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• Categorical characterization of Büchi and parity conditions

• Büchi automaton: an automaton accepting infinite words

• A run is accepting if it visits     infinitely many times
• A word is accepted if it has an accepting run
Example:

A
x0 x1

a
%%

b
##

bee

a

cc

is accepting

is accepted from x0

x0
b�! x1

a�! x0
b�! x1

a�! x0 . . .
<latexit sha1_base64="wPd4aQBZnSmGn+RH3hGs5sbxgQ8="></latexit><latexit sha1_base64="wPd4aQBZnSmGn+RH3hGs5sbxgQ8="></latexit><latexit sha1_base64="wPd4aQBZnSmGn+RH3hGs5sbxgQ8="></latexit><latexit sha1_base64="wPd4aQBZnSmGn+RH3hGs5sbxgQ8="></latexit>

baba . . .
<latexit sha1_base64="INeHKHsYFqPnUMzTUUqt95IZCu4="></latexit><latexit sha1_base64="INeHKHsYFqPnUMzTUUqt95IZCu4="></latexit><latexit sha1_base64="INeHKHsYFqPnUMzTUUqt95IZCu4="></latexit><latexit sha1_base64="INeHKHsYFqPnUMzTUUqt95IZCu4="></latexit>
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• We characterized behaviors of Büchi automaton as           
decorated trace semantics

• For a Büchi automaton, we characterize its behavior as:

dtr1(A) : X1 �! P(A+(A+)!)
<latexit sha1_base64="237Iff2hfzo5jrgob8KQQChHqZ0="></latexit><latexit sha1_base64="237Iff2hfzo5jrgob8KQQChHqZ0="></latexit><latexit sha1_base64="237Iff2hfzo5jrgob8KQQChHqZ0="></latexit><latexit sha1_base64="237Iff2hfzo5jrgob8KQQChHqZ0="></latexit>

dtr2(A) : X2 �! P((A+)!)
<latexit sha1_base64="IBqOAPxehRwPv7K+/3ysTPNa7FU="></latexit><latexit sha1_base64="IBqOAPxehRwPv7K+/3ysTPNa7FU="></latexit><latexit sha1_base64="IBqOAPxehRwPv7K+/3ysTPNa7FU="></latexit><latexit sha1_base64="IBqOAPxehRwPv7K+/3ysTPNa7FU="></latexit>

X1 := {x : nonaccepting}
X2 := {x : accepting}
A : alphabet

<latexit sha1_base64="odb8CHVrygkWOQZGyfEWRU9gqtw="></latexit><latexit sha1_base64="odb8CHVrygkWOQZGyfEWRU9gqtw="></latexit><latexit sha1_base64="odb8CHVrygkWOQZGyfEWRU9gqtw="></latexit><latexit sha1_base64="odb8CHVrygkWOQZGyfEWRU9gqtw="></latexit>
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<latexit sha1_base64="zv6MVJYI4IwQ/uGPXl3kiIGrNx0="></latexit><latexit sha1_base64="zv6MVJYI4IwQ/uGPXl3kiIGrNx0="></latexit><latexit sha1_base64="zv6MVJYI4IwQ/uGPXl3kiIGrNx0="></latexit><latexit sha1_base64="zv6MVJYI4IwQ/uGPXl3kiIGrNx0="></latexit>

<latexit sha1_base64="ZsUYOyJ1snaEtxdjfsYuzU/zG58="></latexit><latexit sha1_base64="ZsUYOyJ1snaEtxdjfsYuzU/zG58="></latexit><latexit sha1_base64="ZsUYOyJ1snaEtxdjfsYuzU/zG58="></latexit><latexit sha1_base64="ZsUYOyJ1snaEtxdjfsYuzU/zG58="></latexit>

•          and                   are regarded as the set 
of infinite words “decorated” with       and
(A+)!

<latexit sha1_base64="U4LDLdqt70rKAMFKpo4J9xbomls="></latexit><latexit sha1_base64="U4LDLdqt70rKAMFKpo4J9xbomls="></latexit><latexit sha1_base64="U4LDLdqt70rKAMFKpo4J9xbomls="></latexit><latexit sha1_base64="U4LDLdqt70rKAMFKpo4J9xbomls="></latexit>

A+(A+)!

• We characterized behaviors of Büchi automaton as           
decorated trace semantics

• For a Büchi automaton, we characterize its behavior as:

dtr1(A) : X1 �! P(A+(A+)!)
<latexit sha1_base64="237Iff2hfzo5jrgob8KQQChHqZ0="></latexit><latexit sha1_base64="237Iff2hfzo5jrgob8KQQChHqZ0="></latexit><latexit sha1_base64="237Iff2hfzo5jrgob8KQQChHqZ0="></latexit><latexit sha1_base64="237Iff2hfzo5jrgob8KQQChHqZ0="></latexit>

dtr2(A) : X2 �! P((A+)!)
<latexit sha1_base64="IBqOAPxehRwPv7K+/3ysTPNa7FU="></latexit><latexit sha1_base64="IBqOAPxehRwPv7K+/3ysTPNa7FU="></latexit><latexit sha1_base64="IBqOAPxehRwPv7K+/3ysTPNa7FU="></latexit><latexit sha1_base64="IBqOAPxehRwPv7K+/3ysTPNa7FU="></latexit>

X1 := {x : nonaccepting}
X2 := {x : accepting}
A : alphabet

<latexit sha1_base64="odb8CHVrygkWOQZGyfEWRU9gqtw="></latexit><latexit sha1_base64="odb8CHVrygkWOQZGyfEWRU9gqtw="></latexit><latexit sha1_base64="odb8CHVrygkWOQZGyfEWRU9gqtw="></latexit><latexit sha1_base64="odb8CHVrygkWOQZGyfEWRU9gqtw="></latexit>
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2 (A+)!
<latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit>

(a00a01 . . . a0n0)(a10a11 . . . a1n1) . . .
<latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit><latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit><latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit><latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit>
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2 (A+)!
<latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit>

(a00a01 . . . a0n0)(a10a11 . . . a1n1) . . .
<latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit><latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit><latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit><latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit>
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a00 a01 . . . a0n0 a10 a11 . . . a1n1 . . .
<latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit><latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit><latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit><latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit>
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2 (A+)!
<latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit>

(a00a01 . . . a0n0)(a10a11 . . . a1n1) . . .
<latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit><latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit><latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit><latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit>

 4

Decorated Word

a00 a01 . . . a0n0 a10 a11 . . . a1n1 . . .
<latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit><latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit><latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit><latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

. . .
<latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit>

. . .
<latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit> . . .

<latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit>
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2 (A+)!
<latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit>

(a00a01 . . . a0n0)(a10a11 . . . a1n1) . . .
<latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit><latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit><latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit><latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit>

 4

Decorated Word

a00 a01 . . . a0n0 a10 a11 . . . a1n1 . . .
<latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit><latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit><latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit><latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

. . .
<latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit>

. . .
<latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit> . . .

<latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit>

a00��! a01��! · · ·
a0n0���! a10��! a11��! · · ·

a1n1���! ! · · ·
<latexit sha1_base64="lRmvNVQ5gKEJPt+PG8p30L7SqrA="></latexit><latexit sha1_base64="lRmvNVQ5gKEJPt+PG8p30L7SqrA="></latexit><latexit sha1_base64="lRmvNVQ5gKEJPt+PG8p30L7SqrA="></latexit><latexit sha1_base64="lRmvNVQ5gKEJPt+PG8p30L7SqrA="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>
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2 (A+)!
<latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit>

(a00a01 . . . a0n0)(a10a11 . . . a1n1) . . .
<latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit><latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit><latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit><latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit>

 4

Decorated Word

a00 a01 . . . a0n0 a10 a11 . . . a1n1 . . .
<latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit><latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit><latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit><latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

. . .
<latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit>

. . .
<latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit> . . .

<latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit>

a00��! a01��! · · ·
a0n0���! a10��! a11��! · · ·

a1n1���! ! · · ·
<latexit sha1_base64="lRmvNVQ5gKEJPt+PG8p30L7SqrA="></latexit><latexit sha1_base64="lRmvNVQ5gKEJPt+PG8p30L7SqrA="></latexit><latexit sha1_base64="lRmvNVQ5gKEJPt+PG8p30L7SqrA="></latexit><latexit sha1_base64="lRmvNVQ5gKEJPt+PG8p30L7SqrA="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

2 A+(A+)!
<latexit sha1_base64="5YxqYy1ED/tpklpgtSqv5lEFvJU="></latexit><latexit sha1_base64="5YxqYy1ED/tpklpgtSqv5lEFvJU="></latexit><latexit sha1_base64="5YxqYy1ED/tpklpgtSqv5lEFvJU="></latexit><latexit sha1_base64="5YxqYy1ED/tpklpgtSqv5lEFvJU="></latexit>

a0�! a1�! · · · an�! a00��! a01��! · · ·
a0n0���! a10��! a11��! · · ·

a1n1���! ! · · ·
<latexit sha1_base64="shDvyr69yyocwniOjicrrOIRS+4="></latexit><latexit sha1_base64="shDvyr69yyocwniOjicrrOIRS+4="></latexit><latexit sha1_base64="shDvyr69yyocwniOjicrrOIRS+4="></latexit><latexit sha1_base64="shDvyr69yyocwniOjicrrOIRS+4="></latexit>

a0a1 . . . an(a00a01 . . . a0n0)(a10a11 . . . a1n1) . . .
<latexit sha1_base64="z8f4Z0afgEEqSEg+OjA7oUsxlVQ="></latexit><latexit sha1_base64="z8f4Z0afgEEqSEg+OjA7oUsxlVQ="></latexit><latexit sha1_base64="z8f4Z0afgEEqSEg+OjA7oUsxlVQ="></latexit><latexit sha1_base64="z8f4Z0afgEEqSEg+OjA7oUsxlVQ="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>
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2 (A+)!
<latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit>

(a00a01 . . . a0n0)(a10a11 . . . a1n1) . . .
<latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit><latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit><latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit><latexit sha1_base64="mDdAQ4Jmi6Q8BUFR5nFeka4vTEY="></latexit>

 4

Decorated Word
Büchi condition satisfied
Note:

a00 a01 . . . a0n0 a10 a11 . . . a1n1 . . .
<latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit><latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit><latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit><latexit sha1_base64="MQSmMDpMlM/SGEFo6q8CHSYvUxA="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit><latexit sha1_base64="GfSCun3Q/NZxv4/2fokGdN/8Isc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

. . .
<latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit>

. . .
<latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit> . . .

<latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit><latexit sha1_base64="OoUY7Z5UXZPAlvBSyYE7KgCHUPg="></latexit>

a00��! a01��! · · ·
a0n0���! a10��! a11��! · · ·

a1n1���! ! · · ·
<latexit sha1_base64="lRmvNVQ5gKEJPt+PG8p30L7SqrA="></latexit><latexit sha1_base64="lRmvNVQ5gKEJPt+PG8p30L7SqrA="></latexit><latexit sha1_base64="lRmvNVQ5gKEJPt+PG8p30L7SqrA="></latexit><latexit sha1_base64="lRmvNVQ5gKEJPt+PG8p30L7SqrA="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

2 A+(A+)!
<latexit sha1_base64="5YxqYy1ED/tpklpgtSqv5lEFvJU="></latexit><latexit sha1_base64="5YxqYy1ED/tpklpgtSqv5lEFvJU="></latexit><latexit sha1_base64="5YxqYy1ED/tpklpgtSqv5lEFvJU="></latexit><latexit sha1_base64="5YxqYy1ED/tpklpgtSqv5lEFvJU="></latexit>

a0�! a1�! · · · an�! a00��! a01��! · · ·
a0n0���! a10��! a11��! · · ·

a1n1���! ! · · ·
<latexit sha1_base64="shDvyr69yyocwniOjicrrOIRS+4="></latexit><latexit sha1_base64="shDvyr69yyocwniOjicrrOIRS+4="></latexit><latexit sha1_base64="shDvyr69yyocwniOjicrrOIRS+4="></latexit><latexit sha1_base64="shDvyr69yyocwniOjicrrOIRS+4="></latexit>

a0a1 . . . an(a00a01 . . . a0n0)(a10a11 . . . a1n1) . . .
<latexit sha1_base64="z8f4Z0afgEEqSEg+OjA7oUsxlVQ="></latexit><latexit sha1_base64="z8f4Z0afgEEqSEg+OjA7oUsxlVQ="></latexit><latexit sha1_base64="z8f4Z0afgEEqSEg+OjA7oUsxlVQ="></latexit><latexit sha1_base64="z8f4Z0afgEEqSEg+OjA7oUsxlVQ="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>

<latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit><latexit sha1_base64="0Nd5gXJ4r1Nb0ibRIj5wyKc2nMc="></latexit>
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Decorated Trace Semantics

dtr1(A) : X1 �! P(A+(A+)!)
<latexit sha1_base64="237Iff2hfzo5jrgob8KQQChHqZ0=">AAA5RnicxVtbc9vGFd6kt1S9xGkf80JHtseOZFWU5NRu64yjuHI6VhI3thrPiLIGBEESFUCwBGhRZvlz+BP6I/oTOn1tn9uXTl97zre7xIUAdim1qTSkgLN7rnvO7tmzq/Yw8ONke/svb739rW9/57vfe+f7az/44Y9+/O61937yuzgaj1zvyI2CaPSy7cRe4A+8o8RPAu/lcOQ5YTvwvm6ffcrtX7/2RrEfDV4kF0PvJHR6A7 </latexit><latexit sha1_base64="237Iff2hfzo5jrgob8KQQChHqZ0=">AAA5RnicxVtbc9vGFd6kt1S9xGkf80JHtseOZFWU5NRu64yjuHI6VhI3thrPiLIGBEESFUCwBGhRZvlz+BP6I/oTOn1tn9uXTl97zre7xIUAdim1qTSkgLN7rnvO7tmzq/Yw8ONke/svb739rW9/57vfe+f7az/44Y9+/O61937yuzgaj1zvyI2CaPSy7cRe4A+8o8RPAu/lcOQ5YTvwvm6ffcrtX7/2RrEfDV4kF0PvJHR6A7 </latexit><latexit sha1_base64="237Iff2hfzo5jrgob8KQQChHqZ0=">AAA5RnicxVtbc9vGFd6kt1S9xGkf80JHtseOZFWU5NRu64yjuHI6VhI3thrPiLIGBEESFUCwBGhRZvlz+BP6I/oTOn1tn9uXTl97zre7xIUAdim1qTSkgLN7rnvO7tmzq/Yw8ONke/svb739rW9/57vfe+f7az/44Y9+/O61937yuzgaj1zvyI2CaPSy7cRe4A+8o8RPAu/lcOQ5YTvwvm6ffcrtX7/2RrEfDV4kF0PvJHR6A7 </latexit><latexit sha1_base64="237Iff2hfzo5jrgob8KQQChHqZ0=">AAA5RnicxVtbc9vGFd6kt1S9xGkf80JHtseOZFWU5NRu64yjuHI6VhI3thrPiLIGBEESFUCwBGhRZvlz+BP6I/oTOn1tn9uXTl97zre7xIUAdim1qTSkgLN7rnvO7tmzq/Yw8ONke/svb739rW9/57vfe+f7az/44Y9+/O61937yuzgaj1zvyI2CaPSy7cRe4A+8o8RPAu/lcOQ5YTvwvm6ffcrtX7/2RrEfDV4kF0PvJHR6A7 </latexit>

dtr2(A) : X2 �! P((A+)!)
<latexit sha1_base64="IBqOAPxehRwPv7K+/3ysTPNa7FU=">AAA5PXicxVtLcxvHER47L4d5ycnRF8iUVJJJMQRIOXQSuWRaIZ0SbSuWGKuKoFgLYAFsuItFsAsRFIKfg1t+RH5DbqnknFMqlVuu6f5mBvvA7s6AjG2yAO72TD+ne6anZ9ga+l4Ub2//7Y03v/Xt73z3e299f+0HP/zRj39y4+2f/j4Kx6O2e9wO/XD0ouVEru8N3OPYi333xXDkOkHLd79snX/M7V++ckeRFw6ex5dD9zRweg </latexit><latexit sha1_base64="IBqOAPxehRwPv7K+/3ysTPNa7FU=">AAA5PXicxVtLcxvHER47L4d5ycnRF8iUVJJJMQRIOXQSuWRaIZ0SbSuWGKuKoFgLYAFsuItFsAsRFIKfg1t+RH5DbqnknFMqlVuu6f5mBvvA7s6AjG2yAO72TD+ne6anZ9ga+l4Ub2//7Y03v/Xt73z3e299f+0HP/zRj39y4+2f/j4Kx6O2e9wO/XD0ouVEru8N3OPYi333xXDkOkHLd79snX/M7V++ckeRFw6ex5dD9zRweg </latexit><latexit sha1_base64="IBqOAPxehRwPv7K+/3ysTPNa7FU=">AAA5PXicxVtLcxvHER47L4d5ycnRF8iUVJJJMQRIOXQSuWRaIZ0SbSuWGKuKoFgLYAFsuItFsAsRFIKfg1t+RH5DbqnknFMqlVuu6f5mBvvA7s6AjG2yAO72TD+ne6anZ9ga+l4Ub2//7Y03v/Xt73z3e299f+0HP/zRj39y4+2f/j4Kx6O2e9wO/XD0ouVEru8N3OPYi333xXDkOkHLd79snX/M7V++ckeRFw6ex5dD9zRweg </latexit><latexit sha1_base64="IBqOAPxehRwPv7K+/3ysTPNa7FU=">AAA5PXicxVtLcxvHER47L4d5ycnRF8iUVJJJMQRIOXQSuWRaIZ0SbSuWGKuKoFgLYAFsuItFsAsRFIKfg1t+RH5DbqnknFMqlVuu6f5mBvvA7s6AjG2yAO72TD+ne6anZ9ga+l4Ub2//7Y03v/Xt73z3e299f+0HP/zRj39y4+2f/j4Kx6O2e9wO/XD0ouVEru8N3OPYi333xXDkOkHLd79snX/M7V++ckeRFw6ex5dD9zRweg </latexit>

x 7!
<latexit sha1_base64="0fHZxbQrFaRDNDijnS7NP1SjqKQ="></latexit><latexit sha1_base64="0fHZxbQrFaRDNDijnS7NP1SjqKQ="></latexit><latexit sha1_base64="0fHZxbQrFaRDNDijnS7NP1SjqKQ="></latexit><latexit sha1_base64="0fHZxbQrFaRDNDijnS7NP1SjqKQ="></latexit>

8
><

>:
•0

a0�! •1
a1�! •2 ! · · ·

�������

x0
a0�! x1

a1�! x2 ! · · · : a run on A
•i 2 { , }, xi : •i,

•i = for infinitely many i’s

9
>=

>;
<latexit sha1_base64="d8e10sHnfAlhagAe3Ko6clG+0m4="></latexit><latexit sha1_base64="d8e10sHnfAlhagAe3Ko6clG+0m4="></latexit><latexit sha1_base64="d8e10sHnfAlhagAe3Ko6clG+0m4="></latexit><latexit sha1_base64="d8e10sHnfAlhagAe3Ko6clG+0m4="></latexit>

dtr1(A)(x)
<latexit sha1_base64="yS+n08UVacG0/Yo98v3HAc40KS8="></latexit><latexit sha1_base64="yS+n08UVacG0/Yo98v3HAc40KS8="></latexit><latexit sha1_base64="yS+n08UVacG0/Yo98v3HAc40KS8="></latexit><latexit sha1_base64="yS+n08UVacG0/Yo98v3HAc40KS8="></latexit>

dtr2(A)(x)
<latexit sha1_base64="SH9UP+jmx3iav9eGBm48FXGLz7o="></latexit><latexit sha1_base64="SH9UP+jmx3iav9eGBm48FXGLz7o="></latexit><latexit sha1_base64="SH9UP+jmx3iav9eGBm48FXGLz7o="></latexit><latexit sha1_base64="SH9UP+jmx3iav9eGBm48FXGLz7o="></latexit>

A
<latexit sha1_base64="/3rFMSpNIqBVrVyyHuY+R7kYW70="></latexit><latexit sha1_base64="/3rFMSpNIqBVrVyyHuY+R7kYW70="></latexit><latexit sha1_base64="/3rFMSpNIqBVrVyyHuY+R7kYW70="></latexit><latexit sha1_base64="/3rFMSpNIqBVrVyyHuY+R7kYW70="></latexit>

•                   and                    assign a set of infinite words 
accepted by     , decorated with        and      , i.e.

