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.S € 40,1} slayl Jaad 1 bit oo 05 > -

12 UK (3 LS 32Dt Lol 3515 3y (3 Spabaete Jsidl ods O

MSB LSB
S E[30:23] T[22:0]
1bit 8 bits 23 bits

binary32 aeel -yl i 12 (K2l

Gode o8 oo Lehla Ly Ty By S a9 Jsaoll adosd) VU W1 Joad)
.binary32 ibe )l ki) dx0 Llis



djiﬁ\ J.&ﬂ'j\ 8

oA Jed dad Laual) Ao
0 < E <255 (—1)° x 1.£x 27127 normal numbers
E=0T=0 (—1)° x 0.fx 2725 subnormal numbers
E=0T=0 (—1)° x 0.0 signed zero
S=0,F=255T =0 |+INF + o0
S=1E=255T=0|—INF —
E=255T =0 NalN Not-a-Number

binary32 dbe B4 b Lelic g Zauall o 11 Sy
XA sa ) e xf 2
[Sglar S50 3 ga dana)) ods Eall suall g ) OF Lis Lo
oda (3= drpal) odp i gl a2 O < B <255 Liie m = 1.f @
normal number Lsls Tsae —aUd)
— drall ode i gl sudl s T = 0 9 E =0 Lue m=0. o
.subnormal number U o Tsas —aU oda 3
e sy Of wed S st o m ol aal) s OF el 0 W G
e san QW) Joadl e alld) o F SleW B (305 ciellad) sleY) Al (3 1 e
(il el Ly BELb) aapudl el

e[ (Hex) danalt 4 it 3ual) Aol
+0 00000000 0.0
-0 80000000 -0.0
1 3F800000 1.0
2 40000000 2.0
maximum normal number TFTFFFFFE 3.40282347e+38
minimim positive normal 00800000 1.17549435¢-38
number
maximum subnormal number O07FFFFF 1.17549421e-38
minimum positive subnormal 00000001 1.40129846e-45
number
+00 7F800000 Infinity
— 00 FF800000 -Infinity
Not-a-Number 7FC00000 NaN

38l Loy binary32 dewdl Bl fited) 2o j2nr 12 Jsidt
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binary64 i distall i b Lk
(W ghe BN e Jaod) 10 28 Aanal) Sl
0<F=Tx27% <1 S i 52 bits e 0556 Jim -
LB A sl acd) Lead 11 bits e 0550 i -
.S € {0,1} slay Jiad 1 bit oo 05 - -
WS (3 ST 64 Dits Lewld 3515 g (3 §lnze Sy ol oE

MSB LSB
S E[62:52] T[51:0]
1bit 11bits 52bits

binary64 aaslall - daes 13 K2
Gode o o bl Ly T 5 B 5 S 299 Jsiol) adlsd) SYU W Jgad! e
binary64 aielall |l da.o Gl

o) Jgi ded Ll dogd!
0 < E < 2047 (—1)° x 1.£x 2871023 normal numbers
E=0T=0 (—1)° x 0.£x 271922 subnormal numbers
E=0T=0 (—=1)° x 0.0 signed zero
S =0, =2047; T = O|+INF + 00
S=1FE=2047,T = 0|—INF — 00
E=2047;T =0 NalN Not-a-Number

binary64 aislall B4 b Ll g ol o2 13 Jyid
(ol S50 3us ga dral ods Bl saall ) OF = Ll - s Ja>n

oda (3— drpall oda alif gl sudl 2 0 < B <2047 Lae m = 1. @

.normal number LUz Tsae —aUd)



o Jadl) 10

L}—M\oiﬁd&féﬂ\;&x}\w.jﬂio s E =0 e m=0.fe
.subnormal number s 2 e~ ol

e 7 0.1 wad (58 5% B m u;ug\a%anJg>6T¢usUﬁuL5&
e sn QW g (i) oS sV Al 30 g celad slaeY Al 31 azd

cGnl) padl Lgady aalh) ddeliall fad)

