























B Tperneii rnase peamisosan nporpaMMHEI MaKeT B ONEpALIOHHON cpene

“Inferno™. Jlns paspaGoTku nporpamMM HCTIOB30BAIHCE CJIETYIONIHE S3BIKH:

PERL

C+H(QT)

Cuda =

Limbo
Onycanne cxembl 1aHO B TEKCTOROM (hopMaTe, UTO 06IErHaeT ero MIpOYTEHNE
1 TIEPEBOZ, MpH HeoOXoauMocTH, B sipyrue (opmatsl. CocTaBieHMe ypaBHEHM
CXEM M pemienve ypaBHeHHH MeToioM LU 1eKOMITO3MIMH NpY MOZIETMPOBAHUM B
ACII mocpencteom ycrpoiicTBa Tpadmdeckoil 00paboTKN OCYIIECTBIIAINCE C
ToMOIIBi0 miporpamMmbl “Cuda”. Pabota ¢ aiiiaMmu npoBomwtack ¢ MOMOIIBIO
nporpammsr PERL.

Onucanne cxembl B (opmate “Spice” u onmcanme Mojeneii TpaH3HCTOpa
ABJIAIOTCA  BXOJHBIMH ~ [aHHBIMM  CHCTEMBI  MApAUIENBHOTO  BPEMEHHO'TO
mozaennposanns UC 8 ACIL. B pesyinbrate MoNyHalOTcss 3HAUEHHS YKa3aHHBIX
BXO/IHBIX JAHHBIX B 3aBUCUMOCTH OT BPEMEHM.

Monemposanne B ACII ocymecTsiseTcs NPH COBMECTHOM MPUMEHEHHH
Tpoueccopa u ycrpoiicTsa rpapuyeckoit o6pabotku. ITocneoBatensHble onepaim
OCYIIECTBIIAIOTCA € MOMOIIBIO MPONECCOPA, @ CMHXPOHHAA YacTh — C MOMOIIBIO
YCTpO#iCTBa rpadudeckoit 06paboTky.

Cpasnenne  paspaboranHoro

TNpOrpamMHOro HUHCTPYMEHTAJILHOT'O

CPCACTBA C ApYrUMHM aHAJIOTUYHBIMH CPEACTBAMH TOKA3bIBAET, YTO IJIMTEIILHOCTH
BPEMEHHO'To MozenmpoBaiusa B ACII Ha ypoBHe TpaH3MCTODOB COKpaaeTcs B

HECKOJILKO pa3 (cM. Tabn1.). O6mas cTpyKTypa IpOrpaMMHBIX MOJY/IeH NpHUBeAeHa
Ha puc. 10,

Puc.10. Onycanme yctpoiicts rpaduueckoii 06paboTku,
COE/IMHEHHBIX C TIOMOLIBIO CETH

OmbiT okerutyatauun noacuctemsr B ACIT mokassiBaeT, uTo pa3zpaboTaHHbI
MHTepQelic  yIoBNeTBOpAeT TpeGORAHMAM 10 OOECTIEHEHMIO yaob6eTBa st
B3aMMOJIEHCTBHSA C TOJIb30BaTENIEM 1 OrPAaHMYEHNS BBOJIA HEBEPHBIX JAHHBIX.
PaspaboTansiii MeTozy M a7TOPHTMBI 171t COKpaIICHUs BpeMeHM Mozaemposanusg C
B ACII, npennokeHHble B NaHHOW MCCETAIMOHHON PabOTe, BHINONHEHbI npu
TIOMOIIM aBTOMAaTU3UPOBAHHOMN CHCTEMBI.
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Ta6mna 1
BpemenHoe Moaenmposanme B ACIT ¢ mnomomsio TIPOLIECCOPOB U
YCTpo#CTB rpadieckoit 06paboTkn

Monemmposanve
Monenmposanne ACITI ¢ nomomsio o
Konunuectso i Brictponeiicteune

ACII ¢ nomomsio YCTpO#iCTB

TPaH3UCTOPOB %
TIPOLIECCOPOB (MHH.) rpaduteckoi
obpaboTku ( MuH.)

