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4.3. Hierarchy Theorem

Theorem 4.4 For any time limits t, and t,, we have
ve>0, ¥ n [ety(n)? < t,(n) ] > TIME(ty) g TIME(L).

The larger the time limit t is, the more problems computable
in time t there are.

4.3.1. Time complexities of IsProgram and eval

Important to define program encoding scheme precisely
(convention)
variable name of type £*: v1,v2, ..., pc. (called v variables)
variable name of type £: ul, u2, ...  (called u variables)
input variable is fixed to v1.
output variable is also fixed to v1.
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Encoding a program A in the standard form

<K, L, M, <code of st. 1, code of st. 2, ..., code of st. k>>

K: number of statements in the case structure

L, M: number of u- and v-variables.

st.k: k-th statement in the case structure
Each st. is encoded by 5 tuple<op, al, a2, a3, a4>.
(Example)  type form of a statement

(3) ui:=head(vj); pc:=k; =>»<3,1i,j,k &>

(12) if vizs then pc:=k1 > <12,17, s, k1, k2>

else pc:=k2 end-if;

12 types defined in Section 4.2.1.
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HERTOTSLADI—F{L
<K, L, M, <X1Ma—F, X203—F, ..., XkOaA—F>>
K: caseXX D 73 Ik D
L, M: uZE3, vEH DO
Xk: case XX DkFEE DRURIZEMN TS,
& XkE5Dff<op, al, a2, a3, ad>Ta—K1k.
(1) a4 Xof
(3) ui:=head(vj); pc:=k; =»<3,1i,J,k &>
(12) if vi=s then pc:=k1 =2 <12,i, s, k1, k2>
else pc:=k2 end-if;
421 TEELELREOAAT
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l4.10.

prog A(input v1: £%): *;
var pc, v2: % ul: I;
begin

pc:=1;

halt(v1)
end.

NRIESE > -+ =

while pc 0 do
case pc of
1: ul:=head(vl); pc:=2; 4473
2: if u1=0 then pc:=3 else pc:=1 end-if 21711
3:v1:=0; pc:=0; AAT5
end-case
end-while;

7RI FLDI—RIE

<3,1,2,<<3,1,1,2,¢>,<11,1,0,3, 1> <5,1,0,0, & >>>
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Ex.4.10.

prog A(input v1: £*): ¥,
var pc, v2: % ul: X;
begin

pc:=1;

halt(v1)
end.

while pc# 0 do
case pc of
1: ul:=head(v1); pc:=2;  type 3
2:if ul=0 then pc:=3 else pc:=1 end-if type 11
3:v1:=0; pc:=0; type5
end-case
end-while;

This program is encodedas
<3,1,2,<<3,1,1,2,£><11,1,0,3,1>,<5,1,0,0, e >>>
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LRDHEAANDOREOBIHFHF TTESZLITHALS.
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Lemma 4.5: With some constants ¢;g, and d;g,, We can write a program

IsProgram to compute the predicate IsProgram in time such that
Vae X* [time_IsProgram(a)< c;gplal + dig;

Rough Sketch of the Proof:

Given a code a, we must check the followings in the program
IsProgram: _

(a) Is a of the form <K,L,M,<s;, s, ..., sy>>and K =N ?

(b) Is each s, is a code of a grammatically correct statement?
(c) Are all variable numbers and branching numbers in the case
within the limit?

The above checks are obviously done in time linear in the length
of an input text.
(see pages 117 — 118 in the textbook for detail)
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W46 mATESC,, d [T L TROBM Teval #5815
7095 Leval BN ERTES.
Va,x ex* [time_eval(a, x)<c,|altime_A(x)
x max{|al, [x, time_A(x)}+ d,, ]

(€:::p= )
aRTTATSLIZxEAALIZEEDRITER
time_AX)I&, 523 ElalB LU X|&YKRELN.
ZDEE, max{lal, x|, time_A(X)} = time_A(X)
&2, time_eval(a, ) = c, Jaltime_A(x)?

