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BH Khoa hoo T nhign TPHCHK

¢ S6 nguyén N bit bieu dién dwoc 2N gia tri
— Biéu dién khong dau (Unsigned Integer)
7 0 a 2N -1
(N=32, 2N-1 = 4,294,967,295)
— Biéu dién bu 2
| 200D 20D 1
i (N=32, 201 = 2,147,483,648)
|+ Biéu dién sb ratlon ? S6 giay / 1 nghin nam
ﬁj — 31,556,926,000 (3.1556926 x 1019)

|« Biéu dién so rat nho ? SO gidy / 1 nano gidy
| = 0.000000001, (1.0,, x 10°%)

"« Biéu dién s6 thap phan 1.5 ?

cowsenoey  \/an dé vai biéu dién sd nguyén



R

oserowy. — Bjeu dién phan thap phan
= R - X y4 X b . _i
« Biéu dién s6 5.375 thé nao ? | |2
' Can bao nhiéu bit ? 011.0 1
. o N 1 (0.5 1/ 2
* Gila s dung 8 bit dé lwu trir phan > |0. 25 1/ 4
| nguyén 3 [0.125 1/ 8
5=4+1=00000101 4 [0.0625 1/ 16
L LR s . . 5 0.03125 1/32
¢ Twongtwcothédung 8 bitlwutrd 4 |g 015625
*phan thap phan 7 | 0. 0078125
0.375 = 0.25 + 0.125 = 01100000 8 |0.00390625
PP SIEY S 9 |0.001953125
Vay co thé biéu dién 10l 60 0009765625
5.375 = 00000101.01100000 11! 0. 00048828125
. T(’Sng guat ta co: 12]10. 000244140625
9 . 13| 0. 0001220703125
X  KXX . X X, KX = a X2 14|0. 00006103515625
i=-m 15| 0. 000030517578125

=> Bjéu dién sd cham tinh (fixed point) 3
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coeieEre™  Giyi han biéu dién sd cham tinh

BH Khoa hoo T nhign TPHCHK

| —
| =1

- .
7 V&I 8 bit
Jx‘/ _ Phan nguyén 16n nhét c6 thé bidu dién 1a
= 28 - 1= 255

// — Phan thap phan nhé nhat c6 thé biéu dién l1a
' 28 = 1/256 = 0.00390625 ~ 1073
|+ Néu muon tinh toan voi so nhd hon nhu
,’}; 0.0001,, hay 0.00001,, ?
I a Tang so bit
/7 V&i 16 bit phan thap phan
; min = 1/65536 = 0.0000152587890625 ~ 105

{--[ e C6 cach nao tot hon ?
|



s

: Khoa

(Basewen SO cham dong — Y twéng

J

*

- Hé thap phan
f — 123000000000 ~ 1.23x10! va 0.0000000000123 ~ 1.23x101
Twong tw v&i hé nhi phan, ta co
x = 00000101.01100000 = 22 + 20 + 22 + 23
Ta co thé viét lai
[ x =1.01011 x 22
/,- » Thay vi diing 16 bit dé Iwu tri, chi can dung 7 bit (5 bit
| phan tri + 2 bit phan ma)
! x = 1.01011 10
| o Nhuw vay,

——o,

—

-‘_‘:-_‘_‘_'__‘_‘_ﬁ}t

o —
—

— Mubn tiét kiém sé bit lwu triv, ta da di chuyén vi tri cda ddu cham
sang phai 14 vi tri

/[ — Can lwu: phan tri, phan ma va ...phan dau
=> PAay la y twdng co ban cia so cham déng (floating point)
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¢« Biéu dién s6 cham dong

| [S] Exponent Significand

| //1bit  mbits n bits

— Sign (S): phan dau
|~ Exponent (E): phan sé m
| - significand (S): phan dinh tr
o Glatri
| +SX2E
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CONGNGHE THONG TN B|éu d|én khoa hoc

¢ Gla tri 1 / 1,000,000,000 c6 thé biéu dién nhw sau:

h,. — 1.0,, x 10 & Dang chuan (Normalized form)

7 =0.1,,x10%8,10.0,, x 1020 & Dang khéng chuan
(Denormalized form)
‘e Dang chuan: phan nguyén gém 1 chir s6 khac 0

