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HEY, CHECK YT OUT: @™ -11 15
19.999099979. THAT'S WEIRD.

YEAH. THAT'S HOH?
GOT KICKED OUT OF
THE ACM N COLLEGE.

v

DURING A COMPETITION, I
TOLD THE FROGRAMMERS ON
OUR TEAM THAT @"-1r

WAS A STANDARD TEST OF FLOATING-

POINT HANDLERS -- IT WOULD
(OME OUT To 20 UNLESS
THEY HAD ROUNDING ERRORS.

R

THATS

YEAH, THEY DUG THRoUGH

HALF THEIR ALGORITHMS
LODKING FOR THE BJG
BEFORE THEY FIGURED
IT OUT.

k1

http://xkcd.com/217/



Sumatorul binar

* Tipuri de sumatoare cu propagare de

carry Symbol

— Ripple-carry (lent) A B

— Carry look-ahead (rapid) | 1’r~.| - J[NI

— Prefix (si mai rapid) Cout— + — C.
e Sumatoarele carry look-ahead si cu | In |
prefix sunt mai rapide pentru numere pe S
mai multi biti dar necesita mai mult
hardware




Binary half-adder (HA) & full-adder (FA)

Inputs Outputs
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Implementarea unui sumator complet

<+ X
c HA Y
out
<_
HA DI
sy
(a) FA built of two HAs
T X
y
o0 Of¢—
1 1
out 2 2
3fe—1 3
Cin
Sv

(b) CMOS mux-based FA

S

(c) Two-level AND-OR FA
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Sumator Ripple-Carry

e Inl3ntuim mai multe sumatoare de un bit
e Semnalul de carry se propaga prin intregul lant
e Dezavantaj: lent

31 B31 A3o B30 '°|\1

B, A, By
| | |

RS TR VRN
30 oo SO

S

Computer Science VAR,
c & Engineering 5-_."_“;&_\'
fffffffff —— | .
P \—,m—, Calculatoare Numerice slide 6
*



Sumator in riplu (ripple carry): foarte simplu dar lent

C32

Cout

Cale critica

ICA
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Sumator Carry Select

* [a, b] Y [a, b]
l v v
A4 A4
‘liout CiyL 0 ‘liout Cip/L 1
Adder Adder
Version 0 Version 1 Rangurile
of sum bits of sum bits inferioare ale
lui a,
(Olaa—-1)
sunt sumate
normal
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Intarzierea prin ripple-carry

Full-adder propagation delay:

 AND & OR au intarzieri similare (1-gate delay)

e XOR are intarziere dubla (2-gate delay) pentru ca este facuta
din o combinatie de porti AND si OR

. Qe m—
I Si
[

A
B
C

Un sumator complet are urmatoarele intarzieri de

propagare:
* De la A; sau B, la C,1: 4 gate-delays (XOR - AND - OR) D_
* De la A; sau B, to S;: 4 gate-delays (XOR - XOR)

* De la G la C,4: 2 gate-delays (AND - OR) —C->C,, =A-C_
* De la G |a §;: 2 gate-delays (XOR) —C, S, —A, - S,

Computer Science S
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Intarzierea prin ripple-carry

Pentru ca iesirea de carry de |la o etapa se leaga direct la intrarea de carry a urmatoarei etape,
intarzierea totala pentru un sumator ripple-carry:

e 4 gate-delays din generarea primului semnal carry (A,/B, - C,)

e 2 gate-delays pentru fiecare etapa intermediara (C. & C,,,)

e 2 gate-delays la ultima etapa pentru producerea sumei si a ultimului carry-out (C,, > C,si S, ;)

A

t_.=4+2(n-2)+2=2n+2 B, o .
C. i

Exemplu:

e Sumator pe 32 biti

e 2 gate-delay = 100ps D_
* Total delay =(2*32+2)*100ps = 6.6ns

* Daca o adunare se executa intr-un singur ciclu de ceas, —C->C, =A-C_

frecventa procesorului trebuie limitata la maxim 151MHz (1/6.6ns) m—C, > S, m—A - S,

Ci+l

C Computer Science G,
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Analiza intarzierii

Generare & Propagare

Decuplarea calculului transportului de

rangul anterior:

* Generate (G): transport generat intern
G; = A, - B, (ambii biti sunt 1)

* Propagate (P,): transportul trece mai

departe

P, = A; + B; (unul din cei doi biti este 1)

* Ecuatia transportului:
Cin=A-B+(A+B))CG=G +P;-C

B |Cin | Cout

0| 0

1 0

01 0|0
11000
0] 1 1 1
10 1 1
111 1
111 1

-

é Propagate
q Generate




Generate & Propagate

Generare (G) Propagare (P)
Functia: Genereaza carry indiferent de C,,. Functia: Transmite carry-ul de intrare la iesire.
Gi=Ai°Bi PizAi+Bi
A; — G A, P
Bl R l Bl l
ActivcandA=1,B=1. Activcand A=1sauB =1.
Ecuatia recursiva a transportului: A B P 6 State
© 0 | 0 | 0 Kill
. . 0 1 2| 0 Propagate
Cl+1 - Gl + (Pl Cl) 1 0 1 0@ | Propagate
1 1 1 1 Generate




Sumator Carry Look-Ahead

e Calculeaza carry out (C ) pentru blocuri de k biti folosind
semnalele de generare si propagare
e Definitii:

— Coloana i produce un carry out fie prin

O >

* generarea unui carry out
* propagarea unuicarryin la iesirea de carry out

— Semnalele Generate (Gi) si Propagate (Pi) petru fiecare coloana:

e Coloanaiva genera un carry out daca Ai S/ Bi sunt ambele 1.

G; = A; B,

e Coloana i va propaga un carry in la carry out daca AiSAU Bisunt 1.
P.=A + B,
e Semnalul carry out al coloanei i (Ci) este:

C=A;B+(A;+B;)C;=G;+P,C,

Computer Science Y i
& Engineering g___—_ﬁ'ﬁ_%_\_
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Adunarea Carry Look-Ahead

e Pas 1: Calculeaza Gisi Pipentru toate coloanele
e Pas 2: Calculeaza G si P pentru blocuri de k-biti
e Pas 3: Cinse propaga prin fiecare bloc de k-biti de

propagate/generate AL A A, B, A B, A, B

C \ T Sty
eeeeeeeee TN pe . .
? \%;;—-’ Calculatoare Numerice slide 14
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Sumatorul Carry Look-Ahead

e Exemplu: blocuri de 4 biti (G5, Si Ps.q):

G3o=G3+P;(G, +P, (G, + P,Gy)
Ps., = P3P, P,P,

e In general,

G.;=G;+P; (G, +P;, (G, +P;,G;)
P;;= PP, PioP;
C = G,-:j+ P...C.

i:j ~i-1

Calculatoare Numerice slide 15



Carry Look-Ahead 4-biti

Az B3 A, B> A1 Bi Ao Bo

Calculatoare Numerice slide 16



Carry Look-Ahead 16-biti

A12.15B12.15 As.11Bs.11 As.7 Ba.7 Ao.3 Bo.3

I S A S 2 S A

4-bit 4-bit 4-bit 4-bit C
CLA [« | CLA |« | CLA [« | CLA |«
Adder Adder Adder Adder

! ! ' !

S12.15 Ss..11 S4..7 So..3
vV vV vV vV
P12912 Ci2 Pgds Cg Pads Cza Po9Jo "
CE " 16-bit Lookahead Carry Unit PG GG

v v

Computer Science
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Department ] . .
c eeeeeee \—“"’—I Calculatoare Numerice slide 17



Carry Look-Ahead 64-biti

Aas..63 Bag..63 A32..47B32..47 A16..31B16..31 Ao0..15Bo..15

S T T N B A

16-bit 16-bit 16-bit 16-bit Co
LCU € LCU [« LCU € LCU [«—
Adder Adder Adder Adder

l l l i

S48..63 S32..47 S16..31 So..15
Y VY Y VY Y VY Y VY

P48 948 Csg P32932 C32 P16 916 Cis PO 9o
Céa 64-bit Lookahead Carry Unit Yeleclclh

v

C Computer Science Y i
& Engineering g___—_ﬁ'ﬁ_%_\_
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CLA pe 32-biti cu blocuri de 4-bi;i

e Grupam rangurile binare in mai witn | i
multe blocuri (blocuri de 4 ranguri -f‘ B'foSkLA ”43'&,‘3&’* - {‘g'lgg?\ e
. A f
binare in acest caz) S
e Avantajul este ca putem sd calculdm | B, B B B B B By T |
. ~ : ' 2 CU VvV [CU V | E
carry-out mult mai repede decat G+ LAY L