<z

alzxisd 5705 LOERTEMUIIHLT, Z0
LEal—lav(ziFEl oL DR NN B,
(BBNETISVEREN FRIE+S).
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Lemma 4.6:
With some constants c,, and d,,, we can write a program
eval to compute the predicate eval in time such that
Vax eX*[time_eval(a, x) <c,laltime_A(X)
x max{lal, [x], time_A(x)}+ dig, ]

(Remark)

The time time_A(x), which is the time for the program A with
an input x, is generally larger than |a| and |x|.

Then, we have max{al, |x|, time_A(x)} = time_A(x)

Thus, time_eval(a, ) = ¢, Jaltime_A(x)?

When the program corresponding to a runs in time t,
its simulation takes time about [a|t?.
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FHE4 6DIEFR
( V¥ ax ex* [time_eval(a, X) <c,|altime_A(x) EHVITAD
x max{lal, [x], ime_A(X)}+d,, ] ) | AB&HH
~evalD EH . L =AlE
_[fa(x) IsProgram(@®d&E, 753

el 5 e { > i,

-eval(a, D EITHERIE o O || k Emcasesis:

(1)IsProgram®DF vy

2)la DAAXIZHTEHETEIIaAL—IL, faX)ERDD.
2L —2avD=-HIZEHu, vERE.

ZHu: OIS LAROEHUL, .., LOBEOEE: <ul, ..., uL>

E#v: TOSSLARDLEHVL, ..., VMDEDEE: <vi, ..., vM>

uDMHEAE =<0, ..., 0>

VOPIHE = <x, &, .., e> RADXITvIi=xDIE.
DEAL—LavBRTROHEAEHVIOERVOE—5IHDIE.
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Rough proof of Lemma 4.6
( V ax X+ [time_eval(a, x) <c,Jaltime_A(x) v1 is input and
x max{lal, [x|, time_A(x)}+ d,, ] ) | output of A

- definition of eval —A
f_a(x) if IsProgram(a) |2y =Als .
eval(a, x)={ - > ’ ul,....uL:
? otherwise. vi.. VM: =%
*What is required to compute eval(a, X) -, O K case statements

(1)Check of IsProgram(a)
(2)Simulate the execution of |al to compute f_a(x).
Prepare variables u and v for the simulation
u: maintain variables ul, ..., uL in the program: <ul, ..., uL>
v: maintaining variables v1, ..., vM in the program: <v1, ..., vM>
initial value of u = <0, ..., 0>
initial value of v=<x,¢, .., &> xisinitially set to vi=x.
The value of the output variable v1 is the first argument of v when
the simulation is terminated.
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YEalb—arFadsh
prog eval(input a, x);
% K, L, M, pcDfEIX 1R D B A
begin
if —IsProgram(a) then halt(?);
K:=get(a, 1);
ANXFHNSKLMDEZER. ssldcaseXDEE
L:=get(a, 2); M=get(a, 3); ss:=get(a, 4);
=<0, ..., 0> vi=<X, g, ... , £ >;
_ L@ M-11&
pci=1;
while pc 0 do
si=get(ss, pc); % caseX D RN HpcE H D XEEF
SITRIE T BN EEIT (pcDEFHLED)
end-while;
halt(get(v, 1))

end. — ERVIDEEHALTET

7121
Simulation Program
prog eval(input &, X);
% K, L, M, pc are integers of unary representation
begin
if —IsProgram(a) then halt(?);
K:=get(a, 1); // get a values of K, L, and M from input string.
~II'ssis a set of statements in the case structure
L:=get(a, 2); M=get(a, 3); ss:=get(a, 4);
u:=<0, ..., 0>; vi=<X, g, ..., € >;
_ LOs M-1
pc:=1;
while pc #0 do
s:=get(ss, pc); % get the pc-th statement from ss
execute the statement corresponding to s (and update pc)
end-while;
halt(get(v, 1))
nd.

e —_ halt with the variable of v1.

