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RESEARCH ON METHODS FOR MATRIX
FUNCTION COMPUTATION AND MATRIX
DECOMPOSITION

ABSTRACT

This paper explores methods for matrix function computation and matrix decomposition.
Building upon foundational knowledge in matrix theory, the paper delves into four approaches
for matrix function computation: the method of undetermined coefficients, series summation
method, diagonalization method, and Jordan canonical form method. Additionally, it thor-
oughly investigates four matrix decomposition techniques: LU decomposition, QR decompo-
sition, full rank decomposition, and singular value decomposition, illustrating their practical
application in finding the generalized inverse of matrices through decomposition. The paper
presents the step-by-step procedures for these methods and provides illustrative examples, sum-

marizing the content covered in the course "Matrix Theory and Methods.”

KEY WORDS Matrix Function Matrix Theory Matrix Decomposition
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u =u(x), v=vx) = e il
ax ox Ox
e dg(w)  Og(u) fu ou g(u)
L Ox | u dx | Ox Ou _
it of(g(n)) | Of(g) dg(u) u  Hu dg(u) 9f(g)
ox | O0g Ou x| Ix Ou Jg
B/ 2-7 RFEAX%E1
- dy
Identities: scalar-by-vector a =Vyy
Condition B Numerator layout, Denominator layout,
i.e. by xT; result is row vector i.e. by x; result is column vector
ais not a function of x ﬁ = o' 0
%
aisnot a function of x, Bau Bu
= %) ox =
U= ux), v=dx) B(”a; ks % o %
Buv v ou
U= ux), v=ux) e ume + Von
. dg(u) _ 9g(u) du
ox Su dx
e 9f(g(u) 3f(g) 9g(u) Bu
ox dg ou ox
Ldv o bu o ov
u =u(x), v =v(x) M:B“'V: " aJrVg a‘”rau
o ax « assumes numerator layout of a—", v « assumes denominator layout of a—", v
ax’ Bx ox’ Ox |
~ v = Hu fu v
u = u(x), v =vix), du-Av)  du’ Av v AE B ATE EA" * EAT“
A isnot a function of x Bx T T o fc')iu v a At e f57u v
- assumes numerator ayoutof =2, =L |« assumes denominator ayout of <=, =
ﬂ - H, the Hessian matrix(3]
OxdxT
B 2-8 KFAKXk&2
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ais not a function of x a' a
da'x Ox'a
ox  ox
A is not a function of x b Ax BTA ATh
kis not a function of x Ox -
A is not a function of x 3x;xAx = x'(A+A") (A+AT)x
A is not a function of x Ox' Ax oxTA 24
A is symmetric Ox i X
A is not a function of x #x'Ax = AtAT
HXZ
A isnot a function of x #?x" Ax
A is symmetric Ax? e
E(x-x) = ox'x = 2x’ 2x
& ox
+ fu du
aisnot a function of x, da-u) faTu A o
u=ux) Toax | ox Ju r du
« assumes numerator layout of e « assumes denominator layout of e
a, b are not functions of x 63;“ o x'(ab’ +ba') (ab’ +ba’)x
X
G O(Ax+b)TCDx+e) _ | (p,y JTOTA +(Ax+b)TCD DG (Ax+b)+ A G(Dx +e)
unctions of x ax
ais not a function of x M = (X7B)T ol
3 x Ix —al I —all
B 29 RFEAXES
Identities: vector-by-scalar —
dx
Denominator layout, i.e. by
Numerator layout, i.e. A
Condition Expression : ot Le by y yT,
result is column vector .
result is row vector
da
ais not a function of x —= ol
oz
ais naot a function of
" dau du
i G
Tl dz dx
A is not a function of
X dAu du du &l
T dz Ja dx
T du’
u=ulx BL = —
dz ez
du+v du  Ov
u=ulx, v=vix g: el bl
dx dr Oz
du’ xv u\ ' ov | 0 I
u=ulx,v=vix g: — ) vt x— | —xvial %[ —
Ox dz dx | dz dx
de(n) 9g(u) du du dg(u)
u=u(x 3 = dn Oz dr  du
s Assumes consistent matrix layout; see below.
PE(g(w) of(g) dg(u) du du dg(u) of(g)
u b b ot el o
u=ux g— = dg du Oz dr ou dg
o
Assumes consistent matrix layout; see below.
(U x v au v au av
U=U,v=v(x ¥: — xv+Ux — vix[—)+—xU"
dx oz dz dz oz

