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'Askhsh 3

To zhtoÔmeno thc �skhshc aut c eÐnai h “ìmorfh” morfopoÐhsh keimènwn san mÐa akoloujÐa apì
grammèc, ìpou k�je gramm  den mporeÐ na uperbaÐnei dedomèno m koc. 'Ena keÐmeno proc morfopoÐhsh
eÐnai mÐa akoloujÐa apì lèxeic pou qwrÐzontai metaxÔ touc me leukì di�sthma (èna   perissìterouc
kenoÔc qarakt rec ’ ’, qarakt rec sthlogn¸mona ’\t’   qarakt rec allag c gramm c ’\n’).
K�je lèxh eÐnai mÐa akoloujÐa apì qarakt rec opoioud pote eÐdouc (kefalaÐa gr�mmata, mikr�
gr�mmata, arijmhtik� yhfÐa, eidik� sÔmbola, ìpwc shmeÐa stÐxhc, klp.), exairoumènwn aut¸n pou
qarakthrÐzontai wc leukì di�sthma. Sto morfopoihmèno keÐmeno, oi lèxeic mÐac gramm c qwrÐzontai
metaxÔ touc me (akrib¸c èna) kenì qarakt ra kai met� apì k�je gramm , up�rqei (akrib¸c mÐa)
allag  gramm c. EpÐshc, sto morfopoihmèno keÐmeno, kamÐa gramm  den mporeÐ na ekteÐnetai pèra
apì èna orismèno m koc, èstw W , to opoÐo eÐnai dedomèno kai ja dÐnetai wc ìrisma sto prìgramma
pou ja gr�yete. To pìte mÐa morfopoÐhsh eÐnai “ìmorfh” orÐzetai sth sunèqeia.

Orismìc kìstouc morfopoÐhshc

EÐnai profanèc ìti gia dedomèno mh morfopoihmèno keÐmeno, autì mporeÐ na morfopoihjeÐ me polloÔc
trìpouc. Epeid  h seir� twn lèxewn tou arqikoÔ keimènou prèpei na diathrhjeÐ kai epeid  den
eÐnai dunatìn mÐa lèxh na sp�sei se perissìterec apì mÐa gramm  kai epeid  metaxÔ twn lèxewn
mÐac gramm c up�rqei akrib¸c ènac kenìc qarakt rac, eÐnai epìmeno met� thn teleutaÐa lèxh k�je
gramm c na apomènei sun jwc k�poioc kenìc q¸roc mèqri to mègisto m koc gramm c W . Autìc o
kenìc q¸roc, idiaÐtera ìtan eÐnai meg�loc, deÐqnei �sqhmoc optik� kai k�nei to apotèlesma na mhn
eÐnai aisjhtik� apodektì. H “ìmorfh” morfopoÐhsh enìc keimènou ègkeitai sthn elaqistopoÐhsh
autoÔ tou kenoÔ q¸rou sto tèloc twn gramm¸n.

Gia k�je pijan  morfopoÐhsh enìc keimènou, ja orÐsoume kai to kìstoc thc wc ex c. 'Estw ìti
to keÐmeno proc morfopoÐhsh perièqei n lèxeic. To m koc thc gramm c sto morfopoihmèno keÐmeno
pou perièqei akrib¸c tic lèxeic tou arqikoÔ keimènou apì thn i èwc kai thn j mporeÐ na upologisteÐ
wc ex c:

wij =
( j∑
k=i

(lk + 1)
)
− 1

ìpou lk eÐnai o arijmìc twn qarakt rwn thc lèxhc k. To +1 pou faÐnetai ston tÔpo antiproswpeÔei
ton èna kenì qarakt ra met� apì k�je lèxh kai to -1 ofeÐletai sto ìti met� thn teleutaÐa lèxh thc
gramm c den up�rqei kenìc qarakt rac, all� allag  gramm c. An W eÐnai to mègisto epitrepìmeno
m koc gramm c, prèpei profan¸c, gia k�je gramm  pou perièqei tic lèxeic apì thn i èwc kai thn j, na
isqÔei wij ≤ W . EpÐshc, gia na eÐnai dunat  h morfopoÐhsh, kamÐa lèxh den ja prèpei na èqei m koc
megalÔtero apì to mègisto m koc gramm c, dhlad  lk ≤ W . To kìstoc thc k�je gramm c orÐzetai
wc to tetr�gwno tou arijmoÔ twn qarakt rwn pou paramènoun kenoÐ met� thn teleutaÐa lèxh thc
gramm c mèqri to W , dhlad :