TO5 5 Leval DR ER. . OS2l —a OB ER
I Ahan ks
lo AN x DES

K, L, M: at’&k 37055 LARD
caseX D, uERDH, vERDHK
lnaxe: ¥E2L—a i Deval DRNBEHVO RSO RKIE

BE ETHERER I
4D Mget A(Cger + 1+ dgey) 4.3
IsProgram gl *+dy 845
UVODREIE  c o (L+M) + 2d;, + Cou(I<, ... >+ )+
pcD#NHA{E
whileX £ time_AX){C,(I, + la)td1 3

haltSXdDget  Colmay + dger 4.3

[
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) . . . . 8/21
Evaluation of time complexity of program eval (or the 5|mulat|08r4§

1, length of input a

1, length of input x

K, L, M: the number of statements in the case structure of
the program A, the number of u and v variables.

| axy: Maximum length of v during the simulation of eval

Item Computation time reason

four get ACyeily + dge) Ex.4.3
IsProgram Cispla*isp Lemma 4.5
initialization of u,v ¢ (L+M) + 2d;, + Cu (IS, ... >+ )+,
initialization of pc 1

entire while loop  time_A(X){c, (I, + lna)tdi}

TOJS5Leval DEEHER. . L3a1L—Lav DERHER
I ANa ES
I AN X DRE

K, L, M: at¥R 3 TS5 LA D
caseX D, uEHDH, vERDHK
lnaxy: Y32 —3arhDeval DRNBEHVO RSO RKE

EH M HH
whileXX 24k time_ AM){C,(I, + 1pa)+di}

= While)b—F1IESDHE:  cy(l, + | p)+d; EERILLP
IW—T%#ESHEH: time_A(X)
CoWhileXX @R TIE,  time AKC,(, + lpe) +d:3

F2T, 2 TIE, HBHEHC,, dyI=xil

time_eval(a, X) = c,(I, + I a) time_A(X) +d,

9/21

. . . . .9/21
Evaluation of time complexity of program eval (or the smulatnon?

1,: length of input a

1, length of input x

K, L, M: the number of statements in the case structure of
the program A, the number of u and v variables.

| naxy: Maximum length of v during the simulation of eval

Item Computation time

reason
entire while loop time_AX){c,(I, + | 0)Fd1}

= computation of while loop:  ¢;(I, + lyae)+d; time
# of loop iteration: time_A(x)
— in the whole of while loop: time_A(X){c,(l, + lna)+di}

Thus, as a whole, for some constants ¢, and d,
time_eval(a, X) = Cy(l, + I ay) time_A(x) +d,
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| DEHIE (REZE VD REOZKIE)

t A7V B CAHOVERITREL TS XFIIDON,

RLRVLVRESE |, LT3, LEOERGSIZIE
lo=1e [XF 5+ X F 5] A

I, <max{fs|, I, +1} < max{l, I;+1}
(7=12L, s [E a FOJTERVDXFINER)
LizhtoT,
|nax = max{l, : 0< t < time_A(X)}
EBLE,
lnax  <max{l,, L} + time_A(x)
v DIElE<vL, ..., VM>TEDT
L < Ml < M(max{l,, L} + time_A(x))
< I, 2 max{l,, 1,, time_A(X)}
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Evaluation of | .., (Maximum length of internal variable v)

maxv

Let I, be the maximum length of string stored in the v variable
in the program A at the t-th step, then we have

lh=1, Twelve basic statements do
|! < max{Js|, l.;+1} < max{l,, 1.;+1} not contain “string+string”

