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FREHEAW & HIVHSKGRP qH THRVRAVSIRIRRY/G PMAHIE/FHAMKGH

1P SCPNGHOD A LEKRQH

/ D GOKRQH SXWHRP SURP HMH O FRP SRUINWP FOWVARUIBHFWGK AUIPAW WDHY G

SO gV / D GEEKRQH SHNVGHIMEH) G IRPNRIHP HQMBIMXH RX ®f | RFWRIH HW
WP FRUHOGKHURAW

., |/ DIRPPARQ@®ILTXH

[ HSWP IHUSREQP HAIRAHIHVWBITH GX\LJ@OMBNP H / HMIQEIDMBNP HSBGWM
XQRUQQPEHA I ' MY GIHYR G SF GHWIRQ GoSDXHIMGH \FX OpGRMTXH
QlIpHHONWD ARIDHXKX  GIMH OYEPKUGITXHG\MIQDHDIWP R3lpH) ADAHGK

EMVWBHGISRQH
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‘ agres‘seur: V(A)‘ —
25 victime: V(V) ------- .
V(G) --eeeeee
X \% G 15
c e
v 5
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= // T Seuil de l'inverseur
05 /
il
0 50 100 150 200 250 300 350 400 450 500
Temps (ps)

YW, 7TUmANRGXQDUAXUHARXWWXUDYIENP H

U TXHDYEBKUGK \LIEDRWP RGLIpH FANBNHGUH TXHGIWP SVQRHXILH] @
VFWP HSRUBRBHUGIEXW  D/XQIUEEGRP BHGADY GIFKEIHP HQWAP SRIVHG PRI
X \I@D JORK QRINEDYXQ SUREDP H P DMK / H JORK \H SURSIHj WY B W\HDX GH
RIWHO DOCHAGVERIIX ERANG XHRX GHGH FREKHY &HEHIEONICH MGV SRU
OVIXHYBIFCIHP HYG PV GHOMENP HRWDEDX | RFPARIHP HNGK AL

y / FALIQDX SWRKDUIpY

Horloge
dl P
Signal préchargé
1

=

)W, &URMWEXQL25 | SpPKRJIHDHF ARSIIHKUXHHAH



3UREPP DIDH

' YVOIFVGIALIQ{ SYAQIpV )L, CHIFAX SEGHIWRIRQKUDYENP HSHW
SRRIXHUXQPVIIALRD SHIP DOV

/ DSPAOUIHGXQIQDFRQAM; 11 FUGNIE XQHYEBKUBIMHIUGIDW
H HP SBI HY AKQLIHBAD FEAWY GX 1LOHD GEXGH R FBI KD GH SpAKDUIH2  pNEDY GH
CKRIBIH @Y QRUH H HPSBI 3HIEWD SOH GpYIDDIRD PBWKDWGH GRREIH  HD
IRFUIR) OX FRP SRUWPHQN  WiODHU @ FESTAWY SHAANH GR<QUIpH YD G/ WERIWRY
FRPPOIBVIUGIALQ@] L L A

Signal brecharge -
Signal victime -------
- —\ Horloge ---

0 200 400 600 800 1000 1200 1400
Temps (ps)

)W, (IINGHOGIKRAHNKUXQI@EpIp

/DIIXH)LI,, P RUHO\P XDIR GXQ Gt XG SprAp HQ SUVHIH GX EXVGH
GIRQH / OB 9 YDQQHX  \KUDIUTBIG WIDINRUS HH
WV SV$  SVGKREIHWERAMPARDXH] COBNKDWN HWBRIRURXVRGD / DWRIRD
GH ORI YRUHKUFRIW SPURGH] FDAH G XQ FRSTIH JUKB! GO HWH CKRUBIH HAG
\L@DEHAKOIp 3XY GNI@DMENP HL EMXQIE GMIRY] FDAHGN\ROFRSIIHDHF O
\U@DUNEBUDOADAM] SV / DWIRQGHOYEN HDAP HOM / HWBDIWRUL T HD!
FRQY B GMHASDXBARAGI FRAIALRXB GH O SpAQuUpH] OPDXH 8 HIRV®!
EXWERE DO YENPH O SR Dp GRQIpH SO HOARAQH SHWSOV r\WH
WP HQpHj \DYBBKULQUEB! / DALMY BMGRE GoR<QLUIpHGA IWBIA FBIGHI RIFMRIHP HWV
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GKHUAXAW' Y/GIHYR GINFKOGH YIBXUGBILTXH Y RNUWIHL XQHHIKUGIAH\H
SIRGAWVAELY/GIHUPAW

. / WSRQNP pP RUNDQN

[ i/ SRQNVP pP RINBRN SXYHADME r WHIQOHHV S G FRSIH / HRGIHP HQV
WP SRIDUHGHYOBKUBITXHGMIQEDARNP HNAWERYRUP HHOXQQYHDX HIR(p SHIP BIHWV

‘inverseur‘de rebouc‘lage: V(V)‘ -
ze inverseur: V(G) ------- i
B agresseur: V(A) --------
a 2
- 15
S \\\\ /
5 —
k<] : -
v a
] g .‘
1 ;
DC T 05 [
i
0 \/
0 50 100 150 200 250 300 350 400 450 500
Temps (ps)

)W, &KEIHP HYWGPWG XQOFKE | OACKRQAH

/ W/ SRQN P pP RUMIV FRP SRWMAHD JpQuUBDXQH ERXFB! TXL P DQIFOACOINGH @
YOBKUPpPRIH @IUXH) LI, PR XQ ORK FRQAMW CDGH GH GH  LOHIEY
UEREDV 4 XEIGONI@D HY\RWHGHAQHYEKU®! P RQ/SAXENMENP HGXQEXW
PUEKUD\EMOBRITXH GISRQAP pP RIAMEHWACIIHUGH YEBKU YRUD\P XDINRQGHD
IWXH)L,,  /HWI@D PSRHDBLY] GHOWHGHAQHIBKUGH HEREDIHXQID] Pl
GIDHTXHDARH Y DM
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s [ HG@LGHSRIMVBARI LT XH/

| H\HRQG SUREDP HADAD SO GESRQH FRFHIH BV GO GHEDANR) G/ SR W
' X SRONHYYHG XQFRF-BMAU OAIEKRHSHADRUXQHI FARG SR R WVQIDN KU
OVGOYGIBDANRDGY/ SR/

(Q HIFW XQ \LJEDYIENP H FRP P XMEMBOM HOMEY @ PrPH GURIRD TXH \1/
DIUAXEY/UHRUD XQ CESRWGH FRAUBAFF@UINDWERIMRD &HFD/HXNGW) JUFH] XH
\IP XDMRQ pBRUINH @Y @IUXH) LI, 8 QH SUHP LgUH FRXUEH P RQWH O WERIMRD GH @
VWP H HD [RHIFH GH GISKRQH / DWERIMRD HXAVGQM MBI \JEDDEHRQ G SVYRU
DAHQEH Y 3DUARAH \L @YIENP HRAEDIUWAXEMBRAAMNE/ P r P HGUAIRD G1 YHY

OB/ TXHGNI@DYEN HWERAMQRP 0BP FOWORH HV - SV \DWRIRQRIRVWEHDFRS
DVURGP HNS VMM &HLHIVE | CCBRVGHARAUIYGHCEIUWXEUTXLARP P HH
j WM SV / HGXD.GHOSRWGHOMENP HRNERF WO EDGINRQH

,ODWRMTHVUOPURHGH | SV OMBNP HIDAM] \ROVRAUCLIUAXU
&HAH SINHOYRUMRGAWIRIGHCLIUAXIFKUNXUR-IN SpURGH

T
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$ FRQUIR \XQIQEDHRNP HAIWMHQ\HQIQHIHSIUUISSRYY \F/IUAKKKY 1O

DD XQ UEBQMXHP HAGH OWEDANRD GH @ YIENP H / -HIFAHXWMEBI\KUGI\AGQP D) L] ,

P HABAHD SUOVHIFH XQH IEWP HHAKQDIUAXHU / DYFIP HWIDAMGH  YHY  (QUH  HW
SV OWBRAMRIGHOYIEN HRWRP 0B / DWIRMROGHCOWXBURRPPHIH] SV GH
YHY ' X FRABVAGVUREGP HONQHRY JUDYIEWP H Y- TXHGIFRUBNRWYIRG

YHYOP DXHSRAUDMENP H FRATSSRYWGHRRA BV HXE/TER Fp UEGHP HON DIWQIRQVU

OMEWP HDAIP HOM 4 XIGESRYGHFRAIYGEPIQH | SV OWIDAROGHCDIWXEKUD

XQHIMAQIQHEBNAUD YEWP HGRNDFCSIHMY \H GoFKRJIH GRUP BBP HQV/ DWIRQGHD

VIEWP H GRIRWDOL RPOBP QN SDWIGH SV / H Gy G \AEDANRD G @ YIEWP H RV

DAP HMYj FDAHGK LSOV GHARAUIV/ HVWP SVQUARXILH] GoYIRONRD GHAH\KSOVHIND

FDAHGHEDIP HOBRRQGK G GHOWIDMROGHDYEN H ,A_DAXE. OWIRQGHCEIIWAXEU

FYMREPHIOWEDMROGHDO VN HKUAHNSOURGH

T T
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/\ Victime sans diaphonie --------
) /, o P
‘,/ L
15
I Y !
S / \ —{_d laj augment
i— x i
5 d lai normal /
% ) \
c 1
[0
[
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)W, 7 WARQAP XORPH/HOVH/RSSRY

/ DYRUDARQCX GO G/TR WV RHXQSUREOP HHOFHTXLFRFHIHOVARQY/BQXH/
FABY AR/ AR/ G/ XQ AURXW/ HABORLLEDINRQ/\MP SRUIHBY GX ALRXWSHYHNH S
MAHUAG-RR/BU/GNRQIRPNRIH HWV
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' /@l FOBH GH FHAM KA QR QRAVIQRUAXRYY DX SUHP LHUSUREDP H TXL FRFHIOH
QOPIUMY BITXHGAALIQA

., WADAMAVGHOGEDEKRAH

| F/SURGVGHI CELIEDARQP YROHQAIE.GHP HV/ HSUGR.SITHOMK GHRHAMpYROWRQHXV
GH FpHU GV LW SOV FRP SBf W/ SOV UG FVARQRP P BWP RQY / H SCASTIDHIHV
FRFHIH O WOREIR) GY/GP HIRY/ G MEBRARLY HAGVIQMRIH IRY/DIQ GRBMIUGY
AR P XBIRQY/UIE.GH/HAGY AUV SOV SHIW RSOV G-QIY 3RAUTYH FHD\RWERXEB! @
QIHUGVIQMRIH [RV/GRWWHPGUMDIQGHGP IS IQUQGT}HG VY

(QPrPHWP SV GVIQMARIH [RQARINGHSOVHD SOVSIRKHY $ YHF GMAKQRBILEY
\KEP LEURQTXHY BV P pVEDNROX \RAKL. SURFKHY TXLOVH FupH XQH FEERWY QR QuIIHIEDN
FOWHOVILOYRMQY $ YHF O WOANRD GH O GWEFH HUHBVIYGH] OILQAXHGHIUDXH
)W, AN FCSMY HXAGHHOH SpGRP LM USSR O AW @PDXHGY
@] & HNp OIHP I HADAHGHOGIKRQH
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)W, (YROWRQGHDI LQAXHGHIUWAHGY/SURHXBRY/

| HKQRP qQH FXAFAX UG RGRIHP HQAGH P RERBILH G/ @MRY/P N ( Q
FRQETXHIFH GUHRM GH (rYROWRQ WRKGRBIDH / DWGEIRD GH O\HRIRD G/ FRIGEMLY
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DAP HOM O WMEIFH GH A AL / BV Go@Y GLQMFRIH LR HUH BV SRWY GYHINQ
|FRAMCUP DU GH SHURP OFH GVALRWS HO @D @0 \WKRBIIH EP IFIRQTH ©
KDAMKU G/ LQAUFRIH LRV D py WV SHX UGAWM DILQ GH FRP SHQIHU GDXIP HOBHRD GH @
U\ HH

$10L BVIQMRIH IRY \RWNEHDARS DVKDW TH@IHN/ )UJ,, DBYTHO
FRQLIXUDMRQLOMHYH S INIMIYHF GAMKGRBILV/GWM/P LRI / DKDARKU + GMILY
QUYFOHDYFRPPHEMU@JHU /| GIUSSRW / GHOKDAMUTUUISSRYY OQIHUGY

IOPMAH  HOWKRBIIH m AHUBSRYWOWGBD HOWKERRIH my0 @

&

‘ " ‘ 1 L -
T L
1 ol
1 1
1 1 JI
SL?SUE\I Substrat
D Metal 1 D Metal 2 D Metal 1 D Metal 2 D Metal 3
‘_{ }_’ Capacit ‘_{ }_‘ Capacit
7THKRRIH m THKRRIH m

)W, &KEPHP HIVGY] rYROWRQGH/SURAGIVAHI IEUIEMR)
1% 7RVOVHRSIIH/QCBIRMNHYEAKIBINAPP D/

/ D SIP LoH FRQBTXHIFH RIWTYXH @ GP LOAWRY GH @ QUHU/ GV IQMRI IRY
HOARQH XQH GP LQANRD G @ FESHW | @ P DXH Y40 TXH FHAM GP LOAWRD DAP HOM BV
SHURP DF/GXQALRXWHQWWIP HGHYMMXH SUVIXHOVEAW]  FKOIHUNRABOY/ SHAVM/
HBIDJP HQMDAXL OHQUELQYGIALIQY DX EXVEHAISRQH

/D \HRBH FRQPHIH FRFHOH @ KD GV IQMIRIHIRY (Q HIW
AP HOBIRD GH @ KD+ G/ 1LY HOABRQH GDXIP HQIRD G/ \KUIFHY YHWTBY GV



3UREPP DIDH

\UQ@{ HOWYj WV &HAL DSRAUHIMAGDXIP HOMJOFTSEHWY GHARSIIH OB HOAHBVILY
YR/

/ DWRMGP HFDAHGHGISKRQHHXNIDAIP HYBIRGX GRP BEHGHQYHD{  GHP pEDay/
GVAURXWP READY $11QGDAIP HOMDG-QAY GIQRIDIRY GIGRP BHGHQYHD{ GHPp\ED
DpWyY DAIP HYY / HIDMGDRUGALIQ@®] GVERHV RGP HONBYXQ/DX GAXKYGY/DAY/
AHOTX] GVQWD{ GHPpm{ QROKFHIXLYV PpD D SOMHAY HIFV LQOTRAKU
QP P XQUy DX BT/ BVALIW

| HSHP HUHI HNVANRP P HS RGP P HWKQHGP IQUMRQGHOTEAW] @P DXHGY
Q@ GHQYHX pBLIQ GX EWRIW/ HEXIVWHWRYHP DI GINI@D] GHQYHX
LQPUBKU 1 RO\HXBP HQADFCEHYY] @P DXHGP LOHP IV GHQRYHBY AW GHARSIIH
CEIWEQVAHN I RYAL. SJG!ERG KR ROEDGY/ QMR LRYY / H\HFRQG HIFAFIKOH
DAP HMIMRQ X GRP ELHGIIUAXEK Y SRAMIHY\KUBINLIQY GHj OG-QULFWRGHIBIGY
I

8QH TOWPH AXAH G @ GIHRH HWCDIPHIBIRY GH @ IWIHXHIH GH
IRFMRIDP HNGYVAURW )UJ,, &M DIP HBIRD GH I USTXHIH GH IRFIRIDP HW
\RAVHOMIG GAMBRIMR/SOMURGHY $IQL. GIFRABNQARN KU YIEWP HHXABOVIP SRSV
FAPHIB! AL SOV GLI LGP HONE R E-UGI FRAUNQARGAVE TSR GHARSDIH 30

FROEBTXHOV @ \WRIRQ GH @ YIFP H DAP HQM BHDARXS SOV UIS.GP HQVHADAHF XQH SOV
JUBEHIP SDMCH
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)L, ( YFOMRQGHDI! Yy XHFHGHI RFPWROHP HYGAVHURAW

1 RAVSRAYRQVGREF WP HUBVGLIpU-QM/ADARY/GHOGAISKRQH
" 1P IQURQGHOGW FHHRHEVIQMIRIH LRY/
" P IQUWRQGHDASHW IQNIQATXHGMQMIRIH IRY/
$XIP HOEBINROGHDG- QMY GLORIUMRD
$XIP HQEIRQGANUIHOWY] WY
$XIP HOBIROGK QRP EHGHQYHD{ GHP pliD
$XIP HQERRRQGHDI Ub TXHIFHGHI RPWRIHP HQV

.,/ WQALILEXORV@pHY] COQDO\HGHADSKRQH

$ A TXHOGIHRHHNGIY XQSUREOP HFRP SB) H DG HBIRNXGpH G/
\tP SBY GDARMY/I DRAKY YIEQHADIP HOMUOARP SB My GUXH CROVIQRUAXH] CRED\H
GHOGIRHETYGVALRNG- VDI HHD

| DUBEMRARY/FURNIMGVALRAW )L, HAKQHSUHP IUHGLIEXTY] SIHBHHD
FRP SM / DVEIBIGX ALURAWHQWWLP HGHQRP ELHG-ADANRY G WaVLP SRYIM 3RXU
XOH OEED\H GH GIKRQH  LOIDANHD SOV DRAAL VAR BV LQRIP DR/ SDAM/ QpH/ DX
FRQMIH HWH OV \IQ@D{  &KOH \L@DRAYMVDRU SOMHKY GIDQY GH PL@Hy &H
FOSA\WY GH FRSIIH DHF GDAW\ID{  ® YROP H GLQRIP DIRY GHMH\G DABASOV
GUIA®GY JpWU
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H//

0

1992 1994 1996 1998 2000 2002 2004 2006
Al

), ( YFOMROGK QRP BHWETXHGIBRAXRYAR/BV
P IFFRSIRHXRAYVKDAMSHUR WP B

/ -RSIUMR) GH WIFMRQ GH AH/IQRIP DR RDAM/ SRH DM XQSIREOP H ( QHIFW
DIQGHQH /P BIXHUGVIQMIFARY/IP SRVEMWHU\I@®]  HBIGRWWHUIODAH] SDW
FAQH EpQulLFLH TXH MM HOAGH @ WOAIRD GH FRP SBY 1\ CESRYpH S G AP HW
KIpUATXH ( QHIFAVGMIMP HWPURATYXH BBF SUBBE QHSHAY/SHBHHOFRP SM
GVFRSIN/GINI@{ GXQEBEDHFGWID] URAIVDX QYHDX KIpIA X HKUEU

/ -H \MFRARQ G/FCSRMW SDIAY] HIBIEKBIG-P BGH XHIUBEH FCSAWY P pP RUHHW
XQWP SV/GHWIMP HQAP SRYBNERAUGY/AURWGH TXHIXHYP LR/ GHAEDARLY &M
H \WMFARQSHAP 1 P HGHHQUIP SRIEBISRAUG/AURXWGHVEKBINC UK

8 QH DAH GLILEXEY HXMIpH DX QRP ELH GIUAXEKY 940 TXH @ ILQAXH GH JUDXUH
GPIOH ), OGIXUIGVIOUMTOP HQVFRQEMYR) @,00HNERF D/DH
TXHOWI@D] DHYEOMHY/P LAHYG DIUAXEKLY 7 RAM/GVIQMIFNR/HAHXQH VIR HHV
\BY/DIUAXEKY GOV WH SLMAVHD FRP S GpYBDDIRQ G/ SUREDP HVGYY] @GISKRQH WU
XHYIEUP H\HWRXYHOBRA BHSDUGIGRP BLHIP SRYBYG DIUAXEKY

