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EuxapioTieg

Me Tnv oAoKAfjpwaon TNG TTapoUoag TITUXIAKAG epyaciag Ba ABeAa va euxapioTAoW Bepud
TOV UTTEUBUVO KaBnyntry You KUpIo 2Taupo AdAM yia Tnv TTOAUTIMN KaBodrynon Kal
BonBeia og 6AN TNV didpKEIa TNG epyaaciag. ETTiong, éva PeydAo EuXapIoTW OTNV OIKOYEVEIQ

MOU YIa TNV OUEPIOTN CUPTIapdaTaon.



MepiAnyn

H Mnxavikq MdaBnon civar o KAGOOG NG €TMOTAPNG TTOU MPEAETA TNV duvatoTnTa
ektraideuong Tou HAekTpovikou YTroloyioth va AauBdvel ammo@Aaceic kal va e¢Aayel
OUNPTTEPACHATA HECW TWV TTANPOYOPIWY TTOU TOU diaTiBevTal atrd Tov XpHOoTN.

H Trapouca epyacia €xel WG OKOTIO TNV MEAETN OAYyopPIBUWY Kal TTPOYPOAUUATWY
UTTOAOYIOTWV TTOU £TTECEPYALOVTAI KAl avaAUuouv £yypaga kelpévou. O1 ahyopiBuol auToi
UTTAyovTal oTNnV Katnyopia Tou MovTéAou AlavuouaTikoU Xwpou.

To Movtého AlavuopaTIKOU XWPou XPENOIMOTIOIEl aAYERPIKEG TEXVIKEG Kal HEBGOOUG
Mnxavikng Maenong yia va JeTaTpEWel Ta Keipeva og apiBunTiké dedouéva dnAadn otnv
YAWOOO TTOU WPTTOPEI va ETTECEPYAOTEI O NAEKTPOVIKOG uTToAoyIoTG. ‘Emeita eEdyouv
QATTOTEAEOUATA WG TTPOG TO VONUA ry/Kal TNV OOJN TOU KEIYEVOU.

To MovtéAo AlavuopaTiKoU XwPou £XEl HEYAAO EUPOG XPNOINOTNTAG OTTWG OTIG UNXAVEG

avalnTnong A oTo QIATPAPICKA KEIMEVWY PE QVETTIOUPNTO TTEPIEXOUEVO.

NECeIc KAeIBIA: MovTéAo diavuopaTikou xwpou, Avaktnon TTAnpogopiag, Etreéepyaacia

eyypaowyv, Mnxavikr) Maénon, Alaviopara Aé¢ewv, Alaviouata eyypapuyv



Abstract

Machine Learning is the scientific and technological area that studies the possibility of
training a Personal Computer to be able to make decisions and come to conclusions using
the information which are provided by the user.

The purpose of this essay is the research of algorithms and computer programs that are
processing and analyzing text documents. These algorithms fall within Vector Space
Model.

Vector Space Model uses algebraic techniqgues and Machine Learning methods in order
to translate the documents into the language that a Personal Computer can process.
Subsequently, they export results in accordance with the substance or/and the structure
of the document.

Vector Space Model has a huge range of usage like in search engines or in filtering texts

to isolate unwanted content.

Keywords: Vector Space Model, Information Retrieval, Document Processing, Machine

Learning, Word Vectors, Document Vectors



Mepiexdpeva

I EoX 0171 1 o (O TT RS PPPPPPPPPPTN 3
Y 0111 = o SRR 4
[ T o Y700 Y/ o PPN 7
KepaAaio 1°. MovtéAa aviAnong Kal avAKTNONG TTANPOQOPIWY ....ureeerrineereeiieeeeerinneeaeens 9
Lo Lo 1Y/ 0 o [ 10
1.1. H TEXVIKN TNG AVAKTNGNG TTANPOQPOPIMIV ...uieeeeeeeeiiiiieeeeeeeeeeaattaaaeaeeaeeseasannnaaaeeaaeessnsnnnnns 10
1.2. MoVTEAQ AVAKTNONG TTANPOPOPIIDV ...uuneeeeeeeeieiiiaaeeeaeeeeeattnaaseeeaeeeeenennnaaaaeaaeeeesnnnnaaaaeaeees 11
1.2.1. To Auadiké povTéAO (Boolean Model) ........ovveiiiiiiiiiicce e 15
1.2.2. To mMOavoTIKO HOVTEAO AVAKTNONG TTANPOMOPIUIV ....eevvvviieeeeeeeeeerriiiaeeeeeeeeessnennnnnns 17
KegdAaio 2°. Vector Space model (AlavuopaTIKO MOVTEAD) ...covvvviviiiiiiiiiiiiiiieieeeeeeeeee 21
[ T Lo |70 1Y o 22
2.1. OpIoPOG AIOVUCUATIKOU MOVTEAOU.....vviiiiii e e e e e e e e eaaee s 22
2.2. Neiroupyia TOU AIGVUGHATIKOU MOVTEAOU ....cooveiiiiiiiii e e e 22
2.3. Epyacia pe To Vector SPace MOUE ..........oiiiiiiiiiiiie e eaaees 24
2.4. TexvIKEG Kal TIPOOEYYIOEIG TOU Vector Space Model...........uuvvevviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinene 26
2.4.1. TO EOWTEPIKO YIVOPEVO ...uuieeeieieiiiiaee e e e eeeeeeateeae s e e e e e e eeaataa s s e e aeaeeaasennassaeaeeennsesnnnnss 26
2.4.2. H OUOIOTATO TOU GUVIHITOVOU ....evtuuiieiiiiieeeeetieeeeetaeessetnnsesestsnsaessssnnaessssnsessssnnseenens 27
2.4.3. H OHOIOTNTA TOU JACCAIU .....coeiiiiiiieeieeeeeeeeeiiiie e e e e e e e ettt e e e e e e e e ee et e e e e e e e e e esrreaaanans 29
2.4.4. H OUOIOTNTO TOU DICE ..uuuiiiiiiieiiiiie ettt e e e e e e e e et s e e e e e e eaenaenn s 30
2.5, HBapUtnTa TWV DIAPOPETIKUIY OPUIV ..evrrernnseeeeerereneinnaseeeaseeessesnnasaeaessesessnnaaaaaereeennnes 30
2.6. MNMAeoveKTANATA TOU AIAVUGHATIKOU HOVTEAOU ... ciiiiiieiieiiieeeeeiiis e eeeeiie s e e e eans e e s eaan e e eaen s 31

P2 R I 7o o o] [ 1 Lo | P SSSPPPUPR 32
2.8. MNMapddeiyua e@appoyng Tou AIaVUOUATIKOU MOVTEAOU......cccvvviiiiiiie e 33
2.9, WOIH2VEC ...ttt 35

Kegpahaio 3°. ETideign Texvikwy eTTECEPYQTiag KEINEVWVY Kal avaKTnong TTAnpogopiwyv 40

[ T o (7031 o 41
3.1. E€aywyn XxopakTnPIOTIKWYV PE TO Bag Of WOrdS ......coovvveeviiiiiieeeeeeeeeee 41
3.2. ATédoon VoNPaTog KEINEVOU e To Latent Semantic AnalySiS......ccevveevevvveiviiciiiiieeeeeeeas 54
VTV 0o Te (011 [ 4 {o RSP UURPPRRPPR 68
= 1] 7N 1017 o o (¢1] o [0SR 70
o o T {1 1 o]V o PO SRPPRRN 74
KEIMEVO 1: BIACK _HOIES ... e e e e e e e e eaeans 74



S U EoAY o T2 Y/ T To [T o L 80

N U EaAY o T B =T o 1= (o] o PSP 87
L U EoAY o TR S U 0 T PSSR 93
[ U EoY o T AL U 101
[ U EoY o T G L U 1 106



Eicaywyn

Ta povréAa avakTnong TTANPOQOPIWYV ival hia GUAAOYI TTPOYPOAUNATWY AOYICUIKOU TTOU
a1TOBNKEUOUV Kal dlaxelpiCovTal TTANPOQPOpPIES eyypa®wy. H Uttapgn TnG TTAnpogopiag dev
EXEl KaMia ouoia Xwpig KATToIov va TNV DIOXETEUOEL. TTOAAEG €QapUOYEG TTOU XEIpiCovTal
TTANpo@opieg oTo dIadikTUO Ba ATAV EVTEAWG QVETTAPKEIC XwpPIG TNV uttooThpPIEn TNG
TEXVOAOYIOG TWV JOVTEAWV AVAKTNONG TTANPOQOPIWV.

2TNV €TTOXA TNG OUVEXOUG €EENIENG TNG TEXVOAOYIOG KAl TOU TTAyKOOMIOU 10TOU Ol
TTANPOPOPIES €ival ATTEPIOPIOTES KAl YIA va TIG TTAPAAGREl 0 EKTNG TTPETTEI va BpeBei évag
TPOTTOC PeTAdoOoNG Kal eTTeCepyacniag. MNwg Ba ATav duvarr) n eUpPean TTANPOPOPIWV OTOV
TTAYKOOWIO 10TO av eV UTTAPXAV o1 hnxaveg avalntnong; MNwg 6a ytropouoav o1 XpHoTEG
va TTPOOTATEUTOUV ATTO TO KAKOBOUAO TTEPIEXOMEVO TTOU TTAATEI TO NAEKTPOVIKO TOUG
TaXudPOUEIO XWPIC TO GIATPAPIoUA TWV AVETTIOUUNTWY UNVUUATWY;

Meyaho p€POG TNG €CENIENG TNG TEXVOAOYIAG avaKTNoNG TTANPOPOPIWY, OTTWGS Ol UNXAVEG
avadnTnong Kal Ta QIATpa avetmOuuntng aAAnAoypagiag, atraitouv éva ouvouaouod
TTEIpAPATIONOU Kal Bswpiag. TOoo o Treipapatioydg 600 Kal ol auoTnpPoi €Aeyxol,
atraiteital va oupBadifouv pe TNV alénon Tou OYKOU TwV I0TOCEAIOWY KAl TWV JNVUPATWY
NAeKTpovIKOU Taxudpopeiou. EmmTAéov, otnv Tpdaen artraiteital ouvexng PBeATiwon Kai
TIPOCOPHOYN TNG TEXVOAOYIAG WOTE va PEIWBOOUV O1 ETTITITWOEIS aTTd avBpwITTOUG TToU
TTPOOTIAB0UV VA XEIPAYWYNOOUV TNV TEXVOAOYia OTTWG oI spammers PECW Tou
NAEKTPOVIKOU Tayxudpouegiou. QoTdOC0, O TIEIPAUATIONOG TTPETTEI va oUuuPBadilel e Tn
Bewpia woTe Ta véa TTPOPAAUATA KAl O VEEC TTPOKANCEIS TTOU TTPOKUTITOUV VO UTTOPOUV
VA QVTIMETWTTIOTOUV. TEAIKA, TTOId €ival n Bswpia TNG avaKTNONG TTANPOYOPIWY;

Aev UTTAPXEl MIA Kal Povadikh TTEIOTIKA atmmdvinon O€ auTh Tnv epwTnon. YTdpxouv
TTOAAEG Bewpieg, Kal DIaQOPETIKG POVTEAQ, KABE £va atrd Ta oTroia ival XproIPo yia TV
QVATITUEN OPICHEVWYV EPYAAEiWV avAKTNONGS TTANPOQOPIWY, GAAA OXI TOGO XPrCIUO YIA TNV
avaTtuén dAAwv. MNa va karavonoel Kaveig 1n Bewpia avadktnong TTANPoQopIwy, Eival
ONMAVTIKO VO MEAETACEI AuTA Ta OIAPOPETIKA POVTEAQ.

H opydvwon TnG epyaaciag €xel wg €ENG:

2TO TTPWTO KEPAAQIO, TTAPOUCIACOVTal KAl avaAUuovTal OpIoPEVA ATTO TA TTIO CNPAVTIKA
MovTéAa avdaktnong TAnpogopiwv (To Auadikdé poviého - Boolean Model kai 10

MOAVOTIKO HOVTEAO avAKTNONG TTANPOPOPIWV).



To deUTEPO KEPAAAIO ETTIKEVTPWVETAI 0TNV avadAuon Tou AlavuopuaTtikou MovTélou (Vector
Space Model), TTapaBEéTovTag opICPEVEG ONUAVTIKEG TTANPOPOPIES YIA TO £V AOYW UOVTEAO
KQl TOUG TPOTTOUG AEITOUPYIQG TOU.

2TO TPITO KEQAAQIO YiveTal pia TTPOCWTTIKA UAoTToinon euBaBuvovtag OTIG TEXVIKEG
avAKTNONG Kal ETTECEPYATIAG TTANPOPOPIWV TTOU ava@épdnkav oTa Trponyoupeva duUo
KEQAAala. Ta Keiyeva Ta OTTOIA XPNOIYOTTOINONKAV TNV UAOTTOINON auTrh €TIAEXONKAV
Tuxaia (Textfiles, 2019) €xovtag OPWCS KATTOIA OXETIKEG OEUATIKEG EVOTNTEG.

TéNOG, TTapaATiOEVTAl TA CUMTTEPACUATA KABWG Kal n Ammoyn Tou Ouyypagéa yia Tnv

OUYKEKPIMEVN TTITUXIOKI AAAG KAl VIO TTEPAITEPW EPEUVA.



KepdAaio 1°. MovTéAa avTAnong Kal avaktnong

TTANPOYOPIWV



Eicaywyn
2T0 KEQAAQIO QUTO ViVETQI €l0QywYyr OTIG €VVOIEG TTOU QOTTOOXOAOUV TNV TITUXIOKN.
OpiCovtal o1 £€vvoieg Kal TO TTAQICIO Kal yiveTal avaokOTtnon Tng BiBAloypagiag. MNa tnv

KAAUTEPN KATAVONOT, XPNOIUOTToIoUvVTal TTapadEiyuara.

1.1. H TeXVIKA TNG avAKTNONG TTANPOPOPIWYV
H avaktnon mAnpogopiwv (Information Retrieval, IR) €ival éva atmd Ta KUPIA AVTIKEIPEVA
TNG ETTIOTAUNG TWV UTTOAOYIOTWYV KOl QOXOAEITAI JE TNV avaATTAPACTACN, TNV ATTOBNKEUON
Kal TNV TTpocacn Twv TTAnpogopiwy (Salton, McGill, 1983). H diadikacia autry oxeTiCeTal
ME TNV opydvwon Kal TNV avaktnon TTANPo@opiwy atrd pia TepdoTia Bdon dedouEvwv
(Yates and Neto, 1999). H avaktnon TAnpo@opiwv gival n pebodoAoyia Katd Tnv oTroia
EVaG  OPKETA HEYANOG OYKOG OeDdOUEVWYV  OUYKEVTPWVETAI, QAvVATTAPIOTATAl KOl
aTTOBNKEVETAI UE OKOTTO TNV ATTOKAAUWN TNG YVWONG WG ATTOTEAECUA TOU QITHPATOS ) TOU
epwTnuartog Tou Xpnotn (Dong, Husain, Chang, 2008). Autr] n diadikacia die¢AyeTal O€
KAtrola oTadia, KATTOIQ ATTO TA OTTOI APOPOUV OTNV TTAPOUCIaCT TWV BEBOUEVWY Kal TNG
€EOO0U Kal OTNV ETTIOTPOPNA OXETIKWV TTANPOQPOPIWY Yia TNV aglotroinof Toug amo To
xpnotn. Ta evdidueoca oTddia TepIAauBdvouv  TIC  Agitoupyie¢  avalntnong,
QIATPAPIoPATOG, AVTIOTOIXIONG Kal KataTtagng. O1 AsIToupyieg auTéG TTOU £XOUV WG OTOXO
TNV €€aywyr], TNV ATTOBNKEUOT), TV ETTECEPYATIA KAl TRV AvVATTAPACTACH TTANPOPOPIWV
MEOW €VOG AoyIOHIKOU ovopadovTal povTEAa TTAnpo@opiwy. H eTegepyaaia TTAnpo@opiwv
TTPOKUTITEl CUMPWVA PE TO TTWG avTIAauBavetal pia Tétoia péBodog Tnv TTAnpogopia. O
KUPIOG OTOXOG €VOG HOVTEAOU avAKTNONG TTANPOQOPIWY Eival n "eUPEon OXETIKWV
TTANPOQOPIWV 1] VOGS €yypAPOU TTOU IKAVOTIOIEI TIG AVAYKEG Twv XpnoTwv". MNa Tnv
ETTiITEUEN aQuTOU TOU OTOXOU, TA MOVTEAQ QVAKTNONG TTANPOPOPIWV XPENOIKNOTTOIoUV
ouvnRBwg TIG €€N¢ OI0dIKATIEG:

e 21n dladIKaoia dnuioupyiag OEIKTWYV, KATA TNV OTIoid TO TTEPIEXOUEVO TWV

EYYPAQWYV avadiauopPuVETal.
e 271n dl0dIKagia QIATPAPIOUATOS, KATA TNV OTToia OAEG 01 AEEEIC QPIATPApPOVTAI.
e 27NV avalitnon Trou €ival n Kupla d1adikaoia Twv HPOVTEAWV avAaKTnong

TTANPOPOPIWV.
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YTTapxouv OIAQOPES TEXVIKEG YIQ TNV AVAKTNON TTANPOQOPIWV TIOU MTTOPOUV va
XpPNoIgotToiNBouv avaloya HE TIG AVAYKEG TWV XPNOTWV. YTTAPXOouv OUO OTOIXEIWON

METPA yIa TNV agloAdynon TG avaktnong TTAnpogopiwyv (Yates, Neto, 1999).

e AkpipBeia (BeTIKA TIUAR TTPORAEWNC): Alaipeon Twv avaKTNOEVTWY eyypa@wy TTou

OXETICOVTAI PE TIG AVAYKEG TWV XPNOTWV.

{oxetkd éyypapalN{avaktnOévta Eyypa@a}

A 1 —
KpiBela {avaktnBévta ¢yypaga}

e AvAkAnon (svaicbnoia): Alaipeon Twv eyypa@wy TTOU OXETICOVTAI JE TO EPWTNNA

XPAOTN TTOU AVAKTWVTAI JE ETTITUXIA.

{oxetika éyypa@alN{avaktnBeévta Eyypa@a}
{oxetka éyypa@a}

AvAkAnon =

1.2. MovTtéAa avakTnong TAnpopopiwv

‘Eva oUuoTnUa avakTnong TTANPo@opiwy, YVwoTd Kal wg ouoTnua dlaxEipiong eyypaowy
(Document Management System i DMS), €ivail To GUVOAO TwV JovAdwWYV AOYIOUIKOU TTOU
atroBnkevel Kal dlaxelpieTal TTANPOPOPIES eyypAPwV (CuxVva eyypdpwy KeIuEvou), aAAd
mOavwes Kal TToAupéowy. To ouoTnua Bonbd Toug XPNoTeS va BPouv TIS TTANPOYOPIES
TToU XpelddovTal divovTag atTavinon O€ EPWTACEIG KAl ETTIOTPEQPOVTAG TNV UTTAPEN Kal TN
B€on TWV eyypA@PWY TTOU EVOEXETAI VA TTEPIEXOUV TIG ETTIOUNNTES TTANpoQopieg. Opiouéva
¢yypaga Tou Ba TrpoTaBouv amd To oUoTnUa, Ba IKAVOTTOINOOUV EVOEXOMEVWG TIG
ATTAITACEIS TOU XPRoTn. AuTd Ta €yypa@a ovoudadovtal OXETIKA €yypa@a. ‘Eva TEAEIO
oUoTNUA avaKTNoNG Ba avaKTOUOE JOVO TA OXETIKA £yypa@a Kal KavEva AOXETO £yypaPo.
QoT1600, Ta TEAEIO CUCTANOTA avAKTNONG OEV UTTAPXOUV, Kal TOAvwWs va unv Utrapgouy,
emeIdn o1 avalnTAoElg ival ATEAEIG Kal N OUVAPEIa EEQPTATAI OTTO TNV UTTOKEIPEVIKH YVWN

TOU XPAOTN. ZTNV TPAgN, dU0 XPNOoTeC UTTOpoUV va BEéoouv To idDI0 epwTnUa ot éva
11



oUoTNUA avaKTNoNG TTANPOQPOPIWY KAl VA KPiVOUV TNV KATAAANAGTNTA TWV AVOKTNOEVTWY
EYYPAPWV OIOQPOPETIKA: € OPICHEVOUG XPNOTEG TA ATTOTEAEOUATA Ba KOAUTITOUV TIG
ATTAITACEIG TOUG, VW 0€ AAAOUG OXI.
YTTapyouv TpEIG BacIKES DIOBIKATIES TTOU TTPETTEI VA UTTOOTNPICEl €va oUOTANA avAKTNONG
TTANPOPOPIWV:

e N avVOTTAPACTACH TOU TTEPIEXOMEVOU TWV EYYPAPWY,

e N avOTTOPACTACH TWV AVAYKWY TOU XPrRoTn Kal

e n oUyKpPIoN TWV OUO AVATTAPACTACEWV.

O1 diadikaoieg auTég arreikoviovtal oTo ZXAPa 1.

paxvet o xpriotng

| l

'

( Avarnapdctaon ) ( Avamapdortaon )

L |

YrofoAn T Oykpion Je«—  Anpouvpyia
EPWTNHATOC ) —~ SeIKTWV

NMAnpodopia nov ‘ ‘Eyypada ‘

Avaktnon
Minpogopiag

( Avatrpogobétnan )<
ZxApa 1. Aladikaoia avarpo@odoTnong
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2T0 OXAPa autd, Ta TETPAYywvA TTAQICIO QVTITIPOOWTTEUOUV Ta O€OOUEVA EVW TA
OTPOYYUAQ TTAQiCIO QVTITTIPOOWTTEUOUV OIadIKATIEG.

H diadikaoia dnuioupyiag dEIKTWV TTPAYHATOTTOIEITAI EKTOG ouvdeong (off-line), dnAadn o
TENIKOG XPAOTNG TOU CUCTAUATOG AVAKTNONG TTANPOQOPIWY Oev eUTTAEKETAI Aueoca. H
dladikaoia dnuioupyiag OeIKTwWY odnyei OTnv avatrapdoTacn Tou eyypdgou (Raman,
Kumar, Venkatesan, 2012) kai atroteAeital amrd 1pia facikd BAuara:

e avaAuon Tou BEuATog Tou gyypagou,

e £TTIAOYN OPWV-BEIKTWYV Ol OTTOI0I JTTOPOUV Va TTEPIYPAYOUV £V CUVTOMIa TO BEua
(eite draAéyovTag AéEeig atreuBeiag atmd TO Keipyevo €ite dnuioupywvTag 6poug-
OuUVWVUHQ) Kal

e OUVOEON TWV OEIKTWV HECW PIOG CUCTNUATIKAG OEIPAG TTPOTEPAIOTNTAG AVAAOYQA HE
TIG AVAYKEG TOU KEIPNEVOU.

2UXVd, Ta ouoTAuata avAakTtnong TTARPOUG KEIYEVOU XPNOIUOTTOIOUV £vav, HAAAov
TETPIMPEVO OAYOPIBUO yia TNV avatmmapdoTaon Twv OEIKTWY, VYia TTapddeiypa évav
aAyopiBuo TTou TTPoodiopilel AEEEIC o€ Eva ayyAIKO KEINEVO Kal PHETATPETTEI TA YPAUMOTA
o€ 1Ted. H diadikaoia dnuioupyiag SEIKTWVY PTTOPEI va TTEPIAANBAVEI KAl TRV TTPAYHATIKA
QATTOBNKEUOT TOU £YYPAPOU OTO OUCTNUA, OUWGS OUXVA Ta £yypa@a atToOnkeUuovTal HOVo
eV MEPEL, YVIa TTAPAdEIYUA HOVO O TITAOG Kal N TTEPIANWN, KABWG Kal TTANPOQOPIiEg OXETIKA
ME TNV TTpayuaTIKr) B€on Tou eyypd@ou.

O1 xprioTeg kGvouv avadlnTnon yia va KAAUWouUV TOOO KATTOIEG OUCIAOTIKEG AVAYKES KABWG
eTTiong Kai yia Adyoug diaokédaong. H diadikaoia pe Tnv oTroia 0 XpAOTNG avatrapioTd
TNV avAyKn TOU YIO CUYKEKPIPEVN TTANPOQOPIa OTO oUCTNUA, ava@épeTal wg dladikaaia
OlIoudpPPWONG EPWTANATOG. H TTpOKUTITOUCA avatrapdoTaon cival To gpwTtnua. Me pia
gupeia évvola, n dIaTUTTWOTN TOU EPWTAMATOS UTTOBNAWVEI TO BIGAOYO UETAEU OCUCTANATOG
Kal XproTn, odnywvTtag 0Xl HOVo o€ €va KATAAANAO £pWTNUA OAAG EVOEXOUEVWIG KAl OTNV
KaAUTEPN Katavonon atmo To XPNoTn TNG TTANPOPOPIag TToU £XEl avaykn: AuTO dnAwveTal
atro Tn dladikacia avaTpoPodoTnong oTo 2xnua 1.

H ouykpion TOU €PWTANATOC HE TIC AVATTAPOOTACEIS -HECW OEIKTWV- TWV E€yYpAQwY
ovopaletalr diadikaoia avtioToixiong. H diadikaoia avTioToixiong ouvhBwg E€Xel wg
QTTOTEAEOUA TNV TAIVOUNON TwV eyypagwyv. O1 XprioTeg Ba XpnOIKNOTTOINCOUV AUTH TNV

Tagivounuévn AioTa eyypd@wyv yia va avalntioouV TIC TTANPOYOopIES TTou XpelidalovTal. Ta
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TIAEOV OXETIKA £yypaga Ba Bpiokovral 0TV KOPUPr TNG KATATALNG, EAAXIOTOTTOILVTAG
€101 TOV XPOVO TTOU 0 XPNOTNG TTPETTEI VA KATAVOAWOEI YIO TV AVAYVWON TWV £YYPAQWV.
O1 atrAoi aAAG atToTeAeopaTIKOi aAyOpIBPol Tagivounong XPeNOIMOTIOIOUV TNV KOTAVOURA
OUXVOTATWY TWV OpwV OTa £yypa®a, aAAd Kal OTATIOTIKA PEYEDN OTTWG O apPIBPOS TWV
UTTEPOUVOECUWYV TTOU 00nyouVv oTo £yypa@o. O1 aAyopiBuol Tagivounong trou BaaicovTal
O€ OTATIOTIKEG TIPOOEYYIOEIG JEIWVOUV KATA TO HIOU TOV XPOVO TTOU O XPAOTNG TTPETTEI vd
daTTaVAOEl yia TNV avayvwon Twv eyypdowyv. H Bewpia TTiow atmd Toug aAyopiBuoug
TagIvounong ival éva Kpioluo PEPOG TNG Bewpiag avakTnong TTANPOQOPIWY Kal TO KUPIO
B€ua autou Tou KepaAaiou.
H avdamtuén Twv nAekTpovikwy BIBAIOBNKWY TTOU €iXe WG ATTOTEAECHA TNV aUugnon Tng
XxpAong Tou AladIKTUOU KATEOTNOE TA NAEKTPOVIKA OEQOMUEVA WG TN ONPAVTIKOTEPN TTNYN
AvtAnong XPACIMWY TTANPOPOPIWYV OTOoV Topéa TnG é€peuvag. ‘ETol, T cuoThpara
avAKTNONG TTANPOQPOPIWYV OTOXEUOUV OTNV €EEUPEC OWOTWV TTANPOPOPIWYV OTTd
EYypaoea, AyvwoTwy TTANPOQopIwY aTTd TO OI0JIKTUO KAl KPUPWV OXECEWV PETALU TWV
TTANPOQOPIWV TTOU AVAKTHONKAvV.
O1 TTAnpoQopieg UTTOPOUV Va ATTOBNKEUTOUV TOOO PE doUNUEVO GO0 Kal PE N OOPNUEVO
TPOTTO. Na TTAPAdEIYUQ, UTTOPEI VO ATTOONKEUTOUV HE TN HOPPR) CuoThHATWY BAoewv
0edONEVWY TTOU AVTITTPOCWTTEUOUV TO douNnMUEVO TPOTTO, j oav apxeia HTML Kal KeIévou
TTOU QVTITTPOOWTTEUOUV TO Un SOUNUEVO TPOTTO.
2UPTTEPACUATIKA TTPOKUTITEI OTI N AVAKTNON TTANPOPOPIWY OPICETAl WG N TEXVN KAl N
EMOTAMN TNG avalnTnong TTANPOPOPIWV O E£yypaga, n avalitnon Twv idlwv Twv
EYYPAQWYV, N avalAtnon PETA-0eB0PEVWV TTOU TTEPIYPAPOUV Eyypaga i N avalitnon o€
Baoeic dedopEvwy yia KEiPEVO, X0, EIKOVES 1) dedopéval.
‘Eva atroteAepatiké ouoTnua avaktnong mTAnpoopiwyv IR pétrel va gival oe 6éon va
EKTEAEDEI YPH)YOPQ KAl JE ETTITUXIA TNV akOAouBn diadikaoia:

e ATT000XI TOU EPWTANATOG TOU XPAOTN.

e Kartavonon Twv avaykwy Tou XpnoTtn Je Baon 1o epwTtnua.

AvaliTnon OXETIKWYV eYYPAPWYV atro Hia BAon deS0UEVWV.

EmmoTpoon Twv eyypdowyv oT1o XprRoTn.

Tagivounon Twv eyypdewyv pe Baon TNV ogoIdTNTA TOUG YE TO EPWTNUA TOU XPNOTN.

“Eva povtéNo avaktnong TAnpogopiwy gival pia tetpdada (D,Q,F,R), 61Tou:
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e D gival é&va ouvolo avattapaoTATEWV TWV EYYPAQWYV

e Q cival éva oUVOAO avOTTAPACTACEWY TWV TTANPOPOPIWV TTOU XPEIAZETAI O XPHOTNG
ME Bdon Ta epwTAMATA.

e F cival éva TTAQiOIO0 POVTEAOTTOINONG TWV AVOTTAPACTACEWY TWV EYYPAPWY, TWV
EPWTNUATWY KABWG KAl TWV PETAEU TOUG OXETEWV

e R: Q — D cival gia ouvaptnon Tagivounong TTou avTioTolxi¢el Evav TTpayuaTiko
apIBuod e éva epwTnua gi — Q Kal yia avatrapacTacn eyypdgou dj — D.

Ta kupidtepa Movtéda Avaktnong MAnpogopiwy givai:
e To Auadiké MovtéAo (Boolean Model)
e To Alavuopuatiké MovtéAo (Vector Space Model)

e To MBavoTtikd Movtélo (Probabilistic Model)

1.2.1. To Auadiké povrélo (Boolean Model)

To Auadikd PovTEAO €ival TO TTPWTO POVTEAO AvAKTNONG TTANPOPOPIWY Kal iOWG Kal TO
MOVTEAO TTOU €xel BeXOei TNV TTEPICOOTEPN KPITIKA. TO POVTENO pPTTOPEl va €EnynBei av
OKEQPTEI KAVEIG TOV OPO VOGS EPWTHHUATOS WG EVA 0APl OPICPO VOGS CUVOAOU £yYpPAPWV.
MNa trapddeiyua, o 6pog “OIKOVOMIKOG”, opifel TO OUVOAO OAWV TWV eyypa@wy TTOU
oXeTiCovTal PE TOV OPO “OIKOVOUIKOS”. XPNOIKMOTTIOIWVTAG TOUG TEAEOTEG TNG HABNUATIKAG
AoyIkng Tou George Boole, o1 6pol evOG EpWTAPATOG KAl TA AVTIOTOIXO OUVOAA £yypAPwYV
MTTOpOUV va ouvduaoTouv, oxnuatiovrag véa ouvoAla eyypdowyv. O Boole 6pioe Tpeig
Baoikoug TeAEOTEG, TO AoyikO yivouevo TTou ovopaletar AND, 10 Aoyikd GBpoicua TTou
ovopadetalr OR kai Tn AoyikA diagopd 1Tou ovouddetal NOT. ZuvdudlovTag OpOoUG UE TOV
TeEAEOTH) AND ptTopei va KaBopioTei Eva oUvoAo eyypa@wyv TTou TO TTARBOG TWV OTOIXEIWV
TOUG €ival MPIKPOTEPO 1 00 pe TO TTARBOG Twv OTOIXEIWV TwV OUVOAWV gyypdQwv
OTTOIWVONTIOTE ATTO TOUG HEUOVWHEVOUG OpoUG. Na TTapAdEIYHa, TO EPWTNHUA “KOIVWVIKO
Kal OIKOVOUIKG” Ba TTapdyel TO OUVOAO TwV eyYPAPWYV TTOU OXETICOVTAl TOGO PE TOV OPO
“KOIVWVIKO” 600 Kal JE TOV OpO “OIKOVOMIKO”, dnAadr) Tnv Tourn Twv dUo ocuvoAwv. O
ouvOUaOo NGOG Opwv Pe Tov TeAeoTri OR Ba dnuioupyroel éva oUVOAO eyypa®wvV HE TO
TTARBOC TwV OTOIXEIWV TOUG €ival YEYAAUTEPO 1) i0O PE TO TTANBOC TWV OTOIXEIWV TwV
OUVOAWV eyypA@wV OTTOIOUBNTTIOTE OTTO TOUG MEMOVWUEVOUS OpouGs. 'ETol, TO epwTnua
“KoIvwVIKO A TTOAITIKG” Ba TTapdyel TO CUVOAO TWV EYYPAPWY TTOU OXETICOVTAI EITE PE TOV
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OpPO “KOIVWVIKO” €iTE PE TOV OPO “TTOAITIKG”, 1} Kal he Ta dUO, dnNAadN TNV évwaon Twv dUOo
ouvoAwv. OAa autd atreikovidovral oTa diaypdaupara Venn Tou ZxnNuartog 2, oTta oTroia
KaBe ouvoAo eyypdowv atreikovidetal ammd éva dioko. O1 dIOOTAUPWOEIS AUTWY TWV
OIOKWV Kal TwWV CUPTTANPWHPATWY TOUG Xwpiouv Tn OUuAN\oyr eyypdowv o€ 8 un
ETTIKAAUTITOUEVEG  TTEPIOXEG, Ol EVWOEIG TWV OToiwv  divouv 256 dIaQOPETIKOUG
ouvOUAOuOUG Boolean «KOIVWVIKWY, TTONITIKWV KAl OIKOVOUIKWY gyypaewvy» (Wiley,

2009). 210 ZXAMA 2, Ta avaKTNPEVA oUVoAa ep@avifovTal aTTd TIG OKIAOUEVES TTEPIOXEG.