[ |
| |
Li

decimal point

/6.10210 x 1023
mantissa\ }rm exponent

1.0,x 21
/

“binary point”
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% DH Khoa hoc Tue nhien TPHCM

3130 2322 0
7 |S] Exponent Significand

1 bit 8 bits 23 bits

— S: dau (Sign) — 0: dwong, 1: am

=~ Exponent: phan sé mi (lwu dwdi dang sb biased)

— Significand: phan dinh tri

 Ngam dinh bat dau la 1 + phan tri ~ (1 + 23) bits

e Dang chuan: +/-1.XXX...X,X2Y¥Y--¥2
e Vidu:

Biéu dién: 0 10000001 01011000000000000000000

Co gia tri: +1.0101100...00x210000001 — + (1422 4+ 24 + 29) x22 =

5.375

Khoa

CONG NGHE THONG TIN

« Biéu dién so cham dong Single Precision (32 bit)

Chuan s6 cham déng IEEE 754
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— EB?JGNGHETHGMGHN Chuyen tw blélﬂ diéﬂ/\ﬂhi phan
sang thap phan

0] 01101000101 0101 0100 0011 0100 0010 |

6 Dau: 0 & n

o MQi:

- —0110 1000 o gia tri (dang\biased) la
| 104 - 127 # -23

e Tri:

1+ ITx2°1+ Ox22 + 1x23 + Ox24 + 1x2> +
_1+21+23+25+27+29+214+215_|_217_|_222
= 1.0+ 0.666115

|+ Kétqua: 1.666115x22 ~ 1.986x10°7
' (~ 2/10,000,000)
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Chuyén tt biéu dién thap phan
sang nhi phan

-2.340625 x 10
1. Khéng chuan hoa: -23.40625
2. Chuyén phan nguyén:
-. 23=16+4+2+1 = 10111
3. Chuyén phan thap phan:
40625 = .25 +.125 + .03125 = .01101
| 4. Két hop va chuan hoa:
10111.01101 = 1.011101101 x 24
a5, Chuyén phan mi: 127 + 4 = 10000011

1]1000 0011 [011 1011 0200 0000 0000 0000 |

10




Chuyén tr biéu dién thap phan

— CONG NGHE THONG TIN

<

7a

e sang nhi phan (tt) .

7 1/3

| =033333..

- =0.25+0.0625 + 0.015625 + 0.00390625 + ...

f"';! =1/4 +1/16 + 1/64 + 1/256 + ...

I =224 24420428+

/|~ =0.0101010101... *2°

| =1.0101010101... * 22
| — D&u: 0

Ul MG =-2+127 =125 = 01111101
/ ~ Trj=0101010101...

0| 0111 1101 |0101 0101 0101 0101 0101 010 |
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Phan mi = 0, phan tri = 0

— S0 zero

Phan md =0, phantri t O

— S6 dang khdng chuan (denormalized)
Phan ma toan bit 1, phan tri = 0

— S6 v cling (infinity)

Phan md toan bit 1, phantrit O

— S0 bao 16i (NaN - Not a Number)

 Signaling NaN
e Quiet NaN
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X+ (+¥)
X — (+¥)
X+ (—¥)
X—(—¥)
X X (+¥)
X [ (—¥)
(+¥) + (+¥)
(—¥) + ()
. (%) = (+¥%)
10.(+¥) — (—¥)

© 0N UM ®WN P

Nhirng trerong hop tao
sO dac biét

11.(+¥) + (<¥) 21,

12.(—¥) + (+¥)
13.(+¥) — (+¥)
14.(—¥) — (—¥)
15.¥ x0

16.¥ /0
17.X/0
18.0/0

19.¥ / ¥
20.sgrt(X), X<0

13



 CONG NGHE THONG TN Phan b("j, pham VI b|éu dlén

_=__ BH Khos hoo Twe nhign TRHCM

a

e

« Pham vi biéu dién. Chtrng minh ?

