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6.1 INolramhaoraopnog, Araigeon), zat YroAouwo pe duvauels tov 2

‘Onwg 010 denadnd ovotnua o molhamhaotaoudg et 10, 100, xAm. eivow woAD amhdg, £ToL ®xat 0TO
Ovadd 0 morhamhooLaonog i dUvau Tov 2 OVTLOTOLKEl 0 OTTAT] aELeTEQT] OLicOnon e
véopo undevirdv amd deEd. Oviwg, av B elvanr 0 dvadiwds agtOpds by 1bya...bob by pe n bits

(8§5.1), TOTE TO YLVOUEVO TOV €T 2% givou:
B-2K=by, 20Dk b 5202k 4y 024Ky b2l g 204k =
= by 2K L by 22 b2kt pp 2k 02K 4 0282 4 4021 4020

Bdoel g tehevtaiog authc 1odthTag, o agdudg B-2X dvamagiotator 6to dvadid pe n+k bits ta
omota efval: to n bits Tov aQOuot B "oMoOnuéva" aguotepd ratd k 0fcelg (OnAadh pe
onpovtikdtnTa #abevog avEnuévn xatd k Béoelg), arohovBoiuevo amd k undevird. INd

T0aderyIat, 0 aQOUOC 45 (dexadid) = 101101 (dvadrd), molhamhaotalopevos eni 16 = 24 divel
45x16 = 720 (denadnd), mov 010 dvadird eivor: 1011010000. Zto dexaeEadnd, 0 TEMTOS 0RLOUOS
(45) etvaw 0 2D, »ai to YLvopevo tov et 16 (et "10" oto denaeEadind) eivar: 2DO.

Kat' avtiotoyo toomo, n dweigean dd dvvaun tov 2 aviiotoyel o deEd ohicOnon- ta Aydtego
onuovtird bits Tov aelBpot, mov "exdidrovrol" amd T deELd dxen Tov, 0ToTEAOTDV TO VIOAOLTO
e duaipeong. Né Tov mapamdve aptdud B, 1 diaioeot tov dud 2K dive:

B/2K= (b, 20 DK 4 b 520Dk b2t + 520 + (b 2K+ L+ b2+ bg20) /2K
O mpidtog 600¢ TOU MaEATAvVM afpolouatog elvalr anéQaiog aQlBudc, evd o delitegog elval
rhaopOTROG, UAEOTEQOS TS HOVAdAS 1) undev, dedopévou 6t 0 aOunThg (b 12X ! + ... + by2!
+ bg20) elvan évag dvaddc apduds pe k bits, Goa méva muxedteog Tov 2K, Katd ovvéneia, o
TPMTOG 0QOG (Ta ELOTEQA n-k bits TOV aEyoV aELOUOV) elvol To axégaro miixo g diaipeang,
EVM 0 0QLBUNTNG TOV deUTEQOV OQOV (Tal eELA K bits TOv oy Lrol aELBPOV) elval To vrdrowTo TG
(anégouag) Owaigeons. INid mopdderypo, o aBuds 205 (dexadwd) = 11001101 (dvadwmd),

dlagopevog A4 8 = 23 divel sNAino 25 (dexadrd) = 11001 (dvadwnd), naw vToloLo 5 (0exadLro)
= 101 (dvadwd). Zto oxtadro, o dapetéos elvar 315, o dapétng eivon 10, To mAixo eivan 31
(=3x8+1=25 o7t0 denadd), ®aL TO VITOLOLTO elvon 5.

M ovvnOLopévn edpaouoyi] 0TOUS VTOAOYLOTES elvan OTav W peyddn pviun, my. 256 Mbytes,
HOTAOREVALETAL a0 ®AUTOoES --mt.y. OenaéL (16)-- uxoTeEQES, peyébouvg dlvauns tov 2 1
nabepion --ed0® peyéBovg 16 MBytes = 16,777,216 Bytes xoBepio. Edv pog TnmmOel va
mpoonehdoovpe to Byte pe devBuvon 167,772,560, oe modv amd TG 16 uxQOTEQES UVi|UES
Potoxetow avtd xow T debBvvon péoo oe avtiv €xel; d va Poolue o mowd pviun Ba to
avalnthoovpe, moémel va diapécovpe ) dievBuvon 167,772,560 dud to péyebog 16,777,216 twv
EMUEQOVS UVNUMDV, TTOV O QUTHV TV Tepimtwon pag divel 10 (dexadind) (mpdxrettar Y Ty 111
pvnun, odov oL emuéQovg uviueg agupoivvton 0, 1, 2, ..., 15) To vmdloumo tg diaigeong, 400
(denadind), pog diver Tnv emBupnth dievBuvon péoa oty empégovg pvhun. H devbuvon tou
emBuuntod  Byte  elvow 167,772,560  (denadmd) = A000190 (denaeEadnd) =
1010,00000000,00000001,10010000 (dvaduxd - 28 bits). To péyeBog tng naGbe emuéoovg Uviung
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(Sraupétne) elvar 16 M = 224 Goa to Tnrobpevo Byte Poloxeton oty Oéom 00..0110010000
(vrtdhouTo draipeons, dnradn deEld 24 bits tng detOvvVoNg) Tng Pviiung vt a eSOV 1010 (sTnAixo
dwaipeong, ONAadn aplotepd 28-24 = 4 bits g OLeVOVVONG): HETATEETOVTOS O0TO Oeradird,
PAEmovpe 6TL dvTmg pdreLTaL LG T O0€om 256+128+16 = 400 TG pviiung v alduov 8+2 = 10.

