
Fifi
' l

"

32

§ 1
'1-2=5 a

Fi - &¥¥cF. ✗ Éth☒¥aEÉ

• THIEF 47L ¥138k

"

3 ✗ µ
= 1

"

Q.EE#i&kn&FInIEZl2u-knl2.fEIa3Fk-l'ES-T-%49L.gl#ixYazt-nx'"KEK na ?

§zA . # ¥¥¥ke&¥a( IN>
,

✗
< 1) n'incidence algebra

"

* THE# T-%49LE.BE#-t-F&(eA---I1iTa2 ?

4

→ incidence algebra
"

a #ftp.#Hi'XEHxFTEEE-A--Ktec-t3o(E*-Ga5tt)XE'525*-4

a ¥1245 Gus ¥243{ a

EPE-s.IT#-i--E:-es-n'&i1E&a=-F-*FF-
1%3^9*19)E¥☒n"3¥I¥- net ,zig !

33
→ =n¥£a#Ears ?



☒=£ 2

32

§L
.
745 - &¥%€✗EtRE¥E€5×µ= 1 ! ? G- ¥n*¥¥tx¥)

1.1
. y - z=n 's e t's - • +¥="

) ,⇒¥µ⇐zt.2.IE#-A-5)XEtixEEE 7
,

I -3
.

F%É# ¥1117b §R¥fx1= -23.EE#iH*-S-E5-i--I2*LJF-FEzz-k'☒2

§2 . Aka incidence algebra KmÉ¥4¥a¥¥x )
21

.

Hine) incidence algebra
2.2

.

-AIKEN"HX☒☒=E, main
"

theorem
"

2.3
.

¥-1743T
1*-7*-4.2=3

§ } . ¥¥aE§☒¥zi=oIñ"3¥tIX3Y(← I'¥ -MEA ¥¥x )

3. 1. (coarse) incidence algebra .

3.2
. ☒ am -51,¥É¥£



3

§ 1.745 - §¥%€✗E↳2E¥E€5×µ = 1 ! ? 32

1. 1
. 4- 2-- n 3 e It - a

"¥-5T

1) -2 = a } 12 .

51st = ⇐ ins = is + ztstzs + ¥-1 - -
-

i '¥F3( Res > t-n.kz 3h3 ¥EAfJ¥¥¥ (E) E¥5¥£2
"-123

.

512
.
=kn IT5- §¥¥EF¥¥u. heir .

¥e¥£nit¥¥Kzt→ 15in) .

I

£5 -1ns = IT its -4T¥)
p

-

-prime I - pts
(¥i☒¥-H¥&a

= lie +ÉÉ . . - ) -¥⇒¥ )

✗ (

zot.s-gt.s-32.si#st---)x(g-o-.s-g-T.s-g-z-s-g-s-s----)
✗

i



41.2.IE#-nA-5)XEthEA---E
32

☒
. { IN >

:= { 1.2.3 .

- - -}

IN := { 0.1.2.3 .

- -
- } e--5¥-5=2317-1--3 -

Def ( ✗ ith #¥¥ix
✗ÉX¥¥¥£µ : IN

>
> a E.

film ) := { C- c)
K (nrsF☒¥¥*3kaa¥+¥ka&¥z)

0 /ZKt-KAI-ie.ES#3-ZEieI)e'Ex3
.

e.g.) µ( 1) = 1 . µ(2)= -1 , µ(3)
= - 1.µ41=0

MIST = -1 . MLG ) = life /7)
= -1 , - - -

✗ ✗
"

tix ¥-4k sina.EE#25h2u3



メビウス反転の典型的な使い方
よくわからないものの総和としてよくわかるものを記述する
↓メビウス反転！！
よくわからないものがよくわかるもので記述される

5

Prop ( ✗ e'
'

52 Fx¥a) 32

k€ ,¥¥n F.G : IN
>

> I i⇒u2
.

th C- IN
>
.

Fln) = In G (d)

←→ th C- IN
>
,
Glu) = ¥µCd) .Ft)

G F

G F

e.g.) E - n ¢¥¥¥k
MEN >

1=2112
. ¢ (n) : = # { KEN> / 1£ KEN ,

nekis I "F¥:}
ETZ

.

