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“Mechatronics is the synergetic integration of mechanical engineering with electronics and intelligent

computer control in the design and manufacturing of industrial products and processes” [1].

[1] Harashima, F., Tomizuka, M., and Fukuda, T., Mechatronics—“What is it, why and how?” An
editorial. IEEE/ASME Transactions on Mechatronics, 1(1):1-4, 1996.
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What is Mechatronics?

Essentially, Mechatronics is the concept of working smarter — not harder — and to inexpensively get the most done in as
little time as possible. The term can be defined in many different ways, but functionally, it is a blend of mechanics and the
synergistic use of precision engineering, control theory, computer science, and finally sensor and actuator technology — all
designed to improve products and processes.

But mechatronics is more than that. It also concentrates on mechanics, electronics, control and molecular engineering as
well as computing, all combining to produce simpler, economical, reliable and versatile systems. Mechatronics can also be
described as the totality of fundamentals and techniques in a unified framework for service and production of future-
orientated machines and products.

Yet another definition of mechatronics relates to the synergistic integration of mechanical engineering, electronics and
intelligent computer control for design and manufacture of industrial products and processes. All in all, Mechatronics has
been associated with many different topics including manufacturing, motion control, robotics, intelligent control, system
integration, vibration and noise control, automotive systems, modeling and design, actuators and sensors as well as micro
devices.

History of Mechatronics

The genesis of mechatronics began in 1969 in Japan when Tetsura Mori, a senior engineer for Yaskawa Electric Corp.,
coined the term. Back then, mechatronics was viewed strictly as electromechanical systems or control and automation
engineering. As is evident, the term mechatronics is a combination of words, which is nothing new for Yaskawa; a company
that has been combining words and concepts since the 1950s. One of the first terms they created was “minertia,” which
was named for a servomotor line that used minimum inertia to develop super-fast starting and stopping ability. Next came,
“mochintrol” — short for motor, machine and control — which boasts electrical actuators capable of freely controlling
mechanical arms and fingers.

Yaskawa applied for a registered trademark for mechatronics in 1970 and won the rights to the term in 1973.
Although the foundation was set for the study of mechatronics, it failed to take off to its full potential; Yaskawa and its
engineers were ahead of their time, and so they did not pursue widespread publicity.



It wasn’t until the mid-1980s that the term began to gain popularity. Yaskawa decided not to renew its trademark and
relinquish the rights to the term so as not to limit the industry’s research and advancement of the technology.

During the 1970s, mechatronics focused on servo technology, in which simple implementation aided technologies related
to sophisticated control methods such as automatic door openers and auto-focus cameras. In the 1980s, mechatronics was
used to focus on information technology whereby microprocessors were imbedded into mechanical systems to improve
performance, such as antilock braking and electric seats. Finally, in the 1990s, mechatronics centered on communication
technology to connect products into large networks, including the production of air bags and other related technologies.

Cybernetics is a transdisciplinary approach for exploring controlled systems. Norbert Wiener defined cybernetics
in 1948 as “the scientific study of control and communication in the animal and the machine”. Mechatronics
unites the principles of mechanics, electronics and computing to generate simpler, more economical and reliable
systems. An industrial robot is a prime example of a mechatronic system, it includes aspects of mechanics,
electronics, and computing to do its day-to-day jobs.

Primeri mehatronskog sistema:

Robotska linija za montazu



U oblasti proizvodnog inzenjerstva i proizvodnih tehnologija, mehatroniku treba dovesti u $iri kontekst proizvodne
kibernetike i sa njim povezanim konceptom kibernetsko-fizickih sistema. Znacaj mehatronike kao multidisciplinarne
inzenjerske oblasti koja simbiotski spreze: tradicionalno masinstvo, tradicionalnu elektroniku, kompjuterske nauke
ukljucujuci, softversko inzenjerstvo i kibernetiku (prvog i drugog reda), i inzenjerstvo sistema automatskog upravljanja,
lezi u nespornoj Cinjenici da obrada materijala nije moguca bez paralelne obrade informacija. Dualizam ove vrste je
tehnoloska invarijanta, nuznost, uvekprisutan u svim fazama razvoja proizvodnih tehnologija. Od ¢isto manuelne
proizvodnje i klasi¢nih fabrika, pa do potpuno automatizovane i robotizovane proizvodnje i pametnih fabrika, obrada
informacija je tehnicki imperativ proizvodnog i poslovnog procesa. Menjala se samo tehnologija. Ali, danas, u vremenu
eksponencijalnog tehnoloskog razvoja u oblasti informacionih tehnologija i globalnih komunikacija do sada nezabelezenih
razmera u ljudskoj istoriji, vremenu demokratizacije znanja, ali i vremenu nikad vece ugrozenosti informacionih sadrzaja
i nastanka sasvim nove oblasti istrazivanja i tehnologija koju nazivamo kibernetskom bezbednos¢u, obrada informacija nije
samo pitanje tehnologije veé i obima, odnosno $irine i dubine zahvata. Pojavom pametnih uredjaja (IoT tehnologija) koji
lokalno obradjuju podatke i informacije i koji imaju ugradjenu sposobnost masovne dvosmerne razmene tih podataka sa
relevantnim okruzenjem, informaciona dimenzija proizvodnog inZenjerstva dobija sasvim drugaciju prirodu. Moderni
tehnoloski entiteti, kao $to su obradni sistemi, proizvodne linije, ili njthove komponente poput alata, pogonskih i senzorskih
komponenti, su visokointegrisani sistemi, kod kojih nestaje granica izmedju masinskog hardvera i upravljackog hardvera
baziranog na mikroprocesorskim sistemima sa integrisanom funkcijom umrezavanja. Takvi proizvodni entiteti postaju
zapravo mehatronski entiteti, specijalizovani za domen proizvodnih tehnologija. Ovakve promene menjaju karakter
proizvodnih tehnologija i industrijske proizvodnje uopste, pa se postepeno pojavljuju kvalitativno novi pristupi u
definisanju, istrazivanju i praksi, koje dobijaju neka nova imena. Na primer Smart Manufacturing, Digital / Smart /
Virtual Factory, ili Industrija 4.0 kao medijska fraza kojom se oslikavaju ambicije kreatora razvojnih politika u oblasti
proizvodnog inzenjerstva i industrijskih tehnologija za masovnom digitalizacijom, odnosno digitalnom transformacijom
proizvodnih tehnologija i uopste, preradjivacke industrije kao posebnog ekonomskog agregata (Industrija 4.0 je brzo po
njenom nastanku transformisana u novu politicku platformu administracije iz Brisela koja je nazvana Industrija 5.0, a koja
u sustini predstavlja popravku prvobitne kroz bitno bolje razumevanje tehnoloske kompleksnosti moderne industrijske
proizvodnje). Masovna umrezenost tehnickih entiteta i ljudi, u kojoj distance, odnosno geografija i vreme gube na znacaju
(trenutna razmena informacija sa kaSnjenjem od 1ms kroz takozvane 5G tehnologije), stvara nove fenomene koji u
tradicionalnom masinskom inzZenjerstvu jednostavno nisu bili poznati, ili bar fizi¢ki izvodljivi. Ti fenomeni proisticu iz dve
bitne ¢injenice. Prva je da su proizvodni entiteti opremljeni lokalnim sistemima za prihvat informacija u realnom vremenu
o skoro svim procesnim veli¢inama, i njihovu obradu i memorisanje u vremenski neograni¢enom intervalu (prakti¢no
kontinualni zahvat i trajno ¢uvanje svega zahvacenog i obradjenog). Druga ¢injenica je da su takvi lokalni sistemi globalno
umrezeni, od nivoa tehnoloske ¢elije, proizvodnog pogona, fabrike, pa do globalnih lanaca snabdevanja i trziSta sa kojim
operiSu. Ovakvo obilje omogucéava primenu mo¢nih alata za analitiku podataka, kojom se nepogresivo prepoznaju vidljivi
ali i nevidljivi procesi i stanja unutar proizvodnog sistema. Tome treba dodati i postepeni ali stabilan napredak u pravcu
onoga §to volimo da nazivamo vestackom inteligencijom, odnosno novom generacijom algoritama za obradu informacija
koja poseduje potreban nivo generalizacije, semantike, ucenja i uopste, autonomije, da je mogucée njeno poredjenje sa
ljudskom inteligencijom. Sve prethodno navedeno nuzno navodi na zaklju¢ak da je mehatronika fokusirana na domen
proizvodnog inZenjerstva, odnosno proizvodna mehatronika, od vitalnog znacaja za proizvodno inzenjerstvo, podjednako
u inzenjerskoj praksi, ukljucujuci i istrazivanje, kao i u obrazovanju inZenjera. Ovde je vredno spomenuti frazu profesora
Joseph E. Aoun: “robot-proof” education.

