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Expert systems 

!  Knowledge-based system 
! Software that uses a specific set of information, from 

which it extracts and processes particular pieces 

!  Expert system 
! A software system based on the knowledge of human 

experts; it is a  
" Rule-based system: A software system based on a set of if-

then rules 
"  Inference engine: The software that processes rules to draw 

conclusions 



Expert systems (example) 

!  Named abbreviations that represent conclusions 
! NONE – apply no treatment at this time 
! TURF – apply a turf-building treatment 
! WEED – apply a weed-killing treatment 
! BUG – apply a bug-killing treatment 
! FEED – apply a basic fertilizer treatment 
! WEEDFEED – apply a weed-filling and fertilizer 

combination treatment 



Expert systems (example) 

!  Boolean variables needed to represent state of the 
lawn 
! BARE – the lawn has large, bare areas 
! SPARSE – the lawn is generally thin 
! WEEDS – the lawn contains many weeds 
! BUGS– the lawn shows evidence of bugs 



Expert systems (example) 

!  Data that is available 
! LAST – the date of the last lawn treatment 
! CURRENT – current date 
! SEASON – the current season 

!  Now we can formulate some rules for our gardening 
expert system 

!  Rules take the form of if-then statements 



Expert systems (example) 

!  Some rules 
!  If (CURRENT – LAST < 30) then NONE 
!  IF (SEASON = winter) then not BUGS 
!  IF (BARE) then TURF 
!  IF (SPARSE and not WEEDS) then FEED 
!  IF (BUGS and not SPARSE) then BUG 
!  IF (WEEDS and not SPARSE) then WEED 
!  IF (WEEDS and SPARSE) then WEEDFEED 



Expert systems (example) 

!  An execution of our inference engine 
!  System: Does the lawn have large, bare areas? 
! User: No 
!  System: Does the lawn show evidence of bugs? 
! User: No 
!  System: Is the lawn generally thin? 
! User: Yes 
!  System: Does the lawn contain significant weeds? 
! User: Yes 
!  System: You should apply a weed-killing and fertilizer 

combination treatment 
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Artificial neural network 

!  A computer representation of knowledge that 
attempts to mimic the neural networks of the human 
body 

!  Yes, but what is a human neural network? 



Neural network 



Neural network 

!  Neuron 
! A single cell that conducts a chemically-based electronic 

signal 
! At any point in time a neuron is in either an excited 

state or an inhibited state 

!  Excited state 
! Neuron conducts a strong signal 

!  Inhibited state 
! Neuron conducts a weak signal 



Neural network 

!  Pathway 
! A series of connected neurons 

!  Dendrites 
!  Input tentacles 

!  Axon 
! Primary output tentacle 

!  Synapse 
! Space between axon and a dendrite 



Neural network 

!  Chemical composition of a synapse tempers the strength of 
its input signal 

!  A neuron accepts many input signals, each weighted by 
corresponding synapse 



Neural network 

!  The pathways along the neural nets are in a 
constant state of flux 

!  As we learn new things, new strong neural pathways 
in our brain are formed 



Artificial neural networks 

!  Each processing element in an artificial neural net is 
analogous to a biological neuron 
! An element accepts a certain number of input values 

(dendrites) and produces a single output value (axon) 
of either 0 or 1 

! Associated with each input value is a numeric weight 
(synapse) 



Artificial neural networks 

!  The effective weight of the element is the sum of the 
weights multiplied by their respective input values 

 v1 * w1 + v2 * w2 + v3 * w3 

!  Each element has a numeric threshold value 
!  If the effective weight exceeds the threshold, the 

unit produces an output value of 1 
!  If it does not exceed the threshold, it produces an 

outpu value of 0 



Artificial neural networks 

!  Training 
! The process of adjusting the weights and threshold 

values in a neural net 

!  How does this all work? 
! Train a neural net to recognize a cat in a picture 
! Given one output value per pixel, train network to 

produce an output value of 1 for every pixel that 
contributes to the cat and 0 for every one that does not 
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Natural  language processing 

!  Three basic types of processing occur during 
human/computer voice interaction 

!  Voice synthesis: Using a computer to recreate the 
sound of human speech 

!  Voice recognition: Using a computer to recognize 
the words spoken by a human 

!  Natural language comprehension: Using a computer 
to apply a meaningful interpretation to human 
communication 



Voice synthesis 

!  One approach to voice synthesis 
!  Dynamic voice generation 

! A computer examines the letters that make up a word 
and produces the sequence of sounds that correspond 
to those letters in an attempt to vocalize the word 

!  Phonemes 
! The sound units into which human speech has been 

categorized 



Voice synthesis 



Voice synthesis 

!  Another approach to voice synthesis 
!  Recorded speech 

! A large collection of words is recorded digitally and 
individual words are selected to make up a message 

! Many words must be recorded more than once to 
reflect different pronunciations and inflections 



Voice recognition 

!  Problems with understanding speech 
! Each person’s sounds are unique 
! Each person’s shape of mouth, tongue, throat, and nasal 

cavities that affect the pitch and resonance of our 
spoken voice are unique 

! Speech impediments, mumbling, volume, regional 
accents, and the health of the speaker are further 
complications 



Voice recognition 

!  Other problems 
! Humans speak in a continuous, flowing manner, stringing 

words together 
! Sound-alike phrases like “ice cream” and “I scream” 
! Homonyms such as “I” & “eye” or “see” & “sea” 

!  Humans clarify these situations by context, but that 
requires another level of comprehension 

!  Voice-recognition systems still have trouble with 
continuous speech 



Voice recognition 

!  Voiceprint 
! The plot of frequency changes over time representing 

the sound of human speech 

!  A human trains a voice-recognition system by 
speaking a word several times so the computer gets 
an average voiceprint for a word 



Natural  language comprehension 

!  Natural language is ambiguous 
!  Lexical ambiguity 

! The ambiguity created when words have multiple 
meanings 

!  Syntactic ambiguity 
! The ambiguity created when sentences can be 

constructed in various ways 
!  Referential ambiguity 

! The ambiguity created when pronouns could be applied 
to multiple objects 



Natural  language comprehension 

!  What does this sentence mean? 

!  Time flies like an arrow 
! Time goes by quickly 
! Time files (using a stop watch) as you would time an 

arrow 
! Time files (a kind of fly) are fond of an arrow 



Natural  language comprehension 

!  Lexical ambiguity 
! Time flies like an arrow 

!  Syntactic ambiguity 
!  I saw the bird watching from the corner 
!  I ate the sandwich sitting on the table 

!  Referential ambiguity 
! The bicycle hit the curb, but it was not damaged 
! John was mad at Bill, but he didn’t care 
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Robotics 

!  Mobile robotics 
! The study of robots that move relative to their 

environment, while exhibiting a degree of autonomy 

!  Sense-plan-act (SPA) paradigm 
! The world of the robot is represented in a complex 

semantic net in which the sensors on the robot are used 
to capture the data to build up the net 



Subsumption architecture 

!  Rather than trying to model the entire world all the 
time, the robot is given a simple set of behaviors 
each associated with the part of the world 
necessary for that behavior 



Subsumption architecture 



Robots 

!  Sony’s Aibo 

!  Sojourner Rover 

!  Spirit or Opportunity Rover 



Picture sources of today’s slides 

!  Jones & Barlett Learning’s slides 

!  http://www.kurzweilai.net/a-key-signaling-pathway-that-triggers-neuron-
growth 


