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1 What are Combinatorial Games?

Roughly speaking, the family of combinatorial games consists of two-player games with
perfect information (no hidden information as in some card games), no chance moves (no
dice) and outcome restricted to (lose, win), (tie, tie) and (draw, draw) for the two players
who move alternately. Tie is an end position such as in tic-tac-toe, where no player wins,
whereas draw is a dynamic tie: any position from which a player has a nonlosing move,
but cannot force a win. Both the easy game of Nim and the seemingly difficult chess are
examples of combinatorial games. And so is go. The shorter terminology game, games is
used below to designate combinatorial games.

2 Why are Games Intriguing and Tempting?

Amusing oneself with games may sound like a frivolous occupation. But the fact is that
the bulk of interesting and natural mathematical problems that are hardest in complexity
classes beyond NP , such as Pspace, Exptime and Expspace, are two-player games; oc-
casionally even one-player games (puzzles) or even zero-player games (Conway’s “Life”).
Some of the reasons for the high complexity of two-player games are outlined in the next
section. Before that we note that in addition to a natural appeal of the subject, there
are applications or connections to various areas, including complexity, logic, graph and
matroid theory, networks, error-correcting codes, surreal numbers, on-line algorithms,
biology — and analysis and design of mathematical and commercial games!
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But when the chips are down, it is this “natural appeal” that lures both amateurs and
professionals to become addicted to the subject. What is the essence of this appeal? Per-
haps the urge to play games is rooted in our primal beastly instincts; the desire to corner,
torture, or at least dominate our peers. A common expression of these vile cravings is
found in the passions roused by local, national and international tournaments. An intel-
lectually refined version of these dark desires, well hidden beneath the façade of scientific
research, is the consuming drive “to beat them all”, to be more clever than the most
clever, in short — to create the tools to Mathter them all in hot combinatorial combat!
Reaching this goal is particularly satisfying and sweet in the context of combinatorial
games, in view of their inherent high complexity.

With a slant towards artificial intelligence, Pearl wrote that games “offer a perfect
laboratory for studying complex problem-solving methodologies. With a few parsimo-
nious rules, one can create complex situations that require no less insight, creativity, and
expertise than problems actually encountered in areas such as business, government, sci-
entific, legal, and others. Moreover, unlike these applied areas, games offer an arena in
which computerized decisions can be evaluated by absolute standards of performance and
in which proven human experts are both available and willing to work towards the goal of
seeing their expertise emulated by a machine. Last, but not least, games possess addictive
entertaining qualities of a very general appeal. That helps maintain a steady influx of
research talents into the field and renders games a convenient media for communicating
powerful ideas about general methods of strategic planning.”

To further explore the nature of games, we consider, informally, two subclasses.

(i) Games People Play (playgames): games that are challenging to the point that people
will purchase them and play them.

(ii) Games Mathematicians Play (mathgames): games that are challenging to mathe-
maticians or other scientists to play with and ponder about, but not necessarily to
“the man in the street”.

Examples of playgames are chess, go, hex, reversi; of mathgames: Nim-type games,
Wythoff games, annihilation games, octal games.

Some “rule of thumb” properties, which seem to hold for the majority of playgames
and mathgames are listed below.

I. Complexity. Both playgames and mathgames tend to be computationally intractable.
There are a few tractable mathgames, such as Nim, but most games still live in
Wonderland : we are wondering about their as yet unknown complexity. Roughly
speaking, however, NP-hardness is a necessary but not a sufficient condition for
being a playgame! (Some games on Boolean formulas are Exptime-complete, yet
none of them seems to have the potential of commercial marketability.)

II. Boardfeel. None of us may know an exact strategy from a midgame position of chess,
but even a novice, merely by looking at the board, gets some feel who of the two

2 the electronic journal of combinatorics (2009), #DS2



players is in a stronger position – even what a strong or weak next move is. This is
what we loosely call boardfeel. Our informal definition of playgames and mathgames
suggests that the former do have a boardfeel, whereas the latter don’t. For many
mathgames, such as Nim, a player without prior knowledge of the strategy has no
inkling whether any given position is “strong” or “weak” for a player. Even when
defeat is imminent, only one or two moves away, the player sustaining it may be in
the dark about the outcome, which will stump him. The player has no boardfeel.
(Even many mathgames, including Nim-type games, can be played, equivalently, on
a board.)

Thus, in the boardfeel sense, simple games are complex and complex games are
simple! This paradoxical property also doesn’t seem to have an analog in the realm
of decision problems. The boardfeel is the main ingredient which makes PlayGames
interesting to play.

III. Math Appeal. Playgames, in addition to being interesting to play, also have consider-
able mathematical appeal. This has been exposed recently by the theory of partizan
games established by Conway and applied to endgames of go by Berlekamp, students
and associates. On the other hand, mathgames have their own special combinatorial
appeal, of a somewhat different flavor. They appeal to and are created by mathe-
maticians of various disciplines, who find special intellectual challenges in analyzing
them. As Peter Winkler called a subset of them: “games people don’t play”. We
might also call them, in a more positive vein, “games mathematicians play”. Both
classes of games have applications to areas outside game theory. Examples: surreal
numbers (playgames), error correcting codes (mathgames). Both provide enlighten-
ment through bewilderment, as David Wolfe and Tom Rodgers put it.

IV. Existence. There are relatively few successful playgames around. It seems to be
hard to invent a playgame that catches the masses. In contrast, mathgames abound.
They appeal to a large subclass of mathematicians and other scientists, who cherish
producing them and pondering about them. The large proportion of mathgames-
papers in the games bibliography below reflects this phenomenon.

We conclude, inter alia, that for playgames, high complexity is desirable. Whereas
in all respectable walks of life we strive towards solutions or at least approximate solu-
tions which are polynomial, there are two less respectable human activities in which high
complexity is appreciated. These are cryptography (covert warfare) and games (overt war-
fare). The desirability of high complexity in cryptography — at least for the encryptor!
— is clear. We claim that it is also desirable for playgames.

It’s no accident that games and cryptography team up: in both there are adversaries,
who pit their wits against each other! But games are, in general, considerably harder
than cryptography. For the latter, the problem whether the designer of a cryptosystem
has a safe system can be expressed with two quantifiers only: ∃ a cryptosystem such that
∀ attacks on it, the cryptosystem remains unbroken? In contrast, the decision problem
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whether White can win if White moves first in a chess game, has the form: “∃∀∃∀ · · ·
move: White wins?”, expressing the question whether White has an opening winning
move — with an unbounded number of alternating quantifiers. This makes games the
more challenging and fascinating of the two, besides being fun! See also the next section.

