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Sunarthsiakèc Gl¸ssec ProgrammatismoÔ

Gl¸ssec stic opoÐec o programmatist c qrhsimopoieÐ
sqedìn apokleistik� sunart seic gia perigraf 
enìc algorÐjmou   epÐlush enìc probl matoc.
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Sun�rthsh

MÐa sun�rthsh dÐnei mÐa antistoÐqish an�mesa sta
stoiqeÐa enìc sunìlou (pedÐo orismoÔ) kai se èna �llo
sÔnolo (pedÐo tim¸n)

Par�deigma

H sun�rthsh f (x) = x + 1 eÐnai ish me {(0, 1), (1, 2), · · · }

P. Rontogi�nnhc Sunarthsiakìc Programmatismìc



Par�deigma

Par�deigma

{· · · (−3,minus), (−2,minus), (−1,minus),
(0, zero), (1, plus), (2, plus), (3, plus), · · · }

sign(x) =


minus, if x < 0
zero, if x = 0
plus, if x > 0

To x sta dÔo aut� paradeÐgmata onom�zetai tupik 
par�metroc thc sun�rthshc.

H parap�nw sun�rthsh eÐnai orismènh gia ìla ta
stoiqeÐa tou sunìlou twn akeraÐwn kai onom�zetai
olik  (total) sun�rthsh.
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Par�deigma

Par�deigma

sign2(x) =

{
minus, if x < 0
plus, if x > 0

EÐnai merik  (partial) sun�rthsh.

MporoÔme na doÔme tic sunart seic wc black boxes.

sign
6 plus

To 6 onom�zetai pragmatik  (actual) par�metroc
thc sign.

P. Rontogi�nnhc Sunarthsiakìc Programmatismìc



Sqìlia

Ja lème ìti h sun�rthsh efarmìzetai (applied) sthn
pragmatik  par�metro.

Sto parap�nw par�deigma, h efarmog  aut 
gr�fetai: sign(6)

MÐa polÔ qr simh {pr�xh} an�mesa se sunart seic
eÐnai h sÔnjesh (composition)
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ParadeÐgmata

max(m, n) =

{
m, an m > n
n, diaforetik�

max(a, b, c) =


a, an a ≥ b kai a ≥ c
b, an b ≥ a kai b ≥ c
c , an c ≥ a kai c ≥ b

max3(a, b, c) = max(a,max(b, c))

SM4(a, b, c , d) = sign(max(a,max3(b, c , d)))
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Par�deigma SunarthsiakoÔ Progr�mmatoc (1)

Upologismìc megÐstou dÔo arijm¸n

Prìgramma

max(a,b) = if (a>b) then a else b

To prìgramma moi�zei polÔ me ènan kajar�
majhmatikì orismì.

Ta a,b onom�zontai tupikèc par�metroi (formal
parameters) thc sun�rthshc max. 'Otan dÐnontai
sugkekrimènec timèc stic tupikèc paramètrouc, tìte
{kaleÐtai} h sun�rthsh me autèc tic paramètrouc.
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Par�deigma SunarthsiakoÔ Progr�mmatoc (2)

Gia max(2,3) h sun�rthsh {kaleÐtai} me pr¸th
par�metro 2 kai deÔterh par�metro 3.

Oi par�metroi me tic opoÐec kaleÐtai mÐa sun�rthsh
(ìpwc ta 2 kai 3) onom�zontai pragmatikèc
par�metroi (actual parameters).
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Sunarthsiakìc programmatismìc

Dunatìthta dhmiourgÐac pio polÔplokwn
sunart sewn me sÔnjesh aploÔsterwn.

Prìblhma eÔreshc mègistou tri¸n arijm¸n

Orismìc nèac sun�rthshc qrhsimopoi¸ntac thn

sun�rthsh max:

Prìgramma

max3(a,b,c) = max(a, max(b,c))
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Diafor�

Basik  diafor� sunarthsiak¸n kai prostaktik¸n
glwss¸n programmatismoÔ

Gl¸ssec programmatismoÔ (C kai Pascal) den
diajètoun (se antÐjesh me tic sunarthsiakèc gl¸ssec)
thn idiìthta thc diaf�neiac anafor�c (referential
transparency)

P. Rontogi�nnhc Sunarthsiakìc Programmatismìc



Diaf�neia anafor�c

K�je èkfrash se èna prìgramma antistoiqeÐ se mÐa
kai monadik  tim .

An h Ðdia èkfrash xana-upologisjeÐ tìte ja d¸sei kai
p�li thn Ðdia tim  (dhlad  o upologismìc thc tim c
mÐac èkfrashc den all�zei potè thn tim  thc)
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Par�deigma Progr�mmatoc

Prìgramma

program example (output);

var flag: boolean;

function f(n: integer): integer;

begin

if flag then f:=n

else f:= 2*n;

flag :=not flag

end;

begin

flag := true;

writeln(f(1)+f(2));

writeln(f(2)+f(1));

end

P. Rontogi�nnhc Sunarthsiakìc Programmatismìc



Par�deigma Progr�mmatoc

H ektèlesh tou progr�mmatoc dÐnei dÔo timèc (5 kai
4).

Ja perimèname kai stic dÔo peript¸seic to Ðdio
apotèlesma lìgw antimetajetikìthtac thc prìsjeshc
sta majhmatik�

Prìblhma

Diafor� an�mesa stic sunart seic, pou orÐzontai se

mÐa gl¸ssa ìpwc h Pascal, me tic majhmatikèc
sunart seic.

Qr sh entol¸n an�jeshc (assignments) kai kajolik¸n
(global) metablht¸n
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Diaf�neia anafor�c

Oi sunarthsiakèc gl¸ssec diajètoun thn idiìthta thc
diaf�neiac anafor�c.

Progr�mmata, pou gr�fontai se autèc
antiproswpeÔoun sthn ousÐa majhmatikèc
sunart seic.
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Eisagwg  sth Gl¸ssa Haskell

Haskell: SÔgqronh sunarthsiak  gl¸ssa, pou
qrhsimopoieÐtai gia aplèc mèqri arket� polÔplokec
efarmogèc.

Kl sh tou diermhnèa thc Haskell kai emf�nish tou
sumbìlou {?}. O qr sthc dÐnei mÐa èkfrash gia
upologismì.
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Par�deigma

Par�deigma

? (2+3)*8

40

? sum [1..10]

55

?

O sumbolismìc [1..10] anaparist� lÐsta akeraÐwn
apì to 1 mèqri to 10.

To sum eÐnai sun�rthsh tou sust matoc gia
upologismì ajroÐsmatoc twn stoiqeÐwn lÐstac.

