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FUNCTION OF A DEVICE

achieved by

CAUSAL BEHAVIOR

State1
Transition1

State2
Transition2

State3
Transition3

State4

FUNCTION OF 
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BulbSwitch Battery

TTTT1 2 3 41.5 V

(a) 1.5-volt Electric Circuit

GIVEN:

MAKES:

state

state

BY-BEHAVIOR:

STIMULUS: Force on Switch

1

3

(b) Function "Produce Light" of EC1.5(EC1.5)

state1

. . .

UNDER-CONDITION-STATE

AS-PER-DOMAIN-PRINCIPLE Kirchoff’s Law

state2

USING-FUNCTION CREATE light of Bulb

AS-PER-DOMAIN-PRINCIPLE
intensity = Efficiency * Current * Current * Resistance

state3

(c) Behavior "Produce Light" of EC1.5

tr
an

si
ti

o
n

2-
3

tr
an

si
ti

o
n

1-
2

loc: Battery
ELECTRICITY

voltage: 1.5 volts

LIGHT
loc: Bulb
intensity: 6 lumens

ELECTRICITY

voltage: 1.5 volts
loc: Bulb

LIGHT
intensity: 6 lumens

USING-FUNCTION  ALLOW  electricity of Switch

state2 of  Behavior-Close-Switch

pointer to the behavior
"Produce Light"

state1-1

. . .

state1-2

ELECTRICITY
loc: T3
voltage: 0 volts

ELECTRICITY
loc: T
voltage: 1.5 volts

2

USING-FUNCTION   PUMP  electricity  of  Battery

BY-BEHAVIOR:
pointer to the behavior "Deliver 1.5 volts"

"GIVEN" state of Function of EC1.5

(d) Behavior "Deliver 1.5 volts" of Battery

Note: All locations are with reference to components in this design.
All labels for states and transitions are local to this design.
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Other Behavior(s) :  Heat-Water

�,tV�i�8nml2ÄK�ó¼��#q�s�l#�los
go�KtVz|n�z��Mjms�l�¸�t�jmnmt~{�e�{�tuy.tVx¢gÛ¸�t�jmn�tu{�e�{�tuyª�UzPz|�Vlon

jms8lò�@�8x
{�jmt�zixEz��cgÛ{�zi}.�
z|x�loxKjrz���jms�l�y�lo�Ktu{�lP���1t��i��n�lÖÄK� §¬hws8z�¨7hrjms8tuhr�*z|��°ý����¨rt�x
y�zG¨2�
e�x�z|jms�lon,{�s�z|tu{�l�©K��j�s�l��
hklon ¨�z|���uy�s
go�PlU©
lolox2jmz�{���tu{��rzix@Ôì��'�los
go�KtVz|ntÖ�tVx2j�s�lU}.loxK� �

q�s�t~h�hws�zG¨7h�jms�g�j2jms�lÛj�n�gGx
hwt�jmtVz|x(gG©
zi��j2¨rs�t~{õs&j�s�lÛ�
hwl�n�tuh�g|hw�KtVx��.�@z|n�}.zin�lIt�x��@zin�}Eg�j�tVzix
zK{o{��8n�h ��x
y�lon,jms8l�{�zix
y�t�jmt�zix2jms
gGj�gGx�zij�s�lon�t�x�j�lonmx�g��P{�g��
h�g��K©*l�s
go��t�zin,z��
j�s�lU��s��8hwt~{og��KyKlo��t~{�l
tuhUg|{õs�t�lo�PlGy����U��tu{���t�x���zix�jms�t~hMx8lo¨µz|��jmt�zix.¨#zi���~y�tV}.}�loy�t~g�j�lo�V����lGgiyÛjmz�jms�l�y�t~hw���~g=�ÛzG� j�s�l
©
los
go�KtVzin#z��,j�s�l�¨rgGjmlon#tVx.j�s�tuh#y�lo�Ktu{�l¤�1q�s8l!t�x�j�lonmx�g��T{og���hmg��T©
los
go��t�zin#z���jms�l7¨rgGjmlon#tVx.j�s�l
¸�t�jmnmt~{�e�{�t~yª�UzPzi��lonrtuh7hws8z�¨rxEt�x��,tV�i�8nmlÖÄK�ó¾K�



§P½

   Exit      Help    Continue 

 Function  

 Behavior  

 Structure 

 Other Cases 

  Best Case  

Using Function

Principles

Under Condition State

Under Condition Transition

Under Condition Substance

Under Condition Component

Affected States

Affected Transitions

Due to Stimulus

By Behavior

By Temporal Abstraction

Parametric Equations

Side Effects

Transition:39Behavior of the case:  NITRIC-ACID-COOLER-1

Behavior:  Overall-Behavior

State:40

NITRIC-ACID

at location: p0

TEMPERATURE

temperature-1

DEGREES

of

FLOW-RATE

rate-0

LITERS-PER-SECOND

of

containing HEAT

MAGNITUDE

heat-1

DEGREES

of

Transition:39

State:41

NITRIC-ACID

at location: p4

TEMPERATURE

temperature-2

DEGREES

of

FLOW-RATE

rate

LITERS-PER-SECOND

of

containing HEAT

MAGNITUDE

heat-2

DEGREES

of

Other Behavior(s) :  Heat-Water

�1tV�|��nml�ÄK�óÄ��Uf�z|nml � x��@zin�}Eg�j�tVz|xEg�©
zi�8j2g�q n�gGx
hwt�jmt�zix

ý�Ñ b Ñ-¹ 1 D 67,�A¿;=:%,HG W,AK>IJÛ: J Wf3�>º>@F�J�;GDG:�;G?KG J G�S'+EAPJo? R J R DFG NPAPJ4JoAPJ

ö�÷�ø ÷�ù,úmûTù�÷�üØt��V�V��hwjmnpg�j�lGh�jms�lË�Kx�zG¨r�VlGyK�il^gGx
yØn�lGgihkzix�t�x��YzG�%���������
	Y�Y©��Y�8nmzG��t~y�tVx8�
�inpg���s8tu{ogG�
hm{�n�lolox
h,nmlo��n�lGhwl�x�j�tVx��7jms�lrt�x��@zin�}Eg�j�tVz|xI{�zixKj�g�t�x�lGyIt�x.�Pr�ª}.l�j�gr}.zKy�lo�~h�zG���2���uú
���
	Y�*®hry�lGhktV�ixE��n�zK{�lGh�hwlGh��

/�:]J4E�J!J�NPD�AKA J J � q1g|hw�8hÛg�x
yËhk��©�j�g|hw�8h�gGnmlEnml���nmlGhkloxKjmlGy&zixËjms8l�h�{�nml�loxËgihIn�lG{�jpg�x��|���ugGn
zi©K¡ml={�j�h���e7x��EtVx�hwj�gGx
{�l�z��#g�jpgihk��zinòhw��©�jpgihk��zi©K¡ml={�j7{�zixKj�gGtVx
h�±�tVx¢jmloôKjo±�j�s�lIx�g�}.l�z��Uj�s�l
hw�
lG{�tS�T{Ijpgihw�&j�s
g�j2t�j!n�lo��n�lGhwloxKj�h�� � x�����j�Âoz|��jm���8jIy8g�j�gEjk���
lGh2g�n�lÛnmlo�8nmlGhklox�j�lGy�©K�&g�n�nmzG¨7h



