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Lemma 2.5. Lot X e o stoolls projective exeeiety and et 1 i0 Q. et JiX <0 Y e the



M am Mfa C”'hiht'ng, diocropncis,

Lesssus 2.1, Lot (x.}:!,,b.s.) b @ dag amooth terminal threcfold pesr, where 8y, ...\ 8, are distinet prime

divisors, Lot
f:X 2 X'

be o biratéonal contraction to a terminal theeefold X', Let ST be the proper transform of S, i X' for everyi.
Let Y b w smooth varsely, et 1Y —= X be a bsutional mesphivm, wad It E CY b an ([ og)rexcnptionnd
prime divisor sach that the aorntre of £ on X' is 0 cvroe. Then

» »
u(l'.'. x'.zo.s:) wu(E,X0) < Y bommlty 87, ()
il

where a{E. X7, 0) is an integer such that (0 < o[ E. X", 0) < p{Y/X').

Lemma 2.2, Let (X, A) W o cononicnl projectioe pair, and led [ X -+ Y be o (Kx 4 A)-nenpositive
birationad contrection. Assurae that [ does not contrect any component of A, and let Ay = fLA.

Then (Y, Ay) is canonical. Additionally, if [ is (Kx ~ A)-negative and (X, A) is terminal. then (Y, Ay )
is terminal
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Definition 2.12. Lot (X. 37 S) be a log smooth projective pair, where S,..... 85, are distinet prime
divisors, and let V = Y7 RS © DivalX ) Let 0 < £ < 1/2. We denote

e
LV)= {Za‘.s'. cv | (s lu.ll} EV)={AcLV]||Ky 4+ A~y D20},
=1

and

»
LV)= [Zu..\] eV l W €l - ',}. OV < (A= L(V) | (X A) s eanomical |
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Theorem 2.13. Aseurme he MMP in direonsion n, Let [X. Y0 S o« log smeoth projective peir, whien
Stveee oSy are distinet prime divisors, wad el V - }_:’_, A8 Chivial X

Then there ezist biwtional controckions [, X <+ Y, fori = 1.
rutipnal polgtopes and

ook such that Cy (V). . ... Cy (V) une

A
LV = UL?,.H')
=l

in particular, E(V) s a mational pidytope,
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Theorem L.1. Let p and p be positive intogers, ana bt £ be a positive retionol number. Lot (X, 37, 5,) Iv
a 3.dbmenstonad ling smooth pale sweck thit

(i) X iy not wriruled,

() 85, 8, aro distine? prime diedsors whick ar not contatned in BIKy 4+ 50, 0, 8,) foraliv < 0, € 1,
(i) the divisors §; apnn Divg(N) up to sumerical eguiavidencr,
{ivl X ) CpandpiSHEpforallv=1.....p

Carollary 1.2, [e! ¢ v o positioe pumber, Lot X b the cotloction of all log sruootk 3-fald termmal poirs
(X, D = 37 8.5) such that X ix not wnirndod, 7 £ 8, 2 | — ¢ for all i, §,..... 8§, arc distinot prime
divisory not contaimed i B(Kx + Y\, 0,8, for all 0 < a; < 1, and S, span Divy(X) up to numericol
eygmivlence,

Than for every (Xo. D) € X there prists u constand N swch that for voery (X, Q) € X of the Lopolegical
type as { Ny, Do), the wnmnber of oy ternsnnd modeds of (X, D) is bounded by N,



Lexma 4.1, Lot (XS -~ S:' IS,} be u Loy smooth profectioe theeefold, where S, ...S,, are atinct it
divisors, and asssme that 0 < 2 <€ 1/2 ix a mbtional number sueh hat (X, 28) is borminal and Ky + 25 ds
big. Assurar that S; @ B, (Kx « =8) for everg i, Let [ b the Lotal number of irradncible components of
intersections of each two of the divdsors 8y..... S,

Then for any 1, the number of curves contamerd in

B, Ky +¢5108,

is bawnded by ¢ constan! which depends an pl X ), plS). = and 1.
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Lemma 4.2, Lot (X. 8 = Y7, §,) be a loy smooth projective threefold, where Sy, ... 8, are distinct peime *
divisors, wud let V = 377 RS, € DivglX). Asume that S, € B (Kx + B) for all B € C\V) wuch that
Kx + B is big und for ol j, Let I o die total numbder of irveducible componenits of intersections of oach
two of the divisors Sy, ..., S;-

Then for any j, and for every rational nember = > 0 such that (X, =8) = termingd and Ky 4 =8 is by,
the number of curves contained in

U BuKx+BINS,
Hed, (V)

s emndedd by # constant alich dopomds an p(X), plS,), p, = and |,
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Lemma 4.3. Let (X, Y7, S)) be a 3-dimensional log smooth pair such that Ky is pseudocffective, Sy, .. .. S,
1 pegreciive

are distinet prime divisors. and let V = Y ! K. S, C Divg(X). Assume that S, € B(Kx +*BT Jor ol
Be LV) and everyi = 1,..., p. Let Fy, ..., Fy be adi the prime divisors contained in B{(Kx ), and for

every v C {l s&s define
- ‘”f CHM'VYIF, CB(Kx +8B) if and only if 1 € c'}
Let C; be the termingl chambers in V' (cf. Definitin W), Jor | £ 1 6 k. Asene that vach udjecent

connected component of coeryg B, with respect to the covering by C, iy the union of af most in polytopes C,
Then there erists a constant M = M, m) such that & < M.
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Lemma 2.11, Let Q C [0 11F © R® b a polytope containing the arigin, and let Cy, ... . Co o p-dimenstonal
polytopes with paircise disjoint inferiors such that Q = U:_, . L Py, ..., P, € Q v p-dimensional
polytopes such that

(P + RS NQEC P, (2)

Jor all i. For any subset 1 € {1.....k}, denole by Ry the closure of )., PN\, ; Py, and let Ry demotn
the closure of Q\ U. .1 Pie Assume that soch adjacent-connected component of every Ry and of Ry with
respect o the emvering Q = U:- L Co 14 the unton of at most v polytopes C,.

