Lab 6: Signed Add/Subtract, FF (U.Crete, CS-120) http://www.csd.uoc.gr/~hy120/07f/1ab06_sub.html
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[BiBrio (Wakerly): mpoaipetind pmopeite vo dapaoete Tic mapaypdeovg 2.5 - 2.6 (ceAideg 41-52)].
6.1 IMorhamraocrocpog, Alaipeon), kol YTOAo1wo pe dvvapels Tov 2

Onwg oto dekadikd cvotnuo o molhamiaciacpog eni 10, 100, kiw. sivol moAd amiog, £Tol KoL GTO
dVadIKO 0 TOALUTAAGIOONOG ETL dUVANY] TOV 2 avTioTOLEl 68 amAn apioTepn oricOnon pe yéuoua
undevikov omd de&ud. Ovtmg, av B etvor o dvadikdg aptBudc by-1bp-2...bab1bo pe n bits (§5.1), 161 10

YwOuEVO ToV Emi 2 eivan:
B2K = b2 DK oDk ) 02K o 1K 0tk
= b1 2" 22 b2k ok 4 02K 4 02K 4 102! 4020

Bdoet g tehevtaiog ovthg 160TNTOC, 0 AptBpOg B2k évamapiotator oto dvadikd pe ntk bits ta omoia
eivat: To n bits tov apBpod B "olcOnuéva" apiotepd kotd k 0écelg (dnhadn pe TN ONUOVTIKOTNTO
kaBevog avénuévn xotd k 6écelg), axkorovBovpevo amd k pndevikd. I'id moapdderypo, o apOpog 45
(dexadwko) = 101101 (dvadko), morramracialdpuevog ent 16 = 2% Siver 45x16 = 720 (dex0d1K0), TOL GTO

dvadkod givar: 1011010000. Zto dexae&odikd, o TpmTog aptduog (45) givar o 2D, kat to yvopevo Tov emi
16 (emi "10" o010 dekaeEadkd) eivar: 2D0.

Kot' avtictoryo tpodmo, n owipeon o dvvapn tov 2 avtictoyel oe dg€id oricOnon: ta Arydtepo
onpoavtikd bits Tov apBpov, mov "ekdidkovior' amd Tn 6e€d dKpr TOL, ATOTEAOVV TO VTOAOUTO TNg

dwipeongs. ['d Tov mapomdve apBpo B, n dwipeon tov dud 2K siven:

B /2K = (bn1 2D K 4 by 2@ DK b2l + b2 + (b1 2KT + L+ b2l +bp2%) /2K
O TPMOTOG OPOG TOV TAPUTAV® AOPOIGLUTOC Eivol aKkEPALOg APOUOG, EVE O dEVTEPOG Eival KAUCUOTIKOG,
HIKPOTEPOC TNG HOVADaG 1| UNdeV, dedOUEVOL OTL O aApOUNTNG (bk_1-2k'1 + ...+ b1'21 + b0‘20) glvon évog

dvadikoc apBuog e k bits, dpa Tavta HKpOTEPOSG TOV 2k Ko GUVETELN, O TPMTOG OPOG (T APLOTEPA
n-k bits tov apykov apBuov) eivor 10 aképato TNAike tng dwaipeong, Evd 0 aplBuUNnTHg TOV JEVTEPOL
Opov (ta de&ud k bits Tov apykov apiBuov) givar to vaodrormo g (aképatoc) dwipeons. [é mapdderypa,

0 opBpog 205 (dexadikd) = 11001101 (dvadiko), drapovdpevog did 8 = 23 siver mAiko 25 (dexadikd) =
11001 (dvadikd), ko vworowmo 5 (dekaduo) = 101 (dvadud). 1o oktadkd, o dwupetéog sivan 315, o
dwpétng etvon 10, to Tmhixo givan 31 (=3x8+1=25 610 dekad1K0), KOl TO VTOAOUTO £ivan 5.

Mié cuvnOiopévn €@aployn o©TOVG LTOAOYIGTEG €ival OTav [l peydAn pvaun, my. 256 Mbytes,
KOTOOKEVALETOL 0O KAUTOGEG --T.). OeKaEL (16)-- pikpdtepeg, peyéBovg duvaung tov 2 1 kabepia -0
peyébovg 16 MBytes = 16,777,216 Bytes xaBepio. Eqv pog {nmnbet va mpoomeldocovpe 1o Byte pe
devbvvon 167,772,560, o moidv omd Tig 16 pukpotepeg pvipes Ppioketar avtod kot TL dievbvvon péoa og
avtv €xel; [ va Ppovpe oe mowd pviun Ba to avalntioovpe, Tpémel vo dlopécovpe T devbuvon
167,772,560 du& t0 péyebog 16,777,216 10V EXPEPOVS LVNUDV, TOV G’ LTIV TNV TEPinTTOON pog divel 10
(dexadko) (mpokerror yid v 11n pvnAun, agod ot empuépovg puvnueg apBuovvtar 0, 1, 2, ..., 15)- 10
vroroo g dwaipeongs, 400 (dekadikd), pag divel v emBopunt| S1evBvVoT HECH OTIV EXUEPOVS VAT,
H &wevbvvon tov embountov Byte eivor 167,772,560 (dexadiko) = A,00,01,90 (dekoe&adikd) =
1010,00000000,00000001,10010000 (dvadwd - 28 bits). To péyeBog tng xdbe empépovg HvVAUNG
(drupérng) eivor 16 M = 224, apa 1o {ntovpevo Byte Ppioketar ot Béon 00...0110010000 (vorouwo
dwaipeong, onrodn de&d 24 bits g dtevBvuvenc) e pviung v’ apBpdv 1010 (Iniiko daipeonc, Sniadn
aplotepd 28-24 = 4 bits tng d1€00VVONC): LETOTPETOVTOG OTO dEKUOIKO, PAETOVIE OTL OVTMG TPOKELTUL Y1
) 0éom 256+128+16 = 400 g pvAung v’ apBpov 8+2 = 10.
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6.2 Xvotpoen (wrap-around) Avanapdotacns ApiOp®@v pe n bits

