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122. 7T X LD R A E 1.2.2. Algorithm Description
PASCALBED FE=RTnS S35 EE PASCAL-like procedural programming language
H:2ERIRTEZON-EBARHMEZRED BRI Ex. Conversion from a binary natural number into an ordinary one.
1. prog TR(input x: string on Z): integer; 1. prog TR(input x: string on X): integer;
2. label LOOP; 2. label LOOP;
3. varn: num; c: string; 3. var n num; c: string;
4. %HEiITstringEBUIRE LTz &E (Estring on TREFEKRT 5. 4. % string implies a type of string on T".
5. begin 5. bcgm ]
6. if X# 0 Ahead(x) = 0 then LOOP: goto LOOP: end-if; 6.  if X#0Ahead(x)=0 then LOOP: goto LOOP: end-if;
7. Y2 ERIBTHVEDNANSNDEERIL—TIZAS. 7. %if non-binary expression is input then goto infinite loop
8. n:=0; 8. n:=0;
9. while x > e do % eldXZEFNERT EHN 9. while x > & do % ¢ is a constant for an empty string
10. c:=head(x); 10. c:=head(x);
11. if c=1 then n:=2*n+1 11. if c=1 then n:=2*n+1
12. else n:=2*n end-if; 12. else n:=2*n end-if;
13. x:=right(x) 13. x:=right(x)
14.  end-while; 14.  end-while;
15, halt(n) 15.  halt(n)
16. end. 16. end.
13/23 13/23
AREIE: Remarks:
- A AICEET BEMIFEL - description concerning input and output are omitted.
“TR: TAGSLE ( )ADNANEREZTORIEE, *TR: program name (input variable and its type declaration)
(OEASHDDE the type of output follows
*f TR: A S LTRAETET 5 (585 BEE «f TR: the (partial) function computed by the program TR
CEERTEERIL—T *normal termination and infinite loop
HADBFONDEDFhalt X TELFLET HEEDH. -Output is obtained only when it terminates correctly
FoNi > F a halt sentence.
-HADBBONGNES, TRV SLAFET HBHKIE by a hal
EIREEEALET. *When an output is obtained, the function value computed
f TR(001) = L by the program is considered as "undefined"
f TR(001) = L
- 14/23 14/23
EHOR Types of variables

BAKE: num#

XFHE: stringBd
j(—?—ﬁ'l’&%ﬁk?’%)"Xﬁ"&bfﬁéhéﬁﬂ%o, 1,2,...,a,b, ...
DEFET T 5.

XFHET—2OERER

head(X) X DREDIXF

right(X) X M2XFEISHEDERS

tail(x) X DREDIXF

left(x) X DEBEIORED2XFHETOHS
X#y x &y DERE

x<y RIMEBEOHEXIEFIZLDKR/ILE

T=12L, head(e)=right(¢)=tail(c)=left(e)= &

natural number type: type num
string type:
Let T be a set of all symbols 0, 1,2, ..., a, b, ... used in strings

Elementary operations on strings
head(x) the first letter of x

right(x)  the part of X after its first letter
tail(X) the last letter of x

left(x) the part of X before its last letter

X#y concatenation of X and y
X<y comparison based on lexicographic order with length
preferred

