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Ddaprogrameba HASKELL enaze 
(multimediuri prezentacia) 

arCil frangiSvili, zurab wveraiZe, 
oleg namiCeiSvili 
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Pwinaswari SeniSvnebi avtorebisgan 1 
 haskeli warmoadgens zogadi daniSnulebis da-

programebis wminda funqcionalur enas, rome-
lic Seicavs mraval ukanasknel inovacias da-
programebis enaTa damuSavebis sferoSi. 

 haskeli uzrunvelyofs maRali rigis funqci-
ebs, aramkacr semantikas, statikur polimor-
ful tipizacias, monacemTa algebrul tipebs, 
romlebsac momxmarebeli gansazRvravs, nimuS-
Tan Sedarebas, siebis aRweras, modulur siste-
mas, Setanisa da gamotanis monadur meqanizms 
da monacemTa primitiuli tipebis mdidar na-
krebs siebis, masivebis nebismieri da fiqsire-
buli sizustis mTeli ricxvebis, aseve mcurav-
wertiliani ricxvebis CaTvliT. 
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Pwinaswari SeniSvnebi avtorebisgan 2 
 haskeli aramkacri funqcionaluri enebis mra-

vali wlis kvlevaTa kulminaciac da krista-
lizaciac aris. 
 

 am enis asaTviseblad, saleqcio [1] kursTan 
erTad, mniSvnelovani roli eniWeba saTanado 
laboratoriul samuSaoTa [2] praqtikums. 

   

 qarTveli mkiTxvelisaTvis Cven mier momzadebu-
li am saxelmZRvaneloebis efeqtur gamoyenebas 
sauniversiteto praqtikaSi karg daxmarebas ga-
uwevs, albaT, winamdebare saprezentacio slai-
debis nakrebic. 
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Pwinaswari SeniSvnebi avtorebisgan 3 

 saleqcio, laboratoriuli da saprezentacio 
mTeli masalis, aseve misi gadmocemis stilis 
SerCevisas, arsebiTad, gamoyenebulia notingemis 
universitetSi (England, University of Nottin-
gham) miRebuli midgomebi, romlebsac profe-
sori grem hatoni (Graham Hutton) amkvidrebs. 

 Cveni drois am udidesi mecnierisa da pedagogis 
xsenebuli midgomebi da ideebi nasesxebia bestse-
lerad qceuli wignidan: 

 

 Graham Hutton, Programming in Haskell. 
Cambridge University Press, 2007, pp 200. 
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Ddaprogrameba HASKELL enaze 

Tavi 1 - Sesavali 



1 

Pprogramuli uzrunvelyofis krizisi 

 rogor gavarTvaT Tavi Tanamedrove kompiute-
rul programaTa zomasa da sirTules? 

 
 rogor SegviZlia programaTa damuSavebis dro-

isa da Rirebulebis Semcireba? 

 
 rogor SegviZlia gavzardoT Cveni rwmena, rom 

programebi koreqtulad daasrulebs muSaobas? 
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Ddaprogramebis enebi 

 SevecadoT programaTa dawera mkafiod, lakonurad da 
abstraqciis maRal doneze; 

 
 programuli uzrunvelyofis mravaljeradi gamoyenebis 

komponenentebs upiratesoba mivceT; 

 
 wavaxalisoT formaluri Semowmebis gamoyeneba; 

erT-erT gamosavals programuli uzrunvelyo-
fis krizisidan warmoadgens daprogramebis 
axali enebis Seqmna: 



 uzrunvelvyoT swrafi prototipirebis SesaZlebloba;  

 
 uzrunvelvyoT amocanaTa gadawyvetis mZlavri saSuale-

bebi. 

funqcionaluri enebi am miznebis misaRwevad gansakuTrebu-
lad elegantur saSualebebs  gvaZlevs !!!  

3 



4 

ra aris funqcionaluri daprogrameba? 

 funqcionaluri daprogrameba _ daprogramebis stilia, 
romelSic gamoTvlaTa mTavari meTodia argumentebad 
warmodgenili funqciebis gamoyeneba; 

 
 funqcionaluri ena – es iseTi enaa, romelic axorcie-

lebs daprogramebis funqcionalur stils da xels 
uwyobs mas.  

arsebobs sxvadasxva azri da Znelia zusti gansazRvra, 
magram zogadad SeiZleba iTqvas: 



magaliTi 

1-dan 10-mde mTeli ricxvebis Sekreba Java-ze 

total = 0; 

for (i = 1; i ≤ 10; ++i) 

   total = total+i; 

gamoTvlis meTodia cvladisaTvis mniSvnelobis miniWeba  

5 



magaliTi 

1-dan 10-mde mTeli ricxvebis Sekreba Haskell-ze 

sum [1..10] 

gamoTvlis meTodia funqciis gamoyeneba 

6 



istoriuli mimoxilva 

1930 weli: 

alonzo CerCi qmnis lambda-aRricxvas 
_ funqciaTa martiv, magram mZlavr 
Teorias. 

 7 



istoriuli mimoxilva 

1950 weli: 

jon mak-karti qmnis pirvel funqciona-
lur Lisp enas lambda-aRricxvis garkveu-
li zegavleniT, magram cvladisaTvis mni-
SvnelobaTa miniWebis SenarCunebiT. 
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istoriuli mimoxilva 

1960 weli: 

piter lendini qmnis pirvel wminda funqci-
onalur ISWIM enas lambda-aRricxvis mkacr   
safuZvelze da cvladisaTvis mniSvnelobis 
miniWebis gamouyeneblad. 
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istoriuli mimoxilva 

1970 weli: 

bekusi aviTarebs funqcionalur enaze 
warmodgenebs, Semoaqvs maRali rigis 
funqciaTa cneba da ayalibebs azrebs 
programebze aseTi enis gamoyenebisas. 
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istoriuli mimoxilva 

1970 weli: 

robin milneri da sxvebi qmnian ML enas 
– pirvel Tanamedrove funqcionalur 
enas, romelSic warmodgenilia tipis 
gamoyvana da polimorfuli tipebi. 11 



istoriuli mimoxilva 

1970 – 1980 wlebi: 

devid terneri qmnis rig zarmac funqcio-
nalur enas, romlebic agvirgvinebs Miranda 
sistemas. 
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istoriuli mimoxilva 

1987 weli: 

kvlevaTa saerTaSoriso komiteti 
standartuli zarmaci Haskell funq-
cionaluri enis Seqmnis inicirebas 
axdens 13 



istoriuli mimoxilva 

2003 weli: 

komiteti aqveynebs Haskell 98 angariSs, romel-
mac enis stabiluri versia gansazRvra. 

14 



Haskell enis gemos mosinjva 

f []     = [] 

f (x:xs) = f ys ++ [x] ++ f zs 

           where 

              ys = [a | a ← xs, a ≤ x] 

              zs = [b | b ← xs, b > x] 

? 
15 
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Ddaprogrameba HASKELL enaze 

Tavi 2 – pirveli nabijebi 



1 

Hugs sistema 

 Hugs-i warmoadgens Haskell 98-is realizacias da 
aris yvelaze gavrcelebuli Haskell sistema; 
 

 Hugs-is interaqtiuli xasiaTi kargad miesada-
geba swavlebisa da prototipirebis miznebs; 
 

 Hugs-i misawvdomia web gverdze: 

www.haskell.org/hugs 
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Hugs-is gaSveba 

% hugs 
 
__   __ __  __  ____   ___      _________________________________________ 
||   || ||  || ||  || ||__      Hugs 98: Based on the Haskell 98 standard 
||___|| ||__|| ||__||  __||     Copyright (c) 1994-2005 
||---||         ___||           World Wide Web: http://haskell.org/hugs 
||   ||                         Report bugs to: hugs-bugs@haskell.org 
||   ||                         _________________________________________ 
 
 
> 

Unix sistemaSi Hugs-i SeiZleba operatiulad 
gaiSvas %-dan hugs brZanebiT: 
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«Hugs>striqoni» niSnavs, rom Hugs sistema 
mzadaa gamosaxulebis Sesafaseblad 

 
magaliTad: 

> 2+3*4 
14 
 
> (2+3)*4 
20 
 
> sqrt (3^2 + 4^2) 
5.0 
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Prelude standartuli biblioTeka 

Prelude.hs  faili mraval standartul fun-
qcias Seicavs. zogierT nacnob ricxviT 
funciasTan erTad, rogoricaa + da *, 
biblioTeka aseve iZleva araerT sasargeb-
lo funqcias siebze samuSaod. 

 siis pirveli elementis gamoyofa : 

> head [1,2,3,4,5] 
1 
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 Ppirveli elementis mospoba siaSi: 

> tail [1,2,3,4,5] 
[2,3,4,5] 

 n-uri elementis gamoyofa siaSi: 

> [1,2,3,4,5] !! 2 

3 

 Psiis pirveli n elementis gamoyofa: 

> take 3 [1,2,3,4,5] 
[1,2,3] 
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 pirveli n Elementis ganadgureba siaSi: 

> drop 3 [1,2,3,4,5] 
[4,5] 

 siis sigrZis gamoTvla: 

> length [1,2,3,4,5] 
5 

 siaSi ricxvTa jamis gamoTvla: 

> sum [1,2,3,4,5] 
15 
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 siaSi ricxvTa namravlis gamoTvla: 

> product [1,2,3,4,5] 
120 

 erTi siis boloSi meore siis damateba: 

> [1,2,3] ++ [4,5] 
[1,2,3,4,5] 

 siis reversi (Seqceva) : 

> reverse [1,2,3,4,5] 
[5,4,3,2,1] 
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funqciis gamoyeneba 

maTematikaSi funqciis gamoyeneba aRiniSne-
ba frCxilebis xmarebiT, xolo gamravleba 
xSirad aRiniSneba gverdigverd ganlagebis 
an intervalis xmarebiT 

f(a,b) + c d 

gamoviyenoT f Ffunqcia a-sa da b-s   
mimarT da mivumatoT Sedegi c-sa da d-s 

namravls. 
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Haskell-Si funqciis gamoyeneba aRiniSneba 
xarvezis (intervalis) xmarebiT, xolo 
gamravleba aRiniSneba * niSnis xmarebiT.  

f a b + c*d 

rogorc winaT, magram Haskell-is 
sintaqsiT. 
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garda amisa iTvleba, rom funqciis gamoye-
nebas aqvs ufro maRali prioriteti, vidre 
yvela sxva operators. 

f a + b 

Ggaigeba rogorc (f a) + b, da ara 
rogorc f (a + b). 
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magaliTebi 

maTematika Haskell ena 

f(x) 

f(x,y) 

f(g(x)) 

f(x,g(y)) 

f(x)g(y) 

f x 

f x y 

f (g x) 

f x (g y) 

f x * g y 
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Haskell-is skriptebi 

 standartuli prelude biblioTekis funciaTa da-
matebiT Tqven SegiZliaT aseve gansazRvroT sa-
kuTari funqciebic; 

 
 axali funqciebi ganisazRvreba skriptSi – teq-

stur failSi, romelic Sedgeba gansazRvrebaTa 
mimdevrobisgan; 

 
 SeTanxmebiT, Haskell-is skriptebs, Cveulebriv, 

aqvs .hs sufiqsi (gafarToeba). es ar aris sa-
valdebulo, magram sasargebloa identifikaci-
is miznebisaTvis. 
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Cemi pirveli skripti 

double x    = x + x 
 
quadruple x = double (double x) 

Haskell-ze skriptis damuSavebisas mizanSewonilia ori gax-
snili fanjris SenarCuneba, erTi muSaobs skriptis redaq-
torad, xolo meore _ Hugs-is gasaSvebad. 
 
gauSviT redaqtori, SeitaneT Semdegi ori funqciis gansaz-
Rvreba da SeinaxeT es test.hs failSi: 
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% hugs test.hs 

gaxsnili redaqtoris pirobebSi, meore 
fanjaraSi starti eZleva Hugs-s axali 
skriptiT: 

> quadruple 10 
40 
 
> take (double 2) [1,2,3,4,5,6] 
[1,2,3,4] 

axla itvirTeba Prelude.hs da test.hs da SeiZle-
ba funqciebis gamoyeneba orive skriptidan: 
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factorial n = product [1..n] 
 
average ns  = sum ns `div` length ns 

gaxsnili Hugs-is dros dabrundiT redaq-
torSi, daumateT ori gansazRvreba da 
SeinaxeT: 

 div Casmulia marcxena gamxsnel (da ara 
marjvena gamxsnel) frCxilebSi; 

 
 x `f` y mxolod sintaqsuri Saqaria ( f x y ) -

saTvis. 

SeniSvna: 
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> :reload 
Reading file "test.hs" 
 
> factorial 10 
3628800 
 
> average [1,2,3,4,5] 
3 

Hugs sistema avtomaturad ver gamoavlens 
skriptis Secvlas, amitom gadatvirTvis 
brZaneba win unda uswrebdes axal 
gansazRvrebaTa gamoyenebas: 
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moTxovnebi saxelebisadmi 
 funqciisa da argumentis saxelebi unda 
iwyebodes qveda registris asodan. maga-
liTad: 

myFun fun1 arg_2 x’ 

 SeTanxmebiT, siis argumentebs, Cveulebriv, 
aqvs s sufiqsi maTi saxelebis boloSi: 

xs ns nss 
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programaTa daproeqtebis topologiuri wesebi 

gansazRvrebaTa momdevrobaSi yoveli maT-
gani unda iwyebodes zustad erTsa da ima-
ve svetSi: 

a = 10 
 
b = 20 
 
c = 30 

a = 10 
 
 b = 20 
 
c = 30 

 a = 10 
 
b = 20 
 
 c = 30 
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SeiZleba 

programaTa daproeqtebis topologiuri 
wesebi Tavidan gvacilebs cxadi sintaqsis 
aucileblobas gansazRvrebaTa dajgufe-
bis misaTiTeblad. 

a = b + c 
    where 
      b = 1 
      c = 2 
d = a * 2 

a = b + c 
     where 
       {b = 1; 
        c = 2} 
d = a * 2 

aracxadi 
dajgufeba 

cxadi 
dajgufeba 
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Hugs-is sasargeblo brZanebebi 

brZaneba  mniSvneloba 

 
:load name  name  skriptis CatvirTva 

:reload  mimdinare skriptis gadatvirTva 

:edit name  name  skriptis redaqtireba 
:edit   mimdinare skriptis redaqtireba 

:type expr  expr-is tipis Cveneba 
:?   yvela brZanebis Cveneba 

:quit   Hugs-idan gamosvla 
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savarjiSoebi 

N = a `div` length xs 

    where 

       a = 10 

      xs = [1,2,3,4,5] 

SeamowmeT Hugs-iT slaidebi 2-8 da 14-17. 
 
gaasworeT sintaqsuri Secdomebi pro-
gramaSi qvemoT da CaatareT Hugs-iT misi 
testireba. 
 

