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General /elementary:

Chartrand, G. Graphs as Mathematical Models. Prindle-Weber-Schmidt, 1977. Reprinted as Introductory
Graph Theory, Dover, 1985.

Clark J. and D.A. Holton, A4 first look at graph theory. World Scientific, 1991.

Trudeau R.J., Introduction to graph theory (originally Dots and Lines, 1976). Dover, 1993.
Wilson R.J. Introduction to graph theory. Academic Press, 1979, 1972; Longman, 1985.
Wilson R.J. and J.J. Watkins, Graphs: An introductory approach. John Wiley & Sons, 1990.
General / intermediate:

Bondy J.A. and U.S.R. Murty, Graph Theory with Applications. Elsevier, 1976.

Chartrand G. and L. Lesniak, Graphs and Digraphs. PWS Publishers, 1979; WadsworthBrooks/Cole, 1986;
Chapman & Hall, 1996.

Gould R., Graph Theory. Benjamin / Cummings, 1988.

Gross J. and J. Yellen, Graph Theory. CRC Press, 1999.

Harary F., Graph Theory. Addison-Wesley, 1969.

Ore 0., Theory of Graphs. AMS Collog. 38, Amer. Math. Soc., 1962.

General /advanced:

Berge, C. Graphs. North-Holland 1973, 1976, 1985. (1970, 1983 in French.)

Bollobas B., Graph Theory: An Introductory Course. Grad. Texts in Math. 63; SpringerVerlag, 1979.

Bollobas B., Modern Graph Theory. Grad. Texts Math. 184; Springer, 1998.

Diestel R., Graph Theory Grad. Texts Math. 173; Springer-Verlag, 1996, 2000.

Zykov A.A. Fundamentals of graph theory Nauka, 1987 (Russian). Trang. by L. Boron, C. Christenson, and
B. Smith, BCS Associates, 1990.
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Chapter 1:

Asratian A.S., TM.J. Denley, and R. Haggkvist, Bipartite graphs and their applications. Cambridge Tracts
in Math., 131; Cambridge Univ. Press, 1998.

Fleischner H., Eulerian Graphs and Related Topics, Vols 1 & 2. Ann. Discrete Math. 45 & 50, North-Hol-
land, 1990 & 1991.

Harary F., R.Z. Norman, and D. Cartwright, Structural Models: An Introduction to the Theory of Directed
Graphs. John Wiley & Sons, 1965.

Chapter 2:

Buckley F. and F. Harary Distance in Graphs. Addison-Wesley, 1990 Moon J., Counting Labelled Trees.
Canadian Math. Congress, 1970.

Chapter 3:
Gusfield D. and R.W. Irving, The Stable Marriage Problem: Structure and Algorithms. MIT Press, 1989.

Haynes T.W., S.T. Hedetniemi, and P.J. Slater, Fundamentals of Domination in Graphs. Pure and Applied
Math. 208; Marcel Dekker, 1998.

Lovasz L. and M.D. Plummer, Matching Theory. North-Holland, 1986°.

Chapter 4:
Ahuja R K., T.L. Magnanti, and J. Orlin, Network Flows. Prentice-Hall, 1993.

Ford L.R. and D.R. Fulkerson, Flows in Networks. Princeton Univ. Press, 1962.
Tutte W.T., Connectivity in Graphs. Univ. Toronto Press, 1966.

Chapter 5:
Jensen T.R. and B. Toft, Graph coloring problems. Wiley-Interscience, 1995.

Chapter 6:

Aigner M., Graph Theory: A Development from the 4-Color Problem. Teubner, 1984 (German). Transl. by
BCS Associates, 1987.

Bonnington C.P. and C.H.C. Little, The Foundations of Topological Graph Theory. Springer-Verlag, 1995.
Fritsch R. and G. Fritsch, The Four-Color Theorem. Springer, 1994, 1998.
Gross, J.L. & T.W. Tucker, Topological Graph Theory. Wiley-Interscience, 1987.

Nishizeki T. and N. Chiba, Planar Graphs: Theory and Algorithms. North-Holland Math. Studies 140, An-
nals Disc. Math. 32; North-Holland 1988.

Saaty T.L. and P.C. Kainen, The Four-Color Problem: Assaults and Conquests. McGraw-Hill, 1977; re-
printed Dover, 1986.

White A.T., Graphs, Groups and Surfaces. North-Holland Math. Studies 8; North-Holland 1973, 1984.

Chapter 7:
Fiorini S. and R.J. Wilson, Edge-colourings of Graphs. Res. Notes in Math. 16; Pitman, 1977.

Voss H.-J., Cycles and Bridges in Graphs. Kluwer Academic, 1991.

Zhang C.-Q., Integer Flows and Cycle Covers of Graphs. Pure and Applied Math. 205; Marcel Dekker, 1997.

Section 8.1:
Golumbic M.C., Algorithmic Graph Theory & Perfect Graphs. Acad. Press, 1980.

Brandstédt A., V.B. Le, and J.P. Spinrad, Graph Classes: A Survey. Soc. Ind. Appl. Math., 1999.
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/ 48 Lyss

(reslt) Joasll oy lo
alternating path 109-2, 123, (wisize) wglite Lue
124, 129, 142-4, 258, 278

ancestor 100, 157 el
ant chain 413 bl sling
ant hole 340-1, 343 Bgnd slino
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ant twin 348 plgs slias
approximation algorithm

441, 496-8

il doj)lgs-

approximation scheme 496 _u,aill s
arbor city 372,413 izl
archeological serration 328 Lfiej ¥ Juulins
arrangement 60-1, 65, 83, iy

486-7,489

art gallery problems 270-1 ,<alf casilf dilno
articulation point ddinio ddnds

(see cut-Vertex) (gdad — ooy ,1a31)

k-ray tree 101. 449
aspects (of mastoids) 349-50

Koszia ol gy
laggyilel) giolia gl axgl
Assignment Problem 126-30 el coxlof dlluso

steroidal triple 346 AW et
asymptotic 70, 117, 265, 3o ol ciylie
385,425,430,431, 434-S,

440-1, 448,451

augmentation property 352- g9l dvals-

7,362, 364,370,374,377
augmenting path (flow) 177, 179-81 (313) gowgo Laue
augmenting path (matching) (dasl0) gowgo Lasa
109-10, 112, 123-4, 129,
132-4, 1424, 147,352,369
auto orphism 14, 18, 49, 78,

435,439,449,453,470

ol S

average degree 49, 51-2,
75,264,269, 434-5, 449,
459, 463

Azuma’s Inequality 443-7, 452 Logjl dislizoe
backtracking 156 P Ty e

Ayl Jaso

569

pogall gl csyeil) 1S5

balanced graph 434-5, 450, 465 Oilgio ol

bandwidth 390, 392, 395-6,450 Ll joye
Barnett’s Conjecture oyl dieseo
barycenter 78 i< 3S 0
base 97, 301, 349-57, 360-2
366, 372-6, 439-40, 447
base exchange property 351,

353-7,361, 366,373

el

sulaw¥l ol desls

Baseball Elimination i dllae
Problem 183 Baclall 5,8 §,6
basis step 19, 479 ouban¥l sglad
belongs to 471 Al oy
Berge graph 340-1 T Ol

best possible 39,42,49, 51, 5S¢ lo Jundl

76,79,121, 139, 147,150,
159-60, 174, 194, 248, 265, 270,
290,297,299, 392-4, 420, 424
biclique 9-10, 17-8, 23,
26,29,33,41,67,75,141,
153, 265, 288, 453,459-60
biconditional 477-8

X, Y-biography 24-5, 37, 59,
110-2, 11921, 123, 125,
147, 185,228, 308, 463
biographic 65. 185
bijection 7-8, 10,37, 50
82-5,93,107,111, 325, 327,

364-5,374, 399,438, 484, 485-8

OBl guslino 655
sanio K il

£l dnc

oyuisll b5
Xy~ S ole

B8 Gl gy Jetoal] uts

bin-packing
binary k-tuple 26,33, 49, 76,
379,400,439, 474
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binary matroid 357
binary tree 101-2, 106
Binent- Cauchy Formula 87,469

LS sayile

AL By

g Sy cuily dd o
binomial coefficent 11, 487, 488 cuad! ol cdloles

binomial distribution 431, 452 43> 95 gsje3

Binomial Theorem 487 el @l duylas
biparticity 422 £rall Al
bipartite graph 4-5, 9-10, il LS ol

14-8,24-8, 31-3, 39-42,48-53,

59, 65,94, 105, 110-5, 118-36,

140, 160,168, 171, 174, 185-6,

189, 192,202-3,211,227-8,239-40,
243-4,256,270,276,283-7,292.
295-7, 304, 308,352, 365-9, 373,
376-9,409-10, 422, 424, 449,451,
455, 468-9, 505-6
bipartintion 24-6, 31, 40-1,
53.93,110-2, 120, 127,150, 168,
192,295, 308, 409, 431, 455, 459

ass ayk

Birkhoff diamond 259-60 89S, dawlo
block (in a graph) 155-8, (ot o3) s
160, 174, 198-200, 215,
230,253,313,317,376

block (in a partition) 357, (a5 _,4) s

445-6,465,473
block-cutpoint graph 156, 160 dlolall dlaaill L8 olu
blossom 142-5, 148

o
bond 154-5, 160, 238,244, ik,
305, 362-5, 452-3, 467
bond matroid 362-5 Laslgy 339,ile
bond space 452, 467 Joylgyll glind
Bondy’s Lemma 418-9 $xigs dysagd
bottleneck 104, 177 Al gie
bouquet 241, 267-8 asl
bowtie 12, 164, 387,394 Sl e

branch bertex 249-50
branching 89-90, 404-6

(i) gords ool
(ors3) goyis
r-bramcjomg 404-6 I~ gurds
breadth-first search 99, 105, ¥4I X (O
132-3, 147, 156, 402, 405, 495

BFS 99,101,105,156  (¥gl ,ad¥ el Jazs!)

