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<pack>: type Package
<place>: type Place

unload(<pack>, <place>)

Eff:

Pre: (in-truck <pack>)
(truck-at <place>)

Place

Type Hierarchy

VillageTown

Package

<pack>: type Package
<place>: type Place

(truck-at <place>)

load(<pack>, <place>)

Eff:

Pre: (at <pack> <place>)

<to>: type Place
(truck-at <from>)

leave-town(<from>, <to>)

Pre:

Eff:

<from>: type Town
<to>: type Place

leave-village(<from>, <to>)

Pre:

Eff:

<from>: type Village

(extra-fuel)
(truck-at <from>)

(truck-at <place>)
Eff:

fuel(<place>)
<place>: type Town
Pre:

cushion(<pack>)

Eff:

<pack>: type Package

add (extra-fuel)

del (in-truck <pack>)
add (at <pack> <place>)

add (truck-at <to>)
del (truck-at <from>)add (truck-at <to>)

del (truck-at <from>)

(if (fragile <pack>)
add (broken <pack>))

del (at <pack> <place>)
add (in-truck <pack>)

del (fragile <pack>)
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pack-1, pack-2: type Package

ville-1: type Village
town-1: type Town

Set of Objects

Goal Statement

(at pack-2 ville-1)
(at pack-1 ville-1)

ville-1

town-1

(at pack-2 town-1)
(truck-at town-1)

(at pack-1 town-1)

Initial State

ville-1
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Adding an operator to the tail-plan Applying an operator (moving it to the head-plan)
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Goal Statement

(b) Existential quantification.

(exists <pack> of type Package
(at <pack> ville-1))

(forall <pack> of type Package
(at <pack> ville-1))

Goal Statement

(a) Disjunction. (c) Universal quantification.

<pack>: type Package
<place>: type Place

cushion(<pack>, <place>)

Pre:

Eff:

(in-truck <pack>))
(or (at <pack> <place>)
(truck-at <place>)

del (fragile <pack>)
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leave-town(<from>, <to>)
<from>: type Town
<to>: type Place

. . .

Cost:  leave-cost(<from>,<to>)

4 3))

(defun leave-cost (<from> <to>)
(+ (* 0.2 (miles <from> <to>)) 5))

(defun load-cost (<place>)
(if (eq (type-name (object-type <place>)) ’Village)

(c) Actual Lisp functions.

<pack>: type Package
<place>: type Place

load(<pack>, <place>)

. . .

Cost:  load-cost(<place>)

cushion(<pack>)

. . .
<pack>: type Package

5Cost:

(a) Use of cost functions and constant costs.

leave-cost (<from>,<to>)
+ 5..0.2

(<place>)
If <place> is of type Village,

then return 4; else, return 3.

Return 

load-cost

miles(<from>,<to>)

(b) Pseudocode for the cost functions.
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PlacePackage County

VillageTown

Eff: add (truck-in <county>)

<place>: type Place
<county>: type County

(within <place> <county>)
Pre: (truck-at <place>)

Inf-Rule add-truck-in(<place>, <county>)
<pack>: type Package

(within <place> <county>)
Eff:

Pre: (at <pack> <place>)

add (in <pack> <county>)

<place>: type Place
<county>: type County

Inf-Rule add-in(<pack>, <place>, <county>)

Type Hierarchy

cushion(<pack>)

Eff:

<pack>: type Package
add (cushioned <pack>)

not (cushioned <pack>)
Eff:

<pack>: type Package
Pre:

add (fragile <pack>)

Inf-Rule add-fragile(<pack>)
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(within
town-1
county-1)

town-2
county-2)

(within

Initial State

town-1)
(truck-at

(town-1,
leave-town

town-2)
town-1)

(truck-at (town-2,
add-truck-in

county-2)

(truck-at
town-2)

county-2)
town-2

(within
(truck-in

county-2)

Goal Statement
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(truck-at <place>)
Eff:

fuel(<place>)
<place>: type (or Town City)
Pre:

add (extra-fuel)

PlacePackage

TownCity Village

Type Hierarchy

<to>: type Place
(truck-at <from>)

leave-town(<from>, <to>)

Pre:

Eff:

<from>: type (or Town City)

add (truck-at <to>)
del (truck-at <from>)

County
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(b) Pseudocode for the function.

