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) Review

« Computational Problems

— Well-defined Input, output constrain

 Set Theory Basics

— Definition, representation, operation, set identities
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) Review

 Generalized Union/Intersection

— —_

e Rethink about

—_ g = U

— N2 is undefined
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How we investigate computability?

(BIEBIESESIC) 9.6-9.7,12.2-12.6

2.1 Discussion on
Problems

Part2. Set Theory(ll): Axiom
system & Cardinality.
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) Solve Decision Problem

Input —+>
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True
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) Solve Decision Problem

True

—p~ | Decider
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) Solve Decision Problem

Imaging that there is a god who knows all the Boolean formulas
which are satisfiable, and he puts them all into a set

Set of all the Boolean formulas
which are satisfiable, mark as S
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) Solve Decision Problem

A Boolean formula t is — s t in S?
satisfiable?
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Solve Decision Problem

For any decision problem, we can define a predicate P:
sa

Then we can build the set:

Then the decision problem can be converted to:

Take as input and decide whether , that is a known set.

This is called membership problem.
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) Solve Decision Problem

A known set S,
Input —~| Decider determine whether
the input belongs to S

2024/11/18



) Solve Decision Problem

A known set S,
Input —~| Decider determine whether
the input belongs to S

What does input False -
looks like?
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) Input has large varieties

{

"firstName": "Duke",

( "lastName": "Java",
"streetAddress": "100 Internet Dr",
"vhoneNumbers": [

{ "Mobile": "111-1221-11211"},
{"Home": "222-222-2222"1

Structura
Data

Graph
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But every input can be encoded as a string



) Encode to string

a,d,e)

(alb),(ble),(c

b,c.d).(d|c).(e

(5%5),R:223, 224, 225, 227,
228,224,225, 226, 225, 224,
224,226, 226, 224, 223, 226,
227,225,223, 224, 225, 225,
223,219, 221,G:134, 135,
136, 135, 136, 132, 134, 135,
134, 133,132, 134, 135, 133,
131, 133, 134, 132, 130, 132,

4|56 |s
22 | 132,131, 1249, 125, 127,
4|6 |6 | 4| 3

6|7|5]|3

s|s|3]|a
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) Solve Decision Problem

string

2024/11/18

Decider

A known set of strings S,
determines whether
input string belongs to S

15




) Formal Language Theory

Alphabets are finite, non-empty
sets of chayacters

Alphabet: / A string Strings are

o finite sequence
finite sequence | of cb\amiters

Characters are
individual All strings
symbols

u bset of

Languages — :
are sets of A language Set of all string :
strings. >

2024/11/18 16




) Language Recognizing

Throughout the whole course of computability, we’ll focus on the
membership problem of a language, or language recognizing, that is:

Given a language anad take as input, determine
whether

2024/11/18 17



What provlems can a computer solve?
y

What languages can a computer
recognize?



Recap: Solving Decision Problem

For any decision problem, we can define a predicate P:

Then we can build the set: - RERE

Then the decision problem can be converted to:

Take as input and decide whether , that is a known set.

2024/11/25
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) Naive Set Theory

Intuitive formulation of sets is called naive set theory — goes back to
German mathematician George Cantor (1800’s)

In naive set theory, is a set, for any predicate

2024/11/25

20



Set of objects that doesn’t contain itself

So we can build a set with predicate ; , that is the set which
doesn’t contain itself:

Also recall that for any set and any object , either or

or ?
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If

, according to the set construction process,

which means , SO we get:

2024/11/25

IS true,
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|f , according to the set construction process, ; IS true,
which means , SO we get:
If , then the predicate ; Is true, then we can assert that

, SO we get:

2024/11/25
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|f , according to the set construction process, ; IS true,

which means , SO we get:

If , then the predicate ; Is true, then we can assert that
, SO we get:

The results above lead to :

2024/11/25
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|f , according to the set construction process, ; IS true,

which means , SO we get:

If , then the predicate ; Is true, then we can assert that
, SO we get:

The results above lead to :

2024/11/25

=4

[t’s a logic paradox!!Can’t be true!!
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Russell’s Paradox

This paradox is call Russell’s paradox, discovered by Bertrand
Russell in 1901, showed that some attempted formalizations of
the naive set theory created by Georg Cantor led to a
contradiction.

