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CLASSICAL COMPUTING CIRCUIT MODEL
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THEORETICAL QUANTUM COMPUTING
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THE ONE BIT GATES 36—6—,13457«5;1 1t
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ALLOWING ONY A FRNITE SET OF
CATES WE HAVE TO SETTLE Witk A
To?oL0GI CALLY DENJE UNIVERSAL GATE JET.

DISTANCE DETWEEN ELEMENTS OF G

d:; (q,h)= 1 — |TrRACE (97h))
— 4

s uh) =d(ah) FeR
d (a4.h9) d(yg,ah) =d ) Je6.

WE MEASURE APEROXIMATION IN & (oR

U(*)) WirH TS DISTANCE. WE ALSe USE

THE CORRESPonDIG VoLUME ON G WHicH

S INVARAKT . VOL (A)=Vot( Ay) =Vetl YA, Y€€
_ X, HNy gty
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AND THE IDENTIFICATION 3 %
q <> (o, otay Xyt ) €S CR

o SUl) AND S  PRESERVES  DISTANCE
oaNd VYvoLUME.



Cqy 15 NoT  DENSE [N G- 2

MosT TREATMENTS ADD THE " ChATe"
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EXAMPLE ©OF A
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CoLDEN GATE SET (KL

F=$Coy T >XORY 15 LNVERAL
some OPTIMAL PROPERTIES.
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THE T- GATE
RloUS POINTS
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OF VIEW INCLUDING FAULT “TOLERANCE,
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N Co + T 15 THE T— coONT,

IE NUMBER OF APPLICATIONS OF T .



Sup) wme cueRs Sol®)

3650(1) ,3‘[:-; g] ; TRACEI]) =0 &
9= (X Xttty
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Cay RoTATIONS
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B ToPolLoGICAL GENERATLRS

GIVEN A,
oF G, FoR E»0 AWD 4e @ oNE cAN

FIND A WoRD W(A,B8) OF LENGTR
O(Uog % ) WD N AS MANY STEPS
e’ d( W,y)<E( HERE C X))

THIS GIWVES A CRUDE RUT REASAABL)
ECEICIENT ALGORITHM To NAVGATE G.




GIVEN A FINTE SUBGROUP
C of G To eND AN INVOLUTION

T (T’=‘=d.) SsuUch THAT F = c ViT}

GENERATES @ ToPo LoG CALLY
E COVERING G Wit

SMALL T=COUNT , AND WITH AN
EFFICIENT NAV CATION ALGORITEM,
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(1) Sp“‘)  E=R ARe DI3TMCT i

ELEMENTS IN G.

() TF  Nelk) = lngle ,

THEN THESE Nlk) PoNTS "sHoULD CoVER
G ESSENTIALLY OPTIMALLY - ¢ B I3 A
BALL CENTERED AT I e THEN

U B3 covers b .
'E-‘—'k geS,;l'!:)
FoR THIS TO HAPPEN wE

Vol(B) Nglk) 2 1 .
WE RELAX This A LITTLE REQUIRING
THAT  1E VollB) Nps(ik) =20 VERT
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(IL) NAWGATION : GIVEN % €G AWD
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 ATONIC SOLIDS

[ETRAHEDRON OCTAHEDRON HEXAHEDRON |COSAHEDRON DODECAHEDRON
FIRE AIR EARTH WATER AETHER

4 FACES 8 FACES 6 FACES 20 FACES 12 FACES
4 POINTS 6 POINTS 8 POINTS 12 POINTS 20 POINTS
6 EDGES 12 EDGES 12 EDGES 30 EDGES 30 EDGES

180° X 8

1440" DEGREES




THE (INTERESTING) FINITE  SUBGROUPS lie

oF G ARISE AS THE s,RoT&TloNAL
oF Tue N PLATONIc SolIDs,

SYMMETRIES
TfTRHEDRDN , Aq. 'Aq- l .:_‘7_
CUBE [OCTAHEDRON ) Sy 1Sy = 2%
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THEOREM L'z,

THESE SUPER GATE OETS SATISFY
(T) () AND PART OF (1) .

/

MORE PRECISELY CoNCERNING NAWATM(I!L)

1F géG 1S DIAGeNAL AND ONE
CAN FAcToR INTEGERS EFFICIENTLY , THEN

THERE IS A HEURI
aLGoriTHM ( RoSS— SELINGER ) WHicH

FINDS THE SHORTEST CIRCUIT Wi TH
kK BEST APPRoximATING q.ON THE
pTher HAND IF 3 I3 A GENERAL
ELEMENT IN G THEN FNDING THE
SHORTEST CIRCUIT APPROIMATING ] 13
ESSENT!ALLY NP—coMPLETE |
NEVER-THE -LESS A CIREUIT

3-TIMES LoNGER THAN THE
SUORTEST ONE CAN B FOUND EfFrciénTLy

ST/c EFFICIENT
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THE ANALOGOUS ONE DIMENSIONAL PRO
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U4 =
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R

So( (k\ - P}‘P\:‘)...)R“ I.e.

K, 20y ...y R moel 1 .

cest Gap BETWEEN
AS SmALL AS PoSSIBLE,

% ezme + 0sO<L mooll}
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Figure 1. (a) The first 45 iterates of x = 0 under Ry for ¢ = (ﬁ — 1) /2. (b) The first 45 iierates of x = 0

under Ry for 8 = 4 — ;. Iterates are labelled and arcs between consecutive points in each orbit are colored
according to their relative lengih.

Francis C. Motta, Patrick D. Shipman, and Bethany D. Springer



THEOREM (R.GRANAM [ vAN LINDT , V.

