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1 EA

WX, EHORHHICRER N ERET AMIETH S e LIELIEEDNSE. T TVHIRNHEEIE,
EINE AR 2 DB EEERZ 2 & 5 B —loBAKRR, ZREMOLMRERTL. Frofic
DEH R ZREEM D SEE Lo Oy LTREL, ZhoomiAr ARERMEN S, iR
DORFIFR (RCAg, WKLo, ACAg, ATRy, I1{-CAg, FHIATIEF LR & DIIThHAMEZ FINZ 205 Db
(BN ECE DR TH 5.

WA DOWIHEL DN, T - AT - RECE - BOIGR AR Y I X X HPFH O BT LT
TRERZZNZN S DREHICRET 73 TH 5 Z e G E N, BEEOEMB T ARMERIC X o TRES
LATER. L2 LA THRRRTEREST R WE S REHI R IN, 20X 5 BEMH 2R
DT 2 72DIH7 R NERHBAINTE., BADOMEREMEORNERIC L > TREOF 2 213D
B 5 AWBCEDWISLENES, BUHEDWBUEAIE TR TN T TR Hi7 B RNERZEA LA oM
AEIRTZ Z HHEBEHINTWS., Tibb, BFEONMERTIIRMST SR WEHEFHELL ZDE
HE2RHOT 270D RHEREBEATL VWO EOMED ELEHETHL., ZOLHRLTAToNTE
T R DFER A DRI B X FEIE (1) 2 Frxh 3.

AR TIRAKRAERD 5 Bid i I1-CAg &, KIZHW ATR, O OHIBZ RO 2 —HONFHERE %
BATS. ZLT, Galvin-Prikry OEH (NN 1283 % Ramsey OEH) O HARIHL L 215 DRNHFRD
BIRMEZ R 2. 723, ARONFIIHILE KK OHLFEIFIUEED G 8] O—HEEN L2 DTH 5.

2 #fE
S FARITHS HAIREEE N ODEA L X 5. BBz o WTIE [7] SR 72 kT 5 5 O T,
FhHHBRENT- .

EE 2.1. —FERMOEEE Lo1F, UFOBERP SR IEAEIETH 5.
o BMZER x,y,%,. ..,
o EEERX,Y, Z,.. .,

o BUEEO,1,

LZBEBMOEEE Lo DRHRD 5B, FHT Zy O Z & % ZFEEAMT (second-order arithmetic) £ FELY, AFTHEDN TS K 5%
NHRZ ZFEEM O AR (subsystems of second-order arithmetic) ¥ FERFED H 2. L L, K< Fbz—{fD Lo KNHL
ROBFT LD Zy OFAERL B 2DF TR BIZIE Lo 1ITBIT 2 5ROERNFEPIEZIR AT Zy TIEFEATER W) 2%
2R, DLAME (v, P(w)) OHEZERT 2 £ 57 Lo RERZHEML T BEN PRIV ZETH S L Ebh 5.



o B Lo TIHBEE +, -,
o K Io» "IHEER <, =,
o B AT B % €.

Lo RS M E M = (WM gM oM M M MMM MYy »WSTEER L TWS. 72720, NM ik
BEBOEZHE, SMIIEAEBOESHEE, oM IMeNMThHD, +M M NM Lo =B,
<MBFNM Eo 0k, eMENMx SM oG EETH L. £, =MIENM Lol 0% 3%,

4 HEH Henkin BWGRE VWS, TbE, SMIZPNM) OIBEATHZ L LT, eMITLEHED
BEBGRTHZ T 5. T, OM M M M MITRD S0 5 00 RIGAFERK L, HIZ (WM, SM)
EWHE LoMEE IR LD DS,

EE 2.2, S Lo BV, BAZHICHT 3EE ARSI TWRWL., LIRTIE, £6828 XY 12
MLTX=YWEVe(r e X xcY) DML THE LT 5.