Korvavind TMoiariwg Kowveviwo Ilosamiko Eorveniko IloiaTiko
. P / F P 7 i }
Ouovopiko Ouwovopise Onsovopiso
Kowwviko Kol Qikovopiko Kowvwvikd H Molimks (Kowwvikd 'H Mohimka)
KAI OXI (Kowvwvika KAI
Oikovopikd)

ZxAua 2. Auadikoi cuvduaopoi cuvOAwyv TTou aTtreikoviovral wg diaypdapuara Venn

‘Eva 1TAcovéKTnNUa Tou Boolean povréAou eival o1 divel 0TOug XPAOTEG MiIa aicbnon
eAéyxou TTAvw OTO cuoTnua. Mivetal auéows caPEg yia TTolo Adyo €va £yypago €XEl
avakTnOei pe dedopévo éva epwTnua. EAv 10 TTPOKUTITOV GUVOAO eyypd@wyv gival €iTe
TTOAU pIKPO €iTE TTOAU peyalo, gival dueca oagEg TTolol TEAEOTEG Ba TTapdyouv avTioToixa
éva PEYaAUTEPO 1 MIKPOTEPO GUVOAO. A TOUG Un EKTTAIBEUPEVOUG XPHOTEG, TO HOVTEAO
TTAPOUCIALEl OPICUEVA PEIOVEKTAUATA. TO KUPIO PEIOVEKTNUA TOU gival OTI TO avaKTNBEvVTa
Eyypaga dev gival Tagivounuéva. To JOVTEAO €iTe avaKkTa €va £yypaqgo €iTe OxlI, KATI TO
OTTOI0 PTTOPEI va 0dNYNOEl EVOEXONEVA OE ATTOYONTEUTIKEG ATTOPACEIS. [Na TTapadelyua,
10 epwTnua “koivwvikry AND évwon AND epyalouevwy” @uaoikd dev Ba avakTroel Eva
£YYPOPO TTOU OXETICETAI UE TOUG OPOUG TTAPTU, YEVEDAIQ Kal TOUPTA, AAAG dev Ba avakTACE!

€TTiong €va €yypo@o TToU OXETICeTal PE TOug Opoug “évwon” kal “cpyalopévwy’ TTOU
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OTEPEITAI TOV OPO “KOIVWVIKA”. Za@uwg, gival TBavd OTI To TEAEUTAIO £yypago eival o

XPOIMO aTTO TO TTPWTO, AAAG TO HOVTEAOD OEV £XEI KAVEVA JECO VIO VA KAVEI TO DIAXWPICHO.

1.2.2. To mBavoTiKé PovTéAO avAKTNONG TTANPOPOPIWYV

Evw o1 Maron kair Kuhns (1960) siorjyayav tnv tagivounon ge Bacn tnv méavotnta
ouoxétiong, o Stephen Robertson (Robertson, 1984) fitav 1mou BepeAiwoe tnv 16€a.
Alat0TTwoe TNV apxn TG Tagivounong Je Baon tnv moavoeTnTa, TNV OTToia ATTédWoE OTOV
William Cooper, wg €¢n¢:

«Eav n amrdvrnon &vog ouaTtnuarog avaktnong mAnpo@opiwv o€ KABs aitnua eivai n
raéivounon Twv eyypdowy oTic oUAAOYES Kara @Bivouoa milavornta IKavorroinong tng
avaykng Tou XpRorn 1ou UttéBaAE 1o epwrnua, otrou ol mlavorntes utroAoyidovrar 600
70 duVaTOV akpIBEaTepa e Baon Ta dedouéva mou Exouv 606l 0TO TUOTHUA YIA TO OKOTTO
auTto, TOTE N QTTOTEAECUATIKOTNTA TOU ouaThuarog Ba eivar n uéyiotn duvarn Baoer autwyv
TWV OEOOUEVWV. »

AuTé @aivetal WG pIa PAAAovV achuavTtn atraitnon, Oedopévou OTI 0 OTOXOG TwV
ouoTNUATWY avakTNoNG TTANpo@opiwy eival "va Bondroel Toug XpHOTEG va PPOUV TIG
TTANpo@opicg TTou Xpeialovtal (Bello, Kaul, Britton, 2014). Ag utroTeBei 0TI £€vag xprioTng
€I0AYEl EPWTNHA TTOU TTEPIEXEI Evav JOVO Opo, Yia TTapAdelypa Tov 0po “KOIVWVIKG”. Edv
OAa Ta £yypaga TTou TTANPOUV TIG avAyKeS Tou XPAOTN ATaV yvwoTd, 8a Atav duvaTh n
dlaipeon TNG OUANNOYNG o€ 4 un OAANAETTIKOAUTITOPEVO OUVOAQ eyypAQwy OTTWG
arreikovi¢etal oTo didypaupa Venn Tou ZXAPaTog 3.

To oxAPa TTEPIEXEI TTPOOBETEG TTANPOPOPIEG OXETIKA PE TO PEYEBOG KABEVOG aTTd TA [N
AAANAETTIKOAUTITOMEVA OUVOAQ. ‘EoTw OT1 N €v AdOyw ouAAoyn €xel 10.000 £yypa@a ek TwV
otroiwv Ta 1.000 TTEPIEXOUV TN AEEN «KOIVWVIKO» Kal OTI gévo 11 £yypaga oXeTiCovTal JE

TO EPWTNHA €K TwV OTTOIWV 1 TTEPIEXEI TN AEEN "KOIVWVIKG".
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ZxApa 3. Aiaypapua Venn yia To mOAVOTIKO HOVTEAO AVAKTNONG TTANPO@OPIWYV

Av éva £yypa@o AauBaveTal Tuxaia atrd To CUVOAO TwV eyYPAPWY TTOU OXETICOVTAI PE TOV
. « iy o . . . . . . 1

OpP0 “KOIVWVIKG”, TOTE N TTIBAVOTNTA ETTIAOYNG EVOG OXETIKOU £yyPAQPOU gival To00 = 0,0010.
Av éva éyypa@o AaupaveTal Tuxaia atrd T0 GUVOAO TWV eyyYpAPwY TToU OeV OXETICETA UE

z “ %) . , , . ” 10 ,

TOV OPO “KOIVWVIKG”, TOTE N MBAvOTNTA CUVAPEING Eival HEYOAAUTEPN: 5000 = 0,0011. Baoel
QUTWV TWV OTOIXEIWV, N KoAUTEPN atrodoon TTapaTnPErROnKe o©€ OCUCTAPATA TTOU
ETTIOTPEPOUV TA £yypaPa TTOU OEV OXETICOVTAl PE TOV OPO TOU £PWTAMATOG, dNAadn o€

OUCTAMATA TTOU TTAPOUCIACOUV TTPWTA TA £yypa@a TTOU €ival AvOuoIa PE TO EPWTNHA.

Eival ca@ég o011 pia Tétola oTpatnyiki mapapidlel To kpItTrpio opoidtnTag Tou Luhn.

To kpITAPIO OpoIOTNTAG TOU Luhn

O Hans Peter Luhn fqiTav 0 TTpWTOG TTOU TTPOTEIVE Wi OTATIOTIKA TTPOCEYYION OTNV
ava¢ntnon mAnpogopiwv (Luhn, 1957). MNpdTeive 611 yia va yivel avalnTnon o€ pia
OUAAOYR eyypa®wy, 0 XPRoTNG Ba £TTPETTE apXIKA va dnuIoupyAoEl Eva £yypago To
OTT0iO va gival TTapopolIo Pe Ta Eyypaga Tou avalntd. O BaBudg opoidTNTAG HETAEU TNG
aAvaTTapAaoTaoNG TOU €yyPAPOU TTOU ONUIOUPYNOE KAl TWV QAVOTTOPAOTACEWV TWwV
EYYPAPWY OUANOYAG, XPNOIYOTTOIEITAl WG  METPO  yIa TNV TAgIVOUNONn Twv
ammoTeAeopdTwV TNG avadntnong. To KpIthpio opoldTnTag Tou Luhn cuvowideTal wg
€gng:

0Ooo 1ePIocodTEPO BUO avaTTAPACTACEIS ‘CUMPWYVOUV W TTPOG Ta d0BEVTa OTOoIXEIq,

TO00 peyaAUTEPN Ba €ival N TBaAvOTNTA va AVTITTIPOCWTTEUOUV TTapOuoIa TTAnpogopia.
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O1 Stephen Robertson ka1 Karen Sparck-Jones agiouv 1o T0avoTIKO HOVTEAO TOUG OTN
Aoyikry auThl (Robertson, Jones 1976). [NpoTeivav va Tagivoundouv Ta £yypaga Pe Baon
TNV MOavVOTNTA CUCXETIONG R £X0OVTAG TNV TTEPIYPAPR TOU TTEPIEXONEVOU TOU £yypagou D.
To D eival edw éva didvuoua dUadIKWV CUVIOTWOWYV Kal KABE CUVIOTWOO AVTITIPOOWTTEUEI
évav opo.

210 TMOAVOTIKO POVTEAO avdkKTnong TTAnpo@opiwv n Tmlavotnta P (R | D) mpétrel va
EPMUNVEUTEI WG €€NAG: PTTOpPEl va UTTApYXouv TTOAAG, ag¢ Troupe 10, €yypaga TTou
avTITTpoowTrevovTal atod 10 id1o D. Edv 9 atrd autd cival oxeTikd, 101 P (R | D) =0.9. MNa
va Yivel auto TTPAKTIKA, XPNOIMOTTOIOUUE TOV Kavova Tou Bayes oTig mlavotnTes: P (R |
D) /P (R | D), omou 10 R utrodnAwvel EAAelpn oXeTikOTNTAG. O1 mOavOTNTEG pag
EMTPETTOUV va ayvorjooupe 10 P (D) oTov UTTOAOYIOUO evw TTAPAAANAQ yiveTal pia

Tagivéunon pe Bdon tnv mMOAvVOTNTA CUCXETIONG.

P(RID) _ PODIR)P(R) _ MP(D|RIP(R)
P(RID) ~ POIR)P(R) [ P(D[R)P(R)

To Dk utrtodnAwvel 10 k-0016 6po 0710 diavuopa Tou eyypdgou. O1 TBavoTnTeS TwV Opwv
opiovtal OTTwg Tapatrdvw. Mia BeATiIwPévn €@apuoyry Tou TTIBAvVOTIKOU HOVTEAOU
avAaKTNONG TTANPOQPOPIWY XPNOIUOTTIOIEI TOUG OKOAOUBOUC TPEIC METAOXNMATIOUOUG
dlatipnong didragng. MpwTtov, Ta £yypaga TagivououvTtal e BAon Ta abpoiouara Twv
AoyapiBuwyv Twv AGywv [TBavATNTA ETTITUXIAG/TIBAVOTNTA ATTOTUXIOC], AVTi TWV IBIWV TWV
Aoywv. Asgdtepov, ayvoouvtal ol a priori mBavotnteg ouoxétions P (R) / P (R). Tpitov,
agaipoupe 10 Y. logk (P(D, = 0| R)/(P(D = 0| R)) , dnAadr) To aTTOTEAETUA TOU KEVOU
eyypagou. Mg autd tov T1poTTO, TO GBpPOICHA yia OAOUG TOUG OPOUG, TTOU UTTOPEI va gival
EKATOMMUPIA, TTEPIAGUBAVEI HOVO N MNOEVIKES TIUEG YIO TOUG OPOUC TTOU UTTAPXOUV OTO
£yypago.

. 1o PPk = TIR)P(D, = OIR)
- (Wmm=ummm=mm>

k
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21NV TTPAEN, o1 6pol TTou dev TTEPIAAPPBAVOVTAI OTO EpWTNUA TTAPABAETTOVTAI ETTIONG OTNV
Topamavw  g€giowon. H TAApng xprion Tou TBavoTIKOU HOVTEAOU avAKTNONG
TTANPO@OPIWYV aTraiTei dUO TTPAYUATA: TTOPADEIYHATA OXETIKWV EYYPAPWY Kal Pakpd
EPWTANATA. Ta OXETIKA £yypaQa Eival ATTAPAITATA YIA TOV UTTOAOYIOUO TOU P(%), onAadn
TNG TMOAVOTNTAG OTI TO £YYPAPO TTEPIEXEI TOV OPO K DEDOPEVNG TNG OXETIKOTNTAG. Ta pakpd
EPWTAPATA ATTAITOUVTAI ETTEION TO MOVTEAO OIOKPIVEI JOVO TNV TTAPOUCia A TNV atTouadia
OpwV O€ £yypa@a Kal wg €K TOUTOU N TIPA TNG TTBAVOTNTAG TOU QTTOTEAEOUATOS Eival
OPKETA MIKPH yia ouviopa epwTApaTa. lMNa éva epwTtnua piIag AégEng, o apiBuog NG
dlaKPITAG MOavoTNTag €ival dUo (eiTe Eva Eyypago TTePIEXEl TN AEEN €iTE OXxI), yia éva
EPWTNUA BUO AéCewv gival TEOOEPQ (TO £yYPOPO TTEPIEXEI KAl TOUG BUO 6pouG i HOVO ToV
TTPWTO OP0 1 HOVo ToV BEUTEPOD, 1] KavEVAV), VIO Eva EPWTNHA TPIWV AECEWV Eival OKTW
KATT. Mpopavwg autd KaBIoTd To JovTEAO akaTdAAnAo yia avalntnon oto d1adikTuo, yid
TO OTT0i0 Oev €ival YVWOTA €K TWV TTPOTEPWYV OXETIKA £yypaga Kal yia Ta OTroia Td
gpwTAMATa gival ouvnBwg HiIkpd. QoTO00, TO PHOVTEAO €ival XPrioIuo yia TTapddelypa o€
@iATpa  avemBuuntng aAAnAoypagiag. Ta @iATpa avemBUunTng aAAnAoypagiag
OUCOWPEUOUV TTOANG TTapadeiydaTa OXETIKWV (XWwPIiG spam) Kal AoXeTwv (spam)
eYypAaQwyv pe TNV Tdpodo Tou Xpoévou. Na va aTToQacioTEl €AV £Va EI0EPXOUEVO NRVUPA
NAEKTPOVIKOU TaXudpouEiou gival spam, JTTOPEi va XPnOIKOTTOINBEI TO TTANPES KEIWEVO TOU

MNVUPATOG NAEKTPOVIKOU TaxudpouEgiou avTi yia Aiyoug uévo époug avadrntnong.
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Ke@daAaio 2°. Vector Space model (Alavuopatiké MovTéAo)
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Eicaywyn
2T0 KEQAAQIO autd avaAueTal n Asitoupyia Kal o1 TEXVIKEG TTou TrepPIBAAAouv TO

Alavuopatikd Movtélo, KaBwg Kal ol TTEPIOPICHOI TOU.

2.1. Opiopog Alavuopatikou MovTtéAou

‘Eva ammd 1a 1o onuavTikA POVvTEAQ avakTnong TTANPO®OPIWV €ival To AIQVUCUATIKO
MovTtéAo. To AlavuopaTtikd MovTéAo gival Eéva aAyeBPIKO JOVTEAO TTOU XPNOIUOTTOIEITAI VIO
TNV avaktnon TmAnpo@opiwyv. O Adyog TTou opiletal ws aAyeBPIKO POVTEAO cival BIOTI
XpnoigoTrolEi BaoikéG €vvoleg Kal ueBodoAoyieg TNG ypauuIKAG AAyeBpag. O oKOTTOG Tou
€ival va avatrapioTd £va £yypago QUOIKAG YAWoOoag, JE TN XPron diIavuoudaTwy, o€ £vav
TTOAUBIACTATO XWPO.

To Alavuopatikd6 MovtéAo gival évag TpOTTOC avattTapdoTaong TwV yYPAQwy JECW TwV
Aé€ewv TTOU TTEPIEXOUV. H apxy otnv omroia Baciletal T0 povréAo eivalr OTI hE TNV
TOTT00£TNON OpWYV, EYYPAPWY KAl EPWTNUATWY OE £Va XWPO ME TN Hop®r dIavUCUATWY,
gival duvaTtdv va UTTOAOYIOTOUV Ol OJOIOTNTEG PETALU TWV EPWTNHATWY KAl TWV OpwV A
TWV €yypa@wy Kal va Tagivounbouv Ta atToTEAECUATA CUP@WVA JE TNV OMOIOTATA PETAEU

TOUG.

2.2. Agitoupyia Tou AlavuopatikoU MovtéAou
H Asitoupyia Ttou AlavuopaTikou MovTéAou yiveTal PE TOv TPOTIO TTOU TTEPIYPAQETAI
TTAPOKATW:
o Kd0Be £yypago PETATPETTETAI OE £VAV TTIVAKA OUXVOTATOG TWV AEEEWV TTOU TTEPIEXEL.
e Kd0O¢ tTivakag ptropei va BewpnBei wg éva diavuoua.
e To Ae€IAOyI0 dnuioupyeital atrd OAEG TIG AEEEIC 0€ OAQ TA £yypPaPA TOU CUCTHUATOG.
To Ae€INGyIo ptTopei va gival yia Aiota A €vag TTivakag.
o Kdabe éyypago kal KABe epwTnua avatrapiotatal cav €va didvuoua e Bdon T0
AeCINOYI0.
e YTOAOYIOUOG TNG OUuVNUITOVIKAG opoidTnTag (Cosine Similarity) petagu 2
EYYPAQWYV. Q¢ CUVNUITOVIKA OMoIOTATA OpideTal N JETPNON TNG OpoIdTNTAG BUO Wn-
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MNOEVIKWV OIAVUOUATWY PECW TOU UTTOAOYIOMOU TOU OUVNUITOVOU TNG ywviag
METALU TOUG.
e Tagivounon Twv eyypdewy Pe BAon TNV OgoIOTATA TOUG
Ta tpia oTddia Tou AlavuopaTikou MovTéAou PuTTopouV va TTEPIYPAPOUV WG £ENAG:
e To mpwTo OTAdIO €ival N dnUIoUPYIa BEIKTWY OTO £YYPAPO.
e To OeUTepo OTADIO €ival n OTABUION TWV KATNYOPIOTTOINUEVWY OpwWV WOTE va
eVIoXUBei N avakTnon Twv eyypa@wyV TTOU OXETICOVTAI PUE TO EPUWITNHA TOU XPNOTN.
e To TeAeuTaio OTAdIO TAEIVOUEI TO £yypaAPO O OXEON ME TO EPWTNMA TOU XPrOTN
OUMOWVA HE Eva JETPO OMOIOTNTAG.
Eival mpo@avég Omi TTOAAEG ammd TIG AEEeIC 0 €va Eyypa@o Oev TTEPIYPAPOUV TO
TTEPIEXOUEVO, AECEIC OTTWG TO “cival”. XpNOIYOTTOIWVTOG TO QUTOUOTO EUPETAPIO EYYPAPWY,
QUTEG Ol JN onUAVTIKEG AEEEIC agalpouvTal atrd To diIAvuoua Tou eyypAagou, oTToTE TO
£YYPa®o Ba avTITTpooWTTEUETAI HOVO aTTO AEEEIC TTOU €XOUV TTEPIEXOMEVO. H dnuioupyia
TOU €upeTnpiou PTTOPEl va BacioTei oTn ouxvoTnTa TWV Opwv. O1I OpOoI TTOU €XOUV EiTE
UWNAn €iTe XaunArn ouxvotnTa P€oa o€ £va £yypa@o BewpouvTal AEEEIG AEITOUPYIKEG KOl
XWPIG TTEPIEXOPEVO. 2TNV TTPAEN, O OPOG cuxvoTNTa fTav OUCKOAO VA EQAPPOOTEI OTN
onuIoupyia Tou eupeTnpiou. AT auTtou, YyiveTar XpAon MIOG AiOTOG TTou Kpartd
ouvnBIopéveg AEEEIC Kal aailpei AECEIC uPnNAAG ouxvoTNTAG, KATI TTOU KABIoTA TN HEBO0SO
auTh YAWoOIKA e€apTnuévn. IMevikd, 1o 40-50% Tou 0UVOAIKOU apIBPoU Twv AéCEwy o€ éva
EYYPOQPO KaTapyeital Ye TN fondeia piag T€Tolag AioTag.
‘Exouv e1miong e@QapuooTei In YAwoOoIkEG uéBodol yia Tn dnuioupyia Tou gupetnpiou. H
onuioupyia Tou eupetnpiou Paciletal otTnv UTTOBeon OTI UTTAPXEl KATTOIQ OTATIOTIKN
dla@opd OTNV KATAVOUA TwV AELEWV TTOU €XOUV TTEPIEXOMEVO KOl TWV AEITOUPYIKWV
AECewv. O1 AEEEIC TTOU €TTIAEXONKAV WG AEITOUPYIKEG JOVTEAOTTOIOUVTAI OTTO TNV KATAVOWN
Poisson (Kim, 2019) ot 6Aa Ta €yypaga, v Ol OPOI TTOU PEPOUV TTEPIEXOUEVO OEV
MTTOPOUV va povTeAoTToINBoUV. H xprion Tou povtéAou Poisson eTTeKTABNKE OTO PJOVTEAO
Bernoulli.
To dilavuopaTtikd MovTéAo avatrapioTa £yypaga o€ Eva Xwpo TTOAAWY diaoTdoewy, OTTouU
Kabe 6pog cival kal pia didoTacn. XpnoidoTrolgitTal Kupiwg oTtn diadikagia avaktnong
TTANpo@opiag avtimpoowTtrelovtag TANPN éyypaga. O1 6pol Ba ptTopoucav va gival ol

” “* ” [}

AECEIC TTOU TTEPIEXOVTAI O€ €va £YYPOQO, Yia TTapadelyua “yara”, “okUA0G”, “TToVTiKI”, eV
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Ta £yypoea €ival Ypaupikoi ouvouaouoi dlavuoudtwy. ‘Eotw Aoimmdv éva €yypa@o TTou
TTEPIEXEI MIa (1) popd TN AEEn “yaTa”, duo (2) popEg TN AéEN “okUAOG” Kai pia (1) eopd T
AEEN “TToVTiKI”, TOTE TO £€yypAPO AUTO AVATTOPIOTATAl PE TO OIAVUOUQ UE CUVTETAYUEVEG
(1,2,1) oTtov TPICdIACTATO XWPO TTOU dnuioupyeital (ZxAua 4), oémou dl, d2, d3 Ta

dlIavUOUATA TWV TPIWV EYYPAPWV.

di

d2

d3

ZxApa 4. ETeéqynon diavuouaTtikoU JovTéAou

2.3. Epyaocia pe To Vector Space Model

O Ap. Khalaf Khatatneh kai o1 ouvepydteg tou (Khatatneh, 2005) €dcifav €éva véo
MNXOVIOPO yIa TN PEIWON TOU XWPEOU TTOU XPNOIYOTIOIEITAlI aTTO TO OUCTNUA AvAKTNONG
TTANPOPOPIWV XPNOIYOTIOIWVTAG Tn OOMN TOU NUITEAOUG Trivaka. & auTh Tn Oourn o
mivakag TepIAapBavel duo utroTtrivakes. O €vag TTepIEXEl JIa AEEN Kal 0 AAAOG OpICHEVOUG
ouvTeAEOTEC. AUTA N doUN CUVETTAYETAI Eva £yypaA@POo ava TTiVOKA, ETTOPEVWG N Hia o€ipd
atToBnKevel Tov OEiKTN Kal N deUTEPN OEIP& TO BAPOG KABE deiKTN OTTWG ATTEIKOVICETAI OTO

TTAPOKATW OXNHA:
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D1

ZxApa 5. Aopn nUITeEAOUG Trivaka

XpNOIYOTTOIWVTAG AUTO TO VEO INXAVIONO, Ba peiwBouv 6oa ATav TTEPITTA OTNV KAAOOIKN
avatrapdoTach 6pwv Kal eyypdewyv. O apiBuds Twy ypauuwy oTov Trivaka Ba augnBei
KATA €va PE TNV TTPOOBNKN vEou eyypa@ou Kal 0 apiBudg Twv oTnAwv Ba auéndei katd
éva he TNV TPooBkn véou 6pou. OPwg, oToV TTiVOKA, YIA OTTOI0dNTTOTE VEO £YYPAPO TTOU
EXel TpooTEBEl 0TN CUANOYR TWV KEINEVWY, €vag XwPIOTOG TTivakag Ba TTpooTebei 0Tn
Baon dedopévwy Kal 6Aol o1 véol 6pol Ba TTpoaTeBOUV OTOV VEO TTivaKa.

O1 Michael W. Berry kai dAAoi (Lee, Lam, 2002) trapouciacav OTO £€py0 TOUG TTWG Ol
BePENIWOEIC HABNUATIKES EVVOIEG TNG YPAPMIKAG AAYERPAG, OTTWG N £VVOIA TOU UTTOXWPOU
N TNG YPOUMIKAG QVECAPTNOiAg, JTTOPOUV va XpnoIoTToINBouv yia Tn dlaxeipion Kal v
dnuioupyia BEIKTWV o€ PEYAAa Eyypaga. Ocwpnoav OTI ol TTapadOCIOKES TEXVIKES Eival
axpnoTeg, dedouévou OTI KaTd Tn diadikacia dnuioupyiag deikTwy AapBdavovTal uttdwn
OAEG OI TTANPOPOPIEG OTO ECWTEPIKO TOU £YYPAPOU, AVEEAPTNTA ATTO TO TTOCO ONUAVTIKEG
gival. MNa apddeypa, ol TTEPINAYEIG, O KATAAOYOI ouyypa@Eéwy, O KATAAOYOI AECEwV-
KAEIBIWV K.ATT. €ival PEPIKEG BondBNTIKEG TTANPOQOpPIiEg O OTToieg dev £XOuV 101AITEPN
onpacia yia To TTEPIEXOPEVO TOU EYYPAPOU, UOVO oI evdiagepOpevol yia Tn BiIBAIoypagia
Ba utropoucav va Bpouv TETola OTOIXEia Xprioiua. ETTopévwg, n €¢aipeon autwy Twv
otoixeiwv ammdé 1 Oladikacia dnuioupyiag OEIKTWV BOa MEIWOoEl TV KATavaAwon
XWPNTIKOTNTAG Kal Ba BEATILOOEI TNV ATTOTEAEOHATIKOTNTA TNG avaktnong. Or Michael W.
Berry kai dAAoi (1999) atnv £peuvd TOUG XPNOIKOTTOINCAV TIC HABNUATIKEG EEICWOEIC TOU
AlavuopaTikou MovTéAou yia va eQapuOoouV JIa TETOIO TTPOCEYYIOT.

Y1rapxouv TTOAAEG AAAEG eVBIAPEPOUTEG EPEUVEG TTOU APOPOUV ThV £66puUEn dedOUEVIWV
Kal Tn xprion diavuopatikwy povréAwyv. O1 Czibula kar Cojocar (Czibula, Cojocar, 2010)
otnv €peuva Toug e€fynoav TTwS Ta OlaVUCMATIKG MovTéAa Ba  pTropoucav va
xpnoigotoinBouv otnv €€6putn dedouévwy. Mapouaidlouv pia véa TTPOCEYYION TTOU
xpnoigotrolgi Tnv opadoTtroinon (clustering) otnv e€6pugn dedouévwy Kal TTpoTEivouv dUO

TEXVIKEG: MIa TEXVIKA opadoTtroinong Baciopévn otov aAydpiOuo k-means Kail ia 1IEpapXIKN
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TEXVIKA opadoTtroinong. To Alavuopatikd MovTéAo XpnOIPOTIOIEITAI YIQ TNV £EEUPEDN TNG

OMOIOTNTAG METAEU OUO PEBOGDWV KAl VIO VO ATTOQPACIOTEITTOIA ATTO TIG OUO €ival N KAAUTEPN.

2.4. TexVIKEG Kal TTpooeyyioelg Tou Vector Space Model
2.€ AQUTO TO UTTOKEPAAQIO Ba £ENYNOOUNE TIG TEOOEPIG PATIKES TEXVIKEG TOU AIOVUCUATIKOU
MovTéAou Kal Ba OuykpivOouue QUTEG TIG TEXVIKEG. OTTWG ava@Eépbnke oTnv €ilcaywyn
UTTAPXOUV TECOEPIG BOTIKEG TEXVIKEG TTOU XPNOIMOTTOIoUVTal PE TO AlavuopaTikd MovTtéAo.
e ToO EOWTEPIKO YIVOUEVO.
e H opoidTnTa TOU CUVNUITOVOU.
e H opoiéTnTa TOU Jaccard.

e H opoiétnTa ToU Dice.

2.4.1. To eowTepIKO YyIVOpEVO

To ecwTEPIKO YIVOUEVO €ival N TTPWTN TEXVIKA 0TO AIQVUOUATIKO HOVTEAO. AUTH N TEXVIKN
Bewpeital wg Baon yia AAeG TeEXVIKEG. O UTTOAOYIOUOG TWV ATTOTEAECHATWY TWV AAAWV
TEXVIKWV £CAPTATAI ATTO TA ATTOTEAEOUATA QUTAG TNG TEXVIKAG.

O 6p0og “XWwpog eowTEPIKOU YIVOPEVOU” OTA HaBnuaTiké ival £vag dIavuouaTIKOG XwWPOoG
TTOU €XEI JIA CUPTTANPWHATIKA OOMN TTOU OVOUACZeTal ECWTEPIKG YIVOUEVO. AUTA n doun
ouvdéel KABe CeUyog BIAVUOUATWY OTOV XWPEO ME HIQ TTOOOTNTA YVWOTH WG ECWTEPIKO
YIVOUEVO TWV OIOVUOPATWY. Ta E€OWTEPIKA YIVOPEVA ETTITPETTOUV TNV  €10AYWYN
OIAIOONTIKWY  YEWUETPIKWY OXEOIQOHWY, OTIWG yia Tapddelyua 10 MAKOG €VOG
dlavuouaTog f N ywvia Petatu duo diavuopdaTtwy (Wolfram, 1999). ¢ éva dlavuouaTikod
XWPO, TO ECWTEPIKO YIVOUEVO gival évag TPOTTOG TTOAAATTAACIOOUOU TWV dIAVUCUATWY
(Wolfram, 1999). To Zxrjua 6 deixvel TNV epunveia TG ywviag petagu dUo dIavuouaTwy

TTOU OPICETAI XPNOIUOTTOIWVTOG TO ECWTEPIKO YIVOUEVO.
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ZxApa 6. Epunveia TnG ywviag PeTagl 500 S1avuoHATWY KABOPIoHEVWY ME XPRON VOGS

EOWTEPIKOU TTPOIOVTOG

H 10€a €dw €ival va aTTeIkovIoTEl KABE £yypa@o Kal TO EPWTNHA OTO OUCTNUA AVAKTNONG
w¢ diavuopaTa Kai va Bpoupe TNV opoidTNTa METAEU Toug. Ta diaviouaTa TwV eyypa@wy
TA OTTOIA £€XOUV OMOIOTNTA PE TO OIAVUOHA TOU EPWTAMATOS BEWPOUVTAl CUYYEVIKA PE TO

EPWTNUA Kal TTIBaVAV IKAVOTTOIOUV TIG AVAYKEG TOU XPOTN.

2.4.2. H opoidéTnTa TOU CUVNMITOVOU

To ouvnuiTOvo XPNOIYOTIOIEITAl WG METPO YIa va Ppedei n opoidtnTa PeTatu Ouo
dlavuopudTwy. AuTO yiveTal Je TNV EUPECT TOU CUVNMITOU TNG JETALU TOUG ywviag (Sarwar,
2001). 'ET01, av TO EOWTEPIKO YIVOUEVO XPNOIUOTIOIEITAI yIa TNV €UpECN TNG ATTOOTACNG
METALU OUO dIavUOUATWY, TO CUVNUITOVO XPNOIYOTIOIEITAI yIa TNV €UpECn TNG ywviag
METALU aQUTWV TWV SIAVUCHUATWV.

