1-—}/ (B 5
1+
lx 3} YRy 3
> .
/;;<Q>‘\ |£- (){ < Y} é
W @ i y(l\,n’) G 3
. ﬂf tie ¢ /
k‘>(;'<3wn\ (”\ €X;4(});3
L)
S E:— L)
o 77 5)
_ ¢hilloen I\
(x 3 “k)) PO
®




) T D e = V| G e &)

N 2= v\uw\y.(p } (4’ e e.)

("" \ (> T ‘93) ¢ 3-0

inter face Joe 3 3

class I Num e Tm\oi«qeﬂir o e Z

i on Shomben ( M _n) S ,4-.:‘_1,,;3&

class SP]US ?fnp 331 E

Se lebi , riw bt Shles( ) S

(\KB\*;g 3 Mul4 ‘\’gp Tie &

Tee L, s SMEO - L3P
o7 Jepd
(- V e YY) = (3
Nws T Plus C - | / @
ievu SN\JV”)(i), ) ’Z,/ \3
new TIWIHC = SPESNOYSM (), SV
e TN (?D class SPlus -
wew M (3)7)) & ik (V) )
T —— ] Wis o | = 1
BST na mt \ (b nvm \ bagsr = 0y

ﬁv\’)}



L5 v o T = i

@ Pe (+ e eg) t.“(";'?fl'QL.) ++ "+ "4+ ppleg
Sl Y \\)H

@ py (X er er) = (" s pple) ++ V"> 4+

opleRr) +4 ")

D inkerface T & pbis v pp(); 3

@ cdass Thum  (

pdle Sty gp() <
pebin sab T Sk (nY; 3¢

(> class Thos &

poblic Sy 1p OO §

Mlen Fis, e £ 5p0) # "+ H BB v;bimﬁ




!_-:1;’ b Y sdep N lcrprci(h

"

{v\l-up N e -7 \Vs
inlerp n = N
~ M)—arp (+ e <Cr) =

lerp e + mbeep ex
Mlrp (% €. er) t iMlp er ¥

mlerp er

\‘5 Ciass S‘Mv“— Z

oblick ilerp () &
pehen s el inkeep () &

Py o 'ﬁl‘)*} ke 7 33

S T 3) = )+ T D))
— ges‘lgm\ =

SQ_ = {MPH i o™

(cons S <) ) S drley
(o » ¢ =~ [garr & (par I (g "™ AW
CO ) = fo "+ (p 1" (p V2" m* 1))

(+ \ ('4_ 2 fg')') < {P wgy s (‘P Wy

(p (p "+ [p"2”

le "3 wmi)))

m*‘t-»)))




-5/ E\ewgo\m L~ T

((\\\‘ _,,” ¢ ) =7 (» -l (d megar )
- e e) =7 C+ @ e) (te (" &)
C\ +NS _.__7 O :

(“+7 e mre Ly =

(+ {d e ¢ d "y s W....)\}

'*( ‘

A i ! t ’ ?
4 \\}/ \i \j
(x “;:, .

S = Jg =5 V

des g Mierp




vy b
éemweh (- &) © (& 1 &)
) (- @ )<y (% e (-e)
(¥ =~ o
(+ ¢ €z ...) =%
el (F e . ))

def
desvgar ( se.) -
L shink(se) 88 levgﬁ‘\ () =2 g&
Lirgh(s¢) == V=" dlen

7 el !ewtj-}h (se ) :
D, v sl fse) 1 ~ebova O
7 else i€ Gns(se) v reluvn (* levy%h(/‘?g?fl@)
2 dse  false i
new Mot [ new Sivom (-\) |, desegan(
Secmd (3¢)))

e
Ovs) b \\>r,‘yh‘l~
T sl ™
£ Rt
L wsloHse) gp lm(se) =3 @O RS (957

Hm ¢ tedwen N&v SAN( é(svg«/\(%(c(r&)‘)/

esvgar ( mew (ms (-7,
4 > ( new (ot SCAmd 1), Nl)




%J Co*ﬁ (0\) Cows(bl COV\( CQ! f)u\’))))

g, = 3%
C‘L C" 1 \7 lem = A
. 2;7 . €3
2 ) \3)'\\
e 3 © 1}1\\\?
(- Y
1o Listk(se): ._"/zﬁ ?_.Z ) 11\
Nl = "W\-:ﬁ ; \?ﬁ ,z)Q/ >i
(ons ¢ TSLsk (riqhh(seD) 4y
ow?: Tlse
Lev (se) -
wolly G

(mg ¢ L+ ey (Pighi-(3e))




oA ArgS
g
e 1= (e e ..
| & e e =)
AN ] 2
< ¥ £
v:i= D
b > Sevnwe se.xL OL (o"ls‘}‘av\ﬁ
/I;"v\So,),szm?%—l*
nuw b ers 2 bso l's | erim
PN\I‘V\: +,--,-¥, // s./ <, :‘.’7, '7/,,/,_,

Verp v = Vv

nkerp G ee er ee) = Mmlwp ex

where e = T Mlep e dhen

e oOLW. ef

;\V\LU‘{) (642 Ca ... ) = SCP/ Voo oo )

wheet P = Mikvp  ef

va.T MirP  €a

S+b .« o9h

50+ \ ) 5(/1 1,0) =t

= %
&Y 113><M




f(<,;’/ \\5\/‘\\” S)ﬁ) Ml‘YPH "b:‘t? Sjt?”

e = € e =v

/:L«,a onbl Tk flesane

D

Z Mberp Tuders
iﬂx-W‘P e =

ledk o = inderp(ed

L e == 2’ Heny

wt e
OV,
Xn%(‘? (e
G+ - Uy ) & ¢ E )
= (+ 7z (= U 1))

- 4 DN ¢

N 2 (1Y)

o ox= 1)

£ x--, x+4+) (1, 0)

(2, 1)




f_&:j Skp : e < <
step (& Pewe o Re) = 6’—-!-(—1
skp  (if false er cad= e?f
slep (P Ve ) = g(F/UO\...’>'
Skep Vo=V

[ske Gf e (Bv) 1 ee) =
r
| GL (skp o) ey ee) on (it e (lpel) d

skp (vyp... e(®) eo ) =
(vy . (step €Y  eq ..
A context
C = hle | 0 C o e
| v e C e
| 12 o e C

plog hde x =X
P)v‘; (F0 Ce ¢z) x = % x e €
?7uq' (PR U ¢ C ) x = '+ e x €
plug (& v Cezndx = (e X €z )




-b

e

31%() C FI-C- o2 ey ().c:}:\'::.
c [ e+

31(9 C [A.‘L L lse e e@.} =

C {ee]

sp € [P v 1= C]&(pva.--

Yo pret e Cox e

-
S tep ?

\.h._____:\) Q’

e e = 7L eev Mo e

C, e' = rpa¢ e @
{" ~. 3;{‘) C’
!
plog C e’ -
/(‘4(‘{7\
L
pavse = & =7 (C x <=

parse ﬁ(!\c Cc €4 ee) =

& e ev den  hele , =)

o, ek el = parse e

N [ N\
(0 C' of e , <’




fE’.:"F'_?/ Ansoe~ @ Conlexis

Questan ¢ How lo 1 lmgw  when

hes o groams d Mo came thvg?

I e SN

/’/’»—’M" v $0\\'\L”\\

s
N\

//Q/{/U,w v\sa-,&%j&iﬂw%\w \

S wu:sgm Nare s\\\ \;
Y, /

X =Y C~=hele_ x=Y

Vr Ly = 9 X _— C=(+ hle 23 ge2eyr

e, Clx]=Cly]) 7 Qe (rap Wle (R4 1))

Obsrva, tane | Eguvalence




E -~ ho?e_ 1 TJ?— E e e
| (v E e .. )
w V"‘:‘V"*é
""713\& t“«ccoww’,ogfjx\m B J

e. ecv or e~ Ele] wwe

el v

sCi, z2) =4 8(/1 [, O) =L

L~ hrex

(v G 1 2) (2 3 )] e bz

news 3SPlus (new TPLus (new Thy (1),

news M (7))

e j?i./) LKW TM"“J <T>}

ne o YN (!«)}}







3:—1/ = hole i GE B e o)

! (v... E e ... )

TR,

ske  E[iL bve er oo\ =Teq]

skp B [ £ Glse er ee) =7fea |

>€g> ‘E[? Va oo ) = ﬁfé’(&’/"’\ \’,)

lerp e = cace  (parse e) of
falge > &
(E, &) —7¢% 53-(9 e
£e]

§gan He mem\q} (+ (1 0

(+ 2 33 |




};g \3‘) ‘\}G‘Nﬂvowle. 1

€y “wmachite L =g
, 54‘ = s+
ynyect
lang € ——3  machine s+
\L S'{P \}' 'SkP (3)
! S Y
done * S o s+
v
st = < e, E> e S v, hle>
injeck e = < e, hole?

exhacl <€, ET E[e,j

, Ev 15 <ec, ELifMe o o>
< drve, Efid hole op @e)> w9 <ei , E¥.