Russell in 1916
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Russell’s Paradox: Solution

To solve this paradox, Ernst Zermelo and Abraham Fraenkel
proposed an axiomatization of set theory called ZF axioms that
avoided the paradoxes of naive set theory.

ZF set theory is the most general accepted axiom system of set
theory now.

Theorems: Branches and leaves

Axioms: Trunk

Definitions: Roots

Undefined Terms: Root Tips

Logical systemn: Ground, ——————
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) ZF Axiom System

« ZF.1 Axiom of extensionality (JNEAIE)

+ ZF.2 Axiom of the empty set (TESTEENTE)
« ZF.3 Axiom of pairing (FFRNESFENER)

« ZF.4 Axiom of union (FHESAIE)

« ZF.5 Subset axiom schema(FELTEET)

« ZF.6 Axiom of power set (EESLIE)

« ZF.7 Axiom of regularity (IERIZ )

. ZF.8 Axiom of infinity (FS35AER)

« ZF.9 Axiom of replacement (FRNIE)

« ZF.10 Axiom of choice (JEIR/N\IE)
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} ZF.5 Subset Axiom Schema (FELAHHIET)

* Russell’'s paradox can be excluded by ZF.5 subset axiom schema
and ZF.7 axiom of regularity.

« ZF.5 subset axiom scheme states that for any predicate , you
can build a new set whose elements satisfy but in a given set.

®
@ o
® .. P(x):x is blue ® :
o ©® °o® g ® ®
o %o o ©®

Prior Set A Apply P(x) in A
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ZF.5 Subset Axiom Schema (FELAHHIET)

* |n other words, for a set , and predicate . set
Is valid under ZF axiom.

« Fromset and predicate

_ = = N

« Fromset and predicate

« From a non-empty set and predicate R

2024/11/25



) ZF.5 & Russell’s Paradox

But Russell’'s construction =

2024/11/25

lacks the prior set .
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) ZF.5 & Russell’s Paradox

* But Russell’'s construction = lacks the prior set

What If there exists a set U contains all the sets, so that
S={x|x U x x} satisfies subset axiom scheme?

2024/11/25
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) ZF.7 Axiom of regularity (IERIAER)

« ZF.7 Axiom of regularity states that every non-empty set contains a
member suchthat and are disjoint sets.

— is called the minimum element of

e Every set has a
. minimum
\ element
N
minimum

element
2024/11/25 34



) ZF.7 Axiom of regularity (IEM2IE)

« Foranyset ,can ?
— Assume that
— Wecanbuildanewset o =

— According to the ZF.7 axiom of regularity, set  contains an element
which is disjointed with . As  contains only one element ,so is
disjointed with

— But , and , SO0 n % ,this violates the axiom of regularity

— So for any set

2024/11/25 35



) ZF.7 & Russell’s Paradox

What If there exists a set U contains all the sets, so that
S={x|x U x x} satisfies subset axiom scheme?

e If such universal set exists, as is also a set, so we have
« But we know for any set , we have

« This means that doesn’t exists.

Russell’s paradox doesn’t exist in ZF set theory.

Does No  exist?

2024/11/25
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ZF Axiom System

/F.1 Axiom of extensionality

Two sets are equal (are the same set) if they have the same elements.

Vx)(Vy)(x =y < (V2)(z € x < 2z € y))

ZF.2 Axiom of the empty set

There exists a set contains no elements.

(37)(Vy)(y ¢ z)

If x and y are sets, then there exists a set which contains x and y as
elements.

(V) (Vy)(32) (Vu)(u € 2 < ((u = 2) V (u=y)))

2024/11/25
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ZF Axiom System

/F.4 Axiom of union
The union over the elements of a set exists.

Vz)(Fy)(Vz)(z €y < (Fu)(z EuAu € x))

ZF.5 Subset axiom schema

For any predicate P(z),for any set x, then there exists a set y such that
the element of y is also the element of x and P(z) holds.

Vz)(Fz)(Vy)(z €y <> (z € z A P(2)))

ZF.6 Axiom of power set
For any set x, there exists a set y such that the element of y is subset of x.

Vz)(Fy)(V2)(z € y < (Vu)(u € 2z = u € 1))

2024/11/25
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) ZF Axiom System

ZF.7 Axiom of regularity (Axiom of foundation)

Every non-empty set  contains a member y such that x and y are disjoint
sets.

(Vz)(z# 2 = (Fy)(y ez A (yNz = 2))

ZF .8 Axiom of infinity

There exists a set containing all the natural numbers.(First infinite set.)