H &iadikacia NG opoidTNTAG TOU CUVNUITOVOU XPNOIUOTIOIEITAl VIO VO VO ATTOQACIOTE
1010 éyypago (d1,d2) cival Trepiocdtepo dpoio ue T dobgica epwTtnon g. Auth €ival Kai
MIa atro TIG BACIKEG 10€€G, oTnV oTToia BaaileTal n AsiToupyia Twv pnxavwy avalAtnong.
‘EoTw AoImtév yia epwTNON TTOU avatrapioTaTtal Je 1o dIAvuoua g Kal dUo £yypaga TTou
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avatrapiotavral pge 1a dlavuopata dl kar d2, OTTwg @aivetal oto oxfua 7. MNa va
OIaTTIOTWOEI TTOI0 ATTO T dUO £yypaPa £XEI LEYAAUTEPN OPOIOTNTA YE TN EPWTNON J, APKEI
va OUYKPIBoUV o1 ywvieg a,b (] KaAUTEPA TA CUVNUITOVA TWV YWVIWV) TTOU oXNMATICEl TO
d1Idvuoua NG £pwTNONG ME KaBéva atd Ta dlavuopaTa Twv duo eyypdewy. OTav 10

OuUVNMITOVO gival HIKPOTEPO, N OMOIOTNTA Eival HEYOAUTEPN..

ZxAMa 7. Avatrapdoraon SiavuouaTwy

H palnuaTtiki ékepaon TTou uttoAoyilel TO ouvnuiTovo TNG ywviag duo d1avuoudaTwy

A(x1,y1) kai B(x2,y2) €ivail n €¢NG:

AxB x1'x2 +y1'y2
AllB|

cosine 8 = T T
(x12 + y12)2 (x22 + y2?)2

Otrou A*B gival To E0WTEPIKO YIVOPEVO TWV dUO dIavVUCUATWY, TO OTTOIO ival £vag TPOTTOC

va TToAAatTAacidlel kaveic diaviopaTa JETAEU TOUG.
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MNa tmapddelyya Ptropei €UKOAQ va UTTOAOYIOTE N OPOIOTNTA HETAEU TWV TTAPAKATW
OUVTEAEOTWV:

A = «ydTa, oKUAOG, oKUAOG» = <1,2,0>

B = «ydTa, okUAOG, TTOVTiKI, TTOVTiKI» = <1,1,2>

H atravrnon divetal armro Tov TUTTO:

1*14+2x14+0%2 3
V12+22+0% — b +V12+1%2422  |[5/

0(A,B) = ~ 0.55

"eVIKA TO CUVNUITOVO MIAG Ywviag €xel wg oUVOAO TIHWV To diaoTnua [-1,1], Suwg agou
Ta dlavUuouaTa €ival OTO TTPWTO TETAPTAPOPIO TO CUVNMITOVO Ba £XEl WG OUVOAO TIHWYV TO
[0,1].

‘ET01, av Bswpricoupe OTI TO onueio A (X1, Y1) QVTITTIPOCWTTEUEl £Va EPWTNHA KAI T ONuEia
B (x2, ¥2), D (X3, y3), E (X4, y4), F (X5, ys5) avTITTIPOOWTTEUOUV KATTOIO £yypaga, Ba TTPETTEN
Va UTTOAOYIOOUHE TO OUVNUITOVO TNG ywviag HETAEU Tou A (EpwTnua) Kal KABe eyypdgou
Kal va Ta Tagivounooupe o @Bivouoa ocipd ouvnuitovou (cosines similarites). Autr) n

evépyela yivetal yia 0Aa ta £yypaga (Minerazzi, 2014).

2.4.3. H opoiétnTa Tou Jaccard

“O ouvteAeo TG opoIOTNTAG Jaccard, TTou gival eTTiong yvwoTog wg OgikTng Jaccard, gival
éva oTaTIoTIKG PETPO opoIOTNTAG JETALU cuvoAwv” (Bank, Cole, 2008). H cuvdapTtnon 1Tou
XPNOIMOTTOIEITAI Y1 TOV UTTOAOYIONO TNG opoldTnTag Jaccard gaiveral TTapakatw (Ghosh,
2017):

Zév=1(xiAxiB)

> )P+ Yo (as)? — T (iaxi)

Sap =
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2.4.4. H opoiétnTa ToU Dice

H texvikh TNG opoidTnTag Dice xpnolyoTrolgiTal OTTwG N TEXVIKN TNG opoloTnTag Jaccard
yla TNV €Upeon TNG OMOIOTNTAG METALU TwV OIAVUCPATWY PE TN dlagopd OTl "divel To
dITTAdoio Bapog oTig opoldTNTES" (Dice, 1945). To pétpo divetal atrd Tov TUTTO (Chu, Liu,
Mao, 2002):

|ANB|

D (A B) =2 @D

otrou A kai B gival Ta 0o ouvoAa. Mo atrAd, autdg o TUTTOG avTITTIPOCWTTEUEI TO PEYEBOG

NG £vong 2 O€T dIAIPOUMEVO UE TO PJECO PEYEBOG Twv BUO OET.

2.5. HBapUTNTA TWV SIAPOPETIKWYV OpWV

OAeg o1 Tapatrévw TEXVIKEG TTOU agopouv To Alavuopatiké Movrtédo (VSM) Trpétel va
uTTOAOYioOUV KATTOIA TIUA TTOU ovouddeTal "Bapog Tou dpou”. AuTh n TIWA €ival Kpioiun yia
TNV aQvAKTNON TWV £YYPAQWY Kal TRV TALIVOUNONA TOug PE BACN T OCUVAQPEIA TOUG UE TIG
avAyKeG TOU XpnoTn.

YTTapXouV PEPIKEG BATIKES atieg TTOU TTPETTEI VO UTTOAOYIOOUE yIa va TTAPOUKE TO OpOo

Bapoc:

e 2uxvotnra o6pwv (TF). H ouxvornta épwv (TF) €ivar n Tutmkg €vvoia Tng
ouxvoTnNTag oTn QUOIKA ete¢epyacia yAwooag (NLP). XpnoigoTrolgital yia va
UTTOAOYIOEI TIG QOPEG TTOU eUpaviCeTal Evag Opog o€ €va Eyypago (Jones, 1972). H
ouxvotnta o6pwv (TF) xpnoiuotroigital eupéwg €mmeid MPTTOPEI  EUKOAQ  va
uttoAoyIoTEl yia KABe €yypago kal divel KaAd atroteAéopata (Salton, Buckley,
1988).

e XuxvoTtnrta gyypd@ou (DF). Aedopévou OTI ouxvoTNTA OPWV AVTITIPOCWTTEUEI TN
onuacia evog 6pou OTo £yypago, N ouxvotnta eyypdgou (DF) avTITTpoowTTEUEl TN
onuaoia Tou 6pou o€ OAa Ta Eyypaqga, HETPG TOV apIBUS Twv eyypAPwY OTA OTTOI0
eppaviCetal o 6pog. H ouxvotnTa eyypdgou €xel TTOAATTAEG EQapUOYEG O€ TTEdia
OTTWG auTo TG Emregepyaaiag Puoikng MNwooag, TN avaktnon TTANPOPOPIWY Kal
aAa ouvaen tredia (Jones, 1972).
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e AvtioTpo®n ocuxvoTnta gyypdewyv (IDF). H avtioTpopn ouxvotnta £yypapwv
BewpeiTal wg Eva eTTINEKTIKO PETPO VOGS Opou OTn UANOYN KeIpévwy. MpoTddnke
T0 1972 koI 1m0 TOTE XpnolyoTrolEiTal eupéws (Jones, 1972). To IDF otnv

avAKTNON TTANPOQOPIWV XPNOILOTIOIEITAI VIO VA JIOKPIVEI AEEEIG TTOU £XOUV TnV idIa
ouxvoTtnta (Wu, Luk, 2008). To IDF opiCeTal pabnuatikd wg  idf = logm% OTTOU:

N = 0 apIBudg Twv eyypaPwyv 01N CUAAOYH KEINEVWYV KAl
Ni = €ival N ouXvoTNTA TOU £YYPA®OU, O apIBUOG TwV EYYPAPWY TTOU TTEPIEXOUV TOV
0po i.

e To Bapog Tf-idf. 21N cuvéxela ouvdudldoupe TN cuxvoTNTa TWV 6pwV (N onuacia
KABe Opou OTO €yypago (tf)) kal TNV avtioTpo®n cuxvoTnNTa TWV £YYPAPWVY (N
onuacia Tou 6pou aTn cUAAOY KEINEVOU), yia va TTapaxBei Eva ouveeTo BApog yia
KaBe 6po o€ kABe £yypago (Wu, Luk, 2008).

To Bdapog autd yia katrolov 6po t gival:

e YwnAOTepo OTaV TO t ouvavtatal TTOAEC QOpPEC pECA Ot €va PIKPO apiBuo
EYYPAQPWYV

o  MikpOTEPO OTAV 0 OPOG EPPAVICETAI AIYOTEPES POPES O€ Eva £YYPAPO, I EPPaVICETAI
o€ TTOAAG £yypaga.

e EAGxi0TO 6TAV O OPOC gPpaviCeTal o€ OAA TA £yypaga.

‘ET01, av Bewpriooupe pia cuAAoyr KeluEVwY TTou atroTeAeiTal atmd 50 Eyypa@a, pia AéEn
TToU gu@avideTal o€ KABE €va attd autd Ta £yypaga gival £vag evieAwg axpnoTog 6pog.

Etreidf dev £xel kapia TTANpo@opia OXETIKA PE Ta £yypaga yia Ta OTToia eVOIQQEPETAl O

XPNoTng.

2.6. MAgovekTApATA TOU AIOVUCHOTIKOU HOVTEAOU
To AlovuopaTiko HOVTENO €XEI KATTOIA TTAEOVEKTHHATA EVAVTI TWV GAAWV PHOVTEAWV:
e Eival éva atrAd povtélo Baoiouévo oTn ypauuikn GAyeRpa.
e Ta Bdpn Twv 6pwyv dev gival SUAdIKA.
e EmTpétTel TOV UTTOAOYIOUG VOGS OUVEXOUG BaBUOU OPoIOTATAG HETAEU EPWTNHATWY
Kal EYYPAQWV.

e EmTpétTel TNV TAgIVOUNON TWV gyypdewy avadloya pe Tnv moavr) Toug onuaaoia.
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o EmTpétTel TN PEPIKA QvTIOTOIXION.

Ta TePICOOTEPA ATTO QUTA TA TTAEOVEKTAMATA €ival OCUVETTEIQ TNG dIAPOPAS OTNV
TTUKVOTNTA TWV AVATTOPACTACEWY TWV EYYPAQWY PETALU TwV OUADIKWYV TTPOCEYYIOEWV
(Boolean) kai Twv TF-IDF tpooeyyicewv. OTtav Xpnoigotroloupe duadikd Bdpn, kabe
£YYPOQPO BpioKeTAl O€ PIa KOpUYr o€ éva N-0100TACEWV UTTEPKUPBO. ETTOPéVWG, 01 TTIBaVEG
avaTTapaocTacel eyypd@wy eival 2n Kal n PEYIOTN €UKAgidela amméoTaon METAEU TwV
Ceuywv gival vn. KaBwg mrpoaTiBevral éyypaga otn guAAoyn, N TTEpIoxr TTou opileTal ammd
TIGC KOPUPEG TOU UTTEPKUPBOU YiveTal TTUKVOTEPN. Z€ avTiBeon We Tn duadikf TTPOCEyyIion,
oTav TPoCTiBeTal Eva Eyypago XpnolyotroiwvTag TF-IDF Bapn, ol IDFS Twv 6pwv 0TO VEO
EYYPOPO JEIWVOVTAlI €VW Ol UTTOAoITTol Opol augdvovtal. Katd péoco Opo, Kabwg
TTpooTiBevTal Ta €yypaga, n TreEpIoXny OTou PBpiokovial Ta £yypaga, OIEupuveTal,
puBuiovtag TNV TTUKVOTNTA TNG avatrapdoTtaong OoAOKANPENG TN ouAAoyng. Authi n
OUUTTEPIPOPA JOVTEAOTTOIET TO APXIKO KivnTPo Tou Salton Kal Twv cuvadéA@wy Tou OTI Jia
OUANOYR EYYPAPWYV TTOU QVTITTIPOCWTTEUETAI ATTO WA TTEPIOX XOUNANG TTUKVOTATOG Ba
MTTOpOUCE va aTTo@épel KaAUTEpa atroTeAéopaTta avdaktnong TrAnpogopiwy (Salton,
Wong, Yang, 1975).

2.7. Neplopiopoi

To AlavuopaTikd JOVTENO €XEI KAl KATTOIOUG TTEPIOPIOUOUG:

Ta peydha Eyypaga dev AVTITIPOCWTTEUOVTAI ETTAPKWG ETTEION €XOUV TTOAU UIKPEG TIMEG
oMOoIOTNTAG (MIKPO ECWTEPIKO YIVOUEVO Kal TTOANEG BIACTAOEIG)

e O1 Aé€eig-kA101G TNG avadATNONG TTPETTEI VO AVTIOTOIXOUV UE AKPIBEIa OTOUG OPOUG
TOU €YYPAQOU, N THNUATIKA OMOIOTATA KATTOIWV AECEWV EVOEXETAI VO OONYNOEl O€
"weudn BeTIKN avTioToiXIoN".

e 2nuacioloyikl euaicOnoia. Ta £Eyypaga PeE TTAPOUOIO TTEPIEXOMEVO, OAAG
OIaQOPETIKA opoAoyia dev Ba cuOXETIOTOUV, OdNYWVTAG OE Pia "Weudr apvnTIKN
avTioToixion".

e H ocepd pe v otoia eu@avidovialr ol Opol OTO £yypag@o XAveral OTnv
avatrapaoTaon pe 1o AlavuouaTtikd MovtéAo.

e OcewpnTikd 01 6poI €ival OTATIOTIKA AveEAPTNTOL.

e H otdbuion civai diaicOnTIKr) aAAd 6x1 auaTnpd Kabopiouévn.
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[MOAANEG aTTO QUTEG TIG DUOKOAIEG PTTOPOUV, WOTOOO, VA CETTEPACTOUV WE TN XPHAON
OIaPOPWYV EPYAAEIWY, CUUTTEPIAAUPBAVOUEVWV KATTOIWY JABNPATIKWY TEXVIKWYV OTTWGS N
avaAuon Tmivaka o€ 1dlafouoeg TIEG SVD (Singular Value Decomposition) kai Baoewv

0edopEVWY PE Aégelig OTTws To WordNet.

2.8. MNMapadeiypa epapuoyng Tou AlavuouaTtikou MovTtéAou

2TV TTapdypa®o autrh divetar éva atmAoTroinuévo TTapdadelyua Ttou AlaQvVUoPaTIKoU
Movtélou (Teufe, 2014). '/EoTw Mia TTOAU pIKpy ouAAoyr) C TTou aTtroTeAsiTal atrd Ta
akOAouBa Tpia £yypaga:

d1: “new york times”

d2: “new york post”

d3: “los angeles times”

Mepikoi 6pol gpgavifovral oe dUO £yypaga, UEPIKOI EPPaviCovTal JOVO O€ £va £yypaqgo.
O ouvoAIk6G apIBuoG Twyv eyypdewy gival N = 3. ETTopévwg, ol TIuéG IDF yia Toug 6poug
givail:

angles log2(3/1)=1.584

los log2(3/1)=1.584

new log2(3/2)=0.584

post log2(3/1)=1.584

times 1og2(3/2)=0.584

york  log2(3/2)=0.584

MNa 6Aa 1a €yypaga, uttoAoyioupe TIG TINES TF yia 6Aoug Toug 6poug ato C. YTToBEéTou e

OTI 01 Aé€eIg oTa dlavuoPaTa TagIvououvTal aAQapnTIKA.

angeles los new post times york

dl 0 0 1 0 1 1
d2 0 0 1 1 0 1
d3 1 1 0 0 1 0
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q 0 0  (2/2)*0.584=0.584 0 (1/2)%0.584=0.292 0

MoAAatTAaoialoupe Tig TINEG TF pe TIg TINEG IDF KABe dpou, Kal TTaipvoupe Tov akdAoubo
mivaka: (OAol o1 6pol eppavioTnkav Povo pia opd og KABe Eyypa@o oTn WIKPR cUAAoYN

MOG, OTTOTE N MEYIOTN TIUN VIO KAVOVIKOTToiNoN €ivai 1).

angeles los new post times york
dl 0 0 0.584 0 0.584 0.584
d2 0 0 0.584 1.584 0 0.584
d3 1.584 1.584 0 0 0.584 0

Aedopévou Tou akdAouBou epwTANATOG: “new times”, uttoAoyilouue 1o didvuopa TF-IDF
yId TO EpWTNUA Kal uttoAoyioupe TNV TIWNA KABe eyypdeou otn oculloyr C oe oxéon pe
QUTO TO EPWTNUA, XPNOIKMOTTOIWVTAG TO PETPO OMOIOTNTAG TOU cuvnuItTovou. Katd Tov
UTTOAOYIONO TWV TIHWV TF-IDF yia Toug 6poug Tou EPWTANATOS BIAIPOUUE TN CUXVOTNTA

ME TN PMEYIOTN ouxvoTNTa Kal TTOAAATTAaOIACoupE PE TIG TIEG IDF.

YT1roAoyifoupe To JAKOG TOU KABE £yypA@OU Kal TOU EPWTANOTOG:

Length of d1 = ,/(0.584% + 0.5842 + 0.5842) = 1.011

Length of d2 = ,/(0.584% + 1.5842 + 0.5842) = 1.786

Length of d3 = v1.5842 + 1.5842 + 0.5842 = 2.316

Length of q =0.5842 + 0.2922 = 0.652
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ToTe, 01 TINEG OUOIOTNTAG Eival:

(0x0 + 0x0 + 0.584x0.584 + 0x0 + 0.584x0.292 + 0.584x0)
(1.011x0.652) B

Sim(d2,q) = (0x0 + 0x0 + 0.584x0.584 + 1.584x0 + 0x0.292 + 0.584x0) 0.292
cossim(az, q) = (1.786x0.652) o

Sim(d3,q) = (1.584x0 + 1.584x0 + 0x0.584 + 0x0 + 0.584x0.292 + 0x0) — 0112
cosSim(d3,q) = (2.316x0.652) o

0.776

cosSim(d1,q) =

2UPOWVA JE TIG TINEG OPOIOTATAG, N TEAIKI) O€IPA UE TNV OTTOIA TTAPOUCIACoVTal TA £YYPAQPQA

WG aTTOTEAEC A TOU EpwTHUaTog Ba eivar: d1, d2, d3.

2.9. Word2vec

To Word2vec gival éva veupwvIKO OiKTUO dUO ETTITTEDWYV TTOU £TTECEPYAETAI KEipeva. H
€i0000¢ TOU €ival £€va CWHPA KEINEVOU Kal 1 £€£000¢ Tou gival €va OUVOAO SIAVUOUATWY
XOPAKTNPIOTIKWYV YIa AEEEIC o€ auTd TO Owa. EiorfxBn 1o 2013 atrd yia opada epeuvnTwV
ME eTTIKEQAANG Tov Tomas Mikolov (Mikolov, 2014) otnv Google.
Eival éva povtéAo Baciopévo OTIC TTIPORAEWEIS Kal OXI 0T ouxvoTNTA. XPNOIYOTIOIEI TNV
QVOAUTIKN TTPOPRAEWN yia va KAvel pia oTaBuiopévn eikaoia piag AéEng pe Bdon Tig
YEITOVIKEG TNG AEEEIC. YTTApXOUV BUO TTapaAAayEéG o€ auTd TO HOVTEAO:
e CBOW (Continuous Bag of Words): Autd 10 povtéAo TTpooTTabei va TTpoBAEWEl pia
AEEN pe BAon TIG YEITOVIKEG AECEIG.
e SkipGram: AuTto To JovTéAO TTPOOTTOBE va TTPORAEWEI TIG YEITOVIKEG AEEEIC KATTOI0G
AEENG.
To CBOW Tteivel va Bpel TV TBavOTNTa Piag AEENG va ep@avideTal o€ pia “yeirovid”. ‘ETol
€€eTdlel OAA Ta DIAPOPETIKA TTACICIO OTA OTTOIA PTTOPEI VO XPnoIuoTToIiNdEi pia Aégn. Evw
10 SkipGram povtéAo Teivel va pdbaivel EexwpioTd Ta dlIaQopeTIKA TTAQIOIA.
H évvoia Tng AéEng "yerrovid" eplypd@etal KaAUTEPA AQUBAVOVTAG UTTOWN WIA KEVTPIKN
AEEN kal éva TTapdBupo AéCewv yupw atmd autrv. MNa TTapddelyua, eav eEETACOUNE TNV
mpoéTaon "The quick brown fox jumped over the lazy dog", kai éva péyebog TTapabupou

2, Ba €xoupe yia To povTéAo skip-gram ta {elyn TTou aTTelkovifovtal oTo ZXAMa 8.
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Training
Samples

Source Text

-quick brown [fox jumps over the lazy dog. = (the, quick)
(the, brown)

The brown |fox|jumps over the lazy dog. = (quick, the}
{quick, brown)
{quick, fox)

The quick-fox jumps|over the lazy dog. == (brown, the)
{brown, quick)

{brown, fox)
{brown, jumps)

The|quick brown-jumps over|the lazy dog. = (fox, quick)
(fox, brown)

(fox, jumps)

(fox, over)

ZXApa 8. Zehyn yia To povTéAo skip-gram Trou avTirpoowIredouv Thv rpétaon " The quick

brown fox jumped over the lazy dog"

AvTiBeTa, yia To poviého CBOW, sicdyoupue AéCeig péoa oto mapdBupo (6TTwg 10 "the”,
"brown", "fox") ka1 oToxeUouue atnv TTPORAewn TNG AéENg "quick™ (aTTAG avaoTpEPOVTAG
TNV €icodo oTn diadikacia TTPORAeWNnS atrd 1o povtéAo skip-gram).

2710 2XAMa 9, diveTal yia atreikdvion Twv JovTéAwyv skip-gram kai CBOW.

Aedopévou 611 To SkipGram gixe atmodeixOei OTI £xel KAOAUTEPES ETTIOOCEIG ATTO TO JOVTEAO
CBOW, eival TTpoTINOTEPO Va XpNoluoTrolEiTal To JovTéAo SkipGram wg eTTi TO TTAEiOTOV.
"evikd, av KOTavonoeEl KAVEIC TO €va POVTENO, €ival apKETA €UKOAO va KOTAAdPEl Kal TO
GAAO. ATTAG TO POVO TTOU TTPETTEI VO KAVEL €ival va avTIOTPEWE! TIG €10000UG Kal TIG
TTPORAEYEIG.

To povTtého skip-gram eival TrpayuaTtika atrAd. To Word2Vec xpnoiJoTrolgi éva KOATTO TTou
MTTOpPEI Kaveig va &gl Kal aAAoU OTn unxavikn paénon (machine learning). MNpokeital va
yivel ektraideuon o€ éva atrAd VEUPWVIKO BIKTUO HE Eva KPUPO OTPWHA VIO VO EKTEAEOTEI
€Va OUYKEKPIPMEVO €pyo, aAAG OTn ouvéxela dev Ba XpnoipoTroindei autd TO VEUPWVIKO

OIKTUO yIO TO £pYyO TTOU EKTTAIOEUTNKE! AVT' QUTOU, O OTOXOG OTNV TTPAYMATIKOTATA €ival
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ATTAWG VA EVTOTTIOTOUV Ta BAPN TOU KPUPUEVOU OTPWHPATOG - AuTd Ta BApn €ival oTnv
TTPAYHATIKOTNTA TA “DIAVUCHATA TWV AECEWV”.

H ektTaideuon Tou veupwvikou dikTuou (McCormick,2016), yivetal OTTwWG OTO TTAPATTAVW
OXAMA, TPOYOBOTWVTAG TO WE elyn AéEEwV TTOU UTTAPXOUV OTA £yypa@a TNG GUAANOYNG.
NAapBdavovtag pia cuyKeKpIPEVN AEEN oTn HEoN WIS @paong (AEEn el00dou), utTopEi va O¢l
KQVEIG TIG AEEEIG TTOU BpiokovTal KOVTA Kal va €TTIAEEEI pIa Tuxaia. To OiKTuO TTPOKEITal Va

atmmo@avoei yia Tnv mOavoTnTa KABE AéENG oTo Ae€INOYIO va gival n "KovTivi AéEn" TTou

ETTIAEXONKE.

INPUT  PROJECTION  OUTPUT INPUT  PROJECTION  QUTPUT
wit-2) 4 WD)
wit-1) / wit-1)

\sum //’
/ N h
wit+1) / \\ wit+1)
/ \
w(t+2) A wit+2)
CBOW Skip-gram

ZXApa 9. ATTEIKOVIOT TWV MOVTEAWYV skip-gram ka1t CBOW

O1 mBavdTtnTeg €€660U Ba oxeTiCovtal pe 1o TTGCO TBAVO eival va Bpedei KGBe AéEN Tou
Ae€IAoyiou kovTd oTn AéEn e106dou. lMNa TTapddeiyua, edv 600¢i 010 eKTTAIOEUNEVO BIKTUO
n Aégn €106dou "ZoBieTIKA", o1 TBOavOTNTEG va cival “KOVTIVEG AEEEIC” Ba gival TTOAU
uwnAOTEPEC YIa AéEeic OTTws "Evwon" kal "Pwaia" atmd 6, T1 yia pun OXETIKES AECEIC OTTWG

"Kap1Toud" kal “kaykoupo”.
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To OikTuo TIPOKEITAI VO PABEl TA OTATIOTIKA OTOIXEId avAAOyd HE TO TTOOEG POPEG
eppaviCetal kKABe avtioToixion. ‘ETol, yia mapddsiyua, 1o diktuo TOavoTaTa Ba TTapEl
TTOAAG TTEpIocOTEPQ deiyuaTta exktraideuong ("Zopietikn", "Evwon") ammd o1 ("ooBIETIKO",
"kaykoupd"). OTav TeAciwoel n ektTaideuon, av d00¢ei n AéEn "ZoPIETIKA" wg €icodog, TOTE
Ba TTpokUWEl Pia TTOAU uywnAGTEPN TOAvVOTNTA YIa TIG Aé¢eig “Evwon™ 1 "Pwaia" atro o, i
yla 1O "Kaykoupo".

MpokUTITEI AOITTOV TO EPWTNUA TG AVATTAPACTAONG EVOG TETOIOU TTAPADEIYHATOG.
Apxikd&, dev utropei va Tpo@odoTnBei éva veupwvikd OIKTUO pE MIa AéEn oav dia
oupBoAooEIpd KEIPEVOU, OTTOTE XPEIACETAI EVag TPOTTOG EKTTPOCWTINONG TWV AECEWV OTO
diktuo. MNa va yivel autd, dnuioupyeital TTpwTa éva AeCIAOyIO aTTO Ta £yypaga TTou
XPNOIUOTTOIOUVTAl VIO TNV €EKTTAIOEUON TOU OIKTUOU- A¢ TTOUME Yia TTapAdelyua €va
Ae€IAGyI0 10.000 povadikwyv AEgewy.

Mia Aégn €100d0u avatrapioTaral w¢ éva didvuopa. Autd 1o didvuopa Ba €xer 10.000
OUVIOTWOEG (MIa yia KABe AéEN oTo Ae€IAGyIO) Kal Ba TOoTToBeTNOBEI £va “1” oTn Béon TTOU
avTioToixei oTn AéEN, Kal “0” o€ OAEG TIC GAAEG BETEIG.

H €£odo¢ Tou dikTUoU €ival £éva atrAd didvuoua (etTiong ue 10.000 oToIXEiQ) TTOU TTEPIEXE,
yla KABe A£En oTo AECIAOYIO, TNV TTIBAVOTNTA pIa TUXaia TTIAEYPEVN KOVTIVI) AéEN va gival
N oUyKeKPIPEVN AEEN aTTO TO AECIAGYIO.

2TO TTAPOAKATW ZXNMa 10 atrelkoviCeTal n apXITEKTOVIKA TOU VEUPWVIKOU BIKTUOU.
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Output Layer
Softmax Classifier

Hidden Layer

Probability that the word at a

Linear Neurons ; ——= randomly chosen, nearby
Input Vector ey position is “abandon”
[0] "/
ll v -
0 A T /
0| N\ NS ;A » . "ability”
10] ) X
10 > \
A1’ in the position 0 A 1 - .. “able”
corresponding to the — | ;X v
word “ants” | A /
10}
0] /7 XN
10,000 @
positions

300 neurons —= .. "zone”

10,000
neurons

ZxApa 10. H apXITEKTOVIKA TOU VEUPWVIKOU SIKTUOU

Katd tnv ektraideuon autou Tou dIKTUOU o€ {euyn AéEewy, n €icodog eival éva didvuoua
TTOU avTITTPOOWTTEUEl TN AEEN €10000U Kal n £€000¢ TNG gival €TTioNng €va didvuoua TTou
QVTITTPOOWTTEVEI TN AEEN €€000U. ANAG OTavV agloAoyeiTal TO EKTTAIBEUUEVO OIKTUO O€ [ia
AéEN €10600u, TO OlIAvuopa €E0OOU Ba civalr OTNV TTPAYMATIKOTNTA IO KATAVOWMN

mOavoeTnTaC.
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KepdAaio 3°. ETTideI§n TEXVIKWYV ETTESEPYATING KEINEVWYV KAl

avAKTNONG TTANPOPOpPIWV
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Eicaywyn
210 TTapoOv KeEQAAaIO Ba uAotroiNBoUv UEPIKEG ATTO TIG TEXVIKEG TTOU ava@épdnkav
TTOPATTAVW, O€ Wi TTPOCTIABEIO VA ETTIOEIXTEI TTOOO ATTOTEAECUATIKEG €ival. Ta povréAa
TTOU TTAPOUCIACOVTAl € AUTO TO KEQAAQIO €ival:

e Bag of Words (BoW)

e Latent Semantic Analysis (LSA)
MNa tnv ulotroinon Tou LSA kai BoW xpnoigotroindnkav €TTITTAEOV O €CWTEPIKES
BiBAI0Brkeg Jama (Hicklin, Moler, 2012), TTou TTpOC@EPOUV £VA TTAKETO YIA TNV dnuioupyia
Kal emegepyaoia mvakwy, kabwg kal n JFreeChart (Viklund, 2013) yia Tov oxedlaoud

YPAPNUATWV.

3.1. Eaywyn XapakTnpIoTIKWV JE To Bag of Words
To Bag of Words cival pia pé6odog e€aywyng XapakTnPIOTIKWY atro apxeia didagopwyv
KEINEVWY. Ta XOapaKTNPIOTIKA QUTA OTn CUVEXEIQ PTTOPOUV va XpnolyotroinBouv atd
aAyopIBUOUG PNXaVIKAG pAbnong, 0TTwg o Word2Vec TTou TTapoucidleTal TTapattavw
(Ytroke@daAaio 2.10). OuoiaoTikd TTpoKeITal yia yia CUAAOYR AéEEwv N OTToI avaTTapIoTA
TO KEIPEVO HEOW TNG dnuIoupyiag dlavuoudTwy. Ta BAPaTa TTou aKOAOUBEI N TEXVIKA AUTH
givai:

1. KaBapioudg Keipévou

2. Etaywyn Twv AéEewv

3. Anpioupyia Aegioyiou

4. Anpioupyia AlavuopaTog

Apxik& opiCovtal ol BIBAIOBAKES TNG Java TTou TTPOKEITAI va XPNOIhoTToIinBouv oTov
KWOIKA:

import java.io.BufferedReader;

import java.io.File;

import java.io.FileNotFoundException;
import java.io.FileReader;

import java.io.lOException;

import java.text.DecimalFormat;
import java.text. NumberFormat;
import java.util. ArrayList;

import java.util.Collections;

import java.util. Comparator;
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import java.util. Hashtable;
import java.util.List;
import java.util. Map;
import java.util. Map.Entry;

2T OUVEXEIA YiVETaI 0O OPIOUOG TNG KAAONG Kal TWV TTEQIWV TTOU TNV aTTapTi(ouV, KaBwg
Kal TnG ouvdapTtnong onuioupyiag. O1 dopég dedouévwyv TTOU TTPOTINABNKAV yia TNV
QTTOBNKEUON Kal TNV ETTECEPYQOia TwV TTANPOQPOPIWV €ival oI AiIOTEG KAl Ol TTIVAKEG
KATOKEPPATIOPOU, Ol OTTOIOI JOG ETTITPETTOUV VO OPICOUNE O€ KABE TIUA Kal éva KAEI0I. 210
1edio vocabulary ammofnkeuetal To A£CIAOYIO TWV KEIPEVWY Padi JE TOV apIBUo p@aviong
NG KABE AéENG oTa Keipeva. To medio documents gival pia Aiota OAwvV Twv Aé¢ewv, OAwv
Twv Kelgévwy TToU To Bag Of Words €xel emeepyaoTei. Mpokeirar yia pia Aiota atro
TTVOKEG KATAKEPUATIOWOU, OTTOU O KABE TTivaKag atroBnkeUel KABe AEEn TToU eP@avideTal
OTO €EKAOTOTE KEIPMEVO, KABWGS KAl TOV apIBUO CUVOANIKWY gu@avioewv TNG. O ovopaoieg
TWV apxeiwv atrobnkevovtal otn Aiota DocNames, evw n Aiota WeightedDoc kpaTdel
oav TTAnpo@opia To PApog KABe AEEnNC oe KABe Keipevo. Zav PBdapog opiletal n
BaputnTa/onuavTikOTNTA TTOU £XEl KABE AéEN OTO KeEiueVO Kal Ba eEETOOTEI TTAPAKATW.
TEéNoG, n AioTa vectors atreikovidel Ta TEAIKA diavuouaTta TTou Ta TTapaxbouv atmd 1o Bag

Of Words oT1o T€EAOG TNG £TTECEPYATIAG.

public class BoW {

private Hashtable<String, Double> vocabulary = new Hashtable<>();

private List<Hashtable<String,Integer>> documents = new ArrayList<>();
private List<String> DocNames = new ArrayList<>();

private List<Hashtable<String,Double>> WeightedDocs = new ArrayList<>();
private List<Integer[]> vectors = new ArrayList<>();

public BoW() {}

H akdAouBn péBodog cival utrelBuvn yia TNV el0aywyn evog Keipévou oto Bag of Words
Kal yI' auto €ival n TpwTn TTou «KaAgitay. H diadikacia apxikd diaBdadlel ypapuni mpog
YPOUMN TO KEIPEVO, aQAIPWVTAG TUXOV TTEPITTOUG, KATA TNV €TTEEEPYATIA, XOPAKTAPES
(6TTWG 01 KEVOI XAPOKTAPES A TA ONWEIa OTIENG) KAl HETATPETTOVTAG OAEG TIG AEEEIC o€ TTECN
QTTEIKOVION YIA VA PNV UTTAPXOUV BITTAGTUTTEG. 2Tn OuVvEXEIa N AéEn TTPOOTIBETAI OTO YEVIKO
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AeCINOYIO TTOU aTToTEAEITAI ATTO OAQ TA KEIYEVA TTOU €XOUV €10aXO€i Kal 0TO AEEIAGYIO TOU

KEINEVOU TIBETAI UTTO ETTECEPYATIQL.

public void addDoc(File file) {
Hashtable<String,Integer> bag = new Hashtable<>();
try (BufferedReader br = new BufferedReader(new FileReader(file))) {
String line;
try {
while ((line = br.readLine()) != null) {
line = line.trim().replaceAll("["A-Za-z]\\s", " ").replaceAll("[*A-Za-z]", " ");
line = line.toLowerCase();
for (String str: line.split(" ")) {
if (strisEmpty() || str.length() == 1) continue;
if (line.isEmpty()) break;
str = str.trim().toLowerCase();
if (bag.containsKey(str)){
bag.put(str, 1);

else{
bag.replace(str, bag.get(str)+1);

if (lvocabulary.containsKey(str)){
vocabulary.put(str, (double) 1);
}

else{
vocabulary.replace(str, vocabulary.get(str)+1);
}

}
}
br.close();
} catch (IOException e) {
e.printStackTrace();

} catch (FileNotFoundException el) {
el.printStackTrace();

} catch (IOException el) {
el.printStackTrace();

}

documents.add(bag);

Metd Tnv oAokAfpwon Onuioupyiag Tou Aegfidoyiou, akoAoubBei n eCaywyny Twv
olavuoudtwy. OAa Ta diaviouaTta €XouV TO idI0 UAKOG, TO OTTOIO €ival 0 GUVOAIKOC apIBuog
TWV AEEEwV OTO YeVIKO Ae€INGYI0. To TTapayouevo gival Eva duadikd didvuopa OtTou KABe
ouviotTwoa £xel TRV TIR 1 A 0 avdAoya pe Tnv eu@dvion NG A pn (avTioTolxa) OTO YEVIKO

AECINOYI0.
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public void Vectorize() {
Object[] temp = vocabulary.keySet().toArray();
for (intj = 0; j < documents.size(); j++) {

Integer[] vector = new Integer[vocabulary.size()];

for (inti=0; i < vocabulary.size(); i++) {
if (documents.get(j).containsKey(templ[i]))
vector[i] = 1;
else
vector[i] = 0;

vectors.add(vector);

}
}

ACiCel va avagepBei OTI TO TTOPAYOUEVO DEV gival ATTAPAITNTO va gival dUadIKO didvuoua.