<Llse, E[3L Me er eel> = <€, E

<@ Q .., Evy+> <&, E[hle ¢ .. 1>

<\, E[Yo... hole @, e..z...']v > < Q) E[vo..- v, hole e,J)

< Vn, Efvo - holel>» +> < S(vo - vn ), ES

< rc ee Q4 es




FPE- le | if E eel (& E e-)

e face  Contexd €

-Exg_av“ \vaag ( Expr)) S

Hole : (mtex ¥ &

P]ug [e‘) - € ; K

3L ¢ (ontex ¥ &

C()V\l\’xl- C; E)r?r +, £

plug (&) ~ NEW T Cpleg (), + £3: 5

A‘pp('., ¢ (onbex’ s

Lisk <V v Conderl G LB}-CE‘U”‘\? es

plug (€} = new App( vs ++ LCA?"(Q (Qﬂ'u *—’S\)}S

S (= 0.0 2)3)  , hele™

<« (4 (+ O/\‘) ) , APP\LC N >
/ D}f wle. L ?:]
= }’Q L PR S pa >
/ 3 uﬁgc 5 [Z3
e (D
N, AwS <k, Al
Cﬂzm\\s > £ZX T _Awme \‘C‘
t+3 A C“"({ wle CZ}




’é—VjI T = Wwle }I‘-C- FE eelv. Ee.

= hp IiF ee 1] (vo06-I13

K = kre' ; kit ¢ ¢ Kk | Kapp Vo2 Kk
CWo  machine sk = <2, k>
‘niectk e = < e ket

extact <e, knl> = e

Ce, kf e e T = et

< 8 e o) 2 , >

e, kapp (v, (e Nk> =

Wﬁc# <{v ... e € ), kY

e <€V kred

O <« 0 e e¥ eo, kK> ¥ <ee, kil ot €2 K>

v 4 trwe, Kif er @p kO e+, kY

s Clalse, kik ey e kY b Lee, kS

1< € & «+ , k> v <f, kapp O (& ) k?

LV, ; Kapp (Vo .v) (& €, ..) k>

> < Qo, kapp (Vo ... v (e ) W

b4 vn, kapp (vo -=> () k>

= < 5(’\/0." VV\) ) k\>




3~/ is & & value’
— ) Nayno
4 is e an TF
S koo e [\'/ \~§‘/
Y W ~vle ?L r~le Y
[ e SKan L2
0% N
16 e tre N es emply
Y Ny Y)Z \57\!
rule 2 ried vole & yule &
nule 40

1.
K = New kl\’c‘ C ., ;--/u{/ € ‘Q"S‘(/’ k.‘)
€

= elcav‘é/‘

~ymp—En . RC

W o o Stacke anl He skekl (0fQ)

= Kont Frov

(OWJ,‘;\“V‘\J‘/\UH




3l shuck 14 € Shrek wxpr £
é?{j\r" c, 6 envm  tag ;S
i LS
- a3 emm  ng ¢
st app € i, vuw; APP,
-ﬁ’ﬁ?; ""n.{37 ‘,"c\wﬂg 5 3 YOohL, pPRIAM,
) WRET, KI F

—erp ¥ e it ( expr 4 /’Cyg

< 8 PP, COWSx VIL},‘

B » = mailoc (s7oe oY)

0"\7;\» ""\.ﬁ g,__l':}:/‘

P =8y

M p S

(- (+ 1 7 =)

mike—adh ( Make_abdd (make—num (1),

palce _num (1Y),

Malte_nom (zY ),

Q7O Az 230 F




l’14/ So e= N }(d- e e)

T | e &

pY P> wiaw — (Mcc;) / no - (\)
Y F ) Yedveen

2= N \g\(z)(;{ e ¢ ¢)

¢ lass Thep mp SExpr &

List € TExpre  cmbuie 3
An

G v ) S wi(r, 0, 2)
R

des-oa” )

g Ap ([Pm (R US), N (1), Mo (2)])

L(tws MY (ous "M [eams R nu)ﬂ\}

ia—

wd

(+ U (= T3IDY)

App( CPrsa(PLLS), Nem (1), Nom(?)

/4,”,([ Prm (PLLSY, v (2, l\pm[ﬁﬁ

G 1 % (+~ 2 %))
8("‘)‘1 '3?> = 3.



L‘{_iz;/l Exgr‘ X Deida [ List <Emyr# avgs ) ¢

s £ (:\en[uq's ==

86 drgs[o] == Prim (PLYS)) &

et New Nuwm ( [:\’:;):l}h + Q”UW’)“T&I)

W e

(+ N wmone ) => (+ n (+ ™Mo e ﬂ

ée'sv_gow\ ((ons' R EMpQ\) = New Mm (0D,

dellg, [ a-9s)

args (6] (args )
—

ags [0 apply (args [ 7))




Ta o~ T : rvgr'r-— '

-3/ Ta -

e - D (e | (G ee<)

\%
X

— | U

Vol onumber Y bogl ) peom 1'@

X € spne set of  vemble pawcs

£ & spume regL R Gackun names

Pr’05 = d... e

& 2= (dolfme (€ x ..y e)

(defme (Doble x) (+ x % V)

— (Dovble  (+ (Dwble 1) 3V

(dolwe (gt x) { Dovble (Dooble xV))

(@mb (+ v (Dable V)

//”"’-—\v ///M-\\,.
Plx) = t+x F(x) = 1= x
£(3)7 = L+3 =4 203 =1 -0B+4)

17 — _
=1-Z = =6

Dovble (1+1) = Douhle (2)

Cirt) = (1+0) =~ 2+2




-2/

E = hle |f E o e
[ (v E e )
~ | = T ‘ﬁi/l?[}C- T e ﬂi}"fiaj

zZ /j E [:*2- voe- .i} = ¢

eva | : e =7 M.... qul'lg\lcp e = e
2wl v P = v
zx .. Sth'st(p 2 e = e
(
z £ =4d

eval £ 6(defve (E x ) e) @ mon

= ewl’ 2[@**74:1 g AL

ewl ' 2 e = 49 sml(skﬁ/q
£Q);)+x
£(4)

Z / £ E@ v ‘L :f[Q[xbv] j

Y

i & 2(“(:3 = (defme (& x o)

e




447 e [X & \/j o5 prowmuscd

€ wiere X5 ane  pep laced b

v
subst Xve — €

Subs+ ¥ v V! = v

svbsk x v X = v

subst  x v x! = x!

sk x v (it e. ey ee) <

(& eelxev) eylxe 1) e.cCYé—\J]}

sudst- x v (e .Y =

{ e [xe=vi ...)

whefae  TE<pr €

S Expre 3, et (\}ar.‘o\bk X;TE‘P"‘ V)}-S

clae=s  Tvar £

subst(x, ) & ;& (s == tho.xD

retwwn V

o,

{\Q&V.’n S 5

Clas¢ TSI+ &

gubsk (x,v) §

new TIE (I, o, subst(xv), 443 .jn 3»{5;’»
X

ya r
Ty 77

Fus L E bt i) ) 35



U5

e

CiK

A <vn , kﬁyp((?\/ow-.§/(3l k) 7

5 < Ffve o ovn) , kY

7:' <Vﬂ,ko\"’((\'c Vo‘..)/()/k>>

> < efxevil, kD

Wene S (£) = defime (F xpxn) @)

e Pl 2.
C.'-?-?\ )aﬂ’(fxl”" ?‘) T
- [ s
0= R =
STy 3 !
L

e

< (QO Q-l‘"') / S

y=> <& , kapp{ (), (e, .., KY




M-b ] (defme (F x) (F 2))

T ( 16°)

[F > (dele (F ) (F )]

(LY

CFE Jo)

it

=
= 2
e
K

kret

L F 10, hkned> Ja ~

S F, kapp (O, (1), ke$) D

S0, kagp (P, O, e &) 7 {
£ L(F) = (lefwe (F ) (Fx))

4( e

< e [x &~ v'l ’ feve 4 /

(F x)Lx & 10] J

COF19Y ek ———

erne —» Stk hace

= fon at Pt F

fm tud calied =

“?O\S')‘” G-~ H










Gz) f Gt e } €)=

) -(L (qu«.? C)

( ko]( / e_'\)

Ol"\/t (E,Q)"‘-’- ‘@T‘ c
GEC B 4 ¢, e)

£ (app es) =

Lo e i eSS

;'C (‘V«s\/{_’:? Q)

$omrea.

e .

