
EISAGWGH STON PROGRAMMATISMO (2012-13)

'Askhsh 3 1

'Estw ìti èqoume èna orjog¸nio plaÐsio n×m (n grammèc kai m st -
lec), to opoÐo jèloume na diasqÐsoume apì thn pr¸th gramm  proc thn
teleutaÐa. ArqÐzoume apì k�poio tetragwnÐdio thc pr¸thc gramm c kai
se k�je b ma mporoÔme na phgaÐnoume se tetragwnÐdio thc epìmenhc,
eÐte sto akrib¸c apì k�tw, eÐte se k�poio apì ta diag¸nia (k�tw ari-
ster�   k�tw dexi�). JewroÔme ìti stic akraÐec st lec tou o pÐnakac
“anadipl¸netai”, opìte an se mÐa gramm  briskìmaste sthn plèon dexi�
jèsh, wc diag¸nia k�tw dexi� aut c thc jèshc eklamb�noume th plèon
arister  jèsh thc epìmenhc gramm c. AntÐstoiqh anadÐplwsh mporeÐ
na gÐnei kai sthn arister  st lh.
Oi pijanèc metab�seic apì èna tetragwnÐdio tou plaisÐou se k�poio thc
epìmenhc gramm c faÐnontai sto diplanì sq ma (ep�nw). Me autì ton
trìpo, mporoÔme na dhmiourg soume monop�tia di�sqishc tou plaisÐou
apì thn pr¸th proc thn teleutaÐa gramm , ìpwc aut� pou faÐnontai
sto diplanì sq ma (k�tw).

Ac jewr soume t¸ra ìti se k�je tetragwnÐdio tou plaisÐou up�rqei ènac mh arnhtikìc akèraioc
arijmìc. To zhtoÔmeno eÐnai na broÔme poio eÐnai to mègisto �jroisma arijm¸n pou mporoÔme na
èqoume, diasqÐzontac èna monop�ti, me th logik  thc prohgoÔmenhc paragr�fou. Sta parak�tw
sq mata faÐnontai dÔo tètoia monop�tia se dÔo plaÐsia 6 × 5. Sto aristerì plaÐsio to mègisto
�jroisma isoÔtai me 44 kai sto dexiì me 49.
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An jèloume na anaptÔxoume ènan algìrijmo, gia dedomèno pÐnaka mh arnhtik¸n akeraÐwn A,
di�stashc n×m, pou na brÐskei to mègisto �jroisma S akolouj¸ntac èna monop�ti apì thn pr¸th
proc thn teleutaÐa gramm , ìpwc perigr�fhke nwrÐtera, mporoÔme na skeftoÔme wc ex c:

'Estw ìti briskìmaste sth jèsh (i, j) tou pÐnaka (1 ≤ i ≤ n kai 1 ≤ j ≤ m) kai jèloume na
broÔme to mègisto �jroisma Sij apì th jèsh aut  mèsw enìc monopatioÔ mèqri thn teleutaÐa gramm .

• An briskìmaste sthn teleutaÐa gramm , dhlad  i = n, tìte, profan¸c, Sij = aij.

• An den briskìmaste sthn teleutaÐa gramm , dhlad  i < n, tìte to mègisto �jroisma Sij

isoÔtai me to �jroisma tou aij sun to mègisto �jroisma pou mporoÔme na epitÔqoume apì
k�poio apì ta tetragwnÐdia thc epìmenhc gramm c pou eÐnai akrib¸c k�tw apì th jèsh (i, j)  
diag¸nia aut c, arister�   dexi�, lamb�nontac upìyh kai ìti o pÐnakac anadipl¸netai. Dhlad ,

1Θερμές ευχαριστίες στον τεταρτοετή ϕοιτητή του Τμήματος Γιώργο Μπιτζέ, ο οποίος πρότεινε την άσκηση αυτή
και έϕερε σε πέρας την ενδεικτική υλοποίησή της.



sumperilamb�nontac kai thn perÐptwsh i = n, èqoume:

Sij =


anj an i = n
ai1 +max{Si+1,m, Si+1,1, Si+1,2} an i < n, j = 1
aij +max{Si+1,j−1, Si+1,j, Si+1,j+1} an i < n, 1 < j < m
aim +max{Si+1,m−1, Si+1,m, Si+1,1} an i < n, j = m

Tìte, to mègisto �jroisma S pou eÐnai dunatìn na èqoume xekin¸ntac apì k�poio stoiqeÐo thc
pr¸thc gramm c kai katal gontac sthn teleutaÐa gramm  isoÔtai me:

S =
m

max
j=1

S1j

Anadromik  ulopoÐhsh

Gr�yte èna prìgramma C to opoÐo na diab�zei apì thn eÐsodo èna pÐnaka mh arnhtik¸n akeraÐwn
kai na upologÐzei, me th bo jeia mÐac anadromik c sun�rthshc pureRecursive pou ja basÐzetai
ston prohgoÔmeno tÔpo, to mègisto �jroisma pou eÐnai dunatìn na èqoume metakinoÔmenoi se èna
monop�ti apì thn pr¸th proc thn teleutaÐa gramm . Arqik�, to prìgramma na diab�zei se mÐa gramm 
tic diast�seic tou pÐnaka, kai sth sunèqeia ta stoiqeÐa tou kat� grammèc. Sto prìgramm� sac den
epitrèpetai na orÐsete �llon pÐnaka ektìc apì autìn pou qrei�zetai gia th fÔlaxh twn dedomènwn
tou.

An to ektelèsimo prìgramma pou ja kataskeu�sete telik� onom�zetai “maxsum”, endeiktikèc
ektelèseic tou faÐnontai sth sunèqeia.2

% ./maxsum

6 5

7 4 5 2 7

6 9 1 6 3

9 2 7 9 8

8 8 1 7 2

2 3 1 8 4

4 6 5 4 6

Running pureRecursive

Max sum is 44

%

% ./maxsum

6 5

7 4 5 2 7

6 9 1 6 3

9 2 7 9 8

8 8 1 7 9

2 3 1 8 8

4 6 5 4 7

Running pureRecursive

Max sum is 49

%

% cat input.txt

14 16

2Το αρχείο input.txt μπορείτε να το βρείτε στο http://www.di.uoa.gr/~ip/hwfiles/maxsum/input.txt.



7 38 8 98 85 47 31 38 49 24 86 96 15 77 32 78

96 54 0 66 55 46 31 54 22 8 54 73 61 34 22 69

72 30 67 9 29 98 99 30 75 85 26 42 14 58 20 10

65 72 77 20 70 60 26 92 21 80 18 82 66 40 51 90

22 71 51 52 21 50 82 96 87 61 38 1 19 11 64 36

83 93 8 54 53 34 46 74 67 16 57 33 56 60 24 31

31 75 83 53 78 17 1 65 78 40 19 50 3 83 38 86

76 47 92 81 33 91 56 52 7 65 86 16 77 62 47 9

89 82 14 67 99 15 85 30 7 4 32 10 39 70 49 15

69 41 96 55 32 4 7 40 21 93 8 99 55 55 60 97

89 74 64 40 41 49 70 1 5 54 63 44 25 12 11 46

54 60 1 86 64 9 78 86 2 38 85 10 93 45 7 34

71 23 75 64 25 97 65 30 52 29 75 77 93 38 23 47

98 77 86 63 86 16 1 40 55 38 2 0 35 61 35 58

% ./maxsum < input.txt

Running pureRecursive

Max sum is 1146

%

MporeÐte na dokim�sete to prìgramm� sac kai me �llouc pÐnakec, pou genn¸ntai tuqaÐa apì to
prìgramma “randmatr <arch>”, ìpou to <arch> eÐnai linux, windows.exe   macosx, an�loga me
to sÔsthma pou sac endiafèrei. Ta ektelèsima autoÔ tou progr�mmatoc gia tic prohgoÔmenec arqite-
ktonikèc mporeÐte na ta breÐte sto http://www.di.uoa.gr/~ip/hwfiles/maxsum. To prìgramma
“randmatr <arch>” mporeÐ na klhjeÐ eÐte qwrÐc orÐsmata, eÐte apì èna èwc tèssera orÐsmata, kai
par�gei sthn èxodì tou èna tuqaÐo pÐnaka sth morf  pou ton perimènei to prìgramma “maxsum”
(pr¸ta oi diast�seic tou pÐnaka kai met�, kat� grammèc, ta stoiqeÐa tou). Oi diaforetikèc ekdoqèc
qr shc tou progr�mmatoc perigr�fontai sth sunèqeia:

• randmatr <arch>: DhmiourgeÐ èna tuqaÐo pÐnaka me 10 grammèc kai 10 st lec, me stoiqeÐa pou
èqoun timèc apì 0 èwc 99 kai me fÔtro thc genn triac tuqaÐwn arijm¸n ton trèqonta qrìno.

• randmatr <arch> <N>: DhmiourgeÐ èna tuqaÐo pÐnaka me <N> grammèc kai 10 st lec, me stoi-
qeÐa pou èqoun timèc apì 0 èwc 99 kai me fÔtro thc genn triac tuqaÐwn arijm¸n ton trèqonta
qrìno.

• randmatr <arch> <N> <M>: DhmiourgeÐ èna tuqaÐo pÐnaka me <N> grammèc kai <M> st lec,
me stoiqeÐa pou èqoun timèc apì 0 èwc 99 kai me fÔtro thc genn triac tuqaÐwn arijm¸n ton
trèqonta qrìno.

• randmatr <arch> <N> <M> <Maxvalue>: DhmiourgeÐ èna tuqaÐo pÐnaka me <N> grammèc kai
<M> st lec, me stoiqeÐa pou èqoun timèc apì 0 èwc <Maxvalue>-1 kai me fÔtro thc genn triac
tuqaÐwn arijm¸n ton trèqonta qrìno.

• randmatr <arch> <N> <M> <Maxvalue> <Seed>: DhmiourgeÐ èna tuqaÐo pÐnaka me <N> gram-
mèc kai <M> st lec, me stoiqeÐa pou èqoun timèc apì 0 èwc <Maxvalue>-1 kai me fÔtro thc
genn triac tuqaÐwn arijm¸n to <Seed>.

K�poiec epiplèon ektelèseic tou progr�mmatoc “maxsum” (se perib�llon Linux), me tuqaÐec
eisìdouc pou par�gontai apì to prìgramma “randmatr linux”, faÐnontai sth sunèqeia.



% hostname

linux29

%

% ./randmatr_linux 12 16 200 134 | ./maxsum

Running pureRecursive

Max sum is 1896

%

% ./randmatr_linux 15 20 150 4 | ./maxsum

Running pureRecursive

Max sum is 1821

%

% ./randmatr_linux 17 13 400 2294 | /usr/bin/time ./maxsum

Running pureRecursive

Max sum is 5208

8.36user 0.00system 0:08.36elapsed 100%CPU ........

%

% ./randmatr_linux 18 18 1000 123 | /usr/bin/time ./maxsum

Running pureRecursive

Max sum is 14892

36.11user 0.00system 0:36.11elapsed 99%CPU ........

%

% ./randmatr_linux 20 22 10 1 | /usr/bin/time ./maxsum

Running pureRecursive

Max sum is 163

407.44user 0.00system 6:47.42elapsed 100%CPU ........

%

ParathreÐte sta parap�nw apotelèsmata ìti ìso megal¸nei o pÐnakac tìso pio polÔ argeÐ to
prìgramm� sac na upologÐsei to mègisto �jroisma; M pwc autì ofeÐletai sto ìti poll� endi�mesa
mègista ajroÐsmata upologÐzontai uperbolik� pollèc forèc; Dokim�ste na deÐte sto qartÐ p¸c
douleÔei to prìgramm� sac gia èna mikrì pÐnaka eisìdou, ¸ste na exhg sete th sumperifor� tou.