<latexit sha1_base64="zv6MVJYI4IwQ/uGPXl3kiIGrNx0="></latexit><latexit sha1_base64="zv6MVJYI4IwQ/uGPXl3kiIGrNx0="></latexit><latexit sha1_base64="zv6MVJYI4IwQ/uGPXl3kiIGrNx0="></latexit><latexit sha1_base64="zv6MVJYI4IwQ/uGPXl3kiIGrNx0="></latexit>

<latexit sha1_base64="ZsUYOyJ1snaEtxdjfsYuzU/zG58="></latexit><latexit sha1_base64="ZsUYOyJ1snaEtxdjfsYuzU/zG58="></latexit><latexit sha1_base64="ZsUYOyJ1snaEtxdjfsYuzU/zG58="></latexit><latexit sha1_base64="ZsUYOyJ1snaEtxdjfsYuzU/zG58="></latexit>

 
X : state space

A : alphabet

!

<latexit sha1_base64="q8KowkqPnkt3+vdLWTio/WLfB84="></latexit><latexit sha1_base64="q8KowkqPnkt3+vdLWTio/WLfB84="></latexit><latexit sha1_base64="q8KowkqPnkt3+vdLWTio/WLfB84="></latexit><latexit sha1_base64="q8KowkqPnkt3+vdLWTio/WLfB84="></latexit>
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Decorated Trace Semantics

dtr1(A) : X1 �! P(A+(A+)!)
<latexit sha1_base64="237Iff2hfzo5jrgob8KQQChHqZ0=">AAA5RnicxVtbc9vGFd6kt1S9xGkf80JHtseOZFWU5NRu64yjuHI6VhI3thrPiLIGBEESFUCwBGhRZvlz+BP6I/oTOn1tn9uXTl97zre7xIUAdim1qTSkgLN7rnvO7tmzq/Yw8ONke/svb739rW9/57vfe+f7az/44Y9+/O61937yuzgaj1zvyI2CaPSy7cRe4A+8o8RPAu/lcOQ5YTvwvm6ffcrtX7/2RrEfDV4kF0PvJHR6A7 </latexit><latexit sha1_base64="237Iff2hfzo5jrgob8KQQChHqZ0=">AAA5RnicxVtbc9vGFd6kt1S9xGkf80JHtseOZFWU5NRu64yjuHI6VhI3thrPiLIGBEESFUCwBGhRZvlz+BP6I/oTOn1tn9uXTl97zre7xIUAdim1qTSkgLN7rnvO7tmzq/Yw8ONke/svb739rW9/57vfe+f7az/44Y9+/O61937yuzgaj1zvyI2CaPSy7cRe4A+8o8RPAu/lcOQ5YTvwvm6ffcrtX7/2RrEfDV4kF0PvJHR6A7 </latexit><latexit sha1_base64="237Iff2hfzo5jrgob8KQQChHqZ0=">AAA5RnicxVtbc9vGFd6kt1S9xGkf80JHtseOZFWU5NRu64yjuHI6VhI3thrPiLIGBEESFUCwBGhRZvlz+BP6I/oTOn1tn9uXTl97zre7xIUAdim1qTSkgLN7rnvO7tmzq/Yw8ONke/svb739rW9/57vfe+f7az/44Y9+/O61937yuzgaj1zvyI2CaPSy7cRe4A+8o8RPAu/lcOQ5YTvwvm6ffcrtX7/2RrEfDV4kF0PvJHR6A7 </latexit><latexit sha1_base64="237Iff2hfzo5jrgob8KQQChHqZ0=">AAA5RnicxVtbc9vGFd6kt1S9xGkf80JHtseOZFWU5NRu64yjuHI6VhI3thrPiLIGBEESFUCwBGhRZvlz+BP6I/oTOn1tn9uXTl97zre7xIUAdim1qTSkgLN7rnvO7tmzq/Yw8ONke/svb739rW9/57vfe+f7az/44Y9+/O61937yuzgaj1zvyI2CaPSy7cRe4A+8o8RPAu/lcOQ5YTvwvm6ffcrtX7/2RrEfDV4kF0PvJHR6A7 </latexit>

dtr2(A) : X2 �! P((A+)!)
<latexit sha1_base64="IBqOAPxehRwPv7K+/3ysTPNa7FU=">AAA5PXicxVtLcxvHER47L4d5ycnRF8iUVJJJMQRIOXQSuWRaIZ0SbSuWGKuKoFgLYAFsuItFsAsRFIKfg1t+RH5DbqnknFMqlVuu6f5mBvvA7s6AjG2yAO72TD+ne6anZ9ga+l4Ub2//7Y03v/Xt73z3e299f+0HP/zRj39y4+2f/j4Kx6O2e9wO/XD0ouVEru8N3OPYi333xXDkOkHLd79snX/M7V++ckeRFw6ex5dD9zRweg </latexit><latexit sha1_base64="IBqOAPxehRwPv7K+/3ysTPNa7FU=">AAA5PXicxVtLcxvHER47L4d5ycnRF8iUVJJJMQRIOXQSuWRaIZ0SbSuWGKuKoFgLYAFsuItFsAsRFIKfg1t+RH5DbqnknFMqlVuu6f5mBvvA7s6AjG2yAO72TD+ne6anZ9ga+l4Ub2//7Y03v/Xt73z3e299f+0HP/zRj39y4+2f/j4Kx6O2e9wO/XD0ouVEru8N3OPYi333xXDkOkHLd79snX/M7V++ckeRFw6ex5dD9zRweg </latexit><latexit sha1_base64="IBqOAPxehRwPv7K+/3ysTPNa7FU=">AAA5PXicxVtLcxvHER47L4d5ycnRF8iUVJJJMQRIOXQSuWRaIZ0SbSuWGKuKoFgLYAFsuItFsAsRFIKfg1t+RH5DbqnknFMqlVuu6f5mBvvA7s6AjG2yAO72TD+ne6anZ9ga+l4Ub2//7Y03v/Xt73z3e299f+0HP/zRj39y4+2f/j4Kx6O2e9wO/XD0ouVEru8N3OPYi333xXDkOkHLd79snX/M7V++ckeRFw6ex5dD9zRweg </latexit><latexit sha1_base64="IBqOAPxehRwPv7K+/3ysTPNa7FU=">AAA5PXicxVtLcxvHER47L4d5ycnRF8iUVJJJMQRIOXQSuWRaIZ0SbSuWGKuKoFgLYAFsuItFsAsRFIKfg1t+RH5DbqnknFMqlVuu6f5mBvvA7s6AjG2yAO72TD+ne6anZ9ga+l4Ub2//7Y03v/Xt73z3e299f+0HP/zRj39y4+2f/j4Kx6O2e9wO/XD0ouVEru8N3OPYi333xXDkOkHLd79snX/M7V++ckeRFw6ex5dD9zRweg </latexit>

x 7!
<latexit sha1_base64="0fHZxbQrFaRDNDijnS7NP1SjqKQ="></latexit><latexit sha1_base64="0fHZxbQrFaRDNDijnS7NP1SjqKQ="></latexit><latexit sha1_base64="0fHZxbQrFaRDNDijnS7NP1SjqKQ="></latexit><latexit sha1_base64="0fHZxbQrFaRDNDijnS7NP1SjqKQ="></latexit>

8
><

>:
•0

a0�! •1
a1�! •2 ! · · ·

�������

x0
a0�! x1

a1�! x2 ! · · · : a run on A
•i 2 { , }, xi : •i,

•i = for infinitely many i’s

9
>=

>;
<latexit sha1_base64="d8e10sHnfAlhagAe3Ko6clG+0m4="></latexit><latexit sha1_base64="d8e10sHnfAlhagAe3Ko6clG+0m4="></latexit><latexit sha1_base64="d8e10sHnfAlhagAe3Ko6clG+0m4="></latexit><latexit sha1_base64="d8e10sHnfAlhagAe3Ko6clG+0m4="></latexit>

dtr1(A)(x)
<latexit sha1_base64="yS+n08UVacG0/Yo98v3HAc40KS8="></latexit><latexit sha1_base64="yS+n08UVacG0/Yo98v3HAc40KS8="></latexit><latexit sha1_base64="yS+n08UVacG0/Yo98v3HAc40KS8="></latexit><latexit sha1_base64="yS+n08UVacG0/Yo98v3HAc40KS8="></latexit>

dtr2(A)(x)
<latexit sha1_base64="SH9UP+jmx3iav9eGBm48FXGLz7o="></latexit><latexit sha1_base64="SH9UP+jmx3iav9eGBm48FXGLz7o="></latexit><latexit sha1_base64="SH9UP+jmx3iav9eGBm48FXGLz7o="></latexit><latexit sha1_base64="SH9UP+jmx3iav9eGBm48FXGLz7o="></latexit>

A
<latexit sha1_base64="/3rFMSpNIqBVrVyyHuY+R7kYW70="></latexit><latexit sha1_base64="/3rFMSpNIqBVrVyyHuY+R7kYW70="></latexit><latexit sha1_base64="/3rFMSpNIqBVrVyyHuY+R7kYW70="></latexit><latexit sha1_base64="/3rFMSpNIqBVrVyyHuY+R7kYW70="></latexit>

•                   and                    assign a set of infinite words 
accepted by     , decorated with        and      , i.e.

<latexit sha1_base64="zv6MVJYI4IwQ/uGPXl3kiIGrNx0="></latexit><latexit sha1_base64="zv6MVJYI4IwQ/uGPXl3kiIGrNx0="></latexit><latexit sha1_base64="zv6MVJYI4IwQ/uGPXl3kiIGrNx0="></latexit><latexit sha1_base64="zv6MVJYI4IwQ/uGPXl3kiIGrNx0="></latexit>

<latexit sha1_base64="ZsUYOyJ1snaEtxdjfsYuzU/zG58="></latexit><latexit sha1_base64="ZsUYOyJ1snaEtxdjfsYuzU/zG58="></latexit><latexit sha1_base64="ZsUYOyJ1snaEtxdjfsYuzU/zG58="></latexit><latexit sha1_base64="ZsUYOyJ1snaEtxdjfsYuzU/zG58="></latexit>

 
X : state space

A : alphabet

!

<latexit sha1_base64="q8KowkqPnkt3+vdLWTio/WLfB84="></latexit><latexit sha1_base64="q8KowkqPnkt3+vdLWTio/WLfB84="></latexit><latexit sha1_base64="q8KowkqPnkt3+vdLWTio/WLfB84="></latexit><latexit sha1_base64="q8KowkqPnkt3+vdLWTio/WLfB84="></latexit>

Example:

x0 x1
a

%%
b
##

bee

a

cc
8
><

>:
c0�! •1

c1�! •2 ! · · ·

�������

•0 = ,

(
ci�! •i+1) 2 { a�! ,

b�! }
•i = for infinitely many i’s

9
>=

>;
<latexit sha1_base64="C7q9yJgrgoO07ddN2QJDdzQ7w+I="></latexit><latexit sha1_base64="C7q9yJgrgoO07ddN2QJDdzQ7w+I="></latexit><latexit sha1_base64="C7q9yJgrgoO07ddN2QJDdzQ7w+I="></latexit><latexit sha1_base64="C7q9yJgrgoO07ddN2QJDdzQ7w+I="></latexit>

dtr1(A)(x0) =
<latexit sha1_base64="ZRmKxQcto4P6fEzxaOGoXMzMulc="></latexit><latexit sha1_base64="ZRmKxQcto4P6fEzxaOGoXMzMulc="></latexit><latexit sha1_base64="ZRmKxQcto4P6fEzxaOGoXMzMulc="></latexit><latexit sha1_base64="ZRmKxQcto4P6fEzxaOGoXMzMulc="></latexit>
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Another Characterization of Behaviors

x 7!
(
a0a1 . . .

�����
x = x0

a0�! x1
a1�! x2

a2�! · · ·
xi : for infinitely many i’s

)

<latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit><latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit><latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit><latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit>

trB(A) : X ! PA!
<latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit>

• (Ordinary Büchi) trace semantics
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Another Characterization of Behaviors

Example:

x0 x1
a

%%
b
##

bee

a

cc

trB(A)(x0) = trB(A)(x1) =
<latexit sha1_base64="KkH1LrLEqyho7t8ZHgpbGUDd+Dk="></latexit><latexit sha1_base64="KkH1LrLEqyho7t8ZHgpbGUDd+Dk="></latexit><latexit sha1_base64="KkH1LrLEqyho7t8ZHgpbGUDd+Dk="></latexit><latexit sha1_base64="KkH1LrLEqyho7t8ZHgpbGUDd+Dk="></latexit>

n
w

���w contains infinitely many b’s
o

<latexit sha1_base64="6ZjOxBjjLXE7v09gKXJT1cW3NOk="></latexit><latexit sha1_base64="6ZjOxBjjLXE7v09gKXJT1cW3NOk="></latexit><latexit sha1_base64="6ZjOxBjjLXE7v09gKXJT1cW3NOk="></latexit><latexit sha1_base64="6ZjOxBjjLXE7v09gKXJT1cW3NOk="></latexit>

x 7!
(
a0a1 . . .

�����
x = x0

a0�! x1
a1�! x2

a2�! · · ·
xi : for infinitely many i’s

)

<latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit><latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit><latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit><latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit>

trB(A) : X ! PA!
<latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit>

• (Ordinary Büchi) trace semantics
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Another Characterization of Behaviors

Example:

x0 x1
a

%%
b
##

bee

a

cc

trB(A)(x0) = trB(A)(x1) =
<latexit sha1_base64="KkH1LrLEqyho7t8ZHgpbGUDd+Dk="></latexit><latexit sha1_base64="KkH1LrLEqyho7t8ZHgpbGUDd+Dk="></latexit><latexit sha1_base64="KkH1LrLEqyho7t8ZHgpbGUDd+Dk="></latexit><latexit sha1_base64="KkH1LrLEqyho7t8ZHgpbGUDd+Dk="></latexit>

n
w

���w contains infinitely many b’s
o

<latexit sha1_base64="6ZjOxBjjLXE7v09gKXJT1cW3NOk="></latexit><latexit sha1_base64="6ZjOxBjjLXE7v09gKXJT1cW3NOk="></latexit><latexit sha1_base64="6ZjOxBjjLXE7v09gKXJT1cW3NOk="></latexit><latexit sha1_base64="6ZjOxBjjLXE7v09gKXJT1cW3NOk="></latexit>

x 7!
(
a0a1 . . .

�����
x = x0

a0�! x1
a1�! x2

a2�! · · ·
xi : for infinitely many i’s

)

<latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit><latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit><latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit><latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit>

trB(A) : X ! PA!
<latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit>

• (Ordinary Büchi) trace semantics

X1 + X2 A!

dtr(A)

trB(A)

[p1, p2]A+(A+)! + (A+)!

=

•           and           are connected by the 
“flattening function”
dtr(c)

<latexit sha1_base64="90CPAgdhJoz6DPSuUFgxkb1CqKc="></latexit><latexit sha1_base64="90CPAgdhJoz6DPSuUFgxkb1CqKc="></latexit><latexit sha1_base64="90CPAgdhJoz6DPSuUFgxkb1CqKc="></latexit><latexit sha1_base64="90CPAgdhJoz6DPSuUFgxkb1CqKc="></latexit>

trB(c)
<latexit sha1_base64="/OKhjj8tD5f9hLaBfQJFA6H4z2A="></latexit><latexit sha1_base64="/OKhjj8tD5f9hLaBfQJFA6H4z2A="></latexit><latexit sha1_base64="/OKhjj8tD5f9hLaBfQJFA6H4z2A="></latexit><latexit sha1_base64="/OKhjj8tD5f9hLaBfQJFA6H4z2A="></latexit>
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Contributions

• Relationship to (ordinary) Büchi trace semantics 

• Datatypes            and                for Büchi condition(A+)!
<latexit sha1_base64="U4LDLdqt70rKAMFKpo4J9xbomls="></latexit><latexit sha1_base64="U4LDLdqt70rKAMFKpo4J9xbomls="></latexit><latexit sha1_base64="U4LDLdqt70rKAMFKpo4J9xbomls="></latexit><latexit sha1_base64="U4LDLdqt70rKAMFKpo4J9xbomls="></latexit>

A+(A+)!

• Decorated trace semantics             anddtr1(c)
<latexit sha1_base64="egXaXd3xJZDSBg4/2Jdq8pBSD+o="></latexit><latexit sha1_base64="egXaXd3xJZDSBg4/2Jdq8pBSD+o="></latexit><latexit sha1_base64="egXaXd3xJZDSBg4/2Jdq8pBSD+o="></latexit><latexit sha1_base64="egXaXd3xJZDSBg4/2Jdq8pBSD+o="></latexit>

dtr2(c)
<latexit sha1_base64="EhhwmJBFUe+feSyjC+GmHCj+nZU="></latexit><latexit sha1_base64="EhhwmJBFUe+feSyjC+GmHCj+nZU="></latexit><latexit sha1_base64="EhhwmJBFUe+feSyjC+GmHCj+nZU="></latexit><latexit sha1_base64="EhhwmJBFUe+feSyjC+GmHCj+nZU="></latexit>
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• Relationship to (ordinary) Büchi trace semantics 

• Datatypes            and                for Büchi condition(A+)!
<latexit sha1_base64="U4LDLdqt70rKAMFKpo4J9xbomls="></latexit><latexit sha1_base64="U4LDLdqt70rKAMFKpo4J9xbomls="></latexit><latexit sha1_base64="U4LDLdqt70rKAMFKpo4J9xbomls="></latexit><latexit sha1_base64="U4LDLdqt70rKAMFKpo4J9xbomls="></latexit>

A+(A+)!