' DAH W O GOKRAH SHMH FRQIGIH FRPPH XQ SRR qQH COpDRUM-
SAVTXIOGSHIG GHARMYY GY/GIFURW/ FABRANRQ/GH/CIUAXEKY GMLP LOHABIBXW
VUDYEPH &H/\IDINRY/ GoSHIENGK FRP SRWWP HOAGK ARG XOH FROLIXUMRD



3UREPP DIDH

GRIH , CHNGRIF WV SURETEBI TXHGY/G RFRIDH HONVQESSIMHQATYXH @Y/ GV
GHIRFFNRIDHP HYEMEXTHY/ / - DM GHAIEKROHGRWERF VHIHRMHUDABATXH SRXIEB
GH POQgUH WIMDH FHX] GUH IQRSHIEP P HVGH WP XD DIQ GH FRYUL \RAM/ BV
FROLIXUMRYY TXSHKYHONVHSUROALAH

8 Q4 GLILEXTY DAWEIDMj COIED\H GH GISRQH VD FRIHAIRD GV SUREDP N/ B4V @
SOHGOTD\H ' TYGIFY/R CHED\HPHMIW N4 XQ |RFIRIHP HOASRANADP HOV
GIH  LODGIWOMY-QUSRUP RAUHUOFRFHBAR) GX ALXW, CHXNGRFF [P SRV
GHIRAQUIX FRABRUGVIQR P DR/ SHIWHM/ T CRG-OAE/NRQIQMYHURD) 8 (H
P IgUH LQRUIP DIRQ FRQANM | GREIDHUGI G VRIRIHP HQV2 Q SKRARIOBP HQALP DILGH)
GVRUDGLGH] AQMYHNR)TXL SRR GIARMRY/DIQCHUGILHBIEXVWH MR \WD
\LI@DIENP H

., &RQFOMRQ

&RPPH RV YHRY G4 & YRU COIBO\H GH GEKRQH DXH I @ Uh\RMRD GH
SIREQP VWV GYHY ' B ®f F3BUH GH A WoH - QR QR SIRRRY GH WSRIBUH D]
TXAXNRQAXNYIMY

&RP P HQAHXP HUGI BT/ XQALRAWQRIUD " &RP P HABHRNR XORMEUFH
EUAWHAVDQL. 1RAQU XQH HXP DR ShANH GX ELWSRYBMAKYHQU \KU BV
W

( QUSREYNXHCERIGVERHG XQP REBIG pYIDDIRQGK A XMWHRHR XMVWGRSHIGAH
COAMMY G/ DUAXEY &RP P HQAFRQIIAH]  XQ LQYEAGRIp CORMVY G/ XQ
AURANTFKOQANXHAHAMOAMMY GRVW\UHP YEDPHGHP DRGUHWEH

&RP P HQAUHHHQAL B FLURAVHAREY p@P HQIV RApUHU BV YROP B/ GH GRIQHY
1P SRSV GRYEBID\HGHAIKRHGSHIE RUGY ARG VIBIHD



(\BBHCOW

Chapitrel | |

vy (VAAGHCDUN

QURGAIRQ
| F/P PINRGY/G pYCDDIROGK LW
&REFENRQ

/ D GOKRQH QRIVIDY XQ KRR oH QRAYHX AFSHIEIMEY HIFWV pui-QADXY
QU@HEDBV (O DHFRHSK SRAUNWHLIGRHVSIUGVRUD GHYDULTTINRD

1 RAV SR GRIF BV P PIRGY/ GpYODOIRQ GX ELXWGEY BV ALURXW LQRIUEV THH QR
DRQ/SX \WRYHU G/ @ QAU &H/P pRRGINARQIMDPHARWBY GH O FRA-BIRQ RX
GY/GIDYPULEDIRY



(\BBHCOW

vy QAMRGXPARQ

/ B SUREOP B @V DX BXWARY BV ALRW LQR0WY QH \RWSY G/ SUREOP HY/
QRYD{  &H OGP Qv \RVDIHP HOAVSY HD FRP SM QY ®f GRP DQH G/ AW
DBITXY &HEHOEW OB TXH GV/\IP XOMRY/ pBRAINXH/ \RWSRXEDBY SRAUGMWLP 1QU
QP RYIFHGK BXWEL/FH/AURXW LOQRNEDY SRXEBIG HOMIHUGH\MBIAROWRY/ RU
GOVAURXWQ® pUdY/ ' HAHSROQAGH YXH COED\H GH O GIEKRQH G/ GVAURWIQRIY
FIKQ SUREDP H QRAYHDX DYHF G/ FRQBTXHIY JUDAHY SRAUGH  RFIRIHP HAG XQ ALAW
' /P pPWRGY/GIZDHGK EXWE | OGISRQHISIMEQY GLIpHONQYHD{ GIORGH
GHUHIDRY &HYEQY/S HIHWHORRP SMBIEXWWBHAKRQHGUIDFRA-BIR)EE @
G DA/ B/ GAOYEIEMROGK AW

vy 1 VP pPWRGHGpYDXDARQ GX ELKIW

/ D TXCQMAMRD G BXWE | @ GIRRQH C5SRBMARXY GLIpUHQM/ IRP H/ QY @
QWUIMH ( QHIFWCIEDH G BXWSHWWHIHRMHUNRVGH | RO SUpYHIH\RWGH I RD
SRGRNH

" DVGISHP LHUFDY FHAMDIBONHVHIHAMHDX P RP HONX STFRHP HOWANGK LRABBHG Y/
GLIPHONV BB GXQ AW / B Il \RWGAVERY GH POGH j GPLQ4HU GF UWDH GH
G VRPWRIHP HQV

' YOINHRIGHY 1OVDINGH YpUILLHUSSVP LOMBKHP HOABIDYDAH I HAM \RVELE
URAMMMNRVALBIFRH-SMU

$IQL. \HBOOUMDDIR)TYXHCRO\RXKKIMHDI DUH GVIQR P DINRQY/IMKH/GHCITD\HGH
ELOARQL TXHOSPRMRQHFRP SpHHAD TXEMEDAROGK EXVH\RYEYGVP 1 P HY/



(\BBHCOW

sy ( YDODARQGX EKIWRY/GHDFRQA-BWRQ

' HQP B DWFRV> ) @KR @ XH @RRHNGVP pRGVSRUP1QP MU
G BXWE | @ GIHRH &H/ P PRRGY IQMYHIHOADX P RP HQAGK URAIBH 7 RAMY A/
P PRGADUDHBIP r P HIUGHSHHADP r P HTXORM MR G EXAWBHWRIWQSKDHGH
URAIIH BV \KBV IQRIP DIRY GRAHIBY GAERHQAMRQMD JpRP pWIH G/ 1Y / H SUCGASH
FRQAMM | TXCQMEU B BEXVWKUXH LOMRIH IR O EIXHUVREBI GV\IQ@{ TXL\H
WRYHQNE/BIYRMQIHIP P pGYGHOMEN H

/ HEOAWHTXOQMHGRF \HUDEDHG XHEQIXHU

Bruit(v) = & Bruit(V, j) XTX,,, @

il adj(v)

VXY MENDGIXHUGHI L0 \I@IWXEBUMOYY] VX
\LJEDAENP HY

al

a2

)W, ([HP SBIGpYIDDROGKBEXW

BUCHHPSB)LI,,, OMEPHYRWQURID D DUWKY D D WD 6XUGH
\AOP DARQA-ERH/BVGL pUHQIM/ QXKUY GH\ER RO GHI LGV DIUAXEYVHO Y] VIVDAHF
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GIUAXRQP [j [P OB



0 PWRGY/G LBV XHGK B XW

9 ,QARGXPARQ

/ HSUHP IHUSRQNETY/ CIED\HGHAIKRQHRNGHGVER HUG XQP RABIGHFIBXOGX SE
SHP FRBING pYBDHUGI EXWVWHKUXQ\LIEDYENP HSDWEXTHU &HSHIEWHRP P HQRAVEDRY/
YX DX FAKCEMH SpRpG-QV FH PRGB! RIVEDY MU XQH FRQLIXIDIRD GDUMR) R GRD
GUNIXH SRAUXHYIENP HGRIH GVIIUXE Y/ IRMVGYDIWXEY/P XV

$1QF. SRAUGVERHIGXQRWDG DB GH GIEKRQH LOHNQB\EHQIEBI G DXRAHUDX
P RGB! G4 FIBYXOGH SF XQH P pkRGH SRU IG-QMEU BV FRQLIXDIRY GDUAXRD &HAM
P PNRGH GRWSHIP HAH GH GAWWLP LQHU GV DIUXEKY TXL SHYHQA \WWH RV HQ P r P HWP SV
DIQG PEEILGVARILIX DNRY/G IUAXRQ TXLIpQUHYBIE WP [ [P COXUDYENP H

UHPYIG-P P HWVOVARQLIXDARDY G IUAKIRQ TXL SHYHQH SURSUH\KUXOH YIEWP H
GoSHIBHQNGH CIRRMY GH \FV DUAXEY 2 U @WBDIMRD GV I DX FRAY GX R B j
QLQAUHUG XQALRAWANNKH FRQGTXHIH GHEDBNQM OH GX ALURWANG /X XD LSSV
D{ HOUH/ $IQF SRUIG-QMHUGYFRQLIXDIRY GIUAKRY R SHAP DIQHUUHRAIL
XOH\IP XOMRQ GILTXHFDXTXH ( QPP HWP SV IORMAYIG-QNTXH O\ XDIRQ BITXH QH
SHP HAVGH FRAOUL TXXQH 1QIPH SDIWH GH GHOHP BB G FROLIXUDIRY XL SHYHQMH
SRUH G/ XQ ALRW3DJFRQETXHQVIO. DXQH WV IREB SRETEOY GH UHIFRQUMUGY
FROLIXUDARYY/G IUAKERQP [ 1P BWWKAH] XQHP XDIRQEITYH

" HAHIDW] GIP DHGXHEBOHGHWP Q) BVGH P pWRGY TH@RVIRRRY/GLY
FH ACRMH\RQAGY/ P PG/ BT G LGHOMADIRD G/ FROLIXUMRY G IUKIRD F HXy
GUHQGS-GEMV/GAANP XDG HWHHBHEBIGX AU

9 0 pWRGHP [J LP DIMM

&HI P PRGH HIAD SOV P SBI TXH CRQ SXAXH IP DIQUSRUGI KR GV DIUXEKY
DWVGXQUIQ@DMENP H ( @1FRQIM] FRQIGIUHU TXj XQLONINGRIp G/ OPURGHGH
|RIPNRIHP HOAGX AL/ GVIIUAXEK Y/ G XQH YIEWP HFRP P XN XTEEpP HONVANETY
OPrPHGUHRNRY ' B FHAM FROLUXDIRD LOQH WM S GIIUAXEAY P XAV HAURY GV



0 PWRGY/G LBV XHGK B XW

DUAXBONARVFRQIGIHVARP P HIRMY & HAMP PMRGHSHIP FAG PEETUXQHER QH\KUEKUA
RUGI EXWIpPYH IOV H ( QHIFNVGIYFHAM P MR RQ FRQIGHUH TXH R/ BV
DIUAXEY FRQUEXHQN  CEBSRGH FRABYAKU @ YIEAP H FADEXQ DI P XHAQH YIHQV
DAQEUBGISEGHWRIRDQ

0D \EU SRU @ SODMWGY \U@{ VEPH/ AW FROLIXIDIRD P [P OB RV
IWHODIEBD! ( QIMAL GROFRUGHHTX XHYIEP HSRXAGHSOMEYAHQEOY/G DUAKEKY @
SRTHOY TXHA/DIUXE Y SO HRMHUXQHWEDMROVP XUpP HNAYEM DED 30
HHP SBI GH MAMIFH GXQH GISHIEIFH | RPARIHD! HOWH G DUAXEAY SRAUMMHEGH
P SRXEBICOWERMROMP XIPHGHA/GH DIUAXELY

OAHD TXH FHIM P PINRGH \KUAXP H Q.IHP HQAB! EXXWSLRYRT \KU BV YIBMP B/ HIBY
UM NHXIDPH FRP P HXQH PMEEH S LDUH SRAURBAMUMERQH P I P 0B GX BXW
RURVONIQD] | HIRF-BMUSHNIBY/H FOUH GXQH T SOVUDIGgH P DVSOV
FRAWMH VRV TXLQH SHOMMNEDY GHUVYHGHS RRIXHUXQ G IRIFMRIHP HW
ARV/GIHUXAW

9 0 pWRGHEDWH\XUCBDO VHRAT XHG LOXRELDN

/ BV ALRXW D TXHY QRAV QR IQPUAXRYY \RQVGHY AILIXW Q<P pUITXHY \X GRURQY/
PRR DAV / H/p@P HONP pP RIABN GHAH/ALRMRNG UMY prKEMBQIIH AU
IURQVP RQERX GIAHIEWGKRIIH ' C/FHWSH GH AUXW @ YOBKU G/ UM/ KXV
P RALpH] OVMGXQIURWGKRIIH 3XV AP RALMRNH SURDIHQAEY/ G AURAWX
FRAY/GX R RBI / RY/GHFHAM SURSDIDIRD) G\ \KENHNYHMHIBP HAGAMBDIMRY/
$ OIQGXQR FBIGKREBIH GWNI@] TX\HWRYHN CHWH G/ U-INANAH WEEQFON
WMDYV EDOHP HYNGK SURKRQI URQNG pHTMIX 1. IH

$IQF. GIY/FHWSHGHAURW GVALIQD] \WMOVMWM DB GV U/ HIHRM-QABKU
DR DX GEXAGK F RB1 SXY (Y UNXAMQXEERBY SHIEAG! UXM GX R RBI 3DUFRAH BV
L] \WMHVIXMDOBV U QHHVEE QAN YHYHYDILQGK R RBI 2 QSHAP DIQHU
TXHAAL@®{ \RYWEEBYDX GEWEX R RBISXHY HIHAM-ONABOMEOAEDANRY DRDY DOV
GHIHIBHXQHYOBKUGH LQWYH



0 PWRGY/G LBV XHGK B XW

( QIDWRQ SHP RPOHU G ALPAWARP P H XQ JUSKH RIHQY R BV G XG/\RABY
RW/HABYDW WA TXUHIHQND\RWHG XHSRM] CHUWH GHOSRIWM\YEDM
SO OWIEOY GXQI@D XQIQUENERIP GSHIG GVAHP LQ/TXL UHIHAFH \LI@DD{
UIABANOVHODP RYWX JUISH

e
Q;. i <] Connecteur i
/ ‘ /}‘ . Porte i

/ ~ |
~ P |

%/ - - - | |
‘ Py e ! B Registre
I /// “‘:g. o ~ ] | :
o | ' —— Signal
horloge horloge  1______ L, g,e,n,d,e, ,,,,,,, :

)WJ9  &UPXWRVIRP HGHIWSKH

&RQUIGURY/XQRHP LQGIY/BIIUISKHGK AURAWIX UHDHWQ\IQS | XQUHINHGRV
LOGHSHIG / HWP SVGH SURDIDIR GXQHWERIMRD GX WHINAH] WDHYFHRKHP LONVIX $
GWPIQH AQUEWVR G \J@D$ SHAWKE XQH WEDARD GITY ®f R Bl &H WP SV GH
S RIIDIRY GISHIE GX WP SV GH SIRIDIRY | \WDHY FKORXQ G/ G XG/ GX JUISH MU B
AP LQRRQIG)  &HEHIEW O G XG/GX JUISKH\RAGY/ SR GITXHY 6HBQBINGHGH
WEDAMROHOHQWH P ROEDMRX GAR-GEM FARDBNGYDAHH/GHOSRW G\ SV
GH S RSIDIRYj WDYHY FHAM SRWMYDIH 00\ DGRF SV XQXQTXH WP SV GH SIRDIDIR)
GXQUINAMHj XQ\LITDHVGH FH I W SV XQ XQTXH LOXEGH WBDRARD GX \LI@DRUH
AP LQ (QUHBDAY LOH WX XCQH LCAHIVMGH XU CLQIRIGH FRP P XBIIRQ GXQ LD &HAM
LPHWMXGH FXAGH] G/ TRARY/ WV GYHY VMY TXH @ FRQLIXUDIRD G/ HWH/P VDAL @
WP oUDMH BVYRIDIRY/GX SURG GHITELEDARD M &HSHIENELQXEGHARP P XUHRD
SFHWWHERp $1QL FRIIMENGI G G SIRTIBKRQP 1QP BOHAP [ IP 0D WDHY/ XH
R HACLQAMYIEB GAUBABIXHOXH HWH SHANHIHRMHUXQH WBIMRD [OHX\GRXIEB! GH
FIBXGU GQMYCID G GO \RWH SHWFRPPXMJ 1 RV [EHBY/ FHVIQM YD

AQMYCBIGIQUEDY

(QRMH 1OH MM DAL GV AP 1QY G-BXY GV HpH/ SUIP UR/ G AUPAARAVIX: D

Q@ QMY / -LOXTROY GVHMHH/SUP DU/ SHNDAXLrWHH SUP pH SIUXQ LM YXB
\WP SRIO



0 PWRGY/G LBV XHGK B XW

3DUDBKY GVWP SVGHSRIDR GY/GLIpU-QVAHP LQ/P HEGY/UHINY/RX GV
HQABH/SUP DUV/RVTX XQ\LIEDSKYHOVWHWEVGYHY / DWBRIMR)GXQ\IIEERARF
r\UH \AH G/ XQ HOHP BB GLQMYTEBY GLQMEEMY  &KIXQ GH A/ LQMYDEBY GoSHIG X
\MP SVGHS RIIDIRQG XQRKHP LQGK ALRAHY BINIED &HHIEWEWHGH [QMYBBY
GLQUEEDY SRXGGNKQ UHFRYUHP HOAGRQ QO RQ SHUWARQIGIUHU TX LOVIIMG XQ XQTXH
LQMYCEBIG LQYEE QN WKSEYVBHOQROGHAGH] [QMYDBY

(QIQ GY/EITDHGK BEXWAHGIHRIH QRVDRYEHRQGHGWIX-U SRURDNH
DUAXEKU OV FRP P XTIRY/ P RQEA G/ FRP P XBIRY/ GIAHOEMY Ol DWGRF \pHU
RU FOXH @D GV LQMYIEBY GLQUEEQN PRIEM FVEV IQMYDBY GIOXEOY
GARCEM

SRIIXEMBY LQMYCEBY GLOQXEHDMY G WXV OV \UIQ@D{ G AURXAW IOG-HMHMIRY
SRNEBIGIG-OMHUBYHRQLIXDIRY/G DUHXRD

8 QHARQLIX DR G IUAXIRY SRUXQ\I@DMENP H NG LQHFRP P HPERAKQ\RY
HQKP BB GH \F/ DIUAXE{Y SRAQIHY TX. SSKYHOAFRP P XARUHD PrPH\WP SV 2 Q GYIXH
G WSVGHFRQUXIMRY/GDUAXERD 8 QHFRQLIX DR G IIUHKIROP RQEM DAHIEDM
FIAXQH FRQLIXDARD GDIUAXRQ R GHQHP BB G/ \I@{  TXL FRP SREQMD FROLIXUMRD
GDIUAXRD SHYHOAHIHAMHU XQH \WIDARRD P RQEDM ' B XH ARQLIXUMRD GIIUAKIRY
GARQEM GHOEP BB GV \I@{ TXL AR SREQAMD FRQLIXIDINRY SHKYHOAHIHRAM-U XOH
WIDAMROGARHEIM