Today’s colleges and learners can consider education in three major parts that Aoun calls the “new literacies.”
“Technological literacy” means the nuts and bolts of technical know-how that allows people to navigate the
modern digital world; it includes knowledge of computer science and, more specifically, how coding works.
“Coding today is as important now as math was, ten, twenty, thirty years ago,” Aoun in his book quotes a Johnson
& Johnson executive as saying. “Human literacy” is the ability to engage others, think creatively, and be
entrepreneurial. “Even in the robot age — or perhaps, especially in the robot age — what matters is other people,”
Aoun wrote. “Data literacy” — understanding the sea of information generated by machines - is also important.

Another important element of becoming robot-proof is what Aoun calls the “cognitive capacities” that include
entrepreneurship, systems thinking and cultural agility. “Entrepreneurship will be increasingly valuable as a
means for humans to distinguish themselves in the digital workplace,” Aoun writes, “as machines invade the
labor market.” The potential for entrepreneurship to generate new jobs “is one of the most compelling reasons
that entrepreneurship should be a baseline competency for all learners,” through an emphasis on both startups
and evolutionary practices, he wrote.

“Entrepreneurship is not about launching companies only,” he said in our interview. “You can also be an
entrepreneur in a large organization and look at ways of doing things in a completely different way,” he told me.
“You need both. When we look at young minds, they are very interested in being part of an entrepreneurial
ecosystem, whether it is created by them or part of an organization that will really foster this opportunity.”



Na prostoru USA razvijan je koncept (platforma) koji je nazvan Smart Manufacturing, odnosno
pametna proizvodnja (priliéno odbojno zvuéi na srpskom jeziku, i neodoljivo namece pitanje kakva
je konvencionalna proizvodnja, da li je ona antiteza pemetnoj proizvodnji, §to nesumnjivo nije). Kao
i u mnogim drugim inicijativama, koncept Smart Manufacturing je prethodio sli¢énim programima
koji su razvijani u Evropi, ili drugim prostorima Sirom zemljinog globa.

U tekstu koji sledi, a koji detaljizuje istorijsku liniju razvoja koncepta Smart Manufacturing, izostaje
predkontekst. A on je vrlo bitan. Bitan, jer je prodor digitalnih tehnologija, ako se izuzme oblast
obrambenog sektora, svoju prvu praktiénu valorizaciju imao upravo u oblasti manufakturne
industrije (ovde se koristi termin manufakturan, kao prilagodjena tudjica, nasuprot pojmu
preradjivacka industrija, koji je odomacen u srpskom jeziku, mada odigledno neadekvatan, i
neprakti¢na zbog svoje deskriptivnosti). Prva prakti¢na primena digitalnih tehnologija i digitalnog
kompjutera u proizvodnim tehnologijama vraéa nas u pedesete godine dvadesetog veka kada je na
prostoru USA realizovan projekat prve numericki upravljane alatne masine, u obliku kakav danas
poznajemo. Sezdesete godine su godine prodora numari¢kih alatnih masina u industriju, pojava i
ubrzana primena industrijskih robota (sinonim mehtronskog sistema) i za inzenjerstvo posebno
znacajno, digitalizacija tehnologije inZenjerskog projektovanja koja je crtac¢u tablu, ¢uveni kulman i
takozvani Siber, pomagalo koje je inzenjerima olaksavalo baratanje brojevime i uopste, racunske
poslove, zauvek poslata u muzeje — pojavio se CAD i CAM i dalje niz specijalizovanih digitalnih
alata CAx, koje su uvela revoluciju u inzenjersko projektovanje, ne samo kvatitativno, oslobadjajuéi
inZzenjere mukotrpnog posla, veé i kvalitativno, omogucavajuéi im da urade ono $to je nekada bilo
nezamislivo — digitalne simulacije slozenog ponasanja mehanike nosecih struktura masina alatki i
robota, digitalne simulacije sloZzenih procesa strujanja fluida, i tako redom do simulacije ponaSanja
ekstremno sloZzenog sistema kao S$to je fabrika i njoj pripadaju¢e okruzenje. Dakle, Smart
Manufacturing nije sustinski novi koncept. Verovatno nije ni revolucioni. Novo je samo to $to je
proces digitalizacije dosegao tako masovne razmere, od mikro sveta digitalizovanih tehnoloskih
entiteta, pa do digitalneog umnrezavanja kompletnog globalnog proizvodnog sistema, Cime se
kvantitativni rast gotovo nesluéenih razmera, pretvorio u kvalitativhu promenu, stvarajuéi tako
revolutivno novi kontekst i mozda drustvene implikacije takvih razmera koje ée uz nuznost
vremenske distance, jednog dana ipak biti kategorizovane kao revolutivne.



A Brief History of Smart Manufacturing

Smart Manufacturing Timeline

2006 - First 2011 - Vision and 2014 - German 2016 — MESA 2016 — NI5T 2017 - Creation of 2017 -
definition of “Smart Goals for Smart Industrie 4.0 International = Smart Standards CESMI| = the U5, Singapora
Plamt™ in N5SF Manufacturing from Roadmap Manufacturing Landscape for Smart Manufacturing Srmiart Industry
Cyberinfrastructure SM Leadership Landscape Explained Smart Institute {from SMLC) Readiness
for Industry Report Coalition Manufacturing Index

Source: CESMII — The Smart Menutacturing Insttute, www.cesmil.org

Around 2005, connectivity, data, and computing power were advancing at Moore’s Law pace along with the
Internet, eCommerce, social media, and smartphone platforms. The concept of cyberinfrastructure entered the
vocabulary around that time.

The term Smart Manufacturing was coined in 2006 at a National Science Foundation workshop on
Cyberinfrastructure [1]. It was called Smart Process Manufacturing at that time but was quickly shorten to Smart
Manufacturing as the work evolved around the initial concepts.

At that time, the term cyberinfrastructure was being used in the context of implementing new applications that
combined the power of data exchanges through networks that aggregate information about different facilities and
locations with advances in data modeling and computational power. The NSF workshop outlined strategies for
multi-scale dynamic modeling and simulation, large-scale optimization, sensor networks, data interoperability,
requirements-driven security, and coined the term “Smart Plant”.

“The ‘Smart Plant’ is composed of ‘smart assets’ that not only provide their basic process function but provide
proactive feedback on the economic, environment, health and safety performance of that asset in aggregation
with the other assets and in the moment. Smart plants operate to tighter specifications and involve a much greater
understanding of the processes, greater automation and decision support, expanded use of automation, data and
data interpretation, and a new-generation workforce that is trained and oriented toward a knowledge and
information mindshare.” [1]

In parallel, Germany was working on a similar initiative completely independently called Smart Factory, and a
couple years after that, they renamed it Industrie 4.0. Both Smart Manufacturing and Industrie 4.0 have evolved
in parallel. Industrie 4.0 had a focus on cyber-physical systems while Smart Manufacturing has focused on highly
connected information-driven manufacturing. There is a big overlap on both agendas, and we will continue to
see parallel and joint efforts going forward.

In 2010, the Smart Manufacturing Leadership Coalition (SMLC) gathered a group of over 50 industry leaders in
a workshop to advance the development of the infrastructure and capabilities needed to deliver the full potential
of Smart Manufacturing. The group documented goals for Smart Manufacturing in the report “Implementing 21st
Century Smart Manufacturing” [2] along with challenges like affordability, usability, interoperability, customer
integration, protection of proprietary data, and cyber security.

In 2014, the DKE/DIN Industrie 4.0 German Standardization Roadmap Version 1.0 [3] was published. The
Germans stressed standardization as key to the success of the Industrie 4.0 initiative. The roadmap noted the
importance of:

. Integration of technical processes and business processes

. Digital mapping and virtualization of the real world

. The integration of data-enabled “smart” products with production systems
. Extensive use of the internet



The roadmap defined cyber-physical systems in the plant as seamlessly integrating digital data from the physical
production process and “smart” products into synchronized information systems that optimize the production
workflow through simulation and analytical tools.

The German initiative is soon followed by similar industrial initiatives in other countries that took notice of the
importance of advancing manufacturing in a global economy competition.

