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SYSTEMS, METHODS AND APPARATUS FOR LOCAL PROGRAMM NG
OF QUANTUM PROCESSOR ELEMENTS CROSS REFERENCE TO

WORBADEDBAPPLI CATI ONS Thi s application clai ns berneirdo7/002192

under 35 U . S.C. 119(e) to U. S. provisional patent
application Serial No. 60/868,654, filed Decenber 5,

2006, which is j r ' f einits
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processor el errents Description of the Rel at ed Art A

theoretl cal conmputing system
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conputin has e|t er the equiva or & sub

wdiich iSelncaminailedthaafelmtby eefefEMce in (s @ntitety conmput er | s

any physical systemthat harnesses one or nore quantum

effects to performa conputation. A quantum conputer
GRO iciently sinulate any other guantum

Ef:%@n%uteruﬁg call ed a Universal Quantum Conputer (UQC).

In 1981 Richard P. Feynman proposed that quantum

ch uters could be used to solve certain conputational

‘#ﬁ—a‘gl ens nore efficiently than a UTM and therefore

|angl | dat e'}ﬁﬁhrgqei(s:%é WCh Tuégﬁ\%mqfscgﬂgpy Y @'[?rg)rgtus relate to scalable

q'uﬁhﬁ!rﬁ FohPAing HHe thallo & gwﬁféh%lng J%fﬁuﬁ% %(y%?O{ 2leents.

(1982) pp. 467-488. For N hOte
guant umA2007/ 002192 conputer coul d be used to sinmulate

CRRCHiBln 81 e RAHADS W Systems. al lowi ng

A Turing machine is a theoretical computing system, described in

1936 by Alan Turing. A Turing machine that can efficiently simulate any other
Turing machine is called a Universal Turing Machine (UTM). The Church-Turing
thesis states that any practical computing model has either the equivalent or a
subset of the capabilities of a UTM.

A quantum computer is any physical system that hamesses one or
more quantum effects to perform a computation. A quantum computer that can
efficiently simulate any other quantum computer is called a Universal Quantum
Computer (UQC).

In 1981 Richard P. Feynman proposed that quantum computers
could be used to solve certain computational problems more efficiently than a UTM
and therefore invalidate the Church-Turing thesis. See e.g., Feynman R. P.,
‘Simulating Physics with Computers”, International Journal of Theoretical Physics,

Vol. 21 (1982) pp. 467-488. For example, Feynman noted that a quantum
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exponential ly faster calculation of certain properties
of the sinulated quantum systemthan is poss!obl 2 usi ng
W@ 2008M6768ppr oaches to Quant um Conput ati on Ther BCHC&2007/002192
several general approaches to the design and operation
of quan:um gon'puters One such approach is the
“circuit npde u t '
compy£onid B%b‘is?g(%%rsgngla @&%gﬁl‘@ equencg,g{rérﬁs allowing

exé@@érﬁ%lly%’ﬁ@?c%@bt@h %fb@ﬂampéﬂ@skﬁmh\eesmmmlatedoamajftum

rcuit nodel quantum conputers have
syﬁéwﬁﬂ’ain is @oiseitete bsingized§M.o practical inplenentation.

In the circuit nodel, it is required that qubits
remai n coherent over time periods much |onger than the
99 SRt Guihtlfh CORiputatRsibi rement ari ses because
uant um conput ers requi re operations
that are Trark eré seetnal gahéradappraaches ta therdesign apdopgration of
in order to operate.
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er
corgnaptite i BpPioihidubifae R10d uEBHbySenRaces enbogioal
attég‘iﬁattdﬁé tisé egir@nledtreprbsentatlmm aneigaritbm. h@gomb@@del quantum

ocused devel
cumplﬂtersrhg;]@ SovEL Semis bRITIP o0 PR CR Blerae igpylf e cireutt
um co
mgae LIS S n%cg&a%gHﬁ@se re IR co %?%ntqdjvgmlmelh%%cg%%bbﬁIlbnger

th%%({@é s)n%/e-@%te #m@? . THi® @ecﬁiutern@tsirisleb besapse eifcuilmadel quantum
t'o i ncrease the coherence of qubit
ccaﬂpamrabdaqureemeer@tlﬁoqs trm;girg .q:pu@ctg(ﬁ[y Qﬁj aﬁéum error correction

practi cal C|rc | t del
NG5 iR APE GGy nﬁ? : g?&gﬁ&@ggngwtgdee: %lﬁt:ﬂﬁ%é‘dt‘v‘\?vghout the

cP@leﬁ@dePgQ@r‘ltﬁm c&%ﬁht@r's‘h’htﬂ% birky sasable bf owinthipdng quantum

ant um systens as a conputational system This

caperepae bvaotmenperiatsken the erdespf 1,680 I time.
and circuits. |nst 160 dm%m:ﬂﬂg&&ﬂ%g

Muygh fesgarcyhasg been chssealtgg\:] q\ﬁgopdrﬂg? ghgn&ﬂﬂ%ohﬁfédc@ sufficient to

si cal

G s el s sy oo 03
SHaR, P eWTEIndlodubtors ys QeanturtidvigoritmisararXiv.org:quant- ph/0005003
(2001), pp. 1-27. The artis still hampered by an inability to increase the
coherence of qubits to acceptable levels for designing and operating practical
circuit model quantum computers.

Another approach to quantum computation comprises using the
natural physical evolution of a system of coupled quantum systems as a
computational system. This approach does not make critical use of quantum gates
and circuits. Instead, starting from a known initial Hamiltonian, it relies upon the
guided physical evolution of a system of coupled quantum systems wherein the

problem to be solved has been encoded in the terms of the system’s Hamiltonian,

so that the final state of the system of coupled quantum systems contains
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so that the final state of the system of coupled
guant um systens contai nsinformation relating to the

w@aresee7660 t he problemto be solved. This apprpariAzinge02192

not require long qubit coherence tines. Exanples of
this type of approach include adiabatic quantum

ARFPYLEH ok Bicerts ko g“ﬁﬁ@;% kL —

I |
eRsmrBgSNTE 4 caEioRE SR ek O A o pprosch
md:lgdeladhatxatmensamurﬁloum;mtatlbd-\miwen-ﬂtg‘te quantum computation, one-

ar Xi v. or uant - ph/ 0201031 (2002), 1- 16.
VE@%SH? ?R EOWPU@I'&m gHatiyAbanRealing wlaeiﬂasmloamﬁaénga and are
S f nt um
ST A i TP PR PR At e RV
/agoammemus SiMuEREY ArPREMNG 8&»@1@# cﬁuémlpﬁimoﬂjm {2002), pp 1-
date, many different systems have been proposed and
-udi ed as physical realizations of quantum conputers.
Exanpl es of such systens include the follow ng
devi ces: ion traps, quantum dots, harnonic
Erabodinedris of Quamnitind Corapitens el ect rodynani cs devi ces
(QED), photons and nonlinear optical nedia,
het er opol yhguantunh cemputertiatay coampubing devinecthatimzkes direct use

yst eFrs rﬁﬁg t ens b%sed on nucl ear magnetic resonance
0? urh AhPNERLEENgNSUG AS SHRESsitioprandcedanglement, to

Ni el
i R IRSHIAL 0T R
rjropmedaan@ studiedras Ipbhgglcéhﬂe‘aﬁtétidrté A REMtUrBBRIPASR. Examples of
277-352; WIllianms and C earwat er,

000) .
SE}%BI%@&W‘%WW(W hedhtlawinastayireasaipn aps, m@ntunweioltagharmomc

P e ey o o e
optisavVmeti, %@@b&ﬁﬂhﬁg‘@@&\é?—s@@ﬁ r]ygﬁé’ t%g&@gu?a”gystems

Brennen, Gavin et al anyone “car e
syBlems bamonmcharmnagnmnsﬁeonance (NMR), and systems based on

il SHodidinspB 5or hitics bockampdian these sYpieres, ses Nielsen
a‘ﬁ@l'@h’ﬁ@r‘i SOHAWHH éof'rg)%? ?)ﬁ%ﬁy E)ufaﬂﬂﬁn Y58Emafish, OhbA (%je

free space usi ng onagne
Umvers:ty Press, Cambridge (2000), pp. 277-352; Williams and Clearwater,

Explorations in Quantum Computing, Springer-Verlag, New York, Inc. (1998), pp.
241-265; Nielsen, Micheal A., “Cluster-State Quantum Computation”,
arXiv.org:quant-ph/0504097v2 (2005), pp 1-15; and Brennen, Gavin K. et al., “Why
should anyone care about computing with anyons?”, arXiv.org:quant-ph/0704.2241
(2007), pp 1-19.