Ex)(@eczn(Vy)(ycxz— (yU{y}) € x))

2024/11/25
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) ZF Axiom System

ZF.9 Axiom of replacement (ZR/IBEIET)

For any predicate P(x,y), if for any = there exists a unique y such that
P(x,y) holds. Then for all set ¢ there exist a set s, such that the element
y in s is exact the the corresponding y(P(z,y)holds) of x in t.

(Vz)(Fy) (P(z,y) A (V2)(P(z,y) = 2 =y)) =
(Vt)(3s)(Vu)(u € s <> (F2)(z € t A P(z,u)))

y

ZF.10 Axiom of choice (&R ATE)

For any relation R, there exists a function F', such that F'is a subset of R
and the domain of F' and R are equal.

(V Relation R)(3 Function F)(F € R A dom(R) = dom(F))

2024/11/25
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Size of “The set of all computer programs”
and
Size of “The set of all problems to solve”



Cardinality of finite set

The cardinality of a set is the number of elements it contains.

If is a set, we denote its cardinality by writing or

Examples:

= =0

- 1723 = 1723 =2

— <157 = <157 =157

Only finite set’s cardinality is a specific number

2024/11/25 42



) Cardinality with Set Operation

1 2= 1+ o =2 1n >

| 1 U =] 2|+ 2/-| 10 2

2024/11/25
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) Cardinality of Union

2024/11/25

¢
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) Cardinality of Union

2024/11/25
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) Cardinality of Union

2024/11/25
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) Cardinality of Union

2024/11/25

47



) A Problem

* Question: Find the number of positive integers not exceeding 100
that are not divisible by 5 or 7.

2024/11/25
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) A Problem

* Question: Find the number of positive integers not exceeding 100
that are not divisible by 5 or 7.

d|n means that n is divisible by d

/ \
Universe = <100, 5= <100 5 , ;= <100 7

« Answer:

Numbers divisible by 5 or 7= 5 4

So V@SU(tS = — 5 7

2024/11/25
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) A Problem

* Question: Find the number of positive integers not exceeding 100
that are not divisible by 5 or 7.

. Answer: d|n means that n is divisible by d

/ \
Universe = <100, 5= <100 5 , ;= <100 7
Numbers divisible by 5 or 7= 5 4
So V@SU(tS = — 5 7
100 100 100
5 7 — 5 t 7—A5ﬂ 7 = 5+7 —5 7:20+14—2:32

So results = 100-32=68

2024/11/25



} Principle of Inclusion and Exclusion(&REIE)

1 2 = 1= < _ I=s< < ﬂA +
1< < < = N N + ...+ -1 1N 2N 3N..N
n= 1 2= 1% 27— 10 2
n=3: 1 2 3 —
1+ o2

1N 2N 3

2024/11/25 51



) Cardinality of Infinite Set

« What is the cardinality of infinite set?
« Can we simply define the cardinality of all infinite sets as co?

 Or are there infinite sets of different sizes?

2024/11/25
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HILBERT'S
HOTEL
NO VACANCY

1

® =

hooray!

HILBERT'S
HOTEL
YES VACANCY!

53



Cardinality of Infinite Set

 The cardinality of can’t be a natural number, since it’s infinitely large.
 Let'sdefine g =

— p is pronounced "aleph-zero”, "aleph-nought”, or "aleph-null” ([EI;£x3E)
 Now consider the set =

« Whatis ?lsithalfof 7

2024/11/25 o4



) Comparing Cardinalities

2024/11/25
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) Comparing Cardinalities

Forset A and B , A and B are equianumerous (&) if there is a
way to pair their elements off without leaving any elements uncovered,
marked as A =B . Otherwise marked as 74 =B .

2024/11/25 | 56



) Comparing Cardinalities

Forset and |, < if there is a way to pair their
elements off without leaving any elements of A uncovered.

2024/11/25
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) Comparing Cardinalities

and

IA

Forset and |, < if

Everything
has been
paired up,
and this
one s all
alone.

