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Mepihngn

Yy mopoloo  Simhwpotind  gpyooia, ovohdoviar ol YeEVVATplee  eudotuyalwv
oaxOAOLLMY IOV €YOUV EQPUPUOYT] OTA GUYYPOVO XPUTTOYEUPXd cucThdata. Avantdooeton
o ponpatixd undBodpo mou PBacileton 1 Yewplor TV yeEvwnTELY TWV Peudotuyainy
oxohovhav xadoe xou Ta Pacixd cvotAuoata obvdeong touc. Iivetoaw Aemtopepelaxh
TPOLGLAGT) XL avahuGT GUYYPOVWY XElTNnelev aglohdYNoNE TwV YEVWWNTELOY (eudotuyainy
oxohouthav hauBdvovtag urt’ dduy Ta Siedvi| TpdTUTAL

Iiveton xatnyoplomoinon twv (eudotuyoiwy oxohoudiddy xou TEaypaTonolElToL  Uiat
AEMTOUEPELONY) XATAYEAUPY, TV CUYYXEOVWY YEVVNTEWOY  (eudotuyaiwy axohovddv mou
YENOLOTOLOUVTUL G XEUTTOYEUPIXOUS ohyoplduous pofc. Alveton €ugaon oTlc YEVVATELES
Twv  gevdotuyainy axohouddy mou Pacilovion GTOUC AUVALOUEVOUS  XATOYWENTES UE
yoopui avédpaorn (LFSR) ol onolec xatéyouv to yeyahdiepo pHépoc TV EQUOUOYOY. 211
ouvéyelr Tapoucldlovton TEXYVXES PBEATioNG TWV YEVVNTELOV UECW TNG ELCAYWYNS UN
YeuUUXY TEdEewy. Axolollng oavolbovton yYvwotéc un yeauuwxés I'WA, ou ornoleg
amoTEAOLY Baond AvTITEOCWTO GTOV TOUEN TOUG.

Télocg, mpaypaTOTOELTOL AETTOUEPNS AVAAUGT] TWV YEVYNTELOV TOLU oVOmTOYUNXAY Ot

HEAETN Xadde xou TV xpttnelwy a€loAdYNoHS TouC.
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Abstract

In this thesis, Pseudorandom Number Generators with implementation in modern
Cryptographic systems, are analyzed. The proper mathematic background, which was
used in order to establish PRNGs theory, is first presented. Then, a modern suite of
evaluation criteria, according to the international standards, is presented and analyzed in
detail.

A categorization of pseudorandom number sequences (PRNSs) and their basic
synthesis systems, takes place. In addition, PRNSs with applications in stream ciphers
are emphasized. Special attention is paid to Linear Feedback Shift Registers (LFSRs) and
the high importance sequences that generate. Then, techniques of upgrading LFSRs
through the implementation of Non-Linear Operations, are presented. Subsequently,
leading Non-Linear PRNGs, are analyzed.

Last but not least, detailed evaluation of the presented sequences, through the

mentioned suite, is provided.
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Evyoprotieg

O fieha vo euyaploTAow amd xoEdLdg TV untépa wou Avva xou TNy adeh@n wou EAévn,
Yoo T6o0UC AOYoug Tou éva xelyevo dev Yo umopoloe moté vo toug ywpeéoel. Tov ouluyo
e EXévng, Xpenoto, v Ty oLYfoAT) TOU OTO TPOYPUUUATIOTIXG XOUUATL TNG Topoloog
epyootac. Tov emfPAénovta pou x. Mmdpdn, téco Yo v uinocy pou otov x6CHo NG
Kpuntoypaglog, 660 xou yioo Tnv unoothelln, v xododRynon xou tn cuvepyaoior xatd T
dudpxeta e ouyypaghc e mapovoas. Tov x. Apaxdnouvlo, agevdg yia Ty unooThplEn xat
TN GUVELGQPOPA, oL APETEPOL YIA TLS YVOICELS TOU UOU TEocEpepe xod’ OAn TN Sidpxelol TwV
Axadnuoixdv pou omoudwyv. Tov xn. Teéfela yia ) ouvepyooia xou yid TG YENOWES
ouufoukéc xou mapatneroelg Tou. ‘Ohoug Toug xonyntés Tou Metantuytaxol TEoYedUUITOS
YO TIC YVOOELS X TIC EMOTNROVIXES oLINTACELS, oL TOCO AmAdYEEa TapElyay, HE Wialtepn

wvela otov x. Notden xou tnv xa. Kotta-Adavaciddou.
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Ewcayory

Av xou n Omopén tuyainv aprdudy éyel amodeiydel and to adlnuo tou Kolmogorov yia
v miavétnta (Neveu, Jacques: Mathematicial foundations of the calculus of probability.
Vol.1. San Francisco: Holden-day, 1965), n ovalAtnon uedodwv mopaywyhc Tétouwy
aptduedy amotehel Wior amd TG UEYUAUTEPES TEOXAACELS TwV YeTiX®yV emotuey. Me tny
Tpodo TV Yedvwy ol Topelc e Lwhg Tou avdp®dnou Tou YENoWoTollY EQPUPUOYES, Ol
onolec PaciCovton ¥ omhd ypnowonololv ueydho mhdoc oprdumy mou mEEmel va £youv
yopaxTneloTxd tuyaotnTag, €xel aviniel exdetind. Tuyepd mouyvidior xou xAnewoelc etvou
and Ta mpwTe medin epapuoyhc mou Yo unopoloe va oxeptel xoveic. AANG Bev elvon pbdvo
oQUT, TO TEPAOTIO PACUA EQPUOUOYOV Toug extelveTon amd Tumixéc xadnueptvéc cuvrdeleg
OTWS Wat amA?) cuvolAla 6To XVNTO TNAEQWVO XaL ULol CUVOAAXYY) W€ow oautol 7 Tou
umoloyYloTy, Wéypl {NTAUNTA Tou agopolV oTn Onuécta uyelo OTwe TNV Tpoomddeia
TEOPBAEPNE xou avTWETOTLONG WLog YeTadotnhc actévewag. H ohoéva xon avgavopevn {ritnon,
AoV, SNUIOUEYNOE TNV aVAYXTY TOEAYWYHS TOUG OF HEYIAEC TOCGOTNTEC MO UNYAVIOUOUS
oL onolol Yo UmopolcaY Vo TO XEvouv auTd TOAU YENYOpd ol UE TEOTO TETOLO (GTE VO YNV
“mAfTTel” Ty TuyawdTnTa Toug. IBeahioTind Yo umopoloe va gavtaotel xavels €va dixano
VOULOUO, OTN Wl TAEVEd Tou omolou avtioToly(leton 0 apldude 0 xou oty GAAN o aptdude 1,
To onolo unofdilouue ce cuveyelc pldeic. Tote, xdle évac and Tou duo aprduoic Vo elye
TdovVOTNTA EUPAVIONG 1/2 xou emmAéov ot pidelc Yo elvon avedptnres yetalld toug (opol to
AmOTEAECUO OTOLAGONTOTE UMb TLC TEONYOUUEVES Oev ETNEedlel TO ATOTEAEGUO OTOLAGONTOTE
oand e endueves). H Suadnh oxohoudia mou Yo mpoxder Vo elvon t6TE pior mporyatind
Tuyolor Suadixy oxoloudio, amd tnv onolo pnopel vo mapayVel Ye T oewed e pLor Tuyoda
oxohoudia apriumy. Enoyévee, ol ouveydueves pideic evoe dixaou voployatog Ya unopoloe
vou TieL Xavelg OTL amoteholy TNV TEAEL YEVVATpLa Tuyakwy aptdudy. AuoTtuyde, duws, auto
anotehel ot outomixy Swdixocia M onola Oev pnopel va avtamoxplel otic olyypoves
avéyxec. Emmiéov, onwe Yo egnyndel xou oto Kegddhowo 3, yevvrtpee mou Pooilovtan €
OMOXAAPOU OF W QUOIXT] TNYT] TUYLOTNATOC OEV TMEOTWMVTAUL omd TNV TAELOVOTATE TWV
obyyeovev epapuoyyv. IIhéov, 1o Bdpoc €yel UETATOMOTEL OTNV XUTAOKEUT] UNYAVIOUOVY
nou mapdyouy axolouvdiec apldudy Tou “galvovtar” va elval Tuyolol xou oL WBLOTATES TWV
omoiwv elvor  To A&l Y TNV Aoon TV meoPfAnudtwy  mou  avTiueTwtiovTa.
Acyoholyaote, dnhadn, pe yevvATplee mou mopdyouv (eudotuyaies oxoloudies aplducdv.
Onwe avagépidnxe, n yeron toug elvar amapaitnTn oe molholg Topelc, 1 mopoloa, oUW,
EPYOOlOl EMXEVIPWOVETU OE OUTEC Tou Tpoopllovian va ypnowonotndoldv and olyypeoves
XEUTTOYPUPIXES EQappoYES. [iar TapdBetypar wior YevvrTpla auThS TNe Lop@nc YenolLonoteito
Yl vo Tapdyer Ty xAewbopor), Bdon tne omnolouc Yo xpuntoypapndel v xeluevo xatd T

didpxeta EVOG xpUTTOYEUPIXOD alyopriuou porc. H mapaywyr axohovdicyv dev elvon oumg to
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novadixd {nrovuevo. Ot mapayduevee axoloudiec Tou yenowonolobvtal oty Kpuntoypagpio
Yo mpeénel va TANPOUV  YapaxTNEloTxd mou  elvor  amopadTnTO YL TNV AOQUAELL TGV
mAneogoply. Kdmow and autd to yopoxtnplotixd elvar xadohxd xou xdmoia moxiAouv
OVEAOYOL UE TNV XPUTTOYEAPIXY) EQUOUOYT Yioo TNy omolo mpoopilovtar. o oawtd T0 AdYO
elvan xplown N ex TV TEOTEPWY YVOOT TNE XPNONS TNS YEVVATELAG, €TOL MOTE VAL OYEDLACTEL
XUTAAATAA Yior Vo umopéoel va avtamoxptdel otig anautroelg. O0te duwe owtd elvan omd udvo
Tou apxetd, agol oyediaotel elvon oamapaitnto va eheyydel pe xdmolov tEdNO, AV GVILG
nopdyel xatdAAnhec oxoloudiec. H Buoxorla xav 1 onuoocia tou eréyyou outol, eivou
avtioTolyeg g xataoxeLhc e Blog e yevvAtelag. ‘Oco olluwen xou av @avtdlel n
yeron devdotuyalwy oxorouvddy, ohhd T6G0 Qavidlel ol 1 OTOLUONTOTE CUCTNHUATIXN
e€étaon uag axorovdlog we mpoc Ty TuyondTTe TNe. Ohat auTd anoteholyV xopudtt evoc
evplTEPOL ouUPiBacuol mou TEENEL var YiVEL €TOL (OTE VO TOUEUUETPOTOLCOUUE UE XATOLO
Te6T0 TNV TOYM X0 Vo dnloupyndoly Ta EXEYYUA Yo VoL avTOTOXELIOUUE OTIC OMOLTHOELS
TV TEOBANUdTLY mou nopouctdlovion. Aol To mEoPAfuATa oUTE ATOTEAOUV TUAUOTA
OANANAEVOETWY o TOAUTAOXWY BLadLXaoLdY, oL omoleg elvon evIaypéveg ot €va EVPUTEEO

Madnpatind mhaicto.
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1 MobOnpatiko vioBadpo

Ewooyori

Y10 xegdhono autd Yo napovciactel To Boaoixd Madnuatind unofadeo , oto ornolo Yo
Baototolue yioo vo avantoloupe TN Vewplo twv Tevintpuoy Weuvdotuyalwy Axohoudidv
Apunv (I'PA). ILio ouyxexpwéva Yo avagepdolue oe Boaoixés yvooei AlyeBpoc yior vo
UTOpETOLPE OTN CUVEYEL Vo EUPadlVOUUE OE €Val TILO CUYXEXQUEVO XAddo tng TN Yewpla
Ienepaopéverv Lwudtmy.

H dewplo Henepooyévwv Loudtwy éyel xOpio pdho otn ayedloon xa avéivon I'PA xa
Yt auTd T0 AOYO amoteel T0 Pooxd aVTIXE(MEVO TOU TTaPOVTOC XEQUAALOL.

Téloc , agol Yo dodolv ta amopaltnta epyoleia, o mapouciacToly TO CUGTAUATA
XUTAYPUPNG UETATOTLONG XOU Ol oxOAoLDiEC  xaTaypa@png UETATOTLONG OL OTOES OUCLACTIXG

anotehoVy anotéheopa I'PA oe xataywpntéc ohlodnone pe avddpoo.

1.1  AAyeBpiwkec Aopec

Xy nopoloo evotnTa yiveton mapouciao Twv aAYEBEXOY SOUDY: TOV OUddwY, TV

BUXTLUAIWY, TOV COUATWY X0 TGV TOAUWYOUWY.

111 Opddeg

Optopdg 1.1.1 'Eotww F éva un xevé abdvoro, Mia cuvdptnon f:F x F = F ovopdletou

(xhetoth) pdln (Tdve oto obvolo F).

TMopadeiportor 1.1.2

H npéodeon +: Rx R = R eivon npdén oto R.
H agaipeon oto N -: N x N — N 8ev elvon (xheioth) mpdln.
(5-8=-3 € N)

Oploude 1.1.3 'Eotw éva obvolo F # @, téte 1o F poll ye pla ¥ nepiocdtepes npdéelg
(ndvey oto F), ovoudleton ahyefBpuxh dopt).

Oploude 1.1.4 'Eva cOvoho G e@odiacpévo ue pia mpdén: © G x G = G Yo ovoudleton
oudda, av xavorolel Tic e€nc WBLOTNTES:
1. Jotouyelo eeG tétolo wote: yia xdde a € G vo loyVel 6TLace = eoca= a.

2. Toxde a€G, Ja’" € G ye v OOt aca’ = e.
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3. T xdde a,b,c woyler n tpooetouplotixh Wit ae (beoc) = (ae b)

Enopévee to (G,0) ovoudleton oudda ov Ixavornolel T mopandve.
H té&n e ouddoc G, elvon 1 toylc tou cuvohou G xou cuufolileton e |G|H o(G).

Av |G| < oo, t61e 1 G MéyeTan MEMEQAUOUEVT], OANDC AEYETOL GmELpn).

TTapatnehoec 1.1.5

i Muvndiletan yioo TNV TEAEN VoL YENOLLOTIOLOUUE TOV 6pO KTOANATAAGLICUOCH Xl
Yl TO anotéAecua aeb Ttov 06p0 «YWOUEVOY», UAAOTA Yot AOGYOUC
aniobotevong napale(touye To aolUfoho «o» xan ypdgouue ab. Ilpénel vo dodel
OUWC PEYIAT TPOCOYY| OTO YEYOVOS OTL UEQIXES POPES, OTAV OVUPEPOUICTE OF
CUYXEXQUWEVES OUAdEC Ylot TNV TEdEN o TO OmOTEAEOUd g umopel va
yenothonoloivton dhhot dpol xou cuuoiiouol.

Iopodelypatog ydpety, yioo TV Teocletiny) oudda tewv axepaiwy 1 Tedn xaielta
«npocdeony, to anotéheopa «dpolouoy ot €YOoUUE To cuufBoiioud a + b.

ii. Ay Lot oudda xavomoLel emnhéov v Lo TNTAL:

aob= boaywxkdbea,b € G t6te 1 ouddo AéyeTon ueTardeTixny 1) oABEALovY.

iii.  To otoyelo e € G g WWOTNTAC 1 ToU optouod 1.1.4 elvor povadxd, xokeiton

0udétepo N povadwio 1 TawToTXd oTolyelo g ouddac G xou Yo cupBoiileton

pe 1g 1 mo amAd 1. Extéc av o xdnoleg TepinT®oels EMAEEOVUE DlUPOPETING
oLUPBOALGUO.

IMopodeiypatog ydpwv otnv mpooUetixr] ouddo Twv axepaiwy YeNoULomolo0ue
cuvidwe tov cupPBoiioud Og.

iv. To o € G tng Wio6TNTOC ii TOL Oplouol 1.1.4, elvon povadixd, Aéyeton avtioTeoo
’ -1 4 7 g ’,
tou o xo oupBoAiletan pe o LExtéc, av mdAl, o€ XdmoleC TEPLITWOELS

emhé€oupe Sapopetind. Ilopadelypatog ydetv oty mpooletxr] oudda TwV
Tpaydotixwy to cuufohiloupe pe -a.

v.  IToAMéc gopéc yenowonowolue tov ouufBoiiopd (G,e.e) ,6mou e o povoadiaio
otouxelo g ouddac, avtl tou (G,e) yi TV oudda , Yl vo amogevy oy
ouyyVoelc mou umopel vo  mpoxAndolv. Ilupadelyyotog  ydewv  6Tav

YENOHLOTOLOUUE TOANATAACLAOTIXG 1) adpoloTind cuUPohioud.

Lyoha Eotw a; € G,6mou i = 1,2,....n, I'a exppdoeig g pop@nig o ... Elvon copng
N UTOAOYLOWOTNTE Toug xau Oev emmpedletar ombé Tov TEOMO  yenowdomoinone B un
TUPEVIECEWY, aQoU AOY® TNG TPOCETHUELOTIXAC WIOTNTAS divouy w¢ amotéleouo To (BLo

névTa otolyelo tng ouddos G.
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Emniéov, av n € N: 1o otoyelo mou mpoximter ond v mpdln a+ a+ -+
D ——
n to tAnbog

YEYOLLOTOUVTIG adpoloTind cupfollouo, oupfohrileton e no
X0 Loy Loy oL WLOTNTES: no+mo=(n-+m)o
m(no)=(mn)a
(-n)o—n ()
0-0=e=0g¢, !

Evéy to otowyelo mou mpoximTel ombd TNV TMEEEN A ..c @ YENOWOTOLWVTUS TOV
———
n 1o mAnfbog

rolamhootaotind cuuBolowd, cupforileton e o xat loybouv ol WLdTNTES:
n,_m n-+m
ool =o
n\m nm
(o) =a
- -1
o Il:(a )n

1
ocO:ezlg, ;6ToU

YuuPohMouds ‘Eotw n detinde axéponog, Ye Zy cuyfoilloupe T0 6OUVORO TwV UTOAOITWY
g dladpeomng GAwV TwV axépaiwy Ye To 1, donhadn Z, = {0,1.......,n - 1}.

To Z3, €lvon 10 6OVOAO OAWV TWV U1 UNOEVIXWY GTOLYEIWY TOU Zjy.

Me amodn cupfohiloupe to undroimo TS SLodpEOTE TOU UXEPOLOU & UE TO M.

7w

TN Aéyoug anholoteuong Ba yedgouue otov Z, “a+ b’ avtl “a+ b modn” xou “a * b”

”

avtl 7 a-bmodn”, 6mov + xou - 1 ouvidne npdoleon xou 0 cUVAUNG TOMAUTAACLOUGUOS

avtioTolyo.

Topadeiyuporta 1.1.6

i.  Ouohyefeuée dopée @ (R,4,0),( R*,+,1),(Z, +,0) anoteholv opddec, bnwe enione
xau ot (Zy,+,0), (Zs,+,0), (Zz, -,1).
ii.  To 6Uvolo TV PuoOY apLdudY pe TEdEn T cuVidn tpdodeot) (Puody

aprducyv) AEN anotehel ouddo.

Ipdtaon 1.1.7 Eotw a,f €Z pe (a,f) % (0,0), t6te undpyel évac péYLOTOC %OLVOCQ
Blanpé€tne Twv a, f , €éotw 6, xou Wdhota § = ay + LY, yia xotddnhouc x, P € Z,cuufolxd
5= ged(a,B) = ued(a,B).

OTOU OTA UPLOTERA TWV LOOTATWY €YOUUE ToV Quod aptdud 0, eve ota dedid To

oudétepo oTolyelo TN ouddoc pe tov avtioTtolyo cuUBoAoUs .
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Hopotrenon 1.1.8 'Eotw p npwtoc xaw a €EZ pe 0 < a < p, téte 3 ) €Z tétowa toTe

ax+ pp = 1= ukd(a,p).

Ipbtaon 1.1.9 'Eotw p npdtog aprduoe xou n Yetxde oxépatog toTe Loybouy ta e€ng:
H (Z,,+,0) elvon opdda xon xoheiton mpocdetiny opdda Twv axcpaiwy modulo n.

H (Zj, 1) etvon opddo xou xoheiton mohhamAaciacTixr oudda twv axepalwy modulo p.

Optopog 1.1.10 'Eotw G plo opdda toTe:
AVV ) EG Y EG xui€Z téton dote P = x
N oudda Yo ovoudleton xuxhixy, to otolyelo y Yo Aéyeton YEVVATOEAS TNG XUXALXNAG

ouddoc G xou Yo ypdpoupe G =< a >.

Hopadeliyuotal.1.11 i. H opdda (Z ,+,0) éxer yevvitopeg to -1 xau 1o 1.

ii. H opdda (Z3 ,-,0) éxet yevvitopa to 2.

1.1.2  AaktiAiol Kol > opoto

Optopdg 1.1.12 "Eva abvoro R epodiacuévo ue dUo npdéelc +:Rx R > R xau-: R x R —

R ovopdleton doxtOMOg av 1oy boUV O ToEAXATL WBLOTNTES:

—_

(a+ b)+c=a+ (b+c),Yab,c €ER

2. 3 otowyelo Op tétol0 wotea+ 0= Op+a=a,Va ER
3. Va €R Jotoyeloa’ €ER tétoo Gotea+ a’'=a' +a= 0
4. a+b=b+a, Vab €R

5 (a*b)-c=a-(b-c), Va,b,c ER
6

7

a-(b+ c)
(a+ b)-c

ab+a-c,Vab,c €ER

a-c+ b-c,Vab,c ER

To 0g ovopdleton undevixd ototyeio Tou doaxtuliou R xot to a’ avtideto.

Topatnerosic 1.1.13

1. To undevixd otoiyelo tou daxtuiiov R cupfohileton pe Op xou elvon povadixo.
2. V a€R,undpyet povadixd avtideto otoiyeio a’” € R, cuvidwe cuyPohriletar e
-a.

3. AvVab €Rwoybeta-b= b-a t6tc 0 doaxtdAoc R Yo Aéyeton petadetinde.
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Av oo doxtOho R 3 otouyelo 1; tétowo dote 1p-a= a1, = a,Va € R t6te
t0 1 Yo ovoudletar povadiaio otoyeio ( povéda) tou R xouw Yo Aépe 6Tt o R

elvon SaxtOALoC Ye povadiaio otouyelo (A e povdda).

H mpd&n + tou oplopot 1.1.12 cuvidwe xokeiton npdcdecn tou daxtuAiov R.

H npd&n - tou opiopod 1.1.12 cuvAdwe xodeltor mOMATAICIAOUOE TOU

daxtuhiou R.

H W&86tnta 1 tou oplopod 1.1.12 cuvidoe xohelton mpocetouplotien WBLOTNT TNS

Tpboveog.

H W6t 5 tou optopol 1.1.12 cuvidwe xaheltor mpooeTtaolotiny WidtnTa Tou

TOATAQGLOUOU.

Ou BLotnTee 6 xan 7 1o oplopod 1.1.12 cuvitee xaholvTon ETLUEQLOTIXOL YOUOL

Yuvniileto va ypnowlonoloue Yo AdyYoug amAoUGTEUCTC TOUG GUUBOAGUOUC:
ab avti toua-b, 0 avtl Tou 0g xou 1 avti Tou 1 (6Tav autd undpyel)
[ vo dnhdooupe tov cuufolioud TV TEdéewmy + xou - o évay daxtUAo R

ocuvidwe yedgpouue (R, +,).

Hopadelypata 1.1.14 Ov ahyePeixéc dopéc:

1.

(Z,+,),(Q,+,), (R+,),(C +,) eivon petodetixol doxtOAiol e povddo, e8¢ Ue
+ xou -+ ouyPoriCovtar o ocuvildeic mpdlelc Tng mpdoveonc xa  TOU
TOMOTAACLOGHOU avTioTOoLY L.

(Zy,+ ) elvon petadeuxde doxtOMog Ue povodifo oTolyelo, ed pE + xou -
oupPoiilovtan ot medielc e TEdGVESNC Kol TOU TOANATAAGLIGUOY OIS AUTES
€xouv oplotel ywr tov Zy, 0 onolog xoheltar SoxTOAOC XAJoEWY LTOAOINWY
modulo n.

To cOvoro My (C) tov nx n wyadxdy mvixeny Pe Tic npdlelc tne tpdodeong

X0l TOU TOMAATAAGLOGHOU TvExwY elvor doxtOAlog Ue povadiolo atolyelo.

Hopatienon 1.1.15 Av évac daxtOlloc R éyel povada 1 xou 13=05 t61€ V r € R 1oy VgL

6t r=1-r=01=0. Apa R = {0}.

Ogptopof 1.1.16 Evac doxtvhog (R, +,)) Yo ovoudleton:

1.

Axéponar meployhy av elvan petadetinde  daxtOMog pe uovddo 1gp # Ogxon av
emnhéov V a,b € R\{0} éyouue 6w ab # 0.
AaxtOhoc dulpeone av ta un  undevixd otolyela Tou R anoteholv ouddo w¢

TEOC TNV TEAEN TOU TOMNATAACLAGHOV.
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Hopadelyuoto 1.1.17

1. O SaxtOho (Z,+,), (Q, +,7), (R, +,7),(C, +,7) eivou axépatec neptoyéc.

ii. O SaxtOhog Dy(R)={Biaydvior nx n mivaxes Ye mporyuatixols oUVTENEOTEC), UE
TIC YVOOTEC TEGEELS NG mEdo¥eons Xou TOU TOANATAAGLIUCUOD TUVAXWY Elvor
petadeTindg doxtOAlog pe povdda ahid AEN eivon oxépata neploy.

iii.  OZg oev eivau axéoauar mepioy”)

Hpdtaon 1.1.18 O Z,, eivaw axéoona meptoyrj < o n elvar mpdtos 1j Undev.

Iedtaon 1.1.19 ‘Evag petadetind daxtOAMog e povadiaio otolyelo 1 # 0p oTov omolo

e ’ 7 7 2 Z 7
x&de un undevixd otolyelo elvor avTtioTeédyo Aéyeton oy

Topadeiyuota 1.1.20

1. O doxtonol (Q, +,), (R, +,), (C, +,7) eivan odpoto.

ii. O SaxtOhog (Z,+,7) eivon axéparor nepoyy| , odd AEN eivon obdya.

Hopatrenon 1.1.21 Kdde owpo sivon axéparor meployy), adrd xdlde axépouo mepioyr) dev

elvon oopaL.

Ipdtaon 1.1.22 Kdde nencpaouévn axépona meptoyy) elvol olpa.

IMépuopa 1.1.23 O SaxtOhiog Zy, elvon obpa & o n elvar mpdTog.

Optopol 1.1.24

1. Ilemepaopévo oduo xoheiton évor omua tou onolou to (droaxexpiuéva) oTolyela
elvou menepaouéva to mARlog.

2. Tdé&n evée nenepaopévou onuatoc ovoudletoar 10 TARYOC TwV (Slaxexpulévmy)
oTolyElwY Tou.

3. Oa cupforifouye pe F, éva menepaopévo ohpa we q 1o mhifdog otouyela.

(Onwe Yo Solye otnv mapatienon 1.2.5 6ha ta nencpaopéva odpata Ue ¢ To TARdog
otouyelo elvon  (toopoppixd) loa, dpa eivon ocav vo éyouue (Loopop@xd) pOvVO  €val
TENEpAoUEVO omua Ue g to Thidog oTolyela)

‘Evog devtepog oupfoliopoc v to Feelvar o GF(q) - mpoc turv Tou Evariste Galois

(1811-1832)- xou cuyvd avagépeton we medio Galois.
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Hopadetypara 1.1.25 O ahyeBpixés dopéc:

(Q+,), (R+,),(C,+,) elvar odpato.

b. (Z;,+,) elvou tenepacpévo oduo.

c. (Zy+,) elvon TEMEPAUOUEVO oY TéEne 2.
‘Eyet w¢ otouyeio to:0 xou 1, tor omola xohoUvtan duadixd otolyela. Emnigov ol
nivaxec  mou  avilotolyolv ot Tmpdéelc  Tng  mpodoleonc  xou TOU

TOMOATAAGLOGHOU Elvou:

+ 10 1 “lo 1
0 |0 1 0lo 0
1 1 0 110 1

Yyoho Av pe p ouyfohlcoupe évav onolovdrfnote TpwTo axépao To (Zy, +,7) elvou
TENEPAUOUEVO OOUA X ovopdleton  (TENEPUOUEVD) OO XAAoEWY UToAoinwy modulo p.
YupPohiletan ouvidog ue Z,, Oung , 6mog einaye xon otov oplopd 1.1.24 (3) xou Yo Solue
otnv nopathenon 1,25, elvon ooy vor €youpe uOvVo éva TENERUOUEVO oo (LooPopPXd) UE ©
T0 TAfdog ototyela xou to Z, to cuufBoliloupe xateudeiav e Fph GF(p) o yevixotepo

YENOLLOTOLOUVTAL Xal Ot TEELS cUUPoAlouol pe Ty (Bla euxoiia.

Iopopa 1.1.26 Avn € N ye n 2 2 ta endpeva elvar L.oodivao:

1. O n elvou mpwToC.
ii. O Z, slvow axépouo neploy.
iii. O Z, sivar oopa.

Optopoe  1.1.27 'Eotw R évag daxtihog xou S éval un xevd unochvolo tou R |, tétolo

“ote oL meptoplopol Twv 800 mpdewv TouR,+:Rx R >R xa , *:Rx R—> R, ct0 S va
elvon mpdeic oo S.

Av 10 S pe e npdelc autéc elvon daxtOMog, Yo Mépe 6Tl to S elvon unodaxtiitoc Tou R.

TTopadelypoto 1.1.28

i.  To clOvoro Twv dpTiwy axépouwv 2 Z elvor UTodaxXTUALOS ToU Z.
ii.  To oUvoho twv meptttdv axéponnwv AEN elvon unodaxtiilog tou Z.

iii.  To olvoho twv dptiwv puoxeyv 2N AEN eivon unodoxtditoc Tou N.
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Ogptopol 1.1.29
1. "BEotw F éval oo ol S évolc VOO TOAOC Tou.
Av o § elva oopa Yo Adye 6T elvow  umbowua  tou  F.

Avtiotoiya to F Yo ovopdleton enéxTtaon Tou couatog S.
ii. ‘Eva ooy mou dev mepiéyel xavéva YVACLO UTOCWHA OVOUGLETAL TEWTIEY XS
oL

Av p modtoc, ToTE TO TETEPacUévo cmua [F, elvon TtpwTtapyxd.
’ p

Iopdderypa 1.1.30 To (Q, +,7) eivar undowyua tou (C,+,7).

1.1.3  ToAvavupo

Optopée 1.1.31 'Eotw R évac daxtOhog, éva mohudvuuo f(x) ye ouvteleotés otoiyela
Tou R elvan éva ddpolopa Tne poppnc:
o
Zai)(i = @t Ayt ot apyt o
i=0
omouL:
o ER vy xdde €N xau y avedptnmn petafAnti,ue =0 yevixd extéc amd €va
nenepaocuévo TARdoc 1 (o To onola o5 0).
To o ovoudlovtal GUVTEAEGTEG TOU TOAUWVVOUOL.
To upeyohltepo i€ Ny to omolo oz 0 ovoudletan PBodudc TOU TOAUWVOUOU  Xou

oupPolileton pe deg(f(x)) = deg(f).

To moiuddvupo f(x) = ag ovoudletar undevixol Baduov.

7

2 OMaL
E¢ opwopol  (1.1.31) n  (a,) elvon wo  tehxd  undevixrp oxohoudia Tou R,

Onhadn IneN €tol GoTe a; =0 Yot e i>n,
Il auté 10 Adyo avagepdpacte ouvidwg oTo mohuwvudo pe oTolyela tou R ¢
) = Thoaixt ,6moun = deg(f) xou @, o péyiotog 6poc.

Av o doxtOMog R elvon povaduabog pe 1y # 0p toTE unopolue va ypdpouue tov dpo 1x*

we x .
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ITobo¥e0m xo TOAMATAAGLAGUOC TOAVWVIUWY UE CUVTEAECTEC oToLYElo evOC daxtuiiov R

‘Eotw f(x)= apg+ arx+ ..+ apyxy™+ «xou g(x)= bg+ byy+ ..+ byy™+ -, ue
a;,b; € Rtéte:
® [ Ty mpdodeot Twv TOAUWVIULY €YOUUE:
f(x)+ g(x)=co+ crx+ 4+ cpx™+ ..., bnov ¢, =a,+ b, v xddc neN
o [l TovV TOMATAACLIGHS TV TOAUWVIUWY EYOVUE:

f(x)-g(x)= do+ dyx+ -+ dpx™+ -+, 6m0V dpy = Vit Aibp; -

Hopotrienon 1.1.32 To ocOvolo TwV TOAUWVOUWY Tdve oto R pe Tic mpdéelc tng

TEOGVESNC X0 TOU TOMATAAGLIGHOU , OTWE AUTES 0plOTNUOY TOEUTAVE ,ATOTEAEL BaxTOALO.

Optopde 1.1.33 O Saxtdhiog Tou anoTele(tor and To TOAUDYLUO T8V oTov (BoxTOAO)
R, poll pe Tic avwtépw medlelc g mEOoUECNC ol TOU TOANATAAGCLICHOU ovopdleTtol
TOAUOYLUIXOS BaxTUAOC v oTo R xou cupfBoiileton pe R[x].

To undevixd otoiyeilo Tou R[x], elvar to moAudvupo yio to onolo o=0 yio xdde i € N,

ovopdZetan pndevixd xon cupBoriletan ue 0 (0 =0gpx) =0).

Ocwpenuota 1.1.34

Av o R elvau petadetixde daxtOhlog, T6TtE X 0 R[x] mou mopdyeton and awtdv elvon
enlone petodeTinde.

Av o R €yl yovadwdo otolyelo 1z # Op, téte 10 1 elvon povadiaio otolyelo xan yuo

o R[x].
Ipotacn 1.1.35 Av f(x), g(x) moiudvupa otov F[x] tote:
To ddpolopa f(x) + g(x) elvor Tohudvupo otov Flx].

To ywopevo f(x) - g(x) elvoaw mohucdyvupo otov Flx].

Hopotrenon 1.1.36 Av o daxtOhiog R elvon cwyo ,t6te 0 BoxTOAOC TOU TOAUKVUUOU

R[x], mou mapdyetor and tov R, slvon oxéponor teptoyh (xon Oyt xot’ avdyxny couol).
)

Hopotnenoeg 1.1.37 T tov Badud 800 moruvwviywy f(x),g(x) € F[x] woydouv ta

axdrouvdar:
i.  To otadepd molumvupa €xouy Badud undév. Anhady) dege = 0,c € F \ {0}.
ii.  Boduog tou undevixol noluwviuou dev oplleta.
(Xe xdmotec Pihoypapies unopel va dovue deg0 = — oo ¥ deg0 = - 1).
iii.  deg((f + g) < max{deg(f),deg(g)} .
iv.  deg(fg) = deg(f)+ deg(g).
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Oplopée 1.1.38 Av F oopa xou f(x) € F[x], pe deg(f) = nxo a, =1 (dnhadh o

ueylotofdiutoc 6poc toolton pe 1) tote to f(x) ovopdleton LoVIXG TOAUMVUHO.

Optopoe 1.1.39 Av f(x), g(x) € F[x] Yo Aépe 6Tt ot mohucdvupa f, g elvon oo av:
edeg(f) = deg(g) = n.

pdel

ovVi=01,..,na; = B; ol cuvieAeatéc TwV f, g avtioTolya.

Yyomo Av F= RNF= C t6te pnopolpe vo dolpe to mohuvdvupa  f(x) ooy
CUVUPTNOELS, TIC AEYOUEVES TOAUWVUUIXES CUVOPTNHOELS, OL OTIO(EC €YOLY TN LOPYT:
fiF - Fx]:x - f(x), 6nrou F = RfC.

(Ed¢ o mohuchvupa eivon too av xow Ovo oV oL TONUWVUIXES GUVOPTACELS elvar (OEC).

Oedpnua 1.1.40
Av a(x),f(x) € F[x] pe B(x) # 0, t6te undpyouv povadixd moludvupa m(x),v(x) €

Flx] tétowx wote a(y) = B(x) - m(x) + v(x), omovv(y) = 01 deg(v)<deg(B).

Optopog 1.1.41
‘Eva moluwvugo g(x) € F[x] Yo Aéue 6w duoupel to moiudvupo f(x) € Flx],
av 3 n(x) € F[x] tétoo dote f(x) = g(x) - m(x) xou Yo ypdpouye g \ f.

Optopog 1.1.42
‘Eotw R uia axépona tepioyy). ‘Eva nohvwvupo f € R[x] da Aéyetan avdywyo:

av A g(x), h(x) € R[x|, ue deg(g),deg(h) = 1 tétowx dote f(x) = g(x) - h(x) .

Xydho O ybpoc R otov omolo Bpioxduacte elvan xplowne onuacloc yia to ov €va

TOAUGVLUO Efvol avaywyo 1 OxL.

Iopdderypa 1.1.43 To mohuwvuuo f(x):)(2 -2.

Av f(x) € Q [x] elvon avdywyo yioti V2 ¢ Q,
evd av f(x) € R[x] Bev eivan avdywyo ool f(x)=(x-V2)(x+V2).

Optopog 1.1.44 'Eotw F éva owpo xou f(x),g(x) € Flx]. émou f(x) 2 07 g(x) 2 0.
Edv 3d(x) € F[x] ye tig BiénTeC:
i.  d(x) povxd

ii. d(x) \ f(x) xu d(x) \ g(x) oto F[x]
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iii.  Avce(x) € Flx], c(x) \ f(x) xou c(x) \ g(x) t6t€ c(x) \ d(x)

Téte to d(x) ovopdleton péylotog xowde doupétne twv tolvwviuny f(x),g(x) ( oto

F[x]).

Tapatnerosic 1.1.45

a. And v WidTnTa ii.éneton 1t wde dAhoc xowvde Siugétne twv f, g éxel Podud
< deg(d).
b.  Av ukd(f(x),g(x)) = 1 t6t€ 10 v f,g ovoudlovion mpddTa YETAED TOUC 1

OYETIXA TPWTA.

Oedenua 1.1.46 'Eotw F oopa f(x),g(x) € F[x] ve f(x) # 09 g(x) # 0
167 3 povadnd d(x) = uxd( f(x), g(x))

xou emmhéov I a(x), f(x) € Flx] : d(x) = a(x)f(x) + F(x)g(x).

Optopéc 1.1.47 To b € F ovopdletan plla tou morvwviuou f(x) € Fx] av f(b) = 0.

Octpnuo 1.1.48 (Avdhuon tou mohuwVOUOU f(X) O YVOUEVO HOVXODV OVEYWYWY
TOAUGVOUGY)
‘Eotw F owya, xdde moludvugo f(x) € Flx], ue deg(f) > 0 ypdpeton xatd Lovadixd
om0 (pe elolpeomn TV SLETaln TV TUEAYOVIWY) 6OG:
fO) = c p™ - oo pra )™ ;
omov ¢ € F\{0}, ta p;(x) €F[xli=12,..,m, elvor Swxexpyéva povxd avdymyo

ToAuavupa xou oL rydeTixol axéponot, i = 1,2, ... ,m.

Hogsderyue 1.1.49 Av f(x)=y" -y +2y*2y+y-1€ R [x], t61te 1 ovéhuch Tou o€

YWOUEVO LOVIXGY avy ey wy ToheviueY elvar f(x)=(x*+1)% (x-1).

Evé av f(x) € € [x] téte 1 avéhuon eivan £(x)=(y-1)* (x-+i)*(x-1).

Yyoho Kdde moruvwvuygo R[x] mapayovtomoleiton »otd povadixd Teomo ¢ YLVOUEVO
HOVIXADY avaYwYwY TOAWVOULY. Autd blvel oo avdywyo Tohuwvupa xUelo poho ot doun
evoc BaxtUMou R[x] xon emoxéiouvda xou otn Sopn axohoududiv mou mopdyovior Amd

xaTay wenTES ohloUnone yeauuxic avadeaone.
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1.2 Boaowkn Ocwpio TEMEPOULOUEVOV COULATHOV

Yy nopovoo evotnta napovotdlovtar Poaoixd yvwplopata e Vewplog TETEPAOUEVELV
OOUATOV OTWE: 1) YUEUXTNELOTIXY, Ol DOPES, OL YEVVATOPES XUl Ol OVOTUPAUOTACEL TWV

oTolyElwY TouC.

1.2.1  XopolKTNPLOTLKY TIETEPOLOEVOV THOWUOLTOC

Optopog 1.2.1 ‘Eotw F menepaouévo omua xou €0Tw 0 eAdytotog YeTindg oxéponoc n Ue
v wotnTa na= 0,VYa € F
t61e 0 n Yo ovopdleTon YoEUXTNELOTIXY Tou cwuatog F xou Yo Aépe dtl to odua F Eyel
YOLOXTNELOTIXNA N.

Oedpnua 1.2.2 'Eva tenepacuévo odpa F €xel yopantnototiny npnTo apltdud.

2yoho ‘Eva npwtapyixd coua Fy, 6mou p mpeTog, ExEL opoxtnolotixy| p.

1.2.2  Aouec TETEPOLOIEVOV CALOLTOC

Ocetpnua 1.2.3 'Eotww F renepaopévo odpa ye |F| = q otouyeioa xou yopoxtnetotixy p,
OTIOL P TPWTOC, BLUXPVOUUE TIC TEPLTTOOELS:

eg=ptoteF=F,

® evo av g > p, Onhadh av g = p™ yia xdmoo n €N ye n 2 1, téte o odyo F elvan

N-O0LA0TATOS BLOIVUGUOTIXOS Y WPOC.
Optopodg 1.2.4 'Eotw F,G nenepacpévo owpata. Av undpyet por 1-1 xou enl anewxdvion
and 10 F o100 G, n onolo Swotnpel Tic mpdEelc e npdoleonc xou Tou TOANATAACIACUOD, TOTE

o F xou G ovoudlovton toduoppoa.

Hopathenon 1.2.5 ‘'Ola ta nenepacuéva couota Taéng p* elvon todpoppa Yetall Toug.

Ogiopde 1.2.6 Opilouue w¢ Fyn v enéxtaon mou AoyPdvouue dtav oto  [F

TPOCUPTACOUPE o and Tig pilec evoc avdywyou moAudvupou Poduod n oe autév (otov

F,).
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Eyého Amé ta Yewprpata 1.2.2, 1.2.3 xou v nopathenon 1.2.5 cuunepaivouye 6Tt éva

onolodNnoTE TMENEPAOUEVO odpa Fa Exel yopoxTneloTiny (on pe xdmolov mpoto p. Téte

avéroyo pe 1o |F| Yo xotatdooeton avayxaotixd oe évav and Ttoug 000 TUTOUC

TEMEQUOUEVWY CWUATWV:

7 ’ 7
® cite 0T0 TPWTAPY WO cwpa o,

’ z
® cite oty enextaon Fyn.

YupuBolouds ‘Eotw F nenepacuévo ooy, Yo cupBoiilovue ye F* v TOAOmAACLIoTIXT

ouddo TV U1 UNdeEVIXOY aTolyelwy Tou F.

Ogiopde 1.2.7 'Eotw a € F; t61e 0 puixpdtepog VeTinde axépouog yio Tov onoio Vo

toyver a™ = 1, Yo ovopdleton téén tou a xou Yo o cuyPohriloupe pe ord(a) = r.

o 1.2.8 'Eotw F nenepacpévo odpa, tOTe 1) TOAOTAACIHoTX ouddo  F* elvou

Oedpnu

HUXAXN,.

Optopoe 1.2.9
1. Ovopdloupe mpwtopyxd otolyeio ¥ mpwtapywn pilo Tou Fpn , TOV YEVVTTOPX

TNE xUXAXAC ouddac Fon

ii.  Ovopdlouue TEWTAUPYIXO TOAUDYUUO, EVOL LOVIXO TOAUGDVUHUO TOU OTolou OAEC oL

pllec elvon mpwtapyixd ototyelo.

Hopdderypa 1.2.10 T to Fr éyoupe F7={1,2,3,4,5,6}
O duvdpec tou 2 eivar {2, 22—4, 2°-8-1} xa EMOMEVLC TO 2 €yel TEEN 3 xou dev

umopel var Tapdyel OAOXANEN TNV TOANATAACLICTIXY OUADOL.
Evo ol duvdpele tou 3 eivon {3, 32:9:2, 33:27:6, 34:81:4, 35:243:5, 36:729:1}.