• Decorated trace semantics             anddtr1(c)
<latexit sha1_base64="egXaXd3xJZDSBg4/2Jdq8pBSD+o="></latexit><latexit sha1_base64="egXaXd3xJZDSBg4/2Jdq8pBSD+o="></latexit><latexit sha1_base64="egXaXd3xJZDSBg4/2Jdq8pBSD+o="></latexit><latexit sha1_base64="egXaXd3xJZDSBg4/2Jdq8pBSD+o="></latexit>

dtr2(c)
<latexit sha1_base64="EhhwmJBFUe+feSyjC+GmHCj+nZU="></latexit><latexit sha1_base64="EhhwmJBFUe+feSyjC+GmHCj+nZU="></latexit><latexit sha1_base64="EhhwmJBFUe+feSyjC+GmHCj+nZU="></latexit><latexit sha1_base64="EhhwmJBFUe+feSyjC+GmHCj+nZU="></latexit>

8
>>>><

>>>>:
<latexit sha1_base64="KiYCBaaVoFceww7TImOTbdRckb8=">AAA5U3icxVtfdxtHFZ+GAsVQSOGxL0qd+JTaMZLtlORAeoIb7HLillDHbc6xHB/9WcmLdyWhXcVyFn0cfRA+BA98Al7LMy/c+5sZ7f+dkUVb+0jevTP379w7c+fOuD3y3CCs1//11q0fvP3DH/34nZ+s/fRn7/78F7ff++VXwXAy7jgnnaE3HL9stwLHcwfOSeiGnvNyNHZafttzvm5ffsrtX792xoE7HLwIr0fOmd/qD9ye22 </latexit><latexit sha1_base64="KiYCBaaVoFceww7TImOTbdRckb8=">AAA5U3icxVtfdxtHFZ+GAsVQSOGxL0qd+JTaMZLtlORAeoIb7HLillDHbc6xHB/9WcmLdyWhXcVyFn0cfRA+BA98Al7LMy/c+5sZ7f+dkUVb+0jevTP379w7c+fOuD3y3CCs1//11q0fvP3DH/34nZ+s/fRn7/78F7ff++VXwXAy7jgnnaE3HL9stwLHcwfOSeiGnvNyNHZafttzvm5ffsrtX792xoE7HLwIr0fOmd/qD9ye22 </latexit><latexit sha1_base64="KiYCBaaVoFceww7TImOTbdRckb8=">AAA5U3icxVtfdxtHFZ+GAsVQSOGxL0qd+JTaMZLtlORAeoIb7HLillDHbc6xHB/9WcmLdyWhXcVyFn0cfRA+BA98Al7LMy/c+5sZ7f+dkUVb+0jevTP379w7c+fOuD3y3CCs1//11q0fvP3DH/34nZ+s/fRn7/78F7ff++VXwXAy7jgnnaE3HL9stwLHcwfOSeiGnvNyNHZafttzvm5ffsrtX792xoE7HLwIr0fOmd/qD9ye22 </latexit><latexit sha1_base64="KiYCBaaVoFceww7TImOTbdRckb8=">AAA5U3icxVtfdxtHFZ+GAsVQSOGxL0qd+JTaMZLtlORAeoIb7HLillDHbc6xHB/9WcmLdyWhXcVyFn0cfRA+BA98Al7LMy/c+5sZ7f+dkUVb+0jevTP379w7c+fOuD3y3CCs1//11q0fvP3DH/34nZ+s/fRn7/78F7ff++VXwXAy7jgnnaE3HL9stwLHcwfOSeiGnvNyNHZafttzvm5ffsrtX792xoE7HLwIr0fOmd/qD9ye22 </latexit>

Categorical generalization
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• Datatypes            and                for Büchi condition(A+)!
<latexit sha1_base64="U4LDLdqt70rKAMFKpo4J9xbomls="></latexit><latexit sha1_base64="U4LDLdqt70rKAMFKpo4J9xbomls="></latexit><latexit sha1_base64="U4LDLdqt70rKAMFKpo4J9xbomls="></latexit><latexit sha1_base64="U4LDLdqt70rKAMFKpo4J9xbomls="></latexit>

A+(A+)!

• Decorated trace semantics             anddtr1(c)
<latexit sha1_base64="egXaXd3xJZDSBg4/2Jdq8pBSD+o="></latexit><latexit sha1_base64="egXaXd3xJZDSBg4/2Jdq8pBSD+o="></latexit><latexit sha1_base64="egXaXd3xJZDSBg4/2Jdq8pBSD+o="></latexit><latexit sha1_base64="egXaXd3xJZDSBg4/2Jdq8pBSD+o="></latexit>

dtr2(c)
<latexit sha1_base64="EhhwmJBFUe+feSyjC+GmHCj+nZU="></latexit><latexit sha1_base64="EhhwmJBFUe+feSyjC+GmHCj+nZU="></latexit><latexit sha1_base64="EhhwmJBFUe+feSyjC+GmHCj+nZU="></latexit><latexit sha1_base64="EhhwmJBFUe+feSyjC+GmHCj+nZU="></latexit>

8
>>>><

>>>>:
<latexit sha1_base64="KiYCBaaVoFceww7TImOTbdRckb8=">AAA5U3icxVtfdxtHFZ+GAsVQSOGxL0qd+JTaMZLtlORAeoIb7HLillDHbc6xHB/9WcmLdyWhXcVyFn0cfRA+BA98Al7LMy/c+5sZ7f+dkUVb+0jevTP379w7c+fOuD3y3CCs1//11q0fvP3DH/34nZ+s/fRn7/78F7ff++VXwXAy7jgnnaE3HL9stwLHcwfOSeiGnvNyNHZafttzvm5ffsrtX792xoE7HLwIr0fOmd/qD9ye22 </latexit><latexit sha1_base64="KiYCBaaVoFceww7TImOTbdRckb8=">AAA5U3icxVtfdxtHFZ+GAsVQSOGxL0qd+JTaMZLtlORAeoIb7HLillDHbc6xHB/9WcmLdyWhXcVyFn0cfRA+BA98Al7LMy/c+5sZ7f+dkUVb+0jevTP379w7c+fOuD3y3CCs1//11q0fvP3DH/34nZ+s/fRn7/78F7ff++VXwXAy7jgnnaE3HL9stwLHcwfOSeiGnvNyNHZafttzvm5ffsrtX792xoE7HLwIr0fOmd/qD9ye22 </latexit><latexit sha1_base64="KiYCBaaVoFceww7TImOTbdRckb8=">AAA5U3icxVtfdxtHFZ+GAsVQSOGxL0qd+JTaMZLtlORAeoIb7HLillDHbc6xHB/9WcmLdyWhXcVyFn0cfRA+BA98Al7LMy/c+5sZ7f+dkUVb+0jevTP379w7c+fOuD3y3CCs1//11q0fvP3DH/34nZ+s/fRn7/78F7ff++VXwXAy7jgnnaE3HL9stwLHcwfOSeiGnvNyNHZafttzvm5ffsrtX792xoE7HLwIr0fOmd/qD9ye22 </latexit><latexit sha1_base64="KiYCBaaVoFceww7TImOTbdRckb8=">AAA5U3icxVtfdxtHFZ+GAsVQSOGxL0qd+JTaMZLtlORAeoIb7HLillDHbc6xHB/9WcmLdyWhXcVyFn0cfRA+BA98Al7LMy/c+5sZ7f+dkUVb+0jevTP379w7c+fOuD3y3CCs1//11q0fvP3DH/34nZ+s/fRn7/78F7ff++VXwXAy7jgnnaE3HL9stwLHcwfOSeiGnvNyNHZafttzvm5ffsrtX792xoE7HLwIr0fOmd/qD9ye22 </latexit>

Categorical generalization

• Applicable to parity condition (generalization of Büchi cond.)
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<latexit sha1_base64="egXaXd3xJZDSBg4/2Jdq8pBSD+o="></latexit><latexit sha1_base64="egXaXd3xJZDSBg4/2Jdq8pBSD+o="></latexit><latexit sha1_base64="egXaXd3xJZDSBg4/2Jdq8pBSD+o="></latexit><latexit sha1_base64="egXaXd3xJZDSBg4/2Jdq8pBSD+o="></latexit>

dtr2(c)
<latexit sha1_base64="EhhwmJBFUe+feSyjC+GmHCj+nZU="></latexit><latexit sha1_base64="EhhwmJBFUe+feSyjC+GmHCj+nZU="></latexit><latexit sha1_base64="EhhwmJBFUe+feSyjC+GmHCj+nZU="></latexit><latexit sha1_base64="EhhwmJBFUe+feSyjC+GmHCj+nZU="></latexit>

8
>>>><

>>>>:
<latexit sha1_base64="KiYCBaaVoFceww7TImOTbdRckb8=">AAA5U3icxVtfdxtHFZ+GAsVQSOGxL0qd+JTaMZLtlORAeoIb7HLillDHbc6xHB/9WcmLdyWhXcVyFn0cfRA+BA98Al7LMy/c+5sZ7f+dkUVb+0jevTP379w7c+fOuD3y3CCs1//11q0fvP3DH/34nZ+s/fRn7/78F7ff++VXwXAy7jgnnaE3HL9stwLHcwfOSeiGnvNyNHZafttzvm5ffsrtX792xoE7HLwIr0fOmd/qD9ye22 </latexit><latexit sha1_base64="KiYCBaaVoFceww7TImOTbdRckb8=">AAA5U3icxVtfdxtHFZ+GAsVQSOGxL0qd+JTaMZLtlORAeoIb7HLillDHbc6xHB/9WcmLdyWhXcVyFn0cfRA+BA98Al7LMy/c+5sZ7f+dkUVb+0jevTP379w7c+fOuD3y3CCs1//11q0fvP3DH/34nZ+s/fRn7/78F7ff++VXwXAy7jgnnaE3HL9stwLHcwfOSeiGnvNyNHZafttzvm5ffsrtX792xoE7HLwIr0fOmd/qD9ye22 </latexit><latexit sha1_base64="KiYCBaaVoFceww7TImOTbdRckb8=">AAA5U3icxVtfdxtHFZ+GAsVQSOGxL0qd+JTaMZLtlORAeoIb7HLillDHbc6xHB/9WcmLdyWhXcVyFn0cfRA+BA98Al7LMy/c+5sZ7f+dkUVb+0jevTP379w7c+fOuD3y3CCs1//11q0fvP3DH/34nZ+s/fRn7/78F7ff++VXwXAy7jgnnaE3HL9stwLHcwfOSeiGnvNyNHZafttzvm5ffsrtX792xoE7HLwIr0fOmd/qD9ye22 </latexit><latexit sha1_base64="KiYCBaaVoFceww7TImOTbdRckb8=">AAA5U3icxVtfdxtHFZ+GAsVQSOGxL0qd+JTaMZLtlORAeoIb7HLillDHbc6xHB/9WcmLdyWhXcVyFn0cfRA+BA98Al7LMy/c+5sZ7f+dkUVb+0jevTP379w7c+fOuD3y3CCs1//11q0fvP3DH/34nZ+s/fRn7/78F7ff++VXwXAy7jgnnaE3HL9stwLHcwfOSeiGnvNyNHZafttzvm5ffsrtX792xoE7HLwIr0fOmd/qD9ye22 </latexit>

Categorical generalization

• Applicable to parity condition (generalization of Büchi cond.)

• Parameterized by functor       and monad
➡ Applicable to systems with                                  

various transition types and branching types

F
<latexit sha1_base64="QhfJiO25zaQJH79oSYkwgo4wySg="></latexit><latexit sha1_base64="QhfJiO25zaQJH79oSYkwgo4wySg="></latexit><latexit sha1_base64="QhfJiO25zaQJH79oSYkwgo4wySg="></latexit><latexit sha1_base64="QhfJiO25zaQJH79oSYkwgo4wySg="></latexit>

T
<latexit sha1_base64="9STI46bVoEd6h4o8CgbvqWNjUlc="></latexit><latexit sha1_base64="9STI46bVoEd6h4o8CgbvqWNjUlc="></latexit><latexit sha1_base64="9STI46bVoEd6h4o8CgbvqWNjUlc="></latexit><latexit sha1_base64="9STI46bVoEd6h4o8CgbvqWNjUlc="></latexit>

e.g. words, trees e.g. nondeterministic, 
probabilistic, exception
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Motivation
• In a decorated trace semantics, information about 

the accepting run is more explicit

2 (A+)!
<latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit>

a00��! a01��! a02��! · · ·
<latexit sha1_base64="R0+JDuIiFbcuw+vpumgE8Uv9BX0="></latexit><latexit sha1_base64="R0+JDuIiFbcuw+vpumgE8Uv9BX0="></latexit><latexit sha1_base64="R0+JDuIiFbcuw+vpumgE8Uv9BX0="></latexit><latexit sha1_base64="R0+JDuIiFbcuw+vpumgE8Uv9BX0="></latexit>

• Definition of decorated trace semantics is simple 
compared to ordinary one (gfp vs alternating fixed point)
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Motivation
• In a decorated trace semantics, information about 

the accepting run is more explicit

2 (A+)!
<latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit><latexit sha1_base64="SkSW4i/T1l90lv83FS74mBRq+CU="></latexit>

a00��! a01��! a02��! · · ·
<latexit sha1_base64="R0+JDuIiFbcuw+vpumgE8Uv9BX0="></latexit><latexit sha1_base64="R0+JDuIiFbcuw+vpumgE8Uv9BX0="></latexit><latexit sha1_base64="R0+JDuIiFbcuw+vpumgE8Uv9BX0="></latexit><latexit sha1_base64="R0+JDuIiFbcuw+vpumgE8Uv9BX0="></latexit>

✴ (Possibly) useful for categorically characterizing
    notions about Büchi/parity systems

- e.g. fair/delayed/direct simulation for Büchi automata 
[Etessami, Wilke & Schuller, ICALP ‘01]

• Definition of decorated trace semantics is simple 
compared to ordinary one (gfp vs alternating fixed point)
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Outline
• Introduction

• Alternating Fixed Point of Functor

• Decorated Trace Semantics

• Trace Semantics vs. Decorated Trace Semantics

• Related Work & Conclusion

 9
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Initial Algebra & Final Coalgebra

• For a functor                    ,F : C ! C
<latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit><latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit><latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit><latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit>

Initial algebra Final coalgebra

• “Least fixed point” of F
<latexit sha1_base64="NxB28bSydZ2JWtpmVA0npQjmejA="></latexit><latexit sha1_base64="NxB28bSydZ2JWtpmVA0npQjmejA="></latexit><latexit sha1_base64="NxB28bSydZ2JWtpmVA0npQjmejA="></latexit><latexit sha1_base64="NxB28bSydZ2JWtpmVA0npQjmejA="></latexit>

• “Greatest fixed point” of F<latexit sha1_base64="NxB28bSydZ2JWtpmVA0npQjmejA="></latexit><latexit sha1_base64="NxB28bSydZ2JWtpmVA0npQjmejA="></latexit><latexit sha1_base64="NxB28bSydZ2JWtpmVA0npQjmejA="></latexit><latexit sha1_base64="NxB28bSydZ2JWtpmVA0npQjmejA="></latexit>

•     collects finite behaviors  
of     -coalgebras
I

<latexit sha1_base64="vztt+a+zXhQ/N4r8orxwPuL/TRY="></latexit><latexit sha1_base64="vztt+a+zXhQ/N4r8orxwPuL/TRY="></latexit><latexit sha1_base64="vztt+a+zXhQ/N4r8orxwPuL/TRY="></latexit><latexit sha1_base64="vztt+a+zXhQ/N4r8orxwPuL/TRY="></latexit>

F
<latexit sha1_base64="NxB28bSydZ2JWtpmVA0npQjmejA="></latexit><latexit sha1_base64="NxB28bSydZ2JWtpmVA0npQjmejA="></latexit><latexit sha1_base64="NxB28bSydZ2JWtpmVA0npQjmejA="></latexit><latexit sha1_base64="NxB28bSydZ2JWtpmVA0npQjmejA="></latexit>

•     collects infinitary behaviors  
of     -coalgebrasF

<latexit sha1_base64="NxB28bSydZ2JWtpmVA0npQjmejA="></latexit><latexit sha1_base64="NxB28bSydZ2JWtpmVA0npQjmejA="></latexit><latexit sha1_base64="NxB28bSydZ2JWtpmVA0npQjmejA="></latexit><latexit sha1_base64="NxB28bSydZ2JWtpmVA0npQjmejA="></latexit>

Z
<latexit sha1_base64="dNztLx3JApq70xiEF2km3bpz7Ts="></latexit><latexit sha1_base64="dNztLx3JApq70xiEF2km3bpz7Ts="></latexit><latexit sha1_base64="dNztLx3JApq70xiEF2km3bpz7Ts="></latexit><latexit sha1_base64="dNztLx3JApq70xiEF2km3bpz7Ts="></latexit>

FX // FZ

X

c

OO

// Z

⇣⇠=

OO

<latexit sha1_base64="9oTreWK67RaYT1Z8Jp79nz1AHFc="></latexit><latexit sha1_base64="9oTreWK67RaYT1Z8Jp79nz1AHFc="></latexit><latexit sha1_base64="9oTreWK67RaYT1Z8Jp79nz1AHFc="></latexit><latexit sha1_base64="9oTreWK67RaYT1Z8Jp79nz1AHFc="></latexit>

FI

◆ ⇠=
✏✏

// FX

a

✏✏
I // X

<latexit sha1_base64="XUqlw8tX3BRYBlOgPCXjzOI3uTU="></latexit><latexit sha1_base64="XUqlw8tX3BRYBlOgPCXjzOI3uTU="></latexit><latexit sha1_base64="XUqlw8tX3BRYBlOgPCXjzOI3uTU="></latexit><latexit sha1_base64="XUqlw8tX3BRYBlOgPCXjzOI3uTU="></latexit>
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Examples
F

<latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit><latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit><latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit><latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit>

A ⇥ ( )
<latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit><latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit><latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit><latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit>

1 + A ⇥ ( )
<latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit><latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit><latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit><latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit>

A ⇥ ( + Y )
<latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit><latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit><latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit><latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit>

F -coalgebra
<latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit><latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit><latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit><latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit>

initial algebra
<latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit><latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit><latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit><latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit>

final coalgebra
<latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit><latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit><latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit><latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit>

X ! A ⇥ X
<latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit><latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit><latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit><latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit>

X ! 1 + A ⇥ X
<latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit><latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit><latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit><latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit>

X ! A ⇥ (X + Y )
<latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit><latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit><latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit><latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit>

;
<latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit><latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit><latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit><latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit>

A⇤
<latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit><latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit><latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit><latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit>

A!
<latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit><latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit><latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit><latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit>

A1(= A⇤ + A!)
<latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit><latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit><latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit><latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit>

A+Y
<latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit><latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit><latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit><latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit>

A+Y + A!
<latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit><latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit><latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit><latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit>
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<latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit><latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit><latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit><latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit>

A ⇥ ( )
<latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit><latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit><latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit><latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit>

1 + A ⇥ ( )
<latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit><latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit><latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit><latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit>

A ⇥ ( + Y )
<latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit><latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit><latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit><latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit>

F -coalgebra
<latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit><latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit><latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit><latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit>

initial algebra
<latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit><latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit><latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit><latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit>

final coalgebra
<latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit><latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit><latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit><latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit>

X ! A ⇥ X
<latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit><latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit><latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit><latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit>

X ! 1 + A ⇥ X
<latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit><latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit><latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit><latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit>

X ! A ⇥ (X + Y )
<latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit><latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit><latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit><latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit>

;
<latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit><latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit><latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit><latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit>

A⇤
<latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit><latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit><latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit><latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit>

A!
<latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit><latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit><latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit><latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit>

A1(= A⇤ + A!)
<latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit><latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit><latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit><latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit>

A+Y
<latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit><latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit><latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit><latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit>