Between 2010 and 2016, early adopting manufacturers in the U.S. continued to advance the implementation of
Smart Manufacturing techniques. Organizations including the Manufacturing Enterprise Systems Association
(MESA), the Industrial Internet Consortium (IIC), and the Smart Manufacturing Leadership Coalition (SMLC),
brought together manufacturers, consultants, technology vendors, and academia to accelerate the implementation
and document the practices and progress in Smart Manufacturing. [4]

Manufacturers implementing Smart Manufacturing are not just reducing cost, they are implementing technology-
enabled business models and turning traditional factories from cost centers into profitable innovation centers
through the integration of technologies including:

. Industrial Internet of Things (IIoT)

. Smart machines and collaborative robotics

. Cloud and edge computing

. Enterprise integration and API management platforms

. A2A and B2B standards for multi-vendor interoperability
. Big data processing and predictive analytics capabilities

In 2016, MESA International published the report “Smart Manufacturing Landscape Explained” [5] and NIST
published the paper “Standards Landscape for Smart Manufacturing” [6].

In 2016, CESMII—the U.S. Smart Manufacturing Institute—was formed as one of multiple Manufacturing USA
institutes focused on bringing together industry, academia, and federal partners to increase U.S. manufacturing
competitiveness and promote a robust and sustainable national manufacturing R&D infrastructure. CESMII was
established with a mission to radically accelerate Smart Manufacturing technologies adoption including advanced
sensors, controls, platforms, and optimization models. The CESMII Roadmap for Smart Manufacturing was
published in 2017 [7].

By 2017, Smart Manufacturing has gained wider adoption. Trade organizations and consulting firms were
documenting success stories and practices as in the report by Deloitte titled “The Smart Factory” [8]. Consulting
organizations also started publishing guidance like the Singapore Smart Industry Readiness Index [9] to help
manufacturers assess their business practices and establish roadmaps towards higher levels of Smart
Manufacturing adoption.

Smart Manufacturing was recognized as including vertical and horizontal integration of connectivity,
intelligence, workforce, and automation across multiple dimensions of business processes including product
lifecycle, operations, and supply chain.

Today, Smart Manufacturing technologies and practices have matured but the adoption has not crossed the chasm
and moved beyond the early adopters into the early majority for wide adoption in the ecosystem. It is necessary
to move to the next stage of adoption—the democratization of Smart Manufacturing.



modul a:  digitalni racunar

Digitalni kompjuter/racunar je kljuéna komponenta svakog mehatronskog sistema. Pomocu
kompjutera ostvaruju se: (a)funkcija akvizicije i obrade senzorskih signala, (b)funkcija odlucivanja i
upravljanja, (c)funkcija regulacije rada aktuatora, (d)funkcija komunikacije sa covekom i (e)funkcija
komunikacije sa drugim racunarskim sistemima. Ovako Sirok spektar funkcija zahteva dublje
poznavanje principa rada digitalnog kompjutera, odnosno ovladavanje teoretskim i prakti¢nim

aspektima tehnickih osnova njegovog hardvera i osnova programiranja.

U okviru ovog modula razmatra se slededi sadrzaj:

al formalne osnove digitalnog racunara
a2 princip funkcionisanja, arhitektura i digitalni moduli
a3 integrisani mikroracunarski sistem - mikrokontroler

U tehnickoj literaturi i u naSem govornom jeziku srecu se dva ravnopravna termina: ra¢unar i kompjuter. To dolazi odatle $to na nasem
jeziku ne postoje lingvisticke odrednice koje razlikuju sadrzaje koji se u engleskom govornom podrucju podrazumevaju pod terminima
the calculation i the computation. Ovim terminima stvara se jasna razlika izmedju procesa i uredjaja koji obavljaju racunske operacije —
the calculation i koji obavljaju obradu informacija — the computation. Termin computation je Sireg znacenja. Ocigledno je da je iz termina
the computation izvedena re¢ computer, odnosno kompjuter. Bez obzira na prethodno navedeno, u okviru ovog kursa ce biti ravnopravno
korisc¢eni termini racunar i kompjuter, kao sinonimi u nasem jeziku, pri cemu se uvek misli na uredjaje i procese koji se odnose na obradu

informacija.



modul al:

FORMALNE OSNOVE DIGITALNIH RACUNARA

al.l NUMERICKI SISTEMI | KODIRANJE
al.1.1 Binarni sistem
al.1.2 Binarno kodirani decimalni brojevi — BCD
al.1.3 Alfanumericki kodovi — ASCII kod
al.2 BINARNE OPERACIE
al.2.1 Binarnaiili Bulova algebra
al.2.2 Aritmeticke operacije u binarnom numerickom sistemu
al.2.3 Unarne operacije
al.3 KOMBINACIONI SISTEMI
al.3.1 Logicke funkcije
al.3.2 Sinteza logickih funkcija
al.3.3 Optimizacija logickih funkcija
al.3.4 Konverzija logickih funkcija
al.3.5 Kombinacioni digitalni moduli
Koder
Dekoder
Konvertor koda
Komparator
Multiplekser
Demultiplekser
al4d SEKVENCUALNI SISTEMI
al.4.1 Bistabilni logicki elementi

al.4.2 Registar — stacionarni (razli¢iti varijantni oblici), dinamicki
(pomeracki)

al.4.3 Binarni brojac

al.4.4 Casovnik
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modul al: FORMALNE OSNOVE DIGITALNIH RACUNARA

al.l NUMERICKI SISTEMI | KODIRANJE

Broj je osnovna matematicka kategorija. Teorija brojeva je grana Ciste matematike koja je
prvenstveno posvecena proucavanju celih brojeva i celobrojnih funkcija. Nemacki matematicar Karl
Fridrih Gaus (1777-1855) je rekao: 'Matematika je kraljica nauka, a teorija brojeva je kraljica
matematike'. U nauci o kompjuterima (Computer Science), kompjutaciona teorija brojeva
(computational number theory), poznata i kao algoritamska teorija brojeva, bavi se proucavanjem
kompjutacionih metoda za istraZivanje i reSavanje problema u teoriji brojeva i aritmetickoj
geometriji, takodje i u kriptografiji. Tehnologija modernog digitalnog kompjutera (informacione
masine, odnosno masine za obradu, odnosno manipulaciju informacija) jednim znacajnim delom

pocivaja na teoriji brojeva.

Numericko predstavljanje informacija pri njihovoj obradi primenom racunara vrsi se iskljucivo
pomocu skupa simbola nekog brojnog sistema. Zbog toga je poznavanje opsteg koncepta
numerickih sistema, principa kodiranja, prevodjenja jednog sistema u drugi i poznavanje razlicitih
operacija unutar jednog numerickog sistema, od posebnog znacaja za projektovanje i realizaciju

mehatronskih sistema.

Izbor optimalnog brojnog sistema je delikatno inZenjersko pitanje i u najve¢oj meri je uslovljeno

tehnoloskim ograni¢enjima.

U okviru ovog kursa polazi se od pozicionih numerickih sistema. Kod ovih sistema brojne vrednosti
se izrazavaju slede¢im modelom:

X = "Z_lcib" (1)

i=—m

gde su:
b - osnova ili baza brojnog sistema
C - cifre brojnog sistema
i - mesto, pozicija ili razred cifre u datom broju
m - broj razlomackih mesta u grupi cifara

n - broj celih mesta
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U razvijenom obliku, izraz (1) glasi:
X=c b +c, b7 +-ch +cp’+c b +c b +c b (2)

Na primer, kod decimalnog brojnog sistema koji je za nas prirodni brojni sistem, cifre brojnog
sistemasu:c=(0,1,2,3,4,5,6,7,8,9), osnova brojnog sistema je b = 10, pa odatle sledi da se broj

21,405 za koji je n = 2 i m = 3 zapisuje kao:

X =21.405,,=2-10"+0-10°+4-107" +0-107 +5-107°

NeoHapgo ®uboHaum (1170—1250), Takohe nosHaT u Kao JSleoHapao u3 MNuse, 61O je UTanMjaHCKM maTemaTuyap u3 Muse Koju je
CMaTpaH ,HajTaNeHTOBAHWU]UM 3aMagHUM MaTeMaTHYapem cpeamer Beka”. ®MboHaum je y CBOM pagy U3 apuTMeTuKe 1 anrebpe: PauyH,
Tj. Kroura o abakycy (Liber abaci, 1202), rnopndurkoBao xuHay-apancku cuctem 6pojesa. MocTaBLuM CBECTAH CYNEPUOPHOCTM apancKux
6pojeBa (ca AeUMMANHUM HYMEPUYKUM CMCTEMOM, NO3MLMOHOM HOTALMjOM M MOCTOjatbem uudpe HyATe BPeJHOCTU — Hyne),
JleoHapo je eKCTEH3UBHO NYTOBAO MeaAuTepaHCcKomM ob6anom, cycpehyhu ce ca 6pojHMM TProBLMMa M MaTemaTnyape 1 3ajeiHO ca HhbUma
NPOYy4aBao HUXOBE CUCTEMUME U AaPUTMETUKY, A3 BU ce, CXBATMBLUM CBE NPEAHOCTU XMHAY-apancKor cucTema, Bpatmo y Musy 1200.
roguHe. [lge roavHe KacHuje, y 32. roAmnHMN XKMUBOTA, 3aBPLLUMO je U Y Krom3u Liber Abaci (Krura o abakycy uam Kreura pavyHa), objasuno
CBE OHO LUTO je TOKOM NyToBakba Hayuyro. OBa KkbUra Nonynaprsosana je XmHAay-apancke 6pojese y EBponu 1 nokasana 3Hauaj HOBOT
CUCTEMA HYMEPUCAtba HErOBOM NPUMEH/bUBOLNY Y KOMEpPLMjaIHOM PayyHOBOACTBY, KOHBEP3UjU TEXUHE Y MEPE, PaYyHY, KaMaTama,
pPasMeHW BanyTa v APYrum HYMEPUUYKUM NPUMEHaAMa. Y OBOj KHbM3M OMUCA0 je HYNY Kao Bpoj Koju y apanckom BpojHOM cucTemy Huje
NnocTojao, NO3ULMOHY HOTaLM]y, AEKOMNO3ULMjY Ha NpUmapHe GaKTope, Kao U KpUTepHjyme Ae/buBoCcTU. Kibura je y EBponu npumsbeHa
ca ogywessberbem mehy o6pazoBaHOM jaBHOWRY M UMa BEIMKM YTULLAj HA MOTOHY €BPOMCKY MaTeMaTUUKy MUCAO0.

Pored decimalnog, u praksi se sre¢u unarni (osnova brojanja 1), binarni (osnova brojanja 2, simboli:
0, 1), ternarni (osnova brojanja 3, simboli: 1, 0, -1), oktalni (osnova brojanja 8, simboli: 0, 1, 2, 3, 4,
5, 6, 7) i heksadecimalni numericki sistem (osnova brojanja 16, simboli: 0, 1, 2, 3,4, 5,6, 7,8, 9, A,
B,C,D,E,F).

Sexagesimal (base 60) is a numeral system with sixty as its base. It originated with the ancient
Sumerians in the 3rd millennium BC, it was passed down to the ancient Babylonians, and it is still
used — in a modified form — for measuring time, angles, and the geographic coordinates that are
angles. The number 60, a highly composite number, has twelve factors, namely {1, 2, 3, 4, 5, 6, 10,
12, 15, 20, 30, 60 } of which two, three, and five are prime numbers. With so many factors, many
fractions involving sexagesimal numbers are simplified. For example, one hour can be divided
evenly into sections of 30 minutes, 20 minutes, 15 minutes, 12 minutes, 10 minutes, six minutes,
five minutes, etc. Sixty is the smallest number that is divisible by every number from one to six.
Vavilonski brojni sistem zasnovan na bazi b=60 je mnogo precizniji od naseg dekadnog sistema. Na
primer 10/3=3.3333333 dok je 60/3=20, odnosno TACAN BROJ!!! Na§ dekadni sistem ima samo dve
tacne frakcije: 10/2 i 10/5, dok kod vavilonskog sistema imamo 60/2, 60/3, 60/4, 60/5 i 60/6, Da li
to znadi da izbor baze uti¢e na talnost proracuna? Intersantno je da je Vavilon poznavao
trigonometriju 1000 godina pre Grcke, $to otvara mnoga pitanja vezana za istoriju matematike.
Skoro je u juznom Iraku pronadjena glinena tablica koja se smatra najstarijom poznatom
trigonometrijskom tabilcom.
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Plimpton 322, a 3,700-year old clay tablet, has been found to be the world's oldest and
most accurate trigonometric table

ath,
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Maje su koristile brojni sistem sa osnovom 20, odnosno vigezimalni brojni sistem. Maje su
poznavale nulu! Specifi¢an sistem oznacavanja brojeva omogucavao je jednostavno izvodjenje

osnovnih aritmetickih operacija.
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n+1

The Collatz conjecture is one of the most famous unsolved problems in mathematics.

Consider the following operation on an arbitrary positive integer:
If the number is even, divide it by two.
If the number is odd, triple it and add one.

The conjecture asks whether repeating two simple arithmetic operations will eventually transform
every positive integer into 1.

This is basically a procedure which takes n=2000 random numbers up to max=200000000, calculates the Collatz sequence
for each of them and then turns each sequence into a curve using the AnglePath command: starting with 1, if the current
number is even, it turns counterclockwise and if odd, it turns clockwise (the numbers in these sequences are mostly even,
so | had to balance out the angles a bit so that on average the trajectories don't turn into a big spiral), and the length of
the step decreases like a power of the number (1.2 in the picture). You can see that some paths repeat many times and
most of the sequences at some point coalesce with one of these "thick" paths. More over, most (if not all) of the smaller
paths approach the thicker paths from a particular side (I wonder what that means).

The Basel problem asks for the precise summation of the reciprocals of the squares of the natural numbers. Euler found
the exact sum to be 2 /6 and announced this discovery in 1735.
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al.l.l Binarni sistem

Binarni sistem je numeri¢ka osnova savremenih digitalnih sistema.

Baza binarnog sistema je b = 2 i u matematickoj notaciji najéesce se koriste cifre ¢ = (0, 1). U
tehnickoj realizaciji ovaj sistem se iskazuje pomocu dva nivoa neke fizicke promenljive, Sto je iz ugla
tehnologije i fizicke realizacije vrlo pogodno (jednostavno i robusno, odnosno malo osetljivo na
poremecaj). Na primer, u elektronskim kolima, niska vrednost naponskog signala, V., odgovara
simbolu 0, a visoka naponska vrednost, Vi , odgovara simbolu 1. U pneumatskim ili hidraulickim
sistemima, nizak nivo pritiska odgovara simbolu 0, a visok odgovara simbolu 1. Upravo ova vrsta
tehnicke jednostavnosti je razlog dominacije binarnog sistema predstavljanja brojeva u savremenoj

racunarskoj tehnologiji.

Binarni brojni sistem je vrlo pogodan za rad sa logickim funkcijama koje takodje imaju dva stanja:
tvrdnja je logicki istinita i tvrdnja je logicki neistinita. Dodeljivanjem simbola 1 i O respektivno,
moguce je direktno kodirati logi¢ke funkcije u binarnom numerickom sistemu. Dualnost ove vrste

je jedinstveno svojstvo binarnog brojnog sistema.

Brojevi u binarnom sistemu oznacavanja iskazuju se slede¢im izrazom:

n-1
X = ZciZ' =c, 2" +e, 2" 42 v, 2" v 27 v 2 e 27" (3)

i=—m

gde koeficijenti c uzimaju vrednosti 0 ili 1. Na primer, decimalna vrednost vrednost broja 1011,01,

za koji je n=4 i m=-2, bice:
1011,01, =1-2°4+0-2+1-2'"+1-2°+0-27" +1-27 =1125,
Sistem kodiranja binarnih brojeva definisan relacijom (3) naziva se prirodni binarni kod.

Uocava se da je u binarnom sistemu broj cifara koji je neophodan da se iskaze jedan broj veci od
broja cifara neophodan da se iskaze isti takav broj u decimalnom sistemu. Na primer, sa Cetiri cifre,
maksimalni broj koji se moze iskazati u decimalnom sistemu je 9999 dok je maksimalna u binarnom
1111, cija je ekvivalentna decimalna vrednost samo 15 — problem reprezentativnosti brojnog

sistemal

Konverzija binarnog broja u decimalni (B/D konverzija) ostvaruje se direktno primenom formule (1).
Konverzija decimalnog u binarni (D/B konverzija) moze se izvesti na vise nacina, primenom metode
oduzimanja, deljenja i mnozenja.

The modern binary number system goes back to Gottfried Leibniz who in the 17th century proposed and developed it in his article

Explication de I'Arithmétique Binaire . Leibniz invented the system around 1679 but he published it in 1703. He already used symbols 0
and 1.

16



Ali, i sam Lajbnic, kada se stvari posmatraju fenomenoloski, poziva se na Kinu i FUXI tablice u kojima se pojavljuju simboli u obliku crtice
i isprekidane crtice, oznacavajudi jedinicu i nulu koju danas koristimo za aritmetiku binarnih sistema. Te tablice su stare vise hiljada
godina. Koncept binarnog brojnog sistema je, izgleda, pronadjen u Kini.

