENIAC in 1946

ENIAC je bio programiran povezivanjem funkcionalnih jedinica pomocu
zica kako bi se oformilo kolo koje evaluira zeljenu funkciju.
Inace, svi prvi programeri su bile zene.



Prostorni racunari

O & ht maxeler.com

MAXELER

Cloud HPC

Algebra Cyber

FPGA Finance

Povezivanje funkcionalnih jedinica vezama na takozvanim FPGA Cipovima i
do danas ostaje osnova prostornog racunarstva (eng. Spatial Computing) 20



Sjajno poredenje mozete videti u predavanju prof. Dehona sa Univerziteta Pensilvanije

75 Years of Computer Engineering

ENIAC FPGA

* 3.3 Madder-bitops /s + 3.6 Madder-bit ops / ns
— 5 KHz clock — | GHz clock

— 20 accumulators - 3.6Me-LUTs

= 33 binary adder bits
= 167 M mm?
— 1800 sq. feet
— Or 170 sq. meters

» With carry logic to be adder bit
+ 1400 mm?

= 10 10b numbers = Any é-input function

Play (k)

ENIAC Day Webinar: André Dehon speaks about carrying ENIAC's Architectural Legacy into
Silicon

5D PennEngineering AT A7 1 A, chara 1 Qowa e 2



ENIAC su na Univerzitetu Pensilvanije ranih 1940ih razvili Presper Ekert i DZon Mokli

Pitanje: Sta su Ekert i Mokli bili po zanimanju?
22



ENIAC su na Univerzitetu Pensilvanije ranih 1940ih razvili Presper Ekert i DZon Mokli

Elektro-inzenjer i fizicar
23



No, vratimo se Ojlerovom problemu

Mozemo li da izracunamo peti stepen koristeCi samo jedan mnozac?
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Vremenski multipleks

Da li Ce se na izlazu u nekom trenutku pojaviti a>?
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Vremenski multipleks

Sta nam nedostaje da bismo to mogli da garantujemo?
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Vremenski multipleks

Moramo da obezbedimo poznato pocetno stanje ulaza mnozaca
(na primer, a® =1)
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Vremenski multipleks

Dakle, potrebno je da na pocetku na desni ulaz mnozaca dovedemo a° =1,
a da mu zatim prosledimo izlaz mnozaca

28



Vreme je da uvedemo joS jednu komponentu: multiplekser

Koristicemo —9 da oznaéimo izraze u Zo

H——>y =2 doSo + di51

Najjednostavnije, one-hot
kodovanje selekcionih ulaza

80—|—81:1

S0

29



Multipleksiranje visecifrenih binarnih brojeva

prva cifra

druga cifra

do

n-ta cifra

dy

Naravno, mozemo multipleksirati i viSecifrene binarne brojeve: za svaku binarnu
cifru dodamo jos jedan multiplekser koji deli selekcione ulaze sa svim ostalim
pojedinacnim multiplekserima 20



Multipleksiranje vise ulaznih signala

dg ——
dl Yy =2 Zz 0 d iSi
dn_l ZTL 01 87/ — 1
Sn—
51 n—1
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Srecom, zahvaljujuci matematicarima znamo kako da u hardveru implementiramo bilo koju Bulovu funkciju

Claude Shannon

XA 66 languages v

Article Talk

From Wikipedia, the free encyclopedia

Claude Elwood Shannon (April 30, 1916 — February 24, 2001) was an
Americanelectrical engineer, computer scientist and
cryptographer known as the "father of information theory". He was the first
to describe the boolean gates (electronic circuits) that are essential to all
digital electronic circuits, and he built the first machine learning device, thus
founding the field of artificial intelligence.[12I34] He is credited alongside
George Boole for laying the foundations of the Information Age.SI€lI7](4]

As a 21-year-old master's degree student at the Massachusetts Institute of
Technology (MIT), he wrote his thesis demonstrating that electrical
applications of Boolean algebra could construct any logical numerical
relationship,[gl thereby establishing the theory behind digital computing and
digital circuits.[?ll'%) In 1987, Howard Gardner called his thesis "possibly the

most important, and also the most famous, master's thesis of the
century",[""l and Herman Goldstine described it as "surely ... one of the most
important master's theses ever written ... It helped to change digital circuit

Read Edit View history Tools v

Claude Shannon

Shannon c. 1950s 32



Srecom, zahvaljujuci matematicarima znamo kako da u hardveru implementiramo bilo koju Bulovu funkciju

A OF

1940

32



Srecom, zahvaljujuci matematicarima znamo kako da u hardveru implementiramo bilo koju Bulovu funkciju

AJITEEPA NBYXMNOJIOCHBIX CXEM, NOCTPOEHHBIX
WUCKJIIOYHTEIBHO U3 ABYXNOJIIOCHHKOB (AJTEBPA A-CXEM)T

Kand. gus.-vam. nayx B. W. lecrakos

B3AHMHO-OJHO3HAYHOE COOTBETCTBHE MEXKIY A-CXEMAMH M [Aarta poxpaexus
A-BBIP AKEHHAMH
MecTo poxaeHus
A-Cxembt
Hara cmeptn