300 44 33 1,3
1200 102 41 25
1100 550 230 2.4
510 2. 20 1;35
1000 132 74 1,78
2020 490 220 252
3100 452 235 1,92
5000 570 190 3
7200 680 165 4,1
9000 744 297 2.5

OCHOBHBIE BBIBOJBI M PE3VJIBTATBI INCCEPTAILIAN

1. TlpexcraBiienbi HOBBIE MOIXOBI K COKPAIIEHMIO BPEMEHH MOJIC/pOBAHHS
VHTETPATBHBIX CXEM Ha yPOBHE TPAH3MCTOPOB B aBTOMATHU3MPOBAHHBIX
CHCTeMaX MPOEKTHPOBaHNs, 0OECTIeYMBAIOIIME IPUEMIIEMBIH KOMIPOMHCC
MEXJly TOYHOCTBIO DACYeTOB W TpeOyeMBIMM pacXoJaMH MAaIIMHHBIX

pecypcos[1] .

2. TlpemnoxeHo HOBOe ammapaTHOE OGecIedeHHe i pacnapauieM3am
BPEMEHHOTO ~ MOJICMPOBAHHMS B  ABTOMATH3HMPOBAHHBIX  CHCTEMAX
TIPOEKTHPOBaHUs. ~ ATNapaTHoe OOecreYeHHe CONEPKHT  CHCTEMSI,

cocTosmMe M3  YCTPOHCTB rpadudeckoii obpaGotku. PaspaGotan
NIPOrpaMMHBIA  METOZI, OOECHEYMBAIOLIMIT pacnpe/eseHue IOTOKOB M
Napaie/IbHOE  BBINOJHEHHE  BPEMEHHOTO  MOJEIMPOBaHMA B
ABTOMATU3MPOBAHHBIX CHCTEMax TIpOEKTHpoBaHMA. B  npenmaraemoii
annapaTHOM  cucTeMe  oDecrieuMBaeTCss  HEOOXOmuMas  TOYHOCTh
TI0JIy4aeMbIX pe3yabTaToB[2].

3. PaspabotaHo CpEACTBO NpPOrpaMMHOIrO OBECTIEHEHHsS ApaLIEIBHOTO
pelieHus 3anad B aBTOMATM3MPOBAHHBIX CHCTEMAaX MPOEKTUPOBAHHS
BpeMeHHOTO  MojenupoBanns (LU JeKoMNO3MIms, —cocTaBlieHHe
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ypaBHeHHIl Ha OCHOBaHMM 3akoHa Kwupxroda, noctpoeHme MaTpuisl
Sko6m). CpaBHeHMe pa3paboTaHHOTO POrPAMMHOTO MHCTPYMEHTAILHOTO
CPEeACTBa C JIDYTMMHM AHAIOTMYHBIMA CHCTEMaMM TIOKa3bIBAET, 4TO
IUIMTENLHOCTh  BPEMEHHO'TO MOJE/IMPOBAHMSA B aBTOMATH3MPOBAHHBIX
CHCTeMax TPOEKTHPOBAHMS Ha YPOBHE TPAH3HCTOPOB COKPAIIAETCs B
HECKOJIKO pa3[3].

4. Tlpennoxken MeTo BpeMeHHO'To Mojenupopanms B ACII nyTeM
COBMECTHOTO TNpPHMEHEHUs TPOLECCOPA M YCTPOMCTBA rpaduyeckoii
obpabotkn. IlocnenoBaresnbHble onepalMi B IpPOLECCE BPEMEHHO'TO
MOZIC/IPOBaHMsS. B ABTOMATU3MPOBAHHBIX CHCTEMaX MNPOEKTUPOBAHMS
OCYLIECTBJISAIOTCA TOCPEICTBOM IPOLIECCOpa, a MapajuielbHas YacTh —
TIOCPE/ICTBOM  YCTpOiicTBa rpaduueckoii o6pabotku. Ilpemnaraemas
[pOrpaMMa BPEMEHHOTO MOJENMPOBAHMS B aBTOMATH3MPOBAHHBIX
CHCTEMaxX TIPOEKTHPOBaHHMS WMeeT Tpaduueckuii wHTepdeiic, KOTOpbIH
COOTBETCTBYET BCEM COBPEMEHHBIM CTaHAapTaM M yao0eH s
TI0JIB30BATEJIS .