Mia GAAT €QUPLOYN TNE TOPATAVED TOPOTNPNONG CYETIKA E TO VTOAOLTO TNG dtaipeons 61 duvoun tov 2
etvau 1 epunveia Tov aplBuntikev tpdéewv e nenepacpuévo tAnBog bits. Ag pavtactovue Tt o1 aképaiot
apOpol Tov HobNUoTIKOY €0V Tapa TOALY bits --6c0, ypeidlovtal yid to péyeddg Toug-- oG gpeig
Kavovue TPAEelg W' Evay VTOAOYIGTH OV ExEl TemepacuéVo TANB0C bits, £6Tm n bits, kot yi' aVTO KPOTAUE
pévo 1o n Arydtepo onpovtikd (degud) bits tov "pabnpotikov" opiBpov. ‘Etcl, 6tav mpocHitouvpe
apBpovc (§5.4) p' évav abporot peyéBovug n bits, ayvoolpe (metdpe) To Kpatovpevo mov Pyaivel oamd v
aprotepn axprn (MSB), 8161t dev €yovpe Tov va to arodnkevoovpe. Enopévog, av A givar to mpaypatikod
(nobnpotikd) amotélespo TG TPAENG HOG, O VITOAOYIOTHG LOG TEAMKA Bo KpoTNoEL LOVO TO VTOAOLTO TG

daipeong tov A Sié 2" (mov cvvRBwg cupPoriletar: A mod 2").

Edv og avtd TOoV vmoA0YI0TY, LE TO TEMEPACHEVO TANOOG TV

n bits, apyico va petpd omd 1o 0 Tpog Ta TV, O6TOV ETACMH
r AN 7 7 , ’

otov apBpod 27-1, o enduevog aplBpdc Ba pavel cav va givor

wéAL o 0, ko petd Bo cvveyiow vo peTpA® TAAL amd TV

apyn, 1, 10, 11, 100, kKAn. To @awvoduevo avtd sivar cov va
. I3 r ’ n I3 ’

&xm éva Tpoyd pe meplUeTpo 27 Kot UE YOPAYUEVOVS ETAVO
n 7 , .

TOV TOVG 27 VRAPXOVIES OGUVOLOGHOVS TV n  bits,

de&ootpopa omd 1o 00..000 péypr 1o 11...111, wor va

TOMY® €MOVOD 68 oVTOV TOV TPoYO ToV A&ova TV apliudyv,

Omwg @aivetor oto oyfuo dimia yi n=4 bits. '‘Eotew o611
Eexwvdpe 10 TOMYHO €161 ®OTE O aképotog apliuds 0 va

ovpmécel pe Tov dvadukd kdduco 00...000. Tote, ot 2"
KOOIKEG TOV TPOYoL 0o GLUTEGOLV HE TOVG OKEPAIOVG

ap1Bpovs amd 0 émg 2"-1, g akpPdg kadopilet 0 YvmoToC

pog amd v §5.1 k®ddkag SvadiKiG OVATOPAGTOONG TOV U TPOoHUAoUEV@Y akxepaiwy. Otav dpmg
eEavTAOVVTOL Ol VIAPYOVTEG GLVOVAGHOL TV n bits, o1 mepatépw apBpoi (m.y. 16, 17,... oto oynua)
&youv "TuAytel" TAve oTovg 1d100G KMdKeg, 000, 001, Khr, Eavd amd v apyn. Av Aowmov il tpdcbeon

dhoet anmotéheopa amd 2" kot TV, TO ATOTELEGHO 0VTO, GTOV VIOAOYIGT e To. n bits, O potdlet ooy
&vag KkpOTEPOG aplBUOG --aVTOG TOV TPOKVTTEL 0o TO "TOAYpa". To @awvopevo avtd ovopdaletot "wrap
around" --meprtoMypo, meplEMEN, N ovoTpoPh-- TOV akePOiov aplBpuav yopm ond tov "tpoyd" Tov
TEMEPAGUEVOV CUVIVOGUDV TTOV £XEL TN SVVOTOTNTO VO TAPAGTHGEL O VITOAOYIGTNG.

Edqv tdpa Bempnoovpie Kot Tovg opvnTikovg optBpons, otov 1610 dEova TV aplBdy ToV GUVEGTPOULEVO
YOp®w amd TOV TPOYO, OM®G QOIVETOL OTO OYNUO, TOTE OMOKTOUE MG pEBOdO --évov KOOKa--
avomapAoTaoT S Kot apvnTiKov aptudv. O kodwkag avtdc, mov ovopdletot "cVUTAPOUE ©G Tpog 2",
YAPNOUYOTOLEITOL GNUEPO GE OAOVE TOVE VITOAOYIGTES Y16 TV OvamOpAoTUOT] "TPOCT|LOCUEVOV aKePainv"
(signed integers), kot €yel TOAD ONUOVTIKO TAEOVEKTAUOTO OTAOTNTAG EVOVTL GAA®V, EVOAAIKTIKOV
Kodikov. Ztnv kodnuepwvn pog {01 TOPIGTAVOVHE TOVG TPOCUAGHUEVOVG OKEPAIOVS YPNCILOTOLOVTIOG
Evay SLOPOPETIKO KMOIKA, TOV KOOIKA TPOCHUOL - amOAVTNG TWNG (sign-magnitude representation). H
KkatevBuvon avénong g amdALTNG TIUNG, OH®S, eivol allote de&loatpogo. (BeTikol apBpol) Kot GAiote
ap1LoTEPOSTPOQO. (apvnTIKOi aplBuol), Tave otov cvvestpappévo déova Tov aptdudv. Avty N oAloyn
QOPAG aENONG €L OOV GLVETELN, OTOV TPOGHETOVIE TPOCTLAGUEVOVG OKEPAIOVS TNV Kabnuepvi Lag
Con, dALoTE va TPETEL VAL KAVOLRE TPOGHEST KL AALOTE APAipEST TOV OMOAVT®Y TIUOV TOVE, Kot LAAoTO
TPV A0 TNV OQOIPEST VO TPEMEL VO GLUYKPIVOVUE TIC OVO AOAVTEC TIHEC YA vo fpovpe mowd givor
LIKPATEPN KO VO OPOIPECOVIE QUTV ATTO TV GAAN.

