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The present systems, methods and apparatus relate to scaiable

10 guantum computing and the local programming of quantum processor elements.

Description of the Related Art

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

15 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 harnesses 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

20 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,

25 Vol. 21 (1982) pp. 467-488. For example, Feynman noted that a quantum
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Much research has been focused on developing qubits with coherence sufficient to
form the basic information units of circuit model quantum computers. Seee.qg.,
Shor, P. W. “Introduction to Quanturn Algorithms”, arXiv.org:quant-ph/0005003
(2001), pp. 1-27. The art is still hampered by an inability to increase the
20 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
25 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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20  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.

25 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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in a three-dimensional spacetime. These braids may then be used as the logic

20 gates that make up the computer structure. Lastly, an example of a cluster-state
quantum computer is a computer structure that employs a plurality of qubits that
have been entangled into one quantum state, 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

25 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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in general, 5ik§ contains two discrete physical states, which can also be labeled “0” and “1”.
Physically these two discrete states are represented by two different and
distinguishable physical states of the quantum information storage device, such as
direction or magnitude of magnetic field, current, or voltage, where the quantity
20 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
25 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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Superconducting Qubits

20 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 conventionat integrated circuits.
Superconducting qubits are a type of superconducting device that
25 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 ef al., 2001, Reviews of
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20 inllichev et al., 2003, Phys. Rev. Lett. 91, 0979086; Blatter etal,, 2001, Phys. Rev.
B 63, 174511, and Friedman et al., 2000, Nature 4086, 43. In addition, hybrid
charge-phase qubits may aiso 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
25 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-



WO 2008/ 067664PCT/ CA2007/ 002192 SQUI D magnetoneters, each inductively
connected to a different qubit within a topology. The readout device
may provi d@oeotaiet@&ge or current. DC SQUI D magnet onet erBCI/@au0czloRip2

i nclude a | oop of superconducting material interrupted by at |east
one Josephson junction. 5 Superconducting Quantum Processor
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instance a guantum processor such as a superconductin

processor. ORI C @@dphbdwmwmamgmmayo;tagmya?mmdatcasmmmor renr) o
of qubits a i | bias devices or  instance, two

supgr conducﬁq’ r@%g}aﬁétg Pss.e@/&kgﬁ’ﬁw&’g? %‘8939?S%C@?%Hpg,ﬁ}ﬁtgrlqjﬁnte-rrupted by
exenpl ary sapleasomiidddopbisain Atctoh processors that nmay be used in
conjunction with the present systens, nethods, and apparatus are
described in US Patent Publication No. 2006-0225165; US Provi si onal

Pat ent | BEBEiS ' 14, filed January 12, 2007,
entitl eg\BPS?stgltn Hd&%lmcesu% miINoRS 0Z'lf or Interconnected Processor
Topol ogy”; 15 US Pr ovh sbmpateripad@ssisor\mal itaidd theformebf &h ahlog processor, for
60/ 956, 104, n]%H ed August 16, 2007, entitled "Systens, DevicCes, And

Met hods For MPIREF GMRELDP RFSRSE Sgh %ﬁ@uagryondmmgwammbgobaesad;rr.] (j\

Pat ent | bGadri ' : r

ent i 1] ed' b oy eoaERnl SN BB Roor g b RIS cwBg 3R

super conduc@ssngiajedincahbips dee'?;ea,rfonimlgtanne ltwd etr fong @bpérc@fé?l?c(ﬁﬂgﬁﬁgltéﬁg
[ sel ect | oupl e respective pairs :
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dc- SQUI Ds,  phdiceSscre widtenalHbé Used rf’lﬁ{cti?% with4¥e Rﬁe@é'n?ﬁ%%ﬁ% urﬁ]%th%ds,

super conducting |loop interrupted by one Josephson jun a

i t-SQU D) ofnd apPrara edlesprived indAS Patend PuB@AtON. NI IBD060Y5188: US

ant1 -t or r onaans A el Apklolin S Bo RO R A Re Mg danvary @ea08E | s
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ar 6 “enel Set DS RPYSIORRLF aN: ARRpalap Siriar Nor G988, 1 64 Cuarb ALpgst 18D 20
that anti - partieliebydtheeBedicBs CASS RMRR! Fof Interconnected Processor Topology”;
and US Provisional Patent Application Serial No. 60/986,554, filed November 8,
2007 and entitled “Systems, Devices and Methods for Analog Processing.”
A superconducting quantum processor may include a number of
20  coupling devices operable to selectively couple respective pairs of qubits.
Examples of superconducting coupling devices include F-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
25 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-parailel fluxes are energetically
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may be sunmRfErZRYtRIE ParaRRetest oBeaph inshddual mybik repuies ncqmplcatesbsystem
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| ocal |y programm ng at™ ['east one Tnformation storage device with a
data signal enbodyi ndhas, theassalabiiity pf QearaNAERb s i§ Binfited ity ahe
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complexity of the qubit parameter control system and there remains a need in the

20 art for a scalable qubit parameter control system.

