CS 6260 Automated Planning and Learning

Temporal Planning:
Durative Actions

Department of Computer Science and Engineering

Indian Institute of Technology Madras

Most material based on David E. Smith’s Tutorial on Temporal Planning at 3@ Summer School on Cognitive Robotics


http://psresearch.xyz/

Logistics



Announcements

* Office Hours (in SSB 304)
* Every Tu/We /Th: For one hour after the class starting March 10.

* Exception This Week:
* Office Hours for 2 hours on Tuesday (12:00 pm — 02:00 pm)

* No class and no office hours on We /Th.

* No classes from Feb 23 — Mar 06.

* Will post video material to watch.
* Q/A session and Quick Recap on March 10 (and March 11, if needed).



Numeric Planning



:numeric-fluents

(:functions
(time-to-walk ?11 ?12 - location)
(time-to-drive ?11 ?12 - location)
(driven)
(walked)

)

(:action DRIVE-TRUCK
:parameters (..)
:precondition (and ..)
ceffect

(and
(increase (driven) (time-to-drive ?loc-from ?loc-to)))
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:numeric-fluents

(:init

(at driverl s2)
(at driver2 s2)
(at truckl s0)
(empty truckl)
(at truck2 s0)
(empty truck2)
(at packagel s0)
(at package2 s0)
(path s1 pl-0)
(path p1-0 s1)
(path s@ pl-0)
(path p1-0 s0)

(= (time-to-walk sl p1-0) 43)
(= (time-to-walk p1l-@ s1) 43)
(= (time-to-walk s@ pl-0) 80)
(= (time-to-walk pl-0 s@) 80)

Source: htt
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PDDL 2.1: Durative Actions

Refer to this document for PDDL 2.1
https://www.jair.org/index.php/jair/article/view/10352/24759

Additional Info: :
https://www m /afs/cs/project/jair/ /volume20/smith -html/PDDL-commentary.html
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See also: h

Rover Example

Path(LO,L1)
Visible(Rock1,L1)
Path(L1,L2)
Path(L2,L1)
Reachable(Target2,L.2)
Path(L1,L3)

Cameras Solar panels Communications

Battery
Arm Heater
L0 eate
Samble canister Navigation
sithub.com/pots o/pddl-instances/blob/master/ipc-2002/domain

At(LO)
Stowed

Empty
Charged
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Initial Conditions

At(LO)
Stowed

Empty
Charged

Path(LO,L1)
Visible(Rock1,L1)
Path(L1,L2)
Path(L2,L1)
Reachable(Target2,L.2)
Path(L1,L3)

Classical Planning

Actions Goal(s)
Pre
I Navigate(?loc1, ?loc2) Image(Rock1)
Eff Sample(Target?2)
Pre At(L3)
I Snap(?target)
Eff
Pre
I PlaceArm(?target)
Eff

Pre

I CollectSample()
Eff




Initial Conditions

At(LO)
Stowed

Empty
Charged

Path(LO,L1)
Visible(Rock1,L1)
Path(L1,L2)
Path(L2,L1)
Reachable(Target2,L.2)
Path(L1,L3)

No time constraints

Classical Planning

Actions Goal(s)
Pre
| Navigate(?loc1, ?loc2) Image(Rock1)
Eff Sample(Target?2)
Pre At(L3)
I Snap(?target)
Eff Achievement
Pre
I PlaceArm(?target)
Eff
Pre
I CollectSample()
Eff
Instantaneous

Instantaneous change
Sequential

Plans:

c PRTERELTT coas




Reality

Time constraints
[0800,1100] lllumination(Rock1)
[1530,1600] Comm-window
[0900,1630] Temperature > -20

=) Actions take time
=) Continuous change

location

energy consumption

solar recharging
Concurrency

heating
sample processing
communication

=mmmm) Goal constraints
Deadlines: [...,1500] At(L3)
Windows: [0900,1030] Image(Rock1)
Ordering: Image(Rock1) < Sample(Target2)

Uncertainty!