(1) 
 

(2) 
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rogor SeiZleba sabiblioTeko last 
funqcia, romelic siis ukanasknel 
elements irCevs, am leqciis funqcie-
biT iyos gansazRvruli? 

(3) 

amis msgavsad moifiqreT: rogor 
SeiZleba init sabiblioTeko funqcia, 
romelic siaSi ukanasknel elements 
spobs, am leqciis funqciebiT iyos 
gansazRvruli ori sxvadasxva gziT?  

(5) 

SegiZliaT kidev erTi SesaZlo gansaz-
Rvreba moifiqroT? 

(4) 



0 

Ddaprogrameba HASKELL enaze 

Tavi 3 – tipebi da klasebi 



1 

ra aris tipi? 

Tipi aris dakavSirebul mniSvnelobaTa 
erTobliobis saxeli. magaliTad, Haskell-is 
sabazo tipi 

True False 

Bool 

Oor logikur mniSvnelobas Seicavs: 
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tipis Secdomebi  

funqciaSi erTi an ramdenime araswori ti-
pis argumentTa gamoyenebas tipis Secdoma 
ewodeba: 

> 1 + False 
Error 

1 ricxvia, xolo False logikuri 
mniSvnelobaa, magram + moiT-
xovs or ricxvs. 
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tipebi Haskell-Si 

 Tu e gamosaxulebis Sefaseba t Tipis 
mniSvnelobaa, maSin e-s t Tipi aqvs. Ees 
ase Caiwereba: 

e :: t 

 nebismier sworad Sedgenil gamosaxule-
bas aqvs tipi, romelic avtomaturad Se-
iZleba dadgindes kompilaciisas tipis 
gamotanad wodebuli procesis saSuale-
biT. 
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 Tipis yvela Secdoma kompilaciis dros vlin-
deba, rac aniWebs programebs met usafrTxoebas 
da siswrafes, radgan qreba tipebis Semowmebis 
aucilebloba Sesrulebisas. 
 

 HHgs-interpretatorSi :type brZaneba adgens ga-
mosaxulebis tips am gamosaxulebis Seufaseb-
lad: 

> not False 
True 
 
> :type not False 
not False :: Bool 
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sabazo tipebi 

Haskell-s sabazo tipebis garkveuli raode-
noba aqvs. esenia: 

Bool -  logikuri sidideebi 

Char -  ganmxoloebuli simboloebi 

Integer -  nebismieri sizustis mTeli 

Float -  ricxvebi mcuravi wertiliT 

String -  simboluri striqonebi 

Int -  fiqsirebuli sizustis mTeli 
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siis tipebi 

[False,True,False] :: [Bool] 
 
[’a’,’b’,’c’,’d’]  :: [Char] 

sazogadod: 

sia aris erTisa da imave tipis mniSvne-
lobaTa mimdevroba: 

[t] aris im siis tipi, romelic t tipis 
elementebs Seicavs. 
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 siis tipi arafers gveubneba mis sigrZeze: 

[False,True]       :: [Bool] 
 
[False,True,False] :: [Bool] 

 

[[’a’],[’b’,’c’]] :: [[Char]] 

SeniSvna: 

 elementTa tipebi ar izRudeba. magali-
Tad, dasaSvebia siaTa siebic ki: 
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KkorteJis tipebi 

korteJi _ sxvadasxva tipis sidideTa mim-
devrobaa: 

(False,True)     :: (Bool,Bool) 
 
(False,’a’,True) :: (Bool,Char,Bool) 

sazogadod: 

(t1,t2,…,tn) _ n-korteJTa tipia, romel-
Ta komponentebs aqvs ti tipi, sadac i 
iRebs mniSvnelobebs 1…n. 
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 korteJis tipi gansazRvravs mis zomas: 

(False,True)       :: (Bool,Bool) 
 
(False,True,False) :: (Bool,Bool,Bool) 

(’a’,(False,’b’)) :: (Char,(Bool,Char)) 
 
(True,[’a’,’b’])  :: (Bool,[Char]) 

SeniSvna: 

 komponentTa tipebi ar izRudeba: 
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Ffunqciis tipebi 

not     :: Bool → Bool 
 
isDigit :: Char → Bool 

sazogadod: 

funqcia aris erTi tipis sidideTa Sepi-
rispireba meore tipis sidideebTan: 

t1 → t2 funqciebis tipia, romlebic 
asaxaven t1 tipis sidideebs t2 tipis 
sidideebad. 
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 isari → Sedis klaviaturidan ase: ->. 
 

 argumentisa da Sedegis tipebi ar izRu-
deba. magaliTad, funqciebi ramdenime ar-
gumentiT an SedegiT SesaZlebelia sie-
bis an korteJebis saSualebiT: 

SeniSvna: 

add       :: (Int,Int) → Int 
add (x,y)  = x+y 
 
zeroto    :: Int → [Int] 
zeroto n   = [0..n] 
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mravalargumentiani funqciebi aseve Sesa-
Zlebelia CavweroT Sedegebad dabrunebuli 
funqciebis saxiT: 

add’    :: Int → (Int → Int) 

add’ x y = x+y 

add’ iRebs x mTel ricxvs da 
gvibrunebs add’ x funqcias. Tavis mxriv, 
es funqcia iRebs y mTel ricxvs da 
gvibrunebs x+y Sedegs. 

Kkarirebuli funqciebi 
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 add da add’ erTsa da imave saboloo Se-
degs iZleva, magram add iRebs or argu-
ments erTdoulad, maSin roca add’ iRebs 
maT rigrigobiT: 

SeniSvnebi: 

 funqciebs, romlebic iRebs TavianT ar-
gumentebs rigrigobiT, karirebuls uwo-
deben _ haskel karis pativiscemis niS-
nad (igi muSaobda aseT funqciebTan). 

add  :: (Int,Int) → Int 
 
add’ :: Int → (Int → Int) 
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 orze meti agumentis mqone funqciebi Se-
iZleba iyos karirebuli erTmaneTSi Ca-
lagebuli funqciebis dabrunebiT: 

 : 
mult      :: Int → (Int → (Int → Int)) 

mult x y z = x*y*z 

mult iRebs x mTels da gvibrunebs mult 
x funqcias, romelic Tavis mxriv iRebs y 
mTels da gvibrunebs mult x y funqcias, 
ukanaskneli iRebs z mTels da gvibru-
nebs x*y*z Sedegs. 
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riT aris sasargeblo karireba? 

karirebuli funqciebi ufro moxerxebu-
lia gamosayeneblad, vidre funqciebi kor-
teJebze, radgan praqtikuli funqcia xSi-
rad SeiZleba iyos xelovnurad gada-
qceuli karirebul funqciad nawilobrivi 
gamoyenebiT. 
magaliTad: 

add’ 1 :: Int → Int 
 
take 5 :: [Int] → [Int] 
 
drop 5 :: [Int] → [Int] 



16 

SeTanxmebebi karirebisaTvis 

 isari → asociaciuria marjvniv. 

Int → Int → Int → Int  

zedmeti frCxilebis Tavidan asacileblad 
karirebuli funqciebis gamoyenebisas, miRe-
bulia ori martivi SeTanxmeba: 

azri: Int → (Int → (Int → Int)). 
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 Sedegad, bunebrivia funqciisaTvis marc-
xnidan dakavSirebis gamoyeneba. 

mult x y z 

tolfasia ((mult x) y) z Canaweris. 

Tu korteJireba cxadad ar moiTxoveba, yve-
la funqcia Haskell-Si, Cveulebriv, karirebu-
li formiT ganisazRvreba. 
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polimorfuli funqciebi 

funqcias polimorfuli (mravalformiani) 
ewodeba, Tu misi tipi Seicavs cvladis 
erT an ramdenime tips. 

length :: [a] → Int 

nebismieri a tipisaTvis length 
iRebs tipis mniSvnelobaTa sias da 
gvibrunebs mTel ricxvs. 
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 cvladebis tipi SeiZleba damuSavdes 
sxvadasxva tipisaTvis sxvadasxva viTare-
baSi:  

SeniSvna: 

 cvladebis tipi unda iwyebodes qveda 
registris asoTi da, Cveulebriv, mas aqvs 
a, b, c da a.S. saxeli.  

 

> length [False,True] 
2 
 
> length [1,2,3,4] 
4 

a = Bool 

a = Int 
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 standartul prelude failSi gansazRvrul 
funqciaTa Soris mravali polimorfu-
lia. magaliTad:  

fst  :: (a,b) → a 
  
 
head :: [a] → a 
 
 
take :: Int → [a] → [a] 
 
 
zip  :: [a] → [b] → [(a,b)] 
 
 
id   :: a → a 
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gadatvirTuli funqciebi 

polimorful funqcias gadatvirTuli 
ewodeba, Tu misi tipi Seicavs klasis erT 
an ramdenime SezRudvas. 

sum :: Num a ⇒ [a] → a 

nebismieri ricxviTi a tipisaTvis sum 
iRebs a tipis mniSvnelobaTa sias da 
gvibrunebs a tipis mniSvnelobas. 
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 pirobebiT SezRuduli cvladebis tipi 
SeiZleba damuSavdes nebismieri tipisa-
Tvis, romlebic SezRudvebs akmayofi-
lebs: 

SeniSvna: 

> sum [1,2,3] 
6 
 
> sum [1.1,2.2,3.3] 
6.6 
 
> sum [’a’,’b’,’c’] 
ERROR 

Char ar aris 
ricxviTi tipi 

a = Int 

a = Float 
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Num -  ricxviTi tipebi 

Eq - tolobis tipebi 

Ord - mowesrigebuli tipebi 

 Haskell-s tipTa rigi klasi aqvs, maT Soris : 

 magaliTad: 

(+)  :: Num a ⇒ a → a → a 
  
(==) :: Eq a  ⇒ a → a → Bool 
 
(<)  :: Ord a ⇒ a → a → Bool 
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rCevebi da darigebebi 
 Haskell-Si axali funqciis gansazRvra mi-

zanSewonilia daiwyoT misi tipis Cawe-
riT; 

 
 kargi praqtikaa skriptis farglebSi yo-

veli axali aRwerili funqciis tipis 
miTiTeba; 

 
 im polimorful funqciaTa tipebis for-
mulirebisas, romlebic iyenebs ricxvebs, 
tolobebs an mowesrigebas, izruneT Sez-
RudvaTa aucilebeli klasis CarTvaze. 
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savarjiSoebi 

[’a’,’b’,’c’] 
 
(’a’,’b’,’c’) 
 
[(False,’0’),(True,’1’)] 
 
([False,True],[’0’,’1’]) 
 
[tail,init,reverse] 

rogoria Semdegi mniSvnelobebis tipebi? (1) 
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second xs     = head (tail xs) 
 
swap (x,y)    = (y,x) 
 
pair x y      = (x,y) 
 
double x      = x*2 
 
palindrome xs = reverse xs == xs 
 
twice f x     = f (f x)  

rogoria Semdegi funqciebis tipebi? (2) 

SeamowmeT Tqveni pasuxebi Hugs-iT. (3) 



0 

daprogrameba HASKELL enaze 

Tavi 4 – ganmsazRvreli funqciebi 



1 

pirobiTi gamosaxulebebi 

daprogramebis enaTa umravlesobis msgav-
sad, Haskell-Sic funqciebi SeiZleba ganisa-
zRros pirobiTi gamosaxulebebiT : 

abs  :: Int → Int 
abs n = if n ≥ 0 then n else -n 

iRebs mTel «n» ricxvs Dda gvibrunebs 
n-s, Tu n arauaryofiTi mTelia, xolo 
winaaRmdeg SemTxvevaSi «-n»-s. 
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pirobiTi gamosaxulebebi SeiZleba Cala-
gebuli iyos erTmaneTSi: 

signum  :: Int → Int 
signum n = if n < 0 then -1 else 
              if n == 0 then 0 else 1 

 Haskell-is pirobiT gamosaxulebebSi yo-
velTvis unda arsebobdes else Sto, 
raTa gamoiricxos SesaZlo aracalsaxa 
gageba amocanebSi Calagebuli pirobe-
biT. 

SeniSvna: 
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Ddaculi gantolebebi 

Rogorc pirobiTi operatorebis alterna-
tiva, funqciebi SeiZleba ganisazRvros da-
culi gantolebebiT:  

abs n | n ≥ 0     = n 
      | otherwise = -n 

meordeba wina SemTxveva, magram damcveli 
gantolebebis gamoyenebiT. 
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kiTxvadobis gasaumjobeseblad daculi 
gantolebebi SeiZleba gamoiyenebodes gan-
sazRvrisaTvis ramdenime pirobis monawi-
leobiT: 

 mTlianobaSi otherwise piroba gansazR-
vrulia prelude-Si otherwise = True formiT. 