What is surprising in this calculation is that this arithmetic of 0 and 1 contains the mystery of lines of an ancient king and philosopher
named Fu Xi, who is believed to have lived more than four thousand years ago and whom the Chinese regard as the founder of their
empire and of their sciences. There are several figures of lines that are attributed to him; they all go back to this arithmetic. But it is
enough to place here the so-called figures of the eight Cova [trigrams], which are basic, and to add to these an explanation which is
manifest, so that it is understood that a whole line — signifies unity or one, and that a broken line — - signifies zero or 0.

The ancient Chinese book I-Ching was written a few thousand years ago. It introduces the system of symbols Yin and Yang (equivalents
of 0 and 1). It had a powerful impact on culture, medicine and science of ancient China and several other countries. From the modern
standpoint, I-Ching declares the importance of dyadic groups of binary numbers for the Nature. The system of I-Ching is represented by
the tables with dyadic groups of 4 bigrams, 8 trigrams and 64 hexagrams, which were declared as fundamental archetypes of the Nature.

0 0 0 -~ 0 —
0 0 — 0 0 — =
0 0 0 i i i
0 1 10 11 100 101 110 111
0 1 2 3 4 s 6

Ancient Chinese legend says that | Ching originated with the mythical Fu Xi, one of the earliest legendary rulers of China (2800 BC-2737
BC), reputed to have had the 8 trigrams revealed to him supernaturally. By the time of the legendary Yu 2194 BC — 2149 BC, the trigrams
had supposedly been developed into the famous 64 hexagrams of the I-Ching.

15 R R i

Kin [Earth) Gén (Mauntain) Kan (Water) Xan [Wind)
Il Il Il B EE S
Il Il BB BN I .S
Il Il N = E =
I BN P . .
Il BN BN BN I S
I N N
Zhén (Thunder) Li (Fire) Dl (Lake) Qidn (Heaven)

The 8 trigrams. Image source: Wikipedia

The solid line represents Yang, the creative principle, while the open line represents Yin, the receptive principle. Together, they express
the idea of complementarity of changes. The hexagrams combine two trigrams together. With six such lines stacked from bottom to
top there are 64 possible combinations, and thus 64 hexagrams represented, each with their own meaning and interpretation. To use
the I-Ching, a person uses either coin tosses or yarrow stalks to generate a hexagram and receive their divination statement.

After Leibniz’s work, mathematicians and scientists such as George Boole, who invented Boolean algebra, and Claude Shannon, who
implemented both Boolean algebra and binary arithmetic using electronic relays and switches majorly progressed the field in which
binary numbers would become indispensable.

In 1854, British mathematician George Boole published a landmark paper detailing an algebraic system of logic that would become
known as Boolean algebra. His logical calculus was to become instrumental in the design of digital electronic circuitry.

In 1937, Claude Shannon produced his master's thesis at MIT that implemented Boolean algebra and binary arithmetic using electronic
relays and switches for the first time in history. Entitled A Symbolic Analysis of Relay and Switching Circuits, Shannon's thesis essentially
founded practical digital circuit design.

In 1937, George Stibitz developed the first relay-based computer called Model K which calculated using binary (addition only). In a
demonstration to the American Mathematical Society conference at Dartmouth College on 11 September 1940, Stibitz was able to send
the Complex Number Calculator remote commands over telephone lines by a teletype. It was the first computing machine ever used
remotely over a phone line. Some participants of the conference who witnessed the demonstration were John von Neumann, John
Mauchly and Norbert Wiener, who wrote about it in his memoirs.
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Finally, between 1935 and 1938, the Z1 computer was built which concurrently used the Boolean logic and binary floating point numbers.
The Z1 computer was designed and built by Konrad Zuse.

Ipak, kada se tumacdi istorija, treba biti obazriv. Partikularne pojave, ma koliko bile napredne, ispred svog vremena, ne mogu se uzeti kao
referentne. Bitne su one promene koje su produkovale promenu Sireg drustvenog konteksta. Sve se mora posmatrati kroz okvir razmere
uticaja na drustvo. Kao i parna masina, tako i kompjuter, tako i druge tehnologije. Za sve je bitan odgovarajuci kontekst u kojem je drustvo
spremno da apsorbuje inovaciju i pretvori je korist u drustveno relevantnim razmerama.

Ali, postoje osnovane tvrdnje da je binarni sistem razvijen mnogo pre Lajbnica, mada bez osecaja za njegovu prakticnu vrednost:
The Binary System Was Created Long Before Leibniz
"Though it is frequently stated that binary numeration was first formally proposed by Leibniz as an illustration of his dualistic
philosophy, the mathematical papers of Thomas Hariot (1560-1621) show clearly that Harriot not only experimented with
number systems, but also understood clearly the theory and practice of binary numeration nearly a century before Leibniz's
time."
https://cacm.acm.org/blogs/blog-cacm/221749-the-binary-system-was-created-long-before-leibniz/fulltext

Ne ulazedi detaljnije u istraZivanje istorijske dimenzije nastanka i razvoja ideje binarnog brojnog sistema i binarne aritmetike, ukljucujuci
i binarnu logiku (mada je to bitno Sire pitanje!), ovde se mozZe konstatovati da se koreni nastanka danas dominirajuce tehnologije
binarnog digitalnog racunara, odnosno njegovih matematickih osnova u pravom smislu znacenja ove konstatacije, mogu bez racionalne
sumnje povezati sa Sesnaestim i sedamnaestim vekom, uz konstataciju da su ideje koje su nastale u to vreme bile dominantno
matematicke, ali uz nesumnjivo prisustvo namere da se kroz matematiku iskazu misaoni procesi koji se povezuju sa ljudskim mozgom i
njegovim intelektom. U narednim vekovima, te ideje su razvijane i oplemenjivane tehnologijom, do takvih razmera da su u drugoj polovini
dvadesetog veka, kada je nastao odgovarajuci drustveni konteskt, ishodovale pojavom verovatno najvece inovacije koju je osmislio
ljudski rod u svojoj dugoj liniji tehnoloskih inovacija — digitalni kompjuter. Digitalni kompjuter u obliku kakvog ga danas poznajemo nije
samo tehnoloski fenomen. On je pre svega drustveni fenomen, transformativna tehnologija koja je iz korena izmenila nasu civilizaciju i
uvela je u, to se slobodno moze konstatovati, drugu kognitivnu revoluciju (prva kognitivna revolucija je antropoloska kategorija koja se
vezuje za posebnu razvojnu fazu hominida kroz koju je oblikovan rod homosapijensa).

Pored binarnih, u pionirskoj fazi razvoja kompjutera korisceni su i ternarni sistemi. Ternarni sistemi
su deo jednog Sireg razvojnog koncepta koji dominantno pociva u razvoju logike kao naucne i
filozofske discipline (takodje i teorijie skupova, kao matematicke discipline). Taj razvojni koncept
odnosi se na prosirenje tradicionalnih koncepta kategoricke binarne logike na koncept polivalentne
i konacno intervalne logike. Ekstremni oblik tog novog koncepta je verovatno sadrzan u konceptu
Fazi logike i fazi skupova, koja vrednosne ishode logickih relacija iz binarnog okvira prevodi u
intervalni okvir, kontinualni prostor izmedju dva ekstrema ishoda neke tvrdnje: kategoricka istina i
kategori¢na laz, jedinica ili nula, kategoricki pripada skupu ili kategori¢ki ne pripada skupu .

The Setun Computer

Setun was named after the Setun River, which ends near Moscow University.
December 29, 2014

Last week | gave a talk at QEC Zurich, for which I had decided to speak about the potential of quantum computers built from d-level
quantum systems. When preparing for the talk | discovered that not all conventional computers have used binary logic. In 1958, the first
Setun computer was built at Moscow State University using ternary, or 3 state, logic. | was fascinated by this curiosity of computing, and
so decided to kick off my talk with a brief mention of it. Here I'll say a bit more about it, but really | want to invite any knowledgeable
readers to tell me more about Setun! I've found some sources in English, but the vast majority of the literature is in Russian.
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CHumok CeTyHb“. Licensed under Public Domain via Wikimedia Commons.