Apo t0 3 éyel tEEN 6 xou moapdyer OAN TNV oudda, dpa elvon yevvrtopoas tne Fr xou

npwTtapynd otowyelo tne Fy

Tapotnehoec 1.2.11
‘Eotw F éva  menepacpévo ooua téene o xou a € F t6te (ambd ov opoud

i.
1.2.9) 7o a elvou mpwtapyxd otouyelo tou F av 1 14&n tou elvon p'-1.

il.  Av éva mohuodvugo elvan avdywyo Bev éneton OTL elvol o TEWTUEYLXO.
iii. ‘Eotw w,v € F* ye ord(u) = r xau ord(v) = s t61e toybouv ta oxdrouda:
o. ord(u™) = r/uké(r.m), xa mpogavwg , ov emmiéov pkd (r,m) = 1 tote
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ord(u™) = ord(u)
B. Av uké(r,s) = 1 t6te ord(u,v) = rs.

Hopsderypa 1.2.12 'Eote o Fig= Fpr 10 f(x)=x"+x"+x*+1 € Fpu|x] ebvan avdywyo el

AEN elvon mpwtopyixd.

Arupa 1.2.13 'Eotw q npwtopyxd otoiyelo tou Fy  tdte

To q° elvan (xou autd) TpwTapyxd otoryeio touv Fy & uxd(s,q- 1) = 1.

Iopiopa 1.2.14 Kdde nencpacuyévo obua Tepéyel TpwTtapyLxd oTolyeld.

Octpnua 1.2.15 (Oedpnua Fermat)
Kdébe otoiyelo a tou nenepaopuévou oduatog F tdéng p™ elvan pila tne elowone
n
xP = x

Apat xP" = x = Taer(x - Q).

[bpioua 1.2.16 'Eotw F obua ye yopaxtneiotoo p téte (a + b)P =aP +bP" vV n> 1.

1.2.3  Avomapdotaon otolxeinv

Oewpnuo 1.2.17 T xdde nenepacuévo oopa K xan xdde memepocuévn enéxtoon F tou K,

undpyel xovovixt Bdomn tou F méve oto K.

Yyoho Ernopévee yia xdde memepaopévo ooua Fon 1o omolo amotehel eméxtaon Tou
obpatog [Fy, undpyel Touhdyiotov pio xavovixh Bdon (tou Fyn) nédve oto F,.

Trevduplloupe 6TL and 10 Yedpnua 1.2.3 éva menepaouévo onua Fyn anotelel n-didotato
BlavuouaTind YOpo méve oto F. Enouévag elvon xployo va unopolue va Bpolue wa Bdon tou,
VoL UTopOUUE Vo Bpolue -Bnhadn- €va cUvoho n otolyelwy mou vo efvon ypaupxd aveEdptnTa.

Oa napadécovue Aoirov dVo Bhoec Tou Fon  iadtepng onuactog:

® Ocwpolue TV mohvwvupeh PBaon {1,a,..,a™ '} ;v omola ypnowonolodue Yo va

nopdoupe o Fyn amd éva avdywyo noibovupo f(x) € F [x], pe deg(f) = n xa f(a) = 0 v
xdmowo a@ € Fyn .

Téte xde otoiyeio tou Fyn  unopel v avanapaotodel and éva TOAUGVLPO TOU @ TEVL GTO

F, Boduot <.
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e Owwv t a,a’,..,a” eva yvoouuixd aveEdotnta Yewpolue v xavovixt| Bdom
{a,a?, .., a’""}
Ye outhv v meplntwon, Aowmdv, Vo poc evbiapépel va ehéyEoupe ov elvor ypouwixd
aveEdptnTa.
‘Eva xpithiplo amdppudne twv a,a”,...,a’pn_1 Yo elvan 1 toyOe e axdrovidng cuvihxung :
a+aP+ -+ P =0
%o UOvo Otay BeV LoyLEL 1 Topandve Yo €xel vonua vor Tol EEETACOVUE WS TEOS TN YEOUMLXN

avelaptnola Touc (1 onoio méht Sev elvon eZacpahiouévn).

Topdderypa 1.2.18 ‘Eotw 6Tt ¥éhovpe va avanopaosthoovpe ta ototyeia tou Fy .

Emedn Fo= Fi2 9o tov dewprioouye wg wia enéxtoon Baduol 2 tou Fs.
‘Ectw to avdywyo f(x):)(2+1 € F;3[x] xu a € Fy2 této10 Gote f(a) = a?+ 1= 0
xon Tar evvéa ototyelor Tou Fy G divovton oty popey

ap + a;, Omou ag,a; € [

Anpadi Fo= {0,1,2, a,1+ a,2+ a,2a,1+ 2a,2 + 2a}

2UUTEQUOUOL

Ané to Yedpnua 1.2.8 1) todhanhactaotixd opdda Fyn efvon xuxhux.

"Eoto thpo éva npwtapyixd ototyeto @ € Fyn  xou {@°, ..., a™ '} pia Bdon tou Fpn 070 F,.

Tote propovue va exgppdooupe to Fpn pe Bdomn tn dwavuopati xow exdetixd avonapdotoaon
avtiotolya we:

Fpn = {aea’ + qya+...+a,_;a" 'ia; € Fpi=0,1,..,n-1}={a’: 0< i< p"-21qi=

o0} ue ) oupwvie 6tL a® = 0

Hopdderypa 1.2.19 Avanapdotaoy tou Fs_ Fy3, énwe opileton and to f(x):X3+x+1 € Fy [y

xou pio pila Tov o € Fg

[ToAuvwvupxr Bdomn Kovovuir Bdon Exdetinn
a® at a? a’ a® a® at
0 0 0 0 0 0 @
1 0 0 1 1 1 0
0 1 0 0 1 1 1
0 0 1 1 0 1 2
1 1 0 1 0 0 3
0 1 1 1 1 0 4
1 1 1 0 0 1 )
1 0 1 0 1 0 6
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1.3 Kotookevee tov FF pn

Yy rnopoloo evotnta mopouctdleton N u€Vodog XUTAOXEUNG EVOC TEMEPUOUEVOU

OOPITOC Fpn, 6ToL P TEAOTOC dptIUOC ot 1 YETINOC OXEQOLOC.

‘Eotw n detinde axépoog xou p np@dToc.

Ivopifoupe and ta mponyolueva 6t 10 Fo= {0,1,..,p - 1}, elvaw éva menepaouévo
oWpa TEENS P, Tou AéyeTal TEWTAUPYLXO oy .

Beloxouye éva avéywyo moluwvuuo f(x) € F, [x], pe deg(f) = n xou Vewpolye uia
ella tou a,onhady| f(a) = 0.

Opiloupe t61€

Fon = {ag+ aya + -+ ay_qa™'/a;:€ F,,i= 0,1,..,n- 1} (1.3.1)

ITpéner vo opiooupe Tic mpdlelc e mpdodeone (+) xou Touv moAlamiooctoopol (+) oto
Fyn.

‘Eotw ta otoela u,v € Fyn , 16T olpgova pe v 1.3.1, autd Yo €xouv tn wopet:

u(@) = TP aal kawv(a) = T biat

o Ooilouuc tny modén tnc mpdodeonc oro Fon o :
u(@) + v(a) = (T aa’) + (T bia') = i (a + b)a’
e [ v npdén Tou Tohhamiactacuol Yo axohovdncovue wa o nepimhoxrn Sodixacto:
Oua TOAMATAACLECOUPE TO u(a), v(a) opyxd olupwvo Pe TOV TOMNUTAACLOIGUO
TOAUOVOUWY
w(@) v(a) = (B a;a) - (T15g bia') = Ti5% cra® = c(@), omou ¢ = Ty jop aiby
xou Votepa Yo Slonpéoouue to c(a) ue to f(a) xw téte Yo mpoxdPouy dLo povadid
otouyela w(a) xou r(a) tétown wote:
c(a) = w(a)f(a) + r(a), 6mouv deg(r)<n
‘Opwc f(a) = 0 épa c(a) = r(a)

QOoilovue tdte xau TV modén Tou moilariaciacuol oto Fon wg

u(a) -v(a) = r(a) € F,n

Oetpnua 1.3.2 To clvoro Fpn pe tic mpdleic g mpdoleone xat Tou TOMATAAGLACUON

Tou oplooye Tépa Téve amoTtEAEL TEREPUOUEVO oOUA TEENE o -

Yyoho Adyw tou Tpémou xataoxeunc Tou Fyn , mou mapatédnxe , ouvidwe Aéue 6T To
Fpn elvon menepaopévn enéxtaon tou Fy A 6t 10 Fyn mapdyetow and to npwmtapyind obpa

[F,, and tnv npocdptnom oto F, wag pllac tou avdywyou moluwviuou f(x).
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Optopoe 1.3.3
1. To f(x) ovopdletar 0pllov TOAUGOYUHO TOU Fyn ot0 F, .
1. To a ovoudletar opiCov otoiyelo Ttou Fyn o010 F, %o enewd) f(a) = 0

T0 @ avapépetal xou ¢ pila Tou f(x) oto Fyn.

Hopdderypa 1.3.4 Ac Solue ndhl to mapdderypa 1.2.19

Ylugpwva ue doo eldaye yio p = 2 xou 1 = 3 €youe:

‘Eotw 10 avéyenyo tohudvupo f(x)=x"+x+1 € Fy [y] xou o ulo pila tou, Snhodi f(a)=0

téTE 10 mMENEpacUévo owpa [Fys oplleta we

Fys = {apa® + a;a + a, a?:a; € Fyi= 01,2}

Enopévwe ta otouyeia tou Fys nou opileton and to f(x) pe f(o)=0 eivou:

e wc didvuope: 000 , 100, 010, 001, 110 , OIL1, 111 , 101
® o¢ moluwvuuo: 0, 1, o, o , 1o, ato , 1+oc+012, 1+o?
® (¢ Buvdpelc: 0o , 1, o, o , o , ot o , of

Emniéov Brémovye 6t tar un undevixd otouyeio tou Fys elvon xuxhixr| opddo tdEng 7 ue

Yevvhtopa o o , dnhadn to Fys=< a >, ue a'=1.

Hopdderypa 1.3.5 INo n=4 xow p=2 Y€houpe va xataoxevdooupe 10 Fye

Enéyoupe 1o avdywyo mohudvupo f(x)=x"+x+1 € Fy [x] xa i pila o tou f(x),

Onhadh (o) =0.

Oewpolpe téTE TO MENEPUOUEVO oWUa [Fpe we xdTwi:
Fps= * g’ F
24—{ 0lp—+0t1 ol+0lp0l 030l /oq,ocz,ocs € 2}

Téte o ototyelo Tou  Fyps mou oplotrxe pe ) BoRdeia tou f(x)=x"+x+1 € F [y], ue

f(o)=0 elvou Tou
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Q¢ dudvuopa Q¢ moAucdvuuo Q¢ duvdpelg
0000 0 0
1000 1 1
0100 o o
0010 o o
0001 o o
1100 atl ot
0110 o’ o o
0011 b o of
1100 o 4o+1 o
1010 o’ +1 o
0101 oo o
1110 o’ a1 o!?
0111 ot ol
1111 oo o1 o'
1011 oo’ +1 o'
1001 41 oM

Emmiéov n IF;4:< a >, elvon xuxhixy ouddo td&ne 15 ue yevvitopa to otolyelo o , 6mou
oP=1
, , , 4 9 3
Enlong éyouvpe 6t o =o+1 xou o =o'+
T v mpdoveon xou tov tolhamiaciaoud oto  Fya €youpe:
(o’ +0) € Fps xou (o> +1) € Fpa 161 (07 +0)+ (o7 +1) =01

(o’ +0) € Fpa xon (a7+1) € Fpa 1€ (o +00) (0t 1)=a'o’=a" ! =a*=a o+ 1

2yoho T v mpdén tne mpbdodeong pac eEunnpeetel 1 TOAUWVLULXY) OVATOEAGTAOY), EVE YL

aUTAY TOU TOARATAAGLAGROD 1) eXVETIXT.

Opiop6c 1.3.6 Eotw f(x) = ag+ ayx+ =+ ap_1x" " + apx™ € F, [x],

%xoAOUUE avTloTEOQO TOAUGYLUO ToU  f(¥) TO TOAUDYVULHUO TOU TEOXUTTEL oV AvTLOTEEPOUYE

TOUC CUVTEAECTES TOU, dNAadY| TO
f*()() S At Qg Xt o0t aan_1 + aOXn € IFp[)(]
O pilec tou f*(x) hapPdvovton av aviioteédoupe T pilec Tou f(x) otny enéxtaon Fyn tou F, .

Av Q) mpwtapyd mohudvuuo téte xou f(¥) mpwTapynd TOAIGYUUO.
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1.4 Eldayioto MoAvavupo

'Eotw a éva otouyelo evog nenepacuévou onpatog Fy. Trevduulloupe 611 and Yempnua
1.2.3 undpyer p mp®dToC xou VeTINOS OXEPUMOS I TETOLOG OTE Fg=F,n xou q = pm.

‘Eotw emnhéov to govxd noludvugo f(x) = x9- x = 1P -x€ F,[x] t6te and to
Yewpnua 1.2.15 cuunepaivoupe 6Tt to a elvan pilo tou f(x), dnwe xaw tng e&lowong x9 - x =

0, ue ouviekeotég oo .

Oplopéc 1.4.1 'Eotw K, F odpata , 6mov K € F xaw m(x) € K[x], 6mou m(x) povixé

noluovugo pe m(a)=0. Téte to m(y) ovoudletan €AIYLOTO TOAUGDVUUO TOU a, oV OEV

uTdipyEL dhho un undevixd mohuwvuuo oto K[x] uixpdtepou Baduol (and to m(y)) mou éyel

ella 1o a. To cupPohrilouue cuvidng ue m(y).

2yoho Idwdtepo evdlapépov xouv ol tepintwoelg K = F, xow F=F,n ue tic omolec xau

Yo aoyohndolpe.

Hopdderypa 1.4.2 T tov Fig = Fypa.

Kotooxevdlovye  tov Fpe ¢ enéxtaon tou Fp Oelte mopdderypo 1.3.5 , v
f(x)=x"4+x+1 € Fa [y] xon @ € Fys e f(a)=0 tore:
To ehdyioto noludvupo tou: 0 € Fig elvoar tom(x) = x € F,[x]
1€ Fig chvw tom(y) = y+ 1 € Fy[x]
a € Fig civan tom(y) = y* + x+ 1 € Fylx]
a® € Fig civmmtom(y) = xy* + x3+ x2+ y+ 1 € Fylx]
a’ € Fig civitom(y) = 2 + y+ 1 € Fyx]
a’ € Fie clvan tom(x) = y* + x3+ 1 € Fy[x]

Botnreg 1.4.3 'Eotw 1o m(x) € F,[x] 1o ehdyioto moluwvugo tou a € Fyn toTE
toybouy T axéAouda
i.  To m(x) elvar avdywyo oto Fy [x].
i mG)/ 900, xv glx) € Fplx] xug(a)=10.
iii. Avf(x)=x"" - ye F, [x] t6te m()/ f(0-
iv. . deg (m) < n.

v.  Taoctoyeln a,af € F,n €youv 1o (Blo ehdyloto ToAuGvLpO.

vi.  Av a npwtapyé otowyeio tou F,n tote deg(m) = n.
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Ogptopol 1.4.4

i.

ii.

iii.

‘Eotw a € Fyn 1616 ¢ ouluyr) otoyele tou o oto F, opllovpe ta

‘Eotw s€ Nkatmg o ehdyotoc Vetixdc axépouog €tol ote sps =
s(modp™ - 1) t6te ovopdloupe xuxhotouxr xhdon tou s(modp) to clvoro Cj
= {s,sp, ..., sp™s~1}.

Enuxepainic xAdonc modp™ - 1 xahelton 0 eAdyloTog axéponog TNG XUXAOTOUXAC
xhdong Cs , o onolog cupPoiileton cuvidwe ye s. To cbvolo Twv emixepainc

xhdoewv modp™ - 1, to cupPBoiilovye cuvidng ye 1.

TTapatnehoec 1.4.5

i.

ii.

1ii.

‘Oha ta ouluyr ototyeia Tou a € Fyn éyouv To Blo ehdy1oTO TOAUGVULO.
To ywéuevo twv (ouluy®v) exdetddv Tou @ YE TO P DlapeEl TOUC AXEEALOUG
modp" - 1.

Yt nenepaouéva omuota Fon 10 TAAl0C TV XUXAOTOUXGY XAACEWY LoOUTOL PE

= 30 ()20

Onov @() N ocuvdpTtnom Euler n ornola oplleton e

@(n) = tAfdoc Twv Jetixwdv oxepalwy I, érou i < nxow uxd(i,n) = 1.

Hopdderypa 1.4.6 ot p=2 xon n=4, p" - 1= 2% - 1=15 xou ot XUXAOTOUXES XAGOELC
mod15 elvar: Cy = {0} C; = {1,2,4,8},} C5 = {3,6,9,12}, Cs= {510}, C, = {7,11,14}.

o Onwc umopel va avtkngdel cdxola o avayveotng 1 edpeor ehoyiotwv ToAuwviuwmY

palveton ypovofpa xou enimovn Sladxacior av BV LTEEYEL XATOLL CUYXEXPWIEVT] UEY0BOC.

Ou nopadécoupe yia autd Tov adydorduo elpeons eEAayioTwy TOAVWYIUWY:

Eiooboc: éva npwtapyixd moludvugo f(x) € F; [x] Baduod n

Briua I: Kataoxebace to menepacyuévo obua Fyn Bdoel tne e&iowone f(0) = 0

Briua 2: Trokéyioe T xuxhotounés xhdoelg Cy, ..., C, mod p™ = 1 xou to cOvoro I twv

emxeaAelc ¥ doewy mod p" - 1

Briua 3. ¥ C € I utoldéyioe to mohudvugo ms(x) = [liec,(x - a)

Eéodoc: ‘Oha ta avdrywya mohuidvuua oto o pe deg(f) /n

Yyoho-Ilapatnenoeic-Optouot 1.4.7

i.

‘Otav o i dlatpéyel T otolyeia wag xUXhOTOUXAC XAdoNng, TOTE OAa T a' €youy

To {Blo eXdyloTo TOALUGVLYO.



ii.

iii.

iv.
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To my(x) elvar to ehdyloto TohuGVUPO Tou ¥ xat Twv cLluYdV oToLyElY
Tou.

Av uké(s,p™- 1) =1 téte and nopathenon 1.2.11 iii ord(a®) = ord(a) =
p" = 1 xou to a® anotelel mpwTapy6 ototyeio Tou Fyn. Apa to me(x) eivau
TeWTaEYIx6 Tohunvugo oto Fy pe deg(mg) = n .

‘Oha 1o avdywya moluavupga oto F, , o Badudc twv onolwv diupel 0 1,
&owy yivépevo oo pe 1" = x = x Tlserms(2)

‘Eva nenepacpevo copa Fyn mepieyel avdywya noAvwvupa Badpold n, to tifdog

TV onolwy Lol UE: %Zd/n,u(n/d)pd

omou u(+) n ouvdptnon Mobius 7 onoio diveton omd tov Timo

w(n) :{

0, av éva tetpaywvo datpei ton
(c- 1)"™ ,avo n elval eAevlBepog TETPAYHVOUL

6mouv v(n) = 0 apldHoC TWVY BIXEXPEVHV TPOTHVY THUPAYOVTWY TOU N.

Iopdderypa 1.4.8 Kataoxevdlouye tov Fye 6nwg oto napdderypo 1.3.5 and to Fy pe

Bordeia Tou avdywyou Tohuevioy f(x)=x*tx+1 € Fy [y] mou éxel pila to a. Téte i Tic

HUXNOTOULXES XAAOELS Yol Tot EAGYLOTO ToAuwvupa Tou [Foe Eyoupe:

Yrouyelo Kuxhotopuxn xhdo ENdyioto mohucyvuyo
1 Co = {0} mo(x)=x+1
a0t o C1={1,2,4,8} my () =y +y+1
o o a'? o C3={3,6,12,9} my(y) =y 1
o’ o' Cs={5,10} ms(y)=y"+y+1
of oo ot Cr={7,14,13,11} My () =y +y*+1

Emmiéov x2' = x = x - mo QOma(ms (ms Gm, () =

X+ DO+ x+ DO+ 3+ 2+ x+ DO+ x+ Dx*+ X2+ 1)

Or euxepaiic xhdoewyv Fye elvon 1={0,1,3,5,7}

Agoly a'® =1 16te a = a- 1

Téte dpoc m;(x) = x*my(1/x) ,6mou my(¥) to ehdyloto TOAUGVULLO Tou o xan My (x)

. . 4 1 / p .
TO EAGYLOTO TOAUDYLUO TOU o = o xou dpat To My (¥) elvar To avtloTEOPo TOAUGVULO TOU

my (x).
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1.5 Trnooopato

‘Exouvue o7 avagepdel ota unooouoato and v 1.1.2. My nopolvoo evétnta
e€etdlovton oy€oEl TAVW OE COUATO X0t 1 UETHBoon auTdv oTa  unocouatd toug. Ot
OYEOELC AUTES Elval anapodTNTES GTOV OYEBIAOUS TwY axolouhey oL onolec mopdyovton and

xatay wentég ohlodnone  xodde enlong xou 6To YopaxTNEIoUd TouC.

Afppa 1.5.1 Eotwn,m €Z yenm 2 1xuwa EZ peca 2 2, 101e:

uks(a™ - 1,a™ - 1) = qhedtnm) _ 1

Iépwopa 1.5.2 'Eotw oo NNM €NpueN=2"-1,M=2" -1, énouv oo nm €Z pe
nm = 1téte: uk6(N,M) = 1 = ukb(n,m) = 1

BOcvpnua 1.5.3 'Eotw 0o nenepaopéva oopata F = Fynxow L= Fym, ye p" karp™
napdoc otolyelwy avtiotolya, 6Tou p TEMTOC, TOTE:
i. 'Botwx EF,t6tey€L & xP"=yx.

ii.  To F mepiéyel 1o L wg undonpa & m/n .

Hopiopa 1.5.4 'Eotw F = Fynxaw a € F 1o onolo éyel ehdyioto moludvugo me(x) ,

167T€E
i.  deg(m)/n.
ii.  Avrmntddn tou o, téte r/p" - 1.
iii.  mg(x)/x" -1, to onolo elvar to Bidvupo ehayiotouv Baduol e authAY TNV
WwLoTNTOL

opatnerosic 1.5.5

i. Av n mpwrog, tote Yo xde otouxelo touFn o Padudc Tou eldyioTou
TOAUWVOIOU TOU LooUToL PE N.

ii. Q¢ té&n tou my(x) opiloupe o r.

Topddetyuo 1.5.5

i. To vtocouaTa TOoL ISE xadopilovtar and toug dlupéteg tou 15, we e&hc:



ii. Evw yia 1o Fj1s

1.6 Amelkovigelc o€ TIEMEPOLOLEVOL CTHILOLTOL

Yy napoloa evotnto Yo 0plcOVUE TNV AMELXOVIOT TOU (YVOUC 0L TNV UMELXOVION TNG
VOPUOG amtd EVOL TIEMEPUOUEVO COU GE €V TETMEQUOUEVO UTOCHUA TOU Xai Vol TOLOUCLIGOUUE

¢ Baoixég Toug WBLOTNTES

1.6.1 XYvuvaptioclc ixvovc

Opgiowdec 1.6.1 Eotww K= Fg,F = Fgn, xu a€F 7o ixvoc Tt/ (a) evée

’ ’ n-1
otoiyelou @ o010 K opileton and tn oyéon Trp/x (a) = a+ a%+ -+ af

Anhadr 1o {yvog tou a elvar To ddpoloua Ghwv Twv culuywy cTolxelwy Tou @ oto FFy .
Av emmhéov 10 K elvan x0plo utdéowpa tou F, 1o Tre/x (@) Méyetow ambdhuto fyvog Tou

o xou ouuBohiiletan ye Tre (@) (h Tr(a)).

IMapdderypa 1.6.2 Eotw K = F, xau F = Fae t6te Trji (o) =a + a?+ a*+ al

Evo v K = Fy2 xuw F = Fpa , éxoupe Trpg (@) = a+ a*
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ITogathenon 1.6.3
Agol ((TrF/K ()7 = Z?;ol af
Apa 1 ouvdpTnon (yvoug Tre/k elvon o anewxdvion and 1o F oto unéowpo K

Trg)x :F =K

i+1

=Trex (0), 61€V o €F Tre (a) €K

L xO0A0 Yiuguva pe 6ca €yxoupe del 1o q elvon 1o TARdog otouyelwy tou Fy xou elte

elvon mpTog aprduodg lte urnopel va ypagel wg dovoun tp@tou aptiuoy.

Oewenupa 1.6.4 'Eotw K=TF; xa F= Fgn t6te 1 ouvdptnon (yvoug €yel Tic

axélouvldeg WBLOTNTES:
i. Va€F, Trgk (a)EK.
ii. V o, €F, Trp (a+ B)=Trp/x (@) + Tre (B).
iii. Va€Fkaic€K, Trp (ca) =cTrpx (@).
iv. Oewpiyvtag ta F, K wg dwvuopatxols yoeoug oto K | 7 Tre/k elvou
YEOUUXOC PETATY NUOTIONOC and To owyo F enl to undowpa K.
v. Va€K Trpy (a)=na.
vio V a €F Trpx (@?)=Trpk (a).
vii. V o €K [{BEF/Trex (B) = o} |= q" L.
viii.'Eotw KEFcE TENEPAUOUEVAL ooUATa, TotE v o EF

Trg/k (a)= Tre/k (TrE/F (a)) .

1.6.2  Nopueg
Opiopde 1.6.5 Eotw K=TF,, F=TFpm xu a €F, t6tc n vopua Ny (a) 1
q"-1
Normg, (@) tou otouyeiou o 610 K oplletan wg: Npjx () = a-a9-..-a™ ! = a1

Eivau dnhadr) to yivopevo 6Awv twv ouluydv Tou otolyelou a € Fy.

Oevpnua 1.6.6 ‘Eotw K= TF; xa F = Fgn, 161 1 cuvdptnon g vopuag €xel Tic
axdhovldeg WBLOTNTES:

i. Va€F, Npjg (@) EK.

. V a,B €F Npyg (aB) = Nk (@) Nex (B).

iii. H ouvdptnomn vopuac anewxoviCel to F ent to K xow to F* enl to K™.
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iv. Va €K, Npi (a)=a™

v. V o €EF, Ngg (@?)=Npjx (@).

vi. 'Botw KEFCE nenepacyéva oduata ,t6te Ng/x (a) = Npjg (Ngp (@)).

1.7  Avikec Bdocic

Me tn Bondeia tne ouvdptnone (yvoug mou oploaue otnv 1.6 Yo oplotel otnv nopodoa

eVOTNTA 1) €VVOLL TV duwV Bdoewv tou Fyn oto Fy.

Opiopéde 1.7.1 'Botw K = Fy xuw  F = Fgn, 800 datetayuéves Bdosic tou Fyn oo Fy

{ag, ...,an}xaw {Bq1,...,Bn } Y Aéyovtou Ouixéc avV 1< i,j<n

1, avi=j
Tr]Fqn/]Fq( @i ’81) :{0, avi#j

Ocwpnua 1.7.2 'Eotw K = Fy, F = Fgn, xon {ay, ..., an }, { By, -, Bn } D00 duixéc Bdoeig
Ttou Foto K.

Avy=¥',xia; €F, 6mov x; EK V 1< i< n, téte ;= Trex (BiX)

1.8  Xvothiporta Ko okohovBicg Kotoypopfic RETOULTOTILONG

Yty moapodoa evéotnta Yo TUEOUCLHCTEL N €VVold TWV  CUCTNUATWY  XATOYedpng
UETOTOTIONG Xou TwV  oxohovhmdy  xotaypapns UeTatomong. Axohoududsy Snhadh mou

napdyovtan omdé ['WA oe xoatoywentéc ohicUnone pe avddpoaon.

‘Ectw 611 éyoupe n xataypagelc Ro, Ry, ..., Ry—1 ,6mo0 V 1= 0,1,2,...,n - 1 ol TWéc Tov
R, elvou oo Fy.
O¢toupe 1o mepleybUEVO TOU xataypagéo R, va elvan to Xi(t),i = 0,1,2,...n- 1 .
Kot 1 xatdotoom T0U CUCTAUNTOS (TWV XATOYPAPEWY) TN Xpovix oTlyuh t vor ebvou:
X(t) = (Xo(t), X1(2), .., Xn-1(2)).
Q¢ apy e xatdotaon dewpolpe v X(0) = (X,(0),X1(0), ..., X,—1(0)) # (0,0,...,0).
Téte éva  odoTNUO  XUTUYQUPHC  PETAUTOTUONG UE  avddeoor, E€xel TN Jop@N:
{Xi(t+ 1) = X;41 (1), 0O<sisn-2
Xn-1(t+ 1) = h(Xo(2), ..., Xp-1(D))

6mouv h: Fg = Fy wa ouvdptnon. (Av n h elvon yoopuwxr Yo €xoude yeauuxéd chotua, eveéd

oV elvou UMY QO Yo €youpe UN-YRoUUIXO oboTNua)

YTc  TEplOCOTEPEC  TMEEINTOOEL O  otoepdc  Opoc Tt h wooltaw  pe 0.
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Eneéiynon O tpdmoc Aettovpylog tou cuctiuatog elvar o axdroudog: xdlde ypovixn
oTiyui t o xataypopéac Ry_q O€xeTan ¢ TEQIEYOMEVO TNV TWH Tng ouvdptnong h, 1o
TEQIEYOUEVO TOU XaTayPopea R; OTERVETAL OTOV  R;_1 Xou TO TEQIEYOUEVO TOU XATOYQOPEN

Ry otéhvetan otny €€odo.

Oglopde 1.8.1 M oxohoudia ()2 ue otoyeio oe éva obua F, ovoudleton tehxd
TEELOBXN v UTAEYOLY oUXEPALOL T>0 xou to2 0 T€Tolol wote
Bi+r = B Vi z tg
O uwpdtepoc T pe v mopandve  WLWOTNTH  ovoudleton  TpwTtopyx meplodoc Tng

oxohovdiac (B;)i2o xou 0 axéponog ty eivon 1 tpo-tepiodoc e (Bi)i=o-

Av ty = 0 1 axohoudia AéyeTtan TEQLOBIXT.

P Ocwpolpe TNV axoloudio e€680u Tou cuothpatoc (a;) , ve a; = Xo(i), i € N xau éyouye:
aipn = Xo(i+ n)= Xy(i+n-1) == X411+ 1) =X, = h(Xo(i)' ---an—l(i)) =
= h(ay @iy ) Aiyn-1),1 2 0
Mo tétolor axohouvdion Yo v ovoudloupe axoroudion xatoypaprc Uetatomions xou Vo efvou
(tehxd) mepLodLXY.

T xade ypovinr otiyun @ 2 0 1 xatdotocy Tou cuoThuatog diveton amd To didvuouo

(@itn—1) Titn-2, - A7)

o uAxoc n pnopolpe  vo  éyouue  q"

BlopopeTinég HATACTACELC.
Apa 1 péyiotn eplodog mou propel va Exel ) Yewentxd n (a;) elvan @™, téte N nepiodoc g
mepiéyel Ohec Tic Suvatéc n- &deg oto Fy, xow ovoudleton oxoloudia De Brujin.
Av bpwe meploplotolue oe cuvapTthoels avddpaone h e undevixd otadepd dpo (mou eivan
oUTéC TOL Yac eVOLlapépouy xuplwe), TOTE 1 péyiotn duvaty nepiodog (e€6Bou) elvon g™ - 1
(awtd ovpPaiver enedr av To cUoTNUA TEPAOEL and TNV UNdevixy| xatdotaon Vo Topopeivel
YLot TdVToL OE QUTAY).

2yoho XTIC HPURTOYRUPWESC EQUPUOYES, ouvidwg, Ot BouAedouue YeXd ot €va

Tenepaoévo onua Fg, adlld oto Fy = {0,1} xon ov cuvaptrceic h mou yenowwonotolue elvon

cuviidwe otadepol undevixold dpou.
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2 Kpitipia ocEtohornone Pevdotuyxoiov akoAovOiwv

Ewooyori
Y10 xepdhoo oautd Va mopovoiaotel N coulto Ltatiouxmdy ehéyywy (tests) yio yevvAtoleg
oyadwy  xou  peudotuyadwy  (Suadixdv)  axolouddy  (memepacuévou  uixous) Lo
Kpuntoypaguéc egappoyéc (A Statistical Test Suite For Random and Pseudorandom
Number Generators for Cryptographic Applications)[3], nou avantiydnxe and to Edvixd
Ivotitovto Ipotinwy xaw Teyvoroyiog twv HILA (National Institute of Standards and
Technology -NIST-) to 2001 xa €yl unootel TANYGOEa avadewpoewy Extote, Ue TEAeUTHLO
tov Amplho tou 2010, otnv omola xou Yo avagepdolue Efvow éva Aoyiouxd maxéto
amoTENOVPEVO omd i oepd 15 ehéyymv (tests). O omolol éyouv we oxond vo e€etdoouy
WS TEO TNV TUYUOTNTA Toug duadixéc axohovdieg mou €youv mapoaydel and I'T.A 4 I W.A
xoL ot EMEXTAUON TWV  YEVVATEWOV TOU TS mapdyouv, mnpooptloueves (xuplnc) yia
xpuntoypapixéc eappoyéc. Etol o und elétaon axohoudiec eléyyovial w¢ TEOS Wi
Tnddeo oMWY un-tuyodTnTag, mou Yo uropoloav vo €youv. Kdlde éieyyoc eletdlel tnyv
oxohoudio TOU oG EVOLUQEREL XAl TOEAYEL Lot OTATIOTIXY Ty, Tou TNy anoxaiel P — value,
n omolo avumpoownevel v mdavotnta wa téiew ILWLA (A T.T.A) vo nopdyer pwo
axohovdia “Aydtepo tuyala” amd v e€etalduevn. Av, dnhadn, €youue we AmOTENECUA
evoc teot P - value = 0.01, onuaiver 6Tt 10 1% v oxohoudidv Tou TapdyEL Ui TEAEL
I'TA, Yo Seiyvouv “hydtepo tuyaiec” amd authiv mou efetdleton. Omnwg yiveton elxoha
avuinntd av P - value = 0 n axohoudio pyropel va Yewpndel we "mhhpne un-tuyoio”, eve
av P - value = 1 7 axolouvdio punopel vo Yewpndel 6t €xer “tnv téhelar TuyadTnTa”. ‘Olot
oL €AEYYOL amauTolV VoL €YEL OPIOTEL EX TV TEOTEPWY Wla TWH we dpto avoyrc/ducmiotiog
(a), to omolo cuvAdwe xodelton xou eninedo otatiouxic onpovtxoétnras. ‘Etolr anoatelton
P - value 2 a, yw va Yewpficouv v und eZétoon oaxohouvdia (Vo xohelton xatoypnoTixd €)
¢ Tuyaio xon v €youpe emtuyia oto TEOT, ahhdC €youpe anotuyia. To dplo avoyrc a
avtiotolyel otnvy mdavotnta vo anoppipiel o oxoloutia wg PN Tuyola EVE OTnV
npaypotixdTnTo elvon Tuyado. OuolaoTtind, dnhadr, to a xadopllel T0 YEYLOTO EMITEENOUEVO
1000016 amoppldewv wag Thfpwe Tuyatac axolovdioc. Avtictolya to 1 - a elvan to 6pL0
guniotoolvne. YuvAdoe a € [0.001,0.01]. H covita éyer npoemheypévn emhoyh a = 0.01,
autd onuaiver 6Tl avouévouue vo anopplnteton 1 otig 100 axoroudieg mou mapdyovton amd
wat xaky (tuyoda) yevvAtelo xou téte M oxéon P - value 2 0.01 onuaiver 6L deydpacte 6T
xatd 99% 1 und eétaon axoroudio elvar tuyade. Aviiotowya, ov P - value < 0.01,
amoppintoupe 6Tt 1 € elvon tuyaior ye eumotoolvn 99%. Aev umdpyel cUYXEXEWEVY OELRd
EXTENEONG TV ENEYYWY, OUWS ouvioTdton vor exteAelton mpwto to Frequency (Monobit)
Test (2.1), agpol eetdler Yepehnddn otouyeio yioo Ty Omapdn TuyadTTaC W axohoudiag

xa ov omotiyel N miavotnTa amotuylag elvar TOAD LPMAY xou Yyl Tar utdhoina teot. Onwg
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Yo mapovolooTel, xdde E€leyyoc yenowomolel xdmol (acixy XATAVOUY] ©OC  XATOVOUY
avagopde. Do mopdderypa yenowonotel v xoatavopr) X2 yio Vo cuyxplvel Tic ouyvoTnTES
NG PE QUTEC TOU TapATNEAUNXAY OTNV €, €TOL WOTE Vo Pnopécel vo anogoviel. Emeldy
avapepdpaote  oe  duadwée  axolouldicc Tou amooxomolv  va  yenowornointdoldv ot
XPUTLTOYPOUPIXES EQUPUOYES, xdde oTolyelo Tne € Yo aviAxel 0To nenepaouévo owuo Z, ot
v To mpdypapuo Yo avaryvwplletar ¢ bit. Trdpyouv diagpopetinéc anoutioelc and to xdde
4 e 7 4 7, 4
TEOT WC TPoc To YeYED mou ewodyovton (epgaviloviar cuVATKC e cuVLOTOUEVY PEYEDN)
X0 YENOWOTOLEl, APEVOS YLOL VO UTHPYEL VOMUO GTOUG EAEYYOUC TOU EXTEAOUVTAL Xal
APETEEOU YT AVAPEQOUAUOTE OF TEOYREAUMUATA TWV OTOIWY O XOOXIC EYEL YRUPEL UE TPOTO
TETOLO (OTE VO UTopoVV var ovTomoxptdoly 660 XahUTEpO YIVETH OF TPUXTIXEC TEOXANOELS,
emTpENOVTOC €Tol Vewpnuixée aduvapies (cUVNiec QatvOUEVO GTIC UTOAOYLOTIXES EQUPUOYES
yvevixotepa). o mapddetypo, wa and Tic ouyvoTeEpeS amauThOELS ToL Ttapouatdlovtol apopd
oto péyevoc e und e&étaon axoloudioc (TAAdoc otouyelwv-bits). H miewovétnta tov
anathoEwy outv Yo mopofieglel oto meplocdtepa ombd Tor mopoadelypoto mou Yo
TUPOUCLICTOUY  OTO  TUPOV  XEQUAoLO,  Ta  omolo  €youv  ®wC  OXOmb Vo
7 /4 ’ ’ 7 ’ 4
Topouctdoouy /etelnyioouy Tov akyoplduxd teémo Aettoupyiog tou xdde eléyyou otov
aVaYVOOTN, Tedydo mou Oev Ga umopoloe vo yivel mpaxTixd oe ypantéd xelyevo Yo

axolovldiec mou TANEOLY TIC CUVIOTOMEVES omawthoelc. Emouévwe, o mopadelypota mou

napovatdlovTtal 6To TaedV xewdhato (2) dev €youv OTOTIOTIX ONUACIY Xl DEV ATOGXOTOUY

otn_ otatot]  eme€AYNnon TV eAEYYWV.  amooxomolV, OUWS,  OTNY. XATaVOnor  THC

rnoAUndoxns adyopuduwxrc Aeitovpyin twy eAéyywy. Alwote, n oe Bddoc otatioTxn

avdAUCT) Tou TEOTOU Acttoupylac TNg oouitag dev amoteiel avtixelyevo ng mapolooc.
Extevelc éheyyol xou anoteréopata yio axohoudicg Tou TANEOVOY TIC OMAUTHCELS XL €YOLV
vonua vor eleyydolv ¢ TEOC T CTATIOTIXG YUEUXTNELOTIXG TOUG TapouUcLdlovIoL GTO

Kegdharo 4.
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2.1  Frequency (Monobit) Test

Elvon o mpdhtog €Aeyy o TOU MEENEL VoL EXTEAEGOUUE xou OF TERINTWOoT amoTuylog Bev €xel

VO VO GUVEYICOUUE UE TOUC UTOAOLTOUC. LX0TOG ToU TEOT elvon Vo e€eTdoel Ty avahoyia

TV 400KV Xol TWV UNBEVIXOV TN mopayouevne oxolovdiog. O£houpe vo dolue, dnhady,

%t 1600 TO TARUOC TWV AGOWY Xal TV UNSEVIXWY Tou eugavilovion oe 6Ao TO UAXOS TNG

axohovdiog elvon xatd mpocéyylon outd mou Ga ovopéVoUE omd Wl TEAYHATIXd Tuyoio

oaxohoudio. 1o cuYXEXPIIEVA ETUXEVTPWVOUICTE OTO TOCOCTO EUPAVIONG TWV JO0CWV Xl

1 ,
e€etdlovpe 1600 %0VTd elvon awTd GTO 5 »YEYOVOC Tou Yo onuaivel 6Tl docol xou UNdEVLXA

Yo éyouv mepinou BLo apldud eupavicewy. Av 1o TeoT emTUYEL Yo TPETEL VO TROYWETICOVUE

OTO EMOPEVO TEDT, YIO VO UTOPEGOUPE VYOI OPOVIOUUE YOl TNV TUYAOTNTA TS axohoudiog

pac. To Te0T Yenowwonolel kg XATAVOUT] AVAPORES TNV NUL-XAVOVIXT XOTAVOUY.

Acedouéva:
1. n=to puixog e und e&étaom axorovdiog.
2. &= (&,8&, ..., &) = N U6 e&€taom axohoudio.
(Zuviotopeva peyédn: n = 100)
Awduxaoio:
1. Sp= )1+ X2+ =+ Yp,0n00 );=2¢&-1,i=1,..,n

(Metatpénovton  ta otoyeia e axoloudiog € mou elvan {oa ye 0 og -1, eved
autd mou elvon (oo pe 1 mopopévouv g €youv xai mopdyeton €TOL pio VEX

oaxohovdiot (Xpdn=1 = X, e omoloc vnoloyiletar to ddpolopa SO0V TV

dneopiev).

Yyonmo Av Yéhape va mpooeyyloouvpe v otatiotiny Yewpla mlow and to
ouyxexpévo Briua o elyoue cuvontixd:

Si= et ey
Kdtw and tnv tuyaotnta S, ~ Bin(n, 1/2), 6ToL Bin 1 dLVUILXH XoTovoun

-1, ue mbavéryra 1/,

Téte av X; = , To &dpolopa

1, ue mBavotna 1/2
Sp = X, X;, elvon ddpotopa aveZdpTnTwy xou LoOVOUWY TUY®Y PETABANTOY,
X0 YLoL HEYSAa 1 mpooeYyileTan amd TNV XOVOVIXT) XAUTAVOUT.

O €heyyog elvon %xdtw and TNV ACUUTTOTIXY XATAVOUY.
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‘Onwe duwe avagépinxe, n tapovoa anocxonel 0Ty Tapousioon xou eneERynon
™S AAYOPLOUIXAC AELTOLEYIOC TWV TECT XU EMOUEVWS OTNV CUVEYELL dev Vo

rapatidevton avdhoya oy oAl

[Sn|

Vn

3. P-value = erfc(

2. Sops=

Sobs

V2

opdipatog tou opiletan we: erfc(z) :\/Z_E fzoo e du

), omou erfc(?) elvar wa ouumAnpwpaTier cuvdpetnom

Yuunépaouo: H & dev elvon tuyalor xou amotuyydver oto teot av P - value < 0.01.

Al (av P = value 2 0.01) n € eivon Tuyaio.

Snueiwon: o va €youpe P - value < 0.01 xon vo amotdyel to teot Yo €youpe 6T M)
4

T tou |Sy| h tou Spps Vo elvan oD peydhn. S, 3> 0 onuoiver mohkd 1, eved S, K0

onpaiver ol 0.

TTopddetyuo 2.1.1
T e=1011010101,n = 10

(Brpor 17)
Sp=1+(D+1+1+(-D+1+(D+1+(-D+1=2
(B 2%)

Sops— %_'0 = 0.6324553

(Bt 3°)

0.63245532

P - value = erfc( 7%

) = 0.527089

2.2 Frequency Test within a Block

Yxonde tou teoT elvar vo e€etdoel av o TARYOC TV doowv (dpo xa TV UNBEVIXOV-
OTwe elnape xou TpLy) oe éva umhox Uhxouc M bits tne und e&étaon axoloudiog eivar awtde
nou Yo avopévape and wa tuyado axolouvdia (xatd mpocéyylon M/Z). INa block pAxouc 1
(M=1) to teot exg@uhiletu oto Frequency monobit teot. To teot ypnowonowel wc

xatavopr avagopde TNV xotavour X2 .

