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IR EEATRARNBE 2 Ef% ( Deterministic Finite Automaton > F&§f# DFA ) o

AH7EH B BRI ERE (Transition Matrix ) fz & FERIFZOR YA 154M: (Reversibility )
tH#% - B 8455 DFA — Bt &2 8 A IRIRRE 5 #h% ( Quantum Finite Automaton » f&jf# QFA )
AL TIEAL 8% WM ER N —TEHHY QFA 157U (QDFA) BEfEE IR NE(T - AAMK
B2 (Alphabet Set) {HINAESE S E Y DFA (REWRZIEARES ) - AWTSCBAINYEELEN
5 R A RE 5O (CXN?)

Abstract

Quantum computation can be exponentially more efficient than classical computation. While
the studies in the field of quantum computing are focusing on the properties of quantum
computation itself, the way of transforming classical computation into quantum computation is
seldom discussed. Once quantum computer is realized, the quantum environment won't
necessarily be compatible with classical information. Therefore, the target of this study is to create
a systematic algorithm to assuredly cross the barrier of data structure between quantum and

classical environment. We choose deterministic finite automata (DFA) as our computation model.

Starting from the transition matrices of finite automata and the property of reversibility
required for quantum computation, this study discuss about the transformation from classical DFA
to reversible DFA, then to quantum finite automata (QFA), and to quantum circuit as well, along
with the optimization. Eventually, we define a new type of quantum finite automata model (QDFA),
which is able to run under quantum environment with enlargement of the alphabet set, and is
functionally equivalent to DFA (recognizing exactly the set of formal language). The time

complexity of the algorithm this study originated isO(CxN?2).
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HALREE \ #0 AFTI%E 0 1
do do q1
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COBERS LN ES o REEEE T BV —{ERRRE

QEBIMRERVES -
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3(g;.0.q;) =0
3(g;-1.qp) =1
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0.1

(I& 2 © JEMEE A MRIRAEE B M AYIRREE )
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state

g0 ql
next 10 [0 1
state 0: [0 1] L: [1 0
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1000000 0
0100000 0
0010000 0

% 0001000 0
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00000100
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00000010
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([& 7 : NOT ~ CNOT ~ CCNOT)
d - EFEHY Toffoli i
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F DFASSQFA 7 BT 2 J
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B EEREY - BRET R

s 5

|
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GEER N

|

Bl IR
B AR 2B S

—

R =
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LiREHE DFA A ]
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™
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BTERTAEEESRCHE TR (Quantum gate - A& FMEGEEER) 4% 0 &

TR R ERE .

% LB T
2. BB A TERERE -

FERE IS 2 IEMEE 2 A > A5 B BHIRRE BB 22 T R ATit ) AR e
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15 E Bhigeh S BRI ER & 2 EE (UTU =UU = 1)+

e B BB R AR - EERE N A B R AT R Ry E (£ —IRRR&a e b — (&
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(I8 15 FEHRESTE LA &R FoR - I H BT Man 44 5 QDFA)
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AR E BB T3R5 MHVENT > DUBREEBUARVRCR R A T -
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B o ST — IOV - e BHIREEERLE TRV - R EE EEE
HEHASERAVIRRES - 400 17 AR - B RAIRRE R AR EHASE A HIRRE - FHE R —
(EEEER R - ALEE A B O SE B AR GIRRERY IR > S M EHVIRREEE A -

A\ U/
B1iR ab a’b’(NOT)  a”’b”’(CNOT)
00 00 00
01 01
10 10
11 11

([& 17 - HE(ERE SR E T EER)

4~ (BEETHEEF

(B HiEA RSB AT SR T - R A (Cost) 52
fic DFA %5 QDFA = B ETEF3E -

(1) ~ FES/MEMITERA © {77t (Bit Difference ) 22 & iR % ( Gate Count ) ?

FE AR E SRR B/ M E B AR - AW EZTTR - AlEiEie chss
BT E - DU ER RS > RIS A — R - &
BETEEMERNAZES  BIRBEELERE - ERrTEsE eV EE
BRREEBERCREABE - S B RE R -

(2) ~ BT - HREHRE (permutation group) HIMEE: ©

| —
= o O
= =0 O

[l L= =

‘ (123)(4)

oo 3

e e B e T
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([E 18 © — a5 AEfE DR B AR )

HefPa 3R m] DU BT A T EIR RSt > B4 Al DASSTTHERC - 248010 0 7R
REARE A S B P RR A R R B H A A2 B - TN > Te(IRE B2 L LB A
A —{EETEER T4 » T —TEETE A H il & AR GRS T2 -

B o] gt S AR IR AR E P AR > FIRREE H /) A R B A 4R e [
TOHEHE - [l 19 2 VU{EHRRERT ATREA HY—LE{RREE - LU o] il e/ VA EH A5 H
R E T -

oo 9 8L oo0g

oo 8 3% o0 OO @

(& 19 = PU{ERRERF Y —LEfEER A )

A a7 AV E T ERIRREGRS - HAE A R 5=
BEEFRY B B — (8RR - IR RE T — VA FEAIRREEARIS A B - 25
REM S F TR B RF R S RSt - ELREE AR 4t =0 > BBy

