
Can we do better?

A little more formally

Execution of a concurrent object modeled by 
a history


a finite sequence of operation invocation and responses 


A history H is sequential if:

the first event of H is an invocation

each invocation (but possibly the last) is immediately 
followed by a matching response, followed by a matching 
invocation 


A history that is not sequential is concurrent

Linearizability 
(Herlihy and Wing 1990)

A history H is linearizable if there exists a 
permutation   of the operations in H such that


For each object   , the subhistory               
respects the sequential specification of 

If the response of operation    occurs in H before 
the invocation of operation   , then    appears 
before    in 


in other words,   respects the real-time ordering of 
non-overlapping operations
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Think global, act local  

A property P of a concurrent system is local 
if the system satisfies P whenever each 
individual object satisfies P


Given two objects     and     each satisfying P, 
the composite object          satisfies P  

O1 O2

[O1, O2]

Linearizability  
is a local property

Theorem

A history H is linearizable iff, for each 
object  , H restricted to the operations in    
is linearizable


Because linearizability is a local 
property, objects can be implemented 
independently from each other 


O O

Sequential consistency 
(Lamport "How to Make a Multiprocessor Computer That Correctly Executes 

Multiprocess Programs", IEEE TOC C-28,9 (Sept. 1979), 690-691)

A history H is sequentially consistent if there 
exists a permutation   of the operations in H 
such that


For each object   ,      respects the sequential 
specification of

If the response for operation    at    occurs in H 
before the invocation for operation    at   , then        
   appears before    in 


order of non-overlapping operations is preserved only for 
operations by the same thread
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r1(7) only acceptable value 
under linearizability

but under sequential consistency…



Example

w1(5)

w2(7)

r1(?)

r1(5) is also acceptable under 
sequential consistency

…this execution is indistinguishable from the previous one

The Case of 
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Not Sequentially Consistent!

Linearizability 
is non blocking

Definition

A method is total if it is defined for every object value (e.g. 
Enq). Otherwise, it is partial (e.g. Deq).


Theorem

Linerizability is nonblocking: a pending invocation of a total 
method is never required to wait for another pending invocation 
to complete


Note

Blocking (or deadlock) may occur in particular implementations of 
linearizability

Sequential consistency is not a nonblocking property
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Taking a step back

Linearizable?

Sequentially consistent?

Happy?

y.write(1) x.read(0)

y.read(0)x.write(1)

NO!

This “flag” pattern is at the core of our 
mutual exclusion protocols


Peterson

Bakery


No discussion!

Yeees?

Sequential consistency is too expensive as 
default in modern hardware


we write to caches anyway!


OK if flag principle

violated by default

honored by explicit request


e.g., if you want to synchronize

Liveness: dependent 
progress (blocking)

Though linearizability is non-blocking, its 
implementation could delay threads 


e.g., a thread slows down after acquiring a lock 


Implementations using locks can only guarantee 
dependent progress


as long as locks released in a timely manner 


Dependent progress conditions for blocking 
implementations:


deadlock freedom: some method call completes

starvation freedom: every method call completes



Liveness: dependent 
progress (non-blocking)

An obstruction-free implementation of a 
concurrent object guarantees that a single 
process executing in isolation will complete 
any operation in a bounded number of steps

Obstruction freedom

Liveness: independent 
progress (non-blocking)

A lock-free implementation of a concurrent 
object is obstruction free and, in the 
presence of concurrency, it guarantees that 
some correct process will complete any 
operation in a bounded number of steps


A lock-free implementation is deadlock free 
(despite asynchrony and process crashes), but 
can suffer from starvation

Lock freedom

Liveness: independent 
progress (non-blocking)

A wait-free implementation of a concurrent 
object guarantees that any process can 
complete any operation in a finite number of 
steps, regardless of the execution speed of 
other processes


A wait free implementation is both deadlock 
and starvation free and tolerates up to   
process crashes

n�1

Wait freedom

Register: we hardly 
knew ye

Safe Regular Atomic

Boolean

Multi-valued

SRSW

MRSW

MRMW

An excursus

To what 
degree 
can we 
move 

around?



Oh, the places you’ll go…

Base class Implemented class

SRSW safe MRSW safe

MRSW Boolean safe MRSW Boolean regular

MRSW Boolean regular MRMW regular

MRSW regular SRSW atomic

SRSW atomic MRSW atomic

MRSW atomic MRMW atomic

MRSW atomic atomic snapshot

What’s so cool about 
wait-freedom?

We used atomic registers to implement 
mutual exclusion


we can’t use mutual exclusion to implement 
atomic registers!

but there is more not to like about mutual 
exclusion


asynchronous interrupts

heterogeneous processors

fault tolerance

The Splitter 
(Lamport, “A fast mutual exclusion algorithm”, ACM TOCS 5(1):1-11, 1987)

At most one process exists 
with 


At most       processes 
exit with 


At most       processes 
exit with 


If a single correct process 
invokes the splitter, it exits 
with 

stop
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<latexit sha1_base64="Cx/8XbwM4Gwg/pSZAltmGGw3jlw=">AAAB9XicdVDLSsNAFL2pr1pfURcu3AwWoW5C0oqPlQU3LisaW2hLmUwn7dDJg5mJWEJ+xU3FleJv+Avu/AX/wKTRRX0cGDicc4Z7z3VCzqQyzTetMDe/sLhUXC6trK6tb+ibWzcyiAShNgl4IFoOlpQzn9qKKU5boaDYczhtOqPzzG/eUiFZ4F+rcUi7Hh74zGUEq1Tq6TsdD6shU/FVw+gzQUkmJ5WDnl62DHMK9D8pn32Ek3cAaPT0104/IJFHfUU4lrJtmaHqxlgoRjhNSp1I0hCTER7QeLp2gvZTqY/cQKTPV2iqzuSwJ+XYc9JktqT86WXiX147Uu5JN2Z+GCnqk3yQG3GkApTdAOVF+TglmAiWbojIEAtMVHqpUlrdNGpHh1bNRL/Jd3W7apwa1qVVrlchRxF2YQ8qYMEx1OECGmADgQQm8ATP2p12rz1oj3m0oH392YYZaC+fsmaVEQ==</latexit><latexit sha1_base64="LH0doYpLVcc4FISyh2ablVEnWwU=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaLUDchacXHQiy4cVnR2EJbymQ6aYdOHs5MxBLyK24qrhR/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJmdm18oLupLyyura8b6xrUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAs8xu3hAsaBldyFJGOj/oB9ShGUkldY6vtIzmgMrmsmz3KCc7ktLzXNUq2aU0A/yel049o/Kaf3NS7xmu7F+LYJ4HEDAnRsq1IdhLEJcWMpHo7FiRCeIj6JJmsncJdJfWgF3L1Agkn6lQO+UKMfFclsyXFTy8T//JasfSOOgkNoliSAOeDvJhBGcLsBjAvykaKIMyp2hDiAeIIS3UpXVW3zOrBvl214G/yXd2pmMemfWGXahWQowi2wQ4oAxscgho4B3XgAAxSMAZP4Fm70+61B+0xjxa0rz+bYArayyeUQZXA</latexit><latexit sha1_base64="LH0doYpLVcc4FISyh2ablVEnWwU=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaLUDchacXHQiy4cVnR2EJbymQ6aYdOHs5MxBLyK24qrhR/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJmdm18oLupLyyura8b6xrUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAs8xu3hAsaBldyFJGOj/oB9ShGUkldY6vtIzmgMrmsmz3KCc7ktLzXNUq2aU0A/yel049o/Kaf3NS7xmu7F+LYJ4HEDAnRsq1IdhLEJcWMpHo7FiRCeIj6JJmsncJdJfWgF3L1Agkn6lQO+UKMfFclsyXFTy8T//JasfSOOgkNoliSAOeDvJhBGcLsBjAvykaKIMyp2hDiAeIIS3UpXVW3zOrBvl214G/yXd2pmMemfWGXahWQowi2wQ4oAxscgho4B3XgAAxSMAZP4Fm70+61B+0xjxa0rz+bYArayyeUQZXA</latexit><latexit sha1_base64="LH0doYpLVcc4FISyh2ablVEnWwU=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaLUDchacXHQiy4cVnR2EJbymQ6aYdOHs5MxBLyK24qrhR/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJmdm18oLupLyyura8b6xrUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAs8xu3hAsaBldyFJGOj/oB9ShGUkldY6vtIzmgMrmsmz3KCc7ktLzXNUq2aU0A/yel049o/Kaf3NS7xmu7F+LYJ4HEDAnRsq1IdhLEJcWMpHo7FiRCeIj6JJmsncJdJfWgF3L1Agkn6lQO+UKMfFclsyXFTy8T//JasfSOOgkNoliSAOeDvJhBGcLsBjAvykaKIMyp2hDiAeIIS3UpXVW3zOrBvl214G/yXd2pmMemfWGXahWQowi2wQ4oAxscgho4B3XgAAxSMAZP4Fm70+61B+0xjxa0rz+bYArayyeUQZXA</latexit><latexit sha1_base64="LH0doYpLVcc4FISyh2ablVEnWwU=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaLUDchacXHQiy4cVnR2EJbymQ6aYdOHs5MxBLyK24qrhR/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJmdm18oLupLyyura8b6xrUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAs8xu3hAsaBldyFJGOj/oB9ShGUkldY6vtIzmgMrmsmz3KCc7ktLzXNUq2aU0A/yel049o/Kaf3NS7xmu7F+LYJ4HEDAnRsq1IdhLEJcWMpHo7FiRCeIj6JJmsncJdJfWgF3L1Agkn6lQO+UKMfFclsyXFTy8T//JasfSOOgkNoliSAOeDvJhBGcLsBjAvykaKIMyp2hDiAeIIS3UpXVW3zOrBvl214G/yXd2pmMemfWGXahWQowi2wQ4oAxscgho4B3XgAAxSMAZP4Fm70+61B+0xjxa0rz+bYArayyeUQZXA</latexit><latexit sha1_base64="rHWl+iQQBRIcS2HfWeeKnbz7BNk=">AAAB9XicdVDLSsNAFL2pr1ofjbpw4WawCHUTklZ87ApuXFY0ttCWMplO2qGTBzMTsYT8ihvFleJv+Av+jZO2LurjwsDhnDPce44XcyaVbX8ahaXlldW14nppY3Nru2zu7N7JKBGEuiTikWh7WFLOQuoqpjhtx4LiwOO05Y0vc711T4VkUXirJjHtBXgYMp8RrDTVN/e7AVYjptKbpjVggpKczqrHfbPiWPZ00P+gAvNp9s2P7iAiSUBDRTiWsuPYseqlWChGOM1K3UTSGJMxHtJ0enaGjjQ1QH4k9AsVmrILPhxIOQk87cyPlD+1nPxL6yTKP++lLIwTRUMyW+QnHKkI5R2gWVA+0QATwfSFiIywwETppko6um3VT0+cuo1+g+/obs26sJxrp9KozTsowgEcQhUcOIMGXEETXCCQwRO8wpvxYDwaz8bLzFow5n/2YGGM9y+YUZHu</latexit>

A wait-free 
implementation

Two shared registers: LAST (init   ) and DOOR (init       )   
(atomic MWMR)
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closed

<latexit sha1_base64="R6ZNUuvDunt59dP0dELT7FtjxmU=">AAAB4nicdVDLSsNAFL2pr1pfVZduBovgKiRVfKwsuHFZwbSFtpTJ5KYdO8mEmYlQSr/AjeJKcefP+Avu/AX/wLTVRX0cuHA451zmnvETwbVxnDcrNze/sLiUXy6srK6tbxQ3t2papoqhx6SQquFTjYLH6BluBDYShTTyBdb9/vnYr9+g0lzGV2aQYDui3ZiHnFGTSTUmpMagUyy5tjMB+Z+Uzj6Sl3cAqHaKr61AsjTC2DBBtW66TmLaQ6oMZwJHhVaqMaGsT7s4nNw4InuZFJBQqmxiQybqTI5GWg8iP0tG1PT0T28s/uU1UxOetIc8TlKDMZs+FKaCGEnGhUnAFTIjBhmhTPHsQsJ6VFFmsm8pZNUd++Do0D1wyG/yXd0r26e2e+mWKmWYIg87sAv74MIxVOACquABg2u4g0d4stC6te6th2k0Z33tbMMMrOdPLo+N8g==</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="95hirYOt2GzLPJeBwcro87qSvL0=">AAAB4nicdVDLSgMxFL1TX7W+qi7dBIvgaphpxceu4MZlBacttKVkMrdtbGYyJBmhlH6BG8WV4gf5C/6N6cNFfRwIHM454d5zw1RwbTzv08mtrK6tb+Q3C1vbO7t7xf2DupaZYhgwKaRqhlSj4AkGhhuBzVQhjUOBjXB4PfUbD6g0l8mdGaXYiWk/4T3OqLFSnQmpMeoWS77rzUD+JyVYoNYtfrQjybIYE8ME1brle6npjKkynAmcFNqZxpSyIe3jeLbjhJxYKSI9qexLDJmpSzkaaz2KQ5uMqRnon95U/MtrZaZ32RnzJM0MJmw+qJcJYiSZFiYRV8iMGFlCmeJ2Q8IGVFFm7FkKtrrnVs7P/IpHfpPv6kHZvXL9W79ULS9ukIcjOIZT8OECqnADNQiAwT08wSu8Oeg8Os/OyzyacxZ/DmEJzvsXFHqKzw==</latexit>

SP .direction(i)
<latexit sha1_base64="TBpbzBAwDMjG6BkkCWkpeTBa5r8=">AAAB9nicdVDLSsNAFL2pr1pfUTeCm8Ei1E1IWvGxsuDGZUVjC20pk+mkHTp5MDMRQqi/4kLFleJn+Avu/AX/wKTRRX0cGDicc4Z7z3VCzqQyzTetMDM7N79QXCwtLa+srunrG1cyiAShNgl4IFoOlpQzn9qKKU5boaDYczhtOqPTzG9eUyFZ4F+qOKRdDw985jKCVSr19K2Oh9WQqeSiYfSZoCSTxxW219PLlmFOgP4n5ZOP8O4dABo9/bXTD0jkUV8RjqVsW2aougkWihFOx6VOJGmIyQgPaDLZe4x2U6mP3ECkz1dook7lsCdl7DlpMttS/vQy8S+vHSn3qJswP4wU9Uk+yI04UgHKjoDypjxOCSaCpRsiMsQCE5WeqpRWN43awb5VM9Fv8l3drhrHhnVuletVyFGEbdiBClhwCHU4gwbYQOAG7uEJnrVYu9UetMc8WtC+/mzCFLSXT3s4lYQ=</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="1HmHsuMv4QvAn0e7o1/tNI/orNk=">AAAB9nicdVDLSsNAFL2pr1ofjboR3AwWoW5C0oqPXcGNy4rGFtpSJtNJO3TyYGYihFB/xY3iSvEz/AX/xklbF/VxYeBwzhnuPceLOZPKtj+NwtLyyupacb20sbm1XTZ3du9klAhCXRLxSLQ9LClnIXUVU5y2Y0Fx4HHa8saXud66p0KyKLxVaUx7AR6GzGcEK031zf1ugNWIqeymaQ2YoCSnJ1V23DcrjmVPB/0PKjCfZt/86A4ikgQ0VIRjKTuOHatehoVihNNJqZtIGmMyxkOaTe+eoCNNDZAfCf1Chabsgg8HUqaBp535lfKnlpN/aZ1E+ee9jIVxomhIZov8hCMVobwENEvKUw0wEUxfiMgIC0yUrqqko9tW/fTEqdvoN/iO7tasC8u5diqN2ryDIhzAIVTBgTNowBU0wQUCD/AEr/BmpMaj8Wy8zKwFY/5nDxbGeP8CYSOSYQ==</latexit>

operation 

LAST := 

if (DOOR =        ) 

    then movei := 

    else DOOR :=

   if (LAST =    ) then movei :=

        else movei := 

   end if

 end if


return (movei)



A wait-free 
implementation

Two shared registers: LAST (init   ) and DOOR (init       )   
(atomic MWMR)

� open

<latexit sha1_base64="lEoC9JSIwV1zQbCahR9GeMeoEBQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapixxcfKghuXFRxbaEvJpJk2NJOEJCOU0g9wo7jSuvJz/AU/wz9wptVFfRy4cDjnXHJPQsWZsZ737uQWFpeWV/KrhbX1jc2t4vbOjZGJJjQgkkvdCLGhnAkaWGY5bShNcRxyWg8HF5lfv6XaMCmu7VDRdox7gkWMYJtJUlHRKZZ815sC/U9K5x+TySsA1DrFt1ZXkiSmwhKOjWn6nrLtEdaWEU7HhVZiqMJkgHt0NL1wjA5SqYsiqdMRFk3VuRyOjRnGYZqMse2bn14m/uU1ExudtkdMqMRSQWYPRQlHVqKsLuoyTYnlw5Rgoll6ISJ9rDGx6acU0uqeWz6u+GUP/Sbf1YMj98z1r/xStQIz5GEP9uEQfDiBKlxCDQIg0Id7eIJnhzh3zoPzOIvmnK+dXZiD8/IJkHmM9w==</latexit><latexit sha1_base64="K1B6LCMFqy9j96oUEI/PoI0qTEQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNlwY3LCo4ttKVk0rQNzSRDckcopR/gRnGl9ov8BT/DP3Cm1UV9HLhwOOdcck/CWAqLnvfu5BYWl5ZX8quFtfWNza3i9s6t1YlhPGBaalMPqeVSKB6gQMnrseE0CiWvhYPLzK/dcWOFVjc4jHkroj0luoJRzCQdc9UulnzXm4L8T0oXH68ZJtV28a3Z0SyJuEImqbUN34uxNaIGBZN8XGgmlseUDWiPj6YXjslBKnVIV5t0FJKpOpejkbXDKEyTEcW+/ell4l9eI8HuWWskVJwgV2z2UDeRBDXJ6pKOMJyhHKaEMiPSCwnrU0MZpp9SSKt77vFJ2T/2yG/yXT04cs9d/9ovVcowQx72YB8OwYdTqMAVVCEABn14gGd4cZhz7zw6T7Nozvna2YU5OJNP2j+OvA==</latexit><latexit sha1_base64="K1B6LCMFqy9j96oUEI/PoI0qTEQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNlwY3LCo4ttKVk0rQNzSRDckcopR/gRnGl9ov8BT/DP3Cm1UV9HLhwOOdcck/CWAqLnvfu5BYWl5ZX8quFtfWNza3i9s6t1YlhPGBaalMPqeVSKB6gQMnrseE0CiWvhYPLzK/dcWOFVjc4jHkroj0luoJRzCQdc9UulnzXm4L8T0oXH68ZJtV28a3Z0SyJuEImqbUN34uxNaIGBZN8XGgmlseUDWiPj6YXjslBKnVIV5t0FJKpOpejkbXDKEyTEcW+/ell4l9eI8HuWWskVJwgV2z2UDeRBDXJ6pKOMJyhHKaEMiPSCwnrU0MZpp9SSKt77vFJ2T/2yG/yXT04cs9d/9ovVcowQx72YB8OwYdTqMAVVCEABn14gGd4cZhz7zw6T7Nozvna2YU5OJNP2j+OvA==</latexit><latexit sha1_base64="K1B6LCMFqy9j96oUEI/PoI0qTEQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNlwY3LCo4ttKVk0rQNzSRDckcopR/gRnGl9ov8BT/DP3Cm1UV9HLhwOOdcck/CWAqLnvfu5BYWl5ZX8quFtfWNza3i9s6t1YlhPGBaalMPqeVSKB6gQMnrseE0CiWvhYPLzK/dcWOFVjc4jHkroj0luoJRzCQdc9UulnzXm4L8T0oXH68ZJtV28a3Z0SyJuEImqbUN34uxNaIGBZN8XGgmlseUDWiPj6YXjslBKnVIV5t0FJKpOpejkbXDKEyTEcW+/ell4l9eI8HuWWskVJwgV2z2UDeRBDXJ6pKOMJyhHKaEMiPSCwnrU0MZpp9SSKt77vFJ2T/2yG/yXT04cs9d/9ovVcowQx72YB8OwYdTqMAVVCEABn14gGd4cZhz7zw6T7Nozvna2YU5OJNP2j+OvA==</latexit><latexit sha1_base64="K1B6LCMFqy9j96oUEI/PoI0qTEQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNlwY3LCo4ttKVk0rQNzSRDckcopR/gRnGl9ov8BT/DP3Cm1UV9HLhwOOdcck/CWAqLnvfu5BYWl5ZX8quFtfWNza3i9s6t1YlhPGBaalMPqeVSKB6gQMnrseE0CiWvhYPLzK/dcWOFVjc4jHkroj0luoJRzCQdc9UulnzXm4L8T0oXH68ZJtV28a3Z0SyJuEImqbUN34uxNaIGBZN8XGgmlseUDWiPj6YXjslBKnVIV5t0FJKpOpejkbXDKEyTEcW+/ell4l9eI8HuWWskVJwgV2z2UDeRBDXJ6pKOMJyhHKaEMiPSCwnrU0MZpp9SSKt77vFJ2T/2yG/yXT04cs9d/9ovVcowQx72YB8OwYdTqMAVVCEABn14gGd4cZhz7zw6T7Nozvna2YU5OJNP2j+OvA==</latexit><latexit sha1_base64="0k4W7pFatgg17dbUgqj8bWH6A2g=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapixxceu4MZlBccW2lIy6Z02NJMMSUYopR/gRnGl+EX+gn/jTFsX9XEgcDjnhHvPDRPBjfW8T6ewsrq2vlHcLG1t7+zulfcP7o1KNcOAKaF0K6QGBZcYWG4FthKNNA4FNsPRde43H1AbruSdHSfYjelA8ogzanNJJSh75YrvejOQ/0kFFmj0yh+dvmJpjNIyQY1p+15iuxOqLWcCp6VOajChbEQHOJltOCUnmdQnkdLZk5bM1KUcjY0Zx2GWjKkdmp9eLv7ltVMbXXYnXCapRcnmg6JUEKtIXpf0uUZmxTgjlGmebUjYkGrKbHaUUlbdc6vnNb/qkd/ku3pw5l65/q1fqdcWNyjCERzDKfhwAXW4gQYEwGAIT/AKbw5zHp1n52UeLTiLP4ewBOf9C6EJifU=</latexit>

right

down
stop

idi

idi

closed

<latexit sha1_base64="R6ZNUuvDunt59dP0dELT7FtjxmU=">AAAB4nicdVDLSsNAFL2pr1pfVZduBovgKiRVfKwsuHFZwbSFtpTJ5KYdO8mEmYlQSr/AjeJKcefP+Avu/AX/wLTVRX0cuHA451zmnvETwbVxnDcrNze/sLiUXy6srK6tbxQ3t2papoqhx6SQquFTjYLH6BluBDYShTTyBdb9/vnYr9+g0lzGV2aQYDui3ZiHnFGTSTUmpMagUyy5tjMB+Z+Uzj6Sl3cAqHaKr61AsjTC2DBBtW66TmLaQ6oMZwJHhVaqMaGsT7s4nNw4InuZFJBQqmxiQybqTI5GWg8iP0tG1PT0T28s/uU1UxOetIc8TlKDMZs+FKaCGEnGhUnAFTIjBhmhTPHsQsJ6VFFmsm8pZNUd++Do0D1wyG/yXd0r26e2e+mWKmWYIg87sAv74MIxVOACquABg2u4g0d4stC6te6th2k0Z33tbMMMrOdPLo+N8g==</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="95hirYOt2GzLPJeBwcro87qSvL0=">AAAB4nicdVDLSgMxFL1TX7W+qi7dBIvgaphpxceu4MZlBacttKVkMrdtbGYyJBmhlH6BG8WV4gf5C/6N6cNFfRwIHM454d5zw1RwbTzv08mtrK6tb+Q3C1vbO7t7xf2DupaZYhgwKaRqhlSj4AkGhhuBzVQhjUOBjXB4PfUbD6g0l8mdGaXYiWk/4T3OqLFSnQmpMeoWS77rzUD+JyVYoNYtfrQjybIYE8ME1brle6npjKkynAmcFNqZxpSyIe3jeLbjhJxYKSI9qexLDJmpSzkaaz2KQ5uMqRnon95U/MtrZaZ32RnzJM0MJmw+qJcJYiSZFiYRV8iMGFlCmeJ2Q8IGVFFm7FkKtrrnVs7P/IpHfpPv6kHZvXL9W79ULS9ukIcjOIZT8OECqnADNQiAwT08wSu8Oeg8Os/OyzyacxZ/DmEJzvsXFHqKzw==</latexit>

closed

<latexit sha1_base64="R6ZNUuvDunt59dP0dELT7FtjxmU=">AAAB4nicdVDLSsNAFL2pr1pfVZduBovgKiRVfKwsuHFZwbSFtpTJ5KYdO8mEmYlQSr/AjeJKcefP+Avu/AX/wLTVRX0cuHA451zmnvETwbVxnDcrNze/sLiUXy6srK6tbxQ3t2papoqhx6SQquFTjYLH6BluBDYShTTyBdb9/vnYr9+g0lzGV2aQYDui3ZiHnFGTSTUmpMagUyy5tjMB+Z+Uzj6Sl3cAqHaKr61AsjTC2DBBtW66TmLaQ6oMZwJHhVaqMaGsT7s4nNw4InuZFJBQqmxiQybqTI5GWg8iP0tG1PT0T28s/uU1UxOetIc8TlKDMZs+FKaCGEnGhUnAFTIjBhmhTPHsQsJ6VFFmsm8pZNUd++Do0D1wyG/yXd0r26e2e+mWKmWYIg87sAv74MIxVOACquABg2u4g0d4stC6te6th2k0Z33tbMMMrOdPLo+N8g==</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="95hirYOt2GzLPJeBwcro87qSvL0=">AAAB4nicdVDLSgMxFL1TX7W+qi7dBIvgaphpxceu4MZlBacttKVkMrdtbGYyJBmhlH6BG8WV4gf5C/6N6cNFfRwIHM454d5zw1RwbTzv08mtrK6tb+Q3C1vbO7t7xf2DupaZYhgwKaRqhlSj4AkGhhuBzVQhjUOBjXB4PfUbD6g0l8mdGaXYiWk/4T3OqLFSnQmpMeoWS77rzUD+JyVYoNYtfrQjybIYE8ME1brle6npjKkynAmcFNqZxpSyIe3jeLbjhJxYKSI9qexLDJmpSzkaaz2KQ5uMqRnon95U/MtrZaZ32RnzJM0MJmw+qJcJYiSZFiYRV8iMGFlCmeJ2Q8IGVFFm7FkKtrrnVs7P/IpHfpPv6kHZvXL9W79ULS9ukIcjOIZT8OECqnADNQiAwT08wSu8Oeg8Os/OyzyacxZ/DmEJzvsXFHqKzw==</latexit>

SP .direction(i)
<latexit sha1_base64="TBpbzBAwDMjG6BkkCWkpeTBa5r8=">AAAB9nicdVDLSsNAFL2pr1pfUTeCm8Ei1E1IWvGxsuDGZUVjC20pk+mkHTp5MDMRQqi/4kLFleJn+Avu/AX/wKTRRX0cGDicc4Z7z3VCzqQyzTetMDM7N79QXCwtLa+srunrG1cyiAShNgl4IFoOlpQzn9qKKU5boaDYczhtOqPTzG9eUyFZ4F+qOKRdDw985jKCVSr19K2Oh9WQqeSiYfSZoCSTxxW219PLlmFOgP4n5ZOP8O4dABo9/bXTD0jkUV8RjqVsW2aougkWihFOx6VOJGmIyQgPaDLZe4x2U6mP3ECkz1dook7lsCdl7DlpMttS/vQy8S+vHSn3qJswP4wU9Uk+yI04UgHKjoDypjxOCSaCpRsiMsQCE5WeqpRWN43awb5VM9Fv8l3drhrHhnVuletVyFGEbdiBClhwCHU4gwbYQOAG7uEJnrVYu9UetMc8WtC+/mzCFLSXT3s4lYQ=</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="1HmHsuMv4QvAn0e7o1/tNI/orNk=">AAAB9nicdVDLSsNAFL2pr1ofjboR3AwWoW5C0oqPXcGNy4rGFtpSJtNJO3TyYGYihFB/xY3iSvEz/AX/xklbF/VxYeBwzhnuPceLOZPKtj+NwtLyyupacb20sbm1XTZ3du9klAhCXRLxSLQ9LClnIXUVU5y2Y0Fx4HHa8saXud66p0KyKLxVaUx7AR6GzGcEK031zf1ugNWIqeymaQ2YoCSnJ1V23DcrjmVPB/0PKjCfZt/86A4ikgQ0VIRjKTuOHatehoVihNNJqZtIGmMyxkOaTe+eoCNNDZAfCf1Chabsgg8HUqaBp535lfKnlpN/aZ1E+ee9jIVxomhIZov8hCMVobwENEvKUw0wEUxfiMgIC0yUrqqko9tW/fTEqdvoN/iO7tasC8u5diqN2ryDIhzAIVTBgTNowBU0wQUCD/AEr/BmpMaj8Wy8zKwFY/5nDxbGeP8CYSOSYQ==</latexit>

operation 

LAST := 

if (DOOR =        ) 

    then movei := 

    else DOOR :=

   if (LAST =    ) then movei :=

        else movei := 

   end if

 end if


return (movei)

At least one not


At least one not


No two 


right
<latexit sha1_base64="IieKuHiPFmNluFkgwKcBwQW3b3Y=">AAAB4nicdVDJSgNBFHwdtxi3qEcvjUHwNMyY4HIy4MVjBCcJmBB6Oj1Jm56F7jdCCPkCL4qniAc/x1/wM/wDZxI9xKXgQVFVj37VXqykQdt+J7mFxaXllfxqYW19Y3OruL1TN1GiuXB5pCLd9JgRSobCRYlKNGMtWOAp0fAGF5nfuBPayCi8xmEs2gHrhdKXnGEq1bXs9bHQKZYcy56C/k9K5x+TySsA1DrFt1Y34kkgQuSKGXPj2DG2R0yj5EqMC63EiJjxAeuJ0fTGMT1IpS71I51OiHSqzuVYYMww8NJkwLBvfnqZ+Jd3k6B/2h7JME5QhHz2kJ8oihHNCtOu1IKjGqaEcS3TCynvM804pt+SVbet8nHFKdv0N/mu7h5ZZ5Zz5ZSqFZghD3uwD4fgwAlU4RJq4AKHW3iACTwTQe7JI3maRXPka2cX5kBePgGL042B</latexit><latexit sha1_base64="WZxjvYX/CM7kFtJEIU/JCCJULcY=">AAAB4nicdVDJTgJBFHyNG+KGevTSkZh4mswIcTlJ4sUjJg6SACE9TQ+09CzpfmNCCF/gReMJ4gf5C36Gf+AM6AGXSl5SqaqXftVerKRB234nuaXlldW1/HphY3Nre6e4u1c3UaK5cHmkIt3wmBFKhsJFiUo0Yi1Y4Clx5w2uMv/uQWgjo/AWh7FoB6wXSl9yhqlU17LXx0KnWHIsewb6PyldfkwyTGud4lurG/EkECFyxYxpOnaM7RHTKLkS40IrMSJmfMB6YjS7cUyPUqlL/UinEyKdqQs5FhgzDLw0GTDsm59eJv7lNRP0z9sjGcYJipDPH/ITRTGiWWHalVpwVMOUMK5leiHlfaYZx/Rbsuq2VT6tOGWb/ibf1d0T68JybpxStQJz5OEADuEYHDiDKlxDDVzgcA9PMIEpEeSRPJOXeTRHvnb2YQHk9RPVmY9G</latexit><latexit sha1_base64="WZxjvYX/CM7kFtJEIU/JCCJULcY=">AAAB4nicdVDJTgJBFHyNG+KGevTSkZh4mswIcTlJ4sUjJg6SACE9TQ+09CzpfmNCCF/gReMJ4gf5C36Gf+AM6AGXSl5SqaqXftVerKRB234nuaXlldW1/HphY3Nre6e4u1c3UaK5cHmkIt3wmBFKhsJFiUo0Yi1Y4Clx5w2uMv/uQWgjo/AWh7FoB6wXSl9yhqlU17LXx0KnWHIsewb6PyldfkwyTGud4lurG/EkECFyxYxpOnaM7RHTKLkS40IrMSJmfMB6YjS7cUyPUqlL/UinEyKdqQs5FhgzDLw0GTDsm59eJv7lNRP0z9sjGcYJipDPH/ITRTGiWWHalVpwVMOUMK5leiHlfaYZx/Rbsuq2VT6tOGWb/ibf1d0T68JybpxStQJz5OEADuEYHDiDKlxDDVzgcA9PMIEpEeSRPJOXeTRHvnb2YQHk9RPVmY9G</latexit><latexit sha1_base64="WZxjvYX/CM7kFtJEIU/JCCJULcY=">AAAB4nicdVDJTgJBFHyNG+KGevTSkZh4mswIcTlJ4sUjJg6SACE9TQ+09CzpfmNCCF/gReMJ4gf5C36Gf+AM6AGXSl5SqaqXftVerKRB234nuaXlldW1/HphY3Nre6e4u1c3UaK5cHmkIt3wmBFKhsJFiUo0Yi1Y4Clx5w2uMv/uQWgjo/AWh7FoB6wXSl9yhqlU17LXx0KnWHIsewb6PyldfkwyTGud4lurG/EkECFyxYxpOnaM7RHTKLkS40IrMSJmfMB6YjS7cUyPUqlL/UinEyKdqQs5FhgzDLw0GTDsm59eJv7lNRP0z9sjGcYJipDPH/ITRTGiWWHalVpwVMOUMK5leiHlfaYZx/Rbsuq2VT6tOGWb/ibf1d0T68JybpxStQJz5OEADuEYHDiDKlxDDVzgcA9PMIEpEeSRPJOXeTRHvnb2YQHk9RPVmY9G</latexit><latexit sha1_base64="WZxjvYX/CM7kFtJEIU/JCCJULcY=">AAAB4nicdVDJTgJBFHyNG+KGevTSkZh4mswIcTlJ4sUjJg6SACE9TQ+09CzpfmNCCF/gReMJ4gf5C36Gf+AM6AGXSl5SqaqXftVerKRB234nuaXlldW1/HphY3Nre6e4u1c3UaK5cHmkIt3wmBFKhsJFiUo0Yi1Y4Clx5w2uMv/uQWgjo/AWh7FoB6wXSl9yhqlU17LXx0KnWHIsewb6PyldfkwyTGud4lurG/EkECFyxYxpOnaM7RHTKLkS40IrMSJmfMB6YjS7cUyPUqlL/UinEyKdqQs5FhgzDLw0GTDsm59eJv7lNRP0z9sjGcYJipDPH/ITRTGiWWHalVpwVMOUMK5leiHlfaYZx/Rbsuq2VT6tOGWb/ibf1d0T68JybpxStQJz5OEADuEYHDiDKlxDDVzgcA9PMIEpEeSRPJOXeTRHvnb2YQHk9RPVmY9G</latexit><latexit sha1_base64="rKbyAPelkDMp6AJ77dQT75cbYH8=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HILePEYwUkCSQg9nTdJm56F7jdCCPkCL4onxQ/yF/wbJ4uHuBQ0FFXVvFfPT5Q05DifVm5ldW19I79Z2Nre2d0r7h/UTZxqgZ6IVaybPjeoZIQeSVLYTDTy0FfY8IfXU7/xgNrIOLqjUYKdkPcjGUjBKZPqWvYHVOgWS67tzMD+JyVYoNYtfrR7sUhDjEgobkzLdRLqjLkmKRROCu3UYMLFkPdxPNtxwk4yqceCWGcvIjZTl3I8NGYU+lky5DQwP72p+JfXSim47IxllKSEkZgPClLFKGbTwqwnNQpSo4xwoWW2IRMDrrmg7CzT6o5dPq+4ZYf9Jt/VvTP7ynZv3VK1srhBHo7gGE7BhQuowg3UwAMB9/AEr/BmofVoPVsv82jOWvw5hCVY71+cY4p/</latexit>

down

<latexit sha1_base64="cDM0sqGiko5xPmVcs05y2YfHzuI=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK4MbP8Rf8DP/ApNVFfRy4cDjnXOae8WPOtHGcd6uwsLi0vFJcLa2tb2xulbd3brRMFKEekVyqlo815UxQzzDDaStWFEc+p01/eJH7zVuqNJPi2oxi2o1wX7CQEWwyyQvknSj1yhXXdqZA/5PK+UeavgJAo1d+6wSSJBEVhnCsddt1YtMdY2UY4XRS6iSaxpgMcZ+OpydO0EEmBSiUKhth0FSdy+FI61HkZ8kIm4H+6eXiX147MeFpd8xEnBgqyOyhMOHISJT3RQFTlBg+yggmimUXIjLAChOT/Upe3bGrxzW36qDf5Lu6d2Sf2e6VW6nXYIYi7ME+HIILJ1CHS2iABwQYPMAzpFZg3VuP1tMsWrC+dnZhDtbLJ86PjRE=</latexit><latexit sha1_base64="jJMox7kxE6r9biG59TKgfUp73J0=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK6g/5C36Gf2DS6KI+Dlw4nHMuc8/4MWfaOM67VVhYXFpeKa6W1tY3NrfK2zs3WiaKUI9ILlXLx5pyJqhnmOG0FSuKI5/Tpj+8yPzmLVWaSXFtRjHtRrgvWMgINqnkBfJOlHrlims7M6D/SeX8Y5rhpdErv3UCSZKICkM41rrtOrHpjrEyjHA6KXUSTWNMhrhPx7MTJ+gglQIUSpWOMGimzuVwpPUo8tNkhM1A//Qy8S+vnZjwtDtmIk4MFSR/KEw4MhJlfVHAFCWGj1KCiWLphYgMsMLEpL+SVXfs6nHNrTroN/mu7h3ZZ7Z75VbqNchRhD3Yh0Nw4QTqcAkN8IAAgwd4hqkVWPfWo/WURwvW184uzMF6/QQYZI7W</latexit><latexit sha1_base64="jJMox7kxE6r9biG59TKgfUp73J0=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK6g/5C36Gf2DS6KI+Dlw4nHMuc8/4MWfaOM67VVhYXFpeKa6W1tY3NrfK2zs3WiaKUI9ILlXLx5pyJqhnmOG0FSuKI5/Tpj+8yPzmLVWaSXFtRjHtRrgvWMgINqnkBfJOlHrlims7M6D/SeX8Y5rhpdErv3UCSZKICkM41rrtOrHpjrEyjHA6KXUSTWNMhrhPx7MTJ+gglQIUSpWOMGimzuVwpPUo8tNkhM1A//Qy8S+vnZjwtDtmIk4MFSR/KEw4MhJlfVHAFCWGj1KCiWLphYgMsMLEpL+SVXfs6nHNrTroN/mu7h3ZZ7Z75VbqNchRhD3Yh0Nw4QTqcAkN8IAAgwd4hqkVWPfWo/WURwvW184uzMF6/QQYZI7W</latexit><latexit sha1_base64="jJMox7kxE6r9biG59TKgfUp73J0=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK6g/5C36Gf2DS6KI+Dlw4nHMuc8/4MWfaOM67VVhYXFpeKa6W1tY3NrfK2zs3WiaKUI9ILlXLx5pyJqhnmOG0FSuKI5/Tpj+8yPzmLVWaSXFtRjHtRrgvWMgINqnkBfJOlHrlims7M6D/SeX8Y5rhpdErv3UCSZKICkM41rrtOrHpjrEyjHA6KXUSTWNMhrhPx7MTJ+gglQIUSpWOMGimzuVwpPUo8tNkhM1A//Qy8S+vnZjwtDtmIk4MFSR/KEw4MhJlfVHAFCWGj1KCiWLphYgMsMLEpL+SVXfs6nHNrTroN/mu7h3ZZ7Z75VbqNchRhD3Yh0Nw4QTqcAkN8IAAgwd4hqkVWPfWo/WURwvW184uzMF6/QQYZI7W</latexit><latexit sha1_base64="jJMox7kxE6r9biG59TKgfUp73J0=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK6g/5C36Gf2DS6KI+Dlw4nHMuc8/4MWfaOM67VVhYXFpeKa6W1tY3NrfK2zs3WiaKUI9ILlXLx5pyJqhnmOG0FSuKI5/Tpj+8yPzmLVWaSXFtRjHtRrgvWMgINqnkBfJOlHrlims7M6D/SeX8Y5rhpdErv3UCSZKICkM41rrtOrHpjrEyjHA6KXUSTWNMhrhPx7MTJ+gglQIUSpWOMGimzuVwpPUo8tNkhM1A//Qy8S+vnZjwtDtmIk4MFSR/KEw4MhJlfVHAFCWGj1KCiWLphYgMsMLEpL+SVXfs6nHNrTroN/mu7h3ZZ7Z75VbqNchRhD3Yh0Nw4QTqcAkN8IAAgwd4hqkVWPfWo/WURwvW184uzMF6/QQYZI7W</latexit><latexit sha1_base64="sEWcrO04jVwCVNBhCCU1ExD9ZGE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNXcOOygmMLbSmZTKYNzSRDckcppT/gRnGl+EP+gn/j9OGiPg4EDueccO+5YSqFRc/7dApLyyura8X10sbm1vZOeXfvzurMMB4wLbVphtRyKRQPUKDkzdRwmoSSN8LB1cRv3HNjhVa3OEx5J6E9JWLBKOZSEOkHVeqWK77rTUH+JxWYo94tf7QjzbKEK2SSWtvyvRQ7I2pQMMnHpXZmeUrZgPb4aLrimBzlUkRibfKnkEzVhRxNrB0mYZ5MKPbtT28i/uW1MowvOiOh0gy5YrNBcSYJajLpSyJhOEM5zAllRuQbEtanhjLMrzKp7rmnZ1X/1CO/yXf14MS9dP0bv1Krzm9QhAM4hGPw4RxqcA11CICBgCd4hTcnch6dZ+dlFi048z/7sADn/QvfH4oP</latexit>

stop

<latexit sha1_base64="LqrGX1hqo/nonZIAtk4c0rrYoGw=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFlcePn+At+hn9g0uqiPg5cOJxzLnPP+IkUBh3n3SosLC4trxRXS2vrG5tb5e2dW6NSzbjHlFS66VPDpYi5hwIlbyaa08iXvOEPLnO/cce1ESq+wWHCOxHtxSIUjGImeQZVUuqWK67tTEH+J5WLj8nkFQDq3fJbO1AsjXiMTFJjWq6TYGdENQom+bjUTg1PKBvQHh9NTxyTg0wKSKh0NjGSqTqXo5Exw8jPkhHFvvnp5eJfXivF8KwzEnGSIo/Z7KEwlQQVyfuSQGjOUA4zQpkW2YWE9ammDLNfyas79vFJ1T12yG/yXd07ss9t99qt1KowQxH2YB8OwYVTqMEV1MEDBgIe4BkmVmDdW4/W0yxasL52dmEO1ssn42qNHw==</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="2RPZ4oPoFn5sD59sg5usDRagXJw=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+NgV3LisYGyhLWUymbRDJ5kwcyOU0h9wo7hS/CF/wb8xSeuiPg4MHM45w73n+okUBh3n0yqtrK6tb5Q3K1vbO7t71f2De6NSzbjHlFS641PDpYi5hwIl7ySa08iXvO2Pr3O//cC1ESq+w0nC+xEdxiIUjGImeQZVUhlUa67tFCD/kxos0BpUP3qBYmnEY2SSGtN1nQT7U6pRMMlnlV5qeELZmA75tFhxRk4yKSCh0tmLkRTqUo5GxkwiP0tGFEfmp5eLf3ndFMPL/lTESYo8ZvNBYSoJKpL3JYHQnKGcZIQyLbINCRtRTRlmV8mrO3b9vOHWHfKbfFf3zuwr2711a83G4gZlOIJjOAUXLqAJN9ACDxgIeIJXeLMC69F6tl7m0ZK1+HMIS7DevwDz+ood</latexit>

Proof:

A wait-free 
implementation

Two shared registers: LAST (init   ) and DOOR (init       )   
(atomic MWMR)

� open

<latexit sha1_base64="lEoC9JSIwV1zQbCahR9GeMeoEBQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapixxcfKghuXFRxbaEvJpJk2NJOEJCOU0g9wo7jSuvJz/AU/wz9wptVFfRy4cDjnXHJPQsWZsZ737uQWFpeWV/KrhbX1jc2t4vbOjZGJJjQgkkvdCLGhnAkaWGY5bShNcRxyWg8HF5lfv6XaMCmu7VDRdox7gkWMYJtJUlHRKZZ815sC/U9K5x+TySsA1DrFt1ZXkiSmwhKOjWn6nrLtEdaWEU7HhVZiqMJkgHt0NL1wjA5SqYsiqdMRFk3VuRyOjRnGYZqMse2bn14m/uU1ExudtkdMqMRSQWYPRQlHVqKsLuoyTYnlw5Rgoll6ISJ9rDGx6acU0uqeWz6u+GUP/Sbf1YMj98z1r/xStQIz5GEP9uEQfDiBKlxCDQIg0Id7eIJnhzh3zoPzOIvmnK+dXZiD8/IJkHmM9w==</latexit><latexit sha1_base64="K1B6LCMFqy9j96oUEI/PoI0qTEQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNlwY3LCo4ttKVk0rQNzSRDckcopR/gRnGl9ov8BT/DP3Cm1UV9HLhwOOdcck/CWAqLnvfu5BYWl5ZX8quFtfWNza3i9s6t1YlhPGBaalMPqeVSKB6gQMnrseE0CiWvhYPLzK/dcWOFVjc4jHkroj0luoJRzCQdc9UulnzXm4L8T0oXH68ZJtV28a3Z0SyJuEImqbUN34uxNaIGBZN8XGgmlseUDWiPj6YXjslBKnVIV5t0FJKpOpejkbXDKEyTEcW+/ell4l9eI8HuWWskVJwgV2z2UDeRBDXJ6pKOMJyhHKaEMiPSCwnrU0MZpp9SSKt77vFJ2T/2yG/yXT04cs9d/9ovVcowQx72YB8OwYdTqMAVVCEABn14gGd4cZhz7zw6T7Nozvna2YU5OJNP2j+OvA==</latexit><latexit sha1_base64="K1B6LCMFqy9j96oUEI/PoI0qTEQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNlwY3LCo4ttKVk0rQNzSRDckcopR/gRnGl9ov8BT/DP3Cm1UV9HLhwOOdcck/CWAqLnvfu5BYWl5ZX8quFtfWNza3i9s6t1YlhPGBaalMPqeVSKB6gQMnrseE0CiWvhYPLzK/dcWOFVjc4jHkroj0luoJRzCQdc9UulnzXm4L8T0oXH68ZJtV28a3Z0SyJuEImqbUN34uxNaIGBZN8XGgmlseUDWiPj6YXjslBKnVIV5t0FJKpOpejkbXDKEyTEcW+/ell4l9eI8HuWWskVJwgV2z2UDeRBDXJ6pKOMJyhHKaEMiPSCwnrU0MZpp9SSKt77vFJ2T/2yG/yXT04cs9d/9ovVcowQx72YB8OwYdTqMAVVCEABn14gGd4cZhz7zw6T7Nozvna2YU5OJNP2j+OvA==</latexit><latexit sha1_base64="K1B6LCMFqy9j96oUEI/PoI0qTEQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNlwY3LCo4ttKVk0rQNzSRDckcopR/gRnGl9ov8BT/DP3Cm1UV9HLhwOOdcck/CWAqLnvfu5BYWl5ZX8quFtfWNza3i9s6t1YlhPGBaalMPqeVSKB6gQMnrseE0CiWvhYPLzK/dcWOFVjc4jHkroj0luoJRzCQdc9UulnzXm4L8T0oXH68ZJtV28a3Z0SyJuEImqbUN34uxNaIGBZN8XGgmlseUDWiPj6YXjslBKnVIV5t0FJKpOpejkbXDKEyTEcW+/ell4l9eI8HuWWskVJwgV2z2UDeRBDXJ6pKOMJyhHKaEMiPSCwnrU0MZpp9SSKt77vFJ2T/2yG/yXT04cs9d/9ovVcowQx72YB8OwYdTqMAVVCEABn14gGd4cZhz7zw6T7Nozvna2YU5OJNP2j+OvA==</latexit><latexit sha1_base64="K1B6LCMFqy9j96oUEI/PoI0qTEQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNlwY3LCo4ttKVk0rQNzSRDckcopR/gRnGl9ov8BT/DP3Cm1UV9HLhwOOdcck/CWAqLnvfu5BYWl5ZX8quFtfWNza3i9s6t1YlhPGBaalMPqeVSKB6gQMnrseE0CiWvhYPLzK/dcWOFVjc4jHkroj0luoJRzCQdc9UulnzXm4L8T0oXH68ZJtV28a3Z0SyJuEImqbUN34uxNaIGBZN8XGgmlseUDWiPj6YXjslBKnVIV5t0FJKpOpejkbXDKEyTEcW+/ell4l9eI8HuWWskVJwgV2z2UDeRBDXJ6pKOMJyhHKaEMiPSCwnrU0MZpp9SSKt77vFJ2T/2yG/yXT04cs9d/9ovVcowQx72YB8OwYdTqMAVVCEABn14gGd4cZhz7zw6T7Nozvna2YU5OJNP2j+OvA==</latexit><latexit sha1_base64="0k4W7pFatgg17dbUgqj8bWH6A2g=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapixxceu4MZlBccW2lIy6Z02NJMMSUYopR/gRnGl+EX+gn/jTFsX9XEgcDjnhHvPDRPBjfW8T6ewsrq2vlHcLG1t7+zulfcP7o1KNcOAKaF0K6QGBZcYWG4FthKNNA4FNsPRde43H1AbruSdHSfYjelA8ogzanNJJSh75YrvejOQ/0kFFmj0yh+dvmJpjNIyQY1p+15iuxOqLWcCp6VOajChbEQHOJltOCUnmdQnkdLZk5bM1KUcjY0Zx2GWjKkdmp9eLv7ltVMbXXYnXCapRcnmg6JUEKtIXpf0uUZmxTgjlGmebUjYkGrKbHaUUlbdc6vnNb/qkd/ku3pw5l65/q1fqdcWNyjCERzDKfhwAXW4gQYEwGAIT/AKbw5zHp1n52UeLTiLP4ewBOf9C6EJifU=</latexit>

right

down
stop

idi

idi

closed

<latexit sha1_base64="R6ZNUuvDunt59dP0dELT7FtjxmU=">AAAB4nicdVDLSsNAFL2pr1pfVZduBovgKiRVfKwsuHFZwbSFtpTJ5KYdO8mEmYlQSr/AjeJKcefP+Avu/AX/wLTVRX0cuHA451zmnvETwbVxnDcrNze/sLiUXy6srK6tbxQ3t2papoqhx6SQquFTjYLH6BluBDYShTTyBdb9/vnYr9+g0lzGV2aQYDui3ZiHnFGTSTUmpMagUyy5tjMB+Z+Uzj6Sl3cAqHaKr61AsjTC2DBBtW66TmLaQ6oMZwJHhVaqMaGsT7s4nNw4InuZFJBQqmxiQybqTI5GWg8iP0tG1PT0T28s/uU1UxOetIc8TlKDMZs+FKaCGEnGhUnAFTIjBhmhTPHsQsJ6VFFmsm8pZNUd++Do0D1wyG/yXd0r26e2e+mWKmWYIg87sAv74MIxVOACquABg2u4g0d4stC6te6th2k0Z33tbMMMrOdPLo+N8g==</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="95hirYOt2GzLPJeBwcro87qSvL0=">AAAB4nicdVDLSgMxFL1TX7W+qi7dBIvgaphpxceu4MZlBacttKVkMrdtbGYyJBmhlH6BG8WV4gf5C/6N6cNFfRwIHM454d5zw1RwbTzv08mtrK6tb+Q3C1vbO7t7xf2DupaZYhgwKaRqhlSj4AkGhhuBzVQhjUOBjXB4PfUbD6g0l8mdGaXYiWk/4T3OqLFSnQmpMeoWS77rzUD+JyVYoNYtfrQjybIYE8ME1brle6npjKkynAmcFNqZxpSyIe3jeLbjhJxYKSI9qexLDJmpSzkaaz2KQ5uMqRnon95U/MtrZaZ32RnzJM0MJmw+qJcJYiSZFiYRV8iMGFlCmeJ2Q8IGVFFm7FkKtrrnVs7P/IpHfpPv6kHZvXL9W79ULS9ukIcjOIZT8OECqnADNQiAwT08wSu8Oeg8Os/OyzyacxZ/DmEJzvsXFHqKzw==</latexit>

closed

<latexit sha1_base64="R6ZNUuvDunt59dP0dELT7FtjxmU=">AAAB4nicdVDLSsNAFL2pr1pfVZduBovgKiRVfKwsuHFZwbSFtpTJ5KYdO8mEmYlQSr/AjeJKcefP+Avu/AX/wLTVRX0cuHA451zmnvETwbVxnDcrNze/sLiUXy6srK6tbxQ3t2papoqhx6SQquFTjYLH6BluBDYShTTyBdb9/vnYr9+g0lzGV2aQYDui3ZiHnFGTSTUmpMagUyy5tjMB+Z+Uzj6Sl3cAqHaKr61AsjTC2DBBtW66TmLaQ6oMZwJHhVaqMaGsT7s4nNw4InuZFJBQqmxiQybqTI5GWg8iP0tG1PT0T28s/uU1UxOetIc8TlKDMZs+FKaCGEnGhUnAFTIjBhmhTPHsQsJ6VFFmsm8pZNUd++Do0D1wyG/yXd0r26e2e+mWKmWYIg87sAv74MIxVOACquABg2u4g0d4stC6te6th2k0Z33tbMMMrOdPLo+N8g==</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="95hirYOt2GzLPJeBwcro87qSvL0=">AAAB4nicdVDLSgMxFL1TX7W+qi7dBIvgaphpxceu4MZlBacttKVkMrdtbGYyJBmhlH6BG8WV4gf5C/6N6cNFfRwIHM454d5zw1RwbTzv08mtrK6tb+Q3C1vbO7t7xf2DupaZYhgwKaRqhlSj4AkGhhuBzVQhjUOBjXB4PfUbD6g0l8mdGaXYiWk/4T3OqLFSnQmpMeoWS77rzUD+JyVYoNYtfrQjybIYE8ME1brle6npjKkynAmcFNqZxpSyIe3jeLbjhJxYKSI9qexLDJmpSzkaaz2KQ5uMqRnon95U/MtrZaZ32RnzJM0MJmw+qJcJYiSZFiYRV8iMGFlCmeJ2Q8IGVFFm7FkKtrrnVs7P/IpHfpPv6kHZvXL9W79ULS9ukIcjOIZT8OECqnADNQiAwT08wSu8Oeg8Os/OyzyacxZ/DmEJzvsXFHqKzw==</latexit>

SP .direction(i)
<latexit sha1_base64="TBpbzBAwDMjG6BkkCWkpeTBa5r8=">AAAB9nicdVDLSsNAFL2pr1pfUTeCm8Ei1E1IWvGxsuDGZUVjC20pk+mkHTp5MDMRQqi/4kLFleJn+Avu/AX/wKTRRX0cGDicc4Z7z3VCzqQyzTetMDM7N79QXCwtLa+srunrG1cyiAShNgl4IFoOlpQzn9qKKU5boaDYczhtOqPTzG9eUyFZ4F+qOKRdDw985jKCVSr19K2Oh9WQqeSiYfSZoCSTxxW219PLlmFOgP4n5ZOP8O4dABo9/bXTD0jkUV8RjqVsW2aougkWihFOx6VOJGmIyQgPaDLZe4x2U6mP3ECkz1dook7lsCdl7DlpMttS/vQy8S+vHSn3qJswP4wU9Uk+yI04UgHKjoDypjxOCSaCpRsiMsQCE5WeqpRWN43awb5VM9Fv8l3drhrHhnVuletVyFGEbdiBClhwCHU4gwbYQOAG7uEJnrVYu9UetMc8WtC+/mzCFLSXT3s4lYQ=</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="1HmHsuMv4QvAn0e7o1/tNI/orNk=">AAAB9nicdVDLSsNAFL2pr1ofjboR3AwWoW5C0oqPXcGNy4rGFtpSJtNJO3TyYGYihFB/xY3iSvEz/AX/xklbF/VxYeBwzhnuPceLOZPKtj+NwtLyyupacb20sbm1XTZ3du9klAhCXRLxSLQ9LClnIXUVU5y2Y0Fx4HHa8saXud66p0KyKLxVaUx7AR6GzGcEK031zf1ugNWIqeymaQ2YoCSnJ1V23DcrjmVPB/0PKjCfZt/86A4ikgQ0VIRjKTuOHatehoVihNNJqZtIGmMyxkOaTe+eoCNNDZAfCf1Chabsgg8HUqaBp535lfKnlpN/aZ1E+ee9jIVxomhIZov8hCMVobwENEvKUw0wEUxfiMgIC0yUrqqko9tW/fTEqdvoN/iO7tasC8u5diqN2ryDIhzAIVTBgTNowBU0wQUCD/AEr/BmpMaj8Wy8zKwFY/5nDxbGeP8CYSOSYQ==</latexit>

operation 

LAST := 

if (DOOR =        ) 

    then movei := 

    else DOOR :=

   if (LAST =    ) then movei :=

        else movei := 

   end if

 end if


return (movei)