SeniSvnebi 

signum n | n < 0     = -1 
         | n == 0    = 0 
         | otherwise = 1 
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Sesabamosoba SablonTan 

mravali funqcia gansakuTrebiT mkafiod 
ganisazRvreba maT argumentTa Sablonebis 
gamoyenebisas: 

not      :: Bool → Bool 
not False = True 
not True  = False 

not asaxavs False-s True-d, xolo True-s False-ad. 
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funqciebi xSirad SeiZleba iyos gansazR-
vruli mravali sxvadasxva xerxiT Sablon-
Tan Sedarebisas. magaliTad: 

(&&)          :: Bool → Bool → Bool 
True  && True  = True 
True  && False = False 
False && True  = False  
False && False = False 

True && True = True 
_    && _    = False 

Ees ufro kompaqturadac ganisazRvreba: 
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True  && b = b 
False && _ = False 

magram Semdegi gansazRvreba ufro efeqtu-
ria, radgan igi ar mimarTavs meore argu-
mentis Sefasebas, roca pirvel arguments 
False mniSvneloba aqvs: 

 qveda xazgasmis «_» simbolo warmoad-
gens Casmis Sablons nebismieri mniSvne-
lobis argumenisaTvis. 

SeniSvna: 
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 Sablonebi krZalavs cvadebis gameore-
bas. magaliTad, Semdegi gansazRvreba Se-
cdomas iZleva: 
 

b && b = b 
_ && _ = False 

 Sablonebis Sedareba rigrigbiT xdeba. 
magaliTad, Semdegi gansazRvreba yovel-
Tvis gvibrinebs False mniSvnelobas: 

_    && _    = False 
True && True = True 
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Sablonebis sia 

yoveli aracarieli (gaunadgurebeli) sia 
aigeba gameorebis (:) operatoriT, romel-
sac “cons” saxeli aqvs da elements siis 
dasawyisSi amatebs: 

[1,2,3,4] 

miRebulia 1:(2:(3:(4:[]))) xerxiT. 
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funqciebi siebze SeiZleba iyos gansazRvru-
li x:xs SablonebiT. 

head       :: [a] → a 
head (x:_)  = x 
 
tail       :: [a] → [a] 
tail (_:xs) = xs 

head da tail funqciebi asaxavs ara-
carieli siis pirvel da yvela 
darCenil elements Sesabamisad. 
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SeniSvna: 

 x:xs Sablonebi unda ganTavsdes frCxi-
lebSi, vinaidan realizacias prioriteti 
eniWeba (:)-Tan SedarebiT. magaliTad, 
Semdegi gansazRvreba mcdaria: : 

 x:xs Sablonebi gamoiyeneba mxolod ara-
carieli siebisaTvis: 

> head [] 
Secdoma 

head x:_ = x 
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Sablonebi mTel ricxvebze 

pred       :: Int → Int 
Pred 0      = 0 
pred (n+1)  = n 

rogorc maTematikaSi, funqciebi mTel ri-
cxvebze ganisazRvreba e.w. n+k SablonebiT, 
sadac n mTeli cvladia, xolo k>0  - mTe-
li mudmivaa: 

 pred asaxavs mTels, romelic win 
uZRvis Setanils.  
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SeniSvna: 

 n+k SablonebSi unda iyos gamoyenebuli 
frCxilebi, vinaidan samomxmareblo pro-
gramas prioriteti gaaCnia + operacias-
Tan SedarebiT. magaliTad, Semdegi gansa-
zRvreba Secdomas iZleva: 

 n+k Sablonebi Seesabameba mxolod mTel 
ricxvebs, romlebic ≥ k-ze. 

> pred (-1) 
Secdoma 

pred n+1 = n 
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Llambda-gamosaxulebebi 

funqcia SeiZleba aigos misi saxelis miu-
TiTeblad lambda-gamosaxulebebis daxma-
rebiT: 

λx → x+x 

usaxelo funqcia, romelic Sesasvle-
lze iRebs x ricxvs da gvibrunebs 
x+x Sedegs. 
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 λ simbolo warmoadgens berZnul asos da 
igi aikrifeba klaviaturaze rogorc \. 
 

 maTematikaSi usaxelo funqciebi, Cveule-
briv, aRiniSneba  simboloTi, magali-
Tad, x  x+x. 
 

 Haskell-Si  λ simbolos gamoyeneba usaxe-
lo funqciebisaTvis dakavSirebulia 
lambda-aRricxvasTan - funciaTa Teori-
asTan, romelsac efuZneba es ena. 

SeniSvna: 
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ratom aris lambda sasargeblo? 

lambda-gamosaxulebebi SeiZleba gamoviye-
noT formaluri arsis misacemad karire-
biT gansazRvruli funqciebisaTvis. 

 
magaliTad: 

add x y = x+y 

add = λx → (λy → x+y) 

SesaZlebelia: 
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const    :: a → b → a 
const x _ = x 

ufro bunebrivad ganisazRvreba aseTi CanaweriT: 

const  :: a → (b → a) 
const x = λ_ → x  

lambda_gamosaxulebebi sasargebloa ag-
reTve im funciaTa gansazRvrisas, romle-
bic gvibrunebs funqciebs rogorc Sede-
gebs. 

 
magaliTad, 
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odds n = map f [0..n-1] 
         where 
            f x = x*2 + 1 

SeiZleba iyos dayvanili gamosaxulebamde:  

odds n = map (λx → x*2 + 1) [0..n-1] 

lambda-gamosaxulebaTa gamoyeneba SeiZle-
ba iseTi funqciis dasaxelebis Tavidan 
asacileblad, romelsac mxolod erTjer 
mimarTaven. 
 
magaliTad, 
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seqciebi 

or arguments Soris dawerili operatori 
SeiZleba gardavsaxoT funqciad, sadac 
frCxilebs Soris moTavsebuli es operato-
ri xsenebuli ori argumentis win dgas. 

 
magaliTad: 

> 1+2 
3 
 
> (+) 1 2 
3 
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es SeTanxmeba saSualebas iZleva operato-
ris erT-erTi argumenti CavrToT frCxi-
lebs Soris. 

 
magaliTad: 

> (1+) 2 
3 
 
> (+2) 1 
3 

saerTod, Tu  ⊕ aris operatori, maSin (⊕), (x⊕) 
da (⊕y) formis funqciebs seqciebi ewodeba. 
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ratom aris sasargeblo seqciebi? 

zogjer sasargeblo funqciebi martivad 
SeiZleba iyos agebuli seqciebis saSua-
lebiT.  magaliTad: 

-  mowesrigebis funqcia 

-  Sebrunebis funqcia 

-  gaorkecebis funqcia 

-  ganaxevrebis funqcia 

(1+) 

(*2) 

(/2) 

(1/) 
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savarjiSoebi 
ganvixiloT safetail funqcia, romelic tail 
funqciis msgavsad iqceva, imis gamoklebiT, rom 
safetail funqcia asaxavs cariel sias kvlav 
cariel siad, maSin roca tail funqcia am 
SemTxvevaSi Secdomas iZleva. safetail funqciis 
saSualebiT gansazRvreT: 

 
  (a) pirobiTi gamosaxuleba; 
  (b) daculi gantolebebi; 
  (c) SablonTan Sesabamisoba. 

 
karnaxi: sabiblioTeko funqcia null :: [a] → Bool 
SeiZleba gamoviyenoT Sesamowmeblad, Tu sia 
carielia. 

(1) 
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miuTiTeT or (an)  logikuri (||) operato-
ris sami SesaZlo gansazRvreba Sablon-
Tan Sesabamisobis gamoyenebiT. 

(2) 

gansazRvreT xelaxla (&&) operatoris 
Semdegi versia, upiratesad, pirobiTi ope-
ratorebis (da ara Sablonebis) gamoyene-
biT : 

(3) 

True && True = True 
_    && _    = False 

igive gaakeTeT Semdegi versiisaTvis: (4) 

True  && b = b 
False && _ = False 
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daprogrameba HASKELL enaze 

Tavi 5 _ siis konstruqtorebi 



1 

simravlis konstruqtorebi 

maTematikaSi konstruqtoris cneba gamoi-
yeneba axali simravleebis asagebad Zveli 
simravleebis safuZvelze: 

{x2  |  x ∈ {1...5}} 

x2 ricxvebis {1,4,9,16,25} simravle, sa-
dac x  aris {1…5} simravlis elementi. 



2 

siaTa konstruqtorebi 

haskelSi konstruqtoris msgavsi cneba Sei-
Zleba gamoviyenoT axali siebis asagebad 
Zveli siebis safuZvelze: 

[x^2 | x ← [1..5]] 

x^2  ricxvTa [1,4,9,16,25] sia, sadac x 
aris [1..5] siis elementi. 
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SeniSvna: 

 x ← [1..5] gamosaxulebas generatori ewo-
deba, radgan igi gveubneba, Tu saidan mii- 
Reba x-is mniSvnelobebi. 

 
 konstruqtors mZimeebiT gamoyofili ra-
mdenime generatori SeiZleba gaaCndes. 
magaliTad: 

> [(x,y) | x ← [1,2,3], y ← [4,5]] 
 
[(1,4),(1,5),(2,4),(2,5),(3,4),(3,5)] 



4 

 generatorebis Tanamimdevribis Secvli-
sas icvleba elementebis mimdevrobac sa-
boloo siaSi: 

 
> [(x,y) | y ← [4,5], x ← [1,2,3]] 
 
[(1,4),(2,4),(3,4),(1,5),(2,5),(3,5)] 

 ramdenime generatori Calagebuli cikle-
bis msgavsia, sadac momdevno generatore-
bi ufro Rrmad Calagebuli ciklebia, 
romelTa mniSvnelobebi gacilebiT xSi-
rad icvleba. 
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> [(x,y) | y ← [4,5], x ← [1,2,3]] 
 
[(1,4),(2,4),(3,4),(1,5),(2,5),(3,5)] 

 magaliTad: 

x ← [1,2,3] _ momdevno generato-
ria da amitom Sedegis TiToe-
ul wyvilSi yvelaze xSirad x-
komponenti icvleba. 



6 

damokidebuli generatorebi 
momdevno generatorebi SeiZleba damoki-
debuli iyos cvladebze, romlebic ufro 
wina generatorebiT Seyvaneba. 

 

[(x,y) | x ← [1..3], y ← [x..3]] 

ricxvTa yvela (x,y) wyvilis 
[(1,1),(1,2),(1,3),(2,2),(2,3),(3,3)] sia,  

roca x da y _ elementebia [1..3] siidan 
da amasTan erTad y ≥ x. 
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damokidebuli generatoris saSualebiT 
Cven SegviZlia ganvsazRvroT sabiblio-
Teko concat funqcia, romelic aerTia-
nebs erT sias meoresTan: 

concat    :: [[a]] → [a] 

concat xss = [x | xs ← xss, x ← xs] 

magaliTad: 

> concat [[1,2,3],[4,5],[6]] 
 
[1,2,3,4,5,6] 
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mcvelebi 

siis konstruqtorebs SeuZlia mcvelebis 
gamoyeneba im mniSvnelobebis SesazRuda-
vad, romlebic nawarmoebia wina generato-
rebiT 

[x | x ← [1..10], even x] 

yvela x ricxvis [2,4,6,8,10] sia, 
roca x aris [1..10] siis luwi 

elementi. 
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factors  :: Int → [Int] 
factors n = 
   [x | x ← [1..n], n `mod` x == 0] 

mcvelis saSualebiT SesaZlebelia funq-
ciis gansazRvra, romelic asaxavs dadebiT 
mTel ricxvs Tavisi faqtorebis (gamyofe-
bis) siaSi: 

magaliTad: 

> factors 15 
 
[1,3,5,15] 
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dadebiTi mTeli ricxvi martivia, Tu misi 
faqtorebia mxolod 1 da Tavad es ricxvi. 
factors funqciis gamoyenebiT SesaZlebelia 
axali funqciis gansazRvra, romelic ad-
gens, Tu aris ricxvi martivi: 

prime  :: Int → Bool 

prime n = factors n == [1,n] 

magaliTad: 

> prime 15 
False 
 
> prime 7 
True 
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mcvelis saSualebiT SesaZlebelia axla 
iseTi funqciis gansazRvra, romelic gvi-
brunebs yvela martivi ricxvis sias moce-
mul mniSvnelobamde: 

primes  :: Int → [Int] 

primes n = [x | x ← [2..n], prime x] 

magaliTad: 

> primes 40 
 
[2,3,5,7,11,13,17,19,23,29,31,37] 
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Zip funqcia 

sasargeblo sabiblioTeko zip funqcia asa-
xavs or sias maTi Sesabamisi elementebis 
wyvilTa erT siad. 

zip :: [a] → [b] → [(a,b)] 

magaliTad: 

> zip [’a’,’b’,’c’] [1,2,3,4] 
 
[(’a’,1),(’b’,2),(’c’,3)] 
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zip funqciis saSualebiT SeiZleba ganisa-
zRvros funqcia, romelic gvibrunebs siis 
momijnave elementebis yvela wyvilis sias: 

magaliTad: 

pairs   :: [a] → [(a,a)] 

pairs xs = zip xs (tail xs) 

> pairs [1,2,3,4] 
 
[(1,2),(2,3),(3,4)] 
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pairs funqciis saSualebiT SesaZlebelia 
ganisazRvros funqcia, romelic adgens, Tu 
aris siis elementebi daxarisxebuli: 

magaliTad: 

sorted   :: Ord a ⇒ [a] → Bool 
sorted xs = 
   and [x ≤ y | (x,y) ← pairs xs] 

> sorted [1,2,3,4] 
True 
 
> sorted [1,3,2,4] 
False 
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zip funqciis saSualebiT SeiZleba ganisaz-
Rvros funqcia, romelic gvibrunebs siaSi 
warmodgenili raRac mniSvnelobis yvela 
poziciis sias (pozicia inomreba nulidan!): 

positions :: Eq a ⇒ a → [a] → [Int] 

positions x xs = 

   [i | (x’,i) ← zip xs [0..n], x == x’] 

   where n = length xs - 1 

magaliTad: 

> positions 0 [1,0,0,1,0,1,1,0] 
[1,2,4,7] 
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striqonis konstruqtori 

striqoni aris ormag frCxilebSi Casmuli 
simboloebis mimdevroba. amis miuxedavad, 
Sinaganad, striqonebi warmodgenilia ro-
gorc simboloTa siebi: 