(where, s is the longest string constant in a)
Hence, if we define
| = max{l; : 0< t< time_A(x)}
then we have
lnax  <max{l,, L} + time_A(x)
Since the value of v is <v1, ..., vM>, we have
o £ Mo < M(max{l,, L.} + time_A(x))
< I, 2max{l,, I, time_A(x)}
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Evaluation of time complexity of program eval:
time_eval(a, X) = c,(I, +lnae) time_A(x) +d,
for some constants ¢, and d,
Evaluation of I ,,,,,(Maximum length of internal variable v)
Iy = 1o 2 max{l,, 1, time_A(x)}

time_eval(a, x)
= oyl + 21, max{l,, I, time_A(X)}) X time_A(X) +d,
=c,l, time_A(x) X (1+2max{l,, I,, time_A(x)}) + d,
= 3¢yl time_A(x) x 2max{l,, I,, time_A(x)} + d,
=Cglal time_A(x) X 2max{|al, [x|, time_A(x)} + dg,

End of Proof
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T0U5 Leval DE T EE: HBEH ¢, d, ITHL
time_eval(a, X) = Cy(I, +lnae) time_A(x) +d,
Imax, D ERIE (REERVD RS ORKE) :
Loy = 1, 2 max{l,, 1, time_A(x)}
time_eval(a, x)
= oyl + 21, max{l, I, time_A(X)}) X time_A(X) +d,
=C,l, time_A(x) x (1+2max{l,, I, time_A(x)}) + d,
= 3¢yl time_A(x) x 2max{l,, |, time_A(X)} + d,
= Cglal time_A(x) X 2max{Jal, x|, time_A(x)} + d,
ENEEEES
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Hl4.11: 3 ui:=tail(vj); pc:=k;" &> 2L —h 3 HDIZET HEFR
75C2& RATVTHOME
s1=get(ss, pc); CaerlSS|+dge=O(1,)
XDEATDHIE 0o(1)
iz=get(s, 2) Cyet IS+ der =O(1,)
ji=get(s, 3) Cget [I+ dger = O(l)
ki=get(s, 4) Cget IS+ dger = O(l,)
tmp:=get(v, j) Cget v+ dger = O(ly)
tmp:=tail(tmp) o(1)
put(u, i, tmp) Cour(la +tmpl)+ dp =O(1,)
pc:=k o(1)

&oT, time< c(l, +1,)+d, cdlEl,, |, &¥3T
D dIEXDELTTEITEDS
ZIT, ®RRDELED %, , d, £F 5L, XDRAT BRI
1RTYTHEYDER <, (,+1,)+d,
<€ (g + la) +0y
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Ex.4.11 time to simulate the statement “ui:=tail(vj); pc:=k;”

what to do approximate number of steps

s:=get(ss, pc); CoedsSI+dge=O(1,)

type check of statement 0O(1)

i1=get(s, 2) Coet 51+ dger =O(1,)

j=get(s, 3) Cget [SI* dger = O(l)

ki=get(s, 4) Cget IS+ dger = O(1,)

tmp:=get(v, j) Cget I+ dger = O(L)

tmp:=tail(tmp) 0O(1)

put(u, i, tmp) Coulla +itmp)+ dy, =O(l, )

pc:=k 0o(1)

Thus, time <c(l, +1,) +d, c,dareindependentofl,, I,
These c and d are different for each type.
So, let the largest ones be ¢, , d, , then for any type we have
time per 1 step <c (I, +1)+d;
<C1 (i lae) + 0y
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SETOEROIGAELT, ROBEKOHEFREETE
Fa,x e, te NITHLT
B f a(x), IsProgram(a) M2l al(x)ht
eval_in_time(a, x, t) = { tBEFRILINICEIL S 56E

? ZDfDEE

HREAT EAIETEH Cp D[ SHLT, ROFHEET
eval_in_timeZ5t &9 570455 Leval-in-timeh R TES.

va, xe2*, te N [time_eval-in-time(a, X, t) < Cqydal2t max{|x|,t}+de,]

(R&EE)
TOUS 4| al(NDEHEREN tEBRSEBHIRT IT5LH0
AU EERNTYIaL—avEET.
Fn Lt Feval D ERIT & R4
SERRR

13/21
As an application of the discussions so far, evaluate the computation
time of the following function:
foreacha,x eZ*,te N
_ f_a(x), IsProgram(a) and| a(x)
eval_in_time(a, x, t) = { stops before time t,
?  otherwise.

