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Abstract

The research is about the game bulls and cows, mainly discussing the guess method
as well as the minimax of needed time in this game’s each situation. The minimax of
needed times refers to the maximum of the needed times to avoid the useless and re-
peated guess and make the most of every guess during the game. K(m, ) is defined
as the minimax of needed times which m is the chosen number and # is the number
guessed every time by the player.

First I sum up some properties of K(m, 1), and then simplify the original game.
The game is modified. Players can guess from 2 numbers to 3 or 4 numbers. After a
string of discussion, I can get some rules of K(m,2), K(m,3), K(m,4). I also discuss
the upper boundary of K(m, n):

K(m,n) < [mT—l] + max (K(m’,n) — [ml -1

. ])(ngm/§n2<m).
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3 . )
iesy i€sy i€sy

2
(t—2)+2+4=t+5="""=14

3
AE s R, A
K(m,3) < [mTfl} +4 (m>4).
P I A ERR A .
K(m,3) > [mT_} +4,
AT DARE A

K(m,3) = [mT_l} +a.

B om > 9B, RS [ﬂ%l] Y BSEE, ARIEMEE 2.5 FTANAE RS 1L RS B I RS
5 1b, FrE B & 5%,

LEFSEITE 1b, BRI T R4 ab PERIBLT > 4 HORSE, HIASAE (B4R RIS VA0, 45
BRI T R4 ab HEROBT = 3 B%, ARIEEFELAI15 72 ML AT BRI 8. (T = (MR BTG 6 M
B, BRI 72 A AT AR 6 402 FAR IR0 = (MR FTALR, It 6 AT REF e
43 BI5rTE 3a, 1a2b, 3b =F# ab M, R T 72 — 6 = 66 4H A REIEfRELT4H, 3 Bl 4 218~
1975 ab 1, B—TERD 1A 11 ATREIERE, BIE T [ 25l] 4 1, 11 AT RRIE AR
A 9 HE ab MU, BV LSRRI S, thE G AR ab A B4 DL R ATRE
T, 7R B Ut — EREAN - — VRS EAR, B K (m,3) > [251] 44,78
. O

6 I3

B (AR n (RO, B ST m T L n (R B 54, BT LU 8] |t
614 n (ERF RO A, ARV 2 8 2L | U B o P A B i 7 7

FICEL, B IER BT R 0 AT RE B R R E AR TE n? (R BCT M, B m 2 (EFTRTS n B9L
[F, BRI E] 0a0b HIBLFM1%, # AT LUH R — 18 m' /N n? BIBTE, BT n? < m,
Fr & B & BRI B, TIHEE IE B T SRR P B0, L2 m' < n I, TR &

12



S UEHY max (K(m',n)), (BLE PRI 5 A BB E A 1E [m;l}, B I
[m’—l}, B8t T & IERE. SR 15 ] LUEF| 2t

n

K(m,n) < {mT—l} + max (K(m’n) — [m/ 1

” D (n<m <n®<m).

2RI G S, Bttt T LR (A RIS SR T 1 A UG PR
W, TSR TRE 2y b 57 {58 P R U BN, 5 R 7 R R O T T 0,

YA m = 20, n = 3, SEAMBEFFEA, FREUEH [251] = 6 0, HEM
BT H A RAE O BT, (R R AT R B R £ B K(9,3) = 6, BRI m/ = 9
B, EHAERE D 2] = 2 (A (251 = 6 DA HATERHEEO K, T
K(20,3) < 6+6 —2 = 10.

7 K(m,4)

n =4 W EEBEARE S, N 2R E LR K(m,4) F{ES BE RBEME 25, K&
(Section 6) FT¥RETHY 5T, A7 Zathm M B E AT 2] IEAF 2 15 81 1b RIS TE, il
K(m,4).

