Lab 6: Signed Add/Subtract, FF (U.Crete, CS-120) 24/10/26, 00:41

HY-120: Wndpronn Zyediaon Tu. En. Yrohoyiotmv
dOvoOTmEOo 2026 © [Mavemotho Konng

Eoyoaotouo 6:
Iooonuaouévor Azégarot, IlpoocOaporpéres,
Flip-Flops

T efdoudda Tov EEauivou
YrevOOon: EEétaon ITgoddov avtég Tig pépeg

[BiBAia: mooaupetind pmogeite vo drofdoete: Dally: §10.3 (ogh. 232-239)- Mano: §
1.5 - 1.6 (ogh. 10-18), now §4.5 (oeh. 141-143)- Wakerly (31 éxdoom): § 2.5 - 2.6 (o€h.
41-52)].

6.1 Ilorhamhaoraonos, Aleigest), Yrorouwo pue dvvauels tov 2

Onwg oto denadmd ovotnuo o molamhaotaopos e 10, 100, xhw. elvor woAD
atAOG, £TOL %OL 0TO dVAOKO O TOAMATAXOLAONOS ML dUVaUN TOU 2 aVTIOTOLYEL
o€ a1 aoLoteEn ohicOnon pe yéuopo pndevirmv amd deEd. Ovimg, av B eiva
0 dvadwOg aELOUOS by b, »...bobiby pe n bits (§5.1), TOTE TO YLVOUEVO TOV €7 2k
elvow:
B-2K=b, 20Dk 4 p 00Dk b, 02H 2R 20t =
=b, 2" b S22 b2 g2k 02K 10252 4 020 + 020

Bdoelr tng televtaiog autig w0o6TNTOG, O 0QLOUOC B-2X avostagiototal oto
ovadwd pe n+k bits T omolor eivor: Ta n bits Tov aQBuol B "olMoOnuéva"
0oLoteQd natd k 0€oelg (dNAadN pe T onuavTrOTNTe R00eVOS QUENUEVT RATA kK
O¢oelc), arxolovBovpeva amd k pndevind. I'd madderypa, o aQlOuog 45
(denadnd) = 101101 (dvadwod), morlamhaolalopevog emi 16 = 2% Stvel 45x16 =
720 (0eradro), mov 0to dvadro eivar: 1011010000. Zto deraeEadnd, 0 TOWTOGC
0QOUOS (45) eivar o 2D, now to Yivouevo tov emt 16 (eml "10" oto denoeEadind)
etvaw: 2DO0.

Kat' avrtiotowyo 1006m0, 1 dwigeon owd dvvoun tov 2 avrtiotouyel oe deEud
oAicOnon- ta Aydtepo onuavtixd bits Tov aQlOuol, mov "exdidrovial" amd T
0eELd dxpm Tov, amoTEAOVUV TO VmOAOLTo TNg Owaigeons. TG tov mopamdvm

0QOuo B, 1 duaipeot) Tov dud 2K Sive:

B/2%= (b, 2Dk 4 b 20Dk b2t #0020 + (b 28+ b2l 4
bg2%) / 2%
O mowtog 600G TOV MAQATAVM aBQOIoONATOS elval axéQalog aQlOuds, v O
0elTeQOg elval *AAOUOTIXOGC, IXEOTEQOS TN Hovadag 1 undev, dedouévou OtL o

aQLOuNTNg (bk_1-2k'1 + ..+ b1-21 + b0-20) etvar évag dvadrndg alBuog pe k bits,

aQa TAvVTo WUrEOTEQOS TOV 2K, Kotd ovvénewa, o TOMTOS OQOG (TOL QELOTEQA n-k
bits Tov aEyroL aQBpol) eivor To axéporo mAixo TNng dlaigeons, v o
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aQOuNTNS Tov devTéQOU OOV (Ta deELd k bits TOv aEYMOU aEOUOV) glval TO
voroumo s (axégauag) diaigeons. I'd madderypa, o aBuodg 205 (denadind) =

11001101 (dvadrd), dapovpuevog Oa 8 = 23 Siver Aiino 25 (dexadnd) = 11001
(dvadwrd), xor vmohowro 5 (deradwwd) = 101 (OGvadrd). Zto oxtadwd, O
owaugetéog etvon 315, o duowpétng elvan 10, To mmAino etvon 31 (=3x8+1=25 otO
0exad0), noL TO VITOAOLITO E(VaL 5.

