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Mathematical aspects of the combinatorial game “Mahjong”

Yuan Cheng, Chi-Kwong Li
Department of Mathematics, College of William and Mary,
Williamsburg, VA 23187, USA.

ycheng04@email.wm.edu, ckli@math.wm.edu,
Sharon H. Li

Microsoft Corporation, Redmond, WA 98052, USA.
lisharon@outlook.com




In this section, we focus on Mahjong hands of 13 tiles chosen from the 36 dot tiles to study the
questions of “Nine Gates”, “Eight Gates”, etc. We will continue to use the notation

Kyyicissy Xy

to represent the 1-dot, ..., 9-dot tiles each with 4 copies, and denote a hand by a “product” of 13
terms such as

X1X1X1X2X3X4X5X6X7X8X9X9Xg, which may further 51mphfy to X?X2X3X4X5X7X3Xg

We have the following facts about these 36 tiles based on basic combinatorial theory: for
example, see [1].

RE36aRM PEIERT L 135k (REBEP—REBTER)
7R OBEHEER X1 X9 » B —ERE 45k © HIF0R—#E133REIME

X1 X1 X1 Xo X3 X4 X5 X6 X7 Xs XoXo Xo SO X3P XoX3 Xy X5 X7 X5 X3
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13,1 Z 1 0NIR R 4R
BEEEETFPOIRE RN X[ - X5

(a) RE36RMEFER 1 35RA%FHE T=2310789600

=
ME12

(b) HQtJ% CF%EH%FJZ%E/\%?%(M) (o)
(N1

+:--n9=13)




(1y)

() E—iEreEHRE )

(13)
\ 262144
Bl @ XXX XX X X5 X X7 Xs Xo Xo Xg BYRESR A Ta10780000 = 0-00011344347

(d) 7E36RAEEEEMREVEGERER
(B—3REPAIR0F45) SR =1 FESRIR0IRAT - BAHEEN-36058363RHF ©

SR T W R T W B W o T W Sl WP N o

e ny ns ng
= Y KhyE X

0<ny+---+ng<36




36

(6) 7?( (d) $ng 3§EH§H§ % Ufﬁ;\,j': ] (1+X+X'3+X“—|—X4}”:§rnxé.
=03600f&HHE ©

(f) = X;,X;, - Xj, => X105, X105 - X10—j, -

- BRI ESH2REE Rz ~ flsipkE - BIFEIBN0 (FiE)
—5X] (BXj-1) RIS BIRFER-E o

SAIA (a) ~ () JAIApy thonBLIRREHEER - INJFIETSIEB LS

= N0 —sRAEFBELARR o
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TEIED. 1

(a) 7%3.1(c) » "NFT BIEEIRITERRBIREHEL X1 X1 X1 Xo X3 Xy X5 X6 X7 XsXoXoXog

7%%17%0 000113
(b) trk16%E “/\PFF" RRZYBDEEIRSTERROV R A MERR0#0.50. 0001

XaXaXa Xy X Xe X7 X Xg Xz X0 X9 X9 [wmnmg except for the 1 dot tile|
Xa X3 Xg Xy X5 X5 X5 X X7 X7 Xg X Xg [winning except for the 1 dot tile]
XX X Xy Xy X5 X5 X X X7 Xs X X5 [winning except for the 1 dot tile]
XoXa X XaXa Xu X5 X6 X7 X3 X9 X9 Xg [winning except for the 4 dot tile]
X2X3X3X3X3X4X4X5XﬁXTXngXg [WlIlIll]’lg except for the 3 dot tlle]
X2X2X2X3X4X5X5X7XTXTXQXQXQ [winning EXCE.‘]Jt. for the 9 dot t.lle]
XngXngX4X5XﬁX7X7X7XngXg [winning E.xcept for the 9 dot t.lle]
X2X2X2X3X4X5X|:;X7XTXTXTXng [winning except for the 7 dot tlle]
XoXoXo Xg Xu X Xe Xe X7 X7 X7 X7 X5 [Winning except for the 7 dot t.lle]
XoXoXo X Xu Xa X X5 Xo Xs X7 X7 X7 [Winning except for the 9 dot t.lle]
XngXQX:.]X:.]X4X4X5Xﬁ,XﬁX?XTX? [winning E}{(!Ept. for the 9 dot tllf‘]
X«ZX:!X:ZX:.]X:.]XHX4X5XﬁXTXgX?;Xg [winning E.xc:ept for the 1 dot t.llP]
X1 Xo X3 Xg X3 Xg Xy X5 X X7 X X X5 [winning except for the 3 dot tll?]
X X]X]X{X{X{X4XFXnX7X3X3Xg [“inning except for the 1 dot tlle]
XiX1 X1 Xo X3 Xy X5 Xe X6 X XeX7X5 [winning except for the 6 dot tile]
X1 X1 X1 XoXo Xo X3 X4 X5 X6 X7X7X7 [winning except for the 9 dot tile]
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