(+ 1 )

< & e.. , k7

= < €, KWapp (O, (e}, k)
v €
£ Vo, kapp( (Ve D, (e =), kY

> K 2y kapp [ (vo - v ), (enrr o) k)

< Vn, kapp( (e ve-~-), (Y , >

F=> < (P, vorr va) , k< >




\G’Z/ ’S'L ~ PASCAL .~ C
-lop - lewe  Guedluns
Clk = hwe He rog L5 4

!
ok wt hae  cubst

<Vn, kKPP( (‘.ﬁ vo -} 4 €1, ) O

— < @ [,’(o &-..va‘& C)(n e——\mj , < D

wheng, (Y~ defme (£ x --m) <

xL%e-Vjtv

y [Xx&e—Vv) =y

w[_’(@""-v——s = W

GLe+4) [xe=V] = (F  lxe] *L’(é"‘a%y

(e- Y xevl = ( elxe~]) ..)

it e te , k>

= < ¢, W {(+, £ D>

OLY + N ve fr A vacable M Hle ¢ ps

L X Y —= ..

New

X kY —Qﬁ“‘k“ir o He cvsi



&R
(’)__\1/ QEK S'}—: < &, anv, L('>

env= & | <vw£><€-'\/]

K= kned| kif e e k

| kapp ¥ & K

%X, env , K95 < envix), & , k>

< 3+ + £, env, k>

= < ¢, env, kd L+ £ &>

< bvee, nv, kik 4L £ 7

V7 Lk eny, K7

4 o €. . ] gn v, 'r(..»

B e, anv, kapp () (6 ) K7

< V' / wl qup ( Vo s-u) ({o €, ,.\3 j<

V7 L e, env, kapp (voau, ) {e,,..) =D

L Vo, env, Yapp (}vo...) (" e

= < e , £ [ %o —vo] ... £Xw &vnJ ; k>

whve SO = dolme (£ xo o n) <




-
/ C‘Q’C\‘ne ‘C X
d¢ {me qa = e
b - ) o
dQC?/\( ,@
JQC‘:\ — g
e a Z (& )
4+ X

qg <




5-4
BN

Cfw = < ¢, v,

env = ¢ l NV C_X (:—-\/j

W o= Ysred | kif env 4+ £ Kk
| kapp ¥V env ¢

X, env, kS = ¢ env(x), d,Kj
Cif e b L ey, k7 B < eny, RiE o D

<Avee o, kiffenv } L, kS v L, eny, kY

6o <, -, ey, IS
Y (e, enyv, kapp ( (), env, (<, Y%
Cvn, ; kgpp (((ve..) , envy, (epe ) kD

P < ‘Q,o, ‘QV)V/ kO\?P ((\/0... %) \)/ en v, ({o '*))T))

Lvn, —, kapp ( (£ vo...),:?», ¢, RIYY
> < e, %[Yoé—va-l [*V/&Wx/ >

there EC#NQ% (F/Xo-uxm) e
~/

- {?)'vo((

“ éymw\.‘c Scope”
—~ emacs Iisp
— 39 /,Py / Kuby /Pcw(/PHP//{'}’“(

Syec.‘C:L Vars  an Mu\ys Jynam«‘c
new =B A < enu(A) ['\?&—M(’Sﬂ]

'

TN
* «}\\13



@[L?’/ PASLAL/C ~ all fns anc hop ~ Jevel

P = Y ... e

TS = G(') = l + %

?\1 = lam a2 x : | & X
CH = [ (mE x Y J rebhvn 1#x;)
33

"*Vle-e-“liacc_ce.lx

= b A (x ) D)) —rew

e
¥ = nem \ baols jprim /! No 45
E <~ hle | L E ¢ e } v.. E e -

E T_(/\ CXO"‘X'\) C\ Ve +« YN —

Fl e [xoev) - [om é-w\j]

\(()w ~ N 7 el £~ in
\ L Y+j) ;)) 3) leby =7 iv

W '\,,,_\j

le it X = e in e, =7 [ eby=3

{/\Xs *C?_) €, / let X‘?:-)S-l-),p)

LN

e’ X + X




-3/

(A (X0 . %) e) [5 v |

- (./\ (XO N0 Yv\)
e [y «v1)
uv)3-¢SS v € No == N

7
/
(Ax. y-*'\') /
o -
ﬁ\h)ﬂ( v = ‘H'wory Vg
\

closure (A (x..) e, env)

< AXD ¢, env, k> 3y < dofitx)e, enV), B, k?

Lvn, — kqpp( ( do (A (X0 %) . ; env) Vo += )y —r

Oy, YD

£ e, ane [xoeveT..o Lyne—w], <)



ZV) e v 1A e

ledt x= e in e

=7 (X (%) ez ) T

led- x =t ;n (A {x} \

ekl y =27 in (X () J_ )
X+ (+ xy) 2)72
GKy @ v= ... (A ly) (+ 1 ‘j)) oy

b elo (A (x .2) e, env )

CA(x-) e, env, k>

=y <o (A (x.--)e_/ env’y, &,

Lvn, ~— 4 Kapp ( (c Vo =), —, O, KD

wiere, e < (lo(—-\ (X“‘)e/ env )

o < e, env[Xow Vo] . Lon PV )

env = AL ‘} rjl\ }1\
~ N\

\'% env




et y= 3 7 n
22 AL (+ % 9) 5 > 8
\)f y —7 s
(/\ (+ \> [1} ¥ =7 14
anL,c a = 2T
Q‘JNSS ?D — ?1‘
YA = nat enyv = Ve A~
FLAT - CloSuRES [_ s ; 3 ]
SA = (V\A'L;Y\a\*‘) eny < ] y, VQ';'W‘ v
o, N 8 3,14,27,%%] env

feA
60} () '
(00 (WA, NVESTED (LoSvRES




?”3/ = } GE <« < )
A L te & ) jlr )
ve b A x D) e
= wwm | beols [ prrm
peme + o) a |5 ] K<

] 3 <
WA Ay ¢ = v)) 1) 2)
[
= (= v 2)

F- S M“MWMM
e = Vv X 1 e & €= hele
v Ax.e \ (B <)

| (v E)

E [(Ax.e) v] = E[elx&v1]




_'7-"1/ What 7y q Bol really man .

L e A B = A
f‘c‘ Fq‘k\’. A N 1Y

.‘TN.& = I\X‘ /\\ﬂl X

False = Ax. Ay, y

L = e dwdy, ¢ xy = lac

L qrve A B = Trwe A U = A
< J

NovT T = &
NoT — =7y
NO"( = AL- AXl /\5. b Y X

nyerface Bool & \V\-L choose \irﬁ,lﬂ"‘) ‘ 3

TM

dass True : Boo] i\Q'}\ choose ( X, y) = X 3

class Fulse * Tool 2 ’\f* choose (X, y) =Y 3

R Y
class Net ¢ Bool E No‘}“ (Bool v) & . }’55}3

\4‘)‘ thoose (X, o]) é

et b, choose (g, x) 5%



72-5/ Wb s

-~
a Nv Mb(i\ .

2 ro ER—— (\ofsﬂ’;“ 86 Sime ;'{’\L(j
one = dor% sg Ma'})h:\u, once
wo -z dsps H tuce
N wy A% pnddt
“\é& % N = % b )
vy = A€ ax, X
NL <= = /\ -Q\ /\ X, _p_ x
e A 'p X, ‘Q («ﬁ x)

“A&i 2 A M Ax, 20 £ x)

add 1= Andm, MAx. A (m £ %)

2ewo? 1= AN A (nFALE) TRVE
molt = An. Im. A8 Ax. n (rh £) x
AR
o Fo two ([ Hwo LD x
Ox £ F %)

(x££ ) ((Px F €2 X)

£L££ € X




;;7»6/ Parr

v

L: (pase A 8D = B
1Y

3"\& (\?Af/‘ A— K ) =

?a;f‘ - ’\As /\}): /\C\ ‘l ‘c C a b

£sb = Jdp. p IRVE

ml ~ Ap. p FALSE

subl 1= dn K4+ (a Uppar (mip) (par = 2))
(add| (sndpD)
N fac.
mkdae : = An,
e (2ero 2 I\)
:L:onc
(ﬁ'é@”‘ N (’po.c_ ( sob! ﬂ)))
g(x)= xv &3 L0~ 172 X
Lac 1= mkfac fac x =« F x
7 AN AN
A ) x




:'Z::}/ Fixed Pofﬂ“‘ ot o lam bda o

FIX F = X FX:X

F (FIx ) = F¥1X F \
/L/ZT" combinaTo

FILX:= A F.((,\x. F (v x x V)
(Ax. B (Av. x xv)Y)

/“"“”‘“‘\L /“"""""""T“]
FIX F = ((r\x F (Av. x xv\))//““,ﬁ,\
T (Dar Pvex 2 Y]

PR

P

T F(Av B RV

~ (A B) ,..._.f..:&

- F‘“( (Ax, F(JV\XXV\)\ ,\X{/‘W-x‘{‘
D, [ AvexxdD) -

~ F(FIX F) _—

))

T e e

LAWJ L‘lkm Co\{w‘vg / N ,O\Hi‘ @)
"“"‘-««..g\m “\ % X\’f“ ’

