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Towards scalable solid-state spin qubits and quantum simulation of

thermal states

Ada M. Warren

(ABSTRACT)

The last forty years have seen an astounding level of progress in the field of quantum com-
puting. Rapidly-improving techniques for fabricating and controlling devices, increasingly
refined theoretical models, and innovative quantum computing algorithms have allowed us
to pass a number of important milestones on the path towards fault-tolerant general purpose
quantum computing. There remains, however, uncertainty regarding the feasibility and lo-
gistics of scaling quantum computing platforms to useful sizes. A great deal of work remains
to be done in developing sophisticated control techniques, designing scalable quantum infor-
mation processing architectures, and creating resource-efficient algorithms. This dissertation
is a collection of seven manuscripts organized into three sections which aim to contribute to

these efforts.

In the first section, we explore quantum control techniques for exchange-coupled solid-state
electronic spin qubits in arrays of gate-defined quantum dots. We start by demonstrating
theoretically the existence of a discrete time crystal phase in finite Heisenberg spin chains.
We present driving pulses that can be used to induce time crystalline behavior and probe
the conditions under which this behavior can exist, finding that it should be realizable with
current experimental capabilities. Next, we use a correspondence between quantum time
evolution geometric space curves to design fast, high-fidelity entangling gates in two-spin

double quantum dots.



In the second section, we study systems of quantum dot spin qubits coupled to one another
via mutual coupling to superconducting microwave resonators. We start with two qubits,
developing and refining an effective model of resonator-mediated entangling interactions, and
then use that model to ultimately design fast, long-distance, high-fidelity entangling gates
which are robust to environmental noise. We then take the model further, extending our
model to a system of three qubits coupled by a combination of short-range exchange inter-
actions and long-range resonator-mediated interactions, and numerically demonstrate that
previously-developed protocols can be used to realize both short- and long-range entangling

operations.

The final section investigates adaptive variational algorithms for efficient preparation of
thermal Gibbs states on a quantum computer, a difficult task with a number of important
applications. We suggest a novel objective function which can be used for variational Gibbs
state preparation, but which requires fewer resources to measure than the often-used Gibbs
free energy. We then introduce and characterize two variational algorithms using this objec-

tive function which adaptively construct variational ansatze for Gibbs state preparation.



Towards scalable solid-state spin qubits and quantum simulation of

thermal states

Ada M. Warren

(GENERAL AUDIENCE ABSTRACT)

The computers we have now are able to perform computations by storing information in bits
(units of memory which can take on either of two values e.g. 0 or 1) and then comparing
and modifying the values of these bits according to a simple set of logical rules. The logic
these computers use is suited to a universe that obeys the laws of classical mechanics, which
was our best theory of physics prior to the 20th century, but the last 120 years have seen
a radical shift in our understanding of nature. We now know that nature is much better
described by the laws of quantum mechanics, which includes a great deal of surprising and
unintuitive non-classical phenomena. The aim of quantum computing is to use our improved
understanding of nature to design and build a new kind of computer which stores informa-
tion in the states of quantum bits (“qubits”) and then compares and modifies the combined
state of these qubits using a logic adapted to the laws of quantum mechanics. By leveraging
the quantum nature of reality, these quantum computers are capable of performing certain

computations faster and more efficiently than is possible using classical computers.

The prospect of faster computing has inspired a massive effort to develop useful quan-
tum computers, and the last forty years have seen impressive progress towards this goal, but
there is a great deal left to do. Current quantum computing devices are too sensitive to their
surroundings and far too error-prone to do useful computations. To reach tolerable error

rates, we need to develop better devices and better methods for controlling those devices.



Meanwhile, although several different device platforms are being continually developed, none
of them currently operates with a collection of qubits anywhere near as large as the billions
of bits our classical computers are able to use. It is not yet clear that practical scaling of
these platforms up to that level is even possible, let alone how we can do so. Furthermore,
only a handful of promising quantum algorithms have been discovered, and the efficiency of
many is questionable at best. We have much that we still need to learn about what quantum

computers can do and how best to use them.

