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this validation is as follows: The turbine produces ME by de-energizing the flowing

water, i.e., by removing some of its kinetic energy, and the generator converts

that ME to EE. Thus, the input to this black-box should be “flowing water", while

the output should be “slow water" and “electric energy", written in plain English.

The algorithm should accept this black-box and generate subfunctions that imply

the removal of mechanical energy from water and the conversion of mechanical

energy to electrical energy. Note that the shaft and the electric wires shown in the

figure perform auxiliary functions, “Transfer Energy" in both cases, for ME and EE

respectively. These auxiliary functions would be captured if one performed reverse

engineering on this system. However, staying consistent with the pruning idea

discussed above, they are not required at the output of the algorithm.

Figure 7.7: Water Turbine3

The aforesaid input and output flows to the black-box were inserted in the VB

interface of Figure 7.5 and the decomposition results produced by the program are

shown in Table 7.2. The function “DeEnergize_M" and “Convert_E" represents the

desired subfunctions identified above and shown in Figure 7.7. Thus, it is validated

3 http://www.electricalmastar.com/hydro-turbine-working-principle/, accessed on April. 23, 2019
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Table 7.2: Model Decomposition Results for Figure 7.7

Function Input1 Input2 Output1 Output2 Loss

DeEnergize_M flowing water Slow water ME Energy

Convert_E ME EE Energy

that the algorithm produced the expected results in this case. The graphical model

is omitted for brevity.

7.3 Validation 3: An Electric Water Pump

The actions of an electric water pump, shown in Figure 7.8, are exactly opposite to

that of a hydroelectric power plant. It consumes EE and water at rest, while delivers

water at a raised location in flowing condition. Thus, the input to the black-box

model should be “EE" and “water," and output should be “raised flowing water."

Internally, the system converts the EE into ME using a motor, and adds that ME to

the water using an impeller. Thus, after decomposition by the algorithm, the model

should show the main subfunctions that imply “Convert EE to ME" and “raise and

speed up water." This is the burden of validation in this case.

The aforesaid input and output flows to the black-box were inserted in the VB

interface of Figure 7.5 and the decomposition results produced by the program are

shown in Table 7.2. Functions “Convert_E" and the two instances of “Energize_M"

represent “Convert EE to ME" and “raise and speed up the water," respectively. The

function “Distribute_E" is used to account for two subtypes of ME separately: (1) ME

for increasing height, as accomplished by adding gravitational potential energy, and

(2) ME for increasing the velocity, accomplished by adding kinetic energy. These

subtypes are all written as ME in the table because our current ontology does not

4 https://electricwaterpumpguide.com/how-does-a-water-pump-work/, accessed on April. 23,
2019
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Figure 7.8: Electric Water Pump4

Table 7.3: Model Decomposition Results for Figure 7.8

Function Input1 Input2 Output1 Output2 Loss

Convert_E EE ME Energy

Distribute_E ME ME ME Energy

Energize_M NullH NullV water ME raised NullV water Energy

Energize_M raised NullV water ME raised flowing water Energy

recognize these subtypes yet, but the algorithm is already capable of identifying

two different energy flows needed. All principal functions and flows of the system

presented in Figure 7.8 are obtained by this decomposition, thus validating the

algorithm’s ability to produce expected results in this case as well.

7.4 Validation 4: Functional Alternative Generation
for A Novel Complex System

In order to demonstrate the algorithm’s ability to generate valid models for more

complex and novel systems, the black-box model shown in Figure 7.9 is used as the
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input to the algorithm. This unnamed and novel system inputs EE and cold water,

while producing hot flowing water and a flow of ME.

Figure 7.9: Black-Box Model of a Novel, Unnamed System

The result of the decomposition is shown in Table 7.4. As expected, rows 1-3

are similar to the previous validation case. In rows 4 and 5, ThE and ME are added

to water. Rows 6-11 show the options for producing the outgoing energy flows. For

example, option 1 suggests that the incoming EE be first distributed (before the first

Distribute_E function in row 1) and one portion of it be used to produce the ME

using a Convert_E function. Option 2 suggests that the thermal energy produced

in row 2 be distributed into two portions, one of which is used to produce the

ME through a Convert_E feature. Finally, option 3 suggests that the desired output

ME be produced by distributing a portion of the ME produced in row 3 using a

Distribute_E function and conducting that ME flow out of the system boundary

using a Conduct_E function. Thus, the algorithm’s ability to produce design options

is also verified. These options vary both in the selection of functions and topology.

A Siemens NX program (see Figure 7.10) is developed for generating the

decomposed function models using the algorithm’s output. Once a black-box model

is constructed in NX using the program (top-left image of the figure), the program

exports the black-box model to the Excel file for producing the decomposition

options and imports the results to draw the decomposed models in NX space. The
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Table 7.4: Model Decomposition Results for Figure 7.9

Function Input1 Input2 Output1 Output2 Loss

1 Distribute_E EE EE EE Energy

2 Convert_E EE ThE Energy

3 Convert_E EE ME Energy

4 Energize_M cold NullV
water

ThE hot NullV
water

Energy

5 Energize_M hot NullV
water

ME hot flowing
water

Energy

6 Option 1 Distribute_E EE EE EE Energy

7 Convert_E EE ME Energy

8 Option 2 Distribute_E ThE ThE ThE Energy

9 Convert_E ThE ME Energy

10 Option 3 Distribute_E ME ME ME Energy

11 Conduct_E ME ME Energy

three models shown in the figure represent the three options mentioned in Table

7.4, produced by the NX program by following the algorithm of the topological

layer presented in Chapter 6. With the above four demonstrations, the research is

now validated.
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Figure 7.10: Function Model Design Alternatives for Table 7.4 on Siemens NX
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Chapter 8

Conclusions and Future Work

This chapter answers the research questions, summarizes the results, conclusion,

and discusses the limitation for the presented research, and the reserved and extend

future work would build upon current research is also proposed.

8.1 Answers to Research Questions and Hypotheses

In this section, the research questions posed in Chapter 1 are answered and the

hypotheses are concluded. The questions are answered starting from the sub-

questions, leading up to the answer to the respective main questions, summarized

in Table 8.1 through Table 8.3.

The answers to the research questions and hypotheses are discussed and

concluded above. Overall, it is observed that the approach or the system presented in

this dissertation can decompose and generate multiple detailed function models by

using the designer-written name of flows in a black-box model. Next, the summary

of this dissertation is presented, and the limitations of this research are discussed.
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Table 8.1: Answers to Research Question 1

RQ-1.1 What data elements must be captured and formalized to support
the reasoning algorithms to do so?

RH-1 The representation of flow nouns, and flow attributes, their
qualitative values, as well as the representation of qualitative
physics laws can support the reasoning and algorithms.

Status Supported.

The hypothesis is tested by applying these representation data to
those reasoning algorithms in sections 3.3, 4.3.1, and 4.3.2. The
expected results are obtained as shown in those sections.

RQ-1.2 What automated reasoning and algorithms can be used to
decompose and generate detailed function models by analyzing
the designer-written names of flows?

RH-2 A set of semantic reasoning, qualitative physics reasoning, rules
for mapping physical actions to functions, and topological
grammar rules can be used to decompose and generate detailed
function models.

Status Supported.

This hypothesis is tested by implementing these reasoning
algorithms into the software in sections 3.3, 4.3, 6.3 and Chapter
7. The expected results are also obtained.

RQ-1 Can the designer-written names of flows in black-box models be
used to decompose and generate detailed function models?

Answer Yes.

Combining the knowledge representations and reasoning
algorithms of the three layers - semantic layer, qualitative physics
layer and topological layer - presented in chapters 3, 4, 5, and 6,
the detailed function models can be decomposed and generated
through using the flow names of the black-box model assigned by
the designer.
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Table 8.2: Answers to Research Question 2

RQ-2.1 What data elements must be captured and formalized to support
the discovery of multiple functional design options?

RH-3 The representation of qualitative physics laws can be used to
discover the design options corresponding to physical actions.
Additional formalization of functions and features are also
necessary to support discovering multiple functional design
options.

Status Supported.

The hypotheses is tested by applying these representations data to
those reasoning algorithms in sections 4.3.1, 4.3.2, 6.3, and
Chapter 7. The expected results are obtained.

RQ-2.2 Which algorithmic process can be used to discover the functional
design space?

RH-4 Multiple physical solutions can be discovered through qualitative
physics reasoning, and multiple topologies can be identified by
applying a set of topological grammar rules and algorithms.

Status Supported.

This hypothesis is tested by implementing these reasoning
algorithms into the software in sections 4.3.1, 4.3.2, 6.3, and
Chapter 7. Multiple functional design options are obtained as
expected.

RQ-2 Can multiple functional design options be generated though a
formal representation and reasoning?

Answer Yes.

Synthesizing the answers of the two sub-questions, multiple
functional design options can be generated as shown in Section
4.3.2 and Chapter 7.
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Table 8.3: Answers to Research Question 3

RQ-3 How can the ability of this approach to support automated model
decomposition, as outlined above, be demonstrated and
validated?

RH-5 The ability of this approach can be validated by first developing a
software program that implements this approach, and then by
comparing the function models generated by that program with
the function model of a product stored in the Design Repository to
check if the stored model is one of the options generated by the
program.

Status Supported.

The hypothesis is tested by implementing knowledge
representations and reasoning algorithms into software, and
comparing the obtained results with the function model stored in
the Design Repository, shown in Chapter 7.

8.2 Conclusion

This dissertation presents a formalism for semantic and physics-based reasoning

on function model graphs, esp. to automatically decompose black-box models and

to generate design alternatives. Semantic reasoning analyzes the plain-English

flow phrases in black-box models to determine the attribute changes necessary

in the model. The physics-based reasoning then computes the functions to be

used to achieve those changes. Finally, topological reasoning computes multiple

ways to connect the functions into a variety of decompositions. A data structure of

flows, functions, features, attributes, qualitative value scales, and qualitative physics

laws constitutes the formal representation. Mapping grammar rules, topological

connection rules and algorithms for the three layers manipulate this data to

perform reasoning. The formalism—representations and algorithms—is validated
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by incorporating it in VB and the NX Knowledge Fusion language, which produce

graph-based function models and design alternatives for four given test cases.

The design variants produced by the method may describe significantly different

physical realizations of the system. For example, in Case 4, option 1 relies on

distributing the energy while it is still in EE form and thus probably needs an

electrical junction for Distribute_E and motors for the Convert_E functions. By

contrast, option 3 relies on distributing the energy as ME, which would need devices

such as gearboxes, while the conduction of ME would need a shaft that delivers

the energy at system boundary. These design alternatives may not be all equally

desirable or feasible, based on other constraints, esp. quantitative information

residing outside the model. However, generating these design alternatives at the

functional level will help realize the benefits of exploring the design space while

the design process is still in the functional domain and before committing to form,

which is classically accepted the main purpose of function-based design [6, 12, 35].

With this research, this type of functional concept generation and exploration is

now feasible on the computer, which underscores the merits of this research.

While this research addresses an important gap, there are limitations. First, note

that all possible options of function models are not necessarily valid. Generating the

valid option space requires much additional world knowledge about the possible

working principles to realize each function and their behavior and performance

character, and is a significant research problem in itself. The current algorithm

demonstrates the ability to generate design options algorithmically, but not

necessarily all possible options, or all valid options. That extension is reserved

for future work.

Second, the representation, grammar rules are currently not fully developed. All

the reasonings, implementations and validations presented in this dissertation is

limited to the incomplete representation and grammar rules. The coverage of model
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ability will be increased along with further improvement of the representations and

grammar rules.

Finally, it is important to note that natural languages are inherently ambiguous,

and their correct interpretation relies upon explicit and implicit contexts. Natural

languages are complicated by the use of jargon, regional variations, slangs,

inclusions from other languages, assumptions, sarcasm, and the ever-evolving

nature characteristic of them. These effects make it difficult to write a static

algorithm to process them. Thus, this research does not claim that it achieved

semantic reasoning in the context of the fully-open version of natural English. For

this scheme to work, the modeler must commit to a subset of the English language.