In brief, an example of an ion trap quantum computer is a computer
structure that employs ions that are confined in free space using electromagnetic
fields. Qubits may be represented by the stable electronic states of each ion. An

example of a quantum dot quantum computer is a computer structure that employs
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fields. Qubits may be represented by the stable
el ectronic states of each ion. An exanple of a quantum

wa@leismemnt um conmputer is a conputer structure PEECA2007/002192

enpl oysel ectrons that have been confined to smal
regions where their energies can be quantlzed in such

SRS R p8TE BeCBicoRMiiad fa ael dedbns iy theit snpaias can be
(ﬁlafriﬂlﬁéé i shH@b \ﬁ%ﬂ%}’%a@h Pt Hagl e fsBIa"{‘ec{P?rBﬁ'Pﬁl | Gher dots. An

potential wel exanpl e of an optica
eygamle of @dm:rm(mlc osc%atoorsmﬂmputet stmd:tureathan empleys a particle in a
i vidual optical photons

R%{?%hs aé;eegﬁaln\&%f ngw?ﬁ?@g}/ Phgn p@gﬁalﬁhqt@m gpantum computer is a

PR S B0rd A QBRSSAe 101 Cb 818 Ao bl oo
vghichichay be trﬂim’(lptelamcDNQn? beghesEIfteis, p@léﬁéﬁoﬁﬁﬂtb?@'phase shifters,
cavities where the single atons are coupled to a

and-hediten lﬁ«mexar@plaﬁfta @&VITM@E&qumuwmpme%s acoidgtter
u in
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avé cbhﬁldﬁM@'aellmitéd P B S ﬁ@éﬂﬁﬁ?&é@gAﬁ XBhf bR5n MR

anpl e. An exanple of a he er opol ynmer quant um conput e
L@nwmmmtéer iSta Q@mputertsh‘alctwam apichaquibitsesre eﬁfcbdﬁd(nﬁ the spin

F8TR 88 R B of g B8l i the afors commseing & molesulapsample.
At e)’(’aﬂH%%é@WIﬁhe&ﬁﬁénMﬁ?ﬁoﬁéﬁ@r i \@Pﬁcﬂﬁ% %gfcture that

sem conductors is t ane corrput
emplogs arliseanbedyef atoma asmyshaly tallst Wh@r@fhe §tafe of the atoms

ilicon. An exanple of a topol ogi cal quantum
pcf%\‘f‘a% g’l‘e B%S'ﬁ ferorpinasy agthfﬂl%t!(urén enampépf @gsantum computer that

USRS 898 i SARLRADLEL e Pt ARIER T ISESconor tom
ardeatbatideeriniongbtal RASRS bM%or hhR%Se Dsifddls Nﬁ%xégrfpk Bfa

used as the logic gates that make up the conput
tQRQlagical quantyey egmpuler isxaspmpubdr siructursttbat ermatoys two-

dﬂﬂéﬁé ielitly %ygg#)%m% Scaﬁﬁgt%%&g{;%s UCt vl ﬁah{ﬂ%&a‘gsmq)yorm braids
WEth@éa@Tﬁé"ﬁsﬁr?él §paé@tfrﬁ‘ rﬁﬁ’e%eobr%?ds""m%k/‘fﬁéﬁ Be’i{s@ﬁeas the logic

"Cluster-state" generally refers to a’particu

ggtemthahmakepup thegcorapiied stractdrré. hDé@tIyO%nSéﬁahh plé Bf bhﬁmster-state
art will appreciate that the present systens, net

Q4ARtUmR 59 IHR/CAMRep siruetarethat eanigyma Dd}uah’wu)ﬁqublts that
h&0EPkhUhtahdlEl Wb Bhe! QFantdinl 4%, referred to as a cluster-state.

“Cluster-state” generally refers to a particular quantum computing method, and
those of skill in the art will appreciate that the present systems, methods and
apparatus may incorporate all forms of quantum computing, including the various
hardware implementations and algorithmic approaches. Those of skill in the art
will also appreciate that the descriptions of various embodiments of quantum
computers provided herein are intended only as examples of some different

physical realizations of quantum computation. The present systems, methods and
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har dwar e i npl enentati ons and al gorithm c approaches.
Those of skill in the art will al so appreciate that

W b@saeses | ptions of vari ous enbodi nents of quBEIT/aAR007/002192

conmputers provided herein are intended only as
exanpl es of sone different physical realizations of

%%ﬂgg‘réggﬁﬁgﬁééfﬁnﬁ%@m&rﬁ m]t %sﬁt?% ions, ﬁ'ﬁggeeof skill in the art
Wit g0 pppreatate TRRAILqAntEHK bﬂocéé‘sdrhﬁa@bb éHHMd ngtlj gﬁ)a ystem other

appreciate that a quantum processor

thag yResedesarbediahayet hose descri bed above Qubits As

nmenti oned previously, qubits can be used as

fundanmental units of information for a quantum

Quitut er. As with bits in UTMs, qubits can refer to at

| east two distinct quantities; a qubit can refer to

t he act ualApmestioned pesvicasly,quititsadani g asedhbs fundsinental units of
an also refer to the unit of

. d i
i '@%ﬂ%’i‘ e Iﬂt’é'é‘iuf“ C%‘QPF%#‘@MM?SM bitMs; subity spoaefer to at

58 VR a0 2 4 LSR8V GEa| e n i

infermetion iestoved  dirkicit ea.e afs*oa*eﬁé‘r to i@ URRIOF Ihfbrhaidfitsdl,
Physi caIIy these two discrete states are

%@H@@Eeé{rﬁ‘@ﬁy fom \Rﬁ)phyi’f'ﬁ%lr@wc&and di st | ngU| shabl e

h I n.storage
v cer soaPbiEodiertlicy fie GcrRbat § ssir (RUALRT oA Classical
iffoerndtion gtoragé deOTce\Géﬂnté%de"t%rcﬁsérB% %?ég 't#pﬁcal\y labeled “0”

encodlng the bit state behaves according to
apd "dl aE8ysignllythesedwo disets statdssareceptesiented bp two different and
whi ch can_al sg be | abel ed

h |
oyl RrBob Bhysia aBp 5 ne S tieg Ricimpbes starage iexice, such as
v gfhﬁbﬁggbﬁf rigrieticTieta, Hktepl MryBithS JPhp e quanity
e@eodmg the Withstate ok hrenekiapeomdingresthe lade d?fcld‘ﬁ%wtah?sms A qubit

lﬁ?s curren or voltage, where the quantity
CyitaRSttwe diserety ah@'%?gm@sa wbighrognraise betlai@ele@m@ and “1”.
Py sRARAP IHEBPNG; éret(%)g 4d€a %ei)&%%%ﬂtﬁggm ” cPrgtnt and

stores” these st a aves

détmgashable ploigicdl etates vf e @uéﬁt@ﬁh |hfbrﬁna$aéﬁeeﬂ<5’r%?btdé?/fbe, such as
of 0 and 1. That is, the ?ub|t can exi st in bo a"o0

dé{ﬁat@'lor gragnitugde of magneie fieldnsurrent! os yotage penérerthe muantity
encoding the bit state behaves according to the laws of quantum physics. If the

physical quantity that stores these states behaves quantum mechanically, the
device can additionally be placed in a superposition of 0 and 1. That is, the qubit
can exist in both a “0” and “1” state at the same time, and so can perform a
computation on both states simultaneously. In general, N qubits can be in a
superposition of 2" states. Quantum algorithms make use of the superposition
property to speed up some computations.

In standard notation, the basis states of a qubit are referred to as the

|0) and |1) states. During quantum computation, the state of a qubit, in general, is
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conputation on both states sinultaneously. In general,
N qubits can be in a superposition of 2N states.

wax@sverssal gori t hms nmake use of the superposi t PONCA2007/002192

property to speed up sone conputations. In standard
notation, the basis states of a qubit are referred to

1> tes i . Nt um conput at i on,
TR PO RO bet i BleR i AUbifHE & R E PR o
deasipyingttht 48) Isasié Bite bhe sk f ili -
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. Ccally. e iy
BRI EBlEbF e Gt ucrs Budetiota REF e ne el £ 210 *211) where
hEB 4 - - o £ 0],
Tt B are coamRiets drespoituindfo U Pobabifles 1af* fptial
rpsiectively. t Tles coeffizieatala \dnd2 eaers hawd rettland iMAginary components,

gefficients and_b each have real and inmaginary
Wi aliats &he pRs ohhe,qidbit Kebe phmractsTizetie Thebauartominature of a
, i , . . r e. of bit i o .
R S SR R g B TR P AT bYS P efhn) Sudgimositon of basis

states amdtfos theestats o theryubit thakive SHRASS AMbtWil t&Sin this abili
state of the qubit tor%ave a phas%. A qugflmt \%" I@t‘éln this ability
1o exist Astnsahetent superpositian of basis stateiahentthe qubit is sufficiently

ISHERHARGH PRl oSl Rl Bles when the qublt 1s

ciently 1750 Fdi®sour ces of decoherence.
compl ete ¢ | ' [ : t o
GUbl t 15, neaeur B AcomBbPuAHE dquiilTae SAE pPihel bt s
MRARNIPE Memt rasd eutd  Fupically, svimsr & onemstirermbat oftaBtqubit is
of the qubit is t orarily lost and the
ps@ﬁ%é?‘%s_sﬁei driimpatie %fftggé’él?)éﬁ QPR YIost amdthe he
e ; nd. 1. ,
" DorRaion of ek Mads Rlabsol b B AhE Ghtsd fate ophe 11) basis
state @ad thusregainingtits similatityatbtetornvientidfalasit. | TS 86tual state of the

depends. on t h biliti 2 and [ib
o RREARE 13RS ieBrod Bobpeds cadtvn brosablie dal and |bf immediately
pﬁHPﬁ{&%ﬁ@g%h?ngQé%hs One hardware approach to

a

guant um conpu I'on uses integrated circuits fornmed of
superconducting materials, such as al um num or

%@anl ogi es and processes involved in
ri cati ng superconducting
One hardware approach to quantum computation uses integrated
circuits formed of superconducting materials, such as aluminum or niobium. The
technologies and processes involved in designing and fabricating superconducting
integrated circuits are similar to those used for conventional integrated circuits.
Superconducting qubits are a type of superconducting device that
can be included in a superconducting integrated circuit. Superconducting qubits
can be separated into several categories depending on the physical property used
to encode information. For example, they may be separated into charge, flux and

phase devices, as discussed in, for example Makhlin et al., 2001, Reviews of
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integrated circuits are simlar to those used for
conventional integrated circuits. Superconducti ng

wQeBoe76ed € a type of superconducting device tPEI/Ca2007/002192

be included in a superconducting integrated circuit.
Super conducting qubits can be separated into severa

