COVPUTI NG MULTI - MAGNET BASED DEVI CES AND METHODS FOR SOLUTI ON OF
OPTI M ZATI ON PROBLEMS ECHNI CAL FI ELD 1000l 1The present disclosure rel ates
to devices that are utilized for solving conputational problens. The
present disclosure is particularly applicable to solving optim zation
probl ens. KGROUND 100021Tr ansi stor based devices used in m croprocessors
are commonly used to sol ve conputational problens. As conputationa

probl ens vary in size and conplexity, scalability of such devices is a
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BACKGROUND

[0002] Transistor based devices used in microprocessors are commonly used to
solve computational problems. As computational problems vary in size and
complexity, scalability of such devices is a major concern. For example, non-
deterministic polynomial complete problems (NP complete problems) are very
difficult to solve. Providing solutions to such problems that involves today’s
technology, involves an exponential growth of computational steps and execution

time, as the size and complexity of the problem grows.

[0003] Conventional hardware arrangements for providing computational
solutions have been implemented with complementary metal-oxide semiconductor
(CMOS) technology. Particularly, CMOS technology is used for constructing
integrated circuits, such as microprocessors that employ transistors. CMOS systems
have only linear improvements in speed and high power requirements. Thus, in
handling complex problems, the linear nature of CMOS systems require multi-million
core servers, which result in high power usage. To that end, CMOS systems are

severely limited in scalability and power efficiency.

[0004] A software based computational method, such as the simulated annealing
(SA) method, is another known approach to solving complex computational or
optimization problems. However, the SA method, like other software based methods,
have numerous inefficiencies associated with, for example, translating the software

language to the Boolean based computing employed in existing technology. In



100041A software based conputational nethod, such as the sinul ated
anneal i ng (SA) nethod, is another known approach to sol ving conpl ex
conput ati onal or optim zation problens. However, the SA nethod, |ike other
sof tware based net hods, have nunerous inefficiencies associated with, for
exanple, translating the software | anguage to the Bool ean based conputi ng
enpl oyed in existing technology, In addition, these software based nethods
are limted to existing known hardware, such as CMOS technol ogy. [00051It
is generally known that the scaling of transistor based devices used in

m croprocessors have many limtations, such as power dissipation, OFF state
| eakage, dadditioouthese spfiware haset umeithods greristited to existimgdmorese hardwarecsuch n | i ke
manner, it.d @g@&ﬁ&h%é:knomn_that sof tware based methods for providing
conput ati onal solutio are limted due to their inefficiencies and
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[0006] A need therefore exists for hardware architecture that has the scalability to

provide solutions to algorithms that have exponentially increasing complexity, and a

method for implementing such hardware architectures.

SUMMARY

[0007] An aspect of the present disclosure is a device for solving computational
problems, such as a device having multi-magnets having final relaxed states that are

based on magnitude and polarity of a voltage or current applied to the magnets.

[0008] Another aspect of the present disclosure is a method of magnetizing
magnets of a device and relaxing the magnets to a state that is based on a magnitude

and polarity of voltage or current applied to the magnets.

[0009] Additional aspects and other features of the present disclosure will be set
forth in the description which follows and in part will be apparent to those having
ordinary skill in the art upon examination of the following or may be learned from the
practice of the present disclosure. The advantages of the present disclosure may be

realized and obtained as particularly pointed out in the appended claims.

[0010] According to the present disclosure, some technical effects may be
achieved in part by a device including a first magnet; a second magnet; and an
interconnect between and interconnecting the first and second magnets, the
interconnect configured to allow the first and second magnets to communicate a
voltage or current applied to the first and second magnets and conducted by the

interconnect.



[ 00081Anot her aspect of the present disclosure is a nmethod of nmagneti zi ng
magnets of a device and relaxing the magnets to a state that is based on a
magni tude and polarity of voltage or current applied to the magnets.
100091Addi ti onal aspects and other features of the present disclosure wll
be set forth in the description which follows and in part will be apparent
to those having ordinary skill in the art upon exam nation of the follow ng
or may be learned fromthe practice of the present disclosure. The
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a voltage or current to the first and second magnets and configuring the interconnect to

allow the first and second magnets to communicate in response to the voltage or

current.

