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</ PHEP TOAN SO HOC TREN MAY TINH

COMPUTER ENGINEERING

TR T e | e | o -

Muc tleu.

Hiéu cac phép toan so hoc trén so nguyén va so thuc dau cham dong trong
may tinh.

= Véi s6 nguyén:
v'Hiéu cac phép toan cong, trir, nhan va chia
v'Cach thiét ké mach nhan va chia

= Vi so thwe dau chim dong:
v'Hiéu cac phép toan cong, trir va nhén

v'Cach thiét ké mach nhén

Slide dwoc dich va céac hinh dwoc lay tir sach tham khao:

Computer Organization and Design: The Hardware/Software Interface,

Patterson, D. A., and J. L. Hennessy, Morgan Kaufman, Revised Fourth Edition,
2011.
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@ G161 thi€u

COMPUTER ENGINEERING

Cac ndi dung luu trit trong may tinh déu dugc biéu dién ¢ dang bit
(hay duéi dang nhi phan, 1a mot chudi cac ky tu 0, 1).
Trong chuong 2, cac s6 nguyén khi luu trir trong may tinh déu 1a céac
chudi nhj phan hay cac 1énh thyc thi cling phai luu duoil dang nhi
phan. Vay cac dang so khac thi biéu dién nhu thé nao?

Vi du:
v Phan s6 va céc so thuc s& duge biéu dién va luu trir thé ndo trong may tinh?
v' DPiéu gi s& xay ra néu két qua cua mdt phép toan sinh ra mot sé6 16n hon kha
ning biéu dién, hay luu trit ?
v Va mot cau hoi dit ra 1a phép nhan va phép chia dugce phan ciing ciua may

tinh thuc hién nhu thé nao?

03/2017 Copyrights 2017 CE-UIT. All Rights Reserved. 4



@ PHEP TOAN SO HQC TREN MAY TINH

COMPUTER ENGINEERING

YN TN W
A ““ & ‘,;? 'Hﬁ. A7 \
1 [ )

03/2017

Gi6i thiéu

Phép cong & Phép trir
Phép Nhan
Phép chia

S6 cham déng

Copyrights 2017 CE-UIT. All Rights Reserved.



</ Phep Cong & Phep Tru

COMPUTER ENGINEERING

y i i i i B —— S

Phép c@ng:
Vi dl.l: 610 + 710 va 610 — 710

0000 0000 0000 0000 0000 0000 0000 01114,4 = 7¢en
- 0000 0000 0000 0000 0000 0000 0000011049 = byen
- 0000 0000 0000 0000 000000000000 110149 = 1344y

Cac budc thuc hién pheép cOng trong s6 nhi phan: a,a, ;...a;a, + b,b,;...b;b,
1. Thuc hién phép cong tir phai sang trai (hang thi 0 cho dén hang n).
2. S6nhd 6 hang cong thit i s& duge cong vao cho hang cong thiri + 1.

© \ (0 (1) \ (1) \ (0 |\ (Carries)
o | o | o '.. 1 '~' L.
o o o |1 |1 | o

.0 0 ©o0o O 1 ()1 (1)o (©O 1
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</ Phep Cong & Phep Tru

COMPUTER ENGINEERING

y" TR TN | | | o,

Phép vivivs
Thuc hién phép trir cho 2 s0 a,a, 1...4;29—b,b, ... bib,
1. Thuc hién phép trir tir phai sang trai (hang thtr 0 cho dén
hang n).

2. SO muon ¢ hang tht i s& dugc cdng vao cho so trir & hang tur
1+ 1.
Vi du: thwe hién phép toan: 7 -6

Subtracting 6, from 7, can be done directly:

ten

0000 0000 0000 0000 0000 0000000001114, = 7¢en
- 0000 0000 0000 0000 0000 0000000001104, = byen

- 0000 0000 0000 0000 0000 0000 0000 00014, = 14ep

or via addition using the two’s complement representation of —6:

0000 0000 0000 0000 0000 0000000001114, = 7¢en
+ 111111111111 111111111111 111110104, = -6¢en

= 0000 0000 0000 0000 0000 0000 0000 00014, = 14ep
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@ Phep Cong & Phép Tru

COMPUTER ENGINEERING

Overflow (Tran so)
Trong phép cdng va trir, diéu quan trong can luu v 14 phép toan co bi
tran hay khong.
Hai truong hop lién quan:
*  Dbi voi s6 khong dau (Unsigned number)
«  Dbi voi s6 ¢ dau (Signed number)

03/2017 Copyrights 2017 CE-UIT. All Rights Reserved.



@ Phep Cong & Phép Tru

COMPUTER ENGINEERING

X ly tran

% Cac nha thiét ké phan cimg phai cung cap mot cach dé bé qua tran hodc phat hién tran
trong cac truong hop can thiét.

% Trong kién trac MIPS, mdi 1énh thuong c6 hai dang 1énh twong Gng voi xét overflow hay
bo qua overflow:

v' Lénh cong (add), cong s6 tirc thoi (addi), true (sub) la cac Iénh co xét overflow, tirc sé
bdo 16i va phadt ra mét ngoai 1é (exception) néu két qua bi tran.

v' Lénh céng khéng dau (addu), céng so tirc thoi khéng dau (addiu), va trir khéng dau
(subu) khong gdy ra ngoai Ié tran.

Khi mot chuong trinh dang thuc thi, néu bi tdc dong dot ngot (lgi hodac phai thi hanh mot tac vu
khac, ...), buéc phdi dirng luong chwong trinh dang chay nay va goi dén mét chwong trinh khéng
dinh thoi trudc do thi duoc goi la mot “interrupt” hay mot “exception’.

Luu y: Trong mét s6 hé thong may tinh, thudt ngit ‘interrupt’ dwoc sit dung nhw exception, nhung &
mot s6 hé théng thi co sy phan biét hai thudt ngir nay

03/2017 Copyrights 2017 CE-UIT. All Rights Reserved. 9
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COMPUTER ENGINEERING
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@ Phép nhan

COMPUTER ENGINEERING

Vi du Multiplicand 10004,
Multiplier X 10014,,

1000
0000
0000
1000

Product 10010004,

Multiplicand: s6 bi nhan
Multiplier: s6 nhan
Product: tich

Vi du trén 13 nhan hai s6 dang ¢ dang thap phan, nhung cac chit sé déu 1a 0 va 1. Phép nhan

trén hai s6 nhi phan ciing tuong ty, va ludén luén cé 2 truong hop:

1. Chép s6 bi nhan xudng vi tri thich hop (I X multiplicand) néu chit s6 twong tGng

dang xét & s6 nhan 1a /.

2. Bit s6 0 (0 Xmultiplicand) vao vi tri thich hop néu chir s6 tuong tng dang xét & s6

nhan 1a 0.
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@ Phép nhan

COMPUTER ENGINEERING

Multiplier0 = 1 1. Test Multiplier0 =0

Giai thuat thuc hién phép nhan W
theo cau triic phan cirng 3 thanh

ohi (cho hai s6 32 bit) .

