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Motivation

Collaborating Robots? 1
Keyboard finding robot3

2Mehmet Dogar, Ross A. Knepper, Andrew Spielberg, Changhyun Choi,
Henrik I. Christensen, and Daniela Rus. “Towards Coordinated Precision Assembly
with Robot Teams”. In: ISER. 2014.

3Abhishek Anand, Hema Swetha Koppula, Thorsten Joachims, and
Ashutosh Saxena. “Contextually guided semantic labeling and search for
three-dimensional point clouds”. In: /JRR (2012).


https://www.youtube.com/watch?v=B9sYogRVF8Q&list=UUataVjUfE66vEBF7jd_XTyg#t=71
https://www.youtube.com/watch?v=rc0vdqjCsBg#t=72
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Goals

v

Write robotic programs in Coq

v

“Run” them on actual robots using a shim:

> Specify the behavior of the shim, physics, and hardware in a realistic
way
» develop Coq proofs of properties about the overall behavior



The Logic of Events framework

» Cyber Physical systems are distributed systems

» where agents have fancy sensing and/or actuation actuation
capabilities.




The Logic of Events framework
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Nicolas Schiper, Vincent Rahli, Robbert Van Renesse, Marck Bi

l

ckford,

and Robert L. Constable. “Developing correctly replicated databases

using formal tools”. In: DSN. IEEE, 2014, pp. 395-406 1
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ROS : Even single robots are distributed systems

» Based on asynchronous message passing®
» Very popular, drivers (as DS agents) available for many robots °

sensor2 robot motorl

motor2
sensorl controller

4Morgan Quigley, Ken Conley, Brian Gerkey, Josh Faust, Tully Foote,
Jeremy Leibs, Rob Wheeler, and Andrew Y. Ng. “ROS: an open-source Robot
Operating System”. In: ICRA workshop on open source software. Vol. 3. 2009, p. 5.


https://www.youtube.com/watch?v=3cV4Qr1-I0E&feature=youtu.be
http://wiki.ros.org/Robots

ROS : Even single robots are distributed systems

» Based on asynchronous message passing®
» Very popular, drivers (as DS agents) available for many robots °

» uniform APl 1
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https://www.youtube.com/watch?v=3cV4Qr1-I0E&feature=youtu.be
http://wiki.ros.org/Robots

ROS : Even single robots are distributed systems

Based on asynchronous message passing*

Very popular, drivers (as DS agents) available for many robots 5
uniform API

Running Example

vV v v v

4Morgan Quigley, Ken Conley, Brian Gerkey, Josh Faust, Tully Foote,
Jeremy Leibs, Rob Wheeler, and Andrew Y. Ng. “ROS: an open-source Robot
Operating System”. In: ICRA workshop on open source software. Vol. 3. 2009, p. 5.
Shttp://wiki.ros.org/Robots


https://www.youtube.com/watch?v=3cV4Qr1-I0E&feature=youtu.be
http://wiki.ros.org/Robots

Running Example
)

hardware

agent

{|v:i=0;w:=1]}

{

\ 4

{]vi=0;w:=0]|}

|vi=1l;w:=0][}

software agent
(robot controller)

T

external
agent

v

Definition robotPureProgam (target : Cart2D Q) : list (Q x Polar2D Q) :=
1et polarTarget : Polar2D R := Cart2Polar target in
1et rotDuration : R := | 0 polarTarget | / rotspeed in
let translDuratio (vad polarTarget) / speed in
[ €0,{I rad:= 0 ; 0 := ( polarfSign target ) * rotspeed |})
; (tapprox rotDuration delRes delEps , {| rad :=0;0:=0 |}
; (delay , {| rad := speed ; 0 :=0 |})
; (tapprox translDuration delRes delEps , {| rad :=0;0:=01}) 1.

go to {|X:=1; Y:=1|}




How to Specify a CPS in ROSCoq

» Define the physical model as a Coq type
» Define the collection of agents
» Specify the behavior of each agent

» S/w agent : Coq program
> H/w agent: ...



