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Recap: HTN Planning Solution



* Planning problem: P = (2, so, T)

e Solution

* any executable plan produced by applying

TOHTN Planning Problem

goal task t,
{pile(c1)=p2)}

method m,

method instances to nonprimitive tasks,

actions to primitive tasks compound task t, compound task t, action a,
get-container(r1,c1) navigate(r1,d2) put(r1,c1,c3,p2,d2)
method m, method m;,
m2-get-container(r1,c1,p1,d1) m2-navigate(r1,d2)
compound task t, compound task ts action a, action a,
navigate(r1,d1) uncover(c1) take(r1,c1,nil,p1,d1)  move(ri,d1,d2)
method m, method m
m1-navigate(r1,d1) m1-uncover(c1)
(no children) (no children)
So° - /[/ d3
P = (=, 5o, ({pile(c1)=p2})) . ] 2
P rl c3
n = (take(rl,c1,c2,p1,d1), move(rl,d1,d2), put(rl,cl,c3,p2,d2)) : o L/ p2
dl d2 &8p3

m1-put-in-pile(r1,c1,p1,d1,p2,d2)




TOHTN Planning Domain (continued)

Compound task navigate(r,d): * Method for cases where loc(r) isn’t adjacent to d
* Get robot r from current location to d m3-navigate(r, d’, d)
* May require several move actions task: navigate(r, d)
These methods are just for illustration, pre: loc(r) # d, =adjacent(loc(r), d), adjacent(loc(r), d')
| don’t recommend using them sub: move(r,loc(r),d’) /] primitive task
* Use a route planner instead navigate(r, d) /I compound task
* Methods in M:
Method for the case where loc(r) = d * ml-put-in-pile, m2-put-in-pile,
ml-get-container, m2-get-container,
m1-navigate(r, d) m1-uncover, m2-uncover,
task: navigate(r, d) m1-navigate, m2-navigate, m3-navigate
pre: loc(r)=d e Tasks in X:
sub: —  // no subtasks * Primitive: all instances of
Method for cases where loc(r) is adjacent to d * move(r,I,m), take(r,c ), put(r,c,)

* Compound: all instances of

_ : /
m2-navigate(r, d’, d) * put-in-pile(c,p), uncover(c), and navigate(r,d)

task: navigate(r, d)
pre: adjacent(d’,d), loc(r)=d’
sub: move(r,d’, d)

* Goal tasks: all instances of goal(cargo(r) = ¢)



TOHTN Planning Problem

Planning problem: P = (%, so, T)

Solution

If T is empty, then the empty plan () is a solution for P.
Else, let t be the first task of T, so that T =t -T"

where T' is a (possibly empty) sequence of tasks.

If t is an action in Applicable(s0), then for every solution 7 for the problem (Z, y(sO, t), T'), the plan t - 7 is @
solution for P.

If t is a compound task or goal task and m € Methods(sO, t, M), then every solution for the problem (2, sO,
subtasks(m) -T") is also a solution for P.

If t is a goal task and a € Actions(s0, t), then for every solution 1 for the problem (2, ¥(s0, a), T'), the plana -
is a solution for P.

If t is a goal task and sO | = t, then every solution for the problem (Z, sO, T"') is also a solution for P.
So- 4 d3
P = (Z, so, {{pile(c1)=p2})) =1
pl 1 /| i
n = (take(rl,c1,c2,p1,d1), move(rl,d1,d2), put(rl,cl,c3,p2,d2)) m '}Z— 0 %pz
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Solution
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Else, let t be the first task of T, so that T =t -T"
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If t is a goal task and a € Actions(s0, t), then for every solution 1 for the problem (2, ¥(s0, a), T'), the plana -
is a solution for P.

