Oooooooon B

oood 1
1. OO00DoOoooooooon
T+ 3y+562+ w= 2 r— y— Tz4+ w=-10
(1) 3r+ y+ 72+ 3w =14 (2) < bz — 11y — 23z — Tw = 22
Sr — y+ 92+ w=22 r— 4dy— z—-bdw= 8
2. 00D000O0OOoOODOOd
0 1 2 1 1 1 -8 1 -3
(1) 1 1 0 (2) 5 o 3 (3) -7 7 8
1 1 1 2 -4 2 -1 7 7

3. 000000000000000000*0
(1) X, ={200000000000000 }
(2) X, ={2000000000000000000000000000 }
(3) X3={3000000000000000000000 22420000000 }
(4) X,={00000 2000000 }
4. A=(137)00000000000R 0000000000

MW ={zeR* Az = (1)}, (2)Wa={zeR’ Az=0}.

5/ 000000V =R[zs0000000000000000VO0000000000O
(1)2000000 (2) (x—1)00000000000000

(30000 o000000O0DOO0 (4000000 100000000000
6/ VOoooooooooow,W,00O0OOOOO000000oooooooo VO

gooooooooooooo
(1) WinWy:={ueW;, uecW; 00 uec Wy}
(2) Wi+ Wy :={u; +us € W; uy € Wy, us € Wy}
B) WiuWs i={ueW; ue W, 000 ue Wy}
7V oDooooo V:M(Z,R)DDDDDDDDDDDDDVDDDDDDDDDD

(1) sl(2,R) == {A € V; tr(A) =0}  (2) s0(2,R) :={B € V; B+ 'B=0}
(3) SL(2,R) := {C € V; det C =1} (4) SO(2,R) :={D € V; D'D = E,}
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1P Wy, W0 V=R2O0OWs, W, 0 C(R) 0000000000
(1) Wi ={(y, ay); yeR} (aDDODO) (2) Wa ={(z,2%); z €R}
3) Ws ={f € C(R); f(z) =0}
(4) Wi ={g e CR); [, lg()|da < oo}

2. 00 R30O0O0ODOODODOOODOO
1 2 0
W= (0) wr= (1) us= ()
= () w= (=)
, U2 = 5 3= |
gog
1

( 2) 2 )’
3/ DoR*OOODOOOOOOOOOOO )
1 - -~ 2
(1)u1:<_42>7u2: _12>,’U,3:(_21),U4:<%>
1 5 1 1
1 0 —1 —1
(2)’01:(%),’02:(:1)7’032(:2),’04—(_11)
0 4 4 -5
4} 0oooOODODOO0OODOOO0O00O0O0O0OO0O0OO0
(1) filz) =22 +4x+3, folw)=422—-32+2, fi3(v)=42%—4z-1
(2) gi(z) =2% -1, g(z) =222 +2 -1, g3(x)=2%—22—3.
(3)  hi(z) =22 —4, ho(z) = 2% + x — 4, hs(z) = 522 — 2z + 1.
(4) ki(z)=2%+4z+1, ko(x)=2224+2-3, ks(z)=322-22-7.

5. uj,uo,us,u, 1000000000000 OO0ODOOO0ODOOOODOOOOOOY

v = 2u; — Us wi] = U — Uy + 2U3 + Uy
(1) vy = —up + 2uz — u3 2) w2 = Uy + Uz + u3 + 2uy

V3 = —U2 + 2’11,3 — Uy w3 = 3'11,1 + uos + 4’11,3 + 12’U,4

V4 = —U3z + 2uy wy = 2uq + 3uz + 10uy

6. V=R[z3s0 30000000000000000000000
() 00000 (z+1)%, (14+2)% 1+2,100000000000000
(2) 000 p(z)=2*0 (1) 00000000000000

7/ D0DDODOOOOODDOOO0OO0O0OO0ODODODO000000O0O000

(1)'Ul,’UQ,’U3DDDDDDDDD'I)1+’U2,’1)1—’1)2,1)1—3’1)2—|—2U3|:|DDDDD
(2)n >300000000R000000O0O0O vy,...,v, 000000000

v1+v9,..., 0,1 +v, 000 v, +o, 0000
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1. 0000000000RY 00000000000

