Cuprinsul cursului

1. Introducere

HO ' YAGEFEGSE FTNAGYSGAON oA £ 23A0N
3. Sisteme de memorie

4. Sistemepipeline

5. Arhitecturi RISC
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6. Arhitecturi avansate

Introducere
ALYRAOFIG2NA RS LISNF2NXI yON
A¢AyYLldzZ RS SESOdmAS
A Timpul UCP
A MIPS
A MFLOPS
At NRBINIYS RS SOIfdza NS | LISNF2NXIyOoSt 2]

A Legea Ilui Amdahl



C1. Indicatori de performanta

¢CAYLMzZ RS SESOdzoAS

At SNF2NXIFyODl dzydzhi OF £ OdzA F 2N &S NBFSNN Y
A Viteza
A CAFLoATAGEGSE KEFENRgIFNB O6A az2tiasl NB
A aNadzNF LIS NF 2 NSIESDIgoW St dY LJdzAE RS
A ¢AYLMzZ RS NNalLldzyay GAYLdzZ ySOSal NI GSNY¥AYNNARA d

A LyOf dzRS I O0S
operare
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StS fI YSY2NAST 2L SNIrYoairfsS RS

A ¢AYLMzE !'/tY GAYLHzZ ny OFNB '/t SE

(s}

Odzi N STSOUAD

A bdz OdzLINR YRS (A SVIANHZRS LIS SLEf BRBSRBI Lk 9
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A bdz AyOt dRS yAOA GAYLZ ny OFNB !/t

E S Odzi N
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A Poate fi divizat in:
A Timpul UCP al utilizatorului
A Timpul UCP al sistemului
A/ 2YLI NI NBIF LISNF2NXIFyOSt XNX I R2dzN O f OdzAf G2 NBX

A CalculatoruX este mairapiddet Y Rl ON (A Y LIzt KRBEste$mifeddzoA S | ¢
decét cel al luY pentru taskul dat

A CalculatoruX este cun% mairapiddec&f ny a SI Yy N ONY
A DeoarecdeSA30S AYyOSNEBzZ LISNF2NXYIYDSA
A/ NBOUGUSNBI hDJSNF 2NXYI yOoSA 0o

A Exemplul 1.1

Timpul UCP
A Timpul UCPt(cp poate fi exprimat prin:

A Gy dzY NNHzfE OA Of dzNAf 2NJ RS OSlka &S '/t y

(s}
O
(s}
QX
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A tcc durata ciclului de ceas
h I tGN SELINAYLINBY

A f¢cFNBOOBSyol OSt adz dzA
{S LR2IFGS 02yaARSNI ydzyNReA/ (i REUA y RS NHzP & & d3iz0 0 § B
bdzY NNHz YSRAdz Ff OAOf dNAE2NI RS OSFa LIS AyaidNHzO0
Timpul UCP poate fi definit ca:
sau:
bdzY NNz G2dGFt +Ff OAOf d2NAt2NI RS OSka €S 1 /ty

A CPIcy dzY Nditldriiorde cé & LISy i NXz iA y & G NUzOO A dzy S |

A licydzY NNHzt RS SESOidzoAA +FES AyaidNHzODA dzy A A
wSTdzf GN LISy dN¥z GAYLMzE !/ tY
bdzY NNXzt G20Ft It OAOf dzNARf 2NJ LIS Ay aidNHzOODAdzySY

A FCFNBOGSyYyol i AyaiNHzOODA dzy A A

Exemplul 1.2

/' St YFA AYLERNIIYG AYRAOFG2NI RS LISNF2NXI YyONY i
¢C20 a0z R2LIGF G RAFSNAROA AYRAOFG2NR LI LJz I NA RS
Unul din indicatori este numit MIP8I{lions of Instructions Per Secgnd
LYRAON ydzYNNUef YRERAMAY & ICENH2O INSdzybizy OF € Odzf | G2 NI £ S
Pentru un program dat, MIPS este:

A NcO2y (i2NX¥z RS AyaidNHzODA dzy A
I 2y &ARSMNNR ON
wST dzf GNY

A N A

CAYLdZ RS SESOdAS SELINAYLFG ny FdzyOoiAs$S RS AYyRA



A

Un indicator similar: BIP8i{lions of Instructions Per SecQrsdwu GIPS

| @Gl yGl 2dz AYyRAOF G2NHz dzA aLt {Y SadS dz2NJ RS nyo

9EAAGN FydzYAdS LINRBOEtSYS |iidzyOr ONyR alLt{ Sai$
A aLt{ SaitS$S RSLISYyRSyild RS aSiadA# RS AyaidNHzODA dzy
A aLt{ @FNARAFTN LSYy{iNdz LINPINIYS RAFSNRAGS S |
A MIPSLI2I S @GFNAIF AYDBSNE LINRPLER2NYAz2yrlrft Odz LISNF 2

9ESYL) dz LISY ( NHz dzf GAYdzZt OFTY OFf Odzt | 42N Odz dzy O

A t NEPANFYSES OFNB dziAf ATGSIYILN YO A LINB®RIIZE2 NBBEY (1 yWNRIL
ldz 2 @l f2FNB8 aLt{ YIA NBRdzAN

MELOPS

A
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aLt{ ydz NBLINBTAYGiN 2 YSGNRAON | RSOGIGN LISyidNHz O
AYIAYSNBoGA

A 9aiGS AYLRNIFIYG &N &S YN&a&2| NBYY¥dzx NNUzb £ 2 DIS NI T
MFLOPSMillions of Floatingpoint Operations Per SeconGFLOPS, TFLOPS, PFLOPS
Formula de calcul:
NGy dzY NNXHzf RS 2LISNIODAA ny GANHIAZ N Y20Af N
+f2FNBF aC[ht{ SaitS RSLSYyRSyGdN RS OFf Odz I (2 NJ

Probleme legate de indicatorul MFLOPS

)
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(p))

{ Sldzf 2LISN}YoAAf2NI RS OFfOdzZ ny +a RAFSN fI

puf
(0p))
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+ f2FNBl aC[ht{ &S Y2RATAON ny TFdzy OoAS

/| 2YOAY Il DAl 2LISNIOAAEf2NI nydiNB3IA S6A ny

I+

a

/| 2Y0AY I DAL 2LISNIFOAAE2NIny +*a YIA NILAR OA YI A

{2fdzoAl fI | YoStS LibRanafMSyvMdzi At AT NBF 2LISNI O

9ESYLX dz ny OFNB &8 OFf OdA ST N ydzYRNNHzAZ RS 2 LISNI
TdzyOoAS RS 2LISNIODAAES NBIES RAYy O2RdA  &dzNEN



hLISN} oAA NBIFfS A hLISNI DAA y2NXIfA

ADD, SUB, MULT A1

DIV, SQRT A 4

EXP, SIN A 8

hLISNIFoAAfS NBIFHES ny za 02y RdzO f gLt 2FNBLF yIGA
hLISNFDAAES y2NXIEATIFGS ny za O2yRdz0 I @It 21 NB
LYRAOFG2NRA alLt{ OA aC[ht{ adzyd dziiAf A LISYyidiNdz O

