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Interactive programming



Event-driven programming
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Event dispatching thread
Event handlers

Event listenersCallbacks
Event loop

Asynchronous programming

Pros 
Efficient 
Widely used

Cons 
Low-level 
Complicated and 
error-prone



Functional reactive programming
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Pros 
Declarative 
Compositional

Cons 
Performance issues 
Violates causality

Signal a ≈ Time "-> a 
Event a ≈ Time × a 

redblue :: Signal Image 
redblue u = withColor c  
              (stretch (wiggleRange 0.5 1) circle) 
  where c = red `until` lbp u -=> blue



Pull vs. push-based FRP
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Pull-based 
(Demand-driven) 

Streams 
Polling until an 
event happens 
Latency issues 

High-level but 
inefficient

Push-based 
(Data-driven) 

Callbacks 
Asynchronous  
event handling 
Instantaneous 
reactivity 
Low-level but 
efficient



Can we combine intuitive semantics 
with performance and correctness?
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Efficient FRP 
implementations

Theoretical 
foundations of FRP



LTL 
Propositions 

◻ modality 

⬦ modality 

U modality

Curry-Howard for FRP
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FRP 
Reactive types 

Behaviours 

Events 

Processes

Jeffrey (2012), Jeltsch (2012)



Advantages of LTL
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Differentiate constant (stable) and  
time-varying (reactive) values 

Restrict event handlers to only use  
values that are always available 

let event c = keyPress in 
let colour =  
    if c "== ‘r’ then red else blue in  
let event shape = selectShape in  
    withColour colour shape



Disadvantages of LTL
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Naive inductive implementation of events  
(as an infinite sum) leads to polling 

An event happens now, or on the next time step,  
or the one after that, … 

Instead, events should be implemented  
as an existential type 

An event happens after some unknown delay.



LTL can lead to inefficient 
implementations
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holds iff       holds for some Ai
<latexit sha1_base64="UpayYaxNenhRYw221PIP+c1QBqk=">AAACQ3icbVDLSsNAFJ3UV62vVpdugkUQFyURQZdVNy4r2ge0oUwmN+3QySTMTKwh9BPc6hf5EX6DO3ErOE2D2NYLFw7n3ss957gRo1JZ1rtRWFldW98obpa2tnd298qV/ZYMY0GgSUIWio6LJTDKoamoYtCJBODAZdB2RzfTefsRhKQhf1BJBE6AB5z6lGClqfurPu2Xq1bNyspcBnYOqiivRr9inPa8kMQBcEUYlrJrW5FyUiwUJQwmpV4sIcJkhAfQ1ZDjAKSTZlon5rFmPNMPhW6uzIz9e5HiQMokcPVmgNVQLs6m5H+zbqz8SyelPIoVcDJ75MfMVKE5NW56VABRLNEAE0G1VpMMscBE6XjmvoyxTLSEeSMSAuqGzHNSRl3QVvmC01/aSTmM1VMmtKTTtRezXAats5pt1ey782r9Os+5iA7RETpBNrpAdXSLGqiJCBqgZ/SCXo0348P4NL5mqwUjvzlAc2V8/wDwQrJV</latexit><latexit sha1_base64="UpayYaxNenhRYw221PIP+c1QBqk=">AAACQ3icbVDLSsNAFJ3UV62vVpdugkUQFyURQZdVNy4r2ge0oUwmN+3QySTMTKwh9BPc6hf5EX6DO3ErOE2D2NYLFw7n3ss957gRo1JZ1rtRWFldW98obpa2tnd298qV/ZYMY0GgSUIWio6LJTDKoamoYtCJBODAZdB2RzfTefsRhKQhf1BJBE6AB5z6lGClqfurPu2Xq1bNyspcBnYOqiivRr9inPa8kMQBcEUYlrJrW5FyUiwUJQwmpV4sIcJkhAfQ1ZDjAKSTZlon5rFmPNMPhW6uzIz9e5HiQMokcPVmgNVQLs6m5H+zbqz8SyelPIoVcDJ75MfMVKE5NW56VABRLNEAE0G1VpMMscBE6XjmvoyxTLSEeSMSAuqGzHNSRl3QVvmC01/aSTmM1VMmtKTTtRezXAats5pt1ey782r9Os+5iA7RETpBNrpAdXSLGqiJCBqgZ/SCXo0348P4NL5mqwUjvzlAc2V8/wDwQrJV</latexit><latexit sha1_base64="UpayYaxNenhRYw221PIP+c1QBqk=">AAACQ3icbVDLSsNAFJ3UV62vVpdugkUQFyURQZdVNy4r2ge0oUwmN+3QySTMTKwh9BPc6hf5EX6DO3ErOE2D2NYLFw7n3ss957gRo1JZ1rtRWFldW98obpa2tnd298qV/ZYMY0GgSUIWio6LJTDKoamoYtCJBODAZdB2RzfTefsRhKQhf1BJBE6AB5z6lGClqfurPu2Xq1bNyspcBnYOqiivRr9inPa8kMQBcEUYlrJrW5FyUiwUJQwmpV4sIcJkhAfQ1ZDjAKSTZlon5rFmPNMPhW6uzIz9e5HiQMokcPVmgNVQLs6m5H+zbqz8SyelPIoVcDJ75MfMVKE5NW56VABRLNEAE0G1VpMMscBE6XjmvoyxTLSEeSMSAuqGzHNSRl3QVvmC01/aSTmM1VMmtKTTtRezXAats5pt1ey782r9Os+5iA7RETpBNrpAdXSLGqiJCBqgZ/SCXo0348P4NL5mqwUjvzlAc2V8/wDwQrJV</latexit><latexit sha1_base64="UpayYaxNenhRYw221PIP+c1QBqk=">AAACQ3icbVDLSsNAFJ3UV62vVpdugkUQFyURQZdVNy4r2ge0oUwmN+3QySTMTKwh9BPc6hf5EX6DO3ErOE2D2NYLFw7n3ss957gRo1JZ1rtRWFldW98obpa2tnd298qV/ZYMY0GgSUIWio6LJTDKoamoYtCJBODAZdB2RzfTefsRhKQhf1BJBE6AB5z6lGClqfurPu2Xq1bNyspcBnYOqiivRr9inPa8kMQBcEUYlrJrW5FyUiwUJQwmpV4sIcJkhAfQ1ZDjAKSTZlon5rFmPNMPhW6uzIz9e5HiQMokcPVmgNVQLs6m5H+zbqz8SyelPIoVcDJ75MfMVKE5NW56VABRLNEAE0G1VpMMscBE6XjmvoyxTLSEeSMSAuqGzHNSRl3QVvmC01/aSTmM1VMmtKTTtRezXAats5pt1ey782r9Os+5iA7RETpBNrpAdXSLGqiJCBqgZ/SCXo0348P4NL5mqwUjvzlAc2V8/wDwQrJV</latexit>

