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AIWVUUIKOI ZUVTEAEOTEC

O Alwvupikoi ouvTeAeates C(n, k) = () = mopy
Cin—1,k—1)+C(n—1,k) ovO0<k<n
Cln. k) = { 1( ) ( ) OLLPOPETLHA

long Binom(int n, Int k) {

iIT ((k ==0) || (k == n)) return(l);
return(Binom(n — 1, k - 1) + Binom(n — 1, k)); }

B Xpovoc ekTeAeonc diveTal ano Tnv idia avadpopn!
T(n,k) = 6(C(n,k)) = Q((n/e)*), C(30,15) = 155117520

B [IpoBAnua ol enavalapBavopevol unoAoyIoHOi.

O 'OTav exw €niKaAUNTOWEVA OTIYHIOTUNGA, XPNOIMONOoIw
OUVAHIKO NPOYPAHHATIOHO.
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Tpiywvo Tou Pascal

[ Cn—-LEkE-1)+C(n—1,k) av0<k<n
Slanie { 1 duopopeTird,

O 'OTtav exw snavaAappBavopeva
OTIYMIOTUNA, anobnkeuw TIHPEC
O€ nivaka Kal TIC XpNoIJonoiw
XWpIic va TIc unoAoyilw naAl.
B Oeauatikn BeAtioon xpovou P

ekTeAeonc! 5 1 5 10 10 5 1
B >nNUavTIKEC analTnoeic 1 6 15 20 15 6 1
O pvnun. 1 7 21 35 35 21 7 1

1 8 28 5 70 56 28 8 1

1 9 36 84 126 126 84 36 9 1
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Tpiywvo Tou Pascal

Cln, k) = Cln—1,k-1)+C(n—1,k) ow0<k<,n
1 SLapoQETIXRA
Binomial(n, k)

Cl0,0] = C|[1,0] =CJ[1,1] =1;
for: <+ 2tondo

Clz,0] « 1;

for j «+ 1 tomin{i — 1,k} do

ifi —1 < k then CJi,i| = 1;
return(C|n, kI);

O Xpovoc ekteAeonc O(nk) avTi via Q((n/e)k).
B Mvnun ©(nk). Mnopei va peiwbei og O(k).
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Auvapuikoc MpoypauuaTiouoc

O E@apuoloupe dUVAUIKO NpOoypaupuaTiopo yia npoBAnuaTa
ouvOUaaoTIKNC BEATIOTONOINONC OMOU IOXUEI:
B Apxn BeATioToTnTag (BEATIOTEC ENIPEPOUC AUCEIC).
O Kabe tunua BeATIoTNC AuonNC anoTeAEl BeEATIOTN Auon
Yla avTioTolxo unonpopBAnua.
O n.x. KGBe THNUA piac ouvtTohoTePNC d1adpopnc sival
ouvTopoTEPN d1adpopn HETAEU TWV AKPWV TOU.
O 'EoTw BEATIOTEC AUOCEIC VIa «HIKPOTEPA» NpoBAnuaTa.
Nwc cuvoualovTal yia BEATIOTN AUGH O€ «UEYAAUTEPA>;
B Avadpojikn e€iowon nou nNepiypa@el TIHN BEATIOTNC Auonc.
B  YnoAoyiloupe AUon anod PIKPOTEPA OE PEYAAUTEPA
(bottom-up).
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AlakpiTo MNMpoBAnua Zakidiou

0 AivovTal n avTikeigeva kal oakidio peyebouc B.
AVTIKEIPEVO i £xsl HEYEBOG kal aia: (s;, p;)

O ZnteiTal cuAAoyn peyioTnc a&iac nou Xwpdsgl oTo 0akidlo.

max 37, fin | i ovis
Ve ” y — g
uné meQuoguopots Y, fisi < B fi= {0 —

fi € {0, 1} Vi € [n]

B Avmikeiyeva: { (1, 0.5), (2, 5), (2, 5), (3, 9), (4, 8) }
MeyeBoc oakidiou: 4.

B BeAtiotn Auon ={ (2, 5), (2, 5) }

B Avtikeiyeva: { (3, 5), (2, 7), (4, 4), (6, 8), (5, 4) }
MeyeBoc oakidiou: 10.