. Add muttiplicand to product and
Multiplicand ace the result in Product register
Shift left |-
_I 164 bits
N
64;<LU Multiplier
i Shift right [<— 2. Shift the Multiplicand register left 1 bit
32 bits
Product et Conm l
s 3. Shift the Multiplier register right 1 bit
64 bits
Hinh 1: Cau triac phan ctng thuc hién phép nhan Hinh 2: l
| | N So db giai
Chu y: khi thuc hién phép nhan cho giai thuat theo thudt thue " No: <32 repetitions
s 7 ) D ; r n?
so dd, ta thiy c6 3 budc va 3 bude nay duoc lap lai  hién phép e
32 lan. Néu moi bude dugc thyc hién baoi 1 chu ky nhan
N s A \ A A A Yes: 32 repetitions
xung clock thi giai thuat nay y€u cau gan 100 chu
ky xung clock cho phép todn nhan hai so6 32 bit. Cm

03/2017 Copyrights 2017 CE-UIT. All Rights Reserved. 12
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COMPUTER ENGINEERING

Y A a
[} A )]

Vl du cho phep nhan (3 Vi du)

Vi du 1:
Thuc hién phép nhan 2,4, x 3(10) (sur dung
sO 4 bit khong dau) theo cau trac phan Multiplier0 = 1

cung nhu hinh

-—

Multiplicand

Shift left

-

164 bits

N

64-bit ALU

Product
Write

64 bits

03/2017

place the result in Product register
-
_|_
—t \ Y
Multiplier 2. Shift the Multiplicand register left 1 bit
Shift right
32 bits Y

Multiplier0 = 0

Y
1a. Add multiplicand to product and

3. Shift the Multiplier register right 1 bit
ConW l
Luu do giai
thudt di KEM Son repetiionys o = 32 epetitons

cho cau truc
phéﬂ Cl'l’ng Yes: 32 repetitions

(Don‘)

Copyrights 2017 CE-UIT. All Rights Reserved.
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Vidu 1:
2010y X 3(10)= 7

2(10) = OO 1 O
(multiplicand)
3(10) =0011
(multiplier)

CAu trac phan ctmg nhu hinh v& 12 nhan 2 sb 32 bits, két qua 1a sb 64 bits,

Cé: thanh ghi multiplicand 64 bits
thanh ghi multiplier 1a 32 bits

thanh ghi product 1a 64 bits
Vidu 1 yéu cau nhan 2 s6 4 bits khong dau, sir dung cau tric phan cliing tuong tu nhu

hinh, vay két qua phai 14 s6 8 bits

=> thanh ghi multiplicand 8 bits (gia tri khéi tao 0000 0010)
thanh ghi multiplier 1a 4 bits (gia tri khéi tao 0011)
thanh ghi product 1a 8 bits (gia tri khoi tao 0000 0000)

-

Multiplicand

Shift left

R

164 bits

N

64-bit ALU

Product

Write

03/2017

64 bits

Khoi tao

R m—

Multiplier
Shift right

32 bits

Control test ) y

0011 0000 0010 0000 0000

- Sau khi khéi tao xong. Mdi vong lap
(interation) s& gom 3 budc:
« BI. Kiém tra bit 0 ciia multiplier xem c6
bang 1 hay khong; néu bang 1 thi product
= product + multiplicand; néu bang 0,
khong lam gi ca
* B2. Dich trai Multiplicand 1 bit
* B3. Dich phai Multiplier 1 bit
- S6 vong lip cho giai thudt ndy dang bang so
bit dung biéu dién (vi du 1 yéu cau dung s 4
bit, thi c6 4 vong 1dp)
- Sau khi két thiic s6 vong lap, gié tri trong
thanh ghi product chinh 13 két qua phép nhan

Copyrights 2017 CE-UIT. All Rights Reserved. 14
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Multiplicand

Shift left

_>

———

Multiplier
Shift right

4 bitsz2-bits

Control test 5 :

Muttiplier0 = 1

Y

1a. Add multiplicand to product and
place the result in Product register

Multiplier0 = 0

A

|

\

/

2. Shift the Multiplicand register left 1 bit

Bang thuc hién timg budc giai thuat phép nhan 2 sé: 0010, x 0011,

st |___s__| otr | b |_rroit_

Y

| 2_anift the Multiplier register right 1 bit

Initial values 0013 0000 0010 0000 0000
1 l1a: 1 = Prod = Prod + Mcand 0011 0000 0010 0000 0010
2: Shift left Multiplicand 0011 0000 0100 0000 0010
3: Shift right Multiplier 0003 0000 0100 0000 0010
2 l1a: 1 = Prod = Prod + Mcand 0001 0000 0100 0000 0110
2: Shift left Multiplicand 0001 0000 1000 0000 0110
3: Shift right Multiplier 0000) 0000 1000 0000 0110
3 1: 0 = No operation 0000 0000 1000 0000 0110
2: Shift left Multiplicand 0000 0001 0000 0000 0110
3: Shift right Multiplier 0000) 0001 0000 0000 0110
4 1: O = No operation 0000 0001 0000 0000 0110
2: Shift left Multiplicand 0000 0010 0000 0000 0110
3: Shift right Multiplier 0000 0010 0000 0000 0110

03/2017
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@ Phep Nhan

COMPUTER ENGINEERING

0

1

03/2017 Copyrights 2017 CE-UIT. All Rights Reserved.
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@ Phep Nhan "

COMPUTER ENGINEERING

Product/Multiplier0=1 Product/Multiplier0=0

Giai thuat thyc hién phép nhan \/
theo cau truc phan cing co cai |

tién 2 thanh ghi (v&i hai s0 32 bit)  1a.Addmultipicand to the left half o product
and place the result in the left half of product
o |

Multiplicand

32 bits 4 ¥
1 2. Shift the Product/Multiplier register right 1 bit
\/

32-bit ALU

A
P R—

—

Product St ng‘ht C?nt;ol No: < 32 repetitions
> Write es
64 bi A

multiplier Yes: < 32 repetitions

Cau tric phan cting cua phép nhan c6 cai tién

% So voéi giai thuit trude d6 thi thanh ghi sb bi nhan, b ALU, thanh ghi s6 nhéan tat ca déu
32 bits, chi ¢6 thanh ghi tich 1a khac — 64 bits;

¢ Trong moi vong 1ap, s6 chu ky xung clock ti€u ton c6 thé gidm xudng chi con 1 chu ky

03/2017 Copyrights 2017 CE-UIT. All Rights Reserved. 17



@ Phep Nhan

COMPUTER ENGINEERING

CAu tric phan cimg nhu hinh vé& 13 nhan 2 s6 32 bit, két qua 1a s6 64
Vidu 2: bit,

Su dung so6 6 bit Cé: thanh ghi multiplicand 32 bit

khong dau thanh ghi product 64 bit (khi khoi tao, dua multiplier vao 32 bit
50y X 235)=7? thép cua product, con nira cao khaoi tao 0)

50 = 101000 Vi du 2 yéu cau nhan 2 s6 6 bit, st dung cau triic phan ctng tuong
(multiplicand) tu nhu hinh, vay két qua phai 1a s6 12 bit

235 = 010011 = thanh ghi multiplicand 6 bit (gia tri khoi tao 101000)
(multiplier) thanh ghi product 1 12 bit (6 bit thap 1a multiplier, 6 bit cao 14 0

Multiplicand - 000000 010011)

Khai tao 101000 000000 010011

32-bit ALU

—_—

Product Shift rlght Contr0|
4 Write test

64 b7 A

03/2017 Multiplier Copyrights 2017 CE-UIT. All Rights Reserved. 18




Vi du 2: Céu triic phan ctng nhu hinh v& 13 nhan 2 s6 32 bits, két qua 14 s6 64 bits,
50(8) X 235 =? Co: thanh ghi multiplicand 32 bits ,
thanh ghi product 64 bits (khi khéi tao, dua multiplier vao 32bits thap cua
50,.. = 101000 product, con nira cao khoi tao 0) , ‘
®) Vi du 2 yéu cau nhan 2 s0 6 bits, sir dung cau trac phan ciing tuong tu nhu hinh, vay