MBLiEAPPh _ﬁ%’cg 9Repdl! $1y_anot r@\ﬁpé%e&ﬂclg)? %&i@e{@/ @éégq%éqttg q

encode information.” For exanp

infarmatibarigthe Ehargeanatepltisice devics ehheSeldnerts§Patdbs consist
for exanple Makhlin et a/., 2001 , Revi ews of Mbdern

PrRpiisaf efectrans calisd-Garpergeitsgd Bovperpais has @ chadge of 2e and

. . TR f the .
SRR bSO Pobic LR RIS S Sgracion
Seeelg ONRIsEH hied CRRARE QBahfsn CONYNRRESEN BAY rQJéﬂgufi‘) Information,

charge of 2e and consists of two €l ectrons bou
Gaybridee Unjversity Pessanilambridgeh@000),i pp. &48e345nFluSeievices store

35 meliRh i RSP e e o IR ODRc Bk Hhrpuph Bedie part o the
O o apces sltpe nibrndon g WAk SRIALIE qiierence in

Supescyidusting phase betwedre twievégiens Bhiheeptitel debcest REEently,
ion i.n a variable related to the difference in

Y ey e T 28 e clbaiaeJuk ageahaserdadressntisecdom
. e chebs .
B8 tden GERISBC) SRE L0 QUSTEARFE NG bitthet s 200 T Bafént

Atmpliebtipe to. 2005€0082519S Pat ent No. 6, 838, 694 and US

Patent Application No. 2005-0082519. Exanples of fl ux .
qubi t s t hdExaraplep&f s gubite thalenay bsgseddnciwe dHSQUIDs, which

- i | i,nt t by . )

EGa bR RANG 1508 MRk imBa o i B ladgiog. or a

o LhdJjoRERSYS QPhérenESing e Jl@serpﬁabﬁj«%tiex it Y\éblé’gé@bif 8ho parallel

Josephson junctions), of persistent current qubits;

Jﬂﬁe@ﬁwmm@ﬂ@nsﬁ, supersisiadiariery qubids, whichrinclpded by

BT RERS Tt it SR Ry 4R obeplaon lunstons safitstharlike. See
. a/P ,

2 M1t S 289, % S SHifo BATEIAD. e o o

60, 15888y Gthemexample8Xf sBpgsconBevting qubits Sar be 8GN Gor example,
atter et 451 1, and
F

N ReTen! 2l 2003, Phisp oot 8140979083 Blaiersatcrly 2681, Phys. Rev
B85 174511, and Friedman et al., 2000, Nature 406, 43. In addition, hybrid
charge-phase qubits may also be used.

The qubits may include a corresponding local bias device. The local
bias devices may include a metal loop in proximity to a superconducting qubit that
provides an external flux bias to the qubit. The local bias device may also include
a plurality of Josephson junctions. Each superconducting qubit in the quantum
processor may have a corresponding local bias device or there may be fewer local
bias devices than qubits. In some embodiments, charge-based readout and local

bias devices may be used. The readout device(s) may include a plurality of dc-
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char ge- phase qubits may al so be used. The qubits nmay

i ncl ude a correspondi ng | ocal bias device. The |oca
wher@s/oewei ces may i nclude a netal |oop in proxP@i/Cyx20100/002192

a superconducting qubit that provides an external fl ux

bias to the qubit. The |ocal bias device may al so

s C)l Lt : j i, ONS,: o

AR otiors o mRERIE Blne Il 1 BRUGRR gyt within 2

thpolegy. dbwerreadootdéedce avdl provide #evtdR 6 curhdite DS @EID
fewer |ocal bias devices than qubits. In sone
reaguRicmaies, typieally inchidesa loammefsupeserndusting nmatasal interrupted by

i : The readout device(s) may include
agq%%%?g\erﬁyyse%ﬁsg@E‘&Cﬂt'gnmagnet oneters, each inductively
connected to a different qubit wthin a topology. The

eadout ,devi ce may provide a voltage or current.
RDSEEPNEIGHRG (UM PEOGesEPtal |y i ncl ude a | oop of

ti aterial inter pted _by ai | east one
Josephson Jﬁﬂm%l ?{.pfgﬁﬁ%%ﬁééﬁ%@@ﬁge&@f)ﬂﬁv Pralogsrigeessor, for
ifstano® |t J Jray;
e o e ch 2% b e Mgl fogessor. A
stipgEcansiuetiog iqngntqmapmaespoomsinclugﬁ\asmmaf beromfot}lﬂ:tb_ itlsrzgmd
t essor may jnclude a nunber of qubits an _
e A B
[ [¢t tail.and
R R 480 EHte S r itk KElpe R Byatd Gpentum
nrocesseso thatiray bersetien esAfintliorn Afth YRS brédtntisyStehft methods,
qpresent systens, nethods, and agpar atus are described
8

"W appasausAresiascriped ik S\Batepd bt‘uzalz'@n m;B 2(}056;222451465; us
"o PElgsE Paler A iba e SefR{ 8 o8¢ B s Roorlanient f2rap07,

eltitled dSydtem, ID¥ vicex0aie Mctito dY ¢ fRe RlonheBRldMbcesstr Topology”;
LEOVi sional _Patent Application Serial No. 60/956, 104,

PéevigiggakiPatest Apotic@tmnseuialé\db.mjasfen@et,l filed m@usg zse@zooz
HRl O oS e e AR NP Pk iterooRbect Rissesse, Topology'
ahidl 88 PYeviersel P%tent%%?icét‘%h SBﬁéFN&%Ad/%é%ﬁsfnggg\ﬁ\gegﬁber 8,

and Met hods for Anal og Processi ng. supercon
2804 ranshenitiede'SystemsyDevicdsuaed Metbodefor #nalog Processing.”

A superconducting quantum processor may include a number of

coupling devices operable to selectively couple respective pairs of qubits.
Examples of superconducting coupling devices include rf-SQUIDs and dc-SQUIDs,
which couple qubits together by flux. SQUIDs include a superconducting loop
interrupted by one Josephson junction (an rf-SQUID) or two Josephson junctions
(a dc-SQUID). The coupling devices may be capable of both ferromagnetic and
anti-ferromagnetic coupling, depending on how the coupling device is being
utilized within the interconnected topology. In the case of flux coupling,
ferromagnetic coupling implies that paralle! fluxes are energetically favorable and

anti-ferromagnetic coupling implies that anti-parallel fluxes are energetically
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coupling devices operable to selectively couple
respective pairs of qubits. Exanples of

waapenemnduct i ng coupl i ng devi ces include rf- SEk/Os2@mndo2192

dc- SQUI Ds, which coupl e qubits together by fl ux.
SQUI Ds include a superconducting |oop interrupted by

. i f - SQUI D ;o J h
AR e et T Phelled 5 RS O
aoapiihg eevfceb@ah Beefolpapteixampdddn ANt PhedHt PIRURSEAFNumber

com&l i n?, dependi ng on how the coupling device is
200609144154 2 U Pravisiomal Rateet Appivatior Seriapbloo§9/8861253 filed

.‘ ; . ti .
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g R epectife COURITE IRy B! tHechduBihg BevicBRmay be

tupeed batwearergro avha geaxinsieuvalae plor egatheie, te provisle frsemagnetic
e used. Ot her. coupl.ing devi ces .can be found, for

B rlfERE o6 Blie OBl Bebtsn Gahion Numbar

2006- 0147 b S : Lcat ,
Sertal No. B ST $pERE Rardit hoid BaeRlcs b, managing o

sigle gubil My sxquine, cdbendl oeer a anchbdziohpdrarheters. Conventionally, this

l.ing Qubits". Respective coupling

Control | ably Coupl I .

r%?&“é‘?f@?ﬂ@“%’%/ neerSStgles PHs decsaramyniealion éthat ise gomwaurieation from
. i l. J i d .

Offtside Wh e qUEHLMEOtes T arcffle RRTRI oddh MR auht

Hpviéves, theepverdll pascessinghsovedrastithé quBATIMBMPRRIMACreases with

i npl enent ed, managi ng a single qubit may require

ﬂa%ﬁymer@& 8pbis iy ysﬁmp&%@nﬁom,migfmamtyi quaaitlim, computers
[ i ) necessi tated outside

thelt SdeBlib SRRtbs 07 So BT TERAL tePBIASTS munirapnaget large

niuleb et RfUBITS RINIGRES Irfti ' i i

D L olTs ARG Sie SorErkiBAbt difotkbh Bf ERplbying outside control

oyenetuliitle pasamatars om easingodividuahquieit serpiinsistencorhplicated system
f bi in the system Therefore, high Y
.qubi I y )
f%@h'ﬁ%ﬂf’h@@%ﬁ?@?s that exceed the abilities
of conventyipRatheSSHRAAGRYRH isdimi
nunber of qubits and thus Iqﬁjgﬁg:d(;mh\%%@%ﬁa |sglgt)|t3=,[)a tho

cemplexityraf tbetqsibitepacametear|contret systemi griccthess perphigsS Aded in the

h indjyvidual. qubit requires a conplicated system
afe'@?)r Ar&d Hé'fgafﬁmeﬁs—apanﬁ%%temhus, t he

scalability of quantum processors is limted by the
BRIEF SUMMARY
At least one embodiment may be summarized as a quantum
processor including a plurality of programmable devices, wherein each
programmable device is connected to at least one communication conduit: and a
memory administration system, wherein the memory administration system is
linked to at least one programmable device via at least one of the communication

conduits.
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conplexity of the qubit paranmeter control system and
there remains a need in the art for a scal able qubit

w@a0anetees control system BRI EF SUMVARY At | eBGT/Can®7/002192

enbodi mrent may be summari zed as a quantum processor
including a plurality of progranmabl e devices, wherein

each progr hce. i s .connected to.at, | east one
com‘ruﬁi cgt'?tg.%_ggﬂocﬁ' u?%;bggmgrg rﬂ%ﬁ??“ﬁﬂﬂ?ﬁ%"c P& @imgthod of
ey gtamnminghe geiaRtun Qrcﬁfféé‘ébb’c@fﬁﬂ’rigi'tr;??t AR %n%ﬁé&ﬁn‘nﬁable device,

