





o(n')

o(n") |
o ! 2:38

O(n2:5)

O(n3)






o(n') o(n'=2)
o(n') n n I 2:38

O(n2:5)
o(n") o(n*=?)

o(n')
O(n3)












G = (V;E)

E G M
V=2
O(n%)
O(n3)
O(minf n2%; mP nlogng)
O(mp n)
o(mP n)

0 O(n3=2p m=logn)
O(" nm log(n?=m)=logn)

o(n) o(mP n) = o(n*?)



o(n')

o(n')
O(n! +1)
o(n")

o(n')

O(n3)
o(n')
o(n')

O(n*=?)

o(n')
O(n'=2)

o(n")

O(n% logn)

n n
O(n2:38)



O(n?)
o(n')

O(n'=2)






G=(V;E) V E ff u;vg:
u;v 2 V;u 6 vg

n=jVj m = jE]j
V =fvg; i vhg
e= fu;vg u v e e
u v e &
fu;vg  uv
v N (V)
% u Vv N (U)
S U N(U) =
uz2u N (U) % IN (V)] v
u Vv G U
U G G U=(VnUE\ff uvg:u;v2Vnug)
F E G F

F G G F=(V;EnF)



u Vv G[U] G U G[U] =
G (Vnu) G=U U G=U
VnU u U G
U U
U u
P= Vo;Vi; it W G=(V;E) G
Vi Vivis1 2 E i=0:;1::k 1 k
p Vo Vk p st
st
C= Vo,Va;iii;Vi G Vo= W
Vi Vivis, 2 E i=0:%L:::k 1
k C
p=vVoviiiiiik G (fVo;vi; it wg
fvivies 11 =010k 19) C= Vo, Vi iiii W
(fvo;vayiiiswg fvivieg 11=0;1;::0k 19)
G
G
G G comp(G)
G=(UJ[ V;E) uvVv
G U V
uvVv G
G=(UJ[ V;E)
n=juj=jVvj
U=fugugiiiuug V= fvgvaiiiiivivig
G=(V;E)
A(G) G n n
A(G)i;j - é ViVj 2 E :
G G=(UJ[ V;EBE)
A(G) jUj j vij
A(G)i;j - é UiVj 2 E :
A(G)
e= uv



G=(V;E) n=jVj m=jEj n 3

m 3n 6:
G=(V;E) S Vv
G S pngj s(n) s(n)
O(" n)
o’ )
O(n)
M G =(V;E)
M \Y; M M
v
G (G)
R QC FIO p
p Z
N 0 R
X  R[X] R
X R(X) R[X]
R X
F Fn n F
F
o F

v2 Fn v



1, 22:ih k2 F
Xk
V= i Vi
i=1
Vi; Vo il 2 Fy Vi Vo, tii W
V1 Vo il W sparfvy;:i:; g
S
v P
n
u;v2 E" u v oulv= Lowy
v u? v u'v=0 vV F"
\Y/ Fn V?
vV F" VvV =(V?)?
J 1
S
R R™N m n R
A2 RMnN f1,:::;mg
f1,:::;ng [ | A
A2RM" I f 1;:::;mg J f 1,:::;ng Al
A I
AI AI fl;::5ng A J Af 1;::mag;d
Al A |
J
A2Fmn ker A Fn Vv
0
n n A detA

X Y
detA = ( 1)sgn Ak; ()



A rank A

A
A
A adjA n n
(@djA)i; = ( 1)* detAl Al
Afigfig
G v G f vg
A
A ! =adj A=detA:
A n n
12f1,:::;ng
detA = ( 1)I+JAi;j detA" = Ai;j (ade)j;i
j=1 j=1
j2f1:::;ng
detA = ( 1)|+1Ai;j detA" = Ai;j (ade)j;i:
i=1 i=1
I In
0
A2R"DN Ai; =0 16 ] i;) =1;2::;n
diag(a;; ap;:::; an) diag(as;az; i an)ii = &
Ai;j =0 j > j < |
] =1;2::0n
Aii =1 i2212::::n
2 n n
P Pi; (,):1 |2f1,,ng P
0 PT =P
Pl=PT=P . A n n 2 .
PA A [ P A
(i) A AP A 1
n n A A= AT A = Aj
i) 2f1:::;ng
A n n I = fiq;ig;iii;ikg
A AL AL A