AvT' V100, 01 VTOAOYIOTEG akoAOVOOVY TOV TOAD amAoVoTEPO TPOTO TOL TNYALEL Amd TNV TAPUTAV®D
puéBodo g "ovotpoenc": emedn M (oAyePpikn) avénorn wdg TN --gite BeTkng eite apvnTIKNG--
avtioTolyel Tavta o€ 0e&lOaTpoPn Kivinorn mhve ctov Tpoyd, TPOKOTTEL OTL OpKEl TAVTO Vo KAVOLUE
Tpocheon kot povo, aveaptnTmg Tov av Tpochétovpe OetTikovg 1 apvntikovg aplBpotc! H diAin Pacikn
nwapatnpnon givar 6t  (ohyefpikn) erdttoon pidg Tipung, dNAadn n tpdcbeon evog apvnTikov aptBpod
--1.x. Tov (-1)-- OV AVTICTOYKEL GE OPLOTEPOCTPOYPT Kivnom Thvw otov Tpoyd --m.). Katd 22.5 poipeg
€0D-- UTOPEL VO TPOKLYEL 160dVVa Kol oV Tpdcabeon evog "peydiov" Beticod apBpod --tov 15 ot0
€00 Topadelyo, oV avtictolel o 6e&ootpoen kivnorn katd 360-22.5 = 337.5 poipec. Av Aowmdv
K®OWKOTOoOVUE TO -1 pe Tov 1010 kmdKa 6wg Kot o 15, tote 1 TPOGHEST AVTOL TOL KOJKA LE EVOV
teTpaumito afpoioth Ba pEpvel To 1610 amotélesa OTmg 1 Tpodcheon Tov -1.
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6.3 Kodwkag Xoprinpopotoc-2 10000000 —128

IIpoonpacpévov Akepaionv 110000001 -127 | +--;
3 évav vroloylot mov Asrtovpyel pe AéEeic Twv n bits kabepiol ERNEEC IR
MOAOYIOTH TC pYeL [ ' avepta, m 11111100 4| |
oVoTPOPY TOV okepaimv aplBudv Tpokoiel ™V emaveudvion g 11111101 -3| |
) -
iS¢ avomapdotaong kGs popd Tov Tpoywpovue Katd 2" mpoc Ta ‘HH}H? _? T
TAVO 1 TPOG To. KAT®. XT0 oy de&ld gaivetat éva Tapadetya yid 0 00000000 orE |
évay oktaumito vroloyioty. O kddwag 11111111, gpunvevduevog 1 00000001  +1 E 3
cav pn mpoohuacpévog axépatog (unsigned integer), moploTd TOV 2 00000010  +2| D |
apdud 255 (dekadko): dumg, o 1d10g kmdukag emaveppaviCetar 256 £ 2 88888%8 :2 |
0foe1c Mo nhvw, oto 255+256 = 511, 6mwg kot 256 Oéoelg mo kdtw, T N
ot0 255-256 = -1. H mapatfipnon avt givor 1 féon g dnpovpyiag &[126 01111110 +126
TOV KOSIKO AVOTAPAGTACTC TOV TPOCTLAGHEVOV OKEPAIDV. 2)127 01111111 +127
J)128 10000000 ¢
O kddikag "ocopminpdpotos g mpog 2" (2's Complement) mov L jgaﬂjgoog.)fq.oj.; ””””””
YPNOUOTOLEITAL CNUEPA GTOVG LROAOYIOTEG YA TV ovamapdotoon | 251 11111011 ¥
npocnuocpéveov okepoiov (signed integers), kmduomolel TOV 252 11111100 §
- , 253 11111101
apvnTikd apdud (-A), émov A peta&nd 1 ko 2" 1, pe TOV KOSKo U [[254 11111110 Ty
255 11111111

‘ P n _ AN ’ ;
TPOoTHOoUEVOL TOL okepaiov (-A)+2" = 27-A. 'Etol, oto oynua 00000000

deé16, 0 apBpdc -2 kmdkomoteiton dmmg o 2" - 2 = 256 - 2 = 254,

oniadn 11111110. Opoiwg, o -3 kwdikomotgiton 6T 0 253, 0 -4 6nwg o 252, o0 -5 kKwdwomoleital
11111011, oav tov 251, k.0.x. BAémovpe 4Tt 01 KOOIKEG TOV APVNTIKOV aplBudv ovédvouvy Tpog v ido
Katevbuven Tpog v omoio av&avouy Kat ot KMokeg Tov Betikmv aplBudv. Tovg Betikovg apBpoie and

0 ¢mg 2n'1—1, 0 KOJIKOG GCUUTATPOLUOTOS MG TPOG 2 TOVG TUPIGTA TOVOTOIOTUTO OTTMOC KOl 0 KOSIKAG TWV
L] TPOCNLOCLEVMV OKEPUIWV.

Y évav OKTOUTITO VLTOAOYIOTH] OTMG TOL TOPUTAV® TOPUSEYHOTOG, EYOLUE Tr dvvATOTNTA VO
K®OIKOTOUCOVE LOVOSTIUAVTO PEXPL 256 SlapOoPETIKOVG aKePaiovg aplBuoe: ot vtolomot apifpoi, Tov
"dev ywpdhve" og 8 bits, Ba anewkoviovior péocw cvoTpoPng o€ kdmolov and Tovg "Bacucodc” aplBpovg.
ATd TOVG GTMEPOVE OKEPAIOVS TTOV VITAPYOLVYV, TO10VG 256 B dradé&ovpe oav Tovg "Bactkods" akepaiovg,
7oL Ba ypnoylomotove Kot Bo Kodikomolovpe povoorjuavta; H andvinon e&aptator amd Tov KOO
nov gmiréyovpe. Eidape oty §5.1 4TL 0 OKTAUMITOG KAOIKAG U1 TPOSHOUGUEVOV OKEPUIWV TAPIGTAVEL
ToVG ap1Bpovg amd to 0 MG T0 255- yevikoTePQ, LE N bits, 0 KMOKAG AVTOC TAPIGTAVEL TOVG OUKEPOIOVS O

70 0 ¢ ko 10 2"-1. Avt' avToD, 0 KOSIKAC GLUTANPORATOG O TPOg 2, He 8 bits, emAéyovpe v TapIoTd
LOVOGTLOVTOL TOVG akePaiong amd -128 £wg kol +127- yevikdtepa, Le n bits, 0 K®OKAG AVTHS TOPLOTAVEL
TOVG aKePaiovg and Tov ol £€m¢ Kol TOV +2m 1y, Tig meployég avtéc T PAETOVE ONUEIWHEVES OTO
oynuo. pe oaykoles. Onwg PAEmOVUE, M TEPLOYN OVOTOPACTOCNG TOV KOOIKO TMV TPOCUAGUEVOV
oKepaiov givol oyed0V GUUUETPIKT YOP® 0mtd TO UNdEV, Kol £YEL EMAEYEL 0OVT®G MOTE TO aPLeTEPS (MS)
bit tov kddKa va gtvar 1 yid 6Aovg Tovg apvnTIKEVS apBovS Kot pwovo, Kot vo givar 0 yié 6Aovg Tovg
pn epvnTIKOUS aptBpods Kot povo, onAadn yid tov aptBpd undév kot 6Aovg Tovg Betikovs aplfpovg.

