III. Planning and the Blocks World (25 points, 7,6,6,5)
In this problem write your axioms in full First Order Logic including the quantifiers. Consider a logical language L for the Blocks World where:

       Constants of L are: Block, A,B,C,D, Red, Green, Blue

       Predicates of L are (non-fluent): Isa/2, Color/2  [the numbers represent arity ]

       Fluents of L:  Held/2, Supports/3


Held(x, s) means the robot hand is holding x in state s
            Supports(x, y, s) means block y is directly on top of block x in state s
       Functions of L: Pickup/1, Puton/2, Result/2

Pickup(x) is the action of the hand picking up a block and holding it

Puton(x, y)  is the action of the hand putting a block x directly on top of a block     
Result(action, s) – denotes the resulting state from performing action in  state s
A. Let the diagram below describe a blocks world state S0. Write down the logical axioms of L needed to describe S0.  (Note: the shape in the air represents the robot hand.)




Isa(A, Block)
Color(A, Red)
Supports( B, A, S0)

Isa(B, Block)
Color(B, Blue)

Isa(C, Block)
Color(C, Blue) 
Supports( D, C, S0)

Isa(D, Block)
Color(D, Green)

∀x  [ ~ Held(x, S0) ]   -- I did not require this but it should be included
B. Write logical axioms of L, using the situation calculus, to express the following common sense knowledge of world dynamics:

1. After a block is picked up, it is held

∀x , s [Isa(x, Block) ( Held(x, Result ( Pickup (x), s ) ]
2. After a block (x) which is held is put on another block (y), y supports x and x is not held anymore.
∀x , y,  s [Isa(x, Block)  ^ Isa(y, Block) ^ Held(x, s) ( 
Supports(y, x, Result ( Puton(x, y), s) ) ]
∀x , y,  s [Isa(x, Block)  ^ Isa(y, Block) ^ Held(x, s) ( 
~Held (x, Result ( Puton(x, y), s) ) ]
C. Show how the common sense knowledge represented in your axioms from Part B would be represented differently using planning operators in a STRIPS system.
<next page>
D. For the blocks world reasoning scenario above,  identify an example of the frame problem for Situation Calculus, write one “frame axiom” to address it.
An example of the frame problem is that if A is picked up, D still supports C in the new state of the world.  Also, B, C, and D are still not Held.

A good choice would be: 

∀x , y,  z, s [Isa(x, Block)  ^ Isa(y, Block) ^ Isa(z, Block) ^ Supports (y, z, s) ^ (x ≠ y) ^ (x ≠ z)  ( Supports(y, z, Result( Pickup(x), s) ]

Another possibility: 
∀x, y [Isa(x, Block) ^ Isa(y, Block) ^ ~Held(x, s) ^ (x ≠ y) ( 




~Held(x, Result (Pickup (y), s) ]
Show how the common sense knowledge represented in your axioms from Part B would be represented differently using planning operators in a STRIPS system.
Planning operators in Strips:

Operator: Pickup(x)

Preconditions:  ~Held(x)  [I did not require this]

Addlist:  Held(x)

Deletelist:  <if ~Held(x) included above then ~Held(x) must be deleted>

Operator: Puton(x, y)

Preconditions:  Held(x)

Addlist: Supports(y, x)

Deletelist: Held(x)

A strips planner creates a network of partial descriptions of world states,   connected by operators that move the world from one state to the next.  Any fact about a world state that is not explicitly deleted by an operator is retained in the next state without having to explicitly say so.
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