%‘“lip(l)lfggﬁ két qua phai 12 s6 12 bits
<8>1 0 = thanh ghi multiplicand 6 bits (gi4 tri khéi tao 101000)
(multiplier) thanh ghi product 1a 12 bits (6 bit thip 1a multiplier, 6 bit cao 1a 0 = 000000
010011)
Khoi tao 101000 000000 010011

- Sau khi khdi tao xong. Méi vong lap
(interation) s& gom 2 budc:
« BI1. Kiém tra bit 0 ctia Product/multiplier
Multiplicand xem c6 bang 1 hay khong; néu bang 1 thi
32 bits ntra cao cua product/multiplier = nira cao
l ctia product/multiplier + multiplicand; néu
bang 0, khong 1am gi ca
* B2. Dich phai Product/Multiplier 1 bit
- S6 vong lap cho giai thuat nay dung bang so bit
dung biéu dién (vi du 2 yéu cau dung s6 6 bit, thi

-

32-bit ALU

e

Shift right Control
P t J4 \ -
et e st _)co 6 vong lap)
64 bits I - Sau khi két thuc s6 vong lap, gia tri trong thanh
ghi product chinh la két qua phép nhan
03/2017 Copyrights 2017 CE-UIT. All Rights Reserved. 19
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Khai tao 1001{)
1 1a: 1=>Ni¥a cao ciia 101000 010011
Product/Multiplier=Ntra cao
Product/Multiplier + Multiplicand
2. Shift right Product/Multiplier 101000 010100 00100f)
2 1a: 1=>Nia cao ciia 101000 111100001001
Product/Multiplier=Nwa cao
Product/Multiplier + Multiplicand
2. Shift right Product/Multiplier 101000 011110 00010()
3 1:0=> khénglamgi 101000 011110 000100
2. Shift right Product/Multiplier ALY 001111 00001()
4 1:0=> khénglam gi 101000 001111 000010 K&t qua phép nhan
2. Skt it et ol 101000 000111 10000()
5 1a: 1=>Ni¥a cao ciia 101000 101111 100001
Product/Multipher=Nwa cao
Product/Multiplier+ Multiplicand
2. Shift right Product/Multiplier 101000 e 000@
6 1:0=> khénglam gi 101000 0101111 10000

2. Shift right Product/Multiplier 101000 001011111000 20



&

COMPUTER ENGINEERING

"--" Y: P = ==

i i i s r— e

e e e e e e

Hodc c6 thé trinh bay ngiin gon nhw bang sau:

mmm Product/ Multiplier

Initial Vals 101 000 000 000 010 011
Prod = Prod + Mcand 101 000 101 000 010 011
Rshift Product 101 000 010 100 001 001
2 Prod = Prod + Mcand 101 000 111 100 001 001
Rshift Mplier 101 000 011 110 000 100
3 Isb = 0, no op 101 000 011 110 000 100
Rshift Mplier 101 000 001 111 000 010
4 Isb =0, no op 101 000 001 111 000 010
Rshift Mplier 101 000 000 111 100 001
5 Prod = Prod + Mcand 101 000 101 111 100 001
Rshift Mplier 101 000 010 111 110 000
6 Isb =0, no op 101 000 010111 110 000
Rshift Mplier 101 000 001 011 111 000

03/2017
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Multiplicand

32 bits

Y

32-bit ALU

—

Product

Shift right
Write

64 bits

Vidu 3: 506 x 23 46), st dung s6 8 bit khong dau

Iteration Step Multiplicand Product/ Multiplier
0 Initial values 0101 0000 0000 0000 0010 0011
1 Prod = Prod + Mcand 0101 0000 0101 0000 0010 0011
Shift right Product 0101 0000 0010 1000 0001 0001
2 Prod = Prod + Mcand 0101 0000 0111 1000 0001 0001
Shift right Product 0101 0000 0011 1100 0000 1000
3 Isb =0, no op 0101 0000 0011 1100 0000 1000
Shift right Product 0101 0000 0001 1110 0000 0100
4 Isb =0, no op 0101 0000 0001 1110 0000 0100
Shift right Product 0101 0000 0000 1111 0000 0010
5 Isb =0, no op 0101 0000 0000 1111 0000 0010
Shift right Product 0101 0000 0000 0111 1000 0001
6 Isb =0, no op 0101 0000 0101 0111 1000 0001
Shift right Product 0101 0000 0010 1011 1100 0000
7 Isb =0, no op 0101 0000 0010 1011 1100 0000
Shift right Product 0101 0000 0001 0101 1110 0000
8 Isb =0, no op 0101 0000 0001 0101 1110 0000
Shift right Product 0101 0000 0000 1010 1111 0000

22



@ Phep Nhan

COMPUTER ENGINEERING

Phép nhén cé dau

% Cach don gian dé thuc hién phép nhan c6 dau la tach phan tri tuyét

do1 va dau cua sO bi nhan va so nhan ra.

> Lay phan tri tuyét d6i duong twong (mg ctia so nhan va sb bi

nhan nhan nhau

» Sau do6 xét dau cho tich dua vao dau cua s6 nhan va so6 bi nhan

(c6 thé dung phép XOR)

03/2017 Copyrights 2017 CE-UIT. All Rights Reserved.
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Phép nhan trong MIPS

< MIPS str dung hai thanh ghi dic biét 32 bit 1a Hi va Lo dé chira 64
bit két qua cua phép nhan

D¢ lay gia tri tir thanh ghi Hi va Lo ra mot thanh ghi khac, str

dung hai Iénh danh riéng 1a mfhi ma mflo

% Nhan hai s6 khong dau, MIPS cung cap 1énh multu. Nhan hai s6
c6 dau, MIPS cung cap 1énh mult

03/2017 Copyrights 2017 CE-UIT. All Rights Reserved.
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@ Phep Nhan

COMPUTER ENGINEERING

Giéi thiéu mdt y twong cai tién phép nhan: Phép nhan theo cach hién thwe
tinh nhanh
(Sinh viéen tw tham khdo them)

Mplier31 « Mcand Mplier30 « Mcand Mpl|e|29 Mcand Mpller28 Mcand Mpller3 Mcand Mpllerz Mcand Mplier1 « Mcand Mplier0 « Mcand

. S —

1 bit -+ 1 bit—+ 1bit-+— 1bit—++
A4
32 bits
Product63 Product62 s Product47..16 .. Product1 ProductO

So do hién thuc phép tinh nhanh ¢ murc phan cimg

03/2017 Copyrights 2017 CE-UIT. All Rights Reserved. 25
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@ Phep Chia

COMPUTER ENGINEERING

¢ Nguoc lai cua phép nhan la phép chia.

“*Truong hop ngoai I¢ — chia 0.