Q;\_:J\ ,.m (Hex) daeal! O VENON [ OOF:
00000000
+0 00000000 0-0
80000000
-0 00000000 ~0.0
3FF00000
! 00000000 L-0
40000000
2 00000000 20
maximum normal TEEFFFFE | o0 0031348623157e+308
number FFFFFFFF
minimum positive 00100000 ~
SN 00000000 | 2-2250738585072014e-308
maximum subnormal 000FFFFF 5. 2950738585072009-308
number FFFFFFFF
minimum positive 00000000 B
o pes T 00000001 | 4-9406564584124654e-324
TEF00000 Infinit
+00 00000000 Y
FFF00000 finie
—00 00000000 Y
Not—-a-Number TFF80000 NaN
00000000

B34a)l Leasdy binary64 aislall 8L fadl feo an 14 Jgid

Decimal formats &,sal LUYI 529 Slastl | 2f 2.2

SIS R 4\.1.,:1&? JST Decimal formats &) LY b9 slasN) Sk s

g sde Ol U3y 2HLEY)
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@3l kol (3 ) el aggdeg Sluel) fid

Binary encoding 3y sl W& “encoding” sl e cniliz (ol ci e
aadl ) psadl ey dreall wbSL Decimal encoding (sial) il

My

ean oo Bzt U5 1 GLayl ia) Jead) 065 Y diall LY 3 @
T Jadt o JIU Jtf 05 G a3 Y1 DUV Al (3 JUH 5o LSTat IS

G r s

@ At Bpall CUSL (gl sadlly GEYI sl A oS e ISy
107 — 1 aadlly il G dad sda)l s Al o o) s L aa b
U 13 W (g all gl 3Ly JSCadl ) 1n B gy ) Tol) o) Vs 5 L) 1306
rro 058 (Tl dpal) gpall Sl U] gy 1n bsk) T ) Vs e
P S 3 e sn LS el BN e il BLEYT (3 ke

MSB LSB
S G T
1bit w+5 t = J10 bits
GO ...Gw+4

» decimal encoding: J declets give 3J = p—1 digits

« binary encoding: ¢ bits give values 0,...,2" —1

tagial) LUV and fiedl de Jsi ol W b iy

decimall28 | decimal64 | decimal32
128 64 32 PR
110 50 20 t=10J :T Jab i3
17 13 11 w+5 G JaH oS
6176 | 398 | 101 g S
b=E—(e—p+1)




o Jadl 12

A Al 3y fted drew Lgis o 80 dagdl) Ol (54
(o dl Sbdl ) G & e WYs S Thits" ot il 13 e
(NaN qlbas e e b ey ae Y 2000 0B G-+ G, = 11111
((-1)% X (H00) HEWI Lo fa Jtadl as OB GGy = 11110 U= &
i Lgzne Tots B a6 G = 0 055 2t 1€ {0,...,3) 39my U= 3 @
(-1)° x10F~t x ¢

398 101 aedh dsl silly LI @ 5LEV b gy saall 5180 Y1 e B — b Ls
e decimal128 o decimal64 «deciml32 susznd) (il Lol by 6176
i WSO 5 B r IS8 (o 54 A

decimal encoding 58! jue i) B> G Yyl
S Gy Gy = 11107 51 Gy -G, = 1102z o513 %

B =GyGyGsGsCyy » C=B+C)00C,y

binary decimal

Cy =8+ G, €{8,9} ST ada 3 L

§H Gy--Gy = 10227 o Gy Gy = Ozzzz OS5 <

\

binary decimal

(C341:C3542:C3513) = P(Lyg o Thgj49)s 0= <J

S byby by QWY e i ks @1 {0,110 — {0,...,9)° oy
ek By d; €{0,...,9) o dydidy g e A b € {01}
DU a5 JS @l JW el slasent “TEEE 754 — 20087