If t is a goal task and sO | = t, then every solution for the problem (Z, sO, T"') is also a solution for P.
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TOHTN Planning Problem T

goal task t,

{pile(c1)=p2)}
Planning problem: P = (%, so, T)

method m,
Solution any executable plan produced by applying m1-put-in-pile(r1,c1,p1,d1,p2,d2)
method instances to nonprimitive tasks, actions to
e task
primifive Tdsks compound task t, compound task t, action a,
Refinement tree get-container(r1,c1) navigate(r1,d2) put(r1,c1,c3,p2,d2)
* A refinement tree for 1 is a tree in which each
node is a tuple method m, method m;
v = (label(v), content(v), parent(v), Children(v)), m2-get-container(r1,c1,p1,d1) m2-navigate(r1,d2)
* Nodes:
root, compound tasks, goal tasks, compound task t, compound task ts action a, action a,
method instances, actions navigate(r1,d1) uncover(cl)  take(r1,c1,nil,p1,d1) move(r1,d1,d2)
* Edges:
root — top-level tasks, method m, method m
task — method instance, m1-navigate(r1,d1) m1-uncover(c1)
method instance — subtasks (no children) (no children)
SO: Z d3
P = (X, 5o, {{pile(cl)=p2})) c2
/|

n = (take(rl,c1,c2,p1,d1), move(rl,d1,d2), put(rl,cl,c3,p2,d2)) S /u e 4

)
W
2%




TOHTN Planning Problem

* Planning problem: P = (2, so, T)

* Solution any executable plan produced by applying method instances to nonprimitive tasks,
actions to primitive tasks

* Refinement tree

* A refinement tree for 1 is a tree in which each node is a tuple
v = (label(v), content(v), parent(v), Children(v)),

* Nodes:
root, compound tasks, goal tasks,
method instances, actions

* Edges:
root — top-level tasks,

task — method instance,
method instance — subtasks

So- > d3
P =(Z, 5o, {{pile(c1)=p2}))
A

P1lc1 1
n = (take(rl,c1,c2,p1,d1), move(rl,d1,d2), put(rl,cl,c3,p2,d2)) rk/
/|




Pla N ning AI g() rlth m TO-HTN-Forward(Z., M., 5, T)

if 7 is empty then return ()

t « the first element of T; 77 « therest of T
1 M « HTN-Get-Candidates(Z.. M., s.1)

if M = @ then return failure

* Definitions

Achievers(s,t) = {a € Applicable(s) | y(s,a) E t}

Ground( M) = {all ground instances of methods in M} nondeterministically choose m € M
Refiners(s, 1, M) = {m & Ground(M) | t is refinable by m in s} switch m do _
* Three cases: primitive, compound, goal task 2 case /m is an action do )
* Primitive task: apply action / m « TO-HTN-Forward(Zc, M, y(s,m).T")
t if © # failure then return m -
m|0 else return failure
{gifj(iﬁs_k ;1)} 3 case m 1s a methoc instance do
P P | return TO-HTN-Forward(Z., M, s, sub(m)-T")
method m —

m1-put-in-pile(r1,c1,p1,d1,p2,d2)
HTN-Get-Candidates(X.. M, s.1)

compound task t, compound task t; action ay switch 7 do
get-container(r1,c1) navigate(r1,d2) put(ri,c1,c3,p2,d2) 4 case 7 1s an action do
if 7 is applicable in s then M «— {a}
method m, method my L else M — &
m2-get-container(r1,c1,p1,d1) m2-navigate(r1,d2)
5 case 7 is a compound task do M «— Refiners(s,t. M)
compound task t, compound task i action a, action a, 6 case f is a goal task do
navigate(r1,d1) uncover(cl)  take(r1,c1,nil,p1,d1)  move(r1,d1,d2) / M e f?e;ﬁner&‘(s,i‘,M) U Achievers(s. 1)
method m, method m 7 L if s £rthen M «— M U {null}

m1-navigate(r1,d1) m1-uncover(c1)

(no children) (no children) return M



Planning Algorithm

* Planning problem: P = (2, so, T)

Here, P=(Z,, so, {{pile(c1) = p2}))