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

25 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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THE SEVERAWOMOEBAMG7@F THE DRAW NGS In the draw ngs, i dentdmeA2007/002192
reference nunbers identify simlar elements or acts. The sizes and
relative positions of elenents in the drawings are not 10 necessarily

Qrawn to scale. For KeRBLCond BfnaAARAR rily (LS RLPIR N S0 or
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ar gl traril yPEGramytng arwaptmm pramessort e mprsirgyEt IéﬁsﬂWh@Q)rb@@hﬂhé&léHewce
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.Fﬁ[ teggred toﬁ’ggﬁé{yﬁgh@ ?ﬁ?g&@%’ PB‘?E’?E@%{PH@h@aﬁh@ea@fq;maﬂgnéfmagﬁ deviee

particul ar witewrddts signatemByaying aniczel Shy pl?%\'ﬁﬁﬁﬂ%ﬁ Efc?erwceeat? ?h%hg?ragneter;

it nlnthedravvlns 1S a §
Eiiegg?glm ( erdata g@ﬂalﬁ@@ﬂ analdg pigog; anmadmlrﬁfstequ@tﬁelﬁmalog signal

processor eﬂ&ﬁg’ﬂfﬁgr@ﬁﬁﬁélﬂb'&%ﬁﬁéut he present systens, nethods and

f
appar at us. re 1B is a schematic diagramo
aﬁgt her enbodi nent of the l|ocal 20 programm ng of quantum processor

I t nd 28 are fl ow di agrans of
gnggg |n mfz nt sSo EFthEI%HgIPH%Nr@F %@g$§¥ﬁm \SW&QEEH%@RA%NG&;
guant um pr ocessor ematj c

di agram of an errbodl rrent 8rava%s Idepr}tlgalrrgﬁq{grﬁ%e r&qmgeradgl tbﬁ?'ﬁ?'@éé?ﬁ@ﬁms
through a deragts.i Eheﬁmesandaaiatwe EBSIEETS%%QE@WHPTHngﬁ are n

e 8 BT Bt 25 b s cbotmmnens
One ski | | edangles are not drawn to sca[e, and some of these elements are arbitrarily enlarged
and positioned to improve drawing legibility. Further, the particular shapes of the
elements as drawn, are not intended to convey any information regarding the
actual shape of the particular elements, and have been solely selected for ease of
15 recognition in the drawings.
Figure 1A is a schematic diagram of one embodiment 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
20 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 iocal
programming of a quantum processor through a demultiplexer circuit.

25 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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WO 2008/ 067664PCT/ CA2007/ 002192 in the rel evant art, however, will
recogni ze that enbodi ments may be practiced without one or nore of
these specwioiwosdsrasiel s, or with other nethods, conponentcr/CAmbEINRBLS,
etc. In other instances, well-known structures associated with

guant um processors, such as quantum devi ces, coupling devices and

rete, : R Lreuitr
cont ol SySheme ol e SPRAERRS TR, Aol Gl B lpes
obscuring dw¥beutnrneersmore efithessrbmatiificeddtails) br WAtk othdres&AbAS h%h%ents

f t t he word
o oot "SRR S, TObRLANRIe B shices sspeciiod Wilmauastum
to, all sucbro&bssmmmm asSYSErRowm cﬁ%eg%lfb%ﬁ? 6@&8%% Qﬁcﬁ*gok%l% Qﬂé%‘st um
processoLs, E‘BFSH‘PWEH 10 as their rel ated par anet &
e