Above is Setun’s exterior. Under the hood, it represented numbers in balanced ternary logic. Each possible value is best labelled as 0,1
or -1. Given a string of such numbers

{an,an_1,..., 00,01}
they would represent a number
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For example, the numbers from -5 to 5 are represented as:
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Unlike in binary, negative numbers are naturally captured by this system without an ad hoc prefix for the sign. Many basic arithmetical
operations are particularly simple. Rounding of a number to leading significant figures can be achieved by just truncating a sequence,
whereas binary rounding potentially depends on the whole sequence of bits. In The Art of Computing, Donald Knuth gives a fantastic
survey of different number systems, and was so enamored with balanced ternary that he said it is “perhaps the prettiest number system”.

The development of Setun was lead by Sergei Sobolev and Nikolay Brusentsov. Sobolev was a mathematician of considerable renown
and influence within the Soveit union who was in the 1950s the head of computational mathematics in Moscow State University.
Brusentsov was a younger engineer keen to get his teeth into modern computing, and recalling his first meeting with Sobolev said,

When | first came to Sergei Sobolev’s office, it seemed as if | was enveloped in sunlight — his face looked that kind and open. We hit it
off immediately and | will be forever grateful to providence for leading me to this remarkable man, a bright mathematician and
knowledgeable scientist, one of the first people who understood the significance of computers.

Together they conceived built a research team and conceived the initial design. Though Sobolev was pivotal in getting the project of the
ground, Brusentsov stayed committed to Setun as Sobolev’s attention became diverted. Brunsentov recalled,

Sobolev was the heart and soul of this project. Unfortunately, his participation in our creative work ended in the early 1960s when he
moved to Novosibirsk. All of his later involvement revolved around perpetual fighting with bureaucrats for the right to do the work we
believed in.
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Whereas, it seems Setun really became Brusentsov’s life long passion. Later in life he continued to write papers on Setun and ternary
computing, until he passed away just several weeks ago.

Nikolay Brusentsov
7 February 1925 — 4 December 2014

The decision to work in ternary came earlier, and it is claimed the elegance of the number system allowed them to achieve the equivalent
computing power with fewer components. At the time, transistors were not yet available and vacuum tubes were too large for a compact
computer. Therefore, the decision was made to build it using magnetic cores and diodes. The first Setun was a success and they went
on to built 50 such machines. However, it was always a university project, not fully endorsed by the Soviet government, and viewed
suspiciously by factory management. Despite requests from abroad for Setuns to be exported, the orders were not met. Against these
obstacles the Setun fizzled out, and Brusentsov’s group was moved to offices in a hostel! At least, this is the picture painted by the few
sources I've found and read. The story is of a ingenious computing architecture that was simply the Betamax of its time. The accuracy of
this narrative is hard to judge. | suppose the interesting question is how a modern ternary computer would compete or even excel against
its binary contemporaries. Or even, how a quantum computer would fare by going beyond the conventional qubit paradigm.

sources:

Malinovsky, Pioneers of Soviet Computing
Russian Virtual Computer Musuem
Donald Knuth, The Art of Computing

datadensity

https://hackaday.com/2016/12/16/building-the-first-ternary-microprocessor/

https://www.youtube.com/watch?v=EbJMtJq20NY&t=861s

Dalje se razmatraju razli¢iti sistemi kodiranja brojeva i simbola (slova i drugi standardni simboli)

koris¢enjem grupe binarnih brojeva, odnosno binarnih grupa razlicite velicine.
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al.l.2 Binarno kodirani decimalni brojevi — BCD

U komunikaciji ¢oveka sa racunarom ili mehatronskim sistemom pojavljuje se zahtev izgradnje
mesovitih sistema kodiranja, konkretno kombinacije decimalnog i binarnog sistema kodiranja
(kompromis izmedju tehnickih zahteva digitalnog ra¢unara i ustaljene prakse decimalnog sistema u
kome funkcionise ¢ovek ). MeSoviti numericki sistemi sadrze binarno kodirane decimalne cifre i zato
se skraceno nazivaju BCD (Binary Coded Decimal). Kod izbora odgovaraju¢eg BCD sistema,
neophodno je, pored zahteva za lakim obavljanjem aritmetickih i drugih ra¢unarskih operacija,

obezbediti lako otkrivanje i korigovanje gresaka.

Posto u decimalnom sistemu postoji ukupno deset cifara, za njihovo kodiranje je neophodno
raspolagati sa 10 binarnih grupa. Svaka od ovih grupa mora sadrzati najmanje 4 binarne cifre,
odnosno binarne grupe koje se nazivaju tetrade. Sa Cetiri binarne cifre se moze formirati ukupno
16 razlicitih tetrada u jednom binarnom sistemu, $to je dovoljno za kodiranje 10 decimalnih cifara.
Formiranje tetrada, odnosno formiranje binarnog sistema je kombinatorni problem koji ima
ekstremno veliki broj resenja. Ipak, u praksi se koristi mali broj ovih sistema, od kojih ¢e u ovom

kursu biti razmatrana samo dva: BCD kod 8421 i Gray-ov cikli¢ni binarni kod.

DE BCD kod 8421 Gray-ov kod

0 0000 0000
1 0001 0001
2 0010 0011
3 0011 0010
4 0100 0110
5 0101 0111
6 0110 0101
7 0111 0100
8 1000 1100
9 1001 1101
A 1010 1111
B 1011 1110
C 1100 1010
D 1101 1011
E 1110 1001
F 1111 1000

Binarno kodirani decimalni sistem BCD 8421 odlikuje se time Sto se njegove tetrade u potpunosti
podudaraju sa prirodnim binarnim brojevima. Otuda se decimalni ekvivalent binarnih tetrada moze

naci pomocu formule (3) — ovaj kod ima pozicioni karakter.

BCD sistemi se odlikuju jednostavnim postupkom u primeni. Na primer:
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59310 =0101 1001 0011gcp
Dekodiranje je takodje vrlo jednostavno:
1001 0101 1000 0010 gcp = 958210

Karakteristi¢no je da se kod binarno/heksadecimalne konverzije takodje mogu primeniti tetrade,
pri ¢emu su u ovom slucaju sve tetrade (njih 16) iskoris¢ene za kodiranje 16 cifara heksadecimalnog
numerickog sistema (0 — F).

U praksi se tetrada ¢esto naziva digit (ponekad i nibble) — binarna grupa od 4 binarne cifre (A digitis a

symbol (a number symbol, e.g. "3" or "7") used in numerals (combinations of symbols, e.g. "37"), to represent numbers (integers or real
numbers) in positional numeral systems. The name "digit" comes from the fact that the 10 digits (ancient Latin digita meaning fingers)

of the hands correspond to the 10 symbols of the common base 10 number system, i.e. the decimal (ancient Latin adjective dec. meaning
ten) digits.). Dva digita formiraju binarnu grupu od 8 cifara koja se naziva bajt (byte). The term byte was
coined by Dr. Werner Buchholz in July 1956, during the early design phase for the IBM Stretch computer. It is a respelling of bite to avoid

accidental mutation to bit. Kod vecine digitalnih uredjaja, bajt predstavlja osnovni adresabilni kvant
informacija, pre svega zbog toga sto bajt poseduje potrebna reprezentativna svojstva za rad sa

slovnim i nekim drugim standardnim oznakama (rad sa tekstom).

Dva bajta formiraju binarnu grupu od 16 cifara koja se naziva re¢ (word), pri ¢emu se prvi bajt naziva

'nizi bajt' (byte L) dok drugi bajt nosi naziv 'visi bajt' (byte H).

Tetrada 4 Tetrada 3 Tetrada 2 Tetrada 1

iR BEEE (0bD  Dooo

digit #4 digit #3 digit #2 digit #1

byte H byte L

word

A bit or binary digit is the basic unit of information in computing and telecommunications; it is the amount of information that can be
stored by a digital device or other physical system that can usually exist in only two distinct states. Claude E. Shannon first used the word
bit in his seminal 1948 paper A Mathematical Theory of Communication. He attributed its origin to John W. Tukey, who had written a

Bell Labs memo on 9 January 1947 in which he contracted "binary digit" to simply "bit".
Gray-ov kod se razlikuje od BCD 8421 koda po tome $to je susednost decimalnih cifara zadrzana i
kod njihovog binarnog koda — logicki susedan kod. Logi¢ka susednost ovde znaci da razlika izmedju
dve susedne cifre (fizicka susednost) postoji samo u jednoj cifri koda odnosno, da se iskljucivo

promenom na jednoj poziciji kodira susedna cifra. Logi¢ka susednost odgovara Hamingovoj distanci
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d_H = 1. Hamingova distanca u opStem smislu koristi se kao operator kojim se identifikuje razlika
izmedju dva stringa (string, odnosno lanci¢, je sekvencijalni niz slova neke azbuke). U binarnom
sistemu Hamingova distanca se izraCunava primenom ekskluzivne ILI operacije nad stringovima koji
se porede i prebrojavanjem jedinica u dobijenom rezultatu. Hamingova distanca Gray-ovog koda je
konstantna. Prirodni binarni kod ima promenljivu Hamingovu distancu. Ovo svojstvo Gray-ovog
koda je vrlo bitno za prakticnu primenu kod nekih digitalnih modula i bi¢e kasnije detaljnije

razmatrano.

