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Rapid Change:
Developing Stable Curriculum
In an Unstable Environment

Hardware
Operating System
Languages
Applications
Changing any one of them

can affect the others!



Change in Hardware
Old New

CPU: 486 SX Pentium 4

RAM: 8M 1 GB

Hard drive storage: 80 MB 10 GB
HI_Gris 640x480 1024x768
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Change in Operating Systems

Windows
Windows 3.1
Windows 95

Windows 2000
Windows XP

Other Operating Systems
Novell 3.12
Linux Red Hat 4
Fedora Core 6

Unbuntu or Fedora Core 8



Languages/Development Environments

Turbo Pascal Assembly
C Visual Basic
Borland C++ Visual C++
Java J++ not the same as Java
Perl, Python, ML, OCaml,... Lisp/Scheme

AP Computer Science

Pascal -> C++ -> Java -> Python?



Tired!



Rapid Change implies Rapid Obsolescence

Much of what a high school student learns about technology will be
outdated by the time they graduate college

- Introductory Programming Languages have a shelf life of about four
years

- Applications are reincarnated every two or three years



We live in an Information Economy

- Huge Information volume
- All students should be adept at processing information ef®ciently.

- Most students who take a Computer Science course will not major
In it.

- Computer Science belongs in a Liberal Arts Education



The Ideal Technology Curriculum

- 1S conceptually based

- has a minimal syntax and easy to learn

- works on any hardware platform

- supports Math, Science and other disciplines
- has a shelf life of a minimum of ten years

Students should Learn Programming
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Computer Programming is at the Center

Programming should be how these different

disciplines are communicating
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Computer Programming is at the Center

Programming is how these different

technologies are communicating
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Middle/Upper School Computer Science
at Viewpoint School

Computer Programming 7E
Computer Programming 8E
Computer Science 9
Intermediate Computer Science
Arti®cial Intelligence
AP Computer Science A

Robotics
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/th Grade Curriculum
(1 semester/ 2 hours per rotation)

simple functions

functional composition

conditional

symbolic data

programming animation

messaging over tcp-ip using a program
recursive data de®nitions for lists
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8th Grade Curriculum
(1 semester/ 3 hours per rotation)

simple functions (review)
functional composition (review)
conditional (review)

symbolic data (review)
computing over a network
recursive programs for lists
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Oth Grade Curriculum

(2 semesters/ 3 hours per rotation)

simple functions (review)
functional composition (review)
conditional (review)

symbolic data (review)
computing over a network
recursive programs for lists
structures

polymorphism

programs that create lists
processing numbers recursively
auxiliary functions

lists of lists

binary trees

mutual recursion
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Arti®cial Intelligence
1 year

graph data structures

search techniques

logic (wff n proof)

fuzzy logic

neural networks

optical character recognition
processing images(signal processing)
tic-tac-toe

genetic algorithms

17



AP Computer Science
1 year

Standard AP curriculum
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Robotics
1 year

Lego Mindstorms
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This Lecture i1s About...

© a Methodology for teaching Programming
o Middle/Upper School Education

© Integrating Science, Technology and Math
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This Lecture Is...

Not about...
© A particular programming language (e.g., Java, C++, Scheme)
o A particular programming tool (e.g., gcc, DrScheme)
o Speci®c libraries or protocols (e.g., Gtk, XML, HTTP)

© How programs get translated into electronic signals
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Book

How to Design Programs
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Programming Environment

DrScheme
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What is Scheme?

- Scheme Is a programming language

- The language for this lecture matches a subset of Scheme

- The lecture content is not Scheme-speci®c
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Getting Started.:
Arithmetic, Algebra, and Computing



Arithmetic is Computing

- Fixed, pre-de®ned rules for primitive operators
2+3=5
4" 2=8
cos(0)=1
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Arithmetic is Computing

- Fixed, pre-de®ned rules for primitive operators
2+3 ® b5
4°2 ® 8
cos(0) ® 1
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Arithmetic is Computing

- Fixed, pre-de®ned rules for primitive operators

2+3 ® 5
42 ® 8
cos(0) ® 1

- Rules for combining other rules:
© Evaluate sub-expressions ®rst

4°2+3) ® 4°5 ® 20
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Arithmetic is Computing

