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1.2.2. 7ILIYRX LD R A E 1.2.2. Algorithm Description
PASCALED FHERTOI/ SIS EE PASCAL-like procedural programming language
B 2RIV TEZONT-BRBZEEDERM-THR Ex. Conversion from a binary natural number into an ordinary one.
1. prog TR(input x: string on X): integer; 1. prog TR(input x: string on X): integer;
2. label LOOP; 2. label LOOP;
3. var n: num; c: string; 3. var n: num; c:'string; _
4. %E(stringEBUETE L f=&F (Estring on TELIZRRRT 5. 4. l“f)syrlng implies a type of string on T
5. begin 5. egin )
6. if X # 0 A head(x) = 0 then LOOP: goto LOOP: end-if; 6. if x#0Ahead(x) =0 then LOOP: goto LOOP: end-if;
7 %2 ERIDTHENVEDNANINSEEBIL—TIZAS. 7. %if non-binary expression is input then goto infinite loop
8. n:=0; 8. n:=0;
9. whilex > e do % eldZEF 2R T EH 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.
13/14 13/14
AEEIE: Remarks:

- A AT BEEd T L.
TR TATSLE ( )RSANERETORIEE,
(DEASHADE

£ TR: AT S LTRIGET 5 (#85) A%

CEERTEERL—T
SHANFLNDDFhalt X TELFIL T HEEDH.
HANBLNENES, TRTSLAHET SEBIE
FREZREALT.

f TR(001) = L

~description concerning input and output are omitted.
+TR: program name (input variable and its type declaration)
the type of output follows

«f_TR: the (partial) function computed by the program TR
~normal termination and infinite loop

-Output is obtained only when it terminates correctly

by a halt sentence.
*When an output is obtained, the function value computed
by the program is considered as "undefined"
f TR(OO1) = L
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EHOR
BAHE: numEY
X8 string®Y
XFHEEET HXF ELTHENDEESO0,1,2, ... ,a,b, ...
DERET £T5.

XFHET—ADEKEE

head(x) x DHRHDIXF

right(x) x M2XFEMSEDEHS

tail(x) x DRFEDIXF

left(x) X DEBBNORED2XFEETOES
X#y x &y DEHE

x<y RIBEEOHEXIEFICEDIR/NMEE

F=12L. head(e)=right(c)=tail(e)=left(e)= &
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Types of variables

natural number type: type num
string type:
Let I' 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(g)=right(e)=tail(e)=left(c)= ¢
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2. FHERIREMEARM

FHEEEEMN?
o TEHETEDICELIFHETERNICEDEN
> THEIOEFER(SE)
> TEHETELGLCEDGEE. . R ABRREKRE)

2.1. IR AORE SRRt e
IR RO BE SR (recursive function theory)
@ “SHE LMDV TOHZE
@ FHEF AR OIS
@ HEFRABELEROISADEENHR
@ thoHFLEOEES T
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2. FrETRIEEME A
@ FHELIFAMNDNTDIHZE
MalZ 4> TRt E A e R E LN 5D 2 )

V) —FHEELI-IFHAHIEIEL (recursive function)
Fa—)TMNEZ-F 2—1) T H#A(Turing machine)

D FMHEREAR=T 1) T THER RGBSR
JmC

EEMEEH O EE. .. Fr—F DIZIE (Church’s Thesis)
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@ FHET IR DA
EHEATREE OB TEE IO S LEENRIE LN
ETEARAREE DA TIE

EARTOTF LN EDFEA:

%t A #REm % 0..

iFfh IR TTiE

@ FHEFARELGEMD IS ADEEHHFR
#LSISISCTHEIESN=O5R
SHEIEHMHR

@ thDHFEDEENFH
3B 5HIE % (mathematical logic)%i&
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Chapter 2: Introduction to Computability
What “Computation” is...
« Difference between “computable” and “incomputable”
« Basic factor of a “computation” (Today)
« Proof of “incomputable”...diagonalization (Next)
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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Chapter 2: Introduction to Computability

