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Project Acronym (2) EDIQIP Project  No (3) IST−2001−38869

A2. Project Summary (20)

Objectives (maximum 1000 characters)

Description of work (maximum 2000 characters)

Milestones and expected results (maximum 500 characters)

We will investigate the effects of various decoherence sources on existing and newly developed efficient quantum 
algorithms simulating important physical problems, considering decoherence produced by noisy gates modeled by 
random unitary rotations as well as more general environment−induced noise processes. In parallel the effects of 
internal static imperfections, including residual couplings between qubits and static level spacing fluctuations for 
individual qubits, will be investigated. We will develop a numerical code package capable of modeling these 
imperfections and decoherence effects for a given experimental realization of a quantum processor and thereby 
determine the bounds for reliable quantum computation. We will develop new efficient quantum algorithms for 
computationally hard physical problems such as simulation of many−body quantum systems, Anderson transition, 
electron transport and chaotic classical dynamics. Our numerical code package will model the realistic effects of 
decoherence and imperfections in the new quantum algorithms developed. We plan to be able to handle up to 30 qubits 
for noisy gates and quantum trajectory methods and up to 15 qubits for density matrix methods. Using our code, it will be 
possible to model the static imperfections typical for a given experimental implementation of a quantum processor. 
Quantum eror correction codes will be numerically tested to stabilize newly developed quantum algorithms against 
decoherence and static residual couplings between qubits. We will use methods from quantum information theory, the 
theory of complex classical and quantum dynamical systems, random matrix theory, mesoscopic physics and many−
body quantum physics combined with our broad experience in numerical simulations of these systems.

− Decoherence time scales for noisy gates and dissipative coupling to environment
− Universal laws for many−body chaos and fidelity drop induced by static imperfections
− Efficient quantum algorithms for computationally hard physical problems 
− Numerical code package simulating new algorithms with up to 30 qubits
− Numerical tests of quantum error correction codes
− Stability bounds for the operability of realistic quantum processors

Shared Cost RTD CPF Form � Form A2

EN C 1 FP5RTD

FOR COMMISSION USE ONLY

EUROPEAN COMMISSION
RESEARCH DIRECTORATES
GENERAL

SHARED COST
RTD CPF F ORMS

 