A bdz &dzyi

¢20dz0AX aC[ ht {
supercalculatoarelor

Exemplu: programul Linpack

A . A0fA2GSON
YIEGNROAL f NO

A HPLHigh Performance LinpaokA Y LI SYSy (| NB
LISY i NHz £t A&t

dzi A € AT F G N
TOP50@ 2 NR2Yy St 1 N

A http://www.top500.0rg/

I Ol dz £ NY

ny

[A&GE

b N ™

Sa

az2Fids6 NB

LINARYSES pnn

f AadNQayXTst Odzf | § 2 NJzt

LJazi BB @ Ao NI NSy G B3 O dz

S dziAft ATl G RS

LIdzo £ AOFGN ny y2ASYONRS

L2 NIGFOAEN |
¢ht pnn

O0StS YIA

WI 3 dzi

Fd2F NBf 2NJ Odz & ¢

FydzYA S LINE 3INI

LISy (i NHz SQISNNRO-AEAN RaS diz £ 3 €

LINE =

NI LIARS OI f C

HNndo

NJ

A Instalat pentru Department of Energy (SUA) la Oak Ridge National Laboratory

At SNF2NXYEYyODLY

MZTDP

t C[ ht {


http://www.top500.org/

At SNF2NXYIyol G(S8S2NBGAON fI OGNNFY HZoo tC[ht/{
A bdzYNNJ RS 50t SSY HHNO®

A Procesoare AMD Opteron cu 6 nuclee (Istanbul)
A bdzYNNJ RS LINRPOS&a2I NBY oT®oTcC

A Memorie DDR3B00 de 8 GB

A 'y y2R RS OFfOdzZ Y R2dz2N LINRPOSa2FNB hLIISNRY
A Interconexiuni: HyperTransport (374 GB/s)
A MSY2ZNASY onn ¢. OAYGSNYNOEZ mn t. O6SEGSNYNO
A Sistem de operare: SUSE Linux
A Consum de energie: 6,95 MW

Intrebari

A /' NB adzyi RS24SO0ANARES RAYUGUNB GAYLHdzZ RS NNA&LJzy &

A/ dzy 485 LRIFIGS SELINAYIF GAYLMz '/t nypefdzy Oora S RS
Ay aidNHzO0 A dzy SK

A Care sunt dezavantajele indicatorului MIPS?

A Care sunt problemele legate de indicatorul MFLOPS?

C2t NRPINIJ} YS RS SO fdzZ- NB | LISNF 2N

A tNPAINIYS RS S@Ifdzad NB | LISNF2NXIyYyODSft 2N

A/ 2YLI NI NBIF 06A &aAydiSOAT I NBF LISNF2NXIFyoSt 2N
A 9@2t dzoA I NIIRBINIZ¥$d2 NB I LISNF2NXIF YOSt 2N
A SPEC CPU2006

P

A h YNAdNNN | LISNF2NXIYyOSAY {A YL ESOdzi NNR A  dzy d:

A Acest timp poate fi:

puli
(s}
(s}
m
(s}
O
5
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>
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A ¢AYLMzE G20l ¢t



A aSRAF FITNAGYSGAON aldz 3S2YSGNARON | GAYLAE 2NJ

A Set de programe reale care sunt reprezentative pentru un anumit medgwograme de
evaluare@ 0 SY OR Y I NJ £

A tNRPAINIYS RS SOOI fdad NB | LISNF2NXYIFyoSt 2N
A1 2YLI NI NBF O0A &aAYGSOGATFNBIF LISNF2NXIyDSt 2N
A 9@2f dzoAl LINRBINI YSE2NI RS S@Ifdzr NE | LISNF2NXYI

A SPEC CPU2006

Comg NI NBIl  O6A &AVUESOHAT FNBIF LISNF2NNIyYyODSt 21

A a2RdzA ny OFNB a$8S LRIGS aayiaSGiAll LISNF2NXIyOl d

A 9ESYLX dz RS &Aldzd 0oAS ny OFNB ydz 48 LIRAB S RSTFAYVA

tepe A (s) tepe B (s)
Program 1 1 10
Program 2 1000 100
Timp total 1001 110

A ¢AYLdzZ G201 f RS SESOdmoAS
A aSGi2RII OSI YI A &AYLX N

A CalculatoruBeste de 1001/110 = 9,1 ori mai rapid de@dtJS y & Ntz LINR ANJ YSE S

(s}

A aSRAF I NAGYSGAON | GAYLAEf2NI RS SESOdzoA S

A tgci A YLz RS SESOuodmtodlul Heh pragisidBediNSel” dzf dzA

A aSRAI FINRAGYSGAON LIRYRSNYGN I GAYLAE2NI RS SESOd
A TGAEATENBY RIFON ydzY NNHzZ -uisdteSefdfedzo A A | £ S LINE
A{S aA3ySFHT N TASONNIZRADR INKBOBSYRY RENSERS S
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A b2NXFfATFNBLI

S
S

£
FASO

ASNBI
N NXizA

L2 YRS

LINE I NJ Y

NA £ 2 N

GAYLAE 2N RS SEBONOAS

LIS dzy OF f Odzf | G2NJ RS
aN FAS S3alfA

FIoN RS dzy

NE

O

A {8 O2yaARSNN YSRAF GAYLAE2NI RS SESOdOAS y2 N
A 51 ON a$S dziaAf AT SITN YSRAF FINARGYSGAON AYL
Ff SASNBI OF f Odzf I G2 NHzZ dzZA RS NBFSNAYON
A 9ESYLX dz RS y2NXIfATIFNB -0A dziAf AT NB YSRA S
A ¢AYLAA RS FBERNOJIUNEST NI Y A6 RIS y&oI NG dizt Al Tl 20 ANBTF 1 So N
calculatorulA- ASaGS YIFIA BILAR FFoN RS
tepe A (s) tepe B (s) | tepe A normaliz. tepe B normaliz.
Program 1 1 10 1 10
Program 2 1000 100 1 0,1
Medie aritm. 500,5 55 1 5,05
Medie geom. 31,6 31,6 1 1
A ¢AYLAA RS SESOdzmAS y2BNMBSEAXISI Ak AT ND NIA RS FOI0NC
tepe A (s) tepe B (s) tepe A normaliz. tepe B normaliz.
Program 1 1 10 0,1 1
Program 2 1000 100 10 1




