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Lecture content

® Declarative programming
® Evaluation model

" single Assignment Store Declarative programming
® Functional programming
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@ The principal programming paradigms

XML, ""More is not better (or worse) than less, just different."

Declarative

v1.08 © 2008 by Peter Van Roy

+ cell (state)

® Expresses logic of computation

without control flow:
“ What should be computed and not how it should

functional

i”““li%m be computed.
e ® Examples: XML/HTML, antlr4/yacc/

reqgular expressions, make/ants, SQL,

Loeran s
Shared-state.

J;
08
CSP, Occam, Software
E, Oz, Alice, transactional
publish/subscribe, ‘memory (STM)

s
tuple space (Linda)  gQL embeddings

rogramming
Oz, Alice, Curry 0Oz, Alice, Curry

; in '
| Esterel, Lustre, Signal | Dat and
Functional | eereusie, Sigk ' arley) . ‘Message passing Shared state
' | message passing
! Nondet. state !
Unnamed state (seq. or conc.) i i Named state
More declarati 1 L - | Less decl

Declarative concepts Minimum declarative syntax

® First-order functional R { PLOCKT DEFINITION | CALL

programming ® BLOCK := '{' STATEMENT* '}

® DEFINITION := 'define' IDENTIFIER = EXPR | CALL |
FUNCTION

® CALL := IDENTIFIER '(" (EXPR (, EXPR)*)) | () ")'

® FUNCTION := "function' '(' (EXPR (, EXPR)+)) | () )' ('->'
IDENTIFIER) BLOCK

® EXPR := IDENTIFIER | NUMBER

® ASSIGNMENT := IDENTIFIER '=' EXPR

“ record
association of a name to a value
“ procedure

a set of statements that can be called with a set of
arguments

hw hw



Example of minimum declarative syntax

define v = add(1, 3);
define f1 = function (x) -> vy

{
y = mul(x, x);

)
define v2;
v2 = fi(v);

Predefined functions

® Arithmetic: add, sub, mul, div...
® Control: cond

cond(test, value, elsevalue)
cond(x == 0, 0, 1 / x)

Evaluation
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Substitution Model - Example (1/2)

define square = function (x) -> xx { xx = mul(x, x);
i
define sum_of_squares = function(x, y) -> xxyy {
define xx = square(x);
define yy = square(y);
xxyy = add(xx, yy);
i
define f = function(a) -> v {
define al = add(a, 1);
define a2 = mul(a, 2);
v = sum_of_squares(al, a2);
i
® How to evaluate:

define a=add(4, 1);
f(a)
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¢ To evaluate: ° Evaluate the
f(a) define al = §;

define a2 = lEI;
® Evaluate the arguments * Evaluate the
f(5)

v = sum_of_squares(6, 10)
¢ Fetch the value of f ® Fetch the value of sum_of squares
define f = function(a) -> v {

3 ° § and replace the arguments:
define al = add(a, 1); defi.ngxx = square(a}?

define a2 = mul(a, 2); define yy = square(18);
v = sum_of squares(al, a2); xxyy = add(xx, yy)
Y N
And so
® Replace a by 5 S0
define f = function(a) -> v { Yy = 100
define al = add(5, 1); xxyy = add{36, 100)
define a2 = mul(5, 2); 136
v = sum_of_squares(al, a2); ® This is the substitution model in

¥ the applicative order
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define square = function (x) ->
xx { xx = mul(x, x); };

® Applicative order ® Normal order
define v = mul(4,2);
square(v) define v = mul(4,2);
square(8)) squire(I)4 , -
mul(g, 8) g?? (mul(4, 2), mul(4,
o mul(8, 8)
64

For procedure applications that can be modeled with the
substitution model that terminate with legitimate values,

aiilicative and normal order iroduce the same value.

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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define foo = function (x, y) -
>z qd
z = cond(x == 0, y, mul(2,

® AppliCaxPI;VE ® Normal order

define v = div(20,

order 2 _

. . (o]0] e NGNS
d‘_aflne ¥ = z = cond(10 == 0,
div(20, 0); div(20, 0), mul(2,

foof{lb, v); 10));
error: division 231(2’ S
by zero

Whatis the result?




Normal order and lazy evaluation

In practice, COND is usually

special cased

if(object and object.count()
and object.sum() /
object.«
> 0.90):
print('High success rate!')

Assignement

® Binds names to values

® 3 = 2
Now a has the value 2

e 2 plus 2
evaluates to 4

® How to keep track of the values?