B BéAtiotn Alon = { (3, 5), (2, 7), (4, 4) }
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[MTpoBANua Zakidiou

O MpoBAnua cuvouaoTiknG BeATIoTONOINONC:
B >ulAAoyn nou xwpdasl e@IKTR Avon. AvTioToixei o€ agia.
B Zntouuevo: (BEATIOTN) OUAAOYN NMou Xwpasgl Ye peyioTn a&ia.
O E&avtAnTikn avalntnon:
B #ouloywv = 21, Xpovocg Q(n2n)
O MpoBAnua Zakidiou gival NP-duokoAo kal 6gv undapxel
«ypnyopoc» (MOAUWVUMIKOC) aAyopiBuoc.
B Eopapuoyn duvapikou npoypaupaTtionou.
B Xpovoc O(n B). Agv €ival noAuwvupikoc(;)!

AAYOPIOUIKEC TEXVIKEG Auvapikog MNpoypapuaTiopoée 7



Apxn BeATioTOoTNTAC

O Avmikeipeva N = {1, ..., n}, oakidlo peyebouc B.
BeATiotn Auon A*c {1, ..., n}.
0 AyVOOUWE AVTIKEIPUEVO N :
B A"\ {n} BeAtiotn Auon via N \ {n} pe oakidio B - (f s.).
O Ayvooupe avTikeigyeva {n, n — 1}:
B A"\ {n,n-1} BeAtiotn Auonyia N\ {n,n -1}
pe oakidio B - (f s, + f,.;S,.1)-
O Av yvwpiloupe BeATioTn a&ia yia avTikeipyeva N \ {n?}
Kal oakidia peyebouc B ka1 B - s,
B .. ano@aci(oUPE av avTIKEIPeEVO N oTn BEATIOTN Auon!
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Avadpopikn E&iocwon

O P(n-1, B) BeATioTn a&ia yia N \ {n} o oakidio B
P(n-1, B - s.) BeATiotn a&ia yia N \ {n} o€ oakidio B - s,

P(n,B) =max{P(n—1,B),P(n—1,B — s,) + p,}

O BeATioTn a&ia pe avTikeipyeva {1, ..., i } kal
oakidio peyeboug b : P(i,b)

0 avb <0

0 avi=20

max{P(: —1,b),P(i —1,b—s;) +p;} ywi=1,...,n
wub=1,..., B

P(i, b) =
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Napadeiyua

0

P(i,b) =

0
max{P(i — 1,b),P(i — 1,b—s;) +pi} ywi=1,...,n

avb<O0
avi=20

xwub=1,...,B

O Avmikeipeva: { (3, 5), (2, 7), (4, 4), (6, 8), (5, 4) }

Meyeboc

oakidiou: 10.

ib[0[1[2[3[4][5[6[7[8]9]10
010(010(01010101010101(60
110[{0]0|5|5| 5| 5|5|5|5]|5
2 (0(0|7|7|7(12|12(1212 |12 |12
3 10(0|7|77112|12|12|12 |16 |16
4 (10|07 |7|7|12|112|12|15|16/| 16
5 (0077|7112 ]|12 1215|1616
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Y)\OI‘IOiI’]OI‘] Avadpopuikn uAonoinon;

KllapsaCk(B, (slapl)a “re (snapn)) Xp(')voc; O(n B)
for : < 0 to n do P[i,0] « O; .
for b < 1 to B do P[0,b] + O; SR IS

fori < 1tondo
for b < 1to B do
if b — S; >0 then
t+ P[i—1,b— s;] + p;
else t <+ O;
if Pli —1,b] >t then
Pli,b] « Pli — 1,b];
else P[i,b] « t;
return( P|n, B));

AAYOPIOUIKEC TEXVIKEG Auvapikog MpoypappuaTtiogog 11



WeudonoAuwvupikoi AAyopiBuol

O To npoBAnua Tou oakidiou gival NP-dUokoAo.

O AAyopiBuoc O(n B) dev €ival NOAUWVUNIKOU XPOVOU;
B [1a val, npenel NOAUWVUPO Tou peyeBouc l00dou!
B Méyebog ei00dou: O(n(logy B + logy Prmax))
B XpOvoG NOAUWVUMIKOG OTO N aAAa ekBeTIKOG oTO log, B
O ApiBunTika npoBAnuara:

B  Meyeboc apibuwyv noAu peyaAuTtepo (n.X. EKOETIKO) ano
nAnBoc «Bacikwv ouvioTwowv>» (0TI OUPUPBOAICOUHE HE N).