T= ({pile(c1) = p2})

root

goal task t|
{pile(c1)=p2)}

TO-HTN-Forward(X.. M. s.T)
if 7 is empty then return ()
t « the first element of T; 7’7 « therest of T
1 M « HTN-Get-Candidates(Z.. M., s.1)
if M = @ then return failure
nondeterministically choose m €¢ M
switch m do

case m 1s an action do
< TO-HTN-Forward(Z.. M. y(s,m).T")
if © # failure then return m -
else return failure

case m 1s a methocl instance do
| return TO-HTN-Forward(Z., M, s, sub(m)-T")

HTN-Get-Candidates(X.. |’V[, s.1)
switch 7 do

case 7 is an action do
if 7 is applicable in s then M « {a}
else M «— @

case f is a compound task do M « Refiners(s,t, M)
case 7 is a goal task do

M « Refiners(s.t, M) U Achievers(s.t)
L if s 1 then M «— M U {null}

r;tum M



Planning Algorithm

* Planning problem: P = (2, so, T)

Here, P:(ZC, Sor <{p||e(C]) = p2}>)

T= ({pile(c1) = p2

D

root

goal task t,
{pile(c1)=p2)}

PLfci]

TO-HTN-Forward(Z., M, s, T)

ﬁ if 7 is empty then return ()

t « the first element of 7: T’ < therest of T
M « HTN-Get-Candidates(Z.. M. s.1)

if M = @ then return failure
nondeterministically choose m € M

switch m do

case m 1s an action do
< TO-HTN-Forward(Z.. M. y(s,m).T")
if © # failure then return m -
else return failure

case m 1s a method instance do

| return TO-HTN-Forward(Z., M, s, sub(m)-T")

HTN-Get-Candidates(X.. M, s.1)

Ln

switch 7 do

case 7 is an action do

if 7 is applicable in s then M «— {a}

else M «— &
case 7 is a compound task do M «— Refiners(s.t. M)
case 7 is a goal task do

M « Refiners(s.t, M) U Achievers(s.t)
if s 1 then M «— M U {null}

r;turn M



Planning Algorithm

* Planning problem: P = (2, so, T)

Here, P:(ZC, Sor <{p||e(C]) = p2}>)

t= {pile(c1) = p2}

'=()

root

goal task t,
{pile(c1)=p2)}

PLfci]

TO-HTN-Forward(Z., M, s, T)

—

1

if 7 is empty then return ()

t « the first element of T; 77 « therest of T
M « HTN-Get-Candidates(Z.. M. s.1)

if M = @ then return failure
nondeterministically choose m € M

switch m do

case m 1s an action do
< TO-HTN-Forward(Z.. M. y(s,m).T")
if © # failure then return m -
else return failure

case m 1s a method instance do

| return TO-HTN-Forward(Z., M, s, sub(m)-T")

HTN-Get-Candidates(X.. M, s.1)

Ln

switch 7 do

case 7 is an action do

if 7 is applicable in s then M «— {a}

else M «— &
case 7 is a compound task do M «— Refiners(s.t. M)
case 7 is a goal task do

M « Refiners(s.t, M) U Achievers(s.t)
if s 1 then M «— M U {null}

r;turn M



Planning Algorithm

* Planning problem: P = (2, so, T)

Here, P=(Z,, so, {{p

t= {pile(c1) = p2}

ile(c1) = p2}))

root

goal task t
{pile(c1)=p2)}

M = HTN-Get-Candidates(Z M, s,, {pile(c1) = p2})

So- / d3
PEY 12
d1 =

TO-HTN-Forward(Z., M, s, T)

—>

if 7 is empty then return ()
t « the first element of T; 77 « therest of T
M « HTN-Get-Candidates(Z.. M. s.1)
if M = @ then return failure
nondeterministically choose m € M
switch m do
case m 1s an action do
< TO-HTN-Forward(Z.. M. y(s,m).T")
if © # failure then return m -
else return failure

case m 1s a methoc instance do
| return TO-HTN-Forward(Z., M, s, sub(m)-T")

HTN-Get-Candidates(X.. M, s.1)

Ln

switch 7 do
case 7 is an action do
if 7 is applicable in s then M «— {a}
else M «— &
case 7 is a compound task do M «— Refiners(s.t. M)
case 7 is a goal task do
M « Refiners(s.t, M) U Achievers(s.t)
L if s 1 then M «— M U {null}

r;turn M



Planning Algorithm

* Planning problem: P = (2, so, T)

