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Anotace: Prednaska je vénovana neproceduralnimu programovani. Vétsina
semestru je vénovana programovani v jazyku Prolog, ve kterém studenti i
ladi zapoctové programy. Informativné se studenti sezndami i s jazykem LISP
a neproceduralnimi ¢astmi programovacich systému.

Sylabus:

1.

10.

Tvar programu v Prologu a jeho interpretace, unifikace, backtracking.
Deklarativni a operacni sémantika programu.

Préce se seznamy, ruzné variace zakladnich predikatu pro praci s nimi,
efektivni obraceni seznamu.

Aritmetika v Prologu, vy¢isleni kontra unifikace.

Zakladni standardni predikaty (atom, atomic, number, name, func,
arg, ...) predikaty pro préaci s databazi (assert, retract), predikéty gru-
povani termu (bagof, setof) a jejich pouziti v programech). predikéaty.

Vstup a vystup, definice operatoru.

Rez a jeho vliv na semantiku programu a jejich efektivitu. Definice
negace a jeji vlastnosti.

Efektivita programu v prologu, neuplné definované datové struktury
(napt. rozdilové seznamy).

Logické programovani a Prolog.

Funkcionalni programovani, zaklady jazyka LISP a programovani v
nem.

Haskell: zakladni syntax programu, definice typu a datovych struktur,
polymorfismus, porovnévani se vzorem (pattern matching), rekurze,
liné vyhodnocovani, funkce vyssich radu, typové tiidy a instance
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rem'(‘:o cycle (PCV‘M. C‘lc(cx S
extend (Perm, ExRerw),

extocc (Ex Perw, Cucle\.
extend (Perw, Ex Rov.

extend @ (4, Perw,, E}c l’:e;u«\-
extend (_, 01, (7). -
extend (N, TPIRT, TINGP) 10s])

N1 is N4 A extend (NA, Ps, Q).
~ ectecc ([T, CT).

extoce (C(- R 10Qc ], [CICT) -
excqele (8, Qs, New0e , Q),
Q’("“(( ('\lcwDu CS) .
0((‘1(.(&%'3, Qr, NPWQJ ) [Q\C‘\l\:-
setect ((R,(), G, QSZ), .
€xele ((, 052, New Qs, Q).
QK(,YC?Q(Q! O, O:, [B]\.

C {q BSTQZ‘ N?(’
| Brauch (RSTA) a (88‘(‘«\

()

buitd :: (Ord &) 3 It < [a] > (RsTa, Ta])
LWH D xs = (Nit, xs)

baitd n x5 = (Qrauch L x rigut , 1)
£ where
n] = div (nA) 2
h2 = nod -n
Qeft, ¢sA) = buwtd nq xs
X = head ys1
(Welnt, s) = buitd nlL ((:qi( 1sA)




Sort xs = sortqce x5 (]
cortace [] =2id

sorface (x:xs) = Sortace [vly &« xs, v<x |.
(x:) , |
sortace (1] ¢oxs, Y5z x ]
trauspose. (,n, r) =

(n, m, sort (mar (\NG,3,a) > (di,a)) 5))

Mu(ﬂp(~1 (M, M,ri\ (W2, n2, sl)
| w122 wml = add (sort [(i,jla\«g\\
G ka) <=4, (G3L) ¢ 52, k==t1)

[ 0{'Mrwisﬁ : evror " ’V‘(OHPQHL(C ol:’m'emam .
where

add L[] = (]

add [ (i0,90,a0)]= [io,0,a0)]

udd ((i405414” * (;2,31441): X-\'\
b= AL Mz QL 2 add ((51,‘31,a4+a1\:m)

l OH'\CWL;I'( =] (l1,)1/ 41)-’ﬂdA ((fl.’ilcdl):Xs\

d
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tried (Xs, Sort Xs) 2~
wekles (KS, Vs, 'Zs\,
sley (s, 25, SortYs).
heletes (7, t), ['l\
neltes ([X], X3, D).
* ~nekles (I, X2 Xs], [X11T], 76 ) -
X1 < X2, nekles (D(U’(s]/ Ye, 'Zf\.