Az it Ag A
A A A A A
A i=k+1:::::n
A Ao A rankA;, =rank A;. = Kk
AI;I O
A
A n n n A
detA = det AT
AT = A detA =( 1)"detAT
n detAT = detAT A O
n n A A= AT Ai; = Aj i 2
fl,:::;ng
F=R C A2 Fnn VIAV > 0
v2E"
Z(X) Fp
A
Ai;i = QTAei ]
A A=XDXT



A A=PLDU
A = LDUP L

D U
P
A T
— - a V1
A= A= up Bi
Q60
a, vi _ 1 0 a 0 1 vi=ay _
up By ui=ay In 1 0 B; U1VI:35L 0 In1 = LAl
vy upr  Ag
As 1
a O 0
A2:@0 a V;—A
0 u, B,
a 60
0 10 0
1 0 0 a O 0 10 0
A,=@0 1 0 A@QO0 a 0 A@O0 1 v]=a A = L,A3U,
0 w=a I, 1 0 0 B, Uzvg:@ 0 0 I,
Ai:Bi:L;: U i 2fL::;n 1g
3 60 12f1:::;n 1g

A=L.Ls:::L, 1DUy 1:::UU;



L = LiLo:i:Lpy 1
L=L;+ Lo+ :::4+ L, (n 2)|n U= U, 1:::UY;
U=U, 1+:::+U+U (n 2)I,
A = LDU
A = PLDU
a 60 i2fl::;n 1g
a=0 i a=0
j i A
L DU
LDU A P A
P A =P .LDU
AP
P A = LDUP
A A = PLDU
A = LDUP O(n3)
A detA Al
O(n3)
A = PLDU detA =det D Al=u'D L P!?
L U o(n%)
| 1= Lss O l: l'-s;ls . 01
Lts Lrr LT;T I—T;SLS;S I—T;T
Utz Uss Usr F_ U UsgUstUri
0 Ut 0 UT;% '
S=11;:::;bn=2cqg T=fbn=2c+1;:::;ng O
A A
8
[
A
P,AP, = LDU D =diag(as;:::;a;0;0;::7)



A A = P;LDUP, D =

diag(a;:::;a;0;0;::2) 8 60 [ k O(n3)
A A
A o(n3)
P AP , = LDU D =diag(as;:::;a;0,0;::7) a 60 ik
rankA = k (P 1AP z)fl;:::;kg;fl;:::;kg
PLAP ,  Af L@ 10gf 2 2(K)g
A O
n n A ker A
o(n3)
P,AP, = LDU D =diag(as;:::;a;0;0;::7)
a 60 ik

kerA = ker(LDUP, ') = ker(DUP, }) = (UP, %) (kerD)=(P,U ) (kerD):

E+1; G420 016 kerD K+
Lk+2:::::n PU ! ker A O
detA rankA
A L U
detA
LDU
A
=1 n
J Ai;j 60
j
[ i




A= Ass Ast
Ars Arg
S=11:::;kg k A
A
Az L 0 D 0 U D !Ast .
ArsU D b1, 0 Ayt AT;SAs;lSAS;T 0 In ’
LDU
AS;S
k A
A. L0 D 0 u o .
B C In k O A O In k ’
As;s = LDU
A= LD O u 0 _ wu LboO
(b A 0 In« fbu DO+ A

[=AnsU'D 5 O0=D 'L *Agt;
A=Ay [DO=Arr DU 'D 'L HYLDO = Arr  ArsAgiAsts
O

o(n') 2 1< 2:376

o(n') o(n')



MA;B
A B Mas
cuv’ Mag ClUgV] ;o0 GV
I\/IA;B
0 1
vi
ClUiV] + I::+ GUkVy = CiUg Ce Ui E@ E{
Vi
KiAjiB]
M
A
A:1ln
A;p;q
P=4
Y Y
m := b=Ac
Ajp;m
Afm+l;:::;qg;fm+l;:::;ng
qu+l;:::;ng;fm+l;:::;qg
Aim+1;q
uv'=c
o(n")
X;p;q X=q9g m



n n=xx' = nx' 1! X
n=x X X
2 j 2f0;:::;logng x =21 n=2
Rgn n
n=2jn(2j)! 1_ n2 (2! Z)j n2(2! 2)Iogn+1 — O(n!):
i=0 j=0
A
A
A;1n
A;p;q
p=q
r A, 60
r p
m := b29c
A;p;m
m+1;:::;q
Aim+1;q
o(n')
Apq
Apm p;:ii;m I = p;ii;m ri
I p;::i;m

