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H gl¸ssa AMPL

H gl¸ssa AMPL (A Mathematical Programming
Language) èqei sqediasteÐ eidik� gia thn epÐlush
problhm�twn beltistopoÐhshc.

Epitrèpei thn eisagwg  ston H/U enìc probl matoc
beltistopoÐhshc se morf  polÔ kontin  sth sun jh
majhmatik  morf .

Sunerg�zetai me polloÔc algìrijmouc epÐlushc.

Sunerg�zetai me polloÔc trìpouc eisagwg c twn
dedomènwn.

Parèqei polloÔc trìpouc diaqeÐrishc twn
apotelesm�twn.
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Phgèc gia thn AMPL

O istìtopoc thc AMPL brÐsketai sto

http://www.ampl.com

Gia na kateb�soume dokimastik  èkdosh thc AMPL
epilègoume

TRY AMPL

DOWNLOAD A FREE DEMO

AMPL IDE download for ...

(an�loga me to leitourgikì).

Gia to pl rec egqeirÐdio thc AMPL phgaÐnoume sto
https://ampl.com/resources/the-ampl-book/
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<<Mikrì>> par�deigma programmatismoÔ paragwg c

ElaiotribeÐo par�gei duo tÔpouc elaiol�dou, ton
<<klasikì>> (exeugenismèno) kai ton <<parjèno>>.

To elaiotribeÐo èqei diajèsimec 40 ¸rec paragwg c an�
ebdom�da.

1 lÐtro klasikoÔ pwleÐtai 10 eur¸.
1 lÐtro parjènou pwleÐtai 15 eur¸.

To elaiotribeÐo mporeÐ na par�gei se k�je dedomènh
stigm  mìno ènan tÔpo elaiol�dou.

Se 1 ¸ra mporeÐ na par�gei 40 lÐtra klasikoÔ   30
lÐtra parjènou.

To emporikì tm ma tou elaiotribeÐou ektim� ìti mporeÐ
na poul sei to polÔ 1000 lÐtra klasikoÔ kai 860 lÐtra
parjènou k�je ebdom�da.

Na megistopoihjeÐ o sunolikìc tzÐroc an� ebdom�da.
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MontelopoÐhsh wc p.g.p.

Oilc, Oilv : Oi posìthtec klasikoÔ kai parjènou
elaiol�dou pou ja paraqjoÔn se mia ebdom�da.

'Eqoume to p.g.p.

max 10Oilc + 15Oilv
upì 1

40
Oilc +

1
30
Oilv ≤ 40

0 ≤ Oilc ≤ 1000
0 ≤ Oilv ≤ 860.
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MontelopoÐhsh sthn AMPL

To p.g.p.

max 10Oilc + 15Oilv
upì 1

40
Oilc +

1
30
Oilv ≤ 40

0 ≤ Oilc ≤ 1000
0 ≤ Oilv ≤ 860.

gr�fetai se ènan text editor wc

## Example 1 - Small Production Problem

var Oil_c; # amount of classic

var Oil_v; # amount of virgin

maximize profit: 10*Oil_c + 15*Oil_v;

subject to time: (1/40)*Oil_c + (1/30)*Oil_v <= 40;

subject to classic_limit: 0 <= Oil_c <= 1000;

subject to virgin_limit: 0 <= Oil_v <= 860;
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Basik  sÔntaxh sthn AMPL

## Example 1 - Small Production Problem

var Oil_c; # amount of classic

var Oil_v; # amount of virgin

maximize profit: 10*Oil_c + 15*Oil_v;

subject to time: (1/40)*Oil_c + (1/30)*Oil_v <= 40;

subject to blue_limit: 0 <= Oil_c <= 1000;

subject to gold_limit: 0 <= Oil_v <= 860;

# → Arq  sqolÐou.

var → D lwsh metablht c.

; → Tèloc gramm c entol c.

maximize   minimize + ìnoma + : → Antik. sunart.

subject to + ìnoma + : → Periorismìc.

Case sensitive onìmata. Ta onìmata eÐnai monadik�.