6.4 IlpocOcon llpoonpoopéivov Akepaionv As Bs
0€ LOUTANpOpa-2 ”A “B

Ocopnote évav vroroyloth pe AéEelc Twv n bits, kot évav afpoiot) pun  Cou S-A +B
TPOCTHOCUEVOV  aKeEpaimV Omwg avtds g §5.4, tov omoiov OHMG }Q = Rut Pu
OYVOOVLE TO KPUTOVUEVO €000V, KPATAUE OnAadn povo to afpoioua mod

S,=S mod 2"
2", dnhady povo to n LS bits. o amodsifovps OTL £dv 6TIC S0 £16630VG Unsigned  tn
QVTOV TOV 0BPOLGTN TPOPOSOTHOOVLE TOVG KMOIKEG GUUTANPOUATOS-2 dVO n-bit Sg= Ag + Bg

, , , n-1 n-1 Adder
Tpoonuocuéveoy akepaiov, Ag kot Bs, peta&d -2 kot 27 -1

KaBévac, Kot ev To (Tpoonpocuévo) dfpolspo Tmv dvo akepainv Ppioketal emiong otnv mepoy and

on-l €G Kol +2n'1—l, t6te oty €Eodo TOoL mopomdve abpolot Ba ep@aviotel 0 KMOKOG

CUUTANPOUOTOG-2 TOV (TPocNUacHEVOD) avTtoy abpoiopatoc. Me dlda Adywa, o abpolotig un
TPOCT|HLOCUEVODV aKepaimv, OTmg Tov Eépoule, eivar eniong kol aBporotig Tpoonpacuivov apldpay,
OTav oTol TaPioTAVTOL PE KMOKO CUUTANPAOUATOS-2, Kol OTAV T0 AOpoIGHd TovG Ywpd vo Topactadel
Kot 0wt UE ToV 1810 KOdKo Kot To 1010 TAn00¢ bits.

IMa mv amdoeién Ba xp1NGYLOTOGOVLE, OTMG PAIVETOL GTO TUPUTAV® GYNILO, TOVG OKEPAIOVS Ay Kot By,
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OV ATOTEAOVV TNV eppnveia Tov Ag Kot Bs ©g pn mpoonuacuévav opldpuav: oniadn, 0tmg EEpovpe, Ay
= Ag + 2" otav Ag<0, adhoidg Ay = Ag --kar opoing Y16 Tov By. O afpotoTic un mpoohHacHéveoY
voAoYilet To Sy = (Ay+By) mod 2", 10 0m0i0 GTN CUVEKELX EPLIVEDOVILE GAV TOV TPOGTILAGUEVO aPLOpd
Ss, ONA. Sg = Sy otav Su<2n'1, oALo1dG Ss = Sy - 2™, H Bacikn 18éa g amddeiéng eivan n eEXG: 0pod o
Ay eivar gite Ag gite Ag + 2", ko 0 By sivoun gite B gite Bg + 2", t01¢ 10 aBpotopa (AytBy) Ba eivor:

Ag+BgtP, 6mov P = gite 0, gite 2", site ol Emopévmg, agpod to dBpotopa Sy vroroyiletar mod 2" o
opoc P Ba. pedyet, ko Oo pog pével to dBpotopa AstBs. T'd s TAnpn anddeién, npénet va egtdoovpe
TPOGEKTIKA TIG TEPLOYES TILADV T®V TPOocsheTémv Kot Tov abpoicuatog, 6mmg o KAVoLpE TMPO, YOPIOTA
Y14 TG TECOEPELG TEPITTMGELS:

(a) Octikog ovv Oetiko: Torai e T [on+t
Ortav o1 600 mpocbetéol, Ag kot B, givar Oetikoi 1 undév

Ko 0gv Eemepvovv Tov apliud +2n'1—1, ToTE Ay = Ag KoL on+l_A Bl
By = Bs, apa kou AytBy = AstBs. H vadbeon tov "
Bewpnuotog pog sival 6t To dBpotoua AgtBg pmopel va
nmapootadel pe n bits oe pope copuTANpPOUATOC 2, dpo. TO a1

N

=1

|

o
mod 2N

Agt+Bg dev Egmepvad T0 +27 11 Kora ovvémeln, ko to S= 2n] T | I ,,,2,’1,,,,3\,,f\,,
AytBy d¢ev Eemepvd 10 2n'1—1, EMOUEVRS Sy = S <2n'1. e 2n-B jth*__zn_p\;,s

LTV TNV TEPLOYN, OU®G, Ss = Sy, dpa Ss = S = Ay+tBy = c
As+Bg [OEA]. %
£

(B) Octixoc ovv Apvitio, ue ABpoioua Octiko 1 Mnoév: s
"Eotm 011 Ag = +A xou Bg = -B, 6mov A ko B givat Oetikotl

7ov dev Egmepvov To +2n'1—1, Kot 0 A givon peyahvtepog ¢-B
N ioog Tov B, 0mwg @aiveror oto oyfuo (mpdTor dvo | -A+B__ | || _—
aEoveg). Emedn Ag>0, €yovpe Ay=As=A- an' v GAAn -A

peptd, Bg<0, éGpo By = Bgt2" = 2"B. O un

TPOSNLOGHEVOG afpOtoTiC voAoYilet To GBpotopa S = A + (2" - B) = 2" + (A-B), 10 omoio dpeg ivat
HeyobTepo 1 ico tov 2", eme1dn o A sivon peyardtepog i icog tov B. Apa, Sy = S mod 2" = (2" + (A-B))

mod 2" = A - B. Emedn Sy=A-B dev Eenepvd t0 +2n'1—1, Oa givon Sg = Sy emopévaog, S = A-B = Agt+Bg
[OEA].