This problem is addressed here by making the data elements user-extendable and

customizable. Such an adjustment may make this reasoning useful for a specific

user community but may reduce the interoperability between communities. Despite

this limitation, this research realizes new abilities of function-based design that are

not currently supported.

8.3 Future Work

While physics-based semantic reasoning for function modeling is demonstrated, the

following extensions are currently underway:

 The third step of the approach, namely the topological layer for computing

the model variants, is realized here in a limited capacity. The full realization of

this ability could be achieved by further development of data representations,

mapping rules and grammar rules, and functional features.

 The data structure is being implemented in Protégé OWL. In the final

form, this ontology will include a complete description of the qualitative

laws of physics, flow attributes, fuzzy value scales, and a thesaurus of
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synonyms. The reasoning relies on the nouns and adjectives being available

in the database. To ensure sufficient modeling coverage, all flow nouns and

adjectives harvested from the Design Repository will be included.

 A separate effort to extend this reasoning to the verb phrases in the function

blocks, which mainly contain verbs and adverbs, is also undertaken.

 Work is also underway to generate black-box function models from stated

functional requirements, so that they could be fed as input to the algorithm

presented here.

 A more objective way to filter the possible causes for a desired effect will be

created based on the availability of working principles for each cause-effect

combination.

 A method to evaluate and select the design options generated by the algorithm

will be created based on feasibility information.

 The set of function features is being further developed to provide sufficient

modeling coverage. The final end-usable tool will be written in a sharable

language platform and will provide all the features and benefits of the

lower-level function modeling language that ensures logical consistency and

physics-wise validity of the models, and further provide the physics-based

semantic reasoning used for automated decomposition and design alternative

generation, demonstrated here.
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Appendix A

Black-Box Model Decomposition
Code

This appendix contains the Excel VB code and the Siemens NX Knowledge Fusion

code for decomposing the black-box model. A tabular form of decomposition results

is obtained by using the VB code, and then the graphic representation is created in

the Siemens NX.

A.1 Excel VB Code

This section contains the Excel VB code that produce the decomposition results for

Seimens NX for further graphic representation.

''''''Main Program''''''
Sub Run()
Call Clear
'''''POS Tagger
Call WriteForTag1
Call ReadUnTag1
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Call TaggingAndWait("cmd.exe /S /C" & "C: & cd C:\Users\maox2012\
Desktop\TestExcelSoftware\stanford�postagger�full�2017�06�09 &
stanford�postagger models\english�bidirectional�distsim.tagger C:\
Users\maox2012\Desktop\TestExcelSoftware\PosInput.txt>C:\Users\
maox2012\Desktop\TestExcelSoftware\PosOutput.txt")

Call ReadTagged1

Call WriteForTag2
Call ReadUnTag2
Call TaggingAndWait("cmd.exe /S /C" & "C: & cd C:\Users\maox2012\

Desktop\TestExcelSoftware\stanford�postagger�full�2017�06�09 &
stanford�postagger models\english�bidirectional�distsim.tagger C:\
Users\maox2012\Desktop\TestExcelSoftware\PosInput.txt>C:\Users\
maox2012\Desktop\TestExcelSoftware\PosOutput.txt")

Call ReadTagged2

Call WriteForTag3
Call ReadUnTag3
Call TaggingAndWait("cmd.exe /S /C" & "C: & cd C:\Users\maox2012\

Desktop\TestExcelSoftware\stanford�postagger�full�2017�06�09 &
stanford�postagger models\english�bidirectional�distsim.tagger C:\
Users\maox2012\Desktop\TestExcelSoftware\PosInput.txt>C:\Users\
maox2012\Desktop\TestExcelSoftware\PosOutput.txt")

Call ReadTagged3

Call WriteForTag4
Call ReadUnTag4
Call TaggingAndWait("cmd.exe /S /C" & "C: & cd C:\Users\maox2012\

Desktop\TestExcelSoftware\stanford�postagger�full�2017�06�09 &
stanford�postagger models\english�bidirectional�distsim.tagger C:\
Users\maox2012\Desktop\TestExcelSoftware\PosInput.txt>C:\Users\
maox2012\Desktop\TestExcelSoftware\PosOutput.txt")

Call ReadTagged4

Call WriteForTag5
Call ReadUnTag5
Call TaggingAndWait("cmd.exe /S /C" & "C: & cd C:\Users\maox2012\

Desktop\TestExcelSoftware\stanford�postagger�full�2017�06�09 &
stanford�postagger models\english�bidirectional�distsim.tagger C:\
Users\maox2012\Desktop\TestExcelSoftware\PosInput.txt>C:\Users\
maox2012\Desktop\TestExcelSoftware\PosOutput.txt")

Call ReadTagged5

Call WriteForTag6
Call ReadUnTag6
Call TaggingAndWait("cmd.exe /S /C" & "C: & cd C:\Users\maox2012\

Desktop\TestExcelSoftware\stanford�postagger�full�2017�06�09 &
stanford�postagger models\english�bidirectional�distsim.tagger C:\
Users\maox2012\Desktop\TestExcelSoftware\PosInput.txt>C:\Users\
maox2012\Desktop\TestExcelSoftware\PosOutput.txt")

Call ReadTagged6
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'''''Compare
Call StoreJJ
Call StoreNN

Call Comp
Call WriteforNX
End Sub

'''''POSTagger'''''''''
Sub WriteForTag1()
Dim file As String
file = ThisWorkbook.Path & "\PosInput.txt"
Open file For Output As #1
Print #1, Range("D10")
Close #1

End Sub
Sub WriteForTag2()
Dim file As String
file = ThisWorkbook.Path & "\PosInput.txt"
Open file For Output As #1
Print #1, Range("D12")
Close #1

End Sub
Sub WriteForTag3()
Dim file As String
file = ThisWorkbook.Path & "\PosInput.txt"
Open file For Output As #1
Print #1, Range("D14")
Close #1

End Sub
Sub WriteForTag4()
Dim file As String
file = ThisWorkbook.Path & "\PosInput.txt"
Open file For Output As #1
Print #1, Range("H10")
Close #1

End Sub
Sub WriteForTag5()
Dim file As String
file = ThisWorkbook.Path & "\PosInput.txt"
Open file For Output As #1
Print #1, Range("H12")
Close #1

End Sub
Sub WriteForTag6()
Dim file As String
file = ThisWorkbook.Path & "\PosInput.txt"
Open file For Output As #1
Print #1, Range("H14")
Close #1
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End Sub

Sub ReadUnTag1()
Dim a, b, k%, i%, j%, q%
Dim file As String
file = ThisWorkbook.Path & "\PosInput.txt"
Open file For Input As #1

a = Split(StrConv(InputB(LOF(1), 1), vbUnicode), vbCrLf)
Close #1
k = UBound(a)
For i = 0 To k

b = Split(a(i), " ")
q = UBound(b)
For j = 0 To q
Worksheets("Test").Cells(i + 6, j + 19) = b(j)

Next
Next

End Sub
Sub ReadUnTag2()
Dim a, b, k%, i%, j%, q%
Dim file As String
file = ThisWorkbook.Path & "\PosInput.txt"
Open file For Input As #1

a = Split(StrConv(InputB(LOF(1), 1), vbUnicode), vbCrLf)
Close #1
k = UBound(a)
For i = 0 To k

b = Split(a(i), " ")
q = UBound(b)
For j = 0 To q
Worksheets("Test").Cells(i + 8, j + 19) = b(j)

Next
Next

End Sub
Sub ReadUnTag3()
Dim a, b, k%, i%, j%, q%
Dim file As String
file = ThisWorkbook.Path & "\PosInput.txt"
Open file For Input As #1

a = Split(StrConv(InputB(LOF(1), 1), vbUnicode), vbCrLf)
Close #1
k = UBound(a)
For i = 0 To k

b = Split(a(i), " ")
q = UBound(b)
For j = 0 To q
Worksheets("Test").Cells(i + 10, j + 19) = b(j)

Next
Next

End Sub
Sub ReadUnTag4()
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Dim a, b, k%, i%, j%, q%
Dim file As String
file = ThisWorkbook.Path & "\PosInput.txt"
Open file For Input As #1

a = Split(StrConv(InputB(LOF(1), 1), vbUnicode), vbCrLf)
Close #1
k = UBound(a)
For i = 0 To k

b = Split(a(i), " ")
q = UBound(b)
For j = 0 To q
Worksheets("Test").Cells(i + 14, j + 19) = b(j)

Next
Next

End Sub
Sub ReadUnTag5()
Dim a, b, k%, i%, j%, q%
Dim file As String
file = ThisWorkbook.Path & "\PosInput.txt"
Open file For Input As #1

a = Split(StrConv(InputB(LOF(1), 1), vbUnicode), vbCrLf)
Close #1
k = UBound(a)
For i = 0 To k

b = Split(a(i), " ")
q = UBound(b)
For j = 0 To q
Worksheets("Test").Cells(i + 16, j + 19) = b(j)

Next
Next

End Sub
Sub ReadUnTag6()
Dim a, b, k%, i%, j%, q%
Dim file As String
file = ThisWorkbook.Path & "\PosInput.txt"
Open file For Input As #1

a = Split(StrConv(InputB(LOF(1), 1), vbUnicode), vbCrLf)
Close #1
k = UBound(a)
For i = 0 To k

b = Split(a(i), " ")
q = UBound(b)
For j = 0 To q
Worksheets("Test").Cells(i + 18, j + 19) = b(j)

Next
Next

End Sub

Sub ReadTagged1()
Dim a, b, k%, i%, j%, q%
Dim file As String
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file = ThisWorkbook.Path & "\PosOutput.txt"
Open file For Input As #1
a = Split(StrConv(InputB(LOF(1), 1), vbUnicode), vbCrLf)
Close #1

k = UBound(a)
For i = 2 To k

b = Split(a(i), " ")
q = UBound(b)
For j = 0 To q
Worksheets("Test").Cells(i + 5, j + 19) = b(j)

Next
Next

End Sub
Sub ReadTagged2()
Dim a, b, k%, i%, j%, q%
Dim file As String
file = ThisWorkbook.Path & "\PosOutput.txt"

Open file For Input As #1
a = Split(StrConv(InputB(LOF(1), 1), vbUnicode), vbCrLf)
Close #1

k = UBound(a)
For i = 2 To k

b = Split(a(i), " ")
q = UBound(b)
For j = 0 To q
Worksheets("Test").Cells(i + 7, j + 19) = b(j)

Next
Next

End Sub
Sub ReadTagged3()
Dim a, b, k%, i%, j%, q%
Dim file As String
file = ThisWorkbook.Path & "\PosOutput.txt"

Open file For Input As #1
a = Split(StrConv(InputB(LOF(1), 1), vbUnicode), vbCrLf)
Close #1

k = UBound(a)
For i = 2 To k

b = Split(a(i), " ")
q = UBound(b)
For j = 0 To q
Worksheets("Test").Cells(i + 9, j + 19) = b(j)

Next
Next

End Sub
Sub ReadTagged4()
Dim a, b, k%, i%, j%, q%
Dim file As String
file = ThisWorkbook.Path & "\PosOutput.txt"

Open file For Input As #1
a = Split(StrConv(InputB(LOF(1), 1), vbUnicode), vbCrLf)
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Close #1
k = UBound(a)
For i = 2 To k

b = Split(a(i), " ")
q = UBound(b)
For j = 0 To q
Worksheets("Test").Cells(i + 13, j + 19) = b(j)

Next
Next

End Sub
Sub ReadTagged5()
Dim a, b, k%, i%, j%, q%
Dim file As String
file = ThisWorkbook.Path & "\PosOutput.txt"

