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L13:  Real-World Planning

CS 343:  Artificial Intelligence
Benjamin Kuipers

Simplifying Assumptions
• Classical planning environments

– Finite, discrete, and fully observable
– Static world with deterministic change

• More complexity
– Explicit resource constraints and usage
– Hierarchical models
– Non-deterministic (stochastic) worlds
– Conditional planning
– Execution monitoring and replanning

Job Shop Scheduling

• Scheduling actions with durations
• Given a partially-ordered plan, the critical
path is the longest totally-ordered path.
– Schedule those actions without gaps.

• For other actions, use ordering relations to
define:
– Earliest start from previous actions and durations
– Latest start from subsequent actions and durations
– Gives window for action.  slack = LS - ES.

Job Shop Scheduling Example
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Job Shop Scheduling
• Planning with explicit resource constraints

– Consumable resources can already be handled
– Reusable resources are competed for, and add

constraints that prevent parallel actions
• Oil vs engine hoist, wheel station, inspector
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Hierarchy

• Hierarchical decomposition is a major way
to handle complexity.
– H. A. Simon, The Sciences of the ArtiÞcial

• Decompose large system (or problem) into
weakly interacting components.
– Deal with the components independently.
– Combine, dealing with the interactions.

• Solutions are seldom optimal.  Usually
quite good (“satisficing”).
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Hierarchical Task Networks
• Partial-order planning with high-level actions

– Make a plan with abstract actions.
– Do action decomposition to provide a plan for

each high-level action.
• Requires a good plan library.
• A decomposition should be guaranteed to achieve the

effects of the action.
– Reconcile constraints and dependencies.

• Identify opportunities for subtask sharing.
• Possible interleaving of implementation actions.

Planning in Large-Scale Space
• Plan:  Travel(S,B,P3);  Travel(B,G,P2)
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High-Level Route Action
• In large-scale space

– A place is a node (a point)
– A path is a line (a curve)

• Partial plan:  Travel(S,B,P3);  Travel(B,G,P2)
Action(Travel(from:x, to:y, along:path),
     Precond: order(x,y,path,d)
                    ∧ pose(at:x, along:path, dir:d)
     Effect:  pose(at:y, along:path, dir:d) )

Action(Turn(amt:amt, at:x, from:path1, to:path2),
     Precond:  pose(at:x, along:path1, dir:d1)
     Effect:  pose(at:x, along:path2, dir:d2) )

Planning with Causal Commands
• Plan:  Fwd;  Fwd;  Right;  Fwd;  Fwd;  at(G)
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Decomposing Travel
• Travel(S, B, P3) has precondition

Ðpose(at:S, along:P3, dir: toward(S,B,P3))

• Decompose into a sequence of Fwd actions
resulting in being at B.

Action(Fwd(),
     Precond: pose(at:x, along:path, dir:d)
                    ∧ next_decision_point(x,y,path,d)
     Effect:  pose(at:y, along:path, dir:d) )

Inserting Turn
• The effect of the first Travel is:

Ðpose(at:B, along:P3, dir:toward(S,B,P3))
• The precondition of the second Travel is:

Ðpose(at:B, along:P2, dir:toward(B,G,P2))
• Requires an inserted Turn action.
– Turn(amt:amt, at:B, from:P3, to:P2)     where

amt = turnamt(B, toward(S,B,P3), toward(B,G,P2))
– We’ll assume that amt = Right.

• Plan:  Fwd;  Fwd;  Right;  Fwd;  Fwd;  at(G)
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Motion in Small-Scale Space
• Decompose action:  Right  ⇒  Move(gw2, gw4)
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Motion in Small-Scale Space

• Before Right ,
Ðpose(at:B, along:P3, dir:toward(S,B,P3)) = at(gw2,in)

• After Right,
Ðpose(at:B, along:P2, dir:toward(B,G,P2)) = at(gw4,out)
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Continuous Planning
• Continually:

– Decompose current high-level action to more
detailed actions, and refine the plan.

– Check for unanticipated changes (e.g., missing
preconditions) before trying to execute an
action.

– Check the state of the world to verify that
actions had the intended effect.

Planning in Large-Scale Space
• Plan:  Travel(S,B,P3);  Travel(B,G,P2)
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Planning in Large-Scale Space
• Plan:  Fwd;  Fwd;  Travel(B,G,P2)
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Planning in Large-Scale Space
• Plan:  Move(gw2,gw3);  Fwd;  Travel(B,G,P2)
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Planning in Large-Scale Space
• Plan:  Turn(B,P3,P2);  Travel(B,G,P2)
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Planning in Large-Scale Space
• Plan:  Right;  Travel(B,G,P2)
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Planning in Large-Scale Space
• Plan:  Move(gw2,gw4);  Travel(B,G,P2)
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Planning in Large-Scale Space
• Plan:  Travel(B,G,P2)
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Planning in Large-Scale Space
• Plan:  But the plan is blocked!
• Must replan:
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Planning in Large-Scale Space
• New plan:  B → A → C → D → G
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For the Intelligent Wheelchair
• Human driver specifies a goal.

– Wheelchair plans a route to the goal, starts
following it.

• Something might change:
– A new hazard blocks the plan
– Driver interrupts the plan, or changes mind
– Or decides to control at a more detailed level.

• Wheelchair makes a new plan to reach goal
– After checking whether the previous goal

remains the current goal.