Anadromik  ulopoÐhsh me qr sh epiplèon pÐnaka

Gia na apofÔgete to prìblhma pou parousi�sthke sthn prohgoÔmenh prosèggish, ìtan o pÐnakac pou
dÐnetai eÐnai meg�loc, dokim�ste na antimetwpÐsete to Ðdio prìblhma mèsw mÐac �llhc anadromik c
sun�rthshc, èstw me ìnoma matrRecursive, h opoÐa ja upologÐzei to k�je merikì �jroisma Sij

akrib¸c mÐa for�. Gia na to epitÔqete autì, ja qreiasteÐte kai èna deÔtero pÐnaka di�stashc n×m,
gia na apojhkeÔete tic timèc Sij thn pr¸th for� pou tic upologÐzete, ¸ste na tic qrhsimopoieÐte
p�li ìtan tic qrei�zeste.

Se aut  th deÔterh ulopoÐhs  sac, to prìgramm� sac na brÐskei kai na ektup¸nei, ektìc apì
to mègisto �jroisma, kai to monop�ti pou antistoiqeÐ s' autì to �jroisma, dhlad  tic timèc twn
stoiqeÐwn apì ta opoÐa dièrqetai. An up�rqoun perissìtera apì èna monop�tia me to Ðdio mègisto
�jroisma, to prìgramm� sac arkeÐ na ektup¸nei èna mìno apì aut�.

ParadeÐgmata ektèleshc gia th nèa ulopoÐhsh eÐnai ta ex c:

% ./maxsum

6 5

7 4 5 2 7

6 9 1 6 3



9 2 7 9 8

8 8 1 7 2

2 3 1 8 4

4 6 5 4 6

Running matrRecursive

Max sum is 44

7 -> 9 -> 7 -> 7 -> 8 -> 6

%

% ./maxsum

6 5

7 4 5 2 7

6 9 1 6 3

9 2 7 9 8

8 8 1 7 9

2 3 1 8 8

4 6 5 4 7

Running matrRecursive

Max sum is 49

7 -> 9 -> 9 -> 9 -> 8 -> 7

%

% ./maxsum < input.txt

Running matrRecursive

Max sum is 1146

78 -> 96 -> 72 -> 72 -> 71 -> 93 -> 83 -> 92 -> 82 -> 96 -> 64 -> 86 -> 75 -> 86

%

% ./randmatr_linux 20 22 10 1 | ./maxsum

Running matrRecursive

Max sum is 163

7 -> 9 -> 8 -> 9 -> 9 -> 6 -> 7 -> 8 -> 7 -> 9 -> 9 -> 9 -> 8 -> 9 -> 9 -> 9 ->

9 -> 6 -> 7 -> 9

% ./randmatr_linux 100 100 100 999 | ./maxsum

Running matrRecursive

Max sum is 8306

90 -> 85 -> 97 -> 64 -> 72 -> 80 -> ........ -> 89 -> 91 -> 89 -> 92 -> 74 -> 71

%

% ./randmatr_linux 1000 1000 100 999 | ./maxsum

Running matrRecursive

Max sum is 81700

81 -> 95 -> 87 -> 59 -> 91 -> 98 -> ........ -> 91 -> 96 -> 90 -> 82 -> 96 -> 81

%

% ./randmatr_linux 10000 10000 100 999 | ./maxsum

Running matrRecursive

Max sum is 815519

82 -> 86 -> 75 -> 89 -> 88 -> 91 -> ........ -> 93 -> 99 -> 83 -> 99 -> 94 -> 52

%

Parathr ste ìti plèon to prìgramm� sac douleÔei polÔ gr gora, akìma kai gia polÔ meg�louc
pÐnakec eisìdou. EÔlogo den eÐnai;