A 2-10 RgaXk4
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Condition

Identities: scalar-by-matrix 8—;

Expression Numerator layout, i.e. by X™ Denominator layout, i.e. by X
) . ba :
B ofia fonckicnEe 5T T (6l ©
= 0 0
2 not a Rinction OFX = 100 bau _ -
X ox
Au+v) v
- 00, v= wX) Buty) Su o
e X x tax
ouv o o
= ), v=uX) —_—= — Yoy
= U, v= 0 s 5% *a%
v=u0 ) _ 29(u) Bu
ox e 0X
e alg(w) _ a1(0) d9(w) ou
ox 0 Ou 0X
tr(Bg(U) au ) @ (og(l-v) ) Tou
. 300X, o0 ) X,
u=ux 51 29U) ]
X, Both forms assume numeratorlayout for “eaey
X,
i, mixd layout f denorinator loyout for X being used.
2and bare not functions of X Gl ba’ ab’
3
T
2and bare not functions of X ‘9“8;: b ab’ ba'
= Bncl G aranot Fanchoce X w - (C+CT)Xa+b)a')' (C+C")(Xa+b)a"
& band Care ot furictons of X w = (CXba' +CTXab")" CXba” +CTXab"

Condition

U=ux

A, B are not functions of |

U=ux
U=Uw, V=V
U=UW, V=V

U=UK V=V
U=UW V=V
U=Ux

U = Ulxy)

any matrix function defined
s its derivative, and g'(X) is

A is not a function of x

B 2-11 RFAXES

Identities: matrix-by-scalar ;ﬂ
&

Expression Numerator layout, i.e. by Y
8aU i
[ | dz
HAUB U
o A%D
oA V) v
Oz B or ox
auv) av U
e | Ut Y
aURV) av U
—6::7 = . Ue® bz + 5z V
d(UoV) av U
e | i
ou™! = _U‘lg_{u—l
ox oz
U L (8U._,8U &U 8U__,8U\_
by U (g” By baty By a—z)"
OglzA) _ Ag/(vA) = g (rA)A
oz
A
be* = Ac*A = e*AA
Oz

B 2-12 RFaXko6
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=T EERHAKERR
3.1 FERME

3.1.1 FEREKEGRBOTRIES
Ben BrAERE A BURHIEZ TN (A) = det(AT — A)o UARE 1 2005
PA) = A"+ b A b by A+ b, (1< m < n) = (3-1)
W2 (A) = O H v(\) BB o\ (G5 A By N2 TS IR 22 T 35 G 2 i 28 2%
) o B2, () IR LHERR A BEHEE. 12 v (\) FESFSN A, A, -+ A, FHNAY
B r, e, st o+ o+ s =m), NIA

PO N)=0 (1=0,1,--,r—13i=12 -, 5)

IXEL, w00 FoR ¢() 1 L SH (FRD. #
f(2) =) ad =9(z)g(z) +1(2)
k=0

Hrpr(z) ZBIRBAET m 2T, TR H

e r(z). FIH ¢¥(A) = 0, 715

f(A) =) aA* =r(A)

k=0

3.1.2 FEHIRTOKE

R R SOl
2 0 0
B3l % A=|1 1 1|, Ket 54 (teR)
1 -1 3
e p(\) =detM — A) = (A=2)%, &HRFAHFNZRANm(\) = (-2, K
(A = (A= 2)%
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215238
P det WI-A) = 02 P moORY puy= K2y
¢ Jw=¢e. 7&‘)%\):¢'(J\)\q()c)'f (ateA)

=e" ~ R*W’e" 3
7 [T K [0 5 e b2
fo=e FO @V
EY o
2 Afumirm= e [’. o
) 4y

e fuze™
St ot
fwm=1e b=1¢ p=tert

2rou ;e”ﬁ[u«»w*r A)

tTA_ - P B B
JeP=fum=ri=¢ {t :-m]
T U no

B 3-1 4 3.1

() B fA)=¢e, & f(A) =¢(Ng(\) + (a+bA), WA

1 0 0
A= f(A) =r(A)=e*(A-T)=¢|1 0 1
1 -1 2

(2) BN =, & F(N) = $(\)g\) + (a +bA), 1A

f(2) =¢e* o a+2b=¢e*
f(2) = te* b= te*

I

R T AT iF a= (1 —2t)e* b=te*. FTRr(\) =e*[(1—2t)+t\, A

1 0 0
e =fA)=r(A)=e"|(1-20I+tA|=¢" | t 1—-t ¢
t -t 1+t
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3.2 BUUERHECKFE