O qr sthc mporeÐ na orÐsei dikèc tou sunart seic.
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TÔpoi thc Haskell

SÔsthma tÔpwn

PolÔ qr simo gia anÐqneush laj¸n se ekfr�seic kai
orismoÔc sunart sewn, pou gr�fei o
programmatist c.

DÐnetai ènac tÔpoc se k�je èkfrash, o opoÐoc
qarakthrÐzei to eÐdoc thc tim c, pou anaparÐstatai
apì aut n (akèraioc, arijmìc kinht c upodiastol c,
klp).
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Par�deigma

'Ekfrash::tÔpoc: Sumbolismìc ìti h èkfrash èqei
ton sugkekrimèno tÔpo.

'Otan gr�foume

42::Int

ennooÔme ìti to 42 eÐnai akèraioc (Int eÐnai to

ìnoma, pou anaparist� ton tÔpo twn akeraÐwn

arijm¸n).

fact::Int -> Int

ennooÔme ìti fact eÐnai mÐa sun�rthsh, pou paÐrnei

san ìrisma ènan akèraio kai epistrèfei ènan akèraio.
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Logikèc Timèc

SumbolÐzontai me Bool

Lamb�noun dÔo timèc: True kai False

UposthrÐzontai apì th Haskell oi sunart seic
epexergasÐac logik¸n tim¸n:

a && b eÐnai True kai to a kai to b eÐnai True
a && b eÐnai False diaforetik�

a || b eÐnai True èna apì ta a kai b eÐnai True
a || b eÐnai False diaforetik�

not a eÐnai True a eÐnai False
not a eÐnai False a eÐnai True
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Akèraiec Timèc

SumbolÐzontai me Int

Perilamb�noun jetikoÔc kai arnhtikoÔc arijmoÔc

UposthrÐzontai apì Haskell me pollèc sunart seic
gia thn epexergasÐa touc
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Sunart seic Akèraiwn Tim¸n

+ Prìsjesh
- AfaÐresh
* Pollaplasiasmìc
/ Akèraih DiaÐresh
rem Upìloipo
odd Epistrèfei True (ìrisma perittìc),

diaforetik� False

even Epistrèfei True (ìrisma �rtioc),
diaforetik� False

abs Epistrèfei apìluth tim  orÐsmatoc
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ArijmoÐ Kinht c Upodiastol c

SumbolÐzontai me Float

QrhsimopoioÔntai se upologismoÔc meg�lhc akrÐbeiac

Pr�xeic me autoÔc eÐnai genik� akribeÐc. Se

polÔplokouc upologismoÔc endèqetai na upeisèljoun

sf�lmata, pou alloi¸noun to telikì apotèlesma.

AnaparÐstantai me qr sh upodiastol c (pq. 3.141)  
me episthmonikì sumbolismì (pq. 5.0e-2, eÐnai
isodÔnamo me 0.05)
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Qarakt rec

SumbolÐzontai me Char

AtomikoÐ qarakt rec, ìpwc autoÐ se èna plhktrolìgio

Diaforetikìc tÔpoc apì to Int

Gr�fontai san qarakt rac, pou perikleÐetai me
apostrìfouc

’a’, ’0’, ’z’
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Sunart seic kai Qarakt rec

Epitrèpoun th metatrop  enìc qarakt ra ston antÐstoiqo
ASCII k¸dika kai antÐstrofa.

Par�deigma

? ord ’a’

97

? chr 65

’A’

H ord epistrèfei ton antÐstoiqo ASCII k¸dika enìc
qarakt ra, en¸ h chr to qarakt ra, pou antistoiqeÐ se
ASCII k¸dika.
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LÐstec

An t eÐnai ènac tÔpoc thc Haskell, tìte [t] sumbolÐzei
ton tÔpo twn list¸n, pou perièqoun stoiqeÐa tÔpou t.

Par�deigma: [Int] eÐnai lÐstec me akèraiouc arijmoÔc
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Trìpoi graf c lÐstac

AploÔsterh lÐsta eÐnai h ken  lÐsta

[]

AparÐjmhsh stoiqeÐwn lÐstac

[1,3,10]

Qr sh telest  {:}

[1,3,10]=1:[3,10]=1:(3:[10])=1:(3:(10:[]))
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Sunart seic gia lÐstec

length xs epistrèfei to m koc thc lÐstac xs
xs ++ ys Epistrèfei mÐa nèa lÐsta, pou apoteleÐtai

apì ta stoiqeÐa thc xs akoloujoÔmena
apì ta stoiqeÐa thc ys

concat xss Epistrèfei th lÐsta twn stoiqeÐwn, pou
up�rqoun se k�je mÐa apì tic lÐstec
sthn xss

P. Rontogi�nnhc Sunarthsiakìc Programmatismìc



Par�deigma

Par�deigma

? length [1,3,10]

3

? [1,3,10]++[2,6,5,7]

[1,3,10,2,6,5,7]

? concat [[1],[2,3],[],[4,5,6]]

[1,2,3,4,5,6]

'Ola ta stoiqeÐa mÐac lÐstac prèpei na èqoun ton Ðdio tÔpo
(ìla akèraioi,   ìla qarakt rec, klp.)
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Sumboloseirèc

SumbolÐzontai me String

SuntomografÐa tou tÔpou [Char]

Gr�fontai san akoloujÐec, pou perikleÐontai apì ton
qarakt ra {"}

"hello, world"

EÐnai ousiastik� lÐstec qarakt rwn
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Sunart seic

Efarmog  sunart sewn kai gia genikèc lÐstec

Par�deigma

? length "Hello"

5

? "Hello, " ++ "World"

Hello, World

? concat ["mary","ann"]

maryann
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N-�dec

An t1, t2, ..., tn eÐnai tÔpoi, tìte o tÔpoc thc
n-�dac sumbolÐzetai me

(t1, t2, ..., tn)
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N-�dec

(Int, [Int], Float) anaparist� to sÔnolo twn
tri�dwn twn opoÐwn to pr¸to stoiqeÐo eÐnai akèraioc,
to deÔtero lÐsta akeraÐwn kai to trÐto arijmìc
kinht c upodiastol c.