Afrp;:::;rmg;fm+1 oo
m+1;:::;q O((m p')



LDU

A n n detA rankA kerA
A o(n")
A Al o(n')
A
n n A A G(A) = (V;E)
V = fvg;iivhg viv; 2 E i 6 ] Ai; 60 Aj 60
G(A) A
G(A(G)) = G A(G) G
G(A) A
A G(A)
O(n'=?)
G = (V;E) s(n)
No IVi np G s(n) S
G S s(n) No
s(n)
s(n) G s(n) S G
s(n) G S
o ) o’ )
O(nlogn)
X
G(X) o’ ) o’ )
G(X) X O(n'=?)
X X = LDLT L

O(nlogn) D



O(n%%2)

O(n'=?)
O(n'=?)
X o’ )
S iSi
O(nlogn)
X
X = LDL Tp D
X o n , T L LT o( n)
T o(" n) L LT
n
O(1=n)
1 O(1=n)
A P
A



O(T(n)) A P

P
A O(T(n))
A
O
A Z(X) X
Z(X)
Z(X)
X
p
X Fo Z(X)
Fp p= O(poly(n))
Fo A
Fp
Fo A A
A
A
D gen(D)
A D S
gen(n) =  pj=n9em(D)
A T(n) Z(X)
n f 2 gen,(n)
f = g=h degg D(n) g 0(1)

Fp A
p nD(n)T(n)



p 0 (S1;82;:::;Sm) 2 S™ d5S;j
p nD (n)T(n) D
n f 2gen,(D) f 60 f = g=h g 0(1)
g Fp o
9 f 0 FJpr nDI(Dn()ng(n) =
L jgen,(D)j  T(n) f 2 gen,(D)
Fi T(N) ke = & O
p = O(poly(n)) Fo
O(T(n)) Z(X) O(T(n)logn)
o(T(n)) Fo
O(T(n))
p = O(poly(n)) 0(1)
O(logn) O
gen (D) gery (n)
A
Z(X)
Z(X)
Z(X)
X

Z(X)



Oo(n?)
Oo(n')
Oo(n')
o(n")
o(n")
G=(V;E) Vo= fviiiivng
G n n A(G)
8 - -
< Xjj vivj 2 E i<j
A = . X vivi 2 E i>j
-0
X ViV E = in;j Y 2

E i<y A(G) Z(E)



G=(U[ V;E) U= fugiisuug V= fvgiin vy

A(G)iy =

A(G)
A(G)
G detA(G) 60 G
G
G
G M
M G
G C
G

X Y
detA(G)=  ( 10 A(G).

2 n k=1

A(G)



det A(G)

G
Q
(190 TP Xk
VIV (1) 1555 VaV () G G
> 2 G
0
Xi; (i)
0
det A(G) O
A(G)
G A(G) 0o(1)
G=(U][ V;E)
M = fuyvyi; UsVo;:i:;UnVnQ
X1:1X2:2 11 Xnen 1 detA(G)
M = fviVo;VaVs)iii;Vh 1VnQ G
X§, X35 111 X2 4, 1 detA(G) O
G
G
detA(G)
detA(G) 60
p=( n? Fo
o(n") G



det A(G)

Fp
1 n=p=1 O(1=n)
E Fo
n
p
Fp
p ( n?) ( n%
poly(n)
p
detA(G)60 G
A(G)
G
G=(U[ V;E)
A = A(G)
G f u;vig
A = A(G f u;;vig)

U;j Vi G

U; Vi
G = (V;E)
A= A(G)
G f viivig

0 G f vivg

p=( n?