T RL(R) 7 L+5=
k= oo o V&
Witk EQUALTY IF X=¢ =

r\’g‘]

g

ONE CAN. APPLy EvcuID’s ALGoRTHM /

FRACTIONS To FIND

A/ CONTINVED
omehR A PP R OX MATING

THE BEST N«
ANy GIVEN ‘p e V(1) ( EFFICIENT LY

i Pouyfot k) STEPS) .

So K+ s THE BEST GENERATOR
ofF U1},



SoME INGREDIENTS N THE ANALYSIS 3 s

WE SAW  THAT
TSoMETRIC 3 4
Su(2) ¢ 5 S R
R S P
i A ¢y -vx._r =1

THE ARITBMETIC SET UP FOR THESE
IS So THAT THE WoRD $

t coRRESPoND

1o SolLTIONS M INTEGERS 'To
2 “ 2 > <t
o4 Wpt Kyt X =P —(3¥)

HERE P =3
p= I

IS To BE soLVED N

For  Coy )
INTEGERS IN o-z (=] AshlZéE * NoRM (2)=23
€

For  C¢o k) tS To B8e <olLVED
in O TvE wTEGERS N ®RUE), B 15 N &
N(2Y=57.



PROBLEM (IE} RECOMES ONE OF v%:}
STRONG APPROXI MATION FoR

P A S 2
Wy Ky AXgt Xy =N

INT EGER S° LOUTIONS

LET THE
gg S» , | S (| = Nin) (= ®)
PRoTECT THESE N(n) PoINTS
ONTO 33

¢ € D)

x> ==
n
Uow WelL Do THESE N(n)
PoINTS COVER S's £,
OPTIMALLY (N THE SENSE

ofF (Ir) |

RELIES ON THE RAMAN VIAN
CONTECTURES == DE LIGNE'S THEOREM.
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FoR THE NAVIGATLN WE NEED To
FIND SolLUTIONS To SumS OF SQVARES

y X < —
X+ =N —~ (:-)
[ 4

N
ITT 1S SOWABLE IFF In-:.P. ?"

WITH €y

. FoR p=i(4) A PRIME

L 9
ScHooF GWES A (- o] f-) ALGORITRNM,
<o FiND 1 AdD Xq.

HeNcE IF WE AN FAcToR N

EFEICIENTLY WE CAN soLve (1)

EFFICIENTLY By StmpPLY MULTIPYIN G

THE SoluTioNS [N ZE:T]
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NOTE: WHILE FACTORING IS NoT
KNOWN -—To BE EFPICIENT (ze 1N 2)

THERE IS NO THEORETICAL EVIDENCE
THAT 1T 1S NeT N 2. A QUANTUM
CoMPUTER CAN FAcToR EFFIcI ENTLY
[ SHOR'S THEOREM) So WE MIGHT
WANT TO AVetd FACTORING (v BUILDING
cecICIENT GATES. THE RosS- SELINGER

ALGORITHM FoR NAVIGATING T©
DIAGONAL S € &  Witt yiELd A
SoluTioN  WHICH H?\s( 140(4) ) TIMES

LONGER “T= COUNT THAN THE OPTIMAL)
WiTHOUT APPEALING TO FAcTORING

TFE We APD Teo THE
Q.VADRATIC D10 PHANTINGE PRoBLEM (1)
A SIMPLE APPRO Xtma TioN CONDITION

THINGS CHANGE DRAMATICALLY .,
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. THE TASK : &GveN nelN ,
o, B e@® FIND NTEGERS ¢, X ST,

° %

X+X =1
L € FYx, <P

's  NP-com?PLeTE |

——y,

Reduce To SUBSLUM

tan s £ INTEGERS

TPEA OF TROOF:

PROBLEM GWEN ‘E\)-..,

s TWERE €i1).->&m , { =%} s.T.
st + -+ Emtw® L.

oF THE FoRM PiPacco T

ExpPLOtT fn's
7‘;3 SMALL .

THE MOST DIFF 1CVOLT PART
OF THE NAVIGATION ALGORITHM

IS To SolVE .



TAsK:  GIVEN MGN,‘seSB e
AND A BALL B CENTERED AT 35,

FND X €S(n) (IF Sve# EXISTS )
such THA S = =
T X=z € B

THE TASK IS NP-comMPLETE , BUT

F 3z (3uh, 3y, 3e) HAS TWo oF 113
Co-oRDINATES EQUAL To O ( "1 agonn’)
THEN ASSUMING +HAT ONE CAN FACT®R
EFFICIENTLY THE ARovE TASK AN

3c DoNE EFFICIENTLY.

THE ALGoRITHM USES A

CoNVEX INTEGER PROGRAM N
EIXED DIMENSION ( 2 AND %)

which Is (N P ( LENSTRA)
AND ALsc SCHooFs AL GoRITHM.
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THe LAST STEP IN THE ALG—oerML’
INVOLVE S FAcTORING AN ELEMENT

YeT =<C,T7

(NTO A WORD WiTH minMmAL T-CoUNT,

r' — = P&L(3% @p)
) And Such THAT I

N AcCTS StmpLy TRANSTIVELY ON THE
FpGES OF THE Ic |- REGULAR TREC

X = PGL{Z)@?)/PG'L(%ZP).

THE T-COoUNT CORRESPoNDING To DISTANCE
MoVED ON THE TREE .

THE MIRACLE OF THESE
GATES IS THIS StmpLE TRANSIT (VE

ACTioN AND “THE ARE ONYy FNTEL/ Mf?ﬁ"! n's

(p=lcl-4