Physical Model of a CPS

Describes how the relevant physical quantities evolve over time
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Physical Model of a CPS

Describes how the relevant physical quantities evolve over time
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‘\ \theta
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0 Time

Record Cart2D (T : Type) : Type :={X : T;Y: T}.
Record iCreate : Type := {

position : Cart2D (Time —¢ R);

theta : (Time —¢ R);


http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.Vector.html#Cart2D
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#Time
http://www.cs.cornell.edu/~aa755/ROSCoq/indirectLinks/IR.html
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#Time
http://www.cs.cornell.edu/~aa755/ROSCoq/indirectLinks/IR.html
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Record iCreate : Type := {
position : Cart2D (Time —¢ R);
theta : (Time —¢ R);
linVel : (Time —¢ R);
omega : (Time —¢ R);
derivRot : isDerivativeOf omega theta;

derivX : isDerivativeOf (linVel * ( FCos theta)) (X position);
derivY : isDerivativeOf (linVel * ( FSin theta)) (Y position);


http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.Vector.html#Cart2D
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#Time
http://www.cs.cornell.edu/~aa755/ROSCoq/indirectLinks/IR.html
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#Time
http://www.cs.cornell.edu/~aa755/ROSCoq/indirectLinks/IR.html
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http://www.cs.cornell.edu/~aa755/ROSCoq/indirectLinks/IR.html
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#isDerivativeOf
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#isDerivativeOf
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/MathClasses.interfaces.canonical_names.html#mult
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.icreate.html#FCos
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.Vector.html#X
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#isDerivativeOf
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/MathClasses.interfaces.canonical_names.html#mult
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.icreate.html#FSin
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.Vector.html#Y
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Record iCreate : Type := {
position : Cart2D (Time —¢ R);
theta : (Time —¢ R);
linVel : (Time —¢ R);
omega : (Time —¢ R);

derivRot : isDerivativeOf omega theta,;
derivX : isDerivativeOf (linVel * ( FCos theta)) (X position);
derivY : isDerivativeOf (linVel * ( FSin theta)) (Y position);

In case there were 2 robots, we would use iCreate x iCreate


http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.Vector.html#Cart2D
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#Time
http://www.cs.cornell.edu/~aa755/ROSCoq/indirectLinks/IR.html
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#Time
http://www.cs.cornell.edu/~aa755/ROSCoq/indirectLinks/IR.html
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http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#Time
http://www.cs.cornell.edu/~aa755/ROSCoq/indirectLinks/IR.html
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#isDerivativeOf
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#isDerivativeOf
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/MathClasses.interfaces.canonical_names.html#mult
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.icreate.html#FCos
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.Vector.html#X
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#isDerivativeOf
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/MathClasses.interfaces.canonical_names.html#mult
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.icreate.html#FSin
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.Vector.html#Y
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» PhysModelType — (N — option Event) — Prop


http://coq.inria.fr/stdlib/Coq.Init.Datatypes.html#nat
http://coq.inria.fr/library/Coq.Init.Datatypes.html#option

Semantics of Agents
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» PhysModelType — (N — option Event) — Prop
» iCreate — (N — option Event) — Prop 1
iCreate : = {
position : Cart2D (Time —¢ R);
theta : (Time —¢ R);
linVel : (Time —¢ R);
omega : (Time —¢ R);


http://coq.inria.fr/stdlib/Coq.Init.Datatypes.html#nat
http://coq.inria.fr/library/Coq.Init.Datatypes.html#option
http://coq.inria.fr/stdlib/Coq.Init.Datatypes.html#nat
http://coq.inria.fr/library/Coq.Init.Datatypes.html#option
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.Vector.html#Cart2D
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#Time
http://www.cs.cornell.edu/~aa755/ROSCoq/indirectLinks/IR.html
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#Time
http://www.cs.cornell.edu/~aa755/ROSCoq/indirectLinks/IR.html
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#Time
http://www.cs.cornell.edu/~aa755/ROSCoq/indirectLinks/IR.html
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#Time
http://www.cs.cornell.edu/~aa755/ROSCoq/indirectLinks/IR.html

