Automated Planning

Plan-Space Planning /
Partial Order Causal Link Planning




Motivating Problem

Simple planning problem:

Two crates 2AlEs
7 ﬁ NN V‘
Both are at A “w /; 'I
Both should be at B i '\
One robot

Can carry up to two crates
Can move between locations, which requires one unit of fuel

Has only two units of fuel




Motivating Problem 2: Forward Search

We have:
robotat(A)
at(cl,A)
at(c2,A)
has-fuel(2)

pickup(c1,A)
effects:

holding(c1),
-at(cl,A)

robotat(A)

holding(c1)
at(c2,A)

has-fuel(2)

drive(A,B)
effects:

-~robotat(A), ‘-’

robotat(B)

robotat(B)

holding(c1)
at(c2,A)

has-fuel(1)

put(cl, B)
effects:
at(cl,B),

-holding(c1)

robotat(B)
at(c1,B)
at(c2,A)

has-fuel(1)

drive(B,A)
effects:
-~robotat(B),
robotat(A)

robotat(A)
at(c1,B)
at(c2,A)

has-fuel(0)

pickup(c2,A)
effects:

holding(c2),
-at(c2,A)

robotat(A)
at(c1,B)

holding(c2)

has-fuel(0)

e
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drive(B,A)
effects:
robotat(4A),
-robotat(B)

robotat(A)

holding(c1)
at(c2,A)

has-fuel(0)

pickup(c1, B)
effects:
-at(c1,B),
holding(c1)

robotat(B)

holding(c1)
at(c2,A)

has-fuel(1)

Why is this
not a cycle?

Cycle, backtrack

Dead end, backtrack

at(c1,B)
at(c2,B)

We want:




Motivating Problem 3

We have:

robotat(A)

at(cl,A)
at(c2,A)

has-fuel(2)

pickup(c1,A)

effects:

holding(c1),

-at(cl,A)

robotat(A)

holding(c1)
at(c2,A)

has-fuel(2)

—

pickup(c2,A)

effects:
holding(c2),
-at(c2,A)

robotat(A)
holding(c1)
holding(c2)
has-fuel(2)

drive(A,B)
effects:
-robotat(A),
robotat(B)

robotat(B)
holding(c1)
holding(c2)
has-fuel(1)

drive(A,B) put(cl, B)
effects: | | effects: |
— - o>

| -robotat(A), | at(c1,B), |

robotat(B) i | -holding(cl)

robotat(B) v robotat(B)

holding(c1) at(c1,B)

at(c2,A) at(c2,A)

has-fuel(1)

________________________________

put(cl, B)
effects:
at(cl,B),

-holding(c1)

robotat(B)
at(cl,B)

holding(c2)

has-fuel(1)

has-fuel(1)

________________________________

put(c2, B)
effects:
at(c2,B),

-holding(c2)

robotat(B)
at(c1,B)
at(c2,B)

has-fuel(1)

Keep

backtracking...

We want:

at(cl,B)
at(c2,B)




Motivating Problem 4

Observations:

Most actions we added before backtracking were useful and necessary!

pickup(cl,A) drive(A,B) put(cl, B) pickup(c2,A)

At first, we added them in the wrong order

State-space planning commits immediately to action order
(in backwards search as well)

Puts each action in its final place in the plan

=>» A great deal of backtracking



POCL 1: Intuitions

Partial Order Causal Link (POCL) planning:

As in backward search:
Add relevant actions to achieve necessary conditions
Keep track of what remains to be achieved

But use a partial order for actions!
Insert actions “at any point” in a plan
Least/late commitment to ordering

pickup(c1,A) drive(A,B) put(cl, B)
\ We want:
/ at(c1,B)
pickup(c2,A) put(c2, B) at(c2,B)

More sophisticated "bookkeeping” required!




POCL 2: Goal Action

Must keep track of propositions to be achieved

May come from preconditions of actions in the plan

Simplified (non-standard)

graphical representation:
Preconditions on the left/top side | put(cl, B)

May come from the problem goal as in backward search

Let’s use a uniform representation

Add a "fake” goal action to every plan,
with the goals as preconditions! goalaction

preconds: the goal
effects: none




POCL 3: Initial Action

Must keep track of propositions that are achieved

May come from effects of actions in the plan

Effects on the
right/bottom side

May come from the initial state

Add a "fake” initial action
to every plan,

with the initial state

as effects!