6.2 Xvotgodn) (wrap-around) Avamagdotacns AgtOuav ue n bits

Mio GAAn epaguoyt TG TAQATAV® TTOQATIENONG OYETRA UE TO VITOAOLTO TNG dlaigeons dud
dUvaun tov 2 elvar m eQunveia Twv aQuNTIROV TRAEEMV ue TEmEQUOUEVO TAN0O0G bits. Ag
doavtaotolpe Ot oL axégalol aQLpol TmV HodNUOTRMVY £XouV TAQEO TTOAAA bits --600 yeldlovTtal
Y& to PEYeBOS TOouc-- aAAG epeig ndvovue TEAEELS W Evav VITOAOYLOTY] IOV £)EL TETEQAUOUEVO
m\0og bits, €0t n bits, xor YU avtd nEatdpe wovo Ta n AMydtego onuovtind (0g€ud) bits tou
"noOnuatzot" alpot. ‘Etot, 6tov mpoobitoupe apbuois (§5.4) 1 évav abooloti peyébovg n
bits, ayvooUue (FETAUE) TO ®QOTODUEVO OV Pyaiver omd v apotept] dron (MSB), dudtL dev
éyovue mol vo Tto amoBnrevoouvpe. Emopévog, av A elvon 1o moaypotwd (Lobnpotivd)
amotéleopa g mEAENS pog, o vohoyloths pog teMxd Ba xpathoel udvo To vVEOAoLTo TG

dratpeong tov A did 2" (;mov ovviBwg oupforiCetor: A mod 27).

Ed&v og autd tov vTOAOYLOTH], UE TO TETNEQUOUEVO
miN00og TV n bits, aQyiow va petow oo To 0 TEOS Ta
mhvw, Otav ¢ptdow otov oud 2"-1, o emduevog
0010u6s Ba pavel oav va eivow diL o 0, now petd Oa
ovveytom va petodw makl amd v agyn, 1, 10, 11,
100, ®»Am. To porvopevo autd elval oov va €xm €va
T0Y0 UE TEQIUETQO 2™ %Ol PE YOQOYUEVOUS ETAVM)
tov tovg 2" vmdEyovteg cuvOVAOUOTUE TWV n bits,
deElootooda amd to 00...000 péyor to 11...111, nouw va
TUAY® €AV 0E AVTOV TOV TQOYO TOV AEova TWV
0QBpwv, 6mws ¢dalvetal oto oyxnua dimha yud n=4
bits. 'Eotm Ot Eexvdpe to TtOMypo €10l MOTE O
onéoauog aQpos 0 vo ovuméoel pe tov duadd

x®Owa 00...000. Tote, or 2" xMdAreg TOUV TEOYOV OOt
OUWTEOOVV UE TOVS axeQaiovg 0QBuois amd 0 Emg
2"-1, dmwg aneBdg xaboeilel 0 yvmotdg pog oo v §3.1 xmémag duadirfg avamTaQdoTaons
TV un ngoo‘nﬂaoﬂevwv axegaiov. Otov dumg sgowr)\ovvrm oL vnagxovreg ouvdvoopol Tmv n
bits, oL TeQouTéQW aLBpol (s.y. 16, 17,... oto oyxfua) £xovv "tviytel" mavm oToug (dLlovg RWOLRES,

000, 001, #Az, Eavd amd v ayf. Av Aoutdv ué medabeon dmaoel amotéheopo amd 2™ wow Tdvo,
TO ATOTEAEOUO. OUTO, OTOV VTTOAOYLOTH We Ta 1 bits, O poldlel oav évag uxedTteQog aoliuog --
ovtdg mov mpoxdmrel amd to "toAypa". To ¢pawvouevo avtd ovoudletar "wrap around" --
meQuToAypa, TEQLEMEN, | ovaTpogr-- twv axepaiwv aQOumdv yiow amd Tov "tQoyd" Twv
TETEQUOUEVIV CUVOVOGUMY TTOV €XEL TH OUVOTOTNTA VO, TTLQAOTIOEL O VITOAOYLOTHS.

Edv thpa Bemprioovpe not tovg aQvntxols aglbpoic, otov (0o dEova tov aQlOpmv Tov
OUVECSTQAUUEVO YU amd ToV TOYO, OMwS dalveTal 0To oyfua, Tote amoxtdaue Wwd pEbodo --
Evav xOOO-- avamaedoTtoons ®oL aQVNTMV aglfudv. O x®dwmas avtdg, mov ovoudletol
"oupTAowua g oG 2", yonolpormoteltal ofuega 0g OAOUG TOUG UTOAOYLOTES Yud TNV
ovamadotaor "mooonuaopévov axegatov" (signed integers), nou €xeL TWOAD OnMpOvVIKA
TAEOVEXTNLOTO. OTTAOTNTOGS EVavil GAA®V, EVOAMORTIXROV ®mOxmV. StV ®nabnueovi pog o
TOQLOTAVOULE TOVG QOO UOOUEVOUS AREQOLOVS Y ONOLUOTIOLOVTAGS VOV OLOPOQETIRO HMALKAL, TOV
1OINO TQOOT|UOV - ATOAVTNG TIUiG (sign-magnitude representation). H xatevBuvon abEnong g
ATOAVTNG TLUNG, OUWG, eival dlhote deEldooTooda (BeTinol aplBpoi) ol dAlote agLotepdoTQOda
(aovnTirot aplOpoi), mévw otov ouvestQappévo dEova Tmv olBu@mv. Auti 1 ailayf Goedg
aDENOMNG €xEL OaV OUVETELDL, OTAV TIQOCOETOVE TTQOONUOOUEVOUS AREQOLOVG OTNV ROOMUEQLVT] LOG
Co1), dGhhote vo mpémel va vdvov e meoobeor L AAAoTe adalgeon TwV ATOAITWY TLUMY TOVG, %L
pdoto Ly amd TNV adaipeon vo mEETEL Vo GuYrQivoue Tig d10 amtdAVTES TLUES VLA VoL ool e
moLd eivon 1 uneOTEQT 1AL VAL APOLQECOVUE QUTIV OTTO TNV AAAY.
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Avt' autol, oL vohoylotés anolovBolv tov oD amholoteQo TEOMO Tov TYALEL omd TV
naamdve pEB0do e "ovotodNs": meldn 1 (ahyePowrh) aENoN Was Tuns —-eite BeTinig eite
0QVNTIAG-- ovTLoTOLKEl ThvTa o deELOOTEODT %ivnon v oTov TEOYO, TEONVTTTEL OTL ALKE(
mdvTa va ®Avovupe meoobeon xal HOvo, aveEaQTHTWS TOu oV TRooHéTovpe OeTinolg 1 avNTIRO1g
0oBpotc! H dAln Paownt) magationon elvar ot 1 (alyePowi)) eldttwon wag tung, Oniadi n
mpbobeon evog avnTol aglpol --my. Tou (-1)-- mov aviioTolyel o aELOTEQOOTQODN ®ivnon
AV OTOV TQOYO --Tu.). »ATd 22.5 poipeg edm-- pwooel va mpoxr el LoodU Voo ®oL ooV Tedobeon
evog "ueydiov" Betivol aBpot --tou 15 oto ed®d modderyua, mou avtiotolel oe deELOOTQODT
nlvnon xotd 360-22.5 = 337.5 poigeg. Av Lowmdv xmdxomotioovpe 1o -1 pe tov (0o xddma Omwg
no To 15, 16te M MEdobeon avtol Tou xMAa pe évav teTpdumto abgoioti) Oa Géovel To (dLo
amotéleopa Omwg 1 medobeon Tov -1.