Vi du: ,
1001,,,, Quotient ~ Divisor: so chia
Divisor 1000,., 11001010, Dividend ~ Dividend: so b1 chia
—1000 Quotient: thuong so6
10 Remainder: so du
101
1010
—1000
10 Remainder

ten

03/2017 Copyrights 2017 CE-UIT. All Rights Reserved. 27



@ Phep Chia

COMPUTER ENGINEERING

Giai

1. Subtract the Divisor register from the
Remainder register and place the
result in the Remainder register

thuat thwc hién phép chia trén phan cing

Khi khoi tao, so chia dwa vao
nira cao Divisor

—_—

Divisor

Shift right

Y

Y

64 bits

Y

N
64-bit ALU

Remainder

-

Quotient
Shift left

Remainder 20

Remainder <0

\

2a

A

32 bits

Control Y\

te
4

st
A

Write
64 bitg\

Khi khéi tao, s6 bi chia dwa vao Remainder

2b. Restore the original value by adding
the Divisor register to the Remainder
register and placing the sum in the
Remainder register. Also shift the
Quotient register to the left, setting the
new least significant bit to 0

. |

3. Shift the Divisor register right 1 bit

Hinh 1. So d6 cac khéi hién thuc phép chia & muc phan cing

Chu y: Hai s6 chia va bi chia 1a s6 duong, do d6 két
qua thuong va s6 du la khong am. Thyc hién phép toan
trén s6 duong, do do, thuong va cac toan hang cua

phép chia c6 gia tri 1a 32 bit, bd qua cac s6 co dau.

No: < 33 repetitions

Yes: 33 repetitions

Hinh 2. Luu do giai thuat ciia phép chia 25



7 Vi du cho phép chia (2 vi du)

COMPUTER ENGINEERING

Vidul:

Thuc hién phép chla 50(8)/23(8) (st dung s 6 bit
khong dau) theo cau tric phan ctimg nhu hinh

Khi khdi tao, s chia

dwa vao nira cao

—_—

Divisor

Divisor

Shift right

164 bits

N

64-bit ALU

Remainder

4 Write

64 bits\

B

Remainder 20

-

Y

1. Subtract the Divisor register from the
Remainder register and place the
result in the Remainder register

Remainder <0

\

sll Qa QOZ

Quotient
Shift left

32 bits

Control ™\

test

\

Khi khéi tao, sé bi chia dwa vao Remainder

03/2017
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2b. Restore the original value by adding
the Divisor register to the Remainder
register and placing the sum in the
Remainder register. Also shift the
Quotient register to the left, setting the
new least significant bit to 0

\ Y

3. Shift the Divisor register right 1 bit

]

No: < 33 repetitions

Yes: 33 repelitions

Luu d6 giai thuat di kém cho cau triic phan cing

29




—_—

Khi khéi tao, sé \
. .~ S

Divisor
chia dwa vao nira Shift right |
cao Divisor 64 bits
\/ Quotient
64-bit ALU Shift left |-
32 bits
Y
Remainder Cm
Write test /
i 64 bits A
Vidu 1:

Dividend = 50¢ = 101 000,
Divisor =234=010011,

CAu triic phan cimg nhu hinh vé 13 dang 1am viéc trén phép chia s6 32
bits
Co: thanh ghi divisor 64 bits

thanh ghi quotient 1a 32 bits

thanh ghi remainder 1a 64 bits
Vi du 1 yéu cau phép chia dung s 6 bits khong dau, sir dung cau tric
phan cimg twong tu nhu hinh, vay cac thanh ghi trong vi du can duoc
khoi tao véi s6 bit trong Gmg:
=> thanh ghi divisor 12 bits (gia tri khéi tao 010011000000 — 6 bits
cao 1a gia tri ciia divisor, 6 bits thap dwa 0 vao )

thanh ghi quotient 1a 6 bits (gia tri khdi tao 000000)

thanh ghi remainder 1a 12 bits (gia tri khéi tao 000000101000 - 6
bits cao dua 0 vao, 6 bits thip dua dividend vao)

-Sau khi khéi tao xong. Méi vong lip
(interation) s&é gom 3 budc:
« BI. Lay toan bo remainder trir divisor (hiéu
luu de 1én gia tri remainder hi¢n dang co)
« B2.Kiém tra hiéu vira tinh & trén la Am hay
duong (kiém tra bit trong s cao nhit, néu 1
13 Am, néu 0 13 duong):
Néu am:

- Léy gia tri hi¢én tai cua remainder
cong vdi divisor, téng lvu lai vao
remainder

- Dich trai quotient 1 bit

- Thém 0 vao bit 0 ctia quotient (that
ra thao tac nay khong can, vi dich
trai 1 bit mac dinh da thém 0 vao bit
0 ctia no)

Néu dwong:
- Dich trai quotient 1 bit
- Chuyén bit 0 cia quotient thanh 1
* B3. Dich phai Divisor 1 bit

- S6 vong lap cho giaii thuat nay dung bang so
bit diing biéu dién + 1 (vi du 1 yéu cau dung sb 6
bit, thi c6 7 vong lap)
- Sau khi két thuc s6 vong lap, gi tri trong thanh
ghi quotient chinh 13 két qua phép chia, gié tri
trong remainder 14 phan du

Step Action Quotient Divisor Remainder
0 Initial Vals 000 000 010 011 000000 000000 101000
(Gié tri khoi tao)
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Vidu 1:

DiVidend = 508 =

101 000,
Divisor = 23¢ =
010011,

—_—

Divisor

Shift right

Step Action Quotient Divisor Remainder
0 Initial Vals 000 000 010 011 000 000 000 000 101 000
1 R=R-D 000 000 010 011 000 000 101 101 101 000
R<0,R=R+D,dichtrai Q 1 bit 000 000 010 011 000 000 000 000 101 000
Dich phai D 1 bit 000 000 001 001 100 000 000 000 101 000
2 R=R-D 000 000 001 001 100 000 110 111 001 000
R<0,R=R+D,dichtrai Q 1 bit 000 000 001 001 100 000 000 000 101 000
Dich phai D 1 bit 000 000 000 100 110 000 000 000 101 000
3 R=R-D 000 000 000 100 110 000 111 011 111 000
R<0,R=R+D,dichtrai Q 1 bit 000 000 000 100 110 000 000 000 101 000
Dich phai D 1 bit 000 000 000 010 011 000 000 000 101 000
4 R=R-D 000 000 000 010 011 000 111 110 010 000
R <0,R=R+D,dichtrai Q 1 bit 000 000 000 010 011 000 000 000 101 000
Dich phai D 1 bit 000 000 000 001 001 100 000 000 101 000
5 R=R-D 000 000 000 001 001 100 111 110 111 100
R <0,R=R+D,dich trai Q 1 bit 000 000 000 001 001 100 000 000 101 000
Dich phai D 1 bit 000 000 000 000 100 110 000 000 101 000
6 R=R-D 000 000 000 000 100 110 000 000 000 010
R> 0, dich trdi Q 1 bit, Qy =1 000 001 000 000 100 110 000 000 000 010
Dich phai D 1 bit 000 001 000 000 010 011 000 000 000 010
7 R=R-D 000 001 000 000 010 011 111 111 101 111
R<0,R=R+D,dich trai Q 1 bit 000 010 000 000 010 011 000 000 000 010
Dich phai D 1 bit 000 010 000 000 001 001 000 000 000 010

Y Y

64 bits

Y

N
64-bit ALU

Remainder

Write

64 bits

Control
test

A

03/2017

-

Quotient
Shift left |-

32 bits

\

Thuong s6
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Phan du

Ky hiéu: Q, D va R lan luot 1 viét tit ciia Quotion,
Divisor va Remainder
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</ Phep Ch1a

COMPUTER ENGINEERING

gm, ._w

.‘7.