"abc" :: String 

Aasaxvis saSualeba [’a’,’b’,’c’] :: [Char]. 
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radgan striqonebi ubralod siebis spe-
cialuri saxea, siebze momuSave nebismieri 
polimorfuli funqcia SeiZleba striqo-
nebzec gamoviyenoT: 

> length "abcde" 

5 

 

> take 3 "abcde" 

"abc" 

 

> zip "abc" [1,2,3,4] 

[(’a’,1),(’b’,2),(’c’,3)] 
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garda amisa, siis konstruqtori SeiZleba 
gamoviyenoT funqciebis gansazRvrisaTvis 
striqonebze. magaliTad, CavweroT funqcia, 
romelic angariSobs nusxuri asoebis rao-
denobas striqonSi: 

lowers   :: String → Int 

lowers xs = 

   length [x | x ← xs, isLower x] 

magaliTad: 

> lowers "Haskell" 
 
6 



19 

savarjiSoebi 
(x,y,z) dadebiTi mTeli ricxvebis same-
uls piTagoras sameuli ewodeba, Tu 
x2 + y2 = z2. siis konstruqtoris 
saSualebiT gansazRvreT funqcia: 

(1) 

pyths :: Int → [(Int,Int,Int)] 

igi gvibrunebs piTagoras yvela same-
uls, romelTa komponentebi [1..n] sii-
dan mocemul zRvrul n sidides ar 
aRemateba. magaliTad: 

> pyths 5 

[(3,4,5),(4,3,5)] 
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dadebiTi mTeli ricxvi srulyofilia, 
Tu igi udris yvela Tavisi faqtoris 
(gamyofis) jams (Tavad am ricxvis gare-
Se). siis konstruqtoris gamoyenebiT 
gansazRvreT funqcia 

(2) 

perfects :: Int → [Int] 

romelic gvibrunebs yvela srulyofi-
li ricxvis sias mocemul mniSvnelo-
bamde. magaliTad: 

> perfects 500 
 
[6,28,496] 
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(xsi * ysi ) ∑ 
i = 0 

n-1 

siis konstruqtoris gamoyenebiT gan-
sazRvreT funqcia, romelic ori siis 
skalarul namravls angariSobs. 

mTel ricxvTa ori xs da ys erTisa da 
imave n sigrZis siis skalaruli nam-rav-
li moicema Sesabamisi mTeli ricxvebis 
namravlebis jamiT: 

(3) 
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daprogrameba HASKELL enaze 

Tavi 6 _ rekursiuli funqciebi 



1 

Sesavali 

rogorc vnaxeT, mravali funqcia bunebrivad Sei-
Zleba ganisazRvrebodes sxva funqciaTa saSuale-

biT. 

factorial  :: Int → Int 

factorial n = product [1..n] 

faqtoriali gardaqmnis nebismier mTel n 
ricxvs 1-dan n-mde ricxvebis namravlad. 



2 

gamosaxulebebi fasdeba procesiT, roca funqciaTa 
gamoyeneba maTi argumentebis mimarT etapobrivia. 
magaliTad: 

factorial 4 

product [1..4] 
= 

product [1,2,3,4] 
= 

1*2*3*4 
= 

24 
= 



3 

rekursiuli funqciebi 

haskelSi funqcia SeiZleba ganisazRvros Tavisive 
saSualebiT. aseT funqcias rekursiuls uwodeben. 

factorial 0     = 1 

factorial (n+1) = (n+1) * factorial n 

faqtoriali asaxavs nuls erTianad da 
nebismier sxva dadebiT mTel ricxvs 
Tavad am ricxvisa da wina ricxvis 

faqtrialis namravlad. 
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magaliTad: 

factorial 3 

3 * factorial 2 
= 

3 * (2 * factorial 1) 
= 

3 * (2 * (1 * factorial 0)) 
= 

3 * (2 * (1 * 1)) 
= 

3 * (2 * 1) 
= 

= 
6 

3 * 2 
= 
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SeniSvna: 

 factorial 0 = 1 misaRebi Tanafardobaa, vinaidan 1 
aris igiveoba gamravlebisaTvis: 1*x = x = x*1. 
 

 rekursiuli gansazRvreba uvargisia uaryofiT 
mTel ricxvebze,  radgan sabazo SemTxveva ara-
sosodes miiRweva : 

> factorial (-1) 
 
Error: Control stack overflow 
Secdoma: kontrolis stekis gadavseba 
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ratom aris rekursia sasargeblo? 

 zogierTi funqcia, faqtorialis msgavsad, uf-
ro advilad ganisazRvreba sxva funqciebiT.  

 
 magram, rogorc vnaxavT, mravali funqcia bune-
brivad ganisazRvreba sakuTari Tavis meSveobiT. 
 

 rekursiiT gansazRvrul funqciaTa Tvisebebi 
SeiZleba damtkicdes maTematikuri induqciis 
martivi, magram mZlavri meTodiT. 
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rekursia siebze 
Rekursia  ar  Semoifargleba ricxvebiT, igi Sei-
Zleba gamoiyenebodes funqciaTa gansazRvrisaTvi-
sac siebze. 

 

product       :: [Int] → Int 
product []     = 1 
product (n:ns) = n * product ns 

product asaxavs cariel sias erTad, 
da aracariel sias misi Tavis 

namravliT product funqciis 
mniSvnelobaze siis kudisaTvis. 
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magaliTad: 

product [2,3,4] 

2 * product [3,4] 
= 

2 * (3 * product [4]) 
= 

2 * (3 * (4 * product [])) 
= 

2 * (3 * (4 * 1)) 
= 

24 
= 
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rekursiis imave modelis gamoyenebiT SesaZlebe-

lia ganisazRvros sigrZis length funqcia siebze. 

length       :: [a] → Int 

length []     = 0 

length (_:xs) = 1 + length xs 

length funqcia warmoadgens 
cariel sias nulad, xolo 

nebismier aracariel sias - misi 
kudis sigrZis momdevno 

mniSvnelobad (e.i. memkvidred). 
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magaliTad: 

length [1,2,3] 

1 + length [2,3] 
= 

1 + (1 + length [3]) 
= 

1 + (1 + (1 + length [])) 
= 

1 + (1 + (1 + 0)) 
= 

3 
= 



11 

rekursiis msgavsi modelis gamoyenebiT Cven Se-

gviZlia ganvsazRvroT siebze reverse funqcia. 

reverse       :: [a] → [a] 

reverse []     = [] 

reverse (x:xs) = reverse xs ++ [x] 

reverse funqcia warmoadgens cariel sias 
cariel siad, xolo nebismier aracariel 

sias – reverse funqciad kudze, romelsac 
am siis Tavi miewereba boloSi. 
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magaliTad: 

reverse [1,2,3] 

reverse [2,3] ++ [1] 
= 

(reverse [3] ++ [2]) ++ [1] 
= 

((reverse [] ++ [3]) ++ [2]) ++ [1] 
= 

(([] ++ [3]) ++ [2]) ++ [1] 
= 

[3,2,1] 
= 
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Mmravali argumenti 

funqciebi orze meti argumentiT aseve SeiZleba 
ganisazRvros rekursiiT. magaliTad: 

 ori siis elementTa «Sekvra elva-saketiT» 

(zip [1,2,3] ['a','b'] gvibrunebs [(1,'a'),(2,'b')]) 

zip              :: [a] → [b] → [(a,b)] 

zip []     _      = [] 

zip _      []     = [] 

zip (x:xs) (y:ys) = (x,y) : zip xs ys 
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drop             :: Int → [a] → [a] 

drop 0     xs     = xs 

drop (n+1) []     = [] 

drop (n+1) (_:xs) = drop n xs 

 siidan pirveli n elementis amoReba: 

(++)        :: [a] → [a] → [a] 

[]     ++ ys = ys 

(x:xs) ++ ys = x : (xs ++ ys) 

 ori siis damateba: 
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swrafi daxarisxeba Quicksort 

quicksort algoriTmi mTel ricxvTa siis dasaxa-
risxeblad SeiZleba iyos mocemuli Semdegi ori 

wesiT: 
 carieli sia ukve daxarisxebulia; 
 nebismieri aracarieli sia SeiZleba daxarisx-
des, Tu mis Tavs movaTavsebT or sias Soris. 
isini warmoadgens mocemuli aracarieli siis 
kudis im elementebis daxarisxebis Sedegs, 
romlebic an naklebia am Tavze, an masze metia 
Sesabamisad. 
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rekursiis gamoyenebiT es wesebi SeiZleba pirda-
pir vaqcioT konkretul realizaciad: 

qsort       :: [Int] → [Int] 
qsort []     = [] 
qsort (x:xs) = 
   qsort smaller ++ [x] ++ qsort larger 
   where 
      smaller = [a | a ← xs, a ≤ x] 
      larger  = [b | b ← xs, b > x] 

 albaT, es quicksort-is umartivesi ganxorcie-
lebaa daprogramebis nebismier enaze! 

SeniSvna: 
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magaliTad (qsort warmodgenilia mxolod q-Ti): 

q [3,2,4,1,5] 

q [2,1] ++ [3] ++ q [4,5] 

q [1] q [] ++ [2] ++ q [] q [5] ++ [4] ++ 

[1] [] [] [5] 
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savarjiSoebi 

(1) 
standartuli prelude failis gamouyeneblad 
gansazRvreT rekursiis saSualebiT Semdegi 
sabiblioTeko funqciebi: 

and :: [Bool] → Bool 

 daadgineT, Tu aris WeSmariti yvela 
logikuri mniSvneloba siaSi: 

concat :: [[a]] → [a] 

 ganaxorcieleT siaTa konkatenacia: 
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(!!) :: [a] → Int → a 

 gamoyaviT siis n-uri elementi: 

elem :: Eq a ⇒ a → [a] → Bool 

 daadgineT, Tu aris mocemuli mniSvneloba siis 
elementi: 

replicate :: Int → a → [a] 

 SeqmeniT n erTnairi elementis Semcveli sia: 
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(2) gansazRvreT rekursiuli funqcia: 

merge :: [Int] → [Int] → [Int] 

igi axorcielebs ori  daxarisxebuli siis ga-
erTianebas erTi daxarisxebuli siis misaRebad.  
magaliTad: 

> merge [2,5,6] [1,3,4] 
 
[1,2,3,4,5,6] 
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(3) gansazRvreT rekursiuli funqcia: 

 siebi, sadac sigrZe ≤ 1, ukve daxarisxebulia; 

 sxva siis daxarisxeba xdeba ori siis gaerTia-
nebiT, romlebic miRebulia sawyisi siis orive 
naxevris cal-calke daxarisxebis Sedegad.  

msort :: [Int] → [Int] 

igi merge sort  funciis realizebas axdens, 
romelic SeiZleba iyos mocemuli Semdegi 
ori wesis safuZvelze: 
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daprogrameba HASKELL enaze 

Tavi 7  _ maRali rigis funqciebi 



1 

Sesavali 

funqcias, romelic iRebs funqcias argumen-
tad an gvibrunebs funqcias Sedegis saxiT, 
maRali rigis funqcia ewodeba. 

twice    :: (a → a) → a → a 

twice f x = f (f x) 

twice maRali rigis funaciaa, 
imitom rom igi iRebs funqcias 

rogorc Tavis pirvel arguments. 
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ratomaa isini sasargeblo? 

 daprogramebis Cveulebrivi stili Sei-
Zleba iyos kodirebuli funqciad Ta-
vad enis farglebSi. 

 enaTa specifikuri sferoebi SeiZleba 
iqnes gansazRvruli  maRali rigis fun-
qciaTa nakrebebiT. 

 maRali rigis funqciaTa algebruli 
Tvisebebi SeiZleba gamoiyenebodes pro-
gramaTa dasabuTebisaTvis. 
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Map funacia 

map saxelwodebis maRali rigis sabiblio-
Teko funqcia axorcielebs miTiTebul 
funqcias siis yovel elementze. 

map :: (a → b) → [a] → [b] 

magaliTad: 

> map (+1) [1,3,5,7] 
 
[2,4,6,8] 
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garda amisa, mtkicebaTa Catarebis mizniT, 
map funqcia SeiZleba ganisazRvros rekur-
siis saSualebiTac:  

map funqcia SeiZleba ganisazRvros gansaku-
Trebulad martivi formiT siis konstruq-
toris gamoyenebisas: 

map f xs = [f x | x ← xs] 

map f []     = [] 

map f (x:xs) = f x : map f xs 
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Filter funqcia 

maRali rigis sabiblioTeko filter funqcia 
irCevs siidan yovel elements, romelic 
predikats akmayofilebs. 

filter :: (a → Bool) → [a] → [a] 

magaliTad: 

> filter even [1..10] 
 
[2,4,6,8,10] 



6 

garda amisa igi SeiZleba ganisazRvros 
rekursiiTac: 

Filter funqcia SeiZleba ganisazRvros siis 
konstruqtoris saSualebiT: 

filter p xs = [x | x ← xs, p x] 

filter p []     = [] 

filter p (x:xs) 

   | p x        = x : filter p xs 

   | otherwise  = filter p xs 



7 

Foldr funqcia 

rigi funqciisa siaze SeiZleba iyos gansa-
zRvruli rekursiis Semdegi martivi mode-
liT: 

f []     = v 

f (x:xs) = x ⊕ f xs 

f asaxavs cariel sias raRac v 
mniSvnelobad, xolo nebismier aracariel 
sias garkveul ⊕ operaciad, romelic or 

operandad Seicavs siis Tavs da siis 
kudze ganxorcielebul f funqcias. 
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magaliTad: 

sum []     = 0 

sum (x:xs) = x + sum xs 

and []     = True 

and (x:xs) = x && and xs 

product []     = 1 

product (x:xs) = x * product xs 

v = 0 
⊕ = + 

v = 1 
⊕ = * 

v = True 
⊕ = && 
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maRali rigis foldr (fold right)  sabiblioTeko funq-
cia rekursiis am martivi Sablonis inkafsulire-
bas axdens ⊕ funqciasTan da v mniSvnelobasTan 
erTad rogorc argumentebTan. 
inkafsulacia (laT.  in capsula - kolofSi) – mona-
cemebisa da moqmedebebis abstraqcia da gadamalva 
garemosagan. 