S0
daca am trece carry-ul de launrang | o
a altul "
I\ v E G1
e In esenta, calculul carry este “scos” @ Gl
in afara sumatorului propriu-zis '

..........................................................................................
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Calculul sumei cu CLA

e Pasul 1: Calculeaza G; si P; pentru toate rangurile din un bloc
e Pasul 2: Calculeaza G si P pentru blocuri de k biti

e Pasul 3: C;, se propaga prin fiecare bloc logic de k biti
propagate/generate (in acelasi timp se calculeaza sumele)

e Pasul 4: Calculeaza suma pentru cel mai semnificativ bloc de k biti

O

O

RN BN
Gn
— = Ca o [ RARRAR,
' % S % 8 9
RECRECRE NS o T <X T :
S S =Y [N R S— Ga. .ﬂa..,'.i.:.;..;.... ........
E ...... RS A — %
i Gout !

Ga

Gut G, R

TP ST

TP SIORRES




Intarzierile printr-un sumator Carry Look-Ahead

Pentru un CLA pe N biti din blocuri de k biti:
tCLA = tpg + tpg_block+ (N/k - 1)tAND_OR+ ktFA

—t,, : delay pentru generarea P;, Gi

=ty biock: delay pentru generarea tuturor P, G,

— tanp or - delay dela G, la G, a ultimei porti AND/OR din blocul de k-biti al
CLA

Un sumator carry look-ahead de N biti este mult mai rapid decat
un sumator ripple-carry daca N > 16

Computer Science g ey,
&gngineering f::'-?'.
D t t T . .
c eeeeeee \,—,1"—15—’ Calculatoare Numerice slide 21
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CALM AND

CARRY
LOOKAHEAD




Sumator cu prefixe

e Calculeaza carry in (C,,) pentru fiecare coloana apoi calculeaza
suma:
S.= (A, xor B) xor C,
e Calculeaza G si P pentru blocuri de 1-, 2-, 4-, 8-biti, etc.
Pana cand toate Gi(carry in) sunt cunoscute
* log,N etape

Computer Science VAR,
& Engineering g.-;_-.-ﬁ%é
eeeeeeeee e | .
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Sumator cu prefixe

e Carry in este ori generat de o coloana sau propagat de la o coloana
anterioara
e Coloana -1 tine Cin, asa ca:
G, =C,, P, =X(nune pasa de propagate -1)
e Carry in al coloanei i = carry out al coloanei i-1:
Ci1=Gj1:q
Gi-1:-1: semnal generate de |la coloana i-11a -1
e Ecuatia sumei:
S:=(A; XOR B;) XOR G, ;. 4
e Scop: Calculeaza rapid G,.,, G,.;, G,.;, G5..1, G,.1, G:.4,...nUMIte prefixe
(Go.1=Co) G141 =Cy Gy =G, Gy =C5 ete))

Computer Science VAR,
& Engineering g.-;_-.-ﬁ%é
Department ¢ | .
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Sumator cu prefixe

e Semnalele Generate si Propagate pentru un bloc de la bitii iyj:
G;i=Gjyt+ Py Gyq
A Pi:j = Pi:kPk-lzj
e In limba romana:
— Generate: blocul j;j va genera carry daca:

e partea superioara (i:k) genereaza carry, sau

e partea superioara propaga un carry generat de partea inferioara (k-
14)
— Propagate: blocul i:j va propaga carry daca si blocul superior si cel inferior
propaga carry-ul

Computer Science f"“‘m B""‘%‘
& Engineering .\
eeeeeeeeee .
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Sumatoare cu prefixe

e Sumatorul foloseste Pre-calcularea termenilor P, si G; s La fel ca la CLA
o structura similara
CU cea a unui

folosi |
sumator carry look- Calculul semnalelor de carry. e pot 1o ost retere
h d Aceasta etapa este paralelizabila, pentrua § descrieyczm se
danea reduce timpii de calcul.

paralelizeaza

* Tmbun3ititirea este
etapa de generare

carry Sumator simplu pentru a genera rezultatul
adunarii.