Feez Tdµ
,
E

. Geez ¢263k ,

n = I # { KEN> listen
, god Clan)×d=n }d.In

= ¥4K )



EF2
. XE"H2☒¥É2e 6

32

¢1M = ¥nµd)
- I = n.IT 11 - is)

p=nn¥a☒Ex

Nitro
.

e.g. ) 12=441+4121+0/131
-101141+0/(61+442)

= 1 + 1 + 2 + 2 + 2 + 4

¢112)=µH -124121-6 -1µA-47114-37161.2+911211
= 12 - G - 4 + 0 + 2 + 0

= 4 .

I -3
.

THE# ¥1117b §R¥-k

Q
.
Riemann or Sete"G2E¥an¥¥t¥rs ?

I

-÷
,
-1ns = IT IM -4T¥)

f-prime I - pts

a. ( Eins)×( IT ( I -⇒ =L

p-prine.mn

e¥3=e€ 2*-3%+4<213



(“ζ×μ＝1”の初登場)

7

32

IT ( I - pst) = ( I -⇒ ✗ (1-⇒ ✗ ( 1-E) ×
-
-
-

p-prine.mn

= is - is - É -s±ÑÉ+☒ - . . .

=÷%

7£11 .
=kñ" bit ¥123

t.E.is/xlEiiiY=i
Mgm my

1*15 -&¥±ni¥#%)

→ ⇐ ns
a -1-1%31-1=813*47-5 ntÉ¥¥F¥¥£i=

I¥☒ LID !

Def I#ÉE5 47L ,&Bx¥£f±¥d)

ÉB¥a¥L3j { anti , r-t-FE.BZ#k-iA-9---ix4Dl&BI5

1=1%4171*4# ¥¥¥&) era . #%É§r É nai niece



Ej . 2 > n #KEES 49 CERES ⇐ n%
,⇐ n% a 832

§Die ¥¥z 12¥⇐£312 .

IÉ
,

anil + IÉ
,

i:):-. ⇐ arisen( IÉ
,
nail ✗ 1¥

,

i:| :-. _÷⇐±en÷É*¥☐
¥+3

.

e.g.) *KEEF ✗ 49 CERES n§T¥ok3Y

( is +É + ¥ + ÷ + - - - )
✗ ( F- + + & + + - - - )

↳ 2×3 + 1×1 +2×3 = 13

= ( E- +E- + E- + ¥ + - - - )

/ Remark§22" -AKAGI =L Ei- 3$
"

.

=his 1¥FIEF )I¥e 12-43 .

as

2> or THE A-5- ⇒ 11 DL ¥138k ¥
,

n's
, É%Ñ E

3h3"K 5
, µ eFd⇒ v2 5-23 e .

= 4- ti" Fi¥33 .
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Prop (µ is 5 n¥£¥-k) 32

3 ✗ µ = I

µ
✗ 3 = I

-

(proof ) (an €53k .HR#TA-Fat-KM3)
⇐ -4=213 .

M C- IN> 1=7--2 n

⇐ Md ) = { 1 ( na )

0 In > 1) 2
" -43

.

n= pi ' ✗ - -
-

xp ,
?' e ¥. ☒

'

*KHAFRE .

K

In Md ) = 19¥01 -1-+1-1*1)
e -44 ok

✗

(éhtt I¥c( E-=3HEHE) if 332-2135712)

In K 14¥ a ¥2I 5213 A. b Fonz .

- ✗ a e - ✗ biz ¥F¥¥ 49--1=-43 .
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Cor ( ✗ E"5XE¥a
.

