Epyactiplo Yroloyotikdv Zvomudtov & Teyvoloyiog Aoyioucon
Yroloyiotika & Araxpira MoOnuorixo.

Avarapactacn apibuay ce éva aplOuntiké cvoTyuo.

"Evag mpaypotucog aptOuog ypdoetatl: X = LXJ +¢g 0<e<l,n

n-1
x=Y abf=a, b " +a, 0" ?+ - +ab' +agh’ + <« [x]
Ke—m L I

AKEPOILO PUEPOG

+abt+rab?++a b
L

+a b+« £0<e<1

KAMIGHATIKO HEPOG

% ag:= ynoio Tov apBuod

s k=164&n oV ynoeiov ay

< m=mnbog ynoeiov Tov KAAGHATIKOD LEPOVG

N = 0o ynoiov Tov aKEPALOL PEPOVG

%  b=oaképatogpueb>1ku 0<a <b (N 0<a <b-1), 0b Aéyetar Bdon tov aptOun-

TIKOV GLGTNILOTOG.

‘Eva apiBunticd cdomua pe Baon b amortei b, to mAnboc, dwapopetikd ynoio yio v ovosmo-
paotacn aplBumv, ta onoia maipvouy Tpég amd 0 éoc b — 1. H cvuforocelpd (oxorovbia yn-
olov)

A,_18n_9---38p-a_13_5...a_p,

TAPLGTAVEL OLOPOPETIKOVS aplBUov aviloya e TO cOOTNUA OpIOUNoNG TOL YPNGILOTOLOVLE
(emoyn tov b).

Hopaodeiyuora:

29578=2.10"+9-10° + 5-10*+ 7-10% + 8-107°
T T T T T
Q ay a, a, a,
b=10 - 521, =5-10% +2-10" +1-10°

b=8—521 =5-8°+2-8 +1.8°

b=2-521, =?

11015 =1-2° +1.2% +0-2' +1.2° =13,

O epiocdTepol aplfpoi dev umopoly vo ovomapactadovy wg dBpoicua TETEPUCUEVOD TAT-
Bovg opwv. ILy. V2 ~14..=1+04....

Ot aképaiot pmopodv vo avamapacTadody akpiBdc 6To 0Tol0dNTOTE OPLOUNTIKO GOGTN L.

Av o xeN &gl m yneio 610 cvetnue awtd pmopel vo mhpet Tpég amd 0 éog b™ — 1, dni. b™
OLOLPOPETIKEG TILES (Y10TL;).

2NV YnoKn avomapioTacTt VoG eUOTKoD oplfuod To o aplotepd yneio ovoudleTal «me-
plocdTEpPO onpovtikd yneio» (Most Significant Bit — MSB, ot dvadikr avamapdotacn) yioti
moALamAac1aleTol e Tov PeyaAdTeEPo cuviereotr|. To mo de€6 ynoeio ovopdaletal «Arydtepo
onuovtikd yneio» (Less Significant Bit — LSB otn dvadikn avoropdotoaon) yiori Tollomio-
o1aCETOL LUE TOV LKPOTEPO GUVTELEGTN].

"Eoto xeN. Eivon
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Epyactiplo Yroloyotikdv Zvomudtov & Teyvoloyiog Aoyioucon
Yroloyiotika & Araxpira MoOnuorixo.

n-1 K n-1 K n-1 k-1
x=> ab" =ay+> ab" =ay+bd ab" " =a,+bq,
k=0 k=1 k=1

[ @cdpnpo Awipeong:
Mo ka0e axépato a kot BeTikd axépato N, VITAPYOLY LOVOSIKOL OKEPOLOL J KOl I' TETO101, MOTE
a=g-n+r (1) xau 0<r<n (2).

Ao 1ig (1) xat (2) :E:q+i , 0<2<1
n n n

. q:m (= adivn)

e r:=amodn
e njacamodn=0]

Apa ag = voOAOITO TG dlaipeoTg ToL X pe to b.

[Tapodpora,
n-1 n-1 n-1
o= ahb“=a+ abt=a+b> ab?=a+bgy
k=1 k=2 k=2
2uvenacg,

a; = VIOAOLTO TG S10EPESTIS TOV (o e TO b
a, = VIOAOTO TG dlaipeoTg Tov gy pe To b

Amo ta Topamdve etvarl povepd TAEOV TOG PETOTPETOVUE EVOV AKEPULO OO TO OEKAdIKO GV-
oo 610 cvotua pe Baon to b.