6.3 Koduwog Tvuminoopnarog-2 10000000 —128

IMooonuaocuévov Axeoainv 110000001 —127 |1,
3 évav vmohoyloti] mov AettovQyel ue AEEelg Ttwv n bits 111111011 -5 r
nalepio, 1 CVOTEOPN TwWV axeQaiwV CEOUMY TEORAAEL TNV 11111100 -4
emavepdavion tg Oag avaroagdotaong xdbe $oed mou GHH}% :g 5
meoymweolue xatd 2" mog To TAVW 1) MEOg TG RATW. ZTO 11111111 -1 !

00000000 0
00000001 +1
00000010  +2
00000011 +3
00000100 +4

oynua 0eELd daivetal évo moQdderypo yid £vav OrTAUWTTO 0
vrohoyoti]. O x®dwmag 11111111, egunvevduevog cov un 1
mpoonuaopuévog  oxéoaog (unsigned integer), mOQLOTA TOV 2
oolBpd 255 (demadwmd):  Ouwg, o  dog  nddwmog 2
emovepdpavitetan 256 Béoeic md mavw, oto 255+256 = 511,
omwe xaL 256 Béoeig md ndtw, oto 255-256 = -1. H
oQaTENoN avth eival 1 faon Tng dnuovpyiag Tov xmddna
OVATAQAOTOONG TMV TQOOT|UOOUEVIY OHEQWY.

signedint T

01111110 +126
127 01111111 +127) |
128 10000000 !

-~ unsigned int
-
\S}
(o2}

O x®dwag "ovumhneouarog og o 2" (2's Complement) ou
YONOLWOTOLE(TAL  ONUEQO.  OTOVS  VTOAOYLOTES YA TV 555 11111100 ©
OVATAQAOTAOY TEOGNUAGUEVOV axeQainv (signed integers), 253 11111101 @
rwdwomolel Tov aevNTKd aglpd (-A), 6mov A peta&l 1 xon 11111110 Y

271 lie Tov %dda P TQOONUAOUEVO TOV axeQaiov (-A)+2" 255 11111111
N . ° CA) 00000000

o
-
-
-
-
-
— .
o
— "
—_ i,
-
i
i
i
i
i
i
i
i
i
[
-t

N
(8]
'

= 2"-A. 'Etol, 010 oyflua deEd, 0 aguds -2 xmdiromoteitan
omwg 0 2" - 2 =256 - 2 = 254, dnhadn) 11111110. Opoing, o -3 rwdwomoteitar dmwg o 253, o -4
omwg o 252, 0 -5 rwdwomoteltan 11111011, oav tov 251, ».0.x. BAémovpe OTL oL ®MORES TV
0QVNTIRAV aQBUOV auEdvouy meog TV (o natevBuvorn meog v omoio. avEdvouv xat oL
nhdmeg TV OeTndv aodudv. Tovg Oetroic aopoitc amd 0 fwg 2™L-1, o xddwag
OUWTANQMUOTOS MG TIROG 2 TOVUS TOQLOTA TAVOTOLOTUTO. OTIwg XL O MOWMOS TV  Un
QOO LACUEVV AREQAIMV.

2 évav OXTAUTITO VITOAOYLOTH] OIS TOV TOQOITAV® TOQOEIYUATOS, €XOVUE TH OUvVaTOTNTA VO
1WOLOTOLOOVHE HOVOOoTHovTo péxoL 256 dtadoetirolc axegatovg aQliuols oL vmdlourol
aQLOpot, mov "dev ywedve" o 8 bits, O amewoviCovial pEow cvoTEOdNS o€ nATOLOV ATTd TOUG
"Boaorotc" aQBpois. Amd Toug AMELQOVS OXEQAIOVS TOV VTAQYOUVV, TTIOLOUG 256 Oa dtohéEoupe
oav Toug "Paowkoic" axegatovg, mou Ba xeNolpoToloU e not Ba rwdwomoloVpe povoonuavta; H
amavTnon eEaeraton amd tov zMmdwxo mov emAéyovpe. Eidape otnv §5.1 6tL 0 oxtdumrog
nOONOG U1 TQOONUAOUEVIV OXEQAIMV TAQLOTAVEL TOUg aQBuolts amd 1o 0 dg to 255

vevirdTeEQX, UE 1 bits, 0 MIKAG CVTOS TAQLOTAVEL TOVG AreQOIOVS amtd To 0 éwg ®aw to 2"-1. Avt'
oUTOU, 0 RDHOLRAS CUUTANQMUATOS WG OGS 2, Ue 8 bits, EMAEYOUE VO TOQLOTA HOVOOT|LOVTO TOUG
oxeQaiovg amd -128 émg now +127- yevirdtepa, Pe n bits, 0 ROOKAS AVTOS TAQLOTAVEL TOUG
aregaiovg amd tov 2™ éwc wau Tov +2 L1 T TEQLOYES QUTEGS TIG PAETTOVUE ONUELWUEVES OTO
oynua pe ayxvhes. Ommg PAETOVUE, 1) TEQLOYT AVOTTAQAOTAONS TOU RMARA TWV TIQOCTUAOUEVOV
oxeQaimv eival oyxedOV CUUETOLRT) YUQ® amtd To uNdév, xou €xel emheyel 0UTWG MOTE TO CQLOTEQD
(MS) bit Tov x®ddwa va elvar 1 yid 6AOUG TOVS aEVNTIXOVS 0RLOUOUS %ol LOVO, xoL va. gival 0 yid
Olovug Toug UM aEVNTIXOVS AELOUOUS ®ot Povo, dNAadn Y& Ttov agldpd undév xor GAoug Toug
BeTtinolc aplBpovc.
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6.4 TIlpocOeon Iogoonnacuévov Axegainv As Bs
o€ Zupuminoona-2 n n
AU BIJ