Lemma 4.7: For some constants c,,,and d,,,, we can write a
program eval-in-time to compute eval-in-time in time such that

va, Xxe2*, te N [time_eval-in-time(a, X, t) < Cqylalt max{|x|,t}+dq}

(Proof)

Execute the simulation using a counter to force halting when
computation time of a program|a] (x) exceeds t.

The remaining analysis is just the same as in eval.

QE.D.
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4.3.2. FEFEEE DR

EE4 4 EEOHIBRER t, t, (XL,
ve>0, ¥ n [ct,(n)? < ty(n) 1> TIME(t,) ¢ TIME(t,).

RELY, HSMIZL=0(t,) THD M5, TIME(Y,) S TIME(L,).
&2 T, TIME(t) - TIME(t,) 20 THDZLERE LKL

THbhE, Oty TIZRETESH, ORI TIRRETE
BOEEDOHFEEEREEEL.

TnySLA=|a] IS
DIAG = x=<aW>ZANT &,
{<aw> ROIGHEHT-F. X <\t (4) /|
(a) IsProgram(a) t= () /B LARIZacceptL7Ly
(b)1<t

(c) eval-in-time(a, <a,w>, 1) # accept }
2L, x=<aw>, 1=]x), t = [t,(¥) /]
([1IXtIYE )

. 14/21
4.3.2. Proof of the Hierarchy Theorem

Theorem 4.4. For any time limits t, and t,, we have
ve>0, ¥ n [cty(n)2 < t,(n) ] > TIME(ty) g TIME(L,).

By assumption we have t,=O(t,) and thus TIME(t,) & TIME(t,).
Thus, it suffices to show TIME(t,) - TIME(t,) # ¢.

That is, it suffices to show that there is a set which can be recognized
in time O(t,) but not recognized in time O(t,).

DIAG = {<a,w>: the following three conditions are satisfied:
(a) IsProgram(a)
b)I<t
(c) eval-in-time(a, <a,w>, t) #accept }
where, x=<a,w>, I=|x, t = [ f2() /|a]] [] denotes round-off

15721
[#%84.8: DIAG & TIME(t) |

[##84.9: DIAG = TIME()|

HE4ODFIHA:
XEDIAG #HX 5T 04 5 LDIAGD A+ E B,
I=1x, t=[/t(1) /lal] N
(1) xS<aws DBELTNDM 2 } cLdEERELT
(2) IsProgram(a)? c,I+d, B THIE AT 8E
B)I<t?
(4) eval-in-time(a, <a,w>, t) = eval-in-time(a, x, t) = accept ?
(3) 1<t 2t = [/50) /al]l&0(t,x) BRI T B AT L.
> EEMRE4.12
(a) 2ERT D BAFNADIHER BN~ DL O(n)BERS
FEDEH inv-transt,0(n) TTES.
(b) n A/ (FO(NR)ESRI TEHE ATAE> T 055 Lsqrt
(c) 7B4%'S Ainv-trans, div, sqrt, transz LT
Ju() Na|DIEREERDS.

If we input|xE<a,w> to a program a as an input, |x| <(x]) / a| and
it does not accept before time t=/%([x]) / |a].

15121
[Lemma 4.8: DIAG ¢ TIME(t) |

[Lemma 4.9: DIAG € TIME(,) |

Proof of Lemma 4.9:
computation time of a program DIAG to check x € DIAG.