1 2 -1 3 1 -3 0 4
—4 1 6 1 -1 1 —2 -8
s [l o] 3] @] |al 1] |4
7 —6 5 1 -1 —4 2 9

2. V010000200000 ar+by+c¢000000000000
()VO000000000000000000000000
(2) VOOOOOOOO?00VOOOOOOO 100000
(3) 00030 P, =(0,0), P,=(1,0), s=(0,1)000000000000000
¢1,62,c3000000 VOOOOOOOOOOOOvVOoOooooooo!

3/ 00000000 RjRs00000000000

pi(z) =2° -3 qi(z) =2° —x

(1) pa(z) = 2% — 5o — 4 (@) q2(z) = 423 — 2% — 3
p3(z) =323 —x +2 q3(x) = =323 + 622 + v + 8
pa(z) =222+ +1 qa(r) =23+ 522+ 2 +5

47 n0DO00D0O00DO0O0DO00 Sym(n,R)0OO0O
(1) Sym(»,R)0000000000000D0O000OO
(2) Sym(n,R) 00000000
(3) Sym(n,R) 0000000000

5/ Rz, 00000000 az?+bzx+c00000 q1,¢2,gs 0000000000000

(1) q1(z) =1, g2(x) =, g3(z) = 2.

2)q(z)=22+2+1, g2(z) =2 +1, g3(x) = 1.
3) qi(x) = 2% +x, qa(x) =22 + 22— 1, ¢3(x) = —x + 2.

6. (I)DDD COODOO0O RODODOOOODODOOOOODODODODOOOOODOOOOOOD
(2) 00000 RODODUDODODUOD K=QUOUOUOOOO0OODOOOODDOOODOOOOO
00000 0000000000000 0000000000000000000
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1 f,(Pj) =64 (i,j=1,2,3) 000000 f1,fo, 00000000

20000 E,; 00000000D00D0 (1,7) 00000 1000000000000 O00000OO0ODOOO
goboboooboboooobobooo

*3 0000000 (00000)000 p(e) 00000 plze) 000000000 200000000
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1. DO00bO0o0obOoboooboobooboboooboobuooboog

1 0 —1 6 1 1 4 0
(1) 5 1, (=1, 4], ([-6] 21, (1], =7, 3
-3 —2 -5 3 1 2 1 -9

2f DoooooooooooOg V=R[z]3000000000000000*0

;

gi(x) =23 —222 —x +1
filx) =23 — 22+ 1 g2(z) = 223 — 42% — 5w + 2
(1) folz) = =22 +22° + 2 -1 (2) < g3(x) =323 — 622 + 42+ 3
fa(z)=a® —2? +z+2 ga(z) = 223 + 622 + 62 + 4
gs(x) =42® — 322 + 2 +5

\

(3) Hyn(z) = (~1)me” 4 <e_x2> (n=0,1,2,3)

dx™

3/ Doooo@DOODO@EOOO0O0000000000000000000000

-1 1 -1 4
(1) A:@ _13 113) 2 B=(3 -3 1 -6

-1 1 2 =5
4 0000000 (b, [@)00000000 POOOOO?

