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1 Introduction

In the supplementary material we describe the AMDPs
at each level of the hierarchy within Taxi (Dieterrich
2000) and Cleanup World problems (MacGlashan et al.
2015). We outline all the objects present in the states
and their attributes as per the OOMDP formulation
(Diuk, Cohen, and Littman 2008); the actions available
in the AMDP; the assumed transition function; reward
functions; set of terminating states and state projection
for the hierarchies. When describing the states, each
object present within the state is listed, along with their
attributes and possible values that the attributes can
take. All projections are done from the environment to
the current level mentioned.

2 AMDPs for the Fickle Taxi Problem

We will define the AMDPs starting from the highest
AMDPs down to the source MDP.

2.1 Level 2 AMDP

This is the AMDP defined at the Root. The objective of
the root is solve the entire problem using its subgoals.
At this level the Passenger simply teleports between
locations without any Cartesian co-ordinates.

1. States, S̃2:

(a) Locations: The respective colors of locations.

(b) Passenger: Source location color, current location,
goal location color, a binary bit to indicate that
the passenger has been picked up at least once and
is not in a taxi.

2. Actions, Ã2: Get Passenger, Put Passenger. These
are the subgoal that result in the passenger being
picked up at any location and dropped off at the goal
location.
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3. Transition Function, T2(s, a, s′): The transition prob-
ability for Get to result in the passenger being in the
taxi is deterministic. Similarly the transition proba-
bility for the passenger to be dropped off at the goal
location after the Put action is deterministic. How-
ever this transition probability is untrue, as the pas-
senger can change their goal after being picked up.
However, this is not an issue as we use an online
planner for the Put subtask which replans when the
agent lands in an unexpected state.

4. Reward Function, R̃2(s, a, s′): Each action for this
AMDP earns a 0 reward, unless it reaches the goal of
delivering the passenger, when a terminal reward of
1 is given.

5. Termination set, Ẽ2: This is the set of all states in S̃2,
in which the passenger is present at their desired goal
location, after having been picked up at least once.
This termination condition is specified according to
the environment MDP’s goal projected to the root’s
level.

6. State projection function, F2: This function extracts
the passenger’s current location’s color, if it is in one
of the four locations, else labels the passenger as be-
ing on road. It retains the passenger’s goal color,
source locations color and if they were ever picked up
by a taxi. The locations are extracted with only their
color attributes.

2.2 Level 1 AMDP
This AMDP is the subgoal of either a Get or a Put
AMDP.

1. States, S̃1:

(a) Taxi: Current location of the taxi, if it is not in
one of the four locations, the taxi is “on road”. A
binary bit to indicate that the passenger is in the
taxi.

(b) Locations: The respective colors of locations.
(c) Passenger: Source location color, goal location

color, a binary bit to indicate that the passenger
has been picked up at least once.

2. Actions, Ã1: Depending on which subgoal spawns the
current AMDP, Get Passenger or Put passenger from



level 2, we get get two action sets. The navigate ac-
tions are common to both types of AMDPs. However
the Pickup action to pick the passenger is available
only to the Get Passenger AMDP; and the put down
action is available only to the Put AMDP. The navi-
gate actions are: Navigate to Red location, Navigate
to Yellow location, Navigate to Green location and
Navigate to Blue location.

It is important to note that the Pickup and Putdown
actions are grounded in the environment as they are
primitive actions. After their execution, the result-
ing state is project up to represent the state in the
current AMDP.

3. Transition Function, T̃1(s, a, s′): The navigate ac-
tions are modeled deterministic, however in the
source environment they are not, as the passenger
can change their destination when navigating. Be-
cause the planners used are online, they replan if an
unexpected transition occurs. A more precise model
will only help the planner solve the task better, we de-
signed crude transition and reward functions to test
the capabilities of AMDPs. The navigate actions do
not change the relationship between a taxi and the
passenger, since it does not have methods to pick or
drop a passenger off. The Pickup action is determin-
istic and the passenger is picked up if the taxi is at
the passenger’s location. The Putdown action is also
deterministic, and the passenger can only be dropped
off when the passenger is at their goal location.

4. Reward Function, R̃1(s, a, s′): Each action earns a
reward of 0. When the passenger is within the taxi
for the Get AMDP, a terminal reward of 1 is given,
and when the passenger is dropped off at the goal
location for the Put AMDP a terminal reward of 1 is
given.

5. Termination set, Ẽ1: For a Get AMDP, this is the
set of states, in S̃1, in which the passenger is within
the taxi; and for the Put AMDP this is when the
passenger has been dropped to their goal location.

6. State projection function, F1: This function extracts
the taxi’s current location’s color, if it is in one of
the four locations, else labels the passenger as being
on road. It retains the passenger’s goal color, source
locations color and if they were ever picked up by a
taxi. The locations extracted with only their color
attributes. The taxi also extract the the binary bit
to indicate if the passenger is present in the taxi from
the environment state.