SO 2.3. ARTIEALE NIX Lo SO E RS 2DICHW S, EEAHARBOES {0,1,2,...) KT
BEZw ZHWS,

CTREBEMTERBER EEER WO ZHEEOER RS 72, ®tilE b BER ST 3 Bk Ve, Iz
CEBERBUCHTT 2 AL VX, 3X BEAET 5. Lo DFFIRIZE, Zhooibid o FIC X > TXRD X
SIHELInTWS,

EHE24. BEH 2z 2, 28R VIHLICE o TV <t,Jc <t LWOHETREINZEZILDZ 2 EFRE
ftrwns.
B jew i <2 UTHIA DY 7 2 3511 ZLUTD & 5 IR ERT 5.

o BTOREDPERRILTH 2 & 5 AR % 29 HFR, 10 HHMRL V5.

J

YOG ¢ ZHWT, Vop b WS B TERE B2 119, , R v,

M0 GRHER o 2 VT, Jop ¥V STHTREBHIAE X0, | Y VS,

H% jICOVT XY @A TH 5 &5 Lamile Of B, 105 K, &2 Vs e
W,
o XA o ZHVT, VXp &S TRE 2mHNE 1T, sz v 5.

o I1 wl o ZHVT, IXp VI TRE pamlHAZ ¥, KAz w5,
E7z, BATVSXRT 2 fda, 10 sl b AR OieM LT 2! s, 10 s e ves. il
ZEr=2AFY(yeY)EIY(yeY) tAETH 27D 2! Sl 35,

EE 2.5. MR T BT AT I RN TORE S LI REME T £ A) KfFLITR. %
ATO0B R S T 3] & 27 B HNC AL (P BUPRZ L 65 5.

EFE 2.6. Lo DR IN), RCAg, ACAy, TIH-CAG ZZNZNLLRD L S ICER SN 5.
o 1N BESUEF RO AHE Y X0 S 3 2 IR RN
o RCA: X012, & el vel) LT NomERDOEFEATZEMA Tz D.

Vz(p(x) < P(x)) = IXVz(z € X + p(x)).

2o P B ODATR—REGATERL. 2L X BEERVIOL TS, Zhud, UFIZED 2 ACA % 11}-CAg D
BEBEETD 2. RKED, 0 1 X OHBEHFTHE, X OHBEZFIRVGE L IR THRICE 2 2IRVATL 25, DX
5 R NERIZIFRER (Inductive Definition) DR & THkbh 3.




e ACA : RCA) 1L ¢ € S IOV T RO O 2FHEEMZ 723 D.

IXVz(z € X & ().

e TI}-CA : RCAq 1% ¢ € TI} ICOWTLI R DGO 2 Z I 723 0.
IXVz(z € X & o(x)).
DUR, BHSEREZANLEC, EH(T) e EWHZDOEEMAHER T ICBWTREARRETH 5 2 &
EEKT S, FRER(T) EHVLLZOERD T NTITAS L 2EKT 5.
EEK 2.7 (NBIEL RCAg). (o, o) TIHEMEM BRI N2 — N 2R 7.

EFE 2.8 (BEAME, RCAY). EAX o e NIIHMLT, BE5 X, 2 X, ={y: (v,y) eN} L EHKT 3. Z
DEWT, B£AH X BEAY (X)een 2a—FLTWRERMT. T/, YV € (X,), 2 (Y = X,) DI
T B,

E&E 2.9 (HREID ). RO & 5 %5 zhiiz-3, ARE Y WX ) 27T 5. RO 119 fmk
(2, X) I LT, T TEDFT =T NVEERT LT 50

RCAq - Va, X (p(z, X) & 7 ("™, 2, X)).

EFE 2.10 (Turing ¥+ > 7, RCAy). H£H X ML T, 4 {(e,x) : m0(e, 2, X)} DIFET B85, 0%
Z%TIHX) ERL X O Turing P¥ TR, £/, TI(TI(X)), THTI(TI(X))),... D E2Zh?E
N TIA(X), TI3(X),... &L T 3.