§�¥

   Exit      Help    Continue 

 Function  

 Behavior  

 Structure 

 Other Cases 

  Best Case  

Using Function

Principles

Under Condition State

Under Condition Transition

Under Condition Substance

Under Condition Component

Affected States

Affected Transitions

Due to Stimulus

By Behavior

By Temporal Abstraction

Parametric Equations

Side Effects

Transition:39Behavior of the case:  NITRIC-ACID-COOLER-1

Behavior:  Overall-Behavior

State:40

NITRIC-ACID

at location: p0

TEMPERATURE

temperature-1

DEGREES

of

FLOW-RATE

rate-0

LITERS-PER-SECOND

of

containing HEAT

MAGNITUDE

heat-1

DEGREES

of

Transition:39

State:41

NITRIC-ACID

at location: p4

TEMPERATURE

temperature-2

DEGREES

of

FLOW-RATE

rate

LITERS-PER-SECOND

of

containing HEAT

MAGNITUDE

heat-2

DEGREES

of

Other Behavior(s) :  Heat-Water

The transition Transition:39  occurs 

using the function Pump

of the component Nac-Device

 EXIT 

�1tV�|��nml�ÄK� §��Uq n�gGx
hwt�jmt�zix���hwtVx8�Ûjms�l�����x
{�j�tVz|xªzG�#g.�Uzi}.�
zix8lox�j

�
zG¨rtVx8�!t�x�j�z�zin�zi��jUz��îj�g|hw�In�lG{�jpg�x��|�VlGh1�~g�©
lo��lGyI¨rtVj�sÛjmloôKjUy�lGh�{�nmt���jmt�zix
h��,�1tV�|��nmlðÄ�� Q hws�zG¨7h
jms8lI{�zi}.����lojml=yÚjpgihw�EzG�Ug|y�g���jpg�j�tVzix6g|h�gIn�lG{�jpg�x��|�Vl2zix¢jms�l2�Vl��@j�z��Mjms�l�hm{�nmloloxî�

q�s�l2g|y�g���jpg�j�tVzixEjpgihw�¬tuh��
lonk�@zinm}�lGyÚt�x<�2�������
	��I©K�Û�
hktVx��Ûj�s�l!Ô�}.zKy�lo�ÿ°�©�gihwl=y�g|y�g���jpg=°
jmt�zixyÖ�}.l�jms�zKy���e�h�hks�zG¨rx.tVx¬�1t��i��n�l^ÄK� Q ±Kg2}.lojms8zKyItuh1n�lo��nml=hwloxKjmlGyÛg|hUg�x¬z��|gG��{�zixKj�g�t�x�tVx8�
jms8l�x
g�}�l�zG��j�s�l2hw�
lG{�tS�T{r}.loj�s�zKy.g�x�yOt~hc�
zPhktVj�tVzix8lGy�jmzÛj�s�l�n�tV�isKj�zG��j�s�l�jpgihw�¬jmzÛ¨rs8tu{�s�t�j
g��8���Vt�lGh�� v nmzK{�lGy���n�lGhrg�n�lInml���nmlGhkloxKjmlGy�©K�¬jms�lot�nrx
g�}�lGhct�xªj�loôKjo�

q�s�l¬hw�8©�j�g|hw�8hòt�x�tVj�tugGjmlGy.©K��g¬}.lojms8zKy�g�n�l¬y�tuhk���ugo�PlGy.z|x¶j�s�lIn�tV�isKj7z��#jms�lÛzG�|g��,nml���nml�°
hwl�x�j�tVx��.j�s
g�j�}.lojms8zKy�� � x&�1t��i��n�l«ÄK� Q ±�jms�l¬hk��©�jpgihw�8h�z��#jms8l0ê�Ú¶äjæ�ômÙÕÞmêmÞdÛyÜ¨ÞpÜ°æ
ØmÙ�jpgihk�&g�n�l



§P¼

   Exit      Help    Continue 

 Function  

 Behavior  

 Structure 

 Other Cases 

  Best Case  

Behavior of the case:  NITRIC-ACID-COOLER-1

Behavior:  Heat-Water
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The Functional Differences Might Be Caused By:

* The DIRECTLY proportional effect of

the parameter Capacity of component Bulb

in behavior Light-Behavior.