Mud ovvnOLopévn epaguoyy O0TOUg VITOAOYLOTEG €lval OTav d PeyaAn uviun,
7.y 256 Mbytes, ®0TO0®EVALETAL ATTO RAUTOOES --T0.). Oera€EL (16)-- UnQOTEQEC,
neyeBovg dvvaung tov 2 N nobepio --edw peyéBovs 16 MBytes = 16,777,216 Bytes
rnoBepio. Edv pag tTntmel va mpoomehdoovpe to Byte pe dietBvvon 167,772,560,
oe moLdv amd g 16 uxpdTeQeg pviues Potoxetor avtd xnow TL dietBvvon péoa oe
ovtiv €xel; Id va Poolue o mowd pviun Oa to avalntioovue, TOETEL VO
olauéoovue T devBuvvon 167,772,560 d1d to péyebog 16,777,216 twv emuéQovg
LVNUGDV, OV 0" QUTHV TV Ttepimtmwon pog otvel 10 (0exadirnd) (podxreLTal yid TV
111 pvijun, apov ot emuéQovg pvipeg aolpotvvron 0, 1,2, ..., 15): To vIdAoLTOo TS
olaipeong, 400 (0exadwod), pag Oiver tnv emBuunty devBvvon péoa oty
emuégovg uvnun. H dietBuvon tov embupuntov Byte eivon 167,772,560 (deradtno)

= A,00,01,90 (dexaeEadind) = 1010,00000000,00000001,10010000 (dvadwmd - 28

bits). To péyebog g »dbe empuéQovg uvnung (dtouétng) eivar 16 M = 224, aQa To

Cnrovpevo Byte Boloxetal otn 6€om 00...0110010000 (vtdAoLTo datpeons, ONAaOT
0eELd 24 bits g deBvvong) g uviung vt awBpdv 1010 (mAino dwaipeong,
OnAad” apLoted 28-24 = 4 bits g deVBVVONG): UETATRETOVTOGS OTO OERAOLKO,
PAéovpe OTL OVTLg mEoORELTAL YA T O€om 256+128+16 = 400 Tng pviung v
aLOuov 8+2 = 10.

Aoxnon6.1: Tepayropnoc Mvnuav oe Meyédn Avvauneig tov 2
[Kdvte TV moLv 1o €0y00TNELO ®al TEQIAAPETE TNV 0TV Ava.pood 00G.]

() Mo pvijun peyéboug 256 Bytes déyetor 8-pmteg dievBivoelg 2% = 256), o
omoieg avadégovial oto %ABe ouyreEXQLUEVO, UepOVOUEVO Byte mouv avuti)
TEQLEYEL, OIS OTOVG RAVOVIXOUG VTOAOYLOTEG mov B dolpe To pdOnuo t™g
Opyavmwong Yrmoroyiotov (HY-225). Zmn pviun avti] amodnrebovpe 64 (=256/4)
tolavtaddwutovg  (32-bit) axepatovg aglOpolg, O6mov o xrobévag  Toug
notolopPdvel 4 ovveyxdueva Bytes (4x8 = 32 bits), Eextvarvrag amd T devbuvon
(6¢om Byte) 0, zow "®oAANTd" 0 %n0Oévag petd tov mponyovuevo. Emouévmg, o
oxéauog 0 megLéyet Ta Bytes 0, 1, 2, now 3¢ petd amd avtdv, o oxéeouog 1 meQLéyel
ta Bytes 4, 5, 6, xaw 7- »au petd and avtdv, o aréeorog 2 Eextvd amd to Byte 8,
%.0.%.

(al) O axépawog i (Y i = 0, 1, 2,..., 63) oe oo Byte (og mowa dtevOuVvomn TG
uvhung) exnwvds