Here, P:(zcl Sor <{p||e(C]) = p2}>)

t= {pile(c1) = p2}

root

goal task t
{pile(c1)=p2)}

M = HTN-Get-Candidates(Z M, s,, {pile(c1) = p2})

So- / d3
PEY 12
d1 =

TO-HTN-Forward(Z., M, s, T)
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HTN-Get-Candidates(X.. M, s.1)

—

4

Ln

switch 7 do
case 7 is an action do
if 7 is applicable in s then M «— {a}
else M «— &
case 7 is a compound task do M «— Refiners(s.t. M)
case 7 is a goal task do
M « Refiners(s.t, M) U Achievers(s.t)
L if s 1 then M «— M U {null}

r;turn M
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Planning Algorithm

* Planning problem: P = (2, so, T)

Here, P:(zcl Sor <{p||e(C]) = p2}>)

t= {pile(c1) = p2} m|0t
goal task t
{pile(c1)=p2)}

M = Refiners(s, {pile(c1) = p2}, M) U
Achievers(s, {pile(c1) = p2})

Achievers(s,t) = {a € Applicable(s) | y(s,a) E t}

Refiners(s,t, M) = {m € Ground( M) | t is refinable by m in 5}

So- / d3
| /

PLlicip—n c3
9w k/
dl d2 A5p3

TO-HTN-Forward(Z., M, s, T)

if 7 is empty then return ()
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Here, P:(zcl Sor <{p||e(C]) = p2}>)

t= {pile(c1) = p2} m|0t
goal task t
{pile(c1)=p2)}

M = {m1-put-in-pile(r1,c1,p1,p2,d2)} U
0)
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case 7 is a goal task do
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Planning Algorithm

* Planning problem: P = (2, so, T)

Here, P:(ZC, Sor <{p||e(C]) = p2}>)

t= {pile(c1) = p2}
=)

root

goal task t,
{pile(c1| )=p2)}

method m;

m1-put-in-pile(r1,c1,p1,d1,p2,d2)

PLfci]

TO-HTN-Forward(Z., M, s, T)

if 7 is empty then return ()
t « the first element of T; 7’ « therest of T

1 M « HTN-Get-Candidates(Z.. M. s. 1)

% if M = @ then return failure

nondeterministically choose m € M
switch m do

case m 1s an action do
< TO-HTN-Forward(Z.. M. y(s,m).T")
if © # failure then return m -
else return failure

case m 1s a method instance do

| return TO-HTN-Forward(Z., M, s, sub(m)-T")

HTN-Get-Candidates(X.. M, s.1)

Ln

switch 7 do

case 7 is an action do

if 7 is applicable in s then M «— {a}

else M «— &
case 7 is a compound task do M «— Refiners(s.t. M)
case 7 is a goal task do

if s 1 then M «— M U {null}

L M « Refiners(s.t, M) U Achievers(s.t)

r;turn M



Planning Algorithm

* Planning problem: P = (2, so, T)

Here, P:(ZC, Sor <{p||e(C]) = p2}>)

t= {pile(c1) = p2}
=)

root

goal task t,
{pile(c1| )=p2)}

method m;

m1-put-in-pile(r1,c1,p1,d1,p2,d2)

PLfci]

TO-HTN-Forward(Z., M, s, T)
if 7 is empty then return ()
t « the first element of T; 77 « therest of T
1 M « HTN-Get-Candidates(Z.. M., s.1)
if M = @ then return failure
ﬁ nondeterministically choose m € M
switch m do
2 case m 1s an action do
< TO-HTN-Forward(Z.. M. y(s,m).T")
if © # failure then return m -
else return failure

3 case m 1s a methoc instance do
| return TO-HTN-Forward(Z., M, s, sub(m)-T")

HTN-Get-Candidates(X.. M, s.1)

switch 7 do
4 case 7 is an action do

if 7 is applicable in s then M «— {a}

else M «— &
case 7 is a compound task do M «— Refiners(s.t. M)
6 case 7 is a goal task do
L M « Refiners(s.t, M) U Achievers(s.t)