Bridg-it 73-4, 80, 365 [FYUWES

bridge 1-2, 51, 73-5, 80, (raud) gagdl dust
105,252,326

H-bridge 252 H-pusr

bridgeless graph 304, 308-9  ,sudl 5o Jbs ol
311-3,317-8

Broadcasting fe

Brooks’ Theorem 198-200, Sy duylas

203,216,230,284
Brouwer Fixed-Point Theorem 389

Soyd Anlill Abaaill &yl
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cactus 160
cage 49,79 -

e
gaad
canonical labeling 438-9
capacity 176, 178

(g-‘-e-‘vli) g0 (@sg
dsw

cartesian product (graphs)  (sbileeld) o) LSsadl copuall
193-4, 199, 265, 284, 296,

344, 400, 410, 422, 460

cartesian product (sets) 193,  (sleganoll) S5,LSsadl copadl

474

caterpillar 88-9, 346, By)ly>

396,423

Cayley’s Formula 81-3,85, LSisem

92-3, 345,462

Cayley-Hamilton Theorem Opilolag LS dyydas
456-7

ceiling 39, 483 Cadaw

cell (in simplicial subdivi-sio)

38891, 395

(plsero @rssds ;) duls:

2-cej; ebeddomg 268.272 4l duls yeb
2-cell 268,272 RPN
center 72,78, 81,105,393.460  5S,0

centroid 393 Jawgio 35,0

chain (under a partial order) (5> wuriys wud) dlaluw
374,413, 445
Chairperson Ikentity 488 Lol yuisy dagliaze
characteristic polynomial 453-7, 462, 468 sysell sgsdl 0,uiS
characterization 23-4,279, ;.4 cawg

43,44-5, 60, 64, 68,75, 118,138, 141,

154, 162- 3,174, 187, 192,217, 225, 239,
246,251-2, 269, 274, 280, 282, 286, 310,
323-4,328,330-1, 335, 337, 340, 345,

354, 358-60, 362, 368, 373,
378, 461,472,495

charge 260-1

Chebysheb's Inequality 433, 451

(aibyg aiod) ol
children (in rooted tree) 100-2, 106 (i s s 3) JLabsl
sl el dllns

Chinese Postman Problem

99, 105-6,130, 318

choice function 408-9 Slas X1 alls
choice number 408-9,412  ,Las¥lssc
choosability 408-9 Sl alE

f-choosable 410
k-choosable 408-10, 423 K 31 diuilly ,Lasd ol
chord 225-6, 234, 240, 245,

£ ity Las ¥t duLite

»9
253,263,271, 310, 330,
341, 343, 347,412,437
chordal graph 224-4,230-1, 5,3 ol
323-31,334,345-7,423
chordless cycle 225-7,323, a5 % dals>
326,329,344
chormatic index 275 ol st
chromatic number §, 191-5glll saelf

219,230, 238,257,275,
283,309, 319-20, 408-12,
429, 441-2,446-7, 449,
459,476

CHROMATIC NUMBER
501-2

570

JENT/INY]

k-chromatic 192, 196,200-7, K ax,slf 30 g

210,213-9

chromatic polynomial 220,
221-4,229-31

Chbatal’s condition 290-2,
297-8,418

Chvatal’s Conjecture 288
Chvatal- Erdos Theorem
292,297-8, 441

circle graph 341, 344, 348
circuit (in graph)
27,28-34,
42,140,233,262,273,
285,298-9, 308,313
circuit (in dgraph) 60-1,64,
77,89-91, 99, 489, 506
circuit (in matroid) 349-62,
365,373-S

circular-arc graph 341, 348
circulation 187, 190, 308
CIRCUMFERENCE 416, 495
circumfernce 263,293, 313,
416-7

Class 1278-9,248

Class 2278

clause 499-501,506

claw (K 1.3) 12, 15, 18, 37,

ALl sgadl 5iS
JLaS Loy

JLAS dies
5905ly JUAS dyylas

B30 ol
(ol o2) 42t

(4390 bt o) il
(s2a5ko o) daL>

duyils guledl ol
935

baso

L

Jo¥1 (caalt) goilt
A (aalt) goitt
(8yee)3yicd

k1.3 clse

87,199, 279,285-6,333, 341-3, 348

claw-free 49, 117-8, 147,

I o JUs-

173,217,281-3,285,297, 341-2

Clebsch graph 466
CLIQUE 502

OiedS ol

deac

clique 4,9, 62,123,137,153, dwac

173,192-217, 224-31,

263,275, 280-3, 286, 288, 291,

319-48, 381, 384-7,

394- 400, 413-4, 420, 422, 426,

439-41,447-8, 453, 465, 470,

496, 502

clique cover(ing) 226,319-21, concsllaz

326,339, 342, 344, 422

clique cover(ing) number 226, 319 couasll sllat sac

clique decomposition 397

clique identification 344

N TR ST

ceaslfapsd

clique number 192, 199, 231, cuaslisac

319,335, 339, 439-41, 447
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clique tree 327-8, 345 aell Byl

clique-bertex incidence matrix o 98l dbghino

328-9,346 duacy
closed ear 164-5, 172 dalse ;,si‘
closed neighborhood 116,  3Lléw ,le>

341,468

closed set (in the plane)
233-41, 245,254, 267-8,
389-90, 397, 452, 468
closed set (matroids) 360
362,376-8,371-2, 375

ol S8 ddlis dcgars

(@lasgyilo)dals s degama

closed trail 20, 26-7, 30-1, oo oyno
34, 57-60, 172-3,290-1,

295,313, 506

closed Walk 20, 24, 32,48,  3lio ¢
63.65,99,237,239,455

closure (Hamiltonian) 289-  (,isilela)3Me]

90,298, 429, 449
closure function (matroids) (wlagyile) GMe¥! alls
360

closure operator 360 ML igo

co-critical vertex pair 339 gylowio gy $dlr0 ouods £9
cograph 202, 344 obs 310

cobase 360-2 ovbawl §éla
cocircuit 360, 362, 375 dal> 3élya

cocycle (matroids) 362 (Slasgyile)ddl> Gilyo
cograph 202 obe 3810

color4,191-2,204,275,380 4!
color class 191-3,200, 203-4, ig) ciua
207,217,275, 339

color sum 204
color-critical 192, 199, 206,
210,215,218, 344
2-COLORABILITY 495, 505 3L ugls
3-COLORABILITY 500, % gl

k- COLORABLITY 495, K as)adl o pogls
501, 505

k- colorable 191-2, 204,
211, 309, 363, 408
k-coloring 191-4, 198,200 (les%1 oK =) K- 5ugls
205,207,210-1,216-7, 219-24,

229,309, 380-3 , 386, 393-4, 449

column matroid 351-2, 375

ool ggena
s T

olel¥l oo Ko paglald Juls

accl agyile
combinatorial design 11,465,470 ;4813 mucuai
common system of distinct  dalidl cMiiesl oyidio pllas
representatives (CSDR)

119, 171-2, 353, 368-9

comparability graph 228, asylae plo
231,329-31
compatible pair 232 (etlizo) masio zg;

complement (graog) 4. 10- (L) sl
2,1S5,38,49,52,71,77,80, 115,121,
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201,207, 215-6, 226-7, 2485, 255,

283,297, 312, 320, 322, 334-S, 340-1,

344, 360-2, 366, 375, 379, 393, 400,
422,456,461, 465-40

(dcgodl) daoall
A £l LS ol

complement (set) 474
complement reducible 344
complete bipartite graph
9-10, 14, 33,41, 104,
409,413, 416,

complete graph 9-11, 16,
26,32, 50,62, 79, 83-4, 87, 104,

108, 149, 193- 4, 197-204, 207, 214,
217-8,221, 224, 230-1, 263, 290, 293,
298, 329, 336, 344, 381, 386, 398-
9,419,426, 459,470, 487

b ok

complete Toopless digraph 393 pls a1l g JLs arsa olas
complete multipartite graph o5 g,all ss220 oLy
207,215

compjete subgraph 26, 280-1, als S5 ole

381, 386,397 (see clique)
completely labeled cell 388-
9,391,395

(ewall Aol duls

complexity 125, 269. 286, sdesll
425,494, 496, 499

component 22-32 iSy0
composition (of functions) 9, Jlgad werS,5
18, 485-7

composition (of graph) 284, bl Sy
332-4,393

conclusion 477 faxta |
conditional statement 248, ik, 5)le

477-9,481

conditional probability 443,
448
configuration(reduciblde) (Jsiso of youno) JS 3
258-61, 265,270

conflict graph 252,254,256 oLes ol

RN RPN

congruence (modulon) 52, (N guliie) Gullas
64, 88,94, 194,204,217, 269,

272,274,303, 309, 64, 490-1

conjunction 477 e oy Juoy
connected dominating set  dlayl)io 8o dcgono
117,122-3

connected graph 5,21 Laylyio ol

2-connected graph 150, 155,
158, 161-4,173-5, 198, 204,
213,240, 243-4,247-8, 250,
252-4,287-8,293,295-6,298,
213-4,317,348,417-9

