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Preface 

"Open algebrai c surface " i s a  synonym fo r "algebrai c surfac e whic h i s not nec -
essarily complete" . A n ope n algebrai c surfac e i s understoo d t o b e a  Zarisk i ope n 
set o f a complete algebrai c surface . A n afEn e algebrai c surfac e i s a typica l exampl e 
of an ope n algebrai c surface , an d i t i s embedded int o a  projective algebrai c surfac e 
as the complemen t o f a  hypersurfac e sectio n o f the projectiv e surface . 

There i s a long history o f research on projective algebrai c surfaces an d we have 
the beautifu l Enriques-Kodair a classificatio n o f such surfaces . Thank s t o the wor k 
of man y predecessors , w e hav e powerfu l method s t o loo k int o th e geometr y an d 
topology o f projective algebrai c surfaces . Compare d t o th e statu s o f the theor y o f 
projective (o r complete ) algebrai c surface s ther e wa s limite d knowledg e t o stud y 
the geometri c o r topologica l structur e o f ope n algebrai c surface s unti l th e earl y 
1970's, when those people like C. P. Ramanujam, S . S. Abhyankar, T . T . Moh , an d 
M. Nagat a bega n t o conside r th e followin g problems : 

(1) Embeddin g o f the affin e lin e int o th e afHn e plane . 
(2) Th e cancellatio n problem , whic h ask s whethe r o r no t a n afEn e variet y X 

is isomorphi c t o th e afBn e spac e A n o f dimensio n n  provide d X  x  A m i s 
isomorphic t o th e afBn e spac e A n + m . 

(3) Th e structur e o f the automorphis m grou p Aut(A n) o f the affin e spac e A n 

of dimension n . 

The difficulty lie s in the lack of methods to examine the geometric structure of affin e 
varieties and the behavior o f a curve, say in the affine plan e A2, when i t approache s 
the point s a t infinity . I t wa s graduall y reveale d throug h th e works , [1,70,74] , fo r 
example, ho w to overcom e th e difficulty . 

A turnin g poin t i n researc h int o non-complet e algebrai c varietie s probabl y oc -
curred whe n Iitak a [33 ] introduce d th e notio n o f logarithmi c Kodair a dimensio n 
of a n algebrai c variet y an d indicate d th e possibilit y o f classifyin g non-complet e 
algebraic varietie s via logarithmi c Kodair a dimensio n i n a  way paralle l t o th e clas -
sification o f projectiv e algebrai c varietie s vi a Kodair a dimensio n (o r canonica l di -
mension). Indeed , whe n a  smoot h algebrai c variet y X  i s embedded int o a  smoot h 
projective algebrai c variet y V  i n suc h a  wa y tha t D  : = V  —  X  i s a  diviso r wit h 
simple norma l crossings , the n th e logarithmi c Kodair a dimensio n o f X  i s define d 
as a n invarian t t o measur e th e growt h o f di m H°(V, n(D  +  Kv))  whe n n  tend s t o 
the positiv e infinity . I t i s show n t o b e prope r t o th e variet y X , tha t i s t o say , 
independent o f th e embeddin g X  int o V  o f th e abov e kind . I n th e surfac e case , 
this suggeste d considerin g th e Enriques-Kodair a classificatio n i n the framewor k o f 
open algebrai c surfaces . 

This boo k i s organize d t o follo w thi s suggestion . Namely , w e recal l th e En -
riques-Kodaira classificatio n i n Chapte r 1  and develo p th e classificatio n theor y o f 
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open algebrai c surface s i n Chapte r 2 . T o compar e th e developmen t o f bot h theo -
ries, w e explai n th e complet e cas e b y goin g rathe r to o muc h int o th e details . Bu t 
we believe tha t th e theor y o f open algebrai c surface s ca n b e bette r understoo d b y 
the compariso n o f bot h theories . T o writ e Chapte r 1 , w e basicall y followe d th e 
references [6,67] . Th e autho r believe s tha t th e theor y o f ope n algebrai c surface s 
should b e extended als o to the cas e where the ground field  has positive characteris -
tic. Henc e Chapte r 1  is written t o cove r th e cas e o f positiv e characteristi c a s well . 
Chapter thre e i s mostly fo r th e account s ho w the theor y o f open algebrai c surface s 
is applied t o affin e algebrai c surfaces . 