Ln

if s 1 then M «— M U {null}

r;turn M



Planning Algorithm

* Planning problem: P = (2, so, T)

Here, P:(ZC, Sor <{p||e(C]) = p2}>)

t= {pile(c1) = p2}
=)

PLfci]

root

goal task t,
{pile(c1| )=p2)}

method m;

m1-put-in-pile(r1,c1,p1,d1,p2,d2)

TO-HTN-Forward(Z., M, s, T)

if 7 is empty then return ()

t « the first element of T; 77 « therest of T
M « HTN-Get-Candidates(Z.. M. s.1)

if M = @ then return failure
nondeterministically choose m € M

é switch m do

2

case m 1s an action do
< TO-HTN-Forward(Z.. M. y(s,m).T")
if © # failure then return m -
else return failure

case m 1s a methoc instance do
| return TO-HTN-Forward(Z., M, s, sub(m)-T")

HTN-Get-Candidates(X.. M, s.1)

Ln

switch 7 do
case 7 is an action do
if 7 is applicable in s then M «— {a}
else M «— &
case 7 is a compound task do M «— Refiners(s.t. M)
case 7 is a goal task do
M « Refiners(s.t, M) U Achievers(s.t)
L if s 1 then M «— M U {null}

r;turn M



Planning Algorithm

* Planning problem: P = (2, so, T)

Here, P:(ZC, Sor <{p||e(C]) = p2}>)

t= {pile(c1) = p2}
=)

PLfci]

root

goal task t,
{pile(c1| )=p2)}

method m;

m1-put-in-pile(r1,c1,p1,d1,p2,d2)

TO-HTN-Forward(Z., M, s, T)

—

if 7 is empty then return ()

t « the first element of T; 77 « therest of T
M « HTN-Get-Candidates(Z.. M. s.1)

if M = @ then return failure
nondeterministically choose m € M

switch m do

case m 1s an action do
< TO-HTN-Forward(Z.. M. y(s,m).T")
if © # failure then return m -
else return failure

case m 1s a method instance do

| return TO-HTN-Forward(Z., M, s, sub(m)-T")

HTN-Get-Candidates(X.. M, s.1)

Ln

switch 7 do

case 7 is an action do

if 7 is applicable in s then M «— {a}

else M «— &
case 7 is a compound task do M «— Refiners(s.t. M)
case 7 is a goal task do

if s 1 then M «— M U {null}

L M « Refiners(s.t, M) U Achievers(s.t)

r;turn M



Planning Algorithm

Planning problem: P = (2, so, T)

Here, P:(ZC, Sor <{p||e(C]) = p2}>)

t= {pile(c1) = p2} m|0t
— () goal task t,
{pile(c1| )=p2)}

method m;
m1-put-in-pile(r1,c1,p1,d1,p2,d2)

return TO-HTN-Forward(Z_, M, sq, sub(m1-put-in-
pile(rl,c1,d1,p2,d2)) T°)

Pl cl)p——rl

TO-HTN-Forward(Z., M, s, T)

3

—

if 7 is empty then return ()
t « the first element of T; 77 « therest of T
M « HTN-Get-Candidates(Z.. M. s.1)
if M = @ then return failure
nondeterministically choose m € M
switch m do
case m 1s an action do
< TO-HTN-Forward(Z.. M. y(s,m).T")
if © # failure then return m -
else return failure

case m 1s a methoc instance do
| return TO-HTN-Forward(Z., M, s, sub(m)-T")

HTN-Get-Candidates(X.. M, s.1)

Ln

switch 7 do
case 7 is an action do
if 7 is applicable in s then M «— {a}
else M «— &
case 7 is a compound task do M «— Refiners(s.t. M)
case 7 is a goal task do
M « Refiners(s.t, M) U Achievers(s.t)
L if s 1 then M «— M U {null}

r;turn M



Planning Algorithm

Planning problem: P = (2, so, T)

