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Rezime 5D]YRM pHWYUWH LQGXY®MWMSBNHPHBRRORELIMMDOL]DFLMH LPD
SURPHQH NRMH QDVWDMX X SURL]JYRGQLP VLVWHPLPD 8 LQGXVWULNMN
UDVSRUHYLYDQMD SRVORYD QD PDALQDPD 2VQRYQLla SIRPWRIMDVBRUHPL
WHKQRORJLMPUNPHRQBWRHQXRUD QD PDALQDPD NODXG UDpXQDUVWYR YF
SRGDWDND VRIWYHULWEPUDBKS RUHSUYBQMH) SULPHU SULPHQH VRIWYHUI
SRVQEEKIN NRML VH NRULVWL ]D UH&DYDQMR G@AH QIMHDADL K38 UREQH PD
RSWLPL]DFLMX L VRIWYHUD ]D UDVSRUHYLYDQMH SRVORYD XWLFDiH QI
YUHPHQMEHWND SURL]YRGQMH 8 UDGXaMHKSRWHSUY.PEMHVHD VOLWDQLY B HS
SRPHURQMIK JUOD B6KLIWLQJ-%BoW WD HXHHNARD & N X US.VBWLLFO D QL M U DY MM D
SRpHWND (DUOLHVWS'XBIYIDOR SUYL SRVBERYNRWH IMMUGD YHGKW)&FPH. )LU
QDMNUdPIHH LYWUEHQMD 6KRUWH VAR 73 3R E P NG MODWHBHNXPORKEERI YUHP!

Ll YUADYDQMD L NDaQMHQMD RSHUDFLMD SURL]JYRGQMH 5H]XOWDWL SR
LIYUADYDQMD

.OMXpQH OHPULWPL U D \ChpRikbijd, Ydb Ghid),Q G Xijal WA /HN L Q

1.UvOD Dat je primer kojim se opisuje jednostavnost primene ovog
Poslednjih godina sa razvojem industrije 4.0 VRIWYHUD
V O Pt Htbizvodnih sistema je sve uéDa bi se 2.5$=92- ,1'8675,-(
skratilo vreme proizvodnje i smanijili troSkovi heophodno KraMHP -9 YHND QDVWDOD MH S

Je izvrsti -optimizaciju poslova koji se obavijaju na revolucua nazvanageneraci 10 koja se zasnivala na
masSinama. Poslednj|h par decenija razvijeni su algontml

yoysnsastyoaus NeuL ninover dESRSEI KA TR
XVOXAQLP VU WwithHsRteima nastaju problemi veka doIaZ| do masovne proizvodnje, pojave HOHNWU

NDR A&WR VX RGUHYVLYDQMH UDVSR |pr0| gﬁj@{}'%;t&ga%%phg ;[-:'Z%(Hfﬁ
SURL]JYRGD QD PD&LQDPD XWYUJ @eﬁu HEH K O R O

aktivnosti na projektu, raspored izvrSilaca u procesu 1960{|h godina nastaje tra industriska revolucija.
S U Xja DkQuga, ogranizovanje rasporeda transporta itd. ‘Poslednju_deceniju k& NWHUL&H UD]YRM LQW
Ovi problemi se svrstavaju u NBSke probleme

QHGHWHUPLQLVWLPNH X SROLQRPLj}%')6)’1&&1%4;| M&im&%m%ﬁ%ﬁmwmu
probleme) |[ERJ RJUDQLpHQMD X SRJOH
opreme na kojoj se obavlja proces proizvodnia A \

reSavanije ovih problema se koriste jednostavne heuristike %_@ '
WR QDMpH&aUH X YLGX SUDYLOD =

KHXULVWLNH NDR 4WR VX QSU PHW 1] — INDUSTRY 3.0 A

Automation,

U radu je prvo prikazan razvoj industrijske J computers and

Mass production, electronics

revolucije, od nastanka prve indujske revolucije, pa do e Senbyins

electrical energy

pHWYUWH 3RVHEDQ RVYUW MH GD)
UHYROXFLMH pHWYUWH JHQHUDFLN
inteligentni sistemi za upravljanje procesom proizvodnje.

U narednom poglavlju je dat opis algoritama koji se i
koriste u optimi]DFLML SURFHVDzwienagk U P o ;i To:ay
oshovna podela ovih algoritama na aproksimativhe metode
i optimizacione metode. Slika 1: Razvoj indusijske revolucije

8 pPHWYUWRP SRJODYOMX VX SULND]DQL QHNL RG QDMpH&auUH
NRULAUHQLK VRIWYHUD |]D UDVSRUHVLY®YHMMH DM MW LGHWROGGVD QHRSLYV
/(.,1 WMWHPD UDVSRUHYLYDQMD ND R WH g RQWYWRMARY QYRR ORBDMH QG X
NRML VH PRa4H NRULVWLWL NDNR X FH@&XN DMAL WUH MY dEM H WLIRDNARH D LhdPH Q W G
UDVSRUHYLYDQMH VOR&AHQLK SRVORMXZRARIULIMBER LRV WHPWRID QV IR

VULMV
HQL

.RQWDNW DGUHVDXDXWARWBWHKQLPNLK QDXND 6YHRCR.D 6WDIMWHN L F#IW Q7 N@IDINF U V
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,QGXVWULMVNL SURL]JYRGQL VLY
upravljanja procesom proizvodnje. Neke od ovih LIYRYyHiQdom koji se obavijguna RGUHYHQL P
VN U D iirein@na Hroizvodnje i donoenje pravih odluka poslednjih par decenija intenzivrrazvjaju i primerjuju
2. pametne masine,

VLVWHPD NODXG UDpXQDUVWYD PDALQ¥NRY, XpHIIMD =&B,-R#$35@& (6
1D RYDM QDPpLQ MH RPRIXiUHQ&#&aGRQRAHQMH SHEHMMBQLEKSL-$
[ ovni
v vih
X RGQRVX QD UDQLMH SURL]YRGQHt ELQSUHP
SULPHQMXMX UD]OLpLWH YUVWH
WHKQRORJLMD NRULVWH YHéWDbNXTE%]%i%%%%%%Uh Jj&) @H@ﬁé@%’b\&ml
.SUR.I.‘]YRGQLP VLVWHPLPD GD xpHp azv | siste Bs lﬁllﬁ"ntrj rya irg asSinskih
industrijske prakse [4].
; i . . Igoritmi U ' Ela ovih algoritama
u pro_lzvodn_l_m sistemima. .’.QWHOI.“]H.QWQ.L VL e%&%rbbi%gignﬁ %Qggﬂgll izacione metode (slika
u proizvodnji sanogu podeliti na nekoliko nivoa (slika 2) ) [7]
[5]: '
pametan nadzor
4. pametno upravljanje,