Open file For Input As #1
a = Split(StrConv(InputB(LOF(1), 1), vbUnicode), vbCrLf)
Close #1

k = UBound(a)
For i = 2 To k

b = Split(a(i), " ")
q = UBound(b)
For j = 0 To q
Worksheets("Test").Cells(i + 15, j + 19) = b(j)

Next
Next

End Sub
Sub ReadTagged6()
Dim a, b, k%, i%, j%, q%
Dim file As String
file = ThisWorkbook.Path & "\PosOutput.txt"

Open file For Input As #1
a = Split(StrConv(InputB(LOF(1), 1), vbUnicode), vbCrLf)
Close #1

k = UBound(a)
For i = 2 To k

b = Split(a(i), " ")
q = UBound(b)
For j = 0 To q
Worksheets("Test").Cells(i + 17, j + 19) = b(j)

Next
Next

End Sub

Sub Tagging()
Shell ("cmd.exe /S /C" & "C: & cd C:\Users\maox2012\Desktop\

TestExcelSoftware\stanford�postagger�full�2017�06�09 & stanford�
postagger models\wsj�0�18�left3words�nodistsim.tagger C:\Users\
maox2012\Desktop\TestExcelSoftware\PosInput.txt>C:\Users\maox2012\
Desktop\TestExcelSoftware\PosOutput.txt")

End Sub
Function TaggingAndWait(cmd As String) As String
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Dim oShell As Object, oExec As Object
Set oShell = CreateObject("WScript.Shell")
Set oExec = oShell.exec(cmd)
ShellAndWait = oExec.StdOut.ReadAll

Set oShell = Nothing
Set oExec = Nothing

End Function

Sub Clear()
Range("R6:U19").ClearContents
Range("R24:U29").ClearContents
Range("N37:P39").ClearContents
Range("S36:Y44").ClearContents
Range("G37:P43").ClearContents
Range("R65:S100").ClearContents
Range("F50:L61").ClearContents
End Sub

'''''''Store Data''''''''
Sub StoreJJ()
' set check cell
Set a = Range("S7")
Set b = Range("T7")
Set c = Range("U7")

Set d = Range("S9")
Set e = Range("T9")
Set f = Range("U9")

Set g = Range("S11")
Set H = Range("T11")
Set i = Range("U11")

Set j = Range("S15")
Set k = Range("T15")
Set l = Range("U15")

Set m = Range("S17")
Set n = Range("T17")
Set o = Range("U17")

Set p = Range("S19")
Set q = Range("T19")
Set r = Range("U19")

'JJ for Input Flow 1
If InStr(a, "_JJ") Or InStr(a, "_VBG") Or InStr(a, "_VBN") Then

Range("R24") = Range("S6")
If InStr(b, "_JJ") Or InStr(a, "_VBG") Or InStr(a, "_VBN") Then
Range("S24") = Range("T6")
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If InStr(c, "_JJ") Or InStr(a, "_VBG") Or InStr(a, "_VBN") Then
Range("T24") = Range("U6")
Else
Range("T24").Value = ""
End If

ElseIf InStr(c, "_JJ") Or InStr(a, "_VBG") Or InStr(a, "_VBN") Then
Range("S24") = Range("U6")
Else
Range("S24").Value = ""
End If

ElseIf InStr(b, "_JJ") Or InStr(a, "_VBG") Or InStr(a, "_VBN") Then
Range("R24") = Range("T6")
ElseIf InStr(c, "_JJ") Or InStr(a, "_VBG") Or InStr(a, "_VBN") Then
Range("R24") = Range("U6")
Else
Range("R24").Value = ""
End If

'JJ for Input Flow 2
If InStr(d, "_JJ") Or InStr(a, "_VBG") Or InStr(a, "_VBN") Then

Range("R25") = Range("S8")
If InStr(e, "_JJ") Or InStr(a, "_VBG") Or InStr(a, "_VBN") Then
Range("S25") = Range("T8")

If InStr(f, "_JJ") Or InStr(a, "_VBG") Or InStr(a, "_VBN") Then
Range("T25") = Range("U8")
Else
Range("T25").Value = ""
End If

ElseIf InStr(f, "_JJ") Or InStr(a, "_VBG") Or InStr(a, "_VBN") Then
Range("S25") = Range("U8")
Else
Range("S25").Value = ""
End If

ElseIf InStr(e, "_JJ") Or InStr(a, "_VBG") Or InStr(a, "_VBN") Then
Range("R25") = Range("T8")
ElseIf InStr(f, "_JJ") Or InStr(a, "_VBG") Or InStr(a, "_VBN") Then
Range("R25") = Range("U8")
Else
Range("R25").Value = ""
End If

'JJ for Input Flow 3
If InStr(g, "_JJ") Or InStr(g, "_VBG") Or InStr(g, "_VBN") Then

Range("R26") = Range("S10")
If InStr(H, "_JJ") Or InStr(H, "_VBG") Or InStr(H, "_VBN") Then
Range("S26") = Range("T10")

If InStr(i, "_JJ") Or InStr(i, "_VBG") Or InStr(i, "_VBN") Then
Range("T26") = Range("U10")
Else
Range("T26").Value = ""
End If
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ElseIf InStr(i, "_JJ") Or InStr(i, "_VBG") Or InStr(i, "_VBN") Then
Range("S26") = Range("U10")
Else
Range("S26").Value = ""
End If

ElseIf InStr(H, "_JJ") Or InStr(H, "_VBG") Or InStr(H, "_VBN") Then
Range("R26") = Range("T10")
ElseIf InStr(i, "_JJ") Or InStr(i, "_VBG") Or InStr(i, "_VBN") Then
Range("R26") = Range("U10")
Else
Range("R26").Value = ""
End If

'JJ for Output Flow 1
If InStr(j, "_JJ") Or InStr(j, "_VBG") Or InStr(j, "_VBN") Then

Range("R27") = Range("S14")
If InStr(k, "_JJ") Or InStr(k, "_VBG") Or InStr(k, "_VBN") Then
Range("S27") = Range("T14")

If InStr(l, "_JJ") Or InStr(l, "_VBG") Or InStr(l, "_VBN") Then
Range("T27") = Range("U14")
Else
Range("T27").Value = ""
End If

ElseIf InStr(l, "_JJ") Or InStr(l, "_VBG") Or InStr(l, "_VBN") Then
Range("S27") = Range("U14")
Else
Range("S27").Value = ""
End If

ElseIf InStr(k, "_JJ") Or InStr(k, "_VBG") Or InStr(k, "_VBN") Then
Range("R27") = Range("T14")
ElseIf InStr(l, "_JJ") Or InStr(l, "_VBG") Or InStr(l, "_VBN") Then
Range("R27") = Range("U14")
Else
Range("R27").Value = ""
End If

'JJ for Output Flow 2
If InStr(m, "_JJ") Or InStr(m, "_VBG") Or InStr(m, "_VBN") Then

Range("R28") = Range("S16")
If InStr(n, "_JJ") Or InStr(n, "_VBG") Or InStr(n, "_VBN") Then
Range("S28") = Range("T16")

If InStr(o, "_JJ") Or InStr(o, "_VBG") Or InStr(o, "_VBN") Then
Range("T28") = Range("U16")
Else
Range("T28").Value = ""
End If

ElseIf InStr(o, "_JJ") Or InStr(o, "_VBG") Or InStr(o, "_VBN") Then
Range("S28") = Range("U16")
Else
Range("S28").Value = ""
End If
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ElseIf InStr(n, "_JJ") Or InStr(n, "_VBG") Or InStr(n, "_VBN") Then
Range("R28") = Range("T16")
ElseIf InStr(o, "_JJ") Or InStr(o, "_VBG") Or InStr(o, "_VBN") Then
Range("R28") = Range("U16")
Else
Range("R28").Value = ""
End If

'JJ for Output Flow 3
If InStr(p, "_JJ") Or InStr(p, "_VBG") Or InStr(p, "_VBN") Then

Range("R29") = Range("S18")
If InStr(q, "_JJ") Or InStr(q, "_VBG") Or InStr(q, "_VBN") Then
Range("S29") = Range("T18")

If InStr(r, "_JJ") Or InStr(r, "_VBG") Or InStr(r, "_VBN") Then
Range("T29") = Range("U18")
Else
Range("T29").Value = ""
End If

ElseIf InStr(r, "_JJ") Or InStr(r, "_VBG") Or InStr(r, "_VBN") Then
Range("S29") = Range("U18")
Else
Range("S29").Value = ""
End If

ElseIf InStr(q, "_JJ") Or InStr(q, "_VBG") Or InStr(q, "_VBN") Then
Range("R29") = Range("T18")
ElseIf InStr(r, "_JJ") Or InStr(r, "_VBG") Or InStr(r, "_VBN") Then
Range("R29") = Range("U18")
Else
Range("R29").Value = ""
End If

End Sub

Sub StoreNN()
' set check cell
Set a = Range("U7")
Set b = Range("T7")
Set c = Range("S7")

Set d = Range("U9")
Set e = Range("T9")
Set f = Range("S9")

Set g = Range("U11")
Set H = Range("T11")
Set i = Range("S11")

Set j = Range("U15")
Set k = Range("T15")
Set l = Range("S15")
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Set m = Range("U17")
Set n = Range("T17")
Set o = Range("S17")

Set p = Range("U19")
Set q = Range("T19")
Set r = Range("S19")

'NN for Input Flow 1
If InStr(a, "_NN") Then
Range("U24") = Range("U6")
ElseIf InStr(b, "_NN") Then
Range("U24") = Range("T6")
ElseIf InStr(c, "_NN") Then
Range("U24") = Range("S6")
Else
Range("U24").Value = ""
End If

'NN for Input Flow 2
If InStr(d, "_NN") Then
Range("U25") = Range("U8")
ElseIf InStr(e, "_NN") Then
Range("U25") = Range("T8")
ElseIf InStr(f, "_NN") Then
Range("U25") = Range("S8")
Else
Range("U25").Value = ""
End If

'NN for Input Flow 3
If InStr(g, "_NN") Then
Range("U26") = Range("U10")
ElseIf InStr(H, "_NN") Then
Range("U26") = Range("T10")
ElseIf InStr(i, "_NN") Then
Range("U26") = Range("S10")
Else
Range("U26").Value = ""
End If

'NN for Output Flow 1
If InStr(j, "_NN") Then
Range("U27") = Range("U14")
ElseIf InStr(k, "_NN") Then
Range("U27") = Range("T14")
ElseIf InStr(l, "_NN") Then
Range("U27") = Range("S14")
Else
Range("U27").Value = ""
End If
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'NN for Output Flow 2
If InStr(m, "_NN") Then
Range("U28") = Range("U16")
ElseIf InStr(n, "_NN") Then
Range("U28") = Range("T16")
ElseIf InStr(o, "_NN") Then
Range("U28") = Range("S16")
Else
Range("U28").Value = ""
End If

'NN for Output Flow 3
If InStr(p, "_NN") Then
Range("U29") = Range("U18")
ElseIf InStr(q, "_NN") Then
Range("U29") = Range("T18")
ElseIf InStr(r, "_NN") Then
Range("U29") = Range("S18")
Else
Range("U29").Value = ""
End If

'Range("V5") = Range("S18").Value
End Sub

'''''Attribute comperation'''''''
Sub Comp()
Dim x As Integer, y As Integer, i As Integer, j As Integer, k As

Integer, s As Integer, l As Integer, m As Integer, n As Integer, p
As Integer, q As Integer

Dim IEn As Integer, OEn As Integer, EinMn As Integer, EoutMn As Integer
, a As Integer, b As Integer, c As Integer

Dim AttriFT(1 To 90, 1 To 2, 1 To 2) As String, AttriFV(1 To 90, 1 To
2, 1 To 2) As String

Dim InF(1 To 3, 1 To 3), OutF(1 To 3, 1 To 3)
Dim Mchg(1 To 3, 1 To 3), Min(1 To 9), Mout(1 To 9), JJin(1 To 2, 1 To