SRIGIRY XQ \UADY HY) FRSIH DAHF &V \WUQ@{ D D &RMUGRY BV
FROUMDIRY/ G DIUAXEQDAHIEOM 6REQM ... M, GVIQHYCIY GLQUEDN P ROBM
GXQ\LJQ@DD N HXMBI R BLH GLQMYIEBY GIQXEEMAY P RYEM SRU XQ \LQ@DD 2 Q
FRQIGIUHTXHGH{  DIUAXEKY/ SRAQIAYD HAD GHY SHRYHOAFRP P XMUHQP r P HWWP SW\LHWV
\EKBP HARL LOH 196 XQH LOMYHFNRD QRO Q4TI HH BV LQMYBIBY GLQUERMA GH D HAD
$ XN HYNGVWE HAHKBP HOML

u (m, m )&
pTK) |
pj i {l,..,kj}



0 PWRGY/G LBV XHGK B XW

3OVIPQUIBP HWRQFRQIGUHTXHBVIUAEY 2, .2, SHRYHQIVRP PXAMUHQP P H
AP SALHAEKOP HOMICH MM p, T {1k}, B, {1k}, p T {1k } WX
m
Y
j:]_ inj

$IQ HD FEBXDRMBY [QMIEFIRY/ GV LQMYDBY GIQMEQY R SHWREAMU GV
FROLIXDIRY/ GIUAERD 2 Q SHDBLY CESINXHUG! P R3B! GH FBBXOGK SF GHEXWERU
RODHARQLIXUMRY &HEHIEWXQIURG GRP BLHGHAH/PYCDDMRQARQNQUBY ( QHIRAL
XOHFRQLIXUDARQ FIAKGRONH G/ XQH DAH RO SHAUDXMUHUTXH ®ISE GHEXWIpQuh SUD
SUP IgUH HXAVSDV 1DEBI TXH G EXWSRR) U O\HREH 2 Q HWGRF \H FRQMA
G PYEHUBIELXVWHKUBYFROLIXUMR/G DIUAXIRQP [ LP OB

8 QH ARQLIXIMRD GIIUAXIRD P I P 0B FWXQH FROLIXUMRD GLIUAXIRD TXL QHIXV
LFOAH G/ DEXQH DA FROUXUMRD $XMPHWGW\RHNE. & BV FRQLIXIDIRY
GDUIR) &X \J@DY & HWXQH FROLUXDIRD PO IPOB G Y \L. AP HQW\L
21 {L..ab i* m|C,1 C.

a . L : : : : : R
1 Lo | | [ L Lo
a_ . L : : : [
2 Lo : : o ___lL__1
a_ . L : R
3 Lo L ____ Lo
a . N : [ R
4 Dol oL L Lo
a_ . [ : O O O S N
5 Lo Lo
a_ . . [ R S S S N N S S S
6 | | N | | | I
I I I—A-————A-—I I I I . ——————
| | | | | | | [ | | Temps
oty by Uy fhtglg 7 lg Tgolyg

Periode d'horloge

| lntervalle descendant [ ] Intervalle montant

)9 QMYCHBYGIQXEHOQY GVIIUAXEY/

3RUNGU] @ AP IPRHQIRD GH A GIIQUWRY FRQIGIURY GH HP SBI GH D ILIXUH
U9 &M ILIXH LOVWH GV LQMYCEBY GLQXIEQN P RMEDM FVGAR-GEDM GV



0 PWRGY/G LBV XHGK B XW

DUIXEAYD « D GXQWIQDY &RMUGIURY/XQATXHP HONBYIQMYBY G LOXTEQY P RMEDM
GVDUMEY ' HAQXERWY] W \BKD SHWIHRM-UXHWIRIMRD D FRQXMYHGRFXH
FROLIXDIRD GDUMERD ' HWj W GV IQMYBDBY GIQUEDY G4 D HAVGH D RWXQ
UHFRYUP HOAGRD QO 2 Q RAHONGRF G ROHBVFRQUXIMRYAD' IMD D ' H
QIQVEWN] W D D FAD SHYHQWVRP P XAMUHQP P HWP SV GR BVQRYHBIVARILIXDIRY/
AD' AD D' D D' HN¥D D D' HADQLGHM

JH\EEBIX 7IE9  CRIH @ QXM GH \RAM/ BV FROLIXIDIRY GDIUXRD SRAU AW
HHPSBI / WWRRQUXIMRY/& & HAR  \RQABY FRQLIXIMRYY GUAXR) P [j [P BB GH
CH HP B

SRQLIXNINRY/G IUNKIFEQHWFRQLIXUDNRY/G IUAXIRQP [j [P 0Bl HQIWD/
& "D & "D & "D & "D
& "D & "D & DD & "D DD
& DD & "D D & DD & "D D

7E9  &RLINDNRY/GOUNRGICH HP SBi) LJ 9

9 , GHOALFDARQ GHVFRQILIXUWDARQVG DILHNRQ
9 $COOHGLONELQN WA XH

| HFOBYXOGV/IQMYDBY G LQUEMY GYAIQD  SHWWHFREWY  VIOHNHIHRX GH
P OGUH GURM (Q HIFW BV IQMYBBY GLOXEQY GXQ \LJ@DGSHBHNGY LQMYTKBY
GIQUEEQY GNAHBH/TXL | BRI GSHIBQGIAIQD{ SOVHOIP RW

8 QH SUHP lgUH P pWRGH SRURBMQU AR IQMYBIBY FRQMMj - SDFRUL®! JUSKH GX
AURVGHP BRGUHWROIYHHOSVEYBAAR WA/, O/DIMERFF GHP FIMHDX SRQMQHIRFFIRD
WPOIHR AONH [53-0GH @I RFIRD SHIP HAGH FIBXBU GV LQMYTEBY GLOMEDY GXQ
\U@D) SWIGVIQMYBBYG-NHWHAL ]  FL\RYAERQEBY

0 rPH\LOP NAHR+ XYUHGHRANAWHKQTXH SHVERDHEP SBI QRAVSHQRY/TX HBA
QHSHP HMDSY/G RFAMIUGVSHURIP IHAARKIMH/SRAUXQRMOG pYIBONROGHACHRH



0 PWRGY/G LBV XHGK B XW

"OXQRW GVISHY PRAAV] XH IRINRQ HMQAWH WV FREVM. HQ P pP RUH HAHQ
\WP SV GH pPURD (Q HIFW HIHRM-U GV [5SHY WPV SRXU FIBXBU GV [QMYBDY
GLOXTEQYY FROMAM] UHFRQXKUH \KUDS®! GV GLpUHQVAHP 1Q/ TXL UHIHWQ\LIEID]
HOMH/GXIUSKH ' - XQDAMR W GIFTBXCP r P HGYVIQMYBBYG QMR GXQH\RW HD
IRFFARQGH\E/HOABHY QFYAEDAIMEDGHV B/ TXH CROVRKIAM U-BUHNEQMUSTUXQLQM YOEB
XATXHGH [QMYTEBY TXLRAKQUHRYUHP HQMIRO QO , CHINGRF QoFRIXDUH GH GoYHBSIHU
XOHDANHWRKQTXHSOVHI LEFHSRAURBAMIUFHQM YDV G LQUEEQpY

$X @K GH WIDHU XQ DFRAY WP HD DIUH QY G JUSKH QRY SRRRY/
GHIHRM-UXQHSURDIDIRQHD SVIG/HH/ G JUISKH & IV SRR DEDOMBHGH
UHP STOFHU BV C5SHY WXLV S XQ CEHOMIUW PRQ/FREW  HD P pP RUH FAHQ WP SV
GH pPAURQSUIXHDSGIGYIRFIRY/QHXEDARTFEVH ' LLIpUHM/P PRGSOV WH
HOADIPH/SRAUGIDHUFHMSURIIDIRD

8 QGVIIRIP H/BVSAVHILHHFRAUSIRLIHIGVIQRIP DNRQ/HNCEURIMEP HGH
P XDWRQ pYoQHP FOM &HSHETWRHABDRIMP HDpW P LVDX SRQNV] CRUIICH SRUD
SIRIIBNRQ GH YEBKLY GITA U INQENEVING XQ\LIQED , A DWARF P RALHU@GJIHP HW
FACDRIMP H\L CRO\RKIMA MDA SRAU GBI DX SUREGP H GX HEIBXOGH/ LQMYOmY

GIQXAHDN

9 $CQOOH GIOWEMN WDMXH SOU P XDARQ
PYpQH HOAH

9 6LP XOWRQ GRILTXHPYPQHP HIAHID!

/ - BORUMNP H GH SURTIDIRD pYhQHP HQMAT! FYMDIHP HOAXAMDY G @ \IP XDMRD
®IDH $YONGHGMIBUCTEBMMR GHFABDRIMP HDX SUREOP HGHFIBXOG/IQMYDBY
GIQUEEDY RVH SRRY GI/FIM\ERIRD XQIEHSX GHRABDRIMP HWOTX LCHXWMY)
AR/ONP XDROGITXH

&RP P HQRAVCEDRQ/YX XQALRAWOP pUIXHW QRURH SHW WWH U S HOMISIUXQ
JUISH ' DY/ G DY G O\P XDIR) GIMXH BV Q: XG/GH AH JUISKH \RWGY SRR TXL
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SHIP HARQAGH FIBXGBU @ YOBXKU X \LJQ@D RX pYHMHP FOAVGY \U@{ G \RWH X
SRHIXKY HD IRTFNRD G HWBHY X SLRFHIXKY / D \IP XTWRQ GUITXH FRQAMj FOBXBU @
YOBKUGY/GLIpUHQMLIQD TXLRRP SREBIAURIX FRAYGKWP SV

3R{U RBMQU FHY/ YOBKLY LOIDAPYEDHU BV SURFHXKY GX JUSKH / -CORIMPH GH
\IP XDWRQ pYpQHP HQIAB! SHIP HAGH P LQP INHU B GRP BLH GpYBDDIRY/ , ORWAEDD \MUXQ
SUHSHP SBI LOQ RINEDY/QRRXDUHG pYBDHUXQSURFHXKAL OYOBKUGH\H/HOAH/QDIY
P P RALPH SIQL | XQLQXINGIIP  XQSIRAHXRVHXNGYEIDP \LXQpYRQHP HADPYY GaRY
\KUDX P RQUXQHGNAHOABHY

/ - BORUNP H GH \IP XDIRQ\H GFRP SRHHD G SO ([ pPUMRQHAD MHj IRXU

' DVOIDHG( [ pPURY BVSRARIKY TXLRINEXQATIHP HOAKUDX P RQ/XQHGHBKY
HQURARMDYODPV / -pYODOIRD GXQ SLRFHIXKY SURSUWKOH WIRIRRD 8 QHWERIFAR) HXV
XQWISBIV 6 9 ' 6 FX\GIG-QMEDMAU GX \LJQIDGH \RWH GX SURHIXKY 9 HIND YBBXU
FEMHSIUCDYCDDROGK SURFFIXKVHY . HXNDGWM] ONXHBIFAMYCBIUGRW\HLE SREHDX
Q@06 ( QHIFVEY VP XIMR) GITXH FONH SURHXKY SHADRUXH OMFH/  RX
\WP SVGH SRDIDIRY  $IQL XH P RGLFDMRD \KUXQH HOWH GH FH SURFHIXKVj - CLQYBA
QP IFMD @ YOBKU G @ \RWH 6 TXj] GQUEDMV /  / N/ \WIRIFIRY SIRGAM
CpYERONRGA/SIRFRXXARQVUHINHH/AI/XQpRPITHEU 8 QpRPITHHURXAKHP pP RLH
R OVBIFARQARMHQHINYH/EY/CRBHGAGKUIGM / DSDHG( [ pRARNHWMP IOH
BUMXHVRABYSIRRXKVRMY pYEDHV

' DVOSKDOHGH0 M) MU ROFRP P HFHSUDMF-UD@MGHP XDIRD] OEOMGH
OWMANROSVI FFKHHUHIMWHAER/QpRITHHI 3XY RQH WIMGHEFKITHHMZARY
OVBIFARY HUHNABHY] A EM $SEY RQSUIRGH] OPIH] RUGH @ YIBKUGY
\U@{ 3SRUACHHWIRIFRD 6 9 ' OYBBKU9 MNP SRPHDX\LIQED6 6L AHAMYEBXU
FYGL pUH-OMGHCRRHIHYOBKUGHE  RQGWIXHE DELXHP RALFMRORX XQpYhQHP HW
' OVAHAY RQIG-QMH BV SUIRHXKY GX JUSKH GRNG ARQXAH XQH HWH &1/ SURFHIXKY
GRYHQIVWWH UppYEDPV DX FRAY GH @ KDH G( [ pRAMRQ\YEDM / DSDHGHO MHj MU\
\MUP LQH GUXH VRAM BV \ABQIFARYY H WM/ GH CoROOAHU RO \WIMHY $EY XH

QRAHDISKOHG ( [ pRANRSHGP DU $1QU. CHDRIMP HGHMP XDINRQ\HGURBIFRP PH
XHERFDIHNHOSIDHGHO M RURMDSDHG( [ pRARD
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(QLQ OMP XDIRQVDW \WMGHVTXICR\ DSHVGAEIRNRY/GI/CoFpBHEU

[DIUXH)UJ9  PRWHCEORMP HGAMP XDWROpYOQHP HWHD

DEBUT Enregistrer les
stimuli dans
I‘écheancief/

Avancer la date de la simulation
a la date de la transaction la plus

Echeancier
vide?

FIN

proche enregistrée dans I'‘échéancier

Phase
Mise a jour

Récuperer les

transactions de la

date courante dans
une liste UPDATE

Y

Pour chaque transaction de la liste
UPDATE : mettre a jour la valeur du
signal.
Si cette valeur est différente de
I'ancienne valeur, mettre dans la

liste EXECUTE les processus
dépendants du signal.

Y

Pour chaque processus de la liste

Phase
Execution

EXECUTE : évaluer le processus,
enregistrer la ou les transactions
générées dans I'échéancier

YWJ9  $SORIP HGP XDMROPpYRQHP HONAD

9 $ CDBVARQ GH DO RUWP HGH VP XDARQ pYpQHP HOAHTBIj
CDQDO\HG LOXEELDW

' O/COED\HGIQMEDY QRAVAHIKRY] FIBXBUGKIQMYCIBY G LOME DY GHRY
GAI@  &RP P HSRUDMP XIMRBITXHGRAVHOMIHRY/GHS RIIHUXHIQR P DR
WDHY XQ JUISH & HS-IEAGQMYBD! GLQUEEQN QRINSDY XQH \IP SBI LQRP DIRD (Q
HIHV GODRIMKP H pYpQHP HQMOQH SHIP HAGH SIRDIHU TXH G/ 1QRUP DIRYY LOXBREH/
$XKL SRUHNHGTYGIFIBHPYQHP HOMO QRAYSUIRRRY/GH Gl . QUXQIQMYBBIFRP P H
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OPURGHARP SMHHRHG K pYpQHP FOVIQUERIERY - GpYpQHP HNG RMHIMUHRX GHGEW
GLQMYB! FVEYWQP HQVGH THPHMH RX GH 11Q GIQMYD®! $IQL COESMRY GH
CRORIMP H GH \tP XDIRQ pYpQHP HD! DX SUREQP H GH FIBXOGH/ LQAMYIBY GLOXTEOY
FROMM | SURSDIHU BV LQRIP DR GH GrEHAGH 11Q GIOMYBIB! | \ADYHY BV SR TXL
FRQMM-QAB! JUESKH GX AR 30U DB @ GUFARD HOWH XQ LQMYI®! GLQXEQN

P RQEM HAXQ LOMYKD! GLQUEH@OYY GARHIEM QR IR FRIGUHU TXORH WaH/
GPWQPHON GEWGIQMYDD PROEW G 11Q GIQMYI® GAR-QEW | GBW
GIQMYBI GAF-IEVG  HNIQ GLOMYDDI GAR-QEWVI  30UH HP SBI @Y/ GV GXQ
QMU Y9 XQ GEWGLQMYI GLQUEEMN KU CHMH YD SIRRTXHU XQ GoBXW
GIQUEEDY GH O\RWACHVXQRHYEQ QM. &H GX HXABIWP SVGH SIRDIDIRDj \WDHY
QOHIEU &RP P H LOH M SOMEKY GO SRAUXH SR O WERMRD GH @ \RWH SHW
VHIHRMUDX SOVMMISL4V G GXQP LQP DDGHO@SRWM 3DJFRQMH OIQGLOXEOY KD
\RWH GISHIG GH OILQ GLQXEEQYY GHGHMH ( @1\H SIRGANIBEVXQ GI TXL. FHW IRV

FRUMERIGDX WP SVGHSIRSIDIRQP [ LP 0 WDHYAIOHIBU

E {>O S

D but d'intervalle Fin d'intervalle

IS TTTmmmme T r

]
D lai de propagation minirrlum ]
a travers l'inverseur

D lai de propagation maximum
a travers l'inverseur

Y9 3URDIDRQGHAQNEDY] WIYHYXQIQHYHU
SRUIPURYP DOMBYKHSRIML$1' | HIWH/L HAL

e

I1

/H\BGPD)LJ9  PROAH GV LQMYDBY GIQWEEDY PRYEM GH L HML HMBY
LQMYOEBY G QXY GAR-OERMGHV
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)L 9  SHRXYUHP HYG-VQMYOBYG IQYRHONY

| -pYhQP FONGHGEWGIQUEON GIL G SIRRDHBGIGEWGIQUEDY G GO
\RWAV] QLQEEYWY 3XY GIGEVGIQMEONGIL G SIRRIXHGHERIYHX CRYHMHGXQ
IQMYCKD GIOXIEMY G \KUD\RWH] CLOXEWY 2 U j FHAIQKBW NGy FRQIGHD
FRPPH LQUEEB! / DWIRIMR) G QH AKGRIH GRF Y GRBNGH V HAMQH UWHELHHOM Y XQ
PYRQP HQV/ DILQGIQMYDBIGIQMEDY! | GQXERWWKUIV FDAPHUDIQGLOXEDY |
GHL QH SHAWEDY \IQUHUTXH V UHG-YHQARKEERD SIVIXH L FWAHGRRUH \)AR-BINEBI GH IDUH
ROIHUV /| DAL | QRINED/XQPYoQHP HVE: HIXWEKBP H CLOXEEYWN TXOIG GI\IEDY
YRWIDIHIP FIM H GH GLQMYDED G LOEE @Y SRR UL TXHVGHEQAHI HRAYHP HOAXEED
HATX: XQ pYhQHP HOVI1Q G LMY LB X SRQAGH YX GHV GOXTEOAY GHL HAGHL
RSIWAKQ\HCOIQMY GBI G LOXTEQY TXVPMISGHW] WHATX SIRIEQAGHOQRQGY/GH
LQMYOEBY G LQXEE QY SIRRTXOVIUL HAL

| WGH H HP SBY TXH QR YHIRY GH GMIKBU SHIP HMOQAGH P LY FRP SUHIGBH
FRP P HQVGODRIMPH pYpQHP HOMD SHWIWH XDy SRU G FBBXO GV [QMYBBY
GIQUEDY