This dissertation is a collection of seven papers arranged into three sections, all attempting
to help address some of these issues. In the first two sections, we focus on one promising
type of quantum computing platform — solid-state electronic spin qubits. We introduce new
methods for quickly performing quantum logic operations in these platforms, we suggest
protocols for making these systems exhibit novel and potentially useful behavior, and we
characterize and design control methods for a device design which might facilitate scaling up
to large numbers of qubits. In the final section, we turn our attention to quantum software,
and present two algorithms for using quantum computers to efficiently simulate physical

systems at a fixed temperature.
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T'Q/m+ib Q7 i?2b2 +QKTmi iBQM H # bBb bi i2b M/i?2B° bbQ+B i2
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rBi? biji2 +?2Qb2M rBi? T R#+#BNRIiV#2 +QHH2+iBp2HV /2b+ "B#2/ rBi-
[mMm MimKbi i2X q2+ M-?Qr2p2 -/2b+ B#2i?22Mb2K#H2 b r?QH2r
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++m’ i2HV /2b+ B#2b i?2 biA2 Q@ NV VAR 2K/ Q2b- ?2Qr2p2 - 2tBbi
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/2MbBiv K i Bt
N X X - - . .
A= hg(as)= i j) ih 57 h{ ih j));
i j
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QMHvV bi HbXBM?Bb mMMB7B2/ /2b+ " BTiBQM Q7 +H bbB+ HB;MQ M+
bm#bvbi2Kb HHQrb mb-BMi?2 rQARA 2BV KB BIbSB4 HHvV T 2T "2 i

2Mb2K#H2b Q7 bBKmH i2/ [m MimK bvbi2Kb mbBM; QMHv mMBi v Q

RXRXk Zm MimK ; i2b

AM7Q K iBQM biQ 2/ BM [m MimK +QKTmi2 b Bb K MBTmH i2/ #v TT
. i2b mMBi "vi' Mb7Q'K iBQMb r?B+? T2 ' 7Q 'K bQK2 /2bB 2/ HQ:B
1?72 >BH#2 i bT +2 Q7 [m MimK +QKTmi2 Bb "2 HBx2/ bi?2bT M Q7
BM T?vbB+ Hbvbi2K ;Qp2 M2/ #v i?2 a+? °/BM;2" 2[m iBQM-

ir%7lfj i=HO)j i;

r?2°H(t) Bb i?2 U;2M2° HHvV iBK2@/2T2M/2MiV > KBHIiQMB M Q7 i?2
T Q#H2K Q7 BKTH2K2MiBM; i?2b2 [m MimK ; i2b Bb i?2M QM2 Q7 K \
2X:X iBK2@/2T2M/2Mi pQHi ;2b BM M 2H2+i"QMB+ /2pB+2- bm+? i
T Q/m+2bi?2/2bB 2/[m MimK; i2X h?2 T 2+Bb2 BKTH2K2Mi iBQM C
TH i7Q K@/2T2M/2Mi- M/ /2bB;MBM; T'QiQ+QHb 7Q" 2772+iBp2Hv
. i2b +°Qbb /B772 2Mi T?vbB+ H bvbi2Kb Bb i?2 Tm pBRMQ7 [m Mil
AAr2 rBHH 2tTHQ 2 i?Bb T'Q#H2K 7Q° QM2 T?vbB+ H [m MimK +QKT
2H2+i"QMB+ bTBMb BM ; i2@/27BM2/ bQHB/@Dbi i2 b2KB+QM/m+iQ"

g2 + M +H bbB7v [m MimK ; i2b #v i?2 MmK#2 Q7 [m#Bib r?2Qb2 >E
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+i mTQM MQMi BpB HHvX bBM;H2@[m#Bi ; i2- 7Q° BMbi M+2- Bbh
MQMi BpB HHvQM QMHvV bBM;H2 ;Bp2M [m#Bi- irQ@[m#Bi; i2 +ik
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| = jOhOj + j1hyj
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r22°22[04) Mhye-ny- M, 2 i?2 +QKTQM2Mib Q7 j@/BK2MbBQM F
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6Q° T?vbB+ H bvbi2K iQ #2 bmBi #H2 + M/B/ i2 TH i7Q K 7Q" ;2
+QKTmiBM;- Bi Bb M2+2bb "v iQ /2p2HQT T ' QiQ+QHb 7Q° TTHVBN
[m MimK ; i2b b2iQ7; i2bbm+?i? i MvmMBi 'vQT2 iBQM QM 7
+ M #2 bvKTiQiB+ HHv "2 HBx2/ #v TTHVBM; 7BMBi2 b2[m2M+2b Q
Bb r2HH@FMQrM i? i MQ b2i +QMi BMBM; QMHvV bBM;H2@ [m#Bi ; i
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; i2b2i M2+2bb "BHv BM+HmM/2b KmHiIiB@[m#Bi ; i2b br2HH- M/ BM
+QKTmi iBQM + M QMHv #2 +?B2p2/rBi? b2iBM+HmM/BM; KmHIB@ |
i?721/12;°22 Q7 2Mi M;H2K2Mi #2ir22M /B772 2Mi [m#BibX