2.3 Level 0 AMDP

This is the lowest AMDP which is spawned by the Nav-
igate AMDPs.

1. States, S̃0:

(a) Taxi: Cartesian co-ordinates (x, y) for taxi’s posi-
tion. A binary bit to indicate that the passenger is
in the taxi.

(b) Locations: Cartesian co-ordinates of the locations,
and their respective colors.

(c) Passenger: Cartesian co-ordinates, source location
color, goal location color, a binary bit to indicate
that the passenger has been picked up at least once

2. Actions, Ã0: North, South, East, West. These de-
scribe the taxi’s movement actions available when
navigating .

3. Transition Function, T̃0(s, a, s′): We use the tran-
sition dynamics for the source MDP directly here.
The movement actions succeed with a probability of
0.8. With probability 0.1 the taxi slips in the each
of the two directions orthogonal to the desired move-
ment action. Further, when the passenger has been
picked up, after a step of movement, the passenger
can change their destination with a probability of 0.3
equally divided between all locations. With probabil-
ity 0.7 the passenger does not change their location.

4. Reward Function, R̃0(s, a, s′): The agent get a termi-
nal reward of 1 when the navigate task is complete.

5. Termination set, Ẽ0: This is the set of all states in
which the taxi has been navigated to the goal location
of the Navigate AMDP.

6. F0: There is an identity projection, that is, we keep
the entire source MDP state at this level, as these
actions are directly getting grounded in the source
MDP.

2.4 Source MDP

1. States, S:

(a) Taxi: Cartesian co-ordinates (x, y) for taxi’s posi-
tion. A binary bit to indicate that the passenger is
in the taxi.

(b) Locations: Cartesian co-ordinates of the locations,
and their respective colors.

(c) Passenger: Cartesian co-ordinates, source location
color, goal location color, a binary bit to indicate
that the passenger has been picked up at least once

2. Actions, A: North, South, East, West, Pickup,
Dropoff. These describe the taxi’s movement actions,
and actions of the passenger being picked up and
dropped off.

3. Transition Function, T (s, a, s′): The movement ac-
tions succeed with a probability of 0.8. With prob-
ability 0.1 the taxi slips in the each of the two di-
rections orthogonal to the desired movement action.
Further, when the passenger has been picked up, af-
ter a step of movement, the passenger can change
their destination with a probability of 0.3 equally di-
vided between all locations. With probability 0.7 the
passenger does not change their destination.

4. Environment Reward Function, R(s, a, s′): The
source MDP has a true reward function. Each ac-
tion earns a penalty of −1. When the passenger is
dropped off to their desired goal location, after being



picked up at least once, the agent earns a reward of
20.

5. Termination set, E : This is the set of all states in
which the passenger is present at their desired goal
location, after having been picked up at least once.

3 AMDPs for the Cleanup World
Problem

We define, once again, the AMDPs starting from the
highest AMDPs down to the source MDP. This sec-
tion is for the AMDPs over the original Cleanup Do-
main. The changes between this domain and continuous
Cleanup Domain will be presented in the next section.

3.1 Level 2 AMDP

This is the AMDP defined at the Root. The objective
of the root is solve the entire problem using its subgoals,
that is to move the required object into the goal room.

1. States, S̃2:

(a) Agent: The agent has color attribute correspond-
ing to the room it is in.

(b) Room: Rooms have an attribute for their color.

(c) Objects: Objects have attributes of shape, color,
and the color of the room they are in.

2. Actions, Ã2: At this level there are two types ac-
tions that can be grounded to different objects and
rooms. The First type of action is Move object(i)
to room(j) action moves the specified object to the
specified room, which can be grounded to different
rooms and different different objects. Further, is the
Move to room(j) action, where the agent it self moves
to the room specified.

3. Transition Function, T̃2(s, a, s′): The transition prob-
ability for both actions are deterministic depending
on the design of the rooms. Generally a room has
multiple doors, so the agent can get to any room
needed. However room configurations can be de-
signed for which this transition would not be true.
However, we can still plan with these approximate
models.

4. Reward Function, R̃2(s, a, s′): Each action for this
AMDP earns a 0 reward, unless the desired object is
moved to the desired room, when a terminal reward
of 1 is given.

5. Termination set, Ẽ2: This is the set of all states in
S̃2, in which the desired object is present in its goal
room.

6. State projection function, F2: This function extracts
the agent’s current room, the object’s current room,
and the room’s color attribute. Further the objects
are specified with their color and shape attributes.
There are propositional functions that confirm if an
agent is within a room, allowing such a state abstrac-
tion.

3.2 Level 1 AMDP

This AMDP is the subgoal of either a Move Object to
Room AMDP or a Move agent to Room AMDP.