The autho r wa s invite d t o writ e a  boo k o n ope n algebrai c surface s b y Pete r 
Russell o f McGil l Universit y an d Marti n Goldstei n o f th e Centr e d e recherche s 
mathematiques, Universit e d e Montrea l whe n th e autho r visite d Montrea l i n 199 4 
on the occasio n o f the Canadia n Mathematica l Societ y Winter Meeting . H e is very 
grateful t o the m fo r constan t encouragemen t durin g th e writing o f the manuscript . 

M. Miyanish i 
July, 199 9 



Bibliography 

1. S . S . Abhyankar an d T . T . Moh , Embeddings  of  the  line  in  the  plane,  J . Rein e Angew . Math . 
276 (1999) , 115-132 . 

2. H . Aoki , Etale  endomorphisms  of  smooth  affine  surfaces,  J . Algebr a 22 6 (2000) , 15-52 . 
3. M . Artin , Some  numerical  criteria  for  contractability  of  curves  on  algebraic  surfaces,  Amer . 

J. Math . 8 4 (1962) , 485-496 . 
4. ,  On  isolated  rational  singularities  of  surfaces,  Amer . J . Math . 8 8 (1966) , 129-136 . 
5. W . Barth , C . Peters , an d A . van d e Ven, Compact  complex  surfaces,  Ergeb . Math . Grenzgeb . 

(3), vol . 4 , Springer , Berlin-Ne w York , 1984 . 
6. E . Bombier i an d D . Husemoller , Classification  and  embeddings  of  surfaces,  Algebrai c Ge -

ometry (Areata , CA , 1974 ) (R . Hartshorne , ed.) , Proc . Sympos . Pur e Math. , vol . 29 , Amer . 
Math. Soc , Providence , RI , 1975 , pp . 329-420 . 

7. E . Brieskorn , Rationale  singularitdten  komplexer  flachen,  Invent . Math . 4  (1967/1968) , 336 -
358. 

8. S . Bundgaar d an d J . Nielsen , On  normal  subgroups  with  finite  index  in  F-groups,  Mat . 
Tidsskr. B . (1951) , 56-98 . 

9. C . Chevalley , Invariants  of  finite groups  generated  by  reflections,  Amer . J . Math . 7 7 (1955) , 
778-782. 

10. A . H . Durfee , Fifteen  characterization  of  rational  double  points  and  simple  critical  points, 
Enseign. Math . (2 ) 2 5 (1979) , no . 1-2 , 131-163 . 

11. R . H . Fox , On  FencheVs  conjecture  about  F-groups,  Mat . Tidsskr . B . (1952) , 61-65 . 
12. A . Fujiki , R . Kobayashi , an d S . Lu , On  the  fundamental  group  of  certain  open  normal 

surfaces, Saitam a Math . J . 1 1 (1993) , 15-20 . 
13. T . Fujita , On  Zariski  problem,  Proc . Japa n Acad . Ser . A  Math . Sci . 5 5 (1979) , 106-110 . 
14. ,  On  the  topology  of  noncomplete  algebraic  surfaces,  J . Fac . Sci . Univ . Toky o Sect . 

IA Math . 2 9 (1982) , no . 3 , 503-566 . 
15. J . E . Goodman , Affine  open  subsets  of  algebraic  varieties  and  ample  divisors,  Ann . o f Math . 

(2) 8 9 (1969) , 160-183 . 
16. A . Grothendieck , Elements  de  geometrie  algebrique.  III . etude  cohomologique  des  faisceaux 

coherents. II , Inst . Haute s Etude s Sci . Publ . Math . 1 7 (1963) . 
17. ,  Elements  de  geometrie  algebrique.  IV . etude  locale  des  schemas  et  des  morphismes 

de schemas.  II , Inst . Haute s Etude s Sci . Publ . Math . 2 4 (1965) . 
18. R . V . Gurjar , A  new  proof  of  Suzuki's  formula,  Proc . India n Acad . Sci . Math . Sci . 10 7 

(1997), no . 3 , 237-242 . 
19. R . V . Gurja r an d M . Miyanishi , Affine  surfaces  with  R  <  1 , Algebraic Geometr y an d Commu -

tative Algebra , vol . I (H . Hijikata, H . Hironaka, M . Maruyama, H . Matsumura , M . Miyanishi , 
T. Oda , an d K . Ueno , eds.) , Kinokuniya , Tokyo , 1988 , pp . 99-124 . 

