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wywpuwnwspugpugh tnupubgwindw gqnpépupwugubpp, hwonphuljut
hwdwyhnwth nnnh wpdwtwqpnipjudp wnwownnynn wwhweubpp,
pupuguwlupgh pupbjuydwt Enutwlukpp, oppwju dhowduynh obpdmunhdwtiughl
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ujubidwtph  qupquguudp wuydwbwynpqués  dwpunwhpwydbpubpp, npubg
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hwdwwyhwnwih hwonppuljutt nnnh npujulwi hwnwuhoubph juwpubnipmiup,
hyybu twb swpdwlwt uwwpptph qupqugiudp wyuydwtwynpws hwuwibih
ntunipubibph vwhdwbwthwlnudp, npnup wihpwdbynnipnit ki wnwgwgpty dpwlity
twhiwgdsdwb hnupninh: 1.3 b 1.4 wwpwgpudubpnd thpluyugyt) tu punph npuspn
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wwwhnybtiny Yhuwhwnnpyswihtt pipbnh Ypw wpunwnpybnig htwnn hwdwljwunpgh
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wupugqpunidl:  Uwwpwwnwspugpuihlt  hwpwpbpulgnipjut bwhwugsdwtt
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lkgnit E puwnpygl] SystemC-u: SystemC 1kquh uUhongny ulwpwqpjws hwdwljwupgh
unniqiut tyuwunwlng Junnigyt) b phunwynpdwi hwdwlupg (0. 1): Vujubwljut
thnynud wpynitwybn vnnignudp upbnpynud £ ugipwng, np twhwgsdw wyu
thnynid juwnwpdws uppwjbpt wbghnid Eu hwenpn thnybp:

Lwjuwgsh dudwbwluht b wy] wwhwbeubph tkpjuyugdwt hwdwp ptwnpyt) £
Uhunthuhu pulkpnipjut SDC dhwswthp:  Uju dhwswihh puwnpnipjub yuwndwn
hwunhuwglk] pwqnud puljipmpnibtbipnd gpu (uyt Swbwsnwdp b twuwgsdwt
wnwpphp thoybipnud oginugnpénidp: Quwywthh juyt Fwbwgnudp poiy b wwhu ujuby
twpuwugddwt woltwnwibpubptl’ wnwtg twpibwlwt YJkpuywnpuunnid whghbn:

Lwhuwgdhg moipu b ophpynud dnghjh wqpuiowbughtt gpudp: Lkpjuyugdwi
hwdwp oquugnpéynid b mupnnppjws  qpud, npunbn  jnipupwbynip  ququp
hwdwyuwwnwupwind £ dnphmud  plipugnn  qnpéplipughti,  hull  Ynnkpp
uhpuyugund Eu hwdwlupgh  wqpubpwbbbpp:  Zudwlupgnd  qniquhbn
gnpénnmipiniutkpp Unpbjwdnpynud Eu wpngtuubtph dhengny, npp VHDL-h hhduwght
punugnighst £ b hwdwudwt b Verilog-h always pniuljghwtipht ni  SystemC-h*
thread-utipht: Uwnwgqws uUnphh wqpuipwbughtt qpudt wjunthbnb qpunynud k
Juplnp hwpdupluyhtt swthwthottpng b dwdwbwluyhtt vwhdwwthwlnidutpny,
npnup gnipu b pipynid gqpunupwithg b hwdwlwpgh punipwugphg:

N
PLunwyhG YysyunnpGtph (< 3
qtiGGpwwnnp > it e
v
% UnGhwinp %
\ 4
Unwylwjhl Enunnpnwht
Unnblwydnpnn &= unnLgliwl uwnp < unntadwl uwnp

Ul. 1: dnruljghniiw) vnnigdw hwdwljupgp

Zhbkpwppuhy dnpkjubph dwdwbiwluyhtt upuwdbnpbph dwupt nknEjungnipmnea
unwbwnt hwdwp Juwnwpynud B hwudwljupgh tjupugpnipjut bpinisnipmii:
Zuduwljupgh tjupugpnipjut wj unwnhl gnpénuubtpp, huyyhuhp kt hwdwlwunpgh
hhtpuppuhwt jwd npwind phipws hwjnmwpupnipniibpp, pny;] i wwhu
twhpwybu  dnnwynp  quwhwwnl]  dhwynph  wpwqugnpdmipiniup:  Syjwukph
tnwlipymppniup inybygbue wggud £ wyuyubph hnuph  dpw,  uwlfuygl
wphiwnwbipughtt dwdwtwyh  ghpdbdwgnmuhg  junuwwthbne byuwwnwyng
wywpuwnwspugpuyht tnwpwigwinniup Juunwpynid k Untnnwupyus
Eupwhwugnygubph Juppuyhtt b dwdwbwluyhtt punipwqpbph  hpdwb  Jpu
Pugpnnnidubpn snljdnud Eu twpiwgsdw hwenpr thnypnid:

Swpwipwwnnidhg htnin ppwjuugynud E wywpwwnwhtt b dpugqpuyhtt dwubph
Unpbjwynpnud: SystemC Unphjuynpdwt 1kqihg C/C++ 1kqyh Ynuwhjjuwnnpubpp juyh
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nwpwdnid nbkl: Ihpohtt mwphubphtt uvnkndyt) Eu twb SystemC-ny ujupwqpus
wywpwwwht dwuh Juppuyhtt uhuplqh gnpshpubp: Ujuwyhuny, SystemC (kqh
dhongny ujwpugpus  hwdwlupgt wywpwwnwsbpugqpuyht nwpwbgwnnid
juwwnwpbkinig htwn, vhtiptqynud t hwdwyuwinwupwb wywpunwght b Spugpughb
uhgngutiph:

Uwwpwwnwsépwanpwyhl
tnwpwlywnnLd

UwwpwwnwihG L Spwanpwjhl
dwutinh uhlptiq

Swiwwwinwufuwbntpjwb dwiwGwywhG
uwnnignLd Jtpnidnipynth

Ul 2: Swpwbywwndwb hnupninnt  hwdwywunwujpwinipjui  unnignudp b
dudwtimjuypht ybpnidnipniup

Mpngbunp q— — —
g hGubtndtiu
g ] Phahljuliwt
2 331 3.0 ntjwywpnn Jwlwpnwy
3honnnipjntl 5 Odwnuy hwlignug
% hGubpdbju PIPE BIPE
3 hGuntindtiu Dhahlwlw
IS dwlwnnwl