I=xl, t=[t,(1) /lal]
(1) Is x of the form <a,w>?
(2) IsProgram(a)?
Q) I<t?
(4) eval-in-time(a, <a,w>, t) = eval-in-time(a, x, t) = accept ?
(3) I <t?t=[/ty(I) /|a[]] can be computed in time O(t,(1)).
->Exercise 4.12
(a) Transformation from binary to unary representation.: O(n) time
inverse transformation inv-trans is also done in time O(n).
(b)/T can be computed in time O(|n[?)->program sqrt
(c) Using programs inv-trans, div, sqrt, and trans
we compute unary representation of ./t,(I) /|al.

can be checked in time
c,I+d,where c,,d, are
constants
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(4) eval-in-time(a,x,t) # accept? M ¥|E
FHRBATERY, clat max{l,t}+d,, AR CHIE T HE.
CelalP[/ (1) /] max{l, [/ /|all}+dey
< Cenfal max{l/ty(l), to(1) /jaf}+de,
= e max{l[al/ty(1), ty(1)}+dg, = O(ty(1)).

R, (1)-(4)F0,() B TH A .
&27T, DIAG € TIME(t,).
WHRBAIDEI AR
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(4)Check of eval-in-time(a,x,t) # accept?
From Lemma 4.7, it can be checke in time ¢, Ja’t max{l,t}+d,,,.
Ceul@PY (0 /lal] max{l, [/ /jall}+dey,
< Cenlal max{L/t(1), t,(1) /lal}+dey,
= Co max{llal/t(1), (1N}, = O(t(1).

(1)-(4) can be checked in time O(t,(1)).
Thus, we have DIAG €TIME(t,).
End of proof of Lemma 4.9
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#RB4.8 (DIAG ¢ TIME(t,)) DEEBR:

DIAG € TIME(t)ELTFEEEL.

DIAG #O(t) B TR#T 20T S LEA, I—F%F a k7 5.
-time_ Ag(l) = ct,(l) + d &iff=9 EHc, d KFET 5.
co=c+d&HL. =1L, cp>1.

3 time_ Al = € t() v (1) (F1 = t(1)

FEDRFE: V>0, ¥n [ct,(n)? = ty(n) ] &Y.
nE+nREEmSLE,
(120Pced) t,()? = t(n) > Cb(M <[VLM) /[agfl .......... @
-, BRGHBBEADESEY, n<t(n)
22T, HHRVXFII w,EE X BE (2L, ly=l<a,w,>))
¢ ty(lo) < [y(10) /fag| ]
ti(lo) < [/6(T0) /lagl 1/ ¢o< [/ ty(lo) /]ag| ]

&oT,
b <& /&[] e (©)]

Proof of Lemma 4.8 (DIAG ¢ TIME(t,)): 1721
To derive a contradiction we assume DIAG € TIME(t,).
-Let A, be a program to recognize DIAG in time O(t,), and let
its code be a,.
~time_ Ay(l) <c ty(I) + d for some constants ¢ and d.

we set cy=c+d, where c,>1.
> time A< () o (1) (F1< 10

in the theorem:¥ ¢>0,% n [ct,(n)2 < ty(n) ]
when n is sufficiently large,
(B0f26,2) (N2 < t(n) > Sob(M S[VLM) /ag]] ......... @
Also, by the condition of natural time limit, n< t,(n)
So, considering sufficiently long string w,, (where, ly=|<ag,wy>[)
Co ty(lo) < [(I0) /lag| ]
t(lo) < [/t,(10) /lagl 1/ ¢ <[/ t,(1) flag| |

Thus,
b <[Vt () Ifagl .......... 3)

(D) time_A, (1) <cgt, (1) —fED 11D T 18/21
2 Coq(la) < [\/tz(lo) /‘aﬂ‘] ‘ +HEL | =<a,w,> ‘

(3) o <[Yt.() /Bl
<a,w> € DIAG <> | = t A eval-in-time(ay,<a,w>,T) # accept
(wex, I=j<auw>|, t= [[G0) agl )

wolzRLTIEE1EE b <L) /| [l=t atEt=sh T 20T,
<ay,Wp>c DIAG © eval-in-time(ay,<ao,wy>, T,) # accept
D)~)&Y,
time_Ag(<aoWp>) < Coty(lo) < [/T(10) /agl 1=t
Fhbhb, time_Ay(<anwe>) <ty
IhiE<a W TAT S LAICAALIzEE,
STRIIBT (ERLAICRDIEEBRL TN MD,
eval-in-time T HIBREFR t, (TR EBI TGN,