Epanalhptik  ulopoÐhsh

'Enac enallaktikìc trìpoc gia na antimetwpÐsete to prìblhma eÐnai me th bo jeia mÐac mh-anadromik c
sun�rthshc, h opoÐa apl¸c ja sumplhr¸nei ton pÐnaka twn merik¸n ajroism�twn me mÐa epanalhptik 
diadikasÐa.3 SkefteÐte, ìmwc, me poia seir� ja prèpei na upologÐzontai ta stoiqeÐa tou pÐnaka.
K�nete kai mÐa trÐth ulopoÐhsh tou probl matoc, mèsw mÐac tètoiac sun�rthshc, èstw me ìnoma
iterative. Kai sthn ulopoÐhsh aut , prèpei, ektìc apì to mègisto �jroisma, na ektup¸nete kai to
monop�ti pou antistoiqeÐ se autì. Ta apotelèsmata pou ja èqete den ja prèpei na diafèroun apì
aut� thc prohgoÔmenhc mejìdou. Gia par�deigma:

% ./maxsum < input.txt

Running iterative

Max sum is 1146

78 -> 96 -> 72 -> 72 -> 71 -> 93 -> 83 -> 92 -> 82 -> 96 -> 64 -> 86 -> 75 -> 86

%

% ./randmatr_linux 10000 10000 100 999 | ./maxsum

Running iterative

Max sum is 815519

82 -> 86 -> 75 -> 89 -> 88 -> 91 -> ........ -> 93 -> 99 -> 83 -> 99 -> 94 -> 52

%

Sugq¸neush twn mejìdwn se eniaÐo prìgramma

Ulopoi sate  dh treic diaforetikèc mejodologÐec antimet¸pishc tou probl matoc thc eÔreshc mo-
nopatioÔ megÐstou ajroÐsmatoc se pÐnaka, mèsw twn sunart sewn pureRecursive, matrRecursive
kai iterative. MporeÐte na organ¸sete ètsi ton k¸dik� sac ¸ste telik� na kaleÐtai gia thn
epÐlush tou probl matoc mÐa sun�rthsh

void solve(int N, int M, int** board)

ìpou board eÐnai o pÐnakac twn dedomènwn mac, h opoÐa, an�loga me to an èqei orisjeÐ mÐa sum-
bolik  stajer�, ja kaleÐ thn kat�llhlh sun�rthsh apì tic pureRecursive, matrRecursive kai
iterative. MporeÐte na qrhsimopoi sete gia to skopì autì tic sumbolikèc stajerèc PUREREC,
MATRREC kai ITER, antÐstoiqa. Gia to p¸c mporeÐ na gÐnei autì, deÐte ta sqetik� me #ifdef, #else,
#endif sth selÐda 159 twn shmei¸sewn/diafanei¸n tou maj matoc.

Paradotèo

Ja prèpei na dom sete to prìgramm� sac se èna sÔnolo apì toul�qiston dÔo phgaÐa arqeÐa
C (me kat�lhxh .c) kai toul�qiston èna arqeÐo epikefalÐdac (me kat�lhxh .h).

Gia na parad¸sete to sÔnolo twn arqeÐwn pou ja èqete dhmiourg sei gia thn �skhsh aut ,
akolouj ste thn ex c diadikasÐa. Topojet ste ìla ta arqeÐa mèsa s' èna kat�logo pou ja dh-
miourg sete, èstw me ìnoma maxsum, stouc stajmoÔc ergasÐac tou Tm matoc. Qrhsimopoi¸ntac thn
entol  zip wc ex c

zip -r maxsum.zip maxsum

dhmiourgeÐte èna sumpiesmèno (se morf  zip) arqeÐo, me ìnoma maxsum.zip, sto opoÐo perièqetai o
kat�logoc maxsum mazÐ me ìla ta perieqìmen� tou.4 To arqeÐo autì eÐnai pou ja prèpei na upob�lete
mèsw tou sust matoc upobol c sth dieÔjunsh http://hwadm.di.uoa.gr.5

3Η τεχνική αυτή ονομάζεται δυναμικός προγραμματισμός.
4Αρχεία zip μπορείτε να δημιουργήσετε και στα Windows, με διάϕορα προγράμματα, όπως το WinZip.
5Μην υποβάλετε ασυμπίεστα αρχεία ή αρχεία που είναι συμπιεσμένα σε άλλη μορϕή εκτός από zip (π.χ. rar, 7z,

tar, gz, κλπ.), γιατί δεν θα γίνονται δεκτά για αξιολόγηση.