4—
CGnhwuwnntd

—
Swdwpned 1 <::>
—

Syjwbtph
FIFO
huntpdlju

Swdwpnid 2

N UhGppnG utnwwinhly hhannnepynth

VY. 3: 227-h mhyuyhtt junnigdusdpp

Lwpuwgddwt hnupninnt pupbjuddut tyuwnwlng wywpuwnuhtt b Spugpught
dwubtph uhuptqhg htun twptwlwb tjupugpnipyut hwdwywnwuppwinipjui
unnignidp b dudwbwluwghtt Yhpnismipiniip ppwljutugynid Eu kY puyny (uly. 2):
Opwgqpujhtt dwuh dudwbwluwihtt yEpnismipjut hwdwp fhpunynid £ hwdwwnbn
Unphjwynpuut tnuwbwlp: Ukpnpdkp B hwdwlwpg, npp mwpwigwnnidhg hbwnn
hpujwiugind t $miblghnliwy winnignid,  dplingt dudwiwl  dudwiwlughi
quwhwwnnud: dniuljghntiwy] hwdwywnuwupwinipyut hwunundwt  ywnwlnyg
twhtwjuwb  bwhwgsnidhg hbknn  unnmiqiub hwdwp  qhukpugqué  phunught
JEhunnpubpp hnpuwbgynud Eu twb mwpwbgwnnidhg htinn uhiptqus unnbjukphi:
Jhpunupdduws wpdlputph hwdbdwwndwi dhengny uljqphwlut b uhupbqus
Unnbjikph dholt hwunwnynid £ hpujuwgdut hwdwyuwwnwujuwinipinip:
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‘ Oquwanpénnh dwlywprwyh ‘ Oquwgnpénnh dwhwpnwyh
331 thnpdwplyiwb Gpwghp 331 thnpdwpydwh 6pwaghp

UnwplwyhG hwbgntjgh Gpypnpnwyhl hwGgnigh
Spwgpujhl dwu Spwapwjhl dwu

‘ Linux O3 | \ Linux O3 |

‘ QEMU wnwelwjhl uwpp ‘ QEMU tpypnpnwjhG uwpp

‘ QEMU-Verilog nLnnhn pwagpwynpiwb hGunbipdbju ‘

| DUY wnwlwyhG unnigiwl hU | | UM BplpnpnuyhG unnigdwG hU- |

< CUN unnLqiwG hU >

Unwyplw)hG

Enunnpnwjh
Unwplwjhl
GnunnpnuwyhG

dhghywlwl dwhwpnwyh dnnti GpypnpnwjhG 330

Q(fuwynp 331 (GUV) (Ul

‘ LYuwnnigwdéph gkltpwnnp ‘

Ul. 4: Zwdwwnbn dnpijuynpdut dhgwduyph jurnigquspp

Uowljywéd hwdwlwpgp huwpwynpnipmt £ unbpénd  dnphjwynply
wwywpwwnwht b spugpuyhtt ywubkpp hwdwntn, dhbtunygt dudwbwl junwupnd k
dudwtwluyhtt Jipmsnipniu (uly. 3, 4): Zwdwlwupgp junpnigudpughtt wnnudng
udwinieniiitp niuh 22%-h whywyhtt ppuuwtugdwt htn (Wl 3), npp tJuqugnyi
thnthnjunipnibibpn b owlpkpny htwpwynp L oquugnpst] twb twjwgsdwt
htinwqu  thnybpnud: Unmqiwi hppujuwiwgdut tyuwunwlng  punpdlp B
Spugqpuynpynn hwljubikph hwdwljupgbpnid oguugnpéynn hhdtwlwh dkpnnubpn:
U phypnid wyupwwnughtt dhonijp mbnunpynud £ Jhpuiniwy hkuph pw, npp
YpYuophttwynid k Jtpotiwjuts hU-h Juppp: Opwgpuyhtt dwup bkpplngnud E hkuph
hhonnnipniunmd:  Ubkppknudbinig htwnn Jupnigyws hbupp htwpwynpmipmit &
pbdkomud spugpuyhtt b wywpunught hwdwgpmpyut hopdwpynidp’ hp hpulub
wpugnipjuip Unin wpwugnipjudp:

Jhpuniw) hpujwiwgnidp htwpwynpnipini £ unbndnud Juwnwpk) Spugpught
dwuh dpwlnudt b phunnwynpnudp twpimgddwt Jun oppwithg: Ftw wwywhnynud k
gnpépupwgh Ypduwnnidp (uly. 5):

Unwouyhtt b kpypnpyuyhtt 227%-bph gnpswpidut tyuwnwlnyg ogunugnpsyt) L
Epynt QEMU hwdwljupgbp, npnip wppnwinnid ki ninhn spugpuynpdwt hinbpdkyuh
Uhongny: dkpghtiu htwpwnpmipinit £ unbtndnid pupdp dwjupguyh Linux/QEMU C
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Ynnphtt hwnnppulgdt) @UU-h htwn b hwjunwlp: Oquuugnpsénnh dwjupnuyh 22%
thnpdwpldwi dhongp, wnwetwht/kpypnpyuyhtt hwiugnygubph spugpuyht dwubkp b
Linux OZ- dhwuhtt juqunid ki hwdwljupgh spugpughtt thowduypp: ®npdwpljuuiy
Uhongp qpuugdus k spugpuyhtt dwunud bt mknunpdwsé k Linux OZ-nud: Ywnnigjws
unnigdut  ppwduyph  hhdbwlwt  pwnunphsutphg E nighn  Spwgqpuynpdwt
huntpdbjup, npp judnipe b hwinhuwunid Velilog-h b C Ynnh wippnypenud: C (kqyh
Uhongny phpwliubwgyus nituljghwitpp jupny o gnpsupldty Verilog-h dhongny b
hwljunwljp: Punbtpdtyjup hpuuwbwgunud k twb tplynt vhowuyptph dholt wnjujutiph
tinjuwbgnid:  Zwdwwnbn  dnphjudnpdwt hwdwupgnd wihpudbipn £ 3
qnpéppugibph vhwdwdwiwlyu junwupnid’ VCS simv, QEMU host U QEMU device:

Onwagnpwjh dwuh
dwynid
N/
UwwpwwnwjhG Swiwwnbnnid b wwhwwbp
dwuh dwyncd unntgntd

Lwfuwgéiwh dwiwGwyp Jdwiwbwyp 2nLywjned

UdwlnwlwG hnupntnh

Uwpwphb wowlygkilG nu

dhpunniw) wywndnpdh Yhpwenipjwdp hnupninh
Onwaqp. dwuh
dwynt

Lwhuwqétiwh pwipkipp  Lwhuwgéiws pwhpbinp

Swdiwwnbinnid
[ U%gjwnugﬁjjuh L uinnignid Uwnwlphl wowyghki| b, nt wwhwwbp
>4 > .................................................... >
Lwhuwgqétwl dwiwbwyp dwiwlwyp 2ncwynid

Ul 5: Lujuwgsdwt dudwtwlh Ypu Jhpuntwy hkuph fhpundwh wqnplgnipmniup

Onpdupluul tyuwnwlny twhiwgsyty L gopshp, npp punugws L Lpkp
pununphsiibphg oquiugnpénnh Uhguwuyphg, phunnuynpiwl Unynijhg b phutughb
qnpshphg (by. 6): Lpghtu phintijnud E pypopguyht, huy weweht bplnup gfuwyop
uwppkph Ypw: Uju dnphjh wnwybnipniup juyubnud £ iputnwd, np wjbt wnwig nplik
thnthnjunipjut gnpswplynd k hiyytu Jhpuniw, wytwbu b ppuljut dhpwuypoud:

Unwoliughtt b Gpypnpnujhtt  hwbgnygubtph sthdwt wwwhnddwt  hwdwp,
unwbnupn hwpgnudutphg pugh, Yuwqudl] E hwwnntl) wpdwbwgpnipniy, npp
Swnwmid £ ujuwubph hwyntwpbpdwt tyuwuwlht: Ut phunuhtt dognih b
gnpshph hwdwp puinhwnip E: SEnkjuwwnynipjut ninnnipiniithg jupidws, phunuyght
Unpnup Yud gnpshpp Juqunud b wbnuinpynng wdjujubph hwdwpnudpp, dniu
ynnup unnignid £ unwugyusdp:

Upwjwé hnupninnt qjuuynp wpwbdbwhwinlmpniuitphg t twb wyt, np
twhwgddwt Jhpenid Spwgpuynpynn hwwibph hwdwlwupgh dhongny uwppp
thopdwplynid £ ppwlub dhowduypnid: Jdkpehtthu jupniguépp swwn tdwt k
Yppuniwy dhowduypht' wj nmwppbpmipyudp, np wywpunught dwup dbpphnidws k
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Onpwgpuynpynn Guljwbtkph hudwlupgnud (O@Z): dhpnniuh vhowjuypnud wyha
Unpbjwynpynid kp VCS spwgpuyhtt gnpdhpubiph oqunipyjudp: Ppujwi vhpwduypnid
gnpéwplynny phunbtpt  wpunwugnmd i nne  hwdwlupgh  $niulghntiw; b
dudwiwluihtt  punipugptpp: 002  dhpwduypmd  juwwnwpdws  Jhpunnignudp
hwunwinnd k Swpunwpuwy bnnipnibp, hhonnnipjut Jupwywnpnudp,
ponnibwlnipjut pupfudwi i} qlippiptjubnipyui phuwnbkpp Z2%
huwdwywwnwupuiwbnipyub htwn: b kipen, wjuyhuph hwdwljupgp (hndht puupupnid
E npulwynplut wwhwigtbpht b oquuugnpsdyty k227 qutpugdwi tyyuwnwlny:

UnwglwjhG 331 Gpypnpnuwyht 3310
e UnwolwjhG hwGgntygh dpwanpwyhG e Gpypnpnwjhb hwbgntygh
dwu Spwapwhl dwu
e PLunwynpiwh dnnneg e @Luwwjhl gnpdhp
e Oguwgnpénnh dhowywp

Uly. 6: Pnpdupldwt hwdwlupgh jurnigduspn

Cunpjuws wyupuwnwsdpuqpuyhtt nupuswndwt wignphpup tbkpuyugyus k
23 yuwpwgpudmd: Npwybku wynuhuhtt puwnpdtp £ 1D whpnypmd  npnudwb
wyqnphpup, npp npnp  Ynpwugnidibph  hwoyhtt wwwhnynd £ gopswpluwi
wpuqugnpsmpnit Uhbbinygh dwdwbwl phigmbbh Sumpmil: Swpubywindub
hunhpp NP-pupnpmipjui £ b whuwluinpbu gqnnipnit snith puquuunudwght
wqnphpd, npp §inwsh oyynhdwugdu wnwewnpupp:

Swpwigwwnnidp puntpuqgpynid E wyupuwnuwghl, Spugpuyght b hunnppulgugh
wpdbpubipny’

Hp = ZviEVH hi, Sp= ZviEVgsb Cp = Z(‘l]i,‘l]j)EEpC (viivj) (1)

P nupuigwndwl pighwimp wpdbpp vwhdwi]md Ehbnbyuy Yhpy
Tp = aHp+ BSp+ yCp, (2)

Swpwbgwindwl junhpp Jupkih b dbwlpul) hbnlyug Yepy: Spdws £ G qpudp
wpdbpubtph sh b ¢ dmuljghwtpny b o,f,y > 0 hwunwwnniiibpny: Tuhpwdton L
quiik] P nupuiigwnnidp iuwqugniji Tp-ny:

Jhpotulwi wkupny nupwigwntwb jinhpp thpluyugynid Ehknlyu Yhpy'

0 ,{ maximize Y74 h; x; 3)
Yiegsi*x; <(1—pu)*R

Yhunwpytnyg (0, 1) dhgwhuypnid p-h wpdbpbpp wnwgdmud & dh pwpp
htwpwynp nidmudutp Q ' - h hwidwp, npnup pwjwpupmd o wkpjuyugdus
nwhudwbwhwlnudubphl: IEpohtitkpu htwpwynp nisnd ki Q-h hwdwip: Unwugyws
nwdnudubinhg (wjwugnyup hwdwpymd E gubljuih nwwpwbgwnnidp: Ujuhwyn £ np
wnwownlynn npnidwt wignphpdp 1D jnusdwb nupwspnid qquhnpkt wpugquginid
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E wwpwipwndw gopdpupwugp: Zbwpwynp p wpdbpupp 0, 1) dhowluypnid
tnthnjuynd Bu Ap puyny: Ap-h punpnipjudp Bowuydwibwdnpdus  wignphpuh
gnpéupyuw wpuqugnpdnipiniup b jnusdwb £ownnipnibn:

Gupwnphkup, np x'-p Q Nunph nusnd £ nipdws p-h hwdwp: Gpk x'-np nusnud sk Q-
h hwdwp, wyw p-u dkdwgynid £ Ay puyny: Npnudwt gnpéplipugp swupnibwlymd k
ugipwt dudwbiwl), pwih nkn htwpuynp usnwdp hwjnbwpbpjws sk, jud nne
npnudwt (0, 1) dhowluypp ghuwpydus sk Zuynbwpbpdws  huwpuwydnp
hwdwlgnipiniup dhupwbwl Uninuplus oygunhdwy jnusnid £ Q juinph hwdwn:

TX_dala
L2

;F rial
E uf
L clk_n
Dut_n)
L o !
i vCDL
van

clk_dee_p

DCcC
— SWCaee T
ok T e

L. 7: cDesigner &pwgph  uhongny  hpwlwbwgyus — wpliwwnwpugh
wuppbpnipjul,  Jupquynpdwt U wwhywidwt dwdwbwlubph  nignuwb
upubidwtpp

Zudwyhwnwth hwenppuljutt gnpnud Juuwpynud - wufjujutph  gniquhbn
thnfuwljipynid hwenpujuuh, b hwjwrwlp: Ujayhuh hwdwlwupgbpniud, npuntn
wqpuiowth hdwniyuh wbnpnipniap hudbdwnwlwt b dunjuwbgdwi  hbwn,
wbpnyuwnpkih £ wphiwnwbipughtt wuppbpnipjut b jupquynpdwt nt wwhwywbdwb
dudwtwljutph obhnnudutph  wbwnbunudp:  Uhpnyjunpbih B bwb  okipduyht
thnthnjunipiniiutpny wuyjdwtwynpjuws dudwbwljuyht oknnudutiph wtnbunidp: Uju
tjuunwpnidutpp hwodh wntbny, dowljyl] Bt wojuwwnwipuyght wuppbpnipjut b
Jupquynpdwt mt ywhywidwt dudwtwljubph nipndwy dkpanubpp (ul. 7): busytu
twl  hnuwbph jwpdwi dkdwgiwi hwoyht Wjuqkglt] t wpwuqugnps BU-kph
hwywnnudubph ypu ghpdwunpfutught wmqpbtgnipniup:

Uphiunwiph Eppnpn qijunid ujupugpynud E hudwyhnwith hwenppuljut nnnh
Unpbjwynpuwt Spwqpuyhtt hwdwihph Juenigyuspp, wphiwnwpuhtt uljqpnibipp,
qpudhjuljui hunbpdtjup b vnwugdws hhdtwlwh wpnyniupubpn:

USBCOMPILER spwgpuyhtt dhowjuypp ibkpljuyugdus k 3.1 wupugpubnid, npp
hpwjwiwgws E Linux RedHat owkpwghnti hwdwlwpgnid: Fhpjws E twb
Spwgpuyht Uhongh pinly ujukdwl, Untnpuyhtt b bjpuyght mbinkjunynipjut guilp (al.
8):

Zudwwnbn dnpijwynpiut dhowduypp wuwyjdwbwlwiunpb Jupbh b pwdwily
dpwgpuyhtt b wywpwwnwht dwubph: Zudwlwpgh uplinpugnyb pununphsubphg b
wywpwwnwhtt b Spwgpuyhtt hwugnygubpp Juwnn htnbpdbup, nptt wuyyuwhnynud k
wnwpptp  dhowquyptph  dhol  wdjuyubph  injuwbtwlnuwdp: Uju  byunwyng
hpulubwugyty i wpinwsdwb b ihpdnisdwb dniuyghwtpp (ly. 9):

13



SystemC |bgyny
Olhywmnuwgnygud 337

[
I

USBTest dpuwgpu)hl
wiyuhnyned,
phumbnh gnugwily

USB SystemC Check
Snuwgnughl dheng

I
I

duwdwbwlyw)hb
vwhdwbwdhwlynedGEn

Qnuwdbh nnrpupbpnod

L

dwdwbwlyuyhO
UbppnuwSnegnel

L

Uuyuopuenwd puog nuagh O

nuapuubeuwienned
UuypuopuronughO duauh onwgnughl duwup
uhlbpbqg uhlpbg
Swdwiwnbn
dnnbGpunnpned
Swnpuwlpwunduw b J’
pwjwinpyned dundubwlughO L

PrncOyghnbuyp uurnnugned

L

oD phahlwlwl
dnnbGpuwdnpned

— ]
I
I
Uywinwiunmuah G duauf
Gwdw Owlyu)ho
vwhdwbwdhwlynudbbBn

Culbyuwd L cunlyuwd L
Lwdupyyws Lwdupyywe
wiywimuunuayh o

Snuwgnuwjho Guaa

duuu

UL.8: USBCompiler dpwuqph wohiwnwiipughtt pinl upubuwb, dninpuyghtt b Gjpughtu
ufuruph guiiyp

opwqpwjht wwwhnydwb dwlwpnwyh C
Ynn
void dma_read(int addr,
int* value) { };

extern void ahb_read_vr(int*data,

UwppwjhlG wywhnyiwb dwlwpnwyh
SVerilog/Vera ynn

. import "DPI" context task dma_read(integer
addr, var integer value);

- export "DPI" task
ahb_read_vr {};

Ul 9: Opwgqpuyyht b uvwppuyht wmyywhnynidubph hwnnpnuljgdw hinkpdbup
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Lutuplyws wywpunwspugqpuhtt mwpwigwndwb wignphpdp hpuljuwgyty b
hbwnlyuy Yhpy'

/* ApnGned 1D npnGdwl wwpwépnid (0, 1) dhpwlwypntd, Ap pwjiny, Q
fuGinph owwnhdwy |nL6Gwh gnGhnt hwdwn */

begin

1p =AY /* Lwuwwywwnpwunnd */
2 3wlgnugltiph {v;}; < nwuwlwngnd hwiwdw) % > ? > > 2
1 2
3 repeat
3.1":=Q" |nténLip lmpwé p-h hwdwn;

32u:= u+ A
until (x'-p Q fulinph pGnniGbLh (NLénLd t) or (u = 1);

4 if u < 1 then output x' else output 0;

end.

3.2 wuwpugpudnid thjwpugpyus tu USBCompiler Spwgpuyhtt  dhowduyph
gpudhljujut hptinkpdtjup (u. 10), ppuiug wpwtdtwhwwnlnipnibiubpp b wy:

3 BEIE) e
: HW_SW_partitioning setup.
Run |[Pre | - Input
Creae project & .
Claze praject i HW synthase fisjusoL 2verilog Browse
Change fle
- SW synthase | /Slowlfsus01dwslow008amim,grigorz/dwyncise2 ¢ [———
View log
— Output
17 Hwisw cosimulation
& HW output folder [/slowfzyus01dwslow00&wimygrigarz/duvnc/pri Browse
17 Timing - funetional ehe ek
¥ reGabitie generatian SW outputfolder | slowfsius0Ldwslow 008Awim/grigorz/duwvnc/prysw Browse
oan | Mararsnl | waraal |
|
Save Exit
4
=] 0 I————
L 3] 2 FPGA Setup [=]
Cuputilse
~Input
Hostlog [rslowtsauso i Browse
Davica log [izlowtsisoLa [ Browse Projectile [/slowfs/us0L dwslow008 M imgnigorziduwncrsyn Browse
Testlog [itowtaso I Browse. Hw path | slowls/us0L dwslow008mwimygrigorzsdver crp iy Browse...
fowrsiuzo
Browse
Testing
Tostlst [itowtsruso " Browse..
’7 —I implementation [Host  ~
ATt Debug [res =
HosATL [ o Browse
oeviee e [ e —
BHY model | usb_pipe3_duLphy_iTsvi | Rrowse.
SW- Output path |rslowfsus01dwslow008wimgrigorz/dwwncfsynjoutout Browse.
Hostdriver  [srooylinux-2 639 1driverspsbhosyxhel_hed ko Browse.
oo ¢ [ro0vsEa_diiver_Tarestnushs -pedvwe b3 ko arowse

Ul. 10: USBCompiler dpwugpuightt Uhowjuyph gpubhljuljus hinkpdbjup
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Unjniuwl) 1. Shpunniw) b hpuwb vhowquypbpmd gnpswplyus phunuynpdut
dudwtwljubpp

Dhpunniuy Sunnnipniip
unnljudnplui 0Pz-h
hwdwlupg Unpbjwnplwi
‘Ukpphtt Ppuljub hwdwlupgnid
dud. (1) | dud. (n) | ()

hun

SYjwjutiph ny wwppbpuwlw, tpuowynpdus thnpuwtgnd 0,3 19 0,34
wowelughtt  hwignyghg nhwh  bpypnppulwl’ 1004R
Swduiny, dby  thwpbkpnid  wpwdbjugnyup  1024R
nwpnnnpudp’ 22% 3.0 wpdwbwgpnipjuip
hwlwyunuujuwh

SYjwjutiph ny wwppbpuwlw, tpuowynpdus thnpuwtgnd 0,2 14,2 0,3
tpypnppughtt hwignuyghg nhwh  wpwebught'  100YR
Swywiny, Ukl thwupkpnud  wpw]bjugnyip 10248
wwpnnmpgulp’ 22 3.0 wpdwbwgpnipjuln
hudwyunwupwi