(02) To Byte otn OtevBuvomn 45 (0exadind) og OOV ATd TOVG OXEQALOVS CLVI|XEL,
%o o€ oo B¢on péoa oe auTOV ToV axépalo Poloretat; (ot B€on 0,1 1,1 2,1 3
TOV axeQaiov;) Me molav aQLOunTixt meAEN TQORVITTOVV OL ALTTOVTINOELS ALVTEG;
(a3) T'odyte tO0 45 TG €QWTNONG (02) oto dVAdWO, nOL YEAWYTE €mMiONG OTO
ovadrd Tig amavinoelg oog tou (a2). Tv mopatneeite; Ilporvmrouv oL
QITAVTNOELS ATtd TV OLevOVVOT 0TO OVAOLO e TEOTTO ATAOVOTATO (ETAOYT ALTTO
bits);
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B) Ze wo pvaun peyéBovg 4 KBytes [oloxovror amoOnrevpéves 512
eEnvrartetodumteg (64-bit) petapfintéc, Onradn petafintéc peyébovg 8 Bytes
no0epio (512 petaPintéc x 8 Bytes/uetafinti) = 4 KBytes). Ou petafintécg
oo vToL oo to 0 émg »at 511, Eextvoiv amd T dietBvvon 0 TNg Pviung, ®ou
elvor tomoBetnuéveg "xoAnTd" petafl tovg. H pviun Oéyxeton 12-pmteg
drevBivoeig (2'2 = 4K). To Byte oty dietiOuvon FAD (yooppéviy oto dexaeEadind)
oe oo petaPAnti) Poioxretor, xow oe ol O¢on péoa ot petaPinti; o va to
Boelte, yodyte TN delBuvon FAD oto dvadind, ol dMOTE TIG ATTOVINOELS 00G
o0to Ovadnod. Emiong, amagibuiote tig dievBivoelg OV (naL Twv oxt®) Bytes
mov Poloxovror péoo otnv O petafPAnti), oto denaeEadmd (WroQeite vo
Eenviote yoddovtdg tig oto duadirnd, av dev Pagléote, ahld otav Papedeite
oo Ta TOALG 0 xa 1 yodte Tig oto dexnaeEadind).

(y) Mo pvijun peyéouvg 1 MByte (= 220 = 16 Bytes) amotelelton amd 256 (= 28 =

162) "oehoec" (pages), ueyéovc 4 KBytes (= 212 =167 Bytes) naBepia, agyiCovrog
atd ™) OtevBvvomn 0 TG pvnung, "©oAMNTA" 1 o LeTA TV AAAY, roL AQLOUNUEVES
(ov oehideg) amd 0 €wg now 255. To Byte oty OwevBuvon pviuns A3BAD
(denaeEadind) otnv v aEOudY TOoO oehida PoioreTat, ot oty B€0m TO0O péoa
oe ovuti] ™ O0eMOa; Amovinote aQywmd 0To OVOdKO, UETATQETOVIAS TN
oteOuvon A3BAD oto 0vadind, ahlG 0T CUVEXELX OLOTTLOTMOTE OTL O AUTY) TNV
neglmrmwon (emeld] Oha T peyédn tuyaivel va elvar now anéoaleg dUVAUELS TOV
16) eivor evrOoAOTEQO VA aTtOVToETE ROTEVOEIOY 0TO denaeEadino.

6.2 Xvoto¢n) (wrap-around) Avomagdotacs AgtOumv pe n bits

Mia dAAn edaouoy) TG TOQATAVM TTAQATONONS OYETXA UE TO VITOAOUTO TNG
olalpeong Od dvvaun tov 2 elvor 1 gQuNVElD TV aQOUNTIROV TRAEEWV e
nemeQaopévo mANBog bits. Ac ¢avraotolpe OTL oL axégaiol ool Twv
paOnuoTiemv €xovv mda TOMA bits --0ca yoetdLovror yid Tto uéyeog tovg--
oAAG epelc nGvouue mEAEeLS W €vav VITOAOYLOTY] IOV €)EL MEMEQUOUEVO TIAT00C
bits, €0t n bits, ®aL yI' avTO ®EATAUE LOVO TA N MYOTEQO onuavTind (0eELd) bits
Tov "poOnuoatizot" aepot. ‘Etot, 6tav mpoobétovue aplbuoie (§5.4) W évav
000010t peyEéBovug n bits, ayvoouue (TETAUE) TO XQATOVUEVO IOV Pycivel amd TV
aglotep™ dxon (MSB), d10TL dev éxovpe Mol va to amodnrevoovue. Emopévog,
ov A elvor to mEaypoTkd (LaOnuoTivd) OTOTEAECUO TNG TRAENS WOG, O
VITOAOYLOTHG HOG TEMXE Ba ®paTioeL LOVO TO VITOAOLTO TG dLaipeons Tov A Ol

2" (mov ovviBwe ovpPohiletal: A mod 2").

