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FHIDF 7 4 277 — 13K D 16:30 — 17;30, FADIRER (BEHE A £ 4 B 441 B%5) TRV 7. $7/-00
HEROBER (KEHD 12:00 L), BLHBRBCVWETOT, ZORMICERM - ##k%E L TRXW,
Z ofth, B - HE IR 3. X —)L (yanagida [at] math.nagoya-u.ac.jp) TH#KL T FX L.

DIIR=-T

COBEMOY 2 7R=VZLIFOT7 FLRAIAMED L L7z, TEP#HEK/ — N ORMIREZEHE X7
https://www.math.nagoya-u.ac.jp/~yanagida/2022B1.html


https://www.math.nagoya-u.ac.jp/~yanagida/2022B1.html

0.2 ZZ#ICBId 2 b - ZOMFE/ — FOFHATT 6

02 ZHEICEATZEVE - ZOER/—FDOHEAA

HWREZIDZETORY M 7 RN RAEEEHEZLET.

o ZOBMRBIEEMBIICIR-722 2 Tldd h FRAD, B E TORAITLNT, KEEOKCATERT 5
DIIFFEICZ S ORI 2D £ 7. #BRr —HHVWTZONEZ 2 THRES 2 D3R EARAETT
HEECHEKR/ —FETRICRAZMNITFE - EBLTTEV. HZTID, —BRHB D =FERED
SR SWREZ2ATFEL & 5.

o ZOMBBOIETEHRIE | | ICBR S 3, BRI DA - Gl

ER 1 — (B —) 8 — GFH - E82 — -
LWV o ZIETEIPNTOE T, EEROBAMIUI Z DIEFRTIE R L T, filx
Bl — BIOBGET DO FEREERT 2 — FIROIIRE TS 5
— TR T 2 &5 hlloE 2SIt 5 — ER — THOIH (EHICT3)
Vo ETHEREED ET. Zhr ol I sk, MEBROEREICIE, TTIch S HEERAEIH
HBZEHNFRETT. 2O I ZHITRHEIICEVWTEY - TR EDTRX W,
o fiF/ — MINMRICHF OV TVE T2, MFBRERHEROAIca Y 7 P RBHATHEEEET

HATICHETIERE - 7 RS 22 EEEELET.
o ZOHFE — MIBREE L KEFEOBFOHRBEREL TEIrATOET. FHICLITD b D %1
AR LTuET.
— B, TR EHEBOCE T 2 BRI A (SRR L —HEOWIED OBENETT5).
— 1750 2 DOEEICE T 2 HE# (—FAEOERB OB RANE T ).
— W ORI (—HEEOWMES OBBANETTY).
FEioftue, FEEmICHE T 2 EARNABER - BB RS 2 22k D £4, 205 BB AT ot
BizabETHEALET.
e ZOH#FE/ —PFPDPDF 7 7 A VI T FAMRRTEZ Y. HIZITHER — P ZHATOV TR LR
HRENHTE S, ZOHGER T F A MART L EBVRO» I 0d LAEEA.
o HHEICHIFIO BHETHRZFOZYMA ZHHAL 3. HlZIX§1 OFETWE | SEOANFETHEFD
[ , 81,1, §1.2) ICEZHE LT,
o BH, FIE #ESRAEH L ICELBESZMNITOET. HIZIX§1.21ITI3ER 1.2.1 25FERK 1.2.10
ETHYET.
o RERIZDHADEY HRENNEZRNET. FHOKIIMRIEL TRI W, REECERR Y, iR
ATWE NZFHATHO AR BnE .
o HEMEIIFEFHORBKICEL O TH T, FlIX§1.2 OFEEMEZ 16 Hichb 7. BHR/—H
ERCEIGESMEZ @RV TT V. fiElfio FER0ED S THHMEL LN, #Eo—
A< HOMEE R CHAEHCHHL T LVET.



0.3 ZfRI7ZES 7

0.3 =2MiRHIBES

CO#HR - O THWZRESEHHLET. EEROBHETHIIINL SOVETTH, 25 TR
bDBHONHZDOTHERLTREW.
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(ix) Z \3EEHR2EROEE™, Q IIFHBLEOES™, R ZFEBLEHOES™, C IIERBLEROES 2R
LS. /o T, BNEGOILSHEE (v) 25 &, LFOWUSERIHRIL 3.
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(x) R BIEOFEBOEE R, Roo FIFAEROEEGERLET. DD,
Reg={zeR|z>0}, Rso={xeR|z>0}
AR Reo, Q<o, Zso FORSDHVET.
(xi) 8B5S DWEECE |S| XIF #S TRLET.

(xii) BIR f: S > U LS T C S, flp: T — U TERE TICHIRL 5B ERLET.
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*1 TIEEUB DBERE non-negative integers OIS F. APMMICE > TN = {1,2,3,...} L IEEHK (HADOHY - B
O THRE ) 2BHKT 223 H2OTERLTRE V.

*2 TH ZEKT 2 N A VEE Zhalen DT

*3 TH ZEKT 54 &Y 735 quoziente DIEXF.

*4 T528) DFE real numbers DIHE.

*5 TR DHEE complex numbers DFEF.

*6 EMER ERIFEAROBHETMDNET. ILHSRVAR, LD HZXT Loy ZrE-sTREw.
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1 REZECREER (04/11)

COHIONFZERIFD | , §1.1, §1.2] I L 7.

COMBEDT —~THHFHEM L BEEROMEZEAT 2 DN 2 D0 HEETT. MEZEMIEERR S
DHIRT MV DOEE R™ &, BIEERE m 1T n FIDFEITH A ZHINT s TE» SHNT 5 2 8 TE % 2514
la: R" - R™ 2@y LT, 22O OB LMH L TN 2EETT. 22T, ZO#ER/ — M
N7 MV EITHDEE» D2 Z I LET.

1.0 BRI MILEEDESE

Z ORIEITIE—FELE DB TR o TNED T — 2 BE L £ 3. BFEE | , §1.2] —#R7H
ZALET.

RZEROEEL LET. n€Zo ZIEBKL LT,
U1
V2
R*" =< v= . v; €R
Un
Tn RILDFERY PARERLRTOREEZRLET. URIIKAOHKI DD, SE DS &2 T
v="v - vy) (1.0.1)
cEEFTT
COHBA R ICEME RS T~ BDRATEEY £F.
vt wi= vy Fw v Fwy), cvi=evy ooocvn) (v,w €R™, e €R).
T+ w ERDAT, co; TR DBETT. Ml R A7 — A IHEHE, 2F ) ZODEH,5—D2DEE
EDBHEET, BRr LTEERT L, Zhz2h
+ R"xR" —R", (@Ww)r—v+w, .RxR"—R" (cv)—cov
CHEIET. 2T x BESOEBERL TVETY.
F720=40,...,0) e R® #BEXRZ ML ELEZ ZLTEv =Y vy - v,) ERVIIHLTAF

AZADNT b —v =H—vy,...,—v,) DEED FT.
INODTIHBEE L ENRY ML O NS, FADORY MUVIRDFREZmZLET.

o 1.0.1. n ZUTRZ PILOES R ERZ L O RO 4+ 2 2H 57— U TOWE %227,
o (R™ +,0) XA T OFMEZHT.

THEBOLSIIMCb AL H D T, FIZIZKITEER@ o7 T(vy -+ vp) R, t OGFIEZEZE (v1 - vn)b, (v1 -+ vn)T 2

*8 Z2HF— i co DT coRc-v EELZ DD FT.

OEEX LY THLTX XY ={(z,9) |z € X,y €Y} TT. 2FD X xYRZ X Dtz 2 Y Oty DMl (z,y) &hRD%
FTHEREDZ L TY.

0 EHOER ERY ML 0ER” 2FALRETHEET. KHILAWEAE, X7 FLOHE 0 LHOTREL.
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(1) FED u,v,w e R IZHLTu+ (v+w)=(u+v)+w
(2) FEDveR"IZHLTov+0=0+v=v.
B) FEDveR" ML Tv+ (—v)=(—v)+v=0.
4) FED v,w e R" ML Tov+w=w+v.
o HIZHIE A T —fHTOWTLURAHRILT 5.

(5) FED v,w e R™ & c e RIZMLTc.(v+w) =cov+ cuw.

(6) FEDveER" & ¢,d e RICHLT (c+d)v=cv+dv D (cd)v =c, (dv).
(M) 1eREED v e R IIHLT 1o =w.

DIE, X% R ED n RITBEART MILZERE L FES:

(R™,+,0,.).

SERR. E FHTFOSRMFICOVWT. i=1,...,n L LT,

(1) RZ PV u+ (v+w) DEF ¢ N u; + (v +w;) T, XTIV (u+v) +w D ¢ I (u; 4+ v;) +w;.
R O + DFEEED S u; + (v +w;) = (ui +v;) +w; RDT, EORTDBELWV. DF DR L
LTu+ (v+w)=(u+v)+w.

(2) XZ PV v+40,0+v, v DF i BAEENEN 0,40 & 0+v;, v;. RO + 120V T v;+0 = 04v; = v;
DRI TZ2DTo+0=0+0v=0.

(3) RZ P v+ (—v), (—v)+v, 0 DH i WAEZENZN v; + (—v;), (—v;) +v; KT 0. R OFI + 1220
T+ (—v;) = (—v) +v; =0 DHILT2DT v+ (—v) = (—v) + v =0.

4) v+w  w+vDEF i WANIZENZTN v; +w; & w; +v; T, RO + IS v; + w; = w; + v;.
LoTv+w=w+w.

TP O=5M B FBRIC,

(5) e.(v+w) DFE i W c(v; + w;), cv+ cw D« T cv; + cw; T, RDTEAELXD c(v; +w;) =
cv; + cw;. Ko Te(v+w)=co+cw.

(6) BIPIZDOWT. (c+ d)v DE i T (¢ + d)vi, cv + dv DE @ H3E cv; + dv;. R ODEREELD
(c+d)v; = cv; + dv;. £ T (c+d)v = cv+dov. BEDBFEET, (cd).v D i BT (cd)vz, (d.v)
D i N e(dv;) T, R OFEDFEEED S (cd)v; = c(dv;) DT (ed).v = c.(dv).

(1) lv DFE i HAE 1L -v;. LIER O WKHETIHMNTIEDS 1-v, =v; RO THIDHE i T rFL
W, XoTlu=w.

O

FOFEAE RiE S ¥,

e (1)-(3) TIEEHES R ONOHER, B (0D k) RUHTT (%4 F R)

o (4) TIZ R OFIDATHaM:

e (5)-(7) TER OHDKERFR L HAIT (1 DI &) MO e ED B
MERFIEDLATVET. EREICES 2, RBPIEROESTH 3 C CIFEREEFEDNATLAL T, IPHED
MERIFHELODNTVET. 22T, ROMRODIC, REHFRHEIEE > TW R HEEBOES Q PEIEHOD
FEHECEHVT, TXO—BHRERT PLVZER) 2FZ 528D TEZ5TY. 20 T —BE~s
FVZERE ) HSEIET § 1.2 THHT 28T Ty

LBV TR A ADZVWE BVE T4, BT M ¢ AL 055 THhEVEEA. ZOME — NI, ZRE | ]
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EEEE (BRE: 165 X—2)
AL FEHEBRD D $EAD, —EEORFRBONED RO MEEHL 7.

fI#E 1.0.1 (Vandermonde D1THIR). n ZIEEBE L, 21,...,2, & (AHR) XFT5. (i,5) KD
17t @ n REATH DFFFIRAH

1 x x? . it
2 n—1
1z x5 -+ x5
_1| = Tj— T
1 oz a? an ! H (25 — i)
1<i<j<n
1z, 22 an—t

LB e,

%8 1.0.2 (Schur ZIER). n ZIEBE, ©1,..., 2, & (ATHR) XF, A= (A1, ..., \y) ZIEEEROYE F
3. (i,5) 23 27 o 0 REAFTH L 207" @ n REATTHEEZ, 2o DTHROME s, L HL.
DE¥D

Aj+i—1

. det(z; )ij=1
AT T ety
et(x; )i,j:l
BlziEn=2, A= (,m), | <m*%d
xll x'in+1
l m—+1 1 m-+1 m+1_.1
Ty Ty i S I l.m I+1, m—1 m, 1
S(l,m) = = =x1x9 +2{ T +--tx
(I,m) 1 2, Tg — 1 17L2 1 T 1 La
1 T2

CioT, m—Il+1EIPLRD 1,090 DZHERTHEZ 20005, — D n, \ITX LT sy 23 x; ZEDZIH
ik 3 2 e BRE.

WCEDE B R ERERHCHERZ RS T /RO ZOOHET HYE) ohzHVET.
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1.1 &

Z DRIFNIHREE | ,SLIJICRRELE T,
WL OS2 AT 21203, 24 7 —2K0EE2FHES R KRS T, I —Kkofd 2123 3008

EE 111 FAE R ZOLOZHER + £ - AU TOWER#ML T %, #l (R, +,) 2HUNEER
(unital associative ring) MIXHUCER? (ring) PR, M + A E 7 I3IME, HE - 2 E L IETE LIPS,
o (R,+) 1ZA#:8% (commutative group) 723 . DF Db
(1) 1 + 3HEER (associativity) 27z 3. DF DHEED a,b,c € RICHL (a+b)+c=a+ (b+c).
2 0eERPFELT, FEDac RIZMLa+0=0+a=a. ZD 0% RDEJT (zero) & M5,
3) FEDac RIIMLT —a€e RBPFELTa+ (—a)=(—a)+a=0. 2D —a % a DFICEET S
W7t (additive inverse) & MR,
(4) 1 + [3F# (commutative). DF DEED a,be RIZHL a+b=0>b+a.
o (R)IZE/ 4 FEART. DD
(5) F - IIHEEH (associative). DF DIEED a,b,c € RIZHL (a-b)-c=a-(b-c).
(6) 1€ R\ {0} IEELC, fFEDac R L Ta-1=1-a=a. 2D 1% R OBAITTLMEXR.
o FIEFEIFRDFERR (distribution law) %Ziififz 3.
(7) FED a,b,ce RITML (a+b)-c=a-c+b-chrDa-(b+c)=a-b+a-c
MOFEES - FEBL Tab=a - bFEHL. FRFREBEMILE2ED TH (R, +,0,,1) TREZRIT b dH
3. B, HEOLDHEKLT R=(R,+,0,,1) tELZbH 5.

ROEFRFEITIENFEAD, B 1.1.7 ETELAHWLAET.

E&E 1.1.2. BAREEER R O char(R) &1, AT 1IZOWT1+---+1=0R2 K5 REEKn
BH25EE, n OS5 bHRNDHDOL LTED, BWEEX char(R) =0 TED 5.

AR W SO RERE EFEEEH O RBZO#ME T, B =KMo B o#E TlD
NET. TLBHCOVTEERED | , §6.1) ICHFHAN DD £

Roflz —2>%FEL & 5:

fl 1.1.3 (n RITIER, | , Bl 1.3.1]). BB n 2R L, BT D n RIETITAREORTES
M(n;R) &L
ap . Gip
Mn;R)=¢ A= : : a;; €K (4,j=1,2,...,n)
Qnp1 = Gnpp

M2 Ty LEAET.

3 TipAy LRAET.

*14 Y3k “additive inverse” ZR VLN B HFETT D, HAEOHERE D Z VFE—shTuARVERVET. flus TR¥U ®
M) LW REDHZ X5 TT.

15 TR DEEITII M A R BN D - T, Bl ZIZHERE | | TiE Mp(R) 2EOTOWET. FMEAHE 1.3.1 o251,
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J«){T A= (aij)lgi’jgn X&i A= (aij)m tﬁ%ﬁﬁ?‘é f?ﬁu@*ﬂt*ﬁ

A + B = (aij + b”) y A-B:= (Zz:laikbkj)i,j (A = (aij)i’j, B= (bij)i,j S M(n, K))

,J
EEZ, £ LTEH O = (0);; € M(n;R) BT, BAATH B, = (6;;):; Bt $5 22T, M
(M(n;R),+,0, -, Ey)
FERIC2 5 GERIZRTE 1.1.1). Z0E%Z R L0 n REITHIRE 7213 HIC n RITHER & IR,
2R DR D 7 =1 5 BiE, — OB TR, BIERO»LMHEMA b DTT.

E&E 1.1.4. ROEMZi7z TR (R, +, ) ZAHRIR (commutative ring) & FEA.
(8) Hi- A, DEDILED abe RISHLTa-b=b-a.

il 1.1.5. BEOEES Z, GHEBOES Q, FHOESL R, HEBOEA CIILEHOEKOM + L1 - 1<
LCHMIRTH 5. — AT, 47505 M(n;R) W n > 1 725 #cid 7w (FE 1.1.2).

AR THEIC TEIDENTEL2v0D) 2EZXEL & 5. 200K TT:

EE 1.1.6. ROFKMZI TR (K, +,) 21K (field) &FER7S,
(9) (K\ {0}, ) Ir[#feft. 2FW{EED a c K\ {0} KWL Ta ! e KHPFEELTa-al=at a=1.
ZDa ! % a DT (inverse) & M.

AR ROERITITER 1.1.1, 1.1.4, KT 1.1.6 DEDLETIODORMEDESL L L L7eh, FL D OIERE
D [ , B 1L KHoTwET (FRIE—EHEVET).

ffl 1.1.7. BEOES Z, AHBOES Q, EFBOEA R, BEHOES C 1k (BFEOMLEICBELT) ehd
B0 OF[HIRTH 5.
o Z 3T, AR Z B BHIR L WA
e QR,C 3k, zhezhBEHE, REE, EBRBK LT,
FEREOHER p ITRL T,
e F,={0,1,2,...,p— 1} p BIEL TRRRTMELEEEDDD
R p DIRTH B, FEIHIERIE 1.1.4.

D BZFTERICOVTIEA 1.1.7 752D Q,R,C I 5h o TWIUI T TT. RBHVIH 2 NIFEHEED
® (I 114 2 1.1.6) dEFET I RVTT.
EERE (RE: 165 R—2)

FIRE 1.1.1. EEEE n KL, RN D n REHFITHIRERD R TEE R M(n;R) £ &L, EATHIOM +
ER2oWT, (M(n;R),+,-) 38R (EF 1.1.1) 2RI ezt Z0RZ R ED n RETHR, /213
HUZ n KITFIER L IR,

*16 5045 §; ; 1% Kronecker /L& (§0.3 (xiii)).
*1780.3 1T 5 Z,Q,R,C DEEAFHHIATVET.

*18 202 KAIMAD K 4 ik Kolper OFECFIZHEK L £T.
*19 T 335 field OFSCTFICHR L E T
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FREE 1.1.2. R4T5UB M(n; R) EATHEL (E3% 1.1.4) DESERL L.

F9%E 1.1.3. (R, +.0,,1) ®Br ¥ 5. ROTEWRS LT 5 n RESTIREDRTES M(n; R) (2, f 1.1.3
L ABOHETHTION + L - BEE>T, (M R), +,-) BBUCR 2 2 L 2Rt. COB%E REDn R
STFIIE L I3,

fIRE 1.1.4 (| LB 1.1.2]). p B LT, £EF, =1{0,1,2,....p— 1} 2EX 3. a,b € F, icxfL
T, B LTOMa+beZ%Zp THIoZLRDZ (FLLBELED) a+beF, tEFEEZ, FLBEL LTOM
a-beZ % pTEH-LRDE (REVFELELELED) a-beF, tEL. T3 (Fp, +, ) IEHp DIkTH 2
T ERE.

DT, D&S i, BRESOERF 2BMRIF (finite field) 2FER. F7-HRIKF OO [F| 2 F Ofi
B (order) IR, ZOHEEHVS L, F, ik p OHBIATH 2.

M 1.1.5. K2k 35, Z8 2 0 KBRBEZHAOLTES Klz] 13, ZHAOM L FICBI L TAMHREIC R
5 et

fIRE 1.1.6 ([ ,B1.14]). K2R 35, 28 2 o KREEHER2EO R TES
R M 2Kl 22,
K(z) = ) | f(2),9(z) ¥ 2 D KFREZIERX, g(z) #0

BHEROMe e ThERT 2 RE. K K(z) % K LOGEEHIE (rational function field) & FEA.

e 1.1.7 (IBNOMITADOHZX EIFE Catalan ). £E5 S FLOZHEE S x S — S, (a,b) = ab Z=D
M EDITIc#g iR LIS 7R, e TXAITE 5. flZIXZDODIT a,b 122V TIE (ab) D—@ D A3,
=DDIT a,b,c IR LT ((ab)e) ¥ (a(be)) D@D 5. n=1,2,3,4 £ LT, n+ 1EDITITH LT
HEREZ ST HE O C), ZHIFET 2 RODRD X HI1T725.

n+1 | fHROMTTT Ch
2 (ab) 1
3 ((ab)c), (a(be)) 2
4| (((ab)e)d), ((a(be))d), ((ab)(cd)), (a((be)d)), (a(b(cd))) 5
5 | ((((ab)e)d)e), (((a(be))d)e), (((ab)(cd))e), ((al(be)d))e), ((a(bcd)))e), | 14
(((ab)c)(de)), ((a(be))(de)), ((ab)((cd)e)), ((ab)(c(de))),
(a(((be)d)e)), (a((b(cd))e)), (a((be)(de))), (a(b((cd)e))), (a(b(c(de)))
C, 78 Catalan{r —®32z%, o%Db
2n 2n
()=
ThHdIrrmt. HL () = WLM), FTIEGRE (80.3, (xiv) ZR).
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12 HEZEROES

= DRIEIZHRIT | L §L2 RN LT

KOWERZ Mo THRIPZBPERSINFT. KITBEATVWRVAREDHRZT K=Q,R £%I1EC (2hz
PHBRUR, FHRUR, ERBUR) ZeBoThaw,

E&E 1.2.1 ($FA2ZERM, | , B 1.2.1]). &K _EORAZZERM (a linear space over K) &1
o« KRBV
o 0 (sum) F73NME (addition) EFHINZFARLVWLER +: V XV =V, (v,w) »v+w
o EJT (zero) F7IFEART ML (zero vector) EMHINZIL 0y € V
o X7 5 —1F (scalar multiplication) EFHINZFHR . K xV =V, (¢,v) — cv
I oRARY |
(V,+,0v,.)

THoTUTDOLEEWZIMLT DD EFS.
o (V,+,0y) FAMHERE, D% b IR OUEM 2725
(1) M+ IFEEW. 2FVEED u,v,w € VIIHLTu+ (v+w) = (u+v) + w.
(2) FED v e VI LTv+0y =0y +v=u0.
B) FEDveVIZHLT v e VIBFIELT v+ (—v) =(—v)+v=0y. 2O —v Z v OFICET
37T (additive inverse) ¥ FEXR.
(4) M + (FAHE. EBED v,w e VI LTo+w=w+ .
o e 2AH 7 —fHCOVWTUTOREBIKLT 2.
(5) FEDOv,w eV 2 ce KIZNLTec.(v+w)=cov+ cw.
6) FEDveV e, de KIZHLT (c+d)v=cv+dv»D(c-d).v=c(dv).
e ZLT
() 1e KITX2 AN 7 —HIEFGHR DEVEEDO ve VITHLT Lo =w.
K Foffpzez B K ##H22M (K-linear space) LMERZ dH 5. £/ K EOXRY MILERM (vector
space over K) & &I,

AE 1.2.2. BYPEMICET 255 - FREQMIETT.

(1) BRZ PAZEROGE LRI, LELERD T —fGcvr cv EIGFELETS. LF L0y eV Ol
RPHIZOLEL b HD 30 ZLTKMEZEHN (V,+,0v,.) ZEICV BT LT

(2) VHAK EODDTH 2 Z e HL2RIGER, V 2 IR E 23R MLER U E 3. #iC
SRA L 72 e 23 K 2B 2ER V OREBUK (coefficient field of V) LI E T,

(3) KOt c e KZRXAF— (scalar) LML, £/, TO#RTIEIHVWEEAD, MEEMOITT eV
2RI B (vector) EMERZ EAHD X,

(4) K=R OHED KHFZEH V 2 RFEEM TS, K=C 0L E 2 BEREEM T O£ T,

VR OG0 EEFILIZNE ZIZ 0y 2 EEFT. FILOLBRBLAH-T, &K | , |72 o MEDNTVET.
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AR 1.23. FOERKHZ K51, WPEMLBEGV EIFTHLS, w oy LZBEOER + RU . b
BOERE (V,+,00,.) D22 TY. BZALALEEG VITHLT, (V,+,0v,.) 2B 5 & 5 2
(+,0v,.) & V LOBRZERDOEIE (structure of a linear space over V) XX ET. —DDHES V ITxfL
TR P EMOME (+,0v,.), (+,0,,.) PEET 22 dH D 3 (BAEFNIME 1.3.8).

HE 1.2.4. FOEREILSAZ 2, ROBERERDONEMED > B, mteDEHK 1.1.6 (9) OFICET 2WC ¢ ik
fioTVERA. HIIEEDR RITHLTAE RMNEE (left R-module) L WHMRMNERTET, RBVERK D
56, KEZEMEA K ML FE LD 0TY. B EOMBE =FEEN A oRECEO#EE RO E T

PP B OB E LA 2RO T T, FFamd 1.0.1 250X 5 L.

) 1.2.5 (R LOERY FILER). TEOIEEK n oL, @l 1.0.1 ® n RIeR27 VZER (R™, +,0,.) &
FAIEZEM. ZhE2REBER £ED n RTERARY FILZER & R,

il 1.0.1 OFFAZ RET 2, FRAR ZTEOR K ICBE XM THHMPHILLET. DFD:
i 1.2.6 (K LEDHRY MILZER). EEOKRK 2 EEE n XL, n TTBRT PLVORE
K" == {v="vivy - v,)*?" | v; €K}
Wi Ah 7 —fE%
v w="v Fwivg Fwy o vy Fwy), w=cuvi=(cvicvg - cvy) (v,w €K ¢ € K)

TED, FLBEXZMLE00=100 -0 K" T, v e K ITHLT —vi=H-v —vy --- —v,) LED
5. F5¢, M
(K", +,0,.)
FKAREZEMETH 2 GEFIXME 1.2.8). Zhit K LD n RITBERI FILERE FER. 2D, EE 1.2.2
(1) 12HE>T, K ED n KITEAR 7 PVERZEES 0 2 EBLTK 2 &L,
Iz K =R OBE, R EF 1.25 Mtz s, £72 K = C DFE, CP 3EEBR DD n KITRZ b
DI TG AR TH 5.

ZOf) 1.2.6 TRAIRBEEZEZFT L & 5.

Bl 1.2.7 (KIZFENBEO LOKAER). il 126 Tn=1F22, EALLTK =K =225, KK 2Z
DOMEFBIC L > T KPR E RRE2Z 20D,

iz, HHA (trivial) TEBRUIRHIZZET ET. ZOHNIFHRTIBOVT WS DT, EFRE LTRNLET.

T 1.2.8 (BLR). AEE {0} 1I03040:=0, BT 0HH, c0:=0(ceK) t T2 TK Lo
SR OREEDEE 5 (ZOBRIITER 1.2.3 28M8). E, 8 1.2.1 OX0&lhd 0=0 KD THILT 5.
Z D KR 2ERH

({0}, +,0,.)
ZBZEM (zero space) LFER. LIFUIE, FZM% 0 b FHL (FREE | , DT, RRT)). ERBEEOZ
BRI ERE TR D 5.

*2L L 3ATEIEE OFL S (1.0.1) TL =,
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IEBE n TR L TR EOBARZ PAZE K™ 26 1.2.6 TEDE LD, n=0DHEHMIMATEL L
kL EFITT:

EE 1.2.9 (c.f HRE | ,p8)). KK LIEEIEH 0 1o L, K BIBZER K 2RO £ 51CED 3.

K" e B 1.2.6 D n RITEARZ FVZER (n > 0)
T ER 1.2.8 0EZEH {0} (n=0)"

MREZEM OB c b E1r H D £ 503, ZHHFIRETHIRVET.
BRI, IEEBOITTORLTIZOWT—DOHEEZEALET. V 2 K#EZERME LT, JC vy, 03,03 € V
NEZoND e,V DO 4+ OFEET (ﬁ% 1.2.1 (1)) VAN5) (Ul + ’U2> +v3 =v + (’02 + U3) Td. Zh%

V1 + U9 + v3 == (1}1 + 1)2) + vy =v1 + (’Ug + 1)3) eV (121)

YEEFT. FARCEREDIC v, v0,...,0, €V BEZBNZ L,V ORMOKEEEPS

Zvi:vl—l—vg—i—n-—&—vneV
i=1

H—REICEEDET oz 7—fEefladabEs e, ARMEDIC v1,vs,...,0, EV ERXD T —
C1,C2....,cn EK 5

Zcivi =civ1 +cove+ -+ cpv, €V (1.2.2)
i=1

HEICEEDET. T (1.2.2) OBOTEICARI NI TEE$ T

EE 1.2.10. K#FEZER V 0BREDIT v1,va, ..., v, € VIIHL,

n
E civi  (c1,62,...,¢, €K)
i=1

EEFDV DILE vy, v,.. ., v, DIRFHER £ 7213—XEES (linear combination) & FE.

BEHEE (RE: 168 R—2)

I, BB B o720 K LOMIBPERO Z e KL ES.

DIFORE 1.2.1-1.2.7 3B EMOEREM S 2T CEHETEZFRTT. TASERMHLTRI L.
& 1.2.1. (EEOIEZEM V I3ZEE TR,

FIRE 1.2.2. HUPZEMV OFILIE—E. 2FD, 0 e VIMEEDO v e VIIMLTo+0 =0 +v =0 2k
I%56 0 =0.

fRE 1.2.3. FEZEMV OFILv e VIIHLT, ZOHITE —v E—FE. 2Fh v eV v+v =0 +v=0
Bz The o = —v.

*22 (1.2.1) TZE D OFFROAT S (FEEBIERF) 235 230y, AR I HIC LS FTIHE—DIEE 2, W5 22 TY.
ZAUCBIL TIRRERIZME 1.1.7 585D £
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AR BRZOMEERMOESR | , EF 1.2.1] TRBEILE WL (12— 20H %) &M ohTw
F908, B 122 Y RE 123 26002 X512, ~BEThHsZidhoLtroBHTEE T,

RIE 1.2.4 (] , B 1.2.1.1). WEERV O o o+v =0 2WMALTHRS, 0 &V OFIL Oy &F
L.
FIRE 1.2.5 (] , B 1.2.1.2]). #IEZERV OEEDOIL v IZOWT, 0 € KICKZAD 77— G003V

DETT Oy CELWL.

R9RE 1.2.6 (] , R 1.2.1.3)). B2V OEEDT 0 IKoWT, —1 e KICE B AN T —15F (1)
FRNCET 25T —v EE LW,

f 1.2.7 (| ,[3.12.2). V 2B E L, 20FETE Oy tEHL. v eV EAXAAT—ce KM
cv =0y Z7=,v=0y XlZc=0TH3 Ik ERE.

fRE 1.2.8. il 1.2.6 O FEZ AR k.
RIZFEHEDOSEBNEN S HDOMETT.

FIRE 1.2.9. $BZEMV OIC v, 09, ..., 05 OWT, Kv; (1 =1,2,...,n) DB vy,v9,...,v, DIERHETH
52t

MIERE BT 22 — O P £, (HUME 1.2.11 3AENCIZEEHFOMEICE T 2 METT.

fIEE 1.2.10. HEZEEV OTT w 25 v1,v0,...,v, € V OEHEETH D, £ v; (1 = 1,2,...,n) H
UL, U2, ... Uy €V DFEREETHIUL, w d ur,us, ..., U, OMEEETH S 2 E2RYE.

FESE 1.2.11. n RIEB 2. F2 1,2,....n 2EEOMEETENRI B D (i1,dn, ..., in) % n LFOBEE
(permutation) ¥ FEZR. il 21X (2,1,3,...,n) % (n,n—1,...,1), EZTOIEED (1,2,...,n) FEERTH 3.
(1) n CFOBBUERIT nl 53 = & 2RE.
(2) V 2fEZERE L, vi,va,...,v, €V 25 2. fEED n LFEDBEH (i1, 12, . .. ,1,) ITDWVT, XOFERX
MKALT 5 Z e,
V1 + v+ U, =0 0, U

SETIRREBUAK Z2—2Ho THEE L TafizED TEE Lh, RBARZMDIRZ 2@mE LET. £33
BIRNZIRRTEZTAET.

FIRE 1.2.12. n ZEEHB LT3, C LOBNRZ PAERCT = {2z =421 -+~ 2,) | 2 € C}HIERZ PL O +
EENT VO RUOEREBICE 22D 7 — 1% . £ TC LoWEZEMICRS (Bl 1.2.6). 22 TRAHT—fE%2E
B2 DRFICBETS 28T, C" B R LOMIEZEMICH 2 2 2Rt

I 1.2.12 Z2f#< & 072 DTEH, C_EORYEZER C* TR THRKD ERDMIZL 5.

IR 1.2.13. EED C#HPZEM V IR CIE L Fot, MRS 7 —fE% RICHIRT 2 2 & T R #EZ2EMIC
5 RRE.

IRE 1.2.13 TIHMRBAZEER C 208 R THIR) LE LD, 2o Lisfucdtasrdh 3
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fIRE 1.2.14. RO C¥YPZER V X, RICIEEFoT, MO A 7 —E2HBEH Q ZHIRY 2 &, Q Pz
MiZ7e 2 2 2mt. AR RPZER W X, RUMEEFEx, MRS 7 —E2 68 Q ITHIRS 5
L, Q#IBREMICR S Z e 2Rt

MIRE 1.2.14 3HIEDILKO&EZ2# S ¥ —fRbTE £ 5

FIRE 1.2.15 ((ADILK CIFAZZER, cf. | ,1.3.6). o0k K K ICEEBEFEKCK »dbh, K
OfMEeET KICHRLZDDON K OMEEIC—HT 5 L %, K % K DA (extension field) & FECX, #ilZ
K % K OFBME (subfield) £FER. ZD & & RO K #BZEMIZ, 277 — 5% KDILIC L3 DT
HilfR 3 2 &, K #fE2EMIc 725 2 & 2t

1.3 R OA

SETIKEIANFATELI A 2T, MBEEM O 2B LES Z LN TEET. ZOMNDHZ DRI
OHMTT. UFTE—ROE KICE L THIEL 75, MOBRAIENTVLWAVAIFK =R £7=1& C D15
BREIHAT 2 X5 LTRIW,

FTEM 1.2.6 DIREENLET. ZITEENRZ M OEAEEZE LD, ZOIRE LT, 1THl0%
BICHEEROBELR D D 5.

W 1.3.1 (T5U=H, | B 1.3.1]). KK 2 EEE mn L, ¥4 X mxn TK OTTERS LT
2115 0%EE % M(m,n; K), Mat(m x n,K) £721% M,,,(K) & &H 2%

a1 aiz - QAln

a21 Qg2 - G2p ) )
M(m,n;K) =< A= . . i a; €eK@=1,....,m, j=1,...,n)

Am1 Am2 Amn

IR A = (i )1<semicyen = (a5;)e; LWFET 5. (THIORE 25 5 —f
A+ B = (aij +bij)ij, A= (cay)ij (A=(aij)ij,B=(bij)i; € M(m,n;K), c€K)
BEZ, 2 LTEITH O = (0):, € M(m,m;K) #BIEL T 5 2T,
(M(m,n;K), +,0, )

3 K #IBZERIC2 2 (REBHIERTE 1.3.1). 2 o2 Z K LD A X m x n OITFIZER (the linear space
of matrices) ¥ FEX. DI, R 1.2.2 (1) 126> T, 1THIZE/M%E M (m,n; K) gL 5.
KRz m =n 0BG, 2% D EATAIEEROEEE M(n;K) = M(n,m;K) &L 2,

(M(TL, K)v =+, Ov )

FKBEZEETSH S, LRk, ZOEZER%E M(n;K) &L 5. £7, 7T A € M(n;K) & {5 FRR
L72WE B A = (aij)i<ijcn = (aif)} =1 = (ai5)i; FEWLT 5.

*23 HRE | ] 3B Mimn(K) 2o TOWE T, COMBTRIFATEMS 0% TE B8 5 DEE M(m,n; K)
ZEIEHCET. [THIZHOEEE Z OIS Matm, »(K) 2 Mat(m,n; K) %, 2 25055 D £ 3. oRPH T L
L L TR EW.
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ROBNIBA 2 FAER L1342 MERO &5 ICRA 2 DT, B TEHEROREOMATEAT
v EIC, REMESHS L 2BELET (I 1.4.9).

RE 1.3.2 (EEM, | , B 1.3.5]). £E S 25K K AOEBROES%E K Xk Map(S,K) THT.

DFD
K® = Map(S,K) == { {FEDE f: S — K}.

g f,g e KS 2L, K ofizFWT

(f+9)(s) = f(s) +g(s) (s€9) (1.3.1)
CFTNUT fF+geKIDPEER. FRE{R F AP T—ce KITHLT, KD - ZHWT
(cf)(s)=c-f(s) (s€S9) (1.3.2)

eFhFcf eKIDEESE. ZOME RS 7 —f5T K G KMBEMICKS. 2ht S Lo K HEKZE
f*?* (the linear space of K-valued functions on S) & FEZ.

SEBR. K 1.2.1 L&A T 5. f,g,h € KY ¥ ¢,d € K 2RI .
(1) f+(g+h)=(f+9) +hERTIE, FEBD s SITHLT(f+(9+n)(s)=((f+9)+h)(s) &
RER V. MOESRE (1.3.1) 25

(f+(g+h))(s)=Ff(s)+ (g+h)(s) = f(s)+ (9(s) + h(s)),
(F+9)+h)(s) = (f+9)(s) + h(s) = (f(5) + g(s)) + h(s)
27230, K OFNCEE T 2/56F (BOER 1.1.1 (1) B1) X WHEIFFEL V.

(2) KS OFBILIEEGHR 0, 2FWTED s € S %0 KIKETEBRTHZ. £ EED f e K &
se€ SITHLT, KOFETIHT2ME (EF 1.1.1 (2) Z2H) 5

(f+0)(s) = f(s) +0(s) = f(s) +0=f(s), (04 f)(s) =0(s) + f(s) =0+ f(s) = f(s)

ERBDTf+0=0+f=f.
(3) f e KS OFNCEF 25T —f € KS & (—f)(s) = —f(s) (s € S). FEBE, K OBTICHT 2ME (&
# 111 (3) BR) »5

( =
(=N +1)(s) = (=f)s) + f(s) = —f(s) + f(s) =0
f

DBALTBZDT f+ (—f)=(=f)+f=0.

4) (f+9)(s)=Ff(s)+g(s) & (g+ f)(s) =g(s) + f(s) 1T K OFNCEIFT 2 Atk (B 1.1.1 (4) BHR)
PHFELW. EoT f+g=9g+ /.

(5) 2H 5 —fEDEHR (1.3.2) LMOEHR (1.3.1) »5, EED s € S ITHLT

(c(f+9)(s)=c-(f+9)(s) =c(f(s) +g(s)),
(cf +cg)(s) = (Cf)() (c )(8)= f( )+c g(s)

Lo T, K OB (R 1.1.1 (7) BIR) »2omEHXFELWV. /oTe(f +9) =cf + cg.

24 TERL ¢ TEIEL R BT, AEBD D R ORTE R A ST
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6) (c+d)f & cf +df &, ZhZhse S TOMED
((c+d).f)(s) = (c+d)- f(s), (cf +df)(s) = (cf)(s)+ (df)(s) =c- f(s) +d- f(s)

75, KOPEEID INHIEFFELVWDT (c+d)f =cf +df. £72 (cd)f ¥ c(df) D s € S TOfE
rhzh

((ed)f)(s) = (cd) - f(s), (e(df))(s) = c- (df)(s) =c- (d- f(s))

5. KoM 3 268 (E% 1.1.1 (5) Z2R) 226 Zhb3FEL VDT (cd) f = c(df).
() KOBMIE LIS L2 AN T —51f D s e S TOEE (1f)(s) =1-f(s). BATOME (EHK 1.1.1 (6)
ZHR) 25 1-f(s) = f(s). £oT1f=f.
O

AR S 2HML TV AAY). EOFFAT (B2 OFENR) ROER 1.1.1 O (1)-(7) 22T
HoTVW2 ZLICHERLTREW.

IO 1.3.2 DRI A L LT

I 1.3.3 (BFIZEMA, | ,B111.3.3). £E SVIFAEBOEEN={0,1,2,...} DG, B f: N> K
W KAEEA (fo)nen, fo=f(n) e K EA—HTE 2. ZOHBAEDH, 2H 7 —£5, Buidzhzh

(fn)nEN + (gn)neN = (.fn + gn)nENa C(fn)nEN = (Cfn)nel\h 0= (07 07 o )
Z O ZER KN % K {E8FZER (the space of K-valued sequences) & FE3.
PRE 2R (MR 1.3.2) OBl E L LT:

Bl 1.3.4. I CR ZZETRVHEHKXME 35, I LOEBHEBKDOES Map([,R) = {f: I — R} &, WHEOHM
EAH T —HICBE LT R B2 Z 2T,

TS OEE P B L TEEET.

FX 135 ICREMAXMETS. I LOZODHEREIK f,g: [ - RO f+g & fg @i, FIE
DIEEM n 122WT, n BIMAFTRER ZDODOEE f,g: I - RO [+ g & fg & n EDTHE

N SRBZER O L WhlafEh 5.

W 1.3.6 (EEEKDOER, BSHBEKDER, |  B11.3.2]). T CREZETRVHERML T 5. X
D oD Map(I,R) DEIESE, FRON L 25 7 — 5B LT R SHEME 2T
(1) I FoFERKEEGEE DR 20

COILR) = {f: T — R | i }.

Ik I FoOEGEBMDZER (the space of continuous functions on I) & FEA.

*25 SEEEEIC OV TE, BRI | , p-57, EH 6.6] ZBM LTIV, MO n BTN, MO ATREMOEFRE M DIR L
TR ET. MO n MBS TR OWTE, fl 2 | , .88, B L5 (54 7=y Y OAR)] EBRLTTFE L.

*26 HRlE | | OFkIC C(IL,R) £ELZ v HDET.



1.3 #EZEE o6l 21

(2) T LW & 272 FRLARRL, © % D RIS T SRR DR
C®(I,R) = {f: I — R | FEREEMATEE }.

ZhE I LOFEREDOBSHBREBDZER (the space of smooth functions on 1), F721% O K&
DZEM (the space of C*-class functions on I) ¥ FEA.
25 5DOMIEZERIE, ERETHZ e 2EBLTCUI) R C() tEL L ddH 5.

SEER. HE 1.35 X ZFRZPhOESZEBOME XSS —BICEHLTH LT TWA 25, /il 1.3.2 DEHmN 7
DEFFHATE . O

Map(I,R) OE5#EE CO(I,R) ° C(I,R) 3, Map(I,R) ERIUCH & 25 7 —f51CB L TREZEMTH
%23, RETEAT 2R ERMONNICRoTVWETS.
e o Ofl T ET.

B 1.3.7 (ZBIEXNERM). K HREEFOZK » 0ZHEROES
Klz] = {f(z) = fo+ friz+ -+ faz* | d €N, f; € K}

X, ZHEHAXOME 2 A Z —1f

d e max(d,e) d
Zfixi‘i‘zgixi = Z fz +gl 7 CZfzx —Zcfil‘i
i=0 i=0 i=0 i=0

WL T KRS (HLi>dRS fi=0,i>ekb g =0t L) FLIER0 e K #ZHEK
ERZLEbD. ZThz KRBO—ZHZEAZER (the polynomial space) & FEA.

Bl 1.3.8 (RXNBERBOZERM). K REEFOZE « O HERAT2

D Sl =fot fiwt ot for" o (fi €K)

=0

% K (R O—ZHH BRI (formal power series) ¥ MER. ZH S 2ENRTEEEZRDILBETERT.
K[z] = {Z fix'
FERRERBOME 2 7 — 5%, ZEZ L OHFET

Zfzx +Zgzx —Z f1+gz a CZle' _Zcflxl
=0

=0

fiekK ZGN)}

viEn sy, Klo] 3 K Sk s GEHEHE 135). ok K LoRRNERKOERM (the lincar

space of formal power series) & FE3R.

2T BRI 2 WS B EREEZEZ RV 2 2ERLTVWET.
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EEME (B 170 R—D)
fIRE 1.3.1. i 1.3.1 2.

PISE 1.3.2. 1K K ICREEHo—ZHEEROEE Klz] = {f(2) = fo+ fre+-+ far |d €N, f; € K}
2, ZIERXDOM e 20 7 —fI1CB LT K #EZEMICk 2 2 8 2R,

FRE 1.3.3 (ZEHZEADOEM). K 2k L, n X EBKE 55, (AH#R) n HAOXF 21,22,...,0p BE
B33 KFEEOZHEK [T
fr1,m0. .. 2p) = Z crr!,  (c; €K, BRMAD I ZBR\T ¢ = 0)

IeNm™
ERED. ZZTHRAIOREBD I e N X, FIOBZFED I = (i1,42,...,in), 9 €N (r=1,2,....,n) D%
LTW3dDEEZZEREKTS. 721 = (i1,i2,...,1,) € NV IR LT 2! &

I . 1,02 in
= alteg - an

OWFTH 2. “HRED I 0T e =0° L H2DOT, BAIEHRNTH2 = L ICEET 2. M LOEE%
5T, n ZREEAOKS

Klzy, xo, ..., x,] = {f(l'l,l‘g....,l'n) = Z crzl | e e K, BRMED I ZFBWT ¢; = 0}

IeNn

LB ZOEE Koy, 1o, ..., 1] D0 BHREHROM L 2 H 5 —(5I2B LT K $9B2MC 5 3 = & 2R,

iR 1.3.4 (Laurent ZIEXDZERM). K A 35, ARZTT K HREZHEA

q
Yo faat=fopr P4 foppa P bt faa T fo+ izt f2? (pg €N, fn €K)

n=—p

D Z r% K k® Laurent $IE (Laurent polynomial)*?® ¥ FE.R. 2T ® Laurent ZIEHRDHEE

Klz*!] = K[z, z71] = { > faz”

n=-—p

p,q €N, fneK}

W A AT 52 ER LT, KEEZE-IZR 2 L5128 k.
8 1.3.5. il 1.3.8 OFfflZ &R XK.

& 1.3.6 (Laurent RHDZEM). K 2kt 32, EEIERED D, AEIERED 5 K FEDOERH
e

S fad" = o P faa T fot fiw ke (PEN, fu€K)

n=—p

*28 Laurent 1 19 HCRTHED 7 5 > ZQREEE T, # X AFTER—5 > L EBXFT. ZHFEADESBMT THIA KO Laurent B
BZVE TAY, Laurent ZIHR WS HRTOHRIZZAUCHRL 7.
*20 i) — P TSBRAENMECE TS, A=B = tEIATVES, AL BRI ... TEHRTS, LEMBLTRXW.
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D Z % K LE® Laurent #&# (Laurent series) &FER*3Y. Laurent i AD 2 3HE

‘1wﬂ—{2fn

n=-p

pGNJhGK}

R AH 7 —fG2EFR LT, KIBEMIZR S ko i1cE k.

fIRE 1.3.7 (8K Laurent D ZEM). K Z2A L 3 2. [ER & QRO T FHHERE D 5 XM

Z foz" =+ faat + fot fiz 4+ (fa €K)

n—=——oo

D Z ¥ %R Laurent i (formal Laurent series) & FER™!. Zh b2k THE
heK}

RISE 1.3.8 (ERIGMERDOHE, | B 1.3.7)). MER c ORBE C LB WRSIVZEE (V,+,0,.)
AL, BILWR DT —f5 ) % c/v = co TERTB L, (V,+,0,.)) WHEGVERICK S 2 L 2RE. ©
nE

K[zE'] = K[z, 2] = { Z [z

n=—oo

WY 25— 52 ER LT, KR khs k5128 k.

V' = (V,+,0,.))

EFH VTV OHIE (conjugate of V) L IES.

1.4 BB

= ORI ER R | L §§2.1 2.2) O—ERICEEN L E T

HEWIX, EEOMRCHEL TEROMEL DD ET. 2Fh, Zo0EE S T 526032, 8
DETE T DTECETIIE s o f(s) BED ST LTEE 1 S - THERSNET. OFCHES B2
Rl SRR, GRSV S, T ORI 2o O 22 TR LN 3 AP EHEG T

X D BRI, FPOIORMI 2 552 % 2 B8 B L HES s B CF. BRI R FTEZ 2L,
R DRI T 572 & 512, 4 X m x n OFATH A %k HENT B 2 £ THR

la:R" — R™ v+ Av (1.4.1)
PEED T, THEIROMH (REMLTUETY) 2Rb 7.
(i) EEDORZ P o, € R I LT la(v+v") =1a(v) +14(0").

(ii) FEDAA T —ceR ERXTZ MLy e R® I LT la(cv) = cla(v).
ZOMEZMFNL ORI EB/RTT.

*30 b pffiiEd Laurent ERICHN 2D 2 ¥ TF. Fi&, Laurent BRI Taylor BFHO Ly BB 7.
*31 Laurent HAUd & < fibh 2 HEER O THAARET T A, JERH Laurent I H F D bR WHEROT, i & 2 3EH%
HEPFTLTBW T EEETT.
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TE 1.4.1 (BHEE, | CEH21L1]). KEAKE L, Ve W o KBBZmMr 35, 5% 1V — W
BNtz & % KEEFEER (K-linear map X1 K-linear mapping) & I 3.

(i) EED v, e VITHLT f(v+0') = f(v) + f(V).

(i) TED ce K& ve VIZXLT flev) = c.f(v).
K ##EE 5% K ##RZEMOZERE " (homomorphism of K-linear spaces), K ##f;#RE! (K-linear homo-
morphism), XIZHIZ K Z#F2 (K-homomorphism) EFERZEdH 2. K LOHDTH 2 Z L HHL Y
A, K 208 U THIE GRCHE RS L 1A,

57 K#EEHRV — W 2RO TEEZ RO S TET.

Homg (V,W) = {f: V - W | K{#¥EEH }.

K EDdDTH2 2 LA S »RBEIZHIC Hom(V, W) ¥ <.
IR, RBEEBRD Z & 2 RIFHEER, C HEFRD Z ¥ 2 BRI ER & 5.

AR, WEEROERICET 2HETT.
(1) VollE +, A7 —fG% . bFE FARKICWIZOWT +, . r#ELy, oM
1% \4 w W
Fo ) = F@) £ ), fleyv) = e, f(0)
YRDET. EUEEAEETHEDLATVWAHEENES ZLITHFEELTREW,
(2) EFDSEM (i), (ii) EIXEFETT: EEOHERM Y. v, €V (¢, €K, v; € V) IR LT

f(i Civi) = icif(vi)~

=1
il 1.4.2 (EHEER, | , §2.2 HE]). HHEHOFHIHAD S, (1.4.1) DEBR 4 K* —» K™ 3HREEHRTH

5. D%D
l4 € Homg (K", K™).

ZhefTHl ATk 2 EHEEMR (multiplication map) £7213kE A BER LR, RO 3.4.7 T, AEX
TCARE 22 D DR OFE GEITE Y 2T O AHEER E Rizd 2 2 L Z3HHT 5.

WEBBO— R E Y2 =D AN LET. doFE LWL I X §4 THVWET.
i 1.4.3. WEEBR fV - W I3FETEFETICET. 2%D
f(Oy) = Ow.

BERR. EF 141 OFKM (i) Ze=0,v =0y KHEHHATS. ME 125 &Y co = 0.0y = 0y KT

0.f(0v) = Ow 75%7)‘5,
F(0y) = £(0.0y) = 0.£(0y) = Oy

TN & 2 EHEGBRORIHKL G E 2RO LET.

*32 HRE | | Tid TR BOTVET.
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Bl 1.4.4. K%K m & n ZIEEKET2. 1750 € M(m,n; K) KX 2 EHEER o: KT — K™ &, (£
BHDOveK"2ERZ ML0e K™ IZETEHRTHS.

=n OBE, BAATHI E, € M(n; K) ITX 3 EHEF R g, K" - K" &, FEO v e K" ZHTHEIC
Ef?"lﬁ%%ﬁ% idgn: K > K™ TH 3.

B 1.4.4 Bi~F 3L 580 BHZAET 35, LURDOH] 1.4.5 ORI —fRILT 2 Z e A TEET. FIERD
K#E2EM VvV & WAIZH LT Homg (V, W) B2EEETRNI L2 EKRL £7.

fl 1.4.5 (BFERK). MPEMV &t W IHNLT, Fv eV E2FELOy € WIKETERO:V - WX
WMIEBR. EE FEDO v,0 e V2 c e KIZHLTO(v+v) = 0w = 0w + 0y = 0(v) +0(v) R
0(cv) = O = .0y = c.0(v) DKL T 5. ZDFIEER 0 ZBEMR (zero map) &ML,

Fix, £E5 Homg (V, W) X K B EEOMEE R > TV T, ZOFLE L OFREHRTT (M 3.2.6 5
HE‘;)

b o LEMBRIE R 2T EL & 5. BB U TEERIM D ATREREB O 2 k-7 2 L 28
WHLTRZW.

Bl 1.4.6 (MDEBR, | , B12.2.7)). FEEEIMITATRERERE f € C(R) XL, Z OEEEZ O
R NCAL
L e=®) — c=®), 1) — @)= L)
de’ ’ dz
B RIEEHTH S 2 2mE. EE TEBD fLgc CPR) L ce REMLT L(f+g) =L 44
L(cf)=cL BHALTB. —fIT, k € Zoo (K LT k BEBEECE IG & 5 54
dk - - dkf
T CF(R) — C*(R),  f(a) — [P () = ()

b RBBERTH S 2 L SR LHERTTRES. TS DL () = fO(2) = f(z) L EL ¥, k BEEKO SR
= DORIEIEX 2 2 5%

D= Zak— Coo —)OOO( |—>Zakf akER)

b REEHTH S (GEHIERME 1.4.6). D % n BEOEBREMSERRE (differential operator of order n
with constant coefficients) & FE.

i HFZADBICFATOIMROFIHRIBEEBRTH L2 D0t LEHDET. ZDS5bDKO %[
RE 1438 1.4.10 THROWE T,

REICFRMNEBOMEEZEALET. ZO0KEOMOEHH f: ST TS T% IA—MH §52¢,
HTEETH, HEEEOGED TR—H ORI FEERTT.

EE 1.4.7 (AAERE, | JEF2.15). Ve W B KEHERL 35, Ak KBSV W
% K ERZEMOREER (isomorphism of K-linear spaces), K ##2EEE# (K-linear isomorphism), & 721
HICERESRD 5 WVIZRAE (isomorphism) R, f AFEAEHTHZ e ALV EEZ LV S W
rEL.

33 Wi EGR e 3RES O e TT. 0% ), BIBAME&R L 3 ESRTH o THOREHTH DD L TT.
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—EEDMIERICCHEA T NE D S RAEROF 2 —O ML £ 5.

il 1.4.8 (ERITHIOBBEERIIARER). n ZEEKE L, P € M(n;R) ZFIERAIFTHI, ©F bifis] p~1
PEETZLRETS. ZOLE, PICXZAMAER p: R" —» R IZFAMEGRTH 2. EIE, £ P~ 55
Bip1: R* - R* 2EF 2L, EED v € R* IZOW\WT

(Ip10lp)(v) =lp-1(lp(v)) = lp-1(Pv) = P~Y(Pv) = (P"'*P)v = E,v =v

YHBDTIlp-10olp =idgn. I Ipolp-1 = idgs DREZDT Ip I, [p BPREEHRTH B Z 21T
BEWCH] 1.4.2 THIALz. LLET Ip BRMEHRTH S Z 2 HRE .

b Lo FREGOFIZ R FET. i 1.3.2 DEATT TEEZERIIEAR S PLZER & RO X 5
WKHRZ%) CEZELEN. ERROLSBEGBEDD 7.

BE 1.4.9. n ZIEBHME 32, £5 ) ={1,2,...,n} LoEzer KM = Map([n],K) 2> 58~2 s 12z
K" ~NO, ROFRIIFRUEBZRTDH 5.

p: KM — K" f e o(f) = (F(1) (2) -+ f(n)).
SRR, o DEHELS, fe KM v i=1,2,... niTHNLTo(f); = f(). B ¢: K* - KM %
K" 30 =(v; vy - vn) — p(v) e KM p(0)(@) =v; (i =1,2,...,n)

TERTIUE, Y X o OWEBRTH2 Z 05 (FENZME-E 1.4.10). XoT p IZ2HS.
RIAEED f,g € KPR LT o(f +9) = o(f) + o(9) ZRT. o(f) € K* OF i K% o(f); THRT
Y, o DEHRL K" OMOEZEKSI K ofloEHE» S, FEDi=1,2,...,n IR LT

o(f+9)i=(F+9)@) = f(i) +9(@) = o()i + ¢(9)i = ((f) + ¢(9)),-

£oTo(f+9)=o(f) +e9)
FREDFHER T A D 7 —fE2DWT p(cf) = cp(f) PRE S (FEMIZFE 1.4.10). [

2% 0 Kl ¥ K 328 o Ic k> THEAEL LTR—HTE T, B ZOF—Ho R THBEEofE (f1
EAHT—E) BELHDITRD T, ZOEKRTENRY FLZEE K" ZRBZEFORRLGEEERAET.
BIEEMSRP R EBICEI LTI §4 B TH LW ET.

RE. KK EofPZEMofao—kity UTAHRER R LOMBOMEsH 2 Z v 23R 1.2.4 THIAL %
L7e28, MRS GRS — b TEE3. RIBEDO M 226 N ANOE/ f: M — N DLURO 5% iz
T &, f% RMEERE (homomorphism of R-modules) & MENE T

(i) EED m,m' € MIZHLT f(m+m')= f(m)+ f(m') .

(ii) EEDOme M 2 re RIZRLT f(r.m) =r.f(m).
RNEEM 55 N ANOMEFRREKRORTHEESE Homg(M,N)  EXFT. £/ N = M O5E, R INEYER
MM Moz M OBCERB WS, Zh o0 ITHEEL Endp(M) L EZET.

EEME (BB 171 R=Y)

FIRE 1.4.1. BB f-V - W IZOWT, f PEHFTHEIZ, ve VR flv) = 0w ZHilTRS
v=0y THDZLIXFMETHZ. ZHhERH.
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RRE 1.4.2 (| ,f13.124]). V RERBEMEL, R -V 2EEEHRe T5. 2= f((-322)),
y=f((-212),z=f((211) 33r%, f(100)), f((010), f((001)) & z,y,z ZFAVTEE.

FO8E 1.4.3 (EHESRCEAHETS, | 12.2.6]). K 2IKL T 5. Bl b ASTHIORH AT
BB LIHEET S, Bl 142 TEALLE A SEHIZLTOMICHEETE 5.
(1) Ae M@m,mK) £F%. ¥4 ZnxpDITHckrs A %I 52 L TEL 258

la: M(n,p; K) — M(m,p;K), X +— AX

BRIEEBRTHR I BRE. 2D 14 b AGITH L EXR.
(2) A4 X1 xm ODITFNCEL S A B#F 2 Z & TER

ra: M(I,m;K) — M(,n;K), Y+—YA
PEONZD, ThAMEEHRTHE et 2D ry 28 A BT IR,

FiRE 1.4.4 (RO 5 —BERIFHFEER, | , pA48]). AK LD n XTI PAVEM K" 252 5.
(1) ce KICXBADT—FEBRK® 5> K, v~ co BK* ODHCHRETH 3 Z L 2Rt
(2) En = (0i )} j=1 € Mat(n; K) & n KEAATHIE T2 (B 1.4.4). 275 =175

¢ 0 0 0
0 ¢ 0 0
cEn=10 0 0 0
0 0 c 0
0 0 0 ¢

WX 2 EMAEGS e, F1E (1) OBCHERE L —HT 2 I ERE.
fRE 1.4.5 (| ,B12.2.6]). K Z2KE$ 5. (THQURE % HL 2 BRIEDED 2 Fi%
M(m,n;K) — M(n,m:;K), X +—s'X
PR EBRTH 2 Z & Rt
FIRE 1.4.6. B 1.4.6 OMIMEMZE D = 2N a, L0 5 C=(R) LoECHERBEED 3 2 L 2RE.

MR8 1.4.7 (ERDIIRLER, | ,B12.2.7). TCRZBXM, J I Z2HAXME S5, T _EoFEEEE
WEEKEL 13 J ERDAIRETH 7. fICHE [, f(x) de ZREEE 2 Z 8 TER

C°(ILR) — R, f+— / f(z)dz
J
PELNDE. ZOEGHE RBEERTH D Z L 2mt.
I8 1.4.8. n XIEHFITHID b L — R EE 5 EG
M(n;K) =M(n,nK) — K, X+—trX

PE GBI ED %M C K.

34 YA OHFE - PREEBMLTREV. flzE | , P-227, EHL A1, EEERROTRENME]. He o0 AE T =R (3K
24K), J=[0,1] (BKMO0 <z <1) £LT,[0,1] LOERMIEMEEEZGE f — [} f(z)de ZEZTFEV
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R 1.4.9. HETH A = (ai;) € M(m,n;C) X LT, BT a;; DEREK a;; ZH - 71751 %
A= (a;) € M(m,n;C) £RF. A1 A ZMIEXH 25

M(m,n;C) — M(m,n;C), A+~ A
2 CHIBEBRIPED@RL K. £, 20D R EEBRDPELERHL X.
fRE 1.4.10. & 1.4.9 OFFHFD T 1 ¢ OWER ) RUEBLDRH T 512 2 FiRERE.
TIFFERBOMETIZ R L T, BWBOERELZHEL TV 30 2R3 2HETT.

MIRE 1.4.11. BAEA I C RICH LT, #ifE 1.3.6 T I LOEBEEGERKOZEM CO(1,R) #EA LD, £
DEREZDEFALILT

FEEOE K ISH LT, [ Lo K HSEER2ko%Ea%E CO1LK) = {f: [ - K | M} e E%7 3
SLIETEB. 2 O R B k.

Bl 1.4.6 TIE R EOMOERAZRE X L, M€ 2 BiE 2 HRICRE TE, MO ERZRIE i)
O FTERTEES (B 1411 0 X5 HEEID D FLA).

PISE 1.4.12 (—HROE L OEBITHMAERE). Kk K (FHOZERZM K] 2% 2 5. 28 ¢ OHIERIC

LT o
e =i(i—1)-(i—n+ 1)z

v, K Lo p(o) = S0 pirt, ps € KASH LT

dr L L .
— (n) = .t = (7 — e (7 — e
dxnp(x) p\"(x) ;:o P ;:n i(i—1)---(i—n+1)pa"™" € Kz]

LEDD. G p e p™ 2o EFE 2GR L Kz - Klz] 28 Klz] EHCHERETH 3 2 & 2Rt HIC

da:n

Lp _ O = p LFE LT, HEI & ORIER - 7

n k n
D= ar— 5+ Klz] — Klz],  p(z) — Y ap® (@) (ar €K)
k=0 k=0

b K] DHCHERBTH 2 Z e 2mt. il 1.4.6 1o T, 2D D b n BOERRRMAIERRE LTS,
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2 EEXXT (04/18)

SEONFEZHRFD | ,81.2 % §81.4-1.6) I L E 3. K&K L, Wi R WIR D, $REZEM
YE-obKEDBDERIETZLICLET. ROERITERATWARVWAIRK =R (FHIK) £7-13 K=C (#
FHUR) OBET TR L TR,

n RICELR 27 b VZER K™ 12id n BB Z L

ep:=410---0), e2:=5010---0), ..., =40 ---01) (2.0.1)

BHHETH, ThSERHREE 2R > TWET. B 1.2.10 TEA LREESOMSZEVHLTBW
TRV,

W8 2.0.1. fEED v e K" FHIRZ Pley, ... e, DAL LT—RICEES. Ficv=Y" ce;
Tep==c, =05 0IEFEZLH0 --- 0) TH5.

HEER. EEONT bb v =Hvy - vy,) € K" 1 e; EORIEAEE T

n

v=>ve; (2.0.2)
=1

LEFL. Flv=1" ce, ¢ e KEFEFIRE, HIENRT bV eg - cn) DS, BRDZHEL
T, 2TOIRMLTy =c¢. £oTe EOMEMAEL LTo 2RI AR (2.02) o—@H Loy, O

—77, ZIERZEM Klz] (] 1.3.7) RBXE I C R _Eo#fEREMEkoZEl CO(R) (Mi& 1.3.6) &, B2
MR E D TIEFICREWEIEZER) T, (2.0.1) X3 RERMEDCERHET Z 2 IZTE 2L A. LM
DREZXZF2DHRFTOMET, ZREBEAT 2DICHEZRDONBEOEETT. K* 05, BT ML
€1, en DK OEET (F] 2.4.2), K® DXICIE n 12D FF (F 2.5.5).

2.1 $EAER 2R

CORIEONEIERFD | ,81.4, p.20 £ T) ITREHELET.

i 1.3.2 fE 1.3.6 To 72 R _EOBEZER Map(R, R), CO(R), C*(R) OMICiZEE L LTOEER
2 Map(R,R) D CO(R) D C®(R) A3d h 3. 74 1.3.7 0—EHKZENZEMT K = R OHAD Rz] 13,
i 1.3.6 © C™ WEBOEMOIIEETT (ZHAIMEREFWYDATELRDT). Zhb0uEfrEL®
THELL:

R[z] € C*(R) c C°(R) C Map(R, R). (2.1.1)

NS ERTHZET TR, FIRAH T —REPEEEIN TV ER OB DEFIR LD DI
TVWET. ZORNEMR L -SSR N =R 7.

EFE 2.1.1 (RSO ZEM, | , B 1.4.1). KFYEZEHEV OFIRE Wik, UNOS&MAF 2 Tk, V
D K @D ZEM (a K-linear subspace of V)™ %7:1% K &892 (K-subspace) & MEN 5.

| , §3.2] O XD ICEROMEHERIL IR Z L B D X T
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5

2.1 MM 2R 30

(i) VoOEITL0IE W Ot
(i) WiV oMTHLTWS. DX DERED v,w e W IZNLTo+we W,
(iii) WXV ORH 7 —fETHLTVS. 2FVEEOweW £ ce KIHLTcw e W.
WDV OKEHEIERTHZ Ze%, FEOUETE C 250 o TROBRICK T,

WcV ¥ ng V.
FWHV OKEIZEETHY, 2OW AV THEILEWCV ERRIWCV EET. KEDbD
lin
TH2Z DAL RIGEE, BUTHIEER D22 % 7215850 22028 v PR,

AR, BB (V,+,0,) OF2EBW C VIZOWT, M2 7 —EE2HBLTHEONZEHRE
T WXW S W, g Kx W = W 2 EFE, (W, +w,0,.) 3EHERCRD £5.

AR 2.1.20 £&fF (i) & (i) E—2oikEeHT
(ii) o (i) <= FEEDc,de K v,w e WIZHLT cv+dweW
YETET. £ (1) 3RO (1) rBEEEz ohET GEIZRE 2.1.1).
(i) W IRZEETIIR.
B EE DL HI 2R T £ T

EE 2.1.3. KFPEMV ITHLT, V OBILOA» LK Z—HEA {0} KTV HEIZV OF52EMTH
5. ZOZo% V OBPBRESZEM (trivial subspaces) L FE, {0} & V IS OERDZEME V OEDERSZE
[ (proper subspace) & FER.

Bl 2.1.4. KPRV & Z2DTv e VIIHLT, V OBTHEE
Kv:={cv | ce K}
BV OERSZEM. ERE, 5 2.1.1 OB FORRICHERTE 3.
() VOFETE Oy tEEZ, KOETY 0 tELLHE 1.25 225 0y = 0v € Ko.
(ii) Kv DEBED It ¢, € K ZHWT co R v & FFT, #UEZEM V ool (EF 1.2.1 (5)) »

bevtcdv=(c+c . c+cd e KZEDH cv+cveKo.
(iii) FED cv e Kv & ¢ e KITHL, EF 1.2.1 (6) 25 (ev) = (dc)v. e e KED B (ewv) € Ku.

HEWEDZEM 22T 2002, —DFRERLTEBEET.

W 2.1.5. HIVEMOLEOMA 2 % 7 B2 H 3.
LD IERCRAN B &, K BIBZ20 (V, +, 0y, .) OEEOEHSZM W g, fl + L 255 —f% . % W IcHIRS
24+ WxW =W, KxW =W ek #l (W, +,0v,.) 13 KEREERICKRS.

BOW =V OBELW CV eEXET. §0.3HE (v) ZBHLTRXW.

*37 W 1~C VOREEAL LTOUE C tXAlFT2HICEALZZO#ME/ — MEEORET, b2 0TEDD $EA.

*38 R ORI IS B, NitHZER (topological space) D537 (subspace) W BEEAH h £, XiREH
ETAUREEL T 2 Z 23RV TL & 5. HLU, ZFEDFRICE REEBIRITCEAREAEZZM (topological linear space) ¥ W5 i
T2 v 22 O RS & OFEHE - 2B S OBEEA BN E 325, T 2 TIRIEERS 22l & MR 22l % KBl s 2 R EAH D 5.



2.1

2

Tk o> 22 31

FERA. MREZERMOESR 1.2.1 OLE&MEE W iz 3 2 2RI X0, W e 2 7 - Tt Tw3
Zehn (1), (A)-(7)IFEBIRES. 7 (2) 3IRE Oy € W 25080, (3) 3H#E 1.2.3 226 —v=(-1)v T
HHZLe WHRAAZ—ETHLTWS ZenBRES. O

COMEEH o TER 2.1.3 WX 3 L

2 2.1.6 %%%FEJ V DEEDESIZER W 2o\, HRZEMOF {0} CW CV HH5. HICW BHED
%%FEJ g {oycwcv.

3

TREDEEOFZETTNE LT,
Bl 2.1.7 (BRI FILEROBAZEM). mn e N, m <n ¥ 3, n KBR7 FLER K OBIES
W= {v1va +++ v, 0 -+ 0)€K" |v; €K (i=1,2,...,m)}
FHEB 2R T, K™ L ORICRHHH 2. KT, ROk K™ OFD 22050038 % .
Wo={0tcW,cCc.--cW, =K".
ROBNIATHIZER (8 1.3.1) OEWHZeETT.

B 2.1.8 (IEATTFIDZEFDERSTZER, | , Bi11.4.3]). K EoAf7HIZE# M (m,n;K) Tm =n O%E, O
%D n KIEHTHI DR %
M(n;K) == M(n,n;K) = {A = (ai;)i j=1 | aij € K}
EL O LTU RO D05 510,
| S IEHFMTAI: 'S = S},
={A € M(n;K) | A ZRMFATH: A=A},
(n; K

(n;K) = {S e M(n; K
(n;K)

Un;K)={UeM | U = (uij)ij E E=A1T5: i > j 725 uy; = 0},
(n; K)
(n;K) =

— ~—

= {L S M(?L | L= ( ij)i,j FETREATF1 i < J A5 lij = 0},

\_/

NS EMTH 5 2RI, BTN EENTVE I EMERS T —ETHETWS Z & 2 MRS
ERWY, EDHESH S, HIZLINOE D ZER DN D % .

D(n;K) c S(m;K) ¢ M(m;K), D(m;K) cU(m;K) ¢ M(n;K), D(n;K) € L(n; K) € M(n; K).
— A THN —XABRXDPMTINEBR Y L Z - T Az = v (A € M(m,n; K) 2384751, v € K™ 235

ZAONTHNRT Fv, 2 e K" BARAINS bL) EREND e 20 F L. FIZ ITHHEZEM L 2 0H
2R OBITEATOET.

il 2.1.9 (EI—XRATEXNDOEZR). REUTHE A€ M(m,n;K) & F2RHRT bz e KPIZXHT 3HFX
HY—RKRABER Az =0%2E 2 5. BOES

K ={z eK" | Az = 0}

*39 K™ p5E4fft (complete flag) LI E T
*40 = N S DI ZE DR ST, MIET 2 TEEDIE A S Hlo TWE F: AFMTH symmetric matrix, KAFMTF anti-symmetric
matrix, =174 upper triangular matrix, N =175l lower triangular matrix, 175 diagonal matrix.
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2.1 MM 2R 32

BN P VZER Kr O EETED, ST TH S, EE, BAZ FAVRMRESS 0 K THD, &
P () BRIT 3. FATED e,d € K LAEEOM 2,y € K SN LT, A2k 2 /#5854 1 HEBEET
Hotzz b (Bl 1.42) 2ENHT L

Alcx + dy) = cAz + dAy = 0+ d0 = 0+ 0 = 0.
X o TESR 2.1.1 OFMF (i) & (i) AT 5 (R 2.1.2 ZH).
ER. EV—XGERXOMZERIZ, §6 TR EEROZOBNI R > TWET.
Fofl 2.1.9 TEBRETBR 4 BEHLE LD, TIAUTHEL TS 5 —2En2EMofl 22T 3.
Bl 2.1.10. 1751 A € M(m,n; K) \IZH L TK" OETHEE
I'={Az|ze K"} CK"

EZLe, T EMTH L. EBE, Oxn = AOgm € I TH S, FTEED w,w' €I & c,d e KiZD
W, Yz, 2 e K" 2HWTw= Az, w' = Az’ £ EF 205, |4 OBEHEL2S

cw + dw' = cAx + cAx’ = A(cx + cx’)
eRY, cw+dw €I DRE. XoTIIFHHZERTH 5.
Z ORI D BB TIbAR 7 ERBZER 0L A (2.1.1) ERT2EMOFHTT.

Bl 2.1.11. B R — R 2KD %520 Map(R,R) = RE (@i 1.3.2), Mkt 0ZEM COR,R) & C™ %
BRDZER C° (R, R) (i 1.3.6) K& ONFRIGHSTER 0% R(z] (5 1.3.6) OEEEG (2.1.1) 3ERE
22 DS ZERDFITH 2 (FEIHIERTE 2.1.2).
R[z] ¢ C*(R,R) C C°(R,R) C Map(R,R).
22 O —RIEE 2 — D72 T ITF % 5.