where, head(e)=right(e)=tail(e)=left(e)= ¢
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BABDIERTE Unary representation of a natural number
BHAHN > 0% n @iER3 natural number N->sequence of n Os
M. BA#Hno2ERSE  [41 100 [n7: binary representation [4-| = 100
n o BABnOUERE 1 00000 n : unary representation 4 =» 00000
2.2, —fEDXFHN (T LDFFH) B EDOFFI CREATEE. Ex. 2.2: Ordinary letters are also represented by binary strings
y p y binary string
e.g. SEVED2EF| THOIA—R{E(ASCIIaA—FK7EE) e.g. each letter is coded in 8 bits
B2 T RCOBER L B CEETES, Lemma 2.2. All structure types are represented by Z* type.
17/23 17/23
EHE2.3. bhﬁh@jﬂﬁ‘ﬁi“/ \‘EEEQE’{?@;:S‘@& Theorem 2.3. All the data types and elementary operations in our
%0)J:@EK&%ZIJIZ*@&%G)J:U)EKEEEH'C‘?é?ﬁ'c%é programming |anguage can be realized on X*.
FonbhOa—REE) _ . “Our encoding method”
[x1: 7_7_)( E%TZ*U)E(X_ED a—k) [x7]: an element of =* representing a data X (a code of x)
[w]: =0T wARLTNET—4 |w|: adata represented by an element w of Z*
Hl2.6. TOT 5L (BITA—FAYD) XFFIERZLTI—RE. Ex.2.6. Programs are also coded by considering them as strings
progA ... A =0111000 01110010 01101111 .... progA ... A =0111000 01110010 01101111 ....
begin p r 0. begin p r 0.
en’d. 01100101 01101110 00101110 ... Cn.d4 01100101 01101110 00101110 ...
e n d P, e n d We could usea
- N different coding
i?ﬁ';;tffré n, method, but ...
18/23 18/23
22, FTEDEARER [F—R 6l F055 L1 5BINEOERTERE 2.2.2. Elements for Control Mechanism
LWRRERDILTHRTBEMIET D
222 HEEED-ODEAER Lemma 2.4: A function (definition and call of function) can be
implemented by if and goto statements.
A4 BETOYSLERERLERFEUHL)IE, (Proof sketch)
FRTCifXEgotoXIZkH>TRIETES. flowchart - if statement and goto statement
(R&EE) recursive call > can be rewritten using a stack
JA—Fv—bk > if&gotoX
HREEFEVHL > R49vy9EHRNTESLET Lemma 2.5. All the control mechanisms can be realized by if and

goto statements.
HRE2.5. AR TOHIEEE LI EgotoXITH>TEIRTES.
Theorem 2.6. All the control structures can be realized by if and
EI2.6. TR TOHIEEE (i Ewhile X ICEH>TRIRTES. while statements.

(fBII=EDUNTEERR) (Proof based on examples)
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% xNO*MESNEHIESTHTOT S L % program to determine whether x is 0* or not
prog A(input x: X*): £*; prog A(input x: X*): £*;
label LOOP; var a: X*; label LOOP; var a: X*;
begin begin
LOOP: if x= ¢ then halt(1) end-if; LOOP: if x= ¢ then halt(1) end-if;
a:=head(x); x:=right(x); a:=head(x); x:=right(x);
if a=1 then halt(0) else goto LOOP end-if if a=1 then halt(0) else goto LOOP end-if
end. end.
NERDESICERTS. Convert it as follows.
(1) 7ATSLDRITIERONT R (1) Each line of a program is one of the followings:
(a) KA X &gotoXX (a) substitution, goto statement
(b) if Z* EDLEE then goto ... else goto ... end-if (b) if comparison on £* then goto ... else goto ... end-if
(c) halt (ZE#4) (c) halt(variable)
) TR SLEREDEITICIE, LIMDIAEY, L2, L3,...LIEIC (2) Each line in the program body is labeled as L1, L2, ...
SRNILIDFEINTLNS. (3) The line of the form (c) above appears only once in
(3) zF2L, DD TIETAT S LDOREZICTERLMAENT, the program and it is labeled as LO.
FNIELOETRNILFIFENTINS.
20/23 20/23

prog A(input x: X*): X*;
label LOOP; var a: X*;
begin
LOOP: if x= ¢ then halt(1) end-if;
a:=head(x); x:=right(x);
if a=1 then halt(0) else goto LOOP end-if
end.

prog B(mput x: Z¥): X%

label LO, L1, L2, L3, L4, L5, L6;

var a,c: X%

begin

L1:if x= ¢ then goto L5 else goto L2 end-if;
: ar=head(x); goto L3;

: x:=right(x); goto L4;