*]I nked to at |east one progranmma devi ce
the Mgthed indeding dogalivrRragieaming atdeasti dre iaforhesish stovage device

' J i zed h f
R R
coneeningdhe Ry RINALIY 5& anhld Oémé]%ind QHHﬂqé@gaégﬁ%‘éhglog signal

progranm ng at least one in tion storage
touthen PEPATaMIMahlg Gigvicenbodyi ng at | east one progranmabl e
devi ce control parameter; converting the data signal
to an anal og signal; and adm nistering the anal og

BRIGFADESCRIPT IONOQF AT IS,/ e k| O T GV
OF THE SEVERAL VI EWs OF THE DR'AW%‘&EB’Ql n t ﬁﬁ?éW 'r'?g%#

i denti cal Iné#fedawiagsiidbetical referdrideynhbéisatiestifg AN elements
ts

The sizes and relative positions of el éenen

ts,.
O? rﬁcf‘sﬁ eﬁaﬁ' SR qoddelatiygposiions £ eleryentsdnthe dravdage are not
' ts.and |
nSeEs U RIdun W ScABoRET R, 1SS fLRE e/ afRand
anglsistararrdtylrawh 4o gedleandd BoRid bfaRese bRrhémE %}1‘@ taﬂSif-’!'%ﬁ‘ril‘?t%nIarged
e

leqgi bility. Further, the particular shapes o
agﬁg}ﬁ)éﬂ{oé‘eg@dmme diewing tedibitityn dwuathes, therpasticudaryshapes of the

[ [ e j ctual shape of the _
eﬁ?’?tc u| a@%g{né%g%ﬂ g?g&%@eﬁa@em@ég% a§§|lrggyngg¢@ Eqgidingythe
actumé shhpe ot r@npartietlat BidnhéntS! v R9%e bgérg %%l)}éalfaéte@ for ease of
schemati ¢ di agram of one enbodi ment of the l‘oca

regasgitidminihe sravwingst um processor el enents according to

the pr eseﬂgLﬁ,gs'tAeirsrBa SC etrrlqé)t(l]lcsdi%‘\gri(rjan‘%l % %Egtelﬁbodiment of the local

programming of quantum processor elements according to the present systems,
methods and apparatus.

Figure 1B is a schematic diagram of another embodiment of the local
programming of quantum processor elements.

Figures 2A and 2B are flow diagrams of embodiments of methods for
respectively programming and reading quantum processor elements.

Figure 3 is a schematic diagram of an embodiment of local

programming of a quantum processor through a demultiplexer circuit.

DETAILED DESCRIPTION

In the following description, some specific details are included to

provide a thorough understanding of various disclosed embodiments. One skilled
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Figure 1B is a schematic diagram of another enbodi nent
of the | ocal progranmm ng of quantum processor

we@b@seotos4 Fi gures 2A and 2B are fl ow di agr ansP@f/CA2007/002192

enbodi ments of methods for respectively progranm ng
and readi ng quantum processor elenments. Figure 3 is a

i S FRB L SntH B HoABVRE rggg)grﬂ%% e?rﬁR%ﬁr‘é%h& may be practiced

programm ng of a quantum’ pr

vdthault onel anraorecofrtbesé sp&EifidbRls RESwith BIHEPhé thobBecomponents,
fol | owm ng description, sonme specific details are
mﬂt@lr'@ge& ¢ olNpther tnstancesowelkdthowndirustunediasgodiited with quantum

i  sel iments. Qe skilledin the
PA3fesSians R A Al BRI Roublify S6Vipesand sootiphawstams.
imelyding micamgroceskors ahdwriveircity Bade Pbt bBES §h§®ﬁfiﬂ£{dse%cribed in

tails, or with other nethods, conponents, mater
dgl?%. 10 avaid yepecessasihcelascuringl dasadpiions ofitbeenaisodiments of the

SO SRR BB TSRS i S0 S uapLl

WOords UeleRErti £F@ PEIERRHEL e g@.@d % ie\‘n@or‘?lip%gé{i Bultre WBY fimited to, all
not been shown or described in detall "to 'avoid

syph stieshues.| systaros andrdpvitesassptiatedswith qubBtum processors, as well
gq‘ﬂgqi tds of the present systens, methods and

a30par 5%@? Hﬁ?%@@%ﬁl‘epﬁf%‘q% Etification, the words

"el ement” s HeSdBHb e w but
a?eenot Ii%n??dﬂt 0, a%’l?t rgﬁiéﬁe%?ﬁ%g{v %F egh,%s[@si$®%g3980'f'cat'°n
apd\ilaigs wbicbdolavetheiwdrddoamprise pamt essatichs tAsrett) $uddsas,

« e t grammabl e paraneters. Unless the
é@ﬁbé%seﬁgﬁ%p%?%{%% %Pgtcﬁf@tﬁg%m ap peen, inclusive sense, that

iS?@@C‘Hdlt?@ﬁé,gc?]hc}W lifliRgs »whi ch fol low, the word

“conpri se' vari atirons thereof, such as,

" conpr i seRefaretice toruighs uNhis S5etificatiBh t6 OH%d EHRDdiMeA “an
open. inglusive sense, that is, as "including, but not
epﬁmdgrg@mt Orapgther eRbedimentl means that a paptiecildriretarenifeature,

" | o odinent" or 'another o
o409 RORIGTRL cose oA R BB RSliropuis s
irsatrleastusree embobinent ETHE te A856draRess bithHedSHISSEd 9R one

with the enbodiment is included in at |east one
egbesinaatt in 2R @nbadimeap sraanihes eotbadineptiimsasols places
ti*88ghout this specification are not necessarily all referring to the same
embodiment. Furthermore, the particular features, structures or characteristics
may be combined in any suitable manner in one or more embodiments.

It should be noted that, as used in this specification and the
appended claims, the singular forms “a,” “an” and “the” include plural referents
unless the content clearly dictates otherwise. Thus, for example, reference to “a
quantum processor” includes a single quantum processor or two or more quantum
processors. It should also be noted that the term “or” is generally employed in its

sense including “and/or” unless the content clearly dictates otherwise.
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enbodi nent," "in an enbodi nent" or "anot her
enbodi nent" in various places throughout this

W@ p®siéiceati on are not necessarily all referriPgr/Ca2a0ne02192

same enbodi nent. Furthernore, the particul ar features,
structures or characteristics may be conbined in any

[ | [ o ld
be noted (e e iR eI MMt £ batlonte TH

spepiicdton ahdiths appbrded BB dekenities the, applieBtior®Bfthis disclosure
"the" include plural referents unless the content

IR BGHANIURY; RIPGERSOr GORMITiFIRgG sUpBTaendyaingdhanquibits, thosle of skill in
" includ ingl e
SR ke PR BIPR el Rer roe b aoaptea o

applstooother forems dfequzpked prbedésdoige term"or" is
generally enployed in its sense including "and/or"

unl ess t hd heoneadings peavidad kigreimaresfor convenience only and do not
i 1 SE t [ i.t, shoul d.be noted that while a
I@%F@Pynr%o?&tﬁ% %g@&ﬁp.%‘?? SWL!’Q_HHT’?W@- appended cl ai s

descri bes |h hecamrpince Q\Pitrf)ﬂheq;reéé‘htssi)@{e?ﬁé Orle{h%dgén?l apparatus, a

quant um processor comprising superconducting fI1°ux
Sqai@ibi%t,ecgnm@ fof quantum compbtngirtvoniing Io@gppmdy'rahﬂgh@ af

ods described.herein may_easily be adapted to

o PSSR Sfemetis i Geered, Braugadibis sesifoation and the
aPpafiedelanheViHdadrmieH6AMuRt BrdcR5sG® E}k‘é&%fﬁ:@%ﬁ% aagygstem that

do not interpret the scope or neani
CerpoigeAr@tiaast wio gubiis dad @t least bnelievives sach as sq@Beoupler, for

e BB R o R BeR I G254 o GogHtarome asmbodiments of a
qUEARINY mﬁéé%ﬁﬁ%rg iﬁ&lﬁﬁ@%ﬁs,'hﬁnﬁ?@e dlttgqelgsl' Qr i‘)’r‘ﬁgfé’,\gmions of

this specification an e ’appen (
qubitaand mubitaepters.” Ini onus efhbodirdester tHeecam SR REToF Bafuantum
conprises at least two qubits and at |east one device,
P SgsMayRibeatirebigrdaine gyithin araingle striuatyre nsunhnas aon

I tS...Sqne.enbodj nents of a
B B o U T RPN S, thé components

of hausatuta proceszoe may beé HRATHWAED BYEF 4 %Ilﬂﬁmy%*%itrhgtures with a
couplers. In sonme enbodi nents, the conponénts of a

MiFRRaRFIMArEdedingalpraatientherebptweatt ai ned within a

o ocessor i A SR af S Rmbiial BE T IS kabn Bhterich
includes memory administration system 101 and three programmable devices 121,
122, 123. Throughout this specification and the appended claims, the terms
‘programmable device” and “programmable devices” are used to describe any of a
variety of components in a quantum processor for which programming is desired.
Examples of programmable devices include qubits, qubit couplers, specific
components of qubits and qubit couplers, and the like. For example, a
superconducting flux qubit may include two components: a closed superconducting
current path and a compound Josephson junction, and separate data signals may

be programmed into both of these components individually.
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of a quantum processor may be distributed over a _
plurality of structures with a neans for conmmuni cati ng

w0 pfosnemsbd on t her ebet ween. Figure 1A shows an PXBEOAR@IA02192

guant um processor 100 whi ch includes nenory
adm ni stration system 101 and t hree programmmabl e

devi ces 12fngg ﬁ%lﬁllﬂl%%he tgﬁ)i‘f)lr‘écié@ tﬁa?ﬁﬁ%t&iﬁ:&t&cggsor 100

and the appen al ms

rday beeSt:almUto |pclugeamyahlmb@bcyfldmﬁses&nesmﬁﬂ3dsééhng the devices
escri f a vari etié of conponents in a quantum
o