20. ,  On  contractible  curves  in  the  complex  affine  plane,  Tohok u Math . J . (2 ) 4 8 (1996) , 
no. 3 , 459-469 . 

21. ,  On  the  Jacobian  conjecture  for  Q-homology  planes,  J . Rein e Angew . Math . 51 6 
(1999), 115-132 . 

22. R . V . Gurja r an d A . J . Parameswaran , Affine  lines  on  Q-homology  planes,  J . Math . Kyot o 
Univ. 3 5 (1995) , no . 1 , 63-77 . 

23. R . V . Gurja r an d C . R . Pradeep , Q-homology  planes  are  rational.  Il l , Osak a J . Math . 3 6 
(1999), 259-335 . 

24. R . V . Gurjar , C . R . Pradeep , an d A . R . Shastri , On  rationality  of  logarithmic  Q-homology 
planes, Osak a J . Math . 3 4 (1997) , no . 3 , 725-743 . 

253 



254 BIBLIOGRAPHY 

25. R . V . Gurja r an d A . R . Shastri , A  topological  characterization  of  C 2 /G, J . Math . Kyot o 
Univ. 2 5 (1985) , no . 4 , 767-773 . 

26. ,  On  the  rationality  of  complex  2-cells.  I , J . Math . Soc . Japan 4 1 (1989) , no . 1 , 37-56 . 
27. ,  On  the  rationality  of  complex  2-cells.  II , J . Math . Soc . Japa n 4 1 (1989) , no . 2 , 

175-212. 
28. R . V . Gurja r an d D.-Q . Zhang , TK\  of smooth  points  of  a  log  del  Pezzo  surface  is  finite.  I , J . 

Math. Sci . Univ . Toky o 1  (1994) , no . 1 , 137-180 . 
29. ,  7Ti of  smooth  points  of  a  log  del Pezzo  surface  is  finite.  II , J . Math . Sci . Univ. Toky o 

2 (1995) , no . 1 , 165-196 . 
30. ,  On  the  fundamental  groups  of  some  open  rational  surfaces,  Math . Ann . 30 6 (1996) , 

no. 1 , 15-30 . 
31. R . Hartshorne , Ample  subvarieties  of  algebraic  varieties,  Lectur e Note s i n Math. , vol . 156 , 

Springer-Verlag, 1970 . 
32. ,  Algebraic  geometry,  Grad . Text s i n Math. , vol . 52 , Springer-Verlag , Ne w York -

Heidelberg, 1977 . 
33. S . Iitaka , On  logarithmic  Kodaira  dimension  of  algebraic  varieties,  Comple x Analysi s an d 

Algebraic Geometr y (W . L . Baily , Jr . an d T . Shioda , eds.) , Iwanam i Shoten , Tokyo , 1977 , 
pp. 175-189 . 

34. ,  On  logarithmic  KS  surfaces,  Osak a J . Math . 1 6 (1979) , no . 3 , 106-110 . 
35. ,  Algebraic  geometry.  An  introduction  to  birational  geometry  of  algebraic  varieties, 

Grad. Text s i n Math. , vol . 76 , Springer-Verlag , Ne w York-Berlin , 1982 . 
36. T . Kambayashi , On  Fujita's  strong  cancellation  theorem  for  the  affine  plane,  J . Fac . Sci . 

Univ. Toky o Sect . I A Math . 2 7 (1980) , no . 3 , 535-548 . 
37. T . Kambayash i an d M . Miyanishi , On  flat fibrations  by  the  affine  line,  Illinoi s J . Math . 2 2 

(1978), no . 4 , 662-671 . 
38. M . C . Kang , On  Abhyankar-Moh's  epimorphism  theorem,  Amer . J . Math . 11 3 (1991) , no . 3, 

399-421. 
39. Y . Kawamata, Addition  formula  of  logarithmic  Kodaira  dimensions  for  morphisms  of  relative 

dimension one,  Proceeding s o f the Internationa l Symposiu m o n Algebrai c Geometr y (Kyoto , 
1977) (M . Nagata , ed.) , Kinokuniya , Tokyo , 1978 , pp . 207-217 . 

