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and the Next 50...

* ABC, Algol, Applescript, AspectJ, Avenue,
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PL/1, Postscript, Powerbuilder, Progress,
REALbasic, Rebol, Scala, Seed7, SIGNAL,
SPSS, Verilog, VHDL, XSLT
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Ruby
* From Wikipedia:

Ruby is a reflective, dynamic, object-oriented
programming language. It combines syntax
inspired by Per| with Smalltalk-like object-
oriented features, and also shares some
features with Python, Lisp, Dylan and CLU.

* Web Services (wiki's, webmail, shopping, ...),
Data Processing




Course Organization

* Programming in the Small * Programming in the Large
- theoretical foundations - modularity
- basic concepts - program structure
- function, imperative - OOP

- new ways of thinking - concurrency, security

Partial And Total Functions

* Total function f:A—B is a subset f C AxB with
- For every xEA, there is some yEB with (x,y) € f  (total)
- If (xy) € f and (x,z) € f theny=z (single-valued)

* Partial function f:A—B is a subset f C AxB with
- If (xy) € f and (x,z) € f theny=z (single-valued)

* Programs define partial functions for two reasons
- partial operations (like division)
- nontermination
f(x) = if x=0 then 1 else f(x-2)

« Lisp, ML, Algol * Simula, Smalltalk, C++,
Java, 6T
Computability
* Definition

A function f is computable if there is a
program P that computes f, i.e., for any input x,
the computation P(x) halts with output f(x)

* Terminology
Partial recursive functions
= partial functions (integers to integers)
that are computable

Halting Problem

* Decide whether program halts on input
- Given program P and input x to P,

_ "halts" if P(x) halts
- Halt (P.x) = "does not halt" otherwise

Clarifications
Assume program P requires one string input x
Write P(x) for output of P when run on input x
Program P is string input to Halt

. Fact: There is no program for Halt

Proof

* Suppose Q(P, x) is a program that:

- returns "halts" if P(x) halts

- returns "does not halt" if P(x) does not halt
* Construct program

D(P) = if Q(P,P) = "halts" then run forever
else halt

* D(P) will halt if P(P) runs forever.
* D(P) will run forever of P(P) halts.

Proof (2)

* What does D(D) do?
- If D(D) halts, then D(D) will run forever.
- If D(D) runs forever, then D(D) halts.

* This is a contradiction!

* Therefore, our assumption that Q solves the
halting problem is not valid.




Implications of Halting Problem

* There are useful program properties we
cannot determine:

- will a program run forever or not?

- will a program eventually cause an error?
(compilers do conservative checking- more on
this later)

- will a program touch a specific piece of
memory again?