OcHoBHBIE De3V/IBTAThI _JMCCEDPTANMA _OMYG/IMKOBAHBI B  CIEAYIONMMX
paboTax;
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ELGYwnpnGwyha uwppbph dniblyghnbwinipjwb wybwgiwh
htwnLwbpny wihpwdtiainnipynil £ wpwywbnid wybjwglh) hGnbgpugiwh
wunhSwlp  (Shwynp  dwhbpbuntd  wpwOghunnplbph  pwGwlp):
YhuwhwnnpnswjhG  wbkuGninghwGbpp  hGwpwynpnipniG GG wwihu
Owfuweét)  dhihwpnwynp  wpwighuinnplbp  wwpniGwlnn  hGinbigpuwy
ufuidwObp  (PU):  Spwhghuwnnplbph  pwGwlG pun  Uniph  opklph
UnyOwwwinlyyned t nepwpwlsnip 18 wihup oby:

hU-tiph  wwppbiph  pwlwlyh  wipGnhwwn  wotwh  hbnbwGpny
pwpnwlnd b npwlg OwhiwgéiwhG qnpéplpwgp:  Spwlghunnplbph
pwlwyh wybjwgiwh L swihtiph thnppwgiwh hbwnbwbpny wihpwdbyn t
wywnniwwnwgywsd Gwhiwgédwlh hwiwlwpgbpnid (UL3I) dnnbpwynpdwh
pOpwgpnid hwadh welb Gwbl wjlwhuh $hahlwywb Lplnyplbp, npnip
Gwfuyhb wnbfuGninghwibph nbwpnid twhwh wgnbignipyniG sthG pnnGned
ufubdwyh wwpwdbnpbph Ypw: LEpYywynidu hU-Gpnwd wwppbiph pwGwyp
hwulnid £ dhihwpnObph L wpwg nbdwbpny zwpniGwlynud b wsh:

UL3-ntd  hOwbgpwy  upubidwibph  dnnbjwynpdwl  dbpnnGEpG  nL
opwapwjhG qnpdhpwjhl  dhenglbpp 366 pwywpwpnid  Gwhiwgsswh
dwiwlwlwyhg wwhwplbphG L Gnp ulygpnilplbiph, GhpnnGbph L
Spwopwyhl wwywhnyowl Swldwh Ywphp b wpwywgh:

ELGhupnlwyhG hwiwywpgbiph wwwpwinwihG wwwhnynidp ybpohl
10 wwpnd  Ywpnily  thnthnfugbp B SwlwwihG  hwswhuiwywGnepjwl
whpGnhwwn wybjwgnuip nuipdbp b wlwpnynibwdbn, nph Wwnswnny
dhwihgnty Swpwnwpwybinnipynibhg wignud b Ywwnwpyby pwqdwishpnty
Yunnigwéphl: 3wpdh welbiny wwwpwiwihl wwwhnddwh Shengny
gniqwhbin Yuwnwpiwl hGwpwynpnipynilp, wihpwdbaw b wignphpiwlwh
dwunty Ywuwnwpby thnthnfunipyniGhbp® wwwhnybiny uL3-nLd
Gnnbjwynpowb gniquhbne Yuwwnwpnudp:

UwnbOwfununipynilp  Guhpdwé £ wynniwwnwgyws  Guhuwgsiwh
hwiwywpqbpnLd hGunbgpuwy ufubdwbbph ufubiwwnbubhywlywh
dwhwpnwynid dwiwbwluyhl dnnbjwdnpdwl  wbnnnipjwl YpGwndwi
dbpnntiph d2wldwhp:

Unwowplyty t hwyquplylbph hwiwp  Swfuudnn  Obpbluwjwlwi
dwiwlwyh  Ypdwwnidwl L uwnwgynn  wpynilplhph  whhpwdbyn
G2qnpunnipjwl wwwhnydwh inbuwlbynilhg wytnniwunwgywd
OGwfuwag6iw hwiwlwpgbipnid hGunbgpuwy ufubiwlbiph
ufubdwinbubhywlywa dnntjwynpiwh wpnynibGwytitn Gnp pGpwgwluing:

Uwntinéyti GG hGunbgpw) utubtwGbph wynniwnwgywé Gutuwgdiwi
gniquhbnwlwlwgdwh Gnp  ulgpnilplbip, npnGg  dhengny UL3-nLl
dwiwlwluyhG  dnnGpwynpniip  Ywwwpynd £ wpngbunplbph L
qnwbhlwlwl sawlydwh uwppbph hwiwhgdwdp: UL3-nid dwiwbwlw)ha
dnnbpwynpiwh plpwgpnid gniqwhbn Jwwnwpydnn dwul hpwlwigynid k
qpwdhywlywl dawldwh uwppbiph, huly hwenpnwlwlp  wpngbunpGbiph
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dhongny: Inuptiph pwfuiwl b qpwdhywlwb Gwldwh uwppbph npubu
06y dhwubwhwh hwiwlywpgh Ywewdwpndp Ywwwpdbp b «Limbo»
dpwanh dhengny «Inferno» owtipwghnl hwiwlywpgh shewyuwypnid[1]:

Uwlgt t UL3-nd  dwidwlwlwihG  dnnbwdnpdwl  plGpwgpnid
fulnhpltph (LU wwpwlpwwdwh dtpnn, 3wynph dwwnphgh Ywnnigny)
qniquhtin (nuédwh Gnp 6pwapw)hG dheng[2]:

Lbipnpyws épwopuwihb dhengh unbindtwl dwiwbwl oguwgnpéywé
pwapwynpiwl  dwiwlwlwlhhg  ulgpnilplbplG  nu ShongGhpp
hGwpwynpnipynil GG pG&EnnLd wyh htiwnnipjwip hGnbgpbine wy” wnwyb)
hanp  wponwnpulywh  GuwGwynipjwip wdnniwwnwgdws  Gwhuwgsiw
hwiwlwpgbpnuy:

Upwlyty £ bbhwpnOwhG  hwdwlhwpobiph  wwwpwinwhi
wwwhnynid qpubhywlwi Swldwh uwppbphg pwnlugwé «Inferno»
owlipwghnl  hwiwlwpgnud: Y pnyp b wwihu UL3-nd  hGunbgpuwy
ufubdwlbph  dwiwlwlwihG  dnnbwdnpndp  Ywinwpbp  gniquihtbn:
Unwowplynn wwwpwinwihb wwwhnydwb 2Gnphhy Ywwnwpyby hnuptiph
qniquhbn pwzfunid gpwdhywlwd Sawlydwh uwpptiph 0hol wrwbuhl L
pupnpnwlwl pwzfuhsGliph Shengny: Unwgwnlyynn épwapwyhl dhongny
Ub3-nud  dwiwlwlywihd  dnnbpwynpdwh  wbnnnipynilp  YpSwingbp ¢
ufubdwwnbuGhywywh Swlwpnuwlynid:

Unwpwplynn  wignphpdp  Gawlytiy Et  «Inferno»  owtipwghnG
hwiwlwpgnid: Apwdhlwlwl hGinbpdbjul hpwanpdyby b «C++» (Lqyny,
«QT Designer 3.3.1» 6pwopwjhG thwpbkph Ghengny oguwgnpékiny
opjtywnwynnibnpyws  Spwgpwynpiwh  ulygpnilplbpp: Swytph  hbwn
gnpénnnipnLbibpp  Ywwwpyb) GG «Perly  dpwgph  thengny: UL3I-nLd
dnnbiwynpiwl  gniqwhbin  dwubipd  hpwlwiwgyty 66 qpwdhlywlwh
G2wlydwh uwpptiph dhengny «Cuda» [Lgyny:

PU-Gpnud dnnbpwynpiwl dwiwbwhh YpSwindwh ulgpniGplbnh
nL - wignpppilbiph  (nuénuilbpl  ppwaonpéytp GO wynndwwnwgyws
(wwplyowl  hwdwlwpgnid, nph hOnbpdtjul dnunpuyhG  ndjw)Ghph
Gbpdniédwd, wbfuGhywlywl wwhwiplbph pwlwpwpiwl L unwgywé
wpryntlplbiph  wpnwédiwG  hwpdwpwybn  hOwpwdnpnipyniGGbp ¢
phdtinnud : bpwlhwl hGwnbopw) ufubdwGbph  nbwpnud npw Yhpwnenidp,
hGswbu Owl wy Spwoptiph htin hwibdwndw wpnynilplbpp JYuwynuy GG
wju hwiwlhwpgh pwpép wpnynibwybinnipjwl Swuhl: Liwlwnhy wy
hwiwlhwpgbph hbn  hwibdwnws, Swhywé Spwapwihl gnpéhpuwhl
thongh 20nphhy wnpwbghuwnnpwhG dwlwpnwynid UL3-nLd
dnnbwynpiwh dwiwbwyp Ypswwnynid t 2-4 whquid[3]:
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ARAM MARAT BAGHDASARYAN

AUTOMATED IC DESIGN PARALLELIZATION
METHODS DEVELOPMENT AND INVESTIGATION

SUMMARY

The number of transistors doubles every 18 months according to
Moore's Law. IC design becomes difficult process due to the permanent
growth of the number of transistors growth. Transistors size reductjon
brings necessity to include such physical properties in the transistor model,
which didn’t have any effect on the scheme parameters in terms of previpus
technologies. The number of transistors reaches a billion and continueg to
grow. Currently, IC design simulation can take several months.

IC simulation methods do not meet the new requirements in the
automated design systems. To decrease the simulation time there is a need
to develop new methods and principles.

Electronic systems have changed dramatically over the past 10 yeqars.
The clock frequency rise is ineffective because further changes bring
unacceptable temperature rise in the IC. Computer performance growth was
achieved from moving one core architecture to multiple cores. In thjs
architecture, each core executes tasks in parallel. GPU is widely used ag a
parallel hardware in recent years. In contrast to the processor, which has
maximum 8 cores, the number of GPU cores are more than a hundred In the
every new version of GPU, the number of the cores count is doubled which
allows achieving maximum threads parallel performing.

According to this changes in the computer architecture there is a
necessity to modify simulation algorithms to perform IC design analysis jn
parallel with the automated design systems. There is a necessity to mod;fy
existing simulation algorithms for finding compromise solution between
simulation time and results accurate.

The dissertation is devoted to the development of methods to redyce
the simulation time in the IC transistor level. Proposed a new procedure to
reduce the simulation time and achieve accurate results when analyzing the
IC transistor level in automated design systems.

Created new methods for IC design parallel simulation, through which
IC simulation is done by processor and GPU in automation design systemg.
During IC simulation sequential part is done by processor, parallel part js
done by GPU. Threads distribution and usage GPU’s as one system is dope
by program Limbo in the Inferno operation system [1].
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Suggested new methods for parallel solving LU decomposition and
Jacobi matrix construction during IC simulation in the automated design
systems [2]. The simulation results are within acceptable limits of accuracy.
This method is effective in view point of reducing the simulation time and
accuracy of results.

Justified usage of GPU’s according to the IC simulation and
programing methods insertion effectiveness. Programing method has been
created in that way that it can be easily integrated to the more powerful
systems.

Developed system which contains GPU’s in the Inferno operation
system. It allows performing IC simulation parallel. It contains master and
slave schedulers. Master scheduler performs tasks in accordance with the
GPU, and the slave scheduler performs tasks in a specific GPU.

Suggested method was implemented in the inferno operation system.
User interface was implemented by C++ library QT Designer 3.3.1 using
object oriented principes. File operations performed with the Perl scripting
language. IC design parallel simulation part performed with Cuda
programming language.

According to this method IC simulation time was reduced several
times. The methods proposed in the dissertation have been implemented in
transistor level simulation software Transistent Analysis, which provides
convenient interface. Comparing to similar tools, this method reduces
simulation duration 2-4 times in the automated design systems [3].
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