














Simulation and Results

5.2 Definition of Use Cases

Section 5.1 lists three objectives that must be fulfilled by the defined use cases. Regarding Objec-
tive 1, every use case presented in this work implicitly tests the functionality of the knowledge base
and the interaction with the decision unit. There must not be introduced an extra use case. Objec-
tive 2 is handled in Use case 1. Basic agent functionalities as well as the reaction of the ARS deci-
sion unit to environmental changes and their influence on the agent’s action plans are shown. Use
case 2 satisfies Objective 3 and shows the influence of rules (micro-acts) to the selection of action
plans. The use cases do not introduce high-level social interactions between agents like communica-
tion or any kind of cooperation. They require a system-environment and a body-decision unit interac-
tion instead which is based on the basic set of sensors, actuators, and abilities. At this stage of the
simulator development, the basic functionalities must be verified in order to form the foundation for
more Al focused objectives like navigation and learning. The feature that the detail-level of sensor
information changes with varying sensor range, which is proposed in Section 4.1, is deactivated for
the use cases as it is not required to fulfill Objectives 1 to 3.

5.2.1 Use Case 1

For satisfying Objective 1, the hierarchical way of information processing (sensor data to actuator
commands) must be verified. This is done based on Use case 1 that is shown in Fig. 5-1. Its setup
includes two objects, an ARS decision unit driven agent, and an energy source. The agent is visual-
ized in the middle of the figure together with its sensor ranges, while the energy source can be seen
in the upper right corner marked by a bitmap showing a cake. Any of the agent’s actions require a
certain amount of energy. Hence, it periodically runs low on energy and is driven by the demand to
consume energy sources. The primary use case task is to deal with this requirement. The agent there-
for requires a basic set of actions that is limited to the moves MOVE FORWARD, TURN LEFT,
TURN _RIGHT, SEEK, and the object manipulating action EAT. In case no energy source is detected,
the seeking action is triggered, which is a randomized call of the actions MOVE FORWARD and
TURN_RIGHT. The agent roams its environment in order to find an object that it can use for satisfy-

Fig. 5-1: Simulation setup for Use case 1
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ing its internal requirements. Fig. 5-2 shows the energy source within the agent’s field of vision on
the left. The seeking procedure is rejected and the agent searches for a sequence of acts that enables
it to reach the goal that is consuming the detected energy source. On the right currently received
external and internal data is shown. An object is detected in the distance FAR to the agent towards
the direction MIDDLERIGHT. This corresponds to the current position of the energy source within
the sensor segments.

External Data

Type Value

EatableArea

Bump false

PositionChange 0,00000/0,00000@€0,00000

VISION_FAR 0 x:17,43 y:41,98 deg:67,44485
ENTITY

Internal Data

Type Value

SlowMessenger

BLOODSUGAR 0.55456

ADREANLIN 0.0

FastMessenger

HealthSystem 100,00

StomachTension 0,70058

EnergyConsumption 0,02000

Fig. 5-2: Internal and external state (screenshot)
The current simulation setup is shown on the left while the outcome is shown on the right by the external
data. The combination of slow messengers and fast messengers affects the demand to refill the energy
sources. In this case the stomach tension and blood sugar level are already rather high (0.7, 0.55) and there-
fore represent a high demand for consuming an energy source.

The internal sensor data gives an overview of the agent’s homeostatic state that is defined by its
health status, blood sugar, adrenalin, stomach tension and energy consumption. As it is discussed in
Section 4.1 it is differentiated between slow messengers and fast messengers. All together form the
homeostatic input to the decision unit. The slow messengers blood sugar, adrenalin and fast mes-
senger stomach tension evaluate the agent’s demand to refill its energy sources and are mapped to
DMs as it is shown in Fig. 5-3. In short, both DMs represent the need to consume an energy source.
The internal state of energy consumption implicitly triggers this demand while the health system
affects different ways to satisfy it. The agent is initialized without any injury (100% health system)
and a minimal energy consumption level (0.02 per simulation step). In case of increasing interaction
with the environment, the chance to be harmed as well as the energy consumption increases. The
current system requirements are defined and passed on to the subsequent modules. The internal data

DM: DM:
Nourish Bite

Attribute associations

Drivetarget:
Nourish

Affect: Drivetarget:
0.10223 Bite

Fig. 5-3: Perceived homeostatic information (screenshot)

113



Simulation and Results

as shown in Fig. 5-2 on the right, are mapped to DMs labeled as NOURISH and BITE. Each con-
tains a TPM that defines the drive content and an affect that marks the intensity of the demand. This
process is discussed in detail by Lang et al. [Lan10] [LKZD10, pp. 715-721]. The external sensor
data is converted to TPs and TPMs the way it is shown in Fig. 5-4. Up to this processing step the
identity of the perceived object is not known. Its identity number is set to “-/” that characterizes
data structures that are not compared to stored ones and therefore have not been identified yet. The
perceived physical attributes are converted to TPs and TPMs whose value type and value are derived
from the attribute characteristics. For the situation sketched in Fig. 5-2 the agent perceives an object
of type ENTITY with the visual characteristics SHAPETYPE circle, a RGB* value for COLOR, and
an ALIVE status false. This information is forwarded to the decision unit module E16 (see Fig.
3-19).

Contenttype: Entity
Contenttype: Entity (b) Content: Cake
a ID: -1

ID: 46
DS-Type: TPM

DS-Type: TPM

Color: ShapeType: Distance: ObjectPosition: Alive: Color: ShapeType: Size: Taste:
R=255, g=175, b=175 CIRCLE MEDIUM Right False R=255, g=175, b=175 CIRCLE Medium Sweet
Value Association Type Score
ShapeType Class 5.0
c Contenttype: Entity Size Class 5.0
( ) ﬁ;’:::"“ Gl Color Instance 1.0
DS-Type: TPM Taste Instance 1.0

Match Factor 12.0

Distance: ObjectPosition: Alive: Color: ShapeType: Size: Taste:
MEDIUM Right False R=255, g=175, b=175 CIRCLE Medium Sweet

Fig. 5-4: Data structure manipulation in E16
Data structures in (a) and (b) are compared. There correspondence is evaluated by calculating a match fac-
tor that depends on the weights of the different associations. For ARSi10 it is differentiated between class
and instance associations. A correspondence with class associations is higher weighted (5.0) than a corre-
spondence with instance associations (1.0).

In Fig. 5-4 the knowledge representation of energy source (object cake) is compared with its sensory
representation (see (a) and (b)). It is obvious that the sensory representation adds additional infor-
mation like a location or an alive status information to the object. The different dash weight in (b)

4 RGB represents the fraction of red, green and blue in a specific color.
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and (c) mark the differentiation regarding instance associations and class associations (thick dashes).
This kind of information depends on the environmental situation, which is dynamic and cannot be
stored to every object in the information representation layer. Hence, stored object information
holds static characteristics that compose the object. Dynamic information like locational data is
stored independent to an object in the form of TPs. As shown in Fig. 5-4(c), E16 merges the input
information and forwards it to the output.

1. The input object is compared with the stored data structures. The information management
system retrieves a list of possible matches that are ordered by their match factor.

2. Additional information like locational data is send to the information management module in
order to retrieve corresponding data structures. In case the search result list is not empty, its
content is merged with the previously retrieved data. Otherwise, perceived sensor data is not
known and therefore ignored.

3. In addition to dynamic sensory data, the perceived information is completed by stored ho-
meostatic evaluations of objects in the form of associated DMs.

4. Any information that is forwarded to the subsequent modules has an identification number
that is assigned by the information management system. This speeds up further data structure
comparisons as not the whole attribute tree must be searched through but only those parts
that are generated by the decision unit and therefore do not possess any identification num-
ber.