2 dzpadl g Jaglyie ol

3-connected graph 150, 158-9,3  dyadl o dafyia ol
166, 147-5,213, 218,237,
247-52,256,292,295,

2unlgodl yuyps

301-4, 316, 376, 505

k-connected 149, 151, 158-62, K da,aJl o0 Iaylyin

164, 169-70, 174-5, 283, 298,

440, 450-1
connected to 21-2, 31

= bgiyo

connection relation 21-2,29, lay,J ade

34,59,63
CONNECTIVITY 149, 152,
164,439,495

connectivity 149, 53.158-9,
163-9, 174,182,211, 215,
248,274,292,301-2, 304,
313-4, 406, 439-41, 463
connector 391-2
consecutive Is property
328-9, 346-7
conservation constraints
176-7, 184, 186-8, 307
consistent rounding 186,

186, 190

(Baglya yladia) dplaytyll

(sl 3ps) oyl

L)

Aslaslf elaslodl dpsls

alaeld) sgub

(O2ia prgaS

construction procedure 30, 324 Ll wlghas

contains 6,21, 24,471
contraction (edge) 84-5,
143-5,213,218,221-3,239,
241,249-51,

256,269, 305,317, 324,
contraction (in matroids)

363-6,375-7

contrapositive 38,77, 110-1,

159, 200, 249, 290, 324,
478,491

$s5 ol s9

vl of (glas) pantis

gyl ,8) poluds!
95U ) ool

Sl LS

converse (of conditional) 477 (&yill) juSe

convex combination 395
convex embedding 248-50, 255
convex function 443
convex polygon 247-8, 256
copy 10

cost 95-7, 100, 103, 126-30,
185, 494, 496-500, 505

e
Do relo
Ayasa dlls
o glias
P

iS5

conuting arguments 34-7, (ssae) golasw> Jules
47-50, 68,79-85,92,108, 111,
138,219,223-4,229, 241,263,

272,279, 322, 335, 385, 420,

427,436,458, 463,473, 485-9

Coupon Collector 451

iligrgSII zol>

cover/covering (see edge stz ,daif) dulass /ellaz

cover, vertex cover, etc.)  (gdl.... gugs, slai 3
COVERING CIRCUIT 506 dihse4aals

covering set 127-8
critical 94, 122, 147,192,
196, 198-9, 201, 203,
206,210-3,215,217-8,

slaslf degaa

>
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334-6,339-44, 348, 506
a-critical 122. 506

k- critical 192, 196, 198-9,
203,210-3,215,217-8
critical edge 122, 340, 342-3

Al Al o>
K dssidly >

T~k
Lol g

(st olas ) X oc

critically connected
cross edges (in Petersen graph)
276-7 crossing 234
crossing number 262-4, 269 ghblall sac

cryptomorphism 360 s o il
CSDR (see Common Syst, of ~ wduieill olyidis pllas
Distinct Representatives) aalzd

cube Q3 3,35-6,49,51,76, <=Ss

105,119, 150, 236, 243, 255,271,

295-6,379, 390, 397, 401-3, 422, 468

cubic graph 304-11 (dpadl 33) a5 ol
curve 1-2, 48, 54,233-9,

u.iac.i.a

241,245-6,254, 268
cut (see edge cut, source o L.m,.u) eld
/sink cut, vertex cut) 2had gy a0 gio glady

(cmao / geio ghady
X, y- cut 166-8, 172 Xy g
cut-edge 23, 43-9, 52, higls
68-70,75,77,104, 139, 147,
155,158, 165, 173-5,237-8,
300-1, 304, 307-8, 313
cut-vertex23,29,31-2,77,  alaé- o,

146, 155-6, 158, 160, 162, 198,
212, 240, 243, 247, 284, 420, 506
cycle 5-6 9-20,23-37, 43,
49, 55-60, 63-71,75-9, 84-7, 96,
103-5,108-10, 118-9, 122, 140,

147, 155, 159-65, 170-5, 192-200
203-4,213,216-7,224-35,238-45,

250-9, 270-7, 284-306, 310-8, 323,

326-30, 341-4, 349-65, 373-76, 379,

391, 394-5, 408-24, 429, 436-7, 440-
1,452-5, 460, 467-8, 492-4, 497-9, 502, 505
n-cycle 9, 12, 35,49, 92, 94,
306, 417-8, 460, 468

4-cycle 14, 23,25, 34, 48-
9,70,94, 193, 221,223,228,
270, 305, 329, 345, 394-5, 408,
460, 467, 505

S-cycle 11-4, 18, 50,92, 108, dywlos dals
114,119, 142,192, 193, 1994,

205-6,210, 215, 234, 252, 270,

276-7,312, 318, 323, 336, 344-5,

348, 384,394, 422,460, 470

6- cycle 10,37,49,216,234, dssulsss dals
318,487

cycle double cover (CDC)

.

N &5 o dals

el dals

il goora stk

‘ HE_Graph_Subject Index_5th_Draft_01.indd 572

312-4,317-8

cycle matroid 313, 350-5, lils aigplo
358,360, 362-5, 373-6, 406

cycle space 313, 452, 467 olaldl slad
cycle-power 337-43 daldlbgd
deadheading 130 -EDY

de Bruijn cycle 60, 94 g9 ddls

de Brujn graph 61, 63 0295193 olas
decision problem 494-5 Syt 3bsal alls
decomposition 11-2, 18,25,  «L.<as

30-1, 34, 56, 64, 76, 87-8, 94,

140, 147, 155, 163-5, 172-5,
248,252,261,271,276,280-1,
284,286,302,314.324, 371,

397-8,413-5, 460

F-decomposition 397, 413-4 F- cl.Sas
decomposition procedure 324 L Sazlf clglas
deficiency 121, 146 e gl yne
defined on 483-4 e Seo
k-degenerate graph 269 K d»,all o Jonouna gl
degree (of bertex) 6 (ool 1) s
degree sequence 44-6, 59, 62, wls,a)l ddlizo
76,94, 141, 195,290-1,
297-8, 345,418, 438
degree set ilsyall degano
degree-sum formula 35, 40,
43-,51, 58,214,238, 242, 365, 385

deletion (G-e, G-v) 23 (G-¢,G-v) i
deletion (matroids) 362-6  (wlasgyle) cbis
deletion method 428-9, 449-50 il aa, b

ETOR FYTOF TN

demand 130, 184. 187 wlb
density bound 390-1, 396 AL o>
density of graph 435-6 oled! ddliS

dependence (linear)400,457 (das) dyeall of slazeX]
dependence (matroids)352,  (wlasgyile) slerc¥!
359,373

dependent edge 232 (Jazao yut) gl gls
dependent sets 313,349-50  (dLituo,ui) doildcgana
depth-first search (DFS) (DFS) ¥4f sspaell tuoll

156-7, 402, 404

descendant 100 (cals) antw
determinant 85-7,92,452-  ssaso
4,462,469

diagonal Ramsey number agbadll il slacl
385,394,450

DIAMETER 495 o

diameter 71-2,75-9,99, 105, kb

114,122, 147,153, 160, 209,

216,244,379, 396, 424, 432, 458, 464

difference (of sets) 473 (axgo plod of) dcgadt 3y
digraph 53

DiJkstra’s Algorithm 97-100, f,5uS s dojyles

572

105
dilation 390
Dklwoth’s Theorem 413,424 &9 Js duylas

o) gf ayas

k- dimensional cube Qk35-6, K a2l g5 QK cua <1l
48-9,71,76,105, 105, 108, 119,

150, 174, 193,282, 296, 329-30,

379,390

k- dimensional simplex 395 K sy 43 o, d
Dinitz Conjecture 410 s dieso

Dirac’s Theorem 218, 417-8, 441 &y duylas
direct method (of proof) 178 Loyl &Ll guylall
direct sum (matroids) lssgyileld S god
369-70, 406

directed graph 53, 66, 90,
189, 377,406, 422, 506
DIRECTED HAMILTONIAN  dg3>g0 duigilols dal>
CYCLE 503

DIRECTED HAMILTONIAN dg>se dsigilols ials
PATH 500, 502-3

Directed Matrix Tree Theorem 89

4390 ol

agroll Byl ddgiuno dyylas
discharging 261, 304 L Sl a5
disconnected graph 6, 12,
15,21-2,25, 31, 38-9, 50, 52,
63,71,78, 85, 149-50, 156, 173,
241,247,249, 333, 347,
431-2,437,470

daslyio yud ol

disconnection set 152, 155,  Jnb dcgans

159, 168

discrepancy 402-3 2l of yoles
discrete system 54 hadio pllas
disjoint (sets) 473 dlindis wlegano
disjoint union (G+H) 39,  (G+H) Juniio a3

48,104, 137-8, 155,193,

199,271, 306, 313, 359,

371,399, 419, 465, 470

disjointness graph 13-4, 17-8, 276 Juadlf oly

disjunction 477

distance S, 46, 57-8, 70-3,
78,95, 97-9, 105, 130, 137, 190,

192, 198, 201, 209, 217, 225, 235, 246,
265,271,294, 302, 345, 379, 390-2,
400-3, 419,421, 449, 452, 468
distance- preserving 400-1
distinct 489

DNA chains 328

dodecahedron 243, 345, 386,295 giee Li3¥I
domain 437, 483-5
domination set 116-8, 122-
3,428-9, 506

Juad
FETI

ddlall e Iadloy
DNA Judas

Jlro
8ylaius degono
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element (of set) 471 degana b paic
embedding 234-56,266-72, el
283,302, 313, 376,400- 1, 453