A. M�nou - amanou@math.uoa.gr EE - Enìthta 2



EpÐlush sthn AMPL IDE
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Ektèlesh, diaqeÐrish arqeÐwn sthn AMPL

'Ena arqeÐo pou perièqei èna prìblhma-montèlo prèpei
na s¸zetai me thn epèktash .mod.
P.q. to prohgoÔmeno ja mporoÔse na swjeÐ se k�poia
jèsh wc z:\myFiles\ex01.mod.

An to arqeÐo grafeÐ se text editor kai èqei �llh
epèktash (p.q. .txt) prèpei na all�xei h epèktash.

Gia na ektelesteÐ èna arqeÐo prèpei na trèxoume thn
efarmog  AMPL kai na emfanisteÐ h anamon  ampl:.

Epilègoume algìrijmo epÐlushc (solver).
P.q. option solver cplex;.

Fort¸noume to prìblhma-montèlo.
P.q. model z:\myFiles\ex_01.mod;.

EpilÔoume me thn entol  solve;.
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Diorj¸seic kai emf�nish lÔshc

An up�rxei l�joc sto montèlo kat� to trèximo tou
algorÐjmou epÐlushc tìte

Diorj¸noume to .mod arqeÐo ston text editor.
DÐnoume thn entol  reset; sto AMPL.
Xanafort¸noume to montèlo.
P.q. model z:\myFiles\ex_01.mod;.

H entol  solve; ja mac d¸sei k�poiec plhroforÐec kai
th bèltisth tim  thc antikeimenik c. P.q.
CPLEX 6.5.3: optimal solution; objective 17433.33333

2 simplex iterations (0 in phase I)

Oi timèc twn metablht¸n sth bèltisth lÔsh
emfanÐzontai me thn entol  display + ìnoma + ;.
P.q. display Oil_c;

kai display Oil_v;.
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Apoj keush exìdou se arqeÐo

Gia na apojhkeÔsoume thn èxodo se èna arqeÐo èqoume
duo dunatìthtec, na dhmiourg soume-antikatast soume
(over-write) èna arqeÐo   na prosjèsoume perieqìmeno
se èna  dh up�rqon arqeÐo.

P.q. me thn entol 

display Oil_c > z:\myFiles\ex_01.out;

ja dhmiourghjeÐ arqeÐo me to ìnoma ex_01.out pou ja
apojhkeuteÐ sth jèsh z:\myFiles. An up�rqei arqeÐo
me tètoio ìnoma ja antikatastajeÐ.

Me thn entol 

display Oil_c >> z:\myFiles\ex_01.out;

ja prostejeÐ sto arqeÐo me to ìnoma ex_01.out h
metablht  Oilc me thn tim  thc.
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GenÐkeush parad. programmatismoÔ paragwg c

ElaiotribeÐo par�gei n tÔpouc elaiol�dou.

To elaiotribeÐo èqei diajèsimec t ¸rec paragwg c an�
ebdom�da.

1 lÐtro tÔpou i pwleÐtai pi eur¸.

To elaiotribeÐo mporeÐ na par�gei se k�je dedomènh
stigm  mìno ènan tÔpo elaiol�dou.

Se 1 ¸ra mporeÐ na par�gei ri lÐtra tÔpou i.

To emporikì tm ma tou elaiotribeÐou ektim� ìti mporeÐ
na poul sei to polÔ mi lÐtra tÔpou i k�je ebdom�da.

Na megistopoihjeÐ o sunolikìc tzÐroc an� ebdom�da.
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MontelopoÐhsh wc p.g.p.

xi: H posìthta elaiol�dou tÔpou i pou ja par�getai se
mia ebdom�da.

'Eqoume to p.g.p.

max
∑n

i=1 pixi
upì

∑n
i=1(1/ri)xi ≤ t

0 ≤ xi ≤ mi, i = 1, 2, . . . , n.

Gia n = 2, t = 40, p1 = 10, p2 = 15, m1 = 1000 kai
m2 = 860 paÐrnoume to mikrì prìblhma paragwg c.