( QI DWCEEBBIR)GHCEIDRIMP HOYQHP QD) XQSUREOP H WM OHUDXH D
QIQWRGH HQV
OYOBKUDKRAPH] XQ\WQ@D ,OVDIMEHGHIQUGHQEP BBIGY/YIBKY/ TX XQ\LI@D
FHVBHIBHDX FRAYGHOMP XDIR)D
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O QRIRQ GpYpQP HQV ,OVLIMGH Gl LQU QY TXAHDBY \WYDINRY RQ FRQIGUH
TXXQHYBBKUIP SRPHj XQ\I@TFRQXMM-XQpYHQHP HONVNRF GRVSIRRIX-UD
UbpYCDOAROGH/SURAHXKY T GrSHIBHBHRH\I @D

OIRFRQ GPYIDDRY ,0VDIMGH GILQUD IRFNRY TXL SHP HAGH FIBXBU @
YOBKUG XQ\LIETHO\RMH G XQSURAHIXNKVHD RIFIR) GHO@YBBKUG Y HMH/GHFH
SRR

' /I FIBHGX FOBXOGLQMYTEBY GLQXEEQNY QRAMMDRY/GY Gol QUWRNKYTM/

KU/ RV
3RAUNQWIEDY QRAVG LQUWRQADYIBKUFRP P HG | QMY QDMIDO  V HV

9 V9 VIEDHRPBGIWY WEXHOQMEQNPRIIDM 9V I(GBTXHMGHY
V] YWGXHIQUEQN GAR-GEDM / RIDHI  V YDW j XQIQMEWERYp AHO\IQUHTXH
VQHSHEDAXEUGHWERIMRDP RQEMj FRNQUERNVS QHYBBKUGRO QUBILQRTYXHTXHVHXV
G/ XQLQMYEB! GLOXEE D FASHRAKEUXHWERAROP RQEM ' HPrPH XQH YOBKU
RNV \WQUHTHVHSHNEDAKE UG AR GAFHIEMHAH YEBKUGRO QU
TXHVSHMIDAMGH YHY | FAQKERW

1 RVGIQXRY TOMWSVGPYOQP HW / HDXDHGH | XQH YOBKUGQRD
Q@I RU9  V IGETH XQ pYhQHP HOANG RYHWYH GLQMYTD GLQUEEDY P RQEM / H
DXOHGXHYOBKUGRQ@D SRV IGERTXHXQpYHQHP HONGHIHP HMHG LOXEROY
PREM ( QBB GIDNHGH ] XHYIBKUARQMDISRAO  V [Q@ETDHXQpYQHP HQWV
GRAYHYWYUHG QMBI G LQYSE DY GARHIEMHANBI SDXDHGXH EBKUGROQ@]  SRU
9V IGEDHXQPYLQHP HYGHIHP HMHG QYR MY GAR-IEM

/ DIRFANRQ G pYEDOIRQ SHIP FAGH SIRIHUGVY PYQHP HON GH GIEXAGHIIQ
GLOMYOBY GIQUEEDN GV PR/ j O \RWH GX SIRAHXKY 8 Q pYpQHP HQV GRXYHIMMH
G QMO G LOXEE DN KUXHHH SRRIHSRMNBP HWEGRHP HOTIRQGH9  HAGH
9 '"H PrPH XQ pYQPHW G IHPHMH GIQMYCE GIOXEQY SRRNH
RMHDP HMD GRPP HIBIRQ G119 HAGHS (QIDWNXYIND | RPNRQ ERRpHIH
UBDH UG FLURAWXQHWERAMROP REEYM\KUXQH HBH XA A-BAEBI GHSLRRTHUXOH
DR P REIM HAVRX GARHIEIM \KU@\RWH & FIN ABDANRD DD @K DX SOVVMDX
FRANX GuD.GH SURIDINRQP LQP DOHNH AR HQUHFAND\R W / - pYDDDMROG XHSR W
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O VWM GXQ pYpQP HOVGRIVHIMH GIQUMEQN PRIM SIRHXAWERF YOI O
IRFIRITDY GH O RIM XOH WERIFARD FROIEN LRGP HOMJ9 DX ERWGK G GH
SRODROPIQPDHAVRX | LGRPPHQAMU9 DX FRANGK G GH SIRDIDRQPIQP D' H
PrPH CpYIDDIRGXHSRWM] QKM GXQPYQHP HOAGHIHIP HMUH GLOXTEQY P RQEDM
RSUWNOYEAD RFIRIEDAY GHOSRIM XQHWERIFNR FROMEN GRBPHOMJ9 X
FRWWGX G GH SIRDIDIRD PIQPDDHAVRX GH GRYPHMU9 DX ERWWGX G GH
SRTIDIROP [QP [DS$IQ!. @YBBKUDXRAPH] XQHWIDIFARQHXAKQHIRARQGLGREP HOBINRD
RXGHGAYP HQMIRDGHO  RXGHO

9 | HGURX®P HONGHDVP XOARQ G LOMYDDV G LOXNELD

1 RAH\P XOWRQVHIHRMHVKUXQHQUEBXABHSR W/ 3RAURKOIHARGB! HOWH \RWM
GXHRIM RVARRYRMMBP G GOV &H/GOVARINERB-VHOIIW XQ
GO GH SIRTIDIRY P LQP DDHN XQ Go@_ GH SLRIIDIRY P [ [P BDSRAU FKIXQH GV TXOH
FROLIXDARY/GHWIDARY/SRXEBY \WIRIFAROP RAIMRUCHWH GAR-IEDMSRUD

\RWH 73+/  FA73+/ \UIDORRD P ROEDM SRUGHQWH P ROEDM SRAU O \RWA
73++  HAV73++  WBRIRIRD GAAHOEDM SRAUGHQWH GAA-GEM SRAU O \RWA
73//  BW73//  RAMAIRIMRY GAAHIEM SRU GHOMH P ROEDM SRAU @ \RWHA
73+ AW+ QHWVGOV\RWDBXQVIUXQRUWGITDHGHWP QY GRPPp 7$6

7IP1Q $SADVHURQEBH * R @XLP HVD+ XYUHBIP REBI0 &8 TXHGRVDRY/GAMIX
ACEWH,9

$ QQUIDNIRY CRRKIDTAHU FRQIFOMBY \AEDIFARD/ GRXYHWMUH HAVGH [HP M
GLOMYOBYG LQYEEQfY SRAIBYHIHH/SUIP DUA/GK AW

/ DNP XIMRQFRP P HIFH] GIQUEDAY R GV UM/ JEWHQNQ [ LRNG KRIRH
PYRQHP HOVGRYHWMH GLQMYI®! GLIOXEOY GH GRIIH - &HNVPYOQHP HWSIRRDH
CPYEDDIRD GH VRXY BV UWINY TX SIRRIYH CORX G QoAU GH \WERIRIRY/
GRYHYMH GLOMYCEBY G QTN P ROEMHAGAA-OEDM ( QHIFWV] @AM GXQIRW
GKRIIH @YBBK] O\RWAGXQU-INAHSHNDAX EHQKELUXQHWERIMRD GAA-OEDMTXH
P RQEDM 3XY GNP XDWMKUSDXH] OSKDHGHO ) FXU / DAWFRAIMG P XOWKUHXY

DAIP HPH 9 UIMHP BDEBP HV G AW SKOH RQH \WIMGH QAo OWEDIRIRD TXL
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LQATXH @I1Q G ALQM YIB! GLOXTEDY GH CKRIIH / -LQM YIB! GIQUEEDON GH GKRIIHD
XHGUPHPIBBIDA\NE. GHEKREIH &HASYHQHP HMBURRTXHXCHIRVGHSOV G YIDDIRQGHY/
UMY TXL SRUMV Y CpRODTHHU GVEDIRARY/GHILQGIQMYIBIGIQUEEDY 3XY @
P XOMRQ \H GoURXB! H) SURSIHIAGY pYpQHP HQIV G RXYHYMUH FAGH IHUP HMUH GLQIMYGEDY
GIQMEQNGIALIQY | WHYODWHARP BQRUHGK AW

'OV XQH SKOH G( [ pRAIRD RAMY BV SR GoSHIENGY\LIQD{ D BWKEL GV
PYRQHP HONG RAYH WM HGLQMYDIDY] OCMARUBIMRW pRARHY 6LCHWH( GXHSRIM
D \KEL XQ pYpQHP HOV SRAURXY BV GYXY SRXEBY HQWH FHAM HOAH HAVD \RWH  XH
WIRIRNRD) FWIQHRAH Q1Y QoI HEY 6L GpYpQHP FQVHIWXQ pYocHP HQVG RYHIMUH
GLOMYO! GLQUEEQYY P RBMHAVIOH WM GV GOMV73++ HOAH( A6 XQH\WIRIFARD
IADONAGFHP HOMRDGHO  HNERIpHSRUG | OA@MW 73++ (6 61C0H MMXQ
G@73+/ HH( W6 XQHWBIFARQIGED OGP HOBIROGHO  HIXERIPHSRUG
OD@MW73+ ( 6 6L PP HWHIVXQ PYoQP HWGH THP HMH GLQM YD
GLOXEEQY P RUIMHAVIOH MGV GDV/73++ HH( FA8 XHWIDFNRD IR IWD
GAP HODIRQGHO  FYERIpHSRAUB| DAMW 73++ (6 6104 MMGYGDV73+/
HOWH( HA6 XQHWIRIFRLQETDAD AP FOMROGHY  HINERIMHSRAUG | M
W73+ ( 6 /DSRPOUHHNMDPrPH\L ( WEWXQ GEXARX XH I1Q GLOMYDD!
GLQUEQNGIA-GEDM ' DVFHAY GVGOV73/ /| RT3/ + \RYWMDHY

8 QH IRV XV BV SURFHIXKV H pRXpv © G GH O \IP XOWR) DOgH|] O @M GO
SURAKDCH WIIFNRQ G GoRpOTAHY 7 RAKY GV \WBQERARY/j - FHAM GOM \RQAH WMWY/ G
QoFPOHHU / D\RMHGHRXAVBVSIRHXRYAVSUFHAERIFNRQ/HINP \Hj XU &HAMP M
Jj UMM LAHP HOMIRX GIRpP FQMUDYOBKUGH9  RXGH9  \XYINGIQBHWR)
FROMIHGL/OWRINRY 6LOP M) MXUGXWI@HREIXHXQpYOQH HQVF HYY GLH®!
DXIHGHEBVWEED!| COMNQXEEBIRX LQHYHP HVIBYARAM/ GV SRW/ TX GoSHIB-ONH
FH\IQ@DRNG-QMpH/SRAU WHUS YODPH/GTR/OFIDHG ([ pRANRVKYEIMM
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I
Entree 2 I i \ I

v, fentreel) 0=1 1 2 2 1= 0 0 0 0 0

down S co ‘ 1 : : ; ;

VuéentreeZ) 0 O+ 1 1 + 0 0 0 0 0 0 0
Vudsortie) 0 O 0 0 0 0 0 4 1 2 1 » 0

Intervalles : ‘ ‘ Tegps

Evenement detecte Transaction

)9 SWDMMROGHO HY  SRUGIHIBXCEWQMYOBY

| HHP SBIGIDILUXH) U9 P RWHOSRIIR)GYGEWHNGVIQ/GLQM YIB!
GXHRMj G HOABH/DQL TXH GYYROWR) GH @ YIBKUGALIQ@Y  HAGK P RP HNVGH D
GWRNRQGA/PYPQHP HWV

9  &DBXOGHFRQLIXWDARQY G DJUHNRQ HAIGHRALFDARQ GV
FRQILJIXUDARQVG DJUHXRQP [ LP Db

$ OIQGHCITMHGIQUEDY OFRIIXIFHGVIQMYDBYGIOMEQY GINLIQN
QDIVXQLOPUYWHHO 1 RAHFENMAN FINGHFRIIIMH SRURDHYH YR H GVARQLIXUIMRY/
GDIUAXRQP [ IP 0B 2 QSHNP DIQUUGIG-QMHUGYFRILIXIDRY/G DIUAXRQP [ LP OB |
W) GV LQMYIBY GLQUEEQYY j CIKH G O \BIXIRQ GH\IP XDIRD 7RAMRY @P M HD
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+ XYUHGHFHARROWRQ UMY FRQHYHUVRY GVIQAYDIBY G LQYEE DY GHVRYOLI@D]
2U AN FRQHDYDIRD SHWSRHU XQ SUREDPH GH FRQRPPDIR) PpPRUH 8 Q4 DARM
\MKQTXHSOVHI LEIFHGRVWERF r WHHQALIpHSRAUIG-QMHUGYFROLIXUDIRY/G DIUAXIRD

8QH IR GPYIA @ FRQHYDIRD G/ LQMYDBY GIQXIEQY HXVGH FIBXBU BV
FROUXDIRY GDUMRY | @ YRPH $IQL QR SIRRRY GLIFOUH @ GWRIR) GY/
FROLIXUDARY/G IUAKRQGI/CODRUIMP HpYpQHP HOMD

8 QH FROLIXUMRD GIIUAXRD RIVGMWRAH WU XQ \LIED YEWP H HD IRFIRD GV
QMO GIQUMEDY GH \FV DUXELY &KODXH pYpQP HW GRAOHYMMH GLQMYDED!
GLQUEE@OM KU XQ \UEDDAKEU$ UBIH\HOM O FYHDIRD GXQH QRAYHI ARQLIXUDIRD
GDIUXERD SRUWRY GV \IQ@{  YEWP B/ TXL RWWXQ FRGIIH LSHW DHF 61 \LJQ@D$

, G-QMHUFHAR QRAYHIB FRQLIXUDRD FAGHMLP LQHUVIOVDIMG XQH ARQLIXUDIRQ G IUAXRD
P [ LP OBISDXHSIUCH pRAURQGXQHRHYECHIRIAIRD ' HFHIMAL QRAVAKHIKRYYj FOIBXBU
OV RQLIX DR/ G DUAXRYj CLOMUEKUGH CCORIAP H pYhQHP HQI¥O LOIDAWW SRAURKDIH
\L@DMENP H H pRAMIXQH I RIAIRQ G pYEDOIR FKONXH RV G XQpYQHP HAKH SUOHOM KU
XQGINA/DIUAXERY

1 RV SIRSRRY GRF GHRUFKU B JUSKH GX AURAWIXL UHSLHHOM GV GoSHIEHY
IRFMRIHBY HQUH OV\IQ@{  DHF BV oS-I @H/D{ RGN/ GIERIDY &H/
GoSHIEFH/GISRQTH/SHIP HARQAG LG-ONMHUGY VB /G XQDIUAKESUHAG IRYHU G/
O SOH G( [ pPARY XH FHYEQH IRFFIRD GpYODDINRY AKODH IRV TX XQ DIUAXEKU GRW
GSHGENIQDARNP HEWWKQPYRQHP HWV



horloge horloge

----—- D pendances diaphoniques
— D pendances fonctionmelles

ARV GIlQUBY SRQNTXFRIRAUAHESDRIMP HpYQHP HOIHO] \DRU @
YOBKU OQRIROGPYOQHP HONANDI RIFINRQG pYEDDMRSRAUXQ\LI@DAENP H

$ XQW@DAFWP H QRADIFARY  YOBKLY
FROLIXUMR/G DIUAKRQFRA BN/
S ARQUXDIROG DUSKRQDAHIEMAR MM
S ARQUXDIROGDUKRQGAAHIEMAR MM
HQIP BBVGHRRQLIXUMR/G DIUAXIRQP [) 1P OB
- &0  HQHPEBIGHFRQLIX ARG DUAKIRQDAHIEMP [ 1P OB
- &0  HQHPEBIGHIFRQLIXDIRY/G DUAXRQGAR-GEMP [ [P OB

1 RMUISSHBQ/ T XHARQLIXDIROG IUAXIRQDOW Gl LQH SRUXQHYIEP H FRPPH
XO\RAYHQUEP EBIGNA/DIUAXEKY

$XPQPYPQHP HYQHWAp | SWIGHRYBBKYDXRApH/D] YIRNP B/

/ DIRFRD GPYIDDIRD GXH IEWP H XA HIB FRQMNM | LG-QMHUN\EY
FROLIXUMRD/G IUKIRQP [ LP OB & RUGHURY/XHYIEP HO HAKQGH\E/DIWXEY $ 8Q
PYRQHP HONG RAYHWMUH GLQAMYEB! GLOXEEROY \WKUS$  FROXMH XQH QRAYHII FRQLIXUDIRD
GDUMWR) RU9  $IQL CH pPURY GH @ IRFIRD GPYIDDIR) G119 | @ WM GXQ
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PYHQP HWGRAYHWMH GIQUEEDY PRIM WU $  SIRRDH CORWGH $ GIY @
FROLIXUMRD GLIUAXRD DA-QEM FRAIDM GH9 ' HPrPH XQ pYpQP HAVG RYHYMH
GLQUEQN GAA-IERMAUS SIRRYHCDRAVGHS G/

8Q PHQPHWGH IHPHMH GIQMYID GIQMEMY SRRMH | QOHIH O©
KSSUAXIRQ GH COIUAXEKU GH @ FROLIXUMRD G IUAKRQ FRABDM  &FADYHQHP HOARWADAXL
CRFDIRQGH P QN OARQLIXUDRQ G DIUAXIRQ FRABM HNKQH FRQLIXDINRQ G IUAKIRD
PO P OB RX QRY &RPPH QR CDRYV YX AHAH TP HD FRQAMM | YoULLHU VIOH [M XH
FRQLIXUDARD PO P OB TX. FRQMOV® FROLIXUMRD FRAUIM 6L DEXH FRILIXDIRD
P [ LP OB FRQOMIAD FRQLIXUDRD FRAUBM QD SX r WH\WRXYH BB AR GHLOGUH FYAKOH
FROLIXUMRD P I P OB FVGRWHH DRAGH | &0 6L @ ARQLIXUDARD FRAIDM HIVXH
FROLIXUMRQP [ [P BBIDBLY/G DAY/FRQLIX DNRY/CESIWMINYY &0 SHKYHQABYHQMHDP HQV
AHICFOM/EV/FHIAL ' CVAHADY HBVAERYHQWWHKGSUP pH/GHD&0

SHNMI RIANROG pYIDONR G XHMEWP HQHRUpHSD/GAWIRIANR /AR HEU

1 -H \MRQ G- CODRIMP H pYpQHP HQMAD WD TXH QR YHIRYY GH @ GoFULH SHIP HV
GRBMIU | QWH GH @ \BXIRD GH \IP XIMRD) GHQEP BB GV FROLXDARY GOIUWXRD
P [ LP OB GH AKODH \LIQED , OUAXM BBLY/j  CSSINXHU SRAURKDIXOH GH A FROUUXUIRY/ ®
P RGBIGHAIBXOEX SE SN DX ACEWH,9 / HIF P [ LP OEBUIRSUANKUFKDTXH YIEWP HVHD
UAMOHFRP P HOYBBKUGH LQWHGX SE GHEXMVERUAH\LIQED