40. ,  On  the  classification  of  noncomplete algebraic  surfaces,  Algebrai c Geometry (Copen -
hagen, 1978 ) (K . L0nsted , ed.) , Lectur e Note s i n Math. , vol . 732 , Springer , Berlin , 1979 , 
pp. 215-232 . 

41. S . Keel and J . McKernan , Rational  curves  on  quasi-projective  surfaces,  vol . 140 , Mem. Amer . 
Math. Soc , no . 669 , Amer . Math . Soc , Providence , RI , 1999 . 

42. R . Kobayashi , Einstein-Kahler  metrics  on  open  Satake  V-surfaces  with  isolated  singulari-
ties, Math . Ann . 27 2 (1985) , no . 3 , 385-398 . 

43. ,  Uniformization  of  complex  surfaces,  Kahle r metri c an d modul i space s (T . Ochiai , 
ed.), Adv . Stud . Pur e Math. , vol . 18 , Academic Press , Boston , MA , 1990 , pp . 313-394 . 

44. R . Kobayashi , S . Nakamura , an d F . Sakai , A  numerical  characterization  of  ball  quotients 
for normal  surfaces  with  branch  loci,  P r o c Japa n Acad . Ser . A  Math . Sci . 6 5 (1989) , no . 7 , 
238-241. 

45. K . Kodaira , On  compact  analytic  surfaces.  II , Ann . o f Math . (2 ) 7 7 (1963) , 563-626 . 
46. H . Kojima , Almost  minimal  embeddings  of  quotient  singular  points  into  rational  surfaces, 

J. Math . Kyot o Univ . 3 8 (1998) , 77-99 . 
47. ,  Open  rational  surfaces  with  logarithmic  Kodaira  dimension  zero,  Internat . J . Math . 

10 (1999) , no . 5 , 619-642 . 
48. H . Kurke , Vorlesungen  iiber  algebraische  flachen,  Teubner-Text e Math. , vol . 43 , Teubner , 

Leibzig, 1982 . 
49. S . Lang , Abelian  varieties,  Interscienc e Tract s i n Pur e an d Applie d Mathematics , vol . 7 , 

Interscience Publishers , Ne w York-London , 1959 . 
50. H . B . Laufer , Normal  two-dimensional  singularities,  Ann . o f Math . Stud. , vol . 71 , Princeto n 

Univ. Press , Princeton , NJ , 1971 . 
51. J . Lipman , Rational  singularities,  with  applications  to  algebraic  surfaces  and  unique  factor-

ization, Inst . Haute s Etude s Sci . Publ . Math . 3 6 (1969) , 195-279 . 
52. J . Milnor , Morse  theory,  Ann . o f Math . Stud. , vol . 51 , Princeton Univ . Press , Princeton , NJ , 

1963. 



BIBLIOGRAPHY 255 

53. M . Miyanishi , An  algebraic  characterization  of  the  affine  plane,  J . Math . Kyot o Univ . 1 5 
(1975), 169-184 . 

54. ,  Curves  on  rational  and  unirational  surfaces,  Tat a Inst . Fund . Res . Lecture s o n 
Math, an d Phys. , vol . 60 , Tat a Institut e o f Fundamenta l Research , Bombay , 1978 . 

55. ,  Noncomplete  algebraic  surfaces,  Lectur e Note s i n Math. , vol . 857 , Springer-Verlag , 
Berlin-New York , 1981 . 

56. ,  On  affine-ruled  irrational  surfaces,  Invent . Math . 7 0 (1982/1983) , no . 1 , 27-43 . 
57. ,  Algebraic geometry,  Transl . Math . Monogr. , vol . 136 , Amer. Math . Soc , Providence , 

RI, 1994 . 
58. M . Miyanish i an d T . Sugie , Affine  surfaces  containing  cylinderlike  open  sets,  J . Math . Kyot o 

Univ. 2 0 (1980) , no . 1 , 11-42 . 
59. ,  Examples of  homology  planes  of  general  type,  J . Math . Kyot o Univ . 3 0 (1990) , no . 2, 

337-342, appendi x t o T . Sugie , On  T.  Petrie's  problem  concerning  homology  planes. 
60. ,  Q-homology planes  with  C* * -fibrations, Osak a J . Math . 2 8 (1991) , no . 1 , 1-26 . 
61. ,  On  Chern  numbers  of  homology  planes  of  certain  types,  J . Math . Kyot o Univ . 3 

(1996), 331-358 . 
62. M . Miyanish i an d S . Tsunoda , Absence  of  the  affine  lines  on  the  homology  planes  of  general 

type, J . Math . Sci . Univ . Toky o 3 2 (1992) , no . 3 , 443-450 . 
63. Y . Miyaoka , On  the  Chern  number  of  surfaces  of  general  type,  Invent . Math . 4 2 (1977) , 

224-237. 
64. S . Mori , Threefolds  whose  canonical  bundles  are  not  numerically  effective,  Ann . o f Math . 