13 @3l kol (3 ) el aggdeg Sluel) fid

bgbrbgbsby dy d dy
Ozzxzx | 4by + 2b + b, 4by + 2b, + by 4b; + 2bg + b
100aa | 4by +2b +by | 4by +2b, + b 8 + by
101 oz | dby + 2b, + b, 8 + by 4b, + 2b, + by
110z 8 + by dbg + 2b, + b | 4b, + 2b;, + by
11100 8 + by 8 + by 4by + 2b; + by
11101 8 + by 4by + 2b, + by 8 + by
11110 | 4b, + 2b, + b, 8 + by 8 + by
11111 8 + by 8 + by 8 + by

el sl & sall LUY) a3y (spie sde Sk e GL:;' A6 AU s

WSk dydydy ks W i e 11 {0,191 — {0,110 sk ) s

Sk Gy s (55 (g by,eensbg) = V(dy,dy,dy) O et Dby . by
;W) Jgadd st “IEEE 754 — 20087

ddddy bobby bybybs by | Dbrbghy
000 [ qwa aaat | o | i
001 dbd2d3 did?d} 1 |00d
010 | qead dgg | 1| o1d
011 dbd2d3 10 d} 1 | 1145
Loo | ez dea | 1| 1od
1ol dld2d3 01d} 1 | 11d;
L1o dyd3dg 00 d} 1| 11d3
111 00d; 11d} 1 | 114

cd; € {0,...,9} sl WY aaeall fic dDd}d2d] o

771 71



Jfﬁ\ Jadlt 14

L A5 24 el Dby by WY ST e Ay ) ket O U] Ln o3
{012112111z, 102112111z, 1121121112}
S e Lgabge 3 B Blasl Bad o T e
.“non-canonical patterns” 56 n Bl CSTH sda vy
0sSG Lss & clin >
Gy---G, € {00000,01000,10000} , T =0
D] ae il Bie Gl By Logas 055 U oda 3 saal) |5 OB
signedzero :  (-1)° x (+0)
i el Al (3 s dall Jitedl daa) adlisl) oYW L) Jeddl el

G & pinad) dipal] dy30all oyl
111110z ---z
or NaN
111111z---x
11102z -2 (—1)° x (40)
binary
GoGaG:Gr -G, —b
1102z -2 (Z17 X1 e x (8 4 GGy -Gy
decivmal
or
1110z ---x w
(03j+1703j+2a03]‘+3) = &p(Tle""’TIOj+9)
0<3<J
G G,G=Gs---G —b
(—1)F x 1070717556 a0 5 (4G + 2G5 + G)Cy - C
Ozx---x decimal
or G
10z---z

(03j+1’03j+2703j+3) - “p(710j""’710j+9)
0< 1< J
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binary encoding WY jwe il d- 3 Lt
56 GG, € {00,01,10} o513

E = Go "'Gw+1 , O = Gw+2Gw+3Gw+4TO "'T10J—1
_,__/ - v

binary binary

56 GyGy € {00,01,10} 0 5 GGy = 11 013]

B =Gy Gyyy » O= }OOGw+4ToT1 ~Tioya
binary binary

el 0B 107 — 1 Wl abaadl 2l O saed) aad ol 13] ol LS™ 3y
BLa) pe il B s
signedzero :  (-1)° x (+0)

LY ) Wl (3 () e Bl il YU LU g e,

G & pial) dinal] dy3dall Loyl
1111102 ---x
or NaN
[11111x---2
111102z (=1)% x (+00)
binary
00”;'0"”3 (—1)° x 10902 Cur1 ™0 s G oG 4G, T Tigy
Olz---x binary
or | 2 0 (Gi9Gyy 3Gy g Ty T g Jy = 107 sy
10z---x (_1)5 % (+0)
binary
1100z ---z (_1)5 " 1OG2G3G4"'Gw+3 b " 100Gw+4T0Tl Ty,
110;);--55 | binary
or el 055 (100G, 4 TyTy Ty )y = 107 Leaiss