Medie aritm. 500,5 55 5,05 1
Mediegeom. 31,6 31,6 1 1
A aSRAII 3S2YSUGNRON | GAYLAE2NI RS SESOdmAS
A 9aiS AYyRSLISYRSYyGN RS &aSNAIF RFGSE2NI dzdAt ATk (
A Are proprietatea:
A wST dzf GF GdA S&aGS I OStlI oA AYRAFSNByd RS OF f Od
A Avantajele mediei geometrice:
A 9aGS AYyRSLISYRSYiGN RS GAYLAA RS SESOdwmAS
A bdz NB AYLRNIFYON OFNB OFfOdzA 2N SadS «
A Dezavantajul mediei geometrice:
A bdz I yGAOALISEFT N LISNF2NXYIyoSt S
9@g2f dzoAl  LINPINI YSE2NI RS SOt dzkr NBE | LISNF

A {2t tINEFSNI 0AEf NY dziAt AT FNBIF dzydzhi &aSaé RS FLX AOlD

A aSiNROAES aLt{ OA acC[ht/{

A Programe artificiale sau sintetice de evaluare

A

{ 02 1Lzt Y ONXBI NBI dzydzAi LINBINIY ny OFNB FTNBOGS
I OSt SI ¢ mtr-uddet d@ Progiam&de evaluare

A Programul sinteti®Whetstone

A

A

Publicat Tn 1976 dBlational Physical Laborato(iNPL), Marea Britanie

DTG LIS YNAIINNG2NAE S STFSOGdzZ GS | &dzLINT | LI A
limbajul Algol 60

b dzY A ( compitatiMul Whetstone Algol de la NPL

WwSAONRE dzf GSNA2NI ny tAYOol2S8St8 C2NINIY SA t}h



A

tdzyS | OOSyid LIS 2LISNIOAAES ny =a

A Programul sinteti®hrystone

A
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Publicat in 1984
Creat pentru evaluarea programelor de sistem

A A e oA s

TG WS dzy aSG RS2NNBRENSESQA0 K § SI F 8B 0PS i BA
bdz LldzyS I OO0OSyid LIS 2LISNIOAAES ny =za

{ONRAA AYyAOALFf ny tAYOladAd ! RI

Convertit ulterior in limbajul C

Dezavantajele programelor sintetice

bdz NEFf SOGN O2YLRNIFYSyildzZ LINRBINI YSE 2N NBI §

hLIGAYAT NNAE S SESOdziF S RS O2YLWME I G2NJ &l dz LIN
acestor programe

A t NRINderie6 &®S SO f dzF NB

A

A
A
A

Fragmente de dimensiuni mici, dar solicitante, extrase din programe reale
Elaborate pentru evaluarea calculatoarelor performante (supercalculatoare)
ExempleLivermore Loopd lAinpack

PGAEATFGS ny &aLISOALFE LISYyGaNY¥z S@IFf dzZt NBI LIS NJ

A Formarea SPEStandard Performance Evaluation Corporaljdrés8

A www.spec.org

A | 2 N1 N:pofitS y2y

A 9t 02NBFTN O6A YSyYyoAyS &aShGda2NR adGFyRFNRATIFGS
programe reale

A {SGdNAtS RS LINPINIYS O2yoAy O2RdzZ adz2NEN 06A
peNJF 2 NXY I y O N

A SPEC89
A Primul set de programe de evaluare (1989)


http://www.spec.org/

A{S OFLfOdAI 2 aAy3adnNN YSINAON dziiAf Al NyR YSRA
Y2NXYIFfATFDA Tl oN/78®RS OF f Odz | {2 NHzA +!

A SPEC92

A ldz F2a80 LINBONI dziS YSGENAROA VENB WX (S{ LB NID C
celor cu numere in VM (SPECFP)

CPU95, CPU2000
+ SNBRAdzy S OdzZNBYGNY /t! Hnnc

P NYNG2F NBEF @SNBAdzYySY [t @c

> > > >

SPEC este format din trei grupuri
A Open Systems Grodph { DOY LINRIANI YS fF yA@SEt RS O02YLRY
A High Performance Groypil D 0 Y LINB INJ YS LISy i Ndz OF f OdzZ S RS

A Graphics Performance Characterization Gr@BPCG): programe pentru subsisteme
grafice

SPEC CPU2006

A A fost dezvoltat de grupul OSG

A {S YNaA2FNN LISNF2NXIyOol '/t | araidsSydzZ dzzi RS YS
compilator

A ¢AYLdzE ySOS&lI N SESOdzi NNAA Fdzy ODAAf 2NJ &A &0 SYdz d
A 94GS 0O02YLlzA RAY R2dz2N O2f SODAAY
A CINT2006: calcule cu numere intregi
A CFP2006: calcule cu numere in VM
A 52dzN GALAz2NA RS YNAJNNG2NRY @GAGSTF RS SESOdzA S
A aNadzaNF NBIFI @AGST SA RS SESOdzA S
A wkLRNI {t9/Y GAYLMzZ ny OFNB a8 SESOdziN G2
A SPECIint20086 SPEQR006

A aNadzNF NS NI GdSA

pufi
(s}

A whkidl {t9/Y SELNARYN ydzyNNHz Réntihpdati2dn) oA A



A SPECint_rate20@63PECfp_rate2006

A{S OFLfOdf SFT N YSRAL

A ¢CAYLAA RS SESOdzmoA S

3S2YSUNAON |

adzy i yNINLI2 NI F OA £ F

AYRAOFG2NRE 2N

dzy OF t Odz

A Sun Microsystems Ultra 5/16u procesor SPARC

At NEPINFYSES |dz F2ai

NHzA | §6S LIS | 0Sad OF t Odz I &

At SyaNdz OF f Odzf I ( 2 NGPECINRES IREGHR0N DN G f 2NAE S

A Exemple de programe pentru numere ntregi
A
A 403.gcc: compilator C bazat pe gcc 3.2
445.gobmk: program pentru jocul go
npy ®a2Sy3ay
A ncH®f Aoljdz yidzyy
A ntTodl aidl NY