(1) [uhuz]:(; §) [ﬁvﬂﬂz(i% _13)

1 -3 3 1 -1 1
(2) [ul,uQ, ’LL3] =\|-3 10 —11 s [’&1, ’17,2, ’Zig] = —1 2 —1
3 —-11 14 1 -1 2

5. 0000000 POOOODOOOOODOOOOOS
6/ WOOOOOODOODO VOOOOOOOODO000000000000000000d

(1) dim W < dim V0O (2) dmW =dimV OOO0OW =V 0O0O0O0O
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1! T:U—-VOOOOODO0OOU,VOOODOOO00O00000rank(T) + null(T) =
dim(U) 0000000000000000000000 7 = rank(T), s = null(T)
0000wuq,...,u, 0 Ker(T)OOOOwvy,...,v,0 Im(7T)0000000
(HUODO0O Upyt,- o, Upgs OO0T (Upyj) =v; 00 Upyy € Ker(T) (j=1,...,5)
ugoboooooooooooooo
(2)UD0000 wOOu,... U Upst,..., 4, 0000000000000 %0
(3) ui,...,ur, 00000000000000

2f U,vooooooooooooor: U -vioooooooooooooooim(T)
0 VODOUOOOKer(T)OUODDODOODOOODDODODOOOO

3. 0000 AD000D()TA000000 Ker(T4)DOOO((b) T4 0000 Im(Ta)
gogoboboooooboood

1 -1 1 -1 2 2 -4 1 -3 -5 —6
1M (-2 2 1 @5 1 1 3| @|-5 1 -3 2
5 5 -5 4 -4 -4 -1 —2 -1 —4 -2

4. 000O0O0OODOOOOOOODOO

(1) TQ: RQ 3 (g;)HiElﬂCZ cR (2) T3:R2 > (%) — <x1x+gm2> €R3

xr1—To
(3) Ty: Rlz]ls 2 prs [1,p(t)dt € R (4) Ts: Rlz]3 3 p — p(0) € R
5. V=R[z]300000T:V —=>V0OT:px)— zp(z)—3p(x—1)000000
0000000()700000000000000@A)TOD00DO0OOOO0ODOOO
00000 () Im(7) 0000000000
6f V=M2C)0000000000 20000000000000VO0O0O0O o0

o(X):='X (00DDO000DOO00DDOO0DDOO00)

00000000000 W:={XeV;o(X)=X}0000

()c 0 ROODOODOOO0O0OO0O0OOO COOOOOO0O0O00000000000
(i) WO VO (ROOODOOOOOOOOO0)0000000000000
(iii) W 0DODODOOO0OO0OO0OO0O

110700 (00DO0D0O0OO0O0D0O0O0OO0T000000000O0O0DO«x0000D0)
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1. A=(7'{?)0000000000000 T,WO0OOOOOOOooo0o0o0do

'(1)R3D[]D[][(é),(;%),(i)]Dl?[]D[]D (1), (=3))o
@®r 0000 ((8),(4). (2 )I0Roooo (%), ()0

2 1 -1
21 Az(—% 01 %)DEIDDR3DDDDDDDDDDDDDDDDDDDDDDDD

00 T,0000000000000*0

—1 -1 —1 -1 1 -1
(1) ol (2], (=1 (2) 1|, (o], 1
2 -1 1 1 1 0

3. U=R[z]3, V=R[z], 00000 T:U—-VOT:px)—pQe+1)0000*0
(1) T00000000000000
(2)U,vooooo ([2%,21]000 [»1)00000000000000
(3)U,voooooooo [(z+1)2%z+1,1),[x+1,1]0000000000000
Al V =Rz, 000000000 70 T:p(x)— (z+1)?-p(i5)0000000
D0000000000000
()00 T0ODO000D00D000000
(2) VODO [22,2,1]000000 700000 AODOOO
(3)TO0000000000000O
5 000O0T:U—V0OOODOODOODOODOODOOO0O000000000000000

00 &4 000 VoD v0000 T(w) =v000 weU 000000

00 &S U0000 20 w0000 T(w)=TwW) 000 u=+4 0000

ooo & rooooooo

OO0T7To00oboboooobovuovoooooooooooooooo

()TOOO & dimIm7 =dimV (2)TO000 < kerT = {0}
3) 000000000000 UDOROO0O0ODO0OO0OOD R*OOOOOOO