Unl ess t NG MCERRIPERSSO6S AR W'S%Clerhmd'givembt bexen sh@en br ﬂeédribf@d in
[ I se"' .and ri ations thereo
Son e ™ Y b He&con‘éﬁf%%&'@?% Seriptigs etihe EMRagImANiS ! dhsen,

i ncl usi ve spiesent systams,smeitsds ang lapghigus. Mroﬂ@ﬁodt'tﬂ%tsggmﬁ@atan, the_
15Ref erence th q‘ %&ﬁ)ut this specification to "one

enbodi ment "W S8 aRGhiRRIMARiSt arengsasstotengompaps it ard aot lmfee:rtenﬁﬂ
enbodi Sté"m"m@s%@ﬁ Fild SpliEed SSHIAR TP aBSRUET bicigssors. s well

enbodi nent is included i'n at eas one € _ ) :
appear ah@ esaoiheirmelatet pogsarimabtensarameestsment , " "in an enbodi ment” or

"anot her enbodi nent"” in various Iaces 20 throughout this o
specification are notdrﬂ%%séa@géioﬂ‘{;‘ Kquiregodharisg, Hsoughous theespecification

enbodi nent . arfeiclbines WhIcA.folldWe the Word oihprls %aragﬁi gﬁrlatﬁﬁw'étfﬁér%(rme %Egllr’)?sm)r o

characteristics may be conblned in any ‘sul e nanner
enbodi ment s comprises” and * ‘comprising” are to be construed in an open, inclusive sense, that

is, as “including, but not limited to.”

15 Reference throughout this specification to “one embodiment,” “an
embodiment” or “another embodiment” means that a particular referent feature,
structure or characteristic described in connection with the embodiment is included
in at least one embodiment. Thus, the appearances of the phrases “in one
embodiment,” “in an embodiment” or “another embodiment” in various places

20 throughout 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

25 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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appended claims, the singular forms "a,” "an" and "the" include

pl ural refwoeisos2&4unl ess the content clearly dict a:t' e SPOWOLT0N/DR192
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accor dance interpretitiee peagment mexsing @b the@hbolimentyd apparatus, a _
scal abl e techni que for quantum conputing invol ving | ocal programm ng

of 10 quantum pr ocessBRCEPERRRE Withdhe prasenbeysterms, methbdsand kipparatus, a

ificati ; ' ter.m ' quant um pr ocessor"
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hﬂaﬁ{ 3?1 Ipr o%‘%@se&\(,)é?%m"ﬁsn&\edﬁ@t IR pRepesss!” it e trdrscribe taleayetem that
Component s of " aent st o Dbks SRVE! RS orld UGE B AS AT ophieR fa
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i stri but oo gk rarespar iy TRAUET et ok dheipehea, ven milons of
communi €&t i qubitsrandrquaiiti coipldhe A ReMEERAboRRBHEUHR: ddin antum

. af.nagu
exenpl ary quant um processor 100 whi ch includes nenory adm nistration

syst em 101 RIRECINY SyReartintyontained wikis alsingle structure, such as a

superconducting quantum processor chip. In other embodiments, the components
of a quantum processor may be distributed over a plurality of structures with a
means for communicating information therebetween.

20 Figure 1A shows an exemplary quantum processor 100 which
includes memory administr_‘ation 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.

25 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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descri be awy 2006s/@76sari ety of conmponents in a quantum prEcessmi7/foeio2
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i nclude qubits, qubit couplers, specific conponents of qubits and
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conponent s erﬁlé L =SV, m of .o ni cation
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clains 16 aspenifination eatitbe appertisd claiats to arlcomhirivatidh copBOILEH L£LaliFmRy
condui ts” efcanDasses al | méans, of signal transfer, including but not
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coupling, ci@attlinieds ' b etsnants d il D Fl gur.e
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; ’ ) ' ai s o ch
br bar amab e devi ce- 13798 1k uiacy ikt o onswTees aigting
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"adm ni steri n?" "adm ni stration" and the |ike are used herein to
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i ng. Ty i ing the dat
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20 operating upon and transferring the data signals. The N-bit signals may be
programmed 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

25 employed and that memory registers 111-113 may be connected in another
manner or may not be connected at all, /.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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activated b .er.activation lLipe. F anpl e, a signal may
be adni ni st%?ﬁedéﬁfécgﬁ%%ﬁ%is ﬁ'BSﬁB?tSSH%Ei_%‘B? 3AdHison sueh gpspdiments, a
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ON/ OFF coup1e"r1n'§ d%gnggﬂn }&@gogg[fr agtivation line. [n some embodiments, a coupler

20 activation line may be analog variable such that intermediate coupling devices
141-143 may provide controllable levels of partial coupling between DACs 131-133
and programmable devices 121-123. In some embodiments, a coupler activation
line may only be ON/OFF controilable, such that intermediate coupling devices
141-143 may provide only controllable ON/OFF coupling between DACs 131-133