O AAYyOpIOPOC NOAUWVUMIKO XPOVOU:
O((n log max num)*), ovabepd k > 1
O AAyopiBuoC Weudo-NOAUMVUMIKOU XPOVOU:
O((nmaxnum)*), otaBepd k > 1
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AnAnoTia vs Auvauikoc Mpoyp.

O Aiakpito MNpoBA. Zakidiou: oxi 1010TNTA anAnoTnc eniAoync.
B [1.yx. Avtikeipyeva: {(1, 1+¢), (B, B)}. Zakidio peyebouc B.
O AnAnoTia kai Auvapgikoc MpoypduHATIOHOG:
B Apxn BeATioToTNnTAC.
O Avuvapikog MNMpoypappaTtiopog: avadpoun
B BeATioTn Auon os 6Aa Ta uno-npoBAnuaATa nou
EUNAEKOVTAlI OTNV avadpopn.
O AlakpiTo Zakidio: BEATIOTN AUON PE NPWTA i AVTIKEIYEVA
via oAa Ta peyedn oakidiou!
B >uvduadlel «kaTaAANAec» eniuEPOUC AUCEIC Yia BEATIOTN.
B Auon OAwv uno-npoBAnNuaTWV eyyudaTal BEATIOTN Auan
aAAa kogoTilel oNUAvTIKA O UNOAOYIOTIKO XPOVO.
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AnAnoTia vs Auvauikoc Mpoyp.

0 AnAnoTia: enavaAnyn

Ta&vopnon wc npoc kanolo (eUAOYO) KpITAPIO.

> € kKaBe Bnua apgeTakAnTn anAnoTn niAoyn.
AnAnoTn €niAoyn: Qaiveralr KAAUTeEpPN PE Baon
TPEXOUOA KaTaoTaon kai kanoio (anAd) KpiTnplo.

Auon HOVO «avaykaiov» uno-npoBANNATwV: anodoTiKo
unoAoyloTika aAAa dev divel navta Tn BeEATIOTN Auon.

O [pnyopol, anAoi kAl «puaoloAoyikoi» aAyopiBuol!
O (KaAec) npooeyyloTikec AUCEIC 0€ NOAAG npoBAnuarda.
O BeATIOTn Aucon pOvVo OTav anAnoTn eniAoyn

(WC NPOC CUYKEKPIPJEVO KPITAPIO ENIAOYNC).
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Subset Sum kai Aiauepion

O Subset Sum:
B >uvoAo Quaikwv A = {s,, ..., S,» kai B, 0 < B < s(A).
B Yndpxel X c A pe s(X) = Xex s = B;
B Knapsack anoTteAei yevikeuon Subset Sum.
B [1poBAnua Aiapepionc (Partition): otav B = s(A) / 2
O S(i, b) eival TRUE avv unapxel X < {1, ..., i} pe s(X) = b.

(1 ovb=0
0 ovb <0
S(i,b) =< 0 avi=0xub>0

SE—1,bVvSi—1,b—s;) ywai=1,...,n
E woub=1,...,B
B H Tiyn Tou S(n, B) divel Tnv anavrtnon.
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To MpoBAnua Tou MepinTepa

O Keppata a€iac 1, 12, kal 20 AenTwv.

O PeoTa nooo x e EAAXIOTO #KEPUATWYV.,
B Auvapikoc npoypapuaTionoc.
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AAUOI0WTOC MNMoA/poc Mivakwy

O Tivopevo nivakwy A (p x q) €ni B (g x r) og xpovo O(p g r).
(HETPAPE HOVO MOA/HOUC HETAEU apiBpwv).
0 ZUVvTOMOTEPOC TPOMOC UNOAOYIOHOU YIVOUEVOU
A As As i A, 1 A,
(d(] X dl) (dl X dg) (dg X dg) “ o (dn_g X d _1) (dn—l X dn)
B [loAAanAaciaopocg Nivakwy €ival npagn npooeTalploTIKN
(anoTeAeopa aveEapTnTO ANO UNOAOYIOUO EMIPJEPOUC YIVOUEV.)
B O ypovoc unoAoylouou e€aptartal ano Tn ocipal

(A142) A3
Aq Az As (1 x 100 x 3) + (1 x 3 x 1) =303
(1 x 100) (100 x 3) (3 x 1) == (Azds)