Here, P:(zcl Sor <{p||e(C]) = p2}>)

t= {pile(c1) = p2} m|0t
— () goal task t,
{pile(c1| )=p2)}

method m;
m1-put-in-pile(r1,c1,p1,d1,p2,d2)

return TO-HTN-Forward(Z_, M, s, (gei-container(rl ,c1),

navigate(r1,d2), put(r1,c1,c3,p2,d2)))

Pl cl)p——rl

TO-HTN-Forward(Z., M, s, T)

3

—

if 7 is empty then return ()
t « the first element of T; 77 « therest of T
M « HTN-Get-Candidates(Z.. M. s.1)
if M = @ then return failure
nondeterministically choose m € M
switch m do
case m 1s an action do
< TO-HTN-Forward(Z.. M. y(s,m).T")
if © # failure then return m -
else return failure

case m 1s a methoc instance do
| return TO-HTN-Forward(Z., M, s, sub(m)-T")

HTN-Get-Candidates(X.. M, s.1)

Ln

switch 7 do
case 7 is an action do
if 7 is applicable in s then M «— {a}
else M «— &
case 7 is a compound task do M «— Refiners(s.t. M)
case 7 is a goal task do
M « Refiners(s.t, M) U Achievers(s.t)
L if s 1 then M «— M U {null}

r;turn M



Plan ning Algo rithm TO-HTN-Forward(Z., M. 5. T)
% if 7 is empty then return ()

t « the first element of T: T’ « therest of T

* Planning problem: P = (2, so, T) 1 M « HTN-Get-Candidates(Z., M, s. 1)
if M = @ then return failure
Here, P=(Z,, so, {({pile(c1) = p2})) nondeterministically choose m € M
switch m do
2 case m 1s an action do

t < TO-HTN-Forward(Z.. M. y(s,m).T")
roo
| if 7 # failure then return m -

goal task t, else return failure
{pile(c1| )=p2)}

3 case m 1s a methoc instance do
method m, | return TO-HTN-Forward(Z., M, s, sub(m)-T")
m1-put-in-pile(r1,c1,p1,d1,p2,d2) -
compound task t, compound task t, action a, HTN-Get-Candidates(X., [M, s, 1)
get-contailner(r1,c1) navigatc\a(r1,d2) put(r1,c1,c3,p2,d2) switch 7 do

. . 4 case 7 1s an action do
T= (get-container(r1,c1), navigate(r1,d2), if £ is applicable in s then M «— {a}
put(rl c1,¢3,p2,d2)) else M — &

case 7 is a compound task do M «— Refiners(s.t. M)

So- - d3 | 6 case 7 is a goal task do
. . L 2 M «— Refiners(s,t, M) U Achievers(s.t)
Y cl Jp—— rl/ 37 7 if s £t then M «— M U {null}

a1l d2 £5p3 return M

Ln




Pla N ning AI go rlth m TO-HTN-Forward(Z., M., 5, T)

if 7 is empty then return ()
% t « the first element of T; 7’ « therest of T

* Planning problem: P = (2, so, T) 1 M « HTN-Get-Candidates(Z., M, s. 1)
if M = @ then return failure
Here, P=(Z,, so, {({pile(c1) = p2})) nondeterministically choose m € M
switch m do
2 case m 1s an action do

t < TO-HTN-Forward(Z.. M. y(s,m).T")
roo
| if 7 # failure then return m -

goal task t; else return failure
{P“e(c'i )=p2)}

3 case m 1s a methoc instance do
method m | return TO-HTN-Forward(Z., M, s, sub(m)-T")
m1-put-in-pile(r1,c1,p1,d1,p2,d2) L
compound task t, compound task t, action a, HTN-Get-Candidates(Z.. M. s.1)
get-container(r1,c1) navigate(r1,d2) put(r1,c1,c3,p2,d2) switch 7 do

4 case 7 1s an action do

t= get-container(rl,cl) if 7 is applicable in s then M « {a}

T'= (navigate(r1,d2), put(r1,c1,c3,p2,d2)) else M «— @

case 7 is a compound task do M «— Refiners(s.t. M)