(Y) Octikog ovv Apvitro, ue ABpoiouo. Apvytiko.

‘Eoto 611 Ag = -A ko1 Bg = 4B, 6mov A Oetikdg, B Oetikdc 1 undév, A>B, o A dev Eemepvd 10 2n'1, Kot 0
B dev Eemepva 10 271y s oauth TV TepinToon, éxovpe: Ay = Agt2" = 2"-A, kou By=Bs=B, 6mng
(QOIVETAL GTO GYNLO, OTN HETAPOOT amd TOV TPMTO 6TOV TPiTo dEova TV aplBpdy. O pun TPOSNUUCHEVOS
afpototic voroyilet To @Bpotopa S = (2" - A) + B = 2" - (A-B)- eneidn A>B, 10 d0poiopa ontd sivor
HikpoTePo Tov 2", Gpa 0 abpotoTic o Bydlet avtovcto: Sy =S = 2" - (A-B). Enedn 0 A dev Eemepvd 0
2n'1, 70 1010 1oyVeL kal Y14 tov (A-B)- emopévamg, o Sy eivan peyaAvtepog 1 100G ToV 201 "Evog tétotog un
TPOCTLOOUEVOG aplBUOG, EPUNVEVOUEVOS GE KOOIKOTOINGT CLUUTANPOUOTOG-2, Oo epunvevtel Gov o
apvnTikdg aptdudg Ss = Sy - 2" = (2"-(A-B)) - 2" =-A + B = Ag + Bs [OEA].

(0) Apvntros ovv Apvytio:

‘Eotw 6Tt Ag = -A xo1 Bg = -B, 6mov A kot B givar Beticol mov dev Egmepvolv, ovte avtol ovte TO
4potopd Tovg, Tov aptdus 2™, Tote: Ay = Ag+2" = 2™-A, kot By = Be+2" = 2"-B, 6noc ¢oivetor 610
de&16 dEova Tov oyfpatoc. O pn TPOCTUAGHEVOS afpotoTic vohoyilel To dBpotopa S = (2"-A) + (2"-B)
— ol o tlpn-l — pnpon-l gy 201y Apa, enedn o abpototig
Bydler povo n bits, Oa Pydiet Tedkd: Sy = S mod 2" = (2n+1 - (A+B)) mod 2" = 2" - (A+B), 10 omoio
glvan peta&d 27 e 2™ 1. 3e oVTHYV TV TEPLOYN TIHAV, Sg = Sy - 2" = (2" - (A+B)) - 2" =-A-B = Ag +
Bs [OEA].

- (A+B), 1o omoio 6pwg givar peta&n
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6.5 Evpeon tov Avtifétov evog ApiOpov

Awmotocopue ot Umopove va wpocHétovpe
TPOCTLOCUEVOVS OKEPAIOVG OE LOPPY] GUUTANPOUATOS O
Tpog 2 ypnowomowdvtag Ttov o abpoloty  un
TPOCTUOCUEVOV  aKepaiov Tov Non elyape. [Ipokeyévoo,
TAOPA, VO, KAVOLUE KOl OPOLPEGELS, TO LOVO TOL ¥pelnlOLacTE
glvan pud pébodoc va Bpiokovpe tov avtifeto apBuod, -B, evog
d00évta ap1Bpov B. Otav amokticovpe pid tétota pébodo, Ha
umopovpe vo  kdvovpe v aeaipeon A-B  péoo g
npocleonc A+(-B). Tm {nrovpevn pébBodo pag t diver
mapotipnon tov oynuatos: Eotow B évag mpoonpacpévoc
OKEPOLOG GE LOPPT CUUTANPOUATOC-2 e n bits, kKot €6t B' 0
EMIONG TPOCUAGHUEVOS OKEPOLOG CLUUTANPOUATOG-2 pe n bits

7OV TPOKVTTEL AtO ToV B aviiotpépovtag to kabe bit tov. Tov bs by by b ‘
apOpo B' tov Aépe xon "oouminpouc tov B w¢ mpog 1" (1's T
complement), ene1dn k4O véo bit givor 1 peiov o Takouod bit. % ? ? S% ?

270 €nAvVeD HEPOC TOL OYNUATOG POIVETOL O TPOYOG TOV — -t---b-meodeoopomcbo o dfee |

’—3 by b bs by b by by by

TPOCTHOCUEVEDV aplBudV TG §6.2 [e ONUEIOUEVO ETOV®D TO
Cevygplo B - B' oaplBuov mov eivor o évag 10
CUUTANPOUO-OG-TPOs-1 Tov dAAov.

@®
1]

00101101
B =11010010

11111111 ="-1"

Evkoho PAémel kaveic 0Tt o mpoonpacpévo dopotopa tov B B+B
+ B' woovton mavta pe -1, agod £xel v avamapdoToon HE

OA0 docovc: 1 mpdoheon evog bit 0 pe €va bit 1, yopig kpatodpevo g16ddov, divel Tdvta dBpoiopa 1 Kot
Kkpotovpevo 0 (ypnoomomoape v W10TNTo, 6TL 01 Tpoonpacpévol apiBpoi B kot B' apootifevton pe
oV 1010 TpOmMO OTMG TPOGHETOVLE KOl TOVG UM TPOCNUAGUEVOVG apBpole, Omwe amodeiape oty
Tponyobuevn mapdypago, 6.4). Apov B+B' = -1, mpokvntel 611t B+B+1 = B + (B'+1) = 0, dpa ot apiBpoi
B ka1 (B'+1) eivor adyeBpcd avtifetor: (B'+1) = -B  --uvnd v mpoimdbeon ot1 10 dBpoopa (B'+1)
umopet va, mopactabel o copmAnpopa-2 pe n bits, SnAadn o0tL 10 (B'+1) PBpioketor petald 2™
+2n'1—1, TPAYUO TOV 1GYVEL TAVTO EKTOG TNG Tepintong B' = 2™ = o111..11 1, dniadn extog B =

1000...000 = —2n'1, apov 10T 0 -B = 2" Sey umopel va mopactobel pe n bits oe popoen
CUUTANPOUOTOG-2.