25 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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pp 1-5. Si nuetiqwantypelof Gea®ieh $rd8essor and its associated programmable devices.
Rather, the present systems, methods and apparatus may be applied to any form
20 of quantum processor. In some embodiments, quantum processor 100 may be a
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 2006-01471 54, and in
Harris, R.. et al., “Sign and Magnitude Tunable Coupler for Superconducting Flux
25 Qubits", arXiv.org:cond-mat/0608253 (2008), 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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121-123. .
[n 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
25 coupler activation line. In other embodiments, the at least one analog supercurrent
may be inductively coupled directly to at ieast 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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e
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20 Figure 2A is a flow diagram of a method 200 for programming the
elements of a quantum processor (such as, 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
25 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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quantum processor, thus reducing the need for comunication with
external programmng systems. Figure 2B is a flow diagramof a method
250 for rewdingsndsor mation 5 from readabl e devices by msgesiodadobis?
operating nethod 200 in reverse. Those of skill in the art wll
appreciate that while Figure 2B refers to all devices in singular
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enbodi ments, .menory registers 111-113 may be coupled in paralle o}
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syst ens, a , : . Vi ces may be
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system 18 deagmut by ginetter systeaui Again, acts 251 to 25F @yt orhflefed within the

h tic di f can embodi nent of |ocal progranm ng of a quantum
or ocessor SUSAPBAGH T SETRPessPr v meicnddhe need angommusicatos
Figure 3, quignextermi S@ImiRg Qydtafsudes menory adninistration system
30%, whi chqlius siml argﬁfgg rrermﬁgyyadrri nistration system 101 from Fi gure

1A 25 except that it ASiiEviguslyslistessed, iapvasiety ofodaupling s@wnehmaysey be
used 10 I OYkpRHEALS to program data storage devices, such as memory registers 111-113.
15 Forinstance, memory registers 111-113 may be serially coupled to communication
lines A-D as illustrated in Figures 1A and 1B. In other embodiments, memory
registers 111-113 may be coupled in parallel to similar communication lines. In
some embodiments of the present systems, methods and apparatus, the data
storage devices may be programmed through a routing system; an example of
20 such a routing system is a demultiplexer circuit.

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

25 except that it includes a demuitiplexer 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 [east 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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to data storage devices 311-313. In operation, denultiplexer 350 may
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enbodi nent sinpot lifee preci se forns disclosed. 10 Al t hough specific

enmbodi nrents of and e | es are described herein for illustrative
pur poses, various equiFaRRNE [pliQryef ilpiratechembodimentsystring intended to

departing fp iSOIOF kS i ' 111, be
ecogni zad by ok hooave of I it EiBGaRerta o Herre oS Kins Ty
provi ded0 he/f\é?wg@fSptelt?éicmbaﬂjmeetshﬂ(ﬁndmxampda‘e:’ee:leaambécﬁﬁetbm for her

guantum co ' ens, et hods.and 15 apparatus, not necessarily
the exenpl gﬁ@&hﬁg’ﬁ%‘ﬁﬁg%ﬁp&?ﬁ%& %‘é‘faé‘?fgmcﬁﬁ#ﬂ) 88S 53 b8 Fprdewitout
general | y deseriidetlomtta® pirit and f thefddclddind BCR; £00LNg
detail ed de{s_lcri ption has isjglt aPorStC(ﬁp?/gri gﬂécéd%@%i rrenlélsb%g?c%%f&?by
systens, ne'ASRSkilad inihedeievart at.aThateaghings fordNidedk helieagofihs various

schemati cs, ; bl ock di.agra 20

schenat i cs,ergﬁgd@@% a:‘ﬁ“%%ﬁ@@%"ﬁ{"o‘ﬁﬁe@‘#{faﬁw'a @UWE?'P@&%SWE%/ giethods and
oper at i ¥s ,apparaius) ndimecesenariy W@deﬁ_y‘n;ilmftﬁaﬁﬁirh kb&fhputing Spstémt, fBiHods
each function, and/ o %%r atl%gSWIthl n such bl ock di agrans,

fl omharts,arlgra%q?é 5 eLly Pﬂ?ﬁ%ﬂ‘%‘?ﬂeed, I ndi vi dual Iy and/ or

\(;?lr ![ 5;} : ;e%;{ Eg rrgi w;é?ém%r' EL%Q%M Getaf@ ¥ Btioh hadYRY BrthYarious
embodiments of the systems, methods and apparatus via the use of block
diagrams, schematics, and examples. Insofar as such block diagrams,

20 schematics, and examples contain one or more functions and/or operations, it will
be understood by those skilled in the art that each function andfor operation 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.

