TH-Le

CSE341: Programming Languages

Lecture 23
00 vs. Functional Decomposition;
Adding Operations & Vanants;

Breaking things down
= In functonal (and procedural) programiming, bresk prograims
down info functions that perform some operation

= In abject-orientad programming, break programs down inko
clasges that give behavior o some Kind of data

This leciune:

— These two forms of decomposiiion are S0 exactly opposite
theal ey are bwo ways of looking al the same “rmatnix”

DﬂUhIE‘DEpﬂH" — Which form iz "better” is somewhal personal taste, but also
depends on how you expect 1o changeesiond soffwans
Dan Grossman
— For some operathons over bao (Mmultipe) anguments,
Fall 2011 functions and patterm-matching are straighBonsard, but wilh
OOF we can do it with doutle dispatch (multiple dispatch)
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The expression example Standard approach in ML
Well-known and compeling example of & common paiienm
— Espressions fof a small langusge

— Different vanants of expressions: ints, addiions, negations, ..
— Different operabions to perfonm: eval, IoString, hasdeno, ...
Leads to a matrix (20-grid) of variants and operations

— Implementation will involve deciding what “should happen” for
each eniry in the grid regardiess of the PL
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= Defineg a daisdype, with one construcior for each vanani
— (Mo meed fo indicate datatypes if dynamically typed)
= Define a function for each operation
= So il out the grid® via one funclion per colurmn with one case-

expression branch tof easch grid position

— Can use a wildcard patiern f there is a default for mulliple
entries in a coburmn

Hee lecd staged . smi

Fsll 301 {7 Fooprarereny, | angpmpes 4

Standard approach in O0OP

= Defineg a cfags, with one abatract meihod for each operation
— (N0 veed to indicate abstract methods if dynamically typed)
= Define a subcass for each variant
= So Tl out the grid® via one class per row with one method
implermentation for esch grid position

— Can use a method in e superclass if there i a default for
Frvlipde entries ina aolumn

See lecZ3_stage rb and lecZ3_staged java
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A big CSE341 punchline

= FP and OOF offen doing the same thing in exact opposite way

— Organize the program by rows® oF "By oolumns”

= Which is "most nabural® may depend on whal you are doing (2.0., an

interpreter vs. a GUI) or personal taste

= Code layout is important, but there's no perfect way since softwane

has many dimensions of structure
— Tooks, IDEs can help with muliple “views® (e.g., rows [ colimins)

Full J 1 {7 Feopraaemeny, | anypmpos ]




Now for stage 2: FP
eval i0%inng | hasZern | noNegGonstants

il
Add
Megale
Muit

= For implementing our grid so tar, SML / Fackel siyle usually by
colurnin and Fuby | Java style usually by now

=  Bul beyond just style, this decision affects what (unexpected?)
soltvmane exlemrsions are&myaﬂmmmwﬂdm

=  Functions:
— Easy o add a new operalion, &.g., noNegConstants
— Adding & new variant, &.g., Mol t requires modifying old
Tfunctions, but ML type-checker gives a to-do list if we

Now for stage 2: OOF
eval Io%inng | hasZesn | moMegGonstants

int
Add
Mult

= For implementing our grid so fer, SML | Racket style ususally by
coburnn and Ruby / Java style usually by row

= Bul beyond just style, this decision affects what (unexpectsd?)
software extensions are easy and/or do not change old code
= Objects:
— Easy o add a new vanant, .., Molt
— Adding a new operalion, &.0., noNegConstants requires
rodifying old classes, but Java type-checker gives a bo-go

avoided wildcard pattems in Stage 1 list if we avoided defaull methods in Stage 1
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The other way is possible Thoughts on Extensibility

= Fumections alkow newuperﬂm&aﬂdjeﬁ&ammw warkant=s
without moditying exisling code even §f they didnT plan for #
— The programening sbyle Jjust works Bl way®

= Funchons can support new varants. somewhat swiosandly i
they plan ahead™
— Seg datatype 'a ext ewpand eval ext at boltom of
lec23 sl if interested

= Objects can support new operalions somewhal swkowardly =il
they plan ahead™
— The popular Visitor Patiem (nof shown here), which uses the
doubie-dispatch pattem {used next for anolher pupose)
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= Making software extensible is valuable and hard
— I you know you wanl new operalions, use FP
— I you know you want new variants, use OO
— I bollv? Languages like Scala iry; it's a hard probiem
— Feality: The fulure is often hard 1o predict!