Mecto cmepTH

15 okTabps 1907

Mocksa, Poccuitickan
uMnepus

3 mas 1987 (79 ner)
Mocksa, CCCP

Hayunbii
pyKosoauTens

Viktor Ivanovié¢ Sestakov, 1935.
(u pripremi doktorata na Lomonosovu)

Crpana mm Poccuiickan
uMmnepus
[ CCCP
I Hayunas chepa MaremaTuka I
MecTo paboTbi WUTMuBT, MY
Anbma-marep Mry
YyéHoe 3BaHue npodeccop

ueeHko, Banepui
WeaHosuY
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Da li ¢e se sada na izlazu mnozaca u nekom trenutku pojaviti a®?

selekcione ulaze ¢emo
naknadno definisati

33



Da li ¢e se sada na izlazu mnozaca u nekom trenutku pojaviti a®?

selekcione ulaze ¢emo
naknadno definisati

y=?

Hoce, ali ¢e ga ubrzo zameniti a® pa a’...
3



Da li ¢e se sada na izlazu mnozaca u nekom trenutku pojaviti a®?

selekcione ulaze ¢emo
naknadno definisati

y=?

Sta nam onda jo$ nedostaje?
33



Da li ¢e se sada na izlazu mnozaca u nekom trenutku pojaviti a®?

selekcione ulaze ¢emo
naknadno definisati

y=?

Moramo nekako da izbrojimo 5 mnozenja i onda zaustavimo dalje mnozenje
33



Vreme je da uvedemo joS jednu komponentu: registar

—Ip Q|l—
— N  REGISTAR oK
—PDcix
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Vreme je da uvedemo jos jednu komponentu: registar

—D Ql—
— N REGISTAR CLK >
—PDcix

Kada naide rastuca ivica takta,
registar proverava vrednost ulaza D

Q

\\W o

na pocetku registar sadrzi nepoznatu vrednost
(zato inicijalizujemo promenljive)

34



Vreme je da uvedemo jos jednu komponentu: registar

—D Ql—
— N REGISTAR CLK >
—PDcix

Kada naide rastuca ivica takta,
registar proverava vrednost ulaza D

i preslikava je naizlaz Q Q ; l )

A

na pocetku registar sadrzi nepoznatu vrednost
(zato inicijalizujemo promenljive)

34



Vreme je da uvedemo jos jednu komponentu: registar

— &N REGISTAR LK >
—PDcix

Kada naide rastuca ivica takta,
registar proverava vrednost ulaza D
ipreslikava je naizlaz Q l

p ] Q Z/

U meduvremenu, Q zadrZava prethodnu vrednost /

na pocetku registar sadrzi nepoznatu vrednost
(zato inicijalizujemo promenljive)

D

34



Vreme je da uvedemo jos jednu komponentu: registar

— &N REGISTAR oK
—PpDcix

EN
EN je signal za dozvolu upisa
Kada je 1, registar normalno funkcioniSe D
Kada je 0, Q ne menja vrednost, bez obzira na takt
QY

/

na pocetku registar sadrzi nepoznatu vrednost
(zato inicijalizujemo promenljive)

34



Gde je potrebno da ubacimo registar da bismo sprecili protrcavanje visih stepena?

selekcione ulaze ¢emo
naknadno definisati

35



Gde je potrebno da ubacimo registar da bismo sprecili protrcavanje visih stepena?

D Q
—&  REGISTAR

—Doax

35



Gde je potrebno da ubacimo registar da bismo sprecili protrcavanje visih stepena?

D Q
—&  REGISTAR

—Doax

Sta nam jos fali?
35



Gde je potrebno da ubacimo registar da bismo sprecili protrcavanje visih stepena?

D Q
—&  REGISTAR

—Doax

Brojac mnozenja, da bismo ispravno selektovali ulaze mnozaca i da bismo
zaustavili mnozZenje na vreme 35



Brojac vec znamo da napravimo

dekrementer

-1

y=a-l

D Q
EN REGISTAR
> cLk

reset
Ireset

36



Brojac vec znamo da napravimo

dekrementer

-1

y=a-l

5 Q y=reset||Q>0
— EN REGISTAR
5 > cLk

Ireset

reset

36



Brojac

Brojac je specijalan slucaj konacnog automata (eng. Finite State Machine). Konacne automate su takode izmislili matematicari i danas predstavljaju

fundamentalni model za sintezu hardvera, ali se Cesto koriste i u programiranju.

Cc 08 n.wikipedia.org/wiki/C y B % @ 8 =
: ) WIKIPEDIA ) search
The Free Encyclopedia

George H. Mealy A 3languages v
Contents  hide Article  Talk Read Edit View history Tools v
(Top) From Wikipedia, the free encyclopedia

d publicatio George H. Mealy (December 31,1927 - June 21,2010 n Scituate, T was an scientist
References who invented the namesake Mealy machine, a type of finite state transducer. He was also a pioneer of modular programming, % one of the lead
s in assembly language programming. !

designers of the IPL-V programming language,*] and an early advocate of macro proce:

where he was active in radio as business manager for WHRB.I®) He graduated in 1951 with an A B., and at that

Mealy went to Harvard Univer
time began working for Bell Laboratories.”) He later worked at the RAND Corporation!®l then 18M'®) and taught at Harvard. ('

