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1. Uvod

5D]YRM 9/6, WHKQRORJLMH SUDüHQ MH VWDOQLP UDVWRP ]DKWHYD ]D YHüRP SURFHVQRP VQDJRP L

EUåRP REUDGRP� 3RYHüDQMH SURFHVQH VQDJH� EU]LQH þLSD� VPDQMHQMH SRWURãQMH L GLPHQ]LMD VX

glavni izazovi koji stoje pred VLSI tehnologijom. Koncept trodimenzionalne (3D) integracije
MH SUHGORåHQ VD FLOMHP GD VH SUHYD]LÿX RJUDQLþHQMD SRVWRMHüH GYRGLPHQ]LRQDOQH ��'� 9/6,

WHKQRORJLMH X SRJOHGX JXVWLQH SDNRYDQMD L SHUIRUPDQVH �EU]LQH�� 7DNRÿH� QRYL NRQFHSW MH

RWYRULR PRJXüQRVW IRUPLUDQMD QRYLK YLãHIXQNFLRQDOQLK XUHÿDMD VD SDUDOHOQLP SURFHVLUDQMHP�

-HGQD YUVWD YLVRNR SDUDOHOQLK VWUXNWXUD VX VLVWROLþND SROMD� 1DSUHGDN �' 9/6, WHKQRORJLMH

L]UDåHQ� SUH VYHJD� SRYHüDYDQMHP UDVSRORåLYH SRYUãLQH QD þLSX� RPRJXüLR MH 9/6,

LPSOHPHQWDFLMX VLVWROLþNLK SROMD�

U prvom delu poglavlja date su osnove koncepta 3D integracije sa osvrtom na prednosti
NRMH GRQRVL WDM NRQFHSW� 8 GUXJRP GHOX GDW MH RSLV NRQFHSWD VLVWROLþNLK SROMD VD RVYUWRP QD

oblasti primene.

1.1. O tehnologiji

Razvoj VLSI tehnologije ogleda se, pre svega, u stalnom smanjivanju dimenzija tranzistora,
VD MHGQH VWUDQH� L X SRYHüDYDQMX SRYUãLQH þLSD� VD GUXJH VWUDQH; WDNDY WUHQG RPRJXüLR MH

SRYHüDQMH JXVWLQH SDNRYDQMD� WDNR GD VX GDQDV UDVSRORåLYL SURFHVRUVNL þLSRYL VD �� PLOLRQD

WUDQ]LVWRUD� 0HÿXWLP� IXQGDPHQWDOQL IDNWRU VNDOLUDQMD ]D 026 WHKQRORJLMX RG ���µP QDPHüH

SRWUHEX GD VH WUDåH DOWHUQDWLYQL SXWHYL NRML üH RPRJXüLWL GDOML UDVW JXVWLQH SDNRYDQMD

NRPSRQHQWL L SRYHüDYDQMH SHUIRUPDQVH� -HGDQ RG PRJXüLK EXGXüLK SUDYDFD GDOMHJ UD]YRMD

VLSI tehnologije je i koncept trodimenzionalne integracije (3D VLSI) i koncept 3D pakovanja
dvodimenzionalnih VLSI komponenti.

�' 9/6, þLS VH VDVWRML RG YLãH DNWLYQLK QLYRD NRML VX SRVWDYOMHQL MHGDQ L]QDG GUXJRJ�

6WUXNWXUD MHGQRJ �' 9/6, þLSD NDR L NUDWDN RSLV QDþLQD IDEULNRYDQMD WDNYRJ þLSD GDWL VX QD

slici 1.
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/D\HU �

/D\HU �

/D\HU 1

Slika 1.6WUXNWXUD �' 9/6, þLSD�

Opis: �' 9/6, þLS VH VDVWRML RG YLãH DNWLYQLK QLYRD NRML VX SRVWDYOMHQL MHGDQ L]QDG GUXJRJ� 8

IDEULNDFLML DNWLYQLK QLYRD PRåH VH NRULVWLWL 62, �Silicon on Insulator) tehnologija. U ovoj tehnologiji
SUYR VH YUãL IDEULNDFLMD HOHPHQDWD X MHGQRP DNWLYQRP QLYRX NRULãüHQMHP �' SURFHVD� =DWLP VH QDQRVL

neaktivni sloj - izolator (silicon dioxide) koji se planarizuje “ecovanjem” SUH QHJR ãWR VH QDQHVH VOHGHüL

polisilicijumski sloj. Novi sloj silicijuma koji je rekristalizovan laserskim snopom koristi se za
IDEULNRYDQMH DNWLYQLK HOHPHQDWD NRULãüHQMHP �' SURFHVD� 3RQDYOMDQMHP QDYHGHQH SURFHGXUH PRåH VH

GRELWL þLS VD YLãH DNWLYQLK QLYRD�

7HKQRORJLMD IDEULNRYDQMD þLSRYD X WUL GLPHQ]LMH L SDNRYDQMD �' þLSRYD X WUL GLPHQ]LMH LPD

EURMQH SUHGQRVWL X RGQRVX QD NODVLþQX WHKQRORJLMX IDEULNRYDQMD þLSRYD X GYH GLPHQ]LMH� 1D

slici 2 SULND]DQD MH GXåLQD YH]D X �' L �' VWUXNWXUDPD >.RNX��@� 8 �' VWUXNWXUL NRPSRQHQWH

PRJX ELWL EOLåH MHGQD GUXJRM� ãWR UH]XOWXMH NUDüLP YH]DPD L]PHÿX NRPSRQHQWL� 6NUDüLYDQMHP

GXåLQD YH]D VNUDüXMH VH NDãQMHQMH QD YH]L� VNUDüLYDQMHP NDãQMHQMD QD YH]DPD NRMH SULSDGDMX

NULWLþQRM VWD]L ]D SRGDWNH SRYHüDYD VH EU]LQD WDNWD� SD SUHPD WRPH L SHUIRUPDQVD� 1D VOLFL 3
LOXVWURYDQ MH RGQRV JXVWLQD SDNRYDQMD �' L �' VWUXNWXUD� 3RYHüDYDQMHP JXVWLQH SDNRYDQMD

YLãH NRPSRQHQWL VH PRåH VPHVWLWL QD LVWL þLS� þLPH VH VPDQMXMH off-chip komunikacija.
Smanjenje off-chip NRPXQLNDFLMH GLUHNWQR XWLþH QD SRYHüDQMH SURSXVQH PRüL� 8 �'

VWUXNWXUDPD PRJX VH NRULVWLWL YHUWLNDOQH YH]H ]D SRYH]LYDQMH YHüHJ EURMD NRPSRQHQWL� ãWR MH

ilustrovano na slici 4.

�� PP

� �P

�' VWUXFWXUH �' VWUXFWXUH

Slika 2. PoreÿHQMH GXåLQD YH]D X �' L �' VWUXNWXUL�

Opis: 8 �' VWUXNWXUL PHÿXVREQR SRYH]DQH NRPSRQHQWH PRJX ELWL EOLåH MHGQD GUXJRM� SD VX WLPH L

GXåLQH YH]D NUDüH� 1D VOLFL MH SRND]DQ SULPHU SRYH]LYDQMD GYD 1, NROD X �' L �' VWUXNWXUL� UHGRP�

5D]PHãWDQMHP NRPSRQHQWL NRMH VH SRYH]XMX X UD]OLþLWH DNWLYQH UDYQL WDNR GD EXGX MHGQD LVSRG GUXJH

SRVWLåH VH YUOR ]QDþDMQR VNUDüLYDQMH YH]D�
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�' VWUXFWXUH �' VWUXFWXUH

1
�

6
�

1
�

6
�

1XPEHU RI

HOHPHQWV  1
�

$UHD  6
�

6
�

1
�

1
�

1
�

,QWHU�FKLS :LULQJ DUHD  α6
�

1XPEHU RI SODQHV  1

Slika 3.3RUHÿHQMH JXVWLQD SDNRYDQMD �' L �' VWUXNWXUH�

Opis: Posmatra se 3D struktura sa N ravni. Broj komponenti razmeštenih u jednoj aktivnoj ravni je N0,
a površina svake od ravni je S0. Na osnovu slike, gustina pakovanja u 3D strukturi je NN0/S0. Gustina
pakovanja u 2D strukturi je N0/αS0, pri þHPX α predstavlja odnos ukupne potrebne površine za
povezivanje L]PHÿX UD]OLþLWLK NRPSRQHQWL L SRYUãLQH 60. Prema tome, odnos gustina pakovanja 3D i 2D
struktura je αN. Parametar α ima vrednost, tipiþQR� L]PHÿX � L �� QD RVQRYX WRJD� JXVWLQD SDNRYDQMD

NRG �' VWUXNWXUD MH RG �� GR �� SXWD YHüD RG JXVWLQH SDNRYDQMD NRG �' VWUXNWXUD�

�' VWUXFWXUH �' VWUXFWXUH

9LD KROH :LULQJ

1XPEHU RI LQWHUFRQQHFWLRQV

 ��
�
«��

�

1XPEHU RI LQWHUFRQQHFWLRQV

 ��
�
«��

�

Slika 4.3RUHÿHQMH EURMD YH]D X �' L �' VWUXNWXUL�

Opis: �' VWUXNWXUD GR]YROMDYD SRYH]LYDQMH YHüHJ EURMD NRPSRQHQWL NRMH VH PRJX UD]PHVWLWL X UD]OLþLWH

UDYQL L SRYH]DWL YHUWLNDOQLP YH]DPD� 7LSLþDQ EURM YHUWLNDOQLK YH]D X �' VWUXNWXUL MH L]PHÿX ��
4 i 106,

GRN MH WLSLþDQ EURM YH]D X VOXþDMX SRYH]LYDQMD �' VWUXNWXUD L]PHÿX ��
2 i 103.
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���� 2 VLVWROLþNLP SROMLPD

3RMDYD VLVWROLþNLK SROMD ELOD MH UH]XOWDW QDSUHWND X 9/6, WHKQRORJLML L SRMDYH DSOLNDFLMD NRMH

VX ]DKWHYDOH YHOLNX SURFHVQX VQDJX� 3RMDP VLVWROLþND SROMD SUYL SXW MH XYHGHQ X UDGX +� 7�

.XQJD L &� (� /HLVHUVRQD ����� JRGLQH L RG WDGD MH YHOLNL EURM LVWUDåLYDQMD SRVYHüHQ DUKLWHNWXUL

L 9/6, LPSOHPHQWDFLML VLVWROLþNLK SROMD�

SistoliþND SROMD VH VDVWRMH RG LGHQWLþQLK� PHÿXVREQR SRYH]DQLK SURFHVQLK HOHPHQDWD �üHOLMD�

NRML PRJX GD L]YUãDYDMX MHGQRVWDYQH DULWPHWLþNH RSHUDFLMH� 3RGDFL X VLVWROLþNRP SROMX VH

SUHQRVH L]PHÿX üHOLMD X GXKX SURWRþQH REUDGH� D NRPXQLNDFLMD VD VSROMQLP VYHWRP VH RGYLMD

SUHNR LYLþQLK üHOLMD �boundary cells), koje imaju funkciju ulazno/izlaznih portova za ceo
VLVWHP� 2VQRYQL SULQFLS IXQNFLRQLVDQMD VLVWROLþNLK SROMD LOXVWURYDQ MH QD VOLFL 5. Funkcija
memorije je analogna funkciji srca; memorija “pumpa” podatke kroz niz procesnih elemenata.
-HGQRP GRKYDüHQL SRGDWDN L] PHPRULMH HIHNWLYQR VH NRULVWL X VYDNRP RG SURFHVQLK HOHPHQDWD�

3RUHG WRJD� RYDNDY SULVWXS RGOLNXMH VH� �D� PRJXüQRãüX SURãLULYDQMD� �E� MHGQRVWDYQLP WRNRP

SRGDWDND L NRQWUROQLK VLJQDOD L �F� NRULãüHQMHP SURVWLK L XQLIRUPQLK üHOLMD� 8 ]DYLVQRVWL RG

YUVWH SUREOHPD UD]YLMHQH VX EURMQH NRQILJXUDFLMH VLVWROLþNLK SROMD NRMH VX SRND]DQH QD VOLFL 6.

3(

0HPRU\

3(

0HPRU\

3( 3( 3(3(

D� 7KH FRQYHQWLRQDO SURFHVVRU E� $ V\VWROLF SURFHVVRU DUUD\

Slika 5. .RQFHSW VLVWROLþNLK SROMD�

Opis: =DPHQRP MHGQRJ SURFHVQRJ HOHPHQWD �3(� VD QL]RP SURFHVQLK HOHPHQDWD SRVWLåH VH YHüD

SURFHVQD VQDJD EH] SRYHüDYDQMD EURMD SULVWXSD PHPRULML� 6XãWLQD RYDNYRJ SULVWXSD MH GD MHGQRP

GRKYDüHQL SRGDWDN L] PHPRULMH EXGH HIHNWLYQR NRULãüHQ X VYLP SURFHVQLP HOHPHQWLPD NUR] NRMH SUROD]L�

Ovakav pristup je primenljiv kod široke klase problema koji su poznati kao compute-bound problemi,
NRG NRMLK VH QDG MHGQLP SRGDWNRP YUãL YLãH L]UDþXQDYDQMD� RGQRVQR JGH MH EURM L]UDþXQDYDQMD YHüL RG

broja ulazno/izlaznih operacija� 3ULPHU DOJRULWPD L] RYH NODVH SUREOHPD MH PQRåHQMH PDWULFD� EURM

L]UDþXQDYDQMD WLSD c + a*b je O(n3), dok je broj ulazno/izlaznih operacija O(n2�� SUL þHPX MH n broj
vrsta, odnosno kolona matrice.  Sa druge strane su I/O bound problemi kod kojih je broj
ulazno/i]OD]QLK RSHUDFLMD YHüL RG EURMD L]UDþXQDYDQMD� 3ULPHU DOJRULWPD L] RYH NODVH SUREOHPD MH

VDELUDQMH PDWULFD� EURM L]UDþXQDYDQMD MH Q2, a broj ulazno/izlaznih operacija je 3n2.
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D� 2QH�GLPHQVLRQDO OLQHDU DUUD\

E� 7ZR�GLPHQVLRQDO VTXDUH DUUD\

F� 7ZR�GLPHQVLRQDO KH[DJRQDO DUUD\

G� %LQDU\ WUHH

H� 7ULDQJXODU DUUD\

Slika 6.7LSLþQH NRQILJXUDFLMH VLVWROLþNLK SROMD�

Opis: 8 ]DYLVQRVWL RG DSOLNDFLMD NRULVWH VH UD]OLþLWH VWUXNWXUH VLVWROLþNLK SROMD� 7DNR VH� QD SULPHU�

MHGQRGLPHQ]LRQDOQL QL] NRULVWL ]D L]UDþXQDYDQMH NRQYROXFLMH L GLVNUHWQH )XULMHRYH WUDQVIRUPDFLMH�

GYRGLPHQ]LRQDOQL NYDGUDWQL QL] VH NRULVWL X REODVWL GLQDPLþNRJ SURJUDPLUDQMD� UHãDYDQMD SUREOHPD L]

WHRULMH JUDIRYD� LWG� GYRGLPHQ]LRQDOQL KHNVDJRQDOQL QL] VH NRULVWL X PDWULþQLP DOJRULWPLPD� ]D

L]UDþXQDYDQMH WUDQ]LWLYQRJ ]DWYDUDQMD� X SUREOHPLPD SUHSR]QDYDQMD REOLND� VLVWROLþND SROMD X REOLNX

VWDEOD VH NRULVWH� SUH VYHJD� X SUREOHPLPD SUHWUDåLYDQMD�

$OJRULWPL NRML VX SRGHVQL ]D LPSOHPHQWDFLMX SRPRüX VLVWROLþNLK SROMD PRJX VH QDüL X

brojnim aplikacijama iz oblasti digitalne obrada signala, slike i prepoznavanja oblika kao što su
jednodimenzionalna konvolucija, dvodimenzionalana konvolucija i korelacija, diskretna
Furijeova transformacija, interpolacija, uparivanje oblika, procesiranje radarskih signala, itd;
WDNRÿH� VLVWROLþND SROMD VH NRULVWH X EURMQLP PDWULþQLP L QHQXPHULþNLP DOJRULWPLPD NRML

XNOMXþXMX OLQHDUQR L GLQDPLþNR SURJUDPLUDQMH� DOJRULWPH ]D UDG VD JUDIRYLPD� LWG� =DSUDYR�

YHüLQD DOJRULWDPD L] JRUH SRPHQXWLK DSOLNDFLMD VSDGD X JUXSX compute-bound algoritama i
]DKWHYD LPSOHPHQWDFLMX SRPRüX VLVWROLþNLK SROMD NDGD VH NRULVWH ]D UDG X UHDOQRP YUHPHQX�

7LSLþQD VWUXNWXUD VLVWHPD VD VLVWROLþNLP SROMHP SULND]DQD MH QD VOLFL 7. =QDþDM VLVWROLþNLK
SROMD X REODVWL SURFHVLUDQMD GLJLWDOQLK VLJQDOD X UHDOQRP YUHPHQX SRWYUÿHQ MH L þLQMHQLFRP GD

PQRJL SURL]YRÿDþL LPDMX SURL]YRGH ED]LUDQH QD VLVWROLþNLP SROMLPD �(6/�75:� +XJKHV�

NCR, GE, Motorola).
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6\VWROLF DUUD\

&RQWUROOHU

+RVW

,QSXW GDWD 2XWSXW GDWD

Slika 7.7LSLþQD VWUXNWXUD VLVWHPD VD VLVWROLþNLP SROMHP�

Opis: 6LVWROLþND SROMD VH XJODYQRP NRULVWH NDR DNFHOHUDWRUL ]D XEU]DYDQMH L]YUãDYDQMD NULWLþQLK

RSHUDFLMD NRMH ]DKWHYDMX YHOLNX SURFHVQX VQDJX� 6LVWROLþNR SROMH MH SRYH]DQR SUHNR NRQWUROHUD VD host
UDþXQDURP� .RQWUROHU VLVWROLþNRJ SROMD REDYOMD VOHGHüH IXQNFLMH� �D� SULKYDWD XOD]QH SRGDWDNH VD

PDJLVWUDOH� �E� JHQHULãH XSUDYOMDþNH VLJQDOH NRMLPD VH NRQWUROLãH UDG VLVWROLþNRJ SROMD QD RVQRYX

programa koji je pripremljen na host UDþXQDUX� �F� SURVOHÿXMH XOD]QH SRGDWNH VLVWROLþNRP SROMX� �G�

SULNXSOMD GRELMHQH UH]XOWDWH L �H� SURVOHÿXMH GRELMHQH SRGDWNH hostUDþXQDUX�
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2. Definicija problema

Osnovni problem koji se ra]PDWUD X RYRM WH]L MH NYDQWLWDWLYQD DQDOL]D GXåLQD YH]D QD þLSX L

HYDOXDFLMD VNUDüLYDQMD GXåLQD YH]D SULOLNRP SUHODVND VD �' QD �' 9/6, WHKQRORJLMX� 8 SUYRP

GHOX RYRJ SRJODYOMD GDWD MH IRUPDOQD GHILQLFLMD SUREOHPD� X GUXJRP GHOX LVWDNQXW MH ]QDþDM

problema koji se razmatra.

2.1. Problem i njegova suština

8 SUHWKRGQRP SRJODYOMX UD]PDWUDQD VX SREROMãDQMD NRMD VH RþHNXMX XVOHG SUHODVND VD �' QD

3D VLSI tehnologiju. Jedan od osnovnih razloga za prelazak sa 2D na 3D VLSI je poboljšanje
SHUIRUPDQVH� 3REROMãDQMH SHUIRUPDQVH VH SRVWLåH NUR] �D� VNUDüLYDQMH YH]D QD þLSX L �E�

SRYHüDYDQMH JXVWLQH SDNRYDQMD�

6NUDüLYDQMHP GXåLQD YH]D QD þLSX VPDQMXMH VH NDãQMHQMH QD YH]DPD� SD SUHPD WRPH L

XNXSQR NDãQMHQMH QD NULWLþQRM VWD]L ]D SRGDWNH� 7DNRÿH� VNUDüLYDQMHP GXåLQD YH]D QD þLSX

VPDQMXMH VH SRWUHEQD SRYUãLQD QD þLSX� ãWR RSHW RPRJXüDYD SRYHüDYDQMH EU]LQH WDNWD�

3RYHüDYDQMHP JXVWLQH SDNRYDQMD RPRJXüDYD VH VPHãWDQMH YLãH NRPSRQHQWL QD MHGDQ þLS� þLPH

VH SRWHQFLMDOQR HOLPLQLãH SRWUHED ]D NRPXQLNDFLMRP VD XUHÿDMLPD QD GUXJRP þLSX �off-chip
komunikacija). Eliminisanje ili smanjivanje off-chip NRPXQLNDFLMH GRSULQRVL SRYHüDQMX

SURSXVQH PRüL�

, SRUHG þLQMHQLFH GD VH SRVOHGQMLK JRGLQD SRMDYLR YHOLNL EURM UDGRYD NRML VH EDYL SUREOHPLPD

�' LQWHJUDFLMH� MRã QLMH GDW RGJRYRU QD SLWDQMH X NROLNRM PHUL �' SULVWXS PRåH GD SREROMãD

SHUIRUPDQVX� 'R VDGD VX �' þLSRYL XJODYQRP UD]YLMDQL X LVWUDåLYDþNLP ODERUDWRULMDPD L QH

postoji CAD (Computer Aided Design) alat koji bi olakšao komplikovan dizajnerski posao i
RPRJXüLR DQDOL]X L SRUHÿHQMH UD]OLþLWLK SULVWXSD� 2VQRYQL FLOM RYRJ LVWUDåLYDQMD MH DQDOL]D

GXåLQD YH]D QD �' L �' þLSRYLPD L QMLKRYR SRUHÿHQMH� 8 WRP FLOMX UD]YLMHQR MH RNUXåHQMH NRMH

NRULVWL SRVWRMHüH &$' DODWH ]D �' 9/6, L RULJLQDOQR UD]YLMHQ SURJUDPVNL SDNHW ]D DQDOL]X

GXåLQD YH]D QD þLSX�

���� 3UREOHP L QMHJRY ]QDþDM

(NVSRQHQFLMDOQL UDVW NRPSOHNVQRVWL LQWHJULVDQLK NROD X NODVLþQRP �' SULVWXSX RPRJXüHQ MH

NRPELQDFLMRP� �D� VPDQMLYDQMD GLPHQ]LMD WUDQ]LVWRUD L YH]D L �E� SRYHüDYDQMD PDNVLPDODQH

SRYUãLQH þLSD� (IHNWL VPDQMLYDQMD GLPHQ]LMD �VNDOLUDQMD� WUDQ]LVWRUD L YH]D SULND]DQL VX QD

slikama 8 i 9, redom.
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Slika 8. Skaliranje dimenzija i napona tranzistora.

Opis: Skaliranje dimenzija tranzistora podrazumeva da se sve linearne dimenzije W, L i D dele sa
konstantnim parametrom α NRML SUHGVWDYOMD IDNWRU VNDOLUDQMD� 7DNRÿH� QDSRQ 9 VH GHOL VD LVWLP

faktorom α� 1D RVQRYX WRJD� QDNRQ VNDOLUDQMD GLPHQ]LMH WUDQ]LVWRUD GHILQLVDQH VX VOHGHüLP IRUPXODPD�

L’ = L/ α, W’ = W/α, D’ = D/α; napon V’ iznosi V’ = V/α. Osnovni parametri tranzistora (kašnjenje,
NDSDFLWLYQRVW L MDþLQD VWUXMH� L YH]D L]PHÿX SDUDPHWDUD SROD]QRJ L VNDOLUDQRJ WUDQ]LVWRUD dati su
VOHGHüLP MHGQDþLQDPD�

Kašnjenje kroz gejt (gate delay): τ ∼ L2/V ⇒ τ’ = τ/α,
Kapacitivnost gejta (gate capacitance): C ∼ LW/D ⇒ C’ = C/α,
-DþLQD VWUXMH �drain-to-source current): I ∼ WV2/LD ⇒ I’ = I/α.
1D RVQRYX MHGQDþLQD ]DNOMXþXMH VH GD VH VNDOLUDQMHP GLPHQ]LMD L QDSRQD WUDQ]LVWRUD VPDQMXMH NDãQMHMH�

kapacitivnost i struja kroz gejt, proporcionalno faktoru skaliranja α.

+

/

:

�0HWDO�

/,1(

�2[LG�

' +


/


:


�0HWDO�

/,1(

�2[LG�

'


Slika 9. Skaliranje dimenzija veza.

Opis: SliþQR NDR NRG VNDOLUDQMD WUDQ]LVWRUD� VNDOLUDQMHP YH]D VYH OLQHDUQH GLPHQ]LMH /� : L ' GHOLPR VD

faktorom skaliranja α. Kašnjenje na vezi je obrnuto proporcionalno proi]YRGX SRGXåQH NDSDFLWLYQRVWL L

LQGXNWLYQRVWL� 2GQRV L]PHÿX NDãQMHQMD SROD]QH L VNDOLUDQH YH]H GDW MH VOHGHüRP MHGDQDþLQRP�

Kašnjenje ne vezi (interconnection delay): τi = 1/RC ∼ DH/L2 ⇒ τ’ i = τi.
1D RVQRYX MHGQDþLQH VOHGL GD VNDOLUDQMHP GLPHQ]LMD YH]D NDãQMHQMH QD YH]DPD RVWDMH QHSURPHQMHQR�
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1D RVQRYX MHGQDþLQD NRMH RSLVXMX SDUDPHWUH VNDOLUDQRJ WUDQ]LVWRUD VOHGL GD VH VNDOLUDQMHP

VPDQMXMH NDãQMHQMH� NDSDFLWLYQRVW L VWUXMD� 0HÿXWLP� VNDOLUDQMHP GLPHQ]LMD YH]D NDãQMHQMH NUR]

YH]H RVWDMH QHSURPHQMHQR MHU VH VNDOLUDQMHP VPDQMXMH SRGXåQD NDSDFLWLYQRVW� DOL VH SRYHüDYD

SRGXåQD RWSRUQRVW� 1D RVQRYX WRJD VOHGL GD üH VPDQMLYDQMHP GLPHQ]LMD WUDQ]LVWRUD EU]LQD

WDNWD� D WLPH L SHUIRUPDQVD LQWHJULVDQLK NROD� ELWL GRPLQDQWQR RGUHÿHQH NDãQMHQMHP QD YH]DPD�

=DSUDYR� ]QDþDM NDãQMHQMD QD YH]DPD MH MRã L YHüL QHJR ãWR VH GD ]DNOMXþLWL L] WHRULMH VNDOLUDQMD�

1DLPH� NRPSOHNVQRVW þLSRYD VWDOQR UDVWH� WM� UDVWH SRYUãLQD þLSD� SD MH þHVWR QHRSUDYGDQR

WYUGLWL GD VNDOLUDQMHP GROD]L GR VNUDüLYDQMD GXåLQD YH]D� 1D WDM QDþLQ NDãQMHQMH QD YH]DPD

postaje još dominantnije [Kung88]� ,PDMXüL VYH JRUH QDYHGHQR X YLGX MDVQR MH RG NROLNRJ MH

]QDþDMD RSWLPL]RYDWL YH]H� RGQRVQR XþLQLWL LK ãWR MH PRJXüH NUDüLP�
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���3RVWRMHüD�UHãHQMD

Koliko je autoru poznato, u otvorenoj literaturi nema radova koji se odnose na
NYDQWLWDWLYQX DQDOL]X VNUDüHQMD GXåLQD YH]D SUL SUHODVNX VD �' QD �' 9/6,� 'R VDGD VX UDÿHQH

samo grube procene na bazi laboratorijskih prototipskih implementacija [Grin84], [Malh87],
[Akas88] koje uka]XMX QD þLQMHQLFX GD XãWHGD VLJXUQR SRVWRML L GD MH UHODWLYQR YHOLND� DOL VH QLMH
ulazilo u to koliko je velika.