110 1400 (00000000000 000000000000O«x00000)
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1. DO00bO0o0obOobOboOobooobooboboooboooo

o (5

2/ 000000000000 00000000000000

5

® (3

-3
—2

) o

5
2

) @ (5 %)

1 0 0 8§ —8 -1 2 0 O
W [-1 2 —4] @ (o o -1 3 (-3 2 3
2 -1 -1 0 1 2 3 0 -1
1 0 -1 1 2 2 2 1 1
@ [1 2 1 G [0 21 6 (o 7 o9
2 2 3 -1 2 2 -1 -7 -9
7 2 5 -7 6 —6 7 -8 =5
M4 3 4| ® -4 3 -4 96 -7 -6
-8 -2 —6 4 —4 3 —1 1 3
?).Jr 0000000000 0oOooDOoooooooooog*g
0 -1 1 -1 1 7
W) (1 ! ) @) (1 : ) 3) (_@- 1)
4., JO0O000oOooooooooog
—1 0 4 —4 1 1 -3 2 —4
W2 -3 0 @ [-1 3 1 @) [-2 -1 3
2 4 4 0 —4 -3 0 2 2

5.300000 A= (a;)1<i;<30000000000000000000000
gA(t) :t3—(a11+a22+a33)t2+(|A11|+|A22|—|—|A33|)t—detA.

OD000A; 0000000 A0000O00OO
6 A=(3;3')0000000 S, TO ADODODODOOODOOO™O

(1) S = 2A4* — 1243 4 194% —29A +37E,  (2)T =85!

1102100 (00000000000 000000000000O«x00000)
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1. 0O000OO00b00obOoobooboobooooobo

1 1 -2 0 0 1 0 O
1 2 -3 0 -1 -2 0 0
() 1 0 0 0 (2) 9 16 3 1
-4 1 0 -1 -5 -9 -1 1

2! V=R[z], (n0000)0007:V—-V0OVOOOOOOOO000000000
000000000 VOOOOOOOOOOO0O0000000000000000
0000000000000

(1) Im(T)  (2) Ker(T') (3) W :={p(x) € V; T(p(x)) = «}

3. V=R[}z;00000000007,7,00000(3G) 000000(@G)00000
00000000000000000

(1) Ti(p(x)) =xp'(z)  (2) Ta(p(z)) =p'(x) +p0)z

4. ¢,b000000 (000 a#£0,1,0£0)0000000000 n=1,2,3,...00
00 R[z], 000000 T, 00 Tu(p(z)) :=plez+b) 00000000
(1) n=100007,0000000000000000000
(2)fn=200007,0000000000000000000
(3000 nO000007,0000000000000000000

5/ V=R[z,0000V 0000007000000 [22,21)00000000 4
00000000000007T000000000000000000000000

-3 0 -12 4 0 6 6 -1 -5
M (o -2 —15] @ (3 10 21| 3 [-5 2 5
2 0 7 3 6 -—11 5 —1 —4

6. ABOn0OOO00D0D0O00D0 ADOOODDOOOODO*O0O0D0O0O00ABOOD
0000 BAODDOOODOOOODODOOOODO*O
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1. 0O000O00b00obOooboobooooboooo
v (G o) oGy ol )
(5) (2 i%v (6) (fl ;) W)(Ig ;f) ® (&:-;2>

