2.2.2 Semantics of Simple Haskell Programs

NO(,Q wé LMM'L ‘/’D pégm.e G Wl?/’ﬁiﬂ; /Zj"/é ﬁ’”‘“ /‘(qgw’é}(f»(.ﬁ'/‘aaj
+e wnithevnabcad of, ‘gcwlg \Zawﬁwﬁ Dow[' 1o this ew//
A 90{50 an[ 'ép p%“e ééuﬂ QZM@‘A‘CS &'g < 44-2;7)%55;014 <

#awevﬁ(: gulngX{Q%SSiong mﬂa [&W(qim qux*qS@j IZ:LL;&Z ey e
ﬁ%wd/ i éLLQ C\eptxﬂé)(% Cyg éé;s S‘/g “eK/”wSS/'OL,

Mt x=3 e ples x 2

\/\—————/

/FO Covmﬁﬂte 6(1.2 fe(ﬂ\%ﬁﬁlg % féﬁg
5“9“€e<p»655;0u./ ove nee s %ﬁz
MZMW’O{?{“\D'—\ % é{—up Cﬂhlf)ﬂé féun[
Xis 3 aunld (3/(/5 Mmglz‘é also
le/é Q»QQV\ O%mgﬂ/ ’/)»Zviou_s/g/’
OM Cau @M/at ﬂ%u@ é&g féwlqu,é‘cjafcw Qx/}ﬂ&ﬂ@%
L\)Y{j an Cuvivon Wm'é '&Lki% OLS&‘ng \/Q/UZS éD @Z{

\/mﬁag(g ’leLLaf ©ccey (@A@B (4 ?é’@;s R AeSSion
/(m @Vl(/ifohwn.éf (s Ol(émc’koh W ‘/‘44/35 VQ%‘QSé; 7Lo
@éMM'LS @’g tDO"Vl.

T p =2 and plples) is tho addibion

ﬁmc’(\‘atm &a é(% félMQ'fzé‘CS @i
TD/L/S X 3

is 5,

g onC Samq,,,é‘c; /s Q,@hcﬂﬁ‘ﬂw /qu/ /éjy)-? Env —> bo%

FP 2016 Seite 1



/ \
/’/' ExPreSI( gun euvivyoy W;{L

D%ﬂ qu [é’wv;rawm@%) [ﬁ/;& 3})
Toc o H‘mmw bl Lo Do, D%/ 2y Cuviconment

N

< Q

Pocded Lo b wiapping vareSles 1o Dow, ob:d o . ( opp
,@Mp/ ;@wé@gfr/)méﬁ Vayia Sy : )0 : \//&{ —:jgbiﬂ J *
let En Aoide €0 sot @Jpq/( szmhwqéu A, ewzw,,,meq#f
Haet i< om[a V%vgp/ O Vizf,,) ) Vav, Oloye f(v_qf() :&/4-
S s cenoled £ {\/ﬂﬁ -y Vs, / 0{4) ) . }(

(e wyﬁ[e Cit0 gzv o euvivou mat Lt s //’(Zefa ca/whewr
$2 s ”(&,@m/( Oé(wtm‘;e) it /.'Lfef,,;

S (very Cver) is ‘e
((n*fz) (var) > ( 2 (Ve ) f £7Cuer) A ved
5, (V_Q_f)/ @'({'Agyg)\'_gé

La% Co ée ’é(-lg '/M/‘A‘J éhv:yowmﬂm‘é WKI(} a‘SS"JVlS é‘(

C&YY?KTL (/'/Lém/n’wj/ Lo Mﬂz*ﬁ%n@/ (9/(%74‘0«5 (4 #QJZQZ/'

E.q: Kty i Xy eZ o xyeF
d CCD H‘» < 1= J»/) othev cvse

—_—

S‘@mev/\‘cg @! Gy QKFY&SS/'OM Q'fﬁ I Sra é’mvirowwq{\f

/lja/( . gxP = g"'\/ = iDow

7(; _S?wrf)//fa 'éq.z 0%—‘,“7'6;0‘4 6? w”j/ (¥4 &wg\fégﬁary/%
QIU[D&% a£ Hﬁsw condh ouit [Pt W’(‘(ji%:qgioﬂfé

FP 2016 Seite 2



Hadell' . T St 203 coe toll slors et vy
Comp(as( H,/;Wqum Cen ée%véamqﬂl»‘cq/é {YQLL{%&,W%
who SM/)(Q tf - pogaca

Restvicbons of Cruplo Haslald

o N 'éfj/w 5(7(40145\445/ ho 7«3/22 6/455,@5(
/]‘gHS+ Oy 9(4&/4\[91%\0“!/ LQAKX WVS% éé 24 f&#ﬂw/r é/éc/qfq_

‘é)(D"\ @QE%(‘-Z !é\/wz: \{i\( = Q/KE
Z,\Uo ()\Z-—D&/K,Mé/ //S-/'.f.