L4: 1f a=1 then goto L6 else goto L1 end-if;
T ——— ]
: halt(c)

prog A(input x: X*): X*;
label LOOP; var a: X*;
begin
LOOP: if x= ¢ then halt(1) end-if;
a:=head(x); x:=right(x);
if a=1 then halt(0) else goto LOOP end-if
end.

prog B(mput x: Z¥): X%

label LO, L1, L2, L3, L4, L5, L6;

var a,c: X%

begin

L1:if x= ¢ then goto L5 else goto L2 end-if;

L2: a:=head(x); goto L3;

: x:=right(x); goto L4;

L4: if a=1 then goto L6 else goto L1 end-if;

L5: c:=1; goto LO; ‘J
LO: halt(c)

21/23

prog C(input x: X*): X*;
var pc: num; a,c:x*;

begin
pe:=1;

prog B(input x: 2*): £*; while pc =0 do
label LO, L1, L2, L3, L4, L5, L6; case pe of
vara,c: X% ‘ 1: if x= ¢ then pc:=5 else pc:=2 end-if;
begin 2: a:=head(x); pc:=3;
L1: if x= & then goto L5 else goto L2 end-if: 3 x:=right(x); pe:=4;

: a:=head(x); goto L3; 4:if a=1 then pc:=6 else pc:=1 end-if;

: x:=right(x); goto L4; 5:c=1; pc:=0;

L4: ifa=1 then goto L6 else goto L1 end-if; 01 ¢:=0; pei=0;

: 1; goto LO; end-case;
: ¢:=0; goto LO; end-while;
LO: halt(c) halt(c) .
end. < end. T=12L, caseXI&
3 ERIZILifT D

goto Lk = pe:=k; HAEHETER.

21/23

prog C(input x: X*): £*;
var pc: num; a,c:x*;
begin
pe:=1;
while pc !=0 do
label LO, L1, L2, L3, L4, L5, L6; case pc of
var a,c: 2% ‘ 1: if x= & then pc:=5 else pc:=2 end-if;
begin -4
L1: if x= ¢ then goto L5 else goto L2 end-if;
L2: a:=head(x); goto L3;
L3: x:=right(x); goto L4;
L4: if a=1 then goto L6 else goto L1 end-if;

prog B(input x: X*): X*;

L5: ¢:=1; goto LO; cnd case;

L6: ¢:=0; goto LO; end-while;

LO: halt(c) halt(c)

end. 5 end Remark: case statement
]

is realized by combination

goto Lk 2 pe:=k; .
of if and goto
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22/23
B#InISL: FTOEROHTHERSNGTOYTL

FT—45E: T EOXFHIE (R, =8)
ERNEE: XFINEOEKXEH
T RAX, if(caseX), while3X, halt3X

EE2T. EARTNTSLLTNERBLARMTOY S AICEERZ
BIEMTES. LHOBRDEISHIZEERTOYSLIZEZZEED
prog 70455 L £(input ...) ;
var pce: 2% ... Z; ... 2% Y%epc DB IX B RS D2 R T

begin
pe=1;
while pc =0 do
case pc of
1: (%) &0 DRIF
2: (30) : - if B3 then pe:=k1 else pc:=k2 end-if
. - KA pei=k;
kK (D;  OuThn
end-case
end-while;
halt(c)
end.

22/23
Simple program: a program consisting only of the following elements.

data type: string type on £ (Z type, =* type)
elementary operations: elementary operations on strings
execution statements:  substitution, if (case), while, halt

Theorem 2.7 Any program can be rewritten into its equivalent
simple program of the following form:

prog Program name(input ...) ;
var pe: X% ... Z; ... X% % value of pc is a binary representation of an integer

begin
pe=1;
while pc =0 do
case pc of
1: (statement) ; €ach statement is one of the two:

2: (statement) ;  “if comparison then pc:=k1 else pc:=k2 end-if
. *substitution ; pc:=k;
k: (statement) ;
end-case
end-while;
halt(c)
end.

