
ΣunarthsiakόV ΠrogrammatismόV m¶ to 
Mathematica    
ΣtiV "paradosiakέV" glώss¶V programmatismoύ, όpwV oi FORTRAN, Pascal, C, k.lp. ta progrάmmata 
basίzontai kurίwV sth m¶tabolή twn timώn twn m¶tablhtώn tou progrάmmatoV. Οi timέV twn m¶tablhtώn 
kaqorίzoun thn katάstash tou progrάmmatoV. Κatά thn ¶ktέl¶sh tou progrάmmatoV, to prόgramma brίsk¶tai 
s¶ mia arcikή katάstash h opoίa kaqorίz¶tai apό tiV arcikέV timέV twn m¶tablhtώn tou. Σth sunέc¶ia, mέsw 
¶ntolώn anάq¶shV thV morjήV var = exp ή var:=expr oi m¶tablhtέV allάzoun timή m¶tabάllontaV thn 
katάstash tou progrάmmatoV. Οi ¶ntolέV ¶kt¶loύntai h mίa m¶tά thn άllh. Εpiplέon, ¶ntolέV ¶lέgcou kai 
¶panάlhyhV, όpwV oi If kai While ¶pitrέpoun thn allagή thV s¶irάV ¶ktέl¶shV twn ¶ntolώn anάloga m¶ thn 
katάstash tou progrάmmatoV. Έtsi, έna prόgramma d¶n ¶ίnai tίpot¶ άllo apό mia s¶irά ¶ntolώn oi opoί¶V 
allάzoun thn katάstash tou progrάmmatoV. Εpiplέon, oi ¶ntolέV autέV organώnontai s¶ monάd¶V 
programmάtwn ή  diadikasί¶V (uporoutίn¶V kai sunartήs¶iV). Έtsi, to paradosiakό upόd¶igma 
programmatismoύ, όpwV ¶kjrάz¶tai apό tiV glώss¶V pou proanajέrqhkan, onomάz¶tai diadikasiakό ή 
prostaktikό. 

Ο sunarthsiakόV programmatismόV apot¶l¶ί  έna diajor¶tikό upόd¶igma programmatismoύ. Σ¶ mia  "kaqarά" 
sunarthsiakή glώssa, έna prόgramma ¶ίnai sthn pragmatikόthta mia sunάrthsh  h opoίa dέc¶tai wV 
parάm¶tro tiV arcikέV timέV twn d¶domέnwn. Δ¶n uparcoun  ¶ntolέV oi opoί¶V na allάzoun tiV timέV twn 
m¶tablhtώn parά mόno sunartήs¶iV  oi opoί¶V crhsimopoioύntai όpwV ta basikά antik¶ίm¶na stiV 
prostaktikέV glώss¶V: Σumm¶tέcoun s¶ ¶kjrάs¶iV upologismoύ, p¶rnioύntai wV parάm¶troi ¶pistrέjontai 
wV apotέl¶sma άllwn sunartήs¶wn.  Η ¶panάlhyh stiV sunarthsiakέV glώss¶V ulopoi¶ίtai mέsw thV 
anadromήV, dhladή tou orismoύ miaV sunάrthshV m¶ trόpo ώst¶ na p¶rilambάn¶i ton ¶autό thV, όpwV qa 
jan¶ί kai sto parάd¶igma pou akolouq¶ί.

ΑV shm¶iwq¶ί όti h έnnoia thV sunάrthshV sto sunarthsiakό programmatismό ¶ίnai diajor¶tikή apό autή 
ston diadikasiakό. Σton prώto, mia sunάrthsh orίz¶i mia έkjrash kai antistoic¶ί sthn maqhmatikή έnnoia 
tou όrou. Σton d¶ύt¶ro, mia sunάrthsh ¶ίnai mia akolouqίa ¶ntolώn to opoίo antallάss¶i d¶domέna m¶ tiV 
upόloip¶V monάd¶V tou progrάmmatoV. Ç

Γia lόgouV pou ajoroύn sth dunatόthta c¶irismoύ maqhmatikώn ¶kjrάs¶wn m¶ sumbolikό όso kai ariqmhtikό 
trόpo, to Mathematica uposthrίz¶i kai ta dύo stul programmatismoύ, sunarthsiako kai diadikasiakό. 
Δίnoum¶ sth sunέc¶ia dύo parad¶ίgmata όpou ulopoi¶ίtai mia sunάrthsh gia ton upologismό tou 
paragontikoύ ¶nόV ak¶raίou crhsimopoiώntaV t¶cnikέV tou diadikasiakoύ kai tou sunarthsiakoύ 
programmatismoύ:

Σ¶ diadikastikό stul programmatismoύ, mia sunάrthsh gia ton upologismό tou paragontikoύ ¶ίnai h 
akόlouqh:

fact1@n_IntegerD := Hx = 1; i = n; While@i > 0, x = x * i; i = i - 1D; xL;
fact1@5D

120

Σ¶ sunarthsiakό stul programmatismoύ, h sunάrthsh tou paragontikoύ orίz¶tai wV ¶xήV:



fact2@n_IntegerD := If@n > 1, n * fact2@n - 1D, 1D;
fact2@5D

120

Σunartήs¶iV anώt¶rhV tάxhV

Σto sunarthsiakό stul programmatismoύ oi sunartήs¶iV apot¶loύn prώthV tάxhV antik¶ίm¶na. Αutό 
shmaίn¶i, όpwV anajέrqhk¶ prohgoumέnwV, όti ¶ίnai dunatόn na ¶ίnai parάm¶troi, akόmh kai na ¶pistrέjontai 
apό sunartήs¶iV. Οi sunartήs¶iV pou c¶irίzontai sunartήs¶iV m¶ ton parapάnw trόpo lέgontai 
sunartήs¶iV anώt¶rhV tάxhV. ΩV parάd¶igma dίnoum¶ mia sunάrthsh Deriv h opoίa dέc¶tai wV parάm¶tro mia 
sunάrthsh  f  kai ¶pistrέj¶i mia prosέggish thV prώthV paragώgou thV sunάrthshV:

Deriv@f_, x_D := HH f @x + 0.001D - f @xDL ê 0.001L

Η Deriv dέc¶tai wV parάm¶tro mia sunάrthsh f kai mia timή, x, gia thn opoίa qa upologίs¶i thn prώth 
parάgwgo sύmjwna m¶ th scέsh df HxLÅÅÅÅÅÅÅÅÅÅÅÅ

dx
= f Hx+dxL- f HxLÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

dx
gia dx=0.001.Πrosέxt¶ όti h Deriv dέc¶tai wV 

parάm¶tro thn ίdia thn sunάrthsh f, kai όti kάpoia timή  thV. Σto parάd¶igma pou akolouq¶ί h Deriv upologίz¶i 
thn parάgwgo thV sunάrthshV sin sthn timή 0. 

Deriv@Sin, 0D

1.

Πarathrήst¶ όti h prώth parάm¶troV thV Deriv ¶ίnai h sunάrthsh Sin. Η Deriv ¶ίnai mia sunάrthsh 
anώt¶rhV tάxhV, kaqώV ¶p¶x¶rgάz¶tai άll¶V sunartήs¶iV. Αpό th Μaqhmatikή skopiά, h parάgwgoV ¶ίnai 
έnaV t¶l¶stήV. Σto sunarthsiakό upόd¶igma programmatismoύ, "ta pάnta ¶ίnai sunartήs¶iV" opόt¶ ¶ίnai 
jusikό o t¶l¶stήV thV paragώgou na ulopoi¶ίtai wV mia sunάrthsh anώt¶rhV tάxhV, h opoίa ¶jarmόz¶tai s¶ 
άll¶V sunartήs¶iV.

Η sunάrthsh Function

Η sunάrthsh Function ¶pitrέp¶i th  dhmiourgίa miaV sunάrthshV apό mia parάstash. Οi morjέV thV Function 
¶ίnai h akόlouqh:

Function@sώma D
Function@x, sώma D
Function@8x1, x2, …<, sώma D

όpou sώma ¶ίnai to sώma thV sunάrthshV h opoίa dhmiourg¶ίtai kai x, x1, x2, …  ¶ίnai parάm¶troi thV 
sunάrthshV. Μia sunάrthsh pou dhmiourg¶ίtai m¶ autό ton trόpo d¶n έc¶i όnoma kai onomάz¶tai kaqarή 
(pure) sunάrthsh. 

Πarad¶ίgmata crήshV thV Function ¶ίnai ta akόlouqa:
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Function@x, x^2D@3D
Function@x, x^2D@yD

9

y2

Σto parάd¶igma, h έkjrash Function[x,x^2] paristάn¶i th sunάrthsh h opoίa dέc¶tai wV parάm¶tro 
έnan ariqmό kai ¶pistrέj¶i to t¶trάgwno autoύ tou ariqmoύ. Η klήsh thV x parapάnw sunάrthshV m¶ 
parάm¶tro mia staq¶rά ¶pistrέj¶i thn timή thV sunάrthshV gia autή th staq¶rά, ¶nώ h klήsh m¶ parάm¶tro  
¶pistrέj¶i mia parάstash wV apotέl¶sma. 