2unlgodl yuyps

Expansion Lemma 162, 170, 175 ayaeall d3ags

domination number Aail) g sae
(see domination set) (8ylasiis dcgana
dot product 86, 306, 317, aladi wps
338,400

double cover 312-4,317-8  Slisllac

double jump 437 A0S byad

double torus 267-8 Al 3yl

double triangle 281-2,285-6 i3 &ulio
double-star 78 Sl ot
double-torus 266 PRI

doubly stochastic matrix 120 ds>gajo duboluas dégiino
drawing 2, 9-12, 30, 45, 233-5, s,
242,262-6,272,449, 504

dual augmentation property 362 giswgill drols 5o
dual edge 236, 363-4 So gl

dual graph 236-9, 241-5, $o olar

300, 309, 314-5, 317, 360, 376

dual matroid 349, 360-5, 3757 sei augyile
dual problem (optimization) dugis dllue
113-4, 118, 125-6, 135,

166,172,179, 188, 323

Duality Theorem 323 dagadll duylas

ear 163-5,172-3, 175,248 o

eccentricity 71-2, 78,99, 105 555,40 <& Mas-¥)
edge 2,53 o

edge cover 114-5, 122 [SPAPTINS
edge cut 152-5, 159-60, ol ghas

164-5, 181,190,211, 238, 283,
301,303-7, 312,317,452, 467
edge-choosability 409 aladl dy)las
edge-chromatic number XM gl saelf
275,283

edge-coloring 274-9, 282-5,
296,299-306, 310-1, 381, 409
k-edge-colorable 275,296, 411 ye1¥1 e K oy g3l g li1 il
3-EDGE-COLORABILTY 505 5% &)L.bi ouels

olet¥l oo Koy e3L¥l (g5

¥ gl

k-edge-coloring 275, 284-5,
296, 381

A(G)- EDGE-COLORING  A(G)— e)a¥ ys5ls
2-edge-connected 164-5, 172-3, 2 dx,udl o el alyio
300-2,305,312-4,317, 424
k-edge-connected 152, 158,
160, 164-6, 1745, 283,
edge-connectivity 152-3,
165-9,274, 301-2, 406

edge-transitive 18

K asyll o sls bnylyie
¥l aylys dxs

Edomonds’ Blossom
Algorithm 144

jaig03¥ el pdl doayles

Edmonds’ Branching Teorem gy, ill jaigas| disyee
405-6,422

eigenvalue 401, 453-70
eigenvector 453, 455-70

Al deyd

I3 axnieo
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empty set 472 AJls dcgano
encoding 26, 101, 389,397-  ,.auis

8,400-3, 494

endpoint 2, 20, 53 ad b dlhis
entropy 103 295!

equality of sets 472 leganas blglue
equality relation 490 Blglaso ddMe
equality subgraph 126-9 dlgluall 55> ol

equitable edge-coloring 285
equivalence class 9, 22, 33,
63,173,313, 490-1
equivalence relation 8-9, 22,
63, 173-4,490,

erasure 43, 53

Erdos-Faber-Lovasz Conjecture ulégJy yLég j93,] diasno

202

Erdos-Gallai condition

141, 148, 185
Erdos-Szekeres Theorem
203,379,382

Euler’s Formula 233, 241-2,
2485,255,268,272,316,375
EULERIAN CIRCUIT
495,499

Eulerian circuit 27-34, 42,
60-1, 64,77,89-91, 99,
140,273,285, 298-9, 498
Eulerian digraph 60, 64,
90-1, 130

Eulerian graph 27-31, 34,
60,77, 244,295, 298, 308, 495
Eulerian trail 27, 60, 64
even cycle 109-10, 138, 174,
204,217,276,318

even digraph 318

evem graph 27-31, 33-4, 48,
50,308, 311-3,414

even numbers 472-3

even pair 348

even triangle 281

even vertex 26, 36, 100, 140
even Walk 24

event (probability)
425-7,443-50

evolution 193, 436-8
excess (matrix) 126-30, 141,
176-7,179-80
existential quantifier 475-6
expander 453, 463, 469

¥ g5 dlglusa

§iLSs i

Lot of 9o

$¥L>9 59995 Loy

3555w 59395 p0

gl A3
duplgl dal>

duplgl dals

Srliol azga ol

$rbgl ol

\5)1-!9i S
digy dal>

o9 g reo by

o9 ok

Ay slac
o9 T

o9 i
o9 ol
o0
(dlless) &as

solad sgmiin

(Lo1,6¥1) B2l ddgiuna

S99 pulad 3o

a2

expansion operation 43-4, suaeill dulac
52-3,175
expansive property 358-60  syaoull drsls

expectation (of random variable) Hlgue peil gdeall

427-34, 440, 443-6, 449, 452

extremal problem 38-9, 41, (sguadll @uall) dui,basll Jiluo

116, 209, 396, 413
extremality method 28-9
32,34,40-1, 63, 68,137,
249,289,294, 299

face 235-50, 253-6,267-72,
295, 300-3, 307-9, 213-5,
353,360,401, 412,424

face length 238-9, 241
face-coloring 300-1, 307, 309
factor 136

1-factor 136-41, 145-8, 159,
276,283-4, 308, 310, 318
2-factor 136, 140, 147,276-
7,285,288, 315

f-factor 140-1, 148
k-factor 140, 164

1- factorable 276, 284
1-factorization 276, 279,
284-5,310

FIRNTETINN

a9

axoll Jobo

axoll uels

Jole

L dz)adl o Jule

2 doyadl o Jole

faz,all o Jale
Kdsyadl o Jule

L dayall oo Jolgad Jalonill ol
1ds)adl po Jalgnd Juls

1-factorization Conjecture 1 dyall o Jolged Julonill diasia

279,284-5

1-factorization 276, 279,
284-5,310

factor-critical 147

factorial 107, 220, 294, 386,

L in,all o Jolgad ol

Jeoloa ] il

g0
428, 434-5,486-9
fan 170-1,213 dsgp0
Fary’s Theorem 247, 251, Soké duylas
255
fat triangle 275 Ot Elie
feasible flow 176-80, 184-8  @idla 34a5
feasible solution 323, 497 e S
finite automaton 54 dugiio duls AS,>
finite graph 3 aiio glu
finite set 473 dugiio dcgana
finite state machine 54, 57 =¥31 o Sgill sanll ofs 4T¥0
Five Color Theorem 257-8  doued! olet¥l dyylas
flat 266-8, 360 e
floor function 39,483,491  ax)¥falls
flow (in network) 176-89, (i 9) o3
495
flow (in graph)307-18 (ot 2) 335
flow number 309 EERCIFYeS
k-flwo 307-12, 317-8 K- 3855
k-flowable 309 K- géaxld Jils
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flower 142, 306,317

forbidden substructure 323,

365
Ford-Fulkerson Labeling Al-

438-9

Ford-Fulkerson Theorem
180-5

forest 67, 75-80, 96-7, 104,
160,206,214, 217, 219,
244,297,327, 345,351,
353-4,362-3,372, 413,
424, 434,436,468

Four Color Theorem 213,
259-60, 268-70, 300-4,
311,314, 411,469
H-fragment 252-4, 256
fraternal orientation 345
H-free 41,348

P4-free 52,202, 344, 347
free matroid 357
Friendship Theorem 453,
465-7

Fulkerson’s Conjecture 318
function 483

functional digraph S5,
fundamental set of circuits
374

Gale-Ryser Theorem 185,
190

Gale-Shapley Aglorithm
131-2,135-6

Gallai’s Theorem 376
Gallai-Roy-Vitaver Theorem
196

Gallai-Milgram Theorem
413

gambler 444-5

games 48, 51, 57, 73-4, 106,
119-20, 183-4, 274, 286,
366, 445

gammoid 377
gas-water-electricity 233
generalized coloring 199
generalized cover 146
generalized partition ma-
troikd 370

generalized Petesen graph
316

GENUS 266, 495

genus 266-7, 272,283
geometric udal 365, 376
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55

degic duiy

O8-s0yS1g-89 3)98 duajyles
gorithm 179-82, 186-9, (alfall cledall gung) moangld

090y SIgd 3y98 duylas

ale

e ¥ ole ¥ duylas
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So3l arngs

H g Jis
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g Jud duplad

ity b duajles

SUL> Aoyl

ALy 59)9 S¥L> dyplas
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wledi

9ol

sLiygS -slo - 5l
(@020 origls
2o slhas
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(0020 (g-uyias olay

e

Gewirtz graph 466
Ghouila-Houri’s Theorem
420

girth 13-4, 17, 37, 49,
79,105, 119, 147, 206,
216-7,219,232, 245,
255,297,304-6,312-4,
365,396,421, 429

good algorithm 124-5, 142,
196,219,274, 276,279,
292,493-4, 405

good characterization 495

Frerole

$o909 LiJo> dyylas

Bas> duajyles

A angd

gossip problem 406-8, 422-3 dcluis¥l sMSI Jai dlluuo

graceful labeling 87-8, 92-4
Graceful Tree Conjecture 87,
94

graph 2

graph transformation 64,
138, 141, 285, 422
graphic matroid 350, 357,
375-6

graphic sequence 44-5, 48,
148, 185

greedy algorithm 96, 116,
195, 349, 354-7, 366,
373-4, 429, 441-2,496-7
greedy coloring 194-202,
277,276,324,331-2,
344,442,459

Jrox (ovg) ulss

Ao dl 5ymiall dics

obe

obet (Ja3) Juss

b 29,ke

A ddl doojled!