(A l)i;j 60

]
(A~ l)i;j 60

(R 1)i:j 60

(K 1)i:j 6



Al
AG f vi;vQ) = Afiigfijg
A n n Al
Al gtii g i;j 2f1;:::;ng 1 6 j
Al n 1 Afii gifi g
Al n 3 Afiigfijg
n 2 Aftigfijg
Afiigfijg rank Afligfiig = n 2
rank Abfig n 2 rank A" = n 2
rank AT 9 = rank A" = n 2 i INE
rank A" =rank A" = n 1 O
0
ViV G A 1(G)j;i 60 ViV,
G
M = ;
=1 n
Vi
A(G) *
] vivj 2 E(G) (A(G) 1) 60
M:=MI[f vivig
G:=G f vi;vig
M
p=(n) F
O(n! +1)
G
M n n M
j2fL:ng Mi; 60 (M 1) 80



j UiV 2 E(G) (A'(G) l)j;i 60

G=(UJ[ V;E)
A = A(G) s:E! Fp
detK(S) 60 u 2 U Vi 2V
U; V 2 E (R(S) l)j;i 60 K(S) 1 U; Vi
det(A(G f ui;vig)(s)) 60
M = A(S)
G = (V;E)
A(G) s:E! Fp
detR(S) 60 vi 2V Vi 2V ViV 2 E
(A(s) b 60 A(s) 1! Vi
det(A(G f vi;vj0)(s)) 60
s:E! F Fo
detA(s) 6 O
detA(s) 6 0

p=( n?



A(G)
_agn V' 1_
A= U B A=
8160 B1=8B 007 =41

AA 1=

al;lal;l +v'o al;l'O'T + VTé
ua;; + B0 w™ + BB

B(B 00"=A;)= 1,1 uo'
ln 1 up’ + Ual;lOT:al;l: In 1

B1=B 00T=a,

(A(G) i = (A(G) Yy =0
|

p=( n?
O(n?)
G

A(G)

a]_;l o7 .
o B
_ 1.0
B 0 I n 1
B O'O‘T :a]_;l =

udt + uet =1, 4

(A(G) i

Fo



M :
G =

vivi 2 E(G)
M [f Vivig
G f vi;vig
AG) !

(A(G) Y 60

A(G) *

M
G

n
UiV 2 E(G)
[f Uing
f u;vg

AG) *

M

(A(G) Y 60

O(n3)

Z(E)

o(n3)
n



o(n")

o(n')
o(n')
G
A:=AG)*
1:n
p:q
p=4
\A UV 2 E A, 60
r A
m := b=Ac
p;m
m+1;:::;9 A
m+1;q
p=( nz) Fo
o(n')
Vi Vi G
i | | i

o(n')



G MO M o(n")
Z(E)
M = fviVo; VaVa; i1 Vi 1Vkd Vi+1 5 Vis2 5 1505 Vn
AG) *
V1 V2 V3 Vg, 000V Vo V1 Vg V3,000 Vh Vi 1
k k
M° M I
G=(V;E)
A = A(G)
A1 g=h g O(n)
0(1)
(A Y)ij = det A =detA det A
n 1 0(1)

A = A(Gf uj;vig)

8
<

(BY Jxy = :

Axy (x8]))  (y61)
1 x=j) (=1
0

detA* =( 1)* detB":



X Y .
( 1)sgn() B —

detB = o k; (k) —
2 S( J)=i k=1 v
= ( 1)Sgn( ) Ae ®
2 qn; ()i k2f 1;::5) 1 +1::ung
) ) ( 1)sgn() k2f 1 L +1png XKoo (K)
()=
ViV, Vi
Vi
detB/
detA" 60 G f v;vig M Mg
G M Mg
H=(V;M Mg) Vi
Y] 1 H G 0 2 H
H Vi Vi P Mg
P p
Me P P G
ViV detB'!
1 O
p=(n’) K
o(n')
Voi 1, V2i
n=
A 1(H) H G
g=h g n 0(1)
Fo o(n')
n Ol

o(n')



o(n')

G
Mg n=4 G
M Mg
jMj n=8
M := M| G V(M)
M := M| G V(M)
M
jMj  n=
jMj  n=
G
G
Mc M
G=(V;E)
v2V G v G G
G G
G G Vv G
u gV u=v G f u;vg
G G
P(G) = V(G)= o G
G Gf ujvg A(G) 80
A(G) *
P(G)
G S2 P(G) iSj 2 C
G S
G2 G G S
S
C
CO GIV(C) [ S] S