Acdoyéva:
1. M = 7o ufxog xdde uniox.
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2. n = 1o uixoc¢ e und e€étaon oxolouvdiog.
3. €= (&,&,...,&) = 1 und e&étaom axohovdia.

(Xuviotopeva yeyédn: n 2 100, M =2 10,M > 0.01-n -y va €youpe N < 100,

agov n 2 MN-)

Awoduacto:

1. N= floor[%) = 1o m\jdoc twv blocks mou Va dnuiovpyndolv (6oo bits

nepLooevovy anoppintovian), 6tou floor(x) = max{m € Z/m < x}

Yi i EG-Dm) ,
2. m= - Vai= 12,..,N

(umohoyiletou 1 avahoyio twv 1 oe xdde block prAxouc M)
1
3. y%(obs) = 4M YN (m, - 5)2 ,
(nx%(obs) omotehel éva pétpo v To av 1 avohoyio Twv 1 oe éva M-block

. , . 1
mhnodlel otny emuunty avahoyio Tou E)

N X?(obs)
2’ 2

4. P - value = igamc( ), omou igamc(:) elvoan 1 un mAHENC oLVAETNON
Déppa mou opiletar we e€hc:

. I'(a,x) 1 o _ _
igamc(a, x)= e - mfx e tt*ldt ,

(pe igame(,0) = 1 katigamc(a, ) = 0)

xou I'(@) 1 ouvdptnon Ddupa tou opileton we: I'(a) = fome_tt“_ldt

Yuurnépaouo: H & dev elvon tuyalor xou amotuyydver oto teot av P - value < 0.01.

A (av P - value 2 0.01) n € eivon Tuyaio.

Srnueiwon: T va €youpe 61t P - value < 0.01 xou va oamotiyer to teot da Exel

TpoxAnUel and peydhn anoxiion and tnv {on avoroyia 1 xaw 0, TouAdyiotov o éva block.

Hopdderypa 2.2.1

INo e =0110011010,n = 10,M = 3

(B 1°)

N = floor(10/3) = 3, dpa ta 3 blocks mou Yo Snuouvpyndoiv etvan: 011, 001 xon 101.

To tehevtalo 0 g € anopplnteTal.
/ o
(Briper 27)
M= 2,y = s = 2
= - = — %ol = -
1737727 3 373

(Bripo 3%)



200bs) = 4-3- [(2= 1)+ (2= 1)+ (22 1] =
x“(obs) = 43 [(3 2) +(3 2) +(3 2)]_1
(B 47)
P - value = igamc(;,%) = 0.801252

2.3  Runs Test

O éheyyoc autdg e€etdlel TOV GUVOAIXO aPLIUG GELEMV-POWY TWV GGV XOL UNOEVIXWYV.
Me tov 6po oepd (i alhidg por)) avagepdpacte oe xdde unoxohovdia (mnenepoouévou
ufxouc) mou amoteleiton and Swdoyxd opolo otouyeio-bits (0 # 1). M oewpd uixous %
anotekeiton and x to mANGoc Bladoyixd opota oTolyelo xou optoVeTE(TAL TIELY Xa PETA Amd
4 7 7 4 ’ 7 4
éva otolyelo pe avildetn twh. To teot anooxonel oto va xodoploer av To mARdoc Twv
(Brapdpwv  pnuav) poddv 0 xou 1, elvar o ovapevépevo yioo pior Tuyaio axoloudio.
EZetdletan, dnhadn, av n tohdviwon petadd 0 xou 1 elvon mohd apyh 1 mohl yeryopn.

ITpobnddeon tou teot elvan vo é€yer extereotel mpwta to frequency test. To zeot

YENOWOTOLEL WS XoTavour, avapopdc Ty xatavour X2,

Aedouéva

1. n=to puixog e und e&étaom axorovdiog.
2. &= (&,8&, ..., &) = nund e&étaon axoroudia.

(Zuviotopeva peyédn: n = 100)

Awduxaoio:
— &j
1. = Z];
(umoloyileton 1 avohoyia Twv 1 oty axoloudia xou arotehel pre-test yéyevog
mou Yo pac Bondhcer va dodpe av 1 axohoudio €xel nepdoel To TEOT)

= % w6te P - value = 0.0000

(to pre-test amotuyydvel agol 1 axoloudia Yo mpénet va €xel KON amotdyEL GTO

2.1)

2. Av |TL’— 1/2| > 1, 6ToU T

Alhode Bripa 3 (tpoywedye oto runs test).
3. vu(obs) = Y¥lr()+ 1, 6mou: av g = gy T(K) =0 , oddcr(k) =1

(urohoy{leton T0 GUVOAIXS TARVOC POV -xat TV 1 xou Twv 0- Tne axohoudiag)
|vn(obs)—2nn:(1—rr)|)
2V2nm(1-m)

4. P - value = erfc(
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Yuunépaouo: H & dev elvon tuyalo xou amotuyydver oto teoct av P - value < 0.01.

Alwe (av P = value 2 0.01) n € eivon tuyaio.

Ynuelwon: Mo peyddn wuh tou v,(0obs) onuaiver okl yeryopn ToAdvVIwon oTHY
oxohouvdia, eved pla wixpr T TOAD apyh Tahdvtwor (medypo Tou onualvel pxpdTEEO

ThRdoc podv and 6t oe wa Tuyado axoloudia).

TTopdderyuo 2.3.1
o €=1001101011, n=10

(Bripor 1°)

T= \/% = 0.63246, t61¢ |1t - %| = |§— %| = 0.1 < 7T dpa ynopolyue va TEOY WENCOUUE GTO

Runs Test

(B 37)
Vig(obs) = (1+ 0+ 1+ 0+ 1+1+1+1+0)+1=7

(Bripo 4°)

P - value = 20N _ g 147232
—vaue—erfcm = U.

2.4  Test for the Longest Run of Ones in a Block

‘Onwe xow 070 2.2, 10 Te0T Ywellel Tnv axorovdio oe N blocks peyédouc M to xadéva
v vo e€etdoel T peyahltepn o) 1 yéoo oe autd. Xxomdg tou elvan vo e€ETAOEL oV TO
uixoc e ueyohitepne oelpdc 1, tne und e€étaon axolovdiag, elvon o avapevouevos amd Lo
Tuyaio oxoloudia. Av mpoxidel xdmola avwuaiion 66wV aPopd GTO UAXOS TNS AVOUEVOUEVNG
ueyaAUTtepng poric 1, autd omnuaiver 6Tl umdpyel avouohion xou ot peyaAlteen eon 0.
Enopévag dev yperalduoaote Eexwpetotd €heyyo yia to 0. To te0T yenowwonolel we xatavoun

avopopde TNy xatavopn X2,

Acedoyéva:
1. n=to0 puixog e umo e&étaom axorovdiog.
2. &= (&, ., &) = M uNo e€€taon axolovdia.
3. M= 1o phxoc xdde block. O ahydprduoc Tou teoct umootnellel TpeElC
TpoxadoplopEVES TWES Yo To M og avtioTolylo ue TNy eAdyloTn Ty Tou T,

oLuPwvA PE Tov axdiouvdo mivoxa:
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Minimum n M
128 8
6272 128
750000 10*

4. N =710 TANB0G TwV blocks (e¢apTdral atrd 10 TTPOKABOPICPEVO M).

Avadixooio:

H oxoloudia ywelletar oe blocks peyédoue M.

2. Kotaypdgovton oe mivoxéc oL ouyvoTNnTeS V; TwV UeYORITEPWY POV Twv 1 ot

xade block, oe xatnyopiec, onou xdde xehl nepiéyel To TANGOC TV UPEYLOTWV

eotY Twv 1 mou €youv To INToVUEVO UNX0C GUUPWVIL UE TOV Tivoa:

v; M=8 M=128 M=10*
Vo <1 <4 <10
vy 2 5 11

L) 3 6 12

V3 2 4 7 13

Uy 8 14

Vg <9 15

Ve < 16

(vi—Nm;)?
x*(0bs) = Tico =

(n x*(obs) anotehel éva pétpo yio T0 600 xahd 1) e€etalduevn péYloTn pof oTa
blocks ueyédoug M toupidler pe outiv mou Vo avouévaue ond ula tuyaio
oxohovdar).

4 7 4 4 7 z
ol g Twv K xar N xodopilovton and v Tiur Tou M cluguve e tov mivona:

M |K N
8 |3 16
128 | 5 49
10% | 6 75

Ol TWES TV TT; Yol TOUS TWES Twv M- dpo xon Twv K- mou €youv evowpatwiel oto

TeoOYEoupa efval:

I'a K=3M=8
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{v<1} o= 0.2148
(v=2} ;= 0.3672
(v=3} T, — 0.2305
{(v>4} s — 0.1875
T K= 5 M= 128
{v<d} o — 0.1174
{v=51 ;= 0.2430
(v=6) 7, — 0.2493
(v=T} 3 — 0.1752
{v=8} 4 = 0.1027
{v>9} n5 = 0.1124
T'a K= 5,M = 512
{v<6} o — 0.1170
{v=T} = 0.2460
{v=8} T, = 0.2523
(v=9} s = 0.1755
{v=10} 4 = 0.1027
{v>11} nH = 0.1124
T K =5M= 1000
{v<7} o — 0.1307
{v=8} my = 0.2437
{v=9} T, = 0.2452
{v=10} 3 = 0.1714
(v=11} Ty = 0.1002
{v>12} s — 0.1088
lNa K= 6,M=10*
{(v<10} o = 0.0882
(v=11} ;= 0.2092
(v=12} m, = 0.2483
(v=13} s = 0.1933
(v=14} Ty = 0.1208
(v=15} s = 0.0675
{v>16} s — 0.0727
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K x?%(obs)

4. P - value = igamc(;, > )

Yuunépoaouo: H & dev elvon tuyalor xon amotuyydver oto teot av P - value < 0.01.

Al (av P = value 2 0.01) n € eivon Tuyaio.

Sruelwon: Meydhec téc touc y?(obs) Bdelyvouv éTi 1 unoegétaon axohoudio éxel
mndoea 1.

TMopddetyua 2.4.1

It
€=1100110000010101011011000100110011100000000000100100110101010001000100111101
0110100000001101011111001100111001101101100010110010, n=128, K=3 »xou M=8
(Bpor 1°)
umoé-block 11001100, péyiot pot| 2

umo-block 00010101, uéyiotn pon 1
umoé-block 01101100, péyiot pot| 2
umoé-block 01001100, yéyiotn pory 2
uné-block 11100000, yéyiotn pon 3
uné-block 00000010, yéyiotn pox 1
uné-block 01001101, yéyiotn por| 2
uné-block 01010001, yéyiotn poxy 1
umoé-block 00010011, yéyiotn pory 2
urmoé-block 11010110, yéyiotn pory 2
umoé-block 10000000, yéyiotn pon 1
uné-block 11010111, yéyiotn pon 3
umo-block 11001100, yéyiotn pox) 2
uné-block 11100110, péyiotn pon 3
urmoé-block 11011000, yéyiotn pox) 2
uné-block 10110010, yéyiotn por} 2

(B 2°)

Vo = 4,171 = 9,172 = 3,173 =0
(Bripa 3%)

x2(obs) = 4.882457

(B 4°)

P - value = 0.180609 = 0.01, dpu n & ynopel vo Yewpendel tuyala axoroudia.
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2.5 Binary Matrix Rank test

Autd T0 TECT EmXEVTPWVETAL OTNY TAgvOUnom ZEVmV UTO-TLVAX®Y ONOXANENS NG

oaxoroudiag. Eyovtac wg oxond vo ehéyel av undpyel ypouuixy e&dptnorn oviueoo oe

unaxoroudiec mpoxodoployévou unpoug toug apyxic axohoudiac. To tect ypnowonoel we

XOTAVOUT, ovapopde TNV xotavour X2,

Acedoyéva:

1. n=to puixoc touc und e&€taon oxolovdioc.

2. &= (&,&, ..., &y) = N U6 e&étaom axohoudio.

3. M= 1o mAfdog Twv yeopuuwyv xdde mivaxoa. To mpdypopuo ¥éter M = 32, vy
Toug TWES Tou M meénel va oxoloudnicouv dhlol utohoyLopol.

4. Q= 7o m\ylog twv oty xdde nivaxa. To mpdypopuo Féter Q@ = 32, yia Toug
TUEG Tou M npénel Vo axohovcouy dhhot unoloylopol.
(Xuviotoueva peyédn: npénel n 2 38MQ, yio va dnovpyndoldv Tovkdytotov 38
nivaxec. To M = Q = 32, npéner n 2 38912)

Awaduxaocto:
1. Awoupeiton axohovdioaxd 1 € oe Eéva blocks peyédoug M- Q, Vo €youpe toTE
N = floor(MLQ) tétolr  blocks. Av mepiooebouv  xdmow  otouyela, ouTd
anoppintovtar. Ané toa M- Q upeyédouc tufuoata oynuatilouvue mivaxee MxQ,
€tol wote xdde ypouun tou mivoxa vo amoteleiton and diadoyixd Q-bit blocks
Toug apy e axoroudiog €.
2. Tlpoodiopileton n téEn (rank) tou xdde mivaxad” xa ouuPBolileton wc Ry,
6orovl = 1,2,..,n
3. Botww Fy=t0o m\loc Twv mwvixwv oémov  Ry=M  (full rank),
Fy_1 =70 midoc twv mvéxwv émou Ry = M- 1 (full rank-1),
N - Fy = Fy—1= 10 TA00¢ TV UTOAOLTOY TUVEXWY.

I by« SN (ST (1

5. P - value= e X’ (009)/2,

2 ’ L Z ’ ’ ’ ’ .
To TROYPAUUUA TEQLEYEL EVOWUATWUEVO d)\YOpLT(}p.O EUTEOC XU TUOW AVTIXATACTAONG, ETOL

Gote va yetatpéder tov xdde (Suodixd) mivoxa -pEow YEUUUOTEEEEDY TOU YENOWOTOLO0Y WS

dbpotopa Ty Aoyup oA XOR- oe tpiywvind xan t6te N TéEN Tou elvan To mARYOC TWV N

UNBEVIXGY YRUUUDY TOU.
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Yuunépaouo: H & dev elvon tuyalo xou amotuyydver oto teoct av P - value < 0.01.

Alwe (av P = value 2 0.01) n € eivon tuyaio.

Sruelwon: Meydhee Tpée Touc y%(obs) (xou dpa pixpéc Twéc toug P-value) delyvouv
amOXMON TOUG XATovouNe TwV TEEewv ombd autAv Tou Vo oVOUEVOUE Ylol [l Tuyaia

axohouvdia.

TTopdderyuo 2.5.1
Twe=01011001001010101101, n= 20, M= Q = 3

(Bripor 1°)

01 0 0 1 0
N=2xumot2mnlvaxeceivan |1 1 O)xw |1 0 1

0 1 0 0 1 1

(Bripa 2°)

Ri=2xuRy=3

(Prua 3)

FM: F3: 1XCXLFM_1: F2: 1
(Bruo 4%)

x?(obs) = 0.596953.

(Brua 5%)

P - value = e0-596953/1 = (741948

2.6 Discrete fourier transform (spectral) test

’ 4 7, 4 7, 4

Autdéc o €heyyoc emxevipwvetar  oto Odn TV xopup®y  Tou  Alaxpitou
Metooynuatiopot  Fourier (DFT). 'Eyovtoc o¢ oxond va Bper amdxhion ond  Tnv
TuyodTnTe, Yoo TNV Umd e€€taon oxohouvdia, n omolo mpoxahelton amd emavohaBovoueva
7 7 Z e e /4 4 ’ e
potifa mou elvon TO éva xovtd ©TO GAhO, OnAad ombd TEPLOBIXE  YUEUXTNELOTIXAL.
EMéyyovtag, ouotaotind, av o aptduds Twy xopugmy tou utepPoivouv To @edyua tou 95%,
elvon onpovtixd dwpopetinde tou 5%. To teot ypnowonolel we xatavoun avagopds Ty

AAVOVLXY| KATOVOUY.

Acedopéva:
1. n=to uRxog Toug und e&étaon axorovdlag.
2. &= (&,&, ..,&) = M uno e&étaon axorovdia.

(Xuviotopeva peyédn: n = 1000)
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Avoduxosio:

1. y=2&-1,i=1,..,n
(Metatpénovton  tor ototyela Toug axoloudiog € nou elvar (oo pe 0 o€ -1, eved
autd mou elvon (oo pe 1 mopopévouv wg €youv xan mopdyeTo €TOL Lo VEX
axoroudiar (Xn)me1=X.)

2. §= DFT(X), 610 DFT(X) = DFT(x1,.»)xn) = (forerfo) = (13-);‘:'01
pe fj= Z;Tcl=1)(,<€2"i("_1)j/" o ezmkj/" = cos (Znikj/n) + isin(zmkj/n),
(eappoleton o Awaxprtdc Metaoynuatiopds Fourier oty X xou mopdyeton €tot
o véar pLyadinr| oxoloudio S = (sj);:;, 7 omola AvVamaploTd TeELOdXd aToLyElx
Toug und-eZétoom axohouvdiag oe SLUPOPETIXES CLUYVOTNTES).

3. M= modulus(S") = |S’|, énou S" = (s, ...,sn_,) 1 unoxohoudia Tou amoteleito
2

and o n/z et otolyela Toug S xou 1 cuvdptnon modulus mopdyel o

axoloudia and PN xoEUPHOY.

4. T= /(log ﬁ)n (Anotelel To @pdypa, xotd v unddeon Toug TuUOTNTAC,
an6 to onofo Va mpémel vor elvon wxpdTEpo T0 95% TV TWOV TOU ToEdyovToL
and To TEOT).

5. Ny = 0.95-% (To mafdoc Twv xopupayv (95%) o6mou Vewpnmnd -xatd tnv
unéeon toug TuyanbdThTac- Vo avopévope va elvon uixpdtepes tou T).

6. Yrnohoyiopéc N, o6mou Ny to mpaypotxd (mopatneovuyevo) mhRdoc Twv
XOPUPKY Tou elvan txpdtepes Tou T.

N{-N
7 d= Mo
0.95-0.05-™/,

(H xoavovixonownuévn duapopd Tou avale VOUEVOU and To Topotnpoluevo tAdog
X0pUPAY Tou Elval xdTw and To bpLo).

8. P - wvalue = erfc(%l)

Yuunépoouo: H & dev elvan tuyalor xan amotuyydvel oto tect av P - value < 0.01.

Alwee (av P = value = 0.01) n € eivon tuyaio.

Ynuelwon: ITohd e Twh tne wetoPAnthc d onualvel 6TL €youue moAD Aiyec xopupég
uxpotepec Tou T (hydtepec and to 95% Twv x0pupnv) xou dpo Tépo Toug Tve and to T

(rneproobtepec and T0 5% TV XOPLPEV).
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Hopddetyuo 2.6.1

€=1100100100001111110110101010001000100001011010001100001000110100110001001
100011001100010100010111000, n=100
N; = 46, Ny = 47.5, d = kat P - value = 0.168669 = 0.01,

Gpa 1 € umopel va Yewpndel Tuyalo axohoudia.

2.7  Non-overlapping Template Matching Test

O éheyyoc autéc eotdler oto TARYOC TV EUPAVICEWY TEOXAVOPLOUEVWY TUNUSTLY,

uéoo oty unod-eEétaon axoroutia, tor omola Yewpodvton un-neptodixd. Ilpoonodel dnhady| va

evtonioel yevwntpleg, oL onolec mopdyouv axoloudiec oTic onolec epgavileton TOANES Qopéc

xdmoto TpoxadopLlouévo un-neptodixd uotiBo. Autdc o éleyyog, omwe xou o Overlapping

Template Matching Test, ypnowonoel éva mapddupo peyédouc m (m bit), yr va

oVl VEUGEL Vol cUYXEXPLEVO PoTifo ueyédouc m, dnhadn toug axolovdioc peyédouc m. Av

T0 {nrodpevo potifo Beedel, t6te T0 napddupo enavatideton otov 6po (bit) petd to potiBo

nou PBegdnxe xou 1 avalhtnorn Eavopyilel. Xe mepintworn mou dev PBeedel to potfo, to

nopddupo ohoYaiver xotd évav 6po (bit). To teoT yENOWOTOLE! WC XATOVOUT| AVOPORdS TNV

xatavouh X2.

Acedoyéva:

1. n=to puixoc touc und e&€taon oxolovdioc.

2. &= (&,&, ., &) = M und e&€taon axolovdia.

3. m= 1o wAxoc Tou xdde potiBou (axohouvdioc) mou avalnTolue (w¢ un-
TEELODXO).

4. B= 7o un meptodind potifo peyédouc m mou avalnrolue yéoa otnv €. To B
elvot, ovolooTnd, war duaduer axoloudia uhxoug m. O xOOAC TOu TECT
map€yel uiar PBPBAodixn mpotinwy amd urn meplodxd potiBa, amd TNV omoia
npoxadopileton to B. Ta mpdtuna mou mogéyovta elvan yio m = 2,3, ... ,10.

5. M= 7o ynfrog toug umaxohoudiag Toug € mou Yo eheyydel.

6. N= 7o m\fdoc twv aveldptniwv blocks. To npdypappa Véter N = 8

(Xuviotdpeva yeyédn: m= 9 4 m = 10, yi vo €ouv VONUO Ta ATOTEAEGUOTAL.

Av xou 0 x®Bwoac tou mpoypdupatoc Yéter N = 8, o xwduxac umopel va
petafBAndel yio vo mdper xon toug Twéc to N, und Ttoug mpobmovéoeic: a)N <
100, vy vo elvon éyxvpec ot twée twv P - values xou ) M > 0.01-n, ye

N = floor(/y)))-
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Avoduxosio:

1. H axoroudio dwpeiton o N ave&dptnto tprpata (blocks) uixous M.

2. 'BEotw Wj,j = 1.,2,..,N, o apuduéc epgavicewv tou B oto block j. H avalhton
yivetoaw w¢ e€ig: dnuiovpyeltan éva mapdiupo peyédouc m-bit oty axoloudia
xan ouyxelvovtan to bits tou mapadipou pe autd Tou TEoTuTOU MoV avalNTOVUE.
Av dev tawpdlouv to napddupo ohoBaiver xotd éva bit (tpog ta 8eid). Eved av
tawptdlouy 1o mapddupo olodaiver (tpoc to 8e€id) xatd m-bits, étol Wote To
enoépevo mapddupo vo Eextvrioel Pe To TpwTo bit mou dev Tautileton pe autd Tou

TEOTUTOL.

3. u= (M- m+ 1)/2m, 0% = M(Zim— 2:21—;11), (xatd v unddeon  Toug
TuyudTnTac, unoroyilovtar ta Yewpnuxd ueyédn touc péone TWAC U Xol TOUG
dlaomopdc a2).

- 2
4. y¥(obs) = ¥, WH

o2

(amotehel éva Yétpo Yol 10 1600 xahd 0 TaPUTNEOVUEVOS apldudc ‘Touplaoudtmy’
Tou TEoTUNOU TouEldlel PE aUTOV ToL Var oavoEVUUE -xoTd TNV umddeon Toug
TUYUOTNTOC- ).

N )(z(obs))
2’ 2 ’

5. P - value = igamc(
(Yo unohoylotolv touc P - values, Yo vrohoyiletor wa P — value yio xdde

npotuno. Lo m = 9 unopolv va unohoyiotolv éyel xan 148 P — values. Evo

yiam = 10 péypl xou 284).

Yuunépaouo: H & dev elvon tuyalor xou amotuyydver oto teot av P - value < 0.01.

Al (av P = value = 0.01) n € eivon Tuyaio.

Ynuelwon: Av n twh touc P - value eivon mohd pxey| (<0.01), téte 1 oaxohovdio €xet

UN-XAVOVIXES EUpaVIoELS Tou Tdovol TpdTUTOL HOTBwY.

TTopdderyuo 2.7.1

Twe= 10100100101110010110,n = 20,N = 2 ket M = 10
(Bripa 17)

Ta Suo blocks eivan: 1010010010 xow 1110010110

(Bripo 2°)

Avm = 3 xou B = 001 éyouye:
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O¢om bit Blockl Block2
Bits Wi Bits W,

1-3 101 0 111 0
2-4 010 0 110 0
3-5 100 0 100 0
4-6 001 (ToupLélet) 1 001 (touptdlet) 1
5-7 Aev e€etdlete Aev e€etdlete
6-8 Aev e€etdlete Aev e€etdlete
7-9 001 (ToupLdlet) 2 011 1
8-10 010 2 110 1

Apo Wy = 2xou W, = 1.

(Bpor 3°)

p== 1,02 = 10 (2%— %) = 0.46875

(Bpor 47)

) 1+0
¥ (obs) = —————== 2.133333

0.46875
(Bripa 5°)

P - value = igamc (5,

2 2133333

)= 0.344154 > 0.01,

Gpo 1 € umopel v Yewpndel Tuyala axohoudia.

2.8  Overlapping Template Matching Test

O éheyyoc autde, dmwe xou o 2.7, eotidlel oTov aptiud euPpavicewy TEOoXopIoUEVELV
TunudTov-oxohovhidyv. Il yenowomnoweitoaw éva m — bit nopddupo, yio vo aviyveudel éva
m - bit pot{Bo. Av 1o potifo dev Ppevdel €youpe tnv Bio dradixacia e to mopddupo va
ohiolalvel Toug tar delid xatd éva bit. H BSiagpopd pe to 2.7 eivon éti oe mepintwon mou

aviyvewdel to potifo, to mopddupo Yo olodroer poévo éva bit mpog ta Bedid yia va

Eavapytoet n avalhtnon. To 1e0T yENoWWONOLEl (KC XUTAVOUT] AVAPOEAS TNV XATAUVOUY X2,

Aedoyéva:

1. m=7o yrfxoc touc und eétaom axoroudioc.

2. €= (&,&,...,&) = 1 unod e&étaom axorovdio.

3. m= 7o yfxoc tou potiou, oe auTAV TNV TERITTWON TO PAXOC TOug PONG TWV

doowv.

4. B= 7o pot{fo yeyédouc m nou avalntolue Y€co oTny €.




[45]

5. K= o apuduog tov Boducv ekevidepiog. To npdypauuo 9éter K = 5.
6. M= o pixoc Toug unaxoroudiog Toug € mou Yo eheyydel. To npdypappa YEtel
M = 1032.

7. N= 7o m\jdoc twv aveldpotntwv blocks tou n. To npdypoupa Véter N = 968.

(Zuviotopeva peyédn: Ta K,M,N npéner vo emthéyovion €10l (HOTE N 2 106.
Mrnopolv va emieyolv didgopeg Twwée v To m, arld 1 NIST mpog to mapdv
npotelvet m=9 B m= 10. Av touc mpotundoldv dhiec TWwéS Y TS
peToBANTé, autd Yo mpEnel va Yivel €Tol WOoTE:

e nz2mn.

e N -minm; > 5, (yw v emthoyr tou N).

.A:(M—m+ 1)/2mz2-

e m= log,M, (yio Ty emhoy?) ToU m).
o K=~ 2, (v v emdoyh tou K). Av emheyel K # 5, ou npée tov m; Yo

TpéneL Vo enavainoloylotolv ([3], section 3.8).

Awoduasio:

1. H oxohoudia Sroupeiton oe N aveZdptnta tufpata (blocks) ufxoug M.

2. Troloyiletw o apWiude eupavicewyv tou B oe xdde éva and ta N blocks. H
avalitnon yiveton wg e€hc: dnuiovpyeiton éva mopddupo ueyédoug m-bit oty
axohoutia xar ouyxpivovton to bits tou mapadipou e owtd tou B xou undpyet
€vog xaToETENTAS Tou omolou TNV Twh awidvouue xdde opd mou To potiBo
tanpdlel. To napddupo ohoaiver tpog ta 8elid xatd pior Véom (bit) petd and
xade e€étaon. Kataypdgeton o aprdudc eupavicewy tou B oe xdde block pe tnv
adgnon Tou Belxtn v;,i= 0,..,5, étoL dote: TO Yy vo  auédveton dTov Bev
undpy oLy epgavicelc Tou B oty unaxohoudia, to vy audveTon Yo o ELPEVIoN
tou B oty unoxorovdia, ... , to vy auldvetan yia 4 epgavicelc Tou B oty

umaxohoudio, eved To V5 augdveton yior 5 xou Téve eggavicelc Tou B.

3. A= (M_ ms 1)/2m xoun = /1/2,

(xavOVIXE YENOWOTOLOUVTAL YL VOl UTOAOYIGTOOY oL Vewpntuixéc mdavoTnTes m;
TOU OVTLOTOLYOUV TOUC XABOELS TOU Vg, TO TEOYPUUMO TOUC OOUAEUEL UE

OUYXEXPWEVES THES TOV T, BACEL TV ANAUTHCEWY TOL).

(vi—Nm)?

o) 6mou Ty = 0.364091, m, = 0.185659, m, =

4. y%(obs) = Y3,
0.139381, m3 = 0.100571, m, = 0.070432, m5 = 0.139865.
(amotehel éva Pétpo Yol 10 THo0 Xahd 0 TaPUTNEOVUEVOS apldudc ‘Touplaoudtomy’

Tou mpotlnou Toupdlel e autdv mou Yo avopévaue xatd Tty unddeon ng

TUYUATNTOC)
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5 x2(obs)

5. P - value = igamc(3,*——)

Yuunépoaouo: H & dev elvon tuyalor xon amotuyydver oto teot av P - value < 0.01.

Al (av P = value 2 0.01) n € eivon Tuyaio.

Ynueiwon: T to mpoéTtuno B = 11, av oe 6Ao To unfxog Toug axohoudlog UTHEYAY TOUC
poéc Goowv peyédouc 2-bit, téte:r o) N TWA Touc Vs Vo Koy TORD peYAn, B) M T
touc y?(0bs) Vo Hray TOND weYdAn, ¥) 1 T Touc P-value Yo Aoy wixper (<0.01) xou 3) to

anotéheopo o fToy un-tuyondTnTa Yo T axohoudia.

Topddetyuo 2.8.1
T'o €=10111011110010110100011100101110111110000101101001, n=50, K=2, M=10
wow N=5

(B 1°)
To 5 blocks etvon: 1011101111, 0010110100, 0111001011, 1011111000, xow 0101101001
(Bror 2%)
o m=2 xaw B=11 1 dwdixacio e&étaong tou npwdtou block cuveyiletar we e€nig:
O¢om bit Bits Ap.
Eugavicewy tou
B=11
1-2 10 0
2-3 01 0
3-4 11 (rouprdlet) 1
4-5 11 (rouprdlet) 2
5-6 10 2
6-7 01 2
7-8 11 (rouprdlet) 3
8-9 11 (rouprdlet) 4
9-10 11(touprdler) 5

Apoa petd v eZétaomn tou mpodtou block, éyouue 5 eugavicels/cuuBdvta Tou B xou
EMOUEVLC: Vg = Vg = Uy = V3= Uy = 0 xou v5 = 1.

‘Opota e€etdlovton xou o undrowma blocks. Kow étor to 11 epgaviletar: oto dedtepo
block 2 gopég, oto tpito block 3 @opéc, oto tétapto block 4 gopég xou oto méunto block
Lot pogd.

Apovg= 0, v, = V= v3=V,=v5=1
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(B 3°)

a= 07271 - 225 p= 225/, = 1.125.

(Bpor 47)

Enedr to mopddetypo €yel un emTEENTES €L0OB0UC Yol To TEdYpaupa (Yia AGyouc
HEAETNG %O XATAVONONG TOU ovoryveoTr), emneedloviol xou oL TWES TwV M; Ol Omoleg
enavunoloyilovto vl To ouyxexpévo wc elngmy = 0.324652, m; = 0.182617, m, =
0.142670, m3; = 0.106645, m, = 0.077147, m5 = 0.166269.

Téte y?(obs) = 3.167729.

(Bor 5%)

5 3.167729

P - value = igamc(g, 5

)=0.274932.

2.9 Maurer’s “Universal Statistical’ Test

O éheyyde autde eotdler oto mhRdog twv otouyeinv (bits) avdueoo oe dbo mpdTuna
mou  touptdlouv (mpdypo mou omotelel éva péTpo TOU OCUVOEETOL UE TO UAXOC WLAC
4 ’ r ’ 7 7 7
ouumieopévne axoloudioc). ‘Eyovtac we oxond  va aviyvevoer av 1 oxohoua urnopel vo
cupmieoTel onuavTixd ywele omdAcsia TAnpogopldy, 1B oyt To teot ypnowomowel ¢

AATOVOUY| OVOPORAC TNV NUL-XOUVOVIXT XUTAVOUT).

Acedoyéva:

1. m=7o ynfxoc touc und eétaor axoroudioc.

2. &€= (&1,& ., &) = M und e&€taon axolovdia.

3. L= 7o uhxoc tou xdde block. ( H yprion touc L wc péyedoc block, dev eivan
ouufiBacth pe tov peyédoug block ocuufoiioud M, mou ypnowornoweitow ota
dhha teot. Ioapdha autd, 1 yenon we uéyedog block xadopiotnxe otnv apyxn
dlotimwon tou Maurer’s Test).

4. Q=10 m\loc 10 Dblocks oty axohloudlar Tmou  EexlvdEL TO  TEOT.
Yuviotopeva pevédn: To teot anoutel peydho prhixoc vy tyv € (n2 (Q + K)L).
Ipéne: 6< L < 16, Q = 2-10" xau K = floor("/;) - @ ~ 1000 2-. T Toug

Toug Aoyoug ol Twée twv n, L xou Q mpénel va emAéyovior oUP@LVA UE TOV

mivoneas:



n L Q = 10- 2~
>387,840 6 640
>004,960 7 1280
>2 068,480 8 2560
>4,654,080 9 5120
>10,342,400 10 10240
>22,753,280 11 20480
>49,643,520 12 40960
>107,560,960 13 81920
>231,669,760 14 163840
>496,435,200 15 327680
>1,059,061,760 16 655360

Avoduosio:
1. H e yopileto og d0o tpApata: o) To TUAUS oL EEXLVE TO TEOT
(initialization segment), nov anoteheiton and Q to TAHYOC Un AAANAETIXANUTTOUE VAL
(non-overlapping)  blocks peyédouc L, xou ) ond to tudua ehéyyou (test
seqment), mou anoteleiton and ta untéhoma K to mAdoc un oAANAETIXOAUTTOUE VA

blocks peyédouc L, émouv K = floor(n/L) - Q. Av undpyouv otouyeio (bits) oto

Tehog g oaxoloudiag &, to omolo Bev emapxoly va oynuaticouv block peyédoug L,
TotE auTd anoppinTovTaL.

Initialization Segment Test Segm ent
— () bits > Exl bits————»-Dizcard —»
| L-bits | Z-bits | ... | L-bits | L-bits | L-bits | L-bits | ... | L-bits | L-bits |
+ 2 bits
«—— () Blocks ] K Blocks

Y

Y

2. Xenowonouvtoag To TUAUN Tou Eextvd To TeaT, dnuoupyeiton €vog mivaxag yia
x&de vy Tty yeyédouc L (n onola ypnowponoteitar w¢ Selxtne otov mivaxa),
o opludg g teietalag sp@avione Ttou  Tedeutaiou  block peyédoug L
onuedvetoan otov mivoxa (dnhadh Tj = i, ywi= 1,..,Q, énovj n Sexadum
AVATOEAGTAOY TV TEPLEYOUEVLY Tou i-aTou block peyédoug L.

3. E&etdleton xdle éva and ta K blocks tou tuiuatog eAéyyou xou npocdioptleton
o optdudg twv blocks and Ny teheutalor eypdvion tou (Brou block peyédoug
L (dnhadry i- Tj). Ipootideton 71 unoloywouévn ondoTacn UETUE) TV

enoveugavioewy Tou (Blou block upeyédouc L oe évav cucowpeupévo log,
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ddpotopo GAwY TwV dtagopndv mou aviyvebinxav oto K blocks (dniadn sum =
sum + log,(i - Tj)).

4. f, = %Z?:Qﬁllogz(i - T;), 6nou Tj elvaw 1 elcodog tou mivaxa mou avticTolyel
o1 Oexadxn) avamapdaotaot Tou i-otou block peyédoug L.
(H f,, elvou o ddpoiopa twv log, anootdoewy aviueoa oe tpotuta peyédous L
mou tauptdlouv. Amotekel, Snhady, To ddpowoua Twv Ynpiwy mou Beloxovro

avdpeoo oe npdTUTTY HeYEYoUG L mou touptdlouv.)

5. P - value = erfc( f"_expecjgzvaluemb, 6mov 0= ¢ /M ue ¢= 0.7 -

98, (4+ 2)1( i Hol

L L 15

L expextedValue variance
6 5.2177052 2.954
7 6.1962507 3.125
8 7.1836656 3.238
9 8.1764248 3.311
10 9.1723243 3.356
11 10.170032 3.384
12 11.168765 3.401
13 12.168070 3.410
14 13.167693 3.416
15 14.167488 3.419
16 15.167379 3.421

(Kotd v unddeon tne tuyoudtnrog, o derypatixds péoog, expectedValue(L),
elvor N Yewpntinde avouevouevn Tyr mov Yo nepuévaue otn Véon e f v To

doopévo uhixoc L. Kaw 0 1 Yewpnuind turd andxion.)

Suurnépaouo: H & dev elvon tuyalor xou amotuyydver oto teot av P - value < 0.01.

A (av P = value 2 0.01) n € eivon Tuyoaio.

Yrnueiwon: To TeoT amotuyydvel, Otav 1 TWH NG fn OLPEPEL ONUAVTIXA amd T
Pewpntinme avauevouevn expectedValue, 6tav dnhadn n oaxolouwdia uropel vo cuumieotel

ONUAVTLXAL.

TTopddetyuo 2.9.1
Tae= 01011010011101010111,n = 20,L = 2 xou Q = 4.

(Bripor 1°)
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Téte K=6. 1o tuua mou Eextvd to teot (initialization segment) eivon: 01011010 xou o
U eEAéyyou (test segment) efvou: 011101010111, Ta L-bit blocks napovcidlovtar otov

w&TwOL Tivona:

Block TOrog Iepieyouevo
1 initialization 01
2 segment 01
3 10
4 10
) test 01
6 segment 11
7 01
8 01
9 01
10 11

(Buo 2°)
Xenowonowyvtag ta 4 initialization blocks €youue tov mivoxa mou Yo pag Pondiocel yio

Tov uToAoYIoUd TV TeKTwy T; Tou Yo yenoiwonomdoiv.

ITvfoavég L-bit Tyuée
00 01 10 11
(amoOmxevetan | (amodnredeton (amodnreteTon (amodnxeteTon
oto Ty) oto Tq) ot0 T3) oto T3)
Initialization 0 2 4 0

(Brpar 3°)

TN to block 5 (1o 1° nou egetdleton): T0 5 elvon tonodetnuévo otnv “017 oepd tou
nivaa (dpor , Ty ), xou t6te sum = log,(5 - 2) = 1.584962501 .

I to block 6: to 6 elvan Tonodetnuévo oty "117 oepd tou mivaxa (dpo , Tz), sum =
1.584962501 + log,(6 - 0) = 4.169925002 .

I to block 7: to 7 elvan Tonodetnuévo oty "017 oelpd Tou mivaxo e mponyoLUevn
eppdvion oty 5 oelpd, sum = 4.169925002 + log,(7 - 5) = 5.169925002 .

I to block 8: 1o 8 elvan Tonodetnuévo oty "017 celpd Tou mivaxo Ue mponyoLUen
eppdvion ot 7" oelpd, sum = 5.169925002 + log,(8 - 7) = 5.169925002 .

I o block 9: 1o 9 elvar tonodetnuévo oty "017 cepd tou mivaxa e TEONYOUUEYN
eppdvion oty 8" oeipd, sum = 5.169925002 + log,(9 - 8) = 5.169925002 .

I to block 10: to 10 elvou Tomodetnuévo otnv “117 oelpd Tou Tivaxo HE TEONYOUUEN

eppdvion oty 6" oepd, sum = 5.169925002 + log,(10 - 6) = 7.169925002 . .
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(Bripa 4°)
f, = —7'1699625002 = 1.1949875 .

(Brhuo 5°)

Enedy) to teot dev evdelixvutan yioo L=2, dev undpyet avtiotoiyn expectedValue otov
nivoxa. Ilpotiuridnue oume v 10 TaEddeLYUo Yot AGYOUS BLEUXOAUVONG TOU VALY VOGTY), Ol
EMOPEVLC YPEWIOTNXE 1) eloaywYn Tne expectedValue yia L=2 anoxieictixd xou udvo yia 1o

ToEOV TUPADELY L.
1.1949875 - 1.5374383
V2+/1.338

P - value = erfc(

|> = 0.767189

2.10 Linear Complexity Test

O éheyyoc autdc eotdlel 0TO UAXOC EVOC xotoywent OoModnone ME YpouUxn
avédpoon LFSR  (nopoucidlovton avahutixd oto Kegpdhowo 3). Lxomde Tou elvon vo
amogaviel av 7N oxoloudla elvon apxetd olvdetn v va Yewpendel tuyaia. Tuyoleg
axoloudie yopouxtneilovtar and yeyohltepoug LESR’s. Enopévwg av €youye mold pixed
XUTAUY WENTH CUVETAYETAL U1 TUYUOTNTA. TO TEGT YENOUOTOIEL (O XATUVOUY| AVAPORAS TNV

xatavouh X2.

Acdoyéva:

1. n=to pAxoc tne umod e&étaon axorovdiac.

2. &= (&,&, v, &) = M uno e€€taon axolovdia.

3. M= 7o pnfnocg evéce block.

4. K= o opiudg tov Paducdv chevdeplag. O xodixag TOU TEOYEIUUATOS EXEL
yoapel ue K=6.
(Suwiotdpeve peyédn: n = 108.Emniéov 500 < M < 5000 xou N = 200, yur vo

elvan éyxupo 1o teoT.)

Awduxaoier.
1. Xowplletaw n e oe N 1o mAfidoc aveEdptnta blocks yeyédouc M, énou n = MN.
2. Twi=1,..,N xoadoplleton n yeauuxr; tolvthoxdtnta L; yia xdde éva and ta
N blocks pe ) ypfon tou Yveotol ahyopiduou Berlekamp-Massey®. L; eivou o
uhxoc tne wxpdtepne (um)oxohoudiog mou mopdyel 6ha ta otovyela (bits) oto

block i. T'tae x&de uraxohroudior yeyédoug L;, yenowonoiobye to mod2 ddpoloua

3 [Mopovoidlete oto Hapdptnua A.
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XATOLWY OTOLYEIWY NG, YL VoL TEEOVUE TO amoTéAecUa awtod Tou adpolopatos
w¢ 1o endpevo otouyelo (to L + 1 bit) tne axohovdioc.

M 2
M 9+(-DM+L 4o
—_— + —_— 2
2 36 2M >

3. u=
(amotehel T Vewentnh péon tuh xotd Ty unddeon e TUYUOTNTAC)
4. T;= (DM-(L,- M) + g ywi=1,..,N
5. (v, vq,..,V6) = (0,0,...0)
T'ow i=1,...,N
AvT; < -251t6te vg= vy + 1
Adcav -25< T;< =15, t6te vy = v+ 1

Aocav -15< T;< =05, t6te v, = vy + 1

A av -05< T; < 0.5, t6te vy = vz + 1

Aocay 05<T;< 15, totev,=v,+ 1

AMdcav 1.5< T; < 25, t6te vg = v5+ 1

Aldc av Tp > 2.5, 10t vg = Vg + 1

(Anotehel évav TpoTO XaTOYPUPHS TV TWOY TV T 0TC Vo, V1, ..., Vg.)
k (Wi—Nm;)?

6. y*(obs) = ¥i o

m3 = 0.5, m, = 0.25, 15 = 0.0625, m; = 0.02083

, 6mou my = 0.010417, my = 0.03125, m, = 0.125,

K xz(obs))
2’ 2

7. P - value = igamc(

Suunépaouo: H & Bev elvon tuyaior xau amotuyydver oto teot av P - value < 0.01.

Al (av P = value = 0.01) n € eivon Tuyoaio.

Ynueiwon: H amotuyie tou teot (P - value < 0.01) mnydler and 1o 611 oL
TOEUTNEOUUEVOL UETENTEC TWV CUYVOTHTLY Twv T (Snhadr ta vj,j = 0,...,6) Sapépouv and
Tig avopevouevee Téc. Aol Yo énpene 1 Sotapoy| Twv cuyvoTATOY Twv T; (Snhadh twv

7 e 4
;) v elvon avdAOYT) TV UTOAOYLOUEVLY Tr;.

TMopdderyuo 2.10.1

Oa dovolv yia Adyoug xatavénone xon avdyvemons ta PAuato e dadixaociuc mou
umopodVY Vo avaAuBoly TEOXTIXG OE YEATTO XEUEVO.