Siai thuat thll’C hién phep chia trén phan cung
Vi du 2: thuc hiép phép chia cho 2 sb 4 bit sau:

710 ¢ 219 hay 0111, : 0010, tirc Remainder = Remaider + Divisor

Bang thu’c hién gia1 thuat phép chia theo tirng budc

Quotiont | _ ivisor

Initial values 0010 0000 0000 0111
1: Rem=Rem-Div _— oooo 00100000 | (1100111
2b: Rem < 0 = +Bv, sl Q, Q0 = 0 0000 0010 0000 | 0000 0111
3: Shift Div right 0000 0001 0000 0000 0111
1: Rem = Rem - Div 0000 0001 0000 (1111 0111
2b: Rem < 0 => +Div, sll Q,Q0 =0 0000 0001 0000 0000 0111
3: Shift Div right 0000 0000 1000 0000 0111
1: Rem = Rem — Div 0000 0000 1000 111 1111
2b: Rem < 0 = +Div, sll Q, Q0 =0 0000 0000 1000 0000 0111
3: Shift Div right 0000 0000 0100 0000 0111
1: Rem = Rem - Div 0000 0000 0100 000 0011
2a: Rem>0=>sllQ,Q0=1 0001 0000 0100 0000 0011
3: Shift Div right 0001 0000 0010 0000 0011
1: Rem = Rem - Div 0001 0000 0010 ©000 0001
2a: Rem>0=>sl1Q,Q0=1 0011 0000 0010 0000 0001
3: Shift Div right 0011 0000 0001 0000 0001 32




@ Phep Chia

COMPUTER ENGINEERING

Giai thuit thwe hién phép chia trén phan cirng c6 cii tién
(Sinh vién tu tham khdo thém)

Divisor

T

\/

32-bit ALU

.

Shift right

—~af
Remainder Shift left |- ( Control
Write |- test
Remainder|  64bits  Quotient T

Cau trac phan cting phép chia co cai tién
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@ Phep Chia

COMPUTER ENGINEERING

Phép chia c6 dau

Néu phép chia c6 dau
=  Budc 1. Bo qua dau, thuc hién phép chia thong thuong
= Budc 2. Xét dau
v" DA&u cua thuong s€ trai voi dau hién tai néu dau cua sb chia va s6
b1 chia trai ngugc nhau

v" Dau cua soO du:

Cac xac dinh bit dau cho s6 du bang cong thirc sau:
SO bi chia = Thwong X So chia + SO dw
= S0 dw = So0 bi chia — (Thwong X So chia)

Vi du: — 7 : +2 thi thuong = -3, du = -1
Kiém tra két qua:
T7=-3X2+(-1)=-6-1
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@ Phep Chia

COMPUTER ENGINEERING

Phép chia trong MIPS

7

< Trong cau trac phan cing cho phép nhan c6 cai tién, hai thanh ghi Hi va Lo
duoc ghép lai dé hoat ddng nhu thanh ghi 64 bit cia Product/Multiplier

Quan sat cau trac phan cting cho phép nhan cd cai tién va phép chia co cai
tién, rd rang hai cau trac nay tuong tu nhau.

Tur do, MIPS cling stir dung hai thanh ghi Hi va Lo cho ca phép nhan va chia.

4

L)

» Sau khi phép chia thuc hién xong:

L)

v’ Hi chira phan du
v’ Lo chira thuong s6

L)

> Pé xtr 1y cho cac s6 c6 dau va s6 khong dau, MIPS c6 2 1énh: phép chia co

L)

dau (div), va phép chia khong dau (divu).
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@ PHEP TOAN SO HOC TREN MAY TINH

COMPUTER ENGINEERING

B TN o | o e e | | e

e e e e —

N TN L Y R A
LY :‘I 1‘ “-]? d;‘l ‘I‘:‘\ v i}
1 [ ]

03/2017

Gié6i thiéu

Phép cong & Phép trir

Phép Nhan
Phép chia

S6 cham dng

Copyrights 2017 CE-UIT. All Rights Reserved.
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@ PHEP TOAN SO HOC TREN MAY TiNH

COMPUTER ENGINEERING

Téng két:

= Hiéu quy tac thuc hién cac phep toan sb6 hoc (cOng, trur, nhan
va chia) trén s6 nguyén trong may tinh

= Hiéu cach thiét ké mach nhan va chia co ban cho s6 nguyén
trong may tinh

03/2017 Copyrights 2017 CE-UIT. All Rights Reserved.
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@ PHEP TOAN SO HQC TREN MAY TINH

COMPUTER ENGINEERING

1. Giéi thigu

03/2017

Phép cong & Phép trir
Phép nhan
Phép chia

S6 thue dau chim déng

Copyrights 2017 CE-UIT. All Rights Reserved.
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@/ S6 thuc dau cham dong

COMPUTER ENGINEERING

Dinh nghia:
Biéu dién sb thuc:
3.14159265 .. ..., (p1)

2.71828 .. .ten (€)

0.000000001,... or 1.0,.. X 10~ (seconds in a nanosecond)

en

3,155,760,000 r 3.15576

ten © ten X 10” (seconds in a typical century)

* Scientific notation: Mot so thuc duoc goi la “scientific notation” khi bén trai
dau cham c6 ding 1 chir sd.

* Normalized number: Mot s6 thue duoc goi 13 “Normalized number” (dang

chuan) khi s6 nay dugc viét trong “scientific notation” va chir sé bén trai dau
cham khong phai 14 0.

Vidu: 1.0, x 10°: s6 thuc chuan
0.1, x 10-3: khéng phai s6 thuc chuan
10.0,., X 10-1%: khéng phai s6 thuc chuan
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@/ S6 thuc dau cham dong

COMPUTER ENGINEERING

Dinh nghia:

¢+ Trong may tinh, cac s6 nhi phan phai duoc dua vé dang chuan nhu
sau:

L XXXXXXXXX g X 27777

03/2017 Copyrights 2017 CE-UIT. All Rights Reserved.
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@/ S6 thuc dau cham dong

COMPUTER ENGINEERING

Bi€u dién so thuc dau cham dong

Biéu dién sb thuc dau chim dong theo chuan IEEE 754 (v6i do chinh xé4c don)
(chuan nay duoc ap dung cho hau hét cac may tinh duoc ché tao tir nam 1980)

31(30(29|28|27|26(25|24(23(22(21|20|19|18|17(16(15(14|13|12|11|10|9 |8 |7 |6 |5 |4 |3 | 2

S exponent

fraction
\ ﬂ

1 bit 8 bits +127 23 bits

L XXXXXXXXX o K 2

Trong do:
s biéu dién dau ctia s6 thuc ddu chAm dong (1 nghia 1a 4m, ngugc lai 0 1a duong)
Phan mii (exponent) c6 kich thudc 1a 8 bit. Exponent 14 biéu dién qua 127 ctia yyyy
(excess-127 hoac bias of 127 ).