Semantics of Agents
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» Can handle non-determinstic devices T

» Uniform treatment of both sensing and actuation devices



Specification of an iCreate (hardware agent)

Definition HwAgent (ic: iCreate) (evs : nat — option Event): Prop :=



http://coq.inria.fr/library/Coq.Init.Datatypes.html#nat
http://coq.inria.fr/library/Coq.Init.Datatypes.html#option

Specification of an iCreate (hardware agent)

Definition HwAgent (ic: iCreate) (evs : nat — option Event): Prop :=
onlyRecvEvts evs A V t: QTime,
let (lastCmd, tn ) := latestVelPayload AndTime evs t in
let a: Q :=rad (lastCmd) in
let b: Q=6 (lastCmd) in 3 t, : QTime, (tm < t; < tm + reacTime)
AVt QTime, (tm < t' < t)
— ( Min ({linVel ic} t) (a - € a b)
< {linVel ic} t' < Max ({linVel ic} tn) (a+ €, a b)))
AWt QTime, (¢ <t'<t) — [{linVelic} t'-a|<e ab)

A

~
a _{ s €, ab

linVel ic

+


http://coq.inria.fr/library/Coq.Init.Datatypes.html#nat
http://coq.inria.fr/library/Coq.Init.Datatypes.html#option
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.icreate.html#onlyRecvEvts
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:x 'xE2x88xA7' x
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:'xE2x88x80' x '..' x ',' x
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#QTime
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:'xE2x88x80' x '..' x ',' x
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.icreate.html#latestVelPayloadAndTime
http://coq.inria.fr/library/Coq.QArith.QArith_base.html#Q
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.Vector.html#rad
http://coq.inria.fr/library/Coq.QArith.QArith_base.html#Q
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.Vector.html#rad
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:'xE2x88x83' x '..' x ',' x
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#QTime
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:'xE2x88x83' x '..' x ',' x
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:x 'xE2x88xA7' x
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:x 'xE2x88xA7' x
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:x 'xE2x88xA7' x
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:x 'xE2x88xA7' x
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:'xE2x88x80' x '..' x ',' x
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#QTime
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:'xE2x88x80' x '..' x ',' x
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:x 'xE2x86x92' x
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:x 'xE2x86x92' x
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:x 'xE2x86x92' x
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:x 'xE2x86x92' x
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/CoRN.reals.Max_AbsIR.html#Min
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.icreate.html#eeev
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/CoRN.reals.Max_AbsIR.html#Max
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.icreate.html#eeev
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:x 'xE2x86x92' x
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:x 'xE2x88xA7' x
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:x 'xE2x88xA7' x
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:x 'xE2x88xA7' x
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:'xE2x88x80' x '..' x ',' x
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#QTime
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:'xE2x88x80' x '..' x ',' x
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:x 'xE2x86x92' x
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:x 'xE2x86x92' x
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:x 'xE2x86x92' x
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.IRMisc.CoRNMisc.html#NormSpace_instance_IR
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.IRMisc.CoRNMisc.html#NormSpace_instance_IR
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.icreate.html#eeev
http://coq.inria.fr/library/Coq.Unicode.Utf8_core.html#:type scope:x 'xE2x88xA7' x
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#Time
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.icreate.html#eeev

Specification of an iCreate (hardware agent)

f
Definition HwAgent (ic: iCreate) (evs : nat — option Event): Prop :=
A
a _|_ s e, ab
linVel ic
tm  tr

Time {Iv:i=aw:=bl} 1


http://coq.inria.fr/library/Coq.Init.Datatypes.html#nat
http://coq.inria.fr/library/Coq.Init.Datatypes.html#option
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.core.html#Time
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.icreate.html#eeev

Software Agents

S — Message — (S x list Message).
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Software Agents

S — Message — (S x list Message).