A+Y + A!
<latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit><latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit><latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit><latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit>
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<latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit><latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit><latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit><latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit>

A ⇥ ( )
<latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit><latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit><latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit><latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit>

1 + A ⇥ ( )
<latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit><latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit><latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit><latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit>

A ⇥ ( + Y )
<latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit><latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit><latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit><latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit>

F -coalgebra
<latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit><latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit><latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit><latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit>

initial algebra
<latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit><latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit><latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit><latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit>

final coalgebra
<latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit><latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit><latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit><latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit>

X ! A ⇥ X
<latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit><latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit><latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit><latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit>

X ! 1 + A ⇥ X
<latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit><latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit><latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit><latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit>

X ! A ⇥ (X + Y )
<latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit><latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit><latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit><latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit>

;
<latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit><latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit><latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit><latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit>

A⇤
<latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit><latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit><latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit><latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit>

A!
<latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit><latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit><latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit><latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit>

A1(= A⇤ + A!)
<latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit><latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit><latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit><latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit>

A+Y
<latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit><latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit><latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit><latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit>

A+Y + A!
<latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit><latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit><latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit><latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit>



Natsuki Urabe (U. Tokyo) / 27 11

Examples
F

<latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit><latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit><latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit><latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit>

A ⇥ ( )
<latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit><latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit><latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit><latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit>

1 + A ⇥ ( )
<latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit><latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit><latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit><latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit>

A ⇥ ( + Y )
<latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit><latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit><latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit><latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit>

F -coalgebra
<latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit><latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit><latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit><latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit>

initial algebra
<latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit><latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit><latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit><latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit>

final coalgebra
<latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit><latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit><latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit><latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit>

X ! A ⇥ X
<latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit><latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit><latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit><latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit>

X ! 1 + A ⇥ X
<latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit><latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit><latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit><latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit>

X ! A ⇥ (X + Y )
<latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit><latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit><latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit><latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit>

;
<latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit><latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit><latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit><latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit>

A⇤
<latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit><latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit><latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit><latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit>

A!
<latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit><latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit><latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit><latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit>

A1(= A⇤ + A!)
<latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit><latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit><latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit><latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit>

A+Y
<latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit><latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit><latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit><latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit>

A+Y + A!
<latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit><latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit><latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit><latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit>
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<latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit><latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit><latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit><latexit sha1_base64="GJl94cDHjmkc1wu2mhW9O9g0VYY="></latexit>

A ⇥ ( )
<latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit><latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit><latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit><latexit sha1_base64="zIx+B6MBaWOqgmbQxJd7Pmmb6JE=">AAA5DHicxVvNchvHER7bSewwf7JdPvkCmRJLNimGICmHrkQuhVZIp0TbiinGqiIoFrBYgBvuAgh2IYJC8Ax5hhxwSc45pXLNO+Qt8gjp/mYG+78zIBKbLIC7M9O/0z3d0zNsDXwvjLa2/v3a62987/s/ePOtH6786Mc/+enPbr39zu/D/mjouCdO3+8Pn7eaoet7Pfck8iLffT4Yus2g5bvftC4/4/5vXrrD0Ov3nkXXA/csaH </latexit>

1 + A ⇥ ( )
<latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit><latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit><latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit><latexit sha1_base64="9lYKc7t34b/kXEeYw/r7cbS+ygQ="></latexit>

A ⇥ ( + Y )
<latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit><latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit><latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit><latexit sha1_base64="3kN/3kePa3ehx+5/vTBViXojwi0=">AAA5DnicxVvNchvHER7bSewwf7JzyMEXyJRYskkxBEk5dCVyKbRCOiXakU0xVoqgWMBiAW64CyDYhQgKwUPkGVK4JeecUrnmFfIWeYR0fzOD/d8ZELZDFsDdmenf6Z7u6Rm2Br4XRltb/3nt9Te+893vvfnW91d+8MMf/fgnt95+5/dhfzR03BOn7/eHz1vN0PW9nnsSeZHvPh8M3WbQ8t2vWpefcP9XL91h6PV7z6LrgXsWNL  </latexit>

F -coalgebra
<latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit><latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit><latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit><latexit sha1_base64="mBn9e9vZhTn/+RzFA0jTfrsNgcQ="></latexit>

initial algebra
<latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit><latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit><latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit><latexit sha1_base64="HUheQzZACHIkr1JNLNqWWEQqJFs="></latexit>

final coalgebra
<latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit><latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit><latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit><latexit sha1_base64="YzaExCpZTpDoaAyEhosLUB4xu6g="></latexit>

X ! A ⇥ X
<latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit><latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit><latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit><latexit sha1_base64="UQ+Yf04NJivBSC2UOw8mUglc40Q="></latexit>

X ! 1 + A ⇥ X
<latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit><latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit><latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit><latexit sha1_base64="8e5eiITRIC8uL8frOFsKLDqosx0="></latexit>

X ! A ⇥ (X + Y )
<latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit><latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit><latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit><latexit sha1_base64="F2H8DkiqUv57Q8FXjBdd5X5p8VI="></latexit>

;
<latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit><latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit><latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit><latexit sha1_base64="lL+QCi9mTiBKYrJsqxmA0r5XSjg="></latexit>

A⇤
<latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit><latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit><latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit><latexit sha1_base64="ScMJU/qgpSXHk2iGnc9HFlO4EAs="></latexit>

A!
<latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit><latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit><latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit><latexit sha1_base64="WvSJlEUX3oUNczCopelWcErHYYI="></latexit>

A1(= A⇤ + A!)
<latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit><latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit><latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit><latexit sha1_base64="nV5qqBVA3r74KPmks01PztkCYU4="></latexit>

A+Y
<latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit><latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit><latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit><latexit sha1_base64="RiJ6bCg0sJtAxBvRBJJ2l8gUWi0="></latexit>

A+Y + A!
<latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit><latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit><latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit><latexit sha1_base64="EVvgsx0z55Y07sIGHJWidhH2WtU="></latexit>
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<latexit sha1_base64="BrKYNlfrQ2pTOeyZQlfQQo7GxoU="></latexit><latexit sha1_base64="BrKYNlfrQ2pTOeyZQlfQQo7GxoU="></latexit><latexit sha1_base64="BrKYNlfrQ2pTOeyZQlfQQo7GxoU="></latexit><latexit sha1_base64="BrKYNlfrQ2pTOeyZQlfQQo7GxoU="></latexit>

F�
<latexit sha1_base64="XBXejNRgbVJpIiOHM7B50fWakLs="></latexit><latexit sha1_base64="XBXejNRgbVJpIiOHM7B50fWakLs="></latexit><latexit sha1_base64="XBXejNRgbVJpIiOHM7B50fWakLs="></latexit><latexit sha1_base64="XBXejNRgbVJpIiOHM7B50fWakLs="></latexit>

• For a functor                       ,F : C ! C
<latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit><latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit><latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit><latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit>

-         is the carrier of initial                 -algebraF+Y
<latexit sha1_base64="yyCUoZk5f4yNUl6WVRxsxjkIYkE="></latexit><latexit sha1_base64="yyCUoZk5f4yNUl6WVRxsxjkIYkE="></latexit><latexit sha1_base64="yyCUoZk5f4yNUl6WVRxsxjkIYkE="></latexit><latexit sha1_base64="yyCUoZk5f4yNUl6WVRxsxjkIYkE="></latexit>

F ( + Y )
<latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit>

F (F+Y + Y )
◆FY

⇠=���!
initial

F+Y
<latexit sha1_base64="Pm6BboTXFFzhWamC1LShYnXN9v8="></latexit><latexit sha1_base64="Pm6BboTXFFzhWamC1LShYnXN9v8="></latexit><latexit sha1_base64="Pm6BboTXFFzhWamC1LShYnXN9v8="></latexit><latexit sha1_base64="Pm6BboTXFFzhWamC1LShYnXN9v8="></latexit>

F ( + Y )
<latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit>

-         is the carrier of final                 -coalgebraF�Y
<latexit sha1_base64="d5oUfEWUYmkrZ5ylFQ3iM2exB8g="></latexit><latexit sha1_base64="d5oUfEWUYmkrZ5ylFQ3iM2exB8g="></latexit><latexit sha1_base64="d5oUfEWUYmkrZ5ylFQ3iM2exB8g="></latexit><latexit sha1_base64="d5oUfEWUYmkrZ5ylFQ3iM2exB8g="></latexit>

F�Y
⇣F
Y

⇠=���!
final

F (F�Y + Y )
<latexit sha1_base64="jx5wOwJC5jGfwL4B7tKPHpLTG+Y="></latexit><latexit sha1_base64="jx5wOwJC5jGfwL4B7tKPHpLTG+Y="></latexit><latexit sha1_base64="jx5wOwJC5jGfwL4B7tKPHpLTG+Y="></latexit><latexit sha1_base64="jx5wOwJC5jGfwL4B7tKPHpLTG+Y="></latexit>
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<latexit sha1_base64="BrKYNlfrQ2pTOeyZQlfQQo7GxoU="></latexit><latexit sha1_base64="BrKYNlfrQ2pTOeyZQlfQQo7GxoU="></latexit><latexit sha1_base64="BrKYNlfrQ2pTOeyZQlfQQo7GxoU="></latexit><latexit sha1_base64="BrKYNlfrQ2pTOeyZQlfQQo7GxoU="></latexit>

F�
<latexit sha1_base64="XBXejNRgbVJpIiOHM7B50fWakLs="></latexit><latexit sha1_base64="XBXejNRgbVJpIiOHM7B50fWakLs="></latexit><latexit sha1_base64="XBXejNRgbVJpIiOHM7B50fWakLs="></latexit><latexit sha1_base64="XBXejNRgbVJpIiOHM7B50fWakLs="></latexit>

• For a functor                       ,F : C ! C
<latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit><latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit><latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit><latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit>

-         is the carrier of initial                 -algebraF+Y
<latexit sha1_base64="yyCUoZk5f4yNUl6WVRxsxjkIYkE="></latexit><latexit sha1_base64="yyCUoZk5f4yNUl6WVRxsxjkIYkE="></latexit><latexit sha1_base64="yyCUoZk5f4yNUl6WVRxsxjkIYkE="></latexit><latexit sha1_base64="yyCUoZk5f4yNUl6WVRxsxjkIYkE="></latexit>

F ( + Y )
<latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit>

F (F+Y + Y )
◆FY

⇠=���!
initial

F+Y
<latexit sha1_base64="Pm6BboTXFFzhWamC1LShYnXN9v8="></latexit><latexit sha1_base64="Pm6BboTXFFzhWamC1LShYnXN9v8="></latexit><latexit sha1_base64="Pm6BboTXFFzhWamC1LShYnXN9v8="></latexit><latexit sha1_base64="Pm6BboTXFFzhWamC1LShYnXN9v8="></latexit>

F ( + Y )
<latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit>

-         is the carrier of final                 -coalgebraF�Y
<latexit sha1_base64="d5oUfEWUYmkrZ5ylFQ3iM2exB8g="></latexit><latexit sha1_base64="d5oUfEWUYmkrZ5ylFQ3iM2exB8g="></latexit><latexit sha1_base64="d5oUfEWUYmkrZ5ylFQ3iM2exB8g="></latexit><latexit sha1_base64="d5oUfEWUYmkrZ5ylFQ3iM2exB8g="></latexit>

F�Y
⇣F
Y

⇠=���!
final

F (F�Y + Y )
<latexit sha1_base64="jx5wOwJC5jGfwL4B7tKPHpLTG+Y="></latexit><latexit sha1_base64="jx5wOwJC5jGfwL4B7tKPHpLTG+Y="></latexit><latexit sha1_base64="jx5wOwJC5jGfwL4B7tKPHpLTG+Y="></latexit><latexit sha1_base64="jx5wOwJC5jGfwL4B7tKPHpLTG+Y="></latexit>

• They can be extended to functors F+, F� : C ! C
<latexit sha1_base64="KhzyYWCYOXc2L+9J3xHWLAyWjCw="></latexit><latexit sha1_base64="KhzyYWCYOXc2L+9J3xHWLAyWjCw="></latexit><latexit sha1_base64="KhzyYWCYOXc2L+9J3xHWLAyWjCw="></latexit><latexit sha1_base64="KhzyYWCYOXc2L+9J3xHWLAyWjCw="></latexit>
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<latexit sha1_base64="BrKYNlfrQ2pTOeyZQlfQQo7GxoU="></latexit><latexit sha1_base64="BrKYNlfrQ2pTOeyZQlfQQo7GxoU="></latexit><latexit sha1_base64="BrKYNlfrQ2pTOeyZQlfQQo7GxoU="></latexit><latexit sha1_base64="BrKYNlfrQ2pTOeyZQlfQQo7GxoU="></latexit>

F�
<latexit sha1_base64="XBXejNRgbVJpIiOHM7B50fWakLs="></latexit><latexit sha1_base64="XBXejNRgbVJpIiOHM7B50fWakLs="></latexit><latexit sha1_base64="XBXejNRgbVJpIiOHM7B50fWakLs="></latexit><latexit sha1_base64="XBXejNRgbVJpIiOHM7B50fWakLs="></latexit>

• For a functor                       ,F : C ! C
<latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit><latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit><latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit><latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit>

-         is the carrier of initial                 -algebraF+Y
<latexit sha1_base64="yyCUoZk5f4yNUl6WVRxsxjkIYkE="></latexit><latexit sha1_base64="yyCUoZk5f4yNUl6WVRxsxjkIYkE="></latexit><latexit sha1_base64="yyCUoZk5f4yNUl6WVRxsxjkIYkE="></latexit><latexit sha1_base64="yyCUoZk5f4yNUl6WVRxsxjkIYkE="></latexit>

F ( + Y )
<latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit>

F (F+Y + Y )
◆FY

⇠=���!
initial

F+Y
<latexit sha1_base64="Pm6BboTXFFzhWamC1LShYnXN9v8="></latexit><latexit sha1_base64="Pm6BboTXFFzhWamC1LShYnXN9v8="></latexit><latexit sha1_base64="Pm6BboTXFFzhWamC1LShYnXN9v8="></latexit><latexit sha1_base64="Pm6BboTXFFzhWamC1LShYnXN9v8="></latexit>

F ( + Y )
<latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit>

-         is the carrier of final                 -coalgebraF�Y
<latexit sha1_base64="d5oUfEWUYmkrZ5ylFQ3iM2exB8g="></latexit><latexit sha1_base64="d5oUfEWUYmkrZ5ylFQ3iM2exB8g="></latexit><latexit sha1_base64="d5oUfEWUYmkrZ5ylFQ3iM2exB8g="></latexit><latexit sha1_base64="d5oUfEWUYmkrZ5ylFQ3iM2exB8g="></latexit>

F�Y
⇣F
Y

⇠=���!
final

F (F�Y + Y )
<latexit sha1_base64="jx5wOwJC5jGfwL4B7tKPHpLTG+Y="></latexit><latexit sha1_base64="jx5wOwJC5jGfwL4B7tKPHpLTG+Y="></latexit><latexit sha1_base64="jx5wOwJC5jGfwL4B7tKPHpLTG+Y="></latexit><latexit sha1_base64="jx5wOwJC5jGfwL4B7tKPHpLTG+Y="></latexit>

• They can be extended to functors F+, F� : C ! C
<latexit sha1_base64="KhzyYWCYOXc2L+9J3xHWLAyWjCw="></latexit><latexit sha1_base64="KhzyYWCYOXc2L+9J3xHWLAyWjCw="></latexit><latexit sha1_base64="KhzyYWCYOXc2L+9J3xHWLAyWjCw="></latexit><latexit sha1_base64="KhzyYWCYOXc2L+9J3xHWLAyWjCw="></latexit>

lfp

gfp
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<latexit sha1_base64="BrKYNlfrQ2pTOeyZQlfQQo7GxoU="></latexit><latexit sha1_base64="BrKYNlfrQ2pTOeyZQlfQQo7GxoU="></latexit><latexit sha1_base64="BrKYNlfrQ2pTOeyZQlfQQo7GxoU="></latexit><latexit sha1_base64="BrKYNlfrQ2pTOeyZQlfQQo7GxoU="></latexit>

F�
<latexit sha1_base64="XBXejNRgbVJpIiOHM7B50fWakLs="></latexit><latexit sha1_base64="XBXejNRgbVJpIiOHM7B50fWakLs="></latexit><latexit sha1_base64="XBXejNRgbVJpIiOHM7B50fWakLs="></latexit><latexit sha1_base64="XBXejNRgbVJpIiOHM7B50fWakLs="></latexit>

c.f. free monad
F (F ⇤Y ) + Y

init��!⇠= F ⇤Y
<latexit sha1_base64="A+libYNKUXlgKS64JhMJv+ab4EA="></latexit><latexit sha1_base64="A+libYNKUXlgKS64JhMJv+ab4EA="></latexit><latexit sha1_base64="A+libYNKUXlgKS64JhMJv+ab4EA="></latexit><latexit sha1_base64="A+libYNKUXlgKS64JhMJv+ab4EA="></latexit>

e.g. for                         ,F = A ⇥ ( )
<latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="iCT2Ust9fy4plC9slV+yZSSeD7g="></latexit><latexit sha1_base64="PeNBeKp3ol+yoZpCJZkhF7W46c8="></latexit><latexit sha1_base64="PeNBeKp3ol+yoZpCJZkhF7W46c8="></latexit><latexit sha1_base64="IarxC8wSI5g8Bb+8M7cpkTMy3UQ="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit>

F ⇤X ⇠= A⇤X
<latexit sha1_base64="6UoIQ/DSE9dN9kuayGFLtDh8NZw="></latexit><latexit sha1_base64="6UoIQ/DSE9dN9kuayGFLtDh8NZw="></latexit><latexit sha1_base64="6UoIQ/DSE9dN9kuayGFLtDh8NZw="></latexit><latexit sha1_base64="6UoIQ/DSE9dN9kuayGFLtDh8NZw="></latexit>

• For a functor                       ,F : C ! C
<latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit><latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit><latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit><latexit sha1_base64="89Ek3aIEwtuLk0YMDX9MwzsnqgE="></latexit>

-         is the carrier of initial                 -algebraF+Y
<latexit sha1_base64="yyCUoZk5f4yNUl6WVRxsxjkIYkE="></latexit><latexit sha1_base64="yyCUoZk5f4yNUl6WVRxsxjkIYkE="></latexit><latexit sha1_base64="yyCUoZk5f4yNUl6WVRxsxjkIYkE="></latexit><latexit sha1_base64="yyCUoZk5f4yNUl6WVRxsxjkIYkE="></latexit>

F ( + Y )
<latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit>

F (F+Y + Y )
◆FY

⇠=���!
initial

F+Y
<latexit sha1_base64="Pm6BboTXFFzhWamC1LShYnXN9v8="></latexit><latexit sha1_base64="Pm6BboTXFFzhWamC1LShYnXN9v8="></latexit><latexit sha1_base64="Pm6BboTXFFzhWamC1LShYnXN9v8="></latexit><latexit sha1_base64="Pm6BboTXFFzhWamC1LShYnXN9v8="></latexit>

F ( + Y )
<latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit><latexit sha1_base64="d2wm2a+xnRnLNji4mUcqa3qJCmI="></latexit>

-         is the carrier of final                 -coalgebraF�Y
<latexit sha1_base64="d5oUfEWUYmkrZ5ylFQ3iM2exB8g="></latexit><latexit sha1_base64="d5oUfEWUYmkrZ5ylFQ3iM2exB8g="></latexit><latexit sha1_base64="d5oUfEWUYmkrZ5ylFQ3iM2exB8g="></latexit><latexit sha1_base64="d5oUfEWUYmkrZ5ylFQ3iM2exB8g="></latexit>

F�Y
⇣F
Y

⇠=���!
final

F (F�Y + Y )
<latexit sha1_base64="jx5wOwJC5jGfwL4B7tKPHpLTG+Y="></latexit><latexit sha1_base64="jx5wOwJC5jGfwL4B7tKPHpLTG+Y="></latexit><latexit sha1_base64="jx5wOwJC5jGfwL4B7tKPHpLTG+Y="></latexit><latexit sha1_base64="jx5wOwJC5jGfwL4B7tKPHpLTG+Y="></latexit>

• They can be extended to functors F+, F� : C ! C
<latexit sha1_base64="KhzyYWCYOXc2L+9J3xHWLAyWjCw="></latexit><latexit sha1_base64="KhzyYWCYOXc2L+9J3xHWLAyWjCw="></latexit><latexit sha1_base64="KhzyYWCYOXc2L+9J3xHWLAyWjCw="></latexit><latexit sha1_base64="KhzyYWCYOXc2L+9J3xHWLAyWjCw="></latexit>

lfp

gfp
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Examples

F = A ⇥ ( )
<latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit>

• For

✴                          ,F+Y ⇠= A+Y
<latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit><latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit><latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit><latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit> F�Y ⇠= A+Y + A!

<latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit><latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit><latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit><latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit>

initial alg./final coalgebra
of F ( + Y )

<latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit><latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit><latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit><latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit>
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Examples

F = A ⇥ ( )
<latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit>

• For

✴                          ,F+Y ⇠= A+Y
<latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit><latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit><latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit><latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit> F�Y ⇠= A+Y + A!

<latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit><latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit><latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit><latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit>

initial alg./final coalgebra
of F ( + Y )

<latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit><latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit><latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit><latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit>

✴  
final coalgebra of

F+�0 ⇠= (A+)!
<latexit sha1_base64="b3YZ1I/uODo6vyj5sWxOrVC5gNQ="></latexit><latexit sha1_base64="b3YZ1I/uODo6vyj5sWxOrVC5gNQ="></latexit><latexit sha1_base64="b3YZ1I/uODo6vyj5sWxOrVC5gNQ="></latexit><latexit sha1_base64="b3YZ1I/uODo6vyj5sWxOrVC5gNQ="></latexit>

F+( )
<latexit sha1_base64="j4b0O8XAG6V/vFm2iwpPiyxPwWg="></latexit><latexit sha1_base64="j4b0O8XAG6V/vFm2iwpPiyxPwWg="></latexit><latexit sha1_base64="j4b0O8XAG6V/vFm2iwpPiyxPwWg="></latexit><latexit sha1_base64="j4b0O8XAG6V/vFm2iwpPiyxPwWg="></latexit>
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Examples

F = A ⇥ ( )
<latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit>

• For

✴                          ,F+Y ⇠= A+Y
<latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit><latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit><latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit><latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit> F�Y ⇠= A+Y + A!

<latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit><latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit><latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit><latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit>

initial alg./final coalgebra
of F ( + Y )

<latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit><latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit><latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit><latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit>

✴  
final coalgebra of

F+�0 ⇠= (A+)!
<latexit sha1_base64="b3YZ1I/uODo6vyj5sWxOrVC5gNQ="></latexit><latexit sha1_base64="b3YZ1I/uODo6vyj5sWxOrVC5gNQ="></latexit><latexit sha1_base64="b3YZ1I/uODo6vyj5sWxOrVC5gNQ="></latexit><latexit sha1_base64="b3YZ1I/uODo6vyj5sWxOrVC5gNQ="></latexit>

F+( )
<latexit sha1_base64="j4b0O8XAG6V/vFm2iwpPiyxPwWg="></latexit><latexit sha1_base64="j4b0O8XAG6V/vFm2iwpPiyxPwWg="></latexit><latexit sha1_base64="j4b0O8XAG6V/vFm2iwpPiyxPwWg="></latexit><latexit sha1_base64="j4b0O8XAG6V/vFm2iwpPiyxPwWg="></latexit>

✴  F+(F+�0) ⇠= A+(A+)!
<latexit sha1_base64="WO2WENIOShhyMPsBMuJ1jGGgHOQ="></latexit><latexit sha1_base64="WO2WENIOShhyMPsBMuJ1jGGgHOQ="></latexit><latexit sha1_base64="WO2WENIOShhyMPsBMuJ1jGGgHOQ="></latexit><latexit sha1_base64="WO2WENIOShhyMPsBMuJ1jGGgHOQ="></latexit>

initial algebra of
F ( + F+�0)

<latexit sha1_base64="zT2AFEl7pqO9P5nJlw9p/WvVF4o="></latexit><latexit sha1_base64="zT2AFEl7pqO9P5nJlw9p/WvVF4o="></latexit><latexit sha1_base64="zT2AFEl7pqO9P5nJlw9p/WvVF4o="></latexit><latexit sha1_base64="zT2AFEl7pqO9P5nJlw9p/WvVF4o="></latexit>
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Examples

F = A ⇥ ( )
<latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit>

• For

✴                          ,F+Y ⇠= A+Y
<latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit><latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit><latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit><latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit> F�Y ⇠= A+Y + A!

<latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit><latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit><latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit><latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit>

• Equipped with (co)algebraic structures

F+�0
⇠=���!

⇣ final
F+(F+�0)

⇠= ����
◆ initial

F
�
F+(F+�0) + F+�0

�
<latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit>

initial alg./final coalgebra
of F ( + Y )

<latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit><latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit><latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit><latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit>

✴  
final coalgebra of

F+�0 ⇠= (A+)!
<latexit sha1_base64="b3YZ1I/uODo6vyj5sWxOrVC5gNQ="></latexit><latexit sha1_base64="b3YZ1I/uODo6vyj5sWxOrVC5gNQ="></latexit><latexit sha1_base64="b3YZ1I/uODo6vyj5sWxOrVC5gNQ="></latexit><latexit sha1_base64="b3YZ1I/uODo6vyj5sWxOrVC5gNQ="></latexit>

F+( )
<latexit sha1_base64="j4b0O8XAG6V/vFm2iwpPiyxPwWg="></latexit><latexit sha1_base64="j4b0O8XAG6V/vFm2iwpPiyxPwWg="></latexit><latexit sha1_base64="j4b0O8XAG6V/vFm2iwpPiyxPwWg="></latexit><latexit sha1_base64="j4b0O8XAG6V/vFm2iwpPiyxPwWg="></latexit>

✴  F+(F+�0) ⇠= A+(A+)!
<latexit sha1_base64="WO2WENIOShhyMPsBMuJ1jGGgHOQ="></latexit><latexit sha1_base64="WO2WENIOShhyMPsBMuJ1jGGgHOQ="></latexit><latexit sha1_base64="WO2WENIOShhyMPsBMuJ1jGGgHOQ="></latexit><latexit sha1_base64="WO2WENIOShhyMPsBMuJ1jGGgHOQ="></latexit>

initial algebra of
F ( + F+�0)

<latexit sha1_base64="zT2AFEl7pqO9P5nJlw9p/WvVF4o="></latexit><latexit sha1_base64="zT2AFEl7pqO9P5nJlw9p/WvVF4o="></latexit><latexit sha1_base64="zT2AFEl7pqO9P5nJlw9p/WvVF4o="></latexit><latexit sha1_base64="zT2AFEl7pqO9P5nJlw9p/WvVF4o="></latexit>
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F = A ⇥ ( )
<latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit><latexit sha1_base64="A1D75W/jy+t9hRWG+WliIT2oiNo="></latexit>
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✴                          ,F+Y ⇠= A+Y
<latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit><latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit><latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit><latexit sha1_base64="VLskVpsQgQxLNdYJNzlxYvqlSaY="></latexit> F�Y ⇠= A+Y + A!

<latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit><latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit><latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit><latexit sha1_base64="bzihRpw3y/SkZwVnpocOLxC0R/o="></latexit>

• Equipped with (co)algebraic structures

F+�0
⇠=���!

⇣ final
F+(F+�0)

⇠= ����
◆ initial

F
�
F+(F+�0) + F+�0

�
<latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit>

8
>>>
>>>
<

>>>
>>>
:

<latexit sha1_base64="jaGE+RB7nt4O43Dw6vt1VF5o3uc="></latexit> <latexit sha1_base64="jaGE+RB7nt4O43Dw6vt1VF5o3uc="></latexit> <latexit sha1_base64="jaGE+RB7nt4O43Dw6vt1VF5o3uc="></latexit> <latexit sha1_base64="jaGE+RB7nt4O43Dw6vt1VF5o3uc="></latexit>

alternating 
fixed point

initial alg./final coalgebra
of F ( + Y )

<latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit><latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit><latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit><latexit sha1_base64="XzSs9Ug2xaU5PLR6qqtzqF2yEo0="></latexit>

✴  
final coalgebra of

F+�0 ⇠= (A+)!
<latexit sha1_base64="b3YZ1I/uODo6vyj5sWxOrVC5gNQ="></latexit><latexit sha1_base64="b3YZ1I/uODo6vyj5sWxOrVC5gNQ="></latexit><latexit sha1_base64="b3YZ1I/uODo6vyj5sWxOrVC5gNQ="></latexit><latexit sha1_base64="b3YZ1I/uODo6vyj5sWxOrVC5gNQ="></latexit>

F+( )
<latexit sha1_base64="j4b0O8XAG6V/vFm2iwpPiyxPwWg="></latexit><latexit sha1_base64="j4b0O8XAG6V/vFm2iwpPiyxPwWg="></latexit><latexit sha1_base64="j4b0O8XAG6V/vFm2iwpPiyxPwWg="></latexit><latexit sha1_base64="j4b0O8XAG6V/vFm2iwpPiyxPwWg="></latexit>

✴  F+(F+�0) ⇠= A+(A+)!
<latexit sha1_base64="WO2WENIOShhyMPsBMuJ1jGGgHOQ="></latexit><latexit sha1_base64="WO2WENIOShhyMPsBMuJ1jGGgHOQ="></latexit><latexit sha1_base64="WO2WENIOShhyMPsBMuJ1jGGgHOQ="></latexit><latexit sha1_base64="WO2WENIOShhyMPsBMuJ1jGGgHOQ="></latexit>

initial algebra of
F ( + F+�0)

<latexit sha1_base64="zT2AFEl7pqO9P5nJlw9p/WvVF4o="></latexit><latexit sha1_base64="zT2AFEl7pqO9P5nJlw9p/WvVF4o="></latexit><latexit sha1_base64="zT2AFEl7pqO9P5nJlw9p/WvVF4o="></latexit><latexit sha1_base64="zT2AFEl7pqO9P5nJlw9p/WvVF4o="></latexit>
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• We categorically model a Büchi automaton as:

F = A ⇥ ( )
<latexit sha1_base64="jBaltpkNnCiWaaWNSIH/Ug5D0pA="></latexit><latexit sha1_base64="jBaltpkNnCiWaaWNSIH/Ug5D0pA="></latexit><latexit sha1_base64="jBaltpkNnCiWaaWNSIH/Ug5D0pA="></latexit><latexit sha1_base64="jBaltpkNnCiWaaWNSIH/Ug5D0pA="></latexit>

⇣
c : X ! PFX, (X1, X2)

⌘

<latexit sha1_base64="/j9HoJLbyy+vyAp5CG6uL4wBiaA="></latexit><latexit sha1_base64="/j9HoJLbyy+vyAp5CG6uL4wBiaA="></latexit><latexit sha1_base64="/j9HoJLbyy+vyAp5CG6uL4wBiaA="></latexit><latexit sha1_base64="/j9HoJLbyy+vyAp5CG6uL4wBiaA="></latexit>

where

P : the powerset monad
<latexit sha1_base64="zDqtnAJpeq3uXLwMAILWDXUup0I="></latexit><latexit sha1_base64="zDqtnAJpeq3uXLwMAILWDXUup0I="></latexit><latexit sha1_base64="zDqtnAJpeq3uXLwMAILWDXUup0I="></latexit><latexit sha1_base64="zDqtnAJpeq3uXLwMAILWDXUup0I="></latexit>

X1 := {x : nonaccepting}
X2 := {x : accepting}

X = X1 + X2
<latexit sha1_base64="LIZ5Lt9SK7qCA7Vyt0hOl1JTNCw="></latexit><latexit sha1_base64="LIZ5Lt9SK7qCA7Vyt0hOl1JTNCw="></latexit><latexit sha1_base64="LIZ5Lt9SK7qCA7Vyt0hOl1JTNCw="></latexit><latexit sha1_base64="LIZ5Lt9SK7qCA7Vyt0hOl1JTNCw="></latexit>
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Fixed Point Characterization of           　trB(c)
<latexit sha1_base64="/OKhjj8tD5f9hLaBfQJFA6H4z2A="></latexit><latexit sha1_base64="/OKhjj8tD5f9hLaBfQJFA6H4z2A="></latexit><latexit sha1_base64="/OKhjj8tD5f9hLaBfQJFA6H4z2A="></latexit><latexit sha1_base64="/OKhjj8tD5f9hLaBfQJFA6H4z2A="></latexit>

x 7!
(
a0a1 . . .

�����
x = x0

a0�! x1
a1�! x2

a2�! · · ·
xi : for infinitely many i’s

)

<latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit><latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit><latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit><latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit>

trB(A) : X ! PA!
<latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit>
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Fixed Point Characterization of           　

•                                       is an alternating fixed point of:trB(A) : X ! PA!
<latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit>

(weakest precondition)

� : (PA!)X ! (PA!)X
"
x 7!

(
aw 2 A!

�����
x

a�! x0,

w 2 u(x0)

)#

<latexit sha1_base64="oeg/P1SWkVrn2mNAAlxMSyaPi08="></latexit><latexit sha1_base64="o9P0PzOeUzBu7zQhKBAVsLjKA3A="></latexit><latexit sha1_base64="o9P0PzOeUzBu7zQhKBAVsLjKA3A="></latexit><latexit sha1_base64="hBXd5ZemlsLdk6O70ii0SGxEByU="></latexit><latexit sha1_base64="SYPqQNOkQOfin1HlXCj+jVnzHKk="></latexit><latexit sha1_base64="SYPqQNOkQOfin1HlXCj+jVnzHKk="></latexit><latexit sha1_base64="SYPqQNOkQOfin1HlXCj+jVnzHKk="></latexit><latexit sha1_base64="SYPqQNOkQOfin1HlXCj+jVnzHKk="></latexit><latexit sha1_base64="SYPqQNOkQOfin1HlXCj+jVnzHKk="></latexit><latexit sha1_base64="SYPqQNOkQOfin1HlXCj+jVnzHKk="></latexit>

u 7!

trB(c)
<latexit sha1_base64="/OKhjj8tD5f9hLaBfQJFA6H4z2A="></latexit><latexit sha1_base64="/OKhjj8tD5f9hLaBfQJFA6H4z2A="></latexit><latexit sha1_base64="/OKhjj8tD5f9hLaBfQJFA6H4z2A="></latexit><latexit sha1_base64="/OKhjj8tD5f9hLaBfQJFA6H4z2A="></latexit>

x 7!
(
a0a1 . . .

�����
x = x0

a0�! x1
a1�! x2

a2�! · · ·
xi : for infinitely many i’s

)

<latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit><latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit><latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit><latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit>

trB(A) : X ! PA!
<latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit>
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Fixed Point Characterization of           　

x3x1

x2

a3

a2

a1

u(x3)

u(x2)

u(x1)

a1u(x1) [ a2u(x2) [ a3u(x3)

•                                       is an alternating fixed point of:trB(A) : X ! PA!
<latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit>

(weakest precondition)

� : (PA!)X ! (PA!)X
"
x 7!

(
aw 2 A!

�����
x

a�! x0,

w 2 u(x0)

)#

<latexit sha1_base64="oeg/P1SWkVrn2mNAAlxMSyaPi08="></latexit><latexit sha1_base64="o9P0PzOeUzBu7zQhKBAVsLjKA3A="></latexit><latexit sha1_base64="o9P0PzOeUzBu7zQhKBAVsLjKA3A="></latexit><latexit sha1_base64="hBXd5ZemlsLdk6O70ii0SGxEByU="></latexit><latexit sha1_base64="SYPqQNOkQOfin1HlXCj+jVnzHKk="></latexit><latexit sha1_base64="SYPqQNOkQOfin1HlXCj+jVnzHKk="></latexit><latexit sha1_base64="SYPqQNOkQOfin1HlXCj+jVnzHKk="></latexit><latexit sha1_base64="SYPqQNOkQOfin1HlXCj+jVnzHKk="></latexit><latexit sha1_base64="SYPqQNOkQOfin1HlXCj+jVnzHKk="></latexit><latexit sha1_base64="SYPqQNOkQOfin1HlXCj+jVnzHKk="></latexit>

u 7!

trB(c)
<latexit sha1_base64="/OKhjj8tD5f9hLaBfQJFA6H4z2A="></latexit><latexit sha1_base64="/OKhjj8tD5f9hLaBfQJFA6H4z2A="></latexit><latexit sha1_base64="/OKhjj8tD5f9hLaBfQJFA6H4z2A="></latexit><latexit sha1_base64="/OKhjj8tD5f9hLaBfQJFA6H4z2A="></latexit>

x 7!
(
a0a1 . . .

�����
x = x0

a0�! x1
a1�! x2

a2�! · · ·
xi : for infinitely many i’s

)

<latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit><latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit><latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit><latexit sha1_base64="YPoCMmhfWHSCxquPsk+JHRr4xHo="></latexit>

trB(A) : X ! PA!
<latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit><latexit sha1_base64="7b+bNVT/JeeYsAVkFGNd36TlG1U="></latexit>
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Fixed Point in
�
P(A!)X ,✓

�
<latexit sha1_base64="cazT1EE0CRTwbNYwyVAOzS7pgFc="></latexit><latexit sha1_base64="cazT1EE0CRTwbNYwyVAOzS7pgFc="></latexit><latexit sha1_base64="cazT1EE0CRTwbNYwyVAOzS7pgFc="></latexit><latexit sha1_base64="cazT1EE0CRTwbNYwyVAOzS7pgFc="></latexit>

• Let                                     andX1 := {x : nonaccepting} X2 := {x : accepting}

� : (PA!)X ! (PA!)X

7! �1 : (PA!)X ! (PA!)X1

�2 : (PA!)X ! (PA!)X2)
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Fixed Point in
�
P(A!)X ,✓

�
<latexit sha1_base64="cazT1EE0CRTwbNYwyVAOzS7pgFc="></latexit><latexit sha1_base64="cazT1EE0CRTwbNYwyVAOzS7pgFc="></latexit><latexit sha1_base64="cazT1EE0CRTwbNYwyVAOzS7pgFc="></latexit><latexit sha1_base64="cazT1EE0CRTwbNYwyVAOzS7pgFc="></latexit>

• Let                                     andX1 := {x : nonaccepting} X2 := {x : accepting}

� : (PA!)X ! (PA!)X

7! �1 : (PA!)X ! (PA!)X1

�2 : (PA!)X ! (PA!)X2)

⇢
u1 =µ �1(u1, u2) 2 ((PA!)X1 ,✓)
u2 =⌫ �2(u1, u2) 2 ((PA!)X2 ,✓)

• We take lfp for       and gfp for       :�1 �2

(hierarchical equation system, HES)
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Fixed Point in
�
P(A!)X ,✓

�
<latexit sha1_base64="cazT1EE0CRTwbNYwyVAOzS7pgFc="></latexit><latexit sha1_base64="cazT1EE0CRTwbNYwyVAOzS7pgFc="></latexit><latexit sha1_base64="cazT1EE0CRTwbNYwyVAOzS7pgFc="></latexit><latexit sha1_base64="cazT1EE0CRTwbNYwyVAOzS7pgFc="></latexit>

Theorem: trB(A) = [usol
1 , usol

2 ] : X1 + X2 ! PA!