(B 2°)

Eotw 6Tt M=13 xa 7t0 block mouv Yo efetaoctel elvar to 1101011110001
Téte L= 4 xou 1 oxorovdio mopdyetor and 1 mod2 mpdoveon tou 1% xau Tou 2%
otoiyetou (bit) péoa oe pla unaxohoudior peyédouc 4 (bit) v v mapaywyh Tou 5%

otouyetou (bit). H diepetvnon cuveyiletoan we xdtwd:
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Bit1 | Bit2 | Bit3 | Bit4 | Bit 5

To mpwta 4 bits xou to anotéheopa 5° bit 1 1 0 1 0
Bits 2-5 xou to anotéheopa 6° bit 1 0 1 0 1
Bits 3-6 xou t0 amotéheoya 7° bit 0 1 0 1 1
Bits 4-7 xou to anotéheopa 87 bit 1 0 1 1 1
Bits 5-8 xou To anotéheopa 97 bit 0 1 1 1 1
Bits 6-9 xou to anotéheopa 10° bit 1 1 1 1 0
Bits 7-10 ot to anotéheopa 11° bit 1 1 1 0 0
Bits 8-11 xou 10 anotéheopa 12° bit 1 1 0 0 0
Bits 9-12 xou o amotéheopa 13° bit 1 0 0 0 1

Autéc o LFSR Aeitoupyel, av dev Aettoupyovoe Vo doxwoaldtav dhhn (Yeouuixrh)
owdptnon (my &dpoopa mod2 tou 1%, tou 2% xau tou 4” croiyelou xou Ta amoTéAEopa

’ o ’
va elvar to 5° otolyelo).

(B 37)

13 9+(-DPF 4D
p=t+——— - ;T:= 6.777222 .
(Brpo 47)

T.= (13- (4- 13) + %: 2.999444

2.11 Serial Test

O éheyyoc autdg eotidlel ot cUYVOTNTA OOV TV THAVOY AAANAETUXAAVTTOUEVLY
wotifwyv peyédouc m (m-bit) xotd uixoc ohdxhnene tne axoloudioc. Amooxondvrac vo
xadopioel av o TAROC TV eppavicewy Twy 2™ dAANAETXOAUTTOUEVLY HOTBwVY ueyédoug
m, elvon autéc mov Yo avopévape amd o Tuyador oxoloudio. Xtic Tuyaiec axohoudies xdde
m-bit potlBo €yer v B mdavdTNTa EPPAVIONS PE OTOLOBNTOTE dAAO, YEYOVOC Tou Blvel
wa opotopopgior ot autée (tic axoloudieg). To teot eivan 1oodlvapo ye to Frequency Test

Yo m=1. To Te0T YPNOWOTOLEL WS XATAVOUR avapopdic Tv xatavour X2.

Acdoyéva:
1. n=to puixog e umo e&étaom axorovdiog.
2. &= (&,&, v, &) = M und e&€taon axolovdia.
3. m= 7o unhxog tou xdve block.
(Xuviotdpeva  peyédn:  ta m,n mpénel vo emheyolv  €ToL (OOTE

m < floor(log,n) - 2)



[54]

Awaxdixacior
1. Eymuotileton wia emavénuévn oxorovdio €. H enéxtoaon yivetaw av oto téhog
NG € TPOCUPETAOOLYE To Tp®Ta M-1 otouyelo Tng.
2. Kadopllovtar oL cuyvétntee dhwv tov mdavdyv olniemxoluntouevwy block
peyédouc: m, m-1 o m-2. ‘BEotw: vy, ;N ouyvétnta tou potiBou i ..ipm,
Vi iy, N OUYYOTNTA TOU POTIPOV iy wlppoq XU Vi 4 o N OUYVOTNTAL TOUL

HoTiBOU i1 ..ip—p-

2 _ Zm n 2 Zm 2
30 Ym = = Xiin Wiy iy~ 5m) T 5 i i (Vigiy) 1
2m—1 n 2m—1
Yo = Dy imes (Vi iy = zm—1)2: - Yivip Vi i )1
2 _ 2m—2 n 2m—2
Vm-2= =2, iy Vi iy ~ gm3) = Beig i (Vig i) = 1

4o VYR = Ph- YRy xon VAR = Yh - 20y + YR, brou i = Y = 0.
(To VipZ,(0bs) xou VZPZ(obs) omoteholv éva pétpo Yyl 10 THCO %ok o
TPATNEOVUEVES GUYVOTNTES TwV HoTBwv peyédouc m taupldlouy pe ouTég Tou
Vo avoévope Yewpntind.)

5. P - valuel = igamc(2™2,V2) o P - value2 = igamc(2™ 3, V2)

Yuunépaouo: H & dev elvar tuyalor xou amotuyydver oto teot av P - value < 0.01.

Adnde (av P = value 2 0.01) 1 € eivon Tuyoaio.

Ynuelwon: Ané ) otiyun mou P - valuel 2 0.01 xou P — value2 = 0.01 cuunopévoupe
6t n oaxohoudia etvon tuyado. Av 7 T e VEPEA e Vphelvar mohd peydhn, autd

onuaiver 6Tt dev €youpe opolodopplor oto block peyédoug m.

Hooddeiyua 2.11.1

T n=10 »ow €=0011011101.

(B 1)

T'a m=3, té1e £€=001101110100, yioe m=2 téte €'= 00110111010, yia m=1 t61e
£=0011011101

(B 2)

T m=3, m-1=2 xou m-2=1.

Ov ouyvétntee 6hwv twv 3-bit blocks elvau: wvggo = 0, Vo1 = 1,910 = 1, V11 =
2, V100 = 1, V101 = 2, V110 = 2,111 = 0
Ot cuyvotnteg 6Awy duvatey twv 2-bit blocks eivow: vog = 1, vg1 = 3,19 = 3, 11 = 3

Ot ouyvotnteg 6Awv duvatey twv 1-bit blocks elvow: vy = 4, v, = 6

(B 3)
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3

l/)2=%(0+ 1+1+4+1+4+4+1)-10= 2.8
2

Y2= (14 9+ 9+ 9)-10= 12

$?= =(16+36)- 10 = 04

(Bruo 4)

Vi = Ph - Yho1= Yi-Pi=28-12=16
VAYs = i - 293 + 7 = 0.8

(Briuor 5)

P - valuel = igamc(2,~) = 0.9057(> 0.01) xau
P - value = igamc(1,%) = 0.8805(> 0.01)

Apa n € propel va Yewpniel Tuyaio axoroudio.

2.12 Approximate Entropy Test

O éheyyoc autde, Omweg xar o 2.11, eotdler oTC GLUYVOTNTEC OAWV TV TLUAVKY
oAAnAeTixaAUTTOUEVLY  LOTBwv ueyélouc m xatd pRxoc ohdxinenc tne axohoudiac.
Yxomég tou elvon va ouyxplvel Tic ouyvotnteg ahhniemxohuntouevey blocks ta omola
€youv dadoywd/mapoxeiueva uixn (av, dnhadh, to éva €yer uhRxoc m to dAlo Vo €yel
m+1), ye avtiotoiya anoteréopota mou Vo avopévaue ond pio tuyoia axohoudio. To teot

YENOWOTOLEL WS XoTavour avapopdc Ty xatavour X2,

Aedoyéva:

1. n=to puixog e und e&étaom axorovdiog.

2. €= (&,&,...,&) = M und e&étaon axohovdia.

3. m= 7o pfxoc tou xdde block.(Xto teot Yo elvar To mpddTo péyedoc block mou
Vo yenowonoteiton xou m+1 to deltePO. )
(Xuviotdpeva  peyédn:  ta m,n mpénel vo emheyolv  E€ToL (OOTE

m < floor(log;n) - 5)

Awxdixacior
1. Yynuotiletoar wo emoawnuévn oxorovdia €, étol dote vo dnuiovpyndolv n
oaAAnAeTXoAUTTTOUEVES oxoloulieg peyédoug m, ylo va emtevydel autd oto
TENOC TNG € TPOCUPTAOVTAL To TETH M-1 oTolyela TNne.
2. Anuoupyeiton évag peTentic cUYVOTATOY Yiot To i oAAnhemxoAuntépeva blocks
(ty av oe éva block nepiéyovton ta otoiyela & uéypl TO € ypm—q1 TOTE AUTO
egetaleton T ypovixn oTiyun j,avtiotolya €va block mou mepéyel otouyeio and

TO &1 PEXPL TO Ejpmauto e€etdleton T ypowixn) otypr j+1). Eotw 6t o
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petentic TV miavody Ty peyédouc m (m+1) cvuPoriletan we C™, émou i
elvon g iy peyédoug m.

3. "= #;i,Vi (ue #i ouvuBoiiloupe To TAAYoC TwvV 1, dnhadh Tov oaptdud
epgavicewyv tou i).

4. @M = Y25 -riogm, bmou T; = G} xau j = logyi.

5. ©Oétouye m:= m+ 1 xou emavaropfBdvovtar Ta Privota 1 éwg 4.

6. X% = 2n{log2- ApEn(m)}, 6ToU ApEn(m) = @M - p(m+1),
(n X? anotehel éva uétpo yia 10 1660 xahd N TopaTnEolUEVN Ty Tne ApEn(m)
Tanptdlouv pe auTtée Tov Vo TEPUIEVAE).

7. P - value = igamc(Zm_l,X?z)

Suunépoouo: H € dev elvon tuyalor xou amotuyydver oto teot av P - value < 0.01.

Al (av P = value 2 0.01) n € eivon Tuyaio.

Ynuelwon: Mupée tpée e ApEn(m) do onpoivouv onpovtixd xoavovixdtnio, eveo

MEYAAES TWES Vo EDELY VAV OUCIAOTIXY DIAXUUAVOT 1) AVWUOALDL.

TTopdderypo 2.12.1

T €=0100110101, n=10 xow m=3

(B 1)

m-1=2, €=010011010101 (owt6 yiveton yio x&de Tiur Tou m)

(Briuar 2)

Ta blocks yeyédouc 3 elvar: 010, 100, 001, 011, 110, 101, 010, 101, 010, »ou 101.

Ov umoloylduevor petpntée v ta 2™ = 23 = 8 mdavéc ompéc prxouc 3 elvow:
#000=0, #001=1, #010=3, #011=1, #100=1, #101=3, #110=1, #111=0
(Briuo 3)
Cdo0 =0, Cio1 = 0.1, €1 = 0.3, €511 =0.1, Cyo =0.1, Cpy =0.3, Cf10 =0.1, Ciy; =0.
(o 4)
»®3) = 0(log0) + 0.1(log0.1) + 0.3(log0.3) + 0.1(log0.1) + 0.1(log0.1) +
0.3(log 0.3) + 0.1(log0.1) + 0(log0) = - 1.64341772.
(Briuar 5)
m=4
1. €£=0100110101010.
2. Ta blocks peyédouc 4 eivon: 0100, 1001, 0011, 0110, 1101, 1010, 0101, 1010,
0101,1010.
#0011 = 1, #0100 = 1, #0101 = 2, #0110 = 1, #1001 = 1, #1010 = 3,
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#1101 = 1, undpyouv dhha 9 mdavd blocks mou dev eugaviCovtan xadohou yio
auté dev ta avapépoupe (ty #0001=4#1111=0)

3. Coo11 = Co100 = Cor10 = Croor = Ctior = 0.1,C1o1 = 0.2,Cfygo = 3, xeu Ghec oL
dhhec Téc elvan 0.

4. @™ =0+ 0+ 0+ 0.1(log0.01) + 0.1(log0.01) + 0.2(log 0.02) +
0.1(log0.01) + 0+ 0+ 0.1(log0.01) + 0.3(log 0.03) + 0+ 0+ 0.1(log 0.01) +
00) = -1.83437197.

(Bruc 6)
ApEn(3) = -1.643418 - (- 1.834372) = 0.190954 xo X2 = 0.502193

(Brpo 7)
P - value = igamc(zz,W) = 0.261961(= 0.01).

Apa 1 € unopel vo Yewpniel Tuyaio.

Hopddetyuoa 2.12.2

To napdv anotehel €va napddetypor plog oxolovdiog mou Yo elye vomuo vo eheyydel we
TEOS TNV TUYAOTNTA NS, TNV omola To Tpoypoppa Vo mpoomélale ¢  eENg:
lNa
€=1100100100001111110110101010001000100001011010001100001000110100110001001100
011001100010100010111000 n=100, m=2
ApEn(m) =0.665393, X% = 5.550792, P - value =0.235301(z 0.01).

Apa 1 € punopel vo Yewpndel Tuyalo.

2.13 Cumulative Sums (Cusum) Test

O éheyyoc autdc e€etdlel T0 YéyloTo povomdtt and to 0 evéde Tuyaiov mepimdtou, To
onoto xoopiletan and to dVpotopa TV TEOcUpUOoUEVLY (Tar 0 TéhL avtixadioTdvTon and -
1) otoueiwv e oaxohovdiac. Oéhovtoc va xadoploer av to ddpoloua TV UTOXOAOLILDV
e und eZétoorn axohoudiog, oe oyéon pe auté mou Vo mepuévoue amd Wla Tuyoda
axohoudia, elvar apxetd YeYdAO 1) apxeTd pixed. Av 1 oxoloudia elvar tuyala Yo mpénel to
HovomaTL Tou Tuyalou mepindTou va elvar xovtd oto 0. [N oplopévoug tomoug un-tuyolwy
axolouiy , autol Tou eldoug Ta povomdTio elvan peydio. To TeoT yenoiwwomoel wg

XOUTAVOUY| OVOPOEAS TNV XAVOVIXT| XOTUVOUY.

Acedoyéva:
1. n=to pAxoc g umd e&étaon axorovdiac.

2. &€= (&,& v, &) = M UNO €€Ta0M 0xoloL Y.
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3. mode= civau o deixtng Bdoel tou omolou egaupudlovue To TECT, Elte AmO TNV
oy mpoc to téhoc g € (v mode = 0), elte and to hog Tpoc TV apyY (Yo
mode = 1).

(Xuviotopeva peyédn: n = 100.)

Avoduxosio
1 xi=2¢-1,i=1,...,n
(Metatpénovton  ta otoiyeia e oaxohovdiac € mou eivon (oo pe 0 o -1, eved
autd mou elvon (oo pe 1 TOPOHEVOUY W €YOUV XaL TUPAYETOL E£TOL WLoL VEX
oaxohovdio (Yp)me1=X.
2. Av mode=0 S,=x1+ )Xo+ "+ Xie= Sic1+ Xiew OAMOC av mode = 1
Sk = Xn* Xn-1% ¥ Xnox+1 = Sk-1+ Xv—xs1, YiK = 1,2, .., n. Anhodn:

mode = 0 mode = 1
S1=xn S$1= Xn
S;2= X1+ X2 S$2= Xn* Xn-1
Spn=X1t Xt ot Xn Sn=Xn*t Xn-1t vt X1

(Troloyilovtow  to  (uepwd) adpolopotar S, i=1,..,n twv dwdoyxd
EaVOUEVLY Lo oLV Eextvivtag elte and to y; av mode=0, elte and to
Xn ov mode=1.)

3. z= Max;<x<nlSkl (sxcppdc{a TOV UeYaAUTERO TERITATO).

4. P - value— 1—ZZ [@ ((4'27_1)2) d)((‘“i/_l)z)] 3

(2—1]/4 @ (4K+3)z
( +1)/4

x=(‘z—"—3)/4[ ( Vn ) -

(4-K+ 1)z
?(

)1,
6mou CD(Z) ) CUVEETNOT] XOTAVOUNE TNG TUTOTOINUEVNEC XAVOVIXHC XATAVOUNS TOU

z -u?
e /Zdu

opileton we ®(z) = \/%_nf_oo

Yuunépaouo: H & dev elvon tuyalor xon amotuyydvelr oto teot av P - value < 0.01.

Alwee (av P = value 2 0.01) n & eivon tuyaio.

Enueiwon: Av éyoupe peYIAeS TWES Yiol TO Z onuolvel 6t a) yiot mode = 0 oo opyixd

TUAUOTA NG € undpyouv glte ToAN& 1, eite mohh& 0, )yl mode = 1 ota TeAixd TuuaTo

e € undpyouyv eite moird 1, elte ToAAd 0. Eved av €youue wixpéc TES Tou Z onualvel Ot

T 0 xon 1 avoperyviovtol opolOpop®a XaTd UHxXog Tne &.

Hopddeyuo 2.13.1
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I e= 1011010111

(Briua 1)

X=1,-1,1,1-1,1,-1,1,1

(Bruo 2)

S$1=1, S;=1+(-1)=0, S3=1+(-1)+1=1, S4=1+(-1)+1+1=2, Ss=1+(-1)+1+1+(-1)=1,
Se =1+(-1)+1+1+(-1)+1=2, S;=1+(-1)+1+1+(-1)+1+(-1)=1,
Sg=1+(-1)+14+14(-1)+1+(-1)+1=2,

So=1+(-1)+14+1+(-1)+1+(-1)+141=3, S1o=1+(-1)+14+1+(-1)+14+(-1)+1+1+1=4
(B 3)

P-value=0.4116588

opddetyuo 2.13.2

To napdv anotehel évo napdderypa pLog oxolovdiog mou Yo elye vomua vo eheyydel we
TEOC TNV TuYAOTATA NS, TNV omola To  mpoypoppa Vo mpoomélale e  e€ng:
T
€=1100100100001111110110101010001000100001011010001100001000110100110001001100
011001100010100010111000 , n=100

Av mode=0 z=1.6 P - value = 0.219194(= 0.01).

Av mode=1 z=1.9 P - value = 0.114866(= 0.01).

Apa 1 € unopel vo Yewpndel Tuyalo.

2.14 Random Excursions Test

O éleyyoc autde eotdlel otov aptdud TV xOXAwV (Bladpounv) mou éyouy axpBne K
, , . s e ’ ’ . s e ’ ’
emoxéelc oe évay “adpolouxd” tuyalo mepinato. O “adpoioTinds” Tuyaloc meplmoTog
napdryeton and to pepixd adpolopato tne und eEétaor axoloudiog, av mpdta yetateédouue
ta otouyela e mou elvan (oo pe 0 oe -1 (6nwe xouw oto 2.13). ‘Evac xdxhog evioc tuyaiou
’ 7 ’ 7 7 7 ' ’ 7
nepindtou omotelelton and wa axohroutia Brudtwv -yovadlolou urxouc- Tta omofo elvou
Tuyaio xou xatohfiyouv exel 6mou Eextvolv (yia To teoT ot éva 0). Xxonde Tou teoT Elvan va
xadoplotel av 0 optdudc TV EMOXEPEWY OE YLl CUYXEXPWEVT XOTIoTUOY, HECO OE €vay
xOxho cuyxhiver 1) omoxhlvel and auTéV mou Vo MEQUUEVOUE Yo Lot Tuyolor oxohoudia.
Ovolotxd outé to teot elvan gl oelpd and 8 teot (xou dpo 8 cuunEpAoUdTKVY), GTOL
€YOUUE €V TECT XA EVOL CUUTEQOAOHA Yiot Xdde pior amd Tig xotootdoels: -4, -3, -2, -1 xou +1,

12, +3, +4. To Te0T YENOWOTOLEL (S XUTAVOUT, avapopdic TNv xatavour| X2,

Acedoyéva:

1. n=to puAxoc e und e&étaom axorovdiog.
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2. &= (&,&, v, &) = M UNO €€Taom oxolovdia.

(Zuviotoueva ueyédn: n > 10°)
Avoduxosio

1. yi=2&-1,i=1,..,n
(Metatpénovtoan  ta otoiyela e oxohovdiac € mou elvon (oo pe 0 oe -1, eved
autd mou elvon (oo pe 1 mopopévouv g €youv xan mopdyeton €TOL Lo VEX
axoroudia (Xn)me1=X).

2. Se=x1t Xot ot Xk = 12,00
(umoloyilovton  Ta  pepixd  odpolopata TV Swodoyxd  auEavOUEVGY
unoxohoL ey e X, dNAod S = X1, ooy Sp = X1+ X2+ Xn)-

3. 5={5,...5:}, (n oxohoudiow mou éyer wc bpouc to pepxd adpoloyata).
§"={0,5;, ..., 51,0}, (npoc¥étoupe oty S and éva 0 oty apyf xou 0To TENOG).

4. 'Eotw J 10 mhdoc Twv otoiyelwv tne S mou elvon oo pe 0, ywele va
npooueTpdton o autd to mewto 0 e S’ To J elvon emmiéov xou to mAdoc twv
xOxhwv oty S ,6mou weg xdxhog otnv S Vewpelton plor uoxolovdoc g M
omolo Zextvdel amd TNV eRPavion evoc otolyeiou Tou eivon (oo pe 0 (to mpdTo
otowyelo e unaxohovdiog), To emduevo otoiyelor e (e€oupouuévou Tou
teleutaiou) elvon Oudpopo Tou Undevde, xan TEREWOVEL (€xEL wC TENELTHLO
otouyelo) 1o mpdhto otoiyelo mou Va cuvavtroel To onolo €yel Twn {on pe 0
(extoc Tou mpdTou otouyeiou g unaxohoudiag). To teheutaio 0 evée xdxhou
unopel va Yewpndel we npwto otolyelo yio Eévay enduevo xdxho. To nifdoc Twv
x0xhwv oty S elvar 7o TARY0g Twv uNndevixdv diedeboenwy. Av J<500 Tto teot
Bev €yel VoMU VO GUVEYLOTEL.

5. T xdde xdxho xou vy xdle xatdotaon y ,6mouy €EZ, -4< y< -1 xou
1< x < 4, unohoyileton N cuyvétnTa TN xdde y oTov xdde xixho.

6. Ta ve(x)= 1o Ao Twv xxAwV oTouc onolouc 1 xatdotacy x¥ cuuPoiver/
eupovileton  axplBede K @opéc., omouv y = —-4,-3,-2,-1,1,2,3,4 xu k=
0,1,..,5 , oto v5(x) mpoopeTpdVTOL EMTAEOV, XL Ol XUXAOL OTOUC OTOlOUC 1 X
eupavileton teplocdtepes amd 5 opéc.

(Oa mpémet v toyleL 6Tt Yeo o v (x) = 5).
7. x?*(obs) = Zizow, 61OV oL T, (¥) emAéyovTon and Tov mivoxa:

Jmi(X)
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7o (X) my (x) 2 (x) m3(x) 74 (X) s (x)
x=1 0.5000 0.2500 0.1250 0.0625 0.0312 0.0312
X=2 0.7500 0.0625 0.0469 0.0352 0.0264 0.0791
X=3 0.8333 0.0278 0.0231 0.0193 0.0161 0.0804
=4 0.8750 0.0156 0.0137 0.0120 0.0105 0.0733
X=5 0.9000 0.0100 0.0090 0.0081 0.0073 0.0656
=06 0.9167 0.0069 0.0064 0.0058 0.0053 0.0588
X="1 0.9286 0.0051 0.0047 0.0044 0.0041 0.0531

(ov me(x) elvon 1 Vewpnux mdavdénto 1 xatdotaon y va ovuPel k @opéc oe évav

%x0%ho)

5 x2%(obs)

8. To xde xotdotaon y, P - value = igamc(5,*——).

(Enopévwe Yo unoloyiotovv 8 P - values).

Yuunépaouo: H & Bev elvan tuyola xou amotuyydver oto teot av P - value < 0.01.

ANwee (av 6hec o1 P = values givon 2 0.01) 7 € glvon tuyoda.

YNUECELS:
1. Av o twéc e x2(obs) elvon ol peydhec, toTe 1 axoroudio Tapouctdlel
AnOXALOT) AN TNV AVOUEVOUEVT] VEWENTIXY XATAVOUN Yio [iot DOCUEVY] XATAOTAOT
XATE UHAXOG OAWY TWV XOUAGV.
2. Av vy wa und e&étoor axohoudiaor EYOUHE AVTIQACELS OTO AMOTEAECUATA, TY
and Tic 8 P - values, ou 7 va eivon evioc oplouv xou udhic pio extodc, xohd Yo
elvar va e€etdlovton xou dhhec axoroudlec mou Tapdyovtar omd Ty (Bl

YEVVATELOL YLl VoL UTOPECOUUE VoL amogavdolpe yia authy (Tny YEVWATELA).

opdderyuo 2.14.1

T e= 0110110101 , n=10

(Bripe 1°)

X=-1,1,1,-1,1,1,-1,1,-1, 1.

(Briuo: 2%)

S§1= -1, 5,=0, §3=1, §,=0, Ss=1, S¢ =2, §;=1, Sg=2, Sg=1, §19=2
S :{—1, 0,1,0,1,2,1,2, 1 72}

(Bripe 3°)

N {O7 -1,0,1,0,1,2,1,2, 1,2, O}
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Enueiwon: Av Yo Oéhoe vor amexovicoupe ypagixd tov tuyoio nepinato S, Vo elyoye:

21 - -
oA g /Q\.// ]
i //.\ //./ N
0 i y \‘=/ | i i i i \i
. 1 2 3 2l s 5] 7 s 9 10
=
i
(BrAuo 4°)

J=3 (éyouue 0 ouic Véoeic 3, 5 xan 12 tou S’)
‘Eyoupe 3 xOxhouc {0, -1, 0}, {0, 1, 0} xau {O, 1, 2, 1, 2, 1, 2, 0}

(Bra 5)
Katdotoon x 1°¢ xOxhoc 2°¢ yOhxhoc 3% yhuhoc
-4 0 0 0
-3 0 0 0
-2 0 0 0
-1 1 0 0
1 0 1 3
2 0 0 3
3 0 0 0
4 0 0 0
(Bror 67)

vo(=1) = 2 (n xotdotaon -1 ovpPoiver axpBoe 0 popéc ot 2 xhxhoug),

v1(-1) = 1 (n xatdotaon -1 ovuPaivel axpBae 1 @opd oe 1 xdxhov),

V(-1) = v3(-1) = v(-1) = v5(-1) = 0 (n xatdotoon -1 ocvyPoiver axpBog 2, 3, 4,
2 5 gopéc oe 0 xixhoug),

V(1) = 1 (n xatdotaon 1 cuuPaiver axpiBde 0 opés oe 1 xOxho),

v;1(1) = 1 (n xatdotaon 1 cuufBaiver axpiBade 1 gopd oe 1 x0xho),

v3(1) = 1(n xatdotoon 1 cupPoiver axpiBoe 3 gopd oe 1 xhxho),

Yior BLEUXOAUVOT) TOU OVOYVOOTY TapadETETOL O EMOUEVOG TvVaXoG UECK TOU omolou umopet

va Bpel OAeg Tig THES Yo T Ve ()
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Apriuoc Koxhwv otoug omoloug eugpavileton oxplBog
Kat/onx | 0 gopéc | 1 gopd | 2 gopéc | 3 gopéc | 4 gopéc | 5 popég
-4 3 0 0 0 0 0
-3 3 0 0 0 0 0
-2 3 0 0 0 0 0
-1 2 1 0 0 0 0
1 1 1 0 1 0 0
2 2 0 0 1 0 0
3 3 0 0 0 0 0
4 3 0 0 0 0 0
(Biipor 7)
Otav =1

2 _ (1-3(0.5))2 + (1-3(0.25))? + (0—3(0.125))? + (1-3(0.0625))? + (0-3(0.0312)? + (0-3(0.0312)% _
T 3(0.5) 3(0.25) 3(0.125) 3(0.0625) 3(0.0312) 3(0.0312)

4.333033, duola yivovTal oL UTOAOYLGHOL X0 YIOl TS UTOAOLTES XATACTACELS TOU ).
(B 87)

. . 5 4333033
Otav x=1, P - value = lgamc(

EJ

) = 0.502529, 6poia yivovton oL unoloylopol

O YLOL TS UTONOLTEG XAUTAOTATELS TOU ).

2.15 Random Excursions Variant Test

O éheyyoc autde eotdler oto mboec Qopéc epgaviletar/cuufoivel Yol CUYXEXPUEVN
xatdotoon oe évav “adpolotixd” tuyaio mepinato (BAéne 2.14). Exondc Tou elvon vo
OVLY VEVOEL OMOXAIGELS Omb TOV OVAUEVOUEVO apldud emioxéewy Blapodpwy XATUGTACEWY
otov tuyofo mepinato. Elvar ouctaotid wa oewpd and 18 teot (xou  aviiotoiyo
ouunepdopata), éva (TeoT xou cupmépaoua) Yo xdde gl and Tic xotaotdoels -9, -8, ..., -1
xou 1, 2, ..., 9. To T€0T YpNOWWOTOLEL (S XATAVOUY| AVOPOPAS TNV NUL-XovovixY| xatovoun (1

wlor T mhevpd elvon BLdpopn TS XAVOVIXTG XUTAVOURS).

Acedoyéva:
1. n=vo pAxoc tnc unod e&étaon axorovdioc.
2. &= (&, v, &) = M UNo e€€taom oxolovdia.

(Zuviotopeva yeyédn: n > 10°)

Aoduacto:

1. y=2&-1,i=1,..,n
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(Metatpénovtor Ta otouyela tne axohovdiog € mou eivan (oo pe 0 oe 1, eved awtd
nou elvan (oo ye 1 mapapévouy we €youv xou mopdyeton €Tol wia véa oxolouvdia
)iz —X).

2. Se= X1+ X2t v+ Yok=12,...,n
(umohoyilovton  ta  pepxd  adpolopota TV dtodoyxd  auEavOUEVLV
uroxohoL ey e X, dNAod Sy = X1, ooy Sp = X1+ X2+ " Xn)-

3. §5={5,...5.}, (n oxohoudio mouv €yer wc bGpouc To pepd adpolopata).
§"={0,5;, ..., 51,0}, (npoc¥étoupe oty S and éva 0 oty apyf xou 0To TENOG).

4. T xdde xatdotoon y €EZ pe -9< y< -1 xu 1< y< 9, vnoroyiletar 0
E(x)= 0 ocuVOAXOC apLiUoC EUPAVICEWY TNC XATACTAONS ¥ XATd WAXOC OV
TV | 20XV,

5. T xdde xatdotaon y unoroyileton n P — value = erfc( 1£C0-J1

V2J(4lx1-2
Yuunépaouo: H & dev elvon tuyalor xou amotuyydver oto teot av P - value < 0.01.

Ale (av 6hec ou P = values eivon 2 0.01) 7 € elvon Tuyoda.

Ynuelwon: Oa éyouue cuVoAxd 18 xataotdoeig xan Yo aflONOYHCOUUE TA ATOTEAEGUOTOL

Touc OTWe xoL oto 2.14.

Hopddeyuo 2.15.1

Oa ypnowonotoouye Ty €= 0110110101 tou nopoadeiyyatog 2.14.1, n=10

(Bpor 17)

X=-1,1,1,-1,1,1,-1, 1, -1, 1.

(Bia 2°)

51: —17 52:07 53:17 54:0, 55:1, SG = 2, 57:17 58:27 59:1, 510:2

$={1,0,1,0,1,2,1,2, 1,2}

(B 37)

§'={0,-1,0,1,0,1,2,1,2,1,2,0}

J=3 (éyouvyue 0 otic Véoeic 3, 5 xou 12 tou )

‘Eyoupe 3 xOxrouc {0, -1, 0}, {0, 1, 0} o {0, 1, 2, 1, 2, 1, 2, 0}

(Bror 4%)

(-1 = 1,4(1) = 4,§(2) = 3,

§C-N=8-8)=8-N=8-6)=8-5=8CH=8-3)=8D=8B)=¢@) =
=¢(5)=¢(6)=¢(7)=¢(8)=¢(9)=0

(Briuo 57)

T Ty xotdotoon y = 1, P - value = erfc( [4-3]

J6(4[1]-2

opowo unohoyilovta ou P — values xou yua i umoroinee 17 xataotdoeic x.

) = 0.683091,
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3 Kotnyoplomoinon ko ctooywyn otic Pevdotuyaicec akolovbicc

Ewooyori

Yto xe@dhoo autd Va dodolv ol PBoaoixol oplopol mou agopolv ot 'WA xou To
nepdihov Toug. X cuvéyeta Yo bodolv Baoués meployéc yenone Toug, ue eufdiuvon ota
UTOAOYLOTIXG GUOTAUATA XoUOE XL 1) XoTNYoploToinon Toug. O yivel exTevic avdhuon Twy
yevvnteldy (eudotuyaiwy axohovhdy oe xataywentés ohloUnong e ypouuixy avddeoor ot
onolol pag dlvouv Tic Poaoinég axolouvdies Peudotuyouwy axohoutnv. ‘Eneita Yo dolue mwg
UTOPOUUE VO TIC PEATUOOOUUE ONUOVTIXS YENOWOTOIWVTAS WUN Yeopuuixés mpdielc. o va
xataAhEovue oty avdivon yvwotey I'TA, n xdde po and tic ou onoleg amoteiel Pooind

AVTITPOCKTO GTOV TOUEN TNC.

3.1 Baowkoi Opiopoi

Opropog 3.1.1 Q¢ axohoudia Tuyoiwy aprducdv optlouue wia oxoroudia Tng omoloug ol dpol
XaVOToLo0Y Ta Xt
a. ol Téc toug (Twv Gpwv Tnc) elval OUOLOUOPQO  XUTUVEUNUEVEC OE  éva
xadoplouévo didotnua 1§ cbvoho,
b. Boaowléuevol oty (tpéyouca) TWh EVOS 6oL NG i OE TWES TEONYOUUEVKDY HpwV

™S, YEVIXOTERX, elvon adUvato Vo tpoAédouue TNV T XdmoLou ETOUEVOU GEOL.

Optoude 3.1.2 Mo axohouvdio aprducdv xaeltan Peudotuyaior dtov:
a. TEEVA OAOLC TOUC  YVWOTOUC OTATIOTIXOUC  EAEYYouc Tepl  TuyoudTNTOC
(otatioTid analtnom), xou
b. elvor ompofirentn. Anhady, elvor vTohoyioTXE ABOVATO YENOLLOTOLWVTOSC €Vl
TuAue e vor xadoplotel To apéows emOUEVO GTOYElo NS (XpUTTOYEUPIXY

araitnon).

Optoudg 3.1.3 Mo axohouvdior aplducdv xahelton mparypatind Tuyoda oto:
a. wavonolel Ohec Tic amuthAoelc Tou opiopol 3.2 (mhnpol, dnhady, Ohec Tic
npoinovéoeic piog Peudotuyaioc oxohovdiac aprduyv) xou eTTAEOV

b. 8ev urnopel va avamapaydel pe atoniotion.
MTop pAYVEL U

Oploude 3.1.4 Me tov épo yevwrtpla tuyalag axoloudiog duadav ¢melwv (RBG/

Random Bit Generator) avogepduoote oe évoav unyovioud 1 alyoprdupo, 1 €€odoc tou
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onolou elvan o axohoudior BuABIXWOY Yneudy T omolo elvon oTUTIOTIXG aveEdpTnTo Xau

OUEPOANTLTOL.

Baow) onueinwon Onwe €xer Mon avagepdel otnv nopoloo ETUXEVIPOVOUACTE OTLC

Buadxéc  axohouldiec TEMEQUOUEVOU UAXOUC TOU  €YOUV  EQUOUOYY) OTa  CUYYEOV
XpUTTOYPOPIXG  cvoTAUoTe.  OToTE  AVOPEPOUAOTE -OUCLIOTIXE- OF  (TEMEPUOUEVEQ)
axohovdiee mparypotind Tuyainy xou Peudotuyainy duadxdy Pneiwy (TRBSs/True Random
Binary Sequences xou PRBSs/Pseudo Random Binary Sequences) xou otc avtiotouyeg
YEVVATPLES TOUC. XLTIC OTOlES, OUWS, UTOPOUUE Vo ovaYOUUE xai T axohoudiec tuyolwv
aptdudy, utd TV évvola OTL:

a. yenowornowwvtoc wo RBG nopdyeton woe RBS and tnv onolor unopolpe vo
e€dyoupe évav tuyaio aptdud xan emavohauBdvovtag T Sladcacio pe Bidpopeg
RBSs va OSnuoupyricoupe  wior  tuyada  axoloudion  aptdudyv  (ouolduoppa
XOUTAVEUNUEVODY OE €Vl DldoTnuaL).

b. ané xdde (nenepaouévr) oaxohouvdio tuyaimv apldumy unopolue va petoolue oe
wa (nenepoouévn) RBS ny av otn Véon xdde oprduol: naipvouue omhd
duadixy Tou avamapdotaot, N talpvouue To wxpdTepo ot ofia bitd tne duadixhc
Tou avaropdotoone (Swdaoio 1 onola TpoTdTL TIC TEPLOGOTERES POPES), 1
nadpvoupe tov logan (6mou n to pAxoc tne SuadxAc Tou avamapdoTAoNS -

TEYVX  TOU  yenowomoleltar  ouyve oe  OUYYPOVEC  EQUPUOYES)  X.O.

IMopadelypatog ydety,

a. Yyl vo Topdyoude évay tuyolo axépato oto didotnua [0,1], uropolue va
yenotonotiooupe mpwta o RBG yio var mopdyoupe war Tuyodor duadiny)
axoloudia urxoug floor(n) + 1 xau va tnv petatpédouye o axépono
optdpd  (av elvar > n tov amoppintoupe xou  emovoAdUBAvVOUUE TN
dradixaoio, CAADSC TOV dEYOUACTE),

b. deite v dwdixacia e T'WA BBS nou avolleton mopoxdte (3.10).

Enopévie, otnv cuvéyela Ye tov 6po axohoudia o avapepdUIoTE GE ULo TETEPAUTUEVOL
whxoug duodixr axoloudio (1 omola UTOhOYIOTIXS AMOTEAEL TOV TLERVO GAWY TWV GAAWY).

Ogploude 3.1.5 Me tov 6po yevwhtpio tuyaiag axorouvdiag (I'TA /RNG-Random Number
Generator) ovagepduoote ot €vay unyoviopd 1 ohyoerduo, n é€odoc tou onolou eivon ot

oxohoudia aprduy ol omolol elvon otatiotxd aveldptnTol xou un npoBAéduuol.

' Ou e&nyndel oty 3.6
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Ot I'"T.A tagivopoivton oe duo Paowég xatnyoplec:
a. tuc ITevwhtpiec Weudotuyaiwv Axorouvdyv (I'WA/PRNGs-Pseudo Random
Number Generators) xou
b. ¢ Tewhtpiec Hpoypotxd Tuyaiwv Axokoudidv  (IIITA/TRNGs-True

Random Number Generators).

Optoude 3.1.6 Me tov 6po I'PA xodeiton évag vietepuviotinds alyoprduoc, Tou dEyeton
wlor mporyotixd tuyaior axohouvdior uixoug m we elcodo, cuVATLS AVaPERETAL WS OTOEOC
(seed), xou diver w¢ €000 Lo axoroudia uixouc I >> m 7 omola “delyver vo elvan”™ tuyaio,

OAAG 6NV TpoyUaTXOTNTA BEV efvon xou Ue TN oelpd TN xokelton Peudotuyala axoroudia.

Ovolotind piae I'PA emextelvel g mpoypoatxd tuyaio oxoloudio oe wa pe moid
weyoAUTEPO phixoc. Me oxomnd vo unv unopel xdmotog (o avtinahog ye 6pouc xpuntoypaplas)
vao v Eeywploer  ambd  mpaypatixd  tuyaiee  oxoloudiec  WBlou  unxouc.

Emniéov, av oe pioa VA Sodel wg eloodog o Blog ondpog, toHTe Yo ddoel we €€0d0 TNy
(Bror oxpBede oxoroudior x&le popd.

‘Evo dhho yopoxtnplotind pog I'WA elvon dti 1 axoroudior mou mapdyer and éva onueio
xou Petd opyiler va emavolopfBdveton. Tapdyet, dnhadh, wio teptodxt| axoloudio (dec opiopd
1.8.1), xou éva xpLthplo Yo T0 660 ‘xohf elvon 1 yevvhtpla elvon to péyedog e mept6d0ou
me.

Opropodg 3.1.7 Me tov 6po I'lITA avagepbuacte oe €vav unyoviopd 1 ahyoerduo, 1
¢€0b0¢ Tou onolou elvon TAEWS Baclouévn o U ATIOXEUTIXE Patvopeva, To omola efvon xou

N TNYH TUXLOTNTOC TOL.

It tétotou eldoug pouvoueva yenolonololue ouvidwe pla Tuyala guolxr dladxaoto (Ty
Vv Beox) H oxdua xou tuyaio epediopota e xadnuepivic poc Lwhc (ty TNV oupd oe wa
tpdmela). Auth 1 guowd| dradixacio xadopiler TAfpwe Ty é€odo wac ITITA (ko dpo dev
éyeL xoplo e€dpTtnon and xdmota oy Ty -oe avtideon ye pwa 'PA). Onoc elvar edxola
ovTiinntd To va dmuovpyndel évac unyaviopos 1 €voc alybprduoc mou vo Ypnouonotel
OMOTEAECUATIXG Uil TETOWL TINYT) TUYUOTNTAC QPaVTAleEL opxeTd BUOX0A0. ARG axduo xou
HETd TNV avdntuén tou umopel va mpoxAndel ducAeitoupyla otV yevvhTela and eEwTepnd
pouvopeva. Apa Bev apxel WOVO XATOLOG apyindS EREYYOS NG, oahAd emPBdihovTar ToxTixol
otatioTixol éleyyol, yia vo elpacte olyovpol yior TNV €lpudun hertovpyia e (onuavtixd

uetovéxtnua oe oyéon ue tic I'PA).
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YIS XPUTTOYRUPIXES EQapUOYES (Omwe xou o TOAAéC dhheg) o I'WA mpotolvto
évavtt Twv I'TIITA. Adyw tou 6TL wo I'WA:

o Av deylel v B eloodo mapdyer axpBie Ty Bior axoloudio xde @opd (e€atpeTind
onuavtixd otV xpunToYEUpiaL).

e Mrnopel eixola va evowpatwiel/eyxataotadel xou va extereoTtel.

o Exteleiton yeryopo.

o Amoutel pixpy) uTOAOYLOTIX LoY L.

Ou I'PA Bev éyouv udvo mAeovextiuato ahAd UTopody Vo TOEOUCLAGOUY KELOVEXTHULOTA
To omolor Ye TN oepd Toug Va TEOXAAECOUY amoTLY{X TS YEVVATELIC O XAmolo/o and Ta
test tou Kegahaiou 2 (¥ oe dhhouc eréyyouc oflohdynone otouc omolouc propel vo
unoBindolyv). Tétow yetovextiuato unopel vo elvou:

e Ou moparyduevol aptduol vo unv elval OpoLOULORPA XATAVEUNUEVOL.

® ALPOPETIXEC AMOCTACELS OVAUESH OE TWES oL eppavilovion oe oyéon Ue AUTEC TOU
Yo meplpévope and pior (mporypatind) tuyola axoloudio.

o Awdoyixol 6pot Tng axorouvdiag va mapouctdlovy GUaYETLON.

o Ou noparyopevol aplduol tng axoroudlog vo €xouv “xoxn’ SlaoTaTixr xaTovouy).

o H Onopén ‘adlvopwy’ omdpwy, opYx®y TWOV dnAadh ond Touc omolous mapdyovTal

oaxohovdieg Ue pixpdTeEEY amd TNV OVOPEVOUEVT TEplodo.

3.2 [pooBeon otov Z, kot 1 Aoyiki muAn XOR

H nokn XOR extekel tv npdén XOR (anoxdeiotixod ) yetald twv eioddwv tne. Lny
dhyefea Boole mapiotdveton e to cbuPBoro " D " Etol av n miin déyxeton we duo elo6doug
A, B 8ivel €€odo I', oluguva ue tn oyéon

I'=AB"+A'B=A®B.