Before the conversion from primary to secondary data structures takes place, the current snapshot of
perceived information is compared with stored images. These images merge information that coinci-
dentally occurs and define similar content. For Use case 1 the similarity between distance and direc-
tion values defines a TI that represents an object location. A TI of the current situation is composed
of multiple predefined TI. As a side effect, the number of perceived data structures is reduced. The
formed image is forwarded to the modules E8 and E21 via I1.6 and 12.10 (see Fig. 3-19) where they
are converted to secondary data structures. A request for the secondary data structure pendants of
primary data structures is sent to the information management system. As the data structure identifi-
cation numbers are already known, they do not must be identified and their associated WPs are di-
rectly read out of the search space. In Section 3.2.1 it is specified that for ARSi10 only a one to one
association between primary data structures and WPs is realized. Hence, the returned list contains
exactly one match for every search pattern. This data is forwarded to the subsequent modules.

There they are ordered by their affect intensities and the current homeostatic state. The decision for
the current goal is influenced by theses evaluations. The goal deliberation process is broadly dis-
cussed by Lang [Lan10, pp. 107-111]. Summarized, the goal represents a homeostatic need that is
elected by the decision making process to get satisfied. For Use case 1, this corresponds to the re-
quirement to refill the agent’s energy resource. Beneath the goal, also the current possibilities to
accomplish this task are defined. An object is used to satisfy an internal requirement. In case there
does not exist an object that meets the current requirements, the seeking procedure is invoked and
the agent roams its environment by randomly triggered moves (see Fig. 5-1). When an adequate
object is detected, as it is the energy source in Fig. 5-2, the goal is combined with the object’s status
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to a new WP and forwarded to the decision unit module £28 (see Fig. 3-19). For the sketched situa-
tion, the new WP’s content is a string object in a form that is shown in Fig. 5-5. For the string repre-

[T3% 3] “|

sentation, “:”, “|”, and

“| |”

are introduced as delimiters. The char “:” delimits value type and value of
a data structure, “|” differentiates between associated data structures and

¢c||9’

marks specific infor-
mation groups, goal and current state in case of Fig. 5-5. In case more than one corresponding object
is detected, a list of WPs is generated that includes the adapted WP content. In the next step, the
information management searches for acts whose consequence match with the goal state. This
means that in a first step stored micro-acts and acts, whose actions lead to a satisfaction of the nour-
ish drive, are retrieved. For Use case 1, a micro-act is activated that reaches the goal state by eating
the detected object and therefore contains the action FAT. In order to accomplish an act, its precon-
dition, which lists required objects or specific object positions, must be fulfilled.

Fig. 5-6 shows the micro-act that leads to the goal state in Use case 1. As precondition, the object of

WP:GOAL|NOURISH| |ENTITY : CAKE | LOCATION: FARRIGHT [ NOURISH: HIGH

Fig. 5-5: Representation of the current goal

€.

Delimiter: “:” separates content and value type of a data structure; *|” separates data structures;

cc”’,

separates goal
and object that is used for achieving the goal

interest must be within the eatable area. In this configuration, the eatable area is within the gustatory
sensor range (see Fig. 4-1). For BWsim, this distance is the lowest possible one. In the next step, an
act is searched whose consequence corresponds to the localization of the object within the eatable
area. The corresponding micro-act is shown in Fig. 5-6 and labeled as ACT:GOALSTATE-1. The
procedure is repeated n-times until the precondition of an act corresponds to the current state. In
ARSIi10 an exit condition is integrated that stops this process in order to avoid an endless loop. In
case a result cannot be found, the seeking process is invoked again after a defined number of itera-
tions. Only if every precondition is fulfilled an action is triggered. As mentioned in Section 4.3, act
entries of the same type (e.g. LOCATION in ACT:GOALSTATE-1) are linked by a disjunction. The
same object cannot be at two locations at the same time. Entries of the same condition type are

Current State

| | PRECONDITION| |ENTITY | LOCATION:MANIPULEABLE
| |ACTION|ACTION:MOVE FORWARD
| | CONSEQUENCE | |ENTITY | LOCATION: EATABLEAREA

| | PRECONDITION| | ENTITY | LOCATION: EATABLEAREA
| |ACTION |ACTION:EAT
| | CONSEQUENCE | ENTITY | NOURISH: LOW | NOURISH: VERYLOW

Fig. 5-6: Act generation process
Delimiter: “:”separates content type and value type of a data structure; “|” separates associated data structures; “||”
separates parts of the act
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linked by a conjunction. This makes perfect sense for the described use cases. However, it must be
verified in future work if this implicit definition of logical relations is sufficient or if they must be
explicitly introduced by additional WPs. Fig. 5-6 shows the generalized definition of acts. They pos-
sess a generic format that allows applying them to more than one object or more than one situation.
For example, acts that define a locational change are decoupled from any restriction to a special
entity type. Only the entity’s position is important. Hence, no specific categorization of the required
ENTITY is defined in the act in Fig. 5-6. On the other hand, some actions can only be accomplished
by the use of specific entity types. Though, the generic ENTITY tag in the act entries must be re-
placed by the particular entity type.

The generated act-sequence is submitted to E27. In case more than one sequence leads to the goal
state, they are evaluated in terms of the micro-act number that is directly mapped to the duration of
the act. For ARSi10 the act with the shortest length is taken which is reasonable for Use case 1 but
may turn up with challenges in case of more complex scenarios. The selected action sequence is
converted to action commands, which are send to the actuator control and correspond to the content
of the act’s action entry. The same action commands are triggered as long as the next act’s precondi-
tion is fulfilled. Table 5-1 summarizes the main processing steps by the ARS control unit within one
single simulation step. The BWsim setup corresponds to the situation shown in Fig. 5-2, Fig. 5-7(a)
and Fig. 5-8(a).

Step Layer Module Description
1 Decision Layer (PP: E3, E14 1. External sensor data (see Fig. 5-2) is received in the form of neuro-
Primary Process) symbols.

2. Conversion to psychoanalytic inspired data structures (affects and TPs).

3. The identification number is set to minus 1.

2 Decision Layer (PP) E4-E5 The homeostatic input (TPs and affects) is merged to the DMs of type nourish
and bite.

3 Decision Layer (PP) E15 So-called repressed content in the form of DMs is added to the perceived
input.

4 Decision Layer (PP) E16 External information is forwarded to the information management system. In

addition to search pattern matches, associated DMs are requested.

5 Information Man- EPM 1. Search patterns are compared with stored information; the calculated
agement System match factor depends on the weights of class and instance associations

2. The search results are ordered by their match factor and retrieved to
E16.

6 Decision Layer (PP) E16 1. Best search result match replaces the corresponding input parameter (in
this case the detected object is identified as cake).

2. Additional information that is familiar to the system but not part of the
replaced data structures (e.g. location), are associated to the result (see
Fig. 5-4).

3. The new formed TPMs have an identification number higher than zero.

7 Decision Layer (PP) E17,E18 1. ldentified TPMs are merged with repressed content (DMs) and homeo-
static impact information about the particular TPM (retrieved from the in-
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formation representation layer in Step 5)

2. Thisresults in the homeostatic evaluation of externally perceived input.

8 Decision Layer (PP) E6, E19 1. Perceived information is transformed to WPs.
2. Information is filtered with respect to their homeostatic evaluation.
Homeostatic demands must exceed a threshold in order to pass the de-
fense mechanisms.
For Use case 1 the detected energy source is associated with high effect on
satisfying nourish and bite demands.
9 Decision Layer (SP: E8, E21 1. Received data structures are merged to Tls with respect to their value
Secondary Process) type (e.g. location information like distance and angle).
2. Resulting Tls are assigned to the search pattern.
3. The search pattern additionally defines the requested data structure type
that is associated to the search matches (WPs in this case).
10 Information Man- EPM 1. The knowledge base is searched by the EPM for Tls that match the
agement System received search pattern; instance associations and class associations
do not have an effect as temporal associations are not categorized into
these groups .
2. Found matches and associated WPs are returned.
1 Decision Layer (SP) E8, E21 E8 and E21 select the best matching search results and forward their associ-
ated WPs to E22, E23, E26, and E29.
12 Decision Layer (SP) E23 Homeostatic and external perception is synchronized and ordered by priority
(VERY LOW to VERY HIGH).
For Use case 1, the detected energy source takes the first position in this list
13 Decision Layer (SP) E26 1. The current goal is selected in dependence to the homeostatic input and
prioritized external input.
2. ForFig. 5-1, a new formed WP includes the goal only.
3. For Fig. 5-2, the WP that is shown in Fig. 5-5 is generated and includes
the goal and the current state
For Use case 1 the current goal is NOURISH while the Super-Ego rules are
ignored
14 Decision Layer (SP) E28 Micro-acts are retrieved from the information representation layer for establish-
ing an act (search pattern = goal state).
15 Information Man- SDSM Micro-acts are searched whose consequence corresponds to the goal state.
agement System The returned list is ordered by the match factor. The final filtering process is
done by E28.
16 Decision Layer (SP) E28 1. Retrieved micro-acts are compared with the current state.
2. Anactis formed in an iterative process (see Fig. 5-6).
3. Theresulting act is shown in Fig. 5-7 (left).
17 Decision Layer (SP) E27 Actions are extracted from the act.
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18 Decision Layer (SP) E30 Actions (WPs) are converted to action commands (neuro-symbols) and sent to
the actuator interface.