7.1 n =4, BEIIEIEA ML 1b, FHIGTES ab MERV AT HEIEFELH

VUM BERASE 3By Sy = iyinisiy, Sy = isigizig, Sc = igiyoi1itn, Sq = i13i14i15116, ELTTS ab
P& % 1b, Py, Py, Ps, Py FRBIFHBAETASE - EMNECE. CR i AR Py, i A
B Py, HERKILIEE, FI15E 1 (* FREMBEFEL G HBNAE).

ip | o | i3 | g | i5 | B | i7 | dg | d9 | 10 | 11 | f12 | 113 | P14 | f15 | T16
Pl * * * *
Pz * * * *
P3 * * * *
P4 * * * *

1: B i B E P B EE]

iR B R
REEEME | 0 . | —UOEE 0 (HEE, HETENEE —HEE,
jl.n e ]'n‘n
11 o Jni
AikEsReZ, A FTEFF & WARERY n (AECER TR, Bl& | @ .. ¢ | Bk
jl.n o jn.n

13



711 & Sa, Sy, Se, Sq B —EBTFIEHR

1€ Sa, Sp, Se, Sq B — BT IR, 5% abed s Fri#ANUEEIT, aybycrds Ko HIRAFRTE
HINLE (B a 7 Py, b 7£ Py, c 1£ Py, d 7E Ps). BEFTIR R(athycyd,), FHt # p,x 9,y # 1,
z # s (WHEIUEHRL), Al R(abyeyd,) =1, RZ, Hl R(atbycyd,) = 0. BHIZE, 5 i
E{iﬁiﬂ%%ﬂE/J{jﬁ% a1b2C3d4, E[J R(a1b2C3d4) =0, R(u1b3c2d4) =0, R(ﬂ2b3C4d1) =1,
R(H2C4d3) =1, /\&t a1b2C3d4 %?*&E’J%{EUE’JHW@E (E]] a 75: Pl, b E Pz, c 75: P3, d E
Py)

P1 ay bl C1 d1 11/1 bi C/l dll
Pz an bz Co dz Ellz bé C/2 dé

/ / / /
P3 as b3 Cc3 d3 s b3 C3 d3
P4 ay b4 Cq d4 I/'lé/l béll CZL df}

2: aybocady B N —IRHYIEHIRIHES A7 &

a1bycady JEHRATE] ab P rapb, HHEFIE Ry A,By(n) B (BFTAREA ap, by, cr, ds H
BB, FERG A RE LA, LR EHAR 0 —r — p (8RBT R BT
PRI RERED, BUE s RARRBOEFATERIET +, BH S5 BALR Pr 0BT HE.
RS a), = 3, b = 3, ¢, = 3, d. = 3, HERE 2.

1. B Fi15 ab 5 4a, W] BEIFAHEDAHE A
R(aibycady).

2. 1R ab 1% 2a2b, W] BEIEMRHESAH BN

R(aybadscy) + R(ardaczby) + R(ajcabady)
+ R(d1baczas) + R(c1baazds) + R(biagcsdy),

1a3b, 4b [FIFAT{F.
3. H 3R ab 1% 3a, AT REIEMFHES A ER
R(aybyc3) x dj + R(arbady) x ¢ + R(ayesdy) x by + R(bycady) x af,
F TR0 ab 5 2alb, AT REIEMEHES AR &R

R(ﬂ1b2C4) X dé + R(albzdg) X Cfl + R({lldng) X bfl + R(d1b2C3) X afl
+ R(a1C3b4) X dé + R(ﬂ1b3d4) X 0/2 + R(a102d4) X b/3 + R(Clb2d4) X 0/3
+ R(agbyes) x dj + R(bpazdy) x ¢} + R(azcady) x b} + R(bycady) x aj,

1a2b, 3b [F|FA[15.

14



4. EFFFHT ab Y% 2a, FIREIEMHES &

C/ d/ b/ d/ b/ C/
R b 3 3 R 2 2 R d 2 2
(a1b2) x | d) + R(ayc3) x v, d, + R(aydy) x b, Cg‘
11/ d/ al C/ a/ b/
+R(b2C3)X ,1 dll +R(b2d4)>< /1 ,1 +R(C3d4)>< ,1 bll ,
4 4y 3 C3 a D
lalb, 2b [FH# AT 5.
5. ZHFT1FHY ab 15 1a, W BEEMFHES A
v, o d ay o 4
Ray) x| by ¢ dy |+R(b2) x| af cf df
by ¢y d ay cy dj
ay by df ay by
+R(c3) x| afy bV, dy |+R(dg) x| ab by ¢ |,
ay b, d ay by
1b [FIFRA] 15,
6. EHFT1ERY ab 144 0a0b, W] BEIEAFHEY A
ay by oo dy
a by, o d)
ay by oy dy
ay by <y dj
712 1S, MBS, S HFH—EEFHEH