Rl 2.1.12. K Y2V O o D722 Wi, Wo iIZxf LT, HlEa Wi NnWo XV O ZERTH 5.
XD e, BE [ TRAFHI HND V OWMAEM W, (i € I) H5 2 b0i, FEES N, W bV D
2 TH B,

HEE. AEOTRIEET T = {1,2) LTRSS OT, BELTRBE IV, FEO v,w € N, Wi &
ceK, ROEITLO e VIIHLT, W; BETEMTHLZH D v+ w,c0,0 € W; PMEED i € I THDIL
D, ko Tv+w,ev,0€ e Wi O

e 2.1.12 QAL BNIETET Wo =V & LGET, 2ORHE Wi NV =W, RO THREDZEMTT .
FEEBAZHNEIET AT D2 DER 22 2 5 L i T & £ 7.

i 2.1.13. ne N &35, il 2.1.8 THAAL 7=z, n KIEAITHIDZER M, (K) & ZOHEDZEM OS2 HV 5.
F=ATA D22 U, (K) & F=A1T508 7240 L, (K) oH@E sk

U (K) A Lo (K) = Dy(K) = { fEEOMFATH }
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DT, P M, (K) DEDZERTH 2. FMHTHI ORI Z2ERM S, (K) & 2T D7 2EH A, (K) D
HHBEBEIETI O OA» 55 —HES

Sn(K) N An(K) = {0}
BOTHEEMTHD, Thb ERHHZEHTH 5.

M 2.1.12 3HRFES [ PERESDEEDEATHET. FNIME 2.1.8 RME 2.1.9 THWET.

EEME (BE 1713 R—-Y)
FIRE 2.1.1. 7FE 2.1.2 THHL =, HOEEOERDS WX ALY &.
RIRE 2.1.2. f] 2.1.11 ZFFRAE k.

fIRE 2.1.3. FYBZEM V & ZOE D2 W o0 T, REL LTOEUSEBRW — V, w — w [ZHHHEFRE
D F D HHREBINOMIEERTH 5 Z L ZRE.

N

RORE 2.1.4. R FOEZEM R3 1I2OWT, LIRS HEE DR

N\

IR PNy TV

N

(1) Vo == {{(z y 0) € R? | 2z + 3y = 0}.
(2) Vi = {Hz y0) e R® | 2z + 3y = 1}.
(3) Wo :={a y 2) €R® | 20+ 3y + 2 = 0}.
4) Wy ={{(zryz)eR® |22 +3y+2z=1}.

INGEZEZECERERET L, R OETHZEM C IIEAZ B ERELITFHOZ ) tEW IO,

fRE 2.1.5. DITN D C _LOMYEZER C* O R AL ZZEIE» L X.
(1) Vi ={v1 - v,) €C" |v3 + -+ v, =0}.
(2) Vo i={Hvy -+ v,) €EC" | V2 + -+ + 02 =1}
(3) p BEME LT, Vai= {H(vy -~ vn) €C" | 0P +vp 4+ + v, = 1}

fI&E 2.1.6. n € NIZH L, —ZHDO K FBEZHKTn KU TD b DRUNRTHES
Klz]<, = {f(x) = fo+ fiz+ -+ faz" | fi €K (i=0,1,...,n)}

WEZIEAZEM Klz]) OFFZEMTH 2 e 2mE. £ln 28T 22T, ROWAZEMOFTIBELNE Z L
e
K[x]go =K cC K[x]gl C K[x]gg c---C K[x]gn—l C K[x}gn c---C K[l‘]

FIEE 2.1.7 (MIBCF 7L, | B 1.4.6]). ZIR f € K[z] oh LT, Klz] OBSES () %
(f) ={fglg€Klz]}

TEHT L. (f) B K] DB EMTH 2 2L 2R, (f) & f HERT 2 Klz] 1T 7L (ideal) &I
L

L~ (A RIS L TA F7 A2 WS BEDEBINET. SHFEEMEMOREEOERTHOINETT.
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RIRE 2.1.8. M2 V Offs2em o k742
VocWic---cV,CVpp1C---CV
BEZONTRE, ey Vi BV OEIEMTH 2 2 & 2Rt £z, MUBZERM V OfRI 22 MO TR
VoVeooWVio---DVy,DVap1 D
DEZ SN, oy Vi BV OEIZERTH 5 Z L 2RE.
RIRE 2.1.9. BHIZEM KN = {(a;)ien | a; € N} 2E 2% (F 1.3.3). FFEp € Zoy ITHLT
V= {(a;)ien € KN | i 28 p TEIDYIMAZL a; = 0}

THAREV, CKY 2ED 2. V, K" OHNZEHTH 2 Z L 2Rt F72 (), 5 Vp DEOHBREETDH
h Rk L, ZNDE DM TH 5 2 & ZHERE XK.

MIRE 2.1.10. BRI E V-1 b HF L 2L T, HEBLKROEEE2 C={a+vV—1b|a,be R} ¥ XT.

ZOoDWAEER ={a|aeR},I:={/-1b|beR} CCIZOWVWT, Zhod R LOMIEZEME L THE
ZEHTH 20 ED, £ C LOMIBZEM e UTHDZEMTH 25 E05 U K.

22 BEROZEEOMEERFR

Z DREIFONEZHRED | L §1.4, p.20 DRI 1N LT

3
fE 2.2.1. EEMV L ZOEHSZEM V), Vo I LT, V OFSES
Vi+Voi={vi+uvs| Vi€V, v € Va}

FV OEZER. kb —c, AREOESZER Vi, ..V, e LTV OFnEE Y Vi '
Z%:Vl—i—---—i—Vn ={wi+--+w, v, eV, (i=1,...,n)} CV (2.2.1)
i=1

TEDD L, 2RIV OERFZEHTH 3.

SEER. Y2 RBIZRV. SO EMDER 2.1.1 D=4 REIZ L0,
i) S VioTTmw=Y 1" vi=vi+Fv, &0 =31 v IZDWT, V ONOKEME & Al &
v+v =30 (v ). ViFEB RO Ty vl e V. KoTou+d €d | Vi
(i) VoRBEEK 32 v=>" v,v €V, £ ce KITHNLT, VO RAHI—tEO0EHEDS
co=>3 1" cv. V; BEDEMBDTcv; €V, koTewed | Vi
(iii) V OFIE012oWT, D i =1,...,n 22T 0eV; RDTO=Y" ,0e X7, Vi
O
i 2.2.1 TIIEREOIDZEM V; CV BEZ SN TWARRNEZEZ T LD, EREDIRDZER D5 X

SERTVAHEIRE S THZRVNTL x 557 BEIC (22.1) 2EMT 5 L3 TE28A (HE 22.1).
LWL T o@E b T 7.

M2 JEMZ B LEBGL LTRELARS, LLSHEKTERY WS SERMHVET. FRYIRBOEKTT.
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R 2.2.2. FBEHEV &, BE I THRAFNISNTWS V DD ZEHEOWE (V;)icr, Vi CV 35260 T
Wb rT5. ZOWR,V OMOERE Y, Vidd

v T

i€l icl

v € Vi (ieI), ARMED i ZBRNT v; = 0} (2.2.2)

TEED, HIZV OF5ZErIicizs.

SRR, HBRED i € I #BRWT v, =0 TH 5 v; € Vi DIE (v)icr B2 BNZEFTB. Ji={icl]|v#0}
BEHRESE DS, ZOMEESE n = |J| b BHEn e NTHD, 2208 £ J > {1,... ,n} DIEET
5. :ﬂ%ﬁﬁb‘f Fﬁk = 'Uf—l(k) (k = 1,.. . ,n) t%%"i’ﬁh‘f,

> = iak % (2.2.3)
k=1

iel
CERTS. GV OTLOBRMIELSHHEPICV OTLEZEDTVWE I L IIERT 5. £/, ZOERITEH
B f 2—D2OWoTHEZ BN T WS, MDENE L Al#fEr 5 GHOFIIE L FIFDIEFICX 520D T, V
DILE LT fOWMH T LRV, D% D Y. v € Vi3 well-defined™. & oT (2.2.2) TV OfnEE
MBEEXS.
RICHRDZEETH D Z L 2R 2y, R 2.1.1 D=(M%2HERT 5.
(1) Y e Vid=TJtv = 00 =3 0 COWTC, Ji={iel|v#0} & J ={iel|v#0}
BHCHERESE»S JUJ SERES. LoT{iel|v+v,#0} CcJUJ HERER. T2k
V ORMOFEEIE L AR S v + 0" = 37, (v +v)) TH D, Vi I3 ZERZZD T v; +vj € Vi £
To+v €d,Vi
(i) v=">30c,vi €2 Vit ce KITRHLT, Ji={iel|v#0} 3EREELEDLS {ic ]| cv; #
0} CcJHHMES. T2V OMERAH T —EONENS cv =3, cv; THY, V; I3ETZEM 72
DTev; € ViPHeve )y, Vi
(iil) v =Y ,c; 0 TETDIXZDOWT v =0DHEEEZD L, J={icl|v #0}=0FHRES
((22.3) Tn =0 OHA). —H V; FBHZMHEOTOEV,. koT0=3,.,0€X,., Vi
O

T 2.2.3 (M) @ 222 OWHZEM Y, Vi C V & Vi O (sum) L < SFIZER L I3,

SER. WA VL Ve CV OMERV, + Vs EHEA ViUV, (A Y LTOAM) BRRSC LICHEELT
T, MBI T T, BH M TH 2 L3R 2 A (BIZRIE 2.2.2 BH).

fl 2.24. neNE LT, 8T PVERBK 2 25%. 1eN, [ <n ¥t LT, Hl 2.1.7 THZZEM
Wy ={vy - 10 0---0)|v;eK(i=1,...,0}
PEALE. 202302, m e N, m < n XL TK"* OEFnES

W, =10 0vp i1 - vp) |1 EK(i=n—m+1,...,n)}

3 HRES J oo Z e TY. HE (xi) R,
44 e (2.2.2) DA EHE f 2o TEDTWAIFAY, ZOMEIE f OWMD FICESBRVDT, EIE f 2P LR TRY,
WS TY.
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EEZDE, TN K" ORI ZEETH 2. B W, + W), 2EZ 5L
(1) I+m < nOHE

n—m—1f#
—
Wz—{—W/n:{t(vl v 0000 0 Vp—mg1 oo o) | v € K}

(2) L+ m>n DEHE
Wi+ W, =

HIEIET OB 2.1.4 T, KFHEZEM V OTC v 22680 EM Ko CV 2 EE2 Z e 2HPLE L. ZhoD
Mz zEZ 5 &, ROoWEiiFongd.

FE 2.2.5 (| L 14.8]). VB K SR 5.
(1) MAEE S CVITHL, V ORDZEM Y Ko 2 S BMEMY B8B53ZEM (the subspace generated
by S) X% S H'5R3 &R ZER (the subspace spanned by S) ¥ FEU, RDOERICEK T .

()i XIE spang S.
RELIAUIBLC (S) TRT. SOERES S = {v1,...,v,} DHEEIROBIIET.
(v1,... ).
(2) BEOEE S CV BAERT 2HE) %M (S) DEEDOTTERDOIEOHRMTHT 5.
v+ Fepvn, v, €S ¢;eK(j=1,...,n).

ZORDIEDZ % S D K OISR £ 7213 —RKES (linear combination) & FEA.

(3) V DERSZER W ISK LT,
W = (S)

Bl THAEE S CV 2 W OEMR (system of generators I spanning set) ¥ FELS, S OKIT
% W Q%I (generators) ¥ FER. ZLT W iZ S TERIN3XNIERAENZ L ES.

AR WEREDER (2) TS BERED DHBE, S = {vr,...,0,} £ T DL, S OMIERE L I3E
# 1.210 THMAL % vy, ..., v, ORIEAEE kﬂiﬂfot DEEA.

AR 2.2.6. FOERESWIRZ S L, BBZEM V OFNES SI12OWT,
SHV ZERT D — V OEEDITIE S ORIERTETET 5. (2.2.4)
ARROFNEZZORTIETFET. 553> TVEHDTT.

Bl 2.2.7. (1) n RITHRZ FVZER K® OBARZ BV

e =410--0), e2:=4010---0), ..., esi=40---0

45 WAEEIERT B WA OVTIRIFRICE C DRLBHD D, BFOK - LERTBORLO—EITE> TV ET. RIHF
DIRDHEA TV B AT, BEPTDOALHL L BIFRIC & 2308, UL 77 ADERE RT3 512, (S)m &5 B2
CrEBHDLET.
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K" OERRTHZ. D% D
K" = (e1,...,€n).

K EREREELDTAL L, K DEEDITT v =Hvy - vp) v =wvie; + - +v,e, EHT3
Mo, (2.24) XD SIF K™ OERKR.

(2) —ZBHZENAZM Kz ZHEEXCOES {27 | n € N} 2ERRCH>. EE TR0Z2HEA
fx) = fot+ fiz+-- A+ fax® LEF 225, (2.24) &0 Kz] DERRTH 2. ZHE2ROBRITET,

K[l’] - <1,.’£,f£2, .. > = <1'n (n S N)> .
ROFERT LD, ERRICE THEEDH2 ) b0dHD T

R 2.2.8. PRV OEEOLENR S LEBOFSEST CVIZoWT, & SUT d V DERMKRT
H5. FHTveVIEoWT, SU{v} bAERRTH 5.

I OMEDFEIIHE 223 2L % .

BERHE (BT 174 R=)

fIRE 2.2.1. B2/ V 2 2 OEREDER D22 Vo, Vi, Va, ... BEZLNTWE 255, i 221 %2Z2D

FFEEMT
{U0+U1+U2+""’Uz‘€Vi (iGN)}

TV OMIEEEZERT B LIFTETRV. zoMbZFHAE X.

BIRE 2.2.2. 2 WLENY OB THBERR? = {{(zy) |z,y e R} 2E X, 1 :=410), e2:=01) € R?
35, WAZEH Rey & Reg OMZER L MIEEHERR 2 Z & 2Rt

Re; + Res # Rep U Res.
IR 2.2.3. #fif#H 2.2.8 Z/RE.
fERE 2.2.4 ([ , [ 1.4.1.2]). C® OFBHEMW & W ZERTED 5.
W={abec)|lat+b+c=0}, W ={(abec)|a=b=c}
O, WNW' & W+ W &R, 20608 CP OFHEMTH 2 Z L 2lED»D K.
I8 2.2.5 (c.f. | 8 1.41.1]). n€Z>o £35%. C" DEBIZEM V ZXTED 5.
Vi={ vy vy - v,)|vi+ve+---+uv, =0},

F/i=1,2,...,n WL Te =40 --- oi?ﬁo <0 0) eCn rEL. ZOK, HORE

S={e;—ey1]i=1,2,....,.n—1}={e; —es,ea —€3,...,6n_1 — €y}

WV OERRTH 2 Z L Znt.

*46 HIFX (monomial) 134 LAREMNH 5 AGET, 2 2 TIRHRED 1 OBMOBEKTHWE L. RIZ X » UHMEROREE T
LREELBEA LM ET. BEXFEED 1 0ZHERNEE= vy 7 ZIHK (monic polynomial) &FEINFETH, RS <, TEAF
monic 3R 1 DFEBDOEKTD monomial ZIEL TV DR RVET.

AT M b A REESD T, BIZIE (2" [ n € Z) /LI hAHH T
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PI%E 2.2.6 (| IR 1.4.2.1)). n ZEEE 53, Bl 2.1.8 THI L EAFHIOZE M(n; K) 085
2T H 5, SFFTHIOZER S(n; K) & E=ffFHIonZem Un; K) R ORAITFFIOZ D(n;K) 10w, M
TOHERPKITT 5 2 & Bmt.

S(n;K)yNnU(n;K) = D(n; K), S(n;K) + U(n; K) = M(n; K).

RIRE 2.2.7 ([ ,IRE 1.4.4). V 2L, W e W 2V OEDZEME 3%, GHESWUW
BV OEDZEME X, W CW I W CW b3 Zirg.

8 2.2.8 (| , R 1.4.5]). V ZRUEZEMEe L, V e W RO W' 2V OFmnZEMe 5. W CW
RO (VAW)+W = (V' +W)NW L7525 ZLERE.

R 2.2.9. fiil 1.3.7 T o 7222 M K], B 1.3.8 THo RN ERB O %M K[z], BE 1.3.4 T
#f > 7z Laurent ZIHA D ZZH K[z*], M 1.3.6 TH > 7z Laurent DM K[z, 2], B 1.3.7 Tk
72 Laurent S22 K[z1] 2B wH$.

(1) UFOEREMOINDD % 2 L 2R,

K[z] ¢ K[z] c K[z7!, 2] ¢ K[z*'], K[z] c K[z*'] c Klz7}, 2] € K[=F!].

(2) K[z] NKlzt!] & K[z] + Klzt!] &3ked, 2hehds K[zH] 0B EMTH 5 2 L £H»D X.
(3) APHES K[z] UKzt 8 K[a*!] OEAZMAB I EH L &.

2.3 FRFRIIE

BHOEBANRZ FVEBORHE 2.0.1 1I220WT, FEOERT L v € KM IZHARZ MLOBIEREE LT
(2.02) L —BICREFE L1z, ZORRO—BEMEZHMELL TH LN 2GRS TS,
DUR, MM OEREDTTE LR WS 12D 0%EHE L ET.

ﬁ%r_ﬁ 2.3.1. V %fﬁﬁﬂﬁ%%ﬂt l./, ('Ui)iela Vi € 1% %;%é\ I T(ﬁ?1ﬁ”’ Bhfl 1% o)fﬁ@ﬁ%t?é if: (Ci)ie[,
i EKEZ8EE T THRFERHIGALK OILDOETH > THRBEERVWTO THZ2BDE T 5. DK,
Y icr Civi € V i well-defined.

FERR. IRE X D BREAEEG JCIDBFELTi ¢ J 520 ¢; =0. JIZEREELEH» S, ZOREZ n = |J|
CEFEneNT, ¥4 f: J - {1,... n} BPEETS. ThEffioTje JIILT le(i) =c; LIE
DAUX D p Civi = D ey €0 = Doy CuUp—1(ky 72D, ARMIZDOTHEDIZ V OTEBEF > TV 2. Kz,
ZOfE f OELD FIT & B, > T well-defined. O

EE 2.3.2 (| ,EF5.1)). V BRBEME U, (v)ie; ZRE I TIRFHI LNV OTLOBKEL T 5.
(1) RDOZZEMEDRILT B, (v)ier SHRAINIL F 7213 —KIRIL (linearly independent) TH 2L F 5.
o ARMEZFRNT 0 THZERED (¢i)ier, ¢; € KITHNLT, 3,0 60 =0y BERETD i€ [1TD
WTc¢ =0.
T={1,...,n) T FRORHAIE: XN BINE, TEor,... 0, €V IZSTRITHEL 5SS
(2) FEHSLTIERW (v))ier (HIFTERER £ 7213 —R4ER (linearly dependent) TH2 L5 5.

AR, TLOWE (vi)ier PRODITEHDEE B={v; |i eI} CV ZHWS Z T, BB /BIEIEET
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HIZZLEEBETDIILDTEEY. ZO#FHE/ — P TRIEICTOEEH W EREHWE T, BHT, 0%
BEHVERLMLVET.

MBI BT R E DR E R OB T E 7.
il 2.3.3. $REZEM V OFEIL 0y TERWVWIT v B2 SR 5K (v) IZBREML. R, Ah 57— c e KD
=0y BT RO c=0TH3IEREIERVD, c £ 0 LSWIT ¢! ZHEHZICHNTITo =0y %2 5.
AE §L1RHMLTWEAAT). ZZTRKMETHE2 e rHVE L.

Bl 2.3.4. n TR Y M AVZEB K™ QDHEAIRT ML ey, ..., e, FHRE 2.0.1 X bR,
FU#E#m» S, ED—RITI,meZ, 1<I<m<n¥LT, e,eu1,...,en SEHIEE D05,

B 2.3.5. ZIERZER K[a] 120, (55 1 0 HIAR OS]

(xi)iEN = (17x71'2a"'7xn7"')

R T, M7 5 A BIHR BB o TS o ot L T2 i 4 R0 d; £ d
Bt Y et = 0 7 B IMOREE LT ey = = ¢, =0 TH 3.

MBI D EREZ T VRZ 2 L RO FRMIEONE T

78 2.3.6. FMUEZEM V OMIBIEE R GREODOIE v1,...,v, € VIINLT, ¢1,...,¢ch €K, (c1,...,0n) #
(0,...,0) BFEEEL T cyug + - - - + ¢cpvp, = Oy

ROHGEDFEFBROTEALTEEET.

EE 2.3.7. WEEMV OFRBEDIC vy,...,v, BEZ SN T 5.
(1) FRX o1 + -+ v = 0y (1, .., cn € K) BRALT 20, Z 2 IRABHR £ 72 3R AZBMR (linear
relation) & M5,
(2) EEX Ovy + -+ - + Ov,, = Oy % BEALHEEAEMR (trivial linear relation) & FEX.
(3) HHHTHRWEEERR, 2D (c1,...,¢n) # (0,...,0) THBEHER crvy + - + cpv, = 0y 2IEE
BRZRAZBAR (non-trivial linear relation) & M.

Ezo07 v, ..., v, KN LT, BIAZBEERIZSTHALL 35, IEEHARGEERIIEES % 23R
LW EITHERLTRIW.
EF 2.3.7 B o THMHNIM: - IPIEBHEDOER 232 EE W2 RO XSk 7.

W 2.3.8. GV V OBREDTE v1,. .. v, €V IZOWT
(1) v1,..., v DEILIER < JEERRETUEATFET 3.
(2) v, ..., v DRI o JEEBEIURIRATEE LB\,

WY M AEBOBEICHE 238 2EVIA D ¥, ~HETHEATRAY PO O HIE %
BNET. 1751 A DM % rank A L BX £

il 2.3.9. m,n € Zso £ 55, nflD m KITERZ L

m t
al,...,aneK R aiz(au--~ami)
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BEZoNTWS e L, m 1T ndDIT5] A %

A= (a1 -+ an) = (ai5)1<i<m,1<j<n

U, 1) >

TEDD. F72K™ DBERT FLE Ogm =40 -+ 0) e K™ 2EL.
(1) a1,...,a, OIERR cra1 + -+ + cpan = Ogm &, n HOREE 21, ..., 2, 1T 2 m HDFIGEHT
—XITEAHR
Ar = Ogm ="z - x,)
WKOWTC, z=Yey -+ ¢p) BIRTHZZ L LFAETH 5.
(2) a1,...,a, DRIEHIITH B Z 2 & rank A = n IZFAME. F ay,...,a, PEEHILESE 0 < m.

FEEA. (1) ROFEMED»SHED: crar + -+ + cpap = Ogm & EFED i =1,... mITOWVT Z?:l vija; =0
& AYer -+ ¢p) = Ogn.

(2) M 2.3.8 & (1) &b, a; EOFIEHIMEL HERX Ax =0, A = (a;), 2 =Yz1 - x,) DEHARBEL
D Ie N Z e MEMET, ZUIMREATS A DFFRDIARIEL DR e F L W & e AfE. ¥ TRICD
WU, fiED 5 a; PRI S rank A = n 7223, ITH|OFEBUIITOR E FIOBDO ¥H 5 b
ZWh 5 rank A < min{m,n}. £oTn <m.

U

MIEHAZNE - BUEALEIEICE 3 2 FRZ2EOPHN L ET. T ORIE RO D £ T, V IZ K _Loff
R e LET. $RAA7—-0c K EXT 272012V OFLZe Oy € V e HZ T,

8 2.3.10. #E2EME V OBRMEDIT v1,. .., v, € VIR L, RO ZSMHIZF/E.
(i) v1,..., v, FERTEHER.
(i) 2 ie{l,....,n} BFEEL T, v; 3D n — 1L EADIT v1,...,0;,...,0v, D FEHETERE .

SEER. (i) = (ii): i 2.3.6 & D c1,...,cn €K, (c1,-..,¢4) # (0,...,0) DFIEL T v+ - -+ cpv, = Oy
FZ e 0K % i DFELT

civ; = —(crv1 + -+ o1V + CipVig1 + - F CoUn).
¢ Z07Rr ok c{l EHTB M TET

—C1 —Ci—1 —Cit+1 —Cn
(A R v; + B Vig1 + -+

i (& i C;

V; = Un-

o T BMthd n — 1 HOTTOEAEETEHIT 5.
(11) = (1) {}iﬁi b Cj S K (] = ]., e 7/7:\, . .,TL) ﬁ)ﬁ{fbf V; = C1U1 + e +Ci,11)i,1 +Ci+1vi+1 + e +

CpUp. $BE
c1vr + -+ Cim1vi-1 + (=1)vi + cip1vipr + -+ epvn = Oy

-1 # 0 & D (Cl,...,Cifl,—].,CiJrh...,Cn) # (0,,0) ;Ofﬁ% 2.3.6 & D Viy...,Un bil‘f‘%ﬂéﬁéﬁ O

FE S ZEHMLTVBAMT). Tk e 23222 TET) O TCKARTHE L 2HVE
L7.

8 6 1 T, BBRS) ZeEEKLE T,
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R 2.3.11. FYEZERV O nlOTT vy, ... v, PRIEHIITH Y v € V D vq,..., v, DIREREETRER
Wi BIE, n+ 1EDIT v, ..., v, v EERFEIRNT.

SERR. SEBEIMR crvr + - + cpvn + v = 0y (c1,...,Cn,c €EK) B3H B LRET 3. ¢ # 072 54E 2.3.10
DREHRTHF DM E RIS LT o =1 =%, D, v A v EOMEHMETRETREICKTS. £oT

c=0TdHY, TTOMEBERIEZ crvr + -+ - + cpv, = Oy, v BIEFIPHILEREL TV S0 5, 2 OFIERMRIE

HHH, 2Fbc=--=¢c,=0. UE&D = =c,=¢c=0,2FD vy,...,v,,v € VIFEEMHL. O
g 2.3.12 (| , AR 1.5.2]). #UPZEM V ORREDIT v1,.. ., v, € VITH L, KO ZZMHIFE.

(1) v1, ..., v (ZHERIEIROT.
(i) w1, Ony BHBIITH D, vn B0, v,y ORIBREETEI 0.
(iil) vy, ..., vy WML TH D v, & (v1,. .., V0-1).

SRR, (i) = (ii): MR 2.3.10 OAMEZEZ &, vy, ..., 0, BT o« FED i =1,... 0 ZOWVT, v; &
D n—1HDIT v1,. .., 0. .., v, DEIEREETRER V. BFETi=n & THUIR.

(i) = (i): AR 2.3.11 OHHEHZEAUZ R,

(ii) & (iii): v e V 2 v, EOMERATE I E 2 &, v EHRZETZEMC v VBT 2 Z 2 FEE. O

EEEE (BRE: 175 R—2)
RIRE 2.3.1. MUBZER V OWHES S PEIVHNIR 5, S OENES T b 2 MW TH 2 2 L 27E.
RIRE 2.3.2. MUBZEM V OENES B 0BT 0y 2&0HS, B RHBMNITIIANC L 2RE.

fIRE 2.3.3. n 2 3L LB T5. DITOKRZ FLVZER K™ OJC v1,vs, ... DERIEHILOEDFR L X.
¢ A
—
(1) v =%10---0),02:=(110---0),...,05:=(1---10---0),...,0,:=(11---1).

2)vy=(011---1),ve=21---1),...,03:=01---1),...;0,=(n1---1).

(3) e1, .. en BHANRT LY LT, v1:=€1 +e,v3:=€1+€3, ..., Vp_1 =€+ €p.
FIRE 2.3.4 (AR (& 1.1.4) ZHMEL TV 2 N[, | , I 1.5.3]). REUR K 2364 p OERIK

F, D56 %2EZ 5. n ZIEBHL T 2.
(1) B2 L2 B0 DBIIS D TEOEED p* — 1 TH S ¥ EBIE K.
(2) mn € Z,0 <m < n LT £E {(vi,...,0m) | v1,...,vm € Fp FFHIPHIL } DITOEEIZ
(" =DE" =p)p" —p?) - (" —p" ) THB LB

24 HE

BEOBA Y FAEMOBE 2.0.1 2EVHT L, FEORANY ML v € KP BHIRT MLy, en @
WIBEA Y LT (2.02) b —BIEERCTEE LA, SO L E2MRILL TR BN 3 RSB ER O EE TS,

49 KITHAR Y PAVERB K TK = Fp OBERDT, BEIIZF," LHED n 2HICT S LTEINEFITTS, BFEEROFE
Tnldp DEEBWTF, tHEET.
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EE 2.4.1 (] , BF1.2.2, 1.6.1]). V Z2#IEZERM, B = (vi)icr, vi € V Z28E I THRFNI NV
DIEDEL T 5. 5

(i) B3 HITH %

(ii) fERDIL v € V IZ B OHREDTOMEEETERE
DAL S 2, B %2 V ORI (basis) & FEA.

AR UM CTRIFRFEED I ={1,...,n} DBEZRHVET. ZOHE, V DIt vy,...,v, B}

(i) #RIEAHAT

i) fFED v e VIidv EOREHEETRES

DGR TRE, Bl (v1,...,0n) D2 RV OEREMIET. /2, (v, 0, 1V OEKETH )
LESZLHHDET.

—~

|

]

KOG 2K ODEIT £ T

il 2.4.2 ([ ,p-9]). n ZIEEHE T 5. BT PR K IZOWT, IR R Lo

Bgta = (e1,...,€n), € :=40---010---0)
FOURE 201 XD K" ORETHZ. Zhk K" OIFERE (standard basis X canonical basis) & FES.

AR K" OHAIANZ MLEUTEZT, HlZIE B = (e,e1,€3,...,6,) £ T 2L, ZNHF K DHEET
TR, BB LTE Bsya d B’ d {e1,...,e,} 2DT, i 2.0.1 O#iHA B ICHEHATEES. LHL
Fle LTIREZRZDT, HEDERK 24112558 BB, DX D HIOEETT. e1,...,e, DIEFNZ n! D
DT, Byg DUV EZIZE > T ol HOREENEONET.

COEITHAT 2#HmDZ X, BIE (v;)ier DERE [ X 2BRFNIZENT, BICEE {v; |ie I} 25
AN TITY. LaL, §5 THIBEFROITHIRREZE 2 2B, FEICNEE Z 1) TZ AU\ TITS
2lES %y, ER 241 ORRICIRFNUIZHEL TBLESDH D FT. TOXSITEENT ={1,...,n} TH
FRHTFENTWD Z e 2 L72WEEE, IBFEEEE (ordered basis) & W5 HREzHWE T

il 2.4.3 (BERIFZIEXATZHOEE, | , 11.6.2]). —ZBZIEAZER Kz] 1200V T, F5 1 o HIENX
D

('/I“i)iEN = (1,.’1},.%‘2, s )

BEETHZ. EE EEOTp(r) € Kz BZ2HERXLZD S p(z) = po + prx + - + ppa™, p; € K & HIARK
OHRMTET 2. $2ZHA p(x) 0726, ZOHEM p, 3L2TORDT, {z¢|i e N}IF—XHITH 5.

SER 2.4.4. BISMORISE T, B2M {0} BRERRERY, L RELETO

) 2.4.5 (TFHEMIFTHZEFEOEE, | , B 1.3.1)). 175128 M (m,n; K) DT

U, L) >

*50 Biiq DUT std 1& standard Z8EHE L7235 D. Bgq 13 Z0#FE . — MNEFEDORLE T, thOARHXTELHVWLATNWE DT
BHHEEA.
S TEMZAVEREOERZHMAL T2, ZAUCADETVET.
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% (k1) A OFFFIEA (matrix wnit) ™2 L IR, ZA o1 M(m,n K) ORER 5T, E, LEOTH
A = (aij)i,; € M(m,n; K) 1%

Z;zl Z?:lcijEij =0 B3k 5, TE® 1,7 IZDWVWT, ZOEXDOMIED (Z,j) By % b LT

m,

fl 2.4.6 (FLXORERORIE, | B 1.4.5]). m RTEEEL U, pr,...pm €K L5 5. p; SERRI
v 5% m B

Apt+m = P1On+m—1 1+ Pm—10n+1 + Pman (2.4-1)
E#EZ5. ZOMtROMES
S = {(an)n € KN | Vn € Nu Un+m = P10n+m—1 +p2an+mf2 + - +pman}7

BB KN O ETH 2 (M 2.4.1). ZORER —DORD LS.
WL (2.4.1) 2723 m EHOEH b(0),b(1),...,b(m — 1) A5, Ffk

) 1 (n=1)
b(i)n = 2.4.2
Q {O (0<n<m,n#1) ( )
PO—RBICEX S GEIIRE 2.4.1). 2D b(i) EHN S OREICRE L ERES.
I5, WHLROMES S b(i) € S AHES. T3 L S IZBIBZEMED S, (b(0),b(1),....b(m —1)) C S i&
HaEmTH S, KIS DERRTHE 2, 2FD (b(0),b(1),...,b(m—1)) = S ZRLEZWV. FED
= (an)n € SIHLTHI c e KN %

S|
—

m—

c= Z a;b(4)
=0
TEDD L, ZOEL2S ¢ € (b(0),b(1),...,b(m—1)) TH2S. 2O ehbc=ahFZ2DT (FEHIZRM
% 2.4.1), (0(0),b(1),...,b(m —1)) = S HHES
BRI b(0) EAIMNITH 2 2 L 2R, S ORETH L Z LS. Y7 eib(i) =0 e KN, ¢; e K 72
35, %i=0,1,...,m— 1L IZDOWTHLDE i AT LT, =0. Ko THREMITH 3.

RIEDER 241 FRDESICFEVRZI N TERT
fliRE 2.4.7. FPZEMV OTTDHE (v;)ics DEETHZ I &, EEDIT v € V BEIRHM
v=cCvy e, {60} CL g eK(j=1,...,n)

DFT—RITET 5 Z LIZF/E.

52 BAATH] En = (8i5)] =y EFIBDLOHHIDHOTOE T2, Lok DIKHIL TR, BAATHNSESITHIT T3, 1T5IHAL

BEALIERLARNZ 2 IZHERLTREW.,
*53 Rk | , Bl 1.4.5] LELEHES DTHEELTREW.
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SEER. B BHEER S, (EED v e V IZBAREDIT v; € B OBHET v =c1v1 + - + cpvn (¢; € K) & F
F5. MoFRe = ol +--+ v, (€K, v € B) Bboktdd,

{vi, .., on b U{0L, oo, = {w, .. wp )

CHARTEMNIELT o+ + cpon = 25‘:1 a;w;, vy + -+ v, = 22:1 bjw; (a;,b; e K) L EE
B3 $5L0=Y"

=1 ajw; = Zé’:l bjwj »5H Zizl(aj — bj)wj =0r7% D, wj €B i%@r'fﬁﬁ%ﬁj‘liip
Baj=b;, DD v DRROEIH—ETH D 2 LHES. 0

CNDOROFVDPANTEET GFIHIZRE 2.4.2).
8 2.4.8 (| , EF% 1.5.1]). FIBZEH V OTTDRE (vi)icr ITDWT
(v3)ier WRREMIL <= (v;)ier W FH57 250/ span{v; |1 € I} C V DHEE.

FrC[EE

DEALL, V OERORKIZV OERRTH 5.

ERROFERHTT & 512, BE L I3EE DR VERRE S22 F GEIERE 2.4.3).
fHRE 2.4.9. V 2B ZEM, SCV 2V OERRL T 2. 20K, ROFMEHKILT 3.

SV OEEZRT «— SOEBROETTEET CSEV OERZRTIERL.

—DO DB LT, ZOHEEI—ETIEHD FHA.

B 2.4.10. FR27 FOVZER K™ 16 2.4.2 OFEHEREOAhIC
e ="10--0), eh=110---0), ei:=41---11 0---0), ..., e, ==41---11)

P57 BHIE (¢),...,¢l) BB B, EBE ALED v="(v) --- v,) e K" 1Z

v =wvi€y + va(eh —€}) +vs(ez —€3) + -+ vn(e, —€)y)

= (v1 —v2)e] + (va —v3)eh + -+ + (Vp_1 — Vn)eh_1 + Vpeh

E—RIIRRTES.
HEICHET 2 EAEH Y LT, ROFHEEEEHNLET.
EIE 2.4.11 (BEOEETEE. | , B 1.6.4)). EROMEEMIIEEEZRD.

—IRDIRIEZEEN T BRI, BEROBERTRDN S Zorn DFEESNEIZL 5 DT, FBEMN §2.6
THHALET. ZZTRROBRRTHEDIRED FTHREDFEELAHAL T,

E&E 2.4.12. HPEM V ICARBEOTHSHFEL T, EEDILv € V B ZNLOMIBHEE TR I NS, V &
BIRXRIT (finite dimensional) TH 2 L5 5. FALBEMIFARXITCHREEMTH 2 L KT 5.
ARIZTTTIRWE, V IZEERRIT (infinite dimensional) TH % £ E 5.

AIRITTHRIE 220 & ERITTRIE 2B Of 2 —DF 0% T £ 7!
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B 2.4.13. n KICEANZ bLVZER K™ IEERRTTAE 22, R, 6] 2.4.2 OFEHERK (eq,...,e,) & n AD
TP BIR5.

il 2.4.14. —ZEZHAZM Klo] FEXTTHEZEM. EE AREOZEAD» SR 2R (p1,...,pn) D
FETREIRET 2, ZHROXE deg \CHEH LT d = max{degp; | i = 1,...,n} & 2 UX, HIHK
¥t € Kz] 1& p; OIS TEEFIRVOTFET 3.

ST, ARXITTOLGEITEM 2.4.11 ZAFBHL XL £ 5.

T 2.4.15 (HRATOH A OREDIER). BT WERATHILZER V I20WT, 01,... 0;m €V
BRI 72 &, HIRMEDTE Vi1, 00 €V BFIMA S 2 LTV ORI (vy,...,0,) DESNG.

SERR. V YXEBRXITHE DT, BRI ZEAS B = {wy,...,w} CVIBFELTEED v € VI B OO
EREETETS. LV OEEDOILD S = {v1,..., 0} DIEHATEITZRE, SIEV ORETHD,
n=m ¥ LT (TEMIMZ S Lz FEIRTT 5.

ZZT S OMEMAETEIRNV OILHBFET 2 LIRET 2. ZOK, BOTLTH->T S DMEMETEH
FRWHDNREET S, EE, 20X 52 DBFELRTIIUE B DIEEDITIE S OMEFBETE T 20, B
BV OREED2S, HE 1210 XD V OEEDIEH S OMEMETEF 2 IR D FPET 3.

w; € BW S OMIGREATRERVEIRETS. T2 M8 2311 XD S ={v1,...,Um, Vmy1 = w;} 1&
MM, S DHEETHIUX, n=m+ 1 & UTFRIBILT 5. & BEETRIFIUE, L FRKOHRED
B\{w;} 55T S OGBS TEI RV DDBEET 200, ZO—DEHRAT vy & L TiHmziED
B, Eax mEIHICV ORENMEONS. O

% 2.4.16 (BRXTOHBEOREEFEETEE). FZMTIIRVWERXICIIEZER V 12k, BREOILL» 5% %
BEDTFET 5.

SEBA. FTTid VIt v € V \ {0} BE 528, —n&E {v} FRIEHNZ 06, ZAVCEM 2.4.15 2EAT
FXRW. O

BEHEE (BRE: 176 R—2)
RIRE 2.4.1. il 2.4.6 DR E M Z .
fIRE 2.4.2. i 2.4.8 Z7RE.
IR 2.4.3. il 2.4.9 Z/RE.
LUFORIE 2.4.4-2.4.7 13 XEIE § 2.5 ONE, Fricid 2.5.9 25 L RZRLFTWVWTT.
RIRE 2.4.4 ([ ,p 119, B 4% 84, B 1, 1)]). K* OFDEAE W, & Wy %

W1 = {t(l‘l T T3 2134) €K4 | T +I27I372I4 :O, 7I1+2l‘2+$37$4 10}7
Wy = {{(x1 20 23 x4) € K* | 21 + 229 + 203 — 324 = 0, —4x; + 225 — 33 + 224 = 0}

TEDZ. TNHDB K OFHEMTHZ Z 2R, Wi + Wy OREER:—/5 2 X.
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fIRE 2.4.5 (| ,p.119, 55 4 & §4, & 1, 2)]). K* OEREE W, & Wy &

Wi = {t($1 To T3 1’4) S K4 | r1 + x9 + 223 4+ 3x4 = 0, 329 + 323 — 204 = O},
Wa = {{(x1 29 23 x4) € K* | 21 4 229 + 323 + 224 = 0, 1 + 325 + 423 + 224 = 0}

TEDS. TNHD K O THZ 2 Z2RL, Wi + Wy OREEZ 5 2 X.
%8 2.4.6 (] , p119, 55 4 % §4, {2, 1)]). K* ®t a,b,c,d,e, f %
=01-11), 5:=%2101), c=41304), d=41211), e=40323), f=4-3013)
TRED, AR Wi, W % W = (a,b,c), Wa = (d, e, f) TEDS. Wy N Wy DREE M52 X.
BRE 2.4.7 (] , p119, 55 4 % §4, [ 2, 2)]). K* ©t a,b,c,d,e, f %
=10-11), b= 22-12), ¢=41213), d=40021), e=%1222), f:=%2201)

Ti&b J‘K %FEH W1,W2 72 W1 = <a,b, C>7 W2 = <d,6,f> “Ciy)é W1 N WQ @%E’E—%ﬁgii

RIRE 2.4.8 ([ , [ 1.4.2.1]). B 2.1.8 THo 72 IEFATHIDZERM M (n; K) @ K #7244
S(n;K) == {S € M(n;K) | S ZRFMTHI: 1S = S},
A(n;K) == {A € M(n; K) | A ZRAFTH: ‘A = — A},
Un;K) = {U € M(n;K) | U = (uiz)} j=y FL=ATH: i > j RS uy; = 0},
L(n;K) == {T € M(m;K) | L = (Ij)},_, & F=faFT5: i < j 56 1 = 0},
D(n;K) == {D € M(n;K) | D = (dij); ;=1 FNATTH: i # j 25 diy = 0}

DEEEZ —HTOE5Z K.
fIRE 2.4.9. n KITEFRNZ PAVZER C* 2 R _EofEZEM e Bid e,

k ®H k %H
Top1:=0---010---0), @p:=40---0+/-10---0) (k=1,2,...,n)

Do {op | k=1,2,...,2n) DEEICHR 2 L ERE.

25 RT

Z DREIFNIHRE | , 815 XL E T, e h R D EZ TV RO THERELTRIW.

% 2416 THEEOBERITHMIZEMICEZEENFET S22 2R LE LD, BT PLVZER K" O
Bl 2410 TRZ&512, HERFZ—ETIEHD FLA. LErLZOHIOEEDEE GroMEi) SEEREK Y [
Cn ATy, EEEEOMELER V IcowT, REDEEZIEEOWMD HITEDEHA. ZhHV ORT
dimV OEHKTT.

DLECIEHRINHRE M OIOTEHIA L LS, Zoticid & b RN BWRAH D £3. FEUk
MK =R OFE, n KLENRZ ML ORTEFZER R & Tn ZOTOFHARERICEREE ANhzd D) 20D
BATENRERD DD E LIz, 2O Tn KOTOFHRZER ) 2 W5 E50 2 LR OREZEM V i U TRER L7z
DM dimV TF.
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EIR 2.5.1. ARITTHIEZEM V 23 n MO 672 2 B2 RO4% 6, n Ak D2 O 572 2 RO T
BES CV BHEREE. B2V OEREOEEREZE n lDITHh 575D, Z O n 3EEEDHD T2 X 5780,

ZOEMOFIEBREILICLT, Z20REZEICHHLET. R 2.4.16 KW EEDARRITHEEZEM
V £ {0} 3ERMBEOIT &% 2 BREFD £33, EH 251 XDV OOREKE2E 2 THIoOMEBIIFRI LT
T. ZITROEBRDPEKRERH T

E& 2.5.2 (BRRTHREZEDRTT). FZEETERWERXITTHRIZZER V OBKOTTOEK%E V ORTT
(the dimension of V) &WECS, dim V THT. BZEMOXITIE dim{0} =0 L ED 5. £/ K LOfFEZERD
RKILTH 2 Z e BB LI VHEE dimg V 2 R

EH 2.5.1 QA% LT, ROBEEZEAL TBEET.

E&E 2.5.3. HPAEMV OFHEE SITHL, S OFMAIEE M TH o TRO_EKMHZHMTHDE S DMK
RN R & PSR,

(i) M (SHREIRTL.

(i) S DIEEDTLFERMEDIT vy,. .., v, € M DIIUAERTHEES.

—OMPamEERL TEEET.

Rl 2.5.4. MUBZERM V OFREDES S A n HDTTH 5% 2 MAREHILRZROL o, n AL DZ LD
S DITIIRHIEAEIE. K2 S DEBDOMIHIEHILRIE n HDTH 57 5.

SERH. S OILOB K BT 2 IENIE TR Y. k=1 D5E, S OMAREHTIRE S BH ML 57200 T, &
RIFBAZT 2. LR E>12 0L, k—1UROBECERPELVERET 3.

M = {vy,...,v,} & S ORMASEHNIZRE U, L = {wy,...,w;} C S PEMIZRET 3. GEHT %
NEZFI<nTH3.

LCM7%BEI<MENPSFRIRTTS. 22TLg¢MURELT, wi € L\M 255, § = S\ {w;}
LI L Mg S ORMABIENIR. —/C L = L\ {w;} = {wi,...,05,...,w} L, I/ C § Ho
MGG, S" OTTOEEIE k — 1 7206, IWNEDIENHIREIEE S' C V EMARIBHNIR M C 5" &
UCEDHEE L C S ICHATET -1 <n2fEbh3.

n=1-1RELLS. BERNEDIREDLS, M DXDILd L' OFEAEETET 2 Z S . FEIE,
M Cc M % L' OWMEMETE T 2L2RORTEHIELEL L, S” C S & M OFEHETE T 22K
BIHOBREL TS, L't M 3T " OMARFIEMILRTH S, S” OO bk — 1 EH D5,
IFNEDIE X D L' & M' OTTOEREEFELL, FHIc M =M Th 5.

M3 S OMAKSEMAIRIED S, wj € L C S1d M OERETE T 2. Lo M XL = L\{w,}
ORIEFEETHIT 2D T, w; 3 L' OBFEATEIT S 2812k 5. 2T L OB Ee FET 5. ko
Tn#l—-1THH, RLEholn=121Go17. O

ZHTIZEM 2.5.1 ZFEFAL £ 7.

FIE 2.5.1 OB, B = (vy,...,v,) BHRKTCHILZER V ORIEL U, L = (wy,...,w), w; € V S
VP TA5. S =BULICME254AZHEHALTn > 25005, ZATHEFOERENMGONS. BICL D
HER L RET 5 L, ABICHIE 25455 1> ndRES. koTn=1rkD, BEoTENELNS. O
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AIRITTHIEZERM V ORTT2 KD 5121F, ZDER 2.5.2 006, V ORJEZ —D O TZDITOEEZ K
HIUTRWTT. il 213

B 2.5.5. B2 PLZER KM IEH] 2.4.2 OFHERS e1,. .. e, BB 255, dimK" = n.

O FNIEEFE TR E T
B 22 DRICITOWTE O FIRZMNM L ET.

A 2.5.6 (BRRTHREZE OB ZEMISBRRT). ARXITHILZER V OEEOHRIZEM W ITHRX
JTLTH5. K2 dmW e NPEE 523, BIZdimW <dimV ¥725%.

FERR. V WXERXTCE 2 S BREOTTL,A SR 2 EE B 28>, DIF B %2 BRAFMNIE2EAT) AL A
BY. BNW 2258, 2RI B OS5 EE7E02 500 DB T, £72 W OIEEDITIX
BNW OHFEEETET L. (o TBNW XERBEOTL, S22 W ORETHH, W ITHRRXTTH 5.
72 dimV = #B, dimW = £(BNW) DT, BAW C B &) dimW < dim V. O

el 2.5.7. Wy & W ZARIOTAIEZER V OF 2=l e 3 5.

(1) Wy C Wy 72513 dim Wy < dim Wh.

(2) W1 C Wy 22 dim Wy = dim Wy 22 51E Wy = Wa.
SERR. W1 23 Wo OFRESTHIF S EMTHD, Wi C Wy & Wy < Wy XAl Z 2 IciER L TBL.
Wi C Wy 72 51F, Wy OFE B LT Wi NBIE W, OEJE. #(W1NB) < #B 755 dim Wy < dim Ws
TH53. §LHFHEI Wi NB =B, 2%h BC W, ORIB>THILT 2D T, dimW; = dimWs &
Wy =Wy lXEfETH 3. O

BIRKTTHATE 2L D E 5T 22 D KT DWW TETHE ETHl 2 o £ 5.
RBEICHRXITDOEE ORIEZER OM & XTI s 2 A2 ML £ 7.

FIE 2.5.8 (MIZEDORTAR). Wi & Wy 2VERXITHEZEM V OF7ZEMTH 5 I,
dim Wi +dim Wy = dim(W1 + Wg) + dim(W1 N Wg)

SEER. Wi N Wo, Wi, Wo &2 TV OEBDZE/MT, WiNWo C Wiy RU WL NWo C W 12205, i 2.5.7 &
DEY r s, t eNEAWTAmMW I NWe =7, dimWy =r+ s, dim Wy =r 4+t L BT 5. FZEEORITH
dim(Wy +Wa) =r+s+t &k3 22 EREZRWV.

W1 N Wy OFEEE —DH > TZN%E By = {u,...,u,} LEL. EH 2415 XD, BEEELTW; O
HIE By = {ug, .., up,v1, .., 05 ) RCWy OEE By = {uy,...,u, v, ... 0} BESHE. ZhsDE 0
BiUBy ={ug,...,Up,v1,..., 05,01, ..., 0;} DIFAZERE Wy + Wo ORETH 2 Z & ZRBid+7.

FTERRTHZZ2IZO0WT. Wy +Wo DIEEDIT widi#EY % wy € Wy & wy € Wo ZFHHWVT
w=w; +wy EETB. wy & By DREFEE T, we 1& By DIFEFEETET 205, w ik By U By DR
BTET 3.
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TIHHEHAI IS DWW T KRTE R R

T s t
Zaiui + Zbivi + Zcivg =0 (ai,bi,ci cK
=1 i=1 i=1

BhHholer$srr, BIHLT

T s t
ZCLiui + Z bﬂ)? = Z(*Cz)’U;
i=1 i=1

i=1

A Wi @fE“G, Al Wy 0)77:7:7516, M e I Wi NWy DILTHS. By = {Uz | 1= 1,...,7‘} i

WiN Wy QREED S, EIZDOWT b = =b, =0, AARCOWVWT e =...=¢, =00F6N3. Zh
SEILORUICRALTa; = =a, =0. Ko THEBERIZARZS O LR, O

AR 2.5.9. FIEZEM V O " ODERDZER Wy & Wa iIZ2WT, LUF O &3 FE.
(i) W1+ Wy @Jt% Wi DIt Wo OILORE L TR IE—EM.
(i) Wy N W = {0}.
B2V BHERXITZ S, RDOFEMAL SFEMETH 5.
(iii) dim(W; + Wy) = dim W + dim Ws.

SR, (i) = (ii): w € (Wh N Wa)\ {0} BTREFAUL, BIEA 0 = 04+ 0 = w+ (—w) D3hD THE 5.
(11) = (1) we Wy + Wy @D I

! / / /
w=w; +wy =w; +wy, wi,w; € Wi, wy,wy € Wo

RSN, BIHLT

/
wlfw'lzwgwa

Y7205, FE Wy OTECHEIE Wa OTEEH S, TEIL & Wy N\ Ws OTETHS. £oT W, NWs = {0}
2 51F (wy,ws) = (w),wh) TH 5.
(ii) < (iil) ZRZEMOIGEAR (FH 2.5.8) 7 SIS . 0

BEEME (BE 1718 R—Y)
RIRE 2.5.1. m 17 n FIOITHIZER M (m,n; K) ORTTE KD &.

fi&E 2.5.2 (TEERIZSEAZHOEE, | , [ 1.5.5). BlEHEK=QRC¥t¥3)neNrL,
K(z]<n, C Klz] & n KA T OZIHALAED 72 3557220 (& 2.1.6) 55, ke NITHLT

(@) =2t =z@-1(z—-2)...(x—k+1)
YED, x ZEL T 5Tk RER (falling k-factorial) L FER™ HL (2)o =1 LMHT 2. O,
((a:)k)Z:O = (Lm,x(m —1),..z(x—=1)---(z—n+ 1))

5 Klz)<, ORETH 2 2 & BRY.

*54 InDC (z)p 1 Pochhammer 35 & MUEATWE L7225, Knuth 23
D.E. Knuth, Two Notes on Notation, Amer. Math. Monthly, 99 (1992), no. 5, 403-422; arXiv:math/9205211
THM L TLUOR, N WEAIICZD £ L. i85 28 b Knuth ZBA L3 DT, i o3* r#EWzb LET.
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FRE 2.5.3. [ 2.4.8 T o 72 IEA1THIDZER- M (n; K) @ K #5322 S(n; K), A(n; K), U(n; K), L(n; K),
D(n;K) oXjt%k zh ek &.

fIRE 2.5.4. GRXITHIEZER V OERTZE/ Wi, Wa, ..., Wi I LT
dim(Wy + Wa + -+ -+ Wy) < dim Wy + dim Wa + - - - + dim Wy,
DAL T 5 Z & BRE.

8 2.5.5. R L & R FEHUERE O 7% 2R O (R) 2w (i@ 1.3.6). ne Nt L, 2n+1
TEDERE 1, coskx, sinkx (k=1,...,n) HES C°(R) DM E V, 2FHEL. K ERE.

dimg V,, = 2n + 1.

RI%E 2.5.6 (] , p-120, 55 4 % §4, B 4, 1)]). =XKEFITHIOZ%ERM M(3;K) 252 5. a,b,c € K&
HWIER2bD2 LT, MAITH A e M(3;K) %

o)

Va={X e M(3;K) | AX = XA}

TED . M(3:K) O

&
i
op

M ZEMTH 2 Z e 2R L, dimg Va4 2K XK.

PISE 2.5.7 (| ,p.120, 55 4 % §4, B 4, 2)]). AIORIE 2.5.6 12BWT, KT8] A ORb DI

) ) e ) ()

(HU a,b € K, a #b) EWM->7HAETD, Fi=0,...,3 TOVWTHIES
Vi={X € M(3;K) | ;X = XA;}
2 M(3;K) OEHZERITH 2 2t BRL, dimg V; 2R &.
I 2.5.8 ([ , TR 1.6.1]). ZIEAZEM Klz] OETHRE
W= {P € K[z] | P DFHXIEIZELTOTHY, »>2 P(1) =0}
PR TH B e 2R, ZOHEKEEZ —#HEZ X.

RIRE 2.5.9 ([ , B 1.5.3]). F, 208 ¢ OARIKE T 5. Fy LD n XIEAR2 PLVZERM F7 ORTT
dimp, F, 23Kk .

& 2.5.10. ne Nt §%. C" & R _LOfyB2EM & Bk LREDXIT dimg C* 23R X.
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26 RE SRXTOHEOEEEFTEE

Z OBIEITIE, HRE | L §1.6] IKEWTH 3, BIEKTLH L IR & RV EE OB HE 2 350
v (EE2411) OFHEBALET. EFROFEERLET

EE 2.6.1. X 2 SEEGLL, SOEREDITIE X OEHTESTTL T 5.
(1) 7t A € S IIROEMEZT-THE, S OBAIT L FEIENS: (FED Be SicxfL, ACBXEOIEB=A.
(2) T % S OWHEELF5. (EEO T A, B TI2oWT AC B E713 BC A BHTT 50, T 136
ZRARICBI L TRIEFES (totally ordered set) 72& 5.

NI 2.6.2 (Zorn DFHRE, | ,p35]). X & SEHEELL, SOEEDITIE X OFnEELrT5. &

I SIERDOEM (Z) ®ifilzTdOLT 5.

(Z2) S ODZETRHRWHZESG T PAEERICELLIEFESZL T2, BESTHo T EED AcTITHL
TACBERDZDIDOPEFET 5.

ZORE, EEDIL A SITHL, S DMAIL BTH->TAC B R THONFET 5.

AU THRE) L BT SRTVE T, ERICZEERONED —DTT P,
FH 2411 ZRT O, FFROFRERLET. FHIC Zorn OWE (AF 2.6.2) 2V F$45, 20
g | 167 B CERE .

EE 2.6.3 (| , EM1.6.7)). V RRIEZEBE L, (2:)icr 2V DERRE T 2. J & [ OWMAPEET
HoT (z))jes M—XMALRbDETE. ZORJ 280 I OFBHEE H THo>T (vh)ney 3V DHEJEIZ
RB2HDNFET S.

TREEDEFEFEEM 24.11 ZRLET.

EIE 2.4.11 OFEA. FE 244 XD V A {0} bRELTIWV. V OERRE LTHRFEAZ V BHEE T2
(V)pey HBEND. FATELIDBEILO L BERBTC vy € V \ {0} BIFET 328, TN S 525 —HES
{vo} BV DEREETH > T—IKMITH3. Lo TEH263% 1=V ¥ J={v} THALT, V OH
EBEoN5. O

EH 263 25 WA 2 EROFRPEONET.

% 2.6.4 (BEQER). V 2 UM, W 2 V OUWAEME L, (v))jes 2 W ORELX T2, ZORKV Ok
JE (Ui)iel THoTJCIZHbDNPEFET 5.

RIIERIITCDOIGE S EURIEEBORTOTHREEZEZL £ 5. ARXICOSBEDRITDES 2.5.2 13,
RIEZ R I TOMBHIEEOWD HIck bW b (EH 2.5.1) IKESWTWE L —KoGE DT,
FIROFRERNIDLEDRHD FT.

FHE 2.6.5 (| R 165). V ESIEME T 5. (1:)ier & (y;)jes BV ORI 61, RUE T — J
BT 5.

55 FL QIIEEAROYEE, BIZIT | ,§7.3] EBEBLTTXW.
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AEERREI LI LT, —ROGEDIIFEMOX T2 ERL £, FEOREOME 2 HVET.

E&E 2.6.6. P2/ VIZOWT, (2)icr 2V OREEL T 2. ZOK I OREZ V ORIT (dimension) &
MR dim V& #F <. REUA K 25 L 72 WG K EDORTTEFEA T dimg V' & #FL<.

EH 2.6.50 X DR ORITIIEEDID FI2 & 520D T well-defined TF .

EE 2.6.7. KILHVERTH 2 M2 = BRRITIFAZZEM (a finite dimensional linear space), % 5 TR\
HiTE 22 % SEBR R TCARAZZEM (an infinite dimensional linear space) & FES.

5l 2.6.8. KZ{hr 52, BRZ MAZEMK EK EnX0T, 2%
dimg K™ = n
b, FRCABRIOT. ZIENZEH Klz] R HRRERE O 220 K[z] 13HERXT.
TIXEM 2.6.5 DFEAZ MO 3. FTAHMRITOBELZHmLET. MLz —OHELFT.

8 2.6.9 ([ , i 1.5.5]). V 2K K LofBZEMe L, W 2 V OffnEME 5. Z0k, —IT
z,y € VI LT NO 5 FE.

(i) z ¢ WhDzxeW+Ky.

(i) y ¢ WDy e W+ Ku.

FERH. BB | | DEFFHE REINCE LTS, XE2P LEZTHALES.

()= (i) z2eW+Ky D, weW tacK»PFELToe=w+az. 2 ¢ WEDPSLa#0THDH, K
BHRED»S a L e KDPFEL T y=a (v —2) e W+Ke &2, Fh,yceWhboseW+Ky=W
EROTRELFIETHDTy¢ W TH5.

(ii) = (i): LOFER Tz & y ZEBETIUIR . O

EIE 2.6.5 DA, £, | ,EM154]. T JBHICAREEDHEZRT. L5 2ZEAT, AR
EDTCDME (4)i2) & (y;)f=y DTV ORELRSEm=nTH2B I L ZRT.
F3f:{l,....m} = {l,....,n} BERTS. V, = (11,...,7;) CV LED S Z & THRZEHDF|

O:VOCVi:<$1>C"’CV%:<$1,...,I’¢>C"'Cvm:<l‘1,...,1}m>:v
MEOND. RIS W, = (y1,...,y;) LEDD. TrL&Ki=1,..., mITHL, Gz
Viii=Via+WoCcViqa+WiC---CViaa+W;C---CVi1 + W, =V

Meonsd. @ 2312 kD 2, ¢ Viy=Vig+Wo. =T €V=Vi1+W, 0o, z,eVii1+ W,
YRBENDj=1,... nBEEE. 20k fi) LB IWTER f HEE o7

RIS, (zi)y & (y)e, OREEANBEZ CHMT 5 28T, Gifg: {1,...,n} —» {1,...,m} DEZ
5. HF frglPHOVRHERTHZ I ERBIELN. 22T f(i) =7 TH3 I LIEHE 2.6.9 OFMF
i) TW=Via+W,_,e=2,,y=y; ELZEDHDTHD, g(j) =1 TH 5 Z LI3ME 2.6.9 DM (i) T
FUEEAELEDDTHL. EoT fli)=j < g(j)=1i, DD f & g BHEWICHESTH 3. O

*56 i 243 | , §7.2] EBBL TR,
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IERRITE DS DFEHHICIE, XROBERLXE (axiom of choice) 2SN ETT. FITHERAHEIX Zorn OFfE (1
H26.2) FEETTO.

PN 2.6.10 GERRIE). TEOLH f X YV IIRHL, B4l g: Y - X THo>T fog=idy ZiiizTdD
WIEET 5. HL idy: Y — YV IZEEEG.

KR 2.6.11. fif)5, BEFEEHR (EH 2.4.11) & A K LOEEOMIBZER V Iicx LT, H2HEE I 7
fELTV & K/ = Map(I,K) (i 1.3.2 2) QA TH2) WS e 2ERLTVET.

B EOMEE WO MEZEROMRO—Bt23d 2 Z e ZFE 1.2.4 T F Lz, — OB RICOWVWTH
REHILE RMBETHY, Zhr bk RINEE R BEHTEET. ZOBELTWEAE RINEOZ L 2BEH
& RINE# (free left R-module) M-85

D% b, BEFEEHE A LOEED (F) MBEEEETH 2 5wz ohgd.

STFL [ , §7.3] EBBL TR,
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3 REBEZROITHIRT (04/25)

SEONFIZERED | ,§82.1-23) 1SRN LEF. BIEHE, SR VIRDEBZEM L W o 2 S K
rLobDEEZET.
3.1 SHEEGRLACERR

M EROBERIE §1.4 TRRCEALE L, BEEO-OEEZHIBL 7.

EE (EHR 1.4.1). MEEBV 20 W ADEHR f:V - W TH-> T4
(i) EED v, e VIZHLT flv+2') = f(v) + f(v')
(ii) FED ce Kt v e VIZNLT f(ew) = cf(v)
ZilT 0%V HS W AOBREEGRE 7213 () ZRE TR EERV - W 20z dHEE

Homg (V,W) = {f: V — W | #EE% }.
LETS, K ETEZ TN Z LA S5 2EAE Hom(V, W) = Homg(V, W) & Wsii5 3.

Bl o2 FEBELET. I 1.4.2 TRRRMLEERL LT, m 1T nYOITH A € M(m,n; K) I3 L
R VR OB DR AEEB 1, ZHIL £ L.

la: K" — K™, v+ Av. (3.1.1)
¥ R XTTARIE ZE OB OB & LT, il 1.4.6 THOTERZZHBALE L.
n k n
D= Zak%: C®(I,R) — C™(L,R), f(z)+— > arf® (). (3.1.2)
k=0 k=0

ZZTCO®(LR) FFMAXM I C R EOWE S RELRBEHRBOZEMTH Y, £z a0, e R TY.
BWEBEBRYV W THoTV =W TH23dDEZHNOLRIHBODVTVET.

£ 3.1.1 (BCEFE, | , p-39)). KIEZEMV 2087 HANO KEEHRYV -V 2V OKA
C#RE (K-endomorphism) %7213 ICB2ERE (endomorphism) FER. V O HOAHERB2AD L FTHE

BERDFRICE Y.
Endg(V) :== Homg(V, V) ={f: V = V | #¥EE& }.

K £ bDTH % HAH S 72351E End(V) 2 <.

BIZIE (3.1.1) Tm=nDHE, DFD n RIEFITH A2 SEE S EHEGR 4 3K OHCHERETT.
F7- (3.1.2) OMSERAZEIX C~(I,R) ® HCHERMTT.
Bl 1.4.5 DFEH0: V -V b End(V) OILTTAH, V # {0} %5 Endg (V) WKIIRDOTTHD D 5.

ffl 3.1.2. V OEEER
id=idy: V—V, vr—w

*58 UEFRI D PZE homomorphism DR 3 KFBHKTT.
*59 B O HEFA D ¥EEE endomorphism D&M 3 XFHKTT.
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BHIEES, 2FD id € End(V) TH 2. FEBE, EED 0,0 e V RU ce KIZMLTid(v+v) =v+v =
id(v) +id(v") R id(c.v) = cv = c.id(v) DIILT 5.

ML EG e FEDBGRE — DA E T, CHRBBRTEAES Zeickb x5 (EH 3.3.9 ®ad 3.4.1 5).

i 3.1.3 (| , MR 2.1.3]). V,W BEUEERME L, V ZARRITE LTS, o, 0, € VAV
DOREZBL, n lADIC wy,...,w, EW BEZ LN TE. O, BBER f:V - W THo> TILED
i=1,...,nINLT f(’Ul) =w; 725 DDDPME—FET .

FEER. E3HEET DL ERT. v,...,0, BV OREZDIS FEDve VIR LT eK (i=1,...,n)
M—BIHFELTCo=)" v tE IS Z2ZTERLN wi= (w)o WAL, B f,: VW %

v) = zn:ciwi eWw (3.1.3)

THDS. AL fo(vr) = wy BTT 20, B1F fo SEIVERT B 5 Fo Tt ZEEIEATES .
(i) v,v" € V ZHERICHS. v1,...,0, BV OEEEDPS, ¢;,¢, e K (i =1,...,n) P—BREELT
v="> 1" v ROV =30 oy BALT . SO v+ =30 (¢ + ¢)v; £ FIFSDT,

fw(’U—FU,):Z Cz"'c Zczwz+zcwz— +f'w( )
=1

TR =ZFHOEFERND f, 0ERE, “HFBHOFERII W ORMOREEE W,
(ii) EE‘E'\O) veViceKEMS. v=> 1" cv, £ —EICHEIT, Lok AR

cv) = chiwi = CZ ciw; = ¢.fo (V) = (cfw)(v).
i=1 i=1

R—BWZRT. f2 f(v) =w, ZWTTHREGRTOHNE f = f, POLT 2 e Z2nBdRV. 2R
WIEEED v e VIZXLT f(v) = fiu(v) ER2ZeZTRBERV. ¢, e K(i=1,...,n) —EIFELT
v=> 1" cu; EEITFEIND, [ OBIEMELD

(Z clvl) = i cif(vi)

i=1

Y75 C, HEDIT fo(v) O (3.1.3) £ —5F 3. O

AR 3.1.4. 1 3.1.3 OBIEER [ %=, WIS v; — w, ZRICHR L TROSNAMEER U LS.

EEEE (BE 179R-D)
RRE 3.1.1. ne N &3 5. I 1.4.6 THIA L7 n BEOERURKMS R

D = Zak P p r—)Zakp(k) ) (akGR)
k=0

LS TER M R O B CHERMTH 3 He R, F2EEO m e NIcowT, D iE m KR0S
K7 Rlz]<,, 0 HOHERBZED 5 2 L 2RE.
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fRE 3.1.2 (Y7 MEAZR). ne Nt L, n RUTOZHAD%EM % Ka]<,, £HFL. he Kt LT, ZIHK
p(x) DER % v+ h TEXHZ 254

T (p(x)) — p(z + 1)
BLIERZER Klz] RO Klr)<, O HOHERBTH 2 HETAE. T, %57 MERE (shift operator) &L,
PSS 3.1.3 (ESERAE). MOME 3.1.2 ¥ FEOTE 2T, h € K ICHLTEE A, 2K THD .
Ap(p(x)) = pla +h) — p(a).
2 K] RO Kla] <, ©EOHERETH 2 A RE. A, 2ESEEE (difference operator) ¥ M50,

RI%E 3.1.4 ([ , A 2.1.10)). V & W ZXILoE LWEIRTRIEZEM e 5. fIEER f: V - W
WZOWT, U NDO=MIEXFEETH 2 Hrne.
() fIEEBIBM. (i) fI3EE. (i) £

M 3.1.5 (ZARBOZEMLEDOS T MEAR). n e N2 35, 2n+ 1 HOFEKE 1, coske, sinkz
(k=1,....,n) 795 C(R) DWHZMV L E L, dimp = 2n+ 1 TH3 (I 2.55). a e K ¥ LT,
FEVIEMFT BT MERE Tu: f(2) = f(x +a) 5V OHCHERBTS 3 Fz 7t

PISE 3.1.6 (| B 2.2.12)). C13ERIBZER A O TRV TH 3 ITHE LT, U FOERERE.
(1) BB C - C, 2 > 7 REGVEETH 255, HEEHEHE TR
(2) ¢ € CIEHLT, c B8 C = C, 2 s ¢z FHEGVEETH Y, poEBVEETLH 2.

fIRE 3.1.7 (ERFLEZROHR. | , B112.2.13]). V,W 2ESFMEZEME L, VW Zxhzhodki
(B 1.3.8) £ 5 5. 72 f: V' — W #5&r 5 5.
(1) £EL LTIV = V' ThECHELT, ROFEERE.
BB fV - W HPEEREESR <« BE [V - W BUTO Sz 7.
(i) FEED v1,v2 € VI LT f(v1 +v2) = f(v1) + f(va).
(i) fFED ce C L ve VIZHLT f(ew) =2f (v).
(2) BAg f: V — W PERBEELZ 01, BBV - W, v fv) DEEREEGTD 2HE2RE.
NEFLEET f: V = W e BWTEREBHEER [ ORZ IR,

% 3.1.8 (| , F8E.2.2.1]). a,...,0, 2 K" OREX L, $7by,...,b, e K* £ 553, ZLT
ABeMmK)% A= (ay - ap), B:=(by --- b,) 2FIRNZ M AZWHRTHELNBEHTTHIE T 5.
(1) ADERITHITD 2 Fxnt.
(2) mfE 3.1.3 XD, BB f K" 5 K* THoTHERED i =1,...,n MNLT fla;) =b; £R2bD
D—RBIFET 3. 2O f K BA T 5548 Iga &t —HT2FERE.

00 BRI | , 12.2.8] TEH Ll LBEHROEDNEAR A BROUTWET. ZO#F — b OENEHE A, OEHED
UIERLC, h=1 LB L HRED AR D T, kS5 ABEZTHTRIW,
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3.2 HMEEROZERM

SIS EOES Hom(V, W) O— IR HE 2 8om@N LET. < ORIEIEMEIE DB WAEITR > T
5, WREKIZEEL < BVTT. BREO | | §4.4] DR BFTCF

R 3.2.1. B BOERISIEEMRTH 2. FHTHEZER U, V,W iIZ2oWT, BARDERK o - T
Hom(V, W) x Hom(U,V) — Hom(U,W), (g,f)—gof
I2& 2 TER o: Hom(V,W) x Hom(U, V) — Hom(U, W) 25E £ 5.

FEBA. f € Hom(U,V) & g € Hom(V,W) OEHENSR go f: U — W PRI EMHRTH 2 FH e Bl L. [IE
Du,u' €U R ece KIZHLT

(go Alut+u)=g(f(utu)) (BB %0 ER]
= g(f(u) + f(u') [f DRIEIE]
=g(f(w) +g(f(u) lg DEIHME]
=(go f)(u)+(go () (BB GO EH]

LR BOTER 1AL (1) BRTT 5. FERC, (i) BUTFO X 5 1M T 5.
(g0 f)lcu) = g(f(cu)) = g(e.f(u) = c.g(f(u) = c.(go f)(u).
0

% 3.2.2. Wl 321 OF% o XEAH. SF D, (LEOBIBZEN V1, Ve, Vi, Vi & 216 0l 08HE5 &
fi € HOIII(V;‘,‘/H_l) (Z = 1,2,3) IZOWT

(fso fa)o fi = fzo(fao f1) € Hom(V, V3).

F 7K ZER V OEEE R idy € Hom(V, V) 1 o B3 28T, Db, (EEORBZER V,W L5
% f € Hom(V, W) IZ2W\WT

foidy = f =idw of € Hom(V,W).
SEBR. BARDBRDFEREN S, BIR V), = Va 2 LT (fsofo)ofi = fzo(fao f1). #ifE 3.2.1 XhHAL D
W EGE 6, 24Uk Hom(Vy, V3) OTLOFERTH 5. %Y AT, BEEEHROERIPLEHRV - W b

LT foidy = f =idwof THD, #i# 3.2.1 XD Hom(V,W) B 2EXTH 3. O
HE 3.2.3 ([ , p-147, REE B9)). FR 3.2.2 1%, MEZEM R 205 OB OMEERDOEEHE

(category) 2723, LW T ZEKL X T

B 3.2.4. I,m,n € Zug E LT, {75l Ac M(l,m;K) ¥ B M(m,n;K) Ik 2EMEER 14: K™ — K
Clg: Kt K™ %E252, TOHEMIaolp: K* — KIIHE 3.2.1 XOEEHETHZ. Kix

laolp =lapB,
DF D EREBIIITIIDIE AB OLEBES R —H T 2. FEE TED v e KM iaxfLT

(laolp)(w) =1a(l(v)) [BEDERK o DIEFE]
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= 14(Bv) = A(Bv) [EHREERDERE]
= (AB)v T8 O DFEEH]
=lap(v) [FEHREERDEHE]

tﬁ@“@, lA 9] lB = lAB T@Z)
MIEEBROEEITE L T, F2EM {0} (EF& 1.2.8) 3Rk 2 LE T,

B8 3.2.5 (| , p-39]). [EEOREZERM V iox LT, Hom(V, {0}) & Hom({0},V) \¥FEEHLR 0 25 7%
2 —HEETHD. OFD,

Hom(V,{0}) = {0: V — {0}}, Hom({0},V)={0: {0} —» V}.

FEEA. RiEic oW TIE, BEMEZ—REEGE»LEHRV - {0} BEEDO v Z 0 IZETHD, DE D EFHRL
PR, BEBIZHIVEGSSH S Hom(V, {0}) = {0}, %3, M 143 XD EED f € Hom({0},V) i&
f(0) =0y Ziifi7Zz3 DT f=0. O

F13 K BB EEEEOREE Home(V, W) & K SRR D £ 5.