SwSemantics : (S — Message — (S x list Message)) —
(PhysModelType — (N — option Event) — Prop)
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Software Agents

S — Message — (S x list Message).
SwSemantics : (S — Message — (S x list Message)) —
(PhysModel Type — (N — option Event) — Prop)
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Software Agents

p: S — Message — (S x list Message).
SwSemantics : (S — Message — (S x list Message)) —
(PhysModel Type — (N — option Event) — Prop)

Shim [<—— ™
(Haskell) | ———= Mi "

s, [ml, m2,m3]

Coq program (p)



http://coq.inria.fr/stdlib/Coq.Init.Datatypes.html#prod
http://coq.inria.fr/stdlib/Coq.Init.Datatypes.html#list
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.ROSCyberPhysicalSystem.html#SwSemantics
http://coq.inria.fr/stdlib/Coq.Init.Datatypes.html#prod
http://coq.inria.fr/stdlib/Coq.Init.Datatypes.html#list
http://coq.inria.fr/stdlib/Coq.Init.Datatypes.html#nat
http://coq.inria.fr/library/Coq.Init.Datatypes.html#option

Software Agents

p: S — Message — (S x list Message).

SwSemantics : (S — Message — (S x list Message)) —
(PhysModel Type — (N — option Event) — Prop)

Shim [ ™
(Haskell) | ——— Mi

s, m s, [ml, m2,m3]

Coq program (p)
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Software Agents

p: S — Message — (S x list Message) .

SwSemantics : (S — Message — (S x list Message)) —
(PhysModelType — (N — option Event) — Prop)

shim [« ™
(Haskell) |_—— Mi

s, m s, [ml, m2,m3]

Coq program (p)

5g—|—o—o—o—>
<> <>
diml) d(m?2)
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The Program in our running example

1)
Definition robotPureProgam (target : Cart2D Q) : list (Q xPolar2D Q) :=


http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.Vector.html#Cart2D
http://coq.inria.fr/library/Coq.QArith.QArith_base.html#Q
http://coq.inria.fr/library/Coq.Init.Datatypes.html#list
http://coq.inria.fr/library/Coq.QArith.QArith_base.html#Q
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.Vector.html#Polar2D
http://coq.inria.fr/library/Coq.QArith.QArith_base.html#Q
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.Vector.html#Polar2D
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.CartCR.html#Cart2Polar
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.IRMisc.CoRNMisc.html#NormSpace_instance_IR
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.Vector.html#rad
http://www.cs.cornell.edu/~aa755/ROSCoq/coqdoc/ROSCOQ.IRMisc.CoRNMisc.html#NormSpace_instance_IR
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The Program in our running example

Definition robotPureProgam (target : Cart2D Q) : list (Q x Polar2D Q) :=
let polarTarget : Polar2D R := Cart2Polar target in

let rotDuration : R := | 6 polarTarget | / rotspeed in
let translDuration : R := (rad polarTarget) / speed in
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The Program in our running example
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Defini%robotPureProgam (target = Cart2D Q) : list (Q x Polar2D Q) :=
let ‘polarTarget : Polar2D R := Cart2Polar target in
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The Program in our running example

target : Cart2D Q) : list (Q x Polar2D Q) :=
let arTarget : Polar2D R := Cart2Polar target in
let ‘rotDuration : R := | 6 polarTarget | / rotspeed in

[
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The Program in our running example

V2 target : Cart2D Q) : list (Q x Polar2D Q) :=
: := Cart2Polar target in

let ‘translDuration : R := (rad polarTarget) / speed in
[
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The Program in our running example

Definition robotPureProgam (target : Cart2D Q) : list (Q x Polar2D Q) :=
let polarTarget : Polar2D R := Cart2Polar target in

0,{I rad:= 0 ; 0 := ( polarSign target ) * rotspeed |})
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The Program in our running example

Definition robotPureProgam (target : Cart2D Q) : list (Q x Polar2D Q) :=
let polarTarget : Polar2D R := Cart2Polar target in
let rotDuration : R := | 6 polarTarget | / rotspeed in

[

; (tapprox rotDuration delRes delEps , {| rad :=0;6:=0 |})