it sl

greedy decomposition 397-8 gt L Sazll

greedy ear decomposition  giedf il el sl

173
grid (Pm Pn) 193, 316, 390,
396

grid (positions)73, 251, 265,

370,410-1, 425, 446,

460, 490

Grinberg graph 302, 316
Grinberg’s condition 303,
315-6

group 18, 309, 449, 452-3,
growht rate 265, 431, 483
Grotzsch graph 205-6, 215,
218,294

Gritzscg’s Theorem 270

Gyarfas-Sumner Conjecture yiogug by diaso

206,215

Hadwiger’s Conjecture 213
Hajos Conjecture 213, 414,
442

Hajos construction 217

Hall’s Condition 110-3, 121,

i< i

aloo A

Ty ol

Tt oyl

8,45

gaidl Jazo

J35gr> ol

idgy Ayl

algsls diaso

jerle diass

sexle sliy

Jla 1oy

146-7,368, 377, 463

Hall’'s Theorem 110-3, 120-1,

146-7,171,175,219.376
Hamiltonian closure 298,
419, 449
HAMILTONIAN CYCLE
494-500, 503, 505-6
Hamiltonian cycle/graph
286-99, 302-4, 314-
7,395-6,416-21,437,
440-1, 449, 493-4, 497-9,
502-3, 506

574

Jle duplas
Foilola @2

diigilels dal>

et o igilals 2l

HAMILTONLAN PATH 495, sgilols jluo

500, 502-3, 505-6
Hamiltonian path 292, 295-
2,299,303,316-7, 428,
497,502
Hamiltonian-connected
297-8

handled 266-8,313
handshake party problem
481

Harary graph 150, 153
Harper’s bound 390-1
Havel-Hakimi Theorem 45,
52,59

head 53-61, 86, 90, 94, 164-
5,168, 178, 307-8, 357-
8,406, 484, 503

head partition matroid 357
Helly property 80, 346
hereditary family of graphs
226-8,275,325,332,
334,341,

hereditary family of sets
349,353,357,371
hereditary system 349-55,
357-63, 366, 369-71,
373-4,377

Feilols Lo

eilols baylyie

reélasll eMas dllas

ol ol
ol s>

oSy S8l dyy s

o

999,01 4553 aagple
e drols
ULl ro dylyg dlile

Slegadl oo diilyg dlile

by pliss

heuristic algorithm 496 éLiiS¥1 e saclull diojlyod!

homogeneous set 380-1
Huffman’s Algorithm 101-3
Huffman code 103, 106
Hungarian Algorithm 127-9,
132, 134-S

hunter/farmer problem 121
hypercube 35-6,49, 71, 108,
122,150, 174, 193, 350
hypergraph 449

hyperplane 360-2, 375, 395
hypobase 360-1, 375
hypothesis 477

olods duoj)lgs-
olada i
dyloigll dajyled

I /sbadl dllae
S35 w2 S0

g5l obs
\_5;55 $90
bl o3

ailn,s
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icosahedron 214,243,315 bl

ideal (of sets) 349 (clegodl) ddlio
idempotence property 359 350! duals

if (in defintions) 473 (oolagyezll ) 15)
image 8, S5, 147,234, 377, Bygu0

401, 483-6

imperfect graph 232, 320-3,  JwlS st gl
333-6, 343-4,347

in-neighborhood 58 EN pre )
in-tree 89-91 EYEUN A
incidence matrix 6, 17,56,  godoll dbgino
86, 323, 328-9, 337, 346,

375,469

incidence relation 234, 322,  godell dide
489-90

incidence vector 338, 452 £odoll anie
incident 6 e ziy

354-5, 360,374

induced subgraph 23, 32-
4,37,41-2,50, 64,75,
175,204, 211, 219, 225-
6,231,281, 285-6, 315,
319-21, 324, 330-4, 340-
1,343, 345,410,434,
450,454, 458-9, 470
induction 19-21, 24-34, 40-

S 5 ol

£l yasianXl

7,479-83

induction hypothesis 19, gl aw¥l il yd
479-82

induction parameter 19,42, ¢l asw¥l bayiug
480

induction step 19, 479-82 £lyaiwX! solas

induction trap 42-4, 68, £lyaswXl banne

inclusion-exclusion principle  sletw¥lg preunsll laie
223,230
incorporation property 359-  AS1, il of Tloai¥l duols

61,367,347

increasing path 406-7,423 a0 b
increasing trail 393 lyie wywe
indegree 58-65, 89, 130, Josall dsys
190, 331, 404, 410, 503

independence number 113-  JMasw¥lsac

4,182, 194,199,319, 441

independent dominating set dlaius 8ylasino dcgano
117-8,122-3
independent events 426 FIPTINNNN |
independent set (in graph) (ol o) dliiss degane
4-5,9-10, 15, 23-5, 29,

23,36-7,75,113-8, 121-

2,192-4,199, 203, 205,

208,211,215-6,218-

21,226,230,273,293,

319,333, 384-5, 393,

395, 410-1, 413, 428-9,

449, 493-6, 502, 506

independent set (in matroid) ,s) dlaiwg degano

349-77 (s295Lo
INDEPENDENT SET 494- dlitwsdcgane
6,500, 502

K- INDEPENDENT SET 495 k- alitwo dcgans
indepenedent vectors 353,  dlaiiwo wlganie
400

index of summation 485 goadl Juls
indecator varible 427-34, (J1s) bio yessa
448,452

indirect proof 151, 478 blio put loy
induced by 23 o oo (Bamiand) casd

induced circuit property = aasiall claldl duols
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481-2

infinite graph 3 aiio yé olo
infinite set 473 digiio pt degana
integer 471, 474 [T

integer lattice 393, 474

Asesnslacl 4SS

integer linear program oo Slas maliy
323

integrality condition 465, Pl oyl

470

Integrality Theorem 181, Pl dydas

183
L& of el duylas
Fsts oy

Interlacing Theorem 458
internal vertex 20-1, 69,
72,151, 161, 163, 1667,
173,177,270,412,415
internally disjoint paths
158, 161-2,166-75, 182-
3,212,218,274, 417

LELsls dlndio ol)luo

intersection graph 324, abolas ola
327-8,341, 344-5,

451

intersection number 397 gholasllsae
intersection of matroids 366 wlayg,sUl glolas
intersection of sets 473 clegodl gblas
intersection representation  gllas Juié
324,345,397

t-interval 451 t- olyad
interval graph 195-6, 204, @lyid o b
224,226-7,231, 328,

330, 346-7

interval number 451 alyiallsae
interval representation 195-  wlyis Juié
6,266, 328-9, 346

intractable 495 e e yugonds
inverse 18, 53,267, 390,484 ,us<c
inversion 33 olSeil

2unlgodl yuyps

involution 470

(a1 puniall solussy Lgaye alyas) Juadll Bagall
isolated vertices 22, 31-2,
114-8,121-2, 138, 155,
210,223, 230,367-7,
398-9,408, 414, 422-3,
433-4,437,451, 455

o320 o)

isometric embedding 400-1  wlélall ,le Jadlou yols
JsLiy

isomorphic to 7
isomorphism 7-17, 38, 49,
56,75,78,81, 82,94,
207,234,243,276, 364,
430,438-9, 441, 453,
485,490

isomorphism class 9, 12-3,
81,207,234

isomorphism relation 8-9
join G V H 138, 146, 150,
155, 193,199, 210, 215-
6,236,264,271,291,

298, 310, 334, 360, 380,
387,436-7

joined 22

Jordan Curve Theorem 235,
238,241,258,301

junk 328, 340 Bays
K310—2, 26,138, 155, 220- k3
1,240, 286, 344, 384,

386-7, 395, 467

K4 11-2,25,31,43-4, 53, k
175,209, 212-3, 215,

218, 236, 240, 250, 256,
272,302,314, 349, 352,
357,374,401

K, 9-12,140,214,234,242- k
3,246-7,250-2, 256,

258, 263,267, 269, 283,
263,365

JSLis asde
cilac ol @

Jguag0 Jogayo

099> Ao dyylas

K3.310,43,150,159,233-4, k3.3
242-3,246-7,250-2, 256,
267,269,272,363, 365,422

Kempe chain 258-60 UL TIWIW

kernel 57-8, 64, 410-1 Blgs

kernel-perfect 410-1 Blgadl JolS
king 62-3, 65-6, 190, 450 o
kite 12,23, 50, 84-6, 92, dubyg byl

223-4,279-81, 349,397
223-4,279-81, 349,397

knights tour 295 obads (dg>) dls,
Kotzg’s Theorem 284 TS dyyas
Krausz decoposition 286 gy S cl <43

Kruskal’s Algorithm 95-7, IS 9,8 dgjlgs
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104, 498

Kuratowski subgraph 247-  ,SaugiheS Lo olu
52,255

Kuratowski's Theorem 246-  ,SuwgilsS duplas
8,251-2,255-6,269, 364

Konig’s Other Theorem 376 5,s¥1 45 dylas
Konig-Egervary Theorem Solbraly EoS duylas
113-5,121, 123, 146,