To mikrì prìblhma paragwg c eÐnai mia eidik 
perÐptwsh montèlou kai ìqi èna montèlo.

To AMPL enjarrÔnei to diaqwrismì montèlou apì ta
dedomèna kai ton algìrijmo epÐlushc.
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AMPL: Montèlo, dedomèna, lÔsh

 

Di�gramma allhlepÐdrashc stoiqeÐwn tou AMPL
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MontelopoÐhsh sthn AMPL

To p.g.p.
max

∑n
i=1 pixi

upì
∑n

i=1(1/ri)xi ≤ t
0 ≤ xi ≤ mi, i = 1, 2, . . . , n.

gr�fetai wc

## Example 2 - Production Model

param n;

param t;

param p{i in 1..n};

param r{i in 1..n};

param m{i in 1..n};

var x{i in 1..n};

maximize profit: sum{i in 1..n} p[i]*x[i];

subject to time: sum{i in 1..n} (1/r[i])*x[i] <= t;

subject to capacity{i in 1..n}: 0 <= x[i] <= m[i];
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Qrhsimopoi¸ntac deÐktec sthn AMPL

## Example 2 - Production Model

param n;

param t;

param p{i in 1..n};

param r{i in 1..n};

param m{i in 1..n};

var x{i in 1..n};

maximize profit: sum{i in 1..n} p[i]*x[i];

subject to time: sum{i in 1..n} (1/r[i])*x[i] <= t;

subject to capacity{i in 1..n}: 0 <= x[i] <= m[i];

param → D lwsh paramètrou.
{i in 1..n} → D lwsh deÐkth kai sunìlou
diadoqik¸n akeraÐwn stouc opoÐou kineÐtai.
'Enac deÐkthc mporeÐ na afor� paramètrouc, metablhtèc,
ajroÐseic   periorismoÔc.
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Dedomèna sthn AMPL I

## Example 2 - Data for the Production Model

param n:= 2;

param t:= 40;

param p:= 1 10 2 15;

param r:= 1 40 2 30;

param m:= 1 1000 2 860;

param + ìnoma + := → D lwsh tim¸n paramètrou.

An mia par�metroc eÐnai dianusmatik , tìte gr�foume to
deÐkth k�je sunist¸sac kai met� thn tim  thc.

To AMPL agnoeÐ ken� kai allagèc gramm¸n (carriage
returns).
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Dedomèna sthn AMPL II
## Example 2 - Data for the Production Model

param n:= 2;

param t:= 40;

param p:= 1 10 2 15;

param r:= 1 40 2 30;

param m:= 1 1000 2 860;
m

## Example 2 - Data for the Production Model

param n:= 2;

param t:= 40;

param p:= 1 10

2 15;

param r:= 1 40

2 30;

param m:= 1 1000

2 860;
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Dedomèna sthn AMPL III
## Example 2 - Data for the Production Model

param n:= 2;

param t:= 40;

param p:= 1 10

2 15;

param r:= 1 40

2 30;

param m:= 1 1000

2 860; m
## Example 2 - Data for the Production Model

param n:= 2;

param t:= 40;

param: p r m:=

1 10 40 1000

2 15 30 860;
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AMPL Montèlo, dedomèna, epÐlush

Tupik  akoloujÐa entol¸n gia thn eisagwg  montèlou,
dedomènwn, thn epÐlush kai thn emf�nish thc lÔshc:

reset;

model z:\myFiles\ex_02.mod;

data z:\myFiles\ex_02.dat;

solve;

display x;
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Qr sh sunìlwn sthn AMPL I - Montèlo

## Example 2 - Production Model

param n;

param t;

param p{i in 1..n};

param r{i in 1..n};

param m{i in 1..n};

var x{i in 1..n};

maximize profit: sum{i in 1..n} p[i]*x[i];

subject to time: sum{i in 1..n} (1/r[i])*x[i] <= t;

subject to capacity{i in 1..n}: 0 <= x[i] <= m[i];

Sthn kwdikopoÐhsh tou montèlou me deÐktec den up�rqei
sÔndesh twn deikt¸n twn metablht¸n me autì pou
montelopoioÔn.
P.q. to x[1] den parapèmpei se k�poio sugkekrimèno
tÔpo elaiol�dou.
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Qr sh sunìlwn sthn AMPL II - Montèlo

Autì mporeÐ na jerapeuteÐ orÐzontac kai
qrhsimopoi¸ntac sÔnola.