Gpupliwynpdus  wuwppkpnipjudp, wpwbg wpwpdwb 1,8 117 2,1
bpwohunpuiwh, 10URSh  hnjuwbgmd’ Uy thwpbpmd
wnwybjugnyup 10248 wwpnnnipjudp, wnwghwyhihg
nbyh Epypoppught gon’ 22 3.0 wpdwbwgpnipjuip
hudwyunwupiwi

Gpupliwynpdus  wuwppkpnipyudp, wnpwbg wpwpdwb 2,1 123 2,3
Epuphuynpdwi, 10UR-h Lhnlumhgnuf Ukl thwpbpnid
wnwybjugnyup 10248 wwpnnnipjudp, wnpwghwhihg
nbyh Epypoppught gon’ 229 3.0 wpdwbwgpnipjubp
hudwyunwupiwi

Opwgpujhtt dhowdJuypp hwdwipqué b phunbph gnpswpluul wpnwnuyduh
hwdwlwpgny, npp pny; b wwhu wowlg wqpubpwbuihtt ghwugpudibph
pugwhwynk]  phpmpmitbbpp: Fhwgpudubph  oguwgnpénidt wwwhnynud |
upuwubph wewybty yniphtt hwynbwpbkpnudp:

Onwgpuypht Yhpwduyph Yhpundudp bwhiwugdyws hudwyhinwih hwenpnuljui
qnnh  gopstwlwd quwhwunndt wdhnthduws L 3.3 wuwpwgpudnid:  Zwudwwnkn
Unphjwynpuut wprniupubp wuthnthbjhu hwuwnwwnynud El wy
Eupunpmipiniutpp, np Jhpnniw) tmupusnipmniinid gnpswupydus pluntpt wykh
ounn dudwbwl bt wwhwbenid, pwt hpujwb nmwpwdnipmitinid (wy. 1): Ujg huy
wuwwndwnny b Jhpunniw) nwpwdnipniunid gnpswpldnud t phuntph dhuyh sushu
Udwup  hpdtwfuinmd  byunwl mbbkbwny] ppuubugil] nuppip nbuwh b
wpwqugnpdnipjul tjundwdp ks wuhwieubp nitkgnn gnpéwnnypubp:

dudwtwluyhtt Jipnidnipjutt wpyniupnud hwpnpbpynud ki nupwbgundwui
gnpépuipwgh wytt phpnipmibtbpp, npnbig wwwdwpny phunbpp dwpnnyl) G
Munidtwuhpling nwpuigwndwt mwppkp hoybpnud dwpunnus phuntph pdh
thnthnjunipynip (wn. 2) dhwiswbwy kpimd b np jwdupluiwi htn diljntn wknh k
nbbkund npuw tjugnid: Cun npnud, hwynbwpbpyt) k np  phunbpp dwpinndnud B
nwpwigwndwl  wpyniipnd unbndjws  punungphstbph  puununugnpsnipyu
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htinbwpny: Uy wuwwndwnny jujupydwt pupwgpnid nipwunpnipmit £ qupdynid
ponp nuwpuownyws pununphsibph wpuqugnpdnipniubtkphi:

dhpotwwb thnynud Spwgpuynpynn thwluwbbph hwdwlwupgh hhdwt {Jpu
unbndqwé hwdwlupgnid hpujwbugynmd L jhwupdtp uwnnignid:  Upynitpnud
unwgyt] k1hnght uvnnigws twhiwghsd, npp ywwnpwuw kb jupng £ hpuubugyt
Jhuwhwnnpnsh  Jpu:  Lwjuwgsus hpwiut  dwluphulh dnpbhjuynpdwi
hwdwlwupgh dhgngny hpwljwbwgdus 227 uwppp wbgh) b wwhwbgdnn
npuluynpdwt phunbtpp b unwgh] b ubpnhbhjunutp USB-IF L Windows
puybpnipymbttph Yoquhg, b jhndht hwdwywunwupwind 227 3.0
wpdwtwqpnipjuip: TEpnugjup unnigdu wpynmibwdbnnipyub wywugnygh b buy
unugud wpuqugnpsnipjui  hwdbdwnnpniop onljuymid wnluw wy 227 3.0
uwpptph htinn (wn. 3) poy] L nwhu Junwhnpkiu wank], np wywpuwnwspugpuyhl
nupuwigwnniup juwnwpyby Ehwpdtp b wywhnynd £ pupdp wppniawy bunpynd:

Unniuwl] 2. Smpwbowwndwt nwppbp thoybpnud hayunbwpkpdus ujowubph phyp

22713.0 227120 22111
Luwjubwul nwpwbgwinnid 16 8 2
Swpwbgwwndwl 1-ht judupynud 4 2 0
Swpwbgwwindwl 2-pr juyjwpynud 0 0 0

Unniuwl] 3. Cnijuynud wnlju wy) 22% 3.0-ukph hkn  wpwqugnpénipjui

hwdbkdwwnnipiniup
Cuptpgdut Qpuugdwi
wpuqnipinil (URA]) wpwqgnipni (URA])
Synopsys 361 355
Intel 347 332
Renesans 314 274
Fresco 253 241
AsMedia 294 224

Uwnbktwjununipjui hhdtwljwbh w
1.

nbpkpp b Eqpuhwbgnidik

Unwowpldt) k 227 twjuwgddw b uniniguwt thowyuyp, npb wywhnynd £
wywpunwspugpuyht - mwpwbwndwt  Unphjudnpdwt (hwupdbp
Uhowuyp ph Jhpunniwy, pk hpuljub nupusnmpmabkpnud [3]:

Uwnbknsyt b phunwynpiut hwdwihp, npp oquuugnpstih b twpuwgsdwi
wwppbp hnybpnd” gnpsplpugh uwygpenid, kpp wyywpunught b Spugpuyht
ubpjuyugnithg wbulwh  twhwughép  ukpuyugduws E o SystemC  {kqih
ogumipjudp, yYhpuniwy wwpwdmpniund  wwpwbowinnidhg  hkwn
huwdwintny  wnmquui  dhpwduypnud, b Jhppuwybu  Spwugpuynpynn
thwljuittph  hwdwlwpgh hhdwt  dpu Jupnigqws  thnpdwupldwt
wnwnpwdnipniunid [4]:
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1.