ncktes (LX1XQ (X5, pxty, Dl ¥st) i XY X2,
steg (X, T, %e}) w1,

sted (X, s 1 Zs ) :-
hek fes (‘(Os, Y1s, Y1),
WCV‘&C (XS\ \(1:, )(28‘\,
cle) (Xl!, Y2, Z¢).




mand (kto, &) Viachai (kiv, Cs)

@ 20WaN TERoy wnv (Ko, Veei kiore MaRad A Viaghii I )
maken(A) ;-
setof (
(beo M"V\I

Cor ([ (warad (Ko, Go) ; viastui ks, G, )Y,

Cndall (Y, (wavad (Ko, '), viashsi (W, V)Y, Fni) ),
A).

4y 2000 TNV dar (Vee . Zoamaw Prevadoy ) -
Zomam Prevedoy Y. TvaRy A(Odbbo, koww)

makel, (B) -
setof (

(Co, Zomam Prmd.\ /
Kto A ( (marad (Kho, (o) ; vlactni (Kto,GY),

seto} A(Oo‘&oho, Kowy ).
( (v(arhm‘ (Oolkolao, (,\, M{-(m\kad (Odkolaoc("\\,

haavuo{ (kou“, Co), hotf (v(q:‘hu (komu, (o)\\ 0
Zowam Prevoda) )

-~

2).

) 200an THeW, o MAE A DE KEC, D rwy§ Rap

W\Ol‘(( CC) :~
seto§ (
Kto,
Cor (. (war-adl (Wb,Co) > Vs hai (Ko, Go )\,
findall ( Ve,
(Cvlashn (Kb, Uee), not (marad (kv Vec))) ;
(wmarad (U, Vec), not (vagtni (kiy, Ve)Y)),

202nam Veci),
Zonan Veei = (7] ),

).
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POLINII N o\/

pldi 07 _ = (07, [7)
pololiv p@ ((xe):xs) q@((1.8):¢c)
et = (07, )
| otherure = et
ittm = (x/y, e-§)"
Poly = peloer (rotmu( q iteu )
= RWp < polole € ( Poloulb Pp ro(y)
(&c.m) = poldiy hewp q
i (itew: Src §, rew)
polwmut [T - =[]
PPlamal ((xe)exs) (14) = (X% ¥, e4f): polual xs (4, §)
ptsulk p (7 = p
pO(Sw(: [] ((1,5):\;5\ < (—Y,S): polsul, (] s
Plub  thi@ ((xe):x) Fhs@(v §)1ys)

| e - (x.e): polsul x rhe

| e=x{ = (X—\(.c\-' polsub XS Ys

Tl et s (-4, 5):polsube CIRT
rolded [ = O]

Q = poldel xs

potode € ((xse):xs) | x ==
| Otherwise = (xe):poldel Xxs
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dﬂh NTree a = Nit
| Neode o U[NTice q']

paths :: (NTiee a) -y LCal]
peths Nit = ()
_ Pths (Node x [1) = [(x1)
paths (Nede x subtrees) = |
© 0 [xixs | tubfree & Subbrees, X8 <~ paths  kbee ] ~

NE26Y  PODANODNY XS Ty, TE IE) SUT HE
NVt Nodni £

add 2 (Numa) D [(@ 61) T @ LT[ (2, 16])]
add T - = (]
ool ((x,4s):pe) p@(x0y0) =
(x+%x0,y0:4s) : ade| Ps P
uiion :: (Omda) D [(Q.ELl\‘S‘?[(a.tL?)]‘) [(a, D] -
Untoy PS - = Pp¢
Uhion < 9 SR
union  Phe@® ((x,%):pr) "l\SQ((‘hvs\:p\
| x < u = (xus): union ps rhs
I %X > 0 = (uvs): unich €hy qe
| x =z u = (%) uwon pt qs
Subset :: (M a, Nuwn A\ 2 a> [Q'l =2 L(Q,f.«])]
subset n (7 = |
subset 1 (xs) = let
Subb > gubset n Xs
in filter (\x =) (st x {=n)
(uhisn suk  ((x, ) 0dd suk (xx)))
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‘E\(\-e erph a = [(0\ (tﬂ&}