(2) 11 6 (1982) , no . 1 , 133-176 . 
65. D . Mumford , The  topology  of  normal  singularities  of  an  algebraic  surface  and  a  criterion 

for simplicity,  Inst . Haute s Etude s Sci . Publ . Math . 9  (1961) , 5-22 . 
66. ,  Pathologies.  Il l , Amer . J . Math . 8 9 (1967) , 94-104 . 
67. ,  Enriques'  classification  of  surfaces  in  cha r p. I , Globa l Analysis , Uni v Toky o Press , 

Tokyo, 1969 , pp . 325-339 . 
68. M . Nagata , Imbedding  of  an  abstract  variety  in  a  complete  variety,  J . Math . Kyot o Univ . 2 

(1962), 1-10 . 
69. ,  Lectures  on  the  fourteenth  problem  of  Hilbert,  Tat a Institut e o f Fundamenta l Re -

search, Bombay , 1965 . 
70. ,  On  automorphism  group  of  k[x,y],  Lecture s i n Math. , vol . 5 , Kinokuniya , Tokyo , 

1977. 
71. M . Nagat a an d M . Maruyama , Note  on  the  structure  of  a  ruled  surface,  J . Rein e Angew . 

Math. 2 3 9 / 2 4 0 (1969) , 68-73 . 
72. M . Namba , Branched  coverings  and  algebraic  functions,  Pitma n Researc h Note s i n Mathe -

matics Series , vol . 161 , Longman Scientifi c & : Technical, Harlow , 1987 . 
73. C . R . Pradee p an d A . R . Shastri , On  rationality  of  logarithmic  Q-homology  planes.  I , Osak a 

J. Math . 3 4 (1997) , no . 2 , 429-456 . 
74. C . P . Ramanujam , A  topological  characterization  of  the  affine  plane  as  an  algebraic  variety, 

Ann. o f Math . (2 ) 9 4 (1971) , 69-88 . 
75. D . R . Richman , On  the  computation  of  minimal  polynomials,  J . Algebr a 10 3 (1986) , no . 1 , 

1-17. 
76. L . Rudolph, Embeddings  of  the  line  in  the  plane,  J . Rein e Angew. Math . 33 7 (1982) , 113-118 . 
77. P . Russell , On  affine-ruled  rational  surfaces,  Math . Ann . 25 5 (1981) , no . 3 , 287-302 . 
78. I . R. Safarevic , B . G. Averbuh, Ju . R . Vamberg, A . B. Zizcenko, Ju . I . Manin, B . G. Moisezon , 

G. N . Tjurina , an d A . N  Tjurin , Algebraic  surfaces,  Trud y Mat . Inst . Steklov . 7 5 (1965) , 
1-215 (Russian) , Englis h transl. , Proc . Steklo v Inst . Math . 7 5 (1965) . 

79. F . Sakai , Enriques  classification  of  normal  Gorenstein  surfaces,  Amer . J . Math . 10 4 (1982) , 
no. 6 , 1233-1241 . 

80. ,  Normal  Gorenstein  surfaces  and  blowing  ups,  Saitam a Math . J . 1  (1983) , 29-35 . 
81. ,  Weil  divisors  on  normal  surfaces,  Duk e Math . J . 5 1 (1984) , no . 4 , 877-887 . 
82. ,  The  structure  of  normal  surfaces,  Duk e Math . J . 5 2 (1985) , no . 3 , 627-648 . 
83. ,  Classification  of  normal  surfaces,  Algebrai c Geometry , Bowdoin , 198 5 (Brunswick , 

MN, 1985 ) (S . J . Bloch , ed.) , Proc . Sympos . Pur e Math. , vol . 46 , Par t 1 , Amer . Math . Soc , 
Providence, RI , 1987 , pp . 451-465 . 