iff       holds or            holds
or              holds…

(^A)n
<latexit sha1_base64="QEtEPfv9dleqAWLUjbtWBu+1BlQ=">AAACTnicbVDLSgNBEJyNrxhfiR69DAZBPYRdEfTo6+AxglEhWcPsbCcOzmOZmVXDkv/wql/k1R/xJjrZBDGJBQ1FdTddXVHCmbG+/+EVZmbn5heKi6Wl5ZXVtXJl/dqoVFNoUMWVvo2IAc4kNCyzHG4TDUREHG6ih7NB/+YRtGFKXtleAqEgXck6jBLrpLud1jkjQskYn+y2Zbtc9Wt+DjxNghGpohHq7Yq314oVTQVISzkxphn4iQ0zoi2jHPqlVmogIfSBdKHpqCQCTJjltvt42ykx7ijtSlqcq383MiKM6YnITQpi781kbyD+12umtnMUZkwmqQVJh4c6KcdW4UEGOGYaqOU9RwjVzHnF9J5oQq1LauzKEzE9Z2H8EQOCRYrHYcZZBO5VOfHprxxmEp7sc2605NINJrOcJtf7tcCvBZcH1ePTUc5FtIm20A4K0CE6RheojhqIIo1e0Ct68969T+/L+x6OFrzRzgYaQ6H4A0ZttVI=</latexit><latexit sha1_base64="QEtEPfv9dleqAWLUjbtWBu+1BlQ=">AAACTnicbVDLSgNBEJyNrxhfiR69DAZBPYRdEfTo6+AxglEhWcPsbCcOzmOZmVXDkv/wql/k1R/xJjrZBDGJBQ1FdTddXVHCmbG+/+EVZmbn5heKi6Wl5ZXVtXJl/dqoVFNoUMWVvo2IAc4kNCyzHG4TDUREHG6ih7NB/+YRtGFKXtleAqEgXck6jBLrpLud1jkjQskYn+y2Zbtc9Wt+DjxNghGpohHq7Yq314oVTQVISzkxphn4iQ0zoi2jHPqlVmogIfSBdKHpqCQCTJjltvt42ykx7ijtSlqcq383MiKM6YnITQpi781kbyD+12umtnMUZkwmqQVJh4c6KcdW4UEGOGYaqOU9RwjVzHnF9J5oQq1LauzKEzE9Z2H8EQOCRYrHYcZZBO5VOfHprxxmEp7sc2605NINJrOcJtf7tcCvBZcH1ePTUc5FtIm20A4K0CE6RheojhqIIo1e0Ct68969T+/L+x6OFrzRzgYaQ6H4A0ZttVI=</latexit><latexit sha1_base64="QEtEPfv9dleqAWLUjbtWBu+1BlQ=">AAACTnicbVDLSgNBEJyNrxhfiR69DAZBPYRdEfTo6+AxglEhWcPsbCcOzmOZmVXDkv/wql/k1R/xJjrZBDGJBQ1FdTddXVHCmbG+/+EVZmbn5heKi6Wl5ZXVtXJl/dqoVFNoUMWVvo2IAc4kNCyzHG4TDUREHG6ih7NB/+YRtGFKXtleAqEgXck6jBLrpLud1jkjQskYn+y2Zbtc9Wt+DjxNghGpohHq7Yq314oVTQVISzkxphn4iQ0zoi2jHPqlVmogIfSBdKHpqCQCTJjltvt42ykx7ijtSlqcq383MiKM6YnITQpi781kbyD+12umtnMUZkwmqQVJh4c6KcdW4UEGOGYaqOU9RwjVzHnF9J5oQq1LauzKEzE9Z2H8EQOCRYrHYcZZBO5VOfHprxxmEp7sc2605NINJrOcJtf7tcCvBZcH1ePTUc5FtIm20A4K0CE6RheojhqIIo1e0Ct68969T+/L+x6OFrzRzgYaQ6H4A0ZttVI=</latexit><latexit sha1_base64="QEtEPfv9dleqAWLUjbtWBu+1BlQ=">AAACTnicbVDLSgNBEJyNrxhfiR69DAZBPYRdEfTo6+AxglEhWcPsbCcOzmOZmVXDkv/wql/k1R/xJjrZBDGJBQ1FdTddXVHCmbG+/+EVZmbn5heKi6Wl5ZXVtXJl/dqoVFNoUMWVvo2IAc4kNCyzHG4TDUREHG6ih7NB/+YRtGFKXtleAqEgXck6jBLrpLud1jkjQskYn+y2Zbtc9Wt+DjxNghGpohHq7Yq314oVTQVISzkxphn4iQ0zoi2jHPqlVmogIfSBdKHpqCQCTJjltvt42ykx7ijtSlqcq383MiKM6YnITQpi781kbyD+12umtnMUZkwmqQVJh4c6KcdW4UEGOGYaqOU9RwjVzHnF9J5oQq1LauzKEzE9Z2H8EQOCRYrHYcZZBO5VOfHprxxmEp7sc2605NINJrOcJtf7tcCvBZcH1ePTUc5FtIm20A4K0CE6RheojhqIIo1e0Ct68969T+/L+x6OFrzRzgYaQ6H4A0ZttVI=</latexit>

i � n
<latexit sha1_base64="Mz7/rY9moFcM+J/Bn2xdZWBDAvU=">AAACSHicbVDLSsNAFJ3EV62vVpduBosgLkoigi6LblxWsA9oQ5lMbtqhk0mcmVhD6E+41S/yD/wLd+LO6QOxrRcuHM69l3vO8RPOlHacD8teW9/Y3CpsF3d29/YPSuXDpopTSaFBYx7Ltk8UcCagoZnm0E4kkMjn0PKHt5N56wmkYrF40FkCXkT6goWMEm2oNsPdPjxi0StVnKozLbwK3DmooHnVe2XrvBvENI1AaMqJUh3XSbSXE6kZ5TAudlMFCaFD0oeOgYJEoLx8KniMTw0T4DCWpoXGU/bvRU4ipbLIN5sR0QO1PJuQ/806qQ6vvZyJJNUg6OxRmHKsYzxxjwMmgWqeGUCoZEYrpgMiCdUmo4UvI6IyI2HRiIKI+TEPvJwzH4xVseT0l/ZyASP9PBVaNOm6y1muguZF1XWq7v1lpXYzz7mAjtEJOkMuukI1dIfqqIEo4ugFvaI36936tL6s79mqbc1vjtBC2fYPxluzLw==</latexit><latexit sha1_base64="Mz7/rY9moFcM+J/Bn2xdZWBDAvU=">AAACSHicbVDLSsNAFJ3EV62vVpduBosgLkoigi6LblxWsA9oQ5lMbtqhk0mcmVhD6E+41S/yD/wLd+LO6QOxrRcuHM69l3vO8RPOlHacD8teW9/Y3CpsF3d29/YPSuXDpopTSaFBYx7Ltk8UcCagoZnm0E4kkMjn0PKHt5N56wmkYrF40FkCXkT6goWMEm2oNsPdPjxi0StVnKozLbwK3DmooHnVe2XrvBvENI1AaMqJUh3XSbSXE6kZ5TAudlMFCaFD0oeOgYJEoLx8KniMTw0T4DCWpoXGU/bvRU4ipbLIN5sR0QO1PJuQ/806qQ6vvZyJJNUg6OxRmHKsYzxxjwMmgWqeGUCoZEYrpgMiCdUmo4UvI6IyI2HRiIKI+TEPvJwzH4xVseT0l/ZyASP9PBVaNOm6y1muguZF1XWq7v1lpXYzz7mAjtEJOkMuukI1dIfqqIEo4ugFvaI36936tL6s79mqbc1vjtBC2fYPxluzLw==</latexit><latexit sha1_base64="Mz7/rY9moFcM+J/Bn2xdZWBDAvU=">AAACSHicbVDLSsNAFJ3EV62vVpduBosgLkoigi6LblxWsA9oQ5lMbtqhk0mcmVhD6E+41S/yD/wLd+LO6QOxrRcuHM69l3vO8RPOlHacD8teW9/Y3CpsF3d29/YPSuXDpopTSaFBYx7Ltk8UcCagoZnm0E4kkMjn0PKHt5N56wmkYrF40FkCXkT6goWMEm2oNsPdPjxi0StVnKozLbwK3DmooHnVe2XrvBvENI1AaMqJUh3XSbSXE6kZ5TAudlMFCaFD0oeOgYJEoLx8KniMTw0T4DCWpoXGU/bvRU4ipbLIN5sR0QO1PJuQ/806qQ6vvZyJJNUg6OxRmHKsYzxxjwMmgWqeGUCoZEYrpgMiCdUmo4UvI6IyI2HRiIKI+TEPvJwzH4xVseT0l/ZyASP9PBVaNOm6y1muguZF1XWq7v1lpXYzz7mAjtEJOkMuukI1dIfqqIEo4ugFvaI36936tL6s79mqbc1vjtBC2fYPxluzLw==</latexit><latexit sha1_base64="Mz7/rY9moFcM+J/Bn2xdZWBDAvU=">AAACSHicbVDLSsNAFJ3EV62vVpduBosgLkoigi6LblxWsA9oQ5lMbtqhk0mcmVhD6E+41S/yD/wLd+LO6QOxrRcuHM69l3vO8RPOlHacD8teW9/Y3CpsF3d29/YPSuXDpopTSaFBYx7Ltk8UcCagoZnm0E4kkMjn0PKHt5N56wmkYrF40FkCXkT6goWMEm2oNsPdPjxi0StVnKozLbwK3DmooHnVe2XrvBvENI1AaMqJUh3XSbSXE6kZ5TAudlMFCaFD0oeOgYJEoLx8KniMTw0T4DCWpoXGU/bvRU4ipbLIN5sR0QO1PJuQ/806qQ6vvZyJJNUg6OxRmHKsYzxxjwMmgWqeGUCoZEYrpgMiCdUmo4UvI6IyI2HRiIKI+TEPvJwzH4xVseT0l/ZyASP9PBVaNOm6y1muguZF1XWq7v1lpXYzz7mAjtEJOkMuukI1dIfqqIEo4ugFvaI36936tL6s79mqbc1vjtBC2fYPxluzLw==</latexit>