<« C 08 n.wikipedia.org/wiki/Ed |_F._Mo 4
= WIKIPEDIA [ Q seonwipedn ot
Edward F. Moore
Contents  hide Article  Talk
(Top) From Wikipedia, the free encyclopedia
Biography For other people named Edward Moore, see Edward Moore (disambiguation).
Scientific work Edward Forrest Moore (November 23, 1925 in Baltimore, Maryland - June 14, 2003 in Madison,
Publications nsin) was an f computer
Moore fnte state machine, and an early plonesr of aricial e

See also



Kako izgleda celo kolo za stepenovanje jednim mnozacem?

reset

dekrementer

=al a

Ireset

-1

Q
N REGISTAR
1K

y=reset||Q>0 |—<

reset

Ireset

EN

— ok

REGISTAR

)
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Sta smo dobili ovim?

- Umesto tri, koristimo samo jedan mnozac

U vreme nastanka ENIAC-a, aritmeticki sklopovi poput mnozaca su bili
izuzetno skupi za realizaciju, pa je smanjenje njihovog broja bilo od
velikog znacaja

39



Resource Poverty in 1940s

EDVAC
ENIAC

* Parallel, multiple operators * Stored-Program
+ 18,000 Vacuum tubes «  6,000Vacuum tubes

* 1800 sq.ft ” 490 sq. fe.

ENIAC Day Webinar: André Dehon speaks about carrying ENIAC's Architectural Legacy into
Silicon

M7 PennEngineering ST Aa M ek
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Sta smo jos dobili?

41



Sta smo jos dobili?

Kako bi izgledalo kolo za racunanje 15. stepena?

41



Sta smo jos dobili?

> T
v REGISTAR
D

dekrementer

y =reset||Q>0

42



Sta smo jos dobili?

dekrementer

> T
v REGISTAR
D

y=reset||Q>0

ViSe ne moramo da ponovo povezujemo komponente kako bismo izracunali neki drugi stepen. Potrebno je samo da neku drugu vrednost upisemo u
odgovarajuci registar. To je klju¢ni koncept ,vremenskog racunanja” (eng. Temporal Computing) koje je danas dominantno. U vreme ENIAC-a,

povezivanje je iziskivalo rucni rad, pa je promena paradigme i iz tog razloga bila veoma vazna. Na danasnjim FPGA Cipovima, deSava se automatski. 42



UopsStavanje




Kako da izracunamo nesto slozenije od stepena?

Uzmimo za primer izraz oblika 3~ a'" i jednu konkretnu instancu

a4+ aj+ a3+ a;

43



Koje su nam operacije potrebne?

- sabiranje

- mnozenje

44



Sta smo do sad naucili?

- Mozemo da implementiramo bilo koju Bulovu funkciju

- To ukljucuje i multiplekser kao specijalan slucaj

45



OP SELECT

46



ALU

Naravno, mozemo ukljuciti i viSe od dve operacije. U opStem slucaju,
ovakav blok nazivamo ,aritmeticko-logickom jedinicom” (eng. Arithmetic
Logic Unit (ALU))

A B

P SELECT

Y

47



P SELECT

Y

Da bismo izracunali a} + af + a3 + as, $ta je potrebno da menjamo u
vremenu?

48



P SELECT

Y

Potrebno je da menjamo operaciju i operande

49



Ponovo slazemo kockice: registarska banka

—]p Q
— N REGISTARO

CLK

—D

Q
— N REGISTAR1

CLK

P Ql—
— N REGISTAR n-1

CLK

50



Ponovo slazemo kockice: registarska banka

—Jp Q|
— & REGISTARO
CLK
—]p Q |— DATA_OUT
— e REGISTAR1 —
CLK
—Ip Q |—
— &N REGISTAR n-1
CLK RADDR

(read address)

50



Ponovo slazemo kockice: registarska banka

DATA_IN
D Q —
—EN REGISTAR 0
CLK
&—p Qt— DATA_OUT
— N REGISTAR1 —
CLK
D Q —
— N REGISTAR n-1
CLK RADDR

(read address)

50



Ponovo slazemo kockice: registarska banka

DATA_IN
D Q —
—EN REGISTAR 0
CLK
&—p Qt— DATA_OUT
— e REGISTAR1 —
CLK
WADDR
D Q —
—en  REGISTAR n-1
CLK RADDR

(read address)

50



Ponovo slazemo kockice: registarska banka

DATA_IN
D Q —
—EN REGISTAR 0
CLK
&—p Qt— DATA_OUT
— e REGISTAR1 E—
CLK
WADDR
D Q —
—en  REGISTAR n-1
CLK RADDR

(read address)

Par (RADDR, DATA_OUT) nazivamo ,pristupom za Citanje” (eng. Read Port), a par
(WADDR, DATA_IN) ,pristupom za upis” (eng. Write Port) -



Analogija sa bankom

Jedan registar u registarskoj banci = jedan sef u trezoru banke Jedan pristup registarske banke = jedan $alter u banci

Sefova je mnogo viSe nego Saltera (registara je mnogo vise nego pristupa)

Za razliku od deponovanja i povlac¢enja predmeta iz sefa, upis u registar brise
prethodni sadrZaj, dok ga ¢itanje ne uklanja

51



Mala digresija

= WIKIPEDIA  [Q search wicpedia [ searen | Dor

Register file A 10languages v

Contents  hide Article  Talk Read Edit Viewhistory Tools v
(Top) From Wikipedia, the free encyclopedia

Registerbank switching
This article needs additional citations for verification. Please help

~ Implementation
improve this article by adding citations to reliable sources. Unsourced

Decod
ecoder | @ material may be challenged and removed.

