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APPLICATIONSAPPLICATIONS
•• FPGA SYNTHESISFPGA SYNTHESIS
•• VLSI LAYOUT SYNTHESISVLSI LAYOUT SYNTHESIS
•• DATA MINING AND KNOWLEDGEDATA MINING AND KNOWLEDGE

DISCOVERYDISCOVERY
•• MEDICAL DATABASESMEDICAL DATABASES
•• EPIDEMIOLOGYEPIDEMIOLOGY
•• ROBOTICSROBOTICS
•• FUZZY LOGIC DECOMPOSITIONFUZZY LOGIC DECOMPOSITION
•• CONTINUOUS FUNCTION DECOMPOSITIONCONTINUOUS FUNCTION DECOMPOSITION



VLSI LayoutVLSI Layout



LayoutLayout
decompositiondecomposition

blockblock
diagram.diagram.



Number of complex gates with
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Comparison of SIS and COMPLEXComparison of SIS and COMPLEX



Example of decomposition basedExample of decomposition based
synthesis for lattice diagrams.synthesis for lattice diagrams.
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with no errorwith no error



Michalski’s Michalski’s TrainsTrains



Michalski’s Trains
• Multiple-valued functions.
• There are 10 trains, five going East, five going West,

and the problem is to nd the simplest rule which, for a
given train, would determine whether it is East or
Westbound.

• The best rules discovered at that time were:
– 1. If a train has a short closed car, then it Eastbound and

otherwise Westbound.
– 2. If a train has two cars, or has a car with a jagged roof then

it is Westbound and otherwise Eastbound.

• Espresso format. MVGUD format.



Michalski’s Trains



Michalski’s
Trains



• Attribute 33: Class attribute (east or west)
– direction (east = 0, west = 1)

• The number of cars vary between 3 and 5. Therefore, attributes
referring to properties of cars that do not exist (such as the 5
attributes for the “5th" car when the train has fewer than 5 cars)
are assigned a value of “-".

• Applied to the trains problem our program discovered the
following rules:
– 1. If a train has triangle next to triangle or rectangle next to triangle on

adjacent cars then it is Eastbound and otherwise Westbound.
– 2. If the shape of car 1 (s1) is jagged top or open rectangle or

u-shaped then it is Westbound and otherwise Eastbound.

Michalski’s Michalski’s TrainsTrains



MV benchmarks: zooMV benchmarks: zoo



MV benchmarks: shuttleMV benchmarks: shuttle



MV benchmarks: lensesMV benchmarks: lenses



Medical data basesMedical data bases
with errorwith error



Evaluation of results forEvaluation of results for
learninglearning

• 1. Learning Error

• 2. Occam Razor , complexity



A machine learning approachA machine learning approach
versus several logic synthesisversus several logic synthesis

approachesapproaches



Finding the error, DFC, and time ofFinding the error, DFC, and time of
the decomposer on the benchmarkthe decomposer on the benchmark

kddkdd55..



The average error over 54 benchmark functions.



MV benchmarks:MV benchmarks:  breastcbreastc



Data miningData mining
system forsystem for
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BinningBinning Strategy #1: Strategy #1:
Linear MappingLinear Mapping
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Epidemiological SurveyEpidemiological Survey
Race:

_____ (W) White
_____ (B)  Black
_____ (O) Other

Did you [Name of child] have contact with or change any diapers while at Battleground
State Park?

_____ (1)  YES   _____ (2)  NO  _____ (9) DK

Estimate the amount of time you [Name of child] spent in the water (total time):
   >  2 hours          ____ (3)
       15 minutes – 2 hours ____ (2)
   <  15 minutes ____ (1)

How serious was your child’s illness?
____ (1)  No illness   ____ (2)  diarrhea but no fever    ____ (3)  diarrhea and fever    ____ (9)  DK



Survey EncodingSurvey Encoding
Input Variable ‘a’
White encodes to     ‘0’
Black encodes to     ‘1’
Other encodes to     ‘2’

Input Variable ‘c’
2 hr   <      encodes to    ‘2’
[.25, 2 ) hr encodes to    ‘1‘
<  .25    hr encodes to    ‘0’

Input Variable ‘b’
DK encodes to    ‘2’
NO encodes to    ‘1’
YES encodes to  ‘0’

Output Variable ‘z’
Don’t Know encodes to                   ‘3’
Diarrhea and fever encodes to       ‘2’
Diarrhea but no fever encodes to   ‘1’
No illness encodes to                        ‘0’



Race:
_____ (W) White
_____ (B)  Black
_____ (O) Other

Did you [Name of child] have contact with or change any diapers while at Battleground State
Park?