cij = (W − wij)
2

ìpou wij to m koc thc gramm c, ìpwc orÐsthke parap�nw. Sthn pr�xh, o kenìc q¸roc met� to tèloc
thc teleutaÐac gramm c de mac endiafèrei na suneisfèrei sto sunolikì kìstoc morfopoÐhshc. Mpo-
roÔme na prosjèsoume kai aut  thn par�metro ston prohgoÔmeno majhmatikì orismì, jewr¸ntac
cij = 0 ìtan j = n, dhlad  prìkeitai gia thn teleutaÐa gramm  tou keimènou. Opìte, ajroÐzontac ta
kìsth ìlwn twn gramm¸n tou morfopoihmènou keimènou, plhn thc teleutaÐac, èqoume to sunolikì
kìstoc thc morfopoÐhshc. Profan¸c, an ìlec oi lèxeic tou keimènou mporoÔsan na morfopoihjoÔn



se mÐa mìno gramm  m kouc to polÔ W , h opoÐa ja  tan kai h teleutaÐa, to sunolikì kìstoc thc
morfopoÐhshc ja  tan 0, all� autì den sumbaÐnei sth genik  perÐptwsh.

Enallaktik�, to kìstoc morfopoÐhshc keimènou mporeÐ na oristeÐ kai anadromik� wc ex c. An
fj eÐnai to kìstoc morfopoÐhshc keimènou j lèxewn, tìte isqÔei:

fj = fi−1 + cij

an sthn teleutaÐa gramm  topojethjoÔn oi lèxeic apì thn i èwc kai thn j. JewroÔme ìti f0 = 0. To
kìstoc morfopoÐhshc twn pr¸twn i − 1 lèxewn mporeÐ na upologisjeÐ anadromik�. Profan¸c, to
kìstoc pou orÐsthke prohgoumènwc wc to �jroisma tou kìstouc twn epÐ mèrouc gramm¸n isoÔtai
me fn, gia èna keÐmeno n lèxewn.

'Aplhsth morfopoÐhsh

MÐa mèjodoc pou mporoÔme na efarmìsoume gia na periorÐsoume ton kenì q¸ro sto tèloc twn
gramm¸n kai na epitÔqoume mikrì kìstoc morfopoÐhshc (all� ìqi to el�qisto, kat' an�gkh) eÐnai
na topojetoÔme kat� seir� tic lèxeic tou arqikoÔ keimènou se mÐa gramm , mèqri na mhn mporeÐ na
topojethjeÐ �llh, epeid  ja parabiasjeÐ o periorismìc tou mègistouc m kouc W an� gramm , opìte
aut  gÐnetai h pr¸th lèxh thc epìmenhc gramm c. Aut  h mèjodoc onom�zetai �plhsth (greedy) kai
qrhsimopoieÐtai apì progr�mmata epexergasÐac keimènou, ìpwc to Microsoft Word. Gia par�deigma,
to keÐmeno

This is a sample text to test various wrapping methods.

ja èprepe na morfopoihjeÐ me W = 22, apì thn �plhsth mèjodo, wc ex c:

This is a sample text

to test various

wrapping methods.

To kìstoc aut c thc morfopoÐhshc isoÔtai me 50.