Thus, it’s no surprise that the skill of playing games, such as checkers, chess, or go
has long been regarded as a distinctive mark of human intelligence.

3 Why are Combinatorial Games Hard?

Existential decision problems, such as graph hamiltonicity and Traveling Salesperson (Is
there a round tour through specified cities of cost ≤ C?), involve a single existential
quantifier (“Is there. . . ?”). In mathematical terms an existential problem boils down to
finding a path—sometimes even just verifying its existence—in a large “decision-tree”
of all possibilities, that satisfies specified properties. The above two problems, as well
as thousands of other interesting and important combinatorial-type problems are NP-
complete. This means that they are conditionally intractable, i.e., the best way to solve
them seems to require traversal of most if not all of the decision tree, whose size is
exponential in the input size of the problem. No essentially better method is known to
date at any rate, and, roughly speaking, if an efficient solution will ever be found for any
NP-complete problem, then all NP-complete problems will be solvable efficiently.

The decision problem whether White can win if White moves first in a chess game, on
the other hand, has the form: Is there a move of White such that for every move of Black
there is a move of White such that for every move of Black there is a move of White . . .
such that White can win? Here we have a large number of alternating existential and
universal quantifiers rather than a single existential one. We are looking for an entire
subtree rather than just a path in the decision tree. Because of this, most nonpolynomial
games are at least Pspace-hard. The problem for generalized chess on an n × n board,
and even for a number of seemingly simpler mathgames, is, in fact, Exptime-complete,
which is a provable intractability.

Put in simple language, in analyzing an instance of Traveling Salesperson, the problem
itself is passive: it does not resist your attempt to attack it, yet it is difficult. In a game,
in contrast, there is your opponent, who, at every step, attempts to foil your effort to win.
It’s similar to the difference between an autopsy and surgery. Einstein, contemplating
the nature of physics said, “Der Allmächtige ist nicht boshaft; Er ist raffiniert” (The
Almighty is not mean; He is sophisticated). NP-complete existential problems are perhaps
sophisticated. But your opponent in a game can be very mean!

Another manifestation of the high complexity of games is associated with a most basic
tool of a game : its game-graph. It is a directed graph G whose vertices are the positions of
the game, and (u, v) is an edge if and only if there is a move from position u to position v.
Since every combination of tokens in the given game is a single vertex in G, the latter has
normally exponential size. This holds, in particular, for both Nim and chess. Analyzing
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a game means reasoning about its game-graph. We are thus faced with a problem that is
a priori exponential, quite unlike many present-day interesting existential problems.

A fundamental notion is the sum (disjunctive compound) of games. A sum is a finite
collection of disjoint games; often very basic, simple games. Each of the two players, at
every turn, selects one of the games and makes a move in it. If the outcome is not a draw,
the sum-game ends when there is no move left in any of the component games. If the
outcome is not a tie either, then in normal play, the player first unable to move loses and
the opponent wins. The outcome is reversed in misère play.

If a game decomposes into a disjoint sum of its components, either from the beginning
(Nim) or after a while (domineering), the potential for its tractability increases despite the
exponential size of the game graph. As Elwyn Berlekamp remarked, the situation is similar
to that in other scientific endeavors, where we often attempt to decompose a given system
into its functional components. This approach may yield improved insights into hardware,
software or biological systems, human organizations, and abstract mathematical objects
such as groups.

If a game doesn’t decompose into a sum of disjoint components, it is more likely
to be intractable (Geography or Poset Games). Intermediate cases happen when the
components are not quite fixed (which explains why misère play of sums of games is much
harder than normal play) or not quite disjoint (Welter). Thane Plambeck has recently
made progress with misère play, and we will be hearing more about this shortly.

The hardness of games is eased somewhat by the efficient freeware package “Combi-
natorial Game Suite”, courtesy of Aaron Siegel.

4 Breaking the Rules

As the experts know, some of the most exciting games are obtained by breaking some
of the rules for combinatorial games, such as permitting a player to pass a bounded or
unbounded number of times, i.e., relaxing the requirement that players play alternately;
or permitting a number of players other than two.

But permitting a payoff function other than (0,1) for the outcome (lose, win) and a
payoff of (1

2
, 1

2
) for either (tie, tie) or (draw, draw) usually, but not always, leads to games

that are not considered to be combinatorial games; or to borderline cases.

5 Why Is the Bibliography Vast?

In the realm of existential problems, such as sorting or Traveling Salesperson, most
present-day interesting decision problems can be classified into tractable, conditionally
intractable, and provably intractable ones. There are exceptions, to be sure, such as
graph isomorphism, whose complexity is still unknown. But the exceptions are few. In
contrast, most games are still in Wonderland, as pointed out in §2(I) above. Only a few
games have been classified into the complexity classes they belong to. Despite recent
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impressive progress, the tools for reducing Wonderland are still few and inadequate.

To give an example, many interesting games have a very succinct input size, so a
polynomial strategy is often more difficult to come by (Richard Guy and Cedric Smith’s
octal games; Grundy’s game). Succinctness and non-disjointness of games in a sum may
be present simultaneously (Poset games). In general, the alternating quantifiers, and, to
a smaller measure, “breaking the rules”, add to the volume of Wonderland. We suspect
that the large size of Wonderland, a fact of independent interest, is the main contributing
factor to the bulk of the bibliography on games.

6 Why Isn’t it Larger?

The bibliography below is a partial list of books and articles on combinatorial games and
related material. It is partial not only because I constantly learn of additional relevant
material I did not know about previously, but also because of certain self-imposed restric-
tions. The most important of these is that only papers with some original and nontrivial
mathematical content are considered. This excludes most historical reviews of games and
most, but not all, of the work on heuristic or artificial intelligence approaches to games,
especially the large literature concerning computer chess. I have, however, included the
compendium Levy [1988], which, with its 50 articles and extensive bibliography, can serve
as a first guide to this world. Also some papers on chess-endgames and clever exhaustive
computer searches of some games have been included.

On the other hand, papers on games that break some of the rules of combinatorial
games are included liberally, as long as they are interesting and retain a combinatorial
flavor. These are vague and hard to define criteria, yet combinatorialists usually recognize
a combinatorial game when they see it. Besides, it is interesting to break also this rule
sometimes! We have included some references to one-player games, e.g., towers of Hanoi,
n-queen problems, 15-puzzle and peg-solitaire, but only few zero-player games (such as
Life and games on “sand piles”). We have also included papers on various applications
of games, especially when the connection to games is substantial or the application is
interesting or important.