So- - d3 | 6 case 7 is a goal task do
o1 . L 2 M «— Refiners(s,t, M) U Achievers(s.t)
cl Jp—— rl/ if s £ 7 then M «— M U {null}

a1l d2 £5p3 return M

Ln




Pla N ning AI go rlth m TO-HTN-Forward(Z., M., 5, T)

if 7 is empty then return ()
% t « the first element of T; 7’ « therest of T

* Planning problem: P = (2, so, T) 1 M « HTN-Get-Candidates(Z., M, s. 1)
if M = @ then return failure
Here, P=(Z,, so, {({pile(c1) = p2})) nondeterministically choose m € M
switch m do
2 case m 1s an action do

t < TO-HTN-Forward(Z.. M. y(s,m).T")
roo
| if 7 # failure then return m -

goal task t; else return failure
{P“e(c'i )=p2)}

3 case m 1s a methoc instance do
method m | return TO-HTN-Forward(Z., M, s, sub(m)-T")
m1-put-in-pile(r1,c1,p1,d1,p2,d2) L
compound task t, compound task t, action a, HTN-Get-Candidates(Z.. M. s.1)
get-container(r1,c1) navigate(r1,d2) put(r1,c1,c3,p2,d2) switch 7 do

4 case 7 1s an action do

t= get-container(rl,cl) if 7 is applicable in s then M « {a}

T'= (navigate(r1,d2), put(r1,c1,c3,p2,d2)) else M «— @

case 7 is a compound task do M «— Refiners(s.t. M)

So- - d3 | 6 case 7 is a goal task do
o1 . L 2 M «— Refiners(s,t, M) U Achievers(s.t)
cl Jp—— rl/ if s £ 7 then M «— M U {null}

a1l d2 £5p3 return M

Ln




Pla N ning AI go rlth m TO-HTN-Forward(Z., M., 5, T)

if 7 is empty then return ()
t « the first element of T; 7’ « therest of T

° Plcnning problem: P = (zcl SOI T) q M — HTN‘Get‘CandidatES(ZC? M,S? T}
if M = & then return failure
Here, P=(Z,, so, {({pile(c1) = p2})) nondeterministically choose m € M
M = HTN-Get-Candidates(Z_M, s, get-container(r1,cl)) switch m d'_) _
2 case m 1s an action do

t < TO-HTN-Forward(Z.. M. y(s,m).T")
roo
| if 7 # failure then return m -

goal task t; else return failure
{P“e(c'i )=p2)}

3 case m 1s a methoc instance do
method m | return TO-HTN-Forward(Z., M, s, sub(m)-T")
m1-put-in-pile(r1,c1,p1,d1,p2,d2) L
compound task t, compound task t, action a, HTN-Get-Candidates(Z.. M. s.1)
get-container(r1,c1) navigate(r1,d2) put(r1,c1,c3,p2,d2) switch 7 do

4 case 7 1s an action do

t= get-container(rl,cl) if 7 is applicable in s then M « {a}

T'= (navigate(r1,d2), put(r1,c1,c3,p2,d2)) else M «— @

Ln

case 7 is a compound task do M «— Refiners(s.t. M)

So- - d3 | 6 case 7 is a goal task do
o1 . L 2 M «— Refiners(s,t, M) U Achievers(s.t)
cl Jp—— rl/ if s £ 7 then M «— M U {null}

a1l d2 £5p3 return M




Planning Algorithm

* Planning problem: P =

(zcl Sor T)

Here, P:(ZC, Sor <{p||e(C]) = p2}>)

M = HTN-Get-Candidates(Z M, s,, get-container(r1,c1))

root

goal task t,
{Pi|8(01| )=p2)}

method m

m1-put-in-pile(r1,c1,p1,d1,p2,d2)

compound task t,
get-container(r1,c1)

PLfci]

compound task t,
navigate(r1,d2)

action as

TO-HTN-Forward(Z., M, s, T)
if 7 is empty then return ()
t « the first element of T; 77 « therest of T
1 M « HTN-Get-Candidates(Z.. M., s.1)
if M = @ then return failure
nondeterministically choose m € M
switch m do
case m 1s an action do
< TO-HTN-Forward(Z.. M. y(s,m).T")
if © # failure then return m -
else return failure

