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e stack. A soeuow 15 Windouivg.

FIXED = +%e of wimdows ate [exed
WINOWING- /" twi .
FLEXIBLE = s of wimdows Vauable

o ewbize, RF owtewd evew( e ) =

4 Vi H
Turstea OQ wio a mcmop % ( &wiW\dOW)‘

Just Wwiove & SWLneE
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REGISTER File FULL @ T ase the RF is Publ (68R wimdowsaze occapied) aud o CALL atuve,

o SPILL. shoutd be pezforuined - ASPMQ wioves e ofdestwiwdow |w e

stada jwotderto feee Spote [ Hhe wew focedude .

WhHew. & RET aawve i(l oW ©L wiote SPILL weeepeﬂ’ow, a Fui Mv\
be dowr , . 01den to 2estore Mwwiww waw« the stack _

CALL SUR{

SUBY

2 SHPT CwP

CALL $VBA > SHIFT swP | 5 NoT Neebep | oLy A FTER ASPILL!

SUB4
deeadiiowns

? SHIFT CW P [
CAL 'S«)BZ‘-’J/:; SHIFTSWP |5 NoT NEEDED !

SUB6
e ows

CALL 5UB7 gmn PRES SBACE (5ot
ENOVEH ! NeEpA

SPiLL
s WO 4 we
N Loc W STAGK(o2 MeoRY )

MIFT Cwp 10 508F = wo RF use WIWH w2
M e vt

MIPT SWPTO PeMeNser THAT WO 4, ¢ WO
A ML 4.0 Tm awdw ARE IN MEMoRY

C
VBt
derdhiows
CALL SUBS ¢z NoFRee seate! SPILL RERVESTED
w4
sl W aud WE N weory

sHiFT cwp 1o suBg (“%uga)
SHIFT sWP To swpi

T crder to undertand whew pezforuy
a SPILL/FILL we Wse 2 pojuders:

s cWP: cqazewt wiwmdow poimtez
¢ SWP Saved wimdow pawdez .

SuBS:
o\;c‘m‘kous
!

Ref FROY 5088 (TosuB?)
SHIFT BACK CWP, DoN'TToucH swe |

S0B%
ReT
SuB6

SuB3

ReT FROM B3

SHIFT BAk CWP.
CHECK : swWP = cwp ¢ YTS) BEE cwizs

\Fes NoTHINGTo Do Now ., SWHA-
SuBZ
RET FRON SUBZ

»
A\ SveLss ol e perfoum a FiLL'
ALL FRON STAC. Wb oud Wi

SHIPT BACK ¢WP T cwpri
SHLPT BAUR SWP 70 3WPO

. —— " ———— ——— " ———, — — —— —— - —

SOMHARY: T yuzed Muse. chetahiows

A) SHIFT BACK AND FORTH (WP & SwP
2) COMPARL SoN BEETWeN CwP & swp
3) SPILL /FiLL. = CouwWIlTe wWrTH

A MMV (waesaoy whawwsgouiewck wact)!

P e e - —— . — e ——— . —— —
|
|
|
I
|
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e’
ACTIVE  WINDOW $ SIS it
( cocaLs IN ouT GLoBALS
g &LoB - ;
017 | g g‘lﬂ' 2 |s-- 1] <ese §) gl -~--- % THZ
[ '3 LOcAL ';
|
THA
THA !
| =20 l
HIGH :
TH2 SPEED . i
BRIDGE :
TH3 f TH3
|
3R 2W
L T Hl 6H SPEED Mﬂwm(
WRITE , READ o /FRal
TO FRoM epV CACHE
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ARH VFP44 OPRO(ESXR  AiD STORE UNIT

(A
4 EP. MULTIPLY AND ACWMULATE

As agread( sad befose, 115 cownposed b‘f N Ep. piviDe ANp SRUARSIRITT

—

NUG’IP% AND ACCUMVLATE - wo'z.la.wg P u‘p& ;

A g c
%‘: 40‘80
T4 =2+ AL XBy
i
Tipq= Z— Acx B¢
& e L=o
z

MVIDER - AgH coPROGESSOR INPLEMENTS A RABIX4 STR ALGORITHN .