P(C9Y = ff ucgg[f T\ V(C)jT 2 P(G)g

S 2 P(G) iSj 2

G P(G) S
G S 1Sj
G S
S S
G
G
o(n")
G
G
G
S P(G)
G
S2P(G) P(G)
C]_; Ly Ck G S Cl
C? G[S[ V(C)] S S
M = C?
G s M
vi2S C1
M = M nfcsg[f cvig
fC]_V]_g Mg S
Ci
M:=M][ Mg
=2 k
G C M
C = C G
M = M[ Ci

M




C
\1 S
7-9n
Cy
n=
P(G)
G
M

C Ci
C ¢
Ci ¢
C?
S C1V1
S
G3
G
Gg C1V1
C ¢
n
G
o(n')
o(n")
M
C1V1
Vi n=
G
G S
Ci
7=9n
M n=
n= Y
G v2\
v M

C

C.S

k+1

CiS



S Ci G uv 2 M

P(G) u v
3 G S
C, S G
G Y n=
G n 2=3Vj n 29n=7=On O
O(nZlog* n) k
G o(n')
o(n')
G
G V(M)
G Mj  n= G V(M) n n=4=3n=4
n
o(n') O
O(n?)

O
f(n)= O(g(n))  f(n)= O(g(n)log" n)



O(1)
G
AG) *
G G
c? A(CY)
C?
G G
G
G
S P(G)
e e G[S] G S
T G S
Y v2T
u
u2cCc; Col i Cx u; v v2T
Co;iii;Cy Co[ ::[ Ck
Ci=G S C i Ck
s C
S;V v2Tn(Co[ :::] Cy)
Cy
G(n)
O(n)
o(n?)
O(n?)
v v
P(G) v S S
C; \Y \Y;
P(G)
G[S] G S
O(m) = O(n?)

O(n?) O



p=( n'*?) Fo

o(n') G
A 1(H)
H G g=h g O(n)
O(1)
A(G)
O(n) 0(1)
]
p=( n%
A(G)
G rank A(G) = (G)
A(G) G rank A(G) =2 (G)
A(G)
G
G
S rank A(G) 2s
A(G) rank A(G) =
2s A(G) A(G)uu

jUj =2s G[U] S O



A'(G)U;W R(G)

U
G = (V;E)
v G[U] o(n')
A(G) rank A(G)yy = rank A(G)uw
A(G)uu A(G)
AGuw A
o(n') 0
p=(n) F
O(n*) u v G[U]
G A(G)uy
K(G) detK(G)U;U n O(l)
1 n=p=1 O(1=n)
s:Z(E)! Z, rank A(G)(s) = rank A(G) =
n
U
n (G) G



O(n'=?)

o(n*=?)

O(n'=?)
O(n'=?)
3
O(n)
3 O(n)
G % > 3 N (V)
2 W1, Wo 2 N (V) v

V1;V2; V3 Vi Wy, W2 V2



Vo V1 V3 V3 Vo \Y

2 2 3
O(m) = O(n) O(n)
O(n)

Vi V3
W
Y
w
V1, V2;V3 V3 w \%1
V2
G
G
G G G
Vs M e Vs
M \1 V3 V1
u M [f vivog T viug Vo
\%
G
G
G O
3
O(n!: 2)

A(G) O(n'=?)



A(G)A(G)'

G
B(G) = A(G)A(G)T
detB(G)
detB(G) 6 0
B(G) A(G)
B(G) o(n*=2)
Fo p
A(G)A(G)T O(n*=?)
G G?=(V;E) uv 2 E, w2V
uw;wv?2 E
G
s G T =S[ N(S) G?
D T G? G?
T o n) G 0
T
S T G
; G G(A(G)AG))
o(" n)
G(A(G)A(G)T) G?
O
A(G)A(G)T X R C

XX T



Z(E)

X Z(E)
YYT Y
E) X
o’
X
X X = LDLT
O(nlogn) D
X=YYT
s:E! R
Y (S)
X (s)
O(n*=?)
T(n)  D(n)
O(poly(n)) A
n
f=g=h degg
D n
f 2 gen (D)
f 2 gen, (D)
D(n) o O((nT(n)D(n))")