(1 x 100 x 1) + (100 x 3 x 1) = 400
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[ToAAanAaciacuoc Mivakwyv

A A, Az Ay
(13 x 5) (5 x 89) (89 x 3) (3 x 34)

2e1pa Ymoloyiopov AoOpnog HHollamlaocroonaoy
(((A1A2)A3)Ay) 13 x5 x84+ 13 x 89 x 3+ 13 x 3 x 34 = 10582
((A142)(A3A4)) 94201
((A1(Az43))Ay) 2856
(A1((A243)A4)) 4055
(A1(A2(A34,4))) 26418
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[ToAAanAaciacuoc Mivakwyv

L

AivovTal n nivakec:

A A, As . A, 1 A,
(do X dl) (dl X dz) (dz X d3) R (dn—2 X d _1) (dn—l X dn)

Me noia ceipa Ba unoAoyIoTei TO yivopevo A A, ... A
WOTE va ehaxioTonoinBei #apiBu. noA/Pwv.

MpoBANpa cuvouaaoTIKNC BeATIoTONOINONC:

B KaBe osipa unoAoyiopou unoAoyilel YIVOPMEVO NIVAK®WV
HE KANolo #apiBu. NoA/uwV.

B ZnTeiTal N osipa Ye EAAXIOTO #apiBu. NOA/HwV.
AnodoTIKOC aAyopIBuoC yia UNOAOYIONO KAAUTEPNG OEIPAC
via aAucidwTo NoA/Jou N NIVAKWYV.

n
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EEavTAnTiKN AvalnTnon

O ... dokipyalel OAeC TIC OIpEC unoAoyiouoU Kal Bpiokel
KaAuTEpN.
B KaBe oeipa avTioToixel o€ duadIkKO OeVTPO PE N PUAAQ.
B Xpovoc avaloyoc #0uadikwyv OEVTPWY HE N PUAAQA:
P(n) =y 4—; P(k)P(n—k), P(1) =1
) = 0(5)

:n n—1

B AUon (n-1)-00T0¢ apiBuodg Catalan: P(n)

0 ©Oa epapuooouUpe dUVAUIKO MPOoypaupaTiouo.
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Apxn BeATioTOoTNTAC

O ZupPoAifoupe A; ;= A; X -+ X A;

BEATIOTN AUon unoAoyilel A i, (do X d;), ka1 Airi n, (di X dy),
yia kanoio i, 1 < i < n, kal TeEAeiovel pe A1 X Ait1 n.

B #noMNpwv = dyxd xd, + #noApwv(A; ) + #noNpwv(A,_; )

B Enipgepoug yivodeva A, ; kai A, , unoAoyilovTal BEATIOTA.

SupBoAiloupe mli, 7] = BéAtiotog #moMpdv(A; ;)

'EoTw yia Kabe 7, 1 < i < n, yvwpiloups m|l,i] wow mli + 1, n
Tote m|l, n| = miny o, {m|1,i] + mft + 1,n] + dod;d,, }
[eviKn avadpoMIKN OXEON:

. o [ minjepi{mfi, k] +mlk+1,§] +di_1dpd;}avi <
mli J1 =\ g avi=j

[l

O 0O 0O O
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Auvapuikoc MpoypauuaTiouoc

O Bottom-up unoAoyiopoc m[1, n] ano avadpouikn oxeon:
= min;<p<i{mli, k] + mlk + 1,5] + di_1dpd;} avi < j
i = 0 avi=)
O YnoAovyilw n(n = 1) / 2 Tiyec mli, jl.

B m[i, j] unoAoyileTal o Xpovo O(n) ano TIUEC YId
YIVOUEVA PIKPOTEPOU EUPOUC.
B Tiyec anoBnkeuovTal o€ nivaka.
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. o Jmincpi{mli, k] + mlk+ 1,5] +diididifavi < j
mii, g = 0 avi=j

Napadeiyua

1 (A1(A4245))((A445)As)

Al A2 A3 A4 A5 A6
(30 x 35) (35 x 15) (15 x 5) (5 x 10) (10 x 20) (20 x 25)
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.o mimskq-{m[i, k] + m[k + 1,]] + d;_1dg d_,} ovi <]
mi = 0 avi=]j

YAonoinon (bottom-up)