321 HIAREKRFIEKRERRENTEES
wE 1 200 o) Bt (3-1), B ¢(A) =0, Bl

A"+ A" o+ b,, A+ b, I =0

%]
Am = koI + klA S R ]{mflAmil (kl - —bm,Z) :Tit (3-2)
FH AT LASK
A = kT VA kY A
AmH = |01 4 DA gD At
T2

o0

f<A> :ZCkAk: (COI+CIA+"'+Cm_1Am_1)+

k=0
Com(kod + ki A+ -+ Ky 1Am*1) 44
et (T + KA+ kDA™Y 4=

(cO . zcm+lk5f>> I ( ; zcmw) U
=0

=0

(Cm—l + Z Cm+lkq(7l@)—1> At
1=0

XM, R (3-3) AT LLRE— N ERER AR RN, Bt m BT ZA R K
M. 430 (3-2) IR DBULSRECAAER, 2 (3-3) ek BT R RIS
HADHIL

= (3-3)

322 EHIRIKE

(r 0 0 0]
0 -7 00
il 3.2 % A = g , K sinA
0 0 01
0 0 00

e o)) = det\I — A) = X\ — 722, B F p(A) = O, Frsk A' = 1242 A5 =
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T2A% AT =i AR . FAA

. . 1 3 1 5 1 7 1 9 _
smA—A—gA —I—aA—ﬁA +§A =
1 3 1 2 A3 1 4 43 6 A3 _
1 2 1 4 1 6 3 _
A+<—§+gﬂ'—ﬁﬂ +§7T— )A—
[0 0 0 0]
inT — 000 0
A+ T A - A—724% =
T 00 01
0 0 0 0]
3.3 XARE
331 XMABEKERERFNSEES
e ARCLT XA A, BIGRSERE P, {§H15
A
P AP =
An
g A=PAP-! A2 =PA2P~! .., FRA[{E
N N N Zg:o Ck/\]f
Z e AF = Z PPl =P. Z AP =P P!
k=0 k=0 k=0 Zgzo CkAfl
M
[e%) Zzo:O Ck’)\]f
f(A) =) aA* =P p!
h=0 Zio:o Ck)‘ﬁ
f(/\l) ft (3_4)
=P P!
i fO) ]
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XM, 2 A SR AREFERRA AT LR PR A O SR ) A6 D sRAR B
B2 R I L

332 #HHIRTIOKE
FH—1EH (EFEEY #)3.7) 3TN

||
¥ )= oet WI-A) -"—Q\rﬂl)x’fy
2NV P D"
M=NA . 7> (1) pr= (00, )

TG T

D Pz Tu-g % 0

pe e O°
L., 2_
e 6 i w ©
€= [ 2t 7 26%-g% °©
6%{_@‘ _e%‘ﬂ‘e-t 9
\
‘éﬁ'e't _éz,)e-w-@ e‘b
Wifl= T rewl=ed 2wy
Cov2-co |  2eN—tes| 0
S S R
B 3-2 4|33
REHL RS i
4 6 0
B33 % A= |-3 —5 0|, »#KeAe4(teR) K cosA
-3 —6 1

T.

fE: o(\) =det M — A)=(A+2)(A—1)% stm N\ = -284EaEp =(—1,1,1)T;
SR A =A3 =1 8B ANKMKERAQGHFIERE po = (—2,1,0)7,p3 = (0,0,1)T, MR

-1 -2 0
P = (p1>p2ap3) = 1 1 0
1 0 1

40



JEHTIE KA AR TR 18

A
1 2 0 -2
P'l=|-1 -1 0|, P'AP= 1
-1 -2 1 1
ARX G4), R7
e 2 2e—e? 2—22 0
e =P e Pl=|e2-¢ 22-¢ 0
e e?2—e 22—2 ¢
e 2 ¢t —e 2t 2t —2e72 0
et =P et Pl=|e2_¢g 22 _¢g 0
et e 2 —et 272 — 2t et
cos(—2) 2cosl —cos2 2cosl—2cos2 0
cosA =P cos 1 P'= | cos2—cosl 2cos2 —cosl 0
cos 1 cos2 —cos1 2cos2 —cosl cosl