Table 5-1: Main steps for accomplishing Use case 1

Fig. 5-7 defines the steps that must be set to accomplish Use case 1. The complete act is shown on
the left hand side as well as the corresponding simulator screenshots are shown on the right hand
side. The act starts with the initial situation (a) and ends with the goal state (¢). The rectangles rep-
resent the different states while the arrows in between define the actions that must be triggered. The
action is repeated as long as the next state has been reached. The agent starts at state (a) and decides
to turn right in order to reach state (b). Afterwards the required object is in the center of its field of
vision. In order to reach the detected entity, first the agent moves forward to the manipulable area
and then goes on to the eatable area (see (c) and (d) on the left hand side). Now the precondition for
ACT:GOALSTATE in Fig. 5-6 is reached as the energy source is located within the eatable area.
Now, the action command EAT can be executed on it. In Fig. 5-7 (a) and (e) the energy source char-
acteristics are additionally presented. It is shown that the energy source’s mass is reduced in (e) after
the invocation of the action eat.

The invoked actions influence the homeostatic state as it is represented in Fig. 5-8 that shows the

@ *,\ﬁ

S
() CAKE 0 - CAKE - ity .. Lo [

( Cake
( default
WP : LOCATION : FARRIGHT J IDCAKE_0
(a) WP : OBJECT Type CAKE
Position X 153,33
Position Y 168,00
WP:ACTION: TURN_RIGHT Angle 4,43
Colorjava.awt Color{r=255,9=175,b=175]
WP:LOCATION: FARCENTER
(b) a (b) -
:OBJECT |
WP:ACTION:MOVE_FORWARD
WP:LOCATION:MANIPULATE
(C) ABLE \‘
WP:OBJECT
WP :ACTION:MOVE_FORWARD
WP:LOCATION:EATABLE
(d) WP :OBJECT
WP:ACTION:EAT 4] CAKE_0 - CAKE - Enti.. (= | B | &
: : | £ CAKE
Cake

default

IDCAKE_0

Type CAKE

Position X 85,07

Position Y 163,72

Angle4 43

Color java.awt Color{r=255,g=175,b=175]

Fig. 5-7: Use case 1 (screenshot) — Action plan (left) and simulator screenshots (right)
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gradient of the homeostatic requirements nourish and bite on the left. On the right, the correspond-
ing action selection is represented. The x-axis marks the number of simulation steps while the y-axis
lists the actions SEEK, TURN LEFT, TURN RIGHT, MOVE FORWARD and EAT and defines their
current activation level (0 for deactivated and 1 for activated). Only one action can be executed dur-
ing a simulation step. Labels (a) to (e) in Fig. 5-8 correspond to the act-states marked in Fig. 5-7. In
the beginning the nourish demand is on a medium level while the bite demand is rather low. In the
course of the simulation both values increase and reach a maximum at state (d). Than the agent starts
to eat the energy source (see Fig. 5-7 (e), Fig. 5-8 simulation step 162) which results in a sharp de-
cline of the homeostatic demands between (d) to (e). The action state diagram in Fig. 5-8 shows this
sequence in dependence to the simulation steps. After the energy source is detected, the agent stops
seeking and starts to turn right (around simulation step 50). At around simulation step 110 the ener-
gy source is located in front of the agent. From there on, the agent moves forward and alternately
turns right in order to keep the object in the center of its field of view. After 160 simulation steps,
the EAT action is activated and lasts for 15 steps. When the system’s demands are satisfied, the seek-
ing action restarts again. Fig. 5-7 and Fig. 5-8 show the correlation between the agent’s internal de-
mands, the environmental state, and the selection of goals and acts.
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Fig. 5-8: Correlation between homeostatic demands and executed actions — Gradient for the homeostatic
demands nourish and bite (screenshot) on the left, the current action state on the right

Use case 1 shows the feasibility of realizing the proposed information representation concept in
combination with the ARS decision unit. External as well as internal sensor data are converted to
primary data structures. After their comparison with stored data structures, they are associated with
high-level information in the form of WPs and used to define and evaluate acts. This complies with
the conditions to accomplish Objective 1 in Section 5.1. The agent is able to accomplish the given
task by interacting with the environment, based on its set of abilities. ARSi10, hence, is the first
implementation that provides a fully functional controller for autonomous agents that is inspired by
neuropsychoanalytic information processing and information representation concepts. This applies
to Objective 2 of this chapter.
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5.2.2 Use Case 2

While Use case 1 verifies the basic control functionalities of ARSi10, Use case 2 goes one step fur-
ther targeting directly at Objective 3 in Section 5.1. In addition to the knowledge that is required to
form simple action plans, rules in terms of micro-acts are introduced which inhibit and enforce ac-
tions. Regarding Use case 2, rules are specified that are handled by the module E22 (see Fig. 3-19).
This is important for the Super-Ego module’s task that is to manage rules which specify boundary
conditions for the system operation. Hence, this section verifies the rule structure and shows its acti-
vation as well as influence on the control unit.

External Data

Type Value

PositionChange 0,00000/0,00000@0,00000
MANIPULATE_AREA

VISION_FAR x:41,54 y:22,24 deg:28,16454 ENTITY
VISION MEDIUM x:16,03 y:-33,97 deg:295,26235 ENTITY
Internal Data

Type Value

SlowMessenger

ADREANLIN 0.0

BLOODSUGAR 0.45443

FastMessenger

HealthSystem 100,00

StomachTension 0,59874

EnergyConsumption 0,02001

Fig. 5-9: Simulation setup for Use case 2 and internal/external sensor data(screenshot)

Fig. 5-9 shows the setup for Use case 2. Use case 1 is extended by one remote agent that is placed
left to the agent. A remote agent does not possess a decision unit and is controlled by a human being.
However, the ARSi10 agent identifies it as one of its kind as both have the same body. While the
agent’s environment has changed in comparison to Use case 1, the basic task does not. It is still the
aim of the agent to stay alive by refilling its energy resources in time. In contrast to Use case 1, two
types of energy sources are available to fulfill the given task. Fig. 5-10 shows the perceived envi-
ronmental and bodily state in terms of secondary data structures at the scenario startup. The present-
ed WPs are sent by £27 and E8 to the Super-Ego module £22 (see Fig. 3-19).

WP | | BUBBLE : ARSINO | LOCATION :MEDIUMLEFT | NOURISH:HIGH
WP | |ENTITY:CAKE | LOCATION: FARRIGHT | NOURISH: HIGH

WP | | NOURISH:MEDIUM

WP | |BITE:MEDIUM

Fig. 5-10: Input of Super-Ego module E22

Delimiter: “:” separates content type and value type of a data structure; “|” separates associated data structures;

“H”

separates data structure type from content

The agent in the middle of Fig. 5-9 detects a cake at the far right and an additional agent on the left
hand side within medium distance. The agent is labeled ARSINO. Both detected entities have high
effect on the energy level. In £26 (see Fig. 3-19) the current goal is selected based on the state that is
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presented in Fig. 5-10. The goal selection leads to a verification of possible action plans that invokes
actuator commands. As this process is already discussed for Use case 1, it is not shown here. The
accomplished actions are summarized in Fig. 5-11. The decision for an energy source aims at the
most effective way, which is in this case the fastest way, to satisfy the energy requirement. As the
ARSI10 driven agent is closer to the remote agent than to the cake, the shortest action plan leads to
the consumption of the remote agent and is selected therefore. Hence, the agent turns left (Fig. 5-11
(a)), moves forward and eats the remote agent (Fig. 5-11 (b)).

