VER|FICATION OF QUANTUM CiReulTS

dechare 4- P auwbomoda-loged  fomework  for  Verifeghom

& P)\Aa 'ﬁunh’nd v Quanhuny  Grewls - Tark T

Rek cene « ?af(r With e Nme name & ghove

"1’(\] Chen, Chunzd;, '(maa’e , Lin, ®ac and Yen (PeDy '22 )

Plan  Por He lecure:

= . Ruantum 6&4—% ae /«amboll’c b u\fe\al-u
—2. Tru automata v the ufc\aJre o’:wahzm

~3 T’MHM? 'HrlinaA Jroaem




?0«!’} 1 Quantum aahA o) Y lATu\a(‘u.

e ilwbrate  He ’lazU [deas w’x(lﬂa an anmrler

(nsider  Wre Follow\‘ma zqah ]

/1
Vx> \ x [ N ( ? ; >
\”lz_> X(
quanhm vorston of
NOT acd‘oz

T¢  ¥ere s a gm{f\e qub(} 2> = 19> +c 11D

S ) B D B
= «C\iPc be Numboers

Novo We have & 2 Gubi} Saskm.

Cop ° \00> -+ Co\~\°‘\7 + Qo |0y * Chq 11>

The achon ot ‘e aa’fe can be ch)\'qomeé Hq the *pD\lOLU\'hj nan'x

*soxe 0] = (S (50)

=t O © 1 (o}
O o 0 14
1 O 0 ©
O 1 0o O
1 0 Coo Cio
X' Coo —_ 0 0 - Cl\
: Co - (@] (@) Q /‘ Cor ¢
\ - -
0
Go 1 O 0 & CO\
Cu 0O 1 0 o

~



prs T = (oo - \oo> - Coy 01> + Clo'\‘°> + G- (>

Co. o> + cp la> + ¢ lor + ¢ \u>

k(_zfj dea: e fine gUmboh‘c trea - ufdod-e, a‘m’ahwong nad

calahue_ Hhe zﬂur Dﬁ *  cuut-

er \ eChon & Reshnchion:

v
Consid e e e o Aumchon: T $0,18 — s Z°

'l'%t (biby by b)) = T(bibyo A by)

T Cbib, b by)

T (bbaen.. D... bo)

Ex‘)(ancxh'un of the rvo'buhvon ormh\m omed i e pext [70?(.




" by b,)) = T (bbb A by)

T Chib, b b)) = T bk 0... bs)
T g

(2
'K:,/ \’)(,_ T. Lopra  Nght subireq
. % \n i
'DF' '719 ')0 I“S \('H‘
Ay

0.4 7y
T / \ T'”\ E / AN
Ay L% - N N2
/NN VA VAN
Coo Coi Go ¢y

Cio Ci Co ¢y

Simi\anl:], 1 Uo‘aiu\ leff  Subhres o Ne h ik wah}.
T, .y
Sen 0w a  shak: k T = Coo loo> + cp o>« clo-\\ﬂ tc, -In>
Tﬂ( =

Clo. 00> + C\ lo>» + o lo> + g >




By (bbb L by) = b

By (biba b b)) = b,

Now, Smﬂoosc T= Coo - lpo> =+ Co‘.|0\‘) * Cpo. ltoy —+ Ch- >
_(;( = Cp. 00> + ¢ lo> + Co. lio> + an. \\y >
(
BT nT')(‘ = C'(O v \00\7 -+ C’(Q* \°\>

I

QU(&‘h‘na e X' Q‘Lau\r 3

X' () = ¢Co- loo> +~ Co log> + C’lo-\l"> + ¢ >
Nohce Haat-
X' (7)) = Br o T, + Ba. Tor

Therdbre  We haye wn Hen e Ltluk of the  cirowt m Yame

ot the Hwo ufdak ortmh\)m




EanLPlc E The CNOT aaH Con olled NOT aqk)
EB D [ e ) T 7
l’)LL > v [, >
c 1 0 o 9
NOT: o 1 o = by 1 s 7,
bit 2 "
O o o 1
O 0 A o
T =1 then i} L[\-Fs A,
Els. ma i ntting Ny a T} s
Coo ( O oo Coo e
CA\IOT. > = o 4 00 Co\ = Co\
C‘O 0 0 e 1 cl\‘.) C"l
Cy 00 4«0 ¢y Co
The tra w‘pa\o&e formula  for CNOT (8 an  followos:
C —
Cnot (T) = B—. T =~ p (%- T B T
t L ne A¢ 1, A e e
(93
Ne A
/ T’)H, / . %;L.E‘T')l{- ‘
/NN — Ny
L VANEEVAN /N /N
01\ Cio C\\ Co) Coo C\ Clo Con 0 ¢y




Iﬂk}(\:mfah‘ow of Yne Formula

C —
CNoT, (T) = B—. |

(&

I 2w =0 then

*arjd Yuma(rns Same

- - S g



&V

Toart 2- Tru awtorvialg to ca/:}ura Hhe hu Mfclaf—c orvfﬁh'om

—_—

E%amtle : The X aah

Psume A,  Stank P the h:zraa{' qubit  w whidh e X gak
€ a{or\u.