2), JJ(1 To 2, 1 To 2), InE(1 To 3), OutE(1 To 3)
Dim Func(1 To 2, 1 To 3), funcIn(1 To 2, 1 To 2), funcInO(1 To 2, 1 To

2), funcOut(1 To 2, 1 To 2), DisF(1 To 4), DisIE(1 To 2), DisOE(1 To
2), EinM(1 To 2, 1 To 2), EoutM(1 To 2, 1 To 2), EstateIn(1 To 2),

EstateDe(1 To 2), State(1 To 2), fInO(1 To 2, 1 To 2), Eloss
Dim DisFS, FuncS, Comb(1 To 2)
'''''set check range
Set Mat = Worksheets("Noun").Range("H2:R4")
Set Eng = Worksheets("Noun").Range("G16:I22")
Set T = Worksheets("Attribute").Range("H4:R4")
Set V = Worksheets("Attribute").Range("H9:R9")
Set Pr = Worksheets("Attribute").Range("H12:R12")
Set H = Worksheets("Attribute").Range("H15:R15")
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Set Water = Worksheets("Noun").Range("H2:H4")
Set water2 = Worksheets("Noun").Range("B2:B4")
Eloss = "ThE"

'''''check if has value

'''''# of Noun input
Range("V24").FormulaR1C1 = "=COUNTA(RC[�1]:R[2]C[�1])"
m = 3 'Range("V24").Value

'''''# of Noun output
Range("V27").FormulaR1C1 = "=COUNTA(RC[�1]:R[2]C[�1])"
n = 3 'Range("V27").Value

'''''Store NN and JJ for compare, �> NN, JJ1, JJ2,
For i = 1 To m
If IsEmpty(Worksheets("Test").Cells(23 + i, 21)) Then

InF(i, 1) = "Null"
Else
InF(i, 1) = Worksheets("Test").Cells(23 + i, 21).Value

End If
For j = 2 To 3
If IsEmpty(Worksheets("Test").Cells(23 + i, 16 + j)) Then
Else
InF(i, j) = Worksheets("Test").Cells(23 + i, 16 + j).Value

End If
Next j

Next i

For i = 1 To n
If IsEmpty(Worksheets("Test").Cells(26 + i, 21)) Then
OutF(i, 1) = "Null"
Else
OutF(i, 1) = Worksheets("Test").Cells(26 + i, 21).Value

End If
For j = 2 To 3
If IsEmpty(Worksheets("Test").Cells(26 + i, 16 + j)) Then
Else
OutF(i, j) = Worksheets("Test").Cells(26 + i, 16 + j).Value

End If
Next j

Next i

k = 1
s = 1

'''''Compare Noun
For i = 1 To m
'''''' Compare Material
If Not Mat.Find(InF(i, 1), LookIn:=xlValues) Is Nothing Then
For j = 1 To n
If Not Mat.Find(OutF(j, 1), LookIn:=xlValues) Is Nothing Then

''''''''''''' store attribute changes result
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'''''' set Nulls
For p = 2 To 3

If Not T.Find(InF(i, p), LookIn:=xlValues) Is Nothing Then
If Not T.Find(OutF(j, 2), LookIn:=xlValues) Is Nothing Then
Else
If Not T.Find(OutF(j, 3), LookIn:=xlValues) Is Nothing Then
Else
If OutF(j, 2) = "" Then
OutF(j, 2) = "NullT"

ElseIf OutF(j, 3) = "" Then
OutF(j, 3) = "NullT"

End If
End If

End If
End If
If Not V.Find(InF(i, p), LookIn:=xlValues) Is Nothing Then
If Not V.Find(OutF(j, 2), LookIn:=xlValues) Is Nothing Then
Else
If Not V.Find(OutF(j, 3), LookIn:=xlValues) Is Nothing Then
Else
If OutF(j, 2) = "" Then
OutF(j, 2) = "NullV"

ElseIf OutF(j, 3) = "" Then
OutF(j, 3) = "NullV"

End If
End If

End If
End If

Next p

For q = 2 To 3
If Not T.Find(OutF(j, q), LookIn:=xlValues) Is Nothing Then
If Not T.Find(InF(i, 2), LookIn:=xlValues) Is Nothing Then
Else
If Not T.Find(InF(i, 3), LookIn:=xlValues) Is Nothing Then
Else
If InF(i, 2) = "" Then

InF(i, 2) = "NullT"
ElseIf InF(i, 3) = "" Then
InF(i, 3) = "NullT"

End If
End If

End If
End If
If Not V.Find(OutF(j, q), LookIn:=xlValues) Is Nothing Then
If Not V.Find(InF(i, 2), LookIn:=xlValues) Is Nothing Then
Else
If Not V.Find(InF(i, 3), LookIn:=xlValues) Is Nothing Then
Else
If InF(i, 2) = "" Then

InF(i, 2) = "NullV"
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ElseIf InF(i, 3) = "" Then
InF(i, 3) = "NullV"

End If
End If

End If
End If

Next q
End If

Next j
End If

Next i

''''''''
For i = 1 To m
'''''' Compare Material
If Not Mat.Find(InF(i, 1), LookIn:=xlValues) Is Nothing Then
For j = 1 To n
If Not Mat.Find(OutF(j, 1), LookIn:=xlValues) Is Nothing Then

If InF(i, 1) = OutF(j, 1) Then '''' if same material
Min(c + 1) = InF(i, 1) ''''' store material
Mout(c + 1) = OutF(j, 1)
Mchg(i, j) = "no change"

' MsgBox = ("Y")
x = 0
y = 0

'''''''Compare JJ
For p = 2 To 3
For q = 2 To 3
If Not T.Find(InF(i, p), LookIn:=xlValues) Is Nothing

Then
If Not T.Find(OutF(j, q), LookIn:=xlValues) Is Nothing

Then
If Worksheets("Attribute").Cells(3, T.Find(InF(i, p),

LookIn:=xlValues).Column).Value = Worksheets("
Attribute").Cells(3, T.Find(OutF(j, q), LookIn:=
xlValues).Column) Then

AttriFT(k + x, p � 1, q � 1) = "no change"
JJin(1, 1) = InF(i, p)
JJ(1, 1) = OutF(j, q)

ElseIf Worksheets("Attribute").Cells(3, T.Find(InF(i,
p), LookIn:=xlValues).Column).Value > Worksheets(

"Attribute").Cells(3, T.Find(OutF(j, q), LookIn:=
xlValues).Column) Then

AttriFT(k + x, p � 1, q � 1) = "Temp Decrease"
EoutM(1, 1) = "ThE"
JJin(1, 1) = InF(i, p)
JJ(1, 1) = OutF(j, q)
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ElseIf Worksheets("Attribute").Cells(3, T.Find(InF(i,
p), LookIn:=xlValues).Column).Value < Worksheets(

"Attribute").Cells(3, T.Find(OutF(j, q), LookIn:=
xlValues).Column) Then

AttriFT(k + x, p � 1, q � 1) = "Temp Increase"
EinM(1, 1) = "ThE"
JJin(1, 1) = InF(i, p)
JJ(1, 1) = OutF(j, q)

End If
x = x + 1

End If
' k = k + 1

End If
If Not V.Find(InF(i, p), LookIn:=xlValues) Is Nothing

Then
If Not V.Find(OutF(j, q), LookIn:=xlValues) Is Nothing

Then
If Worksheets("Attribute").Cells(3, V.Find(InF(i, p),

LookIn:=xlValues).Column).Value = Worksheets("
Attribute").Cells(3, V.Find(OutF(j, q), LookIn:=
xlValues).Column) Then

AttriFV(s + y, p � 1, q � 1) = "no change"
JJin(1, 2) = InF(i, p)
JJ(1, 2) = OutF(j, q)
ElseIf Worksheets("Attribute").Cells(3, V.Find(InF(

i, p), LookIn:=xlValues).Column).Value >
Worksheets("Attribute").Cells(3, V.Find(OutF(j,
q), LookIn:=xlValues).Column) Then

AttriFV(s + y, p � 1, q � 1) = "V Decrease"
EoutM(1, 2) = "ME"
JJin(1, 2) = InF(i, p)
JJ(1, 2) = OutF(j, q)

ElseIf Worksheets("Attribute").Cells(3, V.Find(InF(i,
p), LookIn:=xlValues).Column).Value < Worksheets(

"Attribute").Cells(3, V.Find(OutF(j, q), LookIn:=
xlValues).Column) Then

AttriFV(s + y, p � 1, q � 1) = "V Increase"
EinM(1, 2) = "ME"
JJin(1, 2) = InF(i, p)
JJ(1, 2) = OutF(j, q)

End If
y = y + 1

End If
' k = k + 1

End If
Next q

Next p

Else '''''if water
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If Not Water.Find(InF(i, 1), LookIn:=xlValues) Is Nothing And
Not Water.Find(OutF(j, 1), LookIn:=xlValues) Is Nothing
Then

Min(c + 1) = InF(i, 1)
Mout(c + 1) = OutF(j, 1)
State(1) = "Change"

If Worksheets("Noun").Cells(Water.Find(InF(i, 1), LookIn:=
xlValues).Row, 6).Value > Worksheets("Noun").Cells(Water
.Find(OutF(j, 1), LookIn:=xlValues).Row, 6) Then
Mchg(i, j) = "State change (Temp Increase)"
EstateIn(1) = "ThE"

ElseIf Worksheets("Noun").Cells(Water.Find(InF(i, 1),
LookIn:=xlValues).Row, 6).Value < Worksheets("Noun").
Cells(Water.Find(OutF(j, 1), LookIn:=xlValues).Row, 6)
Then
Mchg(i, j) = "State change (Temp Decrease)"
EstateDe(1) = "ThE"

End If '''''compare JJ
x = 1
y = 1

For p = 2 To 3
For q = 2 To 3
If Not T.Find(InF(i, p), LookIn:=xlValues) Is Nothing

Then
If Not T.Find(OutF(j, q), LookIn:=xlValues) Is

Nothing Then
If Worksheets("Attribute").Cells(3, T.Find(InF(i, p

), LookIn:=xlValues).Column).Value = Worksheets(
"Attribute").Cells(3, T.Find(OutF(j, q), LookIn
:=xlValues).Column) Then

AttriFT(k, p � 1, q � 1) = "no change"
ElseIf Worksheets("Attribute").Cells(3, T.Find(InF(

i, p), LookIn:=xlValues).Column).Value >
Worksheets("Attribute").Cells(3, T.Find(OutF(j,
q), LookIn:=xlValues).Column) Then

AttriFT(k, p � 1, q � 1) = "Temp Decrease"
EoutM(1, 1) = "ThE"
JJin(1, 1) = InF(i, p)
JJ(1, 1) = OutF(j, q)

ElseIf Worksheets("Attribute").Cells(3, T.Find(InF(i,
p), LookIn:=xlValues).Column).Value < Worksheets(

"Attribute").Cells(3, T.Find(OutF(j, q), LookIn:=
xlValues).Column) Then
AttriFT(k, p � 1, q � 1) = "Temp Increase"
EinM(1, 1) = "ThE"
JJin(1, 1) = InF(i, p)
JJ(1, 1) = OutF(j, q)

End If
x = x + 1

End If
End If
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If Not V.Find(InF(i, p), LookIn:=xlValues) Is Nothing
Then

If Not V.Find(OutF(j, q), LookIn:=xlValues) Is Nothing
Then

If Worksheets("Attribute").Cells(3, V.Find(InF(i, p),
LookIn:=xlValues).Column).Value = Worksheets("

Attribute").Cells(3, V.Find(OutF(j, q), LookIn:=
xlValues).Column) Then

AttriFV(s, p � 1, q � 1) = "no change"
ElseIf Worksheets("Attribute").Cells(3, V.Find(InF(i,

p), LookIn:=xlValues).Column).Value > Worksheets(
"Attribute").Cells(3, V.Find(OutF(j, q), LookIn:=
xlValues).Column) Then