HEMHOSEL VUL, FHOERICBVTTIX) X X 25 I ZeBEE2 52 2 &5 I
THb. RBXED, SIEERICBWT, Turing ¥ v ¥ ALER ZFEIEREZE-> T TI(X) = {e: dX(e)]}
v D0 e AEA Y LTEREINS. FEI0 Turing ¥ % > 73— ML SN 702 1ERIE {(e, 2) : X (z))}
DHIEAETH 5.

EE 2.11 (Turing 3T, RCAg). £E X, Y I LT, X Y I Turing iIBITAIRETH 2, HHWVIE X H
Y DSHEREETH S 21X, UUROLMEHEZT IR0,

Je,eVa(z € X < 1l (e,2,Y) & -l (e, 2,Y)).
ZorE, X<pY r&EL.

EE 2.12. (Vv Y7, wPv ¥ 7, RCA)) BH X LT, BEFNY = (V))ien DRDEEAM 23
By, YIRXDnSv>oFThrr vy =X0 v Ry,

Yo = X AVi < n(Yip, = TI(Y;)).
(Y;)ien DROEHERTZTHE, YIRX Dw v 2T THr0NY = X T,
Yo = X AVi(Yiy = TI(Y;)).

R 2.13. FHEAARn € w LT, MEIIETINX) ¥ XMW Z FEOERTIIERZMETHS.
L2L, MRt IhsZXple3iciks.

EE 2.14. AR ACAT 1%, RCAG IKAFIVXIV(Y = X@) Z2RFIMA=RNIERTH 3.

wIr 7o, BYIEF (EFE) alcxd s ad vy 7oEAr LT3 28N TES. a
Py TEHAVWAEI LT, AARERD D ATR IZRXD LS ITEFEINS.



EE 2.15. WO(X) 2, “X WIIEFTHZ 2L 2RT I} Bk T2, ZorE
ATRy = RCA¢ + VX Va(WO(a) — IV (Y = X)),

EHE 2.16. ACA) < ACA{ <ATRyg. 22T, RHRT,SIZOVWTT < SES»oitHTEZ XN T 205
AT E B EDEIZZWI L 2KT.

T 2.17. (BMMNEITCH, ACA)) HE X, Y I LT, LUROEMERE DO, X 3 Y (CEHTHSETT
ARECTH B LWV, X <BY 2RT.

In3Z(Z=YWAX <1 Y).
72, VX <G Y BLUPIX <G Y ZERZAVI(X <3Y - - ) L IX(X <AV A--) DEgEL L T 5.

BARAEITT e W HEEB K OEl S <5 1&, B Weihrauch 5#27C (arithmetical Weihrauch reduction) &
ZRERTHE < KMo72dbDTH%.

#RE 2.18. 0 ZHMIMNRMA L T5. 2O & ACAT ET, VX <4 VO(X,Y) BXUIX <2 YOI(X,Y)
Frhzh Y ICBT 3 AL &k 5. B, ACAT LT

VX <A YO(X,Y) «VZ(Z =Y = ¥nvX <1 Z,0(X,Y))
©3AZ2(Z =YW AVRVX <1 Z,0(X,Y))

rRED. IX <EYIX,Y) bREKTHZ. LzhoTRIZ, ACAY LT VXIY <& X0 1% 11 fniEc
H5.

Turing ¥ % ¥ 7D N 73BT =2 LTAA R=T v Y ITDEET 5.
E& 2.19 (e 2! ). ol %2
oi(e,z, X)=3f e NVnl(e,z, X & f)
WEDWEHT5. 2L, feN g, fFANEORREKTHS 2 2ERT 1 mTH3.
#8RE 2.20. & 2 FUIATHIRIIBEEL g 23D - T, KD D, AFED 31 R o(z, X) TR LT
ACAq Yz, X (o(z, X) & ot (g(T¢), z, X)).