Bèltisth morfopoÐhsh

ParathroÔme ìti h morfopoÐhsh pou èkane h �plhsth mèjodoc sto prohgoÔmeno par�deigma den
 tan me bèltisto kìstoc. An to eÐqe morfopoi sei wc ex c (me W = 22):

This is a sample

text to test various

wrapping methods.

to kìstoc ja  tan 40. M�lista, h sugkekrimènh morfopoÐhsh eÐnai h kalÔterh dunat  pou ja mpo-
roÔse na gÐnei, apì pleur�c kìstouc, gia to dedomèno W . H suggraf  thc mejìdou pou epitugq�nei
th bèltisth morfopoÐhsh mporeÐ na gÐnei me b�sh thn anadromik  sun�rthsh pou orÐzei to prìblhma.
Pio sugkekrimèna:

fj = min
1≤i≤j

(
fi−1 + cij

)
ìpou prèpei na isqÔoun oi sunj kec gia ta cij ìpwc orÐsthkan arqik�. EpÐshc, f0 = 0.

To prìblhma thc anadromik c ekdoq c eÐnai ìti upologÐzei xan� endi�mesa apotelèsmata. O
sunolikìc qrìnoc ektèleshc aux�nei ekjetik� me to mègejoc thc eisìdou, dhlad  ton arijmì twn
lèxewn. EÐnai dunatìn na ulopoihjeÐ ìmwc kai mÐa prosèggish, anadromik�   epanalhptik�, h opoÐa na
apojhkeÔei ta endi�mesa apotelèsmata antÐ na ta upologÐzei p�li. Aut� ta endi�mesa apotelèsmata



eÐnai ousiastik� ta kìsth cij na brÐskontai oi lèxeic apì thn i èwc kai thn j se mÐa gramm , kaj¸c
kai endi�mesa apotelèsmata gia thn f . H poluplokìthta thc mejìdou me apoj keush endi�meswn
apotelesm�twn eÐnai poluwnumik . H �plhsth mèjodoc èqei grammik  poluplokìthta, all� den
eggu�tai thn eÔresh bèltisthc lÔshc.

H beltistopoihmènh morfopoÐhsh qrhsimopoieÐtai apì progr�mmata epexergasÐac keimènou, ìpwc
to TEX tou Donald Knuth. MÐa exeligmènh morf  tou TEX, to LATEX, qrhsimopoi jhke gia th
suggraf  thc ekf¸nhshc aut c.

Prìgramma

Gr�yte èna prìgramma C to opoÐo na diab�zei apì thn eÐsodo èna keÐmeno kai na to qwrÐzei arqik�
se lèxeic pou ja apojhkeÔontai se dunamik� desmeumènh mn mh. AfoÔ ektelèsei ènan algìrijmo
morfopoÐhshc gia na topojet sei tic lèxeic se grammèc, ja tup¸nei to apotèlesma sthn èxodo. Ja
ulopoi sete treic diaforetikoÔc algorÐjmouc morfopoÐhshc. O pr¸toc ja qrhsimopoieÐ thn �plhsth
mèjodo, o deÔteroc ja qrhsimopoieÐ th beltistopoihmènh mèjodo me anadrom , qwrÐc apoj keush
endi�meswn apotelesm�twn, kai o trÐtoc ja qrhsimopoieÐ th beltistopoihmènh mèjodo (anadromik�
  epanalhptik�), me apoj keush endi�meswn apotelesm�twn. O mègistoc arijmìc qarakt rwn an�
gramm  ja dÐnetai san ìrisma sth gramm  entol c. An den dojeÐ ìrisma, h proepilegmènh tim  na
eÐnai 80. EpÐshc, to prìgramma na ektup¸nei to kìstoc thc morfopoÐhshc.

