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Lectures
1Introduction

2Concepts	and	models	of	programming	languages

3Declarative	Computation	Model

4Declarative	Programming	Techniques

5Declarative	Computation	Implementation

6Declarative	Concurrency

7Message	Passing	Concurrency

8Explicit	State	and	Imperative	Model

9Imperative	Programming	Techniques

10Imperative	Programming	Implementation

11Shared-State	Concurrency

12Relational	Programming

13Constraint	Programming

14Macro

15Running	natively	and	JIT

16Garbage	Collection

17Summary
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Lecture	content
Practical	Normal	Order

Evaluator

Practical	Applicative	Order

Evaluator
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Applicative	vs	Normal
Recursively	evaluate	all	the	subexpressions,

but	in	what	order?
Applicative	order:	evaluate	the	arguments	and	then	apply.

Evaluate	the	procedure	body	with	every	formal	parameter

replaced	with	the	corresponding	argument	value

Normal	order:	fully	expand	and	then	reduce.	Recursively

expand	every	procedure	until	only	primitive	operators	are

left.	Evaluate	(reduce)	the	result.
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How	is	a	program	interpreted?

Source	code Parser

Parser

Abstract	Syntax	Tree Tree	visitor

Generator Source	code ...

Bytecode Virtual	Machine

Assembler Assembly Operating	System CPU
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AST	Execution
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AST	as	List	of	List

As	array:

In	Lisp:

Practical	Normal	Order	Evaluator
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Practical	Normal	Order	Evaluator

Expansion
Replace	identifiers	by	their	values

Replace	functions	by	their	bodies

Evaluate	assignements

Reduction
Apply	cond

Apply	base	functions
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Expansion
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Reduction
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Expansion:	define	(1/2)
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Expansion:	define	(2/2)
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Expansion:	variables
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Expansion:	define	functions
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Expansion:	call	functions
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Expansion:	problem	with	recursions
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Expansion:	fix	recursion
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Reduction	(1/2)
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Reduction	(2/2)
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Eval	function

Practical	Applicative	Order	Evaluator
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Evaluate
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Conclusion
Normal	and	applicative	practical

implementation