Oemoemote évav vohoylotr pe AéEelg Twv n bits, naw évav aBgoloth c
1Y TQOONUAOUEVOV axeQuimv Omwg avtdg g §5.4, Tov omoiov M g_ A + B,
Opwg ayvooUpe To xeatouevo eE6dov, kpatdue dMradn wovo to £

abgoropa mod 2", dnhadf povo ta n LS bits. Oa ammodeiEovpe Ot Sy=Smod 2"

edv otig d1o el06d0ovg avtol Touv 0boLoTi) tpoPpodotiioovpe Tovg  Unsigned  n

nOOMES CVUTANEMOUATOGC-2 §V0 TQOCNUACUEVOV axreQAimV, Ag 1AL :ngt Sg= Ag + By
er

B, petaf 2" naw 4277141 0 vabévag, xou edv 1o (T00oNUACEVO)

GOootopa Twv 800 axepainv Poioxetan emiong oty megroxf amd -2 émg non +271-1, to1E OTHV
€€000 TOU moQomAvw obgowoth) Ba  epudoviotel 0 KOOKAS  CUMTANQMUATOG-2  TOV
(mpoonuoopévou) oautol oaboiopatog. Me diho Aoy, 0 dBQOLOTNG Un TQOONUOOUEVWV
axegalwv, 6mmg Tov Eégoupe, eival emions xao a8eoLoTis meoonrAcuEVOVY aBuav, 6Tov ovtol
ToQ{0TOVTAL HE RMOKO CUUTANQDOUOTOG-2, 1aL OTAV TO ABQOLOUA TOVG XWEA VO TTO.QAO0TAOEl ®alL
ovTo pe Tov (0o A »al To dto TANBog bits.

I v omddelEn Ba xonoLUoToL|ooUE, OIS GAIVETOL OTO TAQATAV® OYNUOL, TOUS AXEQOLOVG
Ay nou By, mov amotehov TV gounveio Tov Ag nol Bg wg pn mpoonuaopuévav aotdpmy: dniadi,
omwg Eégovpe, A, = Ag + 2" Otav Ag<0, ahhoudg A, = Ag —-»ou opoiomg yid tov By. O abgotothg un
TQOONUAOUEVWY VITOAOYICEL TO Sy, = (A,+B,) mod 2", 10 omolo 0T CuVEXELD EQUIVEDOUUE OOV TOV
TOOONUAOPEVO aOOUO Sq, dNA. Sg = Sy, tav Sy;<2™ !, alhowbdg S = S, - 2™ H Paowi Wdéa g
amddelENg elvan m eENG: apol 0 A, eivan elte A eite Ag + 2", naw o By, elvou eite By eite Bg + 2", 101¢
10 GBpotopa (Ay+By) Ba eivar: A+B+P, 6mov P = eite 0, eite 27, eite 2", Emopévog, adotd to
abporopa S, vrohoyiCetar mod 2", 0 60og P Ba detiyer, vouw Oa pog péver to dbgotopa Ag+Bg. Tid
é e atOdELET|, TEETEL VO, EEETACOVIE TTIQOOEXTIXG TIS TIEQLOYES TLUMV TV TTR000eTéwV %o
Tov abgoiopatog, OTWS Ba ®AVOUUE TMOA, XWELOTA VLA TIS TEOOEQELS TTEQLITTMOELS:

(o) Oetiedg ovv OeTixo: Tonai ] e R onet
‘Otav oL &0 mpoabetéot, Ag waw By, eivar Oetinol 1

undévV o dev Eemeovoy tov aptdud +2%1-1, tote
Ay = Ag now By = B, doa now Ay+B, = A¢+Bg. H
vnoBeon Tov OewENuoTodg poag elvor  OtL TO S
aBgolopa Ag+Bg pmogel va mogaotabel pe n bits og oN A 4
podn ouvpminodpatog 2, Goa 1o Ag+Bg dev -

mod 2"

+A n Vo
/ n-1 / / 2ALY DA 2 v
Eemepvd 1o +2"-1. Katd ovvémewa, zoL 10 S = S

A +By, dev Eemeovd 1o 2™ -1, emopévog S, = S <2™ 2"-B *Blan_a4B
IS¢ authv v megloxd}, pwe, Sq = Sy, Goa Sq = S 5,
= A +B, = A¢+B [OEA]. 3

A & N c
(B) Octinds ovv Apvitxd, ue Abgowoua Octind 1§ Fo-oi--—-1 ! 3 7 «
Mﬂéév.‘ E E g
‘Eoto 61 As = +A nou BS = -B, 6mov A nou B elvau 0+--—-—--+--—-—-

Oetivol ov dev Eemegvoiv o 42" 11, navo Aeivan | -A+B | | | N
ueyalitegog 1 {oog tou B, dmwg daiverar oto A— 1 A
oyfua (edTor dvo GEoveg). Emedi) AS>0, éxovpe -A-B -A-B

A=AEA ot v GAAN pegud, By<0, doa B, = Be+2" = 2"-B. O pn mooonpaouévog afooloths
voAoyilel to GdBgowopa S = A + (2" - B) = 2" + (A-B), 10 omolo dpwg eivan peyalitego 1 (0o Tov
21, emeldn) o A elvon peyoahitegog 1) (oog Tov B. Aga, S, = S mod 2" = (2" + (A-B)) mod 2" = A - B.
Enetdf) Sy=A-B dev Eemeovd 1o +271-1, O givan Sg = Sy emopévarg, Sq = A-B = A+B, [OEA].
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() Octixeds ovv AgvnTxd, ue ABoowoua AQvnTixo:

"Eotm 6T A = -A now Bg = +B, 0mov A Betivdc, B 0etunds f| undév, A>B, 0 A dev Eemeové to 27,
nou 0 B dev Eemeovd 1o 2™ -1, Ze awth) myv meoimtwon, éxovpe: A, = A+2" = 2™-A, xar B,=B=B,
Omwg Palvetal 0To oxNua, 0T UETAPOoN atd TOV TEMTO 0TOV TE(TO GEova Twv aldumv. O un
oo uaouévog abgolotig vrohoyiCel to dbgoopa S = (2" - A) + B = 2" - (A-B)- ene1df) A>B, to
abpotopa autd elvor uxedteQo tou 2", doa o abgolotilg To Pydlel avtotolo: S, =S = 2" - (A-B).
Emewdn) o A dev Eemegvd to 27110 (o wyber wow yud tov (A-B) emopévarg, o Sy elvau
neyohitegog 1 toog tov 2™ ‘Evag tétolog ) mooonuaopévos aotbpoc, eQUIVEVONEVOS OF
2OOLOTTONON CUUTANQEMONOTOG-2, O eQuNnvevTel oav 0 aEVNTIROG aELOPOS Sg = S, - 2" = (2"-(A-
B))-2"=-A + B = A+ B, [OEA].

(0) AovnTnds ovv AQvnTHro:
"Eotw 011 Ag = -A »au Bg = -B, 6mov A xou B givan Oetirol mwov dev Eemegvoliv, o0te autol ote To

GOooLopd Tovg, Tov aodud 271 Tote: A, = Aq+2™ = 2™-A, nou B, = Be+2" = 2™-B, 6mmg paivetat

0to deELO GEova Tov oyfpatoc. O pn mpoonuaouévog 00goloths voloyitel to dbgowopa S = (2"-
A) + (2"-B) = 2™ _ (A+B), 10 0moio dpwg elvar petaEh 2M1on-l = angon-l gy 201 Apa, eneldn
0 afpototic Pydler udvo n bits, Bo ydher tehxd: S, = S mod 2" = 2™ - (A+B)) mod 2" = 2" -
(A+B), 10 omoio eivar petakhd 2™ xow 2"-1. Se autihy ™V mEQLoY TV, Sg = S, - 2" = (2" - (A+B))
_2"=_AB = A, + B, [OEAL.

6.5 Evpeon tov Avtiférov evog AgiBuov

Awmotdoope  OTL  UTOQOUUE Vo TTROCoOETouE
TOOONUOLOUEVOUS axegpaiovg o€ LoQd
OUITANQMUOTOS G TTQOS 2 YONOLUOTOLDMVTAS TOV (L0
00Q0L0TH] UN TQOONUOOUEVWV  axeQaimVv mou 1o
elyape. TIlooxewévov, TMEM, VA RAVOUUE %O
odolgéoels, To pOvo mov yeewalouaote eivor d
péBodog va Poiorouvpe Tov aviiBeto aQlOud, -B, evog
doBévta apuotd B. Otav amoxthoovpue wd tétola
péBodo, Oa wrogotue va rdvovue v adaigeon A-B
uéow tng meodobeong A+(-B). Ty Tnrovuevn pébodo
pog ™ diver M magationon tov oxfuotos: ‘Eotw B
évag  TQOONUOOUEVOS — axéQouog  Of  HoQoN
OVWTANQMUOTOS-2 1e n bits, xar €éotw B' o emiong

TOOONUALOUEVOS OEQOLOG OUUTANQMUOTOG-2 UE n bits s bs by bg by by by

IOV TEORVTTTEL Ad Tov B avtiotoédovrag 1o ndbe bit ATt AT T
tov. Tov agOud B' tov Aéue nat "ovumdiowuo tov B
w¢ mpog 1" (1's complement), emeld) »d0e véo bit elvar 1

peiov to mohatd bit. Eto emdvw UEQOS TOU OYNUOTOG B_} b, by b by by by by bo

datveror 0 TQOYOG TWV TPOCNUACUEVDV QQLOLMDV THG 1
§6.2 pe onueltwuéva emdve tao Levydoa B - B' aplOumy B =00101101 +
ov elvol 0 évag TO OUUTANQWMUA-WG-TTQOS-1  TOou B =11010010 Jv(n
drkov. B+B = 11111111 ="-1"  'g

ElUxola PAéner vavels 6TL To mpoonpaopévo dbgotopa Twv B + B' woottal wdvta pe -1, apov €yel
™V avomodotaon e 6ho doooug: 1 mpdcbBeon evog bit 0 pe éva bit 1, ywoig xoatoluevo
elo0dovu, divel mdvto aBgowopo 1 xar xgatovpevo 0 (xonolwomoloaue Ty WoTNTo. OTL OL
mpoonuacuévol aolbpoi B zal B' mpootiBevronl pe Tov idlo todmo O0mmws TQocHETOULE KOl TOVG [
TEOONUACUEVOUS aLBpoUg, Omwg amodeiEape oty moonyoluevn magdyoado, 6.4). Adol B+B' =
-1, mgoxr¥mteL 6T B+B'+1 = B + (B'+1) = 0, doa o agiOpoi B »at (B'+1) eivon alyePownd aviiBetol:
(B'+1) = -B -vmd Ty mEoumdBeon OtL To0 ABgowopa (B'+1) umogel va mapaotabel oe
ovprMjowpo-2 pe n bits, dMhadh 6t to (B'+1) Poloxreton petakd -2%1 won +271-1, modypa mov
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woybeL TavTa exTOg TG Tepimtwong B' = 4277121 = 0111...111, dnhadf extéc B = 1000...000 = 271,
adod toTe 0 -B = +2"! dev pmopel va mopaotabel pe n bits o poodT oVUTAOHOUATOC-2.