An
<latexit sha1_base64="ZD/jrzVwHv56g7BREG9v4RiuxkQ=">AAACQ3icbVDLSsNAFJ3UV62vVpdugkUQFyURQZdVNy4r2ge0oUwmN+3QySTMTKwh9BPc6hf5EX6DO3ErOE2D2NYLFw7n3ss957gRo1JZ1rtRWFldW98obpa2tnd298qV/ZYMY0GgSUIWio6LJTDKoamoYtCJBODAZdB2RzfTefsRhKQhf1BJBE6AB5z6lGClqfurPu+Xq1bNyspcBnYOqiivRr9inPa8kMQBcEUYlrJrW5FyUiwUJQwmpV4sIcJkhAfQ1ZDjAKSTZlon5rFmPNMPhW6uzIz9e5HiQMokcPVmgNVQLs6m5H+zbqz8SyelPIoVcDJ75MfMVKE5NW56VABRLNEAE0G1VpMMscBE6XjmvoyxTLSEeSMSAuqGzHNSRl3QVvmC01/aSTmM1VMmtKTTtRezXAats5pt1ey782r9Os+5iA7RETpBNrpAdXSLGqiJCBqgZ/SCXo0348P4NL5mqwUjvzlAc2V8/wD5k7Ja</latexit><latexit sha1_base64="ZD/jrzVwHv56g7BREG9v4RiuxkQ=">AAACQ3icbVDLSsNAFJ3UV62vVpdugkUQFyURQZdVNy4r2ge0oUwmN+3QySTMTKwh9BPc6hf5EX6DO3ErOE2D2NYLFw7n3ss957gRo1JZ1rtRWFldW98obpa2tnd298qV/ZYMY0GgSUIWio6LJTDKoamoYtCJBODAZdB2RzfTefsRhKQhf1BJBE6AB5z6lGClqfurPu+Xq1bNyspcBnYOqiivRr9inPa8kMQBcEUYlrJrW5FyUiwUJQwmpV4sIcJkhAfQ1ZDjAKSTZlon5rFmPNMPhW6uzIz9e5HiQMokcPVmgNVQLs6m5H+zbqz8SyelPIoVcDJ75MfMVKE5NW56VABRLNEAE0G1VpMMscBE6XjmvoyxTLSEeSMSAuqGzHNSRl3QVvmC01/aSTmM1VMmtKTTtRezXAats5pt1ey782r9Os+5iA7RETpBNrpAdXSLGqiJCBqgZ/SCXo0348P4NL5mqwUjvzlAc2V8/wD5k7Ja</latexit><latexit sha1_base64="ZD/jrzVwHv56g7BREG9v4RiuxkQ=">AAACQ3icbVDLSsNAFJ3UV62vVpdugkUQFyURQZdVNy4r2ge0oUwmN+3QySTMTKwh9BPc6hf5EX6DO3ErOE2D2NYLFw7n3ss957gRo1JZ1rtRWFldW98obpa2tnd298qV/ZYMY0GgSUIWio6LJTDKoamoYtCJBODAZdB2RzfTefsRhKQhf1BJBE6AB5z6lGClqfurPu+Xq1bNyspcBnYOqiivRr9inPa8kMQBcEUYlrJrW5FyUiwUJQwmpV4sIcJkhAfQ1ZDjAKSTZlon5rFmPNMPhW6uzIz9e5HiQMokcPVmgNVQLs6m5H+zbqz8SyelPIoVcDJ75MfMVKE5NW56VABRLNEAE0G1VpMMscBE6XjmvoyxTLSEeSMSAuqGzHNSRl3QVvmC01/aSTmM1VMmtKTTtRezXAats5pt1ey782r9Os+5iA7RETpBNrpAdXSLGqiJCBqgZ/SCXo0348P4NL5mqwUjvzlAc2V8/wD5k7Ja</latexit><latexit sha1_base64="ZD/jrzVwHv56g7BREG9v4RiuxkQ=">AAACQ3icbVDLSsNAFJ3UV62vVpdugkUQFyURQZdVNy4r2ge0oUwmN+3QySTMTKwh9BPc6hf5EX6DO3ErOE2D2NYLFw7n3ss957gRo1JZ1rtRWFldW98obpa2tnd298qV/ZYMY0GgSUIWio6LJTDKoamoYtCJBODAZdB2RzfTefsRhKQhf1BJBE6AB5z6lGClqfurPu+Xq1bNyspcBnYOqiivRr9inPa8kMQBcEUYlrJrW5FyUiwUJQwmpV4sIcJkhAfQ1ZDjAKSTZlon5rFmPNMPhW6uzIz9e5HiQMokcPVmgNVQLs6m5H+zbqz8SyelPIoVcDJ75MfMVKE5NW56VABRLNEAE0G1VpMMscBE6XjmvoyxTLSEeSMSAuqGzHNSRl3QVvmC01/aSTmM1VMmtKTTtRezXAats5pt1ey782r9Os+5iA7RETpBNrpAdXSLGqiJCBqgZ/SCXo0348P4NL5mqwUjvzlAc2V8/wD5k7Ja</latexit>