¥ 9“'?90? wscerdinglyg Hheﬂgoresaaa@,whaalgumaﬁmtws quantum

d
BocEIDr RO, PRRCESIR L e UtihbSuediat huapim processor
1@&mb9m digidedtihe a pleality of sepaiar shyﬁceﬂuﬁﬁtéfiﬁé‘tdé’r‘ét I ng
flux qubit may include two conponents: a closed

cofTyBERiISAR YRanngctas by Atsygtarm ohaemm mejmr@ ndoiep oo example

I
LS B0y 200 L ks AL S RS o BRI, or
reldtitdhip mddue antiereir épﬁ@ﬂ?%@?éﬁa@e& BammpaHanisuithy be ¢ ommunicably
processor 100 may be scaled to include any nunber o

cQapereted ya sysieny obeemmupiaationdondois. RéefenendenthFoughoeit this
ure 1A shows

HostEabD B8 e speodsERims tony Coviunkataecarauitt Aea plurality
of SORARRMIGath CHHRILIY T RERRESSRS a1Hq9e ?Igﬂ?wr%‘?g r. including

into a plurality of separate physi ca
Qﬂbﬂﬁbhmdadltq elﬁmrmaimeltesbgzomww&raceﬁ mgn‘etid: ¢iatluettve) coupling,

d processor 100 may
C%ﬁgpﬁ?ﬁ% CQ“BF’EQ j)ﬁe”)pgps %’gﬂh rcptk €processor chips, or a
mul ti-chi mp@l%
conponent gn may S%\gﬁfgr@%wg%ﬁ%étﬁéﬁ‘r@c%qﬁ comE)nses astring
%mmqmnagmenm cdl@unts wHReﬁ arenssl tdIadei’Ewt sbhal%
eci fj (iatl nd t he appended cl ai ns
6 iﬂ 'é’ﬁtq %&M‘JP ias'Nehyit digital signals, yto(gach programmable device

gﬁm (ﬁlﬂ H‘ ﬁr‘BEQ ‘%ﬂorﬁ)gn@?‘f%not %ﬁ‘ 'ﬁﬁt‘%ﬁ%m appremate that the

tMnm:tadmmistw s %Immsmimgt | ‘eeniinigFation @@kl ke are used herein to
e§1| nduct i ve) coupling, capacitive coupli n(fJJ
PBE}Paéﬁt petareiad liphied) tokall mamner gfigenarat ngremengzgmg storing,

PRI Y0 SIS AP EAS. 3ol CF e
psograairaed to represent various parameters that influence the behavior of
programmable devices 121-123. For illustration, 8-bit signals and serially
connected 8-bit memory registers 111-113 are shown in Figure 1A, but those of
skill in the art will appreciate that signals of any bit length or resolution may be
employed and that memory registers 111-113 may be connected in another
manner or may not be connected at all, i.e., they may be connected in parallel, in
an X-Y addressable array, through a demultiplexer circuit, in a network including at
least one packet router, or they may each be independently controlled and each

have their own individual communication lines A, B, C, D.
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representative of data, such as N-bit digital signals,
to each programmabl e device 121-123 in quantum

w@e@soemes 100. Those of skill in the art w || PCT/CA2007/002192

appreciate that the terns "adm ni ster”,
"adm ni stering”, "admnistration" and the |ike are

e e e Sor A boRASOIRARE 140 Ho 856 Jdhalk Hliffidi8y Y hemory

manner of generating,” nanagi ng, Sto
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BesinabEacides 12l 1gp, Bl Yandts fiaa 880 o amalog
sigree by niidite0iis-andidg EoHverteps EDAREsFKB1 | 1320 18Re Bidh Wshbctive
appreci ate that signals of any bit |ength or
D@&Wﬂ Shmayyreseivertbe sljgitsl hitel of BatN-bitsignal aadiusedhis N-bit

ot Sich FEYrfuck R g hel haPa ARG ek g e
gumnialstered tbat dhsKofead PregrantthebRdedioest {¥1R¥EE. fh some

denul tiplexer circuit, in a network including at [east
espeoGiansinds. sushtasrthabshaweyn Figure 4AhtHis admikistatitemis! v
I ! h,. [<] wn i ndi vi dual
ECRAIPRER VIS TRt cBupliTa BedEes A 40 iy Fre lermediate
) , I kR C g o
ORISR 11 S SR SR CEBDR) Sy n an

benactivated/deadtivatep py tue ed@plehattivéeiva Iia'elglnﬁ%jcﬁn@fenﬁﬁdm&'nents,
f.orns be enpl oyed. Before being applied to _
'%‘PHBPQI%E%BP%DIHQII%\@%e%iI-ﬂéé,m@héecﬁogneghedsn@ﬁaegt¢raysmgle

i j Laital -10a-

copR aNAH 1 8BRS DL LA S B
siBtal 13Gnlysmdmieaistered drizppliegifioat alDAG 13- 38 f¥ Bipfogrammable

[ naI ang use this N-bit digital signal to produce at
qseé!&& ahd23 e spgraPORng Ntaayedintecaiwlingdavics B 443 is

I f vices_ 121-123. In -

SR g 5P APIS AR EINES ABHSESa Ll iy scmimtred
fitdnh © AT I'rBﬂitétp"r@gﬁaﬂimbﬁle%ﬂh’é'i’IAf 28 penviherinBlRIEBEL SR device

coupling devices 141 , 12, 143. The internediate
14dup lachyateg\ayctbe compler sgtivatjorelingh [bsomenemboditnerds aa coupler

L NG R R N
1mt§iﬁ?ﬁrgv§@gd$rpgaﬂ|@wém§ ot partibd Bo B SetVRBAESACE 131-133
and programmable devices 121-123. In some embodiments, a coupler activation
line may only be ON/OFF controllable, such that intermediate coupling devices
141-143 may provide only controllable ON/OFF coupling between DACs 131-133
and programmable devices 121-123. Other embodiments of the present systems,
methods and apparatus may omit the intermediate coupling devices 141-143 and
instead signals may be coupled directly from DACs 131-133 to programmable

devices 121-123.
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Thus, in such enbodinents, a signal is only
wa@ceimsnesber ed or applied froma DAC 13 1- 133 POI/@A2007/002192

programuabl e devi ce 121-123 when a correspondi ng

i ntermedi ate coupling device 141-143 is activated by
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enbodi nents, a coupler activation |1 ne my .
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systems, nethods and appar at _
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the progra 'nr% of the N-bit signals via communication
"YW%%EVJR ?ngiﬁa, RTRIEBRBabImeeNiers 1 21-1R2Rare soupled tofDACs 131-
[ j | A ' 51 La at | east one
88 TSP 8 SRR, el bn

coowentied aHo idigitdl reygresestations Which @Y MRCAdrAIMIED or applied to
rocessor 100 to an external systemis greatly reduced
'&fﬂ%’e@&lﬁ@%&kbﬁﬂ 3 andytransiiied tean externakreadivgesystém.

progr anma ' L0 _quantum progcessor. 100. One

skilled i ﬁl'}%h‘grgékﬁ‘e%ﬁt‘fmge@@}ﬂrgfea’}qﬁ%ﬁp%{ab!&@fﬁdiptEaked toa
papul&cype of a0¥AIUM Bidticsdbr §hd ﬂé'a%sé@ﬁt%@giﬁgra APabROdevices.

signals to digital, or to performboth operations
Rathen, theeeaseny systems; erathedsjaat Bppacdpe neiyrse applidieto any form

' Lrection. As such, the system described in

BBl RS St BT SrocaSdor Too may be o
superconducting quantum processor comprising a plurality of superconducting flux
qubits coupled by a plurality of programmable qubit couplers, such as those
described in US Patent Publication Nos. 2006-0225165 and 2006-0147154, and in
Harris, R.. et al., “Sign and Magnitude Tunable Coupler for Superconducting Flux
Qubits”, arXiv.org:cond-mat/0608253 (2006), pp 1-5. Since such qubits and their
associated couplers are designed to manage flux signals, the N-bit signals from
memory registers 111-113 may be administered in the form of discrete magnetic
flux quanta. Memory registers 111-113 may then take the form of superconducting

shift registers, such as single flux quantum (SFQ) shift registers or the flux-based
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wher eby signals from programuabl e devices 121-123 are
coupled to DACs 131- 133 via internediate coupling

walewsoesed41- 143. The signals may then be conveeT/€42007/002192

into digital representations which may be adm ni stered
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regi ster ma@sbe represented digitally I screte
Coryrder cand S Rrrisianal Ratent ApplicatiparSeiad dict 60O AHMST, filed

' f, th yper.conducting shift regqgisters
SEBRGHA . 0 B e TS BRa G S prebidlains
DiffereARSICS upcSnMRIFRNEIUL Didital RAA LRy E3RAvertbier e the
digital magnetic flux quanta may be

In'some embodiments, the at least one analog supercurrent that is
output by a DAC may be inductively coupled to at least one programmable device
121-123 via at least one intermediate coupling device 141-143 by activating the
coupler activation line. In other embodiments, the at least one analog supercurrent
may be inductively coupled directly to at least one of programmable devices 121-
123. As previously described, in some embodiments the system may also be
operated in reverse to produce digital output from the SFQ shift registers based on

analog input from one or more programmable devices 121-123.
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used to produce at |east one anal og supercurrent.
Thus, in sone enbodi nents a nenory register, such as

woreemny7es£gi ster 111 and a DAC, such as DAC 13HCT/CA®R07/002192

be realized within the same physical structure.
Exanpl es of superconducting DACs are described in US