[0013] Aspects of the present disclosure include comprising magnetizing the first
and second magnets to a superposition state along respective neutral axes of the first
and second magnets, and relaxing the first and second magnets to a state that is based
on the polarity and magnitude of the voltage or current applied to the first and second
magnets. In additional aspects magnetizing the first and second magnets by subjecting
the first and second magnets to an external magnetic field, a spin transfer torque, or a
voltage induced rotation. In further aspects magnetizing the first and second magnets

communicate via spin polarized currents, spin waves, or a domain wall, all of which



[ 00131Aspects of the present disclosure include conprising magnetizing the
first and second nagnets to a superposition state along respective neutral
axes of the first and second magnets, and relaxing the first and second
magnets to a state that is based on the polarity and nmagni tude of the
voltage or current applied to the first and second magnets. |In additional
aspects magnetizing the first and second magnets by subjecting the first
and second magnets to an external nagnetic field, a spin transfer torque,
or a voltage induced rotation. In further aspects magnetizing the first and
second magnets comruni cate via spin polarized currents, spin waves, or a
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present di @e1dSur @daierR Ahded! dhd Je&ﬁudﬂr @Méc&géf ﬁfédpxéls%ﬁtcﬁl'sd?&s‘ufénwﬁf e to be
regarded as illustrative in nature, and not as restrictive. BRI E

DESCRI PTI diecene Teadilprapgreqsgo those skilled in the art from the following detalled
description wherein embodiments of the present disclosure are described simply by

way of illustration of the best mode contemplated to carry out the present disclosure.
As will be realized, the present disclosure is capable of other and different
embodiments, and its several details are capable of modifications in various obvious
respects, all without departing from the present disclosure. Accordingly, the drawings

and description are to be regarded as illustrative in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The present disclosure is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawing and in which like reference

numerals refer to similar elements and in which:

[0018] FIGS. 1A and 1B schematically illustrate a multi-magnet device, in

accordance with an exemplary embodiment;



100171The present disclosure is illustrated by way of exanple, and not by
way of limtation, in the figures of the acconpanying drawing and i n which
like reference nunerals refer to simlar elenents and in which: 100181FI GS.
A and 1.3 schematically illustrate a nulti-nmagnet device, in accordance

wi th an exenpl ary enbodi nent; 10019!FI GS. 2A and 2B schematically
illustrate a nulti-nmagnet device, accordance with another exenplary

enbodi ment; and 100201 configu enbed:it FIGS. 3A through 3D schematically
illustrate final relaxed state of a nulti-nagnet device, in accordance with

an exenplary 100211FI GS. 4A through 4C schematically illustrate circuit
[0019] FIGS. 2A and 2B schematically illustrate a multi-magnet device, in

accordance with another exemplary embodiment; and

[0020] FIGS. 3A through 3D schematically illustrate final relaxed state
configurations of a multi-magnet device, in accordance with an exemplary

embodiment; and

[0021] FIGS. 4A through 4C schematically illustrate circuit architectural
configurations of a plurality of multi-magnet devices, in accordance with an

exemplary embodiment.

DETAILED DESCRIPTION

[0022] In the following description, for the purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding of exemplary
embodiments. It should be apparent, however, that exemplary embodiments may be
practiced without these specific details or with an equivalent arrangement. In other
instances, well-known structures and devices are shown in block diagram form in
order to avoid unnecessarily obscuring exemplary embodiments. In addition, unless
otherwise indicated, all numbers expressing quantities, ratios, and numerical properties
of ingredients, reaction conditions, and so forth used in the specification and claims

are to be understood as being modified in all instances by the term “about.”

[0023] The present disclosure addresses and solves the current problem of
inadequate scalability for computational hardware architecture attendant upon
providing solutions to algorithms having exponentially increasing complexity. In
accordance with embodiments of the present disclosure, multi-magnet devices having
interacting nanomagnets are configured for solving computational algorithms, for
example, complex optimization problems. The multi-magnet devices have
characteristics which provide natural mapping to the optimization problem of interest.
The magnets are capable of achieving final relaxed states that are determined by the
magnitudes and polarity of voltages and currents that are applied to the magnets during
a magnetization phase. The final relaxed states may be achievable with a known

probability. For example, final relaxed states for magnets of various configurations



configurations of a plurality of multi-magnet devices, in accordance with
an exenpl ary enbodi nent. DETAI LED DESCRI PTI ON 1002211 n the foll ow ng
description, for the purposes of explanation, nunmerous specific details are
set forth in order to provide a thorough understandi ng of exenplary