(c) Actual Lisp function.

(truck-at <from>)

leave-town(<from>, <to>)

Pre:

Eff:

<from>: type (or Town City)

add (truck-at <to>)
del (truck-at <from>)

<to>: type Place
connected(<from>,<to>)

(<from>, <to>)
If <from> = <to>,

then return False;
else, return True.

(a) Use of a functional type.

(defun connected (<from> <to>)

connected

(not (eq <from> <to>)))
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PlacePackage

TownCity Village

County

Type Hierarchy

objects
0 4321

Trunk-Space

<pack>: type Package

Pre: (at <pack> <place>)

(if (fragile <pack>)
add (broken <pack>))

del (at <pack> <place>)

load(<pack>,<place>,

<new-space>: type Trunk-Space

<old-space>: type Trunk-Space
<place>: type Place

positive(<old-space>)

decrement(<old-space>)

(truck-at <place>)

Eff:

(space-left <old-space>)

add (in-truck <pack>)
del (space-left <old-space>)
add (space-left <new-space>)

<old-space>,<new-space>)

Test Function

If <old-space>
positive

then return True;
else, return False.

(<old-space>)
>  0,

Actual Lisp Functions

(defun  decrement  (<old-space>)
(assert (not (= <old-space> 0)))
(list  (-  <old-space>  1))

(defun  positive  (<old-space>)
(>  <old-space>  0)

Generator Function

If
(<old-space>)decrement

then signal an error;
else, return {

<old-space>

<old-space>

=  0,

- 1 }.
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(pack-1,
ville-1)

unload

(truck-at
ville-1)

(in-truck
pack-1)load

(pack-1,
ville-1)(truck-at

ville-1)

Initial State Goal

ville-1)
(at pack-1

Statement

town-1)
(at pack-1

(truck-at
town-1)

ville-1)
(at pack-1
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(b) Example of a loop.

I C C

(at pack-1
town-1)

town-1)

(truck-at
town-1)

(at pack-2

town-1)
(pack-1,
load

town-1)
(pack-2,
load

town-1)
(pack-2,
unload

town-1)
(at pack-2

(truck-at
town-1)

(in-truck
pack-1)

town-1)
(at pack-2

(truck-at
town-1)

(in-truck
pack-1)

State
Initial

State
Intermediate

State
Current

(a) State loop.
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Initial State

town-1)

(truck-at
town-1)

(at pack-1

(at pack-2

town-1)

pack-2)

pack-1)

(truck-at
ville-1)

(in-truck

(in-truck

Current State

(pack-1,
unload

ville-1)

(town-1,

leave-
town

ville-1)
(pack-2,
unload

ville-1)

(town-1,

leave-
town

ville-1)town-1)
(pack-2,
load

town-1)
(pack-1,
load

(at pack-1
ville-1)

(at pack-2
ville-1)

Goal
Statement

town-1)
(pack-1,
load

(pack-1,
unload

ville-1)
(town-1,

leave-
town

ville-1)

town-1)
(pack-2,
load

(pack-2,
unload

ville-1)
(town-1,

leave-
town

ville-1)

(a)

(b)
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	�ö�ï7õ�ª7ì�ò,¨Sõ�îNï7¬L«�¬�ò7§�«B¬�þLî�ì©íw�Û«�õ�
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and
and

(truck-at <place>) holds in the current state
<place> is of type Town

Then select instantiating <from> with <place>

If (truck-at <to>) is the current subgoal
and leave-town(<from>,<to>) is used to achieve it If (truck-at <place>) is a subgoal