2024/11/25 | 58



)

and Non-negative Even Integer

2024/11/25
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and Non-negative Even Integer

)

8

-

o 1 2 3 4 5 o

— 3
<> 3
—
<
- 3
«—> ®
<> 0
<> ¢
«—> A
<> Q

60
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and

2024/11/25

c 1 2 3 4 5 o 7 8 49

4

-3

-2 -1 0 1 2 3 4
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and

2024/11/25

c 1 2 3 4 5 o 7 8 49

o 1 2 3 4

4 -3 -2 -1
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and

2024/11/25

-4

-3

-2

-1
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and

2024/11/25

-4

-3

-2

-1
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and

-

o 1 2 3 4 5 o

2 2 -3 3 -4 4 -5

-1 1

O

65
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and

8

-

o 1 2 3 4 5 o

1T TTTTTTl

c -1 1 -2 2 -3 3 -4 4 -5 .

66
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and

8

-

o 1 2 3 4 5 o

1T TTTTTTl

c -1 1 -2 2 -3 3 -4 4 -5 ..

]

[

67
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) Countable Set

« Asetis countable if the cardinality of which is smaller than or equal
to that of the set of all natural number.

— is countable if <
« All finite sets are countable.

 As = = ., and are also countable sets.

2024/11/25 68



Do all infinite sets have the same cardinality?



) Power Set

ZF.6 Axiom of power set(BEGLIE)

For any set x, there exists a set y such that the element of ¥ is subset of x.

(Vx)(Jy)(Vz)(z € y & Vu)(u € 2z — u € 1))

* Donate the power set of set as or 2

. = 123
— — ’1’2’3,1,2,1,3,2;3111213

 Forfinite set with = ,whatis ?

2024/11/25 70



Cardinality of Power Set

* For finite set with = , we can use a binary string of length to
represent its subset.

T 2 3 4 5 o6 .. n

c o 1 1 o 1 . 1
O means the subset 1 means the subset
doesn’t contain contains corvesponding
corresponding element

element

2024/11/25 71



Cardinality of Power Set

« Forfinite set with = , we can use a binary string of length to
represent its subset.

» Every binary string represent an unique subset
— Let = 1,234 ,then 0707 represents 2,4 and 00771 represents 3,4

 There are 2 different binary string of length n, so has 2 subsets.

e So =2 =2

2024/11/25 12



) Cardinality of Power Set

« As2 > forall positive integer , we can get
= 2 >
for all finite sets

e Does > for all infinite sets 7

2024/11/25
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) Power Set of Infinite Set

e For an infinite set = ., ..., we assume that =

* |t means we can pair up the elements of and the elements of
without leaving anything out.

2024/11/25
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) Power Set of Infinite Set

e For an infinite set = ., ... ,we assume that =

* |t means we can pair up the elements of and the elements of
without leaving anything out. /

subset of

2024/11/25
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) Power Set of Infinite Set

e For an infinite set = ., ..., we assume that =

* |t means we can pair up the elements of and the subset of
without leaving anything out.

What would that look like?

2024/11/25
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> {X0,X5,% 45}
> {X5,Xs,...}

> {X0,X1,X0,%5,... }
> {X1.%45...5
—{Xz,..}

> {Xp,X4:X 55 }

L —{.}

2024/11/25
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Xo X1 Xz Xz
> {X0,X5,% 45}
> {X5.Xs,...}
> {X0,X1,X0,%5,... }
> {X1.%45...5
—{Xz,..}
> {Xp,X4:X 55 }

L —{.}

2024/11/25

Xy Xs
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4—?{ XO Xz X4
— { X5 Xs
‘_’{ Xo, X2 Xs

A
x
(Y
x
A
U PR S R TP S ™ s

J 80
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Xo X1 X Xz X4 Xs

included and
what'’s excluded

4—’{ XO, XZ, X4.) veo }

4—?{ Xz Xs coo }

—{ X, X, Xs, o}

—{ X1 X4 -} Flip this set.

— { X, } Swap what'’s
o}

\N—rrd-dM—n mdndnMnMnM b 'bMn Mt b 0 bbb bbb b e bt 888 " b o 81
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Xo X1 X Xz X4 Xs

4—>{ XO, X 2, X4J
— { X5 Xs
-— { Xo, X2 Xs

Which element
is paired with
this set?