High-class meetings on combinatorial games, such as in Columbus, OH (1990), at
MSRI (1994, 2000), at BIRS (2005) resulted in books, or a special issue of a journal –
for the Dagstuhl seminar (2002). During 1990–2001, Theoretical Computer Science ran
a special Mathematical Games Section whose main purpose was to publish papers on
combinatorial games. TCS still solicits papers on games. In 2002, Integers—Electronic J.
of Combinatorial Number Theory began publishing a Combinatorial Games Section. The
combinatorial games community is growing in quantity and quality!

7 The Dynamics of the Literature

The game bibliography below is very dynamic in nature. Previous versions have been
circulated to colleagues, intermittently, since the early 1980’s. Prior to every mailing
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updates were prepared, and usually also afterwards, as a result of the comments received
from several correspondents. The listing can never be “complete”. Thus also the present
form of the bibliography is by no means complete.

Because of its dynamic nature, it is natural that the bibliography became a “Dynamic
Survey” in the Dynamic Surveys (DS) section of the Electronic Journal of Combinatorics
(ElJC) and The World Combinatorics Exchange (WCE). The ElJC and WCE are on the
World Wide Web (WWW), and the DS can be accessed at
http://www.combinatorics.org/
(click on “Surveys”). The ElJC has mirrors at various locations. Furthermore, the Eu-
ropean Mathematical Information Service (EMIS) mirrors this Journal, as do all of its
mirror sites (currently over forty of them). See
http://www.emis.de/tech/mirrors.html

8 An Appeal

I ask readers to continue sending to me corrections and comments; and inform me of
significant omissions, remembering, however, that it is a selected bibliography. I prefer to
get reprints, preprints or URLs, rather than only titles — whenever possible.

Material on games is mushrooming on the Web. The URLs can be located using a
standard search engine, such as Google.

9 Idiosyncrasies

Most of the bibliographic entries refer to items written in English, though there is a
sprinkling of Danish, Dutch, French, German, Japanese, Slovakian and Russian, as well
as some English translations from Russian. The predominance of English may be due to
certain prejudices, but it also reflects the fact that nowadays the lingua franca of science is
English. In any case, I’m soliciting also papers in languages other than English, especially
if accompanied by an abstract in English.

On the administrative side, Technical Reports, submitted papers and unpublished
theses have normally been excluded; but some exceptions have been made. Abbreviations
of book series and journal names usually follow the Math Reviews conventions. Another
convention is that de Bruijn appears under D, not B; von Neumann under V, not N,
McIntyre under M not I, etc.

Earlier versions of this bibliography have appeared, under the title “Selected bibliog-
raphy on combinatorial games and some related material”, as the master bibliography for
the book Combinatorial Games, AMS Short Course Lecture Notes, Summer 1990, Ohio
State University, Columbus, OH, Proc. Symp. Appl. Math. 43 (R. K. Guy, ed.), AMS
1991, pp. 191–226 with 400 items, and in the Dynamic Surveys section of the Electronic
J. of Combinatorics in November 1994 with 542 items (updated there at odd times). It
also appeared as the master bibliography in Games of No Chance, Proc. MSRI Workshop
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on Combinatorial Games, July, 1994, Berkeley, CA (R. J. Nowakowski, ed.), MSRI Publ.
Vol. 29, Cambridge University Press, Cambridge, 1996, pp. 493–537, under the present
title, containing 666 items. The version published in the palindromic year 2002 contained
the palindromic number 919 of references. It constituted a growth of 38%. It appeared in
ElJC and as the master bibliography in More Games of No Chance, Proc. MSRI Work-
shop on Combinatorial Games, July, 2000, Berkeley, CA (R. J. Nowakowski, ed.), MSRI
Publ. Vol. 42, Cambridge University Press, Cambridge, pp. 475-535. The current update
(mid-2003), in ElJC, contains 1001 items, another palindrome.
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all and keep up the game! Special thanks to Mark Ward who went through the entire file
with a fine comb in late 2005, when it contained 1,151 items, correcting errors and typos.
Many thanks also to various anonymous helpers who assisted with the initial TEX file,
to Silvio Levy, who has edited and transformed it into LATEX2e in 1996, and to Wolfgang
Slany, who has transformed it into a BIBTeX file at the end of the previous millenium,
and solved a “new millenium” problem encountered when the bibliography grew beyond
999 items. Keen users of the bibliography will notice that there is a beginning of MR
references, due to Richard Guy’s suggestion, facilitated by his student Alex Fink.

11 The Bibliography

1. S. Abbasi and N. Sheikh [2007], Some hardness results for question/answer games,
Integers, Electr. J of Combinat. Number Theory 7, #G08, 29 pp., MR2342186.
http://www.integers-ejcnt.org/vol7.html

2. B. Abramson and M. Yung [1989], Divide and conquer under global constraints: a
solution to the n-queens problem, J. Parallel Distrib. Comput. 6, 649–662.

3. A. Adachi, S. Iwata and T. Kasai [1981], Low level complexity for combinatorial
games, Proc. 13th Ann. ACM Symp. Theory of Computing (Milwaukee, WI, 1981),
Assoc. Comput. Mach., New York, NY, pp. 228–237.

4. A. Adachi, S. Iwata and T. Kasai [1984], Some combinatorial game problems require
Ω(nk) time, J. Assoc. Comput. Mach. 31, 361–376.

8 the electronic journal of combinatorics (2009), #DS2



5. H. Adachi, H. Kamekawa and S. Iwata [1987], Shogi on n× n board is complete in
exponential time, Trans. IEICE J70-D, 1843–1852 (in Japanese).

6. E. W. Adams and D. C. Benson [1956], Nim-Type Games, Technical Report No.
31 , Department of Mathematics, Pittsburgh, PA.

7. W. Ahrens [1910], Mathematische Unterhaltungen und Spiele, Vol. I, Teubner,
Leipzig, Zweite vermehrte und verbesserte Auflage. (There are further editions and
related game-books of Ahrens).

8. O. Aichholzer, D. Bremmer, E. D. Demaine, F. Hurtado, E. Kranakis, H. Krasser,
S. Ramaswami, S. Sethia and J. Urrutia [2005], Games on triangulations, Theoret.
Comput. Sci. 259, 42–71, special issue: Game Theory Meets Theoretical Computer
Science, MR2168844 (2006d:91037).