(Char, Bool) anaparist� to sÔnolo twn du�dwn me
pr¸to stoiqeÐo qarakt ra kai deÔtero logik  tim .
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Sunart seic

An t1 kai t2 eÐnai tÔpoi, tìte t1 -> t2 eÐnai o tÔpoc
sun�rthshc, pou

paÐrnei orÐsmata tÔpou t1 kai

epistrèfei apotelèsmata tÔpou t2.
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Sunart seic

MÐa sun�rthsh add h opoÐa paÐrnei san ìrisma thc
du�da arijm¸n kai epistrèfei to �jroisma touc, èqei
tÔpo: (Int, Int) -> Int

H sun�rthsh ord èqei tÔpo: Char -> Int

H sun�rthsh chr èqei tÔpo: Int -> Char
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Sunart seic sthn Haskell

H Haskell uposthrÐzei èna eurÔ f�sma apì
sunart seic sust matoc (pq product, abs, chr,

ord, klp)

Stic perissìterec peript¸seic, o qr sthc orÐzei
epiplèon sunart seic (pq. gia epÐlush eidikoÔ
probl matoc)
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Genik  morf  sunart sewn Haskell

f pat1 ... patn = E

Kajèna apì ta pat1 ... patn anaparist� ìrisma
sun�rthshc kai onom�zetai prìtupo (pattern).

MporeÐ na eÐnai stajerèc timèc, metablhtèc   me

akìmh pio polÔplokh morf .

E eÐnai èkfrash thc gl¸ssac.

MÐa sun�rthsh orÐzetai me perissìterec apì mÐa
exis¸seic.
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Par�deigma 1

H sun�rthsh succ orÐzetai wc:

Prìgramma

succ n = n + 1

kai èqei wc monadikì thc ìrisma th metablht  n.
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Par�deigma

H sun�rthsh not orÐzetai me dÔo exis¸seic:

Prìgramma

not True = False

not False = True

OrÐsmata thc kai stic dÔo peript¸seic eÐnai mÐa
stajer  logik  tim  (True kai False).

Stajerèc (akèraioi, sumboloseirèc, qarakt rec klp)
qrhsimopoioÔntai wc prìtupa.
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Par�deigma

OrÐzoume th sun�rthsh hello me dÔo exis¸seic:

Prìgramma

hello "Panos" = "Hi"

hello name = "Hello, " ++ name

++ " nice to meet you!"

Sthn pr¸th exÐswsh, ìrisma eÐnai stajer� tÔpou String

kai sth deÔterh metablht .
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Par�deigma

H prohgoÔmenh sun�rthsh kaleÐtai

Par�deigma

? hello "Panos"

Hi

? hello "John"

Hello John, nice to meet you!
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Par�deigma

H seir� graf c exis¸sewn sth Haskell eÐnai polÔ
shmantik , diìti kat� thn kl sh thc sun�rthshc, to
sÔsthma qrhsimopoieÐ ton pr¸to orismì pou
efarmìzetai.

An antistrafeÐ h seir� entol¸n sto prohgoÔmeno
prìgramma, tìte èqoume

Par�deigma

? hello "Panos"

Hello Panos, nice to meet you!
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Exis¸seic Peript¸sewn

'Eqoun genik  morf :

Prìgramma

f x1 ... xn | condition1 = e1

| condition2 = e2

...

| conditionm = em

H Haskell upologÐzei tic timèc twn sunjhk¸n th mÐa met�
thn �llh mèqri na brei thn pr¸th alhj , opìte epistrèfei
thn tim  thc antÐstoiqhc èkfrashc.
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Par�deigma

H sun�rthsh oddity :: Int -> String exet�zei an to
ìrisma thc eÐnai �rtioc   perittìc kai epistrèfei "even"
kai "odd" antÐstoiqa.

Prìgramma

oddity n | even n = "even"

| otherwise = "odd"

H sunj kh otherwise eÐnai isodÔnamh me th logik 
stajer� True. Me th qr sh thc se sunj kh h antÐstoiqh
èkfrash qrhsimopoieÐtai opwsd pote an kamÐa
prohgoÔmenh sunj kh den èqei ikanopoihjeÐ.
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Anadrom 

Basik  teqnik  stic sunarthsiakèc gl¸ssec.

Qr sh gia orismì sunart sewn, pou epexerg�zontai
di�forouc tÔpouc dedomènwn
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Prìblhma

Upologismìc paragontikoÔ tou arijmoÔ n

Qwrismìc probl matoc se dÔo tm mata:

To n eÐnai mhdèn, opìte to n! eÐnai 1
Diaforetik�

n! = 1 · 2 · 3 · · · (n − 1) · n = (n − 1)! · n
Upologismìc tou n! afoÔ pr¸ta upologisjeÐ to
(n − 1)! kai met� pollaplasiasjeÐ me to n.
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Graf  se Haskell

Prìgramma

fact n = if (n == 0) then 1 else n*fact (n-1)

To parap�nw prìgramma moi�zei na eÐnai kuklikì,
all� den eÐnai.

Kaj¸c sto dexiì mèloc thc exÐswshc h tim  tou n

mei¸netai kat� 1, k�poia stigm  ja gÐnei Ðsh me mhdèn,
opìte den qrei�zetai na xanaklhjeÐ h sun�rthsh fact.
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Upologismìc tou fact 3

Par�deigma

fact 3 = 3 * fact 2

= 3 * 2 * fact 1

= 3 * 2 * 1 * fact 0

= 3 * 2 * 1 * 1

= 6
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Qr sh Exis¸sewn Peript¸sewn

To Ðdio prìgramma gr�fetai me qr sh exis¸sewn
peript¸sewn:

Prìgramma

fact n | (n==0) = 1

| otherwise = n * fact (n-1)

H Ðdia sun�rthsh me qr sh protÔpwn gr�fetai:

Prìgramma

fact 0 = 1

fact n = n * fact (n-1)
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(n + k) prìtupa thc Haskell

To Ðdio prìgramma gr�fetai:

Prìgramma

fact 0 = 1

fact (n+1) = (n+1)*fact n

To n+1 sumbouleÔei th Haskell ìti prèpei na perimènei
èna ìrisma megalÔtero   Ðso tou èna.

Diafèrei apì touc prohgoÔmenouc sto ìti an o
qr sthc zht sei thn tim  tou fact(-1) ja l�bei
diagnwstikì m numa l�jouc, en¸ ìloi oi �lloi
odhgoÔn se mh-termatismì.
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Anadromik� Progr�mmata me LÐstec

Teqnikèc gia ton orismì anadromik¸n programm�twn me
akèraiouc, qrhsimopoioÔntai kai se orismì anadromik¸n
sunart sewn se lÐstec.
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Sun�rthsh length

H sun�rthsh upologÐzei to m koc miac lÐstac.