The aim of this project is the investigation of decoherence and error correction  in  quantum processors solving physical 
problems for which new and useful results may be achievable using 40−−60 qubits. New algorithms will be developed 
for these problems, which will include complex quantum dynamics, nonlinear classical evolution, electron transport in 
disordered materials and metal−insulator transitions. A numerical code package will be developed to simulate these new 
algorithms and to model decoherence and imperfection effects for realistic quantum computers with up to 30 qubits. 
Using this code package, decoherence time scales and critical thresholds for multi−qubit residual imperfections will be 
determined. Quantum error−correcting codes will be tested with this package to reduce these decoherence effects in 
the specific algorithms developed within this project. 
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Ç%ÌDÏaÖ­×oÇ%Ì�Îg×JÃ ÙL¿DÇ%Ë*È$Ú�à�ÐÓÎg¿ Ç,Ìm×JÃ_Å:À�Æ^Ë`Õ}Õ�×DÌDÏDÇ%Ã^À�Ì�ÎLÇ%É9Æ�À$È�×JÉÓÎgÈBË%ÕsÎg¿DÀ�Ë*Æ�ÀTÎgÐ�Ù$Ç%É�Ç%ÌDÏ � Æ�Ç%Ù�Î�Ðbë
Ù#Ç`ÉeÆ�À�É�À�ã`Ç%ÌJÙ$À�Ë*ÅJÎgÇ%Ð�ÌJÀ$Ï.È�ÐÓÌDÙ$À�Î�¿DÀ�È�ÀTã*À$Ì�Î�Ð�À$È�ÜaÝWË*Æ�À�Æ�À$Ù�À$Ì�ÎgÉbÛ]Îg¿JÀ�Í*Æ�Ë*× � ¿DÇ%ÈNË*ÅJÎgÇ%Ð�ÌDÀ�Ï.Ð�ÃNë
� Ë*Æ�ÎgÇ%Ì�Î_Æ�À�È�×DÉbÎgÈNÇ`Å:Ë*×áÎÔË � À$Ì.Ö­×oÇ`Ì­Î�×DÃØÈ�ÛmÈ�Î�À$ÃBÈÊíwî*ÚyðMï�Ú�ÏJÛmÌoÇ%ÃBÐ�Ù$Ç%É�É�ËmÙ#Ç%ÉÓÐk�$Ç`ÎgÐÓË*ÌßÐ�Ì.é9ÛmÏDÅ�À$Æ�Í
Ç`Î�Ë*Ã^ÈeíôóMïZÚ%Ç%ÌDË*Ã^Ç%É�Ë%×DÈqÖ­×oÇ`Ì­Î�×DÃ¦Î�ÆgÇ%ÌJÈ � Ë*Æ�Î9í ÷DÚyúMï�Ú*Ù$É�Ç%È�È�Ð�Ù$Ç%ÉmÎ�ÆgÇ%ÌJÈ � Ë*Æ�Î�Ð�Ì_ÌDË%ÌDÉ�ÐÓÌDÀ#Ç%ÆõÃBËáÏDÀ�É�È�Õ�Ë*Æ
ÅDÐÓË*Ã^Ë%É�À$Ù�×DÉ�À�È0í��`ï�Ú:Ç%ÌDÏQÎ�¿DÀÔÐÓÌ­Î�À$Æ � ÉìÇ#ÛcË%Õ�ÏJÐ�È�Ë%Æ�ÏDÀ�Æ~Ç%ÌDÏQÐ�Ì�ÎgÀ�ÆgÇ%ÙTÎgÐ�Ë%ÌDÈsÐÓÌQÃ^Ç%Ì�Û�ë
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¾9¿DÀ]È�Ù$Ð�À�Ì�ÎgÐÓÒDÙ�È�ÎLÇ
� Ð�ÌJÙ$É�×JÏDÀ$ÈWÇ%È � À$Æ�Ã Ç`ÌDÀ$Ì�ÎWÃ^À�Ã_Å:À�Æ�È´�>ÐÓ×DÉ�ÐÓË è Ç%ÈgÇMÎgÐN��Õ�×DÉÓÉ � Æ�Ë%Õ�À�È�È�Ë*Æ$Ú
É�À$Ç%ÏDÀ�Æ�Ë%ÕÔÎ�¿DÀ,Í*Æ�Ë*× � �TÚ æ ÎgÇ%É�Ë���×oÇ%Æ�ÌDÀ$Æ�Ð°��Õ�×DÉÓÉ � Æ�Ë%Õ�À$È�È�Ë*Æ��TÚ�é�Ë*Å�À$Æ�Î�ËÝ7}Æ�Î�×DÈ�ËÏ��Ç`È�È�ËmÙ$Ð�Ç`ÎgÀ � Æ�Ë`ë
Õ�À$È�È�Ë*Æ��PÇ`ÌDÏ=��Ð�Ë%Æ�Í*ÐÓËBÝQÇ%Ì�ÎgÐÓÙ#Ç���Ç%È�È�ËmÙ$ÐìÇMÎgÀ � Æ�Ë%Õ�À$È�È�Ë*Æ��TÜe¾9¿DÀ6È�Ù�Ð�À�Ì­Î�ÐÓÒoÙ�Î�À#Ç%Ã Ç%ÉÓÈ�Ë�Ð�ÌJÙ$É�×JÏDÀ$È�Î
à3Ë
Æ�À�È�À$Ç%Æ�ÙL¿DÀ�Æ�È��V��Ð�×JÉ�ÐìÇ`ÌDË6ÿ3À$ÌDÀ�Ì�ÎgÐ°Ç`ÌDÏ��>Æ�À$Í*Ë%Æ%Þ�À�ÅDÉ�À6��Ç%ÌDÏnÎ
à�Ë ç ¿°ÜñÂ_ÜáÈ�Îg×DÏDÀ�Ì�ÎgÈ«�ZþmÐ�ÃBË*ÌDÀ}ÝWË*Ìáë
ÎLÇ`ÌDÍ*À$Æ�ËBÇ%ÌDÏQþJÇ%ÌDÏDÆ�ËBü ÐÓÃ_Å�À$Æ�Í%À$Æ��(Ü