enbodi nents. It should be apparent, however, that exenplary enbodi nents may
be practiced without these specific details or with an equi val ent
arrangenent. I n other instances, well-known structures and devices are
shown in block diagramformin order to avoid unnecessarily obscuring
exenpl ary enbodi ments. In addition, unless otherw se indicated, all nunbers
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[0026] A multi-magnetic device 100 in accordance with an exemplary
embodiment of the present disclosure is depicted in FIGS. 1A and 1B. As illustrated
in FIG. 1A, the multi-magnetic device includes in-plane magnets 101, an interconnect
103 that electrically couples the magnets 101, and a terminal 105. The interconnect
103 may electrically couple adjacent pairs and non-adjacent pairs of magnets 101.
The magnets 101 are capable of communicating and interacting with one another via
spin currents, spin waves, or a domain wall generated in the interconnect 103 by
voltages or currents. The magnets 101 may be nanomagnets and made of, for
example, nickel-iron (NiFe) or cobalt-iron-boron (CoFeB). Adverting to FIG. 1B, a
multi-magnet device 100°, in accordance with another exemplary embodiment, is
depicted having perpendicular magnetic anisotropy (PMA) magnets 107, the

interconnect 103, and terminal 105. The magnets 107 may be nanomagnets and made



to those skilled in this art fromthe follow ng detailed description,
wherein preferred enbodi ments are shown and described, sinply by way of
illustration of the best nobde contenplated. The disclosure is capabl e of
ot her and different enbodinments, and its several details are capabl e of
nmodi fications in various obvious respects. Accordingly, the draw ngs and
description are to be regarded as illustrative in nature, and not as
restrictive, (9026] A multi-nmagnetic device 100 in accordance with an
exenpl ary enbodi nent of the present disclosure is depicted in FIGS. | A and
1B. As illustrated in Fla IA the nmulti-magnetic device includes in-plane
magnets 10¢f fm é¢xamelec obolieBt itdDlatiam €FePe) randakdbplichiopiiws-plaheurmagnet s W,
and a ter ”Léb@rP 05. The interconnect 103 nay electrically couple adjacent
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duri ng magprebdbdiy.i on. The final rel axed state of the magnets 101 and/or 107
may be achi evable with a known probability. 100291Magnets 101 and nagnets
107, illustPled Mpspete 10f Angd ragrpts 107, dlusyaseh dc FiGel 4y and dHGhdBe a
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each of magnets 101 and magnets 107 can have a surface area of 100 nm’ to

micrometer > (pz). Voltages applied to magnets 101 or magnets 107 can range from
10 millivolts (mV) to 2 volts (V). As the final state of the magnets can be determined
by the magnitude and polarity of the currents applied to the magnets 101, currents
applied to magnets 101 or magnets 107 can range from 5 micro-amps (pA) to 10 milli-
amps (mA).

[0030] FIGS. 2A and 2B illustrate exemplary embodiments of devices 100 and
100°, respectively, having multiple magnets and the directions along which the

magnets can be magnetized. Adverting to FIG. 2A, the device 100 includes in-plane



each of magnets 101 and nmagnets 107 can have a surface area of 100 run- to
m cronmeter 2 (p2). Voltages applied to nagnets 101 or nmgnets 107 can range
from10 mllivolts (OF) to 2 volts (V). As the final state of the magnets
can be determ ned by the nagnitude and polarity of the currents applied to
the magnets 101, currents applied to magnets 101 or nagnets 107 can range
from5 mcro-anps (pA) to 10 milllianps (rtA). 100301FI GS. 2A and 2B
illustrate exenplary enbodi nents of devices 100 and 100', respectively,
having nul tiple magnets and the directions al ong which the magnets can be
magneti zed. Adverting to FIG 2A, the device 100 includes in-plane magnets
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be achi eve y include
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havi ng nmagpet. e(??fth?%qﬂa& flo gﬁgﬂﬂgﬁ%j %%ﬁl Li ke the in-plane nagnets 201,

t he super p05| ate of the magne can be achieved by a pul sed

agent, suc tmﬂllctm% 4100 Fhl ve AaSR oS LANSS Bl faue ef fect,

or avoltaelndu rotdation o magnetlz via nult roic materlals
or strain ﬂﬁddckeetue meplaeingagnas ZOiagnetlpemsmgmstmhéthmglgeqtsi tdawbe of i n-pl ane

magnet s s 2ORplsSett o BHIORGBOGHA bl LERALLORR 8L o Pl BfugRInE s 205,

[ 00321To achieve 't osition state o MA magnets
205, the stifeshgrha \@itageruedmd egtatédn qfagm@tu@tlcbn elladmd&fermc mdtetigs 00, 000

oer st eds (% nméﬂge B PAThdch Hark at’ﬁle?II {E'?x%?% m?e%ag?léts'i’gé“ magnet s

