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Comic of the day

HEY, CHECK 1T OUT: &"~11 IS
19.999099979. THATS WEIRD.

YEAH. THAT'S HOWT'
GOT KICKED OUT OF
THE ACM IN COLLEGE. |

DURING A COMPETITION, T
TOLD THE PROGRAMMERS ON
OUR TEAM THAT o7-17r

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
LOOKING FOR THE BUG
BEFORE THEY FIGURED
IT OUT.

f

http://xkcd.com/217/

Calculatoare Numerice



Sumatorul binar

*Tipuri de sumatoare cu propagare de carry
— Ripple-carry (lent)
— Carry-lookahead (rapid)
— Prefix (si mai rapid)

e Sumatoarele carry-lookahead si cu prefix Cout™

sunt mai rapide pentru numere pe mai
multi biti dar necesita mai mult hardware

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

Inputs Outputs xl l y

0 0 0 0 " HA

0 1 0 1

1 0 0 1 l C

1 1 1 0 S

Inputs Outputs

A

X C S

y in Cout X y B %:
© © o | o o l J' Co o °5
0 0 1 0 1 n e
0 1 0 0 1 amy-bloc
6 1 111 o o | A [T an ' T
1 0 1 1 0 l — 1 —0 Cout
1 1 0 1 0 4 |
1 1 1 1 1
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Implementarea unui sumator complet

X —e—X
c HA ey ( :I——y
out < /—(_ r_
HA | ¢ Cout ~—t—
n ®
S l ( ®
(a) FA built of two HAs
? p% —? o
y ®
o[-0 Of« | - i §
1 1 \ s
€out 2 2 _LCv ®
3je—1 3 |
Cin
Cin S
Sv
(b) CMOS mux-based FA (c) Two-level AND-OR FA

Sumator complet implementat folosind doua sumatoare tip half-adder, cu ajutorul a doua multiplexoare cu

4 intrari sau un circuit cu porti pe doua niveluri.
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Sumator Ripple-Carry

e Inl3ntuim mai multe sumatoare de un bit

e Semnalul o

e Dezavanta]

e carry se propaga prin intregul lant
. lent

Al31 BI31 A[’BO BISO /|\1 ?1 /'I\O ?0
o F o /Cpl T JChp ClL¥ Gyl T ;
S31 S30 S1 SO
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Sumator in riplu: foarte simplu dar lent

C32

Cout
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Sumator Carry Select

X la, b] Y 1a, b]

l v v
N N

Cout Cin 0 Cout Ci 1
Adder Adder

Version O 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:

e 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

S
| S|
[

A
B
C

Un sumator complet are urmatoarele intarzieri de

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

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

Ci+1
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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

* 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) e C. = S
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Sumator Carry-Lookahead

e Calculeaza carry out (C,,.) pentru blocuri de k biti folosind

semnalele de generare si propagare
e Definitii:

. o A
— Coloana i produce un carry out fie prin 5
e generarea unui carry out C

. . i
* propagarea unui carry in 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.

Gi= AiBi
e Coloanaiva propaga un carry in la carry out daca AiSAU Bisunt 1.
Pi= Ai+ Bi

e Semnalul carry out al coloanei i (Ci) este:

Ci= AiBi+ (Ai+ Bi)Ci1= Gi+ PiCi1
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Adunarea Carry-Lookahead

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 A AL A, B, A B A, By
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Sumatorul Carry-Lookahead

e Exemplu: blocuri de 4 biti (G3:0 si P3.0):
G3:.0= G3+ P3(G2+ P2(G1+ P1Go)
P3:0 = P3P2 P1Po

e In general,
Gi;j= Gi+ Pi(Gi-1+ Pi-1(Gi-2 + Pi-2Gj)
Pi:j = PiPi-1 Pi-2P;j
Ci= Gi:;j + Pi:j Ci-1
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Carry-Lookahead 4-biti

A3 B3 A2 B2

A1 B1

Ao Bo
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Carry-Lookahead 16-biti

A12..15B12..15 As..11 Bs..11

Aa.7 Ba.7

Ao..3 Bo..3

S12..15 Ss..11 Sa..7 So..3
Yy Yy Yy Yy Yy Yy Yy Yy
P12 912 Ci2 pPsgs Cs P494 Csa POQo
Cl L6 16-bit Lookahead Carry Unit PG GG