The fro uf)dal—c tharathri 2ahon (g au o Pllows -

- 3 A s a ey o patont Ypru entl Gn  nout st
wrro qr Yy 6|Utwf\h.u'\/|f At e
Lk Xt (\A) be obtain ed Oa follows -
€ A, (
MU 0‘ R (CIOIC‘I) — 61 ' > 9)
- n A,
- all oty fransi Hons Yomiaiv e A .
Esunph qltv : / f
1 9
A Ly



CNO‘I}(C ( ) = %OT al ms B"’lf; (Bﬂ T" T gxt T;eB
A-s suvue c < 4 Then
Ne

Tre  otometon  for CNUTZ .

PR

- Swfrose \,A e a ‘\'Yu Auho ma fom 'qurqj\m}-,'ﬂj an N lmi— JefF o{{ (H\qu

- e o maton for CN*DT(e i< Onshuded h e !v\/\owma skfj 1

ng 1 uﬁ\, = X, LA) L e awtovmaton  wnshucked N va:‘ow zxsz.l,)

- S\jﬁ 2 \A‘/ - (Q\'/ =, A",’R‘)

Obtamed  fom 4| by Priming all o cenus
06 thodes .

JQR'~= <Q U@(/ =z, ~F VN R where

Ni

AR: iq#(q“ql) \ ﬂ——»(q.,ql)ea A k#c}

VS 91 ~ (9,9,) | ”]—%—’(11,,:1')6&21 v It lteall



:
% AN T
AN AR NRVAYA e 2 o

T /P leH amd
Y\’th’r cubbret
N aing e 3 M
Ao U b fyegy .
EM‘. (onsider, @ dﬂﬂ u(T) = a,. @m_T * . 57: T

S
Al
)

— U0 Scalu  let+  swbhee OF Ne L‘y Ge  and ”\6” Subtrog bv a,.

9
Idea. "
9o /\ 9! — @ Fn‘med Nersion whee Al e
f\ /\ leat ’h’ansfhom Ore MuJHrl\’cA /oa Q,
l
all  leat totivon  0F

Dn&(w»\l oub maton  axe "Y\Mlh‘f\\'cJ ba Qo .



f\  corubuchion:

- P

- A= Q, 2,' A R) e Mfu\f e auntonaton

— LA(’ - < Q,; Z’ A(i ) ?l> where

R /
- d "= < qus, =N aAfual, RV when

A\z = g q _GL)C) \ ﬂ_c—)() c A—L"{

v & 9 e TR S (4090 € &, & £ 5 t$

fq 22— (g |1 L(‘f«m)eAz and =t f

V




Port > - Tu ﬁma ’M‘nau {—Da ther

Jn ¥e farw Hm,:] fwv{Jv ktmulw for mov\(j qumw, 5m

in o\m\m? e Universal  an4 Toffoli

Comj:osih‘o/\a\ af)rvomh for WLVOJZ fornmulac:

— The  formular  we ‘)Y\od'ethbn, Mthon, aoloh"\a /Subl'rathhj termy

&nd Mulhr\amj b? xcalany ‘W and L
(2

— Given a4 Wy awlomaton n,rmw,hna MI"” Ny
SMJ 6«?\/( a Va awomealyn Yefm,mh,\d fhe a’arl\‘cahém o

be“&z hor amd  yeafmehon.
For meu};\ct X (7Y = ‘5".( T @z\' Vi

Given  TA \A‘, for mfm Stules
—  Ctnshuct  TA  fe i%ﬂT«n, (’\‘3 \TeK(Af)}

—  tonshudt Th for 5 Ba, . L7 (T \ T e 10 )(f )3

= Then aﬂahd wbwchm oy e+

- Puomata for 4+ and mu\ﬁ\')\\‘am\‘w, bU o are cbo  Proukd.

—_—

L Feke Yo Sechove 5 & 6 of ‘he \‘)O‘WL ﬁw ftfer  dotails



Summ ahy:

—  Ruantum ctatw huu
—  Seh gb Quantum Shudey M a4 e adomaton
—  Swanfum gare @ gymboli wplate * sperationy, Whose

&%w m  be ervmlated wma tre attomata

Uz(nﬂ a ww\[yosih‘oma[ aﬂmadf\, the tree  aubrmaton rerramhrv

he eued o the full crant e Comlou\ka,

- Vﬁrtr I)Y(Aw(-s Now - Wivial an Q)Awurqamg nytrimunf&\ routh
[

crtn When xxrsh‘ma druut 2guivalwmu s Tl od,

fhe  wmrent method \)vvéuu,& wﬂg

— EXC(KHG linke  belweun oluan”hkm Graih &  onbbmatn \’('\ecma

Move lett b be ,ex))\oni.