Emopévmg, ovvorikd, 6tav B eivar aképatlog oto ddotnua [—(2“‘1—1), +(2n'1—l)], T6tE 0 OAYEPPIKOG
avtifeTog TV, -B (MOV £miong aviKEL 6TO 1510 J1AGTNHN), GE TAPACTUOT] GUUTANPOUATOC-2, givarl o B'+1,
dniad” o aplBudg Tov TPOKVATEL OO TNV TAPACTOCT) CLUTANPOUATOC-2 TOv B av aviiotpéyoupe 10
Kd0e bit g Ko 6T cvvéxela TpocBicovpe Tov apBud 1 (Lécw mpoonuacuévng tpdcsdeong, Tov, OIS
&yovpe oeiel, lvar 1 1010 Le TV U1 TPOST|LOGUEVT OTTOV 0LYVOOVLLE TO KPOTOVUEVO EEOS0V).

Aoknon 6.6: Apvntikoi ApiOpoi ko Agarpécers

[Kévte v Tpv 10 €py0oTiplo Kot TOpUd®OTE TNV LE TNV aVOQOPd GOG,. |

() XpMoYomooTe TIG TOPUGTAGEL CUUTANPOUOTOC-2 TOVv oyYfHaTog g §6.3 11d va kbévete Tig
TOPAKAT® TPOGHECELS HEC® TOV YVOOTOD aAYOplBpov pn wpoonpacpévne mpoéceonc, Le 8 bits Kot
ayVomVToG T0 Kpatovuevo €£650v, kot emPePatdoTe 6TO OeKadIKO OTL TO OTOTELECUN EIVOL COGTO:
32+(-1), 15+(-5), 24+(-3), (-D)+(-1), (-4)+(-2), (-126)+125, (-127)+127.

(B) Xpnopomomote TIG TOPUCTACEL, GUUTANPAOUATOS-2 TOL OYAUOTOG TG §6.3 Kot TV Topamdve
péBodo evpeong tov avtibetov evog apBuov, yid vo Ppeite ta e€ng avtibeta, Ko emPeformote TV
opBomTOL TOV amotedéopartog: -(127), -(126), -(4), -(3), -(1), -(0) -(-1), -(-2), -(-4), -(-5), -(-126), ko
-(-127).

6.7 IlpocOa@arpéteg

Ytovg vmoloylotéc cuvibwg Ppiokel kavelg "mpocBapaipétes” (adder/subtracter) axepainv, KuKA®pOTO
dnAad1| Tov PUmopovv va kdvovv gite pocheomn gite apaipeon. To kKOKAOUA 0VTO KATAGKELALETAL TOAD
e0KoAN Ko e YapmAd KOoT0G, pe Baon évav abpoilotr| pn tpoonpacpuéveov akepaiov (§5.4), dnwg delyvet
10 oyfuo. O aBpolotig eaivetal 6T0 KAT® PEPOG TOV CYNLOTOG: TO GUUPOAO Tov gival éva Tpoméllo pe
wd eooyn, étol mov vo Bvpiler 6t maipvel dvo AéEeig dedopévev, Tig cuvovdlel, kol Pyaler pio
AEEN-amGvinon: péoa oto Tpaméllo ypdoetar to cvuPforo "+" y1d va Egxwpilovpe avtdv tov abporot
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amd GAAG KUKAGOUOTO OV KAVOLV (ko) GAAES TPAEELS TAV® OTIG dVO €16000VG TOVG. To KUKA®UO £XEl
dv0o €16060v¢ dedopévav, A kot B, pia gicodo eréyyov, add'/sub, kot pia é£0do
dedopévav, S. Xvvibwg Tto dedopéva eivor mpoonpacpévor aptdpoi, oAAd
umopel vo ypnoonomBei kol pe un wpoonpoacuévovc. H gicodog A bideton
otov afpoiot) ¢ £xer M €lcodog B, oums, gtavel otov abpoloth pe pio amod
00 SLOPOPETIKES LOPPES, COUPMVA LE TO TL EMALYEL £VOG TOAMTAEKTNG 2-68-1:
glte avtovoia n AéEn B, eite 10 copmpopnd e og mpog 1, B'. O Pacikog
afpolotig mpémel vo dExeTan Kpatovpevo €16600v, Cipn. Otav kavape tpdcdeon
TO KPOATOVUEVO OVTO €160060V Ntay mavta 0, Kot yU' ovTO UTOPOVGAUE VO TO
OYVOIGOVLE YpNOOTOIOVTAG Evay Madpotot yud ta de&d (LS) bits, opmg
€0® Bo TO YPENCTOOUE OVTO TO KPATOVUEVO €16000V, (dpo ypelalouacTe
mpelg abpolotég otig Bécelg OAmv TV bits --kou Tov LS). Td va xéver to
KoK opo Tpocheon, S = A+B, Bétovpe v gicodo gléyyov add'/sub = 0- avtod
Kével 1N devTeEPN €160d0 TOL 0BpoiloT va eovtan pe B, kol to kpotovpevo g1co6dov va givor 0, dmwg
akpPog dnAadn mpénet yid vo yiver n mpocbeon A+B. I'd va kavel to KoK opa apaipgon, S = A-B,
Bétovpe Vv gicodo gréyyov add/sub = 1- avtd Kdvel ™ devTEPN €icodo TOL ABpOlGTH VA Elvar TO
ocopmAnpope B, kot to kpatoduevo €16660v va givar 1. Aedopévon 0Tt To KPOTOVHEVO €1GO30V £XEL TNV

i onuovTikoéTTa, 20, pe ta o0& (LS) bits tov apBudv €icddov, Ag kou Bo, ota omoio kot
TpooTifeTal, To Vo 1600TAL TO KPOTOVUEVO 10000V avtd pe 1 1eoduvapet pe 1o va mpootifetor o apfuog
1 pali pe tovg dHo mpoohetéovg, A kot B'. Emopévac, n €€0dog S = A + B' + 1+ Eépovpe dpme, and v
§6.5, 61t B'+1 = -B, dpa n é€0doc S=A + (B+1)=A +(-B)=A - B.