R 3.2.6 (| , i 2.1.2]). K#BZERE V 226 W ANOMERBIAD 3 EE Hom(V, W) IZDW\WT,
(1) f,g € Hom(V,W) IZH LT f + g € Hom(V, W) BXTEE 5.
(f +9)(v) = f(v) +g(v). (3.2.1)
(2) ceKe feHom(V,W)IZXLTe.f=cfeHom(V,W)DBRKRTEZ?3.
(c.f)(v) = c.f(v). (3.2.2)

(3) (Homg(V,W),+,0,.) Z K#BEMTHS. 22 THETIIMH 1.4.5 DFEEHRO0: V — W.
FEEA. (1) R (321) TEXZEM/ f+g: V > W PEEEHETHZ2EERT. EF] 1.4.1 OEH (i) &

(f+g)w+v)=flo+v)+glv+0) = (fv)+ f)) + (9(v) + g(v"))
= (f(0) +9) + (f() +9(") = (f + 9)(v) + (f + 9)(v)

EDRNIT 5. (i) XD XS ICHRTT 5.
(f +9)(cv) = flev) + glev) = cf (v) + cg(v) = c(f(v) + g(v)) = e.(f + g)(v).
(2) R (3.2.2) TEEZFMH cf: V - W HEIHEHETH 2 HE2RT. £ 141 0K (1) &
(€)w+v) =cflo+v) =c(f(v) + f() = e.f(v) + e.f(v) = (cf) (V) + ()W)
XOHOIF 5. (i) DRDL ST 5.
(ef)(cv) = c.f(dv) = (¢ .f(v)) = . f(v) = (c.f () = ¢ (cf)(v).

(3) ML DER 1.2.1 DREMFZHEETIUIR . FEHIEME 3.2.1.
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EF 3.2.7. MPZEMV & WITH LT, #EFEREADOES Hom(V, W) IZaE 3.2.6 THIZZEH OMEZ
ANT=b D%V h5 W ADFEFEERDZER (the linear space of linear maps) X IZZERFBYDZER (the linear
space of homomorphisms) & L5,

HE 3.2.8. HE3230KE0OFEET 2L, M 3.2.6 (LME 3.2.3) 13 K #EZEH OB Vecty 2 K &7
(K-linear category) TH2HEZEKRL FT.

EZ 6T EG» oI tIEEREMRT 2 TEZEAEL x5, £7, ¥ 3.2.1 To7—
DOMBEBRDERNDH D 3. 2h eI ZEMICHT 2 ER2EDbE S &, RD X 5 BITELEBRDOWELT
LNET.

W& 3.2.9 (| L p39]). VX W RRIHZER, U CV 280y 35, 7 f € Hom(V,W) £33
(1) 885 1wy: U =V, u— u ldHIEER.
(2) feOEEHR w OB fow: U— W ISREER. ik

f|U ZZfOLU EHOHIK(U,W), f‘U(u) = f(u)
CEX IEEG f OFZEE U ~OHIBR (restriction) £ F 5.

BEEE. (1) EED u,w €U & c e KITXLT, U DBWMAEMTHZ2 2o u+u,cu e U 285DT
wutu)=u+v =) +w) KK wlcuw) = cu = ey (u) BIRLT 5.
(2) i 3.2.1 2 (1) 225 fouw BEERTH .

EEHEE (BE: 181 R—Y)
=8 3.2.1. @i 3.2.6 (3) &2t

FIRE 3.2.2. 175 A € M(m,n; K) OEBEER (4 13 Hom(K", K™) OITLTH 5. EoT, Mt A — la 2

YCAES
©: M(m,n;K) — Hom(K",K™), Ar—ly

WEED. ZOD p FREEGSEIED, 28N IEPZMUE XK.
I8 3.2.3. U,V,W LM 5. EEHBOERES
Hom(V, W) x Hom(U,V) — Hom(U,W), (g,f)—>gof

WZOWT, N FiRZRE.
(1) g e Hom(V,W) Z—2OWM->TREIEFT 2L, g L ODBKNTEE 254

Hom(U,V) — Hom(U,W), fr—gof

BIEERTH S,
(2) feHom(U,V) Z—2WMoTREET S L, f L ODAKTEE 251§

Hom(V, W) — Hom(U,W), g+—gof

3P EBRTH 5.
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fiE 3.2.4. V 2 W 2R 3 5. EE
ev: V x Hom(V,W) — W, (v, f) — f(v)

WOV, ev(v,—): Hom(V,W) = W & ev(—, f): V = W P IHEEGLRTH 2FL2R~E. 205K ev
ZEHMEER (evaluation map) & FEIROL,

RRE 3.2.5. f] 1.4.6 [ 3.1.1 T n O EBREM S EHE
n k n
kz_;]akjkk € Homg(R[z], R[z]), p(z)+— I;Jakp(k)(m) (ar € R)
2 Rlz] DECHERT, 2% D Endg(R[z]) DTTEED 2 EE2R -7z FE ap € REZEZXEDL L TEHELNZES

£y

> g
k=0

MR ZEMTH 2 Z e 2R,

ar €R (k= 0,...,n)} C Endg(R[z])

78 3.2.6 ([ ,[B3.12.11]). V & W RiEZEME L, f,g € Hom(V,W) £ 3 5.
U={veV|flv)=9@)} X:={weW|[Iv,veV, w=[f(v1)=g(v2)}

LB URV OEDZERMTHD, £ X 13 W OEIZEMTH 2 H2R"E.

33 #RERE

EFR 147 TRMBHROMEZEAL £ LD, ZORIEITRDTHIL 5.
KEWMTIE, “ODRE S ¥ T ORICEHEY (RWLAERER) -V - W BH 2558,V £ W 2FH—
W2 eNTEX L. WBEMOBED TR oEs5208A3 25 () BRTY.

E& 3.3.1 (| , EF2.1.5). Ve W R KEPERLT.

(1) FHRAEER [V - W 2 KIEFEERMOBERER (isomorphism of K-linear spaces), K #EFRIAY
5% (K-linear isomorphism), %7213 HICABEBRD 2 W IIFE (isomorphism) & FER™ 2. f HIEAEY
BERTHHI WALV VS W eEL.

(2) V2oHSHENORRERYV SV oz V oBEHEE (automorphism) & FER.

RIS FE TR TELHEELROPTTRMEEGRTH 2 OPBELHDET. D HZT I I TIRMHRAG
BZORIEITRT.

Bl 3.3.2. M2 V OEEERdy: V - V ZAEHK. EE, #] 3.1.2 £ D idy I3PEERT, $28
57272 & R,

61 MIBEIRICIR &3, (FROBIRIIH LT HHIESRE CHT 2 ENTEE Y. EiEIChN2 v, 845 S, T 1T LT Map(S,T) =
{f:S—=T} LT, Bfev: S x Map(S,T) = T, (s, f) = f(s) ZFHAEMHL MO ET. URTTH, ZOHED ev IZFY
BEHRTEHD EHA.

*62 HRlE [ | T TR e FEVTWET.
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AR HEGBRIFHEROHITT D, FAGEHRIIEFTHRZ LIIRD FEA. LN THEHEGER TRV ES
Hfe —oFITET.

Bl 3.33. mne N, m<ne3s fHl224 THEALLZERY FVZER K O ZDDHERD2EH W, =
{{v1...,0 0 - 0) v, e K} & W ={H0 -+ 0 vp—yps1 - - ) | v; € K} ZROVHT. B
W — W, v 00 0+ 0) 50 -+~ 0wy -+ vpy)
D R 2 S REIEE. ZAUEm > 100 —m > 174 S ESEETIEA . (MRS 3.3.1.)
Bl 3.3.4. ne N LT, n KL FO—ZEHZHADZERM Klz]<,, (& 2.1.6) 226 n+ 1 KT FIL2ER-
K A5
Klzl<n — K™ > fix' v (fo -+ fu)-
i=0

RIS (FE R 3.3.2).
AABROME % on BT £ 7.

8 3.3.5. FAREHICOVTL ROFRIKLT 3.
(1) FRES -V S W OMER f~1 W — V IZRBER.
(2) ZOoDRMEH f: U SV g VSWOERKgo f: U— WIXFARER.

FEER. (1) f EXRHHE2LZOMER 7 SRR TH L. Lo T [T BEEBRTH S Z L 2R
+5r ww € W e ce KEERBIKHS. vi=f"Yw), v = flw) eV 2@, foEk
5 flo+v)=w+w, flew)=cw &RZDT fllw+w)=v+v = fH{w)+ f ) kY
"l ew) = cv = cf~H(w) DERILT 5.
(2) f & gl dITHREER RO THE 321 &) go f bRIEER. £/ f & g ZHICEEHFRDT, go f
i flog T BMIERY LTHRO2EES. Ko Tgo fIZFAAL

O
M 335 2B WHZ S &, ROMEERE TRABF LN KT,
£ 3.3.6 (| ,EF2.1.5). AELV S W BFEET 28, V & W I KRR (K-linear isomorphic)

TH5, H5VIFHIZHER (isomorphic) TH B EEW, ii8 V ~ W TET.

% 3.3.7. AATHZ 22 V= W IIHEEB 2RO FICFEERRR (equivalence relation) #E®H 2. D% D
EROMILZER U, V, W 12N U TRO=ZEMDIRALT 5.
(i) V=V RS
(i) VW RS W =V [KFHE#].
(ili) U=V 2V W RBIXU ~ W [ERH.

SEBA. MR 3.3.5 (1) &b idy PABEHR YV SV 252, (2) KDAEBEH f: V S W BFEETIUIZ DM
EGDFABEMG LW SV ESZ, 2 0) KVABER U SV 2 g: V= W DEETIUEEK
WRABIESR go f: U S W 252 5. O
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i 3.3.8 (REHHIEE < EEZEEICEY, | , fd 2.1.7)). V & W 2 HERIOTEZER” L L,
72 (v1,..,0,) ZV OEEE T2, ZOR, BIBEER f: V — WIZOW TR 5 FE.

(i) fIiXFETELG.

() F(01),. .., f(on) 12 W DIER AT

SRR, w; = f(v) (i=1,...,n) LIEL.

(1) = (ii): w; FEOMERGR Y1 ciw; = 0 (¢; € K) DA, f OMER f~1: W — V OFIEN (F
B335(1)260=3" cif Hw) =31, cv; 272D, v EOBIPHNINED S 1 = =c, =085,
o T w; BIIVMT. EREEDO we WITHL, f~H(w) € Vid v, EOBIERET [~ (w) =D, av;
CFETDH, R OB S w =1 cw; £72B. Ko T w HE W BERT .

(i) = (i): w; EE v FICHE 3.1.3 ZHAL T, g(w;) = v; WAL THREER g: V — K" 23 —EITE
5. 9(f(v) = v EEBD v e Vo =" cu e —RBIZEITIZHEDPS g(f(v) = v HRES. R
flg(w)) =w; OERD w e W IZMLT f(g(w)) =w. £oTgld f OHEHIZZZDT, fIIFAEG
TH3%. U

ZOmEDKR e LT, BRITHREEMIIER Y PLVERe AR TcHZ2 e 2 LEL LS.

EI 3.3.9. V ZXItn ORIEZERE L, B = (v1,...,v,) 2 ZOREY 5. ZOW, Gi%
¢B: K" — V, t(Cl cee Cn) — Z C;U; (331)
=1

EFBES. FRCRORIBIDRALT 5.

V ~ K"
SEER. K™ OfEHERE K ey ...,e, 2D & dp(e;) = v, o T dp X K" OFEREL V OEKEICE T DT,
A 3.3.8 &0 ¢op EAA. BPIIHEOFEEHE (BH 2.4.11 XidK 2.4.16) aiEr» 54065 (FEMIEM
% 3.3.3). O

AR, EM 339 DFBER ¢ 13 p(e;) =v; 8B XWX LD, HORMEHREINS ZHTEXT.
BlziEn>22 LT, v),vh...,0n €V %

r._ r._ f o (s
V] =02, Uy i=vy, U i=uv; (i >3)

TEDD e, BEL LTI {v],...,v} = {v1,..., 0} RDT, B == (v},...,v) 13V OEEICRD 7.
(3.3.1) L RMRICEBREZES &

ép K" —V, Mg -+ cy) —> ch; = cov1 + Ccrvg + chvn
i=1 i=3
YRoT, TRNHRABBHIZEDET. LaL, IRTAENEDH» D LI ¢p # ¢p TT. 2D ¢ DEH
(3.3.1) IFERLLTD {vy,...,v,} OO BRI TIEHL ZDOTDLERFICEKELTVWET.

il 3.3.10 (BRY FILZEEOZERE). =02 FVZER K3 IEEE L LTOHRE {e1,e2,e3} B’H 2
iﬁ‘? %h%%jﬁ&"cﬁ”%ﬂzé Z ZvG\a 6 OO)%E (61762763)7 (61763562)7 LR (63a62761) 7‘7)3\?%6&5 Iﬁ]*ib:7
n JOEMAZ N AVERIOEE Y LTOREE (o1, ..., en} 70 nl ORI SIS,
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ROMENERT 2 X512, BRIITOEE, Z2 OB ZERABRZLE 2 IEXOeE RAUE S D £
#RE 3.3.11 (] , % 2.1.9]). ARIOTHEEBM V & Wi LT
VW < dimV =dimW.

SEBE. n=dimV 2 LT,V 0K vy,...,v, Z—FHES. = B £V 5 W BEET 25, @i 3.3.8
D (i) = (i) &b f(v1),..., fv,) 1Z W OEJE. XoTdimW =n. < EH 339 kb V & Wik
K" ¢ @7z0C, FHOEHRE (R 337 (i) #5 V & W R, 0

RO DOETHESHZ LE Y. £73, ard 3.1.3 I3AMRITTOMIBERICE S 2 TR T L7228, RIZHERX
DL AT O HALT 22 ML ET.

e 3.3.12 (] , A 2.1.3]). V,W BRRIEZERIE U, (v)ier 2V OHEIEL T 5. (w;)ic; & W DITD
Bes2y MHEGE [V > W ThoTEED i € T ITNLT f(v;) = w; 7% bDODME—1F(ET 5.

SERR. [TRTEME] (vi)ier XV OEELEL S, FED v e V IIHLT, HREZFVWTOTHS ¢; e K (1 € 1)
ﬁ’*%ﬂiﬁﬁ:bf v = Zie] CiU;. % :Vcl—f)"‘i rOhTZfE@B% w = (wi)ig L:jﬂ‘bg{% fwi VW %

= cw €W (3.3.2)
el
TEDS. ¢ FERED i € I ZFRNT 02D T, ZORNIERMTH D, #ELIZ W DIT fi,(v) HEE > T
LZZLIEETS. B fo PREBIRTH 3 2 & RIS EHTE 2 2Tk 5.
() {EED v,0 € V 2B, (vi)ics BV OREZEDS, HREZKRNT 0 TH 2 K DTLOMHE (¢i)ies
E(ier M—RIHFELT, v = 3,00 RV = Y, vy BRILT 5. ZOK v+ =
Yicrlci +cvy EARMTEIT DT,

folv+0") = Z(Cl + ci)w; [fu DER]
iel
= Z ciw; + Z ciw; [>icr EHIRM]
i€l i€l
= fuw() + fu(') [fuw DEF].

(i) ERDveV Ece KZMS. v=3 v E~RICETIZDT, cveVdbew=>, ccu &8
kah‘% fw O)i%ﬁi))
= chiwi = CZ ciw; = ¢. [ (V) = (cfw)(v).
il iel
(BN [ f(v) = w; ZHETHEEOMEFRILZL LT, f=fw THSZ L 2mtid L. 2T
BDOveVIIHLT f(v) = fulv) %2 2 2REREEI. ¢ e K (1€ 1) B—RIHFELTo =), civi
CHRMTEIT 2056, f OMJEELD

(Z clvz) = Z cif (v;)

iel iel

L7325 T, HEMZ f,(v) DE (3.3.2) & —3T 3. O

AR, LOFHT BN IIBERE | , i 2.1.3) oy (RZ2HIX) BlodoicLE L.
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e 3.3.12 oA TFD LS R TROB[ONET.

% 3.3.13. V Z#UEZEM, (2,)icr ZV OEEE L, $7ItOBy, €V (i€ l) BGEABATVWE T 2. H
CHERA f:V >V & f(y) =w;, TEDD. ZOLZE

(yi)iel B3V oHEE — f W FEIA.

SEBR. (yi)icr 28V OEEERS, @ 3312 X0 g(y) = 2; LR ZECHERE g: V - V 03FET 2. T2
Y, fE gDEDHED?S fog=go f=idy £R2ZDT fIXA]HA.

W f ARG, ZOWEG L EHVT 2 = f ) EEBFD. TR (y)ier BV BERTZ L
Db, KB,V OEEOIC v iE (v:)icr DIEREATEITT, F a5 d (yi)icr DIWEREETEIT 2056, v
b (2)icr DIIGAEETET 2 (ME 1.2.10). F7z (y3)icr PP TH 5 Z & ¥ 2 (HE 3.3.8). DLk
ED (yi)ies FHIETH 3. O

EEME (BE: 182 R—2)
928 3.3.1. fil 3.3.3 OFEMZHAIE &
IR 3.3.2. fil 3.3.4 OFHEHHE XK.
fI%8 3.3.3. T 3.3.9 OFFHEMTEE X.
fRE 3.3.4. [EATTAI A e M(n; K) OEHMEER |4 € End(K™) 2SFAREBEBRTH 24D A DFEMAERD k.
8 3.3.5. (EEOMEZEM VIS LT, #MEEHR K — V 28072322/ Hom(K, V) 226 V NDE K%
¢: Hom(K, V) — V. fr— f(1)
TEDD. ¢ BEERD 2FH2R~E. T LU TNORBIDIES .
Hom(K,V) ~ V.

RO9%E 3.3.6 (| % 2.1.8]). V & n XOCHIBZER L U, Bya = (e1, ..., en) & K? OFHERK L 32, [
Bp: K" = VIV OEIE ¢(Bgra) = (¢(e1), ..., d(en)) EXIES B 2RDEL: f BV EHHTH 2 FhRE.

[i{o:K' =V [} — {V OHEK }.

%8 3.3.7 (| ,B13.12.5). B f:R2 - C% f((y)) =2+ -1y TED 3.
(1) f BEHIBEMOMORAMBESETH 2HERL, f~1(2) % 2 € C £ ZOEHRILE 7 THYE.
2 v=(5)eR? L A=a+—1be C2ITHLT v = f1(\- f(v)) LEDZ. HLELD - (EHEHEK
At flv) D (BEHEOEKTO) BERT. \v % a,b,z,y TRE.

=8 3.3.8. & 3.3.13 DALHDOREDHR D Z i 2.

3.4 WEEROITIIRT

ARXTAIL ZEZE DR DFEERIE, BIKZ 5 LATHITRT Z A TERT. fit- T, MPEH LWL ER
WOWTOMEE, R A TN OVWTORBICIRE ST 2 Z e A TEET.
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R 3.4.1. f:V = W 2HRITHIZZH OB OMLEBRE T 5. XKL% n = dmV, m = dimW L&
%, BV = (Uj)?zl & BW = (wl)ﬁl rENTETNV W @%Et LT,

gv: K" —V, er—uv; (j=1,...,n),
gw K" — W, e+—w; (i=1,...,m) (3.4.1)

% ZNENEIK By, By DED 3FAMEHR Y T 5 (M 3.3.9). K gw KIHEE gy HH 2 FICHERT
5. ZOR, 75 A e M(m,n;K) TH->TEK

g;[,lofogvz K" — K™
D ARGEB 4: v Av (il 1.4.2) L =T 2D DB —EITHFET 5.

BEFR. &% j = 1,...,n KL f(v;) € W & B TEHMLT f(v;) = wialj + - + Wnamj L, a; =
t(alj Clmj) c K™ ti@ét f(?]j) Zgw(aj). LoT

*

(g o fogv)e;) = gw (f(v))) = g (9w (a;)) = aj;.

{HU + Tl gy OFEH (3.4.1) BV, 22 THIRY ML a; ERGATTE 34751

ail a2 A1n
a1 Aa22 a2n
A= (a1 as an) = .
Aml  Am2 Amn
’E%K’.Z)ZAej:aj ZEZ).?JTEOVCZA:g;VIOfogV. O
EF 3.4.2 (| , BF% 2.3.1]). @il 3.4.1 D175 A #BIK By, By ICET3EHER f: V — W D175

T (matrix presentation) %% YIER. V =W OBAE, 00 f AV 0o HEHRAOEEE, K By, By
BT % f OITHIFRRE HICEIR By ICBT % f OITFIRR CIES.

SEE 3.4.3 (cf [ .57, R 33]). @ 3.4.1 OAMA B K DI, f DITHIET A = (ai;)i, 13

floj) =" wiai;
=1

ZwilzUET. ZAUIRD X 5 KR TENTTHIOBEORANIZES L HZ 2T WVWTT.

aip a2 - Qip
a1 Qg - G2p
(fo1) flo2) -+ flon)) = (w1 ws -+ wp)
Aml Am2 °  Gmn
BBLTRDESICEVNTHAZDBRWVWTL & 5.
flon v vn) = (w1 wy W) A

*63 REUTHIL MRt DD 7.
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Bl 3.4.4 (£ A BEGROEEREICETZ1TIRTIF A BE, | , B112.3.2]). 1751 A € M(m,n;K)
KR LUTEARZ MVEBOBOKE A GEHR 14 KP — K DEE 3 (il 1.4.2). K* & K™ OFZEH#EEKIC
BIF % lx OFFIERRERD LS. RKilomic K® OF¥EEL B = (ef,...,el), K™ OFgEKL
B = (e, ....el) tEL L,

m

j &H m
lA(e;’):At(OO 1 0~~~0):t(a1j a2j '~amj):Ze;"aij
i=1

L2056, ATHIERRIZ (a5)i,; =AZDBDTH 5.

FE 3.4.5 (| , P58, Rk 35)). AD f ORBUTHITH % 72DD5M 14 = gy o fogy &
gwola=fogy

LAMETY. BREDKME, BIX (diagram)

K”» la K™

w| o

VTW

HIEMHE (commutative) TH 5, LHBFVET.

AR 3.4.6. Nl 341 BXROERZBERL X9 (v;)), & (w)t) ZZENERYV & W OREL T5. (K
DITHN A = (aij)ij; € M(m,n; K) XL, f(v;) = D, wiai; 27 THIEER [V — W B—RIHFTE

$5. LT f D (v)fy, (w2, BT 2ITHIERIZATHS.

I 341 DI L LT, Bn2 MAEBOBOBILES Kr — K™ 229% T $%228 Hom (K", K™) i3
ROBICTBTEET.

& 3.4.7 (cf. | , i 2.1.2.2). m & n ZEBEE TS, 75 A € M(m,n;K) KEHBRER
la: K® — K™ 2316 X 4 % 5%

w: M(m,n;K) — Hom(K",K™), ¢(A) =14

BFRBEBRTH 2. KIS, EH 3.3.9 L bt 5 &, HRIGTHIEZEH OB OERE DML ERIZ, £ DITHIRR
KX EHRGRARES.

SERA. f5] 1.4.2 & b EMEEM 14 3B EE, 2% D (4 € Hom(K", K™) DT, fEPICHIG A — 14 Y5
% M(m,n; K) — Hom(K",K™) %#E® 2 HICHFEET 3.
MEEBRTH2EHERTICE, TED A, Be M(m,n;K) £ ce Kz LT,

laxp=la+lp, lea=cla

TH2HEZRERIRV. AiEE, FED v e KM IZH U T layp(v) = (A+ B)v = Av+ Buv = 14(v) + 5 (v)
YRBEDPOWILT S, BEIX la(v) = (cA)v = c(Av) = (cla)(v) EDFRILT 5.

B IZEHHTH 5 HERHIZEV. #ES Hom(K®, K™) — M(m,n; K) ZHRT 3412, (TEOBKE
& f € Hom(K",K™) #H%. §2 @il 341 %V =K*, W =K", By & By BZhZHhOEHEREKIC
BT B, f=14a 272 Ac M(m,n;K) B—RICEES. D%, WK A s 14 DEHIPOHHTH 2H
BAHS. O
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& 3.4.8 (| , p-b8 &), U, V,W 2 HRIITAFZEM & L, By, Bv,Bw 22N oDHEEL 3 5.
(1) By,Bw KBS 28EFLR f: V - W DITHIERTRD A, [V - W DITHIRRN A’ 26, f+ [ D
fTHIFRRIZ A+ A $/2c € F 2 LT, of DITFIRRIE cA.
(2) MG f/: U -V @ By, By KT 2175IFR~% A, f: V - W @ By, By IZBF 21751E£ R %
Ar 33, ZOWK, A fof': U— W @ By, By (BT 2{T5IFRIIITHI O AA'.
(3) EZEEHidy: V — V O By KBS 2115R R HATTH E.
(4) BCMERAE f: V -V @ By KT 2175IF "% A5

fIRECRM — AZIERITH (A54T51).

SERR. (1) By = (v1,--+,0m), Bw = (w1,...,w), A = (ai;)ij, A = (aj;)ij €T 2L, md 3.4.1 OFF
Wi & f(v;) = S wiai, F(v;) = X wialy. XoT (f+ 1)) = Sy wilay; + al;) BT,
HOME 341 25 f+ [ OITFIRIRG (ay; + )iy = A+ A £ (ef)(0i) = Xi_y wilcay;) &
DT, cf DITFNIFRIZ (ca;j)i; = cA.

(2) dimU =n L EVWTHER 345 D5V EMHS v RED H KR

l l
Kr —25 Km A K

o e

U Vg W

DEMDIESE e HRIOIEAES Zhennft. 32 LIMIOEAE DL D2 ¥ lqolay =laa
EEHET, BOER 345 25 2, fo f ODITHIFRRH AA THIEDI DD 5.

(3) idy (v) = v; = 321" vibi; & DATHIFORIE (6;,5)1—, = E.

(4) #IEEG [ DRAITHIUR, WE f1 BBEEB/RT fof1=flof=idy. f1 DBy KHT3
fTAIERRE A 328, (2) 8 (3) &b AA = AA=E. Xo>T AR,
W2 ADPERREEIRET 2, ADWITH A BBH->T AA™ = A7'A = E. EE 346 &b,
A AT B3t 2 HOMERBIDEE T 20, B2 S A f 25, £72 (3) &b B iiXidy
WET2. T2, AL 2 HOHERRE g b BTE fg=g9f =idy. &> T fIIMHREE
B, OFEHFEETH 2.

O

EEME (RE: 183 k=)

F95E 3.4.1 (| C2.3.2.1)). 4791 A € M(m,n;K) IS L, £ A 55 14: K* — K™, v Av OFF
HERLRIC BT BITHIZRA A IS B HE TR,

RE 3.4.2 (] ,12.3.2.2]). 21,20 BEEL T 5 2 KTOBH2EM V = Koy + Kag 252 5. V OH
CHER f € End(V) A3
f(x1) = azxy +bra,  f(x2) = cxy + dry

Zi7z S, f Dz, 20 ITHT 21TFIRTRZ KD K.
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RI%E 3.4.3 (| ,p 121, 554 % §5, 4.5.3 ). A= (2%) € M(2K) ZIEAIfFFI 2 LT, XDEH/R%E
EZ25.
Ta: M(2;K) — M(2;K), X+ AXA™L

(1) Ta PRI EMRTDH 2 HRRE.
(2) Eij ZATHVHALE 55 & Erp, Eor, E12, Ea2 13 M(2;K) OEJETH 25 (] 2.4.5). T DHEIKICBIT 2 Ty
DITHNER R KD K.

RI%E 3.4.4 (| ,p126, 45, BIE 1), Vi={X € M(2K) | tr X =0} ¥ 5. §ioofiE 3.4.3
LB, ERNTH A= (20) POEE 5 E Th: X — AXA 25 R 5.

(1) V PR TH2HE, RO Ty DV OHCHEREEZED 2 FHERE.

(2) E;; BATHIHMLE T 5. B = (Eig, By — Eyy, Eyy) 78V ORETH 5 574

(3) HE B I2BIF 2 Ta € End(V) OFFIZETE KD k.

PREE 3.4.5 (| B 2.3.1)). W% 2 KIEAFTHIO%E M(2;C) OHIEE V 2R TED 5.
V={XeM2C)|3ceC, X(§)=(§}

(1) V %5 M(2;C) O¥HZERTH 3 Frrit.

(2) Eyj € M(2;C) R{F5IAI L LT, By, Erg, oy 5V OREETH 3 HE R,

(3) A= (23),B=( 1) vBE, X e VIZHLT f(X) = AXB ¥ 5% f c End(V) M EZ 5F%
R

(4) BITED f € End(V) @, B Eyy, Ero, By CBIF 2179130 % KD X

fE 3.4.6 ([ , [3.12.9]). 1751 A € M(m,n;K) OFEMREFHRICE o TERY PLICEZHRT b
vEK DGR Ky tEL. 2FD Ky ={weK" | Av=0}. 7z p: K - K" 28E5H%e L, K &
K" 2 2N OEHERKICEET 2 o DITHIERRE Be M(n,;K) 2 EHL . ROFERXPBILT 2 HETRE.

w_l(KA) ={ue K! | ABu = 0}.

R 3.4.7 (] , 1 4.6.6]). R 3.4.7 OFEBEHRE ©: M(m,n; K) = Hom(K?, K™) ¥ EL. £/,
Bl 2.4.5 DITHNENL E;; € M(m,n; K) LT fi; = @(E;;) £EL.

(1) fi; i=1,...,m,j=1,...,n) » Hom(K",K™) OEJEZ 2§ HFLrt.

(2) K™ OIFHERIE e1,.. ., e, IZDWT, fij(ex) ZKD XK.

%8 3.4.8 (| , B12.3.3, @iE]). V & W B HRITREZERE L, V CV e W C W 2852k e
T%. By = (v1,...,0,) 2V ORIE, By = (wy,...,wn) % W OEETH->T, By = (v1,...,v), [ <n
BV DEIE, By = (wr, ..., wp) B W OREICHE->TWBbDOL T2, 72 f: V = W REHE&RY L,
BJK By, Bw BT 3 f off¥lFERRE7m Yy 7517 LT

A= (ﬁ; ﬁ) € M(m, n;K),

A€ M(k, LK), A € M(k,n— LK), Ay € M(m — k,1:K), A1z € M(m — k,n — LK)

35, ZOK, LROFEEZRE.
(1) f(V/) CW' < Ay =0.
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(2) F(V') C W' OB, IR f|,, : V! — W’ OKIE By, By ICBIF 3{THIZRIE Ay TH 5.

I8 3.4.9 (| , p-60, Bl 2.3.4 &), V,W 2 HBRXITTERBZEME L, [V - W 2ERRTER
&35 VW R V,W o (M8 1.38) 32k, f[: V - W IHFEWEESRTHZ (MFE3.1.7). V
DEEE v,...,v, & W OHEE wy,...,w, KHATZ f DITFIRRE A€ M(m,n;C) 2558, V' OHE
V1, W DEE wy, . we KBTS f OITHIRRIZ, A 2R3 2 L ICHBEIRER > TH LN ST
|l Ae M(m,n;C) ThrHEERE.

FSSE 3.4.10 (| B 2.3.4). c€C LT, (k) 5% 1.: C—ChEZ 5. CrEMBEML An
T, 1,i= /T3 CORETHS. ZOREKICHT 3 [, OFIETERD k.

RIEE 3.4.11 ([ 12, B 3.12.27)). f: C" — C™ 2 MERBIVEGY L, C" & C" 22 ho
T3 [ OFIRTE A Mim,n;C) 55, $75& g C" — C" B &RH OMFESLEERE FTED
5. DFD

Sﬂn(t(vl Un)) — t(qu . m)

DI, Bl g .= pmo fop,: C" — C" ERMEERTDH 2 FH 2. Fi g OIEEREKICE T 21751
~ERD K.

RIEE 3.4.12. m,n e N LT 5. n BEMOMERIE D = 45 1% n KO FO—ZREHRZERM Kla)<, 620
HENOBEESRTH 5. Klz|<, DEE (1,2,2%,...,2") BT 2 D OfTHIFRRERD X.

FiE 3.4.13 (c.f. | , & 236]). neN,ac K35, Z9ERAET,: f(z)— f(z+a)ldnXLH
DZIHAZEM Kz) <, ODHCHERTTH 2 (& 3.1.2).

(1) Kz]<, OHEE 1, 2,22, ..., 2" BT 3 T, DITFIFRRERD XK.

(2) Klz]<p OFE 1,2, (2)2 =2z(z—1),..., (@) =2(x —1)...(z — (n— 1)) (R&E 2.5.2) BT 2 Ty
DITHNFE R Z KD X.

3.5 EEOEHITY
B2 DRI 2 —DODOREIZY D X 5 REG%RL D 2 5hFHANET.

878 3.5.1 (BRECIEMTT, | , p-60]). V ZERXITAIBZERE U, (2,), 2V OREKL T2, ¥/
Ylyer s UYn EVIBEZLENTWRE LT, p: V=V & play) =y, CEELZHCHERR L T5. ZOK

(yi)iey BBV OHJE <— p D (x;)i, BT 21THIFER P € M (n; K) ZIERIAT.

SERA. i 3.1.3 &0, &ff v =y, DOMEER p P —RBICEES Z L IWERT . %3313 &b (i),
BV OHETHZHY p BANTH 2 FEFME. HE 348 (4) kb, ZhuF PAFRICH 2 FLr M O

E& 3.5.2 (BEERITY, | , 7% 2.3.5]). V 2ERXITHIERERE L, (), & (yi)i, &V 05
KT 5. p(o;) =y; TEEZHCRAE p: V =V O (1) KT 2TFIFRR P % (2,)0 D5 (:)q N
DOEEZHTTY (transformation matrix) “04 ¥ L.

64 KR K L MERDICEDET, P 2 EOERITHI L MRHED Ho T, PRF | , B 2.35] TEIBELPHVSLNATVET,
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B 3.5.3. [ 345 OAHERE BOHT v REZHITH P12k 2 MBS [p: KT — K? 2 5K0
AHRRAE SN T, HL 2,y K — V IRZ RSN ()7, (yi)1y HVESD 3 ABTT .

Kr —*y Kn
|
V7"V
if:i%%%ﬂ%< t, P = (pij)i,j S Mat(n;K) Z}ﬁﬁ]\%%&?c; Y = Z?:l TiPij, DF Dﬁ(fﬁ#ﬁkﬁbi?‘
(yl ce. yn) = (xl .. xn)P
IHLREL S T, IEARTAIOREDHSZEAL TEE LT
EE 3.5.4. n KIEANTHI KD R THREZRDFEL T TR
GL(n;K) == {P € M(n;K) | P ZIERIfTH } = {P € M(n;K) | det P # 0}.

AE. 8 GL(m; K) 1750 -, RCEAMTH] B, Of (GL(n; K), -, E,) 138 (group) TF. 2%

o BULEEAM. DD, fEED A, B,C € GL(n; K) 1e9WT (AB)C = A(BC).

o B, 3FICBT 2 HAIT. 2% D, EED A € GL(n;K) IK2WT AE, = E, A = A.

o RO ILERD. DF D, FED A € GL(n; K) 2\ T, ZOH{TH] A~ 1 GL(n; K) WWET.
GL(n; K) 1 Z—#%#RAZ8% (general linear group) ¥ FEENTWVWE T .

BECIRDESR (§1.1) RMEEMOER 1.2.1 TAHBHOBMINBGL LD, A TH-> T
BT b OOHETT. IR GL(K) 13 n > 1 RSAHRTIEH D £ A GL(n; K) 13 IERTHE
(non-commutative group) TH %, EFVET. i, n =1 DX GL(n; K) = K\ {0} 2O THHEETT.

BEROF LWV E = FEFEFHORBF O#R TV £ 7.

W& 3.5.5 (| , il 2.35]). P e GL(;K) £ 5. K ORI Byy = (e1,...,en) KR L,
B' = (Pey,...,Pe,) i3 K" ORETH D, By 5 B NOHEELWATIHNE P TH 5.

SERR. [ 3.5.1 1 LT O
W 3.5.6 (| , wE23.7.1). VR ERATEIVERE L, B B 2 V ORIEL T3, Bhb B A

DIELHATH P € GL(; K) 13, V OESE5S idy ORIE B, B 1cB¥ 317518 RE % L,

SEEH. HE B & B CHETRA £V V0, BE B, B IcBT 3 THERZHNATI E TH 5. idy 0k
KB, B ICMT 3Fi5IETE Q b33 L, f = idy of DRIE B BT 2175155 P I3 3.4.8 (2) 26
QF = Q. O

FIE 3.5.7 (BEEHUC X 21THIFRROEH, | , T 2.3.7.2]). V & W B ZNZNRIT n, m ORMELE
e, f: V- W 2#B5%Y 3%, £ By,B|, ¥ By, Bl, 2ZhzhV £ W o—#oikiEr LT,

e P € GL(n;K) % By %5 B{, ~NOEJEAHATS

e ) € GL(m;K) % By %5 B{, ~DREEKZEHATH

o [ @D By,By BT 21751F "% A € M(m,n;K)
LEBL. OB, f O B, By, CHETATHIFRR A € M(m,n;K) &

A'=Q AP,
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SERA. M 3.5.6 XD idy ORJK By, Bj, BT 21THIRRE P TH5. LoT foidy: V — W OEIK
B{,, By \ZB8F 21THIRRIIITHNDIE AP TH 5. FHRIC, idy DK By, By, (B 21T5IFRRH Q 722
5, idy of DK By, By BT 21THIRRIE QA 1275, $2% foidy = f=idyof &D AP = QA
fE-T A =Q TAP. O

B 3.5.7 TW =V, By = By, By, = B, £ 74X, XRORDFONET.
% 3.5.8. V2 nXUtiEEME L, f € End(V) &5 5%. £/ By,B, % V O _foOHEEKL LT,
e P € GL(n;K) % By %5 B{, ~NORKEHATY

o f @ By IZHT21T8#R%E A e M(n; K)
LEL. O, f O B, BT 2175IER R A € M(n; K) &

A" =P AP
l 3.5.9 (| . p.122, 55 4% §5, 4.5.6 BIE). A = (}1 P %1) Tk B EMEES 14 K o K3,
r— Az BEZ 3. K3 Dt u = (él),v:: (f )7 ( ) IZOWT, B = (u,v,w) ¥ K3 OHEKETH

% (GEPHIERIRE 3.5.2). 14 @ B B3 2 KI5 A’ ERDE 5. 7, K® OIS By = (e1, €0, €3) P
5 B ADREZERITH] P13 355 kb P = ( ;1 % 71) TH 3. — 1 Byq (BT 2 14 OITHIETIE A
TH5 (M 3.4.1). f>TH 35805

0

0]. (3.5.1)

0

iRl 3.5.10. V & W 2HERXZOtEZERME L, n =dimV, m:=dimW rEL &

2 0
A =P 'AP=1|0 1
00

“OHOHSIRELREIC L S (FHIIXME 3.5.2).

Hom(V, W) ~ Mat(m,n;K). FHZ dimHom(V, W) =mn

FIERA. R 3551 LY. O

EEHE (BT 185 R—Y)
fiRE 3.5.1. flii# 3.5.5 Z/Rt.

fIRE 3.5.2. Bl 3.5.9 OFMZMA. 7z, [THIFRRDESR 3.4.2 » HfE (3.5.1) ZEHEHE K.

RIEE 3.5.3 ([0 00, FIRE 2.3.2)). #1% 4 KIE A5 A — (2
0

—OOO

1
§)€ Z(C40)7E$12—<

b=

)

0
& 7
1 1 1 0
vy e (-1), vy e (—;), . (_q) RORRTHE 5 HAEE W C C 2525,

W::{(é’) ect
d

(1) B = (.’171,1‘2,56‘3,.%’4) i (C4 @%ET@%%%%’H’
(2) ZEBMEER 14 € End(CY) © B ICBIF 217515735 K &.

a+b+c+d:O}.
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3) W C C* »BZEfTdh 2 HERE.
1 0 0
4) n ( ) Y2 = ( ) Y3 = ( ) & LT, B = (y1,y2,y3) BW ORETHZHELRE.
0 1
IA(W)C W ZRL, BE laly € End(W) @ B B3 31751%R B %2k X.

(3)
(4)
(5)
(6) B" = (23,03, 74) b W OHETHZHERL, B 05 B ~DRELEBITH P %KD &.
(7) HIBR La]y @ B 12BF 2475I3R C 23K, Zhds P~I'BP £ —H 3 2 H %N XK.

RS 3.5.4 (| 11 2.2.8, [HI8E 2.3.5)). WHER anps = ango + Gnet — an, OIREEERTHET.

W= {(an)nen € RY | a3 = tny2 + ang1 — an .

(1) W BFERIZEmTH 5 Fh R,
(2) ZDDEFN (1), (), (1)), 53 W DIIEE BT HERE.
HHOBES%E 1 5T HETHELNZEEEROBICET.

T:RY — RNa a= (an)neN — Ta= ((Ta)")neN’ (Ta)n = Qn41-

(3) HIRREG Tw = Ty, AW OHCHERUTDH 2 HERE.
(4) HEIE (1), (), ((~1)7), W2BIT 3 Ty OFTHIFR A 2K X,
Bl g W — R BRTHED 5.

oW — RSv (an)neN — t(ao a a2)-

(5) ¢ WRBBEB/RTH 5HZRE.

(6) e1,e2,e3 & R? DFFHERLR Y U, by = ¢ (e1), b1 = ¢~ '(ez), by := ¢~ '(es) £ T 5. bo,by, by HIW

DRETH 2HERL, LHUHT 2 Tw OITFIRR B 2R &.
(7) W DRI by, bi,bo 225 (1), (1), ((—1)"),, NORIERLERATII P 23K &.
(8) A= P 'BP %tho k.

R 3.5.5. @ 3.5.10 Z/RE.
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4 ERECEM (05/09)
41 HREZEREOERCEM

Z DREIFONEIZHRED | ,§1.3 HUE, §1.6 HIH 04 LT
B OBV 5 8 LSR5 B R 0 £ 5. 2 TIREAOBEREOBEEE AR HEA L
E3c

WE 4.1.1 (] ,p-32]). V; (i € 1) A [ THRAFMNI SNIBBEBOKL 5. BEES
[TVi = {(wier | vi € Vi}
i€l

X, o Z e ol 20 7 —f5%
(vi)ier + (Wi)ier = (v + Wi)ier, c.(vi)ier = (cvi)ier
W2 X o TRYUBZER 2723,
MU, BREDIE (v;)ie; DT ER2ERLT (v;) L EXET.
SEER. EREEAD - ODIE (v;) ¥ (v)) KDOWTRDFBEDSALT 2 FICHEET 5.
(v;)) =) = 2TDielITHL Ty =,

%ﬁﬂ%%&ﬁ@ig% 1.2.1 @%ﬁ: (1) Li, EE%'Z:OD (ui),(vi),(wi) S HieIVi G:iﬂ‘L“C ((u,) + (U,‘)) + (wi) =
CRZHELAME. Fic TITHLTV, PEEBTH2HNS, ZORMEHILT 2. €& 1.2.1 OfioSRM:

HFAET, LOTEZMS &V, KPR TH2ENHEBITNES. O
E& 4.1.2 (IBHEEZHEDER, | , p.32]). MUEZEM [[,c, Vi 2 V; (i € I) DERR (direct product) Xi&

EFERACZER 0 L 2.
WFEREN T ={1,...,n} OBEE, EEARTBI LB RS- THMA [, V; ZROBICEL.

V1><V2><-~-><Vn::HVi.

K&, BUCEMORIRZG G 2> THET.

Bl 4.1.3. EROERTETD i€ [IXOWTV, =KOBE[[,,,KE2EZX 5. @ 1.32 ORZEMH
K! = Map(I,K) Z2WHT. 2o oCIEFARER (EF 1.4.7)

: HK — K, (a5)ier — (a: i+ a;)
iel

MHL. DFED, o ZEHFTH-T, 1D

e((ai)ier + (bi)ier) = ©((ai)ier) + o ((bi)ier), ¢(c-(ai)ier) = c.o((ai)ier) (4.1.1)

*65 IR Y MERE D B D £ 3, MAHZERIERIC B EAEAAHZ2R (direct topological space) ¥ W3 HFENH - T, 25 & F EIEZE
MEERZ L BZVDOTERLTRXW,
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BT (GEPUSRIE 41.1). 2 ORIk - CEE [[,, K & B2 K 25T 2,
B n e N & UG, IRFHRADHEIRES T = {1,2,...,n) OBE, B [, K & n KL~ k%20
K" ¥ [ U G722 b a7 5.

2T, P LS EERL 295, ROMKLS 2[5 FHITL£T.
EE 4.14. BHE ][], Vi BT, 2TDi € [IZOWTV, =V DHRFRIRD &5 12#HL.

V= HV

i€l
¥ I={1,...,n} OHERIRDILEZHNS.
n fl n
——
V”:VxVx-~-><V:HV:: H V.
i=1 ie{l,...,n}

RSN Z P VZE KPR [T, K 2 8007%em s LTR—#LT, Kr = [, K %<
2

EfE A —H T & 2B DA 2 S 5 —D2FIT % 7.

B 4.1.5. EAMFERBOZEM K[z] (B 1.3.8) 225 I = N 2HFESL T2EMKY =[], K ~05H

Vi K] — KN, ) fia' — (fi)ien

1=0
RS (GERERIE 4.1.2). Bl 1.3.3 X b KN 3EEIERE D 5, BROERR =R Klo] & 5o17R
KN (17 CTH7ER & Rs4 2 HA 50 5.

ERICIIRORIZE D 22D D D £7.

W 4.1.6 (|  p.33)). A T CIRATR SNIERIBZEMON V; (i € I) \SH L, B ], Vi 08

DR

Pvi:= {(Ui)iel e[[v

el el

HIRMED ¢ ZFRNT vy = 0}

WFETZERT D .

FERA. (vi), (wi) € Py, Vi LT T ={icl|v; #0} RO K ={icl|w #0} c&HEIL, J¢&
K 3BRES. ko TJUK 3FRES. 32 {iel|vitw #0} C JUK 3FREEZH»S
(vi) + (ws) = (Vi +w;) € P, Vi THD. Tl (v) €@ Vit ce KiTHLT{iel|c; #0} CJ} &
7Y, ThAAREE. Lo Te(v) = (cvi) € P Vi O
EE 4.1.7 (REEMOEM, | , p-33]). BRZER @, Vi C [Lie, Vi 2 Vi (1 € 1) DEH (direct
sum) XIFEMEFER L MR, 2T i e TIIRH LTV, =V OBEFRD & 5 12E 7060

vol — @V.

icl

*66 HRLE [ , p-33] TIRK oEME KO v RLTWET. 243 Bourbaki (741F, 752 2OREFEN) ©
N. Bourbaki, Elements de Mathematique, Algebre, Chaptres II, §1.6
T (INBEOEMCELT) b TW 382 B L-bDTT.



4.1 PO ER L ER 75

¥l ={1...,n} DHEEIRDILELHVS.

n A
—VN
VI =VeVe -aV= EBV* P v
ie{l,...,n}
ERDPOE KNS X5, WFHES [ W EREAT L R BRICEVIZS D XL A:

8 4.1.8. ARES I THRATFNI oNIMEEBOK V; (i € I) TOWTE @, Vi = [1ie, Vi FIC

I={1,....n} 2V, =V OHAEIZ
ven —yn,

SERR. I 2YARESROT, BMOER 4.1.7 0% TARED i € I ZFRVWT v; =01 EEICKILTS. O
WICIRFES [ AR TRFIER . BERIGEVET. BRI ROBELRGIND D £5.
Bl 4.1.9. —ZREERZERM (H] 1.3.7) Klz] = {0, fie’ | d €N, fi € K} 5 5EM KON A0 FAEH

Klz] = K*N = (PK
€N

BB HHELHATS. £F, Klo] 3RS %M K[z] OWHES L Rt 5. HIE 548 Kz] - K[z]
®

Zfzm »—>Zfz , fi=0(>d)

TERTIUL, TNRHEHED S, 20K Kz BRA—HTE 2. BiZ Kz C K[z] 3 KEPZEMTH 2 (At
AR 4.1.3). Kl 4.1.5 ORGSR o 2 BOHT.

v: K] = KY =K, D fie’ — (fi)ien.

1€EN =0

53260 Klo]  K[2] % ¢ THT &, Z0BIEA KON ¢ KN TH 2 (RORRBIH).

K[z] —2— KV
U U
K[z] — K&
w|m[z]
FEE, 1tk o TN firt € Kla] i& (£1)2, fi =0 (i > d) KE3DT,
w(K[a:]) -~ {(f»;x’o eK'|f; €K, IdeN, f;=0(i>d)}
O L)y € KY | HIRMED i ZBRWT f; = 0} = KO,

(%) OFAEFEME 4.1.3 125 5.

i 3.3.12 THEEOMEERIZERBOERDITEIL»r 6 —~BICEEL 2 RLELL. ZOILE
MoEazabE 2 L, ROFRMESNET.
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EIE 4.1.10. $BZER V ICHE B = (v;)ic; 2 ® 21, 5%

K —V,  (ci)ier — Y civi
i€l

EEE. FHCRORIBIDBRRALT 5.

V ~ K (4.1.2)
7 I BEREEOBE, (I =n L LT, VIdn KITHAZ LEB L AT 5:

V ~K".

SEEA. EEDEF 2.4.1 &b, FRTPOBBIISHY. Z20WESRE [V - K vEEI 2 EED i TITH
LT f(vi) = (6i5)jer € K¥ o THERD v =3, v € VISHLT f(v) =3 ,c cif (vs) ¥7oTW
ZDT, il 3.3.12 & fIFEESR. Lo T fIZREL

BRIV ~ K = KO i 418 D KO = K" 226085 O

ZDFBMOEEYL LT:

B 4.1.11 (| A 2.1.7)). V e W R ZER, (vi)icr 2V ORIEE T2, BIBPER [V - W
12DV, BUR D &M FME.

(1) fIixFEAL

(i) (f(v3));c; (3 W ORI,

SEBR. B 4.1.10 OHE g: K SV e#ECr, () fog: K — W ARETH 3 2 & LFAET, o
FH K ~ W el —ACER 41100 (4.1.2) &9, (i) @ W ~ K 2Rl X-T (i) & (i) 125
fiE. O

B[], Vi 121, & j € TS L THRE RN 2 BN R 25HE G 70 [, Vi > Vi, (vi)ier —
v; BWEED, BN P, Vi TI3EFLWHIN BN LRBGHIEER o V) = @,cr Vis vj = (0i,j0))ier B
EEDET. TRBIZOVWTIZ§4.3 TRELLVE T

RRICHIEEGOERM CEMZHENLET.

i 4.1.12 (cf. | , pp-51-52]). I BIRNFHRE L TEMEERDOE {fi: Vi > W, |ie I} K52 bh
TW3 3%, ZOK, BROBDER
Hfii HVi — HWm (vi)ier — (f(vi))ier
el iel el
BHEERTH L. CThEeREER f ZBOBR L TR, 7, EREEAOHIR B,c; fi = [1e; fi|€B, Vi
IR
@fii @Vi — @Wz
i€l el el
BiED D, CHEREEE [ ZEOBEME R BT = {1,...,n} OBEE fL x - X fr =[]y fir
OO =@, f; tEL.
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SIEEH. v = (vi)iel,v’ = (U;)i&-[ € Hie] Vi PEEICEHS &

(H fl) v+) (H fz) v; + v, l€1) [cVi iCBT 2MDEFE]
= (filvi +v}) )Zg [Lic/ fi PiEFH]
= (filv)) + f(0)) ¢, & f; ORIAE]

[Tc/ Wi B3 2 FDER]
[T, fi DEH].

= (fi(vi);e; + (()Lg
- (I12)00+ (T2

el

[
[
[
[

720 = (vi)ier € [[;e; Vi & ce K2R &

(H fl) ) (H f1> cvi)ict) [Lic, Vi ©BY 5 25 5 — 0]
(fz cvi)) e [Lic, fi D7EHE]
= (C fz( ’L) iel [%’ fl @%ﬁﬂ%'ﬁ]

= c(fi(vi) e, MLic, Wi B 3275 7 —fEDEH]
= (I #)w [, /i ©5EH].

i€l

Lo T ig; fi BHEERTH 2.

R Qe fi TOWT, EFTBY P,c, Wi KEFNTWEHEETRT. v = ()ier € Py, Vi ZHEE
K2 b, BEMEMOER» LHBRMED i ZBRVT v, = 0 2256, MIEEBRPBILEBLICETH (f
W 143) LBEDEDB L, (Be; [i)(v) = (filvi)),o; KOVWTHHRMED i ZBRNT fi(v) =0 THB. &o
T (Bjer fi)(0) € Bie; Wi THS. [Lie; fi DIIEMERBBRIRL T30, ZOHIRTH 2 P, fi di
WEHRTH 3. O

EEHE (RE: 188 R—2)
FRE 4.1.1. ffl 4.1.3 DB} ¢ BEHEHTH D, (4.1.1) il THELTE.
R 4.1.2. fll 4.1.5 Cillamz &g U 7=880 Z At X.
fIRE 4.1.3. B 4.1.9 TimZz AW L 7280 ZREE X.
B 4.1.4. m,n € N 23 2. ROFEIGHE BRI HERE X

K™ @ K® —» K™+,
fRE 4.1.5. HIRMZEHME BEICTIT2HTHELNLIEHR C - R xR, z — (Rez,Imz) 25, EEZEH O
AU A5 N

C— RoR

2HZ 5 rRE.

MR 4.1.6. & 2.2.9 ¥ Fkic, ZIEAZEMH K(z], BRANFERE D 22H K[z], Laurent ZIHA D2 Klz*!],
Laurent #8802 Kz~ o], 2 Laurent ffi o2 K[z*!] #& 2 %.
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(1) TR Laurent §e8 o728 K[2=] 2 R K ~0 R GG % BRI RS X
(2) FIEORAEEE &BHZERNCHIRT 2 2 2T, M FOMARAIE G & SGHER7 (M 2.1.3) ol
Rt (FEEE 3.4.5 BH) 973 5412 FRHNIE L.

K[z] —— K[z*!] —— Klz7!, 2] —— K[z*']

1A ! !

KN K®Z K®Z<o ® KN , KZ

K[r] —— K[z] —— K[z}, 2] —— K[zF]

1A | |

K@N KN KEBZ<0 o) KN SN KZ

HL K%Z<0 @ Z_ o ZEOBBOES {-1,-2,...} KT,
SETIIMREBIA K ZEE LU Ciltan L ORE LDy, REBAREEZ 2552 —OfNM L ET.
RIRE 4.1.7 (| B 1.3.8]). V RFEBZEME T 5. BRIV oV Ic, BERICE 22 7 — 5%
(a+bv=1).(v,w) = (av — bw,bv + aw) (a,b € R, v,w € V)

TERL, fl + 2 FL0ZEREEMELTOV RV DdDEMAVWEZET, (VaV,+,0,.) ZERREE
fickzs ezt 2hz

Ve = (V@V,—i—,(),)
EENTV OERIE (complexification) & FEX.

PISE 4.1.8 (| B 13.8]). VARSVERL L, Ve = VoV %V ol#L (B8 417) v 55, V
DIFELJEE (Ui)iel %‘.’?#OB%, (’Ui,O) e Ve ENSRD ((Ui,O))iej 7 Ve DEZMIEZER L LTORETHZEL
R

RISE 4.1.9 (| B 1.3.8]). V2 ERATEGHZEEE L, Ve =V oV %2V 0EE(L (8 4.1.7) &
5. Xz RE.
dimc V(c = dimR V.

ROME, EEIIESHOMETH - T, HIUAKOLEETIID ) T¥A.

RIZE 4.1.10. Vi, Vo, Vs ZHRIBZER ¥ 3 2. DUNORR RIS G % BEARIICHERLE & .
(1) VieV, S Ve @ Vi
2 Ve eV = Viol,oVs.
B) ViaVa) @ Vs = Vi@ (V2 Vs).

MR 4.1.11 (RBEEROERL. | , B 2.213). [V = W 2EREEHRE TS BEM fo
VeV - WaeW »EHEL (ME 4.1.7) OMOEEREES Ve — We 2EDZ Z2RE. 0%
fo: Ve — We B WTERIFEER f OERILLITS.

& 4.1.12. —S>D[RBIE S f11 Vi—-Wit fgl Vo — Wy &:jﬂ‘bf, Zzh s DERE (ﬁl}gﬂ. 4.1.12)

f1><f2:V1XV2—>W1XW2
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ELFMGHRTHL2EETRE. ZOEPSRDFRIIED.

Vi Wy D2 Vo Wy = V] x Vo~ Wi x Ws.

42 EROZEEDEM
C DEIFIONEIGBRRE | , pp-21-24, §1.4 TR AL T

FEZER V. OS2 Wi, Wy G:SFJLT, FOZEm Wi+ W, (5/%/5\8 LTEWL+W, C V) Y E Wi e Wy
EEAY LTE W) @ Ws = W) x Wa) @D OBIBZEMAMRTE 5 HETALE L. cho Folk
WRERL 7.

R 4.2.1 (cf. | , A 1.4.9]). $BZER V OEB7 2L Wy & Wa iI2WT, RO ZZ&MHFIXFE.
(i) WinWws, = {0}
(ii) (’wl,wg) EWL Wy & wy +wy € Wy + Wo IZETEH p: Wy Wy — Wy + W X FEIRE AR,

FERA. 9 (i) D p IRPHERBTH 2 HZRLTEL . w = (wy,ws),w’ = (wh,wh) € W1dW2 & c € KIZ
LT p(wtw') = ¢((wi+wy, wetws)) = (wi+wip) +(wa+wy) = (wi+ws) +(w) +ws) = p(w) +p(w')
R p(cw) = p((cwr, cwz)) = cwy + cwy = c(wy + w2) = cp(w) 8%, £oT o BHRETHTH
5. EEEOw e Wy +Wo RS w € Wi, we € Wo ZHHVWT w = wi +wy EET 305,
gp((wl,wz)) =w; +wy=w. o T ZRHTH 3.

() = (il): BEIC o A RSHERRITH 3 HILR Lt s, b2 IE o AHSTH 3 HERHZEL.

(w1, ws), (W, wh) € Wy & Wa 2% @((wr,ws)) = o ((wh, wh)) /T ERET 5. wi +wy = w| +wh 72
Do w —w] = wh —wy. TOLEE W, OIET, FlE Wy OITEH 5, wy — wi = wy — wh € Wi N Wha.
Ko TRED S wy; —w] =we —wh =0. DFD (wy,ws) = (wh,wh) &72D, p IFHEHFTH 3.

(i) = (1): FEECw e WiNW, ZH5 L (w,0),(0,w) € W1 @ Wy THS. ZDOJt%k ¢ THEI L
o((w,0) =w=1¢((0,w) bBH, ARELD ¢ IZHHLHS (w,0) = (0,w). EoTw=0TH2. O

il 4.2.1 OFIRZEA T, Hifk - iS5 OB D £33, Wi N Wy = {0} DHEERTORRICER &M
22 M —tHT 2HICLET.

E& 4.2.2. V 2HIPZEM, W, & We 22 ORDZEM L T 5.
(1) Whn Wy =0 27z 3, F2E0E Wi + Wy C V 282 ZEROEM (direct sum of subspaces) & % W\
FHICEM AT, MURORRIcER T,

Wi o Wy :i= Wi + Ws
(2) V=W, oW, O, Zhtze V OBEFMBE (direct sum decomposition) &5
i 4.2.1 RUZOFEAZ S WIZ % &, #02E2BOEMIIRORBRERDY D 2 FH 00D £

g 4.2.3. RV O DoDEZZEE W, & W 120\ T, BURD 4 E.

=67 | | CREHHEMOERAELE W1+ Wo THRLT, Wi @ We ERALTOET. FHHHE | | p.22, ik 22]
THMBAZIN TV IR, W1 & Wo ZHRMAER (abstract direct sum) LFERIELNHHEF. ZLT W, J.r Wo & REREM
(internal direct sum) ERFESH D £7.
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(i) Wy N W = {0},
FERA. (i) = (1): w e Wy + Wy BJ# DI
w=wy + we = wj +wh, wi,w; € Wi, we,why € Wa

RSN, BIHLT

/ /
wl_wlsz_lUQ

30, EE W, OTETHIAERE We OILEH» S, e d WiNWy, DILTH 2. Ko T Wy NnW,e = {0}
72 01F (wy, wa) = (W, wh) TH 3.
(i) = (i): w e (Wi NW) \ {0} PFETIUL, FXA0=0+0=w+ (—w) D@HTEE3. O

AR IORT, EEOEPEM W CV ITHNLT, EMDBYV =W e W' 252 2870%EM W' C V 257
E32ZZ2mRLET (i 4.2.8).

R 4.2.4. ARXTHIZZER V OEFM DYV =W, @ Wa 2352 617k, dimV = dim W, + dim Ws.

SERR. oM oM oXotAR (EH 2.5.8) XD dimV = dim W, + dim Wa — dim(W; N Wa). {KE & @
#4.2.3 (1) = (i) 225 dim(W; N Wy) = dim{0} = 0. T 5205 FRMINES. O
EMDEOHIZ —072 3T £, MoBIEEMEZZRLUTTRS V.

Bl 4.2.5. B 2.2.4 THALZHNRZ V2R K? OEDEME W, W) Tl=n—-—m DgEEZEZS. OFD
W ={v1 - vy 0---0) |v; €K (i=1,...,m)},
={0 - 0vpy1 -~ vp) | €K (i=m+1,...,n)}
Wi+ W, _ =W D2 W, NW,_, ={0} Z»5, K" IZXOEMDEEFED.
K'=W,®eW,_,.
22 OEME O Lo ZEMICN L THERTEET.
R 4.2.6. FYBZER V O 2EE O W, (i € I) WX LT, IR O 23 FIfE.
(1) Yoier Wi 7% W, EDTTOME L TR I HI7IE—HEH.
(ii) FEDicTiITHLT W; N Zje[\{i} Wj = {O}
NS DM I NS, W, EOERMD & MZEFANDE B

@W —>ZWZ, (w; lejHsz

iel el iel

BFRBEHRTH 5.
SIEFA. R 4.2.11CL %Y. O

T 4.2.7. $HZEH V OWHEEOBE W, (i) 2ERS.
(1) @0 4.2.6 DRFEHIRILT 50, BHEMOER @, Wi LR%EM Y., W; 2A—HLT, Ko

BEMOFETET.
@ VVz = Z Wz

i€l i€l
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(2) V=@, W; Olf, 2 V OBEMBE LTS,
FEH 2415 DR LT, ROTFEMIESNET.

g 4.2.8 (| , % 1.6.8)). #EZEMV 2 OEZEM WS LT, W OfiZEi W, 2% b V Off
D W THoTV =WOW £23bDBFEHET 3.

EE 4.2.9. mE 4280 W' ZEDZEM W C V OHZER (complementary subspace) & FES.
FGETIW-> TELMRZMAEDET, EXK 2.4.1 LFHIOEKOEREZGFAEL LS.

8 4.2.10 (| , BT 1.6.1]). V 2B, (vi)ier, vi €V Z8RE [ THREMNI SNV OO
55, ZOB, (v)icr BV ORIETHZHL, HMKY 256 V ADEH

KGBI — V, (Ci)iel — Zielcivi

MNEHHTDH 2 HIIFHED 5.

EEME (RE: 190 k=)

RIRE 4.2.1. @ 4.2.6 ZRE.

FIRE 4.2.2 ([ , [ 1.4.2]). Bl 2.1.8 THe o 721IEF51THI2E/M M (n; K) O822I ZE 2 5.
S(n:K) = {S € M(n; K) | S 1EMFH47: 'S = S},
A(n;K) = {A € M(n;K) | A ZRMHFMTH: ‘A = —A},
Un;K) ={U € M(n; K) | U = (ugj) E E=ZMATH: 4> § 725 u; = 0},
LK) = {L € M(n;K) | L = (lj) & F=MAF5: i < j 755 1; = 0},
D(n;K) :={D € M(n;K) | D = (di;) @3XFHITH: i #£ j 725 d;j =0}

(1) Sn;K)NU(n;K) = D(n; K) & S(n;K) + U(n; K) = M (n; K) Z27RE.
(2) M(n;K) = A(n; K) @ U(n; K) g,
(3) (K=Q,C,R DHHEIIC) M(n;K) = A(n; K) @ S(n; K) ZRE.
I8 4.2.3 (EATFIDO=ASE). E/{THIO%EM g = M(n; K) IZ2oWT, UTOHMIREEEZX 5.

T ={U€eg|U= (uy) \¥FE L=MATH: i > j %5 u; =0},
noo= {L €g | L= (lij) VIR =M1 4 S] 25 lij = 0},
h:={Deg|D=(dy) ZNAITH: i #j %5 dy; =0}

(1) nT,n~ b C g DEBHZAEMTH 2 FETRE.
(2) EfIDfEg=nt@ohdn 2DH2HELRE.

PISE 4.2.4 (| B 7.2.6). fe K] % n RBERE T 5. B 2.1.6 D520 Klz)<, &R 2.1.7
DS (f) = {fg | g € Kz]} C K[z] 1eoWT, ROBRS A D 5 F5 7t

Klz] = (f) @ K[z]<n-1-
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R9EE 4.2.5 (| CR13.12.22]). V ¥ W REEZER L L, B VeW OmIES {(v,0) e VaW |ve V)
BV BAES {0 w) eVaW |lwe Wt E W LR—ET 5.
1) EOXSCV,WCVaeW 2HyEat ATy, Ve W BZAZAV o W OWIEMTH 5 F%
R
2) MEO XS I V,W C Ve W ZHAZ%EMe RRLEK VAW ={0}, V+W=VaeW t1z3%H%
R
R9SE 4.2.6 (| , IR 1.4.3)). B2 V & 2 OS2 Wy, Wy, Ws THoT, WiNWy = WonWs =

WsnN Wy ={0} TH225, Wy + Wo + W3 DBSEM Wy @ Wo @ Wi ERIBEETIERWS D228 T K.

43 ERCEMOITEN
ZORIETIXERE EMOEEY (universality) ML ET. EIEMBICOVTHEMLETH, ZOE
F 412 ZBVHLTBOWT R,

WE 43,1 [,V #BZRV, (ic]) OEMETS. % je LTS, %

wE HVi — Vi (vi)ier = v;
il

TERT DL, T EHWEERTH 5.

BEER. (£ D v € V; 8L T v = (0;,vj)icr, 2F D j A v, THY, DRI BET 0 THSIC
v E [Lie; Vi ZBIUE 7j(v) =v; TH2Z. Lo T m; iZ2H].
RIZHEREZRT. RO v = (’Ui)iej,v/ = (U;)ie[ S Hie[ Vi WXL T

mi(v +0") = mi((vi + v))ier) (BT ORI EH
=0+ [mj DEHE]
=m;(v) + m;(v) [mj DIER].

FEED v = (Ui)ie] S HieIVi YeceKiZxHLT

Wj(CU) = Wj((cvi)iel) [IE%VCO)XjJ ib‘o)ﬁ%]
= cwj [1; DEFE]
= cm;(v) [m; DIEFE].
XoTrm BWEFHRTH 5. O
EE& 4.3.2 (5%, | , EF 3.10.3]). MiE 4.3.1 ORI ER 1) [[ie, Vi = V) 258 j A NDHE

(the projection to the j-th component), XIZHIZ5E j 452 (the j-th projection) & FEX.
B SRR ROMEE 2R LET. ZhZEEOEEN (universality) &ML T,

EE 4.3.3 (EFEOEEM, | , B 3.10.7]). Vi (i € 1) ZINTHRE T OMBPEMOBKL L, 7%
jeriHLTmy: [Te; Vi - V*GS%E}T 35, ZLTW 2MIBZEBE L, & i € 1120 L TRIEER

8 HN OB BIE —» BRFHERTOTLR (§0.3 (vii)).
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fi: W = V35260 T02e35. ZOR, MIEEHR [ W = [[,c,Vi THoT, EED i € TITHLT
miof=[fi BB DOBP—EITHFET 3.

FERR. B f W = [, Vi %
flw) = (fi(w))iel (we W)

TEDL. £F, DT ROZEH LM THIEER THIHEERED. TEDjel 2 we WIRLT
(mj 0 f)(w) = m; (f(w)) = m; ((fi(w))ier) = f;(w)
R BDT, MM fIEMEHET. EEEDO w,w' e W ¥ ce KITXHLT

flw+w) = (filw+ w/))ig = (fi(w) + fi(w/))iel = (fi(w))iel + (fi(w/))iel = f(w) + f(w'),
Flew) = (flew) g = (e-fi(w) g = e-(fi(w) ) = e.F(w)

L25DT, fIIEEBRTHS.

RiC—BEZRST. MIEER g W = [[,c, Vi PEED i € TTNLT moyg = fi ZHild LAE
5. 32, EEDO we WIIHNLT g(w) DF i H3E m(g(w) = (mog)(w) = fi(w) K205,
g(w) = (fi(w)),c; = f(w). koTg=[fThH2. O

AR 4.3.4. RFHEREN T = {1,2} OBEOERZERM Vi x Vo OEEMEE, XD & 5 P2 - ML 55D
AR TRENE T

4
Vix Vo -5V

‘|

Va

O MEHETHEZ SN, BT 2 A TEE XA IR 2 ) ERL TR W, £ 3f
FTf B —RBICHEET %) AT RS,

% 4.3.5.V; (i c 1) BEHEMOBYE U, W 28820 L T 5. 21 4.3.3 ORUS (fi)icr — f DED 255

o: HHom(VV, Vi) — Hom(VV,HVi), (fi)ier — f

icl iel
BRPEHRTH 5.

SEBA. EHE 433183 fO—BUEXD, BB ¢ PP ICEZ > TV EIHRIERT 2. £7 ¢ PEEEHRT
HBHRERES.AEED (fi)ier, (f))ier € [Tie; Hom(W, Vi) 2B, f = ¢((fi)ier), [ = ¢((fi)ier) L1
. ¥k

9= 0((fi)ier + (f)ier) = o((fi + fi)ier)

CECY, B 433 IVERDic T L Tmog=fi+ f{. =T f+f € Hm(W,[[,.;Vi) b,
32305
mo(f+f)=mof4+mof =fi+f
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ehoT, g bAIUHELM/ZT. T2 EH 4330—BUID g=f+[f TH3. £1LED (fi)icr €
Hie[ HOI’H(VV, Vl) ¥ ececKITHL, f= (b((fz)zel) 46y

b= ¢(c(fi)ier) = ¢((cfi)icr)
riEl b, W 3.2.3 EEM 43305
mioh=cf; =c(mof)=mol(cf)

D, BOEH 433 0—BMrS h=cf TH 3. LLET ¢ DB RET.

KT o BHEFTHLHEERZED. fIREEBRTHL2HEEIIRLTWSE0 5, B 1.4.1 XY, (fi)ier €
[Lc; Hom(W, Vi) %5 ¢((fi)ier) = 0 27T ARE LT, (fi)ier = 0 ZRBIE &V, EE 4.3.3 DEELD
FEEDie TN LT mo0=f; 728, m 0 0 1FBEBRRDT f; =0, 2%D (fi)ier =0TH 5.

Bk, £ f € Hom(W,[[,c; Vi) KL T f; ==mo f & F4UL, ¢((fi)ier) = f BDT (FEMIERI
f4.3.1), o ZEHTH 3. O

B HHOM ([Le, Vi, (mi)ier) WER 433 OWH 23R H, KOEH 436 HERT 2 X5
2, WIE 2 DY AR L S OMLE BT 2 T

EIE 4.3.6 ([ , EH3.109). V; (i € 1) ZRFHRE I OMBZEROBKL U, FBZER V RU&ie ]
KN UTREG S pi: V — V, 56N TOT, ROBEKRTER 4.3.3 OMEERHO DL T 5.
o MM W RUEic I ICNUTHREER fi: W -V, BEAONTWAR, SEER f- W -V T
HoTHEDie [ITHLTpiof=fi £R2bDN—BEICHFET 5.
DR, BRGS0 V S5 [, Vi BFELC HERD i e IICHLTp =mop 5. BXIDX5#RE
Bl E—ETH5.

AL D 7B R L 7.

B 4.3.7. V; (i € 1) 2IFTHRE [ OfPZEM oKL 35, HCHERM f € End([],., Vi) PERED i e T2
5(‘“/ T O f = T %f(?ﬁf:‘ﬂ'@i f = idHigIVi VC%%

SIFEH. EH 433 % W = [Lic Vi, fi = WHEAT2, EEDie [N LT mof=m 2725 fIT—E
ThH2. —H EEDic ML Tmoid=m; 72005, —BMEXDid=f TH5.

O
TEH 4.3.6 OFEEA. EH 433 % W =V, fi = p WHEHATIUL, KGR ¢: V = [[,c; Vi THo TIEED
TN LTmop=p; £82DHPME—TEET 2. 15T ¢ BEHHTH 2 HEL R BITREW.

RELTWEHETW = HielVi, fi=m &35, MHEE®R - HieIVi SV ThoTHEEDIie]
WKCOWTpotp=m; LIR2DDH—RIFIET 5. v 25 DHEFRTHLHZRES.

ERCw e [[,e;, Vi 22 L, Hic T ITHLT (mopoy)(w) = (pioy)(w) = m(w). £-7T
mio(potp)=m LAY, MME 43.7 XD poy=id[y,_ v, THS.

BlE Yoy =idy ZREBIFFAITETT2. v e V 2ERICWM2 L, Kic TITMNLT (poop)(v) =
(miop)(v) =pi(v). ETAT,RELTVWAHETW =V, f; =p; £FT0UE, WEER gV -V T
HoTEED i€ [IZDOWVWT pog=p; ERE2DOP—BIHFETS. —H,idy: V -V 3RELCHE
pioidy = p; Bl TRIEELTE 1S, —BELD g=idy TH 2. o T, ZORFDORYIOFEME ADE
X, Yop=idy &2 %. O
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AR 4.3.8. EEZEMOITOER 4.1.2 TR, WWRINCEEKR U Z 0 LOBEROME R 5 2 TAN TER%
MEEDE L. TDX S REFREZHEBAEB (constructible) BREBEL M-I ET. — /T, EM 4.3.3 L EH 4.3.6
BRI E5R3F CEHEEMEZRAREZBRVT—RICEDTVET. 20 X5 REXELEER (universal)
BERLMOZT. BEZIHRHTROOT EE2 LTHRDD] 2Dt WoTTE, BB 5 %2 TL
NTVBDT, A RH#Em CTHRILE T (BRI, 52 5TV 2 RUEAER AR 2 D EFEZE M & [RIH 275 52 % )
Wi L7205 a).