(1) Studies on what is computation.
"When do we call a function computable?*

-recursive function theory by Kleene
= Turing machine theory by Turing

=>the whole set of recursive functions
=the whole set of functions computable by Turing machines

Church's Thesis on the definition of “computability”

3/19
(2) Proof of incomputability

+Proof of computability is easy: just give a program

~to prove incomputability
must prove that no program exists... o _
proof tools: diagonalization <
recursive reducucibility
(3) Structural studies on a class of incomputable functions
hierarchical class depending of hardness
->structural studies

(4) Related mathematics fields
mathematical logic
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22 EHHOEARER [F—4 1017055 A 128N EOERETEE
L RRERBLTHERETRMIET S
221 T—ARBDIODELRER
T—ARBEDEOIZIEFHELZTTHS.
BERLEESD,
FTRTOT—EE)F L (={0,1}) LDOXFFIE TR ATTRE

HRE2L T A TORRT AR I HEBER TERTES.
BRAKE BHE EHE REEY, XFIE
2.1 BAK>2EHKRRE(ZE)

EHEE: varnm: num; > var n_s, m_s: *;
HigL: n:=m*4+n;=»n_s := plus(mult(m_s, 100), n_s);

BRABOERNEE (NERRR, K/ IS
5T ST L TORBABE.

4/19
2.2. Elements of Computation

String data type suffices to represent data. All data types can
including structured type be represented by strings on X .

Lemma 2.1: All elementary data types can be represented by
X*types and structured type.

types for natural numbers, integers, reals, truth values, strings

Ex. 2.1: Natural number->binary representation ( Z*type)
declaration: var n,m: num; =» var n_s, m_s: &%
expressions: n:=m*4+n;=»n_s := plus(mult(m_s, 100), n_s);
functions on Z* are required for elementary operations
on natural numbers (plus, minus, multiply, divide, compare)

prog plus(input x, y: *): *; o
var a,b,c,d,z: 2% c¥vl—, d: M
begin
c:=0; z:=¢;
while x = ¢ v y # & do
if x# ¢ then a:=tail(x); x:=left(x) else a:=0 end-if;
if y # ¢ then b:=tail(y); y:=left(y) else b:=0 end-if;
case (a,b,c) of
=1; d:=1;
(0,0,0): c¢:=0; d:=0;
(0,1,1), (1,0,2), (1,1,0): c:=1; d:=0;
(0,0,1), (0,1,0), (1,0,0): c¢:=0; d:=1;
end-case;
z=d#z BAMBEEOTADHIE
end-while; EZZ1LN.
if c=1then z:=1#z;
halt(z);
end.
6/19
BRBDIERE
BHR#n > 0&F n@AiR3

n]: BSH%no2ERE (4] 100
noo BREnOUgERST 7 00000

Fl2.2. —fEOXFH T LOXFINE L LOXFHTRRAEE.
e.g. 8E YD 2EFI THIA—FIL(ASCIIa—KAE)

Sright)Z #8435 T 0455 L right_str

prog right_str(input x: £*): £*

var y: 2%

begin
yi=right(x); y:=right(y); y:=right(y); y:=right(y);
yi=right(y); y:=right(y); y:=right(y); y:=right(y);
halt(y)

end.
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prog plus(input x, y: *): %
varab,c,d,z: £*; c:carry, d:sum
begin
c:=0; z:=¢;
while x # ¢ v y = & do
if x#¢ then a:=tail(x); x:=left(x) else a:=0 end-if;
if y# ¢ then b:=tail(y); y:=left(y) else b:=0 end-if;
case (a,b,c) of
(1,1,1): c:=1; d:=1;
(0,0,0): c¢:=0; d:=0;
(0,1,1), (1,0,1), (1,1,0): c:=1; d:=0;
(0,0,1), (0,1,0), (1,0,0): c:=0; d:=1;
end-case;
z=d#z; No negative numbers are considered
end-while; since we only deal with natural
ifc=1thenz:=1#z; numbers
halt(z);
end.
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Unary representation of a natural number
natural number n->sequence of n Os
[n]: binary representation 141 100

n : unary representation 4 =» 00000

Ex. 2.2: Ordinary letters are also represented by binary strings
e.g. each letter is coded in 8 bits

=>we need a function right_str() to simulate right()

prog right_str(input x: £*): %

vary: 2%

begin
yi=right(x); y:=right(y); y:=right(y); y:=right(y);
y=right(y); y:=right(y); y:=right(y); y:=right(y);
halt(y)

end.