AntÐ gia param n; orÐzoume set P;.

AntÐ gia in 1..n b�zoume in P.

## Example 2 - Production Model - Modelling with sets

set P;

param t;

param p{i in P};

param r{i in P};

param m{i in P};

var x{i in P};

maximize profit: sum{i in P} p[i]*x[i];

subject to time: sum{i in P} (1/r[i])*x[i] <= t;

subject to capacity{i in P}: 0 <= x[i] <= m[i];

A. M�nou - amanou@math.uoa.gr EE - Enìthta 2



Qr sh sunìlwn sthn AMPL III - Dedomèna

To arqeÐo twn dedomènwn prèpei na prosarmosteÐ.

Gr�foume ta stoiqeÐa tou sunìlou.

Oi par�metroi tou sust matoc anafèrontai me b�sh ta
stoiqeÐa tou sunìlou.

## Example 2 - Data for the Production Model with sets

set P:= classic virgin;

param t:= 40;

param p:= classic 10

virgin 15;

param r:= classic 40

virgin 30;

param m:= classic 1000

virgin 860;
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Qr sh sunìlwn sthn AMPL IV - Dedomèna
## Example 2 - Data for the Production Model with sets

set P:= classic virgin;

param t:= 40;

param p:= classic 10

virgin 15;

param r:= classic 40

virgin 30;

param m:= classic 1000

virgin 860; m
## Example 2 - Data for the Production Model with sets

set P:= classic virgin;

param t:= 40;

param: p r m:=

classic 10 40 1000

virgin 15 30 860;
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Metablhtèc kai par�metroi me 2 deÐktec

Se probl mata majhmatikoÔ programmatismoÔ
emfanÐzontai metablhtèc kai par�metroi me 2  
perissìterouc deÐktec.

Sthn AMPL, sto montèlo oi metablhtèc kai oi
par�metroi parist�nontai ìpwc kai prin me 2  
perissìterouc deÐktec pou qwrÐzontai me kìmma.

Sthn AMPL, sta dedomèna, oi timèc twn paramètrwn
parist�nontai se pinakik  morf .
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Par�deigma probl matoc metafor�c

Mia etaireÐa èqei 3 apoj kec kai 4 katast mata.

Mia sugkekrimènh ebdom�da èqei na aposteÐlei èna eÐdoc
emporeÔmatoc apì tic apoj kec sta katast mata.

Gia k�je zeÔgoc apoj khc-katast matoc up�rqei
diaforetikì kìstoc metafor�c an� mon�da proðìntoc
pou dÐnetai.

Gia k�je apoj kh dÐnetai to apìjem� thc gia to
sugkekrimèno empìreuma.

Gia k�je kat�sthma dÐnetai h z ths  tou gia to
sugkekrimèno empìreuma.

To zhtoÔmeno eÐnai na elaqistopoihjeÐ to sunolikì
kìstoc metafor�c apì tic apoj kec sta katast mata.
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Dedomèna probl matoc metafor�c

Ta kìsth metafor�c an� mon�da proðìntoc faÐnontai
ston pÐnaka:

Katast. 1 Katast. 2 Katast. 3 Katast. 4
Apoj. 1 1 2 1 3
Apoj. 2 3 5 1 4
Apoj. 3 2 2 2 2

Ta apojèmata stic apoj kec eÐnai
Apoj. 1 Apoj. 2 Apoj. 3

Apìjema 250 800 760

Oi zht seic sta katast mata eÐnai
Katast. 1 Katast. 2 Katast. 3 Katast. 4

Z thsh 300 320 800 390
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MontelopoÐhsh sthn AMPL