A Exemple de programe pentru numere in VM

OAOf A20SON

401.bzip2: program de compresie bazat pe bzip2

LINRPINI Y RS oK

LISy G NHz & A Ydz | NB I

0AOf A2 SFONHZLARYdZANTE R SKINSNIYAAEYS NS5 O

A nop®aNRYIl Oay aAayvydzZ SITN SOdz oAAtS bSgiizyArSys
A nnnodyl YRY aAYdzZ ST N aA48GSYS oA2Y2f SOdA | NB
A nppodDSYacs5¢5Y NBT 2f N SOdz2r wuk At S al EgSt f 05
A ncpolzyid2z2y LI OKSG LISy idNHz OKAYALl Odz yiaAON
A nymdgNFY LINBRAOOAIF @GNBYAA
A NyHPALIKAYEoOY NBOdzy2l 6 GSNBI @2NDANRKA

t N2 RdzON i 2 Sistem SPECIint2006 | SPECfp2006

Dell Precision T3400 (Intel E850018 GHz) 212 20,8

Fujitsu Siemens | CELSIUS M460 (Intel Cof@u E6850) 20,5 19,3




Fujitsu Siemens CELSIUS R650 (Intel Xeon X5260, 3,33 GHz) | 226 205

Hewlett-Packard ProLiant DL185 (AMD Opteron 2222, 3 GHz) 14,7 14,8

Hewlett-Packard

HP Blade System bc2500 (AMD Athlon 64 X2

73 7.9
3000+, 16 GHz)

Legea lui Amdabhl

A LYRAON ONBOUSNBI LISNF2NXIyYyDoSA OFNB aS LRFIGiS 206

calculator
OYOodzy NG NDANBIF 200AYydzi N LINR Y dzGAf AT I NBI dzy dzA Y 2
FNF OoAdzy S RS G A Yotdl mpifapidl NB Sads dzGAf AT I G Y

t NBadzllddzySY ON &S LRI 4GS S¥SOGdza 2 nYodzy NiNoA NB
/| NEBO6GSNBI @GAGST SAY
A PpcLISNF2NXI yOol 200AydziN dziAf ATNYR nYodzy NiNo
A PeimC LISNF2NX I yOol 2060Aydzi N FNNN dziAf AT FNBF nvY
Sau:
/| NBOGSNBI @GAGST SA RSLAYRS RSY

A CNJ} OQoAdzySI GAYLMz dzzA RS SESOdzoAS &t OF f Odzf | (
nYodzy NRNORKR NS Y

A /| NBoGSNBI -ONIGST SMy D FdNBSOMNA Tal vy dzY | ADvyp31dzfE Y 2 R

CAYLdZ RS SESOdAS dziiAf AT NYWR d&yING Gt i & 2 Nty LBIAIR
dzG A€ AT ST N LI+NIA SILIF SYFROFNBI @8 dziAf AT SET N LI NI

wST dzf GNY



A/ NBOGSNBI G2dFtN + @QAUS

)
(0p))
>+
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A Exemplul 1.4

A h SNRBIFINB FTNBOGSYi{iN ny FLX AOFNBI fS3AA ! YRIKf S
A aFNISOARIS, GAYLI ny OFNX &S LRI GS dziaAft ATl nYo
A aFNJI OoAdzySI RS GAYL) RdzZLIN dziAf AT FNBF nYodzy N

A [S3aSrKr SatsS 2 AYRAOIDAS | Y2RdzZ dzi ny OF NB GNBod

(@]

A Exemplul 1.5

Intrebari

=

I FNB &dzyi YSGi2RSt S LISefinddrupdad pfogrénie® T | NS LIS NJF 2 NI
2. Ce sunt programele sintetice de evaluare?

3. Ce sunt programelékernek de evaluare?

4. t SYiNHz OS GALIWzZNRA RS YNadaNNG2NRA a8 LRIFGS dziAf Al

5. 9ydzyol oA fS3SF fdzA ! YRI Kt @NB & NENBIdzy@A F6I08 R KA A

C3. Adunarea

A hLISNI DAL I NRGYSGAON dosksteridetaleltl OSt YI A FNBOGSy
A hLISNIODAAES INAGYSGAOS YIA O2YLX SES €S 1] as
A tNAY ONBOGSNBFI GAGST SA 2LISNIOoASA RS | Rdzyk NB as
A

VAGSTI oA O2aldzZ OANDIAGSt 2NI RS | Rdzy I NB adzy/i |



A Adunarea
A Sumatorul elementar
{dzYl G2 NHzf Odz LINBLJ I NBI &dz00SaA@N | (NI yaLlR

Sumatorul cu anticiparea transportului

Sumatorul a salvarea transportului

A
A
A {dzYl G2NHzZA Odz aSt SO0AIl (NI yaLJ2 NI dzf dzA
A
A Sumatorul serial

A

Sumatorul zecimal

Sumatorul elementar

A ' RdzyN GNBA AYyGNNNAR RS ONGS dzy o6AlY

A . ADAA OFNB xiyWBo6dzA S | Rdzyl oA 6

A ¢NIyalLR2NIlidAg RS tI o6AldAd TMWAY LRTADAIL YI A Lz
A DSYSNBITN R2dz2N ASOANRY

A . AldAg SadzyN o

A . Aldd RS GNIFy&aLRNI T.) LRTAODAIF YFA &aSYYATFAOI

X Yi

'y

Sumator
i+1 elementar (SE) i

i

S




X Yi Ti S T
00O 0 O
0 01 1 0
010 1 0
011 0 1
1 00 1 0
1 01 0 1
110 0 1
111 1 1

A 9ELINBAAAES 0622ftSSyS fS ASSEANRE 2NJ

A S=xAyAT

A Ta=xyi+ @+y) T
A {dzYl G2NHzZA St SYSy(dlF NI S&a0GS dzydzZ RAY o6f20dzNAE S RS
A Semisumatorul elementar

A Nu are intrare de transport

A DSYSNBIT N dzy 6A0 &dzYN o6A dzy oAG RS (NI ya&aL2N
A {SYA&AONT NG2NdzZA St SYSydl NJ

A {OFRS R2dz2N AYUNNNR RS ONGS dzy oAl



A LYGNNNRY O0A0DAA OFNB (NBo6dzA S aa@bitlidmA o6RSaONI
L2T ADAl YIFA LdHzoAYy &aSYYATFTAOLFGAON

A LSOANRY oOAlGdd RAFSNBYON SA n YLINHzYdzidz ONUGNE

{ dzYl G2 NYzf Odz LINRLJ I NBI &dzO0OSaA@N | (NI yaLl2 NI dz dzi

A 6Ripple carry addér

A 1TE3aA2NAGYdZ RS I Rdzy NB Odz LINRLI 3l NS adz00SaAgN
X3Xo X1 X +

Y3¥2Y1Yo

S$$$59

A O posibilitate de implementare: conectarea mai multor sumatoare elementare in serie, cate un
sumator elementar pentru fiecare bit

X3 ¥Ys3 Xo Yo X1 Yy X0 Yo
Ts SE Ts SE LE SE T SE To 0"
S, S, S, S,

A Este un sumator paralel

A ¢CNFyaLR2NIidd GGNBodzAiS &N &S LINBLI IS &adz00Said LINR
rezultatul final

A Avantaje: simplitate, cost redus

Z¢

A s5STI@gryilrey @AGST N NBRdz
A PoateFA dziAf AT I G oA OF

ao
A {ONRSNBIY LINAY | RdzylI NBIF O2VYLX SYSyidzZ dzA Tl of



A Presupunem numerele binare:
X=01001+9)
Y=00011+3)
A { ONRBQNER I GS FA SESOdzil 4N Fad¥FsSty
X 01001+9
C2(Y) 11101 ¢3