ÉEf="ay DL.GR#ka3ti7z) 32

KEEN F. G = IN > > ① Fonz
,

£ Fln )

n= ,
ns

= £ Gln)
× g

n= ,
Ms

⇐ £ Gin)

n= ,
ns

= £ Fln )
✗

µ
n= ,

Ms

Cproof)
(⇒) *Ii=µzñ1T3
⇐ ) ERIK JENTZ

→

NIKKI-12)
µaF¥F¥ 4€:Efe☒k

Fas -45¥
,

>

5×9=1 He"42E#E,
<

µn☒¥$I☒-& 112m20

✗ e"tRE&a

t
F-xerdse-s.cz Gsat



1T¥ É €5 ' I DL.GR#ixnt-sxi-*-k-tFt-YE(±¥¥¥¥a)
"

32

* 4134" a

¥.¥rEf¥fEf .IE#-EixHA&tiiEu.2z.A--EE!i&te&IaII

ZCZ v22 ARI E
" ?

Q É €5 ' I 7L ¥R¥ixnti¥£*¥⇒¥ la

e
"

:* 's ?

( us 4 N
- 4¥

.
114N-⇒ 1A

, I 1 TH ( IN> , ✗ , 1) * 3 !



12
§z . Aka incidence algebra 32

21
.

Hine) incidence algebra
35T

"

}

1¥ Ea incidence algebra is .

l¥nEÉXnFF¥¥Z
Qrs "¥¥¥aKK .

F- ☒☒ ok É¥*T¥¥←i☒3 .

Eakin '¥=€
3

Ers - En For HEHE '7¥¥.PE#zIta-s-f(a-sc-C-)-EMorEi.+Eea---f)+(Ia-.-):--Ila-i-a-sl.fi#2Z-c-Morefeflore

⇐☒3 .

form"2nH☒&c⇒u2o§☐It "_¥KM2¥¥¥' -43 .

2

( Eat . -4×(+5.8+-1)=-2/-2ag.hn/fftMorE
fetor f- hog

Elk"
. I ag.hn is [ ag.hn e¥⇒- stitched" o

f- hog j.FI/gehnuiE*a=rs--a3E )12*417 --

==z
"

. .gg?-gagihntiTA-PEe&Ri--tt3lIEE--s23 .



B

Def ( finely finite
category)

32

ME Eti" finely finite i'☒Zero . @ * ATE its .tn )

✗ftp.n#FfeMorEi--ou2-

# { G. hi c- Moret / f= hog } < as

+23 =ee¥j .

Def Éue) incidence algebra)
a

¥F¥n

finely finite
category

C '⇒uzfza incidence algebra
① [e] v2 . G- §É#§¥F¥f ether'" -442k€ -5 .

( At ) female,
✗ ( hs-tea.ie = ( %Eeiaa.hn)

f- hog
teller(e)

E&¥_kt→ e- Xt¥kn=eEuJ .

Q[e) n E ( At ) geee.ie, n=eE . I ait - ¥8s
.

FedorE

¥¥iz [ as - f effects't .

t

Exercise lccéfizginz
. g×h= { hog C-L-h.ie/E*i-i--2z---1

0 ( IEEE) I 4-+4 7T£ .
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Prop ( incidence algebras 4- algebra) 32

finely finite
category

E i⇒uz
.

ice] is

f := ¥8 , - f
, ( g, := { 1 ( frsrideutity) )(" object a&☐

" )
O l other)

E&¥.nl#KII1-t-si--5fEeroPE3-ym)(Y---K-E5)--l-¥22" -43
.

cprool)
1%-1*119=1 ( Iat - f) ✗ 8 = ¥(¥÷ag .sn) ' -5

1-

= F- ( ¥:# as) -1
= ¥ At - f. ⇐€127K

CHEEHEIKE a-it)(Feet))(F- Cif)
= El

.

""Y '

=/Eat . -11¢-4%-1/(-44--11)
( H Edit ☒I

✗
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e.g.) ( THIEF ✗
'IDLER'¥£É¥) 32

IMA ( IN > ,
✗ .
1) is - FERBER finely finite 2

"-43

( i.e . Hm , # { Ck . e) c- IN> I m=lk} < cs )

¢[( IN> ix. 1)] to
. I an -

"

n ans É An

M c-Morath (µ ,xi)n§F n-
Ñ

1=-42 THIEF 47L ÉR¥£É¥e ☒ ¥2
.

f- a-Ha . Finely finite is
"

.EE?p--btk2ii'nT--Fk-tit3FFzn well - defined
129T¥ czuz)

e.g.) ( A- PETE ) ( <→ Category Algebra e-¥5)
0 77-1%754 Gianna .