AttriFV(s, p � 1, q � 1) = "V Decrease"
EoutM(1, 2) = "ME"
JJin(1, 2) = InF(i, p)
JJ(1, 2) = OutF(j, q)

ElseIf Worksheets("Attribute").Cells(3, V.Find(InF(i,
p), LookIn:=xlValues).Column).Value < Worksheets(

"Attribute").Cells(3, V.Find(OutF(j, q), LookIn:=
xlValues).Column) Then

AttriFV(s, p � 1, q � 1) = "V Increase"
EinM(1, 2) = "ME"
JJin(1, 2) = InF(i, p)
JJ(1, 2) = OutF(j, q)

End If
y = y + 1

End If
End If

Next q
Next p

End If
End If

c = c + 1
k = k + 1
s = s + 1
End If

Next j
End If

Next i

''''' Check and store input and output energies

a = 0
For i = 1 To m

If Not Eng.Find(InF(i, 1), LookIn:=xlValues) Is Nothing Then
InE(a + 1) = InF(i, 1)
a = a + 1

End If
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Next i
IEn = a

b = 0
For j = 1 To n

If Not Eng.Find(OutF(j, 1), LookIn:=xlValues) Is Nothing Then
OutE(b + 1) = OutF(j, 1)
b = b + 1

End If
Next j

OEn = b

'''''' Energy change and function selection for the change
'''''''''''' input and output energy
If IEn <> 0 Then
If OEn > IEn Then

For i = 1 To 2
DisIE(i) = InE(1)

Next i
DisF(1) = "Distribute_E"

For i = 1 To 2
For j = 1 To OEn
If InE(i) <> "" Then
If OutE(j) <> "" Then
If DisIE(i) = OutE(j) Then
Func(i, j) = "Conduct_E"

Else
Func(i, j) = "Convert_E"

End If
End If

End If
Next j

Next i
Else
For i = 1 To IEn
For j = 1 To OEn
If InE(1) <> "" Then
If OutE(1) <> "" Then
If InE(1) = OutE(1) Then
Func(1, 1) = "Conduct_E"

Else
Func(1, 1) = "Convert_E"

End If
End If

End If
Next j

Next i
End If

End If
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EinMn = 0
EoutMn = 0
For i = 1 To 2
If EinM(1, i) <> "" Then
EinMn = EinMn + 1
End If
If EoutM(1, i) <> "" Then
EoutMn = EoutMn + 1
End If

Next i

''''''''State change''''''''''''''
If State(1) = "Change" Then
DisFS = "Distribute_E"

End If
'''''''''''''''''''''''

''''''''' add energy
If EinMn > IEn Then
For i = 1 To 2

DisIE(i) = InE(1)
Next i

DisF(2) = "Distribute_E"
For i = 1 To 2

For j = 1 To EinMn
If InE(i) <> "" Then
If EinM(1, j) <> "" Then
Func(1, j + 1) = "Energize_M"
If DisIE(i) = EinM(1, j) Then
funcIn(1, j) = "Conduct_E"

Else
funcIn(1, j) = "Convert_E"

End If
End If

End If
Next j

Next i
Else
If EinM(1, 1) <> "" Then
For i = 1 To IEn
For j = 1 To EinMn
If InE(i) <> "" Then
If EinM(1, j) <> "" Then
Func(1, j + 1) = "Energize_M"
If InE(i) = EinM(1, j) Then
funcIn(1, j) = "Conduct_E"

Else
funcIn(1, j) = "Convert_E"

End If
End If

End If
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Next j
Next i

Else
For i = 1 To IEn

If InE(i) <> "" Then
If EinM(1, 2) <> "" Then
Func(1, 2 + 1) = "Energize_M"
If InE(i) = EinM(1, 2) Then
funcIn(1, 2) = "Conduct_E"

Else
funcIn(1, 2) = "Convert_E"

End If
End If

End If
Next i

End If
End If

'Range("I26") = EinM(1, 2)

''''''''remove energy
If OEn > EoutMn Then
For i = 1 To 2
DisOE(i) = EoutM(1, i)

Next i
DisF(3) = "Distribute_E"

For i = 1 To 2
For j = 1 To EoutMn
If EoutM(1, i) <> "" Then

Func(1, j + 1) = "DeEnergize_M"
If OutE(j) <> "" Then
If DisOE(i) = OutE(j) Then
funcOut(1, j) = "Conduct_E"

Else
funcOut(1, j) = "Convert_E"

End If
End If

End If
Next j

Next i
ElseIf OEn = EoutMn Then
If EoutM(1, 1) <> "" Then

For i = 1 To EoutMn
For j = 1 To OEn
If EoutM(1, i) <> "" Then

Func(1, i + 1) = "DeEnergize_M"
If OutE(j) <> "" Then
If EoutM(1, i) = OutE(j) Then
funcOut(1, i) = "Conduct_E"

Else
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funcOut(1, i) = "Convert_E"
End If

End If
End If

Next j
Next i

Else
For i = 1 To EoutMn

For j = 1 To OEn
If EoutM(1, 2) <> "" Then

Func(1, i + 1) = "DeEnergize_M"
If OutE(j) <> "" Then
If EoutM(1, 2) = OutE(j) Then
funcOut(1, i) = "Conduct_E"

Else
funcOut(1, i) = "Convert_E"

End If
End If

End If
Next j

Next i
End If

' Range("G26") = Func(1, 3)

ElseIf OEn < EoutMn Then
Comb(1) = "Combine_E"
For i = 1 To EoutMn
For j = 1 To OEn
If EoutM(1, i) <> "" Then

Func(1, i + 1) = "DeEnergize_M"
If OutE(j) <> "" Then
If EoutM(1, i) = OutE(j) Then

funcOut(1, i) = "Conduct_E"
Else
funcOut(1, i) = "Convert_E"

End If
End If

End If
Next j

Next i

End If

''''''''''''''''''''''''''''''''''''
If OEn + EinMn > IEn Then

DisF(4) = "Distribute_E"
End If

For i = 1 To OEn
For j = 1 To EinMn
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If EinM(1, j) <> "" Then
If OutE(i) <> "" Then
If EinM(1, j) = OutE(i) Then

fInO(1, j) = "Conduct_E"
Else
fInO(1, j) = "Convert_E"

End If
End If

End If
Next j

Next i

If EstateIn(1) <> "" Then
FuncS = "Energize_M"

ElseIf EstateDe(1) <> "" Then
FuncS = "DeEnergize_M"

End If

''''''''''''''''''''''''''''''''''''
'''''''Present Energy Change and Function for NX
'''''''''''''''''''''''''''''''''''''
If Mout(1) = "" And Mout(2) = "" Then
''''''' functions for only energy changes without material
If DisF(1) <> "" Then
Worksheets("Test").Cells(50, 7) = DisF(1)
Worksheets("Test").Cells(50, 8) = InE(1)
Worksheets("Test").Cells(50, 10) = InE(1)
Worksheets("Test").Cells(50, 11) = InE(1)
Worksheets("Test").Cells(50, 12) = "Energy"

Worksheets("Test").Cells(51, 7) = Func(1, 1)
Worksheets("Test").Cells(51, 8) = DisIE(1)
Worksheets("Test").Cells(51, 10) = OutE(1)
Worksheets("Test").Cells(51, 12) = "Energy"

Worksheets("Test").Cells(52, 7) = Func(1, 2)
Worksheets("Test").Cells(52, 8) = DisIE(2)
Worksheets("Test").Cells(52, 10) = OutE(2)
Worksheets("Test").Cells(52, 12) = "Energy"

Else
Worksheets("Test").Cells(50, 7) = Func(1, 1)
Worksheets("Test").Cells(50, 8) = InE(1)
Worksheets("Test").Cells(50, 10) = OutE(1)
Worksheets("Test").Cells(50, 12) = "Energy"
End If

Else
'''''''''If has material
If InE(1) <> "" Then '''''''''''''' exist input energy
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If DisF(2) <> "" Then '''''''''''''' exist DisF(2)
Worksheets("Test").Cells(50, 7) = DisF(2)
Worksheets("Test").Cells(50, 8) = InE(1)
Worksheets("Test").Cells(50, 10) = DisIE(1)
Worksheets("Test").Cells(50, 11) = DisIE(2)
Worksheets("Test").Cells(50, 12) = "Energy"

Worksheets("Test").Cells(51, 7) = funcIn(1, 1)
Worksheets("Test").Cells(51, 8) = DisIE(1)
Worksheets("Test").Cells(51, 10) = EinM(1, 1)
Worksheets("Test").Cells(51, 12) = "Energy"

Worksheets("Test").Cells(52, 7) = funcIn(1, 2)
Worksheets("Test").Cells(52, 8) = DisIE(2)
Worksheets("Test").Cells(52, 10) = EinM(1, 2)
Worksheets("Test").Cells(52, 12) = "Energy"

If EstateIn(1) = EinM(1, 1) Then
Worksheets("Test").Cells(53, 7) = FuncS
Worksheets("Test").Cells(53, 8) = JJin(1, 1) + " " + JJin(1, 2)

+ " " + Min(1)
Worksheets("Test").Cells(53, 9) = EoutM(1, 1)
Worksheets("Test").Cells(53, 10) = JJin(1, 1) + " " + JJin(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(53, 12) = "Energy"
If Func(1, 2) <> "" And EinM(1, 1) <> "" Then
Worksheets("Test").Cells(54, 7) = Func(1, 2)
Worksheets("Test").Cells(54, 8) = Worksheets("Test").Cells

(53, 10)
Worksheets("Test").Cells(54, 9) = EinM(1, 1)
Worksheets("Test").Cells(54, 10) = JJ(1, 1) + " " + JJin(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(54, 12) = "Energy"
If Func(1, 3) <> "" And EinM(1, 2) <> "" Then
Worksheets("Test").Cells(55, 7) = Func(1, 3)
Worksheets("Test").Cells(55, 8) = Worksheets("Test").Cells

(54, 10)
Worksheets("Test").Cells(55, 9) = EinM(1, 2)
Worksheets("Test").Cells(55, 10) = JJ(1, 1) + " " + JJ(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(55, 12) = "Energy"

End If
ElseIf Func(1, 2) <> "" And EoutM(1, 1) <> "" Then
Worksheets("Test").Cells(54, 7) = Func(1, 3)
Worksheets("Test").Cells(54, 8) = Worksheets("Test").Cells

(53, 10)
Worksheets("Test").Cells(54, 9) = EoutM(1, 2)
Worksheets("Test").Cells(54, 10) = JJ(1, 1) + " " + JJin(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(54, 12) = "Energy"
If Func(1, 3) <> "" And EoutM(1, 2) <> "" Then
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Worksheets("Test").Cells(55, 7) = Func(1, 2)
Worksheets("Test").Cells(55, 8) = Worksheets("Test").Cells

(54, 10)
Worksheets("Test").Cells(55, 9) = EoutM(1, 1)
Worksheets("Test").Cells(55, 10) = JJ(1, 1) + " " + JJ(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(55, 12) = "Energy"

End If
End If
i = 55

Else
If Func(1, 2) <> "" And EinM(1, 1) <> "" Then
Worksheets("Test").Cells(53, 7) = Func(1, 2)
Worksheets("Test").Cells(53, 8) = JJin(1, 1) + " " + JJin(1,

2) + " " + Min(1)
Worksheets("Test").Cells(53, 9) = EinM(1, 1)
Worksheets("Test").Cells(53, 10) = JJ(1, 1) + " " + JJin(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(53, 12) = "Energy"
If Func(1, 3) <> "" And EinM(1, 2) <> "" Then
Worksheets("Test").Cells(54, 7) = Func(1, 3)
Worksheets("Test").Cells(54, 8) = Worksheets("Test").Cells