Phan 1é (fraction) dung 23 bits dé biéu dién cho xxxxxooxx

Téng quat, s6 thuc dau chim dong duogc tinh dua theo (vo1 Bias = 127):

(=1)% x (1 + Fraction) x 2(Exponent=Bias)




@/ S6 thuc dau cham dong

COMPUTER ENGINEERING

Bi€u dién so thuc dau cham dong

Biéu dién s6 thuc dau cham dong theo chuan IEEE 754 (v&i d6 chinh x4c don)
(chuan nay duoc ap dung cho hau hét cac may tinh duoc ché tao tir nim 1980)

31(30(29|28|27|26(|25|24(23(22(21|20|19|18|17|16|15(14|13(12|11|10|9 |8 |7 |6 5|4 |3 |2 |1 |0

S exponent 7, fraction

1 bit 8 bits +127 23 bits

1. X000, o X 22227

Téng quat, s6 thuc dau chim dong duogc tinh dua theo:

(—1)S X (1 + Fraction) X 2(Exponent — Bias)

Hoac:

(1) X (14 (s1X27) +(s2X27H) +(s3X277) + (s4 X 27 +...) x 2F
(v6isl, s2, 83 ... 1a cac bit lan luot tir trai sang phai ciia fraction)
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@/ S6 thuc dau cham dong

COMPUTER ENGINEERING

Bi€u dién so thuc dau cham dong

Biéu dién s6 thuc dau cham dong theo chuan IEEE 754 (vdi d6 chinh xac don)
(chuan nay duoc ap dung cho hau hét cac may tinh duoc ché tao tir nam 1980)

31(30(29|28|27|26(25|24(23(22(21|20|19|18|17(16(15(14|13|12|11|10|9 |8 |7 (6 |5 |4 |3 | 2

——

S exponent fraction

1 bit 8 bits / M 23 bits
1. oo, o X 2227

Vi du: S6 -0.75 s& duoc biéu dién trong may tinh nhu thé nao néu dung chuan IEEE 754
vO1 do chinh xac don

-0.754, = -3/4iey = -3/2% ey = ~114,0/2%en = -0.114,,

Chuédn hoa: 0.11,,, = 1.1, x 2!

%+127 ~ 126

31|30(29(28|27|26 ’5; 23\22|21|20(19(18|17|16|15|14|13(12(11|10|9 |8 (7|6 |5|4 |3 |2 |1 |0

110 1 1 1 f( 110/1 000 O0OOOOOOOOODOOOOOOOOODO

1 bit 8 bits 23 bits
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@/ S6 thuc dau cham dong

COMPUTER ENGINEERING

Vi du: Cho l;iéu dién sb dau chﬁm dong vo1 do chinh xac don nhu hinh sau,
ho1 s6 tuong irng vé1 bi€u dién nay trong he thap phan 1a bao nhi€u?

31|30(29|28(27|26(25|24|23(22|21(20|19|18|17|16(15|14(13|12|11|(10|9 (8 |7 |6 |5 |4 |3

111 o 0 0 000201 0 OO O OO0OUO0ODUOUOUOOOUOU®OT® OD® OD©ODO

Tra loi:

bit dau s 1a 1

exponent chira 129

S6 tuong tmg: (—1)5 X (1+ fraction) X 2(exponent—127)
=(~1)! x (1+0.01) x 2029-127)
=(—1.01 X 2?2),0= 5.0,

03/2017 Copyrights 2017 CE-UIT. All Rights Reserved.
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@/ S6 thuc dau cham dong

COMPUTER ENGINEERING

Bi€u dién so thuc dau cham dong

* Tran trén (Overflow): truong hop nay xay ra khi kich thudce cia s mil 16n hon
kich thudc gio1 han trén (s6 mii duong).

* Tran dwéi (Underflow): truong hop nay xdy ra khi kich thude cua s6 mil nhd hon
kich thudc gi61 han dudi (s6 mi am).
Nham han ché viéc tran trén hodc tran duéi vé s6 mii, IEEE 754 2161 thi¢u thém mot
cach biéu dién so thuc diu cham ddng, voi trudng exponent mé rong 1én téi 11 bits.
Cach biéu dién nay goi 1a IEEE 754 véi do chinh xac kép
= Po chinh xac don (Single precision): mot s6 thuc diu chim dong duogc biéu
dién & dang 32 bit.
= P chinh xac kép (Double precision): mot s6 thuc dau chim dong duoc biéu
dién & dang 64 bit.
Chu y: Trong lap trinh ngén ngit C, cdc sé thuc dang float sé dw,o:c dinh dang theo kiéu do
chinh xac don, con cac so dang double s¢ dwoc dinh dang theo kiéu do chinh xdc kep
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@/ S6 thuc dau cham dong

COMPUTER ENGINEERING

Bi€u diéen so thuc dau cham dong

Biéu dién so thuc dau cham dong theo chuan IEEE 754 (v&i do chinh xac kép)

31|30(29|28(27(26(25|24(23|22|21|20|19|18|17|16(15(14(13(12(11|10|9 |8 |7 |6 |54 |3 (2|1 |0

s exponent fraction

1 bit 11 bits 20 bits

fraction (continued)

32 bits

1 XXXXAXXXK g X 22T

Trong do:
s biéu dién dau ctia s6 thuc ddu chAm dong (1 nghia 1a 4m, ngugce lai 0 1a duong)

Phan mii (exponent) co kich thudc 1a 11 bits. Exponent 1a biéu dién qua 1023 cia
yyyy (excess-1023 hodc bias of 1023).

Phan 1é (fraction) dung 52 bits dé biéu dién

Téng quat, s6 thuc dau chim dong duogc tinh dua theo (vo1 Bias = 1023):

(—=1)° x (1 + Fraction) x 2(Exponent = Bias)
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@/ S6 thuc dau cham dong

COMPUTER ENGINEERING

Biéu dién so0 thuc dau cham dong

Biéu dién s6 thue ddu chim dong theo chuan IEEE 754 (véi do chinh xéc kép)

31|30|29(28|27|26(25(24|23|22(21|20|19|18(17|16|15|14|13|12(11(10/9 |8 |7 (6 |5|4 (3|2 |1|0

S exponent fraction

1 bit 11 bits 20 bits

fraction (continued)

32 bits

1. XXXXXXXXX g X 222L

Vi du: S6 -0.75 s& dugc biéu dién trong may tinh nhu thé nao néu dung chuan IEEE 754 vé&i do
chinh xac kép

-0.751n = -3/4ien = -3/2%en = ~1110/2%en = 0.11 0

Chuén héa: 0.11,,, = 1.1, x 271 (phan exponent = -1 + 1023 = 1022 = 01111111110)

31|30(29|28|27|26(25|24|23|22(21|20|19|18(17|16|15|14|13(12|11|10|9 (8|7 |6 |54 |3 |2 |1 |0

two two

11012 11 11 11 11 0|12 00 O OOOUOUOOUOOUOOOOTOOTDUODOO

1 bit 11 bits 20 bits

0O 0 0o 0O OO OOO OOOUOUOWUOU OUOOTUOOU OOTU®OOU OOTU OOTU OO OOUOFOo
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@/ S6 thuc dau cham dong

COMPUTER ENGINEERING

Bi€u dién so thuc dau cham dong

Tai sao IEEE 754 khong sir dung biéu dién dang bu hai cho phan mii ma dung dang
bias-of-127 cho do chinh x4c don va va bias-of-1023 cho d¢ chinh xac kép?