20.5 is achieve e spin rans er tor havi ng current 5p.Ato
10 mA. To a@hhmatﬂqetraédmipm&fm@m sfttbﬁtmagnttsﬂﬁé magnets 201 or PMA magnets
205, the voltage induced rotation may have a voltage of 5 inVto 10 V. The
external nil§¥dti c Tojashidye dpisnparposition siatet GribumagnsetscP 0l oir thidye mragerit ed

rotation, n%@yt}f'él deeflRY B fho RileflaN haBREL A1aHha0fl P EPRESRNURENOLO 10

mlliseco oW n nent o superposition state of the
magnet s ZOTIhGOﬁUPPPMIQ%SQWe@ sthQEIBgm?S HHyordMA heagpels 2‘1‘)5n§ ageieYeddy the he magnet s

201 or P! My REREL orldRatifih BXurkéhe 665 FAT BEMAS TR &Aio® hESuRrREELPT OF 10 ps

state of the magnets 201 or PMA magnets 205, the voltage induced rotation may have
a voltage of 5 mV to 10 V. The external magnetic field, spin transfer torque, and
voltage reduced rotation, may all have a pulsing period of 100 picosecond (ps) to 10
millisecond (ms). Following achievement of the superposition state of the magnets
201 or PMA magnets 205 by any of the pulsing methods, the magnets 201 or PMA

magnets 205 relax to determined states after a period of 10 ps to 10 ms.

[0033] Upon removal of the pulsing agents, the magnetization of magnets 201 or
205 relax to a state determined by the polarity and magnitude of voltages or currents,
applied to the magnets 201 or 205. Various relaxed states of the in-plane or PMA
magnets can be achieved. The final relaxed state of the magnets 201 and/or 205 may
be achievable with a known probability. By controlling the voltage or current applied
to the magnets 201 or 205, the device 100 can be tuned and scaled to match the
complexity of a computational problem to be solved. That is, the interactions between

the magnets 201 or 205 are tunable and thus can be customized for particular



[ 00331Upon anoval of the pul sing agents, the magnetization of magnets 201
or 205 relax to a. state determ ned by the polarity and magni tude of
voltages or currents, applied to the magnets 201 or 205, Various rel axed
states of the in-plane or PVA magnets can be achi eved. The final rel axed
state of the magnets 201 and/or 205 may be achievable with a known
probability. By controlling the voltage or current applied to the magnets
201 or 205, the device 100 can be tuned and scaled to match the conplexity
of a conmputational problemto be solved. That is, the interactions between
the magnets 201 or 205 are tunable and thus can be custom zed for
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[ 00371The enbodi nents of the present disclosure can achi eve several
technical effects including the scalability to provide solutions to

al gorithns that have exponentially increasing conplexity. The present

di scl osure enjoys industrial applicability in solving conplex optim zation
probl ens, such as non-determ nistic polynom al conplete problens, [0038)In
t he precedi ng description, present disclosure is described wth reference to
specifically exenplary enbodi nents thereof, It will, however, be evident
that various nodifications and changes nay be made thereto w thout
departing front the broader spirit and scope of the present disclosure, as
set forth A3Ghe cV@pweh therdrscrien of the deviens 18handiF@hvhasdseraditsctedéeor di ngl y,

to be r egal, g%%ﬁ@(ﬁnoﬂl ﬁﬁi@;}tfo}{? Capa%%e &?cl(gsﬁr%t e{léoc ad Yiés to! &evk@s per st ood

that the pr sur_e I I'e of using various other conbinations
and enbodi amgmest anreplacs trrapstbi-easot dexiogs efvacryds wed moshilvei wapitetienaln t hi n t he

scope of th6, LRy ﬁ&lﬂdgva‘?lﬁ%?@%onﬂﬁexﬁgpﬁﬁé ﬁﬁgraf‘féﬁ&h&es andtihkral it N MED 1S 1

A devi ce conpri si ng first ma a second magne and an | nterconnect
bet ween anef thhteticseonfeend h@ aHew fllier davican H00s@EOH’ tragpinst compifaioniaht er connect

confi gured,tgeal kaw %}&F §ﬁici@ﬂtgl ﬁaﬁ&%&% QPE&:%Q sﬁamynhﬁ‘sﬁg& via a

vol tage or current a rst an second ‘'magnets and conduct ed by
t he i nt er clowevedsvices. The déMr@s dew amk 100 car b ngpdtto cmhalpmrm comvatiiah t he | ust

and secon d&e@fc%g(;}%gé be used as a total replacement for conventional devices.