d. % Qpp/féq’(ﬁDMS 0§f¢e :é(m CQX/I CxpPr foh) ,@/
Nn>2 Emt <(Qfﬁ Qﬁog) fog ) Cxp, i< q//OW/(

& Mo 'case' o Tyt
- Ouly loubda = expressions. of Lo Lo \ ver — oo
6. No ‘whove” (bt "l ts alloced)

% 275’ (giw»/gle HQSW)
See slide 3¢
gX, ,émr o S;W'f(e #"SW/’\/&%Q%:
,chf =\ X —> 3{ K 2= 0 Elon A olse fac-é (x-1) ¢ >

T(/HS 52144/:(6 %’/ngm\fﬁ“ﬂ C@\{‘qruj %(’Lé /W‘V%MC/
quqg(es <:/ —-) ¥ (47(’0056 §€tmau‘({‘>‘c5 ‘s Q//Y(qd/

”(égw\u/ i Che ’("‘"Alqjemvt"vmwb,f co c;l
I"‘S"[@“”/ U‘f /éjle\/"”lw"né %41 5€Cnop,é‘cg @,{ %/h_,

FP 2016 Seite 3



'&L‘( /JW?'VQ:M \/’O_\/: Q_ﬁﬁ/ e (zan VCQ%?WM"V\.Q
the Semanbics c%
/éf Vay = €X (h Q_}’(ﬁ

ll"l t[’\-@ Q‘Mﬁ%'& ijqw\_
53 /f crt Could [l +o L(wa Ele imancs 6{1&6712
/
I 'éélj Kﬂc{“/’mjy‘?w’ W€ Cay /bS e“/CcDW/%[C

the seimantbics ﬁf é[w} ga//a—wmg Ca/USS 100 fo &y
€(A/zﬂ% {)Vo?ﬂm
é% 1&5%: \k= i éﬂé 2

God: Defne tmanhes 4 CoprSSions  Cop
UVl T opT ¢ e pos an conveumd
thd  Aesgs Tl meaning of A oyalles Ebt
Occey ﬁ//éé e gxp. (/vaeau(v/ &P west be
Sydackically conat and el €ipe )

)

S boendod bq 0 Ul or 0 [t C\)

%Z\é ([ Free vaviaSlos af zL/~e,</oy@5,‘,b,5)
"Fo'« ev@va Simﬂ(g HrQKI/\ZSS/.% @_fﬂ/ (A p{g,%m@ {ye( /%
(€l §c’{‘ e{ ,'fs fvee qu'cigG;) as é/[ws

. fvee [\/ir) = (Vi\/j

© »{Y(é (@Y) :/(Vee(“{%)/>:g(e€[£é{/‘):fyee [Cé‘ﬁ’):/@/



‘ {\/ZZ ([%E/;) ) Zﬁpk>>: fye( [@;\fﬂ> v.o.u Eyeg /@q)
'fﬁt [ ¢ @éf’z);xfﬂ(%ﬂ)v vee(erp, )
Ao (f €9, o 0p, e @5, ralop,) b (op)

, Ao (eap, )
S (A ver=esp o ep' ) (Lee (0sp) fae (ep') ) \ et

.fvec (\var— eii?) :—g/ce (esp) \ "(Vf_fj

Now vt Can VQ%VL( wa,//fwjf WZL/\@J@ WVJ’lL

be Aebived on Wl Vap.tlos . {reclesp) (ikising
A, 2xp is a Vaviall

Vel T \/ﬁ_rjj = f(\{if)

Cx: :l_—g f[)() :2 j(/o/us) ’’s ‘éé{ ey #ion ch'é/ 'é@a
/Ijm,g IXZ(-f = f(x) - Z | @m;%wakomjo la Do,q
de [f/u; ://-f :f(f/uj> :ao/a/, /c?é /' 71?(/14(740;\5 9 \Dat'

2, @_L([) IS o COhS"/ch#a\/ COhjéro @@m [00,@

Vel I Cons, T ¢ = Conde, i Conctmchions 0 D,
Ex: VI L &T,= 75 4, Gonseckions 1 D
S exp is & Conchucts, Consly, € Q%/w@ye “'>o
VI T conste T ¢ = f @ Fouchions 1o Do

Lozlﬂvé /’( 0{4 0/14 = [C@i”v,) 0{,,),,.)0/,,> in th%Wc?é’om;h mDy,
EX; 0{@'(‘0( /\/017[5 = %Qrﬂ / gucc /\/07{5

Ocn

FP 2016 Seite 5



VLl Seee T = [,
‘17[(1\(6 { 0{ = (gocc) p/) [ Qng[mazwhgn fun Y)o%
if,f\eﬁg S q %wp(g [é_’ifﬂ) oy éjiﬂa>/ Mé{a/g/g/%ﬂ}