AAyopiBpog Metatponng wg npog Baon b
/I Eioodog: n BeTikdG aképalog, b aképaiog >1

q:=n

k:=0

while ¢ #= 0

begin
ap :=q mod b
q:= %]
k:=k+1

end {avanapdoTaon Tou 7w npog b: (Ar—1 - .- a1ap)s |

1lin6oc wnoiwy
n-1
o Avx= Z akbk ue a,_4 # 016t 10 TANBOG TV YNeiny Tov X (g Tpog Pdon b) etvar
k=0
len(x) :=n.

e AvbkeZupueb>1lku xeR tét010 hote bX < x <b* 1o1e k =|logy X |.
[pdypatt, Exovpe
b* < x <b**? =k -log,, b* < logy x < log, b**! =
=k -log, b < log, x < (k +1)logy b = k < logy, x <k +1=| log, x | =k
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Epyactiplo Yroloyotikdv Zvomudtov & Teyvoloyiog Aoyioucon
Yroloyiotika & Araxpira MoOnuorixo.

» H avamopdotaon evog Betikod akepaiov 4 oto apBunrtikd cbomua pe pdon b > 1 a-
noteheiton and len(A) := | log, A |+1 yneia.

[Aréoerin:
"Eotw n to {ntovpevo mAnbog ynoeimv. Eival
n-1
A= ab* =a, b" " +a, ,b" % +. .+ apb! +agh®
k=0

pe a,_1 #0, b>1,xn 0<a, <b 1 0<a <b-1,k=n-2,..10
omoTE,
b"t<a, b"t<n (ot a, 21)=b"t<n (1)
Eniong,
n=a, b" " +..+ab+a <(b-1)b" +..+(b-1)b+(b-1)=

=(b-1)(b" +..4b+1)=b"-1 ()

And tic (1) kot (2) = b" < A<b” = b¥ <A<b**! dmovk=n-1
=k=[log, A|=n-1=|log, A|=n=[log, A|+1.]

Av0odIKT 0OVOTopdoTocT)

Ortav n Bdon givar b = 2 &yovpe ta dvadikd yneio (binary digit — bit) a; = 0 a; = 1 ko apBun-
TIK oL opileTon amd Tig TpdEelg

X 0 1
0 0
1 0 1
+ 0 1
0 0 1
1 I 10

(eivan 1 + 1 =10 mov eivan 10 2 = 1-2' + 0-2° 670 Svadikd choTa)

H ynolo mpog wneio tpdcheon Kot 0 TOAAATAAGIOGUOS LTOPOVVY Va Yivouy g Tpog Pdon 2 pe
Tov 1810 TpoOTO IOV YiveTal mg Tpog Pdon 10.

Yrdpyovv Kt GAAEG opotoTNTES Le T Pdon 10.

e H idwn Baon avamapictator og «10» kot 611G 000 meputtdcelg O moAlanhacio-
oUOG pe T Pdon oAl petatomilel TV VITOSINGTOAN o BEon de&d Ko 1) draipeon pe
™ Bdon petarontilel v vwodiacTodr o BEon aploTepd.

o Av K givar évag Oetikdc axépatog, n faon vyopévn g v K-ooth ddvaun givor évog
dooog akolovboduevog and K undevikd

0 10%40) = 1000410
(0] 103{2} = 23{10} = (123 + 022 + 021 + 0‘20){10} = 1000{2}

o Avk glvan évag Betikog aképatog, 1 fdon vyouévn gig v (-k)-ootr dovaun givain
V04106 TOAY, akoAovBovpevn amd (K — 1) undevikd kot éva 4660

o 10™*=.0001

Tpnpa Eg. Inpogopung
Mavemotuo Maxedoviog I X Zrepavions



Epyactiplo Yroloyotikdv Zvomudtov & Teyvoloyiog Aoyioucon
Yroloyiotika & Araxpira MoOnuorixo.

Hapaderyuo
Q¢ éva yopaKTNPIoTIKO TAPASELY O AplOUNTIKNG 6TO SLAOIKO GVLGTN A 0G SOVLE (TTAAL) TOV
[MoArhamlaociacpd tov Pocov Xwpukov (ITPX) pe M =73 xoi N = 41.

A B
73 41
o 20
25= 10
584 5
=65 2
2336 1
2993

Kabe po tipun-B mpoékuye «doupdvtog oo 2 Kot EAOTTOVOVTOS TO OTOTELEGIO KOTA LOT HOo-
vada, av amotteital, TPOKEWEVOL va TPoKOYEL aképatog». Otav ot Tiuég-B ypdpovtal ot dva-
OKn popen], dtopovpie e ) Pdorn Kot KAvov e amokon| 6€ akéPulo. AvTtd €yl ¢ OmOTELEGLO
™mv arnolowpn} Tov TEAevTaiov bit g dvadikng avorapdotaong tov B

B{ 10} B{2}
41 101001 41 =32 4+ 841 =2 +2742°
20 10100 //20 = 16 + 4 =244 22
10 1010 //10 = 8 + 2 =23 4 2!
5 101 /] 5= 441 =224 2°
2 10
1 1

Il Topoa, avaroyileote 6TL N TUN-B mpémel tehikd va. yivet ion pe 1 axpifoc?