1110z - (—1)° x (+0)




o Jadl 16

B palt U g Susl) Jid e 23U
decimal64 s ea)l Ladl 339 2 = 3.141592653589793 saall Lif 3 cmd @
I gl el sl
S =0 wed gy ey lis @
Ois Loy @
z = 3.141592653589793 x 100 =3141592653589793 x 101
Sl GV O E rs e — p A+ 1= =15 ol IS Y1 OT
E=e¢e—p+1+b=383
05 Oy = 3 Ol Ly 0101111111 WY aksdy

C = (4Gy +26; + G,)C,Cy-C,_,
= (4x0+4+2x1+1)141592653589793

d0d1d2 & pial) LI alll bObl ...bg LY OLSH TR eV Pt
s 141592653589793 saxll 23U

Gl A3 | WY e )
141 0011000001
592 1010111010
653 1101010011
589 1011001111
793 1110111011

S aadl 5pn ) ARET decimal64 (s ol Lol 329 2 sual i dre Q)Q c;{‘ )
YRRl

0 0101101111111 00110000011010111010110101001110110011111110111011
sign combination field trailing significand field
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decimal64 s eall Lol 339 © = 3.141592653589793 sl fzf & G @
W LYY ) sl
S =0 wed gy ey i @
Llalud o

T = 3.141592653589793 x 10°=3141592653589793 x 10 1°

Sl A0S F o e—p 1= 15 gl S A O
GBY Jeadl G 0101111111 3@ dhtfy E=e—p+1+b = 383
: 3141592653589793 |l

1011001010010100001100001010001001010110110100100001
t = 50 bits (trailing significand)
05 &) AU (3 T gm 1y B2Dits e 03 U WYY Jeadl OF Lin Lol
e

Jw+2Yw+3w

B =GyGy Gy s O=Gy 96,36, 4ToT Ty
[ ———— . )
binary binary
L}LJ}!\ el pldsal decimal64 S sl Lol g5y 1 sas) J,;:f EESO) Jj.<5 cw(? 9
e %}iﬂ J:J.X.U
S=0
G = 0101111111010
T =11001010010100001100001010001001010110110100100001

AW drnall folly decimal32 Led! o 7 2l daidl sie el un 3 o @
W il el psnns BT o5 Sy

111101101101 | 01101001101111000011
S G(I1bits) T (20 bits)

2 <0 O g ling § =1 wadslay) i @

NaN o 4l e 7 3adl 2336 Gy = 0 ST o
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Sl S - W sda & - s T T G GLGLG = 1110 il e
(—=1)% x 10926355 G0~ (8 4 G,)C,C, - C
) &uxc-\mpj‘co =9 ?y) G4 =1 &l ta L= . b = 101 o

5 Ty... Ty &Y SH 0 Wil O CCp 5 C105C5 Bl S s

N Tig---Tig
C,05Cy = 326, C,C-Cq = T43
L) (o 2l
(GaG3Gs -+ Grg ), = 10101101, = 173,
£ o
r = —9326743 x 10137100 — _9.326743 x 1078
W aaLly By decimal32 Ladl 0 @ W) 2l sue Ll el 3 Eoed @

(W LYY seed) pases W oo &

1[11101101101 | 01101001101111000011
S G(11bits) T (20 bits)

<00 g liny § =1 wadglay) Ji- @
NaN of LW e 7 saal 2 O Gy =0 Sk o
tep — W ede 3 — @ sl o3 T T GGLGLGy = 1110 Laf b e
E = GyGy -Gy = 10110110, = 182,
E—b=182-101 =81
¢ = (100G10T0T1 Ty )2
= 100101101001101111000011,

O ¢l

T = —9870275 x 1081 = —9.870275 x 1087
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@3l kol (3 ) el aggdeg Sluel) fid

&)l IEEE ol (8 slas ¥ Jad DU iy slawg 3.2

Jf ja Gy Tad 23l eV Gz oy Baaa)l olbeall Jsbs les s
rolaall (3 slusY)