Vi du: gia sir dung bu 2 dé bi¢u dién phan mii cho 2 so sau:
104, X 271
31(30(29(28|27 (26|25 [24(23|22(21|20(|19|18|17[16|15|14[13|12(11(|10| 9 |8 |7 |6 |5 |4 |3 |2 |10

e

011111110 0000 OO0OO0ODOO0OOO0OO0ODO0OO0ODO0OO0ODO0ODO0OO

1.0, x 271

31(30({29|28|27(26|25|24(23(22|21|20(19|18|17|16|15|14|13|12({11(10|{9 (8 |7 |6 (5|4 |3 |2 |1 |0

»)o 0 0 0 0O 0O0OOOOOOUOGOOOOOODO

0[Q 0 0 0 O Q‘JE_’;,

= Khi nhin vao phan mii cia 1.0, x 2! thi n6 lai giéng nhu 14 s6 rat 16n (thuc chat

lai 12 nho), con trong khi nhin vao phan mii cta 1.0, x 27! thi no lai gibng nhu 1a

s6 nho (thuc chat lai 1a 16n) = vi vay IEEE 754 chon cach biéu dién dung bias-of-

127 cho do chinh xac don thay vi bu 2 48



</ So thu:c dau cham dong

COMPUTER ENGINEERING
,7 y = . e P—

Bleu dlén s6 thlrc dau chim déng dung IEEE 754

)\

(—1)° x (1 + Fraction) x 2(Exponent — Bias)

Day biéu dién s6 do chinh xac don ¢ tdm Double precision Object represented

tl’sl Atu’:h . HhAt Exponent Fraction Exponent Fraction
O Nno nnat:
. - 0 0 0 0 0
—126
ifl).(?OOQ (1)000 ?IQOO 0000 0000 0004, % 2 > 0 Nonzero 0 Nonzero t denormalized number
én so lon nhat 125D Anything 1-2046 Anything + floating-poi
S - - t -point number
+ +127
+1.1111 1111 1111 1111 1111 111, X2 255 0 2007 0 & nfniy
255 Nonzero 2047 Nonzero NaN (Not a Number)

IEEE 754 ma hoéa sb thuc diu chidm dong
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@/ S6 thuc dau cham dong

COMPUTER ENGINEERING

Biéu dién so thuc dau cham déng
Cdc van dé can luu y:
RO rang, trong mot biéu dién s thuc diau cham dong néu
- Tang s6 bit chira phan fraction thi ting d6 chinh xAc.
- Tang kich thudc phan exponent 13 ting tam trj biéu dién.
= Vi vay, khi thiét ké mot biéu dién/thé hién cho s6 dau chim dong (vi du khong st dung

IEEE 754) thi tuy vao muc dich sir dung ma Iya chon $O 2101 han cho fraction va
exponent sao cho phu hop nhat.
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@/ S6 thuc dau cham dong

COMPUTER ENGINEERING

Biéu dién so thuc dau cham déng

Cdc van dé can luu y:

¢ SO thuc dau cham dong dang nhi phan (binary floating-point)
dang chuan

1.X6xxXXXXX% 1, X 220V

% SO thuc dau qhém dong dang thap phan (decimal floating-
point) dang chuan:

1.XXXXXXXX,,, X 1O

yyyy: exponent (phan mii)
xxxxxxxxx: fraction (tam dich 1a phan phan s6/16)
Lxxxxxxxxx: significand (tam dich 1a phan tri)
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@/ S6 thuc dau cham dong

COMPUTER ENGINEERING

Phép toan cdng trén so thue dau chim dong
Vi du: Thuc hién cong hai s6 thuc dau chdm dong chuan trong hé thap phan sau
9.999,., x 101 + 1.610,,, x 10°1.

Gia str sO thuc dau cham dong luu trir phan tri (significand) dung 4 chir s6, phan so
mi (exponent) luu trit dung 2 chir so.

Buoec 1.
Picu chinh sao cho phan mii ctia hai s6 hang trd thanh bang nhau
(Lay sb hang c6 s6 mil nhé hon diéu chinh theo s6 hang c6 s6 mii 16n hon)

1.610,,x 10'=0.01610,, x 10!

Vi significand chi cho phép dung 4 chit s6, nén 0.01610,,, x 10! 1am tron thanh
0.016 x 10!
(quy tac 1am tron tiiy vao dé bai yéu cau. Trong vi du ndy, 1am tron theo quy
tac néu chir s6 bén phai ctia phan bé di 16n hon hodc bang 5 thi chit s6 bén trai
nhat ctia phan con lai ting 1én 1)
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@/ S6 thuc dau cham dong

COMPUTER ENGINEERING

Phép toan cong trén s6 thwe ddu cham dong

Buoc 2.
Thuc hién cOng phan significand cua hai s6 hang 9.999,.,,
+  0.0164,
10.015,,,
Tong 1a 10.015,,, X 10!
Buwarc 3.

- Chuyén tong vé dang chuan hoa: 10.015,,, X 10'=1.0015 x 10°

- Kiém tra phan mii c6 bi tran trén, tran dudi ? => khong tran

(Néu tran, phép toan s& tao ra mot ngoai 18 (exception) va dimng)
Buoc 4.

Lam tron tong: vi significand chi cho phép dung 4 chit s6, nén 7.0015 X 10?1am
tron thanh 7.002 X 10°

Luu y: Viéc lam tron trong mét s trweong hO’p c6 thé lam tong mat di dang chuan héa. Vi
vay sau khi lam tron, phdi kiém tra xem tong cé con trong dang chudan héa hay khéng,
néu khong, quay lai budc 3
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Start

Y
1. Compare the exponents of the two numbers;
shift the smaller number to the right until its
exponent would match the larger exponent

@/ S6 thuc dau cham dong

COMPUTER ENGINEERING

Phép toan cdng trén so thuwe dau cham dong
Y

2. Add the significands

.
L

\

3. Normalize the sum, either shifting right and
incrementing the exponent or shifting left
and decrementing the exponent

Giai thuat thuc hién phép cong

trén sO thuc dau cham dong l
trong hé nhi phan tuong tu nhu
cho s hé thédp phdn

4. Round the significand to the appropriate
number of bits

l

No

Still normalized?
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@/ S6 thuc dau cham dong

COMPUTER ENGINEERING

Phép toan cdng trén so thuwe dau cham dong
Vi du: Cong 2 s6 thue dau cham dong trong hé nhi phén cho 2 sé thip phan sau: 0.5,,
va -0.4375,, theo luu do giai thuat.

Gia sir phan significant ding 4 bits lwu trir, con phan mii lwu trit nhuw IEEE 754 d6
chinh xac don.

Dap an:

Let’s first look at the binary version of the two numbers in normalized scien-
tific notation, assuming that we keep 4 bits of precision:

0-5ten = 1/2¢en =1/2 e,
=010 = 0.1, X 2° =1.000,,,, X 2~
~0.4375,,, =—7/16,, =-7/2%.,
=—0.0111,,,=-0.0111,,,%x2°=-1.110,,,, X 272

two two two
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o /‘;Now we follow the algorlthrn

Step 1. The significand of the number with the lesser exponent (—1.11,,, X
272) is shifted right until its exponent matches the larger number:

—1.110,,,, X 272 =—0.111,,,, x 27
Step 2. Add the significands:
1.000,,,, X 271 + (=0.111,,,, X 271) = 0.001,,,, X 27"
Step 3. Normalize the sum, checking for overflow or underflow:
0.001,,, X271 =0.010,,,, X 272 =0.100,,,, X 2>
=1.000,,,, x 2™*

Since 127 2 —4 > —126, there is no overflow or underflow. (The biased
exponent would be —4 + 127, or 123, which is between 1 and 254, the
smallest and largest unreserved biased exponents.)

Step 4. Round the sum:
1.000,,,, x 274

The sum already fits exactly in 4 bits, so there is no change to the bits
due to rounding.