XY | 00110+6

QX
(s}
<
w»
L
>
Q)
0p)
=z

A ¢NI yaLR2NIdZ RS tF LRTAOAlI OdYdaod

Sumatorul cu anticiparea transportului

A oCarry lookahead addér
A Reduce timpul necesar pentru formarea semnalelor de transport
A Intrarea de transport necésNN LISy (i1 NHz dzy Sl 2 SadS 3ISYySNIGN ny

A VRPN

A bdz &S TO6GSIFLIGN LINRBLI IFNBIF GNI yaL2NIdzZNRAE 2N F

A {OKSYlI 06ft20 I dzydzA &adzyl 42NJ-Odz I yGAOALI NBI GNI Y
I, SE Lk SE I, SE Lf SE
83 S2 S1 SO
X% Y3 Yo XaXy Ya¥o X1X Yi¥o Xy Yo
474 373 2. 2
\ | | |
Bloc de Bloc de Bloc de Bloc de

transport transport transport transport




A CN}yALR2NIdAf RS ASOANB +f dzydza &dzvk 2N St SYSyit
Twr=Xyi + G +y) Ti
A Expresiile pentrd; 6 T:
Ti =XoYo *+ (o +Yo) To
T=xyi+ ki +y) Ty
=XaY1 + @ +Y1) [XoYo + (o +Yo) To
At SyiNHz &AYLX ATAOI NBITASE LANB & M3 551 ANS GNINGIZ0 ARNISY & L.
A C dzy @D kdneraredaransportului
g =XYi
A Etaulid3Sy SNBIFT N dzy N} yaLR2NI S3Ftf Odz m
A Cdzy @0 prbpagareah Y i NNNAA RS GNIyaLR2NL fF ASOANBI RS
Pi=X +Yi
A EtajuliLINR LJ- 3N NI y & LJ2 NI dzt
A ¢NIyaLR2NldgZ RS ASOANBY
Tia=gi+pi T
At Sy(iNHz adzyl §2N¥z Odz I yGAOALI NBI G NI yalL}2 NI dz dzA
Ti=0o+po To
T2=01+P1go+P1PoTo
Ts=02+P291 +P2P1Go +P2P1Po To
T4=03+PsQ2 +P3P291 + PsP2 P20

+P3P2P1Po To



A {OKSYlI 0t20 Y2RATFAOIFIGN | &adzYl G2Ndz dzA Odz | yiA OA

13 13 12 12 )I 11 )lj ! I
Sumator T3 Sumator T, Sumator T, Sumator |
de 1 bit de 1 bit de 1 bit de 1 bit
Ps| O3 ¢ P2 9o ¢ Pe| g, ¢ Po| Yo ¢
S, S, S, S,

Generator de transport anticipat

A Schema pentru generarea transportulii

X3 Y3 Xa ¥y X, ¥y %o Yo To

Js Ps 9, Py 94 Py 9o Po

At SYGNHz dzy 3INHzZLI RS n O6ADAY

Go3=03+P302+P3P201 +P3P2P10o



Poz=P3P2 P1Po

A wST dzf GNY

Ta=Gz+PosTo

A C2NX¥N

AAYAE I NN, Odz $§Odz DAL LISy ( NIz
A Sumatorul poate fi extins
A Exemplupentrmc 0 A DA
X5 %12 Yis-¥12 Xi1Xg  Y1Ye X7 Xy Y7-¥a X3-Xp ¥3¥o
4 4 4& 4¢ 4& 4¢ 4¢ 4¢
Sumator T Sumator Tg Sumator T4 Sumator
de 4 bifi de 4 biti de 4 biti de 4 biti
I:)12,15 G12,15 4& I:)8,11 68,11 4& P4,7 G4,7 4& P0,3 GO,3 4¢
Y Y Y Y Yy Yy Yy Yy
P3 G3 T3 P2 GZ TZ I:)1 G‘I T1 PD GU
Tie T, Generator de transport anticipat de 4 biti To[=

{ dzY' I (0 2 NXz

A oCarry Select Addér

A

A {S OFfOdzZ ST N 2dzyNdl 4GSt

Al

GAEAT SITN

i dzy OA

ONY R

Odz

OANDdzA 4GS NBRdzyRI yi$S

i NI y & LJ2 NI dzt

aSt SOOA Ll

& dzLISNA 2 NN |

SaidsS Odzy2aodz=

(s}
ax

0 NJ y & LJ2 NI dzf dzA

a dzy S A

u

1S

LISy &t Ndz ONB o i SN

()

LJ

a

B
y

(7))



A 9ESYLJ) dz LISY (i NHz y-dzySNBE RS ONiGS y o0ADA

K Xe X5 Xy Y7 Y5 Y5 Vs K Xg s Xg Y7 Y5 Y5 Ya K3 X X Ky Yy Y2 ¥ Yo
Sumator de 4 bifi | ! Sumatorde4bifi | O To|  Sumatordedbli | To
Jumétate superioara Jumétate superioara Jumétate inferioara

_|
[+:]
[¥p]
-~
[9p]
(=]
[Op]
n
2]
S
“SD-‘
'\SD-‘
0 -
Cn -k

=

A 1TEGN LRAAOGATAGEFGISY nYLINNDANBE &dzYl (2 NXz dzA ny

A tSy(iNdHz OStS GNBA AFSNIdz2NR &adzZLISNA2FNB S yo
valori ale transportului

A{S tAYAGSIT N ydamuntdzZ RS O6ADA | Rdz/ | DA

A {S StAYAYN RSTI@Iyll 2dz adzyl G2 Ntz dzA Odz | y i A
O2YL) SEAGNODAA

Sumatorul cu salvarea transportului
A ¢Carry Save Addér
A VAOAXEATEIG iddzyOX ONYR G(GNBo6dzA S | Rdzyt 6S YIF A Ydz i
A Reduce timpul de propagare al semnalelor de transport
A SSTdao A DAY hadmatéam klémeRaBe independente
A LYGNNNRY GNBAAGHZYSNSE RS ONGS

A LSOANRY dzfde®aooiy dndzy®dzatieid A BS G NI y & LI2 NJi



> >

>\

Fiecare sumator elementaryuO0D A 2y ST N AYRSLISY RSy

Semnalele de transport nu sunt propagate intre sumatoarele elementare

t SYiNHz 200AYSNEL

NBT dzf G Gdzf dzA FAYIl £ X

2 0 A O-ysilzhaior cu propagarea transportul(SPY

Exemplu: adunarea a patru numexgY,Z, W

A X=5(0101)Y= 3 (0011)Z= 4 (0100)WV = 1 (0001)