Emopévac, auvolxd, 6tav B eivan axéoaog oto dtdotnua [-(2"1-1), +2™1-1)], tote 0 alyePorog
ovtifetog Tov, -B (7ov emiong avijxel 0to 1dlo dLdoTnu), 08 TAEAOTAOT CUUTANQMUATOS-2, Elval
o B'+1, dnhadi] o aoOudg mov EOXRVITEL Q0 TNV TTOQAOCTACY CUMTANQMOUOTOS-2 Tov B av
ovtoteéypovue 1o rdbe bit g maL oty ovvéyxewn mpoobécovue Tov aQud 1 (uéow
TEOONUAOUEVNS TTROOoOEON S, MOV, Otwg €xouue OelEeL, elval 1) (Ol pe TV Wi TROoUOOUEVT IOV
oYvOOUE TO ®QaTOUUEVO EEGDOV).

Aoxnon 6.6: Agvnuixoi AgOuoi xot Apargécerg

[Kévte tv 7oLy 10 €0yaoTQLo ®ol TAQAdMOTE TNV UE TNV AvodoQd 0ag.]

(o) XQMOLUOTIOLNOTE TIS TAQOOTACELS CUUTANQMUOATOS-2 TOU OYNUATOS TS §6.3 Yid va ®AVETE TIG
TOQANATW TEOCHECELS LECH TOV YVWOTOU aAyOolOuov W) Teoenraouévis meocdeongs, e 8 bits
1OL AYVOMVIAS TO RQOATOVUEVO €EOOOV, nal emPEPaLdoTe 0TO denAdIKO OTL TO ATTOTELECHO E(VaLL
OWwoTH: 324(-1), 15+(-3), 24+(-5), (-1)+(-1), (-4)+(-1), (-127)+126, (-127)+127.

(B) XoNOoLHOTOLNOTE TIG TALQAOTAOELS GUUTANQMUOTOS-2 TOV OYNUOTOS TG §6.3 Rl TNV TOQATAV®
péBodo gbgeons tov avtiBetov evog aEPoD, Y& va Poeite ta eENG aviiBeta, nal emPePformote
™V 0006 TA TOV amoteAéopatos: -(127), -(126), -(5), -(2), -(1), -(0) -(-1), -(-2), -(-3), -(-124), -(-126),
wou -(-127).

6.7 IMgooOadparpéteg

Ztovg vmohoywotés ovviOmg Poloner novels "moooboadougétes" (adder/subtracter) axegaimv,
nurhdpoto dMradn mov pumwoolv va xdvouv elte mpoobeon elte apaigeon. To rixnlwpa avtd
NOTOOXREVALETOL TTOAD EVROAA ROL [E XAUNAO #OOTOGC, Le PAoN Evav aBQOLoTY| [ TIQOOTUAOUEVWY
oaxegalwv (§5.4), 6mwg delyvel To oyfua. O abEoloTig Ppalvetar 0To ®ATW HEQOS TOV OYTUOTOS: TO
oVOpPord Tov eivanr éva TEaméClo pe wa eooyn, €tol mov va Ouuiter 6TL maigver do AEEelg
dedopévarv, tig ovvOudlel, now Pydler plo AéEN-amdvtnon: péoa oto teaméllo yoddetor TO
ovpporo "+" yid va Egxyweilovue avtdv Tov abolot] amd GAA ®URADUOTO TOU RAVOUV (o)
ahheg modEelg mhvw otig 000 ew06doug tovs. To wirhwpo €xer 600
elo6dovug dedopévav, A nor B, pio eicodo eléyyov, add/sub, xow pia
€€000 dedopévorv, S. ZvvilBwg to dedouéva elvor mEOOMUAOUEVOL
oQLOpot, ahhd pwooel vo xonolpomon et xou pe un mpoonuoouévovs. H
etoodog A didetan otov abgoloti) wg €xer M elcodog B, dpmwg, GpTdvel
otov 000oLoTi) pe pio amd d00 dLaPoeTnéc LOEPES, CUUGWVA UE TO TL
emhéyer évag molvmhéntng 2-oe-1: eite autovowo M AéEN B, eite 10 n
OVUWITAEWPG TS g og 1, B'. O Paoinds abgoloti|g moémet vo. 0éyetal
2QUTOVUEVO €L00d0V, C;py. Otov ndvapue mdO0Oe0T TO %QOUTODUEVO OVTO
eLo0dou ftov mavia 0, xoL yU' autd UTOQOVOUUE VO TO CYVOT|COUUE
YONOLMOTIOLOVTOS Evay Nadoototy) yiud ta deEd (LS) bits, Ouwe dm Oa
TO YQELLOTOVME OUTO TO AQATOUUEVO €10600V, (oo YoelalopooTe
m\Noels aBpolotég otig B€oelg OV TV bits --rat Tov LS). T'd va »dver
To ®Onhwpua 16c0eo, S = A+B, Bétoupe ™V €i0odo eléyyov add/sub = 0- avtd xdveL T deltegn
€(00d0 tou abgoloti va oltal ue B, #al to xeotoluevo 06dov va. givar 0, 0mwg axolpmg
OMAadn moémer yud va yiver  mpodcOeon A+B. I'd va ndver to nixhopo adaipeon, S = A-B,
0étovpe TNV elcodo eléyyov add'/sub = 1- avtd ®ndveL T devTeET €i00d0 TOV 0OQOLOTH] VO Elval TO
ovuwijowpo B', ®ow 1o ®patotuevo eloddov va givar 1. Aedouévou OTL TO ®QATOVUEVO €L0OOOV

éyeL v (S onpovdTta, 20, pe Ta SeEid (LS) bits Twv aoubudv e106dov, Ag xou By, ota omoia

add'/sub |

0L JQOOTIOETAL, TO VO LOOUTAL TO %QOTOUUEVO €10000V avtd pe 1 toodvvauel pe to va
meootifetal 0 aQBpos 1 pali pe tovg do mpoobetéoug, A nat B'. Emopévmg, 1) €éE0doc S = A + B!
+ 1- Eégoupe Opmg, amd Ty §6.5, 6TL B'+1 =-B, doa 1 €000 S=A + (B'+1)=A + (-B)=A -B.To
ovopo Tov onuatog eréyyov, add'/sub, elvor ratdhAnia yoopuuévo mote vo pag Bupiler 6t dtav
ovtd elvor adndéc (1) to ruxhopo xndver "sub" (adaipeon), evdr otav avtd eivor Pevdég (0),
OnAadm add' Wevdéc doa add ahnbég, Tote TOo nOUAOUA Vel "add" (pdaBea).
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Ieipana 6.8: Terpapmrog ABgorotig