1 1
2f DDA:(O 1)DDDDDDDDDDDDDDDDDDDDDDDDDDkl

3/ DDDooOOoOOO0O0OOO0OO0000000000

3 0 0 1 4 9 7 -3 -6
1) |[-4 3 -2 2 |-1 3 9 3) [6 -2 —6
41 0 0 0 -2 6 -3 —5

4. ADDDOU0OODOO nO0DDOO0DODOADDOODOOOOODOO A,...,A0000
oo0o000d my,...,m,000*00000000000000000*0

(1) tr(A)=> mX  (2) det(A4) =[] A"
=1 i=1

1 1
51 00O Az(l O>DDDDDADDDDDDDDDDDDDD n0 A"00000

ooo0oOD f,0000000000000f,000000A"O0O0O0O0ODOOO

_ _ fn+1 _ fn
==t (f)=a(f) w=n

6. 10000000 9600000000000,00000 ADDOOOOOOO0O
AL,.., A 000000AD0ROODOOOOODDOOY_, dimW(\; A) =nD
oooooooo

7+ 00000000 95000000

1202000 (DOOOOOOOODO{0D00O0O0OO0DOOOOD+=0O00O0D)

000 HP: http://www2.math.kyushu-u.ac.jp/ " h-nakashima/lecture/2017LA html
*100000000000000000 D=(3%)00000 POO0OO D=P AP PD=APO

000o00oooooooo PODO0OODODOOOOOODOO
*2A:(aij)1§i7j§nDDDDtI‘(A): ?ZlaiiEIDDD[IElElnyzlai:alXazx---xanDDDD
*ooooooooooooooog
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1

DDDDDDDDDDDDDD(pmy:/ p(x)g(z)de 0000
—1

1! 00D R[zl,0200000000000000000000000000C0
(1) plx) =42 +1, q(z)=2 (2) pla)=2-1, qz)=a
3) pla)=20-1, qla)=2% (4) p@)=22+3, qx)=2>+2+1.

2.n0000000000000000 M(n,R)OOODOM{A|B) :=tr(AB)(A,B¢
M(,R)000000(-|-)000000000000000000
3. V=R[z,00000000000000000 [0,1]000000000000

(pla) = / p(@)gx)dz (pge V).

0o0000(-]),00000000000000000000000 p,q00000
0000000 (plg) 000000000 (plg), 000000000000

4} 00 [-1,1]00 (000000O00)000000000000 VOOO0O0000
0000000000000000 (-|-)0 V00000000

(Flg) /f vde (f.geV).

5/ 0000 VOOOODWOoOOOOvVOOOOOD wtooooooooooo
WHi={veV; 0000weWOoO00 (v]jw)=0}.

(Wwtovooooooooooooo®o wnwt={oy}0000
6TI:PﬂﬂDDDDIDDDDDDDDDDDDDDDDDDDOWDDDDDD

(flg) : f f(x)g(x)dze DOOO0O0O0O0 n,m>10000 s,(z) := sinnz,

c%uy:aﬁmxmDDDDDDDDDDDDDDDD“D

(1) (snlem) (2) (snlsm) (3) (enlem)

10900 (00000000 DO0O0OT0000O00O0ODO0O0Dx00000)
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1. 00O R?2000 (v, v2) 0 Gram-Schmidt 000 00000000000

v L) el ) el ) o)

2! DO R3000 (vq, ve, v3) 0 Gram-Schmidt 00 000000000000

1 -6 3 10 1 110 2 0 -1
Wlo 2 =3 @01 1] @|o11] @]o2 -1
0 0 -2 11 0 101 10 1

37 0O Rz}, 0000 Gram—Schmidt 0000 0000000000000 OO0O
1

(flg) = [_, f(x)g(z)dz DO OO

( ( , p2(z) =, p3(x) = z2.

(2) q1(z) = 2%, g2(x) =2, g3(x) = 1.