(•2A)n
<latexit sha1_base64="N/vX2WMyn853t7YhJD830edDJwQ=">AAACUXicbVBNS8NAEJ3E79Zvj14Wi6AeSlIEPVa9eFSwtdDGstlOdXGzCbsTtQR/iVf9RZ78Kd7c1iK2+mDg8WaGefPiTElLQfDh+TOzc/MLi0ul8vLK6tr6xmbTprkR2BCpSk0r5haV1NggSQpbmUGexAqv4/uzYf/6AY2Vqb6iQYZRwm+17EvByUnd9bW9TpwrhXRTYyf7XadUgmowAvtLwjGpwBgX3Q3voNNLRZ6gJqG4te0wyCgquCEpFD6XOrnFjIt7fottRzVP0EbFyPkz23VKj/VT40oTG6m/NwqeWDtIYjeZcLqz072h+F+vnVP/OCqkznJCLb4P9XPFKGXDGFhPGhSkBo5wYaTzysQdN1yQC2viyiO3A2dh8hGLiYxT1YsKJWN0r+qpT3/kqND4SE8joyWXbjid5V/SrFXDoBpeHlbqp+OcF2EbdmAPQjiCOpzDBTRAQA4v8Apv3rv36YPvf4/63nhnCybgl78AXEKz6w==</latexit><latexit sha1_base64="N/vX2WMyn853t7YhJD830edDJwQ=">AAACUXicbVBNS8NAEJ3E79Zvj14Wi6AeSlIEPVa9eFSwtdDGstlOdXGzCbsTtQR/iVf9RZ78Kd7c1iK2+mDg8WaGefPiTElLQfDh+TOzc/MLi0ul8vLK6tr6xmbTprkR2BCpSk0r5haV1NggSQpbmUGexAqv4/uzYf/6AY2Vqb6iQYZRwm+17EvByUnd9bW9TpwrhXRTYyf7XadUgmowAvtLwjGpwBgX3Q3voNNLRZ6gJqG4te0wyCgquCEpFD6XOrnFjIt7fottRzVP0EbFyPkz23VKj/VT40oTG6m/NwqeWDtIYjeZcLqz072h+F+vnVP/OCqkznJCLb4P9XPFKGXDGFhPGhSkBo5wYaTzysQdN1yQC2viyiO3A2dh8hGLiYxT1YsKJWN0r+qpT3/kqND4SE8joyWXbjid5V/SrFXDoBpeHlbqp+OcF2EbdmAPQjiCOpzDBTRAQA4v8Apv3rv36YPvf4/63nhnCybgl78AXEKz6w==</latexit><latexit sha1_base64="N/vX2WMyn853t7YhJD830edDJwQ=">AAACUXicbVBNS8NAEJ3E79Zvj14Wi6AeSlIEPVa9eFSwtdDGstlOdXGzCbsTtQR/iVf9RZ78Kd7c1iK2+mDg8WaGefPiTElLQfDh+TOzc/MLi0ul8vLK6tr6xmbTprkR2BCpSk0r5haV1NggSQpbmUGexAqv4/uzYf/6AY2Vqb6iQYZRwm+17EvByUnd9bW9TpwrhXRTYyf7XadUgmowAvtLwjGpwBgX3Q3voNNLRZ6gJqG4te0wyCgquCEpFD6XOrnFjIt7fottRzVP0EbFyPkz23VKj/VT40oTG6m/NwqeWDtIYjeZcLqz072h+F+vnVP/OCqkznJCLb4P9XPFKGXDGFhPGhSkBo5wYaTzysQdN1yQC2viyiO3A2dh8hGLiYxT1YsKJWN0r+qpT3/kqND4SE8joyWXbjid5V/SrFXDoBpeHlbqp+OcF2EbdmAPQjiCOpzDBTRAQA4v8Apv3rv36YPvf4/63nhnCybgl78AXEKz6w==</latexit><latexit sha1_base64="N/vX2WMyn853t7YhJD830edDJwQ=">AAACUXicbVBNS8NAEJ3E79Zvj14Wi6AeSlIEPVa9eFSwtdDGstlOdXGzCbsTtQR/iVf9RZ78Kd7c1iK2+mDg8WaGefPiTElLQfDh+TOzc/MLi0ul8vLK6tr6xmbTprkR2BCpSk0r5haV1NggSQpbmUGexAqv4/uzYf/6AY2Vqb6iQYZRwm+17EvByUnd9bW9TpwrhXRTYyf7XadUgmowAvtLwjGpwBgX3Q3voNNLRZ6gJqG4te0wyCgquCEpFD6XOrnFjIt7fottRzVP0EbFyPkz23VKj/VT40oTG6m/NwqeWDtIYjeZcLqz072h+F+vnVP/OCqkznJCLb4P9XPFKGXDGFhPGhSkBo5wYaTzysQdN1yQC2viyiO3A2dh8hGLiYxT1YsKJWN0r+qpT3/kqND4SE8joyWXbjid5V/SrFXDoBpeHlbqp+OcF2EbdmAPQjiCOpzDBTRAQA4v8Apv3rv36YPvf4/63nhnCybgl78AXEKz6w==</latexit>

