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Carry save adder=—

S .
This bit i Q00000 Carysave Carry-save : : : : : : Two
being! 'O O OO OO, input addition carry-save

represents ~------------- ’ 000000 inputs
oerflow © 00 0 O® O Binary input 000000

(ignogeit) - ______ \

0900000
\ E 0000090 ECarry-save ‘oo & e oL Cary-save
‘_0_ _Q_!_?__Q_ _9 ) output 000000 addition
0900000
‘deeee 0 @
a. Carry-save addition. b. Adding two carry-save num bers,?‘ﬁ“}
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5%

FounlS csjloso



Carry save adder=—
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Multiplier

All parEai products Several part|al products
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Small tree of

Large tree of carry-save

adders depth !

) — \_rl
- ™ Log-

row CS oty Adder | depth Adder

Product Product
(a) Full-tree multiplier (b) Partial-tree multiplier
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0 l 0 l 0 l 0 l 0000
y 0000
MA MA MA ma | 7 o660
0 (XX X J
00000000
A\ 4 \ 4 N A ZO
MA VA VA VA Y1 Our original
dot-notation
0 representing
Y Y y 2 multiplication
MA MA MA MA | 72
0 XXX
v 2 v v 7 0000
y3 “? o000
MA MA MA MA o000 O
0 XXX 2
) ) ) Z3 Straightened
FA FA FA HA dots to depict
array multiplier
to the left
Z7 Zg Zg Zy
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x; | T;_1 || Operation Comments Yi
0 0 shift only string of zeros 0
1 1 shift only string of ones 0
1 0 subtract and shift | beginning of a string of ones | 1
0 1 add and shift end of a string of ones 1

Copyright Koren 2008

-6 x 6 (1010 x 0110)= -36

1111 1010 x 0 0000 0000
1111 0100 X —1 0000 1100
1110 1000 x 0 0000 0000
1101 0000 X +1 1101 0000
Final Sum: 1101 1100 (-36)
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-6 x-2 =12
1010 x 1110
1111 1010 x 0 0000 0000
1111 0100 X —1 0000 1100
1110 1000 x 0 0000 0000
1101 0000 x 0 0000 0000
Final Sum: 0000 1100 (12)
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DD (ANUBAY N (51 (3N 9394w ObS s
s

— HI: most-significant 32 bits

— LO: least-significant 32-bits

Olygws —
emult rs, rt / multu rs, rt
OPs Oblac plail

T
emfthi rd / mflo rd ﬁ@
2)9Bis s slasld @ HI/LO ¢slgias JED) « k5
emul rd, rs, rt g *‘B'

rd a gbj)les cemd JEB) @ :
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QUOtient 1. Subtract the Divisor register from the
Remainder register and place the
dividend result in the Remainder register
o 1001 l
]OOO )1001010 Flemainder;-ﬂ Remainder < 0
—— 7 -1000 .
divisor Y Y
10 2a. Shift the Quotient register 1o the left, | | 2b. Restore the original value by adding
_ setting the new nghtrmost bit to 1 the Divisor register to the Remainder
e (09— 101 register and placing the sum in the
- Remainder register. Also shift the
Quotient register to the left, setting the
1010 nawluulsrlgrﬁmﬂhhuu
-1000 1
remainder ’ IG r on
- 3. Shift the Divisor register right 1 bit ey

) Coao O _:,,,"'_' ' ’I' =

AaN4ZA

MNo: < 33 repetitions ’ r%j?‘:?

33rd repetition? )

Yas: 33 repetitions

Dividend=Quotient X Divisor + Reminder
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== 5
P i ad
—_—
Divisor
Shift right |-
l 64 bits
l -—
\/ Cuotient
32 bits
Remainder Control ™
Write test
64 bits
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J, lsz bits
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32-bit ALU

Y -

Shift right |- /
Remainder Shift left |- ( Control
Write |- test

64 bits
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ostatwl LO g g HI slacl3 i) eoundd (sansds (sl °
R,
— HI: 32-bit remainder
— LO: 32-bit quotient
Oyl —
—div rs, rt / divu rs, rt
o (3 5)0ley Cg0 @ 300 80 ) B3 Qi = T
-3)3 ax(alw] 13y Syl 1 O30 2303 @ wyws Slp — rﬁm

- mfhi, mflo
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— 00000000) = o,Ix |09

Copyright 2004 Koren

IBM/370 DEC/VAX Cyber 70
Word length (double) 32 (64) bits 32 (64) bits 60 bits
Significand+{hidden bit} 24 (56) bits 23+ 1 (65 + 1) bits 48 bits ﬂ
Exponent 7 bits 8 bits 11 bits N
Bias 64 128 1024
Base 16 2 2
Range of M = <M<1 <M<l 1< M <2
Representation of M Signed-magnitude Signed-magnitude |One’s complement
Approximate range 163 ~ 7.107° 2127 ~1.9. 1038 RS R
Approximate resolution [272% =~ 10=7 (10=17)|272* ~ 10=7 (107 17)| 274 ~ 10~
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* single
* double
single: 8 bits single: 23 bits ﬁf
double: 11 bits double: 52 bits JAOR
S| Exponent Fraction

x = (—1)° x (1+ Fraction)x 2(®®enen-ies)

Single: Bias = 127; Double: Bias = 1023
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* single
* double
single: 8 bits single: 23 bits ﬁf
double: 11 bits double: 52 bits JAOR
S| Exponent Fraction

x = (—1)° x (1+ Fraction)x 2(®®enen-ies)

Single: Bias = 127; Double: Bias = 1023



Denormal Numbers Jaial 5)sc)m—

Exponent = 000...0 = hidden bit is O

x = (—1)° x(0 +Fraction)x 2>

onalad 133 1) (533005 slac) plgIe L) oIne
Sl

:0303 )1)3 )0 plp ) S G4y a5 (3)g0 )s

X =(=1)°>x(0+0)x27°% =+0.0
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Infinities and NaNs

colges 9 oclm—

 Exponent =111...1, Fraction = 000...0

— F00
Ol ax3@xw! Jad 1 (say Obuwlas )y —
 Exponent =111...1, Fraction # 000...0
(Not-a-Number (NaN)) sscl —
AL 6 )b Sbwlas Y50k —
ly sa Obunlas ) o3BT G 15 slac) ool — ﬂﬁ&

o
3 -:'E" RS
A3l =8
W

Single precision Double precision Object represented 3
ponent Fractio Exponent Fraction b

0 0 0] 0 0]

0] Nonzero 0 Nonzero + denormalized number

1-254 Anything 1-2046 Anything * floating-point number

2bb 0 2047 0 * infinity
255 Nonzero 2047 Nonzero NaN (Not a Number)




	معماری کامپيوتر (013-11-13)�جلسه‌ی دهم
	فهرست مطالب
	مثال:
	Carry save adder
	Carry save adder
	ضرب‌کننده‌های سريع (ادامه‌...)
	ضرب‌کننده‌های آرايه‌ای (ادامه‌...)
	خط لوله‌ی ضرب
	الگوريتم ضرب  Booth (ادامه‌...)
	الگوريتم ضرب  Booth (ادامه‌...)
	الگوريتم ضرب  Booth (ادامه‌...)
	ضرب در MIPS
	تقسيم
	سخت‌افزار تقسيم
	سخت‌افزار بهينه‌سازی شده
	مدارهای تقسيم سريع
	تقسيم در MIPS
	مميز شناور
	مميز شناور (ادامه...)
	مميز شناور (ادامه...)
	اعداد ناهنجار
	ناعدد و بی‌نهايت