HOWEVER (ET'S TAKE SOME STEPS TO UNDTRSTAND THAT ALLORITHM :
A) BASic PRINUPIE - TERATIVE  ( THEORY , NO HW INPL . POSSIBIE)
B) RESTORING ALEO
€) NON PESTORING+ REDUNDANT ALGO
D) srT
) RADIX —4
F) ARM |HPEMENTATION .

@ BASIC w DAVIDEND q—.“nglwz
MV\SOK D! 3.0 - Mﬂ.
BASE AD BASE 2.
i e,
44|13 4440 | AL
2 _To4 44 [4doe
PAmk;ngg A% QUOTIENT PR. o024 QUOTI ENT
REM! 12 “
40
2
3 o =) S T
2
) =4+ D 4o '\CH!NR 2
NT 4 .
[TERATIVE ALEO @ GuESS G.M&T, MUUTIPLY, FIND P.R,, GO BACICTO PO/
REAUA{ HARD INHW EASY IN HW
3 a
34 J wiere R ParTiAL penanoeR (R ~ 2= DWireNp)
FORMALY THE AGORATHM 1S° R - nR "’JH'D D BIVISOR
1+ . '1.') QUOTIENT PAEAT
KJ = KJ-Q-H'D T #DleAT OF THE ALPHABETH
! J (BINARY m=2)
BINARY Aliso M THM.

To SAHPUFY ASsUME:
2,D PoSITIVE AND NORMAUTED AND <P (csmaiNso @, - )
@ 0 ¢ o o
t=R? — 0y My oy e U
2,0 @ e
D — odi di 4‘3 -

s il
Q — '44‘71 ces qVK
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PAViso R pEULE

G T R
—'5— &55 > 1‘34 I ] ; L '
REMANDER, e e =
if sten 4 —be cd ooz | ded
MEANS _1 REs PR RS
Res<@ 9.=0 94 * NeT 9z
Regrone:

BY SUNNING P!

lt's veufy :  A:0.04040440 =R=2
B: 0. 4400 =D = ’D“ 4'004/1'*' qm &Avebsabtud; D’
& that eectroun cs
4d.0400 weaus suwa the
2! oukpleunewb D
e
2R” = 0.4040440+ ASSUME g4 =4
-D 4. 0400
20400
R%s 4440440
pecpe—> s NeATivEl (RESTORE ) [R1 = 2R®  Awp noT 2R - Do
NEATING
(correcrq ) q4= 2
K«Ri = A.040440 + ASSUME g, =4
-D 4.0 409
4
RS (oinOi/LO z2_ RZ_-2R*-P
& PEURE ey IT'S posiTive! (Mo RESTORE R e
Qﬁ oK : qz =4
2R = 4 o440 + AssuMe g3 =4
ulli=tn SRS
3. R34 = 2R*-D
R 04440 . il (o peaTE) R Res =
P _ IT!S5 PoSATIVE,
(q 150k ) 43 = 4
2R?>. 0.4440 + e L
-p 4.0400

e 4 4
: L e g
Res g O pe—"> i ris postrive! o=

=t

Q- 0.0444
"R = 0.0040 g
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let's VC"*Q‘{’ A: 0.0404L 0440 = %
B: 0. 4400 = b

R @ 04040440

= D= 4.0deo

” I1Ts postive
94 = 4

2
2Rz 0.4040440 «+
=D 4.0400

RE @ 4440440

> IT's NEGATIVE Q2= 1
OHPENSATE”

ER"':,/rA./i/iO/i/Lo +
"@J 0. 4400

R* (gi eg 440

—» IT!s POSITIVE 73=d-

2R* 4. 00440 4
-D 4. 04 Q0

3
IR 0)0 4440 (T!s PONTIVE 1(( =4

Q= 0.4444 & 0. 4044 —2.0400 = 0. p 444
R- 00444 . 273
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Basic €8A algorutun :