Edv og autd Tov vmohoyloTi), UE TO TEMEQAOUEVO TTAT00G TwV n bits, aQyiow va
uetod amd 1o 0 mpog Ta MAvw, dtav prdow otov agldud 2"-1, 0 £mOUEVOC
aLOuog Ba pavet oav va gtvor wdh o 0, xal petd Bo ovveyiom vo LETEAM TTAAL
amd v agym, 1, 10, 11, 100, ®Aw. To dparvouevo auto eivar oav va €xm €vo 1oy 0
ue meolpetoo 2" wman pe yapaypévovg emdve tou Tovg 2" VIAQYOVTES
ovvOVaopoUg TwVv n bits, deElvoTRodPa amtd To 00...000 péyor To 11...111, now vo

TUMY® €AV 0€ AVTOV TOV TEOYO TOV AEOVA TV aQLOUMV, OIS GalveToL 0TO
oyfuo dimha yid n=4 bits. 'Eotw 6tL Eentvape to TOAMYUO £T0L DOTE 0 ArEQALOG

aOuog 0 vo oupstéoel pe tov dvadmd xddixa 00...000. Tote, ot 2" xdhdureg Tov

T0o)00 B0 ovuEcovy ue Tovg oxegaiovg apuots amd 0 fwg 2"-1, dmwg
oxQpmg  nobopller o yvwotrdg pog oamd v §5.1 xoowag  dvadnig
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oVOITAQAOTOONG TWV U  TTQOCHUAOUEVWY
axeoaiwv. Otav Ouwg eEavrthovtal ol
VIAQYOVTES ouvOvaouol T®V n  bits, oL
mepattéem agLipot (my. 16, 17,... oto oyhua)
Exovv "tulytel" mévow otoug (dLovg nmOLrEG,
000, 001, %A, Eavd amd Tnv ay. Av Aoutdv

wd eoo0eon ddoel amotéleouo amd 2" nol
TAVW, TO ATOTEAECUO. OUTO, OTOV UTTOAOYLOTY)
ue ta n bits, Ba poldler cav €vag uxrQOTEQOS
aQLOUOg --0vTOG OV TEOXVITTEL OO TO
"tohyua". To ¢arvopevo avtd ovoudletan
"wrap around" --meQLTUALYRO, TEQLEMEN, T
oVOTQOPNH-- TWV OKEQAIMV aQOUMV YOQW
amd Tov  "Tooy0" TWV  TETEQUOUEVIV
OVVOVOOUMYV TTOV £)XEL TN OUVATOTNTA VO TTOQOOTIOEL O VITOAOYLOTHG.

Edv twpa Bewpnoovue »or tovg aQvnixoig aolbuots, otov (0o aEova Twv
0QLOUMV TOV OUVECTQOUUEVO YUQW OItd TOV TEOYO, OIS GaiveTtdl 0To OYNUAL,
TOTE AOXTAUE WA PEBOOO --€vav ROOKO-- OVATOQACTAONS %OL CQVNTIXMV
aolBumv. O %ddwmog outdg, mov ovoudletor "ovumAMjowpa g meog 2",
YONOLUOTOLEITAL ONUeQa 08 OAOVUGC TOUG VITOAOYLOTES VLA TNV OVOITAQAOTOON
"mooonuaopEvev  oxegotwv"  (signed integers), xar €xeL JOAD  ONUOVTIRG
TAEOVEXTNUATO  QAOTNTAS  £VaVIL GAMDV, EVOANAXTIXOV  ROOKWV. ZTNV
roOnuegwv] pog Coif  TAQLOTAVOUUE  TOVUG  TTQOOTUOOUEVOUS  OREQOLOVG
YONOLUOTIOLOVTOS VAV SLAPOQETIRO RWOLUA, TOV XD TQOOTUOV - ATTOAUTNG
Tung (sign-magnitude representation). H »ate0Bvvon aiEnong g amdéivng tung,
Opwg, etvar dhhote deElootpodpa (Betirvol aBuol) xar GALOTE 0QLOTEQOOTQODA
(apvnTrol aQOuol), Tavw OToV CUVESTQAUUEVO dEova TwV aolumv. Avti 1N
ahhayn ¢odic avENONGS £xeL OOV OUVETELD, OTOV TTQOOOETOVUE TTIQOOUAOUEVOUG
OxEQALOVS OTNV ©0ONUEQLVT] HOg Town, AAAOTE Vo TTRETEL VO ®AVOU UE TTROCOEOT %L
AAAOTE apaiQeEO TV ATOAITMV TLUMV TOUG, RAL LWAAOTO TTOLV OItd TNV apaigeon
va EETMEL Vo ovyxrgivoupe Tig S0 amdAluTES TLUES YA Vo foolue Tod elvor M
XQOTEQT KL VO APALQECOVIE QUTIV OO TNV GAAY).