NRPXQLNDFLMRP L]PHYyX OMXGL PDA&LQ ng 9% Eeaij.
Welonll é
i ;

JLPHQW L i YU\ bphBdnaAAtti o ciju

optimizacija i donoSenje odluka na isv nivoima
Kod industriske revolucije 4.0 osnovni cilj je centara u kojima se izvode razne operacije, uticali su da se
1. pametno projektovanije,
5. SDPHWQR VdripeVSRUHYL

Slika : Pregled algoritama optimizacije koji se koriste u
SURFHVX UDVSRUHyLYDQMD SRV

BULPHQD RGUHYHQRJ DOJRULWPD ]

Slika 2: Prikaz sistema inteligentnagpravljanjau RG VORaHQRVWL SUREOHPD NRML VH
industriji 4.0 generacije [6,78@ VX SULPHQLOL UD]OLpLWH DOJRU

RLVWLUOLRORAHY¥LIRSWLYLFDO9BVBRYEBOHNVLO 9
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RSWLPDOQRJ UHAHQMD X SRJOHGX SGDQOQHDEWMB L RED VEKRRLEH VelEYKIHIEVKID L Q
poslova koji se izvode u proizvodnim sistemima. rasporeda radnih mesta u kojima se za jednu operaciju
SRVOD PR&H NRULWMWSEINA/L YLEH UD]OLD

4.62)VER,=$ 5$6325( ,951-( 326/29% /(.,1 VLVWHP VH VDVWMRAHEBRGC bk

prikaz podataka
4.1.0pis 1. Job Pool Window
2. Sequence Window
Poslednjin par decenija razvijen je veliki broj (fantt Chart (Schedule) Window
VRIW YkbjiU Be koriste u procesu planiranja i 4. *UDSKLFDO 8VHU ,QWHUIDFH

UDVSRUHYLYDQMD VORAHQLK SRVORY - 1SRANW Y hls X FiME ORPW QRM YHU.
prvenstveno imali edukativnu ulogu, dok su drugi maksimalno sa 50 poslova, 20 radnih stanica i 100 maSina.

NRPHUFLMDOQRJ NDUDNWHUD 1DM8\44V§@QD\FIJ+'VSQJ|}/FLN NI IR xM e ekig@eR vV W D
[9]: D JODYQRP PHQLMX VH PRaH SULVW
XSAP “File”, a potom na “Start over’ L. DNRQ WRJD NRULVC

% Oi DVSR Y LYDOMD unosi podatkgomaémamamperacuama koje se |z<yode na
XXAM"DO'T/‘?_T/%VHPSUBCéRUH?,LYDQMDma§|nama.FaJ| saunetP SRGDFLPD PRAH VH |
x2 57 (0 64alat za agilnu proizvodnju VDbXP(ab heneQL IDMO SRG QRYLP LP..H
podatle korisnik uos L]JERURP VD SDGDMXIiF

XAsprova, opcile Workspace. U dijaleoksu korisnik unosi
xPreactor, RVQRYQH LQIRUPDFLMH R GRVWXSQLF
XMS Project, SRVORYD NRMH WU HsE pojavipjg&sRedad G L W L
x/(.,1 . dijalogboks X NRML VH XQRVH GHWDOMQH
8 UDGX UHPR VH |[DGUAaDWL QD §tL\‘r||ic Dl XddétuphodiL Vosfd P Boslova, vrenI]_enima

UDVSRUHYLYDQMD MHU SRUHG NBREEWEAMBOQH YHUJLMH LPD

besplatnu verziju. 8 WU H U H&Y-bak4uM kvrisnik mora et

. podatke o gﬁﬁﬁama koje se izvode na masSinama
42./(.,1-VRIWYHU ]D UDVSRUHYLY D QMiditaR ?Id thini_rokova, datumiavrSetka

f(.,1 RIWHWHMRULVWL ]|D UDVSR M#MDFS?%*béﬁ%LQﬂES‘BpLWLK RSHUDFLM]I
X SURL]JYRGQLP L XVOXArqbito & VWHPLPD

razvien NDR VRIWYHU 1D GHPRQVW ULUD Qully MR U bN H Rl 1B LAHIMID SRVORY
DOJRULWDPD UDMBRUNRILYDOQMODHO / 3p@GHGRH VNXS SRVORYD REUDGL U
Xiuli Chao vodilisu SURMHNDW UD]YRMén RYRJ/ V. RIVMHWE NUOMAYDGD tH VH SUHPEC
2040g veka[9]. % HVSODWQD YHU]JLMD RY RadpdféitiVpokladiD kdkb B ReeH minimizica vreme
SURQDUL QP VDMWX [ zavrSetka operacija.oBtoje mnoga pravila za optimizaciju

/(.,1 sSRIWYHU PRAaH SRGU&DYD%@O@QWWDZW@QQHPR R Edd BiM QLW L
RNUXAaHQMD X NRMH VSDGDMX]J1 [9]:
1. 6LQJOH 0D FKL Q8 06 b ceskojinQ J 1. First come —First Serve (FCFS)
se dodeljuje grupa poslova na jednoj masitosbvi se Kod ovog pravia, pcsao koji stigne pryiprvo se
UDVIRUWDPNR GD VH PRéI—NreR&WLPLL]]\RLYQjN(lD 7R MH XMHGQR L QDM
izvrsenja SULGUADY D QMbceSW profdvarbjejer je IHU
2. 3DUDOOHO ODFKLQHYV jebpfdtesG XEpdnfd kup&i0 Blavni nedostatak ovog pravila jecktd L
kod kojeg je YHUL EURM PD&LQD UDV S RgEiliz¥skdjR oddSldhOd-DOF MXWX. WD ND&EQ
poslova (operacija)Nije bitno kojoj masini je dodelien y roku isporuke i ostali po@ RYL pHNDMX GX&H
koji posao, ali posao se nemoadH L]YRGLWL QD YLG&HgR& UMHBQN 3URFHVVLQJ 7LPH 63
masine istovremeno. Kod ovog pravila se prvizvrdavaju poslovi koji
JORZ 6KRS 6FKHGX®LQdces )6@WUDMX NUDUH 3UHGQRVW VH RJOHGIE
UDVSRUHYLYDQMH WD proj&dpeladds VDIQRY HWNB G/ YLK RSHUDFLMD NDR L
na Qnasina.0LQLPDOQL J]DVWRM L PLQL P Qidsidvel HiP sistdilN R&ddSfAci su u nedostatku

VX RJUDQLPpHQMD X QHSUHNLGQRP |WRRXPEPRVHVR Y2FHPRBXVERpHWND
pronalazi da proizvodni pogoni koriste FSS probleme. FSSpHNDM X G X&H QD izvrenje.