(•A)n
<latexit sha1_base64="yf8IsmxPn5KNf4e4QWwpq5LsFmo=">AAACTXicbVDLSgNBEJyNj2h8Ro9eBoOgHsKuCHqMevGoYB6QLGF2tqODs7PrTK+6LPkOr/pFnv0QbyJOHohJLGgoqrvp6goSKQy67odTmJtfWCwuLZdWVtfWNzbLWw0Tp5pDnccy1q2AGZBCQR0FSmglGlgUSGgG9xeDfvMRtBGxusEsAT9it0r0BGdoJX+/E6RSAtKzg67qblbcqjsEnSXemFTIGFfdsnPYCWOeRqCQS2ZM23MT9HOmUXAJ/VInNZAwfs9uoW2pYhEYPx+67tM9q4S0F2tbCulQ/buRs8iYLArsZMTwzkz3BuJ/vXaKvVM/FypJERQfHeqlkmJMBxHQUGjgKDNLGNfCeqX8jmnG0QY1ceWJmcxamHzEQCSCWIZ+LkUA9lU19emv7OcKnvB5aLRk0/Wms5wljaOq51a96+NK7Xyc8xLZIbtkn3jkhNTIJbkidcLJA3khr+TNeXc+nS/nezRacMY722QCheIPvSC1FA==</latexit><latexit sha1_base64="yf8IsmxPn5KNf4e4QWwpq5LsFmo=">AAACTXicbVDLSgNBEJyNj2h8Ro9eBoOgHsKuCHqMevGoYB6QLGF2tqODs7PrTK+6LPkOr/pFnv0QbyJOHohJLGgoqrvp6goSKQy67odTmJtfWCwuLZdWVtfWNzbLWw0Tp5pDnccy1q2AGZBCQR0FSmglGlgUSGgG9xeDfvMRtBGxusEsAT9it0r0BGdoJX+/E6RSAtKzg67qblbcqjsEnSXemFTIGFfdsnPYCWOeRqCQS2ZM23MT9HOmUXAJ/VInNZAwfs9uoW2pYhEYPx+67tM9q4S0F2tbCulQ/buRs8iYLArsZMTwzkz3BuJ/vXaKvVM/FypJERQfHeqlkmJMBxHQUGjgKDNLGNfCeqX8jmnG0QY1ceWJmcxamHzEQCSCWIZ+LkUA9lU19emv7OcKnvB5aLRk0/Wms5wljaOq51a96+NK7Xyc8xLZIbtkn3jkhNTIJbkidcLJA3khr+TNeXc+nS/nezRacMY722QCheIPvSC1FA==</latexit><latexit sha1_base64="yf8IsmxPn5KNf4e4QWwpq5LsFmo=">AAACTXicbVDLSgNBEJyNj2h8Ro9eBoOgHsKuCHqMevGoYB6QLGF2tqODs7PrTK+6LPkOr/pFnv0QbyJOHohJLGgoqrvp6goSKQy67odTmJtfWCwuLZdWVtfWNzbLWw0Tp5pDnccy1q2AGZBCQR0FSmglGlgUSGgG9xeDfvMRtBGxusEsAT9it0r0BGdoJX+/E6RSAtKzg67qblbcqjsEnSXemFTIGFfdsnPYCWOeRqCQS2ZM23MT9HOmUXAJ/VInNZAwfs9uoW2pYhEYPx+67tM9q4S0F2tbCulQ/buRs8iYLArsZMTwzkz3BuJ/vXaKvVM/FypJERQfHeqlkmJMBxHQUGjgKDNLGNfCeqX8jmnG0QY1ceWJmcxamHzEQCSCWIZ+LkUA9lU19emv7OcKnvB5aLRk0/Wms5wljaOq51a96+NK7Xyc8xLZIbtkn3jkhNTIJbkidcLJA3khr+TNeXc+nS/nezRacMY722QCheIPvSC1FA==</latexit><latexit sha1_base64="yf8IsmxPn5KNf4e4QWwpq5LsFmo=">AAACTXicbVDLSgNBEJyNj2h8Ro9eBoOgHsKuCHqMevGoYB6QLGF2tqODs7PrTK+6LPkOr/pFnv0QbyJOHohJLGgoqrvp6goSKQy67odTmJtfWCwuLZdWVtfWNzbLWw0Tp5pDnccy1q2AGZBCQR0FSmglGlgUSGgG9xeDfvMRtBGxusEsAT9it0r0BGdoJX+/E6RSAtKzg67qblbcqjsEnSXemFTIGFfdsnPYCWOeRqCQS2ZM23MT9HOmUXAJ/VInNZAwfs9uoW2pYhEYPx+67tM9q4S0F2tbCulQ/buRs8iYLArsZMTwzkz3BuJ/vXaKvVM/FypJERQfHeqlkmJMBxHQUGjgKDNLGNfCeqX8jmnG0QY1ceWJmcxamHzEQCSCWIZ+LkUA9lU19emv7OcKnvB5aLRk0/Wms5wljaOq51a96+NK7Xyc8xLZIbtkn3jkhNTIJbkidcLJA3khr+TNeXc+nS/nezRacMY722QCheIPvSC1FA==</latexit>

data  A = Now A 
        | Later  ( A)

<̂latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit><latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit><latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit><latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit>

•<latexit sha1_base64="9+Kr1EnoIBqKpPdwWOqFqZfpp4k=">AAACR3icbVBNS8NAEN3Ur1q/Wj16CRZBPJREBD0WvXisYD+gDWWzmdSlm03YnVhL6I/wqr/In+Cv8CYe3bZBbOvAwOPNDPPe8xPBNTrOh1VYW9/Y3Cpul3Z29/YPypXDlo5TxaDJYhGrjk81CC6hiRwFdBIFNPIFtP3h7XTefgKleSwfcJyAF9GB5CFnFA3V7vmpEID9ctWpObOyV4GbgyrJq9GvWOe9IGZpBBKZoFp3XSdBL6MKORMwKfVSDQllQzqAroGSRqC9bKZ3Yp8aJrDDWJmWaM/YvxcZjbQeR77ZjCg+6uXZlPxv1k0xvPYyLpMUQbL5ozAVNsb21LwdcAUMxdgAyhQ3Wm32SBVlaCJa+DKiemwkLBrREHE/FoGXCe6DsSqXnP7SXiZhhM8zoSWTrruc5SpoXdRcp+beX1brN3nORXJMTsgZcckVqZM70iBNwsiQvJBX8ma9W5/Wl/U9Xy1Y+c0RWaiC9QMBNLNZ</latexit><latexit sha1_base64="9+Kr1EnoIBqKpPdwWOqFqZfpp4k=">AAACR3icbVBNS8NAEN3Ur1q/Wj16CRZBPJREBD0WvXisYD+gDWWzmdSlm03YnVhL6I/wqr/In+Cv8CYe3bZBbOvAwOPNDPPe8xPBNTrOh1VYW9/Y3Cpul3Z29/YPypXDlo5TxaDJYhGrjk81CC6hiRwFdBIFNPIFtP3h7XTefgKleSwfcJyAF9GB5CFnFA3V7vmpEID9ctWpObOyV4GbgyrJq9GvWOe9IGZpBBKZoFp3XSdBL6MKORMwKfVSDQllQzqAroGSRqC9bKZ3Yp8aJrDDWJmWaM/YvxcZjbQeR77ZjCg+6uXZlPxv1k0xvPYyLpMUQbL5ozAVNsb21LwdcAUMxdgAyhQ3Wm32SBVlaCJa+DKiemwkLBrREHE/FoGXCe6DsSqXnP7SXiZhhM8zoSWTrruc5SpoXdRcp+beX1brN3nORXJMTsgZcckVqZM70iBNwsiQvJBX8ma9W5/Wl/U9Xy1Y+c0RWaiC9QMBNLNZ</latexit><latexit sha1_base64="9+Kr1EnoIBqKpPdwWOqFqZfpp4k=">AAACR3icbVBNS8NAEN3Ur1q/Wj16CRZBPJREBD0WvXisYD+gDWWzmdSlm03YnVhL6I/wqr/In+Cv8CYe3bZBbOvAwOPNDPPe8xPBNTrOh1VYW9/Y3Cpul3Z29/YPypXDlo5TxaDJYhGrjk81CC6hiRwFdBIFNPIFtP3h7XTefgKleSwfcJyAF9GB5CFnFA3V7vmpEID9ctWpObOyV4GbgyrJq9GvWOe9IGZpBBKZoFp3XSdBL6MKORMwKfVSDQllQzqAroGSRqC9bKZ3Yp8aJrDDWJmWaM/YvxcZjbQeR77ZjCg+6uXZlPxv1k0xvPYyLpMUQbL5ozAVNsb21LwdcAUMxdgAyhQ3Wm32SBVlaCJa+DKiemwkLBrREHE/FoGXCe6DsSqXnP7SXiZhhM8zoSWTrruc5SpoXdRcp+beX1brN3nORXJMTsgZcckVqZM70iBNwsiQvJBX8ma9W5/Wl/U9Xy1Y+c0RWaiC9QMBNLNZ</latexit><latexit sha1_base64="9+Kr1EnoIBqKpPdwWOqFqZfpp4k=">AAACR3icbVBNS8NAEN3Ur1q/Wj16CRZBPJREBD0WvXisYD+gDWWzmdSlm03YnVhL6I/wqr/In+Cv8CYe3bZBbOvAwOPNDPPe8xPBNTrOh1VYW9/Y3Cpul3Z29/YPypXDlo5TxaDJYhGrjk81CC6hiRwFdBIFNPIFtP3h7XTefgKleSwfcJyAF9GB5CFnFA3V7vmpEID9ctWpObOyV4GbgyrJq9GvWOe9IGZpBBKZoFp3XSdBL6MKORMwKfVSDQllQzqAroGSRqC9bKZ3Yp8aJrDDWJmWaM/YvxcZjbQeR77ZjCg+6uXZlPxv1k0xvPYyLpMUQbL5ozAVNsb21LwdcAUMxdgAyhQ3Wm32SBVlaCJa+DKiemwkLBrREHE/FoGXCe6DsSqXnP7SXiZhhM8zoSWTrruc5SpoXdRcp+beX1brN3nORXJMTsgZcckVqZM70iBNwsiQvJBX8ma9W5/Wl/U9Xy1Y+c0RWaiC9QMBNLNZ</latexit>