84. ,  Ruled fibrations on  normal  surfaces,  J . Math . Soc . Japan 4 0 (1988) , no . 2 , 249-269 . 
85. I . Satake , Linear  algebra,  Pur e Appl . Math. , vol . 29 , Marce l Dekker , Ne w York , 1975 . 



256 BIBLIOGRAPHY 

86. J.-P . Serre , Morphismes  universels  et  differentielles  de  troisieme  espece,  Seminair e C . 
Chevalley, 3 e annee : 1958/59 . Variete s d e Picard , Ecol e Normal e Superieure , Paris , 1960 . 

87. ,  Morphismes  universels  et  variete  d'Albanese,  Seminair e C . Chevalley , 3 e annee : 
1958/59. Variete s d e Picard , Ecol e Normal e Superieure , Paris , 1960 . 

88. G . C . Shepher d an d J . A . Todd , Finite  unitary  reflection  groups,  Canad . J . Math . 6  (1954) , 
274-304. 

89. E . H . Spanier , Algebraic  topology,  McGraw-Hill , Ne w York-Toronto-London , 1966 . 
90. T . Sugie , On  a  characterization  of  surfaces  containing  cylinderlike  open  sets,  Osak a J . Math . 

17 (1980) , no . 2 , 363-376 . 
91. M . Suzuki , Proprietes  topologiques  des  polynomes  de  deux  variables  complexes,  et  automor-

phismes algebriques  de  Vespace  C 2 , J . Math . Soc . Japa n 2 6 (1974) , 241-257 . 
92. ,  Sur  les  operations  holomorphes  du  groupe  additif  complexe  sur  Vespace  de  deux 

variables complexes,  Ann . Sci . Ecol e Norm . Sup . (4 ) 1 0 (1977) , no . 4 , 517-546 . 
93. R . Swan , Unpublishe d notes , Universit y o f Chicago . 
94. J . Tate , Genus  change  in  inseparable  extensions  of  function  fields,  Proc . Amer . Math . Soc . 

3 (1952) , 400-406 . 
95. T . tor n Dieck , Linear  plane  divisors  of  homology  planes,  J . Fac . Sci . Univ . Toky o Sect . I A 

Math. 3 7 (1990) , no . 1 , 33-69 . 
96. T . tor n Diec k an d T . Petrie , Contractible  affine  surfaces  of  Kodaira  dimension  one,  Japan . 

J. Math . (N.S. ) 1 6 (1990) , no . 1 , 147-169 . 
97. ,  Arrangements  of  lines  with  tree  resolutions,  Arch . Math . (Basel ) 5 6 (1991) , no . 2 , 

189-196. 
98. S . Tsunoda , Structure  of  open  algebraic  surfaces.  I , J . Math . Kyot o Univ . 2 3 (1983) , no . 1 , 

95-125. 
99. S . Tsunod a an d M . Miyanishi , The  structure  of  open  algebraic  surfaces.  II , Classificatio n o f 

Algebraic an d Analyti c Manifold s (Katata , 1982) , Progres s i n Math. , vol . 39 , Birkhauser , 
Boston, MA , 1983 , pp . 499-544 . 

100. K . Ueno , Classification  theory  of  algebraic  varieties  and  compact  complex  spaces,  Lectur e 
Notes i n Math. , vol . 439 , Springer-Verlag , Berlin-Ne w York , 1975 . 

101. E . Viehweg , Canonical  divisors  and  the  additivity  of  the  Kodaira  dimensions  for  morphisms 
of relative  dimension  one,  Compositi o Math . 3 5 (1977) , no . 2 , 197-223 . 

102. E . Weiss , Cohomology  of  groups,  Pur e Appl . Math. , vol . 34 , Academi c Press , Ne w York -
London, 1969 . 

103. M . G . Zaidenberg , Isotrivial  families  of  curves  on  affine  surfaces  and  characterizations  of 
the affine  plane,  Izv . Akad . Nau k SSS R Ser . Mat . 5 1 (1987) , 534-56 7 (Russian) , Englis h 
t rans l , Math . USSR-Izv . 3 0 (1988) , no . 3 , 503-532 . 

104. M . G . Zaidenber g an d V . Y . Lin , An  irreducible  simply  connected  algebraic  curve  in  A 2 

is equivalent  to  a  quasi-homogeneous  curve,  Dokl . Akad . Nau k SSS R 27 1 (1983) , no . 5 , 
1048-1052 (Russian) , Englis h transl. , Sovie t Math . Dokl . 2 8 (1983) , 200-204 . 