Ko to xuxhwpatind oyfua yio ty XOR duo eic6dwy elvau:

A—y
B

@)
C
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Evé o nivaxog ohfdetac tne elvon:

Elcodol "E€odoc

A B A XOR B
0 0 0
0 1 1
1 0 1
1 1 0

‘Onwg elvan ebxora avTihnmté 1 Aoy TOAn XOR pag divel ta (Bl amotehAéopata Ye TNy
npboveon modulo 2 oto Z, (yw tic Beg ewobddoug). o tov Adyo autd otnv npdodeon
oTolyelev BuaBWOY axohovhdy TOMAEC Qopéc yenowonoleltoan xateudeloy 1 Aoy TOAN
XOR, avti e mpdodeone (xuplne oToug xataywentés oAoinong), cOUPEVL UE TOV X0V

nivoxor ahdetac:

®D1lo 1
0 o 1
1 |1 0

3.3  Avdalvon th¢ Xpiong twv TWA oe guoTHILOLTO UTIOAOYLOTWY

Mepwég and cuvndéotepeg yenoeic I'VA oe cuotrigoata untohoylotdy efvon ot xdtedi:
o Ilapaywyr) oxoloudiag Ue oxOTd TNV XEUTTOYEAPNON POYC.

o TTopoymyh) PUOTIXGY HAEWBUIY GE CUCTALUTO ACPAUAELNS TANPOPORLOV.

o Ilpocopoiwon wac Tuyaloc Tnync 8pdone Yot CUSTAUATA HOVIEAOTOMONG.

o Kotoxeppatiopgdc Sedouévmy.

o TTopaywyry CRC %xmdxdv.

o 'EXeyy0oc SLapopmy UNyovIoUOY Xal AOYLOWXADY, XadMOC XoL O AUTOEAEY YOS TOUC..

e Ewoaynyh tne aefaurdtntoc otn Acttovpylo TV cUCTNUATOY acpolelog.

o Kwduonolnor dedopévenv 6tay UeTadBOVTOL OE SIPORETIXG XAVIALL ETUXOLVGLVIAC.
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Xpron YA
Kwadikotroinaon 2vuompara Aogdhisiag MNAnpogopiuy
Kivarn TnAeguovia
Eloaywyn Tuxaiwwv
OTOIEIWY, TITApaYwWy
2U0TAUaTY EAEYYOU Kol KASIDIWY
dlayvwonc
AAyopiBuol Pong
TWA ¥ Zuyypoviopog i TWA
MAivupa > Mivupa

34 Koztnyoptomoinon N'VA

Ynv nopodoa evotnta Yo yivel avagopd oTic duo Bacixéc xatnyoplec oTic omoleg
yoellovtaw ot WA, xadddc xau oe anatioelc mou umdpyouv mpog autés. Ilpdta, duwe, Yo
avageptolyv duo yevixol tpoémol xatooxevic poc WA, nopéyovtac €16l 6TOV avayvehoTn
ML avory veploTix) emapr] mou VYo cUUPBEAEL OTNY XATAVONCY] TWV ETOUEVGLV. AVOAUTXN

TUEOVGLUCT] YEVVNTELWOY UTEPYEL OTIC EMOUEVES EVOTNTEC.

Yta oyfuota o) xou B) mopotidevion Suo tpomor olvdeone wo ['WA, ov omolot
YENOWOTOloUY piar U yeouwxry ouvdptnon F.. O mpdtoc pe un yeouuixy ovddpaon
eowtepic hoyiic (Aettovpylon OFB — Output FeedBack) xou o Be0TEQOS UE U YROUUUXN
eCoteph) Aoy (Aettovpylo petent Counter). Ytov npdhto 1 F.ypnoiwonoteiton yéoa 6o
xOXhwUO avEdpoons, Ve oTov delTepo elvon oyedlaouévn oe BimA6 eninedo -oTo omolo 1
doxnon Ttou mpmTou emnédou (W< mpoc Tov UetenTy) TEPLhaUBdvel xaTtd xavova TNV

e€acpdhion e pEyloTne meplddou yia dedouévo pixoc N Tou xataywenth ¢.
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FB
S
Q
T .
FB=F, |j—©F
) S 4
F, K
]
A -rl -:rl
XM @ D
oTov, @ — Xtowyelo pviune yevvrteLlog,

FB — yoopuua 1 un Yeoux ouvdptnor avadeaonc,
Fi— un Yeauoa| ouvdotnon,
k — »held,

7i — 2Toiyelo e€epyOuevmy oxoAov v

Ot T'WA ywpllovton oe Buo Baoxés XATNYORIEC: OTIC XPUTTOYRAUPES XOL OTIC UM
xpuntoypoapixés. H Biudxplon avdueca otic Suo xatnyopleg €yxerton oty ama{tnon mou
EYOUUE WG TEOC TIC XQURTOYQRUPIXES CUVOQTACELS, TOU YEMNOWOTOLOUV Ol XQUTTOYQEUPIXES
YEVWATELES, VO UNV  UTopolY vor avTloTpagoly (evtde mhouoiny mou Yo éxavoy EVGADTN TNV
Thnpogopia pac), €ToL WOTE Vo PNV Umopécel o aviinahogc va mpofel oe ‘ondowo’ g
yvevvhitplog. Trdpyet, dnhadn, 1 emnAéov analTnon TNg TOAUTAOXOTNTIC KC TEOSC TO OTUCLIO

NG YEVVITELOC.
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FevvATpieg WeudoTuxaiwv AkoAouBiwv

— Kputrtoypagia Mn KpuTtrToypagia

N Me TnVv xpAon Tng ouvaptnong Ek Y& kaTaxwpnTég oAioBnong pe avadpaon
g€ KPUTITOYPA®nan Pong

Me v xprion g ouvéprnong E, Me Aeimoupyia o€ Tremepacuéva aUvoAa

—>
0€ KPUTTTOYPA®PNON TTAKETOU
N Mg TnVv xprion povoedpouwv
OUVapTATEWY
N Me Tnv XpAon TTaKETWY OTOXAOTIKWV

METAOXNHOTICHWYV

Il vo ymopéoel Suwe va yenowomowdel wo 'PA and éva obotnuo acaieiog
TTANPOYOELAOY UTAEY 0LV Ol EEAC AMOUTACELS:

o Enopxéc uixoc meptddou emavdindne twmv mopayOUeVLY axohoudoy.

® Ixavomoinon oTaTioTIX®Y XELTNelY TOV THpAYOUEVLY oXOAOUILADY.

e Auvatotnto Aoyilopxng LAOTONoNG XaL TORUYWYNHS oaxoAoudldy UE YR YOEoUS
eudpoic.

e Mn mpofiedyrdnra.

3.5 TWA pe Baon kotoxwpneee ohicOnonce pe avadpaon (Feedback Shift Register

Generaotors FSRs)

2Zodoc

L
Y

Aitn—1 Aiin_2

O xotaywentés  oModnong/cuothiuata  xatoypophic  Uetatdémone  ovixouvy  GTny
xatnyopla TV TEnEpaouévewy unyavey. Onwg elinoue da toug yehethoouue oto Fy, 1 yevin

avagopd oto Fy €xel yivel oo 1.8. 'Evac xataywenthc pe pixoc n oto F, anotehelton anod
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n Véoeic pvAune/Baduidec. Kdde Baduida mepiéyer to otouyeio 0 ¥ to otoyeio 1. Kdde
TS Tou poroylol (xdde i 2 0 ) petatonilel To tepleyduevo e xde Baduidoc ot avthv
nou [ploxeton 0edd tng. To xevd mepieyouévou mou Onuiovpyelton oty Baduido mou
Beloxeton Tépua aplotepd XAAUTTETOL oAb TO AMOTEAECUO TNG ouvdptnone avddpaons h (n
omnolo ypnowonolel we oployata Ta nepleydueVa Twv Poduiduy Tty Tov TeEyovTa TaAUS TOU
pohoyol). Emnouévee, xdde devdotuyaia axoloudio mou mopdyeton omd €voy  TETOLO
XUTAUY WENTA IxovoTolel TNy avadpouxn oyéon:
Apsn = (@, Aigq, ooy Aipn-1), 02 0

Kdrde 9€omn pviune tou xataywenth avtiotoyel oe éva flip-flop, 1 cuvdptnon avédeaong
h eivon wa Aoy ouvdptnon (Boolean function) pen uetafAntéc xou 7 maporyGueVn
oxohovdia (@); amotelel piar Peudotuyola axohoudia (av 1 h elvon un undevixol otadepol
6pov). Avdloya pe To eldoc g ouvdptnone avddeaonc h or FSRs ywellovion oe

YOOUUIXOUE HOL UN-YEUUULXOUC.

3.6 TWA pe Béon rpopkoie koetaxwpntee ohiodnone pe avadpoon (Linear

Feedback Shift Register Generaotors LFSRs)

O xataywentéc ohioUnone ye avddpouorn twv onolwv 1 cuvdetnor avédeoaonc h elvou
yvoouuxy ovoudlovton  ypauuxol xotaywentéc olioOnone ue  avédpaon (LFSR).
Ytoug LFSR, dnhadn, n cuvdptnom avddpacong h €xel tnv yoppn:

Qiyn = (@) Aig1, o, Qigno1) = Cpo1@ign-1 + Cn—2@ipn—2 + =+ Coi, (1)
émou ¢j, a; € {0,1}

b

G Co

o s | £Cadoc

A

~6
=

Cn-1 C

]

n—

i_

Qiyn—1 o Xitn—2

XoL TO YoEoXTNEloTnd mohuwvupo evog LESR elvan to:
fOO)=x"= cogx™ - - EF,
xou Aoy e aptduntxic otov Fy:
fOO = X"+ cooqx™ o+ g EF,
EVE) TO TOAUGVUUO ovddpaong, To omolo enione mpoodiopilel povooruavta évav LESR o
Goa  ypnowonoteitar xou owtd  (xdmoec opéc) yiw vo tov  meplypddel, elvar  To:
OO =1-cpoax == cox™ =1+ cpoa+ =+ X" €F,

Kou avtiotpdpoe av oe pior axohoudior 6ot oL bpol tng xavonototy v (1) t6te 1o f()x),
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ToU avapéeUnxe TEONYOLUEVLS, XORE(TOL YoEaXTNELOTIXG ToALGYLUO TNne axoloudioc. Ko
OmLC Lo oxohoudior Exel, YEVIXE, TOANS YoEoXTNELOTIXG TOAUGVLKA, ETOL Xt Lol axoloudia
unopel va moapoy el and didpopoug LESRs.

H nopayouevn oxoloudio elvon mepiodiny) av xow wovo av f(0) # 0, av xou udvo av,
Onhadn, o otadepdc 6poC TOU YAUPUXTNELOTIXOU TNG TOAUWVUHOU elvol SL8popos Tou Undevog
(xou dpo Aoyo Fy (oo pe 1). O aoyohnolye pévo ue tétolou eldouc TepInTdoEls yLoti piot
Jevdotuyaia axohouda mpémer va elvon meplodxn. Apa Yo mapdyetor omé LESR pe
YopoTNELo TG TohudvURo: f(X) = x™+ cpo x™ 1+ -+ 1ETF,

H Boowry axohoudia I'WA eivon axohovdio mou mopdyeton and évav LESR. Onwe oe
%80 TWA €tol xon ede elvon amopaltnTn o apyxh| xatdotoon (o ondpoc). O ondpoc dnue
elvon Tpogavée Vo elvan piar (Suadnr)) oxohoudia,/ apyix| xotdotaon uixoue n, ahhd Oyt 1
{0,0, ...,0}, ywti og auth v nepintwon évag LESR Yo mogopével ouveytc os authy Tnv
xatdotaon xa Yo napdyet poévo 0.

Av bpwc oe onowovdrnote LFSR (pe yopoxtneiotnd noludvupo f avtiotouya) dodel o
onopoc 1N {1,0,0,...,0}, ToétE N oxoroudia mou Vo mopoayVel Vo €xel T YEyloTn BuvaTh
neplodo axolouvdiog mou mapdyetar amd TV cuyxexpwwévo LEFSR xou xadeltan oxoroudia
xpouoTxnc amdxpoucnc. Kdlde diln axohloudior mou mopdyeton omd TOV CUYXEXPLUEVO
xatoywenth Vo éyer neplodo 1 omolo: elte Vo elvan fon ,elte Vo dronpel (o), tnv
neplodo tne axoroudiog xpousTixfc andxpoucns. Amo v dAAN, N neplodog Tng axohroudiog
XPOLOTIXAC amoéxpouone elvon {om ue v T4En TOou YaEaXTNELOTXO) TOAUWVOUOL f
(ord(f) = min{k € Z: f \ (x* - 1)}, Bréne xepdhouo 1). Av to f elvon un avdywyo oto F,
xou deg(f) =n, téte ord(f)\ (2" - 1). Ioyler 6w ord(f)=2"- 1 f mnpwtapyxd

nohuvupo oto Fy.

‘Eotw axohovdia (a,) mou 6hot ov dpol tne oavorooly Ty (1), t6te undpyel povixd
nohudvupo m(y) € F,[x] tétowo dote:
éva povixd mohuwvuuo f(x) € Falx] elvan yopaxtneiotind mohuwvupo tne (a,) ©
m(x)\ f(x).

Téte 10 m(y) xodeltow eldyioto moAudyvuuo e oaxorovdoc (ap). Emopyévwe, m
ouvdptnorn avédpaone h pe to pixpdtepo prixoc evéoe LESR mou mapdyer o axoroudio
(an), mepiypdgetar péow Ttou ehaylotou moluvwvipou m(y) e (ap). Av n (ap) €xe
ehdytoto moAudvupo m(y) t6Te 1M meplodog Tng tooltan pe ord(m(x)). Emnpocdétne, oc
TEPIMTWAON TOU TO YOEAXTNELOTIXG TOAUWMVLUO oG axohoudiag elvon TpwTopyxd - xou dpa
Yo 1 oxohovdio Vo €yel meplodo 2™ = 1 - t6te 10 ENdYLIoTO TOALGVUPO TNg TowTileTon YE TO

YOROXTNELOTIXG TONUGVUHO TNG.
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Ou LFSRs mou €youv éva TpmTapyixd TONUGYUUO OC YORUXTNELOTIXG (TOALGVULO)

ovopdlovtal mpwtoapytxol LESRs xou o axolouvdiec mou napdyovtan and autols ovopdlovtat

axoloudieg yeylotou urxouc.

Emopévee, évag LESR ivel ndvta axohoudieg ye uéyiotn neplodo ton pe 2™ = 1 av xou

HOVO OV TO YUPOXTNPLOTIXG TOU TOAUGOVUMO Elvor TpmTopyxd (avedptntoa omd Ty TWh Tov

onbpov). Av, dnhadn, TO YUEAXTNELOTIXG TOU TORUGYLUO IXOVOTIOLEL Tot XGTwOL:

a. elvar avdywyo xou deg(f)=n
b, f\(* - 1),6n2adn F\ (" + 1), yw A= 2" - 1
c. frxt-D,mAadhf+(xr+ 1), yiud< 2"-1

Hopodte TapoucLdlovion xdmola and To TEWToEYd TohumvLpa éwe xou 73% Baduol.

Bafude (n) Ioj.udvopo Bubude (n) ITo).vmvopo
2.3.4.6,7.15,22, 60, 63 F+x+1 12 Py +xt+x’+1
5.11.21,29_35 C4xiil 33 “axPil
8,19, 38, 43 4+l +x+1 34 L+xP+x*+x+1
9,39 E+xi+l 36 ¥+xl+1
10, 17, 20, 25, 28, 31, 41, 52 C+x+ 1 37 +xP+x0+ 2+
13, 24, 45, 64 C+x'+x tx+1 40 X HxCHx + 1
14, 16 XX+ +1 42 E+xo+x2+x+1
18, 57 +x'+1 46 O+ M+
23,47 X +1 54 2+t +x+1
26,27 x4t +x+1 35 L+x*+1
30, 51, 53.61, 70 C+xf+xP+x+1 58 ¥+xP+1
32,48 0 +x +x+1 65 F+xt+1
44, 50 X+ +x0 +x+1 69 Crxo+x+x 1
49. 68 CHx 1 71 C+x’+1
56, 59 L+l +x +x+1 72 L+ +5541
66,67, 74 C+xl+C+x+1 73 Erxo+1
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Axolovdolv uhnn axohovhiav mou mapdyovta and newtapyxols LESRs 20u éwe o

320u Boarduov.

Babpoc Mijkoc¢ ¢ BuBpoc Mijkocg T

TOAVMOVOLOV gxkorovBiag TOALMOVOIOV uKor0v0iag
2 3 18 262.143
3 7 19 524.287
4 15 20 1.048.575
5 31 21 2.097.151
6 63 22 4.194.303
T 127 23 8.388.607
8 255 24 16.777.215
9 311 25 33.554.431
10 1.023 26 67.108.863
11 2.047 27 134.217.727
12 4.095 28 268.435.455
13 8.191 29 536.870.911
14 16.383 30 1.073.741.823
15 32.767 il 2.147.483.647
16 65.535 32 4.294.967.295
17 131.071

Kopa opéhn twv LFSR elvau:

® oL axoloulieg ToL TaEdYOLY €YOLUY XUAEC CTATIOTIXES LOLOTNTEC.

® cuxoAla vhomoinong oe LAXG %ot AOYLOUIXO

® UEYLOTY AmODOTIXOTNTA Yot TNV ToyOTNTA EXTEAEONC

® unopolv va avteneéAdouy OE EWBIXEC ATALTACELS TNG AOPINELS TANEOPORLLY (OTwe
oynuatiopd axohouvdac ye mpoxadopiopévn mepiodo B tuyalou PRxoLS, OTWE XATUCHEUN
I'PA mou wovontotel Tic OTNTES TOU AUTOEREYYOU B UE TUYOLO XAVOVOL XUTAVOUNG X.0L) UE
xotdAAnin emhoyr) LESR.

Avéhoya pe tov tpdémo olVdeone e Aoywic moAne XOR oto xOxhwyo Ttou
xatoywenth ohlodnong, or LESRs yweilovton oe duo xoatnyoplec: o) toug ewtepixolc
(externals) ¥ oduwe Fibonnacci ¥ many-to-one LESRs xou B) touc ecmtepixoic (internals)
N ahhide Galois 1} one-to-many LEFSRs. Yta Fibonnacci ot é€obol twv flip-flops cuvdéovton
OTIC EL06BOUC TS Aoyric TUANG xou 1 €€odoc tne mOANG cuVdEeTaL YE TN OElpd TNG Tow
otV eloodo. Evéy ota Galois 1 Aoywe) tOAn cuvdéetan avdpeoa ot flip flops.

Do mapdderypa éva mpwtopywd Fibonnaci LEFSR ye n= 3 xa yopaxtneiotixd

moludvupo x3+ y+ 1 (3-bit Fibonacci Primitive LFSR) oxoloudel v mopoxdte
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ocuvdecpoloyio:

Q l—e—0ut
Clock =

fa]
Q|
ol

Yto omnolo av dolel we apywxh xatdotoon (ondpoc) n 111, Va nepdoet and Tic e€ng
xatootdoels  (uéyet  va  Sumhooer  xaw v opyloer  va emovahapBdveTon):
011
001
100
010
101
110
111 (Eexavdel 1 emavdhndn ondte oTopoTdUE)
Qc e€aybuevn oaxoroudia maipvoupe auth Tou Arydtepou onuavtixol bit (less significant
bit) xdde xatdotaong, mouv we Ayétepo onuavtxd bit Yewpelton to deidtepo Ynpio g
duadixric avamopdotaone xde xotdotaons/axoloudiog. Enouévme n é€odoc etvon: 1110010,

n onola €yeL uhRxog 23 - 1= 7 (agol npoépyeton amd mpwtapyixé LESR). o cuvontixd:

A|B|C
1 11 |1
0|1 |1
0 [0 |1
1 10 |0
0110
1 ]0 |1
1 {110
1 11 |1

Evoy éva npwtapyixd Galois LESR pe n = 3 xou yopoxtneiotind mohuevupo x3 + x + 1

(3-bit  Galois  Primitive ~LFSR) oxohouvldel v  mapaxdtew  ouvdeopohoyio:
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Y
XH
\\r —
|
})‘?‘ ___;’/
- xt ¥°
In b a? p a2 D al-Seou
Clock >——9—{ B
Q Q Q

Y10 onolo av doldel we ondpoc o 111, éyoupe cuvomTnd:

A|B |C
1 (1 |1
1 (0 |1
1 10 |0
0 (1 10
010 |1
1 (1 ]0
0|1 |1
1 |1 |1

Ko dpa éyouue we €€odo: 1100101. ‘Onwe BAémouue ta Suo LESR mapdti €youv (Blo
YUEAXTNELOTIXG TOALWVUHO Xal oTopo divouv dlagopetixy| €£080, Av duwe peTatonicoupe to
EONOL XaTd €vav Ao ot Buo €€odot Var TAUTLETOUY.

ISiutépwe onuovtind elvar o yeyovég 6Ti: yio omowdrmote axoloudia 1 omola €yel
nopoy el ye omolovdAnote tpoémo (my ond pn yeouuxd FSR), uropolue vo Bpodue névio
xdmotoue LESR nou eniong v mapdyouv. To prxog tou wxpdtepou LESR mou nopdyel wa
oxohovdia  ovoudleton  ypopuixy molumhoxdtnta  tne  oxohoudiac. H o ypopup
nolumhoxdtnTa wac axohoudiog elvon mtdpa TOAD GNUAVTIX OTIC XPUTTOYPAUPLXES EPIOUOYES
AOYW TV xdtwd:

e Méow tou ahyoplduou Berlekamp—l\/[assey5 (1969) pmopel va umohoylotel o€
noAuwvupxd xpovo eldytotoc LESR mou mapdyer tnv axoroudio.

e Av n elvon to uixog WG axohoudlag xou yior TNV yeouuixy tTng molumioxotnta L
woydew: L < n/z,-cé'ce o wxpdtepog LFSR unxoug L mou tny mopdyel elvon povadixog. Kou
umopel va Beedel (0 o wxpdtepoc LESR uxoug L mou tnv mopdyet) péow tou aiyoplduou
Berlekamp-Massey, av (ue onolovd¥note tpémo) €xouv Yivel yvwotd 2L Sadoyxd bits tne

axohouvdac.

5 IMopouoidleton oto Iupdptnuo A
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Yuvodilovtag, av o oxoroudia €yel ypouuixy) mohumioxétnta L, t6TE opxel oTOV
avtinoho vo yvweller 2L Swadoyixd bits tng axohoudiog yio vor unopéoel vo UTtoAoyioel To
ehdyioto LFSR mou tnv mopdyer xou vo “omdoel” To oUOTNUO UOG. DUVERMS YLoL Vol
xenotwonomdel por axorouwdion oe évor xpuntoypapixd clotnua (my ¢ xhewl oe évay
XPUTLTOYPUPIXG oAYOpLIUO poHic) Dot TEETEL 1) YRoUX T TOAUTAOXOTNTA TNS VoL Elvar 660 To

BuVTOV YEYAUTERT.

3.7  Mn ypapuikee tpdtele kot LFSRs

Ov mpwtapywol LESRs mnoapdyouv axohoudiec pe v Wixpdtepn duvath ypouuxn
rohumhoxotnTa (Tic axohovdiec peylotou phxouc). Oo fTay avaevouevo Aowmdy -Aoyw e
MXEOTEENS BUVATAC YRUUMXTC TOAUTAOXOTNTAC- VoL TOUS amo@elyouue. Oune, Aoyw Twv
TOAD  XOAODV -hOIM®V- WBLOTHTWY  Toug ouveyllouv vo  yprnowomoloivio euEEwS, Yid
TOPADELYUO (W DOUXA CUOTATIXG YEVVATELIC XAEWO0pOoHE, uplwg we Boaowxd Turuoto evog
EVPVUTEPOL  UNYOVIOMOD, TOU  OUCLICTIXE OmooXomel ©TO  va  OUENACEL TN YROUUXN
TOAUTAOXOTNTA TOU CLUCTAUNTOS. Autd yivetan, cuVAlWS, UE TNV ELOAYOYT UNFYEUUUXOY

TEdEEwV oL BEOLV UE XATOL0 TEOTO GTNY XATd To dAa xavovixn Aettovpyia evog LESR.

Tetoiov €Z50UC UN-YeoUULXES ﬁpa?fag XATNYORLOTTIOLOVY T (W& Efn’g

° Mn YOOUXS piiTea (non linear filter generators)
T i— T
T + \*p
Cy-2 G Co
Bien-1 Ti4n=2 @y B

— £lodoz

Ye outiv v meplntworn egapudleton Wiar Un yeouuxr Aoy ouvdptnon g, 'col
enovoualouevo un yeoupxd @ihtpo (nonlinear filter) otic Baduidec evée mpwtapyixoy
LEFSR. H €€080¢ elvon oty TAELOVOTNTA TWV TEPITTOCEWY Wlot axohoudio Ue peydin neplodo
xa VMY Yoo tohumhoxotnto. To Bavixd un yeouuwxd @iltea teénet va eaopoiilouy

opotouop@n xoatavour Twv 0 xou 1 oty e€ayouévn axohovdio. O axeiBric tpocdioplouds e
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YEUUUXNE TOAUTAOXOTNTOG OXOAOUIOY TOU TUEdYOVTOL oo WN Yeouuxd @iktea, omoTehel

oVOLXTO EPEUVITING TIEOBANUOL OXOUOL XolL TTUEQQL.

° Mn YoouuLxol GUVOUNOTES (nonlinear combination generators)
LFSR1 |—
LFSR 2 — f » £Z0d0C
LFSRn [—

Ye autiv v mepintwon cuvdudlovtoaw morhoi LESRs étol dote o é€odol toug va
TEOPOBOTOUY WL U1 YEAUUULXY) AOYIXYH CUVAETNOY TOU OVOUGLETAL CUVHETNOT-CUVOLUGTAS
(my TWA Geffe). Ko €3¢ ou bavixol un yeouuixol cuvduaotéc npénel va eEac@ohilouvy

opotouopen xatavour v 0 xa 1 otny e&oryouévn axohoudia.

° PevvAtolec  eheyyduevee  amd  pohdt (Clock-controlled  generators).

=)_. LFSR R,
)—r LFSR R;

Ye authv v mepintwon to xdde méte ahlhdlel 1 xatdotaon evog LFSR, Snhadr o

clock—=g¢—»f LFSR R, -

S output

el Py

yeoviouds Tou e€aptdton and Ty €€odo evdg dilou LESR. Extéc tou 6T 6ho oo LESR
TEETEL Vo elvol TpmToPY X0l (OTWE o OTIC TPONYOVUEVES TEPLTTWOELS), Vo TEETEL XAt TO

uéyedoc toug va elvon apaninoto.
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3.8 TWA Geffe

Flx, X, %)
X
LFSR 1 1
i DO
X, vt
LFSR 2 D1 | MUX >

A
LFSR 3 4

H T'VA Geffe avixer oty xatnyoplot TV Un  YEOUUIXOY GCUVBLOGTGY oL  omolol

xenotponooty (npwtapywols xotd mpotiunon) LFSRs we otouyeila dourc. Xenowonotel

tpeic To mhidoc LFSRs (LFSR1, LFSR2 xoa LFSR3), ou onolol moapdyouy Tic axoloudiec

X1 X2, X3, avtiotouya. H Geffe eCaocporiler v avdueln tov axorouhodv xq, Xz, und tov

INAG0) e X3, ue Bdom m cLUVEETNOT TOAATAAGLACUO0
F(x1, X2, x3) = X102 @ X203 © x3,

1 ool Vhomoleltan ue TNV Bordeta Tou TOAUTAEXTN 2 = 1, GUUPWVOL UE TO TOEATAVE Oy UL

Onweg avagépdnxe npotwodue ot LESRs va eivon mpwtapyxol. Tote, av L, i = 1,2,3 10
wixoc Tou xdde LFSR avtiotoiya, 1 xdde péyiotn neplodoc Vo etvon ton pe 24 - 1,i= 1,2,3
, avtioTouyo.

Enéyoupe ta L; €10l dote va glvon mpadytor YETOEY TOUS oV 2.

Téte n axohoudia e€680u y(t) Vo éxel:

® (ueydhn) meplodo fom pe (211 - 1) - (k2 - 1) - (253 - 1) %o

® yoouuix tohumhoxdtnta lon ue L = LiLy + LoLg + L

Ouwc P(y(t) = x1) = %. Anhadyy n mbavémTa N €€odoc e Geffe va towtileton ye v
¢€odo tou LFSR1 nou ypnowonoeiton we eloodog eivar 75%. Autd tnv xdver eudhwtn oe
correlation xpurntavdiuon. H onola Baciletor otny wéa 6Tt av 1 miavoétnta va tautileton 1
€€0odo¢ Ue xdmol omd T €EOB0UC TWV XATAYWENTOY, Elvor YeYahUTERN TOU 1/2, xou
EMTAEOV OV €Va IXOVOTIONTIXG PEYEAO Tunua e axoloudiog e£6Bou Yivel yvwoto, tte
unopel va Peedel 1 apyixn XoTEGTUOT TOU GUYXEXPULEVOU XOTOYWENTN.

Io to Aoyo autéd Ya énpene n ouvdptnon F vo pnv epgoaviler (xavh) ototiotxd
eCdptnon avipeca oty €€000 XL OE XATOLO UTOCUVOARO TWV ELGOdwV tng, Yo énpene va

elvan, dNAadn, avennpéaotn oTn cuoYETION,.
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3.9 [poppkec ovohoyikee yevviepiee (Linear Congruential Generators-LCGs)

H podnuotixr  @dpuovia mévew oty omoia Bactleton 1 apylTEXTOVIXY TOUG TEOTdUNXE
newtn @opd and tov D.H.Lehmer. 'Eyouv yeydhn egoupuoyn o€ TELQGUATA TROCOUOIWONS Xol
TUYOLOTIOINUEVOUS ohyopLlduous. Auctuytde av xou efvo ToAd yYeryopes xal mopdTL Tepvoly
pue emtuyla apxetolc oTtoTIoTXOVC EAEYYoug dev  evdelxvutal 7 yeron Toug oF
XEUTTOYPOUPIXES  EQoppoYES. Autd ouufalver yiatl ov  amoxohugldel €va yépoc ne
napayopevne oxohoudiog, téTe Unopel Vo UTOAOYLIGTOUY Omd TOV AVTIMOAO Xot Ol UTOAOLTOL
(embpevol) tne bpol axdpo xou av ot tapdueteol e elvan xpugéc. Tlpdtn @opd xatdypepe va
Toug ‘omdoel’ o Jim Reeds xou otnv cuvéyela 1 Joan Boyar.

Mo LCG 8éyetan w¢ €lcodo Toug un apvntixolg axepalous @,y xaL I xol BEYOUEVY EVay
un apvnTixd axépono Zg wg ondpo, mopdyel wa axohovdio axepaiwy Zy, Zy, ..., Pacilouevn
o1 oyEon:

Zi= (aZi_y + y)modn,i = 1,2,.
6ToL 0 o XOAElToL TOANATAUCLAOTY, O ¥ AdENCT XU O N BLUEPETNG.
Emmiéov mpénet: 0 < n, @ < n, ¥y < nxou Z; < n.

Mpogavie 0 Z; < n— 1, i = 1,2,... xou emopévme 1 YEVVATELd €XEL UEYLOTN Tieplodo N.

Mw LCG diver péyotn péyiotn (mhfern) meplodo n ov xou wévo av oL oylouv ot

axdlouvdeg TeelC CUVIAXES:
® O povog Yetndg axéparog mou dianpel axei3m¢ To 1 xou to ¥ elvon o 1.
® Av p tpdtoc xaw p \ 1, 61 p \ (a - 1).
o Av4\n, t6te 4\ (a- 1).

Av po LCG minpol tic tpeic npoavagepleioec cuvirxeg €xer péylotn neplodo yilor xdie
(amodexth) TWh Tou ombpou Zy . Av buwe dev éxel péyiotn meplodo, TOTE TO UAxoc TNg
nepLodou e eapTdTol omd TO Zy XL AVAPEQOUICTE OE QUTHY WS TEPlodo NS opy xS TWAS
NG YEVVATELOC.

Av 9éhoupe ou devdotuyaiolr apriuol vo avixouv oto Bdotnua [0,1] (my v o
eopUoyYY Tpocouoiwong), npootietar éva axduo Briua

U =%l i=12,..
o €YOLUE [l TOPOYOUEVT| ™mv oaxoroudia Uy, Uy, ...,

‘Evo npéfAnua mou nopouctdleton dtay Yéhouye vo mdpoupe peudotuyaioug aprduois oto
[0,1] elvon 6T U; € {0,%,%, ...,nT_l}, dnhady) dev Yo ndpoupe moté xdmotov ét U; € [%2,07'1—7],

. . ; 05
TapoTL Yewpentixode Yo énpene vo eugavileton ye mdavotnta —> 0. T va avtiotaduileton

7 4 ’ 7 4 ’ ’ Z 7, 4
awtd (¢ évay Bodud), mpoteiveton vo emAéyeTon TOND PEYHAOS M, €TOL OOTE VA €)YOUUE
noAéc mdavéc Twée v to Up, my vy 2 102 éyoupe omd éva dioexatopplplo mdavéc

TWES Mo TAVO).



[83]
Onwe yivetow avtiknmtd and v mpwtn ocuviixn wa LCG telvel va ouunepipépetan

drapopetind Y ¥ > 0 (téte ovopdleton pewxty LCG)  xou Swopopetind yioo ¥y = 0 (t6te

ovoudleton torhamhaotootxy LCG).

3.10 TWA Blum, Blum and Shub (BBS)

H yevvrtpio BBS Boacileton oto xpuntociotnua tou Blum. To 6voud tng amoteeiton
and o opyd twyv gpeuvntedv E.Blum, M.Blum xoaw M.Shub. Avixel otic xpuntoypagpixéc
YEVVATELES XalL 1) XQUTTOYEAPLXY) TNS cuvdptnon E, xotaoxsudotnxe €yoviag we Bdon Tig
novéddpoueg ouvaptioelc. To duoeniiuto TEdBANUa TS avdiuong evdg Ueydhou axepalou o

YIVOUEVO ToparydVTwY elvon 1 Bdom TNe ao@dielas Tne.

1. Eméyoupe duo peydioug mpodtoug aptdpols p,q Blou peyédoue, tétoloug wate
p = 3mod4 xo q = 3mod4, té1e n = pq o axéponog aprdudc Tou Blum.

2. 'Eotw YeTinde ax€PALOC X TéToloC WOOTE: ukd(x,n) = 1.
Hoipvouye yio apye) Tiuh (omdpo) xo = x*modn,.

3. Téte x, = x2,modn,i=12,..,m-1

4. T xdde i= 0,1,..,m~- 1 toupe b; =0 pixpdtepo oe ofia bit Tou aprduod x,,
dnhadn to dedlotepo otoryeio (bit) tne duadixic avanapdotaong Tou aprduol X,.

Toére TUEAY OUEV) axoroudia elvau n BBSy m(x0) = boby ...byy_q

Xydle

O apdudc x amotedel to xAeWdl g yevvAtplag, ol p,q elvon PuoTixol, €vd To N
onuootonoteitan, €ToL OOTE Vo UTOPEl VoL YENOWLOTOLCEL TN YEVVATELO OTOLOGONTOTE oL Vo
napdyet bits. Xwplc dume va elvon duvatév amd xdmotov xpuntavahuth (extde av xotapépet
VoL TIOPAYOVTOTIOWOEL TO 1) Vol TEoBAEJEL To amoTéheopa TNS YEVWATELOG, OUTE XV VoL XAVEL
wor “xohn) TedBredn” v authy, ool eivon Bedid xan oploTeERd un meolAéguun. Aodévtog,
OnAadn, xdmolou TUAUUTOS NG axoloudiag o aviinahog dev umopel va mpofiédel olte TO
enOUEVO ahhd oUTE o TO TponyoUuevo otouyelo (avwtold Tou TuAuatog). Kou owtd
EMTUYYAVETOL O)L Ue TNV YeNom xdmotou e&elnnuévou dixtiou 1BLELoucas dEYLTEXTOVIXAC,
MG e TN yeron evog Baocuxol padnuaticol mpoBiiuatoc. To Poacixd ueovéxtnua tng
yevwAtplog etvar 1 ToyOTnTa e (elvon apy”). Feyovic nou xdver dhoxoln Ty evowpdtwon

e 0€ XpUTTOYPUPIXOUC ahydptdpouc poric (amoutolv toydtnta). Ouwe, N ao@dhed Tne v
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xadotd and Tig Baowée emhoyéc o (Aot LPMAAC aocpakeiog, OTwe oty dnulovpyia
HAELOLOV.

H mo onuovtixy wdtta tne BBS elvan 61t av xdmotog yvwpeller ta p,q, yr va
unoloyioel xdnoto otoiyelo tng oaxohoudiag, €0tw To by, Bev ypeeidleton va umohoyloet
TEWOTU OAGL TO TEONYOUUEVA, GARG YPNOWOTOLOVTOC TOoV TUTO: X; = xéZi)mOd[(p_l)(q_l)),
Beloxer To x; xaw and avtd o b;. 'eyovde mou divel tn Suvatdtnta va yenotworomdel, auth
n “xpuntoypoapd duvathT T'WA axdua xow oe éva xpuntoclotnua To onolo divel npdofacm
o évay Tuyalo PaxENo.

H  oaogdreir ™  BBS  avdystw oty xdoacowy  Vewploa  aprducdv:
Fow Z,={z€Z/0<z<n, ztpkarztq} xu QR, to urnocOvoro tou Zi moU
amoteheiton and To TETPAYWLVIXG UTGAoiTa Tou n. To TARdoc Twv oTouyeiwy Tou Zi LolTo
ue (p - 1)(q - 1), pe 1o éva TéTapTo TWV onolwy va anoterel Ta oTolyelo Tou QR,. Kdlde
ototyelo Tou QR, (xdlde teTPaywVIXG LTONOLTO) EYEL TECOEQLC DLOUXEXPUIEVESC TETEOYWVLXEC
oilec oto Zf, and Tic onolec Guwe ubvo wa avixel xa 6to QR (3nhadh pévo wia amd Tic
téooeplc TETPaYWVXES pllec evdg TETpAYWVIXOU UToAo(mou elvon ETMlONG TETRPAYWVIXO
utéhomo).,  auth  Ya TRV ovopdlouue nowTapyy  TeETpaywvxry  ella..
To npdPinua avevpeons tetpaywvixdv ploy modulon elvon 16c0 dGoxoho 660 oL outd
e mopoayovionoinone Tou n. Av 8ev elval YVWOOTA 1 mopoyoviononon tou n o, tdte Oev
UTdEYEL YVOOTH amodotixy| dlodacio yia TNV entAuon Tou TEOBAAUATOS TWV TETEAYWVIXWY

vrohoinwyv modulo n.

Iopdderypo [18]

‘Eotw p=24672462467892469787(=6168115616973117446-4+4-3)

xou q=396736894567834589803(=991842236419586474504+3), duo mpdtor aprduol ol
omnolol 6tav diatpedoly pe to 4 divouv undloiro 3.

O¢toupe n=pq=9788476140853110794168855217413715781961

Emiéyouye y=873245647888478349013 xodrg mpémet uxd(y,n)=1

H apyweh 1A xo etvan xo = x*modn—=8845298710478780097089917746010122863172

Tote oL TWES YOl TOUS X1, X2, s X13, ELVOL

X1="7118894281131329522745962455498123822408

X2=3145174608888893164151380152060704518227

X3=4898007782307156233272233185574899430355

X4=3935457818935112922347093546189672310389

Xs5=675099511510097048901761303198740246040

X6=4289914828771740133546190658266515171326

X7=4431066711454378260890386385593817521668

Xs=7336876124195046397414235333675005372436
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Xo—445071407076962646306299549503965809406

X10—2974521484933778969222699530375095506610

X11—4115845109695584684889185202366219881966

X12—2461004242587161074555056902641378293026

X13—5341489492341495800932057891149915798173

Aopfdvovtag to Ayotepo onuavtxd bit yia xdde x;, ye tov éleyyo av o axéponog elvan
dpTiog 1 mepLTTOC, TopdyeTon 1) axoloudio:

BBSy14(%o) = boby ... b;3—00111000000001

3.11 [WA Sha-1

H I'PA Sha-1, Poociletow otov hash ohyéprduo Sha-1. Aéyetan g eloodo uia
axohoudia t urixouc 160 bits xou pio axoroudior ¢ urxoug b bits, 6mov 160 < b < 512 xau
dlvel wg €€0do o axohovdior uixoug 160 bits, n onola elvon amotéheoya plog povodpouns
ouvdptnone G(t,c). Adyw tou peyédouc oe bits mou yenowonolel ot €l0ddOUE, OTIC
e€600ouc ot oo Tt ot ontolol Ywellel Tic axohoudieg Tou yenoiwonolel To dexaelodind
cVotnua apldunone otov x®dxa tou Yo euxollo. ‘Etol, xdde axoloudio tecodpwy bits

avTioTolyel oe €va Bexaeladixd Ynelo clugwva ye tov mivoxa:

0000 0
0001 1
0010 2
0011 3
0100 4
0101 5
0110 6
0111 7
1000 8
1001 9
1010 a
1011 b
1100 c
1101 d
1110 e
1111 f

SupBohxd 1110 0001, = elyq. Apa xdde block peyédoug 32 bits (tou yenowonoieiton)
Yo avtioTtoyel oe wa axoloudio and 8 dexacladixd Yngpio. Ta duo delidtepa dexaedodixd

otouyela wag oaxorovdiog pag divouv to Aiydtepo onuoavtixd byte. H Sha-1 wg yevvAtpla
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TopouctdoTnXe TEWTN Qopd ot 27/1/2000 ye to FIPS (Federal Information Processing

Standard) pub 186-2 oto omoio opileton we mpdTUTO. O ahyYéELIUOC HATAXEPUATIONOD

(hash) Sha-1 (FIPS pub 180-1, 17/4/1995) otov onolo Baoctleton, anmotehel pior e&ehypévn

éxdoom Tne owoyévews tTwv Sha olyoplduwv mou ewohydnxay pe vy éxdoon SHS (Hash
Secure Standard) (FIPS pub 180, 11/5/93), otuc HIIA ané to Edwixé Ivotitolto

Ipbtunwv xouw Teyvoloyiog oe ouvepyaoia (NIST) pe v Edvixhy Trnpeola Aogodeiac

(NSA).
Awadueaocio:
1. H 160-bit ¢ yweiletor oe 5 blocks H;,i = 1,...,5, yeyédouc 32 bits to xodéva,
oniadf t = Hy Il Hy Il H Il Hy |l Hs |l
2. 512 - b to mAiloc 0 cuuninewdvoviol 6To T€A0g NG €, €T0L WOTE VoL TEOXVPEL
wiot axohoudio/pivopa X pixoug 512 bits, Srhadh X = ¢ || 05127P
3. Auwupeiton n X oe 16 tphpata/Aé€ec x;, i = 0,1, ...,15, peyédouc 32 bits n xdde
L.
4. Xpnowonowwviog we Bdon tic 16 Aé€elc oynpatilovtar dhhec 64 Aé€eic yia va
@ptdoovye oe  éva  oUvoho 80 Aélewv, olupwva  Ue  TOo  xdTwi
T j=16 ¢nc 79
xXj = ((xj—3 D xi_g Dxj_14 D xj—16) < 1)
5. Apywornowolvtar ot Twée Twv  32-bit  uetofintov  4,B,C,D,E We:
(A,B,C,D,E) = (Hy,H,,H;,Hy, Hs)
6. Axoloulolv 4 yipoi, 20 enaverfpewy o xodévac, TOU €YOUV WS OXOTO va

“avoxatédouy/ahhdEouv” T Twée Twv A,B,C,D,E oe tétoo Badud étol hote
QoUvVOUEVIXE Vo pnv oyetillovion WPE TIC UpYXES TOUG TWESG, OV XOoL OTNV
dladwacia elodyovtar emmhéov uévo o y; (twv omolwv or Tpée elvou
TEON OPLOUEVEC).
(1°° yopoc) T j=0 éec 19
t « ((A ©5)+ f(B,C,D) + E + x; + yl),
(A,B.C.D.E) « (t,A,B < 30,C,D)

(2% yOpoc) Tt j=20 éw¢ 39
t((Aes)+ hB,CD)+ E+x+ y,),
(A,B.C.D.E) « (t,4,B < 30,C,D)
(3% y0poc) T j=40 éw¢ 59
te((Aes)+ g(B.CD)+ E+ x+ y3),
(4,B.C.D.E) « (t,4,B < 30,C,D)
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(4°% y0poc) T j=60 éwc 79
t e ((A ©5)+ h(B,C,D) + E + x; + y4),
(4,B.C.D.E) « (t,A,B < 30,C,D)
7. Trnohoyilovta ot véeg Twée Twv Hy, i = 1,..,5 obppwva ye:
(H,,H,,H;,Hy,Hs) = (H; + A H, + B,H;+ C,H, + D,Hs + E)
8. Alvetou n oxolovdia €€680u G(t,c) = Hy Il Hy Il Hs Il Hy Il Hs |l

Ogpropol xou ereénynosic:

Y1 5a827999¢
Vs 6ed9%ebalq
V3 8f1bbcdcyg
Ya cab2cld6qg
+ n mpdobeomn modulo23?
A B,C,D,E petafAnTég oV QVATIOPLOTOVV

TooOTNTESG PeyEBoUG 16 bits ) k&Bepia

A To cupumAnpwpa to A (oe emimedo bit)

Aen KukAwn petatomion tou A mpog T

aploTeEPd Katd n bit

AB A KAI B(o¢ eminedo bit)

AVB A’'H B (ot emimedo bit)
f(B,C,D) BC \/ED
9(B,C,D) BC \/BD \/CD
h(B,C,D) B®COHD