AVt avtol, oL vmohoylotég axolovBoiv Tov oAU amAoU0TEQO TEOTO TTOV
myater amd ™y maotdve peBodo tng "ovotodic": emeldn M (alyePoin))
avEnon wag Tyg --elte Betmng elte aQvnTrNg-- avilotolel mdvto o€
0eELO0TEODN %ivNo™ TAVW OTOV TEOYO, TYOXVITTEL OTL CLOKEL TTAVTA VO ®AVOUUE
m600eon ®naL HOVO, aveEQQTITMWS TOV av ROoBETOVUE BeTIvOUVS 1 AQVITIROUG
aoOuovg! H Al Paowxy mooatinonon eivar 6tL 1 (ahyefowxrt)) ehdttoon wég
Tung, OmAadn mn meoobeon evog apvnTkol oQuol --my. Tou (-1)-- mov
OVTLOTOLYEl 08 0QLOTEQOOTQEODT %{VNOT TTAVW OTOV TEOYO --Tr.). nOTd 22.5 HolQeg
€dM-- UTTOQEL VO TRORVYPEL LOOOV VAU ROL OAV TTRO0OEOT €VOS "peydhov" Betinot
0QOUov --tov 15 010 €dM TOEAdELYUO, TTOV AVTLOTOLXEL O OEELOOTQOGN ®iviom
notd 360-22.5 = 337.5 poiges. Av AowmOvV ®wOLLomoLoovpe to -1 e tov (0o
1Moo OIS %O TO 15, TOTE N MEOOHEOT AVTOV TOV RWOWKA e EVOV TETQAUITILTO
aBgototi Oa pégvel To idLo amotéleouo OIS 1 TEOoBeo Tov -1.

"Evag GMOg TOTOG va xOTaAABOUUE TO TL YiveTal OTAV VOV uE TROOOECELS UE n

bits ®o ®QaTdue POVO Ta n bits Tov amoTeAéoUOTOS, dNAaOT] TETANE (AYVOOUuE)
TO %QOTOVUEVO €EOOOV, TO (n+1)-00T6 bit, elvar o €ENg. Edv mpoobécovpe toug
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aoBpotg A %ot B xou to amotéheopa tng mpdobeons A+B eivan = 2", Tote, pe to
va metd&ovpe (ayvonooupe) to (n+1)-00td bit Tov amoteAéouaTos, OV elival

dooog nan £xer atio 2", onuoaiver 6TL To amotédeoua OV TeEM®E npaTdue, YwEic
avtdv tov Gooo otn (n+l)-oot] Oéom, Oa eivar xatd 2" wxedTEQO AmO TO
moaypatind dbpotoua. Emopévoe, 6tav to dfgowopo A+B=2" % gueic n6Bovpue
10 #QOTODUEVO €EGOOV, TOTE pog pével To arotéheopa (A+B-2"), mou umopolue
VoL TO euvetoovue gite oav A + (B-2"), eite oav (A-2") + B. Ouwg, ou aoibpol (B-

2™ 1 (A-2") elvou apvnTxol! Apa, To amotéheoua ov Bydlaue 00 eival To cwotd
amotéheopa edv Otav xdvape TV mpdobeon OEhoue OTNV TQAYUATIXOTNTA VO
mpooBéoovue Evav agvnTrd auod, N (negative), xaL avii vo mpooBécovue Tov

N mpoo0éoaue Tov N+2", dnhadf B = N+2", doa N = B-2", doa 10 amotéheoua
(A+B-2") mov Bydhape givar A + (B-2") = A + N, 6mov N apvntindc.