A
x
(Y
x
A
U PR S R TP S ™ s

\N—rrd-dM—n mdndnMnMnM b 'bMn Mt b 0 bbb bbb b e bt 888 " b o 82
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Xs
X, X5 Xu

X1

Xo

X4,
X2,
{

Xs,
Xz,

—
-

Xs,
X2,
— { Xo,

A
X
&
L —
L L —
L e
. —
—
—

g EEm Emm EE o EEm T O - e s o o o o
- s s o o .
e e L - e e e e e e .
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Xo X1 Xy X3

X4

(WP UL S VK R TP R L R SoE Ry WeE
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Xo X1 Xy X3

X4

3
-}
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Xo X1 X Xz X4 Xs

L N R S ™ Iy W)
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(WP I SN S UPR L R vl Ry WeE
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x
W
A
x
(Y
x
A
U PR S R P S ™ s
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Xo X1 X Xz X4 Xs

Xo +—>{ Xo, X2, Xa, -}

X1 4_’{ Xz Xs }

XZ <_>{ Xo Xo Xs coo }

x3 4—>{ Xl X4 . }

Xe +—{ X2, -} No element can
be paired with

Xs { % Xe, | Xs this set!!!

2024/11/25 \ / 89



) The Cantor’s Theorem

 |t'sobviousthat < as every elements of can construct a
subset of , it's easy to pair with without leaving any element
of .

« Andwe have = = from the diagonalization proof.

« So we have the Cantor’s Theorem: Every set is strictly smaller than
its power set:

[ < for any set ]

2024/11/25 90



) Infinite Cardinalities

« By Cantor’s Theorem:

ANNNMNNA

 Not all infinite sets have the same size!
« There is no biggest infinity!

« There are infinitely many infinities!

2024/11/25
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Size of “The set of all computer programs”
and
Size of “The set of all problems to solve”



) Strings and Programs

« The source code of a computer program is just a (long, structured,
well-commented) string of text.

« All programs are strings, but not all strings are necessarily programs.

2024/11/25 93



) Strings and Programs

« The source code of a computer program is just a (long, structured,
well-commented) string of text.

« All programs are strings, but not all strings are necessarily programs.

p 0':;{‘-([9{ . All possible
programs strings

|Programs| < |Strings|

2024/11/25 94



) Strings and Problems

« There is a connection between the number of sets of strings and the
number of problems to solve.

« Let S be any set of strings. This set S gives rise to a problem to solve:

Give a string , determine wether

2024/11/25 95



) Strings and Problems

« There is a connection between the number of sets of strings and the
number of problems to solve.

« Let S be any set of strings. This set S gives rise to a problem to solve:

Give a string , determine wether

Problems
formed
from sets
of strings

All possible
problems

|Set of Strings| < |Problems]|

2024/11/25 96



) Where We’re Going

« Astring is a sequence of characters.
— There are at most as many programs as there are strings.

— There are at least as many problems as there are sets of strings.

2024/11/25
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) Where We’re Going

« Astring is a sequence of characters.
— There are at most as many programs as there are strings.

— There are at least as many problems as there are sets of strings.

|Programsj| < |Strings|

2024/11/25
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) Where We’re Going

« Astring is a sequence of characters.
— There are at most as many programs as there are strings.

— There are at least as many problems as there are sets of strings.

|[Programs| < |Strings| |Set of strings| < |Problems|
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) Where We’re Going

« Astring is a sequence of characters.
— There are at most as many programs as there are strings.

— There are at least as many problems as there are sets of strings.

* From Cantor's Theorem, we know that there are more sets of
strings than strings

|Programs| < |Strings| < |Set of strings| < |Problems]

2024/11/25 100



Progmw\s|< | Problems|!!!
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) Frustrating Result

* There are more problems to solve than there are programs to solve
them.

— Some problems can not be solved by programs

« Using more advanced set theory, we can show that there are infinitely
more problems than solutions.

« |nfact, if you pick a totally random problem, the probability that you
can solve it is zero.®

2024/11/25 102



Size of “The set of all computer programs”
is strictly smaller than
Size of “The set of all problems to solve”
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Next

Capture the structure of a problem.

— Binary relations.

Other fundamental tools.