Gia na aplopoi soume thn epexergasÐa thc eisìdou, jewroÔme to “methods.”, ìpwc emfanÐzetai
sto par�deigma, san mÐa eniaÐa lèxh. An eÐqe kenì prin thn teleÐa, ja to jewroÔsame dÔo lèxeic kai ja
èprepe na b�loume kenì an�mes� touc. En olÐgoic, h k�je lèxh diaqwrÐzetai apì tic �llec me leukì
di�sthma. Touc qarakt rec leukoÔ diast matoc (’ ’, ’\t’, ’\n’) mporeÐte na touc anagnwrÐzete
mèsw thc sun�rthshc isspace() pou orÐzetai sto arqeÐo epikefalÐdac ctype.h. Sto par�deigma
pou qrhsimopoi same prohgoumènwc, h eÐsodoc ja mporoÔse na èqei thn parak�tw morf , all� ja
prèpei na par�gei to Ðdio apotèlesma.

This is a

sample text

to test various wrapping

methods.

Den up�rqei kanènac periorismìc gia to mègejoc thc eisìdou (ektìc Ðswc apì th mn mh tou upologi-
st  sac), oÔte gia to pl joc twn qarakt rwn se k�je gramm  thc eisìdou. Dhlad , to prìgramm�
sac ja prèpei na leitourgeÐ swst�, osod pote meg�lh kai na eÐnai h eÐsodoc, osod pote meg�lec kai
na eÐnai oi grammèc thc eisìdou. An sthn eÐsodo dojeÐ lèxh me pl joc qarakt rwn megalÔtero apì
to W , to prìgramma ja prèpei na termatÐzei me kat�llhlo m numa l�jouc, sthn pr¸th tètoia lèxh
pou ja brei, qwrÐc na k�nei th morfopoÐhsh.

Oi treic diaforetikoÐ algìrijmoi morfopoÐhshc ja prèpei na eÐnai enallaktikèc ulopoi seic thc
Ðdiac sun�rthshc, dhlad  me Ðdio ìnoma, Ðdio tÔpo epistrof c kai Ðdiec tupikèc paramètrouc. H
k�je sun�rthsh ja prèpei na eÐnai se diaforetikì arqeÐo phgaÐou k¸dika kai analìgwc me to poia
sundèetai me to upìloipo prìgramma, ja prèpei na ekteleÐtai kai o antÐstoiqoc algìrijmoc.

An kai sthn �plhsth mèjodo ja  tan dunatìn na gÐnetai h morfopoÐhsh enìsw diab�zetai h
eÐsodoc, akìma kai se aut  thn perÐptwsh, ja prèpei pr¸ta na diab�sete thn eÐsodo kai met� na
k�nete th morfopoÐhsh, gia lìgouc omoiomorfÐac stic prodiagrafèc twn tri¸n sunart sewn.

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). EnnoeÐtai



ìti an ulopoi sete kai tic treic mejìdouc, ta phgaÐa arqeÐa sac ja prèpei na eÐnai toul�qiston
tèssera, afoÔ k�je mèjodoc ja prèpei na ulopoieÐtai apì diaforetik  ekdoq  thc Ðdiac sun�rthshc.

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 wrap, stouc stajmoÔc ergasÐac tou Tm matoc. Qrhsimopoi¸ntac thn
entol  zip wc ex c

zip -r wrap.zip wrap

dhmiourgeÐte èna sumpiesmèno (se morf  zip) arqeÐo, me ìnoma wrap.zip, sto opoÐo perièqetai o
kat�logoc wrap mazÐ me ìla ta perieqìmen� tou.1 To arqeÐo autì eÐnai pou ja prèpei na upob�lete
mèsw tou sust matoc upobol c sth dieÔjunsh http://hwadm.di.uoa.gr.2

Endeiktikèc ektelèseic

'Estw ìti ta ektelèsima progr�mmata pou ja kataskeu�sete telik� eÐnai ta “wrap gre”, “wrap rec”
kai “wrap mem”, gia thn �plhsth, thn anadromik  qwrÐc apoj keush endi�meswn apotelesm�twn kai
aut  me apoj keush endi�meswn apotelesm�twn, antÐstoiqa. K�poiec endeiktikèc ektelèseic aut¸n
twn programm�twn, sto linux28.di.uoa.gr faÐnontai sth sunèqeia.3

$ ./wrap_gre 22

This is a

sample text

to test various wrapping

methods.

^D

This is a sample text

to test various

wrapping methods.