At least one not

door must be closed

whoever closed it, is       or


At least one not


No two 


right
<latexit sha1_base64="IieKuHiPFmNluFkgwKcBwQW3b3Y=">AAAB4nicdVDJSgNBFHwdtxi3qEcvjUHwNMyY4HIy4MVjBCcJmBB6Oj1Jm56F7jdCCPkCL4qniAc/x1/wM/wDZxI9xKXgQVFVj37VXqykQdt+J7mFxaXllfxqYW19Y3OruL1TN1GiuXB5pCLd9JgRSobCRYlKNGMtWOAp0fAGF5nfuBPayCi8xmEs2gHrhdKXnGEq1bXs9bHQKZYcy56C/k9K5x+TySsA1DrFt1Y34kkgQuSKGXPj2DG2R0yj5EqMC63EiJjxAeuJ0fTGMT1IpS71I51OiHSqzuVYYMww8NJkwLBvfnqZ+Jd3k6B/2h7JME5QhHz2kJ8oihHNCtOu1IKjGqaEcS3TCynvM804pt+SVbet8nHFKdv0N/mu7h5ZZ5Zz5ZSqFZghD3uwD4fgwAlU4RJq4AKHW3iACTwTQe7JI3maRXPka2cX5kBePgGL042B</latexit><latexit sha1_base64="WZxjvYX/CM7kFtJEIU/JCCJULcY=">AAAB4nicdVDJTgJBFHyNG+KGevTSkZh4mswIcTlJ4sUjJg6SACE9TQ+09CzpfmNCCF/gReMJ4gf5C36Gf+AM6AGXSl5SqaqXftVerKRB234nuaXlldW1/HphY3Nre6e4u1c3UaK5cHmkIt3wmBFKhsJFiUo0Yi1Y4Clx5w2uMv/uQWgjo/AWh7FoB6wXSl9yhqlU17LXx0KnWHIsewb6PyldfkwyTGud4lurG/EkECFyxYxpOnaM7RHTKLkS40IrMSJmfMB6YjS7cUyPUqlL/UinEyKdqQs5FhgzDLw0GTDsm59eJv7lNRP0z9sjGcYJipDPH/ITRTGiWWHalVpwVMOUMK5leiHlfaYZx/Rbsuq2VT6tOGWb/ibf1d0T68JybpxStQJz5OEADuEYHDiDKlxDDVzgcA9PMIEpEeSRPJOXeTRHvnb2YQHk9RPVmY9G</latexit><latexit sha1_base64="WZxjvYX/CM7kFtJEIU/JCCJULcY=">AAAB4nicdVDJTgJBFHyNG+KGevTSkZh4mswIcTlJ4sUjJg6SACE9TQ+09CzpfmNCCF/gReMJ4gf5C36Gf+AM6AGXSl5SqaqXftVerKRB234nuaXlldW1/HphY3Nre6e4u1c3UaK5cHmkIt3wmBFKhsJFiUo0Yi1Y4Clx5w2uMv/uQWgjo/AWh7FoB6wXSl9yhqlU17LXx0KnWHIsewb6PyldfkwyTGud4lurG/EkECFyxYxpOnaM7RHTKLkS40IrMSJmfMB6YjS7cUyPUqlL/UinEyKdqQs5FhgzDLw0GTDsm59eJv7lNRP0z9sjGcYJipDPH/ITRTGiWWHalVpwVMOUMK5leiHlfaYZx/Rbsuq2VT6tOGWb/ibf1d0T68JybpxStQJz5OEADuEYHDiDKlxDDVzgcA9PMIEpEeSRPJOXeTRHvnb2YQHk9RPVmY9G</latexit><latexit sha1_base64="WZxjvYX/CM7kFtJEIU/JCCJULcY=">AAAB4nicdVDJTgJBFHyNG+KGevTSkZh4mswIcTlJ4sUjJg6SACE9TQ+09CzpfmNCCF/gReMJ4gf5C36Gf+AM6AGXSl5SqaqXftVerKRB234nuaXlldW1/HphY3Nre6e4u1c3UaK5cHmkIt3wmBFKhsJFiUo0Yi1Y4Clx5w2uMv/uQWgjo/AWh7FoB6wXSl9yhqlU17LXx0KnWHIsewb6PyldfkwyTGud4lurG/EkECFyxYxpOnaM7RHTKLkS40IrMSJmfMB6YjS7cUyPUqlL/UinEyKdqQs5FhgzDLw0GTDsm59eJv7lNRP0z9sjGcYJipDPH/ITRTGiWWHalVpwVMOUMK5leiHlfaYZx/Rbsuq2VT6tOGWb/ibf1d0T68JybpxStQJz5OEADuEYHDiDKlxDDVzgcA9PMIEpEeSRPJOXeTRHvnb2YQHk9RPVmY9G</latexit><latexit sha1_base64="WZxjvYX/CM7kFtJEIU/JCCJULcY=">AAAB4nicdVDJTgJBFHyNG+KGevTSkZh4mswIcTlJ4sUjJg6SACE9TQ+09CzpfmNCCF/gReMJ4gf5C36Gf+AM6AGXSl5SqaqXftVerKRB234nuaXlldW1/HphY3Nre6e4u1c3UaK5cHmkIt3wmBFKhsJFiUo0Yi1Y4Clx5w2uMv/uQWgjo/AWh7FoB6wXSl9yhqlU17LXx0KnWHIsewb6PyldfkwyTGud4lurG/EkECFyxYxpOnaM7RHTKLkS40IrMSJmfMB6YjS7cUyPUqlL/UinEyKdqQs5FhgzDLw0GTDsm59eJv7lNRP0z9sjGcYJipDPH/ITRTGiWWHalVpwVMOUMK5leiHlfaYZx/Rbsuq2VT6tOGWb/ibf1d0T68JybpxStQJz5OEADuEYHDiDKlxDDVzgcA9PMIEpEeSRPJOXeTRHvnb2YQHk9RPVmY9G</latexit><latexit sha1_base64="rKbyAPelkDMp6AJ77dQT75cbYH8=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HILePEYwUkCSQg9nTdJm56F7jdCCPkCL4onxQ/yF/wbJ4uHuBQ0FFXVvFfPT5Q05DifVm5ldW19I79Z2Nre2d0r7h/UTZxqgZ6IVaybPjeoZIQeSVLYTDTy0FfY8IfXU7/xgNrIOLqjUYKdkPcjGUjBKZPqWvYHVOgWS67tzMD+JyVYoNYtfrR7sUhDjEgobkzLdRLqjLkmKRROCu3UYMLFkPdxPNtxwk4yqceCWGcvIjZTl3I8NGYU+lky5DQwP72p+JfXSim47IxllKSEkZgPClLFKGbTwqwnNQpSo4xwoWW2IRMDrrmg7CzT6o5dPq+4ZYf9Jt/VvTP7ynZv3VK1srhBHo7gGE7BhQuowg3UwAMB9/AEr/BmofVoPVsv82jOWvw5hCVY71+cY4p/</latexit>

down

<latexit sha1_base64="cDM0sqGiko5xPmVcs05y2YfHzuI=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK4MbP8Rf8DP/ApNVFfRy4cDjnXOae8WPOtHGcd6uwsLi0vFJcLa2tb2xulbd3brRMFKEekVyqlo815UxQzzDDaStWFEc+p01/eJH7zVuqNJPi2oxi2o1wX7CQEWwyyQvknSj1yhXXdqZA/5PK+UeavgJAo1d+6wSSJBEVhnCsddt1YtMdY2UY4XRS6iSaxpgMcZ+OpydO0EEmBSiUKhth0FSdy+FI61HkZ8kIm4H+6eXiX147MeFpd8xEnBgqyOyhMOHISJT3RQFTlBg+yggmimUXIjLAChOT/Upe3bGrxzW36qDf5Lu6d2Sf2e6VW6nXYIYi7ME+HIILJ1CHS2iABwQYPMAzpFZg3VuP1tMsWrC+dnZhDtbLJ86PjRE=</latexit><latexit sha1_base64="jJMox7kxE6r9biG59TKgfUp73J0=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK6g/5C36Gf2DS6KI+Dlw4nHMuc8/4MWfaOM67VVhYXFpeKa6W1tY3NrfK2zs3WiaKUI9ILlXLx5pyJqhnmOG0FSuKI5/Tpj+8yPzmLVWaSXFtRjHtRrgvWMgINqnkBfJOlHrlims7M6D/SeX8Y5rhpdErv3UCSZKICkM41rrtOrHpjrEyjHA6KXUSTWNMhrhPx7MTJ+gglQIUSpWOMGimzuVwpPUo8tNkhM1A//Qy8S+vnZjwtDtmIk4MFSR/KEw4MhJlfVHAFCWGj1KCiWLphYgMsMLEpL+SVXfs6nHNrTroN/mu7h3ZZ7Z75VbqNchRhD3Yh0Nw4QTqcAkN8IAAgwd4hqkVWPfWo/WURwvW184uzMF6/QQYZI7W</latexit><latexit sha1_base64="jJMox7kxE6r9biG59TKgfUp73J0=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK6g/5C36Gf2DS6KI+Dlw4nHMuc8/4MWfaOM67VVhYXFpeKa6W1tY3NrfK2zs3WiaKUI9ILlXLx5pyJqhnmOG0FSuKI5/Tpj+8yPzmLVWaSXFtRjHtRrgvWMgINqnkBfJOlHrlims7M6D/SeX8Y5rhpdErv3UCSZKICkM41rrtOrHpjrEyjHA6KXUSTWNMhrhPx7MTJ+gglQIUSpWOMGimzuVwpPUo8tNkhM1A//Qy8S+vnZjwtDtmIk4MFSR/KEw4MhJlfVHAFCWGj1KCiWLphYgMsMLEpL+SVXfs6nHNrTroN/mu7h3ZZ7Z75VbqNchRhD3Yh0Nw4QTqcAkN8IAAgwd4hqkVWPfWo/WURwvW184uzMF6/QQYZI7W</latexit><latexit sha1_base64="jJMox7kxE6r9biG59TKgfUp73J0=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK6g/5C36Gf2DS6KI+Dlw4nHMuc8/4MWfaOM67VVhYXFpeKa6W1tY3NrfK2zs3WiaKUI9ILlXLx5pyJqhnmOG0FSuKI5/Tpj+8yPzmLVWaSXFtRjHtRrgvWMgINqnkBfJOlHrlims7M6D/SeX8Y5rhpdErv3UCSZKICkM41rrtOrHpjrEyjHA6KXUSTWNMhrhPx7MTJ+gglQIUSpWOMGimzuVwpPUo8tNkhM1A//Qy8S+vnZjwtDtmIk4MFSR/KEw4MhJlfVHAFCWGj1KCiWLphYgMsMLEpL+SVXfs6nHNrTroN/mu7h3ZZ7Z75VbqNchRhD3Yh0Nw4QTqcAkN8IAAgwd4hqkVWPfWo/WURwvW184uzMF6/QQYZI7W</latexit><latexit sha1_base64="jJMox7kxE6r9biG59TKgfUp73J0=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK6g/5C36Gf2DS6KI+Dlw4nHMuc8/4MWfaOM67VVhYXFpeKa6W1tY3NrfK2zs3WiaKUI9ILlXLx5pyJqhnmOG0FSuKI5/Tpj+8yPzmLVWaSXFtRjHtRrgvWMgINqnkBfJOlHrlims7M6D/SeX8Y5rhpdErv3UCSZKICkM41rrtOrHpjrEyjHA6KXUSTWNMhrhPx7MTJ+gglQIUSpWOMGimzuVwpPUo8tNkhM1A//Qy8S+vnZjwtDtmIk4MFSR/KEw4MhJlfVHAFCWGj1KCiWLphYgMsMLEpL+SVXfs6nHNrTroN/mu7h3ZZ7Z75VbqNchRhD3Yh0Nw4QTqcAkN8IAAgwd4hqkVWPfWo/WURwvW184uzMF6/QQYZI7W</latexit><latexit sha1_base64="sEWcrO04jVwCVNBhCCU1ExD9ZGE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNXcOOygmMLbSmZTKYNzSRDckcppT/gRnGl+EP+gn/j9OGiPg4EDueccO+5YSqFRc/7dApLyyura8X10sbm1vZOeXfvzurMMB4wLbVphtRyKRQPUKDkzdRwmoSSN8LB1cRv3HNjhVa3OEx5J6E9JWLBKOZSEOkHVeqWK77rTUH+JxWYo94tf7QjzbKEK2SSWtvyvRQ7I2pQMMnHpXZmeUrZgPb4aLrimBzlUkRibfKnkEzVhRxNrB0mYZ5MKPbtT28i/uW1MowvOiOh0gy5YrNBcSYJajLpSyJhOEM5zAllRuQbEtanhjLMrzKp7rmnZ1X/1CO/yXf14MS9dP0bv1Krzm9QhAM4hGPw4RxqcA11CICBgCd4hTcnch6dZ+dlFi048z/7sADn/QvfH4oP</latexit>

stop

<latexit sha1_base64="LqrGX1hqo/nonZIAtk4c0rrYoGw=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFlcePn+At+hn9g0uqiPg5cOJxzLnPP+IkUBh3n3SosLC4trxRXS2vrG5tb5e2dW6NSzbjHlFS66VPDpYi5hwIlbyaa08iXvOEPLnO/cce1ESq+wWHCOxHtxSIUjGImeQZVUuqWK67tTEH+J5WLj8nkFQDq3fJbO1AsjXiMTFJjWq6TYGdENQom+bjUTg1PKBvQHh9NTxyTg0wKSKh0NjGSqTqXo5Exw8jPkhHFvvnp5eJfXivF8KwzEnGSIo/Z7KEwlQQVyfuSQGjOUA4zQpkW2YWE9ammDLNfyas79vFJ1T12yG/yXd07ss9t99qt1KowQxH2YB8OwYVTqMEV1MEDBgIe4BkmVmDdW4/W0yxasL52dmEO1ssn42qNHw==</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="2RPZ4oPoFn5sD59sg5usDRagXJw=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+NgV3LisYGyhLWUymbRDJ5kwcyOU0h9wo7hS/CF/wb8xSeuiPg4MHM45w73n+okUBh3n0yqtrK6tb5Q3K1vbO7t71f2De6NSzbjHlFS641PDpYi5hwIl7ySa08iXvO2Pr3O//cC1ESq+w0nC+xEdxiIUjGImeQZVUhlUa67tFCD/kxos0BpUP3qBYmnEY2SSGtN1nQT7U6pRMMlnlV5qeELZmA75tFhxRk4yKSCh0tmLkRTqUo5GxkwiP0tGFEfmp5eLf3ndFMPL/lTESYo8ZvNBYSoJKpL3JYHQnKGcZIQyLbINCRtRTRlmV8mrO3b9vOHWHfKbfFf3zuwr2711a83G4gZlOIJjOAUXLqAJN9ACDxgIeIJXeLMC69F6tl7m0ZK1+HMIS7DevwDz+ood</latexit>

stop

<latexit sha1_base64="dcr0nOXJlrNDnIiNyIXxx372hhg=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRWfKwsuNBlBWMLbSmTyaQdOsmEmRuhlP6AG8WV4j/4Hf6Cn+EfmLS6qI8DFw7nnMvcM34ihUHHebcKc/MLi0vF5dLK6tr6Rnlz68aoVDPuMSWVbvrUcCli7qFAyZuJ5jTyJW/4g/Pcb9xybYSKr3GY8E5Ee7EIBaOYSZ5BlZS65YprOxOQ/0nl7OPilQBAvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOjyYljspdJAQmVziZGMlFncjQyZhj5WTKi2Dc/vVz8y2ulGJ50RiJOUuQxmz4UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1x64eHbpVh/wm39W9A/vUdq/cSs2BKYqwA7uwDy4cQw0uoQ4eMBBwD0/wbAXWnfVgPU6jBetrZxtmYL18Auu/jF4=</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="4g2xw5X7N64T9Fvk/33uwHcRnSI=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKkxUfOwKblxWMLbQljKZTNqhk0yYuRFK6Q+4UVwp/pC/4N+YtHVRHwcGDuec4d5zg1RJi5R+OqWl5ZXVtfJ6ZWNza3unurt3b3VmuPC5Vtq0AmaFkonwUaISrdQIFgdKNIPhdeE3H4SxUid3OEpFN2b9REaSM8wl36JOK71qzXPpFOR/UoM5Gr3qRyfUPItFglwxa9seTbE7ZgYlV2JS6WRWpIwPWV+MpytOyFEuhSTSJn8Jkqm6kGOxtaM4yJMxw4H96RXiX147w+iyO5ZJmqFI+GxQlCmCmhR9SSiN4KhGOWHcyHxDwgfMMI75VYrq1D09P/NOKflNvqv7J+6V6916tTqd36AMB3AIx+DBBdThBhrgAwcJT/AKb07oPDrPzsssWnLmf/ZhAc77F/LGihk=</latexit>

down

<latexit sha1_base64="ihED2AoakeBBqAqmwd0+q2RncbE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBIvgasio+FhZcKHLCo4ttKVkMpk2NJMMSUYppT/gRnGl+A9+h7/gZ/gHzrS6qI8DFw7nnEvuSZAIbizG705hZnZufqG4WFpaXlldK69vXBuVasp8qoTSjYAYJrhkvuVWsEaiGYkDwepB/yz36zdMG67klR0krB2TruQRp8Rmkh+qW1nqlCuei8dA/5PK6cf5KwKAWqf81goVTWMmLRXEmKaHE9seEm05FWxUaqWGJYT2SZcNxyeO0E4mhShSOhtp0VidypHYmEEcZMmY2J756eXiX14ztdFxe8hlklom6eShKBXIKpT3RSHXjFoxyAihmmcXItojmlCb/UpeHbv7hwfePka/yXd1f889cb1Lr1LFMEERtmAbdsGDI6jCBdTABwoc7uEJnp3QuXMenMdJtOB87WzCFJyXT9bkjFA=</latexit><latexit sha1_base64="LdWQKqNDeqsbF3RU/TQm8LuKBdw=">AAAB4XicdVDLSgMxFL3js9ZXfezcBIvgapix4mNlwYVdVnBsoS0lk8m0oZlkSDJKLf0BN4orxX/wO/wFl36Cf+BMq4v6OHDhcM655J74MWfaOM6bNTU9Mzs3n1vILy4tr6wW1tYvtUwUoR6RXKq6jzXlTFDPMMNpPVYURz6nNb93mvm1K6o0k+LC9GPainBHsJARbFLJC+S1yLcLRdd2RkD/k+LJx9nL5s17pdouvDYDSZKICkM41rrhOrFpDbAyjHA6zDcTTWNMerhDB6MTh2gnlQIUSpWOMGikTuRwpHU/8tNkhE1X//Qy8S+vkZjwqDVgIk4MFWT8UJhwZCTK+qKAKUoM76cEE8XSCxHpYoWJSX8lq+7YpYN9t+Sg3+S7urdnH9vuuVssOzBGDrZgG3bBhUMoQwWq4AEBBnfwCE9WYN1a99bDODplfe1swASs50/lWY3n</latexit><latexit sha1_base64="LdWQKqNDeqsbF3RU/TQm8LuKBdw=">AAAB4XicdVDLSgMxFL3js9ZXfezcBIvgapix4mNlwYVdVnBsoS0lk8m0oZlkSDJKLf0BN4orxX/wO/wFl36Cf+BMq4v6OHDhcM655J74MWfaOM6bNTU9Mzs3n1vILy4tr6wW1tYvtUwUoR6RXKq6jzXlTFDPMMNpPVYURz6nNb93mvm1K6o0k+LC9GPainBHsJARbFLJC+S1yLcLRdd2RkD/k+LJx9nL5s17pdouvDYDSZKICkM41rrhOrFpDbAyjHA6zDcTTWNMerhDB6MTh2gnlQIUSpWOMGikTuRwpHU/8tNkhE1X//Qy8S+vkZjwqDVgIk4MFWT8UJhwZCTK+qKAKUoM76cEE8XSCxHpYoWJSX8lq+7YpYN9t+Sg3+S7urdnH9vuuVssOzBGDrZgG3bBhUMoQwWq4AEBBnfwCE9WYN1a99bDODplfe1swASs50/lWY3n</latexit><latexit sha1_base64="LdWQKqNDeqsbF3RU/TQm8LuKBdw=">AAAB4XicdVDLSgMxFL3js9ZXfezcBIvgapix4mNlwYVdVnBsoS0lk8m0oZlkSDJKLf0BN4orxX/wO/wFl36Cf+BMq4v6OHDhcM655J74MWfaOM6bNTU9Mzs3n1vILy4tr6wW1tYvtUwUoR6RXKq6jzXlTFDPMMNpPVYURz6nNb93mvm1K6o0k+LC9GPainBHsJARbFLJC+S1yLcLRdd2RkD/k+LJx9nL5s17pdouvDYDSZKICkM41rrhOrFpDbAyjHA6zDcTTWNMerhDB6MTh2gnlQIUSpWOMGikTuRwpHU/8tNkhE1X//Qy8S+vkZjwqDVgIk4MFWT8UJhwZCTK+qKAKUoM76cEE8XSCxHpYoWJSX8lq+7YpYN9t+Sg3+S7urdnH9vuuVssOzBGDrZgG3bBhUMoQwWq4AEBBnfwCE9WYN1a99bDODplfe1swASs50/lWY3n</latexit><latexit sha1_base64="LdWQKqNDeqsbF3RU/TQm8LuKBdw=">AAAB4XicdVDLSgMxFL3js9ZXfezcBIvgapix4mNlwYVdVnBsoS0lk8m0oZlkSDJKLf0BN4orxX/wO/wFl36Cf+BMq4v6OHDhcM655J74MWfaOM6bNTU9Mzs3n1vILy4tr6wW1tYvtUwUoR6RXKq6jzXlTFDPMMNpPVYURz6nNb93mvm1K6o0k+LC9GPainBHsJARbFLJC+S1yLcLRdd2RkD/k+LJx9nL5s17pdouvDYDSZKICkM41rrhOrFpDbAyjHA6zDcTTWNMerhDB6MTh2gnlQIUSpWOMGikTuRwpHU/8tNkhE1X//Qy8S+vkZjwqDVgIk4MFWT8UJhwZCTK+qKAKUoM76cEE8XSCxHpYoWJSX8lq+7YpYN9t+Sg3+S7urdnH9vuuVssOzBGDrZgG3bBhUMoQwWq4AEBBnfwCE9WYN1a99bDODplfe1swASs50/lWY3n</latexit><latexit sha1_base64="kCfKLCcan9zrJAsTVFak/4yi7Sg=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBIvgapix4mNXcOOygmMLbSmZTNqGZpIhuaOU0h9wo7hS/CF/wb9xpq2L+jgQOJxzwr3nhokUFj3v0yksLa+srhXXSxubW9s75d29O6tTw3jAtNSmGVLLpVA8QIGSNxPDaRxK3giHV7nfuOfGCq1ucZTwTkz7SvQEo5hJQaQfVKlbrviuNwX5n1Rgjnq3/NGONEtjrpBJam3L9xLsjKlBwSSflNqp5QllQ9rn4+mKE3KUSRHpaZM9hWSqLuRobO0oDrNkTHFgf3q5+JfXSrF30RkLlaTIFZsN6qWSoCZ5XxIJwxnKUUYoMyLbkLABNZRhdpW8uudWz079qkd+k+/qwYl76fo3fqXmzW9QhAM4hGPw4RxqcA11CICBgCd4hTcnch6dZ+dlFi048z/7sADn/Qvd64oL</latexit>

Proof:

A wait-free 
implementation

Two shared registers: LAST (init   ) and DOOR (init       )   
(atomic MWMR)

� open

<latexit sha1_base64="lEoC9JSIwV1zQbCahR9GeMeoEBQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapixxcfKghuXFRxbaEvJpJk2NJOEJCOU0g9wo7jSuvJz/AU/wz9wptVFfRy4cDjnXHJPQsWZsZ737uQWFpeWV/KrhbX1jc2t4vbOjZGJJjQgkkvdCLGhnAkaWGY5bShNcRxyWg8HF5lfv6XaMCmu7VDRdox7gkWMYJtJUlHRKZZ815sC/U9K5x+TySsA1DrFt1ZXkiSmwhKOjWn6nrLtEdaWEU7HhVZiqMJkgHt0NL1wjA5SqYsiqdMRFk3VuRyOjRnGYZqMse2bn14m/uU1ExudtkdMqMRSQWYPRQlHVqKsLuoyTYnlw5Rgoll6ISJ9rDGx6acU0uqeWz6u+GUP/Sbf1YMj98z1r/xStQIz5GEP9uEQfDiBKlxCDQIg0Id7eIJnhzh3zoPzOIvmnK+dXZiD8/IJkHmM9w==</latexit><latexit sha1_base64="K1B6LCMFqy9j96oUEI/PoI0qTEQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNlwY3LCo4ttKVk0rQNzSRDckcopR/gRnGl9ov8BT/DP3Cm1UV9HLhwOOdcck/CWAqLnvfu5BYWl5ZX8quFtfWNza3i9s6t1YlhPGBaalMPqeVSKB6gQMnrseE0CiWvhYPLzK/dcWOFVjc4jHkroj0luoJRzCQdc9UulnzXm4L8T0oXH68ZJtV28a3Z0SyJuEImqbUN34uxNaIGBZN8XGgmlseUDWiPj6YXjslBKnVIV5t0FJKpOpejkbXDKEyTEcW+/ell4l9eI8HuWWskVJwgV2z2UDeRBDXJ6pKOMJyhHKaEMiPSCwnrU0MZpp9SSKt77vFJ2T/2yG/yXT04cs9d/9ovVcowQx72YB8OwYdTqMAVVCEABn14gGd4cZhz7zw6T7Nozvna2YU5OJNP2j+OvA==</latexit><latexit sha1_base64="K1B6LCMFqy9j96oUEI/PoI0qTEQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNlwY3LCo4ttKVk0rQNzSRDckcopR/gRnGl9ov8BT/DP3Cm1UV9HLhwOOdcck/CWAqLnvfu5BYWl5ZX8quFtfWNza3i9s6t1YlhPGBaalMPqeVSKB6gQMnrseE0CiWvhYPLzK/dcWOFVjc4jHkroj0luoJRzCQdc9UulnzXm4L8T0oXH68ZJtV28a3Z0SyJuEImqbUN34uxNaIGBZN8XGgmlseUDWiPj6YXjslBKnVIV5t0FJKpOpejkbXDKEyTEcW+/ell4l9eI8HuWWskVJwgV2z2UDeRBDXJ6pKOMJyhHKaEMiPSCwnrU0MZpp9SSKt77vFJ2T/2yG/yXT04cs9d/9ovVcowQx72YB8OwYdTqMAVVCEABn14gGd4cZhz7zw6T7Nozvna2YU5OJNP2j+OvA==</latexit><latexit sha1_base64="K1B6LCMFqy9j96oUEI/PoI0qTEQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNlwY3LCo4ttKVk0rQNzSRDckcopR/gRnGl9ov8BT/DP3Cm1UV9HLhwOOdcck/CWAqLnvfu5BYWl5ZX8quFtfWNza3i9s6t1YlhPGBaalMPqeVSKB6gQMnrseE0CiWvhYPLzK/dcWOFVjc4jHkroj0luoJRzCQdc9UulnzXm4L8T0oXH68ZJtV28a3Z0SyJuEImqbUN34uxNaIGBZN8XGgmlseUDWiPj6YXjslBKnVIV5t0FJKpOpejkbXDKEyTEcW+/ell4l9eI8HuWWskVJwgV2z2UDeRBDXJ6pKOMJyhHKaEMiPSCwnrU0MZpp9SSKt77vFJ2T/2yG/yXT04cs9d/9ovVcowQx72YB8OwYdTqMAVVCEABn14gGd4cZhz7zw6T7Nozvna2YU5OJNP2j+OvA==</latexit><latexit sha1_base64="K1B6LCMFqy9j96oUEI/PoI0qTEQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNlwY3LCo4ttKVk0rQNzSRDckcopR/gRnGl9ov8BT/DP3Cm1UV9HLhwOOdcck/CWAqLnvfu5BYWl5ZX8quFtfWNza3i9s6t1YlhPGBaalMPqeVSKB6gQMnrseE0CiWvhYPLzK/dcWOFVjc4jHkroj0luoJRzCQdc9UulnzXm4L8T0oXH68ZJtV28a3Z0SyJuEImqbUN34uxNaIGBZN8XGgmlseUDWiPj6YXjslBKnVIV5t0FJKpOpejkbXDKEyTEcW+/ell4l9eI8HuWWskVJwgV2z2UDeRBDXJ6pKOMJyhHKaEMiPSCwnrU0MZpp9SSKt77vFJ2T/2yG/yXT04cs9d/9ovVcowQx72YB8OwYdTqMAVVCEABn14gGd4cZhz7zw6T7Nozvna2YU5OJNP2j+OvA==</latexit><latexit sha1_base64="0k4W7pFatgg17dbUgqj8bWH6A2g=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapixxceu4MZlBccW2lIy6Z02NJMMSUYopR/gRnGl+EX+gn/jTFsX9XEgcDjnhHvPDRPBjfW8T6ewsrq2vlHcLG1t7+zulfcP7o1KNcOAKaF0K6QGBZcYWG4FthKNNA4FNsPRde43H1AbruSdHSfYjelA8ogzanNJJSh75YrvejOQ/0kFFmj0yh+dvmJpjNIyQY1p+15iuxOqLWcCp6VOajChbEQHOJltOCUnmdQnkdLZk5bM1KUcjY0Zx2GWjKkdmp9eLv7ltVMbXXYnXCapRcnmg6JUEKtIXpf0uUZmxTgjlGmebUjYkGrKbHaUUlbdc6vnNb/qkd/ku3pw5l65/q1fqdcWNyjCERzDKfhwAXW4gQYEwGAIT/AKbw5zHp1n52UeLTiLP4ewBOf9C6EJifU=</latexit>

right

down
stop

idi

idi

closed

<latexit sha1_base64="R6ZNUuvDunt59dP0dELT7FtjxmU=">AAAB4nicdVDLSsNAFL2pr1pfVZduBovgKiRVfKwsuHFZwbSFtpTJ5KYdO8mEmYlQSr/AjeJKcefP+Avu/AX/wLTVRX0cuHA451zmnvETwbVxnDcrNze/sLiUXy6srK6tbxQ3t2papoqhx6SQquFTjYLH6BluBDYShTTyBdb9/vnYr9+g0lzGV2aQYDui3ZiHnFGTSTUmpMagUyy5tjMB+Z+Uzj6Sl3cAqHaKr61AsjTC2DBBtW66TmLaQ6oMZwJHhVaqMaGsT7s4nNw4InuZFJBQqmxiQybqTI5GWg8iP0tG1PT0T28s/uU1UxOetIc8TlKDMZs+FKaCGEnGhUnAFTIjBhmhTPHsQsJ6VFFmsm8pZNUd++Do0D1wyG/yXd0r26e2e+mWKmWYIg87sAv74MIxVOACquABg2u4g0d4stC6te6th2k0Z33tbMMMrOdPLo+N8g==</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="95hirYOt2GzLPJeBwcro87qSvL0=">AAAB4nicdVDLSgMxFL1TX7W+qi7dBIvgaphpxceu4MZlBacttKVkMrdtbGYyJBmhlH6BG8WV4gf5C/6N6cNFfRwIHM454d5zw1RwbTzv08mtrK6tb+Q3C1vbO7t7xf2DupaZYhgwKaRqhlSj4AkGhhuBzVQhjUOBjXB4PfUbD6g0l8mdGaXYiWk/4T3OqLFSnQmpMeoWS77rzUD+JyVYoNYtfrQjybIYE8ME1brle6npjKkynAmcFNqZxpSyIe3jeLbjhJxYKSI9qexLDJmpSzkaaz2KQ5uMqRnon95U/MtrZaZ32RnzJM0MJmw+qJcJYiSZFiYRV8iMGFlCmeJ2Q8IGVFFm7FkKtrrnVs7P/IpHfpPv6kHZvXL9W79ULS9ukIcjOIZT8OECqnADNQiAwT08wSu8Oeg8Os/OyzyacxZ/DmEJzvsXFHqKzw==</latexit>

closed

<latexit sha1_base64="R6ZNUuvDunt59dP0dELT7FtjxmU=">AAAB4nicdVDLSsNAFL2pr1pfVZduBovgKiRVfKwsuHFZwbSFtpTJ5KYdO8mEmYlQSr/AjeJKcefP+Avu/AX/wLTVRX0cuHA451zmnvETwbVxnDcrNze/sLiUXy6srK6tbxQ3t2papoqhx6SQquFTjYLH6BluBDYShTTyBdb9/vnYr9+g0lzGV2aQYDui3ZiHnFGTSTUmpMagUyy5tjMB+Z+Uzj6Sl3cAqHaKr61AsjTC2DBBtW66TmLaQ6oMZwJHhVaqMaGsT7s4nNw4InuZFJBQqmxiQybqTI5GWg8iP0tG1PT0T28s/uU1UxOetIc8TlKDMZs+FKaCGEnGhUnAFTIjBhmhTPHsQsJ6VFFmsm8pZNUd++Do0D1wyG/yXd0r26e2e+mWKmWYIg87sAv74MIxVOACquABg2u4g0d4stC6te6th2k0Z33tbMMMrOdPLo+N8g==</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="95hirYOt2GzLPJeBwcro87qSvL0=">AAAB4nicdVDLSgMxFL1TX7W+qi7dBIvgaphpxceu4MZlBacttKVkMrdtbGYyJBmhlH6BG8WV4gf5C/6N6cNFfRwIHM454d5zw1RwbTzv08mtrK6tb+Q3C1vbO7t7xf2DupaZYhgwKaRqhlSj4AkGhhuBzVQhjUOBjXB4PfUbD6g0l8mdGaXYiWk/4T3OqLFSnQmpMeoWS77rzUD+JyVYoNYtfrQjybIYE8ME1brle6npjKkynAmcFNqZxpSyIe3jeLbjhJxYKSI9qexLDJmpSzkaaz2KQ5uMqRnon95U/MtrZaZ32RnzJM0MJmw+qJcJYiSZFiYRV8iMGFlCmeJ2Q8IGVFFm7FkKtrrnVs7P/IpHfpPv6kHZvXL9W79ULS9ukIcjOIZT8OECqnADNQiAwT08wSu8Oeg8Os/OyzyacxZ/DmEJzvsXFHqKzw==</latexit>

SP .direction(i)
<latexit sha1_base64="TBpbzBAwDMjG6BkkCWkpeTBa5r8=">AAAB9nicdVDLSsNAFL2pr1pfUTeCm8Ei1E1IWvGxsuDGZUVjC20pk+mkHTp5MDMRQqi/4kLFleJn+Avu/AX/wKTRRX0cGDicc4Z7z3VCzqQyzTetMDM7N79QXCwtLa+srunrG1cyiAShNgl4IFoOlpQzn9qKKU5boaDYczhtOqPTzG9eUyFZ4F+qOKRdDw985jKCVSr19K2Oh9WQqeSiYfSZoCSTxxW219PLlmFOgP4n5ZOP8O4dABo9/bXTD0jkUV8RjqVsW2aougkWihFOx6VOJGmIyQgPaDLZe4x2U6mP3ECkz1dook7lsCdl7DlpMttS/vQy8S+vHSn3qJswP4wU9Uk+yI04UgHKjoDypjxOCSaCpRsiMsQCE5WeqpRWN43awb5VM9Fv8l3drhrHhnVuletVyFGEbdiBClhwCHU4gwbYQOAG7uEJnrVYu9UetMc8WtC+/mzCFLSXT3s4lYQ=</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="1HmHsuMv4QvAn0e7o1/tNI/orNk=">AAAB9nicdVDLSsNAFL2pr1ofjboR3AwWoW5C0oqPXcGNy4rGFtpSJtNJO3TyYGYihFB/xY3iSvEz/AX/xklbF/VxYeBwzhnuPceLOZPKtj+NwtLyyupacb20sbm1XTZ3du9klAhCXRLxSLQ9LClnIXUVU5y2Y0Fx4HHa8saXud66p0KyKLxVaUx7AR6GzGcEK031zf1ugNWIqeymaQ2YoCSnJ1V23DcrjmVPB/0PKjCfZt/86A4ikgQ0VIRjKTuOHatehoVihNNJqZtIGmMyxkOaTe+eoCNNDZAfCf1Chabsgg8HUqaBp535lfKnlpN/aZ1E+ee9jIVxomhIZov8hCMVobwENEvKUw0wEUxfiMgIC0yUrqqko9tW/fTEqdvoN/iO7tasC8u5diqN2ryDIhzAIVTBgTNowBU0wQUCD/AEr/BmpMaj8Wy8zKwFY/5nDxbGeP8CYSOSYQ==</latexit>

operation 

LAST := 

if (DOOR =        ) 

    then movei := 

    else DOOR :=

   if (LAST =    ) then movei :=

        else movei := 

   end if

 end if


return (movei)

At least one not

door must be closed

whoever closed it, is       or


At least one not

let    be last to write LAST

if DOOR closed, then

if DOOR open, then


No two 


right
<latexit sha1_base64="IieKuHiPFmNluFkgwKcBwQW3b3Y=">AAAB4nicdVDJSgNBFHwdtxi3qEcvjUHwNMyY4HIy4MVjBCcJmBB6Oj1Jm56F7jdCCPkCL4qniAc/x1/wM/wDZxI9xKXgQVFVj37VXqykQdt+J7mFxaXllfxqYW19Y3OruL1TN1GiuXB5pCLd9JgRSobCRYlKNGMtWOAp0fAGF5nfuBPayCi8xmEs2gHrhdKXnGEq1bXs9bHQKZYcy56C/k9K5x+TySsA1DrFt1Y34kkgQuSKGXPj2DG2R0yj5EqMC63EiJjxAeuJ0fTGMT1IpS71I51OiHSqzuVYYMww8NJkwLBvfnqZ+Jd3k6B/2h7JME5QhHz2kJ8oihHNCtOu1IKjGqaEcS3TCynvM804pt+SVbet8nHFKdv0N/mu7h5ZZ5Zz5ZSqFZghD3uwD4fgwAlU4RJq4AKHW3iACTwTQe7JI3maRXPka2cX5kBePgGL042B</latexit><latexit sha1_base64="WZxjvYX/CM7kFtJEIU/JCCJULcY=">AAAB4nicdVDJTgJBFHyNG+KGevTSkZh4mswIcTlJ4sUjJg6SACE9TQ+09CzpfmNCCF/gReMJ4gf5C36Gf+AM6AGXSl5SqaqXftVerKRB234nuaXlldW1/HphY3Nre6e4u1c3UaK5cHmkIt3wmBFKhsJFiUo0Yi1Y4Clx5w2uMv/uQWgjo/AWh7FoB6wXSl9yhqlU17LXx0KnWHIsewb6PyldfkwyTGud4lurG/EkECFyxYxpOnaM7RHTKLkS40IrMSJmfMB6YjS7cUyPUqlL/UinEyKdqQs5FhgzDLw0GTDsm59eJv7lNRP0z9sjGcYJipDPH/ITRTGiWWHalVpwVMOUMK5leiHlfaYZx/Rbsuq2VT6tOGWb/ibf1d0T68JybpxStQJz5OEADuEYHDiDKlxDDVzgcA9PMIEpEeSRPJOXeTRHvnb2YQHk9RPVmY9G</latexit><latexit sha1_base64="WZxjvYX/CM7kFtJEIU/JCCJULcY=">AAAB4nicdVDJTgJBFHyNG+KGevTSkZh4mswIcTlJ4sUjJg6SACE9TQ+09CzpfmNCCF/gReMJ4gf5C36Gf+AM6AGXSl5SqaqXftVerKRB234nuaXlldW1/HphY3Nre6e4u1c3UaK5cHmkIt3wmBFKhsJFiUo0Yi1Y4Clx5w2uMv/uQWgjo/AWh7FoB6wXSl9yhqlU17LXx0KnWHIsewb6PyldfkwyTGud4lurG/EkECFyxYxpOnaM7RHTKLkS40IrMSJmfMB6YjS7cUyPUqlL/UinEyKdqQs5FhgzDLw0GTDsm59eJv7lNRP0z9sjGcYJipDPH/ITRTGiWWHalVpwVMOUMK5leiHlfaYZx/Rbsuq2VT6tOGWb/ibf1d0T68JybpxStQJz5OEADuEYHDiDKlxDDVzgcA9PMIEpEeSRPJOXeTRHvnb2YQHk9RPVmY9G</latexit><latexit sha1_base64="WZxjvYX/CM7kFtJEIU/JCCJULcY=">AAAB4nicdVDJTgJBFHyNG+KGevTSkZh4mswIcTlJ4sUjJg6SACE9TQ+09CzpfmNCCF/gReMJ4gf5C36Gf+AM6AGXSl5SqaqXftVerKRB234nuaXlldW1/HphY3Nre6e4u1c3UaK5cHmkIt3wmBFKhsJFiUo0Yi1Y4Clx5w2uMv/uQWgjo/AWh7FoB6wXSl9yhqlU17LXx0KnWHIsewb6PyldfkwyTGud4lurG/EkECFyxYxpOnaM7RHTKLkS40IrMSJmfMB6YjS7cUyPUqlL/UinEyKdqQs5FhgzDLw0GTDsm59eJv7lNRP0z9sjGcYJipDPH/ITRTGiWWHalVpwVMOUMK5leiHlfaYZx/Rbsuq2VT6tOGWb/ibf1d0T68JybpxStQJz5OEADuEYHDiDKlxDDVzgcA9PMIEpEeSRPJOXeTRHvnb2YQHk9RPVmY9G</latexit><latexit sha1_base64="WZxjvYX/CM7kFtJEIU/JCCJULcY=">AAAB4nicdVDJTgJBFHyNG+KGevTSkZh4mswIcTlJ4sUjJg6SACE9TQ+09CzpfmNCCF/gReMJ4gf5C36Gf+AM6AGXSl5SqaqXftVerKRB234nuaXlldW1/HphY3Nre6e4u1c3UaK5cHmkIt3wmBFKhsJFiUo0Yi1Y4Clx5w2uMv/uQWgjo/AWh7FoB6wXSl9yhqlU17LXx0KnWHIsewb6PyldfkwyTGud4lurG/EkECFyxYxpOnaM7RHTKLkS40IrMSJmfMB6YjS7cUyPUqlL/UinEyKdqQs5FhgzDLw0GTDsm59eJv7lNRP0z9sjGcYJipDPH/ITRTGiWWHalVpwVMOUMK5leiHlfaYZx/Rbsuq2VT6tOGWb/ibf1d0T68JybpxStQJz5OEADuEYHDiDKlxDDVzgcA9PMIEpEeSRPJOXeTRHvnb2YQHk9RPVmY9G</latexit><latexit sha1_base64="rKbyAPelkDMp6AJ77dQT75cbYH8=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HILePEYwUkCSQg9nTdJm56F7jdCCPkCL4onxQ/yF/wbJ4uHuBQ0FFXVvFfPT5Q05DifVm5ldW19I79Z2Nre2d0r7h/UTZxqgZ6IVaybPjeoZIQeSVLYTDTy0FfY8IfXU7/xgNrIOLqjUYKdkPcjGUjBKZPqWvYHVOgWS67tzMD+JyVYoNYtfrR7sUhDjEgobkzLdRLqjLkmKRROCu3UYMLFkPdxPNtxwk4yqceCWGcvIjZTl3I8NGYU+lky5DQwP72p+JfXSim47IxllKSEkZgPClLFKGbTwqwnNQpSo4xwoWW2IRMDrrmg7CzT6o5dPq+4ZYf9Jt/VvTP7ynZv3VK1srhBHo7gGE7BhQuowg3UwAMB9/AEr/BmofVoPVsv82jOWvw5hCVY71+cY4p/</latexit>

down

<latexit sha1_base64="cDM0sqGiko5xPmVcs05y2YfHzuI=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK4MbP8Rf8DP/ApNVFfRy4cDjnXOae8WPOtHGcd6uwsLi0vFJcLa2tb2xulbd3brRMFKEekVyqlo815UxQzzDDaStWFEc+p01/eJH7zVuqNJPi2oxi2o1wX7CQEWwyyQvknSj1yhXXdqZA/5PK+UeavgJAo1d+6wSSJBEVhnCsddt1YtMdY2UY4XRS6iSaxpgMcZ+OpydO0EEmBSiUKhth0FSdy+FI61HkZ8kIm4H+6eXiX147MeFpd8xEnBgqyOyhMOHISJT3RQFTlBg+yggmimUXIjLAChOT/Upe3bGrxzW36qDf5Lu6d2Sf2e6VW6nXYIYi7ME+HIILJ1CHS2iABwQYPMAzpFZg3VuP1tMsWrC+dnZhDtbLJ86PjRE=</latexit><latexit sha1_base64="jJMox7kxE6r9biG59TKgfUp73J0=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK6g/5C36Gf2DS6KI+Dlw4nHMuc8/4MWfaOM67VVhYXFpeKa6W1tY3NrfK2zs3WiaKUI9ILlXLx5pyJqhnmOG0FSuKI5/Tpj+8yPzmLVWaSXFtRjHtRrgvWMgINqnkBfJOlHrlims7M6D/SeX8Y5rhpdErv3UCSZKICkM41rrtOrHpjrEyjHA6KXUSTWNMhrhPx7MTJ+gglQIUSpWOMGimzuVwpPUo8tNkhM1A//Qy8S+vnZjwtDtmIk4MFSR/KEw4MhJlfVHAFCWGj1KCiWLphYgMsMLEpL+SVXfs6nHNrTroN/mu7h3ZZ7Z75VbqNchRhD3Yh0Nw4QTqcAkN8IAAgwd4hqkVWPfWo/WURwvW184uzMF6/QQYZI7W</latexit><latexit sha1_base64="jJMox7kxE6r9biG59TKgfUp73J0=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK6g/5C36Gf2DS6KI+Dlw4nHMuc8/4MWfaOM67VVhYXFpeKa6W1tY3NrfK2zs3WiaKUI9ILlXLx5pyJqhnmOG0FSuKI5/Tpj+8yPzmLVWaSXFtRjHtRrgvWMgINqnkBfJOlHrlims7M6D/SeX8Y5rhpdErv3UCSZKICkM41rrtOrHpjrEyjHA6KXUSTWNMhrhPx7MTJ+gglQIUSpWOMGimzuVwpPUo8tNkhM1A//Qy8S+vnZjwtDtmIk4MFSR/KEw4MhJlfVHAFCWGj1KCiWLphYgMsMLEpL+SVXfs6nHNrTroN/mu7h3ZZ7Z75VbqNchRhD3Yh0Nw4QTqcAkN8IAAgwd4hqkVWPfWo/WURwvW184uzMF6/QQYZI7W</latexit><latexit sha1_base64="jJMox7kxE6r9biG59TKgfUp73J0=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK6g/5C36Gf2DS6KI+Dlw4nHMuc8/4MWfaOM67VVhYXFpeKa6W1tY3NrfK2zs3WiaKUI9ILlXLx5pyJqhnmOG0FSuKI5/Tpj+8yPzmLVWaSXFtRjHtRrgvWMgINqnkBfJOlHrlims7M6D/SeX8Y5rhpdErv3UCSZKICkM41rrtOrHpjrEyjHA6KXUSTWNMhrhPx7MTJ+gglQIUSpWOMGimzuVwpPUo8tNkhM1A//Qy8S+vnZjwtDtmIk4MFSR/KEw4MhJlfVHAFCWGj1KCiWLphYgMsMLEpL+SVXfs6nHNrTroN/mu7h3ZZ7Z75VbqNchRhD3Yh0Nw4QTqcAkN8IAAgwd4hqkVWPfWo/WURwvW184uzMF6/QQYZI7W</latexit><latexit sha1_base64="jJMox7kxE6r9biG59TKgfUp73J0=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK6g/5C36Gf2DS6KI+Dlw4nHMuc8/4MWfaOM67VVhYXFpeKa6W1tY3NrfK2zs3WiaKUI9ILlXLx5pyJqhnmOG0FSuKI5/Tpj+8yPzmLVWaSXFtRjHtRrgvWMgINqnkBfJOlHrlims7M6D/SeX8Y5rhpdErv3UCSZKICkM41rrtOrHpjrEyjHA6KXUSTWNMhrhPx7MTJ+gglQIUSpWOMGimzuVwpPUo8tNkhM1A//Qy8S+vnZjwtDtmIk4MFSR/KEw4MhJlfVHAFCWGj1KCiWLphYgMsMLEpL+SVXfs6nHNrTroN/mu7h3ZZ7Z75VbqNchRhD3Yh0Nw4QTqcAkN8IAAgwd4hqkVWPfWo/WURwvW184uzMF6/QQYZI7W</latexit><latexit sha1_base64="sEWcrO04jVwCVNBhCCU1ExD9ZGE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNXcOOygmMLbSmZTKYNzSRDckcppT/gRnGl+EP+gn/j9OGiPg4EDueccO+5YSqFRc/7dApLyyura8X10sbm1vZOeXfvzurMMB4wLbVphtRyKRQPUKDkzdRwmoSSN8LB1cRv3HNjhVa3OEx5J6E9JWLBKOZSEOkHVeqWK77rTUH+JxWYo94tf7QjzbKEK2SSWtvyvRQ7I2pQMMnHpXZmeUrZgPb4aLrimBzlUkRibfKnkEzVhRxNrB0mYZ5MKPbtT28i/uW1MowvOiOh0gy5YrNBcSYJajLpSyJhOEM5zAllRuQbEtanhjLMrzKp7rmnZ1X/1CO/yXf14MS9dP0bv1Krzm9QhAM4hGPw4RxqcA11CICBgCd4hTcnch6dZ+dlFi048z/7sADn/QvfH4oP</latexit>

stop

<latexit sha1_base64="LqrGX1hqo/nonZIAtk4c0rrYoGw=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFlcePn+At+hn9g0uqiPg5cOJxzLnPP+IkUBh3n3SosLC4trxRXS2vrG5tb5e2dW6NSzbjHlFS66VPDpYi5hwIlbyaa08iXvOEPLnO/cce1ESq+wWHCOxHtxSIUjGImeQZVUuqWK67tTEH+J5WLj8nkFQDq3fJbO1AsjXiMTFJjWq6TYGdENQom+bjUTg1PKBvQHh9NTxyTg0wKSKh0NjGSqTqXo5Exw8jPkhHFvvnp5eJfXivF8KwzEnGSIo/Z7KEwlQQVyfuSQGjOUA4zQpkW2YWE9ammDLNfyas79vFJ1T12yG/yXd07ss9t99qt1KowQxH2YB8OwYVTqMEV1MEDBgIe4BkmVmDdW4/W0yxasL52dmEO1ssn42qNHw==</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="2RPZ4oPoFn5sD59sg5usDRagXJw=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+NgV3LisYGyhLWUymbRDJ5kwcyOU0h9wo7hS/CF/wb8xSeuiPg4MHM45w73n+okUBh3n0yqtrK6tb5Q3K1vbO7t71f2De6NSzbjHlFS641PDpYi5hwIl7ySa08iXvO2Pr3O//cC1ESq+w0nC+xEdxiIUjGImeQZVUhlUa67tFCD/kxos0BpUP3qBYmnEY2SSGtN1nQT7U6pRMMlnlV5qeELZmA75tFhxRk4yKSCh0tmLkRTqUo5GxkwiP0tGFEfmp5eLf3ndFMPL/lTESYo8ZvNBYSoJKpL3JYHQnKGcZIQyLbINCRtRTRlmV8mrO3b9vOHWHfKbfFf3zuwr2711a83G4gZlOIJjOAUXLqAJN9ACDxgIeIJXeLMC69F6tl7m0ZK1+HMIS7DevwDz+ood</latexit>

stop

<latexit sha1_base64="dcr0nOXJlrNDnIiNyIXxx372hhg=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRWfKwsuNBlBWMLbSmTyaQdOsmEmRuhlP6AG8WV4j/4Hf6Cn+EfmLS6qI8DFw7nnMvcM34ihUHHebcKc/MLi0vF5dLK6tr6Rnlz68aoVDPuMSWVbvrUcCli7qFAyZuJ5jTyJW/4g/Pcb9xybYSKr3GY8E5Ee7EIBaOYSZ5BlZS65YprOxOQ/0nl7OPilQBAvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOjyYljspdJAQmVziZGMlFncjQyZhj5WTKi2Dc/vVz8y2ulGJ50RiJOUuQxmz4UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1x64eHbpVh/wm39W9A/vUdq/cSs2BKYqwA7uwDy4cQw0uoQ4eMBBwD0/wbAXWnfVgPU6jBetrZxtmYL18Auu/jF4=</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="4g2xw5X7N64T9Fvk/33uwHcRnSI=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKkxUfOwKblxWMLbQljKZTNqhk0yYuRFK6Q+4UVwp/pC/4N+YtHVRHwcGDuec4d5zg1RJi5R+OqWl5ZXVtfJ6ZWNza3unurt3b3VmuPC5Vtq0AmaFkonwUaISrdQIFgdKNIPhdeE3H4SxUid3OEpFN2b9REaSM8wl36JOK71qzXPpFOR/UoM5Gr3qRyfUPItFglwxa9seTbE7ZgYlV2JS6WRWpIwPWV+MpytOyFEuhSTSJn8Jkqm6kGOxtaM4yJMxw4H96RXiX147w+iyO5ZJmqFI+GxQlCmCmhR9SSiN4KhGOWHcyHxDwgfMMI75VYrq1D09P/NOKflNvqv7J+6V6916tTqd36AMB3AIx+DBBdThBhrgAwcJT/AKb07oPDrPzsssWnLmf/ZhAc77F/LGihk=</latexit>

down

<latexit sha1_base64="ihED2AoakeBBqAqmwd0+q2RncbE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBIvgasio+FhZcKHLCo4ttKVkMpk2NJMMSUYppT/gRnGl+A9+h7/gZ/gHzrS6qI8DFw7nnEvuSZAIbizG705hZnZufqG4WFpaXlldK69vXBuVasp8qoTSjYAYJrhkvuVWsEaiGYkDwepB/yz36zdMG67klR0krB2TruQRp8Rmkh+qW1nqlCuei8dA/5PK6cf5KwKAWqf81goVTWMmLRXEmKaHE9seEm05FWxUaqWGJYT2SZcNxyeO0E4mhShSOhtp0VidypHYmEEcZMmY2J756eXiX14ztdFxe8hlklom6eShKBXIKpT3RSHXjFoxyAihmmcXItojmlCb/UpeHbv7hwfePka/yXd1f889cb1Lr1LFMEERtmAbdsGDI6jCBdTABwoc7uEJnp3QuXMenMdJtOB87WzCFJyXT9bkjFA=</latexit><latexit sha1_base64="LdWQKqNDeqsbF3RU/TQm8LuKBdw=">AAAB4XicdVDLSgMxFL3js9ZXfezcBIvgapix4mNlwYVdVnBsoS0lk8m0oZlkSDJKLf0BN4orxX/wO/wFl36Cf+BMq4v6OHDhcM655J74MWfaOM6bNTU9Mzs3n1vILy4tr6wW1tYvtUwUoR6RXKq6jzXlTFDPMMNpPVYURz6nNb93mvm1K6o0k+LC9GPainBHsJARbFLJC+S1yLcLRdd2RkD/k+LJx9nL5s17pdouvDYDSZKICkM41rrhOrFpDbAyjHA6zDcTTWNMerhDB6MTh2gnlQIUSpWOMGikTuRwpHU/8tNkhE1X//Qy8S+vkZjwqDVgIk4MFWT8UJhwZCTK+qKAKUoM76cEE8XSCxHpYoWJSX8lq+7YpYN9t+Sg3+S7urdnH9vuuVssOzBGDrZgG3bBhUMoQwWq4AEBBnfwCE9WYN1a99bDODplfe1swASs50/lWY3n</latexit><latexit sha1_base64="LdWQKqNDeqsbF3RU/TQm8LuKBdw=">AAAB4XicdVDLSgMxFL3js9ZXfezcBIvgapix4mNlwYVdVnBsoS0lk8m0oZlkSDJKLf0BN4orxX/wO/wFl36Cf+BMq4v6OHDhcM655J74MWfaOM6bNTU9Mzs3n1vILy4tr6wW1tYvtUwUoR6RXKq6jzXlTFDPMMNpPVYURz6nNb93mvm1K6o0k+LC9GPainBHsJARbFLJC+S1yLcLRdd2RkD/k+LJx9nL5s17pdouvDYDSZKICkM41rrhOrFpDbAyjHA6zDcTTWNMerhDB6MTh2gnlQIUSpWOMGikTuRwpHU/8tNkhE1X//Qy8S+vkZjwqDVgIk4MFWT8UJhwZCTK+qKAKUoM76cEE8XSCxHpYoWJSX8lq+7YpYN9t+Sg3+S7urdnH9vuuVssOzBGDrZgG3bBhUMoQwWq4AEBBnfwCE9WYN1a99bDODplfe1swASs50/lWY3n</latexit><latexit sha1_base64="LdWQKqNDeqsbF3RU/TQm8LuKBdw=">AAAB4XicdVDLSgMxFL3js9ZXfezcBIvgapix4mNlwYVdVnBsoS0lk8m0oZlkSDJKLf0BN4orxX/wO/wFl36Cf+BMq4v6OHDhcM655J74MWfaOM6bNTU9Mzs3n1vILy4tr6wW1tYvtUwUoR6RXKq6jzXlTFDPMMNpPVYURz6nNb93mvm1K6o0k+LC9GPainBHsJARbFLJC+S1yLcLRdd2RkD/k+LJx9nL5s17pdouvDYDSZKICkM41rrhOrFpDbAyjHA6zDcTTWNMerhDB6MTh2gnlQIUSpWOMGikTuRwpHU/8tNkhE1X//Qy8S+vkZjwqDVgIk4MFWT8UJhwZCTK+qKAKUoM76cEE8XSCxHpYoWJSX8lq+7YpYN9t+Sg3+S7urdnH9vuuVssOzBGDrZgG3bBhUMoQwWq4AEBBnfwCE9WYN1a99bDODplfe1swASs50/lWY3n</latexit><latexit sha1_base64="LdWQKqNDeqsbF3RU/TQm8LuKBdw=">AAAB4XicdVDLSgMxFL3js9ZXfezcBIvgapix4mNlwYVdVnBsoS0lk8m0oZlkSDJKLf0BN4orxX/wO/wFl36Cf+BMq4v6OHDhcM655J74MWfaOM6bNTU9Mzs3n1vILy4tr6wW1tYvtUwUoR6RXKq6jzXlTFDPMMNpPVYURz6nNb93mvm1K6o0k+LC9GPainBHsJARbFLJC+S1yLcLRdd2RkD/k+LJx9nL5s17pdouvDYDSZKICkM41rrhOrFpDbAyjHA6zDcTTWNMerhDB6MTh2gnlQIUSpWOMGikTuRwpHU/8tNkhE1X//Qy8S+vkZjwqDVgIk4MFWT8UJhwZCTK+qKAKUoM76cEE8XSCxHpYoWJSX8lq+7YpYN9t+Sg3+S7urdnH9vuuVssOzBGDrZgG3bBhUMoQwWq4AEBBnfwCE9WYN1a99bDODplfe1swASs50/lWY3n</latexit><latexit sha1_base64="kCfKLCcan9zrJAsTVFak/4yi7Sg=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBIvgapix4mNXcOOygmMLbSmZTNqGZpIhuaOU0h9wo7hS/CF/wb9xpq2L+jgQOJxzwr3nhokUFj3v0yksLa+srhXXSxubW9s75d29O6tTw3jAtNSmGVLLpVA8QIGSNxPDaRxK3giHV7nfuOfGCq1ucZTwTkz7SvQEo5hJQaQfVKlbrviuNwX5n1Rgjnq3/NGONEtjrpBJam3L9xLsjKlBwSSflNqp5QllQ9rn4+mKE3KUSRHpaZM9hWSqLuRobO0oDrNkTHFgf3q5+JfXSrF30RkLlaTIFZsN6qWSoCZ5XxIJwxnKUUYoMyLbkLABNZRhdpW8uudWz079qkd+k+/qwYl76fo3fqXmzW9QhAM4hGPw4RxqcA11CICBgCd4hTcnch6dZ+dlFi048z/7sADn/Qvd64oL</latexit>

p
<latexit sha1_base64="jjsd3Ud/LAAabGtf/wXQYJE3fmI=">AAAB3nicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcKHLKsYW2lIm00k7dJIMMzdCKV27UVwpfoXf4S/4Gf6BSauL+jhw4XDOucw94yspDDrOu5Wbm19YXMovF1ZW19Y3iptbNyZONOMei2WsGz41XIqIeyhQ8obSnIa+5HV/cJb59VuujYijaxwq3g5pLxKBYBRT6UoVOsWSazsTkP9J6fTj/JUAQK1TfGt1Y5aEPEImqTFN11HYHlGNgkk+LrQSwxVlA9rjo8l9Y7KXSl0SxDqdCMlEncnR0Jhh6KfJkGLf/PQy8S+vmWBw3B6JSCXIIzZ9KEgkwZhkZUlXaM5QDlNCmRbphYT1qaYM0y/Jqjt2+bDilh3ym3xX9w7sE9u9dEtVB6bIww7swj64cARVuIAaeMAggHt4gmeLWnfWg/U4jeasr51tmIH18gmBXorq</latexit><latexit sha1_base64="r6TAgvW6d7H8HEXHof00ZvuAggU=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxOUkiQc5onGEBAjpaXqgQ8+S7jcmSDh70XjS+BV+h7/g0U/wD5wBPeBSyUsqVfXSr9qNpNBoWW9GZmZ2bn4hu5hbWl5ZXcuvb1zpMFaMOyyUoaq7VHMpAu6gQMnrkeLUdyWvuf3T1K9dc6VFGFziIOItn3YD4QlGMZEuolw7X7BNawzyPymcfJy9bN28V6rt/GuzE7LY5wEySbVu2FaErSFVKJjko1wz1jyirE+7fDi+b0R2E6lDvFAlEyAZq1M56ms98N0k6VPs6Z9eKv7lNWL0jlpDEUQx8oBNHvJiSTAkaVnSEYozlIOEUKZEciFhPaoow+RL0uqWWTwo2UWL/Cbf1Z1989i0z+1C2YIJsrANO7AHNhxCGSpQBQcYeHAHj/BkUOPWuDceJtGM8bWzCVMwnj8Bj9OMgQ==</latexit><latexit sha1_base64="r6TAgvW6d7H8HEXHof00ZvuAggU=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxOUkiQc5onGEBAjpaXqgQ8+S7jcmSDh70XjS+BV+h7/g0U/wD5wBPeBSyUsqVfXSr9qNpNBoWW9GZmZ2bn4hu5hbWl5ZXcuvb1zpMFaMOyyUoaq7VHMpAu6gQMnrkeLUdyWvuf3T1K9dc6VFGFziIOItn3YD4QlGMZEuolw7X7BNawzyPymcfJy9bN28V6rt/GuzE7LY5wEySbVu2FaErSFVKJjko1wz1jyirE+7fDi+b0R2E6lDvFAlEyAZq1M56ms98N0k6VPs6Z9eKv7lNWL0jlpDEUQx8oBNHvJiSTAkaVnSEYozlIOEUKZEciFhPaoow+RL0uqWWTwo2UWL/Cbf1Z1989i0z+1C2YIJsrANO7AHNhxCGSpQBQcYeHAHj/BkUOPWuDceJtGM8bWzCVMwnj8Bj9OMgQ==</latexit><latexit sha1_base64="r6TAgvW6d7H8HEXHof00ZvuAggU=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxOUkiQc5onGEBAjpaXqgQ8+S7jcmSDh70XjS+BV+h7/g0U/wD5wBPeBSyUsqVfXSr9qNpNBoWW9GZmZ2bn4hu5hbWl5ZXcuvb1zpMFaMOyyUoaq7VHMpAu6gQMnrkeLUdyWvuf3T1K9dc6VFGFziIOItn3YD4QlGMZEuolw7X7BNawzyPymcfJy9bN28V6rt/GuzE7LY5wEySbVu2FaErSFVKJjko1wz1jyirE+7fDi+b0R2E6lDvFAlEyAZq1M56ms98N0k6VPs6Z9eKv7lNWL0jlpDEUQx8oBNHvJiSTAkaVnSEYozlIOEUKZEciFhPaoow+RL0uqWWTwo2UWL/Cbf1Z1989i0z+1C2YIJsrANO7AHNhxCGSpQBQcYeHAHj/BkUOPWuDceJtGM8bWzCVMwnj8Bj9OMgQ==</latexit><latexit sha1_base64="r6TAgvW6d7H8HEXHof00ZvuAggU=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxOUkiQc5onGEBAjpaXqgQ8+S7jcmSDh70XjS+BV+h7/g0U/wD5wBPeBSyUsqVfXSr9qNpNBoWW9GZmZ2bn4hu5hbWl5ZXcuvb1zpMFaMOyyUoaq7VHMpAu6gQMnrkeLUdyWvuf3T1K9dc6VFGFziIOItn3YD4QlGMZEuolw7X7BNawzyPymcfJy9bN28V6rt/GuzE7LY5wEySbVu2FaErSFVKJjko1wz1jyirE+7fDi+b0R2E6lDvFAlEyAZq1M56ms98N0k6VPs6Z9eKv7lNWL0jlpDEUQx8oBNHvJiSTAkaVnSEYozlIOEUKZEciFhPaoow+RL0uqWWTwo2UWL/Cbf1Z1989i0z+1C2YIJsrANO7AHNhxCGSpQBQcYeHAHj/BkUOPWuDceJtGM8bWzCVMwnj8Bj9OMgQ==</latexit><latexit sha1_base64="SgwVyqtO8nArBpftNSRsYsmry1k=">AAAB3nicdVDLSgMxFL2pr1pfVZdugkVwNWSs+NgV3Lis4thCW0omzbShmQfJHaGUrt0orhQ/yV/wb5xp66I+DgQO55xw77l+opVFxj5JYWl5ZXWtuF7a2Nza3inv7t3bODVCeiLWsWn63EqtIumhQi2biZE89LVs+MOr3G88SGNVHN3hKJGdkPcjFSjBMZNuk1K3XHEdNgX9n1Rgjnq3/NHuxSINZYRCc2tbLkuwM+YGldByUmqnViZcDHlfjqf7TehRJvVoEJvsRUin6kKOh9aOQj9LhhwH9qeXi395rRSDi85YRUmKMhKzQUGqKcY0L0t7ykiBepQRLozKNqRiwA0XmJ0kr86c6tmpW2X0N/mu7p04l45741ZqbH6DIhzAIRyDC+dQg2uogwcCAniCV3gjnDySZ/IyixbI/M8+LIC8fwGIZYil</latexit>

stop

<latexit sha1_base64="dcr0nOXJlrNDnIiNyIXxx372hhg=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRWfKwsuNBlBWMLbSmTyaQdOsmEmRuhlP6AG8WV4j/4Hf6Cn+EfmLS6qI8DFw7nnMvcM34ihUHHebcKc/MLi0vF5dLK6tr6Rnlz68aoVDPuMSWVbvrUcCli7qFAyZuJ5jTyJW/4g/Pcb9xybYSKr3GY8E5Ee7EIBaOYSZ5BlZS65YprOxOQ/0nl7OPilQBAvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOjyYljspdJAQmVziZGMlFncjQyZhj5WTKi2Dc/vVz8y2ulGJ50RiJOUuQxmz4UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1x64eHbpVh/wm39W9A/vUdq/cSs2BKYqwA7uwDy4cQw0uoQ4eMBBwD0/wbAXWnfVgPU6jBetrZxtmYL18Auu/jF4=</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="4g2xw5X7N64T9Fvk/33uwHcRnSI=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKkxUfOwKblxWMLbQljKZTNqhk0yYuRFK6Q+4UVwp/pC/4N+YtHVRHwcGDuec4d5zg1RJi5R+OqWl5ZXVtfJ6ZWNza3unurt3b3VmuPC5Vtq0AmaFkonwUaISrdQIFgdKNIPhdeE3H4SxUid3OEpFN2b9REaSM8wl36JOK71qzXPpFOR/UoM5Gr3qRyfUPItFglwxa9seTbE7ZgYlV2JS6WRWpIwPWV+MpytOyFEuhSTSJn8Jkqm6kGOxtaM4yJMxw4H96RXiX147w+iyO5ZJmqFI+GxQlCmCmhR9SSiN4KhGOWHcyHxDwgfMMI75VYrq1D09P/NOKflNvqv7J+6V6916tTqd36AMB3AIx+DBBdThBhrgAwcJT/AKb07oPDrPzsssWnLmf/ZhAc77F/LGihk=</latexit>

right
<latexit sha1_base64="G0jopul/47cHrcLwx4acbhDq61w=">AAAB4nicdVBLSgNBFHwTfzH+oi7dNAbB1dBjxM/KgAtdRnCSQBJCT6cnadPzofuNEEJO4EZxpXgGz+EVPIY3cCbRRfwUPCiq6tGv2ouVNEjpu5Wbm19YXMovF1ZW19Y3iptbNRMlmguXRyrSDY8ZoWQoXJSoRCPWggWeEnVvcJ759VuhjYzCaxzGoh2wXih9yRmmUk3LXh8LnWLJsekE5H9SOvu4eCUAUO0U31rdiCeBCJErZkzToTG2R0yj5EqMC63EiJjxAeuJ0eTGMdlLpS7xI51OiGSizuRYYMww8NJkwLBvfnqZ+JfXTNA/aY9kGCcoQj59yE8UwYhkhUlXasFRDVPCuJbphYT3mWYc02/JqlO7fHTolCn5Tb6ruwf2qe1cOaUKhSnysAO7sA8OHEMFLqEKLnC4gXt4gmdLWHfWg/U4jeasr51tmIH18gmUKIzA</latexit><latexit sha1_base64="lT88L/b+K2qOfN4FuHM/CwnxRt0=">AAAB4nicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEliQtZYmIDCRBSXVRDSfWQqt8mSDiBG40rjWfwHF7BpUfwBnaDLnB4yU9e3ns/9V+5kRQaLevNyMzMzs0vZBdzS8srq2v59Y2qDmPFuMNCGaq6SzWXIuAOCpS8HilOfVfymts/S/3aNVdahMElDiLe8mk3EJ5gFBOpqkS3h7l2vmCb1hjkf1I4/Th/2bp5L1fa+ddmJ2SxzwNkkmrdsK0IW0OqUDDJR7lmrHlEWZ92+XB844jsJlKHeKFKJkAyVqdy1Nd64LtJ0qfY0z+9VPzLa8ToHbeGIohi5AGbPOTFkmBI0sKkIxRnKAcJoUyJ5ELCelRRhsm3pNUts3h4YBct8pt8V3f2zRPTvrALJQsmyMI27MAe2HAEJShDBRxgcAV38AhPBjdujXvjYRLNGF87mzAF4/kTop2OVw==</latexit><latexit sha1_base64="lT88L/b+K2qOfN4FuHM/CwnxRt0=">AAAB4nicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEliQtZYmIDCRBSXVRDSfWQqt8mSDiBG40rjWfwHF7BpUfwBnaDLnB4yU9e3ns/9V+5kRQaLevNyMzMzs0vZBdzS8srq2v59Y2qDmPFuMNCGaq6SzWXIuAOCpS8HilOfVfymts/S/3aNVdahMElDiLe8mk3EJ5gFBOpqkS3h7l2vmCb1hjkf1I4/Th/2bp5L1fa+ddmJ2SxzwNkkmrdsK0IW0OqUDDJR7lmrHlEWZ92+XB844jsJlKHeKFKJkAyVqdy1Nd64LtJ0qfY0z+9VPzLa8ToHbeGIohi5AGbPOTFkmBI0sKkIxRnKAcJoUyJ5ELCelRRhsm3pNUts3h4YBct8pt8V3f2zRPTvrALJQsmyMI27MAe2HAEJShDBRxgcAV38AhPBjdujXvjYRLNGF87mzAF4/kTop2OVw==</latexit><latexit sha1_base64="lT88L/b+K2qOfN4FuHM/CwnxRt0=">AAAB4nicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEliQtZYmIDCRBSXVRDSfWQqt8mSDiBG40rjWfwHF7BpUfwBnaDLnB4yU9e3ns/9V+5kRQaLevNyMzMzs0vZBdzS8srq2v59Y2qDmPFuMNCGaq6SzWXIuAOCpS8HilOfVfymts/S/3aNVdahMElDiLe8mk3EJ5gFBOpqkS3h7l2vmCb1hjkf1I4/Th/2bp5L1fa+ddmJ2SxzwNkkmrdsK0IW0OqUDDJR7lmrHlEWZ92+XB844jsJlKHeKFKJkAyVqdy1Nd64LtJ0qfY0z+9VPzLa8ToHbeGIohi5AGbPOTFkmBI0sKkIxRnKAcJoUyJ5ELCelRRhsm3pNUts3h4YBct8pt8V3f2zRPTvrALJQsmyMI27MAe2HAEJShDBRxgcAV38AhPBjdujXvjYRLNGF87mzAF4/kTop2OVw==</latexit><latexit sha1_base64="lT88L/b+K2qOfN4FuHM/CwnxRt0=">AAAB4nicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEliQtZYmIDCRBSXVRDSfWQqt8mSDiBG40rjWfwHF7BpUfwBnaDLnB4yU9e3ns/9V+5kRQaLevNyMzMzs0vZBdzS8srq2v59Y2qDmPFuMNCGaq6SzWXIuAOCpS8HilOfVfymts/S/3aNVdahMElDiLe8mk3EJ5gFBOpqkS3h7l2vmCb1hjkf1I4/Th/2bp5L1fa+ddmJ2SxzwNkkmrdsK0IW0OqUDDJR7lmrHlEWZ92+XB844jsJlKHeKFKJkAyVqdy1Nd64LtJ0qfY0z+9VPzLa8ToHbeGIohi5AGbPOTFkmBI0sKkIxRnKAcJoUyJ5ELCelRRhsm3pNUts3h4YBct8pt8V3f2zRPTvrALJQsmyMI27MAe2HAEJShDBRxgcAV38AhPBjdujXvjYRLNGF87mzAF4/kTop2OVw==</latexit><latexit sha1_base64="3FEMSHIAp98AD3SCQ/RmKtHBlNk=">AAAB4nicdVDLSgNBEOyNrxhfUY9eBoPgadlV8XELePEYwU0CSQizk95kzOyDmV4hhHyBF8WT4gf5C/6Nu0k8xEfBQFFVQ3e1nyhpyHE+rcLS8srqWnG9tLG5tb1T3t2rmzjVAj0Rq1g3fW5QyQg9kqSwmWjkoa+w4Q+vc7/xgNrIOLqjUYKdkPcjGUjBKZPqWvYHVOqWK67tTMH+JxWYo9Ytf7R7sUhDjEgobkzLdRLqjLkmKRROSu3UYMLFkPdxPN1xwo4yqceCWGcvIjZVF3I8NGYU+lky5DQwP71c/MtrpRRcdsYySlLCSMwGBaliFLO8MOtJjYLUKCNcaJltyMSAay4oO0te3bFPz8/cU4f9Jt/VvRP7ynZv3UrVmd+gCAdwCMfgwgVU4QZq4IGAe3iCV3iz0Hq0nq2XWbRgzf/swwKs9y+bL4p7</latexit>