1DMEOLåH ãWR MH GR VDGD UDÿHQR MH NYDOLWDWLYQD DQDOL]D [Tong95] NRMD SRVWDYOMD RGUHÿHQX

osnovu za dalju nadgradnju u pravcu kvantitativne analize, jer definiše metodologiju za 3D
SRYH]LYDQMH� 8 GDOMHP WHNVWX ELüH UHþL SUYR R GRVDGDãQMLP LPSOHPHQWDFLMDPD� D ]DWLP L R

SUHGORåHQRM PHWRGRORJLML �' UXWLUDQMD�

3.1. 3D realizacije

Poslednjih godina pojavile su se brojne 3D strukture poznate pod imenima 3D chips
[Rebe95], 3D Computers [Grin84], Orthogonal Chip Mount [Malh87]. U ovom poglavlju dat
MH SULND] QHNROLNR QDMYDåQLMLK SURMHNDWD L] REODVWL �' LQWHJUDFLMH�

3.1.1. Hughes 3D Computer

3D procesor razvijen u Hughes Research LabaratoryELR MH SUYL VLVWHP NRML MH L]JUDÿHQ

WURGLPHQ]LRQDOQRP LQWHJUDFLMRP SROXSURYRGQLþNLK NRODþD �wafer-scale integration) [Grin84].
Procesor je deo sistema koji je poznat kao 3D Computer. Ceo sistem je razvijen sa ciljem da se
NRULVWL ]D DQDOL]X VOLNH L SURFHVLUDQMH VLJQDOD� 3RSUHþQL SUHVHN �' SURFHVRUD VD REMDãQMHQMLPD

dat je na slici 10� �' SURFHVRU VDGUåL YLãH SROXSURYRGQLþNLK NRODþD ��� X WHNXüRM UHDOL]DFLML�

SRYH]DQLK PHÿXVREQR SUHNR YHUWLNDOQLK YH]D� 6YDNL NRODþ VDGUåL 1[1 �1 ���� LGHQWLþQLK

SURFHVQLK HOHPHQDWD� .UR] SROXSURYRGQLþNL NRODþ YHUWLNDOQR SUROD]L 1[1 OLQLMD NRMH SRYH]XMX

SURFHVQH HOHPHQWH UD]PHãWHQH X UD]OLþLWLP SROXSURYRGQLþNLP NRODþLPD� 6YL SURFHVQL HOHPHQWL

obavljaju bit-serijske operacije i rade istovremeno. Jednostavnost procesnih elemenata
RPRJXüDYD PDVRYQL SDUDOHOL]DP NRMLP VH QDGRNQDÿXMH JXELWDN X EU]LQL XVOHG ELW�VHULMVNH

DULWPHWLNH� 3RVWRML SHW UD]OLþLWLK WLSRYD SROXSURYRGQLþNLK NRODþD �SURFHVQLK HOHPHQDWD��

• 0HPRULMD� 2YDM WLS SROXSURYRGQLþNRJ NRODþD VDGUåL SURFHVQH HOHPHQWH NRML PRJX GD SDPWH

���ELWQL SRGDWDN� GD UD]PHQMXMX VDGUåDM VD þHWLUL VXVHGQD HOHPHQWD L GD L]YUãDYDMX SURVWH

ORJLþNH RSHUDFLMH QDG SRGDFLPD� 7DNRÿH� RYDM WLS NRODþD RPRJuüXMH ,/O komunikaciju
L]PHÿX �' SURFHVRUD L NRQWUROHUD�

• $NXPXODWRU� 2YDM WLS SROXSURYRGQLþNRJ NRODþD L]YUãDYD DULWPHWLþNH L ORJLþNH RSHUDFLMH

L]PHÿX SRGDWND NRML MH VPHãWHQ X DNXPXODWRUX L SRGDWND NRML SULVWLåH ELW�VHULMVNL SUHNR

vertikalnih linija. Operacije se izvršavaju bit-serijski.

• %URMDþ� 2YDM WLS NRODþD VH NRULVWL ]D EURMDQMH GRJDÿDMD� ]D SDPüHQMH VH NRULVWL ��ELWQL

SRPHUDþNL UHJLVWDU�
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• 5HSOLNDWRU� 2YDM WLS NRODþD NRULVWL VH NDR VSUHåQD PUHåD X VLVWHPX�

• .RPSDUDWRU� 2YDM WLS NRODþD VDGUåL SURFHVQH HOHPHQWH NRML PRJX GD SRUHGH ORNDOQL SRGDWDN

VD SRGDWNRP NRML SULVWLåH ELW�VHULMVNL SR YHUWLNDOQLP OLQLMDPD�

6WRUHG 3URJUDP

&RQWURO 8QLW

6HULDO

$QDORJ

,QSXW

$�'

&RQYHUWHU

$GGUHVV

%XV /LQHV

&RQWURO

%XV /LQHV

'DWD %XV

/LQHV

6HULDO

'LJLWDO

,�2
/RJLF DQG 0HPRU\ :DIHUV

Slika 10.3RSUHþQL SUHVHN �' SURFHVRUD�

Opis: 3D procesor sadråL YLãH SROXSURYRGQLþNLK NRODþD NRML VX QD VOLFL SUHGVWDYOMHQL YHUWLNDOQLP

pravougaonicima. Horizontalne linije predstavljaju linije za podatke i kontrolne linije. Linije za podatke
SRYH]XMX SURFHVQH HOHPHQWH NRML VX VPHãWHQL X UD]OLþLWLP UDYQLPD MHGDQ LVSRG GUXJRJ� 3URFHVQL HOHPHQWL

REDYOMDMX RSHUDFLMH ELW�VHULMVNL� GRN VYL SURFHVQL HOHPHQWL UDGH LVWRYUHPHQR� SDUDOHOQR QD QLYRX UHþL� 1D

WDM QDþLQ PRJXüH MH SRVWLüL PDVLYQL SDUDOHOL]DP �VD PDWULFRP RG ����[���� SURFHVQLK HOHPHQDWD X

MHGQRP SROXSURYRGQLþNRP NRODþX�� MHU VX SURFHVQL HOHPHQWL UHODWLYQR MHGQRVWDYQL�

3.1.2. Mitsubishi test procesor

U laboratorijama japanske firme Mitsubishi razvijen je test procesor za obradu slike sa
visoko paralelnom arhitekturom [Akas88]� 8UHÿDM VDGUåL PDWULFX RG �[� IRWRVHQ]RUD X SUYRM

DNWLYQRM UDYQL� ��ELWQH $' NRQYHUWRUH X GUXJRM DNWLYQRM UDYQL L �� DULWPHWLþNR�ORJLþNLK

MHGLQLFD VD SULGUXåHQLP SRPHUDþNLP UHJLVWULPD NRML VX UD]PHãWHQL X WUHüRM DNWLYQRM UDYQL�

Osnovna struktura i arhitektura procesora prikazana je na slici 11.
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Slika 11. Osnovna struktura 3D test procesora za obradu slike firme Mitsubishi.

Opis� 1D VOLFL MH SULND]DQD VWUXNWXUD SR QLYRLPD SURFHVRUD ]D REUDGX VOLNH� 3UYL QLYR VDGUåL PDWULFX

�[� IRWRGLRGD� GUXJL QLYR VDGUåL ��ELWQH $/D konvertore, dok se u poslednjem nivou nalazi 40 ALU
MHGLQLFD L SRPHUDþNLK UHJLVWDUD� 6YDNL VLJQDO �SLNVHO� VH SUHQRVL YHUWLNDOQR X GUXJL QLYR JGH VH YUãL

GLJLWDOL]DFLMD� 'LJLWDOL]RYDQL VLJQDOL VYDND GYD VXVHGQD SLNVHOD SURFHVLUDMX VH X ]DMHGQLþNRM $/8

jedinici koja je smeštena u poslednjem nivou.

3.1.3. OCM pristup

U radu [Malh87] predloåHQR MH MHGQR UHãHQMH ]D KLEULGQX LQWHJUDFLMX SROXSURYRGQLþNLK

NRODþD �Hibrid Wafer Scale Integration) koje je poznato pod imenom OCM (Orthogonal Chip
Mount). Primer koji ilustruje OCM koncept prikazan je na slici 12.
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Slika 12. OCM koncept.

Opis� 0HKDQLþNL GUåDþ �Base Module� SRVHGXMH YLãH VORWRYD X ]DYLVQRVWL RG EURMD þLSRYD �System
Chip� NRML VH YHUWLNDOQR VPHãWDMX X VORWRYH� 1D YUKX ED]QRJ PRGXOD QDOD]L VH þLS �Interconnect Chip)
NRML VDGUåL YH]H L]PHÿX VLVWHPVNLK þLSRYD� SHGRYH SUHPD VLVWHPVNLP þLSRYLPD L SHGRYH SUHPD

spoljašnjem svetu (Outer Pads).

���� 0RQROLWLþND �' LQWHJUDFLMD L UXWLUDQMH X �' þLSX

2G VYLK WHKQLND �' LQWHJUDFLMH QDMYLãH VH RþHNXMH RG PRQROLWLþNH LQWHJUDFLMH X �' þLSX�

0HÿXWLP� MRã QLVX UDVSRORåLYL &$' DODWL ]D DXWRPDWVNR UD]PHãWDQMH L UXWLUDQMH X �' þLSX�

2VQRYQL HOHPHQWL PHWRGRORJLMH �' UXWLUDQMD SUH]HQWRYDQL VX X UDGX þLML VX DXWRUL &KDR &KL

Tong i Chuan-lin Wu [Tong95]. PredloåHQD �' PHWRGRORJLMD UXWLUDQMD ED]LUD VH QD standard
cell i gate array VLSI metodologijama projektovanja.

.DNR VH SUHGORåHQD PHWRGRORJLMD �' UXWLUDQMD ED]LUD QD SRVWRMHüLP �' PHWRGRORJLMDPD

UXWLUDQMD� X GDOMHP WHNVWX GDW MH NUDWDN SUHJOHG SRVWRMHüLK PHWRGRORJLMD �' UXWLUDQMD� 3RVWRMH

dve osnovne metodologije 2D rutiranja: globalno rutiranje (global routing) i rutiranje po
kanalima (channel routing). Globalno rutiranje bazirano je na Lee algoritmu i radi nad celom
SRYUãLQRP ]D UXWLUDQMH WUDåHüL QDMNUDüL PRJXüL SXW ]D VYDNX YH]X� , SRUHG PRGLILNDFLMD

RYDNYLK DOJRULWDPD NRML SRYHüDYDMX YHURYDWQRüX XVSHãQRJ ]DYUãHWND UXWLUDQMD� RYDNYR

rutiranje je jako sporo i ne garantuje uspešan završetak. Sa druge strane, rutiranje po kanalima
primenjuje strategiju “divide and conquer” deleüL REODVW ]D UXWLUDQMH QD PDOH NDQDOH� 'HWDOMQR

UXWLUDQMH VH GDOMH YUãL XQXWDU NDQDOD� 3UREOHP UXWLUDQMD SR NDQDOLPD SRGHOMHQ MH X þHWLUL ID]H�

global routing, channel definition, channel ordering i detailed routing; svaka od navedenih
faza se razmatra posebno zbog velike kompleksnosti. Prednost rutiranja po kanalima je pre
VYHJD X HILNDVQRVWL L NYDOLWHWX� WDNRÿH� UD]YLMHQL DOJRULWPL ]D UXWLUDQMH SR NDQDOLPD JDUDQWXMX

uspešan završetak rutiranja.

������ �' UDVSRUHÿLYDQMH

7RQJ VH X VYRP LVWUDåLYDQMX QLMH SRVHEQR EDYLR SUREOHPRP �' UDVSRUHÿLYDQMD� 8 VYRP

UDGX NUHQXR MH RG SUHWSRVWDYNH GD MH ID]D UDVSRUHÿLYDQMD YHü XUDÿHQD L GDOMH MH UD]PDWUDQ

VDPR SUREOHP �' UXWLUDQMD� 0HÿXWLP� SUREOHP UDVSRUHÿLYDQMD X �' þLSX MH SRVHEQR YDåDQ MHU

ID]D UDVSRUHÿLYDQMD PRåH ]QDþDMQR XWLFDWL QD SHUIRUPDQVX IDEULNRYDQRJ þLSD�
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U ovom istraåLYDQMX SUREOHP UDVSRUHÿLYDQMD X �' þLSX VH QH UD]PDWUD SRVHEQR�

5DVSRUHÿLYDQMH NRPSRQHQWL SR UD]OLþLWLP DNWLYQLP UDYQLPD ED]LUD VH QD MHGQRVWDYQLP

KHXULVWLNDPD NRMH VX GHR SUHGORåHQLK UHãHQMD� 5DVSRUHÿLYDQMH NRPSRQHQWL X RNYLUX SRMHGLQLK

UDYQL UDGL VH DXWRPDWVNL L ED]LUD VH QD DOJRULWPLPD NRML VX LPSOHPHQWLUDQL X NRULãüHQLP DODWLPD

]D SURMHNWRYDQMH �' 9/6, þLSRYD�

3.2.2. 3D rutiranje

Dve osnovne metodologije rutiranja za 2D VLSI mogu se primeniti i na 3D VLSI. Na
SULPHU� PRåH VH NRULVWLWL �' JOREDOQL UXWHU NRML MH ED]LUDQ QD WUDåHQMX PLQLPDOQRJ UD]DSLQMXüHJ

VWDEOD X �' SURVWRUX� 0HÿXWLP� YHURYDWQRüD GD UXWLUDQMH EXGH XVSHãQR ]DYUãHQR VDGD SRVWDMH

RG MRã YHüHJ ]QDþDMD� LPDMXüL X YLGX YHOLþLQX L NRPSOHNVQRVW SUREOHPD UXWLUDQMD X �' SURVWRUX�

D SRVHEQR NRPSOHNVQRVW HYHQWXDOQRJ UXþQRJ UXWLUDQMD X �' SURVWRUX X VOXþDMX QHXVSHãQRJ

]DYUãHWND DXWRPDWVNRJ UXWLUDQMD� 2SUHGHOMXMXüL VH ]D HILNDVQH L SRX]GDQH DOJRULWPH SUHGORåHQD

MH �' PHWRGRORJLMD UXWLUDQMD SR NDQDOLPD� ED]LUDQD QD SRVWRMHüRM �' PHWRGRORJLML�

3UHWSRVWDYOMHQR MH GD VH REODVW ]D UXWLUDQMH PRåH SRGHOLWL QD �' NDQDOH X RNYLUX VYDNRJ

DNWLYQRJ QLYRD �' VWUXNWXUH L QD �' NDQDOH L]PHÿX UD]OLþLWLK DNWLYQLK QLYRD L GD VH GHWDOMQR

rutiranje vrši u ovim kanalima.

3UHGORåHQD PHWRGRORJLMD �' UXWLUDQMD SR NDQDOLPD ED]LUD VH QD GHNRPSR]LFLML SUREOHPD

rutiranja na dva potproblema: (a) rutiranje unutar jednog aktivnog nivoa (intra-layer routing) i
�E� UXWLUDQMH L]PHÿX UD]OLþLWLK DNWLYQLK QLYRD �inter-layer routing). Rutiranje u okviru jednog
aktivnog nivoa podrazumeva povezivanje terminala u svakom aktivnom nivou i svodi se na
SUREOHP �' UXWLUDQMD� GRN GUXJL SRWSUREOHP SRGUD]XPHYD SRYH]LYDQMH WHUPLQDOD L] UD]OLþLWLK

DNWLYQLK QLYRD� 8 SUHGORåHQRM PHWRGRORJLML �' UXWLUDQMD SR NDQDOLPD SUREOHP SRYH]LYDQMD

WHUPLQDOD L] UD]OLþLWLK DNWLYQLK QLYRD VYRGL VH QD SUREOHP �' UXWLUDQMD� 'HILQLFLMH RVQRYQLK

pojmova 3D rutiranja po kanalima prikazane su na slici 13.
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Slika 13.3UHGORJ PHWRGRORJLMH UXWLUDQMD NRG �' þLSRYD.

Opis: 1D VOLFL MH SULND]DQ QDþLQ SRYH]LYDQMD WHUPLQDOD NRML SULSDGDMX UD]OLþLWLP DNWLYQLP QLYRLPD�

Terminali sa oznakama N1-T1, N1-T2 i N1-T3 formiraju vezu N1, a terminali N2-T1, N2-T2 i N2-T3
formiraju vezu N2. Definicije: 8 WHNVWX NRML VOHGL GDWH VX GHILQLFLMH QDMYDåQLMLK SRMPRYD YH]DQLK ]D �'

metodologiju rutiranja.
• �' PUHåD� �' PUHåD MH VNXS SRYH]DQLK WHUPLQDOD �SRUWRYD VWDQGDUGQLK üHOLMD� NRML VX UDVSRUHÿHQL X

YLãH DNWLYQLK QLYRD� 1D VOLFL VX SULND]DQH GYH �' PUHåH VD R]QDNDPD 1� L 1��

• �' UXWLUDQMH� SRYH]LYDQMH WHUPLQDOD NRML SULSDGDMX LVWRM �' PUHåL X] SRãWRYDQMH SUDYLOD SRYH]LYDQMD

(Layout Rules).
• Rutiranje unutar nivoa (Intra-Layer Routing): povezivanje terminala koji se nalaze u istom

aktivnom nivou; ovaj problem se svodi na tradicionalno 2D rutiranje.
• 3RYH]LYDQMH L]PHÿX UD]OLþLWLK DNWLYQLK QLYRD �Inter-Layer Routing): povezivanje terminala koji

SULSDGDMX UD]OLþLWLP DNWLYQLP QLYRLPD�

• �' NDQDO� �' NDQDO XNOMXþXMH SUHNORSOMHQL GHR GYD �' NDQDOD L] GYD VXVHGQD DNWLYQD QLYRD VD

SULSDGDMXüLP WHUPLQDOLPD� 7DNRÿH� X �' NDQDO MH XNOMXþHQ L �' NDQDO L] REODVWL ]D SRYH]LYDQMH

susednih aktivnih nivoa (Inter-layer Routing Layer). Terminali iz susednih aktivnih nivoa koji
treba da budu povezani (u datom primeru N1-T2 i N1-T3) mapiraju se na granice 2D kanala u
oblast za povezivanje susednih aktivnih nivoa. Nakon mapiranja problem se svodi na povezivanje
terminala (u posmatranom primeru N1-T2’ i N1-T3’) u 2D kanalu. Na ovaj naþLQ� �' UXWLUDQMH X

kanalu svodi se na problem 2D rutiranja unutar jednog nivoa i na transformisanje problema
UXWLUDQMD L]PHÿX UD]OLþLWLK QLYRD QD �' UXWLUDQMH�
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Metodologija 3D rutiranja po kanalima definiše se kao metodologija koja: (a) koristi 2D
rutiranje za povezivanje terminala u okviru jednog aktivnog nivoa i (b) transformiše problem
UXWLUDQMD WHUPLQDOD L] UD]OLþLWLK QLYRD X SUREOHP �' UXWLUDQMD� 3UHGORåHQR �' UXWLUDQMH SR

NDQDOLPD VDVWRML VH RG VOHGHüLK NRUDND�

1. 2D rutiranje po kanalima u svakom aktivnom nivou sa ciljem da se proceni širina 2D
kanala za povezivanje;

2. GHILQLVDQMH �' NDQDOD ]D VYDNX RG �' PUHåD�

3. dodavanje pseudo terminala, ako je potrebno;

4. 2D rutiranje u kanalu u svakom aktivnom nivou sa ciljem da se odredi širina 2D kanala;

5. poravnavanje 2D kanala, ako je potrebno;

6. WUDQVIRUPDFLMD L] �' X �' NRMD XNOMXþXMH VHOHNFLMX WHUPLQDOD� PDSLUDQMH L UD]UHãDYDQMH

konflikata;

7. RGUHÿLYDQMH UHGRVOHGD SR NRMHP üH NDQDOL ELWL UXWLUDQL�

8. detaljno 2D rutiranje u intra- i inter-routing layer nivoima;

9. poravnavanje 3D kanala ako je potrebno,

10. optimizacija.

6YDNL RG QDYHGHQLK NRUDND X SUHGORåHQRP DOJRULWPX �' UXWLUDQMD SR NDQDOLPD UHDOL]XMH VH

QH]DYLVQR ]ERJ QMLKRYH NRPSOHNVQRVWL� 1HNL RG NRUDND X SUHGORåHQRP DOJRULWPX VX LVWL LOL

VOLþQL YHü SRVWRMHüLP DOJRULWPLPD ]D �' UXWLUDQMH� 'HWDOMDQ RSLV WDþNH ãHVW� NRMD SUHGVWDYOMD

JODYQL NRUDN X SUHGORåHQRP DOJRULWPX ]D �' UXWLUDQMH� GDW MH X UDGX [Tong95].
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���3UHGORåHQR�UHãHQMH�L

njegova suština

.DR ãWR MH YHü QDJODãHQR� FLOM RYRJ LVWUDåLYDQMD MH GD RPRJXüL NYDQWLWDWLYQX DQDOL]X GXåLQD

YH]D L HYDOXDFLMX VNUDüLYDQMD GXåLQD YH]D SULOLNRP SUHODVND VD �' QD �' 9/6, PHWRGRORJLMX

SURMHNWRYDQMD þLSRYD� 6XãWLQD SUHGORåHQRJ UHãHQMD MH X VOHGHüHP� SROD]L VH RG 7RQJ�RYRJ

SULVWXSD SR NRPH VH �' UDVSRUHÿLYDQMH L SRYH]LYDQMH ED]LUD QD �' UDVSRUHÿLYDQMX L

SRYH]LYDQMX� 7DM SULQFLS VH GDOMH UD]UDÿXMH X SUDYFX VWYDUDQMD NRQNUHWQRJ DODWD NRML

RPRJXüDYD NYDQWLWDWLYQX DQDOL]X VNUDüHQMD YH]D ]D NRQNUHWDQ ]DGDWL GL]DMQ�

,VWUDåLYDQMH MH ED]LUDQR QD VLVWROLþNLP SROMLPD� SUH VYHJD ]ERJ QMLKRYH UHJXODUQH VWUXNWXUH L

pogodnosti za realizaciju, kako u 2D VLSI, tako i u 3D VLSI metodologiji projektovanja
þLSRYD� 8UDÿHQR MH QHNROLNR HNVSHULPHQDWD ED]LUDQLK QD UD]OLþLWLP WLSRYLPD VLVWROLþNLK SROMD

koja su opisana u radovima [Lakh96], [Lakh97].

(NVSHULPHQWL VX ED]LUDQL QD VLVWROLþNRP SROMX ]D PDWULþQR PQRåHQMH� 3UHWSRVWDYLPR GD VX

GDWH GYH NYDGUDWQH PDWULFH $ L % GLPHQ]LMD 1[1� WUHED L]UDþXQDWL PDWULFX &� WDNR GD MH

C=A⋅%� $OJRULWDP PDWULþQRJ PQRåHQMD MH SULND]DQ QD VOLFL 14. Iz algoritma sledi da je osnovna
RSHUDFLMD NRMX L]YUãDYD VYDND üHOLMD VLVWROLþNRJ SROMD REOLND c ← c + a*b. Na slici 15 je
SULND]DQR VLVWROLþNR SROMH ]D PQRåHQMH GYH NYDGUDWQH PDWULFH ]D VOXþDM GD MH 1 �� %ORN šema
SURFHVQRJ HOHPHQWD SRVPDWUDQRJ VLVWROLþNRJ SROMD SULND]DQD MH QD VOLFL 16.

for(i=1; i ≤N; i++)
   for(j=1; j ≤N; j++)
      for(k=0; k ≤N; k++)

                 c[i,j] = c[i,j] + a[i,k] ⋅b[k,j]

Slika 14. Algoritam matriþQRJ PQRåHQMD�
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Slika 15. 6LVWROLþNR SROMH ]D PQRåHQMH GYH �[� PDWULFH�

Opis: =D UHDOL]DFLMX PDWULþQRJ PQRåHQMD NRULVWL VH NYDGUDWQR VLVWROLþNR SROMH VD GHYHW SURFHVQLK

HOHPHQDWD� 6YDNRP HOHPHQWX UH]XOWXMXüH PDWULFH & SULGUXåHQ MH SR MHGDQ SURFHVQL HOHPHQW� 3URFHVQL

HOHPHQW 3(LM REDYOMD L]UDþXQDYDQMH HOHPHQWD cij UH]XOWXMXüH PDWULFH &� 6LVWROLþNR SROMH VH PRåH QDüL X

MHGQRP RG GYD UHåLPD UDGD� �D� X UHåLPX L]UDþXQDYDQMD L �E� X UHåLPX L]QRãHQMD UH]XOWDWD�

8 UHåLPX L]UDþXQDYDQMD SRGDFL VH GRYRGH JUDQLþQLP SURFHVQLP HOHPHQWLPD QD QDþLQ NRML MH SULND]DQ QD

VOLFL� 6YDNL SURFHVQL HOHPHQW SULKYDWD SRGDWNH NRML GROD]H QD QMHJRYH XOD]H� L]UDþXQDYD QMLKRY SURL]YRG�

VDELUD JD VD VDGUåDMHP ORNDOQRJ UHJLVWUD L UH]XOWDW SRQRYR VPHãWD X ORNDOQL UHJLVWDU� 3ULKYDüHQL SRGDFL

NRML SULVWLåX V OHYD L V YUKD SURVOHÿXMX VH VXVHGQLP SURFHVQLP HOHPHQWLPD NRMH VH QDOD]H GHVQR L LVSRG

XRþHQRJ SURFHVQRJ HOHPHQWD� UHGRP� =D L]UDþXQDYDQMH HOHPHQWD c11 potrebno je N ciklusa takta, za
elemente c12 i c21 SRWUHEQR MH �1 � �� FLNOXVD WDNWD� LWG� 8 RSãHP VOXþDMX� HOHPHQW cNN L]UDþXQDYD VH

nakon (3*N - 2) ciklusa takta.
1DNRQ ID]H L]UDþXQDYDQMD SRWUHEQR MH L]UDþXQDWH HOHPHQWH PDWULFH & L]QHWL L] VLVWROLþNRJ SROMD�

,]QRãHQMH UH]XOWDWD PRåH VH UHDOL]RYDWL QD UD]OLþLWH QDþLQH� 8 RYRP SULPHUX X]HWR MH GD QDNRQ ID]H

L]UDþXQDYDQMD VYDNL SURFHVQL HOHPHQW SURVOHÿXMH UH]XOWDW VYRP GHVQRP VXVHGX� 6YDNL SURFHVQL HOHPHQW

nakon što je svoj rezultat prosledio svom desnom susedu, prihvata podatke koje mu dolaze od levog
VXVHGD L SURVOHÿXMH LK GHVQRP VXVHGX� 8 RSãHP VOXþDMX� ]D ID]X L]QRãHQMD UH]XOWDWD SRWUHEQR MH 1

ciklusa takta.
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Slika 16. Blok šema procesnog elementa.

Opis: 3URFHVQL HOHPHQW VLVWROLþNRJ SROMD ]D PQRåHQMH PDWULFD XNOMXþXMH PQRåDþ� VDELUDþ� DNXPXODFLRQL

registar REG_AC, i dva prenosna registra REG_B i REG_R. U svakom trenutku procesni element se
QDOD]L X MHGQRP RG GYD PRJXüD UHåLPD UDGD� �D� X UHåLPX L]UDþXQDYDQMD L �E� X UHåLPX L]QRãHQMD

rezultata.
8 UHåLPX L]UDþXQDYDQMD� X VYDNRP FLNOXVX WDNWD SULKYDWDMX VH SRGDFL NRML SULVWLåX SR OLQLMDPD 7 L /�

L]UDþXQDYD VH QMLKRY SURL]YRG NRML VH VDELUD VD VDGUåDMHP UHJLVWUD 5(*B$& L GRELMHQL ]ELU VH VPHãWD

ponovo u registar REG_AC. Podatak koji dolazi po linijama T pamti se u registru REG_B, a podatak
NRML GROD]L SR OLQLMDPD / SDPWL VH X UHJLVWUX 5(*B5� 8 UHåLPX L]QRãHQMD SRGDWDND VDGUåDM UHJLVWUD

5(*B$& VH SUHEDFXMH X UHJLVWDU 5(*B5� 0XOWLSOHNVHU RPRJXüXMH L]QRãHQMH UH]XOWDWD L] UHJLVWUD

5(*B$&� SD VH QD RVQRYX WRJD L]QRãHQMH UH]XOWDWD RVWYDUXMH VODQMHP L]UDþXQDWRJ SRGDWND VXVHGQRP

procesnom elementu koji je smešten desno od posmatranog procesnog elementa.

8 RNYLUX VYDNRJ HNVSHULPHQWD SUHGORåHQR MH YLãH NDQGLGDW �' DUKLWHNWXUD� 6YDND RG

SUHGORåHQLK DUKLWHNWXUD UHDOL]RYDQD MH NRULãüHQMHP SRVWRMHüLK DODWD ]D �' 9/6, XNOMXþXMXüL L

NODVLþQX �' UHDOL]DFLMX SRVPDWUDQRJ VLVWROLþNRJ SROMD� 5HDOL]DFLMD �' VWUXNWXUH SRGUD]XPHYD

IRUPLUDQMH RSLVD X &,) IRUPDWX SRVHEQR ]D VYDNL RG DNWLYQLK QLYRD X �' þLSX� .YDQWLWDWLYQD

DQDOL]D GXåLQD YH]D ]D VYDNR RG SUHGORåHQLK UHãHQMD L SRVWRMHüH UHãHQMH YUãL VH NRULãüHQMHP

RULJLQDOQR UD]YLMHQRJ SURJUDPVNRJ SDNHWD ]D DQDOL]X GXåLQD YH]D 0$56� .DR UH]XOWDW DQDOL]H

GRELMD VH UDVSRGHOD GXåLQD YH]D QD RVQRYX NRMH VH YUãL SRUHÿHQMH SRVWRMHüLK L SUHGORåHQLK

rešenja. Definicija izvedenih eksperimenata data je u tekstu koji sledi.