T

—@)\—VTV\—Ma’wwAMJﬁLéhUw«w@%
V)




T el
o

-1/ Lambd, - Caleohs

~——oaarcn

fig  (GF T e Pc) =g

lwws : e =¥ el (it F of ec)=ef

biny (P ve vn)= e

small - e = e
sl e= e+ C, e’ = fyldme
big e v led e” 2 ¥y e
Tel- ¢ [e]
big € =

il ef Vv : sibvrn e

O, ‘o;s\ (small 4_)

cceO - C «x ¢ - C x e

w & ° T ’ C

c’ X e = mov-c—cov'}’}‘*’x’)" €

el 1

€ - -Lfm.} e

vet (C’/ eh)

(cO’ C. e = i-g‘ e &V G")i (z;\a)\'} QJ\C(‘

: ot or (c0 C &)
bigh: e e Ceom ¢

exbacl [ (O (mjeck e}}

‘;ﬂ)fc‘}‘- (ho)e,g) .ex‘)»azl-[l\a)‘;'/) = Vv



)

<if 2c et e, E

= < ec, ELif hle b ee]>

Vo

(g! c

D F
(?L (20 [3 + 2 -33 (‘_,’_\1 S")>

mieet A= < A, hole ™

0 < A hle”

> <+, hole [(nole 1 8)] >

i’

<+ y(hole 1 BY >

v <), (& hle BY Y

v R, (+ A hole) > ELGE wk ed ed)]

w7 < ¢, (v v (GE Wle D FMYY

9> < Talge = -
s P, (+ I hole) ™
R £ 9, ~ ~
v < 1o, hole ™

-~ extemct — IO




?:fy L"\M\DJ‘( —Ca bulus

e = X “L € [Ax_e

ER doesat  recomdn  (excepk via E)

53 = Oy

VRPN S
g

™

v ]

[
| A X (x .-+ ) e

o Map  lambla &2 X+ 1)

lamb dy &b (7’9’ - )
= =

vec avys ‘
vnhowid
Lleh &b <. ... (£ib (b n)))
bled x = xe in he
} - (,\X\ be) Xe

}eL Lih= /\ taner_ Fib ton |

)\vmer_.(t'b [ svbl n)

gone)

“(leh‘e {% yc) R

)

2> "ol L= Nf K)o SA b7



8::1/ 0 »-
COE[(2 ve e va)) = E[[Fet] e by
kzlv.N.. £- (z\ -ﬁ ('x'b .- Xv\) 5-)

CAL (x..Yb , env, k>
= < c, & , k?
wher e c = cl ()H'— (x.)b, env')
env' = env [ £ «— e

Sv;l‘(—“ (-}QSCC.\ ) Z,
case LA™MBDA:
envp = make_anv(anv, C%‘ﬂ{), pure);
c=mike.clb( ¢, @nvp )
— Pl
W ® Ll

breal y




wl‘\ﬂe(‘) L
8-5/ unt xy;

Scand ( % 4L ﬂx),
§ canl ("”’/ g N ’273}
-“x - u’
L=
~1

(quC. (w”oc (1), S’B = 1.
Alaebraic daka Rpes
i+ == O I T ey
l 4 ~—  void
| dd + L4 —  indefae fniiants
) i+ x 4+ —  paif
Npt Congdre o lestroe +
’/_L vord .
O _ -
4 oxdk pai Lo~ s nd
TR E bl ~yht cose /swith /34
), ) —
case (befdt o) X ¥ =7 X &
Case (rrgl')i )y X t =2 ¥ a




9"6} Roo! = » 1

1
Nad = A & N at

B -~ 4 = Rin + Bn

sk (AY = A+ (A x Lat(A))

T (A= 4 + (A& x BmT@) x BnT/a))

IMT(A) = A = (BmT(4)Y, B,\ﬂ’(%}\)

SE ~ AL+ BYsm +~ (SE,SE)

¢, A =

0
d V' = O
4
@)

4 B =

it

g X+¥ daX + da ¥

A XX = HLX*Y = X*dav

da Lisk(A) = Zipper [A)




-]/ &1

T (v, 1, 2) .ascO

¥ U
Thim w

- LY

ma }(L’)a! p ( wa K¢ _,:wf.m ( ﬂ‘m/

(RN 7 l'

wak b Gle[ ™", 0.asd))

3

—————

’Sq — _Sr

et= x | v | (e e-.) | GE£ ¢ <<)

case e as (inp)l x)v e on (nrx)d® @

V= Num l boo | l prim ( ,\ X (X) e
unit l Pasn v v ' nt v l;"\ r %y
Prim:i= ... l pa; \ in s 1 ‘e
[ Lot ISnJ

EL8L (mir vived) = B[] Elsd (Pam v v | k]

E[Cm (inl v) as (nl x)3 e ov (MrxH= ‘\’I‘]

=7 f[el EY' "’Vj:}

E L (m ¢ v j = E[epEXrt—vjj




9 Lisk  ~ eibher emp by
onr

A (s with g Yhhg

and  anoFher I R+

emply = il unit

cons = N\ (datw west) ., inr (pan data sesh)

\Chs’)’)’) t= ,\ Cel CI'} .

case l o‘?‘

(ol .Y =~ O

(inr PY S 1 + rec (snd )

map - = /\Nc (€ ),

(ase 1 o &

o >

mp P S gons (& (& p))

(rec £ (snd P

Niucc T= \rec (£ = By

case | of wl - = =

mr P S ree £ (F 2 (8p))

Csmd 7))



93/ Qedvce () O (cons 1 lcons 2

Cims 3 empﬁy)\)

c relwe A | (wns T (¢ms 3 o))

= edue (D (coms 3 wat)

= pebuee (F) 6 m+

= 6

o = al unk

falte ¢ = Tar en,

1 e ep ol ™ cose e of ml_= ek

;‘f\\.. I Y O A AR
. . Fatr = Vlo
pair <o kol fsH{sad = T / pros ™ > T,
cose S case (W) Ml tar D chojee T

~

ﬁ_‘—l_ﬁ'—(—ﬁ‘)’;;—‘—o_"‘ s pNE
ob;_,}. Py -parr Obj~ i /) ~ 4

o

ake pase (1, ,\);‘3

P~ LY.
LA . Ma7™\% -~

Vick* lella o fsk [ob)~+ %0) ¢

e (Coorid ) o) =2 fs 'S




l e . X
Vi ob; Sy 3
EJ] ob; § Xo iVo woo X;iVi R.. XalVal
v x3l = B[ wil
Z3 Jdled
@r;\fj;; % = ewmph a

lookop > = Aree (freld  obi) |
Case ob; of wl = (rec feld o}&)
e p v b T Bl )
(snd (6%)
Crec  freld [sné ?)

e

//A‘“’— Y
CEk K<_Kkese (%1,€1, Xr, er, env, k) h«:e(é/;k)

Caase s of il xoe o~ MXnDer, env, k7

i <2, env, lease [X;;flj)fr, er, envs b<) >

Linl v , —  Kase (Xi,€; ,Xr,er, €Av,]TY D

B e, emv[Ye—vl, ko



(a ¥

‘1“54/ /v\usﬁ\l-?on m«'—‘? H ~ (“ m,s
35 Ma i
const 2(2 £ (3); T £ = £(3)
console. log (%)) Yy
fonsh~ y = £(3)) 1=x Y= £(3)
(ms,)e,/og (3)3 “ a9 ¥
X=Y 7 /
Lnckion £ (%) & M=) v

redorn x+39; S

leb = O; sk £= (X)) 5 x+30+ c++

L P L0 // N

6o~

L g O %\

B o)/
Monad \)

£ (3) Programm 4 H \}/




12~\/

Gonl > all wmudatn

1= ... \ box e E- . | b E
| vbox e [unbor €

| seb-box! < e | selbor E e

| se#bor v E

stuclk boy 2 w;l*?; ‘3

box ( yak x) § ip= walle (m1)

boX bLZPt‘\P—S

+{( = x:
(<& b ; ')’
,/-/1_,', N
\Q+ \p :/\kox 6 N b 66

( soir'b:x/‘-l 6 §, 1 A

wabex b)) 4+ (Lhbox b)

“boy! ) \
(seb-box'  (box 6) &, N (W\box -~ 5))
Labox  (box 6) )

ﬁ [ set vl & &, _

oo
H()&\ (ly\box ) / (\/W oxX 09o)

9 leems) ( wba 8y + b &) D oloors) | (&1 8)=k



)Z-?-/ Sm\lskp g e = c
= 7 &

—

S s k) = (s, )

2 = store (Mensry [l

P‘}rs = W‘S

T = v
Z/E):;L T e ec)
miedk e = @ ) e = Z/EE”]
ek Z/v = Vv
Vi ... l g ‘
Z/ E[\oo)& v] — ;;[G_“‘*V]/f[‘c‘_
where 07 dinosc 2 (6~ walles )