(53, 10)
Worksheets("Test").Cells(54, 9) = EinM(1, 2)
Worksheets("Test").Cells(54, 10) = JJ(1, 1) + " " + JJ(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(54, 12) = "Energy"

End If
ElseIf Func(1, 2) <> "" And EoutM(1, 1) <> "" Then
Worksheets("Test").Cells(53, 7) = Func(1, 2)
Worksheets("Test").Cells(53, 8) = JJin(1, 1) + " " + JJin(1,

2) + " " + Min(1)
Worksheets("Test").Cells(53, 9) = EoutM(1, 1)
Worksheets("Test").Cells(53, 10) = JJ(1, 1) + " " + JJin(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(53, 12) = "Energy"
If Func(1, 3) <> "" And EoutM(1, 2) <> "" Then
Worksheets("Test").Cells(54, 7) = Func(1, 3)
Worksheets("Test").Cells(54, 8) = Worksheets("Test").Cells

(53, 10)
Worksheets("Test").Cells(54, 9) = EoutM(1, 2)
Worksheets("Test").Cells(54, 10) = JJ(1, 1) + " " + JJ(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(54, 12) = "Energy"

End If
End If
i = 54

End If
Else

''''''''' no DisF(2)
If EinM(1, 1) <> "" Then
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Worksheets("Test").Cells(50, 7) = funcIn(1, 1)
Worksheets("Test").Cells(50, 8) = InE(1)
Worksheets("Test").Cells(50, 10) = EinM(1, 1)
Worksheets("Test").Cells(50, 12) = "Energy"
If EstateIn(1) = EinM(1, 1) Then
Worksheets("Test").Cells(51, 7) = FuncS
Worksheets("Test").Cells(51, 8) = JJin(1, 1) + " " + JJin(1,

2) + " " + Min(1)
Worksheets("Test").Cells(51, 9) = EoutM(1, 1)
Worksheets("Test").Cells(51, 10) = JJin(1, 1) + " " + JJin(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(51, 12) = "Energy"
If Func(1, 2) <> "" And EinM(1, 1) <> "" Then
Worksheets("Test").Cells(52, 7) = Func(1, 2)
Worksheets("Test").Cells(52, 8) = Worksheets("Test").Cells

(51, 10)
Worksheets("Test").Cells(52, 9) = EinM(1, 1)
Worksheets("Test").Cells(52, 10) = JJ(1, 1) + " " + JJin(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(52, 12) = "Energy"
If Func(1, 3) <> "" And EinM(1, 2) <> "" Then
Worksheets("Test").Cells(53, 7) = Func(1, 3)
Worksheets("Test").Cells(53, 8) = Worksheets("Test").

Cells(52, 10)
Worksheets("Test").Cells(53, 9) = EinM(1, 2)
Worksheets("Test").Cells(53, 10) = JJ(1, 1) + " " + JJ(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(53, 12) = "Energy"

End If
ElseIf Func(1, 2) <> "" And EoutM(1, 1) <> "" Then
Worksheets("Test").Cells(52, 7) = Func(1, 3)
Worksheets("Test").Cells(52, 8) = Worksheets("Test").Cells

(51, 10)
Worksheets("Test").Cells(52, 9) = EoutM(1, 2)
Worksheets("Test").Cells(52, 10) = JJ(1, 1) + " " + JJin(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(52, 12) = "Energy"
If Func(1, 3) <> "" And EoutM(1, 2) <> "" Then
Worksheets("Test").Cells(53, 7) = Func(1, 2)
Worksheets("Test").Cells(53, 8) = Worksheets("Test").

Cells(52, 10)
Worksheets("Test").Cells(53, 9) = EoutM(1, 1)
Worksheets("Test").Cells(53, 10) = JJ(1, 1) + " " + JJ(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(53, 12) = "Energy"

End If
End If

i = 53
Else
If Func(1, 2) <> "" And EinM(1, 1) <> "" Then
Worksheets("Test").Cells(51, 7) = Func(1, 2)
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Worksheets("Test").Cells(51, 8) = JJin(1, 1) + " " + JJin
(1, 2) + " " + Min(1)

Worksheets("Test").Cells(51, 9) = EinM(1, 1)
Worksheets("Test").Cells(51, 10) = JJ(1, 1) + " " + JJin(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(51, 12) = "Energy"
If Func(1, 3) <> "" And EinM(1, 2) <> "" Then
Worksheets("Test").Cells(52, 7) = Func(1, 3)
Worksheets("Test").Cells(52, 8) = Worksheets("Test").

Cells(51, 10)
Worksheets("Test").Cells(52, 9) = EinM(1, 2)
Worksheets("Test").Cells(52, 10) = JJ(1, 1) + " " + JJ(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(52, 12) = "Energy"

End If
ElseIf Func(1, 2) <> "" And EoutM(1, 1) <> "" Then
Worksheets("Test").Cells(51, 7) = Func(1, 2)
Worksheets("Test").Cells(51, 8) = JJin(1, 1) + " " + JJin

(1, 2) + " " + Min(1)
Worksheets("Test").Cells(51, 9) = EoutM(1, 1)
Worksheets("Test").Cells(51, 10) = JJ(1, 1) + " " + JJin(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(51, 12) = "Energy"
If Func(1, 3) <> "" And EoutM(1, 2) <> "" Then
Worksheets("Test").Cells(52, 7) = Func(1, 3)
Worksheets("Test").Cells(52, 8) = Worksheets("Test").

Cells(51, 10)
Worksheets("Test").Cells(52, 9) = EoutM(1, 2)
Worksheets("Test").Cells(52, 10) = JJ(1, 1) + " " + JJ(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(52, 12) = "Energy"

End If
End If

i = 52
End If

Else
Worksheets("Test").Cells(50, 7) = funcIn(1, 2)
Worksheets("Test").Cells(50, 8) = InE(1)
Worksheets("Test").Cells(50, 10) = EinM(1, 2)
Worksheets("Test").Cells(50, 12) = "Energy"
If Func(1, 3) <> "" And EinM(1, 2) <> "" Then

Worksheets("Test").Cells(51, 7) = Func(1, 3)
Worksheets("Test").Cells(51, 8) = JJin(1, 1) + " " + JJin

(1, 2) + " " + Min(1)
Worksheets("Test").Cells(51, 9) = EinM(1, 2)
Worksheets("Test").Cells(51, 10) = JJ(1, 1) + " " + JJ(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(51, 12) = "Energy"

ElseIf Func(1, 2) <> "" And EoutM(1, 1) <> "" Then
Worksheets("Test").Cells(51, 7) = Func(1, 2)
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Worksheets("Test").Cells(51, 8) = JJin(1, 1) + " " + JJin
(1, 2) + " " + Min(1)

Worksheets("Test").Cells(51, 9) = EoutM(1, 1)
Worksheets("Test").Cells(51, 10) = JJ(1, 1) + " " + JJin(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(51, 12) = "Energy"
If Func(1, 3) <> "" And EoutM(1, 2) <> "" Then
Worksheets("Test").Cells(52, 7) = Func(1, 3)
Worksheets("Test").Cells(52, 8) = Worksheets("Test").

Cells(51, 10)
Worksheets("Test").Cells(52, 9) = EoutM(1, 2)
Worksheets("Test").Cells(52, 10) = JJ(1, 1) + " " + JJ(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(52, 12) = "Energy"

End If
End If

i = 52
End If

End If

'''''''''''relate to output energy

If OutE(1) <> "" Then
Worksheets("Test").Cells(i + 1, 6) = "Option 1"

Worksheets("Test").Cells(i + 1, 7) = DisF(4)
Worksheets("Test").Cells(i + 1, 8) = InE(1)
Worksheets("Test").Cells(i + 1, 10) = DisIE(1)
Worksheets("Test").Cells(i + 1, 11) = DisIE(2)
Worksheets("Test").Cells(i + 1, 12) = "Energy"
j = 1
If DisIE(1) <> OutE(1) Then
Worksheets("Test").Cells(i + 1 + j, 7) = "Convert_E"
Worksheets("Test").Cells(i + 1 + j, 8) = DisIE(1)
Worksheets("Test").Cells(i + 1 + j, 10) = OutE(1)
Worksheets("Test").Cells(i + 1 + j, 12) = "Energy"

Else
Worksheets("Test").Cells(i + 1 + j, 7) = "Conductt_E"
Worksheets("Test").Cells(i + 1 + j, 8) = DisIE(1)
Worksheets("Test").Cells(i + 1 + j, 10) = OutE(1)
Worksheets("Test").Cells(i + 1 + j, 12) = "Energy"

End If
j = j + 1
If EinM(1, 1) <> "" Then
Worksheets("Test").Cells(i + 1 + j, 6) = "Option 2"
Worksheets("Test").Cells(i + 1 + j, 7) = DisF(4)
Worksheets("Test").Cells(i + 1 + j, 8) = EinM(1, 1)
Worksheets("Test").Cells(i + 1 + j, 10) = EinM(1, 1)
Worksheets("Test").Cells(i + 1 + j, 11) = EinM(1, 1)
Worksheets("Test").Cells(i + 1 + j, 12) = "Energy"
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j = j + 1
Worksheets("Test").Cells(i + 1 + j, 7) = fInO(1, 1)
Worksheets("Test").Cells(i + 1 + j, 8) = EinM(1, 1)
Worksheets("Test").Cells(i + 1 + j, 10) = OutE(1)
Worksheets("Test").Cells(i + 1 + j, 12) = "Energy"

k = j + 1
End If
If EinM(1, 2) <> "" Then
Worksheets("Test").Cells(i + 1 + k, 6) = "Option 3"
Worksheets("Test").Cells(i + 1 + k, 7) = DisF(4)
Worksheets("Test").Cells(i + 1 + k, 8) = EinM(1, 2)
Worksheets("Test").Cells(i + 1 + k, 10) = EinM(1, 2)
Worksheets("Test").Cells(i + 1 + k, 11) = EinM(1, 2)
Worksheets("Test").Cells(i + 1 + k, 12) = "Energy"
k = k + 1
Worksheets("Test").Cells(i + 1 + k, 7) = fInO(1, 2)
Worksheets("Test").Cells(i + 1 + k, 8) = EinM(1, 2)
Worksheets("Test").Cells(i + 1 + k, 10) = OutE(1)
Worksheets("Test").Cells(i + 1 + k, 12) = "Energy"

End If
End If

''''''''''
Else ''''''''''''' no input energy

If EoutM(1, 1) <> "" Then

If EstateDe(1) = EoutM(1, 1) Then
Worksheets("Test").Cells(50, 7) = FuncS
Worksheets("Test").Cells(50, 8) = JJin(1, 1) + " " + JJin(1, 2)

+ " " + Min(1)
Worksheets("Test").Cells(50, 9) = EoutM(1, 1)
Worksheets("Test").Cells(50, 10) = JJin(1, 1) + " " + JJin(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(50, 12) = "Energy"
If Func(1, 2) <> "" And EinM(1, 1) <> "" Then
Worksheets("Test").Cells(51, 7) = Func(1, 2)
Worksheets("Test").Cells(51, 8) = Worksheets("Test").Cells

(50, 10)
Worksheets("Test").Cells(51, 9) = EinM(1, 1)
Worksheets("Test").Cells(51, 10) = JJ(1, 1) + " " + JJin(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(51, 12) = "Energy"
If Func(1, 3) <> "" And EinM(1, 2) <> "" Then
Worksheets("Test").Cells(52, 7) = Func(1, 3)
Worksheets("Test").Cells(52, 8) = Worksheets("Test").Cells

(51, 10)
Worksheets("Test").Cells(52, 9) = EinM(1, 2)
Worksheets("Test").Cells(52, 10) = JJ(1, 1) + " " + JJ(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(52, 12) = "Energy"

End If
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ElseIf Func(1, 2) <> "" And EoutM(1, 1) <> "" Then
Worksheets("Test").Cells(51, 7) = Func(1, 3)
Worksheets("Test").Cells(51, 8) = Worksheets("Test").Cells