DÔo peript¸seic

An h lÐsta eÐnai ken , tìte h sun�rthsh prèpei na

epistrèfei thn tim  0

An h lÐsta den eÐnai ken , tìte mporeÐ na grafeÐ sth

morf  x:xs, ìpou x h kefal  thc lÐstac kai xs h

our� thc. Tìte h arqik  lÐsta eÐnai kat� èna

stoiqeÐo megalÔterh apì thn xs kai epomènwc èqei

m koc 1+length(xs)
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Prìgramma

Prìgramma

length [] = 0

length (x:xs) = 1 + length xs
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Upologismìc m kouc lÐstac

Par�deigma

length [2,5,7] = 1 + length [5,7]

= 1 + (1 + length [7])

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

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

= 3
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Prìtupo []

Sta anadromik� progr�mmata me lÐstec
qrhsimopoieÐtai to prìtupo [], pou afor� thn ken 
lÐsta kai to x:xs, pou afor� tic mh-kenèc lÐstec.

Me to prìtupo autì orÐzontai dÔo basikèc
sunart seic, pou epistrèfoun thn kefal  kai thn
our� miac lÐstac antÐstoiqa:

Prìgramma

head (x:xs) = x

tail (x:xs) = xs
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Par�deigma

H sun�rthsh sum, pou ajroÐzei ìla ta stoiqeÐa lÐstac,
orÐzetai wc:

Prìgramma

sum [] = 0

sum (x:xs) = x + sum xs

An�loga orÐzetai h sun�rthsh product, pou epistrèfei to
ginìmeno twn stoiqeÐwn lÐstac.
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Par�deigma

H sun�rthsh append, pou en¸nei dÔo lÐstec orÐzetai wc:

Prìgramma

append [] ys = ys

append (x:xs) ys = x:(append xs ys)

Par�deigma:
append [1,4,1] [1,5] = [1,4,1,1,5].
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Par�deigma

Me qr sh thc append orÐzetai h sun�rthsh reverse, pou
antistrèfei mÐa lÐsta:

Prìgramma

reverse [] = []

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

Me qr sh thc reverse orÐzetai h sun�rthsh last, pou
epistrèfei to teleutaÐo stoiqeÐo mÐac lÐstac:

Prìgramma

last xs = head (reverse xs)

Par�deigma:
reverse [1,2,3,4] = [4,3,2,1]

last [1,3,5,7] = 7
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Par�deigma

H sun�rthsh take epistrèfei mÐa lÐsta me ta n pr¸ta
stoiqeÐa dedomènhc lÐstac (upìjesh: h dedomènh lÐsta ja
èqei p�nta toul�qiston n stoiqeÐa):

Prìgramma

take 0 xs = []

take (n+1) (x:xs) = x:(take n xs)

Par�deigma:
take 3 [1,3,4,7,8] = [1,3,4]
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Par�deigma

H sun�rthsh drop {pet�ei} ta pr¸ta n stoiqeÐa
dedomènhc lÐstac kai epistrèfei lÐsta me ta upìloipa
stoiqeÐa (upìjesh: h dedomènh lÐsta ja èqei p�nta
toul�qiston n stoiqeÐa):

Prìgramma

drop 0 xs = xs

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

Par�deigma:
drop 3 [1,3,4,7,8] = [7,8]
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Par�deigma

H sun�rthsh select dialègei to n-ostì stoiqeÐo dedomènhc
lÐstac:

Prìgramma

select 1 (x:xs) = x

select (n+1) (x:xs) = select n xs

Par�deigma:
select 3 [1,6,2,6,7] = 2
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Par�deigma

H sun�rthsh member lamb�nei wc orÐsmata èna stoiqeÐo
kai mÐa lÐsta kai epistrèfei True   False an�loga me to
an to stoiqeÐo an kei sth lÐsta   ìqi.

Prìgramma

member x [] = False

member x (y:xs) = if (x==y) then True

else (member x xs)
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Par�deigma

H sun�rthsh delete diagr�fei ìlec tic emfanÐseic enìc
stoiqeÐou apì mÐa lÐsta:

Prìgramma

delete x [] = []

delete x (y:xs) = if (x==y) then (delete x xs)

else (y:delete x xs)

Par�deigma:
delete 3 [1,3,5,3,7] = [1,5,7]
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Par�deigma

Sunart seic, pou sugkrÐnoun dÔo lÐstec kai elègqoun an
isqÔoun dedomènec sqèseic metaxÔ touc.
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Par�deigma

H sun�rthsh prefix elègqei an mÐa lÐsta eÐnai prìjema
(prefix) �llhc:

Prìgramma

prefix [] ys = True

prefix (x:xs) (y:ys) =

if (x==y) then (prefix xs ys)

else False

Sthn perÐptwsh gia epÐjema (suffix)

Prìgramma

suffix xs ys = prefix (reverse xs) (reverse ys)

P. Rontogi�nnhc Sunarthsiakìc Programmatismìc



Par�deigma

H sun�rthsh less lamb�nei dÔo orÐsmata, ènan arijmì
kai mÐa lÐsta apì arijmoÔc, kai epistrèfei touc arijmoÔc
thc lÐstac, pou eÐnai mikrìteroi apì to dedomèno arijmì:

Par�deigma

? less 3 [1,2,1,3,4,5]

[1,2,1]
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Par�deigma

O orismìc thc less eÐnai:

Prìgramma

less x [] = []

less x (y:ys) = if (y<x) then (y:less x ys)

else (less x ys)
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Par�deigma

H sun�rthsh greateq lamb�nei dÔo orÐsmata, ènan arijmì
kai mÐa lÐsta apì arijmoÔc kai epistrèfei touc arijmoÔc
thc lÐstac, pou eÐnai megalÔteroi   Ðsoi apì to dedomèno
arijmì.

Par�deigma

? greateq 3 [1,2,1,3,3,4,5,3]

[3,3,4,5,3]
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Par�deigma

DhmiourgÐa sun�rthshc, pou taxinomeÐ lÐstec
arijm¸n

Basik  idèa:

PaÐrnoume thn kefal  x thc lÐstac kai brÐskoume ìla

ta stoiqeÐa thc upìloiphc lÐstac, pou eÐnai mikrìtera

apì thn kefal  kai met� ìla ìsa eÐnai megalÔtera  

Ðsa.