A 5+3+4+1=13

At NAYF SGIF LN

X 0101
Y 0011
z 0100
Suma 0010

Transportul salvat 1010

A Etapa a doua

Suma 0010
w 0001
Transportul salvat 1010

b2dz &dzyN 1001

Noul transport salvat 0100
A Etapa a treia

b2dz &dzyN 1001

Noul transport salvat 0100

Rezultat 1101 (13)

dzy dzt RS

a dzy |

OSt

0 A

l.:.l



Sumator cu salvarea transportului (SST)

-

X3 Y3 I3

——,————t——— - ——_——.— - - -

Sumator cu anticiparea transportului
f ¢ ¢ ¢ vy
T5 S4 S3 S2 S1 S0

Sumator seriat schema:

Timp Timp
- -
XX
—  J > SE —»5 .. 5,5,
Yot - y1Y0—_"} [
* >
Q D«
CLK |-

Ceas *



Sumatorul serial
SOdziN | Rdzy NBF LI & Odz LI & nyOSLINYR Odz oA G dz
A LSOANBI @I FA 3ISYSNIGN oAl Odz oAl

AadlroAaft 5 6

(@]

Ay aAy3dzNI adzyl 4§2N Sdtc®YSy G NI 6 A dzy

A . AabGloAfdf 5Y dziAt Al d LISy dNdz LBude I+ NBE G N
OGADAL 2 NIIRS 2NRAY

A Avantaje: simplitate, cost redus
Sumatorul zecimal
A Utilizat pentru numere reprezentate in zecimal (BCD)
A I RdzyN R2dzN OAFNB ./ 5 ny LI NI f S¢
A Genereda N 2 adzYN ny O2R ./ 5
A 51 ON adzyl RSLIN6GSO6GS @I ft2FNBIF ¢ aldz a$S 3ISySNBLI
trebuie corectat
A/ 2NBOODALFY &8 FRdzyN @It 2FNBF ¢ tF NBT dzA G G
A Exemplu
372 +
489
7FB+a dzYl AYUGSNIYSRAI NN
066
861 adzyl 1T SOAYLl N

A {OKSYI 06t20 | dzydzA &dzYl 2NJ 1 SOAYlFE o6FTFd LIS R2



C4. Inmultirea

A OyYdz DANBI ydzYSNBf 2N oAyl NBY aAYAfLFNN Odz OSI |
A t NAYdzZ 2LISNFYRY RSnyvYdz oAl
A1t R2AESI 2LISNI YRY nyvYdzZ oAd2Ng
A Rezultatul: produs

A 5F@% A3Jy2NN O0ADAA RS aSYYy>S bhiNAYA n¥Y dd ®uNHBS$ dzy F
2no A DA

OV Ydzt OANBEF LINAY RSLI F&FNBS O0A | Rdzy | NB

A 1 Rdzy N RS X@PdazdA fo AWpdz dzo A RS
A Algoritmul:
A {S Aldz OAFNBES nyvYdzZ OAG2NHzZ dzA  dzy ONGS dzyt
A {S nyYvYdzZ 0n$S6i4S RSnyYdzZ oAlidzd Odz 2 &Ay3dz2NN OA T
A{S LXF+aSFT N LINRPRdzaAdzt AYOGSNXYSRAFNI fF &adNy3l
A Oy OFTldzZx nyYdzZ DANAA O0AYLFNBX OAFTNBES adzyd n al d
A Exempli: X=9 (1001)Y= 10 (1010)
5Sny Ydz 0DAlDO 13
Oy Ydzf DA G 2INU10
0000
t NPRdzA S 10O0NDALI £ S
0000

1001

Produs 1011010 (5Ah=90)



-

B (Defnmultit)

2n bif

\/ /Adunare

UAL /

on biti ‘

Scriere

A (Produs)

Deplasare sténga

Control

4‘;

Q (Inmuliitor)

2n bifi

A< A+B

Deplasare stanga B

Y

Deplasare dreapta Q

Y

N <N -1

O

Da

STOP

n bif]

Deplasare
dreapta



A ExempluR.1

A lE32NRAGYddE 2NRAIAYIE RSLIFASHTI N RSnyYdz oAddg € F

A Oy t20df RSLIFANNAA RSnyYdf oAlidzg dza € F &aGNy3ls
A 58SnyYdzZ oAldzAd S&aiS FTAE NBtFGAG 1 LINR Rdz

A { dzYl (2 NHzt G NB 6 doh SoReN ND A2SdzYRE) Fyldsvik ARA Y ad Ny 3t
LINE Rdza S$aGS Y2RATAOFGN ny @GAYLdzZ | Rdzy NNX A

A wSIAAGNHzZ LINPRdza ' NB dzy alLl oAdz ft A6 SNJ Odz RAY

A tS YN&ada2NN OS | OSai &Ll oAdz ft AOSNI RAALI NBX &8¢
A Versizy SI FAYIEN I OANDdzA (dzf dzA RS Q¢zYnlzx VazNBA D2 Nirh
(registrulQ)

A RegistrulAeste de numand A O A

A Produsul este format in registrefed @

B (Defnmulfit)

L n biti
\/ Adunare
UAL / Scriere Control
n bifl ‘ ‘ Deplasare dreapta
4’.
A (Produs) Q (Inmultitor; Produs)
n bif n bit




START

B« XQ<«Y
A« 0 N«n

_Y

Tehnica Booth

A

> > > > >

LX AOFNBF Ff32NAGYdZ dZi RS nyyYdZ DANB ydzYSNBf 2 NJ

A1 2y@SNEAL RSnyYdzZ DA (dzZ dzA  ondemarayed skinrelbri 2 NHzE dzA

A t NERdzadzZt @I FA nyt20dAd LINAY O2YLX SYSyddz 3
diferite

t NAY GSKYyAOlF . 220K aS NBRdAzOS ydzYNNHzZ Sl LISt 2NJ

F2NXI LRT AGA OGN

VVVVV

LRSSl LINAYOABI BREORHDONIFaA80GLIR Rdzy NBX ONG oA a

O
Z¢

O«

>

Z

[

¢
(s}
O
>

-+

P

&
¢
(V)
|

LY

'Y 0ANI RS OAFTNB RS m LRFOE®R FA GNXaGFdG OF dzy ydzy

RAY nyvYdzZ oAd2N ySOSaAiN y

L¢ ponderea cifrei 0 dinainteeifrei 1 celei mai din stdnga
R¢ ponderea cifrei 1 celei mai din dreapta