2€ auTr Tnv ekdoxn Tou Bag Of Words kdBe cuvioTwoa Tou dlavUCUATOG ATTEIKOVICEI TOV

apIBud euPAviong TNG avtioToixnS AéENG oTo Keipevo. H ekadoToTe ekdoxn €XEl Kal TNV

avaAoyn XpenOoIPOTNTa n oTroia e€apTdTal Ao TIG AVAYKEG TOU XPNOTN. TN OUVEXEIQ

ecetadovral PePIKEG amrO TIG eTTekTA0Elg Tou Bag Of Words otnv Trpoomdbeia va

€CUTTNPETNOEI TTEPICOOTEPES AVAYKES TOU XPAOTN.

e H uéBodog TFIDF (Term Frequency — Inverse Document Frequency) €ival pia

dladikaoia egaywyng BopuBou atrd TO AeCIANOyIO, ONAAdN Twv AECewv TTOU

emnpedlouv Tnv emmegepyacia Adyw TNG TTOAAQTTANG EUPAVIONG TOUG, XWPIG OUWG

va €xouv Katrola 1I91aiTepn onuacia yia 1o Keipyevo. Mapdadeiyua TEToIWV AéEEWV

gival Ta apBpa 1 0 ouvdeapog «kai». O TUTTOG oToV oTToi0 BadileTal N PEBOdOG

gival o:

N
TFIDF;; = (N

o1Tou

e Nij =0 ouvoAIKOG apiBudg OTToU pia AEEN i eppaviCeTal OTO KEIPEVO .
e N=xj= O ouvoAIkOG apIBUOS TwV AECEWY OTO KEIPEVO |.
e D =0 ouvoAikdG apIiBUOS TwV KEIPMEVWV.

e Di =0 ouvoANIKOG apiBudg Twv KEIPEVWY OTToU ep@avideTal n AEEnN .
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Metd TnVv dladikaoia egaywyng Bopupou, ol AéEelg eicdyovtal otn Aiota WeightedDocs
OTTOU KABE AEEN eP@avieTal CUPPWVA UE TNV BApUTNTA TTOU EiXE OTO KEIPMEVO ATTO TO OTTOIO

TTPONABE.

public void TF_IDF() {
for (inti=0: i < documents.size(); i++) {
Hashtable<String, Double> weights = new Hashtable<>(documents.get(i).size());
for (String word:documents.get(i).keySet()) {
intd=0;
for (Hashtable<String,Integer> doc : documents) {
if (doc.containsKey(word)) d++;
}

double W = documents.get(i).get(word) * Math.log10((double) documents.size() / (double) d);
weights.put(word, W);

}
WeightedDocs.add(weights);

}
}

e Hamdéotaon Hamming gival évag TpOTTO¢ OUYKPIONG SIAVUCUATWY Kal €ival EUPEWG
YVWOTH, UE TTOAAEG EQAPUOYEG O€ DIAPOPOUG TOUEIG TNG ETTIOTAPNG AAAA Kal OTNV
Bewpia TTANPoopiag. OpileTal WG O OUVOAIKOG apIBUOS TwV BIAQOPETIKWV
OUVIOTWOWYV BUO0 dIaVUOUATWY, YE TN TTPOUTTOBECN OTI £XOUV TO idI0 PNAKOG. TN
TIPOKEIYEVN TTEPITITWON Eival £€vag EUKOAOG TPOTTOG va Yivel CUYKPION PETALU dUOo
Kelpévwy. Epooov kaBe keipevo artreikovietal oav dIAvVUCPa TOU OTToiou N KABE
ouVvIoTWOoO ava@épeTal atnv idia AéEn, n amméoTtacn hamming Ba gival n diagopd

METALU TWV AEEEWV KABE KEIPEVOU.

public int getHammingDistance(int i, int j) {
Integer[] vectorl = vectors.get(i);
Integer[] vector2 = vectors.get());
int result = 0;
for (int b = 0; b < vectorl.length; b++) {
byte b1l = vectorl[b].byteValue();
byte b2 = vector2[b].byteValue();
Byte b3 = (byte) (b1 " b2);
if (b3.intvValue() == 1) {
result++;
}

}

return result;

}
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e ‘Evag dAANog TpOTTOGC OUYKPIONG OUO OIaVUOUATWY E€ival O UTTOAOYIOPOG TOU
OUVNUITOVOU TNG YwvViag JETALU Toug. H opoidTnTa Twv dUo dlavuoudtwy opileTal
WG TO OUVNUITOVO TNG YWVIaG AUTNG:

AxB

Similarity = Cos(6) = [1al[ = [IB1]

Kara ouvéreia, 000 M0 KOVTa oTo 1 €ival To aTToTEAECHA, TOOO TTIO OpoIa gival Ta dUO
Keipeva. Eival Trpo@aveg 011 6Tav 1o ouvnuitovo gival 1 161 Ta d1IaVUCPOTA CUMPTTITITOUVY,
onAadn Ta duo Keiueva eival idia.

MNa va uhotroinBei auth n néBodog, Ta duadikd diavuouarta dev apkouv. '’ autd 1o Adyo
Ba mTpéTtrel dnuioupynbouv véa dIavUOUATA PE YVWHOVA TOV GUVOAIKO apiBud euedaviong
KABe AEENG oOTO Keipevo. Ma Adyoug TaxuTNTAG UTTOAOYIOMOU Kal €E0IKOVOUNONG
UTTOAOYIOTIKAG 10XU0G, TTPOTEIiVETAlI T dlavuopata va TEpAcouv TTpwTa atd dia
dladikaoia kavovikotroinong. H diadikacia autr Ba petatpéwel kKABe OlAvuoua o€
povadiaio. ‘Eva yovadiaio diavuoua éxel uétpo 1, N || A || = 1. O TUTTOG yIa TNV PETATPOTTA
€vOG dlavuopaTog o€ Jovadliaio gival:

A

U= —-
14|

Me Tnv PeTaTPOTI TOu dlavuopatog A oT1o povadiaio ul kair avriotoixa Tou B oT1o

povadiaio u2, o TTapaTTavw TUTTOG TNG CUVNUITOVIKAG OUOIOTNTAG ATTAOTTOIEITAI O€
Similarity = Cos(6) = ul x u2

OnAadr oTO ECWTEPIKO YIVOUEVO TWV TTAPAYOUEVWY UOVAdIAiwV.

AKOAOUBEI 0 KWAIKAG UTTOAOYIOHOU TNG CUVNMITOVIKAG OPOIGTNTAG.

public String getCosineSimilarity(int i, int j) {
double[] vecl = new double[vocabulary.keySet().size()];
double[] vec2 = new double[vocabulary.keySet().size()];
intz=0;
for (String word : vocabulary.keySet()) {
if ("documents.get(i).containsKey(word) && !'documents.get(j).containsKey(word)) {
Z++;
continue;
} else if (documents.get(i).containsKey(word) && !'documents.get(j).containsKey(word)) {
vecl[z] = (double) documents.get(i).get(word);
vec2[z] = 0.0;
} else if (ldocuments.get(i).containsKey(word) && documents.get(j).containsKey(word)) {
vec2[z] = (double) documents.get(j).get(word);
vecl[z] =
}else{
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vecl[z] = (double) documents.get(i).get(word);
vec2[z] = (double) documents.get(j).get(word);

Z++;

}

vecl = normalize(vecl);

vec2 = normalize(vec2);

double dotProduct = 0.0;

for (z = 0; z < vocabulary.keySet().size(); z++) {
dotProduct += vecl[z] * vec2[Z];

}

NumberFormat nf = new DecimalFormat("0. ######H##");

return nf.format(dotProduct).replace(",”, ".");

}

public double[] normalize(double[] m) {

double[] normalized = new double[m.length];

double d = 0.0;

for (inti=0; i< m.length; i++) {
d += Math.pow(m[i], 2);

}

double norm = Math.sqrt(d);

for (inti=0; i <m.length; i++) {
normalized[i] = (m[i] / norm);

}

return normalized;

H akdAouBn cuvapTnon emMTPETTEI OTOV XPOTN VA €1I0AYEl Pia TTPOTACH KAl VA TTAPEI WG
QTTOTEAEOUA TO KEIMEVO PE TO OTTOIO N TTPOTACN AUTH €XEI TNV PMEYOAUTEPN opoldTNTA. H
oUyKpION ViveETal HPE TNV XPNAOn TnG Ttponyouuevng MEBOBOU, TNG CUVNMITOVIKAG

oMoIOTNTAG.

public int Search(String s) {
Hashtable<String,Integer> bag = new Hashtable<>();
for (String str: s.split(" ")) {
if (strisEmpty() || str.length() == 1) return -1;
str = str.trim().replaceAll("["A-Za-z]\\s", " ").replaceAll("[*A-Za-z]", " ").toLowerCase();
if (bag.containsKey(str)){
bag.put(str, 1);

else{
bag.replace(str, bag.get(str)+1);

if ('vocabulary.containsKey(str))}{
vocabulary.put(str, (double) 1);
}
else{
vocabulary.replace(str, vocabulary.get(str)+1);
}
}
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documents.add(bag);
double similarity = 0.0;
int result = -1;
for (inti=0; i <documents.size() - 1; i++) {
String sim = getCosineSimilarity(i, documents.size() - 1);
if (Double.valueOf(sim) > similarity) {
similarity = Double.valueOf(sim);
result = i;
}
}

documents.remove(bag);
return result;

TéNoG, TTapaTiBevTal HEPIKES BonONTIKEG PEBODOI 01 OTToiEG BIEUKOAUVOUV TNV avATITUEN

TOU KWOIKA KAl TNV EJPAVION TWV OTTOTEAECHATWY:

public Hashtable<String, Double> GetVocab() {
return this.vocabulary;

}

public List<Hashtable<String, Integer>> getDocs() {
return documents;

}

public Hashtable<String, Integer> getDoc(int i) {
return documents.get(i);

}

public Integer[] getVector(int i) {
return vectors.get(i);

}

public List<Double> GetWeightedDoc(int i) {
List<Double> list = new ArrayList<>(WeightedDocs.get(i).values());
Collections.sort(list);
return list;

}

public List<String> getDocNames() {
return DocNames;

}

EkTUOTTWON 0TNV KOVOoOAa Tou Ac€lIAoyiou Tou Kelgévou TTou diveTal oav TTOPAPETPOG, HE

@Bivouoca ocipd Tou apIBUoU ep@AvIong TwV AECEwWV:
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public void ShowDoc(int i)}{
Hashtable<String, Integer> doc = documents.get(i);
ArrayList<Map.Entry<?, Integer>> | = new ArrayList<Entry<?, Integer>>(doc.entrySet());
Collections.sort(l, new Comparator<Map.Entry<?, Integer>>(){

public int compare(Map.Entry<?, Integer> 01, Map.Entry<?, Integer> 02) {
return o2.getValue().compareTo(ol.getValue());

W
for (Entry<?, Integer> entry:l) {
System.out.printin(entry.getKey() + " : " + entry.getValue());
}

EkTUOTTWON 0TNV KOVOOAa Tou Ae€IAoyiou Tou Kelgévou TTou OiveTal oAV TTOPAPETPOG, HE

@Bivouoa ocipd NG uttoAoyiopévng BapuTnTag KABE AEENG:

public void ShowWeightedDoc(int i){
Hashtable<String, Double> doc = this.WeightedDocs.get(i);

ArrayList<Map.Entry<?, Double>> | = new ArrayList<Entry<?, Double>>(doc.entrySet());
Collections.sort(l, new Comparator<Map.Entry<?, Double>>(){

public int compare(Map.Entry<?, Double> 01, Map.Entry<?, Double> 02) {
return o2.getValue().compareTo(ol.getValue());

)

NumberFormat nf = new DecimalFormat("0.#######");

for (Entry<?, Double> entry:l) {
System.out.printin(entry.getkKey() + " : " + nf.format(entry.getValue()));

}

}

EkTOTTwon ortn kovoOAa Tou yevikoU Aegglhoyiou, pe @Bivouoca oeipd Tou aplOuou

EMPAVIONG TWV AEEEWV:

public void ShowVocab(){

ArrayList<Map.Entry<?, Double>> | = new ArrayList<Entry<?, Double>>(vocabulary.entrySet());
Collections.sort(l, new Comparator<Map.Entry<?, Double>>(){

public int compare(Map.Entry<?, Double> 01, Map.Entry<?, Double> 02) {
return o2.getValue().compareTo(ol.getValue());
)
NumberFormat nf = new DecimalFormat("0. ########");
for (Entry<?, Double> entry:l) {
System.out.printin(entry.getKey() + " : " + nf.format(entry.getValue()));
}
}
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EKTUTTWON 0TN KOVOOAQ TWV TTAPAYOPEVWY OUADIKWY dIAVUCUATWY YIa KABE KEIPUEVO TTOU
EXEI ETTECEPYAOTEI TO JOVTEAO:
public void ShowVectors() {
for (intj = 0; j < vectors.size(); j++) {
System.out.print("Doc" +j + " [");
for (inti: vectors.get(j)) {

System.out.print(i);

}
System.out.printin("]");

}
}

MapakdTw Trapoucidlovial Ta armoTeAéopara Tou Bag of Words otn mpdén, Ta
QTTOTEAEOUATO TOU OTIOIOU EKTUTTWVOVTAI OTn KOVOOAa Tou TTEPIBAAAOVTOG TTOU
TTPAYHATOTTOINONKE N UAOTTOINON.

Apxik& dnuioupyeital €va véo aQvTiIKEiyEVO TNG KAGong BoW n oTtroia avatrapioTd 1o
MovTéAo Bag of Words. Z1n ouvéxeia eicdyovTal HEPIKA KEiueVa 0TO HOVTENO. To BEpa Twv
KEIMEVWV QaiveTal atrd TOV TITAO TOU QpxEiou, TO OTToi0 €ival TUTTOU .txt. Ta Keipyeva
TTEPIEXOUV Wia ouvToun avaAuon yia 1o Béua TTou TTEPIypdgouy, yupw oTig 1000 - 2000
AéCeic To kKaBéva. H atrddoon Tou povTtéAou BaacideTal oTo YeVIKO AECIAOYIO, WG €K TOUTOU
000 PEYOAAUTEPO TO AeEIAGYIO TOOO KOAUTEPQ Kal Ta atroTeAéopata. AiTTAa oTa Keipgeva
@aiveTal n augouoca apibunon, KaBw¢ PHEow auTAG TNG apiBunong Ba exkTeAouvtal ol

EVTOAEG.

BoW bow = new BoW();

bow.addDoc(new File("src/Area51")); /10
bow.addDoc(new File("src/Unix")); 1
bow.addDoc(new File("src/Black_Holes")); 12
bow.addDoc(new File("src/Modems")); 113
bow.addDoc(new File("src/Pc_History")); 114
bow.addDoc(new File("src/UFO")); 115
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‘Exovtag €iodyel Ta apxeia, o aAyopiBuog €xer Ndn onuioupynoel 1o AeCIAGyIO Kal
TTOPAKATW TTapouciddovTal JEPIKA aTTO Ta ATTOTEAEOPATA.

bow.ShowDoc(2);
the : 154

of : 77

black : 54

to: 53

is: 46

TuttwvovTag TIG TTEVTE AEEEIC PE TNV PEYAAUTEPN EUQPAVION OTO TTPWTO £yypago, tival
eM@avég To TTPOPRANuUa «BopuPBou» oTa dedopéva, KABWGS oI TTapaATTAVW AEEEIC dev

OupBaAouv oTo vonua Tou Bfpatog Tou Kelwévou. [lapdpola  atmmoTeAéopaTa

TTapouciddovTal Kal yia Ta GAAa KEieva, KABwWG Kal yia TO YEVIKO AECIAOYIO:

bow.ShowVocab();
the : 1410

to : 608

of : 588

and : 533

in: 378

MapoAa autd, pe TN Xprion Tng peBOdou atraAoliPrg Tou BopuBou TTOU TTAPOUCIACTNKE

TTaPATTAVW, Ta ATTOTEAETPATA OIEUKOAUVOUV KOTA TTOAU 0TV atmrdédoon TOU VOAUOTOG TToU

KEIMEVOU:

bow.TF_IDF();
bow.ShowWeightedDoc(2);
star : 78,8374166

black : 59,3250636
hole : 42,8458793
holes : 27,4653072
mass : 25,0846326

2Tn ouvéxela @aivovral Ta TTapayoueva dlavuouata yia To KaBe éyypago. Puaikd,
0edopévou OTI TO PUAKOG TwV BIAVUCPATWY €ival TTOAU peyaAo, o pdévog TPOTTog va
TTPAYMATOTIOINGEI N €U@PAVION TOUG OTO KEINEVO TNG TITUXIOKNAG €ival PE MIKPOTEPN
ypapuatooeipd.

bow.Vectorize();
bow.ShowVectors();
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DocO:

1010010000000010000000000000001100]

Docl:

1111001100001001110101100100001011]

Doc2:

0000100011001000100000010000100000]

Doc3:

0000100001100001001

0000010000011100100001000001000000]

Doc4:

...... 1001 1101 1 1000100

00000000001100000001 111 11010110000000000

0010000000000000000010001000000000]

Doc5:

MapakdTw gu@avi¢ovral Ta ATTOTEAEOPATA TWV TEXVIKWY OUYKPIONG TTOU TTAPOUCIACTNKAV
oTnv uAoTroinon Tou povTéAou. ApxIKd, ouykpivovTag Tnv amréotaocng hamming petagu
OUO KEINEVWV:

System.out.printin(bow.getHammingDistance(1,5)); // Unix VS UFO

2060

System.out.printin(bow.getHammingDistance(0,5)); // Area51 VS UFO
1496

O1wg ava@épbnke TTOPATIAVW, TO OTTOTEAEOUA TNG OUVAPTNONG €ival TO OUVOAO Twv

OIAPOPETIKWYV CUVIOCTWOWYV PETAEU TWV dUO dIaVUCUATWV.
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MNa Ta idia keipeva, ye 1N HEBODO TNG CUVNMITOVIKIG OUOIOTNTAG TA ATTOTEAEOMATA Eival TA

€gng:

System.out.printin(bow.getCosineSimilarity(1,5));  // Unix VS UFO
0.75706529

System.out.printin(bow.getCosineSimilarity(0,5));  // Area51 VS UFO
0.86887131

YTrevBupicetal 611 600 110 KOVTA €ival TO AaTToTEAEOUA OTO 1, TOOO PEYAAUTEPN N OPOIOTNTA

METAGU TWV KEINEVWV.

TéNog, péow TNG ouvdpTnong Search TTOU TTAPOUCIACTNKE TTAPATTAVW, EI0AYOVTAS WG
TTOPANETPO Mia TTPOTACN, O OAYOPIBUOG eu@avifel TO KEIMEVO HE TNV MEYOAUTEPN

ouoIéTNTA:

String s = "Numerous reports of attempted abductions took place around the United States";
System.out.printin(bow.Search(s));

5

UFO

String s = "unix operating systems and their evolution";

System.out.printin(bow.Search(s));

1

Unix

Na onuelwBei 0TI o1 akoAouBieg AéEewv TTou XpnaoiuoTtroidnkav Trapatrévw &ev gival atmd
Ta KEiPEVa TTOU £X0ouV el0axBei aTo BOW, aAAd Tuxaieg TTPOTACEIG TTOU ETTIAEXOBNKAV yIa va

TAIPIA{OUV OTO QVTIKEIPEVO TOU EKACTOTE EYYPAPOU.
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3.2. Amdédoon voRuarog Kelpévou pe To Latent Semantic Analysis

H péBodog Latent Semantic Analysis (LSA) €xel WG OKOTTO va avakaAUWel TO vOnua Tou
Kelpévou. Eav kaBe AEEn Tou Ae€iAoyiou gixe Eva kal povadikd vonua, ToTe To Bag of Words
Ba apkouoe. AuoTuXxwg OPwg n YAwooa TrePIEXEl AECEIC PE TTOANQTTAG voruaTa,
TTOAUTTAOKOUG OUVOUAOHOUG AEEEWV KAl QOAQPEIEG OTIG OTTOIEG aKOun Kal ol idlol ol
avBpwTtrol duokoAevuovTal va amodwoouv vonua. lMNa trapddeiyua n ayyAikn AéEn
«school» TIG TTEPIOCOOTEPEG QOPEG AVAPEPETAI OTO idPUMA  eKTTAIdEUONG OAAG av
xpnoigotroinBei otnv TmpoTaon «school of fishy 161e TO0 vOnua €ival evieAWS dIaPOPETIKO
Kabwg avaépeTal o€ Eva KoTrddl atrd wapia. H yéBodog autn gival pia eTTéKTaon Tou Bag
of Words n otroia TTponABe atrd Tnv avaykn TnG aveUupeonG KEINEVWY PE KPITAPIO Mia
aKkoAouBia Aégewv.

O1 diadikaoia Bripa Tpog Bripa civai:

1. Anuioupyia Ae€IAoyiou Kal SIAVUCUATWY TWV EYYPAPWV.

2. lMpoaipeTik xprion g TexvikNG TFIDF(Term Frequency — Inverse Document
Frequency), avaloya Me TIG QVAYKEG TNG avadnTnong kKal 1o PEYEBOG Twv
OeQONEVWV.

3. Xpnon tng paBnuatikng TeXVIKAG SVD (Singular Value Decomposition) n oTroia
Qivel TNV duvaTOTATA TTAPAYWYNS Miag avaTTapdoTaong Tou dIAVUCHATIKOU XWPOoU,
Kata TTpooéyyion Babuidag k.

4. EuUpeon tng BEATIOTNG BaBuidag n < k, n oTroia PTTOPEI va avaTtapacTroEl ToV
dIaVUOHATIKO XWPO, XWPIiG va Xabei onuavTikr TTAnpogopia.

5. ZUyKpion TwWV eyypaQwY HETPWVTAG TNV SIAVUCUATIKI) OMOoIOTATA PETALU TOUG,

£XOVTOG TTPWTA KAVOVIKOTTOINOEI Ta dlavUOUaTa O€ povadidia.

=eKIVWVTag, opi¢ovrtal ol BIBAI0BNAKES TTou Ba xpnoipoTToinBouv atrd To HOVTEAO:

import java.io.BufferedWriter;
import java.io.File;

import java.io.FileWriter;

import java.io.lOException;
import java.text.DecimalFormat;
import java.text. NumberFormat;
import java.util.ArrayList;
import java.util. Arrays;

import java.util.Collections;
import java.util.List;
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import Jama.Matrix;

import Jama.SingularValueDecomposition;

import org.jfree.chart.ChartFactory;

import org.jfree.chart.ChartPanel;

import org.jfree.chart.JFreeChart;

import org.jfree.chart.labels.XYltemLabelGenerator;
import org.jfree.chart.plot.XYPlot;

import org.jfree.chart.renderer.xy.XYltemRenderer;
import org.jfree.data.xy.XYDataset;

import org.jfree.data.xy.XYSeries;

import org.jfree.data.xy.XYSeriesCollection;
import org.jfree.ui.ApplicationFrame;

import org.jfree.ui.RefineryUtilities;

AkoAouBei 0 opiopdg TG KAAONG, N oTToia KAnpovouei Tnv KAaon ApplicationFrame d16TI

n mTapouca UAOTTOINON EUTTEPIEXEI YPAPIKO TTEPIBAANOV, OUYKEKPINEVA TNV dnuioupyia

YPOPAUATOC. 2T KAACN opileTal To IDIWTIKG TTedio bow, To oTT0I0 €ival £Eva avTIKEIUEVO TNG

KAGon BoW, woTe va gival QIKTA N KARon Twv ueBodwv 1Tou TNV TTEPIBAAAouv. H doun

Matrix rpo€pxeTal atrd TNV PIBAIOBAKN Jama Kal TTITPETTEI TNV dnuIoupyia, £TTEEEpyaaia

Kal MEPIKES BATIKES TTPACEIC PETALU BIOBIGOTATWY TTIVAKWY. To 1TeEdio matrix atroBnKeUel

TOV JIAVUCPATIKO XWEO KATA TNV dnuioupyia Twv apXIKWV OIAVUOUATWY TWV EYYPAPWV.

To medio weights repiéxel Ta Tapayodpeva diavuouarta YeTd Tnv diadikacia TFIDF. T€Aog,

Ta WordMatrix kai DocMatrix atrofnkeuouv Ta dIavUOPATa TWV AEEEWV Kal eyypAQwv

avTioToixa META TNV €€aywyn TOUG aTTO TNV TEXVIKI SDV.

public class LSA extends ApplicationFrame {

private static BowW bow;
private Matrix matrix, weights;
private static Matrix WordMatrix, DocMatrix;

public LSA(BoW bow) {
super("Chart");
LSA.bow = bow;
makeMatrix();
TD_IDF();
SVD();

H mmapakdtw ouvdptnon dnuIoupyEi Tov dIavUCUATIKO XWPEO TwV EYYPAPWY TTOU £XOUV

e10ay0¢i TTpog eTTeepyaaia.
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public void makeMatrix() {

List<String> sorted = new ArrayList<>();
for (String key:bow.GetVocab().keySet()) {

bow.GetVocab().put(key, bow.GetVocab().get(key));

sorted.add(key);
}
Collections.sort(sorted, String.CASE_INSENSITIVE_ORDER);
double[][] tempMatrix = new double[bow.GetVocab().size()][bow.getDocs().size()];
inti=
for (String word:sorted) {

for (intj = 0; j < bow.getDocs().size(); j++) {

tempMatrix[i][j] = (bow.getDoc(j).containsKey(word)) ? (double) bow.getDoc(j).get(word) :

i++;
}

matrix = Matrix.constructWithCopy(tempMatrix);

AkoAouBei n Texviky TFIDF. MpoTtou 6pw¢ o Tivakag Twv Bapwyv yivel dlaBEoiyog Ba

TTPETTEI va KavovikoTToinBei. KaBe otriAn Ba diaxwploTei TTpocwpIva o€ éva dIdvuoua Kal

MEOoWw piag d1adIKaCiag KavovIKOTToinong Ba YeTaTpaTrei o€ povadiaio didvuoua.

public void TD_IDF() {

}

double[][] tempMatrix = new double[bow.GetVocab().size()][bow.getDocs().size()];
int[] Number_of Docs_With_Word = new int[matrix.getRowDimension()];

for (intj = 0; j < matrix.getRowDimension(); j++) {
for (inti = 0; i < matrix.getColumnDimension(); i++) {
Number_of_Docs_With_Word[j] += matrix.get(j, i) > 0 ? ;
}
}
for (inti=0; i < matrix.getColumnDimension(); i++) {
double Amount_0f Words_In_Doc = this.DocSum(i);
for (intj = 0; j < matrix.getRowDimension(); j++) {

if (matrix.get(j, i) '=0) {
double Times_of Word_In_Doc = matrix.get(j, i);
double weight = (Times_of Word_In_Doc/Amount_0f Words_In_Doc)
* Math.log10((double) bow.getDocs().size() / Number_of _Docs_With_Word[j]);
tempMatrix[j][i] = weight;
}
}

}
weights = Matrix.constructWithCopy(tempMatrix);
weights = normalize(weights);

public Matrix normalize(Matrix m) {

double[][] norm = new double[m.getRowDimension()][m.getColumnDimension()];

for (inti=0; i< m.getColumnDimension(); i++) {
double[] col = new double[m.getRowDimension()];
for (intj = 0; j < m.getRowDimension(); j++) {

col[j] = m.get(j, i);
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col = normalize(col);
for (int j = 0; j < m.getRowDimension(); j++) {
norm(j][i] = col[jl;

}

return Matrix.constructwWithCopy(norm);

public double[] normalize(double[] m) {

double[] normalized = new double[m.length];

double d =

for (inti=0; i< m.length; i++) {
d += Math.pow(m[i], 2);

}

double norm = Math.sqrt(d);

for (inti = 0; i <m.length; i++) {
normalized[i] = (m[i] / norm);

}

return normalized;

2TN OUuVvEXEIa @aivetal n xpHon Tng TexVikAg SVD. H TpwTtn ouvaptnon su@avielr tTnv
TTOOOOTIOIO ONPAVTIKOTNTA TNG KABe singular value. Autd vyivetar 1o &ekaBapo
UYwvovTag KABe Ty oTo TETPAywvo. H TTocoaoTiaia TiuA €ival pia kaAn €voeign yia 10
TT0IEG DIAOTAOEIS Ba TTPETTEI VA apaipeBolv, Kal va attoQacioTel N TEAIKN BaBuida Tou
dlavuopaTikoU Xwpou. AuTd TToU ETTITUYXAVETAI HECW TOU SVD gival va XwpPIOTEN 0 apXIKOG
TiVaKag o€ 3 ETTIMEPOUG TTIVAKEG, Ol OTTOIOI €ival TTPOIOVTA TOU APXIKOU JECW TOU TUTTOU:
M =8SxXUXV

OuolaoTiKd, auToi oI TTIVOKEG €ival Yo ATTAOUCTEUHEVN €IKOVA TOU OIAVUCUATIKOU XWPEOU.
H texvikii SVD divel £Eupacn OTIG I0XUPOTEPEG OXECEIG HETAEU AECEWV KAl EYYPAPWYV Kal
MEIWVEI TOV BOpUBO. ATTO TOUG ETTIHEPOUG TTIVOKEG, 0 U TTEPIEXEI TIG OCUVTETAYMEVEG KABE
AEENC OTOV «EVVOIOKO XWPO» Kal 0 V TTEPIEXEl TIC CUVTETAYUEVEG KABe eyypdgou. O
TTivakKag S TePIEXEI TIC TIMEG TTOU XPNOCIUOTIOINBNKAV yia TNV aTTOQAC TNG ONUAVTIKOTNTAG
Twv dlaoTdoewyv. O1 TIHEG TOU TTivaKa S PTTOpoUV va XpnoIoTToin@ouyv Kal 0TV oUYKPIoN
METALU AéCewv Kal eyypdowyv. Méow TnNG ouvdptnong inverse() otov Trivaka DocMatrix

EMTUYXAVETAI Pia 6 EeEKABapn atreikdvion.
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public void PrintSingularValues() {

double[] sv = weights.svd().getSingularValues();