‘EOPOQO!,j (Eq a\\ =, g,&*?",’l' 0\\ =D [0\]
tbpo(oaq graph - it g(rap (vertiees gmpﬂ 010

R — -\

dfs (F1 ) > (braph «) - ﬁa] ;)[ﬂo) Eﬂ] \
\\.

~ NAra ck\\’ﬂo‘&d\ /NN Y -

g
y Y Mm%e* X lo(«ck 0{48 grﬂP‘r\’({N‘“&‘\(/ pe)
> o{n \QNPH XS (x o‘Smﬁ( i€ graph x [.] u”ﬂ,

bﬂxeru/xg 2
disvisit = (Eq a) 3 (6raph a) 5 0 (a1 (4] 3 (4]
dfsusit opapl x greq black <
dfsvisititer graph (tdaes graply X) (cgreq) black

dsusititer = (Eq a)  (Grawh a )5 LaY 3 la] 3 [a] 3 [a]
—~ j@swnh(‘([f gmt.k (1 grey L(qck L(A\ck
Buwsitter grmph (x:xs) arey black
| member x Prey = error Veycle M
| member X btack = diswisititer guaph xs groy bolack

| QWfrthQ & O{SS V‘“("f‘e(r %V‘P"\ X¢ ey
(x: dbsversit graply X grev black )

member :: (Eg q):) a 5 (4] Mool
mewber x [ = Falee
membeyr X (y: ﬁg) | x =2 ¢ QT‘N(
| Othevuse 2 wember x ys

Vertices i+ (Graph 4) © (a] edges "'(E'I *\?aﬁurh«)ﬂq% (a]

) ' eolaes
Wertices < b ap st cclgaeg ((x: s ): 3;) Y ] Xzzv = X¢

- 'o{"lmm‘gg C‘aex * Y

— —..._...—.




PREMCADAVANIE DO Blauy

tire Gmply g = L(a, Lal)]

byt it (Eq o)y (Graph 4) 5 [a] 5 (a7 5[]
b$s gkaph L) black = (]
b3 oraph (x:xc) Ltack -
| member X L(ack = bis gmr'r\ xs lolacle
| othevrwine = Xx:bfy %Hrl«
(x5 ++ colges avaph x)  (x:black)

-~  mewmbey , vertices, c&ae: Ao NnuLE
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Torotoay (Graply , Tology ) :-

Vertices (Graph, Vertices ),

dSsiter (Graph, Verticey, L7, [, Topoloyy ).
d}g\,{;'at(GNpl\, Vi G"‘Q'{, Blacl(, NWR(QCll\ -

cdtaec (GMPL., V, Vcrh’ce:),

a\&sihv((}m?h, Vertices, [VIGVN], Black NQ“R!"“"‘\
Msiter (_, [, -, Black, Black).

~ dSsiter (;_' [Vv|-], C.nvl - _) ‘-
member (V, Creq), L, Sail. % Cicte

siter (Graph, LVIVs], Greq 1Btack iNewBRack ) :-
mew bei-(\, Black), !

dSsiter Coraph , Vs, Greq, Black, NewRlck),
dssiter (Graph, LVIVs), Grey, Black, NewBlack) :-
d$susit (Graph, \// Grey , Black, Rlacl(z), I
dsiter (Graph, Vs, Gre Cy|Blackl], NewRlack).
vertices (€1,07). |
vertices ([X,=)|Gs ), Ux 1% ]) i~
Verbices (6s, Ys\
edges ((1, -, Q).
edﬁt.\' ( [(Y,Xg) 1_ 3, X, )(33‘,- ! .
wdges (L-16:], 4, %) .-
edges (Gﬂ 1, \133.