23/23 23/23
TR T RTHEE AR HIZHIL, Theorem2.8 For every computable function, there is a program in
TNEHETHZERTOTSLNEFET S. the standard form.
TOTSLAI ADEEEEZTHED. Consider a behavior of program counter.
BEAHEEI (TEFRROIR—D) Further constraints(refer to 101 page of the textbook)
[EX(EEAEHEFRTETTEDLOET “each statement must be implemented in constant time”
uu: TERDES, v, D EIDER u, u’: variables of X type, v,v’: variables of * type
cIBDEH, s: T EIDEH c: constant of X type, s: constant of X* type
(KA (Substitution)
(1) w:=c; (2) u:=u’; (1) u=c; 2) w=u’;
(3) w=head(v); (4) w:=tail(v); (3) w=head(v); (4) w:=tail(v);
(5) vi=s; =2 ? (5) vi=s; =3 ?
(7) vi=right(v); (8) vi=left(v); (7) vi=right(v); (8) vi=left(v);
9) vi=utv, (10) v:=v # u; 9) vi=uttv, (10) v:i=v # u;
(LB 32) (Comparison)
(11) u=c (12) v=s (11) u=c (12) v=s
1/19 1/19

2. FtERTREMEART

HELIEfFMN?
o [EHETEDICELIFAETELRLIZEDEN
> TEHEIOEKRERGIR)
> TRHETEQLICEDR. . M ARRESE)

2.1. feih A B R A R
I M 9 B $ R (recursive function theory)
@ “SHE" LMDV TOBHZE
@ FHETETHEME DA
Q@ HEFTMELEBDISADEENTHZE
@ tho¥FLOEENF

Chapter 2: Introduction to Computability

What “Computation” is...

» Difference between “computable” and “incomputable”
« Basic factor of a “computation” (Done)
«  Proof of “incomputable”...diagonalization (Today)

2.1. Studies on recursive functions
recursive function theory
(1) studies on what is "computation"
(2) proof of incomputability
(3) structural studies on a class of incomputable functions
(4) related mathematics fields
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2. EtETEREMEAPY Chapter 2: Introduction to Computability
= i oo (1) Studies on what is computation.
@ “-I-r%gi{j_fé\; + ;%LEIE—‘CE?’;%% ELNSH? "When do we call a function computable?*
) =2 EELIIFHMAIE i (recursive function) recersive ‘ﬁ.1]n>ction theory by Kleene
cF oV ISE Z o F 2 —1) 77 1 Hi(Turing machine) Turing machine theory by Turing
SRR k=T 1) i CHE A AR 2 > the whole set of recursive functions _ _
T =the whole set of functions computable by Turing machines
= 3 —_ =[] B .
EtHEIREMEDSER. . 7 —7 DIRIE (Church’s Thesis) Church's Thesis on the definition of “computability”
3/19 3/19

@ FHETATHEMED LA
SHEATREMOATIE TS S LEERIEEN
STERAREEDREATIE

EABTOTS LB NN EDFERA:

%1 4RE ] oo
RO T -

O FHERTRELERD IS X DEEM R
HLSITBLTRBIESNIISR
>HEERE

@ thOHFLOEER T
I SR IE S (mathematical logic)iE &

(2) Proof of incomputability
*Proof of computability is easy: just give a program

*to prove incomputability
must prove that no program exists. .,
proof tools: diagonalization e
recursive reducibility
(3) Structural studies on a class of incomputable functions
hierarchical class depending of hardness
structural studies

(4) Related mathematics fields
mathematical logic

213
2. FtEFIREEARS

2.4 HEFFHEMEDIEA L A RS
= 1E ARE (2 R M HI FE R RR)
AB: TATSLAEETNADASN X
HJ: ANXEEZTETSEHE(WDOMNR)EFIETEM?

CCTRIAATOISLDELFBEOHFEZSD, 2D
ﬁ%é%khw%ﬁr:#ﬁ%ﬁ?é:aﬁrﬁ&‘

CEB)IDY LB EITa—F1ETTEE.
DFY, AL X B EDXFIEEZDHENTES.

Chapter 2: Introduction to Computability i

2.4. Incomputability Proof and Diagonalization
Halting Problem (Problem of deciding whether it halts)
Input: a program A and an input X to it.
Output: Whether does it stop if X is given to A?