¾9¿DÀBÍ*Æ�Ë*× ��� Ç%Æ�Î�Ð�Ù$Ð � Ç`Î�À$È�Ð�Ì\é�¾E�àß å ×oÇ`Ì­Î�×DÃ Î�ÆgÇ%ÌDÈ � Ë%Æ�Î6Ë*Ì\Ç%Ì�Ç`ÎgË*ÃBÐ�ÙÔÈ�Ù#Ç`É�À!áJÚõÙ�Ë*Ì�ÎgÆ�Ç%Ù�Î
û ç éa��ë è ¾3ë�ð>���>�Mëd�Jî�ú>�JÜ��NÜuÞ�À�ÅDÉ�ÀT��Õ�Æ�Ë%Ã þáÉÓË�ã%À$ÌDÐ�Ç���Ç`ÌDÏWþ:Üáü ÐÓÃ_Å:À�Æ�Í*À�Æ©��Õ�Æ�Ë*Ãâ�>À�Æ�Ã^Ç%Ì�ÛA��Ç%Æ�À
Ð�Ì è Ë*ÃBË�Ð�ÌnÎ�¿DÀ�Õ�ÆgÇ%ÃBÀ�Ë%ÕõÎg¿DÐÓÈ�é�¾E� � Æ�ËMÞ�À�Ù�Î$Ü

