Exercise walk-through

16.2

Translation Software

A-Level Computer Science



System Software

I—Translation

How an interpreter runs a program

An interpreter translates and runs the source at the same time.

read the line —> lex + parse ——— type checks —>[ execute}

m errors are reported immediately; it usually stops
m no executable is produced — translation is redone every run

m slower, but fast development feedback and portable



Two more jobs the OS does, and how a compiler reads code

Interrupt handling

Inter-process commu-
nication
Lexical analysis

Syntax analysis

Then

Interrupt handling : a device raises a signal, the CPU saves state,
runs the handler, and resumes — so no polling loop is needed.

Inter-process communication . pipes, shared memory and mes-
sage queues let separate processes exchange data under the OS’s control.

Lexical analysis splits the source into tokens and strips comments
and whitespace.

Syntax analysis (parsing) builds an abstract syntax
tree from those tokens — and reports a syntax error
when they fit no rule.

Code optimisation improves the intermediate form, and code gen-
eration emits machine code or bytecode

A syntax error is caught before anything runs; a logic error is not caught at all. The compiler
can only check the grammar.



System Software

I—Translation

Five stages of compilation

A compiler turns source into machine code
lexical syntax semantic codegen optimise
groups _
characters check the does it make emit target fold constants,
into to- grammar; sense? types, code, choose remove

kens build an AST declarations registers dead work



System Software

I—Translation

Five stages of compilation, in detail

source lexical syntax semantic code optimise .
code (tokens) (AST) (checks) generation p executable

| The phases of compilation, from source code to an optimised executable




System Software

I—Translation

Syntax, as a diagram

A syntax diagram says the same as BNF: follow any path through it and you get
a valid construct.

assignment:

® identifier >®—> expression ————@

rectangle = non-terminal  rounded = terminal




A-Level Computer Science

Exercises 2.1:2.3

2.1 State one difference between a compiler and an interpreter.

2.2 Name the first three stages of compilation, in order.

2.3 State what lexical analysis produces.



A-Level Computer Science

Exercises 2.1:2.3

2.1 State one difference between a compiler and an interpreter. 1]

2.1

« a compiler translates the whole program to machine code first (producing an exe-
cutable)
« an interpreter translates and runs each statement as it goes (no executable)

2.2 Name the first three stages of compilation, in order. 2]

2.2

« lexical analysis — syntax analysis (parsing) — semantic analysis

2.3 State what lexical analysis produces. 1]

2.3

« tokens (keywords, identifiers, operators, literals)



A-Level Computer Science

Exercises 2.4-3.2

2.4 Convert the infix expression 3 + 4 to RPN.

3.1 Describe the process of executing a program using an interpreter.

3.2 Write a BNF rule for <digit> that defines a single decimal digit (0-9).



A-Level Computer Science

Exercises 2.4-3.2

2.4 Convert the infix expression 3 + 4 to RPN.

2.4

e 3 4 +

3.1 Describe the process of executing a program using an interpreter.

3.1

« any four: it reads a statement, does lexical then syntax analysis
o checks it / its types

o executes the statement’s action immediately

e reports any error at once and usually stops

e repeats for each statement — no executable is produced — max 4

3.2 Write a BNF rule for <digit> that defines a single decimal digit (0-9).

3.2

e <digit> ::=0 123141516 718129



A-Level Computer Science

Exercises 3.3-:3.4

3.3 Convert the infix expression (3 + 4) * 2 to RPN. 2]

3.4 Evaluate the RPN expression 5 2 - 3 * using a stack. Show the stack at each
step. 3]



A-Level Computer Science

Exercises 3.3-:3.4

3.3 Convert the infix expression (3 + 4) * 2 to RPN. 2]

3.3

e 3 4 + for the bracket
e 2 xlast: 34 + 2 x

3.4 Evaluate the RPN expression 5 2 - 3 * using a stack. Show the stack at each
step. 3]

3.4

e push 5, push 2; - — pop 2 and 5, 5 — 2 =3, push 3
o push 3 (stack 3, 3)
e x 5> 3x3=09, result 9



A-Level Computer Science

Exercise 3.5

3.5 State the purpose of the optimisation stage of compilation.



A-Level Computer Science

Exercise 3.5

3.5 State the purpose of the optimisation stage of compilation. [1]

3.5

« to make the object (machine) code run faster and/or use less memory, without
changing the result it produces