[0037] The embodiments of the present disclosure can achieve several technical
effects including the scalability to provide solutions to algorithms that have
exponentially increasing complexity. The present disclosure enjoys industrial
applicability in solving complex optimization problems, such as non-deterministic

polynomial complete problems.

[0038] In the preceding description, the present disclosure is described with
reference to specifically exemplary embodiments thereof. It will, however, be evident
that various modifications and changes may be made thereto without departing from
the broader spirit and scope of the present disclosure, as set forth in the claims. The
specification and drawings are, accordingly, to be regarded as illustrative and not as
restrictive. It is understood that the present disclosure is capable of using various other
combinations and embodiments and is capable of any changes or modifications within

the scope of the inventive concept as expressed herein.
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3. The device according to clainrst and second nmagnets have superposi ion
states that are achievable by magnetizing the first and second magnets, and
wherein magnetization of the first and second nagnets is applied al ong
respective neutral axes of the first and second magnets by a pul sing agent.
4. The device accoclaim 3, wherein the first and second nmagnets comruni cate
via spin polarized concerns, spin waves, or a domain wall, and the pulsing
agent is in ex maknetic field, a spin transfer torque effect, or a voltage
i nduced rotation of nmagnetization. 5. The device according to claim 3,
wherein the first and second magnets have rel axed states that are

achi evabl e VEfIAEAS GRYQHEEDZASt i on of the first and second magnets. 6, The
device according to elaiin 5, wherein the relaxed states of the first and
second magnets are achieved with a known probability and based on a
polarity antd Adegwntddedrisihg:t he vol tage or current applied to the first and
second 7. The device according to clainb, wherein the rel axed states
are ferronegfietmagnege r the voltage or current applied to the first and
second magnets has a negative polarity, and the relaxed states are

anti - f er r onpgo&ideagaélgid ng i f the voltage or current applied to the first
and second nmagnets has a positive polarity. 8. The device according to
cl ai mi - at i nigteRBhiREBetivER dntl igtreaiidotmgaRNHrsiRENRthd annéts B nerddased on
the ma, polarity of the voltage or current applied to the first and second
magnets. configured to allow the first and second magnets to communicate via a voltage or current

applied to the first and second magnets and conducted by the interconnect.

2. The device according to claim 1, wherein the first and second magnets are nanomagnets.

3. The device according to claim 2, wherein the first and second magnets have superposition
states that are achievable by magnetizing the first and second magnets, and wherein
magnetization of the first and second magnets is applied along respective neutral axes of the first

and second magnets by a pulsing agent.

4. The device according to claim 3, wherein the first and second magnets communicate via
spin polarized currents, spin waves, or a domain wall, and the pulsing agent is an external

magnetic field, a spin transfer torque effect, or a voltage induced rotation of magnetization.

5. The device according to claim 3, wherein the first and second magnets have relaxed states

that are achievable after magnetization of the first and second magnets.
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9. A nethod conprising: electrically coupling a first nmagnet and a second
magnet by an interconnect; applying a voltage or current to the first and
second magnets; and configuring he interconnect to allow the first and
second magnets to comuni cate in response to the voltage or current,

10nmet hod according to claim9, further conprising nmagnetizing the first and
second nmagnets to a superposition state along respective neutral axes of
the first and second nagnets, and relaxing the first and second magnets to
a state that is based on the polarity and nmagnitude of the voltage or
current applied to the first and second nagnets. | I. The nethod