Eksperiment #1

8 RNYLUX HNVSHULPHQWD �� SRVPDWUDMX VH UD]OLþLWH UHDOL]DFLMH NYDGUDWQRJ VLVWROLþNRJ SROMD ]D

PQRåHQMH PDWULFD VD þHWLUL þHWYRURELWQD SURFHVQD HOHPHQWD� 3RUHGH VH GXåLQH YH]D X RNYLUX

MH]JUD þLSD ]D VOXþDMHYH� �D� �' UHDOL]DFLMH� �E� �' UHDOL]DFLMH VD GYD DNWLYQD QLYRD� L �F� �'

UHDOL]DFLMH VD þHWLUL DNWLYQD QLYRD�
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Eksperiment #2

(NVSHULPHQW �� ED]LUDQ MH WDNRÿH QD VLVWROLþNRP SROMX ]D PQRåHQMH PDWULFD VD þHWLUL

þHWYRURELWQD SURFHVQD HOHPHQWD� 3RUHGH VH GXåLQH YH]D X VOXþDMHYLPD �' L �' UHDOL]DFLMH VD

GYD DNWLYQD QLYRD� V WLP ãWR VH SRVPDWUDMX UHDOL]DFLMH NRMH SRGUD]XPHYDMX NRULãüHQMH

ulazno/izlaznih pedova, tj. posmatraju se i veze koje povezuju ulazne i izlazne terminale
VWDQGDUGQLK üHOLMD VD XOD]QLP� RGQRVQR L]OD]QLP SHGRYLPD� UHGRP�

Eksperiment #3

8 RNYLUX HNVSHULPHQWD �� SRUHGH VH GXåLQH YH]D X RNYLUX MH]JUD þLSD ]D VOXþDMHYH �D� �'

UHDOL]DFLMH� �E� �' UHDOL]DFLMH X GYD DNWLYQD QLYRD L �F� �' UHDOL]DFLMH X þHWLUL DNWLYQD QLYRD

VLVWROLþNRJ SROMD ]D PQRåHQMH PDWULFD VD þHWLUL RVPRELWQD SURFHVQD HOHPHQWD�

Eksperiment #4

8 RNYLUX HNVSHULPHQWD �� SRUHGH VH GXåLQH YH]D X RNYLUX MH]JUD þLSD ]D VOXþDMHYH �D� �'

UHDOL]DFLMH L �E� �' UHDOL]DFLMH X WUL DNWLYQD QLYRD VLVWROLþNRJ SROMD VD GHYHW þHWYRURELWQLK

procesnih elemenata.

Eksperiment #5

8 SUHWKRGQLP HNVSHULPHQWLPD UD]PHãWDQMH X �' þLSX YUãHQR MH WDNR GD VH UD]OLþLWL SURFHVQL

HOHPHQWL LOL JUXSH SURFHVQLK HOHPHQDWD QDOD]H X UD]OLþLWLP DNWLYQLP QLYRLPD� 6OHGHüL�

kvalitativno novi korak, podrazumeva realizaciju samih procesnih elemenata u više aktivnih
QLYRD� 3RVPDWUD VH VLVWROLþNR SROMH ]D PQRåHQMH PDWULFD VD þHWLUL þHWYRURELWQD SURFHVQD

HOHPHQWD� 3URFHVQL HOHPHQWL VX UHDOL]RYDQL VD GYD VWHSHQD SURWRþQH REUDGH� 3RUHGH VH GXåLQH

YH]D X RNYLUX MH]JUD þLSD ]D VOXþDMHYH� �D� �' UHDOL]DFLMH L �E� �' UHDOL]DFLMH X GYH UDYQL� SUL

þHPX MH SUYL VWHSHQ SURWRþQH REUDGH UHDOL]RYDQ X SUYRP DNWLYQRP QLYRX �' VWUXNWXUH� GRN MH

GUXJL VWHSHQ SURWRþQH REUDGH UHDOL]RYDQ X GUXJRP DNWLYQRP QLYRX �' VWUXNWXUH�

****

8 RNYLUX VYDNRJ HNVSHULPHQWD SUHGORåHQD MH MHGQD LOL YLãH �' UHDOL]DFLMD� NRMH VH UD]OLNXMX

SR EURMX DNWLYQLK UDYQL LOL SR QDþLQX UD]PHãWDQMD NRPSRQHQWL X �' VWUXNWXUL� 3UL WRPH�

posmataju se dva pristupa u razmeštanju: (a) u jednom aktivnom nivou razmešta se jedan ili
JUXSD SURFHVQLK HOHPHQDWD� ãWR MH VOXþDM X SUYD þHWLUL HNVSHULPHQWD L �E� VDPL SURFHVQL HOHPHQWL

VX UHDOL]RYDQL X YLãH DNWLYQLK QLYRD� WM� VYDND DNWLYQD UDYDQ VDGUåL GHR VYDNRJ RG SURFHVQLK

HOHPHQDWD NRML þLQH VLVWROLþNR SROMH� 8 HNVSHULPHQWLPD VH SRUHGH GXåLQH YH]D L SRYUãLQH þLSRYD

SUHGORåHQLK �' L SRVWRMHüLK �' UHDOL]DFLMD�
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5. Uslovi i pretpostavke

8 RYRP SRJODYOMX VX GDWL RVQRYQL XVORYL L SUHWSRVWDYNH SRG NRMLPD MH UDÿHQR LVWUDåLYDQMH�

*HQHUDOQR� XVORYL VH RGQRVH QD VSHFLILNDFLMX UHDOQRJ RNUXåDQMD� 3UHWSRVWDYNH GHILQLãX

XSURãüHQMD NRMD DQDOL]X þLQH PRJXüRP L/ili manje kompleksnom, a da pri tom nema negativnih
posledica na taþQRVW UH]XOWDWD� 8VORYL L SUHWSRVWDYNH VX GDWL NUR] GHILQLFLMX RNUXåHQMD X NRMHP

VH UDGL DQDOL]D� NDR L NUR] VSHFLILNDFLMX NRULãüHQLK DODWD L WHKQRORJLMD� 1D NUDMX� GDW MH NUDWDN

pregled osnovnih definicija CIF formata.

���� 'HILQLFLMD RNUXåHQMD X NRPH VH YUãL DQDOL]D

.DR ãWR MH YHü QDJODãHQR� RYR LVWUDåLYDQMH MH ED]LUDQR QD SUHGORåHQRM PHWRGRORJLML �'

rutiranja po kanalima koja je prikazana u treüHP poglavlju [Tong95]. PredloåHQD PHWRGRORJLMD
podrazumeva standard cell ili gate arrayPHWRGRORJLMH SURMHNWRYDQMD 9/6, þLSRYD� 8 RYRP

LVWUDåLYDQMX XVYRMHQD MH standard cellPHWRGRORJLMD SURMHNWRYDQMD 9/6, þLSRYD� 0HÿXWLP� ]D

VDGD QHPD UDVSRORåLYLK DODWD ]D DXWRPDWVNR UDVSRUHÿLYDQMH VD SRYH]LYDQMHP X �' þLSX� .DNR

VH SUHGORåHQD PHWRGRORJLMD �' UXWLUDQMD SR NDQDOLPD ED]LUD QD SRVWRMHüLP �'

PHWRGRORJLMDPD� X RYRP LVWUDåLYDQMX NRULãüHQL VX SRVWRMHüL DODWL ]D SURMHNWRYDQMH LQWHJULVDQLK

kola po standard cellPHWRGRORJLML SURMHNWRYDQMD �' 9/6, þLSRYD� 3URFHV UDVSRUHÿLYDQMD VD

SRYH]LYDQMHP X VOXþDMX �' VWUXNWXUD UHDOL]XMH VH SRVHEQR ]D VYDNX DNWLYQX UDYDQ X �'

strukturi.

'RVWXSQL DODWL ]D SURMHNWRYDQMH �' þLSRYD SR standard cell pristupu ne poseduju
PRJXüQRVW DQDOL]H GXåLQD YH]D� 8 WRP FLOMX UD]YLMHQ MH SURJUDPVNL SDNHW 0$56 ]D DQDOL]X

GXåLQD YH]D QD �' þLSX NRML MH RSLVDQ X &,) IRUPDWX� 3URJUDPVNL SDNHW 0$56 SULKYDWD RSLV

MHGQRJ �' þLSD LOL MHGQRJ DNWLYQRJ QLYRD �' þLSD� D NDR L]OD] GDMH UDVSRGHOX GXåLQD YH]D�

3UHWSRVWDYOMHQR MH GD MH PLQLPDODQD GXåLQD �' YH]D �YH]H NRMH SRYH]XMX WHUPLQDOH L]

UD]OLþLWLK DNWLYQLK QLYRD� MHGQDND PLQLPDOQRM GXåLQL �' YH]D �YH]H NRMH SRYH]XMX WHUPLQDOH X

RNYLUX MHGQRJ DNWLYQRJ QLYRD� X RNYLUX DNWLYQLK UDYQL� 7DNRÿH� SUHWSRVWDYOMD VH GD MH

PDNVLPDOQD GXåLQD �' YH]D MHGQDND PDNVLPDOQRM GXåLQL �' YH]D� *HQHUDOQR� GXåLQD �' YH]D

MH X YHOLNRM PHUL RGUHÿHQD PHWRGRORJLMRP UD]PHãWDQMD X �' VWUXNWXUL� 8VYRMHQH SUHWSRVWDYNH

R GXåLQL �' YH]D JDUDQWXMX GD GRELMHQL UH]XOWDWL HNVSHULPHQDWD SUHGVWDYOMDMX JRUQMX JUDQLFX

UH]XOWDWD NRML VH PRJX RþHNLYDWL X SUDNVL�

5.2. Lista alata i tehnologija u kojima se vrši analiza

*HQHUDOQR� SURMHNWRYDQMH 9/6, þLSRYD RGYLMD VH NUR] WUL ID]H� �D� XQRãHQMH ãHPH� �E�

WHVWLUDQMH ORJLNH L YUHPHQVNLK RGQRVD L �F� UDVSRUHÿLYDQMH VD SRYH]LYDQMHP� 8 DQDOL]L VX

NRULãüHQL SRVWRMHüL DODWL ]D SURMHNWRYDQMH 9/6, þLSRYD SR standard cell metodologiji. Za
unošenje šeme koristi se programski paket OrCAD. Kao izlaz iz faze unošenja šeme dobija se
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net OLVWD NRMD VH GDOMH NRULVWL X ID]L WHVWLUDQMD ORJLNH L YUHPHQVNLK RGQRVD L ID]L UDVSRUHÿLYDQMD

sa povezivanjem. Testiranje logike i vremenskih odnosa se vrši programskim alatom GateSim.
.DR DODW ]D SRVOHGQMX ID]X SURMHNWRYDQMD 9/6, þLSRYD NRULVWL VH SURJUDP /�(GLW� RGQRVQR GHR

SURJUDPD NRML REDYOMD DXWRPDWVNR UDVSRUHÿLYDQMH VD SRYH]LYDQMHP� .DR UH]XOWDW GRELMD VH IDMO

NRML VDGUåL RSLV VYLK QLYRD PDVNL þLSD X &,) IRUPDWX�

'RELMHQL RSLV þLSD X &,) IRUPDWX NRULVWL VH NDR XOD] X SURJUDPVNL SDNHW ]D DQDOL]X GXåLQD

YH]D 0$56� 3URFHV DQDOL]H YH]D RGYLMD VH X þHWLUL NRUDND� �D� L]GYDMDQMH UHOHYDQWQLK QLYRD

maski koje definišu veze, (b) ekspandovanje definicija CIF simbola, (c) izdvajanje relevantnih
JHRPHWULMVNLK SULPLWLYD SR WLSRYLPD L �G� RGUHÿLYDQMH VHWRYD SRYH]DQLK JHRPHWULMVNLK

SULPLWLYD� RGUHÿLYDQMH L DQDOL]D YH]D X RNYLUX VYDNRJ VHWD� .DR L]OD] L] VYDNH RG SRPHQXWLK

faza dobija se opis koji odgovara CIF formatu, tako da se na kraju svakog koraka rezultati
PRJX YL]XHOQR YHULILNRYDWL NRULãüHQMHP SURJUDPVNRJ SDNHWD /�(GLW�

5.3. CIF format

3URJUDPVNL SDNHW ]D DQDOL]X GXåLQD YH]D SULKYDWD RSLV þLSD X &,) IRUPDWX� SD VX X RYRP

poglavlju date osnovne definicije od interesa za razumevanje algoritama koji se koriste u
programskom paketu za analizu veza.

CIF (Caltech Intermediate Format) je ASCII format namenjen razmeni informacija o
JHRPHWULMVNRM VWUXNWXUL VYLK QLYRD PDVNL L]PHÿX GL]DMQHUD LQWHJULVDQLK NROD L SURL]YRÿDþD� &,)

format je prvi put definisan u knjizi Introduction to VLSI [Mead80]. Opis CIF formata u BNF
notaciji dat je u Apendiksu #1. U ovom poglavlju dat je opis najvaåQLMLK NRPDQGL�

'HILQLFLMD &,) VLPEROD ]DSRþLQMH NRPDQGRP REOLND�

DS nnn a b;

SUL þHPX MH nnn EURM NRML MH SULGUXåHQ SRVPDWUDQRP &,) VLPEROX� GRN a i b predstavljaju
opcione faktore skaliranja. Sve komande koje slede komandu DS i prethode komandi DF
definišu posmatrani simbol. Osnovna jedinica mere CIF formata je 0.01 mikron, a faktori
VNDOLUDQMD RPRJXüXMX GHILQLVDQMH VYLK YUHGQRVWL X PLNURQLPD XPHVWR X VWRWLP GHORYLPD

PLNURQD� 1DLPH� VYH YUHGQRVWL XQXWDU GHILQLFLMH VH PQRåH VD IDNWRURP a, a rezultat se deli sa
faktorom b.

-HGQRP GHILQLVDQL &,) VLPERO PRåH VH SR]YDWL NRPDQGRP C (call). Komanda C, pored
VLPEROD NRML VH SR]LYD� RSFLRQR RPRJXüXMH GHILQLVDQMH WUDQVIRUPDFLMH NRMD VH SULPHQMXMH QD

posmatrani simbol:

C nnn transformation;

gde nnn predstavlja broj simbola koji se poziva, a transformation definiše transformaciju koja
VH SULPHQMXMH QD SR]YDQL VLPERO� -HGQD WUDQVIRUPDFLMD PRåH ELWL VDþLQMHQD RG QHNROLNR

translacija, ogledanja i rotacija. Ukoliko je definisano više transformacija primenjuju se redom
s leva na desno. U tabeli 1. dato je nekoliko primera komandi poziva ranije definisanog
VLPEROD VD WUDQVIRUPDFLMRP X] RGJRYDUDMXüD REMDãQMHQMD�
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Komanda Objašnjenje

C 55 T -100 10; poziv simbola 55, koji se translira za 100 jedinica
u negativnom smeru po x osi i za 10 jedinica po y osi

C 99 MX; poziv simbola 99 na koji treba primeniti operaciju ogledanja
X RGQRVX QD < RVX� WM� ; NRRUGLQDWH WUHED SRPQRåLWL VD ��

C 22 MY; poziv simbola 22 na koji treba primeniti operaciju ogledanja
X RGQRVX QD ; RVX� WM� < NRRUGLQDWH WUHED SRPQRåLWL VD ��

C 44 R 0 1; poziv simbola 44 koji treba rotirati za 90 stepeni

Tabela 1. Primeri Call instrukcija sa objašnjenjima.

&,) IRUPDW SRVHGXMH þHWLUL NRPDQGH ]D NUHLUDQMH JHRPHWULMVNLK SULPLWLYD� SUDYRXJDRQLFL

(boxes), poligoni (polygons), krugovi (flashes or circles�� L åLFH �wires). U analizi koja je
vršena od interesa je jedino komanda kojom se definiše geometrijska primitiva tipa box. U
daljem tekstu dat je primer definicije geometrijske primitive tipa box VD SULSDGDMXüLP

objašnjenjima:

B 176 6 -144 98. 

Definicija geometrijske primitive tipa box ]DSRþLQMH NRPDQGRP B; prva dva parametra
VSHFLILFLUDMX GLPHQ]LMH SULPLWLYH SR [ L \ RVL� UHGRP� D GUXJD GYD SDUDPHWUD RGUHÿXMX

koordinate centra primitive.

6YDND JHRPHWULMVND SULPLWLYD PRUD ELWL SULGUXåHQD MHGQRP RG QLYRD PDVNL ]D IDEULNDFLMX�

Nivo maske se definiše komandom:

L layername.

%URM L YUVWD QLYRD PDVNL RGUHÿHQL VX WHKQRORJLMRP NRMD MH SRGUåDQD� 8 HNVSHULPHQWLPD

NRULãüHQD MH &026 6&1 ���µm tehnologija.

3URJUDPVNL SDNHW ]D DQDOL]X GXåLQD YH]D 0$56 ED]LUDQ MH QD &,) IRUPDWX NRML MH SRGUåDQ

X SURJUDPX /�(GLW� 1DLPH� &,) IRUPDW SRGUåDQ RG SURJUDPD /�(GLW XYRGL QHND RJUDQLþHQMD L

SURãLUHQMD X RGQRVX QD IRUPDW NRML MH GHILQLVDQ VWDQGDUGRP� 0HÿXWLP� RGVWXSDQMD VX QH]QDWQD L

ne umanjuju primenjivost programskog paketa MARS. Detalji o restrikcijama i proširenjima
&,) IRUPDWD NRML MH SRGUåDQ SURJUDPRP /�(GLW GDWL VX X [Tann90].
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6. Alati

8 RYRP UDGX NRULãüHQ MH SURJUDPVNL SDNHW Tanner, za projektrovanje VLSI sistema po
standard cell metodologiji, i originalno razvijeni programski paket MARS� ]D DQDOL]X GXåLQD

YH]D QD þLSX NRML MH GDW X &,) IRUPDWX� 2YR SRJODYOMH VDVWRML VH RG WUL GHOD� 8 SUYRP GHOX GDWD

je osnovna struktura programskog paketa Tanner� 8 GUXJRP GHOX SULND]DQ MH QDþLQ IRUPLUDQMD

&,) RSLVD þLSD XSRWUHERP SURJUDPD ]D UD]PHãWDQMH VD SRYH]LYDQMHP� 8 WUHüHP GHOX SULND]DQD

je struktura programskog paketa MARS]D DQDOL]X YH]D QD þLSX�

6.1. Programski paket Tanner

Programski paket Tanner ukljuþXMH programske alate NetTran, GateSim i L-Edit, i
biblioteke SchemLib, SimMap, SCMOSMap i SCMOSLib.  Kao programski alat za unošenje i
YHULILNDFLMX ãHPH NRULVWL VH 2U&$'� 3URMHNWRYDQMH 9/6, þLSRYD SR standard cell metodologiji
NRULãüHQMHP SURJUDPVNLK SDNHWD 2U&$' L 7DQQHU� NDR L RSLV VWUXNWXUH SURJUDPVNRJ SDNHWD

Tanner prikazani su na slici 17.
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2U&$'

�6'7 � 8WLOLWLHV�

6FKHP/LE

1HW7UDQ 6LP0DS6&0260DS

/�(GLW *DWH6LP6&026/LE


�:,5


�735 
�1(7


�&,)


�9(&


�6,0


�&03


�287


�)/7


�',)

Slika 17.6WUXNWXUD SURJUDPVNRJ SDNHWD 7DQQHU L SULVWXS SURMHNWRYDQMX 9/6, þLSRYD�

Opis: 3URJUDPVNL SDNHW 7DQQHU VDGUåL SURJUDPVNH DODWH 2U&$'� *DWH6LP L /�(GLW� 3URJUDPVNL DODW

2U&$' XNOMXþXMH 2U&$' 6'7 �Shematic Design Tool� SURJUDP ]D XQRãHQMH ãHPH þLSD NRML VH

projektuje, i OrCAD Utilities SURJUDPH NRML VOXåH ]D YHULILNDFLMX LVSUDYQRVWL XQHWH ãHPH L JHQHULVDQMH

L]OD]QLK QHW�OLVWL� 3URJUDP 1HW7UDQ WUDQVOLUD XOD]QX QHWOLVWX �
�:,5� NRULVWHüL ELEOLRWHNH 6LP0DS L

SCMOSMap u formate koji su potrebni programskim paketima GateSim (*.NET) i L-Edit (*.TPR),
UHGRP� 3URJUDPVNL DODW *DWH6LP RPRJXüXMH ORJLþNX VLPXODFLMX QD ED]L RSLVD NRML MH GDW X IDMOX 
�1(7�

ulaznih test vektora koji se nalaze u fajlu *.VEC (ili *.CMP) i komandi koje kontrolišu simulaciju
]DGDWLK X IDMOX 
�6,0� 5H]XOWDWL ORJLþNH VLPXODFLMH GRELMDMX VH X IDMOX 
�287 �LOL 
�)/7� LOL 
�&03��

L-Edit je layout editorNRML VOXåL ]D UD]PHãWDQMH L SRYH]LYDQMH ORJLþNH ãHPH NRMD MH GDWD XOD]QLP IDMORP

�
�735�� D NDR L]OD] JHQHULãH IDMO X &,) IRUPDWX NRML VH PRåH VODWL QD IDEULNDFLMX �
�&,)��

3URJUDPVNL SDNHW 7DQQHU XNOMXþXMH VOHGHüH ELEOLRWHNH� 6FKHP/LE� 6LP0DS� 6&0260DS L

6&026/LE� 6FKHP/LE MH ELEOLRWHND VWDQGDUGQLK üHOLMD NRMX NRULVWL 2U&$' 6'7 ]D XQRãHQMH ORJLþNH

ãHPH þLSD� RYD ELEOLRWHND MH QH]DYLVQD RG IRUPDWD SRMHGLQLK SURL]YRÿDþD� 6LP0DS MH ELEOLRWHND PDNUR�

GHILQLFLMD VWDQGDUGQLK üHOLMD NRMX NRULVWL SURJUDP 1HW7UDQ GD EL SULSUHPLR IDMO �
�1(7� NRML VH NRULVWL

NDR XOD] X SDNHW *DWH6LP� 6&0260DS MH ELEOLRWHND PDNUR�GHILQLFLMD VWDQGDUGQLK üHOLMD NRMX NRULVWL

program NetTran da bi pripremio fajl (*.TPR) koji se koristi kao ulaz u paket GateSim. SCMOSLib je
layout standard cell biblioteka koju koristi program L-Edit.
U nastavku dat je opis rada sa paketom Tanner po koracima:
(a)  XQRãHQMH ãHPH SRPRüX 2U&$' 6'7 SURJUDPVNRJ DODW L ELEOLRWHNH 6FKHP/LE�

(b)  SURYHUDYDQMH XQHWH ãHPH NRULãüHQMHP XVOXåQLK DODWD �$QQRWDWH� &OHDQ8S� (UF��

(c)  generisanje netlist fajla (*.WIR) u wirelist IRUPDWX NRULãüHQMHP 2U&$' 1HWOLVW XVOXåQRJ SURJUDPD�

(d)  WUDQVODFLMD IDMOD 
�:,5 X IDMO 
�1(7 ]D ORJLþNX VLPXODFLMX SRPRüX 1HW7UDQ SURJUDPD L 6LP0DS

biblioteke;
(e)  SULSUHPD SRWUHEQLK IDMORYD 
�6,0� 
�9(&� 
�&03 ]D ORJLþNX VLPXODFLMX�

(f)  ORJLþND VLPXODFLMD IDMOD 
�1(7 SRPRüX *DWH6LP SDNHWD�

(g)  WUDQVODFLMD IDMOD 
�:,5 X IDMO 
�735� NRML VH NRULVWL NDR XOD] X SURJUDP /�(GLW� SRPRüX 1HW7UDQ

paketa i biblioteke SCMOSMap.
(h)  NUHLUDQMH IDMOD 
�&,) SRPRüX SURJUDPD /�(GLW L 6&026/LE ELEOLRWHNH�
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6.2. L-Edit: razmeštanje i povezivanje

8 RYRP SRJODYOMX UD]PDWUD VH WLSLþDQ GL]DMQ MHGQRJ þLSD� 3RVHEDQ DODW 635 �Standard Cell
Place and Route� X RNYLUX SURJUDPD /�(GLW RPRJXüXMH DXWRPDWVNR JHQHULVDQMH VYLK QLYRD

PDVNL þLSD �chip layout� L] RSLVD NRML MH ]DGDW QHW OLVWRP� 635 DODW VH VDVWRML RG VOHGHüLK

modula: Block Generator, Padframe Generator i Pad Router. TipiþQR� þLS VH VDVWRML L] WUL

dela: jezgro (core�� RNYLU þLSD �padframe� L REODVW NRMD SRYH]XMH MH]JUR L RNYLU þLSD �padframe
routing region�� -H]JUR þLSD VDGUåL “srce” dizajna, odnosno samu funkcionalnu logiku i
VPHãWHQR MH XQXWDU RNYLUD þLSD NRML VDGUåL SHGRYH �pads�� 3HGRYL RPRJXüXMX SRYH]LYDQMH L

]DãWLWX ORJLNH XQXWDU þLSD L SLQRYD QD NXüLãWX� 6WUXNWXUD þLSD SURMHNWRYDQRJ SR standard cell
metodologiji prikazana je na slici 18.
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5RZ ��

5RZ ��
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3DG URXWLQJ

UHJLRQ

Slika 18. 6WUXNWXUD þLSD SURMHNWRYDQRJ SR standard cell metodologiji.

Opis: 7LSLþQR� 9/6, þLS VH VDVWRML RG MH]JUD þLSD �core�� RNYLUD þLSD �padframe) i oblasti koja povezuje
MH]JUR L RNYLU þLSD �padframe routing region).
-H]JUR þLSD VH VDVWRML RG NDQDOD X NRMLPD VH UD]PHãWDMX VWDQGDUGQH üHOLMH �rows� L NDQDOD NRML VDGUåH

LQWHUNRQHNFLMH �YH]H� NRMLPD VX SRYH]DQH VWDQGDUGQH üHOLMH �channels). Interkonekcije u kanalima za
SRYH]LYDQMH VWDQGDUGQLK üHOLMD VX UHDOL]RYDQH� WLSLþQR� X GYD QLYRD PDVNH 0HWDO� L 0HWDO�� 6YL

horizontalni segmenti veza pripadaju jednom nivou maske, na primer nivou Metal1, a svi vertikalni
VHJPHQWL YH]D SULSDGDMX GUXJRP QLYRX PDVNH� X RYRP VOXþDMX QLYRX 0HWDO�� 1D VOLFL MH SRND]DQR L

UD]YRÿHQMH VLJQDOD 9GG L *QG GR VYDNRJ NDQDOD NRML VDGUåL VWDQGDUGQH üHOLMH�

2EODVW ]D SRYH]LYDQMH MH]JUD L RNYLUD þLSD VDGUåL LQWHUNRQHNFLMH NRMH SRYH]XMX XOD]QH RGQRVQR L]OD]QH

WHUPLQDOH VWDQGDUGQLK üHOLMD VD SHGRYLPD QD RNYLUX þLSD� 7LSLþQR� VHJPHQWL YH]D NRML VX UD]PHãWHQL X

REODVWL ]D SRYH]LYDQMH MH]JUD VD RNYLURP þLSD L]YHGHQL VX X QLYRX 0HWDO��

2NYLU þLSD VDGUåL SHGRYH SUHNR NRMLK VH RGYLMD NRPXQLNDFLMD þLSD VD VSROMDãQMLP VYHWRP� 3RVWRMH WUL

vrste pedova: ulazni, izlazni i bidirekcioni, kao i pedovi koji su povezani sa signalima Vdd i Gnd.

8 GDOMHP WHNVWX SULND]DQL VX UHOHYDQWQL GHORYL &,) RSLVD MHGQRJ þLSD� 1D VOLFL 19 prikazano
MH ]DJODYOMH MHGQRJ WLSLþQRJ GL]DMQD� 1D VOLFL 20 prikazani su relevantni detalji CIF opisa jednog
kanala za povezivanje stDQGDUGQLK üHOLMD. Slika 21 prikazuje relevantne elemente definicije
MHGQH VWDQGDUGQH üHOLMH QD SULPHUX GYRXOD]QRJ ;RU NROD� GRN MH QD VOLFL 22 dat primer definicije
MHGQRJ NDQDOD X NRPH VX UD]PHãWHQH VWDQGDUGQH üHOLMH� 6OLNH 23 i 24 prikazuju relevantne
GHWDOMH MH]JUD L RNYLUD þLSD� UHGRP� GRN VOLND 25 VDGUåL GHILQLFLMX NRPSOHWQRJ þLSD L GHR NRMLP

VH LQVWDQFLUD FHR þLS�
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(CIF written by the Tanner Research layout editor, L-Edit);
(Version: 3.10);
(Serial No. 01631);
(TECHNOLOGY: SCN);
(DATE: 19 Jan 1996);
(FABCELL: Chip  1024 x 1424 Microns);
(L-Edit Layer Poly = CIF Layer CPG);
(L-Edit Layer Active = CIF Layer CAA);
(L-Edit Layer Metal1 = CIF Layer CMF);
(L-Edit Layer Metal2 = CIF Layer CMS);
(L-Edit Layer N Select = CIF Layer CSN);
(L-Edit Layer N Well = CIF Layer CWN);
(L-Edit Layer Poly Contact = CIF Layer CCP);
(L-Edit Layer ActiveContact = CIF Layer CCA);
(L-Edit Layer Via = CIF Layer CVA);
(L-Edit Layer Overglass = CIF Layer COG);
(L-Edit Layer Pad Comment = CIF Layer XP);
(L-Edit Layer Icon/Outline = CIF Layer CX);

Slika 19.=DJODYOMH &,) RSLVD ��ELWQRJ &/$ VDELUDþD NRML MH GL]DMQLUDQ SR 6&1 WHKQRORJLML�

Opis: Pored opštih informacija kao što su verzija programa, datum i serijski broj, zaglavlje specificira
SUH VYHJD WHKQRORJLMX IDEULNRYDQMD� SRYUãLQX NRMX ]DX]LPD SURMHNWRYDQL þLS L QD]LYH VYLK UHOHYDQWQLK

nivoa maski. SCN o]QDþDYD standard cell CMOS N-Well tehnologiju.

(SCALING: 1 CIF Unit = 1/2 Lambda, 1 Lambda = 1/1 Microns);
DS2 100 2;
9 Channel~1;
LCMF;
B 176 6 -14 -219;
...
B 8 8 130 -236;
LCMS;
B 8 8 286 -236;
...
B 8 8 130 -236;
LCVA;
B 4 4 130 -236;
...
B 4 4 286 -236;
DF;

5RZ ��

5RZ ��

&KDQQHO

��

Slika 20. Elementi definicije jednog kanala za povezivanje.