Effects are sometimes omitted from
the slides, due to lack of space...

put(cl, B)

initaction
preconds: none
effects:
the initial state

at(c1,B)

-holding(c1)

at(cl,A)
at(c2,A)

robotat(A)



POCL 4: Precedence Constraints

Must keep track of precedence constraints

Stating that one action must end before another action can start

We will represent this using solid arrows

at(cl,B)

put(cl, B) -holding(c1)

at(cl,A)
y 4
at(c2,A)

initaction & —» goalaction

robotat(A)




POCL 5: Causal Links

Must keep track of which action achieves which precondition

Causal links

Causal link (dashed):
at(c1,B) must
remain true

between the end of put
and the beginning of
at(cl,B) N goalaction.
No one must delete it!

put(cl, B) -holding(c1)

v
1
f
y
v

at(cll’A) eSS
at(c2,A)
initaction & —» goalaction

robotat(A)




Partial-Order Plans

To summarize, a ground partial-order plan consists of:
A set of actions

A set of precedence constraints: a must precede b

A set of causal links: action a establishes the precond p needed by b

at(cl,B) N

| . y
put(cl, B) -holding(c1) ! Causal link (dashed)
]
\

AT at(cl.B)
at(c2,A)
initaction & —» goalaction

robotat(A)




Partial-Order Solutions

Original motivation: performance

Therefore, a partial-order plan is a solution
iff all sequential plans satisfying the ordering are solutions

Similarly, executable iff corresponding sequential plans are executable
<pickup(c1,A), pickup(c2,A), drive(A,B), put(cl,B), put(c2,B)>
<pickup(c2,A), pickup(c1,A), drive(A,B), put(cl,B), put(c2,B)>
<pickup(c1,A), pickup(c2,A), drive(A,B), put(c2,B), put(c1,B)>
<pickup(c2,A), pickup(c1,A), drive(A,B), put(c2,B), put(c1,B)>

Can be extended to allow concurrent execution

Requires a new formal model:
Our state transition model says nothing about what happens
if c1 and c2 are picked up simultaneously!

pickup(c1,A) put(cl, B)
. We want:
> drive(A,B) < > at(c1,B)
pickup(c2,A) put(c2, B) at(c2,B)




Generating Partial-Order Plans




Context: Forward, Backward

Forward search: A search node is a "current state"

initial ~—» unstack(A,B) =» sl =» stack(A,0) —» ————

Backward search: A search node is a "current goal”

———=» g2 = unstack(DF) = gl =+ putdown(D) =» goal




No Current State during Search!

With partial-order plans: No “current” state or goal!
What is true after stack(A,B) below?

- Depends on the order in which other actions are executed

= Changes if we insert new actions before stack(A,B)!

stack(A,B)

m
=]
Qu

start

unstack(D,F) ==» putdown(D)

A search node can’t correspond to a state or goal!



Search Nodes are Partial Plans

A node has to contain more information: The entire plan!

The initial search node contains the initial plan I

The special initial and goal actions

A precedence constraint

one form of
plan-space” planning!

»

| clear(A) |
7ontable(A) |
| clear(B) |
ontable(B)

|, clear(C)

initaction goa
on(C,D)

ontable(D)

| handempty




Branching Rule

We need a branching rule as well!

Forward planning: One successor per action applicable in s

Backward planning: One successor per action relevant to g

POCL planning: One successor for every way
that a flaw in the plan (open goal or threat)
can be repaired

clear(A)
ontable(A)

clear(B)
ontable(B)

|, clear(C)

initaction goa
on(C,D)

ontable(D)

handempty




Flaw Type 1: Open Goals

Open goal:

An action a has a precondition p with no incoming causal link

glea We haven't decided how to
ontable(A) achieve any of these six goals

clear(B) => they are flaws in the plan
ontable(B)

L |, clear(C)

Initaction
on(C,D)

ontable(D)

handempty

B

clear(A) is already true in s0, but there is no causal link...

Adding one from sO means clear(A) must never be deleted!
We need other alternatives too: Delete clear(A), then re-achieve it for goalaction...




Flaw Type 1: Open Goals

To resolve an open goal :

Find an action b that causes p
= Can be a new action

= Can be an action already in the plan, Partial order! This was not
if we can make it precede a possible in backward search...