9. S. Aida, M. Crasmaru, K. Regan and O. Watanabe [2004], Games with uniqueness
properties, Theory Comput. Syst. 37, 29–47, Symposium on Theoretical Aspects of
Computer Science (Antibes-Juan les Pins, 2002), MR2038401 (2004m:68055).

10. M. Aigner [1995], Ulams Millionenspiel, Math. Semesterber. 42, 71–80.

11. M. Aigner [1996], Searching with lies, J. Combin. Theory (Ser. A) 74, 43–56.

12. M. Aigner and M. Fromme [1984], A game of cops and robbers, Discrete Appl.
Math. 8, 1–11, MR739593 (85f:90124).

13. M. Ajtai, L. Csirmaz and Z. Nagy [1979], On a generalization of the game Go-Moku
I, Studia Sci. Math. Hungar. 14, 209–226.

14. E. Akin and M. Davis [1985], Bulgarian solitaire, Amer. Math. Monthly 92, 237–
250, MR786523 (86m:05014).

15. M. H. Albert, R. E. L. Aldred, M. D. Atkinson, C. C. Handley, D. A. Holton,
D. J. McCaughan and B. E. Sagan [2008], Monotonic sequence games, in: Games
of No Chance III, Proc. BIRS Workshop on Combinatorial Games, July, 2005,
Banff, Alberta, Canada, MSRI Publ. (M. H. Albert and R. J. Nowakowski, eds.),
Cambridge University Press, Cambridge.

16. M. H. Albert, J. P. Grossman, R. J. Nowakowski and D. Wolfe [2005], An intro-
duction to Clobber, Integers, Electr. J of Combinat. Number Theory 5(2), #A01,
12 pp., MR2192079.
http://www.integers-ejcnt.org/vol5(2).html

17. M. H. Albert and R. J. Nowakowski [2001], The game of End-Nim, Electr. J.
Combin. 8(2), #R1, 12 pp., Volume in honor of Aviezri S. Fraenkel, MR1853252
(2002g:91044).
http://www.combinatorics.org/

18. M. H. Albert and R. J. Nowakowski [2004], Nim restrictions, Integers, Electr. J of
Combinat. Number Theory 4, #G1, 10 pp., Comb. Games Sect., MR2056015.
http://www.integers-ejcnt.org/vol4.html

19. M. Albert, R. J. Nowakowski and D. Wolfe [2007], Lessons in Play: An Introduction
to Combinatorial Game Theory , A K Peters.

20. R. E. Allardice and A. Y. Fraser [1884], La tour d’Hanöı, Proc. Edinburgh Math.
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40. I. Althöfer [1988], On the complexity of searching game trees and other recursion
trees, J. Algorithms 9, 538–567.
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by K. Jacobs, M. Reményi and Seiffert, Friedr. Vieweg & Sohn, Braunschweig (four
volumes), 1985.

166. E. R. Berlekamp and Y. Kim [1996], Where is the “Thousand-Dollar Ko?”, in:
Games of No Chance, Proc. MSRI Workshop on Combinatorial Games, July, 1994,
Berkeley, CA, MSRI Publ. (R. J. Nowakowski, ed.), Vol. 29, Cambridge University
Press, Cambridge, pp. 203–226.

167. E. Berlekamp and T. Rodgers, eds. [1999], The Mathemagician and Pied Puzzler ,
A K Peters, Natick, MA, A collection in tribute to Martin Gardner. Papers from
the Gathering for Gardner Meeting (G4G1) held in Atlanta, GA, January 1993.

168. E. Berlekamp and K. Scott [2002], Forcing your opponent to stay in control of
a loony dots-and-boxes endgame, in: More Games of No Chance, Proc. MSRI
Workshop on Combinatorial Games, July, 2000, Berkeley, CA, MSRI Publ. (R. J.
Nowakowski, ed.), Vol. 42, Cambridge University Press, Cambridge, pp. 317–330,
MR1973020.

169. E. Berlekamp and D. Wolfe [1994], Mathematical Go — Chilling Gets the Last
Point , A K Peters, Natick, MA.

170. P. Berloquin [1976], 100 Jeux de Table, Flammarion, Paris.

171. P. Berloquin [1995], 100 Games of Logic, Barnes & Noble.

172. P. Berloquin and D. Dugas (Illustrator) [1999], 100 Perceptual Puzzles, Barnes &
Noble.

173. T. C. Biedl, E. D. Demaine, M. L. Demaine, R. Fleischer, L. Jacobsen and I. Munro
[2002], The complexity of Clickomania, in: More Games of No Chance, Proc. MSRI
Workshop on Combinatorial Games, July, 2000, Berkeley, CA, MSRI Publ. (R. J.
Nowakowski, ed.), Vol. 42, Cambridge University Press, Cambridge, pp. 389–404,
MR1973107 (2004b:91041).

174. N. L. Biggs [1999], Chip-firing and the critical group of a graph, J. Algebr. Comb.
9, 25–45.

175. K. Binmore [1992], Fun and Games: a Text on Game Theory , D.C. Heath, Lexing-
ton.

176. J. Bitar and E. Goles [1992], Parallel chip firing games on graphs, Theoret. Comput.

18 the electronic journal of combinatorics (2009), #DS2



Sci. 92, 291–300.

177. A. Björner and L. Lovász [1992], Chip-firing games on directed graphs, J. Algebraic
Combin. 1, 305–328.

178. A. Björner, L. Lovász and P. Chor [1991], Chip-firing games on graphs, European
J. Combin. 12, 283–291.

179. Y. Björnsson, R. Hayward, M. Johanson and J. van Rijswijck [2007], Dead cell
analysis in Hex and the Shannon game, in: Graph theory in Paris, Trends Math.,
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564. A. S. Fraenkel and J. Nešetřil [1985], Epidemiography, Pacific J. Math. 118, 369–
381.

565. A. S. Fraenkel and M. Ozery [1998], Adjoining to Wythoff’s game its P -positions
as moves, Theoret. Comput. Sci. 205, 283–296.

566. A. S. Fraenkel and Y. Perl [1975], Constructions in combinatorial games with cycles,
Coll. Math. Soc. János Bolyai 10, 667–699, Proc. Internat. Colloq. on Infinite and
Finite Sets, Vol. 2 (A. Hajnal, R. Rado and V. T. Sós, eds.) Keszthely, Hungary,
1973, North-Holland.