<̂latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit><latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit><latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit><latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit>

case (e "::  A) of 
  Now   a "-> … 
| Later l "-> …

<̂latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit><latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit><latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit><latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit>

(^A)n () µX .An _ (•X )n
<latexit sha1_base64="8lCOn1UtPRf4xZ6AkPrStSbFBwo="></latexit><latexit sha1_base64="8lCOn1UtPRf4xZ6AkPrStSbFBwo="></latexit><latexit sha1_base64="8lCOn1UtPRf4xZ6AkPrStSbFBwo="></latexit><latexit sha1_base64="8lCOn1UtPRf4xZ6AkPrStSbFBwo="></latexit>

(^A)n () 9k � 0. (•kA)n
<latexit sha1_base64="WT3m2h6FXsSMhXv82Zzkm9oKwVg="></latexit><latexit sha1_base64="WT3m2h6FXsSMhXv82Zzkm9oKwVg="></latexit><latexit sha1_base64="WT3m2h6FXsSMhXv82Zzkm9oKwVg="></latexit><latexit sha1_base64="WT3m2h6FXsSMhXv82Zzkm9oKwVg="></latexit>

 A = ∑k≥0. k A<̂latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit><latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit><latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit><latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit> •<latexit sha1_base64="9+Kr1EnoIBqKpPdwWOqFqZfpp4k=">AAACR3icbVBNS8NAEN3Ur1q/Wj16CRZBPJREBD0WvXisYD+gDWWzmdSlm03YnVhL6I/wqr/In+Cv8CYe3bZBbOvAwOPNDPPe8xPBNTrOh1VYW9/Y3Cpul3Z29/YPypXDlo5TxaDJYhGrjk81CC6hiRwFdBIFNPIFtP3h7XTefgKleSwfcJyAF9GB5CFnFA3V7vmpEID9ctWpObOyV4GbgyrJq9GvWOe9IGZpBBKZoFp3XSdBL6MKORMwKfVSDQllQzqAroGSRqC9bKZ3Yp8aJrDDWJmWaM/YvxcZjbQeR77ZjCg+6uXZlPxv1k0xvPYyLpMUQbL5ozAVNsb21LwdcAUMxdgAyhQ3Wm32SBVlaCJa+DKiemwkLBrREHE/FoGXCe6DsSqXnP7SXiZhhM8zoSWTrruc5SpoXdRcp+beX1brN3nORXJMTsgZcckVqZM70iBNwsiQvJBX8ma9W5/Wl/U9Xy1Y+c0RWaiC9QMBNLNZ</latexit><latexit sha1_base64="9+Kr1EnoIBqKpPdwWOqFqZfpp4k=">AAACR3icbVBNS8NAEN3Ur1q/Wj16CRZBPJREBD0WvXisYD+gDWWzmdSlm03YnVhL6I/wqr/In+Cv8CYe3bZBbOvAwOPNDPPe8xPBNTrOh1VYW9/Y3Cpul3Z29/YPypXDlo5TxaDJYhGrjk81CC6hiRwFdBIFNPIFtP3h7XTefgKleSwfcJyAF9GB5CFnFA3V7vmpEID9ctWpObOyV4GbgyrJq9GvWOe9IGZpBBKZoFp3XSdBL6MKORMwKfVSDQllQzqAroGSRqC9bKZ3Yp8aJrDDWJmWaM/YvxcZjbQeR77ZjCg+6uXZlPxv1k0xvPYyLpMUQbL5ozAVNsb21LwdcAUMxdgAyhQ3Wm32SBVlaCJa+DKiemwkLBrREHE/FoGXCe6DsSqXnP7SXiZhhM8zoSWTrruc5SpoXdRcp+beX1brN3nORXJMTsgZcckVqZM70iBNwsiQvJBX8ma9W5/Wl/U9Xy1Y+c0RWaiC9QMBNLNZ</latexit><latexit sha1_base64="9+Kr1EnoIBqKpPdwWOqFqZfpp4k=">AAACR3icbVBNS8NAEN3Ur1q/Wj16CRZBPJREBD0WvXisYD+gDWWzmdSlm03YnVhL6I/wqr/In+Cv8CYe3bZBbOvAwOPNDPPe8xPBNTrOh1VYW9/Y3Cpul3Z29/YPypXDlo5TxaDJYhGrjk81CC6hiRwFdBIFNPIFtP3h7XTefgKleSwfcJyAF9GB5CFnFA3V7vmpEID9ctWpObOyV4GbgyrJq9GvWOe9IGZpBBKZoFp3XSdBL6MKORMwKfVSDQllQzqAroGSRqC9bKZ3Yp8aJrDDWJmWaM/YvxcZjbQeR77ZjCg+6uXZlPxv1k0xvPYyLpMUQbL5ozAVNsb21LwdcAUMxdgAyhQ3Wm32SBVlaCJa+DKiemwkLBrREHE/FoGXCe6DsSqXnP7SXiZhhM8zoSWTrruc5SpoXdRcp+beX1brN3nORXJMTsgZcckVqZM70iBNwsiQvJBX8ma9W5/Wl/U9Xy1Y+c0RWaiC9QMBNLNZ</latexit><latexit sha1_base64="9+Kr1EnoIBqKpPdwWOqFqZfpp4k=">AAACR3icbVBNS8NAEN3Ur1q/Wj16CRZBPJREBD0WvXisYD+gDWWzmdSlm03YnVhL6I/wqr/In+Cv8CYe3bZBbOvAwOPNDPPe8xPBNTrOh1VYW9/Y3Cpul3Z29/YPypXDlo5TxaDJYhGrjk81CC6hiRwFdBIFNPIFtP3h7XTefgKleSwfcJyAF9GB5CFnFA3V7vmpEID9ctWpObOyV4GbgyrJq9GvWOe9IGZpBBKZoFp3XSdBL6MKORMwKfVSDQllQzqAroGSRqC9bKZ3Yp8aJrDDWJmWaM/YvxcZjbQeR77ZjCg+6uXZlPxv1k0xvPYyLpMUQbL5ozAVNsb21LwdcAUMxdgAyhQ3Wm32SBVlaCJa+DKiemwkLBrREHE/FoGXCe6DsSqXnP7SXiZhhM8zoSWTrruc5SpoXdRcp+beX1brN3nORXJMTsgZcckVqZM70iBNwsiQvJBX8ma9W5/Wl/U9Xy1Y+c0RWaiC9QMBNLNZ</latexit>