m o I O o O O
MNPOXOXH!: 70 chip avtov T0V TELOAUATOS Eyel TA pins m 9 o O ’J—?W @ <@
T00¢0d00ias oe mapd&evy, un ovupatixyy Béon. Svvdéote Ta [16 15 [14 [13 102 [11] 0 [9]
TOAV moooEXTINd, allotds Oa xdipeTe TO chip! %
210 melpopo autd Oa yonopomowoete To chip "7483" To omoto ) 7483
elvan évag tetodumrog Ovadwwds abgolotic: mepiExel 4 )
mANoels aBoloTég (Tou evog bit naBévag), e To RQATOVUEVA S
Toug ovvdEdepéva og dv olvoida. Aemtopepeic minoodpopies  [1][2] [3] [4] (5] [6] [7] [8]
Y& to chip auvtd pmogeite vo Peeite ot OwebOvvon mov Q H F P jJ b obx
avépeoe M §3.3. Toodbodotnote T €106dovg dedouévarv amd +

TOUG 8 JLanOTTTES TNG TAOKETAS ELOOOWV/EEOOWV, HOL CUVOECTE  Caution: unconventional GND/VDD!
5 LED's otig €E6dovug, 6mwg oto oynua. Elleiyper emagumv
dlaxomtdv €100d0ov, ouvdéote TV €(0080 %EATOVUEVOU TOU

aBgototi) o o amd Tg Tdoels TeoPodooiag e Eva oloua l l l l l l
IOV UToQEite vo. 1o evarhdoete yewpoxrivnto uetoE0 yig (0) N O ™ o
no Betivov (1). Iow $ptdoete 0To €0YAOTIOLO, CUUTANQMOTE << @ m
TOV TOQOXATM Tvaxa, Omov ol {{emdueves yoauués}} elval: c4
1111+ 1111,0101 + 1110,0101 + 0001, 0101 + 0000, »o OheS pe
Cin=1. Ztov mivaxo avtdv, Ain, Bin, xat Cin givow ot dvadinéc MS
eloodor tov abgoiwott Au+Bu+Cin elvar 1 eounveia TV
ELOOdMV RAL TNG OVAUEVOUEVNS €EO00U OUUPWVA HE TOV
noOdMo. U meoonuoopévev  aolbumv-  S(5b) elvar 1
ovapevopevn mevrapmty €Eodog tov abgoioti) (dBgoloue P TEOONUACUEVOV ELGOdMV), ROl
TOETEL VO CUUPWVEL [LE TNV TTQONYOVUEVY OTHAT.

LED.3
LED.4=-+—|S3

Ain Bin Cin Au+Bu+Cin S(5b) As+Bs+Cin S(4) Bin' =Bs' As-Bs'=S(4)
0010 0011 1 2+3+1 =6 00110 2+3+1 =6 0110 1100 -4 2-(-4) =6
0010 1011 1 2+11+1=14 01110 2-5+1 =-2 1110 0100 = +4 2-(+4) =-2
1110 1111 1

{{emdueveg YPOUMEC}}:

As+Bs+Cin glvor 1 ggunveia Tov el00dmV %ol TNG AVOUEVOUEVTS EEG00V CUIPWVO UE TOV RDOLKA
OUMITANQOUOTOG-2 TQOONUACUEVWV alBUOV- S(4) elvor 1 avapevouevn TeTodumty €£000g Tov
00goLoth (A0QoLopO TTEOONUACUEVOV ELGOOMV), ROl TQETEL VO CUUPWVEL [LE TNV TQONYOUUEVY

othn. Bin' elvar To ovpsAompo og eog 1 g e106d0v Bin - Ain - As Bin' = Bs'
ag Bewefioovpe and 'dw now nEQa 6TL AVTO MTav N agxxl  ‘QMN A B C DE
el00d0¢g evOg 0pOLEETT), LY €vag avIloTodéag dmael To Bin
otov abpoloti], »ou Bs' elvar 1 ggunveio avtot tov Bin' cav g
TEOONUaoUEVOY 0 QBpoT: As-Bs'=S(4) elvar m eounveia g ?? %
TAENS ToV (GavTaoTino) adoQéTr, ®oL TOETEL VA GUUPWVEL B
ue ™ ot S(4). Xto €0ynoTtioLo, emoindeote MEOUOTHE Toour-o Vo o — o 1.+
g €E6dovg S(5b) wor S(4) touv mivaxra. Mnv yohdote to L +m @ %o |
HORAOPA 00 OTAV TELELDMOETE: O TO YQELAOTE(TE 0TO TElQOLLL C4 v o - ©
6.9, N BN n o o
MS| | | yLS

Ieioana 6.9: ToooOapargétns ue XOR 5 523838

o e M Bl s
O mpooBadargétng g §6.7 umopel evorhantnd  va +

vhomomBei pe mhheg amoxlerotwot-"H (XOR), 6mwg paivetan
oto oyNuo Oimha, avil avilotQoPpémv xor molvmiéxty. O
AOYog elvar 6t ov moheg XOR divouv otnv €€000 Toug TNV
MmN €toodo Otav m devtegn etoodog elvar 0, eva divouv
otV €E006 TOVg TO CUUTANQWUA TNG TEMTNG ELOOOOV TOUG ﬁDW a
otav 1 Oeltepn eioodog eivar 1. PTdEte évav tetpdumrto

1e000adaLQETY,  XONOLWWOTOLMVTOS TOV  00QOoLoTi]  TOu 1][2] u#
TEONYOUUEVOU TTELQAMATOC 6.8 naw €va chip muAdv XOR (7486)

omwg avtd tov mEpduatog 5.7- yid OeurdAvvVon oag, M

OLdtakn axrgodextv tou emovalappdvetor oto oxfuo €dm. IMow ¢tdoete oto €QynoTNQLO,

]
N
=
B
]
]

U
U

/
\I
~
0]
(o]

D

=
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HAVTE TO OYENAYQOUUO CVUVOEGUOAOYIOS TTOU OEYVEL TTOLG CUYREXQLUEVA pins TTOLOU chip TEmEL Vo
ouvO€oeTe MOU. XTO EQYAOTIOLO, XOTOOREVAOTE TOV TQOOHAPALQETY, ®OL ODOTE TOV TIG ELGOOUG
Bin' tov mivaxa tov mogoamdve mewpduotog 6.2, pe to oo add/sub = 1, o0Twg Mote va
OO TMOETE TG AVTES OL OpoQéoEls Yivovtor omotd. Metd, yvpiote to ofjuo add'/sub oto 0
(mpb0o0eo™), nOL HAVTE RAMTOOES TQOOOECELS YIG VO OLOTLOTWOETE T OWOTY A€LTtovQyia --Tr.y.
nAVTE TG TQOOHECES TV OV0 TEAOTWV OTNAMV TOU TAQATAV® THVARA, YWQIS RQATOUUEVO
€Lo000U aUTH) TN GOQd.

