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Food web D
Key
1. Canopy: leaves, fruits, flowers
2. Canopy animals: birds, fruit-bats, and other mammals
3. Upper air animals: birds and bats, insectivorous
4, Insects
5. Large groud animals: large mammals and birds
6. Trunk: fruit, flowers
7. Middle-zone scansorial animals: mammals in both canopy and ground zones
8. Middle-zone flying animals: birds and insectivorous bats
9. Ground: roots, fallen fruit, leaves and trunks
10. Small ground animals: birds and small mammals
11. Fungi
7
‘ A ,
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Z7HEEE SHE kg Hogor AR Roberts:= FF 27 QE F
Faume] FRAaHZ df3lo] vt 22 F IR SRA dE e
A 71 84l ot
. 37t 22§ 279 AA Y =2 2= FF =27 gle T2
29 SR
LRSS 3 PR RS S SR FEC EREE
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A2 V(D) | {{u,v}: there exists a vertex w in V' (D)
(competition graph) such that arcs {u,w), (v,w) belong to
c) A(D)}
p-AA Y Z V(D) | {{u,v} : there exist p distinct vertices
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C:D(D) (ural)’ ('0501)7 s ('“'rap)’ (Ura;ﬂ)
belong to A(D)}
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(competition-common V(D) such that arcs (u,w}, (v,w) and
enemy graph) arcs {(z,u), (z,v) belong to A(D)}
CC{D)
AR = V(D) | {{w, v} : there exists a vertex w in V(D)
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a9 7. P(2,2)

A% 3 (44). of ¥ RBTANZ Dof th5}ol, 2 FHF v o]Fol A
ol WEE o] BEZ DY FAFE| WEE = Yofel Ds 72
# Y222 0] .

Hefner 5 [32]2 #3128l Z Soll M 2+ Fx|Hol A3 gkal Ul x(in-
degree)$} 2] Z1(outdegree) & = A 27 P+ FFINZE A9 £
A T ol p g FYIRLY SAE LA R TA GG N H B A
+, Cohen™} Briand [14]7} A A 2] Ho] L E o) A H2ate] A2 >t mpe}
7t 2R R 59 BFo] o2z 2P AR nFo| B uj, (s
£ Aoz B4 Atk D7 {F AR gle F¥za ez 314 o uf,
DE thy &9l Wk (u,0) R @2 2T 58 T Aot

[ Disan I if for every vertex x |
(¢,7) digraph | id(z) < ¢ and od(z) < 7;

(i,7) digraph | if id(z) = Oor i and od(z) = O or 7;
(,7) digraph | id(z) = 0 or i and od(z) < j;

(i,7) digraph { id(z) < i and od(z) = 0 or j.

p=iEEioRo=jE= 9 u, 28 Z G7D (v, v)TF 2 =9 7
Ao zeld GE (u,v)FH2ejzatn Ra) b3 28 A7k &)
Z A zpse] BA)

I (w,v)3 A28z £43) 7).

2. (w,v) 2 A IY = 53} 017

3 (u,v) 7 S = EAF F).
a8 7o FolA FEIAMZE P(2,2)8tn =23} Tk DL P(2,2)E F
Boaglzz Zrx] gy, Do of o] gicHiredundant)y )4} Hefner
503212 (2,2) Aol A9 A BAE 2 s Bst ol Bo) Y= (1,5) %
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e 5 7R AL B e g d et 2HE 5 Jdrk

I GEK ;2 A RE Jze £33 45 giok
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Ael 6. D7} (2. 2)ag¢F2ef= e SAL o] o, D7} I pF T L2t
= Ao Do Ry gppzolui] HolE § Ay G 2= of #o] gl
G szl 28898, T.U 9 &G 4Y F& 1=z 3}
gtoi= A} F Aok

aio] Q= (7, /)P AR AL E L 2o} SHT EF tiAd
ZAQANL AHgste] 2R3 Al 4 ot
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Bzt o] gl (,5) 73 AATEBE A G2 Folx A o]
o FAHE g o

T K|jii—1y+ ©12r = 7 k=19 (bv,r k,1)-t]

o® 1= G BA A 7} Alsimplicial)ghs A& x7 FAH y, 29
A7E o] Y-g uivirtys} 27F A= o ke Aotk FFTAH=Z DJ =
A& z7} —,‘%5‘0*%2'1‘] (di-simplicial) 2= F3F4 (z,u), (y,u), (z,v), (z,v)°] £
A wuich 4394 (v, w), (z,w) 7t EA 8= Aolth. A 1efz 2] Heojol
2] 5} ﬂﬂ A z7} %E}ﬂrxﬂ gt AL 2 A C(D)NA Sl et= At &
Hebe AL 44 & 5 Ak 322 8] gy G,9) 7 FF A=
-‘%?&!i}om

e 8. g 2 20K AHF 3 ol il o] QL (7) P2 F P2
D7} 77 f B2 Zeke A9 De & FA P w ¥R A FA
o},

T fP2AZ AT YA G TALE 2 A ANTw 4D
A7) ool Are HBE AT () A2l A 9 A
A BT ekt A%, (2.2) 9] A3l et gAE $RIAZE A
oy B0 57, Ao LEE £ A% 20l Se 4BE B0l 2
AR g BESE A1zl thsted Heoll AZH BAE Bohe Rol

of ol SWe 4 BEHE FYL
F47E TolR A ek S A Tt of
e EE ER R .

g 9([17]) nje] B LG A= 2P Gl olH FE2 Z 9
A ezl AT G7Fnsy o]dte] Y2E A= H YAE 7HA= A
zl o] .