Exemplu: PentriN= 01100L= 2= 16,R= Z=4Y N=16¢4 = 12



A l'y ydzYNNJ RS | Rdzy NNRA &21zO0CGNR PNEE S&EA S2 nlyR &OdMBE LN
Al nyYdzZ oANBI LINAY GSKYyAOF .220K a$S 02y aiRSNN

RSGSNNYAYLF 2LISNFoAl OFNB GNBodzAS ST¥FSOGdz GN

Vi ¥ h LISNJ DA A

1

0 0 Deplasare la dreapta

0 1 l Rdzy I N RSnyYdzZ oAl

1 0 { ONRRSNB/ Ydzf DA GZ RSL

1 1 Deplasare la dreapta

A hoa SN DAA

A {S GSaidSITN R2A anms bithl durenyyd Y dzio T Xi idZ WERIA deA RNy N
(bitul curent Tn pasul precedent)

A RegistuQSaGS SEGAYy@E:S 004 BB L2 YOAYS oAldAd RAY RN
A 5SLXFal NBF LINRRdzaidzt dzZA 1 RNBFLIGI GNBSodzA S an
extinderea semnului
A ExempluR.3
Oy Ydzt 0 2NBH TNy @&MNELIS NA 2 I NN
A {S SEIFYAYSIT N YIA YYgfyo AT AoSAGoHANKB: ALJIndy Yidif TRALIS2NN:HZE AdSA;
A OyYdzZ oANB ny o6FiT I nY &adzyid SEFYAYlFIDA H O0ADA
A 00: nici o adunare
A nmY aXflhRUIE Rdza dzf LI NDA L €
A mnY &aXiIIRdp/NR Rdza dzf LI NDA | f
A MmmY aX+BPXRtzy NONR Rdza dzft LJ NDA I €

A CalcululX+ 2Xpoate fi evitat prin utilizareanetodei Booth Tn baza 4



Yais1 Yo Yai1 h LISNI DA A

0 0 0 5SLX FakNS tF RNBFLIGIF Odz R2dzN L2
0 0 1 | Rdzy F NB - X RSLX & fF RNBIFLIGF Odz
0 1 0 | Rdzy F NB - X RSLX & fF RNBIFLIGF Odz
0 1 1 | Rdzy F N H-X RSLI ® fF RNBI LI Odz
1 0 0 AdunareH - = RSLI & I RNBIF LI Odz R2 dz
1 0 1 Adunare-- ¥ RSLX & fF RNBFLIF Odz R2 dzN
1 1 0 Adunare-~ ¥ RSLX & fF RNBFLIF Odz R2dzN
1 1 1 5SLX FalNS 1 RNBILGEF Odz R2dzN LJ]2

Ay Ftd ydzy$ It YSG2RSA . 220K ny i nY nyvYdz o

(@]

A RegistuAG NBE6dzA S &N Ao N 2 LRTADAS &dzLd AYSydidl NN

AV glyiala adzad AYSydFrNY YSG2RIF LRIFGS FA dziAft AT OGN
semn reprezentate in C2

A 9aiGS LRAAOAIN dziAft AT NBI dzyBMB NG Ay a § y3 Dy § .

Oy Ydzt DANBF YI GNARAOALF N

At NBPAINB&aSES [ {L Idz LISN¥YA& NBFtATFNBI dzy2N OAND
A [ 23A0N &dzLX AYSY Gl NN OF NBnpalSNYAGS OF t Odzf dzf L
A al GNAROA RS St SYSy (S addmasaéplasdaeAr 2y £ S AAYLI S
A/ 2Yy&A&ARSNNY nyvYdzZ oANBI | R2dz2N ydzySNB o6AYyIlINB nyi
X=Xq 1 XX1%0
Y=Yn1XY1Yo

A ProdusulPse poate scrie ca:



sau:
Fiecare din cai’ termeni produs de 1 bixy;,a S L2 S OF t Odzt I Odz | 2 dzi 2 NUz
O matrice den® nLJ2 ND A L LRI GSxySImilt@dzt I G§20A GSNN¥SYAA
¢CSNXYSYAA adzyid ny an@en)lsomatoateddergentafé G NA OS RS

Circuitul rezultat este similar cu un sumator bidimensional cu trarisaecesiv

> > > > > >

5SLI FANNRE S A YaRMAdD G SA RISt FYDLRINARS WNAY RSLI &l
adzYl G021 NSt x®g LIS RANBODA I

9ESYLX dzY Oy YdzZ DANBLI [IX=R2xdNY=y-dyS NE RS ONGS n oA
X3 Xo X1 Xo*
Ys Y2 Y1 Yo
0 0 0 X3 Yo X2 Yo X1Yo XoYo
0 0 Xs Y1 X2 Y1 X1Y1 Xo Y1 0
0 X3Y> X2Y> XiY> XoY2 0 0
X3Ys3 X2 Y3 X1Y3 XoY3 0 0 0

P, P, P, P, P, Py P



Tou

A . ADAA LINPRdzadzt dzA FAYLF Y

> > > P> > P> >

A CdzyOoAl RS | Rdzy NB 8A Fda/ DMy 3 dzNN f @SAAK NI2 (i

Po=XoYo

PL=X1Yo+XY1

Po=X2Yo +X1Y1 + %0 Y2
Ps=XsYo +X2Y1 +X1Y2 +X0Ys
Pr=Xsy1 +X Y2 + X1 Y3

Ps=X3yo + X3

Ps=X3Ys
\
SE SE SE SE [=— 0
\
SE = SE SE SE |=— 0
| X3¥5 | | X5Y3 | ﬁxﬂa | @
SE SE = SE SE [=«— 0
YooYy Yy Y
P7 Pﬁ P5 P4 P3 P2 P1

a xy

SE

) -

TA



/ Stdzd I AYLI SYSYGdSIT N SELINB&AALI | NA

[«N
_<
(0p])
[N
>
O
s
_<

Tout S=a plusxy plus T,

Laintrareaad S 02y SOGSI T N dzy oAdG Ft LINRRdzadzf dzA LI NDA |
Ly OANDdzA i nRE0 YN dAEIDANSE RE NBdeltldde hedst tipNR y  dzi A £ A
A lyStS OStdAS @2NMR @ISl AYGNNNRES aSalrdasS

' @1 yalF 2Y & NdnDpledzdiiddre ¥SA F 2 NIY N

t SY Ntz ONBOoGSNBLF GAGST SA a8 LkRdG dziAt AT &adzyl 42
t NP LI 3F NBF GNIF yalLR2NIdzZ dzA ny G NB adzyk G2 NSt S St S
t NP LI 3+ NBF GNI yalLR2NIdzZ dzAi SaGS FYNyFGN LINYN