B S, REGEBE BT HE MM, Fit 1 <

d' = 34&FH ab MR EEIE R HES,
ay by oo d ay by
! bl / dl . ! bl /
Wlg g oo g R 22D
azg by o dj azg by
ay by, c, d a, by, c

2<b <3,2<c <3)

713 &S, M EET, S, HemiEBFIEH
B Sa, Sy RECGEENE T AWM, Bt 1 <

a <2, X S; HFERBEHIERET, Hit

BLE Sg, Sp, Sc, Sq A fi— B T HH A ARLL,

3

,FAACLKRBARF. 1 <d <2

3
3
3

A <2,1<V <2,5,5; FIREWIES

BT, F o =3,d = 3. %M ab R AT BEIEMEHES, B21E So, Sp, Sc, Sq S —HET

15



ay by o 4 ay by 3 3
. , Lobl o d . b, 3 3 . .
RMEERARD, B | 2 2 2 %2 gy | 2 2 , B AR REAR S,
ay by cy dj ay by 3 3
ay by c, dj ay by 3 3

(1<a'<2,1<0V' <2

714 1S, H=MEEF, S, T—ABETHEH

R S, RPGEVBFA —ME, B0 <a’ <1, S, S; TIRAWCERNETF, FHitt o =3,
d = 3. &M ab MRV AT BEIEMEHES, BLOE So, Sy, Sc, Sq & — (HB FJE HIHY 18 T2 AH

ay by oo 4 ay by 3 3
v dl . b 3 3 ., .
W, 4| 2 72 2 D gy | 2 72 ,EWADKEGART. 0<a <1,
ay by c3 dy ay by 3 3
ay by, ¢, d a, b, 3 3

2<b <3)

7.2 n =4, BEBEA ML 1b, B — K& AEEH
721 HEBH S, Sp, Se, Sy HHR—HEFEHBRINETE

ZPEHH— ab M T B IE MR AH SR B KB, KA 0a0b 7] B8 1F MR AH $07 &/ IMEL, BRJEE(E a] 4% bt
ab M 2 BIEFT AEBIER % FE &6 B R, 4 ab 14 7] 3R15 7] 82 [F #F AL B s R E
T

NER ap, by, cp, ds M EHIF o', b, ¢, d' B LA 3 EHE, 715

4a = 1
2a2b = 6
la3b = 8
32 = 4x3 - 12
2alb = 12x3 — 36
la2b = 36x3 — 108
3b = 8x3 = 24
3 3
22 = 6 — 108
a 3 3
3 3
lalb = 24 — 43
a 3 3

BRI B ap, by, ¢, ds FTERVBT A, DASCE R ap, by, cr, ds SN ', 1, ¢, d &5 2,
FIr 15 8¢ ] BE IE AR AR B o B,

16



1Y 2b, EMEETH LR, &2 A 42 BHA, R& G = 6 M EE

0 1 c’l d’l
! /!
F T AR, TR | D 2 Z,z CBEIC =3, d =3 EREEr — s
3 3
1 1 cﬁl dﬁl
01 2 3
Tor £ s EEAE N EEERERTS: 1 (1’ g § PR A /ST Y T ARAL
1 1 2 2
01 2 3
1 0 3 2
= 4
113 3 x 6 = 528 #H.
1 1 2 2
3 2 2
$H 1a, 4P SEHET IR A AR, AT VS TTREERE 4| 2 3 2 | = 31640
2 2 3
3 2 2 2
. LB sv - = . 3 2 2 2
18 ap, by, ¢, ds WAL, 0a0b PRI TTREERAIRINRMER | © 2 2 2| =
3 2 2 2
576, BRI BT 3F ELAO % ab 7T B AR AL B Sk (&, BT DL T 33 AT LT 2 8 1b