‘.ﬂ
a7
001

000 3-bit binarna kocka za pronalazenje Hamingove distance

(The Hamming distance is named after Richard Hamming, who
introduced it in his fundamental paper on Hamming codes Error
detecting and error correcting codes in 1950. It is used in
telecommunication to count the number of flipped bits in a fixed-
length binary word as an estimate of error, and therefore is

sometimes called the signal distance.)

U procesu razmene informacija, tetrade se prenose kroz komunikacione kanale i tada je moguca
pojava greske. U cilju prepoznavanja i korigovanja greske neophodno je sprovesti odgovarajuéu

kontrolu kodnih grupa.

Osnovni pristup koji se koristi u praksi polazi od toga da se pretpostavlja mala verovatnoéa
istovremene pojave greSke na vise od jednog znaka. U tom kontekstu, jednostavan nacin
prepoznavanja postojanja gresSke se moze posticéi ako se kodna grupa prosiri za jedno mesto u koje
¢e se unositi kontrolni bit. Jednostavna kontrola se moZe ostvariti prebrojavanjem bitova u tetradi
i utvrdjivanjem parnosti tog broja. Tako, ukoliko se proverava parnost jedinica, onda se u slucaju
parnog broja na mesto kontrolnog bita unosi vrednost 0 u suprotnom, na ovom mestu se upisuje 1.
Kontrolni bit se postavlja na najvisSu poziciju. Pored ovog, postoje i drugi sistemi provere ispravnosti

kodiranja, odnosno prepoznavanja i korigovanja gresaka.
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Classification of binary codes
The binary codes are broadly categorized into following four categories.

e Weighted Codes

e Non-Weighted Codes

e Binary Coded Decimal Code
e Alphanumeric Codes

e Error Detecting Codes

e Error Correcting Codes

Binarne grupe se formalno posmatraju i kao binarni vektori ili binarni stringovi. Ukoliko su
viSedimenzione, binarne grupe predstavljaju binarna polja. Binarna polja, u opStem slucaju
su nosioci binarno kodiranih podataka i predstavljaju osnovni formalizam pomocu kojeg se
modeliraju leksicke strukture, azbuke, gramatike i u najsirem smislu, informacione masine
—teorija automata.
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al.l.3 Alfanumericki kodovi — ASCII kod

U praksi se pored numerickih vrednosti ¢esto pojavljuje potreba rada sa brojnim, slovnim i grafi¢kim
simbolima, odnosno sa takozvanim 'alfanumerickim karakterima'. Polazeci od opsSteg koncepta
pozicionog BCD kodiranja decimalnih cifara, moguée je kodirati i nedecimalne simbole. Ali,
povecanjem broja simbola/karaktera koji se kodiraju binarno, neophodno je povecati i veli¢inu
binarnih grupa koje se za to koriste. Ovi kodovi se naj¢esce koriste za prenos informacija izmedju
mikroprocesora i periferijskih uredjaja, uklju€ujuci i takozvane HMI uredjaje, odnosno Human-

Machine Interface, ili Covek-Masina Interfejs.

Formiranje ovakvih kodova je trivijalan zadatak. Izazov je u prihvatanju koda od velikog broja
razli¢itih korisnika, odnosno pitanje univerzalnosti. Put ka tome je standardizacija i uticaj razli¢itih

autoriteta, posebno drzavnih tela za standardizaciju.

Za praksu je posebno znacajan Americki standardni kod za razmenu informacija odnosno, ASCII
(American Standard Code for Information Interchange), koji se najéesce nalazi u upotrebi kod
savremenih racunarskih sistema. Globalna univerzalnost i opsta zastupljenost ASCIl koda je pre
svega posledica tradicije. Binarne grupe ASCII koda su formirane od 7 bitova, tako da je moguce
formirati ukupno 128 kodnih slogova. Kodne slogove ¢ine niza grupa (4 bita) i visa grupa (3 bita). Sa
ovih 128 kodnih slogova kodiraju se sve cifre decimalnog numerickog sistema, mala i velika slova
abecede, znaci interpukcije, specijalni simboli, skracenice, matematicki i graficki simboli. Na primer,
simbol 'A’ je kodiran sa 100 0001, odnosno 41gpc, dok je simbol 'a' kodiran sa 110 0001y, odnosno,

61gpc, itd. Tabela u kojoj su navedeni svi kodovi ASCII koda naziva se kodna strana.

USASCIl code chart

7 0 (o] 0 0 1 | 1 1
a_b"s—-—-— %ol 941 "ol "4] %] %] "ol 'y
't b, b, b e

Aol eTE] e ] © ] 2 3 4 5 6 | 7
olojo|o|] O |NuL |OLE | SP [§] @ P 5 P
olofo]! | SOH | DC1 | 1 A Q a 9
ojlofr|o| 2 |SsTx |Dc2 " 2 B R b r
olo]1 |1 3 |eTx | pc3 # 3 C S c s
o|l1|o]lo| 4 |eoT |Dca ' 4 D T d 1
oli1 o] 5 |ena | nak % 5 [3 u 3 u
oli1|r[o] 6 |ack |syN a 6 F v f v
ofi1 ] ] 7 |BEL |ETB ' 7 G w 9 w
1jojo]o| 8 BS | CAN ( 8 H X h x
1jJojofi1 ]| © HT EM ) 9 1 Y i ¥
1jof1 o] 10 | LF | suB * 1 J Z j z
tjofr 1] 1l vT | ESC + : K [ K {
il ]Jojo] 12 FF FS < L \ 1 I
1JrjJofi1] 13 | crR | GS - = M ] m }
i jijo} 14 S0 RS . > N ~ n ~
il 15 | s1 | us / ? ) — e | Ol
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Navedena US ASCII tabela je originalna tabela iz 1968. godine koja je sadrzana u odgovaraju¢em
standardu izdatog od strane American National Standards Institute. Prva 32 karaktera su takozvani
neprintabilni karakteri i oni imaj kontrolnu funkciju. Neki od njih su danas nepotrebni u savremenim
digitalnim sistemima i prosto predstavljaju relikt jedne stare tehnologije koja se vise ne primenjuje
u praksi (ovaj kod je originalno razvijen za teleprintersku razmenu podataka). Vecina i dalje ima
svoju jasnu upotrebnu vrednost. Tako na primer, karakter 10 je kontrolni karakter LF (LineFeed) koji
je rezervisan za funkciju pomeranja papira u Stampacu za jednu liniju. Karakter 8, odnosno BS je
BackSpace karakter, takodje kontrolnog tipa koji pomera poziciju glave Stampaca ili kurzora na
monitoru za jednu poziciju unazad u okviru iste linije (reda). Ostali karakteri spadaju u grupu

printabilnih karaktera.

Naredna tabela je takodje ASCII tabela koja je sadrzajnija u odnosu na prethodnu, jer pored
decimalnog, daje heksadecimalni, oktalni i HTML (HyperText Markup Language razvijen za potrebe
izrade web stranica na Internetu) zapis ACSII karaktera. Slovo A se tako u HTML formatu zapisuje

kao &#65 a heksadecimalno kao 41.