case (e "::  A) of 
  (k, a) "-> …

<̂latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit><latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit><latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit><latexit sha1_base64="0RL3lHQ0uDqGrj8xwfq0kZ0rQZI=">AAACSHicbVDLSgNBEJyNrxhfiR69LAZBPIRdEfQY1IPHCOYByRJmZzvJkHksM7PGsOQnvOoX+Qf+hTfx5mQTxCQ2NBTV3XRVhTGj2njeh5NbW9/Y3MpvF3Z29/YPiqXDhpaJIlAnkknVCrEGRgXUDTUMWrECzEMGzXB4O503n0BpKsWjGccQcNwXtEcJNpZqde4o5lJE3WLZq3hZuavAn4MymletW3LOO5EkCQdhCMNat30vNkGKlaGEwaTQSTTEmAxxH9oWCsxBB2kmeOKeWiZye1LZFsbN2L8XKeZaj3loNzk2A708m5L/zdqJ6V0HKRVxYkCQ2aNewlwj3al7N6IKiGFjCzBR1Gp1yQArTIzNaOHLCOuxlbBoRAOnoWRRkDIagrUqlpz+0kEqYGSeM6EFm66/nOUqaFxUfK/iP1yWqzfznPPoGJ2gM+SjK1RF96iG6ogghl7QK3pz3p1P58v5nq3mnPnNEVqoXO4HiTqzlw==</latexit>

polling!
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Categorical model of linear temporal logic  
with a non-inductive diamond modality 

Formalised high-level language  
for reactive programming 

Sound categorical semantics of the language



Categorical models of 
constructive temporal logic
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Cartesian closed category 

Cartesian comonad 

  -strong monad 

C
<latexit sha1_base64="G2hBMg26cXNvm4lNdmiwT59wBls="></latexit><latexit sha1_base64="G2hBMg26cXNvm4lNdmiwT59wBls="></latexit><latexit sha1_base64="G2hBMg26cXNvm4lNdmiwT59wBls="></latexit><latexit sha1_base64="G2hBMg26cXNvm4lNdmiwT59wBls="></latexit>

⇤
<latexit sha1_base64="xhplzIy/MP71xKx9+MtfHNWqadc="></latexit><latexit sha1_base64="xhplzIy/MP71xKx9+MtfHNWqadc="></latexit><latexit sha1_base64="xhplzIy/MP71xKx9+MtfHNWqadc="></latexit><latexit sha1_base64="xhplzIy/MP71xKx9+MtfHNWqadc="></latexit>

⇤
<latexit sha1_base64="xhplzIy/MP71xKx9+MtfHNWqadc="></latexit><latexit sha1_base64="xhplzIy/MP71xKx9+MtfHNWqadc="></latexit><latexit sha1_base64="xhplzIy/MP71xKx9+MtfHNWqadc="></latexit><latexit sha1_base64="xhplzIy/MP71xKx9+MtfHNWqadc="></latexit>

<̂latexit sha1_base64="JbrAji8OGX/10vCz9If9ucaO+ps="></latexit><latexit sha1_base64="JbrAji8OGX/10vCz9If9ucaO+ps="></latexit><latexit sha1_base64="JbrAji8OGX/10vCz9If9ucaO+ps="></latexit><latexit sha1_base64="JbrAji8OGX/10vCz9If9ucaO+ps="></latexit>

�A : ⇤A ! A
<latexit sha1_base64="7s1tgsat2pJ1bw5rlBYcRw7eTu8="></latexit><latexit sha1_base64="7s1tgsat2pJ1bw5rlBYcRw7eTu8="></latexit><latexit sha1_base64="7s1tgsat2pJ1bw5rlBYcRw7eTu8="></latexit><latexit sha1_base64="7s1tgsat2pJ1bw5rlBYcRw7eTu8="></latexit>

�A : ⇤A ! ⇤⇤A
<latexit sha1_base64="WRysmQZqjLjy0/BZms3V5gLoipY="></latexit><latexit sha1_base64="WRysmQZqjLjy0/BZms3V5gLoipY="></latexit><latexit sha1_base64="WRysmQZqjLjy0/BZms3V5gLoipY="></latexit><latexit sha1_base64="WRysmQZqjLjy0/BZms3V5gLoipY="></latexit>

u: > ! ⇤>
<latexit sha1_base64="Rc+mzqIdd7CBfeIuyK1nLyl8N+Y="></latexit><latexit sha1_base64="Rc+mzqIdd7CBfeIuyK1nLyl8N+Y="></latexit><latexit sha1_base64="Rc+mzqIdd7CBfeIuyK1nLyl8N+Y="></latexit><latexit sha1_base64="Rc+mzqIdd7CBfeIuyK1nLyl8N+Y="></latexit>

mA,B : ⇤A ⇥ ⇤B ! ⇤(A ⇥ B)
<latexit sha1_base64="KDraFLSLmkascsOKqxXKuUvyZNc="></latexit><latexit sha1_base64="KDraFLSLmkascsOKqxXKuUvyZNc="></latexit><latexit sha1_base64="KDraFLSLmkascsOKqxXKuUvyZNc="></latexit><latexit sha1_base64="KDraFLSLmkascsOKqxXKuUvyZNc="></latexit>

�A : A ! ^A
<latexit sha1_base64="pepDxKQrity64/j8USg4fCwcEYk="></latexit><latexit sha1_base64="pepDxKQrity64/j8USg4fCwcEYk="></latexit><latexit sha1_base64="pepDxKQrity64/j8USg4fCwcEYk="></latexit><latexit sha1_base64="pepDxKQrity64/j8USg4fCwcEYk="></latexit>

µA : ^^A ! ^A
<latexit sha1_base64="txQCpvS6Qu02WVazdVTiD+BBlF0="></latexit><latexit sha1_base64="txQCpvS6Qu02WVazdVTiD+BBlF0="></latexit><latexit sha1_base64="txQCpvS6Qu02WVazdVTiD+BBlF0="></latexit><latexit sha1_base64="txQCpvS6Qu02WVazdVTiD+BBlF0="></latexit>

st⇤A,B : ⇤A ⇥ ^B ! ^(⇤A ⇥ B)
<latexit sha1_base64="s7B3pbQfyro9u5pjF/k137isNTk="></latexit><latexit sha1_base64="s7B3pbQfyro9u5pjF/k137isNTk="></latexit><latexit sha1_base64="s7B3pbQfyro9u5pjF/k137isNTk="></latexit><latexit sha1_base64="s7B3pbQfyro9u5pjF/k137isNTk="></latexit>
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Set
<latexit sha1_base64="VxfhqwboSD5JEVxYjNcEML98hZ0="></latexit><latexit sha1_base64="VxfhqwboSD5JEVxYjNcEML98hZ0="></latexit><latexit sha1_base64="VxfhqwboSD5JEVxYjNcEML98hZ0="></latexit><latexit sha1_base64="VxfhqwboSD5JEVxYjNcEML98hZ0="></latexit> SetN

<latexit sha1_base64="LU3L9qG3PBUzADWMBDxFeJsPUYY="></latexit><latexit sha1_base64="LU3L9qG3PBUzADWMBDxFeJsPUYY="></latexit><latexit sha1_base64="LU3L9qG3PBUzADWMBDxFeJsPUYY="></latexit><latexit sha1_base64="LU3L9qG3PBUzADWMBDxFeJsPUYY="></latexit>