Jetedl B A3 il BLYL e Y A 2y p Jeed) B (B Jked) b
dedla) aeidy

64 <32 (16 i) e w5l oty WU “IEEE 754 — 2008”7 e 5n
128 bits sl of ST b Bl a5 aols LUl ple Ky Com LS. 128 bits

.32bits olislas e Bl & ke 25l LU O LS. 32 Slislas oo

LY L LU iy sllay QU Jodl e

binary{k binary | binary | binary | binar

b 1{28} 128 | 64 | 32 ' 16 |

32 clislis 128 | 64 | 32 16 i

k —round(4log, k) +13 | 113 53 24 11 P
ok—p—1 _ 1 16383 | 1023 127 15 € rax

oot s\l

e 16383 | 1023 | 127 | 15 |

round (4 log, k) — 13 15 11 8 5 w

E—w—1 112 52 23 10 t

125 al) LA LUV Gy cllay ) g oty

decimal {k} decimal decimal decimal
Lowd
k> 32 128 64 32
32 “lislias 128 64 32 L
O9xk/32—-2 34 16 7 P
3 x 9k/16+3 6144 384 96 €rnax




o Jadl) 20
J»y'“-o-ﬂ\ sl
Crax T P — 2 9176 398 101 b
k/16+9 17 13 11 w45
15xk /16 —10 110 50 20 "

10 decimal256 5 binary256 L) - (3 b (JU L e

b = 262143 e = 262143 «p = 237 :binary256
=236 5w =19

b=1572932 ce .. = 1572864 «p = 70 :decimal256
=230 s w =20

&)Ll IEEE olas 8 slas¥l 905 4.2

C_JU\ BTEY gsjé?yj Bl - sl TEEE (~LE.§ LR W] WOV C;t C,dt’ e

r€R = A el Lhony L2y oo axp e slasl o 4 Jie e Lﬁg?)

i )bl TEEE plss LIz .Round toward nearest 4l a3 slasl o3t L
2}{).);:5\ C)L:Lo& o 6j>-T LLCT HW

Round toward 0 jiell oLl ,eudl @
Round toward 400 ol 4L ,eudl @
.Round toward —00 Jl o4l udl @

sl oV e 0 & wLasl e dsges Jo bl TEEE plls Juziy
L@.AA L"QJJJJ\ ;.)L,.J-\ L}

ainderflow >V ok 5,8l o

coverflow Y1 esbj 3,80 o

«division by zero i)l e adl e
.invalid operation abld) Llld) olla)l o
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a kol pusen s (JUW L b b Bl s dds e ) Tas L
oy s s 8n O ) o 05 <0.0314 Ll 518 ¥ By ilad)l (5 2 Ladie
AR 2l s ol S ol g W) L 2T e (1071 La) 5, 5T 250 e
0.159 Uylons Jitod) Tas 0, tasiey 3.14 X 1072 524l pladi 1ds 3 0.0314159
(107 1) by AT A e By

O & A stall ailell abill Jod dydy dy g X B OS] cpls sy
sl Jetad a3 CSEL Lot

dydy...d, | —x/pB°|-BP

(BT ) ) ST e By
lias ulp Tlazly unit in the last place o5y A1 s pellaas E P e
O T oaad) Jutf pgnlss” ol o Tl ol Lo
ulp(£dy - didy-++d, 1 xB°) = ge=(r=1)

i T JSCall Gl Jeaadl plas 3 Sled
ulp(1.11x2H =212 =1/8 | wulp(1.00x2)=2"2=1/4
up(110x2) =212 = 1/2 | ulp(1.01x2?) = 2272 = 1