Dec HxOct Char Dec He Oct Html Chr  |Dec Hx Oct Himl Chr| Dec Hx Oct Himl Chr
0 0 000 NUL {(null) 32 20 040 <#32; Space| 64 40 100 &#64; [ | 96 60 140 &#96;
1 1 001 S0H (start of heading) 33 21 041 &#33; ! 65 41 101 &#65: A | 97 61 141 &#97; a
2 2 002 5TX (start of text) 34 22 042 «#34: " 66 42 102 «#66; B | 98 62 142 «#98; Db
3 3 003 ETX (end of text) 35 23 043 &#35; # 67 43 103 «#67; C | 99 63 143 «#99; ©
4 4 004 EOT (end of transmission) 36 24 044 &#36: § 68 44 104 «#68: D (100 64 144 &#100; d
5 5 005 ENQ {engquiry) 37 25 045 &#37; % 69 45 105 «#69; E |10l 65 145 &#l01; e
& 6 006 ACK (acknowleddge) 38 26 046 &#38: & 70 46 106 «#70; F |102 66 146 &#102;
7 7 007 BEL (bell) 39 27 047 &#39; ' 71 47 107 «#71; G |103 67 147 &#103; ¢
8§ 8 010 B3 (backspace) 40 28 050 &#40: 72 48 110 &$72: H (104 68 150 <#104: h
9 9 011 TAB (horizontal tab) 41 29 051 &#41; ) 73 49 111 &#73; I |105 69 151 &#105; 1
10 & 012 LF (NL line feed, new line)| 42 24 052 «#42; © 74 4k 112 «#74; 7 |106 64 152 «#106; ]
11 B 013 VT ({vertical tab) 43 2B 053 &#43: + 75 4B 113 &#75: K |107 6B 153 &#107; k
12 C 014 FF (NP form feed, new page)| 44 2C 054 «#44: , 76 4C 114 «#76: L |108 6C 154 «#108; 1
13 D 015 CR (carriage return) 45 2D 055 &#45; - 77 4D 115 «#77; M [109 6D 155 &#109; n
14 E 016 30 (shift out) 46 2E 056 <#46; . 78 4E 116 «#78; N [110 6E 156 &#110; n
15 F 017 51 (shift in) 47 2F 057 «#47; / 79 4F 117 «#79: 0 |111 6F 157 &#111: o
16 10 020 DLE (data link escape) 48 30 060 &#48; 0 30 50 120 «#80; P |112 70 160 &#112: p
17 11 021 DCl {device control 1) 49 31 061 &#49; 1 81 51 121 «#8Ll; 0 (113 71 161 &#113; 9
18 12 022 DC2 (device control 2 50 32 062 &#50; 2 82 52 122 «#82; R |114 72 162 &#lld; ¢
19 13 023 DC3 (device control 3 51 33 063 &#51; 3 83 53 123 «#63; 5 |115 73 163 &#115; =
20 14 024 DC4 (device control 4) 52 34 064 &#52; 4 84 54 124 «#84; T |116 74 164 &#ll6; ©
21 15 025 NAK (negative acknowledge) | 53 35 065 &#53; S 85 55 125 «#85; U (117 75 165 &#117; u
22 16 026 SYN (synchronous idle) 54 36 D66 &#54; 6 86 56 126 «#86; V |118 76 L6 &#118; v
23 17 027 ETE (end of trans. hlock) 55 37 067 &«#55: 7 87 57 127 «#87: W (119 77 167 &#119; v
24 18 030 CAN (cancel) 56 38 070 «#56: & 58 58 130 «#88: X |120 78 170 «#120: X
25 19 031 EM (end of medium) 57 39 071 &#57; 9 89 59 131 «#89; ¥ (121 79 171 &#l2l; ¥
26 1A 032 SUB (substitute) 58 3A 072 &#58; : 90 5Ah 132 «#90:; Z |122 74 172 &#l2Z; =
27 1B 033 ESC (escape) 59 3B 073 6#59: ; 91 5B 133 «#91; [ |123 7B 173 &#123; |
28 1C 034 F$ (file separator) 60 3C 074 &#60; < 92 SC 134 «#92: \ |124 7C 174 «#l24:; |
29 1D 035 G5 (group separator) 61 3D 075 &#6l; = 93 5D 135 «#93: ] |125 7D 175 &#125; )
30 1E 036 RS (record separator) 62 3E 076 &#62; > 94 SE 136 «#94: ~ |126 7E 176 &#l26: ~
31 1F 037 US (unit separator) 63 3F 077 &#63; ¢ 95 SF 137 &#95; _ |127 7F 177 &#127; DEL

Osmi bit, bit na najviSoj poziciji, rezervisan je za prepoznavanje greSke u prenosu proverom
parnosti. Ovaj bit mozZe da se u odredjenim situacijama iskoristi za kodiranje alfanumerickih,

matematickih i grafickih simbola i tada se dobija prosirena ACSII tabela koja sadrzi dodatnih 128

26



kodnih slogova. Ovakav kod ne omogucava proveru greske prenosa. Naredna tabela prosirenog

ACSII koda je samo jedna od veceg broja verzija skupa kodnih slogova preko 127.

Dodatni skup od 128 kodnih slogova pruzio je Sansu da se kodiraju i specificna slova nacionalnih
azbuka, Sto je dovelo do razvoja razli¢itih kodnih stranica proSirenog ACSII koda. Konfigurisanje,
odnosno izbor neke od razli¢itih kodnih stranica, generalno dovodi do konfuzije i pogresne
interpretacije kodiranog sadrzaja. Da bi se u toj oblasti uveo red u medjunarodnim okvirima,
razvijen je standard ISO/IEC 8859 koji sadrzi 16 osmobitnih kodnih tabela. Kodna tabela 2 - Latin-2
Central European definisana kao ISO/IEC 8859-Part 2 podrzava alfanumericke karaktere veceg broja
latini¢nih nacionalnih azbuka drzava Centralne i Isto¢ne Evrope, ukljucujudi i Srbiju. Takodje, za nas
je znacajna i kodna tabela 5 — Latin/Cyrilic definisana kao I1SO/IEC 8859-Part 5, koja podrzava vecinu
Cirilicnih azbuka slovenskih zemalja, uklju€ujudi i Srbiju. Ali, strogo posmatrano, time problem nije

resen.

Microsoft je za potrebe svog operativnog sistema Windows razvio sopstvenu osmobitnu kodnu
tabelu sa oznakom WINDOWS-1252 koja je po svom sadrzaju ekvivalent ISO/IEC 8859-15, mada

postoje odredjene nepodudarnosti u kodnim oznakama pojedinih karaktera.

1282 € 144 E 161 i 177 193 1L 209 225 B 241 =

120 6 145 = 162 & 178 194 + 20 226 T 242
130 ¢ 146 E 163 u 179 95 F 211 L 27 5 243 <
131 a 147 & 164 # 120 196 - 212 k 228 = 244 [
132 & 148 & 165 f 181 B7 4 o213 g 25 \si\ 45 )

133 & 149 5 166 * 182 4 198 F 214 p 0 p 246 =
134 & 150 & 167 ° 183 4 fog B BE0 4 B 4 247 =
135 ¢ 151 & 18 , 184 5 200 L 216 + 22 & 248 °

136 & 152 _ 160 _ 185 4 0 g 27 4 13 ® 149

137 & 153 O 10 = 186 || 202 & 218 r P 250

13 ¢ 154 0 111 % 187 3 203 & 219 W BS 5 51 A
139 i 136 £ 172 % 188 4 204 | 220 @m 2% o 252

40 i 157 ¥ 113, 188 4 w5 = 2 | ;B ¢ 253

141 1 158 174 « 180 4 206 &£ 222 ] 238 . 254 W
142 A 1% § 175 » 191 4 207 £ 223 W 230 . 255

143 & 160 & 176 i o192 L 208 L 224 o 240 =

Primer proSirenja ASCII tabele.

ReSenje je u povedéanju kodne grupe. Zato nove kodne strane izvedene iz sedmobitnog ASCIl koda
sadrze kodne grupe duzine jedne Sesnaestobitne reci, ¢ime je ostvarena mogucénost kodiranja
mnogo Sireg skupa simbola (uklju¢ivanje specificnih simbola pojedinih nacionalnih azbuka). U tom
kontekstu, bitan je UNICODE sistem koji na integralni nacin razmatra aspekte internacionalizacije i
lokalizacije sistema kodiranja i globalnih aspekata racunarske komunikacije i prenosa informacija

preko Interneta, kao i globalne rasprostranjenosti kompjuterskog softvera i njegove opste
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upotrebljivosti. Aktivnosti na projektu UNICODE datiraju od 1987. godine i sistematski se razvijaju.
UNICODE definise kodni prostor od 1,114,112 kodnih tac¢aka u intervalu Ohex do 10FFFFhex. Kodna
oznaka zapocinje sa prefiksom U+ a zatim sledi heksadecimalni kod konkretnog simbola u formatu
od Cetiri znaka. UNICODE prostor je podeljen na 17 kodnih ravni od kojih svaka sadrzi 65,536 kodnih
tacaka, odnosno 256 redova od po 256 kodnih tacaka. Nulta kodna ravan nosi oznaku BMP, naziva
se Bazna multilingvalna ravan (Basic Mulitlingual Plane) i zauzima kodni prostor 0000 do FFFF. UTF-
8 (8-bit Unicode Transformation Format) je sistem kodiranja razvijen za UNICODE. UNICODE je

industrijski standard za razmenu informacija.

Primer:
.‘f . . i

Slightly Smiling Face
p— Emoji slightly happy, this is fine
. U+1F642
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