Negative Positive
Underflow Underflow
Negative Expressible Negative Expressible Positive Positive
Overflow Numbers \ — / Numbers Overflow

~HA——A—— A A A

Line

—(2-27%) x 217 =271 g 271% (2-27F)x 2™
"I."I A X
|| » Phan bo
| 1 ]| i ‘ I i | | | | | | ‘
N | I Fr 0 Lo |
[
| -n 0 n 2n dn

14
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Phan bd

« Patf(1,2) =solwong s6 cham dong trong
| khodng 1 va 2

;P Patf (2, 3) =so6 lwong s6 cham ddng trong

khoang 2 va 3

o HOoi

1. 1(1,2) < £(2,3)
2.1(1,2) = f(2,3)
3. (1,2) > (2,3)

15



B Geerncn S6 dang khong chuan
*
¢ SO dwong nhé nhat c6 thé biéu dién
;’/ a=10.. ,x 2126 = 2126
7 Gaps!
/ - CDW + OO
/ O0—a
[J Ly do: ngam dinh 1 + phan trj
|+ Giai phap:
U+« — Quiwéc néu so mi =0 (phan tri * 0), khéng ngam dinh
/7 bét dAu la 1 & Sb dang khéng chuén (denormalized)
— S6 dwong nhd nhat cé thé biéu dién
| e a=0.00...1, x 2-126 = 223 x 2-126 = 2-149
“ QO Ll 4 oo
0

16
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- RMeeEROE MOt s6 loal cham dong

i

*

¢ Single Precision (32 bit)

|| - 1/8/23 (kiéu float trong C), 103 & 103

ff Double Precision (64 bit)
/L~ —1/11/52 (kiéu double trong C), 10308 & 10308

h.. Half Precision (16 bit)

ﬁ — 1/5/10
/'« Quad Precision (8 bit)

L
ﬁJ — 1/4/3

|« |EEE 754-2008 “binary128” (128 bit)

| — 1/15/112

|

L en. W ki pedi a. org/w ki / Fl oati ng_poi nt

17



4 CONG NGHE THONG TIN
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Denommalized
numbers

Normalized
numbers

BH Khoa hoo T nhign TPHCHK

000
001
010

110

1110 110
1110 111

frac

E

Yalue

0
1/8*1/64

2/8*1/64 =

6/8*1/64 =

8/8*1/64
9/8*1/64

14/8*1/2 =

15/8*1/2
8/8*1
a/8*1
10/8*1

14/8*128 =

15/8*128

Biéu dién sb6 cham déng 8 bit

+“—closest to zero

+— |argest denorm

+— smallest norm

+«— closest to 1 below

+«— closest to 1 above

«— |argest norm

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

1111 000
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CONG NGHE THONG TIN

= > s < A X n
%m BH Khoa hoc T nhign TPHCKW Bang tom tat SO Cham dong
Single Precision (32 bit) Double Precision (64 bit)
Dau M Tri Gia tri Dau M Tri Gia tri
#+0 0 0 0 0 0 0 0 0
-0 1 0 0 -0 1 0 0 -0
+Y 0 | 255 (toanbit1) | O ¥ 0 | 2047 (toanbit1) | © ¥
=¥ 1 | 255 (toanbit1) | © ¥ 1 | 2047 (toanbit1) | © ¥
Quiet NaN | 0/1 | 255 (toan bit 1) | * 0 NaN 0/1 | 2047 (toan bit1) | * O NaN
Signaling NaN | 0/1 | 255 (toanbit1) | * O NaN 0/1 | 2047 (toan bit1l) | * O NaN
SG dudng 0 0<e<255 fo| 2e27@1f) | O 0<e<2047 f | 20102 (1 1)
(dang chuén)
86 am 1 0<e<255 fo|-20127(16) | 1 0<e<2047 f | -201023 (1 f)
(dang chuén)
' S8 dudng 0 0 f1 0| 20126 0.f) | 0 0 f10 | 201022 (0.f)
(dang khong
chuan)
S6am (dang | 1 0 f10 | -2¢126 (0.f) | 1 0 f10 | -2¢1022 (Q.f)

khéng chuan)

19
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consneHE TN K&l niém Precision va Accuracy

BH Khos hoo Twe nhign TRHCM

|

fj' Precision: so bit dwoc st dung trong may tinh

| dé biéu dién 1 gia tri.

*b Accuracy: do chinh xac ma mét kiéu biéu dién

| trong may tinh c6 thé biéu dién dwoc mét gia tri.