&bkl TEEE allas § Lol oY1 4.2
NaN iodl o
G g laz Old) Gy O Vel il of 0/ 0 el Gl i 33l o
Ol dnle L 055 & VU e sl Sl S ounrecoverable error idleal
m‘ydfgbgié;Nanuuw@ﬂM\o.u;_j;foig.’\%p
.8 e Y NaN Lol V=1 50/ 0



o Jadl 22

:NaN g U 0 e oo e W Joadl il

Operation | NaN Produced By
+ 00 +(—00)

X 0x o0
/ 0/0, oo/
ND \/;,whenx<0

LEWI ol 0O dngdlll @
Mis Jay overflow S0 (3 83k &gt e Oledl Aulis 00 Gaedll Lol prones
Pl die (JUE e o Db fteald BB e 587 el acdl) gl e il LA
a olaeD Lk allas 3 Af2? 4 92 l aus
B=10, p=3, e = 08

max
A 3Bl o Gae 22 had ol BBy = 4x 1070 4 7 = 3x 1070 0B
slis 2y 9,99 x 10% Ay el s (3 bl ae @l Jured 93 sl OF o iy
22+ y? st ol e 531 36l Ll el L y? Gl e B8 3 ol ud
Va2 + 2 il ol s 055 By 1099 X 109 Laf il 05 7 e
f9lus
V9.99 x10% = 3.16 x 10*

.5.00 %107 bogoy 38 momnall Oty 11 T 05 2zl s (3 Wtk OF ol o

Al ) ISy 00 Hesil) Bpglae 77 Gl B 0,5 Lud) TEEE s 3
engwiéicpww.ooa;ﬂ@\W\dﬁ}ﬁyj.\/xz + 42 5 y? Ol iz
00 Ll Lgd il 0555 31 YU e alta¥) o Lt o ol ol tmnd 203
PR
1/0=00, —1/0=—-00, Voo =00



23 @3l kol (3 ) el aggdeg Sluel) fid

0 LYl as il o

o oAt posl s e 3.0 5 +0 iel - TEEE pllai 3 - 038 s
Sa Yy T oala) o dwse if (2= 0) B jlas) Saed (Laed) s e Joladl 3 0
WU IEEE plhs il L3 o Bl mo55 340l xog 093 Bt sllos] ALH oda (3
=0 <40 o YU 40 = —0 0 et Bl Com

@sha Lol s 2805 Caall sk e play) Jal K OF ool e e sl g o
b ksl wad s il 5la) OY (s sk ¥ )Ll TEEE plliy (oVISs| o
x =400 Lue 1/(1/2) =z 1ol &> oy S @saal ol Clus
»1/0 &by hall sa 1/ 40051/ =00 oo S0 05 Al spm S5 & )y
W 3] faslas a2 iy L 400

U s wlsdly underflow 59 jes - 3 il la) 506 e 5T Yt il
log0 = —00 P~ « 5L IEEE ol 3 . log ep)esll mldl foe il dis "&ua_a\
wuwd&uwuub»y T il .x <0 Lis logz = NaN
26 A Ol b 0Ky Wl @ 3] O Bl oy aie . all ) 38 51 8
NaN ozl

Subnormal &weladl £ slusyl o

bt als &y = 6.81x 107 5 2 = 6.87 x 10777 Lol W & i

o) pda O mldl o e o = =08 5 p =3 ¢ =10 :o5lawy auilall iy
e 100X 10798 plad 1 alhal) alad) s ool (S Lgan 7185 (L2 0lialis
G & A sl Loz Gl T ng sl (s gl g 2 a3y LS5 (U3
z—1y=006x10"7 = 6.0x107% 05 Y sgm 5 3 iy .z =y O
&4 1da 34 14ds normal number U san dif o Se Y o Tode fic 3,301 g

Al AU a3 e ket las Jadlg O a5l els e i i) )

(3) r=y & x—y=0



o Jadl) 24

oo el ) BLof (3) k) “IEEE 754 — 20087 (s)lkall Jetodl plas paay
C Al Tolael Lo ) Vi Aol 2allad) SeW) Aogas mergs S5 o (5531 ol
subnormal "#als of slael" ul slaslsds e Glbl L Lalbdl slasY) aoly i