’ LET'SCALL IT CARRYVECTOR ., THE PRINAPUE \S SAVE

i4 CARRY BEFORT RUN TIME) veePING
o - -—
L SuM THAT REQUIRES
A: 0440 A+B= O0ddo+ THE FINA ?
B: 0444 - 0444 = CARRY PROPAGATION ONLY AT THE
A4 04
o CARRY VEcTof. SUN VECToR
o 0440 5004
C5A 600 ©121O06)
ADDER \ /
ms
pvisoR | (-P,0,) 04404
ST

RENAINDER SUH

OROE

(®) ranix +
Opewuds ow w ks
?
o= VS wiere & Gupuiet e
RADIX b K (s tadx
o oawe p(!.%tb

CENTRAL NANE . RAMX =1L ALLOHTHH | NgeDs ke (TERATION To COHRETE
GENTRM NANE -

2 wL
IN VR 4SE  RADX -4 n=2" K==

RADIX-3 - (asker bub wanchuwoze @it plex
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C.V. |MPLE MENTATIONM

4) CLASSIC L. §. M. (eNcODED STATES)

4 wsH (Nov ENCODED

1) HARDWIRED e
) TTERIER 16 A COWTER

3) Wi ROPROUPATIIED
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<+

s = P
e — s /‘ CASE

4 > | SA —— b‘-
N"L’M}T o LU U

E | ‘ RIW/ 2
Iy KF 'B DN_ l

@ St |of -

¢ X CONTROL SIGNALS —> CW
CW 04400104400 - e WORD
AN RW N | | oA

/P CASE ,
4) FH il

1.R. L
OUTRT
NEXT | ;'—4 *ND

SWre NEXT STATE
NETWORK

— (W

Bﬁalstéﬂs

STATE \
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WHAT

Moyt ¥ M txn—

m M
Vi yi
74 /
cw
«

a . 1

= CONTROL
(W= ERp

g | e
4| :
.a F

\F PIPELI MED ?

INSTRUCT ION WITRUCTIOA

DEODE/

REQILTER
TTCH

"

Exavre (YuPs)bux
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Howugwerle. = usiwg CHOS ogit Qawe\’ 5 waple wiewdt e followimg Esguc furchowms :
@ ovt= Atg4c (@ wT= (Mg)(cHd) @ ovr= A+ (B4+CD) d:wcst"
by unwg o sugle stage aud iew a cascade of Stages (each owe with zuq,ufg)

@) oT= ABrc kisa Bimpul NoR
Usiuig deotgam T cam wua pubade the expzession

—

»C ¢ ALB4C

|
|
|
>
5

A+B+C = A B sC, =

—
-4

& =l
e o

———————
—

(D) 0UT= (A+B)+(C+D)  USiwg AQ“mgm: AMEB o CHD = ME+ CAD

Siwce. CHOS 15 wvethwg, Tweeda
wwvertez ok the eud!

ouT
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MUXES:
i SA= s, 3= 5p OPTIMIZATION - We taw zeduce e wuubez of sedectiow sguabs:
- S4 =52z S,
INZ s 53 = Sp
$225x WKPORTANT: < awd 5g stoued be (wverted aud couwected Hie Hee
IN3 ‘ ofier sle of TE. The wwersou (5 chazacteuzed by
o & SWage defay ' Heze isw't S0 yunportaut , batiwc
LATTHS AND FFs besed ow 6~ vt wiallezsa €ob !

IN CREMENTAL AND
SCAARLE STRUCTVRT

/5"‘4& SH{ FTER
(B SHIFTER
LWOEARITHN|C SHIFTER

SHIFTERS ! £hree W‘wu&w\a@mmfdf»‘owwt% be projposed :
B{NARY SHIFTER -

Pl

o N
I NE: ta Squh u‘\& AM\L\% ) TE ok Q&Mka‘ as == .