2.3, IS S RICHEER (EHEEHS)
var n_s: record sign: £ % n DS (8 =0, E=1)
abs: T* % n DEXHED2EH R
end-record;

La—F#, GBIIE, RAUARGEOEER LR TRITATEE

HRE22. TR TOEER (E B TRATES.

EF: TARTOHWA(FE1E)

(011, 101)=»100 000 111 111 010 111 000 111 001
(011, 10 1)

<011, 101>: (011, 101)% &L T3 LD XFF, DEY
<011, 101> = 100000111111010111000111001

7119

7119
Ex.2.3: integer-> X* type and structure type
(absolute value and sign)
var n_s: record sign: £ % sign of n(negative=0, positive=1)
abs: X* % binary representation of the absolute of n
end-record;

Structure types such as record type, array type and pointer type are
represented by Z* type.

Lemma 2.2. All structure types are represented by Z* type.

(011, 101)<100 000 111 111 010 111 000 111 001
(011, 10 1)

<011, 101>: the above string representing (011, 101), that is,
<011, 101> =100000111111010111000111001

NER > &35 9 B2 E DR DB EEIRITE 5.
EiR, ROBBEFHETETOTSLLFET 2.

%ab,ce XZHL,

pair(a, b)=<a,b>

1st(c) = x, Ax,y[c=pair(x,y)]D &,
=2, ZDDEE.

2nd(c) =y, Ax,y[c=pair(x,y)]|DEE,
=2, ZDhDLE.

a=011, b=101D & Z,
pair(a,b) = <a,b> = <011, 101>
=100000 111 111 010111 000 111 001
¢=100000111111 010111000 111 001D &=,
1st(c)=011, 2nd(c)=101

EROEZAHIT=DH, MO, ... ICEHEIRETEE
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FHRADGEHA: EBIIBERTRETLIAE
8512, array ... of TR FEZNILKRLY.

512.4. =8 v DE pvarray[3.7] of S BIFE o= LT, CHEHE
SHEIDEH vV s TRATEHEEEZS.

3 456 7
v SEDIDTELDEINDXFI v_s

3 456 7 _
v s=<1,00,1,¢, 1>
v  §=<1,00, 1, ¢,
[Tl 4T el 1] 355 111 010000 000 010 111 010 010 111 001

prog ...

prog ... var v_s, tmp: ; < e e e>
var v: array[3..7] of *; begin —F #
begin v_s:=create(7-3+1); ECFIDAIRHE

tmp:=get(v_s, 6-3+1);
tmp:=tmp # 000;
end. V_s:=put(v_s, 4-3+1, tmp);

VI4] := v[6] # 000;

end.

9/19
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Conversion between ordered pairs and corresponding binary
sequences is easy.
In fact, there is a program computing the following function.
foreacha,b,c e =*
pair(a, b) =<a,b>
1st(c) = x, if Ix,y[c=pair(x,y)],
= ?, otherwise.
2nd(c) =y, if Ixy[c=pair(x,y)],
=7, otherwise.
(the symbol ? is returned for type error)
for a=011, b=101,
pair(a,b) = <a,b> = <011, 101>
=100000 111111010 111 000 111 001
for ¢=100000 111 111 010 111 000 111 001,
1st(c)=011, 2nd(c)=101
The above idea can be extended into triples, four tuples, etc.
9/19

Proof of the lemma: realizing an array by a Z*type variable
It suffices to consider an array ... of 2.
Ex.2.4: Suppose a variable v is of type array[3..7] of £*. How to
represent this variable by a variable v_s of type X*.