O(n)

( nT(n)D(n))

Z(E)
G(X)

o G(X)

O(" n)

O(n!= 2)
L

Z(E)
X detY 6 0
detY(s) 60
X(s)=Y(s)Y(s)T

p=( n% Fo

Fp

T(M):;D(n) = ( n)
T(n)
f 2 gen(n)
D) g O(nT(N)D(n))")
Fo A
p=( nT(n)D(n))

T(n);D(n) =
Z(X)

Fo

f = g=h degor
G o
O(nT(n))



( nT(n)D(n)) ¢ f 2 gen(D) p

(nT(n)D(n)) p C O
Fo ( nT(n)D(n)=logn) O(nT(n)D(n))
1 O(nTn(E)(Ig)(n))_ O(1=n)
A, D(n)
O(mpmy) = O(ﬁ)
O O(1=n)
1 O(1=n) O
AAT
AAT
AART 3
2 1
10 AAT
G 3 (AAT);
=] [ j 10
J [ 0
f2Z(E) f if i
f ifgj J fiigi it +g j fi+ig
ART  O(n?)
O(n)
k k AAT k!
k AAT
3*k! = O(n?") 1
O(nZn)
O(n) O
AAT
g=h g h O(n) O(n?")
A(G)A(G)T AKT g=h
g h O(n) o(n®")
B = AAT k
B BO S=1f1:::;kg



B

B‘IQ;T
Bt = Brr  BrsBggBsr Br:s
Bst 3 10
Bss g=h
g h O(n?") h
O(10 10 3 3 n?) = O(n?)
BT;SBs;éBS;T B%T BT;T
3 OJ
p: ( n2+!=2) Fp
O(n'=?)
G
T(n)= O(n"=?) D(n) = O(n)
O
A(G)A(G)"
G
S G
T S
A(G)A(G)T = LDL T
-
(A(G) YHrir L D
(A(G) Y1 M s

G V(M)




(A(G) Hrir

O(n*=?2)
O(n*=?)
| =2
O(log® n)
1> 2
A 1
AAT n
L D AAT = LDLT L D
(A Hrir O(n'=?) AL D
Auvu Aur Dyy O
A= ; ) ; :
Aty Arr 0O Dr7
L Luv O L 1= Ly 0
Lt Leyr 7 Lorlrolyy Ler
T u=v T AAT = LDLT

(A—T) 1=(LT) lD 1L 1A.:
(A7) *
(A7 =((LT) HrvD 'L *Ayr =

= ( L{T) lDT;lT(l— DrvAvr =
= ( L%r';T) 1DT;}I'LT;%I'A'T;T + ( L;T) lDT;}r(L 1)T;UKU;T:

O(n'=2)

(L;T) 1DT;lT(l- l)T;UA~U:T = (L%T) lDT;lTl—T;lTl—T;U|—u;luA~U;T
X = LrulyyAur

I-U;U A'U;T

8= I—T;U 0

O(n'=?)
AAT B
I—U;U B



M =

Gr=(T;E(T) E(T Y9)
MG GT
(A D17 Mg Mo
M:=M] Mg
Gr = Gt V(Mg)
Mg Mg
M S
Mg S
Mg M
Gr
O
5
M Mg
e2 M e
2 Mg e2 Mg Mg Mg
M 22 Mg
e2 M 4
O
o(n*=?)
Mg Mg
o(n*=?) A(G) !
(A(G) Y1
A° (K Y11
Aoro= (A(G  V(MQ) Hroro T T
M3 A(G)ry



O(n'=?)

p: ( r]2+!: 2) Fp

O(n'=2)
G
AAT
AT;%I'
I—U;U
AAT
RT;%I'
A‘T;T
I—U;U
1
]
G
A(G)A(G)T




U V A(G)uy (A(G)A(G)")uu

B = AAT
Buu Buu = Auv(A vy rankByy =
rank Ay, A rank Ay.y = rank Ay.y
A‘U;U
AU;U

Buu = KU;V(RT)V;U = AuvAvu = AuuAuu Auvv VAV uu;