* The DIRECTLY proportional effect of

the parameter Capacity of component Battery

in behavior Electricity-Behavior.
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Functional Specification of the Case :  LIGHT-PRODUCE

GIVEN STATE

ELECTRICITY

VOLTAGE

volts-10

VOLTS

of

MAKES STATE

LIGHT

INTENSITY

less-eighteen

LUMENS

of

STIMULUS

 WHY 

There is a PROPERTY-SPECIALIZATION specialization from ROOT-NODE for the attribute VOLTAGE specified in FUNC-SPEC

There is a VALUE-SPECIALIZATION specialization from PROPERTY-NODE for the attribute VOLTS-10 specified in FUNC-SPEC

The VALUE-NODE of VOLTS-10 has CASE-OBJECT(s), RWA

The VALUE-NODE of VOLTS-10 has CASE-OBJECT(s), RWA

There is a PROPERTY-SPECIALIZATION specialization from ROOT-NODE for the attribute INTENSITY specified in FUNC-SPEC

There is no VALUE-SPECIALIZATION specialization of the PROPERTY-NODE

The PROPERTY-NODE of INTENSITY has CASE-OBJECT(s), LIGHT-PRODUCE
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Property

Function

Case Memory
Design-Case-Memory
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Nitric-Acid-Cooler-1
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Acidity: LOW

Nitric-Acid-Cooler-1

Acidity: HIGH

Sulphuric-Acid-Cooler-1

Volume

Buzzer-Case

Voltage

Light-Produce

Intensity

Light-Produce
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 Function  

 Behavior  

 Structure 

 Other Cases 

  Best Case  

Functional Specification of the Case :  LIGHT-PRODUCE

GIVEN STATE

ELECTRICITY

VOLTAGE

volts-10

VOLTS

of

MAKES STATE

LIGHT

INTENSITY

less-eighteen

LUMENS

of

By Behavior: 

LIGHT-BEHAVIOR

STIMULUS
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 Behavior  

 Structure 

 Other Cases 

  Best Case  

Behavior of the case:  LIGHT-PRODUCE

Behavior:  Light-Behavior

State:69

LIGHT

INTENSITY

int0

LUMENS

of

Transition:68

State:70

LIGHT

INTENSITY
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Other Behavior(s) :  Electricity-Behavior
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 Function  

 Behavior  

 Structure 

 Other Cases 

  Best Case  

Behavior of the case:  LIGHT-PRODUCE

Behavior:  Electricity-Behavior

State:65

ELECTRICITY

VOLTAGE

volts-0

VOLTS

of

Transition:63

State:66

ELECTRICITY

VOLTAGE

volts-10

VOLTS

of

Transition:64

State:67
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Other Behavior(s) :  Light-Behavior
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Method:
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Problem
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Probes
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Procedure/Method:
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Adaptation
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Task:

Model-Based
Adaptation

Method:

Best Match

Computation
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Diagnosis

Repair

Find-func-
spec-diff

Procedure/Method:

Model-Based
Method

Model-Based
Repair
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Repair
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Procedure/Method:
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Comparison of Functional Specifications:

Desired
Function

Function of
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Case

Identified
Differences

Given State

Substance:
Property:
Value:

Electricity
Voltage
volts-10

Electricity
Voltage
volts-10

Makes State

Substance:
Property:
Value:

Light
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less-eighteen

Light
Intensity
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Method:
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Differences Func Diffs

Subtasks:

Best Match
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Diagnosis

Repair
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Procedure/Method:
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Method

Model-Based
Repair
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The Functional Differences Might Be Caused By:

* The DIRECTLY proportional effect of

the parameter Capacity of component Bulb

in behavior Light-Behavior.