Exemplu: & NODdzA § RS nyYdzZ oANB YFEGNROALFE N LISy dNHz ydzY!
cu salvarea transportului

ESARESANESA,

XY, SST

Fal st |
Y

 Deplasare stanga
\ » cut pozitie




A Circuitul anterior este practic pentru valori moderate alenui
A Pentruvalorimarialeliz S&3GS ySOS&l NJ dzy Yy dzYNNJ YI NB RS 3&dzy
A [ dzYl G2 NHzt LJ2 | (kSegrifehte delcaNHiOATOAZ YF-AGS Opl yNB

A Suntgenerate doanLIN2 Rdza S LJ NDALl £ S

A Procesul este repetat deori

A 9ESYLJX dzY { G NHzOG dzNN Odz R2dzN G NBOSNA

Arborele Wallace

A OyYdzZ DANBI | RaadiNoy dyrSOFHa MENPONREES | INISND A+ £ S
A/ ANDdzA 1St S RS nyvYdzZ DA NB-uhtynpSMA 2 - NB SE S Odzi N
A Timpul poate fi redus I® (logn) prin utilizarea unui arbore

A Arborele cel mai simpluarcami y I LISNBS OKA RSy dzNeNUra SLING- RNd23A S £ 2SNJ
ar fi redus de la lan/2

A Arborele binar nu poate fi implementat utilizand sumatoare elementare



Ao {d 21 ftFOS I FNNGFG ON LINPRdzAStES LI NoAlFfS L
SST arbore Wallace

In fiecare nivel al arborelui, numerele sunt grupate cate trei
{S dziAf AT SFI N ONGS dzy {{¢ LISY(dNMz I Rdzyl NBI ydzr$s
12

PR OSadzZ O2yiGdAydzZN LINYN ONYR NNYNYy ydzYtrA R2dz2N Yy dz

> > > >

t SYGiNdz | Rdzy I NBF € 2NJ a8 dziat AT SFHTRN dzy {t¢

>

CASOINB yA@St NBRdAzOS ydzYNNHzt G SNYSOUotrgnNI OF NB

A ExempluSOKSYl 0f20 LISYiGNHz nyONAI SAWB6A DA R2dzN y dzY S NJ
X y:] X ys] X ys| ESA ESA Xy, ] ESA X Vo
L ]
SsT SST
ral S » T S
SST SST
» T S » T S
SST
ral S » Deplasare stanga cu 1 pozitie
SST
ST is
SPT
P
A aSti2RIF FTNDP2NBfdzh 2Fff10S LRIFIGS FA O2Yo0AyYy Il OGN Od

A Arbore Wallace combinat cu metoda Booth

A aSGi2RI . 220K SadS dziAtATFOGN LISYydNyz I 3SySNY



A{S dziAtAT ST N dzy

A 9ESYLJ) dzY Oy YdzZ DANBI

R2 dzN yrdevo@aNBBothR S

I ND 2 NRRIza2SIf {2NI Q5 NDIS v § Nz

ONGS y 0A

. 220K

Multiplu Multiplu {| Multiplu Multiplu || Multiplu Multiplu Multiplu Multiplu
de X de X de X de X de X de X de X de X
Y7 Ys Yo ¥s Y5 Y4 Y4 Y3 Ys Y2 Y2 Yi Y1 Yo Yo O
Yy % % |
SsT SsT
PEIE PRIE
'y 'y
8sT SsT
T T Deplasare stanga
s TS # TS /cu1p02|\e
Yy *
SST
/T‘S
Yy +
SsT
FEIE
A
SPT
P
Intrabari
1. / 2YaARSNNYR nyYdzZ DA NBI LJNJ\y RSLI &1 NS 06A
RS RSLX FalNBI RSnyYdzZ oA ldz dzia K
2. CareesteideecadM® Y OA LI £t N I YS{i2RSA . 220KK
3. /I NB adzyi | @ryiatreStS dziaAft AT NNAA YSiG2RSA
4. | FNB SadasS F@lryidladAg OANDIZA (ISt 2N O2YO0AYlLDA2y S
5. Care este principiul arborelui Wallace?



C5. Impartirea

A t NAYdzA 2LISNI¥RY RSnYLINNDAI
A Al doilea operandy YLINN® A (2 NJ 0
A Rezultate: catul@), restul R
X=Q3 Y+R, Y
A1 f32NRAGYdZE RS nYLINNDANB
A{S I1tS3aS 2 OAFTNN OA
A 51 ON NBT dzt G GdzAt Sai
A oy OFT O2yGNXNE a8
A Oy FASOFINB LI a as 2
A OYLINNDOANBI 06AYIl NN
A/ 2yaitN RAYy &ONRS
A { ONRSNRtS &8

A Tn caz contrar, cifra catului este 0

A 9ESYLJ) dzY OYLINNDA NEB kO

1001010 : 1000 6001001 Cat
G 1000
10 wSa i dzNR
101
1010
¢ 1000

10 Rest

8 FYSKR- diff lcatuNi esfedzY | A

YodkY §NBIMZINI nT n

LIk

0

I SOAYIfNY

a da0FRS LINRPRdzadzE RAY G N

z -

YIA O

f B$ @M Org WIBNOND A

w»
< w
RS
QX

I+

Ff N OA T NN ac

w»
(V)

3 2 0 A

OAFTNN | ONGG dzf dza

>
(0p))

2

(@]

y

NA  WEBLYS INBER def f SI- nNOLANND A 0 2 N

I ON

omManMAamMm~n

NDAI £ 8



OYLINNDANBI Odz NBEFI OSNXIF NBaddzf dza LI

4).

B (Impértitor)

J ‘

\/ Adunare / scadere
UAL

2n bifl ‘ Scriere

A (Defmpartit; Rest)

2n biti

2n bifi

Deplasare dreapta

Control

- Deplasare
s

Q (Cat) >dnga

n bt

NI A |



A 5SLJ &l NBF NB&aGdzZ dzA LI NoALFf fF &AGNy3l ny f20dz
At NPRdzOS I OSSFHOA It AYASNS
A {AYLEXATAON OANDdIAGISEtS ySOSalkkneR oS yjiy Niiz2 10! R S¢
Al R2dz+ nYodzyNGNODANBY LINAYdzZ LI & ydz LR2FGS 3ISYySN
A LYOSNEINBI 2NRAYAA 2LISNESALR2HNY BSARNYRAFENBI )
A DimensiunearegistrulhLI2 I 4GS FA NBRdzaN I 2dzyNil 4GS
A RegistreleA 6 @ pot fi combinate
A {S RSLIF&aASHT N 0 Mnioddeddeflash zaburin y NB I A & G NHz

S
A RegistrellAd @a dzy & RSLI FaldS €1 &adNy3aF nYLNBdzyN