567. A. S. Fraenkel and O. Rahat [2001], Infinite cyclic impartial games, Theoret. Com-
put. Sci. 252, 13–22, special ”Computers and Games” issue; first version appeared
in Proc. 1st Intern. Conf. on Computer Games CG’98, Tsukuba, Japan, Nov.
1998, Lecture Notes in Computer Science, Vol. 1558, Springer, pp. 212-221, 1999.,
MR1715689 (2000m:91028).

568. A. S. Fraenkel and O. Rahat [2003], Complexity of error-correcting codes derived
from combinatorial games, Proc. Intern. Conference on Computers and Games
CG’2002, Edmonton, Alberta, Canada, July 2002, (Y. Björnsson, M. Müller and
J. Schaeffer, eds.), Vol. LNCS 2883, Lecture Notes in Computer Science, Springer,

the electronic journal of combinatorics (2009), #DS2 41



pp. 201–21.

569. A. S. Fraenkel and E. Reisner [2008], The game of End-Wythoff, in: Games of No
Chance III, Proc. BIRS Workshop on Combinatorial Games, July, 2005, Banff, Al-
berta, Canada, MSRI Publ. (M. H. Albert and R. J. Nowakowski, eds.), Cambridge
University Press, Cambridge.

570. A. S. Fraenkel and E. R. Scheinerman [1991], A deletion game on hypergraphs,
Discrete Appl. Math. 30, 155–162.

571. A. S. Fraenkel, E. R. Scheinerman and D. Ullman [1993], Undirected edge geogra-
phy, Theoret. Comput. Sci. (Math Games) 112, 371–381.

572. A. S. Fraenkel and S. Simonson [1993], Geography, Theoret. Comput. Sci. (Math
Games) 110, 197–214.

573. A. S. Fraenkel and U. Tassa [1975], Strategy for a class of games with dynamic ties,
Comput. Math. Appl. 1, 237–254.

574. A. S. Fraenkel and U. Tassa [1982], Strategies for compounds of partizan games,
Math. Proc. Camb. Phil. Soc. 92, 193–204.

575. A. S. Fraenkel, U. Tassa and Y. Yesha [1978], Three annihilation games, Math.
Mag. 51, 13–17, special issue on Recreational Math.

576. A. S. Fraenkel and Y. Yesha [1976], Theory of annihilation games, Bull. Amer.
Math. Soc. 82, 775–777.

577. A. S. Fraenkel and Y. Yesha [1979], Complexity of problems in games, graphs and
algebraic equations, Discrete Appl. Math. 1, 15–30.

578. A. S. Fraenkel and Y. Yesha [1982], Theory of annihilation games — I, J. Combin.
Theory (Ser. B) 33, 60–86.

579. A. S. Fraenkel and Y. Yesha [1986], The generalized Sprague–Grundy function and
its invariance under certain mappings, J. Combin. Theory (Ser. A) 43, 165–177.

580. A. S. Fraenkel and D. Zusman [2001], A new heap game, Theoret. Comput. Sci.
252, 5–12, special ”Computers and Games” issue; first version appeared in Proc.
1st Intern. Conf. on Computer Games CG’98, Tsukuba, Japan, Nov. 1998, Lecture
Notes in Computer Science, Vol. 1558, Springer, pp. 205-211, 1999., MR1715688
(2000m:91027).

581. C. N. Frangakis [1981], A backtracking algorithm to generate all kernels of a directed
graph, Intern. J. Comput. Math. 10, 35–41.

582. P. Frankl [1987], Cops and robbers in graphs with large girth and Cayley graphs,
Discrete Appl. Math. 17, 301–305.

583. P. Frankl [1987], On a pursuit game on Cayley graphs, Combinatorica 7, 67–70.

584. P. Frankl and N. Tokushige [2003], The game of n-times nim, Discrete Math. 260,
205–209, MR1948387 (2003m:05017).

585. W. Fraser, S. Hirshberg and D. Wolfe [2005], The structure of the distributive
lattice of games born by day n, Integers, Electr. J of Combinat. Number Theory
5(2), #A06, 11 pp., MR2192084 (2006g:91041).
http://www.integers-ejcnt.org/vol5(2).html

586. D. Fremlin [1973], Well-founded games, Eureka 36, 33–37.

42 the electronic journal of combinatorics (2009), #DS2



587. G. H. Fricke, S. M. Hedetniemi, S. T. Hedetniemi, A. A. McRae, C. K. Wallis,
M. S. Jacobson, H. W. Martin and W. D. Weakley [1995], Combinatorial problems
on chessboards: a brief survey, in: Graph Theory, Combinatorics, and Algorithms:
Proc. 7th Quadrennial Internat. Conf. on the Theory and Applications of Graphs
(Y. Alavi and A. Schwenk, eds.), Vol. 1, Wiley, pp. 507–528.

588. E. J. Friedman and A. S. Landsberg [2007], Nonlinear dynamics in combinatorial
games: renormalizing Chomp, Chaos 17(2), 023117 1–14, MR2340612.

589. E. J. Friedman and A. S. Landsberg [2008], On the geometry of combinatorial
games: a renormalization approach, in: Games of No Chance III, Proc. BIRS Work-
shop on Combinatorial Games, July, 2005, Banff, Alberta, Canada, MSRI Publ.
(M. H. Albert and R. J. Nowakowski, eds.), Cambridge University Press, Cam-
bridge.

590. A. Frieze, M. Krivelevich, O. Pikhurko and T. Szabó [2005], The game of JumbleG,
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594. Z. Füredi and Á. Seress [1994], Maximal triangle-free graphs with restrictions on
the degrees, J. Graph Theory 18, 11–24.

595. H. N. Gabow and H. H. Westermann [1992], Forests, frames, and games: algorithms
for matroid sums and applications, Algorithmica 7, 465–497.

596. D. Gale [1974], A curious Nim-type game, Amer. Math. Monthly 81, 876–879.

597. D. Gale [1979], The game of Hex and the Brouwer fixed-point theorem, Amer.
Math. Monthly 86, 818–827.

598. D. Gale [1986], Problem 1237 (line-drawing game), Math. Mag. 59, 111, solution
by J. Hutchinson and S. Wagon, ibid. 60 (1987) 116.

599. D. Gale [1991 – 1996], Mathematical Entertainments, Math. Intelligencer 13 - 18,
column on mathematical games and gems, Winter 1991 – Fall 1996.

600. D. Gale [1998], Tracking the Automatic Ant and Other Mathematical Explorations,
Springer-Verlag, New York, A collection of Mathematical Entertainments columns
from The Mathematical Intelligencer.