Array Find sources: Register il ~ news - newspapers - books - scholar + JSTOR (August
Microarchitecture 2015) (earn how and when to remove this message)
Register renaming
Aregister file is an array of processor registers in a central processing unit (CPU). The instruction set

Register windows
< architecture of a CPU will almost always define a set of registers which are used to stage data between

Seealso memory and the functional units on the chip. The register file is part of the architecture and visible to the
References programmer, as opposed to the concept of transparent caches. In simpler CPUs, these architectural
External links. registers correspond one-for-one to the entries in a physical register file (PRF) within the CPU. More

complicated CPUs use register renaming, so that the mapping of which physical entry stores a particular
architectural register changes dynamically during execution.

Q_ Rechercher sur Wikipédia ‘ Rechercher Faire un don Crée

WIKIPEDIA

IPED!
Lencyclopédie libre

Banc de registres XA 10langues v

‘Sommaire  masquer Article  Discussion Lire Modifier Modifier le code Voir I'historique  Outils v
Début o€ Pour les articles homonymes, voir Banc. >
Banc de registres simple
port Dans un processeur, un banc de registres est une mémoire interne au processeur, dans laquelle sont

Bancs de registres rassemblés certains (voire la totalité) des registres du processeur. En anglais, on parle de register file.
multiports
Influence du jeu Dans les microprocesseurs, les bancs de registres sont généralement réalisés a laide de RAM statique

greese (pasce) Banc 52

 Mise en ceuvre



Sta je sada potrebno da menjamo tokom raéunanja?

RADDRI1 DATA_OUT1
RADDR2 DATA_OUT2

15

r4

as 13

a 12

a rl

do 10
WADDR DATA_IN

podatak upisan u registar
simbolicka adresa registra

ALU

Y

OP SELECT

53



P SELECT

Y

Potrebno je da menjamo operaciju | eperande adrese registara u kojima su
smesteni operandi

54



Koraci izmena

aj+a? +at+ad=agxap X ag+a; X a+ax X az X ax X az + as

RADDRI1 DATA_OUT1
RADDR2 DATA_OUT2 Korak RADDR1 RADDR2 OP
15 1)
14
a3 13 PSELECT
a; 12
a; rl Y
Qo 10
WADDR DATA_IN

podatak upisan u registar
simbolicka adresa registra

55



Koraci izmena

aj+a? +at+ad=agxap X ag+a; X a+ax X az X ax X az + as

RADDRI1 DATA_OUT1
RADDR2 DATA_OUT2 Korak RADDR1 RADDR2 OP
15 1) 10
14
a3 r3 PSELECT
a 12
q rl Y
Qg 10
WADDR DATA_IN

podatak upisan u registar
simbolicka adresa registra

55



Koraci izmena

aj+a? +at+ad=agxap X ag+a; X a+ax X az X ax X az + as

RADDRI1 DATA_OUT1
RADDR2 DATA_OUT2 Korak RADDR1 RADDR2 OP
15 1) 10 10
14
a3 r3 PSELECT
a 12
q rl Y
Qg 10
WADDR DATA_IN

podatak upisan u registar
simbolicka adresa registra

55



Koraci izmena

aj+a? +at+ad=agxap X ag+a; X a+ax X az X ax X az + as

RADDRI1 DATA_OUT1
RADDR2 DATA_OUT2 Korak RADDR1 RADDR2 OP
15 1) 10 10 X
14
a3 r3 PSELECT
a 12
q rl Y
Qg 10
WADDR DATA_IN

podatak upisan u registar
simbolicka adresa registra

55



Koraci izmena

RADDRI1 DATA_OUT1
RADDR2 DATA_OUT2

15

14

as 13

a; 12

q rl

Qg 10
WADDR DATA_IN

podatak upisan u registar

simbolicka adresa registra

aj+a? +at+ad=agxap X ag+a; X a+ax X az X ax X az + as

P SELECT

Y

Korak RADDR1 RADDR2 OP

1) 10 10 X

Sta radimo sa rezultatom?

55



Koraci izmena

ad+a? +aj+a®=agxapxap+a; xa;+as X az X ax X az + az

RADDR1 DATA_OUT1
RADDR2 DATA_OUT2 Korak RADDR1 RADDR2 OP WADDR
IS 1) r0 10 X
14
33 13 PSELECT
a; 12
a rl Y
dp 10
WADDR DATA_IN