La fel ca la CLA

\CA
Computer Science "v‘ M"‘"'%
& Engineering ﬁ.—.‘% ES
Department \,I,U,\,HU”’
1818
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Prefix Adder

Structura generala are trei

blocuri logice combinationale

distincte:

* Bloc pentru calculul P;si G,

* Bloc pentru calculul prefixelor
Pii sl Gy

* Bloc pentru calculul

S,=A;x0R B;x0R G, ;. 4

Tot efortul este depus pentru a
calcula cat mai rapid G, ;. !

mT

m|
&

Science

t
ngineer
P

C Computer
i

De

ing
t

artmen
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i
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15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
14:13 12:11 10:9 8:7 6:5 4:3 2:1 0:-1
14:11113:11 10:7] 97 6:3| 5:3 2:-11 1:-1
14:7| 13:7| 12:7] 117 6:-1| 5:-1] 4:-1 -

14:-1 13%%1 8:-1| 7:-1

15 14 13 12 11 10 9 8 7 6 5 4 2 1 0

Legend i B @
i0j
Ai Bi I:>i:k|:>k-1:j(3i:k Gk-1:j Gi-1:-1 Ai Bi
q@ \ 1]
P. Gy =
P. G, ;




Schema unui sumator cu prefixe

Il 212 mn 10 2 ] T G 7] 4 3 2 1 1] -1

14:13{_12:11{_ 1III:{-{ E:]'./_ &E-{_ 4:3{_ 2:1{_ I]:-1./_
'/'/ {{ {{ tPA = tpg + |Og2N ( tpg_prefix) + tXOR
auww A

f{f{f{f{f{{ — tpe: delay pentru a produce P;Gi(poartd
Pl Ll - f ol (f ANDsauOR

— tpg_prefix: delay introdus de celula

Legend . (neagra) pentru calculul semnalelor
JLE.I PiaPriCix Giyy G|.1:-1j1E|"l Combinate (i’j) (porti AN D_OR)
% -

Py Gy [ t\ljx F*}I‘lj
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Grafuri prefix

Componentele dintr-un graf prefix sunt urmatoarele:

901,11 Ppa. 1) proces\zing com;)aonent: buffer (compon)ent:
ginlﬂpinl gin’pin
(g in, p in, )

—_——_—
—_———
‘~_§§
\_~§§
—_—

—
—_—
—_—
e
—_—
—_—
—
e
—_—

(gout 2 pout )
910,11 Ppo, 1] (gout’pout) (gout’pout)

(goutﬂpout):(ginl +pin1 'ginz 9pin1 °pin2) (gout7pout):(gin’pin)




Exem P| usim p lu (Ps 9s) (P7. 97) (Pe: 96) (P, 9s) (Pay 9s) (P3, Gs) (P2 92) (pg )

* Sumator secvential }3/

* Generarea semnalelor carry %)
reprezentata prin graf })




1960: J. Sklansky — sumator conditional

Sumatorul Sklansky: (P 9s) (P7, 97) (Pe» I6) (Ps» O5) (Pas 9a) (P3 93) (P2 92) (P4, 94)
e Adancime minima

 Noduri cu fan-out mare / / / /

S alr =

¢ ¢ o o

< g meerng f;:-__;f% J. Sklansky, “Conditional-Sum Addition Logic”, IRE transactions on computers, 1960
eeeeeeeeee \L”‘”“’


https://www.ece.ucdavis.edu/~vojin/CLASSES/EEC280/Web-page/papers/Arithmetic/Sklansky-Cond_Sum-IRE.pdf
https://www.ece.ucdavis.edu/~vojin/CLASSES/EEC280/Web-page/papers/Arithmetic/Sklansky-Cond_Sum-IRE.pdf
https://www.ece.ucdavis.edu/~vojin/CLASSES/EEC280/Web-page/papers/Arithmetic/Sklansky-Cond_Sum-IRE.pdf
https://www.ece.ucdavis.edu/~vojin/CLASSES/EEC280/Web-page/papers/Arithmetic/Sklansky-Cond_Sum-IRE.pdf
https://www.ece.ucdavis.edu/~vojin/CLASSES/EEC280/Web-page/papers/Arithmetic/Sklansky-Cond_Sum-IRE.pdf