MatrixChainMultiplication(d[0, 1,. .. ,n]) /* A: swiowoong dfi — 1] x d[z] */
for: < 1tondo
mi, 1] < 0;
forp<— 2tondo
for:<— 1ton—p+1do
j+—i+p—1; mli j] < oc;
fork<itoj—1do
q + mli, k| + mlk + 1, 5] + d[t — 1]d[k]d[7];
if ¢ < m|z, 7] then m|t, 3| < g;
return(m[1, n]);

O Xpovocg O(n3) kal pvun O(n2), peiwveral o O(n).
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[?, ] = mim5k<j{m[i, k] + m[k + 1,]] + d;_1dg d_,} ovi <]
=1 0 ovi=]

YAonoinon (top-down)

RecMatrixChain(d[i — 1, ..., j]) Xpovoc Q(2n) |
if i = j then return(0);
m < 00, /* Tom Ba ndpeL tqv upi m[z, j] */
fork<itoj—1do
g +RecMatrixChain(d|z — 1, ... ,k]) +
RecMatrixChain(dk, . . ., j]) + d[i — 1]d[k]d]4];
if g < m then m < ¢;

return(m);
L4

MN
/\ /\ /\ /\

/\ 2l<4 : 4.4 1. 7\ 3 I\
Ry T2 3:3 22 3.3 1.1 222



Avadpopun ME AnouvnuoveUon

O O avadpouikoc aAyoplOuoc anobnkeuvel TIHEC O€ nivaka.
Kabe Tiyn unoAoyileTal yia gopd.
B >uvodualel anAoTnTa top-down npooeyylonc Ue
TaxutnTa bottom-up.
RecCM(d[i — 1,...,3]);

if m|z, 5] < oo then return(m/i, j));

RecMemMatrixChain(d|0, . . ., n)) if i = j then m[i, j| = 0;
for: — 1tondo else
for j < 1tondo fork<+itoj—1do
mli, j| ¢ oo; g +—RecCM(d[i — 1,...,k]) +
return(RecCM(d|0, . . . , n])); RecCM(dk, ..., j]) +

d[ — 1]d[k|d]];
if ¢ < mli, j] then mli, j| < g;
return(m[i, j]);
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All vs AkB

O Auvapikoc MpoypaupaTtiogoc kai Alaipei-kal-BaoiAgue
eniAuouv npoBAnuarta cuvoualovtac AUCEIC KATAAANAQ
ENIAEYHEVWV UNO-NPOoBANUATWV.

O AkB sival puoel avadpouikn pebodoc (top-down).
0 AkB eniAuel uno-npoBAnuara aveEaprTnTa.
B  Epappoleral oTav napayovral aveEapTnta uno-npof/Ta.

B EidaAAwc idla uno-npoBAnuaTa AuvovTtal NOAAEC (POpPEC:
> aTaAn unoAoyIioTIKOU XpOVOoU.
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All vs AkB

O Al «kTiCer» BeATioTn Auon npof/Toc ano PEATIOTEC AUCEIC
uno-npofB/Twv (bottom-up).
B Al &kiva pe oToixeiwdn oTIyHIoTUNA.
B >uvdouadlel AUOEIC yia va Bpel AUCEIC O JeyaAuTepa.

O AN epappuoleTal oTav uno-npof/Ta enikaAunTovTal.
AnoBnKeUEl eENIPEPOUC AUCEIC yia va unv unoAoyilel naAl.
B «[lpoypapuaTticpoc» d1adikaoia CUPNANpwonc nivaka Je

evolaueoa anoTteAeopaTa (Bellman, 50's).

O Al epappoleTal 0Tav IoXUEl apxn PEATIOTOTNTAC.
B Aiatunwon avadpouikng €icwanc yia BEATIOTN Auon.
B Avadpopikn €Eicwon AuveTal bottom-up yia BEATIOTN TIHA.
B Eniloyec kaTta Tnv eniAuon anapTidouv BeATIOTN Auon.
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NpoBAnua MAavodiou NMwANTn

O Aivovral n onueia N = {1,2,...,n} Kai
anooTtaoceig Toug d: N x N — IR,
B Anocraoni — j = d;;, anooraon j —» i = dj
B [evikn NeEpINTWON: OXI CUUPETPIKEC ANOOTAOEIC,
Ol TPIYWVIKN avicoTnTd.
O ZnteiTal yia neplodeia EAAYXIOTOU CUVOAIKOU HNKOUG.
B [lepiodeia: KUKAOC nou dIEpXETal ano Kabe onueio pia gopd.
B [lepiodsia: pyerdBson onueiov 7 : N = N, n(1) =1
MeTtabeon (permutation): 1-1 kai €ni avTioToixia N pe N.
O MNx. 12345678
15273846