Here we only consider the problem only for one-input programs,
but we can generalize the argument into the cases of multiple

inputs. ‘

(Remark) Programs are also encoded into strings on =*:
That is, A and X are also considered as strings on X*.
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FKa,xex [ZHL, fora,xey’
IsProgram(a) IsProgram(a)
& [aAlXIADDSCEMIZIELLMEERTOS S LDI—F] < [ais a one-input grammatically correct standard program]
eval(a, X) eval(a, x)
_ {f_a(x), IsProgram(@)D &, _ { f a(x), if IsProgram(a),
~ 1o, TOMDEE. Lo,

otherwise.
fax):a—K adhRITAYSLIZAA xEMRIzEZD f a(x): output value when an input x is given to the program
HADIE. (F ax)ILER5 BEE) represented by the code a
TEH2.16: IsProgram & eval (T 055 L TR AL

Theorem2.16: IsProgram and eval are computable (programmable).
IsProgram : 32784 5(lint)

IsProgram : compiler(lint program)
eval(@, x) : I—F aRTTAYSLIZxEAALIEED eval(a, X) : it suffices to simulate the behavior of the program for|
EfTEVIalb—hFnIE&L. a code a with an input X, i.e. interpreter or emulator
2FY, A/VF—T)A. (T2aL—4H)
refer to Section 4.3 for detail
FEML4. 350
6/13 6/13

BEHaltD e Definition of a predicate Halt

Baxes 4L — for axeT

Halt(a, X) Halt(a, X)

& [IsProgram(@) » [AJI x IZxL | a | [(FFLTS. ]] & [IsProgram(a) [ | a |stops for an input x]]
F2.1 W—TEEATOWTHEILEEZHBEICHETESHE. Ex.2.1 Halting is sometimes easily checked even with loops

prog B(input w: £*): Boolean; prog B(input w: £*): Boolean;

label LOOP; label LOOP;
begin EBROTOYS LI be'gin Assume that the program is written

if w# & then LOOP: goto LOOP ZBEBTHINTNSERE if W & then LOOP: goto LOOP in the standard form

else halt(0) end-if else halt(0) end-if
end. end.
“Halt[ BT, ¢): ARl LTOS S A B (LELE. “Halt([ B], €): program B stops for an input €
-EED XeX*-{g}ITRL, —Hal([B], x) * —Halt([B], x) forany XeX*-{¢}
Thus, we can easily check whether B halts or not.
GERE) eval([B],e)=0 ZH, X# ¢ ITHLTIE (Remark) eval([B],e)=0 but, for X # &
eval([ B],x) =L (REH) eval([B],x)=L (undefined)

7113 7113
- Theorem 2.17: Halt is incomputable.
EHE2.17 HaltlEEHE R a8k P
(RIEBA)

(Proof)

N <= N - By contradiction: Assume that Halt is computable.
HEK  Halth S E AT LR EL TFEREL ot oo ) o

= e = o < putable=» There is a program H to compute Halt.
Halth st E AT gD HaltZ 5 H T 2T05 S LHNEFET 5. Using the H, we obtain the following program X.
ZOHEAWT, ROESHBTOT S LXEMHS. e
prog X(input w: £*): £*; label LOOP; ’
label LOOP; ERICIFIZERTEINTVDERE. begin Assume that it is written in the standard form
begln if H (w, w) then LOOP: goto LOOP

if H (w, w) then LOOP: goto LOOP
else halt(0) end-if

else halt(0) end-if
end.
end.