Opis: Sve interkonekcije unutar jednog kanala realizovane su u dva nivoa (LCMF - Metal1, LCMS -
0HWDO��� 9H]H L]PHÿX HOHPHQDWD X /&0) L /&06 QLYRX RVWYDUHQH VX SUHNR 9,$ HOHPHQDWD NRML VX

navedeni iza LCVA komande. Na slici je pokazan primer realizacije jedne interkonekcije koja povezuje
GYH VWDQGDUGQH üHOLMH� 9H]D MH VDVWDYOMHQD RG GYD YHUWLNDOQD VHJPHQWD NRML VX UHDOL]RYDQL X QLYRX

Metal2, jednog horizontalnog segmenta koji je realizovan u nivou Metal1 i dva via elementa preko kojih
VH RVWYDUXMH YH]D L]PHÿX GYD QLYRD�
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(SCALING: 1 CIF Unit = 1/2 Lambda, 1 Lambda = 1/1 Microns);
DS9 100 2;
9 XOr2;
94 Abut 46 66 CX;
94 A 10 74 CMS;
94 Out 42 98 CMS;
94 B 82 76 CMS;
94 Gnd 0 8 CMF;
94 Gnd 92 8 CMF;
94 Vdd 0 124 CMF;
94 Vdd 92 124 CMF;
94 Cross 26 74 CMS;
94 Cross 62 58 CMS;
94 V3.02 92 132 CX;
LCPG;
B 4 132 18 70;
...
LCAA;
B 10 12 87 126;
...
LCMF;
B 92 16 46 124;
...
LCMS;
B 8 64 42 70;
...
LCSN;
B 92 46 46 37;
...
LCWN;
B 112 76 46 104;
LCCP;
B 4 4 10 62;
...
LCCA;
B 4 4 66 18;
...
LCVA;
B 4 4 42 98;
...
DF;

Slika 21.(OHPHQWL GHILQLFLMH GYRXOD]QRJ ;RU ORJLþNRJ NROD�

Opis: Definicija neke standardne üHOLMH XNOMXþXMH VOHGHüH UHOHYDQWQH QLYRH PDVNL� /&3*� /&$$�

LCMF, LCMS, LCSN, LCWN, LCCA i LCVA. Proširenje CIF formata koje unosi L-Edit specificira,
L]PHÿX RVWDORJ� L VYH UHOHYDQWQH WDþNH �SRUWRYH� SUHNR NRMLK VH SRVPDWUDQD üHOLMD SRYH]XMH VD GUXJLP

üHOLMDPD �NRPDQGH NRMH SRþLQMX VD ���� 7R SURãLUHQMH VH NRULVWL SULOLNRP L]GYDMDQMD SRUWRYD L] &,)

opisa.

(SCALING: 1 CIF Unit = 1/2 Lambda, 1 Lambda = 1/1 Microns);
DS11 100 2;
9 Row~1;
C9 T 138 0;
C9 T 46 0;
C9 T -46 0;
C9 T -138 0;
C9 T -230 0;
LCMS;
B 8 6 72 75;
...
DF;

Slika 22.(OHPHQWL GHILQLFLMH NDQDOD ]D UD]PHãWDQMH VWDQGDUGQLK üHOLMD�

Opis: 'HILQLFLMD YUVWH ]D VPHãWDQMH VWDQGDUGQLK üHOLMD XNOMXþXMH SR]LYH GHILQLFLMD VWDQGDUGQLK üHOLMD L

definisanje geometrijskih primitiva u LCMS nivou za povezivanje terminala (portova) standardnih
üHOLMD VD YH]DPD NRMH SULSDGDMX NDQDOLPD ]D SRYH]LYDQMH�
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(SCALING: 1 CIF Unit = 1/2 Lambda, 1 Lambda = 1/1 Microns);
DS12 100 2;
9 Core;
C5 T 0 0;
C4 T 0 0;
C3 T 0 0;
C2 T 0 0;
C8 T 0 520;
C10 T 0 140;
C11 T 0 -208;
94 Abut 14 228 CX;
94 Gnd 320 228 CMF;
94 Vdd -292 228 CMF;
94 U10_P2 184 718 CMS;
94 U9_P2 66 718 CMS;
...
LCMF;
B 54 16 269 528;
...
LCMS;
B 54 6 317 -235;
...
DF;

Slika 23.(OHPHQWL GHILQLFLMH MH]JUD þLSD�

Opis: 'HILQLFLMD MH]JUD þLSD XNOMXþXMH SR]LYH UDQLMH GHILQLVDQLK NDQDOD X NRMLPD VH YUãL UD]PHãWDQMH

VWDQGDUGQLK üHOLMD� L NDQDOD X NRMLPD VX GHILQLVDQH YH]H L]PHÿX VWDQGDUGQLK üHOLMD� 8 OLQLMDPD NRMH

SRþLQMX VD �� QDYHGHQD VX PHVWD QD RERGX MH]JUD þLSD SUHNR NRMLK VH YUãL SRYH]LYDQMH MH]JUD VD

SHGRYLPD QD RNYLUX þLSD�

(SCALING: 1 CIF Unit = 1/2 Lambda, 1 Lambda = 1/1 Microns);
DS18 100 2;
9 Frame;
C13 R 0 1 T -600 -1422;
...
C14 T -600 1000;
C14 MX T 200 1000;
C16 MX R 0 1 T -600 -600;
C16 R 0 1 T -600 -600;
C17 R 0 1 T -600 -200;
DF;

Slika 24.(OHPHQWL GHILQLFLMH RNYLUD þLSD�

Opis: 'HILQLFLMD RNYLUD þLSD XNOMXþXMH SR]LYH GHILQLFLMD XOD]QLK� L]OD]QLK L ELGLUHNFLRQLK SHGRYD� NDR L

pedova preko kojih se ostvaruje napajanje i uzemljenje.

(SCALING: 1 CIF Unit = 1/2 Lambda, 1 Lambda = 1/1 Microns);
DS19 100 2;
9 Chip;
C12 T -14 -222;
C18 T 0 0;
LCMF;
B 270 48 465 -78;
B 270 48 -465 -78;
LCMS;
B 6 490 -113 741;
��� �GHILQLFLMD HOHPHQDWD NRML SRYH]XMX MH]JUR þLSD L RNYLU þLSD�

DF;
C19; (instanciranje dizajna)
E

Slika 25.(OHPHQWL GHILQLFLMH FHORJ þLSD L LQVWDQFLUDQMH GL]DMQD�

Opis: 'HILQLFLMD NRPSOHWQRJ þLSD XNOMXþXMH SR]LY RSLVD MH]JUD þLSD L RNYLUD þLSD� NDR L GHILQLFLMH

JHRPHWULMVNLK SULPLWLYD SUHNR NRMLK MH RVWYDUHQR SRYH]LYDQMH MH]JUD VD SHGRYLPD QD RNYLUX þLSD� .UDM

GHILQLFLMH SUDüHQ MH NRPDQGRP &�� NRMD LQVWDQFLUD GHILQLVDQL VLPERO ��� D WR MH VLPERO NRML SUHGVWDYOMD

FHR þLS�
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���� 0$56 � SURJUDPVNL SDNHW ]D DQDOL]X GXåLQD YH]D

8 FLOMX HYDOXDFLMH VNUDüLYDQMD GXåLQD YH]D SULOLNRP SUHODVND VD �' QD �' 9/6, WHKQRORJLMX

UD]YLMHQ MH RULJLQDOQL VRIWYHUVNL SDNHW ]D DQDOL]X GXåLQD YH]D QD �' þLSX þLML MH RSLV GDW X &,)

IRUPDWX� 3URJUDPVNL SDNHW ]D DQDOL]X GXåLQD YH]D 0$56 PRåH VH NRULVWLWL L ]D GUXJH QDPHQH�

QD SULPHU ]D SRUHÿHQMH UD]OLþLWLK DODWD ]D UDVSRUHÿLYDQMH VD SRYH]LYDQMHP� 6WUXNWXUD

programskog paketa za analizu veza data je na slici 26.

75&,)Y�

75)Y�

(;7Y�

&25(Y��

FKLS�FLI

LR�FLI

LRH�FLI

LRHH�FLI

OHQ�W[W

Slika 26.6WUXNWXUD SURJUDPVNRJ SDNHWD ]D DQDOL]X YH]D QD þLSX�

Opis: 3URJUDP 75&,)Y� SULKYDWD &,) RSLV þLSD NRML VH DQDOL]LUD L L]GYDMD VYH UHOHYDQWQH LQIRUPDFLMH

NRMH VX SRWUHEQH ]D RGUHÿLYDQMH YH]D� ,]OD] SURJUDPD 75&,)Y� SURVOHÿXMH VH SURJUDPX 75)Y� NRML

YUãL LQVWDQFLUDQMH UHOHYDQWQLK GHORYD VWDQGDUGQLK üHOLMD L IRUPLUD IDMO NRML VDGUåL RSLV VYLK JHRPHWULMVNLK

SULPLWLYD NRMH VX UHOHYDQWQH ]D RGUHÿLYDQMH YH]D X QLYRLPD /&0)� /&06� /&9$� 3URJUDP (;7Y�

vrši izdvajanje geometrijskih primitiva po tipu, u LCVA nivou, koje mogu biti: (a) via elementi, (b)
XOD]QL WHUPLQDOL L �F� L]OD]QL WHUPLQDOL� 3URJUDP &25(Y�� RGUHÿXMH VNXSRYH SRYH]DQLK JHRPHWULMVNLK

SULPLWLYD� SURQDOD]L LQWHUNRQHNFLMH X RNYLUX VNXSD L L]UDþXQDYD GXåLQX YH]D L GUXJX SRWUHEQX VWDWLVWLNX�

8 GDOMHP WHNVWX GDW MH GHWDOMDQ RSLV SURJUDPD NRML þLQH SURJUDPVNL SDNHW 0$56 ]D DQDOL]X

GXåLQD YH]D�
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TRCIFv3

Program TRCIFv3 prihvata opis þLSD X &,) IRUPDWX L L]GYDMD VDPR UHOHYDQWQH LQIRUPDFLMH

QHRSKRGQH ]D RGUHÿLYDQMH YH]D� 8 WDEHOL 2 QDYHGHQL VX QLYRL PDVNL NRMH VDGUåH RSLVH

JHRPHWULMVNLK SULPLWLYD ]QDþDMQLK ]D RGUHÿLYDQMH YH]D X ]DYLVQRVWL RG YUVWH VLPEROD�

Simboli Nivoi maske (Fabrication Layers)

Kanali za povezivanje (Channels) LCMF, LCMS, LCVA

.DQDOL ]D VPHãWDQMH VWDQGDUGQLK üHOLMD �Rows) LCMS

-H]JUR þLSD �Core) LCMS

ýLS �Chip) LCMS

6WDQGDUGQH üHOLMH �Cells: gates, flip-flops,...) LCVA (ulazni terminali + izlazni terminal)

Tabela 2.1LYRL PDVNH NRML VX UHOHYDQWQL ]D RGUHÿLYDQMH YH]D X ]DYLVQRVWL RG YUVWH VLPEROD�

Pored toga, program TRCIFv3 vrši i dodatnu analizu koja ima za cilj da identifikuje
terminale (portove) standardnih modula i njihov tip (ulazni ili izlazni). Dobijeni fajl (io.cif) je,
WDNRÿH X &,) IRUPDWX� WDNR GD VH PRåH NRULVWLWL NDR XOD] X SURJUDP /�(GLW þLPH MH

RPRJXüHQD L YL]XHOQD YHULILNDFLMD XUDÿHQH HNVWUDNFLMH UHOHYDQWQLK JHRPHWULMVNLK SULPLWLYD�

TRFv6

3URJUDP 75)Y� REUDÿXMH IDMO NRML MH GRELMHQ SURJUDPRP 75&,)Y� �LR�FLI�� 3URJUDP

75)Y� YUãL LQVWDQFLUDQMH VYLK VWDQGDUGQLK üHOLMD� NDQDOD ]D SRYH]LYDQMH L NDQDOD ]D VPHãWDQMH

VWDQGDUGQLK üHOLMD� ãWR SRGUD]XPHYD SULPHQX ]DGDWLK WUDQVIRUPDFLMD QDG GHILQLFLMDPD VLPEROD

]DGDWLK X XOD]QRP IDMOX �LR�FLI�� .DR UH]XOWDW GRELMD VH QRYL IDMO �LRH�FLI� NRML VDGUåL VYH

geometrijske primitive za svaki od tri relevantna nivoa maski LCMF, LCMS i LCVA. U
SURJUDPX 75)Y� LPSOHPHQWLUDQ MH VOHGHüL DOJRULWDP� QDMSUH VH IRUPLUD WDEHOD VLPEROD NRMD

VDGUåL LPH VLPEROD� RSLV SDUDPHWDUD WUDQVIRUPDFLMH SULPHQMHQH QDG VLPERORP L SRND]LYDþ QD

listu sa spiskom svih simbola koji se pozivaju u definiciji posmatranog simbola sa parametrima
WUDQVIRUPDFLMH NRMD VH SULPHQMXMH QDG GDWLP VLPERORP� 3ULOLNRP LQVWDQFLUDQMD VLPEROD NUHüH VH

od kraja tabele simbola. Za svaki ulaz u tabeli simbola proverava se da li definicija simbola
VDGUåL SR]LY GUXJLK VLPEROD� DNR RYDM XVORY QLMH LVSXQMHQ �OLVWD MH SUD]QD� SUHOD]L VH QD VOHGHüL

VLPERO X WDEHOL VLPEROD� $NR GHILQLFLMD VLPEROD XNOMXþXMH SR]LY GUXJLK VLPEROD YUãL VH

ekspanzija dela definicije posmatranog simbola (deo bez poziva drugih simbola), što
podrazumeva primenu transformacije nad datim simbolom i upis opisa svih geometrijskih
simbola u izlazni fajl; zatim se prolazi kroz listu pozvanih elemenata, uzimaju se parametri
WUDQVIRUPDFLMH L IRUPLUD UH]XOWXMXüD WUDQVIRUPDFLMD ]D XOD] X WDEHOL VLPEROD NRML RGJRYDUD

SR]YDQRP VLPEROX� $NR GHILQLFLMD SR]YDQRJ VLPEROD QH VDGUåL SR]LYH GUXJLK VLPEROD YUãL VH

HNVSDQ]LMD� X SURWLYQRP� SUROD]L VH NUR] QMHJRYX OLVWX SR]YDQLK VLPEROD L DåXULUDMX SDUDPHWUL

transformacija.
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EXTv4

,]OD]QL IDMO L] SURJUDPD 75)Y� VDGUåL RSLVH JHRPHWULMVNLK VWUXNWXUD X UHOHYDQWQLP QLYRLPD

LCMF, LCMS i LCVA. Opis geometrijskih primitiva u LCVA nivou dodatno je proširen
LQIRUPDFLMDPD NRMH RPRJXüXMX RGUHÿLYDQMH GD OL MH SRVPDWUDQL RSLV via element, ulazni ili
L]OD]QL WHUPLQDO� 0HÿXWLP� L]OD]QL IDMO LRH�FLI VDGUåL RSLVH JHRPHWULMVNLK SULPLWLYD NRMH QLVX

SRWUHEQH ]D SURFHV RGUHÿLYDQMD YH]D L QMLKRYLK GXåLQD� =DGDWDN SURJUDPD (;7Y� MH GD

obezbedi uklanjanje opisa redundantnih geometrijskih primitiva i da formira novi fajl (ioee.cif)
NRML VDGUåL RSLVH SRVHEQR �D� via elementa, (b) ulaznih terminala, (c) izlaznih terminala, (d) cmf
i (e) cms geometrijskih primitiva.

COREv26

3URJUDP &25(Y�� MH JODYQL SURJUDP 0$56 SDNHWD NRML RGUHÿXMH VNXSRYH SRYH]DQLK

JHRPHWULMVNLK SULPLWLYD� XWYUÿXMH EURM YH]D� RGUHÿXMH LQWHUNRQHNFLMH X RNYLUX VNXSD SRYH]DQLK

JHRPHWULMVNLK SULPLWLYD L L]UDþXQDYD SRWUHEQX VWDWLVWLNX�

Prvi korak predstavlja formiranje tabela sa informacijama o svakoj od geometrijskih
primitiva, posebno za cmf i cms elemente, via elemente, ulazne i izlazne terminale. Nakon
NUHLUDQMD WDEHOD SUHOD]L VH QD VOHGHüL NRUDN NRML SRGUD]XPHYD SURQDODåHQMH VNXSD SRYH]DQLK

geometrijskih primitiva. Ako se usvoji definicija da su dve geometrijske primitive u relaciji ako
VH VHNX LOL GRGLUXMX� SURQDODåHQMH VNXSD SRYH]DQLK JHRPHWULMVNLK SULPLWLYD ]DSUDYR MH

RGUHÿLYDQMH UHIOHNVLYQR�WUDQ]LWLYQRJ ]DWYDUDQMD QDG VNXSRP JHRPHWULMVNLK SULPLWLYD� =ERJ

YHOLþLQH SUREOHPD ]D LPSOHPHQWDFLMX DOJRULWPD NRULVWL VH OLVWD� 8 OLVWX VH XPHüH MHGQD

geometrijska primitiva; zatim se pronalaze sve geometrijske primitive koje se u direktnoj vezi
VD WHNXüRP SULPLWLYRP� XNROLNR VH SURQDÿHQH SULPLWLYH YHü QH QDOD]H X OLVWL� YUãL VH QMLKRYR

XPHWDQMH QD NUDM OLVWH� 3RVWXSDN VH SRQDYOMD VYH GRN VH QH GRÿH GR NUDMD OLVWH�

Nakon formiranja skupa povezanih geometrijskih primitiva analiza se vrši u okviru svakog
skupa povezanih geometrijskih primitiva posebno. Na osnovu informacija iz skupa povezanih
JHRPHWULMVNLK SULPLWLYD IRUPLUDMX VH GYH WDEHOH� SUYD� WDEHOD WHUPLQDOD NRMD VDGUåL LQIRUPDFLMH R

terminalnim elementima (via, ulazni, izlazni) i druga, tabela cms i cmf geometrijskih primitiva
NRMD VDGUåL LQIRUPDFLMH R QHWHUPLQDOQLP HOHPHQWLPD VNXSD� =D VYDNL WHPLQDOQL HOHPHQW

RGUHÿXMH VH OLVWD WHUPLQDOD VD NRMLPD MH WDM WHUPLQDO GLUHNWQR X YHzi. Dva terminala su u
direktnoj vezi ako postoji jedna ili više neterminalnih primitiva koje ih povezuju, i ne postoji
QLMHGDQ WHUPLQDOQL HOHPHQW L]PHÿX QMLK� $OJRULWDP RGUHÿLYDQMD YH]D X MHGQRP VNXSX SRYH]DQLK

geometrijskih primitiva prikazan je na slici 27.
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Slika 27.3ULND] DOJRULWPD RGUHÿLYDQMD YH]D X VNXSX SRYH]DQLK JHRPHWULMVNLK SULPLWLYD�

Opis� 1D VOLFL MH SULND]DQ MHGDQ PRJXüL VNXS SRYH]DQLK JHRPHWULMVNLK SULPLWLYD VD R]QDþHQLP

WHUPLQDOQLP HOHPHQWLPD� 1D RVQRYX GHILQLFLMH YH]H L]PHÿX WHUPLQDOD IRUPLUD VH WDEHOD SRYH]DQRVWL

WHUPLQDOD� NRMD ]D VYDNL WHUPLQDO VDGUåL OLVWX WHUPLQDOD SRYH]DQLK VD SRVPDWUDQLP WHUPLQDORP� -HGDQ

VNXS PRåH VDGUåDWL MHGQX LOL YLãH YH]D� EURM UD]OLþLWLK YH]D RGUHÿHQ MH EURMHP ,1 �XOD]QLK� WHUPLQDOD� 8

SRVPDWUDQRP SULPHUX PRJX VH XRþLWL WUL LQWHUNRQHNFLMH� �D� �������� �E� ������������� L

(c) 9-8-7-6-2-1-5.
3UYL NRUDN X RGUHÿLYDQMX YH]D MH GD VH RGUHGH SRþHWQL L ]DYUãQL WHUPLQDO� 3RþHWQL WHUPLQDO MH XYHN WLSD

IN, a završni terminal je tipa OUT (izlazni) ili VIA u zavisnosti od toga da li skup povezanih terminala
XNOMXþXMH WHUPLQDOQL HOHPHQW WLSD 287 LOL QH� UHGRP� 8 DOJRULWPX VH NRULVWL VWUXNWXUD WLSD VWHND� 3RþHWQL

HOHPHQW VH VWDYOMD QD VWHN� ]DWLP VH L] WDEHOH WUDåH HOHPHQWL VD NRMLPD MH GDWL WHUPLQDO SRYH]DQ L MHGDQ RG

njih se stavlja na vrh steka, a ostali kandidati se stavljaju na rezervni stek. U svakom koraku algoritma
proveravamo da li je na vrhu steka završni element; ukoliko jeste, na steku se nalazi veza opisana
nizom terminala; u suprotnom, stavljamo novi element na stek pod uslovom da se taj element ne nalazi
QD VWHNX� 8NROLNR VH GHVL GD VH QD VWHN QH PRåH VWDYLWL QL MHGDQ QRYL HOHPHQW� SUHOD]L VH X UHåLP VNLGDQMD

VD VWHND� VYH GRN VH QH GRÿH GR HOHPHQWD NRML VH QDOD]L QD YUKX UH]HUYQRJ VWHND� %LUD VH DOWHUQDWLYQL SXW

L SRVWXSDN VH SRQDYOMD VYH GRN VH QH GRÿH GR ]DYUãQRJ HOHPHQWD QD YUKX VWHND�

$OJRULWDP MH GHPRQVWULUDQ QD NRQNUHWQRP SULPHUX� 2GUHÿXMH VH YH]D NRMD SRYH]XMH XOD]QL WHUPLQDO �

�SRþHWQL� L L]OD]QL WHUPLQDO � �]DYUãQL�� 1D VWHN VH VWDYOMD EURM WHUPLQDOD �� WHUPLQDO � MH X YH]L VD

terminalom 3, pa se ovaj stavlja na vrh steka. Terminal 3 je u vezi sa terminalima 2 i 4, pa se na vrh
VWHND VWDYOMD WHUPLQDO �� WHUPLQDO � MH YHü QD VWHNX� SD X RYRP NRUDNX QLMH SRWUHEQR SDPWLWL DOWHUQDWLYQL

put na rezervnom steku. Terminal 2 je povezan sa terminalima 1, 3 i 6; terminal 1 se stavlja na stek, a
na rezervnom steku se pamti informacija da je od terminala 2 postojao i jedan alternativni put ka
WHUPLQDOX �� WHUPLQDO � MH YHü QD VWHNX SD VH QH VWDYOMD QD UH]HUYQL VWHN� 7HUPLQDO � MH SRYH]DQ VD

WHUPLQDOLPD � L �� SD VH QD YUK VWHND VWDYOMD WHUPLQDO � �MHU MH � YHü QD VWHNX�� 7HUPLQDO � MH SRVOHGQML

MHU VH QLMHGDQ WHUPLQDO QH PRåH VWDYLWL QD VWHN� 7R ]QDþL GD MH L]DEUDQD SRJUHãQD JUDQD� SD VH SUHOD]L X

UHåLP VNLGDQMD VD VWHND� 5HGRP VH VNLGDMX HOHPHQWL VYH GRN VH QH GRÿH GR HOHPHQWD NRML VH QDOD]L QD

YUKX UH]HUYQRJ VWHND� 8 RYRP VOXþDMX VNLGDMX VH HOHPHQWL � L �� (OHPHQW � MH QD YUKX UH]HUYQRJ VWHND L

VDGUåL DOWHUQDWLYQL SXW ND WHUPLQDOX �� 7DNR VH QD YUK VWHND VWDYOMD HOHPHQW �� ]DWLP �� � L �� 7HUPLQDO �

MH ]DYUãQL� WDNR GD VH QD VWHNX QDOD]L YH]D ]DGDWD WHUPLQDOQLP þYRURYLPD �-3-2-6-7-8-9. Na osnovu
NRRUGLQDWD WHUPLQDOQLK HOHPHQDWD PRåH VH L]UDþXQDWL GXåLQD LQWHUNRQHNFLMH�



43

3URJUDP &25(Y�� RPRJXüXMH DQDOL]X YH]D NRMH SRYH]XMX WHUPLQDOQH HOHPHQWH

VWDQGDUGQLK üHOLMD X MH]JUX þLSD� 7DNRÿH� PRJX VH DQDOL]LUDWL L YH]H NRMH SRYH]XMX XOD]QH

�L]OD]QH� WHUPLQDOH VWDQGDUGQLK üHOLMD VD XOD]QLP �L]OD]QLP� SHGRYLPD QD RNYLUX þLSD� =D

LQWHUNRQHNFLMH RYRJ WLSD PRåH VH RGUHGLWL NROLND MH GXåLQD GHOD LQWHNRQHNFLMH NRML SULSDGD

MH]JUX þLSD� RGQRVQR� NROLND MH GXåLQD GHOD LQWHUNRQHNFLMH NRML SULSDGD REODVWL ]D SRYH]LYDQMH

MH]JUD VD RNYLURP þLSD�

3URJUDPVNL SDNHW 0$56 MH UD]YLMHQ QD SURJUDPVNRP MH]LNX &�� NRULãüHQMHP

programskog paketa Borland C++ 4.5. Programski paket MARS radi pod operativnim
VLVWHPRP :LQGRZV��� 'HWDOML SURJUDPD NRML þLQH SURJUDPVNL SDNHW 0$56 GDWL VX X

Apendiksu #2.



44

���'HWDOML�SUHGORåHQRJ

rešenja

8 RYRP SRJODYOMX SULND]DQL VX GHWDOML SRVWRMHüLK �' L SUHGORåHQLK �' DUKLWHNWXUD

SRVPDWUDQLK VLVWROLþNLK SROMD ]D VYDNL RG UDQLMH GHILQLVDQLK HNVSHULPHQDWD�

Eksperiment #1

3RVPDWUD VH VLVWROLþNR SROMH ]D PQRåHQMH PDWULFD VD þHWLUL SURFHVQD HOHPHQWD� 6WUXNWXUD

SRVPDWUDQRJ VLVWROLþNRJ SROMD GDWD MH QD VOLFL 28, a blok šema jednog procesnog elementa data
je na slici 16� .RPXQLNDFLMD L]PHÿX SURFHVQLK HOHPHQDWD RGYLMD VH SR OLQLMDPD ãLULQH þHWLUL ELWD�

MHGDQ SURFHVQL HOHPHQW VDGUåL PQRåDþ �[�� þHWYRURELWQL VDELUDþ� WUL þHWYRURELWQD UHJLVWUD L

MHGDQ þHWYRURELWQL PXOWLSOHNVHU �[�� (NVSHULPHQW �� SRGUD]XPHYD SRUHÿHQMH GXåLQD YH]D ]D

WUL UD]OLþLWH UHDOL]DFLMH SRVPDWUDQRJ VLVWROLþNRJ SROMD� �D� �' UHDOL]DFLMD þLMD MH EORN ãHPD

prikazana na slici 28� �E� �' UHDOL]DFLMD X GYD DNWLYQD QLYRD þLMD MH EORN ãHPD SULND]DQD QD VOLFL

29 L �F� �' UHDOL]DFLMD X þHWLUL DNWLYQD QLYRD þLMD MH EORN ãHPD SULND]DQD QD VOLFL 30. Za sva tri
HNVSHULPHQWD UHDOL]DFLMD QH XNOMXþXMH SHGRYH� WM� SRVPDWUD VH VDPR MH]JUR þLSD�
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Slika 28. Struktura sistoliþNRJ SROMD ]D PQRåHQMH PDWULFD VD þHWLUL SURFHVQD HOHPHQWD�

Opis: 1D VOLFL MH SULND]DQD EORN ãHPD VLVWROLþNRJ SROMD VD þHWLUL SURFHVQD HOHPHQWD NRML VX UHDOL]RYDQL X

MHGQRM UDYQL� 6YH XOD]QH� L]OD]QH L OLQLMH NRMH SRYH]XMX VXVHGQH SURFHVQH HOHPHQWH VX ãLULQH þHWLUL ELWD�
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Slika 29. 3UHGORJ UHDOL]DFLMH VLVWROLþNRJ SROMD X GYD DNWLYQD QLYRD�

Opis� 1D VOLFL MH SULND]DQD EORN ãHPD �' UHDOL]DFLMH VD GYD DNWLYQD QLYRD SRVPDWUDQRJ VLVWROLþNRJ

polja. Procesni elementi PE11 i PE12 nalaze se u prvoj aktivnoj ravni, a procesni elementi PE21 i PE22

nalaze se u drugoj aktivnoj ravni. Veze B11-T21 i B12-T22 SRYH]XMX HOHPHQWH L] UD]OLþLWLK UDYQL� SD VH WH

YH]H VHOH X WUHüX GLPHQ]LMX� RGQRVQR SUHGVWDYOMDMX �' YH]H� 5DVSRUHÿLYDQMH X RNYLUX SRMHGLQLK UDYQL

GHILQLVDQR MH DOJRULWPRP ]D UDVSRUHÿLYDQMH NRML NRULVWL 635 �Standard Cell Place and Route) modul za
DXWRPDWVNR UDVSRUHÿLYDQMH VD SRYH]LYDQMHP SURJUDPD /�(GLW�
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Slika 30.3UHGORJ UHDOL]DFLMH VLVWROLþNRJ SROMD X þHWLUL DNWLYQD UDYQL�

Opis: 1D VOLFL MH SULND]DQD EORN ãHPD �' UHDOL]DFLMH X þHWLUL UDYQL SRVPDWUDQRJ VLVWROLþNRJ SROMD� 6YDNL

RG þHWLUL SURFHVQD HOHPHQWD QDOD]L VH X SRVHEQRM DNWLYQRM UDYQL� 6YH YH]H L]PHÿX SURFHVQLK HOHPHQDWD

(R11-L12, B11-T21, B12-T22, R21-L22� VHOH VH X WUHüX GLPHQ]LMX�

Eksperiment #2

8 HNVSHULPHQWX �� SRVPDWUD VH LGHQWLþQR VLVWROLþNR SROMH ]D PQRåHQMH PDWULFD VD þHWLUL

procesna elementa kao u eksperimentu #1. Posmatraju se dve realizacije: (a) 2D realizacija i
(b) 3D realizacija sa dva aktivna nivoa; pri tome, za razliku od eksperimenta #1, realizacije
XNOMXþXMX NRULãüHQMH XOD]QR/L]OD]QLK SHGRYD� 8OD]QL SHGRYL VX SULGUXåHQL XOD]QLP OLQLMDPD /11,
L21, T11, T12� D L]OD]QL SHGRYL VX SULGUXåHQL L]OD]QLP OLQLMDPD 512, R22, B21, B22.
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Eksperiment #3

3RVPDWUD VH VLVWROLþNR SROMH ]D PQRåHQMH PDWULFD VD þHWLUL SURFHVQD HOHPHQWD VD LVWRP

VWUXNWXURP NDR X HNVSHULPHQWX ��� V WLP ãWR VH NRPXQLNDFLMD L]PHÿX SURFHVQLK HOHPHQDWD

RGYLMD SUHNR ��ELWQLK OLQLMD� 3URFHVQL HOHPHQW VDGUåL MHGDQ �[� PQRåDþ� ��ELWQL VDELUDþ� WUL

8-bitna registra i jedan 8-bitni multiplekser 2x1. Kao i u eksperimentu #1 posmatraju se tri
UHDOL]DFLMH� �D� �' UHDOL]DFLMD� �E� �' UHDOL]DFLMD X GYH DNWLYQH UDYQL L �F� �' UHDOL]DFLMD X þHWLUL

aktivne ravni.