Durative Actions with Discrete Effects

Conds Condiiy <€—Condi=>» Conde

Effs Effi1 <€— Effi—>» Effe



Durative Actions with Discrete Effects

Conds Condo Conde
Effs Eﬁe
Conds
ITrigger-Action
Effs COI'Ido
Process(...)
Conde

|| Trigger-event
Effe



Durative Actions with Discrete Effects

Conds Condi4

< Condjx=>

Conde

< Effi—>

Effs

Conds

I Trigger-Action

Effs

Process1

Condi
I Trigger-Event

Effiq

Effi1

Process?2

Condiz

I Trigger-Event

Effi2

Eff.

Process3

Conde

I Trigger-Event
Effe

Too detailed!!



Durative Actions with Discrete Effects

Conds Condiy <€—Condi=> Conde

Effs Effis <«—Effo=>» Eff. (:durative-action move
:parameters (<arguments>)
:duration (= ?duration 5)

Cond, €———— Cond; ———3> Cond. :condition (logical_expression)

_ ceffect (logical_expression)
)

Effs Effe




:durative-actions

(:durative-action move
:parameters (?r - rover ?fromwp - waypoint ?towp - waypoint)
:duration (= ?duration 5)
:condition (and
(over all (can—-move ?from-waypoint ?to-waypoint))
(at start (at ?rover ?from-waypoint))
(at start (> (battery-amount ?rover) 8)))
effect (and
(at end (at ?rover ?to-waypoint))
(at end (been-at ?rover ?to-waypoint))
(at start (not (at ?rover ?from-waypoint)))
(at start (decrease (battery-amount ?rover) 8))
(at end (increase (distance-travelled) 5)))
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Durative Actions with Discrete Effects

Conds Condiy <€—Condi=> Conde

Effs Effis <—Effp;=>» Effe (:durative-action move
:parameters (<arguments>)
:duration (= ?duration 5)

Cond, €———— Cond; ———3> Cond. :condition (logical_expression)

_ ceffect (logical_expression)
)

Effs Effe

Intermediate Conditions and Effects?



Step 1: Eliminate Interval Effects

Conds Condiy <—Condi=> Conde.

Effs Effi1 < Effi=~» Effe

<€ Effi=>
Conds Condiy <€—Condip=—> Conde.

Effs Effi1 Effi2 Effe



Step 2: Decomposing Intermediate Conditions and Effects

< Effir—>
Conds Condiy <€—Condi=> Conde.

Effe  Eff Efiiz L Effe

: : Eff:z ' .
Condii Cond.z Cond.z Effio-
XA XB "XC XD XE XF

XB XC XD XE XF XG
Effi1 Effi2

XG
Conds Conde

Effs Effe
XA



Simple Durative Planning

Initial Conditions Actions Goal(s)
AL(LO) il
Stowed | Navigate(?loct, ?loc?) | Image(Rock1)
Empty Eff Sample(Target?2)
Charged Cond At(L3)
Snap(?target)
Path(LO,L1) Eff
Visible(Rock1,L1) Cond
Path(L1,L2) PlaceArm(?target)
Path(L2,L1) Ed

Reachable(Target2,L.2) Cond
Path(L1,L3) Ol

Eff




Simple Durative Actions

Charged
At(?loc1)
I Stowed i
=At(?loc1) At(?loc2)
At(?loc)
Stowed
b= Viz(?target, ?loc) =
Snap(?target) Dur=1
Image(?target)
Stowed
| At(?loc) |
Reach(?target, ?loc)
PlaceArm(?target) Dur=5 Stow() | Dur=1
-Stowed Placed(?target) Stowed
=-Placed(?target)
Empty
— Placed(?target) i

=Empty Sample(?target)



Rover Plan

Goal(s): Image(Rock1), Sample(Target2), At(L3)

At(LO)