podatak upisan u registar
simbolicka adresa registra

55



Koraci izmena

RADDRL DATA_OUTI
RADDR2 DATA_OUT2

15

7

2% 14

ag 13

Ay 12

] rl

Qg 10
WADDR DATA_IN

podatak upisan u registar

simbolicka adresa registra

ad+a? +aj+a®=agxapxap+a; xa;+as X az X ax X az + az

P SELECT

Y

Korak RADDRI RADDR2 OP WADDR

1) 10 10 X 1
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Koraci izmena

RADDRI1 DATA_OUT1
RADDR2 DATA_OUT2

15

7

a% 14

ag 13

ay 12

q rl

Qo 10
WADDR DATA_IN

podatak upisan u registar
simboli¢ka adresa registra

ad+a?+a3+a®=ag xap X ag+ay x ay +az X az X az X ag + as

Korak RADDR1 RADDR2 OP WADDR
1) 10 10 X 14

V 2) 14 10 X 10
OP SELECT

Y
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Koraci izmena

RADDRI1 DATA_OUT1
RADDR2 DATA_OUT2

15

7

a% 14

ag 13

ay 12

q rl

a%, 10
WADDR DATA_IN

podatak upisan u registar
simboli¢ka adresa registra

ad+a?+a3+a®=ag xap X ag+ay x ay +az X az X az X ag + as

Korak RADDR1 RADDR2 OP WADDR
1) 10 10 X 14

V 2) 14 10 X 10
OP SELECT

Y
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Koraci izmena

ad+a?+a3+a®=ag xap X ag+ay x ay +az X az X az X ag + as

RADDRI1 DATA_OUT1

RADDR2 DATA_OUT2 Korak RADDR1 RADDR2 OP WADDR
- IS ].) 10 10 >< 14
a% 14

2 14 10 X

a3 13 PSELECT ) X 10
a, 12 3) rl rl 1
a% rl Y
a%, 10

WADDR DATA_IN

podatak upisan u registar
simboli¢ka adresa registra
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Koraci izmena

RADDRI1 DATA_OUT1
RADDR2 DATA_OUT2

15

2

a% 14

ag 13

a%, 12

a% rl

a%, 10
WADDR DATA_IN

podatak upisan u registar

simboli¢ka adresa registra

ad+a?+a3+a®=ag xap X ag+ay x ay +az X az X az X ag + as

M OP SELECT

Y

Korak RADDRl RADDR2 OP WADDR
1) 10 10 X
2) 14 10 X 10
4) 12 12 X 2
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Koraci izmena

RADDRI1 DATA_OUT1
RADDR2 DATA_OUT2

15

2

a% 14

ag 13

a%, 12

a% rl

a%, 10
WADDR DATA_IN

podatak upisan u registar

simboli¢ka adresa registra

ad+a?+a3+a®=ag xap X ag+ay x ay +az X az X az X ag + as

M OP SELECT

Y

Korak RADDRl RADDR2 OP WADDR
1) 10 10 X 14
2) 14 10 X 10
3) 1l rl X n
4) 12 12 X 2
5) 2 2 X
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Koraci izmena

RADDRI1 DATA_OUT1
RADDR2 DATA_OUT2

15

> 14

ag 13

a%, 12

a% rl

a%, 10
WADDR DATA_IN

podatak upisan u registar

simboli¢ka adresa registra

ad+a?+a3+a®=ag xap X ag+ay x ay +az X az X az X ag + as

M OP SELECT

Y

Korak RADDR1 RADDR2 OP WADDR
1) 10 10 X
2) 14 10 X 10
4) 12 12 X
5) 2 2 X
6) 10 rl —|— 4
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Koraci izmena

RADDRI1 DATA_OUT1
RADDR2 DATA_OUT2

15

> 14

ag 13

a%, 12

a% rl

a%, 10
WADDR DATA_IN

podatak upisan u registar

simboli¢ka adresa registra

ad+a?+a3+a®=ag xap X ag+ay x ay +az X az X az X ag + as

M OP SELECT

Y

Korak RADDRI RADDR2 OP WADDR
1) 10 10 X 14
2) 14 10 X 10
3) 1l rl X n
4) 12 12 X 2
5) 2 2 X 1
6) 10 rl —|— 4
7) 14 12 +
8) r4 13 —|— 4
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Kako da omogucimo racunaru da sam izvrsi te korake?
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Kako da omogucimo racunaru da sam izvrsi te korake?

Svaka instrukcija je zapravo broj (setite se multipleksera)

RADDR1
RADDR2

DATA_OUT1
DATA_OUT2

15

> 14

as 13

a%, 12

a% rl

a’, 10
WADDR DATA_IN

podatak upisan u registar

simboli¢ka adresa registra

ad +a? +ai+a®=agxapxap+ar xa; +az X az X ax X az + az

P SELECT

Y

Korak RADDRI RADDR2 OP WADDR

1) 10 r0 X 14
000001 000001 10 010000

00000100000110010000
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Kako da omogucimo racunaru da sam izvrsi te korake?