%ﬂ 10 ([68D). n7je] FAHE 7FA = .ZZEH.—'Z G7} aelE ZFA Al g
old gz FAA ez d A FR2HL Gt ﬂx}x* = e
%%{Jaw K2t & &17F opt] Z n 7l 016}4 AeZ A= H GHE 7}
= Aotk
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({70] 5:1-2) p_7:l ;&Hj_a] i
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=
o %+ %2 Z(strongly connected digraph)e] 7371
47 2 ¢}l = Fraughnaugh 5 22]01] o] &t

Aot HAE fPLH Lo 4
£938) gick 450 ARH o Yk fFAzE iz«l—fzﬂoﬂ DR
RPLNLR ABONA AFNTo) o R} AR 42
Rzoch. 29z 0 W W) & A717} 43 e A9 3718 0.(6)=
Gol 2Y A ASE i(G)E BAHA

el 11 (22). n7H94 FAFE ZFA & Ko7l obd 2= GoF 2] 7}
St ZoA A28 fFaze FPazols] Y9 BasEEAL

0.(G) +#G) < nolr.
TR = RE HAH
<= o] elthamiltonian) ¥ 8 AT}

4 12. n}S BAHE A= 27 G AYE A H o B Rz
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A2} 14 (200). G7} 2YF o] 4ol Q2 % gl F5 HolE 2
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ik dol7t29 S8 25 242 g FFadzd et FAREEARE
®19) T Cho £ [6, 7] €A A5 E 7}A+= B HE(regular tournament) 2]

A2 =z E EA & 3ol
34, A oY=

o) 2 %1 ef 5= Raychaudhuri€} Roberts [58]01] ¢l 3lo} g o2 A5
Heith f31Z DY F3 Y Aol DY FAHEY AF AolA o
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29l 23 = Z o] n)3stc). Raychaudhuri®} Roberts= ©H9 37 12fx 8] 7
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A st 287t Qs A Rz 29 2 zot 7 29
= kg 27k 2= A 7E 4 F3HSoh Lundgren) Rasmussen [51]+
D7} —’F?%}L:_O] o o] #AME stk WE HAHY HEE {a1, a
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S#713,4,69 793 obx 5 A% 0] Y x| %k Lundgren 5 [45]2 G7+ 4
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71 5 £ ole 4 2l Sl o] SHE S 62T s S lA 2ol
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230E 4492 ARsA &4 A2 9k adzy FA4E 9vie
717 Kim3} Roberts [40] o) A&l th&3} 2ol Fatsich

B2l G SEH 3 BE}A o ] HFYE A K(G) e~
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20 A A
G k(G)® ke (G dk(G)® 7(G)° kPGP
Triangulated <1 <p* <2 unknown except
Graphs () =1;
nFP) =0,n23;
N(G) = c0if &
is a nova;
T](Kn) =1,n> 2
Cph.m>4 2 p+1 2 2forn =4, 5, 6,
1forn=38
Oforn=7,n>9
Line Graphs <2t <p+1 t <3t unknown
Bipartite | < |E(G)| | < |E(G)|~ unknown | unknown except
Graphs —V(G)| | V() +p+ 1% | exceptif G | n(Kmpn) = oo if
4238 F(min{m,n},p) |is10 1- min{m,n} > 3
< kp(Kpn) < clear and
mn—m—n d(Kmn)
+p+ 1¥ =2

o 2d

E 2. k(G), dk(G), n(G), and ky,(G) of a graph G.

[} F. Alizadeh, R. M. Karp, L. A. Newberg, and D. K. Weisser, Physical Mapping of Chromo-
somes: A Combinatorial Problem in Molecular Biology, Algorithmica, 13 (1995), 52-76.

1

together with & isolated vertices is the {

digraph.

The competition number k{)

The p-competition number k()

The double competition number dk(G)
competition graph
p-competition graph
cempetition-common enemy graph

} of a graph (¢ is the smallest k so that 7

} of an acyclic

41§ ¢ can be made into a niche graph of an acyclic digraph by adding isolated vertices, then the
niche number 7(() of G is the smaliest number of isolated vertices needed; otherwise () = =c.
*with equality iff G has no isolated vertex
Twith equality iff the neighborhood of cach vertex has vertex clique covering number 2.
*The bounds may be improved.
Swith equality if & is connected
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