1. States, S̃1:

(a) Agent: The agent has a relational attribute corre-
sponding to the door or room it is in.

(b) Room: Rooms have an attribute for their color,
and a relational attribute to the doors they connect
to.

(c) Door: There are doors at this level which can be
locked, further the doors maintain the relational
attributes with rooms they connect to. The lock
attribute is unknown until the agent tries to open
the door, after which the attribute is stochastically
chosen.

(d) Objects: Objects have attributes of shape, color,
and the relational attribute to the door or room
they are in.

2. Actions, Ã1: At this level there are four types ac-
tions that can be grounded to different objects and
rooms: Move object(i) to door(j), Move object(i) to
room(j), Move agent to room(j) and Move agent to
door(j). They can be grounded with different rooms
and objects.

3. Transition Function, T̃1(s, a, s′): The transition func-
tions at this level are stochastic depending on
whether the doors are open. If the doors are closed
then Moving to a door can fail, however then the
locked door attribute would be known.

4. Reward Function, R̃1(s, a, s′): Each action earns a
reward of 0. Unless the object or agent depending
upon the parent MDP is in the desired room, which
results in a terminal reward of 1.

5. Termination set, Ẽ1: For a Move object(i) to room(j)
AMDP, the termination sets are all states in which
the object(i) is present in room(j). For a Move to
room(j) AMDP the termination set is the set of states
in which the agent is present in room(j).

6. State projection function, F1: This function extracts
the agent’s current room or door, the object’s cur-
rent room or door, the room’s color attribute, and
the door’s lock attribute. Further the objects are
specified with their color and shape attributes. There
are propositional functions that confirm if an agent
is within a room or door, allowing such a state ab-
straction.

3.3 Level 0 AMDP

This is the lowest AMDP which can be spawned by
Move to door(i), Move to room(i), Move object(i) to
room(j) and Move object(i) to door(j) actions.

1. States, S̃0:

(a) Agent: The agent has Cartesian co-ordinates, and
a cardinal direction that the agent is facing.



(b) Room: Rooms have an attribute for their color,
and their boundary co-ordinates specified by the
top-left and the bottom right corners.

(c) Door: The doors have a lock attribute, and it posi-
tion attribute again with top-left and bottom right
corner of the door.

(d) Objects: Objects have attributes of shape, color,
and the Cartesian co-ordinates of the box.

2. Actions, Ã0: North, South, East, West and Pull.
These describe the agent’s movement actions, and
actions of the passenger available when navigating .

3. Transition Function, T̃0(s, a, s′): The transition dy-
namics at this level are stochastic, since the doors
can be open or closed with equal probability. The
doors can be opened or closed if the agent tries to
move into a door location.

4. Reward Function, R̃0(s, a, s′): The agent gets a ter-
minal reward of 1 when the move task is complete
with or without object depending on the AMDP.

5. Termination set, Ẽ0: This is the set of all states in
which the object or the agent is present in the door or
room specified by the AMDP’s goal condition. The
states in which the goal doors are locked are in the
termination set too.

6. F0: There is an identity projection, that is, we keep
the entire source MDP state at this level, as these
actions are directly getting grounded in the source
MDP.

3.4 Source MDP

The source MDP differs from the Level 0 AMDP only
in its termination set and reward function.

1. States, S:

(a) Agent: The agent has Cartesian co-ordinates, and
a cardinal direction that the agent is facing.

(b) Room: Rooms have an attribute for their color,
and their boundary co-ordinates specified by the
top-left and the bottom right corners.

(c) Door: The doors have a lock attribute, and it posi-
tion attribute again with top-left and bottom right
corner of the door.

(d) Objects: Objects have attributes of shape, color,
and the Cartesian co-ordinates of the box.

2. Actions, A: North, South, East, West and Pull.
These describe the discrete actions the agent can
take.

3. Transition Function, T (s, a, s′): The transition dy-
namics at this level are stochastic, since the doors
can be open or closed with equal probability. The
doors can be opened or closed if the agent tries to
move into a door location.

4. Reward Function, R(s, a, s′): The agent gets a ter-
minal reward of 1 when the entire move to room or
move object to room task is complete.

5. Termination set, E : The states in which the object
or agent is present in the goal state is in the set of
termination states.

4 AMDPs for the Continuous Cleanup
World Problem

We define the AMDPs starting from the highest
AMDPs down to the source MDP. The first two levels
of the hierarchy are the shared between the two tasks.

4.1 Level 3 AMDP

This is the AMDP defined at the Root, and is exactly
the same AMDP as defined in Section 3.1, except in
this hierarchy the AMDP is a level higher because the
lowest level is continuous.