SUREOHP MH RS&WL REOLN MRE VKRS B#BtbRHROEDBHNVLELOQLK

SURL]YRGQLK VLVWHPD 2YGH VYDND PRAVOR NRQQ/IIPR.WQ}RJ\M/\EOLéL URN
obavljanja viSe operacija nekpgda. ako postoji vise poslova sastim rokom onda se prvo

4. )OHHOH )ORZ 6KRS 6FKHJ@XOLI,+z%ajupcisb6r6L NRML WUWkblikbXe Ndokpeidtitet
problem gde H PRJXUH GXSOLUDQMH P DRQigdpbliR pbsldvdghbridHseVpreostali poslovi i prvo
grupisane u radne stanice na kojima se proizvode istizyode prioritetnii.
tipovi proizvoda. 4. Critical Ratio (CR) Rule

5. -RE 6KRS 6FKH@kdsta@jd preblém Poslovi koji se mogu podeliti na vremenske
UDVSRUHYLYDQMD Q SURL]YRGD QDntErvdld adie@d s INieMié- BdPad¥. Y B Lse obavljaju
SURL]YRG LPD XQDSUHG ReBastfiti Q X SRXMHREM X/ D RIMMBPDQMLP URNRP GRV!
a sastoji se od niza operacija ha masSinama. 5SHGRVOHG SRVORYD ]DYLVL RG RGH!

obrade){Preostalo vreme obrade), gde se preostalo vreme

2SWLPL]DFLMD SUREOHPD UDVSRUHYLYDQMD SRVORYD X LQGXVWUL!
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obrade odnosi na redos|gubdeSavanje, pokretanje, vieme | X Qijl za merenje uspesnodii2]. Funkcije koje su
pHNDQMD L SUHPMHaAWDQMD L] MHGQRILPLD¥D@WHNR ISBRQWIUMDX X (G, UXMX VOHGHFH
,QIRUPDFLMH R VYDNRP SURL]YR GXV&bsh&D ] R (WeneNdbRadle poslednjeg

prozor -RE 3REBOLND slovi R se izvode na proizvoda)
masSinamaLPDMX VOHGHUH SDUDPHWUH Xx 7TKH PD[LPXP WD Go[L(Qdkiivalno
Rls 5HOH DV KM -@rénvw Kada operacija za izradu ]JDNDAQMHQMH RGQRVGtHRarnagyD]OLND
SURL]YRGD SRVWDMH UDVSRORALYD ]JDYUGHWND L RpHNLYDQRJ |JDYU&HW
Due 'XH GDWH vreme zavrSetka proizvoda. x 7TKH WRWDO QXPE %8 (Bkup@DoivdH MREV

Ukoliko se obrada proizvoda ne zavrSi do tog vremena, proizvoda koji kasne sa obradom)

dolazi GR NDaQMHQMD 2VQRYQL FLOM OV SURINY & 6idikbhe Mae zavrsetka
VPDQMHQMH ND&QMHQMD QD QDM P D QM X%pRaBelsiH $roRvb

Wght :HLJKIV- WHALQVNL NRHILFLMHQW ﬁ@WWB@/%@%Z@ﬂ]MH@h%M\kaénjenja
]QDPDMQRVW SURL]YRGD $NRalH SUR LhRGEHIRBRMRLML RQ

Vi
RYDM NRHILFLMHQW YHUL Sirradel WDNRYRBRMEMHANDAQ MBS RupkéL P H
WRJ SURL]JYRGD MHU LPD YHUL SULRU V\Z"U\}QiPH ]DYU&EHWND RQEA%lglGuﬂ VYLK SL
Prtm 3 URFHVVLE 3 vieime bbrade proizvoda WHALQVNRP IXQNFLMRP
k(;je ;edobija sabiranjem vremena obrade svih operacija x 7he total weighted tardinessé Z 7 (ukupno vreme
obrade. ~
Stat 6 W DMWphelstavlja status operacije u kom se N D%Qg\?,\?yPDIX%illJ:?ﬁgp VYLK SURL]
G H I L®@iprérno vreme operacije iBHOHAaDYD VH VO RWUB')
od A= .RULVQLN ]DGDMH &pXRIUIHPY MR eHILUBVSRUHYLYDQMH SRVORYD

operacije sa istim statusom imaju ista pripremna vremena. 3ULPH Q RP VRIWYHUD /( 1 ] D UDVSRU

Bgn—SHULRG SRbHWND REUDGH SUBb]Yl\)Rl‘GGDQRM PDﬁLQL SRWUHEQR M H XQ

End - period zvav_rée_tka oprade proizvoda. GDWXP SRpHMWheDagRMO@ue date)VHEL QV N L
T —ukupno kasnjenje proizvoda. NWRU _YUHPH REUDGH VWDWXV L V

g ID .
WT — ukupno kKaQMHQMH SURL]YRGDyeRBifaRddtt fo9d3 u gantogramu). Na slici 4 je dati
WHaLQVNLP NRHILFLMHQWRP rikaz unosa od?&a,m jednu operaciju

5R X \Wutanjg- WRJ SURL]YRGD NRMRP_YH Q SULPHU UDVSRUHYL

redosled operacija izrade na masinama. Da bi se proverignagini uneti su podaci za pet poslova koji se mogu obaviti
redosled izrade proizvoda na masinama, klikne se na + 4o masini i na slici 5 je prikazan raspored spislova

prozoru Job Pool. Odabran je algoritam izbora poslova VD NULWLpPQ

Add Jobs (Single-operation jobs) X vremenom zavrsetka
32§ LEKIN - flexible job-shop scheduling system
Wodspoce Fle_Schedule Zoom View Took Widow Hlp
Job ID |05 5|38 o/ 8/H |0 0lFEH 5 2
] Gantt Chart - Seqs (Shifting Bottleneck / sum(wT) =&
Comments | %@, Md E?‘Pm,ﬂfﬂ, F“E‘jJ‘ e Y arare