éPÀ�Ù$À�Ì­Î�ÉÓÛBÎg¿DÀsÍ*Æ�Ë%× � ¿oÇ`ÈeÅ:À�À$Ì�Ç`Ù�ÎgÐbã*À�ÉÓÛBÐ�Ì�ã*Ë%ÉÓã*À�ÏnÐ�ÌBÎg¿DÀPÒoÀ$ÉÓÏ Ë%Õ å�æjç4è ÚáË*ÅJÎLÇ`Ð�ÌDÐÓÌDÍ0ÐÓÃ � Ë*Æjë
ÎLÇ`Ì­ÎsÆ�À�È�×DÉbÎgÈPÆ�À�ÉìÇ`Î�À$ÏWÎ�ËBÎ�¿DÀÔÈ�ÎLÇ%ÅJÐ�É�ÐbÎ
ÛnË%Õ�Ö­×oÇ%Ì�Îg×DÃ Ù$Ë%Ã � ×áÎgÀ$ÆP¿oÇ%Æ�ÏJà3Ç%Æ�À íwî6�`ïZÚoÎ�¿DÀ � Æ�Ë � Ë*ÈgÇ%É�Ë
ÇnÌDÀTà À*ã^Ù�Ð�À�Ì­Î6Ö­×oÇ%Ì�Î�×DÃöÇ%ÉÓÍ*Ë*Æ�ÐÓÎg¿JÃ Õ�Ë*Æ}Îg¿JÀNÈ�Ð�ÃÔ×DÉìÇ`Î�Ð�Ë*ÌWË%Õ4Ç�Ö­×oÇ%Ì�Îg×DÃ Ã^À�ÙL¿oÇ%ÌDÐÓÙ#Ç%ÉqÈ�ÛmÈ�Î�À$Ã
íGî*î$ï�Ú�Îg¿DÀ � Æ�Ë � À$Æ�ÎgÐ�À�È_Ë%Õ9Î�¿DÀnÀ$ÐÓÍ*À$ÌáÕ�×DÌDÙ�Î�Ð�Ë*ÌJÈ_Ë%ÕPÇ%Ì.Ë � À$Æ�Ç`ÎgÐÓÌDÍQÖ­×oÇ`Ì­Î�×DÃ Ù�Ë*Ã � ×JÎgÀ�ÆcíGî�ðMï�Ú�Îg¿DÀ
ÒoÏDÀ�É�ÐbÎ
Û.Ë%Õ~Ö­×oÇ`Ì­Î�×DÃ Ã^Ë`ÎgÐ�Ë%Ì�íGî�ó`ï�Ü¸7sÌùÐ�Ì�Î�À$Æ�ÌDÇ`ÎgÐÓË*ÌoÇ%ÉeÈ�Ù$ÐÓÀ$Ì�ÎgÐbÒoÙWÙ�Ë*ÌJÕ�À�Æ�À$ÌJÙ$ÀQË%Ì�ß å ×oÇ%Ì�Î�×DÃ
è Ë*Ã � ×JÎ�À$Æ�ÈnÇ%ÌDÏ å ×oÇ%Ì�Î�×DÃ è ¿DÇ%Ë*ÈYá]à3Ç%ÈnË%Æ�Í�Ç%ÌJÐk�$À�ÏùÅ�Û¸��Ü è Ç%ÈgÇMÎgÐZÚ�Â_ÜÜ¹�Ü þm¿DÀ � À$ÉbÛ�Ç%ÌDÈ�ä�ÛOÇ%ÌDÏ
ç ÜnO|Ë*ÉÓÉ�À$Æ�ÐÓÌ è Ë*Ã^Ëv�Zð
CMëjó����%×DÌJÀnð>�>�Jî��TÜB¾9¿DÀ^Ù$Ë*ÌJÕ�À�Æ�À�ÌDÙ$À Ç`Î�Î�ÆgÇ%ÙTÎgÀ$Ï�Ç%Å�Ë*×JÎBî���� � Ç%Æ�ÎgÐÓÙ$Ð � Ç%Ì�ÎgÈ
Õ�Æ�Ë%Ã Ç%É�ÉDË�ã%À$Æ�Î�¿DÀ�à3Ë*Æ�É�Ï°Ü�¾9¿DÀ}Í*Æ�Ë*× � ¿oÇ%È�Å:À�À$Ì Æ�À$Ù�À$Ì�ÎgÉbÛ Ç ��� Ë%Ð�Ì�ÎgÀ�Ï^Å�Û�Îg¿DÀsÁ~þK7µÍ*Ë�ã%À$Æ�ÌJÃ^À�Ì­Î
Ç%ÌDÏv�~þu7ÄÇ%ÌDÏÇ7~éPÂa7»×DÌDÏDÀ�ÆÔÇÊÙ$Ë*Ì�Î�ÆgÇ%ÙTÎÔÕ�Ë*ÉÓÉ�Ë�à�Ð�ÌDÍnÎ�¿DÀN7}élDÄÈ�Ë%É�Ð�Ù�ÐÓÎgÇ`ÎgÐÓË*ÌßÂE737~Â_î6�Mëd�JîTëjéeë