— Functions

2024/11/25 104



and

o 1 2 3 4 S5 o 7 8 49

/ numerator

R ; , =0

\ denominator
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)  and

o 1 2
numerator
\ ;

-2

(0 O
4 1 :L/-Z
/ 2 2/-2
contains all the > 3/-2
rational number 4 4/ -2

(may duplicated)

2024/11/25

4 S5 o

-1
o
1/-1
2/-1
3/-1
4/-1

1
O

1/1
2/1
3/1
4/1

2
o

1/2
2/2
3/2
4/2

-

3
O

1/3
2/3
3/3
4/3

q

... = denominator
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and
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A 0D » O

O
1/-2
2/-2
3/-2

4/-2

-1
O
1/-1
2/-1
3/-1

4/-1

1

O
1/1
2/1
3/1

4/1

2

O
1/2
2/2
3/2

1/2

3

o
1/3
2/3
3/3

4/3
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and
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A 0D » O

O
1/-2
2/-2
3/-2

4/-2

O
1/-1
2/-1
3/-1

4/-1

Oo
1/1
2/1
3/1

4/1

2

O
1/2
2/2
3/2

1/2

3

O
1/3
2/3
3/3

4/3
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and

2024/11/25

corvesponding
element in

element in
/

A 0D » O

—2 -1\1/2

o o 0o o
1/-2 1/-1  1/1  1/2
2/-2  2/-1 2/1 2/2
3/-2 3/-1 3/1 3/2

4/-2  4/-1 4/1 4/2

3

o
1/3
2/3
3/3

4/3

109



and
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A 0D » O

O
1/-2
2/-2
3/-2

4/-2

O
1/-1
2/-1
3/-1

4/-1

1 2
O, => ©
1/1  1/2
2/1 2/2
3/1  3/2
4/1  4/2

3

O
1/3
2/3
3/3

4/3

110



and

2024/11/25

O has been paired, skip

A 0D » O

-2
o
1/-2
2/-2
3/-2

4/-2

-1
O
1/-1
2/-1
3/-1

4/-1

1
Oo
1/1
2/1
3/1

4/1

/
2x// 3

=» O
1/2
2/2
3/2

1/2

o
1/3
2/3
3/3

4/3

111



and

2024/11/25

A 0D » O

O
1/-2
2/-2
3/-2

4/-2

O
1/-1
2/-1
3/-1

4/-1

1 2

O, => ©
1/1 1}21
2/1 2/2
3/1  3/2
4/1  4/2

3

O
1/3
2/3
3/3

4/3

112



and

2024/11/25

A W DM » O

O
1/-2
2/-2
3/-2

4/-2

O
1/-1
2/-1
3/-1

4/-1

1 2
O, => ©
1/1,% 1}21
2/1 2/2
3/1  3/2
4/1  4/2

3

O
1/3
2/3
3/3

4/3

113



and

2024/11/25

A W DM » O

1/-2
2/-2
3/-2

4/-2

-1

O

1/-1,+1/1,“1/2,

2/-1
3/-1

4/-1

1 2
O, = O
\
2/1  2/2
3/1 3/2
4/1 4/2

3

O
1/3
2/3
3/3

4/3

114



and

-2 -1 1 2 3
Op => O
o ? - ; O

1/-2 | 1/-1,+1/1,+1/2, 1/3
2/-2  2/-1 2/1 2/2 2/3

3/-2 3/-1 3/1 3/2 3/3

A W DM » O

4/-2  4/-1  4/1  4/2  4/3
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and

2024/11/25

A W DM » O

-2

-1

O = ?

1/-2
2/-2
3/-2

4/-2

1/-1,+1/1,“1/2,

2/-1
3/-1

4/-1

1 2
O, = O
\
2/1  2/2
3/1 3/2
4/1 4/2

3

O
1/3
2/3
3/3

4/3

116



and

2024/11/25

A W DM » O

-2

-1

T g

1/-2,
2/-2
3/-2

4/-2

1/-1,¢1/1,41/2,

2/-1
3/-1

4/-1

1 2
O, = O
\
2/1  2/2
3/1 3/2
4/1 4/2

3

o
1/3
2/3
3/3

4/3

117



and

2024/11/25

A W DM » O

-2

-1

T g

1/-2

* 4
2/-2
3/-2

4/-2

1/-1,¢1/1,41/2,

2/-1
3/-1

4/-1

1 2
O, = O
\
2/1  2/2
3/1 3/2
4/1 4/2

3

o
1/3
2/3
3/3

4/3

118



and

2024/11/25

A W DM » O

-2

-1

T g

1/-2
* 4

2/-2=>2/-1,

3/-2

4/-2

1/-1,¢1/1,41/2,

3/-1

4/-1

1 2
O, = O
\
2/1  2/2
3/1 3/2
4/1 4/2

3

o
1/3
2/3
3/3

4/3

119



and

A WD » O

We've paring and !!!

2024/11/25 120



and

o 1 2 3 4 S5 o 7 8 49
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