= =@ = Q C = Al No
Bivs IF =4 AND B e ¥ = B.=Al = Nor

A

e

B IF X=0 AP p=d AP Y=o => Bi-Ar- = SHL
F x=2 ANP B=2 AP Y=4 => By= A = SHR

2] : B CORMENTS  4fus is a vey stwaple aud counpact stuftez . Tt is possible.
b ' 1 add wacre cowmections v order to peafornt shilfts of

__.__I____J_'\_ w2z Mo owe Pﬂfﬁo«u W a SCuA’(:, pass.
: Noze cowmmectioms = wwore courbrol Fgulals.
Ay "E_ltj ;— B{-| IHPORTANT : afways oty ouce ngwat showed be = 4
Koo u$uaeeq s ‘uqu-i‘lcal a wwo— couf ‘g,uﬂab{e/mmwmb&—
SAGNAL X shulter ..
BARREL SHIFTER:
A ‘ o
’ NE: to S‘WP&F‘{ Ke AW\ma , T aze uba"ﬁed T e
— . —71— B3 |F SHO =4 AND afe omei?rgmo\{s =2 => SHO =NoP
Ty [ Teee su3 | Tse IF SHd =4 P T
A IF $Hz =1 = SHz
8 IF sH3=4 v — SH3
; ; twess -
T ] == By  CoNMENTS: Rogutauhy Hegps a €ot im area cowtpac
T e | Tshe v Hf,u%ltl patfiutar ) s easy to buied a fw%st#z-
M2 o St waatzix , aud theu cowmmect to wwput aud ow puk.
I A4 Suppese SHIFT Re€ISTER OF ¢ BITS, qo«‘ee weeed
4% brawsmstors aud X aveq
= == ) | By To eusdble SHR , You'€e weed 2x Yausstors —--
T | S [Tow [T, Nores:
sh2 4) lowg tiwes & Gwe fusa pams tic capadtauce !
i A" Lowger Hie ewe ) biggez the cha.
Taoueastors cmwiected to dowg towes Thonéd
W == ) (o P i b cone ok noed ( BIGEER = FASTER). ouiiue Cerie
— i “Tay 5 2) pawsnbic capactaucs of trausistors(: atin Huose .
e ML . SH3 capactonce ate suwiwned witlt Hwe dwe “‘WALW
49 :HORI R0NT)
NB ' SHo,SH4,stz, ... SHWLD A DROP Y CAST = 4 PARASATIC FES(ST O VORI AL (AP
DRIVE A WIT OF GATES = PARASITIC - NORIZONTAL UNES o
LOAD= SUNOF GATE (APS - CAPACKTANCES = VERTICAL UNes
N\ pRAIN /59UR (& / ATE OF %{%
TRANS| STORS Pa A o
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]

PECOPERS
REGLL * Co wtbrmafouta Cogc Hat— comverts CHoS MPLEHENTATON:
brway iwforumatiow froun Hie W . 4 ANPS = 24 TPANS +
2Bm coded imputs to & wuaniwmwisof 2 Fs 4 wv = §TRRNZ =
St umigue owbputs. B, 32 TRANS
St6HAL quues —D"—i — By
——1{—
PASS TRANSISTORS |MPUEMENTATION °
NB:  STATIC ToPoWtY = CoNBINATIONAL ?;o‘cﬁ)
DYNANIC TOPOWGY = oM Bl NATONAL) BUT CHARACTERRED
By A CONTROL STENAL. IT WORK VSUALY
IN 2 PHASSS: evalu afious
eN W“‘ p«qmaw
Vid ENABLE T —
A (PRERHARE 1As | - _
RO ke CoLt Ao Ao Ay A B5 82 84 B
b ! !'] '*P“gj 04 o4d| o 0o o4
ﬁ | . - 4 0 0 4|0 0 4 o
% 5 o 04 40 |o 4 o0 o
i 49 40 |4 0 o o

)
]
'
'
|

I
|
t
|
|
|
|
I
|

ENABLe |__PREPAR. [ CvALUAT | PREPARATION

-}

-

DRIVING (APABIUTIES © v
duve 2 trausistors. Farasidie apadfauc =

T
| !