SR OBER (3% 4.1.7) bEMEEEED T, EHOMWEN L 328N ET

HRE 4.3.9. D, Vi 2WIBZERV; (i € 1) DEME T 5. % j c TN L TRTER 2514 ; IZHSIYEE

BTH5.
LV — @Vi, v (040)ier-
el

Z T 6;,; 1& Kronecker 7V & T, 1j(v) D i {73 i = j Dl v, ZOMORHZ 0 TH2HELEKT 5.
SERA. R 4.3.21CL 9. O

£ 4.3.10 (BEER, | , EFE 3.10.15]). fifid 4.3.9 OHEHYEER 1;: V; — @, Vi 25 j A D
DEER (the inclusion of the j-th component), XIZHIZE j @EEMR (the j-th inclusion) ¥ FEX.

EIE 4.3.11 (EMOEEN, | , EH3.10.19). Vi (i € I) ZIRNTHRE I OMJEEMOBGE L, $74
JETITHUT 1;: V; = @, Vi 2 UBERE T2, ZLTW 2HBEME L, il INLTHIES
Bfi: Vi WHEZoOTWE TS, ZOR, MIEER f: @i, Vi > W THo T, fEED i € TITHL
Tfou=f R3OV —EICHFET 3.

SEER. [ 4.3.3 12U %7 O

AR 4.3.12. BFREN T = {1,2} OLEOEMZER Vi @ Vo OEmEitE, X X 5 gz - #E5 58
DK TEREINE T

7 I PAREEROEMEEMA T 20T, @,c; Vi =11,e; Vi (3EH 4.3.3 LEH 4.3.11 D5 D&
wEERD T

% 4.3.13. V, i € I) ZfBEROBE L, W 2B 35, EH 4.3.11 OXIE (fi)ier — [ DED S
A
¢: HHOIH(VMW) — HOm(@ VLW), o((fi)ier) =

i€l icl

BFREHRTH 5.

*09 B o WHHEHERLET (§0.3 (vil)).
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SIEPA. RRE 434U %7, O

IR 4.3.14. K 4.3.5 LIIHANC, @,; Hom(V;, W) & Hom(,.; Vi, W) I3EEF L IFBRSBVFIHE
BLTREWV., BRBNIRE 435 TEZET.

EIE 4.3.15 (] ,EF3.10.9]). V; (i€ ) ZIRTFHRE [ OMBZEBOBKE L, SEZERV RU&ic ]
R LTEIEE S ;. V; = V BEZ5MTOT, ROBWTEMR 4.3.11 OWEEZF 2 DL T 3.
o MRBZEM W KU i € IR LUTHIESR fi: Vi = W BEX 6TV BH, EER f: V - W T
HoTHEEDicIIZHNLT fos;=f; 3D —RITFET 5.
ZORE, ARER : @, Vi = VITFHELT, FED i€ [ISHLTs; =tor 2. BICZDXSIRE
By E3—ETH3.

SEEA. [ 4.3.7 12 L %7 O

BERHE (B 192 =)

fIE 4.3.1. % 4.3.5 OilFAZfEE k.

fIRE 4.3.2. i 4.3.9 ZEEAE &

fIRE 4.3.3. EH 4.3.11 2L X.

fRE 4.3.4. R 4.3.13 ZiFFA¥E &.

PIEE 4.3.5. @, Hom(Vi, W) ¥ Hom(@,c, Vi, W ) DRBTIZARL (Vi)ier, W OBIEH#1T &.

8 4.3.6 (i 4.3.7 OFLL). V; (1 € I) ZITHRE [ ORPEMOBEE L, V =@, Vi LiEL. HEH
A f e End(V) BEED i € TWTHL fouy = 2L f=idy THS. ZNZIEHALE K.

8 4.3.7. [ 4.3.6 2o TEM 4.3.15 ZFEAE X.

f&E 4.3.8 (| , Bl 2.34]). VW ZERXTERVERE T2, [V - W ZEBEEREC L,
fo: Ve = We 22 08HE (R 4.1.7) 35, £V IEKE By = (v1,...,v,) 285, W 2EK By =
(w1,...,wm) BFOEF 2L, By, = ((v1,0),..., (vn,0)) & By, == ((w1,0),..., (wn,0) EZhzh V¢
& We DEETH 2 (ME 4.1.8). 2L TEBIEER f © By, Bw WKHT21T9I1ERR"Z A€ M(m,n;R) &
35, ZOKR, BEWEER fc D By, By, BT 275X RIF CITH A € M(m,n;R) C M(m,n;C) IZ
R5HEERE.

fRE 4.3.9. U, V,W %2R L 5. LUFORA%FFHE X.
(1) Hom(U,V @ W) ~ Hom(U, V) @ Hom(U, W).
(2) Hom(U & V, W) ~ Hom(U, W) @ Hom(V, W).
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5 L& (05/16)

- Offitg | L§24] IKHOE I, BIEEE GRS o2 oM 5 RVIE DK K LB
LEETHLOL LET.

5.1 %C&

DI 2.1.0 T, FBITHI A € M(m,n; K) OFFICHE —KAHER Az = 0 ORES K = {z € K" |
Az = 0} B K" OEHZMTHS 2 L 2HIALE L. = OENZERNZ, AHTER L1 Kr — K™ 2455 &

K =13'(0)

CEFET. ER, 4 KRS TEROIEER [V - W IZ2OWT, W OFIT O D& f~1(0w) 1V @
WozEmIcZ T, Tk f OKEMOET. 7260 2.1.10 T I = {Ax | x € K"} 2 K™ O 5%
BBEZEERELEDS, 2
I=1a(K"),
DEDER I, DBRTT. —ROFIEER £V - WIZOWTH, 2D& f(V) Z W OEFDZEMICRZD 5.
DEofEED S DL L, ROFREBNALET.

ﬁa

R

5.1.1 ([ , G 2.4.1). f:V = W BEEBRE T 5.
1) HHEMV' CV O FIREBB V) ={f(v)|veV'}CW W Ois7emH.
2) MAEMW CW D fICEBHE (W) ={ve V| flv)e W}iZV OE 2.

R

SIEER. (1) V OEIT Oy 1TV IZ& I, f(OV) =0 W 0)§71:7175>6 Ow = f(Ov) S f(V/) F AR
D wy,wy € f(V/) ) Cc1,C2 € K LﬁL“C, w, = f(Ul), Wy = f(’UQ) A V1,02 € %4 i))ﬁﬁj_éi))
‘5, f DI C1V1 + C2v2 € Vi

crwy + cows = 1 f(v1) + caf(v2) = f(c1v1 + cave) € F(V).

(2) f(Oy) =0 € W XD 0y € f7L(W'). EFAEED vy,va € fFHW') & c1,00 € KIZDWT, f DR
ML V! D ERTH D Z D

flervr + cavg) = 1 f(v1) + caf (v2) € V.

E& 5.1.2. f: V> W 2HEEHRE T 5.
(1) V o572El £71(0) % f O% (kernel) &ML, ROFE ' TRT.

Ker f:== f(0)"' ={ve V| f(v) =0}
(2) W OEZEM (V) % f O (image) FFY, ROFE I TRT.
Im f = f(V) ={f(v) [veV}

KO NTFED ker f DELAVSHNET. Ker(f) ORICHEZMNIT2 2 5D .
*TLEFER 2 DI (imaginary part) dE LS Z2#>TImz L EL ZEHZVOTERL TRV, KOBE LA, NCF
OimfdHbELHAVSNET.
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%72 Im f EBITOEE, ZOXIt% f O (rank) &2, XOGEE TR,
rank f == dim(Im f).

il 5.1.3 ITHOEHEEROKL LK, | , il 2.4.3]). BHETHHALZ XSS, 175 A € M(m,n;K) i<
XBEMBEEGR L K > K™ I2OWT, ZORKIEUTORLRERND 3.

Kerly = {v e K" | Av = 0} = (BREIL—XRFER Av = 0 DEZER]).

Kz Imiy = {Av | v e K*} OBMREZEEZEZ LS. A= (a1 -+ an), a; == Ha1; -+ amj) € K™ LN
7 MRS B b, K" ORHERIR (ef, ..., en) I8DWT la(e]) = Aef = a; £ 5. RO v e K" &

v n

v=>3" el ¢ e KeFEIDZDE la(v) =" ca;. TTToxEHT, D% ¢, EEHNLTERDL

Imis = {E”: cia;
i=1

#“of 5.1.3 THAT 2 & 518, EFMTH DR rank A & A fEEBR DR rank 4 13— L EF. D% D

Cl,...,Cn € K"} ={ay,...,an) = (ADFIRT ML ay, ..., a, DERDEBIZERM).

rank A = rankly4.

Bl 5.1.4 (MPEAROK). R L0554 IMERKOZR 0= (R) 13 R LOSHZERTHS. C2(R) ®
HOMRED Y LT, MOMERAE D = L — 1 %255, 5% hif54

D: C*®(R) — C®(R), f(z) — f'(z) — f(z)
EZL. ZORIX

Ker D = {f € C(R) | D(f) = 0} = {f € C*(R) | Va € R, f'(x) — f() = 0}
= {WHHERX f(2) = f(x) DE .

MG ER DRI ERBOE 722 7Eh 6, Ker D € C°(R) 772 MTH 5. 22T Ker D 2WAAHRER
f(z) = f(z) DAEZER (the solution space of the differential equation f/(z) = f(z)) & M.
fEZ2f Ker D W3 ED XS BRI D 20N TA LS. W32 L HTHF TR IEBOERELS, flZIE

cexp(z) € Ker D (c € R).
cEEDTHEICK T, Ker D © 1 XKItOEHGZEMDR SN 5.
Rexp(z) = {cexp(z) | c € R} C Ker D.

FiX, EWRHFERAOBOBETEL—EM 55, exp(z) & Ker D 25k 2, DF D RXDRILT 2 HHXHI ST
5. Frca AR f = f OZERNE 1 X0 T, ZAUIHAME £(0) LD FOBEBEEIIGT 5.

Rexp(x) = Ker D.

T2 SIVEAR f O Ker f BWERIILOHE, £ DOXRILEB(LRIT (nullity) 2FEAT null f /L HELH D 03, HABOME
BOERETIIDED HV SRR e BV E T,
T3z b, B | ] DI rank f L WVWIEESHVSRET.
T ZEEBEYHOHEMS FEXROBE RO ETY, ZHEEEYNE TOMBS QMR TTICHMATRER O T, BRYH B A
B#ANRTAHZ L RWTT. fil2X
A —, BURARER, A 6, HEFE (1994)
D g4 ZHTRE W,
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BB VT, P EROEFESL 22 EWIRA 2 Z e TEXT.

iE 5.1.5 (| , T 2.4.4, R 2.4.5). f:V - W BREGHLT5.
(1) fI3ES < Ker f = {0}.
(2) fI3EH < Imf=W.
(3) fIFAE & F ix&gtroigt & Ker f =022 Im f = W.

FEER. (1) f AHSARSHHE F71(0) OTE 0T TH S, W Ker f = {0} ZIRET S L, v,0' € VS
f)=f() 273725, flo—v)=02Fhv—0v €Ker f ={0} Db ov=0v TH53.
(2) EHDERZEDHDTH 5.
(3) (1) & (2) »HHES.

BE A

fIRE 5.1.1. f:V - W BIEEGe L, HHZEM Vi, Vo CV BV = V) + Vo 217z I,
fV)=f)+f(V2) (PEDImf=1Im fly, +1Im fl,)

TH5 iRt (FEW OS2 f(V1), f(Va) OFIZER]).

fIRE 5.1.2. V & W Z#BZ2ER L L, V IZARKXITTEE (v1,...,v,) ZRODOE T 5. ZOR, (FEOH
FBER f:V o> WIZDOWTImf = (f(v1),..., f(vn)) THEZZntE. Fic, W RERXTHEH»ICED
53, VERXITZS Im f BHERXITTD 5.

flRE 5.1.3. V ZHARXITTHPZEME L, n =dimV & $5%. £/ f: V > VIIRBEEZRTH-oT fof=f
iz bDLTE. . Effg: V>V ZRXTEDS.

g(v) =v—f(v) (veV).

Z DI, LD ERDPELT 2 2Rt
(1) g lIEEBHTH D, Img C Ker f IXTBDZEMICHR .
(2) V=Imf & Ker f.
(3) fAMEFEANC 0 TIEARVE, Y4B r e {1,2,...,n} 2V OEE vy,...,0, BFELT

N V; (i:l,...,?”)
f(vz)—{o (i=r+1,...,n)

PR 5.1.4 ([ , R 2.4.2)). EHFTH] A € M(n;K) % A — A 5T 5%
¢: M(n;K) — M(m;K),  ¢(A) = A—"'A

PEEBRTH2HEERL, ZOKEBERD, BIZZAZADRITERD &X.

78 5.1.5 (| , M 2.4.4]). J = (2 _01> LEWT, B ¢: Rlz] - M(2;R) % ¢(f) == f(J) TE
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D5 MLBER [ =30 far™ € R KL, f()) BZEH x 2175 ] CHEMATHON BT

d
FI) =3 fud™ = foB + frd + faJ? + - + faJ® € M(2R)
n=0

PEKSTS. 22T E X 2ROBATH. DB/ ¢ BB/ TH D, BTN T 2H g
Ker¢ = {(z* +1)g | g € R[z]}, Im¢=RaRJ

%8 5.1.6 (| , T8 2.4.6]). —DODEHRF,G: C°(R) = C®°(R) ZXRTED 3.

F() =71\ G()x) = /:ﬂm)dx (f € C=(R)).

(1) F & G # C(R) O CHERATH 3 HETE,
(2) FoG =idger) Z/RL, KerG & Im F 23R &.
(3) Ker F =Ker(Go F) %L, Ker F 2K X.

(4) InG =Im(Go F) Z/rL, ImG 2K X.

FE 5.1.7 ([ , p-120, 56 4 % §4, B 6]). U, V,W &#EZE/ME L, f € Hom(U,V), g € Hom(V, W)
¢35, ZOK, ROFMEDPKILT 2 EH 2 ~E.

gf =0 (FEH) < Imf C Keryg.

IR 5.1.8 (| , [14.6.8]). —DDIEHTTHI A, B e M(n,K) 2 A+ B =E, ®ii7z3255%. ZOH,
DUROFRDMALT 2 FH 2Rt

(1) A, BITX2EHEER 4,5 € End(K") IZ2WT Kerly = Imlp.

(2) AB=BA=0, A> = A, B> = B.
fE 5.1.9 ([ , 14.6.9). Ae M(m;R) 28 A? = E, 2%/ FREL, f,g9 € End(K") % f(v) ==
Av+v, g(v) = Av —v TEDS. £V =Imf, W =Img L EZ, s =dimV, t :=dimW 2 FL.

(1) s+t=n%ZmrEt.

(2) vi,...,0s ZV OEEL L, wy,...,ws Z W OEEL T 3. ZOR vy,...,v5,wq,...,w DK" DEE

JRIZ72 5 e Rt
(3) HEE vy,...,05,w1,...,w DETLEFINRT ML E AR LT, 26 ZMRZHTHELNZITHIZ

T=(vy -+ vgwp -+ wy)

35, THEAUTHITH D, £/ T-1AT &

v (E. O
rar- (5 9)

L7y ZNAITINCIE 2 FHETRE.
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5.2 RHEBEROIZER
Z DOHEIFET O HEIZROEHTT.

FIE 5.2.1 (] , il 2.4.8]). V ¥ W 2 BERXITCHEEME L, n =dimV, m =dimW &3 5. %
[V =W BREESRE 35, 20K, LUFO =4 FE.

(i) f DRERIE .

(i) V ORI (v1,...,0,) & W ORIE (w1, ..., wy) THoTREMZT S DOMREET 5.

(iii) V OEEY W OHET, Zh5ICHT 2 f OfTFlFRH

E, 0 _
(0 O> € M(m,n; K)

ERDBZBDPHEET SH. 22T E,. € M(r; K) 1 r XEAATH.

SRR, (i) < (iil) ITHIRTROEE LSS . T (1) = (1) EEE 512 XD Im f = (f(v1),..., f(vn)) =
(wi,...,w) ERBZFENSLHES. (i) = (i) ZUFO#HRTRT. O

X T EH R EBRICHET 2RO TRERLET.

M 5.2.2 ([ , i 2.4.6]). f:V - W 2R2HIEEGRLE S 5. HBOEMV CVIZOWT, RD "5k
GREEIH TS

(i) V=V'@Kerf.
(ii) f OV ~NDOHIR fl,, : V' - W (i 3.2.9 ) 3R

FEEA. (i) = (ii): @& 5.1.5 & b Im f|,, = W 222 Ker f|,, = {0} ZREIXRWV. FiEico0TE, £7
FREHEROTW = f(V) TH, $RREV = V/ +Ker f 225 f(V) = f(V) + f(Ker f) THS (1
B 511). 22T f(V)=Im f|,, & f(Ker f) = {0} CHFEET 2. LEzabEs L

W =f(V)=f(V')+ f(Ker f) =Im f],,

L, iR oS BRI, ENMDE,S Ker fNV = {0} 2D T, Ker f|,, =Ker fnV' = {0} &
RoTHES.

(i) = (i): V=V'+Ker f & V' NKer f = {0} Z/REFRWV. HIFZOVTE, ERICv eV ZWB &
f) e W DS AREDPS f(v) = f(V) 2R3V eV PEAETZ. ZOF flv—2) = fv)— f(¥')=0
Ehov—v eKerf. koTo=v+(v—-0v)eV+KerfTHD, veVFMEREITHS TWSHTE
Fons. BEI Ker fNV =Ker fly, Ll 5.1.5 1605, O

TIIEM™ 5.2.1 DD DT ERLET.

FIE 5.2.1 OFEBADKE. (1) = (i) Znd. V' & Ker f Oz, 2F b V =V’ @ Ker f Zii/d V O
A2 E$ 5. @ 5.22 XD fl,, V= Im fIZRARLDT, r =rank f = dim(Im f) &Y dim V' = r.
R 42455 dimV =dim V' +dimKer f 20T dimKer f =n—r. 22TV’ ORI (vq,...,v,) & Ker f
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DEE (vpy1,...,0,) ZEBE, V' + Ker f =W 2 V' NKer f = {0} &V (v1,...,0,) DV OHEJETH 3
DD,

EC, i =1,...,r WHLTw = fv;) eImf CWEEDDE, fl,,: V' = Imf BEMZH»S
(wi,...,w) B Imf OEETH 2. ZhELEELTW ORE (wy,...,w,) ZEUE, BEROLH» 5
i=1,...,r7%%5 flu) =w;,i=r+1,....n7%%5 f(v;) =0TH 3. O

EH 521 DFRE LT, MPEBROKRDXITEBRDOITT () ORBBRRASFLNET.

% 5.2.3 (| % 249). VE W RSIBEEY L, V 3ERXEE LT 5. O, EEOGIVES

[V WL T
dimV = dim Ker f 4 rank f.

BEER. V B ERXICHROT Im f ERXICTH 2 Z L ICHERT S (M@ 5.1.2). XoT f:V = ImfITE
B 501 AT S CLATES. TBL V ORI (v1,...,00) BEELTKer f = (041, fu), AL
ri=rank f, ¥R %. I STEREDES. [

EH 5.2.1 DRI —OfmA L £ T, 77Oz EVHLEL & 5.

BX 5.2.4. EEDITH A € M(m,n;K) 2L, UFOAODIFABEIR LHEEZIS. ZhziT5] A DR
# (rank of the matrix A) LFFLN, rank A &<
(i) ADITRZ PO, MTEINLIR S D DR DERL.
(i) A DFIRZ PV DN, BRI D O DERKDEEL.
(iil) A WCEREAZBZML TR SN BBEBRATIID, |AZ PV TRWTOE.
(iv) AWCHREAZ 2 L TSN 2 BEBATHID, /A7 PV TRWIIDEL.
(v) AD/MTFIRTH > T O TRVDDDRKY A X.

BIEE: f DR rank f *RICEBEHOTWE TS, & 5.2.5, & 5.2.6 THHT2 X512, ATl E%
BHEIETWET.

% 5.2.,5. Ve W 2HERIGTTHIBZEME L, f: V - W 2HEEHR 375, oW rank f 13V, W OIEED
FIRICE T 21TPIER RO e F L.

SEER. r :=rank f Y EL. EH 5.2.1 X b, VW OKBIRIE By, By BDFEELT, 25T 5 f DT
. E. 0 e e o>
BIFRRDY A = ( 0 0) WY, MM rank A = TH S, —F, [ERICHEE B, By, 5 2bhied

%, By 25 Bj, NOREZITY|%Z P, By »5 Bj, NOREEZHITIZ Q &L, EMH 3.5.7 XD
Bi,, By, BT 2 f OfTHIFRIE A = QTLAP e #EWF 3. Pt Q LIXIERITAHIZE H &, HICHAREATH
DETEITS. Lo TP Q! 2ZHITHITFIOBEIIZL L. FHZ rank A’ = rank A TH 5. O

751 A € M(m,n;K) IC X 2 EHEEBR 14 K* — K™ 122WTIE, #l 5.1.3 Tly DBEOBEH®REZEZEL
o, BT Iy DR ERT 28, ROTRMEONET.

% 5.2.6 (117 DREBORBKDIT, | , EF1.5.7, B 2.4.3]). 1751 A € M(m,n;K) %

A= (a1 - an), aj="Y a1y - am;) € K™ = M(m,;K)
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YHINRT P VITHIRL, F7-
A=Y by -+ bp), bi= (b1 - bin) € M(1,n;K)
CATRY PRS2 2, A DREf rank A 3K A f5EBR 14: K* — K™ OFE# rankly 2F LW, HIZ

rank A = rankly = dim (ay,...,a,)
= (ADFIRZ bbay,...,a, DD BRI D DDA
= (A DITRZ bl by, ... by DD BRI I2 D D DIRAE)
=#{i=1,....,n|a; ¢ {a1,...,a;—1)}.

HU #S 3ERES S OBEE o) 2K7.

FEBH. & 5.2.5 XD rankls 3 K", K™ OEREELEICET 27X TOBBUCEFEL VA, #] 344 XD %
DITHIERRIE A 7255, rankly = rank A TH B, ZHATHRIUDOFERMLESNTI. F/26] 5.1.3 &b
rankly = dim(Imla) = dim {ay,...,a,) THH, ZFHOFXANBE LN B, =FHOERIIXTOEED S
S,

HEEHDOFERX (FEPHSIZRAINR S PV OBRAE) = (BIEHNLRITRZ PV ORKE) &, (TP 2EmE LT
FBEEDZED SR WE L BICE 5T W5 rank A = (FIEHNLRFINZ PILORKE) 25065 .

B3, BIUHETBIIN 2 F VDRI 400 = 1,0 | a5 ¢ (a1,....a1_1)} THS ¥ BREENH,
ZHUCIZATE 2.3.12 0 (i) © (ii) 26T, A 2.3.9 (2) &, FINZ FLE—DFOMHP L TUo TR

B139DF ay, (ay az),...,(a1 -+ a;),..., (a1 - - a,) = AHEHATIUZR V. O
EERE
RS2 5.2.1 (| PR 2.4.1]). A= (; : g) € M(3R) ¥ T 5. /& A5G 14 O GOREE 41T

D5 Z, rank(A) 2K X.

fRE 5.2.2. mne€Zso &L, Ae M(m,n;K) 255. LTOFRERE.
(1) TERIFFHI P € GL(m;K) ¥ Q € GL(n; K) icht L

rank(PAQ) = rank A.
(2) HEEITHIORENITOITA O FE LW, DED
rank ‘A = rank A.

f#E 5.2.3 (FEEBFZEM, | , p119). V ZRUBZER, f:V - V ZACHERME e 55, #52EH
W cviny
fwv)ycw

Zimio S, W % f REEB5ZEM (f-invariant subspace) ¥ FEX.

BV BPERXITTOHEEEZ 3. ni=dimV, m:=dmW 2EZ, W OEE By = (v1,...,0m) &,
FNEER LTV OEE By = (v1,...,0,) BDERZ DN T 3. 2O, f: V =V © By IKB3 21751
ROLLTORRZ 78y 7 ZMITHITRE S Z & 2.

<A011 ﬁﬁ) , A € M(m;K), A2 € M(m,n—m;K), Ay € M(n —m;K)
22



5.3 EN—XIiFE E P E&R 94

RIRE 5.2.4 (] , p119, il 7). a € K 2 LT, n KUTOZHEADZEM Klz|<, LO> 7 MEHZ
To: f(x) = flx+a) ZEZS. meN, m<nixd, HD%EH Klz]<, C Klz|<, & T, FEERTZEMTDH 2
TR R (o), BT 5 T, OfFFIFRRERSD, M 523 BRI LT\ 2 & 2R X.

53 EIT—XRAENCHREER

Z DREIFNX | , §3.7] KWIEWE T
— A OMBRET, 17512 HVIET — R BRROMBEE LV E L. ZORERIEEBRDOKE G% v
TEMT 2 UFOMmE 5.3.1 ORISR D 27, fTHIOBBOER (BE 5.24) ZEVHLTEVWTRIL.

e 5.3.1. 5260475 Ae M(m,n;K) 2B MLy e KM IZHL, z € K* ZRANRZ b L35
WA AER A =y 2E R, ZORERORTEEEROBIIRT.

S, = {z € K" | Az = y}.

Fhk AGEEG%E 14 K — K™, la(x) = Az 2 EL.
(1) ROFMEDHALT 5. HiER Ax = y DfEER> & S, #0 < yelm f.
(2) K™ 0fnEaz W ={y e K" | Az =y 2o } TEDZ L, W=Imf THY, K K" D
rank A XITE DM TH 5.
(3) y=0 DKt Sy =Kerlsy THYH, Soid K* @ (n —rank A) KITERZEMTH 5.
(4) R Az = y BIREFHD LTE LT, —DOME 20 T 5. BUE foy: Sw — So B fuy (1) = — @0
WEoTEED, B f,, FRHHTH 3.

SFHHIERIE 5.3.1 12 LET.
KA DR EH UL i 5.3.1 (3) t OBREEZ T,

il 5.3.2 (c.f. | , B 2.4.10]). 1751 A € M(m,n; K) 2075 L, 2 e K" ZRHRZ bLET S
A HRR Ar =02F 25, TOMEAKROLTEEIIHE53.1 (3) K AMGEBRI4: K O Kerly
ELWV. ko TKerly OREEEZRDIUL Az = 0 DENP2TKRE 3.

K" OFHERLEE e1,...,e, £FHL. T A= (aij)i; EFREEFT VT,

A:(a1 as - am), a; ==

CHIRT PR T D, ZOKEla(e;) =a; THY, ar,...,am & Imly DERRTHZ. Z0Hh 5 Imiy O
K aiy,... a0, %
e a; #0 L RBBNOIHAFie{l,....m} &i &L
e 1<i < <ip SmETEDLLUT, ai ¢ (an,... ai_,) LARBRIOBET i % iy L5
HTEDS. ZOKFr =rankly =dimIm A TH 3.
Kizje{l,...,np\{i1,...,ip} £F 2. iy < jERIERD s € {1,...,r} & s; £FHL. ZOK,
aj € (aiy,...,a;, ) ERBDD, a5 = 300 cjpay, BMIZT cji,. .. e € KD HERE 2. 22T

Ty — (leeil +"'+Cj8jei,9j) € K" (] S {].,771}\{7,1,,7,,«})

2EZIUL, T Ker f ORK, O % DE RN Az = 0 DEEARMRICIRS.
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EEHE (B 195 R-Y)
fRE 5.3.1. @ 5.3.1 Z~E.

RIRE 5.3.2. fl 5.3.2 TIEIEFXEL—RXRFER Az = 0 #E 270, 20D D ICEFIEL—RGER
Ar =y (y #0) ZEZBZHT, MAREITHIORMEH LIET Ar = y DOREERDZ Z B TE 25 %
SR k.

5.4 1#3H1

HIETE CONBEOMEE 2 L% 5. EEMEZMTITT 2 D0 EHMTIT D, FHTEE L TEWTHL WER
DERCTEHBINEL TBEET.

5.4.1 TR CIRRER
§1 & §2AIRKICHT 2, XX TBVTELWESR, €8, floy 2 +TF.

o MIEZEMDESR 1.2.1 & ZDH.
— BxZ v oVZER (B 1.2.6), 1751220 (HHRE 1.3.1).
— PRERZER (A 1.3.2, M 1.3.6), ZIENZEM Klo] (F 1.3.7).

o MIEEHBOER 1.4.1 L[ABIBBROEHE 1.4.7.

o HINZEMDER 2.1.1 £ ZDf.
— IEATTHIOZE O Z2m (] 2.1.8).
— N O RER DO RZER (B 2.1.9).

o W ZEMOBE W, CV (i e I) OFIZERM Y., W; C V (EF% 2.2.3). ZOIREM&RL LT (EFE 2.2.5):
— HARE S CVIERT S (kD) G2 (S) C V.
— EREEMW CcV OERR S C V.
— V=W e VOIEEDTTE W, EOTOMUEETRE 3.

542 EBEZXRT
§2 T T B, XX TBVWTELWES, TH, #floy 2 T

o REEDFER 2.4.1, WA L.
— BEHSIEDER 2.3.2 L REEDERD S VIR (Flid 2.4.7).
— BT PVZE OREHERLER (B 2.4.2), 1THIHAL (B 2.4.5), ZIEAZEM O BIEAEE (F] 2.4.3).

o FLEICRE S 2 HAEHL.
— FEER (B 2.4.11).
— BKOLER (EH 2.4.15).

o JULDERK 2.5.2 L HAMME.
— BRI 2R DER 7 22 NI ABRTT (i 2.5.6).
— MZEEORTEA (ER- 2.5.8).
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543 BEECEM
§4 T2, XX TBVLWTIELWER, TH, floy 2 +TY.
o MUBZEMOIEV; (i € 1) OBERZERM [[,c, Vi (3 4.1.2) L EMZEM P, , Vi C [, Vi (EF 4.1.7).
— e LT, Sz oy Kz C K[o],Klzt!] c K[z*!] & KON c KN K¥2 c KZ RUZzh s
Bk (FHIRE 4.1.6).
o MHZERDEM @, Wi CV (Fi 4.2.6).
— &M UERD i € TITHLTWN Y cp iy Wy = {0} 2 dHEC @i, W=, Wi &
ERT D,
— EMDBYV =@,;c, Wi DD 2 & V OERDITIE W; EDOILOMGHE T —RITKE 5.
o MM DESR 4.2.9.

EEMEE (BE: 195 R—)
ROEE 5.4.1. HIBZ%M V OWHZEM W I2oWT, we W 25 —w e W TH2HERE

FIRE 5.4.2 ([ , p-108, 5 4 % §4, M 2]). HRIEFITHIDZER M (n; C) i22WT, LLRDOEFEE L
AP EDZm T K.

(1) FEIERATHI D 22 (K.

(2) A,Be M(n;C) 52607z LT, {X € M(n;C) | AX = XB}.

(3) FE174 (nilpotent matrix) £ED R FTHIESE {N € M(n;C) | 3k € Z~o, N* = O}.

(4) BRI DTN M (n; Z) = {(aij)} j—1 € M(n;C) | aij € Z}.

I8 5.4.3 (| , §4.4 [ 3, 1)]). n KU T OEBFRZIEAX D72 §HWPZERZ P &, ZDE50
®=E
1
N::{fEP / f(sc)dx:O}, C = { ERER }
-1

%25 P=N+C»ED» $72P=NoCrEIPEZHL X.
RIRE 5.4.4 ([ , §4.4 MR 3, 2)]). 4 RITER 2 bOVZER K* OFR5 24

(x1 3 23 74) € K* | 23 = 24 = 0},

Ve
W= {{z1 2o 23 24) EK* | 21 + 20 + 23 + 14 = 0, 2 + 205 + 323 + 424 = 0}
BEZD. K=V +W DEL, K = VoW 2ELERL X.
%8 5.4.5 (Euler {EARK). d € N1t L, ZIENZEM Klz] OFHES W, ZXRTED 3.
Wa = {f € K[a] | 2f'(z) = df (z)}.

(1) Wo, Wi, Wy MZRENE D & 5 BEED, TE 572 THRINCHAE X.
(2) fEED d € NS LT Wy 22T H 2 H5 R
(3) (MEEBROKOMEERH5.) Wy = Ker(d, — d), ¥, = 2L %273¥. J, % Euler (EER LIT3.

fIRE 5.4.6. V 2B L, V1, Vo, V3 2 V OHp2EME T 5.
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(1) i+ W)+ Va=Vi+ (Va+V3)=Vi + Vo + V3 ZRE.
(2) Vi +{0} = {0} + V; = W} Rt
(3) Vi +Va=TVo+ V; BRE.

FIRE 5.4.7 ([ , [ 3.12.16]). Wy, Wo, W3 ZHBZEM V OFRDZEM L 5 5.
(1) (Wl n W3) + (W2 n Wg) C (W1 + WQ) NWs Tt gff:, FEEDROL LWl R ZT k.
(2) (WiNWy) + W3 C (W1 + Ws)N (Wy + W3) . k72, BN LRWEIZET K.

%8 5.4.8 (| , #3.12.17). Vi,..., V, BEIEER V OB EETH-TV =V @ @V, 2k
THDRELTB. FW,,.... W, 2Z2hzhVy,....V, DERERHTHB L, V=W + -+ W, DKL
LCTW2235. ZO, 2TDi=1,....,r ZHNLTW,; =V, THIEERYE.

78 5.4.9 ([ , [83.12.19]). V ZEBZERE L, v1,..., 00,01, ..., ws €V 2T 5. ROFXERE.
(U1, .oy Up) + (W1, .oy Ws) = (V1,0 ooy Uy W,y e e, W)
RRE 5.4.10. f: V = W EEZEE OB ORBIESOR, WES 1 BREERTH 2HL2RE.

FRE 5.4.11. $REEMHR [V - W I LT, ROZODOEMIIFRMBETH 2 FERE.
(i) fIEHHTRY, 2%D, H2 0,0 €V, v £ 0 DFELT f(v) = f(v') DD LD
(ii) Ker f £ {0}, DD, 55 2 € V\ {0} BHELT f(x) = 0 2D 0.

PISE 5.4.12. [E/51750 A € M(n; K) 12 2 DIFFIR det(A) € K Z G2 2 HC, Fi% det: M(n; K) — K,
A s det(A) BEBNG. ZADILEEPEPERT &,

e 5.4.13. V & W Z2HEANY PVZER R OFDEME T 2. COE, MV W BIOEZbD VAW b
R O DZE# L 72D, 26 DRITIRDFERZii7z 5 (EH 2.5.8).

dim(V + W) =dimV +dim W - dim(V NW). (1)

MUTF, ZOFEXREPHIEALEIS. R* DIC UL, ..., U, U1,y Uy, W, ..., W ZLTFDOSRMEET-T X 5 I1GERN.
o up,...,u XV NW ORJE
® Ul ... ULV, ..., U XV DIEEJE
® Ul ..., ULW,..., Wws X TW OEE
(1) V+W ODIEBDIT x DS Uty ...y Up, V1, e ey Upy W, - - ., ws DEIEFEE TRI NI HERE.
(2) Ulye ey Upy Vlyen ey Upy WA, . we DSERIEHSITH 2 FRRE.
PEoT U, ooy, Viyee oy U, Wi, .., ws EV + W OEEZRTHELD2D, FX () PEONI 3.
(3) AMEEG VUW IIHT LD R” OFEF2EMNICIER & WHEE, BRI RE1Z 287 TaHE X.

R 5.4.14 (| , M 1.5.2). n 2 3 EOREE L, e1,...,e, Z R"” ODIFERKKL T 5.
(1) {ei+ej|1<i<j<n}HR"DEBRTHZELRE.
(2) e1 +e2,e1 +e3,...,e1 + e, DEREHILTH 2 HERE.
(3) e1+ez,e14e3,...,e1+ep, e, +e; DR DRETH 22D, i & jIZOWTORE+TRMAZKD K.

PISE 5.4.15 (c.f. | IR 1.5.3)). V R ERAGEEIVER L L, £ W, W C V R E5%EHE T 3.
(1) BUR O = 4H5RIET 5 2 Hrmt.
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@) V=WaWw. (i)dnV =dmW +dimnW »>WnW = {0}.
(2) V = K" 0BAI2, dimK” = dim W + dim W’ 245 K» £ W + W TH 28528 W, W' K" o
iz 2T &
FIRE 5.4.16 (c.f. | , TR 1.5.3)). 83120 KN o n®Es VW, W/ W ZLIRORICED 5. (2)
V= {(an)n e K" | VneN, any3 = ang2 + angy1 — an}7
W= {(an)n €KY |Vn €N, api2 = 2an41 — an},
W= {(an)n €KY |V €N, apy2 = 2a,},
W = {(an)n €KY |Vn €N, a1 = —a,}.

Y ENOEG
1) VW, W' W" i3 KN o522, (2) dimV = 3.
(3) WnW' = {85 (a), € KN | a € K}. 4L W+W =V.
B) V=WaW" (6) ()ny (), (1)), e KNIV ORIETH 2.

R9%E 5.4.17 (| B 15.9)). V 2 HRIOTRIBZEEE L, W % V OBS%EME T 5. UFERE.
(1) W DD (2,)7, 1L, (2:)0, BV DRI S X575 T, ..., 20 €V DEFET 3.
(2) WITEHOWE, W O W’ & (2, ... an) ¥ BT 5.

FIfE 5.4.18 (LEEBEWRZEAZTHMOERE). ME 252 THR-oZTFTHREOEMEEZXS. n e NEL,
K[z]<n C K[z] 2 n XU FOZERRAEORTEHIZEM e 5 (FE 2.1.6). ke NI LT

f=z@+D)(z+2) - (z+k-1)
YEDT x RELT 5 LER kERE (raising k-factorial) LIER. HL 20 =1 L HHET 5. Z O,
(xE)::O = (l,z,x(er1),...,x(x+1)...($+n7 1))
S Kla] <, DIEETH 5 HFE A

Fl:ﬁiE&E 5.4.19 ([ 5 Fliﬁ 465]). I1,...,T5 %%Qﬁt L/7 W1 %@ﬁﬁ%fﬁ

201+ 329 +x3+ 24 =0
T+ a2+ x4 —2x5 =0

DFFRZEM, Wy Z 37 )7

x1 +2rx94+x3+x4 —25 =0
{29&1 +x9 —2x3 —3x4 + 625 =0

DfRZEE 35, Wi, We 2ZRZFNR? OEHZEM L AT,

(1) WinWy, OREEZ—H52 k. Zhk By 35, £/ dim(W; NW,) 23k X.
(2) W) OHEJE B; THoT By DIERICKR > TV D% KD L. £/ dimW; 2K k.
(3) Wo OEJE By THoT By DIERICKR > T2 D% —fRD X, 72 dim Wy 23R k.
(4) Wi+ Wy OEETH 5T, By DIERITSH By DIERIZH IR 5o TW0EHDZ—HKD K. £/ dim(W; +

Wa) 23k &.

TS5 REEDTE ok LRI, 08 2F 13 Knuth 2EA L2 OTT. fiz o™ #unh LT,
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6 MEZERT (05/23)

S OHEEERBED | T E] M LET. B SHEEROKK OMBEMEE AT T
A S CEHERIE ~ 252 BN, s € S ORIEES = {t € S |t~ s} ZHEDTTELED

S/~ ={35]s€S}

Z~ICEB SOEERLMUIELL. ZAUE ~ K 2HRIZRLTOT, FEBE, 513 S = Usegys EAHEIS
NFEIT. ZOMTE, MEARBICBI 2HESOHLMMESTH 2BEMERVET.

6.1 FEZER
BHTTOEEE A EA LT, PRI e 2 OWSEENEZ 5N L ERTEET.

fRE 6.1.1. V ZHUBZEM, W C V 2R 3 5. ZOK, V _Eo IHBER ol %
va;w:(:)v—wEW (v,weV)

TE#T DL, ~ WEEERIRTH 5. D DI RO =MD AL T 5.
(i) FEOveVITHLTY ~ v
(i) FEED v,w € VIZHLT, v Fw =~
(iii) FED u,v,w e VIINL T, u~vDPDv~w=— u~ w.
w w w
ZOFRMERR ~ I L 2TEES V/‘; %
V/W =V~

EWSEHETKRY. $hkoveV oD ~ WS 2 REEE v e V/IV EEL.

BERA. [FMERSTRD =& 2R T .
(i) WIEH D ZEM 720 6B 2 80T, FEDOve VI LTov—v=0€ W, 2%¥D v oA
(i) W EED 2R Er S, v—weW Bbw—v=—(v—w) € W. J:o“C@VNwa;fowvwvv.
(i) W 3D Z=EErS u—v,v—weWBbu—w=(u—v)+(v—w)eW. koTu Vr\‘;v#O
v;;/wfatfouww.

w
O

RICHES V/W SR oBER2 EDEF. V/W OO o 3#EY 5 v e V EAVWTa =1 b
F2H, FHTOBEHIETERG ( £vThoTa=0 LR34V €V 2H2) BHEELTRE.

EE 6.1.2 (| , fil 7.2.3, EF 7.2.2]). V RRIBZER, W CV ZE0EME T 5. BEE V/IW KD
W, EBED v, w e V/W KU c e KIZHLT

e T+W =v+w

* Oyyw =0y

® CU =CU

LED DL, IHER 4 ¢ & well-defined TH D, # (V/W, +, 0y w, .) ZEYEZERTDH 2.
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AE 6.1.3 (| , B#6.1.2)). LELOMOERv+we V/W ZIEMICEL &, RO D 7.

(i) H{lﬁiﬁﬁz{v’e‘/w’%v} DRFEITCLv € T ZFES.

(ii) A w={w eV |w ~ w} ODRETT w € w ZEX.

(iii) BALRKITGS v+w eV ZFREL, ZOREE v +w e V/W Z2HL5.
DFEDv4+w e V/W ZERT IR, BAONTWS 0,w € V/W MADT—4 (Z 2 TIEIRET o, w € V)
ZFEOTLE->TWVWBRTT. 20k, RERTOMH HEV €ev, v € w tEZATv+w =0 +w LE
FLTH, vV +w =v+w e BoTHERPEDLOLRVEERRIDBESDD T, Z0H V/W O + B
well-defined THD L\ I HDOEKTT.

FIE 6.1.2 OFEEA. 3, V/W KB % + 5 well-defined TH2H, 2% D v,v/,w,w’ € V Hv s v o
w%w/ Bz hov4+w =0 4w L R2ZEERT. RELOv -V, w—w €W THY, W CV
WFEB 2R DT (v w) — (V +w)=(v—-v)+(w—w')eW,DED v—i—wVNVv’—i—w’“C“KéE). ER-Re

V+W=vF+w [V/W 2B 2D EF]
=v +uw [v+w e~ v +w]
w
_Tiw [V/W 251 2RIOEHE]

& 75T, + B well-defined TH 2 HMBNES.

RIZVIW IZBF 2 AN T — 15 . 5 well-defined TH2H, 2% D v,0' € V 2iv ~ v R TRS v =
e ERBZEERT. REPSv—0 e W THY, 72 W C V FEAZEMBEDT cv —cv’' =c(v—20") € W,
DFED cv ~ v "THB. £oT

U =7V [V/W 2B 232 7 —fEDER]
=cv [cv ~ V]
w
=cv' [V/W B2 2AH 7 —fEDER]

7o T, . H well-defined THEEDRES.
BITAEZEB OER 1.2.1 OLFZMHFEZRBIZRV. u,v,w e V/W & ¢,d € K ZERICHS.
(1) V/W 2B 2O EHEIROBRITTE S.

(ﬂ+@)+w:u+v+w:(u+v)+w@u+(v+w):ﬁ+v+w:ﬁ+(6+w).

BU (x) TV IZBI2MoREN (EF 1.2.1 (1)) zHW.
(2) Oy BV OBFETHZHE (F# 1.2.1 (2)) ZAVZ &, Oyyw BREIMT I LH0H 5

%% HL (x) T—vd v DV ICBI 2 MESETTHH (EHE 1.2.1 (3) 2HVE.
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(4) Mo Ev+w =v+w Y Tr=w+7 2505, HL (x) TV ofon#artz Hun:.
(5) V/W DD —DIX

c(T+w) =co+w=clv+w) O Tow=—mtm=citew

MHRES. HLU (x) TV OEHE (EF 1.2.1 (5) ZHW.
(6) V/W ©b 5 —o0 5

(c+d)v= (c—&-d)v(:*)cv—i—dv:@—i—%:c.ﬁ—&—d.@

HEHHEES. AL (x) TV OHEHE (€% 1.2.1 (6) 2V, 27

(cd). v = (ed)v (=) c(dv) = cdv = c.(d.D)

BT 5. HL (+x) TV IZHT 2 1.2.1 (6) LE v,
(7) VIEBI2 1 D2A 5 —(EOWE (EF% 1.2.1 (7)) 5 1o =To =0 5>,
m

EE 6.1.4 (FHZEME). & 6.1.2 ORYBZEM (V/W, 4,00, w,.) &, #BIPZEHR V & 2 D0 2EM W 265 %
322 (quotient space) ™® L IFER.

%R 6.1.5 ([ , A 7.2.3, B 7.2.2]). V BIBAER, W C V 2ES%EMe L, V/W REZER e T
5. ZOlE, Bi%

h=)

p:V—V/W, v+—7T

FEHEEBRTHD, Kerp =W HHILT 5. p ZEAEEANDIEZELSY (canonical surjection) SIFIEZES}

£ (canonical projection) ¥ M7,

FEEA. =OmRTEND S.
(1) EEDEE S £ ZDFEMERR ~ IZOWT, BHRE S/ ~ NDERS - S/ ~, s—»5={tcS|t~s}
BEHTHS. KoTERp b4t
(2) vyweV ¥ ce KZERICHS L

—~
*

plv+w)=v+w ) v4+w = p(v) +pw), plew) =20 = c=cpv).

—
N>

BL (%) TV/W ORKRUARS 7 —f50EREZH V. XoTp 3B EHRTH 3.
(3) Kerp =W 2RO#EH»HIED. v € VIZDWT

veKerp < pv) =0y <= 1=0y < v‘r/vVOv = -0y eW < veW
O

%8 6.1.6 (| , B 7.2.3)). V REIBZER, W CV 2EA%EEE L, p: V = V/W ZRZ%EM V/W N
DEHERGI L 55, UCV W OMZEM (€% 4.29), 2D V =Ua W % 5Ho%mEs, po U
AOFIR ply, : U — V/W ZRABEETH 5.

*76 HRoy 22 EAE LR ¥ MRk, (2R T B NI ZEH (quotient topological space) ¥ WAL H B DT, Fh L XKHIL
TV EII BRI ZER (quotient linear space) EFFUNET.
*TT 505 p DHRE projection DEXFHE L BWET. MET XV ¥ XF 7 2fioTn: V = V/W ELZ L BZWTT.
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SERA. i 5.2.2 RAFHERE p: V — V/W ICHEAH TUIR V. O
% 6.1.7 ([ , R 7.24]). V BERXICREZEM, W CV 2H2%EME T 5. v1,...,0, & W OHRE

EL, ZNZRERLTEONS V ORE (EH 2.4.15) Z v1,. ., Uny Ui, -, 0 £33 5. ZOF, IFOFE
ROSALT 3.

(1) Umtd,- .-, 0n WERE2ERE V/W OEIETH 5.

(2) dim V/W = dimV — dim W

SERR. (2) 13 (1) 2 BHES. V! = (Upats...,o0) C V EBL L, MEMOED S (M 4.2.8) 25 V =
WaoV Ths. LoTHEGCL6 2o, BERH p: V — V/W 2HIRL TR p|,, : V/ = V/W 5156
Nz 5Bpldpl) =1 THEALNZ05, V' QK vyhgt,...,0, D ply, KEB2BIZT0T,...,0, TH

b, @ 3.3.8 XD 2L V/W ORIETH 3. O

EGME (RE 198 R—Y)

RIRE 6.1.1. MMV & W OEMZEMV oW 2w,V E {(v,0) e VoW |veV} eH—HT2H
TVoW Oz Red (ME 4.2.5). $2&, BMEBICOWTHE (Vo W)/V 2 W 235 5 H2nt.

I8 6.1.2. AIOME 6.1.1 2> T, FZEEICEST 2 AT ORI D 5 HE2RE.
(1) mneN, m<nOF, K*"={{(vy -+ v, 0---0) |v; e K} CK" 2 R&F & K'/K™ ~ K™,
(2) EAWEREK D% K[z] & Laurent fE 0 %M Kz~ l2] oMo B TH 2. DK,
Klo=), ] /K[a] ~ o~ Kle1] = (S, fra— | n €N, f; € K},

& 6.1.3 (| , Bl 7.2.6]). ZHK f € Klz] OXEZ deg f £ FH L. ME 4124 OEMIE Klz] =
(f) ® K[z]<deg r—1 Wl 6.1.6 Z@EH T 2 Z & T, dimK[z]/(f) = deg f &2 FZRE. T, M
Klz]/(f) ®RE % —HIFN.

RIE 6.1.4 (c.f. | , fEE 7.2.1]). n RITEAR T PILZER K™ & Z OFEHEIR e1,..., e, ITDWT, JT
er+ - te, EK" 2VERT 2 K® OIMOEEMW eFEL. 2D W =K(eg + - +ep). ZODR,

B = (aaav' c 7%)7 BI = (61 —€2,62 —€3,...,6p—1 — en)
LEDDE, Bt B BHICKY/W ORETH 25 %2 RE. $72 Bh 5 B ANOHEEZIITHIZ KD X.

PS8 6.1.5 (|  HRT.2.2). V EBIBEE, W CV 2 HAZEMY T 5. W EED V OWHEM V1
U CRIZER V)W R SE S 2 5 HTER

(V' CV | W 2 &B0EZER } — {(V/W OoR%EH Y}, Vi VW
PEHNBHE, FI 2 OFIGHAHTH 3 HETE,

FIRE 6.1.6. V = K® & L, Bya = (e1,e2,e3) T DEERLKY T2, F/w = Y(w wy wz) €V &L,
wy £ 0 LARET 3. w VERT 5 1 JOCEHAZ%ERE W = (w) = Kw C V L B S, 2 V/W 2 £ 2 5.
(1) e1,ex € V ORMEED V/W DI By w = (er,ez) 283 HErH.
(2) FAZEHEIANDIRERS p: V — V/W D, K Bya, Byyw BT 21751872 KD XK.
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6.2 BAZEROEEN

EE 6.2.1 (BEREOEEN, | , e 7.3.1]). V BERBLEM, W C V 2Ha%fe L, p: V - V/W
R V/W ANOREMERG e 55, £z [V = V' BRIBZER V' ANOEEGSR e T5. ZOk, 540t
(i) f(W)={0}
(i) fop=f ZWMTMEEL f: V/W = V' MFET S
BRMETH 5. B2, ZDRMERSEUENRLT 20, fop=f Rl THEER f I3 —HICEES. 2O f %
[ OFETIEEER, X f B 55| FE SNIIFHER (the linear map induced by f) & FEX.

BERR. (i) = (ii): V/W OFEEOIET IHLTRETLveT={v' € V [/ ~ 0} CV ER-T

f(@) = fv)eV’ (6.2.1)

35, INTER f: V/W — V' 25 well-defined ICEZ 2 HERZS. HlIORKILV evCV EWM-TH
J(') = fv) e 2HZREERVD, v €t & D ol oy —veW. XoTRE f(W)={0} &b
f(W' —v)=0T, fORIEHEID f(V)=f(v) & 5%.

R fop=faRRES. FREDv e VITHLTpv) =075 (fop)(v) = f(p(v) = f(0) = f(v) &
2%, BB f PRI ESETHEEERED. 0,0 e V/W & ¢,d € K ZERICHS &

f(cv + dw) = f(cv + dw) [V/W B2 AN T —EDEHE|
= f(cv + dw) [f OEH]
=c.f(v) +d.f(w) [f DFEE]
=c.f(v) +d.f(w) [f DEH].

(ii) = (i) FED w € W IZHMLT plw) = 0T, MEEBREIBILEETICET (fiE 1.43) 5
f(w) = (fop)(w) = f(p(w)) = F(0) = 0.

BRI fO—BHEERZES. ¢: V/IW = V' gop = f ZililITMEESIEL LT, g = f ZREE
BV, V/W OEEBEDITL 0 IZ2WT, ZOREKILv € V 2B L plv) =0 7205, &ffgop=f kD
9(@) = (gop)(v) = f(v) = f(V). ko Tg=[fThH%. O

AR 6.2.2. FM 6.2.1 BT ER R OPBRE T
(1) &fF (i) 2, TROXKPAHUCRZ X572 f BFHET S 5528 hdbbET.

v L v

=
)|
S

V/W

(2) Bi% f DMK (6.2.1) ZR2e0h5 512, f(T) e V' IF, T DRERT v 2EBICH-T, EhE f T
BLE f(v) ICBRD FEA. £/, 20FEH» S

Imf=1Imf

DIENE S (REHIRE 6.2.1).
(3) EH 6.2.1 TRULMEZ, /2 V/W OBEMY (universality) EFFUNET.
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R 6.2.1 OFR%, TR 6.2.2 THAL X2 5 A TRALET.

% 6.2.3 (| , R 7.3.2]). V BEMEER, W CV BHAEBE L, p: V = V/W ZFEZEEAOEUER G
Y5 HEICW CV RESEME L, p V= VW REEREY T 5. ZOR, BEESR fV - V2
fOV) Cc W' ®iili7e 376, RORRE AT 28IEE5 f: V/W — V! /W' BHE—TFET 3.

v —L v

L b

VIW o VW

HIMEEDOILy € V/W O f(0) 1%, v DIRFEIL v € V ZHL- T
f(@) = flv) e VW'
LB FER622M-T, 20 £ V/W = VI /W OFED f HFEET ZBHEEHK LI
SEPR. @R 6.1.5 &b Kerp =W/ BOT,pof: V=V /W i
(o [YW)=p'(f(W)) Cp' (W) =0

iz, Ko Tp of WEM 621 ZEHATAIHENTEC, pof=Ffopehd f:V/W VW P—K
iEens. Tk F(0) = f(v) DIEIERIE 6.2.2 125 5. O

HRRTCOBEITR 6.2.3 OMIEEG [ 21THIFRTT 2 L ROBICHED £5.

8 6.2.4 ([ , P-200, Rk 72 DRDEE]). K 6.2.3 DRED T, BIZV & V! BWHERXITIE ARES
5. Flvy,...,u ZHREBW CV OREE L, B=(v,...,0,041,.---,0,) ZEELTEONSZ V D
K2 5. MRS v, ..o ZEDEE W CV ORIEE L, B’ = (v],..., 0, Vpyqs- -5 Up) ZIERL
ThRohz V' ORKEr 3%, ZLTAe M(m,nK) Z8EER [V - W @ B, B B3 2175I1E£ Rt
L, ROBc7a vy 73 LTHEL.

A11 A12
A= . Ay e Mk, K).
(Agl A22) 1 ( )

(1) &tEf(W)CW'iE Ayy = O LAETH 5.
DUR, &t f(W) c W' ZIEL, f: V/W = VW' % f DFET 2B EHRE T 5.
(2) B vi,..., 0 & vy, ..., 0 BT 2RUEGR fl,, W — W OITAIERRIE Ay TH 3.

3) R6.1.7T XD Uy, ..., T BV/W D, v _y,..., 05 B V//W ORIETH 5. ThoDIERICH T 25
BB f DITHIFRIE Agy TH 5.

EEHE. A= (aij)i,j Xlﬁ< Z7 ﬁ?ﬂﬁ%@ﬁ%bl%%j == 1, ey CZjﬂlLVC f(’l)j) = ZZI vgaij Ztﬁé.
(1) LUFo#n 50E5 .
fWV) W = FEDj=1,...., 01T LT f(v;) e W'
= EEDj=1,... .l ITHLT Y vja; € W’

i=1
<~ E%ﬁ\@jzl,...,lXizk—i—l,...,m&:ﬁbfaij:() < Ay =0.
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(2) Fj=1,...,lTHLT f(v;) = Zf L viag; ETEB DT, (aij)i<i<i, 1<j<k = A B8 fly, OITHIERR
TH5.
3) & j=l+1,...,nihHLT

m k

! ! ! . / !

flv;) = w; + g viaij, W= g viai; € W
i=1

i=k+1
eEFL. BHERG V! - VW THAZRE T L p'(w)) =0, p'(v]) = w; K5, R 6.2.3 DFER
F(@) = ;) = (@0 o f)(vj) LEDET
F@j) = fv) = Z viag
i=kt1

27D, (aij)i41<i<n, kt1<j<m = Ao B f DIFFIRRTH 3.

O
BEEE (BE: 199 R—)
RI%E 6.2.1. FE 622 (2) ® Im f = Im f 2"t
MR8 6.2.2. % 6.2.3 OFR f(7) = f(v) ZRE.
fE 6.2.3 ([ B 7.3.3]). ZHEA f =2+ aa" -+ apiz + a, € Kz] 1IN ULT, #5220

(f)={fg|geKz]} cKlz] »>EEBMEME V = Kz]/(f) £ EL. FEERH p: Kz] » V Ik
2%ZMER g € Klz] DB%E §=plg) £ EL. M 6.1.3 &Y B:=(1,7,..., 2" ) 3V ORKETH 3.

(1) Z2HAZ 2 53258 g~ 2zg 26,V LOHCHERRE . V >V, g Tg PEE S HZRE.

(2) ECHERE o € End(V) QR B I2BIF 3 1THIFmA

o0 -~ 00 =—ay

1 0 -+ 0 0 —ap—1

0 1 0 0 —ap—2

) . ) € M(n; K)

0 1 0 —a

o0 -+ 01 -—a

xR RE. ZoTHEZIEK f OBE#1TS (companion matrix) £\ 9 | , E# 3.1.6].
78 6.2.4 (] , I8 7.3.5]). BUBZEM V,V/ W, W' ROBIEES f: V - V' 3R 623 0D XL,

SEfW) C W ZIELT, f: V/W =V /W' % f FET 2B ERE T 5.
(1) T DHSTH 220003 FLH W) = W DBE+HTH 3 HeRe.
2) T HERHTHZBIEV = f(V)+ W BRBEHTH 2 HERE.

R9%E 6.2.5 (| , P 7.3.8)). $BZEM V OWAZEE W, W S LT, Ko &S RAETH 3 Fe
T
G V=wew.

(i) HEHELHFOEM V — V/W o V/W XRG4,
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7 #EREBEE (05/30)

SEONESIRED | CETE SN LT, BEHAEOKK LOBVEEER T

7.1 EREFEER

FERL 6.2.1 DERIX, FROZERM W C VIS LTS f(W) =0 27 3#IEEHR f: V — V/ ITEHT 2
BilizoTWET. TITHULIUGZEZT, WBER f WERKGA oM 22, BTV offn2EHz
BATEMR 621 P HEHTESZX5ICFT2I2ERET.

PLEZZE, W=Ker fIZTNIX f(W)=0RDTEM 621 PEHATEET. fITXo THEINIM
BB f:V/Kerf = V' IZ2WT, 0 € VIMLT f(@) = f(v) e V' 2ZDOT, Imf=Imf = f(V) TF
(FE 6.2.2 (2)). ThEDI L HEXDEHEDFLDLEAELNE T

TE 7.1.1 (BFARICH T3 EFRTERE, | , T 7.3.4)). BHEG FV o V' ATET 25K
F:V/Ker f — V' BROFEHEEDS.

f:V/Kerf —Imf, v+ f(v).
RSV BHRXILZ 5, & 5.2.3 OHGEHAE 50 5:
dim V' = dim(Ker f) + rank f.

GEER. AT URT. V BERXITED T, ZDEIZ2EM Ker f  HRXITT, % 6.1.7 (2) &b dimV =
dim(V/Ker f) + dim(Ker f). #7255 V/Ker f ~ Im f 72D T dim(V/Ker f) = dim(Im f) = rank f.
o TRAFDEXDKILT 5. O

AR MERAVERIIRD & 5 N TRE T

v —L

| 7

V/Ker f ;>Imf

AR EH 711 OHENCHET 5EETY.

(1) MEEBIIHERTL Y $IFIN 2 DT, ZOEHE WS Z e TEM 7.1.1 1I3HERBEH AT s hTn
¥9. [FEROEMDHEE, A, WA IOV TH ML L £33, 200 HHEFRBUER L IERDT, Xilo
2 TRERE D) 1) F L7, FEFETIX the fundamental homomorphism theorem ¥ SWEJ.

(2) FEEEFRBOFER DT, ZOFRE2F—FTEM (the first isomorphism theorem) EFERNZ & b H
DET. e FEANEHDID-T, ZROHEHR 7.14, R 7.1.5 THRVWET.

(3) T3, FH 7.1.1, % 7.1.4, B 7.1.5 OHANCIEAIC & > THIDRE WA B D £5. HEIKAH 2 AiE
Wikipedia ORIZEHDOEEHZSEICLTREW.
HAZE: https://ja.wikipedia.org/wiki/4E5%90%8CAESAOELSBAES AELIAYET%I0%E6

HiGE: https://en.wikipedia.org/wiki/Isomorphism_theorems

RERAREHICE S 2 B2 Ko £ T


https://ja.wikipedia.org/wiki/%E5%90%8C%E5%9E%8B%E5%AE%9A%E7%90%86
https://en.wikipedia.org/wiki/Isomorphism_theorems
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Bl 7.1.2. FEEMV & W OEMZEEV oW 252 5. JAUIAREMZED SERHZER V x W £EFLL,
FRCHE py: VoW » V2EE 3. Ker(py) = {(0,w) e VW |[we W} =W, Im(py) =V Zh b, 4

RIZLEED 5 pv =
pv: (VeWw)/wW ==V, (v,w)r— pv((v,w))

EHET I, ARG R o: (VW)W SV ORT((v,w) =v &2 FHIEME 7.1.1). 40
pv DERDS py((v,w)) =v. ko Tpopy =idy, DEDRXROMREAMRTH 5.

Vew)w —2-Vv

”Vl%

v

Bl 7.1.3 (FHRA Lie &R sl(n; K) DRIT). LT A = (aij)} =1 € M(n;K) O b L— X tr(A) =
b BB I TEE 2EB

tr: M(n; K) — K, A+ tr(A)
BHEFRTDH L. 2O”%E
sl(n; K) :== Ker(tr) = {A € M(n;K) | tr(4) =0}

L E LT AR sl(n; K) € M(n; K) OXTERD & 5.
FTRILEMS tr HBRETTH 5 2 LIRS 5. FHIE, (EHD c € KISH LTI A = (ai)? -, % a1 =,
O TIE 0 L EDIUL tr(A) =c TH 3. Lo TEREEHEDS

tr: M(n;K)/sl(n; K) — K, A~ tr(4)
BFRETHD, £

dim sl(n; K) = dim(Ker tr) = dim M (n; K) — dim(Im tr)
= dim M (n;K) — dimK = n? — 1.

ERAEHOIFEZ WO LET.

% 7.1.4 (BIERENCBT 258 " FAER, | , %R 7.3.6.1]). MY V LEOZEME W, W CVIZOW
T, UEEBW — W + W' »EE S 3 #E 55

W' /(W AW') — (W + W)W
AR,
. B SR AR

oW —W+W — W+W)H/W, v+ w—w

*78 5l(n; K) 134554 Lie B (the special linear Lie algebra) ¥ M3h % Lie BTY. MFER T LieBE 7527 bv—1%
fioTRLET.
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ERETH S, FEE, (W + W)W OEEOTIEEL s u e W+ W’ 2T 7 & #5358, FIZE W + W'
DEZEPOu=wH+w, weW,w eW EI3. 2 u—-w=weW &b u‘;w’ vhoT, u=w
TH3. FoTepw)=uthks.

F o DREWNW TH3. EBE, w e W Do) =0%TRo0w =0, 2%) w' € WHRDT,
Kerop=WnNW' T»53.

T3 EWERABERE o W — (W 4+ W)/WICHEALT, AEE®RG: W/ (WnW') = (W+W)/W
BEoNs. O

% 7.1.5 (MERBuc B 2B =FREH, | , % 7.3.6.2). V REBEBEL, W CW CV 2ES
ZEEOHN e T B, Flep: Vo V/W e V= V/W ZEHERE Y 53,
(1) FEZER V/W' 56 V/W NOEBR « %

m: V/W — V/W, p'(v)—pv) (veV)

TEET DL, 2 well-defined THH, HIZHEESRTH 5.
(2) ™ HBFET BG5S

(V/W")/(W/W') — V/W, p'(v) — pv) (veV)
(ESEIEEEAL S

FEBH. (1) well-defined TH 2 Z ¥ 2R3, v, € VAip' (v) = p'(v)) 27 EREL T p(v) = p(v')
ZREBREROV. REPS v—0 e W RDT, W CW Xbov—v eW. XoTpw)=p() Th3.
T BRI EBRTH D i3, p & p BRIEEBRTH L Z oS (HE 7.1.2).
(2) MIEGG m 1325 T, ZOKE W/W TH2 (HE 7.1.2). EREERZ » IEH LT, AREEH
T (VW) (W/W') = VW, pl(v) = p(v) MR HH 5.

SHERIE (S 200 R—)

MR 7.1.1. ] 712 OREE R o: (Ve W)/W SV 2BENCEZ, ZORTo((v,w)) =vekh2It
Z e k.

fIRE 7.1.2. & 7.1.5 OFEHE MY X.
R9%E 7.1.3 (c.f. | , [958 7.3.3)). Bl% Rz] — C, f — f(V—1) A & FEIHZE 0 F% 54
Rfz]/(2? +1) == C, [ f(V-1)
MPEFEZZexmE. HU (22 +1) = {(22 +1)g | g € R[z]} C R[] ZRE 2.1.7 THo 72D %EHTH 5.

PIRE 7.1.4 (c.f. [ R 7.3.10]). V REIMZER L L, W, W C V REHEME T 5. —o0BIBES
PV S (VW)@ (VW) & g: (V/W) & (VW) = V(W + W) %

fw) = (©,v), g@w) =u—w
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LEDZT. O E LTOFRBMIT S LRt
(1) Ker f =WnNW'.
(2) Kerg =Imf.
(3) g lx=5T.

INHDFERMPEDIOZ L%, KR

0—WnW - v/wye vV/W) < VIW+W') — 0

MNRL (exact) TH5B, W),

72 #H

§5.4 125 EHNTHEHE L ET.

R BB £ DITHIRT
§3 DEFUILITDED .
o MEEB/RYV - W 25225t &V ORKDTEEE5Z25 2k (M@ 3.1.3).
o MIEEHDES Hom(V, W), HCHERBDOES End(V) BHIEZERTH 5 Z & (i 3.2.6).
o MABEMRDER 3.3.1 . ZODHIBZERAFRETH 2 Z & DEFE 3.3.6.
— AR ZEE 2o FoREREFRE 52 % (R 3.3.7).
— WEEGRFAAESRTH 2 2 DHEE (M 3.3.8).
o TEOHRIKITHRILZER V 38R 27 borzei] K=Y R GEH 3.3.9).
— BRRTHGZERE V., W iI2oWT, Ve W o dimV =dimW.
o fTHIRRDES 3.4.2.
— BRXICAEZER V,W ORIK By, By IB$ 3 f € Hom(V, W) OITFIFR A 1%
f(By) = By A.
o ELEZHATHIDESR 3.5.2.
— BRIXTTAMEZER V ORI B 5 B’ NOIEEHTH] P 1: B' = BP.
— PIXIERIFTA.
o FLERZHUC X 2THIRR DL (EH 3.5.7).
— f € Hom(V,W) @ By, Bw ZB$ 2175158 A, By 55 B{, NOHEEZEHATH] P, By 75
By, NOEERAELATH Q T LT, By, By, T2 f OfTFIFRR A3 A= Q 1AP.

AP {OY e
§5 DEFIILLTDED .
o MILEROKL LB, MOBEHRDER 5.1.2
o MILGROTEER (EHE 5.2.1).
o MIEEG f: V - WIZHFT 20tAR dimV = dimKer f + dimIm f (3& 5.2.3).

7O okl | 1 X5 0T, g DEBROHTTIERICE g((T, W) LHELINEFTE, FEMDER > TRIC KK 20T g(u,w) L
FRLE L.
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o TTHI DR e BIEEBROBERIIF LW (R 5.2.5, & 5.2.6).

PZE
§6 £ §7 OEFUILLNOED .

o MMEZER ¥ ER 22 OM (V, W) 2 5 E % 2 %M V/W.
— EF (i 6.1.1, EH 6.1.2, £FK 6.1.4)
— fEELG V — V/W (M7 6.1.5)
— ZICE dim V/W = dimV — dim W (% 6.1.7)

o FAZEE O E N (EHE 6.2.1)
— R INAPEES (ERE 6.2.1, & 6.2.3).
— BE XN EHBOITHIFRR (i 6.2.4)

o MERALER f: V/Ker f = Im f (EH 7.1.1)
— BFEBEH W /(W AW = (W + W)W (R 7.1.4)
— H=[FBER (VW) /(W/W') 2 VW (& 7.1.5)

EEME (BE: 200 R—)

PEE 7.2.1 (| PR 2.2.9)). R BRI T 2 LEEMS TR SR f € O°(R) 12, 2 =0T
D n MO a, = F0(0) ZHIEX LS 2 L TEE BHI (an)nen ZIEE ¥ 2 557

T:C®([R) —RY,  f+— (f™(0))

LELL T HRIEEHRTH 2 Z L 2RE.

e~V7 (2> 0)
fIRE 7.2.2 ([ R 2.2.3]). B R R% f(z) = TERTDL, fe C°R)
0 (x <0)
THBIeHAIGATVS ([ , MRE 2.2.3] X | , pp.97-98, &5 11 ¥ §2, il 3] 2 BM). M
721 OMIBEBR T I2E 2 f DBERD X.
R92E 7.2.3 (| ,3.12.7). n € Zoo ELT, Bi& f: K? = K2 % f((‘;”,)) - (j}f;) TEDL. f
HPRIEEBRTH 25D, n 1T 0BT DEMEEZRD XK.
RIRE 7.2.4 ([ , [ 2.3.3]). 1741 A € M(m,n;K) <3t L, {727 MLOZEE DB OG5 %

ra: M(1,m;K) — M(1,n;K), x+—xA

TEDS. ZHUIME 143 (2) 06 ABEEHRTH D, FICHESE®BRTH S, £ E;; CTHAIHEAMEZLRT &,
Ei1,...,E1pm & M(1,m;K) @, Eyq, ..., B, & M(1,n;K) ORJETH 2 (B 2.4.5). 2o OREICE T
% ra DITHIFRRZ KD XK.

fIRE 7.2.5 ([ , p-126, 5 4 7 §5, ME 1]). 3 XERRITI AL RTEEZ V EL. 2FD

0 —c b
V= c 0 -—a ’mb,cGR .
-b a 0
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(1) V HERIBZERTH S 2 £ BTt
(2) E” S M( ) %1—T§U$‘{_LZ Lf B = (E32 — 15‘237 E13 — Egl, E21 — Elg) nv @gﬁfgéé %

R
(3) EAEVIEHML, Ta: X = AX — XA E->TV OHCHERBIEE 2 2 L 2R,
() A= (20 wu) orE, B BIMT 5 Ty OFFIFRERD k.
fIRE 7.2.6 (] , p-126, 55 4 F §5, M 2]). R 0K B = (u,v,w) & 3 XKFEITH] A Z LU R DERICE

HBrE R OEHCUERB [4: 2 — Az O B IZBET 3 RITHI KD X.
e (e (A
e (o (B ()4 (142

fIE 7.2.7 (| , [ 2.3.7]). cosz & sina DVERT 5, EiFEZERM C*(R) Ofn2EM%Z V e &EH L.

1) cosz,sinz 3V OFEMFEME L TORKTH 5 Z &2t

2) € R L LT, MY 7 MEFIR To: f(2) o f(z+a) 2V OHCHERBEED 5 2 b 2R,

3) BJE cosz,sinz 1B % T, € End(V) OITFIFRREZRD XK.

4) W ERZE D: f(z) — flz) BV OBCHEERBE2EDZ I Z2n L, BJK cosz,sinz I3 %
D € End(V) OATHIERRZR D X.

(
(
(
(

fIRE 7.2.8. BRXTHEEMV 2 207 ZEMW C V RU f € End(V) BE5EZ6NTWE 2T 5. ¥
72 W ORE v1,... v EZDIEETH 2 V OFE By = (V1, -+, Uy Ut - -, Un) DEIBNTWVWE LT
5. By X33 f ofTAIRT~ %

A B

(C D)’ Ae M(m;K), Be M(m,n—m;K), C € M(n—m,m;K), D e M(n—m;K)
e7uy R8T 5. fW) ={f(w)|weWhZowT, fW)CW < B=0%mnt.

RISE 7.2.9 (| 12.3.3, %)), i =1,...,r 10 U CHERRTTAIBZER V,, W, ROV f;: Vi —
W; 5z ehTcwnT, 2V, oK, o) v w oE w0l T s f ofFIERRS

By = (u§”,...,v§}},u§ ),..., 222)7...,1;%7"),...,11,(1:))
By = (wgl) wgz,w?),... 5327...,105”,...7@0,(;2)

MENZN D, Vi, D, Wi ORETH D, SVEEDER fi © - fr ® By, By (BT 2175157145

A, O -~ O O
O 4 -+ 0 0
eM(my+---+mp,ng + - +n.;K)
O O --- A._, O
@) o .. o) A

r

TH2ZrZrtE 20T A1 DA tFEZ 175 Ay,... A, DEME R

RIRE 7.2.10. IEJ/71T4
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PBEE BRIERE [ RS — RS, f(v) = Av O BROBER—HF 052

BIRE 7.2.11. [V - W EMEEGRE L, - V>V, p: W - W 2RZEEHL T 5.
(1) Ker(po f) = Ker f ¥
(2) Ker(f oq) DEJE%R, Ker f OFEIEK vy,...,0, FFHVTE X K.

IR 7.2.12. " XU TN OERBHRBEZIHRO 2K 572 2B ME V e LT, V EOBRERD: V -V
D(f(z)=L(1+2)f(z) LEDD. Fh, WEEHR TV >R Z I(f(2)) = fo z)dr LED .