Release date |3 Processing Time |g
Due date |5 Status [A )
[ —

(- —|
Weight ] 12 I — )
I

RS
3|S|e|@8IR 20| | |||

Woht

i

14

olle||ol|o||o|l

IS

ok | Cancel | Hep | alsinig 810, u elal| [
[ [ChiforBotimed mmwT) | 1 4 42 4 105 ) 27 s

Slika 4: Dijalogprozor za dodavanje poslova ®
e e we
Nakon izbora RGJRYDUDMXULK SDUDP}] —
komande iz menljaSCheduleSUDYLOD UDVSRUIF"IH‘Y’”EFWU\(WHJ IN IV
mogu biti: Slika5: 3ULPHU UDVSRUHYLYDQMD SRVORY
X 637 ("' $7&BSSDUHQW 7DWIBLQHVYV &RVW
6HWXSV /37 /RQJHVW 3URFHVVeday od €PFHHGUIMIBOHP UDVSRUHYLY
jednostavna pravila UDVSRUHYLYDQMD UDVSRUHYLYDQMHP RSHUDFLMD QD PC
X 6KLIWLQJ %RWWOHQHFWXO R/&F@i&azagiHmwaplerk sa PVSRUHYLYDQMHP VHGDHF

i

0 ]

heuristike. stanica i pet operacijoje se izvode na maSinamida
X Algoritme koje je kreirao korisnik i koji su Slici 6 je prikazan Job Pool prozor za dati primer. Radne

X 5XpQL XQRV UHGRVOHGD SRVORYBLER @R WHPHPLWLK SUDYLOD UDVS
Da bi se na osnovu zadatih podatakasvaki posao i ©37 L KHX8Ph¥pWkazdr supodaci o rasporedu
maginu genesao gatogram koriste se kriterijumske ~OPeracija datihna slici 8 8 RYRP VOXpDMX PLQI

RLVWLUOLRORAHY¥LIRSWLYLFDO9BVBRYEBOHNVLO 9
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kasnjenjeposlova se dobija primenoheuristike 6 %.#Na 5. =%$./-8y8$.

slici 9 prikazana je Gant kartab% + VD UDVSRUquﬁ_PPHQD DOJRULWDPD UDVSRUHYL
LIYRYHQMD RSHUDFLMD QD PDALQDRA-,\wHpPLPD MH ]ODpPDMQD X RSWLPL]E

8 RYRP UDGX MH SULND]DQD SULPHQ
sistema koji se koristi za optimizaciju planiranja i
UDVSRUHYLYDQMD X SURL]JYRGQLP L
/(.,1 LPD QL] SUHGQRVWL

xjednostavnost upotrebe u obrazovanju, kao i u

SURFHVX LVWUDALYDQMD RSWLPL

XPRIJIXUQRVW NUHLUDQMD RSWLPL

masina,

xu radu se mogu koristtQRYH KHXULV.WLpNH

BULPHQRP SUDYLOD LUBHWMIRUWWILY
WHKQLNH SRPHUDQMD XVNLK JUOD
dobijeni su rezultati o vremenima kasnjenja na primeru
sedam radnih stanica i pet vrsta operacija koje se mogu
LIYRGLWL QD PDaALQDPD OR&H VH L] C
da je primena heuristpNH WHKQLNH HILNDVQL

Slka6: PUREOHP UDVSRUHYyLYDQMD S%@%@%&%ﬁﬁﬁ@%ﬁge\,gé)ggRSLEJ%yYLLYODDQE

Pool prozoru

=$+9%/1,&%

2YDM UDG MH SRGUAaDQ RGet¢WadueQH 0l
i tehnoloSkog razvojaRepublike Srbije kroz pjekte
Ve iy, za period 2012019.
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Optimization of the Job Shop Schedulind®’roblem in Industry 4.0

20JD 5LUDUMDQ 0L CBAHUD 0L O X QR YOLLID DRSS BIHWERKRBdKE LLii
HDFXRMWAHFKQLF D 6QAFLHEMLNG J X MBIy [BNbija)

Abstract: The Industi WUHQG KDV EURXJKW VLJQd pPOQIW FAAOUIL\Q R LSRIRW H
digitalization. In Irtelligent ODQXIDFWXULQJ 6\VWHPIVQFO6 DWHKHWHWRKH FRPSOH[LW\ F
PDFKKLQKH VFKHGXOLQJ DLPV WR FROOHFW GDWD WKUR X 3ich\WwsKiHclisdrs S R U
Rl PDFKXHQMNRUV FORXG FRPSXWLQJ DUWLILFLDO LQWHOOLJHQFHZHELJ G
SUHVHQW DQ H[VREXOHHRMRBE H@R S DAREKIG X W RQV RVGRYLMY i) HHBRQ) L Q HAH\W ILQJ DS U
PDQXIDFWXULQJ FRPSDQ\ :LWK XVLQJ RSWLPL]DWLRQ DOJRULWKPV DQG
SURGXFWLRQ FRVWY DQG PLQLPL]DWLRQ RI WHKHNVWRW S8@iREGHRRHLF B B SO MM
GLITHUHQFH EHWZHHQ WKH LPSOHPHQWDWLRQ RI 6KLIWLQJ %RWWOHQHF
'XH 'DWH ('* )LUVW &RPH )LUVW 6HUYHG )&)6 DQG 6KRUWHVW 3URFHV
the PDNH D®OBGOQWKH WRWDO ZHLJKWHG WDW KD YHW K H 768046+ UIRRAVMWXKDOWIWYLEB M B Wk

Keywords: Scheduling algorithm, Optimization, Job shop, Industry 4.0, Lekin

1. INTRODUCTION

DEV(/230(17 2) ,1'8675<
,Q UHFHQWWWHDWKH @HYHORSPHQW RI
WKH FRPSOH[LW\ RI SURGXFW E H LBWK FHQ

By, g WHPG W
r [vir] V I¥ \/
LEUIOVLEY 8 TUS L e e ‘Z??ki;fﬁgﬁ ek,
(L RQIP Qb bRty -