QCG] it Gn¥&É¥eA=¥

a ¥P¥Ñt¥É ✗ Kun . kxlobk-i-X.V-x.yx-x.lkxcx.gl/-- 1) a
÷

Kee *
incidence algebra it . eCk×]IMµ( e)
KJZYI"¥e☒*¥ .

¥
a TAPED"5? Liane , GENE# MEFIG)$

" #PETE -83

II.e. g- acyclic -83) e[Fled] is gapath - algebra- IF#¥

i.
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e.g.
) ( TAPE 111¥'Bh¥tE) 32

✗ = { Xi
,

- -
-

ixn} I n¥y lift /¥g E 1=042 .

IX. E) a incidence algebra a
¢[(✗ • E) ] > > Uni)

u
v

¥FnA (" %-) '→ lazy) ,g
1224

. Union ¥31 HE'¥ae☒#¥ 1282 .

Exercise

(1) Intf ¥12
{ X n ¥, 111K¥ }→ { Mucci)n¥p¥¥eiH☒ET&kEñt→1

-43 #¥-937k#☒3=23 I

(2) 1=-87%531*523 Male)n¥pB¥¥Trn( e) c-MUCH

1=87%33 ✗n¥y 111¥43 Eatin -2 .

e.g.) TRIFLE / TIE ( IN
,
-1,0) Konz .

ICAN , -1,0)] I Ickx]l
① 6

Éoan"h " → Egan - x" ☐ ☒*¥→
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e.g.) 111¥13 /¥tÉ ( IN
,
E) i= > v2

. 32

Q[(iv. £1] 12
"

csxcsn 1=77%534
"

a¥33É¥i -43 .

← F-13€92

( Aig)o⇒<y ✗ ( big /oeiej =/ Éaiiihkj)o⇐gkmr

e-g.) o o -13 - . . -4-1
- - '|I ::÷:| .li#i:::::.H:::::::.

: : : : : : : : :
'

: : : : : :
.

Exercise ¢[(2,21] rséhtd -1=7%0?

2.2
.

-AITCH"Hx☒☒=E,

Def ( Sem)

finely finite
category

en - uz
.

Se := If c- Ece]
+



E É ☒3
.

18

32

Se ti
" Gce] 2" 8¥ n ELE Eti EE

,

Ztnz Me := 55
'

e #☒ 3 .

= or ¥I¥☒ñ3 F- TEJ 12 .

=In
"

thin
"

$
" #¥-3h2

.

"

Thu
"

l -¥2K ✗C
"'M 5-¥-4)

fleets finely finite category
ekm2

,

V-d.pe Q[e]
✗ =p - Se ⇐ Life =p{ ✗ = Sip ⇐ Me

- ✗ =p

* HE 73 .

cproofl Men ⇐2€ £4
.
See fee } ¥72M

+543 Tilt
.

Remark

=his Men i¥¥☒ 21-12-21=9 .

Meti
" It 'T¥ñ -1=81-1412

"

¥É☒I 1--1-12=1-21-12" Itn.



Me i. is *FER 'd +4T¥ BEE is" ¥23 ha-3 .

19

32

Me = I felt
- f ie iz explicit a FEE Tide .

t (tgHec&kI3)

{
✗ = Iat - f

p = I hf - f Konz
.

V-t.at = I beg ⇐ 4 . he = ⇐ again
y¥h g¥tn

it
, at = [ hh ⇐ V7

. he = II. Mlg )
- ah

y¥h gifts

z
" -213

.

212 - +" =

Seems 4.¥4k

Me <→ §.¥.&☐a¥2J¥¥H=



 [略], and the analog of the "fundamental theorem 
of the calculus" thus obtained is the Möbius 
inversion formula on a partially ordered set.