1.
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The Program in our running example

Definition robotPureProgam (target : Cart2D Q) : list (Q x Polar2D Q) :=
let polarTarget : Polar2D R := Cart2Polar target in

; (delay , {| rad := speed ; 6 :==0 |})
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The Program in our running example

Definition robotPureProgam (target : Cart2D Q) : list (Q x Polar2D Q) :=
let polarTarget : Polar2D R := Cart2Polar target in

let translDuration : R := (rad polarTarget) / speed in
[

; ( tapprox translDuration res ¢ , {| rad :=0;60:=01}) 1.
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The Program in our running example

Definition robotPureProgam (target : Cart2D Q) : list (Q x Polar2D Q) :=
let polarTarget : Polar2D R := Cart2Polar target in

; ( tapprox translDuration res ¢ , {| rad :=0;60:=01}) 1.

tapprox r 1000 € is a rational of the form 7555
14+2xe€

| tapprox r res € - r | < L

Robbert Krebbers and Bas Spitters. “Type classes for efficient exact real
arithmetic in Coq”. In: LMCS 9.1 (Feb. 14, 2013)
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Constructive Reals

CR=Q"—>Q

Robbert Krebbers and Bas Spitters. “Type classes for efficient exact real
arithmetic in Coq". In: LMCS 9.1 (Feb. 14, 2013)

Errett Bishop. Foundations of constructive analysis. McGraw-Hill, 1967.
394 pp.
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Discrete computations over CR

if (r < ) then ... else ...
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Discrete computations over CR

if (r <¢ ) then ... else ...
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Constructivity helps even in logical reasoning

V/((cos 1)) < exp(cos(sin(arctan )))



Constructivity helps even in logical reasoning

V/((cos 1)) < exp(cos(sin(arctan )))




Recap: How to Specify a CPS in ROSCoq

» Define the physical model as a Coq type
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Recap: How to Specify a CPS in ROSCoq

» Define the physical model as a Coq type

» Define the collection of agents

hardware software agent external
agent (robot controller) agent

go to {|X:=1; Y:=1]}
{|vi=0;w:=1]|}
{|vi=0;w:=0]}

{lv:i=1;w:=0|[}

Definition robotPureProgam (farget : Cart2D Q) : fist (Q x Polar2D Q) =
Lot po 2P

target in

)
ox 10 1Eps , {1 rad = 0;0:=0 1)

§ (delay , {1 vad = speed ; 0:= 0 1))

i Ctappros transiDuration delRes delEps , {1 rad := 0;6:=0 1)) ]




Recap: How to Specify a CPS in ROSCoq

» Define the physical model as a Coq type
» Define the collection of agents
» Specify the behavior of each agent

» H/w agent : Coq relation
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Recap: How to Specify a CPS in ROSCoq

» Define the physical model as a Coq type
» Define the collection of agents

» Specify the behavior of each agent

> H/w agent : Coq relation
> S/w agent : Coq message handler

Definition robotPureProgam (target : Cart2D Q) : list (Q x Polar2D Q) :=
let polarTarget : Polar2D R := Cart2Polar target in
let rotDuration : R := | 0 polarTarget | / rotspeed in
let trans/Duration : R := (rad polarTarget) / speed in
[
(0,{1 rad:=0; 0 := ( polar0Sign target ) * rotspeed |})
; (tapprox rotDuration delRes delEps , {| rad :=0;6 :=0 |})
; (delay , {| rad := speed ; 6 :==0 |})
; (tapprox translDuration res ¢ , {| rad :=0;6:=0 |}) 1.
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Proved Property

ideal

Definition ErrY”: R := (e, 0 w) * ( reacTime + EvO1TimeGapUB)
+ (Sin (6ErrTrans + 0ErrTurn)) * (| target | + speed*timeErr
+ Ev23TimeGapUB * (e, speed 0) )
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Experiments

target actual video link
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» General Shim in Haskell®”

» Importing ROS message types in Coq
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Probabilistic reasoning®
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