magaliTad: 

sum     = foldr (+) 0 
 
product = foldr (*) 1 
 
or      = foldr (||) False  
 
and     = foldr (&&) True 
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Foldr Tavad SeiZelba ganisazRvros rekursiiT: 

foldr :: (a → b → b) → b → [a] → b 

foldr f v []     = v 

foldr f v (x:xs) = f x (foldr f v xs) 

magram ukeTesia ganvixiloT foldr ararekur-
siulad, risTvisac erTdroulad Sevcva-
loT yoveli (:) siaSi mocemuli funqciiT, 
xolo [] – mocemuli mniSvnelobiT. 
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sum [1,2,3] 

foldr (+) 0 [1,2,3] 
= 

foldr (+) 0 (1:(2:(3:[]))) 
= 

1+(2+(3+0)) 
= 

6 
= 

magaliTad: 

yoveli (:)-is 
Canacvleba (+)-iT 

da []-is 
Canacvleba 0-iT. 
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product [1,2,3] 

foldr (*) 1 [1,2,3] 
= 

foldr (*) 1 (1:(2:(3:[]))) 
= 

1*(2*(3*1)) 
= 

6 
= 

magaliTad: 

yoveli (:)-is 
Canacvleba (*)-iT 

da []-is 
Canacvleba 1-iT. 
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Foldr-is gamoyenebis sxva magaliTebi 

miuxedavad imisa, rom foldr-i rekursiis mar-
tivi Sablonis inkafsulirebas axdens, Se-
saZlebelia misi gamoyeneba gacilebiT 
ufro meti funqciisaTvis, vidre es mosa-
lodneli iyo. 

 
gavixsenoT sigrZis length funqcia: 

length       :: [a] → Int 

length []     = 0 

length (_:xs) = 1 + length xs 



14 

length [1,2,3] 

length (1:(2:(3:[]))) 
= 

1+(1+(1+0)) 
= 

3 
= 

amrigad, gvaqvs: 

length = foldr (λ_ n → 1+n) 0 

yoveli (:)-is Canacvleba 
(λ_ n → 1+n)-iT da []-is 

Canacvleba 0-iT. 

magaliTad: 
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axla gavixsenoT reverse funqcia: 

reverse []     = [] 

reverse (x:xs) = reverse xs ++ [x] 

reverse [1,2,3] 

reverse (1:(2:(3:[]))) 
= 

(([] ++ [3]) ++ [2]) ++ [1] 
= 

[3,2,1] 
= 

magaliTad: 
yoveli (:)-is Canacvleba 
(λx xs → xs ++ [x])-iT da 
[]-is Canacvleba []-iT. 
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amrigad, gvaqvs: 

reverse = 
   foldr (λx xs → xs ++ [x]) [] 

dabolos, aRsaniSnavia, rom damatebis (++) 
funqcias aqvs gansakuTrebulad kompaqturi 
gansazRvreba foldr-is gamoyenebiT: 

(++ ys) = foldr (:) ys 

yoveli (:)-is 
Canacvleba (:)-iT 

da []-is 
Canacvleba ys-iT. 
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ratomaa sasargeblo Foldr-i? 
 zogierTi rekursiuli funqcia siaze, ma-

galiTad sum funqcia, ufro martivia ganisazR-
vros foldr-iT. 

 

 foldr-iT gansazRvrul funqciaTa Tvisebebi Sei-
Zleba iyos damtkicebuli foldr-is algebruli 
Tvisebebis gamoyenebiT, rogoricaa Serwyma da 
«naxevarbananis»-is (nayiniani bananis) wesi. 

 
 optimizaciis gaumjobesebuli programa Sei-

Zleba ufro martivi aRmoCndes, Tu cxadi re-
kursiis nacvlad gamoiyeneba foldr funqcia. 



18 

sxva sabiblioTeko funqciebi 

sabiblioTeko (.) fuqncia gvibrunebs ori 
funqciis kompozicias rogorc erT funq-
cias: 

(.)   :: (b → c) → (a → b) → (a → c) 

f . g  = λx → f (g x) 

magaliTad: 

odd :: Int → Bool 

odd  = not . even 
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sabiblioTeko all funqcia arkvevs, Tu akma-
yofilebs mocemul predikats siis yoveli 
elementi. 

all     :: (a → Bool) → [a] → Bool 

all p xs = and [p x | x ← xs] 

magaliTad: 

> all even [2,4,6,8,10] 
 
True 
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amis dualurad, sabiblioTeko any funqcia 
arkvevs, Tu akmayofilebs predikats siis er-
Ti elementi mainc. 

any     :: (a → Bool) → [a] → Bool 

any p xs = or [p x | x ← xs] 

magaliTad: 

> any isSpace "abc def" 
 
True 
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sabiblioTeko takeWhile funqcia gamoyofs 
elementebs siidan, vidre predikati samar-
Tliani rCeba. 

takeWhile :: (a → Bool) → [a] → [a] 
takeWhile p []     = [] 
takeWhile p (x:xs) 
   | p x           = x : takeWhile p xs 
   | otherwise     = [] 

magaliTad: 

> takeWhile isAlpha "abc def" 
 
"abc" 
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amis dualurad, dropWhile funqcia anadgu-
rebs elementebs siaSi, vidre predikati sa-
marTliani rCeba. 

dropWhile :: (a → Bool) → [a] → [a] 
dropWhile p []     = [] 
dropWhile p (x:xs) 
   | p x           = dropWhile p xs 
   | otherwise     = x:xs 

magaliTad: 

> dropWhile isSpace "   abc" 
 
"abc" 
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savarjiSoebi 

(3) 
foldr funqciis gamoyenebiT xelaxla 
gansazRvreT map f da filter p funqciebi. 

(2) 
gamosaxeT [f x | x ← xs, p x] konstruq-
tori, romelic iyenebs map da filter  
funqciebs. 

(1) 
ra saxeliT ufro aris cnobili maRa-
li rigis funqcia, romelic Sedegis 
formiT kvlav funqcias gvibrunebs? 
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daprogrameba HASKELL enaze 

Tavi 8 _ funqcionaluri parserebi 
(sintaqsuri analizatorebi) 



1 

ra aris parseri? 

parseri aris programa romelic aanali-
zebs teqstis fragments misi sintaqsuri 
struqturis dasadgenad. 

2∗3+4 niSnavs 4 

+ 

2 

∗ 

3 2 
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sad gamoiyeneba igi? 

TiTqmis yoveli realurad arsebuli 
programa iyenebs ama Tu im formiT par-
sers Tavisi Setanis winaswari analizisa-
Tvis. 

Haskell progrmebs 
 
Shell skriptebs 
 
HTML dokumentebs 

Hugs 
 
Unix 
 
Explorer 

aanalizebs 
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Parser tipi 

nebismier funqcionalur enaSi, rogoricaa 
haskeli, parserebi SeiZleba bunebrivad ga-
nixilebodes funqciebad. 

type Parser = String → Tree 

parseri aris funqcia, romelsac 
SeuZlia striqonis miReba da ama 

Tu im formiT xis dabruneba. 
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magram parseri SeiZleba ar moiTxovdes yve-
la Tavis Semaval sriqons, amitom Cven aseve 
vabrunebT gamouyenebel Semaval informaci-
asac: 

type Parser = String → (Tree,String) 

striqoni SeiZleba iTxovdes sintaqsurad 
garCevas sxvadasxva gziT da ara mxolod 
erTi gziT. aseT SemTxvevaSi Cven vanzoga-
debT Sedegebis siis dasabruneblad parse-
ris tips: 

type Parser = String → [(Tree,String)] 
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dabolos, parsers SeuZlia arc awarmoos 
yovelTvis raime xe da garkveuli mniSvne-
lobis dabrunebiT Semoifarglos. amitom 
Tree tipis ganzogadeba moxdeba parser 
tipis parametrSi: 

type Parser a = String → [(a,String)] 

SeniSvna: 

 simartivisaTvis ganvixilavT mxolod 
iseT parsers, romelic an ganicdis mtyu-
nebas da gvibrunebs Sedegebis cariel 
sias, an aRwevs warmatebas da gvibrunebs 
erTelementian sias (singletons). 
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ZiriTadi parserebi 
 item parseri, romelic warumateblad 
mTavrdeba, Tu Semavali striqoni carie-
lia, da warmatebiT _ pirveli simbolos 
saxiT saSedego mniSvnelobis rolSi _ 
winaaRmdeg SemTxvevaSi: 

item :: Parser Char 

item  = λinp → case inp of 

                  []     → [] 

                  (x:xs) → [(x,xs)]  
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 failure parseri mudam warumateblobas 
ganicdis Semavali striqonis Sinaarsi-
sagan damoukideblad: 

failure :: Parser a 

failure  = λinp → [] 

 return v parseri yovelTvis warmatebiT 
gvibrunebs Sedegis v mniSvnelobas 
mTliani Semavali striqonis daumuSa-
veblad: 

return  :: a → Parser a 

return v = λinp → [(v,inp)] 
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 p +++ q parseri iqceva rogorc p parse-
ri, Tu es xerxdeba, da rogorc q parseri 
winaaRmdeg SemTxvevaSi: 

(+++)  :: Parser a → Parser a → Parser a 

p +++ q = λinp → case p inp of 

                   []        → parse q inp 

                   [(v,out)] → [(v,out)] 

 parse funqcia gamoiyeneba striqonis gasa-
analizeblad: 

parse :: Parser a → String → [(a,String)] 

parse p inp = p inp 
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magaliTebi 

% hugs Parsing 
 
> parse item "" 
[]  
 
> parse item "abc" 
[('a',"bc")] 

sintaqsuri analizis (garCevis) xuTi pri-
mitivis qceva SeiZleba ilustrirebuli iq-
nes ramdenime martiv magaliTze: 
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> parse failure "abc" 

[] 

 

> parse (return 1) "abc" 

[(1,"abc")] 

 

> parse (item +++ return 'd') "abc" 

[('a',"bc")] 

 

> parse (failure +++ return 'd') "abc" 

[('d',"abc")] 
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SeniSvna: 
 Parsing  sabiblioTeko faili misawvdo-
mia internetSi haskelze daprogramebis 
sakuTar gverdze.  

 Teqnikuri mizezebis gamo warumateblo-
bis gamomvleni pirveli magaliTi faqto-
brivad iZleva Secdomas, romelic exeba 
tipebs, magram es ar xdeba aratrivialur 
magaliTebSi. 

 Parser tipi aris monada _ maTematikuri 
struqtura, romelsac danamdvilebiT mo-
aqvs sargebloba sxvadasxva saxis gamo-
TvlaTa modelirebisas. 
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parserebis mimdevroba SeiZleba gaerTian-
des erT Sedgenil parserad do sakvanZoO 
sityvis gamoyenebiT. 

 
magaliTad: 

mowesrigeba 

p :: Parser (Char,Char) 

p  = do x ← item 

        item 

        y ← item 

        return (x,y) 
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SeniSvna: 

 yoveli parseri unda iwyebodes erTsa 
da imave svetSi. es aris topologiuri 
wesis moTxovna. 

 Sualeduri parserebis mier dabrune-
buli mniSvnelobebi gadagdebuli aR-
moCndeba gaucxadeblad, magram saWi-
roebis SemTxvevaSi maT mieniWeba saxe-
lebi ← operatoris gamoyenebiT. 

 ukanaskneli parseris mier mocemuli 
mniSvneloba aris is mniSvneloba, ro-
melic dabrunebulia parserTa mimdev-
robiT rogorc erTi mTlianoba. 
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 Tu romelime parseri am obieqtebis mim-
devrobaSi warumatebelia, maSin mTlia-
nad mimdevrobac mTyunebiT mTavrdeba. 
magaliTad: 

> parse p "abcdef" 
[((’a’,’c’),"def")] 
 
> parse p "ab" 
[] 

 do notacia ar aris specifikuri Parser 
tipisaTvis, igi SeiZleba gamoyenebuli iq-
nes nebismier monadur tipTan. 
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Nnawarmoebi primitivebi 

sat  :: (Char → Bool) → Parser Char 

sat p = do x ← item 

           if p x then 

              return x 

            else 

              failure 

 simbolos sintaqsuri analizi (garCeva, 
parsingi) predikatis dakmayofilebis 
dasadgenad: 
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digit :: Parser Char 

digit  = sat isDigit 

 

char  :: Char → Parser Char 

char x = sat (x ==) 

 cifrebisa da specifikuri simboloebis 
sintaqsuri analizi (garCeva, parsingi): 

 parseris gamoyeneba nuljer an metjer: 

many  :: Parser a → Parser [a] 

many p = many1 p +++ return [] 
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many1  :: Parser a -> Parser [a] 
many1 p = do v  ← p 
             vs ← many p 
             return (v:vs) 

 parseris gamoyeneba Tundac erTjer an 
metjer: 

 simboloTa specifikuri striqonis sin-
taqsuri analizi: 

string       :: String → Parser String 
string []     = return [] 
string (x:xs) = do char x 
                   string xs 
                   return (x:xs) 
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magaliTi 

axla SegviZlia ganvsazRvroT parseri, ro-
melic iyenebs erTi an meti cifris sias 
striqonidan: 

p :: Parser String 
p  = do char '[' 
        d  ← digit 
        ds ← many (do char ',' 
                       digit) 
        char ']' 
        return (d:ds) 
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magaliTad: 

> parse p "[1,2,3,4]" 

[("1234","")] 

 

> parse p "[1,2,3,4" 

[] 