Add a causal link

Essential:

Even if there is already an action that causes p,
you can still add a new action that also causes p!




Resolving Open Goals 1

In this initial Blocks World plan we have six open goals
We could choose to find support for clear(A):

From initaction
From a new unstack(B,A), unstack(C,A), or unstack(D,A) 8 distinct
From a new stack(A,B), stack(A,C), stack(A,D), or putdown(A) SUCCESSOTS

Or we could choose to find support for on(A,B):

Only from a new instance of stack(A,B)

==
ontable(A)

clear(B)
ontable(B)

et ]
| on(C,D) 504
ontable(D)

handempty




Resolving Open Goals 2

Suppose we add stack(A,B) to support (achieve) on(A,B)
Must add a causal link for on(A,B)

Dashed line Causal link says:
Must also add precedence constraints This instance of stack(A,B)
The plan looks totally ordered is responsible for

B + 2ctuallyv onlv h “real” act; achieving on(A,B)

€cause 1t actually onty nas one real action... fOI' the goalaction
-holding(A)
| -clear(B)
clear(A) on(AB) =a—o__

ontable(A)
clear(B)

ontab

t%{&e’lﬁ%ty

clear(A)

|, clear(C)

initaction
on(C,D)

ontable(D)

handempty

B




Resolving Open Goals 3

Now we have 7 open goals (one more!)

We can choose to find support for clear(A):
From the initaction
From the instance of stack(A,B) that we just added
From a new instance of stack(A,B), stack(A,C), stack(A,D), or putdown(A)
From a new instance of unstack(B,A), unstack(C,A), or unstack(D,A)

-holding(A)
-clear(B)

D) reme. . P

ontable(A) ~~< on(A,B)
clear(B) t%{&aﬁbty

ontab

et 1
| on(C,D) 5oa
ontable(D)

handempty




Flaw Type 2: Threats

Second flaw type: A threat

initaction supports clear(B) for stack(A,B) — there’s a causal link

pickup(B) deletes clear(B), and may occur between initaction and stack(A,B)
So we can’t be certain that clear(B) still holds when stack(A,B) starts!

-holding(A)
-clear(B)

clear(B)

clear(A)
ontable(A)

--

=

b PN on(A,B)

clear(B) tﬂﬁlﬁ&e&ﬁbty 4 on(B,C)
ontable(B) clear(A) )
1 : !
.initaccet%f)(rg) ~holding(B) ,' goa
on(C,D) ~clear(C) ,'/
ontable(D) on(B,7C) I
handempty \\
“handempty icﬁé‘lﬂﬁ]@(B) =» holding(B) St%})ty

clear(B)



Flaw Type 2: Threats (2)

Some possible execution orders:

<..., stack(A,B), pickup(B), ...> -- preconditions of stack(A,B) OK
<..., pickup(B), stack(A,B), ...> -- preconditions of stack(A,B) not satisfied

-holding(A)

clear(B) -clear(B)

clear(A) on(AB) =a—o__ -
ontable(A) T===» 0on(AB)

clear(B) tﬂﬁlﬁ&e&ﬁbty 4 on(B,C)
ontable(B) clear(A) )

1 : !
.initaccet%f)(rg) ~holding(B) ,' goa

on(C,D) ~clear(C) ,'/
ontable(D) on(B,7C) I
handempty \\

“handempty icﬁé‘lﬂﬁ]@(B) =» holding(B) St%})ty

clear(B)



Resolving Threats 1

How to make sure that clear(B) holds when stack(A,B) starts?

Alternative 1: The action that disturbs the precondition
is placed after the action that has the precondition

Only possible if the resulting partial order is consistent (acyclic)!

-holding(A)
R clear(B) -clear(B)
clear(A) . 7 p on(A,B) =~—o_ -
ontable(A) ,/’ e on(A,B)
clear(B) o’ 4 on(B,C)
ontable(B) clear(A) i
clear(C) 2] holding(B l,.
initaction ~handempt ~holding(B) I goa
on(C,D) ~clear(B) ~clear(C) ,'/
ontable(D) -ontable(B) on(B,C) !
handempty y
\ )
< handempty P“ﬁé‘lﬂf@(B) =» holding(B) St%})ty

clear(B)



Resolving Threats 2

Alternative 2:

The action that disturbs the precondition
is placed before the action that supports the precondition

Only possible if the resulting partial order is consistent — not in this case!