Eksperiment #4

3RVPDWUD VH VLVWROLþNR SROMH ]D PQRåHQMH PDWULFD VD GHYHW SURFHVQLK HOHPHQDWD� 6WUXNWXUD

SRVPDWUDQRJ VLVWROLþNRJ SROMD GDWD MH QD VOLFL 31, a blok šema jednog procesnog elementa data
je na slici 16. EkVSHULPHQW �� SRGUD]XPHYD SRUHÿHQMH GXåLQD YH]D ]D GYH UD]OLþLWH UHDOL]DFLMH

SRVPDWUDQRJ VLVWROLþNRJ SROMD� �D� �' UHDOL]DFLMD þLMD MH EORN ãHPD SULND]DQD QD VOLFL 31, (b) 3D
UHDOL]DFLMD X WUL DNWLYQH UDYQL þLMD MH EORN ãHPD SULND]DQD QD VOLFL 32.
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Slika 31.6WUXNWXUD VLVWROLþNRJ SROMD VD GHYHW SURFHVQLK HOHPHQDWD�
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Slika 32. 3UHGORJ UHDOL]DFLMH VLVWROLþNRJ SROMD VD GHYHW HOHPHQDWD X WUL DNWLYQH UDYQL�

Opis� 1D VOLFL MH SRND]DQD EORN ãHPD �' UHDOL]DFLMH X WUL UDYQL VLVWROLþNRJ SROMD VD GHYHW SURFHVQLK

elemenata. Procesni elementi PE11, PE12 i PE13 nalaze su u prvoj ravni, procesni elementi PE21, PE220 i
PE23 nalaze se u drugoj ravni, a procesni elementi PE31, PE32, PE33 QDOD]H VH X WUHüRM UDYQL�

Eksperiment #5

8 SUHWKRGQLP HNVSHULPHQWLPD UD]PDWUDQH VX NODVLþQH �' UHDOL]DFLMH L QHNROLNR �'

UHDOL]DFLMD� 5D]PHãWDQMH SR UDYQLPD X VOXþDMX �' UHDOL]DFLMH YUãHQR MH WDNR ãWR VX UD]OLþLWL

SURFHVQL HOHPHQWL LOL JUXSH SURFHVQLK HOHPHQDWD UD]PHãWDQH SR UD]OLþLWLP UDYQLPD� 6OHGHüL

kvalitativno novi korak bi bio da se sami procesni elementi realizuju u više aktivnih nivoa. U
HNVSHULPHQWX �� SRVPDWUD VH �' UHDOL]DFLMD VLVWROLþNRJ SROMD ]D PQRåHQMH PDWULFD VD þHWLUL

SURFHVQD HOHPHQWD� SUL þHPX VH VDPL SURFHVQL HOHPHQWL UHDOL]XMX X GYD DNWLYQD QLYRD� 3RVPDWUD

VH SURFHVQL HOHPHQW NRML VYRMX IXQNFLMX REDYOMD X GYD VWHSHQD SURWRþQH REUDGH� %ORN ãHPD

procesnog elementa prikazana je na slici 33. Eksperiment #5 podrazumeva poreÿHQMH GYH

UHDOL]DFLMH� �D� �' UHDOL]DFLMH L �E� �' UHDOL]DFLMH X GYH DNWLYQH UDYQL UDYQL þLMD MH EORN ãHPD

prikazana na slici 34.
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Slika 33. Blok ãHPD SURFHVQRJ HOHPHQWD NRML NRULVWL SURWRþQX REUDGX�

Opis: Prikazana je struktura jednog procesnog elementa koji svoju funkciju obavlja u dva stepena
SURWRþQH REUDGH� 8 SUYRP VWHSHQX REDYOMD VH PQRåHQMH SRGDWDND NRML GROD]H SR OLQLMDPD / L 7� 8

GUXJRP VWHSHQX GRELMHQL UH]XOWDW PQRåHQMD L] SUHWKRGQRJ FLNOXVD VDELUD VH VD VDGUåDMHP UHJLVWUD

5(*B$� &LNOXV WDNWD X RYRP VOXþDMX MH RGUHÿHQ VD 7FON PD[�7PXO� 7DGG�� 7PXO MH NDãQMHQMH NUR]

PQRåDþ� D 7DGG MH NDãQMHQMH NUR] VDELUDþ�
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Slika 34.5HDOL]DFLMD VLVWROLþNRJ NRG NRJD VX SURFHVQL HOHPHQWL UHDOL]RYDQL X GYH UDYQL�

Opis: 3URFHVQL HOHPHQWL RVWYDUXMX VYRMX IXQNFLMX X GYD VWHSHQD SURWRþQH REUDGH� 3UYL VWHSHQ SURWRþQH

REUDGH UHDOL]RYDQ MH X SUYRP DNWLYQRP QLYRX� D GUXJL VWHSHQ SURWRþQH REUDGH X GUXJRP DNWLYQRP

nivou.
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8. Napomena o
DQDOLWLþNRP�PRGHORYDQMX

$QDOLWLþNR PRGHORYDQMH SRGUD]XPHYD IRUPLUDQMH PDWHPDWLþNRJ PRGHOD SUREOHPD NRML VH

DQDOL]LUD� 8 RSãWHP VOXþDMX� PDWHPDWLþNL PRGHO VH PRåH NRULVWLWL ]D UD]OLþLWH YUVWH DQDOL]D� 1D

SULPHU� PDWHPDWLþNL PRGHO VH PRåH NRULVWLWL VD FLOMHP GD VH GD IRUPDODQ GRND] LVSUDYQRVWL

JODYQH LGHMH LVWUDåLYDQMD� 7DNRÿH� SRPRüX PDWHPDWLþNRJ PRGHOD PRåH VH GDWL JUXED SURFHQD

SHUIRUPDQVH L NRPSOHNVQRVWL� 1DM]DG� SULPHQRP PDWHPDWLþNRJ PRGHOD PRJX VH GRELWL

rezultati kao dopuna simulacionoj analizi u uslovima kada zbog kompleksnosti i dimenzije
SUREOHPD VLPXODFLRQD DQDOL]D QLMH PRJXüD L/ili je vrlo zahtevna u pogledu procesorske snage i
potrebnog vremena.

8 RYRP LVWUDåLYDQMX ]DGDWDN PDWHPDWLþNRJ PRGHOD EL ELR GD GD JUXEX SURFHQX VNUDüHQMD

GXåLQD YH]D SULOLNRP SUHODVND VD �' QD �' 9/6,� 'R VDGD VX UD]YLMDQL PDWHPDWLþNL PRGHOL

bazirani na teoriji grafova koji su imali za cilj da daju procenu kompleksnosti i maksimalnu
GXåLQX YH]D X �' VWUXNWXUL� -HGDQ SULPHU WDNYRJ PDWHPDWLþNRJ PRGHOD SRND]DQ MH X UDGX

[Aboe87].

GRUH SRPHQXWL PDWHPDWLþNL PRGHOL LPDMX RSãWLML NDUDNWHU L UH]XOWDW GRELMHQ WDNYRP

DQDOL]RP LPD XJODYQRP VDPR WHRULMVNL ]QDþDM� 6WRJD� LPDMXüL X YLGX XVORYH L SUHWSRVWDYNH SRG

NRMLPD VH YUãL RYR LVWUDåLYDQMH� WUHEDOR EL UD]YLWL QRYL PDWHPDWLþNL PRGHO ED]LUDQ QD

GHILQLVDQLP XVORYLPD L SUHWSRVWDYNDPD RYRJ LVWUDåLYDQMD� 7DNDY PRGHO EL ELR ED]LUDQ QD

kvalitativnoj analizi koja je pokazana u radu [Tong95] i ukljuþLYDR EL HOHPHQWH SUHGORåHQH

metodologije 3D rutiranja, što je vrlo kompleksan zadatak.

6D GUXJH VWUDQH� NRULãüHQMHP SRVWRMHüLK DODWD ]D �' 9/6, SURMHNWRYDQMH þLSRYD PRJX VH

GRELWL WDþQL UH]XOWDWL X SRJOHGX GXåLQH YH]D NRMX NRULVWLPR NDR PHUX SHUIRUPDQVH� RGQRVQR

SRYUãLQH þLSD NRMX NRULVWLPR NDR PHUX NRPSOHNVQRVWL�

8 XVORYLPD NDGD VX NRPSOHNVQRVW L SRWUHEQR YUHPH ]D UD]YRM PDWHPDWLþNRJ PRGHOD YUOR

YHOLNL L NDGD RþHNLYDQL UH]XOWDWL QD ED]L PDWHPDWLþNRJ PRGHOD QLVX RG YHOLNH YDåQRVWL X

VSURYHGHQRP LVWUDåLYDQMX� UD]YRM PDWHPDWLþNRJ PRGHOD QLMH RG LQWHUHVD� SD RYR LVWUDåLYDQMH QH

XNOMXþXMH DQDOLWLþNR PRGHORYDQMH�
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9. Simulaciona
analiza

U ovom poglavlju prikazani su rezultati eksperimenata. Za svaku od realizacija u okviru
HNVSHULPHQDWD SULND]DQD MH UDVSRGHOD GXåLQD YH]D� VUHGQMD GXåLQD YH]D L SRYUãLQD MH]JUD þLSD LOL

FHORJ þLSD� X ]DYLVQRVWL RG WRJD GD OL VH SRVPDWUD UHDOL]DFLMD EH] ,/O pedova ili sa I/O
pedovima, redom� 7DNRÿH� ]D VYDNL HNVSHULPHQW GDW MH JUDILN VD XSRUHGQLP SULND]RP

UDVSRGHOD GXåLQD YH]D� VUHGQMH GXåLQH YH]D L SRYUãLQH þLSD� 'XåLQH YH]D VX GDWH X &,)

jedinicama (CIF units); vrednost CIF jedinice zavisi od tehnologije. U izvedenim
HNVSHULPHQWLPD NRULãüHQD MH 6&1 ���µm tehnologija, pa je jedna CIF jedinica jednaka 0.5µm.
3RYUãLQH þLSRYD GDWH VX X PLOLPHWULPD NYDGUDWQLP �PP

2).

Raspodela duåLQD YH]D SULND]DQD MH QD VOHGHüL QDþLQ� SRVPDWUD VH EURM YH]D þLMH VX GXåLQH X
RSVHJX NRML MH GDW QD DSVFLVL� 'XåLQH YH]D VX GDWH X &,) MHGLQLFDPD� 8 SRVPDWUDQLP

eksperimentima usvojeno je da je širina opsega 1000 CIF jedinica.

Eksperiment #1

8 RYRP HNVSHULPHQWX SRVPDWUDQH VX WUL UHDOL]DFLMH VLVWROLþNRJ SROMD ]D PQRåHQMH PDWULFD VD

þHWLUL þHWYRURELWQD SURFHVQD HOHPHQWD� �D� �' UHDOL]DFLMD þLMD MH EORN ãHPD SULND]DQD QD VOLFL 28,
�E� �' UHDOL]DFLMD X 1 � UDYQL þLMD MH EORN ãHPD SULND]DQD QD VOLFL 29 i (c) 3D realizacija u N=4
UDYQL þLMD MH EORN ãHPD SULND]DQD QD VOLFL 30� 3RVPDWUDMX VH VDPR YH]H XQXWDU MH]JUD þLSD

�UHDOL]DFLMH QH XNOMXþXMX SHGRYH�� WM� DQDOL]LUDMX VH VDPR YH]H L]PHÿX L]OD]QLK L XOD]QLK

WHUPLQDOD VWDQGDUGQLK üHOLMD� 5DVSRGHOH GXåLQD YH]D ]D VYDNX RG UHDOL]DFLMD SULND]DQH VX QD

slikama 35, 36, i 37, redom. Uporedni prikaz za sve tri realizacije prikazan je na slici 38.
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'LVWULEXWLRQ RI WKH LQWHUFRQQHFWLRQ OHQJWK

�

��

��

��

��

��

��

��

��

� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����� ����� ����� ����� ����� �����

[CIF units]

Slika 35. Eksperiment #1: UDVSRGHOD GXåLQD YH]D X VOXþDMX �' UHDOL]DFLMH�

Opis: 8 MH]JUX þLSD XRþHQR MH XNXSQR ��� YH]D� SURVHþQD GXåLQD MH ���� &,) MHGLQLFD �����µm).
Dimenzije je]JUD þLSD VX ����µm x 2668µm� RGQRVQR� SRYUãLQD MH]JUD þLSD MH �����PP

2.

'LVWULEXWLRQ RI WKH LQWHUFRQQHFWLRQ OHQJWK

�

��

��

��

��

���

���

� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����� ����� ����� ����� �����

[CIF units]

Slika 36. Eksperiment #1: raspodela duåLQD YH]D ]D VOXþDM �' UHDOL]DFLMH VD GYH DNWLYQH UDYQL�

Opis: 8 VYDNRP RG GYD DNWLYQD QLYRD XRþHQR MH SR ��� YH]D� QD RVQRYX WRJD VOHGL da se 16 veza seli u
WUHüX GLPHQ]LMX� 3URVHþQD GXåLQD �' YH]D �YH]H NRMH VX X MHGQRP DNWLYQRP QLYRX� L]QRVL ���� &,)

MHGLQLFD� 3RG SUHWSRVWDYNRP GD MH SURVHþQD GXåLQD �' YH]D �YH]H NRMH VH SURVWLUX X YLãH DNWLYQLK QLYRD�

MHGQDND SURVHþQRM GXåLQL �' YH]D� GRELMD VH XNXSQD SURVHþQD GXåLQD YH]D RG ���� &,) MHGLQLFD

(837.5µP�� 8NROLNR EL VH GXåLQD �' YH]D ]DQHPDULOD� XNXSQD SURVHþQD GXåLQD YH]D EL ELOD ���� &,)

jedinica. Dimenzije svake od dve aktivne ravni je 1002µm x 1448µm, pa je površina svake od aktivnih
ravni 1.46mm2, odnosno ukupna površina je 2.92mm2.
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'LVWULEXWLRQ RI WKH LQWHUFRQQHFWLRQ OHQJWK
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[CIF units]

Slika 37. Eksperiment #1: raspodela duåLQD YH]D X VOXþDMX �' UHDOL]DFLMH VD þHWLUL UDYQL�

Opis: 8 VYDNRP RG þHWLUL DNWLYQD QLYRD XRþHQR MH SR �� �' YH]D� QD RVQRYX WRJD VOHGL GD X RYRM

UHDOL]DFLML SRVWRML �� �' YH]H� 3RG SUHWSRVWDYNRP GD MH SURVHþQD GXåLQD �' YH]D MHGQDND SURVHþQRM

GXåLQL �' YH]D GRELMD VH GD MH XNXSQD SURVHþQD GXåLQD YH]D ���� &,) MHGLQLFD ������µm).
=DQHPDULYDQMHP GXåLQD �' YH]D GRELMD VH GD MH XNXSQD SURVHþQD GXåLQD YH]D ��� &,) MHGLQLFD�

'LPHQ]LMH VYDNH RG þHWLUL DNWLYQH UDYQL VX ���µm x 716µm; prema tome, površina svake od aktivnih
ravni je 0.485mm2, odnosno ukupna površina je 1.94mm2.
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'LVWULEXWLRQ RI WKH LQWHUFRQQHFWLRQ OHQJWK
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[CIF units]

2D

3D-2

3D-4

$YHUDJH LQWHUFRQQHFWLRQ OHQJWK
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2D

3D-2

3D-4

$UHD
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�

2D

3D-2

3D-4

Slika 38.(NVSHULPHQW ��� 8SRUHGQL SULND] UDVSRGHOH GXåLQD YH]D� VUHGQMH GXåLQH YH]D L

SRYUãLQH MH]JUD þLSRYD�

Opis: 6UHGQMD GXåLQD YH]D X �' UHDOL]DFLML VD GYH UDYQL MH ��� VUHGQMH GXåLQH YH]D X �' UHDOL]DFLML�

VUHGQMD GXåLQD YH]D X �' UHDOL]DFLML VD þHWLUL DNWLYQH UDYQL MH ��� VUHGQMH GXåLQH YH]D X �' UHDOL]DFLML�

8NXSQD SRYUãLQD X VOXþDMX �' UHDOL]DFLMH X GYD DNWLYQD QLYRD �zbir površina aktivnih ravni) je 60%
SRYUãLQH X VOXþDMX �' UHDOL]DFLMH� XNXSQD SRYUãLQD X VOXþDMX �' UHDOL]DFLMH X þHWLUL DNWLYQD QLYRD MH

40% površine u okviru 2D realizacije.

Eksperiment #2

(NVSHULPHQW �� VH ED]LUD QD HNVSHULPHQWX ��� V WLP ãWR UHDOL]DFLMD XNOMXþXMH NRULãüHQMH

pedova. Posmatrane su dve realizacije: (a) 2D realizacija i (b) 3D realizacija sa dve aktivne
ravni. 5DVSRGHOH GXåLQD YH]D ]D GYH SRVPDWUDQH UHDOL]DFLMH SULND]DQH VX QD VOLNDPD 39 i 40,
redom. Uporedni prikaz dat je na slici 41.
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'LVWULEXWLRQ RI WKH LQWHUFRQQHFWLRQ OHQJWK
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[CIF units]

Slika 39.(NVSHULPHQW ��� UDVSRGHOD GXåLQD YH]D X VOXþDMX �' UHDOL]DFLMH�

Opis: 8 VOXþDMX UHDOL]DFLMH VD XOD]QR�L]OD]QLP SHGRYLPD PRJX VH XRþLWL WUL YUVWH YH]D� (a) prvu grupu
þLQH YH]H NRMH SRYH]XMX XOD]QL SHG VD XOD]QLP WHUPLQDOLPD VWDQGDUGQLK üHOLMD� �E� GUXJX JUXSX þLQH

YH]H NRMH SRYH]XMX L]OD]QH WHUPLQDOH VD XOD]QLP WHUPLQDOLPD L �F� WUHüX JUXSX þLQH YH]H NRMH SRYH]XMX

L]OD]QH WHUPLQDOH VWDQGDUGQLK üHOLMD VD L]OD]QLP SHGRYLPD� 6UHGQMD GXåLQD YH]D MH ���� &,) MHGLQLFD�

'LPHQ]LMH þLSD VX ����µm x 3711µP� RGQRVQR SRYUãLQD þLSD MH �����PP2.

'LVWULEXWLRQ RI WKH LQWHUFRQQHFWLRQ OHQJWK
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[CIF units]

L#1

L#2

3D-2

Slika 40. Eksperiment #2: raspodela duåLQD YH]D X VOXþDMX �' UHDOL]DFLMH VD GYH DNWLYQH UDYQL�

Opis: 5DYDQ �� VDGUåL HOHPHQWH 3(11 i PE12 VD SULSDGDMXüLP XOD]QLP SHGRYLPD �WUL JUXSH SR þHWLUL

SHGD�� L]OD]QLP SHGRYLPD �MHGQD JUXSD RG þHWLUL SHGD� L XOD]QLP SHGRP ]D NRQWUROQL VLJQDO

PXOWLSOHNVHUD� 5DYDQ �� VDGUåL HOHPHQWH 3(21 i PE22 VD SULSDGDMXüLP XOD]QLP SHGRYLPD �MHGQD JUXSD

RG þHWLUL SHGD�� L]OD]QLP SHGRYLPD �WUL JUXSH SR þHWLUL SHGD� L XOD]QLP SHGRP ]D VLJQDO WDNWD� 6UHGQMD

GXåLQD YH]D X UDYQL �� MH ���� &,) MHGLQLFD� GLPHQ]LMH UDYQL �� VX ����µm x 2039µm, odnosno
površina ravni #1 je 3.093mm2� 6UHGQMD GXåLQD YH]D X UDYQL �� MH ���� MHGLQLFD� GLPHQ]LMH UDYQL �� VX

1496µm x 2003µm, odnosno površina ravni #2 je 2.996mm2� 8NXSQD SRYUãLQD þLSD X VOXþDMX �'

UHDOL]DFLMH L]UDþXQDYD VH SR IRUPXOL ( )N A
i

i⋅ max ; Ai predstavlja površinu i-te aktivne ravni. Na

RVQRYX WRJD XNXSQD SRYUãLQD SRVPDWUDQRJ �' þLSD MH ����� PP2.
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'LVWULEXWLRQ RI WKH LQWHUFRQQHFWLRQ OHQJWK
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$YHUDJH LQWHUFRQQHFWLRQ OHQJWK
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Slika 41.(NVSHULPHQW ��� XSRUHGQL SULND] UDVSRGHOH GXåLQD YH]D� VUHGQMH GXåLQH YH]D L

XNXSQH SRYUãLQH þLSD�

Opis: 6UHGQMD GXåLQD YH]D X VOXþDMX �' UHDOL]DFLMH VD GYH DNWLYQH UDYQL MH ��� VUHGQMH GXåLQH YH]D X

VOXþDMX �' UHDOL]DFLMH� 3RYUãLQD þLSD X VOXþDMX �' UHDOL]DFLMH MH ��� SRYUãLQH X VOXþDMX �' UHDOL]DFLMH�

Eksperiment #3

(NVSHULPHQW �� VH ED]LUD QD HNVSHULPHQWX ��� V WLP ãWR VH SRVPDWUD VLVWROLþNR SROMH NRG

NRMLK MH GXåLQD UHþL RVDP ELWD� 3RVPDWUDQH VX WUL UHDOL]DFLMH� �D� �' UHDOL]DFLMD þLMD MH EORN ãHPD

pokazana na slici 28, �E� �' UHDOL]DFLMD VD GYH DNWLYQH UDYQL þLMD MH ãHPD SULND]DQD QD VOLFL 29 i
(c) 3D realizacija sa þHWLUL DNWLYQH ravni þLMD MH ãHPD SULND]DQD QD VOLFL 30. 5DVSRGHOH GXåLQD

veza za posmatrane realizacije prikazane su na slikama 42, 43 i  44, redom. Uporedni prikaz
dat je na slici 45.
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'LVWULEXWLRQ RI WKH LQWHUFRQQHFWLRQ OHQJWK
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[x103 CIF units]

Slika 42.(NVSHULPHQW ��� UDVSRGHOD GXåLQD YH]D X VOXþDMX �' UHDOL]DFLMH�

Opis: 8RþHQR MH ��� YH]H ���� VNXSRYD SRYH]DQLK JHRPHWULMVNLK SULPLWLYD�� VUHGQMD GXåLQD YH]D MH

����� &,) MHGLQLFD� 'LPHQ]LMH MH]JUD þLSD VX ����µm x 11128µm, odnosno povrãLQD MH]JUD þLSD MH

53.136mm2.

'LVWULEXWLRQ RI WKH LQWHUFRQQHFWLRQ OHQJWK
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[x103 CIF units]

Slika 43.(NVSHULPHQW ��� UDVSRGHOD GXåLQD YH]D X VOXþDMX �' UHDOL]DFLMH VD GYH DNWLYQH UDYQL�

Opis: 8RþHQR MH ��� YH]D ���� VNXSD SRYH]DQLK JHRPHWULMVNLK SULPLWLYD�� D VUHGQMD GXåLQD YH]D MH

���� MHGLQLFD� 'LPHQ]LMH MH]JUD þLSD VX ����µm x 4600µP� RGQRVQR XNXSQD SRYUãLQD MH]JUD þLSD MH

24.09 mm2.
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'LVWULEXWLRQ RI WKH LQWHUFRQQHFWLRQ OHQJWK
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[x103 CIF units]

Slika 44.5DVSRGHOD GXåLQD YH]D X VOXþDMX �' UHDOL]DFLMH VD þHWLUL DNWLYQH UDYQL�

Opis: 8RþHQR MH ��� YH]D ���� VNXSRYD SRYH]DQLK JHRPHWULMVNLK SULPLWLYD�� D SURVHþQD GXåLQD MHGQH

interkonekcije je 2229 CIF jedinica. Dimenzije jedne aktivne ravni su 1433µm x 1918µm, pa je ukupna
SRYUãLQD �' þLSD VD þHWLUL DNWLYQH UDYQL ����� PP2.
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'LVWULEXWLRQ RI WKH LQWHUFRQQHFWLRQ OHQJWK
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Slika 45.(NVSHULPHQW ��� XSRUHGQL SULND] UDVSRGHOD GXåLQD YH]D� VUHGQMH GXåLQH YH]D L

SRYUãLQH þLSRYD�

Opis: 6UHGQMD GXåLQD YH]D X VOXþDMX �' UHDOL]DFLMH X GYH DNWLYQH UDYQL MH ��� VUHGQMH GXåLQH X VOXþDMX

�' UHDOL]DFLMH� VUHGQMD GXåLQD YH]D X VOXþDMX �' UHDOL]DFLMH VD þHWLUL DNWLYQH UDYQL MH ��� VUHGQMH

GXåLQH YH]D X VOXþDMX �' UHDOL]DFLMH� 8NXSQD SRYUãLQD MH]JUD þLSD X VOXþDMX �' UHDOL]DFLMH X GYH UDYQL

MH ��� SRYUãLQH MH]JUD þLSD X VOXþDMX �' UHDOL]DFLMH� SRYUãLQD MH]JUD þLSD X VOXþDMX �' UHDOL]DFLMH X

þHWLUL UDYQL MH ��� SRYUãLQH MH]JUD þLSD X VOXþDMX �' UHDOL]DFLMH�

Eksperiment #4

8 HNVSHULPHQWX �� SRVPDWUDQH VX GYH UHDOL]DFLMH VLVWROLþNRJ SROMD VD GHYHW SURFHVQLK

HOHPHQDWD� �D� �' UHDOL]DFLMD þLMD MH ãHPD SULND]DQD QD VOLFL 31 i (b) 3D realizacija sa tri aktivne
UDYQL þLMD MH ãHPD SULND]DQD QD VOLFL 32. 'XåLQD UHþL MH þHWLUL ELWD� 3RVPDWUDMX VH VDPR YH]H

XQXWDU MH]JUD þLSD� 5DVSRGHOH GXåLQD YH]D ]D GYH SRVPDWUDQH UHDOL]DFLMH SULND]DQH VX QD

slikama 46 i 47, redom. Uporedni prikaz dat je na slici 48.
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'LVWULEXWLRQ RI WKH LQWHUFRQQHFWLRQ OHQJWK
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[x103 CIF units]

Slika 46.(NVSHULPHQW ��� UDVSRGHOD GXåLQD YH]D X VOXþDMX �' UHDOL]DFLMH�

Opis: 8 RYRM UHDOL]DFLML XRþHQR MH ��� YH]D� SURVHþQD GXåLQD YH]D MH ����� &,) MHGLQLFD� 'LPHQ]LMH

MH]JUD þLSD VX ����µm x 9078µP� RGQRVQR SRYUãLQD MH]JUD þLSD MH ����� PP
2.