Acpdhea:

H oogdheir tou Sha-1 Baciletor otnv mohdmhoxrn opyttextovixy] tou. Koatd tn Aettoupyia
TOU CUVAVTOVTOL AAAETIAANAa BixTud, Péoo oTor omolor UTdpyel ohAniouylo BLBLXACLOY.
‘Onwe oL un yeouuxée ouvapthoels fxon g (n un yeauwuxdtnto avaBaduiler onuovtxd tnyv
aopdAel), 1N ypoupxy ouvdptnonh  xon  pot TANUOEA  EXAENTUCUEVLV  XUXAIXODV
uetotonioewy (Stapopetixol Thdouc bits xdde @opd). O cuvduaouds Twv onolwv Talpvel
o opyxd Sedouévar (xou xdmoleg otadepés), dnULoVEYEL XoUVOUEYLOL YENOWOTOOVTOS Td, OTN
ouvéyelo ta enelepydleton/avaxatelel o tétoo Badud (L€ow TV BxTU®Y TOL), TOU G6TO
Téhog divovtog we €080 wbvo xdmoro xouudtior GAwv autdv (1 elorybuev axohoudia Eyel
péyedoc onuovTixd UxpdTEPo TwV JedoUEVmV €l06d0L), N TEA oxohoudia vo aiveTo
Tuyabo xau vor unv uropel vor cuvduaotel and Tov aviintolo Ye To apyixd pRvupa/elcodo,
TopoTL Tpoéxude and autd. BAEmouue, Snhady), wa evieA®s BlaopeTiny) @uhocopia oty
ornolo Booiletan 1 aopdheta, and ét ty oty BBS, g onolac 1 acpdieia Pacilotay oe éva

duoeniiuto padnuotind TeEdBANUL.
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4 AZioAoYno1n KOl GULTEPGLOLLOLTOL

Ewooyori

Y10 mapdy xe@dhato eréyyovion xou oftohoyovvtar o 'WA mou nopoucidotnxay 6To
xEQAAALO 3 YECW TNG COLITAC CTATIOTUWDY EAEY YWY TOU TOUEOUCIACTAXE GTO XEQAAALO 2, UE
o%om6 TNV e€aywyY) CUVOMXWY cuunepaoudtony. IIAndoea axorlovdivy egetdlovto and Ty
couita -oL onolec oxoniune nowiiouv oe peyedoc- €tol dote va eeyydolv axoloudiec Tou
Yio TOUG XATAOXEVAOTES TNE VewpolvTal pixpol, yecalou xat peydiou peyédouc. I'iveton xou
Hloe ovdAuom Tne ouumeplpopdsc g Blag Tne ooultag w¢ mpog TNV evaicUnola mou
napouoldlel ot eloodous tTne. Aleuxplvicelc oyetxd Ue Tt dnoupyin Twv axohoudov,
népav Tou xeahatou 3, pnopoly va aviindolv and to Ilopdetnua B'. H dnuovpyla twv

axohouidy xou 1) exTéAeon TV erEyywy €yivay o macOS Mojave 10.14.3

41 Afwohoynon NVA mpotopyikov LFSR pereBove 20-bit

Me opywxfy xotdotoon 11000111000111111111 xou yapaxtnelotixd mohuwvupo f(x) =
x20+ x3+ 1, dnuouvpyhRnxe, molpvoviac wc €080 To MY6TEPO omuovTixd bit xdde
xatdotacng, axohoudia peyiotou pixoug 2%° - 1= 1048575 bits, 1 onola anotehelton oméd
524288 1o mifdoc docoug xou 524287 to mhdog undevixd. H axoloudiag auth e€etdotnxe
amé TN COLITA OTATIOTIXWY EAEYYWV TOU Tapouctdotnxe oto Kegpdhoo 2, divovtde pag to

e€n¢ amoteAéoyoTL:
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Teot

P-value

Frequency (Monobit)

0.999221 (EIITTXIA

Frequency within a block (M = 128)

0.061212 (EIIITYXIA

Runs

0.997662 (ETIITYTXIA

Longest Run of Omnes in a block

(M = 104 N = 104)

)
)
)
)

0.945406 (EIIITYTXIA

Binary Matrix Rank

0.000000 (AIIOTYXIA)

DFT (Spectral)

0.000000 (AIIOTYXIA)

Non-Overlapping Template Matching

INoa m=9 vroloyilovtoar 148 P-values

Oelte avoAUTIXG ToEoXATw

Overlapping Template Matching 0.057312 (EIITYXIA)
(m=9)
Maurer’s “Universal Statistical” 0.208616 (EIIITYTXIA)

(L=7,Q=1280,K = 148516)

Linear Complexity (M=500)

0.000000 (AIIOTYXIA)

Serial (m = 16) P-valuel

1.000000 (EIIITYXIA

Serial (m = 16) P-value2

1.000000 (EIIITYTXIA

Approximate Entropy (m = 10)

Cumulative Sums (Cusum) forward

0.599142 (EIITYXIA

Cumulative Sums (Cusum) reverse

)
)
1.000000 (EITITYXIA)
)
)

0.600018 (ETIITYXIA

Random Excursions Trohoyilovtou 8 P-values Ocite
VUL TLXEL TP BT
Random Excursions Variant Trnoroyilovtoaw 18  P-values  Oeite

AVOAUTING. TTOROX AT

T'ia o Non-overlapping Template Matching éyouus yiol tol un meptodxd potifa mou

eZeTdoTXAY:
Mortio (B) P-value Anotéheopo A /o
000000001 0.636380 EIIITYXIA
000000011 0.737769 EIIITYXIA
000000101 0.522095 EIIITYXTA
000000111 0.226801 EIIITYXIA
000001001 0.025563 EIIITYXIA
000001011 0.325370 EIIITYXIA
000001101 0.747812 EIITYXIA

S Ot e W NN = O




000001111
000010001
000010011
000010101
000010111
000011001
000011011
000011101
000011111
000100011
000100101
000100111
000101001
000101011
000101101
000101111
000110011
000110101
000110111
000111001
000111011
000111101
000111111
001000011
001000101
001000111
001001011
001001101
001001111
001010011
001010101
001010111
001011011
001011101
001011111
001100101
001100111

0.180169 EIIITYXIA
0.511780 EIIITYXIA
0.792946 EIIITTXIA
0.930886 EIIITTXIA
0.562329 EIIITYXIA
0.531621 EIIITTXIA
0.993684 EIIITYXIA
0.628675 EIIITYXIA
0.665371 EIIITYXIA
0.631389 EIIITYXIA
0.417065 EIIITYXIA
0.700907 EIIITTXIA
0.628675 EIIITYTXIA
0.872793 EIIITTXIA
0.765958 EIIITTXIA
0.042610 EIIITYXIA
0.077546 EIIITYTXIA
0.921740 EIIITYTXIA
0.890964 EIIITYXIA
0.411679 EIIITTXIA
0.931924 EIITYXIA
0.631389 EIIITYXIA
0.291801 EIIITTXIA
0.184575 EIIITTXIA
0.613322 EIIITYTXIA
0.483030 EIIITYTXIA
0.123083 EIIITYXIA
0.711635 EIIITYXIA
0.641342 EIIITYXIA
0.197270 EIIITYXIA
0.139020 EIIITTXIA
0.539462 EIIITTXIA
0.753027 EIIITTXIA
0.837683 EIIITYTXIA
0.499006 EIIITTXIA
0.153741 EIIITYXIA
0.829186 EIIITYXIA

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
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001101011
001101101
001101111
001110101
001110111
001111011
001111101
001111111
010000011
010000111
010001011
010001111
010010011
010010111
010011011
010011111
010100011
010100111
010101011
010101111
010110011
010110111
010111011
010111111
011000111
011001111
011010111
011011111
011101111
011111111
100000000
100010000
100100000
100101000
100110000
100111000
101000000

0.384640 EIIITYXIA
0.826842 EIIITYXIA
0.984175 EIIITTXIA
0.939445 EIIITTXIA
0.251399 EIIITTXIA
0.583681 EIIITYTXIA
0.675714 EIIITYTXIA
0.657666 EIIITYXIA
0.785880 EIIITYXIA
0.258558 EIIITYXIA
0.422491 EIIITYXIA
0.708065 EIIITTXIA
0.552618 EIIITYTXIA
0.592634 EIIITTXIA
0.822912 EIIITTXIA
0.308566 EIIITYXIA
0.887692 EIIITYXIA
0.379513 EIITYXIA
0.946954 EIIITYXIA
0.313670 EIIITYTXIA
0.325370 EIIITYXIA
0.213525 EIIITYXIA
0.276254 EIIITTXIA
0.203647 EIIITTXIA
0.881019 EIIITYXIA
0.717869 EIIITTXIA
0.393529 EIIITYXIA
0.889660 EIIITYXIA
0.938958 EIIITYXIA
0.205516 EIIITYXIA
0.636849 EIIITYXIA
0.739070 EIIITTXIA
0.255235 EIIITYXIA
0.822912 EIIITTXIA
0.892260 EIIITYTXIA
0.499006 EIIITYXIA
0.747812 EIIITTXIA

44
45
46
47
48
49
50
51
52
53
54
95
96
o7
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
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101000100
101001000
101001100
101010000
101010100
101011000
101011100
101100000
101100100
101101000
101101100
101110000
101110100
101111000
101111100
110000000
110000010
110000100
110001000
110001010
110010000
110010010
110010100
110011000
110011010
110100000
110100010
110100100
110101000
110101010
110101100
110110000
110110010
110110100
110111000
110111010
110111100

0.957605 EIIITYTXIA 81
0.280965 EIIITYXIA 82
0.615126 EIIITTXIA 83
0.282746 EIIITYTXIA 84
0.637722 EIIITYXIA 85
0.653109 EIIITTXIA 86
0.586364 EIIITYXIA 87
0.732035 EIITTTXIA 88
0.977757 EIIITYTXIA 89
0.633198 EIIITTXIA 90
0.892260 EIIITYXIA 91
0.443792 EIIITTXIA 92
0.566760 EIIITYXIA 93
0.906657 EIIITYXIA 94
0.768112 EIIITTXIA 95
0.776210 EIITTYTXIA 96
0.499853 EIIITYXIA 97
0.538589 EIIITYTXIA 98
0.342119 EIIITYXIA 99
0.280965 EIIITYTXIA 100
0.661254 EIIITYTXIA 101
0.444592 EIIITYXIA 102
0.849012 EIIITYTXIA 103
0.080196 EIIITYTXIA 104
0.340758 EIIITYTXIA 105
0.889660 EIIITYXIA 106
0.699114 EIIITYXIA 107
0.269874 EIIITYXIA 108
0.389069 EIIITYXIA 109
0.516068 EIIITYTXIA 110
0.858575 EIIITTXIA 111
0.779562 EIIITTXIA 112
0.899891 EIIITYXIA 113
0.485537 EIIITYTXIA 114
0.664871 EIIITTXIA 115
0.741699 EIIITYXIA 116
0.679324 EIIITYXIA 117
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111000000 0.151212 EIIITYXIA 118
111000010 0.392783 EIIITTXIA 119
111000100 0.885043 EIIITYXIA 120
111000110 0.642247 EIIITYXIA 121
111001000 0.865049 EIIITYXIA 122
111001010 0.887692 EIIITYXIA 123
111001100 0.085304 EIIITYXIA 124
111010000 0.419385 EIIITYTXIA 125
111010010 0.781248 EIIITYXIA 126
111010100 0.385376 EIIITTXIA 127
111010110 0.244392 EIIITTXIA 128
111011000 0.700011 EIIITYXIA 129
111011010 0.477205 EIITYXIA 130
111011100 0.923944 EIIITYTXIA 131
111100000 0.362999 EIIITYXIA 132
111100010 0.998525 EIIITYXIA 133
111100100 0.787955 EIIITYXIA 134
111100110 0.641342 EIIITYTXIA 135
111101000 0.207835 EIIITYTXIA 136
111101010 0.267581 EIIITYXIA 137
111101100 0.593531 EIIITTXIA 138
111101110 0.672102 EIITYXIA 139
111110000 0.057714 EIIITYXIA 140
111110010 0.947406 EIIITYXIA 141
111110100 0.468120 EIIITYXIA 142
111110110 0.933975 EIIITYXIA 143
111111000 0.121138 EIIITYTXIA 144
111111010 0.535972 EIIITYTXIA 145
111111100 0.244135 EIIITYTXIA 146
111111110 0.198857 EIIITYXIA 147

T To Random Excursions test (uetd amd 1281 xdxhrouc J) éyouvue:

AITIOTYXIA x = -4 P-value = 0.001067
EIIITYTXIA x = -3 P-value = 0.020360
EIIITYTXIA x = -2 P-value = 0.052302
EIIITYXIA x = -1 P-value = 0.056058

EIIITTXIA x = 1 P-value = 0.285743
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EIITYXIA x = 2 P-value = 0.555148
EIITYXIA x = 3 P-value = 0.083651
EIIITYTXIA x = 4 P-value = 0.116131

T To Random Excursions Variant test (uetd and 1281 xOxhouc J) éyouue:

EIITYXIA (x = -9) P-value = 0.142581
ENITYXIA (x = -8) P-value = 0.128478
ENITYXIA (x = -7) P-value = 0.149556
ENITYXIA (x = -6) P-value = 0.117198
ENITYXIA (x = -5) P-value = 0.047453
ENITYXIA (x = -4) P-value = 0.014315
ATIOTYXIA (x = -3) P-value = 0.006163
ENITYXIA (x = -2) P-value = 0.030218
EINITYXIA (x = -1) P-value = 0.286039
ENITYXIA (x = 1) P-value = 0.220611
ENITYXIA (x = 2) P-value = 0.197424
ENITYXIA (x = 3) P-value = 0.344462
ENITYXIA (x = 4) P-value = 0.540329
EMITYXIA (x = 5) P-value = 0.812596
EINITYXIA (x = 6) P-value = 0.947756
ENITYXIA (x = 7) P-value = 0.886712
ENITYXIA (x = 8) P-value = 0.947127
EINITYXIA (x = 9) P-value = 0.662807

Onwe Brénoupe péoo oamd  avohuTxf| mopouciaon 1 oxoloudia mou  mopdydnxe
anotuyydvel TAfpws ota tests: Binary Matrix Rank, DFT xou Linear Complexity. Ko
eupoviler ond uia P-value mou amotuyydver ota teot Random Excursions xou Random
Excursions Variant. ' tv xaAOtepn allohdynomn tne yevvAtelog unoBArdnxay oe éleyyo
100 axohoudiec uixouc 10480 bits n xdde pio, mou dnproveyRdnxoav arnd auth. Ta cuvorntixd

anoteréopota Omwe to epgavilel ) coulta elvou:
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L T158756
.401199
. 350485
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. 236810
. 350485
. 437274
. 334538
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162606
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.4011949
. 289667
. 07357189
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. 1087081
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. 350485
. 000757
. 213309
. 145326
.035174
.025193
162606
. 319084
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. 289667
. 062821
.035174
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. 273708

96/100
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96,/100
96/100
100/100
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98/100
98/100
9g/100
100/100
100/100
G88/100
97/100
98/100
97/100
96/100
97/100
9g/100
100/100
98/100
100/100
98/100
99/100
100/100
97/100
88/100
88/100
97/100

Frequency
BlockFrequency
CumulativeSums
CumulativeSums

Euns

LongestRun

Rank

FFT
NonCOverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonCOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
HonOverlappingTemplate
HonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
HonOverlappingTemplate
NonOverlappingTemplate
HonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
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.514124
. 288667
. 1289620
.262249
.574903
.171867
122325
.153763
.153763
. 437274
. 010237
.003712
.53414¢
.035174
.275708
.051942
. 025193
.137282
.366918
. 366918
.2133089
.419021
.051942
. 788138
. 911413
. 129620
.418021
.051942
.048716
.437274
.030806
. 289667
.035174
.007694
.14532¢
.007694
. 383827
. 037566
.350485
162608
. 042808
.008266
. 181557
122325
.637119
. 013569
.051942
.474986
.304128
. 262240
.016717
.171867
. 202268
.066882
. 040108
.8924078
.015598
. 000439
.418021
.6808313

98/100
97/100
9a/100
88/100
98/100
9a/100
97/100
898,/100
97/100
100/100
9g/100
100/100
98/100
9g8/100
100/100
9g/100
100/100
100/100
97/100
9g/100
94/100
898/100
98/100
9g/100
9g/100
97/100
9g8/100
100/100
97/100
97/100
100/100
898/100
96/100
97/100
86/100
92/100
99/100
87/100
98/100
97/100
898/100
98/100
99/100
98/100
98/100
97/100
100/100
98/100
99/100
97/100
100/100
94 /100
98/100
98/100
100/100
98/100
98/100
99/100
97/100
98/100

NonOverlappingTemplate
NonOverlappingTemplate
HonOverlappingTemplate
HNonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
HonOverlappingTemplate
HonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
HonOverlappingTemplate
HonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
HonOverlappingTemplate
HNonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
HonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
HonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
HonOverlappingTemplate
HNonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
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. 040108
115387
sold4124
.048716
. 080519
.016717
. 7881309
.14532¢
678686
. 005762
. 023545
. 224821
075719
. T98139
. 680313
.8935716
. 350485
437274
.025193
.401199
637118
. 000700
. 274903
. 262249
2585549
162606
.401199
. 004301
. 678686
.004301
.Qee882
.98780¢6
.010988
.075718
. 7394918
.437274
. 213309
. 0803519
Gl 1 b1 8 o
- 71574
. 7394918
. 213309

0133569

. 007160
. 000000 *

000000 *

95/100
98/100
98/100
97/100
97/100
98/100
97/100
99/100
94/100
100/100
98/100
99,/100
86/100
98/100
97/100
98/100
98/100
93/100
98/100
99/100
98/100
100/100
98/100
96/100
97/100
98/100
95/100
98/100
97/100
97/100
898/100
896/100
88/100
898/100
88/100
88/100
898/100
98/100
88/100
898/100
87/100
97/100
87/100
898/100
100/100
71/100

NonCverlappingTemplate
NonCverlappingTemplate
NonCOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonCOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonCOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
HonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
HNonCOverlappingTemplate
HonCverlappingTemplate
HonCverlappingTemplate
NonOverlappingTemplate
HNonOverlappingTemplate
NonOverlappingTemplate
HNonCverlappingTemplate
NonCverlappingTemplate
COverlappingTemplate
Universal
ApproximateEntropy
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursionsVariant
RandomExcursionsVariant
RandomExcursionsVariant
RandomExcursionsVariant
RandomExcursionsVariant
RandomExcursionsVariant



0 a a 0 1] ¥ a a 0 o] s s RandomExcursionsVariant
i 0 1] 0 1] { 1] 0 0 0 e RandomExcursionsVariant
0 0 0 4] 0 0 0 0 0 0 i B RandomExcursionsVariant
Q 0 1] 0 0 s 0 0 0 0 e T - v RandomExcursionsVariant
0 1] o] 0 0 0 0 0 0 0 iy S o RandomExcursionsVariant
0 0 Q 0 0 0 1] 0 0 0 i RandomExcursionsVariant
0 Q Q Q o] 8] Q 0 Q Q i N RandomExcursionsVariant
0 Q0 0 Q a 0 0 Q 1] Q e RandomExcursionsVariant
0 Q 0 0 0 0 [y 0 1] 1] —_——— ————— RandomExcursionsVariant
0 0 0 0 0 ( [y W] 1] W] —_——— ————— RandomExcursionsVariant
0 0 0 [ 0 0 0 1] 1] 4] —_——— ————— RandomExcursionsVariant
0 0 0 0 0 0 0 0 1] 1] —_—— RandomExcursionsvVariant
g 5 1 4 2 5 6 12 11 48 0.000000 * 97/100 Serial

19 5 4 4 5 4 g o} 7 44 0.000000 * 01/100 * sSerial

100 0 0 0 0 0 0 0 3} 0 0.000000Q0 * 0/100 * LinearComplexity

The minimum pass rate for each statistical test with the exception of the
random excursion (variant) test is approximately = 96 for a

sample size = 100 bimnary sequences.
The minimum pass rate for the random excursion (wvariant) test is undefined.

For further guidelines construct a probability table using the MAPLE program
provided in the addendum sectiom of the documentatiom.

Enehynomn tpémou mopousiaone CUVOTTIXOY AnoTEAECUATWY and TN couita:

Onwe Prénovpe ta anoteléopata cupavilovial, oucLIOTIXG, UE Wil Hop@n Tivoxa U
YEOUUWY Xt V=13 oTnAoV.

O oapdudéc p pog Blvet 1o mAAlog TV OTUTIOTXOV EAEYYWY Tou  dievepydnxay.
Evé vy tic v othheg €youye:

® oL othieg 1-10 avtinpoownebouv v cuyvotnta Twv P-values oe xodéva and to 10
{oa unodlooTAYaTa oo onola Exel ywelotel to ddotnua [0,1], autd yivetow Yol vo uropéael
va eheyy el av 1 Statapoy) twv P-values eivon “xovtd™ otnv opotduopen oto [0,1].

e 1 otAAn 11 elver 1 oTAAN ToU TPOXUTTEL amb TNV EQUPPOYH EvOC X TEOT, Yo Vol
unopéoel va extiundel 1 oyolopoppla Twv P-values otov y-0oté €heyyo. H tur auth elvan
anpocodloplotn av To TARYOC Twv axolouhdy mou ehéyyeton elvar wxpdtepo tou 10. Ed®
TEETEL Vo TOVIOTEL OTL Tpémel var eheyy Yoy TouAdytoTov 55 axoloudles Wac YEVVATELAC Yid
VoL €YEL OTATIOTIXWS VoMU Vo EAEYEOUUE TNV opolouoppio Twv P-values.

® 1 othin 12 elvon Wiadtepo onuavted ol pag diver Ty avaroyio Twv axolovdv mou
TEQOUCAY TOV U-0GTO EXEYYO.

® 1 othin 13 pog delyver motog elvan o otatioTnds éleyyoc Tou hauBdver yweo (dmwe
autol éyouv oplotel oto Kegpdhato 2).

H ehdyrotn avedroyla mou meEmel va emituyydveton  yia vo Yewpeiton 6TL g axoroudio
TEPACE EMLTUYWS TOV exdotote éheyyo (extéc tou Random Excursions Variant) eivou
(repinou) 96/100 (otiin 12 tne cuvortixic topousioonc). Treviupiletou dtt, Intdviog 7
T g utoroylouevng oe évav éleyyo P-value va elvou peyokiteen 1 ion tou 0.01 vy va
Yewpriooupe emtuyla, onuaivel 6TL 6T0 cuYXEXEWEVO €heyyo av eetdlovtav 100 Ttuyaleg

; . . . . . p ,
oaxoloudiee pla and avtéc Yo amoppintdtay xau o éheyyog Vo éByale amotuyla yior QUTAHY.
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Av avtiotoiya Vétape to Oplo avoyhc oe 0.001, Yo onuaivel To avtiotolyo yia 1 otic 1000
tuyalee oxohovdiec. Lty mopoloa €youpe Yéoel to dpto avoyhc oto 0.01 (yia va €youv
vonuo to arnotehéopato Yo mpénel vo avixet oto [0.01,0.001]).

Ta npoavagepdévta Ha toybouv xa oTn cuvéyela tng mopodong xdlde @opd mou Va
epgavileton cUVOTTIXY TOEOLGINCY) ATOTEAEGUATWY UE TNV AVe) HOPPT.

Yuunepdopato: H yevvrtelo amotuyydvel mAifpws ota teoT: Binary Matrix Rank xou
Linear Complexity. E8® mpéner va towviotel 6Tt to Linear Complexity test elvou eduixd
oyedaopévo yio LESRs xou €yel oxond va ehéyel av o xoatoywentic lvan apxetd olvietog
€10l OOTE va Tapdyet plo axohoudia mou va Yewpeiton tuyada. H mhhene anotuyio Setyver 6t
0 XaTAYWENTAS Tou Yenowornodnxe dev elvon apxetd mohdmAoxog. Autd ogelheton oTO
YEYOVOS OTL TUPd TO PEYAAO UHXOS TOL BV Yenolomolel ToARd otolyelor we oplopota oTny
cuvdptnon avddpaong h. Avtiotolyo amotéheouo Vo TEQUIEVOUE XOL OV YENOULOTOLOVCUUE
XOL XATOLOV XOToYWENTH Wixpol urxouc. H mhhene anotuylo oto Binary Matrix Rank test
onuoalvel 6Tl uUTdpyel TepdoTior Ypouux €Edptnon  oavdueca ot umaxoloudlec Twv
axohovidy mou mopdyer xde gopd. O DFT mapdti elye amotdyelr mApwe oto xdelo
TUEADELY U, ETETUYE AEXETE XaAUTERT avohoylor 6To delypo Twv 100 eAéyywvy, ahhd xou TdAL
elvon xatd TOAD exTOC TV EMPLUNTOV oplwy, autd oc delyvel 6TL 1 yevvrtela Tapouatdlet
ONUOVTIXG TepLOdIXd yopaxTnetoTixd. H un extéheon twv Random Excursions xou Random
Excursions Variant ¥tav avouevouevn Aoyw tou Uhxous Twv oxoAovhdy mou emAéydnxay.
Ynuavtixr) ttoon mapovoldletar 6T tolhamhéc axoloudiec oto Approximate Entropy -
OAAG Elvor oVOUEVOUEVT] Yot AOYw OEDOUEVWY TO TECT OEV eXTEAE(TAL OWOTE-xou otn P-
value2 tou Serial, 0dA& Adyw Tou TOAND xahoU (TéAElOL) amoTEAEOCUUTOC GTO  X0PLO
TOEEBELY O CUCTAVETOL O ETOVEAEY YOG Yiat UEYAho delypa axoroudidv (cuviotdtar 1000) pe
whxoc tne téZeme tou 108 xau mapddAnin odhhayf Twv amodextdv P-values oné = 0.01 oe

= 0.001.
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4.2 Afwohoynon NVA mopadioyic tpatapyikov LFSR peyeBove 20-bit

Mot onpavtixy xpitixrp mou aoxeltow oe évav LESR mou biver wg €080 10 Aiyotepo
onuoavtixd bit xdde xotdotaong elvon 6t oTic TpdTEC €€680UC TOU, Bivel Eva TPog €val Ta
otolyela Tou ondpou, péyel autd vo eCavtAndolv xou va apyioel va diver e€6douc otolyela
ToL €youv TEoxVPEL and TN cuvdptnon avddpaons h. Ia autd tov Adyo Vo eletootel pio
nopodhayr) tou LESR nou e€etdotnne nponyouuévwe, n onolo €xel we povrn dapopd ot
Olvet w¢ €€odo oe xdlde maAusd TOu poAoYIOU TO amoTéAecuo tTne ouvdptnone h To
YUEAXTNELOTIXG TIOAUMVUHO, 1) dE)IXT| XATACTAOY Xol Ol UeTaTOTloELS efvon oxpiBmg Tor (Bl e
nponyouuévwe. Anulovpyhinxe étol por oxorouvdio 1048575 bits, n omola anotehelton and

524288 1o mAdoc docoug xou 524287 To TARlog undevind.

Teot P-value

Frequency (Monobit) 0.999221 (EIIITTXIA)
Frequency within a block (M = 128) 0.692776 (EIIITYTXIA)
Runs 0.997662 (EIIITYXIA)
Longest Run of Omes in a block 0.945406 (EIIITYTXIA)

(M = 10 N = 104)

Binary Matrix Rank 0.000000 (AIIOTYXIA)
DFT (Spectral) 0.000000 (AITIOTYXIA)
Non-Overlapping Template Matching INa m=9 vnohoyilovioaw 148 P-values

7 7 4
Oelte avoluTXd TopoxdTe

Overlapping Template Matching 0.046318 (EIIITYTXIA)
(m = 9)

Maurer’s “Universal Statistical” 0.444489 (EIIITTXIA)
(L=7Q= 1280,K = 148516)
Linear Complexity (M=500) 0.000000 (AIIOTYXIA)
Serial (m = 16) P-valuel 1.000000 (EIIITYXIA)
Serial (m = 16) P-value2 1.000000 (EIIITYXIA)
Approximate Entropy (m = 10) 1.000000 (EIIITTXIA)
Cumulative Sums (Cusum) forward 0.606164 (EIIITYTXIA)
Cumulative Sums (Cusum) reverse 0.607045 (EIIITYXIA)
Random Excursions Trohoyilovtaw 8  P-values  deite

OVOAUTING. TOROX AT

Random Excursions Variant Troroyilovioaw 18  P-values  Oeite

AVOAUTLXGL TP AT
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T'ia o Non-overlapping Template Matching éyouus yiol tol un meptodxd potifa mou
eletdoTnroy:

Mortio (B) P-value Anotéleopa A/o

000000001 0.639532 EIIITTXIA 0

000000011 0.720534 EIITYXIA
000000101 0.522095 EIIITYXTA
000000111 0.215449 EIIITYTXIA
000001001 0.025563 EIIITYTXIA
000001011 0.325370 EIIITYXIA
000001101 0.747812 ELITYXIA
000001111 0.220321 EIIITTXIA
000010001 0.511780 EIIITTXIA
000010011 0.792946 EIIITYTXIA
000010101 0.930886 EIIITYXIA
000010111 0.562329 EIIITTXIA
000011001 0.531621 EIIITYTXIA
000011011 0.993684 EIIITYXIA
000011101 0.647678 EIIITTXIA
000011111 0.684732 EIIITYTXIA
000100011 0.631389 EIIITYXIA
000100101 0.381705 EIIITYTXIA
000100111 0.700907 EIIITTXIA
000101001 0.628675 EIIITYXIA
000101011 0.872793 EIIITYTXIA
000101101 0.765958 EIIITYXIA
000101111 0.042610 EIIITYTXIA
000110011 0.077546 EIIITYXIA
000110101 0.921740 EIIITYTXIA
000110111 0.890964 EIITYXIA
000111001 0.413982 EIITYXIA
000111011 0.928531 EIIITYXIA
000111101 0.631389 EIIITTXIA
000111111 0.279781 ELNITYTXIA
001000011 0.184575 EIITYXIA
001000101 0.613322 EIIITYTXIA

© oo N O Ot s W N

W W NN NNDN NN NN NN = e e e e e e e
— O © 00 N O Ut kR W NN = O O 0NN Ot WYy = O



001000111
001001011
001001101
001001111
001010011
001010101
001010111
001011011
001011101
001011111
001100101
001100111
001101011
001101101
001101111
001110101
001110111
001111011
001111101
001111111
010000011
010000111
010001011
010001111
010010011
010010111
010011011
010011111
010100011
010100111
010101011
010101111
010110011
010110111
010111011
010111111
011000111

0.483030 EIIITYXIA
0.124455 EIIITYTXIA
0.711635 EIIITTXIA
0.641342 EIIITTXIA
0.197270 EIIITYXIA
0.140205 EIIITTXIA
0.539462 EIIITYXIA
0.759528 EIIITYXIA
0.837683 EIIITYXIA
0.499006 EIIITYXIA
0.153741 EIIITYXIA
0.829186 EIIITTXIA
0.384640 EIIITYXIA
0.826842 EIIITTXIA
0.984175 EIIITTXIA
0.945127 EIIITYXIA
0.251399 EIIITTXIA
0.583681 EIIITYXIA
0.675714 EIIITYTXIA
0.625059 EIIITTXIA
0.799548 EIIITYTXIA
0.258558 EIIITYXIA
0.422491 EIIITTXIA
0.708065 EIIITTXIA
0.532490 EIIITTXIA
0.592634 EIIITTXIA
0.822912 EIIITYXIA
0.308566 EIIITYXIA
0.887692 EIIITYXIA
0.379513 EIITYXIA
0.944442 EIIITTXIA
0.313670 EIIITYTXIA
0.325370 EIIITYXIA
0.213525 EIIITTXIA
0.276254 EIIITTXIA
0.203647 EIIITYXIA
0.881019 EIIITYXIA

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
95
56
o7
58
59
60
61
62
63
64
65
66
67
68
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011001111
011010111
011011111
011101111
011111111
100000000
100010000
100100000
100101000
100110000
100111000
101000000
101000100
101001000
101001100
101010000
101010100
101011000
101011100
101100000
101100100
101101000
101101100
101110000
101110100
101111000
101111100
110000000
110000010
110000100
110001000
110001010
110010000
110010010
110010100
110011000
110011010

0.717869 EIIITYXIA
0.393529 EIIITYXIA
0.889660 EIIITTXIA
0.938958 EIIITTXIA
0.182878 EIIITYTXIA
0.639532 EIIITYXIA
0.739070 EIIITYXIA
0.255235 EIIITYXIA
0.822912 EIITYXIA
0.892260 EIIITYXIA
0.488483 EIIITYXIA
0.747812 EIIITTXIA
0.957605 EIIITYXIA
0.280965 EIIITTXIA
0.615126 EIIITTXIA
0.282746 EIIITYXIA
0.637722 EIIITYXIA
0.653109 EIIITYXIA
0.579678 EIIITYXIA
0.732035 EIIITYTXIA
0.977757 EIIITYXIA
0.633198 EIIITYXIA
0.902079 EIIITTXIA
0.443792 EIIITYTXIA
0.566760 EIIITYXIA
0.906657 EIIITTXIA
0.780405 EIIITYXIA
0.766814 EIIITYXIA
0.499853 EIIITYXIA
0.516927 EIIITYTXIA
0.342119 EIIITTXIA

69
70
71
72
73
74
(0]
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

0.280965 EIIITYTXIA 100
0.661254 EIIITYXIA 101
0.447412 EIIITTXIA 102
0.849012 EIIITYTXIA 103
0.080196 EIIITYXIA 104
0.340758 EIIITYTXIA 105
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110100000
110100010
110100100
110101000
110101010
110101100
110110000
110110010
110110100
110111000
110111010
110111100
111000000
111000010
111000100
111000110
111001000
111001010
111001100
111010000
111010010
111010100
111010110
111011000
111011010
111011100
111100000
111100010
111100100
111100110
111101000
111101010
111101100
111101110
111110000
111110010
111110100

0.889660 EIIITYXIA 106
0.699114 EIIITYXIA 107
0.269874 EIIITYTXIA 108
0.389069 EIIITYTXIA 109
0.516068 EIIITYXIA 110
0.858575 EIIITTXIA 111
0.779562 EIIITYXIA 112
0.899891 EIIITYXIA 113
0.485537 ENITYXIA 114
0.664871 EIIITYTXIA 115
0.741699 EIIITYXIA 116
0.679324 EIIITYTXIA 117
0.147984 EIIITYXIA 118
0.372985 EIIITTXIA 119
0.860398 EIIITTXIA 120
0.642247 EIIITYXIA 121
0.865049 EIIITYXIA 122
0.887692 EIIITYXIA 123
0.085304 EIIITYXIA 124
0.419385 EIIITYTXIA 125
0.781248 EIIITYTXIA 126
0.385376 EIIITYXIA 127
0.244392 EIIITYTXIA 128
0.700011 EIIITYTXIA 129
0.477205 EIIITYTXIA 130
0.923944 EIIITTXIA 131
0.396520 EIIITYXIA 132
0.998131 EIIITYXIA 133
0.787955 EIIITYXIA 134
0.641342 EIIITYXIA 135
0.207835 EIIITYTXIA 136
0.267581 EIIITTXIA 137
0.593531 EIIITYXIA 138
0.672102 EIIITYTXIA 139
0.081028 EIIITTXIA 140
0.947406 EIIITYTXIA 141
0.468120 EIIITYXIA 142
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111110110 0.932439 EITIITYTXIA 143
111111000 0.111222 EIIITYXIA 144
111111010 0.535972 EIIITYXIA 145
111111100 0.212091 EIIITYTXIA 146
111111110 0.182878 EIIITYXIA 147

T To Random Excursions test (uetd amd 1295 xdxiouc J) éyovue:

EINTYTXIA x = -4 P-value = 0.151393
EIIITTXIA x = -3 P-value = 0.085533
EINITYTXIA x = -2 P-value = 0.207332
EIITTXIA x = -1 P-value = 0.223528
EIITYXIA x = 1 P-value = 0.071998
EIIITYTXIA x = 2 P-value = 0.139737
EINTYTXIA x = 3 P-value = 0.015666
EINTYXIA x = 4 P-value = 0.039739

T To Random Excursions Variant test (uetd oamnd 1295 xOxhouc J) éyouue:

ENITYTXIA (x = -9) P-value = 0.745887
ENITYTXIA (x = -8) P-value = 0.939338
EIITYXIA (x = -7) P-value = 0.674754
ENITYXIA (x = -6) P-value = 0.451801
ENITYTXIA (x = -5) P-value = 0.428053
EINITYTXIA (x = -4) P-value = 0.475863
EIITYXIA (x = -3) P-value = 0.660390
EIITYTXIA (x = -2) P-value = 0.759373
EINITYTXIA (x = -1) P-value = 0.409215
ENITYTXIA (x = 1) P-value = 0.115961
ENITYTXIA (x = 2) P-value = 0.052388
ENITYXIA (x = 3) P-value = 0.010289
ENITYTXIA (x = 4) P-value = 0.014851
EINITYTXIA (x = 5) P-value = 0.059248
EIITYXIA (x = 6) P-value = 0.158529
EIITYTXIA (x = 7) P-value = 0.313355
EIITYTXIA (x = 8) P-value = 0.428675
EIITYXIA (x = 9) P-value = 0.246839
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‘Onwe Brénovpe ta anoteréopata TN avaAUTIXAG Topousiaong v Ty axoloudio Tou
nopdydnxe elval, oe TOAD YeYdAo Toc0aTo, Bl pe autd oty 4.1 xon ehappds Pehtiwpéva.
H oxohoudia amotuyydvel mhfpwe ota teot: Binary Matrix Rank, DFT xo Linear
Complexity. AMG outi 0 @opd emtuyydvouv Okec ol P-values ota teot Random
Excursions xoau Random Excursions Variant. ' tnv xolOtepn a&loAdynon g YeVWATEWIC
unoPAidnxoav mdht oe €heyyo 100 oaxohoudiec unxouvc 10480 bits n xdlde wa, mou

onuoveyinxay and auth. Ta cuvontind anoteréopato Onwe to epavilel n couvita elvar:
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.016717
. 000000
.574903
.066882
. 275709
.129620
. 000000
. 000000
. 616305
. 350485
.319084
. 000060
. 383827
.262249
.53414¢
045675
. 020548
. 788139
.419021
.6T78686
. 883171
.066882
. 030806
.058984
. 162606
. 334538
. 171867
. 048716
.113387
.778188
. 934146
. 395549
. 366918
.075719
. 085587
. 016717
.0159188
.159758
. 085587
. 006196
. 350485
. 066882
122325
.001030
. 145326
. 010237
. 924076
. 455937
. 236810
.035361
. 224821
. 090836
. 224821

D000 0000000000000 00000O0

99/100
&, 81/100
98/100
89/100
88/100
100/100
X 0/100
i 87/100
98/100
97/100
85/100
g 94/100
G5/100
99/100
G98/100
96/100
96/100
94/100
G98/100
86/100
87/100
87/100
100/100
98/100
100/100
87/100
98/100
100/100
88/100
87/100
87/100
98/100
98/100
96/100
100/100
100/100
88/100
98/100
88/100
897/100
896/100
97/100
95/100
100/100
99/100
100/100
98/100
100/100
100/100
97/100
898/100
86/100
98/100

Frequency
BlockFrequency
CumulativeSums
CumulativeSums

Euns

LongestRun

Rank

FET
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonCOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonCOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
HNonCverlappingTemplate
NonCverlappingTemplate
HNonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
HNonCverlappingTemplate
NonOverlappingTemplate
HonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
HNonCverlappingTemplate
NonCverlappingTemplate
HonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
HNonCverlappingTemplate
NonCverlappingTemplate
HonCverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
HNonCverlappingTemplate
NonCverlappingTemplate
HonOverlappingTemplate
NonOverlappingTemplate
NonCOverlappingTemplate
HNonCverlappingTemplate
NonCverlappingTemplate
HonCverlappingTemplate
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. 224821
. 718747
-035174
.455937
.514124
.108791
.017812
. 350485
. 005762
.030806
. 010237
. 008266
.4011488
.00eloe
.30412¢
.001296
.0179812
.037566
.304126
153763
. 758756
. 816537
162606
.835716
. 6371189
. 455937
. 534146
. 003712
.004981
.484392
.137282
.0580984
.001757
.080519
.013569
455027
162606
. 202268
. 383827
. 085587
. 023545
.145326
- 153763
.8935716
.040108
.115387
. 759756
.319084
.145326
.002043
.304126
. 040108
. 181557
120620
.935716
. 008879
.035174
.514124
il R R 2
.035174

98/100
97/100
98/100
98/100
100/100
98/100
98/100
98/100
97/100
98/100
96/100
100/100
a8,/100
898/100
100/100
98/100
100/100
100/100
97/100
898/100
98/100
98/100
898/100
96/100
97/100
98/100
98/100
100/100
97/100
98/100
98/100
96/100
97/100
98,/100
892/100
98/100
97/100
86/100
95/100
G98/100
98/100
99,/100
98/100
98/100
97/100
100/100
97/100
98/100
98/100
100/100
95/100
98/100
98/100
100/100
100/100
98/100
99,/100
96/100
100/100
96/100

NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
HonCverlappingTemplate
NonCOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
HNonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
HonCverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
HonCverlappingTemplate
NonCOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
HonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
HonCverlappingTemplate
NonOverlappingTemplate
NonCOverlappingTemplate
NonOverlappingTemplate
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.014550
.14532¢
.213300
071177
. 000439
.8168305
.137282
.004629
.001389
.018188
.304128
. 045675
-~ T128756
.484392
. 878072
. 383827
. 350485
. 080519
. 202268
. 718747
. 000065 *
. 366918
.153763
.&67868¢6
.035174
. 288667
.145326
.47498¢6
. 000700
.017912
. 955835
.017812
071177
. 334538
. 334538
. 574903
.181537
. 224821
. 867602
LTT79188
.051942
. 002043
. 248284
. 000000 *
. 000000 *

98/100
98/100
97/100
96/100
98/100
97/100
96/100
98/100
100/100
98/100
96/100
96/100
98/100
97/100
98/100
98/100
93/100
96/100
98/100
98/100
100/100
98/100
96/100
98/100
1l00/100
94/100
98/100
97/100
97/100
98/100
96/100
98/100
98/100
896/100
898/100
898/100
898/100
98/100
98/100
98/100
97/100
97/100
100/100
100/100
72/100

HNonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
HonOverlappingTemplate
HonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
HonOverlappingTemplate
HNonOverlappingTemplate
NonOverlappingTemplate
HNonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
HonOverlappingTemplate
HonOverlappingTemplate
HNonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
HonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
HonOverlappingTemplate
HNonOverlappingTemplate
HonOverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
OverlappingTemplate
Universal
ApproximateEntropy
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursionsVariant
RandomExcursionsVariant
RandomExcursionsVariant
RandomExcursionsVariant
RandomExcursionsVariant
RandomExcursionsVariant
RandomExcursionsVariant



]
]
']
]
]
]
']
]

0 | Q o] [ 0 | 0 0 | SEEESE Woleees RandomExcursionsvVariant
0 Q Q 0 0 0 [ Q 0 0 e e RandomExcursionsVariant
0 Q Q lv] i 0 Q Q o] { ThET SRR RandomExcursionsvVariant
4] Q Q lv] 0 0 [ 1] o] Q el || Seeeem RandomExcursionsvVariant
0 1] 0 0 0 0 1] 0 0 0 e o o RandomExcursionsvVariant
0 0 0 0 0 0 0 1] 0 0 s RandomExcursionsvVariant
fu] Q 4] 0 0 0 Q 4] o] Q SR AEEREERE RandomExcursionsVariant
4] Q 0 0 0 4] [u] Q 0 Q e RandomExcursionsvVariant
0 0 0 0 ) 0 0 0 ] ) —_——— == RandomExcursionsVariant
0 0 0 0 0 0 0 0 1] 0 —_——— = RandomExcursionsVariant
1] 0 0 0 0 0 0 0 1] ] —_——— == RandomExcursionsVariant
7 3 2 4 1 & 7 g: 14 47 De & a97/100 Serial

19 5 2 3 2 7 & 2 g 42 0 i 91/100 * Serial

100 0 0 0 0 0 0 0 1] 0 0 X 0/100 * LinearComplexity

The minimum pass rate for each statistical test with the exception of the

random excursion (variant) test is approximately = 96 for a
sample size = 100 binary segquences.

The minimum pass rate for the random excursion (variant) test is undefined.

For further guidelimes construct a probability table using the MAPLE program
provided in the addendum section of the documentation.