=~ WIREER R

AT Festie e A FRIRAE B BROET THR > (ERRE R & 7R T - Hodr - B ariciT »
INIIRE BEES TS HIRAF - IRFifE A PRIRRE B B EEIA R B0 B 1A TRIRRE 5 BB Y QDFA -
N2 AR QDFA Y AR L B EAETR - R HERE T8 - FR > it

TR QDFA B Y BT BRIV E(E = -
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DFA QDFA - -~
= 254 e = 54 B = = SE

(& 20 : (s DFA fE & T BRI E T Z 8 )

(—) ~ {i DFA R % QDFA

HAMIs DFA EEHAVAEAE B TS T TRV E T HEE - R a4 R " QDFA - HIE
Foly— M 6-7C41< Q,2,6,8", 90, F > > 6" RZRIREY > HLeRE SR B DFA FH[H] -

S, BRI ¢
WRERIESEG M Gt SRS SRS
L A | 544 |

#i5 A DFA &<

: , B R A
e R RE PR R B 2518 1 53 AMEEHR T
FI 2 {3 A by [E]—51] T8 REfam

f5%] QDFA
<Q,26,06,q0F >

1 ~ #E4 DFA A5 -
FECUHI DFA &3l > WIS TR P S VRS AR
2 ~ BT

HE TR > BRI IR 1 R84 5 MaxSource © [l

fir e HE[log,MaxSource] -

//F#%1] Mat[symbol][state][state] fy £ 155 2 HafH
//row: Next State, column: Current State
MaxSource =0
for each symbol ‘s’ (s =0~ 2""t-1) do

//inbit By ¥ REER 7 e KA TTE
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for row =0 to row = state-1 do
count=0
for column =0 to column = state-1 do
if Mat[s][row][column] == 1 then
count =count+1
end if
end for
save[s][row] = count // |- b @ T E
MaxSource = max (MaxSource, count)
end for
end for

AddBit = ceil(log,MaxSource)

3~ srfcfioe

SR 1 o ECEIARIAERE > 58 SRR R R A R B iz yeim s - BA
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bool used[state], over
//used ECERIETTRECASHME 10 over FoRIEFIE H4E 1
/fi: FRPIEIG4RNS, i IR LTTRAY4RS
fori=2""1t0i=0do

set all elements in used[] to 0

for j = (i+1) x2Addbit] to j = PAddbit g
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for row = 0 to row = state-1 do
if save[i][row]>1 then
over=0
for column = 0 to column = state-1 do
if Mat[i][row][column]==1 and used[column]==false
and over==false then
Mat[j][row][column]=1
used[column]=over=1
else Mat[j][row][column]=0
end if
end for
else copy Mat[i][row] to Mat[j][row]
end if
end for
end for

end for
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for each symbol ‘s’ (s = 0 ~ 2inbit+AddBit _1) gg
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count=0

for row = 0 to row = state-1 do
if used[count] == true then

count = count+1

end if
Mat[s][row][count] = 1
count =count +1

end for

end for
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i DFA Z 1] 3 DFA A E R FIfE R
#include<cstdio>
#include<ctime>
#include<vector>
#include<algorithm>

using namespace std;

#tdefine x first

#define y second

typedef pair<int,int> pii;
const int maxbit = 25;

int inbit, trans, state, MaxSource, AddBit;

vector<pii> v[1<<maxbit];

int main(){
clock_t T1, T2, T3, T4,
T1 = clock();
freopen("input.txt","r",stdin);

freopen("output.txt","w",stdout);

char ts[maxbit+1l];
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int cur, nxt, tmp, M=0;
double spend=0;
scanf("%d %d %d",&inbit,&trans,&state);
for(int i=0; i<trans; i++){
T3=clock();
scanf("%s %d %d",ts,&cur,&nxt);
T4=clock();
spend+=T4-T3;
tmp=0;
for(int j=@; j<inbit; j++){
tmp= tmp*2 + ts[j]-'0";
}
M=max(M, tmp);
v[tmp].push_back(make_pair(nxt, cur));
}
for(int i=0; i<=M; i++){
sort(v[i].begin(), v[i].end());
tmp=1;
for(int j=1; j<v[i].size(); j++){
if(v[il[j].x!=v[i][j-1].x) tmp=1;
else tmp++;

MaxSource= max(MaxSource, tmp);

}

}
tmp=1, AddBit=0;
while(tmp < MaxSource){

AddBit++;

tmp*=2;
}
printf("MaxSource= %d, AddBit= %d\n",MaxSource, AddBit);

for(int i=(1<<inbit)-1; i>=0; i--){
tmp= i<<AddBit;
int cnt=1, len=v[i].size();

if(len==0) continue;

pii last=v[i][len-1];
v[i].pop_back();

for(int j=len-2; j>»=0; j--){
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pii P=v[i][]];
if(v[i][jT].-x!=v[i][j+1].x){
cnt=0;
v[i].pop_back();
v[tmp+cnt].push_back(P);
}
else {
v[i].pop_back();
v[tmp+cnt].push_back(P);
cnt++;
}

}
v[tmp].push_back(last);

T2 = clock();
printf("time= %.01fms\n", T2-Tl-spend);

return 9;
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