PDFKLQHY ,Q WKH ODVW FRXSO (13
LDGXVMAYROXWLRQ oLWK \

algoiWKPV KDYH EHHQ GHYHORSHG
A %%F%K@S@:%H%) CRQWER J
D OXWLR
UG{-HL%J H 'F'JK1DWR'D? HU

YDULRXV RSWLPL]DWLRQ SUREOHP
VIVWHPV ,Q WKHVH VDWANPV VSF

0 Q H WhigQAIWEZER U MAK HWAEBHS O R
V RQ WKH

GHWHUPLQLQJ WKH VFKMBEKOWIDIM
PDFKLQHV GHWHUPLQLQJ WKIHY RW\G]
SODQ VFKHGXOLQJ LQ WKH VHUYL
WUDQVSRUWDW L RWGF K H/GXGIGXI H \P D
DFWLYMWEHWVKHVH SUREOHPV DUH
KDUGG@HWWREOHPY EHFDXVH RI WKH
FDSDFLW\ RI WKH SHRISQOW BQGZMKHK HTKH. S
SURGXFWLRQ SURFHVV WDNHBMIODFH 6LPSOH KHXULVWLFV DUH
XVHG WR VROYH WKHVH SUREOHPVY PRVW RIWHQ LQ WKH IR
VFKHGXOLQJ UXOHV RU FRPSOH[ KHXULVWLFV VXFK DV DUWLILFLDO
LQWHOOLJHQFH PHWKRGYV

INtKIWHFWLRQSUISDEO W \R SWKHQ &HRH O
W Kdlustrialr HY ROXW LR Q \[LORORNJuBE X/ W U
3DUWLFXODU DWWHQWLRQ LV JLYHQ WR WKH FKDUDFWHULVWLFV RI WK
IRXUWRHUDWLRQ LQGXVWULDO UHYROXWLRQ ZKHUH PRGHUQ
LQWHOOLJHQW V\VWHPV IRU PDQDJLQJ WKH SURGXFWLRQ SURFHVV
DUH DSSOLHG

SeFWLRQ@HVFULEHV WKH DOJRULWMKKVUARKMHEHYHORSPHQW RI LQGXVYV
RSWLPL]LQJ WKH V FHHUGHXEDYIHF SSURAENY R Q
Rl WKHVH DOJRULWKPV LQWR DSSUR{bBDRHWRHWKRBGEYXHPREHG WKH O
RSWLPL]DWLRWQ SHUWRBBNG WKH IRXUWK LQGXVWULDOINUHYWKR XWL

6HFWLBQHVHQWY VRPH RI WKH7RRVMD IFR PIRRDXO\LY WR FUHDWH LQV
XVHG VFKHGXOIQ®GHWRDWA@EGBHGHVF U4 $REREOWRYHVRHFKQRORJIJLHY WKDW
/(.,1 VFKHGXOLQJ V\VWHWPP BWCRHWY B G DMVAV@W HPY FORXGDFRERXWQBODUOL
WKDW FDQ EH XVHG IRU HGXFDW bR HWoRE R EHBIKRQGHdBEOHY VPD
VFKHGXOLQJ FRPSOH[ MREV LQ SWRGHFWHBR EM\NWAHPYQLEOWLRQ EHW:?
H[DPSOH LV JLYHQ WR GHVFULEH WKHJDPRUHRHEHSOR\PHQW RI WKLV
VRIWZDUH
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IMS KOD QXPEHU RI DGYDQWDJHV RBYRBUOHBUQOAIHY/*25,7+06 )25
PDQXIDFW X ULTXKIBVAY WHHPOW RIVWWWHA B URH DUH 6&+('8/,1*
LPSPHOWHG WKDW DR)SSW PBPINNH GHFLVLRQ

\A V\(e,
OHYHOV RI PDQDJLQJ WKH SURGXFVI\_/b - %lé H S;T\H\&QW ! ng Q
WHFKQRORJLHY XVH DUWLILFLDO H HQW
PDQXIDFWXULQJ VI\VWHPV WR OHD ¢ o 9(36 L VW VW

SUD'FLV:/NLKFF\}VEI{RSHUGLVLI_I‘{S‘&;Z\(JLPDUH(BR([I; H V%DU\ WR RSWLPL]H WKH H[HFXWL
: Q é‘ I PDFKLQHY KLFK DOJRULWKI
SURGXFWLRQ WLPHULDKNG @RI L LPH: b

\ WLRQ GHSHQGVZKQFX GRRDIGU
PD QXD FVAXWHISN D Q FEOHD V Wntoldere@l .
OHYHOV [B@XUH EH DQDO\VHG FREBPWD VRISQ XIDFWXULQ.

VIVWHPV ZLWK D ODUJH QZRE N VURD \PDFE®
gggl‘)’vWGFf'S’FLéLQQHV ZKHUH YDULRXV RSHUDWLRQV DUH SHU
3 sPDUW PROLWRULO WKH VEFKHGXOLQJ DOJRULWKPV WR EH L
U PDUW PBGDIHPHOW LPSOHPHQWHG RYHU WKH ODVW IHZ
5.5PDUW Witk H 6 X FODVVLIRFDWKRQH DOJRULWKPV LV LQ
: PHWKRGYV DQG RSWLPLIBWLRQ PHWKRG \
7KH DSSOLFDWLRQ RI D SDUWLFXOI
SULPDULO\ RQ WKH FR P SOKH[EMNIR | W K H
VROYHG 7KH DX@KRIBORHG GLPNVUHQW
WR RSWERP{WLRQ LQ WHUPV RI SODQQI
MREV WKDW D PHD Q K LD RWRMGODQ

JLIXUH 7KH LQIUDVWUXFWXUH RI WKH LQGXVWU\ ,06

JLIXUBSWLPL]IDWLRQ DOJRULWKPV IR

RLVWLUOIRPORAHYLIRSWULYLFBO9BVBRYEBOHNVLIO 9
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4.REVIEW OF 6 &+ ('8/,1SOFTWARE 1. -RE 3RRO :LQGRZ
6HTXHQE &R L
41.'"HVFULSWLRQ 3. *DQWW &KDUW 6FKHGXOH :LQGR