3. 8nyg Lt wpdl 227 twjuwgsdwt b unniquub dhgwduyph

wnwkmpmibkpp thpuymuu Yhpunynnibph tundudp’ tuugsdwb
wunpqnipnil, uppwjubph huynbwpbpdwd wpynibwdbnnipnit, vnniqdut
(hwpdtpnipmi, phunipuubph  wpymbwybn  oquiwgnpdnwd, puykph
wupgnipnil b Spugpuyhtt wywhnydwt gYniunipynih [3-5, 7]:

4. UpwlJws hwdwlwupgh dhongny twhwugsyty k 227 3.0 wpdwhwgpnipjubp

huwdwwywwnwupiwtnng ~ uwwpp, npp Juybkpugyl] bt wpwetwlupg
puybpnipiniuiiph  Ynnuhg:  Swpwbewundwb  Jhpptwfub  jwduplydwut
wpiyniupmd onipg 38%-h wd E unwgyl] twhibwlwih tundwdp: Ujh
ontjuynid - wpwewwnwp  hwinhuwgnny 227 3.0 uwppbph  Gjundwdp
wywhnyty E wuntiuqu 4%-n wpuqugnpénipjut wé [3, 4, 7]:

5.  Qhpdwuwnhgdwtiught otnnidubipny yuydwbwynpjus wnwppkp

wqplignipiniittiphg juntuwthbint tywwnwlng Uowljyty Eu wfjuyutiph
thnpuwbgnidtt wmywhnynn tnuwbwljutp: Unwewpldus tnuuwlutph sunphhy
obipdwunhdwuughtt oknmudubpp  pugwuwlwunpkt skt wgnpnud  uwpph
wpumnuiph b wpuqugnpdnipjut Yypu [1, 2, 6]:
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Pa3paGoTka u uccjieToBaHHE MPOrPAMMHOI0 KOMILIEKCA MO/IeJIMPOBAHUSI aNlMapaTHO—
MPOrpaMMHOr0 COOTHONIEHHS YHMBEPCAILHOM MOC/Ie0BATEIbHON IHHBI

Yucno TpaH3UCTOPOB B COBPEMEHHBIX MHTerpaibHbIX cxeMmax (MC) B Hacrosmiee Bpems
JOXOJUT JO HECKOIBKMX MUIUIMApAOB, a pabodas yacToTa — 0 JecsATKoB rurarepi. CoriaacHo
SKCIEPHUMEHTATbHOMY 3akoHy I'. Mypa, mioTHocTh Tpan3uctopoB B MC ynBauBaeTcst Kaxasle
18 mecsneB. Takoe pa3BUTHE BBI3BIBACT HOBBIE MPOOJIEMBI, BaKHEHINIEH KOTOPBHIX SBISETCS
TecHas B3aMMOCBS3b anmapaTHOM dYacTH MUKpodeMeHTHBIX cucreM (MC) um mporeccoB
MIPOEKTHPOBAHUS NIPOTPAMMHOTO oOecHedeHrs, BCTPOCHHOTO B MpOIECCOphl. B HBIHemHMX
YCIOBHSIX OTIENBHOE IMPOSKTUPOBAHME alllapaTHOW M MporpaMMHON dacTeil HeaddeKTHBHO U
MOXET BBI3BaTh CEPhE3HBIC MPOOJIEMBI IIPH UX COBMECTHOH pabdore. Takum 0Opa3oM, BOSHHUKIA
HEOOXOJMMOCTb B pa3pabOTKE COBMECTHOTO alMapaTHO— IPOrPAMMHOTO IMPOEKTHPOBAHUS H
METOZIOB MOJEIMPOBaHHsA. B 1aHHOM Bompoce BaKHEHIIYI0 poidb HrpaeT mpodiema
pa3beMHEHHs alnapaTHON M MPOrPaMMHON YacTeil CHCTeMBI, MOCKOIBKY OT 3(deKkTHBHOCTH
pa3beANHEHHMS 3aBUCST BAKHEHIINE XapaKTEPUCTUKH CHCTEMBI.

[Mpubopsl  mHOpPMAIMOHHOM  mepenaynd  SABISIIOTCS  ONHOM W3 BaKHEHIIMX
cocraBisironinx MC, mocpescTBOM KOTOPBIX OCYILIECTBISIETCS Iepeada JaHHBIX KaK MEXIy
ortaensHbIMM  4acTsMH MC, Tak W COCTaBHBIMHM 4acTsMH BHeImHero wmupa. CaMbIM
UCIIONB3YEMBIM M3 MOAOOHBIX IPUOOPOB SIBISETCS YHUBEpCAIbHAs IOCIEAOBaTebHAs IINHA
(YIILI), xoTopas OJHOBPEMEHHO OOECIEYMBAET BBICOKYIO CKOPOCTh, HAJECKHOCTH IE€peaadd
JaHHBIX M YHUBEPCAIBHOCTh BHEIIHMX BBIXOJOB. YHHUBEpCalbHAs IOCIEHOBATEIbHAs IIMHA
obecreurnBaeT BO3MOXHOCTH PabOTBl C mpuOOpaMu, OOJATAIOIIUMH OJHHM BBIXOJOM U
HMMEIOIIUMU pa3Hble pabodre MPHHIMIBI, YTO OCOOCHHO BaXKHO C TOYKH 3PEHUS COKPAILCHUS
cebecronmoctit MC 1 HCIIONB3yeMBIX PECYPCOB.

Ucxonss n3 temmnoB pa3Butusi VIC M BO3HHUKAIOIIMX B CBS3U C ITUM CIOXKHOCTEH

NPOEKTHPOBAHMS, BO3HMKJIA HEOOXOIMMOCTh pa3pabOTKH MPOrPaMMHOTO KOMIIIEKca
anmapatHo—TniporpaMmMHoi  koppekuuu YIIII, o6ecneynT BaioIIero BBICOKOE KauecTBO
NPOEKTHPOBAHHUS CHUCTEMBI, 3((EKTUBHOCTh MPOBEPKM HAa Pa3HBIX STamax MPOCKTHPOBAHUS,
ONTHMAaJbHOE TPHMEHEHHE alMapaTHBIX M MPOTPaMMHBIX PECYpPCOB, YHPOIIEHHE ITOTOYHON
JVHUM TPOEKTHPOBAHMS, a TakKe BBICOKYIO CTAOMIBHOCTH 110 OTHOIIEHHIO K TEMIIEPaTypHBIX
oTkIoHeHusM. [lpumeHeHne 3¢ (EeKTHBHOTO METOJa TPOBEPKH Ha PaHHEM dSTare OOeCIedHT
TpebyeMble TOBEJCHHE XapaKTePUCTUKH Pa3IeNUTeNIbHOTO MPoeKTa. BaxkHoe 3HaueHHe nMmeeT
TaKOKe MOJTHOLIEHHAs OICHKa B3aMMOAEHCTBHS alNapaTHOM M IPOrPaMMHON COCTaBIISIOLIMX C
TOYKHM 3peHUs] 00ecredeH s BEICOKOro kadecTBa. C TOUKM 3peHMs COKpalleHHs: ce0eCTOMMOCTH
BOKHEHIIYIO pOJNb WIpaeT YIy4ylleHHe NOTOYHON JMHMH H 3(P(EeKTHBHOE HCIIOIb30BaHHE
JIFOJICKUX U aliapaTHBIX PeCcypCcoB.
Leap padoThl sBIseTcs pa3paboTka U UCCIEAOBAHIE IPOTPAMMHOTO KOMIUIEKCA aIlapaTHO —
nporpaMmuoro cootnomrenust YIII, mpumeHeHne KOTOPOro 00ECIEUNT yIpoIIeHHe, THOKOCTD
pexruMa MPOEKTHPOBAHUS MO OTHONIEHHIO K JTallaM M METOAaM IPOEKTHPOBAHUS, MO3BOJUT
COKPaTHTh Ce0ECTOMMOCTD POEKTa MpH 3P (HEKTHBHOM U NMPOTYMAHHOM NPHUMEHEHHH PECYPCOB,
obecrieurBasi OTHOBPEMEHHO BBICOKYIO 3()()eKTHBHOCTh M KaueCTBO MPOCKTHPOBAHUS B CKATHIC
CPOKH.