h? ME7mHHvV- i?2 BM+HmMbBQM Q7 irQ@[m#Bi 2Mi M;HBM: ; i2b Bb |
"2 FMQrM r?B+? +QMbBbi Q7 QMHvV 7BMBi2HvV K Mv bBM;H2@ M/ ir
r2? p2i?2 #BHBiviQ T2 ' 7Q K i?2 bRM;M)2 MR¢R) @V i BIQ Wb #B i -
br2HH b #2BM; #H2iQ T2 7QNRT 22X Q@ [M#BBp2M T B Q7 [m#Bib
QT2 iBQMb +QKTQb2 mMBp2'b H b2iX

PM+2r2+ M7 Bi?7mHHv TTHv2 +? 2H2K2MiQ7 bmBi #H2 mMBp2 'k
+2Mi> H "2bmHi BM [m MimK +QKTmiBM; FMQrM b i?2 aQHQp v@!
i? i MvmMBIi "vQT2 iBQM+ M#2 2 HBx2/iQ rBi?BM ;Bp2MiQH2"
Q7 ; i2b 7°QK Qm > mMBp2'b H b2i r?Qb2 H2M;i? Bb Q7 TQHVHQ; 'B
h? i Bb- Mv[m MimK ; i2 + M#2 277B+B2MiHv +QMbi m+i2/ 7 QK L
Q7i2M 272 iQ b2[m2M+2 Q7 [m MimK ; i2b M/ [m#Bi K2 bm 2K 2N\
bQK2 +QKTmi iBQM b [m MimK +B +mBi- M/ r2 Q7i2M mb2 T QT2
+?  +i2 ' Bx2i?2 /B77B+mHiv Q7 ;Bp2M[m MimK +QKTmi iBQMX 6Q
+B +mBi i?2 HQM;2bi b2[m2M+2 Q7 2H2K2Mi v ; i2b BM i?2 +B +
bBKmHi M2QmbHv M/ Kmbi #2 2t2+mi2/ b2 B HHv TH +2b HQr2 1
iQ 2t2+mi2 +B +mBi- M/ Bb Q7i2M mb2/ b K2i'B+ 7Q i?2 +Qbi Q-
KmHiIiB@[m#Bi ; i2b ;2M2" HHv '2[mB 2 KQ 2 iBK2 iQ 2t2+mi2 M/ ?
bBM;H2@[m#Bi ; i2b- i?2 iQi H MmMK#2 Q7 2H2K2Mi "v KmHIB@ [m#
+QKKQMHYV mb2/ K2i'B+ 7Q  [m MimK +QKTmi iBQM H +QbiX
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RXk aQHB/@bi i2 [m MimK /Qi 2H2+i'QMB+ bT

b T'2pBQmbHV K2MiBQM2/- i?2 #bi® +i +QM+2Ti Q7 [m MimK +Ql
"2 HBx2/- BM T'BM+BTH2- BM Mv T?vbB+ H bvbi2K r?Qb2 /vM KB+
r2ZHHX h?2°2 "2b2p2° HT?vbB+ Hbvbi2Kb r?B+? "2 +m "2MiHv Q7
+QKTmiBM; TH i7QAKMM Z7 iBBb /Bbb2"i iBQM +2Mi2° "QmM/ T il
+ M/B/ i2 TH i7Q Kb, 2H2+i"QMB+ bTBM [m#Bib BM bQHB/@bi i2; iz
b2+iBQM-r2 T'QpB/2 #'B27 Qp2'pB2r Q7 i?2b2 [m MimK /Qi bTBM
"2pB2r Q7 i?2 T?vbB+b Q7 b2KB+QM/m+iQ  [m MikpK MYi bZBMb Bb ;
2pB2rb 7Tm i?2 i?2B° mb2 b [m#BibX