Yuunepdopato: Onwe HTay avoueVOUEVO HETE TOV OVOAUTIXG EAEYYO NS TEOTNG
axohouvdiag mou mopdydnxe, BAEmoupe OTL 1 YEVVATELL €YEL TAVOUOLOTUTY] GUUTEQLPORE KOS
neoc toug eAéyyoug pe owutr) Tou 4.1. IIio ouyxexpéva amoTuYYdVEL TAHEWS OTo TECT:
Binary Matrix Rank Linear Complexity. H yevvAtpia amotuyydver mifpwe ota TECT:
Binary Matrix Rank xou Linear Complexity. Ed¢ mpéner vo toviotel 6t to Linear
Complexity test elvon edwd oyediaopévo vl LESRs xau €yel oxond va ehéyler av o
xaTay wenthg elvon apxetd cUvidetog €Tol WoTe va mopdyel pio axoloudio mou va Yewpeltan
tuyoda. H midene omotuylor Belyver 6Tl 0 xataywenthc mou yenowonofunxe Oev elvou
apxeTd moAlOmhoxoc. Autd ogelletar oTO YEYOVOS OTL Topd TO pEYSAO pRAxoc Tou Bev
xenowonotel mohhd otoiyela w¢ oplopata oty cuvdptnon avddeaone h. Avtictouyo
anotéheouo o TEQUUEVOUE X0 OV YETOWOTOLOUCUUE Xol XATOLOV XATAYWENTH  Wxeol
uripxouc. H minpne amotuylor oto Binary Matrix Rank test onuaiver 6t undpyel tepdotia
Yeouuxr e€dptnon avdueca otic utaxoloudieg Twv axorovhdv tou moapdyel xde gopd. O
DFT mopbt elye amotiyel mMAAEWS OTO %VPLO TUPADELYUO, EMETUYE OEXETA XOADTEEN
avohoyle oto Oelypa twv 100 eAéyywv, ohhd xou maAL elvon xatd TOAD EXTOC TWV
emduuntodv oplwy, autd poc delyvel OTL 1 YEVVATELO TUPOUGLALEL OMUOVTIXG TEPLOdIXS
yopoxtnetotixd. H un extéieon twv Random Excursions xoau Random Excursions Variant
ATOV OVOHEVOUEVT AOY® TOU UAXOUS TV axohouthmy Tou emthéydnxoy. Lnuovtixh TTwon
napoucldletor ot moMoamhéc  axohloudiec oto Approximate Entropy -oAAd elvou
avVaEVOPEVT Yiatl AOYw OedoUévev To TEOT dev exTeAElTal 0woTd-xou otn P-value2 tou
Serial, oAA& AOY®w Tou TOAD x0AOU (TENELOU) AMOTEAECUATOC OTO XUPLO  TORADELYUO
OUOCTAVETAL O EMAVEAEYYOG Yot PEYGAO Oelypa axohoudidy (ocuviotdron 1000) pe urixoc tng

Té&ewe Tou 10° o TopdAAnAn adhay R Twy amodextdv P-values ané = 0.01 oe = 0.001.
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4.3 Afwohoynon NVA Geffe

Anuiovpyriinxe xou egetdotnxe mopdderypo oxoloudiag (eudotuyaiwy apdudyv mou
napdyeton ond I'WA Geffe ye cuvdptnon tohlaniaciacuol

F(x1,x2,X3) = X1X2 D@ x2x3 D x3, oty omnolo. yenowonotodvion w¢ elcodo ol €Zodol
toudv LESRs (BAéne 3.8). T va xatootel Suvatdv 6Tov ovaryvootn vo Oet e €val
nopddelypor v oxoloudio mou efetdleton amogaciotnxe 1N axohoudla auth vo elvou
ueyédoug 2048 bits, étol dote va unopel va mapovolaotel oty Toapoloa (SuoTuYMS
axohovldiee e TdEnc 10% bits amoutolv nepirov 315 oehidec yia va amotunwiolv). H
axorovdia mou mapdydnxe, hoindy, elvar 1

e=
0111000101000000011010111111001101000010111001100100110010011100110110110011000
1001110101101100000011101001101000010101110110001011101011111011110111011011001
0000101001001101000100111110111000001000111010111111000100001111101011110000101
1110010001110100010001011111011001010001011100011110100100101110001111010000110
0011001000100000010101010011110001000001100001011110101000011000110011010101010
1001110101111110110000111011000110001101000101000110010111110101000010110111001
0110000000011000100000001011010110110010110010011001011000001111000010000011011
1100111111110001100000100001101001010010110111110000000111110111110000000101101
0001100100111001010100110010111011001000111001010011101011010010000010111010011
1010110110001010111000000011011110110111001101001101011011101111101101011000010
0110001111111000000001100010101110100011010100110111101000100001111000011011101
1111110110111110011011101101111111101100001010100010010001010111011110001101010
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[112]

1 onola anotekeiton and 1040 to mhlog docous xow 1008 to mhdoc undevixd.

Kou ta anmoteléopata twv eAEYYwY Tou dlevepyinxay oe oty avagépovtol xdTwit.

Teot P-value

Frequency (Monobit) 0.479500 (EIITYXIA)
Frequency within a block (M = 128) 0.677322 (EIIITYXIA)
Runs 0.748600 (EIIITYXIA)
Longest Run of Omnes in a block 0.125026 (EIIITYTXIA)

(N = 256,M = 8)

Binary Matrix Rank 0.741908 (EIIITYTXIA)
DFT (Spectral) 0.655519 (EIIITYXIA)
Non-Overlapping Template Matching INoa m = 9 urnoloyilovtar 148 P-values

Oelte avaAUTIXG TP AT

Overlapping Template Matching 0.488416 (EIIITYXIA)

(m=9)

Maurer’s “Universal Statistical” YPAAMA

Linear Complexity (M=500) 0.423166 (EIIITYXIA)
Serial (m = 16) P-valuel 0.597762 (EIIITYTXIA)
Serial (m = 16) P-value2 0.533764 (EIIITYXIA)
Approximate Entropy (m=10) 0.010990 (EIITYXIA)
Cumulative Sums (Cusum) forward 0.277459 (EIIITYTXIA)
Cumulative Sums (Cusum) reverse 0.415360 (EIIITYXIA)
Random Excursions MH EAPMOXIMO
Random Excursions Variant MH E®APMOXIMO

1. 3to Maurer’s “Universal Statistical” test eupovileton o@diua, vt , omwe
TepLYedpeTaL oL oTo 2.9, anawtel To unixog g und e&étaon axohouvdiog va elvon
> 387840 bits, yia va Eexwvioer (va ddoel Twée ot uetafBintéc L, Q xan va
Eexwvhoel 1 Swodixaoia). Enopévec, enedy divetar axoloudio uixouc 2048 (bits),
dev unopel vo Eextvrioet.

2. Ta teot Random Excursions xou Random Excursions Variant dev yrmopodv va
eQopLooToLY YTl dnuovpyolvtow uévo 37 xdxdol (J) pe anotéheopa va €YOupE
8 oto mpwto xo 18 oto devtepo (teot) P-values ioec pe  0.000000.
Avapevopevo Aoyw tou uixpol phxouc tne axoloudog (Omwe avagpépetan xou

otic 2.14. 2.15 cuviotdron ufxocz 10°).
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T'io to Non-overlapping Template Matching éyouue vio tor un meptodwxd potia mou
egetdoTnroy:

MortiBo P-value Anotéleoua A /o

000000001 0.856028 EIIITTXIA 0

000000011 0.400661 EIIITYXIA
000000101 0.128476 EIIITYTXIA
000000111 0.856028 EIIITYXIA
000001001 0.861831 EIIITYXIA
000001011 0.400661 EIIITYXIA
000001101 0.128476 EIIITYTXIA
000001111 0.406722 EINITYTXIA
000010001 0.850132 EIIITYTXIA
000010011 0.850132 EIIITYXIA
000010101 0.825671 EIIITTXIA
000010111 0.388705 EIIITYTXIA
000011001 0.867537 EIIITYXIA
000011011 0.400661 EIIITYTXIA
000011101 0.850132 EIIITYTXIA
000011111 0.844144 EIIITYTXIA
000100011 0.861831 EIIITYTXIA
000100101 0.861831 EIIITYXIA
000100111 0.419005 EIIITYTXIA 18
000101001 0.007460 AITOTYXIA 19
000101011 0.406722 EIIITYTXIA 20
000101101 0.412837 EIIITTXIA 21
000101111 0.394656 EIIITTXIA 22
000110011 0.856028 EIIITYXIA 23
000110101 0.400661 EIIITYXIA 24
000110111 0.412837 EIIITYXIA 25
000111001 0.406722 EIIITYXIA 26
000111011 0.861831 EIIITYXIA 27
000111101 0.406722 EIIITYTXIA 28
000111111 0.850132 EIIITTXIA 29
001000011 0.850132 EIIITTXIA 30
001000101 0.856028 EIIITYXIA 31
001000111 0.400661 EIIITYXIA 32
001001011 0.861831 EIIITTXIA 33

© o0 N O Ot ke W N
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001001101
001001111
001010011
001010101
001010111
001011011
001011101
001011111
001100101
001100111
001101011
001101101
001101111
001110101
001110111
001111011
001111101
001111111
010000011
010000111
010001011
010001111
010010011
010010111
010011011
010011111
010100011
010100111
010101011
010101111
010110011
010110111
010111011
010111111
011000111
011001111
011010111

0.394656 EIIITYXIA
0.861831 EIIITYXIA

34
35

0.001503 AIIOTYXIA 36

0.123541 EIIITTXIA
0.394656 EIIITTXIA
0.850132 EIIITTXIA
0.412837 EIIITYXIA
0.131006 EIIITYXIA

0.007110 AITOTTXIA 42

0.850132 EIIITYXIA
0.400661 EIIITYXIA
0.844144 EIIITTXIA
0.412837 EIIITYXIA

0.000009 AIIOTYXIA 47

0.856028 EIIITTXIA
0.856028 EIIITYXIA
0.400661 EIIITYXIA
0.128476 EIIITYXIA
0.844144 EIIITYTXIA
0.406722 EIIITTXIA
0.856028 EIIITYXIA
0.861831 EIIITYXIA
0.856028 EIIITTXIA
0.856028 EIIITTXIA
0.400661 EIIITYXIA
0.406722 EIIITTXIA
0.856028 EIIITYXIA

0.000000 AITOTTXIA 61

0.131006 EIIITYXIA
0.856028 EIIITYXIA
0.856028 EIIITTXIA
0.856028 EIIITTXIA
0.850132 EIIITTXIA
0.394656 EIIITTXIA
0.850132 EIIITTXIA
0.856028 EIIITYXIA
0.856028 EIIITYXIA

43
44
45
46

48
49
50
51
52
53
54
55
56
o7
58
59
60

62
63
64
65
66
67
68
69
70
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011011111
011101111
011111111
100000000
100010000
100100000
100101000
100110000
100111000
101000000
101000100
101001000
101001100
101010000
101010100
101011000
101011100
101100000
101100100
101101000
101101100
101110000
101110100
101111000
101111100
110000000
110000010
110000100
110001000
110001010
110010000
110010010
110010100
110011000
110011010
110100000
110100010

0.406722 EIIITYXIA
0.406722 EIIITYXIA
0.394656 EIIITTXIA
0.856028 EIIITYXIA
0.032849 EIIITYXIA
0.131006 EIIITTXIA
0.850132 EIIITYXIA
0.861831 EIIITYXIA
0.861831 EIIITYXIA
0.856028 EIIITYXIA
0.406722 EIIITYXIA
0.406722 EIIITTXIA

71
72
73
74
75
76
77
78
79
80
81
82

0.000282 AITOTTXIA 83

0.133579 EIIITYTXIA
0.032849 EIIITTXIA
0.035109 EIIITYXIA
0.400661 EIIITYXIA
0.125988 EIIITYXIA
0.128476 EIIITYXIA
0.844144 EIIITTXIA
0.033587 EIIITYXIA
0.844144 EIIITYTXIA
0.406722 EIIITTXIA
0.850132 EIIITTXIA
0.128476 EIIITYXIA
0.032849 EIIITYTXIA
0.844144 EIIITYTXIA
0.850132 EIIITYXIA
0.406722 EIIITYXIA

84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

0.844144 EIITYXIA 100
0.406722 EIIITTXIA 101
0.412837 EIIITTXIA 102
0.838070 EIIITYTXIA 103
0.856028 EIIITYTXIA 104
0.825671 EIIITTXIA 105
0.856028 EIIITYXIA 106
0.406722 EIIITYXIA 107
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110100100
110101000
110101010
110101100
110110000
110110010
110110100
110111000
110111010
110111100
111000000
111000010
111000100
111000110
111001000
111001010
111001100
111010000
111010010
111010100
111010110
111011000
111011010
111011100
111100000
111100010
111100100
111100110
111101000
111101010
111101100
111101110
111110000
111110010
111110100
111110110
111111000

0.844144 EIITYXIA 108
0.412837 EIIITYTXIA 109
0.850132 EIIITTXIA 110
0.412837 EIIITTXIA 111
0.388705 EIIITTXIA 112
0.844144 EIIITTXIA 113
0.856028 EIIITYXIA 114
0.850132 EIIITYXIA 115
0.861831 EIIITYTXIA 116
0.406722 EIIITYXIA 117
0.035109 EIIITYTXIA 118
0.125988 EIIITTXIA 119
0.406722 EINTYXIA 120
0.856028 EIIITTXIA 121
0.844144 EIIITTXIA 122
0.131006 EIIITYTXIA 123
0.850132 EIIITYTXIA 124
0.850132 EIIITYTXIA 125
0.406722 EIIITYXIA 126
0.133579 EIIITYXIA 127
0.406722 EIIITYTXIA 128
0.400661 EIIITYXIA 129
0.856028 EIIITYTXIA 130
0.856028 EIIITTXIA 131
0.406722 EIIITTXIA 132
0.406722 EIIITYTXIA 133
0.850132 EIIITYXIA 134
0.128476 EIIITYXIA 135
0.850132 EIIITYTXIA 136
0.419005 EIIITYTXIA 137
0.125988 EIIITYTXIA 138
0.412837 EIIITTXIA 139
0.032126 EIIITYTXIA 140
0.861831 EIIITTXIA 141
0.856028 EIIITTXIA 142
0.007641 ATTIOTTXIA 143
0.382811 EIIITTXIA 144
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111111010 0.867537 EIIITTXIA 145
111111100 0.400661 EIIITYXIA 146
111111110 0.394656 EIIITYXIA 147

Onwe Brémovpe Uotepa amd TOV ovohutixd €heyyo tne oxolouvdog mou mapdydnxe Ta
anoteréopota elvor ouvohxd xohltepa and outd evoc LESR. Av eapécoupe tov €heyyo
Non- Overlapping Template Matching, émnou votepel évavti tou LFSR, 7 oxolouvdia
EMTUYYAVEL 08 OAoUg Toug dAloug eAéyyouc. H un extéleon toudv eréyywy elvar xdTL Tou
avopévope Omwe eényelton ota oydho. e tnv xahUtepn alohdyNnoT TS YEVVATELAG GANS
oL TNV XAADTERY, XATOVONCT| TNG CUUTEPLPORAS TNG CouLiTaC EAEYY WY TOU YproLdonolelTol
unoPAidnxoav oe éleyyo 10 pévo oxoloudiec urxouc 204bits pévo n xdde wio, mou

onurovpyinxay and auty. Ta cuvontxd aroteréopata OTWS Ta eRpaviCel 1 couita elvan:
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g 0 0 0 Q 0 0 0 Q 4 0.000003 * 10/10 NonOverlappingTemplate
2 1] o] 0 a 0 a 1] 0 8 0.000000 * 10/10 NonOverlappingTemplate
1 0 0 0 1] 0 0 0 Q 9 0.000000 * 10/10 NonOverlappingTemplate
4 0 o] 4] a 0 0 1] a & 0.000003 * 10/10 NonOverlappingTemplate
1 0 0 0 1] 0 0 0 0] 8 0.000000 * lo/10 NonOverlappingTemplate
3 0 0 0 a 0 0 ] 0 7 0.000000 * 10/10 NonOverlappingTemplate
3 0 0 0 0 0 0 0 1] 7 0.000000 * l0/10 NonOverlappingTemplate
o 0 0 0 Q 0 1] 0 Q 5 0.000008 * 10/10 NonOverlappingTemplate
3 0 0 0 a 0 a 0 a 7 0.000000 * 10/10 NonOverlappingTemplate
2 0 0 0 Q 0 0 Q 8 0.000000 * 10/10 NonOverlappingTemplate
3 0 o] 1] a 0 0 o] a 7 0.000000 * 10/10 NonCverlappingTemplate
1 0 0 0 0 0 1] 0 0 9 0.000000 * 10/10 NonOverlappingTemplate
3 0 o] 0 0 0 0 0 a 7 0.000000 * 10/10 NonOverlappingTemplate
2 0 0 0 Q 0 0 0 Q 8 0.000000 * 8/10 NonOverlappingTemplate
=1 0 o] 0 a 0 0 1] a S 0.000008 * 10/10 NonOverlappingTemplate
2 0 0 0 Q 0 1] 0 4] 8 0.000000 * 8/10 NonCverlappingTemplate
1 0 0 0 Q 0 0 0 Q 8 0.000000 * 10/10 NonOverlappingTemplate
2 0 o] 0 4] 0 4] 1] a 7 0.000000 * 10/10 NonCOverlappingTemplate
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2 0 0 0 1] 0 0 0 Q 8 0.000000 * lo/10 NonOverlappingTemplate
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1 o

Yuunepdouato: H Geffe eivon pio yevvritpla mou ovolactind anoteel avaBdduion twv
LEFSRs, xadog eiodyetan 1 un yveaupxotnta. ‘Eyel, eniong, dedoUévo UELOVEXTNUO WG TPOC
vy mdavr) cuoyétion Tng €€dbou Tng, pe xdmoio amd T e€6doug twv LFSRs mou
yenotgonotovvtar we glcodol. ot autole toug Adyoug, xadde xou Toug extevels eAEyyoug
oe LFSRs mou mponyndnxav, xpldnxe oxdémpo oapyixd vo mopouctaotodv avoluTixd to
OTOTEAECUOTO ULOG METEIOU UAxous (W¢ Tpoc T amouthoels Tne oouitac) — oxoloudia,
YEYOVOS TOU XATEGTNOE OUVATH TNV AMEXOVIOT TNG XL 0Tn cuvEyela va yivel €éheyyoc oe
noAMomhéc  axohovdieg TmpoyUoTiXd pxeol UAXOUS, Yo Vo UTdpEel éva TeoTo delypa
OUUTERLPORESC NG ooulTag W Tpog N evdedetyyévo (vl owthv mdvta) dedouéva. To
anoteréopota delyvouv 6t N yevvitela eppaviCel apxetd cuyvd axolouvdiec mou eupaviCouv
oNUaVTIXG  oplud un meplodxev uotiBwyv. Yoagéotatn Bedtiovon OAwv Twv umololmwy
ANMOTEAEOUATOV 0TOUC EAEYYOUG Tou elvan exteAéool. H ouunepipopd tou eAéyyou Binary
Matrix Rank, 6mou oty petplou urxouc oxoroudia napouvcidler "mohd xohd™ anotéheoua,
EVO OTIC UXPES ATOTLUYYAVEL TApwe dev elvan emAfdipo, yiotl yior Tig uixpée axohoudieg dev
unopel va oymuatiotel olte €vag mivaxae 32y32 xou €tol o éleyyol dev extehovvtan. H
oupneplpopd Tou eréyyou Linear Complexity elvon mohd evdiopépouco yloti av xar oTic
Tpodloypagéc Tou Lntdel axoloudiec peyahlTepee # (oec twv 10°bits, v oaxoroudia tewv
2048 bits v eZétaoe xavovixd (yweilovtac v oe 4 vnoaxohoudiec twv 500 bits xou
oméppupe Tt 4 teleutaior bits) xou pdhioto €dwoe emtuyla, Omwe Vo émpeme ool M
oaxoloudia €yer mpoxOer and wa yeauuxrp obvieon LFSRs. Eve v tic uixpdtepeg
axohovdiec (twv 204 bits) o éheyyoc dev undpeoe va exteleotel. evindtepa, Prémoupe bt
n oouita moapoucldlel TEOPAAUATA OE WxEoU uRxoug Oedopéva eved oTa Uetpiou M
ouuneplpopd  Tng mowxihel avdhoya TNy meplotaorn. Ouwe Tmopd TOUC TELOUATIONOUC
umopolue va ouumepdvoupe Ot 1 Geffe elvan g xody T'WA, addd emo@aihc Yo

XQUTLTOYPUPIXES EQOOUOYES.
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Me oxond v dnulovpyio wiag hevdotuyatac axorouvdioc oprdudy peyédouc 1000000

bits 66Unxe oc wo 'VA LCG gy T Zg = 23482349 xou axolouddnxe 1 dduocio

onwe auTh ovapépeton oty 3.9 péypr xou TNV xoatooxeur tov U; € [0,1],1= 1,2,...,10°,

tote: av U; < 0.5 wg €€odog Vewphinxe: o aprdude 0, evd av 1< U;< 1 we €€odog

YewpRdnxe o apriudc 0. H mopoydpevn oxohoudioc twv 108 bits, n onola anotelelton amd

499800 to mifdoc doocouc xaw 500200 to mARdoc undevixd, umoPAfdnxe ot coulta

OTATIOTIXOV EAEYY OV XU Ta anoTEAéopaTa elvol Tar axdAouda

Teot P-value

Frequency (Monobit) 0.689157 (EIIITYXIA)
Frequency within a block (M = 128) 0.648667 (EIIITYXIA)
Runs 0.879061 (EIIITTXIA)
Longest Run of Omes in a block 0.359480 (EIIITYXIA)

(N =100,M = 10000)

Binary Matrix Rank

0.421067 (EIITYXIA)

DFT (Spectral)

0.734207 (EIIITYXIA)

Non-Overlapping Template Matching

INa m= 9 unoroyilovtonw 148 P-values

Oelte avoluTIXd TopoXdTw

Overlapping Template Matching 0.957083 (EIIITYTXIA)
(m=9)
Maurer’s “Universal Statistical” 0.846210 (EIIITTXIA)

(L=7,Q=1280,K = 141577)

Linear Complexity (M=500)

0.458514 (EIIITYXIA

Serial (m = 16) P-valuel

0.365401 (EITITYXIA

Serial (m = 16) P-value2

Approximate Entropy (m = 10)

0.383722 (EIIITYXIA

Cumulative Sums (Cusum) forward

0.804883 (EIIITYTXIA

Cumulative Sums (Cusum) reverse

)
)
0.875408 (EIIITTXIA)
)
)
)

0.980302 (EIIITYTXIA

Random Excursions Trohoyilovtor 8  P-values  deite
VO TLXEL TP BT
Random Excursions Variant YTrohoyilovton 18  P-values  deite

AVOAUTING TOPOX AT

T'ia to Non-overlapping Template Matching éyouus yiol tol un meptodxd potifa Tou

eletdoTnroy:




Motifo

000000001
000000011
000000101
000000111
000001001
000001011
000001101
000001111
000010001
000010011
000010101
000010111
000011001
000011011
000011101
000011111
000100011
000100101
000100111
000101001
000101011
000101101
000101111
000110011
000110101
000110111
000111001
000111011
000111101
000111111
001000011
001000101
001000111
001001011
001001101
001001111

P-value Anotéheopa A/a

0.149799 EIIITYXIA
0.459605 EIIITTXIA
0.478476 EIIITTXIA

0.014049 EIIITYXIA 3

0.144080 EIIITTXIA

0.882581 EIIITTXIA 5

0.016935 EIIITYXIA
0.335704 EIIITYXIA
0.673353 EIIITTXIA
0.053040 EIIITYXIA
0.737846 EIIITTXIA
0.184338 EIIITYXIA
0.044231 EIIITYTXIA
0.092521 EIIITTXIA
0.170511 EIIITYXIA
0.809764 EIIITYXIA
0.594157 EIIITYTXIA
0.850280 EIIITYXIA
0.436746 EIIITTXIA
0.273746 EIIITYXIA
0.709515 EIIITYTXIA
0.228003 EIIITYTXIA
0.319493 EIIITYTXIA
0.166371 EIIITYTXIA
0.822540 EIIITTXIA
0.014125 EIIITYXIA
0.686946 EIIITYXIA
0.406305 EIIITYXIA
0.956759 EIIITYXIA
0.425708 EIIITTXIA
0.148305 EIIITTXIA
0.346760 EIIITTXIA

0
1
2

4

6

7

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

0.005512 AITIOTYXIA 32

0.203688 EIIITTXIA
0.791827 EIIITYTXIA
0.681514 EIIITYTXIA

33
34
35
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001010011
001010101
001010111
001011011
001011101
001011111
001100101
001100111
001101011
001101101
001101111
001110101
001110111
001111011
001111101
001111111
010000011
010000111
010001011
010001111
010010011
010010111
010011011
010011111
010100011
010100111
010101011
010101111
010110011
010110111
010111011
010111111
011000111
011001111
011010111
011011111
011101111

0.483826 EIIITYXIA
0.619648 EIIITYTXIA
0.525756 EIIITTXIA
0.060153 EIIITTXIA
0.924490 EIIITYXIA
0.031024 EIIITTXIA
0.686002 EIIITYXIA
0.122757 EIIITYXIA
0.681750 EIIITYXIA
0.011462 EIIITYXIA
0.354386 EIIITYXIA
0.620832 EIIITYTXIA
0.549192 EIITYXIA
0.767175 EIIITTXIA
0.631732 EIIITYTXIA
0.033861 EIIITYXIA

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
o1

0.002491 AITOTTXIA 52

0.974554 EIIITYXIA
0.023730 EIIITYXIA
0.175645 EIIITTXIA
0.475323 EIIITYXIA
0.051878 EIIITYTXIA
0.779869 EIIITTXIA
0.270108 EIIITTXIA
0.325410 EIIITTXIA
0.089543 EIIITTXIA
0.093699 EIIITYXIA
0.062538 EIIITYXIA
0.585234 EIIITYXIA
0.318812 EIIITYXIA
0.501263 EIIITTXIA
0.183280 EIIITTXIA
0.795734 EIIITTXIA
0.690484 EIIITTXIA
0.493945 EIIITTXIA
0.705768 EIIITYXIA
0.733235 EIIITYTXIA

53
54
95
56
o7
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
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011111111
100000000
100010000
100100000
100101000
100110000
100111000
101000000
101000100
101001000
101001100
101010000
101010100
101011000
101011100
101100000
101100100
101101000
101101100
101110000
101110100
101111000
101111100
110000000
110000010
110000100
110001000
110001010
110010000
110010010
110010100
110011000
110011010
110100000
110100010
110100100
110101000

0.003376 AIIOTYXIA 73

0.149799 EIIITYXIA
0.372609 EIIITYTXIA
0.754423 EIIITTXIA
0.327746 EIIITYXIA
0.234630 EIIITYXIA
0.956547 EIIITYTXIA
0.671459 EIIITYXIA
0.136890 EIIITYXIA
0.203628 EIIITYXIA
0.227078 EIIITYXIA
0.900499 EIIITTXIA
0.881346 EIIITYXIA
0.060594 EIIITTXIA
0.219269 EIIITTXIA
0.931393 EIIITTXIA
0.753742 EIIITTXIA
0.578912 EIIITYXIA
0.594275 EIIITYXIA
0.327572 EIIITYTXIA
0.111933 EHITYXIA
0.089993 EIIITYXIA
0.628057 EIIITTXIA
0.783729 EIIITYXIA
0.076186 EIIITYXIA
0.547005 EIIITTXIA
0.117369 EIIITYXIA

74
75
76
7
78
79
80
81
82
83
84
85
36
87
88
89
90
91
92
93
94
95
96
97
98
99

0.495383 EIIITYXIA 100
0.463885 EIIITYXIA 101
0.267778 EIIITYXIA 102
0.195127 EIIITYTXIA 103
0.612197 EIIITYTXIA 104
0.967387 EIIITYTXIA 105
0.917699 EIIITYTXIA 106
0.251747 EIIITTXIA 107
0.441017 EIIITYXIA 108
0.459498 EIIITYXIA 109
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110101010
110101100
110110000
110110010
110110100
110111000
110111010
110111100
111000000
111000010
111000100
111000110
111001000
111001010
111001100
111010000
111010010
111010100
111010110
111011000
111011010
111011100
111100000
111100010
111100100
111100110
111101000
111101010
111101100
111101110
111110000
111110010
111110100
111110110
111111000
111111010
111111100

0.476517 EIIITYTXIA 110
0.133200 EIIITYXIA 111
0.173512 EIIITTXIA 112
0.090054 EIIITTXIA 113
0.556001 EIIITYXIA 114
0.572141 EIIITTXIA 115
0.357504 EIIITYXIA 116
0.606646 EIIITYXIA 117
0.086652 EIIITYXIA 118
0.438202 EIIITYXIA 119
0.063060 EIIITYXIA 120
0.944472 EIIITTXIA 121
0.723159 EIIITYTXIA 122
0.295696 EIIITYTXIA 123
0.670156 EIIITTXIA 124
0.813143 EIIITYXIA 125
0.130301 EIIITYXIA 126
0.382422 EIIITYXIA 127
0.520096 EIIITYXIA 128
0.024382 EIIITTXIA 129
0.232471 EIITYXIA 130
0.974632 EIIITYXIA 131
0.152920 EIIITTXIA 132
0.085495 EIIITTXIA 133
0.379834 EIIITYXIA 134
0.341380 EIIITYXIA 135
0.404413 EIIITYXIA 136
0.840827 EIIITYTXIA 137
0.261761 EIIITYTXIA 138
0.573890 EIIITYXIA 139
0.179538 EIIITTXIA 140
0.854443 EIIITTXIA 141
0.174097 EIIITYXIA 142
0.789537 EIIITYTXIA 143
0.441540 EIIITYTXIA 144
0.279968 EIIITYXIA 145
0.739686 EIIITYTXIA 146
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111111110 0.002776 AIIOTYXIA 147

T To Random Excursions test (uetd amd 1918 xdxhrouc J) éyouvue:

EIIITYTXIA x = -4 P-value = 0.397490
EIIITYXIA x = -3 P-value = 0.181590
EIIITYTXIA x = -2 P-value = 0.530058
EIIITYXIA x = -1 P-value = 0.516009
EIIITYXIA x = 1 P-value = 0.852023
EIITYXIA x = 2 P-value = 0.230713
EIITYXIA x = 3 P-value = 0.189886
EIITYXIA x = 4 P-value = 0.023180

T to Random Excursions Variant test (uetd and 1918 xOxhouc J) éyouvue:

EIITYXIA (x = -9) P-value = 0.227775
EIITYXIA (x = -8) P-value = 0.285871
EIIITYXIA (x = -7) P-value = 0.276522
EIITYXIA (x = -6) P-value = 0.232988
EIITYXIA (x = -5) P-value = 0.227989
EIITYXIA (x = -4) P-value = 0.155057
EIITYXIA (x = -3) P-value = 0.288493
EIIITTXIA (x = -2) P-value = 0.412034
EIIITYXIA (x = -1) P-value = 0.419498
EIITYXIA (x = 1) P-value = 0.734563
EIITYXIA (x = 2) P-value = 0.925730
EIITYXIA (x = 3) P-value = 0.515784
EIITYXIA (x = 4) P-value = 0.185419
EIIITYXIA (x = 5) P-value = 0.143224
EIIITYXIA (x = 6) P-value = 0.121605
EINITYXIA (x = 7) P-value = 0.102156
EIITYXIA (x = 8) P-value = 0.064777
EIITYXIA (x = 9) P-value = 0.081405

‘Onwe BAénoupe 1 yevvhtpla Topouctdlel TOAD xoAd anoTehéoUaTa GTOUS ENEYYOUS UE
Bdomn v oxohoudia mou e&etdoTnXE, U LOVAOIXO (PEYABL xdmolo Un TEELOdIXd potiBa mou
eugavilovtan. H oafiohdynon tng ouveyiotnxe umofBdhihovioc ota teot 100 axoroudieg

peyédouc 1000000bits, mou mophydnooy omé owthv. To vo pmopéoouv €tol  va
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TUEOUCLAGTOUY ONUAVTIXG €upuaTa Yoo TNV o&loddoynon Tng yevvAtelag. Axolouldel n

OUVOTTLXY] TOPOUGLAOT) TWV ONOTEAECUATWY TNS coviTaC:

Cl C2 C3 C4 C> Ce C7T CB C8 Cl0 P-VALUE PROPORTICHN STATISTICAL TEST

6. S 8 9 11 7 10 11 13 10 0.678686 98/100 Frequency
11 i S I § & 10 13 15 13 & 8 0.437274 98/100 BlockFregquency
& 12: 1T 10 3 44 A8 15 9 7 0.080519 98/100 CumulativeSums
70 T 1 R 1] 9 10 11 13 11 5 0.779188 98/100 CumulativeSums
12 10 11 8 9 8 14 11 9 8 0.935716 97/100 Runs
8 8 10 18 7 9 I3 10 1l & 0.2886&7 100/100 LongestRun
12 9 9 8 8 7 18 10 10 9 0.455937 98/100 Rank
2 14t 12 11 43 LR o 8 7 0.262249 100/100 FFT
130 A3 10 9 12 T AR 9 8 g8 0.897763 99/100 NonCOverlappingTemplate
10 13 7 g 10 12 10 13 6 10 0.851383 100/100 NonOverlappingTemplate
sl e o ) e 10 8 8 13 14 9 0.41%021 100/100 NonOverlappingTemplate
14 7 10 & 14 A7 g s 11 7 0.113387 97/100 NonCOverlappingTemplate
12 6 13 A 1 [ 1 W - e 3 7 0.401189%9 99/100 NonOverlappingTemplate
T A2 12 T 8 a1, 10: 12 15 6 0.574903 100/100 NonCverlappingTemplate
13 g g 1z g 8 a3 9 11 13 0.811413 98/100 NonOverlappingTemplate
18 1o 13 3 g8 g, 1% 9 12 7 0.115387 99/100 NonOverlappingTemplate
] g 9 6 12 12 12 14 6 13 0.304126 100/100 NonOverlappingTemplate
19 g ] 8 15 13 8 7 7 5 0.05194z2 98/100 NonOverlappingTemplate
2 1 | Fe ) 9 6 13 5 10 10 13 0.837119 97/100 NonOverlappingTemplate
14 10 10 8 6 10 14 13 7 &6 0.4943582 98/100 NonOverlappingTemplate
14. 100 11 10 7 g dF 12 T T 0.7538756 98/100 NonOverlappingTemplate
15 g 8 10 11 3 9 10 8 14 0.657933 100/100 NonOverlappingTemplate
12 A3 4 [ L [3 [ 9 17 11 0.085587 98/100 NonOverlappingTemplate
12 13 8 13 10 g 10 8 7 10 0.911413 9g/100 NonCverlappingTemplate
10 10 7T 11 8 1le 12 8 & 10 0.715747 gg/100 HNonOverlappingTemplate
& 15 11 6 12 12 5 4 14 12 0.153763 100/100 HNonOverlappingTemplate
10 11 14 135 g 12 g k) T 3 0.47458¢ 9o9/100 HNonCOverlappingTemplate
6 12 16 g8 11 15 [3 8 10 8 0.275709 100/100 NonCverlappingTemplate
14 10 g s 10 10 9. e 13 6 0.4543832 97/100 NonCverlappingTemplate
11 7 11 15 16 g 14 3 T 6 0.113387 98/100 NonOverlappingTemplate
15 7 g 12 14 § 11 10 T 7 0.35354420 96/100 NonCverlappingTemplate
8 14 1 8 6 14 9 8§ 12 10 0.678B686 g8/100 NonOverlappingTemplate
g 14 11 g 15 g g 8 6 12 0.574803 gg9/100 HNonOverlappingTemplate
12 8 13 10 [ g 11 11 12 8 0.882171 100/100 HNonOverlappingTemplate
g 11 12 & g g 7 11 1& 11 0.585354% 99/100 NonCverlappingTemplate
8 13 5 10 g 7 14 11 12 11 0.63711%9 100/100 NonCverlappingTemplate
§ 14 g 13 11 14 & 9 6 10 0.3533414¢ 9a/100 NonCverlappingTemplate
9 3 8 g 13 g 18 g8 13 8§ 0.202268 100/100 NonOverlappingTemplate
10 11 3 g 15 14 11 12 10 5 0.202268 898/100 NonCverlappingTemplate
13 8 11 12 [ 7 11 11 10 11 0.867682 100/100 HNonOverlappingTemplate
T 6 11 10 12 10 11 10 10 10 0.996335 gg/100 HNonOverlappingTemplate
9 14 9 7 4 14 9 11 9 14 0.366918 100/100 NonOverlappingTemplate
11 15 12 g8 13 > 14 12 2 &8 0.07371%9 99/100 NonCverlappingTemplate
10 9 3 10 g 11 13 10 1% e 0.071177 100/100 NonCverlappingTemplate
14 18 5 6 1l& 8 1z ] . § 0.017912 100/100 NonCverlappingTemplate
7 9" d1. 12 1 8 11 12 &€ 13 0.834308 100/100 NonCverlappingTemplate
11 8 6 14 g 13 g 12 1=z 7 0.657933 g8/100 NonOverlappingTemplate
T 12 8 g8 14 10 13 g 1 8 0.81e537 g8/100 HNonOverlappingTemplate
13 3 g 12 g 11 g8 15 & 13 0.3665918 897/100 HNonOverlappingTemplate
11 < | e [ B L | 8 14 9 11 7 0.924076 100/100 NonOverlappingTemplate
13 9 12 10 7 13 4 11 8 13 0.514124 100/100 NonCverlappingTemplate
10 13 14 g 10 g g 6 12 9 0.81e3537 9a/100 NonCverlappingTemplate
10 &€ 10 13 12 11 12 1é 2 8 0.12%620 98/100 NonCverlappingTemplate
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. 0855449
. 262249
.G8T78%6
. T88139
.E6T86EE
. 080936
. 816537
. 616305
.47488¢
.066882
. 4011549
. T88139
. 834308
. 474986
. 955835
. 935716
.851383
. 689313
. 554420
. 816537
~TLETAT
. 637119
.T39756
.066882
. 145326
. 062821
LT39756
. 455937
.304126
.89T7T763
. 657833
. 334538
. 274803
. 689313
. 401198
.B6T6092
. 637118
. 213308
. 616305
. 637118
. 474986
. 637118
.437274
. 1813557
. 224821
. 835718
. 080836
. 437274
.181687
.816537
. 835716
L2T73708
. 202268
. 102526
. 455837
.0B5587
.162606
.108791
. 739018
.911413

100/100
98/100
99/100
99/100
98/100
98/100
99/100
98/100
99/100

100/100

100/100
96/100
98/100
99/100

100/100
98/100
98/100
98/100
99/100
98/100

100/100
99/100

100/100
98/100
98/100

100/100
98/100
99/100
98/100
99/100

100/100

100/100
98/100
98/100
98/100
98/100

100/100
97/100
96/100

100/100

100/100
98/100
98/100
96/100

100/100

100/100
aa/100

100/100

100/100

100/100
98/100
99/100
9a/100
98/100
9g8/100
97/100
a97/100
99/100

100/100
98/100

NonCOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonCOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCOverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonCOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
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066882
.534146
. 249284
.883171
. 699313
. 334538
. 946308
. 366918
. 249284
. 395548
678686
. 262249
.3189084
.678686
. 739918
.983453
.554420
.366918
.129620
.4011589
.911413
.983453
.B97T763
. 986335
LTT79188
. 834308
. 262249
. 738756
. 978072
. 213309
. 5855489
.14532¢6
. 3660918
.67868¢€
. 383827
.437274
. 213309
. 262249
. 680313
B
.B51383
.108791
.30412¢
.53414¢
. 054420

455837
383827

.2B9667
. 262249

779188

.0516842
. 455837

181687

.017812
.011791
.Q075718
.B81e537
.418021
.494302
. 274903

88/100
100/100
898,/100
88/100
87/100
100/100
100/100
100/100
100/100
88/100
100/100
88/100
88/100
100/100
100/100
88/100
88/100
100/100
100/100
898/100
100/100
88/100
87/100
100/100
97/100
898,/100
898/100
100/100
898/100
88/100
98/100
100/100
98/100
100/100
98/100
100/100
949/100
100/100
98 /100
100/100
98/100
98 /100
98/100
98,/100
99/100
99/100
S56/56
S56/56
56/56
55/5¢&
56/56
55/56
55/56
S56/56
54/56
54/56
55/5¢&
56/5¢6
56/56
56/56

HNonOverlappingTemplate
HonOverlappingTemplate
HonOverlappingTemplate
NonCOverlappingTemplate
HNonOverlappingTemplate
HNonCOverlappingTemplate
HNonOverlappingTemplate
HonOverlappingTemplate
HonOverlappingTemplate
NonOverlappingTemplate
HNonOverlappingTemplate
HNonOverlappingTemplate
HNonOverlappingTemplate
HonOverlappingTemplate
HonOverlappingTemplate
NonOverlappingTemplate
HNonOverlappingTemplate
HNonOverlappingTemplate
HNonCOverlappingTemplate
HNonOverlappingTemplate
HonOverlappingTemplate
NonOverlappingTemplate
HNonOverlappingTemplate
HNonOverlappingTemplate
HNonOverlappingTemplate
HonOverlappingTemplate
HonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
HonOverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
NonCverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonCverlappingTemplate
OverlappingTemplate
Universal
ApproximateEntropy
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursionsVariant
RandomExcursionsVariant
RandomExcursionsVariant
RandomExcursionsVariant
RandomExcursionsVariant
RandomExcursionsVariant
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3 4 g ] & 7 ] 4 3 5 0.383827 56/56 RandomExcursionsVariant
2 g 8 3 ] 7 g 3 2 § 0.1851&87 55/5¢6 RandomExcursionsVariant
4 2 1 5 3 7 4 g [ & 0.2B9&67 56/56 RandomExcursionsVariant
4 7 2 10 3 4 ] ) g & 0.151&87 56/56 RandomExcursionsVariant
& 4 3 8 g 3 3 4 8 7 0.454302 56/56 RandomExcursionsVariant
5 4 1 3 ] g 8 3 4 7 0.2622449 55/56 RandomExcursionsVariant
4 3 5 5 g 7 ] 8 2 6 0.419021 56/56 RandomExcursionsVariant
4 g 4 4 4 ] ] 4 g 7 0.61l6305 56/56 RandomExcursionsVariant
7 3 3 3 ] 3 5 4 Fi T 0.374503 56/56 RandomExcursionsVariant
3 7 4 & 3 10 g b ] 1 0.137282 56/56 RandomExcursionsVariant
& 7 4 3 3 & 7 7 5 6 0.011413 56/56 RandomExcursionsVariant
7 3 5 3 & 7 3 &€ 10 4 (0.455937 56/56 RandomExcursionsVariant
7] 8 11 17 12 9 14 & 9 7 0.275709 100/100 Serial

13 8 7 8 17 g 14 ] g 7 0.30412¢ 89g8/100 Serial
o 12 & 10 1o A3 i 9 8§ 0.637119 89g8/100 LinearComplexity

The minimum pass rate for each statistical test with the exception of the
random excursion {variant) test is approximately = 96 for a

sample size = 100 binary seguences.

The minimum pass rate for the random excursion (wvariant) test

is approximately = 53 for a sample size = 56 binary sequences.

For further guidelines construct a probability table using the MAPLE program
provided in the addendum section of the documentation.