6.3 Kodwag Zvuminomnotog-2 10000000 ~128
IMooonuaouévov Axegaimy 110000001 127 -,
111011 5],
2 évav vToAoYLOTH OV AettovQyel ue AEEELS Twv n HHHg? -‘3‘ ¥
bits xaBeuio, N ovOTEOPT TV oxeQaimv aoLdumv 1111110 2|
n@omakslt ™mv o snavep/tq)owwn ™g Létag - 8582)(1)8(1)2) —2) £l
avaTaQAoTaong ®dbe Goed OV TEOXWEOVUE KATA 1 00000001 1|8
2" mpog T mhve 1) TEOC To. ®ATw. ZTo oYU deEld g 888888}? +§ =
datveton /évoc na/@déewua v évav oxr(/&wm:o E|l 1 00000100 4
vohoyoti). O #®dwag 11111111, gounvevduevog 8 R
4 4 ; : o126 01111110 +126 [
oav KN TQOGMUUOHEVOS OHEQOLOG (/uns%gned 1nte/ger), 3127 01111111 +127) ||
TOELOTA TOV 0O 255 (0enadnd): Opwg, 0 (OLOG (128 10000000 ¥
nOwmag emavepdoviteron 256 0¢oeig mod TAvw, oto L 12910000001 +--------- ¥
2554256 = 511, 6mwg »ou 256 O¢oelg mod xdtw, 0TO (251 41111011} v
255-256 = -1. H mopationon avti) elvar n faon tmg (252 11111100 2
dmovpylag Tov #MOWwE  AVOTOEAOTAONS  TWV ||§gi HHH?;” *y
TQOOTLALOUEVIV AXEQALMV. 255 11111111

00000000

O xmdwmag "ovpumAnoonorog g mgog 2" (2's

Complement) OV YQNOLUOTOLE(TOL OfUEQO.  OTOVG VIOAOYLOTES YO TNV
ovoTOQAOTO0Y TEOCNUAOUEVOV axeQainv (signed integers), nmwduromolel Tov
aovNTKO  aopd (-A), 6mov A petofh 1 won 2™ pe tov uddwma
TEOONUOoPEVOL TOV oxepaiov (-A)+2" = 2"-A. "Etol, oto oyfjua 8gELd, o aotdude
-2 xwdromoteitan émwg 0 2" - 2 = 256 - 2 = 254, dnhadf 11111110. Opoiwg, o -3
nwOomoLeiton Omwe 0 253, 0 -4 6mwg 0 252, o -5 nwdwomoleitor 11111011, cav
tov 251, %.0.x. BAémoupe OTL OL XDOKES TWV AQVNTIXDV 0QLOUOV AVEAVOUV TTIQOG
™V Ol ®atevBuvon mEOg THV OTold AVEAVOUV %Ol OL XMOKES TWV OETIHMV
apOudv. Tovg Betinoie aBpoie amd 0 éwe 2711, 0 xOdwmag cuprnoduoTog
WG TEOS 2 TOVUG JOQLOTA  JTOVOTOLOTUIIO. OIS RAL O ROOWMOS TWV  UN
QOO UOOUEVV OREQOLWV.
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' évov OUTAWITTO VITOAOYLOTH] OIS TOU TTOLQOITAVM TTOQAOELYUATOS, EXOVUE T
OUVOTOTNTA VO XWOLXOTOLOOVUE UEYOL 256 OLOLPOQETIHOVS axéQOLOVS 0LOLOUOTG.
ITowovg 256 axéparovg aplBuots Ba daréEovue va nmdromoloue; H amdvtnon
eEaoTdTaL amé Tov zMda mwov emAéyovue. E{doue otnv §5.1 0TL 0 ontdpumtog
HOOLRAS 1) TIQOCNUOLOUEVOV OREQAIWY TTAQLOTAVEL TOVGS 0LoLBMOUS atd To 0 dg TO
255 yevinOTeQQ, Ue n bits, 0 XOOMAS QVTOG TOQLOTAVEL TOUG AxEQOOVS atd TO 0
¢wg %at To 2"-1. Avt' owtol, 0 #®drag CVUTANEDOUATOS WS TTEOS 2, ue 8 bits,
EMAEYOUUE VO TTOQLOTA UOVOOT|WOVTO. TOVG OxeQAiovg amd -128 €wg nat +127

