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ZE7 7 728 h 5#UH L BAH

EMEAFHEER K B

FAME

BRI 5 7% 3RTEMR? (133X THKRES?) OPTHEETZ L
NWSFERIILLZDEDPSNB NS H - 1288, BUTEBEROBAYSREN
KHY EiFohdceidFETHo7=. chid, #UH - BAEOERZD
LOBPRVEEL L, ZrLHPBRICESLP>EZEBBRADFERLR
bhd. COLSRREDHRT, AR 570D 3KZEMICBITIMNED
6% (knotting problem) I,

(1) BRUBPHRABOERBTEASNTNABMELAER %, 22/
TSI ETMILT B,

EWSHT, Mle LI S5hTE =, KinoshitalKil), [Ki2], [Ki3], [Ki4],
[Ki5]} , Suzuki[Sz1], [Sz6], [Sz8]7 &Mz NICHHYTS.

19804E U - T,

() ZBEZS5 7LD TS5 7L LTDOYA 2L (cycles) HSHERR
TRHUH - ABOEEEFRBLICLY, V578V
FDEMI 77 /I3,

EVWSTHEMNEIEL 7=. Zhid, Sacks[Sa], Conway-Gordon[CG], Kino-
shita[Ki6] 2 X DHEBRZEE L 270D T, 77 7DHEAEHHLEL &
Uit EEVWERBBONhEZ il o1z,

Z O, Jones ZIHKICHF BZH UL WEUVE - BAERERORER -

ALEICHE-> TRUBERBKESREL, — A TRESFLEREDPSD
BFOH-T, BRI 70NBOMESEEESNAEL, AELEEICL
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(%0)

>T&R. SBLED (1) & (O) 2PLICER S S 7 OMESED S
DEBDbNDM, ThETCORUVE - BABLRFDYDOEN

(N) 75 7BEONBORE
2B, WAWARETHD EiFshTn THA5.

&£C57T, (O) OFEEERPLIILT, [S29], [Sz10], [Sz11], [Sz12],
[KS]72 & CTRRAWE R L TE 2248, 19905/ A > T Bohme[B], Kobaya-
shi[Kol], Robertson-Seymour-Thomas[RST1], [RST2], Scharlemann-Thom-
pson[ST1) REDFHT, ZOHFEDHELH L WBRICEAL =& SiC
Bbhd. 2Tk, COBOBEHEEEETS.

1. #E45

FETWMOMD /57 (graphs) BRI RTH BRI S 7TH3. Y57G
ZEHRICOAUNS MEEEMEEX, B8 £ : GoR3 (£zid S3) it
gk (polygonal) DHDEITAER 3.

J57GODEE £.8: G-R3 IZOoWT, Y571 (G)Leg(G)
H32E i (ambient isotopic) THB L %, £ (G)=g(G)TRL, GO
ZRPNOKHR £ (G) O=ICHdT3REEA £ (G) ODBUBRLENS.

@FWTIR, BERICZOLAMICL3HHICL > TEL L HED B3,

Z DD EMEEICBIL Tid Taniyama[Ta2], [Tab] & BBEhiz\).

E#L. (1) BE L : G- R® 2% n-linkless embedding T$ 3
& Vset of disjoint cycles {ci,**.cu} of G with m=n,
f (c1U-Uca) is a trivial link.
¥, m=1 DL %, f% knotless embedding,
n=2 D&%, f% linkless embedding &IEX.
(2) 7357 G#4 n-linkless embeddable
& 3Jn-linkless embedding £ : G—R3.
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(3) Gn:= n-linkless embeddable graphs D2 fk.
G1DG2DG3D-.
The complement of G1=°G13 G : self-knotted,
The complement of G2=°G22 G : self-linked [Sz9], [KS].

9% &, Sacks[Sal,Conway-Gordon[CG] DiERIZ, MBICHANS L&D
EHithked

JEE1. Kn T nlHRDELT 575K TL,
(1) Ke€°Go, (2) K7€°G;,. a

ZZT, COFBICED>DBEFLEEISRNRB 72012, 5710
22ODEREHEATS.

; e g edge %
contractior 5

G G/e
Gn.2G » G/e€ Gn
cGnaG < G/eecGn

YA-transformation u
) AY-transformation v i
G G’
Gx2G » G'€G n
cGn.2G =« G' €¢Gn




s

JE#2. (1) A graph H is a minor of a graph G, G=uH,
& I subgraph KCG, Jedges ey, ez, ,ex €E(K)
s.t. H= (- ((K/e1)/e2) /+) /ex.
(2) Let F be a family of graphs satisfying a property P.
F (or the property P) is closed under minor-reduction =n
© VGEF (G=.H = HEF)
(3) The obstruction set Q(F) for F is the set of all minor-
minimal graphs which donot belong to F.
Q(F):= {G¢F| G=H, G=H = HEF} .