U&j ]I (Zﬁ_@,,) - ezph)ﬁj = (ﬁJIQf{_P,,Z?f) .,../va/[ejyjf)
[a %p(égm [ DO‘M

T, exp is O 0ne— Comportat Lepl
Vil L [ij)sz =Vl I exp

Iy

6 ep 5 @ oppleaton (Orp, ep,)

Vd I (xp, epe) T p = {(Vad Lesp,Tp )
cohove (WO@{EQ{L)”FK :f in Tenchas i &b@%

ML Sece BTl = f, (VS Ll 1)
—Zeya
- (fuccj zlY(,> I th‘lzwcﬁiadﬂ (0 b@w

ZZ éxp s 7{ kP tlo, exp 7 &é@ exps

VellLowp, T s f Vel Torp, T = T
I QauﬂL\uc%'ot«So ia Zl,

— — Rl

i{ expy then e<p,
(UJ/]’_ else @gf3]]f:

&

WJI{{?}Z s}

_/,, ) O'éZLNLDUC

t _—

¥ bep i« qéf—é%fnﬁg/a"?

.

‘//.-L s f\() ﬂ 77— // Lo ] —_ —_

FP 2016 Seite 6



\"/Aﬁ% (S flphj I /46 \/_Gl_f: eﬁ‘? (a ?—;—(2} —Wf ?
C@sé 7 \_/if 0(&45 ‘/w+ Occey pa _Qjﬁ (‘/W v@cuv&'od

/

olere
Ued [ A x=3 0 pls xy T ¢ = sty)=2
WJ/Z(JA/; X \/lrgp+{x/}b) = Flples) = cdditrn,
Sl 3 ogt) = s
170,,@[/& Vﬁf=e_,§_’g i e.’_‘ﬁ’j(f :UJE%IF(f+

{var /' Vol ZTQKPZ/fD

Thes does nst wa/[(r( Vayr égygg (gﬁg)

Case 25 Var e fre (Lp)
W/I}&E :fac%:\)(-? )fx o then el Lot (K-1)8 x i 1&6{ 2’7/ -
'\QJEKMJLZZ[K/ YV e f(l‘s Z((gf :{o\/ﬂ\mﬁq%aj

Cxcept ,@C-é

The tntnning o foct honld b tte Lonst foport of

the gﬁ/(ewwg %g/%r' ovloy g/hC%'Oh %

W (A) =V Dol xeotiontabe bty eI (o4 {44/ 4 j-)
%:

’12/[[&% ﬁaﬁ> \X'7,<.,. ﬁc'(()('4)¥/< it ﬁ,c-( sz =

VAT foct 2T (¢ + { k) f 417)
wheve %(OU = Uj ,/(\X~7if)(¢0€£wq4a($e {,CHM) VXJ] (f * {f"}/ﬂ(jj

—



da glmw./,’
Ul L4 vor = tp - 0T 0= Vo' T (¢ +{var / 1) F)
eve £1d)> Vel L espT (¢4 ver o § )

T&a‘s 9(&@'01,'4[’(0'4 Coety ;e 4‘-[’(”/ é\/ éolél’ vecuvsive am/
I/Lﬁ'mi YEcuv §ivl VQC /4\/4'74043,

I—Z \La_v 45‘/%(@)/ %A@;
L(d)= VL TexpT (¢4 va/d}) = U T epT ¢
o the only bxport of L1 Vnl [CopT ¢

j, Exp IS o /cm é/a C)(ﬁ)ZSS/'Ou,
’170,,/ Z[\ vay = Zﬁgzrf ;f (@ 7’2»{#04«15 i $Ot«
e ((d) = Vd Leplr (¢ +{vac/dy)

pey)=2
E)(‘, U%/[Z—\X -7/3/'/5 X 7/]if :‘6 f[f/«d) = 4’/&/,%‘0,,
ot JUd)- Ul Tpls 5 13/ )

= flpks) oA s(y)

= A+
M} [femm%‘cs csf S)wIO(Q Holal- /)woquw)
Let Dow be the Apiman. @fa( Sinplo ZL/,/OWJW%/ L
Vay = ¢xp Lo tle (Ohfg)(pm‘/ﬂm Aoc arvetyou %({Q/ij@
At Exp be tle S @f‘z/(@m/a@ - emess o g
Thon (e o&@m e \Z’maﬁm VUl : Exp o Cauv = Dow/




See Slide 35+%0.
TLLZ Sélmau,%')'és O{ A Q/k)”veﬁio:« ?/}(ﬁ/ &4% 9{9% VLaVL C&n”’[‘?m

Gay {ﬁe VaviaSles @K@/‘ Vay o f%*%imﬂ/ vaxa Sl ':f
LLQ)Q@@Q 5 ﬂé@““l% s

Vel var = ep n oxp' T co

FP 2016 Seite 9