## Example 3 - Transportation Model

param warehouse; # number of warehouses

param shop; # number of shops

param cost{i in 1..warehouse, j in 1..shop};

#transportation cost from warehouse i to shop j

param supply{i in 1..warehouse};

#supply at warehouse i

param demand{i in 1..shop};

#demand at shop j

var amount{i in 1..warehouse, j in 1..shop};
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MontelopoÐhsh sthn AMPL (sunèqeia)

minimize Cost:

sum{i in 1..warehouse, j in 1..shop}

cost[i,j]*amount[i,j];

subject to Supply {i in 1..warehouse}:

sum{j in 1..shop} amount[i,j] = supply[i];

subject to Demand {j in 1..shop}:

sum{i in 1..warehouse} amount[i,j] = demand[j];

subject to positive{i in 1..warehouse, j in 1..shop}:

amount[i,j]>=0;
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MontelopoÐhsh sthn AMPL (parathr seic)

K�je par�metroc kai metablht  èqoun perigrafik�
onìmata.

Oi par�metroi kai oi metablhtèc me diploÔc deÐktec
parist�nontai ìpwc prin, me touc deÐktec na qwrÐzontai
me kìmma.

Oi periorismoÐ kai h antikeimenik  sun�rthsh
onom�zontai me ta Ðdia onìmata me k�poiec metablhtèc,
all� me kefalaÐo to pr¸to gr�mma.
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Dedomèna sthn AMPL

## Example 3 - Transportation Model Data

param warehouse:= 3;

param shop:= 4;

param cost: 1 2 3 4 :=

1 1 2 1 3

2 3 5 1 4

3 2 2 2 2;

param supply:= 1 250 2 800 3 760;

param demand:= 1 300 2 320 3 800 4 390;
Ta dedomèna aut� prèpei na swjoÔn se èna arqeÐo me
epèktash .dat.

ParathreÐste p¸c eis�gontai oi timèc sthn par�metro
cost:
Met� to ìnoma thc paramètrou mpaÐnei : kai
met� to ìnoma tou teleutaÐou deÐkth mpaÐnei :=
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MontelopoÐhsh me sÔnola sthn AMPL

## Example 3 - Transportation Model using sets

set Warehouses;

set Shops;

param cost{i in Warehouses, j in Shops};

#transportation cost from warehouse i to shop j

param supply{i in Warehouses};

#supply at warehouse i

param demand{j in Shops};

#demand at shop j

var amount{i in Warehouses, j in Shops};
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MontelopoÐhsh me sÔnola sthn AMPL

(sunèqeia)

minimize Cost:

sum{i in Warehouses, j in Shops}

cost[i,j]*amount[i,j];

subject to Supply {i in Warehouses}:

sum{j in Shops} amount[i,j] = supply[i];

subject to Demand {j in Shops}:

sum{i in Warehouses} amount[i,j] = demand[j];

subject to positive{i in Warehouses, j in Shops}:

amount[i,j]>=0;
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Dedomèna me sÔnola sthn AMPL

## Example 3 - Transportation Model Data with sets

set Warehouses:= Oakland San_Jose Albany;

set Shops:= Home_Depot K_mart Wal_mart Ace;

param cost: Home_Depot K_mart Wal_mart Ace:=

Oakland 1 2 1 3

San_Jose 3 5 1 4

Albany 2 2 2 2;

param supply:= Oakland 250

San_Jose 800

Albany 760;

param demand:= Home_Depot 300

K_mart 320

Wal_mart 800

Ace 390;
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PeriorismoÐ akeraiìthtac sthn AMPL

Gia na dhl¸soume ìti mia metablht  periorÐzetai na eÐnai
akèraih, gr�foume integer sthn entol  eisagwg c thc,
met� to ìnom� thc kai prin to ;

P.q.: An jèloume h metablht  x na eÐnai akèraia, thn
eis�goume gr�fontac:
var x integer;

Gia na dhl¸soume ìti mia metablht  periorÐzetai na eÐnai
duadik  (0-1), gr�foume binary sthn entol  eisagwg c
thc, met� to ìnom� thc kai prin to ;

P.q.: An jèloume h metablht  y na eÐnai duadik , thn
eis�goume gr�fontac:
var y binary;

Prèpei o algìrijmoc epÐlushc pou epilègoume (solver)
na uposthrÐzei epÐlush me akèraiec metablhtèc.
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Paragwg  me akèraiec posìthtec

Sto arqikì par�deigma to elaiìlado pwleÐtai se
suskeuasÐec tou lÐtrou.