Tic dÔo autèc upolÐstec tic taxinomoÔme anadromik�

kai met� tic en¸noume topojet¸ntac to x sth mèsh.
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Par�deigma

Autì gr�fetai wc:

Prìgramma

sort [] = []

sort (x:xs) = (sort (less x xs)) ++

[x] ++

(sort (greateq x xs))
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ParadeÐgmata

H sun�rthsh anyorder elègqei an dÔo stoiqeÐa
emfanÐzontai diadoqik� (me opoiad pote seir�) se mÐa
lÐsta. OrÐzoume pr¸ta th sun�rthsh adjacent:

Prìgramma

adjacent (x,y,[]) = False

adjacent (x,y,[z]) = False

adjacent (x,y,(a:b:zs))) =

if (x==a) && (y==b) then True

else adjacent (x,y, (b:zs))

Prìgramma

anyorder(x,y,zs)=

adjacent(x,y,zs) || adjacent(y,x,zs)
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Mèjodoc kl shc sunart sewn sth Haskell

Se pollèc gl¸ssec programmatismoÔ, oi timèc twn
pragmatik¸n paramètrwn miac sun�rthshc
upologÐzontai prin per�soun sth sun�rthsh (pern�ne
me tim  - call by value)

Pleonèkthma: UlopoÐhsh me idiaÐtera eÔkolo trìpo

Meionèkthma: Suqn�, pragmatopoÐhsh upologism¸n

pou den qrei�zontai (pq. gia ìrisma pou den

qrhsimopoieÐtai sto s¸ma thc sun�rthshc)
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Mèjodoc kl shc sunart sewn sth Haskell

Kl sh me z thsh (call by need)

'Olec oi par�metroi pern�ne sto s¸ma thc

sun�rthshc qwrÐc na èqei upologisjeÐ arqik� h tim 

touc. UpologÐzetai mìno an k�ti tètoio qrei�zetai

pragmatik�.

H Haskell qrhsimopoieÐ thn kl sh me z thsh.
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Par�deigma

'Estw h sun�rthsh:

Prìgramma

ignore x = "I don’t need to evaluate my argument"

An klhjeÐ h sun�rthsh:

Par�deigma

? ignore(1/0)

I don’t need to evaluate my argument

H Haskell ja èprepe na d¸sei diagnwstikì l�joc lìgw
diaÐreshc me to mhdèn. Den dÐnei ìmwc, giatÐ upologÐzei thn
tim  tou orÐsmatoc sun�rthshc mìno ìtan to ìrisma
qrei�zetai pragmatik� gia ton upologismì thc tim c thc
sun�rthshc.
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Par�deigma

'Estw h sun�rthsh:

Prìgramma

f x y = if (x<=1) then x+1 else y

H sun�rthsh kaleÐtai wc: f 1 (fact 30)

An to pèrasma paramètrwn gÐnetai me tim , tìte prin
thn ènarxh upologismoÔ thc tim c thc sun�rthshc,
upologÐzontai oi timèc twn pragmatik¸n paramètrwn.
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Par�deigma

Sthn kl sh me tim  arqik� upologÐzetai h tim  tou
fact 30 (den ja qreiasteÐ sto s¸ma thc sun�rthshc,
afoÔ to x èqei tim  1)

An h kl sh gÐnei me z thsh, h tim  tou fact 30 den
upologÐzetai, giatÐ den apaiteÐtai gia ton upologismì
tou apotelèsmatoc.
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Polumorfismìc sth Haskell

Polumorfik  sun�rthsh: sun�rthsh, pou o tÔpoc thc
perièqei mÐa   perissìterec metablhtèc tÔpou.

Apofug  orismoÔ diaforetik¸n sunart sewn gia
diaforetikoÔc tÔpouc dedomènwn

P. Rontogi�nnhc Sunarthsiakìc Programmatismìc



Polumorfismìc sth Haskell

sum

PaÐrnei san par�metro mÐa lÐsta apì arijmoÔc kai
epistrèfei ènan arijmì, pou eÐnai to �jroisma ìlwn
twn stoiqeÐwn thc lÐstac

Efarmìzetai mìno se lÐstec me arijmhtik� dedomèna

length

UpologÐzei to m koc miac lÐstac anex�rthta apì to
eÐdoc twn stoiqeÐwn thc lÐstac

KaleÐtai me par�metro mÐa lÐsta akeraÐwn   me mÐa
lÐsta qarakt rwn k.o.k.
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Par�deigma

Par�deigma

? length([1,1,3,4,7,17])

6

? length("Hello")

5

O tÔpoc thc length eÐnai [a]->Int, ìpou me a
parist�netai opoiosd pote tÔpoc. To a lègetai metablht 
tÔpou.
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'Apeirec domèc dedomènwn

Pleonèkthma thc kl shc me z thsh h dunatìthta
epexergasÐac �peirwn dom¸n dedomènwn

AdÔnath h kataskeu    apoj keush olìklhrwn
tètoiwn dom¸n

Dunat  h kataskeu  ìlo kai megalÔterwn tmhm�twn
me qr sh tou q¸rou, pou katal�mbanan prohgoÔmena
tm mata, pou den qrei�zontai plèon ston upologismì.
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Par�deigma

Prìgramma upologismoÔ lÐstac fusik¸n arijm¸n

Prìgramma

nats n = n:(nats (n+1))

E�n zhthjeÐ h tim  tou nats 0, h Haskell tup¸nei th
lÐsta twn fusik¸n arijm¸n

'Otan stoiqeÐo thc lÐstac tupwjeÐ, o q¸roc mn mhc,
pou katal�mbane, mporeÐ na epanaqrhsimopoihjeÐ.
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Par�deigma

Orismìc èkfrashc upologismoÔ ajroÐsmatoc twn 10
pr¸twn fusik¸n arijm¸n:

Par�deigma

? sum (take 10 (nats 0))

O upologismìc thc èkfrashc aut c eÐnai dunatìc, giatÐ h
take den epiqeireÐ ton upologismì thc tim c tou nats 0

prin thn ènarxh thc epexergasÐac.
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Sunart seic uyhl c t�xhc

Ta orÐsmata twn sunart sewn  tan, mèqri t¸ra,
aploÐ tÔpoi dedomènwn (pq. akèraioi, lÐstec klp).

Basikì qarakthristikì tou sunarthsiakoÔ
programmatismoÔ eÐnai to {pèrasma} sunart sewn wc
orÐsmata se �llec sunart seic.
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Pleonèkthma Sunart sewn Uyhl c t�xhc

Kl sh sunart sewn uyhl c t�xhc me diaforetikèc
sunart seic san orÐsmata.

Pleonèkthma: Apofug  parìmoiou k¸dika gia
parìmoiec leitourgÐec
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Sunart seic uyhl c t�xhc

Oi sunart seic dhmiourgoÔn mÐa ierarqÐa an�loga me ton
tÔpo touc

Sunart seic mhdenik c t�xhc: (stajerèc)

a = 5 (isodÔnamo me a() = 5)

Sunart seic pr¸thc t�xhc: èqoun wc orÐsmata
sunhjismènouc tÔpouc dedomènwn (p.q. akèraiouc,
float, lÐstec)

sq(a) = a*a, suml(xs), reverse(xs)
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Sunart seic uyhl c t�xhc

Sunart seic deÔterhc t�xhc: èqoun mÐa toul�qiston
par�metro, pou na eÐnai sun�rthsh pr¸thc t�xhc kai
ìlec tic upìloipec paramètrouc ≤ thc pr¸thc t�xhc

Par�deigma

result = twice(sq, 2)

twice(f,y) = f(f y)

EÐnai deÔterhc t�xhc diìti to pr¸to ìrisma eÐnai mÐa
sun�rthsh pr¸thc t�xhc, en¸ to deÔtero eÐnai
mhdenik c t�xhc.
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Sunart seic

Sunart seic trÐthc t�xhc: èqoun mÐa toul�qiston
par�metro, pou na eÐnai sun�rthsh deÔterhc t�xhc
kai ìlec oi upìloipec ≤ thc deÔterhc t�xhc

Par�deigma

Orismìc sun�rthshc root f a b gia ton upologismì twn

riz¸n pragmatik¸n sunart sewn sto di�sthma [a,b].

integrate(simpson,f,a,b)

...

simpson(f,a,b)

...