-holding(A)
R clear(B) -clear(B)
clear(A) . R4 p on(AB) =a—o__

ontable(A) ,/’

b PN on(A,B)

clear(B) * p tﬂﬁlﬁ&e&ﬁ%ty 4 on(B,C)
ontable(B) clear(A) i
clear(C) h : i
initaction ~handempt -~holding(B) |
on(C,D) ~clear(B) ~clear(C) :/
ontable(D) -ontable(B) on(B,C) !
handempty y
\
“hand

(B) = holding(B)  Stach(B.Chty
clear(B)

B




Resolving Threats 3

Only causal links can be threatened!

Below, pickup(B) does not threaten the precond clear(B) of stack(A,B)
We haven't decided yet how to achieve clear(B): No incoming causal link

So we can’t claim that its achievement is threatened!

PPRATE AL TANE -holding(A)

( ) -clear(B)
clear(A) - T ” on(A,B) S ————
ontable(A) T==<» 0on(A,B)
clear(B) /‘\‘/ tﬁﬁh{&e&ﬁ%ty 4 on(B,C)
ontable(B) \‘ clear(A) i
\ 1
.initaclzet%f)(rg) - hanllazmpt paslding(B) ,' goa
on(C,D) ¢ ~clear(B) ) ~clear(C) :/
ontable(D) ﬁommggf on(B,C) !
handempty y
\ d
“handempty “H&HQ@(B) =» holding(B) St%})ty

clear(B)



Search Space

Gives rise to a search space

Use search strategies, backtracking, heuristics, ... to search this space!

initial search node

initaction = goalaction

/ —_

initaction —7 goalaction initaction —7 goalaction
putdown(D) unstack(B,C)

Y

initaction goalaction

putdown(D)

putdown(K)




The PSP Procedure

Plan-Space Planning:

PSP(m) The plan is complete exactly when
flaws € OpenGoals(m) U Threats(m) there are no remaining flaws (no open

if flaws = @ then return n goals, no threats)

Not a backtracking point! Resolving one flaw

select any flaw ¢ € flaws cannot prevent us from resolving other flaws.

resolvers € FindResolvers(o,
if resolvers = @ then return failure // Backtrack

nondeterministically choose a resolver p € resolvers ﬁeq‘{irfs ’
) . euristics.
m € Refine(p, m) // Actually apply the resolver

return PSP(17)

end This is a backtracking point. For example, a
o resolver might add an action that solves this
Call PSP(the initial plan) local flaw, but that cannot be part of a solution.

PSP is both sound and complete

[t returns a partially ordered solution plan
= Any total ordering of this plan will achieve the goals



Partial Action Instantiation




Partial Instantiation

Suppose we want to achieve holding(B)

Ground search generates many alternatives

Add unstack(B,A), unstack(B,F), unstack(B,G), ... why we should unstack B
Add pickup(B) from any specific block!

Let’s take the idea of least commitment one step further

Lifted search generates two partially instantiated alternatives
Add unstack(B, x)
Add pickup(B)

clear(A)
ontable(A)

1
I
i
clear(B) ,' /
ontable(B) , ~holding(B) ‘,'/ goa

- -clear(C)

: : I
| . clear(C) on(B,C) !
Iinitaction —p L

on(C,D)

ontable(D) o Stmﬁbty

handempty clear(B)

on(B,C)




Partial-Order Plans

A lifted partial-order plan consists of:

A set of possibly unground actions

A set of precedence constraints: a must precede b
A set of causal links: action a establishes the precond p needed by b

A set of binding constraints:
equality constraints e.g.,v,=v,orv=c
inequality constraints e.g.,v,#Vv,0rv#c

clear(A)
ontable(A)
clear(B)

ontable(B)
x) -~clear(B)

L, clear(C) -on(B,x)
Initaction >
~clear(x)

on(C,D)
ontable(D) Uani@iP(gB) =» holding(B)

handempty

-handempt

on(B,C)

1
]
]
-holding(B) ,l, /
'd

-clear(C)

]
on(B,C) !

St%bty

clear(B)




Resolving Threats

Another way of resolving threats for lifted plans:

For partly uninstantiated actions, we may find potential threats
stack(B,y) may threaten the causal link, but only if x=y

Can be resolved by adding a constraint: x =y

stack(B,y)
Precond: ...
Effects: —clear(y)

putdown(x) R pickup(x)
Precond: ... » Precond: clear(x)
Effects: clear(x) Effects: ...