Svaka instrukcija je zapravo broj (setite se multipleksera)

ad +a? +ai+a®=agxapxap+ar xa; +az X az X ax X az + az

RADDR1 DATA_OUT1
RADDR2 DATA_OUT2 Korak RADDR1 RADDR2 OP WADDR
= 15 1) 10 10 X
14
a 3 NAL A 000001 000001 10 010000
a%, 12
a% rl Y 00000100000110010000
a’, 10
Taj niz brojeva mozemo da smestimo u
WADDR DATA N posebnu memoriju

podatak upisan u registar

simboli¢ka adresa registra
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Sta je sada potrebno da menjamo tokom racunanja?

ad +a? +aj+a®=agxap xap+a; xa; +as X az X ax X az + az

RADDRI1 DATA_OUT1
RADDR2 DATA_OUT2 RADDR DATA_OUT
5 instrukcija 7
Z 4 instrukcija 6
a4 13 P SELECT instrukcija 5
342 12 instrukcija 4
azl rl Y instrukcija 3
330 10 instrukcija 2
WADDR DATA_IN instrukcija 1
podatak upisan u registar WADDR DATA_IN

simboli¢ka adresa registra
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P SELECT

Y

Potrebno je da menjamo eperactut+operandeadreseregistaraukofimast
smestent-operandt adresu instrukcije u memoriji
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Kako menjamo adresu?
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Ponovo nam je potreban brojac

y=atl

inkrementer

reset

Ireset

+1

D

EN
> cLk

Q
PC

(program counter)
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Ponovo nam je potreban brojac

inkrementer
y=atl a
RADDRI DATA_OUT1 +1
RADDR2 DATA_OUT2 |_| RADDR pata_ouT |—| DEKODER
15 EN PC @
0
> 14

(program counter)
CLK

instrukcija 6

a3 13 P SELECT instrukcija 5

instrukcija 7

reset
Ireset

342 12 instrukcija 4

a21 1l Y instrukcija 3

a30 10 instrukcija 2

WADDR DATA_IN instrukcija 1
podatak upisan u registar WADDR DATA_IN

simboli¢ka adresa registra
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Za skokove naprosto direktno upisujemo odgovarajucu adresu u
programski brojac
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Ovaj tip racunara zovemo ,racunar sa sacuvanim programom” (eng.
Stored-Program Computer) jer racunar sam Cita iz memorije niz instrukcija

koje Cine program koji je potrebno da izvrsi
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Taj tip arhitekture racunara koji je danas apsolutno dominantan nazivamo
jos i ,Fon Nojmanova arhitektura”

Izmislili su je Ekert i Mokli, prilikom dizajna naslednika ENIAC-a, pod
imenom EDVAC

Formalni opis koncepata uvedenih u EDVAC, prvi je dao Dzon fon Nojman
(eng. John von Neumann), pa po njemu arhitektura sve do danas nosi ime
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DZon fon Nojman

John von Neumann

First Draft of a Report
on the EDVAC
by

John von Neumann

Contract No. W-670-ORD-4926
Between the

United States Army Ordnance Department

von Neumann in the 1940s

b+ ) and the
EE

University of Pennsylvania
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DZon fon Nojman

John von Neumann

First Draft of a Report
on the EDVAC
by

John von Neumann

Contract No. W-670-ORD-4926
Between the

United States Army Ordnance Department

von Neumann in the 1940s

and the

[ E
C

University of Pennsylvania

Sta mislite, Sta je po struci bio fon Nojman?
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DZon fon Nojman

John von Neumann

First Draft of a Report
on the EDVAC
by

John von Neumann

Contract No. W-670-ORD-4926
Between the

United States Army Ordnance Department

von Neumann in the 1940s

b+ ) and the
EE

University of Pennsylvania

Pre svega matematicar
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DZon fon Nojman

John von Neumann

First Draft of a Report
on the EDVAC
by

John von Neumann

Contract No. W-670-ORD-4926
Between the

United States Army Ordnance Department

von Neumann in the 1940s

[ E
C

and the
University of Pennsylvania

A Sta mislite, gde je roden i gde je zavrSio gimnaziju?
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Zatim je u Cirihu, na ETH, studirao hemiju jer je njegov otac smatrao da
matematika nije dovoljno unosna. Na fotografiji je zgrada Stare hemije
koja je danas deo departmana za racunarstvo.

66



Ekert o fon Nojmanu

STERN: How do you account for the fact that von Neumann would be interested in a deal with a commercial

institution, but yet objected to yours and Mauchly's ideas about commercialization?

ECKERT: Idon't think he was a sincere person.

STERN: That certainly would account for it.

ECKERT: Look, he sold all our ideas through the back door to IBM as a consultant for them.

Well, there were very different estimates as to how much money he made but some people claim that he made as
much as half a million dollars by consulting with them. Julian Bigelow who was close to him said it was less than
that, but that it was substantial.
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Inace, Jugoslavija je bila peta zemlja u Evropi koja je imala sopstveni digitalni racunar

Lvrutaniu anHocaypyc
Digital Dinosaur

30 HAJ-MPEAMETA
30 TOP EXHIBITS

| 4V 4V GV & o & o & & & 4

s
i‘ ]
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Jugoslavija je bila peta zemlja u Evropi koja je imala sopstveni digitalni racunar

© A @ ﬂ‘* X Barokna kapuae 385%35
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3
Q ‘ Museum of Science and Technology, Sk« ‘ frevemt (= DEPONIUA
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O T7G Republike T GP ST
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N Brankov. Mos_li; - z BOGOSLOVIJA CTAPA
Leave now ~ Options P — Q_;Ns o S S 50r0CNOBUIA KAPABYP
o N & ﬁ‘m T every 20 min
2 o
o . “munskipur.. L2 %, 9 Novo groblje
5] Senddirections to your phone G Copy link %
%
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Inace, Jugoslavija je bila peta zemlja u Evropi koja je imala sopstveni digitalni racunar