[略]、このようにして得られた「微積分の基
本定理」の類似物が、順序集合上のメビウス
反転である。(ほら訳)

20

e.g. ) ( IN
> ,
✗ , 1) a ✗É↳XF¥É 12

. 32

(5*-11*-4) ✗Eta ☒¥2s (81^171*-2)

e.g.) ( = ( IN
,
+

. 0) (⇒uz
.

①[(Nato)] I ¢¢xD EH?

{ Se = 1-1×+22+2> + . - - =¥
Me = 1- x

es

2
" -103

.
D= Ianxn ,p= Ian .x

"

e -un

m = 0 m=o

✗ e'
'↳a 5-Fair "

&☐¥±☒a¥¥¥E¥
"

h An-au-1 (na )ltn An = ¥04k ⇐ % hh=| ao (n=o)

( ¥¥&☐nÉ taints" 1+2-1 . - - +n= ¥1 )z¥= # eiuduoionz" )F-Told =n¥¥

.is#irsX-iY7HIIEpo+a
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Exercise C- ¢[( IN
, -1,01] , ① [( Ns ,

✗
.
1)] 1--2<-2.343

" th
"

=kn¥t&¥z It
(1) 33 at '¥¥ixE Fix .

#A- son-81¥-4
'

55=5
.
✗ Se n te"52☒¥E,

Sigue = Se EI¥±FE .

(2) THE#¥128k era
"

IB.BY#ixB
"

D: Efe] > CIG]

E E-¥412 . 547=44 Bit EI¥a2z7=eZ It

(3) 14£44'¥3k3+¥É| Dose) ✗ 5<=21-1313:) E

za XE
' 'THE'¥E Doe) = EDGE)×µeE¥f⇐ It

Exercise ( Title)
he E ( 3h73 1" " 1-a) K¥E -73 .

In #PI£¥3YaF¥E

Fde : = 1¥ Ll
"

a. £83T nÉ¥F2 ☒ 1=+4 . ¥+32T 1)

t.ci#-fEE1--t-sE1d1iE:=(FLl.t- . (1) 3¥77 .

(1) E it finely finite → 3.E-I

14 Me EÉ¥¥E£ .

(3) of c- he

ebay.fi#.DEh3txI3YaTtkKA42d=Iw*R)=5exYa ✗i'525-342
wEFhl

Me ✗✗ = T E 4=+9 ( 221£
.



22
e.g.) E= ( iv. =) run .

32

l l l l l - l 0 O

O l l l O l - l 0

}
@
=

0 0 I 1 Me = O O l - l

0 0 0 I o o O l
'

: i
,

2
" -43

.

Exercise
1 I 1 I

0 I 2 3

(1) P = 00 I 3 (Nation _=☒-¥)
0 0 0 I

-

.

.

0 I 3 6

s
: : : :

ooo ,

1*-1=121 > 2541%7=11%1711a_=☒¥)
-

.

.

Ef2
.
Italian I¥IknI¥kKÉ muck# = ncktnckil 12

p
'

'

Me =p EE.co#93=iEBYEtik5 .

(2) p
'

=P Se E¥E€T-E.

Exercise

finely finite -44111K$ /¥§¥P,±) isftp.gEF#=eEEtE--t:Mcp.g(xc-y) E. # { 2- EPI ✗⇐ 2-⇐ y } Fonz Y¥¥AEGe
text

.

✗ its xE¥=arox☐¥§i€J¥E
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Prop ( 1712¥31 rÑH3XE↳HIT¥a) 32

E : finely finite category
i
- ErsMeet >693 .

= NEE
, ①[e] n E (E)his ¥4 Me 2nF d.plane .

Send=p ⇐ ✗=µép
( a- Se =p ⇐ ✗=p -Me)

* ☒¥73 .

Remark Mei z e < f- ace] {Eze Etta# N' 72

-¥2k ✗Eth 5-¥2
.

e.g.) EP¥T¥¥¥
¥PÉF¥E A ezn ¥Ñ¥¥P(A) E¥23 .

HBYB.tt#EE:=(P(A) , E) n incidence algebra QGPG-1.ES]

I# 23 .