Squares := Function@8x, y<, x^2 + y^2D;
Squares@a, bD
Squares@3, 4D

a2 + b2

25

Σto parapάnw parάd¶igma, Squares ¶ίnai h sunάrthsh m¶ dύo paramέtrouV h opoίa ¶pistrέj¶i to άqroisma 
twn t¶tragώnwn twn paramέtrwn thV.

ΌpwV anajέrqhk¶ parapάw, stiV sunarthsiakέV glώss¶V ¶ίnai dunatόn mia sunάrthsh na ¶pistrέj¶i mia 
άllh sunάrthsh wV apotέl¶sma. Σ¶ prohgoύm¶no parάd¶igma, h sunάrthsh Deriv dέc¶tai mia sunάrthsh wV 
parάgwgo kai ¶pistrέj¶i wV apotέl¶sma mia pragmatikή timή. Σth sunέc¶ia jaίn¶tai pώV m¶ crήsh thV 
Function h Deriv mpor¶ί na tropopoihq¶ί ώst¶ na ¶pistrέj¶i mia nέa sunάrthsh, thn parάgwgo autήV pou 
dέc¶tai wV parάm¶tro.

Deriv2@f_D := Function@8x<, H f @x + 0.001D - f @xDL ê 0.001D
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MyCos = Deriv2@SinD;
MyCos@0D

1.

Η Deriv2 dέc¶tai thn parάm¶tro f kai ¶pistrέj¶i thn parάgwgό thV. Η sunάrthsh MyCos prokύpt¶i wV to 
apotέl¶sma thV Deriv2 an d¶ct¶ί wV parάm¶tro thn sunάrthsh Sin. 

H sunάrthsh Nest

Η sunάrthsh Nest ¶jarmόz¶i mia sunάrthsh f pάnw s¶ mia έkjrash n jorέV:

Nest@ f , έkjrash, nD

Σto akόlouqo parάd¶igma

Nest@ f , x, 3D

f@f@f@xDDD

h sunάrthsh f ¶jarmόz¶tai sth m¶tablhtή x tr¶ίV jorέV.

Σto parάd¶igma pou akolouq¶ί h Nest ¶jarmόz¶tai gia ton upologismό tou sun¶coύV klάsmatoV:

Nest@Function@8q<, 1 ê H1 + qLD, x, 4D

1
1 + 1

1+ 1
1+ 1

1+x

Εkjrάs¶iV kai lίst¶V

Ο sunarthsiakόV programmatismόV ¶ίt¶ m¶ to Mathematica ¶ίt¶ m¶ opoiadήpot¶ άllh glώssa 
programmatismoύ pou ton uposthrίz¶i ¶ίnai idiaίt¶ra katάllhloV gia sumbolikoύV upologismoύV (symbolic 
computing). Μ¶ ton όro autό anaj¶rόmast¶ sthn ¶p¶x¶rgasίa maqhmatikώn ¶kjrάs¶wn όci ariqmhtikά, m¶ 
bάsh tiV timέV pou paίrnoun oi m¶tablhtέV miaV έkjrashV, allά m¶ to m¶taschmatismό twn ¶kjrάs¶wn autώn 
apό mia morjή sthn άllh crhsimopoiώntaV katάllhlouV algorίqmouV. Η sumbolikή ¶pίlush ¶xisώs¶wn 
(Solve), oi ¶ntolέV aplopoίhshV (Simplify) kai anάptuxhV (Expand) ¶kjrάs¶wn apot¶loύn parad¶ίgmata 
sumbolikoύ upologismoύ apό to Mathematica. Οi sumbolikoί upologismoί sto  Mathematica pragmatopoioύntai 
m¶ ton katάllhlo c¶irismό ¶kjrάs¶wn kai listώn. Μia έkjrash sto Mathematica έc¶i mia domή dέndrou. Γia 
mia έkjrash, h domή autή ¶ktupώn¶tai m¶ crήsh thV sunάrthshV FullForm:
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FullForm@a + bD
FullForm@Sqrt@Ha + 1L^2 - 2 Hb^2 + 3L^2DD

Plus@a, bD

Power@Plus@Power@Plus@1, aD, 2D,
Times@−2, Power@Plus@3, Power@b, 2DD, 2DDD, Rational@1, 2DD