Den èqei nìhma na paraqjeÐ mh-akèraioc arijmìc
suskeuasi¸n.

To p.g.p. t¸ra gÐnetai:

max 10Oilc + 15Oilv
upì 1

40
Oilc +

1
30
Oilv ≤ 40

0 ≤ Oilc ≤ 1000
0 ≤ Oilv ≤ 860
Oilc, Oilv akèraiec.
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Montèlo sthn AMPL

## Example 1 - Small Production Problem

## with integer variables

var Oil_c integer; # amount of classic

var Oil_v integer; # amount of virgin

maximize profit: 10*Oil_c + 15*Oil_v;

subject to time: (1/40)*Oil_c + (1/30)*Oil_v <= 40;

subject to classic_limit: 0 <= Oil_c <= 1000;

subject to virgin_limit: 0 <= Oil_v <= 860;
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Prìblhma epilog c egkatast�sewn

Prìblhma epilog c egkatast�sewn = Prìblhma
metafor�c + Kìsth egkat�stashc gia touc stajmoÔc
afethrÐac (apoj kec) pou ja apofasisteÐ na
qrhsimopoihjoÔn.

Ta kìsth metafor�c an� mon�da proðìntoc faÐnontai
ston pÐnaka:

Katast. 1 Katast. 2 Katast. 3 Katast. 4
Apoj. 1 1 2 1 3
Apoj. 2 3 5 1 4
Apoj. 3 2 2 2 2

Ta apojèmata stic apoj kec eÐnai
Apoj. 1 Apoj. 2 Apoj. 3

Apìjema 550 1100 1060

A. M�nou - amanou@math.uoa.gr EE - Enìthta 2



Prìblhma epilog c egkatast�sewn (sunèqeia)

Oi zht seic sta katast mata eÐnai
Katast. 1 Katast. 2 Katast. 3 Katast. 4

Z thsh 300 320 800 390

Ta kìsth egkat�stashc (ekkÐnhshc) eÐnai
Apoj. 1 Apoj. 2 Apoj. 3

Kìstoc Egkat�st. 500 500 500
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MontelopoÐhsh

Gia th montelopoÐhsh qrhsimopoioÔme 0-1 metablhtèc
openi, i = 1, 2, 3:

openi =

{
1, an h apoj kh i qrhsimopoihjeÐ,
0, diaforetik�.

openi = 0 ⇒ amountij = 0 gia k�je j.
An h apoj kh i den qrhsimopoihjeÐ tìte den ja
metaferjoÔn posìthtec apì aut n proc kanèna
kat�sthma.

Sunep¸c eis�goume touc periorismoÔc:

0 ≤ amountij ≤ supplyi × openi.
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Montèlo sthn AMPL

## Example 4 - Mixed-IP model file for the

## warehouse location problem

set Warehouses;

set Shops;

param cost{i in Warehouses, j in Shops};

#transportation cost from warehouse i to shop j

param supply{i in Warehouses};

#supply capacity at warehouse i

param demand{j in Shops};

#demand at shop j

param fixed_charge{i in Warehouses};

#cost of opening warehouse j
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Montèlo sthn AMPL (sunèqeia)

var amount{i in Warehouses, j in Shops};

var open{i in Warehouses} binary;

# = 1 if warehouse i is opened, 0 otherwise

minimize Cost:

sum{i in Warehouses, j in Shops}

cost[i,j]*amount[i,j]