9 &RFOMRQ

1 RVDRYSRRY GIY/FHAKCEWH G P pRGY/GG-QMEDIRD GY/FROLIXUIMRY/
GDUAXRY

| DS LUHP PRRGHHXNBMP [ L2 CDXMHVRQINM] FROIGIUHMRYGVDIUBERYGXQ
\LI@OFRP P HGY/DIUAXEY/ DRV / DYBBKUGH SIE READGH SIUFHIM P pUNRGH SHA WH
PELUQH G @ WDy A-EHIEW HB SHP FAG VB @ EROH P I [P 0B TXH ®f IF SHW
DAHQEH $IQL OAUMDIINRD GHFHM P PNRGH\IP SBI SHIP FAG TP [QUUIE.GHP HOWQ BTG
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QP EHGI\I@®] X QH SPHQMNEYXQ S pBih FAQH UNTXHQARDY GHFRP SRR HIMH B
|RIANRIHP HQAGKHUPAW

/ DNHARQBH P pWRGH SUHOG HO FRP SIMBWIQRUP DHRQ/\MP SRUHTBY FAGI FRP SRWP HOWV
WHOGY/ SRV TXL FRP SRIHQAB! AURW ( @1 FRQAM j LG-QIMHU SRXU RONH \LIQED BV
CIUMXEAY X SHYHQAHHRMHU KU ANRQ P XTEIP HV( @1 HXNEDH UG FIBXOGY/
LQMYCEBY GLOXTEQY &Y/ LQMYTEBYARMNREMXY SUXQH P XTMRQ pYoQ-P HQMWD® 1 R
DRY SO XH DESMMRY GH COORIMP H pYpQP HQMD DX SUREOPH GH IBXO G/
LQMYIBY GLQUEEQY DQE TXH CH \WRIRQ GH FHACDRIMP H DIQ GREAMUj DIQGH O
\tP XDIRY SRAURKDIHYEP H GVFRQLIXUIDIRY/G IUAKRQP [ 1P OB



0 NHHD: XYUHHAKERIV

Chapitre Vi

9, 0 DHHQZ: XYIHHNPp\XOBNV

9, ,QURCAENRD
9, &5,6 XQRWIGPDORGHEXVGHAIKRQH
&RQOM \MGXIMDIMR)

/ - CEVARRQ RFMR MDD

/ - BONHWP SR
SRQMMANR)GHOVMAM HGHGRIHY

/ - |G-QMEDR)GYFROLIXUIMRY/G IUXRD
./ HOBXOGVIR/GHEXMW

9, SPKIW

, QURGRIRD

3OMIRP HGH SUP HDINRD

0 R3BIGHFIBXAX BXW

0 PNRGY/G DT\ XH

3HURP DFHX GIEHBRRASH

9, &RFANR)Q

©©o©o©ooo

Lovooe

' O/ H ACEMH QR SHHQRYY BV UKEBIV FEAMDY S @ P HD + XYUH G/
PPWRGY GFAY D{ ACEMMY ,9 HVO ' OV XH SUPIGH DWH RV GMIARY
CRAKAMAMHG XQSIRRASH®IEHOGYHESY SRUGP RO DMEQY GHRH/P pKRGY/
' IXQI\HRIGH DM QRVITD\RY/GVSHIR P OFH/GHERUDKUIGVAURXWHHY &HAM
DED\HGSHONBYSHURP DRV SRQGHYYHGHOUSEGW GHOSPAMRY GHOSHWHIH
GVARL HIFFMV
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9, ,QARGXPARQ

1 RAVDRY/GFUMRTY/GVACEWH/ S pip@EVXQP RGBIGHAIBXOEK BXVDQE TXHGY
P PKRGY/ GIG-QMEDIRD GV FRQLIXIMRY GDIUAXRD P IP OB ' B FH ACEWH QR
GMIEBO/ B!  RFMRIQHP HAG XQ BILAHOS RRNVGH TXH QR DRY GoYHBSSp HATXLP HAHD
RXYUH B P R3B! HMBY P pRGY H SRVD{ ACEWY,9 HAD  3XY QRVVH SRRY BV
UHVKOIV REAQYY S CESSTIFDNRY GH FHARMOG pYODDINRD GH ELXW  XQH \pUH GH ALPAWGH
\EKCBIGLI pUHQM

' DY ARY/H SPUHTARY QR VLR YpULLHU @ YBIGWY GH QRV C5SUK 1P DR/ G/ O
P REBIGHAIBXAEXEXW HPrPH QRAVAKHIKRY] GAWMIP LQHUCLOMU WBHDP pWRGHEDH
KUBVIQMYDTBYG QRO SDALSSRYY OP pWRGHP I LP DDYM
9, &5,6( XQRXWOGpYDXDARQ GHEKIWEHGEDSKRQH

9,  &ROM WIGXWIDARQ
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[ EXTRACTEUR J

|

NetList
de transistors

avec couplage

de signaux

Liste

)L 9, SRQUGHWHHNGNRWAHGH&S,6(

1 RUHRAMG BBOVHGHEXKMDHGVIQRIP DIR/H WMWY GHDYXHSA \TXH &HI
RSUDINRD FXABDH SUXQH WIRAMKUS HD - @D SHIP FAGH QU \RYIRPHGXH
QUEXNGHWIDMRYDX IRP VE3,&( $Q@D @WRAN/GVIQRP DIRY/QAXDUA/] CIBOHGH
ELXW &N QUERXAFRQIFOADAXE BHD BV p@P HON DRV GX ALURAW GV \WIRIWRY  TXH BV
FOSF\WY OP DXHRABY LSV GHARSIIH

&FIAM QURNNFROXH B SRQAG HWH GH QRUHRMDTXL. [H.4VDRUPYIDp I SF GH
EXWHURKTRQGAALIQY G ALRXWS IRV H QMR GRIHGIALIQD] I YDABISE GH
EOOE UGNIED &HWIMMP HONFHXAMXQRHYEQGRP BLHG PR/ TXHQRAGMIT)/
ARVHIHRANRD

I DILXH)LI 9, P RH GV GLpU-QAM PEEHY TXL FRP SRIHACRANDG pYEDOIRD GX
EMWBHGISRQHES, 6 6XURH\AGP D GVUHRERIGW S\ -QMINB AKX/ GH RO
HABVU R RLIOVRUR G GVMEH/G-WIMP HV



0 DMHHE XYUHHADKORIV

NetList

SPICE
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' D/XQSUP LHUWP SV H) SIVIAGH O QUGN WM QRAVAWRQVGH IIBHY / H
P IHUFRQNQNRXAMY BV LRV GH FRSDIHY GIHFRIE RN H QUBFDXITYHGY
\WEDARY GV OP DXHGSRAGHG PP HOVRDAM/

| B/ VB ST LU/ X WIMAP HOAXRQAHT HRMOH/ KU @ QUENAGH WEDIRY / H
ILEKIHU FRQMEAGY FESFMWY GH FRSDINY IQMYHQN @ 11Q B GH @ GMWLP LR G/
FROLIXUDARY/G IUAKRQP [ 1P BBIHAGK FIBXOGY/IEVGHE XMW

9, [ -CENACPARQ | ROPAWRQCHTA

7 RAVBVRAMYGH YPULITMRICSRIND RAVY XIDEQNARP P HSROAG HQWHXQH QU@
GHWBRAXRLY 7 RAMRY XQHWRIB! QHENNANNRXYHAP BODESMH DX WM HQAIDY) GV
RAUA GH YoULLEDWRY ( Q HIHAXH GHEAXAGH WERAKRLY FRQQNKH XY GLQRIP DIRQ
WMP SRYEM GISOMVRYHAQUBIDNWIMP HWV HSOV G/ XQHQA@XNGAIDINRY 1O
FIAH W P HP HOAGLILEGI GLG-QMHU B \HY/ GH SIRSIJDIRY GH AIQRP DIRY DX \HY/ GH D
\IP XDWRQ\ P ERTIDH

/- FEVIRIY G XQRANDG OEXAIFARQ RIFNRIHBI FXAGH TP HHUXH H@NGHWBRAXRLY/
] XHQARVGARWY , CBHIP HNGHUHRQXKUHOY SRIW/H/GHFRIBMHEGKU RIPARQGIMXH
HRLG-QMBABWAXKRMA/HOWIRAXRLY T GVHRP SRHWV

/ - IEXAUIRNRQI RIFNRIHB DI HIUCRMDS* / ( # B @TXLRNKQHPYROMRD
GHERAUD (6%6# DX @IOBP HYGYHBS DXQERDRLH/ ,3

SROADUP HQN GDANY RAMY GIEXUIRARD TX \H EDHQANKU XQH EEIRKTXH GH
R PAILQHHTN S IRFIGHNEUHRIEIMIFHGHIRP BV <$* / ( UHARQNUKWBY/ SR
TUXQHP PKRGHG DED\HI RUP HIB

/ H SRONGH GIRWANXH JUTB! GH \AEDIRU RX XQ FRIQHAMAU GH\RWH &H{ AL
FROXM-QND\R WHG/SRUM/ISSHDHV/H QVGEDV<$* / ( $ DWIGXQWI@DNFROM GIO
JUCBIG XQWIDMRURX G XQFRIHAMKUGHNR W <$* / ( UHFRQUNKWWBIR QHHOLG-QUIY\BY
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AFKHY XL G DN XHDIPHOMIRD 9 RX 9 8 QH BLIH HX\XQ HQHP BBl GH
EDANRYP ROpVHO\PUH

(Q\RWH <$*/( JpQ@H XQH WUAMMH G4 GROQH/ 55HPH &16 &R 1 H@W
BWKFMH & HAR AKRXLH U-BUHEQM BV R, QY TXL FRQUMM-QAGI AURXWS  RKOH R QH RV
DXRAp \DIRFARQ ERRPHIH GG GH GHQHP BBI GV ELIHY TXL FRQIM-OABIH QH ' H
PrPH | SDWGXQR Q4 LOHXSRXEDI GIFpGUD] BB TXL B FRP SREQAHAD]
IR TXL FRQXM-QVAKODH BLIFKH $ W GH AKODH R Q4 RQ SHAMpIIBP HQV
UHARMUBVR QVGRNOGHSHIG GrSHIETHVRUGUY HABVR QHV/GRNDX P RQVXCHHMH
FYAUHIDH] @\RWAGH AFOLAL. GoSHIEIRVDAN  $1QL. OVURMH &1 6 UEIHOMXQ
JUISHR BVQ: XGARYBVR QVHBVRIVOWLID

g ﬁj ..

)9,  ([HPSBIGIRUWRVG\DXHP BED

IDIUXAH)I9, Sp\HIM XQ ALPAIWRROMIVGH R QV XQ IOHIAU HVQ
1$1" /HRQH& ARG BN OXHP HBQAMHY9 HAMEDMHYHYO  &KORXH
GIRVBIRAH/ARQNMQAMOQWIDMNRU / HR (H' RPRW  BIRGY ' B{ BIHAG/YHY9
FROMILYAXQWBRANRURKTPX HHAMHBE IITHHP HEWHYO  FROMIN \WIRAXRY/

9, /- -DQDDHWP SRUHM

/ - FEWARN GH FRIM CEZDVH WP SRUHT FXAGH GOMUP LQHU. SRAUAKDNH R, QHGX ALRAW
GNP SVGHSIRIIDIRY] \WDHY/R-OL AL &RP P HQRAVEDRY/YX DXACEMHY - SRUAKDONH
R QH LOH 1M SOMHXY Go@Y 3R AKDNXH FRXSBI HQMH\RWH GXQ R Q. GRUDGITID\H
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WP SRHBIDNRIH @V GOVGHSRIIDRQPIQPD] W GOVPDHIPD{ &KOH
HQHPEDIGT GOVRINERED{  ARLIXDRY T SKHNHSIRGUHAR QR QH

- \UIMROP RQUMGHCHH? WIANROGAAHIEMGHO\RWA

- UIAROP RQUMGHCHH WERANROP ROMMGH ORI

- WIMROGAFAHEDMGACHH WIRMRQGARHGEIMGID\RWA

- WIMROGAFAHEDMGACHH WIRIMROP RQEMGAO\RWA

3R WEDHU AN DEOH WP SRIHBI RV IMRY [53-0] CRUD7$6 * R @
PHESD DX CERDAH /3, ORSUH GUFRM HOWKU @ QUENVGH R QY JpQoupH )
CIEWAIFARD | RFARIHD! HD HQUEKMEAVFHID AL G/ LQRIP DR/ \WP SRIHBY  &HAVRAMD
XMDHOIP REBIO &:& GRNRAVDRY/GRIP XQIEHAX DX FKTEMH, 9

9, S&ROVAXPARQ GHD VAKX UH GHGERQoHV

| DWUKEMHGHGRIPHXMDHOMRNGHR QYHRUFKHGY/ GOV RAQHCIITIH
\WP SRIHD ' HFHIDWOWIEMHGHGRIPHY &1 64 UHEHHM G AURADX QYHDX SRUM/
GIIA/D] THHBRYDXRAPVOKIMP SVGHS RIIDIRY/

$11Q G UHIBH FHANM \WWFRMH GH GRIH/FRP TM BV 1QRIP DR/ FRP P X/ D
SRIW GXUP R3B! VRQNTRRUMHY $10L GRAVUHRXYRY/ G OVKRM HGH GRIHY GV
LOXEEFH/GHSR /D] TXHBIARYDXLIQVOIP R3BIGHBKUSRM

30UDABKY GV GHFRSIIH S ORGP HOP A/ GHAREY G/ XQDAHILEKEU

ROAXWDHH/ SRAUARP SPMWU O WRKRMUH GH GRpH/HD\  LARRBRIBANBY FRSIH/ HQAH GV
QD] HOVRWHGHSRIWY

/DIUXH)LI 9,  SHHOMCORICQADNR)GHOWIFMHGHGRIH
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/D WEMH G4 GRIQH/ BIVFRPSRPH G ppPHOV SUASD] T \RVGBV
FROD-AAMY GVIQXEFVHABVP REGBYVGHSRWY &1/ ppP FOMROAHIURGOVHOXQALRXW
XU HHOMXOQAURYY STWX QYHX SRUM

| FY/FRGDHAAY/ SHUP FIVWOAGH FROBXH BV IQXEETH/GH SRIM/UHIDHV/D] FRIDHRAKLY
SNV GX AURAW/ D SPHIFH G FRIDHRARLY FXAIDH DX BARQ GH FRYWH BV HOpHY/
GXQALPAWIIQG LAMWAURNHE XDWNROpYOQHP HMAD

1 AV LQXBEFRY GH SRUM/ARAGRHY DX P R3B! TXL GKUFRIMERTS / N/ OGSHIERY
DUGUHe LQATXHONBWALIQD]  CIMBAKUCLQUFHHABYCGoSHIERR/DONE  GVSRWM/TAL
\RQOHTH/UBNITEHO\R WA

| B/P R3BVARQIGHABVIQR P DARY/FRP P XQVD{ SRIMW/GXQPrPHWH / BU
VAUMAMHHOWEDARYHXNTFFHXED! | HSOV GVSIP A \RYDAFKOVDIQGHSRYRUBY
FORIBDHUHDIRIFNRY GH AOTXHLQNEIFH / HQRP BLH GH AR/ SIUP oMY/ AN WGUNGK
IIVGHOMDDNRQIPPUEDPHGVFHOOWERERS/ / DIRFIRQEITXH FRP SR HQVGHRY/
P RGBVRINDAKL SO-QM
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30U ABKY @ VAKRMH G GRIHY SHAWH FROXUAWM | SO GXQH GARUSARD
KIpURAKTXH GX ALRIW' TR FH ALV GV 1LY GoPUYCIWB! FLURAKROAXQH QUGG &(
GRUYCNVAQM IR LRQGY/GLIpUH-QVEBRIFRP 3@ GXQILEKHUARQMINGV/FISHW
GIFRSIIHRUBWLIQY LQMFRQHAEBYGL pUHQVEBRHNSRURKDIYXHEBE G AW

XHQARNGABAXRY/

NetLists
SPICE
a plat

dec

Capacit s

ouplage xn

Construction d'une
structure pour
chaque bloc

'

nx CNSG

Capacit s

d'interconnexion
de couplage

de blocs

NetList l

W

)9,

)

[ Mise plat

i

CNSG

SRQMMANROKPUATH

" IXQIUP LHUMP SV XQHWUKRMHGHGRIH/&L 6+ FNFRQUKWW SRAUFKTIQGY/
BBRYV 3XV VAN AR/ KAM B/ ARAP NY/j - STNGIRY XQH WKFMUH JBEDB! 3RURHD @
QUG QMR LRQ GH EBRY BAMDH SRUPHMHj  SDWGI WX GLQMRIH IR
IRPNRIH®! (QIQ GVHAHEHWY X QYHX GH AQMIRIH IRQ GV EBRV\RQMIDRApH/| @

VURMHGHGRIHY

9,

| .GHOMLFDARQ GHVFRQ LI XUDARQVG DI LHWMRQ
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&RP P HQRVEDRY/YX DX FKCEMHO - XQH pVIEH LD SRS G/ CpYEDDIRQ GX BLXW
GHAIKRAHNNDGLP LR G/ARILIXUIDARY/G IUAKRQP [ P OB & HAMLG-QMEDIRD

DXH UXH PUBEH GH\P XIMRQ W P ERTINXH DX FRXAY GH OTNXHD! BV LQMYTEBY G LOXTEOY

\RWBURIPVj WDHY/ B AU/ -1G-QIMEDINRD G/ FRQLIXUDIRYY G IUKERQ VHIHRMH DX

PrP HP RP HQMXUBLIQD YIEWP 1/

$IQF. j CKHGHFRAMPEEH RO RENQNERAUAKDNYH \LIEBDXH QXM G/ ARQLIXUDARY/
GDUAXRQP ) LP OBV &HAM QXM HX\GUHRMP HQABSHHQRHHQ P pP RUH\RXVIRP HGXQH

VAMAMHGHGRIQA/DXRApH] AODH\LIED

9, | HFDBXOGHVSIFVGHEWIW

/ DGQOUHPEEH G WP HQVFRQM]  FIBXBUGISIE GHELXMWP [ 1P BOSRAUAKDH
\LJ@D ( QLESINTBIP R3BIGHFIBXOGHSIE YX DX ACEWH, 9 j FKORXQHGY/FRQLIXUDARY/
GDIUAXERQP [j LP BBIG XQ\LI@DMENP H QRAVRBMIRY/XQHQEP BBIGHYDBKY/GHIE 30PL
R/ YOBKY QRY WAMOBRY G SE P [ LP CDRMD FROLIXUIMRD G IIUAKRD TXL SHP HAGH

JPQUURHSE &R/GH IQRIP DIRQ/ARADPUMMY G/ XQ | LEKHU TXL FRQUMYH O \RWH GH
CRAMES &

9, SpWonNV
9, , QMRGXPARQ

" BVOVRTEWH/3pHAIV GRAVDARY/SWHHYY BV GL pUHIM/HRP SREW/GHRAH
P PNRGH GPYEDDIR) GX BXWE | @ GIKRQH &R/ FRP SRIEDMY FRP SRMAGY ppP HOV
OIW
XQP R3BIG pYIDDMRQGK EXWHUXQ\LIED
XOHP PWRGHGLG-QMEDIRQGY/FRILIXIDIR/G DIUAKIRQ/P [ 1P BBY
XHWUKRMHGHERIH/ IS pH] COTD\HGHGINRQH
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1 RVSHHORDY GY/FHA\ERIRD GVUHNKIEIVH SpUP OB FRHITIWAKIXOHGH
R/ FRP SREDMY &R UKV ROADMY REAYY JUFH DX GIEHOS RRVGH &5,6( TXH QR