Zm MimK /Qib "2 b2KB+QM/m+iQ M MQbi m+im 2b rBi? bBx2b QM |
2mM/ 2/ M MQK2i2'b BM r?B+? BM/BpB/m H 2H2+i'QMb + M #2 +QM
Q7 b2KB+QM/m+iQ  ?2i2°Qbi ' m+im 2bBM r?B+? H v2'b Q7 /B772 2N\
#22M 2TBi tB HHv /2TQbBi2/ QM QM2 MQi?2 X ai’ BM 7°QK KBbK
IB772 2M+2b #2ir22M i?2 #mHF # M/ bi m+im 2b Q7 i?2 /B772 2Mi &
"Bb2iQ 2772+iBp2Hv k@/BK2MbBQM H 2H2+i QM +QM7BMBM,; 6[m
#2ir22M i?2 H v2'b Q  rBi?BM bBM;H2 i?BM b2KB+QM/m+iQ  H v2°
2H2+i"QMb #2+QK2 i° TT2/ rBi?BM i?Bb [m MimK r2HH- 7Q KBM; k
Uk.1:VX *QM/m+iBp2 K2i H ; i2 2H2+i Q/2b HBi?Q; T?B+ HHv /2T«
2°'Qbi'm+im 2 i?2M T QpB/2 7Tm i?2  +QMi"QH Q7 i?2 2H2+i Qbi iB+
r2HHX h?Bb + M #2 mb2/iQ +°2 i2 #Qi? /I2TH2iBM; M/ +QM7BMBM;
TBM; Q7 2H2+i'QMb BM " vb Q7 bK HH- +HQb2Hv@bT +2/ BbH M/b
[mMm MimK /QibX

"2+ mb2 Q7 i?2 bK HH bBx2 Q7 i?2b2 [m MimK /Qib- #QmM/ 2H2+i"
*'M;2/ BMiQ /Bb+'2i2- [m MiBx2/ 2M2 ;v H2p2Hb- Km+? HBF2 i?2
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H2p2Hb Q7 iQKB+ TQi2MiB HbX J MBTmH iBQM Q7 Qp2°?22 /; i2 2H
TQi2MiB H rBi?BM i?2b2 /Qib "2H iBp2 iQ i?2 bm "QmM/BM; k.1:X h
Q7 i?2 TQbBIiBQMBM; Q7 i?2b2 /Bb+"2i2 2M2 ;v H2p2Hb "2H iBp2 |
bm "QmM/BM; b2KB+QM/m+iQ - K FBM; Bi TQbbB#H2 7Q" i?2b2 [m
7BHH2/ rBi? +?Qb2M MmK#2 Q7 BM/BpB/m H 2H2+i'QMb pB [m N
k.1:X J ;M2iB+ 7B2H/b TTHB2/ 2ti2"M HHv Q" pB i?2 //BiBQM Q7
22i2°Qbi'm+im 2 i?2M H2 /iQ w22K M bTHBIiiBM; Q7 i?2 K ;M2iB+ b
+'2 iBM; K2+? MBbK 7Q bTBM@b2H2+iBp2 2KTivBM; Q" 7BHHBM;
'BpBM; K2 Mb Q7 K2 bm 'BM; M/ 2@BMBiB HBxBM; bTBM bi i2b Q

J MBTmH iBM; Qp2°?2 / ;: i2 pQHi ;2b HbQ HHQrb 7Q  b?B7iBM; Q
BM/BpB/m H/Qib 2H iBp2iQ QM2 MQi?2 - br2HHi?2?22B;?ibQ7i?:
i?2KX h?Bb HHQrb 7Q  p2'v T°2+Bb2 +QMi'QH Q7 2H2+i"QMB+ r p:
[m MimK /Qib- K FBM; Bi TQbbB#H2 iQ b?miiH2 bTBMb #2ir22M /D
BMi2 " +iBQMb #2ir22M /B772 2Mi[m MimK /Qi 2H2+i QMbX h?2 bTB
i?22b2 [m MimK /Qib +QMbiBimi2 r2HH@+QMi'QHH2/ > vQ7irQ@H:
M im> HHvi?Qm;?i Q7 b [m#BibX