1973: Sumator Kogge-Stone

* Adancime micd (Ps; 9s) (P7, 97) (Pe: 96) (Ps: I5) (Pa» 94) (P3: 93) (P25 92) (P4, 91)

* Multe noduri (suprafata mare)
* Fan-out minim (performanta mare)

v v v \ 4 v \ 4 v
C E Engineering f'i:l_;f% Kogge, Stone, “A Parallel Algorithm for the Efficient solution of a General Class of Recurrence equations”, IEEE, 1973
Department \L”‘”“’


https://gwern.net/doc/cs/algorithm/1973-kogge.pdf

1980: Sumator Ladner-Fischer

Structura similara cu (Ps: 9s) (P7, 97) (Pe: 96) (Ps: O5) (P4 94) (P3: 93) (P22 92) (P4, 94)
Sklansky

e Adancime minima3 / / / /

* Noduri cu fan-out mare :‘ﬁ.‘_/. Q ._/.

e

¢ ¢ o o

Computer Sci V.~ . . .
< W & Engineering a’:gl_;f% Ladner, Fischer, “Parallel Prefix Computation”, ACM, 1980
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https://dl.acm.org/doi/epdf/10.1145/322217.322232

1982: Sumator Brent-Kung

Sumatorul Brent Kung este un (P> 9s) (P7: 97) (Pe: 96) (Ps: 95) (Pa» 9a) (P3. 93) (P2 92) (P4, 94)

caz limita / )./ / )/
 Adancime logica maxima (timpde  ( /< /C

calcul mai mare)
* Numar minim de noduri O‘/ /Q‘/

(suprafata minima in siliciu) L

LT L

\ \ 4 v v v v v v
Cg C, Cg Cs Cy4 Cs C, C,
‘ O ngineering s";:l-__;% Brent, Kung, “A regular Layout for Parallel Adders”, IEEE, 1982
Department \—,


https://www.eecs.harvard.edu/~htk/publication/1982-ton-brent-kung.pdf

1987: Sumator Han Carison

Sumatorul Han-Carlson combina Brent-Kung si Kogge-Stone
e Structura hibrida

* Eficient

* Potrivit pentru implementare VLSI.

Levels Tracks
Outputs 1 lo20---016 5 5
B O 02 O0®0 @0
k= 1‘_¢ 0/; /: /; '/9 ; k B-K Graph (inverted tree) k
EERRRE" y y
L1 & e 0 A
logn=4: | | A K-S Graph n/2"
Ty s log n *
¢ ¢ o 4 B-K Graph (binary tree) k
k% ; :
O 0 O . n inputs >
Inputs 1
C B Engineering Sy Han, Carlson, “Fast Area-Efficient VLS| Adders, IEEE, 1987


https://www.acsel-lab.com/arithmetic/arith8/papers/ARITH8_Han_Carlson.pdf
https://www.acsel-lab.com/arithmetic/arith8/papers/ARITH8_Han_Carlson.pdf
https://www.acsel-lab.com/arithmetic/arith8/papers/ARITH8_Han_Carlson.pdf

2001: S. Knowles

Knowles a propus sumatoare care

realizeaza un compromis intre:
 Adancime,

* |nterconectare

e Suprafata

Aceste sumatoare sunt incadrate
intre topologiile Ladner-Fischer
(adancime minima) si Brent-Kung
(fanout minim).