(1) KerD & Im D %3k X.

(2) V OHIE 1,1 + 22, 22 + 322 1B T % D ORBUTHI%ERD X.

(3) KerI & ImI OEERZ5Z X.

fRE 7.2.183. ETH A€ M(m,n;R) 2 HEE 2FEER [4: R — R™, v — Av i LT, FRX
n = rank A + dim Ker 4 (#)

BRYT B (5 5.23 F 526 BHHES). O EHRLES.

€1,...,6n & R" DIFHERJEY U, vy,...,v, & Kerly QKL T 3. 175 A DFIRY P L% aq,...,a, &
L,r=rank A 2 &E<. rank A& A DFIRZ b DS BEHII R D DDOERKEKTH 205, a1,...,a,
OHH B r HOBIEMAL 2R T + v

Qiqyevny g, (1§7,1<<ngn)

PEINZENTES. LINOFRERE.
(1) rank A = dimImi, Z/RE.
(2) €iryevns iy V1, .., vy € R™ IZHRTEINL.
(3) i1,y DENEDRRZ i=1,... nITNLT, a; & aiy,...,a;, ODWEHETEES.
(4) 1 EODUGR” e, ..,€,01,...,0, DFIEFEETRINS.
(5) DLE2s (8) BIES.
FIRE 7.2.14. V 2 HRIOTEZER e L, f e End(V) X f # 02D fof = f 2ifiTdbDr$5. G
g V-VZ
gw)=v—f(v) (veV)
TEDDE, g3V OHCHERETH 2. IO FREZRE.
(1) Img C Ker f.
(2) V=Im f @ Kerf.
(3) VOREE vi,...,v, & 1< r <n Zifi7 T8 r FELT
v, (i=1,...,7r)
flo) = {0 Ez‘:rﬂ,...,n)'

RIRE 7.2.15 (2006 FEE Tl 2 -5 M 3). IEBE M, N, m,n iR L, U C RN % n XIcHm 28, W
Tm RIS, o EKer f=U»oImf =W 235 EHR f: RY - RM »EET 37
DOREFTDEHFEN=m+nTHEIEREI. YN ug,...,u, 22U OREL T 5.

*80 T 7 2 MIZICEFREEA O BT (1) SEAYERITONS, BEORBENEM SRR T, ZOTAFEEHKL
BWEBELRAMEHTE S EA (DED FMT R MZEKT 5 2 L I3 LHHBRIRET OB ORBESRMETT).
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(1) #EEHR fFRY o RM P Kerf=U,Imf=W 25T E, f(v1),...,f(vn) B5W OIREEKE K
FTE5hv,.. . v, eRY 2ER 0L E,
(2) Uty ooy Un, U1y, U 1E T KT TH B Z 8B,
(b) EED v e RN W uy, ..., Up,V1,..., 0 D—TIEETRIND Z L ERE.
CDTZODFRDPD UL, ... Up, V1, U ERY OREZRTDT, N=m+n DS,

(2) WICN=m+nDEE, up,...,Un,V1,...,0, & RN ORI wy,...,w, W ORI L, FE
BfRY 5 RM % fu)) == flup) =0, flo;)) =w; (i=1,....,m) BT LI CEDB L &,
Kerf=U,Imf=W k5 t%Znrt.

MIRE 7.2.16 (2015 EEET 7 A S @ 4). V 2 C Lo {0} THRWERRITHREZEM 2 L, #REER
VoV dPKerf=ImfZkLT\VW3E55%.
(1) Ker f {0} 222 Im f £V Z/RE.
(2) vi,...,v, ZImf OEELTZ. f(w;) =v; (i =1,...,n) ZWETV OILwy,...,w, LD L,
Vlyenry Uny W1, ..., Wy E—FTHTH B Z & TRE.
(3) (2) BT B vy,..., v, w1,...,w, XV OEETH2 Z 2. EZ0REKICET S f ORBUT
Hz KD XK.

RIRE 7.2.17. V =R? L ZDEDZEM W = (e; +ea +e3) #EZ 3. HL e1,e9,e3 13V OEHERR Y 5.
(1) BEER f:V - R % fler) = flea) = 1, fles) = —2 TEDS. $HEZRF - V/W - RH»
f@) = f(v) (veEV) TEEZS I LERE.
(2) MIEELS g: V > R % gle1) = glea) = glez) = 1 TEDS. #EEBR G: V/W — K % G(0) = g(v)
WEV)ICEDEDZZLIZTERV. DI EHHAY L.

fIRE 7.2.18. VW KU ey, ez,e3 € V IIHIRE 7.2.17 LR & T 5.
(1) €y —€1,€3 — €2 iﬁ V/W @%ETI@% Z }:%ZT'\‘"@
(2) 671, eg,€3 %%ﬂ%ﬁ €y —€1,€3 — €2 @*mfﬁﬁé\fﬁ%

FeE 7.2.19 (2018 EETMHT A b M 4). K 2kt L, VW & K FOXRZ FLVEME T 5. HIEER
f:VowWixtl, f:V/(Kerf) = Imf ZXRTED 3.
f@) = f(v), Te€V/(Kerf).

(1) f 73 well-defined TH 2 Z &, BIBFEEEORKRICOMD FIC L ST IKERPEE 2 Z L 2mE. £
T OB TH B Z L BT
(2) ROFRDED LD Z & 2Rt
V/(Ker f) = Im f.

Bl Tl 7 2 P BIREHOGE, ELBOEEE 2 5 2ABML T, FHROBET TR P EZRTILBENHDET. ET TR b
WEWZOBEEDOFMT A MEZHR LR TRVWTT.



8 FYER (06/20) 114

8 #RAZXX (06/20)

FEONEZBRED | B AFE]ICRRYELET.

8.1 INZEM

@R 313 T, BIVER V 25 W ~OBEGLED R EE Hom(V, W) 1%, BALA L BEER TR
7T G CIVZER R 2 C L AR LE L. COMTE W = K OBAEFEL 0 E T

E&E 8.1.1 (AR e WHZEM, | ,EFR 411, mE 4.1.4, EF 4.1.5)). FIEZER VTR L, EE

Bf:V-K%V EOBREERK (linear form on V) LIRS, FFRHBAK 2@AL-VE X, f 2 K

R LTS, 2 LTV oKD T#E2EH Hom(V,K) 2 V OIKZEM (the dual space of

V) LML, ROFE I TRT.

V* :=Hom(V,K) ={f: V - K| #¥ }.

AR, (1) WEEBROER 141 2o THEZET L, HUBZEM V Lo d, V Lo K HEEK
[:VoKRKThHoT, EBED v, €V 2 ce KIZXMLT f(v+v) = fv)+ f(v') & f(cv) = cf(v)
PRI T2HDDZETT.

(2) T & (25700 g (2500 LHAET. TORBZERV LHERT b0, 25 BEKTT
2,89T 2LT) LWISFEEZLIDLEFEVLNLTHIAL 7.

TR OB %2 20T £ 2, TR DB R OB L THR->TW3 DETT.
il 8.1.2 ([ JB14.1.2). @347 Tm =132 ULTOERMMES: TRZ Pla= (a1 ay) €
M(1,n;K) 1T X 2 EHEEG

n
l,: K" — K, v:t(v1~~~vn)%>av:§ a;v;
i=1

BB TH D, o T K LOMBAIKXTH 2. FIZHIL a — [, EROFRREGREED 3.
M(1,n;K) == (K™)*, ar—l,
i %H
) 8.1.3. Lofl81.2T,i=1,....n <L Ta=0---0 1 0---0)2F2&, 1, 37 LD iFHE

H oDy & i 5 B4
K* —K, v="4 v - vp)+— v

THDH, ZHIHEIIZ K LOMEREATH 3.

*82 {1 & RAWID B - T, BEILEEL (linear functional), —XERK (one-form) & %W IR~ bL (covector) & bIEINFET. &
7z form OFGFEIE MUK & TR omise sibhEd. HRE | | WHEEEFoTVET A

I VY BB FT. F, MFET + FEAREKTHVWONZOT, 5 v Fix TYPZER V IS LT V* TZo#f
TEXAT (linear dual) 2K 3 FrEREHFE L TBLIHAEETT.
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B 8.1.4 (| Bl 4.1.2.1,4.1.2.3])). 1 C R %FXR, f € Map(I,R) % I LOFEREEKET2. acl
WL, 22 TORBDMEL NS EE 2 RXROEGIIMEAXTH 5.

Map(I,R) — R, f+— f(a).

K, AEED f,g € Map(I,R) & c € RITHL (f +g)(a) = f(a) +g(a) & (cf)(a) = cf(a) DRILT 5.
FUSE f e fa) 12& - T, HRERBDZER CO(I) LRI, 15 2RO ZEM O (1) Lo
B, R OZIEAZER Rlz]) LoD E E %:

c'(1) — R, C>(I)—R, R[z] —R.
{BL R[z] 120V T, 2IEA% T LOEHBEBY B3 2T Rz C CO) ZHH%Em Y RALTWS.
Bl 8.1.5. BIXM [ C R LOWEDRE f € C°(I) 122V, a € [ TOWIDME f'(a) ZELSER
() — R, fr—f'(a)
PR TH 5 (GEHNZRIE 8.1.1).
f 8.1.6. I C R ZBAXM, J Cc I ZBARM X ¥ %. I LOEBEEGEE f € CO(1) % J L THEY T 2514
C'(ILR) — R, f+— /Jf(x) da
FREEEHTHS (RIE 1.4.7). Ko TZAERBEENXTH 3.

I ZEB V OB ZEE V BED L5 R DNEEZITAZL L. V EBRRXICR S, ZOHEENS
RDEIIZV* DHEEN—DOEED 7.

I 8.1.7 (| , AR 4.1.7)). V ZERKTHZERBE L, n=dimV L@ V OREv,..., v, 28
Ezohlzr 2, &i=1,...,n XL T
v (vj) =di; (J=1,...,n) (8.1.1)

2l SRR of € V* BME—TEAEL, TIC of, ..., of WERONZER V OHRIETH 5. RS
V*~V, dimV*=dimV.
FERR. a 3.1.3 & W = KIWCH#EH T % &, &0 vf (v;) = 6 75 vf € Hom(V,K) = V* 23 —HICEE 5.
R (vf, .. ) DBV ZERTZ2Ze2md. (EED f eV Z—DMloTa; = f(v;) (i=1,...,n) &

EDBE, (X av)(v) =a; = fPEED j=1,...,n ICHLTHILTS. §5mé 3.1.3 0—Fk
»5

Zaifi = f
i=1

DS, KoT (vf,..5,0,) IV DERRTHS. FRMEHITHL ZLIE, Y avf =005
aj = (>, aiv)(vj) =0(vj)) =0 ERoTHS. £oT (vf,...,v5) B V* DREKETH 3.

BEOFRIIAMV* =n=dimV 2»5H5. O
E& 8.1.8 (WMNEK, | , EF% 4.1.8]). ARITAIEZER V £ ZDRIE (v1,...,0,) KL, (8.1.1) T
—RICEZ 2 V* ORE (vf,...,v5) %, (v1,...,0,) DIFEE (dual basis) & FEX.
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AE (] , p-129, R#% 53)). AT EIZTTOMEZEM V 23Tk, ZOEE (vi,...,v,) ZEBELT
VOHTEEBRZLIWTFELTRX W,

%l 8.1.9 (] , Bl 4.1.6, B 4.1.9]). AT bOLZER K" OIFHERIE (e, ..., e,) DAL (eF,...,€})
X, v="vy -+ v,) e K" ITRL

Zfi7e S, ZAUd 8.1.3 OFRFERIRITMRIR S 7.

BRI ITARZ 2L/ O RO 22N ER 8.1.7 THRA|ICHBINT WS & F 2 F 50, FRKITO B2/ 1
Tor#MLWNERTY. BERFIZHE 8.1.5, 8.1.6 THWET.

RRICHR 22 DFAL M ZEAL £

#hRE 8.1.10 (| , i 4.2.1, EFR 4.2.2]). V BEEHE L, V EZOMNERE TS W CV
BRI TS ZOr &,V OWMDES

Wt ={feV*|VweW, f(w)=0}
I EMTH 5. Zhe W OFLZER (annihilator of W) & FEE,

SEER. f,ge Wt b cc K ZERICH ST f+g,cf e W 2722 Z e ZRBIZRWVD, w € W Z{TREICH
5t

(f+9)(w) = f(w) + g(w) =0+0=0, (cf)(w)=cf(w)=c0=0.

O
FAZef M7 §— R EE 2 — DN L 5.
#hRE 8.1.11 (| , i 4.2.5]). V RAREAEEE L, Wi & We 2 V O DM 35, 2ok & DR

DERDRILT 5.
(1) Wit N W5 = (Wy + Wa)*.
(2) Wit + Wit = (W N Wa)t.
BY V=W aWe BB V*=Wi o Ws.

SEEA. (1) WirnWs € (Wi +Wo)t OFFRH: f e WinWst &322 TED w; € Wi & wy € Wa IZXfL
T f(wy) = f(we) = 0. Wy + Wy DEEDIT w ldEY 72 wy € Wi & wy € Wo ZFHWVT u = wy + we
EHEIZHDS, fu) = flwr +w2) = f(wr) + fw2) =0+0=0. koT fe (W, + Wyt
Wit N Wst o (W + W)t OFE: f € (W + W)t ZERICHS. Wy C Wy +Wo Ed s, {EED
wy €W IZDOWT f(w) =0. ko T feWi-TH3. AT f e Ws BWREZDT, f e WirnWi.

(2) Wit + Wit € (Wi N W)t OFEM: EEDIT f € Wit + Woh 38R f1 € Wit & fo € Wit
Tf=f+frBI3 THLAEDOu e WiNWe LT filu) = folu) = 0 5,
fw)=(fi+ f2)(u) = fi(u) + fo(u) =0+0=0. £oT fc (W, NWy)t.

Wit + Wi o (Wy N W)t OFEH: W] c Wy & Wi C Wy %, 2h2h Wy N Wy OHfiZEM (&
% 4.29), DFD Wy = (WinNWa) @ W], Wo = (Wy N Wa) & W), il THEmME T 5. £/
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WcCVzV=0W +W)dW Zilizd#inkleds. $5L
V=Wi+Wa)aW=WnWy)eW eaW,eWw

CHEHMAMTEZ. p VW g Vos>WiaoWEHELLES. ZITERKE fe (WinWy)t
EWB. 9= flyjow ot h= fly,op LT, g€ Wi, h e Wi, f = g+ h ZREIZERV. &
D=2, Kerqg= (Wi NWy)@W| =W, 2D Tge W+ ThHD, ¥/ Kerp=Wo & W D Wy
BOTheWs THRZehoiE> (M 832 2M). RECO VT, veV Er=y+2+w,
yeWiNWy, ze W], weWisoW afEdiuld

f@) = fy) + f(z) + f(w) = 0+ fp(x)) + f(a(x)) = h(z) + g(2)

IR BDT, f=g+ hdRE.
(B) Wirn Wit = (Wi + Wa)t =VE =0t Wit + Wik = (Wi nWa)t =0+ V* 225 FRDES.

O
EEME (RE: 203 R—2)
%8 8.1.1. il 8.1.5 /Rt
%8 8.1.2 (| ,Bl4.1.6]). Fl812Tn=1235%¢, M(,K)=K &b
K—K* ar—l,
BRMERTHS. ZOMEHRIZE S, f € K* =Hom(K,K) = End(K) D% R X.
RIRE 8.1.3 (| , A 4.1.10]). BIRXTTAREZERH V IR f1, .. [0 V =2 KIZOoWT, LT =
FEDFEETH 2 2 v Rt
Q) iy fn EV* OREERRT.
(i) BB F: V =K, F(o) = (fi(v) -+ fu(v)) EARER.
(ili) (v1,...,00) BV OREE T 2L, 1750 (fi(v)));,_, € M(n; K) IZIEH.
R 8.1.4 ([ Bl 41.11). Ve W BERXTRIEERE Y L, By = (v1,...,0,) 2 V OREK, %

72 By = (w1,...,wp) & W OHEEE T5. ZLTHRIEER f: V - W O By, By BT 2{75|R =%
A= (ay) € M(m,n;K) ¥ L, (w},...,w’) % By OMNEEL T2, 20O %, ROERMKITE L
ZNE.

aij = w; (f(v;)).
RIRE 8.1.5. EMZEMOMEE (R 4.3.13) 2o T, EMAEHE KON = @, K OB 22 0 1% A 22
KY =T],enK EABTH 3 & & 2t

(K®N)" ~ KM,

e, BRZITOLGEOER 8.1.7 L&V, FRIGTO V = KN ZonTE V£V 243,

FI%E 8.1.6. LIHAZEM Kz] OACHZERIIB RIS O%EM K[2] £ RMTH 3 2 & 2Re.
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PIRE 8.1.7 (| B 4611, D). V RSHERE T 5. WNEBOT fi,.... [, € VOISHL, W =
(i ) CV* BZNBHERT 2HMHZERE T2, 0L =V OBSES

U={veV|VfeW, f(v)=0}

RV OWHEETHD, U = (Ker f1) NN (Ker f,) L5 2 & 2RE

8.2 IXE

Z DRIFIIERIZF D | , §4.3] ISR L %5,
MIEZER V 22 & 2 QXN ZER V* DEE D R L7, RIS, BIEEB [V - W 26 ZDR e LT
JEEB f* W =V IEEdZtziHLE7.

fheE 8.2.1 ([ , T 4.3.1]). f:V = W BEEMHR L 3 5. BZER W* oJt, 2% h W _Eofpil
K w e W* =Hom(W,K) iZxf LT

fflwy=wof:V—o>W-—K
LEDDE, ff(w) RV OB TH 5. HIZ, M w — f*(w) »oEX 2 5B
PRV, wt e fw) —wo f
BRIEEG, DD f* € Hom(W*,V*) TH 5.

BEER. #HiE 3.2.1 X O EEROSRIEMIEERIEH» S, f € Hom(V,W) ¥ w € Hom(W,K) O & K
[*(w)=wo fid Hom(V,K) = V* DILTH 5. f* BPFIEEHRTH 2 Z L 2R TId, FEDO w0’ e W* &
ce KIZMLT fHflw+w) = f*(w) + fH(w) RY f*(ew) = cf*(w) €725 2 Z2nEidRV. #ificon
i, FEDO w e WIZ2OWT (f*(w+ ) (w) = (f*(w) + f* () (w) BT ZIUL KV,

(f"(w+w))(w) = (w+w') o f)(w) [f* DiEH]
= (w+w)(f(w)) [FARDEK 0 DEH]
= w(f(w)) +w'(f(w))) M EGRDOR + OEX]
= (wo f)(w) + (W' o f)(w) [FARDER o DIEH]
= (f" (W) (w) + (f*(w))(w) [f* DEH]
= (f"(w) + f () (w) B EROM + O]

XDHALT 5. BFICOVWTIE, FED w e W IZH LT (f*(w))(w) = (cf*(w))(w) ZREIXRWVD,

(f*(ew))(w) = ((ew) © f)(w) [f* DEHE]
= (aw)(f(w)) [FROEM 0 DEX]
= cw(f(w)) [MEEBRDRA D 7 — 15D ER]
=c.(wo f)(w) [BARDEK 0 DEF]
= c.(f"(w))(w) [f* DREFH]
= (ef*(w))(w) [MRIEEARD R Z — 5 DEF|

L5 o THEPITROL S 5. O
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EE 8.2.2. MG/ f:V — WKL, @il 8.2.1 OMIEES f* W* — V* & f ONHER (dual
mapping) F 7z I ZERFE (dual homomorphism) ¥ FES.

il 8.2.3. 1751 A = (ai;) € M(m,n; K) OEHEES 14 € Hom(K", K™) ATRZ by = (r) -+ 1) €
M(1,n;K) OFEBEER I, € (K™)* 2E 25 (Hl 8.1.2). 14 DRREB S (K™) — (KV)* 12k 3 1. D
B 05 (1) € (KM)* &, #l 3.2.4 2> &

l*A(lT) =l,0lp=1l4.
DFEDNITRT P rA = (ZZI riQi1 c Z:il riam) DEMEEBR Y —H T 5.

il 8.2.4 (| , el 4.3.3)). U, V,W ZiEZEME T3,
(1) v ODIH%EM%% idy 1Z2WT, ZDRONEAR idy, 13P002Ef V> DEEFRTH 2. 2% D idy, = idy-.
(2) MIEBAR f: U -V & g: V> WIIHL (go f)* = f*og™.
(3) BIEEAR f,9: V - W & ce KITHL (f+9)* = f*+ 9%, (¢f)* =cf*.
B, (1) EEO v e VY IcHLTidl (v) = voidy = v DT, id}, & V* OEEESTH 3.
(2) fFED we W*izx LT

(gof)*(w)=wo(gof)=(wog)of=f(wog)=f(g"w)) = (f og")(w)

ERBDT (go f)* = f*og* TH5.

B) 3 (f+g9) = "+g" @O0 TUE EEDQOw e W IZHLT (f+9)*(w) = f*(w) +g*(w) &HkBZ
E,DFED (f+g)low=fowtgow &RBIILEZREIERV. ZOAIIIEED we WIIxLT
(f+g)ow)(w)=(fow+gow)(w) &2 I LEREIFRVD,

(f+g)ow)(w) = (f+9)(w(w)) = flw(w))+g(w(w)) = (f ow)(w) + (gow)(w) = (fow+gow)(w)

KO T 5. RiC (Cf)* = cf* IZD2WVTIE, FEDOwe W Iz LT (Cf)*(w) _ (Cf*)(w), o%
(cf)ow =c(fow) £53 2L 2REIZRV. ZOBITEED w e W IZH LT ((cf) ow)(w) =
(c(f* ow))(w) £ B T & BREIZHRVD,

((ef) ew)(w) = (cf)(w(w)) = cf (w(w)) = (e(f o w))(w)

BN AVAS R
O

B 8.2.5. 1745 A e M(l,m;K) ¥ B € M(m,n; K) i LT, ZHEEBR 4 K* - K ¥ Ig: K* — K™
DER L4 0lp: K* = K X0 BB

(Laolp)" =g =Ly ol

AIRXITTDEE DI BARDITHNETRIZOWT, RDFERDHIALL 5.

84 4 DRMFBIZIEHITIE ([4)*, DLE « DMEZFHLTIg* L ELINZDOTETY, HYEROBABL LT, P ADHE L
LT 2 1 AREDNET.
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EE 8.2.6 (] , il 4.3.4.2). V & W ZHBRXTHEZEBE L, By = (v1,...,0,) & V ORJE,
By = (wi,...,wy,) Z W OEKE$ 5. 7% By = (vi,...,v}) & By, = (vf,...,w}) ZZhzh
By ¥ By OWMEKE S 2. 2L T f:V - W 2#EEHRE L, 2D By,Bw BT 2175I% R %
Ae M(m,nK) 35, 2O, BOER f*: W* — V* OREE By, By, (2B 217518 RE, inE

751 1A € M(n,m; K) Tb 3.

SERR. (BAIEORFHIZA LEEL VWO T, X DR FIETRLET.)
79 A DR % A= (ai;)i; € M(m,m;K) 2 #L &, ARKIE By, By (BT 5 f OTAEREDS

f(vj) = Zwiaij (] = 13 ce 7n) (821)
i=1
DAL T 5. FRRIC, OHER f* ORHEIER By, By, BT 2475187 % (b)) € M(n,m;K) 2 EFL &,
Frw) =3 vby (G=1,...,m) (8.2.2)
i=1

BRAIF 5. by BRDES. (3.2.2) OFIE V* = Hom(V,K) M6, ZRZAD 0, € V (i=1,....n)
WBITLEZEZSZHNTES. $TELDEEZFHET 2 L, Kronecker 7V & §; ZffioT

(f* (w})) (vi) = wj (f(v:)) [f* O]
= w (Z wkaki) [(8.2.1) £b]
k=1
= Z ariw} (W) [w} DFREIE]
k=1
= akibjn [w! DEH]
1=1
= a'ji
HLO
(37 wittns ) (00) = 3 b () S BRI & D]
k=1 k=1
= bryln [wh D]
k=1
= bl]

(8.2.2) &b (f*(w)))(vi) = (Xpey vibes) (vi) 222 by = aj #18%. o T f* DIFHIERIE (byj)i; =
(aji)w- = tA &:735. O

Bl 8.2.7. 1741 A = (a;j)i; € M(m,n;K) OFEHEFG 14 € Hom(K",K™) 2E 2 5. BT L2
K7 K™ OEBERE (e1,. . en), (c1,....em) BT B L4 DITFIETIE A HETH o7 (B 3.4.4). WHE
% 1% € Hom((K™)*, (K™)*) OB (ef,...,e5), (€F,...,e5) BT 2175IRRIE, EH 8.2.6 kD 1A
TH3.
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COZrifl 823 O HEHRLTALS. MMNEKEDIT ef € (K™)* = Hom(K™,K) 13 8.1.2 OF
B(K™)* ~ M(1,m;K) D RT, {TRZ bl = (0---010---0) € M(1,m;K) & k3 EHAEH
lie,: K" = K, v —ve; L RIZES. T25LH]82305

l*A(er) = ljix(ltei) = l‘eiA~
1TRZ v teiA = (ali ag; * - am) = Z] L ejaﬂ FE R (Km) ~ M(l,m,K) OFT Z;L:1 tejaji _
S etaj € (K™)* bA—HTES. MEXD

j=16j
Bi(e)) =Y ea (i=1,...,m).
j=1

BLZER (8 8.1.10) 25 £ N EROM L (§H508TE F T,

#EE 8.2.8 (| AR 43.6]). £V o W RBIEERY L, £ W 5 VT 2 Z0MNERETE. 0
v X LROEEDRILT 5.

(1) Ker f* = (Im f)*.
(2) Im f* = (Ker f)*.

SEER. (1) FED ge Wi LTgeKerf* < gof=0<g(Imf) =0« gc (Imf)*
(2) g = f*(h) € Imf* 1IZ2WT g(Ker f) = h(f(Ker f)) = 07255 g € (Ker f)*. ko TImf* C
(Ker f)* B2 F 2. MOMAMIGERTAHIC, BRIV = V' G Ker f, W = Im f & W’ 2D,
V' SV REUEER, T W—»Imf’a?%]L 5%, fi=mofor: V' = ImfrEDBL, fIXFAM
BEfTH 5 (GEIIIME8.2.1). 72 f Yorofldit ¢ V=V @Kerf -V —8T% (RERHIZ
MR 8.2.1). 22T g€ (Ker f)X iaxfL

h::goao?ilow
YFBL g=fr(h) LBBILETT. f omof=qhb ff(h)=hof=goiogtih, ZOE
B V' kU Ker f NOHlIREER B L goiogly, = gly, 9010G|ke s = Ilxer s =0 2HRB2DD,

goiog=gly,, ®0=g 7% %.
O

F 70, Tz AV 2 & RO 22 & e O BfRHII T E 5.

R 8.2.9 ([ , T 7.3.7)). BBV LA EE W CV RUZOBMER WL = {f e V* |
W) = o} BEZD.
(1) Ba5&i: W -V OB i*: V* — W* HFEET 255514

VIWE— W e flw

h=}

~

RS S % D ESERIO WS, WHEROBLEMIC L 3HEM AR TH 5.
(2) KRG p: V - V/W OREEE p*: (V/W)* — V* 1%, [

(V/w)ys — wt

ZEDDL. O D EBERORNNER IS EHCERTH 5.
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SEBR. (1) RIRE 822 (2) XD it V* —» W* 325, %7
Keri* ={feV*|i*"(f)=0y={f eV [foi=0}={feV"| fl, =0} =W

TH2. i* CHERBERZEMA LT, FAEG & vV /WLt S W feit(f) = fly 2185,

(2) p* BHHTHS. EE EED ge (V/W)* IZ2WTp*(g) =0 < gop=0TbH32, pldaHfi2
2o, ZHEg=0 FAETH 3.
i< Imp* = Wt 2R3, fEMoEEE (E8 6.2.1) &b, FBD f e V¥ iZoWT f(W) =0
= f=fop ko, feWt = f=p(f) TH3. XoTImp* =W+ ThH53.
p* IEEEG L FRPEONS.

O
EBRE (RS 204 R—D)
RIRE 8.2.1. i 8.2.8 DIFAHZ fisEH XK.
%8 8.2.2 (| , HR437). f:V W BREEBRE L, f*: W - V* EZOMNEH{L 35, LLIFD

FiRZRE.
(1) f2HE < f* B35
(2) f 25 < f* HHGS.
(3) fOMEHEFIRLTHELNZEHE [V > Im f 2EHL. ZOXER (f)*: (Im f)* - V* 5 HE
RIB (Im f)* = Im(f*) ANEE 2. FHCFAM (Im f)* ~ Im(f*) 2SLT 5.

R 8.2.3 (| yof M A43.1]). V=K' 2L, ey,...,e, 2V OEMERK Y 32, 2 WREKE
€, el €V B ZLTIRITHDEMW CV EW =K(eg + -+ +e,) TED, V* OEDES
WL EZRTEDS.
Wt ={feV*|VweW, f(w)=0}
(1) Wt c V* BEBDZEMTH 2 2 2R, Wt OXITERD XK.
(2) IEATHN A = (aiy)} j=1 € M(n;K) %
W e =)
Y B (2<i<n
TEDD. £ ARGEHR 14 € End(V) ZOWTIa(W) CW 2328, £RBMER 4 € End(V*)
KOWT (W) c Wt k2 2 %RE.
(3) Wt o¥lix —oked, ZAUCHT 3 13, OIFFIFRERD X,

B8 8.2.4 ([ , Bl 433]) b Up43 = Apt2 + Apy1 — An D FRZERE
V= {CL = (an)nEN S RN | Vn € Na Ap+3 = Ap42 + Ap+1 — an}

##Z2%. D ebndg(V) % (Da), = anyy CEEDHCHERBE L, £m e NN LTE R e,: V - R
% em(a) = ay, TEDS.
(1) ey PMBESRTH S Z %2, £/ D OB D* € End(V*) 1IZ2WT D*(e,) = epy1 £HK5
xR,
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(2) eo,e1,e0 B3 V* DRETH S Z L &R, COREICHET 25 D OfTHIFRERSD &.
%8 8.2.5. n XL FOZIHEADZEM %

=0
EEE, MHED 2 E B/

d - i ) . i
D:%.V—>V, p:;pix »%D(p).zp:;zpix

ZEZ5. DIFV OHCHERTH 572 (H#E 1.4.12).
(1) VoORELx,...,2" B3 2 D OI75IFRRERD XK.
(2) me{0,1,...,n} KNLTER epn: V > K% en(p) =pm TEDD. ey, BB EGRTHE L, &
Leg,...,en BV ORETH 2 Z & 2Rt
(3) EE e,...,e, T Z2RNEBR D* € End(V*) DITHIERZ KD X.

fiRE 8.2.6. V Z#EZEME L, v eV 22Dtk 3 5. PONZER V* OEREDIT f e VFIIHRLT f(v) =0
ML T 2726, 0=0TH5 I L ZRE.

8.3 BXWXZEM

CDHEHIEIONEZERIED | , §4.2) ZIEF 2 ZZ72HDTT.
KIEZEM V 225 2 DR ZER V> DEE D & L7, VIR ZER 720 T, V* ORI EEZ 5 2 e
TEET.

E&E 8.3.1. MUBZEM V ISk L, BONZER V> OXO2ZE/ (V*)* %
rHEXV OBNRZER (double dual space 1% bidual space) & FER*5,

i 8.3.2 (| , T 4.2.6.1, 4]). V BREZER L T 5.

(1) v e VI LTEZ %514
evy: V — K, fr— f(v)

BV LoRERA, 2% b VO TH 5. e v TOFHEEMR (evaluation map at v) L.
(2) veV & ev, € V* IZETER

ev:V—V"™ v+ ev, (8.3.1)
FHEHRIEERTDH 5.
EERR. (1) ev, PHEEHRTH 2 Z e Z2RBIRERW. f,ge V* ¥ ce K Z2ERICHS &
evy(f +9) = (f+9)(v) ev, DIEH]

*85 Wl | | DFFEITHEVE L7eds, EE - 72d DN BVE T,
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evy(cf) = (cf)(v)

Yo Tev, XEEIHRTH 3.

[V* 2B 2 HNDEF|

[ev, DER]

[ev, DEFE]

VBT 2 RN 7 —fEDER]
[

(2) ¥F ey PREERTHZ I ERT. v,w eV & c e KEERIHS T, ey (v+w) = ey (v) +ey(w)
KU ey (cv) = cey(v) DRILT 2 Z & BRBIERWV. f e V* ZERICHS &

(ev(v + w)) (f) = er+w(f)
= f(v+w)

f(w) + f(w)
= evy(f) + eva(f)
) () +
v) + ev(w)) (f)

= (ev

(
= (ev(

( V(w))(f)

[ev DEF]
[eVyiw DER]

[f OFPEIE

[ev, DEF]

[ey DER]

[V 2B 2D EF]

DAL T 5. f € VAIMERRCH> TWeDT, V* IZBI 3% ey (v +w) = ey (v) + ey (w) HHES.

AH T =IOV THFERRIC, [EED f e VFIIRHLT

DRI T B DT, ey (cv) = cey (v) DIRET=.

lev DEF]
[evey DEFE]

[f ORHEE

lev, DER]

ey DEZRE]

[V WZBIT AN T —EDER]

RKiZ ey DHFTHZ Z BRI ey PMEEBRTHZ2 2 ED IR LS, M#E 1.41 &b,
v eV Mey() =0y ZHMiZTEHRELT v =0y ZRBIERV. EED f eV ITHLT

0 =0y (f)

DEIALT 305, ME 826 £hv=0, TH5.

(ev())(f) = f(v)

O

ey D Imey = ey (V) CV* BRED XS BHIEMTH 2005024 D 7. 3RV BPHERIITOS
BEEAELED. COHEIEMHE 8.3.2 X DMOTRPHBILLET.

FIiE 8.3.3 (| , il 4.2.6.2, 3]). V ZAMRIUTHIEZEME § 5.
1) vieoooyv, ZV OEEE L, vf,..., 05 e V* ZZONNEEL T2, 2Ok X evy,,...,ev, € V*

g, vl ORMEETH 3.
(2) ev: V = V* BABEHTH .

*86 HRlE [ , WTRE 4.2.6.3] OFFAALE-> TR A F 3285, REMICIIFRCHERTT.
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SR, (1) HRAEORADEM S 1T ED i j € {1, n} ST ev,, (v) = 6,5 L7853 T L BREIE
Elﬂi)i\, U;‘(Uj) = 6i,j VAR

evy, (v5) = vj (i) [ev,, DIEX]

=0 RO LR D HEE (8.1.1)].

(2) ey DHHHERIBTH 2 Z L EfE 8.3.2 TRLTWVWE0 S, HLF2HTH S Z L ZREITRWV. ey

DEFR (8.3.1) &V ev(v;) = evy, DB, ev,, HEIZENDEDZEM Imey C V* IZEENS. FHK

D (evy,)in; B V™ ORIRZED S, V* OEREDITT u i3 ev,, EOMEHETHITS. LoTuelmey
ThH5.

O

RZV DEERXTTOGEZHAL F 3. FFIZEM 8.3.5 TY. F£FEL2M (fd 8.1.10) Zz RV LT
TEWw, O LVHEZEALET.

& 8.3.4 (| , W 4.2.1, EF 4.22). V 2EEEME L, VF 220NN ERE 5. £ U CV*
BEERY TR DL EV OFSHEE

Ul ={veV|Yuel, ev,(u) =0}
FHERD 2T H 2 RENERIE 8.3.1). Zhe U O#F(LZEM (the subspace annihilated by U) ¥ FER™ST.
TRV BERITTDGED ey Ditihz 52 £7.
EIE 8.3.5 (| , R 4.2.7.1]). V REEREM, W CV 2 Z20H %M 5. oL &
W= (WHT = e (W),

SRR, SEic W= ey (WHL), 2D ey (W) € (WhHL 2R T, ey (W) OIEROTTIZEY 72 w e W ZH
WCey(w) =ev, EEFFS. AERD fe (W) CV IZHLT (ev(w))(f) = evu(f) = f(w) =0 &35
5ey(w)e (WHtTH 3.

KW =(WhHT &2RT. W CV EW OMZ%ERM (€% 4.2.9), 2% b V=W e W’ &/ 36575
YE5. @RI (3) XY VE=WEa W Thh, BURLIELS V= (WhHLte (WL TH 3.
THE, BITRLE ey (W) C (W)L, RUFARICRE 2 ey (W) C (W)L 55,

ey = eV|W S eV‘W/
B, XT,
WHT ={zecV |VfeWt flz)=0}={z €V |Vev (f) =0} ={z € V| ev, (W) =0}

M, BRCR Lz ey = evly @ eviy, 26, ZhiE {z eV |ev, € (WH)E}, 2% D ev*l((Wl)l) =W
ICEE L. O

87 LHNIBRE | ] ICHEVE LS, HEDAVSARWAEL L BWET
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EEME (RS 205 R—2)

fiRE 8.3.1. ‘EF 834 DFE TUT C VIIERDZERTH ) ®RE.

f52E 8.3.2 (| . D132 —B’ROBE]). V RHIBZEM, V22 OXNERM Y 32, UROTRER RE.
(1) 2R DH Wy C Wo C VISR LT V* D Wit D Wik
(2) EAZEEDHN U c Uy c VFIZHLTV DU DU, .

fie& 8.3.3 (| , T 4.2.3)). V 2 GRIOTRIBZER, W CV 2Z20MA%Me 35, £/ 21, ., 2m

W OHEEEL, X1, Ty T, - Tn TEELTHEONZ V ORKEL T2, £haf,...,2h eV %
WHEEE T5. O E ah ..., ¢5 EFLEM W ORETH2 2 2RE. 2O EhHRIC

dim W+ = dimV — dim W.

RO%E 8.3.4 (cf. |  FIRE 7.3.6). V ABEEBE L, W CW CV 2E5%EmObe 2. 2ok X
FEIBAR WL /W' S (W W)* BEET 2 & b &Rt
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9 WHRAE (06/27)

SHEONEIERZD | , §8.1,85.1,85.2] ICEZY L ¥ 7. MUEEMIIAK Lodbo LET.

9.1 WEFEH

C ORI ONEIZHERED | , §8.1] WML ¥ 7.

MIEEAS f:V - W I3RBEEEEROBBROZeTLL. f2V LOEBEARTE, YRTTH f i
—ZEBOBWTT. MR R oo F 282 “ 2T L TR LN &, 50 5/0 T 2 WRHEE
&TY.

EE 9.1.1 (WREER, | , EFE 8.1.1)). U V,W 2#EZEME 3 5. UNDO=5&MF2Hk T 5HK
f:UXV =W 205 H (bilinear map) & IEA.
(i) FEDO u,v' e U tveVITHLT flu+u,v) = flu,v) + f(u, v)
(i) FEDOue U kv, e VIHLT f(u,v+v") = f(u,v) + f(u, '
(i) FRED ceK,ue U v e VIZHLT f(eu,v) = cf (u,v) = f(u,cv).

EE. WV EROERIADE S ICEVIASNET: Bl b: U x V — W I 4fk
o EED ue UIHLT, 5% f4 = f(u,): V — W IZHIHES
o EED v eV IZNLT, Blg f, = f( ) U — W RSB 55
BT L B OSSN G. 22T f(u, ) & BERETE& DD fov) = f(u,v).

WHRTE GG WAFI1TH DFET T
Bl 9.1.2 (] , Bl 8.1.2, I 8.1.1]). I,m,n € Zwg T 5. 115D
M(l,m;K) x M(m,n;K) — M(l,n;K), (A,B)— AB

FAERIEE . KB, EED A = (aiy)ij, A = (aij)iy € M(I,m;K) & B = (bj)jk, B" = (V)y)jr €
M (m,n; K) 1R LT, K Ok L R T 38541 5

m

(A+ AB = (Z(aij +al; )bjk) (Z aijbix + Z%b]k) = AB + A'B,
ik

j=1
AB+B') = (Z aij(bjk + b]k:)) (Z aijbjk + Zaw gk) = AB + AB'.
j=1 ik

FAEED A= (ai;) € M(I,m;K), B = (bjy) € M(m,n;K), c € KIHN LT, K OfEH & a[#tEn 5

_ ( ibQ — ¢(AB)

m

(cA)B = <Z(0aij)bjk>

j=1 i,k

- (i aij(cbjk)) = A(cB).

i,k

THNDOY 4 RZ2RRILT 2 L, LT ORIBFLNET.
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(W il=m=nt322, EATHES LOME . M(n;K) x M(n;K) = M(n; K) I ZXAREEAL.
2)l=m=n=1t32L, KOFZE : Kx K- KIZIHEEH.
B)l=m,n=1rF3, EFTHLENT bLOFE -1 M(n;K) x K?® — K" I3 G4
D Il=m=12F2, BRZIMDAHT7—F.: K x K* - K" IZARF G4,

ERDITHNE, B2 MV ZEHOBOERREG G E, BMERKREZN > TTAIRR LSO BAFLE
(Bl 3.4.4). FX_oDITHOBIEMIET 2 AHEFHROEMRT LR (& 3.48 (2). ZOZZHEAT
Bl 912 %2kD2L, ROEIIC—BILTEET.

878 9.1.3. U, V,W %2R 3 5. MEBBROEK o IZWIREESRTH 5.
o: Hom(U,V) x Hom(V, W) — Hom(U, W), (f,g)— go f.

SERR. 3, EED f, f € Hom(U,V) & g € Hom(V, W) I LTgo(f+ f)=gof+gof ZRLIW.
ZORTEEED w e UIIHLT (go (f+ 1) (w) = (go f +go f)(u) ZREIFR.

(go (f+ 1)) =g((f + f)(u)) (& RRBAS D E )
= g(f(u) + f'(u)) ISR ORI DEH]
= g(f(w) +9(f'(w)) lg DRFEE]
= (g0 f)(w) +(go f')(u) (BB DEE]
=(gof+gof)(u) [ B GROR D).

FIC, EED f € Hom(U,V) & g, € Hom(V, W) RtF c e KIZRH LT (9+¢g)of=gof+goftk
(cg)of=golcf)=clgof)rmrEs FEMIIME 9.1.1). O

il 9.1.4 (c.f. | , B18.1.2.2]). i@ 9.1.3 ORIIRGE L LT, LFofIAELN 2.
W U=V=Wrr3sdr, HCEREDEHK o: EndV x EndV — End V IZMIREEE.
(2) U=V =K ¥ 5. {5 Hom(K,K) = K, Hom(K, W) = W % E\HF (I 3.3.5). 20RO
T, & o: Hom(K,K) x Hom(K, W) — Hom(K, W) ZAH 7 —fF . KxW - W t—¥7F 3.
DFD, ROKKIIHRTH 5.

Hom(K, K) x Hom(K, W) 2% Hom(K, W)

Kx W — w
27— .
Z 2 CEMOHETMORIENINE 4.1.12 #HWT WS, ftoTAITI—E .. Kx V = V IZINREE
BTdH 3 (EHEEFHIZRE-E 9.1.2).

BB (REEOMBAEA TS AR, K2k 328, £50 KSR (R, +,) O - RxR - R
& K S 5T STV V 0 B CERMOZR R = End V %, HEERMOSRERE T 5 2 & T8
LARLEDOICOREREAT S L, § 0.1.4 (1) BMELNET.

EERIE (R 206 R—Y)

R9RE 9.1.1. i 9.1.3 DIFAHZ M X.
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8 9.1.2. #1 9.1.4 (2) ZERGEAE K.

9.2 IURAEIR

Z ORI ONEIZHRED | L §5.1] RS LE T
WS BAGC 2 > THEBDREIE K T 2 b OISR R LA T 5.

EE 9.2.1 (RHE, | L EFESLL)). Ve W ZHBEBEL, b: VW > KE2EHeT5. b
DEH K ZZNEHH D LOMREZEM L AR LI 22 b PR EIRTDH 256, b 2 WAL (bilinear
form) & FE3EE,

AR 9.2.2. WHYERIKOERICE T 21EETY.
(1) WEIEESOESR 9.1.1 ZRWHFT L, WX IIER f: VX IW 2 K THoTEED v, €V
w,w eW ktee KIZXLT
b(v + v, w) = blv,w) + b, w), b(v,w +w') = blv,w) + b(v,w’), blcv,w) = cb(v,w) = b(v, cw)
DBRIALT2HDDZ L TT.
(2) B DER 811 ZEVHT L, BEffb: V x W - KIZDW\WT
b RPN =
FEDveV 2weWIZHLTbh, ): W—=K&b(,w): V— KH»PHITEEER
EEWRZONET. T e DIHIERKL w5 HEToHKTT.
Bl zortar L.

% 9.2.3 ([ , Bl 5.1.2}). 1751 A = (aij)i,j € M(m,n;K) WXL T, R b fTHIOFET

ba: K" x K" — K, (v,w)r— vAw = sziaijwj
i=1 j=1
CEDDE, ZOER oA FMRERAXTH 2. HL v =Y v1 -+ vp) € K™, w = Ywy -+ wy,) € K* 8K
SEREV. EBE ba(v,-): K" - KX WA € M(1,n;K) OLEBBEER l,4 120 0ERXTH D, 72
ba(r,w): K™ — Kix Aw € M(m, 1;K) OGEEEER ra, 2 OMPHATHZ. Lo THERE 922 (2) &
D ba IENRERAXTH 5.

% 9.2.4 (| ,B5.1.3)). V BERZER, V2NN ZERE 55, Zor &, i

<'7'>:VXV*—>K5 <Uaf>::f(v)
FARERIATH 5. EEE, (v,) 1 V* = KiZimiiE 8.3.2 (1) OFHiE SR ev, THD, T2 (-, f): V - K i
f72DT, ¥EL(BEEHRTH D, FR 9.2.2 (2) & ERIES.

ORFRERK (-, -) : V x V* = K ZAZEMIRAZE L (canonical bilinear form X3 canonical pairing)
CIERSE VBT 25D TH D I EIIRLZVEER (1), t#EL.

*88 Bz 7 ) ¥ (pairing, ) OEK) LRI L BEZNVTT.
89 EFHRBMOEMDIEFZ WL VE x V = K, (f,v) = f(0) & (f,v) = f(v) B bH b 5. Bz - Koy
TRIBELEHNWE ZHRZNTT.
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5 9.2.5 (residue pairing). K D Laurent 8 f = 3770 frn2™, 3207 gnz™ K LT

fg e i (Z fmgn>zm+n

k=—p—q m4n=k
TH fg BEDD. 22T, iy fmgn FHEBRRIZOT, HEPICEWDH 2 2 LICERT 3 (FRIZH).

n

—p m
0]
s

N %Ef - T, Laurent D2/ K271, 2] iIcoWT, Bifr %

r: ]K[z_l,z]] X K[z_l,z]] — K, r(f,g9) = Z fmgn (FE fg D 21 DIFE)

mi+n=—1

THED S L, BRI 2 (IR 0.2.2). - OWEIFHR + % residue pairing™ & 1.3,
BRI O 221 & B BRI D D 7.
il 9.2.6 (| , T 5.1.6]). b: VX W — K ZMEHRE 35, & we W ITHLTER
ro(w): V. —K, ry(w)(v) = b(v,w)
REDB L, ZHUEV EOBIEER, 5% ry(w) €V TH S, HIZER
W ——= V* w s ry(w)
IV ESETH B, DD 1, € Hom(W, V*).

BERA. BIPITER 922 (2) 265, BEEZRTIRIF w0 € W ¥ ¢,d € KIZRLUT ry(cw + dw') =
crp(w) + ¢ rp(w') ZRBIERVD, FED v € VIZH LT rp(cw + dw')(v) = blew + dw',v) = cb(w,v) +

db(w',v) = (cry(w) + ¢ rp(w')) (v) BELT 3. O
i 9.2.7 (| , p.154 BH]). b: Vx W —» K ZMEREA L §5. B ve VITHLTER

) W —0K, )(w):=>bv,w)

BED DL, UFDHALT 5.
(1) D v e V ISH LT y(v) 13 W _EOBBHR, 5% D l,(v) € W* TH 3.

*90 R ORI OBURECEILRE CIIT (EHEMHTHGR) TR (residue) 2 WO MR EX U ETH, 200 6E % 5 WEERTH
5 Z e AHETOHRTS. BE e WS FREEBMEMICEbN T2, ZOMER/ — FPTIRIGEOERCLTEEXT.
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(2) ROBREIMLEBTHZ. 2% D [, € Hom(V,WH).
ly: V—W" v ).
(3) FRERHRIEAIE () VX VF 5 KKK (4 )y W x W - KiZowT
(w, lp(v))y = b(v,w) = (v, (w))y,

FEER. (1) R 9.2.2 (2) 22 HAES.
(2) v,v" €W & ¢, €e KIZHLUT ly(cv + ') = clpy(v) + ¢ Ip(v') ZRBIERWVD, {EED w € WiZxt
LT ly(cv + V) (w) = bcv + v/, w) = eb(v,w) + ¢ bV, w) = (cly(v) + ¢ I,(v)) (w) HIBILF 2.
(3) BHEXHIERIA L rp, 1, DERDSHES .
U

PLEodné 9.2.6, and 9.2.7 2 o TR EAXOILR 2 ER L £ 7.

T 9.2.8 (EE(LM, | L EFE5.18]). bV x W — K 2R L T 5.

(1) @ 9.2.6 DIYEE K
ry: W —V* wr— (rp(w): v b(v,w))

DHHETH2 L %, bid W TIERIE (non-degenerate on W) 72X F 5.

(2) @ 9.2.7 DI E K
b: V—W* v (l(v): w— bv,w))

DHHTHL L X, 013V TIERILLELES.

B 9.2.9. EHERUIFAIR () V x V* = K (il 9.2.4) 13 V TIRLr»o V* TIEELTH S
ey 1A
r: Ve —= Ve r(f)(v) =(v,f) eV, feV)

DPHETHL I RRED. feV HMr(f)=02Ziid R, FEDve VIIHLTr(f)(v) =072, &
TUT (0, f) = f(v) = 0 BTEKT 5. XoT f=0LRD, r BHETHS L HTET.
RICHE F A5
LV — V™ ()= f) WweV, feVT
PHHETHL I 2RZES. v e VRI(v) =0%2MkTHo, EED f e VIIHLTI(v)(f) =072, %
UL (v, f) = flo) =0Z2EBHKT 2. DL Z0RL, v 2BV OEKE B ZWD, fe V* % f(v) =1,
FB) =0 (be B\ {v}) TEDIE f£0 L BoTHETS. koTo—0THD, | ZHHTH 5.

LRI ARITTRIE ZEM O Oz TICEZ 5. £3, ARXITZ & WP ERITHIFRR
TELZrziMLET.

£ 9.2.10 (WFHERDITIIRT, | , p152]). Ve W 2HFRXTTREEME L, b: VX W - K
AR T 5. V ORE By = (v1,... .v) & W ORE By = (w1, ..., wy,) I2WT, 1751
b(vy,wi) blv,we) -+ blvr,wy)
b(v27w1) b(v27w2) Tt b(v27w77,)

€ M(m,n; K)

b(Um, wl) b(Um, w2) ce b(’Um, wn)
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= WHRAZE 0 OBIE By, By ICBY 3175IRR IS,

ba(v,w) =wAw OEFHEEERICEE S 21701 RIZ, ba(ei, ;) =e;Aej =ai; & ABBTH 3.

B 9.2.12 (] ,B15.1.4.2)). V 2ERIGTRIEZEME L, B= (v1,...,v,) 2ZDOH_ELT5. £ V*
ERHZEE U, B* = (v],...,0) ORMEE L 3%, EEIFIEEIRK () V xV* - K ® B, B* IZH¥
Z)ﬁiz]‘”iQZTWi, <Ui; U;‘> = U;(’Ui) = 6i,j & b $ﬁﬁ?§” En c M(n; K) VCZ'DZ)

ARITTDE G, WP KOIEREEI D LIRS R 2T 5 e TEXT.

2 9.2.13 (BRRTOHBSDIERILH, | , p-153, il 5.1.10]). V & W 2 HRRITEZEME L,
b: VxW — K ZMEREE 5 5.

(1) rp: W = V* OREEE [, V — W* OREEUFFE L V.

(2) dmV =dimW 0¥ &, 013V TIERL & [, ZAHE < r 1A < b 13 W TIEER(L.

SEER. (1) A%V ORE By &t W OEJE By B3 2175R R~ § 5% &, rankr, = rank A, rankl, =
rank!A TH 3. {THIDREEBICE LT rank A = rank ‘A 2SERAT T 2525, rankr, = rankl, TH 5.
(2) RO=DD[FE» BHES.
o dmW*=dimW < oo R 3.1.4 XD, b1V TIERIL & [, 1 THES < [, 1 Z[FEEL
o FRRIC, bIE W TIERIL & ry ZHS < ry 1XFEL
o [y, AM < rankly, = dmW* THH, £/ r, BPEE < rankr, = dimV* 2056, IRE
dimV =dimW & dimW* =dim W, dim V* =dimV K (1) 225, [, 1ZFA% < rp, EFEL
O

Z ZCHRZITOS S NOHEEZ HVWET.

EE 9.2.14 (| , B 5.1.9]). b: V x W — K Z2HRXITHIEZEM LGB 35,
(1) rp: W — V* OREECE b QRSB L 1T rank b THF
(2) b2V TIER{L»D W TIERILR E %, b IXIBRILTH B (non-degenerate) £ 5 5.
(3) b WIERILTIRVE &, bITIBIELLTWS (degenerate) £ E 9.

% 9.2.15 (| , p-155]). V & W R HERRITTHREZEBE L, b: V x W — K ZGREREA e 35, 20
CE DDV TIHBMRSV W TH 3.

SERH. ERED [,: V - W* 2 ry: W — V¥ IZEE. 328 VW 2ERXCEDS dimV < dim W* 22D
dimW < dim V*. = TERXTHEL D dmV =dim V* 222 dim W = dimW*. X->TdimV = dim W,

SHRbBV = W, O
#E8 9.2.16 (| @ 5.1.10). V & W R HRKHIERTRITAE LV LD L, S b VW —

K ZEAR e 2. 20 2LROLMEIRFE.
(i) biFIRR1L.
(i) By,Bw % V,W OREL T2, b ® By, By ICBF 21T5FRIEA.

$EBA. b @ By, By (BT 21751FR Ald rp, ® Bw, By BT 24751 R F LW (BE 9.25). XoT, A
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DATHB LY ry WAETHS 2 LIZFAM. T2 M8 0213 (2) X0 bAV CIELTHE L, &
CW TIBELTH 5 2 & LA O

EERME (BE: 206 R—)

fIE 9.2.1 ([ , pp-207-208]). U, V,W ZHEZEME U, wy,...,w, B W OHEEL T 5. £ER
FiUXV WX B f,...,fn:UxV KEHNT

f(u,v) = filu,v)wr 4+ + fr(u,v)w, (YueU, Yo e V)
ERELZDOET . O ZEROFEMEDSKRILT 5 2 & 2Rt
[ PRGNSR = f1,..., fo DPRGRIZAIR.
IR 9.2.2. il 9.2.5 OFMTH#ARYE X.
%8 9.2.3. il 9.2.5 D residue pairing BIER(LEriEiwE XK.

FIRE 9.2.4 ([ , A 5.1.5]). VW Z2HRXITHIEZEM, b: V x W — K 2 MERR e L,

o VOREIK By = (v1,...,0m) 25 B, = (v],...,v),) ~NOEEEHTH|% P € GL(m; K),

o W OEJE By = (wy,...,w,) 25 B, = (w],...,w),) ~NOEREELEEITH|Z Q € GL(n; K)
£3%. F£/2BIE By, By CBF % b DI7HIFRE A€ M(m,n;K) & L, B, By, \CB3 % b DIT5IF~%Z
A e M(m,n;K) 255k,

A =tPAQ
B ERE.
PIEE 9.2.5 (| , @ 5.1.6.3). bV x W o K 2 ARKTHEHER Lo WSHRR L T3, $

By = (v1,...,up) 2V OEEY L, By = (w1,...,w,) & W OEEL 3 5. ZLT B}, = (vf,...,v})
% By OROHRIEL T3, 20k EXEER b OEE By, By I3 21751FRIE, @i 9.2.6 DRIE 5
rp: W — V* OEJE By, By (BT 21701 R =BT 5 2 L 2/RE.

FIRE 9.2.6. MYEZEM U LORMFERRK () BERZ 6N TWE T 5. U OHZZEM VIS LT, ks
VEcU%RRXATED 3.

Vi={ueU| (uv)=0MEED v e V IHLTRDIZD }.

(1) VE R U oEnZEmThH s 2 int.
(2) W b U OHHZEMTHo7T 5. (V+W)LE CVEnWL ZRE.
(3) W (V+W)E=VENnWL BT 3 2 & 2R,

fIRE 9.2.7. U, V,W Z#EZEME 3 2. WEEEBR U x V — W 2272 38H8E B(U,V,W) 3 #E2EH O
MiEzHoZ L 2@ L. £, UV, W B2 THRXTOGE, #IE2ER B(U,V,W) bHRXILTH S Z
EERRL, ZORITLERD K.
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10 7>V ILEE (07/04)

SEONFEIBEREFD | , §8.2, §8.3] WAIGL 5. MIBEMIIMMA K Lodbor LET.

10.1 #FEZEEOT>VILE

CORIERERED | , §8.2, §8.3] IKEXM L £ 7.
ZOORIEZER V,W K LT, ROWHZi75H LWEIEZER V o W 2R L 3 EEORIEZEH
U zx L, BRZ 2 HE
Hom(V @ W,U) — { W EBRV x W — U}
DIFET 5. ZOMBZEBV QW BV & W OF ¥V IAETT.

EIE 10.1.1 ([ , p-210, A 8.2.1)). V & W ZfEZEME 35, BERESV x W 2EK: 3 28F
%ﬁzﬁ S = Ga(v,w)erW Kev,w & %O)%Bﬁj\%ﬁ;ﬁ

Evtov',w — Evw T Cvl wy
R = Co,wtw’ — Evw T Cuw’s
ecv,w - Cev,wv ev,cw - Cev,w

®E %, % S/R B RODETET.

v,v' €V,
w,w' eW, ycS

ceK

VoW :=S/R.
(1) ROEHB: VW = VoW ZMWEEHTHS.
VW Wwwr—ov@w==¢.,c VW,
(2) {EEEORIZER U S L, KOE% b ZEHHTH 5.
b: Hom(V @ W,U) — {V x W = U | R}, [+ (0(f): (v,0) = f(v@w)).

BEEA. (1) FEED v,V eV ke, d eKBEUP we WIZHLT

(cv+ V)W =Cpicv.w = Ecv.w T €crvw [R DA ITO—fEHH]
= €cv,w + Ec'v’w [Féﬁ%FEﬁGZHH%*D@E%%}
= Clpw + ey [R 4ROt =FHH]
= Cepw + [z B 2 A h 7 — (5D ER]

=clvew)+ W @w).

BRI, EBEDveV 2 w,w e WBIUc,d c KITHLT

v® (cw + w') = Ecutow = €vew T Cucu [R o4t —fEEH]
= Coom + oo’ [FaZefic B B D ER]
=Cpmw + Cyur [R DA RIT D PUEEH]
= CCypw+ o [FAZEfic B 2 A 7 — 5 DER]

=clvew)+d(veuw).

Lo THEB @ 135 — R B AR L THIER DT, MEEEBRTH 5.
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(2) 29, fEED f € Hom(V @ W,U) K LTH(f): VW — U B TH 2 Z L 2D 5
b(f)=fo(-®)T, (1) &V @ FMERIHN L THIBEBREZ2 S, TR EMIEER [ L OERTH S
b(f) BHZERITH L THIE. X o TlEdr o shiz.

I b DGR EREKT 5.
o MPZEM VoW 58S = D, ey xw Kevw OHZEHELTV QW = S/R eERSNZ L%
BOHS. XIEGS ¢: V x W - U 2—2r b, $JB5HR F(p): S — U &, HEDTEEE

F(@)(ev,w) = W(U,w) (1011)

LTLILTEDD.
o F(p)(R) ={0} 2/RT. F(p) DML S, R DELERIT r IT2WT Fp)(r) = 0 ZRBIERW.
- ot r = Cotv'w — Cyw — Evw (1},1}/ ceV,we W) IZOWNWT

F(@)(T) = F(@)(ev-l-v’,w) - F(@)(ev,w) - F(@)(ev/’w) [F(@) Oi%ﬁﬂé]
=+ ,w) — pv,w) — e[ ,w) = 0. [ I ERGHRIE]

- éEﬁkﬁ: T = €ywt+w’ — Cv,w — Evw’ (’U € V7 w7w/ € W) WZOWT

F(p)(r) = F()(evwtw) = F(p)(ev,w) — Fp)(ev, w') [F(p) 13HY]
= o(v,w +w'") — p(v,w) — p(v,w") = 0. [ ERHIE

— ERIC r = ecvpw — cepw (WEV, we W, ceK)IZTDWT

F(p)(r) = F(p)(eco,w) — cF () (ev,w) [F () 3HIE]
= p(cv,w) — cp(v,w) = 0. [ EAHRIE]

— AT = ey ew — Cevw (VEV, we W, ceK)IZDOWNT

F(p)(r) = F(@)(ev,cw) - CF((P)(ev,w) [F((p) &i%ﬁﬁz]
= (v, cw) — cp(v,w) = 0. [ 1EIERE]

o T2 rBEEMOEEE (EH 6.2.1) XD, F(p) dBEZH V @ W = S/R ZEFRL T 2 L5 R
Flo): VoW — U, F(o)BE) =F()(s) (5€S/R,seSiksofEmR)  (10.1.2)
DEED. LLEXDROBG F 2EE - 7.
F: { WEEBR YV x W — U} — Hom(V @ W,U), ¢+ F(p).

COFDBbDOWERTHIILEBRED.
o B:={ WEB/BRYV xW - U} ¥ ML LT, boF =idg Z/"%5. pc B2 —D2t %. {EED
veVeweWIiTHLT

((bo F)(¢))(v,w) = F(p)(v @ w) [b DHEH]
— F(o)(evn) [(10.1.2), ey € S & v @ w ORET
= o(v,w) [F(p) ®EFE (10.1.1)]

272D T (bo F)(p) = . ko TERIIRET:.
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o H:=Hom(V @ W,U) LWsiZ LT, Fob=idy #7F. fc H%#—ot 5. ZHV oW = S/R
Elepw | vEVWeWT RS OREETHEIEDS, {vQw==2,4,|veViweW}BVOW
RERT DI LCHEETS. (M 1014 d32BEX). 3L, f & (Fob)(f) OfEND 6, T
BOveV tweW HLT (Fob)(f)vow) = f(vow) BRtE (Fob)(f) = f 2555
DB, wiE X

(Fob)(f)v@w) = (Fb(f)(vew)
=F((f))(epw) [(10.1.2), €y € S 1F v ® w DRFEIT]
= b(f) (v, w) [F(b(f)) ©5EF (10.1.1)]
=floew [b DIER]

YRS, XoT(Fob)(f)=f tih, Fob=idy dvrer.
LLEXD b3 RHHEHTH 3.

EE 10.1.2 (] ,EF 8.2.2)). V& W BEEEM Y 35,

(1) B 10.1.1 OIEZERMV W % V & W @OT >V ILFE (the tensor product of the linear spaces V
and W) ¥723 TV VILBZERE L WU, HEER Q: VW - VoW 272V I BEOEENGEE
& (the universal bilinear map) EFER. REUA K ZFFAL - 0WHER VoW 2 Veog W e &#HL.

(2) #FER f € Hom(V @ W,U) ® b1z X2 b(f): VX W — U % f HESD 3 WUSTER L T3,
FRWREESR o Vx W — UKL, @8 10.1.1 (2) OLHH b OWFEBRICE 2B b (p) €
Hom(V @ W,U) % p DESDH DIFHER L I3

B) (VW) eVXWINLTovweVeW Zuvtwdr Y NLHEESR

ERPOEBIIESIMHHEZ LD TEEXT.
8 10.1.3. LMV, W titv,v eV, w,w' € W ke, e KIZHLT,
(cv+dV)Qw=clvew)+dW w), v (cw+dw)=clveaw)+vew)
BV QWIZBWTHRILT 5.
RERA. EHE 10.1.1 DYV S = D, wycv xw Kevw BWVT
ecoterv'w = (Cevw + e w) = (Ccvtervrw = €cvw — v w) + (€cvw — Cevw) + (€crvrw — C'ewrw) € R

725

(v+ V) @w— (c(v@w)+ (V' @w)) = ecwtev,w— (Cevw+ ) =0€S/R=VW
o THIEMALT 5. B dFAERIZ, SITBWVT
v cwterw — (Cepw + pw) = (€w,coterw — €vew — €v.crw) + (€v.cw — Cepw) + (€ e — (€ ) € R
MWRRALT B Z e HHES. O

%8 10.1.4. BEE VW ZO0WT, {vuw|veViwe WHEV QW 24T 5.
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SERR. EFE 10.1.1 OFEEAWVE L, VW = S/RTHD, £/ {evw |vEV,w € W} 2 S ORETH %

Zeho, {vQuw==e4 | vEV,weW} RV QW 24KT 5. O
& 10.1.5 ([ , RE 8.2.3]). U, V,W B T%. Zo0fIEES f,g: VW — UITHL,
f=9gTH22e FEDODveEV L weW ZHNL flvew)=g(vew) HBRILT 2 I IiLFHE.

SEBR. RIED HBEMIES DAL, i 10.1.4 XD BEDL SRIEDHS . O
& 10.1.6 (| , @R 8.2.4]). V & W RRIEEMY 3 5.

(1) dmW =1 REL, wz W OREL T2, BBV oVIW, v—vw iZAREEHRTH 3.
(2) dmV =1{REL,vZV OREL T2, BER W VW, w—ovew  ZFAMNERTHS.

FEEA. (1) f BB EBRTHZ I ICHERT L. WEER o: VW =V, (v,cw) — co BED S
WEEGZ g: VoW -V e&EL. g» fOME{THZ 2B dRV. FED v eV IC
L g(f(v) = glv@w) = pv,w) =vEHhSE gof=1idy. R fog = idvew ZRLEWV
23, M 1015 EDEED v eV Ece KIZHML flglv® cw)) = v @ cw ZREIRXRWV. ZHIZ
flgv@cw)) = flev) =cv@w=v @ cw P SHES.
(2) (1) DFEBAT V & W O&EN 2T HUIR .

Bl 10.1.7. V 2fpZEME 5. 2h 7 155K

VxK—YV, (v,¢)— cu,
KxV—V, (¢v)r—cw

BEHLHIEEBRTH 2. £NoHED 2 LGB

VRIK—V, v®c— cv,
KV -—V, cQur—cv

&, FE 10.1.6 OFEAD S, £5 5 A EHTH 5. K
VKzV=KeV.

MMIZZEEOEM YV = VoV BT 2mE 423 2B VWHLELES. 3, £ LTRV =V x WKL XK
DT, FEDTLv eV IiZv=(v,v),v; EV; LETET. £V, VL 3V OEDZEME A%ET, UEER
FEVi = Vo0 (v1,0) BEUE VL, =V, v (0,0) TEXONET. 22T (v1,0) = vy, (0,v2) = v &
A—HT2L,v=(v,12) EVidv=0v+tvy LETET.

e 10.1.8 (| ER.2.6]). V, Vi, Vo, W, W1, Wy #RUBZ L 5.
(1) f((v1 +v2) @w) = (v1 @ w, vy @ w) TEZE DROMEER fIXFAMNEBRTH 5.

frViomeW — (VieoW)se (Ve W).
(2) f'(v@ (w1 +ws2)) = (v®w,v®w) TEEZROMIEE [ IIFABEBRTH 3.

Ve W eWs) — (VeWw)a (Ve W).
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SRR, (2) RAROEMRTIE DT (1) BWRT. Vi,V & Vi &V, OWSEME AR L, ~2OORFE5E
91,92 ZELRD XS5 ITED 5.

g VieW —VieWn)eW, v ew— v ®w,
g2 VoW — (V1) W, v @w— vy ®w.

M ER g1 & go DEM (i 4.1.12) Z g & T5. DD
g=g1®g: VieoW)e (VLeaW)— (Ve V) e W.

g f OHFRTHD L ZRED.
gof= id(V169V2)®W ERPOHES: FED v eV g eV BIXU we WIIXHL,

(go f)((v1 +v2) @w) = g(v1 @ w,v2 ® w) [f i
= Qw+vQ@w g DRERH]
= (v1 +v2) @ w. [ 10.1.3]

fog= id(V1®W)€B(V2®W) BERPONES: EED v eV v e Vo BEIUY w,w' € WXL,

(feg)i®@w+v, @uw) = f(v1 @w)+ f(vs ®w) g DIEHED X ORI
=0 Quwtvrw [f DEHE]
= (1 +v2)@w. (1R 10.1.3]

O
PIEZER V & W DHRXTCO L &, ZNODHENST VY NAMEV @ W DHEZ DL 5 N TEXT.

8 10.1.9 ([ , R 827). Ve W HERXITMEZEME L, {v; |i€l} 2V ORI, {w; |j€ J}
EWORKrT2. ZorE{v,ew;|icl,jeJ} IV W ORETHS. FiZV @ W IFHRXITLT,

dim(Ve@ W) = (dmV) - (dim W).
SRR v EP w; EPEKRTHL 006V =@, Koy BRUW =@, Kw; BOLT 5. i 10.1.8 %

BOBRLAVS L VW =@, ., VeKw; THD, i@ 10.1.6 XD &j e JITHLTB; = {v;0w; | i€ I}
FV ®Kw;, DODRIETH 3. £oT UjGJBj :{’UZ‘®’U)J‘ |7:EI,j EJ} BVeQW ORETH 3. O

ROEMHRT K 51C, 7 Y AREEH 10.1.1 (2) Zhik THEEMOPTHENL S DTT.

FIE 10.1.10 (T VILEROEEN, | , p-212]). VW 2z L, VoW 22 oD 7 > Y VHE
35,
(1) WEREEMR 0: V x W — U 5 FH 10.1.1 (2) OLHEHTEZ2MEER VW U % f 353
, fIERRORRE AU T 2 ME—DIREERTH 5.

VxW

of o

Veow 3!f>U
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(2)

FIEER.

RIZZEM & WRREBBROM (VoW,@: VX W - VW) XU TOBKRTHEZRWT—ETH 5.
MIBZER T C B EASR 7: V X W = T BROME RT3 5 “EEOMIBZERM U LT
CAES

Hom(T,U) — {V x W = U | W&},  fr—— (br: (v,w) = (fo7)(v,w))
BERHESTHE” ZorE WHESR . T S VW PFELT® =¢orT.

(1) 27 fHRREAHCT 2L, 02D = fom &md. T 10.1.1 OIHOTLEE AV &

f=Flp) TH3. 2L, FEOveV L weWITHLT

(fo®)(v,w) = (F(p))(v@w) = F(¢)(epw) [(10.1.2), ey € S & v @ w DREIT

= (
= p(v,w). [F(b) DiEFE (10.1.1)]

XoT fo® = RET7.

RiZg e Hom(VRW,U) DB ¢ = go kfiilzdhdg=fTHsZrEmT. f,g OB
1014 XD, EFEDveV 2 weWINLTovwdD f,g i X2BP—HT 2 2rnBldRW
35, p(o,w) = (f 0 ®)(0,w) = (v @w) ¥ plv,w) = (g0 ®)(v,w) = glv ® w) X HEES.

T O3 HETU=VeWtiTdt,

Hom(T, VW) —{VxW VW |M#E}, f+—— for

FEHH. B : VX W = VW IEHRELED S, por = 7835 ¢ € Hom(T,V @ W) DB1EE
T5. 20D ¢HBABMEHTHZ Z e ZRBIERV. ¢ OUER o ZREKL X 5.
VoW Olil-3W8 (€ 10.1.1 2)) TU=T &35k,

b: Hom(V @ W, T) — {VxW =T | W§JE }, f+— fo®
WRHE, B 7V xV = T 3WEHEPS, o =71 2745 1 € Hom(V @ W, T) D1FEET 5.

DY P OHEBRTHEZLERED.
FFopc End(T) Didr £ —HT 3L 2my. T OWETHETU =T £52¢
Hom(T,T) =End(T) — {VxW =T | ¥}, f+—— for
FEHE, ZOFBRThod— (hod)or=tho(por)=tho@=1R&D, —Hidp —idpor =7
2o, BEPEFNTHZ L XD Yoo =idr.

K2 porp € End(V W) Bidyew £ —HT 2L %2RZS. VoW OzIHETU =V W
r¥5e

b: Hom(V@W,VW)=End(VQW) —{VW VW | MK}, [fr—ofo®

BEHG T5L b(porp) = (po)o®@ =¢o(ho®)=doT =@ DBRHILE, —J7 blidygw) =
idyew o® = Q710 5, b N THZ I D Yod=idygw.
PEED i ¢ OMEZRTHS. Lo TERIIRET.
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EERE (BE 207 R—)

fIRE 10.1.1 (c.f. | , [ A 8.2.1, 8.2.2]). er,er HERMBZERM C* OFERIKL 35, i 10.1.9
Ibhej=e®e; (i,j €{1,2}) 3 C*@C2 DEKTH 5.
(1) (3)®@(3F) e C?@C? & ZDEKOMBHEGTRE.
(2) t = aey1 + be1a + cear + degs € C? ® C? (a,b,c,d € C) IZDWT, ROFfEERE: t =0 @ w &/
Fo,w e CPHFET S < ad = be.

fI%E 10.1.2 (| Bl 8.2.9]). V& W RMEZEME L, veV BXUOweW &7 5.
(1) XOFEE RE: v@w #0 < v #0222 w#0.
2 v 022w #0r T3 EFEDV e VEBLIF W € WIZOWT, ROFEDIKILT % Z & 2Rt
vew=1v 0w & ceK\{0} BFEELT (v, ') = (cv,c w).

f=& 10.1.3 (] , TR A 8.2.3]). #IBZER V Ot v, w IZ2WVWT, ROFMEZTRE: v, w HERTEMATL
SVQUWF wRu.