h?2b2 [m MimK /Qi/2pB+2b "2iviB+ HHv QT2 i2/BM "2;BK2BMTr?|
T 2+Bb2Hv QM2 2H2+i QM HQ+ HBx2/ rBi?BM BiX AM i?Bb 2;BK2
IVM KB+b + M #2 TT QtBK i2Hv /2b+ B#2/ #v i?2 >2Bb2M#2 ; KQ/2H

r?2°B, Bb i?2 K :M2iB+ 7H21PB+?2 @2 i F2 iQ #2 +QMbi Mi §p2  i? i/
Bb i?2 bTBM p2+iQ QT2 iQ 7Qi4?MRH2T " DORBM IQ2 2t+? M;2 +Q
THBM; #2ir22M i?2 biT BWIXBWP 2Qit-? M:2 BMi2  +iBQM "Bb2b 7 QK i
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Q7 Qp2 H TTBM; bBM;H2@2H2+i QM r p27mM+iBQMb- MiBbvKK2i"
2H2+i"QM r p27mM+iBQM- M/ *QmHQK# "2TmHbBQM #2ir22M i?2 2|
bBM;H2@2H2+i QM r p27mM+iBQMb + M #2 K MBTmH i2/ #v = BbBM
B2 #2ir22M /D +2Mi /Qib Q" #v +? M;BM; i?2 "2H iBp2 +?2KB+ H T
i?72 bi'2M;i? Q7 i?Bb 2t+? M;2 BMi2' +iBQM + M #2 /vM KB+ HHv +Q
Qp2°'?2 /; i2 pQHi ;2bX Zm MimK /Qi bTBMb r2°2 7B bi bm;;2bi2/ b
TH i7Q 'K #v . MB2H GQbb M/ . pB/ SX .BoBM+2MxQ-r?Q BM RNN3 /2
Q7 HQ+ HK ;M2iB+ 7B2H/b M/ 2t+? M;2 BMi2  +iBQMb r2 2 bmBi #H
;12 b299K aBM+2 i?2M- 2t+? M;2 ? b "2K BM2/i?2 KQbi@2tTHQBi2/ "
"2 HBxBM; 2Mi M;HBM; QT2 iBQMb BM [m MimK /Qi bTBM bvbi2Kb X
TH2/iQ M2 “2bi M2B;?#Q b pB QMHvV 2t+? M;2 BMi2" +iBQMb- Bb i7
T '2b2Mi2/ BM S i

Hi?Qm;? i?2 2t+? M;2 +QmTHBM; T°QpB/2b p2'v +QMp2MB2Mi K2
p2'b H2Mi M;HBM; QT2 iBQMb- Bi Bb p2'v b?Q i@ M;2-ivTiB+ HH
#2ir22M M2 "2bi M2B;?#Q bTBMbX b "2bmHi-BM TH i7Q Kb r?B+
BM; 2t+? M;2 BMi2 +iBQMb QMHv- "2 HBxBM; 2Mi M;HBM; BMi2" +i
[mM#Bib "2[mB 2b bm++2bbBp2Hv 2t2+miBM; 2Mi M;HBM; QT2 iBQM|
AM i?2 T 2b2M+2 Q7 2MpB QMK2Mi H MQBb2- r?B+? BM Mv [m Mir
mM pQB/ #H2- i?Bb 7TmM/ K2Mi HHv HBKBib i?2 MmK#2 Q7 bTBM [m
Bp2M +QKTmi iBQMX "mBH/BM; b+ H #H2 [m MimK /Qi bTBM [m Mim
"2[mB'2b M Hi2'M iBp2 K2+? MBbK 7Q° +QmTAMBRM2IBHQMI BRBMb
bm+? HQM;@/Bbi M+2 BMi2" +iBQM + M #2 "2 HBx2/ #v Kmim HHv +
‘H2 KQ/2 Q7 i?2 2H2+i'QK ;M2iB+ 7B2H/ rBi?BM bmT2 +QM/m+iBM
#2ir22M i?2KX
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RXj] o BiBQM H[m MimK H;Q Bi?Kb

o BiBQM H[m MimK H;Q Bi?Kb UoZ bV #2HQM; iQ +H bb Q7 6?v/
r?B+? miBHBx2 #Qi? [m MimK M/ +H bbB+ H 2bQm +2b 7Q  BM7Q"
+H bbB+ HHv@T ~ K2i2 ' Bx2/ +B +mBiBb 2t2+mi2/ QM [m MimK T Q
+B +mBiBbi?2M mb2/ #vi?2 +H bbB+ H+QKTQM2MiiQ QTiBKBx2 i?
"2+ mb2 i?2 >BH#2 i bT +2 Q7 [m MimK +QKTmi2 b+ H2b 2tTQM2N
[mM#Bib Bi +QMi BMb-2p2M KQ/2 i2Hv@bBx2/[m MimK +QKTmi2 b

iBQM bT +2b 7 " H ;2 i? MrQmH/ #2 T +iB+ HQM +H bbB+ H +Q
+ M#2 /IQM2 277B+B2MiHv- i?BbrQmH/ HHQr[m MimK +QKTmi2 b i
7TB+mHiIi Q 2p2M BMi~ +i #H2 T Q#H2Kb-bm+? b bQHpBM; H ;2 HBNMN
2M2 ;v 2B;2Mbi i2b Q7 ;Bp2M > KBHIiQMB M- Q bBKmH iBM; iBK2 /\
JMvT QTQb2/ TTHB+ iBQMb Q70Z b "2 HbQiQH2 MiiQ bQK2/2;
/Q MQi "2[mB 2 p2 vH ;2 TH i7Q Kb + T #H2 Q7 2tT2MbBp2 [m Mim
0Z br2HH@TQb2/iQ #2 Q7 T +iB+ Hmb2 2p2M BM i?2 +m "2Mi 2°

[mMm MimK ULAaZzZV /2pB+2bX 0Z b ? p2 i?mb b22M +QMbB/2" #H2 BM
HBF2HvV M2 "@i2'K T  +iB+ H TTHB+ iBQMb 7 2mBRimikZ QKMmi2"
i?2B  p "BQmb bm;;2bi2/ TTHB+ iBAMABEBH i tRHXQAMBEBM; QM o0Z
T'2T 'BM; i?2 K H:B##bbi i2b Q7 bBKmH i2/e]r K pBK2hv lM2Emh2X p B 7|
Q7 p B iBQM H :B##b bi i2 T'2T " iBQMX AM i?Bb b2+iBQM-r2 # 2]
0Z bX

h?2:2M2° Hb2imT Q7 p "B iBQM H[m MimK H;Q Bi?KBb b 7QHHQ
T Q#H2K r2rBb?iQ bQHpP2r?B+?2r2+ M7Q KmH i2 bi?2 KBMBKBX il
UHbQ + HH2/ MOQ#D2+iBp2 7TmM+iBQM6 Q  6HQbb 7mM+iBQMaVX
iQ i?Bb T'Q#H2K rBi? bi i2b Q7 Qm > [m MimK +QKTmi2 - M/ r2 + M |
+Qbi 7TMM+iBQM Q7 + M/B/ i2 bi i2 7°QK Bib Q#b2 ' p #H2 2tT2+i iB
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[mMm MimK Qiit2r2 + M r Bi2 Bib +Qbi 7mM+iBQM b

n o
r?2°2Bb bQK2 7mM+iB@M- "M/ ilf2i Q7 bvbi2K Q#b2'p #H2bX

g2 +QMbi'm+i M TT QT B i2 6 Mb ixd +H bbB{UHHP@TFT? rK2i2" Bx
+ M2t2+mi2QMQm [m MimK +QKTmi2 7Q° "#Bi XvPmHmRbb@B +?1 ~
+QKTmi2 Bb #H2iQ +?2QQb/MBMMZMAT7ii?2[m MimK +QKTmi2 iQ 7B
i?72 bijie=U()j oi-r?2]2% Bb M TT QT B i2Hv +?Qb2M BMBiB HBXx B«
K2 bm 2 bvbi2K Q#b2 p #H2bX "v ? pBM; i?2 [m MimK +QKTmi2
K2 bm 2 i?2jbim®RiBHBi ? bbm77B+B2Mi bi iBbiB+ H/ i iQ +QKTmi?2
1?2 Q#bZ‘SO#OH-Zil?Z +H bbB+ H+QKTmi2 + Mi?2M +QK TR ii?2+Qbi 7
+?2Qb2M T ° K2i2 bX :Bp2M i?Bb b2imT-r2 + M MQr mM +H bbB+ H
b2 "+?27Q i?2T ~ K2i2'br?B+? KBMBKBX2i?2 +Qbi 7nKBMNBQM 7Q" Q