K 0a0b WifHE ab 14 HIE AR Ay B A VA RUMRIR.
ay by o 4
, L | ab b dl
CANFTI3AY ab 1% 0aOb, FIREIEMEHES & | 2 2 2 "2 |
az by c3 dj
| | GG dl|
TS ab 4% 1b, Al AF/AF A AT BEIEMEHED | RY 42 TERE L. FTEHIRY aq, by, c3, dy &
alll b/1/ C/1/ d/ll
n , R , N » s a// b// CN d//
A BER TS ab 1% 1b BAURATREHED, ayp, by, cp, ds IRANFIEE, BOE | 2 2 2 2
ay by cz dj
ay by c df
af,ay, by, by, c4, ¢, dy,df E% 0, HERE A 1 (BIAI6EA&FT1S ab 45 1b 21 [E R ELT),

, i
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0

A& AT 5 AT REIE AR HES K B Ay

al by o 4 ay by o 4
ay by c db n ay by o db
ay by cf df ay by o df
ay b, cj dj ay b ¢y dj
ay by o 4 A A
ay by o db a, by o d

+
/ /! / / / / 1!
ay by oz dj azg by o dj

/ /! / !/ / / i
ag by cf dy ag by cy dy

REBERHE p=g=r=4=23, H 0a0b X 1b AU BEIEMAA A0 T

2 2 2 2
2. 2 22

0a0b=| > 5 o | =600
3 332
0222 21 2 2 2 21 2 2 2 21

1b—1222+2022+2212+2221
1122 3 2123 2 20 3 2 220
0332 3032 3302 3330
= 576.

LRI AR EE T, ST HEPE L) 0a0b 2KE, A JH1AR ab 1% 0a0b Y H] BEIEF
FHEL < 600, FRRERILIEIETS ab 1575 1b B AT BEIEMEAHEL

KRR
3222 2 222 2 222
2322 3322 12222
2 2 3 2 2 232 2 233
2 22 3 2223 3322
2 222 2 222
2 222 2 222
= = 576.
Tl 2 237007y 5 5 |7
3332 3333
P8R p = g = r = s [, ab ¥E % 1b BOFTREIEMRARBLR
022 2 2.1 2 2 2 21 2 2.2 21
1222 12022 12212 12221 4
1222 2.1 22 2 20 2 2221 7
0333 3033 3303 3330
3.
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7.2.2 1€ Sy, Sy, Se, Sy HH— AT HIBRAETERERE S, M EBT, Sp, S FH—HEK
FIR I EL

TRIFAE Sa, Sp, Sc, Sq FH— AR T FHRAVLEER, S HLEL 0a0b B2 1b, 5 1E S, H M 8T,
Sp, Se & —HEFHMAVIETEAT 0a0b B 1b I G2 EMAHE < 600, FEEITEARER LA ab
.

JHIFTTS ab 147 0a0b FY 7 BE IEAFAREL:

ay by o 3
/! / /
b 3oy <3 2<d<3),
ay by c3 3
ay by, ¢, 3
A1
1 2 3 3 1 2 2 3 1 2 3 3
2 2 1 1 2
3 3 =614 > 333 = 606 > 600 > 3 3 = 564.
2 2 2 3 2 2 2 3 2 2 2 3
1 2 2 3 2 2 2 3 2 2 2 3

RERFIT1S ab 1% 0a0b AR BEIEMFAEEL < 600 HUJEI, HAF ab 1% 1b HUF BEIERFAHEL

= 600.

N N W DN
NN DN W
W W W W
N N = =
—_ o o =
N N DN W
W W W W
N N = =
N N W DN
o R R, O
W W W W

1
1
1
1

7.2.3 HOBAE S, W EBT, S, M EE TR R ER

1 1 3 3
SRS ab M2 1b, B/ME S 1 ; ; > | x 2= o8, R I
1 2 3 3

724 HWEBRE S, H=HE7T, S, H—EBETHHHEL

1 2 3 3 1 13 3
. . 1 2 3 3 1 13 3 .
EAT1S ab A 1b, H/ =432, BIVIE IR A 1
F P15 ab 5 1b, B/ MES 133371033 32, (B AETE IR Ay 1a
0 2 3 3 0 0 3 3
21 3 3 1 2 3 3
= 21 3 3 1 2 3 3
N = 64 NS .
HE KA, BP s 133|711 2 3 3 648, A% &
1 0 3 3 0 3 3 3