B Mnkog nepiodeiag n: L(m) = dpmy1 + E?’:_ll dr(i)p(i+1)
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NpoBAnua MAavodiou NMwANTn

O MpoBAnua cuvouaoTiknG BeATIoTONOINONC:
B KabBe neplodeia e@IKTN AUON KAl QVTIOTOIXEI OE HNKOG.
B Zntouuevo: (BEATIOTN) Neplodsia EAAXIOTOU HUNKOUC.

00 EEavrtAnmikn avalntnon: 8
B #nepiodeiwv = (n - 1)!
B Xpovog Q(n!)

O MNN eivai NP-duokoAo kai
OEV UNAPXEl «Yyprnyopoc»
(noAuwVUMIKOC) aAyopiBpuoc. 2

B  AuVapikoC NpoypapuaTionoc
AUVEI YEVIKN NEPINTWON O€
Xpovo O(n2 2n),
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Apxn BeATioTOoTNTAC

0 BeATioTn nepiodeia Eskivasl 1 — i kal ouveyidlel ...
B ..anoi—>oAaTaonueiaN\{1,i} > 1.
B AuUTO TO TUNMGA BEATIOTO PE AuTn TNV 1010TNTA.
O Ala@opeTika, BEATIOVW TUNMA KAl neplodsia ouvoAika!
O 'EoTtw L(i, S) eAaXIOTO PNKOC Yia va EeKIvow
anoi - oAoT0S > 1, (i ¢ S).

B AvScN\{l1l}, ToTei=1
(To 1 npooTiBeTal TEAEUTAIO).

B EukoAad L(Z, @) — d;1, V1 75 1
O L(i,{j}) = dij + dj1
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Apxn BeATioTOoTNTAC

O 'EoTtw L(i, S) eAaxI0TO UNKOC YIa va EEKIVow
anoi - ohoT0S > 1, (i ¢ S).
B AvScN\{1l}, totei= 1 (10 1 NnpooTiBeTal TEAEUTAIO).
m FEukoAayvia |S| =0, 1, 2:
L(i,{j,¢}) = min{d;; + dje + de1, die + dg; + dj1 }
L(i,{J,€}) = min{d;; + L{j, {£}), die + L(¢,{5})}

B Ynoloyilw L(i, S), |S| = k, av yvwpilw oAa Tta L(j, S\ {j}):
L(z,S) = minjes{d;; + L(5,5 \ {7})}

B YnoAoyilw OAeC TIC BEATIOTEC «UnoO-NeEPIOOEIEC» NOU
TeEAEiwVouv oTo 1 kal €xouv unkoc 1, 2, 3, 4, ..., yia kabe
UMNOOUVOAO avTioTOIXOU peyeBouc.
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Napadeiyua

L(i, S) = minjeg{d;; + L(j,S \ {j})}

il5| 0 | {2} | {3} | {4} |{3.4}){2,4}|{2,3}|{2,3,4}

2[5 15 (3)[18 (4)[25 (4)
3| 6 [18(2) 20 (4) 25 (4)
4| 8 [13(2)[15 (3) 23 (2)

[0 BeATioTn nepiodeia 1, 2, 4, 3 pynkouc 35.
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YAonoinon L(i, §) = min;es{d;; + L, S\ {j})

TSP(d[1...n][1...n))

for i < 2 to n do L(i,0) « d[i, 1]; MvAun ©(n 21)
fork < 1ton—2do
forall SC N\ {1},|S| =k do Xpovoc O(n2 2n)
foralli e (N\ {1})\ S do
g + oo;

forall € Sdo
if dfi, j] + L(7,5 \ {7}) < g then
g < d[i,j] + L{5,5\ {7}); t<« J;
L(i,S) + ¢ J(i,8) « t;
q + oo;
for j + 2to n do 20 onpeia:

if d[1,7] + L(j, N\ {1,7}) < g then . 20! = 2.4x1018

q<—d[1,J] + L5, N \ {1, }) t<—J;
L(L,N\{1}) ¢ J(I,N\{1}) «¢ 202 220 = 4,2x108
retarn(L(1, N \ {1}), J);
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