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FHCAGS (Combinatorics) 2T (GINE S | $fN 270! O, (o ¢of Y7 A=K -
A7 | 158 IWE W3 “"TEOIE" AYBID 2AfTs, FATHIF AR, T8RSl (probability), fFrBiaife,
T SR feuqy fusatae wegEe swgee |

& G ATTOII AT I FEHCT WX, @ 5@ YAZ 1 Feae QR e A0
SN FACS A | e 75 2

« Order A T eFgsd 2@ F 20@?
« Order eFgd 71 7@ It =2
o 49 multiplication principle JIRNT FACI?

o Y9 case O HFCI (A SICA?

JRCEGACHT AN A ARG Counting as Decisions

(Al (SIICE 8 AE G (FIC TS e 2N, S IF 0--9 (ACF | 4T AFF & dofd
&, fasly ow &) Sofb, oI & dofb, Tgrdd e 3of5 |

10 x 10 x 10 x 10 = 10* = 10000

@18 Multiplication Principle: 4RIRIRRE Pra@ets F& 20 @6 TR = afsl «ito™
THAICIT ol |

Core Rule 1: Multiplication Principle

I 9B IS £ «ieot 27, @3 2AfefB 4ol IS 1y, no, . . ., 0y, SAR ACF, ©E& 6
TAR

N =ning - - ny.

a5 FECTORCE YH-AY"" 1 A1 39 TG 7@ QI (AFR 0T |

Permutation: ¥I7 &% 433 @W’ff

Permutation WG arrangement, 914 q%3 fafeice fafen @ e |
4Gl A, B, C - 92 foqee(F #Z 1e TS I | Y &

ABC, ACB, BAC, BCA, CAB, CBA
@5 of5, T 31

Factorial €9® Total Permutation

nf6 for g e e S

nl=nn—-1)(n-2)---2-1.

QAT 0] = 1 41 1 T AT S FAS 6 GFge A4S @t weifard |
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a7 I At 7 @ » & <8 o B A Aee?

n!
nP:
"=
@7 24T AR n B oew, Tom s n — 1, ..., SN SRA—T 0 — 7 + 11
n!
"Po=nn—1)-(n—r+1)=
o =nn—1)---(n—r+1) =
n choices n — 1 choices

Seat 1 ———— > Seat 22— Seat 3

Afsfs 15 29l WMCT choice TN AR
@ 5: ARYGHT &fsfb To7 TRFIE choice FL FCH |

Combination: ¥« &% wFgsl I

(@ ¢ & TE (A TGS B (S 2@ 1 QLI AB OF BA U352 6% 1 ©IR order wzmgid
REN

Combination Formula

n o o8 38 = r © @z e (order-ignore) T

n!

Cr = rli(n —r)!

9T (°RCTF IS AT 1 S arrange I & P, 26w T, 8 afsl wers |
IR @ @M o 2 ei3 ! T el Fece 2

Permutation €392 Combination-a3 J=3:
"P.="C, r!

ARG I SR o B (6T @Feie

Problem-Solving Insight 1: Order Test
et ey Fen: VAB" @R “BA" fF WM outcome?

o ISVl 20T Permutation
« 33 I Combination
A3 G BT (555 bo% T SN (A7 |

Problem-Solving Insight 2: Slot Thinking

L /S /AN SAS /F1ZR BIZA T 20 slot Ol &lffb slot 779 Fcai 1 Ar<=ere
permutation I multiplication principle =G |
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Problem-Solving Insight 3: Group Thinking

G /6% /&R /selection BI2 3 B group OGN (F SR (612 matter, (F G
IR O T | AEAS combination G |

Circular Permutation: JSIFId ey

HAYRNS 1, TACE AR AT FACS ! TAR ot | 58 g @6 (ol (Bfea =i Fi 232
e ¥F A A @I e 39 @21 GRe Y e ImetEr enefvs ekege 9
T |

Circular Permutation

n 5 fo TGCE JOFI AR TR

(n—1)!

@7 GG FHE (fixed) I WM AT 1 — 1 & & F @6 @S0 ALK (&T
Rt 2@ A

faeme 7 wfeq o™ M (clockwise) ¢ @i dr® S (anticlockwise) @&TmI 1 <1 A7
(T @ @ i), O S = e

Repetition AT F RCE?

>. Repetition Allowed (*%t/(3IC 5i2)
T n 6 symbol (AF r length-aF string A€ 43R repetition allowed 2J:

n’/‘

9 A M n B choice FHTOIT AT |

Q. Repetition NOT allowed
NG
TLPT
9. Indistinguishable objects (4% IV I)
qd “BANANA'' *I(Hd %4 AU | (5 6 orFd, (58 A o709, N 73319 |

6!
312!

G G2 TG qUeTne] FACE Qe arrangement 2 I, ©I2 O IO T |
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Multiset Permutation

(6, & ¥, @A @8 T A 1y, 0o, ..., 0y TR 1y + - - - + 0y, = 0 A, LB
arrangement:

n!

qifexe faf#r7ie @ Casework

I AN @4 M W 1 IS OO A SIS 2| O add FACS 2|

Addition Principle

JM outcome "ﬁ% disjoint case (¥CF ACA: case-A € a BT, case-B (O h TR, @32
overlap Al CF, ©CI (6 ¢ + b TAR |

TARA: > (ATF doo @ I e © 7 Keorey A ¢ =1 [Kerey? it overlap 2
(Se¢ ==t fqete), ©i2 Inclusion-Exclusion #19/Ca:

|AU B| = |A| +|B| — |AN B|.