= Extenaibility s & double-edged swond
— Code mone reusable without being changed later
— Bul makes onginal code more difficull 1o resson about locally
or change later (could break extensions)

— Often language mechanisms to make code less extensible
(ML modules hide datalypes; Java's final prevents

suhclassinglovednding )
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Stage 3. Binary operations

= Sihsation iz more complicated if an operaion is defined over
riltiple anguiments that can have dfferent vanants

— Can afise in original program or after an extension

= Our example:
— Include vanants String and Fational
— (Fejdefine Add o work on any pair of Int, Sting, Raional in
either order
- Siring-concalenalion if == 1 arg is a Sking, else math
— {Just bo keep example smaller, Negate and Mol t sl work
only on Int, with a nun-ime emor for 8 String or Fationsl)
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Binary operation in SML

Add works differenily for most comibinations of Inl, String, Rationsl
— Run-time emor Tor any otfer Kinds of expression

Maitural approach; pattem-match on the pair of values
— For conmvradalive possibilities, can re-call with (w2, w1}

fon add values (vl . w2) =

case (vl,w2?) of
(Int i, Int j) == Int (i+j)
(Int i, String s) => String (Int.toString i * =)
{Int i, Ratiomal({j,kj} => Ratiomal (i¥%k+j, k)
(Rational |, Imt )} =»> add values (vZ wi)
| — (" 5 more cases (3*2 total): see lec2d_sml &)

fon eval & =
case o of

| Add{el =2 == .I.:i:l._nlu-:l- (eval el, ewval =Z)
Full F01 {7 Feopraaemeny, | anympoe Ix




Binary operation in QOF: first try

= Momal dynamic dispatch gives us separate methods Tor the
wariant of the first arguiment (e recsiver )
— We could then abandon OO style © and use Racket-shyle
bype tests for branching on the 2™ arguiment's vaniant
— B cases tofal 3 in Inl's add values, 3 in Sing's
add walues, 3 in Falional’s add values

class Int

EEE add wvalves other
if other.is a? Int

I'L].ﬂ.i-_f -n-tl:hl.r:-il_l.? Rational

else _.
end
cnd
class Add
def eval ; el .eval  add valoes 2 .eval ; end
end -
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A more 00 siyle

= The FP appraach had 373 case-expression branches

= Our halt-00F approach had 3 methods with 3 branches

= A UlHOOF would have 9 methods, with dynamic dispateh picking
Ehe right one

— There are languages Mal have such mulimethods, ie.,
method calls that use dynamic dispatch on = 1 argument

— Fuby & Java (& Cr+ & CHf & ___) have no such feabure

— But we can code it up ourselves in an OOF way using the
double-aispatch idom (next shde)

- (If we had three arguments, could use rple dispatch. etc.,
but double-gispatch is already Taily unwieldy)
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The double-dispatch “trick”™

= I Int, String, 8nd Raticnal all define all of addInt,
addstring, and addiational , hal's 9 cases

— For example, String's addInt is for addiions of the form = 4
=" where | is an int and & is 3 airing (L.e.. self is "on the right”)

= Rdd'sewval ml!l'lﬂl:lﬂficl.m:l-m:ld_':lm:- el . owval,
which dizpaliches o add values in Int, String, of Rational

— Inf's add values! other addInt self

— Shfing's add values: other addString self

~ Rafional add values: other. addRaticnal self

S0 add values performs “Hve 2nd dispatch” to fe corect case!

D ec2d mh
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Works in Java foo

= In a stabically typed language, double-dispatch works fine
— Just need all the dispabch methods in he type

abstract class Valoe extneds Exp |
abstract Valoe l.dd._mluﬂﬂilu. ather) :
abstract Valoe addint {Int other);
abstract Valvue addString{Strng other);
ahstract Value addBational (REational other)
b
class Int extends Valoe | .. |
class S5trng extends Value { - }
class Bational extends Walwe | - |}

See lec23 java

Fsll 301 {7 Fooprarereny, | angpmpes e

Summary

= *The 2-D grid® is & fundamentsl truth sbout snftware, essential to
understanding how O and procedural decomposition relate

= Software extensibility s easy in some ways and hard in others
— Which ways are which depend on how code is structured

= Double-dispabch is how you *stay O0P in a languspe wilhou
ullimethods for operations that take multiple arguments of
different varants

— s "staying OOF" here worlh it?
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