S JEfwek 1 > 2 [ e[ g(] . ©

$ | Elsetbr! & ] 5 [eV] /E[V])

e Gy




ﬁi/ led b= box 0O in

led €= Ax servox! b (x+ 1))

x « 2 T\

lel. ¢

vV + uh;b)( b i»
o J

C

N g

\/ \
),

\ 0 -
LTI | o
|

be

’\}
Dox
wn
ek - L -bo¥

\

s

CESk, CEk
(r

<V, o, sk, kagp ( clo(Axe, ev')
Shre

— ¢ env‘[_)('-%u]/sk, <>
Gif e erer, v, $lo, k7

F2 ¢ @, env, sh, Kif(env, et efi)>
eV, v, sh, kbox (& k)

(5 6, ey, sh{emV] kD
o ere g = quob(S)?J)

Chox ¢, ewv, sto, k>

=2 ( e/ env, gi‘o/
evor (kY7




(Z‘\'V Qf = . ... l FN‘I‘ v v

| ®Bsx 6

@vcs)\'\w\ - Sheoll we .\&&

Sed-&s+ ¢ gir A B x A I

Set-snd . Pair A R x B > 0)

meeir & b = sair (hx D (box &)

mpoir ~sed -Fsh P A = Sed boy {ﬁs} o) o

waie -5 p = wbex (BF p)

(e J’ ‘C X =<

v + V e 3 ... Iw“x&
/ )
O ©




125/ A\M\)S Shure s as W.\«Av;

bLp:

s JELOxe v] = ¢/g[elxe]

VEW -

S / [:[_(,\XeB u—J = Z[G‘\——vu]/

wheve G-= Ma’/ac/Z) E Y_ < EX &— unhbor O‘]J

i/ E[sell (uhobox &) v] =

S ool / g V]

deseqar (Qs) ¢z ) =

lel —nggmncihanrnim = e 4
Rz

= /) . e \ e
( — V) ~)




\1—6/ Fuw\u! Afsvjw\y\

(\%vgmr {,\ Xy |

X

' =
9?‘) !X -

~

)

i

(whbex x)

-- - Sel-y! x &

&Asuga\/‘ m (,\x\e_) = A
b welified  x e " Flen .

Axi v leb x= Yox xi ™ desgar VMUM)(

OvW

X, Aes,yq/\/"f e

&&/5&"‘ M X =

L x 6 A Hum o box  x

O\W\ X







'O
P part |

-1/ 1) o — 5 s umdendd
( S \ ) — app Needs 2 /\ "p
sed-bx!  F 7 —  sed-bor needs a boy

X = 9y 725 @ L0) =N

ewl (p) = v ¥ P =Y v

-

?Ar'hl\i

V z=---- | bad bad bad
4 a

El(vw vo)| = bxibblkd

vt v, & p BN

V= ... . \ fo‘l"-tcflzyr )OK

Ef(p v..)] = erg

§(p, )= L el = E0]

& = - | abor}y e E<E

E [abirt ] — &

< abort e env, ko > <@, env, kret >




Ja -
L?-y e = | thhnw e

\ ’r-rj e with calh e

\-nﬁ (+ (throw 2D)) -
] =/
Lv|"\ (q?lc)\ (/\X. C— X \)3
o
= = ... ‘ 4\-«.(\ ‘2, v th (a\‘)rb\ £

\ %:\ B wiHa cehch v

E[‘\V\Q v with alh u.] = E[v]

E [+ry LEWWow v] with akh o)

= E[lw v]

L = 1= — O—v‘y T Wit mkl \,}

y (|

(try  (+ 2 (e 3))

=

wWith mbch (A (V) te v )

Wil kb ) (x) (¥ x 3))




\7‘3/ K = ... | ?f‘{TnJK e env \’(
) WT"R v K

<'\‘“\ (& with by ek , env , k?
> < ep, env, pue Tyt ey env k7

< Vn, \/P"CT"\JK ep env K>

> < 2)p, env, Ty vy, k>

CVas, —, Twh vh k7

= < Vans, — K>

< Yhow e, env, ijk v h < 7

= < vh e, env, k>

v < e, env, kapp (vhY — (OO K7

< ’\'h"ow e‘l QY\\/' kqpp (v“.) (’\v' (e‘._\ )<7

= <’Mﬂmv e, env <

e Tryk e env'’ <

< Prpw e, env, krek Y b L e, env, Krebd




(l(L (["\V «])

GE ([ &nckan? &V)

( NS l;( vac)hr\w\w{#, av) Q\)

wakeawiy /
(v b <)

me ' W‘/“OV:/ v ™ AV\"S"') )

(Fhoom mok Bn”))

( 4 2 Y
N (thow ©) 7
L )
by o [ (hew @)
\A.;l’\\ (Q-l‘t.)\
(/\ (X ‘\‘s',cksw'n\
(‘}“’yﬁ\g‘o\/\ 8)

Elby LDV o] oith kb o]

=7 Efu\e

(A (x) LLx] wth akh W)j




‘T_y/ F;m) -Clase (m“/\l’\bﬂ\‘&:&)nj

e = ... [c,ql)cc e
E = .... [ ¢ allcc =

=

Elcallce v] = E[v (A0 abort £0J))

CQ_k v = ... 1 kcont K
k = o0 | keallee X
<v ) — Keallce Wk 2
KML)
—7 < V(K, — ., k>

Ccaallce e, eny, x> = ¢, eny, feallee =7
GE ey L, onv k> = << e, kR v tE XS

< Vv, —, Kapp (kent K)Y — O — %
F—H(v,\_! kK S




\5-6 ) He

[
A (») ik Elmkx)§
(callec (A (N)‘w'\) it (x=:0)
(i F (2em. Xx) Mivn T
(Mhvn 2)) peddd ("ogdl” B
74 P A Z/X/‘S
(e x)
(/ 2 x))))
1 (& 2))
- (& 0))

rebn = ) x. abnl (+ | x>

A ) b) =5 ()

(call CC (A [nrom)

v )))




Iy

(Lefme  last-handlen

(box (A (x) (abork x))))

(defMe  throw

(A (v) (_(V“L“‘ ’asl‘*l“\'\é‘er\) v‘))

Q(esvjar (H} 2, with cakeh ez )

— (by~akh¥ (A () @) e2)

A 7

‘”'\’ - ce«sf;l\/’ = (/\ ( Bol? V\W‘l“’\"’ A Jer’\)

(\tL (Lo‘é ')\ané);w (\,V\\JOX (aSL-AM(‘\eﬁ)])

(cahee (A (heve)

(Qel~box3 lquJ\N’\“ﬂ* (/\ (){) (94/»/ )1’\ O}\>

(here (Y)l’\ XB))

i (lek (Lavs  (bady)])

(set-box! 'h oh)

s ) )Y )




1Z-)) €10) (v %)

unsafe — )vs'}‘ do QOW\e.“\}ﬂy
. Cf %)
((Qlo”)@) ~=> (ode _ \34~I\(><)
/ —
e (£+8)
(efe (& xD (£ (somf))
(x 13))
\M$0\£<. < '}f\-{ \M:’\vo\?( AOPY\"lL pl‘dl‘&x‘fﬂ“s
& bos broc Fions
sa le < DOES
C M ab, safe
€ i (st () (o)o [2)
Dewon g
Js ndead b be sale
Py bot  loopholes

W‘K(kei\ -




(Lo L = dllaad
Y (load " hpen 6 )

(lefre g/ D A1 s
((edmek L “gl0mw"))

é-QS\jo\P (le(\—,\( [@ X ) bu\\j) ;, mMore

= L
(et ([£ (A € (x> biyT)

( les vyar M“"A{’S

Ass\,m v MAJ‘- Sv\\(e‘H

\MS«\&L Jeerne \ (V"‘\) Snke  hemne| uW

afe Proymn w W "
wisabe (oW\p,'Lt/* VA S‘LQ_
QA[Q k(fnq '

(£ x) =7 L (ohjdag(£) == w0)l

(oY £) = codepht ) %

Yelse & emryy

yq[( proyrom =7 e ( fwchva?l & ) ¢

(6 x) S

Sebse § arne



'17_3j ‘Y: / . wsafet

sHIb =

(defime (+ x y)

("(* (omé (y\vw\\xf‘? x)

(hvw\\qf? ,73)

(vﬂﬁ€€4‘ X 'y 3

(errv= YD)

‘\"5“9(m (£ x) = -

g —

GL G #Y (£ [(arly £ 1)

(& x)

fwe ) et"(_x/\\

P = - vnabe—opply

q(pp}7 £ (I3+  x Y z) = ({: X 9 ?)

APSVQQJ/\ (-C- X) = fﬂﬁ(’%p\j £ (\R‘/‘ X)




171 safely wylabwa:

~ whal we o Fed ctc

’WWJ‘ w~ q O+ VO\\

—wW gave T\ hlame TP

(peotect  che va\ pos neq)

(+

(erkcd nml v P n ) ?)