4.2 Level 2 AMDP

This is the AMDP by the tasks of Move to room(i)
or Move object(j) to room(i). It is exactly the same
AMDP as defined in Section 3.2, except in this hierar-
chy the AMDP is a level higher because the lowest level
is continuous.

4.3 Level 1 AMDP

The AMDPs at this level are spawned by Move to
door(i), Move to room(i), Move object(i) to room(j)
and Move object(i) to door(j) actions. It is the last
continuous AMDP in this hierarchy. Only the actions
of the agent have changed from the AMDP defined in
Section 3.3

1. States, S̃1:

(a) Agent: The agent has Cartesian co-ordinates, and
a cardinal direction that the agent is facing.

(b) Room: Rooms have an attribute for their color,
and their boundary co-ordinates specified by the
top-left and the bottom right corners.

(c) Door: The doors have a lock attribute, and it posi-
tion attribute again with top-left and bottom right
corner of the door.

(d) Objects: Object have attributes of shape, color,
and the Cartesian co-ordinates of the box.

2. Actions, Ã1: Move Forward a cell, Move Back a call,
Turn Clockwise by π/2 and Turn Anticlockwise by
π/2.

3. Transition Function, T̃0(s, a, s′): The transition dy-
namics at this level are stochastic, since the doors
can be open or closed with equal probability. The
doors can be opened or closed if the agent tries to
move into a door location.

4. Reward Function, R̃1(s, a, s′): The agent gets a ter-
minal reward of 1 when the move task is complete
with or without object depending on the AMDP.

5. Termination set, Ẽ1: This is the set of all states in
which the object or the agent is present in the door or
room specified by the AMDP’s goal condition. The



states in which the goal doors are locked are in the
termination set too.

6. F1: The agent and the objects have a discrete (x,y)
co-ordinate based on the grid cell it is present in. The
agent also has a direction which is one of the cardinal
directions based on the distance of the direction of the
continuous from the cardinal directions. The rooms
and doors just get their top-left and bottom-right
locations extracted based on their grid locations.

4.4 Level 0 AMDP

This is the AMDP defined by Move Forward a cell,
Move Back a call, Turn Clockwise by π/2 and Turn
Anticlockwise by π/2. This AMDP is continuous. We
used closed loop planners at this level to move by a cell
or to turn by π/2. However a specifying a closed loop
plan for the entire task is almost impossible.

1. States, S̃0:

(a) Agent: The agent has continuous Cartesian co-
ordinates, and a continuous direction in radians
that the agent is facing with respect to the global
North.

(b) Room: Rooms have an attribute for their color,
and their boundary co-ordinates specified by the
top-left and the bottom right corners.

(c) Door: The doors have a lock attribute, and it posi-
tion attribute again with top-left and bottom right
corner of the door.

(d) Objects: Objects have attributes of shape, color,
and continuous Cartesian co-ordinates of the ob-
jects.

2. Actions, Ã0: Move Forward, Move Back, Turn Clock-
wise and Turn Anticlockwise. The actions are param-
eterized to move by 0.1 m and 0.1 radians, but this
can be arbitrary.

3. Transition Function, T̃ (s, a, s′)0: The transition dy-
namics at this level are stochastic, since the doors
can be open or closed with equal probability. The
doors can be opened or closed if the agent tries to
move into a door location.

4. Reward Function, R̃(s, a, s′)0: The agent gets a ter-
minal reward of 1 when the move by cell or turn by
π/2 tasks are complete.

5. Termination set, Ẽ0: This is the set of all states in
which the agent has moved by a cell length or turned
by π/2 according to the task specified.

6. F0: There is an identity state abstraction, that is
the states are the same between this level and the
environment.

4.5 Source MDP

Only the reward function and the termination set differs
between this level and Level 0.

1. States, S:

(a) Agent: The agent has continuous Cartesian co-
ordinates, and a continuous direction in radians
that the agent is facing with respect to the global
North.

(b) Room: Rooms have an attribute for their color,
and their boundary co-ordinates specified by the
top-left and the bottom right corners.

(c) Door: The doors have a lock attribute, and it posi-
tion attribute again with top-left and bottom right
corner of the door.

(d) Objects: Objects have attributes of shape, color,
and continuous Cartesian co-ordinates of the ob-
jects.

2. Actions, A: Move Forward, Move Back, Turn Clock-
wise and Turn Anticlockwise. The actions are pa-
rameterized to move by 0.1 m and 0.1 radians, but
this can be arbitrary.

3. Transition Function, T (s, a, s′): The transition dy-
namics at this level are stochastic, since the doors
can be open or closed with equal probability. The
doors can be opened or closed if the agent tries to
move into a door location.

4. Reward Function, R(s, a, s′): The agent gets a ter-
minal reward of 1 when the entire moving object to
goal task is complete.

5. Termination set, E : This is the set of all states in
which moved the required object to the goal room.
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