Order Fu\dl'f\j b(ﬂ Phase Eshimadion

The QFET i a wseful fwl ond put )us’( 0 conshvucns
qmv\'hm/\ a{jorrwms, We can alss use f B d@ﬂj,\ officlent
devices Fw MLOSUNY v\j Yaramefm(s aWemmj in F\/\jgf@
o [honians | Vike he Sﬁmﬁﬂﬂ of jmuiJ{zfﬁo\/\oJ waves, foy
rsownce . A s\{v\?[er émm\)\e S egﬁrmdw‘nﬁ e J’“ﬁfél’kjﬁ'\ i o
N\(fﬂv\&ﬁc feld \ﬂy Using SPW\—‘(Z sysfem, If we heve n
Systems,  We - uld Prepat them in fhe Spin-up state along
NG fPefPend'\cm\ar o {he fiold dierﬂ'ov\‘/ this way Wj wil
Precess owownd thd axis when P\a(ed in the fidd. TF we
I\ row\ae_ T\Aivxas v fhed Pach  Sulcessive gF'm g?evxds fwi &

I \0vx3 n the fed fhen we end up with the shade

o Sere b flt B= 252 wd the Hamifonion
(@éﬂjm)lﬁm S He-RE Be p=55; t e the
s fixeh ot Inferval i we ke o be 2T

- L Zi ~TMibk This  sfafe s ingensifive. o $he FaﬂLS
\(?:V\ e M<> i b lo\rstr Tll\aV\ 1 (wlr\idr\ i oo bj

k=0
t;ZW>/ S0 ®ROSWML \9;0‘[0\%,-"'-

'Bj W\?\O\jmj the QFT we (an ﬁd o 1|iable CS“hW\OLIYQ of b



In fhe COV\{”Q)d' of /]MV\JDAW\ &\jév"wﬂ/\w@ wWe  n use dhe OFT
ond ?‘/\MQ Q§hmaﬁw\ 'h) solve The ordes ’ﬁ/\d{/\j Pro\p\evv\/ whida
i Twin ot b owed P find e prime fbs o a gin m?‘?jcf :

\,\(or\<-m3 in 24, we cn define the se Z; = ¢aely : 9cd(ad)=15
the  elemands Vdrﬁﬂ'vdﬂ prime o 4. For Z{“ Z:= %\,5§}

e Zg, Zi=300%5 103, When endoued with mulfiplicaion
mes &, the e ZI become ﬁrwg snce i ab L4, thea abld
and  Sine. ab med 4 s dishind fom 4 er i el ,L,er ast
ec]‘““l P4 (0& mod d = ab' mod d = alb-b)mod d=0 2 b-b'wed d=0
Since. ae'lf) ad there o ovx[\j o Pnite numper of cleminds in
ij/ Then 3 be ) sudh thod ab=q mod d.

TIn ?ar‘ﬁm\ar  fhis woument also m\?\'\eg et I3 el cuh  that
0 =4 wod d. 1 i clled the oder oF q. Tor examgle, e oder

oF 4 " sz S 3, Stne’ L{'gs(nu(zﬂ'?ﬂ"—[ mod 9.
The orde(—ﬁnc\(v\ﬁ prablen i Frus - given d amd aell, find

C\ass'\(a\ly the ?vo\v\ewx ic not knoon b W efficdedt (in 7). The

e ree &Wroac\/\ of comdei@ Do of a will foke Time lincar in d,
bt~ QKPovuev\ﬁa\ n [03 d, wiidh 5 whel counds (M]ML s o
Size loj d>.



How can we Slve this Pmylem uSing The ?Me estimadion
Schewe? Rk we ned o W\ffwy? Lt n= \03 | (d9]+1
D fhet 0,1 ., can be  represtded by o bifs. Then defiae

e 1) = |ax wod d) (ﬁ)r dexe 1™ el Mﬁlx7=[x7>

Cin W and WS be fficently implemented? Iy itself 15 jusk
malfplcation.  Tf o hos fhe inary - expansion = (0,6,-00),
= et 2 4200 wd xE(Xe%),, thes

W\m\hy\amg & ond X vegices T bitary orremhows 1o defermine

oucdh ferm and omthe V-l addifions S0 wn be done in

O(n*) Sh?s.

SM\((w\j, U\[; \X> = lO&KX mod d>/ Sh WO :}VLS\’ need Qk_

bor = (k\...\cn%_ we  have K- (OLZM )kn (a7-“_2>\<z (O\)kn
meaning thed we really ov\\y need  fhe powsecs oL R these
e usilﬂ shTui ned \@ mfem‘e& Sparing. A\"'Dj@ﬂ\gr We.

need n powels which means  n-l mulfiplicafions (cad/m one Wﬂf\j
O(nt) steps. Then we hue D mwlflly the terms Pogerher
N more W\\I\\’f\\?\'\cd\ows oF O(V\—L> S‘i’?_f]?S- IV\ S\Mrv\/ e ovxlj need

O(v?) SJ(Q?S/ S0 The ‘(mlemev\‘mﬁov\ s efficient.