• Let                                     andX1 := {x : nonaccepting} X2 := {x : accepting}

� : (PA!)X ! (PA!)X

7! �1 : (PA!)X ! (PA!)X1

�2 : (PA!)X ! (PA!)X2)

⇢
u1 =µ �1(u1, u2) 2 ((PA!)X1 ,✓)
u2 =⌫ �2(u1, u2) 2 ((PA!)X2 ,✓)

• We take lfp for       and gfp for       :�1 �2

(hierarchical equation system, HES)
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• Note that:
� : (PA!)X ! (PA!)X

� : K`(P)(X,F�0) ! K`(P)(X,F�0)
<latexit sha1_base64="+EqbTvn/9iW48Yy+53DIZXRoqYE="></latexit><latexit sha1_base64="+EqbTvn/9iW48Yy+53DIZXRoqYE="></latexit><latexit sha1_base64="+EqbTvn/9iW48Yy+53DIZXRoqYE="></latexit><latexit sha1_base64="+EqbTvn/9iW48Yy+53DIZXRoqYE="></latexit>

the Kleisli category of 
the powerset monad P

<latexit sha1_base64="MVcwOCaaoAiHAq0SFRuWNTLwa4o="></latexit><latexit sha1_base64="MVcwOCaaoAiHAq0SFRuWNTLwa4o="></latexit><latexit sha1_base64="MVcwOCaaoAiHAq0SFRuWNTLwa4o="></latexit><latexit sha1_base64="MVcwOCaaoAiHAq0SFRuWNTLwa4o="></latexit>

f : X!p Y in K`(P)
<latexit sha1_base64="/L9/KzrnCsRvwETsj4K1ar3RC80="></latexit><latexit sha1_base64="/L9/KzrnCsRvwETsj4K1ar3RC80="></latexit><latexit sha1_base64="/L9/KzrnCsRvwETsj4K1ar3RC80="></latexit><latexit sha1_base64="/L9/KzrnCsRvwETsj4K1ar3RC80="></latexit>

f : X ! PY in Sets
<latexit sha1_base64="bJuqm6G5KjIixbUZZk06TR3bWSw="></latexit><latexit sha1_base64="bJuqm6G5KjIixbUZZk06TR3bWSw="></latexit><latexit sha1_base64="bJuqm6G5KjIixbUZZk06TR3bWSw="></latexit><latexit sha1_base64="bJuqm6G5KjIixbUZZk06TR3bWSw="></latexit>

carrier of the final 
                                -coalgebra

⇣ : F�0
⇠=�! FF�0

<latexit sha1_base64="UVNpCRXRyEvFiFcapCdf4Hz5Upw="></latexit><latexit sha1_base64="UVNpCRXRyEvFiFcapCdf4Hz5Upw="></latexit><latexit sha1_base64="UVNpCRXRyEvFiFcapCdf4Hz5Upw="></latexit><latexit sha1_base64="UVNpCRXRyEvFiFcapCdf4Hz5Upw="></latexit>

F ( + 0) = A ⇥ ( )
<latexit sha1_base64="MBLnOdjYMVclSJTPGmdAAXE/krE="></latexit><latexit sha1_base64="MBLnOdjYMVclSJTPGmdAAXE/krE="></latexit><latexit sha1_base64="MBLnOdjYMVclSJTPGmdAAXE/krE="></latexit><latexit sha1_base64="MBLnOdjYMVclSJTPGmdAAXE/krE="></latexit>

Weakest Precondition, Categorically
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• Note that:
� : (PA!)X ! (PA!)X

� : K`(P)(X,F�0) ! K`(P)(X,F�0)
<latexit sha1_base64="+EqbTvn/9iW48Yy+53DIZXRoqYE="></latexit><latexit sha1_base64="+EqbTvn/9iW48Yy+53DIZXRoqYE="></latexit><latexit sha1_base64="+EqbTvn/9iW48Yy+53DIZXRoqYE="></latexit><latexit sha1_base64="+EqbTvn/9iW48Yy+53DIZXRoqYE="></latexit>

the Kleisli category of 
the powerset monad P

<latexit sha1_base64="MVcwOCaaoAiHAq0SFRuWNTLwa4o="></latexit><latexit sha1_base64="MVcwOCaaoAiHAq0SFRuWNTLwa4o="></latexit><latexit sha1_base64="MVcwOCaaoAiHAq0SFRuWNTLwa4o="></latexit><latexit sha1_base64="MVcwOCaaoAiHAq0SFRuWNTLwa4o="></latexit>

f : X!p Y in K`(P)
<latexit sha1_base64="/L9/KzrnCsRvwETsj4K1ar3RC80="></latexit><latexit sha1_base64="/L9/KzrnCsRvwETsj4K1ar3RC80="></latexit><latexit sha1_base64="/L9/KzrnCsRvwETsj4K1ar3RC80="></latexit><latexit sha1_base64="/L9/KzrnCsRvwETsj4K1ar3RC80="></latexit>

f : X ! PY in Sets
<latexit sha1_base64="bJuqm6G5KjIixbUZZk06TR3bWSw="></latexit><latexit sha1_base64="bJuqm6G5KjIixbUZZk06TR3bWSw="></latexit><latexit sha1_base64="bJuqm6G5KjIixbUZZk06TR3bWSw="></latexit><latexit sha1_base64="bJuqm6G5KjIixbUZZk06TR3bWSw="></latexit>

carrier of the final 
                                -coalgebra

⇣ : F�0
⇠=�! FF�0

<latexit sha1_base64="UVNpCRXRyEvFiFcapCdf4Hz5Upw="></latexit><latexit sha1_base64="UVNpCRXRyEvFiFcapCdf4Hz5Upw="></latexit><latexit sha1_base64="UVNpCRXRyEvFiFcapCdf4Hz5Upw="></latexit><latexit sha1_base64="UVNpCRXRyEvFiFcapCdf4Hz5Upw="></latexit>

F ( + 0) = A ⇥ ( )
<latexit sha1_base64="MBLnOdjYMVclSJTPGmdAAXE/krE="></latexit><latexit sha1_base64="MBLnOdjYMVclSJTPGmdAAXE/krE="></latexit><latexit sha1_base64="MBLnOdjYMVclSJTPGmdAAXE/krE="></latexit><latexit sha1_base64="MBLnOdjYMVclSJTPGmdAAXE/krE="></latexit>

Weakest Precondition, Categorically

•                                                                        is modeled by:� : K`(P)(X,F�0) ! K`(P)(X,F�0)
<latexit sha1_base64="+EqbTvn/9iW48Yy+53DIZXRoqYE="></latexit><latexit sha1_base64="+EqbTvn/9iW48Yy+53DIZXRoqYE="></latexit><latexit sha1_base64="+EqbTvn/9iW48Yy+53DIZXRoqYE="></latexit><latexit sha1_base64="+EqbTvn/9iW48Yy+53DIZXRoqYE="></latexit>

7!
<latexit sha1_base64="H05UIi3qtk2lHCgYrxnednBqfBU="></latexit><latexit sha1_base64="H05UIi3qtk2lHCgYrxnednBqfBU="></latexit><latexit sha1_base64="H05UIi3qtk2lHCgYrxnednBqfBU="></latexit><latexit sha1_base64="H05UIi3qtk2lHCgYrxnednBqfBU="></latexit>X �f // F�0

<latexit sha1_base64="huIuHs4RtbQPxm6Sq6I0eb+mfCI="></latexit><latexit sha1_base64="huIuHs4RtbQPxm6Sq6I0eb+mfCI="></latexit><latexit sha1_base64="huIuHs4RtbQPxm6Sq6I0eb+mfCI="></latexit><latexit sha1_base64="huIuHs4RtbQPxm6Sq6I0eb+mfCI="></latexit>

in K`(P)
<latexit sha1_base64="y2flcMOKaJ0U0M1UynRnM8FBVu4="></latexit><latexit sha1_base64="y2flcMOKaJ0U0M1UynRnM8FBVu4="></latexit><latexit sha1_base64="y2flcMOKaJ0U0M1UynRnM8FBVu4="></latexit><latexit sha1_base64="y2flcMOKaJ0U0M1UynRnM8FBVu4="></latexit>

FX �Ff
// F (F�0)

_J⇣�1⇠=
✏✏

X

_c

OO

F�0
<latexit sha1_base64="BENiT5kPMjA35IIHK183kASyLY8="></latexit><latexit sha1_base64="BENiT5kPMjA35IIHK183kASyLY8="></latexit><latexit sha1_base64="BENiT5kPMjA35IIHK183kASyLY8="></latexit><latexit sha1_base64="BENiT5kPMjA35IIHK183kASyLY8="></latexit>

where
F : K`(P) ! K`(P) : lifting of F

J : C ! K`(P) : the lifting functor
<latexit sha1_base64="z0NiX2danAdnXDnX2WKF+ySfcAI="></latexit><latexit sha1_base64="z0NiX2danAdnXDnX2WKF+ySfcAI="></latexit><latexit sha1_base64="z0NiX2danAdnXDnX2WKF+ySfcAI="></latexit><latexit sha1_base64="z0NiX2danAdnXDnX2WKF+ySfcAI="></latexit>
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Categorical Trace Semantics of Büchi Automata
[U., Shimizu & Hasuo, CONCUR ‘16]

⇢
u1 =µ �1(u1, u2) 2 ((PA!)X1 ,✓)
u2 =⌫ �2(u1, u2) 2 ((PA!)X2 ,✓)
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Categorical Trace Semantics of Büchi Automata
[U., Shimizu & Hasuo, CONCUR ‘16]

⇢
u1 =µ �1(u1, u2) 2 ((PA!)X1 ,✓)
u2 =⌫ �2(u1, u2) 2 ((PA!)X2 ,✓)

F (X1 + X2)

=µ

�
F [tr1(c), tr2(c)]

// F (F�0)

X1

_c1

OO

�tr1(c)
// F�0

_J⇣ ⇠=

OO

<latexit sha1_base64="TebfM4aV4ZDuXMo50VeQdqJM47s="></latexit><latexit sha1_base64="TebfM4aV4ZDuXMo50VeQdqJM47s="></latexit><latexit sha1_base64="TebfM4aV4ZDuXMo50VeQdqJM47s="></latexit><latexit sha1_base64="TebfM4aV4ZDuXMo50VeQdqJM47s="></latexit>

F (X1 + X2)

=⌫

�
F [tr1(c), tr2(c)]

// F (F�0)

X2

_c2

OO

�tr2(c)
// F�0

_J⇣ ⇠=

OO

<latexit sha1_base64="cLfcwIYbwquqMejjsO4f1JTpQxU="></latexit><latexit sha1_base64="cLfcwIYbwquqMejjsO4f1JTpQxU="></latexit><latexit sha1_base64="cLfcwIYbwquqMejjsO4f1JTpQxU="></latexit><latexit sha1_base64="cLfcwIYbwquqMejjsO4f1JTpQxU="></latexit>

where
c1 = c � ⇡1

<latexit sha1_base64="SbXSQhn/Lpb6rGh2pnjDUmPTToo="></latexit><latexit sha1_base64="SbXSQhn/Lpb6rGh2pnjDUmPTToo="></latexit><latexit sha1_base64="SbXSQhn/Lpb6rGh2pnjDUmPTToo="></latexit><latexit sha1_base64="SbXSQhn/Lpb6rGh2pnjDUmPTToo="></latexit>

c2 = c � ⇡2
<latexit sha1_base64="tMbubovSg1tnroQYkf/U/0DFj6M="></latexit><latexit sha1_base64="tMbubovSg1tnroQYkf/U/0DFj6M="></latexit><latexit sha1_base64="tMbubovSg1tnroQYkf/U/0DFj6M="></latexit><latexit sha1_base64="tMbubovSg1tnroQYkf/U/0DFj6M="></latexit>
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Categorical Trace Semantics of Büchi Automata
[U., Shimizu & Hasuo, CONCUR ‘16]

⇢
u1 =µ �1(u1, u2) 2 ((PA!)X1 ,✓)
u2 =⌫ �2(u1, u2) 2 ((PA!)X2 ,✓)

Theorem: [tr1(c), tr2(c)] = [tr1(A), tr2(A)]
<latexit sha1_base64="Kc+LP6A8gtf4AxSfeUvLXDlLaKY="></latexit><latexit sha1_base64="Kc+LP6A8gtf4AxSfeUvLXDlLaKY="></latexit><latexit sha1_base64="Kc+LP6A8gtf4AxSfeUvLXDlLaKY="></latexit><latexit sha1_base64="Kc+LP6A8gtf4AxSfeUvLXDlLaKY="></latexit>

F (X1 + X2)

=µ

�
F [tr1(c), tr2(c)]

// F (F�0)

X1

_c1

OO

�tr1(c)
// F�0

_J⇣ ⇠=

OO

<latexit sha1_base64="TebfM4aV4ZDuXMo50VeQdqJM47s="></latexit><latexit sha1_base64="TebfM4aV4ZDuXMo50VeQdqJM47s="></latexit><latexit sha1_base64="TebfM4aV4ZDuXMo50VeQdqJM47s="></latexit><latexit sha1_base64="TebfM4aV4ZDuXMo50VeQdqJM47s="></latexit>

F (X1 + X2)

=⌫

�
F [tr1(c), tr2(c)]

// F (F�0)

X2

_c2

OO

�tr2(c)
// F�0

_J⇣ ⇠=

OO

<latexit sha1_base64="cLfcwIYbwquqMejjsO4f1JTpQxU="></latexit><latexit sha1_base64="cLfcwIYbwquqMejjsO4f1JTpQxU="></latexit><latexit sha1_base64="cLfcwIYbwquqMejjsO4f1JTpQxU="></latexit><latexit sha1_base64="cLfcwIYbwquqMejjsO4f1JTpQxU="></latexit>

where
c1 = c � ⇡1

<latexit sha1_base64="SbXSQhn/Lpb6rGh2pnjDUmPTToo="></latexit><latexit sha1_base64="SbXSQhn/Lpb6rGh2pnjDUmPTToo="></latexit><latexit sha1_base64="SbXSQhn/Lpb6rGh2pnjDUmPTToo="></latexit><latexit sha1_base64="SbXSQhn/Lpb6rGh2pnjDUmPTToo="></latexit>

c2 = c � ⇡2
<latexit sha1_base64="tMbubovSg1tnroQYkf/U/0DFj6M="></latexit><latexit sha1_base64="tMbubovSg1tnroQYkf/U/0DFj6M="></latexit><latexit sha1_base64="tMbubovSg1tnroQYkf/U/0DFj6M="></latexit><latexit sha1_base64="tMbubovSg1tnroQYkf/U/0DFj6M="></latexit>
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Categorical Decorated Trace Semantics

• Recall:

F+�0
⇠=���!

⇣ final
F+(F+�0)

⇠= ����
◆ initial

F
�
F+(F+�0) + F+�0

�
<latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit>

F (X1 + X2)

=⌫

�
F (dtr1(c) + dtr2(c))

// F (F+(F+�0) + F+�0)

F+(F+�0)

_
J◆�1 ⇠=

OO

X2

_c2

OO

�dtr2(c)
// F+�0

_J⇣ ⇠=
OO

<latexit sha1_base64="8Q1d1VEcWLU2hw8y4hBm6cTq63k="></latexit><latexit sha1_base64="8Q1d1VEcWLU2hw8y4hBm6cTq63k="></latexit><latexit sha1_base64="8Q1d1VEcWLU2hw8y4hBm6cTq63k="></latexit><latexit sha1_base64="8Q1d1VEcWLU2hw8y4hBm6cTq63k="></latexit>

F (X1 + X2)

=⌫

�
F (dtr1(c) + dtr2(c))

// F (F+(F+�0) + F+�0)

X1

_c1

OO

�dtr1(c)
// F+(F+�0)

_
J◆�1 ⇠=

OO

<latexit sha1_base64="mBiPcUzEVnXT/EunWUUBAMiaEQU="></latexit><latexit sha1_base64="mBiPcUzEVnXT/EunWUUBAMiaEQU="></latexit><latexit sha1_base64="mBiPcUzEVnXT/EunWUUBAMiaEQU="></latexit><latexit sha1_base64="mBiPcUzEVnXT/EunWUUBAMiaEQU="></latexit>
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Categorical Decorated Trace Semantics

• Recall:

F+�0
⇠=���!

⇣ final
F+(F+�0)

⇠= ����
◆ initial

F
�
F+(F+�0) + F+�0

�
<latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit>

F (X1 + X2)

=⌫

�
F (dtr1(c) + dtr2(c))

// F (F+(F+�0) + F+�0)

F+(F+�0)

_
J◆�1 ⇠=

OO

X2

_c2

OO

�dtr2(c)
// F+�0

_J⇣ ⇠=
OO

<latexit sha1_base64="8Q1d1VEcWLU2hw8y4hBm6cTq63k="></latexit><latexit sha1_base64="8Q1d1VEcWLU2hw8y4hBm6cTq63k="></latexit><latexit sha1_base64="8Q1d1VEcWLU2hw8y4hBm6cTq63k="></latexit><latexit sha1_base64="8Q1d1VEcWLU2hw8y4hBm6cTq63k="></latexit>

F (X1 + X2)

=⌫

�
F (dtr1(c) + dtr2(c))

// F (F+(F+�0) + F+�0)

X1

_c1

OO

�dtr1(c)
// F+(F+�0)

_
J◆�1 ⇠=

OO

<latexit sha1_base64="mBiPcUzEVnXT/EunWUUBAMiaEQU="></latexit><latexit sha1_base64="mBiPcUzEVnXT/EunWUUBAMiaEQU="></latexit><latexit sha1_base64="mBiPcUzEVnXT/EunWUUBAMiaEQU="></latexit><latexit sha1_base64="mBiPcUzEVnXT/EunWUUBAMiaEQU="></latexit>
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Categorical Decorated Trace Semantics

• Recall:

F+�0
⇠=���!