(b)

Fig. 5-11: Use case 2 without Super-Ego rule (screenshot)

For the second simulation run, which is shown in Fig. 5-14, a rule is introduced whose task is the
limitation of the number of potential energy sources to one. This is guaranteed by the micro-act that
is shown in Fig. 5-12. The micro-act in Fig. 5-12 specifies a Super-Ego rule that avoids considering
the remote agent as an energy source. Rules are specified by micro-acts and therefore contain pre-
conditions, action and consequences. Super-Ego rules in particular evaluate the level of pleasure that
results out of a specific act represents the main difference to micro-acts that are used to form an ac-
tion plan. The Super-Ego rule in Fig. 5-12 additionally introduces limitations regarding the type of
entity. In this case, the rule applies to entities of the type BUBBLE. As the remote agent belongs to
this group, the rule is applied to it.

The defined rule is retrieved from the information management system and evaluates the consump-
tion of an agent for satisfying the NOURISH demand with very high unpleasure (PLEAS-
URE:VERYLOW). The information is processed by the Super-Ego module £22 that maps its input,
shown in Fig. 5-10, to the retrieved rules. For this particular scenario, information about the per-

| |PRECONDITION |ENTITY :BUBBLE | LOCATION: EATABLEAREA
| |ACTION|ACTION:EAT
| | CONSEQUENCE | ENTITY : BUBBLE | PLEASURE : VERYLOW | NOURISH: LOW

Fig. 5-12: Super-Ego rule (micro-act)

(IR

Delimiter: “:” separates content type and value type of a data structure; ““|” separates associated data structures, “|

|”

separates different parts of the act
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ceived agent is compared with the precondition in Fig. 5-12. As both match, the rule is activated and
forwarded to the decision making module (£26 in Fig. 3-19).

Super-Ego rule (13.3)
A
4

-0.8

Affective evaluation (15.5) <« p 7 » Homeostatic demand (11.7)

0.5

1

v

Expected satisfaction (12.13)

Fig. 5-13: Aggregation of individual input data of £26

E26 selects a goal with respect to environmental information, bodily information, affective evalua-
tion of the situation and Super-Ego rules. Fig. 5-13 shows the correlation of these four input parame-
ters. The discreet values very low, low, medium, high, very high are mapped to the intervals

[-1,-0.75[, [-0.75, -0.25[, [-0.25, 0.25], [0.25, 0.75], [0.75, 1.0].

The exact value is randomly assigned. For the startup conditions in Use case 2, the expected satisfac-
tion (see Fig. 5-10) is assigned to 0.5 (high), the impact of the Super-Ego rule (see Fig. 5-12) is as-
signed to -0.8 (very high) while the other parameters have a medium impact factor and are assigned
to 0.0 and 0.1 (see Fig. 5-13). These factors () are used to calculate the weight g,(w) (see Equation
5-2) for the goals that are received by 12.13. Equation 5-1 shows the normalization of the factors a
with respect to the number of input parameters (n). Index & labels the goal while index i labels the
specific input parameter.

a
@, =—- Va, €[-L1]]aneN (5-1)
.- ;
gk(w):Zwki Vo, e[-Ll]an,ieN]| Zwk, <1 (5-2)
i=1 i=1
g(@)2g,(@)ng,(@)20 (5-3)

This concept is inspired by Lang [Lan10, p. 109] and Engel [Eng10, p. 48] but has had to be adapted
to the ARSi10 concept of rules. In case the above-mentioned values are applied to the equations 5-1
and 5-2, the goal of discharging the requirement nourish by consuming the remote agent is evaluated
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with minus 0.05. As these calculations result in a negative value, the information that ARSINO can
be used to satisfy the nourish requirement is discarded as the threshold value g, (w) for considering
goals is set to zero (see Equation 5.3). Hence, the remote agent is not considered for the generation
of action plans. The entity cake is the last remaining object that is able to refill the agent’s energy
resources. Fig. 5-14 shows the impact on Use case 2. In Fig. 5-14(a), the agent ignores the remote
agent. Even though it is closer to the agent it turns right towards the cake. Afterwards it moves on to
the cake and consumes it (Fig. 5-14(b)).

(b)

Fig. 5-14: Use case 2 with activated Super-Ego rule

The weight of a Super-Ego rule is defined by the level of pleasure that is specified as consequence.
Hence, the possibility that a Super-Ego rule is considered varies with the simulation setup. In case
the cake is not placed within the sensor range and the agent is very low on energy, the requirement to
satisfy the homeostatic state gets very high. As a consequence, the expected level of unpleasure is
lower than the current requirement. Hence, the remote agent is not ignored but incorporated to the
definition of action plans. This particular scenario leads to a consumption of the remote agent, even
though the Super-Ego rule is still active. Hence, it is possible to define rules with a different level of
priority and allow a system engineer to differentiate between non safety-critical (bids) and safety-
critical (bans) rules. Table 5-2 summarizes the influence of Super-Ego rules to the decision making

process.
Step Layer Module Description
1 Decision Layer (SP: E22 1. Internal and external information is matched regarding their associat-
Secondary Process) ed DMs.
2. External information in the form of Tls is defined as search pattern and
micro-acts are requested from the information management system.
For Use case 2 the homeostatic requirement nourish is matched with the
detected energy source.
2 Information Man- SDSM Received Tls are compared with stored micro-acts (preconditions and con-
agement System sequence states)
3 Decision Layer (SP) E22 1. Returned micro-acts are investigated.
2. Micro-acts whose consequence tags contain PLEASURE tags are
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extracted.

3. The current homeostatic state (WP) is compared with the conse-
quence states of extracted rules.

4. Externally perceived information is compared with the preconditions of
extracted rules.

5. Corresponding matches from 3. and 4. are loaded to a list and for-
warded to E26.

4 Decision Layer (SP) E26 1. Homeostatic input is compared with prioritized external input.

2. Received Super-Ego rules are incorporated; level of UNPLEASURE
and PLEASURE is compared with homeostatic demands and the ca-
pability of externally perceived objects to satisfy them.

3. Incase the level of expected unpleasure is higher than the expected
satisfaction of the corresponding homeostatic demand, one possible
way to reach the goal is blocked.

As a consequence the possibility to satisfy the nourish demand by consum-
ing the detected agent is blocked (see Fig. 5-14).

Table 5-2: Influence of Super-Ego rules on the decision making process

The realization of the proposed bionically inspired information representation system leads to the
ARSI10 controller for autonomous software agents. Two use cases are defined that aim at the objec-
tives which are listed in Section 5.1. Both use cases verify the information representation layer func-
tionalities and therefore handle Objective 2. It is shown that the differentiation between instance
associations and class associations allow a steady identification of detected objects regarding the
current knowledge base dimensions. The selection of the requested data structure type can be indi-
vidually adapted.

Even though both use cases adhere to Objective 1, it is discussed based on Use case 1 in detail by
dividing one specific action sequence to five snapshots (see Fig. 5-7) and combining it with the ana-
lyzes of one single simulation step (see Table 5-1). It is shown that the proposed information repre-
sentation provides data structures that enable to convert homeostatic and external sensor data to
semantic symbols, merge them to images in order to reduce the amount of input data, and transfer
them to secondary data structures. Especially the conversion between primary and secondary data
structures poses a challenge as the corresponding processes are based on completely different princi-
ples. Obtained secondary data structures are used to reason about goals and plans and result in action
commands. Hence, it is shown that Objective 1 is accomplished.