25 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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25The vari ous enbodi nents descri bed above can be conbined to provide -
further enbodi ments. Al of the U S patents, U.S.

pat ent appwocadsiemepubl i cations, U S. patent applicati qrt;m/cgi@oﬁ(iognz
patents, foreign patent applications and non-patent publications
referred to in this specification including, but not limted to:

s S e e
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Serial No. PRIRSSorlPdholSyyi USProvigishl ﬁﬁen?ﬂ@ﬁhcaﬁé‘ﬁ 'SEH%I‘NO %O?%@“fm
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Provi si oﬁal filed atausihpil 2001 eatitlegeiSyatemss De@f@%%n@ﬁd@thddsl lé@r November

P ocesel ng- MOSo R Rk PBRes EE 1B O iaYBb5a Buen Boiliatiop Seril No.

Publ i cat i on60N986 BFA6HIRHNGAVRAIDES, E‘O@Wleﬁﬁlﬂ@@‘sﬁférﬁQtDé\%&é&rﬂiMéﬂwods for
Serlal No. 10 601913,980, filed April 25, 2007, and entitled

" Adi abat i ¢ Q0@ dﬂﬁ%ﬁsﬂﬁ%guéﬂﬁt?ntl_%‘gm@aiw\/i\‘@e@%%%ﬁ%@b@ Patgst
Provi si onal PE@IEL%'%WN%P'ZD@@MQW SBI §|Prtl)\lﬂs;&1§ Fgaé)lgrg%p%hcgq& % P%qﬁ\bolél

2007, entitled "Scal abl' e Supercon uctl ng
Conver sitBn €2/03,980Sliipd Apoih85,c2007g ahd dutitiert “Adateic SDUemurfductlrkgSQublt

2007 ent: tredit ERvicgS A Retgde iR Proyiiong] Baiertbpieation Sarial o ¢
Super conducgd/ey7 Bsuxilbd mné@i 4, Qoﬁ?abﬁlﬂle@@%?[aro%r Supet pt 5 r@%t.ﬁgglﬂx;gg@é‘i'

Patent Appljcation Seri al . 60/ 975, 487
entitled " SyRARMCY @Ef‘Yﬁ)’l@néJﬁ!nQ\ﬁ;ﬁumrwdﬂJohngalrﬂutﬂoeLaddereﬂ:wcunt us

hor e n by r bidUional Pt Adlich i PRI NCRINGT 6, iR ipmp I8 UL pitte

of 20 the etﬁ;ehbmarmzthoaa m{ Kpﬂz?r“attl%FoﬂA sagi@amt Epé%rcérﬁdéggil?é ggjtxl %|%ga|-
t ncepts o e varl ous atent s |

Zﬁzt Slrjnts)l i ca -[-‘P %@?9£889€ﬁ%%e%98tu$ EFQ%P“@rﬁ%@Ptprfé?ﬂ@athnﬁ%@lM ot her

changes cang®975R€¢, ﬁl@d@é%téfﬁ?&d% 6128b7. éﬁl.tlbp%gsg%tst% rﬂﬂ% %ddﬁﬁp?drbt%‘é

description. I'n general
for a Differential Superconductlng Flux Dlgltal-to -Analog Converter’ are

incorporated herein by reference, in their entirety and for all purposes. Aspects of
20 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
25 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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25 used shoul d not be construed to Iimt the invention to the

speci fic enbodi nents disclosed in the specification and the clains,
but should be construed to include all possible enbodi nents al ong
with the full scope of equivalents to which such clains are entitled.
Accordingly, the scope of the invention shall only be construed and

defined by the scope of the appended clains. CLAINM 1. A
gquant um conputi ng system conprising: an external programm ng system
a quantum processor; and a nunber of conmunication |ines
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t he quantum processor, wherein the quantum processor further

conpri ses: a nunber of progranmabl e devices; and a nenory
adm ni stration sisten1including a plurality of comrunication