SeniSvna: 

 sintaqsuri analizis ufro rTul bibli-
oTekebs SeuZlia Semavali striqonis Se-
cdomaTa miuTiTeba da/an acileba. 
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ariTmetikuli gamosaxulebebi 

ganvixiloT gamosaxulebaTa martivi forma, 
romelic agebulia   (+) Sekrebisa da  (*) 
gamravlebis operaciaTa gamoyenebiT mrgval 
frCxilebTan erTad. 

 
aseve gasagebia, rom: 

 * da + asociatiuria marjvniv; 
 

 * ufro maRali prioritetisaa, vidre +. 
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formalurad, aseTi gamosaxulebebis sin-
taqsi gansazRvrulia Tavisufali gramati-
kis Semdegi konteqstiT: 

expr   → term '+' expr  term 
  

term   → factor '*' term  factor 
 

factor → digit  '(' expr ')‘ 
 

digit  → '0'  '1'  …  '9'  
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magram, efeqturobis mosazrebebidan gamomdi-
nare, mniSvnelovania expr-isa da term-isaTvis 
wesebis gamartiveba (ese igi maTi daSla, anu 
faqtorizacia elementarul mdgenelebad): 

expr → term ('+' expr  ε) 
 

term → factor ('*' term  ε) 

SeniSvna:  

 ε simbolo aRniSnavs cariel sriqons. 
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axla advilia gramatikis warmodgena parse-
rad, romelic afasebs gamosaxulebebs grama-
tikuli wesebis ubralo gadaweriT sintaq-
suri analizis primitivebis gamoyenebiT. 
 
maSasadame, gvaqvs: 

expr :: Parser Int 

expr  = do t ← term 

           do char '+' 

              e ← expr 

              return (t + e) 

            +++ return t 
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factor :: Parser Int 
factor  = do d ← digit 
             return (digitToInt d) 
           +++ do char '(' 
                  e ← expr 
                  char ')' 
                  return e 

term :: Parser Int 
term  = do f ← factor 
           do char '*' 
              t ← term 
              return (f * t) 
            +++ return f  
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sabolood, Tu ganvsazRvravT, rom 

eval   :: String → Int 

eval xs = fst (head (parse expr xs)) 

maSin praqtikulad SevamowmebT zogierT 
magaliTsac:  

> eval "2*3+4" 

10 

 

> eval "2*(3+4)" 

14 
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savarjiSoebi 

(2) gaafarToeT parseri ariTmetikuli gamosa-
xulebebisaTvis gamoklebisa da gayofis 
mxardasaWerad, risTvisac gamoiyeneT grama-
tikis Semdegi Caweris formebi: 

expr → term ('+' expr  '-' expr  ε) 
 

term → factor ('*' term  '/' term  ε) 

(1) ratom axdens ariTmetikuli gamosaxulebe-
bisaTvis gankuTvnili gramatikis saboloo 
gamartiveba arsebiT gavlenas amis Sedegad 
miRebuli parseris efeqturobaze. 



0 

daprogrameba HASKELL enaze 

Tavi 9 _ interaqtiuri (dialoguri) 
programebi 



1 

Sesavali 

aqamde vswavlobdiT, rogor SeiZleba haske-
lis gamoyeneba paketuri programis Casawe-
rad, romelic iRebs yvela Tavis Semaval 
monacemebs startze da iZleva yvela Tavis 
gamomaval monacemebs muSaobis dasrulebi-
sas. 

paketuri 
programa 

Setana gamotana 



2 

magram Cven gvWirdeba aseve haskelis gamoye-
neba interaqtiuri (dialoguri) programis 
Sesaqmnelad, romelic kiTxulobs klaviatu-
ridan da wers ekranze informacias Tavisi 
muSaobis procesSi. 

dialoguri 
programa 

Sesasvlelebi gamosasvlelebi 

klaviatura 

ekrani 
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problemis arsi 

haskelis programebi sufTa maTematikuri funqciebia: 

magram klaviaturidan wakiTxva da ekranze 
Cawera Tanamdevi efeqtebia: 

 haskelis programebs ar aqvs Tanamdevi efeqtebi. 

 interaqtiur programebs aqvs Tanamdevi efeqtebi. 



4 

problemis gadaWra 

interaqtiuri programebi SeiZleba daiwe-
ros haskelze iseTi tipebis gamoyenebiT, 
romlebic gaarCevs sufTa gamosaxulebebs 
Tanamdevi efeqtebis Semcveli arasufTa 
moqmedebebisagan (actions). 

IO a 

tipi: moqmedebis, romelic 
gvibrunebs a tipis raRac 

mniSvnelobas. 
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magaliTad: 

IO Char 

IO () 

tipi: moqmedebis, 
romelic gvibrunebs 

simbolos. 

tipi: moqedebis, 
romelic ar gvibrunebs 
Sedegis mniSvnelobas. 

 

 () _ ukomponento korteJTa tipi. 

SeniSvna: 
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ZiriTadi moqmedebebi 

standartuli biblioTeka iTvaliswinebs 
moqmedebaTa garkveul raodenobas primiti-
vebis Semdegi xis CaTvliT: 

getChar :: IO Char 

 getChar moqmedeba kiTxulobs simbolos 
klaviaturidan, asaxavs mas ekranze da 
gvibrunebs simbolos rogorc Sedegis 
mniSvnelobas: 
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 putChar c moqmedeba wers ekranze c sim-
bolos da ar gvibrunebs Sedegis mniS-
vnelobas: 

putChar :: Char → IO () 

 return v  moqmedeba ubralod gvibrunebs 
v mniSvnelobas raime urTierTqmedebis 
ganxorcielebis gareSe: 

return :: a → IO a 



8 

moqmedebaTa mimdevroba SeiZleba gaerTian-
des da iqces erT Sedgenil moqmedebad do 
sakvanZo sityvis gamoyenebiT. 
 
magaliTad: 

mowesrigeba 

a :: IO (Char,Char) 

a  = do x ← getChar 

        getChar 

        y ← getChar 

        return (x,y) 



9 

nawarmoebi primitivebi 

getLine :: IO String 

getLine  = do x ← getChar 

              if x == '\n' then 

                 return [] 

               else 

                 do xs ← getLine 

                    return (x:xs) 

 striqonis wakiTxva klaviaturidan: 
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putStr       :: String → IO () 

putStr []     = return () 

putStr (x:xs) = do putChar x 

                   putStr xs 

 striqonis Cawera ekranze: 

 striqonis Cawera da axalze gadasvla: 

putStrLn   :: String → IO () 

putStrLn xs = do putStr xs 

                 putChar '\n' 
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magaliTi 

axla SesaZlebelia iseTi moqmedebis gansa-
zRvra, romelic iTxovs striqonis Seyvanas 
da asaxavs mis sigrZes: 
 

strlen :: IO () 

strlen  = do putStr "Enter a string: " 

             xs ← getLine 

             putStr "The string has " 

             putStr (show (length xs)) 

             putStrLn " characters" 
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magaliTad: 

> strlen 

 

Enter a string: abcde 

The string has 5 characters 

 raime  moqmedebis Sefaseba axorcielebs 
Tavis Tanamdev efeqtebs saboloo Sede-
gis mniSvnelobis gadagdebasTan erTad. 

SeniSvna: 
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jalaTi 

ganvixiloT TamaS «jalaTis» («hangman») 
Semdegi versia: 

 erTi moTamaSe farulad beWdavs sityvas. 
 

 meore moTamaSe cdilobs am sityvis gamo-
cnobas savaraudo sityvaTa mimdevrobis Se-
yvaniT.  
 

 yoveli varaudisaTvis kompiuteri uTiTebs 
im asoebs saidumlo sityvaSi, romlebic 
gvxvdeba savaraudoSi. 
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 TamaSi mTavrdeba, roca savaraudo sit-
yva sworia. 

hangman :: IO () 

hangman  = 

   do putStrLn "Think of a word: " 

      word ← sgetLine 

      putStrLn "Try to guess it:" 

      guess word 

Cven virCevT daRmaval midgomas TamaS «jala-
Tis» sarealizaciod haskelze da viwyebT aseTi 
fragmentiT (aq inglisurad naxmaria ori fraza _ 
CaifiqreT sityva da SeecadeT gamoicnoT igi) : 
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sgetLine moqmedeba kiTxulobs teqstis 
striqons klaviaturidan da asaxavs ekran-
ze yovel simbolos rogorc tires: 

sgetLine :: IO String 

sgetLine  = do x ← getCh 

               if x == '\n' then 

                  do putChar x 

                     return [] 

                else 

                  do putChar '-' 

                     xs ← sgetLine 

                     return (x:xs) 
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primitive getCh :: IO Char 

SeniSvna: 

 getCh moqmedeba kiTxulobs simbolos kla-
viaturidan, magram ar asaxavs mas ekranze. 

 

 es sasargeblo moqmedeba ar aris standar-
tuli biblioTekis nawili, magram aris 
Hugs sistemis specialuri primitivi, rome-
lic SeiZleba iqnes importirebuli skript-
Si Semdegnairad: 
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guess funqcia _ ZiriTadi ciklia, romelic 
iTxovs da amuSavebs savaraudo sityvebs 
TamaSis dasrulebamde. aq naxmaria inglisu-
ri fraza: «Tqven ipoveT igi!» 

guess     :: String → IO () 

guess word = 

   do putStr "> " 

      xs ← getLine 

      if xs == word then 

         putStrLn "You got it!" 

       else 

         do putStrLn (diff word xs) 

            guess word 
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diff  funqcia uTiTebs im asoebs erT stri-
qonSi, romlebic gvxvdeba meore striqonSic. 

magaliTad: 

> diff "haskell" "pascal" 
   
"-as--ll" 

diff      :: String → String → String 

diff xs ys = 

   [if elem x ys then x else '-' | x ← xs] 
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savarjiSo 

nim TamaSis ganxorcieleba haskelze, roca 
am TamaSis wesebi aseTia: 

 dafa Seicavs fifqebis xuT striqons: 

1: * * * * * 
2: * * * * 
3: * * * 
4: * * 
5: * 
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 ori moTamaSe rigrigobiT exeba da ana-
dgurebs erT an ramdenime fifqs er-
TaderTi striqonis bolodan. 

 
 mogebuli rCeba is moTamaSe, romelic 
dafidan aiRebs ukanasknel fifqs an 
fifqebs. 

Kkarnaxi : 

 
warmoadgineT dafa siad xuTi mTeli ric-
xviT, romlebic dafaze darCenil fifqTa 
raodenobas iZleva TiToeul striqonze. 
magaliTad, TamaSis dasawyisSi dafa aisa-
xeba [5,4,3,2,1] siiT. 



0 

daprogrameba HASKELL enaze 

Tavi 10 _ tipebis gamocxadeba da 
klasebi 



1 

tipis gamocxadebebi 

haskelSi axali saxeli arsebuli tipisa-
Tvis SeiZleba iyos gansazRvruli tipis 
gamocxadebis (deklaraciis) gamoyenebiT. 

type String = [Char] 

String _ sinonimia [Char] tipisaTvis. 
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tipis gamocxadebebi SeiZleba gamoiyenebo-
des sxva tipebis wakiTxvis gasaioleblad. 
magaliTad,  

origin    :: Pos 
origin     = (0,0) 
 
left      :: Pos → Pos 
left (x,y) = (x-1,y) 

type Pos = (Int,Int) 

Canaweris gaTvaliswinebiT SegviZlia ganvsaz-
RvroT : 



3 

funqciis gansazRvrebaTa msgavsad, tipis ga-
mocxadebebs aseve SeiZleba gaaCndes parame-
trebi. magaliTad, 

type Pair a = (a,a) 

Canaweris gaTvaliswinebiT SegviZlia ganvsaz-
RvroT : 

mult      :: Pair Int → Int 
mult (m,n) = m*n 
 
copy      :: a → Pair a 
copy x     = (x,x) 



4 

tipis gamocxadebebi SeiZleba Calagebulic 
iyos erTmaneTSi: 

type Pos   = (Int,Int) 
 
type Trans = Pos → Pos 

magram isini ar SeiZleba iyos rekursiuli: 

type Tree = (Int,[Tree]) 



5 

monacemTa gamocxadebebi 

sruliad axali tipi SeiZleba ganisazR-
vros misi mniSvnelobebis miTiTebiT mona-
cemTa gamocxadebis dros. 

data Bool = False | True 

Bool aris axali tipi, ori axali 
mniSvnelobiT False da True. 
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SeniSvna: 

 False da True mniSvnelobebs ewodeba kon-
struqtorebi mocemuli Bool tipisaTvis. 

 
 tipisa da konstruqtoris saxelebi un-
da iwyebodes zeda registris asoTi. 

 
 monacemTa gamocxadebebi Tavisufali 
gramatikebis konteqstis msgavsia. pir-
veli aRwers mniSvnelobaTa tips, uka-
naskneli ki  - enis winadadebebs. 
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answers     :: [Answer] 
answers      = [Yes,No,Unknown] 
 
flip        :: Answer → Answer 
flip Yes     = No 
flip No      = Yes 
flip Unknown = Unknown 

data Answer = Yes | No | Unknown 

Canaweris gaTvaliswinebiT SegviZlia ganvsaz-
RvroT : 

axali tipebis mniSvnelobaTa gamoyeneba Ca-
Senebuli tipebis mniSvnelobaTa msgavsad 
SeiZleba. magaliTad,  
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monacemTa gamocxadebaSi konstruqtorebs 
aseve SeiZleba gaaCndes parametrebi. maga-
liTad, 

data Shape = Circle Float 
           | Rect Float Float 

square         :: Float → Shape 
square n        = Rect n n 
 
area           :: Shape → Float 
area (Circle r) = pi * r^2 
area (Rect x y) = x * y 

Canaweris gaTvaliswinebiT SegviZlia ganvsaz-
RvroT : 
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SeniSvna: 

 Shape-s aqvs formis mniSvnelobebi Circle r, 
sadac r – mcuravwertiliani ricxvia, da 
Rect x y, sadac x da y – mcuravwertiliani 
ricxvebia. 