'LVWULEXWLRQ RI WKH LQWHUFRQQHFWLRQ OHQJWK
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[x103 CIF units]

Slika 47.(NVSHULPHQW ��� UDVSRGHOD GXåLQD YH]D X VOXþDMX �' UHDOL]DFLMH VD WUL DNWLYQH UDYQL�

Opis: U svakoj od ravni postoji po 214 veza; XNXSQR �� YH]D VH VHOL X WUHüX GLPHQ]LMX� XNROLNR VH

SUHWSRVWDYL GD MH VUHGQMD GXåLQD �' YH]D MHGQDND VUHGQMRM GXåLQL YH]D X �' UDYQLPD� XNXSQD VUHGQMD

GXåLQD YH]D MH ���� &,) MHGLQLFH� 'LPHQ]LMH MH]JUD þLSD X VYDNRM RG UDYQL VX ����µm x 2110µm,
RGQRVQR XNXSQD SRYUãLQD �' þLSD VD WUL DNWLYQH UDYQL MH ���� mm2.
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'LVWULEXWLRQ RI WKH LQWHUFRQQHFWLRQ OHQJWK
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Slika 48.(NVSHULPHQW ��� XSRUHGQL SULND] UDVSRGHOH GXåLQD YH]D� VUHGQMH GXåLQH YH]D L

SRYUãLQH þLSRYD�

Opis: Srednja duåLQD YH]D X VOXþDMX �' UHDOL]DFLMH X WUL DNWLYQH UDYQL MH ��� VUHGQMH GXåLQH X VOXþDMX

�' UHDOL]DFLMH� 8NXSQD SRYUãLQD MH]JUD þLSD X VOXþDMX �' UHDOL]DFLMH X WUL UDYQL MH ��� SRYUãLQH MH]JUD

þLSD X VOXþDMX �' UHDOL]DFLMH�

Eksperiment #5

U okviru eksperimenta #5 razmatra se rešenje u kome se procesni elementi realizuju u više
aktivnih ravni. Posmatrane su dve realizacije: (a) 2D realizacija, (b) 3D realizacija u dve
DNWLYQH UDYQL þLMD MH ãHPD SULND]DQD QD VOLFL 34. 5DVSRGHOH GXåLQD YH]D ]D SRVPDWUDQH

realizacije prikazane su na slikama 49 i 50, redom. Uporedni prikaz dat je na slici 51.
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'LVWULEXWLRQ RI WKH LQWHUFRQQHFWLRQ OHQJWK
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Slika 49.(NVSHULPHQW ��� UDVSRGHOD GXåLQD YH]D X VOXþDMX �' UHDOL]DFLMH�

Opis: 8RþHQR MH ��� YH]D ���� VNXSD SRYH]DQLK JHRPHWULMVNLK SULPLWLYD�� VUHGQMD GXåLQD YH]D MH ����

&,) MHGLQLFD� 'LPHQ]LMH MH]JUD þLSD VX ����µm x 3394µP� RGQRVQR SRYUãLQD MH]JUD þLSD MH ���� PP2.

'LVWULEXWLRQ RI WKH LQWHUFRQQHFWLRQ OHQJWK

�

��

��

��

��

��

��

��

��

��

���

� � � � � �� �� ��

[x103 CIF units]

S#1

S#2

3D-2(S#1+S#2)

Slika 50.(NVSHULPHQW ��� UDVSRGHOD GXåLQD YH]D X VOXþDMX UHDOL]DFLMH X GYH DNWLYQH UDYQL�

Opis: 6WHSHQL SURWRþQH REUDGH 6�� L 6�� UHDOL]RYDQL VX X UD]OLþLWLP UDYQLPD� 8 UDYQL �� X NRMRM MH

UHDOL]RYDQ SUYL VWHSHQ SURWRþQH REUDGH XRþHQR MH ��� YH]D� VUHGQMD GXåLQD YH]D X UDYQL �� MH ���� &,)

jedinica; dimenzije ravni #1 su 1104µm x 1328µm, odnosno površina je 1.466 mm2. U ravni #2 u kojoj
MH UHDOL]RYDQ GUXJL VWHSHQ SURWRþQH REUDGH XRþHQR MH ��� YH]D� VUHGQMD GXåLQD YH]D X UDYQL �� MH ����

CIF jedinica; dimenzije ravni #2 su 1309µm x 1640µm; površina potrebna za realizaciju drugog
VWHSHQD SURWRþQH REUDGH MH ����� PP

2
� 8NXSQD VUHGQMD GXåLQD YH]D �' þLSD MH ���� &,) MHGLQLFD� D

XNXSQD SRYUãLQD �' þLSD MH ���� PP
2.
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'LVWULEXWLRQ RI WKH LQWHUFRQQHFWLRQ OHQJWK
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Slika 51.(NVSHULPHQW ��� XSRUHGQL SULND] UDVSRGHOD GXåLQD YH]D� VUHGQMLK GXåLQD YH]D L

SRYUãLQH MH]JUD þLSRYD�

Opis: 6UHGQMD GXåLQD YH]D X VOXþDMX �' UHDOL]DFLMH MH ��� VUHGQMH GXåLQH YH]D X VOXþDMX �' UHDOL]DFLMH�

8NXSQD SRYUãLQD MH]JUD þLSD X VOXþDMX �' UHDOL]DFLMH VD GYD DNWLYQD QLYRD MH ��� SRYUãLQH MH]JUD þLSD

X VOXþDMX �' UHDOL]DFLMH�

******

U tabeli 3SULND]DQL VX VXPDUQL UH]XOWDWL L]YUãHQLK HNVSHULPHQDWD� 9UHGQRVWL VUHGQMH GXåLQH

YH]D L XNXSQH SRYUãLQH þLSD VX VNDOLUDQH SUHPD YUHGQRVWLPD RYLK YHOLþLQD ]D VOXþDM �'

realizacija u okviru posmatranih eksperimenata.
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Srednja duåLQD YH]D 8NXSQD SRYUãLQD þLSD

2D 3D-2 3D-3 3D-4 2D 3D-2 3D-3 3D-4

Exp #1 100% 48% - 29% 100% 60% - 40%

Exp #2 100% 42% - - 100% 68% - -

Exp #3 100% 43% - 18% 100% 45% - 21%

Exp #4 100% - 25% - 100% 14% -

Exp #5 100% 46% - - 100% 65% - -

Tabela 3. Rezultati eksperimenata.

1D RVQRYX GRELMHQLK UH]XOWDWD ]DNOMXþXMH VH GD MH VUHGQMD GXåLQD YH]D X VOXþDMX �'

UHDOL]DFLMD VD GYD DNWLYQD QLYRD ��'��� RG ���� GR ���� SXWD NUDüD RG VUHGQMH GXåLQH YH]D X

VOXþDMX �' UHDOL]DFLMH� ]DYLVQR RG SRVPDWUDQRJ HNVSHULPHQWD� 6NUDüHQMH X VOXþDMX �'

UHDOL]DFLMD VD þHWLUL DNWLYQH UDYQL MH L]PHÿX ��� L ��� SXWD� 8NXSQD SRYUãLQD þLSD X VOXþDMX �'��

UHDOL]DFLMH MH L]PHÿX ��� L ��� SXWD PDQMD RG SRYUãLQH X VOXþDMX �' UHDOL]DFLMH� 6PDQMHQMH

XNXSQH SRYUãLQH X VOXþDMX �' UHDOL]DFLMH VD þHWLUL DNWLYQD QLYRD MH L]PHÿX ��� L ��� SXWD� X

]DYLVQRVWL RG SRVPDWUDQRJ HNVSHULPHQWD� 8 HNVSHULPHQWX �� VUHGQMD GXåLQD YH]D ]D �'��

UHDOL]DFLMX MH � SXWD PDQMD RG VUHGQMH GXåLQH YH]D ]D �' UHDOL]DFLMX VLVWROLþNRJ SROMD VD GHYHW

procesnih elemenata.

1D RVQRYX SULND]DQLK UH]XOWDWD PRåH VH ]DNOMXþLWL GD MH SREROMãDQMH XVOHG SUHODVND VD �'

9/6, QD �' 9/6, WHKQRORJLMX ]QDþDMQR� 6NUDüHQMH VUHGQMH GXåLQH YH]D L VPDQMLYDQMH XNXSQH

SRYUãLQH þLSD MH QDURþLWR L]UDåHQR X HNVSHULPHQWLPD X NRMLPD MH EURM YH]D UHODWLYQR YHOLNL� ãWR

MH VOXþDM X HNVSHULPHQWLPD �� L ���
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10. Implementaciona
analiza

Generalno, poglavlje o implementacionoj analizi podrazumeva diskusiju o kompleksnosti
SUHGORåHQRJ UHãHQMD� 8 NRQNUHWQRP VOXþDMX� GDWD MH GLVNXVLMD R NRPSOHNVQRVWL SUHGORåHQRJ

SULVWXSD DQDOL]L YH]D QD þLSX� 7DNRÿH� GDW MH L RVYUW QD HYHQWXDOQL GDOML UD]YRM SURJUDPVNRJ

paketa MARS u pravcu profesionalne verzije programa.

3UHGORåHQL SULVWXS SRUHÿHQMX GXåLQD YH]D QD �' L �' þLSRYLPD ED]LUDQ MH QD SRVWRMHüLP

DODWLPD ]D SURMHNWRYDQMH �' þLSRYD SR standard cellPHWRGRORJLML� 8 VOXþDMX �' UHDOL]DFLMD

SRVPDWUD VH VYDND DNWLYQD UDYDQ SRVHEQR� =D YH]H NRMH SRYH]XMX VWDQGDUGQH üHOLMH L] UD]OLþLWLK

DNWLYQLK UDYQL XVYRMHQR GD MH QMLKRYD SURVHþQD GXåLQD MHGQDND SURVHþQRM GXåLQL YH]D X VYDNRM

RG DNWLYQLK UDYQL� 1D RYDM QDþLQ� UD]YRMHP DODWD ]D DQDOL]X YH]D QD �' þLSX RPRJXüHQR MH

SRUHÿHQMH �' L �' SULVWXSD�

3URJUDPVNL SDNHW ]D DQDOL]X YH]D QD þLSX NRML MH ]DGDW X &,) IRUPDWX REXKYDWD QHNROLNR

programa koji su detaljno opisani u poglavlju 6. Programski paket je razvijen pod operativnim
sistemom Windows’95, odnosno DOS7.0. Najkompleksniji program programskog paketa
0$56 MH SURJUDP &25(Y�� NRML YUãL RGUHÿLYDQMH VNXSRYD SRYH]DQLK JHRPHWULMVNLK

SULPLWLYD� RGUHÿLYDQMH YH]D L L]UDþXQDYDQMH VWDWLVWLNH� 9UHPH L]YUãDYDQMD RYRJ SURJUDPD �UHGD

QHNROLNR PLQXWD� MH QHXSRUHGLYR NUDüH RG YUHPHQD NRMH MH SRWUHEQR SURJUDPX ]D

UDVSRUHÿLYDQMH VD SRYH]LYDQMHP� NRML VYRM SRVDR REDYL ]D QHNROLNR VDWL�

3URJUDPVNL SDNHW 0$56 SRUHG RGUHÿLYDQMD GXåLQD YH]D RPRJXüDYD VDNXSOMDQMH UD]QLK

VWDWLVWLþNLK SRGDWDND� =D YH]H NRMH SRYH]XMX L]OD]QH� RGQRVQR XOD]QH WHUPLQDOH VWDQGDUGQLK

üHOLMD VD L]OD]QLP� RGQRVQR XOD]QLP SHGRYLPD RPRJXüHQR MH RGUHÿLYDQMH GXåLQH GHOD YH]H NRML

SULSDGD MH]JUX þLSD� RGQRVQR GXåLQH GHOD YH]H NRML SULSDGD REODVWL ]D SRYH]LYDQMH MH]JUD þLSD

VD RNYLURP þLSD� 3RUHG RVQRYQH QDPHQH� SURJUDPVNL SDNHW 0$56 VH PRåH NRULVWLWL L ]D

SRUHÿHQMH HILNDVQRVWL UD]OLþLWLK SURJUDPVNLK SDNHWD ]D UD]PHãWDQMH VD SRYH]LYDQMHP�

Za sada, programski paket MARS je akademski alat. Ukoliko bi postojao interes,
programski paket MARS bi mogao evoluirati u profesionalnu verziju, bilo kao deo nekog
SURJUDPVNRJ SDNHWD ]D UDVSRUHÿLYDQMH VD SRYH]LYDQMHP� ELOR NDR VDPRVWDOQL SURJUDP� 8 WRP

FLOMX� ELOR EL SRWUHEQR XUDGLWL VOHGHüH� �D� RWNORQLWL ]DYLVQRVW SURJUDPD L] SDNHWD 0$56 RG

komandi kojima L-Edit proširuje osnovnu sintaksu CIF formata, (b) realizovati user-friendly
NRULVQLþNL LQWHUIHMV NRML EL RPRJXüLR ODNR SRNUHWDQMH SURJUDPD L �F� UHDOL]RYDWL LQWHUIHMV ]D

JUDILþNL SULND] GRELMHQLK UH]XOWDWD L UD]QH YUVWH VWDWLVWLND� 6D GUXJH VWUDQH� UH]XOWDWL GRELMHQL

programskim paketom MARS mogu se koristiti za post-layout simulaciju vremenskih odnosa,
pa je od interesa povezivanje ovog programa sa alatima za post-layout simulaciju.
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����=DNOMXþDN

8 RSãWHP VOXþDMX� ]DNOMXþDN WUHED GD VDGUåL� �D� UHNDSLWXODFLMX RQRJD ãWR MH XUDÿHQR L ãWD MH

JODYQL GRSULQRV� �E� GLVNXVLMX QD WHPX NR üH GD LPD NRULVWL RG VSURYHGHQRJ LVWUDåLYDQMD L �F�

GLVNXVLMX R QRYRWYRUHQLP SUREOHPLPD L PRJXüLP SXWHYLPD ]D QMLKRYR UHãDYDQMH� 6OHGHüL RYX

VWUXNWXUX X RYRP SRJODYOMX SUYR MH GDWD UHNDSLWXODFLMD RQRJD ãWR MH XUDÿHQR� ]DWLP GLVNXVLMD R

NRULVQRVWL VSURYHGHQRJ LVWUDåLYDQMD L QD NUDMX L]QHWL VX QRYRRWYRUHQL SUREOHPL�

8 VSURYHGHQRP LVWUDåLYDQMX SULND]DQ MH MHGDQ SULVWXS NYDQWLWDWLYQRM DQDOL]L GXåLQD YH]D NRG

�' L �' UHDOL]DFLMD �' VLVWROLþNLK SROMD ]D PQRåHQMH PDWULFD� 9DåQRVW SUREOHPD RJOHGD VH X

þLQMHQLFL GD GR VDGD QLMH GDWD NYDQWLWDWLYQD PHUD SREROMãDQMD NRMD VH GRELMD SUHODVNRP VD �' QD

�' 9/6,� 3REROMãDQMH MH L]UDåHQR NUR] VNUDüLYDQMH GXåLQD YH]D þLPH VH VNUDüXMH NDãQMHQMH QD

NULWLþQRM VWD]L ]D SRGDWNH �SHUIRUPDQVD� L VPDQMXMH ]DKWHYDQD SRYUãLQD þLSD �SHUIRUPDQVD �

NRPSOHNVQRVW�� $QDOL]D MH YUãHQD QD SULPHUX VLVWROLþNLK SROMD MHU SRVHGXMX YLVRNR UHJXODUQX

strukturu, što olakšava postupak razmeštanja u 3D strukturama, u uslovima kada ne postoji
DODW ]D UD]PHãWDQMH X �' þLSX� 7DNRÿH� RþHNXMH VH GD UD]YRMHP 9/6, WHKQRORJLMH VLVWROLþND

SROMD SRVWDQX MHGQD RG JODYQLK DSOLNDFLMD X GRPHQX 9/6, SURMHNWRYDQMD þLSRYD�

,VWUDåLYDQMH MH ]DVQRYDQR QD PHWRGRORJLML �' UXWLUDQMD NRMD VH ED]LUD QD SRVWRMHüRM

metodologiji 2D rutiranja za standard cellPHWRGRORJLMX SURMHNWRYDQMD 9/6, þLSRYD� 8 DQDOL]L

VX NRULãüHQL SRVWRMHüL DODWL ]D SURMHNWRYDQMH �' 9/6, þLSRYD L RULJLQDOQR UD]YLMHQL SURJUDPVNL

SDNHW 0$56 ]D DQDOL]X GXåLQD YH]D QD �' þLSX NRML MH ]DGDW X &,) IRUPDWX� 3URJUDPVNL SDNHW

]D DQDOL]X GXåLQD YH]D QD þLSX UDGL VOHGHüH� �D� L]GYDMD VYH UHOHYDQWQH JHRPHWULMVNH SULPLWLYH

NRMH IRUPLUDMX YH]H L]PHÿX WHUPLQDOQLK HOHPHQDWD VWDQGDUGQLK üHOLMD� �E� IRUPLUD VNXSRYH

povezanih geometrijskih primitiva, (c) pronalazi veze u okviru skupova geometrijskih primitiva
L �G� L]UDþXQDYD GXåLQH YH]D L GUXJH VWDWLVWLNH RG LQWHUHVD�

,]YHGHQR MH QHNROLNR HNVSHULPHQDWD X NRMLPD VH DQDOL]LUDMX UD]OLþLWH UHDOL]DFLMH VLVWROLþNLK

SROMD ]D PQRåHQMH PDWULFD� 6YDNL HNVSHULPHQW XNOMXþXMH NODVLþQX �' UHDOL]DFLMX L MHGQX LOL YLãH

SUHGORåHQLK �' UHDOL]DFLMD� 5HDOL]DFLMH VH SRUHGH X SRJOHGX UDVSRGHOH GXåLQH YH]D� VUHGQMH

GXåLQH YH]D L XNXSQH SRWUHEQH SRYUãLQH þLSD�

'RELMHQL UH]XOWDWL SRND]XMX GD VH SUHODVNRP QD �' 9/6, ]QDþDMQR SRYHüDYD SHUIRUPDQVD�

QDURþLWR X XVORYLPD NDGD NDãQMHQMH QD YH]DPD GRPLQDQWQR RGUHÿXMH SHUIRUPDQVX� ãWR MH

VOXþDM� QDURþLWR X VDYUHPHQRM VXEPLNURQVNRM 9/6, WHKQRORJLML� 6UHGQMD GXåLQD YH]D VH

smanjuje od 2 do 2.5 puta prelaskom sa 2D realizacije na 3D realizaciju sa dva aktivna nivoa,
X ]DYLVQRVWL RG HNVSHULPHQWD� 8 VOXþDMX �' UHDOL]DFLMH VD þHWLUL DNWLYQD QLYRD VUHGQMD GXåLQD

YH]D MH RG � GR � SXWD NUDüD X RGQRVX QD VUHGQMX GXåLQX YH]D X VOXþDMX �' UHDOL]DFLMH� 8NXSQD

SRYUãLQD þLSD X VOXþDMX �' UHDOL]DFLMH �NRMD MH MHGQDND PDNVLPDOQRM SRYUãLQL X MHGQRM UDYQL

SRPQRåHQRM VD EURMHP UDYQL� VPDQMXMH VH RG ��� GR � SXWD X RGQRVX QD SRYUãLQX X VOXþDMX �'

UHDOL]DFLMH� X ]DYLVQRVWL RG HNVSHULPHQWD� 8NXSQD SRYUãLQD þLSD X VOXþDMX �' UHDOL]DFLMH VD

þHWLUL DNWLYQH UDYQL MH RG ��� GR � SXWD PDQMD X RGQRVX QD �' UHDOL]DFLMX� X ]DYLVQRVWL RG

eksperimenta.
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5H]XOWDWL RYRJ LVWUDåLYDQMD SRND]XMX SRWHQFLMDOQR YHOLNL GRELWDN X SHUIRUPDQVL L

NRPSOHNVQRVWL SULOLNRP SUHODVND VD �' QD �' 9/6,� , SRUHG þLQMHQLFH GD VX HNVSHULPHQWL

UDÿHQL ]D SRVHEQX NODVX VLVWROLþNLK SROMD� UH]XOWDWL VX RG LQWHUHVD QH VDPR ]D EXGXüH GL]DMQHUH

VLVWROLþNLK SROMD� YHü L ]D GL]DMQHUH VYLK 9/6, XUHÿDMD�

2þHNXMH VH GD üH QRYL SULVWXS QDüL SUYR SULPHQX X DSOLNDFLMDPD JGH VX JXVWLQD SDNRYDQMD�

SHUIRUPDQVD L PDOD NRPSOHNVQRVW RG SRVHEQRJ ]QDþDMD� 2YR LVWUDåLYDQMH MH GHORP LQLFLUDQR L]

JPL-a (Jet Propulsion Labaratory) koji je deo NASA (National Aeronautics and Space
Administration�� 1DLPH� 1$6$ MH XVYRMLOD QRYL NRQFHSW VYHPLUVNLK LVWUDåLYDQMD NRML

podrazumeva da se prihvatanje i obrada podataka radi u svemiru, a da se gotovi rezultati šalju
na Zemlju, za razliku od dosadašnjeg pristupa gde su se podaci prikupljali u svemiru i
SURVOHÿLYDOL QD =HPOMX JGH MH YUãHQD REUDGD� 7DNRÿH� ]DKWHYD VH GD QRYL VLVWHPL EXGX PDOLK

dimenzija da bi se minimizovali troškovi slanja u svemir, male potrošnje i velike procesne
VQDJH� ,PDMXüL X YLGX SUHGQRVWL �' 9/6, SULVWXSD X SRJOHGX JXVWLQH SDNRYDQMD �PDQMH

GLPHQ]LMH�� SHUIRUPDQVH �NUDüL FLNOXV WDNWD� L NRPSOHNVQRVWL �PDQMD SRYUãLQD� MDVQR MH GD MH �'

pristup glavni kandidat za ovakve sisteme.

2YR LVWUDåLYDQMH MH UHODWLYQR QRYR L SRVWRML GRVWD QRYLK RWYRUHQLK SUREOHPD� 3UH VYLK� WR MH

SUREOHP UD]YRMD &$' DODWD ]D SURMHNWRYDQMH �' 9/6, þLSRYD� SRVHEQR SURJUDPD ]D

UDVSRUHÿLYDQMH VWDQDGDUGQLK üHOLMD X �' þLSX L SURJUDPD ]D �' UXWLUDQMH� 7DNRÿH� RG LQWHUHVD

MH UD]YRM DODWD NRML EL RPRJXüLOL HJ]DNWQX DQDOL]X XWLFDMD GXåLQH YH]D QD SHUIRUPDQVH NROD�

-HGDQ RG LQWHUHVDQWQLK QRYRRWYRUHQLK SUREOHPD MH L DQDOL]D �' LPSOHPHQWDFLMD UD]OLþLWLK

WLSRYD VWDQGDUGQLK SURFHVRUVNLK UHVXUVD NDR ãWR VX VDELUDþL� PQRåDþL� SRPHUDþL L UHJLVWDUVNL

IDMO L QMLKRYR SRUHÿHQMH X SRJOHGX SHUIRUPDQVH L NRPSOHNVQRVWL VD VWDQGDUGQLP �'

implementacijama.



68

12. Literatura

[Tong95] C.C. Tong, C. Wu, “Routing in a Three-Dimensional Chip,” IEEE Transactions
on Computers, vol. 44, no. 1, 1995, pp. 106-117.

[Kung88] S. Y. Kung, VLSI Array Microprocessors, Prientic-Hall, Englewood Clifs, New
Jersey, USA, 1988.

[Lakh96] 6� /DNKDQL� <� :DQJ� $� 0LOHQNRYLü� 9� 0LOXWLQRYLü� “2D Matrix Multiplication
on a 3D Systolic Array,” Microelectronics Journal, vol. 27, no. 1, 1996.

[Lakh97] 6� /DNKDQL� <� :DQJ� $� 0LOHQNRYLü� 9� 0LOXWLQRYLü� “3D Convolution on a 3D
Systolic Array,” International Journal of Mini and Microprocessors, vol. 19, no.
1, 1997.

[Mead80] C. Mead, L. Conway, Introduction to VLSI Systems,  Addison-Wesley Publishing
Company, Reading, Massachusetts, USA, 1980.

[Ullm84] J. Ullman, Computational Aspects of VLSI, Computer Science Press, Rockville,
Marylend, USA, 1984.

[Milu94] V. Milutinovi ü� Projektovanje i arhitektura RISC procesora za VLSI, Nauka,
Beograd, Srbija, Jugoslavija, 1994.

[Milu94a] V. Milutinoviü� '� %RåDQLü� '� 3RORPþLü� 0� $OHNVLü� Uvod u projektovanje
UDþXQDUVNLK 9/6, VLVWHPD, Nauka, Beograd, Srbija, Jugoslavija, 1994.

[West85] N. Weste, Kamran Eshraghian, Princples CMOS VLSI Design, Addison-Wessley
Publishing Company, Reading, Massachusetts, USA, 1985.

[Rebe95] M. Reber, R. Tielert, “Global Optimization of Physical Design for Vertically
Stacked Integrated Circuit,” 3D Packaging, Advanced Technology Workshop,
Los Angeles, Octobar, 1995.

[Tann87a] SchemLib - A Schematic Library Condensed Manual, 1987, Tanner Research,
Pasadena, California, USA.

[Tann87b] GayeSim - A Gate Level Simulator Condensed Manual, 1987, Tanner Research,
Pasadena, California, USA.

[Tann90] L-Edit User’s Manual, Tanner Research, 1990, Pasadena, California, USA.



69

[Dehk93] P. Dehkordi, D. Pouldin, “Design for Packageability,” IEEE Computer, vol. 26,
no. 4, 1993, pp. 76-81.

[Akas88] Y. Akasaka, T. Nishimura, H. Nakata, “Trends in Three-Dimensional
Integration,” Solid State Technology, vol. 28, 1988., pp. 81-89.

[Koku86] A. Kokubu, “Three Dimensional Device Project,” Tutorial of the ISCA-86,
Tokyo, Japan, June1986.

[Grin84] J. Grinberg, G. Nudd, D. Etchells, “A Cellular VLSI Architecture,” IEEE
Computer, vol. 17, no. 1, 1986., pp. 69-80.

[Fort87] J. Fortes, B. Wah, “Systolic Arrays - From Concept to Implementation,” IEEE
Computer, vol. 20, no. 5, 1987, pp. 12-17.

[Aboe87] M. Aboelaze, B. Wah, “Complexities of Layouts in Three-Dimensional VLSI
Circuits,” IEEE International Symposium on Circuits and Systems, May, 1987,
Philadelphia, PA, USA.

[Malh87] S. D. S. Malhi, H.E. Davis, R. J. Stierman, K. E. Bean, C. C. Driscoll, P. K.
Chatterjee, “Orthogonal Chip Mount - A 3D Hybrid Wafer Scale Integration
Technology,” Technical Digest, International Electron Devices Meeting, 1987,
pp. 104-106.

[Phil88] R. Philhower, J.F. McDonald, “Interconnection Complexity Study for Piggy
Back WSHP GaAs Systolic Processor,” IEEE International Conference on
Systolic Arrays, May 1988, San Diego, California, USA.



70

Apendiks #1:
BNF notacija CIF formata

U ovom apendiksu prikazana je osnovna BNF notacija CIF formata.

cifFile  = {{blank} [command] semi} endCommand {blank}.

command = primCommand | defDeleteCommand |
defStartCommand semi {{blank} 
[primCommand]semi}defFinishCommand.

primCommand = polygonCommand | boxCommand |
 roundFlashCommand | wireCommand | 
layerCommand | callCommand |
userExtensionCommand | commentCommand.

polygonCommand = “P” path.

boxCommand = “B” integer sep integer sep point 
[sep point].

roundFlashCommand = “R” integer sep point.

wireCommand = “W” integer sep path.

layerCommand = “L” {blank} shortname.

defStartCommand = “D” {blank} “S” integer 
[sep integer sep integer].

defFinishCommand = “D” {blank} “F”.

defDeleteCommand = “D” {blank} “F”.

callCommand = “C” integer transformation.

userExtensionCommand = digit UserText.

commentCommand = “(“ commentText “)”.

endCommand = “E”.

transformation = {{blank} (“T” point | “M” {blank} “X” | 
“M” {blank} “Y” | “R” point)}.

path = point {sep point}.

point = sInteger sep sInteger.

sInteger = {sep}[“-“]integerD.

integer = {sep} integerD.

integerD = digit {digit}.