Complete Example




Example

Running Example: Similar to an example in AIMA
Russell and Norvig’s Artificial Intelligence: A Modern Approach (st ed.)

Operator Go(from,to)
Precond: At(from)
Effects:  At(to), —At(from)

Operator Buy(product, store)

Precond: At(store), Sells(store, product)

Effects:  Have(product)
Initial state

At(Home), Sells(HWS, Drill), Sells(SM, Milk), Sells(SM, Bananas)
Goal

At(Home), Have(Drill), Have(Milk), Have(Bananas)



Example (continued)

PSP takes a plan m as its argument

Initial plan: initaction, goalaction, and an ordering constraint

initaction

At(Home) Sells(HWS, Drill) Sells(SM, Milk) Sells(SM, Bananas)

goalaction




Example (continued)

Four flaws exist: Open goals
Suppose our heuristics tell us to resolve Have(Drill) first

initaction

At(Home) Sells(HWS, Drill) Sells(SM, Milk) Sells(SM, Bananas)

Selected...

goalaction




Example (continued)

Have(drill) is not achieved by any action in the current plan
But Buy(product, store) achieves Have(product)

Partially instantiate:
Buy(Drill, store) (right now we don'’t care where we buy it)

initaction

At(Home) SeIIs(HWS,DriII)A Sells(SM, Milk) Sells(SM, Bananas)

Buy achieves Have(Drill) for goalaction -

\ keep track of this with a causal link

Bindings: |
pl = Drill goalaction




Example (continued)

Alternative Notation for simplicity

Variable bindings are implicit in the diagram

initaction

At(Home) SeIIs(HWS,DriII)A Sells(SM, Milk) Sells(SM, Bananas)

Now we have five open goals:

The preconditions of Buy
must also be achieved!

Buy(Drill, st,)

Have(Drill =
(\ | keep track of this with a causal link
N

goalaction




Example (continued)

The first three refinement steps

These are the only possible ways to establish the Have preconditions

We don’t care in which order we buy things!

1nitaction

Buy(Drill, st;)

——
Ss

goalaction




Example (continued)

Three more refinement steps

No action causes Sells(...) to be true — except the “fake” initial action!

Use it for support
initaction ~

| ~

st1 must be
HWS: No
action causes

Sells() to be
true

N\
o \ \
links and \ \

(A variable ‘ '

V. bindings!
v A g2

Buy(Drill, HWS) Buy(Milk, SM) Buy(Bananas, SM)

Y s w /

goalaction /




Example (continued)

[t’s getting messy!

Let’s omit the precedence constraints that are implicit in causal links...

E
a m A, | )
Buy(Drill, HWS)
_______ X
Have(D

-
R

_____
-
~~~~
~
~
~
~
~
~
~

—"’
-
________
e
-

goalaction




Example (continued)

To establish At(HWS): Must go there from somewhere

o(l1,HW I:'I \\\ kN
—AL(l)  AtHWS)
- / ". \
v ‘ v
M HWS. D W ells(SM,Bananas
Buy(Drill, HWS) Buy(Milk, SM) Buy(Bananas, SM)

’
~ P
________
______________________
\ ,*

goalaction




Example (continued)

Does —at(l) threaten At(SM)?

No! Only a causal link to At(SM) can be threatened

(@ (e
Buy(Drill, HWS) Buy(Milk, SM)

>ells(SM,Bananas

Buy(Bananas, SM)

Sao
______
S
~

—————
4

N ¥ "
Have(Dri Have(Mi

FEVEGERERES

goalaction




Example (continued)

To establish At(SM): Must go there from somewhere
Mutual threats...

s :' ‘|| P -\:I

v v : 9 v
Sels(M Vi)

Buy(Drill, HWS) Buy(Milk, SM) Buy(Bananas, SM)

’
~ P
~~~~~~
___________________
“““““
= 4 "—

X ¥
Have(Dri Have(Mi FEVEGERERES

goalaction




Example (continued)

Let’s use the same action for both At(SM) preconditions...