"y
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Carry-Lookahead 64-biti

A48..63 Bas..63 A32..47B32..47 A16.31B16..31 A0..15B0..15

R T T I A A

16-bit 16-bit 16-bit 16-bit Co
LCU < LCU < LCU = LCU |«—
Adder Adder Adder Adder

Y \ Y Y
S48..63 532..41 S16..31 So0..15
\ A Y Yy Y

Y Y
P48 948 Cas P32932 C32 P16 916 Cis [P0 go
Coa 64-bit Lookahead Carry Unit PG GG

‘v
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CLA pe

32-biti cu blocuri de 4-biti

31.25 A3128 27:24 A272A B7.4 A?A BS‘D A&O

44m CLA n CLA 4-b|t CLA C; 4-b|t CLA

Block Block Block Block [ On
3128 27524 7:4 S3I)

wo S

r

~n

-

OUOOO

[
(]

o

f%
0

[
Com

©
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Intarzierile printr-un sumator Carry-Look Ahead

Pentru un CLA pe N biti din blocuri de k biti:

tcia = tpg + tpg_block + (N/k — 1)tanp_or + ktra
— tpg : delay pentru generarea Pi, Gi
— tpg_block : delay pentru generarea tuturor Pij, Gi;

— tano_or: delay de la Ginla Couta ultimei porti AND/OR din blocul de k-biti al
CLA

Un sumator carry-lookahead de N biti este mult mai rapid decat
un sumator ripple-carry daca N > 16
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Retele Carry - Carry Lookahead

[7,7] [6,6] [5,5] [4,4] [3,3] [2,2] [1,1] [O,0]

910,0]
(&) (¢ 1 .{/ g

[6, 7] [2, 3] —

ol Rl
[4, 7] P '
«— T Y& | 03] [| ]
¢ ¢

S1& ] &
I Do Do

[0,7] [0,6] [0,5] [0,4] [0,3] [0,2] [O,1] [O,0]

910,11 Pro, 1]
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Structura recursiva a unei retele carry Brent-Kung

[7,7] [6,6] [5,9] [4,4] [3,3] [2,2] [1,1] [O,0]

/l /L /L /L [7.7]1 [6.6] [5,5] [4,4] [3,3] [2,2] [1,1] [0,0]
p p /I /

¢

/"

el [ 0.1]

4-input Bl:'ent-Kung
carry network

%D

\4 v v
[0,7] [0,6] [0,5] [0,4] [0,3] [0,2] [0,1] [0,0]

\4

\4 v v v
[0,7] [0,6] [0,5] 1[0,4] [0,3] [0,2] [O,1] [O,0]
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Un alt design: Reteaua Kogge-Stone

1 1 @@
— [ —
— — |
VL \ \ \J
C7 =g 0,6] Cs = d10,4] C3 = d0,2] C1 =9 0,0]
Cs = 0d10,7] Cs = d1o,5] Cs=010,3] C;=0d10,1]
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Brent-Kung vs. Kogge-Stone Carry Network

[7,7] [6,6] [5,5] [4,4] [3,3] [2,2] [1,1] [O,0]

A ﬁ/
[2,

[6.7]

« | [4,5]

[4.7]

[0,7] [0,6] [0,5] [0,4] [0,3] [0,2] [O,1] [O,0]

=

/

[0, 1]

4

e

\'I\

dixx

ELX

I

C
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Sumator cu prefixe

e Calculeaza carry in (Ci-1) pentru fiecare coloana apoi calculeaza
suma:
Si = (Aixor Bi) XOR Ci
e Calculeaza G si P pentru blocuri de 1-, 2-, 4-, 8-biti, etc.
Pana cand toate Gi(carry in) sunt cunoscute
e log:N etape
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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-1=Cin, P1=0
e Carry in al coloanei i = carry out al coloanei i-1:
Ci-1= Gi-1:1

Gi-1:-1: semnal generate de la coloanai-11a -1
e Ecuatia sumei:

Si = (Aixor Bi) XOR Gi-1:1
e Scop: Calculeaza rapid Go:-1, G1:-1, G2:-1, G3:-1, Ga:-1, Gs:-1,
...(numite prefixe)

Computer Science
& Engineering
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Sumator cu prefixe

e Semnalele Generate si Propagate pentru un bloc de la bitii i:j:
Gi;j= Gi:k + Pi:k Gk-1:
Pi:j = Pi:kPk-1:j

e In limba romana:
— Generate: blocul i;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
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Schema unui sumator cu prefixe

514 1212211 10 2 8 7 6 5 4 3 2 1 0 -1
14:13 121 10:2 87 &5 43 2: 0-1
14:1113:11 10:7| 97 83| 53 2-1] 11

