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IntroductionIntroduction

• This project is a continuation of the 
Temperature Control System (TCS) done 
in previous semester (Course: ENPM641).

• This is a system designed to control the 
temperature in a closed space based on 
certain user defined parameters.
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Results from last semesterResults from last semester

• All the documents and deliverables from 
previous semester are available at 
http://www.wam.umd.edu/~fgallo/ENPM641/Inde
x.htm

• Last semester the final products obtained were:
– Initial requirements, goals, scenarios.
– High level models of system structure and behavior.
– Mapping of high level behavior onto high level system 

structure.
– Formulation of some optimization alternatives. 
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Goals for this semesterGoals for this semester
1. Define quantitative requirements for the project 

at a system level and a component level. 
2. Ensure that the components selected can 

communicate among each other by evaluating 
its input/output characteristics and constrains.

3. Perform optimization and tradeoff analysis so 
the best combination of components can be 
selected for a given set of decision criteria.

4. Perform appropriate traceability of 
requirements to ensure the components and 
configuration selected are able to fulfill the 
expected performance and behavior 
parameters.
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Restrictions and assumptionsRestrictions and assumptions
• In ENPM641 the TCS was conceived as a generic system 

that could be installed into any room or space. In ENPM642 
the system will be instantiated and optimized for a specific 
space. This space is a warehouse with the following 
dimensions: Height= 8 feet. Width=100 feet. Length= 100 
feet. The warehouse will be considered as a space poorly 
insulated.

• The project focuses on the following components: 
– Thermometer
– Controlling device → for example, a PID or other.
– Programmable parameters controlling device (PPCD)

→ for example a PC where the user can program 
parameters such as desired temperature.

– Fan
– Heater
– Chiller
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Restrictions and assumptionsRestrictions and assumptions
• Some simulation tools available on the Internet have 

been used to generate estimates (e.g. BTUs and 
similar computations). 

• These simulation tools make certain assumptions 
based on the expected average temperature and 
general weather conditions of the place where the 
system to control de temperature is going to be 
installed. 

• In order to provide a context for these suppositions, all 
the calculations done for this project were done 
assuming that the warehouse is located in Virginia. 

• The simulators used to determine the BTUs are at:
– http://hearth.com/calc/btucalc.html
– http://www.a-wall.com/ACcalc.php
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• ENPM641 was focused on the Analysis 
workflow. This workflow is abstract.
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more important.
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Requirements traceabilityRequirements traceability

• Several levels of requirements were defined:
– Level 1: Corresponds to requirements defined in 

ENPM641. 
– Level 2: Corresponds to refined requirements 

defined in ENPM641.
– Level 3: Corresponds to the re-definition of the 

requirements based on the assumptions and 
restrictions from Section 2 in this document. 

– Level 4: Corresponds to the requirements-
specifications (req-specs) where objective 
(quantitative) parameters have been defined. 
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Consolidation of requirementsConsolidation of requirements
• Each of the quantitative requirements (Level4) were 

mapped into each of the components of the system. 
• The criteria for component selection were defined:

– Initial acquisition cost.
– Durability of system.
– Reliability of system.

• Criteria for Performance Evaluation:
– Efficiency of energy usage of the system (i.e. minimum waste, 

maximum power transfer to actual load).
– Accuracy of components.
– Speed of system to reach desired conditions.
– Power output (i.e. capability of the system to perform given the

magnitude of the element to be controlled)→ e.g. BTUs of 
heating unit.
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You may be asking yourself… 
What is this guy going to talk 
about?
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• 1) Why did we choose to do constrain 
components by interface specification?

• 2) How did we write a program to do it?
• 3) What’s the concept behind this 

program? Can I see some screen shots?
• 4) Can I please see a demonstration? 

SURE!
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Past student projects have optimized 
components from a component library 
without taking into account the the 
interface specifications between the 
components. The Component Interface 
Constrainer Program addresses this issue 
by allowing a user to constrain a 
component library based on interface 
limitations.
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• Java Standard Edition version 1.4.2
• JDOM version 1.0
• XML Database represented as XML file
• XSL Transformations
• Log4j logging 
• Properties file configuration
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• JDOM is a Java representation of an XML 
document.

• It is an open source interface which allows 
Java developers to manipulate XML based 
components in a programmatic way. 
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• XML is the new standard for 

interoperability between databases.
• It’s strength lies in embedding metadata 

with data in a hierarchical structure.
• This allows processing components to be 

loosely coupled with the data being 
processed.

• A well defined schema allows this process 
to be extended to any kind of component 
library.
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• XSL stands for XML Stylesheet Language.
• XSL allows a developer to separate the 

content of XML data from the layout of that 
data.

• XSL can be used to format to  GUI or a 
back end component.

• Since XSL is an instance of XML, it 
benefits from all XML has to offer.
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• Logging is crucial for system feedback.
• Log4J enables a developer to output 

statements as a program runs.
• It’s main advantage over the standard 

output print statement is that it allows for 
runtime configurability, filtering, well as 
multicasting output to different sources.
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• By referencing a properties file a system 
becomes configurable at runtime and 
more variables can be set by the user as 
the system initializes.

• The Component Interface Constrainer 
Program can set which stylesheet it will 
use at run time to determine the output.
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• For n number of constraints on i 

components, where i can be: Controller, 
Heater, Chiller, Fan, Thermometer, or 
PPCD 

• Choose that type of component from the 
component library and keep it only if it 
fulfills the current constraint.

• Output all the “passing” components to an 
html file so the user can easily browse the 
feasible set.

• For n number of constraints on i 
components, where i can be: Controller, 
Heater, Chiller, Fan, Thermometer, or 
PPCD 

• Choose that type of component from the 
component library and keep it only if it 
fulfills the current constraint.

• Output all the “passing” components to an 
html file so the user can easily browse the 
feasible set.



Specification DescriptionSpecification Description

• The key to the process of constraining 
components based on interface 
specifications is in describing the input 
and output specifications in a database 
which can be processed.

• The extensibility of the database is a direct 
cause of how well the system can be 
improved and expanded if later 
functionality is desired.
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OO = Easier ImprovementOO = Easier Improvement
• This program is object oriented, meaning it 

could be connected to other objects and 
can be modularly improved.

• Possible improvements include:
– Graphical user interface for constraint query
– Graphical user interface for data entry
– Schema Validation for all data entry
– Connection to optimization component
– Recursive component interface analysis
– Ported to Web Application
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components based on the set of options 
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•All the information was consolidated using 
dynamically linked references.



Optimization and tradeoff analysisOptimization and tradeoff analysis



Models used for the design 
objectives
Models used for the design 
objectives
• Cost: sum of each individual cost
• Reliability: 

Rel = RelTher * RelPPCD * RelContDevice * RelFan * 
{1-(1-RelHeater)(1-RelChiller)}

• Cost: sum of each individual cost
• Reliability: 

Rel = RelTher * RelPPCD * RelContDevice * RelFan * 
{1-(1-RelHeater)(1-RelChiller)}



Models used for the design 
objectives
Models used for the design 
objectives
• Durability: The system durability was calculated based 

on the durability of each individual component and its 
cost. The assumption is that if an expensive component 
fails, the overall durability of the system is reduced 
more dramatically than if a cheaper component fails 
and needs to be repaired or replaced. 

• Durability = {(DurHeater x CostHeater) + (DurChiller x 
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Excel and VBA Demo of final steps for the Optimization 
and Tradeoff analysis:

1. Clear the data

2. Run unconstrained routine

3. Show charts

4. Run constraints

5. Show messages of excluded components

6. Show charts with constraints

7. Show tab with the final results and weighted sums.
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