 
 Circle da Rect SeiZleba iyos ganxiluli 
rogorc funqciebi Shape tipis mniSvne-
lobaTa asagebad: 

Circle :: Float → Shape 
 
Rect   :: Float → Float → Shape 



10 

gasakviri ar aris, rom monacemTa gamocxa-
debebs Tavad SeiZleba gaaCndes aseve para-
metrebi. magaliTad, 

data Maybe a = Nothing | Just a 

safediv    :: Int → Int → Maybe Int 
safediv _ 0 = Nothing 
safediv m n = Just (m `div` n) 
 
safehead   :: [a] → Maybe a 
safehead [] = Nothing 
safehead xs = Just (head xs) 

Canaweris gaTvaliswinebiT SegviZlia ganvsaz-
RvroT : 
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rekursiuli tipebi 

haskelSi axali tipebi SeiZleba gamocxad-
des sakuTari Tavis meSveobiT. sxvanairad 
rom vTqvaT tipebi SeiZleba rekursiuli 
iyos. 

data Nat = Zero | Succ Nat 

Nat axali tipia konstruqtorebiT 
 Zero :: Nat da Succ :: Nat → Nat. 
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SeniSvnebi: 

 Nat tipis mniSvneloba an Zero, an Succ n 
formis aris, sadac n :: Nat. sxvanairad, Nat 
Seicavs mniSvnelobaTa Semdeg usasrulo 
mimdavrobas: 

Zero 

Succ Zero 

Succ (Succ Zero) 

• 
• 
• 
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 SegviZlia miviCnioT, rom Nat tipis mniS-
vnelobebi naturaluri ricxvebia, sadac 
Zero warmoadgens 0-s, xolo Succ iZleva 
1+ funqciis momdevno elements. 

 
 magaliTad,  

Succ (Succ (Succ Zero)) 

mniSvneloba warmoadgens naturalur ricxvs 

1 + (1 + (1 + 0)) 3 = 
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rekursiis gamoyenebiT advilad ganisaz-
Rvreba funqciebi, romlebic axorcielebs 
Nat da Int tipis mniSvnelobaTa Soris gar-
dasaxvas: 

nat2int         :: Nat → Int 

nat2int Zero     = 0 

nat2int (Succ n) = 1 + nat2int n 

 

int2nat         :: Int → Nat 

int2nat 0        = Zero 

int2nat (n+1)    = Succ (int2nat n) 
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ori naturaluri ricxvis jami SeiZleba 
vipovoT maTi gardaqmniT mTel ricxvebad, 
SekrebiT da mere Sedegis xelaxla gar-
dasaxviT naturalur ricxvad: 

magram rekursiis saSualebiT add funqcia 
SeiZleba ganisazRvros gardaqmnis gamou-
yenebladac: 

add    :: Nat → Nat → Nat 

add m n = int2nat (nat2int m + nat2int n) 

add Zero     n = n 

add (Succ m) n = Succ (add m n)  
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magaliTad: 

add (Succ (Succ Zero)) (Succ Zero) 

Succ (add (Succ Zero) (Succ Zero)) 
= 

Succ (Succ (add Zero (Succ Zero)) 
= 

Succ (Succ (Succ Zero)) 
= 

SeniSvna 

 rekursiuli gansazRvreba add-saTvis Se-
esabameba  Semdeg wesebs: 

0+n = n da (1+m)+n = 1+(m+n). 
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ariTmetikuli gamosaxulebebi 

ganvixiloT ricxvTa SekrebiTa da gamrav-
lebiT agebul gamosaxulebaTa martivi for-
ma. 

1 

+ 

∗ 

3 2 
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rekursiis saSualebiT Sesaferi axali 
tipi msgavsi gamosaxulebebis warmosadge-
nad SeiZleba aseTi gziT gamocxaddes: 

magaliTad, gamosaxuleba wina slaidze 
Semdegnairad iqneboda warmodgenili: 

data Expr = Val Int 
          | Add Expr Expr 
          | Mul Expr Expr 

Add (Val 1) (Mul (Val 2) (Val 3)) 
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rekursiis gamoyenebiT, axla advilia funqci-
ebis gansazRvra, romlebic gamosaxulebaTa 
damuSavebas axorcielebs.  magaliTad: 

size          :: Expr → Int 

size (Val n)   = 1 

size (Add x y) = size x + size y 

size (Mul x y) = size x + size y  

 

eval          :: Expr → Int 

eval (Val n)   = n 

eval (Add x y) = eval x + eval y 

eval (Mul x y) = eval x * eval y 
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SeniSvna: 

 sami konstruqtoris tipia: 

Val :: Int → Expr 
Add :: Expr → Expr → Expr 
Mul :: Expr → Expr → Expr 

 mravali funqcia gamosaxulebebze SeiZleba 
ganisazRvros konstruqtorebis Canacvlebi-
sas sxva funqciebiT Sesaferi fold funqciis 
xarjze.  magaliTad: 

eval = fold id (+) (*) 
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binaruli xeebi 

gamoTvlebis dros xSirad sasargebloa 
monacemebis Senaxva ori mimarTulebiT 
ganStoebul struqturaSi, romelsac bina-
ruli xe ewodeba. 

5 

7 

9 6 

3 

4 1 
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rekursiis saSualebiT, saTanado axali 
tipi msgavs binarul xeTa warmosadgenad 
SeiZleba Semdegnairad gamocxaddes: 

magaliTad, wina slaidze mocemuli xe aseT-
nairad aRmoCndeba Cawerili: 

data Tree = Leaf Int 
          | Node Tree Int Tree 

Node (Node (Leaf 1) 3 (Leaf 4)) 
     5 
     (Node (Leaf 6) 7 (Leaf 9)) 
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axla SegviZlia ganvsazRvroT funqcia, rome-
lic daadgens, Tu gvxvdeba mocemuli mTeli 
ricxvi binarul xeze: 

occurs               :: Int → Tree → Bool 

occurs m (Leaf n)     = m==n 

occurs m (Node l n r) = m==n 

                        || occurs m l 

                        || occurs m r 

magram... uares SemTxvevaSi, roca mTeli ric-
xvi ar gvxvdeba, am funcias mTeli xis gavla 
mouwevs. 
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axla ganvixiloT flatten funqcia, romelic 
gvibrunebs xeze ganTavsebuli yvela mTeli 
ricxvis sias : 

flatten             :: Tree → [Int] 

flatten (Leaf n)     = [n] 

flatten (Node l n r) = flatten l 

                       ++ [n] 

                       ++ flatten r 

xes ewodeba Zebnis xe, Tu igi daiyvaneba 
mowesrigebul siamde. Cveni magaliTis xe 
warmoadgens Zebnis xes, radgan igi daiyva-
neba mowesrigebul [1,3,4,5,6,7,9] siamde. 
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Zebnis xes aqvs arsebiTi Tviseba _ xeSi mniS-
vnelobis povnis mcdelobisas yovelTvis Se-
gviZlia or qvexes Soris SevarCioT is, ro-
melSic igi SeiZleba Segvxvdes: 

es axali gansazRvreba ufro efeqturia, 
radgan xeze _ qveviT mimavali gzis _ gav-
la mxolod erTxel aris saWiro. 

occurs m (Leaf n)            = m==n 

occurs m (Node l n r) | m==n = True 

                      | m<n  = occurs m l 

                      | m>n  = occurs m r 
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savarjiSoebi 

(1) rekursiisa da add funqciis gamoyenebiT 
gansazRvreT funqcia, romelic or na-
turalur ricxvs amravlebs. 

(2) gansazRvreT saTanado fold fuqcia gamo-
saxulebebisaTvis da moiyvaneT misi ga-
moyenebis ramdenime magaliTi. 

(3) binaruli xe  srulia, Tu yoveli kvanZis 
ori qvexe erTnairi zomisaa. gansazRvreT 
funqcia, romelic arkvevs xis sisrules. 
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daprogrameba HASKELL enaze 

Tavi 11 _ amocana «kauntdauni» 
(«countdown») 



1 

ra aris kauntdauni (Countdown)? 

 popularuli televiqtorinaa, romelic 
pirvelad gaCnda britaneTis televizia-
ze 1982 wels. 

 
 efuZneba franguli satelevizio Sou-Ta-
maSis originalur versias "Des Chiffres et 
Des Lettres" («cifrebi da asoebi»). 
 

 Seicavs ricxvebTan TamaSs, romelsac vu-
wodebT kauntdaunis amocanas. 
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magaliTi 

1 3 7 10 25 50 

gamoviyenoT Semdegi ricxvebis «wyaro » 

da ariTmetikuli operatorebi 

765 

+ - ∗ ÷ 

amis safuZvelze avagoT gamosaxuleba, 
romlis mniSvneloba, anu «mizani»,  aris 



3 

wesebi 
 yvela ricxvi, Sualeduri Sedegebis CaT-
vliT, unda iyos dadebiTi naturaluri 
(1, 2, 3, ...). 

 
 gamosaxulebis agebisas yoveli ricxvi 
wyarodan SeiZleba iyos gamoyenebuli 
maqsimum erTxel. 

 
 televiziaze pragmatuli mosazrebebiT 
miRebuli sxva wesebi aq ignorirebulia. 



4 

vTqvaT, Cveni magaliTisaTvis, erT-erTi 
SesaZlo amonaxsnia 

 am magaliTsaTvis 780 amonaxsni arsebobs. 

 
 miznis Secvla ricxviT     iZleva ma-
galiTs, romelsac amonaxsni ar aqvs. 

SeniSvnebi: 

831 

(25-10) ∗ (50+1) 765 = 
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gamosaxulebaTa gamoTvla 

operatorebi: 

data Op = Add | Sub | Mul | Div 

operatoris gamoyeneba: 

apply         :: Op → Int → Int → Int 
apply Add x y  = x + y 
apply Sub x y  = x - y 
apply Mul x y  = x * y 
apply Div x y  = x `div` y 
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nebis darTva, Tu ori dadebiTi naturaluri 
ricxvis mimarT operatoris gamoyenebis Sede-
gi aseve naturaluria: 

valid         :: Op → Int → Int → Bool 
valid Add _ _  = True 
valid Sub x y  = x > y 
valid Mul _ _  = True 
valid Div x y  = x `mod` y == 0 

gamosaxulebebi: 

data Expr = Val Int | App Op Expr Expr 
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eval            :: Expr → [Int] 
eval (Val n)     = [n | n > 0] 
eval (App o l r) = [apply o x y | x ← eval l 
                                , y ← eval r 
                                , valid o x y] 

gamosaxulebis sruli mniSvnelobis dabru-
neba, Tu igi dadebiTi naturaluri ricxvia: 

warmatebisas  - erTelementiani, 
xolo warumateblobisas - 
carieli siebis dabruneba. 
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amocanis formalizeba 

siidan nuli an meti elementis arCevis 
yvela SesaRlo variantTa siis dabruneba: 

choices :: [a] → [[a]] 

magaliTad: 

> choices [1,2] 
 
[[],[1],[2],[1,2],[2,1]] 
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gamosaxulebis yvela mniSvnelobaTa siis 
dabruneba: 

values            :: Expr → [Int] 
values (Val n)     = [n] 
values (App _ l r) = values l ++ values r 

nebis darTva, Tu gamosaxuleba warmoad-
gens amonaxsns wyaros ricxvTa mocemuli 
siisa da miznisaTvis : 

solution       :: Expr → [Int] → Int → Bool 
solution e ns n = elem (values e) (choices ns) 
                  && eval e == [n] 
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pirdapiri («uxeSi ZaliT») amoxsna 

or aracariel nawilad siis gayofis yvela 
SesaZlo gzaTa (versiaTa) siis dabruneba: 

split :: [a] → [([a],[a])] 

magaliTad: 

> split [1,2,3,4] 
 
[([1],[2,3,4]),([1,2],[3,4]),([1,2,3],[4])] 
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gvibrunebs sias, sadac warmodgenilia yvela 
SesaZlo gamosaxuleba, romelTa mniSvnelo-
bebi zustad mocemuli ricxvebis siaa: 

exprs    :: [Int] → [Expr] 
exprs []  = [] 
exprs [n] = [Val n] 
exprs ns  = [e | (ls,rs) ← split ns 
               , l       ← exprs ls 
               , r       ← exprs rs 
               , e       ← combine l r] 

sakvanZo funqcia am 
leqciaSi. 
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combine    :: Expr → Expr → [Expr] 
combine l r = 
   [App o l r | o ← [Add,Sub,Mul,Div]] 

ori gamosaxulebis kombinireba TiToeuli 
operatoris gamoyenebiT: 

solutions     :: [Int] → Int → [Expr] 
solutions ns n = [e | ns' ← choices ns 
                    , e   ← exprs ns' 
                    , eval e == [n]] 

siis dabruneba, sadac yvela SesaZlo gamo-
saxulebaa, romlebic kauntdaunis amocanis 
mocemuli magaliTis amoxsnas iZleva: 
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ramdenad swrafia yvelaferi es? 

sistema: 
 
kompilatori: 
 
magaliTi:  
 
erTi amonaxsni: 
 
yvela amonaxsni: 

solutions [1,3,7,10,25,50] 765 

1.2 ghc Pentium M leptopi 

 
GHC versia 6.4.1 
 
   
 
0.36 wami    
 
43.98 wami 



14 

 ganxillvisas mravali gamosaxuleba, 
Cveulebriv, dauSvebeli iqneba – maTi 
gamoTvla ar unda xdebodes.  

 
 Cvens magaliTSi, daaxloebiT, mxolod 
5 milioni gamosaxulebaa dasaSvebi 33 
milion SesaZloTa Soris. 

 
 generirebis kombinireba gamoTvlasTan 
dauSvebel gamosaxulebaTa winaswari 
ganTesvis saSualebas mogvcems. 