“-v CI‘C‘ (wa\-\‘ v) \Ve

(er ror “expec**@(\ nuw ,jd'}' v M fom

pos  at vxg“)\

30)03 an (\‘}‘ X v,) ==

(merfet+  (poreet aum? X |me27° HIn" )

N




-5/ (lefme (map & \)

emp 4

(cons (€ (€l )

(map £ (rat 1))))

™p (anb;S#)x (Lisd- om ) —7(LTS-L i )

‘?(b)«"\ ((\‘CJ‘oﬁ })3 \V/ Poc ne =7

cheleall  p v pgs ng

Qﬁ)\—(('\‘ (Nom —= Sbﬂ) £ pos Ne9 .‘vmkw'\

A x.

prolect— SHr (f. [pmkcl— x  Noum Neg Pos))

POS neg

7




194) Moo Sysdems

Wi Moc rus
C Magvox Exce) Macns
#Alblne DEGUG— A F2 5 Qx 22|
B e Fve MAX (%1 y) (ot x+ =(
CRICRECEIND e
B

ﬁ%\‘&\(z MX{%;);/‘j>
= (Y =) ly);

while (0355 5
550

C s AV -S«M\ Ao;,p;mnblﬂ\m\m)&‘

MAY (V2223 , )

MAX (e, )

A4Y (R, x*)

QVN‘ Y SubS}/‘/\M/\V"‘”\ ‘

kb f32] = 5 :{05) 3

VAl
know4 «(J- Lomp:"e

¢ F),FV), fK2) ..

Q\X(C\\'\e F(x} (y) U+ |




lf}'%/ The 'GV\:\W(‘Q_ kevne \ <shou il be ssMy))&

of\d Ll dle .

@QMS hoold be added on topP ol

old & pess:hle

coll /cc —_ f}eum»}w*; Oordet, thoads , oy /ea ky

Seb-box! =2 sedl  and  arbibewy ds et

A =7 le+

(lede x=e 5n b)

= (U (x) b) e)

G~M«L 'Ahsuo\j?S hasve. \°o(\.. A“@‘yds

e
((\? (\I‘V‘Q = &QSus(*/\‘NI‘QS ‘/‘?0\ TN

[Clet (Lx xel) be)

CA () be) xe) %] 7 remplate
_—

[l O »e)

%e‘] )




S’ynﬁ&
l$~}’ (c\eﬁ\w— “GoT rus{Sz

[(Jef,\ne ~Je5uo,4p role  pal Fem)

( do Eme ‘tlfswqa/‘ -ru\i?

E?‘\'L hm]))

dses = b x Lk (padr [Pk hemplade))

led 1= Cldn ] < (leb (Dx xe]) be),

(A () be) xe) 3]

paHew —makh 1 pad  x se = env

“eanscrihe  C +em X env = Se

o (b (Ix xe]) be) (b ([ho (+12))

(+ foo €o0))

[ x> fo, xe - (+ 1 2)

be +> (+ oo QO)]

"

Yo (A (K) be) xe) i

((N (f0) (+ foo f0)) (+ 12))




=~/ »m MO 0O = )

rm ((M) Pa Pd,) ((0'\3 ;'\ ;é) =

pm  pPa T A O pm pd id

om  var(d in =[x in]

pPm const (") (onst(n) < ¢

—

e 00 e =0
+r

(cms Ja H) env = (ioms A (o, €n0)

Tr A’J/(I\V))

o Wiy env = ewv [
),

(th‘L("*\ env N

Q\




l%-Z/ (let> /[X % \z

[9 % 2]
[z % x 4]
[w % %+33>
>
w )
=7 (led (L« 6)
(le - ([y Z,})

(e (Cz (+ % $)

(e (Lw (+ 2 ])

L ))Y)

dsrs

® (lkd* O k) = be

& (eH* (% ¥eo] more ..) b)) =7
(le+ (D‘o)“’o]) (let®  (more ...) be ) )

em @ (IQPJ 7) =

L% v x , xeo Y= | e > &

e 5 MAVY( Oy 23, L2 (+29)], [e(r&)

de (I 3 1) v = ™a p (‘ér‘ Mp (M/oJmanq

P M (]?S‘)’ ?ql- ') W = ("V)

m{rye\’)}omang (wap (PMm pat) in)



Co= o =73

B/ dsp for x 9) =7

(lek (LAmp  x])

(i€ *mvp “H\P (L o %

y)) v

A--

(ol\  2)

(leb (Cimp H) (lo- (Lhp +3)

(o~ #lalse {“MP)B =7 “pL C( frvm FALSCXK

('\L “Mfs 4w() ;W/).)))




\7('\] Memoij Mﬂ\v\a\jmm‘}'

< id ¢ ¥ L, env, O

= L, eny, kf(—(*#,ﬁ, U\v,K\ >

) @

C
T

~—~7 \\ ~——
@b/ f\\»’w >'k‘ =7 i
M\L\i N / %)
A NI —

Gj v K ® o~ M\

W \\2/ f 7‘+ 57(";"(

& 21/ ol
D)




ﬁm-l/ € = num l (op ¢ <) {

g = +\-\x \7

K= red | Liop k ) [R(op nom W)

ae(

Cop,e,ee), kY = <e, L(op,er, <)Y

l nvm L(O?;QK, k\» = < (’K, R(OP}I\VV"II k>>

< nme - R (ot’,nm‘,, KYY B < §(op, nim, nwae) J <>




143/ whal- sholi o M 672

- kww w\\et'\ f‘o cq“ @NCC)

— bo {ne b eqd (an‘ Reve, Mh“«ten\

- &«-.\q A ot objents

J

SOMNESs = MM pNSevAs  GME answer

é———

L
r
(-]

™M™
VR

/j\/\ 31‘«

T ——

// 1// ?‘“{“ "

— ‘
> +me

Peak. overhmh (M melan, L., max)

‘“\4]”\\ as 10s




”1"1/ How dy vo~ 7c* Sl MM M O?

vnswv\é conves  Swn Alases

/ N
one e Aer~ 0 \ayt)//ﬁ\’MS

t() ¢
ehan ¥ ¢ < N P
S s X=°P
9 (p)
A~ \
foee(p) > free(p)
7’ f(srwln‘
o 105
¢ -a\u\v,g puss ownersh b ¢
I

-'4\%4\73 make copres




(A\m\
FM‘;T,/ Referenre (ow‘d)\ﬁ / S+ B nders

WV et (p) :-

ZZLO\b)/) P tount ++

rmeef (P) =
64-5 } comss ;(."- P\ Covntins)
5-»;k y free (5);
¢ ) 2 as .
Qﬁ gp AR

N

N

CN\‘S on C7(’(5 ('C‘\kS>




2 0~ Whea 5 an ob,

'(:l‘fe () -a ble !

Seope s w\l‘>( { Mt X x = ol )
ob 3«.)(

l%“ vse op& - ‘3
Z . /\)( N uukuw\l

. \.v"\-’lt A ,i 3

1 S (sca)

!
2 77L_J X ,
find kg / N~ oon X -

ot x ” ""*k‘«f T x '\"“\, Tosr
) b}
Uinke ¢ 2imny
'.'#'x,(/ fre O Toubh ( Poey e HACTD 'X‘g‘*
(R )¢ .
we i 3 Powbilily (B T ve?) 1 koo 3
' A%

0o e~ USYE

L

/7




- ] R(’N}“\bl""}‘j
SlppasL 0 X an H},‘ M Meroty
Ntach (o) i var (o)
v s UB(P o) A Ty
v Rdd (o, 0) A Lails)
% “’j (o)
;g—v s - 'x\r j:ﬁuk [0)
Ty =5 7 ¥
f(o) [T . x)
= NWLL

\Ureac ey ble

bb} (c*)'.S VMY be p’"‘{




?Md‘n 7,® 7 P<——  low,
A
~ O _/’/ /Eﬁ&l’%
< * wrark
< ’\% O(fq wam \
L e e, -
ASCYEF [O0 [ mollye &Y Olalya)
( Bree —
/d/iwﬂl g o(l;»«d"' + O(mem)
” A
wmar St eP
Conshmmts Jpockes:
= kwgw sD>e oLdbjS - marke m ‘)Aq
= all kppon  pointless Lom padac SR8, P

— e oy gt

Yo Mca I‘p\ﬂ 1969

LISV




2 1- 4/ ))‘Hporﬁ BSL 07'19\

fovnt > fFte = svm ASL
e r
— oo fvtve - — 0 20— 2 —
(anngd cask ME o ar*

-— S~
Mavik  and SMPP
Twe  — | lo — O(nlgn)
e —
9cC ~ 0o(im) +  O(mem)
Seae - ovwwrhal —  wark bl = o(ta mem )
\A\emj — ool bo tri-ler ~arbh small peuse
T~ — malloc — oQ) %p
b — X and
9c — o (i) Cop
Sprie — owrhal — QL '