Table 5-3 lists all defined interfaces between the decision layer and the information representation
layer. The requirement level defines the interfaces that are required for a minimal reasonable func-
tionality and therefore to accomplish Use case 1. The decision unit modules ES, E16, E21, and E28
(see Fig. 3-19) hold a minimum required interface and implement at least the basic information pro-
cessing functionality (implementation state) as well. Otherwise retrieved data structures would not
be feasibly manipulated which inhibits the decision making process. Fig. 5-15 shows the outcome in
case any of the mandatory information representation layer accesses are deactivated. £22 is not re-
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quired for accomplishing Use case 1 and therefore introduces additional functionality by means of
Super-Ego rules.

Module Implementa- Requirement Impact
tion status level
E8 Active Mandatory Executes the conversion of primary data structures to secondary data

structures. In case IR-1 1.9 and IR-I 1.10 are deactivated the conversion
is inhibited. Externally perceived data could not be evaluated and priori-
tized by homeostatic information. The decision making process could
not define a goal, therefore an action plan cannot be defined. Hence, the
agent accomplishes the seeking action (see Fig. 5-15).

E16 Active Mandatory In case IR-1 1.5 and IR-I 1.6 are disabled, externally perceived infor-
mation cannot be compared with stored knowledge and therefore re-
mains unidentified and cannot be interpreted. External information gets
lost and a decision making is impossible.

E21 Active Mandatory As E8 it converts primary to secondary data structures. In this case
externally perceived data is converted. By disabling IR-I 1.11 and IR-I
1.12, WPs cannot be retrieved and not all subsequent modules possess
information about the environment. The decision making process does
not result in a goal. The seeking action is activated (see Fig. 5-15).

E28 Active Mandatory By deactivating IR-1 2.8 and IR-1 2.7, action plans cannot be defined as
micro-acts cannot be retrieved from the data storage. As for the other
mandatory interfaces, a deactivation leads to a behavior as shown in
Fig. 5-15.

E22 Active Additional Super-Ego rules are used by the decision making process but are not
mandatory for the basic model functionality. They enable additional
evaluation mechanisms as it is described for Use case 2. The action
state diagram is similar to the one that is shown in Fig. 5-8. However for
a larger and more crowded environment the phases between eat actions
become longer on average as the possibility to find an adequate energy
source is reduced.

E7, E9, Inactive Additional See below
E25, E34

Table 5-3: Active and inactive information representation layer access

The impact of Super-Ego rules to the decision making process is shown in Use case 2. Rules are
modeled in the form of micro-acts and are stored in the same search space as any other type of acts.
The consequence state in Super-Ego rules contains a specific attribute that holds the expected pleas-
ure level. Apart from that attribute, rules (facts) are not differentiated from experiences as it is done
for the multi-store approach. In ARSi10 both types of information are stored in acts. The feasibility
of defining rules by the use of the proposed information representation concept is shown as well as
their usage is proved. Hence, Objective 3 is considered as accomplished.

As it is listed in Table 5-3, the access to the information representation layer of the decision unit
modules E7, E9, E25 and E34 (see Fig. 3-19) is not mandatory. In addition, they are not realized in
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ARSIi10. Their impact to the overall system is discussed below in order to elaborate a focus for fu-
ture implementations.

Super-Ego (primary proc.) — E7

E7 deals with restrictions that arise due to social interactions that do not exist in the current BWsim.
While these restrictions are factored into the ARSi10 information representation design the current
use cases do not support them as the first step is to verify basic functionalities. Any type of social
interaction introduces additional complexity to the implementation and the verification process.
Without these interactions, £7 lacks on any influence to the decision making process and is deac-
tivated therefore.

Knowledge about reality (primary proc.) — E9

E9 is deactivated in ARSIi10 as it deals with the handling of system demands in case of failing sys-
tem abilities. However, for ARSi10 an operative system is expected and £9 is currently not required.
It must be verified if the decision unit can get along without £9 for further revisions of the ARS
decision unit in a simulated world. An activation would require the definition of an additional failure
model that does not have an additional value except for the realization in a real world application.
Therefore, its functionality depends on hardware malfunctions and the activation of E9 could be an
advantage. The required knowledge must be implemented by the system engineer in advance.

DRIVE-AFFECT CHART ACTION State vCl‘JRR_ENTAQTIO_N .
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Fig. 5-15: Drive-affect chart and current action state
In case one or more minimum required interfaces between the decision layer and the information representa-
tion layer (see Table 5-3) are deactivated, the agent is not able to fulfil its task. As long as it does not run out
of energy, the nourish and bite demands evolve towards a static level (see on the left, step 110 ). As it is im-
possible to identify or derive stored acts, the agent activates the default act (SEEK) and executes it for the
whole simulation run (see on the right).
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Knowledge about reality 1 and 2 — E25, E34

The modules £25 and £34 depend on the development level of £24 and E33. For ARSi10 both reali-
ty check modules are deactivated and map input to output data without manipulating it. Apart from
that the information representation system supports this kind of rules as they do not differ from the
Super-Ego rules which are processed by £22. As for E7 rules, the basic use cases do not require
knowledge about reality rules.

From the author’s point of view currently deactivated modules and information management inter-
faces are not required for accomplishing basic functionalities. However, the ARS project aims at
interactions between systems as well. Hence, it makes sense to consider them in future realizations
and use case definitions. Those may base on an own language or on the use of acts like attacking or
fleeing. Currently deactivated modules and interfaces must be activated for that.

Summarized, the proposed information representation system is implemented into an embodied
software agent. It enables the ARSi10 agent to operate in observance of the environmental, homeo-
static and bodily state as well as stored knowledge. This satisfies hypotheses 3 and 4 in Section 1.3.
Functionalities are based on the same data structure principle. These principles are deduced from the
same theories as the ARS decision unit. In Section 1.3 the decision layer is decoupled from the in-
formation representation layer. This is not common for bionically inspired control units in autono-
mous agents.

Memory based control structures as SOAR and ACT-R, which are discussed in Section 2.3.2, mix
functional and informational structures. They focus on the definition of knowledge and define a set
of operators for manipulating this data. Contrarily, the ARS model is designed with a balance be-
tween stored knowledge and functional modules in mind. There is a clear differentiation between the
functional description and stored data that is compared to input data. The underlying theories, which
also support this distinction, are thus observed.

The aspects of data structures are discussed theoretically first and hence allow a conceptual technical
design. Only then is the incorporation of information and mechanisms specified. Information and
functional model share the same underlying theory. The technical model is completely based upon
bionics. Lastly, the feasibility of this concept is shown by the use cases above.

ARSIi10 covers the conversion and filtering of sensor data up to the definition and selection of action
plans, as well as the introduction of environmental and social rules. The proposed model introduces
adaptable data structures that merge low-level sensor signals from three different sources with stored
knowledge and convert them to actuator commands. In order to reduce the amount of data, TPs are
bound to TPMs and TIs with respect to their associative context. The conversion to secondary data
structures introduces temporal and logical relations that lead to the generation of action plans by
combining predefined acts. In ARSi10 the shortest plan is carried out. This simple assumption is
feasible for the discussed use cases, even though it must be rethought in case the planning mecha-
nisms are extended to allow higher complexity in the selection process. The differentiation between
primary and secondary data structures allows an optimization of their composition regarding the
specific functional definitions. This is done by categorization into homeostatic, physical, and sec-
ondary representation that leaves space open for further optimizations due to different types of in-
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corporated associative data structures. In fact, the introduction of primary and secondary data struc-
tures allows the use of different concepts regarding the definition of knowledge (semantic nets vs.
frame structure) and search mechanisms.

ARSI10 represents the first implementation that realizes principles of human-like information repre-
sentation and information processing in one technical model. This fusion of psychoanalytically in-
spired data structures and the ARS decision unit’s functions is shown in the use cases above. The
underlying findings are transferred to a technical specification in extensive interdisciplinary work.
This allows extension of the model by future neuroscientific findings, an advantage that would be
lost were the theories interpreted by engineers only.