To 6vopa Tov ofuotog eréyyov, add'/sub, givor katdAAnia ypoppévo 2238 223
®ote vo, pog Bopilet 6tL 6T avtd givon oAnbég (1) To KOKA®UA KAVEL g [15 [4 fid [i2 [i1] fid [9]
"sub" (opaipeon), evd Otav ovtd etvor yevdéc (0), dniadn add' a
yevdég dpa add ainbéc, Tote T0 KOKAWU Kdvel "add" (mpdcbeon). &

) 7483
Ieipopa 6.8: Terpapmrog ABporstiig g

L2l 3] [4] [s] (6] [7] [8]
MPOXOXH!: 7o chip avtod 100 TEPAUATOS EYEL TO PINS TPOPOIOTIOS 299y 5B I
oe mopdcevy, un ovuPotikny Oéon. Xvvosote 0. TOAD WPOTEKTIKG, +

alloie¢ Oo kayete to chip! ) Caution: unconventional GND/VDD!
1o meipapa ovtd Ba ypnoyomomoete to chip "7483" to omoio eivan

€vag TETPAUMITOC dvadkdg abpolotig: TepiEyel 4 TANPEC 0BpoloTEG
(tov &vog bit kaBévac), e T KPATOVUEVE TOVG GUVOEDEUEVD, GE LAY l l l l l l
<< @ @

olvoido. Aentopepeic mAnpogopieg yid to chip ovtd umopeite va hd
Bpeite o d1evBvvon mov avépepe N §3.6. TpoPodotoTe TIG E1600VG +
OESOUEVAOV OO TOVG 8 SLOKOTTEG TN TAUKETOS €16030V/EEOdMV, Kol
ocuvvdéate 5 LED's otig €£000v¢, 0Tmg 610 oynua. EAlelyel enapkaov MS
SIKOTTAOV €16000V, GLUVOESTE TNV €I6050 KPOUTOLUEVOD TOV 00pO1oTY|
o€ (o amod TIC TAGEIS TPOPOSOGIaG e VO GUPUE TTOV UTOPEITE VO TO
evairdoete yepokivnta peta&d yng (0) ko Betikov (1). Mpw etdoete
OTO EPYOCTNPLO, CUUTANPAOCTE TOV TOPOKAT® TIVOKOL:

LED.3
LED.4=—|S3

Ain Bin Cin Au+Bu+Cin S (5b) As+Bs+Cin S (4) Bin' =Bs' As-Bs'=S(
0010 0011 1 2+43+1 =6 00110 2+3+1 = 6 0110 1100 -4 2-(-4) =
0010 1011 1 2+11+1=14 01110 2-5+41 =-2 1110 0100 +4  2-(+4) =-
1110 1111 1

{{endpeveg ypoupégt}:

omov ot {{emopeveg ypouuégt} etvan: 1111+ 1111, 0101 + 1110, 0101 + 0001, 0101 + 0000, ko O eg pe
Cin=1. Xtov mivaxa avtov, Ain, Bin, kot Cin gival ot dvadikég gicodot Tov abpotot): Au+Bu+Cin givon n
epuUNVeEin. TOV €16000V KAl TNG OVAUEVOUEVNG €£000V GUUOMOVO LE TOV KMOIKO W1 TPOCUAGUEVOV
aplBpmv: S(5b) eivar n avapevopevn mevtdumitn ££060¢ Tov abpoioth (4Opoicpa pun TPOGUAGUEVOV
€1600mV), Kol TPEMEL VAL GUUE®VEL e TNV Tponyovpevn othAn: As+Bs+Cin givar 1 epunveio t@v 1666mv
KOl TNG OVOUEVOLEVNC 6000V CULP®VO LE TOV KMOTKO GUUTANPMUATOG-2 TPOST|LOCUEVOV aplBudv: S(4)
etvan 1 avapevopevn tetpaumitn ££0d0g Tov afpoiot (AOPOICLA TPOCTHLOCUEV®Y EIGOOMV), KOl TPETEL
VO GCUUQ®VEL e TNV Tponyovuevn othAn: Bin' eivar 10 cvunAnpoua og mpog 1 g €166d0v Bin --0g
Bewpnoovpe omd 'dw Kot TEPA OTL AVTO NMTAV M APYIKN €1G0O0G EVOS APUIPETY, TPV VOGS AVTICTPOPLNS
dwoel to Bin otov abpoiotr, kor Bs' givar 1 epunveia avtov tov Bin' cav mpoonpacpévov aptbpod:
As-Bs'=S5(4) etvon n epunveia e mpdéng tov (QavtacTikod) apoipETn, Kot TPETEL VO, CORPOVEL LE TN
omAn S(4). 10 gpyactipro, enoAndevote mepapatikd T €£6dovg S(5b) ko S(4) tov mivaka. Mnv
Yoot To KOKAWUG Gog 0TV TEAEIMOETE: B To ypelaoteite 6To Teipopa 6.9.
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Ieipopa 6.9: TIpocBagarpétnc pe XOR Ain=As  Bin =Bs’
QMNA BCDE
O mpocBagpapétng g §6.7 pmopel evorloktikd vo vAomowmbel pe
mohec amoxielotikov-H (XOR), 0nmg eaivetan oto oyniuoe dimha, avti
aVTIOTPOPE®V Kot TOALTAEKTN. O Adyog eivar 61t ot moieg XOR
<

dtvouv oty €£000 TOLG TNV TPAOTN €I16000 OTOV 1 OEVTEPT €16000G

nar-o VvV
etvan 0, evd divouv oty €£080 TOLG TO GULUTANPOUN TNG TPOTNG |\ LT <<
€10000V TOVC OTOV 1 dgutepn €icodog eivanr 1. DTidéte évav C4 o c\.+,— o
TETPAUTITO  TPOCHAPUIPET, YPNOLOTOIOVTAC TOV abpoloT TOL D DD 9D —
TponyovuEvou mEpapatog 6.8 kot éva chip mvimv XOR (7486) 6mwmg MS¢ ¢ L ‘LS
atd Tov mEpdpotog 5.7 yid Sevkdlovon cag, M dwbtadn 2 S 2 2 3
akpodekTdv 1oV emavalappavetor oto oyfua £dd. pw etdcete oto Y WYYy

EPYAOTNHPLO, KAVTE TO GYESIAYPOULUILO GUVOECUOAOYIOG TTOV deiyvel Told
ovykekpluéva pins mowov chip mpémer va cvvoécete mov. XTO