LRSI 1] i [NBHEAEY Placohrr2) [Gaec) [ stowoy

Image(Rock1) Sample(T2) At(L3)




Reduction to Classical Planning

Charged
At(?loc1)

I Stowed

-~At(?loc1)

At(?loc)
Stowed
= Viz(?target, ?loc) =

Snap(?target) Dur=1
Image(?target)

Stowed

I At(?loc)

Reach(?target, ?loc)

PlaceArm(?target) Dur=5
Placed(?target)

—

-Stowed

Empty
|— Placed(?target) —{

=Empty Sample(?target)

At(?loc2)

Squash!

m——

Charged
At(?11)
Stowed
I Navigate(?loc1, ?loc2)
-At(?11)
At(?12)

At(?I)
Stowed
Viz(?target, ?I)

I Snap(?target)
Image(?target)

Stowed
At(?l)
Reach(?target, ?I)
I PlaceArm(?target)

~Stowed
Placed(?target)

Empty
Placed(?target)

ICoIIectSampIe(?target)

~Empty
Sample(?target)



Reduction to Classical Planning

S A,

Stow()

Run Classical Planner =il

Nav(LO,L1
Snap(Rock1
Nav(L1,
PlaceArm(T2
Collect(T2
Nav(L2,L1) ===
Nav(L1,L3) ===

Expand

AY(LO)

[ Nav(toLn) | snap(Fock) [Nav(L1,L2)| PraceArm(r2)

Image(Rock1) Sample(T2) At(L3)




Solution: Minimizing Makespan

Goal(s): Image(Rock1), Sample(Target?2), At(Loc3)

AY(LO)

[ BRG] |RRWEAE iacor(r [Goicir stowo

Image(Rock1) Sample(T2) At(L3)

find 7 : V7, dur(n) < dur(r)




Reduction to Optimal Numeric Planning

Charged Charged
At(‘l?loc1) . At(?11)
I Stowed 1 Stowed
_ Dur=DriveTime(?loc1,?loc2) I Navigate(?loc1, ?loc2)
At(?loct At(?loc2 ~At(211)
"At(?locl) (?loc2) At(?12) Cost+=DriveTime(?loc1,?loc2)
At(?loc) At(?1)
- 9Stowed° — Stowed
Viz(?target, ?loc) S u a sh Viz(?target, ?I)
Snap(?target) Dur=1 q I Snap(?target)

Image(?target) . Image(?target) Cost+=1
Stowed At(?loc) i:‘()’rl’;d
— Reach(?target, ?loc) — =F COStS Reach(?target, ?I)
PlaceArm(?target) Dur=5 +m et ri c _‘St!)"l:zceArm(?targ et)
-~Stowed Placed(?target) Placed(?target) Cost+=5
EmIi Placed(?target) — :functions (cost) Eggzl(?target)

_ Dur=2 rinit (= (COSt) 0) ICoIIectSampIe(?target)
:metric minimize (cost)

~Empty
~Empty Sample(?target) Sample(?target) Cost+=2

:increase (cost) 2



Reduction to Optimal Numeric Planning

HENEEER 11
Run Numeric Planner =l SEIEESST  linstead 53
- = = 9 N -
(minimizing cost) JggEfadgd o dd
5853838 23 52
¢ g
Expand
At(LO)
(NSO srap(rock:) [NAWLHD) Piacermir2)
Image(Rock1) Sample(T2) At(L3)

Numeric planning
— minimize use of a resource (time)



Reality

Time constraints
[0800,1100] lllumination(Rock1)
[1530,1600] Comm-window
[0900,1630] Temperature > -20

J Actions take time ONP

Continuous change
location
energy consumption
solar recharging
Concurrency
heating
sample processing
communication
Goal constraints
Deadlines: [...,1500] At(L3)
Windows: [0900,1030] Image(Rock1)
Ordering: Before(lImage(Rock1), Sample(Target2))

Uncertainty!
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