SesaZlebelia gaumjobeseba? 
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results   :: [Int] → [Result] 
results ns = [(e,n) | e ← exprs ns 
                    , n ← eval e] 

type Result = (Expr,Int) 

dasaSvebi gamosaxulebebi da maTi mniSvne-
lobebi: 

vecadoT ganvsazRvroT funqcia, romelic 
gaaerTianebs gamosaxulebaTa generirebasa 
da gamoTvlas : 

ori funqciis gaerTianeba  
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results []  = [] 
results [n] = [(Val n,n) | n > 0] 
results ns  = 
   [res | (ls,rs) ← split ns 
        , lx      ← results ls 
        , ry      ← results rs 
        , res     ← combine' lx ry] 

aseTi qceva miiRweva gansazRvrebiT 

combine' :: Result → Result → [Result] 

sadac 
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solutions'     :: [Int] → Int → [Expr] 
solutions' ns n = 
   [e | ns'   ← choices ns 
      , (e,m) ← results ns' 
      , m == n] 

axali funqcia, romliTac wydeba kauntda-
unis (countdown) amocanebi: 

combine’ (l,x) (r,y) = 
   [(App o l r, apply o x y) 
      | o ← [Add,Sub,Mul,Div] 
      , valid o x y] 

Sedegebis gaerTianeba: 
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ramdenad swrafia es axla? 

magaliTi:  
 
 
 
erTi aminaxsni: 
 
 
 
yvela amonaxsni: 

solutions' [1,3,7,10,25,50] 765 

0.04 wm    
 
 
 
3.47 wm 

orive 
SemTxvevaSi, 
daaxloebiT, 
10-jer ufro 

swrafad. 
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 mravali gamosaxuleba TavianTi arsiT 
erTnairi aRmoCndeba martivi ariTmeti-
kuli Tvisebebis gamo, rogoricaa,  maga-
liTad, Semdegi igiveobebi: 

 aseTi Tvisebebis gaTvaliswineba Zebni-
sa da amonaxsnTa sivrceebis  mniSvne-
lovan reduqcias gamoiwvevs. 

SesaZlebelia gaumjobeseba? 

x ∗ y y ∗ x 

x ∗ 1 x 

= 

= 
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TvisebaTa gamoyeneba 

dasaSvebi predikatis gaZliereba komuta-
tiurobisa da identurobis TvisebaTa ga-
TvaliswinebiT: 

valid         :: Op → Int → Int → Bool 

valid Add x y  = True 

valid Sub x y  = x > y 

valid Mul x y  = True 

valid Div x y  = x `mod` y == 0 

x ≤ y x ≤ y && x ≠ 1 x ≤ y && x ≠ 1 && y ≠ 1 

x ≤ y 

&& y ≠ 1 
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rogori siswrafea axla? 

magaliTi:  
 
 
 
vargisia: 

 
 
 
amonaxsni: 

solutions'' [1,3,7,10,25,50] 765 

250000 gamosaxuleba 

 
 
 
49 gamosaxuleba 

daaxloebiT, 
20-jer 
naklebi. 

daaxloebiT, 
16-jer 
naklebi. 
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erTi amonaxsni: 
 
 
 
 
yvela amonaxsni: 

0.02 wm    
 
 
 
 
0.44 wm 

daaxloebiT, 
2-jer ufro 
swrafad. 

daaxloebiT, 
7-jer ufro 
swrafad. 

mTlianobaSi Cveni programa, Cveulebriv, 
xsnis amocanebs satelevizio viqtorini-
dan myisierad, xolo yvela amonaxsns wamis 
ganmavlobaSi adgens. 
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Ddaprogrameba HASKELL enaze 

Tavi 12 – gadadebuli (zarmaci)   
 gamoTvlebi 
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Sesavali 
  aqamde Cven ar mogvcemia saSualeba dawvrilebiT 

gvesaubra gamosaxulebaTa Sefasebis Taviseburebe-
bis Sesaxeb haskelSi. 

   sinamdvileSi gamosaxulebaTa Sefaseba am enaSi mar-
tivi meTodiT xdeba, romlis, sxvaTa Soris, mTavari 
principebi aseTia: 

 

 Tavis Sekaveba zedmeti, usargeblo gamoTvlebisagan; 

 programaTa meti modulobis uzrunvelyofa; 

 daprogramebisas usasrulo siebTan muSaobis Sesa-
Zleblobis Seqmna. 

   

   gamoTvlaTa aseT meTods gadadebuli, anu zarmaci 
gamoTvlebi ewodeba, xolo Tavad haskels _ zarmaci 
funqcionaluri ena. 
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gamosaxulebaTa gamoTvla 1 
• ZiriTadad, gamosaxulebebi gamoiTvleba an gardaiq-

mneba gansazRvrebaTa warmatebuli gamoyenebiT, vi-
dre Semdgomi gamartiveba SeuZlebeli ar gaxdeba. 

• magaliTad, Tu gaviTvaliswinebT 

  square  n = n*n 
    gansazRvrebas, maSin square(3+4) gamosaxuleba 

SeiZleba Sefasdes gardaqmnaTa Semdegi mimdevrobis 
gamoyenebiT: 

 
   square  (3+4) 
   = 
   square  7 
   = 
   7 * 7 
   = 
   49 
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gamosaxulebaTa gamoTvla 2 
magram SesaZlo gardaqmnaTa mimdevrobis gamoyeneba 
erTaderTi gziT ar xdeba. magaliTad:  

square   (3+4) 
= 
(3+4)* (3+4) 
= 
7 *(3+4) 
= 
7*7 
= 
49 
axla Cven gamoviyeneT kvadratSi ayvana Sekrebis 
operaciamde, magram saboloo Sedegi iseTive miviReT. 
faqti: haskelSi gamosaxulebis Sefaseba ori 
sxvadasxva (magram sasruli) gziT erTsa da imave 
Sedegs iZleva. 
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gardaqmnaTa strategiebi 
yovel etapze gamosaxulebis gamoTvlis procesSi da-
saSvebia gaCndes mravali qvegamosaxuleba, romlis re-
ducireba gansazRvrebis gamoyenebiT SeiZleba. 

 
redeqsis, anu reducirebadi qvegamosaxulebis (REDu-
cible subEXpression) asarCevad ori zogadi stra-
tegia arsebobs. 

 
1. Sida reduqcia 
   Sida redeqsi yovelTvis reducirebadia; 
 
2. gare reduqcia 
   gare redeqsi yovelTvis reducirebadia. 

       
  rogor xdeba ori strategiis Sedareba...? 
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dasrulebadoba 1 
mocemulia gansazRvreba: 

 
loop  = tail loop 
 
SevafasoT fst (1,loop) gamosaxuleba reduqciis am 
ori strategiis gamoyenebiT: 

 
1. Sida reduqcia 

  fst (1, loop) 
  = 
  fst (1,tail loop) 
  = 
  fst (1,tail (tail loop)) 
  = 
  … 
es strategia dasrulebadi ar aris. 
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dasrulebadoba 2 
2. gare reduqcia 
     
    fst (1,loop) 
    = 
    1 
 
es strategia iZleva Sedegs erTi bijiT. 
 
faqtebi 

 
• gare reduqciam SeiZleba mogvces Sedegi maSinac ki, 
roca Sida   reduqcia dasrulebadi ar aris; 

 
• Tu mocemuli gamosaxulebisaTvis saerTod 
arsebobs reduqciaTa romelime sasruli mimdevroba, 
maSin gare reduqcia aseve sasruli iqneba imave 
SedegiT. 
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reduqciaTa ricxvi 1 
kvlav ganvixiloT Semdegi reduqciebi: 
Sida                                     gare 

square (3+4)             square (3+4)   
=                        = 
Square 7                 (3+4)   * (3+4)    
=                        = 
7 * 7                    7*(3+4) 
=                        = 
49                       7 * 7 
                         = 
                         49 
gare versia araefeqturia: 3+4 qvegamosaxuleba meor-
deba kvadratSi axarisxebis redicirebisas da amitom 
Semdeg orjer gvixdeba gamartivebis ganxorcieleba. 
faqti: gare reduqciam SeiZleba moiTxovos ufro meti 
moqmedeba, vidre Sidam. 
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reduqciaTa ricxvi 2 
es problema SeiZleba gadaiWras maCveneblebiT gamosaxu-
lebaTa erToblivi gamoyenebis saCveneblad gamoTvlaSi. 
Square (3+4) 
= 
(º * º)         aq º aris (3+4)-is maCvenebeli 

= 
(º * º)         aq º aris 7-is maCvenebeli 
= 
49 

es reduqciis axal strategias iZleva: 
Zarmaci gamoTvla = gare reduqcia + erToblivad 
gamoyeneba 
faqtebi: 
• zarmaci gamoTvla arasodes iTxovs reduqciaTa ufro 
met bijs, vidre Sida reduqcia; 
• haskeli iyenebs zarmac (gadadebul) gamoTvlas. 
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usasrulo siebi 1 
dasrulebadobis upiratesobasTan erTad, zarmaci ga-
moTvla mniSvnelobaTa usasrulo siebis daprograme-
bis saSualebasac iZleva! 

 
ganvixiloT rekursiuli gansazRvreba 

 
ones :: [Int] 
ones = 1: ones 
 
rekursiis ramdenimejer ganxorcieleba iZleva: 

 
 ones = 1:ones 
      = 1:1:ones 
      = 1:1:1:ones 
      =   … 
amrigad, miiReba erTianebis usasrulo sia. 
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usasrulo siebi 2 
kvlav ganvixiloT head ones gamosaxulebis Sefaseba Sida 
reduqciisa da gamoTvlis gamoyenebiT: 

 
1. Sida reduqcia 

     
   head  ones = head (1:ones) 
              = head (1:1:ones) 
              = (1:1:1:ones) 
              = ... 
  
am SemTxvevaSi gamoTvla dausruleblad grZeldeba. 

 
2. Zarmaci gamoTvla 

    
   head  ones = (1:ones) 
              = 1 
 
am SemTxvevaSi gamoTvla iZleva Sedegs 1-is saxiT. 
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usasrulo siebi 3 
amrigad, zarmaci gamoTvlebis gamoyenebiT, ones usasrulo 
siaSi mxolod pirveli mniSvnelobaa faqtobrivad nawarmo-
ebi, radgan mxolod igia saWiro mTeli  head  ones gamosaxu-
lebis gamosaTvlelad. 

 
Sazogadod gvaqvs Semdegi slogani (devizi, lozungi): 

 
zarmaci gamoTvlebis saSualebiT gamosaxulebebi gamoi-
Tvleba zustad im moculobiT, rac aucilebelia  sabo-
loo Sedegis misaRebad. 
 
axla vxedavT, rom 

 
ones =1 : ones 
 
namdvilad gansazRvravs potenciurad usasrulo sias, ro-
melic fasdeba zustad gamoyenebis Sinaarsis moTxovnidan 
gamomdinare... 
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moduliri daprogrameba 
SeiZleba sasruli siebis generireba usasrulo siebidan 
sametyvelo elementis gamoyenebiT. magaliTad: 

? take 5 ones 
[1,1,1,1,1] 
 
? Take 5 [1..] 
[1,2,3,4,5] 
 
zarmaci gamoTvlebi saSualebas gvaZlevs gavxadoT pro-
gramebi ufro moduluri monacemebSi Sinaarsobrivi formis 
gancalkevebiT: 
 
Take 5 [1..] 
|----| |----|                       
marTva  monacemebi 

 
zarmaci gamoTvlebis saSualebiT monacemebi gamoiTvleba 
zusTad marTvis komponentis moTxovnis Sesabamisad. 
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magaliTi : martivi ricxvebis generireba 1 
elementaruli procedura yvela martivi ricxvis 
usasrulo siis misaRebad aseTia: 
  
1. 2, 3, 4, ... siis Cawera; 
2. siaSi pirveli p sididis moniSvna martiv ricxvad; 
3. siidan p-s jeradi yvela ricxvis amoSla; 
4. me-2 bijze gadasvla. 

  
pirveli ramdenime biji SeiZleba Semdegi cxriliT 
gamoixatos: 

 
2  3  4  5  6  7  8  9  10  11  12  … 
   3     5  _  7     9      11   _  … 
         5     7         _  11      … 
               7            11      … 
                            11      … 
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magaliTi : martivi ricxvebis generireba 2 
es procedura cnobilia «eratosfenis sacris» saxelwode-
biT, Zveli berZeni maTematikosis pativsacemad, romelmac 
pirvelma aRwera xsenebuli algoriTmi. 
 
igi SeiZleba pirdapir iyos gadayvanili haskelSi 

 
primes        :: [Int] 
primes        = seive [z..] 
seive        :: [Int] −›[Int] 
seive (p:xs) = p:seive [x|x‹−xs, x`mod`p /=0] 
 
da Semdegnairad Sesruldes: 

 
? Primes 
[2,3,5,7,11,13,17,19,23,29,31, 
 37,41,43,47,53,59,61, 67, … 
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magaliTi : martivi ricxvebis generireba 3 
Tu martiv ricxvTa generirebisas uars vityviT sa-
srulobis SezRudvaze, miviRebT modulur gansaz-
Rvrebas, sadac SeiZleba iyos Semotanili sxvadasxva 
sasazRvro piroba ama Tu im viTarebaSi. 
 
pirveli aTi martivi ricxvis arCeva: 

 
?  take  10  primes 
[2,3,5,7,11,13,17,19,23,29] 
 
martivi ricxvebis arCeva, romlebic naklebia 15-ze: 

 
?  take  while ( ‹15 ) primes 
[2,3,5,7,11,13] 
 

zarmaci gamoTvlebi moxerxebuli daprogramebaa!  
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gasarTobi savarjiSoebi 
1. gansazRvreT 

   fibs :: [Integer] 
   programa, romelic warmoqmnis fibonaCis usasrulo  

   [0,1,1,2,3,5,8,13,21,34, ... 
   mimdevrobas Semdegi martivi proceduris gamoyenebiT: 
  
   a)pirveli ori ricxvia 0 da 1; 

  
   b)Semdegi ricxvi wina oris jamia; 

  
   c)gadasvla b bijze. 

  
2. gansazRvreT 
   fib  ::  Int −›Integer 
   funqcia, romelic angariSobs fibonaCis me-n ricxvs. 
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