The discussed use cases are configured to prove the functionality of the identified concept. Imple-
mentation details like search or planning algorithms must be evaluated in comparison to alternative
Al technologies. They leave space for the improvement of system performance in their current state,
but this has no effects on the fundamental concept of the model. While Chapter 5 proves the feasibil-
ity of the proposed model, Chapter 6 gives a conclusion and prospects for further research and re-
finement.
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“Trust me, everything’s gonna be fine.’

[Edward Norton as narrator — Fight Club]

6. Conclusion and Outlook

The term information has a central role in the area of Al. The way information is represented within
a system has been the subject of much research and is covered in many theories. They range from
purely mathematical approaches to biological inspired ones. Representatives of the respective areas
of science are discussed in Section 2.3. They lack a description of the data structure or do not pos-
sess a common basis for different types of information. Another issue is the integration of developed
memory systems into their host systems, as there is no distinction between control functions and
information flow. One reason for this is the lack of coherent biological models that unify a function-
al description of the mind’s processes and a structural description of the processed information.
Even though research disciplines in neurosciences may not require this separation, computer scien-
tists cannot rely on such. ARSi10 deals with these issues and introduces the information representa-
tion system to the ARS control unit which has neuropsychoanalytic concepts as its basis.

6.1 Achieved Solution

Dealing with the transfer of concepts between different scientific disciplines is a challenge that engi-
neers must face in interdisciplinary work. The interpretation of theories and neuroscientific concepts
is part of common research work in the area of Al. This interdisciplinary work offers great possibili-
ties, but it is also fraught with traps. The benefits lie in obtaining another point of view on the exam-
ined problem, learning from other sciences and using their theories to find new solutions. However,
the greatest trap is using the knowledge gained thereby in the wrong way. When transferring
knowledge from one scientific discipline to another, this knowledge must be interpreted and de-
scribed appropriately. One example is the engineering use of neuroscientific findings, which is dis-
cussed in this work. Problems occur when the interpretation of a model and its technical specifica-
tion is done by the engineer only. The engineer generally does not have the expertise to achieve a
correct interpretation. Hence, the result is a technical model whose original theoretical basis is insuf-
ficiently implemented.

This challenge is faced in the ARS project by cooperation with scientists from neurology, neuropsy-
choanalysis and psychoanalysis. This helps to avoid misinterpretations and inconsistencies with the
original theory. The model definition is clearly separated from the implementation in order to avoid
mixing up both disciplines. In a first step a model is defined in scientific interdisciplinary work.
Later, this model is implemented with the use of common computer scientific methods. The pro-
posed ARSi10 is developed in line with this methodology.
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ARSi10 extends ARSi09 and adds bionically inspired data structures that are processed by the deci-
sion unit. While ARSi09 focuses on the decision unit’s functional description, ARSi10 additionally
introduces a dedicated structure of processed information and the interface to the information repre-
sentation layer (see Fig. 1-1). Thus, the technical specification of the decision unit and the infor-
mation representation both have neuropsychoanalytic concepts as basis. The proposed interface is
formed due to the separation between processing and storing of data. It is labeled as information
management and controls the access to the search space. The information representation layer de-
fines the way this data is stored in the search space.

The proposed information representation is based on four atomic data structures labeled TP, affect,
association and word presentation. Their description corresponds to the psychoanalytic definition
and is translated to a technical specification in cooperation with neuropsychoanalysts and psychoan-
alysts. It turns out that these terms can be used to describe any type of information processed in the
decision unit or stored in the information representation layer. This is also the reason why they are
identified as atomic data structures. Together with the restrictions defined in 3.2, the resulting search
space defines a network where nodes correspond to TPs, affects and word presentations, while asso-
ciations form the edges in between. In order to simplify this description, additional data structures
are introduced. They define meshes of atomic data structures with certain characteristics. The type of
association that is used to bundle them differentiates them in particular. Hence, the data structures
TPM, TI, DM and acts are introduced. Questions that remain open in the theory of psychoanalysis
are solved by the use of findings from the related research discipline neuropsychoanalysis. For the
definition of acts and TIs preliminary work in [R0O7] and [DZ08, p. 16-17] is analyzed and adapted.
DMs and TPM are novel and introduced with ARSi10.

While Section 3.2 introduces psychoanalytically inspired data structures, Chapters 4 and 5 discuss
their technical realization in autonomous software agents. Proof is shown that the proposed infor-
mation representation model is technically realizable and allows mapping of perceived sensor data
to atomic data structures. Even though additional data structures are introduced they are traced back
to the atomic ones. In contrast to other realizations in Al, in ARSi10 the functional description of the
decision unit as well as the definition of the data structures are based upon the same theory. This
creates the drawback that the proposed model is only realizable in combination with the ARS deci-
sion unit. Similarly, the decision unit requires the proposed data structures in order to exercise its
functionalities.

The proposed data structures are categorized into primary and secondary data structures. They are
mapped one to one to primary and secondary processes that define the functional principles applied
to the decision unit. The work at hand provides the required data structures for both process types
and closes the gap between perceived data and secondary data structures. Every decision on upcom-
ing actions bases upon secondary data structures that introduce logic and temporal relations. This
results in the settlement of Hypothesis 1 and Hypothesis 2 stated in Section 1.3.

Common implementations of bionically inspired memory systems in autonomous agents categorize
information with regard to its content. As discussed in 2.3, the multi-store model that introduces
different memory systems for specific information content has a lot of influence in this area. How-
ever, this model does not possess a structural description of the processed information nor does it
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offer a shared basis for the different types of data structures. As the structural information is im-
portant for a technical specification, its definition must be generated by engineers. Hence, the out-
come is a memory system whose outlines are inspired by a bionic approach, but engineers produce
the definitions that are required for the technical realization on their own. This is different for the
model specified in this thesis. Information is not categorized according to its content, but instead is
described in three different ways. First, it is mapped to its physical representation by external and
internal perception. Second, the impact on the agent is defined by drives and affects. Third, it is set
into a logical context by secondary data structures. The proposed model is a technical description of
an already existing model, which is devised in interdisciplinary work, and not a concept introduced
by engineers.

Psychoanalytic concepts provide a functional description of the human mind and a structural de-
scription of the processed information. This distinction between information and control flow is
upheld in this work by the differentiation between the information representation and information
processing. In addition, the data storage is decoupled from any functional description. It is located
parallel to the decision layer that holds the ARS decision unit (see Fig. 1-1). The decision layer
holds the functional description of operations that lead from input parameters to a decision and the
resulting output. The information representation layer contains knowledge that helps to deal with
the environmental and internal state. It must not be mistaken for information that influences the
transfer function of decision unit operations. These are static operations. Further research may go
towards a dynamic functional change. The information management forms the interface between the
decision layer and the information representation layer. Information management as well as the
information representation layer are not the subject of any theoretical conditions. They must be de-
fined in order to realize the introduced model. Hence, they are an engineering solution without any
background in psychoanalysis or neuropsychoanalysis.

For ARSi10 knowledge is defined in an ontology by use of the knowledge framework Protégé. Due
to its correspondence to the object-oriented approach, the frame structure approach was chosen for
the definition of this ontology. The data structures specified in the ontology can be easily mapped to
Java objects at the simulation startup.

It must be pointed out that implementation details like the selection of search algorithms or the defi-
nition of the ontology structure are not based upon performance requirements. The implementation
of ARSIi10 is purely a feasibility study of transferring neuropsychoanalytic concepts of information
representation to a technical specification and implementing it in autonomous software agents. In a
next step, optimization criteria and performance tests can be applied to the implementation. Hence,
Chapter 5 does not define performance tests for the ARSi10 operations but use cases that verify spe-
cific functions of the proposed information representation system. This acknowledges Hypothesis 3
and Hypothesis 4 claimed in Section 1.3.