(50, 10)
Worksheets("Test").Cells(51, 9) = EoutM(1, 2)
Worksheets("Test").Cells(51, 10) = JJ(1, 1) + " " + JJin(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(51, 12) = "Energy"
If Func(1, 3) <> "" And EoutM(1, 2) <> "" Then
Worksheets("Test").Cells(52, 7) = Func(1, 2)
Worksheets("Test").Cells(52, 8) = Worksheets("Test").Cells

(51, 10)
Worksheets("Test").Cells(52, 9) = EoutM(1, 1)
Worksheets("Test").Cells(52, 10) = JJ(1, 1) + " " + JJ(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(52, 12) = "Energy"

End If
End If
i = 52

Else
If Func(1, 2) <> "" And EinM(1, 1) <> "" Then
Worksheets("Test").Cells(50, 7) = Func(1, 2)
Worksheets("Test").Cells(50, 8) = JJin(1, 1) + " " + JJin(1,

2) + " " + Min(1)
Worksheets("Test").Cells(50, 9) = EinM(1, 1)
Worksheets("Test").Cells(50, 10) = JJ(1, 1) + " " + JJin(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(50, 12) = "Energy"
If Func(1, 3) <> "" And EinM(1, 2) <> "" Then
Worksheets("Test").Cells(51, 7) = Func(1, 3)
Worksheets("Test").Cells(51, 8) = Worksheets("Test").Cells

(50, 10)
Worksheets("Test").Cells(51, 9) = EinM(1, 2)
Worksheets("Test").Cells(51, 10) = JJ(1, 1) + " " + JJ(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(51, 12) = "Energy"

End If
ElseIf Func(1, 2) <> "" And EoutM(1, 1) <> "" Then
Worksheets("Test").Cells(50, 7) = Func(1, 2)
Worksheets("Test").Cells(50, 8) = JJin(1, 1) + " " + JJin(1,

2) + " " + Min(1)
Worksheets("Test").Cells(50, 9) = EoutM(1, 1)
Worksheets("Test").Cells(50, 10) = JJ(1, 1) + " " + JJin(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(50, 12) = "Energy"
If Func(1, 3) <> "" And EoutM(1, 2) <> "" Then
Worksheets("Test").Cells(51, 7) = Func(1, 3)
Worksheets("Test").Cells(51, 8) = Worksheets("Test").Cells

(50, 10)
Worksheets("Test").Cells(51, 9) = EoutM(1, 2)
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Worksheets("Test").Cells(51, 10) = JJ(1, 1) + " " + JJ(1,
2) + " " + Mout(1)

Worksheets("Test").Cells(51, 12) = "Energy"
End If

End If
i = 51

End If

'''''''''''''''''relate to output energy

If OutE(1) <> "" Then
If EoutM(1, 1) <> "" Then

' Worksheets("Test").Cells(53 + j, 6) = "Option 1"
Worksheets("Test").Cells(i + 1, 7) = funcOut(1, 1)
Worksheets("Test").Cells(i + 1, 8) = EoutM(1, 1)
Worksheets("Test").Cells(i + 1, 10) = OutE(1)
Worksheets("Test").Cells(i + 1, 12) = "Energy"
If EoutM(1, 2) <> "" Then
Worksheets("Test").Cells(i + 2, 7) = funcOut(1, 2)
Worksheets("Test").Cells(i + 2, 8) = EoutM(1, 2)
Worksheets("Test").Cells(i + 2, 10) = OutE(1)
Worksheets("Test").Cells(i + 2, 12) = "Energy"

End If
Else
If EinM(1, 2) <> "" Then

' Worksheets("Test").Cells(56 + k, 6) = "Option 2"
Worksheets("Test").Cells(i + 1, 7) = funcOut(1, 2)
Worksheets("Test").Cells(i + 1, 8) = EoutM(1, 2)
Worksheets("Test").Cells(i + 1, 10) = OutE(1)
Worksheets("Test").Cells(i + 1, 12) = "Energy"

End If
End If

End If

Else
''''''''''''''''''''''''

If EstateDe(1) = EoutM(1, 2) Then
Worksheets("Test").Cells(50, 7) = FuncS
Worksheets("Test").Cells(50, 8) = JJin(1, 1) + " " + JJin(1, 2)

+ " " + Min(1)
Worksheets("Test").Cells(50, 9) = EoutM(1, 1)
Worksheets("Test").Cells(50, 10) = JJin(1, 1) + " " + JJin(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(50, 12) = "Energy"
If Func(1, 2) <> "" And EinM(1, 1) <> "" Then
Worksheets("Test").Cells(51, 7) = Func(1, 2)
Worksheets("Test").Cells(51, 8) = Worksheets("Test").Cells

(50, 10)
Worksheets("Test").Cells(51, 9) = EinM(1, 1)
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Worksheets("Test").Cells(51, 10) = JJ(1, 1) + " " + JJ(1, 2)
+ " " + Mout(1)

Worksheets("Test").Cells(51, 12) = "Energy"
If Func(1, 3) <> "" And EinM(1, 2) <> "" Then
Worksheets("Test").Cells(52, 7) = Func(1, 3)
Worksheets("Test").Cells(52, 8) = Worksheets("Test").Cells

(51, 10)
Worksheets("Test").Cells(52, 9) = EinM(1, 2)
Worksheets("Test").Cells(52, 10) = JJ(1, 1) + " " + JJ(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(52, 12) = "Energy"

End If
ElseIf Func(1, 2) <> "" And EoutM(1, 2) <> "" Then
Worksheets("Test").Cells(51, 7) = Func(1, 3)
Worksheets("Test").Cells(51, 8) = Worksheets("Test").Cells

(50, 10)
Worksheets("Test").Cells(51, 11) = EoutM(1, 2)
Worksheets("Test").Cells(51, 10) = JJ(1, 1) + " " + JJ(1, 2)

+ " " + Mout(1)
Worksheets("Test").Cells(51, 12) = "Energy"
If Func(1, 3) <> "" And EoutM(1, 2) <> "" Then
Worksheets("Test").Cells(52, 7) = Func(1, 2)
Worksheets("Test").Cells(52, 8) = Worksheets("Test").Cells

(51, 10)
Worksheets("Test").Cells(52, 11) = EoutM(1, 1)
Worksheets("Test").Cells(52, 10) = JJ(1, 1) + " " + JJ(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(52, 12) = "Energy"

End If
End If
i = 52

Else
If Func(1, 2) <> "" And EinM(1, 2) <> "" Then
Worksheets("Test").Cells(50, 7) = Func(1, 2)
Worksheets("Test").Cells(50, 8) = JJin(1, 1) + " " + JJin(1,

2) + " " + Min(1)
Worksheets("Test").Cells(50, 9) = EinM(1, 1)
Worksheets("Test").Cells(50, 10) = JJ(1, 1) + " " + JJin(1,

2) + " " + Mout(1)
Worksheets("Test").Cells(50, 12) = "Energy"

ElseIf Func(1, 2) <> "" And EoutM(1, 2) <> "" Then
Worksheets("Test").Cells(50, 7) = Func(1, 2)
Worksheets("Test").Cells(50, 8) = JJin(1, 1) + " " + JJin(1,

2) + " " + Min(1)
Worksheets("Test").Cells(50, 11) = EoutM(1, 2)
Worksheets("Test").Cells(50, 10) = JJ(1, 1) + " " + JJ(1, 2)

+ " " + Mout(1)
Worksheets("Test").Cells(50, 12) = "Energy"
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End If
i = 50

End If

'''''''''''''''''relate to output energy

If OutE(1) <> "" Then
If EoutM(1, 2) <> "" Then

' Worksheets("Test").Cells(53 + j, 6) = "Option 1"
Worksheets("Test").Cells(i + 1, 7) = funcOut(1, 1)
Worksheets("Test").Cells(i + 1, 8) = EoutM(1, 2)
Worksheets("Test").Cells(i + 1, 10) = OutE(1)
Worksheets("Test").Cells(i + 1, 12) = "Energy"

Else
If EinM(1, 2) <> "" Then

' Worksheets("Test").Cells(56 + k, 6) = "Option 2"
Worksheets("Test").Cells(i + 1, 7) = funcOut(1, 2)
Worksheets("Test").Cells(i + 1, 8) = EoutM(1, 2)
Worksheets("Test").Cells(i + 1, 10) = OutE(1)
Worksheets("Test").Cells(i + 1, 12) = "Energy"

End If
End If

End If

''''''''''''''''''''''
End If

End If
End If

''''''''present Energy change and function selection
If OEn > IEn Then
For i = 1 To IEn

For j = 1 To OEn
Worksheets("Test").Cells(36 + i, 11) = DisF(1)
Worksheets("Test").Cells(36 + i, 7) = InE(i)
Worksheets("Test").Cells(36 + j, 16) = OutE(j)
Worksheets("Test").Cells(36 + j, 12) = Func(1, j)

Next j
Next i

Else
For i = 1 To IEn

For j = 1 To OEn
Worksheets("Test").Cells(36 + i, 7) = InE(i)
Worksheets("Test").Cells(36 + j, 16) = OutE(j)
Worksheets("Test").Cells(36 + j, 12) = Func(1, j)

Next j
Next i

End If
''''''''''''''''''''
For i = 1 To m
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For j = 1 To n
Worksheets("Test").Cells(39 + i, 7) = Min(i)
Worksheets("Test").Cells(39 + j, 16) = Mout(j)

Next j
Next i
''''''present add E
If EinMn > IEn Then
For i = 1 To IEn

For j = 1 To EinMn
Worksheets("Test").Cells(36 + i, 7) = InE(i) ''''''''''''''test

Worksheets("Test").Cells(36 + i, 8) = DisF(2)
Worksheets("Test").Cells(36 + i, 12) = Func(1, 1)
Worksheets("Test").Cells(36 + j, 10) = EinM(1, j)
Worksheets("Test").Cells(36 + j, 9) = funcIn(1, j)

Next j
Next i

Else
For i = 1 To IEn

For j = 1 To OEn
Worksheets("Test").Cells(36 + i, 7) = InE(i) '''''''''''''''test
Worksheets("Test").Cells(36 + i, 12) = Func(1, 1)
Worksheets("Test").Cells(36 + j, 10) = EinM(1, j)
Worksheets("Test").Cells(36 + j, 9) = funcIn(1, j)

Next j
Next i

End If

''''''' present Remove E
If EoutM(1, 1) <> "" Then ''''''''''''''''
If OEn > EoutMn Then
For i = 1 To EoutMn

For j = 1 To OEn
Worksheets("Test").Cells(36 + i, 16) = OutE(i) '''''''''''''''

test
Worksheets("Test").Cells(36 + i, 14) = DisF(3)
Worksheets("Test").Cells(36 + i, 13) = EoutM(1, i)
Worksheets("Test").Cells(36 + i, 12) = Func(1, 1)
Worksheets("Test").Cells(36 + j, 15) = funcOut(1, j)

Next j
Next i

Else
For i = 1 To EoutMn

For j = 1 To OEn
Worksheets("Test").Cells(36 + i, 16) = OutE(i) '

''''''''''''''''''test
Worksheets("Test").Cells(36 + i, 13) = EoutM(1, i)
Worksheets("Test").Cells(36 + i, 12) = Func(1, 1)
Worksheets("Test").Cells(36 + j, 15) = funcOut(1, j)

Next j
Next i

End If
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End If

'''''''''''''''''''
'''''' present Material changes
l = 1
For i = 1 To 3
For j = 1 To 3

Worksheets("Test").Cells(35 + l, 19) = Mchg(i, j)
l = l + 1

Next j
Next i

'''''' present temp changes
l = 1
For i = 1 To 90

For j = 1 To 2
For k = 1 To 2

' Worksheets("Test").Cells(64 + l, 19) = AttriF(1, 1, 2) ' test
Worksheets("Test").Cells(64 + l, 19) = AttriFT(i, j, k)
l = l + 1

Next k
Next j

Next i

'''''' present temp changes
l = 1
For i = 1 To 90

For j = 1 To 2
For k = 1 To 2

' Worksheets("Test").Cells(64 + l, 19) = AttriF(1, 1, 2) ' test
Worksheets("Test").Cells(64 + l, 18) = AttriFV(i, j, k)
l = l + 1

Next k
Next j

Next i

End Sub

A.2 Siemens NX Knowledge Fusion Code

This section contains the Siemens NX Knowledge Fusion code that produce the

graphic representation of the decomposition results.