⇣ final
F+(F+�0)

⇠= ����
◆ initial

F
�
F+(F+�0) + F+�0

�
<latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit>

F (X1 + X2)

=⌫

�
F (dtr1(c) + dtr2(c))

// F (F+(F+�0) + F+�0)

F+(F+�0)

_
J◆�1 ⇠=

OO

X2

_c2

OO

�dtr2(c)
// F+�0

_J⇣ ⇠=
OO

<latexit sha1_base64="8Q1d1VEcWLU2hw8y4hBm6cTq63k="></latexit><latexit sha1_base64="8Q1d1VEcWLU2hw8y4hBm6cTq63k="></latexit><latexit sha1_base64="8Q1d1VEcWLU2hw8y4hBm6cTq63k="></latexit><latexit sha1_base64="8Q1d1VEcWLU2hw8y4hBm6cTq63k="></latexit>

F (X1 + X2)

=⌫

�
F (dtr1(c) + dtr2(c))

// F (F+(F+�0) + F+�0)

X1

_c1

OO

�dtr1(c)
// F+(F+�0)

_
J◆�1 ⇠=

OO

<latexit sha1_base64="mBiPcUzEVnXT/EunWUUBAMiaEQU="></latexit><latexit sha1_base64="mBiPcUzEVnXT/EunWUUBAMiaEQU="></latexit><latexit sha1_base64="mBiPcUzEVnXT/EunWUUBAMiaEQU="></latexit><latexit sha1_base64="mBiPcUzEVnXT/EunWUUBAMiaEQU="></latexit>
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Categorical Decorated Trace Semantics

• Recall:

F+�0
⇠=���!

⇣ final
F+(F+�0)

⇠= ����
◆ initial

F
�
F+(F+�0) + F+�0

�
<latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="></latexit>

F (X1 + X2)

=⌫

�
F (dtr1(c) + dtr2(c))

// F (F+(F+�0) + F+�0)

F+(F+�0)

_
J◆�1 ⇠=

OO

X2

_c2

OO

�dtr2(c)
// F+�0

_J⇣ ⇠=
OO

<latexit sha1_base64="8Q1d1VEcWLU2hw8y4hBm6cTq63k="></latexit><latexit sha1_base64="8Q1d1VEcWLU2hw8y4hBm6cTq63k="></latexit><latexit sha1_base64="8Q1d1VEcWLU2hw8y4hBm6cTq63k="></latexit><latexit sha1_base64="8Q1d1VEcWLU2hw8y4hBm6cTq63k="></latexit>

F (X1 + X2)

=⌫

�
F (dtr1(c) + dtr2(c))

// F (F+(F+�0) + F+�0)

X1

_c1

OO

�dtr1(c)
// F+(F+�0)

_
J◆�1 ⇠=

OO

<latexit sha1_base64="mBiPcUzEVnXT/EunWUUBAMiaEQU="></latexit><latexit sha1_base64="mBiPcUzEVnXT/EunWUUBAMiaEQU="></latexit><latexit sha1_base64="mBiPcUzEVnXT/EunWUUBAMiaEQU="></latexit><latexit sha1_base64="mBiPcUzEVnXT/EunWUUBAMiaEQU="></latexit>

Theorem: dtr1(c) + dtr2(c) = dtr1(A) + dtr2(A)
<latexit sha1_base64="A6hx938YOSY9O2DxueFHaKdVI8Q="></latexit><latexit sha1_base64="A6hx938YOSY9O2DxueFHaKdVI8Q="></latexit><latexit sha1_base64="A6hx938YOSY9O2DxueFHaKdVI8Q="></latexit><latexit sha1_base64="A6hx938YOSY9O2DxueFHaKdVI8Q="></latexit>
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For Parity Condition
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• For Büchi automata,

F+�0
⇠=���!

⇣ final
F+(F+�0)

⇠= ����
◆ initial

F
�
F+(F+�0) + F+�0

�
<latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="> </latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="> </latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="> </latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="> </latexit>

X2
<latexit sha1_base64="C/3oup7Oe6Q84Ns/2F9WEkBI8ps="></latexit><latexit sha1_base64="C/3oup7Oe6Q84Ns/2F9WEkBI8ps="></latexit><latexit sha1_base64="C/3oup7Oe6Q84Ns/2F9WEkBI8ps="></latexit><latexit sha1_base64="C/3oup7Oe6Q84Ns/2F9WEkBI8ps="></latexit> X1

<latexit sha1_base64="d96Ep9tcpQO1fVFn7qTTWIusvUI="></latexit><latexit sha1_base64="d96Ep9tcpQO1fVFn7qTTWIusvUI="></latexit><latexit sha1_base64="d96Ep9tcpQO1fVFn7qTTWIusvUI="></latexit><latexit sha1_base64="d96Ep9tcpQO1fVFn7qTTWIusvUI="></latexit>
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• For Büchi automata,

F+�0
⇠=���!

⇣ final
F+(F+�0)

⇠= ����
◆ initial

F
�
F+(F+�0) + F+�0

�
<latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="> </latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="> </latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="> </latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="> </latexit>

X2
<latexit sha1_base64="C/3oup7Oe6Q84Ns/2F9WEkBI8ps="></latexit><latexit sha1_base64="C/3oup7Oe6Q84Ns/2F9WEkBI8ps="></latexit><latexit sha1_base64="C/3oup7Oe6Q84Ns/2F9WEkBI8ps="></latexit><latexit sha1_base64="C/3oup7Oe6Q84Ns/2F9WEkBI8ps="></latexit> X1

<latexit sha1_base64="d96Ep9tcpQO1fVFn7qTTWIusvUI="></latexit><latexit sha1_base64="d96Ep9tcpQO1fVFn7qTTWIusvUI="></latexit><latexit sha1_base64="d96Ep9tcpQO1fVFn7qTTWIusvUI="></latexit><latexit sha1_base64="d96Ep9tcpQO1fVFn7qTTWIusvUI="></latexit>

• For parity automata s.t. ⌦ : X ! {1, . . . , 2n}
<latexit sha1_base64="qZUd+NTXHwG29e7oCC3R7g6JEHk="></latexit><latexit sha1_base64="qZUd+NTXHwG29e7oCC3R7g6JEHk="></latexit><latexit sha1_base64="qZUd+NTXHwG29e7oCC3R7g6JEHk="></latexit><latexit sha1_base64="qZUd+NTXHwG29e7oCC3R7g6JEHk="></latexit>

F

+� . . . +�
| {z }

2n 0
⇠=�! F

+� . . . +�+
| {z }

2n�1 (F

+� . . . +�
| {z }

2n 0)
⇠= � · · ·

<latexit sha1_base64="GMKYHMl9pQTEQpUBbyZFkDORFXE="></latexit><latexit sha1_base64="GMKYHMl9pQTEQpUBbyZFkDORFXE="></latexit><latexit sha1_base64="GMKYHMl9pQTEQpUBbyZFkDORFXE="></latexit><latexit sha1_base64="GMKYHMl9pQTEQpUBbyZFkDORFXE="></latexit>

⇠= � F
�
F

+� . . . +�
| {z }

2n 0 + F

+� . . . +�+
| {z }

2n�1 (F

+� . . . +�
| {z }

2n 0) + · · ·
�

<latexit sha1_base64="L403D0gc8RJSETK4HsiN7mzvcxo="></latexit><latexit sha1_base64="L403D0gc8RJSETK4HsiN7mzvcxo="></latexit><latexit sha1_base64="L403D0gc8RJSETK4HsiN7mzvcxo="></latexit><latexit sha1_base64="L403D0gc8RJSETK4HsiN7mzvcxo="></latexit>
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• For Büchi automata,

F+�0
⇠=���!

⇣ final
F+(F+�0)

⇠= ����
◆ initial

F
�
F+(F+�0) + F+�0

�
<latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="> </latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="> </latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="> </latexit><latexit sha1_base64="EUtI0Chbb4NA/DkSD2joFJpaVls="> </latexit>

X2
<latexit sha1_base64="C/3oup7Oe6Q84Ns/2F9WEkBI8ps="></latexit><latexit sha1_base64="C/3oup7Oe6Q84Ns/2F9WEkBI8ps="></latexit><latexit sha1_base64="C/3oup7Oe6Q84Ns/2F9WEkBI8ps="></latexit><latexit sha1_base64="C/3oup7Oe6Q84Ns/2F9WEkBI8ps="></latexit> X1

<latexit sha1_base64="d96Ep9tcpQO1fVFn7qTTWIusvUI="></latexit><latexit sha1_base64="d96Ep9tcpQO1fVFn7qTTWIusvUI="></latexit><latexit sha1_base64="d96Ep9tcpQO1fVFn7qTTWIusvUI="></latexit><latexit sha1_base64="d96Ep9tcpQO1fVFn7qTTWIusvUI="></latexit>

• For parity automata s.t. ⌦ : X ! {1, . . . , 2n}
<latexit sha1_base64="qZUd+NTXHwG29e7oCC3R7g6JEHk="></latexit><latexit sha1_base64="qZUd+NTXHwG29e7oCC3R7g6JEHk="></latexit><latexit sha1_base64="qZUd+NTXHwG29e7oCC3R7g6JEHk="></latexit><latexit sha1_base64="qZUd+NTXHwG29e7oCC3R7g6JEHk="></latexit>

F

+� . . . +�
| {z }

2n 0
⇠=�! F

+� . . . +�+
| {z }

2n�1 (F

+� . . . +�
| {z }

2n 0)
⇠= � · · ·

<latexit sha1_base64="GMKYHMl9pQTEQpUBbyZFkDORFXE="></latexit><latexit sha1_base64="GMKYHMl9pQTEQpUBbyZFkDORFXE="></latexit><latexit sha1_base64="GMKYHMl9pQTEQpUBbyZFkDORFXE="></latexit><latexit sha1_base64="GMKYHMl9pQTEQpUBbyZFkDORFXE="></latexit>

⇠= � F
�
F

+� . . . +�
| {z }

2n 0 + F

+� . . . +�+
| {z }

2n�1 (F

+� . . . +�
| {z }

2n 0) + · · ·
�

<latexit sha1_base64="L403D0gc8RJSETK4HsiN7mzvcxo="></latexit><latexit sha1_base64="L403D0gc8RJSETK4HsiN7mzvcxo="></latexit><latexit sha1_base64="L403D0gc8RJSETK4HsiN7mzvcxo="></latexit><latexit sha1_base64="L403D0gc8RJSETK4HsiN7mzvcxo="></latexit>

X2n
<latexit sha1_base64="nvLH2IP2JmvQjnoK5EzHCTxUhqk="></latexit><latexit sha1_base64="nvLH2IP2JmvQjnoK5EzHCTxUhqk="></latexit><latexit sha1_base64="nvLH2IP2JmvQjnoK5EzHCTxUhqk="></latexit><latexit sha1_base64="nvLH2IP2JmvQjnoK5EzHCTxUhqk="></latexit>

X2n�1
<latexit sha1_base64="YEzbhq28d9LNfqLCm4xThU+QFa8="></latexit><latexit sha1_base64="YEzbhq28d9LNfqLCm4xThU+QFa8="></latexit><latexit sha1_base64="YEzbhq28d9LNfqLCm4xThU+QFa8="></latexit><latexit sha1_base64="YEzbhq28d9LNfqLCm4xThU+QFa8="></latexit>
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• Trace Semantics vs. Decorated Trace Semantics
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Removing Decoration, Categorically
A+(A+)! + (A+)!

[p1,p2]����! A!
<latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit><latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit><latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit><latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit>
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Removing Decoration, Categorically
A+(A+)! + (A+)!

[p1,p2]����! A!
<latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit><latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit><latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit><latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit>

• Categorically,
F+(F+�0) + F+�0

[p1,p2]����! F�0
<latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit><latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit><latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit><latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit>
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F (F+(F+�0) + F+�0) // F (F�0)

F+(F+�0) + F+�0

[◆�1,◆�1�⇣]

OO

[p1,p2]
// F�0

⇣

OO

<latexit sha1_base64="+pS63s/q5jNMz3G+RUklad7n8ak="></latexit><latexit sha1_base64="+pS63s/q5jNMz3G+RUklad7n8ak="></latexit><latexit sha1_base64="+pS63s/q5jNMz3G+RUklad7n8ak="></latexit><latexit sha1_base64="+pS63s/q5jNMz3G+RUklad7n8ak="></latexit>
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Removing Decoration, Categorically

• We define them by:

F+�0
<latexit sha1_base64="G6CjWWLePOBAIm00bQT9eHcpreY="></latexit><latexit sha1_base64="G6CjWWLePOBAIm00bQT9eHcpreY="></latexit><latexit sha1_base64="G6CjWWLePOBAIm00bQT9eHcpreY="></latexit><latexit sha1_base64="G6CjWWLePOBAIm00bQT9eHcpreY="></latexit>

F (F+�0)
<latexit sha1_base64="yKkPguiYCQO1pCjL/gP8NY+D0mA="></latexit><latexit sha1_base64="yKkPguiYCQO1pCjL/gP8NY+D0mA="></latexit><latexit sha1_base64="yKkPguiYCQO1pCjL/gP8NY+D0mA="></latexit><latexit sha1_base64="yKkPguiYCQO1pCjL/gP8NY+D0mA="></latexit>

⇠=<latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit><latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit><latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit><latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit>

final
<latexit sha1_base64="bfe51zvBK0fjnfqOekyFrqhP/Uk="></latexit><latexit sha1_base64="bfe51zvBK0fjnfqOekyFrqhP/Uk="></latexit><latexit sha1_base64="bfe51zvBK0fjnfqOekyFrqhP/Uk="></latexit><latexit sha1_base64="bfe51zvBK0fjnfqOekyFrqhP/Uk="></latexit>

⇣
<latexit sha1_base64="O1bZWZ1TG/NvIsXp09lqyT4c+zo="></latexit><latexit sha1_base64="O1bZWZ1TG/NvIsXp09lqyT4c+zo="></latexit><latexit sha1_base64="O1bZWZ1TG/NvIsXp09lqyT4c+zo="></latexit><latexit sha1_base64="O1bZWZ1TG/NvIsXp09lqyT4c+zo="></latexit>

◆
<latexit sha1_base64="lzsw4tx6Gg6W54Hg5X/zILDTD1o="></latexit><latexit sha1_base64="lzsw4tx6Gg6W54Hg5X/zILDTD1o="></latexit><latexit sha1_base64="lzsw4tx6Gg6W54Hg5X/zILDTD1o="></latexit><latexit sha1_base64="lzsw4tx6Gg6W54Hg5X/zILDTD1o="></latexit>

⇠=<latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit><latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit><latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit><latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit>

initial
<latexit sha1_base64="sTBinDN3TNPZH7t4Oh87IgZg/2g="></latexit><latexit sha1_base64="sTBinDN3TNPZH7t4Oh87IgZg/2g="></latexit><latexit sha1_base64="sTBinDN3TNPZH7t4Oh87IgZg/2g="></latexit><latexit sha1_base64="sTBinDN3TNPZH7t4Oh87IgZg/2g="></latexit>

�1
<latexit sha1_base64="bzHmcpb/VMXcQUCe6zwnBsBuFEs="></latexit><latexit sha1_base64="bzHmcpb/VMXcQUCe6zwnBsBuFEs="></latexit><latexit sha1_base64="bzHmcpb/VMXcQUCe6zwnBsBuFEs="></latexit><latexit sha1_base64="bzHmcpb/VMXcQUCe6zwnBsBuFEs="></latexit>

A+(A+)! + (A+)!
[p1,p2]����! A!

<latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit><latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit><latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit><latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit>

• Categorically,
F+(F+�0) + F+�0

[p1,p2]����! F�0
<latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit><latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit><latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit><latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit>
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F (F+(F+�0) + F+�0) // F (F�0)

F+(F+�0) + F+�0

[◆�1,◆�1�⇣]

OO

[p1,p2]
// F�0

⇣

OO

<latexit sha1_base64="+pS63s/q5jNMz3G+RUklad7n8ak="></latexit><latexit sha1_base64="+pS63s/q5jNMz3G+RUklad7n8ak="></latexit><latexit sha1_base64="+pS63s/q5jNMz3G+RUklad7n8ak="></latexit><latexit sha1_base64="+pS63s/q5jNMz3G+RUklad7n8ak="></latexit>
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Removing Decoration, Categorically

• We define them by:

F (F+�0)
<latexit sha1_base64="yKkPguiYCQO1pCjL/gP8NY+D0mA="></latexit><latexit sha1_base64="yKkPguiYCQO1pCjL/gP8NY+D0mA="></latexit><latexit sha1_base64="yKkPguiYCQO1pCjL/gP8NY+D0mA="></latexit><latexit sha1_base64="yKkPguiYCQO1pCjL/gP8NY+D0mA="></latexit>

◆
<latexit sha1_base64="lzsw4tx6Gg6W54Hg5X/zILDTD1o="></latexit><latexit sha1_base64="lzsw4tx6Gg6W54Hg5X/zILDTD1o="></latexit><latexit sha1_base64="lzsw4tx6Gg6W54Hg5X/zILDTD1o="></latexit><latexit sha1_base64="lzsw4tx6Gg6W54Hg5X/zILDTD1o="></latexit>

⇠=<latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit><latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit><latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit><latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit>

initial
<latexit sha1_base64="sTBinDN3TNPZH7t4Oh87IgZg/2g="></latexit><latexit sha1_base64="sTBinDN3TNPZH7t4Oh87IgZg/2g="></latexit><latexit sha1_base64="sTBinDN3TNPZH7t4Oh87IgZg/2g="></latexit><latexit sha1_base64="sTBinDN3TNPZH7t4Oh87IgZg/2g="></latexit>

�1
<latexit sha1_base64="bzHmcpb/VMXcQUCe6zwnBsBuFEs="></latexit><latexit sha1_base64="bzHmcpb/VMXcQUCe6zwnBsBuFEs="></latexit><latexit sha1_base64="bzHmcpb/VMXcQUCe6zwnBsBuFEs="></latexit><latexit sha1_base64="bzHmcpb/VMXcQUCe6zwnBsBuFEs="></latexit>

F+�0
<latexit sha1_base64="G6CjWWLePOBAIm00bQT9eHcpreY="></latexit><latexit sha1_base64="G6CjWWLePOBAIm00bQT9eHcpreY="></latexit><latexit sha1_base64="G6CjWWLePOBAIm00bQT9eHcpreY="></latexit><latexit sha1_base64="G6CjWWLePOBAIm00bQT9eHcpreY="></latexit>

F (F+�0)
<latexit sha1_base64="yKkPguiYCQO1pCjL/gP8NY+D0mA="></latexit><latexit sha1_base64="yKkPguiYCQO1pCjL/gP8NY+D0mA="></latexit><latexit sha1_base64="yKkPguiYCQO1pCjL/gP8NY+D0mA="></latexit><latexit sha1_base64="yKkPguiYCQO1pCjL/gP8NY+D0mA="></latexit>

⇠=<latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit><latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit><latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit><latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit>

final
<latexit sha1_base64="bfe51zvBK0fjnfqOekyFrqhP/Uk="></latexit><latexit sha1_base64="bfe51zvBK0fjnfqOekyFrqhP/Uk="></latexit><latexit sha1_base64="bfe51zvBK0fjnfqOekyFrqhP/Uk="></latexit><latexit sha1_base64="bfe51zvBK0fjnfqOekyFrqhP/Uk="></latexit>

⇣
<latexit sha1_base64="O1bZWZ1TG/NvIsXp09lqyT4c+zo="></latexit><latexit sha1_base64="O1bZWZ1TG/NvIsXp09lqyT4c+zo="></latexit><latexit sha1_base64="O1bZWZ1TG/NvIsXp09lqyT4c+zo="></latexit><latexit sha1_base64="O1bZWZ1TG/NvIsXp09lqyT4c+zo="></latexit>

◆
<latexit sha1_base64="lzsw4tx6Gg6W54Hg5X/zILDTD1o="></latexit><latexit sha1_base64="lzsw4tx6Gg6W54Hg5X/zILDTD1o="></latexit><latexit sha1_base64="lzsw4tx6Gg6W54Hg5X/zILDTD1o="></latexit><latexit sha1_base64="lzsw4tx6Gg6W54Hg5X/zILDTD1o="></latexit>

⇠=<latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit><latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit><latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit><latexit sha1_base64="RYwYmVa405TjWjia0nD7OE7PyRo="></latexit>

initial
<latexit sha1_base64="sTBinDN3TNPZH7t4Oh87IgZg/2g="></latexit><latexit sha1_base64="sTBinDN3TNPZH7t4Oh87IgZg/2g="></latexit><latexit sha1_base64="sTBinDN3TNPZH7t4Oh87IgZg/2g="></latexit><latexit sha1_base64="sTBinDN3TNPZH7t4Oh87IgZg/2g="></latexit>

�1
<latexit sha1_base64="bzHmcpb/VMXcQUCe6zwnBsBuFEs="></latexit><latexit sha1_base64="bzHmcpb/VMXcQUCe6zwnBsBuFEs="></latexit><latexit sha1_base64="bzHmcpb/VMXcQUCe6zwnBsBuFEs="></latexit><latexit sha1_base64="bzHmcpb/VMXcQUCe6zwnBsBuFEs="></latexit>

A+(A+)! + (A+)!
[p1,p2]����! A!

<latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit><latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit><latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit><latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit>

• Categorically,
F+(F+�0) + F+�0

[p1,p2]����! F�0
<latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit><latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit><latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit><latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit>
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F (F+(F+�0) + F+�0) // F (F�0)

F+(F+�0) + F+�0

[◆�1,◆�1�⇣]

OO

[p1,p2]
// F�0

⇣

OO

<latexit sha1_base64="+pS63s/q5jNMz3G+RUklad7n8ak="></latexit><latexit sha1_base64="+pS63s/q5jNMz3G+RUklad7n8ak="></latexit><latexit sha1_base64="+pS63s/q5jNMz3G+RUklad7n8ak="></latexit><latexit sha1_base64="+pS63s/q5jNMz3G+RUklad7n8ak="></latexit>
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Removing Decoration, Categorically

• We define them by:

A+(A+)! + (A+)!
[p1,p2]����! A!

<latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit><latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit><latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit><latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit>

• Categorically,
F+(F+�0) + F+�0

[p1,p2]����! F�0
<latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit><latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit><latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit><latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit>
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F (F+(F+�0) + F+�0) // F (F�0)

F+(F+�0) + F+�0

[◆�1,◆�1�⇣]

OO

[p1,p2]
// F�0

⇣

OO

<latexit sha1_base64="+pS63s/q5jNMz3G+RUklad7n8ak="></latexit><latexit sha1_base64="+pS63s/q5jNMz3G+RUklad7n8ak="></latexit><latexit sha1_base64="+pS63s/q5jNMz3G+RUklad7n8ak="></latexit><latexit sha1_base64="+pS63s/q5jNMz3G+RUklad7n8ak="></latexit>
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Removing Decoration, Categorically

• We define them by:

A+(A+)! + (A+)!
[p1,p2]����! A!

<latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit><latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit><latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit><latexit sha1_base64="fFSL3WswS949LeSSvgbqKQS71i0="></latexit>

• Categorically,
F+(F+�0) + F+�0

[p1,p2]����! F�0
<latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit><latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit><latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit><latexit sha1_base64="hHby9EMf8Dadm/Ey6ppq2cUhbnY="></latexit>
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Coincidence
Theorem:

trB1 (c) = Jp1 � dtr1(c)
<latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit><latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit><latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit><latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit>

trB2 (c) = Jp2 � dtr2(c)
<latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit><latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit><latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit><latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit>
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Coincidence
Theorem:

trB1 (c) = Jp1 � dtr1(c)
<latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit><latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit><latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit><latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit>

trB2 (c) = Jp2 � dtr2(c)
<latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit><latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit><latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit><latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit>

F (X1 + X2)

=⌫

�
F (dtr1(c)+dtr2(c))

//

�
--

F (F+(F+�0) + F+�0)

=

�
JF [p1,p2]

// F (F�0)

X1

_c1

OO

�dtr1(c)
//

�
tr1(c)

22F+(F+�0)

_
J◆�1⇠=

OO

�Jp1
// F�0

_J⇣⇠=

OO

<latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit><latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit><latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit><latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit>

F (X1 + X2)

=⌫

�
F (dtr1(c)+dtr2(c))

//

�
--

F (F+(F+�0) + F+�0)

=

�
JF [p1,p2]

// F (F�0)

F+(F+�0)

_
J◆�1⇠=
OO

X2

_c2

OO

�dtr2(c)
//

�
tr2(c)

22F+�0

_J⇣⇠=
OO

�Jp2
// F�0

_J⇣⇠=

OO

<latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit><latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit><latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit><latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit>



Natsuki Urabe (U. Tokyo) / 27 24

Coincidence
Theorem:

trB1 (c) = Jp1 � dtr1(c)
<latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit><latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit><latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit><latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit>

trB2 (c) = Jp2 � dtr2(c)
<latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit><latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit><latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit><latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit>

F (X1 + X2)

=⌫

�
F (dtr1(c)+dtr2(c))

//

�
--

F (F+(F+�0) + F+�0)

=

�
JF [p1,p2]

// F (F�0)

X1

_c1

OO

�dtr1(c)
//

�
tr1(c)

22F+(F+�0)

_
J◆�1⇠=

OO

�Jp1
// F�0

_J⇣⇠=

OO

<latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit><latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit><latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit><latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit>

F (X1 + X2)

=⌫

�
F (dtr1(c)+dtr2(c))

//

�
--

F (F+(F+�0) + F+�0)

=

�
JF [p1,p2]

// F (F�0)

F+(F+�0)

_
J◆�1⇠=
OO

X2

_c2

OO

�dtr2(c)
//

�
tr2(c)

22F+�0

_J⇣⇠=
OO

�Jp2
// F�0

_J⇣⇠=

OO

<latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit><latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit><latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit><latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit>

tr(c)
<latexit sha1_base64="EzzHWxWok92DHx7hHYWB1Zl4dh8="></latexit><latexit sha1_base64="EzzHWxWok92DHx7hHYWB1Zl4dh8="></latexit><latexit sha1_base64="EzzHWxWok92DHx7hHYWB1Zl4dh8="></latexit><latexit sha1_base64="EzzHWxWok92DHx7hHYWB1Zl4dh8="></latexit>

gfp

lfp
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Coincidence
Theorem:

trB1 (c) = Jp1 � dtr1(c)
<latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit><latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit><latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit><latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit>

trB2 (c) = Jp2 � dtr2(c)
<latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit><latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit><latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit><latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit>

F (X1 + X2)

=⌫

�
F (dtr1(c)+dtr2(c))

//

�
--

F (F+(F+�0) + F+�0)

=

�
JF [p1,p2]

// F (F�0)

X1

_c1

OO

�dtr1(c)
//

�
tr1(c)

22F+(F+�0)

_
J◆�1⇠=

OO

�Jp1
// F�0

_J⇣⇠=

OO

<latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit><latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit><latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit><latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit>

F (X1 + X2)

=⌫

�
F (dtr1(c)+dtr2(c))

//

�
--

F (F+(F+�0) + F+�0)

=

�
JF [p1,p2]

// F (F�0)

F+(F+�0)

_
J◆�1⇠=
OO

X2

_c2

OO

�dtr2(c)
//

�
tr2(c)

22F+�0

_J⇣⇠=
OO

�Jp2
// F�0

_J⇣⇠=

OO

<latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit><latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit><latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit><latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit>

dtr(c)
<latexit sha1_base64="90CPAgdhJoz6DPSuUFgxkb1CqKc="></latexit><latexit sha1_base64="90CPAgdhJoz6DPSuUFgxkb1CqKc="></latexit><latexit sha1_base64="90CPAgdhJoz6DPSuUFgxkb1CqKc="></latexit><latexit sha1_base64="90CPAgdhJoz6DPSuUFgxkb1CqKc="></latexit>

gfp

gfp

tr(c)
<latexit sha1_base64="EzzHWxWok92DHx7hHYWB1Zl4dh8="></latexit><latexit sha1_base64="EzzHWxWok92DHx7hHYWB1Zl4dh8="></latexit><latexit sha1_base64="EzzHWxWok92DHx7hHYWB1Zl4dh8="></latexit><latexit sha1_base64="EzzHWxWok92DHx7hHYWB1Zl4dh8="></latexit>

gfp

lfp
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Coincidence
Theorem:

trB1 (c) = Jp1 � dtr1(c)
<latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit><latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit><latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit><latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit>

trB2 (c) = Jp2 � dtr2(c)
<latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit><latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit><latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit><latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit>

final coalg. in K`(T )
<latexit sha1_base64="+qPw0k3JyN6Jx6AgEp58PEP1HN0="></latexit><latexit sha1_base64="+qPw0k3JyN6Jx6AgEp58PEP1HN0="></latexit><latexit sha1_base64="+qPw0k3JyN6Jx6AgEp58PEP1HN0="></latexit><latexit sha1_base64="+qPw0k3JyN6Jx6AgEp58PEP1HN0="></latexit>

[Hasuo, Jacobs & Sokolova, ’07]

F (X1 + X2)

=⌫

�
F (dtr1(c)+dtr2(c))

//

�
--

F (F+(F+�0) + F+�0)

=

�
JF [p1,p2]

// F (F�0)

X1

_c1

OO

�dtr1(c)
//

�
tr1(c)

22F+(F+�0)

_
J◆�1⇠=

OO

�Jp1
// F�0

_J⇣⇠=

OO

<latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit><latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit><latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit><latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit>

F (X1 + X2)

=⌫

�
F (dtr1(c)+dtr2(c))

//

�
--

F (F+(F+�0) + F+�0)

=

�
JF [p1,p2]

// F (F�0)

F+(F+�0)

_
J◆�1⇠=
OO

X2

_c2

OO

�dtr2(c)
//

�
tr2(c)

22F+�0

_J⇣⇠=
OO

�Jp2
// F�0

_J⇣⇠=

OO

<latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit><latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit><latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit><latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit>

unique
dtr(c)

<latexit sha1_base64="90CPAgdhJoz6DPSuUFgxkb1CqKc="></latexit><latexit sha1_base64="90CPAgdhJoz6DPSuUFgxkb1CqKc="></latexit><latexit sha1_base64="90CPAgdhJoz6DPSuUFgxkb1CqKc="></latexit><latexit sha1_base64="90CPAgdhJoz6DPSuUFgxkb1CqKc="></latexit>

gfp

gfp

tr(c)
<latexit sha1_base64="EzzHWxWok92DHx7hHYWB1Zl4dh8="></latexit><latexit sha1_base64="EzzHWxWok92DHx7hHYWB1Zl4dh8="></latexit><latexit sha1_base64="EzzHWxWok92DHx7hHYWB1Zl4dh8="></latexit><latexit sha1_base64="EzzHWxWok92DHx7hHYWB1Zl4dh8="></latexit>

gfp

lfp
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Coincidence
Theorem:

trB1 (c) = Jp1 � dtr1(c)
<latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit><latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit><latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit><latexit sha1_base64="7XOc2GkZHnQq5sT/yrqvHUK8ZBg="></latexit>

trB2 (c) = Jp2 � dtr2(c)
<latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit><latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit><latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit><latexit sha1_base64="UMvApeC6I06nRITO/WSwb10dwuE="></latexit>

final coalg. in K`(T )
<latexit sha1_base64="+qPw0k3JyN6Jx6AgEp58PEP1HN0="></latexit><latexit sha1_base64="+qPw0k3JyN6Jx6AgEp58PEP1HN0="></latexit><latexit sha1_base64="+qPw0k3JyN6Jx6AgEp58PEP1HN0="></latexit><latexit sha1_base64="+qPw0k3JyN6Jx6AgEp58PEP1HN0="></latexit>

[Hasuo, Jacobs & Sokolova, ’07]

F (X1 + X2)

=⌫

�
F (dtr1(c)+dtr2(c))

//

�
--

F (F+(F+�0) + F+�0)

=

�
JF [p1,p2]

// F (F�0)

X1

_c1

OO

�dtr1(c)
//

�
tr1(c)

22F+(F+�0)

_
J◆�1⇠=

OO

�Jp1
// F�0

_J⇣⇠=

OO

<latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit><latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit><latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit><latexit sha1_base64="+gCY6W4G6bIbU3yaN43RRTG1VF0="></latexit>

F (X1 + X2)

=⌫

�
F (dtr1(c)+dtr2(c))

//

�
--

F (F+(F+�0) + F+�0)

=

�
JF [p1,p2]

// F (F�0)

F+(F+�0)

_
J◆�1⇠=
OO

X2

_c2

OO

�dtr2(c)
//

�
tr2(c)

22F+�0

_J⇣⇠=
OO

�Jp2
// F�0

_J⇣⇠=

OO

<latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit><latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit><latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit><latexit sha1_base64="zXbgNOewPL9DAHrHi9yBzXhXi+o="></latexit>

unique lfp
dtr(c)

<latexit sha1_base64="90CPAgdhJoz6DPSuUFgxkb1CqKc="></latexit><latexit sha1_base64="90CPAgdhJoz6DPSuUFgxkb1CqKc="></latexit><latexit sha1_base64="90CPAgdhJoz6DPSuUFgxkb1CqKc="></latexit><latexit sha1_base64="90CPAgdhJoz6DPSuUFgxkb1CqKc="></latexit>

gfp

gfp

tr(c)
<latexit sha1_base64="EzzHWxWok92DHx7hHYWB1Zl4dh8="></latexit><latexit sha1_base64="EzzHWxWok92DHx7hHYWB1Zl4dh8="></latexit><latexit sha1_base64="EzzHWxWok92DHx7hHYWB1Zl4dh8="></latexit><latexit sha1_base64="EzzHWxWok92DHx7hHYWB1Zl4dh8="></latexit>

gfp

lfp



Natsuki Urabe (U. Tokyo) / 27

Outline
• Introduction

• Alternating Fixed Point of Functor

• Decorated Trace Semantics

• Trace Semantics vs. Decorated Trace Semantics

• Related Work & Conclusion
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Related Work
• [Urabe, Shimizu & Hasuo, CONCUR ’16]

- Categorical characterization of ordinary trace semantics
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Related Work

• [Ciancia & Venema, CMCS ’12]
- Categorical characterization of Büchi automata
- Use of lasso characterization → restricted to finite states
- Category 
- Captures bisimilarity

Sets2
<latexit sha1_base64="0M/4QdMfVojtuGZEOCjNqdImYx4="></latexit><latexit sha1_base64="0M/4QdMfVojtuGZEOCjNqdImYx4="></latexit><latexit sha1_base64="0M/4QdMfVojtuGZEOCjNqdImYx4="></latexit><latexit sha1_base64="0M/4QdMfVojtuGZEOCjNqdImYx4="></latexit>

• [Urabe, Shimizu & Hasuo, CONCUR ’16]
- Categorical characterization of ordinary trace semantics
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Related Work

• [Ciancia & Venema, CMCS ’12]
- Categorical characterization of Büchi automata
- Use of lasso characterization → restricted to finite states
- Category 
- Captures bisimilarity

Sets2
<latexit sha1_base64="0M/4QdMfVojtuGZEOCjNqdImYx4="></latexit><latexit sha1_base64="0M/4QdMfVojtuGZEOCjNqdImYx4="></latexit><latexit sha1_base64="0M/4QdMfVojtuGZEOCjNqdImYx4="></latexit><latexit sha1_base64="0M/4QdMfVojtuGZEOCjNqdImYx4="></latexit>

• [Ghani, Hancock & Pattinson, LMCS ’09]
- Categorical characterization of continuous function by 

        alternating fixed point of functors
- (A! ) B!) ⇠= µX. ⌫Y. (B ⇥ X) + Y A

<latexit sha1_base64="gBtjQJTeMAX7atNRtOkRpGnh16g="></latexit><latexit sha1_base64="gBtjQJTeMAX7atNRtOkRpGnh16g="></latexit><latexit sha1_base64="gBtjQJTeMAX7atNRtOkRpGnh16g="></latexit><latexit sha1_base64="gBtjQJTeMAX7atNRtOkRpGnh16g="></latexit>

• [Adámek, Milius & Moss, JLAMP ’18]
- Sufficient cond. for an alternating fixed point of a functor exists

• [Urabe, Shimizu & Hasuo, CONCUR ’16]
- Categorical characterization of ordinary trace semantics
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Conclusion

 27

• Categorical datatype for characterizing the Büchi condition
                      &           as alternating fixed points of a functorF+(F+�0)

<latexit sha1_base64="qfaAMCequBEr4Sc1bF/D16nhUwY="></latexit><latexit sha1_base64="qfaAMCequBEr4Sc1bF/D16nhUwY="></latexit><latexit sha1_base64="qfaAMCequBEr4Sc1bF/D16nhUwY="></latexit><latexit sha1_base64="qfaAMCequBEr4Sc1bF/D16nhUwY="></latexit>

F+�0
<latexit sha1_base64="zZKXiMv0BNUpUk6u89uMaJ7+Ah4="></latexit><latexit sha1_base64="zZKXiMv0BNUpUk6u89uMaJ7+Ah4="></latexit><latexit sha1_base64="zZKXiMv0BNUpUk6u89uMaJ7+Ah4="></latexit><latexit sha1_base64="zZKXiMv0BNUpUk6u89uMaJ7+Ah4="></latexit>

• Trace semantics vs. decorated trace semantics

dtr1(c) : X1!p F+(F+�0)
<latexit sha1_base64="xFrkP7a3WmkXvvT8Xn6pwSsrmB0="></latexit><latexit sha1_base64="xFrkP7a3WmkXvvT8Xn6pwSsrmB0="></latexit><latexit sha1_base64="xFrkP7a3WmkXvvT8Xn6pwSsrmB0="></latexit><latexit sha1_base64="xFrkP7a3WmkXvvT8Xn6pwSsrmB0="></latexit>

dtr2(c) : X2!p F+�0
<latexit sha1_base64="0KtBXm18/AyuftpDkuO/0GwZaOI="></latexit><latexit sha1_base64="0KtBXm18/AyuftpDkuO/0GwZaOI="></latexit><latexit sha1_base64="0KtBXm18/AyuftpDkuO/0GwZaOI="></latexit><latexit sha1_base64="0KtBXm18/AyuftpDkuO/0GwZaOI="></latexit>

• Categorical definition of decorated trace semantics
                                                  and
  as greatest fixed points in homsets

• Extension to:
parity condition, tree automata, probabilistic automata

trB(c) = J [p1, p2] � dtr(c)
<latexit sha1_base64="4DkToIobLiGZOqHjaSAmXYBuJ/o="></latexit><latexit sha1_base64="4DkToIobLiGZOqHjaSAmXYBuJ/o="></latexit><latexit sha1_base64="4DkToIobLiGZOqHjaSAmXYBuJ/o="></latexit><latexit sha1_base64="4DkToIobLiGZOqHjaSAmXYBuJ/o="></latexit>
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