4, *UDSKLFDO 8VHU ,QWHUIDFH
2YHU WKH SDVW IHZ GHFDGHV D 7kHU.JH vOXR E H Ur 0Rd PmD[Q P AfF50
VREWEBURGKBPWHMHQ GHYHORSHG WKBV¥E\LV XVHSUNY WIKWMLRQV D@®@ide PDI
SURFHVV RI SODQQLQJ DQG VFKHGXQHRQWILRBP IR H [ LipRAAWDNHER BRI DREAO \
WKHP ZHUH SULPDULO\ IRU HGXFDWLRHQQO, ISXVUSBXB VWRKLOHLRWKHYX FD
ZHUH FRPPHUFLDO VR{W ZHRIBHOEREMWMNE XULQJ D VFKHGXOLQJ VHVVLRQ FOLI

PRVW FRPPRQO® DSSOLHG > 36WDUW RKHHXVHU WKHQ ®IDRDXMKI@\H H
x6$3 data and job data 7KH ILOH a4 VGO W WBQ E
XBO VFKHGXOLQJ V\VWHP PRGLILHG DM\XBRGLYIHHG |a QH#HZXQGRH
x$0' VFKHGXOLQJ V\VWHP 1HZ GDWD VHW XWHL RFMOWFWGWHD
x257(067 $JLOH ODQXIDFWXULQJIJHEX MR QPHQOLDORIWER[ XVHU ZLOO
Xx$VSURYD LQIRUPDWLRQ DERXW DYDLODEOH ZR
x3UHDEWRU RI MREV WR EH VFKHGXOHG 7KHQ D
x06 3URMHEW DSSHDU DQG PXVW HQWHU GHWDLOH
x/(.,1 about availabD LWYQHXPEHU RI MREV VHW XS
'H ZLOO SUHVHQW WKH SUHVHQWD®RIKEH QY Ky W GUODRWE R{QWHU L

VFKHGXOLQJ VIVWHP VLQFH LW KD\F%UtIWIlﬁtP WRVLE VD(‘.ER(é’L\%/ WH

WKH FRPPHUFLDO YHUVLRQ GDWHV SURFHVVLQI WLPHY RI'WKH Y|

/(.,1 WWHP IRU VEKHGXOLQJ 43.JobVKREFKHGXOW®J HNLQ

7KH/ (.,1 VAVWHP LV XV HEHQ WKH W@"WW‘*M%’W@?“‘JHGLG
SURGXFWLRQ RU VHUYLFH LasaivwDdHURNERQISYRINLDUHE WKHQ DFFR
HGXFDWLRQDO WRRO IRU GHPROQVWUDWIR S WFEKT @%W@ﬁ?%@‘ﬁ’é@m
DSSOLFDWLRQV 3URIHVVRU OLFKDH® NEH YR YR UE W RVFKHGXC
are leading in G H Vrig Q\RKSL VatWRRIO H Q G 4  \Qiiginan RSW LP X P VHeUXHZH i L OdddispS O D L ¢
FHOQWKUGKH IUHH YHUVLRQ RI wkLVv VRAFHRIMKEHBH 1Rx0G
on Z H-ite [L0]. 1.) LUV W-=FirtIdrve Rule (FCFS) |

7KH(.,1 VIVWHP FDH) XKD@GPEHU RI‘LWK WKLV UXOH WKH MRE WKD

different VFKHGXOLQ HOPEK R@BIvegy)y  HIHFXWHG W LV DOVR WKH VLPSOHYV

1. 6LQJOH ODFKLQH 6FKHGXGE SURERY LQ WKH SURGXFWLRQ SURFHYV
R DVVLJQLQJjdbs WRDSVRIQJOH jord F K IFFY WAAHY 7KH WDUQ BLWXGYDWOXOH L
DUH DUUDQJHG VR WKDW RQH RU RIA VS%"UJT%BHQH%%\MK#MHVWHW ZKI

PD\ EH RSWLPL]HG LYHU\' DQG RWKHU MREV ZDLW OR(

2. 3DUDOOHO ODFKLQHW®&SKRABXOLQJ SHBUWHVW 3URFHVVLQJ 7LPH 63

ZKHUH PRUH WKDQ RQH PDFKLQH LV DVbW&DW&HVWQg%'ﬂJRM@\?\)’ d]\gJKDW W
WKH MREVQRW GRMMWHU ZKLFK PD'FLl%’LVgE B LRFREV /KH DGQDQWRHH
DVVLIQHG WR EXW LW FDQQRW EH BORBHWHRE NI Hk Ry Q\Fk%@&zR WL

PDFKLQKDIPM WKHH WKH DYHUDJH "QXPEHU RI V LC

3. JORZ 6KRS 6FKHBXOURBHY6e# zkHLKPCGYDQWDJIHV DUH WKH ODiseN RI L

\XN[BEHWITXHW@RHEMBRSHummmRQg{LPH RI SURFHVVLQJ DQG ORQJHU
QXPEHU RI PWEGLPBOLEBRZOWG PLJUAGEWLRQ

ZDLWLQJ WLPH DUH WKH FRQVWUDLQW V¥ 'e%%‘ﬁd%‘ﬁg
SURFHVVHV 3URGXFWLRQ IDFLOLWLHV7[§}JHM|B| 1Y
XVLQJ IORZ VKRS VFKHGXOLQJ sUREZWHE §XWrk
SUREOHP IRU IORZ VKRS LV D JH Lb&l(tg‘ﬁ/ Y&y
SUREOHP IRU MRE VKRS VFKHGXOLGP¥H MREE N Kp

VIVWHPV +HUH HDFK PDFKLQH KDVEWMNMW DELRH W W] S R
PRUH WKDQ RQH RSHUDWLRQ IRU D sDUWIYSXWHIPRpPPWLR &5 SXOH

4. )OH[OH )ORZ 6KRS 6FKHGxoLQy JIBH VITEW FDQ EH GLYLGHG LQW

SURO FZK HUW SR \G/XLEQIHF DWKRHR QK& H FHVVLQJ WLPH JLUVW WKH |

WKH PDFKLQRXSBIGHE RWNRY W B URIOWRR G SURFHVVLQJ W.LPKHDMWRE SHRKRG?
SURGAPWDPH W\SHV DUH SURFHVVHBHNSHQGV RQ W (Dre Date])) BWERQYKQS 6KI