Then reject the subgoal (truck-at <place>)

and (in-truck <pack>) is a subgoal

(b) Reject Rule(a) Select Rule
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õS«Bò7¬�«%õ��|¬¨���7ì�õS«B§�ñ7¨ îNï7¬�«B¬�� ð�§�ñ�§�ñ7¨©�7«Nð�ñ�þ�ï7¬�ö��9¦g�£îNï7¬ ö¶íhöBîN¬�� ï1ð�ö/ñ7õ�ð����7ì©§�þ�ð��7ì�¬w�7«�¬��Û¬�«%«Bª7ì�¬Lö�ûÁõ�«
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¬�|,þL§�¬�ñ�þLí6zÅï7õ�ü¥¬�RS¬L«�ûÁîNï�¬�öBî�ª7ò�í5õ�� îNï7¬�îN«�ð�ò7¬�� õ�§ù�?¬�î"ü¥¬L¬�ñù�pðUîNþ�ï7§©ñ7¨ î�§8�,¬sðHñ7ò ö�¬�ð�«�þ�ï «B¬�ò7ª7þ�îN§©õSñ
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ö<�7ð�þ�¬|õ��2�,õSö¶î���«�õ�7ì©¬��,ö�§�öµRS¬L«Bí�ìJð�«B¨S¬�û
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1c. Choose an unachieved literal

2c. Choose an operator or inference
rule that achieves this literal

6c. Choose anycase subgoals
among its preconditions

7c. For every clobber effect, decide
whether to negate its conditions

3c. Choose an instantiation for
the variables of the selected
operator or inference rule

è�é�ê!ë\ìIí3242*ï65�þ�òÞù��vù�ý¦ú�ü*ý¦ùÙú7����ý��8���'��
#�����9�;:<��=eñ|ò£ó	ô�ñÅõvöÎ÷>�Nþ�ñÅõvòvø#ü,õ£ý!ò�þ�ö,ÿÎõ£þ�!\û¦ù0?|þ�ú�ùÇúA@0ù�û¦ÿÎõ£þCB�D1�FEuø,ùÇòvó
�ÇùÇú,þ��G�£øÎý[ôH�£øÎþDöÎþ�òÞù��£ùÇý¦úiü*ý¦ùÙú7���G�£ø6ñI�?ö,ùKJ\þÞõ£þ�ú��£ùÇñI�NþDù0�G�8õ£ý%$L
#��(-)	�+*-,NM��NþÞþ6@0ù�û¦ÿ,õ£þ���O�ñ|ú,öQP%R"�

21S



(a) Example problem: The truck has to leave county-1.

not (truck-in county-1)

Goal Statement

(b) Application of an inference rule.

Initial State

town-2

(truck-at
town-1)

(within
town-1
county-1)

county-2)

(within

town-2

town-1
county-1)

county-2)

(within

(within
county-1)

(truck-in
town-1)

(truck-at

Current State

(town-1,
add-truck-in

county-1)

Goal Statement

(truck-in
county-1)

not

town-1, town-2: type Town
county-1, county-2: type County

Set of Objects

(within town-1 county-1)
(within town-2 county-2)

(truck-at town-1)
Initial State
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Type Hierarchy

Root-Type

op(<var>)

Eff:

<var>: type Root-Type

add (pred <var>)
test(<var>)

Set of Objects
obj: type Root-Type

Goal Statement
(pred obj)
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step 4step 32stepstep 1