+ sum{i in Warehouses} fixed_charge[i]*open[i];

subject to Supply {i in Warehouses}:

sum{j in Shops} amount[i,j] <= supply[i]*open[i];

subject to Demand {j in Shops}:

sum{i in Warehouses} amount[i,j] = demand[j];

subject to positive{i in Warehouses, j in Shops}:

amount[i,j]>=0;
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Dedomèna sthn AMPL

## Example 4 - Data file for

## the warehouse location problem

set Warehouses:= Oakland San_Jose Albany;

set Shops:= Home_Depot K_mart Wal_mart Ace;

param cost: Home_Depot K_mart Wal_mart Ace:=

Oakland 1 2 1 3

San_Jose 3 5 1 4

Albany 2 2 2 2;

param supply:=

Oakland 550

San_Jose 1100

Albany 1060;
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Dedomèna sthn AMPL (sunèqeia)

param demand:=

Home_Depot 300

K_mart 320

Wal_mart 800

Ace 390;

param fixed_charge:=

Oakland 500

San_Jose 500

Albany 500;
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Mh-grammikìc programmatismìc kai AMPL

H AMPL mporeÐ na lÔnei kai probl mata mh-grammikoÔ
programmatismoÔ.

Ja prèpei na epilegeÐ algìrijmoc epÐlushc (solver) pou
uposthrÐzei th lÔsh tètoiwn problhm�twn.
P.q. o solver cplex den uposthrÐzei epÐlush
mh-grammik¸n problhm�twn programmatismoÔ, en¸ o
minos uposthrÐzei.
Opìte ja prèpei na d¸soume thn entol :
option solver minos;

H diadikasÐa epÐlushc mporeÐ na katal gei mìno se
topikì akrìtato   se krÐsimo shmeÐo, opìte ta
apotelèsmata prèpei na qrhsimopoioÔntai me prosoq .
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Par�deigma: O nìmoc tou Snell

'Estw phg  fwtìc se èna mèso.

'Estw dèkthc se �llo mèso.

Ta duo mèsa qwrÐzontai apì èna epÐpedo.

Arq  tou Fermat: To fwc pou fj�nei ston dèkth
akoloujeÐ to monop�ti el�qistou qrìnou gia na fj�sei
apì thn phg  sto dèkth.

A. M�nou - amanou@math.uoa.gr EE - Enìthta 2



O nìmoc tou Snell (sunèqeia)

 

vi h taqÔthta tou fwtìc sto mèso i.
Qrìnoc an to fwc pern�ei apì to shmeÐo (0, x):

T (x) =

√
(a1 − x)2 + b21

v1
+

√
(x− a2)2 + b22

v2
.
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O nìmoc tou Snell (sunèqeia)

Qrìnoc an to fwc pern�ei apì to shmeÐo (0, x):

T (x) =

√
(a1 − x)2 + b21

v1
+

√
(x− a2)2 + b22

v2
.

Par�gwgoc:

dT

dx
(x) = − 1

v1

a1 − x√
(a1 − x)2 + b21

+
1

v2

x− a2√
(x− a2)2 + b22

.

dT
dx
(x) = 0 ⇒ Nìmoc tou Snell:

sin θ1
v1

=
sin θ2
v2

.
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MontelopoÐhsh sthn AMPL

## Example 5

## Snell’s law of refraction obtained by minimizing

## the time for the light to get from point a to b.

param a{1..2};

param b{1..2};

param v1;

param v2;

var x;

minimize time:

sqrt((a[1]-x)^2 + b[1]^2)/v1

+ sqrt((x-a[2])^2 + b[2]^2)/v2;
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Dedomèna sthn AMPL

data;

param a :=

1 1

2 -1 ;

param b :=

1 1

2 -1 ;

param v1 := 1;

param v2 := 0.8;
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EpÐlush sthn AMPL

option solver minos;

solve;

display x;

display ((a[1]-x)/sqrt((a[1]-x)^2 + b[1]^2))

/ ((x-a[2])/sqrt((x-a[2])^2 + b[2]^2));

quit;
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