(3) ri(z) = —z, ro(x) = —2? + =z, r3(x) = -2+ — 1

4 R°00000000000000000000000O0O000

cos 6 —sind cos b sin 0
(1) w1 = (sin@) » U2 = ( cos b ) (2) w1 = (Sin«?) » U2 = (— cosG)

5.200000000000000

6! 000300000 ADODOOOOOO POOOOOOUOOOO0 A=PUOO
D0o0000oooooo*o

7* DD7V:QL1&“.DDDDf&@):(—n%f(ﬁ;fﬁ)DDD“DDDDD
00000 f,¢0000 (flg)y ::ffooof(x)g(x)e_m2dxDDD*3D
(1)n=0,1,2,3,40000 H,(z) 00000
(2)0 Hy(z) D nO00000000000000
3) (:|")y 0 Rlz},0n0000000000000000O0O00O0O
(40000 (-|-), 00000000 Hy(z) (n=0,1,2,...) 0000000000
oooooo

101600 (00D0D0O0DO0O0D0D0O0OO0T000000000000«x0000D0)
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1.2000000 P(H) = (02 )00000 xeR?0000 |[PO)z| =|=|

sinf cos#@

ugobooooooooad
2/ 0DD30000000D0O0O000000O0OO0

1 0 -1 3 -1 -1 2 —4 2
Mo 1 -1 @[|-1 3 1] 3 [-4 2 -2
~1 -1 0 1 -1 3 2 -2 —1

3.X0nO0DO0ODOODOO0ODO00 X=-X000OOnO0OOODODOO
() X000D000DO00O000000 0000000000
(2) i0 X O0OODOODOODOOOOOOO0O00O0 A0 XO0000000000000
(3)n000000OdetX =0000000000

47 200000 A= (¢%)00000(1) ADDODOOOOOOO0(@)ae>000
ac—b2>0000000000000000000

5/ 000200000000 ADDDODODOOOD LOOOO A=LL000O0
00000000000000000000000000000 LOODO00O00*0

6. ADn0000D0000XO20000000000000000 tr(AX)=000
000000 *0

X Ap>0000R?0000 (x|y)y:=Azy1 +uzay: 000 (+]), 000000
(1) (-], 0 R2OOOODOOOODOOOOO
(2) 000000000000 X0*¥000000000000000
(3) 000000000000 (00000000 P)OOODOOOOOODODOO

D00 x,y0000 (Px|Py),=(x|y),-

8* 200000 A0DODD R?200000000000000u—z=Aw00000
00000 Jacobian 00000000 ADDDOOODODOO JacobianOODO 1000
gooboooon

102400 (0D0D0OD0O0O0DDO0O0OO0T000000000000«x0000D0)
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*100000000 Gauss0OODO OO Cholesky 00000 (00DODO0D0OO0DO0O0O0OO0OO)oobooooo
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*2 00000 MODOO t(M)=t(*M)000000000000
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1. 0020000000000000D00O00D0OO

DG @l et e D) el

2/ 003000000000000000000*O

1 2 0 -1 1 1 2 2 -1
1) (2 2 2 @ (1 1 -1 @32 -1 2
0 2 3 1 -1 1 -1 2 2
4 3 -3 1 0 -1 3 -2 -2
4 |3 1 0 Gy o 1 -1 6 (-2 0o 1
-3 0 1 -1 -1 0 —2 1 0

n
3* n0D0 2000000 f(x) = ) agzz; 120000000
i,j=1
() 000 2000 0000000 ADDDO f(z) ='zAz 0000000000

(2) (1)000 AD 2000 fO00000000000OD y=S2000 fO0 yO
2000000000000000'SASO000000OD
(3)0002000000000000 Mg2+---+A32000000000000
oooo

4* 00O0O0O0O0OOOOOOOOOOO0000

/ / 6_(ax2+2bwy+cy2) dx dy (a > 0, ac — b2 > O)*Q'

(1) 00000000000000000000
(2) 0000000 ADOOOOO LOOO A=LYL 00000000000

5 D000 ADODDODODDOD expOexpA:=30c LA 0000oooooo
00000000000000000000000

WG e e

103000 (0000000000000 0000000000«00000)
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*lgpooo (1), (2)00000000000000000000
*2000:ax? 4 2bzy + cy? = teAz 0000000 (2) 0000000 Gauss 000000 Cholesky O
0000 (0D0000000)0