Y/

- @_//
7

(2,2,1)

,—?J,_ﬁ//

..-‘7_?—_
(4,2, 1)

Simon Knowles, “A Family of adders”, IEEE, 2001



https://www.acsel-lab.com/arithmetic/arith15/papers/ARITH15_Knowles.pdf

Brent-Kung vs. Kogge-Stone Carry Network

(Ps: 9g) (P7 97) (Pe: G) (Ps: 9s) (Pas Ga) (P, Gs) (P2 92) (ps, 9) (Ps: 98) (P7, 97) (Pe: 96) (Ps: 95) (Pas 94) (Pa: 93) (P2 92) (P4, 94)

VY VLY VA

g
o | e e

/ v v 4 4 v v L 4
v v v Cg C7 Ce Cs C4 Cs C, C
Cs

v
Cy Cy C, C,

Cq c, Ce

11 operatori carry
4 niveluri

17 operatori carry
3 niveluri

Computer Science *w'jm
& Engineering 39%
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O taxonomie interesanta

Harris[2003] a organizat principalele Lo tove
. i . . ogic Levels
arhitecturi pentru sumatoare cu prefixe in o " gert: ¥
Ladn

_—
taxonomie 3D. e

Fiecare axa reprezinta o caracteristica a 2@,

sumatoarelor:

* Fanout

 Adancime logica
 Complexitate conexiuni

Tot el a propus arhitectura de mai jos

f (Fanout
( ) s

3(9

Carlson

L

J Han-
Carlson

@O ODODOO®DO®EOB®OODO

1:0

N

t (Wire Tracks)

D. Harris, “A Taxonomy of Parallel Prefix Networks”, IEEE, 2003

—ER

(15:014:013:012:011:010:0 9:018:.0(7:0|6:0(5:0|4:0{3:0/2:0]|1:0 0:0)



https://web.stanford.edu/class/archive/ee/ee371/ee371.1066/handouts/harris03.pdf

Compararea performantelor

Comparam intarzierile prin trei sumatoare de 32 de biti cu ripple-carry, carry-lookahead si
prefixe

e CLA are blocuri de 4-biti

e 2-input gate delay = 100 ps; full adder delay = 300 ps

rlpple = NtFA - 32(300 ps)
=9.6ns
tea = tog * tog blockt (N/k = 1)tanp or + Ktea
[100 + 600+ (7)200 + 4(300)] ps

=3.3ns

tPA = tpg Tt IOgZN(tpg_prefix) + tXOR

=[100 + log,32(200) + 100] ps

=1.2 ns

CA By,
Computer Science S
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Performanta la Snm (o estimare)

RCA e cea mai buna optiune cand Estimated 5 nm ASIC Adder Delay vs Width
conteaza simplitatea din punct de 0.40 1 —8— Ripple Carry (RCA)
e e . . —8— Carry Lookahead (CLA)
vedere al ariei si consumului de —e Kngge-Stone
0.35 _
putere (loT & Embedded). ST Srent-tung

Kogge—Stone este cea mai rapida la 0.30 1
latimi mai mari.
Brent—Kung e putin mai lenta decat
Kogge—Stone, dar este adesea
preferata atunci cand conteaza
constrangerile legate de rutare si
suprafata. 010 1
CLA ramane competitiva pentru latimi
moderate, dar pozitionarea ei exacta

0.00 , T T T

0.25

0.20 ~

Estimated Delay (ns)

0.15

0.05 A

fata de Brent—Kung depinde foarte - : T - - " —
mult de stilul de implementare. Adder Width (bits)

\CA By,
Computer Science &y
& Engineering f___w-_ﬁ-ﬁ&é
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\ 1818 ,
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Performanta nu este totul!

Estimated 5 nm ASIC Adder Area vs Width Estimated 5 nm ASIC Adder Power vs Width
—8— Ripple Carry (RCA) 1.0 4 —®— Ripple Carry (RCA)
—8— Carry Lookahead (CLA) —8— Carry Lookahead (CLA)
1000 1 —a— kbgge-Stone —a— kbgge-Stone
—e— Brent-Kung ~ —e— Brent-Kung
5 0.8
800 -
®
v =
€ E
‘l"; 5 0.6
v 6004
£ 5
ki U
© E
[+]
s -
% 400 g 04
Qo a
=
3z
[+]
£
200 5 0.2
L
04 ® L 0.0 — & b
4 8 16 32 64 128 4 8 16 32 64 128
Adder Width (bits) Adder Width (bits)

*RCA este cel mai mic ca suprafata si cel mai low-power

*CLA creste moderat

*Brent—-Kung este mai costisitor decat CLA, mai eficient decat Kogge—Stone

*Kogge-Stone este cel mai optimizat pentru viteza, plateste asta prin cel mai mare cost suprafata/putere disipata
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Performanta sistemului e definita de eficienta sumatorului

Arhitectura Utilizare tipica

RCA Latenta mare, arie loT, microcontrollere
mica, putere mica low-power, circuite
ne-critice
Carry skip/select Compromis mediu DSP, FPGA, aplicatii
multimedia
Prefix (Kogge-Stone) Viteza mare, arie Procesoare

mare, putere mare  desktop/server.




