CSE341: Programming Languages

Review

Huge progress in 2 leclures on the core pieces of SML:
= Types int bool wnit t1%_ %tn t list 14 %tm->t
— Types "nest” (each t above can be el a compound type)

- Varables and environments
- Function
Lecture 3 - |5||.l-|1:5 fun x0 (xl:tl, _, zn:to) = e
Local bindings, Options, - Use: eb (el, ., en)
Benefits of No Mutation i
— Build: (el, .., en)
— ke Bl e, 2 =, .
Dan Grossman . Uik
Fall 2011 — Build: [] el::e2
— Use! opmll & hd 2 tl =
Fall LI 1759714 Peagramemary, | anpmpc: T
Today L ef-expressions

= The big thing we need: local bindngs
— For shyle and convenience

— For efficiency (not “just a lite faater”)
— A big but natural idea: nested function bindings

= One last feature for last problem of homework 1: oplions
= Why not having mutation (asskpnment staterments) is a valuable
language Teabure

— Mo need Tor you to keep track of sharing/akasing,
Mﬂmwm&tmm
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The construct Tor introducing local bindings is just an expression,
mmmumlmﬂmw&mu&muﬁeﬂm
3 guestions:
= Synlax: let bi b2 _ bn in e end
— Each bd s any binding and e IS any expression

= Type-checking Type-check each bi and o in a static
enronment that includes the previous bindings.

Type of whole lel-expression i the type of

= Ewvalualion: Evaluate each bi and & ina dynamic emvironment

that inchades the previous bindings.
Result of whole let-expression s result of evaluating e.
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Silly examples

fon sillyl (= : imt) =
let val x = if 2 > 0 then = else 34

val y = x+9
in
if x > vy then x*2 else yiy
end
fon silly2 () =
let val x = 1
in
{let val x = 2 in x+1 end) +

(let val y = x4+2 in g4+l end)
ond

5illy2 s poor style bul shows lel-expressions Sre expressions

— Could al=o use them in funcion-call anguments, parts of
condiionals, etc.

— Alsn nolice shatowing
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What's new

= Whal's new is scope: where a binding i= in Sve emvironment
— In later bindings and body of the let-expression
- (Unless a kaber of nested binding shadows it)
— Only in later bindings and body of the lel-expression

= Nothing else iz mow:

— Can put any binding we wanl, even funcion bindings
— Type-check and evaluste just like st “top-level”
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Nested functions, part 1

= Good style 1o define helper functions inside he funciions they
help if they are:
— Uniikely to be useful elsewhers
— Likely to be misused if svailable elsewhers
— Likely to be changed of removed kaker

= A fundamental rsde-off in code design: reusing code saves
effort and svoids bugs, but makes the reused code harder 1o

change kales
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(Infernor) Example

fmnﬂ-lm.tl:p_fr-u-l ix - Amt) =

let fon count (from : iok, to : imt) =
if from = to
then to -: []
else from :: ocount(from+l, to)

in

ocount (1,.x)
end

= This shivats how 0 use 8 ocal function Dinding, but
— Will show a better version mnexd
count Mgt e usetul esewhens
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Nested functions, betler

= Funclions can use any binding in the environment where they
are defined:
— Bindings from “outer” envronments
- Such as paramelers to Bwe outer function
— Earlier bindings in e let-expression

*  Usually bad shyle lo have unnecessary paramebars
— Like to in the presious example
fom nﬂmt:p_fr-n-l_hcttcl: (x - int]) =
let fon coont (from ; inot) =

if from = x
thenm x -z []
else from :: count({fromtl)
in
ocoomt 1
cnd
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Avoid repeated recursion

Consider this code and the recursive calls it makes

— Don't worry aboull calls o oall, hd, and £1 because Sy
do & small constant amount of work

fon had_m:l. (l=t - int list) =
if poll lst
then 0 (¥ horrible style; fix later %)
glse if ounll (tl lst)
then hd 1lst

else if hd Ist > bad maw (tl lst)
then hd st
el =c h:d_-.tl: (el 1=t}

let x = bad max [50,49,_,1]
let y = ]:ui:l._-:l'. [1.,2....50]
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if hd lst > bad max {tl lst)
then hd 1st
cloe hl.l:l._ﬂ.l'. (£l 1=t}

Fast vs. unusable

bm [50,.] —* bm [49,._] —* bm [48,_] —* —* —* bm [1]

bm [1,-] hti.-]i:t-ll.—l - = T = [50]
e S T

= [2,.] —* bm [3,. :

\\ —_— = <

< <<

-

bm [50]
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Math never lies

Suppose one bad max call's i-hen-etse logic and calls 1o hd,
mll, £1 take 107 seconds
— Thenbad max [50,49,..,1] lskes 50 x 107 seconds
~ Andbad max [1,2,.,50] takes 235 x 10° seconds
- (over 7 years)
- bad max [55,54,_,1]takes over 2 centuries

= Buing a faster compuber won't help misch &

The key is not bo do repested work tat might do repeated work
that might do._.
— Saving recursive results in local bindings is essential. .

Full F11 {7 Feopraaemeny, | anypmpos

Iz




Efficient max

fun good max (lst : int list) =

Fast vs. fast

let wval 1'_1._I.|:||:: = g:nd._n.t[l'_l 1=t}

if moll lst Trc
then 0 (* horrible style; fix later +) if bd 1st > £l ans
else if nuoll (tl Llst) then hd 1st
then hd lst elze t] ans
glzo end
let val tl ans = good max{tl lst)
in
if hd lst > tl ans gm [50,.] —* gm [49,.] " gm [48,.] —* —* —* gm [1]
then bd lst
else tl ans gm [1,.] —* gm [2,.] —*gm [3,_] —* —= —= gm [50]
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Options Example
Having good max refum 0 for the emply kst is really awiul e '?:tﬁ‘—t_I;_: (st - int list) =
s if omll t
. Mmmm&-&&mm%} 1
— Coulhd refum a 2ero-element oF oire-element kst clse
- Thal works but ks poor style because Bwe bullt-in support for let val tl ans = batter maw(tl lst)
in

oplions expresses this situation direchy

= t option ig atype for any hype ¢

— (ruch like £ list, but a dGifferent type, not a list)
Building:
* HONE hés type *a option (much like [] has iype *a list)
= SOME ¢ hasiype t option iTe hastype © (much like e-:[])
Accessing:
= isSome haslype “a optionm -> bool
« wvalof hasiype "a option -> ‘a (excepton il given BONE)
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if isSomc tl ans
andalso walDf tl ans > hd Ist
then tl ans -
else SOME (hd lst)
cnd

val better max = fn : int list -> int option

Mothing wrong with this, but as a matter of style might preser not
to do 5o much useless “walOfr in e recursion
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Example vanation

fun better max? (Ist : int list) =

if oull lst
thon BONE
else let (* ok to assome lst nonempty bfc local )
fun mawx nonempty (lst : int lst) =
if opmll (tl lst)
then bhd lst
clse
let wval 1'_1._l.|:||= = -.I:l:_nm-_:ltflﬂ 1=t}
im
if hd lst > tl ans
then bhd lst
else tl ans
o
in
BOME I:-.I:l:_nmq:ltf 1=t}
end
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A valuable non-feature: no mutation

Those are all the fealures you need (and should use) on hiwl

Mow learm a very important non-feabune
— Huh?? How could the lack of a feature be important™?

— When it lets you know things olber code will nof do with your
mﬂ&aﬂﬂ*-ereaﬂl&mmdepmﬂtm

A major aspect and contribution of funclional programming:

Mot being able lo assign o (ak.a. mulale) varables or pans of
tuples and lists
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