#! NX/KF 9.0
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DefClass: conduct_e (function_block);

#=========
(integer modifiable) id:
@{

$refchain << ref(self:, "refchain:");
$idString << last(splitstring(last(splitString($refchain, ":")), "

conduct_e"));
floor(MakeNumber($idString));

};

(string parameter modifiable) label: "Conduct_E";

#=========
(name modifiable) inputEClass: energy; # format must be object name +

class
(child) inputE:
{

class, inputEClass:;
headEntity, child:NHA:;
headEntitySelectedChild_SENS, 0;
id, child:NHA:id:;
idSubscript, "A";
type, 1; # Energy
loss, false;
loss_SENS, 0;

};

(name modifiable) outputEClass: energy; # format must be object
name + class

(child) outputE:
{

class, outputEClass:;
tailEntity, child:NHA:;
tailEntitySelectedChild_SENS, 0;
id, child:NHA:id:;
idSubscript, "B";
type, inputE:type:; # ME
type_SENS, 0;
loss, false;
loss_SENS, 0;

};

(name modifiable) outputELossClass: energy;
(child) outputELoss:
{

class, outputELossClass:;
tailEntity, child:NHA:;
tailEntitySelectedChild_SENS, 0;
# headPointHidden, child:NHA:center: + vector(0,�1,0) * 20;
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id, child:NHA:id:;
idSubscript, "C";
type, 1; # any type of Energy
type_SENS, 1;
loss, true;
loss_SENS, 0;

};

#=========
(list modifiable uncached) demandValue: {runtimeChecker:};

(boolean modifiable uncached) runtimeChecker:
@{

$allFlowsInModel << loop
{

for $child in root:FunctionModel:allChildrenInModel:;
if (isKindOf?($child, flow) == true) collect $child;

};

$allFlowsInputToSelf << loop
{

for $flow in $allFlowsInModel;
if (ref($flow, "headEntity:") == self:) collect $flow;

};

$allFlowsOutputFromSelf << loop
{

for $flow in $allFlowsInModel;
if (ref($flow, "tailEntity:") == self:) collect $flow;

};

$isExactlyOneInput? << if (length($allFlowsInputToSelf) == 1) then
(true) else (false);

$isInputTypeEnergy? << if (isKindOf?(first($allFlowsInputToSelf),
energy) == true) then (true) else (false);

$isExactlyTwoOutputs? << if (length($allFlowsOutputFromSelf) == 2)
then (true) else (false);

$isBothOutputsEnergy? << loop {
for $output in $allFlowsOutputFromSelf;
if (isKindOf?($output, energy) == false) return false;
return is true;

};

$isExactlyOneOutputLoss? << if (((ref(first($allFlowsOutputFromSelf
), "loss:") == true) && (ref(second($allFlowsOutputFromSelf), "
loss:") == false)) || ((ref(first($allFlowsOutputFromSelf), "
loss:") == false) && (ref(second($allFlowsOutputFromSelf), "loss
:") == true))

) then (true) else (false);
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$isTheUsableOutputSameType? << @{
$usableOutput << loop

{
for $output in $allFlowsOutputFromSelf;
if (ref($output, "loss:") == false) return $output;

};

if ((ref($usableOutput, "typeString:")) == (ref(first(
$allFlowsInputToSelf), "typeString:")))
then (true) else (false);

};

if ($isExactlyOneInput? && $isInputTypeEnergy? &&
$isExactlyTwoOutputs? &&
$isBothOutputsEnergy? && $isExactlyOneOutputLoss? &&

$isTheUsableOutputSameType?)
then (doNothing)
else @{
ug_printMessage({"Conduct_E must meet the following conditions:

" + "~n" +
"(1) Exactly one input flow." + "~n" +
"(2) The input type is energy." + "~n" +
"(3) Exactly two output flows." + "~n" +
"(4) Both output flow types are energy." + "~n" +
"(5) Exactly one output is marked a loss and is of

any subtype." + "~n" +
"(6) The usable flow (not marked loss) is of the

same subtype as the input."
});

operation_aborted();
};

true;
};

DefClass: convert_e (function_block);

#=========
(integer modifiable) id:
@{

$refchain << ref(self:, "refchain:");
$idString << last(splitstring(last(splitString($refchain, ":")), "

convert_e"));
floor(MakeNumber($idString));

};

(string modifiable) label: "Convert_E";

#=========
(name modifiable) inputEClass: energy; # format must be object name +

class
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(child) inputE:
{

class, inputEClass:;
headEntity, child:NHA:;
headEntitySelectedChild_SENS, 0;
id, child:NHA:id:;
idSubscript, "A";
type, 10; # EE
loss, false;
loss_SENS, 0;

};

(name modifiable) outputEClass: energy; # format must be object
name + class

(child) outputE:
{

class, outputEClass:;
tailEntity, child:NHA:;
tailEntitySelectedChild_SENS, 0;
id, child:NHA:id:;
idSubscript, "B";
type, 2; # ME
type_SENS, 1;
loss, false;
loss_SENS, 1;

};

(name modifiable) outputELossClass: energy; # format must be object
name + class

(child) outputELoss:
{

class, outputELossClass:;
tailEntity, child:NHA:;
tailEntitySelectedChild_SENS, 0;
# headPointHidden, child:NHA:center: + vector(0,�1,0) * 20;
id, child:NHA:id:;
idSubscript, "C";
type, 1; # any type of Energy
type_SENS, 1;
loss, true;
loss_SENS, 0;

};

#=========
(list modifiable uncached) demandValue: {runtimeChecker:};

(boolean modifiable uncached) runtimeChecker:
@{

$allFlowsInModel << loop
{

for $child in root:FunctionModel:allChildrenInModel:;
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if (isKindOf?($child, flow) == true) collect $child;
};

$allFlowsInputToSelf << loop
{

for $flow in $allFlowsInModel;
if (ref($flow, "headEntity:") == self:) collect $flow;

};

$allFlowsOutputFromSelf << loop
{

for $flow in $allFlowsInModel;
if (ref($flow, "tailEntity:") == self:) collect $flow;

};

$isExactlyOneInput? << if (length($allFlowsInputToSelf) == 1) then
(true) else (false);

$isInputTypeEnergy? << if (isKindOf?(first($allFlowsInputToSelf),
energy) == true) then (true) else (false);

$isAtLeastTwoOutputs? << if (length($allFlowsOutputFromSelf) >= 2)
then (true) else (false);

$isAllOutputsEnergy? << loop {
for $output in $allFlowsOutputFromSelf;
if (isKindOf?($output, energy) == false) return false;
return is true;

};

$isAtLeasOneOutputLoss? << loop {
for $output in $allFlowsOutputFromSelf;
if (ref($output, "loss:") == true) return true;
return is false;

};

$isAtLeasOneOutputUsable? << loop {
for $output in $allFlowsOutputFromSelf;
if (ref($output, "loss:") == false) return true;
return is false;

};

$isAllUsableDiffTypeFromInput? << @{
$usableOutputs << loop
{
for $output in $allFlowsOutputFromSelf;
if (ref($output, "loss:") == false) collect $output;
};

$check << loop
{
for $usable in $usableOutputs;
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if (ref($usable, "typeString:") == ref(first(
$allFlowsInputToSelf), "typeString:")) return false;

return is true;
};
};

if ($isExactlyOneInput? && $isInputTypeEnergy? &&
$isAtLeastTwoOutputs? &&
$isAllOutputsEnergy? && $isAtLeasOneOutputLoss? &&

$isAtLeasOneOutputUsable? &&
$isAllUsableDiffTypeFromInput?)
then (doNothing)
else @{
ug_printMessage({"Convert_E must meet the following conditions

:" + "~n" +
"(1) Exactly one input flow." + "~n" +
"(2) The input type is energy." + "~n" +
"(3) At least two output flows." + "~n" +
"(4) All output flow types are energy." + "~n" +
"(5) At least one output is marked as loss and is of any

subtype." + "~n" +
"(6) At least one output is marked as usable flow (not

loss)." + "~n" +
"(7) All usable flows are of a different subtype than the

type of the input."
});

operation_aborted();
};

true;
};

DefClass: deenergize_m (function_block);

#=========
(integer modifiable) id:
@{

$refchain << ref(self:, "refchain:");
$idString << last(splitstring(last(splitString($refchain, ":")), "

deenergize_m"));
floor(MakeNumber($idString));

};

(string modifiable) label: "DeEngze_M";

#=========
(name modifiable) inputMClass: material; # format must be object name

+ class
(child) inputM:
{

class, inputMClass:;
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headEntity, child:NHA:;
headEntitySelectedChild_SENS, 0;
# tailPointHidden, child:NHA:center: + vector(�1,0,0) * 20;
id, child:NHA:id:;
idSubscript, "A";
type, 1; # Material
type_SENS, 1;
# loss, false;
# loss_SENS, 0;

};

(name modifiable) inputEClass: energy; # format must be object name +
class

(child) inputE:
{

class, inputEClass:;
tailEntity, inputM:;
tailEntitySelectedChild_SENS, 0;
headEntity, child:NHA:;
headEntitySelectedChild_SENS, 0;
# tailPointHidden, child:NHA:center: + vector(0,1,0) * 20;
id, child:NHA:id:;
idSubscript, "B";
type, 1; # Energy
type_SENS, 1;
loss, false;
loss_SENS, 0;

};

(name modifiable) outputMClass: material; # format must be object name
+ class

(child) outputM:
{

class, outputMClass:;
tailEntity, child:NHA:;
tailEntitySelectedChild_SENS, 0;
# headPointHidden, child:NHA:center: + vector(1,0,0) * 20;
id, child:NHA:id:;
idSubscript, "C";
type, inputM:type:;
type_SENS, 1; # type might change due to phase change
# loss, false;
# loss_SENS, 1;

};

(name modifiable) outputEClass: energy; # format must be object name +
class

(child) outputE:
{

class, outputEClass:;
tailEntity, child:NHA:;
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tailEntitySelectedChild_SENS, 0;
# headEntity, outputM:;
# headEntitySelectedChild_SENS, 0;
id, child:NHA:id:;
idSubscript, "D";
type, inputE:type:;
type_SENS, 0;
loss, false;
loss_SENS, 1;

};

(name modifiable) outputELossClass: energy;
(child) outputELoss:
{

class, outputELossClass:;
tailEntity, child:NHA:;
tailEntitySelectedChild_SENS, 0;
# headPointHidden, child:NHA:center: + vector(0,�1,0) * 20;
id, child:NHA:id:;
idSubscript, "E";
type, 1; # any type of Energy
type_SENS, 1;
loss, true;
loss_SENS, 0;

};

#=========
(list modifiable uncached) demandValue: {runtimeChecker:};

(boolean modifiable uncached) runtimeChecker:
@{

$allFlowsInModel << loop
{

for $child in root:FunctionModel:allChildrenInModel:;
if (isKindOf?($child, flow) == true) collect $child;

};

$allFlowsInputToSelf << loop
{

for $flow in $allFlowsInModel;
if (ref($flow, "headEntity:") == self:) collect $flow;

};

$allFlowsOutputFromSelf << loop
{

for $flow in $allFlowsInModel;
if (ref($flow, "tailEntity:") == self:) collect $flow;

};

#===========
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