Proof:

A wait-free 
implementation

Two shared registers: LAST (init   ) and DOOR (init       )   
(atomic MWMR)

� open

<latexit sha1_base64="lEoC9JSIwV1zQbCahR9GeMeoEBQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapixxcfKghuXFRxbaEvJpJk2NJOEJCOU0g9wo7jSuvJz/AU/wz9wptVFfRy4cDjnXHJPQsWZsZ737uQWFpeWV/KrhbX1jc2t4vbOjZGJJjQgkkvdCLGhnAkaWGY5bShNcRxyWg8HF5lfv6XaMCmu7VDRdox7gkWMYJtJUlHRKZZ815sC/U9K5x+TySsA1DrFt1ZXkiSmwhKOjWn6nrLtEdaWEU7HhVZiqMJkgHt0NL1wjA5SqYsiqdMRFk3VuRyOjRnGYZqMse2bn14m/uU1ExudtkdMqMRSQWYPRQlHVqKsLuoyTYnlw5Rgoll6ISJ9rDGx6acU0uqeWz6u+GUP/Sbf1YMj98z1r/xStQIz5GEP9uEQfDiBKlxCDQIg0Id7eIJnhzh3zoPzOIvmnK+dXZiD8/IJkHmM9w==</latexit><latexit sha1_base64="K1B6LCMFqy9j96oUEI/PoI0qTEQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNlwY3LCo4ttKVk0rQNzSRDckcopR/gRnGl9ov8BT/DP3Cm1UV9HLhwOOdcck/CWAqLnvfu5BYWl5ZX8quFtfWNza3i9s6t1YlhPGBaalMPqeVSKB6gQMnrseE0CiWvhYPLzK/dcWOFVjc4jHkroj0luoJRzCQdc9UulnzXm4L8T0oXH68ZJtV28a3Z0SyJuEImqbUN34uxNaIGBZN8XGgmlseUDWiPj6YXjslBKnVIV5t0FJKpOpejkbXDKEyTEcW+/ell4l9eI8HuWWskVJwgV2z2UDeRBDXJ6pKOMJyhHKaEMiPSCwnrU0MZpp9SSKt77vFJ2T/2yG/yXT04cs9d/9ovVcowQx72YB8OwYdTqMAVVCEABn14gGd4cZhz7zw6T7Nozvna2YU5OJNP2j+OvA==</latexit><latexit sha1_base64="K1B6LCMFqy9j96oUEI/PoI0qTEQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNlwY3LCo4ttKVk0rQNzSRDckcopR/gRnGl9ov8BT/DP3Cm1UV9HLhwOOdcck/CWAqLnvfu5BYWl5ZX8quFtfWNza3i9s6t1YlhPGBaalMPqeVSKB6gQMnrseE0CiWvhYPLzK/dcWOFVjc4jHkroj0luoJRzCQdc9UulnzXm4L8T0oXH68ZJtV28a3Z0SyJuEImqbUN34uxNaIGBZN8XGgmlseUDWiPj6YXjslBKnVIV5t0FJKpOpejkbXDKEyTEcW+/ell4l9eI8HuWWskVJwgV2z2UDeRBDXJ6pKOMJyhHKaEMiPSCwnrU0MZpp9SSKt77vFJ2T/2yG/yXT04cs9d/9ovVcowQx72YB8OwYdTqMAVVCEABn14gGd4cZhz7zw6T7Nozvna2YU5OJNP2j+OvA==</latexit><latexit sha1_base64="K1B6LCMFqy9j96oUEI/PoI0qTEQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNlwY3LCo4ttKVk0rQNzSRDckcopR/gRnGl9ov8BT/DP3Cm1UV9HLhwOOdcck/CWAqLnvfu5BYWl5ZX8quFtfWNza3i9s6t1YlhPGBaalMPqeVSKB6gQMnrseE0CiWvhYPLzK/dcWOFVjc4jHkroj0luoJRzCQdc9UulnzXm4L8T0oXH68ZJtV28a3Z0SyJuEImqbUN34uxNaIGBZN8XGgmlseUDWiPj6YXjslBKnVIV5t0FJKpOpejkbXDKEyTEcW+/ell4l9eI8HuWWskVJwgV2z2UDeRBDXJ6pKOMJyhHKaEMiPSCwnrU0MZpp9SSKt77vFJ2T/2yG/yXT04cs9d/9ovVcowQx72YB8OwYdTqMAVVCEABn14gGd4cZhz7zw6T7Nozvna2YU5OJNP2j+OvA==</latexit><latexit sha1_base64="K1B6LCMFqy9j96oUEI/PoI0qTEQ=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNlwY3LCo4ttKVk0rQNzSRDckcopR/gRnGl9ov8BT/DP3Cm1UV9HLhwOOdcck/CWAqLnvfu5BYWl5ZX8quFtfWNza3i9s6t1YlhPGBaalMPqeVSKB6gQMnrseE0CiWvhYPLzK/dcWOFVjc4jHkroj0luoJRzCQdc9UulnzXm4L8T0oXH68ZJtV28a3Z0SyJuEImqbUN34uxNaIGBZN8XGgmlseUDWiPj6YXjslBKnVIV5t0FJKpOpejkbXDKEyTEcW+/ell4l9eI8HuWWskVJwgV2z2UDeRBDXJ6pKOMJyhHKaEMiPSCwnrU0MZpp9SSKt77vFJ2T/2yG/yXT04cs9d/9ovVcowQx72YB8OwYdTqMAVVCEABn14gGd4cZhz7zw6T7Nozvna2YU5OJNP2j+OvA==</latexit><latexit sha1_base64="0k4W7pFatgg17dbUgqj8bWH6A2g=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgapixxceu4MZlBccW2lIy6Z02NJMMSUYopR/gRnGl+EX+gn/jTFsX9XEgcDjnhHvPDRPBjfW8T6ewsrq2vlHcLG1t7+zulfcP7o1KNcOAKaF0K6QGBZcYWG4FthKNNA4FNsPRde43H1AbruSdHSfYjelA8ogzanNJJSh75YrvejOQ/0kFFmj0yh+dvmJpjNIyQY1p+15iuxOqLWcCp6VOajChbEQHOJltOCUnmdQnkdLZk5bM1KUcjY0Zx2GWjKkdmp9eLv7ltVMbXXYnXCapRcnmg6JUEKtIXpf0uUZmxTgjlGmebUjYkGrKbHaUUlbdc6vnNb/qkd/ku3pw5l65/q1fqdcWNyjCERzDKfhwAXW4gQYEwGAIT/AKbw5zHp1n52UeLTiLP4ewBOf9C6EJifU=</latexit>

right

down
stop

idi

idi

closed

<latexit sha1_base64="R6ZNUuvDunt59dP0dELT7FtjxmU=">AAAB4nicdVDLSsNAFL2pr1pfVZduBovgKiRVfKwsuHFZwbSFtpTJ5KYdO8mEmYlQSr/AjeJKcefP+Avu/AX/wLTVRX0cuHA451zmnvETwbVxnDcrNze/sLiUXy6srK6tbxQ3t2papoqhx6SQquFTjYLH6BluBDYShTTyBdb9/vnYr9+g0lzGV2aQYDui3ZiHnFGTSTUmpMagUyy5tjMB+Z+Uzj6Sl3cAqHaKr61AsjTC2DBBtW66TmLaQ6oMZwJHhVaqMaGsT7s4nNw4InuZFJBQqmxiQybqTI5GWg8iP0tG1PT0T28s/uU1UxOetIc8TlKDMZs+FKaCGEnGhUnAFTIjBhmhTPHsQsJ6VFFmsm8pZNUd++Do0D1wyG/yXd0r26e2e+mWKmWYIg87sAv74MIxVOACquABg2u4g0d4stC6te6th2k0Z33tbMMMrOdPLo+N8g==</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="95hirYOt2GzLPJeBwcro87qSvL0=">AAAB4nicdVDLSgMxFL1TX7W+qi7dBIvgaphpxceu4MZlBacttKVkMrdtbGYyJBmhlH6BG8WV4gf5C/6N6cNFfRwIHM454d5zw1RwbTzv08mtrK6tb+Q3C1vbO7t7xf2DupaZYhgwKaRqhlSj4AkGhhuBzVQhjUOBjXB4PfUbD6g0l8mdGaXYiWk/4T3OqLFSnQmpMeoWS77rzUD+JyVYoNYtfrQjybIYE8ME1brle6npjKkynAmcFNqZxpSyIe3jeLbjhJxYKSI9qexLDJmpSzkaaz2KQ5uMqRnon95U/MtrZaZ32RnzJM0MJmw+qJcJYiSZFiYRV8iMGFlCmeJ2Q8IGVFFm7FkKtrrnVs7P/IpHfpPv6kHZvXL9W79ULS9ukIcjOIZT8OECqnADNQiAwT08wSu8Oeg8Os/OyzyacxZ/DmEJzvsXFHqKzw==</latexit>

closed

<latexit sha1_base64="R6ZNUuvDunt59dP0dELT7FtjxmU=">AAAB4nicdVDLSsNAFL2pr1pfVZduBovgKiRVfKwsuHFZwbSFtpTJ5KYdO8mEmYlQSr/AjeJKcefP+Avu/AX/wLTVRX0cuHA451zmnvETwbVxnDcrNze/sLiUXy6srK6tbxQ3t2papoqhx6SQquFTjYLH6BluBDYShTTyBdb9/vnYr9+g0lzGV2aQYDui3ZiHnFGTSTUmpMagUyy5tjMB+Z+Uzj6Sl3cAqHaKr61AsjTC2DBBtW66TmLaQ6oMZwJHhVaqMaGsT7s4nNw4InuZFJBQqmxiQybqTI5GWg8iP0tG1PT0T28s/uU1UxOetIc8TlKDMZs+FKaCGEnGhUnAFTIjBhmhTPHsQsJ6VFFmsm8pZNUd++Do0D1wyG/yXd0r26e2e+mWKmWYIg87sAv74MIxVOACquABg2u4g0d4stC6te6th2k0Z33tbMMMrOdPLo+N8g==</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="xR1iiI/IIyDq3R8wm8OyMcNnESY=">AAAB4nicdVDLSgMxFL3js46vqks3wSK4GmZa8bEQC25cVnDaQltKJpNpYzOTMckIpfQL3CiuFHf+jH8gfoZ/YNrqoj4OXDiccy65J0HKmdKu+27NzM7NLyzmluzlldW19fzGZlWJTBLqE8GFrAdYUc4S6mumOa2nkuI44LQW9M5Gfu2GSsVEcqn7KW3FuJOwiBGsjVQlXCgatvMFz3HHQP+TwulH+vJmn1xX2vnXZihIFtNEE46VanhuqlsDLDUjnA7tZqZoikkPd+hgfOMQ7RopRJGQZhKNxupUDsdK9ePAJGOsu+qnNxL/8hqZjo5aA5akmaYJmTwUZRxpgUaFUcgkJZr3DcFEMnMhIl0sMdHmW2xT3XVKB/teyUW/yXd1v+gcO96FVygXYYIcbMMO7IEHh1CGc6iADwSu4A4e4cmi1q11bz1MojPW184WTMF6/gQQao6h</latexit><latexit sha1_base64="95hirYOt2GzLPJeBwcro87qSvL0=">AAAB4nicdVDLSgMxFL1TX7W+qi7dBIvgaphpxceu4MZlBacttKVkMrdtbGYyJBmhlH6BG8WV4gf5C/6N6cNFfRwIHM454d5zw1RwbTzv08mtrK6tb+Q3C1vbO7t7xf2DupaZYhgwKaRqhlSj4AkGhhuBzVQhjUOBjXB4PfUbD6g0l8mdGaXYiWk/4T3OqLFSnQmpMeoWS77rzUD+JyVYoNYtfrQjybIYE8ME1brle6npjKkynAmcFNqZxpSyIe3jeLbjhJxYKSI9qexLDJmpSzkaaz2KQ5uMqRnon95U/MtrZaZ32RnzJM0MJmw+qJcJYiSZFiYRV8iMGFlCmeJ2Q8IGVFFm7FkKtrrnVs7P/IpHfpPv6kHZvXL9W79ULS9ukIcjOIZT8OECqnADNQiAwT08wSu8Oeg8Os/OyzyacxZ/DmEJzvsXFHqKzw==</latexit>

SP .direction(i)
<latexit sha1_base64="TBpbzBAwDMjG6BkkCWkpeTBa5r8=">AAAB9nicdVDLSsNAFL2pr1pfUTeCm8Ei1E1IWvGxsuDGZUVjC20pk+mkHTp5MDMRQqi/4kLFleJn+Avu/AX/wKTRRX0cGDicc4Z7z3VCzqQyzTetMDM7N79QXCwtLa+srunrG1cyiAShNgl4IFoOlpQzn9qKKU5boaDYczhtOqPTzG9eUyFZ4F+qOKRdDw985jKCVSr19K2Oh9WQqeSiYfSZoCSTxxW219PLlmFOgP4n5ZOP8O4dABo9/bXTD0jkUV8RjqVsW2aougkWihFOx6VOJGmIyQgPaDLZe4x2U6mP3ECkz1dook7lsCdl7DlpMttS/vQy8S+vHSn3qJswP4wU9Uk+yI04UgHKjoDypjxOCSaCpRsiMsQCE5WeqpRWN43awb5VM9Fv8l3drhrHhnVuletVyFGEbdiBClhwCHU4gwbYQOAG7uEJnrVYu9UetMc8WtC+/mzCFLSXT3s4lYQ=</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="Kk4fgp/8dN7olfm1jsrkbpCMeF4=">AAAB9nicdVDLSsNAFJ3UV42vqBvBzWAR6iYkrfhYiAU3LisaW2hLmUwn7dDJw5mJEEL9FRcqrhQ/wz8QP8M/cNLooj4ODBzOOcO957oRo0Ja1rtWmJqemZ0rzusLi0vLK8bq2qUIY46Jg0MW8qaLBGE0II6kkpFmxAnyXUYa7vAk8xvXhAsaBhcyiUjHR/2AehQjqaSusdH2kRxQmZ7XzR7lBGfyqEx3ukbJNq0x4P+kdPwR3b3pR1f1rvHa7oU49kkgMUNCtGwrkp0UcUkxIyO9HQsSITxEfZKO9x7BbSX1oBdy9QIJx+pEDvlCJL6rktmW4qeXiX95rVh6B52UBlEsSYDzQV7MoAxhdgSYN2WJIghzqjaEeIA4wlKdSlfVLbO6t2tXLfibfFd3KuahaZ/ZpVoF5CiCTbAFysAG+6AGTkEdOACDG3APnsCzlmi32oP2mEcL2tefdTAB7eUTXROWMw==</latexit><latexit sha1_base64="1HmHsuMv4QvAn0e7o1/tNI/orNk=">AAAB9nicdVDLSsNAFL2pr1ofjboR3AwWoW5C0oqPXcGNy4rGFtpSJtNJO3TyYGYihFB/xY3iSvEz/AX/xklbF/VxYeBwzhnuPceLOZPKtj+NwtLyyupacb20sbm1XTZ3du9klAhCXRLxSLQ9LClnIXUVU5y2Y0Fx4HHa8saXud66p0KyKLxVaUx7AR6GzGcEK031zf1ugNWIqeymaQ2YoCSnJ1V23DcrjmVPB/0PKjCfZt/86A4ikgQ0VIRjKTuOHatehoVihNNJqZtIGmMyxkOaTe+eoCNNDZAfCf1Chabsgg8HUqaBp535lfKnlpN/aZ1E+ee9jIVxomhIZov8hCMVobwENEvKUw0wEUxfiMgIC0yUrqqko9tW/fTEqdvoN/iO7tasC8u5diqN2ryDIhzAIVTBgTNowBU0wQUCD/AEr/BmpMaj8Wy8zKwFY/5nDxbGeP8CYSOSYQ==</latexit>

operation 

LAST := 

if (DOOR =        ) 

    then movei := 

    else DOOR :=

   if (LAST =    ) then movei :=

        else movei := 

   end if

 end if


return (movei)

Proof:
At least one not


door must be closed

whoever closed it, is       or


At least one not

let    be last to write LAST

if DOOR closed, then

if DOOR open, then


No two 

let   first to find LAST =

no one has yet modified LAST

later   will find DOOR closed

right
<latexit sha1_base64="IieKuHiPFmNluFkgwKcBwQW3b3Y=">AAAB4nicdVDJSgNBFHwdtxi3qEcvjUHwNMyY4HIy4MVjBCcJmBB6Oj1Jm56F7jdCCPkCL4qniAc/x1/wM/wDZxI9xKXgQVFVj37VXqykQdt+J7mFxaXllfxqYW19Y3OruL1TN1GiuXB5pCLd9JgRSobCRYlKNGMtWOAp0fAGF5nfuBPayCi8xmEs2gHrhdKXnGEq1bXs9bHQKZYcy56C/k9K5x+TySsA1DrFt1Y34kkgQuSKGXPj2DG2R0yj5EqMC63EiJjxAeuJ0fTGMT1IpS71I51OiHSqzuVYYMww8NJkwLBvfnqZ+Jd3k6B/2h7JME5QhHz2kJ8oihHNCtOu1IKjGqaEcS3TCynvM804pt+SVbet8nHFKdv0N/mu7h5ZZ5Zz5ZSqFZghD3uwD4fgwAlU4RJq4AKHW3iACTwTQe7JI3maRXPka2cX5kBePgGL042B</latexit><latexit sha1_base64="WZxjvYX/CM7kFtJEIU/JCCJULcY=">AAAB4nicdVDJTgJBFHyNG+KGevTSkZh4mswIcTlJ4sUjJg6SACE9TQ+09CzpfmNCCF/gReMJ4gf5C36Gf+AM6AGXSl5SqaqXftVerKRB234nuaXlldW1/HphY3Nre6e4u1c3UaK5cHmkIt3wmBFKhsJFiUo0Yi1Y4Clx5w2uMv/uQWgjo/AWh7FoB6wXSl9yhqlU17LXx0KnWHIsewb6PyldfkwyTGud4lurG/EkECFyxYxpOnaM7RHTKLkS40IrMSJmfMB6YjS7cUyPUqlL/UinEyKdqQs5FhgzDLw0GTDsm59eJv7lNRP0z9sjGcYJipDPH/ITRTGiWWHalVpwVMOUMK5leiHlfaYZx/Rbsuq2VT6tOGWb/ibf1d0T68JybpxStQJz5OEADuEYHDiDKlxDDVzgcA9PMIEpEeSRPJOXeTRHvnb2YQHk9RPVmY9G</latexit><latexit sha1_base64="WZxjvYX/CM7kFtJEIU/JCCJULcY=">AAAB4nicdVDJTgJBFHyNG+KGevTSkZh4mswIcTlJ4sUjJg6SACE9TQ+09CzpfmNCCF/gReMJ4gf5C36Gf+AM6AGXSl5SqaqXftVerKRB234nuaXlldW1/HphY3Nre6e4u1c3UaK5cHmkIt3wmBFKhsJFiUo0Yi1Y4Clx5w2uMv/uQWgjo/AWh7FoB6wXSl9yhqlU17LXx0KnWHIsewb6PyldfkwyTGud4lurG/EkECFyxYxpOnaM7RHTKLkS40IrMSJmfMB6YjS7cUyPUqlL/UinEyKdqQs5FhgzDLw0GTDsm59eJv7lNRP0z9sjGcYJipDPH/ITRTGiWWHalVpwVMOUMK5leiHlfaYZx/Rbsuq2VT6tOGWb/ibf1d0T68JybpxStQJz5OEADuEYHDiDKlxDDVzgcA9PMIEpEeSRPJOXeTRHvnb2YQHk9RPVmY9G</latexit><latexit sha1_base64="WZxjvYX/CM7kFtJEIU/JCCJULcY=">AAAB4nicdVDJTgJBFHyNG+KGevTSkZh4mswIcTlJ4sUjJg6SACE9TQ+09CzpfmNCCF/gReMJ4gf5C36Gf+AM6AGXSl5SqaqXftVerKRB234nuaXlldW1/HphY3Nre6e4u1c3UaK5cHmkIt3wmBFKhsJFiUo0Yi1Y4Clx5w2uMv/uQWgjo/AWh7FoB6wXSl9yhqlU17LXx0KnWHIsewb6PyldfkwyTGud4lurG/EkECFyxYxpOnaM7RHTKLkS40IrMSJmfMB6YjS7cUyPUqlL/UinEyKdqQs5FhgzDLw0GTDsm59eJv7lNRP0z9sjGcYJipDPH/ITRTGiWWHalVpwVMOUMK5leiHlfaYZx/Rbsuq2VT6tOGWb/ibf1d0T68JybpxStQJz5OEADuEYHDiDKlxDDVzgcA9PMIEpEeSRPJOXeTRHvnb2YQHk9RPVmY9G</latexit><latexit sha1_base64="WZxjvYX/CM7kFtJEIU/JCCJULcY=">AAAB4nicdVDJTgJBFHyNG+KGevTSkZh4mswIcTlJ4sUjJg6SACE9TQ+09CzpfmNCCF/gReMJ4gf5C36Gf+AM6AGXSl5SqaqXftVerKRB234nuaXlldW1/HphY3Nre6e4u1c3UaK5cHmkIt3wmBFKhsJFiUo0Yi1Y4Clx5w2uMv/uQWgjo/AWh7FoB6wXSl9yhqlU17LXx0KnWHIsewb6PyldfkwyTGud4lurG/EkECFyxYxpOnaM7RHTKLkS40IrMSJmfMB6YjS7cUyPUqlL/UinEyKdqQs5FhgzDLw0GTDsm59eJv7lNRP0z9sjGcYJipDPH/ITRTGiWWHalVpwVMOUMK5leiHlfaYZx/Rbsuq2VT6tOGWb/ibf1d0T68JybpxStQJz5OEADuEYHDiDKlxDDVzgcA9PMIEpEeSRPJOXeTRHvnb2YQHk9RPVmY9G</latexit><latexit sha1_base64="rKbyAPelkDMp6AJ77dQT75cbYH8=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HILePEYwUkCSQg9nTdJm56F7jdCCPkCL4onxQ/yF/wbJ4uHuBQ0FFXVvFfPT5Q05DifVm5ldW19I79Z2Nre2d0r7h/UTZxqgZ6IVaybPjeoZIQeSVLYTDTy0FfY8IfXU7/xgNrIOLqjUYKdkPcjGUjBKZPqWvYHVOgWS67tzMD+JyVYoNYtfrR7sUhDjEgobkzLdRLqjLkmKRROCu3UYMLFkPdxPNtxwk4yqceCWGcvIjZTl3I8NGYU+lky5DQwP72p+JfXSim47IxllKSEkZgPClLFKGbTwqwnNQpSo4xwoWW2IRMDrrmg7CzT6o5dPq+4ZYf9Jt/VvTP7ynZv3VK1srhBHo7gGE7BhQuowg3UwAMB9/AEr/BmofVoPVsv82jOWvw5hCVY71+cY4p/</latexit>

down

<latexit sha1_base64="cDM0sqGiko5xPmVcs05y2YfHzuI=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK4MbP8Rf8DP/ApNVFfRy4cDjnXOae8WPOtHGcd6uwsLi0vFJcLa2tb2xulbd3brRMFKEekVyqlo815UxQzzDDaStWFEc+p01/eJH7zVuqNJPi2oxi2o1wX7CQEWwyyQvknSj1yhXXdqZA/5PK+UeavgJAo1d+6wSSJBEVhnCsddt1YtMdY2UY4XRS6iSaxpgMcZ+OpydO0EEmBSiUKhth0FSdy+FI61HkZ8kIm4H+6eXiX147MeFpd8xEnBgqyOyhMOHISJT3RQFTlBg+yggmimUXIjLAChOT/Upe3bGrxzW36qDf5Lu6d2Sf2e6VW6nXYIYi7ME+HIILJ1CHS2iABwQYPMAzpFZg3VuP1tMsWrC+dnZhDtbLJ86PjRE=</latexit><latexit sha1_base64="jJMox7kxE6r9biG59TKgfUp73J0=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK6g/5C36Gf2DS6KI+Dlw4nHMuc8/4MWfaOM67VVhYXFpeKa6W1tY3NrfK2zs3WiaKUI9ILlXLx5pyJqhnmOG0FSuKI5/Tpj+8yPzmLVWaSXFtRjHtRrgvWMgINqnkBfJOlHrlims7M6D/SeX8Y5rhpdErv3UCSZKICkM41rrtOrHpjrEyjHA6KXUSTWNMhrhPx7MTJ+gglQIUSpWOMGimzuVwpPUo8tNkhM1A//Qy8S+vnZjwtDtmIk4MFSR/KEw4MhJlfVHAFCWGj1KCiWLphYgMsMLEpL+SVXfs6nHNrTroN/mu7h3ZZ7Z75VbqNchRhD3Yh0Nw4QTqcAkN8IAAgwd4hqkVWPfWo/WURwvW184uzMF6/QQYZI7W</latexit><latexit sha1_base64="jJMox7kxE6r9biG59TKgfUp73J0=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK6g/5C36Gf2DS6KI+Dlw4nHMuc8/4MWfaOM67VVhYXFpeKa6W1tY3NrfK2zs3WiaKUI9ILlXLx5pyJqhnmOG0FSuKI5/Tpj+8yPzmLVWaSXFtRjHtRrgvWMgINqnkBfJOlHrlims7M6D/SeX8Y5rhpdErv3UCSZKICkM41rrtOrHpjrEyjHA6KXUSTWNMhrhPx7MTJ+gglQIUSpWOMGimzuVwpPUo8tNkhM1A//Qy8S+vnZjwtDtmIk4MFSR/KEw4MhJlfVHAFCWGj1KCiWLphYgMsMLEpL+SVXfs6nHNrTroN/mu7h3ZZ7Z75VbqNchRhD3Yh0Nw4QTqcAkN8IAAgwd4hqkVWPfWo/WURwvW184uzMF6/QQYZI7W</latexit><latexit sha1_base64="jJMox7kxE6r9biG59TKgfUp73J0=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK6g/5C36Gf2DS6KI+Dlw4nHMuc8/4MWfaOM67VVhYXFpeKa6W1tY3NrfK2zs3WiaKUI9ILlXLx5pyJqhnmOG0FSuKI5/Tpj+8yPzmLVWaSXFtRjHtRrgvWMgINqnkBfJOlHrlims7M6D/SeX8Y5rhpdErv3UCSZKICkM41rrtOrHpjrEyjHA6KXUSTWNMhrhPx7MTJ+gglQIUSpWOMGimzuVwpPUo8tNkhM1A//Qy8S+vnZjwtDtmIk4MFSR/KEw4MhJlfVHAFCWGj1KCiWLphYgMsMLEpL+SVXfs6nHNrTroN/mu7h3ZZ7Z75VbqNchRhD3Yh0Nw4QTqcAkN8IAAgwd4hqkVWPfWo/WURwvW184uzMF6/QQYZI7W</latexit><latexit sha1_base64="jJMox7kxE6r9biG59TKgfUp73J0=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcOOygrGFtpTJZNIOncyEmYlSSn/AjeLK6g/5C36Gf2DS6KI+Dlw4nHMuc8/4MWfaOM67VVhYXFpeKa6W1tY3NrfK2zs3WiaKUI9ILlXLx5pyJqhnmOG0FSuKI5/Tpj+8yPzmLVWaSXFtRjHtRrgvWMgINqnkBfJOlHrlims7M6D/SeX8Y5rhpdErv3UCSZKICkM41rrtOrHpjrEyjHA6KXUSTWNMhrhPx7MTJ+gglQIUSpWOMGimzuVwpPUo8tNkhM1A//Qy8S+vnZjwtDtmIk4MFSR/KEw4MhJlfVHAFCWGj1KCiWLphYgMsMLEpL+SVXfs6nHNrTroN/mu7h3ZZ7Z75VbqNchRhD3Yh0Nw4QTqcAkN8IAAgwd4hqkVWPfWo/WURwvW184uzMF6/QQYZI7W</latexit><latexit sha1_base64="sEWcrO04jVwCVNBhCCU1ExD9ZGE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBIvgapjR4mNXcOOygmMLbSmZTKYNzSRDckcppT/gRnGl+EP+gn/j9OGiPg4EDueccO+5YSqFRc/7dApLyyura8X10sbm1vZOeXfvzurMMB4wLbVphtRyKRQPUKDkzdRwmoSSN8LB1cRv3HNjhVa3OEx5J6E9JWLBKOZSEOkHVeqWK77rTUH+JxWYo94tf7QjzbKEK2SSWtvyvRQ7I2pQMMnHpXZmeUrZgPb4aLrimBzlUkRibfKnkEzVhRxNrB0mYZ5MKPbtT28i/uW1MowvOiOh0gy5YrNBcSYJajLpSyJhOEM5zAllRuQbEtanhjLMrzKp7rmnZ1X/1CO/yXf14MS9dP0bv1Krzm9QhAM4hGPw4RxqcA11CICBgCd4hTcnch6dZ+dlFi048z/7sADn/QvfH4oP</latexit>

stop

<latexit sha1_base64="LqrGX1hqo/nonZIAtk4c0rrYoGw=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFlcePn+At+hn9g0uqiPg5cOJxzLnPP+IkUBh3n3SosLC4trxRXS2vrG5tb5e2dW6NSzbjHlFS66VPDpYi5hwIlbyaa08iXvOEPLnO/cce1ESq+wWHCOxHtxSIUjGImeQZVUuqWK67tTEH+J5WLj8nkFQDq3fJbO1AsjXiMTFJjWq6TYGdENQom+bjUTg1PKBvQHh9NTxyTg0wKSKh0NjGSqTqXo5Exw8jPkhHFvvnp5eJfXivF8KwzEnGSIo/Z7KEwlQQVyfuSQGjOUA4zQpkW2YWE9ammDLNfyas79vFJ1T12yG/yXd07ss9t99qt1KowQxH2YB8OwYVTqMEV1MEDBgIe4BkmVmDdW4/W0yxasL52dmEO1ssn42qNHw==</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="2RPZ4oPoFn5sD59sg5usDRagXJw=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+NgV3LisYGyhLWUymbRDJ5kwcyOU0h9wo7hS/CF/wb8xSeuiPg4MHM45w73n+okUBh3n0yqtrK6tb5Q3K1vbO7t71f2De6NSzbjHlFS641PDpYi5hwIl7ySa08iXvO2Pr3O//cC1ESq+w0nC+xEdxiIUjGImeQZVUhlUa67tFCD/kxos0BpUP3qBYmnEY2SSGtN1nQT7U6pRMMlnlV5qeELZmA75tFhxRk4yKSCh0tmLkRTqUo5GxkwiP0tGFEfmp5eLf3ndFMPL/lTESYo8ZvNBYSoJKpL3JYHQnKGcZIQyLbINCRtRTRlmV8mrO3b9vOHWHfKbfFf3zuwr2711a83G4gZlOIJjOAUXLqAJN9ACDxgIeIJXeLMC69F6tl7m0ZK1+HMIS7DevwDz+ood</latexit>

stop

<latexit sha1_base64="dcr0nOXJlrNDnIiNyIXxx372hhg=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRWfKwsuNBlBWMLbSmTyaQdOsmEmRuhlP6AG8WV4j/4Hf6Cn+EfmLS6qI8DFw7nnMvcM34ihUHHebcKc/MLi0vF5dLK6tr6Rnlz68aoVDPuMSWVbvrUcCli7qFAyZuJ5jTyJW/4g/Pcb9xybYSKr3GY8E5Ee7EIBaOYSZ5BlZS65YprOxOQ/0nl7OPilQBAvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOjyYljspdJAQmVziZGMlFncjQyZhj5WTKi2Dc/vVz8y2ulGJ50RiJOUuQxmz4UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1x64eHbpVh/wm39W9A/vUdq/cSs2BKYqwA7uwDy4cQw0uoQ4eMBBwD0/wbAXWnfVgPU6jBetrZxtmYL18Auu/jF4=</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="4g2xw5X7N64T9Fvk/33uwHcRnSI=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKkxUfOwKblxWMLbQljKZTNqhk0yYuRFK6Q+4UVwp/pC/4N+YtHVRHwcGDuec4d5zg1RJi5R+OqWl5ZXVtfJ6ZWNza3unurt3b3VmuPC5Vtq0AmaFkonwUaISrdQIFgdKNIPhdeE3H4SxUid3OEpFN2b9REaSM8wl36JOK71qzXPpFOR/UoM5Gr3qRyfUPItFglwxa9seTbE7ZgYlV2JS6WRWpIwPWV+MpytOyFEuhSTSJn8Jkqm6kGOxtaM4yJMxw4H96RXiX147w+iyO5ZJmqFI+GxQlCmCmhR9SSiN4KhGOWHcyHxDwgfMMI75VYrq1D09P/NOKflNvqv7J+6V6916tTqd36AMB3AIx+DBBdThBhrgAwcJT/AKb07oPDrPzsssWnLmf/ZhAc77F/LGihk=</latexit>

down

<latexit sha1_base64="ihED2AoakeBBqAqmwd0+q2RncbE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBIvgasio+FhZcKHLCo4ttKVkMpk2NJMMSUYppT/gRnGl+A9+h7/gZ/gHzrS6qI8DFw7nnEvuSZAIbizG705hZnZufqG4WFpaXlldK69vXBuVasp8qoTSjYAYJrhkvuVWsEaiGYkDwepB/yz36zdMG67klR0krB2TruQRp8Rmkh+qW1nqlCuei8dA/5PK6cf5KwKAWqf81goVTWMmLRXEmKaHE9seEm05FWxUaqWGJYT2SZcNxyeO0E4mhShSOhtp0VidypHYmEEcZMmY2J756eXiX14ztdFxe8hlklom6eShKBXIKpT3RSHXjFoxyAihmmcXItojmlCb/UpeHbv7hwfePka/yXd1f889cb1Lr1LFMEERtmAbdsGDI6jCBdTABwoc7uEJnp3QuXMenMdJtOB87WzCFJyXT9bkjFA=</latexit><latexit sha1_base64="LdWQKqNDeqsbF3RU/TQm8LuKBdw=">AAAB4XicdVDLSgMxFL3js9ZXfezcBIvgapix4mNlwYVdVnBsoS0lk8m0oZlkSDJKLf0BN4orxX/wO/wFl36Cf+BMq4v6OHDhcM655J74MWfaOM6bNTU9Mzs3n1vILy4tr6wW1tYvtUwUoR6RXKq6jzXlTFDPMMNpPVYURz6nNb93mvm1K6o0k+LC9GPainBHsJARbFLJC+S1yLcLRdd2RkD/k+LJx9nL5s17pdouvDYDSZKICkM41rrhOrFpDbAyjHA6zDcTTWNMerhDB6MTh2gnlQIUSpWOMGikTuRwpHU/8tNkhE1X//Qy8S+vkZjwqDVgIk4MFWT8UJhwZCTK+qKAKUoM76cEE8XSCxHpYoWJSX8lq+7YpYN9t+Sg3+S7urdnH9vuuVssOzBGDrZgG3bBhUMoQwWq4AEBBnfwCE9WYN1a99bDODplfe1swASs50/lWY3n</latexit><latexit sha1_base64="LdWQKqNDeqsbF3RU/TQm8LuKBdw=">AAAB4XicdVDLSgMxFL3js9ZXfezcBIvgapix4mNlwYVdVnBsoS0lk8m0oZlkSDJKLf0BN4orxX/wO/wFl36Cf+BMq4v6OHDhcM655J74MWfaOM6bNTU9Mzs3n1vILy4tr6wW1tYvtUwUoR6RXKq6jzXlTFDPMMNpPVYURz6nNb93mvm1K6o0k+LC9GPainBHsJARbFLJC+S1yLcLRdd2RkD/k+LJx9nL5s17pdouvDYDSZKICkM41rrhOrFpDbAyjHA6zDcTTWNMerhDB6MTh2gnlQIUSpWOMGikTuRwpHU/8tNkhE1X//Qy8S+vkZjwqDVgIk4MFWT8UJhwZCTK+qKAKUoM76cEE8XSCxHpYoWJSX8lq+7YpYN9t+Sg3+S7urdnH9vuuVssOzBGDrZgG3bBhUMoQwWq4AEBBnfwCE9WYN1a99bDODplfe1swASs50/lWY3n</latexit><latexit sha1_base64="LdWQKqNDeqsbF3RU/TQm8LuKBdw=">AAAB4XicdVDLSgMxFL3js9ZXfezcBIvgapix4mNlwYVdVnBsoS0lk8m0oZlkSDJKLf0BN4orxX/wO/wFl36Cf+BMq4v6OHDhcM655J74MWfaOM6bNTU9Mzs3n1vILy4tr6wW1tYvtUwUoR6RXKq6jzXlTFDPMMNpPVYURz6nNb93mvm1K6o0k+LC9GPainBHsJARbFLJC+S1yLcLRdd2RkD/k+LJx9nL5s17pdouvDYDSZKICkM41rrhOrFpDbAyjHA6zDcTTWNMerhDB6MTh2gnlQIUSpWOMGikTuRwpHU/8tNkhE1X//Qy8S+vkZjwqDVgIk4MFWT8UJhwZCTK+qKAKUoM76cEE8XSCxHpYoWJSX8lq+7YpYN9t+Sg3+S7urdnH9vuuVssOzBGDrZgG3bBhUMoQwWq4AEBBnfwCE9WYN1a99bDODplfe1swASs50/lWY3n</latexit><latexit sha1_base64="LdWQKqNDeqsbF3RU/TQm8LuKBdw=">AAAB4XicdVDLSgMxFL3js9ZXfezcBIvgapix4mNlwYVdVnBsoS0lk8m0oZlkSDJKLf0BN4orxX/wO/wFl36Cf+BMq4v6OHDhcM655J74MWfaOM6bNTU9Mzs3n1vILy4tr6wW1tYvtUwUoR6RXKq6jzXlTFDPMMNpPVYURz6nNb93mvm1K6o0k+LC9GPainBHsJARbFLJC+S1yLcLRdd2RkD/k+LJx9nL5s17pdouvDYDSZKICkM41rrhOrFpDbAyjHA6zDcTTWNMerhDB6MTh2gnlQIUSpWOMGikTuRwpHU/8tNkhE1X//Qy8S+vkZjwqDVgIk4MFWT8UJhwZCTK+qKAKUoM76cEE8XSCxHpYoWJSX8lq+7YpYN9t+Sg3+S7urdnH9vuuVssOzBGDrZgG3bBhUMoQwWq4AEBBnfwCE9WYN1a99bDODplfe1swASs50/lWY3n</latexit><latexit sha1_base64="kCfKLCcan9zrJAsTVFak/4yi7Sg=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBIvgapix4mNXcOOygmMLbSmZTNqGZpIhuaOU0h9wo7hS/CF/wb9xpq2L+jgQOJxzwr3nhokUFj3v0yksLa+srhXXSxubW9s75d29O6tTw3jAtNSmGVLLpVA8QIGSNxPDaRxK3giHV7nfuOfGCq1ucZTwTkz7SvQEo5hJQaQfVKlbrviuNwX5n1Rgjnq3/NGONEtjrpBJam3L9xLsjKlBwSSflNqp5QllQ9rn4+mKE3KUSRHpaZM9hWSqLuRobO0oDrNkTHFgf3q5+JfXSrF30RkLlaTIFZsN6qWSoCZ5XxIJwxnKUUYoMyLbkLABNZRhdpW8uudWz079qkd+k+/qwYl76fo3fqXmzW9QhAM4hGPw4RxqcA11CICBgCd4hTcnch6dZ+dlFi048z/7sADn/Qvd64oL</latexit>

p
<latexit sha1_base64="jjsd3Ud/LAAabGtf/wXQYJE3fmI=">AAAB3nicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcKHLKsYW2lIm00k7dJIMMzdCKV27UVwpfoXf4S/4Gf6BSauL+jhw4XDOucw94yspDDrOu5Wbm19YXMovF1ZW19Y3iptbNyZONOMei2WsGz41XIqIeyhQ8obSnIa+5HV/cJb59VuujYijaxwq3g5pLxKBYBRT6UoVOsWSazsTkP9J6fTj/JUAQK1TfGt1Y5aEPEImqTFN11HYHlGNgkk+LrQSwxVlA9rjo8l9Y7KXSl0SxDqdCMlEncnR0Jhh6KfJkGLf/PQy8S+vmWBw3B6JSCXIIzZ9KEgkwZhkZUlXaM5QDlNCmRbphYT1qaYM0y/Jqjt2+bDilh3ym3xX9w7sE9u9dEtVB6bIww7swj64cARVuIAaeMAggHt4gmeLWnfWg/U4jeasr51tmIH18gmBXorq</latexit><latexit sha1_base64="r6TAgvW6d7H8HEXHof00ZvuAggU=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxOUkiQc5onGEBAjpaXqgQ8+S7jcmSDh70XjS+BV+h7/g0U/wD5wBPeBSyUsqVfXSr9qNpNBoWW9GZmZ2bn4hu5hbWl5ZXcuvb1zpMFaMOyyUoaq7VHMpAu6gQMnrkeLUdyWvuf3T1K9dc6VFGFziIOItn3YD4QlGMZEuolw7X7BNawzyPymcfJy9bN28V6rt/GuzE7LY5wEySbVu2FaErSFVKJjko1wz1jyirE+7fDi+b0R2E6lDvFAlEyAZq1M56ms98N0k6VPs6Z9eKv7lNWL0jlpDEUQx8oBNHvJiSTAkaVnSEYozlIOEUKZEciFhPaoow+RL0uqWWTwo2UWL/Cbf1Z1989i0z+1C2YIJsrANO7AHNhxCGSpQBQcYeHAHj/BkUOPWuDceJtGM8bWzCVMwnj8Bj9OMgQ==</latexit><latexit sha1_base64="r6TAgvW6d7H8HEXHof00ZvuAggU=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxOUkiQc5onGEBAjpaXqgQ8+S7jcmSDh70XjS+BV+h7/g0U/wD5wBPeBSyUsqVfXSr9qNpNBoWW9GZmZ2bn4hu5hbWl5ZXcuvb1zpMFaMOyyUoaq7VHMpAu6gQMnrkeLUdyWvuf3T1K9dc6VFGFziIOItn3YD4QlGMZEuolw7X7BNawzyPymcfJy9bN28V6rt/GuzE7LY5wEySbVu2FaErSFVKJjko1wz1jyirE+7fDi+b0R2E6lDvFAlEyAZq1M56ms98N0k6VPs6Z9eKv7lNWL0jlpDEUQx8oBNHvJiSTAkaVnSEYozlIOEUKZEciFhPaoow+RL0uqWWTwo2UWL/Cbf1Z1989i0z+1C2YIJsrANO7AHNhxCGSpQBQcYeHAHj/BkUOPWuDceJtGM8bWzCVMwnj8Bj9OMgQ==</latexit><latexit sha1_base64="r6TAgvW6d7H8HEXHof00ZvuAggU=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxOUkiQc5onGEBAjpaXqgQ8+S7jcmSDh70XjS+BV+h7/g0U/wD5wBPeBSyUsqVfXSr9qNpNBoWW9GZmZ2bn4hu5hbWl5ZXcuvb1zpMFaMOyyUoaq7VHMpAu6gQMnrkeLUdyWvuf3T1K9dc6VFGFziIOItn3YD4QlGMZEuolw7X7BNawzyPymcfJy9bN28V6rt/GuzE7LY5wEySbVu2FaErSFVKJjko1wz1jyirE+7fDi+b0R2E6lDvFAlEyAZq1M56ms98N0k6VPs6Z9eKv7lNWL0jlpDEUQx8oBNHvJiSTAkaVnSEYozlIOEUKZEciFhPaoow+RL0uqWWTwo2UWL/Cbf1Z1989i0z+1C2YIJsrANO7AHNhxCGSpQBQcYeHAHj/BkUOPWuDceJtGM8bWzCVMwnj8Bj9OMgQ==</latexit><latexit sha1_base64="r6TAgvW6d7H8HEXHof00ZvuAggU=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxOUkiQc5onGEBAjpaXqgQ8+S7jcmSDh70XjS+BV+h7/g0U/wD5wBPeBSyUsqVfXSr9qNpNBoWW9GZmZ2bn4hu5hbWl5ZXcuvb1zpMFaMOyyUoaq7VHMpAu6gQMnrkeLUdyWvuf3T1K9dc6VFGFziIOItn3YD4QlGMZEuolw7X7BNawzyPymcfJy9bN28V6rt/GuzE7LY5wEySbVu2FaErSFVKJjko1wz1jyirE+7fDi+b0R2E6lDvFAlEyAZq1M56ms98N0k6VPs6Z9eKv7lNWL0jlpDEUQx8oBNHvJiSTAkaVnSEYozlIOEUKZEciFhPaoow+RL0uqWWTwo2UWL/Cbf1Z1989i0z+1C2YIJsrANO7AHNhxCGSpQBQcYeHAHj/BkUOPWuDceJtGM8bWzCVMwnj8Bj9OMgQ==</latexit><latexit sha1_base64="SgwVyqtO8nArBpftNSRsYsmry1k=">AAAB3nicdVDLSgMxFL2pr1pfVZdugkVwNWSs+NgV3Lis4thCW0omzbShmQfJHaGUrt0orhQ/yV/wb5xp66I+DgQO55xw77l+opVFxj5JYWl5ZXWtuF7a2Nza3inv7t3bODVCeiLWsWn63EqtIumhQi2biZE89LVs+MOr3G88SGNVHN3hKJGdkPcjFSjBMZNuk1K3XHEdNgX9n1Rgjnq3/NHuxSINZYRCc2tbLkuwM+YGldByUmqnViZcDHlfjqf7TehRJvVoEJvsRUin6kKOh9aOQj9LhhwH9qeXi395rRSDi85YRUmKMhKzQUGqKcY0L0t7ykiBepQRLozKNqRiwA0XmJ0kr86c6tmpW2X0N/mu7p04l45741ZqbH6DIhzAIRyDC+dQg2uogwcCAniCV3gjnDySZ/IyixbI/M8+LIC8fwGIZYil</latexit>

stop

<latexit sha1_base64="dcr0nOXJlrNDnIiNyIXxx372hhg=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRWfKwsuNBlBWMLbSmTyaQdOsmEmRuhlP6AG8WV4j/4Hf6Cn+EfmLS6qI8DFw7nnMvcM34ihUHHebcKc/MLi0vF5dLK6tr6Rnlz68aoVDPuMSWVbvrUcCli7qFAyZuJ5jTyJW/4g/Pcb9xybYSKr3GY8E5Ee7EIBaOYSZ5BlZS65YprOxOQ/0nl7OPilQBAvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOjyYljspdJAQmVziZGMlFncjQyZhj5WTKi2Dc/vVz8y2ulGJ50RiJOUuQxmz4UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1x64eHbpVh/wm39W9A/vUdq/cSs2BKYqwA7uwDy4cQw0uoQ4eMBBwD0/wbAXWnfVgPU6jBetrZxtmYL18Auu/jF4=</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="YkrcfxpiV0yh/N+Ui0Eq2R5EnXk=">AAAB4XicdVBJSgNBFP0dpxinOOzcFAbBVdNtxGFlwIVZRrBNIAmhuro6KVI9UPVbiCEXcKO4UryD5/AKLj2CN7A70UUcHnx4vPc+9V+5sRQaLevNyM3Mzs0v5BcLS8srq2vF9Y0rHSWKcYdFMlINl2ouRcgdFCh5I1acBq7kdbd/lvn1a660iMJLHMS8HdBuKHzBKKaSozGKC51iyTatMcj/pHT6cf6ydfNerXWKry0vYknAQ2SSat20rRjbQ6pQMMlHhVaieUxZn3b5cHziiOymkkf8SKUTIhmrUzkaaD0I3DQZUOzpn14m/uU1E/SP20MRxgnykE0e8hNJMCJZX+IJxRnKQUooUyK9kLAeVZRh+itZdcssHx7YZYv8Jt/VnX3zxLQv7FLFggnysA07sAc2HEEFqlADBxgIuINHeDI849a4Nx4m0ZzxtbMJUzCePwH6NI31</latexit><latexit sha1_base64="4g2xw5X7N64T9Fvk/33uwHcRnSI=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKkxUfOwKblxWMLbQljKZTNqhk0yYuRFK6Q+4UVwp/pC/4N+YtHVRHwcGDuec4d5zg1RJi5R+OqWl5ZXVtfJ6ZWNza3unurt3b3VmuPC5Vtq0AmaFkonwUaISrdQIFgdKNIPhdeE3H4SxUid3OEpFN2b9REaSM8wl36JOK71qzXPpFOR/UoM5Gr3qRyfUPItFglwxa9seTbE7ZgYlV2JS6WRWpIwPWV+MpytOyFEuhSTSJn8Jkqm6kGOxtaM4yJMxw4H96RXiX147w+iyO5ZJmqFI+GxQlCmCmhR9SSiN4KhGOWHcyHxDwgfMMI75VYrq1D09P/NOKflNvqv7J+6V6916tTqd36AMB3AIx+DBBdThBhrgAwcJT/AKb07oPDrPzsssWnLmf/ZhAc77F/LGihk=</latexit>

right
<latexit sha1_base64="G0jopul/47cHrcLwx4acbhDq61w=">AAAB4nicdVBLSgNBFHwTfzH+oi7dNAbB1dBjxM/KgAtdRnCSQBJCT6cnadPzofuNEEJO4EZxpXgGz+EVPIY3cCbRRfwUPCiq6tGv2ouVNEjpu5Wbm19YXMovF1ZW19Y3iptbNRMlmguXRyrSDY8ZoWQoXJSoRCPWggWeEnVvcJ759VuhjYzCaxzGoh2wXih9yRmmUk3LXh8LnWLJsekE5H9SOvu4eCUAUO0U31rdiCeBCJErZkzToTG2R0yj5EqMC63EiJjxAeuJ0eTGMdlLpS7xI51OiGSizuRYYMww8NJkwLBvfnqZ+JfXTNA/aY9kGCcoQj59yE8UwYhkhUlXasFRDVPCuJbphYT3mWYc02/JqlO7fHTolCn5Tb6ruwf2qe1cOaUKhSnysAO7sA8OHEMFLqEKLnC4gXt4gmdLWHfWg/U4jeasr51tmIH18gmUKIzA</latexit><latexit sha1_base64="lT88L/b+K2qOfN4FuHM/CwnxRt0=">AAAB4nicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEliQtZYmIDCRBSXVRDSfWQqt8mSDiBG40rjWfwHF7BpUfwBnaDLnB4yU9e3ns/9V+5kRQaLevNyMzMzs0vZBdzS8srq2v59Y2qDmPFuMNCGaq6SzWXIuAOCpS8HilOfVfymts/S/3aNVdahMElDiLe8mk3EJ5gFBOpqkS3h7l2vmCb1hjkf1I4/Th/2bp5L1fa+ddmJ2SxzwNkkmrdsK0IW0OqUDDJR7lmrHlEWZ92+XB844jsJlKHeKFKJkAyVqdy1Nd64LtJ0qfY0z+9VPzLa8ToHbeGIohi5AGbPOTFkmBI0sKkIxRnKAcJoUyJ5ELCelRRhsm3pNUts3h4YBct8pt8V3f2zRPTvrALJQsmyMI27MAe2HAEJShDBRxgcAV38AhPBjdujXvjYRLNGF87mzAF4/kTop2OVw==</latexit><latexit sha1_base64="lT88L/b+K2qOfN4FuHM/CwnxRt0=">AAAB4nicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEliQtZYmIDCRBSXVRDSfWQqt8mSDiBG40rjWfwHF7BpUfwBnaDLnB4yU9e3ns/9V+5kRQaLevNyMzMzs0vZBdzS8srq2v59Y2qDmPFuMNCGaq6SzWXIuAOCpS8HilOfVfymts/S/3aNVdahMElDiLe8mk3EJ5gFBOpqkS3h7l2vmCb1hjkf1I4/Th/2bp5L1fa+ddmJ2SxzwNkkmrdsK0IW0OqUDDJR7lmrHlEWZ92+XB844jsJlKHeKFKJkAyVqdy1Nd64LtJ0qfY0z+9VPzLa8ToHbeGIohi5AGbPOTFkmBI0sKkIxRnKAcJoUyJ5ELCelRRhsm3pNUts3h4YBct8pt8V3f2zRPTvrALJQsmyMI27MAe2HAEJShDBRxgcAV38AhPBjdujXvjYRLNGF87mzAF4/kTop2OVw==</latexit><latexit sha1_base64="lT88L/b+K2qOfN4FuHM/CwnxRt0=">AAAB4nicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEliQtZYmIDCRBSXVRDSfWQqt8mSDiBG40rjWfwHF7BpUfwBnaDLnB4yU9e3ns/9V+5kRQaLevNyMzMzs0vZBdzS8srq2v59Y2qDmPFuMNCGaq6SzWXIuAOCpS8HilOfVfymts/S/3aNVdahMElDiLe8mk3EJ5gFBOpqkS3h7l2vmCb1hjkf1I4/Th/2bp5L1fa+ddmJ2SxzwNkkmrdsK0IW0OqUDDJR7lmrHlEWZ92+XB844jsJlKHeKFKJkAyVqdy1Nd64LtJ0qfY0z+9VPzLa8ToHbeGIohi5AGbPOTFkmBI0sKkIxRnKAcJoUyJ5ELCelRRhsm3pNUts3h4YBct8pt8V3f2zRPTvrALJQsmyMI27MAe2HAEJShDBRxgcAV38AhPBjdujXvjYRLNGF87mzAF4/kTop2OVw==</latexit><latexit sha1_base64="lT88L/b+K2qOfN4FuHM/CwnxRt0=">AAAB4nicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEliQtZYmIDCRBSXVRDSfWQqt8mSDiBG40rjWfwHF7BpUfwBnaDLnB4yU9e3ns/9V+5kRQaLevNyMzMzs0vZBdzS8srq2v59Y2qDmPFuMNCGaq6SzWXIuAOCpS8HilOfVfymts/S/3aNVdahMElDiLe8mk3EJ5gFBOpqkS3h7l2vmCb1hjkf1I4/Th/2bp5L1fa+ddmJ2SxzwNkkmrdsK0IW0OqUDDJR7lmrHlEWZ92+XB844jsJlKHeKFKJkAyVqdy1Nd64LtJ0qfY0z+9VPzLa8ToHbeGIohi5AGbPOTFkmBI0sKkIxRnKAcJoUyJ5ELCelRRhsm3pNUts3h4YBct8pt8V3f2zRPTvrALJQsmyMI27MAe2HAEJShDBRxgcAV38AhPBjdujXvjYRLNGF87mzAF4/kTop2OVw==</latexit><latexit sha1_base64="3FEMSHIAp98AD3SCQ/RmKtHBlNk=">AAAB4nicdVDLSgNBEOyNrxhfUY9eBoPgadlV8XELePEYwU0CSQizk95kzOyDmV4hhHyBF8WT4gf5C/6Nu0k8xEfBQFFVQ3e1nyhpyHE+rcLS8srqWnG9tLG5tb1T3t2rmzjVAj0Rq1g3fW5QyQg9kqSwmWjkoa+w4Q+vc7/xgNrIOLqjUYKdkPcjGUjBKZPqWvYHVOqWK67tTMH+JxWYo9Ytf7R7sUhDjEgobkzLdRLqjLkmKRROSu3UYMLFkPdxPN1xwo4yqceCWGcvIjZVF3I8NGYU+lky5DQwP71c/MtrpRRcdsYySlLCSMwGBaliFLO8MOtJjYLUKCNcaJltyMSAay4oO0te3bFPz8/cU4f9Jt/VvRP7ynZv3UrVmd+gCAdwCMfgwgVU4QZq4IGAe3iCV3iz0Hq0nq2XWbRgzf/swwKs9y+bL4p7</latexit>

p
<latexit sha1_base64="jjsd3Ud/LAAabGtf/wXQYJE3fmI=">AAAB3nicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcKHLKsYW2lIm00k7dJIMMzdCKV27UVwpfoXf4S/4Gf6BSauL+jhw4XDOucw94yspDDrOu5Wbm19YXMovF1ZW19Y3iptbNyZONOMei2WsGz41XIqIeyhQ8obSnIa+5HV/cJb59VuujYijaxwq3g5pLxKBYBRT6UoVOsWSazsTkP9J6fTj/JUAQK1TfGt1Y5aEPEImqTFN11HYHlGNgkk+LrQSwxVlA9rjo8l9Y7KXSl0SxDqdCMlEncnR0Jhh6KfJkGLf/PQy8S+vmWBw3B6JSCXIIzZ9KEgkwZhkZUlXaM5QDlNCmRbphYT1qaYM0y/Jqjt2+bDilh3ym3xX9w7sE9u9dEtVB6bIww7swj64cARVuIAaeMAggHt4gmeLWnfWg/U4jeasr51tmIH18gmBXorq</latexit><latexit sha1_base64="r6TAgvW6d7H8HEXHof00ZvuAggU=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxOUkiQc5onGEBAjpaXqgQ8+S7jcmSDh70XjS+BV+h7/g0U/wD5wBPeBSyUsqVfXSr9qNpNBoWW9GZmZ2bn4hu5hbWl5ZXcuvb1zpMFaMOyyUoaq7VHMpAu6gQMnrkeLUdyWvuf3T1K9dc6VFGFziIOItn3YD4QlGMZEuolw7X7BNawzyPymcfJy9bN28V6rt/GuzE7LY5wEySbVu2FaErSFVKJjko1wz1jyirE+7fDi+b0R2E6lDvFAlEyAZq1M56ms98N0k6VPs6Z9eKv7lNWL0jlpDEUQx8oBNHvJiSTAkaVnSEYozlIOEUKZEciFhPaoow+RL0uqWWTwo2UWL/Cbf1Z1989i0z+1C2YIJsrANO7AHNhxCGSpQBQcYeHAHj/BkUOPWuDceJtGM8bWzCVMwnj8Bj9OMgQ==</latexit><latexit sha1_base64="r6TAgvW6d7H8HEXHof00ZvuAggU=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxOUkiQc5onGEBAjpaXqgQ8+S7jcmSDh70XjS+BV+h7/g0U/wD5wBPeBSyUsqVfXSr9qNpNBoWW9GZmZ2bn4hu5hbWl5ZXcuvb1zpMFaMOyyUoaq7VHMpAu6gQMnrkeLUdyWvuf3T1K9dc6VFGFziIOItn3YD4QlGMZEuolw7X7BNawzyPymcfJy9bN28V6rt/GuzE7LY5wEySbVu2FaErSFVKJjko1wz1jyirE+7fDi+b0R2E6lDvFAlEyAZq1M56ms98N0k6VPs6Z9eKv7lNWL0jlpDEUQx8oBNHvJiSTAkaVnSEYozlIOEUKZEciFhPaoow+RL0uqWWTwo2UWL/Cbf1Z1989i0z+1C2YIJsrANO7AHNhxCGSpQBQcYeHAHj/BkUOPWuDceJtGM8bWzCVMwnj8Bj9OMgQ==</latexit><latexit sha1_base64="r6TAgvW6d7H8HEXHof00ZvuAggU=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxOUkiQc5onGEBAjpaXqgQ8+S7jcmSDh70XjS+BV+h7/g0U/wD5wBPeBSyUsqVfXSr9qNpNBoWW9GZmZ2bn4hu5hbWl5ZXcuvb1zpMFaMOyyUoaq7VHMpAu6gQMnrkeLUdyWvuf3T1K9dc6VFGFziIOItn3YD4QlGMZEuolw7X7BNawzyPymcfJy9bN28V6rt/GuzE7LY5wEySbVu2FaErSFVKJjko1wz1jyirE+7fDi+b0R2E6lDvFAlEyAZq1M56ms98N0k6VPs6Z9eKv7lNWL0jlpDEUQx8oBNHvJiSTAkaVnSEYozlIOEUKZEciFhPaoow+RL0uqWWTwo2UWL/Cbf1Z1989i0z+1C2YIJsrANO7AHNhxCGSpQBQcYeHAHj/BkUOPWuDceJtGM8bWzCVMwnj8Bj9OMgQ==</latexit><latexit sha1_base64="r6TAgvW6d7H8HEXHof00ZvuAggU=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxOUkiQc5onGEBAjpaXqgQ8+S7jcmSDh70XjS+BV+h7/g0U/wD5wBPeBSyUsqVfXSr9qNpNBoWW9GZmZ2bn4hu5hbWl5ZXcuvb1zpMFaMOyyUoaq7VHMpAu6gQMnrkeLUdyWvuf3T1K9dc6VFGFziIOItn3YD4QlGMZEuolw7X7BNawzyPymcfJy9bN28V6rt/GuzE7LY5wEySbVu2FaErSFVKJjko1wz1jyirE+7fDi+b0R2E6lDvFAlEyAZq1M56ms98N0k6VPs6Z9eKv7lNWL0jlpDEUQx8oBNHvJiSTAkaVnSEYozlIOEUKZEciFhPaoow+RL0uqWWTwo2UWL/Cbf1Z1989i0z+1C2YIJsrANO7AHNhxCGSpQBQcYeHAHj/BkUOPWuDceJtGM8bWzCVMwnj8Bj9OMgQ==</latexit><latexit sha1_base64="SgwVyqtO8nArBpftNSRsYsmry1k=">AAAB3nicdVDLSgMxFL2pr1pfVZdugkVwNWSs+NgV3Lis4thCW0omzbShmQfJHaGUrt0orhQ/yV/wb5xp66I+DgQO55xw77l+opVFxj5JYWl5ZXWtuF7a2Nza3inv7t3bODVCeiLWsWn63EqtIumhQi2biZE89LVs+MOr3G88SGNVHN3hKJGdkPcjFSjBMZNuk1K3XHEdNgX9n1Rgjnq3/NHuxSINZYRCc2tbLkuwM+YGldByUmqnViZcDHlfjqf7TehRJvVoEJvsRUin6kKOh9aOQj9LhhwH9qeXi395rRSDi85YRUmKMhKzQUGqKcY0L0t7ykiBepQRLozKNqRiwA0XmJ0kr86c6tmpW2X0N/mu7p04l45741ZqbH6DIhzAIRyDC+dQg2uogwcCAniCV3gjnDySZ/IyixbI/M8+LIC8fwGIZYil</latexit>