EE 2.21. (M =Y v 7, RCAy) H£E X ITHLT, £E {(e,2) : oi(e,x, X)} BPIFET B0, ZD
BEEHI(X) L RL X DNAN—S v TR, £/, HI(HI(X)), HI(HI(HI(X))),... DIt 2 Zh
ZFRHIA(X),HI3(X),... bW T 5.

HI(X) 1 X 205 S)X 2B A 22 EMETDH B, LEd > TRALD LD,

IR 2.22. RCAy LT, T}-CAy & VX3V (Y = HI(X)) EFfETH 5.

3 NAN=Tv2FICLBI-CA) DL IRFEDFHED T

BQO MBI % Nash-Williams OEH3[4] 2275 7HEHICBIF % Menger DEM [6] D X 512 1L T
RIAATREDD [11-CAq 22 HAEAHRTREZ DY, ATRy 22 6 DRFHDHI SN TWRWEHDHI SN TWE. b
DI AHIT 5 72912 VXY (Y = HI(X)) 205 I AHEHETE2 205 2 L ASRO $idid b1 I
bhs.

3 £ D IEEICIE, ATRo LRMERTRTH 2 (L Higman OEH




FIE 3.1. TED T Lo ITHLT,
I}-CAg - o — Con(o).
ZZT, Con(o) ld o DIEFENZRTMmMENXTH 5.

ZIT, VXTIV (Y = HI(X)) 805 T XOBWITL EMEEZ 5 2 2ick D, TIE-CA, 22 & RFBATRER
T, SCRAMAT 3 TIL AHERES. OB, a— Fbw EFLOBEE V3.

EE 3.2. G = (NC 89,09,1¢,4G,.C <G) 2 RCA) DETILE TS, ZORE, {TED X € SEITRLT,
Gx = (N¢ {X;:i € NG}, 06,16, 46 .G <O Z BT D 53l Lo OWBETH B, ZDGx DI % X
CEoTa—RFEN2d—Rbw EFILEILE.

Gx X DARIZE-oTEEDR =D, URGx £ X ZR—HT2. ZOEKT, GIZBWT Gx I3E#H
ELTIHELTWS D, G ETY eGx®Gx Eo tWVWoEHEHRZ 5.
DR, a—FMMbw BT LVOEARNEEZ WL DR TH L.

& 3.3. o Eimll 35, ZOK, ACA) L TR D D, fEEOa—Ftbw 7L MIZHLT,
MEGGYoDMADHME oM BROVDZ L EFRMETH S, 72721, cMiX, o HFOVX 22T
VX e MIZ, 3X 22 T3X e M ICEZR il TH S, LizdioT, oMiE o HDVXH(X) 2V
3 ERr BN ViO(M;) ICE S X, 3XO0(X) ¥ WOy E 3io(M,;) KBS TEohs L5k
R TH 2720, o IS TRMHHNATH 3.

#WE3.4. 0 XX LT, G= (NG SE)RRCA)DEFNET . ZOR, TED X € GITRLTLLRAED

o, B LG EoX ThIUR (Fbb, GRLHTGx Mo DEFLTHIUL), Gx = (NO {X; :i € NCY})
ZREC o DEFILTH 5.

##8R8 3.5. (RCA)) L FOFRIFMETH 5.
e ACAJ,
e THED X ITHLT, X 280a—Fbw EFTL{Y Y <& X} DEEL ACA) DETALTH 5.

WRE 3.6. (GMIMGRPEROMEME) G 2 RCA) DEFLE LT, MeG T3, 7z, 0(&,X,Y) 2Eif
MR 55, COrE, FED e NG X e MITHLTRAED L.

Gl Ay, X, Y)M = 3ve(z

X,v),
GlEVYEX,Y) = (VWWoE X, Y

™.
I— Kb w EF AR AW TL-CA) @ TILEREEAL X 5.
E&K 3.7. BHEARBn c w LT, X B RFN(n) X TERT 5.
By RFN(n) = VX3IM(X € MAM | ACAy +3Y (Y = HI"(X))).