.numbers
s =1 p=3 B =2 silawy Ll auilll akill LF ol e 3 1 Jlse
(5 S ) Ll osSi e =2
USSP SRRV PV
2 . . . .
U {1.00><2Z, 1.01x 2%, 1.10 x 2, 1.11><21}
i=—1
P9 Lalad) ot slasl) icsas @
S={0.01><2—1, 0.10 x 271, 0.11><2—1}
H+H-H——— I —t— 5 5 I
0 1 2 3 4 5 6 7
et | | |
1 3 4 5 6 7

0
QE] subnorm a ls
allad) o sl alad) slaeV) o5 ISad)
Ladall JJ&;J\ dgzg oo USRI

25 aadal) b oes O 23 oaaall il (3 Brage Legoge Ladd aalys d

(o) s slazst e p ) Lot L aand OF L gll ny eopadl ol 25 Yl

[ 21 LS aiee Wl ailacl) oo Y1 5,241 oda 3 e A 9> ans 02t O
Astal) Sbledd o il el (3 sl Y1 SLasl shes sl el T

2 Ty B Ay 3y BAAH aed n G AL Losaa (ol s e

(4) Err(zy) = 2p — 2y
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Bl ol Lkl e 1 = 0 B

O3 e

Tp =e=27182818- , =z, = % — 2.7142857---

&

o
Err(z,) = 0.03996--- , Rel(z,) = 0.00147 - .-
el yslas 1.3
teb LS al T cllas Y1 il
v W [ LIRN U w WO TR [ F R W [P O UV I Y
et KLl sl aes o B3e 1Y Wgle s 5,8l Lol £3gedl du
e st Bny Bles Do phsenal ) deni ¢ Uil @31 dded oy 5aLl)) 0l
055 f525H QLD mged) OB o) (St i85l 80l (S8 ey 3Ll 354
Ti5odl oy 5y cate 33Lia V1 095 Wsle SV jans (3 Eogasd) ol 055 3y (BBl 5pu
T Lo 056 B B 3y 3 pedl labisinal glen My (s T OV 3 dlie il
23 3 B ok 6T e i ol g OF e Y 23 gadl) (ool F OB 385 1k
S St 3 B as o 420 slas i a6 o
S bl £ (3 55 L My collasl o @l L 3 Sllaall Jaxs fozts
s Lot gl o) B o B2 2 g coldaall oln s 7
s ol e 420 clasi WG e
SEPN RN W FE PPN IR TES P VPR NN R BNECN K
385 O] Lol (3 Lme aladly sled) Lef o oSl cae B Y Tl 90 slael, waad
Qs plad) s ety ) Lol Ly LS sl (asuldhl pllad) (3 51 L2 (3 20
P BV sy sles o) @ B O W) cautlal alaidy o) Wl (3 olas) e el



o Jadl) 26

hoad 3o pdsadl B fitedl allas ol JUH daglary (6, bl e pendl (3 Raisin )
pllad) 3 Jrodl) A slaeW asgue A e 1R — A Gl i sde ik
W] L:st ANV Es s c@yu-\
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Begin
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Begin
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End;
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Begin
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Algorithm  Banachiewicz (Input: A ; Output: L, R);
Begin

for i=1ton do

Begin
. . 1 j—1
77 A
for k =i ton do T :aik_zz;llgij'rjk
End;
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Algorithm  Choleski (Input: A ; Output: B);
Begin

for k =1ton do

Begin

k—1
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end;
End. { Choleski }

o) el L) Sllall i s S Sedpd Bl 1S oy L
f sk LS aa5 Dl (@.uj e Bles N B

n(n®—1) n3

n
DRk = R

Bl bl &) LR Gt e 47 Gl 33l 1dag

QR 389 )yl &b .3
ool A-z =0 xhd ddl 3b Lo 6ol S esls ayb 3 Wl
SR e Rox=c w8l dlald ol bed UM, .- M,y - M,
il oo szl S Telas Lol o il oda (3. LoV o atlts B5inas
slesl e osle dib (3 S Ml odn s L jsgmgls OMsd b By Belas
H, jc..cHycH S3. 0V o i Bsiae ) 35 ot A abd) alad) Bsinas
O Gt salate Bas M of
H, -H, y-H-A=R
G A= Q- R s Jo Jod s . LV 0 wte Bshoe R o
T
Q= (Hn—lHn—Q H1)