�����>CvßYB�Ñ � À$Æ�ÐÓÃ^À�Ì�ÎLÇ%ÉõÇ%ÌDÏQ¾9¿DÀ$Ë*Æ�À�Î�Ð�Ù#Ç`ÉqÂ~ÀTã*À�É�Ë � ÃBÀ$Ì�Î�È}Ë%Õ å ×oÇ`Ì­Î�×DÃ è Ë*Ã � ×JÎgÀ�Æ�È¬áä� � Æ�Ð�ÌJÙ$Ð � Ç%É
Ð�Ì�ã%À$È�Î�Ð�Í�ÇMÎgË*Æa��Ð�×DÉÓÐ�Ë è Ç%ÈgÇ`Î�ÐZ�(Ü
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ÿ3Ë*Æ�Ì�î6�%÷­ðÔÐ�ÌÊÿ3Æ�À$ÌDÌJË=� è D«�(Ú æ ÎLÇ%ÉbÛ*Ü
è ×DÆ�Æ�À$Ì�Î � Ë%È�ÐÓÎ�Ð�Ë*Ì.9�;{×JÉ�É ç Æ�Ë`Õ�À$È�È�Ë*ÆPÐ�ÌÊ¾9¿DÀ$Ë*Æ�À�Î�Ð�Ù#Ç`É ç ¿�ÛmÈ�ÐÓÙ$È�Ú|ÁPÌDÐÓã�Ü4ÏDÀ$Í*ÉÓÐõþmÎg×JÏDÐfÏDÀ$ÉÓÉVÛ æ ÌDÈ�×JÅDÆ�Ð�ÇJÚ
þáÀ�ÏDÀnÏDÐ è Ë*Ã^ËJÚ æ ÎLÇ%ÉbÛ#å4ÏJÐ�Æ�À�Ù�Î�Ë*ÆÔË%Õ9Î�¿DÀ æ Ì�ÎgÀ�Æ�ÌoÇMÎgÐ�Ë%ÌoÇ%É è À$Ì�ÎgÀ�Æ_Õ�Ë*Æ0Î�¿DÀ�þmÎ�×DÏJÛhË%ÕPÂ}ÛmÌoÇ%ÃBÐ�Ù#Ç`É
þmÛmÈ�Î�À$ÃBÈ$Ü
B�Ñ � À�Æ�ÎgÐÓÈ�À
9QþmÐ�ÌDÙ�À\î6��
*ðê¿DÀcÐ�È_à�Ë*Æ�ä­ÐÓÌDÍ,Ð�Ì � Æ�Ë%ÅDÉ�À�Ã^ÈNË%ÕsÙ$É�Ç%È�È�Ð�Ù$Ç%É9Ç%ÌDÏaÖ­×oÇ%Ì�Îg×JÃ ÙL¿oÇ%Ë*ÈBÇ%ÌDÏ
¿DÀn¿DÇ%ÈNÃ Ç`ÏDÀ � ÐÓË*ÌDÀ�À$Æ�ÐÓÌDÍêÙ�Ë*Ì�ÎgÆ�ÐÓÅD×JÎ�Ð�Ë*ÌDÈ6ÎgËêÅ�Ë%Î�¿]ÒoÀ$ÉÓÏDÈ$Ü æ Ã � Ë%Æ�ÎLÇ`Ì­Î_Ç%ÙL¿DÐÓÀ�ã*À�Ã^À�Ì�ÎgÈBÇ%Æ�À^Îg¿DÀ
ÏDÐÓÈ�Ù$Ë�ã%À$Æ�Û_Ë%Õ�Öm×DÇ%Ì�Îg×DÃ ÏáÛáÌDÇ%Ã^ÐÓÙ#Ç%ÉmÉ�ËmÙ#Ç`É�Ðk�$Ç`ÎgÐÓË*Ì6Ç%ÌDÏNÎg¿JÀ9×DÌDÏDÀ�Æ�È�ÎgÇ%ÌDÏDÐÓÌDÍ�Ë%Õ�ÙL¿oÇ%Ë`ÎgÐ�Ù3ÀTÑáÙ$ÐbÎLÇ`Î�Ð�Ë*Ì
Ç%ÌDÏ^Ð�Ë*ÌJÐk�#ÇMÎgÐ�Ë%Ì_Ë%Õ°¿�ÛmÏDÆ�Ë*Í*À$ÌnÇ`ÎgË*ÃBÈ�Ð�ÌBÃBÐ�Ù$Æ�Ë�àeÇ#ã*À�ÒoÀ�É�ÏDÈ�Ü17}×JÎ�¿DË*Æ4Ë*Æ�Ù$Ë`ë
Ç%×JÎ�¿DË*Æ�Ë%Õ:Ã^Ë*Æ�À9Îg¿oÇ%Ì
î�
>� � Ç � À�Æ�È�Ë*ÌcÈ�Ù�Ð�À$Ì�Î�ÐÓÒoÙ3Þ�Ë*×DÆ�ÌoÇ%ÉÓÈ$Ü