vevirdTEQQ, e N bits, 0 OIKAC AVTOC TUPLOTAVEL TOVE axeQaiovs amd Tov -2

¢wc now Tov +2"1-1. Tig megloyéc atéc Tic PAETOUE ONUELOUEVES OTO GYTLOL g
ayrOhec. Omwg PAEmovpe, 1 TEQLOYN OVATOQAOTAONS TOU AMOKO TWV
TQOOTUALOUEVIV OXEQALWV elval OYeOOV CUUUETOLXT YUQW OItd TO UNOEV, RaL EXEL
emAeyet o0TWG MOoTe TO AELoteERO (MS) bit Touv x®dwa va elvar 1 yud 6Aovg Tovg
a@VNTIXOUg aBNOVS ®aL HOVo, xaL va eival 0 yid OAOVG TOUS u1 aEVTIZOUS
0QOUoUS %ol pwovo, dAadN yid tov aQlud undév xor 6hovg Toug BeTinovg
aLOuove.

Ag dovue T U EMONUO TEOTIO TOV OQLOUO TMWV HWOLLOTIOL|CEMV OREQAUIMV
ooV un ROoNUaoUEVOVS (unsigned) oL 0OV TQOONUAOUEVOUS (signed) oUupwvaL
LE TOV ®MOO CUUTANEMUOTOS WG TEOG 2. 'Eotwoay ta n bits: a, 1 a,5... a5 a; ag.
Z0PUPVOL LE TOV ROOXO TOV UN TEOoNUOoUEVOV (unsigned), ov eiyope del oTnv
§ 5.1, oVTA TAQLOTAVOUY TOV U1 AEVNTIXO axéQaLo aLOuO: Ay = a,, 1-2“'1 +a,,2"

24+ 212-22 + 211-21 + a0-20. Tmoa, oUWV Pe TOV XOOKRA CUVUTANQDOUATOG-2

Y& mooonuaopEvovg (signed) omégoarovg alOpotsg, to O ovtd no bits
TALELOTAVOUV TOVi €ENG 0otBud Ag:

o Ay=A,, 6tav 0 < A, <21, dnhadi btav to MS bit tov A, (10 a,,_1) eiva
umdév (0)

o Ag=A,-2" otav 2" < A, < 2™1, dnhadi dtav To MS bit Tov A, (T0 a, )
elvou €va (1)

A0 TO TOQOTAVM TTQOXVITEL €MONG %ol M €ENG WOOTNTA 1] EVOAMORTIHOG
0QLOUOG:

Ag=-a, 2" va 2"+ L +ay2?+a;2l +ap2°

ONAad1) To meQLocOTEQO oNUOvTLRO (MS - most significant) bit, a,_1, £x€L OUVTELEOTT)
aQVNTL®O, -2“'1, ev To. vOAoLmo bits €xouv Toug dlovg, ®haowrolg, BeTinovg
ovvteleotés. Emiong, pmogovpue va avIloTOEYOUUE TLG TTOQATAVW™ OYEOELS LETOED
Ag non Ay, og €ENg. O mpoonpaopévog (signed) axéaiog Ay avotoQioTOTOL OTOV
1OOKA CUUTANQOUATOS-2 He Ta (dua bits OTwg ®aL 0 €ENG W TQOONUACUEVOG
(unsigned) A:

o A, = A +2" Stav 2" < A, < -1, dhadh btav To MS bit Tov A (10 a,. ;)
elvan éva (1)

o Ay= A, 6tav 0 = Ay < 21, dnhadf bTav To MS bit Tov A (10 a,, 1) eiva
undév (0)
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Aoxnon 6.3: ITpoonuacuévor Axégaiot

[Kdévte TV moLv 1o €0y00TNELO ®aL TEQIAAPETE TNV 0TV Ava.pood 00G.]

() ITéoot (m\NBog) ot motol (amd TOLOV €S %OL TOLOV) axéQouol aoLduol
OVOTTOQIOTAVTAL UE TOV 4-UmTO ROOLRA U1 TQOONUAOUEVWV (unsigned) oneQaimv
aOudv xow yatd; Tdo egdTNon Yid TOV 4-pmto ®MOMO CUMITANQMUATOS MG
TQOG 2 TQOONUOOUEVWV (signedt) axeQaimv adumv. Tdeg epwthoelg yid Tovg
nmOeS MAATOVGS 5 bits »a 6 bits, unsigned »ow signed.