q
<latexit sha1_base64="QZcRTRcKsVPVX7tzFki7l1jLc3k=">AAAB3nicdVDJSgNBFHwTtxi3qEcvjUHwNPQYcTkZ8KDHKI4JJCH0dHqSJj2L3W+EEHL2onhS/Aq/w1/wM/wDZxI9xKXgQVFVj37VXqykQUrfrdzM7Nz8Qn6xsLS8srpWXN+4NlGiuXB5pCJd95gRSobCRYlK1GMtWOApUfP6p5lfuxXayCi8wkEsWgHrhtKXnGEqXd4U2sWSY9MxyP+kdPJx9koAoNouvjU7EU8CESJXzJiGQ2NsDZlGyZUYFZqJETHjfdYVw/F9I7KTSh3iRzqdEMlYncqxwJhB4KXJgGHP/PQy8S+vkaB/1BrKME5QhHzykJ8oghHJypKO1IKjGqSEcS3TCwnvMc04pl+SVad2+WDfKVPym3xXd/fsY9u5cEoVChPkYQu2YRccOIQKnEMVXODgwz08wbPFrDvrwXqcRHPW184mTMF6+QSC2Irr</latexit><latexit sha1_base64="08GmEpAqHdxt8VZwb6FeShTgA7M=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxuUkiQc5onGEBAjpaXqgQ89i9xsTJJy9aDxp/Aq/w1/w6Cf4B86AHnCp5CWVqnrpV+1GUmi0rDcjMzU9MzuXnc8tLC4tr+RX1y51GCvGHRbKUNVcqrkUAXdQoOS1SHHqu5JX3d5J6levudIiDC6wH/GmTzuB8ASjmEjnV7lWvmCb1gjkf1I4/jh92bh5L1da+ddGO2SxzwNkkmpdt60ImwOqUDDJh7lGrHlEWY92+GB035BsJ1KbeKFKJkAyUidy1Ne677tJ0qfY1T+9VPzLq8foHTYHIohi5AEbP+TFkmBI0rKkLRRnKPsJoUyJ5ELCulRRhsmXpNUts7i/Zxct8pt8V3d2zSPTPrMLJQvGyMImbMEO2HAAJShDBRxg4MEdPMKTQY1b4954GEczxtfOOkzAeP4EkU2Mgg==</latexit><latexit sha1_base64="08GmEpAqHdxt8VZwb6FeShTgA7M=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxuUkiQc5onGEBAjpaXqgQ89i9xsTJJy9aDxp/Aq/w1/w6Cf4B86AHnCp5CWVqnrpV+1GUmi0rDcjMzU9MzuXnc8tLC4tr+RX1y51GCvGHRbKUNVcqrkUAXdQoOS1SHHqu5JX3d5J6levudIiDC6wH/GmTzuB8ASjmEjnV7lWvmCb1gjkf1I4/jh92bh5L1da+ddGO2SxzwNkkmpdt60ImwOqUDDJh7lGrHlEWY92+GB035BsJ1KbeKFKJkAyUidy1Ne677tJ0qfY1T+9VPzLq8foHTYHIohi5AEbP+TFkmBI0rKkLRRnKPsJoUyJ5ELCulRRhsmXpNUts7i/Zxct8pt8V3d2zSPTPrMLJQvGyMImbMEO2HAAJShDBRxg4MEdPMKTQY1b4954GEczxtfOOkzAeP4EkU2Mgg==</latexit><latexit sha1_base64="08GmEpAqHdxt8VZwb6FeShTgA7M=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxuUkiQc5onGEBAjpaXqgQ89i9xsTJJy9aDxp/Aq/w1/w6Cf4B86AHnCp5CWVqnrpV+1GUmi0rDcjMzU9MzuXnc8tLC4tr+RX1y51GCvGHRbKUNVcqrkUAXdQoOS1SHHqu5JX3d5J6levudIiDC6wH/GmTzuB8ASjmEjnV7lWvmCb1gjkf1I4/jh92bh5L1da+ddGO2SxzwNkkmpdt60ImwOqUDDJh7lGrHlEWY92+GB035BsJ1KbeKFKJkAyUidy1Ne677tJ0qfY1T+9VPzLq8foHTYHIohi5AEbP+TFkmBI0rKkLRRnKPsJoUyJ5ELCulRRhsmXpNUts7i/Zxct8pt8V3d2zSPTPrMLJQvGyMImbMEO2HAAJShDBRxg4MEdPMKTQY1b4954GEczxtfOOkzAeP4EkU2Mgg==</latexit><latexit sha1_base64="08GmEpAqHdxt8VZwb6FeShTgA7M=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxuUkiQc5onGEBAjpaXqgQ89i9xsTJJy9aDxp/Aq/w1/w6Cf4B86AHnCp5CWVqnrpV+1GUmi0rDcjMzU9MzuXnc8tLC4tr+RX1y51GCvGHRbKUNVcqrkUAXdQoOS1SHHqu5JX3d5J6levudIiDC6wH/GmTzuB8ASjmEjnV7lWvmCb1gjkf1I4/jh92bh5L1da+ddGO2SxzwNkkmpdt60ImwOqUDDJh7lGrHlEWY92+GB035BsJ1KbeKFKJkAyUidy1Ne677tJ0qfY1T+9VPzLq8foHTYHIohi5AEbP+TFkmBI0rKkLRRnKPsJoUyJ5ELCulRRhsmXpNUts7i/Zxct8pt8V3d2zSPTPrMLJQvGyMImbMEO2HAAJShDBRxg4MEdPMKTQY1b4954GEczxtfOOkzAeP4EkU2Mgg==</latexit><latexit sha1_base64="8OaIm74MIwJEelctzngMoAuZjSc=">AAAB3nicdVDLSgMxFL2pr1pfVZdugkVwNcxY8bEruHFZxbGFtpRMmmlDM5MxuSOU0rUbxZXiJ/kL/o0zbV34OhA4nHPCvecGiZIWXfeDFBYWl5ZXiqultfWNza3y9s6t1anhwudaadMMmBVKxsJHiUo0EyNYFCjRCIYXud+4F8ZKHd/gKBGdiPVjGUrOMJOu70rdcsVz3Cno/6QCc9S75fd2T/M0EjFyxaxteW6CnTEzKLkSk1I7tSJhfMj6Yjzdb0IPMqlHQ22yFyOdqt9yLLJ2FAVZMmI4sD+9XPzLa6UYnnXGMk5SFDGfDQpTRVHTvCztSSM4qlFGGDcy25DyATOMY3aSvLrrVE+OvapLf5Ov6v6Rc+54V16l5s5vUIQ92IdD8OAUanAJdfCBQwiP8AKvhJEH8kSeZ9ECmf/ZhW8gb5+J34im</latexit>

p
<latexit sha1_base64="jjsd3Ud/LAAabGtf/wXQYJE3fmI=">AAAB3nicdVDLSsNAFL2pr1pfVZduBovgKiS2+FhZcKHLKsYW2lIm00k7dJIMMzdCKV27UVwpfoXf4S/4Gf6BSauL+jhw4XDOucw94yspDDrOu5Wbm19YXMovF1ZW19Y3iptbNyZONOMei2WsGz41XIqIeyhQ8obSnIa+5HV/cJb59VuujYijaxwq3g5pLxKBYBRT6UoVOsWSazsTkP9J6fTj/JUAQK1TfGt1Y5aEPEImqTFN11HYHlGNgkk+LrQSwxVlA9rjo8l9Y7KXSl0SxDqdCMlEncnR0Jhh6KfJkGLf/PQy8S+vmWBw3B6JSCXIIzZ9KEgkwZhkZUlXaM5QDlNCmRbphYT1qaYM0y/Jqjt2+bDilh3ym3xX9w7sE9u9dEtVB6bIww7swj64cARVuIAaeMAggHt4gmeLWnfWg/U4jeasr51tmIH18gmBXorq</latexit><latexit sha1_base64="r6TAgvW6d7H8HEXHof00ZvuAggU=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxOUkiQc5onGEBAjpaXqgQ8+S7jcmSDh70XjS+BV+h7/g0U/wD5wBPeBSyUsqVfXSr9qNpNBoWW9GZmZ2bn4hu5hbWl5ZXcuvb1zpMFaMOyyUoaq7VHMpAu6gQMnrkeLUdyWvuf3T1K9dc6VFGFziIOItn3YD4QlGMZEuolw7X7BNawzyPymcfJy9bN28V6rt/GuzE7LY5wEySbVu2FaErSFVKJjko1wz1jyirE+7fDi+b0R2E6lDvFAlEyAZq1M56ms98N0k6VPs6Z9eKv7lNWL0jlpDEUQx8oBNHvJiSTAkaVnSEYozlIOEUKZEciFhPaoow+RL0uqWWTwo2UWL/Cbf1Z1989i0z+1C2YIJsrANO7AHNhxCGSpQBQcYeHAHj/BkUOPWuDceJtGM8bWzCVMwnj8Bj9OMgQ==</latexit><latexit sha1_base64="r6TAgvW6d7H8HEXHof00ZvuAggU=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxOUkiQc5onGEBAjpaXqgQ8+S7jcmSDh70XjS+BV+h7/g0U/wD5wBPeBSyUsqVfXSr9qNpNBoWW9GZmZ2bn4hu5hbWl5ZXcuvb1zpMFaMOyyUoaq7VHMpAu6gQMnrkeLUdyWvuf3T1K9dc6VFGFziIOItn3YD4QlGMZEuolw7X7BNawzyPymcfJy9bN28V6rt/GuzE7LY5wEySbVu2FaErSFVKJjko1wz1jyirE+7fDi+b0R2E6lDvFAlEyAZq1M56ms98N0k6VPs6Z9eKv7lNWL0jlpDEUQx8oBNHvJiSTAkaVnSEYozlIOEUKZEciFhPaoow+RL0uqWWTwo2UWL/Cbf1Z1989i0z+1C2YIJsrANO7AHNhxCGSpQBQcYeHAHj/BkUOPWuDceJtGM8bWzCVMwnj8Bj9OMgQ==</latexit><latexit sha1_base64="r6TAgvW6d7H8HEXHof00ZvuAggU=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxOUkiQc5onGEBAjpaXqgQ8+S7jcmSDh70XjS+BV+h7/g0U/wD5wBPeBSyUsqVfXSr9qNpNBoWW9GZmZ2bn4hu5hbWl5ZXcuvb1zpMFaMOyyUoaq7VHMpAu6gQMnrkeLUdyWvuf3T1K9dc6VFGFziIOItn3YD4QlGMZEuolw7X7BNawzyPymcfJy9bN28V6rt/GuzE7LY5wEySbVu2FaErSFVKJjko1wz1jyirE+7fDi+b0R2E6lDvFAlEyAZq1M56ms98N0k6VPs6Z9eKv7lNWL0jlpDEUQx8oBNHvJiSTAkaVnSEYozlIOEUKZEciFhPaoow+RL0uqWWTwo2UWL/Cbf1Z1989i0z+1C2YIJsrANO7AHNhxCGSpQBQcYeHAHj/BkUOPWuDceJtGM8bWzCVMwnj8Bj9OMgQ==</latexit><latexit sha1_base64="r6TAgvW6d7H8HEXHof00ZvuAggU=">AAAB3nicdVDJTgJBFHyDG+KGy81LR2LiaTIjxOUkiQc5onGEBAjpaXqgQ8+S7jcmSDh70XjS+BV+h7/g0U/wD5wBPeBSyUsqVfXSr9qNpNBoWW9GZmZ2bn4hu5hbWl5ZXcuvb1zpMFaMOyyUoaq7VHMpAu6gQMnrkeLUdyWvuf3T1K9dc6VFGFziIOItn3YD4QlGMZEuolw7X7BNawzyPymcfJy9bN28V6rt/GuzE7LY5wEySbVu2FaErSFVKJjko1wz1jyirE+7fDi+b0R2E6lDvFAlEyAZq1M56ms98N0k6VPs6Z9eKv7lNWL0jlpDEUQx8oBNHvJiSTAkaVnSEYozlIOEUKZEciFhPaoow+RL0uqWWTwo2UWL/Cbf1Z1989i0z+1C2YIJsrANO7AHNhxCGSpQBQcYeHAHj/BkUOPWuDceJtGM8bWzCVMwnj8Bj9OMgQ==</latexit><latexit sha1_base64="SgwVyqtO8nArBpftNSRsYsmry1k=">AAAB3nicdVDLSgMxFL2pr1pfVZdugkVwNWSs+NgV3Lis4thCW0omzbShmQfJHaGUrt0orhQ/yV/wb5xp66I+DgQO55xw77l+opVFxj5JYWl5ZXWtuF7a2Nza3inv7t3bODVCeiLWsWn63EqtIumhQi2biZE89LVs+MOr3G88SGNVHN3hKJGdkPcjFSjBMZNuk1K3XHEdNgX9n1Rgjnq3/NHuxSINZYRCc2tbLkuwM+YGldByUmqnViZcDHlfjqf7TehRJvVoEJvsRUin6kKOh9aOQj9LhhwH9qeXi395rRSDi85YRUmKMhKzQUGqKcY0L0t7ykiBepQRLozKNqRiwA0XmJ0kr86c6tmpW2X0N/mu7p04l45741ZqbH6DIhzAIRyDC+dQg2uogwcCAniCV3gjnDySZ/IyixbI/M8+LIC8fwGIZYil</latexit>



The static 
Renaming problem

             : initial identities of the processes

                              where

Goal: acquire a new static unique name in 
the set                , independent of 
current name

   should be as small as possible

Lower bound:      (Herlihy-Shavit, JACM 1990)

N >>> n

[0, . . . ,M�1]

M

M⇥2n�1

id1, . . . , idn
<latexit sha1_base64="avmrL+Sr2J2cWgZKhPMK3rrTeGM=">AAAB73icdVDLSsNAFL3xWesr1aWbwSK4KCGx4gMUC25cVjC20JYwmUzaoZMHMxOllP6HG6UrxT/xF/wNv8BJq4v6OHDhcM65zD3jp5xJZdvvxtz8wuLScmGluLq2vrFplrZuZZIJQl2S8EQ0fSwpZzF1FVOcNlNBceRz2vD7l7nfuKNCsiS+UYOUdiLcjVnICFZa8swSCzyn0uZBomRF87jomWXHsidA/5Pyxcd5OgaAume+tYOEZBGNFeFYypZjp6ozxEIxwumo2M4kTTHp4y4dTg4eoT0tBShMhJ5YoYk6k8ORlIPI18kIq5786eXiX14rU+FJZ8jiNFM0JtOHwowjlaC8PQqYoETxgSaYCKYvRKSHBSZK/1Fe3baqR4dO1Ua/yXd198A6tZxrp1w7gykKsAO7sA8OHEMNrqAOLhC4h0d4hhdDGA/GkzGeRueMr51tmIHx+gmLLJFX</latexit><latexit sha1_base64="8sFpuEWgmfEpEOsrwQwG7pZsbwE=">AAAB73icdVDLSsNAFJ34rPGV6tLNYBFclJBY8QEWC25cVjC20JYwmUzaoZOZMDNRSul/uFEEQfFP/APxN/wCk1YX9XHgwuGcc5l7JkgYVdpx3o2Z2bn5hcXCkrm8srq2bhU3rpRIJSYeFkzIZoAUYZQTT1PNSDORBMUBI42gf5b7jWsiFRX8Ug8S0olRl9OIYqQzybeKNPTdcpuFQqtyxrnpWyXXdsaA/5PS6Uc1eXwzq3Xfem2HAqcx4RozpFTLdRLdGSKpKWZkZLZTRRKE+6hLhuODR3Ank0IYCZkN13CsTuVQrNQgDrJkjHRP/fRy8S+vleroqDOkPEk14XjyUJQyqAXM28OQSoI1G2QEYUmzCyHuIYmwzv4or+7YlYN9t+LA3+S7urdnH9vuhVuqnYAJCmALbINd4IJDUAPnoA48gMENuANP4NmQxq1xbzxMojPG184mmILx8gkBlZJ4</latexit><latexit sha1_base64="8sFpuEWgmfEpEOsrwQwG7pZsbwE=">AAAB73icdVDLSsNAFJ34rPGV6tLNYBFclJBY8QEWC25cVjC20JYwmUzaoZOZMDNRSul/uFEEQfFP/APxN/wCk1YX9XHgwuGcc5l7JkgYVdpx3o2Z2bn5hcXCkrm8srq2bhU3rpRIJSYeFkzIZoAUYZQTT1PNSDORBMUBI42gf5b7jWsiFRX8Ug8S0olRl9OIYqQzybeKNPTdcpuFQqtyxrnpWyXXdsaA/5PS6Uc1eXwzq3Xfem2HAqcx4RozpFTLdRLdGSKpKWZkZLZTRRKE+6hLhuODR3Ank0IYCZkN13CsTuVQrNQgDrJkjHRP/fRy8S+vleroqDOkPEk14XjyUJQyqAXM28OQSoI1G2QEYUmzCyHuIYmwzv4or+7YlYN9t+LA3+S7urdnH9vuhVuqnYAJCmALbINd4IJDUAPnoA48gMENuANP4NmQxq1xbzxMojPG184mmILx8gkBlZJ4</latexit><latexit sha1_base64="8sFpuEWgmfEpEOsrwQwG7pZsbwE=">AAAB73icdVDLSsNAFJ34rPGV6tLNYBFclJBY8QEWC25cVjC20JYwmUzaoZOZMDNRSul/uFEEQfFP/APxN/wCk1YX9XHgwuGcc5l7JkgYVdpx3o2Z2bn5hcXCkrm8srq2bhU3rpRIJSYeFkzIZoAUYZQTT1PNSDORBMUBI42gf5b7jWsiFRX8Ug8S0olRl9OIYqQzybeKNPTdcpuFQqtyxrnpWyXXdsaA/5PS6Uc1eXwzq3Xfem2HAqcx4RozpFTLdRLdGSKpKWZkZLZTRRKE+6hLhuODR3Ank0IYCZkN13CsTuVQrNQgDrJkjHRP/fRy8S+vleroqDOkPEk14XjyUJQyqAXM28OQSoI1G2QEYUmzCyHuIYmwzv4or+7YlYN9t+LA3+S7urdnH9vuhVuqnYAJCmALbINd4IJDUAPnoA48gMENuANP4NmQxq1xbzxMojPG184mmILx8gkBlZJ4</latexit><latexit sha1_base64="8sFpuEWgmfEpEOsrwQwG7pZsbwE=">AAAB73icdVDLSsNAFJ34rPGV6tLNYBFclJBY8QEWC25cVjC20JYwmUzaoZOZMDNRSul/uFEEQfFP/APxN/wCk1YX9XHgwuGcc5l7JkgYVdpx3o2Z2bn5hcXCkrm8srq2bhU3rpRIJSYeFkzIZoAUYZQTT1PNSDORBMUBI42gf5b7jWsiFRX8Ug8S0olRl9OIYqQzybeKNPTdcpuFQqtyxrnpWyXXdsaA/5PS6Uc1eXwzq3Xfem2HAqcx4RozpFTLdRLdGSKpKWZkZLZTRRKE+6hLhuODR3Ank0IYCZkN13CsTuVQrNQgDrJkjHRP/fRy8S+vleroqDOkPEk14XjyUJQyqAXM28OQSoI1G2QEYUmzCyHuIYmwzv4or+7YlYN9t+LA3+S7urdnH9vuhVuqnYAJCmALbINd4IJDUAPnoA48gMENuANP4NmQxq1xbzxMojPG184mmILx8gkBlZJ4</latexit><latexit sha1_base64="V9qWE8m8QL91iDQLMJWzrsnB6dw=">AAAB73icdVDLSsNAFL2pr1pfqS7dDBbBRQmJFR/gouDGZQVjC20Jk8m0HTqZCTMTpZT+hxvFleKf+Av+jUlbF/VxYOBwzhnuPTdMONPGdT+twtLyyupacb20sbm1vWOXd++0TBWhPpFcqlaINeVMUN8ww2krURTHIafNcHiV+817qjST4taMEtqNcV+wHiPYZFJgl1kUeNUOj6TR1YyLUmBXPMedAv1PKjBHI7A/OpEkaUyFIRxr3fbcxHTHWBlGOJ2UOqmmCSZD3Kfj6cITdJhJEepJlT1h0FRdyOFY61EcZskYm4H+6eXiX147Nb3z7piJJDVUkNmgXsqRkShvjyKmKDF8lBFMFMs2RGSAFSYmu1Fe3XVqpydezUW/yXd1/9i5cLwbr1K/nN+gCPtwAEfgwRnU4Roa4AOBB3iCV3izlPVoPVsvs2jBmv/ZgwVY719IXY7Z</latexit>

id1, . . . , idn2 [0, . . . , N�1]
<latexit sha1_base64="i68ovgjnPoa//1FH2QHv47/VMGg=">AAACD3icdVDJSkMxFL2vTrVOVZduUovgopYXKw6gWHDjSipYW+grJS8vbUPzBpI8oZT+hBu3foYbxZXDJ/gbfoHp4KIOB0IO55xLcq4bCa60bX9Yianpmdm55HxqYXFpeSW9unatwlhSVqahCGXVJYoJHrCy5lqwaiQZ8V3BKm7nbOBXbphUPAyudDdidZ+0At7klGgjNdKYew2cc4QXapUzPEBOBjl8eNXsHBo76MLJ7BgN11ONdBbn7SHQ/yR7+nkS3QNAqZF+c7yQxj4LNBVEqRq2I13vEak5FayfcmLFIkI7pMV6w0J9tGUkDzVDaU6g0VCdyBFfqa7vmqRPdFv99AbiX14t1s3Deo8HUaxZQEcPNWOBdIgG20Eel4xq0TWEUMnNDxFtE0moNjscVLfzhf09XLDRb/JdvbybP8rjS5wtHsMISdiATdgGDAdQhHMoQRko3MEjvMCrdWs9WE/W8yiasMYz6zAB6/0L7KWbDA==</latexit><latexit sha1_base64="Fffd+s97Q1PfzEog8MbqaPJPTls=">AAACD3icdVDLSgMxFM3UV62vUZduUovgopaJFR9gseDGlVSwttAZSiaTtqGZB0lGKKU/4cYP8CfcKK58fIH4G36BmbYu6uNAyOGcc0nOdSPOpLKsDyM1NT0zO5eezywsLi2vmKtrVzKMBaFVEvJQ1F0sKWcBrSqmOK1HgmLf5bTmdk8Tv3ZNhWRhcKl6EXV83A5YixGstNQ0EfOaKG9zL1Qyr3kA7Sy02fBqWHk4duC5nd3RGnIyTTOHCtYQ8H+SO/ksRXfvmVKlab7aXkhinwaKcCxlA1mRcvpYKEY4HWTsWNIIky5u0/6w0ABuacmDrVDoEyg4VCdy2Jey57s66WPVkT+9RPzLa8Sqdej0WRDFigZk9FAr5lCFMNkO9JigRPGeJpgIpn8ISQcLTJTeYVLdKhT391DRgr/Jd/XqbuGogC5QrnwMRkiDDbAJtgECB6AMzkAFVAEBt+ABPIMX48a4Nx6Np1E0ZYxn1sEEjLcvYw6cLQ==</latexit><latexit sha1_base64="Fffd+s97Q1PfzEog8MbqaPJPTls=">AAACD3icdVDLSgMxFM3UV62vUZduUovgopaJFR9gseDGlVSwttAZSiaTtqGZB0lGKKU/4cYP8CfcKK58fIH4G36BmbYu6uNAyOGcc0nOdSPOpLKsDyM1NT0zO5eezywsLi2vmKtrVzKMBaFVEvJQ1F0sKWcBrSqmOK1HgmLf5bTmdk8Tv3ZNhWRhcKl6EXV83A5YixGstNQ0EfOaKG9zL1Qyr3kA7Sy02fBqWHk4duC5nd3RGnIyTTOHCtYQ8H+SO/ksRXfvmVKlab7aXkhinwaKcCxlA1mRcvpYKEY4HWTsWNIIky5u0/6w0ABuacmDrVDoEyg4VCdy2Jey57s66WPVkT+9RPzLa8Sqdej0WRDFigZk9FAr5lCFMNkO9JigRPGeJpgIpn8ISQcLTJTeYVLdKhT391DRgr/Jd/XqbuGogC5QrnwMRkiDDbAJtgECB6AMzkAFVAEBt+ABPIMX48a4Nx6Np1E0ZYxn1sEEjLcvYw6cLQ==</latexit><latexit sha1_base64="Fffd+s97Q1PfzEog8MbqaPJPTls=">AAACD3icdVDLSgMxFM3UV62vUZduUovgopaJFR9gseDGlVSwttAZSiaTtqGZB0lGKKU/4cYP8CfcKK58fIH4G36BmbYu6uNAyOGcc0nOdSPOpLKsDyM1NT0zO5eezywsLi2vmKtrVzKMBaFVEvJQ1F0sKWcBrSqmOK1HgmLf5bTmdk8Tv3ZNhWRhcKl6EXV83A5YixGstNQ0EfOaKG9zL1Qyr3kA7Sy02fBqWHk4duC5nd3RGnIyTTOHCtYQ8H+SO/ksRXfvmVKlab7aXkhinwaKcCxlA1mRcvpYKEY4HWTsWNIIky5u0/6w0ABuacmDrVDoEyg4VCdy2Jey57s66WPVkT+9RPzLa8Sqdej0WRDFigZk9FAr5lCFMNkO9JigRPGeJpgIpn8ISQcLTJTeYVLdKhT391DRgr/Jd/XqbuGogC5QrnwMRkiDDbAJtgECB6AMzkAFVAEBt+ABPIMX48a4Nx6Np1E0ZYxn1sEEjLcvYw6cLQ==</latexit><latexit sha1_base64="Fffd+s97Q1PfzEog8MbqaPJPTls=">AAACD3icdVDLSgMxFM3UV62vUZduUovgopaJFR9gseDGlVSwttAZSiaTtqGZB0lGKKU/4cYP8CfcKK58fIH4G36BmbYu6uNAyOGcc0nOdSPOpLKsDyM1NT0zO5eezywsLi2vmKtrVzKMBaFVEvJQ1F0sKWcBrSqmOK1HgmLf5bTmdk8Tv3ZNhWRhcKl6EXV83A5YixGstNQ0EfOaKG9zL1Qyr3kA7Sy02fBqWHk4duC5nd3RGnIyTTOHCtYQ8H+SO/ksRXfvmVKlab7aXkhinwaKcCxlA1mRcvpYKEY4HWTsWNIIky5u0/6w0ABuacmDrVDoEyg4VCdy2Jey57s66WPVkT+9RPzLa8Sqdej0WRDFigZk9FAr5lCFMNkO9JigRPGeJpgIpn8ISQcLTJTeYVLdKhT391DRgr/Jd/XqbuGogC5QrnwMRkiDDbAJtgECB6AMzkAFVAEBt+ABPIMX48a4Nx6Np1E0ZYxn1sEEjLcvYw6cLQ==</latexit><latexit sha1_base64="lKtERQO6qf5kSjQgqRw2VHxtl/U=">AAACD3icdVDLSgMxFM3UV62vqks3qUVwUcvEig9wUXDjSio4ttAZhkwm04ZmHiQZoZT+hBt/xY3iyscn+Ddm2nFRHxdCDuecS3KOl3AmlWl+GoW5+YXFpeJyaWV1bX2jvLl1K+NUEGqRmMei42FJOYuopZjitJMIikOP07Y3uMj09h0VksXRjRom1AlxL2IBI1hpyi0j5ruoZnM/VrKmcQTtCrTZ5OqaNZgr8MquHGgOOSW3XEV1czLwf1AF+bTc8rvtxyQNaaQIx1J2kZkoZ4SFYoTTcclOJU0wGeAeHU0CjeGepnwYxEKfSMEJO+PDoZTD0NPOEKu+/Kll5F9aN1XBqTNiUZIqGpHpQ0HKoYph1g70maBE8aEGmAimfwhJHwtMlO4wi27WG8dHqGHC3+A7unVYP6uja1RtnucdFMEO2AX7AIET0ASXoAUsQMADeAKv4M24Nx6NZ+Nlai0Y+c42mBnj4wup1piO</latexit>

The Moir-Anderson  
wait-free solution
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n = 5
<latexit sha1_base64="SEXuRQqTlxAU3tNexbHOHrNGbZ8=">AAAB33icbVDLSgMxFL1TX7W+qi7dBIvgapix1bYLseDGZUXHFtpSMmnahmYyQ5IRSulScKO4Uvwjf8FvcOUfmOlj0eKBC4dzziX3xI84U9pxvq3Uyura+kZ6M7O1vbO7l90/eFBhLAn1SMhDWfexopwJ6mmmOa1HkuLA57TmD64Tv/ZIpWKhuNfDiLYC3BOsywjWRroTl+ftbM61nQmQY5cNioUZKbtobuWufn+eEABU29mvZickcUCFJhwr1XCdSLdGWGpGOB1nmrGiESYD3KOjyYFjdGKkDuqG0ozQaKIu5HCg1DDwTTLAuq+WvUT8z2vEultqjZiIYk0FmT7UjTnSIUraog6TlGg+NAQTycyFiPSxxESbP8mY6o6dvyi4+aT6MplX987ssu3eurlKCaZIwxEcwym4UIQK3EAVPCDQgxd4hw/Lt56tV+ttGk1Zs51DWID1+QdfDIw4</latexit><latexit sha1_base64="ZXelAhZ5ANmuipnasjBDIt4toIU=">AAAB33icbVDNSkJBGP2u/Zn9WS2DGJKg1eXetNRFJLRpqZQpqMjcca4Ozv1hZm4g4jJoU7QqepMeoVfoGWrTGzTXn4XSgQ8O55yP+c44IWdSWdaXkVhaXlldS66nNja3tnfSu3t3MogEoVUS8EDUHSwpZz6tKqY4rYeCYs/htOb0r2K/dk+FZIF/qwYhbXm46zOXEay0dONfnLXTGdu0xkCWWdTI56akaKOZlbn8/X44/Kj8lNvpz2YnIJFHfUU4lrJhW6FqDbFQjHA6SjUjSUNM+rhLh+MDR+hYSx3kBkKPr9BYncthT8qB5+ikh1VPLnqx+J/XiJRbaA2ZH0aK+mTykBtxpAIUt0UdJihRfKAJJoLpCxHpYYGJ0n+S0tUtM3ues7Nx9UUyq149NYumXbEzpQJMkIQDOIITsCEPJbiGMlSBQBee4BXeDMd4NJ6Nl0k0YUx39mEOxvsf5COOKw==</latexit><latexit sha1_base64="ZXelAhZ5ANmuipnasjBDIt4toIU=">AAAB33icbVDNSkJBGP2u/Zn9WS2DGJKg1eXetNRFJLRpqZQpqMjcca4Ozv1hZm4g4jJoU7QqepMeoVfoGWrTGzTXn4XSgQ8O55yP+c44IWdSWdaXkVhaXlldS66nNja3tnfSu3t3MogEoVUS8EDUHSwpZz6tKqY4rYeCYs/htOb0r2K/dk+FZIF/qwYhbXm46zOXEay0dONfnLXTGdu0xkCWWdTI56akaKOZlbn8/X44/Kj8lNvpz2YnIJFHfUU4lrJhW6FqDbFQjHA6SjUjSUNM+rhLh+MDR+hYSx3kBkKPr9BYncthT8qB5+ikh1VPLnqx+J/XiJRbaA2ZH0aK+mTykBtxpAIUt0UdJihRfKAJJoLpCxHpYYGJ0n+S0tUtM3ues7Nx9UUyq149NYumXbEzpQJMkIQDOIITsCEPJbiGMlSBQBee4BXeDMd4NJ6Nl0k0YUx39mEOxvsf5COOKw==</latexit><latexit sha1_base64="ZXelAhZ5ANmuipnasjBDIt4toIU=">AAAB33icbVDNSkJBGP2u/Zn9WS2DGJKg1eXetNRFJLRpqZQpqMjcca4Ozv1hZm4g4jJoU7QqepMeoVfoGWrTGzTXn4XSgQ8O55yP+c44IWdSWdaXkVhaXlldS66nNja3tnfSu3t3MogEoVUS8EDUHSwpZz6tKqY4rYeCYs/htOb0r2K/dk+FZIF/qwYhbXm46zOXEay0dONfnLXTGdu0xkCWWdTI56akaKOZlbn8/X44/Kj8lNvpz2YnIJFHfUU4lrJhW6FqDbFQjHA6SjUjSUNM+rhLh+MDR+hYSx3kBkKPr9BYncthT8qB5+ikh1VPLnqx+J/XiJRbaA2ZH0aK+mTykBtxpAIUt0UdJihRfKAJJoLpCxHpYYGJ0n+S0tUtM3ues7Nx9UUyq149NYumXbEzpQJMkIQDOIITsCEPJbiGMlSBQBee4BXeDMd4NJ6Nl0k0YUx39mEOxvsf5COOKw==</latexit><latexit sha1_base64="ZXelAhZ5ANmuipnasjBDIt4toIU=">AAAB33icbVDNSkJBGP2u/Zn9WS2DGJKg1eXetNRFJLRpqZQpqMjcca4Ozv1hZm4g4jJoU7QqepMeoVfoGWrTGzTXn4XSgQ8O55yP+c44IWdSWdaXkVhaXlldS66nNja3tnfSu3t3MogEoVUS8EDUHSwpZz6tKqY4rYeCYs/htOb0r2K/dk+FZIF/qwYhbXm46zOXEay0dONfnLXTGdu0xkCWWdTI56akaKOZlbn8/X44/Kj8lNvpz2YnIJFHfUU4lrJhW6FqDbFQjHA6SjUjSUNM+rhLh+MDR+hYSx3kBkKPr9BYncthT8qB5+ikh1VPLnqx+J/XiJRbaA2ZH0aK+mTykBtxpAIUt0UdJihRfKAJJoLpCxHpYYGJ0n+S0tUtM3ues7Nx9UUyq149NYumXbEzpQJMkIQDOIITsCEPJbiGMlSBQBee4BXeDMd4NJ6Nl0k0YUx39mEOxvsf5COOKw==</latexit><latexit sha1_base64="vk4kVI3hxLWozP+1Buc1HZW5Aaw=">AAAB33icbVDPSwJBGP3Wfpn9sjp2GZKg07KblnoIhC4djdoUVGR2nNXB2dllZjYQ8d6l6FT0H/Uv9N80q+tB6cHA4703fN/7/JgzpR3n18ptbG5t7+R3C3v7B4dHxeOTZxUlklCPRDySbR8rypmgnmaa03YsKQ59Tlv++C71Wy9UKhaJJz2JaS/EQ8ECRrA20qO4ve4XS67tzIEcu25QrWSk7qKlVYIMzX7xpzuISBJSoQnHSnVcJ9a9KZaaEU5nhW6iaIzJGA/pdL7gDF0YaYCCSJonNJqrKzkcKjUJfZMMsR6pdS8V//M6iQ5qvSkTcaKpIItBQcKRjlDaFg2YpETziSGYSGY2RGSEJSba3KRgqjt2+abiltPq62RZ3buy67b74JYatewGeTiDc7gEF6rQgHtoggcEhvAGn/Bl+dar9W59LKI5K/tzCiuwvv8AxOaJeA==</latexit>

The Moir-Anderson  
wait-free solution

operation get_name(    )

                   movei :=

while (movei            ) do 

 movei :=

 case  (movei =       ) then 

  (movei =       ) then 

  (movei =     ) then exit_loop

 end case

end while

return
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di := 0; ri := 0; down

�= stop

right ri := ri+1
down di := di+1
stop

(n⇥di + ri � (di(di�1)/2))

idi

SP .direction(idi)
<latexit sha1_base64="NmqZl0SiMO3MUsT88vO12lXbMh0="></latexit><latexit sha1_base64="XuVLvE4lGgcYtzRAbTiS/J3tQEA="></latexit><latexit sha1_base64="XuVLvE4lGgcYtzRAbTiS/J3tQEA="></latexit><latexit sha1_base64="XuVLvE4lGgcYtzRAbTiS/J3tQEA="></latexit><latexit sha1_base64="XuVLvE4lGgcYtzRAbTiS/J3tQEA="></latexit><latexit sha1_base64="YWi6hO0rQX8spRzOpCz06eeaLkg="></latexit>

n = 5
<latexit sha1_base64="SEXuRQqTlxAU3tNexbHOHrNGbZ8=">AAAB33icbVDLSgMxFL1TX7W+qi7dBIvgapix1bYLseDGZUXHFtpSMmnahmYyQ5IRSulScKO4Uvwjf8FvcOUfmOlj0eKBC4dzziX3xI84U9pxvq3Uyura+kZ6M7O1vbO7l90/eFBhLAn1SMhDWfexopwJ6mmmOa1HkuLA57TmD64Tv/ZIpWKhuNfDiLYC3BOsywjWRroTl+ftbM61nQmQY5cNioUZKbtobuWufn+eEABU29mvZickcUCFJhwr1XCdSLdGWGpGOB1nmrGiESYD3KOjyYFjdGKkDuqG0ozQaKIu5HCg1DDwTTLAuq+WvUT8z2vEultqjZiIYk0FmT7UjTnSIUraog6TlGg+NAQTycyFiPSxxESbP8mY6o6dvyi4+aT6MplX987ssu3eurlKCaZIwxEcwym4UIQK3EAVPCDQgxd4hw/Lt56tV+ttGk1Zs51DWID1+QdfDIw4</latexit><latexit sha1_base64="ZXelAhZ5ANmuipnasjBDIt4toIU=">AAAB33icbVDNSkJBGP2u/Zn9WS2DGJKg1eXetNRFJLRpqZQpqMjcca4Ozv1hZm4g4jJoU7QqepMeoVfoGWrTGzTXn4XSgQ8O55yP+c44IWdSWdaXkVhaXlldS66nNja3tnfSu3t3MogEoVUS8EDUHSwpZz6tKqY4rYeCYs/htOb0r2K/dk+FZIF/qwYhbXm46zOXEay0dONfnLXTGdu0xkCWWdTI56akaKOZlbn8/X44/Kj8lNvpz2YnIJFHfUU4lrJhW6FqDbFQjHA6SjUjSUNM+rhLh+MDR+hYSx3kBkKPr9BYncthT8qB5+ikh1VPLnqx+J/XiJRbaA2ZH0aK+mTykBtxpAIUt0UdJihRfKAJJoLpCxHpYYGJ0n+S0tUtM3ues7Nx9UUyq149NYumXbEzpQJMkIQDOIITsCEPJbiGMlSBQBee4BXeDMd4NJ6Nl0k0YUx39mEOxvsf5COOKw==</latexit><latexit sha1_base64="ZXelAhZ5ANmuipnasjBDIt4toIU=">AAAB33icbVDNSkJBGP2u/Zn9WS2DGJKg1eXetNRFJLRpqZQpqMjcca4Ozv1hZm4g4jJoU7QqepMeoVfoGWrTGzTXn4XSgQ8O55yP+c44IWdSWdaXkVhaXlldS66nNja3tnfSu3t3MogEoVUS8EDUHSwpZz6tKqY4rYeCYs/htOb0r2K/dk+FZIF/qwYhbXm46zOXEay0dONfnLXTGdu0xkCWWdTI56akaKOZlbn8/X44/Kj8lNvpz2YnIJFHfUU4lrJhW6FqDbFQjHA6SjUjSUNM+rhLh+MDR+hYSx3kBkKPr9BYncthT8qB5+ikh1VPLnqx+J/XiJRbaA2ZH0aK+mTykBtxpAIUt0UdJihRfKAJJoLpCxHpYYGJ0n+S0tUtM3ues7Nx9UUyq149NYumXbEzpQJMkIQDOIITsCEPJbiGMlSBQBee4BXeDMd4NJ6Nl0k0YUx39mEOxvsf5COOKw==</latexit><latexit sha1_base64="ZXelAhZ5ANmuipnasjBDIt4toIU=">AAAB33icbVDNSkJBGP2u/Zn9WS2DGJKg1eXetNRFJLRpqZQpqMjcca4Ozv1hZm4g4jJoU7QqepMeoVfoGWrTGzTXn4XSgQ8O55yP+c44IWdSWdaXkVhaXlldS66nNja3tnfSu3t3MogEoVUS8EDUHSwpZz6tKqY4rYeCYs/htOb0r2K/dk+FZIF/qwYhbXm46zOXEay0dONfnLXTGdu0xkCWWdTI56akaKOZlbn8/X44/Kj8lNvpz2YnIJFHfUU4lrJhW6FqDbFQjHA6SjUjSUNM+rhLh+MDR+hYSx3kBkKPr9BYncthT8qB5+ikh1VPLnqx+J/XiJRbaA2ZH0aK+mTykBtxpAIUt0UdJihRfKAJJoLpCxHpYYGJ0n+S0tUtM3ues7Nx9UUyq149NYumXbEzpQJMkIQDOIITsCEPJbiGMlSBQBee4BXeDMd4NJ6Nl0k0YUx39mEOxvsf5COOKw==</latexit><latexit sha1_base64="ZXelAhZ5ANmuipnasjBDIt4toIU=">AAAB33icbVDNSkJBGP2u/Zn9WS2DGJKg1eXetNRFJLRpqZQpqMjcca4Ozv1hZm4g4jJoU7QqepMeoVfoGWrTGzTXn4XSgQ8O55yP+c44IWdSWdaXkVhaXlldS66nNja3tnfSu3t3MogEoVUS8EDUHSwpZz6tKqY4rYeCYs/htOb0r2K/dk+FZIF/qwYhbXm46zOXEay0dONfnLXTGdu0xkCWWdTI56akaKOZlbn8/X44/Kj8lNvpz2YnIJFHfUU4lrJhW6FqDbFQjHA6SjUjSUNM+rhLh+MDR+hYSx3kBkKPr9BYncthT8qB5+ikh1VPLnqx+J/XiJRbaA2ZH0aK+mTykBtxpAIUt0UdJihRfKAJJoLpCxHpYYGJ0n+S0tUtM3ues7Nx9UUyq149NYumXbEzpQJMkIQDOIITsCEPJbiGMlSBQBee4BXeDMd4NJ6Nl0k0YUx39mEOxvsf5COOKw==</latexit><latexit sha1_base64="vk4kVI3hxLWozP+1Buc1HZW5Aaw=">AAAB33icbVDPSwJBGP3Wfpn9sjp2GZKg07KblnoIhC4djdoUVGR2nNXB2dllZjYQ8d6l6FT0H/Uv9N80q+tB6cHA4703fN/7/JgzpR3n18ptbG5t7+R3C3v7B4dHxeOTZxUlklCPRDySbR8rypmgnmaa03YsKQ59Tlv++C71Wy9UKhaJJz2JaS/EQ8ECRrA20qO4ve4XS67tzIEcu25QrWSk7qKlVYIMzX7xpzuISBJSoQnHSnVcJ9a9KZaaEU5nhW6iaIzJGA/pdL7gDF0YaYCCSJonNJqrKzkcKjUJfZMMsR6pdS8V//M6iQ5qvSkTcaKpIItBQcKRjlDaFg2YpETziSGYSGY2RGSEJSba3KRgqjt2+abiltPq62RZ3buy67b74JYatewGeTiDc7gEF6rQgHtoggcEhvAGn/Bl+dar9W59LKI5K/tzCiuwvv8AxOaJeA==</latexit>

The Moir-Anderson  
wait-free solution

operation get_name(    )

                   movei :=

while (movei            ) do 

 movei :=

 case  (movei =       ) then 

  (movei =       ) then 

  (movei =     ) then exit_loop

 end case

end while

return
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di := 0; ri := 0; down

�= stop

right ri := ri+1
down di := di+1
stop

(n⇥di + ri � (di(di�1)/2))

idi

SP .direction(idi)
<latexit sha1_base64="NmqZl0SiMO3MUsT88vO12lXbMh0="></latexit><latexit sha1_base64="XuVLvE4lGgcYtzRAbTiS/J3tQEA="></latexit><latexit sha1_base64="XuVLvE4lGgcYtzRAbTiS/J3tQEA="></latexit><latexit sha1_base64="XuVLvE4lGgcYtzRAbTiS/J3tQEA="></latexit><latexit sha1_base64="XuVLvE4lGgcYtzRAbTiS/J3tQEA="></latexit><latexit sha1_base64="YWi6hO0rQX8spRzOpCz06eeaLkg="></latexit>

n = 5
<latexit sha1_base64="SEXuRQqTlxAU3tNexbHOHrNGbZ8=">AAAB33icbVDLSgMxFL1TX7W+qi7dBIvgapix1bYLseDGZUXHFtpSMmnahmYyQ5IRSulScKO4Uvwjf8FvcOUfmOlj0eKBC4dzziX3xI84U9pxvq3Uyura+kZ6M7O1vbO7l90/eFBhLAn1SMhDWfexopwJ6mmmOa1HkuLA57TmD64Tv/ZIpWKhuNfDiLYC3BOsywjWRroTl+ftbM61nQmQY5cNioUZKbtobuWufn+eEABU29mvZickcUCFJhwr1XCdSLdGWGpGOB1nmrGiESYD3KOjyYFjdGKkDuqG0ozQaKIu5HCg1DDwTTLAuq+WvUT8z2vEultqjZiIYk0FmT7UjTnSIUraog6TlGg+NAQTycyFiPSxxESbP8mY6o6dvyi4+aT6MplX987ssu3eurlKCaZIwxEcwym4UIQK3EAVPCDQgxd4hw/Lt56tV+ttGk1Zs51DWID1+QdfDIw4</latexit><latexit sha1_base64="ZXelAhZ5ANmuipnasjBDIt4toIU=">AAAB33icbVDNSkJBGP2u/Zn9WS2DGJKg1eXetNRFJLRpqZQpqMjcca4Ozv1hZm4g4jJoU7QqepMeoVfoGWrTGzTXn4XSgQ8O55yP+c44IWdSWdaXkVhaXlldS66nNja3tnfSu3t3MogEoVUS8EDUHSwpZz6tKqY4rYeCYs/htOb0r2K/dk+FZIF/qwYhbXm46zOXEay0dONfnLXTGdu0xkCWWdTI56akaKOZlbn8/X44/Kj8lNvpz2YnIJFHfUU4lrJhW6FqDbFQjHA6SjUjSUNM+rhLh+MDR+hYSx3kBkKPr9BYncthT8qB5+ikh1VPLnqx+J/XiJRbaA2ZH0aK+mTykBtxpAIUt0UdJihRfKAJJoLpCxHpYYGJ0n+S0tUtM3ues7Nx9UUyq149NYumXbEzpQJMkIQDOIITsCEPJbiGMlSBQBee4BXeDMd4NJ6Nl0k0YUx39mEOxvsf5COOKw==</latexit><latexit sha1_base64="ZXelAhZ5ANmuipnasjBDIt4toIU=">AAAB33icbVDNSkJBGP2u/Zn9WS2DGJKg1eXetNRFJLRpqZQpqMjcca4Ozv1hZm4g4jJoU7QqepMeoVfoGWrTGzTXn4XSgQ8O55yP+c44IWdSWdaXkVhaXlldS66nNja3tnfSu3t3MogEoVUS8EDUHSwpZz6tKqY4rYeCYs/htOb0r2K/dk+FZIF/qwYhbXm46zOXEay0dONfnLXTGdu0xkCWWdTI56akaKOZlbn8/X44/Kj8lNvpz2YnIJFHfUU4lrJhW6FqDbFQjHA6SjUjSUNM+rhLh+MDR+hYSx3kBkKPr9BYncthT8qB5+ikh1VPLnqx+J/XiJRbaA2ZH0aK+mTykBtxpAIUt0UdJihRfKAJJoLpCxHpYYGJ0n+S0tUtM3ues7Nx9UUyq149NYumXbEzpQJMkIQDOIITsCEPJbiGMlSBQBee4BXeDMd4NJ6Nl0k0YUx39mEOxvsf5COOKw==</latexit><latexit sha1_base64="ZXelAhZ5ANmuipnasjBDIt4toIU=">AAAB33icbVDNSkJBGP2u/Zn9WS2DGJKg1eXetNRFJLRpqZQpqMjcca4Ozv1hZm4g4jJoU7QqepMeoVfoGWrTGzTXn4XSgQ8O55yP+c44IWdSWdaXkVhaXlldS66nNja3tnfSu3t3MogEoVUS8EDUHSwpZz6tKqY4rYeCYs/htOb0r2K/dk+FZIF/qwYhbXm46zOXEay0dONfnLXTGdu0xkCWWdTI56akaKOZlbn8/X44/Kj8lNvpz2YnIJFHfUU4lrJhW6FqDbFQjHA6SjUjSUNM+rhLh+MDR+hYSx3kBkKPr9BYncthT8qB5+ikh1VPLnqx+J/XiJRbaA2ZH0aK+mTykBtxpAIUt0UdJihRfKAJJoLpCxHpYYGJ0n+S0tUtM3ues7Nx9UUyq149NYumXbEzpQJMkIQDOIITsCEPJbiGMlSBQBee4BXeDMd4NJ6Nl0k0YUx39mEOxvsf5COOKw==</latexit><latexit sha1_base64="ZXelAhZ5ANmuipnasjBDIt4toIU=">AAAB33icbVDNSkJBGP2u/Zn9WS2DGJKg1eXetNRFJLRpqZQpqMjcca4Ozv1hZm4g4jJoU7QqepMeoVfoGWrTGzTXn4XSgQ8O55yP+c44IWdSWdaXkVhaXlldS66nNja3tnfSu3t3MogEoVUS8EDUHSwpZz6tKqY4rYeCYs/htOb0r2K/dk+FZIF/qwYhbXm46zOXEay0dONfnLXTGdu0xkCWWdTI56akaKOZlbn8/X44/Kj8lNvpz2YnIJFHfUU4lrJhW6FqDbFQjHA6SjUjSUNM+rhLh+MDR+hYSx3kBkKPr9BYncthT8qB5+ikh1VPLnqx+J/XiJRbaA2ZH0aK+mTykBtxpAIUt0UdJihRfKAJJoLpCxHpYYGJ0n+S0tUtM3ues7Nx9UUyq149NYumXbEzpQJMkIQDOIITsCEPJbiGMlSBQBee4BXeDMd4NJ6Nl0k0YUx39mEOxvsf5COOKw==</latexit><latexit sha1_base64="vk4kVI3hxLWozP+1Buc1HZW5Aaw=">AAAB33icbVDPSwJBGP3Wfpn9sjp2GZKg07KblnoIhC4djdoUVGR2nNXB2dllZjYQ8d6l6FT0H/Uv9N80q+tB6cHA4703fN/7/JgzpR3n18ptbG5t7+R3C3v7B4dHxeOTZxUlklCPRDySbR8rypmgnmaa03YsKQ59Tlv++C71Wy9UKhaJJz2JaS/EQ8ECRrA20qO4ve4XS67tzIEcu25QrWSk7qKlVYIMzX7xpzuISBJSoQnHSnVcJ9a9KZaaEU5nhW6iaIzJGA/pdL7gDF0YaYCCSJonNJqrKzkcKjUJfZMMsR6pdS8V//M6iQ5qvSkTcaKpIItBQcKRjlDaFg2YpETziSGYSGY2RGSEJSba3KRgqjt2+abiltPq62RZ3buy67b74JYatewGeTiDc7gEF6rQgHtoggcEhvAGn/Bl+dar9W59LKI5K/tzCiuwvv8AxOaJeA==</latexit> The new name is the position       
[di, ri]

M = n(n + 1)/2



The Moir-Anderson  
wait-free solution

operation get_name(    )

                   movei :=

while (movei            ) do 

 movei :=

 case  (movei =       ) then 

  (movei =       ) then 

  (movei =     ) then exit_loop

 end case

end while

return
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di := 0; ri := 0; down

�= stop

right ri := ri+1
down di := di+1
stop

(n⇥di + ri � (di(di�1)/2))

idi

SP .direction(idi)
<latexit sha1_base64="NmqZl0SiMO3MUsT88vO12lXbMh0="></latexit><latexit sha1_base64="XuVLvE4lGgcYtzRAbTiS/J3tQEA="></latexit><latexit sha1_base64="XuVLvE4lGgcYtzRAbTiS/J3tQEA="></latexit><latexit sha1_base64="XuVLvE4lGgcYtzRAbTiS/J3tQEA="></latexit><latexit sha1_base64="XuVLvE4lGgcYtzRAbTiS/J3tQEA="></latexit><latexit sha1_base64="YWi6hO0rQX8spRzOpCz06eeaLkg="></latexit>

Proof:
A process invokes                  
at most   times before 


At most one process stops at a 
splitter, and each splitter has a 
unique name


no two processes have same new name


SP .direction()
<latexit sha1_base64="fI+mjde39ddlUs3QwXTiWR68s0Y=">AAAB9XicbVDLSgMxFL3js9bXqAsFN8Ei1M0wY4u1u4IblxUdW2hLzaSZNjTzIMmIpcyvuFFcKf6Gv+DfmOlj0eKBwOGcE+4914s5k8q2f42V1bX1jc3cVn57Z3dv3zw4fJRRIgh1ScQj0fSwpJyF1FVMcdqMBcWBx2nDG95kfuOZCsmi8EGNYtoJcD9kPiNYaalrHrcDrAZMje/rVo8JSjI5LV50zYJj2RMg26pqVMozUnXQ3CrUTnz/CQDqXfOn3YtIEtBQEY6lbDl2rDpjLBQjnKb5diJpjMkQ9+l4snaKzrXUQ34k9AsVmqgLORxIOQo8ncyWlMteJv7ntRLlX3fGLIwTRUMyHeQnHKkIZTdA06J8pAkmgukNERlggYnSl8rr6rZVuio7paz6MplXdy+tquXc6ROUYYocnMIZFMGBCtTgFurgAoEU3uATvowX49V4Nz6m0RVj9ucIFmB8/wESRpPO</latexit><latexit sha1_base64="t5KDwqks01E4WEgmovGjDfCfAVg=">AAAB9XicbVDLSgMxFL1TX7W+Rl0ouAkWoW6GGVus3RXcuKzo2EJbSibNtKGZB0lGLEN/xY3iSvE3/AX/xkwfixYPBA7nnHDvuV7MmVS2/Wvk1tY3Nrfy24Wd3b39A/Pw6ElGiSDUJRGPRMvDknIWUlcxxWkrFhQHHqdNb3Sb+c1nKiSLwkc1jmk3wIOQ+YxgpaWeedIJsBoylT40rD4TlGTypHTZM4uOZU+BbKumUa3MSc1BC6tYP/WnaPTMn04/IklAQ0U4lrLt2LHqplgoRjidFDqJpDEmIzyg6XTtCbrQUh/5kdAvVGiqLuVwIOU48HQyW1Kuepn4n9dOlH/TTVkYJ4qGZDbITzhSEcpugGZF+VgTTATTGyIyxAITpS9V0NVtq3xdccpZ9VWyqO5eWTXLudcnqMAMeTiDcyiBA1Wowx00wAUCE3iDT/gyXoxX4934mEVzxvzPMSzB+P4DpcmVBg==</latexit><latexit sha1_base64="t5KDwqks01E4WEgmovGjDfCfAVg=">AAAB9XicbVDLSgMxFL1TX7W+Rl0ouAkWoW6GGVus3RXcuKzo2EJbSibNtKGZB0lGLEN/xY3iSvE3/AX/xkwfixYPBA7nnHDvuV7MmVS2/Wvk1tY3Nrfy24Wd3b39A/Pw6ElGiSDUJRGPRMvDknIWUlcxxWkrFhQHHqdNb3Sb+c1nKiSLwkc1jmk3wIOQ+YxgpaWeedIJsBoylT40rD4TlGTypHTZM4uOZU+BbKumUa3MSc1BC6tYP/WnaPTMn04/IklAQ0U4lrLt2LHqplgoRjidFDqJpDEmIzyg6XTtCbrQUh/5kdAvVGiqLuVwIOU48HQyW1Kuepn4n9dOlH/TTVkYJ4qGZDbITzhSEcpugGZF+VgTTATTGyIyxAITpS9V0NVtq3xdccpZ9VWyqO5eWTXLudcnqMAMeTiDcyiBA1Wowx00wAUCE3iDT/gyXoxX4934mEVzxvzPMSzB+P4DpcmVBg==</latexit><latexit sha1_base64="t5KDwqks01E4WEgmovGjDfCfAVg=">AAAB9XicbVDLSgMxFL1TX7W+Rl0ouAkWoW6GGVus3RXcuKzo2EJbSibNtKGZB0lGLEN/xY3iSvE3/AX/xkwfixYPBA7nnHDvuV7MmVS2/Wvk1tY3Nrfy24Wd3b39A/Pw6ElGiSDUJRGPRMvDknIWUlcxxWkrFhQHHqdNb3Sb+c1nKiSLwkc1jmk3wIOQ+YxgpaWeedIJsBoylT40rD4TlGTypHTZM4uOZU+BbKumUa3MSc1BC6tYP/WnaPTMn04/IklAQ0U4lrLt2LHqplgoRjidFDqJpDEmIzyg6XTtCbrQUh/5kdAvVGiqLuVwIOU48HQyW1Kuepn4n9dOlH/TTVkYJ4qGZDbITzhSEcpugGZF+VgTTATTGyIyxAITpS9V0NVtq3xdccpZ9VWyqO5eWTXLudcnqMAMeTiDcyiBA1Wowx00wAUCE3iDT/gyXoxX4934mEVzxvzPMSzB+P4DpcmVBg==</latexit><latexit sha1_base64="t5KDwqks01E4WEgmovGjDfCfAVg=">AAAB9XicbVDLSgMxFL1TX7W+Rl0ouAkWoW6GGVus3RXcuKzo2EJbSibNtKGZB0lGLEN/xY3iSvE3/AX/xkwfixYPBA7nnHDvuV7MmVS2/Wvk1tY3Nrfy24Wd3b39A/Pw6ElGiSDUJRGPRMvDknIWUlcxxWkrFhQHHqdNb3Sb+c1nKiSLwkc1jmk3wIOQ+YxgpaWeedIJsBoylT40rD4TlGTypHTZM4uOZU+BbKumUa3MSc1BC6tYP/WnaPTMn04/IklAQ0U4lrLt2LHqplgoRjidFDqJpDEmIzyg6XTtCbrQUh/5kdAvVGiqLuVwIOU48HQyW1Kuepn4n9dOlH/TTVkYJ4qGZDbITzhSEcpugGZF+VgTTATTGyIyxAITpS9V0NVtq3xdccpZ9VWyqO5eWTXLudcnqMAMeTiDcyiBA1Wowx00wAUCE3iDT/gyXoxX4934mEVzxvzPMSzB+P4DpcmVBg==</latexit><latexit sha1_base64="L4TThvtiPHR1d0+3YQSp+6Lok6w=">AAAB9XicbVDLTsJAFL31ifiqunDhZiIxwU3TChHZkbhxidEKCRAyHaYwYfrIzNRISH/FjcaVxt/wF/wbp1AWEE8yyck5Z3LvuV7MmVS2/WusrW9sbm0Xdoq7e/sHh+bR8ZOMEkGoSyIeibaHJeUspK5iitN2LCgOPE5b3vg281vPVEgWhY9qEtNegIch8xnBSkt987QbYDViavrQtAZMUJLJafmyb5Ycy54B2VZdo1bNSd1BC6sEOZp986c7iEgS0FARjqXsOHaselMsFCOcpsVuImmMyRgP6XS2dooutDRAfiT0CxWaqUs5HEg5CTydzJaUq14m/ud1EuXf9KYsjBNFQzIf5CccqQhlN0DzonyiCSaC6Q0RGWGBidKXKurqtlW5rjqVrPoqWVR3r6y65dzbpUY1v0EBzuAcyuBADRpwB01wgUAKb/AJX8aL8Wq8Gx/z6JqR/zmBJRjffxb6kko=</latexit>

stop

<latexit sha1_base64="LqrGX1hqo/nonZIAtk4c0rrYoGw=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFlcePn+At+hn9g0uqiPg5cOJxzLnPP+IkUBh3n3SosLC4trxRXS2vrG5tb5e2dW6NSzbjHlFS66VPDpYi5hwIlbyaa08iXvOEPLnO/cce1ESq+wWHCOxHtxSIUjGImeQZVUuqWK67tTEH+J5WLj8nkFQDq3fJbO1AsjXiMTFJjWq6TYGdENQom+bjUTg1PKBvQHh9NTxyTg0wKSKh0NjGSqTqXo5Exw8jPkhHFvvnp5eJfXivF8KwzEnGSIo/Z7KEwlQQVyfuSQGjOUA4zQpkW2YWE9ammDLNfyas79vFJ1T12yG/yXd07ss9t99qt1KowQxH2YB8OwYVTqMEV1MEDBgIe4BkmVmDdW4/W0yxasL52dmEO1ssn42qNHw==</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="nnbla9j9QIp6QLQFtmjpTj05cCk=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiRafKwsuHFZwdhCW8pkMmmHTjJh5kYopT/gRnFl9Yf8BT/DPzBpdVEfBy4czjmXuWf8RAqDjvNuFRYWl5ZXiqultfWNza3y9s6tUalm3GNKKt30qeFSxNxDgZI3E81p5Eve8AeXud+449oIFd/gMOGdiPZiEQpGMZM8gyopdcsV13amIP+TysXHJMdLvVt+aweKpRGPkUlqTMt1EuyMqEbBJB+X2qnhCWUD2uOj6YljcpBJAQmVziZGMlXncjQyZhj5WTKi2Dc/vVz8y2ulGJ51RiJOUuQxmz0UppKgInlfEgjNGcphRijTIruQsD7VlGH2K3l1xz4+qbrHDvlNvqt7R/a57V67lVoVZijCHuzDIbhwCjW4gjp4wEDAAzzDxAqse+vReppFC9bXzi7MwXr9BC0/juQ=</latexit><latexit sha1_base64="2RPZ4oPoFn5sD59sg5usDRagXJw=">AAAB4XicdVDLSsNAFL2pr1pfVZduBovgKiS2+NgV3LisYGyhLWUymbRDJ5kwcyOU0h9wo7hS/CF/wb8xSeuiPg4MHM45w73n+okUBh3n0yqtrK6tb5Q3K1vbO7t71f2De6NSzbjHlFS641PDpYi5hwIl7ySa08iXvO2Pr3O//cC1ESq+w0nC+xEdxiIUjGImeQZVUhlUa67tFCD/kxos0BpUP3qBYmnEY2SSGtN1nQT7U6pRMMlnlV5qeELZmA75tFhxRk4yKSCh0tmLkRTqUo5GxkwiP0tGFEfmp5eLf3ndFMPL/lTESYo8ZvNBYSoJKpL3JYHQnKGcZIQyLbINCRtRTRlmV8mrO3b9vOHWHfKbfFf3zuwr2711a83G4gZlOIJjOAUXLqAJN9ACDxgIeIJXeLMC69F6tl7m0ZK1+HMIS7DevwDz+ood</latexit>

n
<latexit sha1_base64="Hj5Ru6L0P36NrCOApiFtXjGbhKw=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapjRYu3KghuXLTi20JaaSTNtaCYzJBmhlG7dKK4U6c7P8Rf8DP/ATB+LFg9cOJxzLrknfsyZ0o7zY2XW1jc2t7LbuZ3dvf2D/OHRg4oSSahHIh7Jho8V5UxQTzPNaSOWFIc+p3V/cJv69ScqFYvEvR7GtB3inmABI1gbqSY6+YJrO1Mgxy4blIpzUnbRwirc/E4mXwBQ7eS/W92IJCEVmnCsVNN1Yt0eYakZ4XScayWKxpgMcI+OpueN0ZmRuiiIpBmh0VRdyuFQqWHom2SIdV+teqn4n9dMdHDdHjERJ5oKMnsoSDjSEUq7oi6TlGg+NAQTycyFiPSxxESbH8mZ6o59eVV0L9Pqq2RR3buwy7ZbcwqVIsyQhRM4hXNwoQQVuIMqeECAwgu8w4f1aD1br9bbLJqx5jvHsATr8w/AFIvv</latexit><latexit sha1_base64="JCMw0cA/EFXfQrXAP35TvPz+x+c=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapixxdqVBTcuW3BsoS01k2ba0ExmSDJCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6N7FSWSUI9EPJJNHyvKmaCeZprTZiwpDn1OG/7wJvUbj1QqFok7PYppJ8R9wQJGsDZSXXTzBdd2pkCOXTEol+ak4qKFVbj+/UzxVevmv9u9iCQhFZpwrFTLdWLdGWOpGeF0kmsnisaYDHGfjqfnTdCZkXooiKQZodFUXcrhUKlR6JtkiPVArXqp+J/XSnRw1RkzESeaCjJ7KEg40hFKu6Iek5RoPjIEE8nMhYgMsMREmx/JmeqOXbwsucW0+ipZVPcu7Irt1p1CtQQzZOEETuEcXChDFW6hBh4QoPAMb/BuPVhP1ov1OotmrPnOMSzB+vgDCemNtA==</latexit><latexit sha1_base64="JCMw0cA/EFXfQrXAP35TvPz+x+c=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapixxdqVBTcuW3BsoS01k2ba0ExmSDJCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6N7FSWSUI9EPJJNHyvKmaCeZprTZiwpDn1OG/7wJvUbj1QqFok7PYppJ8R9wQJGsDZSXXTzBdd2pkCOXTEol+ak4qKFVbj+/UzxVevmv9u9iCQhFZpwrFTLdWLdGWOpGeF0kmsnisaYDHGfjqfnTdCZkXooiKQZodFUXcrhUKlR6JtkiPVArXqp+J/XSnRw1RkzESeaCjJ7KEg40hFKu6Iek5RoPjIEE8nMhYgMsMREmx/JmeqOXbwsucW0+ipZVPcu7Irt1p1CtQQzZOEETuEcXChDFW6hBh4QoPAMb/BuPVhP1ov1OotmrPnOMSzB+vgDCemNtA==</latexit><latexit sha1_base64="JCMw0cA/EFXfQrXAP35TvPz+x+c=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapixxdqVBTcuW3BsoS01k2ba0ExmSDJCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6N7FSWSUI9EPJJNHyvKmaCeZprTZiwpDn1OG/7wJvUbj1QqFok7PYppJ8R9wQJGsDZSXXTzBdd2pkCOXTEol+ak4qKFVbj+/UzxVevmv9u9iCQhFZpwrFTLdWLdGWOpGeF0kmsnisaYDHGfjqfnTdCZkXooiKQZodFUXcrhUKlR6JtkiPVArXqp+J/XSnRw1RkzESeaCjJ7KEg40hFKu6Iek5RoPjIEE8nMhYgMsMREmx/JmeqOXbwsucW0+ipZVPcu7Irt1p1CtQQzZOEETuEcXChDFW6hBh4QoPAMb/BuPVhP1ov1OotmrPnOMSzB+vgDCemNtA==</latexit><latexit sha1_base64="JCMw0cA/EFXfQrXAP35TvPz+x+c=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapixxdqVBTcuW3BsoS01k2ba0ExmSDJCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6N7FSWSUI9EPJJNHyvKmaCeZprTZiwpDn1OG/7wJvUbj1QqFok7PYppJ8R9wQJGsDZSXXTzBdd2pkCOXTEol+ak4qKFVbj+/UzxVevmv9u9iCQhFZpwrFTLdWLdGWOpGeF0kmsnisaYDHGfjqfnTdCZkXooiKQZodFUXcrhUKlR6JtkiPVArXqp+J/XSnRw1RkzESeaCjJ7KEg40hFKu6Iek5RoPjIEE8nMhYgMsMREmx/JmeqOXbwsucW0+ipZVPcu7Irt1p1CtQQzZOEETuEcXChDFW6hBh4QoPAMb/BuPVhP1ov1OotmrPnOMSzB+vgDCemNtA==</latexit><latexit sha1_base64="izdDlprMrnH1CX4CB7jvEi1AARU=">AAAB3XicbVBNT8JAFHzFL8Qv1KOXjcTEU9NKI3Ij8eIREiskQHC7bGHDdtvsbk0I4epF40njX/Iv+G/cQjlAnGSTycxs3psXJJwp7Ti/VmFre2d3r7hfOjg8Oj4pn549qTiVhPok5rHsBFhRzgT1NdOcdhJJcRRw2g4m95nffqFSsVg86mlC+xEeCRYygrWRWmJQrri2swBy7LpBzctJ3UUrqwI5moPyT28YkzSiQhOOleq6TqL7Myw1I5zOS71U0QSTCR7R2WK9Oboy0hCFsTRPaLRQ13I4UmoaBSYZYT1Wm14m/ud1Ux3e9WdMJKmmgiwHhSlHOkZZVzRkkhLNp4ZgIpnZEJExlphoc5GSqe7Y1VvPrWbVN8mqun9j12235VQaXn6DIlzAJVyDCzVowAM0wQcCFN7gE76sZ+vVerc+ltGClf85hzVY33/QpIjt</latexit>
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v
<latexit sha1_base64="+PNOP9F/xIMBpZqJJWbHRYb8l80=">AAAB3XicbVDLTgIxFL2DL8QX6tJNIzFxNZmRichKEjcuIXGEBAh2SgcaOo+0HRJC2LrRuNIYdn6Ov+Bn+Ad2eCwgnuQmJ+ecm95TL+ZMKsv6MTIbm1vbO9nd3N7+weFR/vjkUUaJINQlEY9Ew8OSchZSVzHFaSMWFAcep3VvcJf69SEVkkXhgxrFtB3gXsh8RrDSUm3YyRds05oBWWZZo+QsSNlGS6tw+zudfgFAtZP/bnUjkgQ0VIRjKZu2Fav2GAvFCKeTXCuRNMZkgHt0PDtvgi601EV+JPSECs3UlRwOpBwFnk4GWPXlupeK/3nNRPk37TEL40TRkMwf8hOOVITSrqjLBCWKjzTBRDB9ISJ9LDBR+kdyurplFq8du5hWXyfL6u6VWTbtmlWoODBHFs7gHC7BhhJU4B6q4AIBCi/wDh/Gk/FsvBpv82jGWOycwgqMzz/L3Iv3</latexit><latexit sha1_base64="HYVd2Sx5I6bRfkNT+xKxWyKumsE=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapjRYu3KghuXLTi20JaaSTNtaGYyJJlCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6MHJRJJqEcEF7LhY0U5i6inmea0EUuKQ5/Tuj+4Tf36kErFRHSvRzFth7gXsYARrI1UG3byBdd2pkCOXTYoFeek7KKFVbj5/UzxVe3kv1tdQZKQRppwrFTTdWLdHmOpGeF0kmslisaYDHCPjqfnTdCZkbooENJMpNFUXcrhUKlR6JtkiHVfrXqp+J/XTHRw3R6zKE40jcjsoSDhSAuUdkVdJinRfGQIJpKZCxHpY4mJNj+SM9Ud+/Kq6F6m1VfJorp3YZdtt+YUKkWYIQsncArn4EIJKnAHVfCAAIVneIN369F6sl6s11k0Y813jmEJ1scfFbGNvA==</latexit><latexit sha1_base64="HYVd2Sx5I6bRfkNT+xKxWyKumsE=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapjRYu3KghuXLTi20JaaSTNtaGYyJJlCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6MHJRJJqEcEF7LhY0U5i6inmea0EUuKQ5/Tuj+4Tf36kErFRHSvRzFth7gXsYARrI1UG3byBdd2pkCOXTYoFeek7KKFVbj5/UzxVe3kv1tdQZKQRppwrFTTdWLdHmOpGeF0kmslisaYDHCPjqfnTdCZkbooENJMpNFUXcrhUKlR6JtkiHVfrXqp+J/XTHRw3R6zKE40jcjsoSDhSAuUdkVdJinRfGQIJpKZCxHpY4mJNj+SM9Ud+/Kq6F6m1VfJorp3YZdtt+YUKkWYIQsncArn4EIJKnAHVfCAAIVneIN369F6sl6s11k0Y813jmEJ1scfFbGNvA==</latexit><latexit sha1_base64="HYVd2Sx5I6bRfkNT+xKxWyKumsE=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapjRYu3KghuXLTi20JaaSTNtaGYyJJlCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6MHJRJJqEcEF7LhY0U5i6inmea0EUuKQ5/Tuj+4Tf36kErFRHSvRzFth7gXsYARrI1UG3byBdd2pkCOXTYoFeek7KKFVbj5/UzxVe3kv1tdQZKQRppwrFTTdWLdHmOpGeF0kmslisaYDHCPjqfnTdCZkbooENJMpNFUXcrhUKlR6JtkiHVfrXqp+J/XTHRw3R6zKE40jcjsoSDhSAuUdkVdJinRfGQIJpKZCxHpY4mJNj+SM9Ud+/Kq6F6m1VfJorp3YZdtt+YUKkWYIQsncArn4EIJKnAHVfCAAIVneIN369F6sl6s11k0Y813jmEJ1scfFbGNvA==</latexit><latexit sha1_base64="HYVd2Sx5I6bRfkNT+xKxWyKumsE=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapjRYu3KghuXLTi20JaaSTNtaGYyJJlCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6MHJRJJqEcEF7LhY0U5i6inmea0EUuKQ5/Tuj+4Tf36kErFRHSvRzFth7gXsYARrI1UG3byBdd2pkCOXTYoFeek7KKFVbj5/UzxVe3kv1tdQZKQRppwrFTTdWLdHmOpGeF0kmslisaYDHCPjqfnTdCZkbooENJMpNFUXcrhUKlR6JtkiHVfrXqp+J/XTHRw3R6zKE40jcjsoSDhSAuUdkVdJinRfGQIJpKZCxHpY4mJNj+SM9Ud+/Kq6F6m1VfJorp3YZdtt+YUKkWYIQsncArn4EIJKnAHVfCAAIVneIN369F6sl6s11k0Y813jmEJ1scfFbGNvA==</latexit><latexit sha1_base64="pkAhcxl74yfWiW6c5PhHmgliEUw=">AAAB3XicbVDLTgJBEOzFF+IL9ehlIjHxtNlVInIj8eIREldIgODsMAsTZh+Z6SUhhKsXjSeNv+Qv+DfO8jhArGSSSlVNuqv9RAqNjvNr5ba2d3b38vuFg8Oj45Pi6dmzjlPFuMdiGauWTzWXIuIeCpS8lShOQ1/ypj96yPzmmCst4ugJJwnvhnQQiUAwikZqjHvFkms7cxDHrhpUyktSdcnKKsES9V7xp9OPWRryCJmkWrddJ8HulCoUTPJZoZNqnlA2ogM+na83I1dG6pMgVuZFSObqWo6GWk9C3yRDikO96WXif147xeC+OxVRkiKP2GJQkEqCMcm6kr5QnKGcGEKZEmZDwoZUUYbmIgVT3bFv78rubVZ9k6yqezd21XYbTqlWXt4gDxdwCdfgQgVq8Ah18IABhzf4hC/rxXq13q2PRTRnLf+cwxqs7z/cbIj1</latexit>