& 10.1.4 (cf. [ , M B 8.2.7.1)). —o0ZHENZEM K[z],K[y] &2 3. (f(z),9(y)) € K[z] x
Kly] 22RO f(2)g(y) € Klz,y] (& 1.3.3 Z2) 1SS 3 2 & T, WREES

b: Klz] x K[y] — Klz,y], (f(2),9(y)) — f(x)g(y)
PEDBZ Y AR L. £ bR TIERVI B RE. 2L TWRIEESR b BED 2R E G
B: Klz] @ Ky] — Klz,y], f(z)®g(y) — f(x)g(y)

MEBERTH 2 Z e 2R,

10.2 WEEHROT VIR
ML R DOEMEPEM & AR, EEROT VI NEEEZ S ZENTEET.
= 10.2.1 (c.f. | L83 FH]). £V oV 2g W W RBEEHRE T 5. iR
brg: VW —V'@W, (vw)r— f(v)®g(w)
BRHRTETH D, by g WEDBMEFBRV QW - V' @ W' (£ 10.1.2) Bov@w — f(v)® g(w) ZHiizT.
. by, ORI S LRI T BRI E TR, EED v,0 €V X o d e KB W we W IZHLT

bfg(cv+ v, w) = flev+ ¢v') @ g(w) = (cf(v) + ¢ fF(v) @ g(w) [f D]
= c(f(v) ® g(w)) + ' (f(v") @ g(w)) [ 10.1.3]
=cbyg(v,w) + by g (v, w).

AR S 2 AL b RCTRE 2.
BP0 TR EH 10.1.1 OFEADLBEHVD &, by g DED 2B EHIE F(bry) THD, Flbyy)(v®
w) = F(byg)(evw) = by.g(v,w) = f(v) ® g(w). O
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EF 10.2.2. M 10.2.1 OB Bz
[ VW —V oW, veow— f(v)®g(w)
LEXf & gDTVYVILEE (the tensor product of the linear maps f and g) & FEXR.
WEEBROT ¥ Y AEIZOWT, ERPOEB IS MEEE D TEEET.

#RE 10.2.3. V, V. V" W, W' W" B ZEM e 32, IRBEKALT 5.
(1) idy ®idw = idyvew.
(2) fEE®D f € Hom(V, V'), g € Hom(W,W’), f' € Hom(V', V") BL U ¢’ € Hom(W', W") izx{ LT
(ff@g)o(fog)=(fof)@(g cg)
(3) f € Hom(V, V') & g € Hom(W, W') 25 EBR7Z 5 f® g€ Hom(V @ W,V @ W') RAER.

SEBR. HHRE 10.1.5 ZHW 3.

(1) HifE 10.2.1 DFEREEHAVS &, WK ER biay iy : VX W = VW BEED (v,w) € V x W iZxt
LT bidy idy (0, w) = v®@s Ziii72 T DT, biay idy DED DEER dy @ idy EXGv@w — v@w
2525, —Fidvew@w) =v@w e, fiE 10.1.5 &0 idy @idw = idyew.

(2) fEHD (v,w) € VX WIHLT (f @) o (f@9)vew) = (f @ g)(f(v) @ gw)) = f'(f(v) ®
J W) =((f o f)® (g og)(vew) %30T, il 10.1.5 & D RIS T 5.

(3) f,g DWMEH{EZhEN f~Lg e FsL, flof=idy g log=idw BLU (), (2) 5
(Fl@g o (fog) =idvgw. M (fog)o(f L ®g™l) = idyew DTE2 DT, FEER
g 3EHHTH 2.

O

HE 10.2.4. i@ 1023 12Xk D, @ FHEEM DE Vecty (FE 3.2.3) DM OWEF (bifunctor) ®:
Vectk x Vectx — Vectg ZED FT.

MIEEBRD T > Y NMEDKEARIIRD & S5 ICREATE XS,

8 10.2.5 (| , T 8.3.1.1,2])). MBS £V -V g W — W I LT RAPBILT 5.
(1) Ker(f ®g) = (Ker f @ W) + (V @ Ker g).
(2) Im(f®g)=Imf®Img.
(3) Im f & Im g BERXITR S Im(f ® g) BAERXITT, rank(f ® g) = rank f - rank g.

FEEA. (1), (2) Kerf C V OFIZEM V' #—2W-oTV =Kerf @ V' LEMDMEL, f OV NOHIR
gk f o= fl,, eEFL L, ERAEEHE f: V/Ker f = Imf 226 f: V' — Im f ZRAER. FKC
W =Kerga W' LBEXSEL, g0 W ~OHIRERE ¢ = gl : W = Img £ HL. T2 M8 10.1.8
By
VoW = (Ker foKerg)® (Ker f@ W) & (V' @Kerg)® (V' @ W).

CZTfRgDOV oW ANOHIREZ ff@4¢: V' @W = (Imf)® (Img) THD, i 10.2.3 (3) kb Zh
FREER F=20%n M Ker f @ g, Ker fQ W', V' @ Kerg ~"®D f®g DHlRIZ0THS. £oT
Im(f®g)=(Imf)® (Img). £7

(Ker fo@ W)+ (V®Kerg) = (Ker f @ Kerg) ® (Ker f @ W) & (V' ® Ker g)
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75, Ker(f®g) = (Ker fW)+ (V ®Kerg).
(3) & (2) il 10.1.9 1 BHEBITHES. O

BRI ZZE OB OREEAR [V - Vg W W OT U IAE fRg: VoW = V' @ W 3R
WEBZDOT, VoW,V oW OREZGZITIRRTE LY. BROMED @ 10.1.9 ZH0HT &,
RDOFERVMGONE T

fEd 10.2.6 (FERDOT >V ILEDITIIRT, | , iRl 8.3.1.3])). V, V! W, W' 2B RRICHRIE 2R
&L, f e Hom(V,V'), g € Hom(W,W') &3 5. %7z (v1,...,0,) &V OEJE, (v],...,v),) & V' ORIE,
(wi,...,w) 2 W O, (wi,...,w,) Z W OEKEFT2. ZLTINHIIHET S f,g DITHIERZ ZH
ZFHAe Mim,nK), Be M(k,[;K) £§5%. 2Ot %,

e VRW DHEE (v wi,..., 0 QW,..., 01 @W,...,0, Qw)

o VW OEE (v @wl,...,v, w,....,v] Quj,...,v, ®w)
RS 2 1THIERIE

Ab11 Abyy
A® B = < : : ) € M(km,in; K) (10.2.1)
Abyy - Abg

TH5b. HL Ab” = (aquij)p,q € M(m,n,K) FFioTroTmay 7R KL
SERR. f(vg) = Z;nzl U;apqa g(w;) = Ef:1 wibi; & D
m k

(f @ 9)(vg @w;) = f(vg) ® g(w;) =D > v}, ® wjapgbi;.

p=1i=1
Iz 52 5N RRDIEFICHARIUTFIRBFE SN S. O

E& 10.2.7. (10.2.1) D175 A ® B 21751 A & B OFT >V L E 7213 Kronecker ff & FEA.

EGME (BT 208 R—)

%8 10.2.1 (] L %8321)). 1V oV Eg: W oW 2EE&L 2. UFOLRERE.
(1) f & g25tas fogbabt (2) f & g BHETRS f@g b HEH

RI%E 10.2.2 ([ , % 8.3.2.3]). V,W ZHBITHEZEME L, f € End(V) 8X U g € End(W) &5
5. UTOFEREZTRE.

(1) tr(f @ g) = tx(f) -tr(g).  (2) det(f ® g) = (det f)I™ W - (det g)I™ V.
R9%E 10.2.3 (| , [ AR3.1)). V,W 2ERXTHILZME L, By = (v1,...,0,) % V ORI,

Bw = (w1,...,wn) & W OREL T 5. V* OO (f1,..., f2) % By OWHEEY L, W* OO
(917---,9m) %BW @XXjﬂ‘%Ezj—é VoW @fﬁ@ﬁ% (fl ®glavfl ®gm7fn®glaafn®gm) N
(V1 @ Wi,y e, V1 @ Wiy e vy Uy @ W, e, Uy @ W) DAEIETH 2 Z & ZRE.

=8 10.2.4 ([ , B A8.3.2). m,n€Zso &5 %. WREER

K™ x (K")* — Hom(K",K™), (w,f)+— (v f(v)w) (veK*,weK™ fe (K")").
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DED BMEEE 8: K™ @ (K")* — Hom(K", K™) & [AAE B Hom (K™, K™) = M(m,n;K) (fi# 3.4.7
DEMER o DFER) t DEKRE p: K" @ (K")* — M(m,n;K) FEL . eq,...,e, € K® ZHEEEEKY L,
oo fn € (K")* ZZDRORIEE T 5. ef,... e, € K™ ZEVEREYL LT, ule, ® f;) € M(m,n;K) %
Koo X

103 HRE: 2ETVVIE

= DRIFIERENNAT, —HOFEOMINEEK L 5. FEE | | DF > Y AREOES BB L
TFREW. FMEEEL LT | B ESS

SETE OO ZERMOT v IYNAEEEZTEZ LN, LR TR =2 LofEER DT > Y LVEEE
ABHZEIZLET.

i 10.3.1. T, U, V,W, V' W' B2 L, f € Hom(V,V’), g € Hom(W,W') £ 3 3.
1) B apyvw: U (VW)= (UV)a W H
Ua(VeaW)au® (vew)— (uev)@uwe (U V)W

TEXD, HICRMERICR S, FTROKKXIIHRTDH 5.

Uo(VeW) —2Y L UeV)eW
iy 8(/9) | |4 @2
Ua(V'eW) ——— UaV)aW

(2) BEAN:KQV 2V Epy: VK=V
KVscv— Av(cu)=weV, VeKsvc— py(vQc)=cweV
TEED, MAERIZRE. ELROMAFIRTH 5.

KoV sV ? yveK

idg ®fl lf J/f@idK

KW o W KoWw
(3) U FOMAKIFFHTH 5.

TeU)(VeW)

TeUaVeWw)) (TeU)eV)aW

idr ®aU7V’WJ/ TQT,U,V(@idW

TR(URV)W) v TeUV)eW
(4) U TFOMKFHTH 5.

Ve(KeW) (VoK) oW

idv m %@idw

VeWw
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WGRE. AR TH 2 2 L ORI N ES.
(1) #ifE, 6 (u@v)Qu i u® (Vo w) KE->TEZZMEER U V)W U (Ve W)d
auyw DHEBRIZHR D Z e HHES.
(2) ARG 10.1.7 THRAL 72,
O

S 10.3.2. AUTILZEHOM Vecty 78 © %E 7 4 ZUET (£72137 > Y VRT) & LK % Hfintgy
3 2E/ A 4ILE (monoidal category) TH2 I 2EHRL £7. RBER ayyvw ZFEEF (associator)
EML, £7 (3) ORRIA B/ A HIBOEAHER (pentagon diagram) PR EF. FHL LI
[ , 83.5] FRHE TR,

AR 10.3.1 (1) &b, ZOOKIBLER Vi, Vo, Vs 20EE 2 2 007 ¥ Y VEIZRA TS
Vi@ (V2@ V) = (Viel)®Vs.

F 72090 DEIEZER Vi, Va, Vs, Vi IS LT, OO HICE D HOoDF ¥ Y ARAEE D 323, (3) &b
ZRBEETRATY. ZHEEORINODT IS 508 1.1.7 2 B0HT &, n HoMBZER VI, ..., V,
L TiE 7 v Y LSS Catalan 8 C, = (37) — (2) ZWEEZD 3 (ME 117 0XD Cy =1, C3 =2,

n

Cy =5 T VY NBEDER L BHEIIT—B L TWET). Eid:
ERE 10.3.3. AREORELEE Vi,...,V, »BEE 3 C, HOF > VA REIT e THEAL.
ZZTHU Mo SZHVWET.
E#E 10.3.4. HRMEORIEZEM Vi, Va, ..., V, LT
Mahe -V, =V Vwe eV, )
YUSE TS, T eVi(i=1,...,n) OF Y YAREELURO X515 5.
VIRV QU =01 @ (V2 ® (@ (U1 @vp) ) EVIRV2® - RV,

Vi=-=V,=V OEFAEEX, FIZRD LI KT 5.

—V
Ve =V Ve ---QV.
F VO =K, VOl =V T 2HT, Fne NIHLTVE 2EHRT 3.
HE 103305, TEOMEZEMV £ m,n e NIZHL, 5%
A

V®m®V®n_>V®(m+")’ (U1®"'®’Um)®(’0/1®"'®1);1)'—>U1®"‘®'Um®vll®"‘®vn

73 well-defined ©, BICFEBEBRTH 2 Z L BHEVET. KT VO @ VO ~ YO0ntn) oy
ROFEIFE 10.1.4 FELLITT.

O IERE ORE M DT > Y AEEEZ 2 2 D TEF T, Biack (AETHRV) EREEZZ D TELHbH-T, 2I TR
WAFEA.
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78 10.3.5. n ZIEBEH T2, =MV, V, KOVWT {1 @ Qu, |v; €V; (i=1,...,n)} &
ViV, ZENKT 5.

mﬁgﬁ n @:%T%U‘%m@éfﬂ—_\‘j— n=10¢t %, {Ul ‘ v € Vl} = Vl Ciﬁﬁip&: V1 %ﬁi&jé n iTIE

Lh\tﬂiﬁbf, V =V "'®Vn+1 bl Y }:, JFANTE DR E D> & {UQ ® - Q Upt1 | v; € V;} Vv %z

AT 5. —HFTHE 1014 XD {Ul Qv | V1 € Vl, NS V} FTVieV~2WVe "’®Vn+1 %i‘tﬁkb,

U1 & (1}2 & .- ®’Un+1) =R - QUur1 OB, n+10DE EDFIRDMALT 5. O
BIERTTHRIE 2RI LT, BESLRITICE T 2 10.1.9 OB L ET.

iR 10.3.6. V; (i = 1,...,n) ZHMXITCRIBEME L, {v],...,0)} 2V, DEEL$5. DL ¥

{vj, @ @0} [1<j; <di}EV®@---@V, DEETHZ. Fc V1. 0V, BERKTT,

dim(V; ® -~ ® V) = (dim V4) - - - (dim V;, ).

OOV D T ¥ Y AR IR GO W TIESEN & o TV E Lz (GER 10.1.1 ¥ 10.1.10), =
DU DT Y AES O E 2R D 5.

EE 10.3.7 (cf. | , B 8.4.41)). Vi, Vo, W ZEIBZERE T 2. B Vi x - xV, > W&
LUR D Z2&F %72 31, n BIFFEER (n-ple™? linear map) & IMHEN 5.
() FEDi=1,....n & v1,...,0p,v € VIZXLT

’
gO(’Ul,...,Ui_l,Ui—FU ,’Uz’+1,...,1}n)

/
= P(V1, -y Vin1, Uiy Vi s+ o5 Vn) + (U1, -+, Vi1,V Vige1, -0y V).
(i) FEDi=1,....n 2 v,...,0, €V, c€e KITRLT
(V1 -+ o5 Vi1, CU Vit 1y« ey Up) = C(V1, e oo Vi1, Vi Vg1 - - -, Up)-

T2 10.3.8. Vi,...,V,,, W ZiMEZER L 35,
(1) ROEME @: Vi x - xV, > Vi@V, i&n BREEHRTD .

Vix o xVy2dWy,.oyvp) — 101 Q-Qu, €EVI®---QV,.

(2) RDOBARIIZHGS.
Hom(Vi @ -+ @ Vo, W) — {Vq x --- x V,, —» W | n B },
fr—((v1,.. o) = f1® - ®@vy)).

(3) n B ES 0: Vix -V, > W b (2) TEZABIBERVI® -V, > WE fedae, fIEX
DORAE AU T 2 HE—DEBHTH 5.

®l \
ne -V, 3!f>W

*92 — @ =i, PYE, fiH, ... DFED double, triple, quadruple, quintuple, ... THZFIZHAR, HFERDSTETT.
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(4) BIBZR L WS EEOH (Vi © - @ Vi, @) 1B FOEKCRAI R T —ETh2: B2 T &
n ERHEE T Vi X - x Ve — T BROMB R LT 5. “EEOBIBZER W 1ok LT54%

Hom(T, W) — {Vi x -+ x V,, = W | n B },
fr— ((v1,...,00) = (for)(vr,...,vp))

BRI THZ ZorE AR T SV -V, PFEELT R =¢or.

BGRE. (1) &H 10.1.1 (1) 2 [FEDHEHTRE 3.
(2) EH 10.1.1 (2) LRI, BEED ¢ — (v ® -

@ (v, ,vn)) THzZoN2ZBRT.
(3) & (4) 13 EH 10.1.10 & FIEk.

BRFRICT VY LDORTOBEICET2EHEERZBNMLET.

EX 10.3.9. HELEMV £ WKL, B

syw: VoW — WV, 1ur—w®v

13 well-defined T, HICFRMEBRTH 2. Z L TUTORADFTH 3.

e The unit coherence*??

Vek —Y S KeV

R

e The associativity coherence

UeV)ew “2EW v omew

U@ (VeWw) Ve UeW)

SUM %su,w

VeaW)U ———— Vo (WeU)

ay,w,Uu

e The inverse law

Vew dvew Vew
Sm %‘/
WeV

AR FEE 1032 Ofit 2T, FE 10.3.9 TR EROE / 4 ZVE (Vectk, ®,K) BR#E/ 1 X ILE
(symmetric monoidal category) TH% Zr ZEKL E 7.

93 coherence ICH % o 72EREEIZ MV Y BV E 5
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11 XFRIERAZRR (07/11)

MIEZEBIZA K Fodbor LET.

11.1  WFRER R

ZDORIFIONFIZHHZED | , §5.2) ITRZH L ET.
FGIEBARD S BRI 7 F ADD D EPNET.

EE 11.1.1 (WHWRF B, | , EF 5.2.1]). MBS s: V xV = U, &M
o EED v,w e VITHLT s(v,w) = s(w,v)
Ziifi7z 3R, W (symmetric) TH 2 &5 5. FHIHFRIERERERX V x V — K 2 @#HMEREER = 5.

SRR K D BB TE 0 5o K vk 5

Bl 11.1.2 (HFTFIHTE 8 B MFFISAZRR, | , B15.2.2)). S = (si5)i; € M(n;K) ZHH4751, O %
DS =1 kiETOLTE. O, S HED DA

bs: K" x K" — K, bs(v,w) :="vSw = Z V383 W;j
ij=1
WBEHRFATH 5. EIE, bs(w,v) = wSv = ('wSv) = wiS{(v) = wSv = bg(v,w) 5. FHT:
(1) BAATHN S = E,, = (6;,5)i,; DIED 2 W FRBHRE AR

bEn (U? w) = Z ini

i1
% K" OIE#ERFR (the standard inner product of K") & M.
(2) EDMUS, v+ s+t =nLKDrsteNIETHL, XTI

. T s t Er
L(r,s,t) = diag(1,...,1,-1,...,—-1,0,...,0) = —E;
0

SRR X
T 45
bL(r,s,t) (’U, ’UJ) = Z VW — Z ViW;
i=1 =1

EEDD. L(n,0,0) = E, HOT by SEENETS 3.
(3) n>2 DA, L(1,n—1,0) = diag(1, —1,...,—1) 23ED 2 MK br(1,5,—1,0) % Lorenz B
HEEIR RBICK =R, n=4DHED b130): R* x R* - R % Lorenz 58" L I3

*94 G re ] FOPNFED 2 L REHER L IERD T, Lorenz s EIZNME TR WO T, Lorenz BAEEH &) LIERGMIEMRTT.
L2 L Lorenz &) OHPBRLAVWSONZHELLBVET.

*95 RRERAROHE R K O — AR A S W TES R TV E Y. ZOXRZ v (RY, br(i,3)) & RL3 2 HWT M143 %
T (THR) BZE) L E0ETH, B 1 ATEMEE, 52k 3 JOLE M AR L TV ET
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FIIK =R OHA, R LOEEOWHIFERR b IS LT, r+s+t=nTH5 (r,s,t) € N> B—FEIZ
FELT, bk bL(r,s,t) CEENCIE D 5 [ , fied 5.2.9, ‘l‘g‘ﬁ@].
SR TTHRIE 2218 _E O AR BRI R o il 2 — 0% T L &k 5.

fl 11.1.3. R LD S REH D7 THIEZER C°(R) 1I2WT, k(r) € C°(R) FAXM I c R LT

o) = / F(@)g(x)k(z) da

EEDD L, TR TH 2 GEHIEHE 11.1.1). FiZ k(z) =1 & LESGED (f,9)1,1 =
J; f(@)g(z) de & WP RATH 5.

Rz, BRXTTOGEFH] 11.1.2 DEHBLT 22 REL & 5. MR EIEERE AL 0T,
ARITCHIE 22 O _EDOMFNFIERRIIMTHIR T2 T2 Z e BN TEET (EXK 9.2.10). 2 T THNZITINC
BRI HD 5.

#RE 11.1.4 (] , p-158]). V ZHERRICHEZERE L, B = (v1,...,0,) 2V ORE, ¥/ s: VXV —

K%V EOMRMIPRR L 5. ZO, s ® BIZBT 21T512R S = (s(vi,v;)), ._, EXTTE, 0%

,J
D RO %7 TIEFITHITH 5.
S =1S.

BERR. AFMEDER 11.1.1 KD, EED 0,5 =1,...,n IR LT s(v;,v5) = s(vj,v;), 2% D S D (i,5) Ko7
& (4,1) BOTIFEL V. O

HIRXITTOEGE, MG R OITHIR R R 3 & 5 REE, Hl 2 XN ATINCR 2 X 5 REER
B3 LREDEAIC D 5. ZhEHRLL 00 BEREEOETT.

EE 11.1.5 (cf. | , EF 5.2.4]). V EBEEME L b: V XV —» K 20 e 3%, Vv

DILD 5 (Uz')z'el o)
b(’l)i,’l)j):() (VZ#]EI)

Zihiz TR, Sk b ICBAT BERR (orthogonal system) IR, iz
b(’Ui, Uj) = 51',]‘ (VZ,j € I)

Zitife 3R, 2z bICBIT BIEMRERFR (orthonormal system) L FER. KT V OEIE (v;)ier BT HD
SN2 THE, b ICB T 2 EREE (orthogonal basis) M NIEMEREE (orthonormal basis) & FER.

fl 11.1.6. K" OFHERIK Bgq = (€1, ..., en) 1&, MATTH D BED 2 WA R bp: K x K" - K
BT B ELHEIRTH 5. FHT Byga (3B 11.1.2 TED T b (s WHT2ERIEETH D, HIZt =025
IEHEREETH 5. FHC Byq ISFEENFEICE T 2 EHEREETH 3.

Bl 11.1.7. 2 KU T OEBRBEZHAXDZEM R[z]<o 2EZ 5. Bl 11.1.3 Tk(z)=1,1=[0,1] & LiHE
D (f,9) = [, f(x)g(x) dz 1, Rla]<s LONBIHREEDZ. T2 L

fox) =1, fi(z) =32z 1), fo(z):=V5(62% -6z +1)

*96 ZRlE | , % 5.2.4] TV BWEBRKITTOHE Lo ho TOWERAD, ERITTTHERTE T, B ORI
FERRO (EH) BEXEELCEREBR B L 35, 215 ERIITOEGE OERZHITT.
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FEBEIEKTH 5 (REMERIE 11.1.2).

HIRRITCARE 22 LD FERETI AR 7572 ¢, JERIEEDRIEN D LIk D £5. MR DIEE L E
DEFE 9.2.14 ZEVH L TBWTRX V.

R 11.1.8 (| , 8 5.2.5]). V ZERIITAEERE L, b: V x V — K ZMFAGRER A 7 5.
V OFRSZEH W TR LT

t={veV |vweW, b(v,w) =0} (11.1.1)

LFBY, W IRV QMR B (GEIERE 11.1.3). 758 by WxW — K 25 by = bl 0y
TEDD L, by 13 W LOWMHIFHRATH 2 (REFIZRE 11.1.3).
(1) i: W=V E2AEFEHBE L, £l rp: V = V* & rp(v) (V) = b(v',v) TEE 2EEH (& 9.2.6)

R
Wt = Ker(i* ory).

(2) BUR D=4t FA.
(i) bw FIEBEME. () V=We Wt (i) WnWwt = {0}
Frz o 23BRL & VE =0.

(3) b IEBLAR S dim V = dim W + dim W+,

SEER. (1) i*ory: V - V* 5> W* IEELT,

Ker(i*ory) ={veV|(i*or)(v) =0} ={v eV |VweW, rp(v)(w) =0} [W* DETLOEFE]
={veV |VweW, buv,w)=0}=W=.

2) (1) = (ii): by PRI & B f = (W 5V 25 v 5 W) pSREE (@i 9.2.13) ICHEET 3.
g=1i"or,: VW r#Ey, ‘L@ﬁiﬂi@; DV ~Ker(g) @W* 25, (1) &b VaWwWtoWw:
EoTf WoWHRAM=V=W-ow.

(ii) = (iil) 1FAHS D0,
(iil) = (i): WAWL={0} & (W SV I v 5 W) = g #Es ICHET 5. REXD W I3E
FRXTT7ZH 6 dim W* = dim W T, {iE > T g IXFABT, by 13IBRILTH 3.

B) WEHS 1, V. — V¥ IZFAET, £/ *: VF - W 3022100, AR i*ory: V. — W*
Fag. (1) &b Wt = Ker(i* ory) 2O T dimV = dimW* + dimW+t. V o GRXTHED S
dim W = dim W* 72D T, FIRHBHED .

O

EE 11.1.9 ([ , % 5.2.6.1]). K QA 2 TR, ARXTHILER V _EORFREIEREX
b: V xV =V IQREKEESLTEET 5.

SRR b =0 RO ROREKIELEETHS. 22ThA0L LT, dimV IKET2RWETRT. B 2
THRVWIEIHERLT, b(z,y) = s (b(z+y,z+y) —b(z,z) —b(y,y)) &V, b(z,2) #0 &2z €V HFE
55 (W 11.14). T2 1118 (2) £ V = (K2) & (Ko)* TH3. dim(Kz)' = dimV — 1 2>

5, HEDIRE LD (Ko)t KEEREEDFET 5. 2l o 2HIM2 TV oEREESE NS, O
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COEMTHBRIITDOEG G DEZEEDFEN T2 D £ Leh, “ODEZEENG Z 5N 5E, Z DM
DREEZHATINGE D K S BB ZFFOTL & 5. U T om@ 11.1.11 Ao 2EZ 252 %7

EFE 11.1.10 (BE3IEH, | , EFD.2.7)). V ZRIEZERE L, b: V x V — K ZIEREAFAERE R
35 VoHCERE fIX, FED v,we VITHLT

b(f(v), f(w)) = b(v,w)
27z 3, b ICEAY SERE (orthogonal transformation) & FEEALS.

fE 11.1.11 (EXEH BT, | , B0 5.2.8]). BNATHI E,, € M(n; K) 235E® % K" _EDXFRAR
IR b, (v, w) =vw =1 vw; BERZS. 175 A € M(n; K) OLEMEEFR 14, € End(K?) i22WT

la, D bp, KHETIEREN — ARFBELTY, 2FD 'AA = E,.

FERR. v,w € K" IR LT bg, (la(v),la(w)) = {(Aw)(Av) = w(lAA)w £ 2 DT, FFED v,w 1L T
tw(tAA) = two & 'AA = B, R8I L. 2 OMINEEE 1115107 3. O

EEMEE (BE: 208 R—)

fIRE 11.1.1. f 11.1.3 Z7RE.

FIRE 11.1.2. fl 11.1.7 OFMER A
FIRE 11.1.3. @ 11.1.8 OFfMIEH 2.
P8 11.1.4. &M 11.1.9 OFFHEZ R ..
fiRE 11.1.5. @ 11.1.11 ZaEAZ M % .

RIRE 11.1.6 (] , % 5.2.6]). b: VxV — K ZHERXTCAEZER LOMMAEIERERE §5. £8
ZEEW C VIl W CcV % (11.1.1) TED IR L 32, UNOERPBILT % 2 & 2Rt
(1) b 2IERALDDHIBR by = by oy DIIERIIR S, WL ADHIRR by = bl DIBEILTH .
QV=WaeW oW cVtedzdr, ROZEKMHFIAMTH 3.
(i) bw 1ZIEEL L. (i) W' =Vt

112 W¥TFUVILE

§10.1 THIBZEMOT Y VEZEALE L. URNTIE, HBZEEV L 2hBHD T Y ViR

V2 =V eV
PREL, SRFVYVIIVBERY O ET (5 10.34 BH). 7V ARONEILEEICE T 5 malk (2

FE10.1.1 (2)) A8, AT
b: Hom(V @ V,U) S{V xV - U | Wi&¥ }: F

DHDE LI ZORIFTE, MHREEREAZZTIEZ 2 &, ZhUcowTHEEZ RO OME2EMIE VE? X
DS SHNS Z e 2Rl £7.
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EE 11.2.1. V 2EEME 35, K7 ¥V IFEZER V2 oEsr2EM D %
D=@wew-wev|v,weV)c Ve

THERL, 2HUT L 3 V2 ORZeilz
SV =V®?/D

EFEWTV 0ZRAMT >V ILFRZER (the symmetric tensor product of degree 2) & FEX.

fl 11.2.2. v,w e VI L To@w e VO ORZEM S?V 2B 3REHEEZ vew € SV ¢ RT ¥

VRW=w R .

FE vQu-—wRUEDEIPLIRUW - wRI=10w —w®v=0¢cV®/D=82V.

E&E 11.23. SV ortvew eV, weW) ZRDLSITRT.

VW=V R W.

Bl 1122 &b, veV,weW LT, S2VIZBVWT vw=wv B LET.
V BERIGTOEE, V2 OXtiE dim VE? = (dim V)2 TL % (A 10.1.9). S2V OXITERD & 512
7h 7.

B 11.2.4. HEIGHIVZER V O o1, ..., 0, (I LT, vivy (1 <0< j < n) B S2V ORI Hi

dim(S2V) = (dlmV + 1>'

2

FERA. i 10.1.9 &b {v;®0v; |1 <4, <n} 3 V2 ORIK. 32 LERE 11.2.1 0%/ D C V2 0k
e LT{y®@vj—v;Qu; |1 <i<j<n}2HNE. XoTov =v,Q0v; (1<i<j<n)E)E%EH
V®2/D = S?V OoHRIC K S. O

TERE 10.1.1 R 10.1.10 QML LT, MFAGREEBICE L T S?V ZXROMELE 2 /S 5.

EE 11.2.5. HBZER VISR U T RPRILT 5.
(1) BER:V xV = 82V, (v,w) = v @ w = vw ERFAGRETH 5.
(2) EEDOHIEZEM U TR L, ROBRIIZEHSHTH 5.

s: Hom(S*V,U) — {V x V. = U | &HIEE },  fr— (s(f): (v,w) = f(ow)).

(3) ML EAR o: V xV = U 55 (2) TEE2MEEGSR s Hp): SV U %k frddL, fIIX
DAz AU T 2 HE—DIEEBRTH 5.

VxV

@lx
2
SV 3!f>U

T ERAHEA TV B ARG : MFFT > Y VEZEH S°V = @, oy S™V OILE L S RF 2N E LHETT S, R V LomEK
TR0 T, V O 22HAL LTERIT Z 2N TT.
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(4)

FIEBA.

(2)

SRR & AR SR O (S?V, Q) B FOEKRTHAZRWT—ETH 5: #EZ2EH T L
BHEER 0: V XV — S BROMWHEZ #7235 T 5: “UEREOMILZER U 1< L TER

Hom(S,U) — {V x V. = U | FRREE },  f— (s5: (v,w0) = (foo)(v,w))

BRI THZ oL ZMEIEBR ¢: S = SV BHFELT R = ¢oo.

(1) BRI T 28R (cv + vV )w = (v + V) @w=clv@w) +(V@w)=cv@w+
AV @w = clvw) + ¢ (vw) LRE B, B AR T 2D R HFMEE vw = wo 2 BHHES.
£ € Hom(S2V,U) I LT s(f): V x V — U pHFAEIETH 2 2 L3, s(f) = fo® & MHIC
MR TE 2 (FH 10.1.1 (2) DAEHSE —EESH).

s DWESEHKT 2. EF 10.1.1 (2) OFEAF TR L BB F 2 B0HZ5:

F:{V XV = U | W} — Hom(VE2U), o (v@w— o(v,w)).

WHMEGAR o: V XV — U WFR S, ERED (v,w) €V x WIZRLT F(p)(v®w) = p(v,w) =
o(w,v) = F(o)(w®v) £720DT, E3% 11.2.1 OFZ2EM D C V2 122\ T F(p)(D) = {0}. £»
THZEEoEENE (R 6.2.1) 2 o #IEEH

Fl@): V®2/D =SV — U, 10w =vwr— F(p)(v®w) = p(v,w)
MAEENS. PLEICK D EH
F: {V xV = U | &0 } — Hom(S?V,U), ¢+ F(yp)

DK T & /2.

F7s DWMBERTH2 k5T, ETEBOMFMBEIFEL 0: VXV = UIZ2WT (soF)(p) = ¢
R RO (v,w) € V x VIZNMLT ((s 0 F)(9)) (v,w) = F(p)(vw) = F(p)(v @ w) = (v, w).
KIEED f € Hom(S2V,U) 1I22WT (Fos)(f) = f 27T, {vw ]| (v,w) € V x V} & S2V DR
RZHS (FE 10.1.4 ), FEO (v,w) € V x VITH LT ((Fos)(f))(vw) = flow) ZREIZE
W (R 10.1.5 B18) 25, ((F o s)(f)) (vw) = F(s(f)) (v @ w) = s(f)(v,w) = f(vw) TH 3.

3 fOMREAHCTZ 28, 0% D o= fo® BRZS. (2) DiHAOERZAVE L s = F 72
Lo, ERD (v,w) €V x WIZHRLT

(f 0 @) (v, w) = fow) = (F(p)) (vw) = F(p) (v ® w) = (v, w).

XoT fo®=pdrEl.
RiZgeHom(VRV,U) DB b=goQ Zifi’cd R g=fTHBIrZmnT. f,g DFIEHEL {vw |
(v,w) € VX VX S?V OERRTHZZ L5, EED (v,w) € VYW IZHLTow D f,gIc k34
BT B T ¥ B TREEHS, oo, w) = (foB)(v,w) = f(ow) ¥ o(v,w) = (g0B)(v,w) = gluw)
XDHES.
S DI HETU =85*V 33,

Hom(S, S?V) — {V x V — S?V | AT }, fr— foo

BEHE, BERD: VW o VoW EHHREE»S, poo =8 L7235 ¢ € Hom(S, S2V) 277
T3, 20 ¢ BAMEETH S 2 L BRERE. ¢ DWES R X5
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SV oifil-THETU =S t¥5L, 5R
s: Hom(S?V,S) — {V xV — S | AR}, fr— fo®

ERES. B oV xV — SIEHHARIELE2 S, po® =0 2725 1 € Hom(S?V, S) BEFEHET 5.
DY D ¢ OHERTHE I Z2RT.
FF oo e End(S) Mids t—HT 3L ERES. T OWirTHETU =5 £33 %

Hom(S,S) = End(S) — {V xV = S| WHAEE }, f+—— foo

FEHH. ZOEHTYog— (Yod)oog=1o(poo)=tpox=0c kD, —Fids— idsooc =0
o, BEEPEGNTHE I XD o =ids.
KU dotp € End(S2V) Hidgey b —HF 22 L HRES. S2V Oz FHWETU = S2V v F 2L

s: Hom(S?V, S?V) = End(S?V) — {V x V — S*V | &L }, fr— fo®

ZRHEL. T2 L s(do)) = (do))oB = do(oB) = poo = ® L&D, —7 s(idsey) = idgey 0@ = B
Fd, s BHETHEIL LD Yoo =idgey.
BLEED 13 ¢ OWEETH 3. ko CTERITET.



12 44 (07/18) 154

12 4\ (07/18)

I 572 VIR D | BPEZERSRIEEBREA K Eob Do LET.

12.0 175X
— T o FATHIRDEE % UE T, #hhE | ,§3.5] HBBEI L TR,

EFE 12.0.1. KK 5D n KEFTHN A = (ai5)} =1 € M(n; K) 1IZHL, 207K det A e K %, #4 X
n B U TIRAMNENICED %
(1) n=1DFII A= (a11),a11 e K&FI2D, 2Ot ZdetA==ay; £ T 5.
(2) 4 X n—1AFOIEATINCHR L THTAIADER SN T2, n RIEATAIA L i=1,...,n X
LT, ADE1TLE i FERVTTE2174% Aj; € M(n — 1K) TRL, det A ZXTED 5.

det A = Z(—l)i_lali det Aq;.
i=1

THIRDOFRERERPZOPH SR TVET.

EFXE 12.0.2 (cf. | , A 3.5.4]). EED A = (ai5)7 =1 € M (n; K) 120 LLURAEILS 2.
det A = Z(—l)i_laﬂ det Ail

i=1

Z Sgn(0>a16(1)a2a(2) *Qpo(n)

ceES,

= Z Sgn(ff)%(1)1aa(2)2 © Qg (n)n-
ced,
BL Ay e M(n— 1K) X ADFE i fTeH 1FRRVTTEZ174ITH Y, S, 1k {1,...,n} DEERAK,
sgn(o) FiEH o € G,, D5,

CIZTEWE ZO/RE (cf. | ,p107)) ZRWHLTEZ%7. $3, 88 X 028 X > X O
kX OB ET. EER L, £5 {1,... n} OBEBRLENLITHEEE S, TELET. &,
JLo

D % .
Sv39= (i 7 oln)

PRLET. Bicid= (17 ") TT. Bifio € &, ITH L, BN D n KESTH P(o) € M(n;Z) %
P(o) = (51‘,0(3'))?;]‘:1
TED, ZDITHIR 2B 0 DFF sgn(o) LU ET:

sgn(o) == det P(o).

*98 DA K Th{ —RDOBR R DBETY, ESTH Ac M(n; R) IS LTZDITH det A€ RZEHRT LI e N TEET.
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B 12.0.3. 6, 3wy == (L = ) 9N2oNT, Pluwp) = (1 1) DT

n(n— 1 (n=0,1mod4)
sgn(wo) = (—1)" /2 = {_1 o,

Bifo, €6, DARE or =001 RT L, Plor) = P(0)P(1) 2D T, FFHICOVWTRDBHILLFE T
([ , % 3.5.6]):
sgn(o7) = sgn(o) sgn(r).

TR OMEZEOSPEVHE L TBEXT.

EX 12.04 (cf | , el 3.5.4)). (1) 7RI L T2 ERE. 2D, &k=1,...,niZD
a1k b1k cayp+c'big

mf,EﬁﬁﬂA:QM%J®%kW(f )%(; )KE%%%&ﬁ%%B,( : )KE%
Ank bk Ccanp+c bpk

Pz 7475% C £ 35 % det C = cdet A+ ¢/ det B.

(2) 175 TICRE L CZERY.

(3) 175IIFFNBE L TR (alternative). D% D, 1 <k <1 < n Zii/ 8L (k1) 12OV T, IEF
1790 A = (a;5)i; OF EFNEE I HIB—BT 555, det A= 0.

(4) F7FIFAT B L TR

FHIRDINRIT 2 RIS B, A= (a1 -+ ap) EFIRZ FMSHITRS &, 2 D052 BT 3 L 475
ROTFEDRIET 3, O D

det(... aj... a; ...):_det(... a; - aj ...)

PENE S (REPEHI 12.1.2 BIR).

12.1 ABCRREFEER

ZORIENIHERED | , §5.4, §8.4] KM L E 7.
EE 12.1.1 ([ ,EF 8.4.1)). VEBEEM neNE LT, VonfHoT Y YA Ve (EF 10.3.4)
DE 2 R, &

Rn:: <’U1®---®1}n|1}1,...,11n€‘/, 1§3i<3j§n7 Ui:vj>CV®n
TEHTS. HL Ry = {0k} C VOO =K, R, == {0y} CV EMHT 3. ZhhbEE 5 Mm%
A"V =VE"/R,

eRLU YV @ n RAFE (the n-th exterior product of V), n KAMEZEM, % 7213445 (exterior power) &
MR K FObDTHE2EZHHALIZWEERE ALY ¢FL. @ Qu, e VO 2ED S \"V DT

ERD X HITERT.
VA Ay =01 Q- Qu, € \"V

*99 g AE A TV B ANANT: &, 1& Coxeter B L Weyl BET T3, Coxeter BEDREITLE R T DICHS wo BRLHVLNET.
*100 o | | DESRF VS A XFEFLRDALT A 2EoTAW v ELZ e HDET.
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FTn=2088%2EAFL 5.

Bl 12.1.2. FIEZERV eIt u,v,w € V R ¢,d € KIZDWT, ZFEME A2V 2BV THER

o (cut+dv) ANw=cluhw)+dvAw), uA (cw+dw)=cluAv)+duAw),

e vAv =0,

e vANwW=—-wAv
DHALT 2. BPID_DDFERE, BEA: V<V = A2V, (v,w) —» vAw BPAFRETH 2 HEEERL TV 5.

—fTHRPEOFERE, M 1013 XD (cu+dv) @w — (c(u@w) +dlv@w)) =0 € Ry C V2 EHS

(cut+dv)@w =clu®w)+dvew) € VO2/Ry = N2V £RoTHRILT 3. FARIC—ITHEREDRES.
F_ATHOFERE, veve Ry CVE2 DS

vAv=1v®uv=0¢c V% /Ry = \?V.
“fTHIZOVWTE, ZATHED (v+w)A(w+v)=0€ A2V T, ZRUC—{THOMEEE  —fTHERWS &
O=(w+w)A(w+v)=vAw+vAv+wAw+wAv=vAWw+wAWv.
DUTF oI ERD) SN E . “FHIGME 10.3.5 OFLITT.
B 12.1.3. (LEOHHER V ISHLT AW ~ K, AV ~ V. $72EED n € Zoy KHLT AK = {0}.

SERR. B A0V = VEO/Ry = K/{0} ~ K ¥ A'V = VYR, = V/{0} ~ V »5HES. %, KO A
R Qcp=(c1- )@ - R1TETERIN, A"K=K®*"/R, TZBVTIA---Al=1® ---®1=0
ThHdZehohiES. O

8 12.1.4. (FEOMEZER V CIEBE n WL, {vi A Aoy | v1,..0,0, € VEIE AV ZEKT 3.

SRR, #HRE 10.3.5 & D {1®@- - @uvp, | v1,.. 0,0, EVIIZVET ZERTZ2DT, {11 @ - @ vy = v1A - -Avy, |
Viyee o €EVIIEVER /R, = NPV BAERT 5. 0

7 ¥V VRIZBEIE BRI OWTEEE (B 10.3.8) ZHfo TWE L, SAEHELOMEZFb £ 7.
MEZEBV 2 neNIZHLT, ZO0 n HOEFRESGZRD L SITRL X T

Xn . ~
V=V x-.-..xV.

VX0 ={0} e HERLET.

EH 12.1.5. V,W ZH#UBZEM, n ZEEBE T2, UTOERAZHS n BEREER ¢ V" - W 2K
n EfFFEES (n-ple alternative linear map) & FES.

o EED vy,...,0, EVIZOWT, v, =v; 82 1<i<j<nDPFETIRE p(v1,...,0,) =
n =2 OHEE ZRIEEE/R TS, W =K 0552 R n BEHERERN LR £ n=00%Ha, ZKO0
EREER e IBER VO ={0} W DI RiETHDL T 3.

e

 12.1.6 (c.f. | ,B18.4.5.1)). dneN,d>n ¥ LT, BT PAEBK? O n HOBERES (K4)*"
2#E2%. (KY*" DT (a1,...,a,), aj = ( :

Qdj

) e K r, o %MNTTES dxniihl AL zF—H
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ERAE
ail Aln
a1 v Q2n
(K)*™ 3 (a1, an) — A= ( : : ) € M(d,n; K).
a[‘il ac‘in
N TSR BMAEE T = {i1,....in} C {L,....d} WL, A O iy 15, 5 io 17, ..., 5 in A BRABIE

Fi10% A e M(n;K) &5 %:

A1 Qg2 Giyn

Ajp1 Gjp2  *t Qign
A[ =

@i, 1 Gi,2 c Qi,n

ZLTEHK det;: (KX - K % A; OFFFIRTERT 3:
det](alv R an) = det Aj.

EED T C{1,...,d}, |I| =n LT, ZOER det; 3R n BEREEBTH 5. EE, 177X 0 K
(FFE12.04) 20, a;=a, B2 1< j<k<ndhdHokb

Qiyg 0 Qiyg
. al2] ... aZ2J .
detr(ai,...,a;,...,a = a;,...,a,) = det . . =0.
Qinj v Qi

FZEMBPEDESE 1204 05985, det Ar1d A ® [ 1MTHIR (I-minor determinant) TH 3.
Fricn=d, [ ={1,...,d} DHH,

,,,,, ) (Kd)Xd — K, (ai,...,aq)— det A

BATHIR 2 B S BBt & 700,

FIE 12.1.7 SHHOEEE, | @ 8AG). VW REHEMEL, S neN LT 5.
(1) n EHIHENE ©: V3" - VO (ZHE 10.3.8 (1)) L p: VO™ - VON /R, = A"V DA

/\:VX”&)V@”L)/\"V, (V1,00 V) F= V1 ® - @Up —> V1 Ao AUy

35 B EETH 5.
(2) KDEHLLHET.

Hom(A"V,W) — {V*" = W | R n B },
fr— ((vl,...,vn) — f(v1 /\-~-/\vn)).

(3) % n EEIHES o: V" > W 6 (2) TREZMIVEERNAY - W % f T3, fIEXRORRK
RIS B HE— DB ESTH 3.
VXTL
Q\\<g

A"V 3!f>W
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(4) STV £ SIEROM A"V, A) LU R OBKTRME RN T—ETH 2: BIBZEM L v 2k n B
B 0: Vi % - x Vi — T SROWEE 75 £ T 5. “EEROBILZER W o LTHE

Hom(T, W) —s {V*" = W | %At n @8I ),
fr=(a(f): (vi,.. o vn) = (fop)(ve,...,vn))

ERUHTH D OB, FHEGR¢: T S A"V BHEELTA = o .

BERE. (1) & (2) 720 g 2R s
(1) n BEREESR @ LEER p OB TH 2 Nt n BEREBBRTH 2. £/2v = (v1,...,v,) € VX"
WKOWT, 1 <i<j<nRdijBFELTy =0, BET2L, 1@ ---Qu, € R, DT
A0 ® - @u, — 0. Ko T AR n BEREER.
(2) EH 10.1.1 (2) REH 10.3.8 (2) FEKIC, BEHD ¢ — (v A Avy = o(ve,...,0,)) TEZS
NBZEHRES.
O

ZRE RO ZME S L UF O ERPEHEIRE £ T

8 12.1.8. V 2EYEERE L, n ZIEEKE T 5.
(1) VOJLvy,...,vn EZNHDEIEEG w =31 civ; €V (¢; € K) IZDWVT,

A ANv, Aw =0

2NV THOLT 5.
(2) dimV <n &6 A"V = {0}.

FEEA. (1) A VT APV O+ 1 BRSBTS 2BEED S vy A Avp Aw =01 ci(op A A
Un Av;). REEDS vy A Avy Av; =0 72D TEIRDKILT 5.
(2) VoK v,...,vq,d<n %2, il 12.1.4 2 A: VO 5 AV OZEREME (EH 12.1.7 (1))
225 vy, Ao Avg, i, in € {1, dly BATY BERT 205, 0 >d £D vy, 0, DPIRL
L b HT B, (o TRRIEED vy A Av, = 0. &>T A"V = {0}.
O
ER 12.1.7 (2) ORHY (DOMELR)
(v - W | 2R n BERIE } — Hom(A"V, W)
W&o T, FEOZIIEE R oMEER A"V - W HFoh 7y, Iz

EE 12.1.9. [V > W 2HEEH, n 2 EBRET5. A WX = \"W ORAEBE (B8 12.1.7 (1))

pAL5)
VT — N"W, (01, o) = f(01) A A f(vn)

B n BREERTH . I oEE MEEREZRD L 512RKS:

Ao NV — A"W, v A Aoy — fo) Ao A fog).
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FHAED “B BEZA D TEET. V EREEME L, pqe N2 LET. ZET ¥ VILVHEERIC
B3 2%EHE 1033 XD, (EED p,g e NIZX LT

t:V®p®V®q_>Vﬂ§§(p+tI)’ (V1@ V) @ (Vp1 @ @ Vpig) > V1 @ -+ @ Upig

FEBERTL .
fRE 12.1.10 (| , WE.8.4.3)). FEIEM : VEP @ VO — VOPT) ZROMIPEGEFLT 5:

A NPV @ NIV — NPTV (01 Ao Avp) @ (p1 A AUpig) —> V1A A Upig.
CDEBADZ L HIEE L.

SEBA. #R7ZERH R, C VO DERDS t(R, @ VI + VP @ Ry) C Rprq. 2o TR 6.2.3 &b t 3B ER
(VEP @ V®)/(R,@ VO + VP @ R,) — VEP+) /R = \PYIV 2358 T 5. [AA

(VOP @ VO /(R, ® V1 + VO @ R,) = (VOP/R,) @ (VEI/R,) = APV @ NV
L&D, FROBVEEIEON S, O
BTV B 72010, R EROME 2 —oMA LET. 6 {1,...,n} OBBRIBTEREE 6, ¥
EEIT (§12.0 BIH).

#RE 12.1.11 ([ , i 8.4.7)). V,W ZRUUZEM, n ZIEEE, o VX" - W 2R n BEREEHR L
5. EEOEH 0 € S, LT

@(vo(lﬁ s 7va(n)) = sgn(U)gD(vl, ceey Un)-

FERR. r(o) =#{i € {l,...,n} | o(i) # i} CBAT 2 IFMETRT.
r(c)=07%560=id T, i%ﬁ@ﬁiﬂk ) 90(1)1, cey ) BDT—HT .
r(o) =1 DHEFEO. r(0) =2DFAE, $FTo=(1137") €6, DLEERT. p OXRMEL S

0= p(v1 +v2,v1 + v2,03,...) = p(v1,v1,...) +@(v1,02,...) + @(v2,01,...) + ©(v2,V2,...)
:O+§0(U1,’U2,...)+§0(U27U1,...)+0:(,O(Uh’l}g,...)+(,0(U2,’U1,..-)

(p(UU 1),110(2) ) = (v, v1,...) = —p(v1,v2,...) = sgn(o)p(vy,ve,...) Lo TERIBILT .
:( €&, DY FLFCHERHHD L.
r(o) > 3031%/:7 o(i) #1782 i BMFET D, ZOIERNDDBODEHD T L EZ j=0(i) £BL. T
v T ( b g )7 vi=10 EBIFEXrv) <r(o). 2L To=r1v LIFNEDIRED S

v

S

©(Va(1)s -+ Vo(n)) = 880(T)@(Vy(1)s - - - Vo)) = 8g0(T) sgn(v)p(ve, . . ., vn) = sgn(o)e(v1, . . ., Un).

R 12.1.12. EEMV OTCvy,...,v, EBfio € &, ML T, ROFEAD A"V THILT 5.
Vo(1) N =+ AN Vg(n) = 8gN(0)V1L A -+ AUy,

BERR. EFE 12.1.7 (1) &9 (vi,...,v0) = vi A Aoy, BRI EBSR RO T, i 12.1.11 2 & FRDPE
5. O
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122 SANABEZEEOEE

HIRXTTAE 22 OB LT, 7 > VLA (fi 10.1.9, @l 10.3.6) SRR T > VLR (il 11.2.4)
DHE L FARRIC, BRPIOTERD 2 Z e A TEET.

FIE 12.2.1 (] , B 8.4.2, 5% 8.4.10]). V ZHMITTBZERME L, {v1,...,va} ZV DERET S &,

ERDIERE n 1T L
{Uil/\-"/\vi“|1§i1<"'<in§d}

A"V ORE. itoT A"V BZARXITTHD,

dim \"V = <dim V).
n
FRZ AN™VY =Koy A AKv, ~KTHYH, £72n>dimV %56 A"V = {0}.
Bl 12.2.2. V =K? = Ke; + Key DA,
ANV =K, A'V =Ke; +Kes, AV =KejsAes.
V =K3 =Ke; + Key + Kes DA,
AV =K, A'V =Ke +Kes+Kes, AV =KejAea+KejAeg+KeaAes, A’V =Key AeaAes.
EF 12.2.1 OO DI, —OMmEEHELET

i 12.2.3 ([ , i 8.4.9]). V & W BMBZEME L, pge Nt F 5. WEBFERV - VoW »E
D BHEDO DIREESR \PV — N\P(V e W) (EF 12.1.9) &, @&EB/BRW -V e W HED 3HMEOM D
MIEEAR NIW — NI(V e W) 2EZ, zh DT vV ILHE (EF 10.2.2)

(APV) @ (N'W) — A\P(Ve W) e N/(V e W)
EHREANVOW) AWV OW) - APTIU(V o W) (i@ 12.1.10) & DEK
foa: (NV) @ (NTW) — APFU(V & W)

%E25. neNr LT, 2hoDERM

n

F= fomp: PANVOANTIW) — A"V OW)
p=0

p=0
BEMERTH S.

SERR. f OWEG g KT S, Fp=0,...,n <L, qg=n—p LT, {l,...,n} ODEBES &, DI
H4 prq*un;‘;_,

Gpy={0€6,|o(l)<ao2)< - <alp),ocp+l)<olp+2)<---<o(n)}

0L g, DILE p,q > ¥ v 7L ET.
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TEDB. ZLThyg: (VW) = NPV @ NOW %

hp,q(vl +wi,..., U+ ’U)n> = Z Sgn(a)(va(l) TARRRNA Uo’(p)) ® (wo(erl) ARERRA wo(n))
0€6, 4

TEHT B L, TR 0 BEHGRARDT, hi= 3" Ay (VOW) 5 @ NPV @ A" PW b

p=0
Zn EMIEERTDH 2. h HED WP EHRE g: \"(VOW) = D, N’V A" PW 23 2.
fog=id ZRT. FEDv,...,v, €V & wy,...,w, € WIZHL

(fog)((m +w1)/\~~/\(vn+wn)) :f(h(v1 +w1,...,vn+wn))

= Z Z Sgn(a)((vo(l) ARERA Ua(p)) A (wo(erl) ARERNAN wo(n))

p=00€S, n_p

L2205, M 12.1.11 ZOIRLHWS &, %A (v1 +wi) A A (v, +wy) EFLW.
RiZgof=id%ERT. p+q=n LT, EEDv,...,0p €V & wy,...,wg € WITHL

(gof)((vl/\~~-/\vp)®(w1/\~~~/\wq)):g(vl/\~~/\vp/\w1/\~~~/\wq)

=h(v1,...,0p,Wi,...,We) = (VI A--- AUp) @ (w1 A+ Awy)
O

FIE 12.2.1 OFFA. n <1 R OME 12.1.3 XD ERPWILZTS. n>2 2 LT, d=dimV BT 2 IFNE
TRT. d<nZoffi# 12.1.8 (2) &b A"V = {0} T, = ATEROEGRIEEGZED S, FRPWLT 5.
V=WaKu ©EMSHET 3L, Ml 12.2.3 & b RIBIEH

N'W @ (AW @ Ko,) == A"V
HH5. dmW =d— 17 omNEDIRENER T, ELDOREKE LT
{viy, Ao Aoy, |1 <y << <d—=1U{vi, Ao Av, Ao [1<ip < <oy <d—1}
HEN DY, AU {vi, A Avy [ 1<y <+ <y <d} E—HT 5. O
FBEICATHREZEEOMD HICL ST ICERT 2 HELZHNLET.

EFk 12.2.4. V ZERIOTHIEZERE L, f € End(V) £ § 5. E3&K 12.1.9 OEEHR A"f Tn =dimV
DBERRD XS ITRT.

det f = AdmV fo AdMVy o AdIMVY7 g A A, s f(0) A A f(n).
R 1221 &0,V OREEK vy, ..., 0 BEZ UL, ATVYV =Koy A Avg~KTLE. o T
(det f)(v1 A= Avg) =c(vg A=+ Avg)
B ceKDBHHET. 2D clid f DITFIRTOITAIRICMIAR D FHA:

W 12.2.5. V 2 GRXciEZEMe L, f € End(V) 235, d:=dimV 2BE, B= (v1,...,09) EV D
HIE, A= (aij)},, % f © BICHT3I5I#RET 2. CoL

(det f)(v1 A -+ Avg) =det A(vg A -+ Awg).



12.3 18¥ 162

SEBR. f(v;) = 30 viay BOT, A: VX NV ORI (EFL 12.1.7 (1) BEER 12.1.12 55

(detf)(vl/\"'/\vd) Zf(vl)/\ (Z Uuaul) (Z Uzdaud)
i1=1 iq=1
d
= Z ai11"'aiddvi1/\"'/\vid: Z aill"'aiddvil/\"'/\vid
T1yeees ig=1 19; ia<d

= Y o)1 Go(@alo) N Aoy = Y, S20(0)do(1)1** Qa(@atL A Avd
eSSy ceB6y

=det A(vy A+ Awg).

123 &%

FRFZ IR
§8 DERIIUATDED .
o MUEZEM V X2 V*.
— R & AN 2E 0 EFE 8.1.1
— ARRRITHIEZER OB 22 O EE (ERE 8.1.7) & BOMERDEF 8.1.8.
o BB f:V — W ORNEG f*: W* — V™.
— B (M8 8.2.1, EF 8.2.2).
— PO BAR D IHELIERIZ & 2 1THIERRZTT DML FRDITHIFRROIRE (EH 8.2.6).
o FRRUGTZERM] V.
— E#& 8.3.1.
— FHEEARHE D B HPRIE GG ey : V — V** (A0 8.3.2).
— V BERRITTIR S ey FFHER (EH 8.3.3).

WHRRZBI R
§9 OEAUILLFOM@D .

o XMHRHEARDER 9.1.1.

o XUHRTEAYK
— E# 9.2.1.
— WK b: V X W — KISHHETERIEER ry: W - V¥ 2 1,: V — W* (i@ 9.2.6, @

7 9.2.7).

— R LD ER 9.2.8.
— {THIFR (FEFE 9.2.10).
— ARZTTOHE DOIERLMEOHIEE (fid 9.2.13),

WHFAZ BT
§11 DESILIROMED .
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o OIFRBURIERYK
— EF 11.1.1.
— NI OITHNFRRIINFM T (i 11.1.4).
— ERR, BRER, EREREE (E% 11.1.5).
— MR O IERLEOHIEE (A 11.1.8).
— ERZER (EF 11.1.10) 2 ERITH] (f 11.1.11).

LR (R 209 R—Y)

REEE 12.3.1. f: V o V* REYHZER V 5 & ROMZER V> ADBH R ESEL T 5.
(1) V BERIGTR S fIRAREERTH 5 H e 7.
(2) V BERIGTORE, fIRABERTH S L ER 2. ZOFEHAE L.

I8 12.3.2. MPZEMV 2256 K ANORIEEBRERDES V1T, o, € VF & ce KITHLT
(@ +¥)(v) = () +9(v),  (eh)(v) =c(d(v)) (veEV)

2 & o TR ZERIOREN NS, 20 V* ZAZER V OIS,
Ve W EEEREL, ¥ f1V > W 28 5HB e T2, ¢ € V ITHLTER f*(¢): V — K 2R
TERT 5.
(@) (v) = o(f(v) (veV).
(1) f*(¢) e V* THBHE, 2F b f*(¢): V - K BB TH 3 HE R,
(2) BAR f*: W* = V*, ¢ f*(¢) DIIEERTH 2 FERE.
(3) f e £ ITHGTH B EERE.

PIEE 12.3.3. n R ERME T 5. 37V = Klzl<, % n AU FOSHERORTHEBEME L, D = L ¢
End(V) #5778 D 2 V OHEHERE 35, V ORE 1,2, ..., 2" OWHEEICHET 2 D* € End(V*)
DITHIFTERD X

MR8 12.3.4. K 21K, V:=K> £ L, e1,e0,e3 % V ORFERIKL 5. ZLTW = (e1 —ez,e0—e3) E L,
©1, P2, 03 & €1, e2,e3 DI E § 5.

(1) @14 2+ 03 D W ~OHIRIZ 0 TH 3 Z & 273t

(2) il s P2l & W* ORETH S Z L 2RE.

RIRE 12.3.5. V ZiEZEM, W %2 V OO §5. 0,0 €e VITHL
v e v —0v eW

2 ko T IR ~ 2 ERT 3.
(1) ~ BFBBEIHCH 3 2 & 2 RE.
LR, V OO RIERIE ~ @ & 3 AEEOES V/ ~ %

VW :=V/~

ERT. FhoveVolEEEZ e V/W 2EL.
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(2) VOIL v, v, w,w Bo~v, w~w ZilzITR, FED c,d e KIZNLT cv+dw ~ cv' + dw TH
ZHERE.
s, v, weV/Weede KIENLTw+dweV/W %

cU + dw = cv + dw

TEDLILHTES.
(3) ULoiEmT V/WITH + ¥ XA 7 — 1% . HBEED,
(V/W,+,0,.)
DIRMEZERNC 72 2 e, ORI ZER V EZOWMAEM W HSEFZHEM (£ 6.14) TDH
%. DUN. ComzEHz V/W LT 5.

4) V RERRTIZERESTE. W DEKEeq,...,e, TBDLV OEK e1,...,6r,6p41,...,n L,
Crily -, Ca DV/W ORIETH 2H 2. EROFERE.

dimV = dim W + dim(V/W).

fIE 12.3.6. BHEEEZ Q b EX, n Z1IEEHR L T3, n ZHOEHBFRBZEA2EI 2T Q Loz
ik
Vi=Qlz1,...,zx]

LEL BEH v OXEE degx; =1 LED, EHTRIRVHEIEROXEE deg 2 -2 =dy + -+ d,,
LED D, ERDIFETEI d LT, K d DHEIER AR LG 2EME ViV &EL. DD

Vo= { dRFEREER } C V.

(1) dim Vy 23Rk &.
(2) t AR T2 P(t) = > oo (dim Vy)td 3, BI%K (1 —¢)™ % ¢t = 0 T Taylor BEHL THLN S
W e =BT 2 HETRE.



165

18R
3]

15 FEOHEE
1 SR B
10 BN MLEREOEY

RIRE 1.0.1. THARKOER L D A0 2, EOZENT, Z20% p(a) = p(v1, 20, ..., 7,) ERT. BT,
nXF{1,2,...,n} DE#H c ODFE% sgn(o) £FHEL &

p(z) = Z sgn(a)xg(l);v},(z) x x;“nl) (1.0.1)
o:n XFOEBK
Eetil% q(r) = []icicjcn(zy —2) EEHL RINEZ LB p(z) = g(z) THS.
ZODITDFELWTAIOTHIRIE 0 7258, FED j = 1,2,....n EEED i £ jIZOVT, 25 =a; &
T2Lpx) =0 (D6bITELE plar,..., Ty, @) = T4y, 2y) = 0). T2 ZIHAOERDEHH
b, px) 3z, —z; THIDYINS. i #jBERECHoTWT, £/, —x; = —(x; —a;) ZH 5, px) &
[licicjcn(@; — ) = q(z) TEIDEINZ. KoT x BOZHN r(2) ZHWVT p(z) = q(2)r(z) £ HET 5.
RiZr(x) DEBTHL I 2RT. Bay,...,0, 21 VAT, ZOROFRZIARX f(z) DX (D
DK & deg f(v) &RT. EFDOHH q(z) IFEXRZEAT

degale) = #{(5) 112 <3 <n} = () = galn—1).

—77 (1.0.1) X0 E p(x) b FXRZHENXT, degp(x) = 0+1+---+(n—1) = (3). o Tdegp(z) = degq(z).
ZozZrt p(x)=qlx)r(z) 225 degr(x) =0, DFED r(z) DEBTHE B0 h5.

RBICr=1TH23Z%mRT. (1.0.1) &0, p(z) BT ZHIENX m = 2023 ... 2"~ OFRBUIEZE B R
id DFBEEDLS sgn(id) = 1. —FH qlz) KBI2 mOFES 1. XoTr=1.

RIRE 1.0.2. sy DO T% assn, D13% a5 LB, DED sy = asyr/as. MEEOME (R 1.0.1) L AHD
%Eﬁ%ﬁj‘?o)ﬁﬁﬁﬂbiiﬁﬂﬂﬂ”é t, as4\ & Tj— T4 (1 75 ]) w@%” D@Jhé £oT as4+\ & H1§i<j§(mj —JCZ‘)
THDOYIN S, BEFHIED a5 55, ERDPRET,

1.1 &
R9RE 1.1.1. B 113 TR =R 2 LEEEROT, BKT 3.

F9EE 1.1.2. n=17%5 M,(R) = R 2O T n > 2746, THIHA By ((i,§) oA 1 TRIDAS 0
D n KITH. ] 2.4.5 bBIEE X)) EEEZ DY EroFas = Bia £ O = ExwEy» (HL O 3EF75) L7250
TIEAT .

e 1.1.3. TEO U = (u,‘j)i,j, V= (U,‘j)i,j,W = (wij)i,j S M,L(R) ' C,d ERITNLTERHR 1.1.1 D%
P X5 v BRIEES, MR 4, € {1,...,n} £F 5.
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M U+V+W)=U+V)+W 2R3 AT0U+ (V+W) D (4, 5) BTE uij + (vij +wsj) T, 1751
(U4V)+W D (i, 7) BRI (w5 +vij)+wi;. R OF + OFEEHEDP S wij+(vij+wis) = (uij+vij)+wij
LD, EORTBEFEL. DT LTU+(V+W)=U+V)+W.

2)U+0=0+U%7RF. 175U+ 0,0+ U, U D (i,j) BAFENLN uj +0 & 0+ ugj, uj; TH
D, ROM + 1220V T uy; +0 =0+ u; = u; BRALTZDTU+0=0+U=U.

B)U+(-U)=(-U)+U =0 %zxr3. 178U+ (-U), (-U)+U, O D (i,j) Kiridzhzh
wij 4 (—uij), (—uij) + uiy R 0. R OF 4+ 1220V T uyj + (—uij) = (—uiy) + ugy = 0 HBRLT 2 D
TU+ (-U)=(-U)+U=0.

Q) U+V=V+UZRT. U+V EV+U D (i,j) RANIZNEN uij + v & vij +uy; T, RO+
FAHZEH S uij + vy = vij +uij. o TU+V =V 4U.

RO D=5 MR E 5.

(5) EFTHNDOEDFEEE (UV)W = UVW) Z2R-7. 0,5,k € {1,...,n} ZIEREICWS. UV O (i,k) &
& DT wgo ROT, D (4,5) BAE Y (O 1Uzlvlk)wk] Rk DD &, GHED (i, 7)
PO 300 wit (Y=g Vikvks). RODBRRED 303 (3011 varvie)wi; = 322y wir (X —y vikve;) 7%
DT, WAD (4,7) BAFFELWV. ¢ & jIIERICN o720 T, MDITHINE LW & A7 5

(6) WHATHI B, € My(R) & E U = UE, = U %73 0T, MO TTH 3.

(7) BirED (U 4+ V)W =UW + VW 2R3, 7540 (4,7) BorE >, (wik + vig)wg; T, R OB XD
Dok UikWhj 4 D Vikwgy EFLWH, THUXHLD (i,5) KT TH 5.

RCEFDO UV +W)=UV +UW 2R3, LD (i,5) R Y, wik(vkj + wi;) T, R DB
D D Uik + Do Uiwyy EFELWVD, THRELD (i,)) RO TH 5.

fRE 1.1.4. FROMHE a + b mod p = (a mod p) + (b mod p), (ab) mod p = (a mod p)(b mod p) % f# 5
C,LDAIRTH L 26 F, AR TH 2 Z L RE 5 (FEIENE). Ko TWEIRETH 2, (EED
a € F\ {0} BWITLERDO I L ZRED. a € Z ERRTE, AEXD ald p THD IR WD S, p BHRET
BB ELET, at pldEVWKETHS. ko T,y cZPFEELTCax+py=1¢%k3. ZOE%
mod p F4UE, F, IZBWVWTa- (zrmodp)=1. Ko TarmodpeF,» aDHTTH%.

_ _ R — _
BEUCOWT. 1:= (1mod p), 0:= (0mod p) € F, £HEL &, i Hp RGOEK LS 1+ -+1=0Td
—_—

D,1+---4+1=07%DT, char(F,) =p TH 5.

fIRE 1.1.5 (W&fiE). F|ITIERK O, ﬁﬁﬁbiﬁyﬁllf%é FRZEA f =), fizt, 9=, gix’ € K[z] ITD
WCRNE f+g:=3,(fi +g:)2", BUE fg =3, figi)a™ TH 3. ThxkflioTER 1.1.1 O-L&MH
CERE 1.1.4 DFRMFEHER TRV,

PIRE 1.1.6 (W&fR). % HIIAORM L 4 L2 .= PriedPod p 1. B2 o BIB2 558 well-defined TH 5 T ¥, D
1 _ P _PQ 3 1 2_1’1 172_p1 p2
¥ B=2p %_ L L ENTAD OEE A BHYLT, L4 =B B ko BBy

%R T %

RICAHBRTH 2 Z e s, ZAUCIIER 1.1.1 LR LIER 1.1.4 OFEMFZHERTIIR V. ATtk
ERDERED S E IS . BROBHIOZME, R f,9,h € K(z) ZH T (f+9)+h=f+(9+h) T
HBILETREIOY, FEREMoT f =L, g=12 h =B ¢y R (f+g) +h = Bei2i 4 b3

q1q q:
(P1g2+Pp2q1)a3+p3q1q2 4 (g + h) _ p1 4 P2a3tpsge p1q2qs+(1?2q:s+mq2)¢h v 75T, Kla] ﬁ‘ﬂ?ﬁ:fgfdﬁé -

4149293 9243 4149293
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EhHMEIFFELL.

E# 111 OMOFMEBFERITRE 2. T 0= § € K(z), BTiE 1 = § € K(z) THY, f = £ € K(2)
DHTLIF L TH%.
& 1.1.7. Catalan ¥(% C), == (") — (27)) (n € N) e &L &, Zhudiifb & oIfE

n n+1
Clhii= Zco’ Ch=1, Cl =1

Po—REICEE S (WLXOARIZREIL). - T, C, PRUH LN FIHEZ #2522 REBIER V.
Co=1RRITNZ, Cy = Cf, Cy = C] BOTHMEIEZ—KT 2. RIT Chy1, 2FED n+ 2 XFDF|
apay « - - apy1 WKIEIMZAT 2 5 E R B A LT 22, £ 5BA T 2 HEHOME I (OAE ag & D LD,
Xt ag & a1 DEDPOEELNTHE. ZNTHETITSL
o 2 FHHODOMEEIN (B3 ag KD EWXDH Z25E. MIGT 2PHCHEIN) 23 a; & aip1 OEICHZE LT &E
5. 35Lie{l,...,n} THH, O DFHMDIFTF ap - - a; DIFEMDFIFHE ajp1 - ans1 D
FEIMDAT I H720H - T, ZDEE C;Cys.
o 2 FHODHEHEIN (2% ap & ay DECH 25E. MIGT 2P CHEN) X apr OHEMCH 2006, KD D
FEMDAF T a1 - - apg1 DIEMOFTI 721D - T, 20X C,, = CoC,.
hozabidl

n+1 ZCCn 1+CO n*ZCO

& o T Catalan 8 & W Uit w723 0T, IE GbET C, = C, HHES.
Bt O, oMbt ZE L. FITRBEKC (z) =3, Cra™ B
1—-+v1—-A4zx

C'(z) = — (1.1.2)

E5 2Ry, IR (1+2) =250 (02", () = qa(a—1)---(a—n+1) Ta=3 ¢
LT
Vicdr=(1-40)2=Y = ! 1(1 —1)~~(1—n+1)(—4m)”:1—zw(2@".

n!2\2 2
n>0 n>1

HL 2n-3)!'=02n-3)2n—5)---3-1, (-l =1. k5T

2x 22 - (n+1)!

1—v1—4dx 1 Z (Qn;' ) (22)" Z (2n — )N (22)" = Z : (2n)! o

n>1 ’ n>0

Cl =1 () = Gl Fees (1.1.2) 29Rt e, KICHER O (2) D_REEZ D L

T n+l1l\n (n+1)!n!

Zc’ ZZC’xJ ZC’O’ HJ—Z Zc

>0 7>0 7,70 n>0 =0
—HT(1.1.2) ¥ C) =155

1—\/1—4x>2_1—2x—\/1—4x_1(1—\/1—4x 1)
2z N T 2z B

(@) = (

212 T
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Clle) -1 _ 1 ) on e
n>1 n>0

WRALD o DS BELT ), = X" CIC!,_, %135,

(2 n—u

1.2 FHEHOES
FRE 1.2.1. V IZIEZE5T 0 BIFET 2 DT, ZBEATIE RV,

I 1.2.2. REDER v +0 =0vTov=02LTO0+0 =0. ~HTHEEBOER 1.2.1 (2) X
BOveVIIHLTER O+ v =0T 505, v=02LT0+0 =0. Boh72"200FA»5
0=0+0=0".

MR 1.2.3. REDFERX v+ =055 (—v)+ (v+0) = (—v)+ 0= —v. —F THREEMDER 1.2.1 (1),
(3), 2 ZHo2 (—v)+(v+v)=(—v+v)+0 =0+ =v". XoTv =(-v)+ (v+) =—v.

M 1.2.4. v+v =v OWIIHFIC —v ZIZAT (—v) +v+v=(—v)+v. EiZov &, GAZ 0y FL
W5 v =0y.

fIRE 1.2.5. V IBI 2 0liHE KIZBF2FEX0+0=0256 0.v+0.0 = (0+0).v = 0.v. HTOME 1.2.4
25 0w = Oy .

M 1.2.6. lv =0 & VIZBIZ20EEIS (-1)v+v = (-1)wv+1lv=(-14+1)v = 0.0. I
v+ (-w=1lv+(-Dw=1-1)wv=0v XoTH#EI123 XD (-1)v=—v.