Unlike ARSi09, ARSi10 introduces a single ontology that holds the required knowledge to handle
upcoming situations. In [Lan10] the specification of several data stores is pointed out as a possible
issue that is solved with ARSi10. All static knowledge is stored in one search space. The term static
points out a minor limitation that is discussed in Section 6.2.
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In summary, psychoanalytic theory provides a model of the human mind whose principles can be
consigned to a technical specification. All four hypotheses that are stated in Section 1.3 are approved
in this work. Together with the neuropsychoanalytic approach and neuroscientific theory a control
unit for autonomous agents can be defined. Psychoanalytic theory not only provides a model for
information processing but also a definition for the structure of processed information. The dis-
cussed artificial life simulation BWsim defines a first test bed for the ARS model and the proposed
ARSI10. In the future, it is destined for an implementation in real world applications as discussed in
Section 6.3.

6.2 Future Research Hot Spots

The aim of this thesis, to create a technical specification of bionically inspired information represen-
tation in the context of the ARS decision unit in cooperation with psychoanalytic advisors, is com-
pleted with this work. However, ARSi10 leaves several questions unanswered which are common in
prototype implementations but represent possible starting points for future research work. These
open questions are summarized below.

Feedback Loops

Up to now the modules of the ARS model are accessed in a one-way process. With the exception of
one loop around the module E15 (see Fig. 3-19) no recursions are implemented in the model. This is
not because recursions are not intended. It is planned to define a recursion between the decision unit
output and input in order to enable filtering of perceived data depending on to the current action
plan. This means that secondary process operations influence primary processes. Further recursions
also must be discussed in the lower layers where neuro-symbolization operations are carried out. For
example, a reactive loop between decision unit and perceptive processes can integrate a focusing
mechanism that is able to filter relevant data. This would result in a performance gain for systems
where a great amount of data is expected. Recursions can also assist learning mechanisms that are
required within the decision unit and the neuro-symbolization layers. However, recursions may also
introduce stability issues that must be avoided within a system. The influence of every newly intro-
duced reactive loop must be analyzed in detail. This is an extensive procedure within a complex
system like the ARS system and must be done step by step. It is a costly topic that raises additional
issues and highlights drawbacks of the ARS model, but it is also a prerequisite for further steps.

Search Algorithm

The information management module introduces the list search algorithm. Certain parameters like
data structure and value type define the search space structure and therefore limit the list size. How-
ever, the cost for a list search as well as its limited scalability demands the integration of alternative
search methods. In case the search space grows larger by the integration of knowledge for further
use cases, the list search algorithm’s drawbacks become obvious. This is pointed out in Section 4.3.
In order to improve the performance, the search algorithm should be adapted to the respective data
structures. Hence, there is not a single solution for all data structures. Primary data structures give
different boundary conditions to the search method than secondary data structures do. However, the
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information management system design in ARSil0 allows the implementation of various search
algorithms.

Temporal Information Storage

Section 6.1 mentions a possible extension of the information representation layer to dynamic
knowledge. In ARSi10, knowledge that is required to handle common situations is stored. The de-
fined search space is not adapted during the simulation run in the current implementation. However,
some of the modules require certain information like knowledge of the present location of the sys-
tem or the actions currently being triggered. This information should not change for every simula-
tion step and must be provided for upcoming simulation steps. As they are parameters that change
dynamically during the simulation run, this information cannot be predefined in the proposed infor-
mation representation layer. Hence, a temporal storage must be introduced that provides a buffer for
this information beyond the current simulation step. In ARSi10, knowledge about the current context
as well as so-called repressed content is affected by this drawback. For this implementation the solu-
tion from ARSi09, which predefines this kind of information, was adopted. This works for use cases
that test individual capacities but must be adapted for unbounded simulation runs. The temporal
storage must not be confused with the term working memory. The latter is defined in psychology and
holds the information that the human being is dealing with in a given situation. The required solution
contains a lot more information.

Ontology Restructuring

The ARSil0 ontology is not optimized regarding a specific search algorithm or towards the ad-
vantages or disadvantages that are introduced by the frame approach. It must be evaluated whether
an adaptation towards the stored information structure leads to better system performance. A possi-
ble improvement may be a stronger structuring of the ontology. For example, the categorization of
TPMs to specific entity types can be extended to a greater number of groups. This higher granularity
can become an advantage for search algorithms.

Frame vs. Semantic Net Representation

As stated above, the frame approach was chosen to define the agent’s knowledge due to the ad-
vantages frames offer when dealing with object-oriented design and programming. However, future
extensions to ARSi10 should investigate the advantages of a semantic net approach by introducing it
to the ARS model. Even though the frame approach seems to fit better with an object-oriented de-
sign, semantic net technologies like OWL are standardized and broadly used. In addition, knowledge
frameworks like Protégé include reasoning concepts for OWL that may support the ARS model in
retrieving certain information from the search space. A semantic net description can be an alternative
especially to the ARSi10 implementation of secondary data structures and the logical relations be-
tween them. Another possibility may be to combine the advantages of both approaches and remain
with the frame method for the primary data structures but use the semantic net approach for second-
ary data structures.
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Introduction of Learning Algorithms

As mentioned above, retrieved data structures are adapted by the ARS decision unit during runtime,
but these changes are not stored to the search space or established in the ontology. Machine learning
is required therefor, which is not included in ARSi10. Possible implementations are discussed else-
where [LZD+08, pp. 639-644]. A discussion thereof requires the specification of information struc-
tures that is done in this work. Future work can thus deal with this topic based upon ARSi10. It must
be stressed again that the data structure type on which the learning algorithm is to be used is an im-
portant factor. An adaptation of association weights of primary data structures requires different
learning strategies than the definition of relations between word presentations. In addition, a differ-
entiation must be made between a learning mechanism that adapts already existing data structures
and one that introduces new ones. For the latter case a value must be defined to mark the threshold
between recognizing a data structure as new and matching it to an existing one.

Logic and Temporal Dependencies

For ARSi10, conjunctions and disjunctions are implicitly integrated into secondary data structures.
When word presentations with the same value type are merged into one act they are said to be linked
by a conjunction, while word presentations with diverse content are linked by a disjunction. This
assumption is sufficient for ARSi10. However, the flexibility in designing acts increases in case
these relations are explicitly introduced by word presentations. In addition, negations or temporal
dependencies expand the possibilities of defining goals and acts for the agent. For ARSi10 temporal
dependencies are limited to an order on the timeline. Neither the duration of actions nor a common
time base is defined. Future work on this topic should be done in combination with the restructuring
of the frame ontology or the integration of a semantic net approach.

Perception, Symbolization of Sensor Data

As for ARSIi09, the neuro-symbolization between the sensor array and the decision unit remains an
open issue in ARSi10. Even though it is theoretically described by Velik et al. [Vel08], no imple-
mentation exists thus far due to various open questions. Their solution is part of current research in
the ARS project. For ARSi10 a shortcut for bundling sensor data is introduced. This is possible for
the software simulation, as the required data can be transferred from the detected object to the sensor
arrays. However, neuro-symbolization must be introduced in case the ARS model is integrated into a
real world application. Even though this part of the ARS model is not within the scope of this work,
the proposed concept and model are based upon the outcome of the neuro-symbolization. Following
the theoretical description [Vel08], assumptions for the input parameters to the decision unit are
made. In order to guarantee the functionality of the ARS model, these assumptions must be taken
into account for the neuro-symbolic realization.

Real World Application

ARSI10 is realized in a simulated environment. This enables testing the model’s functionality in a
predefined environment without unexpected influences. However, the ARS model is developed to be
applied to real world applications. Besides the issue of neuro-symbolization, additional challenges
will emerge on the path to this goal due to real world conditions. The inaccuracy of sensor data or
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highly dynamic environmental changes represents only two of possible challenges that influence the
ARS model’s functionality as well as the definition of predefined knowledge. Before the decision is
ported from the ARS model to a real world application, a detailed investigation on upcoming issues
must be undertaken.

In summary, ARSi10 is an enclosed implementation and therefore the aim of this work is accom-
plished. This merely forms the basis for further research towards different ways. Their priority must
change with the type of application in which the ARS model is integrated. Section 6.3 discusses a
number of possible areas of application.