PRENCADAYANIE D STeun

bSs (,GHPB, Vertex, RSs Ligt) :-
bss ( Craph, DVertey ), €3, BsUist),

bss (-, 00, -, 1),

bds (Crash, VIV, Rlack , RS:Ust) ;.
Mewmbe (VI thk)l '-/
lOSS(GhPh. Vs, Rtack, B List).

o3s (Graph ; LVIVST, Rtack, LV jntelist]) 5=
edges (Craph, 7] Vertices ),
gppeml(\/s. Verdices, News),
bss (Graph, NewVr, TVIRGeL], B%Ust)

% edyes Ako PINuE
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N-Arny <> 8INakNy - STRON

tobin (nil, nit). .
:&)Lﬁ':\ (NTR(, BinTree) :- hivbiniter ([NTrce ], NinTree V.
nto bin ('{-ev([]' hi(). .
h o bin iter([n(Headl, Chitols ) NTree 1, b (Le 3¢, Head, Right)) 2-

\r\'(\) ‘oin “‘?0‘ (CL;(AI ] L@gfs,
" ntobin iter ( NTvee, Right ).

datn NTree a = NINi€ | Nede a UNThee a]
data BTree a = BNt | R, (BThee a) 4 (BTiee a)

nfobin i ('\”}te a) =) (Brrce a)
nbin NNGe = RN
hobin Wivee = ntobiniter Chtree]

ntoboiniter :: [NTree ‘\] - (BTree A)
V\“'b[p'mi(‘(v- t] =B'\|ft
hfsbiniter (Node x clilds ‘-*S) = let
ledt » hiobiniter chifols '
. n‘%kt-: htobly itey Xxs
thh  Branch lef+ x H‘al«i




i (6raph, VerticesTs Toiw, NewGraph) +-
icey (Greph, Vortices
v;{::l.‘((VcH:bc\e; p Verti CES'T' {oin, G“d‘/e"t"c"\ ’ N
' [Pivoﬂ, ] = Verticer s doin,
Mkteo‘ae; (@*rk , Goodlfertices, Rwot, lk'-ﬁ(ernjoh, Thpbraph ),
a?eeda:: ((,'-nrbs ; Vertices Ts Tein : Out Ev'acs\,

New ph = [( Pivt, O‘l’f&l‘yet)\"\r G"H\] .

vertices (Gruph Vwﬁw) 1~ findall (V, mewmber (V) Graply), Vertices ),

Eﬁ‘g:: %GM{"\, &\OHEJ%CS) i~ mewher ((VoOﬂ(’Eolﬂt!), Ghrlo), .

-y =1 :

“eeezc g (Cv(nph, v\% mmiu\ - )
) es ( Graph, 'VT), Ol(%es ‘

a@(cdges QN o 2 S,]'(jd-%u\.

WMestges (Grehy VOO | CXTX6], Rubler, QYD OBl ) =
“lbes (Graph, X, XEdyes ),
Sd‘fub(%ﬁ, V), XOxt&d \1
append ( XOutEel ses, Rubter, ES“ Rt 50 ) A

datsgzlags (Gm,[-% VD, X5, NewBicker, OutEdges ).

setsu - .

cetsulo D('\X" M Zs ) s mender (5180 U sethtul (%, %, 25 ).

seﬁuLAD(lE(, ,‘&,(_XlZg%\r setub (X5, %, %),

make edges (- C],- -1 L)

brake ¢ gcs (C"-APL, D'IIV;]' ivet, Vekﬁcqrt)oiﬂ, C(V.%es) I G ]) -
'dqlq_{,(i{hrh’((\ﬁq Ou*&lgcx \, Pt Yerhees T Join Eolbes )
sevecteolnes L,' "*E- :. "o s ccg (e Jotn ¢ p
make col;; ( C—mrrh, VQ P{\:at-t, \/er"'tczsn'?ofn, G:),