System.out.print("[");

sv = Arrays.stream(sv).map(x -> x *= x).toArray();

double sum = Arrays.stream(sv).sum();

for (double value : sv) {
String s = String.valueOf((int) (value*100/sum));
System.out.print(value==sv[sv.length-1] ? s + "%]" : s + "%, ");

}

System.out.printin();

public void SVD() {
SingularValueDecomposition s = weights.svd();
Matrix S = s.getS(); // Sigma - Dimensional Matrix
Matrix U = s.getU(); // coords of each word in the concept space
Matrix V = s.getV(); // coords of each doc in the concept space

int n = V.getRowDimension() - 2; // n = dimensions to cut, in this case 1

DocMatrix = V.getMatrix(0, V.getRowDimension()-1, O, n).inverse();
WordMatrix = U.getMatrix(0, U.getRowDimension()-1, O, n);
S = S.getMatrix(0, n, 0, n);

DocMatrix = normalize(DocMatrix);
WordMatrix = normalize(WordMatrix);

O1 ouvapTACEIG OTN CUVEXEIQ €ival ONUAVTIKES VIO TNV OUYKPION TWV KEIMEVWY HECW TOU
UTTOAOYIONOU TNG CUVNUITOVIKAG opoloTnTag. OTTwg avagépBnke Kal oTnv €l0aywyn, Td

OIaVUOUATA TWV KEIMEVWV KAVOVIKOTTOIOUVTAl TTPWTA O€ Jovadidia.

public String CompareDocs(int i, int j) {

double dotProduct = 0.0;

double[] m1 = new double[DocMatrix.getRowDimension()];

double[] m2 = new double[DocMatrix.getRowDimension()];

for (int z = 0; z < DocMatrix.getRowDimension(); z++) {
m1[z] = DocMatrix.get(z, i);
m2[z] = DocMatrix.get(z, j);

}

m1 = normalize(m1l);

m2 = normalize(m2);

for (int z = 0; z < DocMatrix.getRowDimension(); z++) {
dotProduct += m1[z] * m2[z];

}

NumberFormat nf = new DecimalFormat("0. ########");

return nf.format(dotProduct);
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H ouvaptnon Search trapéxel tnv duvarotnta avalnrtnong, MEOw Mdiag akoAouBiag

AECEWV, TNV KOAUTEPN AVTIOTOIXION OTTO TA £yypa@a TTou €xel eTTegepyaoTei To LSA. H

QVTIOTOIXION YiveTal YEOW TNG CUVNUITOVIKAG OMOIOTNTAG TOU Search query kal Twv

EYYPAPWYV, KOBWGS TO query avTINETWTTICETAI KI AUTO OaV £vVa VEO £yypago Kal TTaipvel TNV

Béon Tou oToV dlavuouaTiKO Xwpeo. ETeid 10 query atroTeAsital ammd TTOAU AIyOTEPEG

ACeic o oxéon pe Ta uttéAoimma €yypaga, Ba TpEtrel va peiwBei n Badbpida Tou

OlIaVUOPATIKOU XWPou OTo €AAXIOTO. [ Tov AOyo auTd KaAciTal pia deutepn €kdoan TnNG

pMEBOBOU SVD() n oTToia €EUTTNPETEI AUTO TOV OKOTTO.

public void Search(String s) {

File query = new File("query");

try {
BufferedWriter sw = new BufferedWriter(new FileWriter(query));
sw.append(s);
sw.close();

} catch (IOException e) { }

bow.addDoc(query);

this.redo();

for (inti=0; i <bow.getDocs().size() - 1; i++) {
System.out.printin("Similarity with " + bow.getDocNames().toArray()[i]

+ " "+ this.CompareDocs(i, bow.getDocs().size() - 1));

}

public void redo() {
matrix = null;
weights = null;
WordMatrix = null;
DocMatrix = null;
makeMatrix();
TD_IDF();
SVD( bow.getDocs().size() );
}

public void SVD(int n) {
SingularValueDecomposition s = weights.svd();
Matrix S = s.getS(); // Sigma - Dimensional Matrix
Matrix U = s.getU(); // coords of each word in the concept space
Matrix V = s.getV/(); // coords of each doc in the concept space

DocMatrix = V.getMatrix(0, V.getRowDimension() - 1, 0, V.getRowDimension() - n + 2).inverse();
WordMatrix = U.getMatrix(0, U.getRowDimension() - 1, 0, V.getRowDimension() - n + 2);
S = S.getMatrix(0, V.getRowDimension() - n + 2, 0, V.getRowDimension() - n + 2);

DocMatrix = normalize(DocMatrix);
WordMatrix = normalize(WordMatrix);
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Nna Ttov oxedlaopd Tou [pagriuatog 1 (oeh 64) xpnoigotroiOnke n PIBAIOBAKN
JFreeChart. (Vicklund, 2013). MNMapakaTtw @aivovtal ol yé€Bodol TTou XpnolIuoTToIdnKav.
Na onuelwBei 611 yia TRV aTTOQUYR UTTEPPOAIKAS OUUPOPNONG OTO YPAPNUA, ETTIAEXBNKavV
yla va ep@aviovral JOvo ol AECEIC hE TN PeyaAuTepn Bapltnta. 10 ypdenua Oa
arreikovifovtal dUo dIa0TACEIG, N deUTEPN Kal N TPITN. O AOYOG TToU dev ETTIAEYETAI N TTPWTN
dldoTaon gival yiati N TTANPo@opia TTou TTPOCPEPEI OEV €ival ONPAVTIKA OTNV ATTEIKOVION.
MepiExel dnAGdN 10 PAKOG Tou KABE eyypd@ou cuvapTioEl ToU apiBuou eu@avnong Tng
ekdoToTe AEENG O€ auTd, KATI TO OTTOI0 BEV OUVEICPEPEI OTAV OUYKPIoN eyypaewy. Mo
QVOAUTIKA, N TTpwTn d1IdoTacn 6ooV agopd Ta £yypa@a CUCXETICETAI PE TO PIKOG TWV
EYYPAQWYV, ONnAadr atmo TOoeC AEEEIC OTTOTEAEITAl OUVOANIKA, €vw yia TIG AEEEIS
OUOXETICETAI E TOV OUVOAIKO apPIBPO EPNPAVIONG TNG KABE AEENG OTO EKAOTOTE £yyPAPO.
A6 TIG utTOAoITTEG dlaoTAoEIG, ouviBwg n deuTepn Kal n Tpitn didoTacn cuuB&AAouv
TTEPICOOTEPO OTNV ATTEIKOVION TOU dIAVUOUATIKOU XWpPou. 2Tov dfova X TOTTOBETEITaI N
deuTePN d1ACTAON KAl 0TOV dgova Y n Tpitn didoTaon.
public void graph() {

XYSeries WordSeries = new XYSeries("Words");

for (inti = 0; i < WordMatrix.getRowDimension(); i++) {

for (intj = 0; j < DocMatrix.getColumnDimension(); j++) {

if (Math.abs((weights).get(i, j)) > ) {
WordSeries.add(WordMatrix.get(i, 1), WordMatrix.get(i, 2));

}
}
}
XYSeries DocSeries = new XYSeries('Docs");
for (inti= 0; i < DocMatrix.getColumnDimension(); i++) {

DocSeries.add(DocMatrix.get(1, i), DocMatrix.get(2, i));

XYSeriesCollection data = new XYSeriesCollection();
data.addSeries(WordSeries);

data.addSeries(DocSeries);

JFreeChart chart = ChartFactory.createScatterPlot("Data", "2nd Dimension"”, "3rd Dimension", data);
XYPlot plot = chart.getXYPlot();

XYltemRenderer renderer = plot.getRenderer();

MyGenerator labelgenerator = new MyGenerator();
renderer.setBaseltemLabelGenerator(labelgenerator);
renderer.setBaseltemLabelsVisible(true);
plot.setRenderer(renderer);

ChartPanel chartPanel = new ChartPanel(chart);
chartPanel.setPreferredSize(new java.awt.Dimension(600, );
setContentPane(chartPanel);

this.pack();

RefineryUtilities.centerFrameOnScreen(this);
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this.setVisible(true);

public static class MyGenerator implements XYltemLabelGenerator {

@Override
public String generateLabel(XYDataset data, int argl, int arg2) {
List<String> words = new ArrayList<>(bow.GetVocab().keySet());
Collections.sort(words, String.CASE_INSENSITIVE_ORDER);
List<String> docs = new ArrayList<>(bow.getDocNames());
if (argl ==0) {
for (inti=0; i < words.size(); i++) {
if (data.getXValue(argl, arg2) == WordMatrix.get(i, 1)
&& data.getYValue(argl, arg2) == WordMatrix.get(i, 2)) {
return words.get(i);

}
}
}
else {
for (inti=0; i < docs.size(); i++) {
if (data.getXValue(argl, arg2) == DocMatrix.get(1,i)
&& data.getYValue(argl, arg2) == DocMatrix.get(2,i)) {
return docs.get(i);
}
}
}
return null;

TéAog, o1 BonBnTikEG HEBODOI TTOU XpNOolPoTToIRBnKkav atrd Tnv KAdon:

public void printMatrix(Matrix x) {
if (x == matrix)

X.print(3, 1);
else
x.print(1, 5);

}

public Matrix getMatrix() {
return matrix;
}

public Matrix getWeights() {
return weights;
}

public Matrix getWordMatrix() {
return WordMatrix;

61



}

public Matrix getDocMatrix() {
return DocMatrix;

}
private int DocSum(int col) {
int sum = 0;
for (int i=0; i < matrix.getRowDimension(); i++) {
sum += matrix.get(i, col);
}
return sum;
}

public void ShowVocab() {
NumberFormat nf = new DecimalFormat("0.########");
List<String> sorted = new ArrayList<>(bow.GetVocab().keySet());
Collections.sort(sorted, String.CASE_INSENSITIVE_ORDER);
for (String s:sorted) {
System.out.printin(s + " : " + nf.format(bow.GetVocab().get(s)));

}
}

2.Tn OUVEXEIQ N A&ITOUupyia TOU JOVTEAOU O€ £va TTaPAdEIyUQ:
2av TTPWTO Brpa dnuioupyeiTal éva avTiKeiuevo TNG KAGong BoW kai el0GyovTal Ta KEipeva
TTpog emmegepyaacia. Kard tnv diadikaoia autr, OTTwG Kal 0TO TTPONYOUNEVO TTAPAdEIyuQ,

onuioupyeital Kai To Ae€IAOYI0. To Bépa KABE Kelpévou @aiveTal aTTd ToV TITAO TOu.

BoW bow = new BoW();

bow.addDoc(new File("src/Unix"); /10
bow.addDoc(new File("src/Unix2")); 11
bow.addDoc(new File("src/Black_Holes")); 112
bow.addDoc(new File("src/Modems")); 113
bow.addDoc(new File("src/Pc_History")); /4
bow.addDoc(new File("src/UFO")); 115

Mia paTid oTIg TTEVTE TTPWTEG AECEIC TOU Ae€IAoyiou atTodeikviel Tnv UTTapén Tou Bopuou

TTOU dNUIoUPYOUV o1 AEEEIC MIKPHG ONPACIiag yIa TA KEIPEVA:

bow.ShowVocah();
the : 1393

and : 485

to : 476

of : 474

is: 311

62



‘Emreira, dnuioupyeital éva véo avTIKEigEVO TNG KAAong LSA, pe 6piopa 10 bow 110U
OPICTNKE TTPONYOUNEVWG.
LSA Isa = new LSA(bow);

Méow TNG KAONG TNG ouvAapTnong dnuioupyiag oAokKAnpwveTal Kai AN n diadikaoia TnG
KAGoNG. Méow Twv BondnTikwyv peBddwv TuTTWVOVTAI O TTIVAKES. OI OTAAEG AVTIOTOIXOUV
OTA KEIPMEVA KAl Ol YPAMMPEG OTIG AEEEIG. O1 ypaupég xouv TagivounOei pe aA@aBnTikr ocipd

AECEWV, eV OI OTAAEG PE TNV O€Ipd TTou €lonXOnoav. AkoAouBei éva deiyua:

System.out.printin(bow.GetVocab().size()); /l Vocabulary size
3289

Isa.ShowVocab();
abacus : 4
abandon : 1
abbreviation : 2
abbreviations : 2
abc:1

Isa.printMatrix(Isa.getMatrix());
0.0 0.0 4.0 0.0 2.0 0.0
0.0 8.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 1.0
0.0 0.0 0.0 0.0 1.0 0.0
0.0 0.0 0.0 0.0 1.0 0.0

Isa.printMatrix(Isa.getWeights());

0.00000 0.00000 0.00000 0.00000 0.01160 0.00845
0.00000 0.00000 0.00000 0.02053 0.00000 0.00000
0.00000 0.00850 0.00000 0.01888 0.00000 0.00000
0.00000 0.00000 0.00000 0.02053 0.00000 0.00000
0.00000 0.00000 0.00000 0.02053 0.00000 0.00000

Na To ouyKeKPIYEVO TTaPAdEIYUa ETTIAEXONKE N faBuida Tou SlavUCUATIKOU XWPEOU Va gival
5. BAétTovTag TNV onuacia kaBe didotaong yia Tov SIaVUCOHATIKO XWEOo, N €TIAOYA Eival
oxedov Eekabapn. Puoikd, o€ XWPOUG HeYaAUuTepwy BaBuidwv, n emAoyr) dev eival

TTAVTOTE EUKOAN Kal N eUTTEIPia KAl TTOAAATTAOI €AEyXOI €ival ATTapaiTnTa CUCTATIKA.

Isa.PrintSingularValues();
[21%, 17%, 16%, 16%, 16%, 11%]

Isa.printMatrix(Isa.getWordMatrix());
Dim1l Dim2 Dim3 Dim4 Dim5

63



Word #1 0.00807 -0.00247 -0.00381 0.00207 -0.00631
Word #2 0.00825 0.00239 -0.00041 -0.00091 0.00041
Word #3 0.00303 -0.01197 0.02129 -0.01680 -0.00782
Word #4 0.00825 0.00239 -0.00041 -0.00091 0.00041
Word #5 0.00614 -0.00315 -0.00292 0.00240 -0.00550

Isa.printMatrix(Isa.getDocMatrix());

Doc #1 Doc #2 Doc #3 Doc #4 Doc#5 Doc#6
Dim1 0.94786 0.96221 0.05814 0.11220 0.21450 0.14658
Dim 2 0.26107 0.24964 -0.54732 -0.39774 -0.40592 -0.55948
Dim 3 -0.13498 -0.04230 -0.51026 0.69119 0.39044 -0.31642
Dim 4 -0.10429 -0.09164 -0.45898 -0.53795 0.61015 0.34550
Dim 5 -0.06566 0.04067 0.47543 -0.24918 0.51429 -0.66784

2UyKpIOoN TNG OUVNMITOVIKIG OMOIOTNTAG METALU TWV OIAVUCUATWY TWV EYYPAPWV:

System.out.printin(lsa.CompareDocs(0,1)); /I Unix vs Unix2
0,98980363

System.out.printin(Ilsa.CompareDocs(0,3)); /I Unix vs Modems
-0,01832468

Me 1 xprion Tng ueBodou Graph(), epgavigetar To Npagnua 1.

Isa.graph();

To Npaenua 1, TapdAo 1Tou dev ATTOTEAEI TTAPN ATTEIKOVION TOU dIAVUCUATIKOU XWEOU,
TTPOOCQEPEI Hia YEVIKA 10€a TNG JopPNG Tou. H avaAuon Tou ypa@ruatog OPwg PTTopEi va

TTPOOCQEPEI TTEPICTOTEPES TTANPOPOPIES ATTO OTI PAIVETAI EK TTPWTNG OWEWG.
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Data

3rd Dimension

0,6 0,5 0,4 0,3 0,2 0,1 0,0 0,1 0,2 0,3
2nd Dimension

B \Words ® Docs

Fpaenua 1

2po paenua 2 @aivetar 611 péow €vog aAyopiBuou opadotroinong uTTopouv va
TTapatnenBouv cuotades (Priy, 2019), evw PEOW TwV SIAVUCUATWY TWV £yYPAOWY Kal

Twv Aé€ewv pTTOpEl va TapatnenBei n ywviakh TOUug amooTacn. Puoikd, oTn
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OUYKEKPIPEVN TTEPITITWON ONPAVTIKO POAO TTaiCouV Kal o1 UTTOAOITTEG 3 DIOOTACEIG, OTTOTE

QUTO TTOU QaiveTAl OTO dIAYPAUPA eV gival N TTPAYHATIKEA €IKOVA.

Chart

0,75 ;
0,70
0,65 |
0,60 1}
0,55 1}
0,50 1§
0,45 1}
0,40 -
0,35
0,30 |
0,25 1}
0,20 1}
0,15 1}
0,10
0,05

o
8

0,05 1
0,10 1
0,15 1|
0,20 1
0,25 -
-0,30
-0,35
0,40 1
0,45 1
0,50 1
0,55 gl

3rd Dimension

Data

0,3 0,2 0,1
2nd Dimension

® Words ® Docs

0,0 0,1 0,2 0,3

Fpaenua 2
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Evw @aivopevikd ta diavuouara Twv KelpEvwy Pc_History kai Modems €xouv pIKpPN
YWVIOKN atréoTaon, oTn TTPAYUATIKOTNTA av UTTOPOUCE KAVEIG va O€l € OAOKAPOU TOV

dlavuouaTikd Xwpo Ba TTapatnpouce OTI N YWVIAKK Toug attéoTacn diapépel aiobnTd.

Modems Pc_History
Dim1 0.11220 0.21450
Dim2 -0.39774 -0.40592
Dim3 0.69119 0.39044
Dim4 -0.53795 0.61015
Dim5 -0.24918 0.51429

System.out.printin(lsa.CompareDocs(3,4)); // Modems vs Pc_History
-0,00099127

AuTO armrodeikvuel TTOON TTANpo@opia Ba utropouce va xabei edv dev eixe emAeXBEi n
owaoTr BaBuida yia Tov dIavuouaTIKO XWeO.

OAOKANPWVOVTAG TO TTOPADEIYHA, TTOPAKATW QaivovTal Ta ATToTEAEOUATA TPIWV Search

gueries:

Isa.Search("regions that consume stars and have huge mass");
Similarity with Unix : 0,02383748
Similarity with Unix2 : 0,01255621
Similarity with Black_Holes : 0,7400015
Similarity with Modems : -0,40717364
Similarity with Pc_History :  -0,22712772
Similarity with UFO : -0,0444373
Isa.Search("what are modems responsible for?");
Similarity with Unix : -0,03531217
Similarity with Unix2 : -0,06764202
Similarity with Black_Holes : -0,23353466
Similarity with Modems : 0,87140008
Similarity with Pc_History : -0,04092231
Similarity with UFO : -0,20042264
Isa.Search("The advent of personal computers and the concurrent Digital Revolution™);
Similarity with Unix : -0,13234506
Similarity with Unix2 : -0,07730808
Similarity with Black_Holes : -0,30664271
Similarity with Modems : 0,10582019
Similarity with Pc_History : 0,8266139
Similarity with UFO : -0,17168566
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2UMTTEPAC AT
Aev uttdpxel au@iBoAia OTI o1 TEXVIKEG AVAKTNONG Kal €TTECEPYATiag TTANPOPOPIWV
Baoifovral oTnv Bewpia dokiung kal c@aAuartog (trial and error). H kaAUTepn AUon oTravia
gival LAV Kal N €TTIAOY TNG XPEIACETAI UTTOPOV) KAl ETTIHOVE. Kupiwg OUwG XPEIAleTal
EMTTEIPIAL.
EidikOTeEpa 600V agopd OTa POVTEAQ AvOTTAPACTAONG KEIMEVWY, N KAAUTEPN PEBODOG
otmavia €ival n idla pe 1N TIPonyoupevn. KdAbe TrEPITITwON atmaiTei dIAQOPETIKOUG
XEIPIOPOUG Kal O POPES TTOU 0 XPROTNG AauBAavel IKavoTToINTIKG aTToTEAETUATA gival TTOAU
TTEPIOPIOPEVES. ZTOV KAGDO auTd TNG TTANPOPOPIKAGS dev avalnTeital To BEATIOTO, €TTEION
UTTapxel N atrodoxr Ot N avBpwTrivn YAwooa BacifeTal oTnv avlpwTrivn AOYIKA Kal TNV
acdgeia Tou TNV TTEPIBAAAEL. ‘ETO1 TTpETTEl va AEITOUPYED KAl EVa OCWOTO AOYIOUIKO TTOU €XEI
oav O0TOXO TNV €EQYWYNA ATTOTEAECUATWY KOl CUUTTEPACHUATWY OTTO AvOPWTTIVA KEIPEVA.
AuTn €ival Kal N payeia TnG uNXavikng uaenong, To Ot AauBavel uTtoWIv TNV acd@Eia Kal
TNV ATEAEIA.
Ta duo povTtéAa TTou uAoTToInBnkav Bacifovral o€ AuTr TNV Apxh, KAl Ta aTToTEAEoUATA
TO ATTOOEIKVUOUV. KaTd TNV OUYKPION TWV EYYPAPWY N atTavTnon TToTE OV €ival atrOAuTn.
Ev avtiBéoel, gival n 1o KOVTIV) TIPOCEYYION O€ oxEan PeE TNV S1aBEaiun TTANPOPopia aTnV
oTToia £€xouv TTPOCRacn Ta povTEAa. EEGANou, Ta attoTeAéopaTa dev £XOUV oav OKOTTO va
dwaoouv pia atrdAuTn amravinorn, aAAd va kaBodnyhoouv Tov XprioTn va eTTIAECEI aTTO éva
€UPOG ATTAVTHOEWYV A va aTTOKAEIoEl £€va eUPOG TTIBAVWY AVETTIOUPNTWY ATTOTEAECUATWV.
‘Exouv avatTuxBei wote va AauBdavouv utrownv Toug Kal TO TTEPIBWPI0 OPAAUATOS aPOU,
OTTwWG Kal Tov AvBpwTtro, Toug Oivetal n duvardétnTa va avaTTuooovTal Kal va
ekTTadEVOVTAL.
ZUYKeEKpIYEVO OTav N TTANpo@opia apopd apxeia Kelhévou, n emmeCepyacia TG EXE
MEYAAUTEPO PaBud duckoAiag. Autd o@eileTal OTO yeyovog OTI Ta yPATITA KEieva ival
TTPOIOV aVOPWTTIVO, Kal O TPATTOC YPOPNG TOU EEapTATAI OTTO TIG EUTTEIPIES, TNV TTAIdEIQ KAl
TNV OIAQOPETIKOTATA TOou KaBevdg. lMa Ttov Adyo autd TTOAAEC QOpEG TTapaTnpeital
OoMOoIOTNTA PETAEU OUO KEINEVWV DIAPOPETIKOU TTEPIEXOMEVOU AAAG TOu idIoU ouyypagEa.
210 Bag of Words (BoW) auté atroteAei pyeyaAutepo TpORANUa agou oI CUYYPAPEIC EXouv
OUYKEKPIPEVO TPOTTO YPAPNG KAl CUXVA ETTIAEYOUV AEEEIC ATTO €va TTEPIOPIOUEVO AEEIAGYIO.
Adyw auToU TOU YEYOVOTOG TIPOEKUWE KOl N avaykn NG €EENIENG TwV HOVTEAWV
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emegepyaoiag KelpEvwy o€ Mo «EEuTTVa». To povtéAo Latent Semantic Analysis (LSA)
€XEl TNV duvaTOTNTA va dIaKPIVEl TETOIA POTIRA Kal va pnv Ta AauBAavel uTrogiv Katd tnv
aveupeON TOU VONUATOG TOU KEIJEVOU.

‘Eva €gioou TTOAUTTAOKO TTPOBANUA, aAAG Kal TO TTIO ONPAVTIKO €ival n avdAuon Twv
atmmoteAeopdTwy. H ouvoAiKA avatrapdoTacn TwV OTTOTEAECUATWY O€ ypagruata, A
AAAouU €idoug TPOTTOUG EIKOVIKNG avaTTapdoTaonG, Oev gival oXeOOV TTOTE EQIKTI MIAG KOl
eTTekTEIVOVTAl 0€ TTOAAEG BlaoTaoelg. Otrwg TTaparnpeeital oto mapddelypa yia 1o LSA, n
avatrapdoTacn oTiG dUOo BIaoTACEIS OEV €ival OUYKEVTPWTIKK, aAA& BonOntik oTnv
TEPAITEPW AVAAUCH.

YTTapXouv HOVTEAQ TTOU XPNOIMOTTOIOUV QUTOPOTOTIOINUEVEG TEXVIKEG AVAAUONG TwV
atmmoTeAeOudTWY 1 Ta avTieETWTTIouV oav véa Oedouéva TTIpog emegepyaaciag. ‘Eva
TTapddelypa TEToIwV POVTEAWYV gival To Word2Vec 1o oTroio, avdAoya pe Tn didoTacn Tou
TTPOBANMATOG, XPNOIMOTIOIEI TA ATTOTEAEOUATA TTOU £EAYOVTAl ATTO TOUG VEUPWVEG WG
0edopéva TIPOG eTTECEPyaTia atTmd AAAOUG VEUPWVEG. AKOMN, UTTAPYXOUV TEXVIKEG
OUOXETIONG TWV ATTOTEAECUATWY OTTWG N OPADOTTOINCN O€ CUCTADEG N OTTOI0 AVAPEPETAI
Kal 0TO HOVTEAO Tou LSA. Ev KATaKAEiDI, 01 ETTEKTACEIG TNG ETTIOTAUNG TNG AVAKTNONG TNG
MAnpogopiag kail yevikotepa NG Mnxavikng Mabnong €xouv peyaho €Upog Kal EXOUV
@TACElI OTO ONUEIO VA CUPPETEXOUV OTNV ANWN CNPAVTIKWY OTTOQACEWY, TTOAAEG POPEG
KaBopIoTIKWV akOua Kal yia Tnv avepwtrivn (wi.

MNa TepaItEpw €Peuva TTPOTEIVETAI N PEAETN KAl N AETITOMEPASG AVAAUCH TEXVOAOYIWV
MNXOVIKAG pAbnong kal avdakTiong TTANPo@opiag TTou €Xouv e@appoyr ot dId@opoug

TOMEIG OTTWG aoPAAEIa, uyeia, TTadEia.
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Keipevo 1: Black_Holes

There is much more to black holes than meets the eye. In fact, your eyes, even with the
aid of the most advanced telescope, will never see a black hole in space. The reason is
that the matter within a black hole is so dense and has so great a gravitational pull that it
prevents even light from escaping. Like other electromagnetic radiation (radio waves,
infrared rays, ultraviolet radiation, X-rays, and gamma radiation), light is the fastest
traveler in the Universe. It moves at nearly 300,000 kilometers (about 186,000 miles) per
second. At such a speed, you could circle the Earth seven times between heartbeats. If
light can't escape a black hole, it follows that nothing else can. Consequently, there is no
direct way to detect a black hole. In fact, the principal evidence of the existence of black
holes comes not from observation but from solutions to complex equations based on
Einstein's Theory of General Relativity. Among other things, the calculations indicate that

black holes may occur in a variety of sizes and be more abundant than most of us realize.

MINI BLACK HOLES

Some black holes are theorized to be nearly as old as the Big Bang, which is hypothesized
to have started our Universe 10 to 20 billion years ago. The rapid early expansion of some
parts of the dense hot matter in this nascent Universe is said to have so compressed less
rapidly moving parts that the latter became superdense and collapsed further, forming
black holes. Among the holes so created may be the submicroscopic mini-black holes. A
mini-black hole may be as small as an atomic particle but contain as much mass (material)
as Mount Everest. Never underestimate the power of a mini-black hole. If some event
caused it to decompress, it would be as if millions of hydrogen bombs were

simultaneously detonated.

HOW STARS DIE
The most widespread support is given to the theory that a black hole is the natural end
product of a giant star's death. According to this theory, a star like our Sun and others we

see in the sky lives as long as thermal energy and radiation from nuclear reactions in its
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core provide sufficient outward pressure to counteract the inward pressure of gravity
caused by the star's own great mass. When the star exhausts its nuclear fuels, it
succumbs to the forces of its own gravity and literally collapses inward. According to
equations derived from quantum mechanics and Einstein's Theory of General Relativity,
the star's remaining mass determines whether it becomes a white dwarf, a neutron star,

or black hole.

WHITE DWARFS

Stars are usually measured in comparison with our Sun's mass. A star whose remaining
mass is about that of our Sun condenses to approximately the size of Earth. The star's
contraction is halted by the collective resistance of electrons pressed against each other
and their atomic nuclei. Matter in this collapsed star is so tightly packed that a piece the
size of a sugar cube would weigh thousands of kilograms. Gravitational contraction would
also have made the star white hot. It is appropriately called a white dwarf. Astronomers
have detected white dwarfs in space. The first discovery was a planet-sized object that
seemed to exert a disproportionately high gravitational effect upon a celestial companion,
the so call dog star Sirius, which is about 2.28 times our Sun's mass. It appeared that this
planet-sized object would have to be about as massive as our Sun to affect Sirius as it
did. Moreover, spectral analysis indicated the star's color was white. Based upon these
and other studies, astronomers concluded that they had found a white dwarf. However, it
took many years after the discovery in 1914 before most scientists accepted the fact that
an object thousands of times denser than anything possible on Earth could exist.

NEUTRON STARS AND SUPERNOVAS

Giant stars usually lose most of their mass during their normal lifetimes. If such a star still
retains 1 1/2 to 3 solar masses after exhaustion of its nuclear fuels, it would collapse to
even greater density and smaller size than the white dwarf. The reason is that there is a
limit on the amount of compression electrons can resist in the presence of atomic nuclei.
In this instance, the limit is breached. Electrons are literally driven into atomic nuclei,
mating with protons to form neutrons and thus transmuting nuclei into neutrons. The

resulting object is aptly called a neutron star. It may be only a few kilometers in diameter.
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A sugar-cube size piece of this star would weigh about one-half a trillion kilograms.
Sometimes, as electrons are driven into protons in atomic nuclei, neutrinos are blown
outward so forcefully that they blast off the star's outer layer. This creates a supernova
that may temporarily outshine all of the other stars in a galaxy. The most prominent object
believed to be a neutron star is the Crab Nebula, the remnant of a supernova observed
and reported by Chinese astronomers in 1504. A star-like object in the nebula blinks, or
pulses, about 30 times per second in visible light, radio waves, and X and gamma rays.
The radio pulses are believed to result from interaction between a point on the spinning
star and the star's magnetic field. As the star rotates, this point is theorized alternately to
face and be turned away from Earth. The fast rotation rate implied by the interval between
pulses indicates the star is no more than a few kilometers in diameter because if it were

larger, it would be torn apart by centrifugal force.

PULSARS

Radio telescopes have detected a large number of other objects which send out naturally
pulsed radio signals. They were named pulsars. Like the object in the Crab Nebula, they
are presumed to be rotating neutron stars. Of these pulsars, only the Vela pulsar--which
gets its name because of its location in the Vela (Sails) constellation--pulses at
wavelengths shorter than radio. Like the Crab pulsar, the Vela pulsar also pulses at optical
and gamma ray wavelengths. However, unlike the Crab pulsar, it is not an X-ray pulsar.
Aside from the mystery generated by these differences, scientists also debate the
reasons for the pulses at gamma, X-ray and optical frequencies. As noted earlier, they

agree on the origin of the radio pulses.

BLACK HOLES

When a star has three or more solar masses left after it exhausts its nuclear fuels, it can
become a black hole. Like the white dwarf and neutron star, this star's density and gravity
increase with contraction. Consequently, the star's gravitational escape velocity (speed
needed to escape from the star) increases. When the star has shrunk to the
Schwarzschild radius, named for the man who first calculated it, its gravitational escape

velocity would be nearly 300,000 kilometers per second, which is equal to the speed of
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light. Consequently, light could never leave the star. Reduction of a giant star to the
Schwarzschild radius represents an incredible compression of mass and decrease in
size. As an example, mathematicians calculate that for a star of 10 solar masses (ten
times the mass of our Sun) after exhaustion of its nuclear fuels, the Schwarzschild radius
is about 30 kilometers.

According to the Law of General Relativity, space and time are warped, or curved, by
gravity. Time is theorized TO POINT INTO THE BLACK HOLE FROM ALL DIRECTIONS.
To leave a black hole, an object, even light would have to go backward in time. Thus,
anything falling into a black hole would disappear from our Universe. The Schwarzschild
radius becomes the black hole's "event horizon", the hole's boundary of no return.
Anything crossing the event horizon can never leave the black hole. Within the event
horizon, the star continues to contract until it reaches a space-time singularity, which
modern science cannot easily define. It may be considered a state of infinite density in
which matter loses all of its familiar properties. Theoretically, it may take less than a
second for a star to collapse into black hole. However, because of relativistic effects, we
could never see such an event. This is because, as demonstrated by comparison of
clocks on spacecraft with clocks on Earth, gravity can slow, perhaps even stop, time. The
gravity of the collapsing star would slow time so much that we would see the star
collapsing for as long as we watched. Once a black hole has been formed, it crushes into
a singularity anything crossing its event horizon. As the black hole devours matter, its
event horizon expands. This expansion is limited only by the availability of matter.
Incredibly vast black holes that harbor the crushed remains of billions of solar masses are
theoretically possible. Evidence that such superdense stars as white dwarfs and neutron
stars do exist has supported the idea that black holes, representing what may be the
ultimate in density, must also exist. Potential black holes, stars with three or more times
the mass of our Sun, pepper the sky. But how can astronomers detect a black hole?