3 456 7 . .
v T T T T[] arrayof5elementsinZ*astringv_s

3 45 6 7 _
v_s=<1,00,1,¢, 1>
v [1]ool 1] o[ 4] =100 111 010 000 000 010 111 010 010 111 001

prog ...
prog ... var v_s, tmp: ; <e e ce>
var v: array[3..7] of £*; begin —___“itialization of an
begin v_s:=create(7-3+1); array

\,'[4] := v[6] # 000; tmp:=get(v_s, 6-3+1);

. tmp:=tmp # 000;

end. V_s:=put(v_s, 4-3+1, tmp);

end.
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TH2.3. bhbhhDdTOT ST EENTRTOT—4E L
ZTOLOERBHEESREZD LOEKNBEL T TRRTES.
ThhbhOa—R{EE]
[x]: F—AxERTTOT(X DI—F)
w]: =0T wHARLTLST—4

B12.5. B, XF5, BHGEDI—FEEIEFHRDEY.
BEDEMAE, HDUEBooleanE! DT —RIFTRDLSI2a—F1it

3.
[true]=1, [false]=0
FI2.6. 70T S LEITI—FAYD) XFFIERELTI—FiE.

progA.. A =0111000 01110010 01101111...
begin p r 0. FHoLHELPT LY
. a—FiEdH A,
end. 01100101 01101110 00101110.. HEIEIAT.
e n d
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22.FHEOERER [F—20 7055 L 15 RINEOERTEE
HRERBCETHRERSMLT S

222 HEHEEO-ODERER

W24 BTV S L(BEHBERLBHETUEL)E,
FARTifXEgotoXIZ&H>TERETES.
(R&EE)
J0—Fy—k > ifX&gotoX
BIREVHL > R4vIERNTESLET

#HRE2.5. TR TOHIEHEE LifX EgotoX ITL > TEETES.

FEH2.6. T RTOHEEE LI EWhileXIZEH>TERTES.
(BUZEDNTEEHA)
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Theorem 2.3. All the data types and elementary operations in our
programming language can be realized on Z*.

“Our encoding method”
[x7]: anelement of £* representing a data x (a code of x)
|w|: adatarepresented by an element w of X*

Ex.2.5. Natural numbers, strings, integers are coded as before
Truth value of a predicate or data of Boolean type are coded:

[true]=1, [false]=0
Ex.2.6. Programs are also coded by considering them as strings

prog A ... A =0111000 01110010 01101111 ....
begin p r 0...
: We could use a
end. 01100101 01101110 00101110 .. iferent coding
€ n d method, but ...
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2.2.2. Elements for Control Mechanism

Lemma 2.4: A function (definition and call of function) can be
implemented by if and goto statements.
(Proof sketch)

flowchart -> if statement and goto statement

recursive call -> can be rewritten using a stack

Lemma 2.5. All the control mechanisms can be realized by if and
goto statements.

Theorem 2.6. All the control structures can be realized by if and
while statements.
(Proof based on examples)
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% XDOMEIHNEHETHTAT 5L
prog A(input x: £*): £*;
label LOOP; var a: %
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.
NERDEIIZERTS.
(1) TRITFLOETIFROVT .
(a) fE A3 &gotoX
(b) if Z*EMLLEL then goto ... else goto ... end-if
(c) halt(Z=%k)
(2) 7ATSLKREDEATIZIE, LIADIAEY, L2, L3,...&IEIC
FRLDIFEN TS,
() f=F2L, OO TIFTRY S LORZEICTERLMAENT,
ZFRIELOESAILFIFEINTINS.

12/19

% program to determine whether x is 0* or not
prog A(input 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.