Tihomir Aleksi¢ (Ravnaja, 1922-Beograd, 2004)
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Inace, Jugoslavija je bila peta zemlja u Evropi koja je imala sopstveni digitalni racunar

CER = Cifarski elektronski racunar
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Inace, Jugoslavija je bila peta zemlja u Evropi koja je imala sopstveni digitalni racunar

O A nhttps/www.sanu.ac.rs/en/academician-rajko-tomovic-a-scientist-of-all-time B s %

Cpneka akageruia

SERBIAN ACADEMY
OF SCIENCES AND ARTS

Academician Rajko Tomovi¢ - a scientist of all time

Excerpts from the text of Academician Dejan B. Popovic. a fongtime close associate of Academician Rajko Tomowic
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Da li znate ko su ovi ljudi?

" \ﬁ?: N
\ T ||
L

, Y | Q
Robert Noyce| |-  Gordon Moore
(fizicar) (hemicar)

69



Odrastanje Roberta Nojsa

Intervju sa Robertom Nojsom iz 1975:

Wolff:

Did you have siblings?

Noyce:

I have three brothers. One teaches chemistry at Cal, one works for IBM in San Jose and the other is in the Divinity School at Yale.
Wolff:

That's interesting. There is a lot of technical interest in your family. To what do you attribute that?

Noyce:

I don't know.

Wolff:
It's unusual to have three out of four brothers who went into technology. Was there anything special about your high school?
Noyce:

No, I really don' think so. I think it was a drifting. | respected my older brother, the one that teaches at Cal, and growing up in a small town in the
Midwest we got exposed to a lot of mechanical gadgets, farm machinery and whatnot. One of the things that we did in the neighborhood was tear
apart the local Model T and put it back together and that sort of thing. | always felt comfortable with physical things, so it was an area that came
easily.

Sjajna romansirana biografija Roberta Nojsa iz 1983.
koja govori o nastanku i duhu Silicijumske doline:
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Potencijalna zarada od projekta Jadar

noaH Ako odlu¢imo da u potpunosti verujemo kompaniji Rio Tinto
e QO QO Republi¢kom zavodu za statistiku, Srbija bi od projekta Jadar
na godisnjem nivou prihodovala oko 800 miliona ameri¢kih dolara

uma, 8 817 763 miliona RSD. U

) ES ° L o8 =
]
o Currency conversion
RioTinto pojr Kosorwa cpemma  Sajemnie Koupauie  Habaoce  Kapviepa P -
88177630 (7005334 )
Kaxwo jo rpmore nurviyma? °
RSD - Serbian Dinar v | 2 [ UsDS-USDolar v
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Zarada od znanja i kreativnosti

usinflationcalculator.com

', ) O ﬁ - i
T —— (intel
2100 Mission C¢
Son o oSS @ usINFLATION

© ALCI JLATOR

Inflation Calculator  Inflationand Prices ¥ Gas, Food & Other Inflation ¥ Items Adjusted for Inflati

CFO Commentary on Fourth-Quarter and Full Year 2013 Results

The U.S. Inflation Calculator measures the dollar's purchasing power over time. Figures for

Summary
2025 will be released on Feb. 12 with January's data update.

The fourth quarter came in consistent with expectations.

For the fourth quarter revenue came in at $13.8B, up 3% from a year ago. PC Client Group revenue grew :
2% quarter over quarter and was flat from a year ago. Our Data Center Group grew 3% quarter over quarter Inflation Calculator

and 8% from a year ago. Relative to our expectations at the beginning of the quarter we saw higher PC Client i e (enteryean

Group revenue slightly offset by slower growth in our Data Center Group. Gross margin of 62% was flat to

the third quarter and one point above the mid-point provided in the Outlook. Operating income for the fourth  purchased an item for $ 260
quarter was $3.5B which was up 12% from a year ago. Earnings per share was 51 cents which is up 6% from thenin 2023 (enter year)
a year ago. that same item would cost $12.56

argin was 60%, operating income was $1 Cumulative rate of infiation 30.8%

ile the PC market

s down on the year, we sa
ize m th RaTf of The P Trom a year ago. Additionally we saw
strong tablet growth i the back half ofthe year, and inclusive of PC and tablets, our unit growth in the fourth i _— -
quarter was up almost 10% from a year ago. Our Data Center Group continued to benefit from the build out ) The US. Labor
of the cloud and our strong product portfolio and posted another year of growth.

2 published on January 15 to

Cist profit kompanije Intel je samo u 2013. godini iznosio 9,6 milijardi ameri¢kih dolara
To bi danas iznosilo 12,56 milijardi Sto odgovara ukupanom predviden prihodu Srbije
od rudnika tokom > 15 godina eksploatacije
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PaBHaja
Unanak

C Bukuneavje, cnooase exuuknoneauje

PasHaja je Hacerbe y Cpoujn y onwTunm Kpynar y
MaugaHckom okpyry. Mpema nonucy us 2011, 61no je 235
CTaHOBHMKa.

Ospe ce Hanasm Lipksa Ceetor npopoka Unuje y PasHaju.

Teorpaduja (ypeanypean wasop]

Y 6n13unHK cena NpoTude peka Jaaap.