Words: 10

Width: 22

Cost: 50

$

$ cat small.txt

Like most imperative languages in the ALGOL tradition, C has facilities

for structured programming and allows lexical variable scope and recursion,

while a static type system prevents many unintended operations.

$

$ ./wrap_gre 33 < small.txt

Like most imperative languages in

the ALGOL tradition, C has

facilities for structured

programming and allows lexical

variable scope and recursion,

while a static type system

prevents many unintended

operations.

Words: 30

1Αρχεία zip μπορείτε να δημιουργήσετε και στα Windows, με διάϕορα προγράμματα, όπως το WinZip.
2Μην 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.
3Για τα αρχεία εισόδου/εξόδου των ενδεικτικών εκτελέσεων: http://www.di.uoa.gr/~ip/hwfiles/wrap/



Width: 33

Cost: 268

$

$ cat KRExcerpt.txt

C is a general-purpose programming language. It has been closely

associated with the UNIX system where it was developed, since both

the system and most of the programs that run on it are written in

C. The language, however, is not tied to any one operating system

or machine; and although it has been called a "system programming

language" because it useful for writing compilers and operating

systems, it has been used equally well to write major programs in

many different domains.

$

$ ./wrap_gre 75 < KRExcerpt.txt

C is a general-purpose programming language. It has been closely associated

with the UNIX system where it was developed, since both the system and most

of the programs that run on it are written in C. The language, however, is

not tied to any one operating system or machine; and although it has been

called a "system programming language" because it useful for writing

compilers and operating systems, it has been used equally well to write

major programs in many different domains.

Words: 82

Width: 75

Cost: 70

$

$ ./wrap_gre 75 < KRExcerpt.txt > KRExcerpt_wrapped75_gre.txt

Words: 82

Width: 75

Cost: 70

$

$ ./wrap_gre < turing.txt > turing_wrapped80_gre.txt

Words: 373

Width: 80

Cost: 900

$

$ time ./wrap_gre 1000 < dict.txt > dict_wrapped1000_gre.txt

Words: 25143

Width: 1000

Cost: 4847

0.012u 0.000s 0:00.57 1.7% 0+0k 0+0io 0pf+0w

$

$

$

$ ./wrap_rec 22

This is a

sample text

to test various wrapping

methods.

^D



This is a sample

text to test various

wrapping methods.

Words: 10

Width: 22

Cost: 40

$

$ time ./wrap_rec 33 < small.txt

Like most imperative languages

in the ALGOL tradition, C

has facilities for structured

programming and allows lexical

variable scope and recursion,

while a static type system

prevents many unintended

operations.

Words: 30

Width: 33

Cost: 244

9.200u 0.000s 0:09.20 100.0% 0+0k 0+0io 0pf+0w

$

$ ./wrap_rec 75 < KRExcerpt.txt

^C // ... bored waiting

$

$

$

$ ./wrap_mem 22

This is a

sample text

to test various wrapping

methods.

^D

This is a sample

text to test various

wrapping methods.

Words: 10

Width: 22

Cost: 40

$

$ time ./wrap_mem 33 < small.txt

Like most imperative languages

in the ALGOL tradition, C

has facilities for structured

programming and allows lexical

variable scope and recursion,

while a static type system

prevents many unintended

operations.

Words: 30



Width: 33

Cost: 244

0.000u 0.000s 0:00.00 0.0% 0+0k 0+0io 0pf+0w

$

$ ./wrap_mem 75 < KRExcerpt.txt > KRExcerpt_wrapped75_mem.txt

Words: 82

Width: 75

Cost: 52

$

$ ./wrap_mem < turing.txt > turing_wrapped80_mem.txt

Words: 373

Width: 80

Cost: 760

$

$ time ./wrap_mem 1000 < dict.txt > dict_wrapped1000_mem.txt

Words: 25143

Width: 1000

Cost: 4257

0.052u 0.008s 0:00.34 14.7% 0+0k 0+0io 0pf+0w

$