H integrate paÐrnei san pr¸th par�metro mÐa
mèjodo olokl rwshc.
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Sunart seic

Genik� mporoÔn na orisjoÔn sunart seic
opoiasd pote t�xhc, akìmh kai sunart seic �peirhc
t�xhc:
self(g) = g(g) (ìqi sth Haskell)

P. Rontogi�nnhc Sunarthsiakìc Programmatismìc



Par�deigma

H sun�rthsh map paÐrnei wc pr¸to thc ìrisma mÐa
sun�rthsh f thn opoÐa efarmìzei se k�je stoiqeÐo tou
deÔterou thc orÐsmatoc (pou eÐnai mÐa lÐsta)

Prìgramma

map f [] = []

map f (x:xs) = (f x):(map f xs)
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Par�deigma

An orisjeÐ sto prìgramma h sun�rthsh

Prìgramma

sq a = a*a

Tìte,

Par�deigma

? map sq [1,3,5]

[1,9,25]

H map ef�rmose thn sq se k�je stoiqeÐo thc lÐstac
[1,3,5]
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Par�deigma

H tim  thc èkfrashc

Par�deigma

? map sq (nats 0)

eÐnai mÐa lÐsta me ta tetr�gwna twn fusik¸n arijm¸n
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Par�deigma

H akìloujh sun�rthsh orÐzei èna {sunarthsiakì
paragontikì}:

Prìgramma

ffact f n = if (n<1) then 1

else (f n)*(ffact f (n-1))

An h ffact klhjeÐ wc ffact sq 5, me sq a = a*a,
ja upologÐsei thn tim : (sq 5)*(sq 4)*...*(sq 1).

An h ffact klhjeÐ wc ffact cb 3, me cb b = b*b*b,
ja upologÐsei thn tim : (cb 3)*(cb 2)*(cb 1).
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'Alla Qarakthristik� thc Haskell

l-afairèseic (  l-abstractions)

H sun�rthsh inc x = x+1 mporeÐ na grafeÐ kai wc:
inc = \x -> x+1

H sun�rthsh add x y = x+y gr�fetai kai:
add = \x y -> x+y

To pleonèkthma autoÔ tou trìpou graf c eÐnai ìti
mporoÔme na èqoume {an¸numec} sunart seic
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Par�deigma

Par�deigma

result = (\x->x+1) 5

result = root (\x->x*x-2) 5
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'Alla Qarakthristik� thc Haskell

LÐstec me Sunj kec (List Comprehensions)

LÐstec, pou qrhsimopoioÔn to basikì sumbolismì gia
ton orismì sunìlwn

Par�deigma: [n*n | n <- [1..100]]

EÐnai h lÐsta, pou perièqei ìla ta tetr�gwna twn
arijm¸n apì to 1 mèqri to 100.
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LÐstec me sunj kec

Genik  morf : [body | qualifiers]

Ta qualifiers mporeÐ na eÐnai:

Boolean Expressions
var<-exp

An eÐnai perissìtera apì èna, qwrÐzontai me kìmmata.
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ParadeÐgmata

To kartesianì ginìmeno dÔo list¸n xs, ys

Par�deigma

[(x,y)| x<-xs, y<-ys]

Par�deigma: [(x,y)| x<-[1..4], y<-[2,4..10]]
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ParadeÐgmata

Prìgramma

quicKsort [] = []

quicKsort (x:xs) = quicKsort [y|y<-xs, y<x]

++ [x]

++ quicKsort [y|y<-xs, y>=x]

Prìgramma

perms [] = [[]]

perms xs = [a:ys| a<-xs, ys<-perms(delete a xs)]

Par�deigma:
perms [1,2,3] =

[[1,2,3],[1,3,2],[2,1,3],[2,3,1],[3,1,2],[3,2,1]]
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ParadeÐgmata

Prìgramma

factors n = [i | i<-[1..n], n ’mod’ i == 0]

Prìgramma

pythagorian n = [(a,b,c) |

a<-[1..n], b<-[1..n], c<-[1..n],

a*a + b*b == c*c]
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AkoloujÐa Fibonacci me �peirec timèc

Prìgramma

fib = 1 : 1 : [a+b |(a,b)<-zip fib (tail fib)]

zip (x:xs) (y:ys) = (x,y):zip xs ys

Pwc douleÔei to parap�nw prìgramma

Par�deigma

fib = 1:1:[a+b|(a,b)<-zip (1:1...) (1:...)]

= 1:1:[a+b|(a,b)<-(1,1):zip (1:...) (...)]

= 1:1:2:[a+b|(a,b)<-zip (1:2...) (2:...)]

= 1:1:2:3:[a+b|(a,b)<-zip (2:3...) (3:...)]

H akoloujÐa fib par�getai me mÐa diadikasÐa, pou
onom�zetai {chasing the tail}.
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TÔpoi orizìmenoi apì to qr sth

H Haskell epitrèpei sto qr sth na orÐsei nèouc, pio
isquroÔc tÔpouc.