BERFN(n) & [5] IBWTHEA XN 72w e (i,n) DREAIREGE, vo(1,n) & RCAy LFMETH 3.
BYRFN(n) @ FIRT 1 ¥ FIRT 0 ZhZhi=1e=0TH 25 LICHKT 3.

BYRFN(n) D74 F7ERXDEBHTHS. M OHIHEET 2 HI™(X) EAWHI(X) TH 2 L3RS
. Lrl, ACA) Da—Ffbw EF VWS T RWEIHTIX HI"(X) & LTR2 %5 0T, HI"(X)
DRV E o TV 5.

T, WAHDRT DI B REN(n) 7o BH3, 11-CA¢ 2> HAEBHATREZ 113 SCZFEHT 2 DI H0721Z ¥l
EWI Y THB. ZDDIC, UROHMEIHEHTH 5.



#%E 3.8 ([8)). 0(X,Y,7) &EMMHRIR L LT, -CAy - VXIYVZO(X,Y,Z) T 5. ZOW, 5
PR n € w BIFIEL T,

ACA F VXYW (W = HJ"(X) — 3Y <1 VZ0(X.Y, Z)).
FE39. c 2L XE LT, M-CAyFo T 3. 2O E, HAEERREn c w BTFELT,
ACA, + B RFN(n) F 0.

Proof. o111} 72DT, ¢ = VX3V O(X,Y) &7 25K 0 23 L5, e &, 111-CAp F VXIYH(X,Y)
THDHI DD, DB necwlilDONT

ACAg F VXYWV (W = HI™(X) — 3V <1 WH(X,Y))

DD ID. ZD XS nIZDOWT, ACAg+ B RFN(n) o £73 22 &2R3. FREICACA) + 83 RFN(n)
DEFTNG=(NY S %D, FREICX €59 W5, UTF, GEIVIX,Y) 2RV,
WE G X BERFN(n) DETILHRDT, GADA—KbwETNLVM%E

GE[XeMAMEACA;+IW(W =HI"(X))]

LB EIICHND. TIT, Gum = (NG {M; :i € NO}Y) IZFEBRIZ ACAy + IW(W = HI"(X)) DET IV
Li25DT,

G b= 3Y < HIM(X)O(X,Y).
LEdoT, Gu EIVOX,Y) THZDTGE EIVOX,Y) L5, |

728, % B3 RFN(n) 23 I13-CAg 22 SAEHAIHER 113 XTH % Z L IEBH b 570, UITOR O %
93.

N

% 3.10. {o €I} : I}-CAg F 0} 1Z ACAg + {B RFN(n) : n e w} IC X b Nk T h 3.

LRFN(n)  BEFONHER DM 2R 2 2, ACAy ET BRFN(0) = ACA] < ATR, < 3§ RFN(1)
Yib. F7z, ACAg ET—IC B{RFN(n) < BERFN(n +1) 782 Z e AT 2 DT, HKEIE
{o €I} :II}-CAg o} D5 B, FHTATRy & DIRWEEDHY B RFN(n + 1) 725 D72 TREEIC X D iy S
TW3 bbb, BERFN(n) & B RFN(n+1) O %E X SICHIIMET 2 NERICOWV T [8] S X
Nz,

4 Galvin-Prikry OFEIE X 3} RFN(n)

AHEITIE, B RFN(n) & Galvin-Prikry OEHO AR L Z KT 2. 74205 BLRFN(n) 72523
{oell}: 1I}-CAo o} ZRFLT 2 Z e ZFH L, Galvin-Prikry D& Z Wz {0 € I} : [I{-CAg - o}
DRI %2525, ZORMOTE, HEEKT ] 77 AT % Galvin-Prikry OEHD T1}-CA &
RCAy ECRMEIZZ 2 25 KL HISNTAER (9] DMEELIZ/Z o TWAb. 743, Galvin-Prikry D& &
A=Y v ¥ T DERIE Marco and Marcone (2 & o THIEIZ 7 - T Weihrauch XE D AR TN ST
B 3], HOORRERAT 2 Z L TAHONBIEHITHRTES L HiAEN 5.