6.3 Ethical Questions and Upcoming Challenges

The ARS project originates from building automation. Although its development is conducted in a
simulated environment, it is obvious that the long-term goal is to return to this area. In doing so,
ethical questions must be addressed regarding the human-system interaction. Some of them must be
discussed in the near future, others become relevant further on and are to be kept in mind, but are not
considered to be of immediate concern in the initial development phases.

Thoughts about the influence of machines on human beings belong to the first group. In order to
assist human beings in their daily routines, machines must be able to interact with their environment.
A balance must be found, however, between helpfully impacting people’s lives and invading their
privacy. Automated systems are perceived differently depending on the application area. For exam-
ple, video surveillance systems are more accepted when used in public space (e.g. an airport) than in
private areas (e.g. a nursing home). This distinction must be considered for any building automation
system. The area of ambient assistant living is often highlighted regarding the use of smart systems
as the demography for the European Union shows a rising average age over the next decades. The
old age dependency ratio, which defines the percentage of persons who are older than 65 years
among the overall population, is estimated by Eurostat to rise from 25.4% today to 38% in 2030
[Gial0, p. 6]. Hence, the increasing number of elderly people as well as limited expenses in this area
requires new ways of assisting health care staff. Since this is nearly impossible to achieve without
machine support, two basic use cases emerge. While the assistance of nursing staff by surveillance
systems is a short-term goal, applying active care is a long-term goal and requires systems capable
of coping with their environments. In the second, long-term category of issues, not only the ethical
usage of machines with respect to human privacy but also the ethical behavior of machines towards
people must be discussed as part of the area of machine ethics [AA07].

The replacement of nursing staff with machines is more fiction than reality, and rumors about such
concepts most likely originate from people’s fears (like the fear of unchecked engineering omnipo-
tence) and journalistic interpretation, rather than from the actual chance of them being realized in the
near future. From the author’s point of view the primary goal of Al is not to design a ‘human being
clone’ but to improve systems. Among other concepts, this can be achieved by the use of biological
mechanisms that are designed to be more effective than any known algorithm. The human being, of
course, is based on numerous such principles and is therefore used as archetype in the ARS project.
Discussion of the ethical consequences of creating smart systems should be accompanied by a cer-
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tain sense of reality, although the author does not think that issues such as robot rights regarding
their use for military combat — except for the obvious ethical questions about military combat itself —
or the consequences of shutting down a personal computer possessing human-like intelligence, be-
come relevant soon.

Computer scientists have always searched for a way to integrate the principles of human decision
making into a technical system. However, they have lacked a theoretical model that covers wide
areas of human perception up to decision making. This is why the author is confident that the ARS
approach leads to new ways and chances for Al and the area of building automation in particular.
The way internal and external sensor data is processed by the use of bionic findings enables to deal
with future challenges of integrating complex systems and processing huge amount of sensor data.
This legitimates the introduction of psychoanalysis and neuropsychoanalysis to the area of engineer-
ing. While psychoanalysis provides a functional description of the human mind, neuropsychoanaly-
sis combines psychoanalytic and neuroscientific concepts of the connection between higher brain
functions and the sensor system. The ARS model is the first technical description of these principles
and ARSi10 extends its current implementations by data structures designed upon a novel approach
and a consistent memory system. This work however represents neither the first nor the last step on
the way to a complete control system that is based upon new principles. ARSi10 must be taken to
reach final goal and provides a basis for upcoming research work.

The idea of the airport that detects security issues and supports the staff in handling them, as it is
proposed in the course of the SENSE project [BVZ08, pp. 1092-1096], is only one of the possible
scenarios where the ARS model can be applied. Ambient assistant living is one of the crucial factors
in future health care. Ethical components as discussed above must be taken into account and the
system must be adapted towards them. A building automation system within a nursing home has
limited use of video surveillance while an airport will not do without it.

Besides the integration into a building automation system different application areas are possible.
The implementation in autonomous robots is the real life application that comes to mind. It would be
the first contact of the ARS model with the real world and could provide additional clarity on the
usability of the ARS model in the real world. First investigations are undertaken that go in this direc-
tion.

The use of an artificial life simulation as an intermediate step before current reality opens doors to
the growing areas of intelligent avatars and game logic. Both areas face increasing interest but can-
not actually cope with the set of requirements. They depend on rule-based decision making that does
not allow any deviations from a predefined concept and hence is not sufficient for game intelligence.
It must be investigated if the ARS approach can improve on these concepts. Another possible area of
application is the use in avatars for e-learning systems or any kind of product support. In these areas,
extensive system-user interaction is required, which predestines them for the use of the ARS ap-
proach.

There is still a lot of research work to be done. Even though psychoanalysis and neuropsychoanaly-
sis provide the most consistent model of the human mind, they leave questions unanswered. For the
technical realization in ARSi10, some of these questions have been elaborated in cooperation with
scientists from the aforementioned areas. Others are handled by a shortcut. Future work aims at clos-
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ing these gaps, thus providing knowledge flow not only towards the engineering side. The author is
convinced that the scientific areas of neuropsychoanalysis and psychoanalysis can benefit from en-
gineering findings and developments. Computer science can introduce simulation frameworks for
testing neuropsychoanalytic models and therefore provide tools to verify them. This requires open
minds, a lot of convincing and research work on both sides.

This work extends the ARS decision unit by a bionically inspired information representation con-
cept. Both have the same theoretical foundation and complete one another to a unit. This results in
the first model that introduces neuropsychoanalytic inspired functional and information processing
principles to engineering and additionally covers a huge area with which a system controller must
deal. In effect, the computational framework ARSi10 is described in a consistent model of human-
like information representation and processing. Therefore, the author is confident that the concept
proposed in this work takes advantage of knowledge from neuropsychoanalysis in an effective way
and helps the ARS project on its way towards a new generation of Al and the design of systems that
are able to cope with future requirements. Maybe the project brings computer science one step closer
to the aim that was announced by scientists at the Dartmouth conference in 1956 and whose attain-
ment has been delayed so often: the design of a machine with human-like intelligence.
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A. Unified Modeling Language Notation

For the presentation of program code and timing dependencies the Unified Modeling Language ver-
sion 2.2 infrastructure [uml09a] and superstructure specifications [uml09b] are used.

Class A Class A -
«interface»
itfA
0..1 %
|
|
0.* |
|
|
Class B Class B Class B
Generalization: Class B is a Composition: Class A owns an Interface realization: Interface A
subtype of class A (has an ) instance of class B. is implemented by class B

The multiplicity is optional and
indicates the number of
participating objects

Fig. A-1: Path type notations for UML class structure diagrams [uml09b, pp. 140-142]
Fig. A-1 specifies the used path type notations generalization, composition, and interface realiza-

tion. The composition can include an additional notation that is named multiplicity and is explained
in Fig. A-3.

Association

Class A 1 ‘ 1 Class B

Association: Exactly one instance of class A is associated
with exactly one instance of class B

Fig. A-2: Notation for the UML association path type [uml09b, pp. 140-142]
The definition of an association class is given in Fig. A-2. An association links an instance of class
A with an instance of class B.

Fig. A-3 defines the multiplicity notation. The multiplicity specifies the number of instances that

Multiplicity:

0.1 0 to 1 instance

1 exactly 1 instance
0..* 0 or more instances
1.*% 1 or more instances

Fig. A-3: Association multiplicity notations for UML class structure diagrams [uml09b, pp. 94-97]
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Appendix

participate in an association. One number defines an exact value while two numbers, for example
0..1 define an interval between a lower boundary (left number) and an upper boundary (right num-
ber).

Class A Class B

T
|
|

Message: Function call

Execution of a
class B method

Message: Reply

Fig. A-4: UML sequence diagram notation [uml09b, pp. 506-524]

Fig A-4 shows the UML sequence diagram notation. There are instances of class A and class B. The
bars define class functions while the arrows define messages. There exist different types of messag-
es. In this case the upper arrow defines a function call that invokes a method in a class B instance.
The lower arrow defines the reply message of the invoked function.
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