B pa6oTte chopMyInpoBaHbI ClIEAYyIOINE 3a/1aUH:

"  aHaJM3 CYIIECTBYIOIIETO MPOTPAMMHBIX KOMIUIEKCOB MOJCIHPOBAHUS alllapaTHO —
nporpaMmuoro cootHomrenws, YIIIII, BeIsIBIeHIE HX HEIOCTATKOB U YITyIIEHHH;

=  pa3paboTKa cpembl COBMECTHOTO IPOEKTHPOBAHHS, OIPENCNCHUS, yTBEP)KACHHUSI WU
YIIy4IIeHHs alllapaTHO-IIPOrpaMMHOro cootHomenus Y11,
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pa3paboTka coco0OB COBMECTHOM NMPOBEPKU amIapaTHOM W MPOrpaMMHBIX dacTel B
BUPTYaIbHOU U pealbHOU Cpeae;

pa3paboOTKa MeETOJOB, OOECIEYMBAIOINX CTAOWIPHOCTh Hepefadyd  JaHHBIX
OTHOCUTEIIBHO TEMIIEPaTYPHBIX BO3ACUCTBUN OKpYyKaroIell cpebl;

pa3paborka nporpammHoro komiuiekca USB Compile ays MojenupoBanus anmnapaTHo
— IPOTPaMMHOTO COOTHOMIEHUS 110 pa3padoTke u nposepke YIIILI.

Hayqﬂaﬂ HOBHU3HA.

1.

IIpennoskeH HOBBII MOAXOA K OpPraHM3alMU PEXHMMa NPOEKTUPOBAHUS M MPOBEPKU
YHUBEPCAIBHOM IIMHBI IIOCIENOBaTeNbHOI Iepenayn WHQOpMAaIMM, KOTOPHIM B
OTIIMYHE OT CYHIECTBYIOIIMX CPEJICTB OOBEIUHSACT IIPOLECCHl pa3befUHEHUS U
OPOBEPKM M C MCHOJIB30BAaHMEM KOTOPOrO CYLIECTBEHHO COKpaIllaeTcs BpeMs
MPOEKTHPOBAHMS U ce0ecTOMMOCTh peanmm3aru MC.

B BuptyansHo#i cpene pazpaboTaH MPOrpaMMHBIH CIIOCO0 MOAEIUPOBAHHUS
anmnapaTHbIX U MPOTPAMMHBIX COCTABILTIOMHUX. C HOMOIIBIO 3TOTO OCYIIECTBIAETCS
COBMECTHAsI IPOBEpKa IIPOTrpaMMHOM U ONMCAHHOTO HA YPOBHE PETHCTPOBBIX Iepeaad
anmapartHo# gacteit YIIII, obecneynBas MX MOJHOLIEHHOE B3aUMOACHCTBUE U
HaJIMYHe MaKCUMAaJIBHO OJIM3KYIO K PEaIbHOCTH Cpe/Ibl TECTHPOBAHUS Ha PAaHHUX
JTanax NpoeKTUPOBAHUS.

Co31aH IPOrpaMMHBIA KOMIIJIEKC TECTHPOBaHMs, KOTOPBHIH MOXKHO MCIOJNb30BaTh Ha
pasHbIX JTamax IPOCKTUPOBAHUA: Ha IPEABApUTEIBHOM JTame, KOorja IpPOeKT
npeacTaBieH Ha s3bike SystemC He3aBHCHMMO OT amlmapaTHOrO M IPOrPaMMHOTO
NpPEJICTaBICHUS, B CpEIEe COBMECTHOH MpPOBEPKM IIOCHE pa3bEIUMHEHUS] — B
BHPTYaIbHOM HPOCTPAHCTBE U, HAKOHEII, B PEATbHON Cpele ¢ MOMOIIBIO PeaTbHBIX
npubopoB.

IIpemtoxxeno oObenMHEHNE IAroB MO (YHKIHOHANBHOW W BPEMEHHOU IPOBEpKE
MOCNIe  almapaTHO-TIPOTPaMMHOTO  pa3belHEHHs,  KOTOpoe  obecreunBaeT
OJIHOBPEMEHHO peajM3allii0 JBYX IIaroB C IOMOILBI0 OJHOTO Ilara, COKpaluas
HCIIOJb3YyeMbIe PECYPCHI U BpeMsi, He00X0JuMOe TSl TPOSKTHPOBAHUS U IPOBEPKU.
PazpaboTtanbl MeTO/BI IIepelauu JaHHBIX, HEUTPANIU3yIOLe pa3InyHoe BO3JeHCTBHE
TEeMIIepaTypHBIX OTKIOHEHWH. braromaps mpeanokeHHBIM MeTOJaM BHEIIHHE
(hakTOpBl HE OKa3BIBAIOT OTPHUIATENHFHOTO BIHMSHUS Ha paboTy M OBICTpoAeiCcTBHE
npubopa.

OcHOBHbBIE MOJI0OKECHUH, BBIHOCUMbIC HA 3aIIIUTY:

MOJENBHBIM TMOJAXOA K OpraHM3allMd IPOIIECCOB OIpENeTeHHS M IMPOBEPKH
COBMECTHOTI'0 aNapaTHO-NPOrpaMMHOro cootHomenus YIIII;

KOMIUIEKC TECTUPOBaHMSI, IPUMEHSIEMBII Ha pa3HbIX ATAlax IPOSKTHPOBAHHUS;
crocoObl  oOecriedeHHs  CTaOWIIBHOCTH — Iepefaddl  JaHHBIX ~ OTHOCHTENIBHO
TeMIIepaTypHbBIX OTKIOHEHHIT;

nporpamMmuslii  kommekc USB  Compile mns  MonenmpoBaHus — ammaparHO-
MpPOTPaMMHOTO COBMEIIEHUs pa3paboTky u nposepku YIIIII.

OcHOBHBIE pe3yJbTaThl H BBIBOAbBI AUCCEPTALMH

1.

[pennoxkena cpena mpoekTupoBanus u mpoBepku YIIII, xotopas obecrieumBaeT
NOJTHOLIEHHYIO CHUCTEMY MOJIEIIMPOBAHUS aANMNapaTHO—MPOrPaMMHOIO pPa3beAUHEHUS
KaK B BUPTYaIIbHOM, TaK U B pealbHOM mpocTpaHcTse [3].

Co31aH NpOrpaMMHBIA KOMIIIEKC TECTHPOBAHHS, KOTOPbIH MOXKHO HMCIOJIb30BaTh Ha
pa3HBIX JTamax IMPOEKTUPOBAaHUS: Ha TMPEABAPUTEIBLHOM JTame, KOrja IpPOeKT
npeAcTaBieH Ha s3blke SystemC He3aBUCHMO OT ammapaTHOrO W IPOrPaMMHOTO
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NpEJCTaBICHUs, B Cpele COBMECTHOH MpPOBEPKM TIIOCNE pAa3bEIUMHEHUS — B
BUPTYaJbHOM HPOCTPAHCTBE M, HAKOHEI, B PEATbHON Cpelie ¢ MOMOIIBIO PEAbHBIX
npu6opos [4].