601. D. Gale and A. Neyman [1982], Nim-type games, Internat. J. Game Theory 11,
17–20.

602. D. Gale, J. Propp, S. Sutherland and S. Troubetzkoy [1995], Further travels with
my ant, Math. Intelligencer 17 issue 3, 48–56.

603. D. Gale and F. M. Stewart [1953], Infinite games with perfect information, Ann. of
Math. Stud. (Contributions to the Theory of Games), Princeton 2(28), 245–266.

604. H. Galeana-Sánchez [1982], A counterexample to a conjecture of Meyniel on kernel-
perfect graphs, Discrete Math. 41, 105–107.

the electronic journal of combinatorics (2009), #DS2 43



605. H. Galeana-Sánchez [1986], A theorem about a conjecture of Meyniel on kernel-
perfect graphs, Discrete Math. 59, 35–41.

606. H. Galeana-Sánchez [1988], A new method to extend kernel-perfect graphs to kernel-
perfect critical graphs, Discrete Math. 69, 207–209, MR937787 (89d:05086).

607. H. Galeana-Sánchez [1990], On the existence of (k, l)-kernels in digraphs, Discrete
Math. 85, 99–102, MR1078316 (91h:05056).

608. H. Galeana-Sánchez [1992], On the existence of kernels and h-kernels in directed
graphs, Discrete Math. 110, 251–255.

609. H. Galeana-Sánchez [1995], B1 and B2-orientable graphs in kernel theory, Discrete
Math. 143, 269–274.

610. H. Galeana-Sánchez [1996], On claw-free M -oriented critical kernel-imperfect di-
graphs, J. Graph Theory 21, 33–39, MR1363686 (96h:05089).

611. H. Galeana-Sánchez [1998], Kernels in edge-colored digraphs, Discrete Math. 184,
87–99, MR1609359 (99a:05055).

612. H. Galeana-Sánchez [2000], Semikernels modulo F and kernels in digraphs, Discrete
Math. 218, 61–71, MR1754327 (2001d:05068).

613. H. Galeana-Sánchez [2002], Kernels in digraphs with covering number at most 3,
Discrete Math. 259, 121–135, MR1948776 (2003m:05090).

614. H. Galeana-Sánchez [2004], Some sufficient conditions on odd directed cycles of
bounded length for the existence of a kernel, Discuss. Math. Graph Theory 24,
171–182, MR2120561 (2005m:05104).

615. H. Galeana-Sánchez [2006], Kernels and perfectness in arc-local tournament di-
graphs, Discrete Math. 306(19-20), 2473–2480, special issue: Creation and Recre-
ation: A Tribute to the Memory of Claude Berge, MR2261913 (2007g:05071).

616. H. Galeana-Sánchez [2008], Kernels in edge-coloured orientations of nearly complete
graphs, Discrete Math. 308, 4599–4607, **MR pending.

617. H. Galeana-Sánchez and J. de J. Garćıa-Ruvalcaba [2000], Kernels in the clo-
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Rätsel und Probleme, Vieweg, Braunschweig, 1964.

654. M. Gardner, ed. [1967], 536 Puzzles and Curious Problems, Scribner’s, NY, reissue
of H. E. Dudeney’s Modern Puzzles and Puzzles and Curious Problems.

655. M. Gardner [1968], Logic Machines, Diagrams and Boolean Algebra, Dover, NY.

656. M. Gardner [1970], Further Mathematical Diversions, Allen and Unwin, London.

657. M. Gardner [1977], Mathematical Magic Show , Knopf, NY.

658. M. Gardner [1978], Aha! Insight , Freeman, New York, NY.

659. M. Gardner [1979], Mathematical Circus, Knopf, NY.

660. M. Gardner [1981], Entertaining Science Experiments with Everyday Objects,
Dover, NY.

661. M. Gardner [1981], Science Fiction Puzzle Tales, Potter.

662. M. Gardner [1982], Aha! Gotcha! , Freeman, New York, NY.

663. M. Gardner [1983], New Mathematical Diversions from Scientific American, Univer-
sity of Chicago Press, Chicago, before that appeared in 1971, Simon and Schuster,
New York, NY. First appeared in 1966.

664. M. Gardner [1983], Order and Surprise, Prometheus Books, Buffalo, NY.

665. M. Gardner [1983], Wheels, Life and Other Mathematical Amusements, Freeman,
New York, NY.

46 the electronic journal of combinatorics (2009), #DS2



666. M. Gardner [1984], Codes, Ciphers and Secret Writing , Dover, NY.

667. M. Gardner [1984], Puzzles from Other Worlds, Random House.

668. M. Gardner [1984], The Magic Numbers of Dr. Matrix , Prometheus.

669. M. Gardner [1984], The Sixth Book of Mathematical Games, Univ. of Chicago Press.
First appeared in 1971, Freeman, New York, NY.

670. M. Gardner [1986], Knotted Doughnuts and Other Mathematical Entertainments,
Freeman, New York, NY.

671. M. Gardner [1987], The Second Scientific American Book of Mathematical Puz-
zles and Diversions, University of Chicago Press, Chicago. First appeared in 1961,
Simon and Schuster, NY.

672. M. Gardner [1988], Hexaflexagons and Other Mathematical Diversions, University
of Chicago Press, Chicago, 1988. A first version appeared under the title The Sci-
entific American Book of Mathematical Puzzles and Diversions, Simon & Schuster,
1959, NY.

673. M. Gardner [1988], Perplexing Puzzles and Tantalizing Teasers, Dover, NY.

674. M. Gardner [1988], Riddles of the Sphinx , Math. Assoc. of America, Washington,
DC.

675. M. Gardner [1988], Time Travel and Other Mathematical Bewilderments, Freeman,
New York, NY.

676. M. Gardner [1989], How Not to Test a Psychic, Prometheus Books, Buffalo, NY.

677. M. Gardner [1989], Mathematical Carnival , 2nd edition, Math. Assoc. of America,
Washington, DC. First appeared in 1975, Knopf, NY.

678. M. Gardner [1990], The New Ambidextrous Universe, Freeman, New York, NY.
First appeared in 1964, Basic Books, then in 1969, New American Library.

679. M. Gardner [1991], The Unexpected Hanging and Other Mathematical Diversions,
University of Chicago Press. First appeared in 1969, Simon and Schuster, NY,
adapted from “Further Mathematical Diversions”; translated into German: Logik
Unterm Galgen, Vieweg, Braunschweig, 1980.