3 case m 1s a method instance do

HTN-Get-Candidates(X.. M, s.1)

put(ri,c1,c3,p2, dZ)A switch 7 do

c3

2
d2 &3

case 7 1s an action do
if 7 is applicable in s then M «— {a}
else M « @

Ln

6 case 7 is a goal task do
M « Refiners(s.t, M) U Achievers(s.t)
7 if s 1 then M «— M U {null}
return M

| return TO-HTN-Forward(Z., M, s, sub(m)-T")

case 7 is a compound task do M «— Refiners(s.t. M)



Planning Algorithm

* Definitions

t= get-container(rl,cl)
T'= (navigate(r1,d2), put(r1,c1,c3,p2,d2))

M = HTN-Get-Candidates(Z_M, s, get-container(r1,c1))

root

goal task t,
{Pile(01| )=p2)}

method m
m1-put-in-pile(r1,c1,p1,d1,p2,d2)

compound task t, compound task t; action ay
get-container(r1,c1) navigate(r1,d2) put(r1,c1,c3,p2,d2)
method m, method my
m2-get-container(r1,c1,p1,d1) m2-navigate(r1,d2)
compound task t, compound task i action a, action a,
navigate(r1,d1) uncover(c1) take(r1,c1,nil,p1,d1) move(ri,d1,d2)
method m, method ms
m1-navigate(r1,d1) m1-uncover(c1)

(no children) (no children)

TO-HTN-Forward(Z., M, s, T)
if 7 is empty then return ()
t « the first element of T; 77 « therest of T
1 M « HTN-Get-Candidates(Z.. M., s.1)
if M = @ then return failure
nondeterministically choose m € M
switch m do
case m 1s an action do
< TO-HTN-Forward(Z.. M. y(s,m).T")
if © # failure then return m -
else return failure

3 case m 1s a methoc instance do
| return TO-HTN-Forward(Z., M, s, sub(m)-T")

HTN-Get-Candidates(X.. M, s.1)
switch 7 do
4 case 7 is an action do
if 7 is applicable in s then M «— {a}
else M «— &

Ln

case 7 is a compound task do M «— Refiners(s.t. M)
6 case 7 is a goal task do

M « Refiners(s.t, M) U Achievers(s.t)
L if s 1 then M «— M U {null}

r;turn M



Planning Algorithm

* NOTE: Will update the slides till the portion of
the algorithm covered in class.

root

goal task t,
{pile(c1| )=p2)}
method m

m1-put-in-pile(r1,c1,p1,d1,p2,d2)

compound task t,
get-container(r1,c1)

compound task t; action ay
navigate(r1,d2) put(r1,c1,c3,p2,d2)

method m, method my
m2-get-container(r1,c1,p1,d1) m2-navigate(r1,d2)

compound task t, compound task i action a, action a,
navigate(r1,d1) uncover(c1) take(r1,c1,nil,p1,d1)  move(ri,d1,d2)
method m, method ms
m1-navigate(r1,d1) m1-uncover(c1)

(no children) (no children)

TO-HTN-Forward(Z., M, s, T)
if 7 is empty then return ()
t « the first element of T; 77 « therest of T
1 M « HTN-Get-Candidates(Z.. M., s.1)
if M = @ then return failure
nondeterministically choose m € M
switch m do
2 case m 1s an action do
m «— TO-HTN-Forward(Z., M, y(s,m).T")
if © # failure then return m -
else return failure

3 case m 1s a methoc instance do
| return TO-HTN-Forward(Z., M, s, sub(m)-T")

HTN-Get-Candidates(X.. M, s.1)
switch 7 do
4 case 7 is an action do
if 7 is applicable in s then M «— {a}
else M «— &

Ln

case 7 is a compound task do M «— Refiners(s,t. M)
6 case 7 is a goal task do

M « Refiners(s.t, M) U Achievers(s.t)
L if s £rthen M «— M U {null}

rt;turn M
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