73 n = 4, EHAEHIALS 1, K(n 4) < [771] +7

€ 7.2 WA, A WFEIEE, & I ERT1S ab AR BEHESAOER KAE A 600.
@Z%%'ﬁé Sg, Sb, Sc, Sd %?ﬁ*{%ﬁ?%?ﬁ”ﬁ@%%*, apl bqr Cr, ds ?%él\ p = q =r= 4/
s = 3 AVEIITT =, Fr s ab 1% 0a0b I, AT BEHESA H&OAMHE, #F 0a0b A PUE &7 kR, 7T

1RIE 3.
BRI 40 A abed, FERIROHES B a1bycsdy.
i1 | o |13 |5 | ig | i7 | f9 | T10 | P11 | 113 | f14 | 115
Pl * * *
P2 * * * *
P3 * * *
P4 *
ai *
* b2
Cc3 *
1 d,

3: ?ﬁ(ﬁﬂ%ﬁ?ﬁ@ﬁ@ﬂ% a1b263d4, %ﬁfﬁgﬁﬁ” i2i1i16i11
FTEAMBVER) & FTBEIEAREL H B 7.2 Frétamit 2 -FAH A
NUOERIRER S, 1€ S, EW AT, FAE Sy, Sp & B —HEFEIEM, 1 inirireinn
W& 3, Frfs ab MEAYFTREIEAFHES | LA 1b 7Y

01 1 2 1 1 1 2 1 11 2
01 1 2 " 1 1 1 2 n 1 1 1 2 148
2 2 2 2 00 2 2 02 0 2
2 2 2 3 1 0 2 3 1 2 0 3
R ANME. TR A5 E 4.
i3 is | i | 17 | Q9 | i10 | 114 | @15
Pl * * *
P2 * * *
I)3 * *
Py
i1 | iz i i16
pl * *
Pz * *
P3 * *
P4 * *

4: MUTHIR T8y i B0 E P B IEE
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H T — B RISHAGEER (16151610, ab VERY AT BEIEMHES KHEUE L 1b REk, AP

01 11 1 110 1 1 1 1 01 1 0
1101+0100+0111+1110:42.
0 01 0 1 21 2 1 2 00 1 0 2 2
01 11 2 21 2 2 2 01 01 2 2
i3 iy 10 | 14 | i15
P, *
P2 * *
P3* *
Py
ip | i i | 116
Pl** *
Pz**
P3 E R
P4 * | %
is | i | 9 | 116
Pl * E N
P2 * | %
P3 * *
P4 * | *

5: ZUURHIRFTRET § B E P HEE

%, 155 ab 1%, 2B igiygirio A N —RKAISE R, ab 141 A B8 1E fF HEZ AH )5 2 DA
1b Bk, 4 12 8, 0 BISE i3iviitsie, i3i1si11le, 1311105014, 1110305014, 1311101405, 1111301405,
i7igini1g, i7igiraln, i7ioiisiy, i15iziol1, i3i16i10i7, i7i16i10i3, TETEFFAE — YR IEHIBNHE € & — 1
f#, AT 1E

m—1

K(m,4) < |5

} +7, (m>16).

7.4 K(m,4) B—BNRERE

EHE m > 16 LELE [’"Tﬂ UUEBAEE, BRI 22 BB E 1b. ZHFE =M
1b, TR ab THAVELT > 5 AURFR, R4 GBS R 512, & P RIRAD ab MERVELTF = 4
IR, ATHEZ 648 x 4 = 2592 ([ ] BE A IEfF, AE VU (B F I 8e I HES A 24 0, R ERTE
A& 2592 f AT BefR A 24 {8 B —&A = EECFE A AL, 1 24 #4555 7E 4a, 2a2b, 1a3b,
4b V9%, FT 2592 — 24 = 2568 fi AT BEHES B IE BT 4H, 5751578 14 —4 = 10 7 ab
M, SERAEAVIE T & 1590 5] 2568 +— 10 = 256.8 A BEMIEMHER, B LI —BH X9 —
X, (256.8 —24) + 10 = 23.28 TE A GEIEMF, VAR 14 7 ab ME—CHIF, Rt A5 T 5
K(m,4) > [271] 45, X7, 72,7.3 Bzt 7% K(m,4) < [271] +7, Ht Ll
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@ﬁmm4mﬁ@[mq+7>Km4 {%ﬂ+a%ﬁ%uﬁﬁ§%ﬁ&%ﬁt
FEFEL T A LIRS K(m, 4) HAE.

275 3Rk
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