680. M. Gardner [1992], Fractal Music, Hypercards and More, Freeman, New York, NY.

681. M. Gardner [1992], On the Wild Side, Prometheus Books, Buffalo, NY.

682. M. Gardner [1993], Book of Visual Illusions, Dover, NY.

683. M. Gardner [1997], Penrose Tiles to Trapdoor Ciphers, The Math. Assoc. of Amer-
ica, Washington, DC. First appeared in 1989, Freeman, New York, NY. Freeman,
New York, NY.

684. M. Gardner [1997], The Last Recreations, Copernicus, NY.

685. M. Gardner [2001], A Gardner’s Workout: Training the Mind and Entertaining the
Spirit , A K Peters, Natick, MA.

686. M. R. Garey and D. S. Johnson [1979], Computers and Intractability: A Guide to
the Theory of NP-Completeness, Freeman, San Francisco, Appendix A8: Games
and Puzzles, pp. 254-258.

687. R. Gasser [1996], Solving nine men’s Morris, in: Games of No Chance, Proc. MSRI
Workshop on Combinatorial Games, July, 1994, Berkeley, CA, MSRI Publ. (R. J.

the electronic journal of combinatorics (2009), #DS2 47



Nowakowski, ed.), Vol. 29, Cambridge University Press, Cambridge, pp. 101–114.

688. H. Gavel and P. Strimling [2004], Nim with a modular Muller twist, Integers, Electr.
J of Combinat. Number Theory 4, #G4, 9 pp., Comb. Games Sect., MR2116010.
http://www.integers-ejcnt.org/vol4.html

689. B. Gerla [2000], Conditioning a state by  Lukasiewicz event: a probabilistic approach
to Ulam Games, Theoret. Comput. Sci. (Math Games) 230, 149–166, MR1725635
(2001e:03117).

690. C. Germain and H. Kheddouci [2003], Grundy coloring for power graphs, in: Elec-
tron. Notes Discrete Math. (D. Ray-Chaudhuri, A. Rao and B. Roy, eds.), Vol. 15,
Elsevier, Amsterdam, pp. 67–69.

691. S. V. Gervacio [1979], On graphs all of whose orientations have kernels, Proceedings
of the First Franco-Southeast Asian Mathematical Conference (Singapore, 1979),
Vol. II , Vol. 46, pp. 259–263 (1980), MR582263 (83c:05103).

692. P. B. Gibbons and J. A. Webb [1997], Some new results for the queens domination
problem, Australas. J. Combin. 15, 145–160.

693. J. R. Gilbert, T. Lengauer and R. E. Tarjan [1980], The pebbling problem is com-
plete in polynomial space, SIAM J. Comput. 9, 513–524, preliminary version in
Proc. 11th Ann. ACM Symp. Theory of Computing (Atlanta, GA, 1979), Assoc.
Comput. Mach., New York, NY, pp. 237–248.

694. M. Ginsberg [2002], Alpha-beta pruning under partial orders, in: More Games of
No Chance, Proc. MSRI Workshop on Combinatorial Games, July, 2000, Berkeley,
CA, MSRI Publ. (R. J. Nowakowski, ed.), Vol. 42, Cambridge University Press,
Cambridge, pp. 37–48.

695. J. Ginsburg [1939], Gauss’s arithmetization of the problem of 8 queens, Scripta
Math. 5, 63–66.

696. A. S. Goldstein and E. M. Reingold [1995], The complexity of pursuit on a graph,
Theoret. Comput. Sci. (Math Games) 143, 93–112.

697. J. Goldwasser and W. Klostermeyer [1997], Maximization versions of “lights out”
games in grids and graphs, Congr. Numer. 126, 99–111, Proc. 28th Southeastern
Internat. Conf. on Combinatorics, Graph Theory, and Computing (Boca Raton,
FL, 1997), MR1604979 (98j:05119).

698. E. Goles [1991], Sand piles, combinatorial games and cellular automata, Math. Appl.
64, 101–121.

699. E. Goles and M. A. Kiwi [1993], Games on line graphs and sand piles, Theoret.
Comput. Sci. (Math Games) 115, 321–349 (0–player game).

700. E. Goles, M. Latapy, C. Magnien, M. Morvan and H. D. Phan [2004], Sandpile
models and lattices: a comprehensive survey, Theoret. Comput. Sci. 322, 383–407,
MR2080235 (2005h:05013).

701. E. Goles and M. Margenstern [1997], Universality of the chip-firing game, Theoret.
Comput. Sci. (Math Games) 172, 121–134.

702. E. Goles, M. Morvan and H. D. Phan [2002], The structure of a linear chip fir-
ing game and related models, Theoret. Comput. Sci. 270, 827–841, MR1871097

48 the electronic journal of combinatorics (2009), #DS2



(2002k:05013).

703. E. Goles and E. Prisner [2000], Source reversal and chip firing on graphs, Theoret.
Comput. Sci. 233, 287–295.

704. S. W. Golomb [1966], A mathematical investigation of games of “take-away”, J.
Combin. Theory 1, 443–458.

705. S. W. Golomb [1994], Polyominoes: Puzzles, Patterns, Problems, and Packings,
Princeton University Press. Original edition: Polyominoes, Scribner’s, NY, 1965;
Allen and Unwin, London, 1965.

706. S. W. Golomb and A. W. Hales [2002], Hypercube Tic-Tac-Toe, in: More Games of
No Chance, Proc. MSRI Workshop on Combinatorial Games, July, 2000, Berkeley,
CA, MSRI Publ. (R. J. Nowakowski, ed.), Vol. 42, Cambridge University Press,
Cambridge, pp. 167–182, MR1973012 (2004c:91030).

707. H. Gonshor [1986], An Introduction to the Theory of Surreal Numbers, Cambridge
University Press, Cambridge.

708. D. M. Gordon, R. W. Robinson and F. Harary [1994], Minimum degree games for
graphs, Discrete Math. 128, 151–163, MR1271861 (95b:05201).
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895. S. Klavžar, U. Milutinović and C. Petr [2002], On the Frame-Stewart algorithm
for the multi-peg tower of Hanoi problem, Discrete Appl. Math. 120, 141–157,
MR1966398.

896. M. M. Klawe [1985], A tight bound for black and white pebbles on the pyramids,
J. Assoc. Comput. Mach. 32, 218–228.

897. C. S. Klein and S. Minsker [1993], The super towers of Hanoi problem: large rings
on small rings, Discrete Math. 114, 283–295.