5. -RE 6KRS 6FKHGX®LOQJ SUREO%BHRIZKHUH WKH UHPDLQLQJ SURFHYV

VFKHGXOLQJ Q SURGXFWV RQ P P E;?*%‘H\Nv%%wﬁgkw BEWLQJ ZDLWLC
Q H
B SHNCBEN b s B0 R

SURGXFW KDV D SUHGHWHUPLQHG
FRQVLVWLQOJ FSIHD YWURBYV RDRWKH PDFK%&

JOH[LEOH -RE 6KRS BRRMGHORDIE HWEROGRZ W IXHEBV SHUIRUPHG RQ
MRE VKRS VFKHGXOLQJ LQ ZKLFK FR#%YH*'\W%@'%Z#?SA m%fk@\/q‘ﬁ':ﬁlv
WR/HD PH\SH FDQIEH RQMGMRE RSHUDWLES 5*\'NOLHR VEIE?%RPHHV-DYDLOZDKEHOQHWKI-
7KH /(.1 VFKHGXOBQBMW\KDW&%I;SIA&{/D Q

) OXRXV JORZ RI

BW\ KRYq R MQRVE
h% SBUH PRUH
L

%\A%‘L:@W%v DUH IL
I#WXUELGEE)LQLQJ

2SWLPL]DWLRQ RI WKH -RE 6KRS 6FKHGXOLQJ 3UREOHP LQ ,QGXVWU\
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Due 'XH G-DIWHSUHWWHLWR [0QLVKWKH x ODNHWSSORD(WKH SURFHVVLQJ WLPH
SURFHVVLjQu LRI QRW FRPSOHWHG E\ WKjohy WLPH WKHUH
ZLO Qardiitéss 7KH PDLQ REMHKWMGKOLQJ XL VKMRPD[LPXP W DTUGUWOKHYNGWH Q F H
PL QL Radikess. EHWZHHQ WKH DFWXDO FRPSOHWLIH
Wght :HLJKMW ZHLIJKW FRHIILFLHQW W K DRV IBHNHBB)PR- @ HRY
WKH VLIJQLILFDQIFWIKRH WRH MRPRUH ¥YLIRYIWFRDRMNO QXP-BWW RI ODWH MREV
WKHQ WKLV FRHIILFLHQW L¥rditessk HU \WKKY WR&¥0LRaRY KL p H

LQ WKH SURGXFWLRQ EHFDXVH LW KDY B ki §KiW pe U o Hv v
Prim. 3URFHVVEGW WHPH SURFHVVLQJ WL P

WKH MREV REWDLQHG E\ VXPPLQJ WKHM%@%&%@W%%L%Z%Bg@ng?éHW

SURFHVVLQJ RSHUDWLRQV : .
Stat 6 WDWSXWHVHQWY WKH VWKWKK Fi‘l“ﬁ%@%%% ZHLs‘]gﬁkﬂfaE“ﬁa'ﬂ“f%SVvv&c
GHILQHV WKMWEBRFHVWEKEIRSHUDWLRQ DO R

ZLWK O HWIKHUXVS$IU DVVLIQV WR WA 7R R MPRN VRRS VFKHGXOLQJ
LQWR DFFRXQW WKDWH REHPUDWWRYXVZEPKEW WwKkH /(.,1 VRIWZDUH IRU VFK

VLPLODU SWRFHW¥VLQJ singe PDFKLQH LW LV QHFHVVDU\ WR HQW
Bgn— WKH S HW K&@niRy of )bSURFHVVLQdpwH RI VWDUW RI WKH MRE GXH GDW|
End— WISHUBRRGRE ILQLVKLQJ. WLPH VWDWXARORBOWAWRLHRIG SUHVHQW
T- WRWD Ota8Ilnéss X F W JLYHQ MRE LQ WKE@& WXHVM IKKBIUWLV SU
wT = WRWD O tBdihBGRXWWL S @ ZHMEIJEW5 9 H[DPSOH RI VLQJOH PDFKERH VFKHC

FRHIILFLHQW GLIIHUHQW ROSIHU BWURRUPHG RQ RQH PL

SRXWHW-K H S VW ISURBXIFV; JMKEHYK RMHUDWLRQ ZHUH HQWHUHG D

GHWHUPLQHV WKH RAEXIHO GRIQW K5 HEBBEXODWLRQ RI ERWWOHQHFNV Z

7R FKHFN WKH RUGHU LQ ZKLFK SHR® KR WOmhdd WK H Bkes vRimal

PDFKLQHV FOLBRRQEZMIGRARE RSHUDWLRQV.ZHUH REWDLQHG

JLIXUHDORJ ERJatiting MREV

$IWHU VHOHFWLQJ WKH DSSURSULDWHJ HD® B PRIMLHU D HWPKDH KIVRIR VFKH G
VHOHFWV FRPPDQGV IURP WKH 6FKHGXOH PH®URREOMKH
VFKHGXOLQJ UXOHV ZKLFK FDQ EH
X 637EDD,ATCS $SSDUHQW 7DUGUEHVPRURNVWRPSOH[ VFKHGXOLQJ SUREC(
ZLWK 6HWBXARQIHVW 3URPHVWFRKHBXOHL QJ SUREOHP :H KDYH SUHVE
—~HDV\ UXOHV RI VFKHGXOLQJSUREOHP ZLW K N &tHyeZdR4) NQ ILIXUH
X B6KLIWLQJ %RWWOHQHMFRPIRHIY SHIBDYERRKRWHGGRE BRROLYW®RKtg[DPSOH

KHX BNV WL FHQWUH IRU JLYHQ H[DPSOH DQG 6%+ KI
x Algorit KRV ZK IZiKwer FUHDWHG D QG figivey 55556031 J GLITHUHQW VFKHGXOLQJ |
in H[Hskm U 637 [>8H:f job tardiness data KDYH SidEDgHQWHG

X 8VHU PDQOX®OREW@RWBHU E\ pDHoRK(tgwe8) ,Q WKLV FDVH WKH PLQLPXP V
7KHUEWHULD IXQFWLRQV DUWKH X§BF& KWK XP WP QYR Z LAKKH 6B QWW &KDU
SHIRUPRQAHRE VKRS VFKHDQOGLRUHESWREOHPHVHQW LQ ILIXUH
*antt FKDEEMWHG RQ WKH JLYHQ GDWD IRU HDFK MRE DQG
PDFKBQHO7KH IXQFWLRQV GHILQHG LQ /(.,1 DUH DV
IROORZV

