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Forexample

4 = 3 + 1 5 = 4 + 1

= 2 + 2
= 3 + 2

= 3 + 1 + 1=
2 + β + 1

= 2 + 2+ 1
= T TT + 1 + 1

= 2 + 1 + 1 + 1

= A T 1 + 1 + 1 + 1



Forexample

4 = 3 + 1 5 = 4 + 1

트 글수주
+"
←

paut
= 3 + 2

= 3 + 1 + 1

= 2 + 2+ 1
= T TT + 1 + 1

= 2 + 1 + 1 + 1

= A T 1 + 1 + 1 + 1

→ We call it
"

integer partition
,
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Forexample

4 = 3 + 1 Distnctparts.

= 2 + 2 4
,
3+ t

=
2 + β + 1

= T TT + 1 + 1 Oddparts.

3+ 1
,
1+ 1 + 1 + 1



Forexample

5 = 4 + 1 Distnctparts.
= 3 + 2 5

,
4 + 1

,

3 + 2

= 3 + 1 + 1

= 2 + 2+ 1
Oddparts.

= 2 + 1 4 1 + 1
5
,

3 + 1 + 1
,

= I + 1 + 1 + 1 + 1
1 + 1 + 1 + 1 + 1



Forexample

5 = 4 + 1 Distnctparts.
= 3 + 2 5

,
4 + 1

,

3 + 2

= 3 + 1 + 1

= 2 + 2+ 1
Oddparts.

= 2 + 1 4 1 + 1
5
,

3 + 1 + 1
,

= I + 1 + 1 + 1 + 1
1 + 1 + 1 + 1 + 1

→ Obsenvation : (# Dastnct parts) = (# odd parts)
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For

xDastinctparts ) (# Odd parts)
_
Define a bgection

4 3+ 1

?
3f 1 1f 1+ f + t

5 5

4 + 1 ? 3+ 1 + 1

3 +2 1+ 1 + 1 + 1 + 1
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=
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= 1 + 1 + 1 + 1 =기에더기 . λλ 기



Generating

Integer Partitionmmummms

, GeneratingFunctionm≈ψ=4
= 3 + f 기

β+↑
= 기β - 기

= 2 + 2 기자
2

= 기고
=
2 + 1 + 1 기대서= 기

.

가 . 기

= 1 + 1 + 1 + 1 =기에더기 . λλ 기

I Sum
514 = (#partitionof515



Generating

Integer Partitionmmummms

, Gonerating Functionmmmme

거 (# partition of n) . pn

Sum for all n .

√

Ʃ (# partition of n) - an
nzO

def) Gven a sequence CAn) n2o
,

the formal power serses

A (기 ) = 옳ann

is called the generating function of the sequence .
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Generating Choose Oor 2

( 9+λ) ( 1 + 기)( 1 +P 3
) = ( 기 +기 ' )m
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~
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~
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= 닮,
( (+λµ )
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e
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Generating Choose Oor 2
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e
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F of distinct parts
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Lattice

praw thePatoopathssothattheydonotihtorsecteachother .
B ,

㉚

B 2

㉚A

, A2



_

Lattice

praw thePatoo paths so that they do not ntersect each other .

B , B ,

_

㉚

p - B=

은
있반

.

ㅣ ㅣ ㅣ
_ _

f
. A

2

> OK
.

→ Not OK …

Q
.
How many such pairs ?



aHow
many such pasrs ?

A
.
(#Total pairs) - (# Intersecting pasrs)

B

, B ,

B2

_

=

A . 옷
옷임
.

θ

ㅣ

= (
4방 ) × ( 33

+5

) - ?



LatticePat
B ,

.ㅣ
-원



LatticePat
B ,

㉚

유 은
이다

.

neursectug
part

(for the first time)



LatticePat
B ,

㉚≈
tail

. 은
! "



Latfice Path
_

Thank of the paths from As to Ba and

from A 2 to B ,

B ,

㉚

B2

㉚

A
, A ,



LatticePat

Thank of the paths from A , to Ba and

from A 2 to B ,

B ,

㉚

ㅣ

장뫄ㅣ
진

f-

→ Now
, swap the tasl ?



Lathey
becmetheputhsfromAi to B , and

from A , to Ba

which intersect each other
.

B ,

㉚

!

장뫄ㅣ
진
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aHow
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A
.
(#Total pairs) - (# Intersecting pasrs)
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_

=
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.

θ

ㅣ
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+5
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aHow
many such pasrs ?

A
.
(#Total pairs) - (# Intersecting pasrs)

B

,
B

,

B2 B2

_

=

θ ㉚

A , 더 , Az

(
β+7

) × (납1= (
4방 ) × ( 33

+5

) - 3



aHow
many such pasrs ?

A
.
(#Total pairs) - (# Intersecting pasrs)

= (
4만 ) × ( 33

+5

) - (
β

끓 ) × (*
"

)
= det

(
P, Pr 'Pal Paz



LatticePat
B , B
@ ℃

B 2 B 2

→

tasl swap
㉚

A , , A
2

(
4방 ) × (

33+

5)tnatinswap
. (

3

중 )×(
장

)



LatticePat
B , B
@ ℃

B 2 B 2

→

tasl swap
θ

A , A , ‰

(
4방 ) × (

33+

5)tnatinswap
. (

3

중 )×(
장

)
↓

define a map σ

σ( 1 ) = 2

σ (2) = 수



LaiB
, B
@ ℃

B 2 B 2

→

tasl swap
㉚ ㉚

, A 2 , A
2

Pi , = path A ,
→ B , Prra ) : = path A ,

→ Brln

Pa2 : = path As → B2 = path A , → B2

P
2r(2) : = path A2 → Bo (2)

= path A2→ BT

s 8 is salled the "

permutation
"



LatticePat

det ( , .
]= 톱 s.sgu

( r ) m
~ 없 Paran

니

(- 1 >
(#swaps)



Latfice Path
_

O
. How about 3 paths ?

B ,
㉚

양

A ,
. 33
A2

A3



aHow
about 3 paths ?

B ,

f
_

ㅣ-

ㅣ ㅣA , .
-

1
Bs

A
.
As
=

non - intersecting



aHow
about 3 paths ?

B , B ,

_

ㅣ
f

u

lt-
ㅣ ㅣ 의B 3AX pBsA , .

A
. ㅣ

A
. 「

As
=

A3

non - intersecting path 1 , 2

ntersecting



aHow
about 3 paths ?

B , B , B ,

_

1

u

lt
A , .

f

IB ,A

행

'[ 3.
ㅣ ㅣ 의 B3 A.F

A
. ㅣ

A
.

A
.

As
=

A3 A3

non - intersecting path 1 , 2 path 1 ,
2

,
3

ntersecting intersecting



LGVtemm

For n paths : det (M) = (#non - intersecting)
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