This sum is then

1.000,,,, X 27 = 0.0001000,,,, = 0.0001,,,
=1/2%,, =1/16 =0.0625

This sum is what we #8%%%%&%6%%@%%%%%&?& —0.4375,.,-

ten ten
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Chon phan mii 16n hon

Kién triic phan
cung phép
nhén hai so
floating-point:
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Sign | Exponent Fraction Sign | Exponent Fraction
hvd Compare
Small ALU
exponents

Exponent

difference Significand of the Significand of the

Yy v smaller number Y larger number
(o0 1 )= \. J (0 1) —»{_ 0 1
- Y Shlft n bits (n- Shift ler
, Conbred \ »| Shift right different betweer]
\ exponents) number right
] } | ' Y
NS
Big ALU Add
)
—Co 1) | — 1D
Increment or
—| jecrement ——#=| Shift left or right Normalize
| ‘ #
*1 Rounding hardware Round
o :
Sign | Exponent Fraction
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Phép nhan trén so6 thue dau cham dong

Vi du: Thuyc hién phép nhén hai so thyc diu cham dong chuan trong hé thap phan
sau: (1.110,4 X 10'%) X (9.200,, X 10-5)

Gia s s6 thuc dau cham dong luu trit phan tri dung 4 chit s6 va phan mi dung 2
chit sb.

Dap an:

Step 1. Unlike addition, we calculate the exponent of the product by simply
adding the exponents of the operands together:

New exponent =10+ (=5) =5
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Phep nhan trén s thlrc dau chim déng

Step 2. Next comes the multiplication of the significands:
1.110
X 9.200

0000
0000
2220
9990
10212000

ten

ten

ten

There are three digits to the right of the decimal point for each
operand, so the decimal point is placed six digits from the right in the
product significand:

Assuming that we can keep only three digits to the right of the decimal
point, the product is 10.212 X 10°.

Step 3. This product is unnormalized, so we need to normalize it:

10.212,, X 10°=1.0212,,, X 10°

Chu y: kiém tra sO mii ¢o bi tran trén, tran

03/2017 dudi ?
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So thu:c dau cham dong
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Phép nhﬁn trén so thue dau cham dong

Step 4.

Step 5.

03/2017

We assumed that the significand is only four digits long (excluding the
sign), so we must round the number. The number

1.0212,. x 10°

ten

is rounded to four digits in the significand to

1.021,. % 10°

ten

The sign of the product depends on the signs of the original operands.
If they are both the same, the sign is positive; otherwise, it’s negative.
Hence, the product is

+1.021,. % 10°

ten

The sign of the sum in the addition algorithm was determined by
addition of the significands, but in multiplication, the sign of the
product is determined by the signs of the operands.

Copyrights 2017 CE-UIT. All Rights Reserved.
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Phép nhan trén so thue dau cham dong

Viéc thuc hién phép nhan trén s6 thuc dau cham dong nhi phan ciing twong tu nhu vi
du trén, nhung luu ¥ phan mii khi duoc luu theo dinh dang IEEE 754

Vi du:

Can nhan hai s6 thuc diu chidm dong dang dugc luu trir theo IEEE 754 do chinh xac don,

biét 8 bit phan mii cta s6 thir nhat trong luu trit ¢ gia tri la 137, va 8 bit phan mii cta s6

th(r hai trong luu trit ¢ g1 tri la 122,.,.

Vi thuc chéat:

Phan mi cua tich khi luu trir : - S6 mii cua s6 thir nhét 13 10. Khi duogc luu trit

137, + 122, =259, theo IEEE 754, phan mii lwu 10 + 127 = 137
o ) . . - S6 mii cua so thtr hai 1a -5. Khi duoc luu triy
Gia tri 259, ding hay sai? = Sai theo IEEE 754, phdn mii luu -5 + 127 = 122

S6 mil cuia tich phai 1a 10 + (-5) = 5 Va néu duoc
luu trit theo IEEE 754, phan mii cta tich luu 5 +
(137ten + 122ten) '127ten = 132ten 127 — 132

Vi vay néu lay 137 + 122 thi 127 d3 duge cong
hai lan

Gia tri duang cua tich trong lwu trir phai la:
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Gii thuat nhan s thuc dau cham
dong trén hé nhi phan c6 5 budc
gidng nhu 13 vi du phép nhan so
trong hé thap phan.

Nhung luu y: Buéc 1 khi cong hai
exponent cta hai s6, nhé trir di so
bias

e Néu IEEE 754 dé chinh xdc
don: bias = 127

e Néu IEEE 754 dé chinh xdc
kép: bias = 1023

Copyrights 2017 CE-UIT. All Rights Reserved.

GO

Y

1. Add the biased exponents of the two
numbers, subtracting the bias from the sum

to get the new biased exponent

3. Normalize the product if necessary, shifting
it right and incrementing the exponent

Overflow or
underflow?

4. Round the significand to the appropriate
number of bits

l

Still normalized?

No

Yes

5. Set the sign of the product to positive if the
signs of the original operands are the same;
if they differ make the sign negative

\

E&=D
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Phép nhan trén so thue dau cham dong

Vi du: nhan s6 thuc dau chdm dong trén hé¢ nhi phan cho 2 sO sau:

0.5, va -0.4375,,.
Biét cac s6 dau cham dong dung luu trit theo IEEE 754 d6 chinh x4c don, nhung
phan significant chi cho phép 4 bits
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Phép nhﬁn tren ) thlrc d4u chim dong
In binary, the task is multiplying 1.000,,,, X 2~ by — 1.110,,,, X 2.

Step 1.

Step 2.

03/2017

Adding the exponents without bias:
-1+(-2)=-3
or, using the biased representation:

(=1 + 127) + (=2 + 127) — 127 = (-1 — 2) + (127 + 127 — 127)
=—3+127=124

Multiplying the significands:
1.000,,,,
x 11104,

0000
1000
1000
1000

1110000,

The product is 1.110000,,,, X 27, but we need to keep it to 4 bits, so
itis 1.110,,, % 27
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Phep nhan tren s0 thl.l’c dau cham dqng

Step 3. Now we check the product to make sure it is normalized, and then
check the exponent for overflow or underflow. The product is already
normalized and, since 127 = —3 = —126, there is no overflow or
underflow. (Using the biased representation, 254 = 124 = 1, so the
exponent fits.)

Step 4. Rounding the product makes no change:

1.110,,, X 27

Step 5. Since the signs of the original operands differ, make the sign of the
product negative. Hence, the product is

—-1.110, x27°

two

Converting to decimal to check our results:

-1.110,, ><2_3 —-0.001110,,,,=-0.00111,
5 -
=-7/2° ., -7/32@ =—0.21875,
The product of 0.5, , and — 0.4375,_ is indeed — 0.21875,_ .

03/2017
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Sinh vién tim hiéu:
< Phép chia véi so floating-point trong MIPS
< Cac lénh 1am viéc voi so floating-point trong MIPS
- Cac 1énh lién quan dén so6 floating-point
- Phan biét cac 1énh:
mult, multu, mul.s, mul.d

div, divu, div.s, div.d
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% Ly thuyét: Poc sach tham khao
e Muc: 3.5
» Sach: Computer Organization and Design:
The Hardware/Software Interface,

Patterson, D. A., and J. L. Hennessy,
Morgan Kaufman, Revised Fourth Edition,

2011.
» Bai tap: file dinh kém
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Téng két:

= Hiéu cach biéu dién s6 thuc dau cham dong theo IEEE 754
trong may tinh theo:

v" D0 chinh xéc don
v' Do chinh xac kép

= Hi€u cach may tinh thuc hién cOng, trir, nhan chia trén so
thuc dau cham dong

" Hicu cach thiét ké mot mach cOng hai s6 thuc dau cham dong
co ban
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