SM [i]
<latexit sha1_base64="jQ/nwCUDAWpCuQhHjclJlYWNmZk=">AAAB4XicbVDLSgMxFL1TX7U+WhXcuAkWQTfDTFus3RXcuBEqOrbQDiWTybShmQdJRiilP+BGcaX4Q/6Cf2Omj0WLBwKHc06491wv4Uwqy/o1chubW9s7+d3C3v7BYbF0dPws41QQ6pCYx6LjYUk5i6ijmOK0kwiKQ4/Ttje6zfz2CxWSxdGTGifUDfEgYgEjWGnJebzvMrdfKtumNQOyzIZGvbYgDRstrXLztHcFGq1+6afnxyQNaaQIx1J2bStR7gQLxQin00IvlTTBZIQHdDJbcYoutOSjIBb6RQrN1JUcDqUch55OhlgN5bqXif953VQFN+6ERUmqaETmg4KUIxWjrC/ymaBE8bEmmAimN0RkiAUmSl+loKtbZvW6Zlez6utkWd2pmA3TftAnqMAceTiDc7gEG+rQhDtogQMEGLzBJ3wZvvFqvBsf82jOWPw5gRUY3395RYtB</latexit><latexit sha1_base64="2eu5zbVWINpEkzpqBuxweGZlzgE=">AAAB4XicbVDLSgMxFL1TX7W+qoIbN8EidDXMtMXaXcGNG6GiYwudoWTStA3NPEgyQin9ATcVV4p/48pf8EPcm+lj0eKBwOGcE+491485k8qyfozMxubW9k52N7e3f3B4lD8+eZJRIgh1SMQj0fKxpJyF1FFMcdqKBcWBz2nTH96kfvOZCsmi8FGNYuoFuB+yHiNYacl5uGszr5Mv2KY1A7LMmka1siA1Gy2tQv3MLf5+Td1GJ//tdiOSBDRUhGMp27YVK2+MhWKE00nOTSSNMRniPh3PVpygSy11US8S+oUKzdSVHA6kHAW+TgZYDeS6l4r/ee1E9a69MQvjRNGQzAf1Eo5UhNK+qMsEJYqPNMFEML0hIgMsMFH6Kjld3TLLVxW7nFZfJ8vqTsmsmfa9PkEJ5sjCOVxAEWyoQh1uoQEOEGAwhXf4MLrGi/FqvM2jGWPx5xRWYHz+AeHqjeI=</latexit><latexit sha1_base64="2eu5zbVWINpEkzpqBuxweGZlzgE=">AAAB4XicbVDLSgMxFL1TX7W+qoIbN8EidDXMtMXaXcGNG6GiYwudoWTStA3NPEgyQin9ATcVV4p/48pf8EPcm+lj0eKBwOGcE+491485k8qyfozMxubW9k52N7e3f3B4lD8+eZJRIgh1SMQj0fKxpJyF1FFMcdqKBcWBz2nTH96kfvOZCsmi8FGNYuoFuB+yHiNYacl5uGszr5Mv2KY1A7LMmka1siA1Gy2tQv3MLf5+Td1GJ//tdiOSBDRUhGMp27YVK2+MhWKE00nOTSSNMRniPh3PVpygSy11US8S+oUKzdSVHA6kHAW+TgZYDeS6l4r/ee1E9a69MQvjRNGQzAf1Eo5UhNK+qMsEJYqPNMFEML0hIgMsMFH6Kjld3TLLVxW7nFZfJ8vqTsmsmfa9PkEJ5sjCOVxAEWyoQh1uoQEOEGAwhXf4MLrGi/FqvM2jGWPx5xRWYHz+AeHqjeI=</latexit><latexit sha1_base64="2eu5zbVWINpEkzpqBuxweGZlzgE=">AAAB4XicbVDLSgMxFL1TX7W+qoIbN8EidDXMtMXaXcGNG6GiYwudoWTStA3NPEgyQin9ATcVV4p/48pf8EPcm+lj0eKBwOGcE+491485k8qyfozMxubW9k52N7e3f3B4lD8+eZJRIgh1SMQj0fKxpJyF1FFMcdqKBcWBz2nTH96kfvOZCsmi8FGNYuoFuB+yHiNYacl5uGszr5Mv2KY1A7LMmka1siA1Gy2tQv3MLf5+Td1GJ//tdiOSBDRUhGMp27YVK2+MhWKE00nOTSSNMRniPh3PVpygSy11US8S+oUKzdSVHA6kHAW+TgZYDeS6l4r/ee1E9a69MQvjRNGQzAf1Eo5UhNK+qMsEJYqPNMFEML0hIgMsMFH6Kjld3TLLVxW7nFZfJ8vqTsmsmfa9PkEJ5sjCOVxAEWyoQh1uoQEOEGAwhXf4MLrGi/FqvM2jGWPx5xRWYHz+AeHqjeI=</latexit><latexit sha1_base64="2eu5zbVWINpEkzpqBuxweGZlzgE=">AAAB4XicbVDLSgMxFL1TX7W+qoIbN8EidDXMtMXaXcGNG6GiYwudoWTStA3NPEgyQin9ATcVV4p/48pf8EPcm+lj0eKBwOGcE+491485k8qyfozMxubW9k52N7e3f3B4lD8+eZJRIgh1SMQj0fKxpJyF1FFMcdqKBcWBz2nTH96kfvOZCsmi8FGNYuoFuB+yHiNYacl5uGszr5Mv2KY1A7LMmka1siA1Gy2tQv3MLf5+Td1GJ//tdiOSBDRUhGMp27YVK2+MhWKE00nOTSSNMRniPh3PVpygSy11US8S+oUKzdSVHA6kHAW+TgZYDeS6l4r/ee1E9a69MQvjRNGQzAf1Eo5UhNK+qMsEJYqPNMFEML0hIgMsMFH6Kjld3TLLVxW7nFZfJ8vqTsmsmfa9PkEJ5sjCOVxAEWyoQh1uoQEOEGAwhXf4MLrGi/FqvM2jGWPx5xRWYHz+AeHqjeI=</latexit><latexit sha1_base64="rnldvi1D3C9LWwVY599TlGWleEk=">AAAB4XicbVDLSsNAFL2pr1pfVZduBovgKiRtae2u4MaNUNHYQhvKZDJph04ezEyEUvoDbhRXij/kL/g3Ttp00eKBgcM5Z7j3XC/hTCrL+jUKW9s7u3vF/dLB4dHxSfn07FnGqSDUITGPRc/DknIWUUcxxWkvERSHHqddb3Kb+d0XKiSLoyc1Tagb4lHEAkaw0pLzeN9n7rBcsU1rAWSZLY1mPSctG62sCuToDMs/Az8maUgjRTiWsm9biXJnWChGOJ2XBqmkCSYTPKKzxYpzdKUlHwWx0C9SaKGu5XAo5TT0dDLEaiw3vUz8z+unKrhxZyxKUkUjshwUpBypGGV9kc8EJYpPNcFEML0hImMsMFH6KiVd3TJrjbpdy6pvklV1p2q2TPvBqrSr+Q2KcAGXcA02NKENd9ABBwgweINP+DJ849V4Nz6W0YKR/zmHNRjff1o0imY=</latexit>

v
<latexit sha1_base64="B9kJPHgzgt3mhh+kZ6X2yzUyVlk=">AAAB3XicbVDLTgIxFL2DL8TXqEs3jcTE1WQGiMhKEjcuIXGEBAh2SgcaOo+0HRJC2LrRuNL4Af6Mv+DOX/AP7PBYQDzJTU7OOTe9p17MmVS2/W1kNja3tneyu7m9/YPDI/P45EFGiSDUJRGPRNPDknIWUlcxxWkzFhQHHqcNb3ib+o0RFZJF4b0ax7QT4H7IfEaw0lJ91DXzjmXPgGyrolEuLUjFQUsrf/Mbf/4AQK1rfrV7EUkCGirCsZQtx45VZ4KFYoTTaa6dSBpjMsR9OpmdN0UXWuohPxJ6QoVm6koOB1KOA08nA6wGct1Lxf+8VqL8686EhXGiaEjmD/kJRypCaVfUY4ISxceaYCKYvhCRARaYKP0jOV3dtopXJaeYVl8ny+puwapYTt3OVwswRxbO4BwuwYEyVOEOauACAQrP8AbvxqPxZLwYr/NoxljsnMIKjI8/9eeMFg==</latexit><latexit sha1_base64="cftL93CIAwJSgn7nro6YHPjFtFM=">AAAB3XicbVDLTgIxFL2DLxxfqEs3jcTE1WQGiMjCSOLGJSSOkADBTinQ0HnYdkgIYetG40rjB/gz/oHxM/wDOzwWEE9yk5Nzzk3vqRdxJpVt/xiptfWNza30trmzu7d/kDk8updhLAh1SchDUfewpJwF1FVMcVqPBMW+x2nNG9wkfm1IhWRhcKdGEW35uBewLiNYaak6bGeyjmVPgWyrpFEszEnJQQsre/0bfX6bV4+Vduar2QlJ7NNAEY6lbDh2pFpjLBQjnE7MZixphMkA9+h4et4EnWmpg7qh0BMoNFWXctiXcuR7Oulj1ZerXiL+5zVi1b1sjVkQxYoGZPZQN+ZIhSjpijpMUKL4SBNMBNMXItLHAhOlf8TU1W0rf1Fw8kn1VbKo7uaskuVU7Ww5BzOk4QRO4RwcKEIZbqECLhCg8Axv8G48GE/Gi/E6i6aM+c4xLMH4+APXwozF</latexit><latexit sha1_base64="cftL93CIAwJSgn7nro6YHPjFtFM=">AAAB3XicbVDLTgIxFL2DLxxfqEs3jcTE1WQGiMjCSOLGJSSOkADBTinQ0HnYdkgIYetG40rjB/gz/oHxM/wDOzwWEE9yk5Nzzk3vqRdxJpVt/xiptfWNza30trmzu7d/kDk8updhLAh1SchDUfewpJwF1FVMcVqPBMW+x2nNG9wkfm1IhWRhcKdGEW35uBewLiNYaak6bGeyjmVPgWyrpFEszEnJQQsre/0bfX6bV4+Vduar2QlJ7NNAEY6lbDh2pFpjLBQjnE7MZixphMkA9+h4et4EnWmpg7qh0BMoNFWXctiXcuR7Oulj1ZerXiL+5zVi1b1sjVkQxYoGZPZQN+ZIhSjpijpMUKL4SBNMBNMXItLHAhOlf8TU1W0rf1Fw8kn1VbKo7uaskuVU7Ww5BzOk4QRO4RwcKEIZbqECLhCg8Axv8G48GE/Gi/E6i6aM+c4xLMH4+APXwozF</latexit><latexit sha1_base64="cftL93CIAwJSgn7nro6YHPjFtFM=">AAAB3XicbVDLTgIxFL2DLxxfqEs3jcTE1WQGiMjCSOLGJSSOkADBTinQ0HnYdkgIYetG40rjB/gz/oHxM/wDOzwWEE9yk5Nzzk3vqRdxJpVt/xiptfWNza30trmzu7d/kDk8updhLAh1SchDUfewpJwF1FVMcVqPBMW+x2nNG9wkfm1IhWRhcKdGEW35uBewLiNYaak6bGeyjmVPgWyrpFEszEnJQQsre/0bfX6bV4+Vduar2QlJ7NNAEY6lbDh2pFpjLBQjnE7MZixphMkA9+h4et4EnWmpg7qh0BMoNFWXctiXcuR7Oulj1ZerXiL+5zVi1b1sjVkQxYoGZPZQN+ZIhSjpijpMUKL4SBNMBNMXItLHAhOlf8TU1W0rf1Fw8kn1VbKo7uaskuVU7Ww5BzOk4QRO4RwcKEIZbqECLhCg8Axv8G48GE/Gi/E6i6aM+c4xLMH4+APXwozF</latexit><latexit sha1_base64="cftL93CIAwJSgn7nro6YHPjFtFM=">AAAB3XicbVDLTgIxFL2DLxxfqEs3jcTE1WQGiMjCSOLGJSSOkADBTinQ0HnYdkgIYetG40rjB/gz/oHxM/wDOzwWEE9yk5Nzzk3vqRdxJpVt/xiptfWNza30trmzu7d/kDk8updhLAh1SchDUfewpJwF1FVMcVqPBMW+x2nNG9wkfm1IhWRhcKdGEW35uBewLiNYaak6bGeyjmVPgWyrpFEszEnJQQsre/0bfX6bV4+Vduar2QlJ7NNAEY6lbDh2pFpjLBQjnE7MZixphMkA9+h4et4EnWmpg7qh0BMoNFWXctiXcuR7Oulj1ZerXiL+5zVi1b1sjVkQxYoGZPZQN+ZIhSjpijpMUKL4SBNMBNMXItLHAhOlf8TU1W0rf1Fw8kn1VbKo7uaskuVU7Ww5BzOk4QRO4RwcKEIZbqECLhCg8Axv8G48GE/Gi/E6i6aM+c4xLMH4+APXwozF</latexit><latexit sha1_base64="BZaEQG/58QacoAt3mwOcKMXLX74=">AAAB3XicbVDLagIxFL1jX9a+bLvsJlQKXQ0ZlVp3QjddKnSqoGIzMaPBzIMkI4i47aalq5b+Un+hf9OMjgulBwKHc06491wvFlxpjH+t3M7u3v5B/rBwdHxyelY8v3hWUSIpc2kkItnxiGKCh8zVXAvWiSUjgSdY25s8pH57yqTiUfikZzHrB2QUcp9Too3Umg6KJcfGSyBs1w1q1YzUHbS2SpChOSj+9IYRTQIWaiqIUl0Hx7o/J1JzKtii0EsUiwmdkBGbL9dboBsjDZEfSfNCjZbqRo4ESs0CzyQDosdq20vF/7xuov37/pyHcaJZSFeD/EQgHaG0KxpyyagWM0MIldxsiOiYSEK1uUjBVMd25a7qVNLq22Rd3S3bddtp4VKjnN0gD1dwDbfgQA0a8AhNcIECgzf4hC/rxXq13q2PVTRnZX8uYQPW9x/b0ojz</latexit>

v



Atomic Snapshot

Array             of   SWMR 
atomic registers

SM [1 : n]

SM [1] SM [i] SM [n]

n Sequential specification

Process    can invoke 2 
operations:


update(  )

sets        to 


scan()

returns contents of  


pi

v
<latexit sha1_base64="+PNOP9F/xIMBpZqJJWbHRYb8l80=">AAAB3XicbVDLTgIxFL2DL8QX6tJNIzFxNZmRichKEjcuIXGEBAh2SgcaOo+0HRJC2LrRuNIYdn6Ov+Bn+Ad2eCwgnuQmJ+ecm95TL+ZMKsv6MTIbm1vbO9nd3N7+weFR/vjkUUaJINQlEY9Ew8OSchZSVzHFaSMWFAcep3VvcJf69SEVkkXhgxrFtB3gXsh8RrDSUm3YyRds05oBWWZZo+QsSNlGS6tw+zudfgFAtZP/bnUjkgQ0VIRjKZu2Fav2GAvFCKeTXCuRNMZkgHt0PDtvgi601EV+JPSECs3UlRwOpBwFnk4GWPXlupeK/3nNRPk37TEL40TRkMwf8hOOVITSrqjLBCWKjzTBRDB9ISJ9LDBR+kdyurplFq8du5hWXyfL6u6VWTbtmlWoODBHFs7gHC7BhhJU4B6q4AIBCi/wDh/Gk/FsvBpv82jGWOycwgqMzz/L3Iv3</latexit><latexit sha1_base64="HYVd2Sx5I6bRfkNT+xKxWyKumsE=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapjRYu3KghuXLTi20JaaSTNtaGYyJJlCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6MHJRJJqEcEF7LhY0U5i6inmea0EUuKQ5/Tuj+4Tf36kErFRHSvRzFth7gXsYARrI1UG3byBdd2pkCOXTYoFeek7KKFVbj5/UzxVe3kv1tdQZKQRppwrFTTdWLdHmOpGeF0kmslisaYDHCPjqfnTdCZkbooENJMpNFUXcrhUKlR6JtkiHVfrXqp+J/XTHRw3R6zKE40jcjsoSDhSAuUdkVdJinRfGQIJpKZCxHpY4mJNj+SM9Ud+/Kq6F6m1VfJorp3YZdtt+YUKkWYIQsncArn4EIJKnAHVfCAAIVneIN369F6sl6s11k0Y813jmEJ1scfFbGNvA==</latexit><latexit sha1_base64="HYVd2Sx5I6bRfkNT+xKxWyKumsE=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapjRYu3KghuXLTi20JaaSTNtaGYyJJlCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6MHJRJJqEcEF7LhY0U5i6inmea0EUuKQ5/Tuj+4Tf36kErFRHSvRzFth7gXsYARrI1UG3byBdd2pkCOXTYoFeek7KKFVbj5/UzxVe3kv1tdQZKQRppwrFTTdWLdHmOpGeF0kmslisaYDHCPjqfnTdCZkbooENJMpNFUXcrhUKlR6JtkiHVfrXqp+J/XTHRw3R6zKE40jcjsoSDhSAuUdkVdJinRfGQIJpKZCxHpY4mJNj+SM9Ud+/Kq6F6m1VfJorp3YZdtt+YUKkWYIQsncArn4EIJKnAHVfCAAIVneIN369F6sl6s11k0Y813jmEJ1scfFbGNvA==</latexit><latexit sha1_base64="HYVd2Sx5I6bRfkNT+xKxWyKumsE=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapjRYu3KghuXLTi20JaaSTNtaGYyJJlCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6MHJRJJqEcEF7LhY0U5i6inmea0EUuKQ5/Tuj+4Tf36kErFRHSvRzFth7gXsYARrI1UG3byBdd2pkCOXTYoFeek7KKFVbj5/UzxVe3kv1tdQZKQRppwrFTTdWLdHmOpGeF0kmslisaYDHCPjqfnTdCZkbooENJMpNFUXcrhUKlR6JtkiHVfrXqp+J/XTHRw3R6zKE40jcjsoSDhSAuUdkVdJinRfGQIJpKZCxHpY4mJNj+SM9Ud+/Kq6F6m1VfJorp3YZdtt+YUKkWYIQsncArn4EIJKnAHVfCAAIVneIN369F6sl6s11k0Y813jmEJ1scfFbGNvA==</latexit><latexit sha1_base64="HYVd2Sx5I6bRfkNT+xKxWyKumsE=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapjRYu3KghuXLTi20JaaSTNtaGYyJJlCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6MHJRJJqEcEF7LhY0U5i6inmea0EUuKQ5/Tuj+4Tf36kErFRHSvRzFth7gXsYARrI1UG3byBdd2pkCOXTYoFeek7KKFVbj5/UzxVe3kv1tdQZKQRppwrFTTdWLdHmOpGeF0kmslisaYDHCPjqfnTdCZkbooENJMpNFUXcrhUKlR6JtkiHVfrXqp+J/XTHRw3R6zKE40jcjsoSDhSAuUdkVdJinRfGQIJpKZCxHpY4mJNj+SM9Ud+/Kq6F6m1VfJorp3YZdtt+YUKkWYIQsncArn4EIJKnAHVfCAAIVneIN369F6sl6s11k0Y813jmEJ1scfFbGNvA==</latexit><latexit sha1_base64="pkAhcxl74yfWiW6c5PhHmgliEUw=">AAAB3XicbVDLTgJBEOzFF+IL9ehlIjHxtNlVInIj8eIREldIgODsMAsTZh+Z6SUhhKsXjSeNv+Qv+DfO8jhArGSSSlVNuqv9RAqNjvNr5ba2d3b38vuFg8Oj45Pi6dmzjlPFuMdiGauWTzWXIuIeCpS8lShOQ1/ypj96yPzmmCst4ugJJwnvhnQQiUAwikZqjHvFkms7cxDHrhpUyktSdcnKKsES9V7xp9OPWRryCJmkWrddJ8HulCoUTPJZoZNqnlA2ogM+na83I1dG6pMgVuZFSObqWo6GWk9C3yRDikO96WXif147xeC+OxVRkiKP2GJQkEqCMcm6kr5QnKGcGEKZEmZDwoZUUYbmIgVT3bFv78rubVZ9k6yqezd21XYbTqlWXt4gDxdwCdfgQgVq8Ah18IABhzf4hC/rxXq13q2PRTRnLf+cwxqs7z/cbIj1</latexit>

SM [i]
<latexit sha1_base64="jQ/nwCUDAWpCuQhHjclJlYWNmZk=">AAAB4XicbVDLSgMxFL1TX7U+WhXcuAkWQTfDTFus3RXcuBEqOrbQDiWTybShmQdJRiilP+BGcaX4Q/6Cf2Omj0WLBwKHc06491wv4Uwqy/o1chubW9s7+d3C3v7BYbF0dPws41QQ6pCYx6LjYUk5i6ijmOK0kwiKQ4/Ttje6zfz2CxWSxdGTGifUDfEgYgEjWGnJebzvMrdfKtumNQOyzIZGvbYgDRstrXLztHcFGq1+6afnxyQNaaQIx1J2bStR7gQLxQin00IvlTTBZIQHdDJbcYoutOSjIBb6RQrN1JUcDqUch55OhlgN5bqXif953VQFN+6ERUmqaETmg4KUIxWjrC/ymaBE8bEmmAimN0RkiAUmSl+loKtbZvW6Zlez6utkWd2pmA3TftAnqMAceTiDc7gEG+rQhDtogQMEGLzBJ3wZvvFqvBsf82jOWPw5gRUY3395RYtB</latexit><latexit sha1_base64="2eu5zbVWINpEkzpqBuxweGZlzgE=">AAAB4XicbVDLSgMxFL1TX7W+qoIbN8EidDXMtMXaXcGNG6GiYwudoWTStA3NPEgyQin9ATcVV4p/48pf8EPcm+lj0eKBwOGcE+491485k8qyfozMxubW9k52N7e3f3B4lD8+eZJRIgh1SMQj0fKxpJyF1FFMcdqKBcWBz2nTH96kfvOZCsmi8FGNYuoFuB+yHiNYacl5uGszr5Mv2KY1A7LMmka1siA1Gy2tQv3MLf5+Td1GJ//tdiOSBDRUhGMp27YVK2+MhWKE00nOTSSNMRniPh3PVpygSy11US8S+oUKzdSVHA6kHAW+TgZYDeS6l4r/ee1E9a69MQvjRNGQzAf1Eo5UhNK+qMsEJYqPNMFEML0hIgMsMFH6Kjld3TLLVxW7nFZfJ8vqTsmsmfa9PkEJ5sjCOVxAEWyoQh1uoQEOEGAwhXf4MLrGi/FqvM2jGWPx5xRWYHz+AeHqjeI=</latexit><latexit sha1_base64="2eu5zbVWINpEkzpqBuxweGZlzgE=">AAAB4XicbVDLSgMxFL1TX7W+qoIbN8EidDXMtMXaXcGNG6GiYwudoWTStA3NPEgyQin9ATcVV4p/48pf8EPcm+lj0eKBwOGcE+491485k8qyfozMxubW9k52N7e3f3B4lD8+eZJRIgh1SMQj0fKxpJyF1FFMcdqKBcWBz2nTH96kfvOZCsmi8FGNYuoFuB+yHiNYacl5uGszr5Mv2KY1A7LMmka1siA1Gy2tQv3MLf5+Td1GJ//tdiOSBDRUhGMp27YVK2+MhWKE00nOTSSNMRniPh3PVpygSy11US8S+oUKzdSVHA6kHAW+TgZYDeS6l4r/ee1E9a69MQvjRNGQzAf1Eo5UhNK+qMsEJYqPNMFEML0hIgMsMFH6Kjld3TLLVxW7nFZfJ8vqTsmsmfa9PkEJ5sjCOVxAEWyoQh1uoQEOEGAwhXf4MLrGi/FqvM2jGWPx5xRWYHz+AeHqjeI=</latexit><latexit sha1_base64="2eu5zbVWINpEkzpqBuxweGZlzgE=">AAAB4XicbVDLSgMxFL1TX7W+qoIbN8EidDXMtMXaXcGNG6GiYwudoWTStA3NPEgyQin9ATcVV4p/48pf8EPcm+lj0eKBwOGcE+491485k8qyfozMxubW9k52N7e3f3B4lD8+eZJRIgh1SMQj0fKxpJyF1FFMcdqKBcWBz2nTH96kfvOZCsmi8FGNYuoFuB+yHiNYacl5uGszr5Mv2KY1A7LMmka1siA1Gy2tQv3MLf5+Td1GJ//tdiOSBDRUhGMp27YVK2+MhWKE00nOTSSNMRniPh3PVpygSy11US8S+oUKzdSVHA6kHAW+TgZYDeS6l4r/ee1E9a69MQvjRNGQzAf1Eo5UhNK+qMsEJYqPNMFEML0hIgMsMFH6Kjld3TLLVxW7nFZfJ8vqTsmsmfa9PkEJ5sjCOVxAEWyoQh1uoQEOEGAwhXf4MLrGi/FqvM2jGWPx5xRWYHz+AeHqjeI=</latexit><latexit sha1_base64="2eu5zbVWINpEkzpqBuxweGZlzgE=">AAAB4XicbVDLSgMxFL1TX7W+qoIbN8EidDXMtMXaXcGNG6GiYwudoWTStA3NPEgyQin9ATcVV4p/48pf8EPcm+lj0eKBwOGcE+491485k8qyfozMxubW9k52N7e3f3B4lD8+eZJRIgh1SMQj0fKxpJyF1FFMcdqKBcWBz2nTH96kfvOZCsmi8FGNYuoFuB+yHiNYacl5uGszr5Mv2KY1A7LMmka1siA1Gy2tQv3MLf5+Td1GJ//tdiOSBDRUhGMp27YVK2+MhWKE00nOTSSNMRniPh3PVpygSy11US8S+oUKzdSVHA6kHAW+TgZYDeS6l4r/ee1E9a69MQvjRNGQzAf1Eo5UhNK+qMsEJYqPNMFEML0hIgMsMFH6Kjld3TLLVxW7nFZfJ8vqTsmsmfa9PkEJ5sjCOVxAEWyoQh1uoQEOEGAwhXf4MLrGi/FqvM2jGWPx5xRWYHz+AeHqjeI=</latexit><latexit sha1_base64="rnldvi1D3C9LWwVY599TlGWleEk=">AAAB4XicbVDLSsNAFL2pr1pfVZduBovgKiRtae2u4MaNUNHYQhvKZDJph04ezEyEUvoDbhRXij/kL/g3Ttp00eKBgcM5Z7j3XC/hTCrL+jUKW9s7u3vF/dLB4dHxSfn07FnGqSDUITGPRc/DknIWUUcxxWkvERSHHqddb3Kb+d0XKiSLoyc1Tagb4lHEAkaw0pLzeN9n7rBcsU1rAWSZLY1mPSctG62sCuToDMs/Az8maUgjRTiWsm9biXJnWChGOJ2XBqmkCSYTPKKzxYpzdKUlHwWx0C9SaKGu5XAo5TT0dDLEaiw3vUz8z+unKrhxZyxKUkUjshwUpBypGGV9kc8EJYpPNcFEML0hImMsMFH6KiVd3TJrjbpdy6pvklV1p2q2TPvBqrSr+Q2KcAGXcA02NKENd9ABBwgweINP+DJ849V4Nz6W0YKR/zmHNRjff1o0imY=</latexit>

v
<latexit sha1_base64="B9kJPHgzgt3mhh+kZ6X2yzUyVlk=">AAAB3XicbVDLTgIxFL2DL8TXqEs3jcTE1WQGiMhKEjcuIXGEBAh2SgcaOo+0HRJC2LrRuNL4Af6Mv+DOX/AP7PBYQDzJTU7OOTe9p17MmVS2/W1kNja3tneyu7m9/YPDI/P45EFGiSDUJRGPRNPDknIWUlcxxWkzFhQHHqcNb3ib+o0RFZJF4b0ax7QT4H7IfEaw0lJ91DXzjmXPgGyrolEuLUjFQUsrf/Mbf/4AQK1rfrV7EUkCGirCsZQtx45VZ4KFYoTTaa6dSBpjMsR9OpmdN0UXWuohPxJ6QoVm6koOB1KOA08nA6wGct1Lxf+8VqL8686EhXGiaEjmD/kJRypCaVfUY4ISxceaYCKYvhCRARaYKP0jOV3dtopXJaeYVl8ny+puwapYTt3OVwswRxbO4BwuwYEyVOEOauACAQrP8AbvxqPxZLwYr/NoxljsnMIKjI8/9eeMFg==</latexit><latexit sha1_base64="cftL93CIAwJSgn7nro6YHPjFtFM=">AAAB3XicbVDLTgIxFL2DLxxfqEs3jcTE1WQGiMjCSOLGJSSOkADBTinQ0HnYdkgIYetG40rjB/gz/oHxM/wDOzwWEE9yk5Nzzk3vqRdxJpVt/xiptfWNza30trmzu7d/kDk8updhLAh1SchDUfewpJwF1FVMcVqPBMW+x2nNG9wkfm1IhWRhcKdGEW35uBewLiNYaak6bGeyjmVPgWyrpFEszEnJQQsre/0bfX6bV4+Vduar2QlJ7NNAEY6lbDh2pFpjLBQjnE7MZixphMkA9+h4et4EnWmpg7qh0BMoNFWXctiXcuR7Oulj1ZerXiL+5zVi1b1sjVkQxYoGZPZQN+ZIhSjpijpMUKL4SBNMBNMXItLHAhOlf8TU1W0rf1Fw8kn1VbKo7uaskuVU7Ww5BzOk4QRO4RwcKEIZbqECLhCg8Axv8G48GE/Gi/E6i6aM+c4xLMH4+APXwozF</latexit><latexit sha1_base64="cftL93CIAwJSgn7nro6YHPjFtFM=">AAAB3XicbVDLTgIxFL2DLxxfqEs3jcTE1WQGiMjCSOLGJSSOkADBTinQ0HnYdkgIYetG40rjB/gz/oHxM/wDOzwWEE9yk5Nzzk3vqRdxJpVt/xiptfWNza30trmzu7d/kDk8updhLAh1SchDUfewpJwF1FVMcVqPBMW+x2nNG9wkfm1IhWRhcKdGEW35uBewLiNYaak6bGeyjmVPgWyrpFEszEnJQQsre/0bfX6bV4+Vduar2QlJ7NNAEY6lbDh2pFpjLBQjnE7MZixphMkA9+h4et4EnWmpg7qh0BMoNFWXctiXcuR7Oulj1ZerXiL+5zVi1b1sjVkQxYoGZPZQN+ZIhSjpijpMUKL4SBNMBNMXItLHAhOlf8TU1W0rf1Fw8kn1VbKo7uaskuVU7Ww5BzOk4QRO4RwcKEIZbqECLhCg8Axv8G48GE/Gi/E6i6aM+c4xLMH4+APXwozF</latexit><latexit sha1_base64="cftL93CIAwJSgn7nro6YHPjFtFM=">AAAB3XicbVDLTgIxFL2DLxxfqEs3jcTE1WQGiMjCSOLGJSSOkADBTinQ0HnYdkgIYetG40rjB/gz/oHxM/wDOzwWEE9yk5Nzzk3vqRdxJpVt/xiptfWNza30trmzu7d/kDk8updhLAh1SchDUfewpJwF1FVMcVqPBMW+x2nNG9wkfm1IhWRhcKdGEW35uBewLiNYaak6bGeyjmVPgWyrpFEszEnJQQsre/0bfX6bV4+Vduar2QlJ7NNAEY6lbDh2pFpjLBQjnE7MZixphMkA9+h4et4EnWmpg7qh0BMoNFWXctiXcuR7Oulj1ZerXiL+5zVi1b1sjVkQxYoGZPZQN+ZIhSjpijpMUKL4SBNMBNMXItLHAhOlf8TU1W0rf1Fw8kn1VbKo7uaskuVU7Ww5BzOk4QRO4RwcKEIZbqECLhCg8Axv8G48GE/Gi/E6i6aM+c4xLMH4+APXwozF</latexit><latexit sha1_base64="cftL93CIAwJSgn7nro6YHPjFtFM=">AAAB3XicbVDLTgIxFL2DLxxfqEs3jcTE1WQGiMjCSOLGJSSOkADBTinQ0HnYdkgIYetG40rjB/gz/oHxM/wDOzwWEE9yk5Nzzk3vqRdxJpVt/xiptfWNza30trmzu7d/kDk8updhLAh1SchDUfewpJwF1FVMcVqPBMW+x2nNG9wkfm1IhWRhcKdGEW35uBewLiNYaak6bGeyjmVPgWyrpFEszEnJQQsre/0bfX6bV4+Vduar2QlJ7NNAEY6lbDh2pFpjLBQjnE7MZixphMkA9+h4et4EnWmpg7qh0BMoNFWXctiXcuR7Oulj1ZerXiL+5zVi1b1sjVkQxYoGZPZQN+ZIhSjpijpMUKL4SBNMBNMXItLHAhOlf8TU1W0rf1Fw8kn1VbKo7uaskuVU7Ww5BzOk4QRO4RwcKEIZbqECLhCg8Axv8G48GE/Gi/E6i6aM+c4xLMH4+APXwozF</latexit><latexit sha1_base64="BZaEQG/58QacoAt3mwOcKMXLX74=">AAAB3XicbVDLagIxFL1jX9a+bLvsJlQKXQ0ZlVp3QjddKnSqoGIzMaPBzIMkI4i47aalq5b+Un+hf9OMjgulBwKHc06491wvFlxpjH+t3M7u3v5B/rBwdHxyelY8v3hWUSIpc2kkItnxiGKCh8zVXAvWiSUjgSdY25s8pH57yqTiUfikZzHrB2QUcp9Too3Umg6KJcfGSyBs1w1q1YzUHbS2SpChOSj+9IYRTQIWaiqIUl0Hx7o/J1JzKtii0EsUiwmdkBGbL9dboBsjDZEfSfNCjZbqRo4ESs0CzyQDosdq20vF/7xuov37/pyHcaJZSFeD/EQgHaG0KxpyyagWM0MIldxsiOiYSEK1uUjBVMd25a7qVNLq22Rd3S3bddtp4VKjnN0gD1dwDbfgQA0a8AhNcIECgzf4hC/rxXq13q2PVTRnZX8uYQPW9x/b0ojz</latexit>

SM [1 : n]
<latexit sha1_base64="8qX+k59WLIiSKIjkUjENw5bCIP4=">AAAB5XicbVDLSgMxFL3js9ZXVXDjJlgE3QwzbbHWVcGNG6GitZV2KJk004ZmMkOSEUrpL7hRXCn+jr/g35jpY9HigcDhnBPuPdePOVPacX6tldW19Y3NzFZ2e2d3bz93cPikokQSWicRj2TTx4pyJmhdM81pM5YUhz6nDX9wk/qNFyoVi8SjHsbUC3FPsIARrI30/HDXctE1El4nl3dtZwLk2BWDcmlGKi6aW/nqcfsCDGqd3E+7G5EkpEITjpVquU6svRGWmhFOx9l2omiMyQD36Giy5hidGamLgkiaJzSaqAs5HCo1DH2TDLHuq2UvFf/zWokOrrwRE3GiqSDTQUHCkY5Q2hl1maRE86EhmEhmNkSkjyUm2lwma6o7dvGy5BbT6stkXr1esCu2e29OUIApMnACp3AOLpShCrdQgzoQCOENPuHL6luv1rv1MY2uWLM/R7AA6/sPFneMGQ==</latexit><latexit sha1_base64="UQZeifAfTAgUSlPEyIlHjZ9uGe0=">AAAB5XicbVDLSgMxFM3UV62vquDGTbAIXQ0zbbHWVcGNG6GiYyudoWTSTBuayQxJRiilv6ALxZXiv7jyF/wQ92b6WLR4IHA454R7z/VjRqWyrB8js7K6tr6R3cxtbe/s7uX3D+5llAhMHByxSLR8JAmjnDiKKkZasSAo9Blp+oPL1G8+EiFpxO/UMCZeiHqcBhQjpaWH2+u2DS8g9zr5gm1aE0DLrGlUKzNSs+HcKtSP3OLv17Pb6OS/3W6Ek5BwhRmSsm1bsfJGSCiKGRnn3ESSGOEB6pHRZM0xPNVSFwaR0I8rOFEXciiUchj6Ohki1ZfLXir+57UTFZx7I8rjRBGOp4OChEEVwbQz7FJBsGJDTRAWVG8IcR8JhJW+TE5Xt8zyWcUup9WXyby6UzJrpn2jT1ACU2TBMTgBRWCDKqiDK9AADsAgBC/gHXwYfePJeDXeptGMMftzCBZgfP4BfxyOug==</latexit><latexit sha1_base64="UQZeifAfTAgUSlPEyIlHjZ9uGe0=">AAAB5XicbVDLSgMxFM3UV62vquDGTbAIXQ0zbbHWVcGNG6GiYyudoWTSTBuayQxJRiilv6ALxZXiv7jyF/wQ92b6WLR4IHA454R7z/VjRqWyrB8js7K6tr6R3cxtbe/s7uX3D+5llAhMHByxSLR8JAmjnDiKKkZasSAo9Blp+oPL1G8+EiFpxO/UMCZeiHqcBhQjpaWH2+u2DS8g9zr5gm1aE0DLrGlUKzNSs+HcKtSP3OLv17Pb6OS/3W6Ek5BwhRmSsm1bsfJGSCiKGRnn3ESSGOEB6pHRZM0xPNVSFwaR0I8rOFEXciiUchj6Ohki1ZfLXir+57UTFZx7I8rjRBGOp4OChEEVwbQz7FJBsGJDTRAWVG8IcR8JhJW+TE5Xt8zyWcUup9WXyby6UzJrpn2jT1ACU2TBMTgBRWCDKqiDK9AADsAgBC/gHXwYfePJeDXeptGMMftzCBZgfP4BfxyOug==</latexit><latexit sha1_base64="UQZeifAfTAgUSlPEyIlHjZ9uGe0=">AAAB5XicbVDLSgMxFM3UV62vquDGTbAIXQ0zbbHWVcGNG6GiYyudoWTSTBuayQxJRiilv6ALxZXiv7jyF/wQ92b6WLR4IHA454R7z/VjRqWyrB8js7K6tr6R3cxtbe/s7uX3D+5llAhMHByxSLR8JAmjnDiKKkZasSAo9Blp+oPL1G8+EiFpxO/UMCZeiHqcBhQjpaWH2+u2DS8g9zr5gm1aE0DLrGlUKzNSs+HcKtSP3OLv17Pb6OS/3W6Ek5BwhRmSsm1bsfJGSCiKGRnn3ESSGOEB6pHRZM0xPNVSFwaR0I8rOFEXciiUchj6Ohki1ZfLXir+57UTFZx7I8rjRBGOp4OChEEVwbQz7FJBsGJDTRAWVG8IcR8JhJW+TE5Xt8zyWcUup9WXyby6UzJrpn2jT1ACU2TBMTgBRWCDKqiDK9AADsAgBC/gHXwYfePJeDXeptGMMftzCBZgfP4BfxyOug==</latexit><latexit sha1_base64="UQZeifAfTAgUSlPEyIlHjZ9uGe0=">AAAB5XicbVDLSgMxFM3UV62vquDGTbAIXQ0zbbHWVcGNG6GiYyudoWTSTBuayQxJRiilv6ALxZXiv7jyF/wQ92b6WLR4IHA454R7z/VjRqWyrB8js7K6tr6R3cxtbe/s7uX3D+5llAhMHByxSLR8JAmjnDiKKkZasSAo9Blp+oPL1G8+EiFpxO/UMCZeiHqcBhQjpaWH2+u2DS8g9zr5gm1aE0DLrGlUKzNSs+HcKtSP3OLv17Pb6OS/3W6Ek5BwhRmSsm1bsfJGSCiKGRnn3ESSGOEB6pHRZM0xPNVSFwaR0I8rOFEXciiUchj6Ohki1ZfLXir+57UTFZx7I8rjRBGOp4OChEEVwbQz7FJBsGJDTRAWVG8IcR8JhJW+TE5Xt8zyWcUup9WXyby6UzJrpn2jT1ACU2TBMTgBRWCDKqiDK9AADsAgBC/gHXwYfePJeDXeptGMMftzCBZgfP4BfxyOug==</latexit><latexit sha1_base64="Qn6OTGzSrasMPT89gq0+TtAnvFU=">AAAB5XicbVDdSgJBGP22X7M/q8tuhiToatlVyexK6KabwKhNQ0Vmx1kdnJ1dZmYDEV+hm6KrotfpFXqbZnW9UDowcDjnDN93Pj/mTGnH+bXW1jc2t7ZzO/ndvf2Dw8LR8ZOKEkmoRyIeyZaPFeVMUE8zzWkrlhSHPqdNf3ST+s0XKhWLxKMex7Qb4oFgASNYG+n54a7tomskur1C0bWdGZBj1wyqlYzUXLSwipCh0Sv8dPoRSUIqNOFYqbbrxLo7wVIzwuk030kUjTEZ4QGdzNaconMj9VEQSfOERjN1KYdDpcahb5Ih1kO16qXif1470cFVd8JEnGgqyHxQkHCkI5R2Rn0mKdF8bAgmkpkNERliiYk2l8mb6o5dvqy45bT6KllU90p2zXbvnWK9lN0gB6dwBhfgQhXqcAsN8IBACG/wCV/W0Hq13q2PeXTNyv6cwBKs7z/3V4s+</latexit>

Atomic Snapshot

Array             of   SWMR 
atomic registers

SM [1 : n]

SM [1] SM [i] SM [n]

n Sequential specification

Process    can invoke 2 
operations:


update(  )

sets        to 


scan()

returns contents of  


pi

v
<latexit sha1_base64="+PNOP9F/xIMBpZqJJWbHRYb8l80=">AAAB3XicbVDLTgIxFL2DL8QX6tJNIzFxNZmRichKEjcuIXGEBAh2SgcaOo+0HRJC2LrRuNIYdn6Ov+Bn+Ad2eCwgnuQmJ+ecm95TL+ZMKsv6MTIbm1vbO9nd3N7+weFR/vjkUUaJINQlEY9Ew8OSchZSVzHFaSMWFAcep3VvcJf69SEVkkXhgxrFtB3gXsh8RrDSUm3YyRds05oBWWZZo+QsSNlGS6tw+zudfgFAtZP/bnUjkgQ0VIRjKZu2Fav2GAvFCKeTXCuRNMZkgHt0PDtvgi601EV+JPSECs3UlRwOpBwFnk4GWPXlupeK/3nNRPk37TEL40TRkMwf8hOOVITSrqjLBCWKjzTBRDB9ISJ9LDBR+kdyurplFq8du5hWXyfL6u6VWTbtmlWoODBHFs7gHC7BhhJU4B6q4AIBCi/wDh/Gk/FsvBpv82jGWOycwgqMzz/L3Iv3</latexit><latexit sha1_base64="HYVd2Sx5I6bRfkNT+xKxWyKumsE=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapjRYu3KghuXLTi20JaaSTNtaGYyJJlCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6MHJRJJqEcEF7LhY0U5i6inmea0EUuKQ5/Tuj+4Tf36kErFRHSvRzFth7gXsYARrI1UG3byBdd2pkCOXTYoFeek7KKFVbj5/UzxVe3kv1tdQZKQRppwrFTTdWLdHmOpGeF0kmslisaYDHCPjqfnTdCZkbooENJMpNFUXcrhUKlR6JtkiHVfrXqp+J/XTHRw3R6zKE40jcjsoSDhSAuUdkVdJinRfGQIJpKZCxHpY4mJNj+SM9Ud+/Kq6F6m1VfJorp3YZdtt+YUKkWYIQsncArn4EIJKnAHVfCAAIVneIN369F6sl6s11k0Y813jmEJ1scfFbGNvA==</latexit><latexit sha1_base64="HYVd2Sx5I6bRfkNT+xKxWyKumsE=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapjRYu3KghuXLTi20JaaSTNtaGYyJJlCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6MHJRJJqEcEF7LhY0U5i6inmea0EUuKQ5/Tuj+4Tf36kErFRHSvRzFth7gXsYARrI1UG3byBdd2pkCOXTYoFeek7KKFVbj5/UzxVe3kv1tdQZKQRppwrFTTdWLdHmOpGeF0kmslisaYDHCPjqfnTdCZkbooENJMpNFUXcrhUKlR6JtkiHVfrXqp+J/XTHRw3R6zKE40jcjsoSDhSAuUdkVdJinRfGQIJpKZCxHpY4mJNj+SM9Ud+/Kq6F6m1VfJorp3YZdtt+YUKkWYIQsncArn4EIJKnAHVfCAAIVneIN369F6sl6s11k0Y813jmEJ1scfFbGNvA==</latexit><latexit sha1_base64="HYVd2Sx5I6bRfkNT+xKxWyKumsE=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapjRYu3KghuXLTi20JaaSTNtaGYyJJlCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6MHJRJJqEcEF7LhY0U5i6inmea0EUuKQ5/Tuj+4Tf36kErFRHSvRzFth7gXsYARrI1UG3byBdd2pkCOXTYoFeek7KKFVbj5/UzxVe3kv1tdQZKQRppwrFTTdWLdHmOpGeF0kmslisaYDHCPjqfnTdCZkbooENJMpNFUXcrhUKlR6JtkiHVfrXqp+J/XTHRw3R6zKE40jcjsoSDhSAuUdkVdJinRfGQIJpKZCxHpY4mJNj+SM9Ud+/Kq6F6m1VfJorp3YZdtt+YUKkWYIQsncArn4EIJKnAHVfCAAIVneIN369F6sl6s11k0Y813jmEJ1scfFbGNvA==</latexit><latexit sha1_base64="HYVd2Sx5I6bRfkNT+xKxWyKumsE=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapjRYu3KghuXLTi20JaaSTNtaGYyJJlCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6MHJRJJqEcEF7LhY0U5i6inmea0EUuKQ5/Tuj+4Tf36kErFRHSvRzFth7gXsYARrI1UG3byBdd2pkCOXTYoFeek7KKFVbj5/UzxVe3kv1tdQZKQRppwrFTTdWLdHmOpGeF0kmslisaYDHCPjqfnTdCZkbooENJMpNFUXcrhUKlR6JtkiHVfrXqp+J/XTHRw3R6zKE40jcjsoSDhSAuUdkVdJinRfGQIJpKZCxHpY4mJNj+SM9Ud+/Kq6F6m1VfJorp3YZdtt+YUKkWYIQsncArn4EIJKnAHVfCAAIVneIN369F6sl6s11k0Y813jmEJ1scfFbGNvA==</latexit><latexit sha1_base64="pkAhcxl74yfWiW6c5PhHmgliEUw=">AAAB3XicbVDLTgJBEOzFF+IL9ehlIjHxtNlVInIj8eIREldIgODsMAsTZh+Z6SUhhKsXjSeNv+Qv+DfO8jhArGSSSlVNuqv9RAqNjvNr5ba2d3b38vuFg8Oj45Pi6dmzjlPFuMdiGauWTzWXIuIeCpS8lShOQ1/ypj96yPzmmCst4ugJJwnvhnQQiUAwikZqjHvFkms7cxDHrhpUyktSdcnKKsES9V7xp9OPWRryCJmkWrddJ8HulCoUTPJZoZNqnlA2ogM+na83I1dG6pMgVuZFSObqWo6GWk9C3yRDikO96WXif147xeC+OxVRkiKP2GJQkEqCMcm6kr5QnKGcGEKZEmZDwoZUUYbmIgVT3bFv78rubVZ9k6yqezd21XYbTqlWXt4gDxdwCdfgQgVq8Ah18IABhzf4hC/rxXq13q2PRTRnLf+cwxqs7z/cbIj1</latexit>

SM [i]
<latexit sha1_base64="jQ/nwCUDAWpCuQhHjclJlYWNmZk=">AAAB4XicbVDLSgMxFL1TX7U+WhXcuAkWQTfDTFus3RXcuBEqOrbQDiWTybShmQdJRiilP+BGcaX4Q/6Cf2Omj0WLBwKHc06491wv4Uwqy/o1chubW9s7+d3C3v7BYbF0dPws41QQ6pCYx6LjYUk5i6ijmOK0kwiKQ4/Ttje6zfz2CxWSxdGTGifUDfEgYgEjWGnJebzvMrdfKtumNQOyzIZGvbYgDRstrXLztHcFGq1+6afnxyQNaaQIx1J2bStR7gQLxQin00IvlTTBZIQHdDJbcYoutOSjIBb6RQrN1JUcDqUch55OhlgN5bqXif953VQFN+6ERUmqaETmg4KUIxWjrC/ymaBE8bEmmAimN0RkiAUmSl+loKtbZvW6Zlez6utkWd2pmA3TftAnqMAceTiDc7gEG+rQhDtogQMEGLzBJ3wZvvFqvBsf82jOWPw5gRUY3395RYtB</latexit><latexit sha1_base64="2eu5zbVWINpEkzpqBuxweGZlzgE=">AAAB4XicbVDLSgMxFL1TX7W+qoIbN8EidDXMtMXaXcGNG6GiYwudoWTStA3NPEgyQin9ATcVV4p/48pf8EPcm+lj0eKBwOGcE+491485k8qyfozMxubW9k52N7e3f3B4lD8+eZJRIgh1SMQj0fKxpJyF1FFMcdqKBcWBz2nTH96kfvOZCsmi8FGNYuoFuB+yHiNYacl5uGszr5Mv2KY1A7LMmka1siA1Gy2tQv3MLf5+Td1GJ//tdiOSBDRUhGMp27YVK2+MhWKE00nOTSSNMRniPh3PVpygSy11US8S+oUKzdSVHA6kHAW+TgZYDeS6l4r/ee1E9a69MQvjRNGQzAf1Eo5UhNK+qMsEJYqPNMFEML0hIgMsMFH6Kjld3TLLVxW7nFZfJ8vqTsmsmfa9PkEJ5sjCOVxAEWyoQh1uoQEOEGAwhXf4MLrGi/FqvM2jGWPx5xRWYHz+AeHqjeI=</latexit><latexit sha1_base64="2eu5zbVWINpEkzpqBuxweGZlzgE=">AAAB4XicbVDLSgMxFL1TX7W+qoIbN8EidDXMtMXaXcGNG6GiYwudoWTStA3NPEgyQin9ATcVV4p/48pf8EPcm+lj0eKBwOGcE+491485k8qyfozMxubW9k52N7e3f3B4lD8+eZJRIgh1SMQj0fKxpJyF1FFMcdqKBcWBz2nTH96kfvOZCsmi8FGNYuoFuB+yHiNYacl5uGszr5Mv2KY1A7LMmka1siA1Gy2tQv3MLf5+Td1GJ//tdiOSBDRUhGMp27YVK2+MhWKE00nOTSSNMRniPh3PVpygSy11US8S+oUKzdSVHA6kHAW+TgZYDeS6l4r/ee1E9a69MQvjRNGQzAf1Eo5UhNK+qMsEJYqPNMFEML0hIgMsMFH6Kjld3TLLVxW7nFZfJ8vqTsmsmfa9PkEJ5sjCOVxAEWyoQh1uoQEOEGAwhXf4MLrGi/FqvM2jGWPx5xRWYHz+AeHqjeI=</latexit><latexit sha1_base64="2eu5zbVWINpEkzpqBuxweGZlzgE=">AAAB4XicbVDLSgMxFL1TX7W+qoIbN8EidDXMtMXaXcGNG6GiYwudoWTStA3NPEgyQin9ATcVV4p/48pf8EPcm+lj0eKBwOGcE+491485k8qyfozMxubW9k52N7e3f3B4lD8+eZJRIgh1SMQj0fKxpJyF1FFMcdqKBcWBz2nTH96kfvOZCsmi8FGNYuoFuB+yHiNYacl5uGszr5Mv2KY1A7LMmka1siA1Gy2tQv3MLf5+Td1GJ//tdiOSBDRUhGMp27YVK2+MhWKE00nOTSSNMRniPh3PVpygSy11US8S+oUKzdSVHA6kHAW+TgZYDeS6l4r/ee1E9a69MQvjRNGQzAf1Eo5UhNK+qMsEJYqPNMFEML0hIgMsMFH6Kjld3TLLVxW7nFZfJ8vqTsmsmfa9PkEJ5sjCOVxAEWyoQh1uoQEOEGAwhXf4MLrGi/FqvM2jGWPx5xRWYHz+AeHqjeI=</latexit><latexit sha1_base64="2eu5zbVWINpEkzpqBuxweGZlzgE=">AAAB4XicbVDLSgMxFL1TX7W+qoIbN8EidDXMtMXaXcGNG6GiYwudoWTStA3NPEgyQin9ATcVV4p/48pf8EPcm+lj0eKBwOGcE+491485k8qyfozMxubW9k52N7e3f3B4lD8+eZJRIgh1SMQj0fKxpJyF1FFMcdqKBcWBz2nTH96kfvOZCsmi8FGNYuoFuB+yHiNYacl5uGszr5Mv2KY1A7LMmka1siA1Gy2tQv3MLf5+Td1GJ//tdiOSBDRUhGMp27YVK2+MhWKE00nOTSSNMRniPh3PVpygSy11US8S+oUKzdSVHA6kHAW+TgZYDeS6l4r/ee1E9a69MQvjRNGQzAf1Eo5UhNK+qMsEJYqPNMFEML0hIgMsMFH6Kjld3TLLVxW7nFZfJ8vqTsmsmfa9PkEJ5sjCOVxAEWyoQh1uoQEOEGAwhXf4MLrGi/FqvM2jGWPx5xRWYHz+AeHqjeI=</latexit><latexit sha1_base64="rnldvi1D3C9LWwVY599TlGWleEk=">AAAB4XicbVDLSsNAFL2pr1pfVZduBovgKiRtae2u4MaNUNHYQhvKZDJph04ezEyEUvoDbhRXij/kL/g3Ttp00eKBgcM5Z7j3XC/hTCrL+jUKW9s7u3vF/dLB4dHxSfn07FnGqSDUITGPRc/DknIWUUcxxWkvERSHHqddb3Kb+d0XKiSLoyc1Tagb4lHEAkaw0pLzeN9n7rBcsU1rAWSZLY1mPSctG62sCuToDMs/Az8maUgjRTiWsm9biXJnWChGOJ2XBqmkCSYTPKKzxYpzdKUlHwWx0C9SaKGu5XAo5TT0dDLEaiw3vUz8z+unKrhxZyxKUkUjshwUpBypGGV9kc8EJYpPNcFEML0hImMsMFH6KiVd3TJrjbpdy6pvklV1p2q2TPvBqrSr+Q2KcAGXcA02NKENd9ABBwgweINP+DJ849V4Nz6W0YKR/zmHNRjff1o0imY=</latexit>

v
<latexit sha1_base64="B9kJPHgzgt3mhh+kZ6X2yzUyVlk=">AAAB3XicbVDLTgIxFL2DL8TXqEs3jcTE1WQGiMhKEjcuIXGEBAh2SgcaOo+0HRJC2LrRuNL4Af6Mv+DOX/AP7PBYQDzJTU7OOTe9p17MmVS2/W1kNja3tneyu7m9/YPDI/P45EFGiSDUJRGPRNPDknIWUlcxxWkzFhQHHqcNb3ib+o0RFZJF4b0ax7QT4H7IfEaw0lJ91DXzjmXPgGyrolEuLUjFQUsrf/Mbf/4AQK1rfrV7EUkCGirCsZQtx45VZ4KFYoTTaa6dSBpjMsR9OpmdN0UXWuohPxJ6QoVm6koOB1KOA08nA6wGct1Lxf+8VqL8686EhXGiaEjmD/kJRypCaVfUY4ISxceaYCKYvhCRARaYKP0jOV3dtopXJaeYVl8ny+puwapYTt3OVwswRxbO4BwuwYEyVOEOauACAQrP8AbvxqPxZLwYr/NoxljsnMIKjI8/9eeMFg==</latexit><latexit sha1_base64="cftL93CIAwJSgn7nro6YHPjFtFM=">AAAB3XicbVDLTgIxFL2DLxxfqEs3jcTE1WQGiMjCSOLGJSSOkADBTinQ0HnYdkgIYetG40rjB/gz/oHxM/wDOzwWEE9yk5Nzzk3vqRdxJpVt/xiptfWNza30trmzu7d/kDk8updhLAh1SchDUfewpJwF1FVMcVqPBMW+x2nNG9wkfm1IhWRhcKdGEW35uBewLiNYaak6bGeyjmVPgWyrpFEszEnJQQsre/0bfX6bV4+Vduar2QlJ7NNAEY6lbDh2pFpjLBQjnE7MZixphMkA9+h4et4EnWmpg7qh0BMoNFWXctiXcuR7Oulj1ZerXiL+5zVi1b1sjVkQxYoGZPZQN+ZIhSjpijpMUKL4SBNMBNMXItLHAhOlf8TU1W0rf1Fw8kn1VbKo7uaskuVU7Ww5BzOk4QRO4RwcKEIZbqECLhCg8Axv8G48GE/Gi/E6i6aM+c4xLMH4+APXwozF</latexit><latexit sha1_base64="cftL93CIAwJSgn7nro6YHPjFtFM=">AAAB3XicbVDLTgIxFL2DLxxfqEs3jcTE1WQGiMjCSOLGJSSOkADBTinQ0HnYdkgIYetG40rjB/gz/oHxM/wDOzwWEE9yk5Nzzk3vqRdxJpVt/xiptfWNza30trmzu7d/kDk8updhLAh1SchDUfewpJwF1FVMcVqPBMW+x2nNG9wkfm1IhWRhcKdGEW35uBewLiNYaak6bGeyjmVPgWyrpFEszEnJQQsre/0bfX6bV4+Vduar2QlJ7NNAEY6lbDh2pFpjLBQjnE7MZixphMkA9+h4et4EnWmpg7qh0BMoNFWXctiXcuR7Oulj1ZerXiL+5zVi1b1sjVkQxYoGZPZQN+ZIhSjpijpMUKL4SBNMBNMXItLHAhOlf8TU1W0rf1Fw8kn1VbKo7uaskuVU7Ww5BzOk4QRO4RwcKEIZbqECLhCg8Axv8G48GE/Gi/E6i6aM+c4xLMH4+APXwozF</latexit><latexit sha1_base64="cftL93CIAwJSgn7nro6YHPjFtFM=">AAAB3XicbVDLTgIxFL2DLxxfqEs3jcTE1WQGiMjCSOLGJSSOkADBTinQ0HnYdkgIYetG40rjB/gz/oHxM/wDOzwWEE9yk5Nzzk3vqRdxJpVt/xiptfWNza30trmzu7d/kDk8updhLAh1SchDUfewpJwF1FVMcVqPBMW+x2nNG9wkfm1IhWRhcKdGEW35uBewLiNYaak6bGeyjmVPgWyrpFEszEnJQQsre/0bfX6bV4+Vduar2QlJ7NNAEY6lbDh2pFpjLBQjnE7MZixphMkA9+h4et4EnWmpg7qh0BMoNFWXctiXcuR7Oulj1ZerXiL+5zVi1b1sjVkQxYoGZPZQN+ZIhSjpijpMUKL4SBNMBNMXItLHAhOlf8TU1W0rf1Fw8kn1VbKo7uaskuVU7Ww5BzOk4QRO4RwcKEIZbqECLhCg8Axv8G48GE/Gi/E6i6aM+c4xLMH4+APXwozF</latexit><latexit sha1_base64="cftL93CIAwJSgn7nro6YHPjFtFM=">AAAB3XicbVDLTgIxFL2DLxxfqEs3jcTE1WQGiMjCSOLGJSSOkADBTinQ0HnYdkgIYetG40rjB/gz/oHxM/wDOzwWEE9yk5Nzzk3vqRdxJpVt/xiptfWNza30trmzu7d/kDk8updhLAh1SchDUfewpJwF1FVMcVqPBMW+x2nNG9wkfm1IhWRhcKdGEW35uBewLiNYaak6bGeyjmVPgWyrpFEszEnJQQsre/0bfX6bV4+Vduar2QlJ7NNAEY6lbDh2pFpjLBQjnE7MZixphMkA9+h4et4EnWmpg7qh0BMoNFWXctiXcuR7Oulj1ZerXiL+5zVi1b1sjVkQxYoGZPZQN+ZIhSjpijpMUKL4SBNMBNMXItLHAhOlf8TU1W0rf1Fw8kn1VbKo7uaskuVU7Ww5BzOk4QRO4RwcKEIZbqECLhCg8Axv8G48GE/Gi/E6i6aM+c4xLMH4+APXwozF</latexit><latexit sha1_base64="BZaEQG/58QacoAt3mwOcKMXLX74=">AAAB3XicbVDLagIxFL1jX9a+bLvsJlQKXQ0ZlVp3QjddKnSqoGIzMaPBzIMkI4i47aalq5b+Un+hf9OMjgulBwKHc06491wvFlxpjH+t3M7u3v5B/rBwdHxyelY8v3hWUSIpc2kkItnxiGKCh8zVXAvWiSUjgSdY25s8pH57yqTiUfikZzHrB2QUcp9Too3Umg6KJcfGSyBs1w1q1YzUHbS2SpChOSj+9IYRTQIWaiqIUl0Hx7o/J1JzKtii0EsUiwmdkBGbL9dboBsjDZEfSfNCjZbqRo4ESs0CzyQDosdq20vF/7xuov37/pyHcaJZSFeD/EQgHaG0KxpyyagWM0MIldxsiOiYSEK1uUjBVMd25a7qVNLq22Rd3S3bddtp4VKjnN0gD1dwDbfgQA0a8AhNcIECgzf4hC/rxXq13q2PVTRnZX8uYQPW9x/b0ojz</latexit>

SM [1 : n]
<latexit sha1_base64="8qX+k59WLIiSKIjkUjENw5bCIP4=">AAAB5XicbVDLSgMxFL3js9ZXVXDjJlgE3QwzbbHWVcGNG6GitZV2KJk004ZmMkOSEUrpL7hRXCn+jr/g35jpY9HigcDhnBPuPdePOVPacX6tldW19Y3NzFZ2e2d3bz93cPikokQSWicRj2TTx4pyJmhdM81pM5YUhz6nDX9wk/qNFyoVi8SjHsbUC3FPsIARrI30/HDXctE1El4nl3dtZwLk2BWDcmlGKi6aW/nqcfsCDGqd3E+7G5EkpEITjpVquU6svRGWmhFOx9l2omiMyQD36Giy5hidGamLgkiaJzSaqAs5HCo1DH2TDLHuq2UvFf/zWokOrrwRE3GiqSDTQUHCkY5Q2hl1maRE86EhmEhmNkSkjyUm2lwma6o7dvGy5BbT6stkXr1esCu2e29OUIApMnACp3AOLpShCrdQgzoQCOENPuHL6luv1rv1MY2uWLM/R7AA6/sPFneMGQ==</latexit><latexit sha1_base64="UQZeifAfTAgUSlPEyIlHjZ9uGe0=">AAAB5XicbVDLSgMxFM3UV62vquDGTbAIXQ0zbbHWVcGNG6GiYyudoWTSTBuayQxJRiilv6ALxZXiv7jyF/wQ92b6WLR4IHA454R7z/VjRqWyrB8js7K6tr6R3cxtbe/s7uX3D+5llAhMHByxSLR8JAmjnDiKKkZasSAo9Blp+oPL1G8+EiFpxO/UMCZeiHqcBhQjpaWH2+u2DS8g9zr5gm1aE0DLrGlUKzNSs+HcKtSP3OLv17Pb6OS/3W6Ek5BwhRmSsm1bsfJGSCiKGRnn3ESSGOEB6pHRZM0xPNVSFwaR0I8rOFEXciiUchj6Ohki1ZfLXir+57UTFZx7I8rjRBGOp4OChEEVwbQz7FJBsGJDTRAWVG8IcR8JhJW+TE5Xt8zyWcUup9WXyby6UzJrpn2jT1ACU2TBMTgBRWCDKqiDK9AADsAgBC/gHXwYfePJeDXeptGMMftzCBZgfP4BfxyOug==</latexit><latexit sha1_base64="UQZeifAfTAgUSlPEyIlHjZ9uGe0=">AAAB5XicbVDLSgMxFM3UV62vquDGTbAIXQ0zbbHWVcGNG6GiYyudoWTSTBuayQxJRiilv6ALxZXiv7jyF/wQ92b6WLR4IHA454R7z/VjRqWyrB8js7K6tr6R3cxtbe/s7uX3D+5llAhMHByxSLR8JAmjnDiKKkZasSAo9Blp+oPL1G8+EiFpxO/UMCZeiHqcBhQjpaWH2+u2DS8g9zr5gm1aE0DLrGlUKzNSs+HcKtSP3OLv17Pb6OS/3W6Ek5BwhRmSsm1bsfJGSCiKGRnn3ESSGOEB6pHRZM0xPNVSFwaR0I8rOFEXciiUchj6Ohki1ZfLXir+57UTFZx7I8rjRBGOp4OChEEVwbQz7FJBsGJDTRAWVG8IcR8JhJW+TE5Xt8zyWcUup9WXyby6UzJrpn2jT1ACU2TBMTgBRWCDKqiDK9AADsAgBC/gHXwYfePJeDXeptGMMftzCBZgfP4BfxyOug==</latexit><latexit sha1_base64="UQZeifAfTAgUSlPEyIlHjZ9uGe0=">AAAB5XicbVDLSgMxFM3UV62vquDGTbAIXQ0zbbHWVcGNG6GiYyudoWTSTBuayQxJRiilv6ALxZXiv7jyF/wQ92b6WLR4IHA454R7z/VjRqWyrB8js7K6tr6R3cxtbe/s7uX3D+5llAhMHByxSLR8JAmjnDiKKkZasSAo9Blp+oPL1G8+EiFpxO/UMCZeiHqcBhQjpaWH2+u2DS8g9zr5gm1aE0DLrGlUKzNSs+HcKtSP3OLv17Pb6OS/3W6Ek5BwhRmSsm1bsfJGSCiKGRnn3ESSGOEB6pHRZM0xPNVSFwaR0I8rOFEXciiUchj6Ohki1ZfLXir+57UTFZx7I8rjRBGOp4OChEEVwbQz7FJBsGJDTRAWVG8IcR8JhJW+TE5Xt8zyWcUup9WXyby6UzJrpn2jT1ACU2TBMTgBRWCDKqiDK9AADsAgBC/gHXwYfePJeDXeptGMMftzCBZgfP4BfxyOug==</latexit><latexit sha1_base64="UQZeifAfTAgUSlPEyIlHjZ9uGe0=">AAAB5XicbVDLSgMxFM3UV62vquDGTbAIXQ0zbbHWVcGNG6GiYyudoWTSTBuayQxJRiilv6ALxZXiv7jyF/wQ92b6WLR4IHA454R7z/VjRqWyrB8js7K6tr6R3cxtbe/s7uX3D+5llAhMHByxSLR8JAmjnDiKKkZasSAo9Blp+oPL1G8+EiFpxO/UMCZeiHqcBhQjpaWH2+u2DS8g9zr5gm1aE0DLrGlUKzNSs+HcKtSP3OLv17Pb6OS/3W6Ek5BwhRmSsm1bsfJGSCiKGRnn3ESSGOEB6pHRZM0xPNVSFwaR0I8rOFEXciiUchj6Ohki1ZfLXir+57UTFZx7I8rjRBGOp4OChEEVwbQz7FJBsGJDTRAWVG8IcR8JhJW+TE5Xt8zyWcUup9WXyby6UzJrpn2jT1ACU2TBMTgBRWCDKqiDK9AADsAgBC/gHXwYfePJeDXeptGMMftzCBZgfP4BfxyOug==</latexit><latexit sha1_base64="Qn6OTGzSrasMPT89gq0+TtAnvFU=">AAAB5XicbVDdSgJBGP22X7M/q8tuhiToatlVyexK6KabwKhNQ0Vmx1kdnJ1dZmYDEV+hm6KrotfpFXqbZnW9UDowcDjnDN93Pj/mTGnH+bXW1jc2t7ZzO/ndvf2Dw8LR8ZOKEkmoRyIeyZaPFeVMUE8zzWkrlhSHPqdNf3ST+s0XKhWLxKMex7Qb4oFgASNYG+n54a7tomskur1C0bWdGZBj1wyqlYzUXLSwipCh0Sv8dPoRSUIqNOFYqbbrxLo7wVIzwuk030kUjTEZ4QGdzNaconMj9VEQSfOERjN1KYdDpcahb5Ih1kO16qXif1470cFVd8JEnGgqyHxQkHCkI5R2Rn0mKdF8bAgmkpkNERliiYk2l8mb6o5dvqy45bT6KllU90p2zXbvnWK9lN0gB6dwBhfgQhXqcAsN8IBACG/wCV/W0Hq13q2PeXTNyv6cwBKs7z/3V4s+</latexit>

Atomic Snapshot

Array             of   SWMR 
atomic registers

SM [1 : n]

SM [1] SM [i] SM [n]

n Sequential specification

Process    can invoke 2 
operations:


update(  )

sets        to 


scan()

returns contents of


pi

v
<latexit sha1_base64="+PNOP9F/xIMBpZqJJWbHRYb8l80=">AAAB3XicbVDLTgIxFL2DL8QX6tJNIzFxNZmRichKEjcuIXGEBAh2SgcaOo+0HRJC2LrRuNIYdn6Ov+Bn+Ad2eCwgnuQmJ+ecm95TL+ZMKsv6MTIbm1vbO9nd3N7+weFR/vjkUUaJINQlEY9Ew8OSchZSVzHFaSMWFAcep3VvcJf69SEVkkXhgxrFtB3gXsh8RrDSUm3YyRds05oBWWZZo+QsSNlGS6tw+zudfgFAtZP/bnUjkgQ0VIRjKZu2Fav2GAvFCKeTXCuRNMZkgHt0PDtvgi601EV+JPSECs3UlRwOpBwFnk4GWPXlupeK/3nNRPk37TEL40TRkMwf8hOOVITSrqjLBCWKjzTBRDB9ISJ9LDBR+kdyurplFq8du5hWXyfL6u6VWTbtmlWoODBHFs7gHC7BhhJU4B6q4AIBCi/wDh/Gk/FsvBpv82jGWOycwgqMzz/L3Iv3</latexit><latexit sha1_base64="HYVd2Sx5I6bRfkNT+xKxWyKumsE=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapjRYu3KghuXLTi20JaaSTNtaGYyJJlCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6MHJRJJqEcEF7LhY0U5i6inmea0EUuKQ5/Tuj+4Tf36kErFRHSvRzFth7gXsYARrI1UG3byBdd2pkCOXTYoFeek7KKFVbj5/UzxVe3kv1tdQZKQRppwrFTTdWLdHmOpGeF0kmslisaYDHCPjqfnTdCZkbooENJMpNFUXcrhUKlR6JtkiHVfrXqp+J/XTHRw3R6zKE40jcjsoSDhSAuUdkVdJinRfGQIJpKZCxHpY4mJNj+SM9Ud+/Kq6F6m1VfJorp3YZdtt+YUKkWYIQsncArn4EIJKnAHVfCAAIVneIN369F6sl6s11k0Y813jmEJ1scfFbGNvA==</latexit><latexit sha1_base64="HYVd2Sx5I6bRfkNT+xKxWyKumsE=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapjRYu3KghuXLTi20JaaSTNtaGYyJJlCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6MHJRJJqEcEF7LhY0U5i6inmea0EUuKQ5/Tuj+4Tf36kErFRHSvRzFth7gXsYARrI1UG3byBdd2pkCOXTYoFeek7KKFVbj5/UzxVe3kv1tdQZKQRppwrFTTdWLdHmOpGeF0kmslisaYDHCPjqfnTdCZkbooENJMpNFUXcrhUKlR6JtkiHVfrXqp+J/XTHRw3R6zKE40jcjsoSDhSAuUdkVdJinRfGQIJpKZCxHpY4mJNj+SM9Ud+/Kq6F6m1VfJorp3YZdtt+YUKkWYIQsncArn4EIJKnAHVfCAAIVneIN369F6sl6s11k0Y813jmEJ1scfFbGNvA==</latexit><latexit sha1_base64="HYVd2Sx5I6bRfkNT+xKxWyKumsE=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapjRYu3KghuXLTi20JaaSTNtaGYyJJlCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6MHJRJJqEcEF7LhY0U5i6inmea0EUuKQ5/Tuj+4Tf36kErFRHSvRzFth7gXsYARrI1UG3byBdd2pkCOXTYoFeek7KKFVbj5/UzxVe3kv1tdQZKQRppwrFTTdWLdHmOpGeF0kmslisaYDHCPjqfnTdCZkbooENJMpNFUXcrhUKlR6JtkiHVfrXqp+J/XTHRw3R6zKE40jcjsoSDhSAuUdkVdJinRfGQIJpKZCxHpY4mJNj+SM9Ud+/Kq6F6m1VfJorp3YZdtt+YUKkWYIQsncArn4EIJKnAHVfCAAIVneIN369F6sl6s11k0Y813jmEJ1scfFbGNvA==</latexit><latexit sha1_base64="HYVd2Sx5I6bRfkNT+xKxWyKumsE=">AAAB3XicbVDLSgMxFL1TX7W+qi7dBIvgapjRYu3KghuXLTi20JaaSTNtaGYyJJlCKd26UVwpol/kL/gZ/oGZPhYtHrhwOOdcck/8mDOlHefHyqytb2xuZbdzO7t7+wf5w6MHJRJJqEcEF7LhY0U5i6inmea0EUuKQ5/Tuj+4Tf36kErFRHSvRzFth7gXsYARrI1UG3byBdd2pkCOXTYoFeek7KKFVbj5/UzxVe3kv1tdQZKQRppwrFTTdWLdHmOpGeF0kmslisaYDHCPjqfnTdCZkbooENJMpNFUXcrhUKlR6JtkiHVfrXqp+J/XTHRw3R6zKE40jcjsoSDhSAuUdkVdJinRfGQIJpKZCxHpY4mJNj+SM9Ud+/Kq6F6m1VfJorp3YZdtt+YUKkWYIQsncArn4EIJKnAHVfCAAIVneIN369F6sl6s11k0Y813jmEJ1scfFbGNvA==</latexit><latexit sha1_base64="pkAhcxl74yfWiW6c5PhHmgliEUw=">AAAB3XicbVDLTgJBEOzFF+IL9ehlIjHxtNlVInIj8eIREldIgODsMAsTZh+Z6SUhhKsXjSeNv+Qv+DfO8jhArGSSSlVNuqv9RAqNjvNr5ba2d3b38vuFg8Oj45Pi6dmzjlPFuMdiGauWTzWXIuIeCpS8lShOQ1/ypj96yPzmmCst4ugJJwnvhnQQiUAwikZqjHvFkms7cxDHrhpUyktSdcnKKsES9V7xp9OPWRryCJmkWrddJ8HulCoUTPJZoZNqnlA2ogM+na83I1dG6pMgVuZFSObqWo6GWk9C3yRDikO96WXif147xeC+OxVRkiKP2GJQkEqCMcm6kr5QnKGcGEKZEmZDwoZUUYbmIgVT3bFv78rubVZ9k6yqezd21XYbTqlWXt4gDxdwCdfgQgVq8Ah18IABhzf4hC/rxXq13q2PRTRnLf+cwxqs7z/cbIj1</latexit>

SM [i]
<latexit sha1_base64="jQ/nwCUDAWpCuQhHjclJlYWNmZk=">AAAB4XicbVDLSgMxFL1TX7U+WhXcuAkWQTfDTFus3RXcuBEqOrbQDiWTybShmQdJRiilP+BGcaX4Q/6Cf2Omj0WLBwKHc06491wv4Uwqy/o1chubW9s7+d3C3v7BYbF0dPws41QQ6pCYx6LjYUk5i6ijmOK0kwiKQ4/Ttje6zfz2CxWSxdGTGifUDfEgYgEjWGnJebzvMrdfKtumNQOyzIZGvbYgDRstrXLztHcFGq1+6afnxyQNaaQIx1J2bStR7gQLxQin00IvlTTBZIQHdDJbcYoutOSjIBb6RQrN1JUcDqUch55OhlgN5bqXif953VQFN+6ERUmqaETmg4KUIxWjrC/ymaBE8bEmmAimN0RkiAUmSl+loKtbZvW6Zlez6utkWd2pmA3TftAnqMAceTiDc7gEG+rQhDtogQMEGLzBJ3wZvvFqvBsf82jOWPw5gRUY3395RYtB</latexit><latexit sha1_base64="2eu5zbVWINpEkzpqBuxweGZlzgE=">AAAB4XicbVDLSgMxFL1TX7W+qoIbN8EidDXMtMXaXcGNG6GiYwudoWTStA3NPEgyQin9ATcVV4p/48pf8EPcm+lj0eKBwOGcE+491485k8qyfozMxubW9k52N7e3f3B4lD8+eZJRIgh1SMQj0fKxpJyF1FFMcdqKBcWBz2nTH96kfvOZCsmi8FGNYuoFuB+yHiNYacl5uGszr5Mv2KY1A7LMmka1siA1Gy2tQv3MLf5+Td1GJ//tdiOSBDRUhGMp27YVK2+MhWKE00nOTSSNMRniPh3PVpygSy11US8S+oUKzdSVHA6kHAW+TgZYDeS6l4r/ee1E9a69MQvjRNGQzAf1Eo5UhNK+qMsEJYqPNMFEML0hIgMsMFH6Kjld3TLLVxW7nFZfJ8vqTsmsmfa9PkEJ5sjCOVxAEWyoQh1uoQEOEGAwhXf4MLrGi/FqvM2jGWPx5xRWYHz+AeHqjeI=</latexit><latexit sha1_base64="2eu5zbVWINpEkzpqBuxweGZlzgE=">AAAB4XicbVDLSgMxFL1TX7W+qoIbN8EidDXMtMXaXcGNG6GiYwudoWTStA3NPEgyQin9ATcVV4p/48pf8EPcm+lj0eKBwOGcE+491485k8qyfozMxubW9k52N7e3f3B4lD8+eZJRIgh1SMQj0fKxpJyF1FFMcdqKBcWBz2nTH96kfvOZCsmi8FGNYuoFuB+yHiNYacl5uGszr5Mv2KY1A7LMmka1siA1Gy2tQv3MLf5+Td1GJ//tdiOSBDRUhGMp27YVK2+MhWKE00nOTSSNMRniPh3PVpygSy11US8S+oUKzdSVHA6kHAW+TgZYDeS6l4r/ee1E9a69MQvjRNGQzAf1Eo5UhNK+qMsEJYqPNMFEML0hIgMsMFH6Kjld3TLLVxW7nFZfJ8vqTsmsmfa9PkEJ5sjCOVxAEWyoQh1uoQEOEGAwhXf4MLrGi/FqvM2jGWPx5xRWYHz+AeHqjeI=</latexit><latexit sha1_base64="2eu5zbVWINpEkzpqBuxweGZlzgE=">AAAB4XicbVDLSgMxFL1TX7W+qoIbN8EidDXMtMXaXcGNG6GiYwudoWTStA3NPEgyQin9ATcVV4p/48pf8EPcm+lj0eKBwOGcE+491485k8qyfozMxubW9k52N7e3f3B4lD8+eZJRIgh1SMQj0fKxpJyF1FFMcdqKBcWBz2nTH96kfvOZCsmi8FGNYuoFuB+yHiNYacl5uGszr5Mv2KY1A7LMmka1siA1Gy2tQv3MLf5+Td1GJ//tdiOSBDRUhGMp27YVK2+MhWKE00nOTSSNMRniPh3PVpygSy11US8S+oUKzdSVHA6kHAW+TgZYDeS6l4r/ee1E9a69MQvjRNGQzAf1Eo5UhNK+qMsEJYqPNMFEML0hIgMsMFH6Kjld3TLLVxW7nFZfJ8vqTsmsmfa9PkEJ5sjCOVxAEWyoQh1uoQEOEGAwhXf4MLrGi/FqvM2jGWPx5xRWYHz+AeHqjeI=</latexit><latexit sha1_base64="2eu5zbVWINpEkzpqBuxweGZlzgE=">AAAB4XicbVDLSgMxFL1TX7W+qoIbN8EidDXMtMXaXcGNG6GiYwudoWTStA3NPEgyQin9ATcVV4p/48pf8EPcm+lj0eKBwOGcE+491485k8qyfozMxubW9k52N7e3f3B4lD8+eZJRIgh1SMQj0fKxpJyF1FFMcdqKBcWBz2nTH96kfvOZCsmi8FGNYuoFuB+yHiNYacl5uGszr5Mv2KY1A7LMmka1siA1Gy2tQv3MLf5+Td1GJ//tdiOSBDRUhGMp27YVK2+MhWKE00nOTSSNMRniPh3PVpygSy11US8S+oUKzdSVHA6kHAW+TgZYDeS6l4r/ee1E9a69MQvjRNGQzAf1Eo5UhNK+qMsEJYqPNMFEML0hIgMsMFH6Kjld3TLLVxW7nFZfJ8vqTsmsmfa9PkEJ5sjCOVxAEWyoQh1uoQEOEGAwhXf4MLrGi/FqvM2jGWPx5xRWYHz+AeHqjeI=</latexit><latexit sha1_base64="rnldvi1D3C9LWwVY599TlGWleEk=">AAAB4XicbVDLSsNAFL2pr1pfVZduBovgKiRtae2u4MaNUNHYQhvKZDJph04ezEyEUvoDbhRXij/kL/g3Ttp00eKBgcM5Z7j3XC/hTCrL+jUKW9s7u3vF/dLB4dHxSfn07FnGqSDUITGPRc/DknIWUUcxxWkvERSHHqddb3Kb+d0XKiSLoyc1Tagb4lHEAkaw0pLzeN9n7rBcsU1rAWSZLY1mPSctG62sCuToDMs/Az8maUgjRTiWsm9biXJnWChGOJ2XBqmkCSYTPKKzxYpzdKUlHwWx0C9SaKGu5XAo5TT0dDLEaiw3vUz8z+unKrhxZyxKUkUjshwUpBypGGV9kc8EJYpPNcFEML0hImMsMFH6KiVd3TJrjbpdy6pvklV1p2q2TPvBqrSr+Q2KcAGXcA02NKENd9ABBwgweINP+DJ849V4Nz6W0YKR/zmHNRjff1o0imY=</latexit>

v
<latexit sha1_base64="B9kJPHgzgt3mhh+kZ6X2yzUyVlk=">AAAB3XicbVDLTgIxFL2DL8TXqEs3jcTE1WQGiMhKEjcuIXGEBAh2SgcaOo+0HRJC2LrRuNL4Af6Mv+DOX/AP7PBYQDzJTU7OOTe9p17MmVS2/W1kNja3tneyu7m9/YPDI/P45EFGiSDUJRGPRNPDknIWUlcxxWkzFhQHHqcNb3ib+o0RFZJF4b0ax7QT4H7IfEaw0lJ91DXzjmXPgGyrolEuLUjFQUsrf/Mbf/4AQK1rfrV7EUkCGirCsZQtx45VZ4KFYoTTaa6dSBpjMsR9OpmdN0UXWuohPxJ6QoVm6koOB1KOA08nA6wGct1Lxf+8VqL8686EhXGiaEjmD/kJRypCaVfUY4ISxceaYCKYvhCRARaYKP0jOV3dtopXJaeYVl8ny+puwapYTt3OVwswRxbO4BwuwYEyVOEOauACAQrP8AbvxqPxZLwYr/NoxljsnMIKjI8/9eeMFg==</latexit><latexit sha1_base64="cftL93CIAwJSgn7nro6YHPjFtFM=">AAAB3XicbVDLTgIxFL2DLxxfqEs3jcTE1WQGiMjCSOLGJSSOkADBTinQ0HnYdkgIYetG40rjB/gz/oHxM/wDOzwWEE9yk5Nzzk3vqRdxJpVt/xiptfWNza30trmzu7d/kDk8updhLAh1SchDUfewpJwF1FVMcVqPBMW+x2nNG9wkfm1IhWRhcKdGEW35uBewLiNYaak6bGeyjmVPgWyrpFEszEnJQQsre/0bfX6bV4+Vduar2QlJ7NNAEY6lbDh2pFpjLBQjnE7MZixphMkA9+h4et4EnWmpg7qh0BMoNFWXctiXcuR7Oulj1ZerXiL+5zVi1b1sjVkQxYoGZPZQN+ZIhSjpijpMUKL4SBNMBNMXItLHAhOlf8TU1W0rf1Fw8kn1VbKo7uaskuVU7Ww5BzOk4QRO4RwcKEIZbqECLhCg8Axv8G48GE/Gi/E6i6aM+c4xLMH4+APXwozF</latexit><latexit sha1_base64="cftL93CIAwJSgn7nro6YHPjFtFM=">AAAB3XicbVDLTgIxFL2DLxxfqEs3jcTE1WQGiMjCSOLGJSSOkADBTinQ0HnYdkgIYetG40rjB/gz/oHxM/wDOzwWEE9yk5Nzzk3vqRdxJpVt/xiptfWNza30trmzu7d/kDk8updhLAh1SchDUfewpJwF1FVMcVqPBMW+x2nNG9wkfm1IhWRhcKdGEW35uBewLiNYaak6bGeyjmVPgWyrpFEszEnJQQsre/0bfX6bV4+Vduar2QlJ7NNAEY6lbDh2pFpjLBQjnE7MZixphMkA9+h4et4EnWmpg7qh0BMoNFWXctiXcuR7Oulj1ZerXiL+5zVi1b1sjVkQxYoGZPZQN+ZIhSjpijpMUKL4SBNMBNMXItLHAhOlf8TU1W0rf1Fw8kn1VbKo7uaskuVU7Ww5BzOk4QRO4RwcKEIZbqECLhCg8Axv8G48GE/Gi/E6i6aM+c4xLMH4+APXwozF</latexit><latexit sha1_base64="cftL93CIAwJSgn7nro6YHPjFtFM=">AAAB3XicbVDLTgIxFL2DLxxfqEs3jcTE1WQGiMjCSOLGJSSOkADBTinQ0HnYdkgIYetG40rjB/gz/oHxM/wDOzwWEE9yk5Nzzk3vqRdxJpVt/xiptfWNza30trmzu7d/kDk8updhLAh1SchDUfewpJwF1FVMcVqPBMW+x2nNG9wkfm1IhWRhcKdGEW35uBewLiNYaak6bGeyjmVPgWyrpFEszEnJQQsre/0bfX6bV4+Vduar2QlJ7NNAEY6lbDh2pFpjLBQjnE7MZixphMkA9+h4et4EnWmpg7qh0BMoNFWXctiXcuR7Oulj1ZerXiL+5zVi1b1sjVkQxYoGZPZQN+ZIhSjpijpMUKL4SBNMBNMXItLHAhOlf8TU1W0rf1Fw8kn1VbKo7uaskuVU7Ww5BzOk4QRO4RwcKEIZbqECLhCg8Axv8G48GE/Gi/E6i6aM+c4xLMH4+APXwozF</latexit><latexit sha1_base64="cftL93CIAwJSgn7nro6YHPjFtFM=">AAAB3XicbVDLTgIxFL2DLxxfqEs3jcTE1WQGiMjCSOLGJSSOkADBTinQ0HnYdkgIYetG40rjB/gz/oHxM/wDOzwWEE9yk5Nzzk3vqRdxJpVt/xiptfWNza30trmzu7d/kDk8updhLAh1SchDUfewpJwF1FVMcVqPBMW+x2nNG9wkfm1IhWRhcKdGEW35uBewLiNYaak6bGeyjmVPgWyrpFEszEnJQQsre/0bfX6bV4+Vduar2QlJ7NNAEY6lbDh2pFpjLBQjnE7MZixphMkA9+h4et4EnWmpg7qh0BMoNFWXctiXcuR7Oulj1ZerXiL+5zVi1b1sjVkQxYoGZPZQN+ZIhSjpijpMUKL4SBNMBNMXItLHAhOlf8TU1W0rf1Fw8kn1VbKo7uaskuVU7Ww5BzOk4QRO4RwcKEIZbqECLhCg8Axv8G48GE/Gi/E6i6aM+c4xLMH4+APXwozF</latexit><latexit sha1_base64="BZaEQG/58QacoAt3mwOcKMXLX74=">AAAB3XicbVDLagIxFL1jX9a+bLvsJlQKXQ0ZlVp3QjddKnSqoGIzMaPBzIMkI4i47aalq5b+Un+hf9OMjgulBwKHc06491wvFlxpjH+t3M7u3v5B/rBwdHxyelY8v3hWUSIpc2kkItnxiGKCh8zVXAvWiSUjgSdY25s8pH57yqTiUfikZzHrB2QUcp9Too3Umg6KJcfGSyBs1w1q1YzUHbS2SpChOSj+9IYRTQIWaiqIUl0Hx7o/J1JzKtii0EsUiwmdkBGbL9dboBsjDZEfSfNCjZbqRo4ESs0CzyQDosdq20vF/7xuov37/pyHcaJZSFeD/EQgHaG0KxpyyagWM0MIldxsiOiYSEK1uUjBVMd25a7qVNLq22Rd3S3bddtp4VKjnN0gD1dwDbfgQA0a8AhNcIECgzf4hC/rxXq13q2PVTRnZX8uYQPW9x/b0ojz</latexit>

SM [1 : n]
<latexit sha1_base64="8qX+k59WLIiSKIjkUjENw5bCIP4=">AAAB5XicbVDLSgMxFL3js9ZXVXDjJlgE3QwzbbHWVcGNG6GitZV2KJk004ZmMkOSEUrpL7hRXCn+jr/g35jpY9HigcDhnBPuPdePOVPacX6tldW19Y3NzFZ2e2d3bz93cPikokQSWicRj2TTx4pyJmhdM81pM5YUhz6nDX9wk/qNFyoVi8SjHsbUC3FPsIARrI30/HDXctE1El4nl3dtZwLk2BWDcmlGKi6aW/nqcfsCDGqd3E+7G5EkpEITjpVquU6svRGWmhFOx9l2omiMyQD36Giy5hidGamLgkiaJzSaqAs5HCo1DH2TDLHuq2UvFf/zWokOrrwRE3GiqSDTQUHCkY5Q2hl1maRE86EhmEhmNkSkjyUm2lwma6o7dvGy5BbT6stkXr1esCu2e29OUIApMnACp3AOLpShCrdQgzoQCOENPuHL6luv1rv1MY2uWLM/R7AA6/sPFneMGQ==</latexit><latexit sha1_base64="UQZeifAfTAgUSlPEyIlHjZ9uGe0=">AAAB5XicbVDLSgMxFM3UV62vquDGTbAIXQ0zbbHWVcGNG6GiYyudoWTSTBuayQxJRiilv6ALxZXiv7jyF/wQ92b6WLR4IHA454R7z/VjRqWyrB8js7K6tr6R3cxtbe/s7uX3D+5llAhMHByxSLR8JAmjnDiKKkZasSAo9Blp+oPL1G8+EiFpxO/UMCZeiHqcBhQjpaWH2+u2DS8g9zr5gm1aE0DLrGlUKzNSs+HcKtSP3OLv17Pb6OS/3W6Ek5BwhRmSsm1bsfJGSCiKGRnn3ESSGOEB6pHRZM0xPNVSFwaR0I8rOFEXciiUchj6Ohki1ZfLXir+57UTFZx7I8rjRBGOp4OChEEVwbQz7FJBsGJDTRAWVG8IcR8JhJW+TE5Xt8zyWcUup9WXyby6UzJrpn2jT1ACU2TBMTgBRWCDKqiDK9AADsAgBC/gHXwYfePJeDXeptGMMftzCBZgfP4BfxyOug==</latexit><latexit sha1_base64="UQZeifAfTAgUSlPEyIlHjZ9uGe0=">AAAB5XicbVDLSgMxFM3UV62vquDGTbAIXQ0zbbHWVcGNG6GiYyudoWTSTBuayQxJRiilv6ALxZXiv7jyF/wQ92b6WLR4IHA454R7z/VjRqWyrB8js7K6tr6R3cxtbe/s7uX3D+5llAhMHByxSLR8JAmjnDiKKkZasSAo9Blp+oPL1G8+EiFpxO/UMCZeiHqcBhQjpaWH2+u2DS8g9zr5gm1aE0DLrGlUKzNSs+HcKtSP3OLv17Pb6OS/3W6Ek5BwhRmSsm1bsfJGSCiKGRnn3ESSGOEB6pHRZM0xPNVSFwaR0I8rOFEXciiUchj6Ohki1ZfLXir+57UTFZx7I8rjRBGOp4OChEEVwbQz7FJBsGJDTRAWVG8IcR8JhJW+TE5Xt8zyWcUup9WXyby6UzJrpn2jT1ACU2TBMTgBRWCDKqiDK9AADsAgBC/gHXwYfePJeDXeptGMMftzCBZgfP4BfxyOug==</latexit><latexit sha1_base64="UQZeifAfTAgUSlPEyIlHjZ9uGe0=">AAAB5XicbVDLSgMxFM3UV62vquDGTbAIXQ0zbbHWVcGNG6GiYyudoWTSTBuayQxJRiilv6ALxZXiv7jyF/wQ92b6WLR4IHA454R7z/VjRqWyrB8js7K6tr6R3cxtbe/s7uX3D+5llAhMHByxSLR8JAmjnDiKKkZasSAo9Blp+oPL1G8+EiFpxO/UMCZeiHqcBhQjpaWH2+u2DS8g9zr5gm1aE0DLrGlUKzNSs+HcKtSP3OLv17Pb6OS/3W6Ek5BwhRmSsm1bsfJGSCiKGRnn3ESSGOEB6pHRZM0xPNVSFwaR0I8rOFEXciiUchj6Ohki1ZfLXir+57UTFZx7I8rjRBGOp4OChEEVwbQz7FJBsGJDTRAWVG8IcR8JhJW+TE5Xt8zyWcUup9WXyby6UzJrpn2jT1ACU2TBMTgBRWCDKqiDK9AADsAgBC/gHXwYfePJeDXeptGMMftzCBZgfP4BfxyOug==</latexit><latexit sha1_base64="UQZeifAfTAgUSlPEyIlHjZ9uGe0=">AAAB5XicbVDLSgMxFM3UV62vquDGTbAIXQ0zbbHWVcGNG6GiYyudoWTSTBuayQxJRiilv6ALxZXiv7jyF/wQ92b6WLR4IHA454R7z/VjRqWyrB8js7K6tr6R3cxtbe/s7uX3D+5llAhMHByxSLR8JAmjnDiKKkZasSAo9Blp+oPL1G8+EiFpxO/UMCZeiHqcBhQjpaWH2+u2DS8g9zr5gm1aE0DLrGlUKzNSs+HcKtSP3OLv17Pb6OS/3W6Ek5BwhRmSsm1bsfJGSCiKGRnn3ESSGOEB6pHRZM0xPNVSFwaR0I8rOFEXciiUchj6Ohki1ZfLXir+57UTFZx7I8rjRBGOp4OChEEVwbQz7FJBsGJDTRAWVG8IcR8JhJW+TE5Xt8zyWcUup9WXyby6UzJrpn2jT1ACU2TBMTgBRWCDKqiDK9AADsAgBC/gHXwYfePJeDXeptGMMftzCBZgfP4BfxyOug==</latexit><latexit sha1_base64="Qn6OTGzSrasMPT89gq0+TtAnvFU=">AAAB5XicbVDdSgJBGP22X7M/q8tuhiToatlVyexK6KabwKhNQ0Vmx1kdnJ1dZmYDEV+hm6KrotfpFXqbZnW9UDowcDjnDN93Pj/mTGnH+bXW1jc2t7ZzO/ndvf2Dw8LR8ZOKEkmoRyIeyZaPFeVMUE8zzWkrlhSHPqdNf3ST+s0XKhWLxKMex7Qb4oFgASNYG+n54a7tomskur1C0bWdGZBj1wyqlYzUXLSwipCh0Sv8dPoRSUIqNOFYqbbrxLo7wVIzwuk030kUjTEZ4QGdzNaconMj9VEQSfOERjN1KYdDpcahb5Ih1kO16qXif1470cFVd8JEnGgqyHxQkHCkI5R2Rn0mKdF8bAgmkpkNERliiYk2l8mb6o5dvqy45bT6KllU90p2zXbvnWK9lN0gB6dwBhfgQhXqcAsN8IBACG/wCV/W0Hq13q2PeXTNyv6cwBKs7z/3V4s+</latexit>

each entry returns 
value of latest 
preceding update

How to implement scan?

Read values one at a time (collect)

fine if no one updated during collect 


clean collect

otherwise result may not be linearizable



How can we implement a 
wait-free 


atomic snapshot?

Obstruction-free 

Atomic Snapshot

Add to each register a timestamp

update(v)


increments timestamp

updates value


scan() 

perform two collects in sequence

if they read the same set of timestamps, then 
linearize scan sometime after first collect and 
before second

sni := sni+1

SM [i] := (v, sni)

Obstruction-free 

Atomic Snapshot

operation update(  )

                /* local seq. no. generator */

                    /*atomic write */


operation scan()

while true do 

        scan;        

  scan;

 if                               then

  return

 end if  

end while


v
sni := sni+1
SM [i] := (v, sni)

Ai :=
Bi :=

(�j : Ai[j].sn = Bi[j].sn)
Ai.val

SM [1]

SM [2]

SM [3]

SM [4]

first collect
time line

second collect

linearization

point

Why only 

obstruction-free?

If writers keep coming, may never get 
two successive clean collects!



Wait-Free 

Atomic Snapshot

A little help from your friends

add a scan before every update

write resulting snapshot together with new 
value

a scan continuously interrupted by updates, can 
take the one of the updates’ snapshots

In action

pi

pj

1st

collect

2nd

collect

UpdateScan

linearization

point

In action

Not linearizable

snapshot collected by update may 
precede start of    ’s  scan

1st

collect

2nd

collect

UpdateScan

pk
UpdateScan

pj

pi

pj

Scan

The Gang of Six 
algorithm (Afek, Attiya, Dolev, Gafni, 

Merritt and Shavit, JACM 93)

Scan
pi

pj
UpdateScan UpdateScan

SM [j]1 SM [j]2 SM [j]3

SM [j]piSuppose    sees three different        during scan



The Gang of Six 
algorithm

Suppose    sees three different        during scan

snapshot    captured before          must totally 
overlap with   ’s scan


can be used as linearization point for   ’s scan

(Afek, Attiya, Dolev, Gafni, 
Merritt and Shavit, JACM 93)

UpdateScan

Scan
pi

pj
UpdateScan

SM [j]1 SM [j]2 SM [j]3

SM [j]3pj
pi

pi SM [j]

pi

operation update(  )

                  scan( )


 


v

sni := sni+1
help arrayi :=

SM [i] := (v, sni, help arrayi)

The Gang of Six 
algorithm

operation update(  )

                  scan( )


 


               


 


operation scan( )

 

 while true do

         scan( ) 

       scan( )

  if

   then return

   else for                 do

    if                          then

     if

      then return

      else

    end if end if  

   end for

  end if

 end while


The Gang of Six 
algorithm

v

sni := sni+1
help arrayi :=

SM [i] := (v, sni, help arrayi)

Ai :=
Bi :=

(�j : Ai[j].sn = Bi[j].sn)
(Ai.val)

j : 1 � j � n
(Ai[j].sn �= Bi[j].sn)

(j � could helpi)
(Bi[j].help array)

could helpi := could helpi � {j}

could helpi := ;

Proof
operation update(  )


                  scan( )


operation scan( )

 

 while true do

        scan( ) 

     scan( )

 if

  then return

  else for                do

   if                        then

    if

     then return

     else

   end if end if

  end for

 end if

 end while


v

sni := sni+1

help arrayi :=
SM [i] := (v, sni, help arrayi)

Ai :=
Bi :=

(�j : Ai[j].sn = Bi[j].sn)
(Ai.val)

j : 1 � j � n
(Ai[j].sn �= Bi[j].sn)

(j � could helpi)

could helpi := could helpi � {j}
Bi[j].help array

Lemma 1: snapshot is wait free


could helpi := ;



Proof
operation update(  )


                  scan( )


operation scan( )

 

 while true do

        scan( ) 

     scan( )

 if

  then return

  else for                do

   if                        then

    if

     then return

     else

   end if end if

  end for

 end if

 end while


v

sni := sni+1

help arrayi :=
SM [i] := (v, sni, help arrayi)

Ai :=
Bi :=

(�j : Ai[j].sn = Bi[j].sn)
(Ai.val)

j : 1 � j � n
(Ai[j].sn �= Bi[j].sn)

(j � could helpi)

could helpi := could helpi � {j}
Bi[j].help array

Lemma 1: snapshot is wait free

Let    invoke snapshot


if    collects <       times, done

if    collects       times


some    executed update() twice

    is in 

   returns


pi

n+1pi

pi n+1
pj

pj could helpi

pi Bi[j].help arraycould helpi := ;

Proof
operation update(  )


                  scan( )


operation scan( )

 

 while true do

        collect( ) 

     collect( )

 if

  then return

  else for                do

   if                        then

    if

     then return

     else

   end if end if

  end for

 end if

 end while


v

sni := sni+1

help arrayi :=
SM [i] := (v, sni, help arrayi)

Ai :=
Bi :=

(�j : Ai[j].sn = Bi[j].sn)
(Ai.val)

j : 1 � j � n
(Ai[j].sn �= Bi[j].sn)

(j � could helpi)

could helpi := could helpi � {j}
Bi[j].help array

Lemma 1: snapshot is wait free

Let    invoke snapshot


if    collects <       times, done

if    collects       times


some    executed update() twice

    is in 

   returns


Lemma 2: update() and scan() are atomic:

total order of ops respects real time

     if updatej(  ) is last before scan(),   
then 


update ops: linearized at time writing ends

scans that terminate after double collect: 
linearized some time between the two collect

scans that are helped terminate:


by induction, last helping    terminated by 
double scan

helped snapshot inherits linearization point

pi

n+1pi

pi n+1
pj

pj could helpi

pi Bi[j].help array

�pj v
help array[j] = v

pk

could helpi := ;

Yes, but?

Can we make any object wait-free?

What primitives are necessary / sufficient 
for constructing wait-free objects?


How do we build a wait-free object?

Is there a universal constructor?


How do we know the implementation is correct?

You can breathe.  
Thank Herlihy.

A wait-free implementation of an object can be 
built out of any object with the same 
consensus number.

There is a universal constructor using an 
object of infinite consensus number.

We can verify correctness by showing that the 
implementation is linearizable.



A consensus protocol is...
A system of   threads, where


each     starts with an input value from some domain 

threads communicate by operating on a set of objects

processes eventually agree on some input value and halt


Required properties:

agreement: distinct threads never decide distinct values

validity: common decision value is input of some thread

wait-freedom: each thread decides after finite number of 
steps

n
Ti
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A consensus protocol  
is also...

A linearizable and wait-free implementation of 
a consensus object

A consensus object provides a single operation


decide(input: value) returns(value)

Sequential spec: all “decides” return value of first 
decide

Consensus Number

Definition The consensus number of an object of 
class    is the largest    for which that class solves    
  -thread consensus. If no largest   exists, the 
consensus number is said to be infinite


Corollary Suppose an object of class    can be 
implemented by one or more objects of class   ,  
together with some number of atomic registers. 

If    can solve n-thread consensus, so can 

n n
nC
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D
<latexit sha1_base64="tNwlvBXfMINrD0wsGzxby++mfQA=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMwYcQHFgB48JuCYQBJiT6cnadKz0P1GCCFXL4onxauf4y/4G36BnUQPcSl4UFTVo1+1n0ih0XHerczM7Nz8QnYxt7S8srqWX9+41nGqGPdYLGNV86nmUkTcQ4GS1xLFaehLXvV75yO/esuVFnF0hf2EN0PaiUQgGEUjVS5a+YJrO2OQ/0nh7OM0eQWAciv/1mjHLA15hExSreuuk2BzQBUKJvkw10g1Tyjr0Q4fjM8bkh0jtUkQKzMRkrE6laOh1v3QN8mQYlf/9EbiX149xeCoORBRkiKP2OShIJUEYzLqStpCcYaybwhlSpgLCetSRRmaH8mZ6o5dPNh3iw75Tb6re3v2se1WnELpBCbIwhZswy64cAgluIQyeMCAwz08wbN1Y91ZD9bjJJqxvnY2YQrWyydZsYru</latexit><latexit sha1_base64="jhQ7FbkvLbTNN+bIvo6uC8hKtV8=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1ZCx4gMsFnThsgXHFtpSM2mmDc08SDJCKd26UVwpfoA/4x+Iv+EXmLa6qI8DFw7nnEvuiZ8IrjTG71ZmZnZufiG7aC8tr6yu5dY3rlScSso8GotY1nyimOAR8zTXgtUSyUjoC1b1e2cjv3rDpOJxdKn7CWuGpBPxgFOijVQ5b+XyroPHQP+T/OlHMXl5s4vlVu610Y5pGrJIU0GUqrs40c0BkZpTwYZ2I1UsIbRHOmwwPm+IdozURkEszUQajdWpHAmV6oe+SYZEd9VPbyT+5dVTHRw1BzxKUs0iOnkoSAXSMRp1RW0uGdWibwihkpsLEe0SSag2P2Kb6tgpHOy7BYx+k+/q3p5z7LgVnC+dwARZ2IJt2AUXDqEEF1AGDygwuINHeLKurVvr3nqYRDPW184mTMF6/gTQC4wP</latexit><latexit sha1_base64="jhQ7FbkvLbTNN+bIvo6uC8hKtV8=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1ZCx4gMsFnThsgXHFtpSM2mmDc08SDJCKd26UVwpfoA/4x+Iv+EXmLa6qI8DFw7nnEvuiZ8IrjTG71ZmZnZufiG7aC8tr6yu5dY3rlScSso8GotY1nyimOAR8zTXgtUSyUjoC1b1e2cjv3rDpOJxdKn7CWuGpBPxgFOijVQ5b+XyroPHQP+T/OlHMXl5s4vlVu610Y5pGrJIU0GUqrs40c0BkZpTwYZ2I1UsIbRHOmwwPm+IdozURkEszUQajdWpHAmV6oe+SYZEd9VPbyT+5dVTHRw1BzxKUs0iOnkoSAXSMRp1RW0uGdWibwihkpsLEe0SSag2P2Kb6tgpHOy7BYx+k+/q3p5z7LgVnC+dwARZ2IJt2AUXDqEEF1AGDygwuINHeLKurVvr3nqYRDPW184mTMF6/gTQC4wP</latexit><latexit sha1_base64="jhQ7FbkvLbTNN+bIvo6uC8hKtV8=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1ZCx4gMsFnThsgXHFtpSM2mmDc08SDJCKd26UVwpfoA/4x+Iv+EXmLa6qI8DFw7nnEvuiZ8IrjTG71ZmZnZufiG7aC8tr6yu5dY3rlScSso8GotY1nyimOAR8zTXgtUSyUjoC1b1e2cjv3rDpOJxdKn7CWuGpBPxgFOijVQ5b+XyroPHQP+T/OlHMXl5s4vlVu610Y5pGrJIU0GUqrs40c0BkZpTwYZ2I1UsIbRHOmwwPm+IdozURkEszUQajdWpHAmV6oe+SYZEd9VPbyT+5dVTHRw1BzxKUs0iOnkoSAXSMRp1RW0uGdWibwihkpsLEe0SSag2P2Kb6tgpHOy7BYx+k+/q3p5z7LgVnC+dwARZ2IJt2AUXDqEEF1AGDygwuINHeLKurVvr3nqYRDPW184mTMF6/gTQC4wP</latexit><latexit sha1_base64="jhQ7FbkvLbTNN+bIvo6uC8hKtV8=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1ZCx4gMsFnThsgXHFtpSM2mmDc08SDJCKd26UVwpfoA/4x+Iv+EXmLa6qI8DFw7nnEvuiZ8IrjTG71ZmZnZufiG7aC8tr6yu5dY3rlScSso8GotY1nyimOAR8zTXgtUSyUjoC1b1e2cjv3rDpOJxdKn7CWuGpBPxgFOijVQ5b+XyroPHQP+T/OlHMXl5s4vlVu610Y5pGrJIU0GUqrs40c0BkZpTwYZ2I1UsIbRHOmwwPm+IdozURkEszUQajdWpHAmV6oe+SYZEd9VPbyT+5dVTHRw1BzxKUs0iOnkoSAXSMRp1RW0uGdWibwihkpsLEe0SSag2P2Kb6tgpHOy7BYx+k+/q3p5z7LgVnC+dwARZ2IJt2AUXDqEEF1AGDygwuINHeLKurVvr3nqYRDPW184mTMF6/gTQC4wP</latexit><latexit sha1_base64="P/45Z2UNjXZF528fAWeLMbhd40g=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNPSouICHgB48JuCYQBJiT+dN0qRnobtHCCFXL4onxV/yF/wbO4uHuBQ0FFXVvFcvSKXQhtJPJ7ewuLS8kl8trK1vbG4Vt3fudJIpjj5PZKLqAdMoRYy+EUZiPVXIokBiLehfjf3aAyotkvjWDFJsRawbi1BwZqxUvW4XS55LJyD/kxLMUGkXP5qdhGcRxoZLpnXDo6lpDZkygkscFZqZxpTxPuvicLLeiBxYqUPCRNkXGzJR53Is0noQBTYZMdPTP72x+JfXyEx43hqKOM0Mxnw6KMwkMQkZdyUdoZAbObCEcSXshoT3mGLc2IsUbHXqHp+eeMeU/Cbf1f0j98L1qrRUvpzdIA97sA+H4MEZlOEGKuADB4QneIU35955dJ6dl2k058z+7MIcnPcvFuKIcA==</latexit>

D
<latexit sha1_base64="tNwlvBXfMINrD0wsGzxby++mfQA=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMwYcQHFgB48JuCYQBJiT6cnadKz0P1GCCFXL4onxauf4y/4G36BnUQPcSl4UFTVo1+1n0ih0XHerczM7Nz8QnYxt7S8srqWX9+41nGqGPdYLGNV86nmUkTcQ4GS1xLFaehLXvV75yO/esuVFnF0hf2EN0PaiUQgGEUjVS5a+YJrO2OQ/0nh7OM0eQWAciv/1mjHLA15hExSreuuk2BzQBUKJvkw10g1Tyjr0Q4fjM8bkh0jtUkQKzMRkrE6laOh1v3QN8mQYlf/9EbiX149xeCoORBRkiKP2OShIJUEYzLqStpCcYaybwhlSpgLCetSRRmaH8mZ6o5dPNh3iw75Tb6re3v2se1WnELpBCbIwhZswy64cAgluIQyeMCAwz08wbN1Y91ZD9bjJJqxvnY2YQrWyydZsYru</latexit><latexit sha1_base64="jhQ7FbkvLbTNN+bIvo6uC8hKtV8=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1ZCx4gMsFnThsgXHFtpSM2mmDc08SDJCKd26UVwpfoA/4x+Iv+EXmLa6qI8DFw7nnEvuiZ8IrjTG71ZmZnZufiG7aC8tr6yu5dY3rlScSso8GotY1nyimOAR8zTXgtUSyUjoC1b1e2cjv3rDpOJxdKn7CWuGpBPxgFOijVQ5b+XyroPHQP+T/OlHMXl5s4vlVu610Y5pGrJIU0GUqrs40c0BkZpTwYZ2I1UsIbRHOmwwPm+IdozURkEszUQajdWpHAmV6oe+SYZEd9VPbyT+5dVTHRw1BzxKUs0iOnkoSAXSMRp1RW0uGdWibwihkpsLEe0SSag2P2Kb6tgpHOy7BYx+k+/q3p5z7LgVnC+dwARZ2IJt2AUXDqEEF1AGDygwuINHeLKurVvr3nqYRDPW184mTMF6/gTQC4wP</latexit><latexit sha1_base64="jhQ7FbkvLbTNN+bIvo6uC8hKtV8=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1ZCx4gMsFnThsgXHFtpSM2mmDc08SDJCKd26UVwpfoA/4x+Iv+EXmLa6qI8DFw7nnEvuiZ8IrjTG71ZmZnZufiG7aC8tr6yu5dY3rlScSso8GotY1nyimOAR8zTXgtUSyUjoC1b1e2cjv3rDpOJxdKn7CWuGpBPxgFOijVQ5b+XyroPHQP+T/OlHMXl5s4vlVu610Y5pGrJIU0GUqrs40c0BkZpTwYZ2I1UsIbRHOmwwPm+IdozURkEszUQajdWpHAmV6oe+SYZEd9VPbyT+5dVTHRw1BzxKUs0iOnkoSAXSMRp1RW0uGdWibwihkpsLEe0SSag2P2Kb6tgpHOy7BYx+k+/q3p5z7LgVnC+dwARZ2IJt2AUXDqEEF1AGDygwuINHeLKurVvr3nqYRDPW184mTMF6/gTQC4wP</latexit><latexit sha1_base64="jhQ7FbkvLbTNN+bIvo6uC8hKtV8=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1ZCx4gMsFnThsgXHFtpSM2mmDc08SDJCKd26UVwpfoA/4x+Iv+EXmLa6qI8DFw7nnEvuiZ8IrjTG71ZmZnZufiG7aC8tr6yu5dY3rlScSso8GotY1nyimOAR8zTXgtUSyUjoC1b1e2cjv3rDpOJxdKn7CWuGpBPxgFOijVQ5b+XyroPHQP+T/OlHMXl5s4vlVu610Y5pGrJIU0GUqrs40c0BkZpTwYZ2I1UsIbRHOmwwPm+IdozURkEszUQajdWpHAmV6oe+SYZEd9VPbyT+5dVTHRw1BzxKUs0iOnkoSAXSMRp1RW0uGdWibwihkpsLEe0SSag2P2Kb6tgpHOy7BYx+k+/q3p5z7LgVnC+dwARZ2IJt2AUXDqEEF1AGDygwuINHeLKurVvr3nqYRDPW184mTMF6/gTQC4wP</latexit><latexit sha1_base64="jhQ7FbkvLbTNN+bIvo6uC8hKtV8=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1ZCx4gMsFnThsgXHFtpSM2mmDc08SDJCKd26UVwpfoA/4x+Iv+EXmLa6qI8DFw7nnEvuiZ8IrjTG71ZmZnZufiG7aC8tr6yu5dY3rlScSso8GotY1nyimOAR8zTXgtUSyUjoC1b1e2cjv3rDpOJxdKn7CWuGpBPxgFOijVQ5b+XyroPHQP+T/OlHMXl5s4vlVu610Y5pGrJIU0GUqrs40c0BkZpTwYZ2I1UsIbRHOmwwPm+IdozURkEszUQajdWpHAmV6oe+SYZEd9VPbyT+5dVTHRw1BzxKUs0iOnkoSAXSMRp1RW0uGdWibwihkpsLEe0SSag2P2Kb6tgpHOy7BYx+k+/q3p5z7LgVnC+dwARZ2IJt2AUXDqEEF1AGDygwuINHeLKurVvr3nqYRDPW184mTMF6/gTQC4wP</latexit><latexit sha1_base64="P/45Z2UNjXZF528fAWeLMbhd40g=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNPSouICHgB48JuCYQBJiT+dN0qRnobtHCCFXL4onxV/yF/wbO4uHuBQ0FFXVvFcvSKXQhtJPJ7ewuLS8kl8trK1vbG4Vt3fudJIpjj5PZKLqAdMoRYy+EUZiPVXIokBiLehfjf3aAyotkvjWDFJsRawbi1BwZqxUvW4XS55LJyD/kxLMUGkXP5qdhGcRxoZLpnXDo6lpDZkygkscFZqZxpTxPuvicLLeiBxYqUPCRNkXGzJR53Is0noQBTYZMdPTP72x+JfXyEx43hqKOM0Mxnw6KMwkMQkZdyUdoZAbObCEcSXshoT3mGLc2IsUbHXqHp+eeMeU/Cbf1f0j98L1qrRUvpzdIA97sA+H4MEZlOEGKuADB4QneIU35955dJ6dl2k058z+7MIcnPcvFuKIcA==</latexit>

C
<latexit sha1_base64="60BgDR1r/hFRPC0Gpct7JOrj/Fo=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMwYcQHFQC4eE3BMIAmxp/MmadKz0N0jhJCrF8WT4tXP8Rf8Db/ATqKHuBQ8KKrq0a/aTwRX2nHerczc/MLiUnY5t7K6tr6R39y6VnEqGXosFrGs+1Sh4BF6mmuB9UQiDX2BNb9fHvu1W5SKx9GVHiTYCmk34gFnVBupWm7nC67tTED+J4WLj/PkFQAq7fxbsxOzNMRIM0GVarhOoltDKjVnAke5ZqowoaxPuzicnDcie0bqkCCWZiJNJupMjoZKDULfJEOqe+qnNxb/8hqpDk5aQx4lqcaITR8KUkF0TMZdSYdLZFoMDKFMcnMhYT0qKdPmR3KmumMXjw7dokN+k+/q3oF9artVp1A6gymysAO7sA8uHEMJLqECHjBAuIcneLZurDvrwXqcRjPW1842zMB6+QRYOIrt</latexit><latexit sha1_base64="8dWyErhsA/TcRuFe1NgRNBLrtO4=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLHTjsgXHFtpSM2mmDc3MhCQjlNKtG8WV4gf4M/6B+Bt+gWmri/o4cOFwzrnkngSCM6Vd993KzM0vLC5ll+2V1bX1jdzm1pVKUkmoTxKeyHqAFeUspr5mmtO6kBRHAae1oF8e+7UbKhVL4ks9ELQV4W7MQkawNlK13M7lPcedAP1P8ucfRfHyZhcr7dxrs5OQNKKxJhwr1fBcoVtDLDUjnI7sZqqowKSPu3Q4OW+E9ozUQWEizcQaTdSZHI6UGkSBSUZY99RPbyz+5TVSHZ60hiwWqaYxmT4UphzpBI27og6TlGg+MAQTycyFiPSwxESbH7FNddcpHB16BRf9Jt/V/QPn1PGqbr50BlNkYQd2YR88OIYSXEAFfCBA4Q4e4cm6tm6te+thGs1YXzvbMAPr+RPOkowO</latexit><latexit sha1_base64="8dWyErhsA/TcRuFe1NgRNBLrtO4=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLHTjsgXHFtpSM2mmDc3MhCQjlNKtG8WV4gf4M/6B+Bt+gWmri/o4cOFwzrnkngSCM6Vd993KzM0vLC5ll+2V1bX1jdzm1pVKUkmoTxKeyHqAFeUspr5mmtO6kBRHAae1oF8e+7UbKhVL4ks9ELQV4W7MQkawNlK13M7lPcedAP1P8ucfRfHyZhcr7dxrs5OQNKKxJhwr1fBcoVtDLDUjnI7sZqqowKSPu3Q4OW+E9ozUQWEizcQaTdSZHI6UGkSBSUZY99RPbyz+5TVSHZ60hiwWqaYxmT4UphzpBI27og6TlGg+MAQTycyFiPSwxESbH7FNddcpHB16BRf9Jt/V/QPn1PGqbr50BlNkYQd2YR88OIYSXEAFfCBA4Q4e4cm6tm6te+thGs1YXzvbMAPr+RPOkowO</latexit><latexit sha1_base64="8dWyErhsA/TcRuFe1NgRNBLrtO4=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLHTjsgXHFtpSM2mmDc3MhCQjlNKtG8WV4gf4M/6B+Bt+gWmri/o4cOFwzrnkngSCM6Vd993KzM0vLC5ll+2V1bX1jdzm1pVKUkmoTxKeyHqAFeUspr5mmtO6kBRHAae1oF8e+7UbKhVL4ks9ELQV4W7MQkawNlK13M7lPcedAP1P8ucfRfHyZhcr7dxrs5OQNKKxJhwr1fBcoVtDLDUjnI7sZqqowKSPu3Q4OW+E9ozUQWEizcQaTdSZHI6UGkSBSUZY99RPbyz+5TVSHZ60hiwWqaYxmT4UphzpBI27og6TlGg+MAQTycyFiPSwxESbH7FNddcpHB16BRf9Jt/V/QPn1PGqbr50BlNkYQd2YR88OIYSXEAFfCBA4Q4e4cm6tm6te+thGs1YXzvbMAPr+RPOkowO</latexit><latexit sha1_base64="8dWyErhsA/TcRuFe1NgRNBLrtO4=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLHTjsgXHFtpSM2mmDc3MhCQjlNKtG8WV4gf4M/6B+Bt+gWmri/o4cOFwzrnkngSCM6Vd993KzM0vLC5ll+2V1bX1jdzm1pVKUkmoTxKeyHqAFeUspr5mmtO6kBRHAae1oF8e+7UbKhVL4ks9ELQV4W7MQkawNlK13M7lPcedAP1P8ucfRfHyZhcr7dxrs5OQNKKxJhwr1fBcoVtDLDUjnI7sZqqowKSPu3Q4OW+E9ozUQWEizcQaTdSZHI6UGkSBSUZY99RPbyz+5TVSHZ60hiwWqaYxmT4UphzpBI27og6TlGg+MAQTycyFiPSwxESbH7FNddcpHB16BRf9Jt/V/QPn1PGqbr50BlNkYQd2YR88OIYSXEAFfCBA4Q4e4cm6tm6te+thGs1YXzvbMAPr+RPOkowO</latexit><latexit sha1_base64="FNP79aqQ46Gv2jVOPNHdV6veoZE=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNPSouICHQC4eE3BMIAmxp9OTNOlZ6H4jhJCrF8WT4i/5C/6NncVDXAoaiqpq3qsXpEoapPTTyS0tr6yu5dcLG5tb2zvF3b07k2SaC58nKtGNgBmhZCx8lKhEI9WCRYES9WBQmfj1B6GNTOJbHKaiHbFeLEPJGVqpVukUS55LpyD/kxLMUe0UP1rdhGeRiJErZkzToym2R0yj5EqMC63MiJTxAeuJ0XS9MTmyUpeEibYvRjJVF3IsMmYYBTYZMeybn95E/MtrZhhetkcyTjMUMZ8NCjNFMCGTrqQrteCohpYwrqXdkPA+04yjvUjBVqfu6fmZd0rJb/Jd3T9xr1yvRkvl6/kN8nAAh3AMHlxAGW6gCj5wEPAEr/Dm3DuPzrPzMovmnPmffViA8/4FFWmIbw==</latexit>

States and Valence
Protocol state


states of threads and shared objects

initial state, final state (with a decision value)


Move

method call to an object


Bivalent, monovalent states

label indicating the decision values of the final states that 
this state can reach 


Critical protocol state

bivalent, but if any thread moves, resulting state monovalent



Execution tree

(binary consensus, two threads) 

bivalent
monovalent

1 1 11 00

critical

nLemma Every   -thread consensus protocol has 
a bivalent initial state

Atomic registers have 
consensus number 1 SAD!

Lemma Every wait-free consensus protocol has 
a critical state
Proof. Start from a bivalent initial state. As long as a thread can 
move to a bivalent state, make it do so. If the protocol runs forever, 
it is not wait free - otherwise, it must enter a critical state.

Proof. See 5414

Atomic registers have 
consensus number 1

Proof. (Binary consensus, two threads) Run until a critical state

T1T2

Case 1:    is about to read a 
register

T2

0-valent 1-valent

SAD!

T1

Atomic registers have 
consensus number 1 SAD!

Proof. (Binary consensus, two threads) Run until a critical state

Case 1:    is about to read a registerT2

0-valent 1-valent
    takes a step to a 1-
valent state
T1

T2

1 T2     reads the register

     runs solo to a state 
where the decision is 1
T1

<latexit sha1_base64="+P/gjHyp1fGr9MSOf7mcVSsz4UE=">AAAB33icbVDLSgMxFL1TX7W+Rl26CRbB1TBji7W7ghuXFTu20NaSSTNtaCYzJBmhlIJLN4orxT/yF/wbM30sWjwQOJxzwr3nBglnSrvur5Xb2Nza3snvFvb2Dw6P7OOTRxWnklCfxDyWrQArypmgvmaa01YiKY4CTpvB6Dbzm89UKhaLhh4ntBvhgWAhI1gb6aHR83p20XPcGZDrVA0q5QWpemhpFWt2+PQCAPWe/dPpxySNqNCEY6Xanpvo7gRLzQin00InVTTBZIQHdDJbcIoujNRHYSzNExrN1JUcjpQaR4FJRlgP1bqXif957VSHN90JE0mqqSDzQWHKkY5R1hb1maRE87EhmEhmNkRkiCUm2tykYKq7Tum67JWy6utkWd2/cqqOd29OUIY58nAG53AJHlSgBndQBx8IDOANPuHLCqxX6936mEdz1uLPKazA+v4D2TCLCw==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="LDAtvJDDWChmQdzsc/9u65J3Cqc=">AAAB33icbVBNS0JBFL3Pvsy+rJZthiRo9XgvJXMntGlp5EtBReaN83Rw3gcz9wUi7tsUrYr+UX+hf9Ooz4XSgYHDOWe491w/kUKj4/xaua3tnd29/H7h4PDo+KR4evas41Qx7rFYxqrtU82liLiHAiVvJ4rT0Je85Y/v537rhSst4qiJk4T3QjqMRCAYRSM9Nftuv1hybWcB4tg1g2olIzWXrKwSZGj0iz/dQczSkEfIJNW64zoJ9qZUoWCSzwrdVPOEsjEd8uliwRm5MtKABLEyL0KyUNdyNNR6EvomGVIc6U1vLv7ndVIM7npTESUp8ogtBwWpJBiTeVsyEIozlBNDKFPCbEjYiCrK0NykYKo7dvm24pbn1TfJqrp3Y9ds99Ep1SvZDfJwAZdwDS5UoQ4P0AAPGAzhDT7hy/KtV+vd+lhGc1b25xzWYH3/Ack0iXc=</latexit>

     runs solo to a state 
where the decision is 0
T1

<latexit sha1_base64="+P/gjHyp1fGr9MSOf7mcVSsz4UE=">AAAB33icbVDLSgMxFL1TX7W+Rl26CRbB1TBji7W7ghuXFTu20NaSSTNtaCYzJBmhlIJLN4orxT/yF/wbM30sWjwQOJxzwr3nBglnSrvur5Xb2Nza3snvFvb2Dw6P7OOTRxWnklCfxDyWrQArypmgvmaa01YiKY4CTpvB6Dbzm89UKhaLhh4ntBvhgWAhI1gb6aHR83p20XPcGZDrVA0q5QWpemhpFWt2+PQCAPWe/dPpxySNqNCEY6Xanpvo7gRLzQin00InVTTBZIQHdDJbcIoujNRHYSzNExrN1JUcjpQaR4FJRlgP1bqXif957VSHN90JE0mqqSDzQWHKkY5R1hb1maRE87EhmEhmNkRkiCUm2tykYKq7Tum67JWy6utkWd2/cqqOd29OUIY58nAG53AJHlSgBndQBx8IDOANPuHLCqxX6936mEdz1uLPKazA+v4D2TCLCw==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="LDAtvJDDWChmQdzsc/9u65J3Cqc=">AAAB33icbVBNS0JBFL3Pvsy+rJZthiRo9XgvJXMntGlp5EtBReaN83Rw3gcz9wUi7tsUrYr+UX+hf9Ooz4XSgYHDOWe491w/kUKj4/xaua3tnd29/H7h4PDo+KR4evas41Qx7rFYxqrtU82liLiHAiVvJ4rT0Je85Y/v537rhSst4qiJk4T3QjqMRCAYRSM9Nftuv1hybWcB4tg1g2olIzWXrKwSZGj0iz/dQczSkEfIJNW64zoJ9qZUoWCSzwrdVPOEsjEd8uliwRm5MtKABLEyL0KyUNdyNNR6EvomGVIc6U1vLv7ndVIM7npTESUp8ogtBwWpJBiTeVsyEIozlBNDKFPCbEjYiCrK0NykYKo7dvm24pbn1TfJqrp3Y9ds99Ep1SvZDfJwAZdwDS5UoQ4P0AAPGAzhDT7hy/KtV+vd+lhGc1b25xzWYH3/Ack0iXc=</latexit>

0

T1
<latexit sha1_base64="+P/gjHyp1fGr9MSOf7mcVSsz4UE=">AAAB33icbVDLSgMxFL1TX7W+Rl26CRbB1TBji7W7ghuXFTu20NaSSTNtaCYzJBmhlIJLN4orxT/yF/wbM30sWjwQOJxzwr3nBglnSrvur5Xb2Nza3snvFvb2Dw6P7OOTRxWnklCfxDyWrQArypmgvmaa01YiKY4CTpvB6Dbzm89UKhaLhh4ntBvhgWAhI1gb6aHR83p20XPcGZDrVA0q5QWpemhpFWt2+PQCAPWe/dPpxySNqNCEY6Xanpvo7gRLzQin00InVTTBZIQHdDJbcIoujNRHYSzNExrN1JUcjpQaR4FJRlgP1bqXif957VSHN90JE0mqqSDzQWHKkY5R1hb1maRE87EhmEhmNkRkiCUm2tykYKq7Tum67JWy6utkWd2/cqqOd29OUIY58nAG53AJHlSgBndQBx8IDOANPuHLCqxX6936mEdz1uLPKazA+v4D2TCLCw==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="LDAtvJDDWChmQdzsc/9u65J3Cqc=">AAAB33icbVBNS0JBFL3Pvsy+rJZthiRo9XgvJXMntGlp5EtBReaN83Rw3gcz9wUi7tsUrYr+UX+hf9Ooz4XSgYHDOWe491w/kUKj4/xaua3tnd29/H7h4PDo+KR4evas41Qx7rFYxqrtU82liLiHAiVvJ4rT0Je85Y/v537rhSst4qiJk4T3QjqMRCAYRSM9Nftuv1hybWcB4tg1g2olIzWXrKwSZGj0iz/dQczSkEfIJNW64zoJ9qZUoWCSzwrdVPOEsjEd8uliwRm5MtKABLEyL0KyUNdyNNR6EvomGVIc6U1vLv7ndVIM7npTESUp8ogtBwWpJBiTeVsyEIozlBNDKFPCbEjYiCrK0NykYKo7dvm24pbn1TfJqrp3Y9ds99Ep1SvZDfJwAZdwDS5UoQ4P0AAPGAzhDT7hy/KtV+vd+lhGc1b25xzWYH3/Ack0iXc=</latexit>

indistinguishable 
by



Atomic registers have 
consensus number 1 SAD!

Proof. (Binary consensus, two threads) Run until a critical state

Case 2:         write to different registers

0-valent 1-valent

T1, T2
<latexit sha1_base64="LS9HguZAkUMnC6QNWpZoinQc+Sc=">AAAB43icbVDdSgJBGP3W/sx+tLzsZkiCLmLZVcm8E7rp0sBNQWWZHWd1cPaHmdlAxDfopuiqiHqcXqH36AGa9edC6cDA4ZwzfN/5vJgzqSzrx8hsbe/s7mX3cweHR8f5wsnpg4wSQahDIh6Jjocl5SykjmKK004sKA48Ttve+Db1249USBaFLTWJaT/Aw5D5jGClpXbLta9abtktlGzTmgNZZl2jVl2Suo1WVqlR/P38AoCmW/juDSKSBDRUhGMpu7YVq/4UC8UIp7NcL5E0xmSMh3Q6X3KGLrQ0QH4k9AsVmqtrORxIOQk8nQywGslNLxX/87qJ8m/6UxbGiaIhWQzyE45UhNLGaMAEJYpPNMFEML0hIiMsMFH6Ljld3TIr11W7klbfJKvqTtmsm/a9PkEVFsjCGZzDJdhQgwbcQRMcIDCGZ3iDd8M3nowX43URzRjLP0VYg/HxB0BAjTY=</latexit><latexit sha1_base64="Jx214yDfm+9zLuxohmokaKbJyZ0=">AAAB43icbVDLSgMxFL1TX7W+ql26CRbBhQwzbbF2V3DjskLHFuwwZNJMG5p5kGSEUrp050bpShHBr/EX/A8/wPS1aPFA4HDOCfee6yecSWVZP0ZmY3Nreye7m9vbPzg8yh+f3Ms4FYQ6JOaxaPtYUs4i6iimOG0nguLQ57TlD26mfuuRCsniqKmGCXVD3ItYwAhWWmo1Pfuy6ZW8fNE2rRmQZdY0qpUFqdloaRXrhd/PyZP71fDy351uTNKQRopwLOWDbSXKHWGhGOF0nOukkiaYDHCPjmZLjtG5lrooiIV+kUIzdSWHQymHoa+TIVZ9ue5Nxf+8h1QF1+6IRUmqaETmg4KUIxWjaWPUZYISxYeaYCKY3hCRPhaYKH2XnK5umeWril2eVl8ny+pOyayZ9p0+QQXmyMIpnMEF2FCFOtxCAxwgMIAXeIN3IzCejVdjMo9mjMWfAqzA+PgDJlGOrg==</latexit><latexit sha1_base64="Jx214yDfm+9zLuxohmokaKbJyZ0=">AAAB43icbVDLSgMxFL1TX7W+ql26CRbBhQwzbbF2V3DjskLHFuwwZNJMG5p5kGSEUrp050bpShHBr/EX/A8/wPS1aPFA4HDOCfee6yecSWVZP0ZmY3Nreye7m9vbPzg8yh+f3Ms4FYQ6JOaxaPtYUs4i6iimOG0nguLQ57TlD26mfuuRCsniqKmGCXVD3ItYwAhWWmo1Pfuy6ZW8fNE2rRmQZdY0qpUFqdloaRXrhd/PyZP71fDy351uTNKQRopwLOWDbSXKHWGhGOF0nOukkiaYDHCPjmZLjtG5lrooiIV+kUIzdSWHQymHoa+TIVZ9ue5Nxf+8h1QF1+6IRUmqaETmg4KUIxWjaWPUZYISxYeaYCKY3hCRPhaYKH2XnK5umeWril2eVl8ny+pOyayZ9p0+QQXmyMIpnMEF2FCFOtxCAxwgMIAXeIN3IzCejVdjMo9mjMWfAqzA+PgDJlGOrg==</latexit><latexit sha1_base64="Jx214yDfm+9zLuxohmokaKbJyZ0=">AAAB43icbVDLSgMxFL1TX7W+ql26CRbBhQwzbbF2V3DjskLHFuwwZNJMG5p5kGSEUrp050bpShHBr/EX/A8/wPS1aPFA4HDOCfee6yecSWVZP0ZmY3Nreye7m9vbPzg8yh+f3Ms4FYQ6JOaxaPtYUs4i6iimOG0nguLQ57TlD26mfuuRCsniqKmGCXVD3ItYwAhWWmo1Pfuy6ZW8fNE2rRmQZdY0qpUFqdloaRXrhd/PyZP71fDy351uTNKQRopwLOWDbSXKHWGhGOF0nOukkiaYDHCPjmZLjtG5lrooiIV+kUIzdSWHQymHoa+TIVZ9ue5Nxf+8h1QF1+6IRUmqaETmg4KUIxWjaWPUZYISxYeaYCKY3hCRPhaYKH2XnK5umeWril2eVl8ny+pOyayZ9p0+QQXmyMIpnMEF2FCFOtxCAxwgMIAXeIN3IzCejVdjMo9mjMWfAqzA+PgDJlGOrg==</latexit><latexit sha1_base64="Jx214yDfm+9zLuxohmokaKbJyZ0=">AAAB43icbVDLSgMxFL1TX7W+ql26CRbBhQwzbbF2V3DjskLHFuwwZNJMG5p5kGSEUrp050bpShHBr/EX/A8/wPS1aPFA4HDOCfee6yecSWVZP0ZmY3Nreye7m9vbPzg8yh+f3Ms4FYQ6JOaxaPtYUs4i6iimOG0nguLQ57TlD26mfuuRCsniqKmGCXVD3ItYwAhWWmo1Pfuy6ZW8fNE2rRmQZdY0qpUFqdloaRXrhd/PyZP71fDy351uTNKQRopwLOWDbSXKHWGhGOF0nOukkiaYDHCPjmZLjtG5lrooiIV+kUIzdSWHQymHoa+TIVZ9ue5Nxf+8h1QF1+6IRUmqaETmg4KUIxWjaWPUZYISxYeaYCKY3hCRPhaYKH2XnK5umeWril2eVl8ny+pOyayZ9p0+QQXmyMIpnMEF2FCFOtxCAxwgMIAXeIN3IzCejVdjMo9mjMWfAqzA+PgDJlGOrg==</latexit><latexit sha1_base64="nMI7tELYjNzJQ/K5gc+PQHkUGFs=">AAAB43icbVDLagIxFL3Tp7Uv2y67CZVCF2XIqNS6E7rp0oJTBZUhEzMazDxIMgUR/6Cblq5a+j/9hf5NMzoulB4IHM454d5z/URwpTH+tba2d3b39gsHxcOj45PT0tn5s4pTSZlLYxHLrk8UEzxiruZasG4iGQl9wTr+5CHzOy9MKh5HbT1N2CAko4gHnBJtpE7bc27bXsUrlR0bL4Cw3TCo13LScNDKKkOOllf66Q9jmoYs0lQQpXoOTvRgRqTmVLB5sZ8qlhA6ISM2Wyw5R9dGGqIgluZFGi3UtRwJlZqGvkmGRI/VppeJ/3m9VAf3gxmPklSziC4HBalAOkZZYzTkklEtpoYQKrnZENExkYRqc5eiqY7t6l3NqWbVN8mquluxG7bzhMvNWn6DAlzCFdyAA3VowiO0wAUKE3iDT/iyAuvVerc+ltEtK/9zAWuwvv8A8/aKsA==</latexit>

T1 writes r1
<latexit sha1_base64="wsldkQeDsdcRFlfiHiVl7dxyjdk=">AAAB33icbVBNS0JBFL3Pvkz7sFq2GZKg1eO9ksyd0KalUS8FFZk3jjo474OZ+wIR922KVkX/pmW/IOjX1Dw/FkoHBg7nnOHec/1YCo2O82Nl1tY3Nrey27n8zu7efuHg8EFHiWLcY5GMVMOnmksRcg8FSt6IFaeBL3ndH16nfv2RKy2i8B5HMW8HtB+KnmAUjXSnOm6nUHRtZwri2BWDcmlOKi5ZWMVq/vv3EwBqncJXqxuxJOAhMkm1brpOjO0xVSiY5JNcK9E8pmxI+3w8XXBCTo3UJb1ImRcimapLORpoPQp8kwwoDvSql4r/ec0Ee1ftsQjjBHnIZoN6iSQYkbQt6QrFGcqRIZQpYTYkbEAVZWhukjPVHfvisuRepNVXyaK6d25XbPfWnMCBGbJwDCdwBi6UoQo3UAMPGPThGd7g3fKtJ+vFep1FM9b8zxEswfr4A7XSjHE=</latexit><latexit sha1_base64="5Df+tEQEKswcO7CgUBfWKxPxXwA=">AAAB33icbVBNS0JBFL3Pvkz7sKJVmyEJWj3epGTuhDYtjXopqMi8cZ4OzvtgZl4g4r5N0aro57TrFwSt+ik1T3OhdGDgcM4Z7j3XiwVX2nG+rMzK6tr6RnYzl9/a3tkt7O3fqSiRlLk0EpFsekQxwUPmaq4Fa8aSkcATrOENL1O/cc+k4lF4q0cx6wSkH3KfU6KNdCO7uFsoYtuZAjl21aBS/iNVjOZWsZb//Hk//Gb1buGj3YtoErBQU0GUamEn1p0xkZpTwSa5dqJYTOiQ9Nl4uuAEnRiph/xImhdqNFUXciRQahR4JhkQPVDLXir+57US7V90xjyME81COhvkJwLpCKVtUY9LRrUYGUKo5GZDRAdEEqrNTXKmumOXzsu4lFZfJvPq7pldtfG1OYEDM2ThCI7hFDBUoAZXUAcXKPThEV7g1fKsB+vJep5FM9bfnwNYgPX2C3UAjcs=</latexit><latexit sha1_base64="5Df+tEQEKswcO7CgUBfWKxPxXwA=">AAAB33icbVBNS0JBFL3Pvkz7sKJVmyEJWj3epGTuhDYtjXopqMi8cZ4OzvtgZl4g4r5N0aro57TrFwSt+ik1T3OhdGDgcM4Z7j3XiwVX2nG+rMzK6tr6RnYzl9/a3tkt7O3fqSiRlLk0EpFsekQxwUPmaq4Fa8aSkcATrOENL1O/cc+k4lF4q0cx6wSkH3KfU6KNdCO7uFsoYtuZAjl21aBS/iNVjOZWsZb//Hk//Gb1buGj3YtoErBQU0GUamEn1p0xkZpTwSa5dqJYTOiQ9Nl4uuAEnRiph/xImhdqNFUXciRQahR4JhkQPVDLXir+57US7V90xjyME81COhvkJwLpCKVtUY9LRrUYGUKo5GZDRAdEEqrNTXKmumOXzsu4lFZfJvPq7pldtfG1OYEDM2ThCI7hFDBUoAZXUAcXKPThEV7g1fKsB+vJep5FM9bfnwNYgPX2C3UAjcs=</latexit><latexit sha1_base64="5Df+tEQEKswcO7CgUBfWKxPxXwA=">AAAB33icbVBNS0JBFL3Pvkz7sKJVmyEJWj3epGTuhDYtjXopqMi8cZ4OzvtgZl4g4r5N0aro57TrFwSt+ik1T3OhdGDgcM4Z7j3XiwVX2nG+rMzK6tr6RnYzl9/a3tkt7O3fqSiRlLk0EpFsekQxwUPmaq4Fa8aSkcATrOENL1O/cc+k4lF4q0cx6wSkH3KfU6KNdCO7uFsoYtuZAjl21aBS/iNVjOZWsZb//Hk//Gb1buGj3YtoErBQU0GUamEn1p0xkZpTwSa5dqJYTOiQ9Nl4uuAEnRiph/xImhdqNFUXciRQahR4JhkQPVDLXir+57US7V90xjyME81COhvkJwLpCKVtUY9LRrUYGUKo5GZDRAdEEqrNTXKmumOXzsu4lFZfJvPq7pldtfG1OYEDM2ThCI7hFDBUoAZXUAcXKPThEV7g1fKsB+vJep5FM9bfnwNYgPX2C3UAjcs=</latexit><latexit sha1_base64="5Df+tEQEKswcO7CgUBfWKxPxXwA=">AAAB33icbVBNS0JBFL3Pvkz7sKJVmyEJWj3epGTuhDYtjXopqMi8cZ4OzvtgZl4g4r5N0aro57TrFwSt+ik1T3OhdGDgcM4Z7j3XiwVX2nG+rMzK6tr6RnYzl9/a3tkt7O3fqSiRlLk0EpFsekQxwUPmaq4Fa8aSkcATrOENL1O/cc+k4lF4q0cx6wSkH3KfU6KNdCO7uFsoYtuZAjl21aBS/iNVjOZWsZb//Hk//Gb1buGj3YtoErBQU0GUamEn1p0xkZpTwSa5dqJYTOiQ9Nl4uuAEnRiph/xImhdqNFUXciRQahR4JhkQPVDLXir+57US7V90xjyME81COhvkJwLpCKVtUY9LRrUYGUKo5GZDRAdEEqrNTXKmumOXzsu4lFZfJvPq7pldtfG1OYEDM2ThCI7hFDBUoAZXUAcXKPThEV7g1fKsB+vJep5FM9bfnwNYgPX2C3UAjcs=</latexit><latexit sha1_base64="NjUhcatuWfW/Syi+rT67M8P2jms=">AAAB33icbVDLSgMxFL1TX7W+qi7dBIvgaki0WLsruHFZ0bGFtpRMmmlDMw+SjFBK924UV4p/5C/4N2ba6aLFA4HDOSfce66fSKENxr9OYWNza3unuFva2z84PCofnzzrOFWMeyyWsWr7VHMpIu4ZYSRvJ4rT0Je85Y/vMr/1wpUWcfRkJgnvhXQYiUAwaqz0qPqkX64QF8+BsFu3qFVzUidoaVUgR7Nf/ukOYpaGPDJMUq07BCemN6XKCCb5rNRNNU8oG9Mhn84XnKELKw1QECv7IoPm6kqOhlpPQt8mQ2pGet3LxP+8TmqC295URElqeMQWg4JUIhOjrC0aCMWZkRNLKFPCbojYiCrKjL1JyVbH7vVNlVxn1dfJsrp35dZd8oArDZzfoAhncA6XQKAGDbiHJnjAYAhv8Alfju+8Ou/OxyJacPI/p7AC5/sP9GqJkQ==</latexit>

T2 writes r2
<latexit sha1_base64="dpDqSVKFNgsnfEPABrF/FbHHHqk=">AAAB33icbVDLSgMxFL1TX7X1UXXpJlgEV8NMW6zdFdy4rOjYQltKJs20oZnJkGSEUrp3o7hS/BuXfoHg12imj0WLBwKHc06491w/5kxpx/mxMhubW9s72d1cfm//4LBwdPygRCIJ9YjgQrZ8rChnEfU005y2Yklx6HPa9EfXqd98pFIxEd3rcUy7IR5ELGAEayPdyV6pVyi6tjMDcuyaQbWyIDUXLa1iPf/9+wkAjV7hq9MXJAlppAnHSrVdJ9bdCZaaEU6nuU6iaIzJCA/oZLbgFJ0bqY8CIc2LNJqpKzkcKjUOfZMMsR6qdS8V//PaiQ6uuhMWxYmmEZkPChKOtEBpW9RnkhLNx4ZgIpnZEJEhlphoc5Ocqe7Y5cuKW06rr5Nlda9k12z31pzAgTmycApncAEuVKEON9AADwgM4Bne4N3yrSfrxXqdRzPW4s8JrMD6+AO3S4xy</latexit><latexit sha1_base64="+Y3AFbj7063Y8qXzqDhK5pOsCyc=">AAAB33icbVC7SgNBFL0bXzHxsSpWNoNBsFp2k2BMF7CxjOiaQBLC7GQ2GTL7YGZWCCG9jWKl+Dl2foFg5afobB5FggcGDuec4d5zvZgzqWz728isrW9sbmW3c/md3b198+DwXkaJINQlEY9E08OSchZSVzHFaTMWFAcepw1veJX6jQcqJIvCOzWKaSfA/ZD5jGClpVvRLXbNgmPZUyDbqmpUynNSddDCKtTyX78fxz+03jU/272IJAENFeFYypZjx6ozxkIxwukk104kjTEZ4j4dTxecoDMt9ZAfCf1ChabqUg4HUo4CTycDrAZy1UvF/7xWovzLzpiFcaJoSGaD/IQjFaG0LeoxQYniI00wEUxviMgAC0yUvklOV7et0kXZKaXVV8miulu0qpZzo09gwwxZOIFTOAcHKlCDa6iDCwT68ASv8GZ4xqPxbLzMohlj/ucIlmC8/wF2eY3M</latexit><latexit sha1_base64="+Y3AFbj7063Y8qXzqDhK5pOsCyc=">AAAB33icbVC7SgNBFL0bXzHxsSpWNoNBsFp2k2BMF7CxjOiaQBLC7GQ2GTL7YGZWCCG9jWKl+Dl2foFg5afobB5FggcGDuec4d5zvZgzqWz728isrW9sbmW3c/md3b198+DwXkaJINQlEY9E08OSchZSVzHFaTMWFAcepw1veJX6jQcqJIvCOzWKaSfA/ZD5jGClpVvRLXbNgmPZUyDbqmpUynNSddDCKtTyX78fxz+03jU/272IJAENFeFYypZjx6ozxkIxwukk104kjTEZ4j4dTxecoDMt9ZAfCf1ChabqUg4HUo4CTycDrAZy1UvF/7xWovzLzpiFcaJoSGaD/IQjFaG0LeoxQYniI00wEUxviMgAC0yUvklOV7et0kXZKaXVV8miulu0qpZzo09gwwxZOIFTOAcHKlCDa6iDCwT68ASv8GZ4xqPxbLzMohlj/ucIlmC8/wF2eY3M</latexit><latexit sha1_base64="+Y3AFbj7063Y8qXzqDhK5pOsCyc=">AAAB33icbVC7SgNBFL0bXzHxsSpWNoNBsFp2k2BMF7CxjOiaQBLC7GQ2GTL7YGZWCCG9jWKl+Dl2foFg5afobB5FggcGDuec4d5zvZgzqWz728isrW9sbmW3c/md3b198+DwXkaJINQlEY9E08OSchZSVzHFaTMWFAcepw1veJX6jQcqJIvCOzWKaSfA/ZD5jGClpVvRLXbNgmPZUyDbqmpUynNSddDCKtTyX78fxz+03jU/272IJAENFeFYypZjx6ozxkIxwukk104kjTEZ4j4dTxecoDMt9ZAfCf1ChabqUg4HUo4CTycDrAZy1UvF/7xWovzLzpiFcaJoSGaD/IQjFaG0LeoxQYniI00wEUxviMgAC0yUvklOV7et0kXZKaXVV8miulu0qpZzo09gwwxZOIFTOAcHKlCDa6iDCwT68ASv8GZ4xqPxbLzMohlj/ucIlmC8/wF2eY3M</latexit><latexit sha1_base64="+Y3AFbj7063Y8qXzqDhK5pOsCyc=">AAAB33icbVC7SgNBFL0bXzHxsSpWNoNBsFp2k2BMF7CxjOiaQBLC7GQ2GTL7YGZWCCG9jWKl+Dl2foFg5afobB5FggcGDuec4d5zvZgzqWz728isrW9sbmW3c/md3b198+DwXkaJINQlEY9E08OSchZSVzHFaTMWFAcepw1veJX6jQcqJIvCOzWKaSfA/ZD5jGClpVvRLXbNgmPZUyDbqmpUynNSddDCKtTyX78fxz+03jU/272IJAENFeFYypZjx6ozxkIxwukk104kjTEZ4j4dTxecoDMt9ZAfCf1ChabqUg4HUo4CTycDrAZy1UvF/7xWovzLzpiFcaJoSGaD/IQjFaG0LeoxQYniI00wEUxviMgAC0yUvklOV7et0kXZKaXVV8miulu0qpZzo09gwwxZOIFTOAcHKlCDa6iDCwT68ASv8GZ4xqPxbLzMohlj/ucIlmC8/wF2eY3M</latexit><latexit sha1_base64="QONUGcQlhAz/keI3yD42yUDZYqU=">AAAB33icbVDLTgIxFL2DL8TXqEs3jcTE1aQDRGRH4sYlRkdIgJBO6UBD55G2Y0IIezcaVxr/yF/wb+zAsIB4kiYn55zm3nP9RHClMf61ClvbO7t7xf3SweHR8Yl9evas4lRS5tFYxLLjE8UEj5inuRask0hGQl+wtj+5y/z2C5OKx9GTniasH5JRxANOiTbSoxxUBnbZdfACCDsNg3otJw0Xrawy5GgN7J/eMKZpyCJNBVGq6+JE92dEak4Fm5d6qWIJoRMyYrPFgnN0ZaQhCmJpXqTRQl3LkVCpaeibZEj0WG16mfif1011cNuf8ShJNYvoclCQCqRjlLVFQy4Z1WJqCKGSmw0RHRNJqDY3KZnq2Kne1NxqVn2TrKp7FafhuA+43MT5DYpwAZdwDS7UoQn30AIPKIzgDT7hy/KtV+vd+lhGC1b+5xzWYH3/AfXjiZI=</latexit>

T1 writes r1
<latexit sha1_base64="wsldkQeDsdcRFlfiHiVl7dxyjdk=">AAAB33icbVBNS0JBFL3Pvkz7sFq2GZKg1eO9ksyd0KalUS8FFZk3jjo474OZ+wIR922KVkX/pmW/IOjX1Dw/FkoHBg7nnOHec/1YCo2O82Nl1tY3Nrey27n8zu7efuHg8EFHiWLcY5GMVMOnmksRcg8FSt6IFaeBL3ndH16nfv2RKy2i8B5HMW8HtB+KnmAUjXSnOm6nUHRtZwri2BWDcmlOKi5ZWMVq/vv3EwBqncJXqxuxJOAhMkm1brpOjO0xVSiY5JNcK9E8pmxI+3w8XXBCTo3UJb1ImRcimapLORpoPQp8kwwoDvSql4r/ec0Ee1ftsQjjBHnIZoN6iSQYkbQt6QrFGcqRIZQpYTYkbEAVZWhukjPVHfvisuRepNVXyaK6d25XbPfWnMCBGbJwDCdwBi6UoQo3UAMPGPThGd7g3fKtJ+vFep1FM9b8zxEswfr4A7XSjHE=</latexit><latexit sha1_base64="5Df+tEQEKswcO7CgUBfWKxPxXwA=">AAAB33icbVBNS0JBFL3Pvkz7sKJVmyEJWj3epGTuhDYtjXopqMi8cZ4OzvtgZl4g4r5N0aro57TrFwSt+ik1T3OhdGDgcM4Z7j3XiwVX2nG+rMzK6tr6RnYzl9/a3tkt7O3fqSiRlLk0EpFsekQxwUPmaq4Fa8aSkcATrOENL1O/cc+k4lF4q0cx6wSkH3KfU6KNdCO7uFsoYtuZAjl21aBS/iNVjOZWsZb//Hk//Gb1buGj3YtoErBQU0GUamEn1p0xkZpTwSa5dqJYTOiQ9Nl4uuAEnRiph/xImhdqNFUXciRQahR4JhkQPVDLXir+57US7V90xjyME81COhvkJwLpCKVtUY9LRrUYGUKo5GZDRAdEEqrNTXKmumOXzsu4lFZfJvPq7pldtfG1OYEDM2ThCI7hFDBUoAZXUAcXKPThEV7g1fKsB+vJep5FM9bfnwNYgPX2C3UAjcs=</latexit><latexit sha1_base64="5Df+tEQEKswcO7CgUBfWKxPxXwA=">AAAB33icbVBNS0JBFL3Pvkz7sKJVmyEJWj3epGTuhDYtjXopqMi8cZ4OzvtgZl4g4r5N0aro57TrFwSt+ik1T3OhdGDgcM4Z7j3XiwVX2nG+rMzK6tr6RnYzl9/a3tkt7O3fqSiRlLk0EpFsekQxwUPmaq4Fa8aSkcATrOENL1O/cc+k4lF4q0cx6wSkH3KfU6KNdCO7uFsoYtuZAjl21aBS/iNVjOZWsZb//Hk//Gb1buGj3YtoErBQU0GUamEn1p0xkZpTwSa5dqJYTOiQ9Nl4uuAEnRiph/xImhdqNFUXciRQahR4JhkQPVDLXir+57US7V90xjyME81COhvkJwLpCKVtUY9LRrUYGUKo5GZDRAdEEqrNTXKmumOXzsu4lFZfJvPq7pldtfG1OYEDM2ThCI7hFDBUoAZXUAcXKPThEV7g1fKsB+vJep5FM9bfnwNYgPX2C3UAjcs=</latexit><latexit sha1_base64="5Df+tEQEKswcO7CgUBfWKxPxXwA=">AAAB33icbVBNS0JBFL3Pvkz7sKJVmyEJWj3epGTuhDYtjXopqMi8cZ4OzvtgZl4g4r5N0aro57TrFwSt+ik1T3OhdGDgcM4Z7j3XiwVX2nG+rMzK6tr6RnYzl9/a3tkt7O3fqSiRlLk0EpFsekQxwUPmaq4Fa8aSkcATrOENL1O/cc+k4lF4q0cx6wSkH3KfU6KNdCO7uFsoYtuZAjl21aBS/iNVjOZWsZb//Hk//Gb1buGj3YtoErBQU0GUamEn1p0xkZpTwSa5dqJYTOiQ9Nl4uuAEnRiph/xImhdqNFUXciRQahR4JhkQPVDLXir+57US7V90xjyME81COhvkJwLpCKVtUY9LRrUYGUKo5GZDRAdEEqrNTXKmumOXzsu4lFZfJvPq7pldtfG1OYEDM2ThCI7hFDBUoAZXUAcXKPThEV7g1fKsB+vJep5FM9bfnwNYgPX2C3UAjcs=</latexit><latexit sha1_base64="5Df+tEQEKswcO7CgUBfWKxPxXwA=">AAAB33icbVBNS0JBFL3Pvkz7sKJVmyEJWj3epGTuhDYtjXopqMi8cZ4OzvtgZl4g4r5N0aro57TrFwSt+ik1T3OhdGDgcM4Z7j3XiwVX2nG+rMzK6tr6RnYzl9/a3tkt7O3fqSiRlLk0EpFsekQxwUPmaq4Fa8aSkcATrOENL1O/cc+k4lF4q0cx6wSkH3KfU6KNdCO7uFsoYtuZAjl21aBS/iNVjOZWsZb//Hk//Gb1buGj3YtoErBQU0GUamEn1p0xkZpTwSa5dqJYTOiQ9Nl4uuAEnRiph/xImhdqNFUXciRQahR4JhkQPVDLXir+57US7V90xjyME81COhvkJwLpCKVtUY9LRrUYGUKo5GZDRAdEEqrNTXKmumOXzsu4lFZfJvPq7pldtfG1OYEDM2ThCI7hFDBUoAZXUAcXKPThEV7g1fKsB+vJep5FM9bfnwNYgPX2C3UAjcs=</latexit><latexit sha1_base64="NjUhcatuWfW/Syi+rT67M8P2jms=">AAAB33icbVDLSgMxFL1TX7W+qi7dBIvgaki0WLsruHFZ0bGFtpRMmmlDMw+SjFBK924UV4p/5C/4N2ba6aLFA4HDOSfce66fSKENxr9OYWNza3unuFva2z84PCofnzzrOFWMeyyWsWr7VHMpIu4ZYSRvJ4rT0Je85Y/vMr/1wpUWcfRkJgnvhXQYiUAwaqz0qPqkX64QF8+BsFu3qFVzUidoaVUgR7Nf/ukOYpaGPDJMUq07BCemN6XKCCb5rNRNNU8oG9Mhn84XnKELKw1QECv7IoPm6kqOhlpPQt8mQ2pGet3LxP+8TmqC295URElqeMQWg4JUIhOjrC0aCMWZkRNLKFPCbojYiCrKjL1JyVbH7vVNlVxn1dfJsrp35dZd8oArDZzfoAhncA6XQKAGDbiHJnjAYAhv8Alfju+8Ou/OxyJacPI/p7AC5/sP9GqJkQ==</latexit>

T2 writes r2
<latexit sha1_base64="dpDqSVKFNgsnfEPABrF/FbHHHqk=">AAAB33icbVDLSgMxFL1TX7X1UXXpJlgEV8NMW6zdFdy4rOjYQltKJs20oZnJkGSEUrp3o7hS/BuXfoHg12imj0WLBwKHc06491w/5kxpx/mxMhubW9s72d1cfm//4LBwdPygRCIJ9YjgQrZ8rChnEfU005y2Yklx6HPa9EfXqd98pFIxEd3rcUy7IR5ELGAEayPdyV6pVyi6tjMDcuyaQbWyIDUXLa1iPf/9+wkAjV7hq9MXJAlppAnHSrVdJ9bdCZaaEU6nuU6iaIzJCA/oZLbgFJ0bqY8CIc2LNJqpKzkcKjUOfZMMsR6qdS8V//PaiQ6uuhMWxYmmEZkPChKOtEBpW9RnkhLNx4ZgIpnZEJEhlphoc5Ocqe7Y5cuKW06rr5Nlda9k12z31pzAgTmycApncAEuVKEON9AADwgM4Bne4N3yrSfrxXqdRzPW4s8JrMD6+AO3S4xy</latexit><latexit sha1_base64="+Y3AFbj7063Y8qXzqDhK5pOsCyc=">AAAB33icbVC7SgNBFL0bXzHxsSpWNoNBsFp2k2BMF7CxjOiaQBLC7GQ2GTL7YGZWCCG9jWKl+Dl2foFg5afobB5FggcGDuec4d5zvZgzqWz728isrW9sbmW3c/md3b198+DwXkaJINQlEY9E08OSchZSVzHFaTMWFAcepw1veJX6jQcqJIvCOzWKaSfA/ZD5jGClpVvRLXbNgmPZUyDbqmpUynNSddDCKtTyX78fxz+03jU/272IJAENFeFYypZjx6ozxkIxwukk104kjTEZ4j4dTxecoDMt9ZAfCf1ChabqUg4HUo4CTycDrAZy1UvF/7xWovzLzpiFcaJoSGaD/IQjFaG0LeoxQYniI00wEUxviMgAC0yUvklOV7et0kXZKaXVV8miulu0qpZzo09gwwxZOIFTOAcHKlCDa6iDCwT68ASv8GZ4xqPxbLzMohlj/ucIlmC8/wF2eY3M</latexit><latexit sha1_base64="+Y3AFbj7063Y8qXzqDhK5pOsCyc=">AAAB33icbVC7SgNBFL0bXzHxsSpWNoNBsFp2k2BMF7CxjOiaQBLC7GQ2GTL7YGZWCCG9jWKl+Dl2foFg5afobB5FggcGDuec4d5zvZgzqWz728isrW9sbmW3c/md3b198+DwXkaJINQlEY9E08OSchZSVzHFaTMWFAcepw1veJX6jQcqJIvCOzWKaSfA/ZD5jGClpVvRLXbNgmPZUyDbqmpUynNSddDCKtTyX78fxz+03jU/272IJAENFeFYypZjx6ozxkIxwukk104kjTEZ4j4dTxecoDMt9ZAfCf1ChabqUg4HUo4CTycDrAZy1UvF/7xWovzLzpiFcaJoSGaD/IQjFaG0LeoxQYniI00wEUxviMgAC0yUvklOV7et0kXZKaXVV8miulu0qpZzo09gwwxZOIFTOAcHKlCDa6iDCwT68ASv8GZ4xqPxbLzMohlj/ucIlmC8/wF2eY3M</latexit><latexit sha1_base64="+Y3AFbj7063Y8qXzqDhK5pOsCyc=">AAAB33icbVC7SgNBFL0bXzHxsSpWNoNBsFp2k2BMF7CxjOiaQBLC7GQ2GTL7YGZWCCG9jWKl+Dl2foFg5afobB5FggcGDuec4d5zvZgzqWz728isrW9sbmW3c/md3b198+DwXkaJINQlEY9E08OSchZSVzHFaTMWFAcepw1veJX6jQcqJIvCOzWKaSfA/ZD5jGClpVvRLXbNgmPZUyDbqmpUynNSddDCKtTyX78fxz+03jU/272IJAENFeFYypZjx6ozxkIxwukk104kjTEZ4j4dTxecoDMt9ZAfCf1ChabqUg4HUo4CTycDrAZy1UvF/7xWovzLzpiFcaJoSGaD/IQjFaG0LeoxQYniI00wEUxviMgAC0yUvklOV7et0kXZKaXVV8miulu0qpZzo09gwwxZOIFTOAcHKlCDa6iDCwT68ASv8GZ4xqPxbLzMohlj/ucIlmC8/wF2eY3M</latexit><latexit sha1_base64="+Y3AFbj7063Y8qXzqDhK5pOsCyc=">AAAB33icbVC7SgNBFL0bXzHxsSpWNoNBsFp2k2BMF7CxjOiaQBLC7GQ2GTL7YGZWCCG9jWKl+Dl2foFg5afobB5FggcGDuec4d5zvZgzqWz728isrW9sbmW3c/md3b198+DwXkaJINQlEY9E08OSchZSVzHFaTMWFAcepw1veJX6jQcqJIvCOzWKaSfA/ZD5jGClpVvRLXbNgmPZUyDbqmpUynNSddDCKtTyX78fxz+03jU/272IJAENFeFYypZjx6ozxkIxwukk104kjTEZ4j4dTxecoDMt9ZAfCf1ChabqUg4HUo4CTycDrAZy1UvF/7xWovzLzpiFcaJoSGaD/IQjFaG0LeoxQYniI00wEUxviMgAC0yUvklOV7et0kXZKaXVV8miulu0qpZzo09gwwxZOIFTOAcHKlCDa6iDCwT68ASv8GZ4xqPxbLzMohlj/ucIlmC8/wF2eY3M</latexit><latexit sha1_base64="QONUGcQlhAz/keI3yD42yUDZYqU=">AAAB33icbVDLTgIxFL2DL8TXqEs3jcTE1aQDRGRH4sYlRkdIgJBO6UBD55G2Y0IIezcaVxr/yF/wb+zAsIB4kiYn55zm3nP9RHClMf61ClvbO7t7xf3SweHR8Yl9evas4lRS5tFYxLLjE8UEj5inuRask0hGQl+wtj+5y/z2C5OKx9GTniasH5JRxANOiTbSoxxUBnbZdfACCDsNg3otJw0Xrawy5GgN7J/eMKZpyCJNBVGq6+JE92dEak4Fm5d6qWIJoRMyYrPFgnN0ZaQhCmJpXqTRQl3LkVCpaeibZEj0WG16mfif1011cNuf8ShJNYvoclCQCqRjlLVFQy4Z1WJqCKGSmw0RHRNJqDY3KZnq2Kne1NxqVn2TrKp7FafhuA+43MT5DYpwAZdwDS7UoQn30AIPKIzgDT7hy/KtV+vd+lhGC1b+5xzWYH3/AfXjiZI=</latexit>

    writes    (1-valent state)T1

T2

r1
<latexit sha1_base64="MOcH6q9G3LHWK+zpKuHOJkaGhNk=">AAAB33icbVDLSgNBEOyNrxhfqx69DAbB07KrwZhbwIvHiK4JJDHMTmaTIbMPZnqFEAIevSieFP/IX/BvnLwOCRYMFFU1dFcHqRQaXffXyq2tb2xu5bcLO7t7+wf24dGjTjLFuM8SmahGQDWXIuY+CpS8kSpOo0DyejC4mfj1Z660SOIHHKa8HdFeLELBKBrpXnW8jl30HHcK4joVg3JpTioeWVjFqh0+vQBArWP/tLoJyyIeI5NU66bnptgeUYWCST4utDLNU8oGtMdH0wXH5MxIXRImyrwYyVRdytFI62EUmGREsa9XvYn4n9fMMLxuj0ScZshjNhsUZpJgQiZtSVcozlAODaFMCbMhYX2qKENzk4Kp7jqXVyXvclJ9lSyq+xdOxfHuzAlKMEMeTuAUzsGDMlThFmrgA4MevMEnfFmB9Wq9Wx+zaM6a/zmGJVjffwWpiyk=</latexit><latexit sha1_base64="fOr3p52iMyDuRLJeIfqVSGuUx8E=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGJiI7EjcuMThCAkg6pQMNnUfajgkh7HWhcaXxj/wF/8YOjwXEkzQ5Oec0957rJ5xJZdu/Rm5re2d3L79fODg8Oj4xi6ePMk4FoR6JeSzaPpaUs4h6iilO24mgOPQ5bfnj28xvPVMhWRw9qElCeyEeRixgBCstNUXf6Ztlx7LnQLZV06i6S1Jz0Moq183g6bXULDb65k93EJM0pJEiHEvZcexE9aZYKEY4nRW6qaQJJmM8pNP5gjN0oaUBCmKhX6TQXF3L4VDKSejrZIjVSG56mfif10lVcNObsihJFY3IYlCQcqRilLVFAyYoUXyiCSaC6Q0RGWGBidI3KejqtlW5dp1KVn2TrKp7V1bNcu71CVxYIA/nUIJLcKAKdbiDBnhAYAhv8Alfhm+8GO/GxyKaM5Z/zmANxvcfvrGLuA==</latexit><latexit sha1_base64="fOr3p52iMyDuRLJeIfqVSGuUx8E=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGJiI7EjcuMThCAkg6pQMNnUfajgkh7HWhcaXxj/wF/8YOjwXEkzQ5Oec0957rJ5xJZdu/Rm5re2d3L79fODg8Oj4xi6ePMk4FoR6JeSzaPpaUs4h6iilO24mgOPQ5bfnj28xvPVMhWRw9qElCeyEeRixgBCstNUXf6Ztlx7LnQLZV06i6S1Jz0Moq183g6bXULDb65k93EJM0pJEiHEvZcexE9aZYKEY4nRW6qaQJJmM8pNP5gjN0oaUBCmKhX6TQXF3L4VDKSejrZIjVSG56mfif10lVcNObsihJFY3IYlCQcqRilLVFAyYoUXyiCSaC6Q0RGWGBidI3KejqtlW5dp1KVn2TrKp7V1bNcu71CVxYIA/nUIJLcKAKdbiDBnhAYAhv8Alfhm+8GO/GxyKaM5Z/zmANxvcfvrGLuA==</latexit><latexit sha1_base64="fOr3p52iMyDuRLJeIfqVSGuUx8E=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGJiI7EjcuMThCAkg6pQMNnUfajgkh7HWhcaXxj/wF/8YOjwXEkzQ5Oec0957rJ5xJZdu/Rm5re2d3L79fODg8Oj4xi6ePMk4FoR6JeSzaPpaUs4h6iilO24mgOPQ5bfnj28xvPVMhWRw9qElCeyEeRixgBCstNUXf6Ztlx7LnQLZV06i6S1Jz0Moq183g6bXULDb65k93EJM0pJEiHEvZcexE9aZYKEY4nRW6qaQJJmM8pNP5gjN0oaUBCmKhX6TQXF3L4VDKSejrZIjVSG56mfif10lVcNObsihJFY3IYlCQcqRilLVFAyYoUXyiCSaC6Q0RGWGBidI3KejqtlW5dp1KVn2TrKp7V1bNcu71CVxYIA/nUIJLcKAKdbiDBnhAYAhv8Alfhm+8GO/GxyKaM5Z/zmANxvcfvrGLuA==</latexit><latexit sha1_base64="fOr3p52iMyDuRLJeIfqVSGuUx8E=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGJiI7EjcuMThCAkg6pQMNnUfajgkh7HWhcaXxj/wF/8YOjwXEkzQ5Oec0957rJ5xJZdu/Rm5re2d3L79fODg8Oj4xi6ePMk4FoR6JeSzaPpaUs4h6iilO24mgOPQ5bfnj28xvPVMhWRw9qElCeyEeRixgBCstNUXf6Ztlx7LnQLZV06i6S1Jz0Moq183g6bXULDb65k93EJM0pJEiHEvZcexE9aZYKEY4nRW6qaQJJmM8pNP5gjN0oaUBCmKhX6TQXF3L4VDKSejrZIjVSG56mfif10lVcNObsihJFY3IYlCQcqRilLVFAyYoUXyiCSaC6Q0RGWGBidI3KejqtlW5dp1KVn2TrKp7V1bNcu71CVxYIA/nUIJLcKAKdbiDBnhAYAhv8Alfhm+8GO/GxyKaM5Z/zmANxvcfvrGLuA==</latexit><latexit sha1_base64="wQfvOlhlGVMCLt3Yz7Dybl41DV4=">AAAB33icbVBdSwJBFL1rX2ZfVo+9DEnQ07Jbkvkm9NKjUZuCisyOszo4+8HM3UDE916Knor+UX+hf9Osrg9KBwYO55zh3nP9RAqNjvNrFTY2t7Z3irulvf2Dw6Py8cmzjlPFuMdiGau2TzWXIuIeCpS8nShOQ1/ylj++y/zWC1daxNETThLeC+kwEoFgFI30qPpuv1xxbWcO4th1g1o1J3WXLK0K5Gj2yz/dQczSkEfIJNW64zoJ9qZUoWCSz0rdVPOEsjEd8ul8wRm5MNKABLEyL0IyV1dyNNR6EvomGVIc6XUvE//zOikGt72piJIUecQWg4JUEoxJ1pYMhOIM5cQQypQwGxI2oooyNDcpmeqOfX1Tda+z6utkWd27suu2++BUGtX8BkU4g3O4BBdq0IB7aIIHDIbwBp/wZfnWq/VufSyiBSv/cworsL7/APWeiZU=</latexit>

r2
<latexit sha1_base64="xd0KwY2O5l7OU1eNSFdTh+dyjQ8=">AAAB33icbVDLSgMxFL1TX7W+Rl26CRbB1TDTFmt3BTcuKzq20NaSSTNtaGYyJBmhlIJLN4orxT/yF/wbM30sWjwQOJxzwr3nBglnSrvur5Xb2Nza3snvFvb2Dw6P7OOTRyVSSahPBBeyFWBFOYupr5nmtJVIiqOA02Ywusn85jOVion4QY8T2o3wIGYhI1gb6V72Sj276DnuDMh1agbVyoLUPLS0inU7fHoBgEbP/un0BUkjGmvCsVJtz010d4KlZoTTaaGTKppgMsIDOpktOEUXRuqjUEjzYo1m6koOR0qNo8AkI6yHat3LxP+8dqrD6+6ExUmqaUzmg8KUIy1Q1hb1maRE87EhmEhmNkRkiCUm2tykYKq7Tvmq4pWz6utkWd0vOTXHuzMnqMAceTiDc7gED6pQh1togA8EBvAGn/BlBdar9W59zKM5a/HnFFZgff8BByKLKg==</latexit><latexit sha1_base64="AWOq1yEOsFboV59ByVbGPFtlQn8=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WQGCMiOxI1LDI6QAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kNvXbz1RIFoUPahrTfoBHIfMZwUpLLTEoDcyiY9kLINuqa9QqK1J30NoqNkz/6bXQyjcH5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9OfsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWuVpxyWn2brKu7JatuOff6BBVYIguXUIBrcKAGDbiDJrhAYARv8Alfhme8GO/GxzKaMVZ/LmADxvcfwCqLuQ==</latexit><latexit sha1_base64="AWOq1yEOsFboV59ByVbGPFtlQn8=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WQGCMiOxI1LDI6QAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kNvXbz1RIFoUPahrTfoBHIfMZwUpLLTEoDcyiY9kLINuqa9QqK1J30NoqNkz/6bXQyjcH5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9OfsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWuVpxyWn2brKu7JatuOff6BBVYIguXUIBrcKAGDbiDJrhAYARv8Alfhme8GO/GxzKaMVZ/LmADxvcfwCqLuQ==</latexit><latexit sha1_base64="AWOq1yEOsFboV59ByVbGPFtlQn8=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WQGCMiOxI1LDI6QAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kNvXbz1RIFoUPahrTfoBHIfMZwUpLLTEoDcyiY9kLINuqa9QqK1J30NoqNkz/6bXQyjcH5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9OfsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWuVpxyWn2brKu7JatuOff6BBVYIguXUIBrcKAGDbiDJrhAYARv8Alfhme8GO/GxzKaMVZ/LmADxvcfwCqLuQ==</latexit><latexit sha1_base64="AWOq1yEOsFboV59ByVbGPFtlQn8=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WQGCMiOxI1LDI6QAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kNvXbz1RIFoUPahrTfoBHIfMZwUpLLTEoDcyiY9kLINuqa9QqK1J30NoqNkz/6bXQyjcH5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9OfsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWuVpxyWn2brKu7JatuOff6BBVYIguXUIBrcKAGDbiDJrhAYARv8Alfhme8GO/GxzKaMVZ/LmADxvcfwCqLuQ==</latexit><latexit sha1_base64="p8/k9t02Oe7cxuy3VHqEw0hcJlQ=">AAAB33icbVBNS0JBFL3Pvsy+rJZthiRo9XhPJXMntGlp1EtBReaN83Rw3gcz9wUi7tsUrYr+UX+hf9Ooz4XSgYHDOWe491w/kUKj4/xaua3tnd29/H7h4PDo+KR4evas41Qx7rFYxqrtU82liLiHAiVvJ4rT0Je85Y/v5n7rhSst4ugJJwnvhXQYiUAwikZ6VP1yv1hybWcB4th1g1o1I3WXrKwSZGj2iz/dQczSkEfIJNW64zoJ9qZUoWCSzwrdVPOEsjEd8uliwRm5MtKABLEyL0KyUNdyNNR6EvomGVIc6U1vLv7ndVIMbntTESUp8ogtBwWpJBiTeVsyEIozlBNDKFPCbEjYiCrK0NykYKo7duWm6lbm1TfJqrpXtuu2++CUGtXsBnm4gEu4Bhdq0IB7aIIHDIbwBp/wZfnWq/VufSyjOSv7cw5rsL7/APcXiZY=</latexit>

    writes    (0-valent state)

    writes    (0-valent state)T1

T2

r1
<latexit sha1_base64="MOcH6q9G3LHWK+zpKuHOJkaGhNk=">AAAB33icbVDLSgNBEOyNrxhfqx69DAbB07KrwZhbwIvHiK4JJDHMTmaTIbMPZnqFEAIevSieFP/IX/BvnLwOCRYMFFU1dFcHqRQaXffXyq2tb2xu5bcLO7t7+wf24dGjTjLFuM8SmahGQDWXIuY+CpS8kSpOo0DyejC4mfj1Z660SOIHHKa8HdFeLELBKBrpXnW8jl30HHcK4joVg3JpTioeWVjFqh0+vQBArWP/tLoJyyIeI5NU66bnptgeUYWCST4utDLNU8oGtMdH0wXH5MxIXRImyrwYyVRdytFI62EUmGREsa9XvYn4n9fMMLxuj0ScZshjNhsUZpJgQiZtSVcozlAODaFMCbMhYX2qKENzk4Kp7jqXVyXvclJ9lSyq+xdOxfHuzAlKMEMeTuAUzsGDMlThFmrgA4MevMEnfFmB9Wq9Wx+zaM6a/zmGJVjffwWpiyk=</latexit><latexit sha1_base64="fOr3p52iMyDuRLJeIfqVSGuUx8E=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGJiI7EjcuMThCAkg6pQMNnUfajgkh7HWhcaXxj/wF/8YOjwXEkzQ5Oec0957rJ5xJZdu/Rm5re2d3L79fODg8Oj4xi6ePMk4FoR6JeSzaPpaUs4h6iilO24mgOPQ5bfnj28xvPVMhWRw9qElCeyEeRixgBCstNUXf6Ztlx7LnQLZV06i6S1Jz0Moq183g6bXULDb65k93EJM0pJEiHEvZcexE9aZYKEY4nRW6qaQJJmM8pNP5gjN0oaUBCmKhX6TQXF3L4VDKSejrZIjVSG56mfif10lVcNObsihJFY3IYlCQcqRilLVFAyYoUXyiCSaC6Q0RGWGBidI3KejqtlW5dp1KVn2TrKp7V1bNcu71CVxYIA/nUIJLcKAKdbiDBnhAYAhv8Alfhm+8GO/GxyKaM5Z/zmANxvcfvrGLuA==</latexit><latexit sha1_base64="fOr3p52iMyDuRLJeIfqVSGuUx8E=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGJiI7EjcuMThCAkg6pQMNnUfajgkh7HWhcaXxj/wF/8YOjwXEkzQ5Oec0957rJ5xJZdu/Rm5re2d3L79fODg8Oj4xi6ePMk4FoR6JeSzaPpaUs4h6iilO24mgOPQ5bfnj28xvPVMhWRw9qElCeyEeRixgBCstNUXf6Ztlx7LnQLZV06i6S1Jz0Moq183g6bXULDb65k93EJM0pJEiHEvZcexE9aZYKEY4nRW6qaQJJmM8pNP5gjN0oaUBCmKhX6TQXF3L4VDKSejrZIjVSG56mfif10lVcNObsihJFY3IYlCQcqRilLVFAyYoUXyiCSaC6Q0RGWGBidI3KejqtlW5dp1KVn2TrKp7V1bNcu71CVxYIA/nUIJLcKAKdbiDBnhAYAhv8Alfhm+8GO/GxyKaM5Z/zmANxvcfvrGLuA==</latexit><latexit sha1_base64="fOr3p52iMyDuRLJeIfqVSGuUx8E=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGJiI7EjcuMThCAkg6pQMNnUfajgkh7HWhcaXxj/wF/8YOjwXEkzQ5Oec0957rJ5xJZdu/Rm5re2d3L79fODg8Oj4xi6ePMk4FoR6JeSzaPpaUs4h6iilO24mgOPQ5bfnj28xvPVMhWRw9qElCeyEeRixgBCstNUXf6Ztlx7LnQLZV06i6S1Jz0Moq183g6bXULDb65k93EJM0pJEiHEvZcexE9aZYKEY4nRW6qaQJJmM8pNP5gjN0oaUBCmKhX6TQXF3L4VDKSejrZIjVSG56mfif10lVcNObsihJFY3IYlCQcqRilLVFAyYoUXyiCSaC6Q0RGWGBidI3KejqtlW5dp1KVn2TrKp7V1bNcu71CVxYIA/nUIJLcKAKdbiDBnhAYAhv8Alfhm+8GO/GxyKaM5Z/zmANxvcfvrGLuA==</latexit><latexit sha1_base64="fOr3p52iMyDuRLJeIfqVSGuUx8E=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGJiI7EjcuMThCAkg6pQMNnUfajgkh7HWhcaXxj/wF/8YOjwXEkzQ5Oec0957rJ5xJZdu/Rm5re2d3L79fODg8Oj4xi6ePMk4FoR6JeSzaPpaUs4h6iilO24mgOPQ5bfnj28xvPVMhWRw9qElCeyEeRixgBCstNUXf6Ztlx7LnQLZV06i6S1Jz0Moq183g6bXULDb65k93EJM0pJEiHEvZcexE9aZYKEY4nRW6qaQJJmM8pNP5gjN0oaUBCmKhX6TQXF3L4VDKSejrZIjVSG56mfif10lVcNObsihJFY3IYlCQcqRilLVFAyYoUXyiCSaC6Q0RGWGBidI3KejqtlW5dp1KVn2TrKp7V1bNcu71CVxYIA/nUIJLcKAKdbiDBnhAYAhv8Alfhm+8GO/GxyKaM5Z/zmANxvcfvrGLuA==</latexit><latexit sha1_base64="wQfvOlhlGVMCLt3Yz7Dybl41DV4=">AAAB33icbVBdSwJBFL1rX2ZfVo+9DEnQ07Jbkvkm9NKjUZuCisyOszo4+8HM3UDE916Knor+UX+hf9Osrg9KBwYO55zh3nP9RAqNjvNrFTY2t7Z3irulvf2Dw6Py8cmzjlPFuMdiGau2TzWXIuIeCpS8nShOQ1/ylj++y/zWC1daxNETThLeC+kwEoFgFI30qPpuv1xxbWcO4th1g1o1J3WXLK0K5Gj2yz/dQczSkEfIJNW64zoJ9qZUoWCSz0rdVPOEsjEd8ul8wRm5MNKABLEyL0IyV1dyNNR6EvomGVIc6XUvE//zOikGt72piJIUecQWg4JUEoxJ1pYMhOIM5cQQypQwGxI2oooyNDcpmeqOfX1Tda+z6utkWd27suu2++BUGtX8BkU4g3O4BBdq0IB7aIIHDIbwBp/wZfnWq/VufSyiBSv/cworsL7/APWeiZU=</latexit>

r2
<latexit sha1_base64="xd0KwY2O5l7OU1eNSFdTh+dyjQ8=">AAAB33icbVDLSgMxFL1TX7W+Rl26CRbB1TDTFmt3BTcuKzq20NaSSTNtaGYyJBmhlIJLN4orxT/yF/wbM30sWjwQOJxzwr3nBglnSrvur5Xb2Nza3snvFvb2Dw6P7OOTRyVSSahPBBeyFWBFOYupr5nmtJVIiqOA02Ywusn85jOVion4QY8T2o3wIGYhI1gb6V72Sj276DnuDMh1agbVyoLUPLS0inU7fHoBgEbP/un0BUkjGmvCsVJtz010d4KlZoTTaaGTKppgMsIDOpktOEUXRuqjUEjzYo1m6koOR0qNo8AkI6yHat3LxP+8dqrD6+6ExUmqaUzmg8KUIy1Q1hb1maRE87EhmEhmNkRkiCUm2tykYKq7Tvmq4pWz6utkWd0vOTXHuzMnqMAceTiDc7gED6pQh1togA8EBvAGn/BlBdar9W59zKM5a/HnFFZgff8BByKLKg==</latexit><latexit sha1_base64="AWOq1yEOsFboV59ByVbGPFtlQn8=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WQGCMiOxI1LDI6QAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kNvXbz1RIFoUPahrTfoBHIfMZwUpLLTEoDcyiY9kLINuqa9QqK1J30NoqNkz/6bXQyjcH5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9OfsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWuVpxyWn2brKu7JatuOff6BBVYIguXUIBrcKAGDbiDJrhAYARv8Alfhme8GO/GxzKaMVZ/LmADxvcfwCqLuQ==</latexit><latexit sha1_base64="AWOq1yEOsFboV59ByVbGPFtlQn8=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WQGCMiOxI1LDI6QAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kNvXbz1RIFoUPahrTfoBHIfMZwUpLLTEoDcyiY9kLINuqa9QqK1J30NoqNkz/6bXQyjcH5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9OfsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWuVpxyWn2brKu7JatuOff6BBVYIguXUIBrcKAGDbiDJrhAYARv8Alfhme8GO/GxzKaMVZ/LmADxvcfwCqLuQ==</latexit><latexit sha1_base64="AWOq1yEOsFboV59ByVbGPFtlQn8=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WQGCMiOxI1LDI6QAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kNvXbz1RIFoUPahrTfoBHIfMZwUpLLTEoDcyiY9kLINuqa9QqK1J30NoqNkz/6bXQyjcH5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9OfsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWuVpxyWn2brKu7JatuOff6BBVYIguXUIBrcKAGDbiDJrhAYARv8Alfhme8GO/GxzKaMVZ/LmADxvcfwCqLuQ==</latexit><latexit sha1_base64="AWOq1yEOsFboV59ByVbGPFtlQn8=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WQGCMiOxI1LDI6QAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kNvXbz1RIFoUPahrTfoBHIfMZwUpLLTEoDcyiY9kLINuqa9QqK1J30NoqNkz/6bXQyjcH5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9OfsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWuVpxyWn2brKu7JatuOff6BBVYIguXUIBrcKAGDbiDJrhAYARv8Alfhme8GO/GxzKaMVZ/LmADxvcfwCqLuQ==</latexit><latexit sha1_base64="p8/k9t02Oe7cxuy3VHqEw0hcJlQ=">AAAB33icbVBNS0JBFL3Pvsy+rJZthiRo9XhPJXMntGlp1EtBReaN83Rw3gcz9wUi7tsUrYr+UX+hf9Ooz4XSgYHDOWe491w/kUKj4/xaua3tnd29/H7h4PDo+KR4evas41Qx7rFYxqrtU82liLiHAiVvJ4rT0Je85Y/v5n7rhSst4ugJJwnvhXQYiUAwikZ6VP1yv1hybWcB4th1g1o1I3WXrKwSZGj2iz/dQczSkEfIJNW64zoJ9qZUoWCSzwrdVPOEsjEd8uliwRm5MtKABLEyL0KyUNdyNNR6EvomGVIc6U1vLv7ndVIMbntTESUp8ogtBwWpJBiTeVsyEIozlBNDKFPCbEjYiCrK0NykYKo7duWm6lbm1TfJqrpXtuu2++CUGtXsBnm4gEu4Bhdq0IB7aIIHDIbwBp/wZfnWq/VufSyjOSv7cw5rsL7/APcXiZY=</latexit>

    writes    (1-valent state)

Atomic registers have 
consensus number 1 SAD!

Proof. (Binary consensus, two threads) Run until a critical state

0-valent 1-valent

1

     runs solo to a state 
where the decision is 1
T1

<latexit sha1_base64="+P/gjHyp1fGr9MSOf7mcVSsz4UE=">AAAB33icbVDLSgMxFL1TX7W+Rl26CRbB1TBji7W7ghuXFTu20NaSSTNtaCYzJBmhlIJLN4orxT/yF/wbM30sWjwQOJxzwr3nBglnSrvur5Xb2Nza3snvFvb2Dw6P7OOTRxWnklCfxDyWrQArypmgvmaa01YiKY4CTpvB6Dbzm89UKhaLhh4ntBvhgWAhI1gb6aHR83p20XPcGZDrVA0q5QWpemhpFWt2+PQCAPWe/dPpxySNqNCEY6Xanpvo7gRLzQin00InVTTBZIQHdDJbcIoujNRHYSzNExrN1JUcjpQaR4FJRlgP1bqXif957VSHN90JE0mqqSDzQWHKkY5R1hb1maRE87EhmEhmNkRkiCUm2tykYKq7Tum67JWy6utkWd2/cqqOd29OUIY58nAG53AJHlSgBndQBx8IDOANPuHLCqxX6936mEdz1uLPKazA+v4D2TCLCw==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="LDAtvJDDWChmQdzsc/9u65J3Cqc=">AAAB33icbVBNS0JBFL3Pvsy+rJZthiRo9XgvJXMntGlp5EtBReaN83Rw3gcz9wUi7tsUrYr+UX+hf9Ooz4XSgYHDOWe491w/kUKj4/xaua3tnd29/H7h4PDo+KR4evas41Qx7rFYxqrtU82liLiHAiVvJ4rT0Je85Y/v537rhSst4qiJk4T3QjqMRCAYRSM9Nftuv1hybWcB4tg1g2olIzWXrKwSZGj0iz/dQczSkEfIJNW64zoJ9qZUoWCSzwrdVPOEsjEd8uliwRm5MtKABLEyL0KyUNdyNNR6EvomGVIc6U1vLv7ndVIM7npTESUp8ogtBwWpJBiTeVsyEIozlBNDKFPCbEjYiCrK0NykYKo7dvm24pbn1TfJqrp3Y9ds99Ep1SvZDfJwAZdwDS5UoQ4P0AAPGAzhDT7hy/KtV+vd+lhGc1b25xzWYH3/Ack0iXc=</latexit>

0
T1

<latexit sha1_base64="+P/gjHyp1fGr9MSOf7mcVSsz4UE=">AAAB33icbVDLSgMxFL1TX7W+Rl26CRbB1TBji7W7ghuXFTu20NaSSTNtaCYzJBmhlIJLN4orxT/yF/wbM30sWjwQOJxzwr3nBglnSrvur5Xb2Nza3snvFvb2Dw6P7OOTRxWnklCfxDyWrQArypmgvmaa01YiKY4CTpvB6Dbzm89UKhaLhh4ntBvhgWAhI1gb6aHR83p20XPcGZDrVA0q5QWpemhpFWt2+PQCAPWe/dPpxySNqNCEY6Xanpvo7gRLzQin00InVTTBZIQHdDJbcIoujNRHYSzNExrN1JUcjpQaR4FJRlgP1bqXif957VSHN90JE0mqqSDzQWHKkY5R1hb1maRE87EhmEhmNkRkiCUm2tykYKq7Tum67JWy6utkWd2/cqqOd29OUIY58nAG53AJHlSgBndQBx8IDOANPuHLCqxX6936mEdz1uLPKazA+v4D2TCLCw==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="LDAtvJDDWChmQdzsc/9u65J3Cqc=">AAAB33icbVBNS0JBFL3Pvsy+rJZthiRo9XgvJXMntGlp5EtBReaN83Rw3gcz9wUi7tsUrYr+UX+hf9Ooz4XSgYHDOWe491w/kUKj4/xaua3tnd29/H7h4PDo+KR4evas41Qx7rFYxqrtU82liLiHAiVvJ4rT0Je85Y/v537rhSst4qiJk4T3QjqMRCAYRSM9Nftuv1hybWcB4tg1g2olIzWXrKwSZGj0iz/dQczSkEfIJNW64zoJ9qZUoWCSzwrdVPOEsjEd8uliwRm5MtKABLEyL0KyUNdyNNR6EvomGVIc6U1vLv7ndVIM7npTESUp8ogtBwWpJBiTeVsyEIozlBNDKFPCbEjYiCrK0NykYKo7dvm24pbn1TfJqrp3Y9ds99Ep1SvZDfJwAZdwDS5UoQ4P0AAPGAzhDT7hy/KtV+vd+lhGc1b25xzWYH3/Ack0iXc=</latexit>

indistinguishable 
by

Case 2:         write to the same registerT1, T2
<latexit sha1_base64="LS9HguZAkUMnC6QNWpZoinQc+Sc=">AAAB43icbVDdSgJBGP3W/sx+tLzsZkiCLmLZVcm8E7rp0sBNQWWZHWd1cPaHmdlAxDfopuiqiHqcXqH36AGa9edC6cDA4ZwzfN/5vJgzqSzrx8hsbe/s7mX3cweHR8f5wsnpg4wSQahDIh6Jjocl5SykjmKK004sKA48Ttve+Db1249USBaFLTWJaT/Aw5D5jGClpXbLta9abtktlGzTmgNZZl2jVl2Suo1WVqlR/P38AoCmW/juDSKSBDRUhGMpu7YVq/4UC8UIp7NcL5E0xmSMh3Q6X3KGLrQ0QH4k9AsVmqtrORxIOQk8nQywGslNLxX/87qJ8m/6UxbGiaIhWQzyE45UhNLGaMAEJYpPNMFEML0hIiMsMFH6Ljld3TIr11W7klbfJKvqTtmsm/a9PkEVFsjCGZzDJdhQgwbcQRMcIDCGZ3iDd8M3nowX43URzRjLP0VYg/HxB0BAjTY=</latexit><latexit sha1_base64="Jx214yDfm+9zLuxohmokaKbJyZ0=">AAAB43icbVDLSgMxFL1TX7W+ql26CRbBhQwzbbF2V3DjskLHFuwwZNJMG5p5kGSEUrp050bpShHBr/EX/A8/wPS1aPFA4HDOCfee6yecSWVZP0ZmY3Nreye7m9vbPzg8yh+f3Ms4FYQ6JOaxaPtYUs4i6iimOG0nguLQ57TlD26mfuuRCsniqKmGCXVD3ItYwAhWWmo1Pfuy6ZW8fNE2rRmQZdY0qpUFqdloaRXrhd/PyZP71fDy351uTNKQRopwLOWDbSXKHWGhGOF0nOukkiaYDHCPjmZLjtG5lrooiIV+kUIzdSWHQymHoa+TIVZ9ue5Nxf+8h1QF1+6IRUmqaETmg4KUIxWjaWPUZYISxYeaYCKY3hCRPhaYKH2XnK5umeWril2eVl8ny+pOyayZ9p0+QQXmyMIpnMEF2FCFOtxCAxwgMIAXeIN3IzCejVdjMo9mjMWfAqzA+PgDJlGOrg==</latexit><latexit sha1_base64="Jx214yDfm+9zLuxohmokaKbJyZ0=">AAAB43icbVDLSgMxFL1TX7W+ql26CRbBhQwzbbF2V3DjskLHFuwwZNJMG5p5kGSEUrp050bpShHBr/EX/A8/wPS1aPFA4HDOCfee6yecSWVZP0ZmY3Nreye7m9vbPzg8yh+f3Ms4FYQ6JOaxaPtYUs4i6iimOG0nguLQ57TlD26mfuuRCsniqKmGCXVD3ItYwAhWWmo1Pfuy6ZW8fNE2rRmQZdY0qpUFqdloaRXrhd/PyZP71fDy351uTNKQRopwLOWDbSXKHWGhGOF0nOukkiaYDHCPjmZLjtG5lrooiIV+kUIzdSWHQymHoa+TIVZ9ue5Nxf+8h1QF1+6IRUmqaETmg4KUIxWjaWPUZYISxYeaYCKY3hCRPhaYKH2XnK5umeWril2eVl8ny+pOyayZ9p0+QQXmyMIpnMEF2FCFOtxCAxwgMIAXeIN3IzCejVdjMo9mjMWfAqzA+PgDJlGOrg==</latexit><latexit sha1_base64="Jx214yDfm+9zLuxohmokaKbJyZ0=">AAAB43icbVDLSgMxFL1TX7W+ql26CRbBhQwzbbF2V3DjskLHFuwwZNJMG5p5kGSEUrp050bpShHBr/EX/A8/wPS1aPFA4HDOCfee6yecSWVZP0ZmY3Nreye7m9vbPzg8yh+f3Ms4FYQ6JOaxaPtYUs4i6iimOG0nguLQ57TlD26mfuuRCsniqKmGCXVD3ItYwAhWWmo1Pfuy6ZW8fNE2rRmQZdY0qpUFqdloaRXrhd/PyZP71fDy351uTNKQRopwLOWDbSXKHWGhGOF0nOukkiaYDHCPjmZLjtG5lrooiIV+kUIzdSWHQymHoa+TIVZ9ue5Nxf+8h1QF1+6IRUmqaETmg4KUIxWjaWPUZYISxYeaYCKY3hCRPhaYKH2XnK5umeWril2eVl8ny+pOyayZ9p0+QQXmyMIpnMEF2FCFOtxCAxwgMIAXeIN3IzCejVdjMo9mjMWfAqzA+PgDJlGOrg==</latexit><latexit sha1_base64="Jx214yDfm+9zLuxohmokaKbJyZ0=">AAAB43icbVDLSgMxFL1TX7W+ql26CRbBhQwzbbF2V3DjskLHFuwwZNJMG5p5kGSEUrp050bpShHBr/EX/A8/wPS1aPFA4HDOCfee6yecSWVZP0ZmY3Nreye7m9vbPzg8yh+f3Ms4FYQ6JOaxaPtYUs4i6iimOG0nguLQ57TlD26mfuuRCsniqKmGCXVD3ItYwAhWWmo1Pfuy6ZW8fNE2rRmQZdY0qpUFqdloaRXrhd/PyZP71fDy351uTNKQRopwLOWDbSXKHWGhGOF0nOukkiaYDHCPjmZLjtG5lrooiIV+kUIzdSWHQymHoa+TIVZ9ue5Nxf+8h1QF1+6IRUmqaETmg4KUIxWjaWPUZYISxYeaYCKY3hCRPhaYKH2XnK5umeWril2eVl8ny+pOyayZ9p0+QQXmyMIpnMEF2FCFOtxCAxwgMIAXeIN3IzCejVdjMo9mjMWfAqzA+PgDJlGOrg==</latexit><latexit sha1_base64="nMI7tELYjNzJQ/K5gc+PQHkUGFs=">AAAB43icbVDLagIxFL3Tp7Uv2y67CZVCF2XIqNS6E7rp0oJTBZUhEzMazDxIMgUR/6Cblq5a+j/9hf5NMzoulB4IHM454d5z/URwpTH+tba2d3b39gsHxcOj45PT0tn5s4pTSZlLYxHLrk8UEzxiruZasG4iGQl9wTr+5CHzOy9MKh5HbT1N2CAko4gHnBJtpE7bc27bXsUrlR0bL4Cw3TCo13LScNDKKkOOllf66Q9jmoYs0lQQpXoOTvRgRqTmVLB5sZ8qlhA6ISM2Wyw5R9dGGqIgluZFGi3UtRwJlZqGvkmGRI/VppeJ/3m9VAf3gxmPklSziC4HBalAOkZZYzTkklEtpoYQKrnZENExkYRqc5eiqY7t6l3NqWbVN8mquluxG7bzhMvNWn6DAlzCFdyAA3VowiO0wAUKE3iDT/iyAuvVerc+ltEtK/9zAWuwvv8A8/aKsA==</latexit>

    writes   (1-valent state)T1 r
<latexit sha1_base64="coizXgcUxk7r3JKDknD/WpIdU0g=">AAAB3XicbVDLSgMxFL2pr1pfVZdugkVwNcxosXZlwY3LFhxbaEvNpJk2NPMgyQildOtGcaVId36Ov+Bn+Adm+li0eODC4ZxzyT3xYsGVtu0flFlb39jcym7ndnb39g/yh0cPKkokZS6NRCQbHlFM8JC5mmvBGrFkJPAEq3uD29SvPzGpeBTe62HM2gHphdznlGgj1WQnX3AsewpsW2WDUnFOyg5eWIWb38nkCwCqnfx3qxvRJGChpoIo1XTsWLdHRGpOBRvnWoliMaED0mOj6XljfGakLvYjaSbUeKou5Uig1DDwTDIguq9WvVT8z2sm2r9uj3gYJ5qFdPaQnwisI5x2xV0uGdViaAihkpsLMe0TSag2P5Iz1W3r8qroXKbVV8miunthlS2nZhcqRZghCydwCufgQAkqcAdVcIECgxd4hw/0iJ7RK3qbRTNovnMMS0Cff8X4i/M=</latexit><latexit sha1_base64="iCxxWokCXy03+6GvlYyK2SykW8Q=">AAAB3XicbVDLSgMxFL2pr1pfVZdugkVwNczYYu3KghuXLTi20JaaSTNtaOZBkhFK6daN4koR/SJ/wc/wD8z0sWjxwIXDOeeSe+LFgitt2z8os7a+sbmV3c7t7O7tH+QPj+5VlEjKXBqJSDY9opjgIXM114I1Y8lI4AnW8IY3qd94ZFLxKLzTo5h1AtIPuc8p0Uaqy26+4Fj2FNi2Kgbl0pxUHLywCte/nym+at38d7sX0SRgoaaCKNVy7Fh3xkRqTgWb5NqJYjGhQ9Jn4+l5E3xmpB72I2km1HiqLuVIoNQo8EwyIHqgVr1U/M9rJdq/6ox5GCeahXT2kJ8IrCOcdsU9LhnVYmQIoZKbCzEdEEmoNj+SM9Vtq3hZcopp9VWyqO5eWBXLqduFaglmyMIJnMI5OFCGKtxCDVygwOAZ3uAdPaAn9IJeZ9EMmu8cwxLQxx8PzY24</latexit><latexit sha1_base64="iCxxWokCXy03+6GvlYyK2SykW8Q=">AAAB3XicbVDLSgMxFL2pr1pfVZdugkVwNczYYu3KghuXLTi20JaaSTNtaOZBkhFK6daN4koR/SJ/wc/wD8z0sWjxwIXDOeeSe+LFgitt2z8os7a+sbmV3c7t7O7tH+QPj+5VlEjKXBqJSDY9opjgIXM114I1Y8lI4AnW8IY3qd94ZFLxKLzTo5h1AtIPuc8p0Uaqy26+4Fj2FNi2Kgbl0pxUHLywCte/nym+at38d7sX0SRgoaaCKNVy7Fh3xkRqTgWb5NqJYjGhQ9Jn4+l5E3xmpB72I2km1HiqLuVIoNQo8EwyIHqgVr1U/M9rJdq/6ox5GCeahXT2kJ8IrCOcdsU9LhnVYmQIoZKbCzEdEEmoNj+SM9Vtq3hZcopp9VWyqO5eWBXLqduFaglmyMIJnMI5OFCGKtxCDVygwOAZ3uAdPaAn9IJeZ9EMmu8cwxLQxx8PzY24</latexit><latexit sha1_base64="iCxxWokCXy03+6GvlYyK2SykW8Q=">AAAB3XicbVDLSgMxFL2pr1pfVZdugkVwNczYYu3KghuXLTi20JaaSTNtaOZBkhFK6daN4koR/SJ/wc/wD8z0sWjxwIXDOeeSe+LFgitt2z8os7a+sbmV3c7t7O7tH+QPj+5VlEjKXBqJSDY9opjgIXM114I1Y8lI4AnW8IY3qd94ZFLxKLzTo5h1AtIPuc8p0Uaqy26+4Fj2FNi2Kgbl0pxUHLywCte/nym+at38d7sX0SRgoaaCKNVy7Fh3xkRqTgWb5NqJYjGhQ9Jn4+l5E3xmpB72I2km1HiqLuVIoNQo8EwyIHqgVr1U/M9rJdq/6ox5GCeahXT2kJ8IrCOcdsU9LhnVYmQIoZKbCzEdEEmoNj+SM9Vtq3hZcopp9VWyqO5eWBXLqduFaglmyMIJnMI5OFCGKtxCDVygwOAZ3uAdPaAn9IJeZ9EMmu8cwxLQxx8PzY24</latexit><latexit sha1_base64="iCxxWokCXy03+6GvlYyK2SykW8Q=">AAAB3XicbVDLSgMxFL2pr1pfVZdugkVwNczYYu3KghuXLTi20JaaSTNtaOZBkhFK6daN4koR/SJ/wc/wD8z0sWjxwIXDOeeSe+LFgitt2z8os7a+sbmV3c7t7O7tH+QPj+5VlEjKXBqJSDY9opjgIXM114I1Y8lI4AnW8IY3qd94ZFLxKLzTo5h1AtIPuc8p0Uaqy26+4Fj2FNi2Kgbl0pxUHLywCte/nym+at38d7sX0SRgoaaCKNVy7Fh3xkRqTgWb5NqJYjGhQ9Jn4+l5E3xmpB72I2km1HiqLuVIoNQo8EwyIHqgVr1U/M9rJdq/6ox5GCeahXT2kJ8IrCOcdsU9LhnVYmQIoZKbCzEdEEmoNj+SM9Vtq3hZcopp9VWyqO5eWBXLqduFaglmyMIJnMI5OFCGKtxCDVygwOAZ3uAdPaAn9IJeZ9EMmu8cwxLQxx8PzY24</latexit><latexit sha1_base64="gkaj0CbBXC3wlotW9NSSlO7uCso=">AAAB3XicbVDLTgJBEOzFF+IL9ehlIjHxtNkVInIj8eIREldIgODsMAsTZh+Z6TUhhKsXjSeNv+Qv+DfO8jhArGSSSlVNuqv9RAqNjvNr5ba2d3b38vuFg8Oj45Pi6dmTjlPFuMdiGau2TzWXIuIeCpS8nShOQ1/ylj++z/zWC1daxNEjThLeC+kwEoFgFI3UVP1iybWdOYhj1wyqlSWpuWRllWCJRr/40x3ELA15hExSrTuuk2BvShUKJvms0E01Tygb0yGfztebkSsjDUgQK/MiJHN1LUdDrSehb5IhxZHe9DLxP6+TYnDXm4ooSZFHbDEoSCXBmGRdyUAozlBODKFMCbMhYSOqKENzkYKp7tjl24pbzqpvklV178au2W7TKdUryxvk4QIu4RpcqEIdHqABHjDg8Aaf8GU9W6/Wu/WxiOas5Z9zWIP1/QfWiIjx</latexit>

     writes   (0-valent state)r
<latexit sha1_base64="coizXgcUxk7r3JKDknD/WpIdU0g=">AAAB3XicbVDLSgMxFL2pr1pfVZdugkVwNcxosXZlwY3LFhxbaEvNpJk2NPMgyQildOtGcaVId36Ov+Bn+Adm+li0eODC4ZxzyT3xYsGVtu0flFlb39jcym7ndnb39g/yh0cPKkokZS6NRCQbHlFM8JC5mmvBGrFkJPAEq3uD29SvPzGpeBTe62HM2gHphdznlGgj1WQnX3AsewpsW2WDUnFOyg5eWIWb38nkCwCqnfx3qxvRJGChpoIo1XTsWLdHRGpOBRvnWoliMaED0mOj6XljfGakLvYjaSbUeKou5Uig1DDwTDIguq9WvVT8z2sm2r9uj3gYJ5qFdPaQnwisI5x2xV0uGdViaAihkpsLMe0TSag2P5Iz1W3r8qroXKbVV8miunthlS2nZhcqRZghCydwCufgQAkqcAdVcIECgxd4hw/0iJ7RK3qbRTNovnMMS0Cff8X4i/M=</latexit><latexit sha1_base64="iCxxWokCXy03+6GvlYyK2SykW8Q=">AAAB3XicbVDLSgMxFL2pr1pfVZdugkVwNczYYu3KghuXLTi20JaaSTNtaOZBkhFK6daN4koR/SJ/wc/wD8z0sWjxwIXDOeeSe+LFgitt2z8os7a+sbmV3c7t7O7tH+QPj+5VlEjKXBqJSDY9opjgIXM114I1Y8lI4AnW8IY3qd94ZFLxKLzTo5h1AtIPuc8p0Uaqy26+4Fj2FNi2Kgbl0pxUHLywCte/nym+at38d7sX0SRgoaaCKNVy7Fh3xkRqTgWb5NqJYjGhQ9Jn4+l5E3xmpB72I2km1HiqLuVIoNQo8EwyIHqgVr1U/M9rJdq/6ox5GCeahXT2kJ8IrCOcdsU9LhnVYmQIoZKbCzEdEEmoNj+SM9Vtq3hZcopp9VWyqO5eWBXLqduFaglmyMIJnMI5OFCGKtxCDVygwOAZ3uAdPaAn9IJeZ9EMmu8cwxLQxx8PzY24</latexit><latexit sha1_base64="iCxxWokCXy03+6GvlYyK2SykW8Q=">AAAB3XicbVDLSgMxFL2pr1pfVZdugkVwNczYYu3KghuXLTi20JaaSTNtaOZBkhFK6daN4koR/SJ/wc/wD8z0sWjxwIXDOeeSe+LFgitt2z8os7a+sbmV3c7t7O7tH+QPj+5VlEjKXBqJSDY9opjgIXM114I1Y8lI4AnW8IY3qd94ZFLxKLzTo5h1AtIPuc8p0Uaqy26+4Fj2FNi2Kgbl0pxUHLywCte/nym+at38d7sX0SRgoaaCKNVy7Fh3xkRqTgWb5NqJYjGhQ9Jn4+l5E3xmpB72I2km1HiqLuVIoNQo8EwyIHqgVr1U/M9rJdq/6ox5GCeahXT2kJ8IrCOcdsU9LhnVYmQIoZKbCzEdEEmoNj+SM9Vtq3hZcopp9VWyqO5eWBXLqduFaglmyMIJnMI5OFCGKtxCDVygwOAZ3uAdPaAn9IJeZ9EMmu8cwxLQxx8PzY24</latexit><latexit sha1_base64="iCxxWokCXy03+6GvlYyK2SykW8Q=">AAAB3XicbVDLSgMxFL2pr1pfVZdugkVwNczYYu3KghuXLTi20JaaSTNtaOZBkhFK6daN4koR/SJ/wc/wD8z0sWjxwIXDOeeSe+LFgitt2z8os7a+sbmV3c7t7O7tH+QPj+5VlEjKXBqJSDY9opjgIXM114I1Y8lI4AnW8IY3qd94ZFLxKLzTo5h1AtIPuc8p0Uaqy26+4Fj2FNi2Kgbl0pxUHLywCte/nym+at38d7sX0SRgoaaCKNVy7Fh3xkRqTgWb5NqJYjGhQ9Jn4+l5E3xmpB72I2km1HiqLuVIoNQo8EwyIHqgVr1U/M9rJdq/6ox5GCeahXT2kJ8IrCOcdsU9LhnVYmQIoZKbCzEdEEmoNj+SM9Vtq3hZcopp9VWyqO5eWBXLqduFaglmyMIJnMI5OFCGKtxCDVygwOAZ3uAdPaAn9IJeZ9EMmu8cwxLQxx8PzY24</latexit><latexit sha1_base64="iCxxWokCXy03+6GvlYyK2SykW8Q=">AAAB3XicbVDLSgMxFL2pr1pfVZdugkVwNczYYu3KghuXLTi20JaaSTNtaOZBkhFK6daN4koR/SJ/wc/wD8z0sWjxwIXDOeeSe+LFgitt2z8os7a+sbmV3c7t7O7tH+QPj+5VlEjKXBqJSDY9opjgIXM114I1Y8lI4AnW8IY3qd94ZFLxKLzTo5h1AtIPuc8p0Uaqy26+4Fj2FNi2Kgbl0pxUHLywCte/nym+at38d7sX0SRgoaaCKNVy7Fh3xkRqTgWb5NqJYjGhQ9Jn4+l5E3xmpB72I2km1HiqLuVIoNQo8EwyIHqgVr1U/M9rJdq/6ox5GCeahXT2kJ8IrCOcdsU9LhnVYmQIoZKbCzEdEEmoNj+SM9Vtq3hZcopp9VWyqO5eWBXLqduFaglmyMIJnMI5OFCGKtxCDVygwOAZ3uAdPaAn9IJeZ9EMmu8cwxLQxx8PzY24</latexit><latexit sha1_base64="gkaj0CbBXC3wlotW9NSSlO7uCso=">AAAB3XicbVDLTgJBEOzFF+IL9ehlIjHxtNkVInIj8eIREldIgODsMAsTZh+Z6TUhhKsXjSeNv+Qv+DfO8jhArGSSSlVNuqv9RAqNjvNr5ba2d3b38vuFg8Oj45Pi6dmTjlPFuMdiGau2TzWXIuIeCpS8nShOQ1/ylj++z/zWC1daxNEjThLeC+kwEoFgFI3UVP1iybWdOYhj1wyqlSWpuWRllWCJRr/40x3ELA15hExSrTuuk2BvShUKJvms0E01Tygb0yGfztebkSsjDUgQK/MiJHN1LUdDrSehb5IhxZHe9DLxP6+TYnDXm4ooSZFHbDEoSCXBmGRdyUAozlBODKFMCbMhYSOqKENzkYKp7tjl24pbzqpvklV178au2W7TKdUryxvk4QIu4RpcqEIdHqABHjDg8Aaf8GU9W6/Wu/WxiOas5Z9zWIP1/QfWiIjx</latexit>T2

<latexit sha1_base64="IPOf1sj3BaQgItgvJlSPbSgeLBg=">AAAB33icbVDLSgMxFL3xWetr1KWbYBFcDTNtsXZXcOOyYscW2loyaaYNzTxIMkIpBZduFFeKf+Qv+Ddm+li0eCBwOOeEe8/1E8GVdpxftLG5tb2zm9vL7x8cHh1bJ6ePKk4lZR6NRSxbPlFM8Ih5mmvBWolkJPQFa/qj28xvPjOpeBw19Dhh3ZAMIh5wSrSRHhq9Ys8quLYzA3bsqkGlvCBVFy+tQs0Knl4AoN6zfjr9mKYhizQVRKm26yS6OyFScyrYNN9JFUsIHZEBm8wWnOJLI/VxEEvzIo1n6kqOhEqNQ98kQ6KHat3LxP+8dqqDm+6ER0mqWUTng4JUYB3jrC3uc8moFmNDCJXcbIjpkEhCtblJ3lR37NJ12S1l1dfJsrpXtKu2e29OUIY5cnAOF3AFLlSgBndQBw8oDOANPuEL+egVvaOPeXQDLf6cwQrQ9x/aqYsM</latexit><latexit sha1_base64="L9UvEIRLoNjXdWm/5oYgEmznzFM=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WQGiMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmtQGphFx7IXQLZV06hWVqTmoLVVrJv+02uhmW8MzJ/eMCJJQENFOJay69ix6s+wUIxwOs/1EkljTCZ4RGeLBefoSktD5EdCv1ChhbqRw4GU08DTyQCrsdz2UvE/r5so/7Y/Y2GcKBqS5SA/4UhFKG2LhkxQovhUE0wE0xsiMsYCE6VvktPVbat8U3HKafVtsq7ulqya5TzoE1RgiSxcQgGuwYEq1OEeGuACgRG8wSd8GZ7xYrwbH8toxlj9uYANGN9/k8CLmw==</latexit><latexit sha1_base64="L9UvEIRLoNjXdWm/5oYgEmznzFM=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WQGiMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmtQGphFx7IXQLZV06hWVqTmoLVVrJv+02uhmW8MzJ/eMCJJQENFOJay69ix6s+wUIxwOs/1EkljTCZ4RGeLBefoSktD5EdCv1ChhbqRw4GU08DTyQCrsdz2UvE/r5so/7Y/Y2GcKBqS5SA/4UhFKG2LhkxQovhUE0wE0xsiMsYCE6VvktPVbat8U3HKafVtsq7ulqya5TzoE1RgiSxcQgGuwYEq1OEeGuACgRG8wSd8GZ7xYrwbH8toxlj9uYANGN9/k8CLmw==</latexit><latexit sha1_base64="L9UvEIRLoNjXdWm/5oYgEmznzFM=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WQGiMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmtQGphFx7IXQLZV06hWVqTmoLVVrJv+02uhmW8MzJ/eMCJJQENFOJay69ix6s+wUIxwOs/1EkljTCZ4RGeLBefoSktD5EdCv1ChhbqRw4GU08DTyQCrsdz2UvE/r5so/7Y/Y2GcKBqS5SA/4UhFKG2LhkxQovhUE0wE0xsiMsYCE6VvktPVbat8U3HKafVtsq7ulqya5TzoE1RgiSxcQgGuwYEq1OEeGuACgRG8wSd8GZ7xYrwbH8toxlj9uYANGN9/k8CLmw==</latexit><latexit sha1_base64="L9UvEIRLoNjXdWm/5oYgEmznzFM=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WQGiMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmtQGphFx7IXQLZV06hWVqTmoLVVrJv+02uhmW8MzJ/eMCJJQENFOJay69ix6s+wUIxwOs/1EkljTCZ4RGeLBefoSktD5EdCv1ChhbqRw4GU08DTyQCrsdz2UvE/r5so/7Y/Y2GcKBqS5SA/4UhFKG2LhkxQovhUE0wE0xsiMsYCE6VvktPVbat8U3HKafVtsq7ulqya5TzoE1RgiSxcQgGuwYEq1OEeGuACgRG8wSd8GZ7xYrwbH8toxlj9uYANGN9/k8CLmw==</latexit><latexit sha1_base64="DclVxuwwl9RuM/dK9OzUxAR71HQ=">AAAB33icbVBNS0JBFL3Pvsy+rJZthiRo9XhPJXMntGlp5EtBReaNow7O+2DmvkDEfZuiVdE/6i/0b5qnr4XSgYHDOWe491w/lkKj4/xYua3tnd29/H7h4PDo+KR4evako0Qx7rFIRqrjU82lCLmHAiXvxIrTwJe87U/vUr/9zJUWUdjCWcz7AR2HYiQYRSM9tgblQbHk2s4SxLHrBrVqRuou+bNKkKE5KH73hhFLAh4ik1TrruvE2J9ThYJJvij0Es1jyqZ0zOfLBRfkykhDMoqUeSGSpbqWo4HWs8A3yYDiRG96qfif101wdNufizBOkIdsNWiUSIIRSduSoVCcoZwZQpkSZkPCJlRRhuYmBVPdsSs3VbeSVt8kf9W9sl233Qen1KhmN8jDBVzCNbhQgwbcQxM8YDCGV/iAT8u3Xqw3630VzVnZn3NYg/X1C8qtiXg=</latexit>

T1 writes r
<latexit sha1_base64="ZvT/PVRfUN0WNH/+wxEVvJSDLaM=">AAAB3XicbVDLTgIxFL2DL8QX6tJNIzFxNekIEVlJ4kKXkDhCAgQ7pQMNnUfajgkhbN1oXGn8C7/DX/Az/AM7PBYQT3KTk3POTe+pFwuuNMY/VmZtfWNzK7ud29nd2z/IHx49qCiRlLk0EpFsekQxwUPmaq4Fa8aSkcATrOENb1K/8cSk4lF4r0cx6wSkH3KfU6KNVJfdfMGx8RQI2xWDcmlOKg5aWIXr39svBAC1bv673YtoErBQU0GUajk41p0xkZpTwSa5dqJYTOiQ9Nl4et4EnRmph/xImgk1mqpLORIoNQo8kwyIHqhVLxX/81qJ9q86Yx7GiWYhnT3kJwLpCKVdUY9LRrUYGUKo5OZCRAdEEqrNj+RMdWwXL0tOMa2+ShbV3Qu7Yjt1XKhimCELJ3AK5+BAGapwBzVwgQKDF3iHD+vRerZerbdZNGPNd45hCdbnH85NizI=</latexit><latexit sha1_base64="A/DgPO/sMk5i4gple+/HaxQlLdE=">AAAB3XicbVDLTgIxFL2DL8QXPnZuGomJq8mMEJGVJC5kCYkjJECwUzrQ0Hmk7ZggYetG40rjX/gd/oJLP8E/sMNjAfEkNzk559z0nroRZ1JZ1reRWlldW99Ib2a2tnd297L7B3cyjAWhDgl5KBoulpSzgDqKKU4bkaDYdzmtu4PrxK8/UCFZGNyqYUTbPu4FzGMEKy3VRCebs01rAmSZJY1iYUZKNppbuavfm8+jx59KtZP9anVDEvs0UIRjKZu2Fan2CAvFCKfjTCuWNMJkgHt0NDlvjE611EVeKPQECk3UhRz2pRz6rk76WPXlspeI/3nNWHmX7RELoljRgEwf8mKOVIiSrqjLBCWKDzXBRDB9ISJ9LDBR+kcyurpl5i8Kdj6pvkzm1Z1zs2TaNStXtmCKNBzDCZyBDUUoQwWq4AABCs/wBu/GvfFkvBiv02jKmO0cwgKMjz/cwozJ</latexit><latexit sha1_base64="A/DgPO/sMk5i4gple+/HaxQlLdE=">AAAB3XicbVDLTgIxFL2DL8QXPnZuGomJq8mMEJGVJC5kCYkjJECwUzrQ0Hmk7ZggYetG40rjX/gd/oJLP8E/sMNjAfEkNzk559z0nroRZ1JZ1reRWlldW99Ib2a2tnd297L7B3cyjAWhDgl5KBoulpSzgDqKKU4bkaDYdzmtu4PrxK8/UCFZGNyqYUTbPu4FzGMEKy3VRCebs01rAmSZJY1iYUZKNppbuavfm8+jx59KtZP9anVDEvs0UIRjKZu2Fan2CAvFCKfjTCuWNMJkgHt0NDlvjE611EVeKPQECk3UhRz2pRz6rk76WPXlspeI/3nNWHmX7RELoljRgEwf8mKOVIiSrqjLBCWKDzXBRDB9ISJ9LDBR+kcyurpl5i8Kdj6pvkzm1Z1zs2TaNStXtmCKNBzDCZyBDUUoQwWq4AABCs/wBu/GvfFkvBiv02jKmO0cwgKMjz/cwozJ</latexit><latexit sha1_base64="A/DgPO/sMk5i4gple+/HaxQlLdE=">AAAB3XicbVDLTgIxFL2DL8QXPnZuGomJq8mMEJGVJC5kCYkjJECwUzrQ0Hmk7ZggYetG40rjX/gd/oJLP8E/sMNjAfEkNzk559z0nroRZ1JZ1reRWlldW99Ib2a2tnd297L7B3cyjAWhDgl5KBoulpSzgDqKKU4bkaDYdzmtu4PrxK8/UCFZGNyqYUTbPu4FzGMEKy3VRCebs01rAmSZJY1iYUZKNppbuavfm8+jx59KtZP9anVDEvs0UIRjKZu2Fan2CAvFCKfjTCuWNMJkgHt0NDlvjE611EVeKPQECk3UhRz2pRz6rk76WPXlspeI/3nNWHmX7RELoljRgEwf8mKOVIiSrqjLBCWKDzXBRDB9ISJ9LDBR+kcyurpl5i8Kdj6pvkzm1Z1zs2TaNStXtmCKNBzDCZyBDUUoQwWq4AABCs/wBu/GvfFkvBiv02jKmO0cwgKMjz/cwozJ</latexit><latexit sha1_base64="A/DgPO/sMk5i4gple+/HaxQlLdE=">AAAB3XicbVDLTgIxFL2DL8QXPnZuGomJq8mMEJGVJC5kCYkjJECwUzrQ0Hmk7ZggYetG40rjX/gd/oJLP8E/sMNjAfEkNzk559z0nroRZ1JZ1reRWlldW99Ib2a2tnd297L7B3cyjAWhDgl5KBoulpSzgDqKKU4bkaDYdzmtu4PrxK8/UCFZGNyqYUTbPu4FzGMEKy3VRCebs01rAmSZJY1iYUZKNppbuavfm8+jx59KtZP9anVDEvs0UIRjKZu2Fan2CAvFCKfjTCuWNMJkgHt0NDlvjE611EVeKPQECk3UhRz2pRz6rk76WPXlspeI/3nNWHmX7RELoljRgEwf8mKOVIiSrqjLBCWKDzXBRDB9ISJ9LDBR+kcyurpl5i8Kdj6pvkzm1Z1zs2TaNStXtmCKNBzDCZyBDUUoQwWq4AABCs/wBu/GvfFkvBiv02jKmO0cwgKMjz/cwozJ</latexit><latexit sha1_base64="pA9tiEp0wNDCYhek2H10SJ1c0Yw=">AAAB3XicbVDLTgIxFL2DL8TXqEs3jcTE1aQjRGRH4sYlJI6QAMFO6UBD55G2Y0IIWzcaVxp/yV/wb+zAsIB4kiYn55zm3nP9RHClMf61ClvbO7t7xf3SweHR8Yl9evak4lRS5tFYxLLjE8UEj5inuRask0hGQl+wtj+5z/z2C5OKx9GjniasH5JRxANOiTZSSw7ssuvgBRB26ga1ak7qLlpZZcjRHNg/vWFM05BFmgqiVNfFie7PiNScCjYv9VLFEkInZMRmi/Xm6MpIQxTE0rxIo4W6liOhUtPQN8mQ6LHa9DLxP6+b6uCuP+NRkmoW0eWgIBVIxyjrioZcMqrF1BBCJTcbIjomklBtLlIy1bFTua26laz6JllV926cuuO2cLmB8xsU4QIu4RpcqEEDHqAJHlBg8Aaf8GU9W6/Wu/WxjBas/M85rMH6/gPVVIjt</latexit>T2 writes r

<latexit sha1_base64="ZvT/PVRfUN0WNH/+wxEVvJSDLaM=">AAAB3XicbVDLTgIxFL2DL8QX6tJNIzFxNekIEVlJ4kKXkDhCAgQ7pQMNnUfajgkhbN1oXGn8C7/DX/Az/AM7PBYQT3KTk3POTe+pFwuuNMY/VmZtfWNzK7ud29nd2z/IHx49qCiRlLk0EpFsekQxwUPmaq4Fa8aSkcATrOENb1K/8cSk4lF4r0cx6wSkH3KfU6KNVJfdfMGx8RQI2xWDcmlOKg5aWIXr39svBAC1bv673YtoErBQU0GUajk41p0xkZpTwSa5dqJYTOiQ9Nl4et4EnRmph/xImgk1mqpLORIoNQo8kwyIHqhVLxX/81qJ9q86Yx7GiWYhnT3kJwLpCKVdUY9LRrUYGUKo5OZCRAdEEqrNj+RMdWwXL0tOMa2+ShbV3Qu7Yjt1XKhimCELJ3AK5+BAGapwBzVwgQKDF3iHD+vRerZerbdZNGPNd45hCdbnH85NizI=</latexit><latexit sha1_base64="A/DgPO/sMk5i4gple+/HaxQlLdE=">AAAB3XicbVDLTgIxFL2DL8QXPnZuGomJq8mMEJGVJC5kCYkjJECwUzrQ0Hmk7ZggYetG40rjX/gd/oJLP8E/sMNjAfEkNzk559z0nroRZ1JZ1reRWlldW99Ib2a2tnd297L7B3cyjAWhDgl5KBoulpSzgDqKKU4bkaDYdzmtu4PrxK8/UCFZGNyqYUTbPu4FzGMEKy3VRCebs01rAmSZJY1iYUZKNppbuavfm8+jx59KtZP9anVDEvs0UIRjKZu2Fan2CAvFCKfjTCuWNMJkgHt0NDlvjE611EVeKPQECk3UhRz2pRz6rk76WPXlspeI/3nNWHmX7RELoljRgEwf8mKOVIiSrqjLBCWKDzXBRDB9ISJ9LDBR+kcyurpl5i8Kdj6pvkzm1Z1zs2TaNStXtmCKNBzDCZyBDUUoQwWq4AABCs/wBu/GvfFkvBiv02jKmO0cwgKMjz/cwozJ</latexit><latexit sha1_base64="A/DgPO/sMk5i4gple+/HaxQlLdE=">AAAB3XicbVDLTgIxFL2DL8QXPnZuGomJq8mMEJGVJC5kCYkjJECwUzrQ0Hmk7ZggYetG40rjX/gd/oJLP8E/sMNjAfEkNzk559z0nroRZ1JZ1reRWlldW99Ib2a2tnd297L7B3cyjAWhDgl5KBoulpSzgDqKKU4bkaDYdzmtu4PrxK8/UCFZGNyqYUTbPu4FzGMEKy3VRCebs01rAmSZJY1iYUZKNppbuavfm8+jx59KtZP9anVDEvs0UIRjKZu2Fan2CAvFCKfjTCuWNMJkgHt0NDlvjE611EVeKPQECk3UhRz2pRz6rk76WPXlspeI/3nNWHmX7RELoljRgEwf8mKOVIiSrqjLBCWKDzXBRDB9ISJ9LDBR+kcyurpl5i8Kdj6pvkzm1Z1zs2TaNStXtmCKNBzDCZyBDUUoQwWq4AABCs/wBu/GvfFkvBiv02jKmO0cwgKMjz/cwozJ</latexit><latexit sha1_base64="A/DgPO/sMk5i4gple+/HaxQlLdE=">AAAB3XicbVDLTgIxFL2DL8QXPnZuGomJq8mMEJGVJC5kCYkjJECwUzrQ0Hmk7ZggYetG40rjX/gd/oJLP8E/sMNjAfEkNzk559z0nroRZ1JZ1reRWlldW99Ib2a2tnd297L7B3cyjAWhDgl5KBoulpSzgDqKKU4bkaDYdzmtu4PrxK8/UCFZGNyqYUTbPu4FzGMEKy3VRCebs01rAmSZJY1iYUZKNppbuavfm8+jx59KtZP9anVDEvs0UIRjKZu2Fan2CAvFCKfjTCuWNMJkgHt0NDlvjE611EVeKPQECk3UhRz2pRz6rk76WPXlspeI/3nNWHmX7RELoljRgEwf8mKOVIiSrqjLBCWKDzXBRDB9ISJ9LDBR+kcyurpl5i8Kdj6pvkzm1Z1zs2TaNStXtmCKNBzDCZyBDUUoQwWq4AABCs/wBu/GvfFkvBiv02jKmO0cwgKMjz/cwozJ</latexit><latexit sha1_base64="A/DgPO/sMk5i4gple+/HaxQlLdE=">AAAB3XicbVDLTgIxFL2DL8QXPnZuGomJq8mMEJGVJC5kCYkjJECwUzrQ0Hmk7ZggYetG40rjX/gd/oJLP8E/sMNjAfEkNzk559z0nroRZ1JZ1reRWlldW99Ib2a2tnd297L7B3cyjAWhDgl5KBoulpSzgDqKKU4bkaDYdzmtu4PrxK8/UCFZGNyqYUTbPu4FzGMEKy3VRCebs01rAmSZJY1iYUZKNppbuavfm8+jx59KtZP9anVDEvs0UIRjKZu2Fan2CAvFCKfjTCuWNMJkgHt0NDlvjE611EVeKPQECk3UhRz2pRz6rk76WPXlspeI/3nNWHmX7RELoljRgEwf8mKOVIiSrqjLBCWKDzXBRDB9ISJ9LDBR+kcyurpl5i8Kdj6pvkzm1Z1zs2TaNStXtmCKNBzDCZyBDUUoQwWq4AABCs/wBu/GvfFkvBiv02jKmO0cwgKMjz/cwozJ</latexit><latexit sha1_base64="pA9tiEp0wNDCYhek2H10SJ1c0Yw=">AAAB3XicbVDLTgIxFL2DL8TXqEs3jcTE1aQjRGRH4sYlJI6QAMFO6UBD55G2Y0IIWzcaVxp/yV/wb+zAsIB4kiYn55zm3nP9RHClMf61ClvbO7t7xf3SweHR8Yl9evak4lRS5tFYxLLjE8UEj5inuRask0hGQl+wtj+5z/z2C5OKx9GjniasH5JRxANOiTZSSw7ssuvgBRB26ga1ak7qLlpZZcjRHNg/vWFM05BFmgqiVNfFie7PiNScCjYv9VLFEkInZMRmi/Xm6MpIQxTE0rxIo4W6liOhUtPQN8mQ6LHa9DLxP6+b6uCuP+NRkmoW0eWgIBVIxyjrioZcMqrF1BBCJTcbIjomklBtLlIy1bFTua26laz6JllV926cuuO2cLmB8xsU4QIu4RpcqEEDHqAJHlBg8Aaf8GU9W6/Wu/WxjBas/M85rMH6/gPVVIjt</latexit>

     runs solo to a state 
where the decision is 0
T1

<latexit sha1_base64="+P/gjHyp1fGr9MSOf7mcVSsz4UE=">AAAB33icbVDLSgMxFL1TX7W+Rl26CRbB1TBji7W7ghuXFTu20NaSSTNtaCYzJBmhlIJLN4orxT/yF/wbM30sWjwQOJxzwr3nBglnSrvur5Xb2Nza3snvFvb2Dw6P7OOTRxWnklCfxDyWrQArypmgvmaa01YiKY4CTpvB6Dbzm89UKhaLhh4ntBvhgWAhI1gb6aHR83p20XPcGZDrVA0q5QWpemhpFWt2+PQCAPWe/dPpxySNqNCEY6Xanpvo7gRLzQin00InVTTBZIQHdDJbcIoujNRHYSzNExrN1JUcjpQaR4FJRlgP1bqXif957VSHN90JE0mqqSDzQWHKkY5R1hb1maRE87EhmEhmNkRkiCUm2tykYKq7Tum67JWy6utkWd2/cqqOd29OUIY58nAG53AJHlSgBndQBx8IDOANPuHLCqxX6936mEdz1uLPKazA+v4D2TCLCw==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="LDAtvJDDWChmQdzsc/9u65J3Cqc=">AAAB33icbVBNS0JBFL3Pvsy+rJZthiRo9XgvJXMntGlp5EtBReaN83Rw3gcz9wUi7tsUrYr+UX+hf9Ooz4XSgYHDOWe491w/kUKj4/xaua3tnd29/H7h4PDo+KR4evas41Qx7rFYxqrtU82liLiHAiVvJ4rT0Je85Y/v537rhSst4qiJk4T3QjqMRCAYRSM9Nftuv1hybWcB4tg1g2olIzWXrKwSZGj0iz/dQczSkEfIJNW64zoJ9qZUoWCSzwrdVPOEsjEd8uliwRm5MtKABLEyL0KyUNdyNNR6EvomGVIc6U1vLv7ndVIM7npTESUp8ogtBwWpJBiTeVsyEIozlBNDKFPCbEjYiCrK0NykYKo7dvm24pbn1TfJqrp3Y9ds99Ep1SvZDfJwAZdwDS5UoQ4P0AAPGAzhDT7hy/KtV+vd+lhGc1b25xzWYH3/Ack0iXc=</latexit>

T1
<latexit sha1_base64="+P/gjHyp1fGr9MSOf7mcVSsz4UE=">AAAB33icbVDLSgMxFL1TX7W+Rl26CRbB1TBji7W7ghuXFTu20NaSSTNtaCYzJBmhlIJLN4orxT/yF/wbM30sWjwQOJxzwr3nBglnSrvur5Xb2Nza3snvFvb2Dw6P7OOTRxWnklCfxDyWrQArypmgvmaa01YiKY4CTpvB6Dbzm89UKhaLhh4ntBvhgWAhI1gb6aHR83p20XPcGZDrVA0q5QWpemhpFWt2+PQCAPWe/dPpxySNqNCEY6Xanpvo7gRLzQin00InVTTBZIQHdDJbcIoujNRHYSzNExrN1JUcjpQaR4FJRlgP1bqXif957VSHN90JE0mqqSDzQWHKkY5R1hb1maRE87EhmEhmNkRkiCUm2tykYKq7Tum67JWy6utkWd2/cqqOd29OUIY58nAG53AJHlSgBndQBx8IDOANPuHLCqxX6936mEdz1uLPKazA+v4D2TCLCw==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="382Zwb4TwlYruU6lSPlcsGqJTb4=">AAAB33icbVDLTgIxFL2DL8TXoEs3DcTE1WRGCMiOxI1LDIyQAJJO6UBD55G2Y0IIe11oXGn8I3/Bv7HDYwHxJE1OzjnNved6MWdS2favkdnZ3ds/yB7mjo5PTs/M/PmjjBJBqEsiHomOhyXlLKSuYorTTiwoDjxO297kLvXbz1RIFoUtNY1pP8CjkPmMYKWlZmvgDMyiY9kLINuqaVTLK1Jz0Noq1k3/6bXQzDcG5k9vGJEkoKEiHEvZdexY9WdYKEY4ned6iaQxJhM8orPFgnN0paUh8iOhX6jQQt3I4UDKaeDpZIDVWG57qfif102Uf9ufsTBOFA3JcpCfcKQilLZFQyYoUXyqCSaC6Q0RGWOBidI3yenqtlWqlJ1SWn2brKu7N1bNch70CcqwRBYuoQDX4EAV6nAPDXCBwAje4BO+DM94Md6Nj2U0Y6z+XMAGjO8/kkeLmg==</latexit><latexit sha1_base64="LDAtvJDDWChmQdzsc/9u65J3Cqc=">AAAB33icbVBNS0JBFL3Pvsy+rJZthiRo9XgvJXMntGlp5EtBReaN83Rw3gcz9wUi7tsUrYr+UX+hf9Ooz4XSgYHDOWe491w/kUKj4/xaua3tnd29/H7h4PDo+KR4evas41Qx7rFYxqrtU82liLiHAiVvJ4rT0Je85Y/v537rhSst4qiJk4T3QjqMRCAYRSM9Nftuv1hybWcB4tg1g2olIzWXrKwSZGj0iz/dQczSkEfIJNW64zoJ9qZUoWCSzwrdVPOEsjEd8uliwRm5MtKABLEyL0KyUNdyNNR6EvomGVIc6U1vLv7ndVIM7npTESUp8ogtBwWpJBiTeVsyEIozlBNDKFPCbEjYiCrK0NykYKo7dvm24pbn1TfJqrp3Y9ds99Ep1SvZDfJwAZdwDS5UoQ4P0AAPGAzhDT7hy/KtV+vd+lhGc1b25xzWYH3/Ack0iXc=</latexit>

      overwrites  r
<latexit sha1_base64="coizXgcUxk7r3JKDknD/WpIdU0g=">AAAB3XicbVDLSgMxFL2pr1pfVZdugkVwNcxosXZlwY3LFhxbaEvNpJk2NPMgyQildOtGcaVId36Ov+Bn+Adm+li0eODC4ZxzyT3xYsGVtu0flFlb39jcym7ndnb39g/yh0cPKkokZS6NRCQbHlFM8JC5mmvBGrFkJPAEq3uD29SvPzGpeBTe62HM2gHphdznlGgj1WQnX3AsewpsW2WDUnFOyg5eWIWb38nkCwCqnfx3qxvRJGChpoIo1XTsWLdHRGpOBRvnWoliMaED0mOj6XljfGakLvYjaSbUeKou5Uig1DDwTDIguq9WvVT8z2sm2r9uj3gYJ5qFdPaQnwisI5x2xV0uGdViaAihkpsLMe0TSag2P5Iz1W3r8qroXKbVV8miunthlS2nZhcqRZghCydwCufgQAkqcAdVcIECgxd4hw/0iJ7RK3qbRTNovnMMS0Cff8X4i/M=</latexit><latexit sha1_base64="iCxxWokCXy03+6GvlYyK2SykW8Q=">AAAB3XicbVDLSgMxFL2pr1pfVZdugkVwNczYYu3KghuXLTi20JaaSTNtaOZBkhFK6daN4koR/SJ/wc/wD8z0sWjxwIXDOeeSe+LFgitt2z8os7a+sbmV3c7t7O7tH+QPj+5VlEjKXBqJSDY9opjgIXM114I1Y8lI4AnW8IY3qd94ZFLxKLzTo5h1AtIPuc8p0Uaqy26+4Fj2FNi2Kgbl0pxUHLywCte/nym+at38d7sX0SRgoaaCKNVy7Fh3xkRqTgWb5NqJYjGhQ9Jn4+l5E3xmpB72I2km1HiqLuVIoNQo8EwyIHqgVr1U/M9rJdq/6ox5GCeahXT2kJ8IrCOcdsU9LhnVYmQIoZKbCzEdEEmoNj+SM9Vtq3hZcopp9VWyqO5eWBXLqduFaglmyMIJnMI5OFCGKtxCDVygwOAZ3uAdPaAn9IJeZ9EMmu8cwxLQxx8PzY24</latexit><latexit sha1_base64="iCxxWokCXy03+6GvlYyK2SykW8Q=">AAAB3XicbVDLSgMxFL2pr1pfVZdugkVwNczYYu3KghuXLTi20JaaSTNtaOZBkhFK6daN4koR/SJ/wc/wD8z0sWjxwIXDOeeSe+LFgitt2z8os7a+sbmV3c7t7O7tH+QPj+5VlEjKXBqJSDY9opjgIXM114I1Y8lI4AnW8IY3qd94ZFLxKLzTo5h1AtIPuc8p0Uaqy26+4Fj2FNi2Kgbl0pxUHLywCte/nym+at38d7sX0SRgoaaCKNVy7Fh3xkRqTgWb5NqJYjGhQ9Jn4+l5E3xmpB72I2km1HiqLuVIoNQo8EwyIHqgVr1U/M9rJdq/6ox5GCeahXT2kJ8IrCOcdsU9LhnVYmQIoZKbCzEdEEmoNj+SM9Vtq3hZcopp9VWyqO5eWBXLqduFaglmyMIJnMI5OFCGKtxCDVygwOAZ3uAdPaAn9IJeZ9EMmu8cwxLQxx8PzY24</latexit><latexit sha1_base64="iCxxWokCXy03+6GvlYyK2SykW8Q=">AAAB3XicbVDLSgMxFL2pr1pfVZdugkVwNczYYu3KghuXLTi20JaaSTNtaOZBkhFK6daN4koR/SJ/wc/wD8z0sWjxwIXDOeeSe+LFgitt2z8os7a+sbmV3c7t7O7tH+QPj+5VlEjKXBqJSDY9opjgIXM114I1Y8lI4AnW8IY3qd94ZFLxKLzTo5h1AtIPuc8p0Uaqy26+4Fj2FNi2Kgbl0pxUHLywCte/nym+at38d7sX0SRgoaaCKNVy7Fh3xkRqTgWb5NqJYjGhQ9Jn4+l5E3xmpB72I2km1HiqLuVIoNQo8EwyIHqgVr1U/M9rJdq/6ox5GCeahXT2kJ8IrCOcdsU9LhnVYmQIoZKbCzEdEEmoNj+SM9Vtq3hZcopp9VWyqO5eWBXLqduFaglmyMIJnMI5OFCGKtxCDVygwOAZ3uAdPaAn9IJeZ9EMmu8cwxLQxx8PzY24</latexit><latexit sha1_base64="iCxxWokCXy03+6GvlYyK2SykW8Q=">AAAB3XicbVDLSgMxFL2pr1pfVZdugkVwNczYYu3KghuXLTi20JaaSTNtaOZBkhFK6daN4koR/SJ/wc/wD8z0sWjxwIXDOeeSe+LFgitt2z8os7a+sbmV3c7t7O7tH+QPj+5VlEjKXBqJSDY9opjgIXM114I1Y8lI4AnW8IY3qd94ZFLxKLzTo5h1AtIPuc8p0Uaqy26+4Fj2FNi2Kgbl0pxUHLywCte/nym+at38d7sX0SRgoaaCKNVy7Fh3xkRqTgWb5NqJYjGhQ9Jn4+l5E3xmpB72I2km1HiqLuVIoNQo8EwyIHqgVr1U/M9rJdq/6ox5GCeahXT2kJ8IrCOcdsU9LhnVYmQIoZKbCzEdEEmoNj+SM9Vtq3hZcopp9VWyqO5eWBXLqduFaglmyMIJnMI5OFCGKtxCDVygwOAZ3uAdPaAn9IJeZ9EMmu8cwxLQxx8PzY24</latexit><latexit sha1_base64="gkaj0CbBXC3wlotW9NSSlO7uCso=">AAAB3XicbVDLTgJBEOzFF+IL9ehlIjHxtNkVInIj8eIREldIgODsMAsTZh+Z6TUhhKsXjSeNv+Qv+DfO8jhArGSSSlVNuqv9RAqNjvNr5ba2d3b38vuFg8Oj45Pi6dmTjlPFuMdiGau2TzWXIuIeCpS8nShOQ1/ylj++z/zWC1daxNEjThLeC+kwEoFgFI3UVP1iybWdOYhj1wyqlSWpuWRllWCJRr/40x3ELA15hExSrTuuk2BvShUKJvms0E01Tygb0yGfztebkSsjDUgQK/MiJHN1LUdDrSehb5IhxZHe9DLxP6+TYnDXm4ooSZFHbDEoSCXBmGRdyUAozlBODKFMCbMhYSOqKENzkYKp7tjl24pbzqpvklV178au2W7TKdUryxvk4QIu4RpcqEIdHqABHjDg8Aaf8GU9W6/Wu/WxiOas5Z9zWIP1/QfWiIjx</latexit>

T1 writes r
<latexit sha1_base64="ZvT/PVRfUN0WNH/+wxEVvJSDLaM=">AAAB3XicbVDLTgIxFL2DL8QX6tJNIzFxNekIEVlJ4kKXkDhCAgQ7pQMNnUfajgkhbN1oXGn8C7/DX/Az/AM7PBYQT3KTk3POTe+pFwuuNMY/VmZtfWNzK7ud29nd2z/IHx49qCiRlLk0EpFsekQxwUPmaq4Fa8aSkcATrOENb1K/8cSk4lF4r0cx6wSkH3KfU6KNVJfdfMGx8RQI2xWDcmlOKg5aWIXr39svBAC1bv673YtoErBQU0GUajk41p0xkZpTwSa5dqJYTOiQ9Nl4et4EnRmph/xImgk1mqpLORIoNQo8kwyIHqhVLxX/81qJ9q86Yx7GiWYhnT3kJwLpCKVdUY9LRrUYGUKo5OZCRAdEEqrNj+RMdWwXL0tOMa2+ShbV3Qu7Yjt1XKhimCELJ3AK5+BAGapwBzVwgQKDF3iHD+vRerZerbdZNGPNd45hCdbnH85NizI=</latexit><latexit sha1_base64="A/DgPO/sMk5i4gple+/HaxQlLdE=">AAAB3XicbVDLTgIxFL2DL8QXPnZuGomJq8mMEJGVJC5kCYkjJECwUzrQ0Hmk7ZggYetG40rjX/gd/oJLP8E/sMNjAfEkNzk559z0nroRZ1JZ1reRWlldW99Ib2a2tnd297L7B3cyjAWhDgl5KBoulpSzgDqKKU4bkaDYdzmtu4PrxK8/UCFZGNyqYUTbPu4FzGMEKy3VRCebs01rAmSZJY1iYUZKNppbuavfm8+jx59KtZP9anVDEvs0UIRjKZu2Fan2CAvFCKfjTCuWNMJkgHt0NDlvjE611EVeKPQECk3UhRz2pRz6rk76WPXlspeI/3nNWHmX7RELoljRgEwf8mKOVIiSrqjLBCWKDzXBRDB9ISJ9LDBR+kcyurpl5i8Kdj6pvkzm1Z1zs2TaNStXtmCKNBzDCZyBDUUoQwWq4AABCs/wBu/GvfFkvBiv02jKmO0cwgKMjz/cwozJ</latexit><latexit sha1_base64="A/DgPO/sMk5i4gple+/HaxQlLdE=">AAAB3XicbVDLTgIxFL2DL8QXPnZuGomJq8mMEJGVJC5kCYkjJECwUzrQ0Hmk7ZggYetG40rjX/gd/oJLP8E/sMNjAfEkNzk559z0nroRZ1JZ1reRWlldW99Ib2a2tnd297L7B3cyjAWhDgl5KBoulpSzgDqKKU4bkaDYdzmtu4PrxK8/UCFZGNyqYUTbPu4FzGMEKy3VRCebs01rAmSZJY1iYUZKNppbuavfm8+jx59KtZP9anVDEvs0UIRjKZu2Fan2CAvFCKfjTCuWNMJkgHt0NDlvjE611EVeKPQECk3UhRz2pRz6rk76WPXlspeI/3nNWHmX7RELoljRgEwf8mKOVIiSrqjLBCWKDzXBRDB9ISJ9LDBR+kcyurpl5i8Kdj6pvkzm1Z1zs2TaNStXtmCKNBzDCZyBDUUoQwWq4AABCs/wBu/GvfFkvBiv02jKmO0cwgKMjz/cwozJ</latexit><latexit sha1_base64="A/DgPO/sMk5i4gple+/HaxQlLdE=">AAAB3XicbVDLTgIxFL2DL8QXPnZuGomJq8mMEJGVJC5kCYkjJECwUzrQ0Hmk7ZggYetG40rjX/gd/oJLP8E/sMNjAfEkNzk559z0nroRZ1JZ1reRWlldW99Ib2a2tnd297L7B3cyjAWhDgl5KBoulpSzgDqKKU4bkaDYdzmtu4PrxK8/UCFZGNyqYUTbPu4FzGMEKy3VRCebs01rAmSZJY1iYUZKNppbuavfm8+jx59KtZP9anVDEvs0UIRjKZu2Fan2CAvFCKfjTCuWNMJkgHt0NDlvjE611EVeKPQECk3UhRz2pRz6rk76WPXlspeI/3nNWHmX7RELoljRgEwf8mKOVIiSrqjLBCWKDzXBRDB9ISJ9LDBR+kcyurpl5i8Kdj6pvkzm1Z1zs2TaNStXtmCKNBzDCZyBDUUoQwWq4AABCs/wBu/GvfFkvBiv02jKmO0cwgKMjz/cwozJ</latexit><latexit sha1_base64="A/DgPO/sMk5i4gple+/HaxQlLdE=">AAAB3XicbVDLTgIxFL2DL8QXPnZuGomJq8mMEJGVJC5kCYkjJECwUzrQ0Hmk7ZggYetG40rjX/gd/oJLP8E/sMNjAfEkNzk559z0nroRZ1JZ1reRWlldW99Ib2a2tnd297L7B3cyjAWhDgl5KBoulpSzgDqKKU4bkaDYdzmtu4PrxK8/UCFZGNyqYUTbPu4FzGMEKy3VRCebs01rAmSZJY1iYUZKNppbuavfm8+jx59KtZP9anVDEvs0UIRjKZu2Fan2CAvFCKfjTCuWNMJkgHt0NDlvjE611EVeKPQECk3UhRz2pRz6rk76WPXlspeI/3nNWHmX7RELoljRgEwf8mKOVIiSrqjLBCWKDzXBRDB9ISJ9LDBR+kcyurpl5i8Kdj6pvkzm1Z1zs2TaNStXtmCKNBzDCZyBDUUoQwWq4AABCs/wBu/GvfFkvBiv02jKmO0cwgKMjz/cwozJ</latexit><latexit sha1_base64="pA9tiEp0wNDCYhek2H10SJ1c0Yw=">AAAB3XicbVDLTgIxFL2DL8TXqEs3jcTE1aQjRGRH4sYlJI6QAMFO6UBD55G2Y0IIWzcaVxp/yV/wb+zAsIB4kiYn55zm3nP9RHClMf61ClvbO7t7xf3SweHR8Yl9evak4lRS5tFYxLLjE8UEj5inuRask0hGQl+wtj+5z/z2C5OKx9GjniasH5JRxANOiTZSSw7ssuvgBRB26ga1ak7qLlpZZcjRHNg/vWFM05BFmgqiVNfFie7PiNScCjYv9VLFEkInZMRmi/Xm6MpIQxTE0rxIo4W6liOhUtPQN8mQ6LHa9DLxP6+b6uCuP+NRkmoW0eWgIBVIxyjrioZcMqrF1BBCJTcbIjomklBtLlIy1bFTua26laz6JllV926cuuO2cLmB8xsU4QIu4RpcqEEDHqAJHlBg8Aaf8GU9W6/Wu/WxjBas/M85rMH6/gPVVIjt</latexit>

Why it matters
Corollary It is impossible to build a wait-free 
implementation of any object with consensus 
number greater than 1 using atomic registers

Hardware must support more than 
load/store to build lock-free 
concurrent data structures

FIFO queue consensus

Input values

W L

0 1

Fifo queue public T decide (T value) {

 propose(value);


 int status := queue.deq();

 int i := ThreadID.get();

 if (status = W) 

  return proposed[i]

 else

  return proposed[i-1]

}

void  propose (T value) {

 proposed[ThreadID.get()] := value

}

Theorem The 2-dequeuer 
FIFO queue has consensus 
number at least 2



FIFO queue consensus

Not hard to prove that FIFO queues cannot 
solve 3-thread consensus

Theorem FIFO queues have consensus number 2

… and so do stacks, sets, priority queues, etc

Corollary It is impossible to implement a wait-
free FIFO queue (set, stack, etc) from atomic 
read/write registers