* The DIRECTLY proportional effect of

the parameter Capacity of component Battery

in behavior Electricity-Behavior.
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Adaptation

Method:
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Diagnosis
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Procedure/Method:
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Repair
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Best Match

Func Spec

Func Diffs

Poss Faults

Repair

Task:

Model-Based
Repair

Method:

Best Match

Func Diffs

Poss Faults

Model
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Subtasks:

Verification

Structure
Replication

Procedure/Method:

Model-Based
Simulation

�1t��i��n�l#��V¥o¦K�U��l��
g�t�nrq,gihw�&�K{�nmloloxî�V�l��@zin�l2f�zKy�lo�,�rlo�Ktuhwt�zix



ngl

�1tV�|��nml ��ó¼|½¶hks�zG¨7hÚj�s
g�j�jms�l¢zi��j�����j¬z��2j�s�l þqØoê�ÚìßP÷�Ú�ò4æ�äjæ
ØmÙ6hw��©8j�gihk�ËtuhÛjms�l¢x�lo¨
�Pr�(}.zKy�l�� y�lGh�{�nmt�©�tVx8�Ijms8lIyKlGhwt�nmlGyEy�lo�Ktu{�lP�,q�s�l2�
hwlon�{���tu{���h�zixEj�s�lÔòVØmÙ�Ü°æ
Ù]Ý Úr©��8jmjmz|x�j�z
y�t~hw���~g=��jms�l��@��x
{�jmtVz|xEz���jms�l2x�lo¨0y�lo�Ktu{�lP�

   Exit      Help    Continue 
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Poss Faults

Repair

Task:

Model-Based
Repair

Method:

Best Match
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Poss Faults

Model
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Subtasks:

Verification

Structure
Replication

Procedure/Method:

Model-Based
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 Function  

 Behavior  

 Structure 

Functional Specification of the Case :  PROBLEM5

GIVEN STATE

ELECTRICITY

VOLTAGE

volts-10

VOLTS

of

MAKES STATE

LIGHT

COLOR

BLUE

COLOR

of

INTENSITY

EIGHTEEN

LUMENS

of

By Behavior: 

ELECTRICITY-BEHAVIOR--A

STIMULUS

Functional Specification of the Case :  PROBLEM5

GIVEN STATE

ELECTRICITY

VOLTAGE

volts-10

VOLTS

of

MAKES STATE

LIGHT

COLOR

BLUE

COLOR

of

INTENSITY

EIGHTEEN

LUMENS

of

By Behavior: 

ELECTRICITY-BEHAVIOR--A

STIMULUS
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 Function  

 Behavior  

 Structure 

Using Function

Principles

Under Condition State

Under Condition Transition

Under Condition Substance

Under Condition Component

Affected States

Affected Transitions

Due to Stimulus

By Behavior

By Temporal Abstraction

Parametric Equations

Side Effects

Transition:245Behavior of the case:  PROBLEM5

Behavior:  Light-Behavior--A

State:246

LIGHT

INTENSITY

int0

LUMENS

of

Transition:245

State:244

LIGHT

INTENSITY

less-eighteen-more

LUMENS

of

Other Behavior(s) :  Electricity-Behavior--A

The transition Transition:245  occurs 

using the function Bulb-Function-Light--A

of the component Bulb2

 EXIT 
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 Function  

 Behavior  

 Structure 

Behavior of the case:  PROBLEM5

Behavior:  Electricity-Behavior--A

State:251

ELECTRICITY

VOLTAGE

volts-0

VOLTS

of

Transition:250

State:249

ELECTRICITY

VOLTAGE

volts-10

VOLTS

of

Transition:248

State:247

ELECTRICITY

VOLTAGE

volts-5

VOLTS

of

Other Behavior(s) :  Light-Behavior--A
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Best Match

Func Spec

Func Diffs

Poss Faults

Repair

Task:

Model-Based
Repair

Method:

Best Match

Func Diffs

Poss Faults

Model
Revision New Model

Subtasks:

Func Spec

New Model

Verification

Structure
Replication

Procedure/Method:

Model-Based
Simulation

�1t��i��n�lA��®¼�§8�U��lo��g�tVn7q,gihk���K{�n�lolox �V�l��@zinml�²cl�nmtS�*{og�j�tVzix