Stars and Bars: I8 oK WS

yof6 @FFFY (identical) SFETD © T B TG FOOIE O FCF S AW, (@ ATONF ASS
GFf6 56 2?6 AGFY Permutation I Combination M AR T M1 QAT A
Stars and Bars 3l 351 8 I @ |

Stars and Bars Theorem 1 (%% 3f3)

n 5 identical B » & foF 9 o a7 o, @9 @ 37 QAT T A

n—1
Cr—l

I n B ‘AR 0 — 1 B ot A1+ B et oot S 2@ — 1 B A (bar)
PACO ([ |

Stars and Bars Theorem 2 (e I9TS AR

n T identical I8 r T foF ICH ©9 T TR, @ IF A Ao A (0 © e
(TS AITH):

n+r—10 "
r—

e aat p 6 98 @2 r — 1 5 afdt @ 0+ r — 1 e feme S Az )

Pigeonhole Principle (PHP)

IM (O F P ofb FFea AR @2 5B (17l (pigeonhole) A, O T&® GFfB (AT A
iR Q¥ T ATE2 |
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Dirichlet’s Pigeonhole Principle
n B @itel W o+ 1 3 oF Q@ I T T, O[@ T8 GIHH (A GFIET I8 AFE |

TARHYl: GBIl WA AN G© G3G ¥ W02 A NLAR ReeTa Y 298 74! (F1Hel
0T AR AEH © =11 Bl AP, 6@ 5ol W ©fF (6 &S (& 1)

@0 Full Worked Example Set

THIRFY 3: b & (TP HorAAfs, TS, (SN FoolR?
@4t 7 for, ©8 order matters.

8Py =8 x 7 x 6 = 336.

AR X b G (AT © TEAF F0 FOOIE?

@RI order matters 91
8-7-6

8 _
C3_3-2-1

= 50.

TniRad ©: “MATHEMATICS" *It< f®F arrangement $©?
R AR 111 e M(2), A(2), T(2) 1

1! 11!

AR 8: b-digit ALY, &N digit W[ 7, digit repeat T T
o AV digit: 1--9 (ACF 9 TN
. @Sl digit: M 9 Tl (0 IR)
. GO (ATF TW: 8,7,6,5

IXx9IXxB8XT7x6x5H=136080.

Problem-Solving Insight 4: Restriction ®t% handle 3¢l

NG R W T, A IS AR A, FAACE GG - @ QAR restriction
AT 2T restriction (F SN FCH KA1 1 FHAF 0 A et w1 26T A8 (¥

AT @ (At least €F/93/...)

“IAATE'! L T A 1 G complement T w1 =S | @ €6 R Z0T FHACE
> Head “ihea= 8™ (outcome count) F9?

Total = 2° = 32, No Head = 1.
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.. At least one Head = 32 — 1 = 31.

Complement Principle

VAt least" &tH
Required = Total — Unwanted.

@fb time save I IR case explosion ST |

Binomial Coefficient-99 GTY

B 7531 o7 AR "C, (F9 selection 7, algebra-(S'6 W |

n

(a+b)" =Y "Ca" "l

r=0

QAT "C, I (A (FI term FOOIF 5 2062 |
=i g useful identity:

n - n n n _ n+l1
C, ="Cy_,, C, +"C,._, =",

1
1 1
1 2 1
1 3 3 1
1 4 6 4 1

5@ & Pascal Triangle, 3Tt @ifofb el Toltas Y2 A I

Advanced Intuition: Why combinatorics builds mathematical
maturity
Combinatorics (SMIGE feafs *feet wrst rx:

1. Structure (A¥l: 7 (VTR decision tree I case tree SFICO ¥

2. Overcounting 4TS (¥4l: UPZ outcome FOIIA (NN FCBR © (AT |

3. Clean expression (514l: q© HF =% () Bit<ACIoIE

@ FIRC RIS, O A=, SAT/AMC BIZ% (536, €3 programming contest --- 39
SRR combinatorics €® G |
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Problem-Solving Insight 5: Small Case Check

@ @ ST WA (B T PN (@ 1 = 3,4) G2 AC® & fere 1 I =6 e
1 T, @ (TS @ o1 1 @2 habit (ST 51 ABHRIST FIL |

Problem-Solving Insight 6: Label and Unlabel

T4 object @ distinguishable T indistinguishable © @tat 5% et “efb fog <@
7 ef6 a3 F@" oo WMl T

S#a (Practice Problems)

ATTSTA A2 (ATF BICEIGE TN AN | (58 I AL NS F9CS, A9 solution hint

GS]

1
2

3

verify 909 |

. S0 & BT (AF 8 T I BN FOOIF (A0 (e T?
b G GG AL PO RS [ AR, IM g3e WWE a5 Ao wieices 27
. “COMBINATION" *[t#ts f&¥ arrangement ¥?

0--9 digit M@ ¢ =CFT FOH WY A I, @A (F) repetition allowed, ()
repetition not allowed, () &4 & ¥ 7|

S T (ACF AOAS, F2- TS, AW, (@FHgrs 4159 FoeiE?

S0 TR FIT (AF © TF I TS 23, T8 A €32 B @ FRBre AFTe A
1 (B FOSI?

GG JEFE GRET 4 & IO PICS 217 IM g2e [Me jfe A 31, oia
F©?

S (AT 00 @ F©H HeqP © A ¢ 7 [OE? Inclusion-Exclusion IR I

A A
"Co+"Cy+ -+ +"Cp =2,

@3 binary string-a3 (< 53 1 O string-4 15 8f6 1 @tz WL e 3 1 Ao
w3

. 5¢fB identical DFCG 8 T BT WA FOOIE O Tl W, (@ ATONF T@© 6 T
BHE6 AR? (Hint: 20 T1136F 6 I3 Wea Are, o7 IfFete ot @)

e TR QN AIET ¢ 5ot [, Sime R e gt A @i AR AT
Rcerea 8 vt forey | (Pigeonhole Principle)