71

shortname = c[c][c][c].
c = digit | upperChar.

userText = {userChar}.

commentText = {commentChar} | commentText 
“(“commentText“)” commentText.

semi = {blank} “;” {blank}.

sep = upperChar | blank.

digit = “0” | “1” | “2” | “3” | “4” | “5” | “6” | “7”
| “8” | “9”.

upperChar = “A” | “B” | ... | “Z”.

blank = any ASCII character except digit, upperChar,
“-“, “(“, “)”, or “;”.

userChar = any ASCII character except “;”.

commentChar = any ASCII character except “(“ or “)”.
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Apendiks #2:
MARS - programski alat

]D�DQDOL]X�GXåLQD�YH]D

2YDM DSHQGLNV VDGUåL L]YRUQL NRG SURJUDPD NRML VDþLQMDYDMX SURJUDPVNL SDNHW 0$56�

TRCIFv3
# include <fstream.h>
# include <string.h>
# include <stdlib.h>
# include <iomanip.h>

# define IN 0  // input terminal type
# define OUT 1  // output terminal type

void extrcoor(char *buf, int *px, int *py)
{
 char *p = new(20);
 p=strtok(buf, " ");
 p=strtok(NULL, " ");
 p=strtok(NULL, " ");
 *px = atoi(p);
 p=strtok(NULL, " ");
 *py = atoi(p);
}

void extrccva(char *buf, int *px, int *py)
{
 char *p=strtok(buf, " ");
 p=strtok(NULL, " ");
 p=strtok(NULL, " ");
 p=strtok(NULL, " ");
 *px = atoi(p);
 p=strtok(NULL, ";");
 *py = atoi(p);
}

typedef struct TERM_ENTRY
{
 int cx;
 int cy;
 int type;
 };

void main(int argc, char **argv)
{

 // Check weather there are enough arguments
 if (argc < 3)

 {
  cerr << "Usage: trcifv3 infile outfile\n";
  exit(0);
 }

 // Open the input file and connect it to stream "ins"
 ifstream ins(argv[1]);
 if (!ins)

 {
  cerr << "Cannot open: " << argv[1];
  exit(1);
 }

 // Open the output file and connect it to stream "outs"
 ofstream outs(argv[2]);
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 if (!outs)
 {
  cerr << "Cannot open: " << argv[2];
  exit(1);
 }

 const bufsize = 80;
 char buf[bufsize], buf1[bufsize];
 char c;
 int iwflag = 0, idefs=0, ichann=0, irow=0, icore=0, ichip=0,

  irlcms=0, iclcms=0, ichlcms=0, igate=0, iframe=0,
  igatecva=0;

 int outx, outy, cvax, cvay;
 TERM_ENTRY termt[10];  // terminal table of a cell
 int itermt=0;          // index for terminal table

 while (ins.get(buf, bufsize) && outs)
  {

if (buf[0] == '(') iwflag =1;
else if (strstr(buf, "DS")) {iwflag =1; idefs=1;}
else if (strstr(buf, "DF;")) {iwflag=1; idefs=0; ichann=0;

 icore=0; iframe=0; irow=0; ichip=0;
 irlcms=0;iclcms=0; ichlcms=0;
 igate=0; itermt=0;}

else if (buf[0] == '9'&& buf[1]==' ')
      {

iwflag =1;
if (strstr(buf, "Channel~") && idefs) ichann=1;
else if (strstr(buf, "Core") && idefs) icore =1;
else if (strstr(buf, "Row~") && idefs) irow =1;
else if (strstr(buf, "Chip") && idefs) ichip =1;
else if (strstr(buf, "Frame") && idefs) iframe =1;
else if (!((strstr(buf, "Pad") || strstr(buf,"Tie") ||

 strstr(buf, "Crosser"))) && idefs) igate =1;
      }
else if (ichann && (strstr(buf, "LCMF") || strstr(buf, "LCMS")

 || strstr(buf, "LCVA"))) iwflag =1;
// LCMS in Row
else if (irow && strstr(buf, "LCMS")) {iwflag =1; irlcms =1;}
else if (irow && buf[0]!='B' && irlcms) irlcms=0;
else if (irow && irlcms) iwflag=1;
// LCMS in Core
else if (icore && strstr(buf, "LCMS")) {iwflag =1; iclcms=1;}
else if (icore && buf[0]!='B' && iclcms) iclcms=0;
else if (icore && iclcms) iwflag =1;
// LCMS in Chip
else if (ichip && strstr(buf, "LCMS")) {iwflag =1; ichlcms=1;}
else if (ichip && buf[0]!='B' && ichlcms) ichlcms=0;
else if (ichip && ichlcms) iwflag=1;
// for gate extract only CVA layer
//output terminal
else if (igate && buf[0] =='9' && buf[1]=='4' &&
(strstr(buf, "Out") || strstr(buf, "Q")))

{
 iwflag=0; cout << buf << " OUT\n";
 extrcoor(buf, &outx, &outy);
 termt[itermt].cx = outx;
 termt[itermt].cy = outy;
 termt[itermt].type = OUT;
 itermt++;
}

// input terminal
else if (igate && buf[0]=='9' && buf[1]=='4' && strstr(buf, "CMS")

 && !strstr(buf, "Cross"))
 {
  iwflag=0; cout << buf << " IN\n";
  extrcoor(buf, &outx, &outy);
  termt[itermt].cx = outx;
  termt[itermt].cy = outy;
  termt[itermt].type = IN;
  itermt++;
 }

else if (igate && strstr(buf, "LCVA")) {iwflag=1; igatecva=1;}
else if (buf[0]!='B' && igatecva) {igatecva=0;}
else if (igatecva)
      {

for(int i=0; i<strlen(buf); i++) buf1[i]=buf[i];
extrccva(buf1, &cvax, &cvay);
iwflag =0;
for(i=0; i<itermt; i++)
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  if ((termt[i].cx<=cvax+2)&&(termt[i].cx>=cvax-2)&&
  (termt[i].cy<=cvay+2)&& (termt[i].cy>=cvay-2))
  {

iwflag =1;
if (termt[i].type==IN)

strcat(buf, " <in>");
else

strcat(buf, " <out>");
break;

  }
      }
else if (buf[0]== 'B' && idefs && ichann) iwflag =1;
else if (buf[0]== 'C' && (icore || irow || ichip)) iwflag=1;
else if ((buf[0]=='C'&& !iframe) || buf[0]=='E') iwflag=1;
else iwflag = 0;
if (iwflag)
     {

outs.write(buf, strlen(buf));
ins.get(c); outs.put(c);

     }
else
  ins.get(c);

  } // end while
 ins.close();
 outs.close();
} // end main

TRFv6
# include <fstream.h>
# include <string.h>
# include <stdlib.h>

typedef struct TRAN
{
 char stype[2];
 int xt;
 int yt;
};

typedef struct LIST_ITEM
{
 LIST_ITEM *pnitem;
 int isym;
 TRAN rtran;
};

typedef struct TABLE_ENTRY
{
 char sname[15];
 TRAN rtran;
 LIST_ITEM *plist;
};

int extrint(char *input)
{

 char *pb = strpbrk(input, "0123456789");
 return atoi(pb);
}

/*
procedure extran extracts the transformation described
with (type, x, y). It is considered that exists only one
transformation in the sequence of the transformations;
the type of that transformation is translation.
*/
void extrtran(char *input, TRAN *tran)
{
 char *p = strtok(input, " ");
 if (p)

{
 p = strtok(NULL, " ");
 if (p[0]=='T')

 {
tran->stype[0] = 'T';
p = strtok(NULL, " ");
tran->xt = atoi(p);
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p = strtok(NULL, " ");
tran->yt = atoi(p);

 }
}

}

/*
procedure extrpoly applies transformation on the box
given with B xl yl cx cy
*/
void extrpoly(char *input, TRAN *tran, char *p1)
{
 char *p = strtok(input, " ");
 if (p[0] == 'B')

{
  p1[0] = p[0]; p1[1] = '\0';
  p1 = strcat(p1, " ");
  p = strtok(NULL, " ");
  p1 = strcat(p1, p); p1 = strcat(p1, " ");
  p = strtok(NULL, " ");
  p1 = strcat(p1, p); p1 = strcat(p1, " ");
  p = strtok(NULL, " ");
  int x = atoi(p) + tran->xt;
  char pom[10];
  itoa(x, pom, 10);
  p1 = strcat(p1, pom); p1 = strcat(p1, " ");
  p = strtok(NULL, " ");
  int y = atoi(p) + tran->yt;
  itoa(y, pom, 10);
  p1 = strcat(p1, pom); p1 = strcat(p1, ";");
  p= strtok(NULL, "\0");
  if (p) p1=strcat(p1, p);         // for in and out comments
}

}

void main(int argc, char **argv)
{
 // Check weather there are enough arguments
 if (argc < 3)

 {
  cerr << "Usage: trf3 infile outfile\n";
  exit(0);
 }

 // Open the input file and connect it to stream "ins"
 ifstream ins(argv[1]);
 if (!ins)

 {
  cerr << "Cannot open: " << argv[1];
  exit(1);
 }

 // Open the output file and connect it to stream "outs"
 ofstream outs(argv[2]);
 if (!outs)

 {
  cerr << "Cannot open: " << argv[2];
  exit(1);
 }

 const bufsize = 80;
 char buf[bufsize];
 char c;
 const tablesize=200;
 TABLE_ENTRY table[tablesize];

 int isymbol;  // identification number of the symbol
 int ivalid = 0; // flag for "inside symbol definition"

 // make symbols table
 while (ins.get(buf, bufsize))

  {
if (buf[0]=='D' && buf[1]=='S')
 {
  ivalid = 1;
  isymbol = extrint(buf);
  // control print
  cout << isymbol << "\n";
 }
else if (buf[0] == 'D' && buf[1] == 'F')
  ivalid = 0;
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else if (buf[0]=='9' && buf[1]==' ')
 {
  char *pom = strtok(buf, " ");
  pom = strtok(NULL, " ");
  for(int i=0; i<strlen(pom); i++)

 {
  table[isymbol].sname[i] = pom[i];
  // control print
  cout << table[isymbol].sname[i];
 }

  cout << "\n";
  table[isymbol].rtran.stype[1] = 'T';
  table[isymbol].rtran.xt = 0;
  table[isymbol].rtran.yt = 0;
  table[isymbol].plist = NULL;
 }
else if (buf[0]=='C'&& ivalid)
 {
  LIST_ITEM  *litem;
  litem = new LIST_ITEM;
  // init litem
  litem->pnitem = NULL;
  litem->isym = extrint(buf);
  //extract transformation
  extrtran(buf, &litem->rtran);
  // put new item at the end of the list
  LIST_ITEM *ptr = table[isymbol].plist;
  if (!ptr) table[isymbol].plist = litem;
  else

{
 LIST_ITEM *sptr = ptr;
 while (ptr) { sptr=ptr; ptr = ptr->pnitem;}
 sptr->pnitem = litem;}
}

ins.get(c);
  }

  // end of make table
 ins.close();
 ins.open(argv[1]);

 ofstream olcmf("lcmf.ci");
 ofstream olcms("lcms.ci");
 ofstream olcva("lcva.ci");
 int ilcmf=0, ilcms=0, ilcva=0;
 char obuf[80];

 while (isymbol > 0)
 {

 LIST_ITEM *p2 = table[isymbol].plist;
 if (p2)

 { // expand isymbol
// durinf expansion apply transformation define in the
// corresponding table entry
cout << "expansion " << isymbol << "\n";
ins.seekg(0);
while(ins.get(buf, bufsize))
  {

ins.get(c);
if (strstr(buf, "DS") && extrint(buf)==isymbol) break;

  };
while(ins.get(buf, bufsize))
  {

if (strstr(buf, "DF;")) {ilcmf=0; ilcms=0; ilcva=0; break;}
else if (strstr(buf, "LCMF")) {ilcmf=1; ilcms=0; ilcva=0;}
else if (strstr(buf, "LCMS")) {ilcmf=0; ilcms=1; ilcva=0;}
else if (strstr(buf, "LCVA")) {ilcmf=0; ilcms=0; ilcva=1;}
else if (buf[0]=='B' && ilcmf)
  {

extrpoly(buf, &table[isymbol].rtran, obuf);
olcmf.write(obuf, strlen(obuf));
olcmf.put('\n');
olcmf.flush();

  }
else if (buf[0]=='B' && ilcms)
  {

extrpoly(buf, &table[isymbol].rtran, obuf);
if (strstr(table[isymbol].sname, "Chip"))

 strcat(obuf, "<oc>");
olcms.write(obuf, strlen(obuf));
olcms.put('\n');
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olcms.flush();
  }
else if (buf[0]=='B' && ilcva)
  {

extrpoly(buf, &table[isymbol].rtran, obuf);
olcva.write(obuf, strlen(obuf));
olcva.put('\n');
olcva.flush();

  };
ins.get(c);

  }
 };

 while (p2)
{
 if (table[p2->isym].plist)

{// there are elements in the list
 // apply transformation on the symbol isym
 cout << "transform table " << p2->isym << "\n";
 if (p2->rtran.stype[0] == 'T')

{
 table[p2->isym].rtran.xt += p2->rtran.xt;
 table[p2->isym].rtran.yt += p2->rtran.yt;
};

 // apply transformation on the all symbols
 // which are in list isym
 LIST_ITEM *p3 = table[p2->isym].plist;
 while (p3)

{
 // apply transformation
 cout << "tansform list " << p3->isym << "\n";
 if ((p3->rtran.stype[0] == 'T') &&

(p2->rtran.stype[0] == 'T'))
{
 p3->rtran.xt += p2->rtran.xt;
 p3->rtran.yt += p2->rtran.yt;
};

 p3 = p3->pnitem;
}

}
else
  {// expand isym with transformation

//
cout << "expansion " << p2->isym << "\n";
// expand isym with transformation p2->tran
ins.seekg(0);
while(ins.get(buf, bufsize))
 {
  ins.get(c);
  if (strstr(buf, "DS") && extrint(buf)==p2->isym) break;
  };
while(ins.get(buf, bufsize))
  {

if (strstr(buf, "DF;")) { ilcmf=0; ilcms=0; ilcva=0; break;}
else if (strstr(buf, "LCMF")) {ilcmf=1; ilcms=0; ilcva=0;}
else if (strstr(buf, "LCMS")) {ilcmf=0; ilcms=1; ilcva=0;}
else if (strstr(buf, "LCVA")) {ilcmf=0; ilcms=0; ilcva=1;}
else if (buf[0]=='B' && ilcmf)
  {

extrpoly(buf, &p2->rtran, obuf);
olcmf.write(obuf, strlen(obuf));
olcmf.put('\n');
olcmf.flush();

  }
  else if (buf[0]=='B' && ilcms)

 {
  extrpoly(buf, &p2->rtran, obuf);
  olcms.write(obuf, strlen(obuf));
  olcms.put('\n');
  olcms.flush();
 }

  else if (buf[0]=='B' && ilcva)
{
 extrpoly(buf, &p2->rtran, obuf);
 olcva.write(obuf, strlen(obuf));
 olcva.put('\n');
 olcva.flush();
};

  ins.get(c);
 }

 };
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  p2 = p2->pnitem;
 }
 isymbol = isymbol - 1;

  }
  olcmf.close();
  olcms.close();
  olcva.close();

  ifstream iflcmf("lcmf.ci");
  ifstream iflcms("lcms.ci");
  ifstream iflcva("lcva.ci");

  // make outs in CIF format
  outs.write("DS1 100 2;\n", 11);
  outs.write("LCMF;\n", 6);
  while(iflcmf.get(c) && outs) outs.put(c);
  outs.write("LCMS;\n", 6);
  while(iflcms.get(c) && outs) outs.put(c);
  outs.write("LCVA;\n", 6);
  while(iflcva.get(c) && outs) outs.put(c);
  outs.write("DF;\nC1;\nE\n", 10);
  outs.close();
}

EXTv4
/* Description:

 input files: lcmf.ci, includes cif description of the cif layer
 lcms.ci,
 lcva.ci,

 izlazni fajl:  user defined name

 Date: August, 1996
*/

# define VIA 0
# define IN 1
# define OUT 2
# define OTHER 2

#define INCORE 0
#define OUTCORE 1

# include <fstream.h>
# include <string.h>
# include <stdlib.h>

typedef struct PPOLY
{
 int lx;
 int ly;
 int cx;
 int cy;
};

typedef struct ENCVA
{
 PPOLY poly;
 char type;
};

typedef struct ENCMF
{
 PPOLY poly;
 char type;
};

typedef struct ENCMS
{
 PPOLY poly;
 char type;
 char place;
};

typedef struct POINT
{
 public:
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  int x;
  int y;
};

/*
procedure extppoly extracts parameters
lx - duzina po x osi ly - duzina po y osi
cx - x koordinata centra cy - y koordinata centra
*/
void extppoly(char *input, PPOLY* poly)
{
 char *p = strtok(input, " ");
 if (p[0] == 'B')

 {
  p = strtok(NULL, " ");
  poly->lx = atoi(p);
  p = strtok(NULL, " ");
  poly->ly = atoi(p);
  p = strtok(NULL, " ");
  poly->cx = atoi(p);
  p = strtok(NULL, " ");
  poly->cy = atoi(p);
 }

}

// begin of cross procedure
int cross(PPOLY p1, PPOLY p2)
{
 POINT er, // end point right

 el,
 et,
 eb;

 // compute endpoints
 er.x = p1.cx - p1.lx/2;
 el.x = p1.cx + p1.lx/2;
 er.y = p1.cy;
 el.y = p1.cy;

 eb.y = p1.cy - p1.ly/2;
 et.y = p1.cy + p1.ly/2;
 eb.x = p1.cx;
 et.x = p1.cx;

 if (((p2.cx >= er.x-p2.lx/2) && (p2.cx <= el.x+p2.lx/2)) &&
 ((p2.cy >= eb.y-p2.ly/2) && (p2.cy <= et.y+p2.ly/2)))
 return 1;

 else
 return 0;

}
// end of cross procedure

/*
 mline: make line
*/
void mline(int lx, int ly, int cx, int cy, char* b)
{
 b[0]='B'; b[1]=' '; b[2]='\0';
 char p[10];
 itoa(lx, p, 10);
 strcat(b,p); strcat(b, " ");
 itoa(ly, p, 10);
 strcat(b,p); strcat(b, " ");
 itoa(cx, p, 10);
 strcat(b,p); strcat(b, " ");
 itoa(cy, p, 10);
 strcat(b,p); strcat(b, ";");
}

void main(int argc, char **argv)
{

 if (argc < 2)
 {
  cerr << "Usage: extv4 outfile\n";
  exit(0);
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 }

 // Open the output file and connect it to stream ofcif
 ofstream ofcif(argv[1]);

 if (!ofcif)
 {
  cerr << "Cannot open: " << argv[1];
  exit(1);
 }

 const bufsize = 80;
 char buf[bufsize], buf1[bufsize];
 char c;
 PPOLY poly;      // saves current box parameter

 ifstream iflcmf("lcmf.ci");
 ifstream iflcms("lcms.ci");
 ifstream iflcva("lcva.ci"); // input file with cva description

 ofstream ofvia("via.ci");
 ofstream ofin("in.ci");
 ofstream ofout("out.ci");
 ofstream ofcmf("cmf.ci");
 ofstream ofcms("cms.ci");

 const maxcva = 10000;
 const maxcmf = 10000;
 const maxcms = 20000;

 ENCVA tcva[maxcva];
 ENCMF tcmf[maxcmf];
 ENCMS tcms[maxcms];
 int ncva=0,

  ncmf=0,
  ncms=0;

 char place;

 // create tcva table
 while(iflcva.get(buf, bufsize))
  {

for(int i=0; i<strlen(buf); i++) buf1[i]=buf[i];
buf1[i]='\0';
extppoly(buf, &poly);
if (ncva >= maxcva)

{
 cerr << "Not enough entries in tcva\n";
 exit(1);
};

tcva[ncva].poly = poly;
if (strstr(buf1, "<out>"))

tcva[ncva].type = OUT;
else if (strstr(buf1, "<in>"))

tcva[ncva].type = IN;
else

tcva[ncva].type = VIA;
iflcva.get(c);
ncva++;

  };
 cout << "tcva table is created with " << ncva << " entries\n";
 // create tcmf table
 while(iflcmf.get(buf, bufsize))
  {

extppoly(buf, &poly);
if (ncmf >= maxcmf)

{
 cerr << "Not enough entries int tcmf\n";
 exit(1);
};

tcmf[ncmf].poly = poly;
tcmf[ncmf].type = OTHER;
iflcmf.get(c);
ncmf++;

  };
 cout << "tcmf table is created with " << ncmf << " entries\n";

 // create tcms table
 while(iflcms.get(buf, bufsize))
  {

if (strstr(buf, "<oc>")) place=OUTCORE;
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else place = INCORE;
if (ncms >= maxcms)

{
 cerr << "Not enough entries int tcms\n";
 exit(1);
};

extppoly(buf, &poly);
tcms[ncms].poly = poly;
tcms[ncms].type = OTHER;
tcms[ncms].place = place;
iflcms.get(c);
ncms++;

  };
  cout << "tcms table is created with " << ncms << " entries\n";

 for(int icva=0; icva<ncva; icva++)
  {

if(tcva[icva].type==OUT)
  {

cout << "out terminal\n";
//make out buf
mline(8,8,tcva[icva].poly.cx,tcva[icva].poly.cy, buf);
// write
ofout.write(buf, strlen(buf));
ofout.put('\n');

  }
else if (tcva[icva].type==IN)
  {

cout << "in terminal\n";
//make out buf
mline(8,8,tcva[icva].poly.cx,tcva[icva].poly.cy, buf);
// write
ofin.write(buf, strlen(buf));
ofin.put('\n');

  }
else
  {

int icms, icmf;
int fcmf=0, fcms=0, ffcmf=0, ffcms=0;
cout << "check cmf tabele\n";
for(icmf=0; icmf<ncmf; icmf++)

if (tcmf[icmf].poly.lx==8 && tcmf[icmf].poly.ly==8 &&
tcmf[icmf].poly.cx==tcva[icva].poly.cx &&
tcmf[icmf].poly.cy==tcva[icva].poly.cy)

{fcmf=1; break;}
for(icms=0; icms<ncms; icms++)

if (tcms[icms].poly.lx==8 && tcms[icms].poly.ly==8 &&
  tcms[icms].poly.cx==tcva[icva].poly.cx &&
  tcms[icms].poly.cy==tcva[icva].poly.cy)

{fcms=1; break;}

if (fcmf && fcms)
{

// make out buf
mline(8,8,tcva[icva].poly.cx,tcva[icva].poly.cy, buf);
// write
cout << "via element\n";
ofvia.write(buf, strlen(buf));
ofvia.put('\n');
// change type in CMF and CMS table
tcmf[icmf].type = VIA;
tcms[icms].type = VIA;

}
 else

{
  for(icmf=0; icmf<ncmf; icmf++)

  if (cross(tcva[icva].poly, tcmf[icmf].poly))
 {ffcmf=1; break;}

  for(icms=0; icms<ncms; icms++)
  if (cross(tcva[icva].poly, tcms[icms].poly))

  {ffcms=1; break;}
  if (ffcmf||ffcms)

{
 mline(8,8,tcva[icva].poly.cx,tcva[icva].poly.cy, buf);
 // write
 cout << "via element\n";
 ofvia.write(buf, strlen(buf));
 ofvia.put('\n');
}

}
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}; // end of else section
  }; // end of for section
 ofvia.close();
 ofin.close();
 ofout.close();

 for(int icmf=0; icmf<ncmf; icmf++)
  if (tcmf[icmf].type==OTHER)

 {
  // make buf
  mline(tcmf[icmf].poly.lx,tcmf[icmf].poly.ly,

tcmf[icmf].poly.cx,tcmf[icmf].poly.cy, buf);
  // write
  ofcmf.write(buf, strlen(buf));
  ofcmf.put('\n');
 };

 for(int icms=0; icms<ncms; icms++)
  if (tcms[icms].type==OTHER)

 {
  // make buf
  mline(tcms[icms].poly.lx,tcms[icms].poly.ly,

tcms[icms].poly.cx,tcms[icms].poly.cy, buf);
  // write
  if (tcms[icms].place==OUTCORE)
strcat(buf, "<oc>");
  ofcms.write(buf, strlen(buf));
  ofcms.put('\n');
 };

  ofcmf.close();
  ofcms.close();

  ifstream ifcmf("cmf.ci");
  ifstream ifcms("cms.ci");
  ifstream ifvia("via.ci");
  ifstream ifin("in.ci");
  ifstream ifout("out.ci");
  // make outs in CIF format
  ofcif.write("DS1 100 2;\n", 11);
  ofcif.write("LCMF;\n", 6);
  while(ifcmf.get(c) && ofcif) ofcif.put(c);
  ofcif.write("LCMS;\n", 6);
  while(ifcms.get(c) && ofcif) ofcif.put(c);
  ofcif.write("LCPG;\n", 6);
  while(ifvia.get(c) && ofcif) ofcif.put(c);
  ofcif.write("LCAA;\n", 6);
  while(ifin.get(c) && ofcif) ofcif.put(c);
  ofcif.write("LCCP;\n", 6);
  while(ifout.get(c) && ofcif) ofcif.put(c);
  ofcif.write("DF;\nC1;\nE\n", 10);
  ofcif.close();
}

COREv26
/*
 DESCRIPTION:
 AUTHOR:
 Aleksandar Milenkovic
 Date:
 sep-okt 1996
*/
#include <fstream.h>
#include <string.h>
#include <stdlib.h>

#define USED 1
#define UNUSED 0

#define INSIDE 0
#define OUTSIDE 1

#define CMF 0
#define CMS 1
#define VIA 2
#define IN 3
#define OUT 4
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typedef struct POLY
{
 int cx;
 int cy;
 int lx;
 int ly;
};

typedef struct LITEM
{
 public:
  int en; // entry number
  LITEM *next;
  int type;
  int place;
};

typedef struct TENTRY
{
 public:
  POLY p;
  int flag;
  // reserved for extension
};

typedef struct TCMSENTRY
{
 public:
  POLY p;
  int flag;
  // reserved for extension
  int position;
};

void extrparam(char *buf, POLY *p)
{
 char *t=strtok(buf, " ");
 t=strtok(NULL, " ");
 p->lx=atoi(t);
 t=strtok(NULL, " ");
 p->ly=atoi(t);
 t=strtok(NULL, " ");
 p->cx=atoi(t);
 t=strtok(NULL, ";");
 p->cy=atoi(t);
}

  const tablesize = 15000;

  // cmf table
  int ncmf = 0; // number of elements in the cmf table
  TENTRY cmf[tablesize];
  // cms table
  int ncms = 0;
  TCMSENTRY cms[tablesize];
  // via table
  int nvia = 0;
  TENTRY via[tablesize];
  // in terminal table
  int nin = 0;
  TENTRY in[tablesize];
  // out terminal table
  int nout;
  TENTRY out[tablesize];

  // lset points to set of connected lines
  const NSET = 2000;
  LITEM *lset[NSET];
  int nls=0;
  int nused=0; // number of used cmf polygons

// point
typedef struct POINT
{
 public:
  int x;
  int y;
};
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int cross(POLY p1, POLY p2)
{
 POINT er, // end point right

 el,
 et,
 eb;

 // compute endpoints
 er.x = p1.cx - p1.lx/2;
 el.x = p1.cx + p1.lx/2;
 er.y = p1.cy;
 el.y = p1.cy;

 eb.y = p1.cy - p1.ly/2;
 et.y = p1.cy + p1.ly/2;
 eb.x = p1.cx;
 et.x = p1.cx;

 if (((p2.cx >= er.x-p2.lx/2) && (p2.cx <= el.x+p2.lx/2)) &&
 ((p2.cy >= eb.y-p2.ly/2) && (p2.cy <= et.y+p2.ly/2)))
 return 1;

 else
 return 0;

}

// put: begins creating of a lset with a cmf polygon
void put(int en,int type, int nls)
{
 LITEM *n=new(LITEM);
 n->type=type;
 n->en=en;
 n->next=NULL;
 n->place=INSIDE;
 if (lset[nls])

{
 LITEM *p=lset[nls], *t;
 while(p)

{
t=p;
p=p->next;

}
 t->next = n;
}

 else
lset[nls]=n;

 if (type==CMF) {cmf[en].flag=USED;nused++;}
 else if (type==CMS) cms[en].flag=USED;
 else if (type==VIA) via[en].flag=USED;
 else if (type==IN) in[en].flag=USED;
 else if (type==OUT) out[en].flag=USED;
}
// end of put procedure

// exlist procedure
void exlist(int en, int type, int nls)
{
 switch (type)
  {

int j;
case CMF:

//via
for(j=0;j<nvia;j++)
 if (!via[j].flag && cross(cmf[en].p,via[j].p)) //poly_via(en,j))

  put(j, VIA, nls); // put via element in list
break;

case CMS:
//cms
for(j=0;j<ncms;j++)
 if (!cms[j].flag && cross(cms[en].p, cms[j].p))

put(j, CMS, nls);
//via
for(j=0;j<nvia;j++)
 if (!via[j].flag && cross(cms[en].p, via[j].p))

put(j, VIA, nls); // put via element in list
//in
for(j=0;j<nin;j++)
 if (!in[j].flag && cross(cms[en].p, in[j].p))

put(j, IN, nls); // put via element in list
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//out
for(j=0;j<nout;j++)
 if (!out[j].flag && cross(cms[en].p, out[j].p))

put(j, OUT, nls); // put via element in list
break;

case VIA:
//cms
for(j=0;j<ncms;j++)
 if (!cms[j].flag && cross(cms[j].p, via[en].p))
  // problem caused with via extension
  // insert control mechanism

  if (!((cms[j].p.lx==6) && ((cms[j].p.cx+cms[j].p.lx/2) ==
(via[en].p.cx-via[en].p.lx/2))))

put(j, CMS, nls);
//cmf
for(j=0;j<ncmf;j++)
 if (!cmf[j].flag && cross(cmf[j].p, via[en].p))

put(j, CMF, nls); // put via element in list
break;

case IN:
break;

case OUT:
break;

  }
}
// end of exlist procedure

//part for terminal table
typedef struct LCON {
  int en;
  LCON *next;
};
typedef struct TCON {
  int type;
  int en;
  LCON *ptrlt;  // pointer for the list of connected terminals
  POLY p;       // poly
  int nct; // number of connected terminals
  int stat; // for in elements (unused=0, used=1)
  LCON *ptrlb; // pointer for the list of connected boxes
};

const NTERM=1000;
TCON termt[NTERM];
int ntt=0;

// part for box table
typedef struct BCON {
  int type;
  int en;
  LCON *ptrlb;
  POLY p;
  LCON *ptrclos;
};
const NBOX=1000;
BCON boxt[NBOX];
int nbt=0;