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ÿ3Ë*Æ�Ì�î6�����_Ð�ÌbÞ�Ë*Í%¿DÀ$Æ�Ç�� ç Þ©�TÚ æ ÎgÇ%ÉÓÛ#å ç ¿°ÜñÂ_ÜoÐ�Ìc¾9¿DÀ�Ë*Æ�ÀTÎgÐÓÙ#Ç%É ç ¿�ÛmÈ�Ð�Ù�È$Ú:ÝWÐÓÉìÇ%ÌDË�ÁPÌDÐÓã�Üa�jî�����
��(Ü
î����>CMë�ð>�>���j9 ç Ë*È�ÎgÏDËmÙ�Î�Ë*ÆgÇ`É � Ë%È�ÐÓÎ�Ð�Ë*Ì�ÇMÎ�Îg¿DÀ è B�7ÔÚ è À�Ì­Î�Æ�ÀPÏ:ÛÜB�Î�×DÏDÀ�È�ÏDÀsþJÇ`Ù$ÉìÇ#Û%Úu;oÆ�Ç%ÌDÙ$À`Ú*à�ÐÓÎ�¿DÐ�Ì
Îg¿JÀ6¾PÝWé ÌDÀ�Î
à�Ë*Æ�ä�ß ç ¿DÇ%È�À è Ë*¿DÀ�Æ�À$Ì�Î}Â}ÛmÌoÇ%ÃBÐ�Ù$È9ÐÓÌcûPÛmÅDÆ�Ð�Ï��}Ç%ÌDË%È�ÎgÆ�×DÙ�Î�×DÆ�À�ÈYáDÜ
;oÆ�Ë*Ã ð>���>�j9qÆ�À$È�À#Ç%Æ�ÙL¿DÀ$Æ4Ç`Î�Î�¿DÀ æ �3;�Ý�Ú è Ë*ÃBËDÚ%à�ÐbÎg¿DÐÓÌ_Îg¿DÀ � Æ�ËMÞ�À$ÙTÎ�ß å ×oÇ%Ì�Îg×JÃ ¾õÆgÇ%ÌDÈ � Ë%Æ�Î4Ç%ÌDÏ
è ÉìÇ`È�È�ÐÓÙ#Ç%É è ¿oÇ%Ë*È¬áDÜ
B�Ñ � À�Æ�ÎgÐÓÈ�À
9 è ÉìÇ%È�È�Ð�Ù$Ç%É:Ç%ÌDÏnÖ­×oÇ%Ì�Î�×DÃ ÙL¿DÇ%Ë*È$ÚáË � À$Ì�Ö­×oÇ%Ì�Îg×JÃ È�ÛáÈ�ÎgÀ�Ã^È�ÚA7}ÌDÏJÀ$Æ�È�Ë*Ì�É�ËmÙ#Ç`É�Ðk�$Ç`ÎgÐÓË*Ì°Ú
ÃBÀ$È�Ë%È�Ù$Ë � Ð�Ù � ¿�ÛmÈ�Ð�Ù�È$Ú�Ã^Ç%Ì�Û�ë
Å�ËáÏJÛ,ÐÓÌ�ÎgÀ$Æ�Ç%Ù�Î�Ð�ÌDÍÊÏDÐÓÈ�Ë*Æ�ÏDÀ$Æ�À$ÏhÈ�ÛmÈ�ÎgÀ�Ã^È�Ú�Ã^ÀTÎLÇ%Éwë
ÐÓÌDÈ�×DÉ�Ç`ÎgË%ÆsÎgÆ�Ç%ÌDÈ�Ðbë
ÎgÐÓË*ÌDÈ�Ü ç Æ�À$È�À$Ì�Î�Æ�À�È�À#Ç`Æ�ÙL¿.Ð�È>Ù�Ë*ÌDÙ$À�Ì�ÎgÆgÇMÎgÀ$Ï.Ë%Ì]Ö­×oÇ%Ì�Îg×DÃ ÐÓÌJÕ�Ë*Æ�Ã^Ç`Î�Ð�Ë*ÌêÎ�¿DÀ$Ë*Æ�Û*Ü è Ë`ëjÇ`×JÎg¿DË%Æ0Ë%Õ
ÃBË*Æ�À~Î�¿oÇ%ÌWð>� � Ç � À$Æ�È�Ë*ÌcÈ�Ù$Ð�À�Ì�ÎgÐÓÒDÙeÞ�Ë%×DÆ�ÌoÇ`É�È$Ü
GH��IJ�����K"ML��K�
íGî$ï8��Ü è Ç%ÈgÇ`Î�ÐZÚK�NÜmÝQÇ%È � À�Æ�Ë0Ç%ÌDÏ^Â_Ün¹�Ü­þá¿JÀ � À$ÉÓÛ*Ç%ÌDÈ�ä­Û%Ú1» mjW>+Q/�mKR | -�SZ+.UYW>)1æ'@)�'�U*mK),)�'*+.U�'�X Ú ç ¿�ÛmÈ$Ü