' , 60/91 7,884
1 Ded My ORI Bno0BRboie of e PRIoERl oV emd s s
dpipaxatDe ga palrally-oNDAOCY My e ESUSIEd 45 b"&ngﬁe programmable device.
per conducting | nductor Ladder Circuit”

FI%W\% B bﬁw%lsclp%m@ﬂ@ diggsamceitsush afseemapdmentﬁ@v e 13ca91

Pl ek o i ap P oc sl eny T he padmght fustrated n

Ay wet B isTsimiaptothablnsabiey in: Figid H$ SR%t ?‘Ia‘i’rﬁ"hgure 1B two
Pat ent Application Serial No. 60/975, 487,

Déos ddBenda b33 atoouried teatsingle proggstealie devtdeot, avidle DACS

fi f | S duct Fl
LIS SR AT s RS bl r1zana 11
Tiis bORSINGOSHANAL Y pRORGS EGﬁt"r&vae?'i}?é [été a Wit pr‘éré\nmable
DAC ma% be |nduct|vely coupled to at | east one

dgvisgr tregeemined fidm ahJBitial state Xlte asprogrammed statehY
the

el BT 4Dl Bh B HREwaYfopT asmoesian n e e ebadiiaeat Shown in
Figag!1 QR cANstb g%@%ﬁf&%ﬁ@é‘ﬁzﬁ%sﬁg cbﬂgféﬁttbvz%lxge DAC (131-

coupl ed directly to at st one of
88vrespectivaly) angthersfope eachpsogradenabliehirdicd 5908 is
enbodlnent t he sgﬁten1na al so be operated in reverse

p{‘EPrBFHH%%@ Hig53aF tHr BOd ot thsnsarne refleoHomever riaghe eathodiment

SRS PR PO, 7 PER TR BRTENS, 12 an

1§§3§imﬂms altetweod slegrek abeentas] bver theltire Andtratedht WAEh
ed to a single programmabl e device. Figure

pic@?pglerggtglé &ﬂﬁd@{@ﬁfﬁrﬁmegthO%m obsiilh i Wi@rﬂrt Ml appreciate
HARSlRES BRRTBT R ABle AN HOLRL RERT B BiE Falivleq to two

DAGH 182 langt 138 iedFigureFi Bl UdIEorldny BX®BBF of t’h@tprbﬁracmrgléb% devices in
1B two DACs 132 and 133 are coupled to a single
UG URRIBERSSPEMAebe 2aupigditp dvpacany3rinabet fI3AGS e

and 113, THC 2Bl g SEREHE blArow deb & Arograrstibro the
eleingentatof aajuaktiMmhproE@HR TSBH &s, for example, quantum processor 100
of Figure 1A) according to an embodiment of the present systems, methods and
apparatus. Those of skill in the art will appreciate that while Figure 2A refers to all
devices in singular form, method 200 may be applied over a plurality of devices. In
act 201 of method 200, a binary signal is programmed or written to a memory
register (such as one or more of memory registers 111-113 from Figure 1A). In act
202, the binary signal is converted into a analog signal. In act 203, the analog
signal is administered or applied to one or more programmable devices of the

quantum processor, such as programmable devices 121-123 from Figure 1A.
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device 124 is programred froman initial state X to a
progranmmed state Y, effectively realizing an arbitrary

wansleion generator. I n the enbodi nent shown i PCFCH2002/002192

1A, each programmuabl e device 121-123 is coupled to a
single DAC ( 131- 133, respectively) and therefore
Tagh
o T, ORI 203 P alt B2 chmbie it HEBidHsiditof the
GRIapbIN pracessioovihus mediigng ¢hel Beed fardormmBRicatice Wittt xderhal
IS cou led to two DACs 132 and 133 and this allows a
iR €781 over the tinme and rate at WhifChk' ¥
rogr amma r e 0 [ .
' the ar ?‘%@ef%%ﬁ? K6t Qi30Rln B 3itog 280 38 Pachid Information
frono geadatie devides ibyeskaatialy @ﬂsmnn@méiﬁo@ Q00 % Pb\RGsé OThose of
V\fo Cs 13ﬁ and 133 in Figure 1B, all or any nunbe
% Fﬁeﬁf‘d@' AbpEetiatethat while Fmtﬁe@@aﬁetf%rmtpredicf&yms lrmswgular

&‘?? ﬁg\ljlvﬂ'l | agé(gpn{aybéjépn@[lzﬁo ) 'f' flltﬁﬁ@\gﬁéﬁg @qcﬁé& a signal is

celputinyar rebddragn aing FEBAELRS 86WEE ah8uohvated itb LNgHR! €.
guant um processor 100 of Figure 1A) according to an

r%ﬁ’ﬂ?ééf“?é'ﬁﬂ dn achdSprtesatigital yepresentation mume sigdal is output to or

EREDLERY PooB35a®n” Rupin. ebis A5t o a8 Ror@plefen within the

dimensionsohask é@&tﬁﬁfypr@%e% e @Hﬁélngltﬂé hedl 'fbﬁ/cc?r%mumcatlon

devices. In act 201 of nethod 200, a Dinary signa
W@ﬁ%’fﬂ@é&r@fammg@ysma menory register (such as

f st 1 13 f Fi gure
0ay Ol "ol Doyt iked. &Gral Sreatipoe sbemPAreawbe

irapiehtghted 86 dlogrhfm @éﬂa getd?éi‘nc@%a%@& 85 %@Jnohégggfsters 111-113.
adm ni stered or applied one or nore progra

Feeinstarcesmemenyegisters ‘p‘lrbct ¢3 smay, be sehal%c%p{@j ﬁﬂm’ﬂhhﬁmlcatlon
Vi 123 fr mFl rel Thus, acts t hr oug
'”%%Aﬁgy"‘sdﬁ Stf?ée%h% 1Bt Inothenembpdinerdgs, memory
7 I f
oTuni cat o o O QU?er n@dﬂ%?';%ﬁé%ﬁwﬁ%%é‘&wwn ines. In
s@mmme@menta of trw\prtésagt systerhs pmestlidiscartb8pparatus, the data
i nfor makg)l on from readabl e devi ces by

S{oE80, IP4P5 PRApEba ProgoTET o ool Priok i pystemTiassexconple of
s§c‘5h hlrolfing gﬁtégtlsvﬁ Jjémﬁﬁﬂég(é'r%frgu& hat while Figure 2B

refers to vices I n singu
Figure 3 is a schematic diagram of an embodiment of local

programming of a quantum processor 300 through a demultiplexer circuit 350. As
illustrated in Figure 3, quantum processor 300 includes memory administration
system 301, which is similar to memory administration system 101 from Figure 1A
except that it includes a demultiplexer circuit 350 that may be used to rout signals
to data storage devices 311-313. In operation, demultiplexer 350 may receive a
signal through at least one of communication lines A and B and, through a
sequence of internal routing procedures, direct the signal towards a specific output

channel. The specific output channel may correspond to at least one of data
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form nethod 250 nay be applied over a plurality of
devices. In act 251 , a signal is output by or read

w0 e@s061eed r eadabl e devi ce and converted into apdi/gatw@l/002192
representation. In act 252, the digital representation
of the signal is output to or read-out by another

stageMeviGR! 1 1- 9?3 fp@ééeﬁ@ra?éﬁe%}ﬁn B% 4 (%Fﬁkl?é%%g ﬁcgr}#;erstood

t he di mensi ons uant'um processor
in thee adpas Soch,dhose:of skill irotherart ileapsrediite B WettHiRExer 350

R 0l adaiBierea) SRR st ipparie mosee é%rbbﬁisge&m demaltiplexer 350
nﬁéﬂr@ﬂfdedgphfrﬁﬁtg o?lr‘&h’t @gé@%%gq%ﬁ%ét clogi 1iL1 s 6 form a logical

For 1 nstan

b&:mryan‘dey [Iemupihﬁl@xéms@ I’ﬂﬁmh@@tﬂb%dhﬂm sr@na Aput lines (not shown)
ﬁ%ustrated in Figures 1A and 1B. In ot
tRaghslogieshtsiy of eyitisgeleyicesis somt;olmbsoe respexitive signal
ingLthAeal l el to simlar communication lines. In sone
eﬂr}‘{)odl ments of the present systens, nethods and

appar at us,THehgbslat destriptio of HRLira®s éﬁMo@iﬁﬂéPftQ%r ﬁé’f"lﬁ@nded to

t hrough a routi n% system an exanple of such a routing
"@ﬁhstl‘ée ar trelimi tﬂm embadinenisubtthe prepisef@misdisclosed.