2step step 4

step 3step 1
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Øãí���|%µü� x |�µ w�x � w3w�x í�í]� w ía����ís�H�1�+ê4|1ì�é w�x } zI���Ïza|4��� w ì"ë�z w¤w�x é+� w �1é9��©¾~����1�V�. i�Ì��|���ë�¨�ê4|¶�1�
x |4�9����é9� wyx í¤é9��é w é��1�;� w � w í¬�1��� wyx í¤��|4�9ë w é9|4� x �1�Ù��|�za�+|1¨�¨	ísì�ísÎ	íaz w �s¢ w�x í w ��é+��©i~�������zs|4��� w ì�ë�z w é9|4�
é+�Ù� w ì��1é+ê x¶w ��|4ì"µl�1ì��'�¤³ x í ��|4����í w íaì"} é9��é+� w é9z¤�1�+ê1|4ì�é wyx } zaì"íI� w ía� wyx í¬��ís��é9ì�ía� w ��é+��©i~������¸¨¶¥¡�1��µX�I¥�
zI���+�+é9��êba 1�$Qced�1 ,fA*g�h�i 1 =kjl��,lì�� wyx íaì w�x �1�3�1~�~���¥&é9��êU|4~�íaìy� w |4ì"�a¢1z x |&|4�"é+��ê6��ë�¨�ê4|¶�1�9� w�x � w za|4ì"ì�ís��~�|4���
w | wyx í��+é+��´� |1� w�x í¹��ís��é+ì"ía�º�"|4�+ë w é+|1�Í>�"íaí�ò;é9��íãªIz�é+� èÐé+ê4ë�ì�í�2<-4®]¢Ê�"ía�9íaz w é+��ê wyx í¹�1~�~�ì"|4~�ì�é+� w í
|4~�íaì�� w |4ì"�U�1���.é+����ísì�ís��zaíCì�ë��+ía�Ó>òeé9��ím-�zI®]¢-�1���£ê4ís��íaì�� w é9��ê wyx íCì"é+ê x¶w é+��� w ��� w é�� w é+|4���C�ò;é+��íÙS4z�®��
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(a) Logistics Domain.
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(b) Trucking Domain.
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��ísê¶� w é9|4�C|1��zs�+|4¨�¨	ísì��aÆ�zs|4����é w é9|4���V��|4ì Ë ����é+��ê6�1�{í��Qzaé9ía� w �"|4�+ë w é+|1�V¢�¨�ë w zI�1�{¨�í��"|4�9§1ía�Óé+��í�� zsé+ís� w �9¥
µUé w�x |4ë w é w �ÀÛuxMy%Ú{z}|;Þk~ µUé+��� |4� w µlís�9§1í¸|1� wyx ís��í¸~�ì�|4¨��9ía}Q�Q�1��� �9|4��ís� |1� w µT|��À³ x í.ìy� w é+|¡|1�
Ú-Û'Ü8Ý8Þgß�à�ÆÇ� w |�ÛuxMy%ÚXz}|;Þk~vÆÇ� w é+}QíC§��1ì"é+ís�6��ì�|1}Ä�����*� w |µ�����&ª4¢-µUé wyx.wyx íÓ} ía�1�¹� w 2��ÁJK���U³ x é9�6ì�� w é9|
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èÐé+���1�+��¥4¢ wyx íÙzsé+ì"za�+ís�C>|¶®�� x |%µ wyx íF��é�� w íaía�£~�ì"|4¨��9ía}Q� wyx � w zI�1����| w ¨�íÙ��|4��§4ís�£µUé wyx |1ë w �1�¶¥zI����í

��ë�¨�ê4|¶�1�9�«�1��� wyx í¸��íaê¶� w é+|1�º|1�Cza�9|4¨�¨�íaì"�a�ÍÚ-Û	ÜÐÝ�Þgß�à x é w � wyx í¦ª+�7©i��íazs|4��� w é+}Qí��9é+}Qé w |4�º�"|4}Qí
~�ì"|4¨��+ís} �U����� w íaì"} é9��� w ís�lµUé w�x �>��é+�+ë�ì�íF|1� w�x íC| wyx ísì��s¢�µ x íaì"íI�1�FÛuxMy7Ú{z}|;Þk~¡��|4��§4ía�6�1�9�'|1� wyx ís}��
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