YHORQ/GHGFULH

' IVXQIUP LHUWP SV QRVGMIXBY/ @ SDMIRP HGH SplP HBIR DQY TXH®V
AURW XDV SRAUPHAM PYCDDIRD 3XY QR QRVIQRUIKRY] @SPAMR)GX P R3(BIGH
FOIBXOGX SE H SR DX ACEWH, 9 8 QHWRMGP H\ERRQ FIAFRQEFH | CpYCDOIR) GH @
PPKRGH GIGQUMEMNRY GV ARIUXDIRY GDUNRY (QQ RV SpvORY OV
SHURP OH/GHES &

9, 3@MIRWPHGH SpUP HOBARQ

| B/UHKEBIVH SRPVGET/FHAKCEMH RYWMY REAMA] SDWIGIAMVHIHRMWAKUXQ
ROMMUGIWSHO(QMERAH 2 FRPSRY G SIRHXEY/SGAIB3$5& , j 0 +]
DVBHIWV JIDFRAMVGHP pP RUHYLYH 7 RAMRY QRAVQDRYD/ADY RURAN BV
FOSAMYY P XOVSURFHIXEKLY GH FRAM P DFKQH. $XAWHP HQAGW BV GLIPUHQIV GILEHY R\
H pRARVSXQBKCERFHIXEU

7 RAV BV AW XDV RN GYHBSHV DX CERDRLHS$6,0 /,3  HOWIKGRBIH
WPERIDH U @&H/AURWRY FROMMYDX IRP DAPHOSW @RINGRIEN XH
WHKERRIH — mXMNV QYHD{ GHPPERDNRQDIP HMHG] Y &H/PrP H/ALRXW

RNDALpY FROAWY] XHWHRBIIH ~ mXAWDOW QYHD{ GAP pRAMR NP H)H
RV Y 1 RVDRYVARM GA/HUPAWGHVRRD YU CMNGH TXHOXH/P LAHY] SVGXQ
PIAORY G WIAXRY ' B/ HUAW G4 SV VI RFQVpWY XDV SRAU HIHRMU GV

HRP SAMRY/DH- GAAIP XOWR/pORAITH/
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9, 0 RGyGIGHFDBXAGX EUKW

3RAUNBIG-UCRAHP REBIGHIBXOGHSIE. QRVDRY/FRP S GVYCBKYREMA/D)
CLESTWRGHQRUHP R3BID{ UKIBIVGH\P XDINRY/pORUTHY (/' 2 3RAUGHDHP BB
GINIQ@{ GXAURXV$O' QHD{ GIPPIDH) mOPHWHY Y QRVDRY
\IP XD OFRQUIXIMR) G UAXERQ JpPUIWBIEXWP D IPXP / DILIXH)LJ 9,  SpHOMBV
L@ GX ALY BOABY SEV GHWRIRQ BV SOV pBHHV WDV A/ CR BHGIFURWIAGH
YOBKUGHSE &RP P HRQSHWBIFRBMNUDILIXH) LI 9,  GVGH FRAUBIV\RWDYH
SR
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GIRQH O YBBKUIRROH GX SF DXQH JUNGH P SRUEFH ( Q GDA/IP K/ XQH HIHU
UHDYH GH RUQIFG Y RUXQARWIPHY H) Y FXMRW 10w
DFFHBARBIBBY TXHOP r P HHIBMUSRUXQSEGH Y GQ\RHGMBIP REBIGPYIDDIRY $XXL
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&HAM FRP MR SHP HWGPMED @ YOIRW GV SR 1P DIRY/ SIRSRpH/ X
RCEMH,9 1 RAVIRXYRQVUHP IDAHUTXHCHUKUUAXMLQpUENUH;

7RAMRY [OTSSRARDIUHP HQATYH GHUHKU DAIP HOM DYHF ®f SE GH\MIRD $X\KE
QRAVDRQ/SRAX) QRAUHIITIHSOVBLQSRUGMUP LOUCRIIIQHGHAHMHIIU

9, " pWMOGHYHIIHKW/GHP RG0OMDARQ HAGHHIEBXO

$11Q GHWRXYHUBY FDARY GH GHUHAU G/ G FIBXOGK SE GH\WIRQ UGV
QRA DRY/ HIHRM XQH \PUH GH \tP XTMRY/ pBRAITXHY VKU XQ ALRAWGH \M SHINM VBB
AR SRV LOHYEKYRVRP SR
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( QMY BARHAUPVBH pUHIH YRU) LJ 9, QRAVDRYV/ISSIN GVGL pUHM/
PBEHY GBS 1P DIRD GoRUMMY DX FKCEMH .9 $ FKOTXH piBH QR DR HIHRMp XQH
\tP XDWNRQPORATXHHNRP b GIUHNKEBNDYHF B REMX KUBIAURBHUH pUHIH $1OL
QRVDRY/SXIG-QMHUBVTESR [P DR/ TXGBAHBYHIHK YOVSOVIP SRYEM/

1 RAVAWNIXRY pisHV/GEES K 1P DNRQGI/RAHP pWREH

D GIUP STHHP HNGV/IRIW/GRNDNRWAHHXAXQIIUAXIFKUIAY SXCHUDNAXEFH

E GIUP STHHP HNAGHDOSRIMGRYD\R WAHXNDYIEWP HI D) HUOMNMAXEHH

F ® WP STHHP HQMGY SRV GRQMD NRINH RXAXQ DIURXFKU P XHARX X(H MEWNP H
\HRIENHSUXCHUNAXEEH

G GIUP SOHP HNG DIUWAXALY P XAV NG MBNP BAHRRGEDUN I XCH AEEHWY
PTXAYOBOM

H GIUHP STHHP HY\G/IIURXY/ ANV SXCH\RAUHGHARADN

' HSOV QRAVDRVHIHRM FRAIP XDIRQAXU  YHXRQY/GLIPUHQMYGHRHALRAW( Q
| ACAYDIHU GV FEETRVYY GH FRGIIH FAGY FLSTAVV] @P DXH QR DRY/Fup GLIpIH-QM/
YHMRQY GX AURGH Wbl pUHIFH X SURSOHOAGH SRV GH ELXWSOV RX P RQY pBYpV\ KU D
YIEWP H

Victime secondaire
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/ HVEEBDX \MYCIAP RH BV YOBKY GV LSV GH FRGIIH H - @P DXH XIDHH/
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&H/\EEBD{ P RQUHARTUHP HOVTXH @ P DVKUH SO GH CHUBKU SIRIEONGH @
P RPpQDARDGY/SRIM/GRND\RWHU-S O HOMXQDIUXEUIRN UGB pEHD
1 RAVDRQV/YX DX FCEMH, 9 TXH FHAM P RGpQDIRQ FXAUHDIYHP HOAPBLIQH GH OBy FV
QRAVARQUBIRN A TXHCH SoUHHARQIUP HQRAHSHYVRD

| D\HFRQBH \RAUFH GHUU YLHOAGH P RHQDIR) GH O RN GH O YIEP H UXH
UWAAEEFH PBBHE  3RXURHIN HUHKU LOFROMEQAGH GXMIXFHUGH  FDY / RYIXH B SE GH
\WUEQ\HNAWHHO Gt GHOWRIRQGH\DM ARG WA GHIUHURXIHDMYHP HVIED!
0 DVGIVTXH B SE GHWRIRQ GrSDXH OWQLRQ GH\DXMDARD GIIDMRUNR WG \D IR
pH OP RPpQDNFRQS2XHUPME FHGMHYGAP RQHIP RQ/SpH\H

/ DGAQUHPDAHGHIHURNGH] OUBIHBINRDG/DIUAXELY SGANRUH/GH
FRABWVOEEHH  ( QHIFAVIBUY/ TXH GGV U B HBIRYY S RGO/ B FRUIMAURXDVY
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\ADYHY/®VFCSIRVVGHFRSDIH FHQHXABOVGIFDYDHF GMRU/GHARABN FARUA/GH
FRAUDAQH I RVTX LOVAMUGK FRAIAKUD YRR H $1QF. CH4VOKUBP STFHP HNEUGY/
\RAUMY/ GH FRABV GLQMUIFIRD G/ VXY FORHH{  DAERXH ( QHIFWELY GX FBBXO
GXQH\RAUAHGHRRA TR/ GV DA DIUAXEK Y TR RNFRQIGUVARP P HGY/FTE WY
OPDXH ' IO WIDY GV DAY DUKEY DR QIERE-QAIY G BXWQWY KU @
VBN HAE/XQHP 1 P HSURSRWRQ TX XQH ATV $IQU. GHIFAGH FKOTXH\RAUFH GH PRI
FSBXPHIQEHRSHIEP P HYWXNP RQAP SRUADHGT/ OO

SHAR BBONHI LAH GANRAUAYG HUIRUSHIP HNGH SRRUXCH YXHRMMDH\KUGIP R3B!
SRR DXAKCEWH, 9 FNCATXHOGUHANRGHUHKHIKHSRAUCTP pdRIDNRQGHAHP R3®!

9, 0 PWRGH/GDQDO\HWDATXH

1RV DRY SRRp DX ACEMH 9 G P PKRGY TXL SHP FAMOVGIG-QMHU BV
FROLIXDARY/G DUAXIRQP [ 1P CBINVUXQ\LIEOMENP H 1 RVAHIARY/] GWLP IQU QY
FHW \HFARD  CISSRWGH @ \WFRIH S ISSRW @ PPNRGH PO LPODXM / HY FRAUBH/
\YEOMY/SHOMWVSRUBVALXWS P G QWH{ GIPPED +0EPDG QYH{ GH
PpPEDH/D 1S QYHD{ GHP D BVSEVGHEXWIBXPVDUDP PMRGHP I P CDXM
FASJ@P PNRGH XADIGY IQMYIBY GIQMEQY RUGY  \I@{ BVSOVEEXMA
G0/ AODH AUW' H{ DAY/ JUISKTXH P RQUMQAVSRAU BV PrPH/\LQ@{ ®f P EH
GDUEKY DRV GH @ FRIUIXDIR) GDIUAXRD P P OBl GIY &V G PPRR3Y (Q
DIHGI XQ DAH JUSKTH PRMH SRU OV PrPH \U@{ G ISRWX P EH
GIIUIXERY LY HOAH oV GH P PRRGY

Nombred' agresseurtotal - Nombred' agresseuractifsdanda configuratond' agressionmaximale
Nombred' agresseurtotal

&HVH PUHFHRYWP HPHAXUBY \WKERBIEY  mHV  m
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0.3
I Mélthode utiliéant les intlervalles d!instabilitéI
Méthode maximaliste -------
0.25 T
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S 02+
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2 |
$ 0.15 -
g 01 Yo
0 50 100 150 200 250 300 350 400 450 500
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250
M thode maximaliste
o 200
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¢ 150
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® 100 [
o
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z 50 -]
O r T T T T T T T T 1
M thode utilisant les intervalles d'instabilit ~——
0 200
>
@
2 150
2
o
o 100
o
5 Ll
50 |
0 H Lol \Hh\ ‘M‘ m w‘\mu‘mu T
0 50 100 150 200 250 300 350 400 450 500
Index des signaux
)9, 1 R°P BHGDUAXFKYAWVSRAUGEP G HQO m
100 r T T T T T T T T 1
90 : : :
80 1] |
70
60 il | | m
s wo il
40 | “ \‘\‘ =
30 M ‘ H ‘ I ‘
20
10
0
0 50 100 150 200 250 300 350 400 450 500
Index des signaux
)9, 7D GRUAXAKYRNVCBGVESSTDNRGHOP plRGHJ

IQMYOBVGIQEHONY RUBPG H)  m
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0.25 T T — —T T T
M thode utilisant les intervalles d'instabilit ~——
M thode maximaliste -------
0.2 T
\
g \
\
§ 015 j
%] \,
c N
i}
3 01
L
o
0.05
' AT NN PN~
0

0 50 100 150 200 250 300 350 400 450 500
Index des signaux

)9, SIEVGHIEXVEDV/GAWPAVSPG  H) m

250

M thode maximaliste

200

150

! e
, S

Nombre d'agresseurs

T T T T T 1
M thode utilisant les intervalles d'instabilit ~——

200

150

100

Nombre d'agresseurs

50 H\H\ I ‘ ‘

O ikl

0 50 100 150 200 250 300 350 400 450 500
Index des signaux

)9, 1 RPEBHGDUWWXHKYIAWRUBPG  H) m

100 T T T T T T T T T 1
% |
0 HH

60 | M‘\ ‘ ‘H A

50 ol \M\ | ‘

40
30

20
10

0
0 50 100 150 200 250 300 350 400 450 500

Index des signaux
Y9, 7D GDIUAXHYIRNVIBGVISSTNROGHOP pWRGHI
LQMYCBYGLQXEHOY SRAUGHEP G HQ m
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(%)

)9,

0.6 - T T T —T T T T
Y M thode utilisant les intervalles d'instabilit ——
3 M thode maximaliste -------
05 1
|
< |
2 04 =
= i
o !
2 \
8 0.3 \
o N
© N
L 02 o
o e
0.1 B e T
0 mbm hL N I [T AAA»]\MM A ki R I
0 50 100 150 200 250 300 350 400 450 500
Index des signaux
)9, 3BV XXVWATY/OGIRUPAWW CEPDRGH)  m
1200
M thode maximaliste ——
1000
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3
% 800
o
g 600
©
£ o
o
g 400
o
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200 pmiidi-|
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r T T T T T T T T L 1
M thode utilisant les intervalles d'instabilit ~——
1000
(4
2 800
@
o
& 600
o
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€
2
200
O Iummhw‘ “‘ Ll 1 1L 1 I T Ll I -l TN ) LIILLL | 1l 1 1 1 J

0 50 100 150 200 250 300 350
Index des signaux

400 450 500
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35 T

30

25

20

15

10 |
(TR e

0, 0
350 4

0 50 100 150 200 250 300 00 450 500
Index des signaux

7D{ GDIWKEXYIRM/TE4VESSIFMROGHOP pARGHS)
IQMYCBVGIQUEQY RUGHIEPRGHD)  m




0 DMHHE XYUHHADKORIV

0.4

T T T T
N M thode utilisant les intervalles d'instabilit
\

0.35 M thode maximaliste -------

0.3

0.25

0.2

0.15 g

Pic de tension (V)

01 S

0.05 e e e S
ON\MJA L b AR e A

0 50 100 150 200 250 300 350 400 450 500
Index des signaux

)9, SIEVGHBEXVWALYGHUAW CEP RGH) m

1200

M thode maximaliste
1000

800
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400 ‘
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r T T T T T T T T
M thode utilisant les intervalles d'instabilit
1000
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0 50 100 150 200 250 300 350 400 450 500
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35
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25

20

15 H

(%)

100 150 200 250 300 350
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' | \M\H

400 450 500
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0.7
I M Ithode utilislant les intlervalles d':nstabilit J—
M thode maximaliste ---—---
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EE | | | IR S Y inieeeieierer s N S ——
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o
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0.7 .

T T T : ;
M thode utilisant les intervalles d'instabilit ~——
M thode maximaliste -------

Pic de tension (V)

. | | Y S

0 50 100 150 200 250 300 350 400 450 500
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| -CERYGHOP pWRGHGVIQMYDEBY G LQYEEQfY SDIISSRYY OP pWRGHP I LP CDXM
RIAMG-QM ( QHIFWR SHWRBHYHU SRUGVGLIPHV\IQ G AKONYH ALRAWIH @
P PWRGH P [ LB CDWM \KUAXP H QUIHP HOAD FROLIXUMRD G DUAXIRQ P [ P [ HAFIBXB! @

EROHP D [P BBIGK SF GHAEXNWEH/UHABMRYERFF FRQIRP H/j QRVIDYNRY

SRFHITOMD \YORIRD G/ DIUAXELY HIHRMoH SDJRKONH P pMRGH QRYV SRR
FROXBIRL @ DAXL XQH MV JUGH GLIpUHIH HWH @ P pKRGH P [ 1P DDA FAD P pkRGH
XMDEDAMBY LQMYBBY GIOMEDY ( Q HIFW QR SRYRY RRHYHU GV FHVWRQ ALY XQH
GPIQWROGH X QR EHGDIUMKYIRMY ' CV/GDA/AY P ODU CISSTMROGHD
PPMRGH GIGQMIDIRY GV ARQUXIDIRY GDUXRD POHIPOH S GV QMDY
GLQUEOQN GIGRP BHGDIUAEKYQHNHPGUIXHGH

&HHOEW QR SRARY DAL YRUTH FHMBQ/\IQD{ GIV/GI0 IS5 FAGTY
GBPG  RYWQH\MVIDEBIGP LQANR) GH GMUSE SUUSSRWIX SE P [ IP COEH) TXH G
QR ELH G IUMXEY/ DR NRWRYMP HQAMGAW &HAL \LIQLLH P SBP HQNTX XQ QR ELH WV

UGG DIUAXIY/SIRRTXHXQBEXWR SRIRNKURHRALIQD]

1 R DR WSHWRUp GV GLIpBHQM/ IQRUIP DR/ FRIFHIAG! BXWSRUVRAY BV
ARGV GWEEBD] \MYOV

5% 3IEVGHBEXW
o m 9 Y m 9 Y

0 PNRGH 0 PNRGIS 0 PNRGH 0 PNRGIS

o
g P [j LP CDYM LQMYDIBY P ) LP CDAM LQMYDIBY
ORH) 00 |ORHD| OO |ORHD| OO |ORHD| 0D

1RPHH

$PG

+ 3P G

+ 3P G

0156

01S®

3HGF

SPEH

1~
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1 RP BHGOUWRXRY/DAWY

V)
% m 9 Y m 9 Y
§65 0 PRRGH 0 PG 0 PWRGH 0 PG
&g P ) IP GDXM |QMYOKBY P [ LP CDXM |QMYOKBY
-“8/0RH)] 00 |[ORH)| OO |ORHD| OO |ORHD| OD

$PG

+ 3P DG

+ 3P DG

0156

0156

3AGF

5PEH

1R

[ B/UHP DI/ VWY SRAUGY AUPAW GH SHUWM VB UNXMYWBDHBY SRAUGY VIR
AUPXWR  CRQSHWRBRHHUXH IR GP LIQMRIGK GRP EHP R HQGDUAXAY/ DAY DQL
TXXQHIRWHEDXHGK SF GHEXWP R HORBHYIEBIA/GVAUPAW

9, 3HJRWP DOAHGX BRIIHHBWRRWSH

/ DGAQOUHDWH GV HKTBVFR FHOH OSHIR P BFHGK GIFHCE RRAGHTXHQRY

DRV GIYHBSS HATXL P HAHD + XYUH B1 P RGB! HAGY P pWRG/ GpYODDINRQ H SRpH/ D]
RCEMBY,9 H/@

- pYCODARQGHOS-URP DIFHGHRRMCEDXHIVGH SRQV
2 FRXOWROP pP RLH
7HP SVGH pRAURD

I F/UHWKERIVH SRPOVIEL SRIMYNKUGH/FLRWBKIGH TXHIXH/P LY/ GAERANRY/
| SOVGXQP LGRG-WIRAKRY
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9, 2 HFEXSDARQP pP RLH

| DUKFMHGHGRIQH/D Y FRQMKAM HO XDV S IRFGAH GoFUMM GIRY D\HRIRD
9, RUKTQGVARMMIEY ,ODWRMTXHOVAUXW3E,' && 5&8% HAL2 ( RW
P JpQUAVHOXMD Y BIP RGHKIpURATYH