AR o SPME Bleni n{BE EiBbles e e ligh harein for
|Ilﬂ$ﬂ’ahve PURSesC VAksld eé’@@aleﬁ?rﬂo’diﬂéﬁ%ﬁé Qn 'bgsrﬁ @%‘Qﬁthgut

quant um processor 300 includes nenory a m ni
d@paﬂm o the whirit lanidsscopeidf dine Hisclosome, yasawlittibe ®icoghized by

R SO T N
emsitfnentsOc4be bﬁéé‘&?oﬂ’\%Y gﬁﬁﬁtu?’n E&m%ﬁﬁng'sgf,tgrrpéﬁ, methods and

operati on, denu I pl exer may recerve
apﬁafﬁigh rat rlee:assardylmenéxemm_am goantuemn coimpetind\sgsténts, methods

h f t I t
P Gowatn 08 Seapralfit %”@B‘Sg&@ﬁ'a?eféﬂgrdé"i speci fi ¢
h o
Cor Fospond ™l 5 G AP RERaO Do Uit G090REn B set orth various

embagirdentshef the sgstams pestabds andfappasaas vid Meaz@ﬁa" ofl Slock
n.the art; as such, those of skill in the

undae%ﬂ;} g O’A%B%%% and eRmpleenlnsefas ascuchegockdiagrambude
<08 S e el UoHlah bAESr e SO PR B yons. 1 i
beemdeestoad bgrigesk skilléd i el art i eaeh ffaridtion ArkBbEberation within
such block diagrams, flowcharts, or examples can be implemented, individually
and/or collectively, by a wide range of hardware, software, firmware, or virtually
any combination thereof.
The various embodiments described above can be combined to
provide further embodiments.
All of the U.S. patents, U.S. patent application publications, U.S.
patent applications, foreign patents, foreign patent applications and non-patent

publications referred to in this specification including, but not limited to: US Patent
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binary tree. Demul tipl exer 350 may include additional
signal input lines (not shown) such that each | ogi cal

WO ow8067660uUt | ng devices is controlled by a resperCA®7/002192

signal input |ine. The above description of
illustrated enbodi ments is not intended to be

%@833'6‘9@ YIS Ithen Bubliddtonagh! G?BQT%Z dfléﬁetljﬁe f?erﬁg-'ﬁg)lication

forms disclosed. A t hough specific e
MSﬁﬁﬂGe@z&‘EﬁEdMS:Plrdmdohar Ratent AppliddtioatSeridl Wd. 60/872,414, filed

f fd%@l °“§e$ qg#ghgr&emnq%%grﬁ@tem s 82Fnt?[%@gag§ted
théé%&ff 955 USRS AT BBl Refl] bsFobRg 104,

filed AugasETmtﬂDGTE ehﬁtl@cafsmemspbéadeé OARd WMRIthGWERBEM

corrputi n stens, methods and apparatus, not
%‘W‘%‘P‘ﬁé{ %%ﬁéﬁ@P@'ﬂQYq&@ﬂ@Nl%@ﬁﬁmatﬁgt Apelication Serial No.

TS5 B TURRASA S0 Sl SSRI4 RE DRI Eand et for
Arelod) Processitsy” e Uisopatemb PebitatioheNs: mwmzmdﬂw Patsht

apparatus via the use of block diagrans, schenatics,

Pé%hi'céﬁ%’hﬂoe3006795,1(511‘7215%@35%@\('3@@1 a(ﬂﬁaratg%m‘rsatlon Serial No.

PP ed AN 25" 70 G G B aeia SipersbictRg tubi

Lgiid D@dleB ArteMetHodsh %S%blsfdﬁéq:ﬁaf&ht Ileétlcﬂ'PSéﬁél' ('
wi thin such bl ock diagrans, flowcharts, or exanples

6041 884 nfiled Mday a4, 2007d|an|t|tle|d1r$galahlé/$uperod)m(hmtnngd?lyx Digital-

BB R S ioaP B Bl L3S Clrcuit’; US
FeabiRbnEe Pb%rﬁ%ﬁhbgﬁ-‘&l SEHM?NS 36'0/9627 %@"{bhfé%qviw 187 9&!0?' Sntitied

Jfurther enbodi nents.
ust@ms a&m{hodamm Ap@hratualFlooﬂsScaUaIS!e $1memd>nductmg Flux Digital-

T2BBebR ¢ SR anorUs dreNe A PRSI ARRLCReT:Seeal Ne,
60]‘915"&875@88'8‘6!&@% ﬁB F@S p'emtle@“é Ohng! M@tﬁ(%s_ 583 Apparatus

US Pat ent No. 6, 838, at ent | cation
faoa Dliﬁe)@ﬁﬁaBSuchéadj actingFelbk iDigitalao-Avmalog CohveR@S S ;

|wrgél%\{lgr h\gp&hbgg%?erenc Ih 'tr?é"}}- Ier?tr:re%/ezzlrlwcfijl Iforl\alﬁl purposes. Aspects of
the embodiments can be modified, if necessary, to employ systems, circuits and
concepts of the various patents, applications and publications to provide yet further
embodiments.

These and other changes can be made to the embodiments in light
of the above-detailed description. In general, in the following claims, the terms
used should not be construed to limit the invention to the specific embodiments
disclosed in the specification and the claims, but should be construed to include all
possible embodiments along with the full scope of equivalents to which such
claims are entitled. Accordingly, the scope of the invention shall only be construed

and defined by the scope of the appended claims.
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January 12, 2007, entitled "System Devices and
Met hods for Interconnected Processor Topol ogy"; US
woe@siosiconal Patent Application Serial No. 60/BESGCANM;/002192
filed August 16, 2007, entitled "Systens, Devi ces, And
Met hods For | nterconnected Processor Topol ogy"; US
Provi si onal Patent Appli C@‘[A%Serl al No. 60/986, 554,
filed Novenber 8, 2007, enfitled "Systens, Devices and
Met hods for Anal og Processing”; US Patent Publication
What |§\'9|a|r%Q8§§ 0225165; US Patent Publication No. 2006-01471
S Provisional Patent Application Seri aI No. 60/91
3 980 filed April 25, 2007, and entitled "Adiabatic
Super conducting Qubit Logic Devi ces And Met hods"; US
Provi gi onalp figdf0f gerbsset b&lﬁ g No. 60/91 7, 884,
filed May 14, 2007, entitled caI bl e Super conductl ng
Fl ux Ilq;]umaétty ofrmrogrmhd@bte)dwcss (whdﬂelnn@oh programmable device
. Supercon ucti ng | nduct or Ladder it"; US
'SCO"’WE%’EQ Sﬁsk%{?%ﬁ?mﬂhﬁl'?%m%'g r?% No. 60/91 7,891
fil d ; :
rppar S10E oY AT Wk h TR mtFb i atior
systenilis- I'mkad dg aCtrast bheprograntmaeRfevdesviarz leddhbaptof the
Q’B Lcati on Serl al No. 60/975,487, filed Septenber 26,
comm IonseRnqdYitsy " Syst ens, Met hods and Appar atus for a
Differential Superconducting Flux Digital-to-Anal og
Converter" are incorporated herein by reference, in

t hei r 2ent i Meyquamduqiroeédsop bf BREAS! wheEE bt |cist bhe
enbodi nents can be nodified, if necessaéé/ to enpl oy

progragyazllgdeviger and atleantia porinseidhememeryad minisralignesystem are

formec 8P s e BTG et IR el BLEH A ok Poralthé

the enbodi nents in light of the above-detail ed
descrlptlon In general, in the follow ng clainms, the
t er ms 3used T&RAaNtWOProeessONOf plaem t wherain the peogrammable

devicet SHERpIeRikd e e cplr SRS Bt PoiBaRu 8 diba

supercbﬁdwmgidl@ar@b'qui’t%SSLl%&c&%&ﬂi aSedjubng. ¥hddtcbRGucting hybrid
scope of equivalents to |ch such clains are
qubits, emarttturedjot&dmnbdwlghy, trammctnexptealmiombeqmlmt/emmplews

{
superconguctlng qu|Pcoup 2|§s rImSUFItIeS nuclear spin qubits, electronic spin qubits,

and photonic qubits.

4. The quantum processor of claim 1 wherein at least one

communication conduit communicates between two or more programmable devices.

5. The quantum processor of claim 1 wherein the memory
administration system comprises a plurality of components and at least one
communication conduit communicates between at least one programmable device and

at least one component of the memory administration system.
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and defined by the scope of the appended cl ai ns. CLAI M5
What is clained is: 1. A guantum processor,

weowpne®sng: a plurality of programmabl e devi cCBGT/CA2007/002192
wher ei n each programmabl e device is connected to at
| east one conmuni cation conduit; and a nenory

S nPot r at PRV ArodfiRbh RS 13FRR e thegngmory
adminiQF A PEFREMSC VISR & bﬁlrgﬁty 'o?l;ﬁghpﬁﬂén&faﬁd‘ét least one

comunicati on conduits. quant um processor of
commulicationicostauiteiommunicates betweeprtegrarmaits @rdpemnerds afthe memory
. .at least a portion of the nenory adm nistration system
adm'”'gtf%t'qrb?%ﬁmby a material that is superconducting bel ow
a critical tenperature. 3. The quantum processor of
claim1l wherein the programmbl e devices are sel ected
from 7he gimbemuanhsngrocessof of dpen donberin the Mmiemory
. .qubi ts, superconducting charge qubits, s rconducti ng
adm'”'%‘ﬁ%‘é%“ aXﬂS?'F’s'PC'é'BﬁérachE SPT%?Q@EW\@%%%&)- quant um
dots, trapped ions, trapped neutral atons, qubit
coupl ers, superconducting qubit couplers, inpurities,
nucl e8r spiTheqiuzintism prbesdsopof claimi?whemin the BAC includes a
photonic qubits. 4 . The quantum processor of claim1l
superceReveing Bux Pés andnehergimdigitakgignals ase sepresented by discrete

' s between two or nore programrabl e devi ces.
mag"eggm“ﬁgg“q%ﬂgaﬁt um processor of claim1l wherein the nenory

adm ni stration system conprises a plurality of
conponents_and at | east one conmuni cation conduit
comufi cat dhesranten niocesses of slamgr wheeimths @emoryce

scmin 88 1551 S VAT egbRRL He soga gt imormaton

claim1l wherein the nenory adm ni strati on system
conprises a plurality of conponents and at |east one
commuiDcat iThe quantuntproocesacniof alagy hehersim at leasbonederice

capablg%?%g)onr(lanrbt gigﬁgl i%Poerm%‘ta”lgRrchI& errsl, erf?eter%gw |%gis§¥E’ tem

11.  The quantum processor of claim 10 wherein at least two memory
registers are communicably coupled in series with one another, the coupling being

established by at least one communication conduit.