Single Assignment Store
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® Asingle assignment store

store is a store (set) of x: unbound
y: unbound

variables 2 unbound
¢ Initially the variables are

unbound, i.e. do not

have a defined value
® Example: a store with

three variables

define x;
define y;
define z;
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® Variables may be 314 store
bound to values y:[1,2, 3]
® Example: a store z: unbound

with three variables

® Binding is done with
a single assignment

operation
X = 314,
y =1[1, 2, 3];

hw

Valiie Store

® A store where all ata store
variables are bound  y:11,2,3]
to values is called a z: 'Hello'

value store

® This is enough for
most functional
programming
languages

hw
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® A declarative variables store
starts unbound x:314
° y: [1,2,3]
It can be bound to exactly
Z: unbound
onevalue

® Once bound it stays bound
through the computation,
and is indistinguishable

from its value
X = 314,
X = 414; // Error!

hw
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® Global store (global)l
define x = 10; %10

® Each function has its

own store
define f = function (a,
by > r {

r = add(a, b);
d a: 2 o
® Arguments are binded in b', 3
the value store -
f(2, 3);

hw
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s Lhe principal programming paradigms

declarative
programming . , .
) ""More is not better (or worse) than less, just different."
Data structures only S-expression
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .
Turing equivalent + procedure ] ] v1.08 © 2008 by Peter Van Roy

Observable ! onal : : + cell (state)

+ name
(unforg constant)

> + port )
il (channel) (state)

Haskell, ML, E CLU, OCaml, Oz

E in one vat

[ . T
ingle + nondeterministic + port
UunNctiona Frogrammin P N L | ey
] 5 N
1 ! 2
programming | 1 dataflow 1 dataflow
Declarative ] L
concurrent f Concurrent logic 1 Oz, Alice, AKL
CLP, ILOG Solver il | : programming
Pipes, MapReduce 0z, Alice, Curry, Excel, Erlang, AKL
+
thredd, + thread (* by-need | AKL, FGHC, FCP TIOBE,
+ single assignment synchronization 3 + synch. on pz‘m[al termination + local cell
el ! [ Functional reactive
low i progra
LIFE, AKL d programming (FRP) Smalltalk, Oz,
gramming | i Ali
+ by—need synchronization Lazy 1| Weak synchronous ”"" il Java, Alice
i : programming ' g + Io,
e : FrTime, SL CSP, Occam,
ing ] + d . E, Oz, Alice,
' ' bl bscrib
Oz, Alice, Curry Oz, Alice, Curry ! | Strong synchrfmons ! ,l:;,le :ll:{,s; (sfll;lld:’)
] programming :
| Esterel, Lustre, Signal | D and
J 1 N
II ." Hm%’;‘g% Unnamed state (seq. or conc.) ! R & ] Named state
More declarati { . : . | Less declarative

Procedure vs Closure

[ Procedure ® Global store . (global)

define x = 10;
“ Access only to its own store ¢ A closure has its own

PY store with a copy of the
Closure store where itis created .49 (HIL
“ Like a procedure but with references to derine E =T Call (0

- { )
externally stored values il < add(a, x); r12

® When calling the

function
f(2);
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Benefits of closures

define x = 10;
define make_f =

x: 10 (global)t ® Parameterized functions:

make_f: function... vs=I

function (a) -> r £ function.. vs=II output = filter(input, function -> r(a)
. r = function(b) t = 2RSS max) 39
-> s { 1o (make fI ® Generate functions within functions:

> = Aedia, s function make f -> f(a)

mUl(g(f b)); r: function... vs=II {

) ’ f = function -> y (x) { y = add(x, a)
define f = 1 }
make_f(2); 52 (fur 3}
f(5); b: 5

s: 52

function f(a) -> x {

® A higher-order function takes t | X = functdon(b) > y { y = add(s, b); ]
least one of the following R A o
° takes one or more function as argument i = BUROL AN

“ returns a function as its result
® All other functions are first-order




Pure function (1/3 Piire fiinction (2/3)

® They are called
declarative operations in
the book, and formally

® A pure function is a function such as:

° No side effects
° Always return the same value given the same

arguments defined as

[ H . ° Independent: depends only on

Examples Of pure funCtlonS' its arguments, nothing else °Th b dtof

“ abs, pow, add... © Stateless: no internal state is ot:grcggcIai:t(:)i\rlzpoossra:i?)nzrm
[ : remembered between calls

Exam p!eS (?f non pU re,fu nCtlon © Deterministic: call with same

cstd.print(’'Hello World') operations always give same

omath.rand() results

© All IO functions

Why pure function matters?

Pure function
® The function definitions tells you all about the

® To check if a function is pure: Sty
“ Simply check if it only calls pure functions ° Specify exactly what is going in and out
“ Remember, in functional programming
once bounded the value of a variable
cannot be changed

® Make testing/debugging easier
® Reusability, multithreading...
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Conclusion

® Declarative Computation Model:
Kernel Syntax and Semantic

® Subsitution model: applicative and
normal order

¢ Single assisgnment Store

® Closure

® Pure functions