4.1 ZPEETICH T B Galvin-Prikry O EIE

AT Galvin-Prikry OEFABAL, ZADBZRERINICBEWTEO X SIS LEN 5 2 & T
%. %7z, Galvin-Prikry OFEHIZOWTOBHFOWEFAFERICOWTHHT 5. ZZTHbATVWEA
TIZOWVWTE, 9 BXU[7] D V.9, VL6 BRIz,

FFILEE OBAITE T 5 Galvin-Prikry OFHOTREZ R X 5.

EUE 4.1, ERES X ITHLT, [X]Y T X DEEw DS EE2RERT. £/, nJBERES X 18
LT, YCu X TY DX OIREHTEATHL I Z2KT.

EHE 4.2. 75 A AC [w]* 7 Ramsey HEHOLIX, KEMEZT He (W PMEET LI LE V.
VG Coo H(G € A)VVG Coo H(G € A)
EIE 4.3 (Galvin-Prikry, [2]). [EE®D Al 75 2 A C [w]* IF Ramsey M % F50.
PUR, A C [w]? 1209 % Ramsey Y23 “BEREMTED X 5 BRI N2 D02l K 5.

EH 4.4. (RCA) EBE FIMLT, fEeNNZ AN EOHFHNERTHZ 2RI ) LT 5.
%72, Vie NN, 3f e NN 22hehvX(X e NN = ...),3X(X € [NNA---) O 5 3.

& 4.5. of, X) 2R T3, o X IZBWT, hZil#lly LT Ramsey M2 #i> 2 ¥ 2 £ iR
RP,(h, X) 2L R TERT 5.

RP,(h, X) = (Vg € [N]"p(X,hog)) V (Vg € [N]"=p(X,hog)).
%72, VX3h € [N]NRP,(h, X) 23K D Vi OKF, ¢ 13 Ramsey ZFD2 L5,

EEMCX, feNNeZz0Emef 2F—HT228Tf%2NOERINESLREMLTVWE., 2D
BT, he NN IZHLT{goh:ge NN} idmgh OIERIHAEELERERT I IR LES Ze T
x5, MR o(f, X)) EEX KLY NNOHD 2 72 {f e [NV :o(f, X)} ZRLTWVWS.

ZD X352 LTERILE N Ramsey TEIZOWT, ROFEEEDL D LD Z L BAHISHAT WS,

I 4.6. RCA; L TLUNIEFIHE.
o II1-CA,,
o LD 2} Bl o(f, X) 13 Ramsey M2 F50 (X 7 7 212k % Ramsey DEHl, Y}-Ram),
o LE®D X9 i (£, X) 1% Ramsey %D (£9-Ram)

723, Al-Ram B0 2 AFR S 90 S TW 25 AR T, B [9] R ¥ 2 B E hiz .

4.2 —HFE Y Galvin-Prikry OFE
AN TR —RREREOMEZEAL, —HEEOBIEDL SEH 4.6 2RELT 5.

EE 4.7. OOHIR VXTIV p(X,Y) ¥ YXIZY(X, Z) OBIC—BEBI BT 5 2 1E, LR DL
DIZETH5A.

VXY p(X,Y) = 3Z¢(X, Z)).

TEH 4.6 ISRz D, Y0-Ram N4 =Y % ¥ TDIFEIX RCAy ETRIETH 243, EFFKIIE X D
KRDE S B —HEEDPHILL TV 5.