RLVWLUOIRPORAHYLIRSWULYLFBO9BVBRYEBOHNVLIO 9
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WKH /(.,1 VRIWZDUH V\VWHFDQ@WLRKR R
DQG XVHV WR RSWLPL]JH SODQQLQJ
SURGXFWLRQ DQG /NHUYLFW M\QWHPNU
DGYDQWDJHV

XxHDVH Rl XVH LQ HGXFDWLRQ DV

RI H[SORULQJ RSWLPL]DWLRQ SU

XWKH DELOLW\ WR FUHDWH DQ |

PDFKLQH RSHUDWLRQ

XXVHV QHZ KHXULVWLF WHFKQLTX}

$SSO\LQJ VFKHGXOSEHIWUHFEIQV TX®
ZH REWDLQH@rdinésSWXIORWHW RIRU H[DP SO
ZRUNVWDWLRQV DQG ILYH W\SHV RI
SHUIRUPHG RQ)UPROF KLRIEHW H[FDPG GBHH L
FRQFOXGHG WKDW WKH DSSOLFDWLRGC
PRUH HIILFLHQW LQ VROYLQJ WKH
VFKHGXOLQJ RSHUDWLRQV RQ PDFKLQG

JLIXUBUREOHP -RE 3RRO ZLQGRZ IRU MRE¥KRS/ (s (176

scheduling
7KH ZRUN SUHVHQWHG LQ WKLV SDS

DQG ,,, IRU WKH SHWU MWRG
OLQLVWU\ RI (GXFDWLRQ 6FLHQFH
'"HYHORSPHQW RI WKH 5HSXEOLF RI 6H

REFERENCES

[1] KWWS ZZZ LVLWDQ -ERE XOWUIN FK QR
UHDG\ KWPO

> @ 1LFRODRURGL.Si®5:$Q 2YHUYLHZ RI
,QGXVWU\ 'HYHORSPHQW 'LUHFWLR(
,QWHUQHW RI 7KLQJV &RQWH[W  5RPD
,QIRUPDWLRQ 6FLHQFH $QG 78BBKQROF
183—

[% KDQJ * 'LQJ <DHORX- 6)X413GHYLH

JLIXUH 6RE VRRR3 VFKHGXOLQJ LNRFE@HRRS VFKHGXOLQJ UHVHDUFK
XQGHU ,QGX\MRXWQDO RI ,QWHOQLJHQW
VRO LVVXH 1R830,(SS

[4]D.Li, A. Fast% HUJOXQG ' 3DXOLQ 32&XlI
IXWXUH ,QGEBWIUOLWLAY IRU LQIRUPD
NQRZOHGJH VKDULQJ" ,QWHU®DWLRQ]
ODQXIDFWXULQVJU PREKQRORS

[5] SOH[DQGUH 'ROJXL 'PLWU\ ,YDQRY
YLIX8JHDWD DQDO\VLV LQ /RJ %R Q" 0‘7@%‘/’36F%§'§XOLQJ LQ SURGXFWLR(
VFKHEXOLOJ SUREOHP N Rk \WWHPV E\ RSWLPDO FR
IXQGDPHQ VWDWAHWWDQG®E DSSOLFDWLROC
 OQWHUQDWLRQDO -RXUQDWIL.BI(3URG XF

ss -

> @OLRGUDJIJRAYXODSRYDQR&LU O
%RANRYLU 37KH 8VHLRN SLRIOR BLAFITRAQ
IRU WKH 2SWLPL]DWLRQ RI ODEBKLQLQJ
5HVHDUFK '"HYHORSPHQWVRIQ +HDY\ O
(3)1$ I}

[710 $ &&XK]JiYH]etal\EWLG OLFUR *HQHW
Multi-3RSXODWLRQ $OJRULWKP :LWK &R

JLIXWHDQWW &KDUW RI MRE VKRS G“REHFEROEDWERRHEBHPVKH -RE 6KRS 61
IEEE AccessV RO SS - )

5. CONCLUSION [8]+ &KDQJ < &KHQ 7 /ILX DQG - &KF

7KH DSSOLFDWLRQ RI VFKHG %Eb RF%VVGLIQ@H%%VSQ_DG@L;EE

SURGXFWMRHPVV LV VLIQLILEQ@QDWNV i}é/
SURGXFWLR/KXXISWURBIBWVY SUHVHQWV K])H éﬁ?ﬁllg(? R S 8754,

2SWLPL]DWLRQ RI WKH -RE 6KRS 6FKHGXOLQJ 3UREOHP LQ ,QGXVWU\


http://www.isitan.com/en/technology-industry-40-ready.html
http://www.isitan.com/en/technology-industry-40-ready.html

IMK-14 — Research & Development in Heavy Machinery

> / 3LQCHEBRHGXBH®RY\ $OJRWLWKPV DQ
6\WWHP&SULQJHU S

[10) KWWSVWBWLF VWHUQ Q\X HGX RP VRIWZDUH OHNLQ
/IDVW WLPH DFFHVYV

[111 0 'DYH DQG . &KRXGKDU\ J-RE VKRS VFKHGXOLQ
DJRUEWKFKLIW IURP WUDGLWERQDO WHFKQLTXHV WR QRQ
WUDGLWLRQDOGVHFMBUDDOWMMLRQDO &RQIHUHQFH RQ
&RPSXWLQJ IRU 6XVWDLQDWOH *OREDO 'HYHORSPHQ
,1,$&RP1HZ 'HOKL -19%(

> @ S5DNLUHYLU DQRBIWZIRMLAE/HNLQ ™ IRU

VROYLQJ VFKHGXOLQJ SUREOHPV LQ SODQQLQJ Rl SURGXFWLRQ DQG
VHUY LINEQN! Vol. Ss -

RLVWLUOIRPORAHYLIRSWULYLFBO9BVBRYEBOHNVLIO 9


http://web-static.stern.nyu.edu/om/software/lekin/

	IMK 14-No.26-1-SR.pdf
	IMK 14-No.26-1-4-SR
	Optimizacija problema raspoređivanja poslova u Industriji 4.0


	IMK 14-No.26-1-EN.pdf
	IMK 14-No.26-1-4-EN
	Optimization of the Job Shop Scheduling Problem in Industry 4.0