Et— T = VO
T pasid Assune

r‘ i THE berobep
VALVE

. BY PASCHARE(N 6
ONLY UNSS T
v v S 0 BON'T MEED
Ypicat podeleun of T (out wot tVeld 0z 6N0)
?\g”ﬁe sthoutd \S avoided due to Mucg:ozawt&oe,c iuuwi

Vdd o1 6P to

Caps of Cwe 4+ aps of traunstor
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DC V5L d\RLuMQwQ oS --.
Vdd NOTES! ) ToPOW GA €5 OF PD4 AND PP 2 AR CONPLEMENTARY
'3 2) |NPUTS IN AND TN Age INDAPENDENT AND GENERATE FROY
PREVIOUS STAGES : No NFED FoR AN JnyewrTr!
ouT ovT weaa
w ouT STAGS | PPA.
: g STAGE 2 (Pp2
v 4
N NETWORK NNETWORK ouT __W i
(PuLL BowN 4) { pULLDOWN 2) & Pp2
LEMENTA
O b o
(series— # ANP
ViteversA)
EXM:

QUT = A-B, 6:,‘7—= -§-+Z—

PMosd PHOS 2.
ouT == $«ppase/4=s=@a’rl&.eke;aum«cug. Poz is & Sbort caunt £
y gwwd, so the gate of PNOSL is owuumtected o 420 uid .

— B 5—4’ T wieaus PMOSL is ON) aw because PD4 is au o wuut,
8 — TJ 4&&480}*&0 PHOSZ See 4 jand 50 ‘b s OFF.
AB 2 i
2 PHOS2 15 0N
; PMOs4 Is OFF
BEAVSE
PHOS 2 STARTTo G0 oW,
OUT STARTS 70 BecAMed )
SWITCHINGCOFF pPMOsS 4 ..
AT THE BEGNNING (T 15 Slow,
BUT THESPEEP |NCPEASE OVER TIMT
B8 HAVY L A ! s PEAOTU
ADPVANTAGES
A N _UP THE SWITCHING
4 _ PostTIVE PEACTION <SPEEDS el et

2 . SHORT URIT PawWER (VDD —ENP DIfEcT WNNEcTN DURIN & TRAN : S
3. AS IN NHOS-UKS, GATE GAPACITANGE OF THE LOAD (5 FEPUCES EAch ovT PRIVE
ONWY 4 NHos w R.T cMos—~> 4 NONOS, 4 PNas ) .

4. VP TO INGREAR S NR (RESIUETNGE TONOIST). (N FACT [T 15 NOT USTP A STANP ALO XS

FIENAL) BUT THE DIFFERE N (E BETWET N Two STGNAHS .
5. INTRINSIGALY GENERATES ouT AND WT ) Mo NVERTER NETPEP

MSADVANTAGES
4. ABTA: 2 PULLDOWN NSTWORKRSH 2PMos Ape UScP (HOWEVER SAME NUMBER OF TeANS1STOR
QF A (K0S INPUE HENTATION + INY)

CAPAUTAN(E OVER POSITIVE fescrion NETW O RK

OPTIMAL AHNG 1S A CRITIAL DEUSION -
SRAWLD BE THE ghns

PA F;;!:TO q Pz ey
P4 N4 VETO
H’ ' 7 en, NeyNs
IL N2 [ N3
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CHARSE SHARING (v DoNIN Lopic)

§/5/2018 PT4
REE EG-
'uﬂc’a'}(

== N
. =L N 5
he |, DECIMNGE
A 4 TAiG A WHVE
H oUT4 ey
& 3 :