EIE 48, o(f,X) % Y0 @l 2. 2o E, ACA) L TRALD LD,
VX (3Y (Y = HJ"(X)) — 3hRP (X, h)).
Proof. [7, Lemma VI1.6.2.] %58, O
FIE 4.9. TEOncwiTHNLT, B2 mcwddoTURNERZT X0, Ml o(f, X) BFEET 5.
VX (3hRP,(h, X) — IV (Y = HI"(X)).
LURTIE, EFE 4.9 OO NG 2R R %,

EFE 4.10. (RCA) TCNNZ2KRr 335, fe [NNHT % majorize 35 &%, Ig € [TVn(g(n) < f(n))
DD DT RN,

AE 4.11. f DT % majorize 5 W0 BRI A X ZHFEDO I SICRZAS. Lo LEBES={cecT:
Vn < |ol(o(n) < f(n))} DFEAZAZFFTUIRL, S fIREKoTHIEEPIZ S5NTWSE., Lo TH
F Kénig DR EIZ L D ACAy L TIEAf 25T % majorize 35 &\ 5 5&1E S DEERATH % 205 117 5
ECcEIT 3.

DUR, B f e n e NIZMLT, B fin & fin(z) = fz +n) ITEDEFRT S, I [7] 2BV
T e EDPRTVWBEBDTHS. %72, 0(n,A) 2 HI(A) 2ERT 2 Sl imflr L, A)#HEKXR%Z,
RCAg F Vn, A(8(n, A) < 3f € NNVyR(n, fly], Aly]) £7%25dbDr T 5. ZD K54 RDFEE, Kleene
DREHEEM (7, 11.2.7., V.1.A] WS X DIFREX R 5.

EE 4.12. (ACA)) Hne N, ACN, e [NV IZHLT, KT(n,A) LEE F(f,A) 2 ZRLHRD & 512
EFRT D.

T(n, A) = {o € N vy < |o|R(n, a[y], Aly))},
F(f, A) = {n: 3p(f+, majorizes T'(n, A))}.
X5, FicwlZH LT, Fif,A) ZRD X5 IRNICERT 5.
FO(f, A) = A,
FIL(FA) = F(f, F'(f, A)).
E& 4.13. R 0. (f, A) AN TEHT 5.
D, (f, A) =Vn < £(0)(fi2 majorizes T(n, A) — fi majorizes T(n, A)).
THIT, FicwlIMLT, WA ®,(f,A) ZUANTERT 5.
Oi(f,A) = N\ ©u(f, F/(F, A)).

j<t
B LACRLUTE(f, A) & f, A2 STMINCER I BEETH L. LiedioT, IS FI(f, A) 5T
MNCERSINIEETDH S, 6120, DEMIBHEXNTH 5729, O;(f, A) X f, A ITOWTOEMH
WHERXTH 5.

TIE 4.14. ACA) TUTHFIATE 5.
VX (3hRPs, (h, X) — F"(h, X) = HJ"(X)).
L7223 o THRC

VX (3hRPg, (h, X) — JY (Y = HI(X))).

4R WKLy B TR,



Proof. [8] D/ HiZSMEE XK. O

PLEED, B9 752265 % Ramsey DEBE NA = ¥ ¥ T O RKIEOFFAETIEFMH LI —HREED KL
DNDZeWRENT. 7B, ORI B ZHVTEIHIHELTE S LI hs.

FA8 4.15. (FED n c w I LT, ACA) L TUUTRHAW D IOTH S 5.
VX (Y (Y = HI" (X)) <> VeFhRP 0 (c.0.0) (1, X)).

R, of iZJ7HE 50 B RS T

4.3 —HREEYL BLRFN(n)

RRIZ, —HEEEY B RFN(n) ORREMEEL, Li-Ram OB AR X > T {0 € 11} : [1}-CA¢ - 0}
DPRHEOT N2 e BN TAREKZ 5.

EE 4.16. I} i 0 = VXIYVZO(X,Y, 2) 1T LT, Z DML rel(o) %
rel(0) = VX3IYVZ <& X @ YO(X, Y, Z)
WEDEHRT 5.