168,174, 189,210-1,

227,368,373,314,424

Konigsberg Bridge problem ;4395 jgsas dlliso
1-2,19-20,26

Lagrangian multiplier 456  ¢1>¥ cliclas

Laplacian matrix 463, 469 Al ¥ ddgdns

Laplacian eigenvalue 469 ArwdX 4015 doub

Laplacian eigenvalue 469 AcudLY A13 dou

Las Vergnas’ condition 298,  juileyud ¥ Ly
418

lattice 349, 360,393, 474 ansid

leaf 67-73, 76, 80-3, 86,89, 4y

93,101-3, 106, 118, 156,

174,198,214, 219-20,

324-5,331,468

leaf block 156, 198 3hel LB

left child 101
left subtree 101

Shsdl e 28y )Ly Jabs
ylassy jlasdl e ddyr Byl
length (of object in graph) (ol o6 £ ) Jobo
20,237
length (of encoding of graph) (amiee olus) Jobo
397,398,401
lexicographic product 393
1g 97, 202, 400, 422-3, 434,
449,451
line digraph 168 (,.h;) Fillas axgo ylu
line graph 168, 227,273-5, (g.h;) s ol
279-86.295, 320, 409,

422,493, 505-6

TR0

linear matroid 351, 353 Ao agyile
357,360

linear programming 179, ddas dooy
376

linearity of expectation 427- gégall duillas (dukas)
8,432

list k-colorable- 408 Gsd K 53 daila; plild Juls

list chromatic index 409
list chromatic number 408-
12

list coloring 199, 408-12,
423

list edge-coloring 409-11
literal (in logical formula)

499-501, 506
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oledl dasls

£3Ls¥l gliy doils

(aibio drs 53) Sy

S-lobe 211-3, 218, 247-8
local density 390, 396

local search 497

logical formula 499-500
longest cycle 173,292, 294,
298, 429

longest path 34, 71, 147,
196-7,228, 294, 416-9

S-aatall
divungo d3LS
gD Ly
dals Jolol

sl Jobol

loop (in graph) 2, 6, 8,20, 24, (b o) 8ere

27,34-5, 44, 69,76-7,
84-5,107, 149, 191,223,
263-9,241,267-8, 275,
284, 286,294, 300, 305
loop (in digraph) 54, $8-9,
61, 64,299

(a0 olet o9) Bye

loop (in matroid) 351, 366-7, (sss,ile o) bgyc

370,372-3,37S

loopless digraph 56, 62, 64, 5,21 ;0 JUs a9 ol

66, 89,302,393, 413, 420
loopless graph 6, 17, 34-S,
40, 44, 49-52,75, 85-6,
155, 192,203, 265, 275,
285,302

Mader’s Theorem 175
magnifier graph 463-4, 469

map (in the plane) 1, 5-8,  (spianll ;3) Guuas alls

191,219, 233-8,258-60
Msrkov chain 55

Markove’s Inequality 432-3,
444, 448,452

Marriage Theorem 111
martingale 443-7, 452

matingale tail inequality  Jogsilf gégall Jus disliia

443-7,452

MATCHING 495, 506
matching 100, 107-48, 150,
166, 168, 175, 179-80,
211,216,277,273-6,
283,295-6, 308, 310,
318, 349,352,357, 366,
368-9,373-7, 385, 399,
408,411, 419, 424, 436,
449,451-2, 463, 468-9,
493, 499, 505-6

mates 107, 131, 337-40
matrix 490

matrix rounding 186, 190
Matrix Tree Theorem 85-6,
89,92-4,453,462-3, 469
0.1- matrix 120, 322, 328,
454

matroid 74, 313, 349-78,

srall oo JUs ol

ole duplas
A8 ol

g S)Lo dlulis
SeS)Le dijliio

Zlaxll dpylas

dogysio gdgs

doglga

doglga

wladlie
iiei
cldgiiall yigas

By ol ddgdunsg dyplas

0.1 LgiMsa0 ddgduno

95ike

576

406, 506

matroid basis graph 376 gl slwbwd oly
Matroid Covering Theorem wlagg,illl slag dyylas
372

Matroid Intersection Theo- wlayg,illl glolas dyas

rem 366-71, 3767, 413

3-MATROID INTERSEC-  wfasgyibe 230 gholes
TION 506

Matroid partition problem  ayg,5L1 a5% Lo
378

Matroid Union Theorem g5l 2L dyylas

366, 369-72,377-8
Max-flow Min-cut Theorem 3.3 STy plad juol dydas
180-S

maximal 29 olacl
maximal clique 31,281, delacldinc
323,327,329-31, 345

maximal forsest 351 dueqlacl doglgo

maximal matching 108, 118,  dclacl daglsn

122

maximal outerplanar graph elacl o)l sow oles
243,256

maximal path 27-9, 31,34,  elacl lus

60, 163,204,293,298

maximal planar graph 242-  ,elael gouw ol
3,245,271

maximal trail 29, 31,33, 64 elacl cpo
maximum 29 (257) @lac
maximum clique 215,322,  (5nS) solic duac
333,336-40, 342-3, 347-

8,439

maximum degree 29, 34,41, i) .S
47-8,52,67,75-9, 114,

200, 202, 204, 251, 256,

284-5,291, 345, 390,

439,463,476

maximum density 435 48l3S s
maximum flow 1, 176-83, 3955 ST

186-8

MAXIMUM AMTCHING (6mS) ool doglyo
495

maximum matching 100, ebac doglyo
108-29, 132-4, 139, 141-

2,145,147, 349,493

maximum stable set 321, olic 8ydtino degano
323, 336-40, 343-4, 348

maximum independent set  alic ALatuis dcgaro
29,31,114-5,121-2,

203, 356, 496

maximum weighted elac digiga doglgo

match-ing 125-30

median 78
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member (of set) 471
Menger’s Theorem 167-75,
181-3, 189,227, 274,

368, 377, 404-6, 422,495
method of contradiction 478
Meynile graph 330-1, 347-8
Meyniel’s Theorem 420, 424
Min-cost Flow Problem 185
min-max relation 113, 138,
274, 320, 323, 366, 368,
371,495

minimal imperfect graph
320, 322,333-4, 347
minimal vertex separtor

231,345

minimally k-connected 175 ‘;).L.ai k aspadl o daslyio

minimally k-edge-connected K ds)adf g0 E2ls bnlyio

17§

minimax 104

minimum cut 167, 179, 182-
3,189

minimum degree 34, 49, 51,
70,79, 116-7, 122, 152-
3,159,202,213-4,218,
243,245, 256,261, 285,
288-9,296-8, 343,
386,428-9, 440,457,496
minimum polynomial 457-8,
461

MINIMUM SPANNING CY-

CLE 494

minimum spanning tree
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MINIMUM VERTEX
COVER 496

minimum weighted cover
126-9

minor (of graph) 251, 256,
269

minor ( of matroid) 363, 365,
375,462

Minty’s Theorem 203
Model A 430-5, 438, 446-7
Model B 430, 433-4, 436
modular 3-orientation 317
modulus 490
monochromatic 386-7, 393-
S, 449-50

monotone property 433
monotone subsequence 203,
390

ov9b slia yiusl
08300 sl el
(o) g2
(s20t) g6

e s
A gl
B i
osledo

ol gals

a5yl dpols

Aoy Ay dlline

‘ HE_Graph_Subject Index_5th_Draft_01.indd 577

monotone tournament 393
mountain range 48
multigraph xiv

multinomial coefficient 489
multiple edges 2, 6, 44, 52,
54,59,76,84-5,111,
168,182, 185,192,213,
221-3,236-9,273-6,279,
286,298,217, 351, 405-6

multiplicity (of edge) 166, (glaat) I,Sul wlpe sae

268,275,279, 395, 453,
455, 460-1, 466, 468-70
Mycielski’s construction
205-6,215,258
Nash-Williams’ Orientation
Theorem 175

natural number 471
nearset-insertion algorithm
497,508

nearset-neighbor algorithm
496-7

necessary condition 24
necklace 173

negation 477
neighborhood 34, 45, 58,
116,121, 162, 215-6,
224,325,341, 346, 348,
368, 390, 438,463, 468
neighbor 2

net demand 184

network 1, 149, 161, 165,
176-90, 463, 495

network flow 176, 182, 184,
186, 186, 495
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sdc
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P
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node 55, 101, 176-88, 88, 388- s.ac

9,391, 449

NODUP scheme 423
NOHO property 407-8, 423
nondeterminstic 494-5
nonplanar graph 243, 8,
252,269,365
nonseparating 251
nontrivial graph 22
Nordhaus - Gaddum Thm. 202

nowhere-zero flow 307-8  solusy ¥ 3445 5lSo ‘;i o o

Bayljie dal> To>g pac dpols

sana yul

$9- el olay

el 2

adl yut ply

P93 pugleyed duydas

NP 369, 390, 439-41,495-7, ,Luazs¥] 1ig) Cayyesll al

499-506

NP-complete 369, 440, 495,
497,499-506

NP-hard 390, 439, 495, 499-
500, 502, 506

null graph 3, 435

NP- o5

NP- 20

b ole

2unlgodl yuyps

O (f) 94,106, 124,228,
387-8,437,494
o-triangulated 330, 347
obstruction 269, 278, 331-2
obstruction- free ordering
331-2

odd antihole 340, 343
odd componet 136-9, 147
odd cycle 24-8, 32, 41, 49,
57-8,63-7,112, 122,

138, 142, 174, 192, 195-
7,199-200, 203-4, 239,
276,285, 320, 330, 334,
339-44, 347,357, 410,
45S,472,475-8

odd degree 15, 30, 34-5,
43,47,77, 100, 385, 389,
414, 498-9

odd hole 340-1, 343

odd number 473

odd triangle 281

odd vertex 30, 36, 100
odd wald 24-5, 57-8

Cayyeulf s Lass O(f)