h?2 bm++2bb Q7 i?Bb K2i?Q/ Bb +H2 "Hv /2T2M/2Mi QM Qm" +?QB+.
Mb ix-7Q BMbi M+2- KB;?i#2 mM #H2 iQ T 2T "2i?2bi i2 Q7 KBME
+H bbB+ HT ~ K2i2 b-jBIMBMBHM2pl22 2T 2b2Mii?21i m2bQHMIiBQM
h?2 7Q K Q7i?2 Mb ix HbQ /2i2°KBM2b i?2 7mM+iBQM H /2T2M/2MH-
+H bbB+ HT ~ K2i2 b-bQi? i2p2Mr?2Mi?2 Mb ixBb + T #H2 Q7 T
i?72 +Qbi 7TmM+iBQM +QmH/ #2 /B77B+mHi iQ +H bbB+ HHv QTiBKB
BKT +iB+ HX //BiBQM HHv-i?2 bm++2bb Q7 ;Bp2M Mb ix Bb p2°
Bb MQi Hr vb BKK2/B i2Hv Q#pBQmb ?Qr #2bi iQ +QMbi'm+i M Mb
S "IAAA2 7TQ+mb QM [/ TiBp2 oZ b- BM r?B+? i?2 Mb ix Bb ;" QrM Bi.
2/Hv +?2QQbBM; M/ TT2M/BM; ; i2b 7°QK ;Bp2M QT2 iQ  TQQH #
/[IBIBQM 772+ibi?2p Hm2 Q7 i?2 +Qbi 7mM+iBQMX
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1t+? M;2@+QmTH2/ [m MimK /Q
IMm#Bib
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*? Ti2 K

.Bb+ 2i2 iBK2 + vbi HBM i?2
, IB2Mi@7B2H/ >2Bb2M#2 ; KQ/

h?Bb +? Ti2 " BM+HmM/2b T ;2b 7 @QKQm Tm#HB+ iBQM (

_2T°'BMi2/ rBi? T2 KBbbBQM 7 QK "BFmM GB- CQ?M aX o M .vF2-
1+QMQKQm- M/ 1/rBM "™ "M2bX .Bb+ 2i2iBK2 + vbi HBMi?2 ;" /B2M
S?vbB+ H 2pBRURRV,RR8jyj- kykyX AaalL k9eN@NN8yX /QB, Ry
RR8jyjX *QTv B;?i UkykyV #v i?2 K2 B+ M S?vbB+ HaQ+B2ivX

A +QMi'B#mi2/ iQ i?Bb rQ F #v bbBbiBM; rBi? KQ/2HHBM; M/ i?2¢C
bvbi2K- TmHb2 /2bB:M- MmMK2 B+ HbBKmH iBQMb- M/ +QM/m+iBM;

Rj













































*2 Ti2" ]

2bB;MBM; :HQ# HHv hBK2@PT1i1
I1Mi M;HBM; : i2b IbBM; :2QK2i E
aT +2 *m p2b

h?Bb +? Ti2" BM+HmM/2b T ;2b 7 QKQm Tm#HB+ iBQM (

2T BMi2/ rBi? T2 'KBbbBQM 7°QK >Q GmM h M;- EVH2 *QMM2HHv-
aQT?B 1X 1+QMQKQm- M/ 1/rBM " "M2bX .2bB;MBM; :HQ# HHv h
. i2b IbBM; :2QK2i'B+ aT $2vBp2bX2pB2rRNTUMEB2Y99yN9- kykjX Ac:
kjjRAYRNX /QB, RyXRRyjfS?vb_2p TTHB2/XRNXy99yNO9X *QTv B;?i
B+ HaQ+B2ivX

A+QMi"B#mi2/iQ i?BbrQ F #v bbBbiBM: rBi? i?2Q 2iB+ H /2p2HQT
M/ MmMK2 B+ HbBKmH iBQMbX

k3
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