K
<latexit sha1_base64="EkL95l6JOZWMsL5lC92wS6dIbeI="></latexit><latexit sha1_base64="EkL95l6JOZWMsL5lC92wS6dIbeI="></latexit><latexit sha1_base64="EkL95l6JOZWMsL5lC92wS6dIbeI="></latexit><latexit sha1_base64="EkL95l6JOZWMsL5lC92wS6dIbeI="></latexit>

G
<latexit sha1_base64="UB+rwd2nluJ8hx9awVWFAKsSug0="></latexit><latexit sha1_base64="UB+rwd2nluJ8hx9awVWFAKsSug0="></latexit><latexit sha1_base64="UB+rwd2nluJ8hx9awVWFAKsSug0="></latexit><latexit sha1_base64="UB+rwd2nluJ8hx9awVWFAKsSug0="></latexit>

a
<latexit sha1_base64="vhzciwWdndJMGzTBefEUwBpFU/I="></latexit><latexit sha1_base64="vhzciwWdndJMGzTBefEUwBpFU/I="></latexit><latexit sha1_base64="vhzciwWdndJMGzTBefEUwBpFU/I="></latexit><latexit sha1_base64="vhzciwWdndJMGzTBefEUwBpFU/I="></latexit>

⇤ : SetN ! SetN
<latexit sha1_base64="OEcu+KJhWCnMK6A69/xrDwjx4QM="></latexit><latexit sha1_base64="OEcu+KJhWCnMK6A69/xrDwjx4QM="></latexit><latexit sha1_base64="OEcu+KJhWCnMK6A69/xrDwjx4QM="></latexit><latexit sha1_base64="OEcu+KJhWCnMK6A69/xrDwjx4QM="></latexit>

^ : SetN ! SetN
<latexit sha1_base64="Y5Y8AHuPTo5PvHC8vwoT8FUtXgw="></latexit><latexit sha1_base64="Y5Y8AHuPTo5PvHC8vwoT8FUtXgw="></latexit><latexit sha1_base64="Y5Y8AHuPTo5PvHC8vwoT8FUtXgw="></latexit><latexit sha1_base64="Y5Y8AHuPTo5PvHC8vwoT8FUtXgw="></latexit>

(⇤A)n = (KGA)n =
Œ

k�0Ak
<latexit sha1_base64="riXAPR7wg92KQSaJPhe9cvvqG+o="></latexit><latexit sha1_base64="riXAPR7wg92KQSaJPhe9cvvqG+o="></latexit><latexit sha1_base64="riXAPR7wg92KQSaJPhe9cvvqG+o="></latexit><latexit sha1_base64="riXAPR7wg92KQSaJPhe9cvvqG+o="></latexit>

(^A)n =
Õ

k�0 (•kA)n
<latexit sha1_base64="l+EYNIugHt7AmLRaXLFqohdTVSI="></latexit><latexit sha1_base64="l+EYNIugHt7AmLRaXLFqohdTVSI="></latexit><latexit sha1_base64="l+EYNIugHt7AmLRaXLFqohdTVSI="></latexit><latexit sha1_base64="l+EYNIugHt7AmLRaXLFqohdTVSI="></latexit>

A function from time to types

Box types are always 
inhabited

A pair of a time and delayed value

Diamond types are 
eventually inhabited



Denotation of types
A ::= Unit | A ⇥ B | A + B | A ! B | Stable A | Event A

<latexit sha1_base64="TRLSY26b4LnVLfEDJVA5fhZClmw="></latexit><latexit sha1_base64="TRLSY26b4LnVLfEDJVA5fhZClmw="></latexit><latexit sha1_base64="TRLSY26b4LnVLfEDJVA5fhZClmw="></latexit><latexit sha1_base64="TRLSY26b4LnVLfEDJVA5fhZClmw="></latexit>

JUnitK = >
JA ⇥ BK = JAK ⌦ JBK
JA + BK = JAK � JBK

JA ! BK = JAK ) JBK
JStable AK = ⇤JAK
JEvent AK = ^JAK

<latexit sha1_base64="D/TNFcREwr/WPum85l1Y+DK1Hzo="></latexit><latexit sha1_base64="D/TNFcREwr/WPum85l1Y+DK1Hzo="></latexit><latexit sha1_base64="D/TNFcREwr/WPum85l1Y+DK1Hzo="></latexit><latexit sha1_base64="D/TNFcREwr/WPum85l1Y+DK1Hzo="></latexit>
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Future work

Complete categorical semantics 

Add temporal recursive types 

Establish equivalence of     and CPS

 15

Stream A = �x .A ⇥ Event x
<latexit sha1_base64="LHPN2v+fJzxOzA41ixdrQemOoq8="></latexit><latexit sha1_base64="LHPN2v+fJzxOzA41ixdrQemOoq8="></latexit><latexit sha1_base64="LHPN2v+fJzxOzA41ixdrQemOoq8="></latexit><latexit sha1_base64="LHPN2v+fJzxOzA41ixdrQemOoq8="></latexit>

^A ⇡ ¬⇤¬A
<latexit sha1_base64="wsvbgu6H03/95sNEpqMasEz5ig8="></latexit><latexit sha1_base64="wsvbgu6H03/95sNEpqMasEz5ig8="></latexit><latexit sha1_base64="wsvbgu6H03/95sNEpqMasEz5ig8="></latexit><latexit sha1_base64="wsvbgu6H03/95sNEpqMasEz5ig8="></latexit>

⇡ ¬⇤(A ! ?)
<latexit sha1_base64="LhJLAkWPMVONXe/o9+Ysx/aOdBk="></latexit><latexit sha1_base64="LhJLAkWPMVONXe/o9+Ysx/aOdBk="></latexit><latexit sha1_base64="LhJLAkWPMVONXe/o9+Ysx/aOdBk="></latexit><latexit sha1_base64="LhJLAkWPMVONXe/o9+Ysx/aOdBk="></latexit>

⇡ ⇤(A ! ?) ! ?
<latexit sha1_base64="8Z3MdoyVHrweUbuUzszktyF/VUM="></latexit><latexit sha1_base64="8Z3MdoyVHrweUbuUzszktyF/VUM="></latexit><latexit sha1_base64="8Z3MdoyVHrweUbuUzszktyF/VUM="></latexit><latexit sha1_base64="8Z3MdoyVHrweUbuUzszktyF/VUM="></latexit>

Implement the language 

<̂latexit sha1_base64="AWDWwqu/HhaAB5cPYtavVYAesJg="></latexit><latexit sha1_base64="sQJxeWycA0vOzTxXBaMW88ewXKU="></latexit><latexit sha1_base64="sQJxeWycA0vOzTxXBaMW88ewXKU="></latexit><latexit sha1_base64="0U6FPBrObVCe+PYs2r0foE1XUgs="></latexit>



Summary and conclusions

A high-level reactive language  
with events as a primitive type 

A concrete categorical model of constructive 
temporal logic with an existential     type 

A categorical semantics which allows for  
an efficient, CPS-like implementation 

Combines the abstract semantics of FRP, 
temporal properties of LTL and efficiency of CPS
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<̂latexit sha1_base64="AWDWwqu/HhaAB5cPYtavVYAesJg="></latexit><latexit sha1_base64="sQJxeWycA0vOzTxXBaMW88ewXKU="></latexit><latexit sha1_base64="sQJxeWycA0vOzTxXBaMW88ewXKU="></latexit><latexit sha1_base64="0U6FPBrObVCe+PYs2r0foE1XUgs="></latexit>
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