RU;UAU;U A'U;V UKV (UHV) B‘U;U
U
G = (V;E)
u v G[U] O(n=?)
(RKT)U;U
AAT
Agu A U
G[U]
G 3
O(n*=?) O
p= ( n2+!=2) Fp
O(n*=?) u Vv
G[U]
p=( n?
Fo rank AAT = rank( AAT)(s) S
Fo
X = (AAT)yy AAT detX (s) 6 0
detX O(n?") detX

Fo p=( n?



o(n')

v2V G=(V;E)
\ G v
D(G) G A(G)
G
C(G)= V(G)n(D(G)[ A(G))



G=(V;E)
D=D(G) A=A(G) C = C(G)

G[C]
G[D]
G GIC]
G[D] A
G[D]
G comp(G[D]) | Aj n
2 (G) =comp(G[D]) j Aj
G
M G n 2jMj =
compG[D]) | Aj
G o(n')
G A = A(G)
v; G rank o > rank A v;
rank 5 =rank A
€
G=(V[f Va1 G E [f ViVas10) G G
Vn+1 Vi
- R(G) Xin+1 6
A(G) = :
( ) Xi;n+lQT 0
v, G (6) = (G) rankA(B) = rank A(G)
rank A" = rank A - rank A" = rank 5
Xin+1 6 &
v, G 6 = (G)+1 rank A(G) =
rank A(G) + 2 rank A + =rank A+1
Xi;n+lQ
rank g =rank A+1 > rankA 0
A(G)
C[GI[ AIG]



W Vv G[W]
G W 10 ]Wj

ki;ii ke 2 ) kerA(G)
K = fy :8j(kj)i =0g

G
o(n")
o(n')
K \%
G
S = spanfAL ;AL ;AN g
A kerA = S? S = (ker A)’
rank ;: =rank A e 2S Vi
e 2 (kerA)? O
Ki;iiiikn 2 (o) g=h
O(n) 0(1)
ker A
A = LDU D =diag(as; a;: 18 (6);0;0;:::;0)
ker A U Ye) i =2 (G)+1;n
U= UW DWlLWlKW;V W .
0 In k ’
Kw;w = LW DW UW U
ul= le UWlleLwler;V W - le A~W;1W Awy w :



ker X

C:A;D

A g=det Aw.w g o(n)
O(1) Awv w Xij
Xij
A
A W ]
p=( nd Fo
o(n')
s:E! Fp Fo
A(s) W
Vi
(kj)i
1 O(1=n)
W
W
Aow A W
Auw W Fo
w detK(S)W;W 60
1 O(1=n?)
Fp o(n')
n U
o(n')
G
G
K = G Fo p=( nd
D=V K, C:=K N(MD);,A:=K\ N(D)




C:A;D
comp,(G  A) G
u Vv G[U]
n j Uj=comp,(G A) j A
U
C:A:D
G[D]
o(n")
N j Uj=compey(G A) | Aj u o
comp,(G A)j Aj
G A U C:A:D
C:A;D
U G[U]
]
o(n3)
o(n')
G[U]
]
G[U] detku;u 60 S

detAdu;U (S) 60

o(n')



O(n'=?) Ki;iii K 2 (@) Awiw
G
A(G) *
G o(n')
G A(G) Y(s)
s:E! Fp p
M G=(V;E) M ©
M MO
M nMO G V(M9
G
o(n")
G
G G Oo(n')
G = (V;E) S vV G
n 2 (G)=compy(G S) | Sj comp,(G  S)
G S A(G)
G P(G) = V= ¢
G
G P=15:,S5:::;50



= G
P:=V= =1S;S;;:::; S0
=1 Kk
S
st2 E $25 LoB
e
St t
= +1
< jSij

s VvV s
G

G

S
G
G A(G)(s) *
S

ome st G
st ts s;t 5>
t st ts 0(1)

o(n')

G

O






ker A(G)

G o(n')
G

s:E! Fp det A(G)(s) 6 0

o(n')

o(n')



O(n2:38) O(n2:38)
O(n2:5)
O(n2:5)

O(n2:81)

O(n'=?)

A(G) *



O nl:Sp U PR,
( m=logn)

G(M (Vi)

O(n2:5)



O(log(n?=m)=logn)

N 5=2

[
O( jViE))






s(n)