&RPPHQRVEDRY/YXj OHRIRD9, GHFHACEWH QXY G SIRRNGH TXH QR
DRY/GYHESSy GIFLRXNAXNS-SHHY SUXHWAKRMHGHGRIHY / DP DMKUHSDWHGHD
P pP RLH FRQIRP P pH S CRAMDG pYBDDIRY GH BEXWGH GISKRAH RIVRARQH S FHAM
VKRN HGHGRQHY

/DIUXH)LI 9, P ROAHCHILEIAMY G O VAKRMH GH GRIQH/ KU ONXHID! RIAERWY
QRUH ®JIALD SRRNGH $STWPPHV @ FRQFPPDIR) PpPRIH QAVDLH | ©
WS/ HQIBINRD GX AURAYDH GH P CGUH @pDUH DAHF B QRP ELUH GHWBRARY &HSHIEW
HIBIQ FXAEDY GUHAMP HMIPHDX GRP ELHGHWIRIMRLY/P [V SOUMIX GRP BLHGHGISHIERY/
ARVOIRUPAWZ QAWIXH  WaH/GHGSHIEIHY

- OVGSHIEFHVGINRIDE

- GVGSHITHVIRPRIHBYVDOWV

- GVGSHIIHVIRPRIHBVRUOUY

. . . T
Taille des circuits —+—

100

Noe

D
cIDDC — e

(23.3 Mo)

T— RCUBE
10 MipsR3000...5 (22.9 Mo)
(6.1 Mo)

Taille (Mo) [Echelle logarithmique]

‘{ Hadamard
(1.26 Mo)

[AdeQOl
(378 Ko)

0.1
10000 100000 le+06

Taille (transistors) [Echelle logarithmique]

)9,  (YROURQGHCRIRDIROP pP RUHHDIRFNROGHOMIBIGYALXW
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Taille (Mo) [Echelle logarithmique]

Taille (Mo) [Echelle logarithmique]

100
Tlaille des d pendances diaphoniques LI
L PCIDDC Noe |
(15.8 Mo) (71.2 Mo)
A
1
Of ) L RCUBE 1
r MipsR3000 (12.9 Mo) ]
L (4.5 Mo) i ]
1F ]
i ! Hadamard 1
7 / (670 Ko) 1
tAdeQOl
(245 Ko)
0.1
10000 100000 1le+06
Taille (transistors) [Echelle logarithmique]
)9, 7 DAIGVHRIHIIHVARATA/
T
Taille des d pendances arriéres 7
10 N
BCIDDC oe
(4.4 Mo) jV (35 Mo)
) T— RCUBE
MipsR3000 (5.7 Mo)
(910 Ko) l
1
AL Hadamard
(360 Ko)
0.1
e
tAmd2901
(77 Ko)
0.01
10000 100000 1e+06

)9,

Taille (transistors) [Echelle logarithmique]

7 XBIGY/GS-OEFH /DG Y



0 DMHHE XYUHHADKORIV

10 T
Taille des d pendances avants —+—

(

Noe

(5.7 Mo)

1 PCIDDC —
(760 Ko) Y

MipsR3000
(150 Ko) —l

0.1
Amd2901 %
(12Ko) Hadamard
(60 Ko)

10000 100000 1e+06
Taille (transistors) [Echelle logarithmique]

T~ RCUBE
(900 Ko)

Taille (Mo) [Echelle logarithmique]

0.01

)LJ9,  7DMIGYVGSHIEFVDOINV

,QDWRBHYHUTXHGIGRP BHGHFRSIINVAETAWY T SURIGRWWHXQHIRFIRD
TXOBRDINYHK QP BHGNI@] G<ALURWANADI VWG GoSHIEYBHOWMAM HGK ALURXW
$IQ BIRURVB &S % EHTX PMERYSEOVIURY HOQRP ELHG-WERAXRLY TXH3E,' && ARQIHQV
PRQ/ GIQMIFMRY/ 3XVIXH GV WKRMIY GH GRIpHY UHDIMAY DX FRGDIH GIBRITH
USLH\-HQAMAD P DHH SDWH GH @P pP RUH FRQRPPpH - HOALRD ®IALPAG&S8 %
FRORP P HXQHSOVSHAMMTYXCMYGHP pP RUHGH3E,' ' &

9, 7HP SVGH pPMRQ

| HHRIG SRONGTY @ P HKXUH GH SHURIP BFH GH GRAMDAAG! WP SV QRRIXIILH DX
UM HQG XQALIXW

1 RVIRYRYGWIXU  pVlEH/ G/ RAHRANG pYDDOINRGK EMVBHGIRKRQH
OFRQUENRGHOVAMRM HGHERIDH
QG-QMMROGYARILIXIDIRY/G IUAXIRQP [ P OB
CLESIFMROGK P REBIGHFIBXAGHIF] AONHARILIXUDINROG DUAKIRD



0 DMHHE XYUHHADKORIV

JRALXB)I9, )9,  PRWHNERURKIQGYAURXWOIWP SVQrRHXILH
| FKODXHPEEHDOQL TXHGMP SWRBDG WP HV

100000
Noe j
(2:59:48
& 10000 f %
=}
g I PCIDDC RCllJEJFSE
< (55:25) (11:05)
g I MipsR3000
] 1000 (16:47) !
© [
©
<
O
w,
w
[}
2 100
S [
Q
Q
) Hadamard
a (20s) ¥
g [ Amd2901
~ 10 N &
10000 100000 1le+06
Taille (transistors) [Echelle logarithmique]
)9, 7HP SARED
10000 ¢ , , ,
k)
S 000 b PCIDDC 7] J
é [ (7m47s) ]
g Noe
g (1h13m25s)
O
Q
° MipsR3000
E‘ 100 | (1m24s) ‘l AL —
m RCUBE ]
3 (2m40s)
5
® Hadamard 7y
K2 (19s)
1%
Qo
§ 10¢ E
[ [ ]
4;01
(2s)

10000 100000 1e+06
Taille (transistors) [Echelle logarithmique]

)LI9,  7HP SVGHRDIROGHOWIFMHGIGRH
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Temps (secondes) [Echelle logarithmique]

Temps (secondes) [Echelle logarithmique]

10000 T T — r r
1000 PCIDDC
(3m30s) —l
MipsR3000 jv
(1m34s) /\ Noe —i
100 S
(18m23s)
1 RCUBE
(1Im31s)
10
1 Hadamard )
(= 0s)
0.1 ' +
T—AdeQOl
(~0s)
0.01 —— — —
10000 100000 1e+06
Taille (transistors) [Echelle logarithmique]
)9, 7 HP SVGHAIPXAEVARQLIXADNRY/G DUHXRD
10000 [ — — —
MipsR3000 /T\
1000 (13m49s). w
Noe
(1h28m)
PCIDDC T
(@4mags) RCUBE
100 (6m54s)
Hadamard T
10 - (1s)
[ Amd2901
|oes
1 -
10000 100000 1e+06

)39,

Taille (transistors) [Echelle logarithmique]

7HP SVAHHIPXCGHIFGHEXW
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| HWP SV/GHJIpQUDIRD GH O\VKRMHGHGRIH SOV VUDIUXH) LI 9, RV
TXOIP HMIPLHHD I RFMR GX QR ELH GHWERIRLY GYALRAW | GH AHBARQGH5 PEH
( QIDAVHXMDIEYQHP PWRGHGHFRQANROKIpURIKTXH 3AGF SPEHHALRH GIWP SV
GH FPDINRD GH O WKFMUH GoSHIG GH O WIKFMUH KpURAKTYH GV AUV $IQL B LW
5&8 % TXLQUHAHSOMEYIRVEVP r P HEBRAHFRQUMYEOMIEGP HOWDH3E,' ' &

30UDBKY B WP SV UMY SRAU G FIBXOGY FRQLIXIIRY GDIUAXRD )L 9,
QRN IRFNRY GH @I GV AU &M pPUEEH FXVFXHQUABP HQAXQH \IP XTIR) |
WDHY XQ WX GH SR $IQL. BV DIP G/ [QOTWAKU B \WP SV GH FIBXO\RQMD
SRR X PHX BIDH ® PEH G RSN/ WG GPEH GH G-IV
IRFNRIHBY $XWL 1O HXNED/ DRI EHFRQUBIRUTYXHGWMP S/GHAIBXGEYARQLIX DARY/
GDUNWRQGIYVGI01S/5  TXLHXKQH WIDDNRD QRO RONP \H FXAGH PrP H RBH GH

JUGHUTH3E," ' & TRV IRVSVGAWBRAXRY / HWP SVGAFBBXOH W-EIh\HOM
HQI VX XQHSHMMSRWAHGK WP SWREDG-\MP HY\GA/HUAW

(QIQ ®IFIBXOGY/ IEVGH\WIRQ HXWKQH puBH TX BNXGUH BF-DARS GH\WPSV / D
IWXH)LI 9,  SUOHOMGIWP SVGH FIBXOGY SEV GHWRIRD SRAUGY GLIpUHV ALIXW
SHAMPEBHFRQAMj FOBXBU SRRV O GXQALW®ISE GHEXWIpQY S
FKOAXQHG/FRQLIXUMRY G DUAXIRQP [ 1P BIGHRONH\I@D/ H\WP SVGHFIBXOGSHEG
RFXTPEHG\I@D] X QRP BHGHFRIIXIMRY/GIIUNRQP [ P BB SDNIEHV
X QRP BLHG UK/ G/ FKIRXQH GHFHVFRQLIXUMRY/ G DUAXRD $1Q¢. SRUGIALAW
+ AP DGR GRADR/ARQUBHY XQHWEVI RIMUWGEIRD HOP R HIHP RQ/GH  DIUAXENY
DWWDNIED X @PEHGDUNEY YRU)LJ 9,  )LJ9, )J9, HNLOI,

G FIBXOGY/ SEV G EXVWHIHRMH WV TGP HWV ( Q SIHBASRXUH HP SBI ®1 AURXW
12 ( TAGHMIVYWHEISOVUEHHQDIY GYALRAWIRMHY OSHIRP IFHEXMGICRUD
FRPHIIAGI FBBXOGY SEVGH BEXWSHWWHRWPpH]  FOBXY GH SE GH EDVWE)

\HRQGH

3DUDMKY XHH IUHFH DY P HPHKUGQQAU WGH @ WHKQTXH GLIIEP pUDIRD
G/ DU SUOHQPH DX ACEMH, 9 3RUFHM H SIUHIIH QRVDRYAR\L FRPPH
ALRAVWMXVL 2 ( GRNBIWP SVGHAIBXOGYVIRVGHWRIRQRINGH K P 1 RAVDRYAKR\L
GDIGP pUU BV DUAXELY GRONVD FRNIM GH WP SV QH GLIGH SV G SOV GXH

SFRHRH
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8 QHIRV OV DUAXEY DRV DJIEP pubv G WP SV GH FIBXOGY/ SEY GH \WWIRQ SRU
QRUHAPAWWMNHUIPoQH] P VSRAUXQHGL pUHIH GH YOBXUGHSF GHE XMW I QHIEB
YROVIWUISSR WX FOBXOGHSF \BYIIEP pMRQGY/IIUAXHEKY $1Q1. HRDIJEP piV
G/ DIUAXHKLY/ X SUDHQIMYWKOH FRQUEIM GH WP SV SOV RX P RQ/SIRKH LOHWNERXIEBI GH

VIRXYHUXQRRP SURP MDINTDATVOQAHGMWP SVYGHFIBXOHNDS pHVRD

9, &RFOMRQ

' D/ FH ACEWH QR DRYH SRY COAMRMH GILFHIB! FAG! IRFMRIHP HWGH
CRUCSIRRNSHES,6(  &FNRAUP FAHD+ XYUHBVP pWRG/GpYEDDIR) GX SF GHEXWGH

GOKRAHTXH@RVDR/GYHBSHHGMIPH/D] FCEMIY,9 H/® GHRHP DRARUW

" OVXHGH logP HWH QRAVDRQVIIITID) GMHKIRVREMRXVIUAH] FRARMDKIXQ
HQHPEBIGH AUXWEIGHTX-OXVAQEQY] P LARYGAWBRAXRY &H/HKIBV
RWQWU ROV O IPAMRY GX P RGB! GpYIDDIRQ GX SE CHILFHRYY GH @ P pRGH
GLG-QMAMRQGVFROUXUIMRYG DIUKFQHADSHIR P DFHGHCRAMES 6

1 RDRY/RBHYp TXH P 0D GVISSR [P DARY/SURRPH/DX ACEWH,9  BIP R3B!
GPYEDDARYSURRY FROHYHXHSpAMRO\DIMINIOM GHCRBHG]  SWUSSRW XH
\IP XDNRQPBRUTYH 7 RAMRY QRAVDYRY/YX \MUXQALRAW SpUP HD TXHERQSRAYDW
SRRIXHU GV HIHY SOV [P SRYSM/ BIARIX| HQ DAIP HEABY ALY GH
FREMIHHAHD GP LQTNBYETW] OPDXH $ WDYHYXQH IITD\H SOVIIH RVDRY
GMPIP BV \RUH/GHIHYBVSOVIP SRYIM/ 1 RVDRY/P RMp TXHEVHIHLY GV
V(P SRYIMYS RIHIHAGH OP RHOQDIRD G \IDARY G/ R/ 8 QHDWH
\RAUFHG H USRIV | IMIDHGEIYQRUHP RGBIGVIQAIFARY/HOAHEGVDIUAXELY/ RN
RO

1 BADKEIIAUDP PNRGHGHGWMIP LDIRG/FRQLIX DIR/G DIUAXIRQP RQU-QADH
QY O OG-V A XQ JUG GRP ELH GH ARQLIXIMRY GIIUAXRD QH SHYHQASDY \H
SRUWH FASXYHOMWH pTP LQ0HY 1 R DR YX TXH @ P \H HD + XYUH GH @ P pWRGH



0 DMHHE XYUHHADKORIV

GLG-QMAMRIGY/FRILIXN DIRY/G DUAXRQP I P OBISHP FABHUGUHGTY/GV/SIRRWRY/
P SRVIM/BMP SVQRHXDUHDX FIBXAEX SEGHEXWWP I LP 0D

4 XCND{ SHURP DH/GHCRAES, 6 QRAVDRY/YX TXH GIRVXHOIHPHRXH @
P pP RUH ARQRP P pH pPURASURSRMIRQHID DX QRP ELIH GH WBRAKRLY FRQIMOAV G/ B LW
& PR P SUAITYXH HXNGEVEHOIEB! SRAUSRXYRUMIMW G/ AURXW GH JUGH VKK HADSX
PHREMHJIWEH] ARG XHWUKAMUH GHGROQHHI LFFH SRUU-B U HQAMUBIAURWY
H/BV@P HONTXLBIFRP SRV
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SRFOMROH B VGAMH

Chapitre VI |

9,, &RFOMRQHABHISHARYHY



SRFOMROH B VGAMH

" DI/ OV WRKGRBILHY | RYWP HAWEP LFURQTXH @ YPULLEDARD GV AW/ 6, GRW
FROUU GV DEHFV TXL DDHQVPW Q@IpV MVIXj SPHV / H BXWE D{ FRGSIH/
GIERATHRINKQ GHAH/SUREDP H/pP HIHIDN &HELXWANNGE | GH IWMIFH G XQH AW
G1 FRSIH HOWH GH U@ RERBITXHP HOWVYRMQY G B AURXW &H ELIWSHAW
FRP SURP HIMH B! | RIANRIDHP HNFRIHFAGK ALPAWGH G P ORGUY / HSUP IHUSLREOP H
\IRAYH \RQ RUULQH G CDXIP HIBMRD GX WP SV GH SURIIDIRD QY XQH SR GUITH BV
WI@{ G \RQ YRMIIH HIHRM-QAVXQH WERIMRD G B \HY RSRp j AOLAL &HAM
DXIP HOBHRD GX \MP SV GH SURSCIDIRQ \H P CRLHXM ST G/ AKHP 1QV FUMIYH/ WP SRIHY TAL
FHYHNGSDXHUBWMP SVGHR RBIGHCKR BIHHNGIUHOSHIRP BFHIGEIBIGK AW H
\HRIG SUREOP H FRHOH ®f |RIANRIDHP HWBIMH GX AURW 6L B BXWGH GIEKRQH
GOSDXHXQFHMQ\HKO ICEHAFRIRP SUH GBI H SIUH HP S HYP RALCDAMD YOBKU
HQRIMAH G/ XQ SRQAP pP RIMIWV' [/ FHAM WWONH - RV (RVARP P HV 1QAURXHV| FH
GAQHUSIEDPH

1 RVDRY/ SRR XHWAQTXHSHP FEY GBI GXQAURWHBO®!
SF GH ELRWTX O SSKYHQAPYHQMHDP HQWKEL  3RXU H SpUP HOAMU GHILEDRMY GH AHAM
\WHKQTXH QRVDRYGYHESY XQEILAHCE RRNGHG pYIDDIRGX BEXWGHASKRQH 3RU
P FARH HQ RXYUH AR WHQTXH QRYVDRY SRR GINROUWRY]  SUREOP HVIQPUHV]
CYCDDNRQGK ELRW

/ DU-SHHQDIRQGK AU

/ K/ AU 9/ 6, FRP SRWQAVSOMERY P LARY G \WIDAKRY 8 Q RAUDGH
YOULLEDARQ SRIND RAVMOTXH GRANIG pYBDOMR) GHAIEKRQHGRW WHFTSEBIGH
USUH\HOM GHQIEP BB G/ IQRUP DIRQY FRQMDY G/ B AW\ ARP SV BV
FREMIN/GIKRATH 0 IV OSHIRP OFHGXQWORMDGSHIE G XHUH
P HXUH G O TXCRMY GH P pP RUH QORHXDLUH | FHIWM U-SHHOBIRD 1 R DR
GYHBESY XQHWHKQTXHGHU-SHHBIRO GX AU JUFH] GY/AXKRMUY/GH
GRIPHY SHP FAGH I IRRUNUXQ JUIG GRP ELH GH FMIRAUMNATXHY/FRP P XQHVD{



SRFOMROH B VGAMH

I AL HRP SRHNBHUPAW 1 RV DR YX G/ G RCEWH ©5 p BNV TXH
JUAH | AN RJICADINRD LORXNVSRXIED! GH WEIHHMI XQ AUPAWGH SOV GXQ
P 1AQRQGIWIMNRY/AR/XOQREHPPPRUIHGH  OR

| HP RGBIGHFIBXOX SF GHELW

SXACEWH,9 QRVDRYH SR XQP REBI BBOINXH SHIP MG FIBXBU
®f IF G4 BXWKU XQ \L@DYIEWP H GDH OV \I@D{ G4 \RQ YRM@IH BV
DIUAXEY HIHRM-QQHWBRIMRD YtHOVEU CREMMRQGHFHP REBISDXHSINXQ
FHYRQQRP ELHG PIEA/G-\P SDIFWRQHAG SR P DIRD &RP P HOSOSIWGY
P REBVIRROVEY O QMUNMH QRAUH P RE®IHNEDD NUXQH U8R
GV SRIMARYVIRP H GH MBI 1 RAVDARQ/YX DX ACEWH ©5 puKamine. THH
CLSSTFDARQGHRHP R3yBj GVALRXWUHYTERAUVY XHHUHKUIEROHIQpUEKUH
j 0 r P H\LFHMHUUSRNDNTABMHAB M G/ VTP IR ITEBY
QRVDRY/DED\) GRUH/GHIHU &HAMDED\HP RMWHTXHDP DAKUHSIWA
GHFFAMHUAKURNGHDX UHP STRHP HGY/SRM/STUGUAAKEEFH/

| DGMWLP [DINRQGVARQLIXUIMRY/G DUAXERD

" [/ ®I P R3B! GpYIDR X SF G BXW RV DRY G G WSV
GIIUEKY / F/DIUBXEY IRV TXLSHKYHY XQIOXBNGRID HIHAM-U
GHUMIDMRD H) PrPHWP SV ,G-QMHU @ FROLIXUDIRD G LIUAXIRD FRQIM |
WP IQU] AODH LOUBRWTXHY \RAGY DIUAXEY RNV $X ACENHO  QRYV
DRV SURSRY XQH P pINRGH EDPH KU @ \IP XIMRQ \X P ERTNXH pYQHP HQWAD
SHP HMIG IG-QMHUGY FROLIXUDIRYY/G IR P [ P BB UV BV
GX AU/ -H SoUP HYBHRQ G- FHAR P pWRGH DP R TX XQ JUBG GRP BLH GH
FROLIXUDARQ/G IUAXIRQQROP [ LP BBI SRXYIHQVY WHpTP Lo/ JUFHj XQHpWIEH
GH \IP XOMRQ XQTH ' H SOV ® \WP'SV GH FIBXOQAHXILH | FHAM pPiEH GH
\tP XOMRQHXVHDY-P HYBHK P SRV