O- enlis
ailef

Floll y> sy

b Bond alino
dpyd duSyo
duayd dals

dpayd dxyy

duayb gnd
PP
ESENEN
s o)
$d

one-to-one correspondence 7, a>lgd sty b,

37,50, 81,473,484

One-Way street Problem /gl ol3¥/ &)L dlluso

130, 165,422

open set 235

optimal coloring 192, 194,
197,199, 202, 207, 215,
217,227,324, 326, 331,
336, 340, 344, 348
optimization problem 39,
113-4, 179, 322,396
order (of a graph)3S
order (of rdcurrence)483
order-preseving property
358-60

orderd graph 406, 423
ordered pair 8, 21, 53-4,
56, 61,93, 190,294, 299,
309, 393, 420, 440, 474,
489-90

Ore’s condition 297

Ore’s Theorem 417-8, 420,
424

d>giiodogana
(Jod) i 585
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ol 4y
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il e dbh il dusls
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orientable cycle double cover arssall Jils ,als Ll sllas

318

orientation 62.5, 86, 89, 94,
147,165-6,174-5,196-
7,203,228-32,244,293,
307-8,311,317,329-32,

Ayl
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345,376,379, 393, 410-
3,424,449, 484

oriented graph 62
orthonormal 456-7, 461
out-neighoorchood 58
out-tree 89-91, 98
outdegree 58-66, 89, 130,
190, 299, 410, 499, 503
outer face 235, 240, 412
outerplanar graph 239-40,
243,256,269-71
outerplane graph 239-40,
244-5

Overfull conjecture 278-9,
28S

overfull subgraph 278-9,
284-5

P3 11,32, 48, 64,163,173,
199,223, 333, 386, 395,
417-8, 465
P411-2,15-8,23,33-4, 50,
52,108, 138, 147, 163,
202,221, 344, 347,417
PS12,23,231,404

p-critical 334-6,339-44, 348 P dsldl I dsslly £,>

P=NP? 441, 495,497
pair-disjoint 447-8
pairwise 489

parallel elements ( in ma-
troid) 351-2, 373, 375
parallel computation

(see nondeterministic)
parent 10-1, 147, 157, 220,
402

parity 14, 24, 36, 46, 137-9,
142, 148,236, 239, 271-
2,301-2, 310,312,317,
347,388, 473,490

parity graph 330

parity lemma 148

parity subgraph 312, 317
partial transversal 127-8,
353

partite set 4

k-partite S, 51, 192, 207, 296
partition 473

partition matroid 357-8,
366, 368, 370-1, 373
partitionable graph 335-42,
347-8

Pascal’s Formula 73, 488
path 5-34, 38, 43,47, 55-
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64, 67-81, 84, 88-106,
109-12, 119, 123-4,129-
34, 142-5,147,151-83

u, v-path 20

X, Y-paht 166, 170, 175
paw 12, 31,236, 279-81
pendant vertex 677

perfect graph 204, 224, 226-
8,319-42,238, 330-7,

341, 343-4,347,413
a-perfect 319-22

B-perfect 335

y-perfect 319-22

perfect elimination ordering
224

Perfect Graph Theorem

VAU o )las
YA X g slassa
ledl 4

(JA—M o) ddye
J-éllS obe

a I Aeailly JolS
B- Juls
V- Jals

JalS i iy

ol S pleadl dyplas

(PGT) 226-7,320-2, oLl yloadl duplaild jLiazs| PGT

334-5,344,413

perfect matching 104-8,
111-4,118-22,125-9,
131, 134-6, 139, 141,
146,148,211, 274-6,
283,295, 318, 374, 424,
451-2, 469

perfect order 331-2

ALoLS dogles

JolS ceys

perfectly orderable graph  JolSf cusyald Jols oluy

331,347

performance ratio 202, 496,
498-9, 505

permutation 8, 14, 18, 32-3,
5§, 64,107, 120, 332, 390,
448-9,453-4,470, 486
permutation matrix 120, 470
Petersen graph 13-8, 37, 41,
50,71,79,87,108, 119,
122,139,159, 175,192,
197,203,230, 245, 251,
255,269,276,279,283-
4,288,292,295-7,304-
18,470,487

PGT (see perfect
Graph The- orem)

pigeonhole principle 151,  alodf (\,:\-L-L.J) Flob Jare

171,230, 261, 278-93,
491-2

pigeonhole property 427
planar graph 5, 234-62,
266,269-72,274, 301-
4,307,309, 312, 315-6,
341, 349, 358-65, 376,
411-2,423-4, 469, 504-6

£1%1 A

Jusleall dbgano

D9 ol

(JolSIf ool duytas 1a5f) PGT

pladf o olgb dpols

$9-w ola

planar embedding 235-6,
241-8,251-4, 271, 376
planar map 238
PLANARITY 252, 495
plane graph 235-45, 254-6,
270, 300-3, 307-9, 312,
314,360, 363-5,375,412
planted tree 101

Plantonic solid 242
Poisson destribution 434
polygon 242, 247-8,255-6,
270-1,452

polygonal curve 48, 234-5,
24§

polyhnomial-time algorithm »

124-5,253,269, 282,
377,438-9,493-500,
504-5

positional game 120
positive k-flow 307, 318
kth power (of graph) 296
predecessor 54, 58, 62, 98,
294,417

predecessor set 58
prdfix-free code 101-3, 106
pretzel 266

Prim’s Algorithm 97, 104
Prime snark 305
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Principal submatrix 454, 458  daw.i)) i ddgamll

probabilistic analysis 425
Probabilistic method 117,
206, 385,410, 425-52
probability model 425-7,
430

probability space 426-7,
430,436, 443, 445
product dimension 397-9,
422

product representation
3989

proper 191,275, 300, 388,
472

proper coloring 191-2, 196-
201, 204-5,217-20, 223,
227,300, 321, 408, 410,
412,423-4,449, 483
proper edge-coloring 275-7,
285, 381,409

proper face-coloring 300
proper interval graph 347
proper labeling 388-9, 391,
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proper subgraph 192,212,
247,472

proper subset 120, 152, 155,
356, 464,472

proposal Algorithm 131,
134-5,411

prufer code 81-3, 92, 345
quadratic growth 483
quota 380-5

radius 71-2, 75, 78m 268,
Ramsey multiplicity 395
Ramsey number 206, 380-8,
394,426,428, 437,450
Ramsey number (for graphs)
386

Ramsey’s Theorem 378,
380-6, 388,393

random graph 196, 425-6,
430,432, 436-40, 445-7,
450,463

random bariable 427-33,
442-3,445-7,452, 469

rank function (of matroid)
349-50, 354-61. 364,
366-77, 406

rank (of matrix) 453-5
rational numbers 471-2

real numbers 120, 129, 203,
4712

reciprocity 229
Reconstruction Conjecture
38

recurrence 84-5, 94, 106,
221-3,228-30, 232,272,
468,483

reduces to 499, 506
reducible configuration 258-
61,265,270

reduction from 499-500,
505-6

reflexive property (relation
490

region 1, 5, 191, 233, 235,
238-9, 245,247,255,
258,268, 316,391,474,
479-80

reqular graph 34-44, 48-53,
79, 87,92, 116, 122, 136,
139-40, 147,153,175,
190, 198,201, 204, 242,
276,283-5,295-30S, 308,
314,317, 385,387,434,

Feé i ol
dyled dyi> dogarse
Tlarl ol duojyles-
Ao by

g o

(&345) dua>

oy 1SS

abibeld g5l sae

3aly dplas

lgmae ol

e i
(s2a5LL) &30 alls
ddgiuall dus)
Aras slacl
didiss slacl

(wsbie) duglin

sl ale] diasio

(83520) )15

Al Sz

Jhas ol JSs

oo Jlyis!

(adde) pulSei¥l duunls

iala:

daiio ply

‘ HE_Graph_Subject Index_5th_Draft_01.indd 579

453,460-6, 470, 505-6
3-regular 37, 40, 43-4, 49,

3 dayadl o lazio

2unlgodl yuyps

SDR (see System of Distinct —ilisio gelie pllss

52-3,122,136, 139,
146-7,153,158-9,173,
175,243-5,2712,276,
292,295-6, 300-5, 308,
314-8, 385,424, 505-6
k-regular 34-6, 49, 51, 79,
111, 116, 136, 140, 146-
7,151, 159, 198,276,
284-5,296, 411, 428,
460-2, 464, 466, 469
regular embedding 272
relation 8, 489

k dsyadl o lazio

adde
remainder classes 491 ol g i
Replacement Lemma 334 Jlas ¥l dnig e
Feiall s sgilo

()-‘é—”) il agyile

representable matroid 351

restriction matroid 363-4,

370, 375-7

restriction martingale 445-7 il ggall aprds
reverse edge 66 uSe gl

right child 101 taadl dg> oty

right subtree 101 Auig dupy Byl

ring (in planar (530 JSb 53) dals
configura-tion) 253-60, 270

Ringel’s Conjecture 87 J4) diasae

road network 5-6,99, 112,  §,b asd

165

Robbins’ Theorem 166 gy Al

root 67,89-90,94,100-1,  ,ix

106. 147, 157, 198, 220,

229, 345-6, 402, 406,

433,449, 453,455, 466

rootable family 345 il alls Alile

rooted plane tree 101, 106 sgiwuo o8 8ydns byaid
rooted tree 100, 106, 404
rule of porduct 486