M{n(a _ '”’\f]




O ln'sny o()
,z;lj,l Ma\loc <earth ng, A Y free po

pool sectn” UDVMP Pts)

ma llo¢ (SEC-\—- s&) S

£ (M&._\? + S » < )a\é*—.ﬁva,s/;o#)g

F“l(._P += SZ,]

Y\(-\-— p‘(ep —S&/; S

<lse ¢ Ge(); ’“"‘”‘"@%‘)I 3 ?
v/v I}_m( -

S

m/, RooT SET

B
e o — pavVe

Al % Pcjle] 2| = ! I¥LH

/ 7=

/(oS?"‘L / =7 7

\
£ —

M /1 F |l HA/

& "/ ;
/

[ @ T #FT A o1 AT

N

QOFWM-? 00545»0/‘ . M '\*a\c;

P4
\ams o por Aver




22\ mBs < 0(lgn) mlle (1<) +0lw)

0 (lgny  owerhead Yive
S Lkc — 0 () wmalloe o (1Y)
% x)  owrhed Ye
G~everad na | (o flec)ong
. 1%+
R SvC 40 Wiobye | M¥S 9l }
h‘&?\‘%\\o Wimg |
8 s.«c\l ‘793\(7/1 / T6T ‘l),\. : L.0.S
/- I .\:::\f‘ *:bk /

Gerernt cong | HypYtess

P‘fpv\‘b?’s - 0\;)«*8 Ihe ae g (au7 (e or a Vew erfUVl‘L

“Mosk obiech L youny

wele- bampien

LW’?( O)J,Yc)w‘w\ e x¢op Hun _o-c = O Jlen Wl

7 »
) 14 va
old news \eﬂﬂc

TEPT




2;1-3/ R\&\‘o act Ne D(mj

"R | fet
Pic\ kv\;, V\aw)Jc,v‘ '/N (,N"\'\B
[ \
D ‘& L05
il [2
— L______,__...__l
(T




223 | Type  Syshems

Synda b VT W7 R U

logic rMiven M|

P fun WArS
Ak (vu)

-LW( < Yovs n «@oo,\" \-f I ;

=7 "L (PHYS)

N T~

Fypes  prvide sa beby

UNgafe lcemel < safe Icerne
safe wmf;lef‘ (mserds clecces) o
v //.;:faé a Voo |
= NvL
v:\S:;C( Kk (e // L‘:E ‘::c{x\)
' ¢ OM?' S / 0= new G}
XQL 4{[&( stkm// / Q\S(
- 0= nen~ »,
“""‘""""ﬂn! /Y-*‘I (’Pr‘{) L~y (O an\ 2 whuld
A (o= Do&) SRV
dewe o putr0
Fregrams e udherns
m 4,’..7’.\,7 {\6( < |
. \) [ Typed Ragkeeb 0. barkl()

Y,O‘— S.L'\Y*’ /\l\_j

T )



(5:_)_/ G‘"’\&vm] Typins

T T~
/ Correch \ T‘;MA Ro.:,kel

229 \ T1[( Scr#

et N
() ) Hek

/ o
\___,/ aeJ(&/[‘{lté pyﬂb,\
My program Cobbee Scrion
Typed pard Unbped  Burt
] L4 )
| A /
= i
R e /
— —
. T=7 07 Muays  sath
2. UT=7 T ! [Unsafe
(yeed &) == e
Cun)yld ) S (cm)‘mc:‘- e SUW’O%&}JO‘¥

' wiped hped )

”ﬂscé (.}\(x) (Wl/‘ll“(‘- (+ ¥ ﬂ))) = ok

QR (Hpd  (+ x \\)) = Hp_,;\)

(D (hed (v fundyped S ODY) S (A (Ca"W x o)



23 Type Syshoms  make _predetdns

TL@M - pNAkl—ybn
J

MO‘L”\ — feq [ gp)m nome NoA

A ki \ .
X P ‘)( SayS Pl

) @m\,{i? F He pen w2l Jmp” — "V)oM/ Shyt

“Uaes ¥ be pun wil dapt — Mol ( shnt/epy

Sevmdnes

O VP‘ '\'hw,or\, F P = Molel +— P

>< VP, Miel P =2 Tegw +—P Comprerenss




2&@/ Vi

ﬂ\@r{!*? —) Mole) ;_,P
AR Ll
/Kw-"\/ B .
— N _ g
C s De’
’ . ‘ === =>V
/\s‘ \} \l,
e ¥
e = v
e = Vv ; (+ ¢ e) “W
\4 = ‘}‘11/{1 C"\‘SQ,\ N .
T =  Boo\ \ Nat e T
k ')NUL. 5 8001 ‘_’ «po\\sc :Boa]
B v N Fe B
rk(na«le,)(ﬁwi

Fet Mok e bt

}"f:\' M_}\ F(Q;MJ
“'——' (+‘ Q, el)lwml

—~———

Sl Bl
Yihk Pk FAvE  FAVE
F{‘?“lf\li/q.}\ PIqu,/_ / #A\ kD
Lo(¢ i 1) Posl / o
Fo(mk (< GFU DY 1)) 2 Bl




i’%‘j/ Yer, T, g

}.__ e T - SG\MJ’\(SS T)eortM

=X, e = v = 2 HA
on o n
Fove T S\TESS) Fomish
e = . Jx | let x=e in e
“Le 7" L e [xee ]+ T
""X") / Foled x=e 5a ¢z = T
= X=T
N .
T’CK\'—‘—T r‘&-e“-'ﬁ p[Y\JJT'JPC?.:TZ.
P*‘X‘T r"}*lel- X= € in €2 1 Tg

= o | e e | )\><e_ | AT, e

e
T = oo | T=T Pheatlke: To
Tl \ e @ o TtQ:)'Tn
X Riae AR =k
J%—e{.\: 5T (e i+ e : T
(" *—Qs L) T, Medve 1T, T,




(\I o Tx\;xb

‘Zf$~5”/ ‘Hpeo(' e G‘O\mma\ — EXPP“? T‘]p(’.

Fpeof g (Bl ) = TBol

H?‘of‘ 9 [Nom n) = TWVum

Hyeo-t q (A&(!, ‘ P) =

& (Hpeo‘» 9 l.) == TMWvw

A (hpeol g 0) ==TWum

rln TNum

Ow o

*LpeoL 3 (\fw x\ '—'«3)(

HP”L 9 (APP e, ¢) <

J

Case (pr\c- 3 e¢\) of

TAMV dom Ao -y

¢ ‘Lywo-c ; ¢y, == dom  Hfln

~

N\g

ow efrrghn

. =7 e

bpeof g (lom xNe) = TAMH/ 3 ke

W\'\;\N M

3)7\‘3\\?\ ‘*"

2 hmw + (Hveo{:‘ (a‘\ +) C\)




%3 6/ ?ﬂrgv‘eSS ¢

V;QITI-ﬂf T-. "" e)‘T
— Je/, e =ve’

oN eecv

?’Ysc rw\%hn

/
Ve,,"r,r’,e,'. Mr-e:7T A e=n¢

= M enT

(X Y. X X) :(/\Yt ' )(X ::7 T hsel
A A

(A Te - % <) (/\‘I("Ty y )

(’\" Tx, x x) : Ta>Te (Ay:Ty. yy): Tx

ﬁxTx%x ¥ TT"\” [T Bw) /Mt [T=T)

Y koTe  xe Tx = Te = Tx

no

r—




Thé-=
Z?‘l/ 5;"‘(&‘&‘ ;'\k_ulz iV\P_A z YRS
oh) —}v\a; o)) o) <ML
o%? v; 3 ah* v33 Lo
- THR3

Case. €, of [ml x, =y e

L\\M" X =2 *’-z.']

