The set {M(O(), Dz (B), bﬁ(K))/V(X)iw’xe,R s universal . How?
Ex.:hyVeU(c?), N()=?
i) Q-ToFFoLl: —T—

) Reca\\ ‘that any UeU(T?) can be Jecom,aoseJ dS
U=2**A 0,R0.C where A=Ds( @)bfé(?{/z),
B=B’%(—‘6/2\b@(’ &+8), Cc=D3 (ﬂ))q)P)\(GR (ABC=1).
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‘)gtrateg\31‘. %Qneralize t\'\e Jecomros\tion,
‘ U-EXDACKBRA,
VU EULXCRAA=EXDCARA=ENCBA=1d .
Strategxs 2. VeU(C*) s.t. V¥=U, vW* =A.
Ex: ow=X = D&(m), V=Ds(/2).
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1) ]9|3m circuit H® =[H /(-O-»ancallas

i) Circuit Wit\q anc‘»nas ‘HI/OQ@ ('H @M)

i) genera\ Circuits Wwith \oar‘tiiﬂ measurements anJ cIBSs\cal O‘Oer‘a‘[ions
Des: 3 lo\ain Circuwit iS 3 composition of )l' “e\emevxtarj” %a‘tes
UnUs, .U €U (HYR), U=y gL, deph on lengeh

e the system is mitially i srate PeD(H), then acter applyine U
j ) s FPY™3

We get the stite pr=>UpV (1¥> = UIYD).

Theorem: ler IH™ ,IHY be Hilbert spaces, let TW5>, [we> be states i
HY 3nd ler DeU(HYOo [HY)s.t. D> elun) = (Uiv>) @ lwig
Vl'W)élHI/O.ThQYI YO UV is lm'vtarﬂ on |H1/oj anA f
j:eb((l—l‘“) we have UfU*=_EzW(0(/3&!W;,><W;.I)O*).

l\EKc. MaoMaedH & H®) is MaeDHY, Maed(H®).
Proot it is edsy to check ]mearitj and the £3cr that is unitary.
P 2}.‘1 i %2 <Yl, 114 70, % py=1, 1> one. [
T O(pe wiy<w:) D*) = = 1y T O ¥><¥; e lurp<wsl UF).

We want T(0 r><wle unp<anl 0%) = U 1> <wy | U
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(l"l’é>®|Wx>) (<’\l/3l®<ml)
U1, > ey = (VIV D) e 1w >=>
= 0("‘4’@)@'1&)’;)) (<"|’2“|®<Wz|)o* =
= (VI ) 01w > (< (U*) e <Wigl) =(UIg> <y U") @ lures<wl,
T (U <ylU”) @ ture><wil) s UIvp<wot. O
Exe.: To° (fA®)’B)=/3A
BQ-F.: d l.mitar‘(j U€U(|Huo) iS im ‘Q\mentecl 1:\3 3 1-—Cir‘cu.i1: WH:L\
ancilla System HY and srares W3y, W € Y i 30 rl'cl'm
C\uan‘rum circuit on H™eHY s.t. (1> eriy)=(UI>) @ (W
Y WS> €HY (or eoluiva\en’t\3 UJDU*{ErW( O f@\w;ij_lo*) ).
Der Qiven §:N-=>N we write (+or m21) Us: H e [H" - IH"elH™
\X/)nere B o,enotes birwise 8JJition mod 2: l">m@'%>ml-»l><>"‘elg;sa&(x)>'"
Y > S ()€ 10,43 =(Z,)"
$0) S S(563 mod 27) ¢ Jo, 11" = (Z2)
&, efo3™ ), aB¥ki=(aelk),.
Ex.: st=x. Then U =Ug:[xlelys" > x5 e [x@uy>"
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A eneral Structure Ot "8‘ orithms
1) Prerare the input State 1Y> € HY° ,
2) imFlemen‘tation o¢ Ug forsome (rr‘o\»\em Jerene]ent) S IN—=N,
3) further <clever” Transformations,
4) measure /observe the output.
1) Inpur state 10...0> =(o>™, ancilla stare Jur> =lo... 0> =[0J™,
SeraraUe stare l’%)'—'—i.i ol
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10 e ['¥7 = He.eH |0..0>.
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e Us imr\ementsm §: NN, then UsloSe 1) 21172 2 [Soly @500,
271 x=0
i# y=s, 2 IxFe s

AM2 <=0
4) O-HTPIAT measurement on [H" .
Z; = {\@...ml@qf'a@i(@...@«. £y [Z;,Zﬂ =0.
j=th
We Cdn Measure (or read out) on 3 Srate f.)eb(lHM) al the
(Z“”&)J&::, in any order Ind obtain 3 bindry sering e -4, 4§ o>
> xefod).., 2”‘—1%  tter the measurement the system i§

in the pure state |>™. - [ 1w
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