RIRE 1.2.7. c £ 0 2 IREL CTv =0y ZRBIZEV. KEPD c WL € KBFET 5. cv = 0y Dl
e lTRAA7—fBLCcliewv=ct0y. EHE (cle)v=1v =025, HUIP 0y TH3ILERE
BRWV. il d=c e KeELE FED v e VIINLTAOy +v=d.0y+1v=d0y+(cd).v=
d.0y +d.(cv) = d.(Oy + cv) =d.(cv) = Lo =v. FARIC v +d.0y =d.(cv)+d.0y =d.(cv+0y) =v D
FES. - THIE 1.2.2 225 d.0y = 0y.

fIRE 1.2.8. i 1.0.1 OFEATR Z KICEZHEZAZ LV, BOLDEZXTITLUTOLIICRS: £3H]
HOPUEHFICOWT. i=1,...,n £ LT,

(1) RZ PV u+ (v+w) DHF ¢ B u; + (v +w;) T, RXZ PV (u+v) +w D ¢ I (u; 4+ v;) +w;.
K O 4+ OFFEED? S u; + (v + wi) = (u; +v;) +w; DT, EOWATBELWV. DE DR L
LTu+ (v+w)=(u+v)+w.

(2) XZ PV v+40,0+v, v DF i WAEZNZEN v;+0 & 0+v;, v;. KOF + 120V T v;+0 = 04v; = v;
DPHAZLT DT +0=0+0v=v.

(3) RZ P v+ (—v), (—v) +v, 0D i WAZZNEN v; + (—v;), (—vi) +v; K 0. KOFI + 1220
T+ (—v;) = (—v;) +v; =0 DHILFT 2D T v+ (—v) = (—v) + v =0.

(4) v+w & w+v DF I WAEENZN v; +w; & w; +v; T, KO + IEAHERZ 2 S v +w; = w; + v;.
LoTv+w=w+w.

TP O=5M B FBRIC,
(5) c.(v+w) OF i BKAE c(v; +w;), cv + caw OF i BTE cv; + cw; T, KOFEREELD c(v; +w;) =
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cv; + cw;. o Te(v+w)=co+cw.

(6) HIEIZDOWT. (c+ d)v D i TIE (¢ + d)vi, cv + dv DEE i JBTE cv; + dv;. K OBELHEEED
(c+d)v; = cv; + dv;. £2T (c+d)v=co+dov. BFEBFEKET, (ecd).v D i RITEZ (cd)vs, c.(dv)
DE i BT c(dv;) T, K OBEDOFEERED S (ed)v; = c(dv;) RDT (ed).v = c.(d.v).

(7) Lo DFE i 1 v 1IEK O - BT 2BAITTED»S 1 v, =v; LRoTHLDHE i T FEL
V., KoTlow=nw.

78 1.2.9. Kronecker 7V X &2 ffioTov; ="

j=1 (Si,jvj X%bj’é

B 1.2.10. w = 21;1 CiV; (Ci S K), v = Z;nzl diju]' (di]‘ € K) CETL. pEEREDRLES &

w = Z?:l ci(z‘;n:l dij’LLj) = ZT:l(Z?zl Cidij)u]' Z tﬁ%@f, w Ci Uj %@%ﬁﬁgr{\nﬁf% j'E)

fIRE 1.2.11. (1) n ZB3 2RMETRE 5. FHIENE T
(2) "2 n =1 0HERMERT I LIEFED. n>20HEE n KHETIRWETRT. n =2 DHFAITR
FTAREZ LI v +vg = v9 +v1 2, ZHRERO I S n. n FTREAZE LT, n+ 1 XF
DIERDEI (i1, ..., inp1) WD, i, =n+18R2re{l,... n+1} B—BITFETS. r=n+1
KB (iy,... in) & 1,... n OBEBEDS, WANEDRER (i1,...,i,) IFZT,

Vi, AV, =yt Fv,)tvprr =W+ + )+ Upr1 =v1+ -+ Up + Vpga-

P=1755 (i, ing1) & 1,...,n OEEFHE, REDRIEOHREE n =2 DHEL n DEFEIK
HWT

Viy + 0+ Vi, :vn+1+(v¢2+~--+vin+l)=(vi2+~--+fuin+1)+vn+1
= (V14 + ) FVpt1 =014+ Up + Ut

l<r<n+17%5
Vip + -+ Vi =UF Upp1+0, Ui=vy o+ U, WiEUL, U

EEDDEDITHNT S, n=2 DHEDRNEDFELS u+v+w=u+ v+w) =u+ (w+v) =
utw+v=(ut+w)+vEND,

Vi, F U, = UF U Fw = (U w) F Vpg
= ((vil + e +vi1‘71) + (Uir+1 + +Uin+1)) + Un+1
= (Uil +e At + Viyqq + 4+ Uin+1) + Un+1.

(11, ooyl 1y g1y e e yin) & 1, ... n OBEED S, WEOREE n DFEITHWT
Ui1+"'+vin+1:(U1+"'+n)+vn+1:,U1+.“+/U’I’L+1'
HETn+1DEERREZDT, RNELIDEED n > 2 IZOWTEIRPMILT 5.

fIRE 1.2.12. ROMME 1.2.13 2 &L FAEOEAIEHATE 2D TEKT 5.

102 =R A B OBROBZE TS B Tn SCEOEREE S, EHEER (1,2),(2,3),...,(n — 1,n) BTEREN 2 LHOA
D SR E T8, TOERRMELRVEREZHNLET.
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FIRE 1.2.13. f1&EIT (+,0) CHTA N (B 121D (1)-(4) 12 C L2 R E2TEDLLRVWOTHE)
MNCHNI S 2. B3 1.21 0 (5), (6) 1%, c,d e REBE e, d € C#E2 5, C ETHRZLTWAIUZR ETHK
V5. DD (M)IF,1eRCC &Y, C ETHRZLTWIUER ETHHMLT 5.

PRSE 1.2.14. FIOMIE 1.2.13 OFEHT (C,R) * (C,Q) 12l Mz UL V 12HIF 5 A5, (R, Q) 1o 4
ZIUE W IS % EIRAES .

FE 1.2.15. V 2 K #E2EM e 3 5. #EZEMOER 1.2.1 O (1)-(4) FRERc X s kuhr s, (5)-(7) 72
TR TAUER V. K C K RO T, (5) & (6) A e,d € K IZDOWTHEDILTIE, ¢,d € KIZDWTD
oI5, ¥721 e KCKRDOT, (7) AK OWTHRD TR, KIZOWTHRIZT S, KoTVIFKH
BzEETH 5.

1.3 AR DA

I 1.3.1. E® 1.2.1 ot&FzRT. UK AT U = (uij)iy, V = (0ij)ij, W = (wij)i; € M(m,n;K)
AN T —c,d e KZERICS. ¥/2i=1,...,m,j=1,...,n &5 5.

M U+(V+W)=U+V)+W R AT0U+ (V+W) D (i,5) BoTiE uj + (vij + wsj) T, 1751
(U+V)+W D (i, §) B (wij+vig)+wi;. K O+ OFEERED S wij+ (vij+wij) = (wij+vij)+wi;
LD, EOWTBEFEL. DT LTU+(V+W)=U+V)+W.

2 U+0=0+U%RT. 19U+ 0,0+U, U D (i,7) BAEZENLN ujj +0 & 0+ uyj, ujj TH
D, KDH + 1220V T u +0 =04 u;; = u LT 2OTU+0=0+U=U.

B)U+(-U)=(-U)+U =0 %mxr73. 178U+ (-U), (-U)+U, O D (i,j) fnidznzh
wij + (—uij), (—uij) +wij R 0. K OF + 122WT uyj + (—uij) = (—wij) +uiyy = 0 HFILT 2D
TU+ (-U)=(-U)+U=0.

W U+V=VAUEFRT. U+V £ V+U D (i,)) BOEZRZR wi; + vy & vij + ug; T, K OF +
AR S wij + vy = v +ui5. FoTU+V =V 4U.

(5) c(U+V)=cU+cV 2R, c(U+V) D (i,7) BRIE c(uij+vij), cU+cV D (i, 5) BT cuj+ cugj
T, KOZEEREID c(uy + vij) = cuiyj + cvij. o Te(U+V)=cU+cV.

(6) (c+d)U =cU+dU 27T, (c+d)U D (i,7) B (c+ d)uij, cU~+dU D (i,7) BT cugj + dugj.
K O5GEHEED (c+ d)uij = cuij + duij. £2T (c+d)U = cU + dU.

RIZ (ed)U = ¢(dU) 25, (cd)U D (i,7) B3 (ed)ugj, e(dU) DHF i & e(du,j) T, K OFED
FEED S (cd)ui; = c(duiy) 72D T (cd)U = ¢(dU).

(7) LU =U 5T, LU O (6,§) B3 1wy 113K O BT 2 MATEEDP S 1wy = uyy 755

THAD (i,5) i eFELW. XoT1U =U.

MIRE 1.3.2. EF 1.2.1 0L&MErRd. ZHA f=), fis',9=>, 02" h=) ha' L AHF—¢c,deK
REEICIS . ZHROME f+9=3,(fi + g:)2'", 2AH TSk e.f =X, (cfi)a’ THY, WiH ¥ b
Klz] DTETH 3 2 L ICHEBLTEL. ¥ 0K CK[z] ThH 3.
(1) f+(g+h)=(f+9) +hZrT. ZHEKX [+ (g+h) BT 2 2" DEEU f; + (9; + hi) T, ZIEKX
(f+9)+h B2 2" DRI (fi+95) + he. K O + OREEED S fi+ (9: +he) = (fi+9:) + D
R, EED I IZOWT i KRB E LY. 2O ZEA LT f+(g+h)=(f+g) +h
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(2) f+0=0+f%RT. ZHNX f+0,0+ f, fITBT 2 2 DRI ENZN fi +0,0+ f;, fi TH DY,
KO +1Z20WT f; +0=0+ f; = fi LT ZDT f+0=0+ f = f.

B f+fH=0CEH+f=0%rF. ZHKX f+(—f), (=) +f,0BF2 2 Rz hzn
fi+ (=f), (=f)+ fi RT'0. KO +1Z20WT fi+ (—fi) = (=fi) +fi = 0PFEILTBDT
f+(=H=H+f=0.

(4) fHg=f+g%RRT. fHgl g+ fBI3 2 ORBEZRZNf;+g: & g+ fi T, K OF + &
AR fi+gi=gi+ fi. 2T f+g=9+[.

(5) c(f+g) =cf +cg BT, c(f +9) BID ' DIFEEIE c(fi + i), cf +cg B3 2t DR
cfi+cgi T, KOREMEED c(fi +gi) = cfi +cgi. KoTe(f +9g)=cf+cg.

6) (c+d)f =cf +df ZRT. (c+d)fITBI 3 2" DRI (c+d)fi, of +df 2B 3 2" DIFEEIZ
cfi +dfi. KODEHELD (c+d)fi =cfi+cfi. XoT(c+d)f =cf+df.

RZ (cd) f = c(df) 2T, (cd)fICBT 3 o' DB (cd) fi, c(df) BT 2 2° DRI c(df;) T,
K OROIEERD S (cd) f; = cldf;) BRDT (cd) f = c(df).

() Lf=f%RT. LfIBIZ 2 OFREE 1 f;. LI KO- KT 2HMICE»S 1 f = f; 7o

THARBI S o' OFMEHELWV. XoTLf=f.

PIEE 1.3.3 (WfR). —ZMEHEROEAIBMILERTH S C ¥ 0N (ME 1.3.2) T, —ZHZHER
= fixt B2 EEBZEN f =3, fral W2 T, T2 oy WEET289% T2 offEy 2iE
B3z, i ALERTRES.

PISE 1.3.4 (IfR). SHEROEAPEIVZEMTHS 2 v O (ME 1.32) T, f =Y, fie' ONOMEAEZ
2, Bride AUHRTRYES.

fIEE 1.3.5. [ 1.3.4 & [Fkk.
RRE 1.3.6. M@ 1.3.4 2 [EER.
fIRE 1.3.7. & 1.3.4 2 [Fkk.

RISE 1.3.8. BIBERIOER 1.2.1 055, (1)-(4), (T) 13V & V! TEbSEV. (5) 122V Th, ce Cib
ZeCENPL, (5)HV THII T

c'vtw)=c(v+w)=cv+ew=c'v+c w

LROTV THHILT 5. (6) DRTEBFABICRE 2. o7z (6) DB, ¢,d e CITNLTed=¢-d D
5, (6) 1A V THOL T AU

(cd).)v=cdv = (¢-d).v==2c.(dv) =c'(d v)

E%oT, V THHMILT S, XoTV 3HEREMTDH 3.

1.4 $SHESR

PISE 1.4.1. [ 2SI LGRS 5. f(0) = Ow 25, B 14325 f(v) = f(Oy) & HoT, HEHED S
v=0y. B “f(v) =0 = v=0y" BIREL, v,0 € VI f(v) = f(v') BT T, f OEEDL
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5flv—v)=fw)—f(V)=0w 2D AREDPBv—v =0y. KoTov=0v 2D, fIZHEHFTHS.

PIEE 1.4.2. u=1(-322), v t(—212) =H211) LB Y e =1100) = (2w —u) ZDT, f0)
WD S f(e1) = f(%(?w—u)): Lfw)+ 2f(w) = —1o+ 2z FAMkIC e :=1010) = Su—v+ 2w

BODT flea) = f(Su —v—i— w):7m—y—|—7z. £z e ::t(001):—%u+v—|—7w7£0)ff(eg):
f(=Futv+qw) =

fIRE 1.4.3. (1) fEED X,Y € M(n,p; K) IR LT, fTHIOMEBODEHED S (4(X+Y) = A(X+Y) =

AX 4 AY = 1a(X) + 1a(Y). E7AEED X € M(n,p;K) ¥ ¢ € K IH LT, 7502 H 5 — {50t
DS la(cX) = A(cX) = c(AX) = c(la(X)). &oTls IEEHTH 3.

(2) FED XY € M(I,m;K) LT, [THOMEBMOITEEDLNLS ra(X +Y) = (X +Y)A =

XA+YA=rpay(X)+7aY). EEEDY € M(I,m;K) & c e KIZHL T, fTHDR A 7 — 150
BhBralcY)=(cY)A=c(YA)=c(ra(Y)). o Tra 3fEHRTH 5.

fE 1.44. (1) v,weK"* 2 deKZITEICHS. K*" ONEDIS c.(v+w) =co+cw &RY, £
K D25 7 —BORE L K OBOAHEEDL S c.(dw) = (¢-d).w = (d-¢)w = d.(cw). K> TAA
7 —EEBRIIBIEEHRTH 5.
(2) EED v e K" I LT leg, (v) = (cEy)v=cv 255, B l.p 1% c G5B 8T 5.

FFEEE 1.4.5. ﬁ:_‘%n\b: X = (Iij)i,jvy = (yij)i,j e M(m,n,K) Z xS K %EYZD X,, t(X+Y) = t(SCij +yij)i,j =
(i +yji)ig = (@5i)ig + Wyi)ig = X+, {e.X) = ewij)ij = (cxji)iy = c(2ji)i; = ¢'X 722BDT,
Big X — X 3 ESTH 3.

FIRE 1.4.6. {EEIC f.g € C¥R) L c € REMB L, Lo(f+g) =Ll 4 29 A (cf) = L v
2BME, D(f +9) = zifoandT (f +9) = Ealoan et + Yoo n;zz = D(f) + D(g), D(cf) =
SN pant(cf) = XN jan il = eD(f). %7, Fne NHLT LL 29 ¢ O(R) &b, C=(R)
X R EORBZERE DS, £ e OWIFESTH S D(f) + D(g )J“Pc.D(f) esco% ) DFETH2. £oTD
1B C®(R) — C®(R) TH-T, BB TH 3.

BIRE 1.4.7. (BRI f,g e COI)  ce KEMB L, [,(f+9)(x)dx = [, f(x)dx+ [, g(x)dz, [,(cf)(x)dx =
c [, f(@)dz 72DT, fr [} flx)de BRWEEBRTH 3.

FI:EE 1.4.8. 1%%0: X = (xij)ijlvy = (yij);ﬂ,jzl (S M(TL,K) K c € K %EX% X tI‘(X + Y) = tr((wij +
Yig)ig) = Doieq (@i 4+ Yis) = Dov g @i + vy Yii = tr(X) + tr(Y), tr(cX) = tr(c(zij)iy) = Doy cxis =
el xy =ctr(X) BROT, X — tr X 3EEHRTH 5.

e 1.4.9. Ac M(m,n;R) - M(m,n;C) tce (C\R B L, cA = (caij)i,j = (E'Tﬁ)i,j = E(aij)i,j =
CA# cA=cARBRDT, A AlZCRIEEBRTIZRY. —H, TED A, B M(m,n;C) & c e RIZHLT
A+B=A+B,cA=cADPBILT2DT, A~ AZREEZRTH 3.

R 1.4.10. #iFICoWT. AR D f € KM = Map([n], K) LT, g:= (Wop)(f) = (f(1) - f(n)) €
K" & g(i) = f(i) Zli7zed. koTg=f, 2FD oy =idgm TH3. ELEEDv e KM IZHLT
(po)(v) = p(¥(v)) = (Y)(A) -~ P)(1)) = (v1 -~ vp) =0 EPDB potp =idgn. EoT P IE p DM
BARTH 5.
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BEICOVWT. KofEz - T, KM ozxhs5—fE% .ty v, €8%ro fc KM v ce KL T
(e.f)(@) = c-f(@). £oTplef) = ((cfA)---(cf)(n) = (c-f(A) - c-f(n)) = c.(f(1) -+ f(n)) = cp(f).

FIEE 1.4.11. EHOHEE RIIIHHE || 235> T, ZhZ2flioTHA f: I > R Dz e [ ITBY 2EkMHELY
Ve € Rsg, 30 € Rug, [z —y| < d = |f(z) — fly)] <e LERL. LoL, —BOEIITHMHEHE || 2ED S
NTWRWDT, “[f(z) — f(y)] < &’ DEFDEHRHEN,

BB 1.4.12. i > n B5i(i—1)...(i—n+1) = 0RDT L2 = 0TH5. koT L 35K
Klz] = Kz] &9 2. ERIC p(z) = 3, pirt,q(z) = X, qx' € Kz] ¥ c € KZH 5 &, %(p(x) +
q(ﬂf)) = S (S + a)7') = X0+ @) fhmat = bkt + L dieat = d‘f;p( ) + aq(),
AL (ep(z)) = Lo (3, epix ) =Yt =Y pidoat = clop(z) LR BDOT, Lo 3 EBHBTH
5. FfkicD=5%7_, ade’v IZ2WTH D(p+q) = D(p) + D(q), D(cp) = ¢.D(p) DI"E 2D T, D iF#HHt
EEHTH 5.

2 HECRTT
2.1 ¥RAZERSZERE

RIRE 2.1.1. (i) & (iii) #RET 2 &, (iii) &b v =cv & v = dw FZZFhZh W OILT, B (i) &b
V4w =co+dwd W DIT.

HIEED cde K v,we WIZNLTew+dweW kb, c=d=1LTv4+weW RDT (i) »
P, F/od=0 LTHE 1.25 &Y cv+ 0w =cv+ 0y = co B3 W DI S (iii) HES .

$7 () BIETBL 0 W ENS W £0, DD (i) DHTT 5.

W (1) ZRELTw e W 22k, M@ 126 XD W 3 (-1)w = —w d w OHITT, (i) &b
Oy =w+ (—w) e W, 2% b (i) DIKLT 5.

I 2.1.2. L OMHIEZER S Map(R,R) OETEETH D, M BILNUTR A 7 —FOEFRIHLEL TS
EoTErNd Map(R,R) OEDZER. H3EA L LTOAEMEFR R[z]) € C°(R,R) C C°(R,R) Z/REIE
Ru.

ZIEAE R FOFEBEER E L TRAZE T, ZAUIEIERERMD AR 2 6, (&R R[z]) € C°(R,R)
Mdb, Fio, EEBMSTRERBEEE 1 HMSATRET, o THEHEHK TS 271%. ko TUHBRK
C®R,R) C C°(R,R) ’H 3.

R 2.1.3. UEEBR W > VIEW O ZhARCETHSHEHNTHS. FERDO w,w' e W, ceK
WZOWT (w4 w') =w+w =(w) + o(w), tlcw) = cw = cu(w) Z2 6, L IFREFIRTHS. LrL

RIRE 2.1.4 (W&f#). e (1) & (3) M ZEMTH 5. #HimlIFEMZDT, 3) KO2WTEIRT. {EE
Wo="Heyz), =4y 2)eWyxkMbL2x+3y+2=0,20'+3y+2 =0. §5¢&
vv =+’ y+y 24+2") 1OV T 2(x+2")+3(y+y )+ (2+7") = 2x+3y+2)+(22'+3y'+2') =0
BROTov+v €Wy, EfERICv=Hry2)eWoce KEMS L, cv = Ycx cy cz) ITDNWT
2ec +3cy+cz=c(2x+3y+2)=07H5 cv e Wy. £oT Wy lIHHERTH 3.

*103 Wk BRI, B2 [ , p-83, BB I1 % §1, @ 1.2] ZR TR,
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o (2) & (4) FEBpZEMTIE . EEE, v = {-1,1,0), v' = {(—4,3,0) X v,v" € Vi N Wy %/ TH
v+v =4-54,0)¢ Vi UW; TH5%.

fRE 2.1.5. (1) HHEMTHS. FE o= vy - vp)yw=wy - wy) EV1 RSB v+...+v, =0,

Wit .ot w, =07220, v+w=" oy +wy - vy +wy) OWT (v +wy) +...+ (v, +wp) =
(vi4.cotvp)+(wi+ ... tw,) =0RY  v+weV; EhRE, Flhov= vy - v,)eEWV L
ceKIZHMLTew="4evy -+ cvp)ldevi+...+cvp=clor+...+v,) =0 Zifi7=FTDTcvel;
ThH5.

(2) ER5ZERICIZE . B, v =110 -+ 0) € Vo il2DWT 20 ¢ Vo TH 3.
(3) EHZERHTIEAN. FRE v =110---0) € V5 IZDOVT 20 ¢ V5 TH5.

& 2.1.6. a = (ap)n,b = (by) € S ZERICW-oTc= (cp)n = a+b B E ¢, = ap + b, ZH»
B, Yoty PiCngm—i = 9 jq Pilngm—i + 2 ioq Pibntm—i = Gnim + ppm = Cngm. &2 TCec=a+be S
ThHs. FhdeKta=(an) € S EERICIMS L, da = (day)n, 1C2WVWT Y pi(danim—i) =
dX " pitntm—i = dapym. £oTdae STH5.

& 2.1.7. n KA T D ZDDZHAKDHNE n KUTOZHATHD, FXAH7—ELTH, ZEIHZ &
V. XoTK[z]s, C Klz] EE722H. n 285 LTHH, Ft, A7 —FEHEL TV 06, BoRED
FIK C - C Klzl<p CK[z]<png1 C - EEDZEB DTN .

& 2.1.8. (f) DEEDIT vi,ve 1 FHY R g1,90 € Klz] 2o T vy = fg1,v2 = fgo EFEITT,
vit+ve = fg1+ fg2 = f(g1+g2), g1 + g2 € K[z] DD vy +vs € (f). Flov=fgeK[z] & ceKE{E
BICHS 2, cv = f(cg), cg € K[z] 72005 cv € Klz]. AL &Y (f) C Klz] IFHDZEMTH 3.

R 2.1.9. A& ey Vi=Vo & Vo CV DERDEETH 2 Z e hoiES.
BRI ERCv,weNVi 2 ce KEMB2L, £ie NI LTo,w eV, THD, V, CV HBERDZEMT
bHrlehrbvtw,cwe V. EoTv+w,co€()eyVi THS.

fRE 2.1.10. a = (a;)i,b=(bi)i €V, £ k e K ZMERICH S &, i 28 p THID VIO a; = b, = 072025
a;+b; =ka; =0. £oTa+b=(a;+b);,ka = (ka;); €V, THY,V, CK" ZHRZE-THZ. i =0
KMOERD i > 1 EY%F M p THOUNL 25, N, V), DIT (ai); 3 ag = 0 RFEED i > 1iH LT
a; =0 &7y, £-oTN,V, ={(0,a1,0,0,...) |1 e K} K TH D, ilgp2 KN OHHEMTH .

fIRE 2.1.11. Ry IEME L b FEZREZCEALTHT TV A, BEETIEEATTWRY. ko THE L b
R #EZER e LTD CEH92EMTH %5, C e e L ToOEDZE/ TR,

22 EpZEMOMEERR
fIRE 2.2.1. #EBRFT vy + vy + - - ITEESHEW.
R 2.2.2. Re; URey i x iy y IO EHFT, 24U Rey + Rey = R?2 OEHDES.

fIRE 2.2.3. V OEEOILIL S DU ETET 205, SUT ORJERATEIT 5.
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RIRE 2.2.4. WnW ={0}, W+ W' =C3 £ 22DT, lEIPIIEH L IHDEMTH 5.

I 2.2.5. a;=¢; — e LB, EBD v ="Yv1 - - v,) € Vbivzzzzllciai, ci=v+--+uv ¥
FHir 3.

fiE 2.2.6. W&

PIRE 2.2.7. W g W hDo W ¢ W MREL T, we W\ W' & w' € W\W 283, WUW' C V A6k
DEMTHZ Db w+w € WUW, 9% wtw € W X w+w' € W, §iERS W C VA
ZETHB L hHw € W LR, BERLABC we W LRHDT, EHoIEEFET 5.

FIRE 2.2.8. (V' NW)+W Cc (V' +W)NW & (VNW)+W D>V +W)NW ZREERW.

V' AW)+W C (V' +W)NW DFf: w e V' AW & o' € W Z{EEICHS &, MZEHEDOERD 5
ut+w eV +W ThY, Fhw eW cWeueVNWCW, RUW CV PIEHESEETHZ Zh
but+w eW. koTut+w € (V+W)NnW.

V'NnW)+W o> V' +W)NW OitlH: £EOTTue (V+W)NW M5, $d2ueV +W
ROT, YV eV ew eW BHOVCTu=v+w 2EFS. =W CcW CV IO ZEMEE»PS
V=u—w eW CWTH3. XoTV eV NWrRZDT,u=v+w €V NW)+W DBELT 3.

fIE 2.2.9. (1) MAKADHTHZ Z i K[z] EOERD» GG, M BILRUORAS 7 —fFI13HE L
TWTC, BHTEEDPME A DS —ETHETWE Z e b6 1.3.8 HETHIRL TWA0 5, ZOFNIEY
ZEEDFNTH 5.

(2) K[z] K[zt = K[z], K[2] + K[z*'] = K[z~ !, 2] £ &b, (1) 2 SHEPITH DR TH 5.
(3) K[z] ¢ K[z*1] 22 K[z] 7 Klz*?!] 20T, B# 2.2.7 X b AHEEEHAZE-TIER.

2.3 BRI

fIRE 2.3.1. T OCEOHEER Y jcvi=0,¢ €K, v, e TIZOWT, T CS &hZhUZ S DILEDHR
TEBRIE D S, S OREHNIELD ¢ = =¢, = 0.

IR 2.3.2. JEAMAZLRYERGR 1.0y =0y 235 5.

fE 2.3.3. HiRT bler,...,e, ZHWVS.

(1) ML TH 2. EE, v, = 23:1 ej KDIEBIGR D0 civs = 003 20T (3oL ci)e; =0 L &HE
EX¥2. WHOHE i KD (=nn-—1,...,1) ZHELUTELAERXc, =0, ¢ +cp1 =0, ...,
nt- e =00F00%. ZheRNTe,=cpo1=---=c; =0.

(2) v1 — 2v2 4+ v3 = 0 DIEEHHLIIERBERL O THRIEEETH 5.

(3) ML TH 2. FEE, BIURIR S0 v = 013 (X0 ei)er + diaci—1e; =0 L HEEERT, M
WO L THE RN e+ +epo1=0,60=0,c=0, ..., ch,1 =0DFHNZ. &
Nz Te = =cp_1=0.

RIRE 2.3.4. HRES S oxofilz |S| £ EL.
(1) [Fpl =p XD [F3] = [F,|" =p". XoT |Fp\ {0} = |Fg| - [{0} =p" — 1.
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(2) v € Fy OBCTIIFHIEL D p — 1@D.
vy BEARL LT, TREMIPHNL vy & FI\Fpuy 52 SEREICHNS DT, vy DEUH X [Fr \Fy| =
|FZ’ —|Fpl =p" —pi@D.
v, v ZIEAZE LT, THE ERIBINLIE v3 & Fy \ (Fpur + Fpug) 22 HERICHNS. v & vy 23
WIPHALTH B Z e H S |Fpoy + Fpva| = [F2| = p? DT, vz DEIHFE |F2\ (Fpvy + Fpua)| =
Fp| — [Fpv1 + Fpva| = p" — p* Y.
IR, v, .., 0 ZIBATEE LT, 200 ERIPINLTR v & TR\ (Fpur + - - + Fpuy) 22 HERITHL
N3 vy, v DBEHNITSH 2 225 [Fpuor + -+ Fpui| = |IE‘;,| =p' BDT, v DECHIZ
F2\ By + -+ Fyo)| = [F3] — [Byn +--+ Byl = p" — pi 0.
X o THRIEHNI R (v1, ..., vm) OBCHE [, (p" —p') BO D 5.

2.4 HE

RIRE 2.4.1. 5 (2.4.2) 2723 b0 A—RICEE 5 Z & Wik (2.4.1) & m B2 26, (IEMICIZIRMNIL
£ D) BIHE b(i)o, - ., b()im—1 225 (i) = (b(0)), o PRITEE Z. ZFHHIE L.

c 3t (24.1) OfETHZ 2L LD a L DEc—a"BFEZXD L, SHHAPEBTHL 5
c—a€S. TIZTcOERDMAD»S,i=0,1,...,m—11HLT (c—a); =c¢ —a; =0. #ift (2.4.1)
BEm RS, BAIO mIER 0 DfFEc—ald, ZOERTOEN 0 TH2. 2Fhc—a=0c K. XoT
a=c € (b(0),b(1),...,b(m —1)).

P9EE 2.4.2. =: Bi={v; | i€} T 5L, (B) DIEEDITIE B ORBREETEY 556, B EHMIIT
HIUZ TN (B) ORETH .
e BRSBTS 5.

MR 2.4.3. = T C SHERRELT2L,s€ S\TRT OBBHET s = 3, et (FHILIHER) &
T 20, 2hud S OIFAMBIIERGR Y, crat —s =022 Z L 2 EKT 3D T, S IIHPMIL TR
<, FRCEIETIE RV,

= S RPN TRVWERET 2 &, JEEPIRBIBER Y (cs =0DD 5. ZORc, #0425 s€ S
DEET 2D, T =S\ {s} T2 si&T OMEHEATETZ. V OEEDIL v E S ORJERETET 2
Do, R v ZEHSEE T C S ORERBETETZ itk 3.

FIRE 2.4.4. @ —KXHBERXOMOESIZEHA2EMTH S (F 2.1.9) 25, FHCHIED Wy, Wy C K* &5
2.

iz dlm(W1 —|—W2) @3(7—5’&5}2&)6?%&:, i 2.5.9 D d1m(W1+W2) = dim W; +dim Wg—dim(Wl ﬂWQ)
ERWS. Wi & Wy ZEDTVWAHEARIZZNZNMIZZS S dim W) =dim Wy =2, Wi NWe @
ToE r € KA s 2383 2R Az =0 OfETH 5. HL

1 1 -1 -2
-1 2 1 -1

1 2 2 =3
-4 2 -3 2
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REHLE (EEALR LW ULITEAZLR) T Al

1 0 0 -1
01 0 -1
0 01 0
0 00 O

KERTE D5, RZEMIZ 10T, WinWo=Kou,v:=11101) 2%23%. Xo>Tdim(W, +Wy) =37
L5,

BRBIC Wy, Wy OIET v BRI R S D Zh2hiET &, HIZIE W) = Ku + Kwy, wy :==%1010),
Wy =Kv+ Kws, wy =421 -20) 27222205, v,wy,ws 25 W) + Wo OREEIZ 50 5.

R9EE 2.4.5. HEHIRTOMBE L AR dm W, = dim W =2 TH D, 7= Wy N W, 138 R Az =0 D
e cH B, HL

11 2 3 1010

A 0 3 3 2| w@zdiz 01 10
’ 1 2 3 2 0 0 01

1 3 4 2 0 0 0 0

Ko THZEMIE 1 XIET, WinWe =Ko, v :=%11-10) £72%. XoTdim(W; + W) = dimW; +
dim Wy — dim(Wy N Ws) = 3.

HeiF Wy = Ko+ Kuwy, wy = {=11203), Wo = Kv+Kuwy, wy :=4{-2001) 2R3 Zhb,
v, wi, we B W1 + Wo OREICHK 5.

fIRE 2.4.6. Wi NWy OTEIE o, 8,7,0, 6,0 E KERAWT aa+ b+yc=0d+ece+pf £EFS. §5¢L
r=Hap ) e KOZE AN Az =0 OfETH 5. HL

02110 -3
11323 0
A=(ab-- =119 301 2 o
11413 3
fREHLIET AKX
1000 —1 —2
0100 —1 —2
0010 1 2
0001 1 -1

A TEB Db, Ar =0 ORZEME s =11 -1-110) Las =422 -210 1) TEKENZ. z,
WHIBET 2 WinWe DJtldw =a+b—c=d—e=41 -1 —1 =2), 22 IZHIET 2 W1 N Wy DICI
20+20—2c=—d— f=2wBDT, WiNWe=Kw THY, wPRDEEETH 3.

RIRE 2.4.7. HifA & RO TEHT,

1 2101 2 1000 -1 -1
_ | 0 2 2 0 2 2| @& |01 0 0 1 2
A=(ab--fl=| 1 1 1 9 9 g oo 10 0o <1
1 231 2 1 00071 1 1

Eh,a-b=d—-e=4-1-20-1)2a—-2b+c=d—f=4-2-220) DZDDXRZ FLH W N Wy
DEEZ LT
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PIRE 2.4.8. By £ATHIAAL (B 2.45) &5 5.
o it ("IN = M N HoIE By + By (1<i < j < n) OB S(n;K) OREEE T
o 3 (1) ="V MO By — By (1< < j<n) O A(n; K) OREERRT.
e B (1<i<j<n)»UmK)DEEZRT.
e E;; (1<j<i<n)Hd Ln;K) OEERRT.
E; (1<i<n) 2 DnK) OEERRT.

MR8 2.4.9. C" DIEREDTTE 2 =21 -+ 25) = > py(Rezp)zon—1 + > pey (Imzg)wop, & xy EDOKIEAES
T—lbh DFIETEITS.

25 Rt
FIRE 2.5.1. 17HIHANL By (1 <i<m, 1<j<n)BEELZDT, Xitid dim M (m,n; K) = mn.

I 2.5.2. ZIHHKX (2); EVERRTH 2 Z e 2RmT 2, n RUATDOZIEKX f(2) € K[z]<, 1R L TR
B co,c1,. .., cn € KITET 251K

[
[¢)
S
—
8
~—
<
I
=
8
~

Jj=0

2EZB. WMBATx =14, i€ {0,1,...,n} LT3, (i); =0 (i <j) 25 Y7 (i) = f(i). €T
F=1F0) f(1) - f(n)) £FBE, ZOHRITRHAZ ML ci="co ¢1 -+ ¢,) € KM D3T— AR

11 1 1 1 1

o1 2 - n—2 n—1 n

00 21 -+ n=2)n—=1) (n—1)(n—-2) nn-1)
Ac=f, A= ()] ,0= 7+ : : :

0 0 0 (TL - 2)' (’I?, — 1)n—2 (n)n_g

oo o - 0 (n—1)! (n)n-1

oo o - 0 0 n!

72 B A EEAFFITHARMIEE NS 0 TR SAHTHS. ko THEROME c = A-Lf
L RBICEE D, 0D, EROTE f(2) € Kla]<n 75 (), EOWBHEATHICET 3. Lo (z); BI2H
ECH 5.

FARE 2.5.3. R 2.4.8 OME 248 XD, dimS(m;K) = ("5 = 22 dim A K) = (1) = 22,
dim U (n;K) = dim L(n; K) = (""2"1), dim D(n; K) = n.

RIRE 2.5.4. & W, CHLRE wi,...,w), 22, G = {w] |i=1,....k j=1,...,n;} FMZ%RH

RIRE 2.5.5. 2n+ 1 DB 1, coskx, sinkx (k= 1,...,n) PHREHILTH 2 2 & ZREBIFREV. a,by, ¢, €
Kda-14+>,_jbycoskx+ Y _ cpsinkr =0 %273 eRHETS. WMAD z =0 TOMEELLNS
Lat S by = 0. EFEE 2 -1 (= 1,...,n) 2 THHILT, 20 2 = 0 COMELAS ¥
S (—1) ke, = 0. 2 LCHE 2010 (i = 1,...,n) « THHLT, 20 o = 0 TOMERNS ¥
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Sop_ (—1)1k%by, = 0. # RO % 3 R
Az =0, A= (k‘)f',;zl, x:="Ycy by c2 by -+ ¢y by)

ICEr®» 5N 5. Vandermonde DFFFIHE D det A = (—=1)"(20)! [[) < jcp, (j — 1) # 0 RDT ARIEAL
(oTae=A"10=0,2%b b= =b,=ci=--=¢,=0. THLROADERED a=0. UELD#
TRAT AR T

PSS 2.5.6. fEEIC X,Y € V4 & a, 5 € K #HB &, A(aX +8Y) = a(AX) +A(AY) = a(XA)+ B(Y A) =
(@X +BY)A £D aX +BY € Va £785. £oC Vy I$H5720.
X = (xij)i,j S M(?),K) ZIEL\T§+%:3_5 &
0 (a—b)x12 (a—c)xrys
AX — XA = (b - a)l‘gl 0 (b - C)Izg
(c—a)rsy (b—c)xse 0

IRGE a # b # C# a kb Aec VA <= 12 = T13 = To1 = Tz = T31 = x33 = 0. £oT Va IR AETYER
DI TERTZERTH D, dim Vy = 3.

fIRE 2.5.7. LM TH 2 Z L EHIR OB B D EHEHATE 3. RITDFIEICOWTD, Hi
R AX — XA O EIMEZ 3.
o V4, = M(3;K), dim V4, = 9.

o Vi, DITIE (0 : 8) DIHDFTHIT dim Vy, = 5.
o Vi, DI (0 0 O) DIFDITHIT dim Vi, = 5.
o Vi, DILIE (8 0 0) DM DFTHIT dim Vy, = 5.

I8 2.5.8. #MHEMTH 2 Z & OFEHIIEE. FEEIIHFI 2L 22" — 1 (n € N).
fRE 2.5.9. M 2.3.4 XD dimF} = (¢" - 1)(¢" —q)--- (¢" — ¢" ")

fIRE 2.5.10. HfiiRXZ bz e (i=1,...,n) £ELE, e, vV—1ley,...,en,vV—1le, B’ R LORIEZERME L
To C* DEJEIZHZ 5 DT dimp C* = 2n.

3 BEEKDOITIIRT
3.1 WEEGRECERR

fRE 3.1.1. M 252D TR (D =1(l-1)---(I—-k+1) (keN) ZHV2. leN,I<kZ%bd ()p,=0
THZILICHEET 2.

Rlz] 13 (2))1eny ZH> TWT, 2Dt 2! 13 D(2!) = ZL:O ar(De2' = 12523, ap(l), € R, 2'7F € Rz]
ED y =D() eRz] THB. DIFMNE 2! — y ZRIBICIRR L THONZBB G0 5, @8 3.1.3 &
D DI R[z] OHCHERBTH 2. £y DX D5, Rlz]<, DRI (2H)m, DIF v 13 Rlz]<, KR
3. XoTDIER[z]<,, DHCHERETH H 3.
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fIRE 3.1.2. K[z] DR (2))eny WD WT, ZHHEM KD

l

y = Ty(2') = Z (é)xk, (;i) = k'(lllk)'

k=0
BTy € Klz] THB. Tp 3G 2! — y BHIHICHAR L TR SN2 M EE20T, Ml 3.1.3 X K]
DECHERTTDH 5. Ty OREE 705, Klz]<, DRI (o)), Dy, 1 Ra]<, WET. £5T T,
3 Klz)<, OHCHERETHH 5.

& 3.1.3. §32 ODNAZHWVWTRES. T), & id 3 Kjz] O BCHERRTH 5. HIEGHROBIEDER
»5, % p(r) € Klz] iR LT

(T, —id) (p(x)) = T (p()) —id(p()) = p(z + h) — p(z) = An(p(2))
t@é@f A}L = Th —id. ckO"C A}L = Th —id ﬁ’ﬁiﬁ L, Z:h&i K[m] BZU‘ K[x]gn @Eaﬁlﬁliﬂf?@é

FIRE 3.1.4. (i) = (ii): AAEBRIIEHEFTH D, FICHHTH 5.

(i) = (iii): n:=dimV =dimW L EE, V ORK (v;,), Z—D2WMoTw; = f(v;) £€T5. dL [ HE
Sciiud, o2 (v, ..., w,) C W ORITE n Kifi, DF D w; FEIREMEL LS Y ciw; =0
%5 ¢ €K, (c1,...,e0) #(0,...,0) BFEET B, XoTo=>" v D f(v) =0 &l Too, KE
EDho=0tRbD, v ZEPEETHLILEFETS.

(ili) = (i): n=dimV =dimW L EZ, W OEE (w;)!, 2—2W5%. fEENEH»S5, f(v;) =w; &
723 v, e VD5, ZOWR v EIIMBPHITH 2. FEBE, D vy =0450=f(0)=Y",cif(v;) =
Yo ciw; IR0, w; EHEELEDS ¢; = 0D . dimV =n L EHLET, v, EEIV ORKETHS. b L
[OBFTRVWERET S L, ME 141 XD flo) =02 ve V\{0} BFEETZD, v=>1 1" cv; &
BETEMT 2L (c1,...,¢c0) #(0,...,0) D20 = f(v) =37 cw; £RoTFET 2. XoT fIIHS
THY, o TRIMEBRTH 5.

FiRE 3.1.5 (W&fg). =MD MIEEH D S T, (sinkx) € (sinkz,cos kzx), Ty(coskzx) € (sinkx,coskz) &
oT, TN SERIMES.

Ri%E 3.1.6. COLZ 2 =2 +iy, v :=Rez, y =ImzZFrEL.
(1) 2,2/ e CITHLT 242 =2+ THH, r e RESTz =1z KOTEREEB/RTHS. LorL
ce C\R %5z =cz # cz RO THEIEHRVEHRTII R .
(2) 2,2 €eCITMLTe(z+2)=cz+cz' THYH, £/2d € CIZXHLT c(dz) = d(cz) 72D THZEE
BTH2. £/od e RITHLT c(dz) =d(cz) RO TEMEEBRTDH 5.

R 3.1.7. (1) (ii) ZUDIEEMATH 5. KHDORBIZV TORAF7— % cv, VI TORA T —f&% c'v
eEFEQe, [V > W OBIEHEDLS f(c/v) = f(ev) =¢f(v) &2 3.

(2) KRIDOEIZ V,W TDRA 7 —f5% c.— T, V,W TORA 7 —f5% ¢/~ TRL, £/ f:V - W
EEQL FEED vy, v € VI LT f/(v1 +v2) = f(ur +v2) = f(v1) + fve) = f'(v1) + [/ (v2) 23,
FREBEDveV &ce CIIMLT f/(c/v) = f'(cwv) = f(ewv) =c.f(v) = ¢/ f(v) DKILT 5 DT,
fFEEREEBRTH 5.

%8 3.1.8. ap = t(alk ank) ceK® 2iEL. ¥/ €l1y...,En K" @*%@%EZ?%
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(1) a; EARES DS, ¢ = S0 axer; L7553 ey € K AT 5. OB SITH C = (ci)s, €
M(n;C) 2ED % ¥, 1750 AC D (1,7) MAE Y 1 amcr; = (ej DE i 7)) = 6;; £725D
T, AC=E, Th?. koTC=A"1rkb, AFERTHITH 3.

(2) A7'A = E, 6 A7'a; = ¢, TH3. XoTlpa-1(a;)) = Be; = b; £7%%. fO—EMELS
[ =lpa—1 DMES.

3.2 HMEE/RDZERM

fIRE 3.2.1. &% 1.2.1 oL&MZ2#ET 5. f,9,h € Hom(V,W) & ¢,d € K Z{EREIZES.

(1) (f+g)+h=f+(g+h) ZRT. KLTv eV EETL ((f+9)+h)(v) = (f+9)(v)+h(v) = (f(v)+
9(v))+h(v) € WD, HLTES L (f+(g9+h))(v) = f(0)+(g9+h)(v) = f(v)+(9(v)+h(v)) € W
255, WIRBOWTIMEDRREIEDS (f(v) + g(v) + h(v) = f(v) + (9(v) + h(v)). £>T
(F+9)+h) () = (F+(g+h)(v) %%, CHIEED v e VISHLTRILT 2005, BRV — W
ELTC(f+g) +h=f+(g+h) TH3.

2 f+0=0+f2mRT. WODETLE Oy £ELL, EED v € VIZOWT (f+0)(v) = f(v) +
0(v) = f(v) + 0w KT (0+ f)(v) = 0(v) + f(v) = Ow + f(v) 722D, BIL O OHEE» S
f)+0w = f(v) = 0w + f(v). Ko THEED v e VIIRLT(f+0)(v) = 0+ f)(v) 7% Db,
f+0=0+f 2.

(B) frg=g+[%ZmT. EHDveVIZOWT(f+9g)(v) = f(v)+g(v) KT (g+ f)(v) = g(v) + f(v)
v 7550, W OHOAHEER S f(v)+g(v) = g(v) + f(v). XoTEED v e VISHLT (f+9)(v) =
(g+ ), 2D f+g=g+ [ DHES.

4) c.(f+g) =cf+cgmd. ZORBIERERD ve VIIHLT (c.(f +9)(0) = (c.f + c.g)(v) &R
IRV, L e.(f + 9)(v) = c.(f(v) + g(v)), B (c.f)(v) + (c.9)(v) = c.f(v) + c.g(v) 722
28, WAZB U 2 5B HE S L.

(5) bk

(6) 1.f = f &R F. ZOABIIEED ve VIIHLT (L)) = f(v) ZRBZRWA, 501 1.f(v) T
HY, W P LEMTH 25 1.f(v) = f(v) ZOT, AHLHELWV.

fIRE 3.2.2 (WfE). ¢ BEHEGHRTH - T, po2BS, DX DRMERTH 5.

fE 3.2.3. f,f € Hom(U,V), 9,4 € Hom(V,W) & L, % ¢,d e K5 5.
(1) go(c.f+d.fy=clgo f)+(gof) ZRERRV. ZORBIIMEED v e VIIHLT (go(c.f +
)W) = (clgo f)+(gof)))(v) BREIFRVA, FL» LA LTHL &

(go(c.f+c f))w)=gle.f+ . f)()) [Ek o D5EH]

=g(c.fw)+.f'(v)) L EROR L 2 H T — (D]

—wg(@»+cg(() g FHRTEE (B
c(goflv)+c(go f)v)  [AHo DEH]

=(clgo f)+(go f))(v) [MEER O 2 H 7 — (5D EF]

i oTHILT 5.
(2) HE (1) LFEIROTHIET .
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fIRE 3.2.4. ev(—, f) = f(—=) BDT, f PREEBRTHZZ 0 ev(—, f) DB/ TDH 3. ev(v,—) I
DWW, EED f, fHom(V,W) & ¢, e KIZM L Tev(v,e.f+.f') =cev(v, f)+c/ev(v, f) Rt
RV, UNO#GRD H0ES .
ev(v,e.f +c.f)=(c.f +.f)(v) [ev DIEF]
=c.f(v)+.f(v). [MEBGOME X0 7 —fEDEH]

PIRE 3.2.5. BER 0 EMELICHAENRTH 2. Ko TERERTICE, D = X1 japde & D =
S0 oy R EEOMAMERAZL L, $MEEIC o, d € R 2o T, e.D + . D D& MAEHHIC R S
Z 2 BRI ROV,

max(m,n) &

d
.D+c.D' = E +dal)—
c c 2 (cag Cak)dxk

Ecap + dap € R KDWEPITWMAERARTHS. HL ap, =0 (k> m) KW a), =0 (k>n) & L7%.

fRE 3.2.6. f & g IXRIEEHRIZD2S f(0y) = g0y) = 0w 25D, >TO0y € U THS. FREED
wu €U & e, d e KIZHLT fleu+ ) =c.flu)+.f(u) =cgu)+.gl)=glcu+u) &7%.
PE&Y UcCVIdEs2Em.

F720w =f0y)=9g0y) £V 0w e X THY, FED 2,2’ € X L ¢, e KIZW LT,z = f(v1) = g(va)
RO 2’ = f(v)) = g(vh) Zifi7z3 vy, v, v],05 € V DHNT, cx + o’ = f(evr + dvy) = g(eva + cvh) &
7506 cx+da' € X, PLEXD U C VIdERr22M.

3.3 RERE
fRE 3.3.1. MEDOEGE p: W, > W/ &HT2. EZED v, € W, & ¢, € KITXLT
olcv+ V') = @(cvr + vy -+ cop +cv, 0---0)= (00 cvy+v] -+ cop+v),) = cp(v) + (V)

WKL T 2D T p IMEFGTDH . $FG: W), > W (0 0vy -+ ) = (v1 =+ 0y, 0 -+ 0)
TEDD &, ZHUT o DUWEBRED S, o IZRHEHTH 5.
n—1 n—m m—1

— —
BEOFRICOVTE, m>12on-m>1%5,0=010-- 0) e K" Epw)=0---010---0) #

VIZEBZDD @ #£idgn TH 5.

MR8 3.3.2. MEOEBR% ¢: Klz]<, —» K" A3 2. FED f,g=> " (92’ € Klz]<, ¥ c,d €K
WHRLT

n

p(cf +dg) = ‘P(Z(Cfi + dgi)a:") = (cfo+dgo -+ cfn+dgn) = cp(f) +p(9)
=0
ERBZDT o 3REEBRTHZ. £7E B ¢Y: K = Klzl<, & (fo - fa) = Yoo fiz" 1& ¢ DHEFH
Bt o ZREHTH S,

MR8 3.3.3. JEEFIEEED S V ORE B BENT, BitEh S AMNER ¢p: K = V BMFET 20T,V &
K™ i3FAAETH 5.
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R 3.3.4. ZAX ADEAITHZ Z . EE EED A e M(n;K) I LT l4 $HREEBREDT, 14 HFE
HER o 4 DEES © v Av TEEBRPH 2 < AIZEHL
f#E 3.3.5. fFED f,f' € Hom(K,V) & ¢,/ € KIZHLT p(ef +f) = (ef +f)(Q) = e.f(1) +
(1) =co(f)+.p(f) DALT BDT o IFMEES. £love VI LT
P): K—V, ¢)(c) =cv (c € K)
L33k, B ) FMEBBRTH 5. FEIE, a,d,c,d € KX LT ¥(v)(ca+ da’) = (ca+ da')v =
c.(av) + (@' v) = cp(v)(a) + . Pp(v)(a') DRRILT 5. DLETEG
P: V. — Hom(K,V), v+ ¥(v)

PRSI, BYIE D OWEBITH S 2 ¥ 2Rt FEARES

£ f € Hom(K, V) LT, (¢ o) (f) = ¥(f(1)) € Hom(K,V) &% c € K & ¢ (f(1))(c) =
e J(1) = () CEFEMIEDS (60 0)(f) = f, DFD 0 = o) PRTTE. FLATED v € V
LT (potp)(v) = p(v(v) =¢(v)(1) =lv =025 poyp =idy THZ. Lo Ty & ¢ DHFHT
5.

FISE 3.3.6. (3.3.9) OHIE B s ¢y 292D 3 ER [V ORI } — { FAERK" - V) 5 f OWERE L
RB.
=& 3.3.7. (1) EED Vo = (Zi ) , Vg = (?j;) eR? ¥ c1,c0 €R WXL T

flerva + cawg) = f(E711202)) = (a1 + coma) + V=1(c1y1 + coy2)
= a1 + V=1y1) + c1(w2 + V=1y2) = c1.f (v1) + c2.f (v2)
RIS 2 DT f I ESHTHS. $75M% g: C - R? % g(2) = (<z+%+/2/2m>) LEFRTIL g
W f OWERICRZDT, fRAMESRTHS. f1 =gl 3BHICE 2 7.
(2) Av=FTH A S(0) = £ (0t VETB) 0+ V=Ty)) = £ (0w —by) + V=T (o +ay)) = (12700,
&8 3.3.8. —XBIR Y. =iclcyi =0 (¢ € K, ARMEZFRNTO0) AdoTcT2L, f ORIENEDLS
VTHBIEHBERD e TITHLTe =0.

3.4 1THRR

MR8 3.4.1. n REAITHE E, £ES L (laler) -+ lalen)) = (Aey -+ Ae,) = A(eg -+ €,) = AE, =
EnA=(e1 - en)A X DITHIRRE A.

FIRE 3.4.2. (f(21) f(x2)) = (21 w2) (§ §) & DATHIERIF (§ ).

R 3.4.3. (1) EE® X,Y € M(2,K), p,g € KIZX LT Ta(pX +qY) = A(pX + qY)A™ ! =
P(AXA™Y) + q(AY A™Y) = pTa(X) + qTa(Y) DT Ty LGB

ad bd —ac —bc
(2) LFOREED i (5 = ks ( S ) PATTR.

—ab —b? ab
—bc —bd ac ad

(Ta(E11) Ta(E21) Ta(Er2) Ta(Ea2))
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1 ad —ab bd —b? —ac —a? —be ad
" ad —be \\ed —bc d? —bd - ac —cd ad
ad bd —ac —be
1 cd 2 -2 —dd
ad—be | —ab —b* a2 ab
—bc —bd ac ad
fIRE 3.4.4. (1) BIERDOVWTIEV C M(2;K) BERAZEMTH 25 Z & 2Bl 15737253, trO = 0 72 DT
OecVThHY, ¥/1AEED XY € M(2;K) & p,g e KIZHL T tr(pX +qY) =ptr X +qtrY =0
EhpX +qY eV.
BRI OWTIE, M 3.4.3 (1) &b Ta 23 M(2;K) OHCHERE LD T, Ta(V) C V ZREIE 07
D, X eV o tr(Ta(X)) =tr(AXA ) =tr(XA'A) =tr X = 04D T Ty(X) € V.
(2) B O)fﬁ E12,E11 - EQQ,EQl 0) tI‘ i 0 7:735”5, th%) V @ﬁfb % %ﬁﬂéﬁaﬁéﬁ pE12 + q(Ell -
Ex) +r1Ey = O 2 RET 3L (T,q) =0E»Pbp=q=1r=0%8%-oT, BIIREMI
ThH3. 72V OEEDOTL X = (21 tr(X) = o +212 =0 &b X = (3 72) =

Z21 T22 21 —T12

T12F12 + 3?11(E11 — Egg) + 291 Fo X%U’é@f, BV 24EmmT 5.

(3) BURORT & DATAIRIE — L <_ it )

—c? 2cd d?

= (E11 Eo1 Bz Eg)

(Ta(Er2) Ta(E1y — Eg2) Ta(Ea))
B 1 —ac a? ad + be —2ab bd —b?
T ad—be \\ = ac 2¢d —ad—"be) \d% —bd

1 a? —2ab  —b?
= (E12 FE11 — FEoy Egl) -0 —ac ad+bc bd
ad=oc \ _¢2 2cd d?

FIRE 3.4.5. e1,e0 # C2 OHERK L T2 V={X € M(2;C) |3c€ C,Xe; =ce1} TH 3.

(1) Oe; =0e1 XD O €eV. FLEED XY €V & pqe CIIHL, Xeyg =cey, Yey =dey &85
¢, deCHHBNPL (pX +qY)ey = (pc+qd)ey £7oTpX +qY € V.

(2) Er1e1 =e1, E1ge1 = FEage; =0e1 £, 20HEV OJT. #IEEBRK aF11 +bE12+cEsw =0 H3% %
L (30 =0EMBa=b=c=0LRBDT, TASZEFIL. ¥V OEEOT X = (50 222)
1 Xey = 1161 + o160 D 291 =0 2 RB3DT X =21 E11 +212F12 + 209 Fy EETT, 205
WDV 2ERTE2Zda05

(3) £ fHEHRYV -V THEZERT. TED X e VIZHLT, Xeg =ce; %5 ce CHEND
25, f(X)eg = AXBey = AXey = Alcey) = 2ce; £72-oT f(X) eV TH3. HrIX f BEE
BTHZ2ZZREBERV. FEDO X, Y eV & pge CIIMLT f(pX +qY) = A(pX +qY)B =
p(AXB) + q(AYB) = pf(X) +qf(Y) %Y, f(X),f(Y) eV &V C M(2;C) »Ehn2EMTdH %
DB pf(X)+qf(Y)eV, 2% f(pX +qY) e V HfES.

(4) LR LD ((%) 2 %) HHTHIET.

(f(Eu) f(Ew2) f E22)
(G606 )
2 0 )
2 2
0 0

_w o

= (Ell E12 E22 (
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M 3.4.6. K" OIEMERIKR e,...,e, £ EL Y, ¢ OBMERIED B TH2Zh5 (pler) -+ oler)
(e1 - e)B=B. koTu=Y"_ ue; e KIZHLTpu) ="', plei)u; = Bu. 5% o1 (Ka)
fueK | pu)e Ka} ={uecK | Ap(u) =0} ={u e K' | ABu=0} 272 3.

FIRE 3.4.7. f;; 13 E;; KX EMATRIED S, k=1,...,n1Z2W0VT fij(ex) = Eijjer, = djpe; £712BT L
WKHEET 5.
(1) FED f € Hom(K",K™) I LT, f(e;) = > " eicij Ceyy EKEEDDZ L [ = Z?Zl cijEij &
#FiF 5. £oT fi; #lE Hom(K", K™) 247 5. dim Hom(K", K™) = dim M (m, n; K) = mn T,
i D mnlH 206, THSEHPHLTREEICRS.
(2) BHOTELD fij(er) = d; ke

RIS 3.4.8. A — (ai)) € M(m,m:K) L RAEEL . HARTORENS F(V)) C fW)) > V) =
1,...,1, f(vj) = Zle W;aij (aij € K).

(1) <= a;;=0fori>kand j <l <= Ay =0.

(2) HROMEDS (fl, (1) - fly () = (e -+ ex) A

FFEEE 3.4.9. A= (aij) Zﬁ&:%%%< & f(’l}j) = Z:il W; Ay Td D, E/ f({j = f@f 75 f(c(Ui,O) =
(f(vi), £(0)) = (X, wiaij,0) = S0 (wi, 0)ai; 743, > T fe(Bv.)) = Bw.A &% o T, #EPIZ fc
DITHNIRRE ATH 5.

PR 3.4.10. c € CORMEEME c = a+bv/=1, a,b € R E#HL & (I(1),L(V=D)) = (a +bV/=T,~b+
av=1) = (1,V=1) (¢ }) £ 20T, T5I&RE (§ )

a

fIRE 3.4.11. E L 341 226 f 3K AEER, 2FED f=1aTH5. v=(v), € C"ITXfL
To = (v,), LEE, AT A OB OBEBRLE R > THLNZ17H% A vEFEL L, FEO
v,weC" & ¢,d € CITMLT glev + dw) = (pm o f)(cv + dw) = o (A(E0 + dW)) = ¢, (CAV + dAW) =
CAD + dAW = cAv + dAw 2725 DT, g(cv + dw) = cg(v) + dg(w), 2% D g3 C LOMEEHRTHZ. %
72 g(v) = Av DT, HURME 3.4.1 25 g DITHIFRRIE ATH 5.

0n

01
0 2
8 3.4.12. j=0,...,n WKL T D(2?) = jaI~' DT, THIETRIZ (§i5-1)} j=o = ( )
0

PI%E 3.4.13. n,k € N, k < n M L TZIARIE (}) = ppay < HL 0= 1 LT 3.

(1) ZHFEHED j=0,...,n LT Tu(a?) = 0 (D)a" iz’ 752 0T, [THIFRTIE ((z)a”_i)zjzo.

Y72 DT, 1TAIFRRIE (51'7]' “"j(si,j—l)gj:@

3.5 WLEROZER

PISE 3.5.1. EAITHI P Ic X 5 FHEER 1 K" — K 0, BRI By BT 5 G0IRRE P 156,
@ 341 & D Ip(e;) = Pe; i3 K» OIEE B' %#%F. 2 LT, Bya 55 B ~OIEELHATING, 2D
£ 352056 PTH5.
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IR 3.5.2. X7 ML u,v,w BEETH 2 Z L BRI, ZNSEUWNTTE T RFIEAZR LT,
B3 ThHdZemRtiZE.

1 3 2 1 0 0 1 00 10
-1-2-1)—(-11 1 — (01 0] — {01
2 4 3 2 -2 -1 0-21 00

BOT, LIRS TH .
iz A O (3.5.1) WL OFEDLSHES.

werar= (P (A7) (2 4)-
£7 Lau) = (1) =20, 1a(0) = (Z2) = v, law) = (§) = 0w mOT, iEH 34220 ;%,( )
Dlg D BIZETHTINERRTHLI DTN

/~
|
O»—AbJ>
ol
=N
ol
—
——
/~
[o‘._.
-
PR
¥
w o
W N
N—
/N
[=l=lN)
oro
coco
~——

& 3.5.3. (1) x1,...,74 ZUNTTE STH 2R BURBTHIEAZE T 5 L.

RN 1090 1 00 100
—1 — ) —+1 —1 1 10 101
1-11 -1) 7120 2 — |1 02 ) — 110
1 i -1 —i 11542154 1-2i12i 100

YRBDT, ZOITHDOBEEIZ 4 THD, 21,..., 24 1ZC* OEETH 3.
(2) la(z1) = Axy = 1, La(x2) = ima, La(x3) = —3, la(24) = —izg X DITHIRIRIZ

mwoo

(La(z1) La(wo) Lalws) La(za)) = (21 22 3 T4) (1 f _i) :

(3) FED w="Yw; - wy),w =Hw) - w)) EW & ¢, € CITHLTu="uy ug uz ug) = cw+c'w
Fug + - ug = clwy + we +ws +wy) + (W) +wh +wh +wy) =c-0+¢-0=0%MW~=FTDT
weW TH3. koTW C C*IFHBs2LM.

(4) y1,y2,y3 € WIIBEZITRES. W OFEREOTEE w = Yabc —a—b—c) = ay1 +(a+b)y2+(a+b+c)ys
(a,b,c € C) & y1,y2,y3 D—RKEET—REIIREDIDT, y1,1,y3 I W OHETH 5.

(5) EIE y1,y2,y3 DI 1a(y1),la(y2),la(ys) B W KEEFNLTVWE Z 2 REIE, FEO w € W IZD
WT w=cy; +co+ys EREE la(w) = cilalyr) + cala(ye) + calalys) & ->T, Wikl 2E
7725 la(w) € W, DED Ia(W) C W HBHRES. Ly LEHFHET la(y1) = y2, laly2) = vs,
La(ys) = —y1 — ys — ys LIRBOT, HeMlc W ICEENTWS. F7 2 OFFER 5 FHIFERIE

(La(yr) La(y2) La(ys)) = (y1 y2 y3) ((1) 0 :i)

(6) T2, 23,04 € W DEZGIRES. 21,...,04 7’ C* ODREIELED 5, FHT XKML T, ZOHSER
To, 3,0y DKM THS. (4) XD dimW =355, xo, 23,24 I E W ODHETH 5.
Flhao =y + (1 —d)ys —iys, x3 = y1 + Y3, T4 = y1 + (1 + 0)y2 + iy ZD T, FBJERZEHATSHI P 1%
(22 @5 20) = (g1 92 yo)P &0 P = (1250151 ) TH.

(7) la(z2) = ixo, la(z3) = —x3, la(zs) = —izg & D
(1a(2) La(ws) La(e)) = (w2 w5 20)C, €= (=1 )
TH2%. —/T
prep =g () () () =1 (22 5 (i) = ()

LD, WM C KT 5.
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fiRE 3.5.4. (1) EHEHEH 0 = (0)pey FHiLXO0=0+0-0%2TOTW OLTHS. FhAE
B2 a = (an)nen,d = (bplnen € W 2 pg € REZHB 2, ¢ = (cp)nen = pa + gb € RN 1
Cn = Pan + qby £V Cuy3 = panys + @bz = plang2 + a1 — an) + q(bnysz + b1 — by) =
(Pant2 + qbni2) + (Pant1 + qbnt1) — (Pan + qbn) = cnia + cny1 — ¢ ZWi7ZT DT ce W TH 5.
EoTW Cc RN IFEAZEETH D, FriZ R LoEEMTH 5.

(2) Ex TV 2RI 3 B2 & FIHAEIX ag, a1,a3 D =D T, HE-> THER W OXRILD 312K 5.
= n, yi=(n)n, 2= (1)) EFT DL z,y,2 € W RHHITRE 255, I3 2h 5 2P
THB L BRI, LivL, o (EHIHA (20, 21, 22) = (1,1, 1), y EHIHE (yo, y1, v2) = (0,1,2),
2 VIPIME (20, 21,22) = (1,=1,1) THDH, 2D 3 2% R DL ART =TIV THZ. XoTa,y,z

—THITHY, W ORETH 5.

(3) a=(ap)n € WIZNLT(Twa)nts = @nia = apnis+anio—ani1 = (Twa)prot+(Twa)nii—(Twa),
IV TwaeW. oTTwidW = W 2WSEBRTHE. FTEDa,be W & pge RIZ
B LT Tw(pa + ¢b) = pani1 + qbny1 = pTw(a) + ¢Tw (b) 72D T Ty FMEEBRTH . Lo T

Tw € EI’Id(W)
4) 2= L)n, y = (n)n, z = ((-1)"),, eHELE T(2) =2, T(y) = (n+ 1) = (n)n + () =z +y,
T(z) = (1)) = —((-1)"), = —2 ROT, FTHHRIE

(T(.’L‘) T(y) T(z)) =(zxy2)A A= (1 1 _1) .

(5) (2) THEAL =

(6) AEEABGHRICE Z2HEDGHIEETHZ 2 (Ml 3.38) 2o6HES. BELCOVWTIE, by =
(1,0,0,—1,...) 225 Tw(bo) = (0,0,—1,—1....) = (—=(b2)n+1), ¢(Tw(bo)) =100 —1) = —bs
b, R o(Tw (b)) = ¢(1,0,1,...) = (1 1) = by + by, ¢(Tw(b2)) = ¢(0,1,1,...)
{01 1) =0by+b3 &RZDT, {THIFRRIZ

(Tw (bo) Tw (b1) Tw (b2)) = (bo b1 b2)B, B = (,81 é i) '

)=e2+2e3, ¢(2) =41 -11)=e; —ex+e3 &P
. 3Bk (33 Yy Z) = (bo by b2)P E b, = q&*l(ei) ol

(7) ¢(x) =1 11) = e1 + e+ e3, dy) =4
(¢(z) o(y) ¢(2)) = (e1 ez e3)P', P =
5,P=P = (%g% .

(8) PBP =1 ( i 31) (8,

1 -2 1

012
10 1
11-1
121

O

D) =151 (1) - (1 8) -4

RIRE 3.5.5. dimV =n X DEBES )y V S K BEELAm W = m XD FEBES oy W = K™ A
HFHET 5. f € Hom(V, W) 1< LTERK ¢yt oforpy : K™ — K™ 3 EH, 2% b Hom(K", K™) O D
5, Ml 3.4.7 DFEMEMS o M(m,n; K) = Hom(K", K™) % HWT ¢~ (¥ o fory : K™)oMat(m, n; K)
BRSNS, ZoxtE

Hom(V, W) — Mat(m,n;K), fr— ¢~ (Uy' o fouy)

HRAME 52 5.



15 B DMEE 188

4 BRrEM
4.1 $EHZERDERE L EM

FIRE 4.1.1. Hffa € KN ITH LTI (a(i)),., ZHIBE 2 GED ¢ OHEBITED, FIT ¢ 132 HY
a = gp((ai)ie[, b= @((ai)iel i, a+beKIF (a+0)(i) = ali) +b() =a; +b; Fho, (4.1.1) D
A @ ((ai)ier + (bi)ier) = ©((ai +bi)ier) = a+b=o((ai)icr) +o((bi)ier) Yo TRILT 2. ¥
Al

MR 4.1.2. 55 (fo)nen € KN 0 U TR BEREL D0 ) fra" ZXES & 2 5150  OMERITRD,
FRC B EHE KN O £ = Y00 fat”, g = Dotg gt KHILT [+ 9= 300 (fa + gn)a" 25,
B +9) = D00+ gu)a™) = f +g = 0(f) +blg). FRRIZ ¢ € KIZDWT d(ef) = cb(f) BER 5
DT, P X E A

RIRE 4.1.3. $3 K[z] Cc K[X] BEHZEMTH 3 2 L 25T, K[X] OB 0 € K 2HAMERIE &4
L72b DT, ZRUIZHALL S K[z] I2&FEh 5. £ K[z] ofME 24 5 - Klz] ICHIRF4UXZIH
RKOMERDF 51272505, ZORBRIIZZIHN, 2% D K[z] &FNh 2. Lo TK[z] 1& K[z] offie X
H5—ETHETWS. MEED Kz] C K[z] EE222MTH 5.

FIRE 4.1.4 (KGE). G1R ¢: K™ @ K" — K™ % ¢((a:)i2y, (b)) = ()", ¢ = a; (i < m),
= bim (M+1<i<n) LERTIUE, SROBILEIRTHS L HRES. £ K 5 K™ @ Kn
E((e)4) = (), (cigm)iy) EEDIUE, THUE ¢ DHWEEID D, ¢ ZRWMHTH 5. ULEID ¢
FRBEEHRTH 5.

FE 4.1.5. B ¢: C > RO R, ¢(2)z = (Rez,Imz) BEMEEBRTH 2 Z 2, EED z,w € Cixf
LT
¢(z +w) = (Re(z + w),Im(z + w)) = (Re(2) + Re(w), Im(2) + Im(w))
= (Re(2),Im(2)) + (Re(w), Im(w)) = ¢(2) + d(w)
R, ROMEED 2 =0+ V/-1yeC (z,yeR) L a e RITHLT
¢(az) = ¢(ax +V~1(ay)) = (az,ay) = a(z,y) = ad(2)

ERBIENBHES. kY RER = C, ¢(x,y) =z + /-1y ¥ ¢ DHEEB/LDT, ¢ Z3RHEHTH 2. M
L&D ¢ BRAMEBRTH 5.

BIRE 4.1.6 (WGE). (1) 5% ¢: K[z] — K= % ¢(3 - faz™) = (fu)nez TERT 2 ¥, ZHUIEHR
(fr)nez = Sone foa™ BWERY TE2R2HHTH 2. £ ¢ REEBRTH 3 2 L MHEITRE
3. EoT ¢ FFRAER.
(2) HITED ¢: K[z] — K= 205220 V= Kz~ !, 2] 1HIRT 3 &

d)/ = ¢|V’ : Z fnxn — (fn)ff:_p = ((fn);,i—p? (fn)neN) S KZ<0 @KN

n=—p
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LB, ko THER G : V' - Kio KN 26N 5. ¢ PRBERTH S Z2H 5 ¢ SHILEHRTH
2 ZEMECIHED. T ¢ OWERLMHEIENLDT, ¢ BEHHTHZ ZLBLES. £oT ¢
BAMERTHE. WEERE V' — K[2H] ROy Ko o KN 2 EHL v, RO fe VgL T
(20 ¢)(f) = (Gogoi)(f) = o(f) EKE 5, RIK

VI — s K[z*]

¢'l Lﬁ
K%<o g KN — K%
BT H 2. ¢, ¢ BRALED S = b FE, ) GHHHERAE 2 6 — e FEINL, FROXNAHD
EHEBEONS.

FIRE 4.1.7. EEMOER 1.2.1 O, 2H 7 — &b 2 (5)-(7) 2R TIUI 57
5) u=(v,w), v’ =@, W)eVadV tc=a+b/-1€CEERICHS L
c(u+u)=c(v+v,w+w) = (a(v+v)—blw+w)buv+v)+alw+uw))
= (av — bw, bv + aw) + (av’ — bw', v’ + aw') = cu + c.u’.
6) u=(v,w)eVaV c=a+b/-1,d =d +V/-1€CZERICHWS L
(c+)u=((a+ad)+ O+b)V-1)u= ((a+d)w—(b+b)w/ b+V)v+ (a+d)w)
= (av — bw, bv + aw) + (a'v — b'w, Vv + a'w) = cu + ¢ .u,
= ((aa’ — bb") + (ab/ + a'b)v/—1).u
= ((aa’ — bb")v — (ab’ + a'b)w, (ab’ + a’b)v + (aa’ — bV )w)
= (a(a’v — b'w) = b(b'v + a'w), b(a'v — b'w) + a(b'v + a'w))
= (a+ V—1b). (a v—bw,bv+dw)=c(d.u).
() 1=140-v/=1€C FEED (v,w) € VPV IZDOWVT L.(v,w) = (1v — 0w, 0v + 1w) = (v, w).

Bl 4.1.8. Ve DEEDTL 2 WL T,y € VE—RBIEFEL T 2 = (z,y) &R 5. ¥k a;,b; €R
(’i el, HIRMED ¢ ZERNT a; =b; = O) P—RHIHFEL Tz = Ziel a;Vi, Y = Zie] biv; YEFSZ. T
z=x4y = (@i, bivy) =3 (a + vV =1b;).(v5,0) & —FITEIT 5.

PREE 4.1.9 (WD), LUIFOEM ¢ BKDZbDTHS. v € Vi, v € Vo, v3 € Vs RAEBDTEL T 3.
(1) p: Vi ® Vo = Vo d Vq, (v1,v2) — (va,v1).
(2) ¢p: (Vi Vo) @ Vs = Vi@ Vod Vs, ((vi,v2),v3) = (v1,02,03).
3)p:(VidVa)d Vs —= Vi@ (Vad Vi), ((vl,vg)wg) — (’1}1,(1)2,1]3)).

FIRE 4.1.10. V ORI Ve =V eV Otk (v,0) FLET. (v1,v]), (ve,vh) € Ve LT

(f ® £)((v1,01) + (v2,05)) = (f & f)(v1 + v}, v2 +v5) = (f(v1 +v}), f(v2 +15))
= (f(v1) + f(v1), f(v2) + f(v3)) = (F(v1), f(v1)) + (f(v2), f(v3))
= (f @ Nor,v1) + (f & f)(v2, v3)

WHALL, £72 (v,v') eVe 2 c=a+bi e CIIXLT
(fo f)(c.(v,v’)) =(f® f)lav — b, bv +av’) = (f(av —b'), f(bv +av’))
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= (af(v) = bf(v),0f (v) + af (V') = c.(f(v), f(v")) = c.(f & f)(v,v)

BB 4.1.11. fi, fo O EGEZREN 7L 5 e T3, [ x f' D fi x fo DHBERITR D5,
f1 x f2 BEEHT, fit- TRAERTH 5.