Thon there exists a constant M = Mk, m) such that < M
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Theorem 4.4. Let p and p be positive integers, and let ¢ be o positive mtional number. Let (X, 30, 8) v
a 3-dimensional log smooth pasr sach that

(1) Kx is psendooffective, ==X mﬂ_" ‘"WML/

() S10.00, Sy are distinet prime divisors which are not contained in B(K x + B) for all B € L(V),
(lii) the vector space V = 37 RS, € Diva(X) apans Divg(X) wp to nwmerionl equivalener,
(iv) piX) S pand p(S;) € p foralls = 1. . p

Let I be the total number of rrroducible components of intersections of cach two and cach three of the divisors
T &

Then there exists a constant N = -‘.‘Pﬁ e 1) such that the number of terminal chambers in V' which
intersect the interior of £.V) & af most N.

Same_hpfhsns:

7
Thery enists o constent C' that depends only on p, p, © and 1 suek thod for any & = T0_ 8,5, with
8, =l 1 = 2] and (X, A) terminal, the number of log terminal wodels of (X, A) is af most O
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Carollary 1.2, Let ¢ v o positioe pumber, Lot X be the cotloction of all Jog smmootk 3-fold termmal e
(X.A - 2::'“1‘.'3.] auch that X dv nod indrided, 7 £ 8, < | — ¢ for adl i, 5y..... S, are distsnot prime
divisory not contaimed i B(Kx + Y\, 0,85,) for all 0 < oy < 1, and §; span Divy(X) up to nemericol
eygmivalence,

Then for every (Xg, Do) € X there prists u constant N such that for eeery (X, Q) € X of the Lopodegical
tape as { Ny, Do), the nnmber of log ternnnd modeds of (X, A) ds bounded by N,

Tt
£ <b,
T o byl



Theorem 4.4, Let p and p be positive integers, and let ¢ be a positive mtional number. Let (X, 320, 8))
a S-dimensional log smooth pair such that

(1) K is psewdoeffective, £==>X moA o]

() 81000 Sy are distinet prime divisors which are not contained in B(K x + 8) for all B € L(V'),
(1ii) the veetor space V = 377 RS, € Diva(X) spans Divg(X) wp to numerionl equivalener,
(iv) plX) S pand p(S) € p foralls = 1. .p

Let 1 be the total number of mrroducible components of intersections of cach two and cach three of the divisors
S],....S,..

Then there exists a constant N = N(p.p.c. I) suck that the number of terminal chambers in V' uhich
intersect the tutevior of £.(V) & of most N.
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Lemman 2.3, Let (X, A = Y7, a.5,) b o 3-dimensional log amooth terminal peir with 0 < o, < 1, exd lef
ZT NS, beoa wmion of m cwrwes Let | be the totul vmmber of peints of interwection of each three uf e
dretsors .S'.... : ,s’.

Then there vxfats a constont N = Nn poag, a0, T sk that ke pumber of goometric snluations B
on X with ex(E) © Z wnd ofE. X, A) < 1 is boanded by N, Purthormore, the number of dlousups alony
strooth certies wocdad to oalése the valaotions is ovaded by N

akeldy
Bla uy T gt o o ol

(ymmﬂ [ a am¥ A?M?‘O(me



= Gompendion o M=116,p3) Mo e
= 4[] o Eépiw(»

MQQE,X,A)QL
EMTWWM}/IMZ;
Lo el of X deinds, Y and
comit e o Y s, i Tonfme

Cntte. 10 2.
Al Hocn, Kaomdt
\\TM%.g (M?) Ui K&{W
0
ol oy g, bhtina $EF,
wAth CX(E‘;L)Q(?C: wd 0 (E,xBJ<|
fo some Bel V. m< My, ¢e7)

S

— Jep



w? Fo ol Bed ), e diicais
pit o Bls8) i wlind 2 F.

é . é@: X%
Ly Tl el of (XE)
Fo vell,. 4
BBl T il by oS

<= (€Y
oot ol 3 Fioid ol
[Mf,,m,j;,; W—M W
g B,
FW n amf Reoum-e %m %'W“‘é"é-
S# p=p M)



I ks s, .
S‘W"”Z C: C" o Lol chwnles ihise
,;nt,,w M 8,,,/. Y,,)(/' /ﬂ\m men



(;F 666/// wmd  dnlt (), C) W%MJ,

g dow fim X XX

FA\, G W me E os X
Do (mltS ., mhS)

jE, ¢~ (Mﬁesfl; vy ol gP)



%» bome O fIe g4 g Mg g€ 2
b;/?f — @é/iﬂM[fES:/‘/"/g
S 2 €S.