(8350) yimy By
ol bacld

2ol bacls
running time 97, 124-5, iiiso dulec JLEX o530 5o3ll
132,425,430, 494
2-SAT 500, 505
3-SAT 500-1, 505-6
SATISFIABILITY 499-500, 4.a.a%
506

satisfiable formula 499-500,
506

rule of sum 485

2 dapadl yo dudad jlazs

3 dn)udl go duiad jlass

(anid0) daios divo

saturated vertex 107, 110, 2o gl
118, 124, 133, 139, 142-

4,352,377

Schur’s Theorem 393 g duylas

score sequence 62

0420 Gub Lgluasm il ol dullize

Representatves)

Second Moment Method S pr2ll Goydo
433-4,437,440-3,450

selection (subset) 486 (audy> degano) JLas
self-complementary 11-2, plastl 505
17,32,245,271,320

Semi-strong perfect Graph 593 arsds Lo plu
Theoorem 344 dgylas

separating set 149-50, 153,  Jladil of Juns dcgana

158, 162, 164, 169, 183,
200,218, 231,251

seoarator 166,231, 345 Juold
sequences 483 ddlise
set471 dcganao
r-set 380-3 I'-dcgana
Shannon bound 103, 106, o9l o>

275,279,285
Shannon Switching Game

365-6

09l s et

sharp 39,70,117,123,159, >

210,216, 269,279,284,

298, 339, 399, 434,450

sharp threshold 434 Bl dulay

shift graph 202 asl) oo
SHORTEST CYCLE 495 dal> yeul
shortest cycle 13,217 dals yeuol
shortest path 29, 34,73, 76-  Luswe yaual
7,97-8, 100, 400

simple curve 235 oy isie
simple digraph 54-5, 59, Ty 4290 ol
61-4

simple graph 2 Jaaa ol
simple hereditary system g plias
(matroid) 351,375 955k

simple polygon 255,270 Ja glino
simplicaial construction or-  awie gliy cuiys
dering 325-6

simplicial elimination order- oo bis sy
ing 224-7,231, 324-7,

344

simplicial subdivision 388-9, dawio 5> @rnds
391,395

simplicial vertex 224-7,231, o i,
325-7,331,422

sink 1, 176-89. 373, 449, (cno) deglly
463

sink set 178 dcgll degano
sink vertex 176 deglly yul,

size 35,473 [EEN

size of decomposition 414 clSaill e
size of matching 114 doglell o>
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skew partition 347 Aallsae d53
snark 3057, 312,314,317 i
f-soluble 148 f olgild Jols
source 1, 176-89, 266,373,  guio jauan
413-4,463

source set 178,413 &0 prcn degano

source vertex 176

ool
source/sink cut 178-80, dcglly / guio ghad
188-9
span function (of matroid)  (azg,Ll) 8adgo lls
358-60,375
spanning cycle 231, 240, badgo dal>
252,273-4, 276,284,

286-98, 303-+4, 314, 317,
376,421,437,493-4,

497-9, 505

spanning path 94, 104,200, sl Luws

287,292, 498, 502
spanning set (of matroid) (agyile) bl dcgano
360-1,376-7

spanning subgraph 67,95, sJso o> olu
136, 140, 160, 223, 243,

312,343,351, 353, 373,

399,454,459

spanning tree 67-70,73-87,  dadso ynid

92-8,103-5, 123, 147,

157-8, 160, 174, 190,

198,216,221, 232, 244,

312,327-8, 349, 351,

354,360, 363, 365, 372,

377-9,402-6, 424, 451,

462-3, 469, 483, 496,

498, 505

spans (in matroid) 358,365 (wu,ilo ,4) sJsy
sparse graph 145,437,440  (£3Ls¥1 Jul5) Gies olu

Spectral Theorem 456-8 cagdall dyplas
spectrum 453, 4585, 462, s

468-70

Sperner’s Lemma 378, 388- s dsaigs
91,395

SPGC (see Strong Perfect soall Jol<If oLl diosio
Graph Conjecture) SPGC

spine of caterpillar 88 Bylynld (s raill sgaell
split graph 345 Slanisl oly

split of digraph 59, 424 Aaniiie a0 ol

squashed-cube deimension (ugygll) owll a1l sey
397,401, 403, 422, 468
sable matching 131-2, 134-
6,411

Stable Roommates Problem 8,41 lf ;S aull ¢3aj dllusa
135

stable set 4, 319-23, 326,

Bydiaws daglgo

8ydiang dCgano
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330-48, 372,441, 447-8,
506

standard deviation 433
star 67,71-2,76,78, 80-1,
88,115-6,121,214,275,
333-4, 344, 413, 459-60
star-cutset 333-4, 344

Sobeall Gl ¥)

ot (ghad) Jas degoro
star-Cutset Lemma 333-4, ded Juad dcgana dyasgs
347

r-staset 447-8 I- Bydiano dCgano
Steinitz exchange proerty il Jobis duols
358-60

stem (of blossom)142-3 (8y05L) glow
Stirling’s approximation 440 gy cuds

staight-line embedding 251, dgpaiadl baladf ok

255-6

Street-Sweeping Problem £l s dlliss
129

strength of theorem 440 dylaill Bgd

strict digraph 294, 420 (eSn0) oyl 4250 ol
strict gammoid 377 ((oS0) pyluo ssgal>
strong absorption property ssall jolaio¥l dpols
355-6

strong component 56-7, 63-  dygd 41Sy0
4,156,160

strong digraph $8, 65, 90, $98 axg0 ol
165,420

strong duality 179-80,323  dygall dygaill

strong elimination property sl bidf dpuols
359,374
Strong Embededding Conjec- oalf yolall diaso
ture 313

strong induction 19, 66,79,  seall ¢l,as ¥l
480
strong orientation 165 $98 duxgd

Strong Perfect Graph Con-
jecture (SPGC)320, 334-
7,339-44,347-8

Augall Aol wlil) diasa
(SPGC)

strongly connected digraph
56,60-1, 63, 65, 89, 164,
245,420,450

Bgdy Jalyio axgo pla

strongly perfect graph 330- 894y JolS ol
1,347
strongly regular graph 464-

7,470

By edaiio ple

subconstituent 470

subcube 36, 49, 295, 401
subdivision 162-3, 173, 212-
5,218-9,246-51, 256,
269,272, 304-5, 310-

1,314, 365, 388-9, 391,
295,442

bl 5 59 <
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h-subdivision 212,213,218  h- 4> gewss
subgraph 6, 65 e
submodular function 373 i oslado alls
submodularity property
354-6,367,370-4,377
subset 471

subtree 80-3, 86-7,93, 101,
106, 157, 324-7, 344-5,

436,449

A Analall dpols

HICE

subtree representation 324- i 8yl ddaswlgy Judodl!
S,327

successor 54, 57-8, 60-2, (aLr) 2l
190, 294, 345, 410-1,

421,451

successor set 58 eyl degad!
sufficient condition 24 LS by

sum of graphs 39 (see dis-  (Juadill sl3¥1 1aif) wbibe! go>

joint union)

sum of matroids 369-70, gl e
406

summand 485 e

supbase (of matroid) 360-1, 33> pulad

363

superconcentrator 463 olacl 35,4
supergraph 297 o> olw
superregular graph 470 ;LB.:.;XI 5L ol
supply 130, 184, 187 ss52

sweep subgraph 130 (geawie) zaslS ,iir olus
2-switch 46-7, 53 O (LY PR

absorption property 351,  yolaio¥! dwsls

357,377

Sylvester’s Law of Inertia Hosll jmawali oils
457,459 (31301 yguanat)
symmetric diffierence 109- Lz 3,4

10,118-19, 122,133,

137-8, 160, 314, 348

352-3,359, 374, 376,

467,473-4

symmetric digraph 175,502 filesie axg0 olu

symmetric matrix 6, 456-8,  ilileic ddginse
469

symmetric property (rela-  (asde) SiLoall duwls
tions) 490

system of distinct represen-  dalisie cdis plias
tatives 119, 171, 369

Szekeres-Wilf number 231 iJgg 3, S5 sac
Szekeres-Wilf Theorem 201 ilgg ;S duplas

Szemeredi Regularity
Lemma 388

tail (of edge) 53-60, 86,91,
164-5, 168,178, 307-8,
357-8, 484,503

S plasil dysug é

bl g
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tail partition matroid 358 oblgadl 4553 sgpile
Tait coloring 301-2, 314 s oagls

Tait’s Conjecturte 302, 304 s dieso

Tait’s Theorem 307-9, 311, o dyylas

314

target (of function) 483 (ad1ay) coagh
Tarry’s Algorithm 95 S5 dayylys
telegraph problem 423 Golyalal Alls
telephon problem 422 caslgdl dlls
tensor product 201 @) IS URN |
ternary matroid 357 AW a9yle
thickness 261,271 Lo

threshold (in Ramsey theory)
380-1, 387

threshold function 425, 433-  aylaudt &l
7,440-1, 450-1
Tic-Tac- Toe 120

(30ly dulas 9) dyfay dse

Tic-Tac-Toe gilgo drat

tolerace (of path)177-80 (HLasdt) Jloxs¥1
TONCAS 28-9, 44, 110, 136, TONCAS
184.225,246

toroidal 266-8,272, 341 s

torus 266-9, 272,317 Byl

total coloring 411, 423 oS els

Total Coloring Conjecture LI juglill diasen
411

total dominating set 117, AdS e wdcgaro
122

totally unimodular 469 AS psledo galsd
t-tough 288 t o Il clo
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maximum length of path
length of a face
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natural logarithm
matching

incidence matrix
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Glossary of Notation

Non-alphabetic notation
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adjacency relation
successor relation (digraph)
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congruence relation
implication

floor of number

ceiling of number

{1,..., n}

absolute value of number
size of set
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subset
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