TRTSLWITWEAALIzEEFIETENESHE

Using the function H we check whether the program (w]stops
TRy S LHEFURELTHEL, for an input w. If the answer is “HALT” then the program X
Z5 true BSERIL—FIZAY, enters infinite loop, and if it is “DO NOT HALT” then it stops.
Ehi false HH0EHALTRLET S, &V5TRTSL

H:7O4'S .4, Halt:ihsE H:program or function, Halt:predicate
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x=IXTeL, x & Xw)

Ja55LXI=AH TS AW [SWEANLIESELET B
s = - ESHETOYSLHEFSHLTHEL,

() W—FIZADTLED, or | %t true LOERIL—TI=AY,

(ii) 02 AL TELE. &' false FH0ZH AL TELET S

() ZRETDE...
- TATSLMNIL—TIZABMD, H(x,, X, )=true
- DFEY X(x) [FFLET B REICFE

(i) ZRET D&
- TOTSLMBET T EMB, H(x, x)=false
s DFEY X(x) [FLELGL: REICFE

. 8/13
Letx,= (X—| and input X; to the program X

(i) enters an infinite loop, or
(ii) stops normally with the output 0.
Case (i)
+Since it enters infinite loop, —Halt(x,, X; )
-at the if statement in the program X we have H (x, , X, )=false
So, halt(0) is executed (normal termination) : contradiction
Case (ii)
+Since it stops, Halt(x,, x,) is true.
-at the if statement in the program X we have H (x,, X,)=true
So, it enters an infinite loop: contradiction

In either case we have a contradiction.

) E{G)i%‘é‘%%f%ﬁ 552’5 °o _ That is, the assumption that “Halt is computable” is wrong.
L=t > Tl HaltiEEH ERTRE 1 ELVSIRFE (LFRY. End of proof
FEBA#R P
RS HingS A . - e
Halt: b8 H:program or function, Halt:predicate
= 9/13 - N — 9/13
EHE2.18 ROMEHK diag (EEHEAATHE Theorem 2.18 The following function diag is incomputable.
diag(a) =f a(a) # 0, Halt(a, a)D&E diag(a) E f a(a) #0, if Halt(a, a)
=g, Z0HDEE g, otherwise
RIEEA: Proof:
FHEAIEEL (15180 BB EARDEREF T 5. Let F, be a set of all computable functions (with one argument) .
TOTSLOA—RES DFTEMND, Since a code of a program is an element of X*,
SCGEMICEELWT RS S LOI—R"#INSVMEICa, 8y, ... , 8, .. we can enumerate all grammatically correct program codes
EWBRBIEMNTED. (RSBEDHEXIER) a,, @y, ... , 8 ... in the psuedo-lexicographical order.
F,OBE#LEf a,fa, ..., fa,. LHREIENTES. We can also enumerate all the functions of F,.f_a,, f_a,, ..., f_a,...
a8y, 8y, .. 5 Ay a5, 85,8y ..., 48
diag(a)DIE values of f_g; values of diag(ai)
diag(a) =w#0, f_a (a)DIEWHREER LTHEE diag(a;) = W#0, if the value w of (f_a;, @; ) is not undefined | .
€, ZTODEE g,  otherwise
- 10113 10113
diagl&& Df_a b R4 5. diag is different from any f_a;.
B diag)& f_a0l&, SMAROATRTELS. Why: diag() is different from f_a;() at its diagonal position.
o diag(a;) = f _a,(a;) diag(a;) = f _a,(a;)
diag ¢ F, (two functions f,() and f,() are different if
. - " a there exists an input x such that f,(x) #,(x).
%Y, BHdiag FEHEAHTHL. di - P 100 4,09,
‘o REZES fag €
That is, the function diag is not computable.
End of proof
°e
xt FRRERE -

HOEIERNEBESICEESBVEEZRT=ODHE.
HOLEBDES G NEADIILE, ZOREIZESHEN
B g ZBMI A EESA TS,

SOLTHELZ g [F. /BRI A DRICELGSH.
BHEE G ITIXBEHLY,

Diagonalization
Given a set G of functions, construct a function g which does
not belong to G.
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PopEot b

AIFESERRE: BRAREAOEELOMICIHIMELHEIEEDIL.
AHES - ARFBAERRTHIEANL.
DFY, 1DFOBEREMYHLTET, bhAKEZTLEALNZLD

Bl EDBREARDESEFTEERTHS.
BARLEARDOEENDER i & EOEXR 2 &#0ETH IR IENHS.
Bl2. BHLEROEEZITTHERTHS.
IRIRIENHD. £, 2={0, 1,-1,2,-2,3,-3, ..} LFIFETES.
BI3. EEHLAROESIAEERTHD. (HEM?)

| B ZRLOEARIITRHTHS. |

11/13
Diagonalization

Enumerable infinite set: a set with one-to-one correspondence with the set of
all natural numbers
Enumerable set: finite or enumerable infinite set.
that is, a set whose elements are enumerable one by one.