3.4 Jordan FR/ERE
3.4.1 Jordan fRERGERIBE R BN S BHES
A [ Jordan FriEE N I, WA R P, fiifs

Jp
P AP =J =

-

- = mi; Xmy;
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ARG
[\ CLART L. o ybomett]
2k
f(Ji) = chJf = ch
2k
1, 1 : # (3-5)
ZfN) .. (mi=1) (.
) 1!f()\z) (n%__lyf) (Ai)
()
1 /
ﬁf (M)
f(N)

| Ziio Cka_
IR, B MR SR R A] LAFEAL R sSRAFFE R Tordan AR S AHAUUAR #E [4: FY

] 31
3.42 EHfHIRTIOKE
W IE s FE 51 3.2 [T, {ES2 ] LA A Jordan FRifE AL IEL TR A -
S i

—T

Wi 3.4 % A= , EsinA

o O o O

IO»—*OO

I
o O O 3
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A 5% A Z — A Jordan ¥4, €6 = Jordan 3=

0 1
J1:7T, J2:—7T, J3:
00

BIEX (3-5) , KiF

sinJ; =sinTt =0, sinJy=sin(—m) =0

1
sin0  —cos0
1! [o 1]

o = O O

sind 3 = =
00
0 sin0
AHX (3-6), THEP=1I)
0 0 0
sinJ
. 0 00
sinA = sind =
) 000
sin J 3
00 0
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FME EEI@EAERR
41 5 EERLU 5

4.1.1 %M LU SBHSE#RE

HEGR A, A0 (r=1,2, n— 1) PR, A = LAD 1

A=A =0,AY =1,0,AY =... = L,Ly---L, A"V
AR
_ . -
Co1 1
L=ILLy---L, = : : A (4-1)
Cn—11 Cp-12 - 1
L Cn1 Cn2 ot Cpn—1 1_

IR DX AICREIE | R =M%, BB N =M. &4 AU = U( 5
R). Nifs
A=LU

XA R — AN =AM D L = AR

FRoRgE Y LU 30 LDU 23R A S
ENL A4l R FTEATHBR—ANTEZA4ERELfo—/NE=ZA%E%EU MR, MK A
TEZASBRLU (LR) ot mRTHE ATom A=LDU, £+ L Z2#f5TF=
MAEME, D RA AN, U A 845 L= Ak, WAk A T4 LDU 4t

TR LA AMAE R BT IR A 1 =M /775, 45 H Doolittle 73 A
Crout 7 & 3 :
EX 42 FHEHE ARE— LDU pff, 23 A=LDU v¢ D 5U %464k, FAH
RU kkT, HhiZ5R—5M0H

A= L(DU)=LU
# 4 A ) Doolittle 5 f%; £ A=LDU w9 L 5 D tsokk, #0A L kT, %

1FE|E— 0 R A
A= (LD)U = LU

A A ® Crout 5 f#.
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HI A= LDU, Hth D = diag(dy,ds, ... dy), Hd;>0(=1,2,..,n). %

-5 = dlag(\/d_19 \/d_2 5 e @)

N4 A= LD2U. ji A" = A {5%] LD*U = U'D2L", FhiMRim—a L =
U'\U=L" HinfH
A=LD?’L"=LDL"

&
A=LD*L" = (LD)(LD)" = GG" X (4-2)

XH G = LD 2 F = k.
A[5[ i Cholesky 73 E SLUNF

X 43 K (4-2) A EFARIEZLESE ) Cholesky 5% (T SHR= A5/,

4.1.2 EHHIRTKE
PA—TEHE (<HGEFEEY 6 4.1) 3iRH LU 2 ik

2.4
5122875 D LVM%FZ(

Y — ©

R ST A
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il 4.1 R4EME A 69 LDU 5%, H+

L,
i, 47
st AW Mk sErE A
A, 17
B
L;'AY = |o
0

2 -1 3
A= |1
2 4 2

1 1
— 1 , Lflz _1 1
2 2
1 1 -1 0 1
0 —1 3]
L7'AD = |o 5 1) _ 4o
2 2
0 5 —1
1 1
01 , L;lz 0 1
0 21 0 -2 1
1 9 0 0] [1 -1
2
5 5
— —_ =10 = o] =
2 2 0 1
0 00 0 0 0