‘e(&"’ﬂ?lﬂcx (~l [], ho, ~ =t [-]3‘

selectolges (-, [] Ces, Pt — ¢ (Piwt]).
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{-] sTron
data T2 a = Nit | N1 o (Tr2,) |
N2 a (T2 a) (T12.4)
Jold :: b > (a-—)L~)b\~)(A-)L-)!,-)H~)(T4Lo\)-) L

foly P--N(s

&-0(0\ P39 (N x Suki\ = § x (folol 53 subt)
“ oty P f 9 (N1 x bt wmbt) =

9 x Boldf p 4y subt1) (fold p §q rult2)

fo:: a5 (@] o [k']
§0 - =14

30=: a - (A]ﬁtﬁ]\)[q]
90 X € r = X:((+44)
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m"t ([] ~1 C])
art (X%, T, X :-

qu{‘;(‘!M(X/ YS’ X‘h-ﬂ\l
Cart O(w"'h XV b)Y,

O\PPFW‘ (XUL“QI Xts-b / X\h\'
cartitem (-, (7, CT).

cartitem (X, C1I1%T, LOG)IXYsT) +-
T carbitew (X Vs, XM¢).

@rgraph (it , -, mt) .-\,
c«#%amrh(s 1 il mit) o |
catbaraph (L7, -, ET).
cartgraph (L(X XCuitds) (1], €2, 6162) :-
Cartqraph iten ((X, X thitds), 61, G162 -a),
cartyearh (61,02, G021 ),
append (016 L., GAG2 L, G16?).
Carbgraprhiten (_ 1 1T). |
Cartgrarhiten (X Chtalel) LY i) ],
LCOXTY, Xreuials ) X ) - -
cart (XChitols, 1Chitohs, X‘1Ct,.’(d,)l
cartgraphitea (% xcuitels), ¢, ¥q4) .
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T T (qu q, Ord a) S |t lal 9 (a7

Sind n set = talke v (Smoliter 1 Csont cet))
wheye

Huoliter k L1 = k:dingliter (o) L7
Sindiber k (X'-XS) | k == x = Sinfiter (ken) xe
| ofteruise = kefindliter (ker) beexs)
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FROLOC, FRLDIA {@w{n'm %}Wo ¥
ATOR - Juws 2dfwnlce "N A

H

kA - Ry, ;:Adwou ( vconeENE' .) P <rrt2>w

PRENENNA - SLoW BN 1B&Irn  PIINENON
ANONMOING¢ PRENENNAY _

redic Nm-rm‘() alll ...
AMon ; <=T3H ...
KONMM é ' . ' ) ’
JEDNobu (Y TERN < ,< it Maw'  'Horpe! Dotue’ !
TERA < PE NENNA

STRUNIRA - Sunktor (dermt, __ tenaN) Totorta N
f'\ .
PROCEDRY = PoITVPNON KA k. by ~gy hovhaieS
FUNKTeR VMIANE AR (ZALypvanE! POMDIE )
KONENARE v, /% .. x/

KED1 (v oA TERM TA A T2 Obrousdand |, #ko AREBIEH UINIFIMACLQ 4

PRENENRA  NEDDMWOR NIEMY V PANATY rolkAy

ALE 1BA MNESTO (v Temnu), KN RODNO SRIMIOVAT i TERM |
NEEX T ClomalNg PRENENNE'
KRABOKOW MopeL  WHPophy

QW X
A
- %\TJ Reby

DEKLARAT ey IN2MAN  PROGIANU ~  Fornus  VRoWOLEMO
ot , KTORA' 20p%auEb’ PRO GRANG

=

2, KONDUNKEW  Fornuyy, k7. UBAUAN VIAN ymne. KLavt

12y S ... tTVoENE P
PRANDLO pi~ Fy.. .2 V4 a o AT HPp

DEKWAH’M HLNAr\ 'VEU"\/“" A N PO“\Do'
KLAV2W( vV PROeaNY, AN A Porgn’ PREmMIA SOV
V TELE  )CAN,  PRAVMEL

Pad : KRS B PROGRAN ORKWARATIONE SPRaNY,
NIKD NEROSMANENS 2 WHEODOK




AR MNNIVA |
T I\ <€ > =< D=
(s
VETVP /WP
fee , Teen, reem% &([‘ 1\?4 {'"”\?
r"ad wrle