é�À�ã�Ü%¹�ÀTÎ�Î$Ü®ºqç°Ú{ú*ðM÷´�jî��������TÜ
íôðMï���Ü�ÿ�À$ÌDÀ�Ì­Î�ÐZÚM�NÜ è Ç%ÈgÇ`Î�ÐZÚ æ ÜÆ��×oÇ%Æ�ÌJÀ$Æ�Ð�Ç`ÌDÏ]Ý\Üõ¾õÀ$Æ�ÆgÇ%ÌJÀ$ËDÚ(» mAW>+Q/^mKRè\,)YWKU*/VW>2Aé�mqU*/^mAW>/^SV-�+jX Ú
ç ¿�ÛáÈ�Ü3é�À�ã�Ü%¹fÀ�Î�Î#Ü�º8ê|Úq�áî#÷Dî��Jî°��ð>���Jî��TÜ
í ó`ïl�NÜqÿ3À$ÌDÀ�Ì�ÎgÐZÚ%�NÜ è Ç%ÈgÇ`Î�ÐeÇ%ÌJÏâÂ_Ün¹�Ü�þá¿DÀ � À$ÉbÛ�Ç%ÌJÈ�ä�Û*Ú ~M`jWK-�/^SVU�'*+j`jW>+.U�'*RN'*+Q/(SZ+¾RTSVU*)�-�w%W>y>'
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íø÷%ïi��Ü è Ç%È�Ç`ÎgÐ�Ú«��ÜPÝWÇ%Ì�ÎgÐ�Ù$ÇùÇ%ÌJÏ Â_ÜÜ¹�ÜPþm¿DÀ � À$ÉbÛ�Ç%ÌDÈ�ä�Û*Ú ea'Vh>mK25W>)ÇW>+#]¸W>+.-�R°W>2k-�m�XÇs!mAW>+Q/^mKR
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b�Zð>�>�Jî��TÜ
íôúMïeé>Ü�7sÆ�Î�×DÈ�Ë,Ç%ÌJÏâÝ�Ü�é�×DÈ�Ù$Ë*ÌDÐ�Ú 0fX*g�R3_#/[-�/�SVUbs!mAW>+Q/^mKRî4*'�`jW>y�SV-�)F-d\FU*25W�X�X*SVUYW>2Z2±g=W>+.-�R°W>2k-�m�X
R°W*_QX Ú ç ¿�ÛmÈ$Ü�éPÀTã:Ü%Bx²AÍ�Úq�Jî�ú%ð>�%÷q�	é3�f��ð>���Jî��TÜ
í	�`ïPÝ�Ü�¾õÀ$Æ�ÆgÇ%ÌDÀ�ËDÚ9Ý\Ü ç ÀTÛáÆ�Ç%Æ�ÏùÇ%ÌDÏ���Ü è Ç%ÈgÇMÎgÐZÚ ~�-�+Q/^)�-�2Z2±SZ+Kh}/Ã`Q'´'*+.'*)Vh>g�éE-�wèSZ+¸+.-�+Q2±SZ+.'YW>)
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À�ã`Ç%ÉÓ×oÇ`Î�Ð�Ë*ÌâË%Õ�Ù�Æ�Û � Î�Ë*Í*ÆgÇ � ¿DÐ�ÙWÇ%ÉÓÍ*Ë*Æ�ÐbÎg¿DÃBÈ�Ç%ÌDÏ � Æ�Ë`ÎgËmÙ$Ë*ÉÓÈ$Ú�Î�¿DÀ$Ë%Æ�À�Î�Ð�Ù$Ç%ÉPÇ`ÎgË*ÃBÐ�Ù � ¿­ÛmÈ�Ð�Ù$È�Ú9Îg¿DÀ
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