898. D. J. Kleitman and B. L. Rothschild [1972], A generalization of Kaplansky’s game,
Discrete Math. 2, 173–178.

899. O. Kloster [2007], A solution to the angel problem, Theoret. Comput. Sci. 389,
152–161, MR2363369.

900. T. Kløve [1977], The modular n-queen problem, Discrete Math. 19, 289–291.

901. T. Kløve [1981], The modular n-queen problem II, Discrete Math. 36, 33–48.

902. A. Knopfmacher and H. Prodinger [2001], A Simple Card Guessing Game Revisited,
Electr. J. Combin. 8(2), #R13, 9 pp., Volume in honor of Aviezri S. Fraenkel,
MR1853264 (2002g:05007).
http://www.combinatorics.org/

60 the electronic journal of combinatorics (2009), #DS2



903. M. Knor [1996], On Ramsey-type games for graphs, Australas. J. Combin. 14,
199–206.

904. D. E. Knuth [1974], Surreal Numbers, Addison-Wesley, Reading, MA.

905. D. E. Knuth [1976], The computer as Master Mind, J. Recr. Math. 9, 1–6.

906. D. E. Knuth [1977], Are toy problems useful?, Popular Computing 5 issue 1, 3-10;
continued in 5 issue 2, 3-7.

907. D. E. Knuth [1993], The Stanford Graph Base: A Platform for Combinatorial Com-
puting, ACM Press, New York.

908. P. Komjáth [1984], A simple strategy for the Ramsey-game, Studia Sci. Math. Hung.
19, 231–232.

909. A. Kotzig [1946], O k-posunutiach (On k-translations; in Slovakian), Časop. pro
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918. M. Kutz and A. Pór [2005], Angel, Devil, and King, in: Computing and Combina-
torics, Vol. 3595 of Lecture Notes in Comput. Sci., Springer, Berlin, pp. 925–934,
Proc. COCOON, MR2190915 (2006g:91043).

919. M. Lachmann, C. Moore and I. Rapaport [2002], Who wins Domineering on
rectangular boards?, in: More Games of No Chance, Proc. MSRI Workshop on
Combinatorial Games, July, 2000, Berkeley, CA, MSRI Publ. (R. J. Nowakowski,
ed.), Vol. 42, Cambridge University Press, Cambridge, pp. 307–315, MR1973019
(2004b:91047).

920. R. E. Ladner and J. K. Norman [1985], Solitaire automata, J. Comput. System Sci.
30, 116–129, MR 86i:68032.

921. J. C. Lagarias [1977], Discrete balancing games, Bull. Inst. Math. Acad. Sinica 5,
363–373.

the electronic journal of combinatorics (2009), #DS2 61



922. J. Lagarias and D. Sleator [1999], Who wins misère Hex?, in: The Mathemagician
and Pied Puzzler, honoring Martin Gardner; E. Berlekamp and T. Rodgers, eds.,
A K Peters, Natick, MA, pp. 237-240.

923. S. P. Lalley [1988], A one-dimensional infiltration game, Naval Res. Logistics 35,
441–446.

924. P. C. B. Lam, W. C. Shiu and B. Xu [1999], Edge game-coloring of graphs, Graph
Theory Notes N. Y. 37, 17–19, MR1724310.

925. T. K. Lam [1997], Connected sprouts, Amer. Math. Monthly 104, 116–119.

926. H. A. Landman [1996], Eyespace values in Go, in: Games of No Chance, Proc. MSRI
Workshop on Combinatorial Games, July, 1994, Berkeley, CA, MSRI Publ. (R. J.
Nowakowski, ed.), Vol. 29, Cambridge University Press, Cambridge, pp. 227–257,
MR1427967 (97j:90100).

927. H. Landman [2002], A simple FSM-based proof of the additive periodicity of the
Sprague-Grundy function of Wythoff’s game, in: More Games of No Chance, Proc.
MSRI Workshop on Combinatorial Games, July, 2000, Berkeley, CA, MSRI Publ.
(R. J. Nowakowski, ed.), Vol. 42, Cambridge University Press, Cambridge, pp. 383–
386, MR1973106 (2004b:91048).

928. L. Larson [1977], A theorem about primes proved on a chessboard, Math. Mag. 50,
69–74.

929. E. Lasker [1931], Brettspiele der Völker, Rätsel und mathematische Spiele, Berlin.
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bres No. 11, Université de Bordeaux, France.

947. L. Levine [2006], Fractal sequences and restricted Nim, Ars Combin. 80, 113–127,
MR2243082 (2007b:91029).

948. D. N. L. Levy, ed. [1988], Computer Games I, II, Springer-Verlag, New York, NY.

949. J. Lewin [1986], The lion and man problem revisited, J. Optimization Theory and
Applications 49, 411–430.

950. T. Lewis and S. Willard [1980], The rotating table, Math. Mag. 53, 174–179.

951. C.-K. Li and I. Nelson [1998], Perfect codes on the towers of Hanoi graph, Bull.
Austral. Math. Soc. 57, 367–376.

952. S.-Y. R. Li [1974], Generalized impartial games, Internat. J. Game Theory 3, 169–
184.

953. S.-Y. R. Li [1976], Sums of Zuchswang games, J. Combin. Theory (Ser. A) 21,
52–67.

954. S.-Y. R. Li [1977], N -person nim and N -person Moore’s games, Internat. J. Game
Theory 7, 31–36.

955. D. Lichtenstein [1982], Planar formulae and their uses, SIAM J. Comput. 11, 329–
343.

956. D. Lichtenstein and M. Sipser [1980], Go is Polynomial-Space hard, J. Assoc. Com-
put. Mach. 27, 393–401, earlier version appeared in Proc. 19th Ann. Symp. Foun-
dations of Computer Science (Ann Arbor, MI, Oct. 1978), IEEE Computer Soc.,
Long Beach, CA, 1978, pp. 48–54.

957. H. Liebeck [1971], Some generalizations of the 14-15 puzzle, Math. Mag. 44, 185–
189.

958. C.-W. Lim [2005], Partial Nim, Integers, Electr. J. of Combinat. Number Theory
5, #G02, 9 pp., Comb. Games Sect., MR2139165 (2005m:91046).
http://www.integers-ejcnt.org/vol5.html

the electronic journal of combinatorics (2009), #DS2 63
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1134. S. Reisch [1981], Hex ist PSPACE-vollständig, Acta Informatica 15, 167–191.
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