Ex.1. The set E of all even positive integers is enumerable infinite.
one-to-one correspondence between an element i of the set of all natural
numbers and an element 2i of the set E

Ex.2. The set Z of all integers is enumerable infinite.

We can enumerate them as Z={0, 1, -1, 2,-2, 3, -3, ...}.
Ex.3. The set R of all rational numbers is enumerable infinite. (Why?)

Theorem: The set R of all real numbers is not enumerable. |

(22 ZMEROEERZETRTHS. | 1213

OLLEIRFEDRBEEDERSHFAH THAZ LA BIRMETIERT 5.
AHTHLHERET DL, TRTHDEREEEAIRDIENTES:

Theorem: The set R of all real numbers is not enumerable. 1213

Using the diagonalization we prove that the set S of all real numbers between 0
and 1 is not enumerable. By contradiction, we assume that it is enumerable:

0.2,,8,,8,5... 0.2,,8,,8,5...
0.85,8y8;... 0.2,,a;,25... 0.85,8y8;... %2‘1?22‘3“
0.a5,a3, a;3... 0.2.8.. 2, 0.a5,a5, ;3. 22
; > -y s o3 > > 0.85,83, 35...
0.84,84> 843 0.8.80a 0.84,84> 843 31732733
o -d3 s A3z o 0.84,84,8y3..
0.8,,84,83---
0.88,8... T=1ZL, a; €{0,1, 0.8 a
EOBUTHEAREIZHHMIER L %ﬁr_nwﬂma 0.8, 840 B A 0.8a0 8. where ;< {0, 1,..., 9} BB By
x=0.b,b,b;... Define a new real number x by collecting those digits in the diagonal
#1€%. CCT, x=0.b,b,b;...
if ay=1 then b, =2 else b=1 where by is defined by
ELTHEEDS. if ay=1 then b, =2 else b=1
COESIELN-FEB/NIIBASAIZOL I DR DEHRTHS.
L, EYADS, EICHIFELIZEDERELF LGV HARDAT The number X defined above is obviously between 0 and 1, but it is different
DI RED). from any number listed above since it is different at its diagonal position.
DFY, XITSIZEBSHRNIEIZHY, FETHS. That is, x does not belong to S, which is a contradiction.
LI=hoT, SHAIETHBEVSREICRYL HB. Therefore, our assumption that S is enumerable is wrong.
13/13 13/13

$12.17 Hat DFH E AR FTREM D EEBAD F TRV =TAI S LX
prog X(input w: £*): £*;
label LOOP;
begin
if H (w, w) then LOOP: goto LOOP
else halt(0) end-if

end.
f X: TOTSLXAEFHEST D%
fa()=Ln&&, —Hala, a)
~ f X(a)=0
fa(a)=Lm»L%, Halia, a)
- f X(a) =L

2FY, f X=f_a &t df gl
u+§_I‘H‘EQEEI§&0)$6‘F10)¢I FELEL.

* 705 LOERISATHERIZA. R OERIZIEATHEER

Ex.2.17 Program X used in the proof of incomputability of Halt
prog X(input w: £*): £*;
label LOOP;
begin
if H (w, w) then LOOP: goto LOOP
else halt(0) end-if
end.

f X: function computed by the program X
iff _a(a)=L then —Halt(a;, &)

~f_X@)=0
iff _a,(a)#L then, Halt(a, &)
~f X(g) =1

That is, there is no function f_a; in the set #; of functions
such that f_X=f_a;.

% The number of programs is enumerable, while the number
of functions is not.