Convert it as follows.
(1) Each line of a program is one of the followings:
() substitution, goto statement
(b) if comparison on X* then goto ... else goto ... end-if
(c) halt(variable)
(2) Each line in the program body is labeled as L1, L2, ...
(3) The line of the form (c) above appears only once in
the program and it is labeled as LO.
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prog A(input x: £*): £*;
label LOOP; var a: =*;
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(lnputx )z

label LO, L1, L2, L3, L4, L5, L6;
var a,c: £*;

begin

L1: if x= ¢ then goto L5 else goto L2 end
. a:=head(x); goto L3;
ight(x); goto L4;

L4: if a=1 then goto L6 else goto L1 end-if;
L5 c21, goto L0 ] @harofERE |
LO: halt(c)
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prog A(input x: £*): £*;
label LOOP; var a: =%;
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%): 27

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

var a,c: £*;

begin

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;

L5: 021, goto L0 0 T @ setvalues of halt |
LO: halt(c)

end.
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prog C(input x: £°): £*;
var pc: num; a,c:z*;
begin
pc:=1;
prog B(input x: £°): £*; while pc 1= 0 do

label LO, L1, L2, L3, L4, L5, L6; case pc of
var a,c: £*; ‘ 1: if x= ¢ then pc:=5 else pc:=2 end-if;
begin 2: a:=head(x); pc:
L1: if x= & then goto L5 else goto L2 end-if; 3 X:=right(x); pc: =4
L2: a:=head(x); goto L3; |f a=1 then pc:=6 else pc:=1 end-if;
: X:=right(x); goto L4; : ¢:=1; pc:=0;

L4: if a=1 then goto L6 else goto L1 end-if; 6 ¢:=0; pc:=

end.
14/19

prog C(input x: £*): %

var pc: num; a,c:%;

begin

pc:=1;

prog B(input x: £°): £7; while pc =0 do
label LO, L1, L2, L3, L4, L5, L6; case pc of
var a,c: =% - 1: if x= ¢ then pc:=5 else pc:=2 end-if;
begin 2: a:=head(x); pc:

L1: if x= & then goto L5 else goto L2 end-if; 3 X:=right(x); pc: =4

L2: a:=head(x); goto L3; 4: if a=1 then pc:=6 else pc:=1 end-if;
: x:=right(x); goto L4; 5: ¢:=1; pc:=0;

L4: if a=1 then goto L6 else goto L1 end-if,  6: ¢:=0; pc:=0;

: ¢:=1; goto LO; end-case;

 ¢:=0: goto L0 end-while;
LO: halt(c) halt(c)
end. end- Remark: case statement

)
2 . - o
oto Lk & pe:=k: is realized by combination
9 P of if and goto

: ¢:=1; goto LO; end-case;
L6: c:=0; goto LO; ’ ﬁnldtiv;h"e;
LO: halt alt(c
end. e end. f=1ZL, caseX (&
< S HNE )
goto Lk > p ArehETER.
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case pc of
1: if x= ¢ then pc:=5 else pc:=2 end-if;
2: a:=head(x); pc:=3;

if pc=1 then

if x= ¢ then pc:=5 else pc:=2 end-if;
else if pc=2 then

a:=head(x); pc:=3;
end-if;
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case pc of
1: if x= ¢ then pc:=5 else pc:=2 end-if;
2: ar=head(x); pc:=3;

if pc=1 then

if x= ¢ then pc:=5 else pc:=2 end-if;
else if pc=2 then

a:=head(x); pc:=3;
end-if;
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BHTRTSAL: TOEROATHERSNDTOTS LA

T—HE: StOXFHE(CH, »E)
EXREE: XFIROEKRER
AN RAX, ifX(caseX), while3X, haltxX

EH2.7. EARTOTSLEZNERELABMTOY T LICEHRZ
BIENTED. LMERDESHIZEERTOTSLICEEEED
prog 78455 L4 (input ...) ;
var pc: £°; ... 2; ... 2% %pcD B X B A D2 R 5T

begin
pc:=1;
while pc != 0 do
case pc of
1 (X): % (X) DRI
2 () +if LB then pei=k1 else pc:=k2 end-if
. - RAX ;pei=k;
k: (30); oLFhh
end-case
end-while;
halt(c)
end.
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Simple program: a program consisting only of the following elements.

data type: string type on £ (X 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 pc: % ... Z; ... £*; % value of pc is a binary representation of an integer

begin
pc:=1;
while pc != 0 do
case pc of
1: (statement) ; each 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.
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EH2.8. TARTOFEABEEHICRIL,
FNEHETHEERTOTSLNEFET S.

TATSLAIVEADBEEER THES.