;ﬂ_;+
5]
5]
=]
3]
]
o]

EPYOSTHPLO, KOTOOKEVAOTE TOV TTPOcHapalpétn, Kol dDOTE TOV Tig Q EDJ L;HDJ
€16600v¢ Bin' tov wivaka tov mopamdve meEpaatog 6.2, e To G >

add'/sub = 1, oUT®OC OOTE VA SAMOCTOCETE TOG AVTEG Ol APALPECELS > 7486 a
yivovtal cwotd. Metd, yvpiote to onpo add/sub oto 0 (mpdcbeon), ﬁ DW &
KOl KAVTE KAUTOoeS TPOcOEGES YA Vo OOMICTAOCETE TN GMOOTNH T2 3] 4] 5] 6] 7
Aertovpyia --m.y. KOVTE TIG TPOGHEcElg TV D0 TPAOT®Y GTNADV TOV #

TOPATAVO TIVOKOL, XOPIC KPUTOOUEVO EIGOS0V QTN T1 POPE.

Ieipopa 6.10: H otoryermong I6éa tov Flip-Flop

Y10 meipopa 2.10 eiyope del 6TL Ta KuKAOpOTO pe BeTikn avadpacn €xovv cuvidmg 600 oTodEPES
KOTAOTAGELS, KL £TG1 YPNOLOTOOVVTOL GOV UVIUEG. To amAOVGTEPO KUKAMUO AOYIKGOV TUAMY TOL £XEL
Oetikn] avadpaon givar dvo avtiotpo@eic (moAeg NOT) cuvdedepévol KUKAIKA OGTE Vo TPOPOSOTOVV O
évag Tov AAAov, 0Ttmg oto oynuo. H avddpaon eivon Betikn emeldr] 600 apvioeEl KAvouy pio Katdeoor).
[Ipoeavag, 1o KOKA®pe avTd £xel 600 oTabEPEC KATAGTAGELS: (1) 0 aplotepdsg kOpPog pmopei va givar 0
Kot 0 8e€10¢ 1, 1 (ii) o apiotepdg KOUPog pmopei va givor 1 ko o 8e£16¢g 0. To koK mpo ovtd omoTerel T
Baowkn 16éa tov flip-flop, dNAodN TOV GTOYEIDOOVS KLTTAPOV YNPLUKNG LVIING.

Kotaokevdote t0 KOKA®UO QVTO GTO €PYAOTNPlo, Kol cvvdéate dvo LED's
oT1g €£600v¢ Tov. XpNoomolote dVo amd TiIc TOAEG €vog chip 7404 (BA.
§3.6). To xoKhopo avtd dev €xel eEntepikég €16660vG, aPov Kibe €ic0d0g

TOANG TOV odnyeitan amd pdy GAAN TOAN Tov! Emopévac, dev umopeite va tov T Y y
OAAGEETE TNV KATAOTOON TOV. XPNOTE KOU OVAWYTE TNV TPOPOO0Gio TOAAES
QOpEG, Kol TOPOTNPNOTE OV TO KOKAwUo "onkodveton" mivio otnv idia
KOTAOTOON, N MOTE OTN WA Kol TOTE otnv GAAN. (Av t0o KOKAOUO &ivol -'!-_TZ,]
evieMdg "cupuETpKO", amd miektpikn dmoym, o "méetel" pe mbavotmro
50% ot pio kotdotaon kot 50% oty GAAN, cov pid pmidio wov v é

tonobeteite axpiPmg 16oppomUEVI oTNY KOWYT €VOG EVPAPLOD, KL OVTH TEPTEL )

oTE OO TN PG Kol TOTE OO TNV GAAN" 0V OUW®G TO KOKAMUO £XEL £0TM KOl m 2
pia averaicOntn (niextpikn) acvppetpia, tote Bo méptel cuvnbwg amd v o
oo "mAevpd).

LEDO
LEDA

‘Evag --npumapdvopog...-- tpdmog vo. exnppedoovpe v Katdotacn tov flip-flop (ue v tpopodocia
avapévn) elval va akovunnioovue "oTypaia” tov évav omd tovg 600 KOuPovg Tov pE €vo GUPUO
velwpévo, Ommg Ogiyvel 1o oynua pe to Kotakdpveo PEAN. (Evaidlaxtikd, 1o cOppo Oa prmopovoe va
ouvdEovtay Kol otV OeTikn Tpo@odoscia). (I'evikd, 6' Eva TuyOV KOKAMA, EivVal TOAD KOKO VO 0KOVUTAG
v é€0do Hidg THANG ot YN N o1V TpoPodoacia, 10Tt 6tav 1 £0d0g mpoorabel va ddoet v avtifetn
TN OO OVTAYV TOL TNG OKOVUTALE, KOT 0LGiov TPOKAAOVUE PpoyukOKA®po Kot vrepBépuavon, e
TOOVO KAYILO OV GUVEXIOTEL YId TOAAV dpa: €0®, ELTVYMG, TO. TPAYUATO Ogv €lval TOGO KOKA: TO
Bpayvrokhopo dtopkel EAdyioTo ns LOvo, PHEXPIS OTOL 1) VO TN TOL owTO eMPArel eE®TEPIKE KAVEL TV
"BoAta" ToV KLKA®UOTOG Kot aAAGEEL KATA TNV 1d100 POPE TNV TIUH OV 1) TOAN TPpooTabel va dMGEL TNV
€€000 G €101, N vepBéppavon givar ToAD HiKpn). AKovpmiote Tov Evav kKOpPo, Kot deite 6Tt apéomg M
avtiotoyyn LED ofrvel kot 1 GAAN ovafel. ATOpoKkpOVETE TO GUPUA KOL TOPOTNPNOTE OTL TO KOKA®LLOL
pévet kel mov 1o apnoate, OnAadn Exet pvaun. Eravaidfete and tnv dAin tievpd. Otav to akodpumnpo
gtvar amd v ida TAevpd mov givan oM oPnoty, avtd dev Exel emidpoon: 6tav ivol omd TV GAAN, TOTE
&xet. Avtn eivan n Baokn (xepokivin) w6éa tov flip-flop tomov RS, v avtopatomoinon g oroiag (ue
TOAES OVTL AKOVUTNLOTOG CLPLATMV) Bal dOVLE GTO EXOUEVO EPYASTIPIO.
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