& 4.1.12. (1) £ 3514 ¢: Hom(U,V & W) — Hom(U,V) ZfE2%. BEMZER V & W I3 ERFHZEH
VXxWER—THAZLWXHEFEERELT, {HEZ2Zary: VOW -V, mw: VOW —» W 2EL. &5t
feHom(U, Ve W)IZHLTayofeHom(U,V), mw o f € Hom(U,W) £ 205, Bif p %

v: Hom(U,V @ W) — Hom(U,V) @ Hom(U, W), f+—— (my o f,mw o f)

TEHRTE?. HLoOO®MKER ¢:U -V e h:U - WIHLT (g,h): U = VoW %
(9. h) (1) = (g(u), h(u)) TED. ¢ BAMEHETH 5 Z 2 2REIETIRDHES .

9 o BVMEEBRTHEZERZED. {ZED f,f € Hom(U,V @ W) ¥ ¢, € KiZXL T
ple.f+c.f) = co(f) +cp(f) ZREZRVAY, BE 323 26 1y 0 — & mw o — IZBIEEGR

DT
ple.f+c.f)y=(mvolef+c.f1)ymwolef+c.f)) [p DEH]
= (e(mvof)+d(mvof)elrwof)+c(mwo f))  [ro— BMIEFE]
=c(ryofimwof)+d (mvof ,mwof) [EFIZ2 [ D E 78]
= cp(f) +p(f). [ DEH]

BRI o BNERFTHZ I ERZ ). FERZEZNERV. 1y Vo VeW iy WS VW
PAEEMHRE LT, (9,h) € Hom(U, V) ® Hom(U, W) I LT (g, h) =1y og+iwog EEDB L,
ZZWESGT 2 BRI TRIVERIED» S (g9, h) € Hom(U,V & W) TH 5. ko TER

¥: Hom(U,V) ® Hom(U, W) — Hom(U,V @ W), (g,h)— tyog+iwog

PEES. my oy =idy, mw oty = idw Rty oy + tyy oldy = idygw 225, ¥ 25 ¢ DB
TH5 IRt D.
(2) BIHL FERRZR DTSSR .

¢: Hom(U @ V,W) — Hom (U, W) & Hom(V, W), o(f) = (o fievof),
1 Hom(U, W) & Hom(V, W) — Hom(U & V, W), t(g,h) == gomy +homy

EREBHRTH D, EVITH BRI .

4.2 EBRZEEDOEM

PIRE 4.2.1. () = (ii): we (Win Y ep oy W) \ {0} BEFETIUR, BIRFIT w =3, p oy wy EEIT,
—HTweW; b, we Y., W H b OFETHEI TS

(i) = (1) S wi = Yo wl ESHOORLI DD 2 LWET 2L, B2 i BHEELT w; £ w). D
VT wi —wh =3 p oy (W) —wy) B (Wi NSy Wi) \ {0} DTETH 5.

R (i), (i) 2RET 2. FEEDTT (wi)ier € e, Wi KOWT, w; #0745 i e I BARMLAZRL
D8 Y wi EHRFIT, 8o TEBR ¢: (wi)ier — Y wi DVHEPICEE 2 Z LR T 2. ¢ OB
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BEZGIRELDT, ¢ HEBEHFTH 2 Z e 2RBEAHIKRT T2, RELD, FBDOTITw € 3o, W;
LT (wi)ier € Pue, Wi BP—BEHFELTw = ), wi. o THE w = (w)ier 2 & o TER
Vi Y Wi @, Wi BEES. D YA ¢ DMEIRTE S T EAERBITTE S, MEED ¢ 132t
T, o THEBEHRTH 5.

fE 4.2.2. S = S(;K), 4 = A(n;K), U .= U(n;K), L .= L(n;K), D .= D(n; K) W83 5. £/
X = (2i5)i; € M(n;K) &5 5.
(1) #E, X e SNU <= ajj=a2;; 2D i>jRbx,; =0 < i#j%kba,; =0 < X eD.
BIx, X = (245)i; € M(n;K) 120 L

Y = (yij)ig> Yis = {

LEDNBY €5, ZeU DX =Y + 7. 5T M(n;K) = 5+ U.
(2) X = (xij)w- S M(n; K) IR L

_ )z (1=7]) _

Y = (yij)ig>  Yis .—{_mﬁ G<i)’ Z=X-Y
YEDNEY €A, ZeUhODX =Y +ZR3DT, MmK) = A+ U BT 5. i
XeANU <= zj=—x; Di>jRBbx; =0 < X=0&DANU=0. £oT
Mn;K)=A®U.

(3) X e M(;K) ALY =3(X +X), Z=L(X -X) £ ThRBY €S, Y€ Z, X =Y +ZRDT
Mn:K)=A+5. ¥/ ANS=0%0TMnK)=AdS.

PR 4.2.3 (B&FE). (1) 1385, (2) EntNn(h+n")=bNnn +nt)=n"Nht+h) =0 g=hT+n+bh~
ERRIEEDS, IS 0T, b RS SIE SIS, BEIE X = (1)1, € 0 KA LT

0 (i>7) _ 0  (i<y)
X+ = (mi)”, xj; = T xno= T Z = (2ij)ig,  Zij = 0i i
zij (i <) zi; (i >j)

YEDNE X T ent, Zeh, X =XT+Z+ X eh3Ien6HES.

flE 4.2.4. FEOZHEX peK[z] Z f THoTp=fg+r,g,reKlz] EL L, fge (f) THhH, £lr
BRDEPSXEUI n— 1 UTFRDTr e Klzl<po1. £2TKz] = (f) +Klz]<p—1. 7% (f) D 0 TRWIT
BB n LEZED S (f) NK[2]<n-1 = {0}. BLEXD K[z2] = (f) ® K[2]<n-1

& 4.2.5. (1) VVIWiRZzhzh VoW OMaEETH-THERL(0,0) 280, VoW OHIZ
(v,w) + (v, w') = (v+ v, w+w) Ers, VICHRTIUI (v,0) + (v/,0) = (v+2',0) T, V Ofile
—HT5. FLVOW DRA T ¢, (v,w) = (cv, cw) BDT, VIZHIR T UL ¢(v,0) = (cv,0)
YD, VORI T—Er—KT2. WIZOWTHEET, Ko TV, W ikZzN o2 s.

(2) VW ={(0,0} THbH, ¥V O W OFEEDTE (v,w) = (v,0)+ (0,w) e V+ W L EIT 3.

FI:EIE 4.2.6. V = Kz = K€1+K62, W1 = Kel, W2 = KGQ, W3 = K(61+62) bt %) X, WanQ = W20W3 =
WasnN Wy = {0} B Wi+ Wo=V2Ws D Wi+Wot Ws=V =K% —F W, &Wo® W3 ~K>. X
TCHYE D DB OO FERTIE R (A 3.3.11).
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43 ERCEMOEEE

B 4.3.1. —XBER Y =iclcy; =0 (¢ € K, BRFEZERNTO0) b7z 32, f OREELS
0=>ielcy; = ;crcif(@i) = fOercims). WEXD fIZHEERS Y, iy =0T,z EH—KIH
VTHEZIELHEED i€ [T LT =0.

RIRE 4.3.2. M 433 QAL Y, FEDO w € W i LT o((fi)ier)(w) = (fi(w)),.;) = ((mio
Hw)),ep) = fw). FoTo((fiier) = [

MR 4.3.3. fEED v,0' € V; & ¢, € KIZH LT 1(cv + V') = (6;,5(cv + Cl”/))iez = ¢.(6;,jv)ier +
. (0;,0)ier = caj(v) +j (V) £7RBDT o BHRIEER. £720;(v) =07265 j lTd 072056 v=0.
XoTH#E1.4.1 &b Lj VR HGT.

i 4.3.4. BR f: P, Vi-W %

f((vi)ier) = Z fi(vs)
il
TEDD. 2T (vi)ier € Py Vi EHROBERBED i € I ZBRVT v; =072DT, >, fi(v) FHERFCZ
DEEPICW DILTHZ I L WCHERET 3. [ P EBHRTH 2 Z 2 I IMHICHATE 2 GEHEZEIKT 2). ¥
TEBD jeltveV; NLT, 4(v) = (6i0)jer &Y (fou)(w) = f((6i,v)jer) = filv) £RBDT,
Fou=fi ¥hoTHMC [ IREMETRT.

Rie—BWERT. #BE R g: P,e; Vi > W BPMERD i e [N L Tgouy = fi BT LIRET 2.
% LERD v = (vi)ier € @y Vi LT, v=37,,(0i,jv;)je1 = D0 jer 0t (v)) EARMTEHI 2205,
9(v) = 225 er 0i59(15(v5)) = X jer 0iifi(v)) = Xicr filvi) = e (f o wi)(v) = F(Xierti(v) = f(v)
vhB. koTg=fTH%.

B8 4.3.5. EH 43111282 fO—EHEID, BB ¢ PHEPITEEF->TWVWEIEIKERETS. ¥
T o BB EBTH 2 e 2mE 5. ALED (fi)ier, (f])ier € [lie; Hom(V;, W) ¥ ¢, € KiZDWT,
[= ¢((fz’)iel)7 fl= ¢’((fi)iel) CEE, R g = ¢(C-(fi)iel + C/.(fil)iel) = ¢((C-fz' + C/~fi/)i€I) LB
M 4311 EVEBDie TS LTgoy =cfi+.fl. =ATef+.f € Hom(@P,, Vi, W) b
(e.f +e/fovi=c(mof)+.(miof)=cfi+.fl l2oT, g LRUMEZMT. Lo TEM 4.3.11
D—BEMED g=cf+.f' THB. XoT ¢ DI RET.

RIC o DHEETHEIERED. [fPREEBRTHZ e EBIORLTVWS 20, M 141 &b,
(F)ier € Ly Hom(W, Vi) 25 6((fi)ier) = 0 Mizd LE LT, (fi)ies = 0 BRBIE LA, EBE 4311
DEMEIDERED i € TITHUT f; = ¢((fi)ier) 0ti =001, =0TH 3.

BRI, FEROD f € Hom(@,o; Vi, W) KL T f; = fou &5 ¢((fi)icr) = f RDT, ¢ 32T
»H5.

[ 4.3.6. EH 4311 %2 W =V = @ie[ Vi, fl = WA S % E, FEDie Tz LT fOLZ' =y &7
5 fI3—HTH2. —H, EEDic XL Tidy oy = ¢; o6, —BEED f=idy TH 3.

1)

I8 4.3.7. TH 4.3.6 LFERDOTEHTRE S, FEHIENET .



15 B DMEE 193

5 %
51 e

R 5.1.1. f(V) DEEDTITE f(v),v e V eEIFIZB, V=Vi+W IDhv=v+tuv,v eV, &HEiI?
DT, f ORIEEDS f(v) = f(v1) + f(v2) € fF(V1) + f(Va) &3, koT f(V)C f(Vi)+ f(Va). ¥7
fOA), f(Vo) C (V) EHAZERIZED S f(Vi) + [(Va) C f(V) TH 2.

MR8 5.1.2. W = (f(v1),..., f(v,)) EBL. Im f DEEDTTE f(v), v €V EFEF B, v =131 cui,
¢ € KeFIZDT, f OMIBHED flv) = X8 af(v;)) € W. W OFEEDIT w i w =
Srcif(v), c e KeHFEIF 205, fOBEELD w=fv),v=Y1 eV hkoTwelnf, 2%
DW ClImfTH5.

& 5.1.3. (1) EED v,v' €V e, d e KITHLT, f OIS S glcv+ V') = cvo+ v’ — flev +
AV =c(v—fv)+ W = f(v')) =cgv) +g(v) £, g DB RESz. XoTImgCV
WIERYZEE 72 DT, BFEDOTRERTICEES L LTOEUEGEFRInf CKer f, DOF W fEEDv eV I
HMLUT fg(v)) =0 ZRERRNE, f(g(v) = flv—f(v)) = fv) = (fof)v)=flv) = fv)=0
L%,

(2) EFEDveVidv=(v—f(v)+ flv)=g) + flv) £EF 2D, f(v)elmfTHYH, ¥/ (1) &b
gw)eImg CKerf 2oV =Imf+Kerf TH5%. FZwelmfNnKerf &35, welmf
Db w=f),veV eHEI2MB weKerfdbD0=fw)=(fof)v)=f(v)=w&ib,
ImfNKerf={0} TdHs. £oTV =ImfodKerf.

(B) fO0r V PERXITLTHZHELS, r:=dimIm f IZEDEKTHS. Z2ZTIm f ODEE vy,...,0,
EFWD, ZREIERLTRONDV OREEE v1,..., 00, Vr01,...,0, £F 5. ZOFE i =1,...,7
WHLTE v = fw), wy € VEEFZLS, f(v) = (fo fllw) = flw) =v; £7%%. Fi
i=r4+1,...,n LT, (2) XD v, eKer f 205 f(v;)) =0TH 3.

RIRE 5.1.4. ¢ BHHEHETH 2 HOAHIEIKT. Kerg = {4 € M(m;K) | A = tA} = { MFTHI },
Im¢ == { }iﬂﬁﬁﬁﬁﬂ } VC@ D, ﬁﬁ'J$1ﬁ Eij %fﬁﬁh‘é t, Eij —|—Eji, 1 S ) S j S n 7b§ Kergb 0), Ekl - Ekl;
1<k<l<n?Im¢ OHEEE%T. dmKerg = ("}'), dimIm¢ = (}) TH 5.

e 5.1.5. TEOZHEA f = ZZI:O W, g = Ziiogna:" £ ed € RIZMUT, d = max{dy,ds},
fa=0(Mm>di), g, =0(n>dy) LT,

d

d; da
Bef +g) = (cf +¢9)() = S ehu + gn)T" =S T+ ¢S g = cd(f) + ¢0(9)
n=0 n=0

n=0
ERBDT QIIMIEBBTH 5.
FrJP=Ey X0, fEED f =30 faz™ € Rlz] ITH LT

Ld/2] L(d-1)/2]

o(f) = (Z f2n)E2 + ( > f2n+1)<]
n=0 n=0

eRB5DTImg = {cEy+dJ | c,d € R} = RE+RJ. £/ W = {(22+1)g | g € R[]} tiEL &,
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(x> +1)g) = (J2+1)g(J) =0 &b W C Kerg. $2ZHEREZ 2! +1 THoRVEEZZ LT
Riz]=WaV,V=RORr=Imn¢ &7%D, KerogNV ={0} 205 Ker¢p =W TH 5.

BI%E 5.1.6. (1) B,

(2) MBS FOHEAEEDPS FoG =id. XoT G FHEHFT Ker G = {0}, f IZ2H T Im f = C*(R).
f)=f(x)— f(0) &Y Ker(Go F) = { EHHE } = Ker F.
f)=f(@) = f(0) &Y Im(GoF)={f € C®R) | f(0) =0} =ImG.

& 5.1.7. gf =0 < Yu € U, g(f(u)) =0 VueU, flu) eKerg o Vw eImf, we Kerg &
Im f C Kerg.

& 5.18. (1) A+ B=E,»b5ls+lg =larp =lg, = idgn. Ko TEED v € KM IZH LT

v=1idgn (V) =la(V)+1lp(V) RO T Kerlyg ={v e K" | l4(v) =0} ={ve K" |v=I5(v)} =Imlip.

(2) Imlg C Kerly EDEEDO v e K" ML T A(Bv)=0. koTAB=0. (1) D#m T AL B%xi#E

gl Kerlg = Imlig DMES DT, FARRIC BA=0. $5¢ A+ B=FE, OWiJIcABXU B %
T A2 = A B2 =B»it>.

ME519. (1),2K'=VaoWi2rgRR\. FfEDOveR"Ev=1(Av+v) - L(Av—v) =
fB)+9(F) eBFTLROR"=V+WTHs. rucVnW ZBu= f(v)=g(w), v,weK"
EHEIBED, Av+v=Aw—w OBPARZ AEZBITA2 = AZES52 Au = v+ Av = u KT
Au=w—-—Aw=—(Aw —w)=—u &%35DTu=0. XoTVNW = {0}

(3) v1,...,w BIR™ DIEZH &, TIWHIERITTHL (1) OiaD» 5 Av; = v;, Aw; = —w; BDT, ZDEJE
BT A DITHIFORE (G G,) kB,

5.2 BHEROIZER

R 5.2.1. A ZFEHAZLLT 5 L

1 1 —1
A— |3 — |1 — — 2 1.
3 0 0
YoTuy = (-12) PN AR Av = 0 OIEORE. 5% b Kerly & vy % EEICH-.

72 Imig 3 A DHINS FADIES RS Q2R D &, BEIR—IHI% b D% L R T, Bl
wy = (%) we = (g) % LC rank(A) = dimIm1, = 2.

W W N
w W W
S =N
O = W
OO =
[enll o V]
O N W
OO =
o = O

MR8 5.2.2. 175 B 0 E#HEEG% 15 £ EL.
(1) Ip,lg ERBIEET 26 Tm(lpag) = Tm(lp o g o lo) =~ Imly. WHOKTERS ¥ rank(PAQ) =
rank A.
(2) r:==rank A, s :=rank ‘A L@ ¥, EAITHI P, P, Q, Q' HHFIELT QAP = (5 9), Q' MAP =
(% 9). MEOBERER-TPAQ " = (% Q) Lrah s, O —EMLD s =1
%8 5.2.3. [WE 3.4.8 L [FEE DORE.

MR 5.2.4. 81, d XRZHEK f(2) 227 L T.(f) (@)= f(z4a) D DdRXRATHZZhBHES.
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BHFTIHE R S

M-

L 7550T, R ((Da')! . L j>i%5 () =0,

5.3 EI—XRAERCHREER

FIRE 5.3.1. (4) DBEEIRT. for: Suw — So EHEE g: So — Su, g(z) =z + 20 ZHEODTRMLT
53,

fRE 5.3.2. .

543 184
MR 5.4.1. —w = (—1)w LA EEHBRAH T —ETHETVWEEID —we W.

R 5.4.2. 525N TWBHEEE S &L,

(1) n=1DHA, S IFHPZEMTH 5. EBE S={0} c M(1;C)=C k3.
n > 1 DHaE, SIFETE-MTIE RV, EE, ATHIHEA Eyy RO F = Ey + -+ + Ep, ($IFIERITZ23,
Ei + F = E, {7572 O TIERIfTHITH 5. Lo T SIFFTEHL TR,

(2) S EEAEETHE. O cSTHY, $EED X, Y €S ¥ c,dc CITHLT A(cX +dY) =
mxyumﬂvzdxm+duﬂyzwx+dm3zmé.

(3) n=1DHAHE, S FHNZEMTHB. FE S={0} c M(1;C) =CTH 3.
n>1D%E, SIFHDZ2EE TR, EE ATHHMEEZEZ S By, By € S7EW, F = Ei, + En
BEBRDE € Zog LT Fk=F 2 R2DTF¢STHD, SIFMTHLTWARL.

(4) SWEAH T —fETHLE TOWRVDTED /TR,

%8 5.4.3. EMIP=NOCTHY, BT P=N+CTh53.

EW, HFED f(r) € P f(z) = (f(z) —¢) + ¢, c= 3 [1 f(a)de L BEIT, f(&) —cE€ N, ce C RO
TP=N+CTH5.

¥72 f(z) e NNC &5 f(z) € C &Y f(z) = c (EF) 7273, filf(x)dx =2t f(z) e N &b
f@)=c=0r%%. $5TNNC={0}THH, P=N+C tAbETP=NaC %2183%.

MR 5.4.4. FMI K = VoW THH , K = VW TH 3. EBVAW = {0} BOTV+W = VeW
THY, FledimV =dim W = 2 L MZEEDOXKITAKD & dim(V+W) = dim V+dim W —dim(VNW) = 4.
FoTV+W=K'ThH53.

fiR8 5.4.5. (1) Wy B dXADOBRTHIEETDH 5.
(3) Wa={f € Klz] | (z —d)f(z) = 0} = Ker(d, — d) TH 2.
(2) MBEB f:V - W ORKIINBT V OFRHZENC /22 DT, Wy i Kz] OFHZEETH 5.

FRSE 5.4.6 (WEE). L& MAZROM Vi + Vo OEHEE (V, +,0) HHEEECSH 2 Hh BIES.
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fIRE 5.4.7. AEBEROMEIIIIET. EFELHILLRWHIZTET S &
(1) V = R2 = Re, + Reg, W1 = Rey, Wa = Rea, Wy = R(ey +e2) £ 532, WiNWy = WanWs = {0}
BOTEDZA{0} 7203, Wi+ Wo =V D W3 BOTHAEWs £7%b, {0} C W3 TH 5.
(2) V = R® = Rey + Rey + Reg, Wi = Rey, Wo = Reg, W3 = R(ea +e3) + Rle; +e3) 8T 5L,
WiNWy ={0} KDEDI W3 7205, Wi+ Wy =Wo+ W3 =V XOHLEV R, W3 VT
H5.

=

Uzzgzle,’wj EW; eHEIS. koTv—w =3, ,w; €eViN(;, Vi) —ATV=Ve -8V &
DViNn(,;u Vi) ={0} 26 v—w=0. ZODbv=w, € W; £72D, v DRDFTEFET 5.

R9RE 5.4.8. W, CV, 2% ic{l,... r}BBaLELT, ve Vi\W; ZBA. V=W +---+W, kD

M@ 5.4.9. Oz 3z =v+w v=73 1 cu, w =5 djwj (c,dj € K) tEF225
T=_ v, w= ijl djw; &> T v EE w;, EOHEHEETHI T, Mo THEDITTH 5. [T
HADTCIFELADICT D 2 HDPRES.

IR 5.4.10. (& 3.3.5 (1) TRLTWS2, $ 5 —HiHT 2 &) EED w,w' € W IZH L, f i EHE
THB3ZehH flo)=w, f)=w £R2 v,v e VIE—BRIZFEETS. $H5LEED ¢, e KIZRLT
fleo+dv)=c.flv)+c. f(V) = cw+w W EZ»S f~Hewt+w w)=cot+erv =cfHw)+ . f7Hw)
L%,

fRE 5.4.11. (i) = (ii): f(v =) =f(v) = f(V')=0&D v—2v" € (Kerf)\ {0} DT Ker f # {0}.
(i) = (i): 2,0V, 2 £ 02 f(z) = f(0) = 0 Ziifi7=F5 DT, fIFHEHFTIZRL.

FIRE 5.4.12. n =175 det = id RO THEBEBRTH 2. n > 1725 det(cA) =c"A 7z, (F=QR,C
DHE) " #c ¥i2d ce KBFET 205, FIEFRTIZR L.

fE 5.4.13. () V4+WOEEDTuldu=v+w,veV,weW EF3. uy,...,u,v1,...,0. D
V ORETHZH,S v =3"_, agu; + Y1_, b (ai,b; € R) EFEIFT, 72 ug,...,u,wy, ..., w0,
HBW ORETHL2HIS w=3"_, cou; + Y1 diw; (ci,d; €R) /3. koTu=v+w=
S (@i + c)ui + X0 bivi + Y diw; ERIBREETET 3.

(2) ~KBIBR u+v+w =0, u:=3"_ am, vi=1_ biv, wi= Y, ciw; = 0HB 3 LET
5. ut+v=—weVNWIEREEu,... ,uy OBMEBEEL LT—ERIREZIHEDIS v =0. AR
utw=—veVNWhoLbw=0»E>. T2 u+v+w=0&D u=02%>. H u; #ED
WM TH2EDID a; EII2TO0. ZLTo=02% v; EPREHILTHL2EIS b; BE2TOTDH
D, FARIZ ¢; BRETOTHIZEIRES.

(3) n>12REL, e, eq,... ZREMEFLKY LTV :=Rey, W= Rey LBEIE, e1,e0 € VUW 2R
e1+ex & VUW ROTHAZEMTIEZ RV,

fIRE 5.4.14. (1) R" OfEREDOTLEv=>" jvie;, i, eREFIFS. n >3 ITHEBL T =01 —> 1 ,u
CEl L

n
/
v = vje; + vaeg + vses + E vi(e1 + €;)
i=4
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v3 + v — 2v -
(e2 +e3) + %(63 +e1)+ sz‘(m + ;)

=4

v v —2u3
N 3

vg + v3 — 20}

(e1+e2)+ 3

tei+e; DRIEREETEHIT .

(2) #MIBBIRA Y L ciler +¢e) =0 (¢ €R) ZIRET 2L (Y ,c1)er +coea+ -+ cpe, =0TH S
D, e EHNEETHL2HNIS Y " s =co=-=c¢, =0. Ko THEE ¢, EIRTOTH5%.

(3) i > 1 BREA M. EE V= (e1 +ea,...,e1+te,) CR" 2EL Y (2) 2256 dimV =n—-1T
HY, = AHTAmR" =n 0o e +e; ¢ VIERETTENETHS. i=1%0e ¢, € VRDT
ei+e; ¢V =>i>1 WZi>172eLTe+e €V ERETDIE ¢;+¢; =D p_yckler + ex)
(c; ER) &ET 2D, ¢; ENEETHL2HENIS Y ) _,c=0,ci,=¢;=1,¢, =0 (k#14,j) 72>,
ZOEV BRI D»OFETS. koTi>1=e +e; ¢V TH5.

78 5.4.15. (1) FOZEROEMDERD S

V=WaW — V=W+W »>WnWw ={0}
— dimV = dim(W + W) 2> Wn W’ = {0}.

2 2T O OITTATR dm(W + W) = dim W + dim W’ — dim(W N W) %5,

= dimV = dimW +dim W’ — dim(W N W’) > W N W’ = {0}
< dimV =dim W +dim W’ 222 W N W' = {0}.

(2) n>1 Zﬂiﬁj—%’ €1,...,€En % K" @*%@%Et L"C, W = Keh W/ = <61,...,6n71> Z?‘ﬂbi
dmW+dimW' =14+ (n—1)=n=dimK" 7225, W CW' kb WnW' #£{0} TH 3.

fiE 5.4.16 (W&f#). (1) Bl 2.4.6, [ 2.4.1 THEEOWLX DML S EINZER OE 72272 5 Fe R
L.

(2) Bl 2.4.6, [ 2.4.1 THHLXOVIHIUEZIEE $ 2 F L RZEBOEEZED 2 HLMIET 2HEZ R L.
ViZ 3BEDWERTED B (ag, ar,az) BHIHHETH D, ZDRITIE 3 RITTH 5.

(3) ML apio = 2an11 — an, Gnio = 20, D5 apni1 = a, HHES.

(4) BELLTW,W CV Th2HIM X oMHICHIRTE2. 2he (1) X W W ZV o
FEMTHB. W, W 2 Bt XOEZERIZL S dimW =dim W’ =2 TH D, £7-#iH (3) 5
dim(WNW’') =1 %D T, MIZEEOXTTARDL S dim(W+W') = dim W +dim W’ —dim(WNnW') =
24+2-1=3=dimV. Lo TW+W =V,

(5) W (4) LB W ¥ WY 5V OWAERCTH S LARES. F= WAW = {0} 2581
WX 505, W iR 1 Bt 0M2E/M~Z 26 dmW” = 1 T, > T dim(W + W) =
dmW 4+ dimW” —dim(W NW") =241-0=3 =dimV. koTW+W =V THDH,
WnNW' ={0} L&bBTV =W W dRE7.

(6) W"iZ (=1)™), 2T 2 1 TBE-MTH 5. XoT (5) &b (1)p, (n), W OEETH 2H
ZREE TS, W Ot TH 2 FEEERICTRATIIES ICHRTE 2. Ao TH 2%
F,a,beKPa-14+b-n+c- (-1)"=0ZfLTERELT, n=0,1 ZRALTEZAFEXZHEL
La=b=0RE3ENPOHS.

fRE 5.4.17. (1) AEEREHZDOHDTH 5.
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(2) W = (Zpsrs s an) EENTWAW” = {0} & WAW" = V 2R3 E. FEIZIEEOR D /7
S5 2T, HBE I dim(W+W") = dim W +dim W —dim(WNW") = m+(n—m)—0=n = dim V
MHORES.

RORE 5.4.18. #HZIMIRE 252 OB L FAE ZHER oF ZHERRTHL2HEERT A, n AUTO%
HR f(2x) € Klz]<, @8 UTRABRE co,c1,. . 00 € KICBIT 2 HBR Y0 cnah = f(z) 2EZ 3.
WAC o = —i, i € {0,1,...,n} 2338, (=) =0 (i <k) Zhd N0 (—i)e, = f(—i). 22T
F=4f0) f(=1) -+ f(-n)) T3, ZOHREIRHNRY ML ci=Tcoc1 - ¢p) € KM QENL—KT7
B Ac= f, A= ((—i)F)],_, L RAES. AR EEATHITHARSIEENS 0 TRV STHETH 5.
o THBEROME c= A1 f L —FICEES. D% D, FEOT f(2) € Kla]<, 2% 2F OGS T
CET B, EoTaF BREETHS.

8 5.4.19. #RLT5Z 5.
(1) dim(W; N W) = 1T, FEEEBIZE By = (wy), wy =
(2) dim Wy = 3 T, HEEHIZIE B = (wi,wy,w3), we =100 —2 —2). wz3:=4010 —3 —2).
(3) dimWs = 3 T, HEEEH Z1F By = (w1, wy,ws), wg =300 —8 —5). wsg:=4010 —3 —2).
(4) dim(W; + Wa) = dim W, + dim Wa — dim(Wi N\ W) =3 +3 — 1 =5, B, ¥ By O DIEE
2o TWABEEIL (wy, we, ws, we, ws).

1-1100).

6 FZERE
6.1 BZEME

M#E 6.1.1. VoW ofnZEM {0,w) e VOW |[we W E W -T2, 2OWCVaWIX
VcVeW OMZERTHS. Lo THE6.1.6 XVIEERFE VoW —» (VeW)/ VoW CcVeW ol
BRAFABIE: ply, - W = (VOW)/V 2525,

FIE 6.1.2. FRERIIME 6.1.1 OFEATRICHER I Tw 5. T, Z2oRMERIC X 2 BEOGEH X
5.
(1) K" OFHERER e1,...,e,, K" OBFREEEL ¢,...,¢e,_,, EFELL, g (i=m+1,...,n) &
K" /K™ QREET, AAES K /K™ S K" d e e o, THR BN,
(2) z7" (n=1,2,...,) B K[z~!, 2] /K[z] ORIET, FESH Kz, 2]/K[z] —» 2 Kz~ & 2" —
" THEZHNS.

BIRE 6.1.3. K[z|aeg 1 & (f) C Klz] OWIZERZZH 6, #E 6.1.6 & b FMERSH Klz] — Klz]/(f) Ol
BROFAE ¢ Kl@lgeg -1 — Kz]/(f) 252 3. &oTdimK[z]/(f) = dimK[z]qeg -1 = deg f. 7
Lz,...,2%8 "1 33 K[z]qeg -1 DEEIETH D, q(z") = 27 € K[z]/(f) (n = 0,1,...,deg f — 1) Z» 5,

1,7,..., 0% 01 13 K[z]/(f) ORETH 3.

FFEE 6.1.4. B Gigiﬁﬂﬁﬁfﬁé %B%%, Z?;ll cie; = 0 (Ci S K) tﬁ 50= Z?;ll C;€; K D Z?;ll cie; € W =
Kleg+--+en) &Y, 1= =c¢, =05, =Mtk dimK"/W = dim K" —dimW =n — 1
Xbh BIREKTH3.
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if: B/{) —Wﬁﬂiﬁ’cﬁé %II%‘%, Z?;ll Ci€; — € = 0 (Ci € K) 7’3:6 0= Z?;ll ci(eifeH_l) X D
Z?:_ll cile; —eir1) =cler+--+e,), cEKEFIT, FELET 2L ¢y =+ =c¢, = 02D, — XKML
e xocEs» s B 13EETH 5.

HEZFATINE (61 —e2 - en_1—€n) = (€1 -+ & 1)
T i
MR 6.1.5. BIFICOWTE, W 28092 V/ Cc V.Iig LT V//W H V/W OE852EMIci 2%
PREBERWV. EFESL LTV CV 20T, i 6.1.1 ORMERR ~w ICX 2B OVWTEEH %
V') ~owC V) o SR DD, ZHSICHE CHIBEHE OME 2 ANz & ODEZEM V/ /W L V/W b,
PV /W C V/W IZHP %M TH 5.

BTl ONIERE [V = VW 2EL EREERHE p: V > V/W 2 EL B0 TE f
PHEBREFEOZ 2RI IV, V/W OFZZEM U LT gU) ={veV |ph)eU} tEDZL,
g(U) CV ZEHZRITH 2 ESMHEITTRES. 2L THIE U — g(U) DED2EGE g L HEL L, 2hd f
DHERITT 2 H S HEITTRE 5.

[H%8 6.1.6. (1) BV/W E—KHITHB. EIR, cre] +coeg =0 (01702 S K) 7256 0=rcle; +cgeg & D
cie1 + caeq € K(g%) T,wsZ0&Dci=co=02M>. ZHE dmV/W =dimV —dimW =

(2) 0 =w = wyey + weez + wsez £ D a:—%a—%@ £oT

w3

(o) plea) plen) = @z en) = e (3§ i ).

6.2 BZEEDEEME
fIRE 6.2.1. Imf = {f(v) | v e V/W}={f(v) |veED, € V/W}={f(v)|veV}=Imf.

I 6.2.2. %623 D5 ZMHVE. 1€ V/WINLTverZM2L plv)=0. pPof=FfopkD
F@) = f(p)) =p'(f(v)) = f(v).

fRE 6.2.3. (1) Kerp= (f) IZ2WTC, EED fge (f) ®MB L - fg=f xg € (f) 7205 z FEHIC
£5 (f) DIE (f) CAEND. 8-> TH 6.2.3 XOBWIBER o V/(f) » V() BEED, 0(g) =77
DIWALT 5.
(2) k<n—27%5 p(ak) = 2F 1 THY, oz 1) =77 = —a12" 1 — - —ap, = Y1 g (—an_;)xt 72h>
5, fTHIFSRIZEROED 12725,

fIRE 6.2.4. (1) fHAHEH o V/WD f(0)=0%iiTho60=0ve VD flv) =0 Zifi/zTk
boveWoveVy fv)e W RiliZIBhoveW & fHW)=W.

SHEEDV eV IMLove VIREELT f(v)—v e W &V = f(V)+ W.

FRE 6.2.5. ITHERHE p: V » V/W, p: V - V/W 2&#EHL. (i) O5B I pop THA.
(i) = (ii): pop FREEHRLROT, REHTH2H 2R E+D. V=WaoW &6 V/W ~ W »
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DV/W ~W ThH3. AHGEHREEHOEK : V/IW S W s WaeW =V RE VWS W —
WoW =V OoBEMZ . o/ V/IWaV/W -V eEHIX, B pdp OFBEBRICKS.

(i) = (i) Bt FAREBROER c: W =V S V/W Q V/WIZHST, G W — V — V/W 13FEH
o Ime=V/W'. EoTcldABEHW S V/W 28D 5. Rk W =V S V/WaV/Wik

~

FREGR W & VW 2ED 5. ko TV V/WaV/W W oW ~WaW.

7 ERBEEER
7.1 ERFBEFEER

BE 7.1.1. B o: VOW)/W =V % ¢o((v,w)) :=v TEDS. ZAD well-defined THEHEERZ 5.
RAZER (V o W) /W 2203 VoW LoREEEGE ~ TRTL, (0w) e VoW |we W) = W I
LT, (v,w)~ @, w) e @ww) -0, w)eWes (v-—v,w—w)e{0,w)eVeW | weW} s v=1"
& 5T ¢ & well-defined.

RIZ o DR ZRT: £ED (v,w), (v, w') e (VW)W ¥ ¢, d e KITHLT
p(c(v,w) + ¢ (v, w')) = p((cv + v’ cw + dw')) = cv + v = ep((v,w)) + (v, w)).

BRI, BBRY: V> (Ve W)/W & v) = (v,0) TEDZ L, ¥ ¢ DMERTH 2 EHMHICHED» D
LMD, KoT ol XEHE.

MR8 7.1.2. © OB RO ICz, 2’ € V/W DY 0,0 € V ZHVT 2 =p'(v), 2’ =p'(v) & &
5. ZhSeERED ¢, e KICH LT (e + da’) = 7(p'(cv + V') = p(cv + ') = ep(v) + p(v') =
er(z) + dm(a)) 722 DT n 3B TH 5.

m: V/W = V/W o2t EEDIe e V/IW id e =p),veV eHWIFE. §22z=n@p/(v) 2P0
5.

Kerm = W/W': #ig &k D Kerm = {p(v) € V/W | n(p(v)) = 0,0 € V} = {p(v) € V/W | p'(v) =0} =
{p(v) eV/W |ve W} =W/W".

RIRE 7.1.3. BHOEBRE o: Rlz] - C 2 BL & Ker(p) = {f € Rlz] | f(V-1) =0} = {f € R[x] |
fWV=1) = f(=V-1) = 0} = {f € Rz] | f(z) @ 2® +1THDYINL } = {(2* + 1)g | g € Rlz]} =
(22 +1) CR[z]. ¥ C=R1+RYV-1 & p(z) = V=1, p(z2 +2) = 1 KU p DFEEED S, p X225 TH
5. £oT o ZAMEBR B: Rlz]/Ker(p) = Rlz]/(2? +1) = C 27HET 3.

PISE 7.1.4. V/W & V/W OEMEREE p: V - V/W, p/: V — V/W' £ 8L
(1) Ker f =KerpnKerp' =W nW’.
(2) Kerg = {(p(u),p'(w)) € (V/W) & (V/W') | pu) = p'(w)} = {(p(v),p'(v)) | v € V} =Im f}.
@) FEDzeV/IW+W)idae=70,veV £FIF2H5, 2=yg@pW),p(0) TH2. &oT gl

72 188

MR8 7.2.1. {TED f,g € C®(R) & p,qg € RITKHLT (pf + q9)™(0) = pf™(0) + q¢g™(0) TH 2FH» 5
S,
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MR 7.2.2. {EEDO n LT fM(0)=0%2DTT(f) = (0)nen-
fRE 7.2.3. y, 2 KL CAMEZED 5, o KB L TRIETH 2 720052 RONUIRL T, 2hiEn = 1.

[ERE 7.2.4. A= (akl)kJ CEL. ra(Ey) = B A € M(1,n;K) D § RTIE Zk 1 01, kay; = aq; DT
’I’A(EM) = Z?:l Eljaij = Z?:l tAji. J: > T (TA(EH) TA(Elm)) = (En . Eln)tA @@VC?TZ]—Ui%Tbi
A,

RIS 7.2.5. (1) B
(2) dimV = 3 DT B 2RI Th 3 HERHZEG. B LIS,

(3) .
(4) B=(X,Y,Z) £ ¢ (Ta(X) Ta(Y) Ta(2)) = (X ¥ Z)( e _Z)
RS 7.2.6. P = (uv w) € GL(3;R) L & P-IAP 3Rk 2175155, MREEIHR ¥
(1) 6%8) 2) (8?8).
002 002

fIRE 7.2.7. (1) #YEMILTH 2 E2 R BIRBOWY, IEEHRK acosz + bsiny =0, a,b e R ZREL T,
z=0,m/2 ZRALTELTEXZME L a=b=0.
(2) Tyu(cosz), Ty(sinz) € V 2R VDY, =MD IMEE D & ZUIMES .
(3) (Tu(cosz) Ty(sinz)) = (cosz ~ x) (%0, sina),

(4) D(cosz) = —sinz, D(sinz) = cosz € V &b D € End(V). F7A751FR& (D(cosz) D(sinz)) =

(cosz ~a) (% 5).
RIRE 7.2.8. M 348 (1) tABEOMETH 3.

FIRE 7.2.9. HIREME. BT, f=fie- o f LB f(V) =00 fi(Vi)® - ®0RDT, f; D
THNRRDS A; 725 f DITFHIFRE A; ZRAARZZATHITH 3.

P98 7.2.10. dimImf = rankA = 2 T, BOREERHZIE A OF—, “FHI~z b ( i ),(_12).
&mKaf:&mRﬂqmmmf:372:112&@%E@szowﬁamﬁﬁmﬂiﬁ>

&g 7.2.11. (1) v € Kerf 25 (po f)(v) = p(f(v)) = p(0) = 072D T v € Ker(po f). #iTv €
Ker(po f) 725, p ERBEBRIE 2 6 M EG2ROFITERELT f(v) =p H(po f)(v)) =p~1(0) =0
£I2BDT, v e Kerf.

(2) ¢ DWE ¢ L FRBEHEE» S, BIEOHE ¢ H(v1),...,¢ (v,) b Im q*1|Kerfoq DEEICR 5.
Lo TIhhRD 2 HIK.

M 7.2.12. f(z) = fo+ fiz + for? CHLT D(f) = (fo+ (fo+ f)z + (f1 + f2)2® + fzfﬂ?’)/ =
(fo+ f1) +2(fi + fo)z +3fox® I(f) = fo+ 51 + 5f2 85,
(1) O EDLS Ker D = {0}, InD = V.
2) (D ()Du+2@zx%+3ﬁ»—w13+4x2+um+9ﬁ)—u1+2x2x+m:(é%@
(3) BHOFENS dimKer I =2 T, FEIIFHIZIE 1 — 22, 1 - 322 /2 ImI =R RDOT, FHEIIH
=

MR 7.2.13. (1) a; = Ae; £ D dimImiy =dim ({4(e1),...,la(e,)) = dim (ay,...,a,) = rank A.
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(2) BIERIRI ST e+ ok = 0, ¢, ¢ € RERET 2 &, Mil%E [4 THERE Y, cja;; =0
T, a;, EHPFIEHILTH2HIS ¢; =0. $oTY P chur =0T, v EDBMILTH2HH, S
¢, = 0.

(3) a;; DFERCITHS, i ¢ {ir,....ir} BD a; € (ai,, ..., ;).

(4) f(v) € Imlg 3 a;, EOWIKEE 377 cja;, THEIS. T2L v -3 cje; i3 Kerly DILIED D,
vk EOBIBREE Y, chow THF B, EoTo=3"_ cjes, + b, cho LT 5.

B) 2 @) 2Be,....e.,01,...,0, TR DEJET,, FiZr+p=n. r =rank A, p = dimKerly
R itmsE o s.

M 7.2.04. (1) EEO e VIHLT f(90) = (v — F0) = o) — (F 0 o) = F(0) — F(1) =0
DT g(v) € Ker f.

2) FEDveVidv=fv)+ (v—f(v) = flv) +g) EIT, (1) &b gv) € Ker f 5
veElmf+Kerf. koTV=Imf+Kerf. S7zvelmfnKerf o, velmf &b v=f(w),
weV eHIT,veKerf Eb 0= f(v)=(fof)(w)=f(w)=v. XoTImfNKerf={0}.

(3) Im f DEIE vy,...,v. ZHWY, ZREZEELTHELNSE V OEEE v,..., 00, Vr01,...,0, £FT 5.
i<rkbuv=fv),v,eVeFEITENS f(v,) = (fof)v)=flv)=v. $li>riks (2)H»
5 v; € Ker f.

MR 7.2.15. (1) =~ XKBALTHB L Y0 o + 35w, By = 0 &l a;, f; € R 25, Wil%
[TETE, fORPEL f(u) =055 30, Bif(v;) =0 27D, f(v;) BEEKEEDT fy = =
B =0. T2HLILDERNS Y7 | auu; =0 %D, uy BIEIEERDT o = =a,, =0.

RN 243228 flv;) #Ed Im f OEERDT flv) = S Bif(vy), B e R EEF 2. w =
i By T2 f OIS f(v—w) =0 R2DTv—w e Ker f. u; #D Ker f ORI
DTv—w=y 1 au, o EREFITZ. KoTov= Z;L:loziui%—z;n:lﬁjvj rEIFS.

(2) B TS = (), fun)s F01)seees fm)) = F01)s s Fom)) = (w1, s w0m) = W 20
L0E5. Fifieo2VWT, 3 u € Kerf BOTU = (f(u),..., f(uy)) C Kerf. FALEOD
v € Ker fIZOWT, v € R DD v =300 auy + 350, Bjvy £E T2, v € Ker f &D
0= f(v) = Xy BiF(v) = S0 Bywy. wi @ W ORELDS By = - = B = 0 L&D, o
To=>Y 1 ,au €U. DFb Ker f CU.

& 7.2.16. (1) IELD dimV > 0 2D dim(Ker f) = dim(Im f) T, ¥/ dimV = dim(Ker f) +
dim(Im f) 72226, dim(Ker f) # 0 222 dim(Im f) #0 TH 5.

(2) FF =M MERT. Imf C Kerf kD f(v;)) = 0R2ZQHERTS. D o +
i Bjwy =0 ERET 2, Wiill% f THELT YL, cw; = 0. w; BEIEEEDPS o) = -+ =
ap =0. SREITLOFRED 30 fjw; =0T, w; BREEZDPS i =--- = B, =0.

Fo TV OEBZEBW = (v1,...,0n, w1, ..., w,) DXICIE dim(Ker f) + dim(Im f) TH 3. (1) &
DZAFdmV IZELVWOT, W=V THh23. 2FED v1,...,0p,Wi,...,wy 1TV OEETH 3.

IR 7.2.17. € 6.2.1 ZHWV5.
(1) fler+eates)=1+1+(=2)=0&b f(W)={0} ZDOT, EH 62.1 XD f(v) = flv) T&>T
WKESR - V/W - RPEXS.
(2) gles+ea+e3)=1+1+1#£0&bD f(W)#{0} RDOT, EH 6.2.1 XY g well-defined TR\,
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fE 7.2.18. (1) dim(V/W) = dimV —dimW = 3 -1 = 2 %DT, eg—¢€; & e3—e3 B—XK
MIATH2ZeERBEIV. cea—e+dez—e3 =0 € V/IW, ¢, € REeRET DL,
cleg —er)+(es—e2) = 0 kD clea —e1) +(e3 —e2) = —cer + (¢ — )ea + e € W =
R(e1 +exte3). &oT—c=c—c = 2ioT,e=d =0%15%.
(2) &1 =aez —e1 +bez — ez, a,b ERIF e; =alea —e1) +bleg — e2) +c(er +ex+e3), a,b,c €R &
. BEOHENIFEAZM L a= f%, b= —%, c % LoTe = 7%62 —e] — %63 —es.
FIRICL T ey = tes — €1 — 563 — €2, €3 = 5€2 — €1 + 2€3 — €3.

i 7.2.19. (1) v, €vZbov—v eKerf &b f(v)—f(v')=flv—2)=0. £oT f(¥) = f(v) =
J(') 7o T, HEPITRIITTOMD FIZ X BIRWMETH 5.
FRERDO 0,0 € VIW & e, € KIZHLT f(ev+ V) = fleo+ V) = flev+ ') =
cf(v) +f(v) =cf(®) +f(V) £ RBDT, fIIETH 3.

(2) fPABEHRTHZ e 2RBREV. FEEHRTHZ I BBITRLTVWEDT, 2B THE L

EREETS. Imf = {f(x) |z e V/W}={f®) |veV}={flv)|[veV}=Imf kb f3&
. 7 Kerf={r e V/Kerf| f(z) =0} ={veV/Kerf| flv) =0} ={veV/Kerf|ve
Ker f} = {Ov/ker p} & D FIZHES.

8 FRAIIXT
8.1 INXFZERG

& 8.1.1. {EED f,ge C®(I) & ¢,d e RIZX LT cf +dg e C°() 2 (cf +dg)(z) = c- f(z)+d-g(x)
(x € I) TERSINZIDDS (cf +dg)(a) =c- f'(a) +d-g¢'(a) 72D, WE [ f(a) ZHELITHIEE ST
bH5.

PEEE 8.1.2. MMM f e K* M LTk = f(1) e K 2T 2L, SADEATHS. £, HE0D ac K
XU TRy, = lo(1) = a KD a o Iy o Ky, = a ZIESES idy TH2. THEED c € KISHLT
lkf(c) = Ckf =cC- f(].) = f(C) &R BDTHIG f — kf = lkf = f FEZEG idg~ TH 5.

B 8.1.3. (i) = (iii): g1,....90 € V* & v1,...,0, DRHEEL T2 2, n KIEHTTH (g:(vy)) 138
BIATHL. g1eeesgn D5 frooo, fr NOREEBITIE P = (py)f,—y LB Y, fu = X0 gipin &
fr(vi) = Z?Zl pikg;(vi) = Z?:lpjk(sjﬂ' =i, DD (fz(v]))” = (fj(vi))ij =P, XoTZDIFFNIIE
HFTAIDERE 22 5 D IERITH 5.

(iii) = (ii): f; EOMENEDLS F: V - K" BEERTH 2HEX T CIES . V DK vy, ..., v, & K?
DOEMERIKICB S 2 F ORBUTINZ, (F(v1) -+ F(on)) = (e1 -+ en)(fi(v;)) &9 (filv;)) THB. &
T, IEH1T5 (fi(v;)) DIERIZR S F ZRAREHETH 5 (HH 1T 5).

(i) = (i): BT bleg,..., e, € K* ORHG FIZX2H{8% v1,...,v, €V EEL &, F DPRABE
BTHZHEPLINLIZV OEETH D, fi(v;) =06;; KDOT fi EiZ v, EOFCHEETH 5.

FI:EE«E 8.1.4. A= (akj) i f @ffﬁﬂﬁﬁtt@f f(’l}j) = Z;Cn:l W;Akj - :h%%ﬁﬂ%g{% w: W —K TE‘TZ

wi(f(vy) = Yoy wi(wi)agy = Y10 8 jak; = aij.



15 B DMEE 204

MR8 8.1.5. % 4.3.13 &b (K®N)* = Hom(P,,cy K, K) ~ [],,en Hom(K, K) ~ [T, .y K = KN,
RIRE 8.1.6. K[z] ~ KON ¥ K[z] ~ KN RO ERORME 8.1.5 2 55E5.

PIEE 8.1.7. EHED f e WIS LT f(0) = 0 RDTOEU. $1TED w,veU ¥ ¢,d € K #M3 b, {5
DMEER f e W CVFIZDOWT fleut+dv) =cf(u)+df(v) =04+0=084%2DTcu+dvelU. &o
TU C VB2,

EFEDi=1,...,r2ueURDVT, i e W D fi(u)=0222DTucKerf;, 2£h U C Ker f;
TH5. i FERICH-7DT, UcC(,_,Kerf; TH 5.

8.2 MM EG

RI%E 8.2.1. f BRIAEBE/RTH2H: V OEE vy,...,u ZHY, ZRAEZEELTELINE V ORER
Uiy, UL U 835, VIE Ker f CV ORIZEHZEDSHIRER fl,, : V/ — W HSFIEEET, it -
Twy = f(v1),...,w; = f(v) € WE =TI D Im f ZEKT 2. 2D wy,...,w & Im f DEET
H5. INEEELTELNZ W OEEE w,...,w,...,w, T2, Fi=1,..., [ ITHRHLT

Fi) = m(f((v) = 7(f(vi)) = m(w;) = w;.

0TV OREE Im f OIEEICE T 7 5 AAEE.
7! SN gy 2 - v (i=1,...,1)
[ omof=q WMLOETEEMS L q(v;) = hT
0 (=1+4+1,....,m)

(flowof)(vi):{f (r(wi)) =f (w)=v; (i=1,...,1)

7 (x(0)) =0 (i=1+1,...,m)
X o THEDBEDPELVWDT, ZODMBERIZ—HT 5.

fIRE 8.2.2. (1) MAEMV' CcVIkowT, V/ ={0} & (V)L =V* KERT 2L, MmE 828 (2) kD,
[PEG o Kerf=0< Ker /)t =V* & Im f*=V* & f* Be4

(2) ME 828 (1) &b, fA2H « Imf=W & (Imf)r = {0} & Ker f* = {0} & f* H3H4.

(3) f:V = Imf EE8207T (2) b (f): (Imf)* — V* IZHE. H52%H In(f*) ¢ W* o
W2 W RH - CEHMZE W* = Im(f*) +U 25222, WHER f: W* - V* OHlBRIX
Flampe = )5 £ U)=0&22256 Im((f)*) =Im(f*). £oT (f)" OEHREHIELTES
NBHMIEEME (Im f)* — Im(f*) 1ZEHE,.

f%E 8.2.3. v:i=e; +---+e, EEL.

(1) 0 € V* 3HEED w e WIH LT 0(w) =0 27T OTOe Wr. %7 f,f e Wt & e,d € K %{E
B2, FEDO w e WIZHLT (¢f +f)(w) = cf(w) + ' f(w) =07DTcf + ' f € Wt.
Ko T WL C V* xEhs2ZEm.

FED feV i f=1 ce,a e KEIT, flwy=Y1 ¢ &b, feWt e > ¢=0.
FoTWh o {(e)), €KY ci =0} 22D dimWt =n—1.

(2) la(v) = est+ - Fenter =v XD LA(W)=W. o Tfe W H5 1 (f)(v) = f(la(v) = fv) =0

BT I (f) € WL,
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(B) fi=el —e3, fo=es—eh oo, fur =€ —el 2FBL filv)=0&bD fie W (1) &
D dimWL =n—12OTIIABIFREK. (2) DM ED la(e;) = eir1 (imodn TEZX?) Ehb
Uy(er) = efyy. EoTIL(f) = fin ERD, fTAIZRIE A HE.

& 8.24. (1) a,d €V & ¢,d e RICMLTeplca+da) = (ca+dad)y, =capn+ da, =cen(a)+
dem(a’) 8B DT ey EEBH. FIAEED a € VI LT (D*ey)(a) = en(Da) = (Da), =
apt1 = €py1(a) E7RBDT D*e,, = epy1 THD.

(2) 4 ERIHROBIZRYIO 3 HOMETRE 2 DT, MREMV Ot dimV = 3 T, al® =
(1,0,0,...), aM == (0,1,0,...), a® == (0,0,1,...) BV OEJEICK 3. > TdimV* = 3 T,
eo = (a®)* e = (aM)*, ey = (a))* BACHIEIEIC 72 2. [THIFRIE D*(e3) =e3 = e+ — e &

00 -1
(1) &b (D*(eo) D*(e1) D*(e2)) = (eq 1 €2) (10 1 )

01 1
R 8.2.5. (1) D(a7) = ja/~" X DATHIZTRIZ F=AATH (§0i 1)} j=1-
(2)p = Y opizt,g = Y gzt €V 2 ab e KEZERITHS L ep(ap + bg) = apm + bgm =
aem( Y 4+bem(q) RDT e, BEIEESR. 1,2,...,2" BBV OEIKT, e, (2)) = 0l,m 725, e, ..., en
2 FEORHEIRTH 5.
(3) EED I,m € {0,...,n XL T (D*ep) (7)) = em(Da!) = e (I2t71) = 16,1-1 = (m + Demyr(ah)

I 2DT D*(en) = (m+ 1)emir. o TITAIFRRE E=MAITH ((i 4 1)8i + 1 y)” o

fIRE 8.2.6. v£ 05, v ZELV OHE v =v1,vs,... € V 2D, ZORMNEE v}, v5,... € V* 2HN
Tol(v) =140 L% 3.

8.3 BWXZER

fIRE 8.3.1. 0 € V BEED f c U I L Tevo(f) = f(0) =0 2T DT0c U TH%. £ITED
v, €UT ¥ ed e KEMBE, TEBD f € URKNLT evepyew (f) = flev+v') = cf(v) + ¢ f(v) =
0+0=0%DTcw+cv eU". UEEb UT CV IiZ#5m2ZeH.

RIRE 8.3.2. (1) fe Wi BMEED we Wa ITRLT f(w) =0 2iiz325, FRIERED we W, C Wy
KRLT flw)=0&%RD, fEWLTHB. KoT Wi c Wit
(2) u € Uy BEED f €Uy LT flu) =0 Ziizdhs, RIAED f € Uy C Uy KHMLT
flwy=0¥ %D, ueclU TH5. koTU,) CU.

M 8.3.3. EEDO w e Widw = Y ¢y (¢ € K) tEIFZDT, aj(w) = Y1, ciw(w;) =
Sl =008% j=m+1,...,n HLTHIT 3. J:o'Ca:}‘EWJ‘. P Z] mi1452; =0
(dj €K) %25 0=0(x) = (Xjopmyr ) (@r) = 2 i1 ndidje = dp B k=m+1,...,n THLT

BALF 2D Tdyyr =...=d,=0. DFD zf 4, ... 2} B—XHLTH5.
fewt Z2ERBCHD, d = flv;)) (i =1,...,n) LB f = S mir djy TH B, TR,
Tyl EW XD dy=...=dp,, =0THY, $FEBEDvEV v =" ¢z (¢ € K) Z%<

& flv) = Zz =m+1 cif(vi) = Zz m—+1 cid; £72%. —JiT (ZJ —=m+1 dm;)(”) = Z:'l:1 Z;L:m-H cid;b;j =
Zi:erl cid; RO T, EED v e VI LT f(v) = (Zj:m+1 i ])( v) DAL 5. DIEXD Tpi1se s Ty
WL BERT .
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RIRE 8.3.4. MifH 8.2.9 (2) DAMEMBDOWER : WL = (V/W)* v, @85 o: W /W — V/W D

At L (VW) = (W /W) OERTEORSMIBESR o Wt — (W/W)* E2 5. L ZHSED

5 IZREIT, o T o I3RS, F7 Kerp = ¢ 1(Ker®) = W', X o CHERBIER D & FBE &
7 WH/W'E S (W W) B s 3.

9 WHRFZER
9.1 WRHER

RIRE 9.1.1. {EED u e UK LT ((g+4¢) o f)(w) = (9+¢) (f(w) = g(f(u)) + ¢ (f(u) u) go f)(u)+
(g of)(u)=(gof+g of)(u) £BBDT (g+g)of=gof+g of Fiz(cg)of)(u) (f(u))
c.g(f(u) = clgo f)(u) = (c(go f))(u) &b (cg)of THY, F7z (go(cf))(u) = ((cf)(u)) ( f(w) =
c.g(f(w) = (clgo f))(u) &Y go(cf)=clgo f).

PIZE 9.1.2. {EE® f € Hom(K,K) EEHMORIE 1 € K 0f% f(1) € K #EH3 2 L T RICHE
3. SO f o f(1) 2 Hom(K,K) & K 252 3. FHIE Hom(K, W) 2> W id g — g(1) THZ 5
3. 72eMRXofAERED I, (f,9) € Hom(K,K) x Hom(K, W) % go f € Hom(K, W) 2% b, ¥z
(90 F)(1) = g(F(1) = g(F()1) = F(1).g(1) € W 255, FFED I (£,9) % (F(1),0(1)) € K x W 12k
D, B f(1).9(1) € W ISED. CRBIE—FF 50T, MAFTRTS .

9.2 IRAZERN

MR 9.2.1. Hw e W 2 EEO—XKETw =Y cquw, ¢ e KERL, FEEMNEIEZ LT,
i=1,...,n TR LUTHEGESR p;: W = K, pi(w) =c; DEES. T2 fi=pof ThHb. T/l &
we UWRMLT f* = f(u,"), f == fiu,) €T3 fl=poftTHY, FveVIIHLT [, = f(,v),
foi=[fi(,0) T2 foi=piof, &85, T2, fPVEFEHR  FEODuecU ve VIIRLT
fU fo 3B ER © FEOueU tveV kU i=1,...,n 20T, EEER p; £ DE fY, fo.i 353
ER <« TEDi=1,...,n 22T f; ZXGRERR.

BIRE 9.2.2. fERD f,f,geKz7 2] ¥ e, e KITHLTr(cf+f,9) =2 mine—1(cf + ¢ mgn =

Y omtne—1(Cfm+ 1) gn = €3 e FinGn € i1 flugn = cr(f,9)+r(f', g). R 7(f, cg+
dg)=cr(f,g)+cr(f,g) PrEs.

_— n . ..
= D i1 Wil

FﬁEE 9.2.3. P = (pij):':ljzl tlﬁ< & ’U;— = 27;1 ViDij- 7 Q = (qij)ﬁjzl ZI§< &
ZZTA= (b(’l)i,wj)),hj,

FoT b(vmw]) 2211 ZZ:1 b(v1, W )PliGmj = Z;nl ZZ 1 Puib(vr, Wi ) G-
A = (b(v],w) )) 'P = (pji)i,; DT A = (b(v],w) )) ='PAQ TH 3.

(3 ] 79 ]

I 9.2.4. r, DITHIERRIE, & i = 1,...,n D2V T rp(w;) = Yiv viay; ERLTH LN BT
A = (aij)i,g 2B, ro(wy) (vg) = b(vg, wy) KO (ZZ” Vviai) (k) = 3000 dikai; = agj & D ag; = blog, w;).

fIRE 9.2.5. (1) (0,0) = 0MEED v ¢ VIR LTHEDIIODTO € VY. EREED u,u’ € VE
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¢, e KITHLT, (cu+ v vy =cl{u,v) + (W/,v) =0+ 0=0DPEED v € VIZOWTHILT 3
DT cu+cdu €V XoTVE CU X2/,

2Que (V+WLEHEEED 2z e VAW RZHLT (u,z) = 0. HREBEODv eV CV+W
weW CV+WIHMLT (u,v) = (u,w) =0 BDODTuecVENnWt.

BueVinWt sz FEDOzc VW KROVWT, 2 =v+w,veV, weWr&EIr
(u, ) = (u,v) + (u,w) =0+0=0%DTuec (V+W)Lt Zht (2) &b (V+ W)t =vVinwi

f= 9.2.6 (M&FE). b0 € BU,V,W) & ¢c € KiIZHLT (b+V)(u,v) = blu,v) + b (u,v) Tb+1¥ €
B(U,V,W) »3, (cb)(u,v) = c.b(u,v) Tcbe B{U,V,W)DBEES. ZNHEEBEHRO:UXxV > WIitko
T BU,V,W) B oMssE % 5. BRKGEOBEE dim BU,V,W) = (dim U)(dim V) (dim W).

10 FYYILEE
10.1 MO T >V ILEE

F9SE 10.1.1. (1) ¥ 10.1.3 2D LES &
(5)® (37) = (ie1 + 2e3) @ (3mey + dies) = 3mie; ® e; — deg ® ea + bmes ® e1 + iex ® eo.
(2) v =pei+qges,w =re; +ses € C2 LT 3L v@w = preqs +pseia+ qress +qsezs. o Tt=v@w
%5 ad—bec=pr-qs—ps-qr=>0.
W2 ad =be PERETS. a#07R%5 d=0bc/a BDTt=aeys + beas + bera + %622 = L(ae; +
ces)® (ae; +bes). a=0%5b=0%F%FZc=0. a=b=0725t = cea +deas = e3 @ (cey +des).
a=c=07856t=beys + dess = (bey + des) ® es.

fRE 10.1.2. (1) =: MAEZRT. v=0y e VELv@w =0y @w = 0gv ®w = Og(v ® w) = Oyew.
FERICw =075 0v®w=0.
e —RLEER Ko CcV & Kw C WIZ2WT, @i 10.1.9 Eh vw i Kv@Kw TH D, K
FILTIIRW.

(2) = V=Kv+V' W=Kw+W tL,v =co+v" (ceK v €V'), v =dw+w" (d €K,
w' eW) eBL HEI1018ED VW = (KveKw) e (V' oKw)® (Kve W) e (V' e W).
—HT(10.1.3) ED vV @uw =cdv@w+co@uw” +dv" @uw+v" @uw". vV 9w =v@w &5, B
DREOERFZHB L Toow =cdv@w, cv@w” =0,dv" @w=0,0v"@uw"=0. 35t (1) »5
cd=1,v"=0,w" =0t%bH, (v, w)=(cv,c lw).

=V Rw =cw®ctw=c vew) =1 w.

8 10.1.3. =: HDZEH W = Ko © Kw C V 3ZZJOtiE M2 25, @i 10.1.9 XD 0@, 00w, w ®
VwRuWIEW QW OREETHD, FHiZvew # w .
< WMEEZRT. w=cv, ce KAbv@w=clv®v) =w®w.

I8 10.1.4. b OWIREM: BE—ER OB, EED fi,f» € Kz], g € K[y, c1,c0 € KIZHLT
bleifi+ cafa,9) = (e fi + cafo)g = c1(frg) + ca(fag) = c1b(f1,9) + c2b(fa,9) 8B I EMBHRES. B
ZRUZOWT HFERRITRE 5.

bAEHTRVWI E: 1+ 2y € K[z, y] BZ2HKXOME f(2)g(y) TEIRVODT, b IF2FTIERV. FFRV
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Z e DFEAH: REEIEDS f(z) =2+a,9(y) =y+b, a,be KERET, TdLa=b=0rDab=1¢
RoTFET 5.

BERERTH 2 Z v FIEER v: Kz, y] — K[z] @ K[y] 25 y(2™y") = 2™ @ y" (m,n € N) TEZE
5.y POWEMHTHZZ e hRES.

10.2 EEGKROTVVILEE
R9RE 10.2.1. M 1025 HESITHES.

f# 10.2.2. n = dimV, m = dimW L, f,g D#EYLREEIZET 2175R <% A € M(n,K),B €
M(m,K) 23 53. trf =tr A, trg = tr B, det f = det A, det g = det B ICIFET 5.
(1) i 10.2.6 &0 tr(f®g) =tr(A® B) = >, tr(A)byy = tr(A) tr(B).
(2) /i 1023 &Y fRg = (f ®idw) o (idy ®g) LD T det(f ® g) = det(f @ idw ) det(idy ®g). @
#10.2.6 £ b det(f @ idw) = det(A ® E,,) = det(A)™, det(idy ®g) = det(E, @ B) = det(B)" %%
DT det(f ® g) = det(A)™ det(B)".

fERE 10.2.3. (fz & gj)(Uk &® wl) = fi(vk)gj(wl) = 0;10; & D ERDNED .

f&E 10.2.4. f(e; @ fj)(ex) = fi(ex)e; = €idj &0, Ble, @ f;) € Hom(K",K™) D eq,...,e, BEL
ey eh, BT ATHIERIRIZ, (i, k) T 05 T (p, k) a0 (pe{1,...,n}\{i}, ke {1,...,n}), D
% DATHIEAL Ej ((4,7) T DA 1 THDE120).

11 WFEEAE
11.1 WRAER R R

RIRE 11.1.1. MEIEMERED OFIEE inf (cf (x) + dg(x))h(z)dx = ¢ [ f(x)h(x)dz + ¢ [ g(z)h(z)dx H 5,
HIFMET B O D A f(2)g(2) = g(z) f(z) 22HHES.

BIE 11.1.2. deg fi(z) =i (i = 0,1,2) 25 f; I XML TH D, zht dimR[z]<x = 3 D LHEETH
3. [ fi(x) fi(x)de = 6, ; BEHEFFED S OT, FEHEZRETSS.

MRE 11.1.3. WLV DEDZEMTH 2 H: MHIGRERR b 3B 2R OWTIEE 25, 0 € V BEER
DweWIXMLTH0,w)=0%2~eT. XoT0ec WL, £RFEACHE,S, FED v,0 ¢ WL 2EED
c,d € KIZOWT, FED w e WIZH LT b(cv + v, w) = cb(v,w) + b(v',w) =c0+.0=072DT
cv+dv evV.

by 23 W LEOXFBHRERNTH 2 5. FUEE B IR B Z2HICHIR U TR 51 2 BBIIHRIE L D
T, b DIFHEED B by = bl oy DPRIEEDRE S . K72 b DXFED & by DIIFMEDLUE S .

FIRE 11.1.4. b£0 XD b(z,y) #0722 z,y € VIFEET 5. b(z,7), b(y,y), bz +y,z+y) BETOZL
b(z,y) = 5(b(z +y,z+y) —b(z,z) —bly,y) =0 LB TFET 3. koTua,ya+ydPhiLd—>
213 b(z,2) # 0 &l 3.
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FFEEE 11.1.5. (<:) Liﬁﬂfoip (:>) Giﬁ{ﬁ/\‘7 FMlo= €j, W = ¢€; @ihaj{:l\, I (tAA) (tAA)ZJ o) tejei = 5i7j
EHELVWERNLHES.

MR8 11.1.6. (1) 2 € W MEED y € WH LT b(z,y) = 0 Zifi/= T IRET 3. by DIERMARD
THE 1118 XD V=WaoW-Thh, fBEOvcVEv=wtu,weW,ucWt E£83%. ¥
¥, z,u€ W 2ARGED S b(z,v) = b(z,w) + b(z,u) = b(w,x) + b(x,u) =0+ 0=0. b DIEE(
ez =0.

2 V=WaeW &b V!t =Kerr, = Kerry, ®Kerry,,. X72W' C Vi kb Kerry,, =W'. £»oT
VL =Kerry, @W' 20T, W =V+ & Kerry, = {0} & rp,, DAEEGR < by 25IEE(L.

12 9

123 &8

RIRE 12.2.1. (1) V OEK vy, ...,v, EWZ &, f DHEFREEHRTH2EDP S wy = f(v1),...,w, =
fog) E—2M07. R, —XBHRK YD qw, =0, ¢; € KBTFEELLE TS, [ OfEE
EDEIE F(O cv) € Imf Ed o, f OWEHEED S cos = 0T, v EHHEL DS
cp=--=c¢,=0.

—HTV IZERXTHZDT, T 833 XD dmV* =dimV =n. XoTw,...,w, X V* DHEJE
THE. W [ REERREICE TS, Gl 338 XD fIZFMEG.

2) V=K[z] £32RE-R16 XY V* ~K[z]. VOEK 1 z,...,2" XL f(z") =a™ & L,
JEACHEER LT (FEE 3.14) #EER f: V - V* ZED 5. BEDIGIHIEHNLIZOT fIZHEHZH,
Im f = K[z] C K[z] & b &5Tid3zw (FI2E Im fIBRAY. (2" =14+z+22+ - e K[z] &
EENZV).

MR 12.2.2. (1) FEO v,0 €V ¥ ¢, d e KITHLT f*(¢)(cv+ V') = ¢(f(cv+ V') = ¢(c.f(v) +
& W) = cHlf W) + B W) = e.F(B)(0) + ¢ f (6)() BOT, f*(0) REEE.

(2) fEED ¢, ¢/ € V2 d e KRUv e VIMLT (f*(cp+¢))(v) = (cp+ ¢)(f(v) =
C O W)+ (1) = e T @)0) +¢ F(@)0) = (e.f*(@)+¢-F() () BOT (e + o) =
(D) + ¢ (). £oT f* B,

(3) f* BHIEBB/RIENS, ¢ € V13 f*(¢) =0 ZHii/zBlE ¢ =0 THL2HEZREIX LW (i 5.1.5 (1)).
[ (@) =0BBERDve VIIHLTO= (f(¢)(v) =¢(f(v). fREHLLRELTVWEH,S, T
UIIme = {0}, 2FD p=0Z2EKRLTWVS

01
2
MR 12.2.3. (D(1) D(z) --- D(z")) = (1 & --- ™) A, A= (jij-1)} j=0 = (
0

0
1
DITFNFTRIZ A = (i0; j11)7 j=o = (

No
o
\—/

& 12.2.4. (1) fFEOTLw € Wid w =a(e; —ea)+b(ea—e3), a,b € K L FIFT, (p1+p2+3)(w) =
(<p1+g02+<p3)(a61+(b—a)62fbeg) =a+(b—a)—b=0tR2DT, ¢1+ 2+ 3|y =0.
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(2) dmW* = dimW = 2 BZDT, ¥1 = @1ly & Yo = @a|y DKM TH S Z & ZnBE+7.
cpr+eapa =08528,0=(c1t1 +catpa)(er —ea) =1 —ca R0 = (1901 +cath2)(e2 —e3) = ¢
RBDTcl=co=0TDH5.

f92E 12.2.5. 0%.

fE 12.2.6. E# 6.2.1 ZHW5.
(1) fler+eates)=1+1+(=2)=0&b f(W)={0} DT, EH 62.1 &b f(v):= flv) T&>T
WEESR - V/W > RAEXS.
(2) gles+ea+e3)=1+1+1#£0&bD f(W)#{0} RDT, EH 6.2.1 XY g well-defined T2\,

fRE 12.2.7. (1) dim(V/W) = dimV —dimW = 3 -1 = 2 RDT, ea—¢€1 & e3—ey3 B—X
MV THE2Z 2RIV, cea—eg +dezs—ea =0 € V/W, ¢, € RERET S &,
clea —ep)+c(es—ez) = 0 &P clea —e1) +(es —ex) = —cey + (c—)es + e € W =
R(e1 +e2+e3). o T—c=c— = thoT,c=d =0%15%.

(2) et =aex —e1 +bes —ez, a,bERIZe; =alea —e1) +bles —ea) +c(er +e2+e3), a,b,c € R E[F]

{ﬁ ?ﬁ%o)@ﬁﬁ*%ﬁ%ﬁ@( Ea= *%, b= *%, c % Lo T €] = 7%62 — €1 — %63 — €2.

FfEICLTey = %62 —e1 — %63 — €9, €3 = %62 —e + %63 —e,.

fRE 12.2.8. (1) v, €evBbov—v eKerf kD f(v)—f(v)=fv—2")=0. £oT f(¥) = f(v) =
J(') 7o T, HEPITREITTOMD I X BIRNMETH 5.
FRERD 0,0 € VIW 2 e, € KIZHLT f(ev+ V) = fleo+ V) = flev+ ') =
cf(v) +f(v) =cf() +f(v) £ RBDT, fIIETH 3.

(2) fAAMERTHZ Z e 2 RBIX IV, BEEBRTHZ ZLIFBHTIRLTWEDT, 2HHFTHZ L

EREETS. Imf = {f(x) |z e V/W}={f®) |veV}={flv)|veV}=Imf kb f3&
5. ¥ Kerf={r e V/Kerf| f(z) =0} ={v e V/Kerf | f(v) =0} ={v e V/Kerf|ve
Ker f} = {Ov/ker p} & D FIZHES.

fIRE 12.2.9. (1) V; OFEKEL LT, n 2RO d REHEA KO THRE S PENS. RE S|, 2% n &
o d REEROFUE, KAITE2 nlOb 00 HEEEZFH LT dEREIGEOREDS

dimV = |S] = (dzrill).

@) f(t)=(1—t)" r@LE

FD0)=nn+1)---(n+d—1) (1—t)7nid|t:0 =dl- (dj;i11>

X 5T t DREES TS VB F(1) = Y00, L9 d = p(),
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