3&0' act, put, fal, nC

OFEfaToRrY
op (Liorite LAsscattvita, M)
xix xfq qix
Ix §4
¥ oy
conult
reconsu (€

assert, assertz, asserta  redvact, retractall

hatt

a#oh, a*om{gi iq“‘{taev.' var, hovwpr

--

Term = .. L
name GAtout, tist)

o

fnolatl

)
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HASKE=LL

noonoTA (Vawe) (9 FIRST-cati) P’ PAREN (1n)
Ka2dd Wy (EXPRESHONY MA TP (TP NIE JE RIRST-CLASS)

T™POV virm (™re £ XPRFSSIONI ) NVECKE PNERD  (Char
T™RNG ¢ S o1 Integer
ta' :: Char
2
MAs TNPR
. DIZ CLARATON lug y- niA

TMPE SIGNATURE  DECUARATION( ine 1 'Vl*cau- o) lnkatv
HAMELL N STANCKY Tiror] fistefy |, hajucll o8 TMPE gArC
POL1norF (! T1M) E“\-}/. T VARABLE  (Maee! m'iverg’ )

PATTEAN MATTMING-

PAINCIPAL TIPE = NAERT] WEopEenn T™MP, UT. ORSAHVYE
VEENCY INTTAN((E VIR0
RXUTENCl  DnENEHe PRINCIPAL TIPY JE UAINoT
HINDUEY - Miinger irolefte SsMeny

dafq Rool - Rulse , True

Rsol € Nulkanm T ComR s B AAY s .
' . = l‘NM ( q" hion "4“1 +‘N
- Falie, True $$ NUURNE 0ATA  (OR. (dssﬂ )“ =

daja Point q = Pt q q

A Ntaga bele Hre = KARTE LY s INNGy POy

[T = mrovl  KonSwukngr, KMORY 2 MPU € grrayf Lt]

> B ~h~ Ry 2 rey t A

SPRAYE Tar tou 3 TV Funkae PPUXSCE ) TP A TR (Y

™ Pt % Pt a a~ Fint q

P+ 2.0 2.0 :r Point Float

DATA KONSTRIKIMOR  FrvAes MOWOTY  (VALUE)

TPR KONIRUKNR  DTvaRA TP (LOnAILE TINE )

TIPS SMMNONMINS .

tire Person = ([(herl, \w{%ﬂ,\




T [§x | x ¢ xs\
G1ST CoNPREHENITION S

CENERMR
auickk Sor t []: 0

quickgort (xixs) = gquicksart [ 1y < x3, y<x]
++ [x1] GUARD
H quicksort (1] 1&xe, Y>=X]
CWREp FUNICT 10N
PARTW( AM loaNwy
FONKGE oS FIRST ~CLASS ... Mitly -OrpER FANCTWNG
INFIX or, PodosravAn 184 20 traw ol
MASKE(LL NTNy PRER KOV OP,

(~ X PREF. A) NR.)
NX 5\ ) xt1y

= \x 1 9 xi4
PARTVA L APLICATOA br AN INRIX OrF. = $€cNony
(+tY & \x ~> X+4
PUNKag ¢ Non-sTRI(T
FUNe

I TRICT <D KED JE  AUkomMs’ A NEKONEDN
Moy, reron  NEsoNE

EFINIPON # ASSINNENT

EXSNVE | MobNora, KI. 2MECAY viEpo v ¢ L

Chroyr - S"Ntxg D 1q (Mh l)

PATTZRN rATTH IN 0.

PATTERNS AR SO FIRST™- CLALS

> A KONEIE WEVA RO Ay RATYERNOV
DATA CONSTRUCTOR  PATMERNS

LINEARITY =

NIE PovelENy VAC a0 EDEN  HIKMT
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