N

(6’3
\ N :
=~ 6 SHARING.
HOLDCONVENTION #, ——+— @ —----rt-+° CHAR!
BECAVTE FORA
NEW (opV ——{—— "b WHIVE OUTA. RENAINTO L

ROTH NMOS NET WORK
AND NHOS AFE ACTIVE
AND THERE S A PARTIAL
PASCHARG-E

SLVTICN

V4d Vad

eATE (5 NoT=IN yeRTING-

|
J \ QM /1' ﬂx %)
Cf wmvertom c\z‘ ;’:ﬁ' Aven) (‘ ‘ . 2

1 ~
L Y A
e o
DOHIND (4] .'
r
O | '
' | [
/j:V(M ':":-_‘\ A |
otz |\ \ [/ CLEAR VALVE
@ - ) (KO HSCHAREE )

SoLUTIeN 20 ke PER
Vdd

—01

__”:: ouT
x

@
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NASTER AND §/o5 /48 PT2.
FLIP-TLOP M R l— st ﬁe/s-kaa-
WORK IN ELECR |
e [ OPFoS(TE Fee
NAsTER  SWUVE ¢sew ex)
el 1 [P«
‘T
G THE 1NV o ) = — |
mmwz peLAl, e T62 L (____
HETINING 15

{
= NERATOR |
1N GENERAL BETERALSC INCLODE A LOUK REGE !
: TéA OFF
—"’

3 OFF | (k=4 763 Ol
- L ‘ - T6 OFF
k=0 12“% g:-‘r ‘re:‘se_oN ; u,«w ON ZAVE
g\k'IALUATlON HEWORY  paet @,‘{4‘; Mﬂwm{ TYALVATION
S G NS i/
sable SETUPLIwIR

Mew

Q , EVEN IN EVALA
TN, WILL RENAIN

517\)81.6 (AFTRTHE
TVARWATN) =

N0 RISk OF FETVP

o PupPop isw't o
ww;c to{; J‘:Wc sounple aX
e o cic edge aid thew S

Lokoogy btima - Tustead,
twande W, o ot of Huwgs
Yapper y withowty awy skop !

—> POWER CONSUNPTWN

=7 NDO 15

MITH BUSTING:

P\?\‘oeakioviﬁﬁ MASTER ©

SUZR problews \S
mewi fo i SN
(dung sPave Cvafuabiow )

HETASTABILITY | % oli.\aaudﬁ OWA
podaniiees

WM\

e
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ASIC design flow (top-bottom)

1. Based on a library of gates: a library contains all kinds of different

gates (nand, and, or, inv, buffer, xor, mux, flip-flop, latches...),
both elementary blocks and more complex ones.
2. Each gate is designed to drive multiple loads (X4, X8, ...). The

driving capability is represent as the maximum number of elementary
blocks the gate can drive without lose control of delay. Usually an
elementary block correspond to an inverter (look documentation)

3. Each gate has different implementations, each one optimized for speed
(HS) and/or for power (LL).

4. Each gate is described at

e Transistor level (spice)

e Layout level (LEF)

e Timing-power-boolean (1lib)

e Behavioral (VHDL): VHDL is used as input of the synthesis part.
However it can be used also after the synthesis analysis or even
after the layout => the estimated delays can be used to run a
realistic simulation (simulink). Maybe you need two change layout
or architecture entirely because the circuit does not respect
constraints.

VHDL - VERILOG description
|
SYNTHESIS
i}
MAPPING on gates library

!
VHDL - VERILOG
mapped description

FLOOR-PLANNING using
geometrical info
!
PLACEMENT
i
GLOBAL ROUTING:
rougth interconnections
connecting gates
)|
DETAILED ROUTING:
optimized interconnections
routing for performance
|
PARASITICS EXTRACTION:
post layout performance
verification
|
NOISE, and PROCESS
variation check
i
GDSII : send to foundry
and cross fingers =
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