HOW BLACK HOLES MAY BE INDIRECTLY DETECTED
Scientists found indirect ways of doing so. The methods depends upon black holes being
members of binary star systems. A binary star system consists of two stars comparatively

near to and revolving about each other. Unlike our Sun, most stars exist in pairs. If one
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of the stars in a binary system had become a black hole, the hole would betray its
existence, although invisible, by its gravitational effects upon the other star. These effects
would be in accordance with Newton's Law: attractions of two bodies to each other are
directly proportional to the square of the distance between them. The reason is that
outside of its event horizon, a black hole's gravity is the same as other objects’. Scientists
also have determined that a substantial part of the energy of matter spiraling into a black
hole is converted by collision, compression, and heating into X- and gamma rays
displaying certain spectral characteristics. The radiation is from the material as it is pulled

across the hole's event horizon, its radiation cannot escape.

WORMHOLES

Some scientists speculate that matter going into a black hole may survive. Under special
circumstances, it might be conducted via passages called "wormholes" to emerge in
another time or another universe. Black holes are theorized to play relativistic tricks with

space and time.

NASA ORBITING OBSERVATORY OBSERVATIONS

Black hole candidates--phenomena exhibiting black hole effects--have been discovered
and studied through such NASA satellites as the Small Astronomy Satellites (SAS) and
the much larger Orbiting Astronomical Observatories (OAO) and High Energy
Astronomical Observatories (HEAO). The most likely candidate is Cygnus X-1, an
invisible object in the constellation Cygnus, the swan. Cygnus X-1 means that it is the first
X-ray source discovered in Cygnus. X-rays from the invisible object have characteristics
like those predicted from material as it falls toward a black hole. The material is apparently
being pulled from the hole's binary companion, a large star of about 30 solar masses.
Based upon the black hole's gravitational effects on the visible star, the hole's mass is
estimated to be about six times of our Sun. In time the gargantuan visible star could also
collapse into a neutron star or black hole or be pulled piece by piece into the existing

black hole, significantly enlarging the hole's event horizon.
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BLACK HOLES AND GALAXIES

It is theorized that rotating black holes, containing the remains of millions or billions of
dead stars, may lie at the centers of galaxies such as our Milky Way and that vast rotating
black holes may be the powerhouses of quasars and active galaxies. Quasars are
believed to be galaxies in an early violent evolutionary stage while active galaxies are
marked by their extraordinary outputs of energy, mostly from their cores. According to
one part of the General Theory of Relativity called the Penrose Process, most of the
matter falling toward black holes is consumed while the remainder is flung outward with
more energy than the original total falling in. The energy is imparted by the hole's
incredibly fast spin. Quiet normal galaxies like our Milky Way are said to be that way only
because the black holes at their centers have no material upon which to feed. This
situation could be changed by a chance break-up of a star cluster near the hole, sending
stars careening into the hole. Such an event could cause the nucleus of our galaxy to
explode with activity, generating large volumes of lethal gamma radiation that would fan
out across our galaxy like a death ray, destroying life on Earth and wherever else it may

have occurred.

BLACK HOLES AND GALACTIC CLUSTERS

Some astronomers believe that the gravity pulls of gigantic black holes may hold together
vast galactic clusters such as the Virgo cluster consisting of about 2500 galaxies. Such
clusters were formed after the Big Bang some 10 to 20 billion years ago. Why they did
not spread randomly as the Universe expanded is not understood, as only a fraction of
the mass needed to keep them together is observable. NASA's Hubble Space Telescope
and AXAF Telescope, scheduled for a future Shuttle launch, will provide many more times
the data than present ground and space observatories furnish and should contribute to

resolving this and other mysteries of our Universe.

BLACK HOLES AND OUR UNIVERSE
Our universe is theorized to have begun with a bang that sent pieces of it outward in all
directions. As yet, astronomers have not detected enough mass to reverse this

expansion. The possibility remains, however, that the missing mass may be locked up in
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undetectable black holes that are more prevalent than anyone realizes. If enough black
holes exist to reverse the universe's expansion, what then? Will all of the stars, and
galaxies, and other matter in the universe collapse inward like a star that has exhausted
its nuclear fuels? Will one large black hole be created, within which the universe will shrink
to the ultimate singularity? Extrapolating backward more than 10 billion years, some
cosmologists trace our present universe to a singularity. Is a singularity both the beginning
and end of our universe? Is our universe but a phase between singularities? These
guestions may be more academic than we realize. Scientists say that, if the universe itself

is closed and nothing can escape from it, we may already be in a black hole.

Keipevo 2: Modems

Not long ago, many data communicators thought that dial-up modem manufacturers had
pushed transmission speeds to the limit with the introduction of 2400 bit per second (bps)
modems. Recently, however, several manufacturers have creatively combined relatively
mature techniques of data transmission with newer technology and have introduced 9600
bps modems. Unfortunately, a widely accepted standard for full duplex 9600 bps
transmission as defined by the International Consultative Committee for Telegraphy and
Telephony (CCITT) does not yet exist (the CCITT is currently considering proposals for a
new 9600 bps dial-up standard). This means that today's 9600 bps modems do not offer
cross-manufacturer compatibility. The CCITT HAS endorsed a half duplex and a full
duplex 9600 bps standard, but to date implementations of these relatively flexible
standards have been proprietary, i.e., even the "standardized" modems from different
manufacturers are not compatible. All this means that modem users who want to enjoy
the dream speed of 9600 bps must weigh the pros and cons of each 9600 bps technique
before committing to a particular 9600 bps design. This paper was written in an effort to
provide typical modem users with enough technical information and insight that they will
be able to consider the new 9600 bps modems from the position of an educated consumer
and not have to rely on information gleaned from sales brochures and advertisements. It

should be noted that the author, Wes Cowell, is an employee of USRobotics.
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THE ROAD TO 9600

High speed data communications via the dial-up phone network is limited by the available
phone line bandwidth and by random channel impairments. Just as the diameter of a pipe
limits its liquid flow capacity, so does the telephone channel bandwidth limit its data flow
capacity. The roughly 3000-Hz available in the telephone bandwidth poses few problems
for 300 bps modems, which only use about one fifth of the bandwidth. A full duplex 1200
bps modem requires about half the available bandwidth, transmitting simultaneously in
both directions at 600 baud and using phase modulation to signal two data bits per baud.
"Baud rate" is actually a measure of signals per second. Because each signal can
represent more than one bit, the baud rate and bps rate of a modem are not necessarilly
the same. In the case of 1200 bps modems, their baud rate is actually 600 (signals per
second) and each signal represents two data bits. By multiplying signals per second with
the number of bits represented by each signal one determines the bps rate: 600 signals
per second X 2 bits per signal = 1200 bps. In moving up to 2400 bps, modem designers
decided not to use more bandwidth, but to increase speed through a new signalling
scheme known as quadrature amplitude modulation (QAM). In QAM, each signal
represents four data bits. Both 1200 bps and 2400 bps modems use the same 600 baud
rate, but each 1200 bps signal carries two data bits, while each 2400 bps signal carries
four data bits: 600 signals per second X 4 bits per signal = 2400 bps. A technique known
as adaptive equalization enables 2400 bps modems to adapt to phone line impairments
call-by-call. Essentially, if the modem is experiencing problems with a noisy line, it looks
for a "sweet spot" in the bandwidth and attempts to avoid troublesome frequencies. This
technique makes 2400 bps modems more tolerant of line noise than their 1200 bps
counterparts that use compromise equalization (a one-size-fits-all approach). While these
advanced modulation and equalization techniques in 2400 bps modems provide for
double the data rate of 1200 bps modems, they also result in a design at least four times
more complex than 1200 bps modems. Which brings us to the problem of designing a
9600 bps modem. Jumping to 9600 from 2400 bps is several orders of magnitude more
complicated than going to 2400 from 1200 bps. Telephone network characteristics make

it highly unlikely that success will be had in extending the "data signal alphabet" (number
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of bits represented by each signal) beyond four bits per signal. Instead, modem designers
must increase the bandwidth that is to carry the signal, and this presents a very big
problem. In fact, at speeds of 4800 bps (1200 signals per second), the transmit and
receive channels must be expanded to the point where they actually begin to overlap. A
9600 bps "band" requires roughly 90 percent of the available bandwidth, making it
impossible to have two-way communication without the bands interfering with each other.
A helpful analogy to the problem might be to consider a two lane highway: traffic must
flow in both directions simultaneously, but to carry more cars per unit of time, highway
designers must either increase the number of lanes in each direction or widen the two
lanes to accommodate driver error with a margin of safety. Unfortunately, these options
are not available to modem designers as the available bandwidth is of a fixed size. With
these considerations and limitations in mind, let's examine three basic ways to accomplish
full duplex (two-way) 9600 bps communications: echo cancellation, virtual full duplex
(achieved by half duplex systems), and asymmetrical frequency division.

ECHO-CANCELLATION

This method solves the problem of overlapping transmit and receive channels. Each
modem's receiver must try to filter out the echo of its own transmitter and concentrate on
the other modem's transmit signal. This presents a tremendous computational problem
that significantly increases the complexity -- and cost -- of the modem. But it offers what
other schemes don't: simultaneous two-way transmission of data at 9600 bps. The CCITT
"V.32" recommendation for 9600 bps modems includes echo- cancellation. The transmit
and receive bands overlap almost completely, each occupying 90 percent of the available
bandwidth. Measured by computations per second and bits of resolution, a V.32 modem
is roughly 64 times more complex than a 2400 bps modem. This translates directly into
added development and production costs which means that it will be some time before
V.32 modems can compete in the high- volume modem market. Despite the fact that V.32
is a recognized standard, it is uneconomical and unnecessarily complex for personal
computer datacomm applications that simply don't require simultaneous two-way 9600

bps transmission.
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HALF DUPLEX SYSTEMS (Virtual Full Duplex)

Half duplex solutions devote the entire bandwidth to 9600 bps in one direction at a time,
and "ping-pong" the data flow back and forth to simulate full duplex. This is potentially the
simplest scheme. Its performance is acceptable in data transfer applications that don't
involve user interaction, i.e. file transfers. Even so, advanced error-control protocols that
require ACKnowledgments to be sent in response to received data blocks generate a high
number of "line reversals" which greatly impair overall data throughput. In short, the
benefit of higher speed is so significantly compromised by line reversals in half duplex
sessions that the net gain in data throughput may be marginal at best. If users want to
operate in an interactive mode, their data must be sent to the remote computer, the data
channel must be reversed, and then the data must be echoed back. This process results
in significant turn-around delays which can be very frustrating to users. Half duplex
modems of this kind are most often based on CCITT recommendation V.29 for half duplex
9600 bps transmission on the dial-up network. V.29 based data pumps used in facsimile
systems are available as LSI chip sets, providing a short-cut to modem manufacturers,
particularly to companies that don't develop their own modem technologies. But the major
problem is that the V.29 modulation scheme has been outdated by the fact that it operates
in a half duplex mode and doesn't provide good signal to noise performance. The V.32
recommendation, which operates in a full duplex mode and employs Trellis Coding
Modulation offers greater throughput and a greater immunity to channel impairments. To
the best of my knowledge, modems employing V.29-based modulation include products
from Racal-Vadic, Comspec, Develcon, Gamma Technology, Microcomm, and Electronic
Vaults, Inc. (EVI). These modems, however, are NOT mutually signal compatible -- cross-
manufacturer compatibility does not exist. Another modem in the half duplex category,
but not based on V.29 modulation, is the Telebit Trailblazer (R), which uses a proprietary
modulation method. Trailblazer is based on a multi-carrier technique. Conceptually, the
transmission channel is divided into many (512), independent, very narrow channels
(think of our two-lane highway and imagine it as having 512 very narrow lanes (say, for
bicycles) going in one direction and you've got a fair idea of how Trailblazer divides the
bandwidth). The main advantage is that no receiver adaptive equalizer is needed because

each channel is very narrow compared to the overall channel bandwidth. Further, in the
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Trailblazer modulation scheme, the modulation rate in each narrow channel can be
changed somewhat independently. Trailblazer is different from many other modems in
that the decision to fall back to lower speeds is built into the modem protocol, rather than
controlled by the user's computer port. It is claimed that in the face of channel
impairments, throughput can be adapted gracefully to channel conditions. Traditional
modulation systems would have to fall back in larger steps. But there are three inherent
MAJOR problems: 1) The turn-around delay is very long compared to conventional
modulation techniques because data must be sent in large blocks. A typed character
may take several seconds to be echoed back to the system that sent it. As a result, the
system fails to achieve the illusion of full duplex and is not really suited to interactive
online sessions. 2) The Trailblazer receiver cannot "track" carrier "phase jitter" (phase
jitter can be thought of in terms of "phase shift": think of how the whine of a race car goes
from higher to lower as it passes the viewer -- the frequency of the sound is said to be
"shifted” or "jittered"). Instead of cancelling out phase jitter (which is commonly
encountered on long distance calls) the Trailblazer can only respond by lowering
throughput to gain more immunity to phase jitter. 3) The ability to transmit at the maximum
rate when subject to channel impairment is considerably less than for conventional
modems. There is one notable exception: the multiple channel technique offers extremely
good immunity to impulse noise because the impulse energy is distributed over narrow
channels. While conventional modems can achieve similar results through special coding

or filtering techniques they rarely implement such methods.

ASYMMETRICAL FREQUENCY DIVISION

When one considers the nature of most PC datacomm applications, it is realized that most
applications are interactive, involving manual (typed) data entry from one end and data
file transmission from the other end. Few, if any, PC users can justify using an expensive
9600 bps channel to carry their typed characters when they realize that 300 bps translates
to 360 words per minute. Assuming one could type 100 words per minute, even a 100
bps transmission channel would be sufficient. On the other hand, file transfer should take
advantage of the tremendous speed of the microprocessor. Serial ports are often set at

data rates in excess of 19,000 bps. Considering these inherent characteristics, a
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communications scheme that incorporated a high speed and a low speed channel would
be best suited for most PC datacomm applications. Remembering the highway analogy
(higher speeds mean wider lanes), one can see how such a method would grant modem
designers a large portion of the available bandwidth for a 9600 bps channel and still leave
enough room to accommodate a narrow 300 bps channel without any channel overlap.
By utilizing two discreet channels, such a modem would avoid costly, complex echo-
cancellation schemes. And, because the channels carry data in both directions
simultaneously, the communications link is a true full duplex connection. This means that
data entered at one system would be almost instantaneously echoed back -- eliminating
the frustrating turn-around delay experienced in half duplex sessions. USRobotics has
developed just such a modem. It passes data in one direction using the V.32 modulation
technique (a very robust method that is very immune to phone line impairments) but
employs only a 300 bps channel in the opposite direction so that the channels do not
overlap and echo-cancellation is not necessary. The use of the high-speed channel by
the two modems is based on data demand. In most applications, however, "channel
swapping"” will not be required. For interface elegance, the modems employ a 4K buffer
that allow them to perform data rate conversion: sending and receiving speeds remain
constant between the modem and the computer -- it is only in between the modems that
transmitted and received data run at different speeds. For interactive sessions, users are
assigned the low-speed channel while the data sent to them (long mail messages, menus,
files, etc.) in the 9600 bps channel. For file transfer sessions, the data blocks that make
up a file are sent in the 9600 bps channel while the corresponding ACKnowledgments
are returned in the 300 bps channel. An asymmetric frequency division scheme is ideal
for file transfer where large data blocks (usually several hundred bytes in length) are
transmitted in the high-speed channel and the ACKs (usually only a few bytes in length)
are carried in the low-speed channel. If a user switches from an interactive mode to file
transfer and then back to interactive mode, the high speed channel is dynamically and

automatically assigned to the system with the greatest data demand.
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A BRIEF COMPARISON

Three options exist for data communicators who desire to operate at 9600 bps: 1) V.32-
type modems offer a full duplex connection but do so by virtue of echo-cancellation. This
technique is so complex, and has proven so difficult to employ, that the cost for such
modems will remain prohibitively high and their implementation a delicate task for some
time to come. 2) Half duplex modems (either V.29 or multi-carrier) offer 9600 bps but the
turn-around delay inherent in half duplex links severely compromise overall throughput.
This degradation of throughput, however, can be more than offset by data compression
techniques assuming the modems in question support identical compression protocols
and are operating on relatively "clean" phone lines. Both half duplex methods suffer
disproportionate degradation on "noisy" lines: the V.29 modems must spend more and
more time in line reversals as detected data errors increase, and the multi-carrier modems
must sacrifice throughput to gain noise immunity. 3) Asymmetrical Frequency Division
offers 9600 bps communications in a true full duplex implementation. By efficiently
utilizing the available bandwidth, these modems provide users with high speed file
transfer capabilities and fast response in interactive sessions. Because the transmit and
receive data channels do not overlap, expensive echo-cancelling techniques are

unnecessary making these modems economically efficient.

IN CONCLUSION

Until a widely recognized standard is agreed upon by the standards community, and
implemented by several manufacturers, modem buyers must weigh the benefits and
detriments of each 9600 bps scheme. V.32 would be best where symmetrical, full duplex,
synchronous communication is desired (for example, dial-up HDLC links between
multiplexers) and where the user can modify his software to accommodate non-"AT"
command-driven modems. V.29 modems would be likely solutions where absolute lowest
price is required and conformance to an international standard (in a very limited sense)
is desired. Multi-carrier transmission schemes are well-suited to applications that require
maximum one-way throughput and where circuit conditions are known to be good. This
transmission method is also ideally suited for circuits where immunity to impulse noise is

paramount. Users who most often work with one-way file transfers (PC-to-PC) or with
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real- time applications may opt for an Asymmetrical Frequency Division scheme, which is
suited equally well for either application. The elegant approach to the frequency division
(avoiding overlapping bandwidths) also allows these modems to present a very
economical ratio between dollars and bps. Potential high-speed-modem buyers should
also consider the aspects of ease-of- use, ease-of-implementation, and downward
compatibility with existing implemented standards (the CCITT's V.22bis for 2400 bps, Bell
212A for 1200 bps, and Bell 103 for 200 bps).

POST SCRIPT

Many modem users have voiced confusion and consternation about the lack of
compatibility between modem manufacturers at speeds greater than 2400 bps. Modem
manufacturers have embraced the Bell 212A and 103 standards for 1200 and 300 bps.
In these post-divestiture days, however, Bell no longer sets modem standards in the U.S.
and hence, U.S. modem manufacturers have turned to the CCITT as a definitive source
for standards. The industry-wide acceptance of the CCITT's V.22bis standard for 2400
bps is the best example of this shift. The CCITT recommendations V.29 and V.32 for 9600
bps have not resulted in compatible implementations. It is important to remember that
V.29 was originally developed as a four-wire full duplex leased-line modem and has since
been adapted by various manufacturers to encompass half duplex dial up applications.
Other problems with V.29 are that it compromises transmission speed and is poor for
interactive sessions. V.32 is proving to be prohibitively complex and exceptionally difficult
to implement (driving development and production costs up). Recognizing the need for
an alternative to the V.32 recommendation, the CCITT has requested proposals from
modem manufacturers. Presently, two proposals are being considered by the CCITT. One
is the multi- carrier scheme developed and sponsored by Telebit. The other is an
Asymmetrical Frequency Division scheme developed and sponsored by USRobotics.

Keipevo 3: Pc_History
Computing or calculating by machine began in the middle east with the use of pegs or
stones in trays or channels. The Babylonians developed the idea of stone or bead

counters into the more modern abacus - modern in the sense that the abacus is still in
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use today and in the hands of an experienced operator can calculate results faster than
a computer! The beauty of the abacus is its simplicity in construction and operation.
Inexpensive beads of stone or wood and a simple frame make up the abacus and the
uneducated could quickly be trained in its use. In the 8th and 9th centuries we note the
rise of the Arabic numeral system which slowly spread through Europe and the then
civilized world. Although a superior calculating system, Arabic numerals required the user
to understand the more complicated numerical theory associated with the system. By the
early 1600's Napier (often associated with the development of logarithms and their
practical application) introduced a series of rods which could be used for multiplication -
a crude slide rule system. Soon, ever more complicated "calculating engines" or primitive
mechanical computing devices appeared. One example is the complex Pascaline
invented by Blaise Pascal. By 1791 the stage was set. Babbage, an English
mathematician and inventor with the help of Ada Byron (daughter of lord Byron, the
famous poet) developed the ideas for two mechanical calculators or "number engines."
The Difference Engine was a device to solve polynomial equations by the methods of
differences. The Analytical Engine (which was never built)) was designed as a general
computing device. Both were mechanical in concept using gears, rods and cams to
perform calculations. Unfortunately neither machine was built since the tooling and
machining technology of the day was imprecise and could not construct the accurate parts
needed. However the models and planning of Babbage and Byron did lead to important
preliminary computing concepts still in use today. As an aside, we should note from the
work of Babbage and Byron that computing even in its infancy was strongly influenced by
BOTH women and men - let's face it, computing is NOT gender specific! Next we jump to
the United States. By 1880 a problem had arisen with the United States census. By that
time, it took 7 years to process all of the information gathered by the Census Bureau since
all tabulation was done by hand on paper. It was assumed that the 1890 census might
take 10 to 12 years to tabulate. Clearly a better method was needed to crunch the volume
of numbers and data. A public competition was held to produce a better indexing or
mechanical system to tabulate future census results. Herman Hollerith, a census
employee, handily won by suggesting the use of punch cards and a form of punch card

reader which tabulated the results in six weeks. Hollerith, wise in the ways of computing
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devices and seeing a good opportunity went on to found the Tabulating Machine
Company (later changed to IBM). Hollerith might be thus thought of as our first computer
entrepreneur! The advent of World War 1l provided the impetus for the development of
more refined computing devices. The Mark | was an electromechanical device using
relays. IBM built that computer for the Navy. Later, the Colossus was built for the British
and used for wartime code breaking of German radio transmissions. The ABC (Atanasoff-
Berry Computer) was constructed at lowa State and was the first fully electronic digital
computer. Admiral Grace Hopper, known as "Amazing Grace" to some, was a haval
officer and pioneer in the field of computer programming during the 1940's and 50's. An
innovative and fundamental thinker, she recognized that computers could be used for
business applications - a pioneering insight beyond the then conventional use of
computers for scientific and military applications. Her programming language called
"Flowmatic" later evolved into COBOL, the most common and still popular language for
programming business software. She died in 1992 and is buried in Arlington National
Cemetery. Computing science continued to evolve rapidly . . . Eniac was the most famous
of the early computers and contained 18,000 vacuum tubes and was used by the Army
for ballistics calculations. Edvac was the first stored memory computing device which did
away with rewiring tasks associated with changing computer programs and represented
a true computer breakthrough. This first generation of machines running from roughly
1951 through 1958 featured computers characterized by the use of radio type vacuum
tubes. But the pace was increasing . . . Second generation machines such as the famous
Univac were designed as true general or universal purpose machines and could process
both alphabetic and numeric problems and data. Punch cards still formed the major input
path to the machines of this era and all programming was done in complex low level
machine language commands. By 1959 with the invention of the transistor, computers
began to shrink in size and cost and operate faster and more dependably than the huge
vacuum tube models. Programming languages began to feature English-like instructions
rather than cumbersome machine code or assembly language. Fortran and Cobol are two
modern "high level" languages developed during this period and still in use today. In many
respects, the personal computer industry began in 1974 when the Intel corporation

introduced a CPU integrated circuit chip named the 8080. It contained 4,500 transistors
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and could address 64K of memory through a 16 bit data bus. The 8080 was the integrated
circuit brain behind the early MITS Altair personal computer which fired popular interest
in home and small business computing when it appeared on the July 1975 cover of
Popular Electronics Magazine. The first MITS Altair contained no keyboard or monitor,
only crude LED lights and tiny flip switches to facilitate programming. Four years later in
1978 Intel released the 8086 chip which had a tenfold increase in performance over the
8080 chip. When IBM began the design phase of the first desktop PC units in 1980 and
1981, they chose the cousin of the 8086, the Intel 8088 chip, to power the first PC which
was designed for modest corporate use but quickly exploded in popularity due to an
excellent design, spectacular keyboard and openess to upgrade by the addition of "plug
in" boards and cards. Early IBM PC computers retained a link with the past by allowing
the addition of a small "Baby Blue" circuit board which could run software programs based
on the then dominant CPM operating system. Finally we come to the present decade . . .
August 1981. Original IBM PC (personal computer) introduced. Has options for
monochrome and CGA color display. Receives generally good reviews and acceptance
by business users and a few home users. Original DOS version 1.0 released which
supported only single sided disks (160K capacity). Later version 1.1 corrected bugs
(problems) in the DOS programming code and provided double sided disks (320K
capacity), and faster disk access, date and time stamping and better serial
communications. August 1982. Monochrome resolution of PC screen increased with
introduction of the Hercules graphics card circuit. Combined with the LOTUS 123
spreadsheet, the IBM PC was now a hot choice for corporate computing. November 1982.
Compag portable arrives. First IBM clone on the market. The IBM PC standard is growing
in popularity. Clone makers start to copy the PC in earnest. Software companies such as
Phoenix technologies prepare BIOS and SYS programs which run the same as the IBM
BIOS program without the copyright violation which every clone computer tries to avoid.
BIOS stands for basic input and output system and is the core software essential to
keyboard, disk and screen input/output. The BIOS is considered legally protected IBM
software code, but can be simulated (or emulated) closely by a clever programmer in an
attempt to do the same job, without using exactly the same programming code. March
1983. IBM introduces the PC XT (increased memory and hard drive capability). DOS
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version 2.0 released. This second DOS version includes hard drive capability, filter
commands (sort, find, more), and a new floppy format system for 360K capacity per
floppy. IBM bios code upgraded. October 1983. IBM PC JR released. Market
disappointment for that IBM entry into the home market with the underpowered PC JR.
The larger IBM PC standard is rapidly growing as the standard for personal computers
and clones. March 1984. IBM PC portable introduced. Portable clones already on the
market with small but growing success. August 1984. IBM PC AT machine arrives. More
power, a new processor (Intel 80286). New screen display standard (EGA). Also new
version of DOS 3.0. This version of DOS now takes into account the AT high density
floppy drive (1.2 meg or million characters of capacity), read only files and a new disk
write system for better file recovery in case of errors. Shortly thereafter, DOS 3.1
addresses file sharing. November 1985. Microsoft windows graphic display environment
released. NEC multisync monitor is released. December 1985. DOS 3.2 supports the new
3.5 inch 720K diskettes. DOS now addresses up to 32MB on a single hard disk. April
1986. Older IBM PC standard model discontinued for newer models. IBM PC convertible
model is released. September 1986. Compaq jumps the gun on IBM with release of new
(80386) processor computer with more power than the PC AT. April 1987. IBM PS/2
models 30, 50 and 60 released. DOS 3.3 released. VGA video standard arrives. IBM
blesses the new 3.5 inch minifloppy already in use on Apple Macintosh computers by
offering that format on IBM machines. 1.44MB format is supported for high density floppy
users. OS/2 operating system announced. August 1987. Microsoft windows version 2.0
arrives. November 1988. DOS 4.01 released which includes a shell menu interface
system. This release of DOS, largely developed by IBM, generally ignored due to poor
performance and large memory requirements. Many users stick with DOS 3.3. 1988
Laptop computers, smaller versions of desktop computers, are sold in large volumes.
Size as well as features become issues in computer sales. 1990 Microsoft introduces
Windows version 3.0 which includes a superb graphical user interface (GUI) display for
the PC. Improves on earlier versions of Windows. Using software is more productive with
multiple graphical software windows and the possibility of jumping between several
software tasks operating on screen. But windows can only run acceptably on more

expensive "high end" machines such as those containing the 386DX or 386SX chip. For
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many users in small offices or home offices, Windows may not be a necessity where
simple DOS applications offer affordable functionality on low priced PC's not equipped to
run Windows applications. 1991 Laptop computers, portable FAX systems, and cellular
portable phone technology allow computers to function anywhere on the go for a practical
"portable office” concept. Still newer "palmtop” computers about the size of portable
calculators now offer full IBM compatable functionality. June 1991. DOS 5.0 is released
which includes excellent new features including an improved menu interface, full-screen
editor which improves on the Edlin editor, some limited task- swapping abilities,
unformat/unerase utility, improved Basic interpreter, and ability to load system files to
High Memory on machines having at least 1MB for improved performance and increased
conventional memory availability for primary applications. DOS 5.0 is seen to be a major
and highly necessary update to the PC operating system. Generally receives good
reviews from computer trade press. The future? Difficult to predict, but the consensus of
industry observers is that the IBM PS/2 computers will migrate into the office scene while
many home and home/office users will stay with older XT computers and AT models. Best
entry level computer system at this time is judged by many experts to the a 386SX PC
system which allows many types of software both current and future to work reliably.
Prices continue to tumble on AT and XT compatibles ($400 to $500 range) and AT clones
($700 to $900 range). The operating system for AT and higher class machines (using
80286/80386 processors) is called OS/2 but requires more memory and the 80286/80386
processor found only in higher priced computers. OS/2 or Windows may slowly replace
the older DOS system, but for many users of home and home/office machines not needing
LAN networks (many computers talk to each other and share data), the DOS standard
will live a long time. The Microsoft Windows 3.0 system may delay the acceptance of
OS/2 for several years. In general expect things to happen faster, computers to become
still smaller and prices to descend still further! Graphical user interfaces or GUI's will
gradually become the standard so that users can point and click at small icon pictures
and lists of tasks on screen to accomplish the work at hand rather than fight with terse
and cryptic commands. Computing will become a standard in many small and home
offices owing to the incredible power, accuracy and affordablity of personal computers.

Laptop computers and even smaller palmtop computers will become new standards.
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Computers and modems linked by wireless cellular radio/telephone technology allow a
single computer user the power of "large office computing" on the go from anywhere in
the world! Shareware software will make strong inroads into the market as users evaluate
commercial "high priced" software against user support "low cost" shareware software.
Tutorial finished. Be sure to order your FOUR BONUS DISKS which expand this software
package with vital tools, updates and additional tutorial material for laptop users! Send
$20.00 to Seattle Scientific Photography, Department LAP, PO Box 1506, Mercer Island,
WA 98040. Bonus disks shipped promptly! Some portions of this software package use
sections from the larger PC-Learn tutorial system which you will also receive with your
order. Modifications, custom program versions, site and LAN licenses of this package for
business or corporate use are possible, contact the author. This software is shareware -
an honor system which means TRY BEFORE YOU BUY. Press escape key to return to

menu.

Keipevo 4. UFO

In the late afternoon of November 17, 1986, Japan Air Lines flight 1628, a Boeing 747
with a crew of three, was nearing the end of a trip from Iceland to Anchorage, Alaska. The
jet, carrying a cargo of French wine, was flying at 35,000 feet through darkening skies, a
red glow from the setting sun lighting one horizon and a full moon rising above the other.
A little after six p.m., pilot Kenju Terauchi noticed white and yellow lights ahead, below,
and to the left of his airplane. He could see no details in the darkness and assumed the
lights were those of military aircraft. But they continued to pace the 747, prompting first
officer Takanori Tamefuji to radio Anchorage air traffic control and ask if there were other
aircraft nearby. Both Anchorage and a nearby military radar station announced that they
were picking up weak signals from the 747's vicinity. Terauchi switched on the digital color
cockpit weather radar, which is designed to detect weather systems, not other aircratft.
His radar screen displayed a green target, a color usually associated with light rain, not
the red he would have expected from a reflective solid object. Because he was sitting in
the left-hand seat, Terauchi had the only unob- structed view when the lights, still in front
of and below the airplane, began moving erratically,"like two bear cubs playing with each

other," as the pilot later wrote in a statement for the Federal Aviation Administration. After
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several minutes, the lights suddenly darted in front of the 747,"shooting off lights" that lit
the cockpit with a warm glow. As the airplane passed over Eielson Air Force Base, near
Fairbanks, the captain said he noticed, looming behind his airplane, the dark silhoutte of
a gigantic "mothership"” larger than two aircraft carriers. He asked air traffic control for
permission to take his airplane around in a complete circle and then descend to 31,000
feet. Terauchi said his shadower followed him through both maneuvers. A United Airlines
fight and a military C-130 were both in the area and An- chorage asked the airplanes to
change course, intercept the Japanese 747, and confirm the sighting. Both airplanes flew
close enough to see JAL 1628's navigation lights, alone in the night sky, before Terauchi
reported that the unidentified fyling objects had disappeared. The encounter had lasted
nearly 50 minutes. Because it involved an airline pilot and an unidentified flying object
that had apparently been captured on radar, the JAL 1628 encounter attracted a great
deal of public attention. But UFO reports from pilots--private,military and airline--are not
new to the subject of "ufology.” One of the best known cases was a sighting by ldaho
businessman and private pilot Kenneth Arnold. Flying his single-engine airplane over
Washington's Cascade Mountains on June 24,1947, Arnold spotted nine silvery,
crescent-shaped objects skimming along at high speed near Mt. Rainier. They dipped as
they flew,"like a saucer would if you skipped it across water," Arnold told reporters--and
thus "flying saucers" entered the popular vocabulary. Pilots had reported similar
unexplained aerial phenomena before, mainly in the form of the "Foo Fighters" noted by
American bomber crews over Europe in World War II. But Arnold's sighting, with its
accompanying front-page publicity, struck a jittery, post-Hiroshima nerve in American
society and set off a barrage of similar reports. Skeptics believed that every sighting had
a prosaic explanation, such as misidentification of stars, planets, or natural atmospheric
phenomena. Others thought that there was more to UFOs, that they could even be visitors
from other planets. Following the Arnold incident, the Air Force was given the
responsibility of investigating UFO reports from the United States, first as Project Sign
(also called Saucer), then Grudge, and finally Blue Book. Usually understaffed and
underfunded, the Air Force program functioned more like a public relations office than a
scientific investigation, according to the late astronomer J. Allen Hynek. Hynek himself,

who served as a consultant to Project Blue Book from 1948 unitl it was dissolved in
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December 1969, gradually changed from a skeptic into a believer. Not even skeptics can
deny the subject's popular appeal. Last March, a Gallup poll found that 88 percent of its
respondents had heard of UFOs. Nearly half of those polled believed UFOs were real,
not figments of the imagination or misperceived natural phenomena. Nine percent of the
adult population claimed to have seen one. Of these claims, pilot reports are the ones
that interest Richard F. Haines, a perceptual psychologist who compiles AIRCAT, a
computerized catalog that lists more than 3,000 UFO sightings by aviators over the past
40 years. Chief of the Space Human Factors Office at NASA's Ames Research Center in
California Haines is the author of "Observing UFOs", a handbook of methodology for
accurate observation, and the editor of "UFO Phenomena and the Behavioral Scientist",

a collection of psychologically oriented essays on the subject.