105. O . Zariski , The  theorem  of  Riemann-Roch  for  high  multiples  of  an  effective  divisor  on  an 
algebraic surface,  Ann . o f Math . (2 ) 7 6 (1962) , 560-615 . 

106. D.-Q . Zhang , Logarithmic  del  Pezzo  surfaces  of  rank  one  with  contractible  boundaries,  Osak a 
J. Math . 2 5 (1988) , no . 2 , 461-497 . 

107. ,  Logarithmic  del  Pezzo  surfaces  with  rational  double  and  triple  singular  points, 
Tohoku Math . J . (2 ) 4 1 (1989) , no . 3 , 399-452 . 



Index 

(—l)-curve, 2 
(—n)-curve, 2 
D-dimension, 5 9 
D*> 9 4 
A1-cylinder, 7 2 
A1-fibration, 19 4 
Ai -fiber space , 14 2 

Platonic, 14 3 
Aj-fibration, 142 , 20 1 

twisted, 20 2 
untwisted, 20 2 

P1-bundle, 4 
P1-fibratin, 1 1 
pi-fibration, 4 
P r -bundle , 2 1 
Bk(D), 9 4 
C*-fibration, 20 1 
Div(V)Q , 6 9 
Q-divisor 

integral part , 10 6 
Q-factorial, 5 3 

Abhyankar-Moh-Suzuki 
theorem, 22 0 

addition formula , 6 4 
of logarithmi c Kodair a dimensions , 6 7 

adjunction terminates , 1 5 
affine-ruled, 19 4 
Albanese variety , 6 
algebraic quotient , 5 3 
ampleness criterio n o f Kleiman , 9 

bark, 90 , 9 4 
blowing-down, 2 
blowing-up, 1 

sprouting, 8 7 
subdivisional, 8 7 

boundary 
connected, 7 2 
smooth, 6 5 

branching point , 3 5 

canonical diviso r formula , 3 9 
Castelnuovo criterio n o f rationality , 1 1 
completion 

normal, 65 , 21 3 
smooth, 6 5 

component 
adjacent, 13 0 
fixed, 3 
horizontal, 75 , 7 6 
superfluous exceptional , 10 5 
vertical, 7 6 

cone 
closed effective , 8 
dual, 7 
effective, 8 
nef, 9 
pseudo-ample, 9 
self dual , 7 

contractability criterio n 
of Castelnuovo , 2 

contractible surface , 22 8 
contraction, 2 , 8 7 
cross-section, 1 9 
curve 

algebraically contractible , 5 3 
extremal rational , 9 
of canonica l type , 2 3 
of canonicaltyp e 

indecomposable, 2 3 
cylinderlike ope n set , 7 2 

determinant, 8 7 
divisor 

Q-, 6 9 
logarithmic ramification , 6 6 
NC-, 6 5 
nef, 8 , 6 9 
numerically effective , 8 
numerically equivalent , 6 
pseudo-effective, 6 9 
SNC-, 6 5 
stripped form , 9 4 
with norma l crossings , 6 5 
with simpl e norma l crossings , 6 5 

dominate, 3 

Easy additio n theorem , 6 1 
elementary transformation , 2 2 
elimination o f indeterminacy , 2 
Enriques criterion , 5 1 
equivalent 

proper-birationally, 6 5 

257 



258 INDEX 

Euler number , 5 
Euler-Poirtcare characteristic , 5 
exceptional component , 10 5 
exceptional curve , 1 , 5 1 
exceptional curv e o f th e first  kind , 2 
exceptional set , 5 1 
extremal 

rational curve , 11 3 
ray, 11 3 

extremal ray , 9 

factorial, 5 3 
fiber 

multiple, 19 , 142 , 20 3 
multiplicity, 1 9 
reduced form , 1 9 
singular, 19 , 142 , 20 3 
tame, 3 1 
wild, 3 1 

fibered variety , 5 9 
D-canonical, 6 0 
canonical, 6 4 
proper, 5 9 
smooth part , 5 9 
smooth proper , 5 9 

fibration, 4 , 5 9 
(—l)-component, 1 9 
elliptic, 2 3 
proper, 5 9 
quasi-elliptic, 2 3 
relatively minimal , 1 9 
smooth proper , 5 9 