12.  The quantum processor of claim 9 wherein the memory
administration system includes a routing system wherein at least two devices capable of
storing digital information are communicably coupled to the routing system by at least

one communication conduit.

13.  The quantum processor of claim 12 wherein the routing system

includes a demultiplexer circuit.
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7. The quantum processor of claim1 wherein the nenory

adm ni stration systemincludes a digital-to-anal og
weowsesteesr (DAC). 8 . The quantum processor of PCT/a@am07/002192

wherein the DAC includes a superconducting flux DAC,

and wherein digital signals are represented by

di screte netic, flux quanta. 9 '
or ocetbor TR Bt Blasesert S simad ettt Remons
ini ' i h@ QigiaPaighalsidresddminisgered
s LRISH 1584 ol eagl o RPN Sigmo SR Bl otamicer
betweeal atil@ag oreememonaregistas andred lersiione RABabl e of storing

digital information includes a nenory register. 11.
The quantum processor of claim 10 wherein at |east two

Menor ys I egrRg %ﬁ%nﬁ{rﬁg?@d@?éﬂ? 6P8hL¥n QU Ein &t 1885t &fe memory

W th one anot her, coupl 1 ng being established by at

registet aad bt wast oneAC @ae configurad o edminister Tgitad siamaimin the form of
)rocessor of claim9 wherein the menory admi ni stration
magneg‘}ﬁt’éﬁ#?ﬂ@-udes a routing systemwherein at |east two
devi ces capable of storing digital information are
comuni cably coupled to the routing system by at | east

one coegmMuNnThstquanturnpdocdssol 3f clim 1Gusinérein fvecnagsetic fiux
of claim 12 wherein the routing systemincl udes %@f
quantacarmadmipistied katwean the at leashang Mmamem BoisieIY} thgrat least one

cl ai el n the menory admini stration system
DAC V'?r%l%égcwsﬁ&st one DAC and digital signals are
adm ni stered between at | east one nenory register and

at | east one DAC. 15. The quantum processor of claim
14 whérei n The quantumdrecesses of Clairgi 1 whergin tha magastic flux

one DAC are conf.igur 1. | Qi '
a1, P RGPS e TR ool AR oastone
DAC vif iRE886R cAlplplgai m 15 wherein the magnetic flux quanta

are adm ni stered between the at | east one nenory

register and the at |east one DAC via galvanic
coupl 189" The quantum processor of claim 14 wherein at least one DAC is
communicably coupled to at least one programmable device, such that data signals

may be coupled therebetween.

19.  The quantum processor of claim 14 wherein at least two DACs are
communicably coupled to one programmable device, such that data signals may be

coupled therebetween at a controlled rate.
20. The quantum processor of claim 18 wherein the data signals are

administered between the at least one DAC and the at least one programmable device

via inductive coupling.
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17. The quantum processor of claim 15 wherein the
magnetic flux quanta are adm ni stered between the at

wo e@shemre nenory register and the at | east oneCDAK2007/002192
i nductive coupling. 18. The gquantum processor of claim
14 wherein at |east one DAC is conmuni cably coupled to

at legst o pr ogr anmabl e _devj ce ch that, da . .
21 gnafl o BOCBDIR SR eRsPEhbs A R) W dh ke Wustivg foupting
betweeh A8 &t $€4st UneTDATBAHHENAI8ASt GHe ProgRdmimeBIdévicéimediated by
comuni cably coupled to one progranmabl e devi ce, such
an intetrhediatencauplingrmddviceray be coupl ed t her ebet ween at a
controlled rate. 20. The quantum processor of claim 18
wherein the data signals are adm ni stered between the
at legs! Ofielanfif] prdiGestor bPaBim 2N SwRERH ATEBH Sne
device via i1 nductive coupling.2 1. The quantum
intermeatisteesmgiingfdevical imirtfucivelyaicupldietol thd uat teast ooeUpACrand the at
bet ween the at | east one DAC and the at |east one
least ope PEOYRMIBRRYIEAAM S i s mediated by an internediate
coupling device. 22. The quantum processor of claim?2
1 wherein at |east one internedi ate coupling device is
i nducBvel Thequaintumtprotdesoabf tlaira22onkeraMhenidtdrinedidte

.l east one programuabl e device. 23. The quantum .
couplingy @r\dee; iy crnmanigaiiyeouied & anastivatianeseraaiugication conduit and
i It HRLARLABHE BclR eSO R EI L REUBN G Belhor, o aptye st

and andnagiivengtatieviadhe iastivatpabtamaiunizeitio condlighed bet ween
an active state and an inactive state via the

activation comuni cation conduit. 24. The quantum

Processor SheShBiiA bl s Balh SAkhAKILh pluraliv o,

intermedi ate ¢ ViCe e conn

intermédlated€ousting \iviceis SreounRecRU iARefiedtltie agtiatiah kommunication
i ntermedi ate coupling device is capable of being

conduitand earell ifermediatexpoupiingvdevicaiisccapabledf heing sivitehed etween an
n conduit.

. b h N ' [ ' . 25. The.
active §i91c. A 36y i BbieCRafi BUIH ARbsBinERBIMbikatatt et or
25. The quantum processor of claim 23 wherein the activation

communication conduit is analog variable between the active state and the inactive

state.

26.  The quantum processor of claim 9 wherein at least one device
capable of storing digital information includes a superconducting flux-based shift
register.

27.  The quantum processor of claim 26 wherein the superconducting

flux-based shift register includes a single flux quantum (SFQ) shift register.
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comuni cation conduit is analog variable between the
active state and the inactive state. 26. The quantum
wee@soemer of claim9 wherein at | east one devPCECA2007/002192
capabl e of storing digital information includes a
superconducting flux-based shift register. 27. The

23‘32? gg‘ng{]gﬁﬁgﬁq & )Pr‘éé rﬁ?n?rﬁq %ﬁ%ggﬁg %’p&eﬁﬁcéf comprising at least

one pré?r@@ﬁrﬂaﬁbtdé\ﬁb@mhélPﬁdtﬁdf@boﬁi‘mn%hgf egi ster.28. A nethod
progranmi ng a quant um processor conprising at | east

one pm@#lmmamrnmuaiéeastr@@enaiqﬁmu@omrage dlgvice with a data

signal §3BBakhgMt AR B ProBtamfTable, S8yre SORFOTiardheiie" 29°

progr @aﬁwuﬁ A daka ﬁgﬁélrtelarp@rﬁélagts nal:Gfeverting the
data si gnal o an anal og si gnal adm ni stering the

anal ogdmnglstaanrﬂgdhetwatng)ggaahtaﬁhe pdegraownatde devioe.
met hod of claim 28 wherein converting the data signa
to an anal og signal includes generating an anal og

si gnabghaviTpg ReffRAtridslm 28 APRFdih %ﬁbeﬂnﬂgtth@ d9#d 8ignal to an

signal. 30. The nethod of claim?29 wherei
analogasjgmaiueaﬂadem genatiagaoanalogsignal bavihg gomagniudaptaportional to
i ce includes adm nistering the analog signal to an
the da‘iarﬁ'%'??erledl ate coupling device. 3 1. The method of claim
30 wherein the intermedi ate coupling device is
configurable to an active state and an inactive state
and w3er ei Thetraethodesfratalira2@ whevgihiaagnidisterirg) the analog signal to
adm ni sters the anal og signal to the progranmmabl
the proggammaklip dgvicednelgdes ﬁém"éiﬁ@r@@Jbﬁ iBRgia%es) ge@ toan |ﬁtetrmedlate
state. 32. The nethod of claim 30 wherein the
CouD“ﬁ{jg\%ﬁedl ate coupling device is tunable between an
active state and an inactive state and wherein the

i nt er nedi at e cou&w devi ce admi nisters at |east a o
porti od- of I dd% daighdf whereindhe idgrassiate eoupling device is
C j C i I, i e
confng@l%\ﬂe r%ms&\éehﬁngé;%ﬁégﬁgb%@e QHR! ANPWHAENIS Frd Ttd S fate
coupling devuce administers the analog signal to the programmable device when the

intermediate coupling device is in the active state.

32. The method of claim 30 wherein the intermediate coupling device is
tunable between an active state and an inactive state and wherein the intermediate
coupling device administers at least a portion of the analog signal to the programmable

device when the intermediate coupling device is tuned away from the inactive state.

33. The method of claim 28 wherein programming at least one
information storage device with a data signal embodying at least one programmable
device control parameter includes serially programming a plurality of programmable

devices.
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33. The nethod of claim 28 wherein programm ng at
| east one information storage device with a data
wae@nab7eenbodyi ng at | east one progranmmabl e deRCT/EA2007/002192
control paraneter includes serially progranm ng a
plurality of programmabl e devices. 34. The net hod of
Cl ai mags velelhBitRIcOSH AT 28 wierdifidtbaminy &18BY GHe
st or age devi cee vvltth a data si gnzgl%El gﬁrrg% yi ngr@at east
informatien plovageadeebe evithea idata signarerhbpdyinget &ast oné pdegrammable
routing the data signal to. a correspondi ng i nfornmation
deviceGogitrgy 3am¢@éfnc§@egwtiﬁaﬁmeatﬁ Sieﬁ%'i t%%‘%%ﬁ?@éﬁgﬁ"g information
r mm ng at | east one information storage device
storag%dt%%fc%.data signal enbodying at |east one progranmabl e
devi ce control paraneter includes programmng a
plurality of programmabl e devices wth a denultipl exer

circuidd.-” The method of claim 34 wherein programming at least one
information storage device with a data signal embodying at least one programmable
device control parameter includes programming a plurality of programmable devices

with a demultiplexer circuit.
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