1. G, is closed under =, for Vn. O

T, —fB}ICQ (F) OEZENHIRTH B 2 &£ 45 Robertson-Seymour [RS]
K> TRIEENTNZDT, YEOBEIIRDLSICHRTZS.

BE1. Q(G.) ZREY L.

FH: Q(G2)= {Ke, G7, Ka.4-e, K3,3.1, Gg, Go, Pe} ,
Q(Gi1)= {K7. K3.3.1.1. ZODflt 37@} .
ZZT, Q(G2) DTEORRITORCESTHS.
¥z, Q(G:) DEFRICONTIE, [KSIESBEhEV.

SEf%, Sacks(Sa] Tix, Q(G2) IKBLTOERLTWS. iz, Zh
5%, Ke & K3,3.1 5 AY-transformation THSNZZLBbh 5.
Motwani et al [MRS] Tid, HDESMRCDIEBRERATNSA, 22D
D¥r v TBRABIISNS. FLLRIKSIZBRBE AW, 20X vy
%3 7= L ERL TS D Robertson-Seymour-Thomas [RST1], [RST2]
THdH, WINLBEBEERREZHOT, FLWERR»ZHIRNISD
7L 7Y > b [RST3], [RST4], [RST5] THEZXHNTNS.

B MBS, WEETOLZS, /MNEIRZIhSDTVTY) Y DR
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Ke Gy Kis-e
oY, _ar
X
Ks,3,1 Gy

7,
Gy | R

2F z v VBHRLZNTNDEH, ZhLIETIR, 85 3ADRBOERL
EERRZDICOHFLANLTHELD.

2. 2(G2).Q2(G,) #K-T.

%4, Conway-Gordon[CG] DFEIZRNI=FRIE, EBEICIIRDZ & %i3F
BHBLTWBZLICEBTS:

EE2. (1) Ke DEROEHADTRICONT, A (med 2) 451
L3 2l 0kAHESHFREFET S (IC6]) .

X512, Q(G2) DEFE Gy, Ke.a-e, K3.3.1. Gs, Go, Pe ITDONTH,
FhEDEBOZEBNOERICOVWT, HAH (mod 2) B1 L4525
DA B MBEHMEFET S (Shimabara [MS3]) .
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(2) K7 DEBOZBNOERICONT, Arf RERM1 L4 280H
PEBEEFEETS ([CG)) . O

RERF 2y Z7RLTNRENS, Q(G,) KBT3ZLBbhoTNS
BRIIOWTY, BLePBmIiI>z eBFREND ([KS]) .

2T, ERBLIIHOLT, ROEBEEHKE O LICEDL, ki
DFEHBELVLTHIE, ZOEBTHITHEZLbDDS.

FEH1*. (1) HEE L : G- R3 3 linking numberless embedding
© Vpair of disjoint cycles {ci.c2} of G,
link (£f(c).f(c)) =0 (mod 2) .
@2, Robertson-Seymour-Thomas [RST2] Cit, ZDIPA%E BT link-
less embedding LIEA TWN3.
(2) BBt : G=R3 4% Arf invariantless eabedding
S Veyclec of G,
Arf (f(c)) =0.
(3) 297 G#% linking numnerless embeddable
& 3linking numberless embedding f : G—R3.
G¥:= linking numberless embeddable graphs D £{k.
2% 7 G#%% Arf invariantless embeddable
& 3Arf invariantless embedding £ : G—=R3.
G*:= Arf invariantless embeddable graphs D2{f.

EHEZ. G#=G2 ? GA=G1 ?

2D DEHEAH trivial PED», HUTEB trivial LE»DHE
rLLBLVDOT, A (mod 2) & Arf AERTRIRTEBZZ LI
Zhid, BE17Z3T (o) SHROHOABER»ZIBRNEL 3.

BuB - 482 trivial THRZLDOFERBREKOLOT, ZHA
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WENSEIAYL T3 disjoint disks BEETIHBELTS. COESH
I2&dL, FH1 (1)IBITS cycles T (ciU=Ucn) A8 trivial link
THDLNWIFMIE, BT/ 57 1 (G) LDBRBRENTHRZNDT,
RPLEPEPLUTEARZN. 22T, ROEBLEATS.