condui ts, wherei i t heArNRBHN QEPUHPS SYSEM eAMESgem provi des

communi cati on be nmuni ion lines and at | east sone of

t he connunicatio%xgﬁﬁ hﬂﬁg&?@ngn %%%gker data signals fromthe
external programigightey piesisbn ahlte programmuabl e devi ces, and wherein
t he nunber of progranmabl e devices is greater than the nunber of
communi cati on | i A84mber of communicathon Imes PERIAHDPE ROTBIHPIGRIARPeEYRen dhy external

claim er ei C i

or ogr ahrBT Rl s A MM B RLRAES5Gtor, DhcHETRe flank BFboAYS furher

super ceogipdidsng bel ow a critical tenperature. 3. The

quantun1c?nputing&a%géﬁg%%;ﬁéLain1h9£g§;§%? ?t Least onf of_th$ g

comuni cati on co Ak stration systemis forne

of a material th ' j : [ .

pr oces shereim raadinadsiati om Sys EEopKo remaiEvation nilg sel ecte

fromthe group.consisting of: a c|osed superconducting current path,

a coanB‘i‘i‘H’“gﬁé%‘fih][é:&fﬁ angy ﬁfg‘ﬁsi) FpME;0 b%@%@ﬁﬂﬁ?ﬁq“@ﬂi‘éﬁ%o ﬁlgms,tergag signals

superc -

SUper on e eRaral Blop il e BHRE pRAREHGH IR Rtk i 1 umber of

qubi t poagrdremable dewiesstisipreaiot thad termapbedof @mmmidatiapfises. neutral  at om

aﬂ ;npyrltyb_? nucl ear spin qublg, ?ﬂ elect{onlc spl?_qublt,tand ?

photonic qubit. 5. e quantum conputing system o
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includes at least one programmable device that is formed of a material that is superconducting

below a critical temperature.

3. The quantum computing system of claim 1 wherein at least one of the
communication conduits of the memory administration system is formed of a material that is

superconducting below a critical temperature.

4. The quantum computing system of claim 1 wherein the quantum processor
includes at least one programmable device that is selected from the group consisting of: a closed
superconducting current path, a compound Josephson junction, a superconducting flux qubit, a
superconducting charge qubit, a superconducting phase qubit, a superconducting hybrid qubit, a
qubit coupler, a superconducting qubit coupler, a quantum dot, a trapped ion, a trapped neutral

atom, an impurity, a nuclear spin qubit, an electronic spin qubit, and a photonic qubit.
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6. The quantum conputing systemof claim5 wherein the DAC i ncludes a
superconducti ng DAC, and wherein digital signals are represented by
di screte magnetic flux quanta. 7. The quantum conputi ng
systemof claim1l wherein the nenory adm ni stration systemincludes
an X-Y addressabl e array. ‘ 8. The quantum conputi ng system
of claiml wherein the nmenory adm nistration systemincludes a
denul ti pl exer circuit. 9. A nethod of progranm ng a
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pl ur al iatimiraftrasiog apstesn arheldy amy-Y bédrpdsabslahiray of progr ammabl e
paranmeters are digital signals, and further conpri sing:
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programmabl e par anete Lo i I i by the
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enbody iadgirtisteatiph systdm ingluales pdegulapiersdrcécpar anet ers to t he nunber of
pr ogr ammabl e devi ces. 11. The nmethod of claim9 wherein
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nunber of d;&%gjr ammabl e devices via an X-Y addressabl e array.
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parameters from the external programming system to the memory administration system via a
number of communication lines that is less than the number of programmable devices; and

administering the plurality of signals embodying the plurality of programmable

parameters to the number of programmable devices by the memory administration system.

10.  The method of claim 9 wherein the memory administration system
includes at least one digital-to-analog converter (DAC) and the plurality of signals embodying
the plurality of programmable parameters are digital signals, and further comprising:

converting the plurality of signals embodying the plurality of programmable

parameters from digital signals to analog signals by the at least one DAC before administering
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the plurality of signals embodying the plurality of programmable parameters to the number of

programmable devices.

11.  The method of claim 9 wherein administering the plurality of signals
embodying the plurality of programmable parameters to the number of programmable devices by
the memory administration system includes routing the plurality of signals embodying the
plurality of programmable parameters to the number of programmable devices via an X-Y

addressable array.

12. The method of claim 9 wherein administering the plurality of signals
embodying the plurality of programmable parameters to the number of programmable devices by
the memory administration system includes routing the plurality of signals embodying the
plurality of programmable parameters to the number of programmable devices via a

demultiplexer circuit.
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