P. Rontogi�nnhc Sunarthsiakìc Programmatismìc



Par�deigma

H Haskell den uposthrÐzei ton tÔpo dedomènwn duadikì
dèntro, to opoÐo eÐnai:

Kenì dèntro,  

Kìmboc me dÔo duadik� dèntra san paidi�
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Par�deigma

Orismìc tou nèou tÔpou dedomènwn sth Haskell:

Orismìc

data Tree a = Empty | Node a (Tree a) (Tree a)

O orismìc afor� dèntra, pou perièqoun stoiqeÐa tÔpou a.
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Par�deigma

Progr�mmata, pou epexerg�zontai ton nèo tÔpo
dedomènwn:

Prìgramma

elements Empty = []

elements (Node v l r) =

(elements l) ++ [v] ++ (elements r)

H parap�nw sun�rthsh sugkentr¸nei ìla ta stoiqeÐa
enìc dèntrou se lÐsta.
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Par�deigma

H er¸thsh:

Par�deigma

? elements (Node 5

(Node 7 Empty Empty)

(Node 8 Empty Empty))

Ja epistrèyei thn ap�nthsh: [7,5,8]

O tÔpoc thc sun�rthshc elements eÐnai Tree a->[a]
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Orismìc

Orismìc

data Datatype a1...aN = constr1 | ... | constrM

'Opou:

Datatype to ìnoma tou nèou tÔpou dedomènwn sthn
Haskell

a1,...,aN diaforetikèc metablhtèc tÔpou, pou
antiproswpeÔoun orÐsmata tou tÔpou autoÔ kai

constr1,...,constrM deÐqnoun pwc kataskeu�sthke
o nèoc tÔpoc. Kajèna èqei morf  Name b1...bR

(b1,...,bR metablhtèc apì tic a1,...,aN)
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Par�deigma

TÔpoc dedomènwn Day, pou perigr�fei tic hmèrec thc
ebdom�dac

Orismìc

data Day = Sun|Mon|Tue|Wed|Thu|Fri|Sat

T¸ra mporoÔn na grafoÔn sunart seic, pou ton
qrhsimopoioÔn:

Prìgramma

schedule Sun = "relax"

schedule Sat = "go shopping"

schedule x = "back to work"
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'Ena megalÔtero par�deigma

treesort: PaÐrnei san input mÐa mh diatetagmènh lÐsta,
th metatrèpei se duadikì dèntro kai met� metatrèpei to
dèntro se lÐsta

Prìgramma

treesort xs = flatten (maketree xs)

maketree [] = Empty

maketree (x:xs) = insert x (maketree xs)

insert x Empty = Node x Empty Empty

insert x (Node a l r) =

if (x<=a) then (Node a (insert x l) r)

else (Node a l (insert x r )
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Sunart seic

H flatten eÐnai san thn elements pou orÐsame pio prin

Prìgramma

flatten Empty = []

flatten (Node v l r) = (flatten l)

++ [v]

++ (flatten r)
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Exagwg  tÔpwn

An mÐa gl¸ssa uposthrÐzei autìmath exagwg  kai
èlegqo tÔpwn, tìte o programmatist c dieukolÔnetai
kai poll� apì ta l�jh entopÐzontai {at compile-time}

'Enac tÔpoc, pou perièqei mÐa toul�qiston metablht 

tÔpou onom�zetai polumorfikìc

'Enac tÔpoc, pou den perièqei metablhtèc tÔpou

onom�zetai monomorfikìc
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Exagwg  tÔpwn

'Otan prospajoÔme na ex�goume tÔpouc miac
sun�rthshc enìc progr�mmatoc y�qnoume sthn ousÐa
na broÔme ton pio genikì tÔpo thc sun�rthshc (me
thn ènnoia ìti k�je monomorfikìc tÔpoc, pou mporeÐ
na p�rei h sun�rthsh aut  eÐnai eidik  perÐptwsh tou
pio genikoÔ autoÔ tÔpou)
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Par�deigma

DÐnetai h sun�rthsh:

Par�deigma

map(f,m) = if null(m) then []

else f(head(m)):map(f, tail(m))

TÔpoi gia tic basikèc sunart seic gia list-processing:

σnull = [τ1]→ Bool
σ[ ] = [τ2]

σhead = [τ3]→ τ3
σtail = [τ4]→ [t4]
σ: = (τ5, [t5])→ [t5]

MporoÔme t¸ra na gr�youme exis¸seic, pou exasfalÐzoun
sunèpeia tÔpwn ston orismì thc parap�nw sun�rthshc
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Sunèqeia

GnwrÐzoume t¸ra ìti oi dÔo kl�doi enìc if prèpei na
èqoun ton Ðdio tÔpo

σ[ ] = [τ2] = [t5]⇒ t2 = t5

H null kai h head èqoun thn Ðdia par�metro. To Ðdio
kai h tail.

[t1] = [t3]⇒ t1 = t3 kai [t4] = [t3]⇒ t1 = t3 = t4

Kai sunep¸c, σm = [t1]
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Sunèqeia

H par�metroc thc f èqei ton Ðdio tÔpo me autìn pou
epistrèfei h head. To apotèlesma thc f èqei ton Ðdio
tÔpo me to pr¸to ìrisma thc {:}. Epomènwc:

σf = τ3 → τ4 ⇒ (apì ta parap�nw) σf = t1 → t2

Tèloc, o tÔpoc thc map eÐnai:

σmap = ((t1 → t2, [t1])→ [t2]
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Algìrijmoc Hindley-Milner

H exagwg  tÔpwn gia gl¸ssec, pou uposthrÐzoun ton
legìmeno parametrikì polumorfismì gÐnetai me ton
algìrijmo twn Hindley-Milner, o opoÐoc sthn ousÐa:

lÔnei èna sÔnolo apì exis¸seic thc parap�nw morf c

kai epistrèfei ton pio genikì tÔpo gia k�je
sun�rthsh tou progr�mmatoc.
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Kl�seic tÔpwn kai uperfìrtwsh

O polumorfismìc gia ton opoÐo èqoume  dh mil sei
onom�zetai sun jwc parametrikìc polumorfismìc
(parametric polymorphism).

Up�rqei kai èna �llo eÐdoc polumorfismoÔ, pou
onom�zetai polumorfismìc kat� perÐptwsh (ad
hoc polymorphism)   uperfìrtwsh (overloading)
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Par�deigma

Oi arijmoÐ 1,2 klp qrhsimopoioÔntai gia na
anaparast soun kanonikoÔc akèraiouc (Int), all�
kai akeraÐouc opoiasd pote akrÐbeiac (integer).

ArijmhtikoÐ telestèc, ìpwc to + douleÔoun se
diaforetik� eÐdh arijm¸n

O telest c isìthtac {==} douleÔei gia arijmoÔc, all�
kai gia �llouc tÔpouc thc Haskell (ìqi ìmwc gia ìlouc
touc tÔpouc)
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Par�deigma

EÐnai shmantikì na tonÐsoume ìti sthn perÐptwsh thc
uperfìrtwshc ènac telest c mporeÐ na efarmìzetai
se diaforetikoÔc tÔpouc dedomènwn kai h sumperifor�
tou na eÐnai diaforetik  gia k�je tÔpo.

Autì èrqetai se antÐjesh me thn ènnoia tou
parametrikoÔ polumorfismoÔ ston opoÐo o tÔpoc twn
stoiqeÐwn den paÐzei rìlo (pq length)
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Telest c isìthtac

H sumperifor� tou telest  autoÔ den mporeÐ na
ulopoihjeÐ apotelesmatik� gia ìlouc touc tÔpouc (pq
h isìthta dÔo sunart sewn) den mporeÐ na
exakribwjeÐ sth genik  perÐptwsh).