- Thwong thi precision cao sé€ dan téi accuracy

!;:’ Cao.
/e Vidy: float pi = 3.14;
7 — pidwoc biéu dién béi 24 bit phan tri (precise cao),

nhwng chi c6 thé biéu dién dwoc gan dung pi (khdng
accuracy).

20



€ Zeeooen  Lam tron (Rounding)

|

« Khi thwc hién cac phép toan trén sé cham déng, két qua
| nhan dwoc c6 thé vwot ra ngoai kha nang biéu dién cta
!/ phan dinh trj.
/s Phan ctrng phuc vu cac phép toan trén sé cham dong
. thwdng cé thém 2 bit nhé hé tro cho phan dinh tri giap
thwe hién viéc 1am tron dé cé dwoc két qua chinh xac
!l nhat co thé.
/'« Vi du: thye hién (1.00...00x2%) — (1.11...11x20)

1.00....00 x21 1.00....00 00 x21

-0.111....1 x21 (= 1.11....11%2%) |- 0.111....1 10 x21 (= 1.11....11x20)
0.000..01 x21 0.000..00 10 x21

=1.00...00 x2-22 =1.00...00 00 x2-23

21



Chuan IEEE lam tron

§E§4§ CONG NGHE THONG T T -
% : BH Khoa hoc Ty nhign TPHCKM SO Cham d-ong
« Lam tron Ién (Round up / Round towards +¥)
/| 1.0110® 1.10, -1.0110® -1.01
» Lam tron xubng (Round down / Round towards —¥ )
1.0110® 1.01, 1.0110® -1.10

o Lam tron vé 0 (Truncate / Round towards 0)

[ = B&gia tri 2 bit nh¢

/'« Lam tron ve gia tri gan nhat (Round to nearest):

i+ —1.0101® 1.01, -1.0111® -1.10

— Trwong hep 2 bit nhé la 10 (halfway) ?

e Lam tron vé s6 chan gan nhat (méc dinh), nghia la LSB cla phan
: dinh tri ludn bang O

/| 1.0110® 1.10, -1.1011 ® -1.10

22
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CONG NGHE THONG T Cac trwedng hop lam tron khac

e ~ BH Khoa hoc T nkién TPHCK

« Lam tron ciing dwoc the hién khi thie hién chuyén doi:

— Chuyén dbi tir kiéu double precision thanh single precision
| = Chuyén dbi tlr s6 cham ddng thanh sd nguyén va nguoc lai
/| © = Ep kiéu tlr s6 cham ddng thanh sd nguyén va ngwoc lai

» Hay khao sat cac trwdng hop sau:

| 1.Chuyén déifloat ->int ->fl oat. Két qua nhw ban dau ?
2.Chuyén doii nt ->fl oat ->i nt.Két qua nhw ban dau ?

3.Phép cong sd cham ddng co tinh két hop ?
(X+y)+z = X+(y+z)

AfF (f == (float)((int) f)) { printf(“true”); }
Af (f == (double)((int) f)) { printf(“true”); }

d 4.1 = (int) (3.14159 * f);

5.f = f + (float) i:

6.1f (i == (int)((float) 1)) { printf(“true”); }
7.1f (i == (int)((double) i)) { printf(“true”); }
8
9
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Knoa

weseroen  Phép cdng, trir sO cham déng

SUBTRACT
Yez A
Exponernts - signed
equal? significands
sign of ¥ Mo

" : Yes
T ETILETL
Ner L— 0
u1p1111]:111t lef
Y =07 i l
- l HRETURN Iecre e it
ki Shift R poneTt
7Fe— X E'Ig'l'.l.‘lf'lE.B.T.l.li
right

Shift
gimmificand
Significand 531 -
=7
Yes l
Increment
eRpoTenE
Pt other RETURN
mmmber in &
Report ¥en Mo

REETURN ove T oo




Khoa
CONG NGHE THONG TIN

BH Khoa hoo T nhign TPHCHK

MULTIPLY

Phép nhan s6 cham déng

Add
Exponenits

Subtract Bias

Multiply
Significands

MNormalize

Round

Report
Overflow

RETURN

25



Khoa
CONG NGHE THONG TIN

BH Khoa hoo T nhign TPHCHK

Phép chia s6 cham déng

Subtraect
Exponents

Add Bias

Report
Overflow

Divide
Significands

Normalize

RETURN

Round

26
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