SKEPTICS R US

The Committee for the Scientific Investigation of Claims of the Paranormal (CSICOP) was
founded in the spring of 1976, during a meeting of the American Humanist Association in
Buffalo, New York. The impetus for the group's form- ation had been provided a year
earlier by the publication of "Objections to Astrology"” by Paul Kurtz, professor of
philosophy at the State University of New York at Buffalo. The manifesto had been signed
by 186 scientists, in- cluding 18 Nobel prizewinners, who feared that the public was
confusing astronomy and astrology. Today Kurtz is chairman of the loosely knit
international organization, which holds annual meetings and publishes a 25,000-
circulation quarterly, "The Skeptical Inquirer.” The journal is devoted to articles debunking
psychokinesis telepathy,clairvoyance, and other psychic claims, the Loch Ness Monster,
astro- logy and UFOs. CSICOP Fellows include science writer Isaac Asimov, astronomer
Carl Sagan, Nobel physicist Murray Gell-Mann, and James Randi, recent recipient of a
"genius grant" awarded by the MacArthur Foundation. The UFO subcommittee is led by
Philip J. Klass ("UFOs--Identified","UFOs Ex- plained",and "UFOs, the Public Decieved"),
James Oberg ("UFOs & Outer Space Mysteries"),and Robert Sheaffer ("The UFO
Verdict"). The subcommittee con- sists of about two dozen members who operate as an
informal network, exchang- ing articles about UFOs for information and comment. Some

members make them- selves available for local media appearances to counteract what
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Klass calls "the popular view of UFOs as extraterrestrial spaceships.” "We prefer to have
skeptics, of course,"” says Klass, "but we don't require anyone to take an oath of allegiance
saying they don't believe in flying saucers. Basically, we're a mutual education circuit"
(Dennis Stacy).

AIRCAT's cases include Blue Book's declassified files as well as some Haines collected
and research personally. Before joining the Space Human Factors Office, his research
included interviewing pilots about what they had seen peripherally during takeoffs and
landings, data that may one day lead to re- design of airplane cockpits. "I was interviewing
pilot anyway," he says, "and fell naturally into the habit of asking them if they'd ever seen
anything strange." Haines concentrated on pilot reports for reasons other than
convenience. "They have a unique vantage point simply by being in the air," he says, "if
for no other reason than if the phenomenon is between your eyes and the ground, you
can calculate the slant range, and you're establishing an absolute maximum distance the
object could be away. You can't do that with the object against the sky background."
"Pilots also have available to them a variety of electromagnetic sensors of various kinds
onboard the aircraft itself, which can possibly record some manifestations of the
phenomenon, such as electromagnetic frequency and even energy content,” he says.
"They can control the location of their plane so that they can maneuver to gain the best
vantage point, under some conditions. "Finally," says Haines, "they represent a very
stable personality type with a high degree of training, motivation, and selection. If a pilot
comes forward with a strange tale, | give him a lot of careful concentration because he's
putting his reputation on the line and maybe his job. He's had to have thought the details
out in his mind already, and perhaps eliminated a number of ex- planations before going
public." He's also likely to request anonymity. Kenneth Arnold, tired of the publicity
following his sighting, later commented, "If | ever see again a phenomenon of that sort,
even if it's a 10-story building, | won't say a word about it." The feeling was echoed even
in the Air Force. When Blue Book's predecessor, Project Grudge, conducted an informal
survey of Air Force pilots in the late 1940s , one respondent said, "If a spaceship was
flying wing-tip to wing-tip formation with me, |1 would not report it."” The UFO phenomenon
got its tabloid reputation at least in part because of the saucer-busting of active UFO

skeptics. Foremost is the UFO panel of CSICOP, the Committee for the Scientific
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Investigation of Claims of the Paranormal (see "Skeptics R Us," previous page). Led by
Philip J. Klass, contributing avionics editor of "Aviation Week and Space Technology",
James Oberg, an aerospace writer and a manned space operations specialist, and Robert
Sheaffer, a Silicon Valley computer systems analyst, CSICOP exposes hoaxes and
uncovers explanations of UFO sightings. Sheaffer doesn't agree that pilots are superior
UFO observers. "The idea of pilots as super witnesses just doesn't hold," he says. "The
last | heard they were human like the rest of us, and still subject to all concerns and errors
of human psychology and perception. In fact, they're apt to be less worried about how
bright an object is, or its angular elevation, than in keeping their plane in the air. Anyone
surprised by a very brief and unexpected event is not likely to report it accurately.” Haines
agrees that normal perception isn't infallible. Very bright objects, for example, can appear
to be much nearer than they actually are. Autokinetic or self-generated, movement of the
eyeball can make distant objects like stars and planets appear to move. "Also when you're
flying in a sunny, clear blue atmosphere,” Haines says,"sometimes the eye can focus
inaccurately, so that you're not focusing at infinity anymore, but maybe only one or two
meters in front of the cockpit." Because the way we see external events depends on the
body's perception of it- self in space, acceleration and inertil forces that disrupt the inner
ear's delicate sense of balance can also lead to optical illusions. Still, Haines contends
that many induced illusions are short-lived and cannot account for the majority of
AIRCAT's cases. "If a pilot describes a disk-shaped airform with no visible means of
propulsion pacing his right wing for 30 minutes, doing everything he's doing--and | have
plenty of cases like that--then that's not an optical illusion, it's not a bird or balloon or
meteor, it's not any of those prosaic explanations," Haines says. "We don't know what it
is necessarily but we know quite clearly what it isn't." One sensational pilot-and-UFO case
almost certainly had a prosaic explanation. On the afternoon of January 7, 1948, people
near Godman Air Force Base at Fort Knox, Kentucky, reported an object in the sky that
looked like "an ice cream cone topped with red." Captain Thomas F. Mantell, flying in
command of a ferry flight of four F-51 Mustangs (P-51s had been redesignated F-51s the
previous year), was asked to investigate. None of the fighters were equipped with oxy-
gen, and after three dropped out of the chase Mantell continued alone. "It's directly ahead

and above and still moving at about half my speed," he radioed. "The thing looks metallic
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and of tremendous size. I'm going up to 20,000 feet, and if I'm no closer I'll abandon the
chase." A few minutes later Mantell's airplane crashed, earning him the dubious
distinction as the world's first "UFO martyr." Project Blue Book proposed that Mantell
succumbed to hypoxia, or oxygen starvation, and crashed while chasing the planet
Venus, but later evidence indicates he was pursuing a top-secret, high-atmosphere
Skyhook balloon. The balloons, designed for upper-atmosphere research, were later used
by the CIA for surveillance. At altitudes of 70,000 feet or more, the translucent plastic
balloons would often be swept rapidly along by the jet stream. Mantell wasn't the last pilot
to die while pursuing, or being pursued by, an alleged UFO. At 6:19 p.m. on Saturday,
October 21, 1978, Frederick Valentich of Melbourne, Australia, took off from Moorabbin
Airport aboard a rented Cessena 182 bound for nearby King Island. He planned to pick
up a load of crayfish for his fellow officers at the Air Training Corps, where he was a flight
instructor. An experienced daytime pilot with an unrestricted license and instrument
rating, Valentich, 20, was relatively inexperienced at night flying. He was also a UFO
enthusiast who, his father said later, had claimed a UFO sighting 10 months before his
disappearance. Out of Melbourne, Valentich paralleled Cape Otway before heading over
open water for King Island, where he was scheduled to land at 7:28. At 7:06 he radioed
Melbourne Flight Service, asking, "Is there any known traffic in my area below 5,000 feet?
Seems to be a large aircraft." Ground control asked what kind. "I cannot confirm,"
Valentich replied. "It has four bright lights that appear to be landing lights...[and] has just
passed over me about 1,000 feet above... at the speed it's traveling are there any RAAF
[Royal Australian Air Force] aircraft in the vicinity?" "Negative," answered Melbourne.
"Confirm you cannot identify aircraft?" Valentich replied in the affirmative, adding three
minutes later, "It's not an aircraft, it's ..." At that point there was a brief break in the
recorded transmission that was later released to the Australian press. "It is flying past,”
Valentich continued. "It has a long shape. Cannot identify more than that... coming for me
now. It seems to be stationary. I'm orbiting and the thing is orbiting on top of me. It has a
green light and sort of metallic light on the outside." The pilot then informed air traffic
controllers that the object had vanished. At 7:12 he was back on the air, reporting his
"engine is rough-idling and coughing."” Ground control asked what his intentions were;

Valentich said, "Proceeding King Island. Unknown aircraft now hovering on top of me."
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His radio transmission ended in a jarring 17-second metallic noise. Neither pilot nor
airplane has been seen or heard from since. Some have attempted to explain away the
incident as a hoax or a suicide, while others have suggested that the inexperienced night
pilot, overcome by vertigo, may have turned upside down and seen the reflections of his
own lights before the engine of his Cessna failed. Haines has published a book about the
Valentich incident, "Melbourne Episode: Case Study of a Missing Pilot,” and he is in the
midst of another compiling all of AIRCAT's cases. Most are variations on ufology's two
major themes: daylight disks and noturnal lights. The first involves what appears to be
objects in the shape of disks, spheres, or elliptical forms. Nocturnal lights normally appear
as single, continuously visible white light sources. Sometimes the lights are also detected
by ground or airborne radar and less frequently, accompanied by radio static and brief
engine interruption, such as that experienced by Valentich. Most sightings involve two or
more witnesses and last slightly more than five minutes, long enough in most cases, says
Haines, to eliminate a number of explanations, such as meteors and ballons. One case
from the AIRCAT files involved a pilot--call him Captain Gray--who had logged more than
21,000 hours in a 31-year career. On July 4, 1981, he was piloting a passenger flight in
a Lockheed L-1011 Tristar, cruising on automatic pilot at 37,000 feet. The flight was bound
from San Francisco to New York's Kennedy Airport, approaching the eastern shore of
Lake Michigan. The lake below was obscured by clouds, but ahead and above the sky
was clear. Suddenly, from ahead and to the left of the aircraft, a silvery disk "splashed
into view full size...like the atmosphere opened up,” Gray said later. He leaned forward,
blurting out, "What's that?" Appearing at first like a sombrero viewed from the top, the
object rolled as it approached the airplane along an arc that carried it toward and then
aburptly away from the L-1011. From the side, the disk appeared ten times wider than it
was thick, with six evenly spaced, jet black portholes along its edge. A bright splash of
sunlight flared off the top left end of the object. As it disappeared, seemingly in a shallow
climb, Gray noticed what looked like the dark smudge of a contrail. "Did you just see
anything?" Gray asked his first officer. "Yes," he replied, "a very bright light flash." The
flight engineer, his view blocked, had seen nothing. The overriding question for ufologists
is whether a sighting like Captain Gray's is a natural phenomenon or an object that

displays evidence of in- telligence. "As a scientist | have to be cautious,” says Haines.
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"But when AIRCAT is made public, | think the technical-minded can read between the
lines." Skeptics would disagree, "l think there are more than enough ordinary stimuli
floating around to create the UFO phenomena, the UFO social event, of the past 40
years," says CSICOP's James Oberg. "Because of imperfections in human memory and
perception, coincidences and so on, there'll always be a small residue of unsolved
sightings. A small percent of airplane crashes, murders, and missing-person cases don't
get solved either. But you don't have to invoke alien airplane saboteurs, murderers, or
kidnappers to explain them." Haines retorts that Captain Gray was a skeptic before his
own UFO confront- ation. But afterwards, "there was no doubt in his mind whatsoever'
that what he had seen was an extraterrestrial spacecraft. Captain Terauchi of JAL flight
1628 was equally convinced that he had encount- ered an extraterrestrial craft in the skies
above Alaska. Skeptics are not so sure, citing the fact that Terauchi had reported seeing
UFOs on two previous occasions--and would report yet another sighting the following
January, again over Alaska. (He would later explain his second Alaskan encounter as city
lights reflecting off ice crystals in the clouds.) CSICOP's Philip Klass thinks that ice
crystals in clouds played a significant role in the November encounter. He theorizes that
moonlight reflecting off the clouds accounts for the initial sighting, and that when the crew
later saw Mars and Jupiter, bright in the autumn sky, they assumed the planets were lights
from the original UFO. The signal on the onboard radar, Klass believes, could have been
reflected by the same ice crystals (although ice crystals, unlike rain droplets, are very
poor reflectors of radar energy). The FAA analyzed the ground radar and con- cluded that
they had been uncorrelated radar signals, a common phenomenon that occurs when a
radar beam bounced back from an airplane to a ground station doesn't match up with a
separate signal sent by the airplane's transponder. That pilots, as well as ground
observers, have seen something in the skies is undeniable. The question of what they
have senn has yet to be satisfactorily resolved. Maybe it never will be. It may even be
irrelevant. As Jacques Valle, who has wriiten several books on the subject, once said,"It
no longer matters whether UFOs are real or not, because people BEHAVE as if they

were, anyway."
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Keipevo 5: Unix
Unix is an operating system, so designated because it allows a user to interface with a
computer in a way that is (hopefully) easy for the user to learn and use. Unix can be
known by other forms, PC-Unix, Xenix, etc., but they all basically are the same (with slight
differences this file won't go into) and use the same commands. Unix is a wonderfully
simple to use OS once you begin, and while this file will help you, | recommend that you
find a Unix system somewhere and wander around on it to help yourself to learn. To put
this more formally: The UNIX system is a set of programs that include a time-sharing
operating system and a set of utility programs. The operating system has two basic parts:
1. The kernel is the program in the UNIX operating system that is responsible for
most operating system functions. It schedules and manages all the work done by
the computer and maintains the file system. It is always running and is invisible to
users.
2. The shell is the UNIX operating system program responsible for handling all
interaction between users and the computer.
It includes a powerful command language called "shell language"*. The utility programs
(usually called UNIX commands) are executed through the shell, and allow users to
communicate with each other, to edit and manipulate files, to write and execute programs

in several programming languages, and many other things.

Part Il: Recognizing a Unix system

When you connect to a Unix system you will see a message usually like "AT&T Unix:
Unauthorized use will be Prosecuted!" or just "Unix System V" or the like. At the least you
will see a prompt saying "login:". At this point, if possible, make sure that you are in
lowercase, because if the computer det- ects that you are typing in uppercase everything
you read after will be in uppercase with lowercase denoted by a \ in front of the word. This
is because Unix is case sensitive, so be careful, reading lowercase is much easier than

reading all uppercase and slashes. Ok, so here you are at the Unix "login:" prompt.
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Part Ill: Logging on

At this point you must enter your login, and then, if the account ( never more than 14
characters) has one, the password. Now, all Unix systems have default accounts, and
unless set by the Root System Operator no passwords. This has been the means of
infiltration by many the Unix hacker. There are two types of accounts in a Unix, the "super
user" and the "user". The super user has access to almost everything (or everything
depending on the system) and the user basically has access to the files he owns and
what he can sometimes read. The default super user accounts on a unix are: ROOT
MAKEFSYS MOUNTFSYS UMOUNTFSYS CHECKFSYS and sometimes ADMIN
SYSADMIN. For passwords to these try things like SYSTEM, SYSMAN, SYSADMIN,
ADMINISTRATOR, OPERATOR, SYSOP, etc. The default user-level accounts are: LP
DAEMON TROUBLE NUUCP UUCP RJE ADM SYSADM SYNC BIN (Note: These
accounts should be entered in lower case , | merely wrote them in upper case for easier
reference.) After being on Unix's, | have also seen the following common accounts:
USER UNIX GAMES GUEST STUDENT -on school run Unix's. The maximum length of
a password is 11 characters. After doing all this you should, with luck, be in! If you couldn't
hack anything out, try typing "WHQ" at the login: prompt, it may list all the user accounts
and you can try them until you find one without a password.

Part IV: You're in!!!

Congratulate yourself, the hardest part of Unix "hacking" is over. Ok, now that you're in
you'll see a prompt which will probably look like "$" for a user account or "#" if you got
lucky and got a super user account. (Quick note, to stop a unix process in action try
typing ctrl-d or control backspace, these are the end of file/Stop process keys.) Ok, so
you are now in. Let me give a quick lesson on Unix directories. In Unix, the root is the
main directory, and it contains subdirectories which may contain subdirectories etc. In
order to change to the root directory, one would type "cd /". This is because "cd" is the
command "change directory" and "/" is the root directory. To change to subdirectory "Bill"
contained in the root directory, you would type "cd /Bill" or, if you were in the root dir, just
"cd Bill". If you wanted to access Bill's files, you'd enter "cd /Bill/files” assuming Bill had a
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subdir called files where he kept his files. This is how a person would move around in a
Unix sys. Graphically, it looks like this:

Root 1 m Bl ' Files

Part V: Basic Commands
Ok, these commands are the most useful ones that I've found and can are entered from
the prompt. Command:What it does -------------=------ Is gives a listing of all files in a

directory cat gives a dump to screen of what is contained in a file. For instance "cat
phones" would show me what is in file "phones"”. cd change directory pwd shows
what directory path you are in now ps  shows system processes rm remove a file,

for instance "rm phones". rmdir removes a directory, for instance "rm Bill". grep print

ascii strings in afile, ie "grep phones" who shows who's on the system mail sends
mail to a user, syntax mail <username> su change from 1 account to another. For
instance, if you are account Bill and wish to change to account Jake (which is

unpassworded) just type "su Jake" and you will change to him. If Jake has a password
you will be prompted to enter it. This is useful for loggin in under a user account
and switching later to a super user account. passwd allows a user to change his
password. If you are a superuser you can change someone elses password by
typing "passwd <account>". mkuser make a user (providing you are a super user)
mkdir create a directory More Information about Commands.

The following are more of the most basic Unix commands:

cat cd chmod cp cut date echo egrep fgrep
file find glossary grep help In locate Is mail mesg
mkdir mv news pr ps pwd rm sleep sort
starter stty tabs tail tee time touch tty uname usage

wall wc  who write Using the Command: mkdir Syntax Summary: mkdir
dir_namel [ dir_name2 ...]  where: dir_names are simple subdirectory names,

relative pathnames, or full pathnames.
Description: mkdir creates one or more new directories. If mkdir is given a simple name
as an argument, the new directory will be a subdirectory of the current directory. You

can make new directories anywhere in the file system by giving mkdir a complete or
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relative pathname for the new directories, if you have permission to write in the directory
where the new directory is to be created. Ok, those are the basic commands you will need

to go around in the system.

Part VI: Useful Information

A great place to go to get information on who is on the system and what accounts you
can use to get on again is contained in the file "passwd" in the "etc" directory. To look at
it, cd etc, and then cat passwd. The first entry should say something like this:
root:adfaBADca:0:1:Operator:/:/bin/sh what this means is that the root account has an
encrypted password, has super- user capabilities (any user with a 0 in that slot is a super
user) is in group 1 (relatively unimportant for this file), has a comment of Operator (this
may be blank), has a home directory of / (the root) and uses the Bourne Shell, kept in the
/bin directory. You will then see all the other users listed out in the same format. If you
see an account followed by two colons, that means that it has no password. You want
these accounts so that you can log in under them another time. If you get real lucky you
may see something like this: makefsys::0:1:/bin:/bin/sh meaning that you have found a
super user account with no password, a very useful item indeed. Another good place to
look is the /usr/spool dir and the /usr/spool/cron/crontabs dir because if you are a super
user that dir contains much that will be useful to you. In order to move up to a directory
one level higher than you are presently in, type "cd ..". So to move from /Bill/files to /Bill |
would just type cd .. and, assuming | started in /Bill/files | would now be in /Bill. Ok, now
you can wander the system "cat™ing around and whatnot. If a file doesn't "cat”, try just
typing it's name, that will execute it if you have the privileges. Try typing "admin" or "ua"
if you are a superuser nad maybe you'll be able to create users or other interesting things.
You may not be able to cat a file or run it because you lack access permissions. What are
they? Read on!

Access Permissions
access permissions: permissions: mode: owner: owner/group/others: read/write/execute
As the user of a UNIX system, you can decide who can read, write, and execute the files

and directories that you own. You are usually the owner of files and directories that you
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have created in your login directory and in the "subdirectories" in your login directory.
You may also own files in other peoples' directories. You control the use of your files and
directories by specifying the access permissions, also called the mode, for each. You can
specify different access permissions for yourself, your "group™*, and the other users of
the system. Permission to read allows the user to read the contents of the file. Write
permission allows the user to change the file and execute permission enables the user to
execute the program within the file. Is -I prints the access permissions for each file
and directory in the current directory. The sample listing below shows the mode of the
file (preceded by a -), the number of "links"*, the owner, the "group ID"*, the size in
characters, the date and time the file was last modified, and the "filename"*. -rWxr-
x--x 1 sandy 12345 128 Oct 9 9:32 lock If this were a listing for a directory, the hyphen (-
) would be replaced by the letter d. The owner of the file "lock" can read, write and execute
the file, the group can read and execute it, and the others can only execute it. You can
change the mode of your files and directories by using the change mode command,
chmod. Other interesting places to look are in the directories assigned to the users on
the Unix system, often their files will contain some useful information. Also try going into
the /uucp directory or looking for any uucp dir anywhere as it may contain phone numbers
to other Unix systems or other "goodies".

The *: asterisk

In the shell, an asterisk matches any "string"* of characters in a "filename"* on a command
line. The command rm temp* removes all files from the current working directory that
begin with the string "temp". Files like "temp", "temp1", "temp.1", and "temp.save" would
all be deleted. An asterisk alone matches any filename in the current working directory
except those beginning with "dot (.)"*. For example, rm * removes all the files in your
directory except for the dot (.)files. Finally, typing help at the unix prompt may bring up a
help manual that is usually quite well done and will help you if you are stuck or wish to
explore in more depth the commands | didn't go into. Hmm, what else? | can't think of
much more right now that would help you much more, in this file I think I've covered
everything that should get you well on your way towards becoming a unix hacker. Once

you've got this, start reading files on "Unix Shells", "Scripts”, and ask around A LOT. Ah,
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| just remembered something. To get help on a command, type "man <command>" or
"whatis <command> " and you may find out. Also, a lot of Unix's have a built in Help

feature somewhere, try to get to it.

Part VII: A Few Final Words

If you manage to get onto a Unix system, don't screw it up. Unix is a great operating
system, and fun to learn on and have other people learn on. Don't become a superuser
and delete everything or other things, it's just not worth it. Also, don't make a use called
"Hacker" or "Shadow 1" or something, that's a blatant giveaway. Put an account a little
out of the way directory, and create user level accounts if you must, and perhaps just 1
super user level. | can't think of much more to say on the basics, though | probably left
some important things out....nobody's perfect. | hope you enjoyed the file and | can be
found on the following boards: The Private Connection The Undergraduates Lounge
Quick Shop Phreak Klass 2600 The Brewery The Works Slaughterhouse 5, Holovision
Network Node 1 Spock's Brain Special Thanks to: The Prophet, for his excellent file: Unix
Use and Security From the Ground Up. The End, good luck, enjoy yourself, and don't get
caught!

Keipevo 6: Unix 2

The UNIX operating system is a set of programs that act as a link between the computer
and the user. The programs that allocate the system resources and coordinate all the
details of the computer's internals is called the operating system or kernel. Users
communicate with the kernel through a program known as the shell. The shell is a
command line interpreter; it translates commands entered by the user and converts them
into a language that is understood by the kernel. Here is a basic block diagram of a UNIX
system. Spread Sheet Compilers Calculators 3 33 \%
\ 3 $5355553555553533535355555353555 The Shell 3 Mail and 3

3 $353%555%555355555535535535=<- Message Inventory * 3 UNIX system kernel ® * Facilities

Control --->° 3 3 3 95555555555353% Systems 3 2 3 3 3 3<- Interpreters 333
Hardware ®* * * Formatters ->3* 3 3 3 3 3<- DBMS 333 333 Calendar 3
3 3 3 lagys9555555555% Word  Systems ---->3 3 3 3<- Processors 3
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::::::::::::::::::::::

3 Lby5555555555555555555% Editors ---->° 3<- FTP
L5595555555555555555555535535%

The designers of UNIX used the following Maxims while writing the new operating system.
1. Make each program do one thing well. These simple programs would be called "tools."
2. Expect the output of every program to be the input to another program.

3. Don't stop building new "tools" to do a job. The library of tools should keep increasing.

1.1 The UNIX System

The main concept that unites all versions of UNIX is the following four basics: Kernel
The kernel is the heart of the operating system. It schedules tasks and manages data
storage. The user rarely interfaces with the kernel directly. This is the memory resident
portion of the operating system. Shell The shell is the utility that processes your requests.
When you type in a command at your terminal, the shell interprets the command and calls
the program that you want. The shell will support multiple users, multiple tasks, and
multiple interfaces to itself. The shell uses standard syntax for all commands. There are
two popular shells currently available, the BourneShell (standard System V UNIX) and
the CShell (BSD UNIX). Because separate users can use different shells at the same
time, the system can appear different to different users. There is another shell known as
the KornShell (named after its designer), which is popular with programmers. This ability
to provide a customized user interface is one of the most powerful features of UNIX.
Commands and Utilities Separate utilities can be easily combined to customize function
and output. They are flexible, adaptable, portable, and modular. They use pipes and
filters. There are over 200 standard commands plus humerous others provided through
3rd party software. Files and Directories The directory system supports a multilevel
hierarchy. Files and directories have access protection. Files and directories are
accessed through pathnames. Files support multiple name links. Removable filesystems

are also supported.

1.2 File Structure
All data in UNIX is organized into files. All files are organized into directories. These

directories are organized into a tree-like structure called the filesystem. The following
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diagram describes the top level organization of the UNIX filesystem: / (root)

s B33 03 333 uusyslnssysslaasse sslsssssaslssssssslssssssse  bin dev
etc lib tmp usr users These directories, in turn, are also organized
hierarchically.  For example: / 3
s s B 5555555555555 550555555555555555555  dev etc usr
* * %% 3 %333 Shusuh55555e 5355555555 Sasesise Tidessse
dsk rmt init.d rcO.d mail adm spool 3 $355e 555
3 3 acct sa In this example, dev, etc, usr, and adm are directories.

Directories contain other files or directories. Plain files contain text or binary data and

contain no information about other files or directories. Users can make use of this same

structure to organize their files. For example: / 3
3 8 B U535555555555505555355533553555 bin users  dev 3
8 3 $3555555555355555 5335553355355 bsmith sjones 3
% 3333 huunnas5alhshe 3h55a55335e S350 53555 MEMOS  progs

physics chem history 3 2 3 3 3 T3%e Tikesse iisesse Taidedie Tidelie
3 33 333 33 33mfg eng ¢ 77 mods calcs forms notes loc anc Every file has
a name. A filename is composed of one to fourteen characters. Although you can use
almost any character in a filename, you will avoid confusion if you choose characters from
the following list.

1. upper case letters [A-Z]
2. lower case letters [a-z]
3. numbers [0-9]
4. underscore [ ]
5. period [.]

6. comma [,]
The only exception is the root directory, which always uses the symbol /. No other
directory or file can use this symbol. Like children of one parent, no two files in the same
directory can have the same name. Files in different directories, like children of different
parents, can have the same name. The filenames you choose should mean something.

Too often, a directory is filled with important files with names like foobar, wombat, and
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junk. A meaningless name won't help you recall the contents of a file. Use filenames that
are descriptive of the contents.

1.3 UNIX System

Files In order for you to have a basic understanding of the contents of some of the system
directories, here is a partial list of those directories and what files they contain: /bin
This is where the executable files are located. They are available to all user. /dev
These are device drivers. /etc Supervisor directory commands, configuration
files, disk configuration files, reboot files, valid user lists, groups, ethernet, hosts,
where to send critical messages. /lib compiler libraries /tmp scratch
processes, editors, compilers, and databases /bsd Berkeley commands /mnt
empty, used for disks /stand boot information /lost+found  orphans go here (look
here after system crash) /unix* executable, bootable kernel This is not an exhaustive
list of directories that contain system information but it is intended to remove some of the

mystery behind these directories and the types of files they contain.

1.4 Command Line Syntax

Users enter commands at the shell prompt. The default BourneShell prompt is the dollar
sign ($). In general, the shell expects to see the following syntax:
¢ e e ————
Command Format: command options arguments ¢
T s e N s s s s s s
Command - This is the UNIX command. Sometimes the command is
representative of the function. For example, the command to list the contents of a
directory is Is. The first and third letters of the word “list" are used. Unfortunately,
this is not always the case. Options - These are also known as flags. The
common form is: -A where A is the abbreviation of the optional
function of the command. For example, the command Is lists the contents of a
directory, while the command Is -l provides a long listing and Is -C provides
output in columns. Several options can be combined following one '-'; for example

-CF, or they can be entered separately as -C -F. Arguments - These can be file
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names, user names, or qualifiers to the command or one of its options. Example:
................................................................. . $Is -CF sjones
................................................................. The UNIX command is Is list contents of
directory the dash (-) indicates the options. C = Multiple-column output with entries
sorted down the columns F = Put a slash (/) after each filename if that file is a
directory and put an asterisk (*) after each filename that is executable. sjones =
name of the directory to list (it can be a relative or absolute pathname) Example:
................................................................. . $diff memol memo2
................................................................. diff - differential file comparator command
memol - filename argument memo2 - filename argument This command will tell
what lines must be changed in two files to bring them into agreement. Here is another
example that doesn't fit the general syntax for UNIX commands. Example:
................................................................. . $find . -atime +7 -print
................................................................. find - find files . -
the current working directory -atime - True if the file has been accessed in n days (n
is the +7) -print - always true; causes the current path name to be printed
So, this command will give a listing of all files in your current working directory that have
been accessed in the past seven days. Some commands have several options and/or
arguments; while others, like passwd and mail, are interactive and will prompt the user

for additional input.

1.5 Correcting Mistakes

Because the shell and most other utilities do not interpret the command line (or other text)
until you press the (Ret) key, you can correct typing mistakes before you press (Ret).
There are two ways to correct typing mistakes. You can erase one character at a time, or
you can back up to the beginning of the command line in one step. After you press (Ret),

it is too late to make a correction.

1.5.1 Erasing Characters When entering characters from the keyboard, you can
backspace up to and over a mistake by pressing the erase key (#) one time for each

character you wish to delete. The # will appear on the screen, and the character preceding
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it will be discounted. EXample: ... . $Is phajnetty
PP PP PPN In this example, the e will be ignored and Is
phajny is sent to the Multimax. Multiple typos can be erased; simply press one # for each
character to be erased. The erase key will back up as many characters as you wish, but

it will not back up past the beginning of the line.

1.5.2 Deleting an Entire Line You can delete an entire line you are entering any time
before you press (Ret) by pressing the kill key (@). When you press the @ (kill key), the
cursor moves down to the next line and all the way to the left. The shell doesn't give you
another prompt, but it is as though the cursor is following a prompt. The operating system
does not remove the line with the mistake but instead ignores it. Now enter the command

(or text) again from the start.

1.5.3 Aborting Program Execution Sometimes you may want to terminate a running
program. UNIX might be performing a listing that is too long to display on your screen or
for some other reason you want to terminate execution. To terminate program execution
press the Delete key. The operating system sends a terminal interrupt signal to the shell.
When the shell receives this signal, it displays a prompt and waits for another command.

1.5.4 Controlling Output to the Screen There are several ways to control the flow of
characters to the screen as a result of executing a command. Such as: Ctrl-S - This
keyboard function command will suspend the flow of characters to the screen as
the result of executing a command. The screen will not continue until
the keyboard function to resume output is given. Ctrl-Q - This keyboard
function command will resume the output to the screen. Hold Screen - If
your terminal has this key (i.e. VT200), you can press it once to stop output to
the screen. To resume output to the screen, press the key again. Denver
BOR MULTIMAX Each BOR Multimax 310 has four 15 Megahertz National
Semiconductor 32-bit processors with 64 kilobytes of cache memory rated at 2 million
instructions per second (MIPS) for a total of 8 MIPS. The main memory consists of 32

megabytes (million bytes). There can be a maximum of 14 disk drives. Each drive has a
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capacity of 600 megabytes for a total capacity of 8.4 gigabytes (a gigabyte is one
thousand million bytes) Connection to the Multimax is accomplished through one of
several methods. Access is made through TCP/IP based Annex terminal servers. The
two Annex Il servers have 32 ports each and the Annex | has 16 ports. The Annex Il
servers will allow up to 64 users access to the two Multimax computers. The Annex | is
used for access to the on-line printers. CDCnet and TELNET are other ways to gain
access to the Multimaxes. Printouts are handled on a 600-line-per-minute line printer and
a 10-page-per-minute laser printer. Each Multimax has a hardcopy terminal and a CRT
to serve as an operator console. There are two tape drives capable of 1600 or 6250 bits
per inch (bpi) on each system. There is also a cassette tape drive. Software available are
FORTRAN, COBOL, C, and UNISOL (an accounting package). The database
management system is INGRES by Relational Technology, Inc. PROCOMM+ will be the
communication interface with IBM PC's and compatibles. The operating system for the
Multimax is UMAX V. UMAXV is the name for the Encore implementation of UNIX System
V.