// lcput procedure
void lcput(int j, int k)
{
 LCON *p,*s, *n=new(LCON);
 n->en=k;
 n->next=NULL;

 p=termt[j].ptrlt;
 if (!p)

  termt[j].ptrlt=n;
 else

  {
while(p)

{s=p; p=p->next;}
s->next=n;

  };
 if (termt[k].type==VIA) (termt[j].nct)++;

 n=new(LCON);
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 n->en=j;
 n->next=NULL;
 p=termt[k].ptrlt;
 if (!p)

  termt[k].ptrlt=n;
 else

  {
while(p)

{s=p; p=p->next;}
s->next=n;

  }
 if (termt[j].type==VIA) termt[k].nct++;
}
//end of lcput procedure

const maxcd=6; // maximal critical distance in ctwot procedure

// ctwot
int ctwot(int j, int k)
{

int cut=0;
LCON *pj=termt[j].ptrlb;
while(pj)
  {

LCON *pk=termt[k].ptrlb;
while(pk)
  {

if(pj->en==pk->en)
  {cut=1; break;}
pk=pk->next;

  }
if(cut) break;
pj=pj->next;

  };
if(!cut)
  {

pj=termt[j].ptrlb;
LCON *pk=termt[k].ptrlb;
LCON *c1=NULL, *c2=NULL, *tp, *ts, *n;
while(pj)
 {
  LCON *ttmp=boxt[pj->en].ptrclos;
  while(ttmp)

 {
  if(!c1)

 {
  n=new(LCON);
  n->en=ttmp->en; n->next=ttmp->next;
  c1=n;
 }

  else
 {
  int alexist=0;
  tp=c1;
  while(tp)

 {
  if (tp->en==ttmp->en)

 {alexist=1; break;}
  ts=tp;
  tp=tp->next;
 }

  if (!alexist)
 {
  n=new(LCON);
  n->en=ttmp->en;
  n->next=NULL;
  ts->next=n;
 }

 };
  ttmp=ttmp->next;
 }
pj=pj->next;

 };
while(pk)
 {
  LCON *ttmp=boxt[pk->en].ptrclos;
  while(ttmp)

 {
  if(!c2)

 {
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  n=new(LCON);
  n->en=ttmp->en; n->next=ttmp->next;
  c2=n;
 }

  else
 {
  int alexist=0;
  tp=c2;
  while(tp)

 {
  if (tp->en==ttmp->en)

 {alexist=1; break;}
  ts=tp; tp=tp->next;
 }

  if (!alexist)
 {
  n=new(LCON);
  n->en=ttmp->en;
  n->next=NULL;
  ts->next=n;
 }

 };
  ttmp=ttmp->next;
 }
pk=pk->next;

 };
pj=c1;
while(pj)
  {

pk=c2;
while(pk)
  {

if (pj->en==pk->en)
 {cut=1; break;}

pk=pk->next;
  };
if (cut) break;
pj=pj->next;

  }
delete c1;
delete c2;

  } // end if (!cut)

if (cut)
  {

if ((termt[j].p.cx<=termt[k].p.cx+maxcd) &&
 (termt[j].p.cx>=termt[k].p.cx-maxcd))
{ // at the same x line
  // + insert something between them
  int f=0;
  for (int l=0;l<ntt;l++)

if ((l!=j) && (l!=k) &&
       (termt[l].p.cx<=termt[k].p.cx+maxcd)

 && (termt[l].p.cx>=termt[k].p.cx-maxcd) &&
 (((termt[l].p.cy < termt[k].p.cy) &&
 (termt[l].p.cy > termt[j].p.cy))||
 ((termt[l].p.cy < termt[j].p.cy) &&
 (termt[l].p.cy > termt[k].p.cy))))

f=1;
  if (f) return 0;
  else return 1;
}

else if ((termt[j].p.cy<=termt[k].p.cy+maxcd) &&
(termt[j].p.cy>=termt[k].p.cy-maxcd))

{
  int f=0;
  for (int l=0;l<ntt;l++)

if ((l!=j) && (l!=k)
      && (termt[l].p.cy<=termt[k].p.cy+maxcd)

&& (termt[l].p.cy>=termt[k].p.cy-maxcd) &&
(((termt[l].p.cx <= termt[k].p.cx) &&
(termt[l].p.cx >=termt[j].p.cx))||
((termt[l].p.cx <= termt[j].p.cx) &&
(termt[l].p.cx >=termt[k].p.cx))))

f=1;
  if (f) return 0;
  else return 1;
 }

  else
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  return 1;
 }
else
  return 0;

}
// end of ctwot

const maxnrcstack=100;
const maxnstack=150;

int stack[maxnstack];
int nstack;

typedef struct TRSTACK
{
 int node;
 int rc1;
 int rc2;
};
TRSTACK rcstack[maxnrcstack];
int nrcstack;

int putonstack(void)
{
 int node =stack[nstack-1];
 LCON *ptr=termt[node].ptrlt;
 int alexist=0, cnt=0;
 while(ptr)

{
 alexist=0;
 for(int j=0; j<nstack;j++)

 if(stack[j]==ptr->en)
 {alexist=1; break;}
 if (!alexist)

{
 cnt++;
 if (cnt==1)

 {
stack[nstack]=ptr->en;
nstack++;
cout << "putonstack: " << stack[nstack-1] << "\n";

 }
 else if ((cnt==2) && !alexist)

 {
rcstack[nrcstack].node =  node;
rcstack[nrcstack].rc1 = ptr->en;
cout << "put on reserve stack: node= "

<< node << "rc1=" << ptr->en << "\n";
nrcstack++;

 }
else if ((cnt==3) && !alexist)

 {
  rcstack[nrcstack-1].rc2=ptr->en;
  cout << "put second connection on reserve stack: node= "

<< rcstack[nrcstack-1].node << "rc2= " << ptr->en << "\n";
  }

else
{

cerr << "e3 err: putonstack\n";
exit(1);

};
};

 ptr=ptr->next;
 }//end while
 if (cnt) return 1;
 else return 0;
} // end procedute putonstack;

//============================
void main(int argc, char** argv)
{
  if (argc<2)

 {
  cerr << "Usage: core26 infile\n";
  exit(0);
 }

  ifstream ins(argv[1]);
  if (!ins)

 {
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  cerr << "Cannot open: " << argv[1] << "\n";
  exit(1);
 }

  const bufsize = 80;
  char buf[bufsize];
  char c;
  POLY param;
  int icmf=0, icms=0, ivia=0, iin=0, iout=0;

  int i;
  int beg, end; // begin and end elements
  // fill tables with polygon parameters
  while (ins.get(buf, bufsize))

{
 // save buf
 char buf1[80];
 for(int pcnt=0; pcnt<80; pcnt++) buf1[pcnt]=buf[pcnt];
 if(buf[0]=='B')

 {
  extrparam(buf, &param);
  if (icmf)

{
 cmf[ncmf].p=param;
 cmf[ncmf].flag=UNUSED;
 ncmf++;
}

 else if (icms)
{cms[ncms].p=param; cms[ncms].flag=UNUSED;
 if(strstr(buf1, "<oc>")) // cms poly is out of the core

 cms[ncms].position=OUTSIDE;
 else

 cms[ncms].position=INSIDE;
  ncms++;}

 else if (ivia)
 {via[nvia].p=param; via[nvia].flag=UNUSED; nvia++;}

 else if (iin)
 {in[nin].p=param; in[nin].flag=UNUSED; nin++;}

 else if (iout)
 {out[nout].p=param; out[nout].flag=UNUSED; nout++;}

 }
 else if (buf[0]=='L' && buf[1]=='C'&&

buf[2]=='M' && buf[3]=='F')
 {
  icmf=1; icms=0; ivia=0; iin=0; iout=0;
 }

 else if (buf[0]=='L' && buf[1]=='C' &&
  buf[2]=='M' && buf[3]=='S')

 {
icmf=0; icms=1; ivia=0; iin=0; iout=0;

 }
 else if (buf[0]=='L' && buf[1]=='C' &&

  buf[2]=='P' && buf[3]=='G')
 {
  icmf=0; icms=0; ivia=1; iin=0; iout=0;
 }

 else if (buf[0]=='L' && buf[1]=='C' &&
  buf[2]=='A' && buf[3]=='A')
 {

icmf=0; icms=0; ivia=0; iin=1; iout=0;
 }

 else if (buf[0]=='L' && buf[1]=='C' &&
  buf[2]=='C' && buf[3]=='P')
 {

icmf=0; icms=0; ivia=0; iin=0; iout=1;
 };

 ins.get(c);
};

 // end of fill table

 // make sets of connected polygons
 for(i=0; i<NSET;i++) lset[i]=NULL;
 while (nused < ncmf)
  {

 for(i=0;i<ncmf;i++)
if (!cmf[i].flag)

 {put(i,CMF,nls); break;};

 LITEM *p=lset[nls];
 while(p)

{
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 exlist(p->en,p->type,nls);
 p=p->next;
};

 nls++;
  }

 //show results
 //variables which count in and out terminals in a set

 // find net frame
 int outclen, termlen, ovlen, newoutclen, rememb;  // lengths

 int nsin=0, nsout=0, nlset=0;
 POINT top, bottom, left, right;

 // variables needed for statistics
 int nlt=0; // line counter
 ofstream ofout("len.txt");
 ofout.write("set\tline\tinclen\toutclen\ttotlen\n", 31);
 double avtlen=0.0;
 char pom[80], pom1[10];
 // end of statistics
 //distribution vector
 const ndvect=100;
 int dvect[ndvect];
 for(i=0; i<ndvect; i++) dvect[i]=0;
 for(i=0; i<nls; i++)
  {

LITEM *p=lset[i];

cout << "\n>>>>> Set " << i << "\n";
while(p)
 {
  // show elements
  if (p->type==CMF)

 cout << "cmf[" << p->en << "] " <<
cmf[p->en].p.lx/2  << " " <<
cmf[p->en].p.ly/2 << " " <<
cmf[p->en].p.cx/2. << " " <<
cmf[p->en].p.cy/2. << "\n";

  else if (p->type==CMS)
 cout << "cms[" << p->en << "] " <<
cms[p->en].p.lx/2  << " " <<
cms[p->en].p.ly/2 << " " <<
cms[p->en].p.cx/2. << " " <<
cms[p->en].p.cy/2. << "\n";

  else if (p->type==VIA)
 cout << "via[" << p->en << "] " <<
via[p->en].p.lx/2  << " " <<
via[p->en].p.ly/2 << " " <<
via[p->en].p.cx/2. << " " <<
via[p->en].p.cy/2. << "\n";

  else if (p->type==IN)
 cout << "in[" << p->en << "] " <<
in[p->en].p.lx/2  << " " <<
in[p->en].p.ly/2 << " " <<
in[p->en].p.cx/2. << " " <<
in[p->en].p.cy/2. << "\n";

  else if (p->type==OUT)
 cout << "out[" << p->en << "] " <<
out[p->en].p.lx/2  << " " <<
out[p->en].p.ly/2 << " " <<
out[p->en].p.cx/2. << " " <<
out[p->en].p.cy/2. << "\n";

  p=p->next;
 }

p=lset[i];
nsin=0; nsout=0; nlset=0;
top.x=0; top.y=-10000;
bottom.x=0; bottom.y=10000;
left.x=10000; left.y=0;
right.x=-10000; right.y=0;
while(p)
 {
  if (p->type==VIA)

  {
if (via[p->en].p.cx > right.x)
  {
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right.x=via[p->en].p.cx;
right.y=via[p->en].p.cy;

  };
if (via[p->en].p.cx < left.x)
  {

left.x=via[p->en].p.cx;
left.y=via[p->en].p.cy;

  };
if (via[p->en].p.cy > top.y)
  {

top.x=via[p->en].p.cx;
top.y=via[p->en].p.cy;

  };
if (via[p->en].p.cy < bottom.y)
  {

bottom.x=via[p->en].p.cx;
 bottom.y=via[p->en].p.cy;
}

}
  else if (p->type==IN)

  {
if (in[p->en].p.cx > right.x)
  {

right.x=in[p->en].p.cx;
right.y=in[p->en].p.cy;
};

if (in[p->en].p.cx < left.x)
  {

left.x=in[p->en].p.cx;
left.y=in[p->en].p.cy;

  };
if (in[p->en].p.cy > top.y)
  {

top.x=in[p->en].p.cx;
top.y=in[p->en].p.cy;

  };
if (in[p->en].p.cy < bottom.y)
  {

bottom.x=in[p->en].p.cx;
bottom.y=in[p->en].p.cy;

  };
nsin++;

  }
  else if (p->type==OUT)

  {
if (out[p->en].p.cx > right.x)
  {

right.x=out[p->en].p.cx;
right.y=out[p->en].p.cy;

  };
if (out[p->en].p.cx < left.x)
  {

left.x=out[p->en].p.cx;
left.y=out[p->en].p.cy;
};

if (out[p->en].p.cy > top.y)
  {

top.x=out[p->en].p.cx;
top.y=out[p->en].p.cy;

  };
if (out[p->en].p.cy < bottom.y)
  {

bottom.x=out[p->en].p.cx;
bottom.y=out[p->en].p.cy;
};

  nsout++;
 }

  p=p->next;
 }

p=lset[i];
while(p)
  {

if (p->type==CMS)
if (!((cms[p->en].p.cx <= right.x+4) &&

(cms[p->en].p.cx >= left.x-4) &&
(cms[p->en].p.cy <= top.y+4)  &&
(cms[p->en].p.cy >= bottom.y-4)))
  {

p->place=OUTSIDE;
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  }
if (p->type==CMS && p->place)

 cout << "|cms[" << p->en << "] doesn't belong nt\n";
if (p->type==CMS && cms[p->en].position)

cout << "new cms[" << p->en << "]doesen't belong nt\n";

p=p->next;
  };
// number of lines in a set
if(nsin)
  nlset=nsin;
else
  nlset=nsout;

outclen=0; newoutclen=0;  rememb=0;
if (!(nsin && nsout))
  {

LITEM *pom=lset[i];
while(pom)
  {

if ((pom->place==OUTSIDE) && (pom->type==CMS))
if (cms[pom->en].p.lx==6)

outclen += cms[pom->en].p.ly;
else

outclen += cms[pom->en].p.lx;

if ((pom->type==CMS) && (cms[pom->en].position==OUTSIDE))
if (cms[pom->en].p.lx==6)

newoutclen += cms[pom->en].p.ly;
else

newoutclen += cms[pom->en].p.lx;
pom=pom->next;

 };
  };
rememb=outclen-newoutclen;// part added on incore length
cout << "fIN= " << nsin << "fOUT= " << nsout << "\n";
p=lset[i]; ntt=0; nbt=0;
while(p)
 {
  if ((p->type==VIA) ||(p->type==IN) || (p->type==OUT))

{
 termt[ntt].type=p->type;
 termt[ntt].en=p->en;
 termt[ntt].ptrlt=NULL;
 termt[ntt].nct=0;
 termt[ntt].stat=UNUSED;
 termt[ntt].ptrlb=NULL;
 if (p->type==VIA)

{termt[ntt].p.cx=via[p->en].p.cx;
 termt[ntt].p.cy=via[p->en].p.cy;
 termt[ntt].p.lx=via[p->en].p.lx;
 termt[ntt].p.ly=via[p->en].p.ly;}

 else if (p->type==IN)
{termt[ntt].p.cx=in[p->en].p.cx;
 termt[ntt].p.cy=in[p->en].p.cy;
 termt[ntt].p.lx=in[p->en].p.lx;
 termt[ntt].p.ly=in[p->en].p.ly;}

 else if (p->type==OUT)
{termt[ntt].p.cx=out[p->en].p.cx;
 termt[ntt].p.cy=out[p->en].p.cy;
 termt[ntt].p.lx=out[p->en].p.lx;
 termt[ntt].p.ly=out[p->en].p.ly;};

 ntt++;
}

  else if ((p->type==CMS) || (p->type==CMF))
{
 boxt[nbt].type=p->type;
 boxt[nbt].en=p->en;
 boxt[nbt].ptrlb=NULL;
 boxt[nbt].ptrclos=NULL;
 if (p->type==CMF)

 {boxt[nbt].p.cx= cmf[p->en].p.cx;
  boxt[nbt].p.cy= cmf[p->en].p.cy;
  boxt[nbt].p.lx= cmf[p->en].p.lx;
  boxt[nbt].p.ly= cmf[p->en].p.ly;}

 else if (p->type==CMS)
 {boxt[nbt].p.cx= cms[p->en].p.cx;
  boxt[nbt].p.cy= cms[p->en].p.cy;
  boxt[nbt].p.lx= cms[p->en].p.lx;
  boxt[nbt].p.ly= cms[p->en].p.ly;}
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 nbt++;
};

  p=p->next;
 };
// endo of while (create table)
// fill termt table with term-box connections
for (int j=0; j<ntt; j++)

for (int k=0; k<nbt; k++)
 if (cross(termt[j].p, boxt[k].p))

 { // ubacivanje novog elementa u listu
  LCON *n =new(LCON), *tp, *ts;
  n->en=k;
  n->next=NULL;
  tp=termt[j].ptrlb;
  if (tp)

 {
  while(tp) {ts=tp; tp=tp->next;};
  ts->next=n;
 }

  else
 termt[j].ptrlb=n;

 }
// end of filling table with term-box connections
// fill boxt table with box-box connections
for(j=0; j<nbt; j++)
  for(int k=j+1; k<nbt; k++)

 if ((j!=k) && cross(boxt[j].p, boxt[k].p))
 {
  int flag=0;
  for(int l=0; l<ntt; l++)

  if (cross(boxt[j].p, termt[l].p) &&
cross(boxt[k].p, termt[l].p))
{ flag=1; break;}

  if (!flag) // box-box cut only
 {
  LCON *tp, *ts, *n=new(LCON);
  n->en=k;
  n->next=NULL;
  tp=boxt[j].ptrlb;
  if (!tp)

  boxt[j].ptrlb=n;
  else

  {
while(tp) {ts=tp; tp=tp->next;}
ts->next=n;

  }
  n=new(LCON);
  n->en=j;
  n->next=NULL;
  tp=boxt[k].ptrlb;
  if (!tp)

  boxt[k].ptrlb=n;
  else

  {
while(tp) {ts=tp; tp=tp->next;}
ts->next=n;

  };
  } // end if (flag)

 };
// end of filling boxt table with box-box connections
// closure computation
for(j=0; j<nbt; j++)

{
 LCON *n=new(LCON), *tp, *closure;
 n->en=j;
 n->next=NULL;
 closure=n;
 tp=closure;
 while(tp)

{
 LCON *tp1=boxt[tp->en].ptrlb;
 while (tp1)

{
 LCON *ttp, *tts;
 int alexist=0;
 ttp=closure;
 while(ttp)

{
 if (ttp->en==tp1->en)

 {alexist=1; break;}
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 tts=ttp; ttp=ttp->next;
}

 if (!alexist)
{
 n=new(LCON);
 n->en=tp1->en;
 n->next=NULL;
 tts->next=n;
}

 tp1=tp1->next;
}

 tp=tp->next;
}

 boxt[j].ptrclos=closure;
}

// end of closure computation
// show box table
for(j=0; j<nbt; j++)

{
 cout << "box[" << j << "] type" << boxt[j].type << "["
 << boxt[j].en << "]\n";
 LCON *lcp=boxt[j].ptrlb;
 while(lcp) {cout << " :b" << lcp->en; lcp=lcp->next;}
 cout << "\n";
 lcp=boxt[j].ptrclos;
 while(lcp) {cout << " :c" << lcp->en; lcp=lcp->next;}
 cout << "\n";
}

//fill term table with connections
for(j=0; j<ntt; j++)
  {

cout << "term[" << j << "]: type" << termt[j].type << "["
<< termt[j].en << "]" << "\n";
for(int k=j+1; k<ntt; k++)
 {int u=ctwot(j,k);
  if (u)

  lcput(j,k);
 }
LCON *lcp=termt[j].ptrlt;
cout << " listp: ";
while(lcp) {cout << " :v" << lcp->en; lcp=lcp->next;}
cout << "\n";
lcp=termt[j].ptrlb;
cout << "listb: ";
while(lcp) {cout << " :b" << lcp->en; lcp=lcp->next;}
cout << "\n";

  }
// end of fill table with connections
cout << "nIN= " << nsin << " nOUT= " << nsout << "\n";

// find end elements; it's depend from nsout and nsin
if ((!nsout) && (nsin))

{//there are IN elements, only
 cout << "This set is out of scope!!\n";
 continue;
}

else if (nsout)
{
 for(j=0;j<ntt;j++)

if (termt[j].type==OUT)
break;

 if (j<ntt)
end=j;

};
// end of finding end element
cout << "end el: " << end << ":" << termt[end].type << " "

<< termt[end].en << "\n";

for(int k=0;k<nlset;k++)
{
 // find begin element
 beg=-1;
 for(j=0; j<ntt; j++)

if (nsin && (termt[j].type==IN) && !termt[j].stat)
  {beg=j;

termt[j].stat=USED;
break;

  }
else if (!nsin && (termt[j].nct==1) && (termt[j].type==VIA))
  {beg=j; break;}
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 if (beg==-1)
  {cout << "ne mogu da nadjem pocetni element\n"; break;}

 nstack=0;
 nrcstack=0;
 for (int l=0; l<maxnrcstack; l++)

{
 rcstack[l].rc1=-1;
 rcstack[l].rc2=-1;
}

 // begin with line creation
 stack[nstack]=beg;
 cout << "begin element= " << beg << "\n";
 nstack++;
 int succ=0, push=1, pop=0;
 while(!succ)

{
 if (stack[nstack-1]==end)

{succ=1; cout << "gp:SUCCESS\n";}
 else if (push)

{
 int f=putonstack();
 if (!f) {pop=1;push=0;}
}

 else if (pop)
{
 if (stack[nstack-1]==rcstack[nrcstack-1].node)

{// put
 if (rcstack[nrcstack-1].rc1 != -1)

{
 stack[nstack]=rcstack[nrcstack-1].rc1;
 nstack++;
 cout << "putonstack from reserve: " <<
 stack[nstack-1] <<  "set=" << i << "\n";
 rcstack[nrcstack-1].rc1=-1;
 if (rcstack[nrcstack-1].rc2==-1)

 nrcstack--;
}

 else if(rcstack[nrcstack-1].rc2 != -1)
{
 stack[nstack]=rcstack[nrcstack-1].rc2;
 nstack++;
 cout << "putonstack from reserve: " <<
 stack[nstack-1] << "\n";
 rcstack[nrcstack-1].rc2=-1;
 if (rcstack[nrcstack-1].rc1 == -1)

nrcstack--;
 else { cerr << "e1 err\n"; exit(1);}
}

 else
{
 cerr << "e2 err: \n"; exit(1);
};

 push=1;
 pop=0;
}

 else
{
 cout << "pop form stack\n";
 nstack--;
 if (nstack < 0)

 {cerr << "e4: err pop\n";
  cout << "e4: err pop from empty stack\n" ;
  exit(1);}

}
} //end pop

}// end while
// show
 cout << "***line " << k<< "\n";
 for (l=0; l<nstack; l++)

cout << " :v" << stack[l];
 cout << "\n";

 for(termlen=0, j=0; j<nstack-1; j++)
termlen += abs(termt[stack[j+1]].p.cx - termt[stack[j]].p.cx)

+ abs(termt[stack[j+1]].p.cy - termt[stack[j]].p.cy);
 termlen += rememb;

 cout << "Interterminal conn. length= " << termlen
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 << "\tOut core conn. length= " << newoutclen << "\n";
 cout << "New outcore len= " << newoutclen << "\n";
 cout << "New incore length= " << (termlen + outclen - newoutclen)

<< "\n";
 cout << "Overall conn length for this line= " <<

 (termlen + outclen) << "\n";

 pom[0]='\0';
 strcat(pom, ltoa(i,pom1,10));
 strcat(pom, "\t");
 strcat(pom,ltoa(nlt, pom1,10));
 strcat(pom, "\t");
 strcat(pom, ltoa((termlen + outclen - newoutclen) , pom1,10));
 strcat(pom, "\t");
 strcat(pom, ltoa(newoutclen, pom1, 10));
 strcat(pom, "\t");
 strcat(pom, ltoa((termlen+outclen), pom1, 10));
 // distribution vector
 int index=(termlen+newoutclen)/1000;
 dvect[index]++;
 ofout.write(pom, strlen(pom));
 ofout.put('\n');
 nlt++;
 avtlen= avtlen*(double(nlt-1)/nlt) + (termlen + newoutclen)/nlt;
}; // end for

  for(j=0;j<ntt;j++)
  {

delete termt[j].ptrlt;
delete termt[j].ptrlb;

  };
  for(j=0;j<nbt;j++)

  {
delete boxt[j].ptrlb;
delete boxt[j].ptrclos;

  }
 } // end for (i)
 pom[0]='\0';
 strcat(pom, "===================\n");
 ofout.write(pom, strlen(pom));
 pom[0]='\0';
 strcat(pom, "average total length: ");
 strcat(pom, ltoa(long(avtlen), pom1, 10));
 ofout.write(pom, strlen(pom));
 ofout.put('\n');
 pom[0]='\0';
 strcat(pom, "interconnection distribution");
 ofout.write(pom, strlen(pom));
 ofout.put('\n');
 // show distribution vector
 for (i=0; i<ndvect; i++)

 {
  if (!dvect[i]) break;
  cout << "dvect[" << i << "]=" << dvect[i]

<< "\t%=" << double(dvect[i])/(double)nlt << "\n";
  pom[0]='\0';
  strcat(pom, ltoa(long(1000*(i+1)), pom1, 10));
  strcat(pom, "\t");
  strcat(pom, ltoa(dvect[i], pom1, 10));
  ofout.write(pom, strlen(pom)); ofout.put('\n');
 }

 ofout.close();
} // end of main
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Apendiks #3:
Šeme iz OrCAD paketa

2YDM DSHQGLNV XNOMXþXMH VNXS KLMHUDUKLMVNLK ãHPD IRUPLUDQLK SURJUDPVNLP SDNHWRP 2U&$'

]D �' UHDOL]DFLMX VLVWROLþNRJ SROMD NRMH VH SRVPDWUD X HNVSHULPHQWX �� *ODYQD ãHPD VLVWROLþNRJ

polja sa 4 osmobitna procesna elementa prikazana je na slici 52. Šema jednog procesnog
elementa prikazana je na slici 53� 3URFHVQL HOHPHQW VDGUåL RVPRELWQL PXOWLSOHNVHU �[� NRML MH

prikazan na slici 54� WUL LGHQWLþQD RVPRELWQD UHJLVWUD þLMD MH ãHPD GDWD QD VOLFL 55, osmobitni
VDELUDþ þLMD MH ãHPD GDWD QD VOLFL 56� L PQRåDþ �[� þLMD MH ãHPD GDWD QD VOLFL 57. Realizovan je
LWHUDWLYQL PQRåDþ NRML VH VDVWRML RG GHOD ]D JHQHULVDQMH SDUFLMDOQLK SURL]YRGD NRML MH SULND]DQ QD

slici 58 i dela za sabiranje parcijalnih proizvoda koji je prikazan na slici 59. Šema potpunog
VDELUDþD SULND]DQD MH QD VOLFL 60.
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Slika 52.âHPD VLVWROLþNRJ SROMD VD þHWLUL osmobitna procesna elementa.
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Slika 55. Osmobitni registar.

'DWH� 1RYHPEHU ��� ���� 6KHHW � RI �

6L]H 'RFXPHQW 1XPEHU 5(9
%

"IDGGHU�

)$�6&

D

E

FLQ

I

FRXW

RXI>����@RXI>����@

"IDGGHU�

)$�6&

D

E

FLQ

I

FRXW

LQD>����@

LQE>����@

LQD>����@

LQE>����@
LQD�

LQE�

RXI� LQD�

LQE�

RXI�

RXI�

"IDGGHU�

)$�6&

D

E

FLQ

I

FRXW

LQD�

LQE�

RXI�

"IDGGHU�

)$�6&

D

E

FLQ

I

FRXW

LQD�

LQE�

"IDGGHU�

)$�6&

D

E

FLQ

I

FRXW

LQD� RXI�

"IDGGHU�

)$�6&

D

E

FLQ

I

FRXW

LQD� RXI�

LQE�LQE�

"IDGGHU�

)$�6&

D

E

FLQ

I

FRXW

LQD�

LQE�

RXI�
"IDGGHU�

)$�6&

D

E

FLQ

I

FRXW

LQD�

LQE�

RXI�

Slika 56. Šema osmobitnog ripple-carry VDELUDþD�
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Slika 58. Generator parcijalnih proizvoda.
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Apendiks #4:
Šeme iz L-Edit paketa

U ovom apendiksu na slici 61 prikazan je layout MH]JUD þLSD VLVWROLþNRJ SROMD ]D PQRåHQMH
PDWULFD VD þHWLUL þHWYRURELWQD SURFHVQD HOHPHQWD� 1D VOLFL 62 prikazan je layout LVWRJ þLSD
nakon izvršene obrade sa MARS paketom koja ima za cilj da izdvoji samo one geometrijske
SULPLWLYH NRMH IRUPLUDMX YH]H L]PHÿX WHUPLQDOD VWDQGDUGQLK üHOLMD�
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Slika 61. Layout�' UHDOL]DFLMH VLVWROLþNRJ SROMD VD þHWLUL ��ELWQD SURFHVQD HOHPHQWD�
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Slika 62. LayoutþLSD QDNRQ L]GYDMDQMD JHRPHWULMVNLK SULPLWLYD NRMH IRUPLUDMX YH]H�


