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Google Go
concurrency oriented programming
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http://golang.org/

Google Go
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Go features
facilitate building reliable and efficient software

open source

compiled, garbage collected

functional and OO features

statically typed (light type system)

concurrent
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Go principles
C, C++, Java: 
too much typing (writing verbose code)
and too much typing (writing explicit types)
(and poor concurrency)

Python, JS:
no strict typing, no compiler issues
runtime errors that should be caught statically

Google Go:
compiled, static types, type inference
(and nice concurrency primitives)
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Go project

2007: started experimentation at Google
nov 2009: first release (more than 250 contributors)
may 2012: version 1.0 (two yearly releases since 2013)
feb 2023: version 1.20

C. Doxsey, Introducing Go (2016). Ch: 1-4, 6-7, 10

designed by Ken Thompson, Rob Pike, Robert Griesemer
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Go concurrency
any function can be executed in a separate lightweight thread

go f(x)

goroutines run in the same address space
package sync provides basic synchronisation primitives
programmers are encouraged NOT TO USE THEM!

do not communicate by sharing memory
instead, share memory by communicating

use built-in high-level concurrency primitives:
channels and message passing 
(inspired by process algebras)
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Go channels
channels can be created and passed around

var ch = make(chan int)

creates a channel for transmitting integers

ch1 and ch refers to the same channel

f and g share the channel ch

ch1 = ch

go f(ch)
go g(ch)
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Directionality
channels are alway created bidirectional

var ch = make(chan int)

channel types can be annotated with directionality

rec can only be used to receive integers
var rec <-chan int

var snd chan<- int
snd can only be used to send integers

rec = ch
snd = ch

are valid assignments
rec = snd // invalid!
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Go communication
to send a value (like ch!2) ch <- 2

to receive and store in x (like ch?x)

to receive and throw the value away

x = <- ch

<- ch

to close a channel (by the sender) close(ch)

to check if a channel has been closed (by the receiver)

x,ok = <- ch  // either value,true or 0,false
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Go sync communication
by default the communication is synchronous

BOTH send and receive are BLOCKING!

creates an asynchronous channel of size 100
receive on asynchronous channel is of course still blocking

asynchronous channels can be created 
by allocating a buffer of fixed size

var ch = make(chan int, 100)

send is blocking only if the buffer is full

no dedicated type for asynchronous channels:
buffering is a property of values not of types
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Go communication
to choose between different options

select {
   case x = <- ch1: { … }
   case ch2 <- v: { … }
   // both send and receive actions
   default: { … }
}

the selection is made pseudo-randomly among enabled cases
if no case is enabled, the default option is applied
if no case is enabled, and no default option is given
the select blocks until (at least) one case is enabled
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Example
non-blocking receive

select {
   case x = <- ch: { … }
   default: { … }
}

receives on x from ch, if data available
otherwise proceeds
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Name mobility
channels can be sent over channels (like in π-calculus)

a channel for communicating channels

send the channel ch over mob

var mob = make(chan chan int)

mob <- ch
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Go playground



1616

Name mobility: secrecy

S

<latexit sha1_base64="TN8hXS2Ikx5Axv128O6bLvECOMU=">AAACEHicbVDLSgNBEJz1GeMr6tHLYBA8hd0gqLegF48JmgckS+iddOKQ2QczvWJY8gXeRP/Fm3j1D/wVT+7GICaxTkVVN1WUFylpyLY/raXlldW19dxGfnNre2e3sLffMGGsBdZFqELd8sCgkgHWSZLCVqQRfE9h0xteZX7zHrWRYXBLowhdHwaB7EsBlEq1m26haJfsCfgicaakyKaodgtfnV4oYh8DEgqMaTt2RG4CmqRQOM53YoMRiCEMsJ3SAHw0bjIpOubHsQEKeYSaS8UnIv79SMA3ZuR76aUPdGfmvUz8z2vH1D93ExlEMWEgsiCSCidBRmiZLoC8JzUSQdYcuQy4AA1EqCUHIVIxTieZCVRA+JDW+U1Mx3Lmp1kkjXLJOS1d1MrFyuV0thw7ZEfshDnsjFXYNauyOhMM2SN7Zi/Wk/VqvVnvP6dL1vTngM3A+vgGVLedZA==</latexit>

as •

<latexit sha1_base64="p4bomjorEuhKQN2NkUbJO2GkTvo=">AAACG3icbVC7TgJBFJ3FF+ILpbSZSEysyK4hUTuijSUm8khgQ+4OF5ww+8jMXSPZ4J8YW/0OO2Nr4Wf4B+4ihYCnOjnnPk6OFylpyLa/rNzK6tr6Rn6zsLW9s7tX3D9omjDWAhsiVKFue2BQyQAbJElhO9IIvqew5Y2uMr91j9rIMLilcYSuD8NADqQASqVesdT1ge4kJWAmj10vVgqpVyzbFXsKvkycGSmzGeq94ne3H4rYx4CEAmM6jh2Rm4AmKRROCt3YYARiBEPspDQAH42bTMNP+HFsgEIeoeZS8amIfzcS8I0Z+146mUU1i14m/ud1Yhqcu4kMopgwENkjkgqnj4zQMm0FeV9qJIIsOXIZcAEaiFBLDkKkYpzWNHcUlHKTh/Ek7chZbGSZNE8rTrVycVMt1y5nbeXZITtiJ8xhZ6zGrlmdNZhgY/bMXtir9WS9We/Wx+9ozprtlNgcrM8f9f+i0g==</latexit>

• bs

<latexit sha1_base64="4ks2pV4i4k/fucpZFJYyAqX3Ue0=">AAACG3icbVC7TgJBFJ3FF+ILpbSZSEysyK4hUTuijSUm8khgQ+4OF5ww+8jMXSPZ4J8YW/0OO2Nr4Wf4B+4ihYCnOjnnPk6OFylpyLa/rNzK6tr6Rn6zsLW9s7tX3D9omjDWAhsiVKFue2BQyQAbJElhO9IIvqew5Y2uMr91j9rIMLilcYSuD8NADqQASqVesdT1YqWQHrs+0J2kxDOTXrFsV+wp+DJxZqTMZqj3it/dfihiHwMSCozpOHZEbgKapFA4KXRjgxGIEQyxk9IAfDRuMg0/4cexAQp5hJpLxaci/t1IwDdm7HvpZBbRLHqZ+J/XiWlw7iYyiGLCQGSPSCqcPjJCy7QV5H2pkQiy5MhlwAVoIEItOQiRinFa09xRUMpNHsZZR85iI8ukeVpxqpWLm2q5djlrK88O2RE7YQ47YzV2zeqswQQbs2f2wl6tJ+vNerc+fkdz1mynxOZgff4A9tSi0w==</latexit>

as •

<latexit sha1_base64="p4bomjorEuhKQN2NkUbJO2GkTvo=">AAACG3icbVC7TgJBFJ3FF+ILpbSZSEysyK4hUTuijSUm8khgQ+4OF5ww+8jMXSPZ4J8YW/0OO2Nr4Wf4B+4ihYCnOjnnPk6OFylpyLa/rNzK6tr6Rn6zsLW9s7tX3D9omjDWAhsiVKFue2BQyQAbJElhO9IIvqew5Y2uMr91j9rIMLilcYSuD8NADqQASqVesdT1ge4kJWAmj10vVgqpVyzbFXsKvkycGSmzGeq94ne3H4rYx4CEAmM6jh2Rm4AmKRROCt3YYARiBEPspDQAH42bTMNP+HFsgEIeoeZS8amIfzcS8I0Z+146mUU1i14m/ud1Yhqcu4kMopgwENkjkgqnj4zQMm0FeV9qJIIsOXIZcAEaiFBLDkKkYpzWNHcUlHKTh/Ek7chZbGSZNE8rTrVycVMt1y5nbeXZITtiJ8xhZ6zGrlmdNZhgY/bMXtir9WS9We/Wx+9ozprtlNgcrM8f9f+i0g==</latexit>

A

<latexit sha1_base64="aDBL+/LX88Z98tJQSEHtl+fGZhM=">AAACB3icbVDLTgJBEJzFF+IL9ehlIjHxRHYNiXpDvXiERB4JbEjv0OCE2Udmeo1kwwcYr/od3oxXP8PP8A/cRQ4C1qlS1d3VKS9S0pBtf1m5ldW19Y38ZmFre2d3r7h/0DRhrAU2RKhC3fbAoJIBNkiSwnakEXxPYcsb3WR+6wG1kWFwR+MIXR+GgRxIAZRK9atesWSX7Sn4MnFmpMRmqPWK391+KGIfAxIKjOk4dkRuApqkUDgpdGODEYgRDLGT0gB8NG4yfXTCT2IDFPIINZeKT0X8u5GAb8zY99JJH+jeLHqZ+J/XiWlw4SYyiGLCQGRBJBVOg4zQMm0AeV9qJILsc+Qy4AI0EKGWHIRIxTitZO4oKOUmj+NJ2pGz2MgyaZ6VnUr5sl4pVa9nbeXZETtmp8xh56zKblmNNZhgyJ7ZC3u1nqw36936+B3NWbOdQzYH6/MHzGCaHQ==</latexit>

• bs

<latexit sha1_base64="4ks2pV4i4k/fucpZFJYyAqX3Ue0=">AAACG3icbVC7TgJBFJ3FF+ILpbSZSEysyK4hUTuijSUm8khgQ+4OF5ww+8jMXSPZ4J8YW/0OO2Nr4Wf4B+4ihYCnOjnnPk6OFylpyLa/rNzK6tr6Rn6zsLW9s7tX3D9omjDWAhsiVKFue2BQyQAbJElhO9IIvqew5Y2uMr91j9rIMLilcYSuD8NADqQASqVesdT1YqWQHrs+0J2kxDOTXrFsV+wp+DJxZqTMZqj3it/dfihiHwMSCozpOHZEbgKapFA4KXRjgxGIEQyxk9IAfDRuMg0/4cexAQp5hJpLxaci/t1IwDdm7HvpZBbRLHqZ+J/XiWlw7iYyiGLCQGSPSCqcPjJCy7QV5H2pkQiy5MhlwAVoIEItOQiRinFa09xRUMpNHsZZR85iI8ukeVpxqpWLm2q5djlrK88O2RE7YQ47YzV2zeqswQQbs2f2wl6tJ+vNerc+fkdz1mynxOZgff4A9tSi0w==</latexit>

B

<latexit sha1_base64="L7FLYDfMedF3yFWYndC9a9GBP0I=">AAACB3icbVDLTgJBEJzFF+IL9ehlIjHxRHYNiXojePEIiTwS2JDeocEJs4/M9BrJhg8wXvU7vBmvfoaf4R+4ixwErFOlqrurU16kpCHb/rJya+sbm1v57cLO7t7+QfHwqGXCWAtsilCFuuOBQSUDbJIkhZ1II/iewrY3vsn89gNqI8PgjiYRuj6MAjmUAiiVGrV+sWSX7Rn4KnHmpMTmqPeL371BKGIfAxIKjOk6dkRuApqkUDgt9GKDEYgxjLCb0gB8NG4ye3TKz2IDFPIINZeKz0T8u5GAb8zE99JJH+jeLHuZ+J/XjWl45SYyiGLCQGRBJBXOgozQMm0A+UBqJILsc+Qy4AI0EKGWHIRIxTitZOEoKOUmj5Np2pGz3MgqaV2UnUr5ulEpVWvztvLshJ2yc+awS1Zlt6zOmkwwZM/shb1aT9ab9W59/I7mrPnOMVuA9fkDzgOaHg==</latexit>

• ab

<latexit sha1_base64="oLIYWDbWgHUB+E7/HvDiFaaLbH8=">AAACEHicbVC7TsNAEDyHd3gFKGlOREhUkY0iAV0EDSVIJEEkVrQ+NuGU89m6WyMiK3wEooXvoEO0/AGfwR9gBxdAmGo0s7uzmiBW0pLrfjilmdm5+YXFpfLyyuraemVjs2WjxAhsikhF5jIAi0pqbJIkhZexQQgDhe1geJL77Vs0Vkb6gkYx+iEMtOxLAZRJV90gUQrpHoJeperW3An4NPEKUmUFznqVz+51JJIQNQkF1nY8NyY/BUNSKByXu4nFGMQQBtjJqIYQrZ9OPh7z3cQCRTxGw6XiExF/bqQQWjsKg2wyBLqxf71c/M/rJNQ/9FOp44RQizyIpMJJkBVGZlUgv5YGiSD/HLnUXIABIjSSgxCZmGTd/DoKSvnp3WicdeT9bWSatPZrXr12dF6vNo6LthbZNtthe8xjB6zBTtkZazLBNHtkT+zZeXBenFfn7Xu05BQ7W+wXnPcviteeWw==</latexit>

ab

<latexit sha1_base64="/HDNfb/AUwjKYKsdh+IPQD8eQ7U=">AAACCHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CXjxGMQ9IltA76cQhsw9mesWw5AfEq36HN/HqX/gZ/oGbdQ8msU5FVXdXU16kpCHb/rIKS8srq2vF9dLG5tb2Tnl3r2nCWAtsiFCFuu2BQSUDbJAkhe1II/iewpY3upr6rQfURobBHY0jdH0YBnIgBVAq3YLXK1fsqp2BLxInJxWWo94rf3f7oYh9DEgoMKbj2BG5CWiSQuGk1I0NRiBGMMROSgPw0bhJ9umEH8UGKOQRai4Vz0T8u5GAb8zY99JJH+jezHtT8T+vE9Pg3E1kEMWEgZgGkVSYBRmhZVoB8r7USATTz5HLgAvQQIRachAiFeO0k5mjoJSbPI4naUfOfCOLpHlSdU6rFzenldpl3laRHbBDdswcdsZq7JrVWYMJNmDP7IW9Wk/Wm/VuffyOFqx8Z5/NwPr8AcaZmqk=</latexit>

m

<latexit sha1_base64="XSdEmDxDoD/oesFiu/JCDpjTH88=">AAACB3icbVDLTgJBEJzFF+IL9ehlIjHxRHYNiXojevEIiYAJbEjv0OCE2Udmeo1kwwcYr/od3oxXP8PP8A/cxT0IWKdKVXdXp7xISUO2/WUVVlbX1jeKm6Wt7Z3dvfL+QduEsRbYEqEK9Z0HBpUMsEWSFN5FGsH3FHa88XXmdx5QGxkGtzSJ0PVhFMihFECp1PT75YpdtWfgy8TJSYXlaPTL371BKGIfAxIKjOk6dkRuApqkUDgt9WKDEYgxjLCb0gB8NG4ye3TKT2IDFPIINZeKz0T8u5GAb8zE99JJH+jeLHqZ+J/XjWl44SYyiGLCQGRBJBXOgozQMm0A+UBqJILsc+Qy4AI0EKGWHIRIxTitZO4oKOUmj5Np2pGz2MgyaZ9VnVr1slmr1K/ytorsiB2zU+awc1ZnN6zBWkwwZM/shb1aT9ab9W59/I4WrHznkM3B+vwBFHOaSQ==</latexit>
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S

<latexit sha1_base64="TN8hXS2Ikx5Axv128O6bLvECOMU=">AAACEHicbVDLSgNBEJz1GeMr6tHLYBA8hd0gqLegF48JmgckS+iddOKQ2QczvWJY8gXeRP/Fm3j1D/wVT+7GICaxTkVVN1WUFylpyLY/raXlldW19dxGfnNre2e3sLffMGGsBdZFqELd8sCgkgHWSZLCVqQRfE9h0xteZX7zHrWRYXBLowhdHwaB7EsBlEq1m26haJfsCfgicaakyKaodgtfnV4oYh8DEgqMaTt2RG4CmqRQOM53YoMRiCEMsJ3SAHw0bjIpOubHsQEKeYSaS8UnIv79SMA3ZuR76aUPdGfmvUz8z2vH1D93ExlEMWEgsiCSCidBRmiZLoC8JzUSQdYcuQy4AA1EqCUHIVIxTieZCVRA+JDW+U1Mx3Lmp1kkjXLJOS1d1MrFyuV0thw7ZEfshDnsjFXYNauyOhMM2SN7Zi/Wk/VqvVnvP6dL1vTngM3A+vgGVLedZA==</latexit>

as •

<latexit sha1_base64="p4bomjorEuhKQN2NkUbJO2GkTvo=">AAACG3icbVC7TgJBFJ3FF+ILpbSZSEysyK4hUTuijSUm8khgQ+4OF5ww+8jMXSPZ4J8YW/0OO2Nr4Wf4B+4ihYCnOjnnPk6OFylpyLa/rNzK6tr6Rn6zsLW9s7tX3D9omjDWAhsiVKFue2BQyQAbJElhO9IIvqew5Y2uMr91j9rIMLilcYSuD8NADqQASqVesdT1ge4kJWAmj10vVgqpVyzbFXsKvkycGSmzGeq94ne3H4rYx4CEAmM6jh2Rm4AmKRROCt3YYARiBEPspDQAH42bTMNP+HFsgEIeoeZS8amIfzcS8I0Z+146mUU1i14m/ud1Yhqcu4kMopgwENkjkgqnj4zQMm0FeV9qJIIsOXIZcAEaiFBLDkKkYpzWNHcUlHKTh/Ek7chZbGSZNE8rTrVycVMt1y5nbeXZITtiJ8xhZ6zGrlmdNZhgY/bMXtir9WS9We/Wx+9ozprtlNgcrM8f9f+i0g==</latexit>

• bs

<latexit sha1_base64="4ks2pV4i4k/fucpZFJYyAqX3Ue0=">AAACG3icbVC7TgJBFJ3FF+ILpbSZSEysyK4hUTuijSUm8khgQ+4OF5ww+8jMXSPZ4J8YW/0OO2Nr4Wf4B+4ihYCnOjnnPk6OFylpyLa/rNzK6tr6Rn6zsLW9s7tX3D9omjDWAhsiVKFue2BQyQAbJElhO9IIvqew5Y2uMr91j9rIMLilcYSuD8NADqQASqVesdT1YqWQHrs+0J2kxDOTXrFsV+wp+DJxZqTMZqj3it/dfihiHwMSCozpOHZEbgKapFA4KXRjgxGIEQyxk9IAfDRuMg0/4cexAQp5hJpLxaci/t1IwDdm7HvpZBbRLHqZ+J/XiWlw7iYyiGLCQGSPSCqcPjJCy7QV5H2pkQiy5MhlwAVoIEItOQiRinFa09xRUMpNHsZZR85iI8ukeVpxqpWLm2q5djlrK88O2RE7YQ47YzV2zeqswQQbs2f2wl6tJ+vNerc+fkdz1mynxOZgff4A9tSi0w==</latexit>

as •

<latexit sha1_base64="p4bomjorEuhKQN2NkUbJO2GkTvo=">AAACG3icbVC7TgJBFJ3FF+ILpbSZSEysyK4hUTuijSUm8khgQ+4OF5ww+8jMXSPZ4J8YW/0OO2Nr4Wf4B+4ihYCnOjnnPk6OFylpyLa/rNzK6tr6Rn6zsLW9s7tX3D9omjDWAhsiVKFue2BQyQAbJElhO9IIvqew5Y2uMr91j9rIMLilcYSuD8NADqQASqVesdT1ge4kJWAmj10vVgqpVyzbFXsKvkycGSmzGeq94ne3H4rYx4CEAmM6jh2Rm4AmKRROCt3YYARiBEPspDQAH42bTMNP+HFsgEIeoeZS8amIfzcS8I0Z+146mUU1i14m/ud1Yhqcu4kMopgwENkjkgqnj4zQMm0FeV9qJIIsOXIZcAEaiFBLDkKkYpzWNHcUlHKTh/Ek7chZbGSZNE8rTrVycVMt1y5nbeXZITtiJ8xhZ6zGrlmdNZhgY/bMXtir9WS9We/Wx+9ozprtlNgcrM8f9f+i0g==</latexit>

A

<latexit sha1_base64="aDBL+/LX88Z98tJQSEHtl+fGZhM=">AAACB3icbVDLTgJBEJzFF+IL9ehlIjHxRHYNiXpDvXiERB4JbEjv0OCE2Udmeo1kwwcYr/od3oxXP8PP8A/cRQ4C1qlS1d3VKS9S0pBtf1m5ldW19Y38ZmFre2d3r7h/0DRhrAU2RKhC3fbAoJIBNkiSwnakEXxPYcsb3WR+6wG1kWFwR+MIXR+GgRxIAZRK9atesWSX7Sn4MnFmpMRmqPWK391+KGIfAxIKjOk4dkRuApqkUDgpdGODEYgRDLGT0gB8NG4yfXTCT2IDFPIINZeKT0X8u5GAb8zY99JJH+jeLHqZ+J/XiWlw4SYyiGLCQGRBJBVOg4zQMm0AeV9qJILsc+Qy4AI0EKGWHIRIxTitZO4oKOUmj+NJ2pGz2MgyaZ6VnUr5sl4pVa9nbeXZETtmp8xh56zKblmNNZhgyJ7ZC3u1nqw36936+B3NWbOdQzYH6/MHzGCaHQ==</latexit>

• bs

<latexit sha1_base64="4ks2pV4i4k/fucpZFJYyAqX3Ue0=">AAACG3icbVC7TgJBFJ3FF+ILpbSZSEysyK4hUTuijSUm8khgQ+4OF5ww+8jMXSPZ4J8YW/0OO2Nr4Wf4B+4ihYCnOjnnPk6OFylpyLa/rNzK6tr6Rn6zsLW9s7tX3D9omjDWAhsiVKFue2BQyQAbJElhO9IIvqew5Y2uMr91j9rIMLilcYSuD8NADqQASqVesdT1YqWQHrs+0J2kxDOTXrFsV+wp+DJxZqTMZqj3it/dfihiHwMSCozpOHZEbgKapFA4KXRjgxGIEQyxk9IAfDRuMg0/4cexAQp5hJpLxaci/t1IwDdm7HvpZBbRLHqZ+J/XiWlw7iYyiGLCQGSPSCqcPjJCy7QV5H2pkQiy5MhlwAVoIEItOQiRinFa09xRUMpNHsZZR85iI8ukeVpxqpWLm2q5djlrK88O2RE7YQ47YzV2zeqswQQbs2f2wl6tJ+vNerc+fkdz1mynxOZgff4A9tSi0w==</latexit>

B

<latexit sha1_base64="L7FLYDfMedF3yFWYndC9a9GBP0I=">AAACB3icbVDLTgJBEJzFF+IL9ehlIjHxRHYNiXojePEIiTwS2JDeocEJs4/M9BrJhg8wXvU7vBmvfoaf4R+4ixwErFOlqrurU16kpCHb/rJya+sbm1v57cLO7t7+QfHwqGXCWAtsilCFuuOBQSUDbJIkhZ1II/iewrY3vsn89gNqI8PgjiYRuj6MAjmUAiiVGrV+sWSX7Rn4KnHmpMTmqPeL371BKGIfAxIKjOk6dkRuApqkUDgt9GKDEYgxjLCb0gB8NG4ye3TKz2IDFPIINZeKz0T8u5GAb8zE99JJH+jeLHuZ+J/XjWl45SYyiGLCQGRBJBXOgozQMm0A+UBqJILsc+Qy4AI0EKGWHIRIxTitZOEoKOUmj5Np2pGz3MgqaV2UnUr5ulEpVWvztvLshJ2yc+awS1Zlt6zOmkwwZM/shb1aT9ab9W59/I7mrPnOMVuA9fkDzgOaHg==</latexit>

• ab

<latexit sha1_base64="oLIYWDbWgHUB+E7/HvDiFaaLbH8=">AAACEHicbVC7TsNAEDyHd3gFKGlOREhUkY0iAV0EDSVIJEEkVrQ+NuGU89m6WyMiK3wEooXvoEO0/AGfwR9gBxdAmGo0s7uzmiBW0pLrfjilmdm5+YXFpfLyyuraemVjs2WjxAhsikhF5jIAi0pqbJIkhZexQQgDhe1geJL77Vs0Vkb6gkYx+iEMtOxLAZRJV90gUQrpHoJeperW3An4NPEKUmUFznqVz+51JJIQNQkF1nY8NyY/BUNSKByXu4nFGMQQBtjJqIYQrZ9OPh7z3cQCRTxGw6XiExF/bqQQWjsKg2wyBLqxf71c/M/rJNQ/9FOp44RQizyIpMJJkBVGZlUgv5YGiSD/HLnUXIABIjSSgxCZmGTd/DoKSvnp3WicdeT9bWSatPZrXr12dF6vNo6LthbZNtthe8xjB6zBTtkZazLBNHtkT+zZeXBenFfn7Xu05BQ7W+wXnPcviteeWw==</latexit>

ab •

<latexit sha1_base64="htB+JKgd3Sq4TFCHRUMvabicgxw=">AAACEHicbVC7TsNAEDyHd3gFKGlOREhUkY0iAV0EDSVIJEEkVrQ+NuGU89m6WyMiK3wEooXvoEO0/AGfwR9gBxdAmGo0s7uzmiBW0pLrfjilmdm5+YXFpfLyyuraemVjs2WjxAhsikhF5jIAi0pqbJIkhZexQQgDhe1geJL77Vs0Vkb6gkYx+iEMtOxLAZRJVxDcd4NEKaReperW3An4NPEKUmUFznqVz+51JJIQNQkF1nY8NyY/BUNSKByXu4nFGMQQBtjJqIYQrZ9OPh7z3cQCRTxGw6XiExF/bqQQWjsKg2wyBLqxf71c/M/rJNQ/9FOp44RQizyIpMJJkBVGZlUgv5YGiSD/HLnUXIABIjSSgxCZmGTd/DoKSvnp3WicdeT9bWSatPZrXr12dF6vNo6LthbZNtthe8xjB6zBTtkZazLBNHtkT+zZeXBenFfn7Xu05BQ7W+wXnPcvirmeWw==</latexit>

m

<latexit sha1_base64="XSdEmDxDoD/oesFiu/JCDpjTH88=">AAACB3icbVDLTgJBEJzFF+IL9ehlIjHxRHYNiXojevEIiYAJbEjv0OCE2Udmeo1kwwcYr/od3oxXP8PP8A/cxT0IWKdKVXdXp7xISUO2/WUVVlbX1jeKm6Wt7Z3dvfL+QduEsRbYEqEK9Z0HBpUMsEWSFN5FGsH3FHa88XXmdx5QGxkGtzSJ0PVhFMihFECp1PT75YpdtWfgy8TJSYXlaPTL371BKGIfAxIKjOk6dkRuApqkUDgt9WKDEYgxjLCb0gB8NG4ye3TKT2IDFPIINZeKz0T8u5GAb8zE99JJH+jeLHqZ+J/XjWl44SYyiGLCQGRBJBXOgozQMm0A+UBqJILsc+Qy4AI0EKGWHIRIxTitZO4oKOUmj5Np2pGz2MgyaZ9VnVr1slmr1K/ytorsiB2zU+awc1ZnN6zBWkwwZM/shb1aT9ab9W59/I4WrHznkM3B+vwBFHOaSQ==</latexit>

Name mobility: secrecy



1818

Concurrent prime sieve
Gen

<latexit sha1_base64="HjgaNFcVHHqnXpNf3kYi0BxYE5c=">AAACFHicbVDLSsNAFJ3UV62vqks3g0VwVRIpqLuiC11WsA9oQplMb+vQySTM3Agl9De61Q9xJ27d+x3+gEnMwrae1eGcezmH40dSGLTtL6u0tr6xuVXeruzs7u0fVA+POiaMNYc2D2Woez4zIIWCNgqU0Is0sMCX0PUnt5nffQZtRKgecRqBF7CxEiPBGaaS6wYMnwQmd6Bmg2rNrts56CpxClIjBVqD6rc7DHkcgEIumTF9x47QS5hGwSXMKm5sIGJ8wsbQT6liARgvyTvP6FlsGIY0Ak2FpLkIfz8SFhgzDfz0Mutolr1M/M/rxzi68hKhohhB8SwIhYQ8yHAt0jGADoUGRJY1ByoU5UwzRNCCMs5TMU7XWQjMYjAMpclWcpY3WSWdi7rTqF8/NGrNm2KvMjkhp+ScOOSSNMk9aZE24SQic/JCXq259Wa9Wx+/pyWr+DkmC7A+fwDNxaBE</latexit>

ch •

<latexit sha1_base64="axd16WhwRPWAw3cVPjkmGum9/PY=">AAACIHicbVDLSsNAFJ3UV62vqODGzWARXJVECuqu6MZlBfuANpbJ9LYdOnkwcyOUGD+mW/0Qd+JSf8MfMIld2NazOpxzL+dw3FAKjZb1aRRWVtfWN4qbpa3tnd09c/+gqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74JvNbj6C0CPx7nITgeGzoi4HgDFOpZx49xF2P4UhgzEdJ8tx1IykBe2bZqlg56DKxZ6RMZqj3zO9uP+CRBz5yybTu2FaITswUCi4hKXUjDSHjYzaETkp95oF24rx/Qk8jzTCgISgqJM1F+PsRM0/rieeml1lXvehl4n9eJ8LBpRMLP4wQfJ4FoZCQB2muRDoM0L5QgMiy5kCFTzlTDBGUoIzzVIzSpeYCsxgMAqmTdCV7cZNl0jyv2NXK1V21XLue7VUkx+SEnBGbXJAauSV10iCcPJEpeSGvxtR4M96Nj9/TgjH7OSRzML5+AEWppUI=</latexit>

Rec

<latexit sha1_base64="dWzlZldGzTlogiwsA/tBYxEkOJw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0VwVRIpqLuiG5dV7AOaUCbT2zp0kgwzN0IJ/Y1u9UPciVv3foc/YBKzsK1ndTjnXs7h+EoKg7b9ZZXW1jc2t8rblZ3dvf2D6uFRx0Sx5tDmkYx0z2cGpAihjQIl9JQGFvgSuv7kNvO7z6CNiMJHnCrwAjYOxUhwhqnkugHDJ4HJA/DZoFqz63YOukqcgtRIgdag+u0OIx4HECKXzJi+Yyv0EqZRcAmzihsbUIxP2Bj6KQ1ZAMZL8s4zehYbhhFVoKmQNBfh70fCAmOmgZ9eZh3NspeJ/3n9GEdXXiJCFSOEPAtCISEPMlyLdAygQ6EBkWXNgYqQcqYZImhBGeepGKfrLARmMRhF0mQrOcubrJLORd1p1K/vG7XmTbFXmZyQU3JOHHJJmuSOtEibcKLInLyQV2tuvVnv1sfvackqfo7JAqzPH83boEQ=</latexit>

•

<latexit sha1_base64="85Vq218oN/fRfKglyPcu1lHv+bA=">AAACD3icbVDLSsNAFJ3UV62vqks3g0VwVRIpqLuiG5cV7APaUCbT2zp0Mgkzd4QS+hHd6oe4E7d+gt/hD5jELGz1rA7n3Ms5nCCWwqDrfjqltfWNza3ydmVnd2//oHp41DGR1RzaPJKR7gXMgBQK2ihQQi/WwMJAQjeY3mZ+9wm0EZF6wFkMfsgmSowFZ5hK3UFgpQQcVmtu3c1B/xKvIDVSoDWsfg1GEbchKOSSGdP33Bj9hGkUXMK8MrAGYsanbAL9lCoWgvGTvO6cnlnDMKIxaCokzUX4/ZGw0JhZGKSXIcNHs+pl4n9e3+L4yk+Eii2C4lkQCgl5kOFapDsAHQkNiCxrDlQoyplmiKAFZZynok2HWQrMYjCKpJmnK3mrm/wlnYu616hf3zdqzZtirzI5IafknHjkkjTJHWmRNuFkShbkmbw4C+fVeXPef05LTvFzTJbgfHwDm8ieAQ==</latexit>

2, 3, 5, 7, 9, ...

<latexit sha1_base64="+PTM/zXkso7WNXOtvyu37FjD0rQ=">AAACFXicbVC7TgJBFJ3FF+ILtbSZSEwsNptdxCAd0cYSExES2JDZ4YITZh/O3DUhhO+g1Q+xM7bWfoc/4O5KIeCpTs65N+fkeJEUGm37y8itrW9sbuW3Czu7e/sHxcOjBx3GikOThzJUbY9pkCKAJgqU0I4UMN+T0PJGN6nfegalRRjc4zgC12fDQAwEZ5hIbtm8MC/NqlkzLcvqFUu2ZWegq8SZkxKZo9Erfnf7IY99CJBLpnXHsSN0J0yh4BKmhW6sIWJ8xIbQSWjAfNDuJCs9pWexZhjSCBQVkmYi/P2YMF/rse8llz7DR73speJ/XifGwZU7EUEUIwQ8DUIhIQvSXIlkDaB9oQCRpc2BioByphgiKEEZ54kYJ/MsBKYxGIZST5OVnOVNVslD2XIqVu2uUqpfz/fKkxNySs6JQ6qkTm5JgzQJJ09kRl7IqzEz3ox34+P3NGfMf47JAozPH8Hbnck=</latexit>

”2”

<latexit sha1_base64="W7PTYEQhha+JXFBPBCYJpz0aTVc=">AAACFHicbVDLSsNAFJ34rPVVdelmaBFclaQU1F3RjcsK9gFNKJPpbR06SYaZG6GE/ka3+iHuxK17v8MfMIlZ2NazOpxzL+dwfCWFQdv+sjY2t7Z3dkt75f2Dw6Pjyslp10Sx5tDhkYx032cGpAihgwIl9JUGFvgSev70LvN7z6CNiMJHnCnwAjYJxVhwhqnkugHDJ8Sk2qjOh5WaXbdz0HXiFKRGCrSHlW93FPE4gBC5ZMYMHFuhlzCNgkuYl93YgGJ8yiYwSGnIAjBeknee04vYMIyoAk2FpLkIfz8SFhgzC/z0MutoVr1M/M8bxDi+9hIRqhgh5FkQCgl5kOFapGMAHQkNiCxrDlSElDPNEEELyjhPxThdZykwnymKpMlWclY3WSfdRt1p1m8emrXWbbFXiZyTKrkkDrkiLXJP2qRDOFFkQV7Iq7Ww3qx36+P3dMMqfs7IEqzPH9E6n6s=</latexit>

Gen

<latexit sha1_base64="HjgaNFcVHHqnXpNf3kYi0BxYE5c=">AAACFHicbVDLSsNAFJ3UV62vqks3g0VwVRIpqLuiC11WsA9oQplMb+vQySTM3Agl9De61Q9xJ27d+x3+gEnMwrae1eGcezmH40dSGLTtL6u0tr6xuVXeruzs7u0fVA+POiaMNYc2D2Woez4zIIWCNgqU0Is0sMCX0PUnt5nffQZtRKgecRqBF7CxEiPBGaaS6wYMnwQmd6Bmg2rNrts56CpxClIjBVqD6rc7DHkcgEIumTF9x47QS5hGwSXMKm5sIGJ8wsbQT6liARgvyTvP6FlsGIY0Ak2FpLkIfz8SFhgzDfz0Mutolr1M/M/rxzi68hKhohhB8SwIhYQ8yHAt0jGADoUGRJY1ByoU5UwzRNCCMs5TMU7XWQjMYjAMpclWcpY3WSWdi7rTqF8/NGrNm2KvMjkhp+ScOOSSNMk9aZE24SQic/JCXq259Wa9Wx+/pyWr+DkmC7A+fwDNxaBE</latexit>

ch •

<latexit sha1_base64="axd16WhwRPWAw3cVPjkmGum9/PY=">AAACIHicbVDLSsNAFJ3UV62vqODGzWARXJVECuqu6MZlBfuANpbJ9LYdOnkwcyOUGD+mW/0Qd+JSf8MfMIld2NazOpxzL+dw3FAKjZb1aRRWVtfWN4qbpa3tnd09c/+gqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74JvNbj6C0CPx7nITgeGzoi4HgDFOpZx49xF2P4UhgzEdJ8tx1IykBe2bZqlg56DKxZ6RMZqj3zO9uP+CRBz5yybTu2FaITswUCi4hKXUjDSHjYzaETkp95oF24rx/Qk8jzTCgISgqJM1F+PsRM0/rieeml1lXvehl4n9eJ8LBpRMLP4wQfJ4FoZCQB2muRDoM0L5QgMiy5kCFTzlTDBGUoIzzVIzSpeYCsxgMAqmTdCV7cZNl0jyv2NXK1V21XLue7VUkx+SEnBGbXJAauSV10iCcPJEpeSGvxtR4M96Nj9/TgjH7OSRzML5+AEWppUI=</latexit>

•

<latexit sha1_base64="85Vq218oN/fRfKglyPcu1lHv+bA=">AAACD3icbVDLSsNAFJ3UV62vqks3g0VwVRIpqLuiG5cV7APaUCbT2zp0Mgkzd4QS+hHd6oe4E7d+gt/hD5jELGz1rA7n3Ms5nCCWwqDrfjqltfWNza3ydmVnd2//oHp41DGR1RzaPJKR7gXMgBQK2ihQQi/WwMJAQjeY3mZ+9wm0EZF6wFkMfsgmSowFZ5hK3UFgpQQcVmtu3c1B/xKvIDVSoDWsfg1GEbchKOSSGdP33Bj9hGkUXMK8MrAGYsanbAL9lCoWgvGTvO6cnlnDMKIxaCokzUX4/ZGw0JhZGKSXIcNHs+pl4n9e3+L4yk+Eii2C4lkQCgl5kOFapDsAHQkNiCxrDlQoyplmiKAFZZynok2HWQrMYjCKpJmnK3mrm/wlnYu616hf3zdqzZtirzI5IafknHjkkjTJHWmRNuFkShbkmbw4C+fVeXPef05LTvFzTJbgfHwDm8ieAQ==</latexit>

2, 3, 5, 7, 9, ...

<latexit sha1_base64="+PTM/zXkso7WNXOtvyu37FjD0rQ=">AAACFXicbVC7TgJBFJ3FF+ILtbSZSEwsNptdxCAd0cYSExES2JDZ4YITZh/O3DUhhO+g1Q+xM7bWfoc/4O5KIeCpTs65N+fkeJEUGm37y8itrW9sbuW3Czu7e/sHxcOjBx3GikOThzJUbY9pkCKAJgqU0I4UMN+T0PJGN6nfegalRRjc4zgC12fDQAwEZ5hIbtm8MC/NqlkzLcvqFUu2ZWegq8SZkxKZo9Erfnf7IY99CJBLpnXHsSN0J0yh4BKmhW6sIWJ8xIbQSWjAfNDuJCs9pWexZhjSCBQVkmYi/P2YMF/rse8llz7DR73speJ/XifGwZU7EUEUIwQ8DUIhIQvSXIlkDaB9oQCRpc2BioByphgiKEEZ54kYJ/MsBKYxGIZST5OVnOVNVslD2XIqVu2uUqpfz/fKkxNySs6JQ6qkTm5JgzQJJ09kRl7IqzEz3ox34+P3NGfMf47JAozPH8Hbnck=</latexit>

Rec

<latexit sha1_base64="dWzlZldGzTlogiwsA/tBYxEkOJw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0VwVRIpqLuiG5dV7AOaUCbT2zp0kgwzN0IJ/Y1u9UPciVv3foc/YBKzsK1ndTjnXs7h+EoKg7b9ZZXW1jc2t8rblZ3dvf2D6uFRx0Sx5tDmkYx0z2cGpAihjQIl9JQGFvgSuv7kNvO7z6CNiMJHnCrwAjYOxUhwhqnkugHDJ4HJA/DZoFqz63YOukqcgtRIgdag+u0OIx4HECKXzJi+Yyv0EqZRcAmzihsbUIxP2Bj6KQ1ZAMZL8s4zehYbhhFVoKmQNBfh70fCAmOmgZ9eZh3NspeJ/3n9GEdXXiJCFSOEPAtCISEPMlyLdAygQ6EBkWXNgYqQcqYZImhBGeepGKfrLARmMRhF0mQrOcubrJLORd1p1K/vG7XmTbFXmZyQU3JOHHJJmuSOtEibcKLInLyQV2tuvVnv1sfvackqfo7JAqzPH83boEQ=</latexit>

•

<latexit sha1_base64="85Vq218oN/fRfKglyPcu1lHv+bA=">AAACD3icbVDLSsNAFJ3UV62vqks3g0VwVRIpqLuiG5cV7APaUCbT2zp0Mgkzd4QS+hHd6oe4E7d+gt/hD5jELGz1rA7n3Ms5nCCWwqDrfjqltfWNza3ydmVnd2//oHp41DGR1RzaPJKR7gXMgBQK2ihQQi/WwMJAQjeY3mZ+9wm0EZF6wFkMfsgmSowFZ5hK3UFgpQQcVmtu3c1B/xKvIDVSoDWsfg1GEbchKOSSGdP33Bj9hGkUXMK8MrAGYsanbAL9lCoWgvGTvO6cnlnDMKIxaCokzUX4/ZGw0JhZGKSXIcNHs+pl4n9e3+L4yk+Eii2C4lkQCgl5kOFapDsAHQkNiCxrDlQoyplmiKAFZZynok2HWQrMYjCKpJmnK3mrm/wlnYu616hf3zdqzZtirzI5IafknHjkkjTJHWmRNuFkShbkmbw4C+fVeXPef05LTvFzTJbgfHwDm8ieAQ==</latexit>

Filt(2)

<latexit sha1_base64="Se1/3v9vy0Ksj3Dh5MCIWSZ3ym0=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0Wom5KUgrorCuKygn1AG8pkeluHTh7M3BRK6J90qx/iTty68Tv8AZOYhW09q8M593IOxw2l0GhZX0ZhY3Nre6e4W9rbPzg8Mo9P2jqIFIcWD2Sgui7TIIUPLRQooRsqYJ4roeNO7lK/MwWlReA/4SwEx2NjX4wEZ5hIA9PsewyfBcb3QuK8UrscmGWramWg68TOSZnkaA7M7/4w4JEHPnLJtO7ZVohOzBQKLmFe6kcaQsYnbAy9hPrMA+3EWfM5vYg0w4CGoKiQNBPh70fMPK1nnptcpj31qpeK/3m9CEfXTiz8MELweRqEQkIWpLkSySRAh0IBIkubAxU+5UwxRFCCMs4TMUo2WgpMYzAIpJ4nK9mrm6yTdq1q16s3j/Vy4zbfq0jOyDmpEJtckQZ5IE3SIpxMyYK8kFdjYbwZ78bH72nByH9OyRKMzx+LxaGV</latexit>

ch1 •

<latexit sha1_base64="mw5yduaURKECzsf/5fV6uX3/VKQ=">AAACGXicbVC7TgJBFJ3FF+ID1NJmIjGxIruGRO2INpaYCJjASmaHC0yYfWTmjgnZ4I/Q6ofYGVsrv8MfcHfdQsBTnZxzb87J8SIpNNr2l1VYW9/Y3Cpul3Z29/bLlYPDtg6N4tDioQzVg8c0SBFACwVKeIgUMN+T0PEmN6nfeQKlRRjc4zQC12ejQAwFZ5hI/Ur5MebjvjN77nlGSsB+pWrX7Ax0lTg5qZIczX7luzcIufEhQC6Z1l3HjtCNmULBJcxKPaMhYnzCRtBNaMB80G6cFZ/RU6MZhjQCRYWkmQh/P2Lmaz31veTSZzjWy14q/ud1DQ4v3VgEkUEIeBqEQkIWpLkSySJAB0IBIkubAxUB5UwxRFCCMs4T0SQTLQSmMRiGUs+SlZzlTVZJ+7zm1GtXd/Vq4zrfq0iOyQk5Iw65IA1yS5qkRTgxZE5eyKs1t96sd+vj97Rg5T9HZAHW5w+eOKGx</latexit>

2, 3, 5, 7, 9, ...

<latexit sha1_base64="+PTM/zXkso7WNXOtvyu37FjD0rQ=">AAACFXicbVC7TgJBFJ3FF+ILtbSZSEwsNptdxCAd0cYSExES2JDZ4YITZh/O3DUhhO+g1Q+xM7bWfoc/4O5KIeCpTs65N+fkeJEUGm37y8itrW9sbuW3Czu7e/sHxcOjBx3GikOThzJUbY9pkCKAJgqU0I4UMN+T0PJGN6nfegalRRjc4zgC12fDQAwEZ5hIbtm8MC/NqlkzLcvqFUu2ZWegq8SZkxKZo9Erfnf7IY99CJBLpnXHsSN0J0yh4BKmhW6sIWJ8xIbQSWjAfNDuJCs9pWexZhjSCBQVkmYi/P2YMF/rse8llz7DR73speJ/XifGwZU7EUEUIwQ8DUIhIQvSXIlkDaB9oQCRpc2BioByphgiKEEZ54kYJ/MsBKYxGIZST5OVnOVNVslD2XIqVu2uUqpfz/fKkxNySs6JQ6qkTm5JgzQJJ09kRl7IqzEz3ox34+P3NGfMf47JAozPH8Hbnck=</latexit>

Gen

<latexit sha1_base64="HjgaNFcVHHqnXpNf3kYi0BxYE5c=">AAACFHicbVDLSsNAFJ3UV62vqks3g0VwVRIpqLuiC11WsA9oQplMb+vQySTM3Agl9De61Q9xJ27d+x3+gEnMwrae1eGcezmH40dSGLTtL6u0tr6xuVXeruzs7u0fVA+POiaMNYc2D2Woez4zIIWCNgqU0Is0sMCX0PUnt5nffQZtRKgecRqBF7CxEiPBGaaS6wYMnwQmd6Bmg2rNrts56CpxClIjBVqD6rc7DHkcgEIumTF9x47QS5hGwSXMKm5sIGJ8wsbQT6liARgvyTvP6FlsGIY0Ak2FpLkIfz8SFhgzDfz0Mutolr1M/M/rxzi68hKhohhB8SwIhYQ8yHAt0jGADoUGRJY1ByoU5UwzRNCCMs5TMU7XWQjMYjAMpclWcpY3WSWdi7rTqF8/NGrNm2KvMjkhp+ScOOSSNMk9aZE24SQic/JCXq259Wa9Wx+/pyWr+DkmC7A+fwDNxaBE</latexit>

ch •

<latexit sha1_base64="axd16WhwRPWAw3cVPjkmGum9/PY=">AAACIHicbVDLSsNAFJ3UV62vqODGzWARXJVECuqu6MZlBfuANpbJ9LYdOnkwcyOUGD+mW/0Qd+JSf8MfMIld2NazOpxzL+dw3FAKjZb1aRRWVtfWN4qbpa3tnd09c/+gqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74JvNbj6C0CPx7nITgeGzoi4HgDFOpZx49xF2P4UhgzEdJ8tx1IykBe2bZqlg56DKxZ6RMZqj3zO9uP+CRBz5yybTu2FaITswUCi4hKXUjDSHjYzaETkp95oF24rx/Qk8jzTCgISgqJM1F+PsRM0/rieeml1lXvehl4n9eJ8LBpRMLP4wQfJ4FoZCQB2muRDoM0L5QgMiy5kCFTzlTDBGUoIzzVIzSpeYCsxgMAqmTdCV7cZNl0jyv2NXK1V21XLue7VUkx+SEnBGbXJAauSV10iCcPJEpeSGvxtR4M96Nj9/TgjH7OSRzML5+AEWppUI=</latexit>

•

<latexit sha1_base64="85Vq218oN/fRfKglyPcu1lHv+bA=">AAACD3icbVDLSsNAFJ3UV62vqks3g0VwVRIpqLuiG5cV7APaUCbT2zp0Mgkzd4QS+hHd6oe4E7d+gt/hD5jELGz1rA7n3Ms5nCCWwqDrfjqltfWNza3ydmVnd2//oHp41DGR1RzaPJKR7gXMgBQK2ihQQi/WwMJAQjeY3mZ+9wm0EZF6wFkMfsgmSowFZ5hK3UFgpQQcVmtu3c1B/xKvIDVSoDWsfg1GEbchKOSSGdP33Bj9hGkUXMK8MrAGYsanbAL9lCoWgvGTvO6cnlnDMKIxaCokzUX4/ZGw0JhZGKSXIcNHs+pl4n9e3+L4yk+Eii2C4lkQCgl5kOFapDsAHQkNiCxrDlQoyplmiKAFZZynok2HWQrMYjCKpJmnK3mrm/wlnYu616hf3zdqzZtirzI5IafknHjkkjTJHWmRNuFkShbkmbw4C+fVeXPef05LTvFzTJbgfHwDm8ieAQ==</latexit>

2, 3, 5, 7, 9, ...

<latexit sha1_base64="+PTM/zXkso7WNXOtvyu37FjD0rQ=">AAACFXicbVC7TgJBFJ3FF+ILtbSZSEwsNptdxCAd0cYSExES2JDZ4YITZh/O3DUhhO+g1Q+xM7bWfoc/4O5KIeCpTs65N+fkeJEUGm37y8itrW9sbuW3Czu7e/sHxcOjBx3GikOThzJUbY9pkCKAJgqU0I4UMN+T0PJGN6nfegalRRjc4zgC12fDQAwEZ5hIbtm8MC/NqlkzLcvqFUu2ZWegq8SZkxKZo9Erfnf7IY99CJBLpnXHsSN0J0yh4BKmhW6sIWJ8xIbQSWjAfNDuJCs9pWexZhjSCBQVkmYi/P2YMF/rse8llz7DR73speJ/XifGwZU7EUEUIwQ8DUIhIQvSXIlkDaB9oQCRpc2BioByphgiKEEZ54kYJ/MsBKYxGIZST5OVnOVNVslD2XIqVu2uUqpfz/fKkxNySs6JQ6qkTm5JgzQJJ09kRl7IqzEz3ox34+P3NGfMf47JAozPH8Hbnck=</latexit>

•

<latexit sha1_base64="85Vq218oN/fRfKglyPcu1lHv+bA=">AAACD3icbVDLSsNAFJ3UV62vqks3g0VwVRIpqLuiG5cV7APaUCbT2zp0Mgkzd4QS+hHd6oe4E7d+gt/hD5jELGz1rA7n3Ms5nCCWwqDrfjqltfWNza3ydmVnd2//oHp41DGR1RzaPJKR7gXMgBQK2ihQQi/WwMJAQjeY3mZ+9wm0EZF6wFkMfsgmSowFZ5hK3UFgpQQcVmtu3c1B/xKvIDVSoDWsfg1GEbchKOSSGdP33Bj9hGkUXMK8MrAGYsanbAL9lCoWgvGTvO6cnlnDMKIxaCokzUX4/ZGw0JhZGKSXIcNHs+pl4n9e3+L4yk+Eii2C4lkQCgl5kOFapDsAHQkNiCxrDlQoyplmiKAFZZynok2HWQrMYjCKpJmnK3mrm/wlnYu616hf3zdqzZtirzI5IafknHjkkjTJHWmRNuFkShbkmbw4C+fVeXPef05LTvFzTJbgfHwDm8ieAQ==</latexit>

Filt(2)

<latexit sha1_base64="Se1/3v9vy0Ksj3Dh5MCIWSZ3ym0=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0Wom5KUgrorCuKygn1AG8pkeluHTh7M3BRK6J90qx/iTty68Tv8AZOYhW09q8M593IOxw2l0GhZX0ZhY3Nre6e4W9rbPzg8Mo9P2jqIFIcWD2Sgui7TIIUPLRQooRsqYJ4roeNO7lK/MwWlReA/4SwEx2NjX4wEZ5hIA9PsewyfBcb3QuK8UrscmGWramWg68TOSZnkaA7M7/4w4JEHPnLJtO7ZVohOzBQKLmFe6kcaQsYnbAy9hPrMA+3EWfM5vYg0w4CGoKiQNBPh70fMPK1nnptcpj31qpeK/3m9CEfXTiz8MELweRqEQkIWpLkSySRAh0IBIkubAxU+5UwxRFCCMs4TMUo2WgpMYzAIpJ4nK9mrm6yTdq1q16s3j/Vy4zbfq0jOyDmpEJtckQZ5IE3SIpxMyYK8kFdjYbwZ78bH72nByH9OyRKMzx+LxaGV</latexit>

ch1 •

<latexit sha1_base64="mw5yduaURKECzsf/5fV6uX3/VKQ=">AAACGXicbVC7TgJBFJ3FF+ID1NJmIjGxIruGRO2INpaYCJjASmaHC0yYfWTmjgnZ4I/Q6ofYGVsrv8MfcHfdQsBTnZxzb87J8SIpNNr2l1VYW9/Y3Cpul3Z29/bLlYPDtg6N4tDioQzVg8c0SBFACwVKeIgUMN+T0PEmN6nfeQKlRRjc4zQC12ejQAwFZ5hI/Ur5MebjvjN77nlGSsB+pWrX7Ax0lTg5qZIczX7luzcIufEhQC6Z1l3HjtCNmULBJcxKPaMhYnzCRtBNaMB80G6cFZ/RU6MZhjQCRYWkmQh/P2Lmaz31veTSZzjWy14q/ud1DQ4v3VgEkUEIeBqEQkIWpLkSySJAB0IBIkubAxUB5UwxRFCCMs4T0SQTLQSmMRiGUs+SlZzlTVZJ+7zm1GtXd/Vq4zrfq0iOyQk5Iw65IA1yS5qkRTgxZE5eyKs1t96sd+vj97Rg5T9HZAHW5w+eOKGx</latexit>

2, 3, 5, 7, 9, ...

<latexit sha1_base64="+PTM/zXkso7WNXOtvyu37FjD0rQ=">AAACFXicbVC7TgJBFJ3FF+ILtbSZSEwsNptdxCAd0cYSExES2JDZ4YITZh/O3DUhhO+g1Q+xM7bWfoc/4O5KIeCpTs65N+fkeJEUGm37y8itrW9sbuW3Czu7e/sHxcOjBx3GikOThzJUbY9pkCKAJgqU0I4UMN+T0PJGN6nfegalRRjc4zgC12fDQAwEZ5hIbtm8MC/NqlkzLcvqFUu2ZWegq8SZkxKZo9Erfnf7IY99CJBLpnXHsSN0J0yh4BKmhW6sIWJ8xIbQSWjAfNDuJCs9pWexZhjSCBQVkmYi/P2YMF/rse8llz7DR73speJ/XifGwZU7EUEUIwQ8DUIhIQvSXIlkDaB9oQCRpc2BioByphgiKEEZ54kYJ/MsBKYxGIZST5OVnOVNVslD2XIqVu2uUqpfz/fKkxNySs6JQ6qkTm5JgzQJJ09kRl7IqzEz3ox34+P3NGfMf47JAozPH8Hbnck=</latexit>

Rec

<latexit sha1_base64="dWzlZldGzTlogiwsA/tBYxEkOJw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0VwVRIpqLuiG5dV7AOaUCbT2zp0kgwzN0IJ/Y1u9UPciVv3foc/YBKzsK1ndTjnXs7h+EoKg7b9ZZXW1jc2t8rblZ3dvf2D6uFRx0Sx5tDmkYx0z2cGpAihjQIl9JQGFvgSuv7kNvO7z6CNiMJHnCrwAjYOxUhwhqnkugHDJ4HJA/DZoFqz63YOukqcgtRIgdag+u0OIx4HECKXzJi+Yyv0EqZRcAmzihsbUIxP2Bj6KQ1ZAMZL8s4zehYbhhFVoKmQNBfh70fCAmOmgZ9eZh3NspeJ/3n9GEdXXiJCFSOEPAtCISEPMlyLdAygQ6EBkWXNgYqQcqYZImhBGeepGKfrLARmMRhF0mQrOcubrJLORd1p1K/vG7XmTbFXmZyQU3JOHHJJmuSOtEibcKLInLyQV2tuvVnv1sfvackqfo7JAqzPH83boEQ=</latexit>

•

<latexit sha1_base64="85Vq218oN/fRfKglyPcu1lHv+bA=">AAACD3icbVDLSsNAFJ3UV62vqks3g0VwVRIpqLuiG5cV7APaUCbT2zp0Mgkzd4QS+hHd6oe4E7d+gt/hD5jELGz1rA7n3Ms5nCCWwqDrfjqltfWNza3ydmVnd2//oHp41DGR1RzaPJKR7gXMgBQK2ihQQi/WwMJAQjeY3mZ+9wm0EZF6wFkMfsgmSowFZ5hK3UFgpQQcVmtu3c1B/xKvIDVSoDWsfg1GEbchKOSSGdP33Bj9hGkUXMK8MrAGYsanbAL9lCoWgvGTvO6cnlnDMKIxaCokzUX4/ZGw0JhZGKSXIcNHs+pl4n9e3+L4yk+Eii2C4lkQCgl5kOFapDsAHQkNiCxrDlQoyplmiKAFZZynok2HWQrMYjCKpJmnK3mrm/wlnYu616hf3zdqzZtirzI5IafknHjkkjTJHWmRNuFkShbkmbw4C+fVeXPef05LTvFzTJbgfHwDm8ieAQ==</latexit>

ch2 •

<latexit sha1_base64="FSLlL7THqwF+/IE3PcwAlakPuQM=">AAACGXicbVC7TgJBFJ3FF+ID1NJmIjGxIruERO2INpaYyCOBdTM7XGDC7CMzd0zIBn+EVj/Eztha+R3+gLtIIeCpTs65N+fk+LEUGm37y8ptbG5t7+R3C3v7B4fF0tFxS0dGcWjySEaq4zMNUoTQRIESOrECFvgS2v74NvPbT6C0iMIHnMTgBmwYioHgDFPJKxUfEz7yqtPnnm+kBPRKZbtiz0HXibMgZbJAwyt99/oRNwGEyCXTuuvYMboJUyi4hGmhZzTEjI/ZELopDVkA2k3mxaf03GiGEY1BUSHpXIS/HwkLtJ4EfnoZMBzpVS8T//O6BgdXbiLC2CCEPAtCIWEepLkS6SJA+0IBIsuaAxUh5UwxRFCCMs5T0aQTLQVmMRhFUk/TlZzVTdZJq1pxapXr+1q5frPYK09OyRm5IA65JHVyRxqkSTgxZEZeyKs1s96sd+vj9zRnLX5OyBKszx+f5qGy</latexit>

”3”

<latexit sha1_base64="ot8Dz4PHz+LhcHOI/87iS+24UGA=">AAACFHicbVDLSsNAFJ34rPVVdelmaBFclUQL6q7oxmUF+4AmlMn0tg6dJMPMjVBCf6Nb/RB34ta93+EPmMQsbOtZHc65l3M4vpLCoG1/WWvrG5tb26Wd8u7e/sFh5ei4Y6JYc2jzSEa65zMDUoTQRoESekoDC3wJXX9yl/ndZ9BGROEjThV4ARuHYiQ4w1Ry3YDhE2JSvazOBpWaXbdz0FXiFKRGCrQGlW93GPE4gBC5ZMb0HVuhlzCNgkuYld3YgGJ8wsbQT2nIAjBeknee0bPYMIyoAk2FpLkIfz8SFhgzDfz0Mutolr1M/M/rxzi69hIRqhgh5FkQCgl5kOFapGMAHQoNiCxrDlSElDPNEEELyjhPxThdZyEwnymKpMlWcpY3WSWdi7rTqN88NGrN22KvEjklVXJOHHJFmuSetEibcKLInLyQV2tuvVnv1sfv6ZpV/JyQBVifP9Lhn6w=</latexit>

Filt(3)

<latexit sha1_base64="W+K8KoCfklEVSKfSwSmjxEOlTKM=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0Wom5JoQd0VBXFZwT6gLWUyva1DJw9mbgol5E+61Q9xJ27d+B3+gEnMwrae1eGcezmH4wRSaLSsL6Owtr6xuVXcLu3s7u0fmIdHLe2HikOT+9JXHYdpkMKDJgqU0AkUMNeR0HYmd6nfnoLSwveecBZA32VjT4wEZ5hIA9PsuQyfBUb3QmJcuTwfmGWramWgq8TOSZnkaAzM797Q56ELHnLJtO7aVoD9iCkUXEJc6oUaAsYnbAzdhHrMBd2PsuYxPQs1Q58GoKiQNBPh70fEXK1nrpNcpj31speK/3ndEEfX/Uh4QYjg8TQIhYQsSHMlkkmADoUCRJY2Byo8ypliiKAEZZwnYphstBCYxqDvSx0nK9nLm6yS1kXVrlVvHmvl+m2+V5GckFNSITa5InXyQBqkSTiZkjl5Ia/G3Hgz3o2P39OCkf8ckwUYnz+Na6GW</latexit>

3, 5, 7, 11, ...

<latexit sha1_base64="MbVGGX+z2S0LDJ9iglpVE861jB4=">AAACFHicbVDLTsJAFJ3iC/GFunQzkZi4aJpWMeiO6MYlJvJIoCHT4YITpo/M3JoQwm+w1Q9xZ9y69zv8AdvahYBndXLOvTknx4uk0GjbX0ZhbX1jc6u4XdrZ3ds/KB8etXQYKw5NHspQdTymQYoAmihQQidSwHxPQtsb36V++xmUFmHwiJMIXJ+NAjEUnGEi9S7NK7NmOo5pWVa/XLEtOwNdJU5OKiRHo1/+7g1CHvsQIJdM665jR+hOmULBJcxKvVhDxPiYjaCb0ID5oN1p1nlGz2LNMKQRKCokzUT4+zFlvtYT30sufYZPetlLxf+8bozDa3cqgihGCHgahEJCFqS5EskYQAdCASJLmwMVAeVMMURQgjLOEzFO1lkITGMwDKWeJSs5y5usktaF5VStm4dqpX6b71UkJ+SUnBOH1Eid3JMGaRJOIjInL+TVmBtvxrvx8XtaMPKfY7IA4/MHQ1Odig==</latexit>