As-is FEB

f
Je = [ (Ses' )

⇐SEA
1 Me = I C- 1)

"s! ( sssg
5-SEA

Exercise l-EFTIRtsnx-itn-FEE.SI
(1) finely finite category Ei ,

- -
-

. Cut-out .



Gx - - - ✗Ent finely finite Huez#I 24

32

(2) He-242 ee
,
- - .

, cuts
" XC"GN¥¥#Me ,

- - - Men

Et→eE
.
e. ✗ - - - ✗ en € ✗ i'↳H¥FE£z€5 ,

Max.- ✗en Hi , - - - ,
Fn) = Me.fi) ✗ - - - ✗Menon)

i 5-23h3 '-zE F-I

131 ④ (A)
. E) I ( {Oil} ,

E)
A

try pwn Xc"↳2

1¥E¥=kZIt⇐¥aEI
.

①[(PCL) , E)] ☐ ¢
POH
z EX☐¥&izt→

(
SEA E SoES , c-Annie .

(Sos Sc) ☒ S i. = { So (8--9)

L
°

( other) be lzu3)
=Kranz at tix ☒¥-2B .

1-4-1--2
"

-43
.

FIG = PCA) s Q

( SEA
,

Ffs) = [ Gcs;) ←
Sabata "-29.4¥.FR

SES
'

⇒ (SEA , Gls)= I c- pls
" 1. +7s,))
/
"☒*±

'

SSS
'

PCL) a ✗052 15*-212 . :& or -23k 12K¥.TT#I-R---EFs2i
.



25TAPE#*E ✗ e za ¥4345 FEE 5¥ { Adhesion
.

32

Ind : ✗ > PCA) ( x ZITI Axntudexn¥-1Bn)
u v

x 1- { ✗ c-Al xc-A.it

293 .
= meE.

Fcs) -

-=/ Any =/ A) n (n Ai )✗Esc

Gcs ) : = LEECH
ELZ

.

FCS) = Eg , Gls') it easy
.

1¥ 1={1.2-3}
Az

f- { i }

A
,

±* *
= # Ai

( €53k @ É&iÉ¥Én)A}

⇐ J¥¥49=

✗ e'
' ↳2K¥-2732 ,

Eck

G (4) = I C- 1)
' "

. FCS)
.

> £11
SEA

1×1 - I ¥, Axl = I C- D
's '

/ Axis" #¥342 .

SEA

4-95%73 Into / ¥aA× / = ,¥⇒ C- it
""

AH +i4¥⇒k3 .



メビウス反転の典型的な使い方
よくわからないものの総和としてよくわかるものを記述する
↓メビウス反転！！
よくわからないものがよくわかるもので記述される

26

Exercise ☒HEate"5xE¥Eñ , 32

TAPE :B.IE#-P=EfXe3nFsPBFE--E 13¥ { Ax}*ai : - Atbxxe -4£ .

%) derangement (⇐⇐ "Kid's)

0 c- Guia . 7-¥-71¥. . -47¥ -1=+2"EI derangement e) .

derangement = n s n n ✗☒85-3 dub"¥12472" !

kE¥⇐ n r c- Gnis . derangement a 4¥:#¥13K 1=451+3×3 die K

/ . / - -

→

I - / y - I - / y -

É ti- 71-112
"

,

y
§ 12"#2€72 .

EYE's 4*2 !

¥43K ¥¥§k > uz n Pee the *
" 2¥31# 3 to2<3

.
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ing
12

.
¥Ék¥¥_¥kE object c-€5 , nor} man $312

32

{ 1.2
,
- - -

,
n} As { 1,2 , - - . ,m} in 111721+3 E4¥ > ¥+8772" -43-73 .

$7 n > m iz me /F¥€n ME ¥435 /¥#Ie¥F¥-33oz" .

( Potters ¥35 FREE #3) TAPE 'Y¥Ea¥pHK¥Ei= :-# 3
§.EE#RaF--iEx'" 2--23 .

§3n¥§zt¥e
fin > M E Mor ( g) 1542 ,
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