Κάq¶ έkjrash έc¶i thn k¶jalή thV (head) kai mia s¶irά apό mέlh, ta opoίa m¶ th s¶irά touV ¶ίnai dunatόn na 
apot¶loύn ¶kjrάs¶iV. Έtsi h domή miaV έkjrashV ¶ίnai dunatόn na ¶kt¶ίn¶tai s¶ pollά ¶pίp¶da. Σthn 
έkjrash a+b jaίn¶tai parapάnw όti h k¶jalή ¶ίnai h Plus, ¶nώ ta mέlh thV έkjrashV ¶ίnai ta a,b. Η k¶jalή 
miaV έkjrashV dίn¶ati apό th sunάrthsh Head:

Head@a + bD

Plus

Η ίdia domή iscύ¶i όpwV jaίn¶tai sta parapάnw parad¶ίgmata kai gia tiV lίst¶V.   FullForm anad¶iknύ¶i th 
domή touV, όpwV jaίn¶tai sta parad¶ίgmata pou akolouqoύn:

FullForm@81, 3, 6<D
FullForm@8a, 8b, c<, 8d, e, f <<D

List@1, 3, 6D

List@a, List@b, cD, List@d, e, fDD

Πrosέxt¶ όti mia lίsta ¶ίnai dunatόn na p¶riέc¶i άll¶V lίst¶V, dίnontaV pollά ¶pίp¶da diάrqrwshV.  Η Head 
¶jarmόz¶tai kai s¶ mia lίsta:

Head@8a, b, c<D

List

Η sunάrthsh Map

Η  Map dέc¶tai wV parάm¶tro mia sunάrthsh kai mia έkjrash (ή lίsta) kai ¶jarmόz¶i th sunάrthsh sta 
stoic¶ίa autήV thV έkjrashV. Η pio aplή morjή thV Map ¶ίnai h akόlouqh:

Map@ f , έkjrashD

όpou ¶jarmόz¶tai h sunάrthsh f sta stoic¶ίa thV έkjrashV (ή lίstaV) sto prώto ¶pίp¶do diάrqwshV thV 
έkjrashV.  Σta parad¶ίgmata pou akolouqoύn h sunάrthsh Sqrt ¶jarmόz¶tai s¶ kάq¶ stoic¶ίo miaV lίstaV.
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Map@Sqrt, 81, 4, 9, 16<D
Map@Sqrt, 8a, b, c<D

81, 2, 3, 4<

9è!!!a , è!!!b , è!!!c =

Η Map ¶jarmόz¶tai sto prώto ¶pίp¶do diάrqwshV alg¶brikώn ¶kjrάs¶wn:

Map@Sqrt, a + b + c + dD
Map@Cos, a + Hb + cL^2 + Pi^3D

è!!!a +è!!!b +è!!!c +è!!!d

Cos@aD + Cos@Hb + cL2D + Cos@π3D

Μia sunhqismέnh crήsh thV sunάrthshV Function ¶ίnai o orismόV miaV anώnumhV sunάrthshV wV paramέtrou 
sth Map:

Map@Function@8x<, x^2D, a + b + cD

a2 + b2 + c2

Η parapάnw crήsh thV Map έc¶i thn ¶xήV shmasίa: Εjάrmos¶ th sunάrthsh h opoίa upologίz¶i to t¶trάgwno 
¶nόV ariqmoύ s¶ kάq¶ όro tou aqroίsmatoV a+b+c. 

Map@ f , έkjrash , ¶pίp¶doD

όpou to ¶pίp¶do ¶ίnai έnaV ariqmόV o opoίoV orίz¶i to "bάqoV" sth domή miaV έkjrashV sthn opoίa qa 
¶jarmost¶ί h sunάrthsh:

Map@Function@8x<, x^3D, Cos@a + bD + Sin@a + cD, 2D

Cos@Ha + bL3D3 + Sin@Ha + cL3D3

Αn qέloum¶ na ¶jarmost¶ί h sunάrthsh s¶ kάq¶ stoic¶ίo miaV έkjrashV crhsimooioύm¶ thn MapAll:
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MapAll@Function@8x<, x^2D, Ha + bL * c + Sqrt@d^2 + e^2DD

JHa2 + b2L4 c4 +"##########################Hd16 + e16L2 N
2

Η sunάrthsh Apply

Η sunάrthsh Apply antikaqistά to Head miaV έkjrashV ή lίstaV m¶ mia sunάrthsh:

Apply@ f , έkjrashD

Σto parάd¶igma, to head thV lίstaV (List) antikaqίstatai apό th sunάrthsh Plus.

Apply@Plus, 8a, b, c<D

a + b + c
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