—

sn— ~~
—

== 0
L (ep == INL)

ton e, with xSy

0w, o & Wity S Y

P

(il e) = qir T e

(he 2) = galr F e

Moo cose s A e ~ i€ &l s Hen

£ (snds)

v C (sms)

——



’2,512,/ e = x | (e &) | v
v

T 15T | 8

B = “Nhee 4-’1,,(5 M oNne. Gov every k‘\foﬂe
nmé€C ~ Num &8

A(p'} -— \ A(A—):N;?!\l-:?\\/

Corract Z ~comb g o
P N arsie funs

&/

ve o | e )\ SewT
(2@ £0:T) . Li(0)

Dre-
*ﬁﬁﬂﬂ'f%—fﬂ‘é}—w—@—m .
W S M},,Cf'

— P
Vb Afixt).e - Tag "4 ome X bashar

/

~eorve fnas




’LS”Z// e 1= /\Xu Y. X

Q’L(’{ e _J\X‘/\%,. )

J

N S Ac Axdy e x oy
Juf (x21y) Al qlyrv).oX
‘- < w7 L
lel2
€ = ... 1\.(1 e ¢ e Lg= Ly v %
Meec! Bl Mpey! T, Miep: TZ
Tl e et e N S ARAL
R G et W“‘"‘"@*
(=& T \\_—/
-~ 3§ #8D> 0 Py “Lur oiwe M

. Z.X'rs anvmy

r‘*" &;T}?Tj?l:

M €c ! Bood ; Prc 5 PrRC

Do tre e VT, 5 Per 5 Pex

MuPre + et Tz PrF ) PrF

Pt =Frr nPrr Pr=Pet n Prr

Tt ecetes s TvTy; PesPe



ZS5-Y IS = ... !7.@,\ e, e

M—e:T Ye: Tz

“"‘}'?ﬂ;"\ e ez L T] XTZ

€=~ lMl( {M'\C 1(«3(

T= oo | THT
M-e: Ty MEe * Tz
ﬂ%—?nLel T+ Y2 MNiinr T e T2
Tz
e = - .. lbox 4 Iw‘l%x e \S‘e+}w< ¢ <
= ... | Box (‘C)
Mee, L Bax (<)

r"_\ e}_"r ﬂf‘{‘-g’?(f) r(-}—e-z:T

Uk box e BT F(— enbox ¢ T i 4o box J:’_"'e W




Z,Y~5'/ ?\nglqh < dass X7 A@LW)‘CT%;"?

size+ L X )T Ay L3$< 39>

Pedvin 2 x svgectlx)s 3

£ emt= (5
Q<D05‘7\/ Ma{co))
e < ... l AX‘Q_ \' 6<@T7
T= | V.t |\ X
"’i”‘]ﬂ& 4,.7:&
Ay X Aot Ao flxze). X =%
¢ Vo, o o
O,X+e: T M-e: Y T
TrAx e s Yt Ve e<Ty P T [X T ]
Gdnemy (5) 4 o,
Nom = von Jaw ! ?MLM& '
Lontd AT
Fu X=0 %t

\A’X\e— :—.7 C";-")‘:

(7T —> C [JM‘ e) <T7r{—-> e [x&T]




"é(f_\// (define lengtn

(A tlen (1)
((asc_ l o‘c
[inl x =3 O]

[inr gy = (+ 1 (len (sd yNY]))

frve + = /\X~/\xj. x &lk i )X.,.iy, o
é"‘:j (C (/\?~JB [ \=. 7)) O
< \ /

inl 1= X\ x. fair o  x
inr 22 ./\}j, paim falsc )
C«scAI = As. \Nle. Adrc
fhnc 2= 18 ($s+ s) Hen lc else ne jn
nc  (sad s)

(case Gob  [mn x =3 e
Cwl y=> le]) =

—(Cedse s ) (Aykedy




e/ (vl <)

(cot“/(c, c, e,z B <Le,env, kealle W«

(.\/'! (V)V!/“(Q/,cc k % + <VL}§] ehv, {<'>

_

agp (Vz U’(])

<Vn{-~t KO\,P,PC (k,) /I — ) L)/ Y >

Call/cc e,mv, k> 5 <e k, ene, >




%Y Ti= .. | X 1

t2 e ] e <TY

JNAX. e

Haskell M AY.ez) <W>

;L(,: /\Y\/\«\X»CK b )VIX. X*"‘?X G)\]se

Cid<imt> == il <hol> ) = dne 7

wcvf\c%“mr&( exlens iona Ii 47

€=qg L W, £x = gx

£ Vx, x=x addl: Num—= Nom
= N\X AaX, A add{ 2= An. 1+ n
X Sa X, of &
= X neivm
A Mo (@iK) . \eb o i kg (). ~(akh)

in

/\)(v\ alt¥. led w= \*T i &N



26-Y) demphile  <clss A»

Aol (A ) s f

W (Synamic_ cast < dogv [‘K\BZ

redvrn C(dog) 0\3. Ma e J E

else J

-L(w\?{«t-e_ <class Gt
(a & (o a) ¢

retvin @w(‘\v\(u’,‘ K

= Lt (B)

, mmeyﬁ‘c Po Ly movphism




2%~ 5/ PRI

(& )
N

/

éFS“LFmMOC:};A ( ?osv‘\ p) '3
T ™ = py*; S

FIE AT Lo

pomz& ( M x |, i ) Z

L xX=x ‘/“13z S

?05“%/ X) Vi 2y §

$ X=>yyey; 228553

drsk From 0'5"‘ pomQ[ | 2, 3))

posnzé( ;/z_)

Tis oo | JET, 08

e:= .. | Tk=e, 3 e €

pon = LxxMb, yemb3

94 X? ;V\L/ \71 M'l, ?‘}V’/’)

1 = A\ Ik = Tt

=T Tz =Ty

Ve 3T = T 2Ty




26\:.{)_/ A‘H:_pe) Prog ram shovlin- omsh.

e.t =7 e otk have an - Refl

MV +e: Z-‘o}iro, ~~--,€;-‘T,‘, re “PAJT*’IZ

N+ e,
¢ v ¢X
\"4—-'@ @‘)ﬁ Uta: & W e (e s
[ “He_ ypes nsacin ubes?
N CHor-$n3 2 £ 3ose9m§
T <: T 7%:To, v, £ntTn3
<t 5 95:Th, v, i Tmi S
‘Gc
“svbbpe wlagvn "t = <& B AT
FexX Gy

(FxG) < (XD~




%67 [ -

X <A RN/

¥ X=v < A =8

A'm\m' “"7«40»\4‘
£ 1 XY h ()
o
h (B9 (A)) &
w
y = 3 C e - 4}
w.do b Wy u/\puwl')

?ple}

LTSI(OV - ﬁs);}u}ﬂm prirc




%3/ S Jor

class  Posn & class Posn3l S

Mb x5 mh3 Mhx; by RS

\
-

ekt Mt dabue (Poen p) S

Pex 03 3

4 Bdan e ( new Pen 3d (!, 2/,7))

G X= Y X wherit fou ¢

X 1Y XLy

\

3*‘&)0;\“'0\[ )")OW\M’\}

R

Theony ] Cyt Save,

Raskel! Aon® | Gy Reter

ML G Rocka™

éag Suifh c*

“(X,vc\( {\]P’\"ﬂn




ym
2?_‘1/ /5“)41‘() : Pm() = {)ng_

Prog !

CO.MP;"”, - ?‘”i\; - Prog,
D
JIUSO

‘\N‘"‘_P : pf*<:>o\z_ = Ans

Cpvs . Y& = Ans

—J .

UnWrs e

(\eh/g: ?m)‘ ,((: )__5 Ans

OPJ- : ?R‘)ﬁ, 4 Pmﬂl

JIT - Vjusk-in-time  compilatys

<V, my kapp( ($vo-),—, 0, kK)> "™

A

where, £= clO( )\Ya Xn» & / e“V34(”0L)

\"“‘\7 < e[ EMVEXO)‘"‘?\/O’Z .o [MWVA’I/}(>

o L Fvg.ova ) ) — KD




(5 &) 2 fhpand
}7"1 km‘\& —_ Ml‘"’\’\‘ (o n(ulr"Xa cy

—-NO\L‘M;I f- ﬂ/o

Flrey, = (=2 &) =7 Fo — fnk

= o\ ~=2 K —wm it
Places 4= N b) 7/\)3}0'& 5
p\o\c-g 5\ = )

(7555 go
~2>_

A\

<
<
>

yu—

—

’( —_—

VQ\ Loren 10 poszHQ vabrs of
A L T }'\?ﬂc
9.7 —  thers ame 47,\41 A (H;J»yau douk
Fowe w,) Wwlere i3\ e 73
Q Tl peal
hle [Rle % e 2[R Q)
i 38T

G?QV)[ F}ZQ} e




273 Shck  Mepectmbbn

vt P & = B

aal in sandbox 1 P 8

X Pepmisans

—_— Q

Ha)
vid delele MM SAEE () 7 ¥ ()
o L »  sand box? H ()
Logs  POVYMS  Con toidn J.e/e}n/}“f«) F(a)

AO ;}__ .

VRV Y22 Ta —1

0w PR

keperm ( perm R

<V, env, kperen(— , K72

> <y LRy, kS

£ withperm P e, env, b
F7 Ze, env, kyem(p,k)>

> Loread (), v ke



274/ £ ()

) NxmPlre: &
£ v[ in - x) Pilve! P>a
% ArTaN
il JL\L(MJV x) (©& )
avle L (avke %) Tr e: C5 GV
WQ\L (%) MsX] Fe: @3 #CV

P rixe:¥20 ;¢ s

T= k= X V=2 X,Y¢,%5$
C ~ ; Yf»s/\“"
7/\5- M*
Z = N=X 1= X2z
2 < X > »E S | B
\ AT
C~ §q fg= T1=7
=S
i Gealton =P Q
— (T;g