Ieigana 6.10: H oroveimdng I0éa tov Flip-Flop

10 meipapo 2.13 elyoape Oel 6TL TaL xURADOUOTO pe OeTint] avadooaon éxovv ouvihBmg d0o otabegég
HOTOOTAGELS, %L £TOL YENOLULOTOLOTUVTAL OV v UeS. To armhooteQo ®OrAWUO AOYIXDV TUADV TTOU
éyxeL Oetnt] avddoaor eivar d0o avtotgodeis (tiheg NOT) cuvdedepévol ®urnMrd MOTE Vo
T0p0d0TOUV 0 évag Tov dAhov, Omwg oto oyxfua. H avddoaon eivar Betixt emeldn) d0o aQvhoelg
navouvv pio ratdpoaon. Ioodavag, to rdxhoua avtd €xer d00 otabegéc rataoTdoels: (i) O
0010teQO5 ROPUPOg pumoet va eival 0 xor o 0eELdg 1, 1 (ii) 0 0LoTERdS ROUPOS umoet va eivar 1
%o 0 0eELog 0. To ninhwpa avtd amotelel T Pfaowxi) Wéa tov flip-flop, dOnhadi] Tov oToLKELDHOOUS

HUTTAQOV YNPLOKNG LVIUNG.
Kataorevdote 10 »0xhopo autd GTO €QYOOTNQLO, ®OL CUVOEGTE OVO —[zj‘
LED's otig €éE6d0vg Tou. Xenotpomotote 800 amd Tig whheg evog chip

7404 (PA. §3.3). To ndnAwpo avtd dev €yl eEmTeQLHES EL0OOOVG, 0OV T PEEEE
nd0e eloodog mOANG Tou Oodnyeltan amd wdv AGAAn mhin Tovu! ’
Emopévag, dev pmogeite va tov arlhdEete Ty ratdotaon tov. Zpiote

noL avayte TV 100¢p0odooio TOAES POEES, ®OL TAQATNQTOTE AV TO 4

nOrAopa "onravetal" dvta oty (dla xaTAoTooM, 1] TOTE 0T UL ROL HTZI 73 3 [l 9 [3] [6]

LEDO
LED1

note otV M. (AV To ®nUxhopo elvar eviehdg "oupuetowd”, oamd [ A

nhextouri] oy, Bo "mEPTel" pe mboavotnta 50% ot plo votdotaon | S \-DOJ

%ol 50% oty GAAn, cav ud pmiho mov TNV tomobeteite anguBmg ) 7404
LOOQQOTMUEVT OTNV ®OYT EVOS Evoadlov, %L auti) médtel moTte amd m %
wé ron woTe amd TV GAAYT v OUmS TO ®UXAWUO €YEL £0TM RAL UioL TTETETATE e T
oavemaiobnTy (Mhextour) aovpuetoia, Tote Ba mEbTEL ovvnBwg amd [ll2](s]4]1s]e] #

™V Ol "mhevod").

"Evag -—-mumoQdvopog...-- teomog v emeeedoovue v xatdotaon tou flip-flop (ue v
Te0P0d00ia avauévn) eivar va, axovustnoovue "otrypaia Tov évov ammd tovg 000 ®OpPoug Tov
ne éva ovoua Yelwuévo, 6mmg delyvel To oyxnua pe to notonodouda BérN. (Evariontind, To ovgua
Ba pmopovoe va ovvdéovtav ral oty Betint] Teopodoaia). (Fevind, o' éva TuxdV nOnhoU, elvol
TOM) %00 va oaxovpmtds v €E000 A mOANG ot Y1 ) otV Teododooia, dLoTL dtav 1 €E000g
mpoomofel vo doeL TNV avTiBeTn TIUY] atd AUTIV TOV TNG AXOVUTTIAUE, XOT' ovoiav TEoralovue
Poayvrinhoua now vregBéouavorn, pe mbavo rdyuo av ovveylotel Y TOMNYV woa- €M,
EUTVY (MG, T EAYUaTa eV elval T000 nanrd: 1o Poayurinimpo dtagrel erdylota ns LOVO, LEYOLS
o6tov 1 véa T ov avtd empPdier eEwteQurd naveL v "BOATA" TOU RURADOUOTOS Rl AALAEEL
®atd v O poed ™V T mov M mOAN mEoomaBel va ddoer oty €E000 tng £ToL, M
vreeBéouavon elvar oAU uxef). Axouvpmnote tov évav xwoufo, xror Oglte OTL auéowmg 1
avtiotoyyn LED offver naw 1 dAAn avafel. ATopoxQUVeETe TO CUQUO ROl TALQATNQT0TE OTL TO
nOrAopo pével exel mov to adnoate, ONAadm £xel mviun. Emovaldafete amd v GhAn mhevod.
‘Otav 10 axotpmmpa eivor amd v da mheved mov eivon H1OM ofnoth, avtd dev éxel emidoaon:
otav elval amd v AhAT, ToTE €xel. AvTi| etvan 1 Pacurt| (xerpoxriviey) wWéa tov flip-flop Tomov RS,
TNV OUTOUOTOTOMGT TNG OTolaS (e TTUAES AVTL 0ROV T LATOS CVUQUATM™VY) Ba doU e OTO ETOUEVO
€QYOLOTI|OLO.
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