- Fixed, pre-de®ned rules for primitive operators

2+3 ® 5
42 ® 8
cos(0) ® 1

- Rules for combining other rules:
© Evaluate sub-expressions ®rst
4°(2+3) ® 4°5 ® 20
o Precedence determines subexpressions:

4+2°3 ® 4+6 ® 10
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Algebra as Computing

© De®nition:
f(x) = cos(x) + 2
© EXpression:

f0) ® cos(0)+2 ® 1+2 ® 3
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Algebra as Computing

© De®nition:
f(x) = cos(x) + 2
© EXpression:

f0) ® cos(0)+2 ® 1+2 ® 3

- First step uses the substitution rule for functions
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Notation

- Why do some primitive operators go in the middle, like +, while
others go at the front, like cos?

- What are the precedence rules? (What is precedence but
discrimination for operators?)

- How do we know which arguments go with which operators?
- Which parentheses are redundant?

- When does = mean de®nition and when does it mean a
computation step?
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Simpli®ed Expression Notation

- Put all operators at the front
- Start every operation with an open parenthesis
- Put a close parenthesis after the last argument
- Never add extra parentheses

Old New

142 (+ 1 2)
4+2° 3 (+ 4 (* 2 3))
cos(0) + 1 (+ (cos 0) 1)
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Simpli®ed De®nition Notation

- Use the keyword define instead of =

- Put define at the front, and group with parentheses

- Move open parenthesis from after function name to before
Old New

f(x) = cos(x) + 2 (define (f x) (+ (cos x) 2))
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Simpli®ed De®nition Notation

- Use the keyword define instead of =

- Put define at the front, and group with parentheses

- Move open parenthesis from after function name to before
Old New

f(x) = cos(x) + 2 (define (f x) (+ (cos x) 2))

- Move open parenthesis in function calls

Old New
f(0) (f 0)
f(2+3) (f (+ 2 3))
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Evaluation Is the Same as Before

(define (f x) (+ (cos x) 2))
(f 0)



Evaluation Is the Same as Before

(define (f x) (+ (cos x) 2))

(f 0)
® (+ (cos 0) 2)



Evaluation Is the Same as Before

(define (f x) (+ (cos x) 2))

(f 0)
® (+ (cos 0) 2)
® (+ 1 2)



Evaluation Is the Same as Before

(define (f x) (+ (cos x) 2))

(f 0)

® (+ (cos 0) 2)
® (+ 1 2)

® 3



Programming
How to Design Programs

- Programming always requires creativity

- But a design rules can guide and focus creativity
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Programming
How to Design Programs

- Programming always requires creativity

- But a design rules can guide and focus creativity

Analogous to rules for composing music:

scales, chords, counterpoint, rhythms, etc.
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Programming
How to Design Programs

- Programming always requires creativity

- But a design rules can guide and focus creativity

Analogous to rules for composing music:
scales, chords, counterpoint, rhythms, etc.

Language syntax is like musical notation
You need a notation, but notation alone gets you nowhere
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The Design Recipe

- We start with a simple recipe

- As the course progresses, we expand the recipe
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Design Recipe |
Data
- Understand the input data: num, bool , sym, or image
Contract, Purpose, and Header
- Describe (but don®©t write) the function
Examples
- Show what will happen when the function is done
Body
- The most creative step: implement the function body
Test

- Run the examples
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Design Recipe |
Data
- Understand the input data: num, bool , sym, or image
Contract, Purpose, and Header
- Describe (but don®©t write) the function
Examples

- Show what will happen when the function is done

Body

- The most creative step: implement the function body
Test

- Run the examples
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Data
Choose a representation suitable for the function input

- Fahrenheit degrees N num

- Grocery items sym

»

- Wages num
IS
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Design Recipe |
Data
- Understand the input data: num, bool , sym, or image
Contract, Purpose, and Header
- Describe (but don®©t write) the function
Examples

- Show what will happen when the function is done

Body

- The most creative step: implement the function body
Test

- Run the examples
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Contract, Purpose, and Header
Contract

Describes input(s) and output data
- f2¢ © num-> num

- 1s-milk? . sym -> bool

. netpay : num-> num
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Contract, Purpose, and Header

Purpose

Describes, in English, what the function will do
- Converts F-degredsto C-degrees