46

— A®



JEHTIE KA AR TR 18

WX (4-1) TRH

_1 -
1
L:L1L2: — 1
2
1 21
F242 A0 = A 49 LDU 52 A
Lo ol [2 001 =L 27
2 2
1 5)
A:LLA(2)2_10 0 = 0 —1
152 2 2 01 5
1 2 110 0 0] o o 1

4.2 %EFEHI QR 4 fiE

421 %M QR AR EHES
St QR AMIRAG 52 S5 A

TN 4.4 4o R (F) TiH4EME ARBSILRER (H) 484 Q 55 (£) TH#EE=A
B R & FA, B
A=QR A (4-3)

MARX (4-3) A A& OR 5 %o

EFAL FARDHE () THAERE, WALEER (§) 44 Q f5£ () Ti#L

ZAEE R, AR ORSMX (4-3). Thxkt 2 — AN ALEWNENE () 25T

1 8935 A4EMe | T4, 5K (4-3) Z%E—8,

HE: UM A n ANIEEIRARA a,a,, ..., a,, BA AT BT n NG 6 E LM

T % o ¥ T AN A Schmidt £ AT ik ERMZ , TTIEB| n AMFAEERIN @ Eq1,q2, , Gno
5 ag,as,. .., a, EX, T

bl = a
by = ay — ko1by
bn =a, — kn n—lbn—l — = knlbl
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a”hb’ . . N o s
(bj, b;)
p
a; = b1
ay = ky by + by
\an = knlbl + kn2b2 + -+ kn,n—lbn—l + bn
B FETET XA T A
(a17a25 T 7a’n) == (b17b27' o 7bn)C
R ] ]
1 k?l knl
c-| o
- 1 -
—ﬁ-Xj_ b17b27”' 7b7L ﬁ'{i/pc) TJT/?'%,‘
1
qz_|b|bz (Z:1>27 7n)
TEA
(a1>a27 U 7a’n) - (b17b27' o 7bn)C =
| b1 |
| b |
(Q1>CI2;"‘ 7qn) . C
| by, |
é\)\

Q= (QD qz, ° - qn)
R = dlag(| bl |7| b2 |7"'a | bn |) -C

M Q RER (W) 4K, RAETH# EL=A4K, AH A= QR.
ATIERARE—M, ZFAAANGHBXNA=QR=QR,, §XTH

X (4-4)

Q=QRR'=Q,D
AP D=RR'WNATHEL=HsEE, T2

I=Q"Q=(Q:D)"(QD)=D"D
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XA D RAMIAER (§) 4, mAERsTALTNLE () 24 183 A%E
M, him Rl = DR, Q, = QD™ ',
JEBR 4 R,

ZOERRAE R
EHA42 HARmMxn L (f) 488, Ak AFEBAE, W AFHMR
A=QR

AFQAmxn® (4) £%, LHLQQ=1Q"Q=1I), RAnH% () Ti
=AM, ZoMhERE AN ALENENE () 25T 1 693 A4EM R F 9
ZE—8,

4.2.2 ZHIRETKIE

DL—E B (<EBEISY #14.6) THRHEFE QR 73 :
RETHL ST RUAR -

il 4.2 B Schmidt £ A% 75 ik RIEWE A 89 OR o/, P

N
Il
—_ N

2
1
2

_ NN

ﬁ@: /?\ a; = (1727 1>T7 as = (27 17 2>T7 as = (2727 1)T7 iiﬂt""]‘/f%l
b =a; = (1,2,1)"

b2 =as — bl = (L _17 1)T

1.7 1 1\'
b; = a3 — gbz - ébl = (5»07 —§>

RN (4-4) HEsEE

R
i VB VB
|2
A VG
RS T
5 V3 vl
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_ o i} r 7

V6 11! ¢6¢6§E

_ 3 1| _ 1
R = V3 1 3 = V3 7
L |

A A=QR.,

4.3 FEFEHIHTR YRR

43.1 EEHRSBHTRIES

TR i R R AR TR R M SRR B S AT R R RS BR, AR SCH R
HIFFE R SR
JoZ R AR R L

EX 45 HAcC(r>0), mRHEEEF cC foGecCr", 1473
A=FG & (4-5)