Yuunepdopato: Adyw g xoxhc ouunepLpopdc mou eldaue OTL TaPOoUCLEloUY OEXETOL
gheyyol ¢ ooultac Y axohoudlec  pxpoly  PAXoUS, Xol  TNG  EVOAAACOOUEVNG
(oupmepLpopdc) mou Toapouctdlouy xdnowot (Ayol) yia axoloudiec petplov uixouc. Xe autd
Ta mopdderypa xou oL 100 axohoudieg mou e&etdotnxay Aoy peyédoug 1000000 bits. ‘Oneg
avapépUnxe meonyoupévws 1 Baoxd mapouctalouevr axoloudia TEPUOE EMTUYOS OYESOV
Oho oL TE0T Ue povadxr e€alpeon xdmolol U meptodixd potiBo mou eupdvile. XNy xahiTepn
edvo Tou delyportog 100 axoloudidv, BAénovue 6Tl oe émoo teot (GAa Thnv Twv Random
Excursions xou Random Excursions Variant) éyouv unoindei 100 éheyyot, éxer emteuydel
7o minimum twv (tepinov) 96 emTUYIOY xou EYOUUE OTL 1 YEVVATELAL ETULTUYYAVEL OE QUTAL.
o ta Random Excursions xou Random Excursions Variant é€youpe 6tv and tic 100
axohovdiec o1 44 dev oymudtilav enapxh aptdud xixhewv (J) yio va utofindoly ota tests.
Ou unéhotnee 56 duwe mov voPARdINxay énacay TRV avahoyia Twv (tepitou) 53 emLTUYLOY
xon ewpelton OTL 1) YEVVATELO TEQVAEL X auTd To tests. Enlong, mpénel va toviotel 6TL eved
N Yevvhtela elvon eviehos yeouuxn eivon guotoloyixd to 6Tl tepvdel to Linear Complexity
test, yiotl autd €xel wg xVplo oxond va ehéyEel v molumhoxdtnta evoc LESR xou oyt

YOOUUXOTATO Wiag YEVVHTpLa Tou dev yenowtonolel LESRs.
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45 Atwohoynon N'VA BBS

Axoloudinxe 1 Swodixacio 6mwe auth teptypdpeton otny 3.10 ue oxomd T dnuloupyia
wog axoroudioc yeyédoug 1000000 bits and v I'WA BBS. H noapoyduevn axorouvdio twmv
10 bits, n omnolo amoteleiton and 499614 1o mAYog doocouc xou 500386 to mAGoc

undevixd, umoPAfinxe otn coulta CTATIOTXOV eAEYYWY xaL To amotehéouata elval To

oxohouda:
Teot P-value
Frequency (Monobit) 0.440114 (EIIITYTXIA)
Frequency within a block (M = 128) 0.690945 (EIIITYTXIA)
Runs 0.876503 (EIIITYTXIA)

Longest Run of Omnes in a block 0.323696 (EIIITYXIA)
(N =100,M = 10000)

Binary Matrix Rank 0.375644 (EIIITYXIA)
DFT (Spectral) 0.183317 (EIIITYXIA)
Non-Overlapping Template Matching INoa m = 9 unoloyilovtar 148 P-values

Oelte avaAUTIXG TToPOX AT

Overlapping Template Matching 0.664788 (EIIITYTXIA)
(m=9)

Maurer’s “Universal Statistical” 0.943714 (EIIITYXIA)
(L=7Q= 1280,K = 141577)

Linear Complexity (M=500) 0.402085 (EIIITYTXIA)
Serial (m = 16) P-valuel 0.173651 (EIIITTXIA)
Serial (m = 16) P-value2 0.701539 (EIIITYXIA)
Approximate Entropy (m=10) 0.710534 (EIIITTXIA)
Cumulative Sums (Cusum) forward 0.241797 (EIIITYTXIA)
Cumulative Sums (Cusum) reverse 0.362976 (EIIITYXIA)
Random Excursions MH E®APMOXIMO

Random Excursions Variant MH E®APMOXIMO

To teor Random Excursions xat Random Excursions Variant ©ev umopolv va
eQoplooToly Yatl dnuovpyoivton povo 86 xixhot (J) ue amotéheoua vo €youpe 8 67O
Tt To xou 18 o7o deltepo (teot) P-values ioec pe 0.000000. E8¢ Yo npénet va toviotel ot
T0 uixog e oxolouvdiag ATAV EVIOC TWV CUVIOTWUEVKY ANO TWV XATAOXEVACTY TV,
OUnS dnuovpYAUNXE avemopxnc aptdoc XxOXAWY xaL OEV UTORECAY VA EQUPUOCTOUY Ta dUO

tests.
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T'ia to Non-overlapping Template Matching éyouue v tor un meptoduxd potia Tou
eZeTdoTNXAY:

MortiBo P-value Anotéleoua A/a

000000001 0.666839 EIIITTXIA 0

000000011 0.407202 EIIITYTXIA
000000101 0.197593 EIIITYXIA
000000111 0.199846 EIIITYXIA
000001001 0.115632 EIIITYXIA
000001011 0.945741 EIIITYTXIA
000001101 0.036818 EIIITYXIA
000001111 0.752264 EIIITYXIA
000010001 0.439348 EIIITYXIA
000010011 0.775547 EIIITTXIA
000010101 0.801983 EIIITYTXIA
000010111 0.326101 EIIITYTXIA
000011001 0.678322 EIIITYXIA
000011011 0.427451 EIIITYXIA
000011101 0.784388 EIIITYXIA
000011111 0.259778 EIIITTXIA
000100011 0.182063 EIIITYXIA
000100101 0.583125 EIIITYXIA
000100111 0.531096 EIIITYTXIA
000101001 0.064896 EIIITTXIA
000101011 0.705650 EIIITYXIA
000101101 0.486676 EIIITTXIA
000101111 0.850864 EIIITYTXIA
000110011 0.117103 EIIITYXIA
000110101 0.163120 EIIITYTXIA
000110111 0.024256 EITITYTXIA
000111001 0.851835 EIIITYTXIA
000111011 0.805512 EIITYXIA
000111101 0.013337 EIIITTXIA
000111111 0.781415 EINITYTXIA
001000011 0.923054 EIIITTXIA
001000101 0.923486 EIIITYXIA
001000111 0.415537 EIIITYXIA

© 0 N O Ot s W NN

W W W NN NN NN NN NN e e e e e e
N = O © 00 J O U B oW NN = O O NN OOt W Ny =, O



001001011
001001101
001001111
001010011
001010101
001010111
001011011
001011101
001011111
001100101
001100111
001101011
001101101
001101111
001110101
001110111
001111011
001111101
001111111
010000011
010000111
010001011
010001111
010010011
010010111
010011011
010011111
010100011
010100111
010101011
010101111
010110011
010110111
010111011
010111111
011000111
011001111

0.745304 EIIITYXIA
0.533147 EIIITYXIA
0.276268 EIIITTXIA
0.071429 EIIITTXIA
0.132227 EIIITYXIA
0.328440 EIIITTXIA
0.884074 EIIITYTXIA
0.255486 EIIITYXIA
0.141827 EIIITYTXIA
0.896042 EIIITYXIA
0.146824 EIIITYXIA
0.280433 EIIITYTXIA
0.611488 EIIITYTXIA
0.357688 EIIITTXIA
0.694961 EIIITTXIA
0.243280 EIIITYXIA
0.987906 EIIITYXIA
0.312979 EIIITYXIA
0.733004 EIIITYXIA
0.748047 EIIITTXIA
0.552766 EIIITYXIA
0.275273 EIITYXIA
0.153638 EIIITYTXIA
0.994385 EIIITTXIA
0.476952 EIIITYXIA
0.192802 EIIITTXIA
0.082888 EIIITYTXIA
0.733351 EIIITTXIA
0.058644 EIIITYTXIA
0.191532 EIIITYXIA
0.280666 EIIITTXIA
0.516938 EIIITTXIA
0.380887 EIIITTXIA
0.471531 EIIITTXIA
0.125752 EIIITTXIA
0.668142 EIIITYXIA
0.721415 EIIITYTXIA

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
95
56
57
58
39
60
61
62
63
64
65
66
67
68
69
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011010111
011011111
011101111
011111111
100000000
100010000
100100000
100101000
100110000
100111000
101000000
101000100
101001000
101001100
101010000
101010100
101011000
101011100
101100000
101100100
101101000
101101100
101110000
101110100
101111000
101111100
110000000
110000010
110000100
110001000
110001010
110010000
110010010
110010100
110011000
110011010
110100000

0.042833 EIIITYXIA
0.118975 EIIITYXIA
0.130551 EIIITTXIA
0.978295 EIIITTXIA
0.666839 EIIITYTXIA
0.745419 EIIITTXIA
0.388212 EIIITYXIA
0.357781 EIIITYXIA
0.441226 EIIITYXIA
0.116611 EIIITYTXIA
0.273594 EIIITYXIA
0.538058 EIIITTXIA
0.727104 EIIITYTXIA
0.456302 EIIITTXIA
0.781415 EIIITTXIA
0.629953 EIIITYXIA
0.325928 EIIITYXIA
0.163322 EIIITYXIA
0.671577 EIIITYTXIA
0.593217 EIIITTXIA
0.311136 EIITYXIA
0.118284 EIIITYTXIA

70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
36
87
88
89
90
91

0.007239 AIIOTYXIA 92

0.916427 EIIITTXIA
0.282610 EIIITYTXIA
0.351286 EIIITTXIA
0.390641 EITIITYTXIA
0.543558 EIIITYXIA
0.959718 EIIITYTXIA
0.814930 EIIITYXIA

93
94
95
96
97
98
99

0.668853 EIIITYTXIA 100
0.283157 EIIITTXIA 101
0.799189 EIIITYXIA 102
0.677021 EIIITYTXIA 103
0.772430 EIIITYTXIA 104
0.425094 EIIITYXIA 105
0.680687 EIIITYXIA 106
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110100010
110100100
110101000
110101010
110101100
110110000
110110010
110110100
110111000
110111010
110111100
111000000
111000010
111000100
111000110
111001000
111001010
111001100
111010000
111010010
111010100
111010110
111011000
111011010
111011100
111100000
111100010
111100100
111100110
111101000
111101010
111101100
111101110
111110000
111110010
111110100
111110110

0.708462 EIIITYXIA 107
0.551151 EINITYXIA 108
0.563996 EIIITYTXIA 109
0.630428 EIIITTXIA 110
0.226550 EIIITTXIA 111
0.118246 EIIITTXIA 112
0.822437 EIIITYXIA 113
0.648694 EIIITYXIA 114
0.297879 EIIITYXIA 115
0.200861 EIIITYXIA 116
0.319152 EIIITYXIA 117
0.696608 EIIITYTXIA 118
0.542410 EIIITYXIA 119
0.400548 EIIITYTXIA 120
0.826459 EIIITTXIA 121
0.052817 EIIITYTXIA 122
0.821401 EIIITYXIA 123
0.922114 EIITYTXIA 124
0.607826 EIIITYXIA 125
0.435812 EIIITTXIA 126
0.783068 EIIITYXIA 127
0.641694 EIIITYXIA 128
0.863192 EIIITTXIA 129
0.169832 EIIITTXIA 130
0.246922 EIIITTXIA 131
0.787460 EIIITTXIA 132
0.911549 EIIITYTXIA 133
0.413016 EIIITYXIA 134
0.992051 EIIITYXIA 135
0.787460 EIIITYXIA 136
0.817339 EIIITYXIA 137
0.962460 EIIITYTXIA 138
0.770980 EIIITYXIA 139
0.852125 EIIITTXIA 140
0.747020 EIIITTXIA 141
0.511653 EIIITYXIA 142
0.668972 EIIITYXIA 143
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111111000 0.901071 EIIITYXIA 144
111111010 0.090024 EIIITYXIA 145
111111100 0.964715 EIIITYXIA 146
111111110 0.978295 EIIITYXIA 147

Onwe Prénoupe 1 yevhtpla népaoe e emtuyio (oyeddv) Oha ta tests ta omolo oy
epapudoipa Yoo Ty oxohoudia mou e€etdotnxe, pe povodixy eCalpeon TV epdvior evoc
uoévo ameptodixol potifou. H allohdynon tne ouveylotnxe unofdiioviog ota tests 100
axorovldiee peyédouc 1000000bits, mou mophydnoav and awthv. e vo urogécouv €tol va
TUEOUCLICTOUY  ONUOVTIXE EUPAUATA Yo TNV olloAdynon e yevvhtelag.  Axoloudel

CUVOTTLXY) TAPOUGIAOT] TV ATOTEAECUATOV TNG coviTac:

RESULTS FOR THE UNIFOEMITY OF P-VALUES AND THE PROPORTION OF PASSING SEQUENCES

generator is <Blum-Blum—Shub>

Cl c2 C3 Cc4 Cc5 Cé C7 CB C9 Cl0 P-VALUE PROPORTION STATISTICAL TESﬂ

8 10 21 9 11 10 g 1 12 EZ W) D55835 100/100 Frequency

6. 12 g AL 9 12 14 11 12 0.699313 99/100 BlockFrequency

4, 15 8 11 15 6 10 11 9 11 0.275709 100/100 Cumulativesums

8 10 g 12 11 a7 9 9 6 10 0.53414¢ 100/100 CumulativeSums

11 9: a1 A5 4 10 9 8 10 13 0.554420 99/100 Runs

16 10 9 24 10 31 9 7 (3} 8 0.494392 98/100 LongestRun

13 8 (3] (T L | 8 12 10 13 10 0.554420 98/100 Rank

7 11 9 9 8 14 9 10 13 10 0.897763 99/100 FFT

11 6 14 13 3] 6 16 12 7 5 0.191687 99/100 NonOverlappingTemplate

9 10 9 a1 11, 34 & 10 9 11 0.92407¢ 99/100 NonOverlappingTemplate
14 7 7 a1, 21 7 13 g 11 0.739%9918 99/100 NonoverlappingTemplate
13 18 22 T 5 7 7 AR 12 6 0.47498¢6 98/100 NonOverlappingTemplate
13 14 22 3 g 10 9 130 1 8 40.383827 98/100 NonOverlappingTemplate
12 2] 8 10 3] S AG 0L 12 9 0.137282 100/100 NonOverlappingTemplate
11 14 10 7 8 9 10 7 14 10 0.779188 99/100 NonOverlappingTemplate

4 9 g 23 14, 33 A3 9 g 9 0.437274 98/100 NonoverlappingTemplate

6 8 27 A3 g6 A1 B0 3] 8 5 0.066882 100/100 NonOverlappingTemplate
12 10 L 9 8 o A1 7 12 11 ©.9780172 100/100 NonOverlappingTemplate
13 o 12 4 11 4. 13 10 15 9 0.2022e8 96/100 NonOverlappingTemplate
Te: I8 11 11 12 g 7 9 6 10 0.616305 99/100 NonOverlappingTemplate
13. 18 [T £ 3 9 10 8 11 314 ©0.1537a3 100/100 NonOverlappingTemplate
i) 8 13 68 13 13 13 8 8 11 0.595549 100/100 NonOverlappingTemplate
(3 9 A5 2 5 (3] 7 o 9 14 0.202268 100/100 NonOverlappingTemplate
1 11 13 16 6 11 S S L i 3 0.224821 99/100 NonOverlappingTemplate
11 6 13 9 "2 S g8 12 10 12 '0.935716 99/100 NonOverlappingTemplate
17 9 10 B 14 12 7 9 5 8 B.275709 98/100 NonOverlappingTemplate
11 G 9 4: 18P A5 5 8 18 0.042808 98/100 NonOverlappingTemplate
13 5 10 11 7 12 1D 9 9 14 0.67868¢ 99/100 NonOverlappingTemplate
i 7 2 - 5] 7 9 7 12 10 13 0.834308 100/100 NonOverlappingTemplate
g 10 11 6 13 10 9 8 15 10 0.739918 100/100 NonOverlappingTemplate
12 12 A g 9 10 10 10 0.983453 99/100 NonOverlappingTemplate
Tor 13 13 19 9 S b7 i 7 11 0.911413 100/100 NonOverlappingTemplate
8 g A3 W2 ke 12 7 14 8 10 0.867692 100/100 NonOverlappingTemplate
11 9 8 W 2 e a1, 1l 8 0.946308 100/100 NonOverlappingTemplate
11 10 7. 9 14 10 7 7 14 11 0.719747 98/100 NonOverlappingTemplate
Gi (15 9 11 10 10 a6 10 16 13 0657933 100/100 NonOverlappingTemplate
(2 TSR B S it L £ 0 (3] 7 9 13 8 10 0.437274 100/100 NonOverlappingTemplate
15 12 17 '1b (3] 8 31 9 10 7 ‘B:191687 98/100 NonOverlappingTemplate
10 o - 7 kL 11 13 g 6 15 0.514124 99/100 NonOverlappingTemplate
B 12 g g "11 T4 11 8 g 18 0.:935716 100/100 NonOverlappingTemplate
4 17 (R 7 9 T 3 9 19 7 0.015598 100/100 NonOverlappingTemplate
11 14 18 5 W 15 8 10 8 4 (0.03080¢ 97/100 NonOverlappingTemplate
13. 10 12 T4 9 11 3 (3} 9 10 0.699313 98/100 NonOverlappingTemplate
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.010988
.514124
.867692
.366918
.798139
.983453
.249284

.574903
.637119
.366918
.699313
.554420
.851383
ARS8
.494392
.383827
.085587
.455937
.616305
.145326
.699313
.678¢68¢6
.9716599
.319084
.191687

-935716
.401199
.2B9667
.534146
.213309
.779188
.401199
.999438
.129620
108791
.867692
.678686
.574903
.2775709
.191687
.494392
.759756
.262249
.816537
.946308
.994250
.94€308
.554420
.224821
.249284

.883171
.554420
. 759756
.020548
.262249
.181557
.574903
.474986
.719747
181557
.8€67692
.419021
.191687

.419021
.67868¢6
.494392
.383827
.554420
.494392
.534146
.289667
.514124
171867
.514124
.181557

100/100
99/100
98/100

100/100
99/100
98/100
99/100
98/100
99/100
97/100
98/100

100/100
98/100
99/100

100/100
99/100
99/100
99/100

100/100

100/100

100/100

100/100
99/100
98/100
98/100

100/100
99/100
99/100

100/100
99/100
99/100
99/100
99/100
98/100

100/100
98/100
99/100
99/100

100/100
99/100

100/100

100/100
99/100

100/100
99/100
98/100
98/100

100/100
98/100

100/100

99/100
100/100
99/100
100/100
98/100
98/100
100/100
97/100
100/100
98/100
100/100
99/100
99/100
98/100
99/100
98/100
100/100
100/100
97/100
100/100
99/100
99/100
98/100
100/100
98/100

NonoverlappingTenplate
NonoverlappingTemplate
NonoverlappingTenplate
NonoOverlappingTemplate
NonOverlappingTemplate
NonoverlappingTemplate
NonOverlappingTemplate
NonoverlappingTemplate
NonOverlappingTemplate
NonoOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate

NonoverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonoverlappingTemplate
NonOverlappingTemplate
NonoOverlappingTenplate
NonoverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonoOverlappingTenplate
NonoOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonoOverlappingTemplate
NonOverlappingTemplate
NonoOverlappingTenplate
NonoverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonoverlappingTenplate
NonOverlappingTemplate
NonOverlappingTemplate
NonoverlappingTemplate
NonoverlappingTemplate
NonOverlappingTemplate

NonoverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonoverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonoverlappingTemplate
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NonoverlappingTemplate
NonOverlappingTemplate
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NonOverlappingTemplate
NonoOverlappingTemplate
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.30412¢
.946308
.574903
. 719747
.637119
.289¢67
071177
.719747
137282
. 798139
.249284
.494392
.0082¢66
.883171
. 719747
. 437274
.53414¢
.867692
171867
262249
.816537
.145326
.055361
.383827
.051%842

.028817
.978072
.574903
.883171
.53414¢
.153763
.10252¢
.47498¢
.275709
.53414¢
.383827
.032923
.275709
.383827
.657933
.401199
.170294
.311542
.116519
.14125¢6
.155209
.264458
.2B8730¢
.48464¢
.337162

99/100
98/100
99/100
99/100
98/100
99/100
100/100
98/100
98/100
98/100
100/100
98/100
97/100
99/100
100/100
99/100
100/100
97/100
99/100
99/100
100/100
99/100
99/100
100/100
100/100

100/100
100/100
98/100
95/100
99/100
98/100
99/100
99/100
100/100
98/100
98/100
98/100
100/100
98/100
99/100
100/100
62/63
62/63
63/63
63/63
62/63
63/63
62/63
63/63
63/63

NonOverlappingTemplate
NonoverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonoverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonoverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonoverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate

NonOverlappingTemplate
NonoOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonoverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonOverlappingTemplate
NonoOverlappingTemplate
NonOverlappingTemplate
OverlappingTemplate
Universal
BpproximateEntropy
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursions
RandomExcursionsVariant
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3 3] 2 3 g 21 2 3 8 11 0.057146 63/63 RandomExcursionsVariant
2 3] 5 2 8 8 8 8 7) 9 0.3e4146 63/63 RandomExcursionsVariant
3 4 4 6 E3 3 3 7 [ 1 6 0.051391 63/63 RandomExcursionsVariant
3 3 3 6 9 7 10 L 3] 8 0.517442 63/63 RandomExcursionsVariant
1 5 ) 6 7 . ()] 9 9 3 6 0.222869 63/63 RandomExcursionsVariant
2 8 3 4 9 10 s 8 B 6 0.264458 63/63 RandomExcursionsVariant
4 4] 2 9 8 8 4 10 3] 6 0.392456 63/63 RandomExcursionsVariant
2 8 i ? 5 S 6 8 5 10 0.585209 63/63 RandomExcursionsVariant
3 4] 5 3 7 3] 6 8 9 7 0.900104 63/63 RandomExcursionsVariant
[3 8 5 5 8 3] 3 8 7 4 0.957319 63/63 RandomExcursionsVariant
9 o7 i 1) 3 S5 30 6 3 3] 4 0.287306 63/63 RandomExcursionsVariant
8 8 5] g 5 9 8 3 3] 3 0.585209 63/63 RandomExcursionsVariant
9 4] 4 6 9 3] 9 8 3 3 0.452799 63/63 RandomExcursionsVariant
3 4] 6 14 7 4 3 8 4 5 0.105618 63/63 RandomExcursionsVariant
3 9 8 g 8 il 3 8 5 4 0.422034 61/63 RandomExcursionsVariant
9 4] g 4 8 3 i) 7 3] 5 0.788728 62/63 RandomExcursionsVariant
7 7 /) 4 4] B8 6 8 5 5 0.970538 62/63 RandomExcursionsVariant
9: 92 L= 1 ) Cas 4 11 14 10 9 0.699313 99/100 Serial

5 8 7 L= LR i * L o 13 13 5 0.051942 99/100 Serial

13 o Ok g 7 9 9 11 131 ©0.8977e63 100/100 LinearComplexity

The minimum pass rate for each statistical test with the exception of the
random excursion (variant) test is approximately = 96 for a

The minimum pass rate for the random excursion (variant) test
is approximately = 60 for a sample size = €3 binary sequences.

For further guidelines construct a probability table using the MAPLE program
provided in the addendum section of the documentation.

Yuunepdopota: Me autd Tor Topdderyua xou ol 100 oxohoudiec mou eetdotnxay Ntov
peyédouc 1000000 bits. Onwe avagépinxe mponyoupévwe, 1 Pooxd nopouclalduevn
oaxohovdia mépaoe emtuyme (oyedov) dha ta teoT e povadixh eaipeon évo un mEELOOIXS
potifo mou eugdvile. Xtnv xaldtepn exodva tou detypatog 100 oxorouvhay, BAénoupe 6t
oe 6nolo teot (6ha TAnv twv Random Excursions xou Random Excursions Variant) éyouv
unoPBindel 100 éheyyot, éxel emteuydel oyt amhd to minimum twv (nepinou) 96 emtuyLodY,
oM ou avohoyies xatd wéco bpo elvar moAD xovtd otnv 99/100, émwe Vo avopévaue ond
poe tuyabo yevvhtela. Ilpogavéotata, n yevwAtpla emtuyydver oe outd ta tests. o ta
Random Excursions xat Random Excursions Variant €youpe 6t and tic 100 axorouvidiec ot
37 dev oymudtilav enapx aprdud x0xAov (J) i va utoBindolv ota tests. Ot undlownes 63
Opwe ou LTEBAHUINoaY byt anhd émlacay TNV avahoyio Twv (tepitou) 60/63 emTuyLdY TOL
{nrelton ahhd €dwoav mohd xahltepn avoroyio. Puowd, Yewpelton 6Tl 1 YeEVVATELO TEPVEEL
xon owtd Ta tests. Onwe, yiveton cagéc to delypa prog pévo axorovdiog puropel va pag dwaoet
ML TTPGTY X0l OPXETE XAUTATOTLOTIXY EXOVOL YLl TNV CUUTERLPORE NS YEVVATEWC GANE To
oelypa v 100 oxohouthdy Yag TapEYeL Ui “toYURY) YORTOYRAPNoT™ TNG CUUTERLPORAS TNG.
H T'VA BBS emtuyydver cuvtpintixd ta xahOTEpa TOCOCTA oTal tests avdpeca oTic
yvevhtpleg mou e€etdotnxay. H acgdleior tng evBelxvutal Yol XpUTTOYQRUPIXEC EQPUOUOYEG.
‘Eyxet ouwg éva cagéotato petovéxtnua. Autd elvon o ypdvog mou yeetdleton yloo va
dnwovpyfoet/yevvhoer axohoudiec, etvon dnhadh ToAD apyR. Q¢ YapaxTnELoTXd TOEAdELY AL
AVAPERETOL OTL O YEOVOG TOU YEEWCTNXE Yoo var dnuoupyndolv 100 axohoudiec peyédoug
10° bits 1 xdde po yio Ty mopoloa epyaoia, utepéfn Tic 11 Mpec ouveyduevne hettoupyioc

e yvewntelac!! T autdv To Adyo Bev evdelxvutar 1 YeNon NG YW XEUTTOYESPNON
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HEYGAWY Bedopévwy 1 Yl €QUPUOYEC TOU omoutolVv TayUTNTo (TY OF XEUNTOYEAUPXOUG
oalyoprduouc pofc). Adyw Sume e AoPIAEWC TG XoL TV TOAD ARGV axolouthdy 1ov
TOEAYEL EVOEIXVUTAL VIOl XPUTTOYRAPNOT OYETIHG UXEOV BEDOUEVMV, OTWC YL TOEADELYUA OE
ACUPUETEOUS XPUTTOYRAPLX0E alybprduoug otn dladixactio avtarhayhg xhedidv. Kadde ta
xhewid Sev emitpéneton var dlappedoouy xou to uéyedoc toug dev elvan yeydho (dmwe Vo oy

Ty T0 EYEVOC ONOXANEOL TOL UNVUUTOS).

46 Yuvohkd omoteAEoUOLTOL

Ou I'YA nou Baoilovtan oe mpwtapyixotc LESRs elvan ypryopot, e€dyouv axohoudieg
ME OPXETA XOAES WBLOTNTES, UTOPOVUY VO XATAOXEVAOTOVY €TOL (OTE VO AVTATOXPIVOVTOL OTLS
AnALTAOELS TOU exdoToTe TPOBAHaToS Xat glvon edxoha LAomoolpes. Ou duo BlapopeTixés
dradxaoieg e£680L TOL TAPOLGLEGTNXAY GTNY TaPoLCA EBoUE OTL BEV ETLPEPOUYV OUCLAGTIXES
Blapopéc we mpoc Toug otatTioTixole eAéyyouc. O Beltepoc, Suwe, pmopel vo mpocdOoEL
emnAéov duoxohiec oe évav xpumtavohuth. ‘Eyouv duwe onpavtixée nadoyéveee, 1 xdpLa
YN TV omolwy elvar N YRoWXOTNTA TOUC GE GLVOUACUO e TNV UTapdn Tou alyopiduou
Berlecamp-Massey 1 xeXon TOUG OF L0 XQUTTOYQRUPIXY] EQUEUOYYH WG TO UOVAdXd UECO
xpunToYEdgnon dev ouviotdtal. Eviopplveton, Ouwe, 1 ¥eNon Toug W BOpLXd CUCTATIXG
EVOC EVPUTEPOU UNYAVIOUOU O OTOLOG EUTEQIEYEL WUT) YEOUUXOTNTA, AUTOC O UNYAVIOHOSC
Yehlel WPEYOANG TEOCOYNG XOUTE TNV XATUOXEUN Xou TOV €AEYYOo Tou. Agol, oOmwe
avopépinxe, e v I'WA Geffe unogel va Bertidvovton apxetés mopdueteol, ohhd xdmoteg
T OYEVEIES VoL TIOPAUEVOUY X0 1) XATACKELY) TOU UNYAVLOUOU VoL dnuLoupYel xar dhheg (6moe
N cuoyétion tne e€€6dou Tou umyoviopold pE i omd T e€6douc twv LESRs mou
xenotponotovvton and autdv). Ov LCGs yevvhtpieg elvar and T TEMTEC YEVVATPIES TOUL
dnuovpyRinxay, mopdyouv okl xohéc axohoudies, elvan YpRYOpES, EUXOAN ULAOTOCIES, 1)
YOOUUXOTNTO TOUG OUWE DEV UoC EMTEEMEL Vo TIg ypnotdonowolue oty Kpuntoypaplia.
Abyw TV BLOTATWY TOUC XU TNS OUOLOHOPYNE XUTAVOUNG TTOU TaEoLGdLouy GE BlacTAUATO
oprdumy eVOEXYUTAL 1 XproT TOUC Ot GAAEC e@apuoYéc mou dev yenlouv ac@ahelag oAAd
XOADY OTATIOTIXGY WBLOTATWY, OTWS Yio Toeddelyuo o TpoPArfuato tpocouoiwonsc. Ov BBS
YEVVHTELES Topouatdlouy YEYEAN ac@dheia, Sev elvar mollmhoxeg, e€dyouv axoloudieg mou
elvar moA0 xovtd oTic Tuyaieg, elvar Suwe mohd opyéc. Evdelxvuvtan ywo ypron oe
XPUTLTOYPOUPIXES EQUPUOYES, AAAS 1 TayTnTa TepLop(lel To medlo ypriong Touc oe eQupUoYES
TOU BEV XpUTTOYPUPOUV WPEYAAO OYXO Oedouévmv (Omwe N aviohhayh xAewdv) ¥ o€
yehoele mou Bev amoutodv Tayltnta. H o yevvAtpi SHA-1, mpoéxule péoa amd tnv
ouvdptnon xataxepuotionol SHA-1, 1 onola yenoylomolelton oTic Ynploaxéc LTOYEAPES OTIG

omolec Aettoupyel oe cuvduooud e tov xpuntoypapxd akyderduo DSA (Digital Signature
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Algorithm). H SHA-1 w¢ ouvdptnon xatoxepuatiopol déydnxe wio peydhn enideon, omwe
avoxowveydnxe otic 23/2/2017 and toug CWI xa Google, mou opgioflritnoe vy éwe to1e
aeyddiaotn aopdiewa tne. H T'WA SHA-1 6uwg elvar and Tic mo aopoleic YEVWNTELES €0C
xon ofuepa. Efvow ylor amodedetypéva ToAU xaAr yevvAtela, mou dnuovpyel axoloudicg ot
oToleC  AVTOMOXEIVOVTAL OTOUC OTATIOTIXOUC ehéyyouc pog. Evbelxvutan yia yeron oe
HEYSAO €0POC XPUTTOYQAUPXDY £QopUOYDY. Agv mpoyweloaue ot oELOAOYNOT TN OTNY
napoloa e Bdon Ty coulta otatloTixwy eAéyyw e NIST, Aéyw tou ot elvan to Pooind
TOEEDELYHO TWV OTATICTIXOV EAEYYWY NS coultac oto eyyewpidlio yehone e [3], oto

nAadoLo Tou omolou aflohoye(Tal ETUEXAOC.
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MopapTyuo A

AAyopiBuog Berlekamp-Massey (31]

O ahydprdpoc o onolog exteleiton yia Ty duadixy) oxoloudia So,S1,...,5y YENOHLOTOLEL

TG TOPOXATE TOUEUUETEOUS:

¢ L — tpéyovoa Ty tne mohumhoxdtnag,

¢ C(D) = cp:D" + DM 4 4D+ - nohudvugo, 1 Soud e avddedone i
TOV TEEYOVTA XATAYWENTH,

¢ unxoc L,

¢ B(D)- Bondntixd noludvupo,

¢ N — 70 voluepo tou Buadixol dnplov mou avolboupe otV Boouévn Suadixy
axoloudia.

¢ H npd&n nov yenowomnoieiton etvon 1 XOR.

¢ O dwdoynde alybdprduoc anoteheltal omd TNV axoAoUdLOXY| EXTEAECT] TWV TOEOXATE
BrudTwy:

1. Optopdc tov apyxav twov: C(D) = B(D) = 1, x=1, L=0, N=0.

2. Troloyiouog yio to te€yov N bit e axohovdiog to bit d tng npéfiedng pe to bit
Tou Tapayduevou Teéyovtoc molutvupou C(D)  pe L mpoundpyovta bits tng
axoroudiac: d = sy + Zle Cj " Sn—j

3. Edv d=0, t6te to bit sy opdd mapdyer tov xotaywenth uhxouve L pe dopw
avédpaone, pe doouévo C(D) , x:=x+1, yetagopd oto Bruc 6.

4. Eov d=1 xou 2-L > N , t6tc t0 bit sy eopahuéva mapdydnxe ot0 Xotoywent
avadpoone, Y to doouévo mohudvuuo C(D), ahhd n opd¥ nopaywyh tou bit sy
umopel va yiver pe v Sbpdwon tou moludvupou C(D) ywele v adnon tou
uhxouc L tou xotoywenth olpgwve pe v éxgpoacn: C(D):=C(D)+D*B(D),
x:=x+1.

5. 'Eva d =1, adld 2-L < N, 161€ coporpéva €YLve N TopaywyYh SN TOU TEEYOVTOC
xatoywenti  phAxoue Lo xow 1 oavddpoom, e doouévne C(D) umopel vo
mpaypotoroinlel ye tnv avénon tou pnxouc tou xatoywent L:=N+1-L xo pe
dopdwon  tou  mohudvupou  C(D):=C(D)+D*B(D), yw ovté6 oto B(D)
arodnxedeTon 1 tponyoluevn T touv toludkvupou C(D), xou 1 twh x opileton e
povdda x:=1.

6. Extéleon petagopds oto endpevo cUyforo tne axohovdiog: N:=N+1, edv N=n ,

TOTE TAUE OTO TENOS, OANLWE ETMLOTEOPT 0TO Priuct 2 Tou alydprduou.



[143]

LHopdderyua [31]
‘Eote 6T 8ideton 1 axoroudio:
S=s0,8,.554=101011001000111
H apynh) xatdotoon etvar: C(D)=1; B(D)=1; x=1, N=0, L=0.
N=0. Kadcdc =0, t61e 10 bit dev umopel vo npofregiel xou d = x¢ = 1.
Kodde 2-L=N, 161 ndyue oto Brga 5, C(D)=C(D)+D"B(D)=1+D,
x:=1, B(D)=1; L=0+1-0=1.
¢ N=1 Koddc C(D)=1+D', t6te to bit mou Véhouye va mpoPrébouue
enavohauPdveton 6mwg TOo Tmeonyouuevo: d = x1+xg-l =1. H &i6pdworn tou
TohuGVUPoU  exteheltar  oto  PAue 4, xadode  extehelton 2.L>N
C(D)=C(D)+D"B(D)=1+D+D=1, x:=2.
¢ N=2 xodc otov timo vy C(D) dev undpyet xavéva D | t6te to bit mou elvar va
mpoyvwotel oot 0: d = xp+0=1+0=1. Koddg 2-L=N t61e ndye oto Priua 5
C(D):=C(D)+D*B(D) = 1+D* B(D)=1, xi=1; L=2+1-1=2; Auté omnuoiver 6t
yioo Ty neoBiedm Tou emduevou bit meémel va Angdolv un’ oy T 2 Tpomyolueva
bits, xadde oto C(D) mepéyeton D? téte 1 mpoPhedn extehelton oto TMEGTO bit pe
™V avdiuon tou Leuyaplo.
¢ N=3 Ta nponyolueva bits s1 sp =0 1,
TO TPATO AVTLOTOLYEL GTO D? | xau
T0 delTEPO — D,
xadwe oto C(D) unaiver pévo to D?, t6te o bit mou elvon va TpofBhepTel loolTon e
T0 TPWTo — auTd onpaivel 6Tl 51=0 d=s3+0 = 0.
Extehelton to Briua 3
xi=x+1=2.
¢ N=4 Ta nponyolueva bits sy s3 =1 0,
TO TEMOTO Amd AUTY AvTIoToLYEL OTO D? | xa
0 dettepo — D', xaddc oto C(D) nepiéyeton uévo to D?, <éte o bit mou elvon vor
neoPiegldel LlooUToL YE TO TEHOTO —
onhadr sp=1 d=s4 + 1 = 1+1=0.
Exteheiton to Bripa 3
xi=x+1=3.
¢ N=5 Ta nponyolueva bits s3 54 =0 1,
TO TEMOTO amd qUTY AvTloTolyel oTo D? | xa
T0 BelTEPO — D', xaddc oto C(D) mepiéyetan pévo o D?, téte to bit mou elvan vor
neoPiegldel LloolToL PE TO TEHDTO —
onhodr| s3=0 d=s5 + 0 = 1.
2L<N C(D):=C(D)+D>B(D) = 1+D*D".
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B(D) = 1+D?,
L=5+1-2=4.
x:=1.

N=6 Koudwc L=4 n npdyvwon éxer vionounlel yia to 4 mponyolueva bits sg s3 54 S5
—1011. Kaddc C(D) mepiéyer uévo to D? xaw D* ( sy avtiotouyel oto DY, s3
avtioTolyel 6To D | sy avTioTolyel 0TO D? s avtiotolyel oto D b ), toTE M
TROY VWO EXTEAEITL WS To &lpolopa GAwY Twv bits sgt+s,= 0+1=1. d=sg+(s3+s4)
= 0+4(0+1)=1. I'veton petagopd oto Pruc 4
C(D):=C(D)+D"B(D)=1+D*+D+D-(1+D?% = 1+D+D%

x:=2.

N=7 H npdyvwon mdAi exterhécTnxe oTa 4 TEONYOUUEVA 83 S4 S5 Sg X0 XUIDEC OTO
C(D) nepiéyetar uévo ta D? xou D' t61e N TEOYVWOT LooUTo UE TO GUEOLoHA TWV
800 ppdTEPLVY OE TAEN

S5 + s¢ = 140 =1 ondte d=s7 + 1=1.

Koo 2-L=8 > N 1671¢ 1 d16pdwon Tou molumvupou exteleitar oto Briua 4
C(D)=C(D)+D*B(D) = 1+D+D* + D*(1+D? = 1+D+D"

x:=3

N=8 H npdyvwon mdit extehéoTnxe oTa 4 TPONYOUUEVY Sq S5 Sg S7 XU XAHWC GTO
C(D) nepiéyeton uévo ta D* o D' t61e N TedYvVWoN LwolTal Pe To ddpoloua LoVOo
uE To dV0 axplavd amd autd bits

S4 + s7 = 140 =1 ocuvendc d=sg+1=0.

Y ouvéyew elvon edxoro va dolue Ot 1 medPBredn ndvta Yo cuunintel e to bit
e axohovdiog xou 1 molumhoxotnTar dev Vo awldvel péypl To TENOC TNG

axorouvdoac.



[145]

NAPAPTHMA B’
270 TOEOY TUEAETNHUA TOEEYOVTOL ToL HEGO TTOL Y ENOLULOTOLUNXY Yia TNV
TPy WY N TV oxolouthiey mou egetdotnxay oto Kegpdhato 4.

lpwrapyikoc LFSR kot napadlay uereBove 20-bit’

def prtReg (L) :

LI

Nicely prints out the list as a sequence of bits
LI

# R =[]

# for bit in L:

# if L[bit] == 0:
# R.append (" ")
# else:

# R.append ("#")

# for bit in R:
for bit in L:
print (bit, end="")
print ()

def 1Shift(L):

T

Shifts left the list's contents. The last element is filled in
according to the formula

at the end of the function.

LI

A = LI[O]

B = L[len(L)-2]

C = L[len(L)-1]

for j in range(len(L)-1):
L{3] = Lj+1]

L{len(L)-1] = A ~ B ~ C

def rShift(L):

LI B

Shifts right the 1list's contents. The last element is filled in
according to the formula

at the end of the function.

T

A = L[len(L)-1]

B = L[len(L)-3]

for j in range(len(L)-1, 0, -1):

L[{j] = L[3-1]

L[0] = A ~ B

def main() :

# LO is the initial value of the list/register.

0 = [0, 1, 0, 0, 1, 0, 0, 1, 0O, O, 1, O, O, 1, O, O, 1, 0O, O,

0, 1, 0, 1, 1]

0 Xernowwonoteiton YAGooo mpoypouuatiopol Python, nepiocbdtepec mAnpogopieg unopolv va
Beedolv otov loToTOTO:

https://github.com/mellowiz/LFSR?fbclid=IwAR3bx4cAht{Bnifg VKQeu8cOzxot!PEdzpX
ybxdHw8_t6TNddEg8LvIEXM
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# LO = [0, 1, O, 0O, 1]

L = 1list(LO) # "L" is created as a new list (i.e. not a copy),
holding the same values

print ("Iteration:\t", 0, end="\t")

print ("\033[91m", end="")

for bit in LO:

print (bit, end="")

print ("\033[0m")

for n in range (2**len (L)) :

rShift (L)

print ("Iteration:\t", n+l, end="\t")

prtReg (L)

if L == LO:

break

if name == "' main_ ':
main ()
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Geffe’

public class
GeffeGenerator
{
private LFSR 1lfsril;
private LFSR 1fsr2;
private LFSR 1fsr3;
private StringBuffer gamma;
public GeffeGenerator(LFSR 1fsrl, LFSR 1lfsr2, LFSR 1fsr3) {
this.lfsrl = 1fsril;
this.1lfsr2 1fsr2;
this.1lfsr3 = 1fsr3;

this.gamma = new StringBuffer();

}
public int step() {

1fsrl.shift();
int y = 1fsr2.shift();
int s = 1fsr3.shift();
int out = (s & x) * ((1 ~s) &y);

int x

gamma.append(out);
return out;
}
public void step(int n) {
for (int 1 = 0; i < n; i++){
step();
}

¥
public String getGamma() {
return gamma.toString();

}

! Xenowponotelton YAOOoA TpoypopuaTiopol Java, TeplocoTEpES TANEogoplec Unopoly va

Beedolv otov totdTono: https://github.com/NikitaDoroshkin/geffe-generator
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public
class
Polynomial
{
private long value;
private int degree;
Polynomial(int ... coefficients) {
if (coefficients.length == 1) {
this.value = coefficients[0];
} else {

this.value

1;
for (int i : coefficients) {
this.value ~= ((long)l << i);
}
}
setDegreeOfValue();
}
public int getDegree(){
return degree;
}
private void setDegreeOfValue() {
this.degree =getDegreeOfLongValue(this.value);
}
public static int getDegreeOfLongValue(long val) {
return 63 - Long.numberOflLeadingZeros(val);
}
public long getValue() {

return value;
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import
java.io.BufferedReader;

import java.io.File;

import java.io.FileReader;

import java.io.IOException;

public class Main {
public static void main(String[] args) throws

IOException {
File file = new File("src/result.txt");
BufferedReader br = new BufferedReader(new

FileReader(file));
String outputSequence = br.readlLine();
Polynomial polynomiall = new Polynomial(30, 6, 4, 1);
Polynomial polynomial2 = new Polynomial(31, 3);
Polynomial polynomial3 = new Polynomial(32, 7, 5, 3,

2, 1);
LFSR 1fsrl = new LFSR(polynomiall);
LFSR 1fsr2 = new LFSR(polynomial2);
LFSR 1fsr3
1fsrl.setInitialState(651497879);
1fsr2.setInitialState(1259760270);
1fsr3.setInitialState(2229332000L);

new LFSR(polynomial3);

GeffeGenerator geffe = new GeffeGenerator(lfsril,
1fsr2, 1fsr3);
geffe.step(outputSequence.length());

System.out.println("LFSR1 result sequence:\n" +
1fsrl.getOutputSequence());

System.out.println("LFSR2 result sequence:\n" +
1fsr2.getOutputSequence());

System.out.println("LFSR3 result sequence:\n" +
1fsr3.getOutputSequence());

System.out.println("Geffe gamma sequences (calculated
and expected)\n" + geffe.getGamma() + "\n" +
outputSequence);

}
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import
java.util.HashMap;
import java.util.Map;
public class LFSR {
private long polynomial;
private int polynomialDegree;
private long initialState;
private long currentState;
private StringBuffer outputSequence;
public LFSR(Polynomial initPolynomial, long initialState)

this.polynomialDegree = initPolynomial.getDegree();
this.polynomial = initPolynomial.getValue() ~ ((long)1l
<< polynomialDegree);
setInitialState(initialState);
}
public LFSR(Polynomial initPolynomial) {
this(initPolynomial, 1);
}
public int shift() {
int out = (int) (currentState & 1);
int tempBit = (Long.bitCount((currentState &
polynomial))) & 1;
currentState >>= 1;
currentState "= ((long)tempBit << (polynomialDegree -
)
outputSequence.append(out);
return out;
}
public void setInitialState(long initialState) {
this.initialState = initialState;
this.currentState = this.initialState;
refreshOutputSequence();
}
private void refreshOutputSequence() {
this.outputSequence = new StringBuffer();
}
public String getOutputSequence() {
return outputSequence.toString();
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LCG kot BBS

O yevvntpieg LCG xou BBS nopé€yovtol eVOWUATOUEVES OTY) COLITAU CTATIOTIXOV
ehéyywv e NIST (A Statistical Test Suite for Random and Pseudorandom Number
Generators for Cryptographic Applications).
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