¦i¼

�1tV�|��nml ��®¼i¾&hks�zG¨7hÚj�s
g�j¬jms�lEn�lGhw����jÛz��2j�s�l��½Ú�å�æ ÓY×tÞpÜ¨æ
ØmÙ¶hw�8©�j�g|hw�µt~hÛg¶{�zi}.�
gGnmt~hwzix
©
lojk¨�lol�x�j�s�l2y�lGhktVn�lGy�gGx
y�j�s�l2gi{�s�t�lo�PlGy!�@��x
{�jmtVz|x
hczG�,jms�lòy�lo�Ktu{�lGh��,q�s�l��
hklonr{���tu{���h,zix.j�s�l
òVØmÙ�Ü¨æ
ÙUÝUÚr©���jmj�zixEjmz�y�t~hw���~g=��jms�l�{�z|}.�
g�n�tuhkzix.©
lojk¨�l�loxEjms�l��@��x
{�jmtVz|x
h��

   Exit      Help    Continue 

Best Match

Func Spec

Func Diffs

Poss Faults

Repair

Task:

Model-Based
Repair

Method:

Best Match

Func Diffs

Poss Faults

Model
Revision New Model

Subtasks:

Func Spec

New Model

Verification
Comparison

Structure
Replication

Procedure/Method:

Model-Based
Simulation
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Comparison of Desired Function and Function of Revised Model:

Desired Functional Specification:

GIVEN STATE

ELECTRICITY

VOLTAGE

volts-10

VOLTS

of

MAKES STATE

LIGHT

COLOR

BLUE

COLOR

of

INTENSITY

EIGHTEEN

LUMENS

of

STIMULUS

Function Achieved by Revised Model:

GIVEN STATE

ELECTRICITY

VOLTAGE

volts-10

VOLTS

of

MAKES STATE

LIGHT

COLOR

BLUE

COLOR

of

INTENSITY

EIGHTEEN

LUMENS

of

STIMULUS
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Best Match

Func Spec

Design
Adaptation

Task:

Model-Based
Adaptation

Method:

Best Match

Computation
of Functional
Differences Func Diffs

Subtasks:

Best Match

Func Diffs

Diagnosis
Poss Faults

Best Match

Func Spec

Func Diffs

Poss Faults

Repair
New Model

Find-func-
spec-diff

Procedure/Method:

Model-Based
Method

Model-Based
Repair
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Func Spec
Design

Task:

Case-Based
Reasoning

Method:

Func Spec
Problem

Elaboration Probes

Subtasks:

Probes
Case

Retrieval Best Match

Best Match

Func Spec

Design
Adaptation New Model

Case
Storage

Heuristics

Procedure/Method:

Discrimination
Tree Search

Model-Based
Adaptation

Discrimi-
nation Tree
Reorganizat-

ion
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Func Spec
Design

Task:

Case-Based
Reasoning

Method:

Func Spec
Problem

Elaboration Probes

Subtasks:

Probes
Case

Retrieval Best Match

Best Match

Func Spec

Design
Adaptation New Model

New Model
Case

Storage

Heuristics

Procedure/Method:

Discrimination
Tree Search

Model-Based
Adaptation

Discrimi-
nation Tree
Reorganizat-

ion
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   Exit      Help    Continue 

New Model
Case

Storage

Task:

Discrimi-
nation Tree
Reorganizat-

ion

Method:

New Model
Index

Learning

Subtasks:

Memory
Placement

Model-Based
Index

Learning

Procedure/Method:

Case
Placement
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New Model
Case

Storage

Task:

Discrimi-
nation Tree
Reorganizat-

ion

Method:

New Model
Index

Learning Indices

Subtasks:

Memory
Placement

Model-Based
Index

Learning

Procedure/Method:

Case
Placement
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The Indices Under Which the New Case Will Be Stored Are:

Voltage

Color

Intensity
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New Model
Case

Storage

Task:

Discrimi-
nation Tree
Reorganizat-

ion

Method:

New Model
Index

Learning Indices

Subtasks:

New Model

Indices

Memory
Placement

Model-Based
Index
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