HXH{bid Towsner I & - T, 2777 7HEHIZEITF 5 Menger DEH, BQO HEHICHIF % Nash-Williams D
FEHO FR%E S 2 2 HINTEA EN72 [10]. Towsner & I1}-CA & [FIfE2IEREREAR D i /o ZAEAEFEIZ D
Wb R EZE L. 22T &) —RNARGEE oW THMEZIS.

B 4.17. o =VXIYVZp(X,Y,Z) & 7 =VXIUVVY(X,U, V) % Hé X3 5. ACAYIZBWT, o5
TAND—IREE

VX(3YVZp(X,Y,Z) — IUVVY(X,U,V))
DHALT 275, ACAT IZBWT rel(o) — rel(y) 2SKALT 5.

Proof. ACAS +rel(o) ZIGEL, {FEICAZIS. DT, UV <& U & AY(A, U, V) PR DHIIDZ L%
N

rel(c) &V, VZ <% A® Bp(A,B,Z) 7% X512 B 25, ACAT I2&D, a—FlwEFLM=
{C:C <3 A B} BFEETH. ZOLE, MODEHRDPD M =VZp(A B, Z) Thb. £ MIZ ACA,
DETNERDDT, KEPS

M EVX(AYVZe(X,Y, Z) — AUVVY(X,U, V)

ThHb. LEhBoTMEIUVWHAU V)RS, ZOXIBUeMERDE, MODEHRD»S VYV <&
AQUP(AUV) 5. O

Ltz Wb » s B, I X o =VXIYVZI(X,Y, Z) LT, rel(o) & o DALY
OROLDIZ, a=FlbwETVM={C:C <4 X @Y} ITHMLINIFHUSFEET 2 e 2 FIRLT
W3, LEd->THIC, BERFN(n) 28a— Rl w EFAAMHEE NIz Ng R—=P % ¥ TOFEER TR L
T Z e zBolield, UFoRERIZHES»TH 5.

R 4.18. TRED ncw i LT, BIRFN(1) ¥ rel(VXIY (Y = HI"(X))) IZFEETH 5.

52 oMby, 2— Mt w EFAANDHENL 3.3 DEKRTH 3



EE 4.19. @R o(f, X) 1L T, rel(VX3IhRP,(h, X)) DD VIDOK, ¢ 133 Ramsey %D, ©
W, i, WO 7 XTI LT, rel(I-Ram) TIEED ¢ € T 1&fi Ramsey M2 £D, Y05 F5k
T35 5.

TTIRRZTED, NA =Y % Y TORE YL ¥2-Ram ORENIEH /T AT —HEEREDK D LODTH -
J2. L7=D3oCTHIE 4.17 KO IR %15 5.

IR 4.20. ACAJ +rel(¥3-Ram) ¥ ACAL +{BARFN(n) : n € w} 3G LTHEMiTH 2. Lizh-T,
{o € TI} : TT}-CAg F o} W& rel(B4-Ram) i X » THR#O I b 3.

it Ramsey MEIZE T O Ramsey MEICHIHMEZ[E L 72451 TH 25, B RFN 254 =2 % ¥ TOIAED
HAR7 T1L SR TH o 7= D L [AkkIZ, € Ramsey £ HKD Ramsey EDIEMElE L THARRFRTHS Z 2 %
FELTEBL. Thbb, rel (RO EKHIE LT B RFN(n) St Ramsey E23H 2 205 kb b, L
% B¢ REN(n) i Ramsey T &\ o 7z II XD HR R TS 525 7o 0 D—fitGw & LT rel (EHZRED D 5
YHBZZHTES.

TTANZ 7 MCHIBRTZED, AFENIMERKE OHFFR L [8] D —HNAEEZMH LD DTT. ¥
72, ARERET ZCHoTarXy 2L EE o T KIE#NZL £ 7.
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