fork, 9 3 
(-2)-fork, 9 4 
admissible, 9 3 
central component , 9 3 
rational, 9 3 

fundamental cycle , 5 2 

genus 
n th plurigenus , 5 
arithmetic genu s formula , 5 
arithmetic genu s o f a  curve , 5 
arithmetic genu s o f a  surface , 5 
geometric, 5 

germ, 11 7 

half-point 
attachment, 23 3 
detachment, 23 3 

Hirzebruch surface , 2 2 
Hodge inde x theorem , 7 
homology plane , 22 8 

Q-, 22 8 
logarithmic, 22 8 
logarithmic Q- , 22 8 

Iitaka fibration  theorem , 6 0 
invariant 

cancellation, 6 7 
proper birational , 6 5 

irregularity, 6 
irrelevant component , 9 3 

Kodaira dimension , 4 , 6 4 

Lin-Zaidenberg 
theorem, 22 5 

linear chain , 8 7 
admissible, 8 8 
inductance, 8 8 
rational, 8 8 

linear pencil , 3 
permissible, 14 3 

linear system , 3 
base point , 3 
complete, 3 
fixed part , 3 

local fundamenta l group , 5 6 
local quadrati c transformation , 1 
log 

exceptional curv e o f th e first  kind , 12 2 
exceptional curv e o f th e secon d kind , 12 2 
projective surface , 12 2 
terminal singularity , 117 , 11 8 

log de l Pezz o surface , 14 2 
complete, 14 2 
open, 14 2 

logarithmic 
ra-genus, 6 6 
n-form, 6 6 
form, 6 5 
geometric genus , 6 6 
irregularity, 66 
Kodaira dimension , 6 6 
ramification divisor , 6 6 

logarithmic ramificatio n formula , 6 6 
loop, 7 3 

mapping 
proper birational , 6 5 
proper rational , 6 5 
strictly rational , 6 5 

minimal, 3 
minimal resolution , 12 2 
model 

almost minimal , 10 7 
log canonical , 19 1 
minimal, 3 
relatively minimal , 3 , 86 , 12 2 

morphism 
generically separable , 6 8 

multiplicity, 20 3 

NC-minimal, 23 2 
Noether's formula , 5 
nonsingular triple , 6 8 

complete, 6 8 



INDEX 259 

normal projectiv e completion , 19 8 

pair 
almost minimal , 10 7 

peeling, 9 0 
pencil, 4 

irrational, 4 
irreducible, 4 
rational, 4 

Picard number , 6 
point 

infinitely near , 1 
projection formula , 5 7 
projective bundle , 2 1 

tautological lin e bundle , 2 1 
pseudo-reflection, 53 , 21 2 

rational surface , 1 0 
relative dualit y theorem , 3 9 
relatively minimal , 122 , 19 8 
relatively minima l model , 19 8 
resolution, 5 1 

good, 5 2 
minimal, 5 2 
very good , 5 2 

Riemann-Roch theorem , 5 
rod, 8 7 

(-2)-rod, 9 4 
rational, 8 8 

ruled surface , 1 0 
rational, 2 1 

ruledsurface 
irrational, 2 1 

section, 1 9 
minimal, 2 2 

singularity 
cuspidal, 136 
elliptic, 13 6 
log-canonical, 136 
quasi-cuspidal, 136 
quasi-elliptic, 13 6 
quotient, 5 3 
rational, 5 2 
rational double , 5 6 

strongly minimal , 136 , 20 0 
subalgebra 

cofinite, 20 9 
subgroup 

small, 53 , 21 2 
surface 

affine-ruled, 7 2 
connected a t infinity , 7 2 
hyperelliptic, 4 4 
log projective , 12 2 
quasi-hyperelliptic, 4 4 

proper, 1 
total, 1 

transpose, 9 3 
tree, 7 3 
twig, 8 7 

maximal, 8 7 
rational, 8 8 

variety 
resoluble, 6 8 

weighted dua l graph , 5 2 
weighted graph , 8 7 

branching number , 8 7 
edge, 8 7 
tip, 8 7 
weight, 8 7 

Zariski-Fujita decomposition , 6 9 
nef component , 6 9 
negative component , 6 9 

total transform , 5 7 
transform 




		2014-09-11T12:33:12+0530
	Preflight Ticket Signature