147 137 127 117 &-1| 5-1| 4-1] 341

1410 131 121 11 [ 101 81
[15 14| 13|12 11 10ﬂ

Legend i

T ittty

tra = tpg + IogzN( tpg_prefix) + tXor
— tpg: delay pentru a produce PiGi(poarta
AND sau OR)
— tpg_prefix: delay introdus de celula
(neagra) pentru calculul semnalelor
combinate (i,j) (porti AND-OR)
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Compararea performantelor

Comparati 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

tripple = Ntra = 32(300 ps)

=9.6 ns

tcia = tpg + tpg block+ (N/k — 1)tanp_or + ktra
= [100 + 600+ (7)200 + 4(300)] ps
=3.3ns

tra = tpg + |Og2N(tpg_prefix) + tXOR

= [100 + log232(200) + 100] ps

=1.2ns
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Operatii logice si de shiftare

Conceptual, shiftarile pot fi implementate pur combinational prin multiplexoare

Rightshifted
values

Left-shifted
values

| 00...0, x[31] x[0], 00...0
Right Left 00, x[30, 2] x[1, 0], 00...0
Shift amount 0, x[31, 1] x[30, 0], 0
x[31, 0] x[31, 0]
5//
321/ 32|/ 32} 32 32132 321/ 321
// /] /] /] 71/
A 4 A 4 - " v A 4 . - i 4 A 4
| ' 1 2 31 32 33 62 6
/
7 6 > Multiplexer
6-bit code specifying 33/
shift direction & amount v
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Shiftari aritmetice

Scop: inmultirea si impartirea cu puteri ale lui 2

sra St0,S$s1,2 # 5t0 « (Ssl) right-shifted by 2
srav $t0,S$s1l,5s0 # $t0 <« (Ssl) right-shifted by ($s0)
op rs rt rd sh fn
31 25 20 15 10 5 0
R 000000000001 00010100000010000011
ALU Unused Source Destination Shift sra=3
instruction register register amount
op rs rt rd sh fn
31 25 20 15 10 5 0
R 0oooo00O0|1T00O0O0100O0101000000O0OO00O0O01T11
ALU Amount Source Destination Unused srav=7
instruction register register register

. M TEHN
Computer Science S
& Engineering >
Depurfment IIIIIIIIIIIIIIIIIIIII‘ CalCU|atoare Numerice
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Implementarea shiftarii pe mai multe niveluri

00 No shift ¢ ¢ ¢ i
0 1 Logical left A\(O or4) bltshlft
10 Logical right x[31], x[31, 1] 2
11 Arith right 0, x[31, 1] v (31, 0]
x[30, 0], 0
x[31, 0] ¢ ¢ ¢ rj
, 0 or 2) bt hift
32y 32y 32y 32 ) ( Or itshi
A4 A 4 ¢
/\\o 1 2 V z[31, 0]
& Multiplexer v ¢ ¢ v

3
32¢ 72&\(0 or 1)- bitshif

v

(@) Single-bit shifter (b) Shifting by up to 7 bits
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Manipularea bitilor prin shiftari si operatii logice

Bits 10-15
S| cu 0 masca izoleaza un camp: 0000 0000 0000 0000 1111 1100 0000 0000
Shifteaza rezultatul cu 10 pozitii pentru a alinia campul la dreapta
cuvantului de date
Rezultatul poate sa aiba valori intre 0 si 63, in functie de valoarea izolata

32-pixel (4 x 8) block of
black-and-white image:

Representation Raow 0 Row 1 Row 2 Row 3

as 32-bit word: 1010 OOOO OlOl 1000 OOOO OllO OOOl 0111

Hex equivalent: 0xa0a80617

Un bloc de imagine alb-negru de 4 x 8 pixeli reprezentat ca un cuvant de
32 de biti.
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Scazator

Simbol Implementare

A B
A B N
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Sumator / Scazator binar pe 8 biti

Ay Ag Ag A, By Bg Bg B, A Ag B, B, 8,
4 r = 4 4
11214159 |10|12]13 11214 |5
-~
7486

3 8 11 3 6

1 3 8 10 16 7 1" 8 10 16 B
5 5
+5 V wmema +5 V
13 14

7483 7483

12 12

|15 |2 |6 |9

5 5 S 5

741583 — Sumator binary complet pe 4 biti cu logica de fast carry
74HC86 — Quad XOR 2-input gate

SU



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

Comparator: Egalitate

Simbol Implementare
>
B,
A B A, JD}
| G ¢ B,
— — Equal
= A, JD
| B1 Y,
r >
B0 —7
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Comparator: “Mai mic decat”

A B

NN
L

A <B
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