JleMorpaduja (yean|ypenn ussop]

Y Hacesby PaBHaja Xu1BM 265 NyHONETHUX CTAHOBHUKA, @
NpoceyHa CTapoCT CTAaHOBHUWITBA U3HOCH 45,6 roauHa
(46,6 KO MywKapaLa 1 44,6 Kof KeHa). Y Hacerby uma 104

Ba, @ npt 6poj unaHosa no BY

je3n

Tihomir Aleksi¢ (Ravnaja, 1922-Beograd, 2004)

Pasrosop  Fup./lat. v Yuraj

Selo nisu samo maline i kukuruz, vec pre svega ljudi

XA 11jesuxa v
Ypeau VYpeaumssop Mcropuja Anatke v

Koopauware: (g 44° 25' 49" C; 19° 30 02" M

PaeHaja

i
il

Lipksa Caeror npopoka Unuje

AAMUHUCTPATHBHU NOAALM
Dpwasa Cpéuja
Ynpashu okpyr  Mausamckm
Onwuma Kpynare
CraHoBHUWTEBO
-2011. v235
Teorpadcke KapakTepHCTHKE
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Ako neko zeli da nauci vise o arhitekturi racunara

C()mpuru
Svstems Desi s1gn

and Architecture I

SECOND EDITION in COMPUTER
‘ ARCHITECTURE

A Quantitative Approach

\JIH\(HI I) I Ik'l]l'll]:_{ > I IJI‘I'\ I ‘I(H'&LHI

Odli¢na knjiga za uvod Nezvanic¢na "Biblija"
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Da li je Ojler mogao da nade kontraprimer i bez raCunara?

Podsetnik: da li postoji kombinacija 4 cela broja < 150 takva da je zbir
njihovih petih stepena jednak petom stepenu nekog celog broja

Podrazumevali smo da je racunanje petog stepena iziskivalo u proseku 60
sekundi, te da bi Ojleru ukupno bilo potrebno > 77 godina
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Hardver je bitan, ali je algoritam najcesce bitniji

Mogao bi da sacini tablicu petih stepena i da odatle uzima vrednosti,
umesto da stalno iznova racuna

To bi 5 x 3 x 3 =30 elementarnih operacija po stepenu svelo na jednu, te
bi zavrsio posao za oko dve i po godine
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Jos neke zanimljivosti

o8 bin.com

k 5] @® A

08022020 Europe

‘Sclence and Technology / History @ v = EY

The Lost History of
Socialism’s DIY Computer

MICHAEL EBY

D oilube

Voja Antoni¢ Oral History

Interviewee: Voja Antonié
Interviewer: Dag Spicer
August 16, 2017

Funning tme 10438

Oral History of Voja Antoni¢.

@) conorer s B T A Kow
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Edsger Dajkstra (Edsger Dijkstra)

Nakon Sto sam programirao oko tri godine, imao sam razgovor sa A. van
Vijngardenom, mojim tadasnjim sefom u Matematickom centru u Amsterdamu.
Bio je to razgovor na kom cu mu biti zahvalan dok sam Ziv. Sustina je bila u tome
da je trebalo da istovremeno studiram teorijsku fiziku na Univerzitetu u Lajdenu, a
kako mi je bivalo sve teze i teze da kombinujem te dve aktivnosti, trebalo je da
donesem odluku: ili da prestanem da programiram i postanem pravi, ozbiljan
teorijski fizicar, ili da nastavim svoje studije fizike do tek formalnog zavrsetka, uz
minimalni trud, i da postanem... Da, Sta? Programer? Ali je li to bilo zanimanje
vredno postovanja? Na kraju krajeva, sta je to bilo programiranje? Gde je bilo
smislen korpus znanja koji bi programiranje podrzao kao intelektualno ozbiljnu
disciplinu? Secam se prilicno Zivo koliko sam zavideo svojim kolegama iz oblasti
hardvera koji su, kada bi ih neko upitao za strucna znanja, barem mogli da kazu
da znaju sve o vakumskim cevima, pojacavacima i slicnom. S druge strane, ja sam
se pri susretu sa tim pitanjem nalazio bez odgovora. Pun nedoumica, pokucao
sam na vrata van Vijngardenove kancelarije i upitao ga da li mogu ,na trenutak”
da razgovaram sa njim. Kada sam, posle nekoliko sati, napustio njegov kabinet,
bio sam druga osoba. Nakon Sto je pazljivo saslusao moje probleme, slozio se da
do tada nije bilo neceg poput programerske discipline. Zatim je dodao da su
automatski racunari tu da ostanu, da smo mi tek na pocetku, i zar ne bih ja
mogao da budem jedna od tih osoba pozvanih da programiranje ucine ozbiljinom
disciplinom u godinama koje slede? To je bila prekretnica u mom Zivotu i zavrsio
sam svoje studije fizike samo formalno, Sto sam brze mogao. Jedna pouka ove
price je, naravno, da moramo da budemo veoma pazljivi kada mladim ljudima
dajemo savete; ponekad ih i slede!
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“Ne mozete znati sve, ali mozete znati bilo sta”

John Carmack Receives Honorary Degree

https://www.youtube.com/watch?v=Y0ZnqgjHkULc
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https://www.youtube.com/watch?v=YOZnqjHkULc

Hvala na paznji
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