BRAHIH (FHFRF0IR—D)
IEXIEE AR EHFFTETTED LD ]
uutSEOEH, vviSEOEHR
cEDEH, s T RDEH

(RAX)

(1) u:=c; (2) u=u’;

(3) u:=head(v); (4) u:=tail(v);

(5) v:=s; sy ?

(7) v:=right(v); (8) v:=left(v);

) vi=u#y; (10) vi=v # u;
(H#30)

(11) u=c (12) v=s

18/19
RDBER~DRAVE

XFHEEDETIL
EHVDEH“10110"DEE
/ ]

MOBEZRADKRAE
head tail
ZDE3IZLTHLE, head(v), tail(vV)DIEIXTCIZHBLNS.
vi=left(v); DETE
tail(V)DIHFERSD, TTHLRIANDRAEEZEY, tail(v)
DIRAUE, BEUFEL@IV)DRA2EEE]RZ D

v:=right(v)® El#k
head tail
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Theorem?2.8 For every computable function, there is a program in

the standard form.
Consider a behavior of program counter.

Further constraints (refer to 101 page of the textbook)
“each statement must be implemented in constant time”
u, u’: variables of = type,  v,v’: variables of * type
c: constant of X type, s: constant of X* type
(Substitution)

(1) u=c; (2) u:=u’;
(3) ui=head(v); (4) u:=tail(v);
(5) v:=s; oy ?

(7) vi=right(v); (8) v:=left(v);

9) vi=u#v; (10) vi=v # u;
(Comparison)

(11) u=c (12) v=s

18/19

A model for managing strings .
pointer to the next element

for a variable v =10110”

pointer to the previous

. element
head tail

Using the points, head(v) and tail(v) are easily computed.
implementation of v:=left(v);

Find tail(v), and then trace back to its previous element
to rewrite the pointer to tail(v) and modify the last pointer.

v:=right(v) is similar
head tail
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Fal T ROER X y DERFLLNEIHERRDTAT L
(EZA)
X, YD FEBEDXFELER
775 Dreject (halt(0) )
—HDRBEXFERMYRVTHRYEL
x,yhi#k[Ze Daccept (halt(1) )

prog EQ_str(input x,y): var pc, out: £; a,b: T;
begin
pc:=1;
while pc !=0 do
case pc of
1:if x= € then pc:=10 else pc:=2 end-if;
2:if y= & then pc:=12 else pc:=3 end-if;
3: ax=head(x); pc:

10: if y= € then pc:=11 else
pc:=12 end-if;
11: out:=1; pc:=0;

4:b:=head(y); pe:=5;  oUb=0: D=0
5: if a=0 then pc:=6 else pc:=7 end-if; 12& out..—O, pe:=0;
6: if b=0 then pc:=8 else pc:=12 end-if; ez -cha_slez

7: if b=1 then pc:=8 else pc:=12 end-if; Eglti‘c,)vutl)ey

8: x:=right(x); pc:=9;

9: y:=right(y); pc:=1; end.

Ex.4.1 Program for checking whether variables x and y of £* type are 19719
equal to each other.
(Idea)
Compare the first letters of x and y
distinct=>reject (halt(0))
equal=>remove the first letters and iterate.
both of x and y become & =»accept (halt(1))
prog EQ_str(input x,y): var pc, out: ; a,b: ;
begin
pc:=1;
while pc !=0 do
case pc of
»if x= & then pc:=10 else pc:=2 end-if;
:if y= € then pc:=12 else pc:=3 end-if;
: a:=head(x); pt

10: if y= € then pc:=11 else
pc:=12 end-if;
11: out:=1; pc:=0;

: b=head(y); pe:=5; 12: out:=0; pc:=0;
: if b=0 then pc:=8 else pc:=12 end-if; esgf’\;\f&igf
1 if b=1 then pc:=8 else pc:=12 end-if; !
. =0 halt(out)
ight(x); pc:=9; end

1
2.
3
4:
5: if a=0 then pc:=6 else pc:=7 end-if;
6
7
8
9.

y:=right(y); pc:=1;