To akìloujo par�deigma deÐqnei thn anagkaiìthta
thc uperfìrtwshc
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Par�deigma

'Estw h sun�rthsh

Prìgramma

member x [] = False

member x (y:ys) = if (x==y) then True

else (member x ys)

An o tÔpoc thc member eÐnai a→ [a]→ Bool tìte autì ja
s maine ìti o telest c isìthtac èqei tÔpo a→ a→ Bool
(pou den isqÔei giatÐ to {==} den eÐnai orismèno gia ìlouc
touc tÔpouc).
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Par�deigma

O tÔpoc thc member den eÐnai o parap�nw, all�
k�poioc, pou antanakl� to gegonìc ìti h isìthta
eÐnai orismènh mìno gia merikoÔc tÔpouc.

EÐnai epijumhtì, ìtan klhjeÐ h member me pr¸th
par�metro thc opoÐac o tÔpoc den epitrèpei èlegqo
isìthtac, o compiler thc Haskell na mac enhmer¸nei ìti
up�rqei prìblhma.
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Kl�seic tÔpwn

Ta parap�nw jèmata antimetwpÐzontai me tic
kl�seic tÔpwn (type classes).

Epitrèpoun th d lwsh tÔpwn wc stigmiìtupa

(instances) miac kl�shc kai orÐzoun uperfortwmènec

leitourgÐec, pou sqetÐzontai me thn kl�sh.
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Par�deigma

Orismìc kl�shc tÔpwn me telest  isìthtac

Orismìc

class Eq a where

(==) :: a -> a -> Bool

ìpou Eq: ìnoma thc orismènhc kl�shc
kai {==}: telest c, pou uposthrÐzetai apì thn kl�sh.

H parap�nw d lwsh diab�zetai wc: {'Enac tÔpoc a eÐnai
stigmiìtupo thc Eq an up�rqei ènac (uperfortwmènoc)
telest c {==} o opoÐoc na orÐzetai gia ton tÔpo autìn}.
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Par�deigma

'Otan ènac tÔpoc a an kei sthn kl�sh Eq ja
gr�foume Eq a (to opoÐo diaisjhtik� shmaÐnei ìti gia
ton tÔpo autì eÐnai orismènoc ènac telest c
isìthtac). Epomènwc o tÔpoc thc member eÐnai:

member :: Eq a => a -> [a] -> Bool

To parap�nw diab�zetai: {Gia k�je tÔpo a, pou
an kei sthn kl�sh Eq h member èqei tÔpo
a -> [a] -> Bool}.
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Dhl¸seic stigmiìtupwn

instance Eq Integer where

x == y = x ’integerEq’ y

O orismìc tou == onom�zetai mèjodoc. H sun�rthsh
integerEq eÐnai sun�rthsh thc Haskell, gia na sugkrÐnei
dÔo akeraÐouc gia isìthta. OmoÐwc:

instance (Eq a) => Eq (Tree a ) where

Leaf a == Leaf b = a == b

(Branch l1 r1)==(Branch l2 r2)=(l1==l2)&&(r1==r2)

- == - = False
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Dhl¸seic stigmiìtupwn

Gia sÔgkrish dèntrwn ja prèpei ta stoiqeÐa, pou
brÐskontai stouc kìmbouc tou dèntrou na mporoÔn na
sugkrijoÔn metaxÔ touc (na an koun sthn kl�sh Eq)

Autì eÐnai kai to nìhma thc d lwshc sthn pr¸th
gramm  thc parap�nw mejìdou Eq a => Eq (Tree a)

Oi qarakt rec {-} sthn teleutaÐa gramm  shmaÐnoun
{otid pote �llo} (kai odhgoÔn sthn tim  False).
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Par�deigma

Oi kl�seic mporoÔn na epektajoÔn.

MporeÐ na orisjeÐ h kl�sh Ord h opoÐa klhronomeÐ
touc telestèc thc Eq (dhlad  ton telest  == sto
par�deigma mac) kai h opoÐa kl�sh qrhsimopoieÐ
k�poiouc epiplèon telestèc:

Orismìc

class (Eq a) (ord a) where

(<), (<=), (>=), (>) :: a -> a -> Bool

max, min :: a -> a -> Bool
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Par�deigma

Ja lème ìti h Eq eÐnai uperkl�sh thc Ord ( 
antÐstoiqa ìti h Ord eÐnai uperkl�sh thc Eq).

Ja prèpei na orisjoÔn oi mèjodoi thc upokl�shc,
all� mporoÔn na qrhsimopoihjoÔn eleÔjera oi
mèjodoi thc uperkl�shc

Par�deigma: KoÐta to standard prelude gia ton orismì
tou {>}

Par�deigma: Pec ìti h sort èqei t¸ra tÔpo:
sort :: (Ord a) => [a] -> [a]
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Sunarthsiak� progr�mmata kai epagwgikèc

apodeÐxeic

Suqn� qrhsimopoioÔmenh apodeiktik  diadikasÐa gia
sunarthsiak� progr�mmata eÐnai h {domik 
epagwg }

Basik  idèa

ApodeiknÔoume k�ti gia tic polÔ aplèc peript¸seic

enìc sÔnjetou tÔpou (par�deigma ken  list, empty
tree,klp)
Upojètoume ìti to zhtoÔmeno isqÔei gia antikeÐmena

dedomènhc poluplokìthtac kai apodeiknÔoume ìti

isqÔei kai gia megalÔterh poluplokìthta
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Par�deigma

Prìgramma

append [] ys = ys

append x:xs ys = x:(append xs ys)

Jèloume na deÐxoume ìti:
append (append xs ys) zs =

= append xs (append ys zs)
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Je¸rhma

Apìdeixh:

H perÐptwsh b�shc eÐnai gia xs = []

append (append [] ys) zs = append ys zs

append [] (append ys zs) = append ys zs

Upojètoume ìti:
append (append xs ys) =

append xs (append ys zs)

Ja deÐxoume ìti:
append (append (x:xs) ys) zs =

= append (x:(append xs ys)) zs =

= x:(append (append xs ys) zs) =

= x:(append xs(append ys zs)) =

= append (x:xs)(append ys zs)
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'Askhsh

DÐnetai o akìloujoc orismìc thc sun�rthshc add:

Prìgramma

add n 0 = n

add n m+1 = 1 + add n m

Na deiqjeÐ ìti h prìsjesh ìpwc orÐzetai parap�nw eÐnai
prosetairistik  kai antimetajetik 
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