3. Iloka3aHO MPENMYIIECTBO NPEJIOKEHHOW CHCTEMBI 110 OTHOLIEHHIO K IIPHUMEHSEMBIM
B HacTosmiee BpeMs crocobaM: NPOCTOTAa MPOEKTUPOBAHMS, S(PPEKTUBHOCTD
oOHapyXeHHs OIIHOOK, MOJHOLEHHOCTh NPOBEPKH, IPPEKTHBHOE HCIOIb30BAHHE
pecypcoB, MPOCTOTA IIAroB ¥ THOKOCTh MPOrpaMMHOro obecriedenus [3-5, 7].

4. C momompio pa3pabOTaHHOI CHCTEMBI CIIPOSKTUPOBAH NMPUOOP, COOTBETCTBYIOMIMI
npotokoay 3.0 VIIII, xoTopblid 3aperucTpupoBaH BeAYIIUMH OpraHusanusmu. B
pe3yabTaTe OKOHYATENHHOTO YIYYIICHHS Pa3beJUHEHUs IolydeH moutH 38%-Herit
POCT IO OTHOLICHHIO K IpenBapUTeNbHOMY pe3ynbTary. OH obecredms modtu 4%-
HBIH pocT OBICTpOAEHCTBHA NO cpaBHeHHIO ¢ mpubopamu YIIUI 3.0, cuuraromumucs
BEIyIIUMH Ha phIHKE [3, 4, 7].

5. C uempto un30exaHWs pa3IUYHBIX BIWSIHUH, CBS3aHHBIX C TEMIEPAaTYPHBIMU
OTKJIOHEHUSIMH, pa3pabOoTaHbl CHOCOOBI, oOecleynBaromue Iepefady JaHHBIX.
brnaronmapst npeuIoKeHHBIM crioco0aM TeMIepaTypHbIe OTKIOHEHHsS HE OKa3bIBaIoT
OTpPHUIATEIBHOTO BO3ICHCTBHUS Ha paboTy U ObIcTpozeiicTBHe pubopa. [1, 2, 6].

Research and Development of Software Solution to Simulate Hardware and Software
Partitioning of Universal Serial Bus

The number of transistors in up-to-date integrated circuits (IC) currently accounts for several
millions, while working frequency makes up to dozens of gigahertzes. Under G. Moore’s
experimental law, the number of transistorsin an IC doubles every 18 months. Such
development causes many problems. The most important problem is close interrelationship
between microelectronic systems (MS) hardware and designing software incorporated into
embedded processors. Under current conditions, the individual design of software and hardware
is not effective and may cause serious problems in their co-operation. Thus, a need arises to
develop co-designing and co-simulating methods of software and hardware. In this regard, the
problem of partitioning software and hardware of the system plays the most important role, as
the most essential system parameters depend on the efficiency of the partitioning.

Devices for data transmission are one of the most important components of MSs, which
conduct data transmission both among parts of MS and components of the outer world. The most
used type out of such devices is the universal serial bus, which ensures high speed and
universality of primary outputs. The USB gives an opportunity to work with devices having one
output and different operating principles, which is particularly important in the viewpoint of
reducing the cost price of the MS and other used resources.

Based on the rates of IC development and arising difficulties of designing, a need arose to
develop the simulating software complex of USB software and hardware partitioning, which
ensure high quality of system design, the effectiveness of verification at different stages of
designing, optimal application of hardware and software resources, simplification of assembly
line of designing, as well as high sustainability to temperature tolerance. The application of an
effective method of verification at an early stage ensures desirable behavior of the partitioning
project. Comprehensive assessment of the interrelation of hardware and software components
also gave an important significance in the viewpoint of ensuring high quality. The improvement
of the assembly line and effective use of human and hardware resources plays the most
important role from the viewpoint of reducing the cost unit
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Obijective of work: Developing a designing mode for the USB for sequential transfer of
information, while its application will ensure simplification and flexibility of designing mode
towards the stages and methods of designing, it will enable reducing the cost price of the project
with effective and reasonable use of resources simultaneously ensuring high effectiveness and
the quality of designing in tight deadlines.
Following problems were been formulated and solved:
= analysis and identifying weaknesses and shortcoming of current modeling tools for USB
hardware and software partitioning,
= development of hardware and software partitioning, co-design, co-simulation and
optimization environments for USB,
= development of USB test application for virtual and real environments,
= development of data transfer stabilization methods caused by temperature variation
impacts,
= development of USBCompile modeling tool for design and verification of USB
hardware/software partitioning.

Scientific novelty:

A new approach is proposed to organizing designing mode and verification of the
universal microelectronic device with sequential transfer of information, which combines
partitioning and verification processes in deference with other existing methods and
reduces designing time and development cost.

- A software complex for designing software and hardware components in virtual space
has been developed, which verifies hardware part described on register transistor level
(RTL) combined with software part. The mode will ensure complete co-simulation of
hardware and software parts in testing environmental most close to reality at early stage
of development.

- A software supplement to testing has been developed, which can be used at different
stages of design: at initial stage when the project is submitted in SystemC language
irregardless of the software and hardware in the environment of joint verification after
partitioning in virtual space, and eventually in real environment based on FPGA.

- It’s proposed to unite steps for functional and time verification after software-hardware
partitioning, which ensures simultaneous implementation of two steps with the help of
one step reducing used resources and time needed for projecting and verification.

- Methods for data safe transmission are developed, which neutralize temperature

variations impacts. Due to the proposed methods outer factors don’t exercise negative

impact on the operation and speed of the device.

The following statements are proposed for defense:

- Model approach to organizing flow of software and hardware co-design and co-verificatio for
USB.

- Testing application which can be used at different stages of design.

- Methods of data safe transmission preventing temperature various impacts.

- Developed USBCompile modeling software to co-design and co-verify of USB design.
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Main results and conclusions of dissertation

1.

Co-designing and co-simulation environment has been proposed, which ensures a
comprehensive system of modeling software-hardware partitioning both in virtual and real
environment [3].

. A software supplement to testing has been developed, which can be used at different stages

of design: at initial stage when the project is submitted in SystemC language irregardless of
the software and hardware in the environment of joint verification after partitioning in virtual
space, and eventually in real environment based on FPGA [4].

. The privileges of the proposed system have been shown in regard with currently used

methods: simplicity of projecting, effectiveness of error detection, completeness of
verification, effective use of resources, and simplicity of steps and flexibility of software [3-
5, 7].

. Devices have been designed with the help of the developed system complying with USB 3.0

protocol, which is recorded be leading organizations. The final result of the partitioning
optimization shows 38% of the growth compared with initial partitioning, and will ensure the
speed at least by 4% as compared with analogous devices existing in the market [3, 4, 7].

.Methods of safe transmission are developed to ensure the preventing temperature various

impacts. Due to the proposed method, external factors don’t impact on operation and speed
of the device [1, 2, 6].
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