SRFOMROH B VGAMH

0D THH GV UKDV BV S CISSTRY GV WRKQTXY SURRPH/ \RHQW
HOFRXIHIQV FHYEQN/ TP pTR MR/ GRYHVY WH CESRUHY SRUSSIHUGY @ VMR GHR/
P PRRGY

1 RV RYRY GWMIXHUWRY DEFNV GH (QRAH TIEDH SRAUGIXHY G/ 0P pdR DR/
SRAUMHABSRIMIXHSVIURIGAS PAMROHAQSVORIH\E-HRWHG AVRD

| HSUHP LHUDSHRARIXMD U-SH\HOBINRD GX AURAWEXQH WUKFMUH GH GROpHYj SDW
OHHD TXHFHAR U SH\FQBIRO\RVWDXY - HILFFH SRUDU-SHHBINRQ G XQAURXGH TXHIXHY
P LR/ GHWIDIRY QRS P pP RUHQAHXIUH] OU-SHHIRD GH SOV IUR/ALIXW
TXHOX/G) XN/ GH P AR/ GBI \H YGRS P SRYIDM O DWGRE HOMDIHJ
XQH DAH U-SH\HQBINRQ GH CLQRUP DIRQ GH IIRY] - UHIBH SRXHEDI CRIED\H GH EVWKURHY
AUXW $10F. @P NHDX SRONG XHU-S A HOBMRO KUK TXHG/ AU SRAUMNSSR WU
XOH \FOURQ DX SUREOP H GH UHSHHQBIRD G/ ALURXW FRP SRUBINAQ WRS JUBG GRP BLH
GpPPHW &H AEIHP HQVGH WEHVQEINRD HONHD DAY XCH QRXYHD! P pRGH GH
P XOMRQ\ P ERINXHRIUIMVKUXQHU B\ HOBMROKIpURIKTXH

| H\HRQG SROASRYM \XU B! P RGB! GH FIBXOGK SF GHEXW' D/ GV WAKRBILLY
VEP IFIRQATXH GVOIQGH/GLQMIRIH LRQRMKHUMYRIFHARQQIQIHED &HNMUHNANFH
SHUP TP Hr WH\KPUHH] OUNAXEEFH GY/pP HARKY 3RXUP HAMH DX SROAGRAH P RGB!
QRA DRY LIGRYD FRINM WMEFH  &FAVDEHRAFRQXMYH XOH @ MR P DVUH GH QRAM
PRGB! $XW @S H)FRP SM GH @ U\AKBEFH GLOMFRIH LR WHSLHHM XQH SUHP LUH
P pIR DARQIGEVGHOIEDj XQHPYCDOMRD SOVSPRVHGK BXW HY CESLRAHV/SHYHOVWH
HOMDIPHY / - B RAKHOSOWAIP SBIFRQIM\P SBP HYY DRAMOWABFHGHOWQH] @
UWAKEEFHG/pP HARKLY / D\HPROBH CESURAKH BHDARXS SOV SpANHFRQMNM] GYHBSHUXQ
QRAHDX P REBITXSHIHHOFRP SIMBVUNAXEEFH/HNBYFLEAV b SMANKRAMOQIQH
GLOMRIH IRY / DHRIGHIP pIRIMR) XHEROHWOMIHFRFHHOP RPODIRGY
R &RPPH QR DR/ DX FKCEMH C5 PG Bl UHP STFHP HOAGY SR UXH
UNAXBEFHRTXYDBQMHXY CRIJIQHGHOP DAKHIDMWHGHEHUIHU ( QGYHBSIWQP RGB!



SRFOMROH B VGAMH

VI RHKH G FRP SRIMP HAG XQWIRIRU R SHAWASUHUUGAUH FRQIGHUIRDP HOAAHAR
HUHU

| HGAQHDSFNRFHHGIFIBXOGVFROLIXDINRY G DIUAXRQP [ LP BBl ( QHIFNV
PrP H\L OAWMMNRY GV IQMYDBY GLQMEEMY SHP FAGHP IH{  FHOHU GV DU RNV
\IP XOREPP HQVHIBIQHSHIP ALY GHSUHIBHHOFRP SMOFRIHOROHHBINI@D]  $1QL
\L GV \WIDMRY GH GH @] \RWP XHHBP HWH FOMYHY GMDINRY GV [QMYBBY
GIQUEEDY QR I KINIDM SRAU GWPIQU TXIY QH SKYHW SV AP P XA
\tP XSREpP HV/ DSIAHHD FRP SM GHAHADG-FARDKH SRUCRIBO\H GH O RPN GITXHG Y
R 7RAMRY LODWDRGU) CHEIMI XQHWIBI DED\HGH AR LD QRHXAMMXQFIBYO
LML HABHVWARP SURP HMHOSHUR P DFHIGEDBIGHCRAUND
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Annexe |
9,,, SQHH ' pWAOEHVHIPBXY

9,,, &DWNP S®I XQDRIUHWHXU? XCHYLPAP H

Ry v

‘ 3 l
VV@ Cy— = @Va

Victime Agresseur

1V, =ov
Jl[Va =V
iVv(0)=0v
ta(0)=0v

1 RAVREMIRY/TBLY/XQW WP HG pXOIRQGL pBQND WRGH

\i%t) ) CVVI(t) + Cva[a'(t) B V'(t)] =0

|
}\/Tf‘(t) - caMm+Cv- am]=0

V() + 7,V'(1)- @ (®=0
La()+ 7,20 - au'(t) =V,
D

XT$ @
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= Ra(Ca + Cva) = R/(CV + Cva)
aav = Rana ava = RICVH
1 RAVUHKHARQ/XH\ROWROGHDIR P H

vt =K, +Le Vi, M.e v,
i

I - t/t - t/t

ta(t) =K, +L.e /1+Mae /t,
DH-7, >0 HM, >0

1 .R
i - t/t, - t/t,
v ="5 s
| 21 L,
[
) , _ Lae- t/tl - Mae- t/t2
ja=
I I I,

9111

( BAGHCD) WIHWWHXUNXUDYLPAP H

(QU!-P&)BQMT$ GIV/EN WP HG p DONRY/GLI pUHNADM( T $

K +e t/tlgLV

. L, ; - t/t, g\/‘ s
+t, §+e t/t.§ 8|\/| atl,-
K,*0
Ka =V
t,0 a
ng[_ VEI4l & =0
e l‘lﬂ atl
t.0 o
LBty e
8 hg Tt
Mvg[' t_V9+ Maaav =0
e tzﬂ tz
Maﬁ_ t_39+ Mva"a =0
e Lo t,

XT$ @
M, MaU_
A
Ma _qu_
t, = Oya t, H_Vdd
XT$ @
XT$ @
XT$ @
XT$ @
XT$ @
XT$ @

" HSOVEBVETYXOMRY/D] TP MW/SHIP AR GPIEIUGH DA/



0 R3BIGIHIDXCXSF

a(0)=K,+L,+M,=0GR L, +M_,=0 XT$ @
v(0)=K,+L,+M,=0GR L,+M, =0 XT$ @

( QFRQIGUIN T ,9 HYT,9 RVRBMRY/
P (- £)+ L, =0
’:\Lv([l_ v)+La(l a)(tl'tv)zo

&RPPHL, 1 0

le - Tl(Tv + Ta) + TyTa - &

(QFRIPUIBWTS HNTS RVREMRY
IM, (¢, - 2,)+Mapm, =0

’:\Mv(z v)+Ma(2 a)(t2'tv)zo
I.R

Ma[(I‘Z_[a)(tz'tv)_ Qa0 va] 0
&RPPHM, 1

2
Ty - TZ(TV + Ta) T T Oyalay = 0

t HY \R)/GQFGBV\RXWQ/GXQ—IP rP HpT)OWQ

| WG URQIARWY HWY
7 :l(‘[a t1, +\/(Ta - Tv)z + 4OcvaOCav

T2 :E(Ta tT,- \/(Ta - Tv)z + 4Otvaocav)

(QFRUGIBYTS (TS HNTS  QRVIRXYR/pRILH
‘I,Lv(tl_ tv)+ Laaav =0
’:\_ I-v(t2' tv)-'-MaOCav:0

'R
L(t- £5)+ (Lo + M Jay, =0
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a
=V av
Lv dd tl_ f2

(QAMDIN TS  HFNTS  QRVSRYRYOBLY GIWWP IQH O FRAUH GH WRIRQWUD
YIFWP H

V)=V~ - e )
T~ 7y

9., ( HBACHD YIRAP H\XUCD) UHXHXU

(QRIGPUENTD (TS HNTS  QRRVERAYR/PRILA

\,' Lv(Vdd - La)(tz - ta)+ Maava =0

—
1
::.<
aQ
~ |~
N
1
~ |~
®
~—

t,-t
M, =V - Ly =Vgq(-1- -2

)

1'f2

(Q SHIMQ AP SM GoDDIRY (T $ QR GPWLP IQRY @ ARAUEH GH WRIRD WU
COWXAU

-7, -t -7, -t
a(t) =V, ( AR LIRS P L +1)
O-17 - T

9,,, 3LIFSWRYRTXp SDUXCQHVRXUAHGHHRXWOQNV

1 RV XMDARY G P R3B! WYINWGRAU HIBXBU GH SF 1(GAVWKU O B H S XQ
DIUXFKNRVIRIP HG\RAUFHGHRRAIV
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" ez O

Victime

1 RAVARAMNRY/O\RAFHGHRRATYGHIRP HH SRO-QMAD

t

it)=1le!

1 RAYDRYVARR P HARGBWRVIOQWIBY G AW
1V, =ov
1 y(0)=0v

[ - pDXDNRGKAURAWANGRF

%- C,y()+i(t)=0

YO +,y(0- Ri®) =0
D

ty = RYCY

1 RVIRRUDHUGAERIR P pH/GH/ CEOIIHSRAUAIBXBU W

YHE,SY- R I —

s+

1 _
Y(s+?)(1+z‘ys) = Ryl0

1 R
Y+ s e =7

!
y =l L

s+ e+ D)
y
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( QUMDY MR P pHIQHIHGH CRIFH QRAVRBMIRY/

— t
; t
y(t):RyIOe y_el‘
fy 1.1
t ty

'R GH SIIXRQGH W

y(t):Ry|0[ l'_ - (e ty . eT)
y

9,,, &BOBXAEX SIFGHWMRQ DYH- GANRXURVGHHRXUWN

Ry v

‘ ]
Y ez ®uWn

Victime Agresseurs

1 RADRY/FRP P HARGBWRVQUIBYGX AURXW
1V, =0v
1v(0) = ov

| - pTXONRQGK ALRWANNRF

R va(t)+|21|k(t) 0

V() +HE V(0 - R A (1) =0
k=1
DH-

[V = RICV

+
o}
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1 RVSRARQVXUNDHUBAIIIRP pH/G-/ CEIFHSRUFTIBXBUY W

n
V+tsV- RAl, =0
k= K 1
S+
tk
1 9 1
R VA+t,5)=Ral, ——
o 1
S+
tk
0 1
v k=1
s+—)(s+—
( [k)( tv)

(QUDIYOMINRP pHIQHIHG Y DBIFH (RVFBMFY
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Annexe | |
oo SQAHH  6WKRPMUHGHGRQQHY

$IQGHPUHIX PIQP XP OSTFHUMH SRAUDU-BIHHODIRD] STWEHAURXGH
UK P LARY GH WERARLY @ SOSIWGY p@P HV \RQMUBELHHQAY \RYY IRPPH/ GH
\EEBD{ SHIP HMEYY OIRVXQIFoVGUHAD LQRIP DIR/HXMMTYWOUP SBIGE HAXH
XMDPIR) PIQP DB G @ SOFH PpPRWH RPQH )L 9, &HEHOEWV X IDWGH
QUPIXTMY GH FHYEQY IQRP DIRY B QR BLH GHOMH GXQH SRW SUH HPSBI GV
SROMOARYMDSYSRUTFFGNGS P Y ARQRIP DRY

/ HALLFXMEHP HAGH UMIRYHUNIQD{ X ALRXAWEH/ALIQD]  \RAGHQHP BBI G/
\RWA/GHSRIAY / DOMGY/P RGGBV SUN-QVGETYGIALRADQY TXHOOXMGY/SRIM/QHY
D{ FRQQHAMXU/\RQATFFRXEBYj \WDYHY/ G FLUPXLW/ HAURWERYCIW WWHARP R GXQ
HQKP BB GH EBRV \RVAURWV j XQ PRPHOAVGRID BV QUBV GH SR/ \RQAVRKFNDHY/
|QESHIEP P HQWANWQIWIHTYBVP r P H/P R3BV

/W PREOV \RWFRP RV GH G¥ IQRPDIRY GQRPDIR) K\DH HV
QQRP DR BITXH / -IQRUP DIRD S MTXH SHIP HAGH UHFRQIULH XQH SRIWM SK\TXH X
QYHDX WIRIKRY / D&16 pBRAXQ HOHP BB GH K Q¥ JpQop U CRAUD<$* / ( AODH
PRGB! G4 R QH \MD HITHXP GV XH&16 /HF QH ®ITH JpQuUTXH SHPHAGH
UARYHU @ \KAMLH HOWBDAXRLY G XQH SRWM A @& 6 / H/SDLIP QWHY SRUPHR QH
SAAMHRWIFRXEB/MDDEL 6 JpQUTXH 8 QR QHIK MHSHWERF r WHSHIRITD)
HQ XADIAFH/ RIP M/ DLQ GH UARKYHU O WUKFMUH RGB! GH @ SR W G/ G AURXW
LQWID/ HR, QHEITXHSHIP HADAXE GHUARYHUGUHRMP HOADI RFMRQ GITXHG XQP R3B!
JUFHDX % ' $NH @<L OL FXADMFKD ,OHX\DAXL. SRXIED! GDAKGEH G/ YOBKLY S
FOBXPH/j S GH @ WUKFMUH S \TXH X P RGB! GXQH SR TXU\RAGBY LpMMEQRHY
PIQPXP HAP O IPXP GXHRIMGITXH &H/UNAETFHARNMDAH/GLYGX FIBXOK
ELVWHUXQ\IQD
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CONNECTEURS

TYPE

INDEX

NETLISTS

CIRCUIT

oy

?

RESISTANC

:

MIN | MAX
A

ed

CONE GENERIQUE

MODELE

e

’

e

y

’

*./

CNS GENERIQUE
Al
@
@

| FAOWEIQRHVARP SRUMINVQRHYIOQRP BLHGIQRP DARY/
XQ@RP TXLSHIP HAGIG-QMHUXQ\LI@DEN/GIAURW, CHXNDAKL SRXEBI) WY
GHFHGRP GHUMRXYHUGLHRAAP HVEIQE G XQ\LIEDE/ GMIEDDX GLOXFH
XOH YOBMU &N YIBKUSH WWH GHWWSH YRUTED! ( @1 GoSHIE HXHQMADP HQWj
XQP RP HYERID GXWSHGH\P XOIMRQ X \HDHIHRM \KUBIAURXW
GVIOVIRENIAGIQRP IR/ GYHIBAMBI XHO@DMHGXQI@D XQSRQV
P pP RAYFDH HP SB

n
L
o
'_
Wl
s
<
o
</ |
o
' NOM |
INSTANCES /
e . K o 0/ VALEUR| FLAGS |CAPACITE | INDEX @
) ; - 1 i CAPACITE | CAPACITE
i FLAGS| INDEX | DELAIS | INDEX Q INDEX | QA | e SOAC T e
= & 5
; : :
x
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XQHFCEAVY TXL U\ FQMO\RP P HGA/FESRVSUUSRIWD] QD] \RXRAY/
VEEBY * URGG 9GSHDW $ FHM YOBKUNRDRAMH/ GV SR GHIUMIGY
DR HQD/EIGHOSRMHABYERVWYGHGL XRQGMBRAXR YGOSR
XQIG3 ,OHW RRUYUGTY GIMIEBX GV DIP QY GXQ P R3B!I FAGTY G
\ERBDX GBI/ XQMK GASDIP Y XUDHUISRUSHIRIBDHUXOQP RGB!

SKOXHIQXEEFHDXQSRQMININRIP REBIGHIRIM

[ - IQMFRIH IRQ&ITXHGV SRIWAH I DN GIVEBDX GHMPHY FABIVEEBDX GV
VRUAHYGHROXHTRIM

| FHOADHARIVRP SRPpH/GH  ROP SV
GVI@V XUBV B/ GAP XTIR DIQ GH\DRUSUH HP SBI TXHNRWB\LIQE]

D BQAIQRUD GV/pYoQHP HOV YRURKCEWMO,

XU LEBEDENETYOGMEDX G-VIQUEAH/ O IRIMHI P RWRIHH] A
HOWHGHDSR W

GV / FGOARWXNEBKY 73// 73/ + 73+/ 73++ 0,1 HO$;

FRUMSRIEW RURKDYH HOH DX WP SV GH SIRIDIRY GH QQRP DIR) CH
CHOWH] D\RWHGHDSR W

[ FARUAHVARP SRIMYBWAMAIGE] GVSRIMHODODGHDSRIM

/ - QNFRIH IRQSADAM SO HXWIRIHSRAURKDXH\LBDEUXQVEEBIX GH
p@P HV
XQIQH \U@DYBNIQHRSIIH
OYOBKUGHOFCEAW GHARGIIHHMHOVGH Q@
-/ DYDBKUS pFIBXPHGHOMEAWY S X YBBQMTX U\ HIMONIEROHORRSIIH

I B/ FRQQHAMXLY GX ALPAVWARQMAIRAUSY T XH GURIRD  HWH RX \RWA
/ 1B IQATHOSRIMARIDFMH] CHOPHRXj O\RWA

1% &HYEQYV/IQRIP DIRY/GHOWUKFMH\RYNAIBXDEBY A-SHIERUGYUNRY
GHYMMXHGH pPAMRQFAGH I TXHFH G XMDDIRD HBYRYWMY UDRAH/P R HITAKQFREW
HOP pP RUH
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NEIRIUISAH

$EG @

$NH @

3D @

R @

70 @

XKD @

XKD @
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