More threats — could deal with them now or wait

Go(l,,HWS)
—At(l) At(HWS)

Buy(Drill, HWS) Buy(Milk, SM) Buy(Bananas, SM)

’
~ P
~~~~~~~~
______________________
\ ,f

goalaction




Example (continued)

Nondet. choice: how to resolve the threat to At(HWS)?

Our choice: make the “requirer” Buy(Drill) precede the “threatener” Go(12, SM)

Also happens to resolve the other two threats
“Threatener” Go(11, HWS) before “achiever” Go(12, SM)

—=» initaction ===
Go(l,, SM)
7
Go(l;,HWS) Y, e
' / _______________---——--“_’_’_'__\: ————
1 A ¢ ST T Lttt i
\ P e e
S\ { /,*’ ,/'
! { v ¢
Buy(Drill, HWS) / Buy(Milk, SM) Buy(Bananas, SM)

Y ¥ ¥
HavelDril) § Have(Milk) J Have(Bananas

goalaction




Example (continued)

Nondet. choice: how to establish At(l,)?

We'll do it from initaction, with [;=Home
mem ®mm initaction ——————
- — /,, ‘~\\
Go(l,, SM)

- 4 :
’ o ‘|
’ /’ 1
/ \
/ i L
N / A N
At(HOmMe ) \
I}
/

Go(Home,HWS)

’I
1
]
/
1
| f :

] ’¢’
I 7’

v v

v
Buy(Bananas, SM)

s
-
’—

Sao
______
S
\

goalaction




Example (continued)

Nondeterministic choice: how to establish At(l,)?
We'll do it from Go(Home,HWS), with I,= HWS

mcmmmmmmmmmmmIEERY initaction  F-----____
————————— /',, T N\\‘xx
,,,, \ Sapmm At(HW
l,// // |“ — - \\\ e —
v ; ‘ o
At(Home / \i( 3 Go(HWS, SM)
4
/ - Y,
Go(Home,HWS) mmm mmmm s \ e
! ! i Wy
1 I B Y
\ e 2 o \
'. ! ‘.
v v v ¥
At(HW HWS,C At(SM) W ells(SM,Bananas
Buy(Drill, HWS) Buy(Milk, SM) Buy(Bananas, SM)

s
—"’
-
——————————————
/ -
d

goalaction




Example (continued)

The only possible way to establish At(Home) for goalaction

This creates a bunch of threats

a”
-
-

..........
.......
______

\ K
1 K]
Bananas

)

o

.
D
o
.

0

Buy(Drill, HWS) — Buy(Milk, SM) .”"%.,]‘?uy(Bar}&i‘las, SM)

Ne—0 —
SRV GEVAWHNY LEVECELEREY; C4 wem  wmm
At(Home)

goalaction




Example (continued)

To remove the threats to At(SM) and At(HWS),
make go(HWS,SM) and go(Home,HWS) precede Go(l;,Home)

This also removes the other threats
B g § AV

_______
-
-~
~

gso=*" ,z', : ——————————————
At(Home Vi 2 Go(HWS, SM)
/ R
Il ———————— ‘\ q'
e N i P
Go(Home,HWS) --------=¢==""" e
) * <R ot
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Establish At(l;) with [;=SM
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At(HWS) Il Sells( HWS Drill)

Buy(Drill, HWS) Buy(Milk, SM) Buy(Bananas, SM) V
_— [ At(SM)
~~~~~~~~~~~~ , S g )\= Go(SM, Home)

EVE Dr|I Have( M|Ik Have( Bananas At(Home) 3

goalaction
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_______________




Initaction

-

Buy(Drill, HWS)

Final Plan

Straightened out...

— Go(HWS, SM)

Many precedence
3 constraints are omitted -
" but they must still be there
\\ in the plan structure!
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(Note that this still
does not constrain

the order between '
buying milk and
bananas)

Have(Milk)
goalaction

At(Home)
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Many precedence
constraints are omitted -
~.  butthey must still be there
< in the plan structure!
\\
N\
AN

This sequence assumed optimal choices!

Heuristics do exist...
Simple example:
Preferring flaws with few resolvers keeps the branching factor down

Still, planners try many other alternatives, dead ends, etc...
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Conclusions

Partial-order planning delays commitment to action ordering

Lower branching factor

More efficient in some situations

Many POP planners still assume sequential execution

The intention was to find plans quickly,
not to find partially constrained plans

Forward-chaining planners currently have the advantage

Due to strong domain-dependent heuristics