1.6 Logging on the Annex

This sample session shows how the login process is displayed on the terminal screen
and is uniform for all users. To bring the standard menu onto the screen, press the Space
Bar. If you are using a PC, first start PROCOMM+. Then when you are in the Terminal-
Mode Screen, press the Space Bar; and the MICOM menu will appear. NOTE:  Login
procedures from the regions are included in the back of this manual Sample Session:

$5559555555555555555559555555555555555555555555535555555535553555%c WELCOME TO THE

B.O.R. NETWORK P/S:B 33 SYSTEMS PRESENTLY AVAILABLE ARE: 3
3 33*SYSTEM*™*  *NAME** 33 33VAX
8300'S VAX ®3 CYBER/CDCNET F.E. CDC ¥ 3 ENCORE/UNIX
MAX ¥30OUT DIAL OD 33 33TO SELECT
A SYSTEM, ENTER THE SYSTEM ® 3 NAME AND CARRIAGE RETURN AT
NEXT ¥3 PROMPT. 33 ¥ 3 CHANNEL 08/061.
ENTER RESOURCE MAX 33 3

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

-E'}JJ}J}JJJJJJJ}J}J}JJJJJjJJJJJ}}555}}J}J}JJ}J}JJ}J}}J}J}}J}JJ}J}’ MAX is the resource
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name you must enter to be connected to the Annex, which is the Multimax front end
processor. Some MICOM menus might not have the MAX selection; in this case, enter
MAX to select the Annex. This is the same as if the menu showed the option. After
entering MAX you will see something similar to the following: Sample Session:
3 03553555555555535555555535355535553535555555335355555353353535355 CONNECTED TO
06/011 3 a9559559555555595559555555595555555555555535553553355535555
This indicates that you are connected to the port selector. Wait two seconds, press (Ret)

twice, and the annex prompt will appear after a warning message. Sample Session:

< 2

® 3 Annex Command Line Interpreter * Copyright 1988 Xylogics, Inc. 33
3 3 #**\WARNING**Unauthorized access to U.S. Government computers 33 is
punishable by fine and/or imprisonment. *WARNING*** 33 annex: 3

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

L’}JJ}J}J}}J}}J}JJ}J}JJ}J}J})})})}J}}}}}}}}}}}}}}}}}}}}}J}J}JJ}J})J)J)}}}}})}})

1.7 Logging on the Multimax
To establish a connection between the Annex and the Multimax enter the following

command at the Annex prompt:

Command Format: rlogin <host> ¢ ¢ ¢ ¢ host - name of the
Multimax ¢

Denver Multimaxes have been assigned the names domax0 and domaxl. The names
stand for the Denver Office Multimax System 0 and 1. The domax0 is used for production
of Bureau-wide applications. The domaxl is used for training and application
development and it is the one to use for exercises associated with this course. To enter
domaxl type: Sample Session:
3 535555555535535355555555355555555553555555555555553553535553535 annex:rlogin domax1
3 Lay5559559559595595555555555555555555555555555555555553553555 or
3 U5%535555553555555555555555555535535555555353355355353333335555  annex:r domaxl
3 5559955555955955955955955555555555555555555555555555555535535% NOTE:

Abbreviations are allowed for the Annex commands, the only requirement is to type
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in enough characters to make it unique. When the Annex has opened
communications with the selected host, the following prompt will appear: Sample
Session: 3 $3353555555555555555553555535355555555555555555553535333535535%5 login:
3 La5955955595555955955559555595555555555555535555355355553535% To connect with the
host, enter your login name at the prompt. Your login name is assigned to you by the
system administrator and typically will be your first initial and last name, all one word with
no spaces. Only 8 characters are allowed for the username so extra letters will be
truncated. Sample Session:
3 $535535555555555353555555553535553535535353535355353555553533535 login:rharding
3 Lay555555555555555555555555555555555555555555535553553553553553 Once the login name
has been accepted, the next prompt will be for the password. The following prompt will
appear on the screen. Sample Session:
3 $555555555555555555555555555555555555555555555555555555555555555 Password:
3 Lay559559559555555555555555555555555555555555555555555555555535% Enter your password.
For security reasons, the host will not display your password as you type it. Sample
Session: > $33355553555535555553355533535535355355555533555335353353355333 Password:
secret 3 ay955955955955955555955555555555555555555555555555555535535535%
Once you have entered the correct password. The login procedure will continue and the
following  will appear on the monitor  screen. Sample  Session:

 055555555555555555555559555595555555955555555595555555555555555555555535555555355 UNIX

System V Release ax.2.20 ns32332 33 domax1 33
Copyright (c) 1984 AT&T 33 All Rights Reserved 33
***\WARNING***Unauthorized access to/use of this U.S. Government 33 computer
is punishable by fine and/or imprisonment. **WARNING***3 3 $ 3

L5555555555555555555555555555555555555535555555533555555333555555333555555333355% At this
point you are successfully signed on to the Multimax. The dollar sign ($) is the default

prompt for the BourneShell.

1.8 Logging Off the Multimax
At the shell prompt $, you can logout of the Multimax using one of the following methods:

1. Enter the keyboard function command Citrl-D.
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2. Type the UNIX command exit. Once you have entered the command to logout the

following will appear on the screen: Sample Session:
30 5599979995595999995555559799555595599555559559955555555955555555%%sc exit 3
3 CLI: Connection closed. 3 3 annex: 3

L5555555555555555535555335555355555355553355533355333535333355% Once you are back at

the Annex prompt, you can establish another connection or logout of the Annex.

1.9 Logging Off the Annex

When the Annex prompt (annex:) appears, you can enter the command to logout of the
Annex. The command to logout of the Annex is as follows:
¢ »ZEAAaaassassssassassasssssssassasssssssassassassassaassassasaasaani
Command Format: hangup ¢
ZaSaasaasasasaasasasaasasassasasassasasassasasassasasassasassas), There is
a 60 minute inactivity timeout programmed into the Annex; however, it is a waste of
resources if you don't enter hangup. When you are finished with your session, be sure to
enter hangup at the annex: prompt. If you don't type anything for 60 minutes, the Annex
will log you out of the system and display the following message: Sample Session:

% 0555555555555555555555553555555355555555553555555355353555333553 *** Annex Port Reset

Due to Inactivity Timeout *** 33 33 Annex Command Line Interpreter
3 3 DISCONNECTED 3
dy55955955955955555955555555555555555555555555555535555535535% When

the hangup command has been entered, the following will appear on the screen: Sample

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

Session: 3 $555555955555535555559555555555955535555553555555355355535535535%  annex:

hangup 33 33 Resetting line and disconnecting. 3
3 33 33 Annex Command Line Interpreter * Copyright
1988 Xylogics 322 annex: 3 3 DISCONNECTED 3

L5555555555553555535555535555355555355555355533555333555335555%

1.10 Changing the Password
The following command will change the password.
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Command Format: passwd ¢
ZSaasasaasssssssssasasasasasasssasasasssssasassasasasassasasaasasasassyls You will
be prompted to enter the existing password (this question is skipped if you don't have a
password). Next you will be prompted to enter the new password. You will then be asked
to enter the new password again. This will verify that you have not made a typographical
error. If the two entries are the same, the password will be changed. The new password
must meet the following criteria:  NOTE: Some of these items are configurable by the
system administrator and these reflect the settings for the Denver Multimax only.

1. Each password must have at least six characters. Only the first eight characters are
significant.

2. Each password must contain at least two alphabetic characters and at least one
numeric or special character. Alphabetic characters can be upper or lower case.

3. Each password must differ from the login name and any reverse or circular shift of
that login name. For comparison purposes, an upper case letter and its corresponding
lower case letter are equivalent.

4. A new password must differ from the old by at least three characters. For comparison
purposes, an upper case letter and its corresponding lower case character are equivalent.
Passwords on the Multimax have a thirteen-week expiration period. At the end of the
thirteen weeks, you will be required to change your password. Once you have changed
the password, you cannot change it again for two weeks. This prevents you from
immediately changing back to the old password and eliminates a possible security
violation. If you try to change the password before two weeks have passed since the last

change, a warning message will be displayed. Sample  Session:
N $535555555555555553555555553555555555535355555355553555553535535 $passwd
3 3 Changing password for teacher 33 0Old password: secret 33
Sorry: < 2 weeks since the last change 3% 8

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

Ly 5595595595599555555555555555555555555355555535535535535535% NOTE: This is about as
friendly as UMAX will ever get. Try to choose a password that is not easy for someone
else to guess. The increasing number of computer crimes involving thefts all point to a
need for protecting the system from unauthorized access. Do not use words like your

birthdate, telephone number, spouse's hame, child's name, etc. for passwords. Although
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you may think passwords are an unnecessary nuisance, they are an important way to

strengthen the security of the computer system.

1.11 On-line Manual

The major source of on-line help is in the form of documentation known as the on-line
manual pages. The pages are divided into eight sections. Section 1 contains entries for
UMAX user commands; the other sections describe administrative tools, library functions,
games, and internal system structure and calls. To gain access to the on-line manual
pages enter the following command:
¢ ))CAAAAAAAAAAAMAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAMAB
Command Format: man <command> ¢ ¢ ¢ ¢ command - the
UNIX command you want information about ¢
Zasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaasaaaaasaaaaaaaaaal, NOTE:
The name 'man’ stands for manual. EXample: .........ccooeeeiiiii e
.$man s et eeee e oo EEeeeeeee e e e ———ee e e e a it —areaeeanrrrraaeeaans This
command will display the on-line manual pages for the Is command. The on-line manual
pages entry begins with the command name and a one line summary followed by a
synopsis of the command line syntax. Optional flags and arguments are enclosed by
square brackets []. A detailed description of the command and all of its options and
arguments follow the synopsis. The description can include helpful examples. At the
conclusion of the entry, related files and commands are listed. NOTE: Most on-line
manual pages will fill more than one screen. Be sure to control the output to your

screen.

1.12 who and finger Commands
Once you have logged onto the Multimax, you can find out who is logged on the system

with the following commands:

¢ - )

Command Format: who [options] ¢ ¢ ¢ ¢ options - see man

pages for a complete list ¢ ¢
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The default output (no options) of the who command lists the user's login name, terminal

Iine, and the time that the user logged in. Sample  Session:

$355533555335555553555555555355553355533535555355553353553533553 $Who 3
3 jwheeler ttypO Aug 15 10:26 33mvisdba  rt02190 Aug 15 09:25 33
teacher  rt020b0 Aug 15 11:07 33 eholderf  rt021cO Aug 15 11:03 33
dbowman rt01150 Aug 15 08:58 238 3

day9559559559559955955955555555955555555555555555555555555535535% Options will display
other information about the users that are currently logged onto the system. Some items
available are the amount of time that has elapsed since activity occurred on that line, the
process identifier (PID) of the login process, comments, and exit information. A UNIX
command that provides a little more information about users that are logged in the system
is the finger command.
¢ ))CAAAAAAAAAAAAAAAMAAAAAAMAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAB
Command Format: finger [options] [userl] ¢ ¢ ¢ ¢ options - see
on line manual for complete list ¢ ¢ ¢ ¢ userl - login name
faSAassasasassasassasasassasassssasassssasassasasasassasasaassassy Y The
finger command with no options will list the login name, full name, terminal name, write
status (an asterisk (*) before the terminal name indicates that write permission is denied),
idle time, login time, office location, and phone number (if known) for each user that is
currently logged in the system.The UNIX operating system is a set of programs that act
as a link between the computer and the user. The programs that allocate the system
resources and coordinate all the details of the computer's internals is called the operating
system or kernel. Users communicate with the kernel through a program known as the
shell. The shell is a command line interpreter; it translates commands entered by the user
and converts them into a language that is understood by the kernel. Here is a basic block
diagram of a UNIX system. Spread Sheet Compilers Calculators 3 3
3 vV Vv 3 $335955555555355553355533355335  The Shell  * Mail and

33 $955955559959555555555%<- Message Inventory * 3 UNIX system kernel ® 3 Facilities

Control --->* 2 3 3 €355555555555535 Systems 3 33 3 3 3< Interpreters 333
Hardware 2 2 ®* Formatters ->3 3 3 3 3 3<- DBMS 333 3 33 Calendar 3
3 3 3 Lysy5955355555% Word  Systems ---->3 3 3 3<. Processors 3
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::::::::::::::::::::::

3 Lby5555555555555555555% Editors ---->3 3<- FTP
Ly59595555555595955555555555555% The designers of UNIX used the following Maxims while
writing the new operating system.

1. Make each program do one thing well. These simple programs would be called
"tools." 2. Expect the output of every program to be the input to another program.
3. Don't stop building new "tools" to do a job. The library of tools should keep increasing.

1.1The UNIX System

The main concept that unites all versions of UNIX is the following four basics: Kernel
The kernel is the heart of the operating system. It schedules tasks and manages data
storage. The user rarely interfaces with the kernel directly. This is the memory resident
portion of the operating system. Shell The shell is the utility that processes your requests.
When you type in a command at your terminal, the shell interprets the command and calls
the program that you want. The shell will support multiple users, multiple tasks, and
multiple interfaces to itself. The shell uses standard syntax for all commands. There are
two popular shells currently available, the BourneShell (standard System V UNIX) and
the CShell (BSD UNIX). Because separate users can use different shells at the same
time, the system can appear different to different users. There is another shell known as
the KornShell (named after its designer), which is popular with programmers. This ability
to provide a customized user interface is one of the most powerful features of UNIX.
Commands and Utilities Separate utilities can be easily combined to customize function
and output. They are flexible, adaptable, portable, and modular. They use pipes and
filters. There are over 200 standard commands plus humerous others provided through
3rd party software. Files and Directories The directory system supports a multilevel
hierarchy. Files and directories have access protection. Files and directories are
accessed through pathnames. Files support multiple name links. Removable filesystems

are also supported.

1.2File Structure
All data in UNIX is organized into files. All files are organized into directories. These

directories are organized into a tree-like structure called the filesystem. The following
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diagram describes the top level organization of the UNIX filesystem: / (root)

s B33 03 333 uusyslnssysslaasse sslsssssnslssssasslsssssse  bin dev
etc lib tmp usr users These directories, in turn, are also organized
hierarchically.  For example: / 3
s s B 5555555555555 55055555555555555555  dev etc usr
* * %% 3 %333 Shusuh55555e 5355555555 Sasesise Tidessse
dsk rmt init.d rcO.d mail adm spool 3 $355e 555
3 3 acct sa In this example, dev, etc, usr, and adm are directories.

Directories contain other files or directories. Plain files contain text or binary data and

contain no information about other files or directories. Users can make use of this same

structure to organize their files. For example: / 3
3 8 B U535555555555505555355533553555 bin users  dev 3
8 3 $3555555555355555 5335553355355 bsmith sjones 3
% 3333 huunnas5alhshe 3h55a55335e S350 53555 MEMOS  progs

physics chem history 3 2 3 3 3 T3%e Tikesse iisesse Taidedie Tidelie
3 33 333 33 33mfg eng ¢ 77 mods calcs forms notes loc anc Every file has
a name. A filename is composed of one to fourteen characters. Although you can use
almost any character in a filename, you will avoid confusion if you choose characters from
the following list.

1. upper case letters [A-Z]
2. lower case letters [a-z]
3. numbers [0-9]
4. underscore [ ]
5. period [.]

6. comma [,]
The only exception is the root directory, which always uses the symbol /. No other
directory or file can use this symbol. Like children of one parent, no two files in the same
directory can have the same name. Files in different directories, like children of different
parents, can have the same name. The filenames you choose should mean something.

Too often, a directory is filled with important files with names like foobar, wombat, and
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junk. A meaningless name won't help you recall the contents of a file. Use filenames that
are descriptive of the contents.

1.3UNIX System

Files In order for you to have a basic understanding of the contents of some of the system
directories, here is a partial list of those directories and what files they contain: /bin
This is where the executable files are located. They are available to all user. /dev
These are device drivers. /etc Supervisor directory commands, configuration
files, disk configuration files, reboot files, valid user lists, groups, ethernet, hosts,
where to send critical messages. /lib compiler libraries /tmp scratch
processes, editors, compilers, and databases /bsd Berkeley commands /mnt
empty, used for disks /stand boot information /lost+found  orphans go here (look
here after system crash) /unix* executable, bootable kernel This is not an exhaustive
list of directories that contain system information but it is intended to remove some of the

mystery behind these directories and the types of files they contain.

1.4Command Line Syntax

Users enter commands at the shell prompt. The default BourneShell prompt is the dollar
sign ($). In general, the shell expects to see the following syntax:
¢ e e ————
Command Format: command options arguments ¢
T e e s s s s s
Command - This is the UNIX command. Sometimes the command is
representative of the function. For example, the command to list the contents of a
directory is Is. The first and third letters of the word “list" are used. Unfortunately,
this is not always the case. Options - These are also known as flags. The
common form is: -A where A is the abbreviation of the optional
function of the command. For example, the command Is lists the contents of a
directory, while the command Is -l provides a long listing and Is -C provides
output in columns. Several options can be combined following one '-'; for example

-CF, or they can be entered separately as -C -F. Arguments - These can be file
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names, user names, or qualifiers to the command or one of its options. Example:
................................................................. . $Is -CF sjones
................................................................. The UNIX command is Is list contents of
directory the dash (-) indicates the options. C = Multiple-column output with entries
sorted down the columns F = Put a slash (/) after each filename if that file is a
directory and put an asterisk (*) after each filename that is executable. sjones =
name of the directory to list (it can be a relative or absolute pathname) Example:
................................................................. . $diff memol memo2
................................................................. diff - differential file comparator command
memol - filename argument memo2 - filename argument This command will tell
what lines must be changed in two files to bring them into agreement. Here is another
example that doesn't fit the general syntax for UNIX commands. Example:
................................................................. . $find . -atime +7 -print
................................................................. find - find files . -
the current working directory -atime - True if the file has been accessed in n days (n
is the +7) -print - always true; causes the current path name to be printed
So, this command will give a listing of all files in your current working directory that have
been accessed in the past seven days. Some commands have several options and/or
arguments; while others, like passwd and mail, are interactive and will prompt the user

for additional input.

1.5Correcting Mistakes

Because the shell and most other utilities do not interpret the command line (or other text)
until you press the (Ret) key, you can correct typing mistakes before you press (Ret).
There are two ways to correct typing mistakes. You can erase one character at a time, or
you can back up to the beginning of the command line in one step. After you press (Ret),

it is too late to make a correction.

1.5.1 Erasing Characters
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When entering characters from the keyboard, you can backspace up to and over a
mistake by pressing the erase key (#) one time for each character you wish to delete. The
# will appear on the screen, and the character preceding it will be discounted. Example:
................................................................. . $Is phajnetty

................................................................. In this example, the e will be ignored and Is
phajny is sent to the Multimax. Multiple typos can be erased; simply press one # for each
character to be erased. The erase key will back up as many characters as you wish, but

it will not back up past the beginning of the line.

1.5.2 Deleting an Entire Line

You can delete an entire line you are entering any time before you press (Ret) by pressing
the kill key (@). When you press the @ (kill key), the cursor moves down to the next line
and all the way to the left. The shell doesn't give you another prompt, but it is as though
the cursor is following a prompt. The operating system does not remove the line with the

mistake but instead ignores it. Now enter the command (or text) again from the start.

1.5.3 Aborting Program Execution

Sometimes you may want to terminate a running program. UNIX might be performing a
listing that is too long to display on your screen or for some other reason you want to
terminate execution. To terminate program execution press the Delete key. The operating
system sends a terminal interrupt signal to the shell. When the shell receives this signal,

it displays a prompt and waits for another command.

1.5.4 Controlling Output to the Screen

There are several ways to control the flow of characters to the screen as a result of
executing a command. Such as: Citrl-S - This keyboard function command will
suspend the flow of characters to the screen as the result of executing
a command. The screen will not continue until the keyboard function to
resume output is given. Ctrl-Q - This keyboard function command will resume
the output to the screen. Hold Screen - If your terminal has this key (i.e. VT200),

you can press it once to stop output to the screen. To resume output to the
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screen, press the key again. Denver BOR MULTIMAX Each BOR Multimax 310
has four 15 Megahertz National Semiconductor 32-bit processors with 64 kilobytes of
cache memory rated at 2 million instructions per second (MIPS) for a total of 8 MIPS. The
main memory consists of 32 megabytes (million bytes). There can be a maximum of 14
disk drives. Each drive has a capacity of 600 megabytes for a total capacity of 8.4
gigabytes (a gigabyte is one thousand million bytes) Connection to the Multimax is
accomplished through one of several methods. Access is made through TCP/IP based
Annex terminal servers. The two Annex Il servers have 32 ports each and the Annex |
has 16 ports. The Annex Il servers will allow up to 64 users access to the two Multimax
computers. The Annex | is used for access to the on-line printers. CDCnet and TELNET
are other ways to gain access to the Multimaxes. Printouts are handled on a 600-line-per-
minute line printer and a 10-page-per-minute laser printer. Each Multimax has a hardcopy
terminal and a CRT to serve as an operator console. There are two tape drives capable
of 1600 or 6250 bits per inch (bpi) on each system. There is also a cassette tape drive.
Software available are FORTRAN, COBOL, C, and UNISOL (an accounting package).
The database management system is INGRES by Relational Technology, Inc.
PROCOMM+ will be the communication interface with IBM PC's and compatibles. The
operating system for the Multimax is UMAX V. UMAX V is the name for the Encore
implementation of UNIX System V.

1.6Logging on the Annex

This sample session shows how the login process is displayed on the terminal screen
and is uniform for all users. To bring the standard menu onto the screen, press the Space
Bar. If you are using a PC, first start PROCOMM+. Then when you are in the Terminal-
Mode Screen, press the Space Bar; and the MICOM menu will appear. NOTE:  Login
procedures from the regions are included in the back of this manual Sample Session:

® 05555555955555555555555555555555555555555555555355555535555353355 WELCOME TO THE

B.O.R. NETWORK P/S:B 33 SYSTEMS PRESENTLY AVAILABLE ARE: 3
3 33 **SYSTEM** **NAME** 33 33 VAX
8300'S VAX ®3 CYBER/CDCNET F.E. CDC ¥ 3 ENCORE/UNIX
MAX #30OUT DIAL OD 33 33TO SELECT
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A SYSTEM, ENTER THE SYSTEM 33 NAME AND CARRIAGE RETURN AT
NEXT 33 PROMPT. 33 33 CHANNEL 08/061.
ENTER RESOURCE MAX 33 3
day9559559559959555555555555555555555555555555555555555555535535% MAX is the resource
name you must enter to be connected to the Annex, which is the Multimax front end
processor. Some MICOM menus might not have the MAX selection; in this case, enter
MAX to select the Annex. This is the same as if the menu showed the option. After
entering MAX you will see something similar to the following: Sample Session:
3 0355555555555553555555553535553553535555535335355555353353535355 CONNECTED TO
06/011 3 ay5595595595595555555555355555555555555555555555555555535535%
This indicates that you are connected to the port selector. Wait two seconds, press (Ret)

twice, and the annex prompt will appear after a warning message. Sample Session:

8 $9555555555595555555555555555555555555555555555555555555555555555555555555555
® 3 Annex Command Line Interpreter * Copyright 1988 Xylogics, Inc. 33
3 3 #**\WARNING**Unauthorized access to U.S. Government computers 33 is
punishable by fine and/or imprisonment. *WARNING*** 33 annex: 3

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

L’}JJ}J}J}}J}}J}JJ}J}JJ}J}J})})})}}}}}}}}}}}}}}}}}}}}}}}}}}}}J}J})J)J)}}}}})}})

1.7 Logging on the Multimax
To establish a connection between the Annex and the Multimax enter the following

command at the Annex prompt:

Command Format: rlogin <host> ¢ ¢ ¢ ¢ host - name of the
Multimax ¢

Denver Multimaxes have been assigned the names domax0 and domaxl. The names
stand for the Denver Office Multimax System 0 and 1. The domax0 is used for production
of Bureau-wide applications. The domaxl is used for training and application
development and it is the one to use for exercises associated with this course. To enter
domaxl type: Sample Session:
3 $355555555555555555555555555555555555555555555555555355555553555= annex:rlogin domaxl
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:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

3 L}J}JJ}J}JJ}J}}}}}}J}}J}JJJJJ}}}}}J}J}}J})}JJ}J}JJ}}}}J}J}}}}}}}:’ or

$55555555555555555555555555555555555555555555555535555553555535% annex:r domaxl

3 L 9595959559595.59595.59595.595955.959559595955959555535555553553% NOTE:
Abbreviations are allowed for the Annex commands, the only requirement is to type
in enough characters to make it unique. When the Annex has opened

communications with the selected host, the following prompt will appear: Sample

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

Session: 3 053505555555555555555555555555555555555555555553553555535535355 login:
3 La5955955595555555955559555595555555555555535555355355553535% To connect with the
host, enter your login name at the prompt. Your login name is assigned to you by the
system administrator and typically will be your first initial and last name, all one word with
no spaces. Only 8 characters are allowed for the username so extra letters will be
truncated. Sample Session:
3 $555555555555555555555555555555555555555555555555555555555555555 login:rharding
3 Ly555555555555555555555555555555555555555555553553553553553553 Once the login name
has been accepted, the next prompt will be for the password. The following prompt will
appear on the screen. Sample Session:
3 $555555555555555555555555555555555555555555555555555555555555555 Password:
3 Lay559559559555555555555555555555555555555555555555535535535555% Enter your password.
For security reasons, the host will not display your password as you type it. Sample

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

Session: 3 $33335353355553535555555535555353555355555353553535335333335353553 Password:
secret 3 ay559559559555955955555553555555555555555555555355555355355355%
Once you have entered the correct password. The login procedure will continue and the
following  will appear on the monitor  screen. Sample  Session:
0 555555555555553555555555555555555555355555555555353555553553535555535555355555 UNIX
System V Release ax.2.20 ns32332 33 domax1 33
Copyright (c) 1984 AT&T 33 All Rights Reserved 33
**WARNING**Unauthorized access to/use of this U.S. Government 33 computer
is punishable by fine and/or imprisonment. **WARNING***3 3 $ N
iy 955955955955995995995595595595595555555555555555555555555555555555555555555553 At this
point you are successfully signed on to the Multimax. The dollar sign ($) is the default

prompt for the BourneShell.
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1.8Logging Off the Multimax
At the shell prompt $, you can logout of the Multimax using one of the following methods:
1. Enter the keyboard function command Citrl-D.

2. Type the UNIX command exit. Once you have entered the command to logout the

following will appear on the screen: Sample Session:
30 95999799955599997995555559799555595559955555559599555555599955555555%ssc Hexit 3
3 CLI: Connection closed. 3 3 annex: 3

L55555555555555555335553355553555533555533555353355333535333355% Once you are back at

the Annex prompt, you can establish another connection or logout of the Annex.

1.9Logging Off the Annex

When the Annex prompt (annex:) appears, you can enter the command to logout of the
Annex. The command to logout of the Annex is as follows:
¢ e e
Command Format. hangup ¢
ZaSaasaasasasaasasasaasasassasasassasasassasasassasasasaasassasYy, There is
a 60 minute inactivity timeout programmed into the Annex; however, it is a waste of
resources if you don't enter hangup. When you are finished with your session, be sure to
enter hangup at the annex: prompt. If you don't type anything for 60 minutes, the Annex
will log you out of the system and display the following message: Sample Session:

% 0555555555555555555555553555355555553555535555355555355553535553 *** Annex Port Reset

Due to Inactivity Timeout *** 33 33 Annex Command Line Interpreter
3 3 DISCONNECTED 3
L y559559559559555955555555555555555555555555555555555555535535% When

the hangup command has been entered, the following will appear on the screen: Sample

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

Session: 3 $33355535555555555555555555555555555555555555555555555555335553%  annex:

hangup 33 33 Resetting line and disconnecting. 3
3 33 33 Annex Command Line Interpreter * Copyright
1988 Xylogics 322 annex: 3 3 DISCONNECTED 3

L5555555555553555535555535555355555355555355533555333555335555%
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1.10 Changing the Password

The following command will change the password.
¢ PZEAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAD
Command Format: passwd ¢
ZSaasasasasssssssssssasassasasassasasassssasassssasasassasasaasasasaassyls You will
be prompted to enter the existing password (this question is skipped if you don't have a
password). Next you will be prompted to enter the new password. You will then be asked
to enter the new password again. This will verify that you have not made a typographical
error. If the two entries are the same, the password will be changed. The new password
must meet the following criteria:  NOTE: Some of these items are configurable by the
system administrator and these reflect the settings for the Denver Multimax only.

1. Each password must have at least six characters. Only the first eight characters
are significant.

2. Each password must contain at least two alphabetic characters and at least one
numeric or special character. Alphabetic characters can be upper or lower case.
3. Each password must differ from the login name and any reverse or circular shift
of that login name. For comparison purposes, an upper case letter and its
corresponding lower case letter are equivalent.

4. A new password must differ from the old by at least three characters. For comparison
purposes, an upper case letter and its corresponding lower case character are
equivalent. Passwords on the Multimax have a thirteen-week expiration period. At the
end of the thirteen weeks, you will be required to change your password. Once you have
changed the password, you cannot change it again for two weeks. This prevents you from
immediately changing back to the old password and eliminates a possible security
violation. If you try to change the password before two weeks have passed since the last

change, a warning message will be displayed. Sample Session:
8 $955555555555555955555555555555555555535555555555555535555555555 $passwd
3 3 Changing password for teacher 33 0Old password: secret 33
Sorry: < 2 weeks since the last change 3% 8

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

Lo 595959599995959595959559595955555555555555555555555555555555% NOTE: This is about as
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friendly as UMAX will ever get. Try to choose a password that is not easy for someone
else to guess. The increasing number of computer crimes involving thefts all point to a
need for protecting the system from unauthorized access. Do not use words like your
birthdate, telephone number, spouse's name, child’'s name, etc. for passwords. Although
you may think passwords are an unnecessary nuisance, they are an important way to

strengthen the security of the computer system.

1.11 On-line Manual

The major source of on-line help is in the form of documentation known as the on-line
manual pages. The pages are divided into eight sections. Section 1 contains entries for
UMAX user commands; the other sections describe administrative tools, library functions,
games, and internal system structure and calls. To gain access to the on-line manual
pages enter the following command:
¢ ))CAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAMAAMAAAAAB
Command Format: man <command> ¢ ¢ ¢ ¢ command - the
UNIX command you want information about ¢
Zasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaasaaaaaaaaasaaaaaaaaaal, NOTE:
The name 'man’ stands for manual. EXample: ...
.$man s et eeee et e EEeeeeeeeaaae———ree e e e e b ———raaeeanrrrraaaaaans This
command will display the on-line manual pages for the Is command. The on-line manual
pages entry begins with the command name and a one line summary followed by a
synopsis of the command line syntax. Optional flags and arguments are enclosed by
square brackets []. A detailed description of the command and all of its options and
arguments follow the synopsis. The description can include helpful examples. At the
conclusion of the entry, related files and commands are listed. NOTE: Most on-line
manual pages will fill more than one screen. Be sure to control the output to your

screen.

1.12 who and finger Commands
Once you have logged onto the Multimax, you can find out who is logged on the system

with the following commands:
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¢ Giaaaassssssssssssssssssssssssssssssssasssssssssssasssasssssassassaaaag
Command Format: who [options] ¢ ¢ ¢ ¢ options - see man
pages for a complete list ¢ ¢ ¢
T e e e o e e s

The default output (no options) of the who command lists the user's login name, terminal

line, and the time that the user logged in. Sample  Session:
3 9555555555555555555535555335553355533555335355353555533533335355 $who 3
3 jwheeler ttypO Aug 15 10:26 33mvisdba  rt02190 Aug 15 09:25 33
teacher  rt020b0 Aug 15 11:07 33 eholderf  rt021cO Aug 15 11:03 33
dbowman rt01150 Aug 15 08:58 233 3

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

Lo 55959%59999999959%595999559595955599595959555555959555555555555% Options will display
other information about the users that are currently logged onto the system. Some items
available are the amount of time that has elapsed since activity occurred on that line, the
process identifier (PID) of the login process, comments, and exit information. A UNIX
command that provides a little more information about users that are logged in the system
is the finger command.
¢ ))CAAAAAAAAAAAAAAAAAAAAAAAMAAAAAAAAMAAAAAAAAAAAAAAAAAAAAAAAAAAAB
Command Format: finger [options] [userl] ¢ ¢ ¢ ¢ options - see
on line manual for complete list ¢ ¢ ¢ ¢ userl - login name
FAAASSssssssssssssssssssssssssssssssssssAAAAAAsssssssssssasasas: 4 The
finger command with no options will list the login name, full name, terminal name, write
status (an asterisk (*) before the terminal name indicates that write permission is denied),
idle time, login time, office location, and phone number (if known) for each user that is

currently logged in the system.
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