- Checks whethes is a symbol for milk

- Computes net pay (less taxes) molnours worked

49



Contract, Purpose, and Header

Header

Starts the function using variables that are metioned in purpose
- (define (f2c f) ... )

- (define  (is-milk? S) ... )

- (define  (netpay n) ... )
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Contract, Purpose, and Header

Header

Starts the function using variables that are metioned in purpose
- (define (f2c f) ... )

- (define  (is-milk? S) ... )

- (define  (netpay n) ... )

function name and variable count match contract
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Contract, Purpose, and Header

Header

Starts the function using variables that are metioned in purpose
- (define (f2c f) ... )

- (define  (is-milk? S) ... )

- (define  (netpay n) ... )

Check: function name and variable count match contract

- f2¢C ©num -> num
, Converts F-degrees f to C-degrees
(define (f2c f) ... )
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Design Recipe |
Data
- Understand the input data: num, bool , sym, or image
Contract, Purpose, and Header
- Describe (but don®©t write) the function
Examples
- Show what will happen when the function is done

Body

- The most creative step: implement the function body
Test

- Run the examples
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Examples

Show example function calls an result

(f2c 32) "should be" 0
(f2c 212) "should be" 100

(1s-milk? ©milk ) "should be"
(1s-milk? ©apple ) "should be"

true
false

54



Examples

Show example function calls an result

(f2c 32) "should be" 0
(f2c 212) "should be" 100

(1s-milk? ©milk ) "should be" true
(1s-milk? ©apple ) "should be" false

Check: function name, argument count and types match contract
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Examples

Show example function calls an result

(f2c 32) "should be" 0
(f2c 212) "should be" 100

(1s-milk? ©milk ) "should be" true
(1s-milk? ©apple ) "should be" false

Check: function name, argument count and types match contract

, f2c . num -> num
; Converts F-degrees f to C-degrees
(define (f2c f) ... )

(f2c  32) "should be" 0
(f2c 212) "should be" 100
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Design Recipe |
Data
- Understand the input data: num, bool , sym, or image
Contract, Purpose, and Header
- Describe (but don®©t write) the function
Examples

- Show what will happen when the function is done

Body

- The most creative step: implement the function body
Test

- Run the examples
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Body

Fill in the body under the header

(define (f2c f)
(* (- f 32) 5/9))

(define  (is-milk? S)
(symbol=? s ©milk ))
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Body

Fill in the body under the header

(define (f2c f)
(* (- f 32) 5/9))

(define  (is-milk? S)
(symbol=? s ©milk ))

,f2c © num -> num
; Converts F-degrees f to C-degrees
(define (f2c f)

(* (- f 32) 5/9))
(f2c  32) "should be" 0
(f2c 212) "should be" 100
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Design Recipe |
Data
- Understand the input data: num, bool , sym, or image
Contract, Purpose, and Header
- Describe (but don®©t write) the function
Examples

- Show what will happen when the function is done
Body

- The most creative step: implement the function body
Test

- Run the examples
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Test

Click Execute - examples serve as tests
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Design Recipe - Each Step Has a Purpose
Data
- Shape of input data will drive the implementation
Contract, Purpose, and Header
- Provides a ®rst-level understanding of the function
Examples
- Gives a deeper understanding and exposes speci®cation issues
Body
- The implementation is the whole point
Test

. Evidence that it works
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Example of Advanced Student
Programming Projects

Using matrices to write 3D Graphics Engines
Determining the Distance to an object using stereo photos

Determining the Distance to an object using Sum of Squared
Differences

Backpropagation Neural Networks

Fourier Analysis and Voice Authentication

Genetic Algorithms

Make a colored piece of paper play a musical scale

Write a program that interprets and plays tic-tac-toe on the
whiteboard
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Logistic Equation

Craig Bohrson
(define (f x) (* 25 x (- 1 x)))



Logistic Equation

Craig Bohrson
(define (f x) (* 3.1 x (- 1 x)))



( define

Logistic Equation

Craig Bohrson
(f x) (* 3.8 x (-

1 x)))
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Logistic Equation

Craig Bohrson
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Mandelbrot: 10*10 zoom
Craig Bohrson
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Contact Information

Dan Anderson
www.understandit.com

dan@understandit.com
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