E#/4.G6GEI57LL, £:6 - R %2EBLTS.

(1) 42 cCG T2 T, flc) » counknotted (or cotrivial)
& 3disk DcR® (DNf(G)=4aD=f(c)) .

(2) £ 4% flat embedding THS (XL, £(G) 45 flat THD)
© Vcycle cCG  (f(c) 43 counknotted) .

Z® counknotted ¥ WHREEIL [Holick->TEASNEHDT, [Sz2]
RETHEHZNTWS. COREOHBIRNLIERIR, ROGEICASNS.

i 2. (Boheme[B]) Let {ci,*-.cn} be a set of cycles of G
such that ciNcy is connected or & for i#j. Let f:G — R® be
an embedding.

f(c1),*, flcw) : counknotted

= 3disks Dy, -, DuCR3

s.t. (i) DiNE@G)=8Di=f(cy) for Vi,
(ii) DsNDy=8D N GDs=f(ciNcy) for i#j. O

—7%, flat embeddings DESBIL, Motwani et al [MRS] TEAXhi=23,
Bz EWNYIN 9> > 7=. Robertson et al[RST2) Cld, ZhAES5FL{E-
TWBEITHB.

FH3. ([RST2)) Y57 GEG* & G has a flat embedding. [J

ZODFEEL, ME 1 2BRIB3:D0, bFAaP—HhEHLS5OTERIC
oTWd. 5—, flat embeddings DT IIEBAL &5, #h
I=l3 Scharlemann-Thompson [ST1] DRDEER A 7 NVICHIAT 5.
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ER4. ([STl]) G #FmiKY 57 (planar graph) £ T 5.
IR £:G — R® 23 spherical (i.e. 32-sphere T CR3 (ZD1(G)) )
& Vsubgraph HEG (7 y (R3—F(H)) is free) . O

SEBES. ([RST2)) 1% £:G — R3 23 flat
& Vsubgraph HEG (7, (R3—f(H)) is free) . O

3. RFrEEER Y

B2, Kobayashi[Kod]#z ¥%&H{MZ, F#H4 L BET 5558 - BiER
YEmARZZLIicTR. 7, EBEEX3.

SEHS. (1) 757 6 DY A 2 NVDESE {c1.-.ca} 45 free THD

& ciNes A5 connected F7zixD for i#j.

@ ZOERT BlICKD. 1ZIZFAUEHRS {Kod]D well-situated.

(2) #H £:6 — R® (Fik £(6) 23 {c1,,ca} KKAL T flat

& 3Adisks Dy, >, DaCR3
s.t. (i) DiNf(G)=8Di=f(cy) for i,

(ii) DiND3=aDiNdDs=f(ciNcy) for i#j.

@ Kobayashi [Kod] Ti2, {ci,* .ca} B1 kAT —F Hy(G:2)
DEBEIE>TNBLE, {c1,,ca} IZBL T locally unknotted
THDBLBEATND. 12130, 77 7%BIBLTVWEEYD, HETDOR
HBONTNS.

(3) ¥k £:G — R® (F =i £(6)) 23 locally flat TH 3

& Jset {cq, " .ca} of cycles of G
s.t. (i) £ {ci..ca} ICEAL T flat,

(ii) {c1,*-.ca} (& H1(G:Z) DEE.

2 locally flat DERIZ, /I 7% bR I —MICWD RSB
BHTEHRUZATHY, SRERICRILEXD.
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ROFEBHITHEXNTINS :

EEE6. ([Kod))
(1) F]_DZ5 7 G d locally flat embedding £:G — R3 %% -.
(2) @257 £(G) # locally flat

= m1(R®—f£(G)) it free group TH3. O

FI& 3. locally flat embedding &HbDHBIMLMELERLE &.

EREEEECEADBRBBEZINTED, LXADHBEBRENT
WEH, SEIOREICNTRODICTS. ZlY 5 7ICBT3R/mHE
BICHINL TH2DIREICBELNZ L THDH, AESBFICERENAT
BY, 2330 LEEL THIMSENHB LI TVS. (ST
LR T RAELFERALZMS!)

PREOBNTZOWETLHEDOT, BHLARE - XEICHZ-TLE
WE L2, BEFLLEZ.

B%IC, ZBY 7 7ICHT 3 XMERELBSTEL . AOBIMNEZbD
ARBLELOT, BELEIEALWS, ZHV 5 7OMRICHELHD
RIZEACHEBLESHLDTHD. MABNERIZLHEANDOHIZ, £
L BHRISEL EEW.
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