Lodeleie ZA}W



S Juadlt 94

Blalaze Q Bghae o2 A-x = b Bt oWVolae AUa o ke Zoud iple axy
S QT A=R oK et B Y1 oo sl ghan 125 (QTQ = 1 )
2 <

A=Q-R

SA Bghad QR 35" 8 Y RS s
V5ol OluiSail 1.3

Householder ;Wygwsls 2sivas 2 wlu =1 520 zig u e R S
Al a35al siall U placd) sl

(11) H=1-2u-u"

s ) up\)':L\ M sgmgls Dlbgrae Sk

B ={v:ulv =0} s indy Kol 2 H (1°

{H-x = x—2<u,$>u}/\{(H~x+x) 1 u}
G bls Boiae H (2°
thdalaze Bsdae H (3°
HTH = (I —2uu™)'(I —2uu”)
= I —dun? + 4w =1
Com A€ M, (R) Bsian s, @ slsemsls SOsd paseans B b W 3300 (3 oy

_gimwsggmzn



95 Lt Vsl e 3,40 @1k

Householder-Businger-Golub il sgwgls &)= .2.3
sgersls Bghas e o i dg¥1 AL G G

H, :Im—2u1u1T, u € R™, ulTul =1

O Cut
oy X X
0 x X
(12) H, - A= :
0 x X

H A = age; = (ag,0,...,0)7 Gl 05 oA siall 3 J3W sgaall A 5 bj, 130
O oy Hy Byiadd ol K20 31 LS |y | = | H, 4 H2 =4, H2 laf 0y
NPS
T
HA = A —2u; -u; A = que

OF &5 oy it fgals LTV UilTAl Slaal) & Ls Lo
S Wy saall BLa Ll e e T L g [y =1 Lol e N o e

(13) oy = —sign(ay;) -] 4],
e Al e HYA Bsially A Bsiall n o3 sseall (H1A); 5 Aj 2 50
RIS

(H)A); = A; —2uuf A, = A, —B- o] Ay

6:2/01T111



S Juadlt 96

AU B susleg B sdel Gl u§;

—1_1)111@1_1ATA 2 2\ _
(15) 3 _T_E( ;A — 0‘1a11+0‘1)—_0‘1(a11_0‘1)

(m—1) x (n—1) sV s &5 il s il il gl a5 AL 8
glas e bad s A Byiall n S speally JpY1 bl A4 ke Lot

Hy =1 | — 20y sesls siasy T, € RMT

Jo=s Hy =1 —2u2u2T Byiall (12) sl 3k ooty u, = (07%)T i

e
O X X Oy X X
HyH A = Hy-| !
2R c | | H,C
0 0
Qy X
0 a, X
=10 0
0 0 X - X

P eV e e Bghan o Lad suesV) e Mgl oda dnlig

M1 Mn

H HH A=R = T

p ot A=LE=
of

0O --- 0

S8 B e S6.Q = H\Hy H o A B5iad] QR 35 Loy Vg
13V =l Je Householder



97 Ll OYslll o 3§ 8,aLl @1l

Algorithm  Householder (Input: A4; Output : @, R);
Begin
R— A4 {R=[R.Ry...R,}
Qt — I ;
for k =1ton do
begin
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begin
if of1] > 0then o« —llvle else o —loll;
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u—u/luls;
H—1, —2u-uT;
Qt — H - Qt;
R—H-R
end;
end;
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Q—Q-5;
R+—S§-R
End;
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