1/ TIMBog TV ypappdy tov Ttivakae = TAn0og tav bit tov Ny;.

/I H tyum-B gtvar aptiog apBpog 6tav 10 By tehelmdvel oe pndév kat etvon meprrtdg /7 opo-
1og 6tov 10 Byoy TEAEWDVEL GE GGGO.

// Ko ot Tipég-A4?

O molomhootoopog et 2 mpocsBétel Eva pundevikd ot Svadiky avarapdoTaon Tov 4.

Al10} A{2}
73 100 100 1 73 =64+ 8 +1=2°+4242°
146 100 100 10
292 100 100 100
584 100100 1000
1168 100 100 100 00
2336 100 100 100 000
AV KAVOLLE TOV TOALUTANGIOGUO LLE TOV YVOGTO Uag TpOTO, Oa £yovpe
73{10}= 1001001
x41{10}= %x101001
1001001 73 // noMaaouég pe To yneio 1
-5 Jbir // uwetatonion & noh/olaopds pe To 0
O Fm 200 // petaténion & noNoacuég pe to 0
1001001xxx 584 // uetatonwon & nohMolaousg pe To 1
J-0-AE- e maa ey // wetaténion & noNc_:lc:c_péc; peto 0
1001001xxxxx 2336 /] petaténion & noMaowopéc pe o 1
101110110001 2993
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Epyactiplo Yroloyotikdv Zvomudtov & Teyvoloyiog Aoyioucon
Yroloyiotike & Aiaxpiza MoOnuozixa

// 101 110 11000142} =2 4+ 2% 2% +27 4+2° 42 4+ 2°010}
— 2048 + 512 4 256 + 128 + 32 + 16 + 1{10}

/
I

— 2993{10}

O ITPX gppaviCetor va givorl amid pio LETOUPIEGUEVT] EKOOYN TOL TOAAATAAGIOGLOD MG TTPOG

Baom 2.

[opabétovpe v avtiotoyyio peta&hd Tov deKOdIKOV, dVAdIKOD, OKTOIIKOV Kol OEKAEEAITKOD

GLGTANATOG (Y10, LEPIKOVE ATTO TOVS OPYIKOVG AKEPAIOVG):

Aekadiko

0 ~J oWk W R o

R e e = = =y =
O W UdoO U W R oW

Tpnpa Ee. IIAnpogopikng
Mavemotuo Maxedoviog

Auvadikd

0

1

10

11
100
101
110
111
1000
1001
1010
1011
1100
1101
1110
1111
10000
10001
10010
10011
10100

=b

—p?

_b4

OkTadKd
0

N W

~J

10 =b

11
12
13
14
15
16
17
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23
24

Aekaetadiko
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Epyactiplo Yroloyotikdv Zvomudtov & Teyvoloyiog Aoyioucon
Yroloyiotika & Araxpira MoOnuorixo.

Ynowkn arodnkeven pn oKEPAi®v aptdnmy

XPNOHOTOLOVUE  ‘EMOTNUOVIKO GLUPOAIOUO’’
123.456 — 0.123456x10°

ApOpoi KivnTig VT0O10GTOM]G

+ (0.dyd,...d,)10° = gk0&Tng
+ (0.b;b,...1,)2" (0.d4d;...d,) = onpowvopevo pépog ) mantissa
= +px2' P = 6VOJKO 1GOSVVOLO TOV CUALVOLEVOL LEPOVG

t = dvadKO 1600VVOLO TOV EKOETN)
¢ «xaBopiopévog (fixed) apBudc bit katavépeton og ke apOud
> an\f akpifela (single precision) ypnoywonotel 32 bit avd aptOpd kivnTig VTOSIGTOANG
> duthn axpifeia (double precision) ypnoomotei 64 bit avé apiBud kivntig VTodIGTOAG