Operatii logice si de shiftare

Conceptual, shiftarile pot fi implementate pur combinational prin multiplexoare

Right'Left

S/

Shift amount

)/

Rightshifted
values

Left-shifted
values

00...0, x[31] x[0], 00...0
00, X[30, 2] x[1, 0], 00...0
0, x[31, 1] X[30, 0], 0
x[31, 0] x[31, 0]
3232/ 32} 32 3232 321/ 32
%// /] // / / //
A 4 A 4 - " v A 4 - - i 4 A 4
1 2 31 32 33 62 6
/
> Multiplexer

6-bit code specifying
shift direction & amount

%
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Implementarea shiftarii pe mai multe niveluri

| ¢ ¢ ¢ ¥
0 0 No shift 3
01 Logical left 0 or4 bltshlft
10 Logica] right x[31], x[31, 1] 2
11 Arith right 0, x[31, 1] v (31, 0]
x[30, 0], 0
x[31, 0] ¢ ¢ ¢ 3¢
32 32y 32 32 , (0 or 2) blt shift
A 4 A 4
N\ 0 1 2 y ¢z[31 0]
"5 Multiplexer v ¢ ¢ v
3
32¢ ﬁ%\(o or 1)- bit shift
(@) Single-bit shifter (b) Shifting by up to 7 bits
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Scazator

Un scazator este un sumator in
care al doilea operand este un

numar negativ
* A-B=A+(-B)

Numarul negativ este
reprezentat in cod complement
al lui 2

e -B=B+1

Simbol

Implementare

A B

Calculatoare Numerice
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Sumator / Scazator binar pe 8 biti

9— SU

\ 4 ®
112 9 1101213 T 9 [10]12]13
7486 7486
3 11 3 11
1 3 8 10 |16 11 10 |16 11
5
+5V — +5V z
13 14
7483 7483
12 12

74LS83 — Sumator binary complet pe 4 biti cu logica de fast carry

|15 |2 |6 |9

S7 Sg Sp

74HC86 — Quad XOR 2-input gate

|15 |2 |6 |9
Sy 4



http://www.ece.sunysb.edu/~dima/74ls83a.pdf
https://assets.nexperia.com/documents/data-sheet/74HC_HCT86.pdf

Comparator: Egalitate

Un comparator trece toti

Simbol
bitii operanzilor, rang cu
rang, prin porti NXOR
Daca bitii coincid, A B
ANXORB =1 S
Paralelizare perfecta Eq|ua|

 Foarte rapid!

Implementare

Ay AT
|| o
B,/

Ag ) }
[ |
B, 7.

A, T

| —

B, =

AD —‘ﬁ_>)7
N
Bu /s

— Equal

Calculatoare Numerice
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Comparator: “Mai mic decat”

Operanzii pot fi numere positive sau
negative (cod complement al lui 2)
MSB-ul are rolul de bit de semn (0 pentru
numere pozitive, 1 pentru numere
negative).

Daca A este mai mic decat B, rezultatul
operatiei A - B va fi negativ.

Daca rezultatul este negativ, bitul sau de
semn (adica bitul [N-1]) va fi egal cu 1.
Simpla citire a acestui bit de semn ne da
raspunsul la intrebarea , este A < B?”.
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Unitatea Aritmetica Logica (UAL)

Operand A Operand B
l l Z (Zero): Rezultat = 0 (NOR
LALUS‘”G logic pe iesire).
ogic Unit
| (ANDIORIXOR) N (Negative): MSB al
— 5 __ rezultatului (S,.1).
Opcode —» A””(‘/r\“dedtg’r)un't > Result ()
T V (Overflow): Eroare de semn
—> Shifter (Cn D Cn'l) *
l C (Carry): Transport final
S(tzat:S\F/'agf o s (pentru numere fara semn).
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