_____ (1)  YES   _____ (2)  NO  _____ (9) DK

Estimate the amount of time you [Name of child] spent in the water (total time):
   >  2 hours          ____ (3)
       15 minutes – 2 hours ____ (2)
   <  15 minutes ____ (1)

How serious was your child’s illness?
____ (1)  No illness   ____ (2)  diarrhea but no fever    ____ (3)  diarrhea and fever    ____ (9)  DK

Survey Data: Sample 0Survey Data: Sample 0
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Encoded Survey Data: Sample 0Encoded Survey Data: Sample 0

Sample #         a         b         c         f

       0                 1         0         2        2



Ten Encoded SurveysTen Encoded Surveys
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Multi-valued Relation Represented Tabular Form  



MarketMarket

• Current intended market
• State and federal epidemiologists working within the United

States of America.
• Anticipated market demand
• There are approximately 1000 epidemiologists in the United

States.
• Predicable future markets
• Any application where there is a data set with many unknown

values and a user that wishes to generate hypothesis from the
data.



CompetitionCompetition
• Oracle’s Darwin®

– Darwin’s one-click data import wizards accept data in all popular formats, including ODBC, ASCII, and
SAS

– Array of techniques increases modeling accuracy. These techniques include regression trees, neural
networks, k-nearest neighbors, regression, and clustering algorithms

• Wizsoft’sWizRule
– Reports the rules, and the cases deviating from the norm
– Sorts the deviated cases by their level of unlikelihood

• Information Discovery’s Data Mining Suite
– Uses relational and multi-dimensional data
– Results are delivered to the user in plain English, accompanied by tables and graph that

highlight the key patterns

• Center for Disease Control’s Epi Info
– Tailored for Epidemiologist
– DOS based suite of Application



Flow of the ProgramFlow of the Program
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Gait control of a robotGait control of a robot
puppet for Oregonpuppet for Oregon

Cyber TheatreCyber Theatre





Model with a gripperModel with a gripper



Model with an internet  cameraModel with an internet  camera
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teaching a hexapod to walkteaching a hexapod to walk



• The following formula describes the exact motion of the shaft
of every servo.

• Theta, the angle of the servo’s shaft, is a function of time.
• Theta naught is a base value corresponding to the servo’s

middle position.  Theta naught will be the same for all the
servos.

•  ‘A’ is called the amplitude of the oscillation.  It relates to how
many degrees the shaft is able to rotate through.

• Omega relates to how fast the servo’s shaft rotates back and
forth.  Currently, for all servos, there are only four possible
value that omega may take

• Phi is the relative phase angle.

( )iiioi tAt φωθθ ++= *sin)(



And a familiar table againAnd a familiar table again
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Conclusion

• Stimulated by practical hard problems:
– Field Programmable Gate Arrays (FPGA),
– Application Specific Integrated Circuits (ASIC)
– high performance custom design (Intel)
– Very Large Scale of Integration (VLSI) layout-

driven synthesis for custom processors,
– robotics (hexapod gaits, face recognition),
– Machine Learning,
– Data Mining.



Conclusion
• Developed 1989-present
• Intel, Washington County epidemiology office,

Northwest Family Planning Services, Lattice
Logic Corporation, Cypress Semiconductor,
AbTech Corp., Air Force Office of Scientific
Research, Wright Laboratories.

• A set of tools for decomposition of binary and
multi-valued functions and relations.

• Extended to fuzzy logic, reconstructability
analysis and real-valued functions.



Conclusion
• Our recent software allows also for bi-decomposition,

removal of vacuous variables and other
preprocessing/postprocessing operations.

• Variants of our software are used in several commercial
companies.

• The applications of the method are unlimited and it can be
used whenever decision trees or artificial neural nets are
used now.

• The quality of learning was better than in the top decision
tree creating program C4.5 and various neural nets.

• The only problem that remains is speed in some
applications.



Conclusion
•• On our WWW page,On our WWW page,
     http:// www.ee.pdx.edu/~cfiles/papers.html
  the reader can find many benchmarks from various

disciplines that can be used for comparison of machine
learning and logic synthesis programs.

• We plan to continue work on decomposition and its
various practical applications such as epidemiology or
robotics which generate large real-life benchmarks.

• We work on FPGA-based reconfigurable hardware
accelerator for decomposition to be used on a mobile
robot.