Ye kGO P o’ aVTEG TIG TEPUTTAOGELS £XOVUE aTafepd apOud bit katavepnuévoy yio vy omo-
OMkevomn Tov oNEOVOUEVOD PEPOLS Ko atabepd aplBuod bit yio tnv amobnkevon tov exBétn

b bb...b bb...b
2 2 2

TPOGNLO  GNUOLVOLEVO gxbéTng
oA axpifelo 1 23 8
oA okpifeta 1 52 11

AAyO6pIBUOC LETATPOTNG OO OEKUOIKO GTO SLAOIKO CVGTN AL
‘Eoto reR, 0<r<1. Mropolue va ypayovue,

r=dx2% +dx22+ ... +dx2" + ... I1di=011

=idk2’k
k=1

=
2r = dy + (dpx2t + dpx2% + ...+ d2™ + L)
\ \
L2r] Jer[
TO aKEPALO 70 KAOGLLOTIKO
uépog tov 2r LUEPOG TOL 21

=2r=d, +f;, ped,=L2r] fi=72r]
fi=dx2t+ .. +d2™ L

= 2fi=d, + (dex2™ + ... +dx2™2 + )
dy=2f,], H=12f[=dex2  + ... +dx2™2 + ...
= Anpovpyodvtor 600 avadpoutKeg akorlovdieg
On = [2fna] pe di=[2r]

fo=12fa[ pe fi=]2r[

Mo mapdoerypo,
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Epyactiplo Yroloyotikdv Zvomudtov & Teyvoloyiog Aoyioucon
Yroloyiotika & Araxpira MoOnuorixo.

0.2)p0y = (M

r=0.2

2r=0.4 d;=0 fi=0.4
2f,=0.8 d, =0 f,=0.8
2f,=1.6 d;=1 f3=0.6
2f;=1.2 d,=1 f,=0.2
2f,=0.4 ds=0 fs=0.4

0.2 —0011 0011 0011 ...
(0.2)q103 = 0.0011

Avtiotpooa,

0.01=0x21+ 1x22 + 0x23 + 1x2* + ... =

=S 2f = i(z—z)k PR B P
k=1 k=0 3 3
Topa propovpe vo wodpe ot

> Tlepropiopdc Tov apifpov Tev bit Tov kotavépoval yio amodikevon Tov ekBétn = vadpyst
éva Gve Kot £va KATo epdypo yio To péyefog tov apBpod Kivntig VTOSIGTOANG TOL LITO-
povv va ypnoipononBovv. ‘Etol o avtifeon pe v gubsio tov mpaypatikov aplbpuoy, oty
omoia £xovpe KaTé cuveyn TPOTO OVOTAPACTACT] TOV aPBLOY, 1) evbeio TV aplBudY Kivn-
TNG VITOJLOGTOANG EXEL TNV TAPAKATM EIKOVA,

r :I\:ﬂm'u];ll—l

under- under-
flow  [low
overflow usable range usable range overflow

I — i I i FTITE AN R I
I ] I ] I

—(ytE N [ 1308 [yt
—realimax —realinin realmin

realimax

»  Authig axpifelog exBéteg ypnotpomotodv 11 bit (1 yio tpdonpo kar 10 ya to péyebog tov
ek0é)

To peyohbtepo mov pmopei va givan : 2*%-1=1023
= 1 peyokbtepn dovapun tov 2 : 21°2 = 9x10%7 ~ 103

o Tlgpropiopdc tov apBuov twv bits mov deopebovral yio TV amodKeVe TOL GNUUVOUEVOD
HEPOLG = vrdpyel dplo otV axpifeia yio Evav optud KvnTig VIOSIUCTOANG = GTPOYYV-
homoinon= (0.2)4p = ((OOTL)Z)

o O meplocoTEpOL TpayHaTKol aplBuol dev umopovv vo amodnkevtovv axpifmg (dev vrdp-
xovv otV gvbeia TV aplBUdV KIVNTAG VTOSIAGTOANG)
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Epyactiplo Yroloyotikdv Zvomudtov & Teyvoloyiog Aoyioucon
Yroloyiotika & Araxpira MoOnuorixo.

>  oxépatot < 2% pmopovv vo ovomapactadoty okpBGe.

210 MATLAB £yovpe,

» X=2"51
X:
2.251799813685248e+015
» s=dec2bin(x)
S:
1000000000000000000000000000000000000000000000000000
» X2=bin2dec(s)
X2 =
2.251799813685248e+015
» X2-X
ans =
0

» X=2"52
X:
4.503599627370496e+015
» s=dec2bin(x)
S:
10000000000000000000000000000000000000000000000000000
» X2=bin2dec(s)
??? Error using ==> bin2dec
Binary string must be 52 bits or less.

>  Apibpoi pe 15 (dekadikd) ynoio onuavopevo pépog (mantissa) ot onoiot givor 1o akpiPég
dBpotcpa Suvapewv Tov 1/2 uropovv va, amodnKeuTovy aKpIPmG.

Tpnpa Eg. Inpogopung
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