MAR X, (4-5) A4 A G HES R,
B A RHER (DA RATHAK) JEERT, A THRA—/NAFRAELIEE, 75 —4
FEARY, HRIHKSBAT LR,

P T O o e 2 R S P 2 e B S R B 45 H -

P43 E A O >0), U AFBEIRE (4-5).
IE rankA = r B, RIFEIEEGMEFTHREL, 5T A RTMFATETE, THALS
MHEH 4% B, B

= G
AL B= [O]’ GeCcrm

FRBAEBRANAM NS 4EHEGFR, P, 83 PA=B, % A=P 'B. %
P 53
Pl=|[Fis| (Fecr secy ")
) A
G

A=P'B=[f5] o

]:FG

R F R i#kA4EE, G RATHALERE, EHL%
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Rt A R R (4-5) ARME Y. IRPIOVER D 2E—1r
B aaRE, WG (4-5) ARy

A= (FD)(D'G) = FG

XE A WS — IR
P UETE 4.3, AT DAfSE FH R R P A0 554 7 A0 0 35 SR B R R St K 9 i
4.3.2 ZHIRRKE
PARAA] 4.10 A7), JERHEFER) QR 43 -
3.1F) 4. 10

L’A:’IJ:-']olir,'lOO — rd1el13 1 00
' P B B [omo),lnoJ
uooe[l’fl

2 ) 24| o2l

?B:'I\?lz 7= | 9 0
Iovo}j‘ [IloJ
00 9o 90 | 1
z pl= T o0 2 p-74 0 a
r E,] NIy
2

|

B 4-2 #|A 43

R SRS |
Bl 4.3 K4 A 09tk MR, Hod

-1 0 1 2
A=1]1 2 -1 1
2 2 =2 -1

W A RIT 43 YA ik, BB RN B Rk MK
%ﬁpo%%,ﬁﬁﬁﬂﬁﬂﬁﬁ@%ﬁiﬁ,%Aﬁ&%ﬁﬁﬁ%%ﬁ%ﬁ%Bﬁ;
I Pty fe Bk R AT AT RS L g 40 R P, By

10 1 21100
LMI]: 1 2 -1 1'010
9 2 -2 —1.0 0 1
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—101211 0 0
10 2031 1 0
0 00 011 —1 1
) A
101 2 1 0 0
B=1|0 203, P=1]1 1 0
0 00 0 1 -1 1
T RAF
1
P1l=1-11
92 1
T8

4.4 FERENITREDE

141 EEEREABHSERS

S PRI AT SAB D A B AT AL TR AR [ /N3 g7 TlR . ) SCf 6 e )
NGt 2 A EEN . oA a BEN E A — N E
EX 4.6 % AcC(r>0), AT A 695448 H

)\1Z)\2Z"'2)\r>/\r+1:"':)‘nzo

MR o =vVN(i=1,2,...,n) A AMFFE;, S AARIEMEN, COFHEERZ 0,
EFL44 ZAcC(r>0), WAEmMKBHLEEU fon HWEHERV, 47

X 0
O O

U7AV = &+ (4-6)

£ F X2 =diag(oy,09,...,0,), moi(i=1,2,...1r) AFHEHE A 69 43RERF FHE.
BT R A My AR S R 2D 3R -
1. & B=A"A, M ERHERERE Bx = e, 58] A\, v

Bl/k = >\ka, k= 1,2, ,N
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V = (vy,...,vN) BFEEM: VIV =1
BV =VA=A"AV = VA= A"AV, = V| ¥?
= AfAVZ T = VT
2. AU, = AVS !, H AU, = V¥, A4

UfA =3V — A=U,2V#

3.8 U SEREE U = | U U, |

A=UDVH

4.4.2 ZEHIRTKE
PARAA] 4.14 Fy7s], JBRFEFERT QR 23 fif -

3 42 49

be e oJ N Nz 2 ;,7:] 5,={,;J- fasm
o 2 1

iy
2
2 obfy=3 z:(ﬁ ‘]
o |

>vrd # %
L L
Jﬁ‘ﬁ'ﬁj
% o -3
Wepns s[& 5 W0 U (Wiwj=g @ °
e 0 ) ES
oW [ F &
0 o
0 0 |
QQ:M\F] 009y~
a[o]
00

A 4-3 4|2 4.4
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