DFEY, eval-in-time(a,, <a,Wy>, t) = eval(ag, <ag,Wy>)

@ tme_A, (1) < oL, (1)
(@) coti (1) <[Vt (1) /i8]
@)l <[Yt(1) /]

<a,w>€ DIAG <>I<tA eval-in-time(a,<a,w>, )= accept

For general | 18/21

‘ For sufficiently large 1,=<a,,wy>

(we X7, I=|<a,w>], t= /lagl 1)
Since the condition I, <[\/t,(n) /[a,[I=t, is satisfied for w,,
<ay,Wy> €DIAG € eval-in-time(ay,<ap,Wy>, ty) # accept ......... (4)

From (1)~(3),
time_Ag(<ap,We>) < oty (lo) < [/T(10) /agl 1=t
Therefore, time_Ay(<ag,We>) < to
This implies that program A, terminates within time t, for the input
<a,,Wy>, and so
the time limit t, in eval-in-time is not essential.
That is, eval-in-time(ay, <a,We>, ty) = eval(a,, <ap,w;>)




<ay,Wy> € DIAG <> eval-in-time(a,,<ao,Wy>, ;) # accept ....... (4)
1z

eval-in-time(a,, <a,Wy>, t;) = eval(a,, <ap,w,>)

EHTIEHBE,

<a,Wy,> € DIAG <> eval(ay, <a,W,>) # accept
© Ajhi<a,w>ZacceptLAzL Y.

hiE, T ADDIAGERE T HIELSREICFE.
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We apply
eval-in-time(ay, <a,wy>, ty) = eval(a,, <a,wy>)
to
<ay,W,> € DIAG < eval-in-time(ay,<ao,Wy>, t) #accept ....... (4),
we have
<a,Wy> €DIAG <> eval(a,, <a,w,>) = accept
<> A, does not accept <ao,wy>.
This contradicts to the assumption that A, recognizes DIAG.
(Q.ED.)
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H AR E SR
F,= O(t) DB RIS BB £ L ORB TN S AT RTOES
={A, A, .}

FNHOTOYTSLOI—REa, a, .. £T 5.
FalLITBALBERCEZRDE,
time_A(I) < ¢;t,(l)
DRI, 1T, Kay, ¢ IR, +HRVWZERSE,
city(l) < [VGU) Mail 1, 1 < [ t(6) /a1
LTED. FTOYSLDADWICHTEHNDREEDL,

AJR R A
AW)DIE w, € DIAG?MD%
DIAGERHTAHTOI S LIXCDRIZEZTELWN..FE
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Interpretation based on Diagonalization
F, = aset of all recognizing programs of time complexity O(t,)
={AL A, .}
Let their program codes be a,, a,, ....
Considering an appropriate constant c; for each a;, we have
time_A(l) < city(1)
Moreover, we can take sufficiently long w; for each a; and ¢; s.t.
cti(l) < W) /all < V) /faill
Putting the outputs w; for input in the table:
Wy W, Wy ... Wy W; Wy Wy ..o Wy

) compare
'R diagonals

AR R A ... A
values of Aj(w;) answer tow; € DIAG?
This table can't include a program recognizing DIAG...contradiction.

21/21

514.12: TIME(n2) G TIME(nS)
& Ve>0,Ynx>c[c(nd)? <n°]

BYAI,
lim inf Mz o
n—eo t(n)?

LN, BEREELYTIME®R)  TIME()
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Ex.4.12: TIME(n?) & TIME(nS)
& Ve>0,Vn>c[c(n?)? <n®]

If we havg t,(n)
liminf 2= _ |
n—oo t,(n)

then the hierarchy theorem tells us that TIME(t;) ¢ TIME(t,)