accor di ng tbo CheaiemickOaccardimprtp silay revdreesin Hiermglakdvestiites of thanitstsadowscondagnet s
- by subjecting the first and second magnets to an external magnetic field,
a spi n t magstseare adhriquae withra lenowo| prelgbilibnehdctededr @t apélanty and maggitudglo€ theet hod
according to claim10, wherein the first and second magnets conmuni cate via
spi n pol asliaged aoentapplsd teibe firshandescondmagnedomai n wal |, all of which are
generated by the voltage or current applied to the first and second
magnets. 13. The method according to claim 10, wherein the first and second
magnet s have rel axed are achi evable with a known probability after maof the
first and JeddRACHEATErding to qlaim Spyeherrin %&’1‘8‘688?@? A ferepmaeRgtis ofgsring 1f

conpri si ng aRpI ying a vol tage or_current having a negative pol atrqi@‘s Yheand

r el axi ng™EE48er Y aBRlted ey thealfietnd seepnd MagRels A GheRerieyeqo

relaxed states are anti-ferromagnetic ordering if the voltage or current applied to the first and

second magnets has a positive polarity.

8. The device according to claim 1, wherein communications between the first and second
magnets are tunable based on the magnitude and polarity of the voltage or current applied to the

first and second magnets.

9. A method comprising:

electrically coupling a first magnet and a second magnet by an interconnect;

applying a voltage or current to the first and second magnets; and

configuring the interconnect to allow the first and second magnets to communicate in

response to the voltage or current.

10. The method according to claim 9, further comprising magnetizing the first and second
magnets to a superposition state along respective neutral axes of the first and second magnets,
and relaxing the first and second magnets to a state that is based on the polarity and magnitude of

the voltage or current applied to the first and second magnets.
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15. The method according to claim 10, conprising applying a voltage or
current having a positive polarity and relaxing the first and second
magnets to an anti-ferronmagnetic ordering. 16. A method conpri sing:
arranging a plurality of nmagnets in a circuit architectural configuration
with an interconnect electrically coupling each pair of magnets; for each
pair of magnets: applying a voltage or current to the two nagnet and
magneti zing the two nagnets to a superposition state al ong respective
neutral axes of the two nmagnets. 17. The met hod according to cl6,
conprising magnetizing each pair of magnets by appl ying an external

magnet i ¢ fildl dhe methpd accordingdd elain &F, gormprsifgauagnetiingthe Hist angesedond megngts
rotation of magneti zation. 18. The method according to claim 16,
further bprubiedingghe istandrsecosdotagpad to apfexivmghmagetiofield fa pal trapsfat erduased on
the polarity and nmagnitude of the voltage or current applied to the pair of
magnet s, ot heolfagniatiucsd atediohor at | east one pair of nagnets being achi evabl e

with a known probability. 19. The method according to claim18, ¢
npri sh el axi ng each pair of magnets to a final state of a ferromagnetic
ordering by_applyi a voltage qr current haying a negative polarity,

g ylZ. pfrl)le ¥net d accoréing 0 clzgm 10, wilerein the first and secong magnets communicate

via spin polarized currents, spin waves, or a domain wall, all of which are generated by the

voltage or current applied to the first and second magnets.

13. The method according to claim 10, wherein the first and second magnets have relaxed
states that are achievable with a known probability after magnetization of the first and second

magnets.

14. The method according to claim 10, comprising applying a voltage or current having a

negative polarity and relaxing the first and second magnets to a ferromagnetic ordering.

15. The method according to claim 10, comprising applying a voltage or current having a

positive polarity and relaxing the first and second magnets to an anti-ferromagnetic ordering.

16. A method comprising;:

arranging a plurality of magnets in a circuit architectural configuration with an interconnect
electrically coupling each pair of magnets;

for each pair of magnets:

applying a voltage or current to the two magnets; and
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20, The ethod according to claim 18, conprising relaxing each pair or
magnets to a final state of an anti-ferromagnetic ordering by applying a
vol tage or current having a positive polarity.

magnetizing the two magnets to a superposition state along respective neutral axes of the

two magnets.

17. The method according to claim 16, comprising magnetizing each pair of magnets by
applying an external magnetic field, a spin transfer torque effect, or a voltage induced rotation of

magnetization.

18. The method according to claim 16, further comprising relaxing each pair of magnets to a
final state based on the polarity and magnitude of the voltage or current applied to the pair of
magnets, the final state for at least one pair of magnets being achievable with a known

probability.

19. The method according to claim 18, comprising relaxing each pair of magnets to a final

state of a ferromagnetic ordering by applying a voltage or current having a negative polarity.

20. The method according to claim 18, comprising relaxing each pair of magnets to a final

state of an anti-ferromagnetic ordering by applying a voltage or current having a positive

polarity.
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