B) O Oenodwmds 0QOpos 29, oe poedN unsigned, mdOoo. bits ot eldyLoTO
yoeLdLeton Y1 va wopaotadel, nat yiati; Toia epdtnon yid tov idto adud alld
oe pwoedn signed 2's complement. Tdw0. godTnom Y& tov aQbud -13 (peiov
oenarolia).

(y) T'odnpte Tovg denadinois aQlOpovg +29, -29, +13, xau -13 oe poedt esdumrov
(6-bit) signed 2's complement pe §00 TQOTOUG naL OelVOVTOS TIS MRAEELS 0ag: (1) pe

™ PéB0dO Tov HhRAOV TV AEONDV (O)éon peTagld Ag, A, naw 2"), nau (2) péow

TOV TIOAWVOUOV OUVAUEMY TOV 2 pe ouvieheoTég Ta bits Tov apBuov, émov to
00LoteQd (MS) bit £yeL mpdoMUO peiov, eva OAa Tar AALA bits £x0VV TQOONUO OLV.

(0) O dvadnog aEBPdS 00100101 (8 bits) oe pod signed 2's complement TOLOV
aQOud 0to Oex0dIRO TOQLOTAVEL %o TS To Poloxrete; Idua epmdTnOn Y& TOV
ovadwo auo 11100000, pe tig OVo moQAAvm UeBOdOUS, naL OElyVovVTIag TIC
TodEELS 0aC.

6.4 IlpooOeom [Mgoonuaouévov Axggaimnv

og Tuummjoouo-2 A, B,

COU

Ocewenote évav vmoloyloth pe AEEes Twv n bits, xow 1 s=Au+By
gvav 0000LoTH) W1 TQOONUOOUEVIV OXREQAUIMV OIS 3E

ovtds ™G §54, TOLu OmOiOV OUWS AYVOOUUE TO Unéigned

noaTovuevo €E600V, npatdue ONAadn  uodvVo  TO n—bit
Adder

1]
n
[*]
o
N
S

SU
n
Se=Ag+ B

[}

dbpotopa mod 2", dnhadf woévo to n LS bits. Oa
amodeiEovpe OTL €dv ot dVo €L0000VE AUVTOV TOU
0000loTi] TEOPOOOTNOOUUE  TOUS  RMOWMES  CUUTANQOUATOS-2  OVO
mEooNUaopEVOV axregainv, A nou By, peta 2™ yon +2™1-1 0 nabévac, xa edv
T0 (TEOONUAOUEVO) dBoOoLoua TV OVO axeQatmv PoloxeTol emionNg OTNV TEQLOYT)
a6 2" twe won +2™1-1, tote otnv €Eod00 Ttov mopamdvm oabgototi) Oa
euPavioTel 0 AOIKAS OCUVUTANEDOUATOS-2  TOV  (TTQOONUOLOUEVOU)  CUTOV
aBpotopatog. Me dAha AoyLa, o aBQOoLoTi|g Uy TQOOUAOUEVWV AREQOIWYV, OTTWG
TOoVv E€QOVE, elval emiong ral adeoreTilc TeoouasHiveyY aolumv, dtav autol
TOQLOTAVTOL UE XMDOLXOL CVUITANQMUATOC-2, %ol OTOV TO AOQOLOUG TOVS XWEA V.
TOQAOTOOEL %Ol AUTO UE TOV (OL0 WO 1oL TO (010 TTANO0C bits.

INé v amddelEn Ba xonoomooove, OTWS GOIVETAL OTO TOQATAV®D OYNUAL,
Toug axepalovg A, now B, mov amotehov v gounveia tov Ay xow By wg pn

moonuaopévev aglumv: dnhadf, omwg Eégovue, A, = A + 2" Otav A<O0,
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ohowng A, = Ay --raL ouotwg yud tov B,. O aBoolotng pun meoonuaoueEvov
vrohoyiCer To S, = (A +B,) mod 2", To omoio 0T CUVEXELD EQUNVEDOVUE GOV TOV
noooNpaopévo apd S, M. Sq = S, otav S,<2™!, alhowbe S, = S, - 2" H
Baowi éa g amddeEng eivon 1 eEfg: apot o A, eivan eite A elte A+ 2", now 0
B, elvou gite B eite By + 2", tOte 10 dOgowopa (A, +B,) Oa eivaw: A+B+P, 6mov P

= eite 0, elte 2", eite 2" Emopévog, agod to dOgotopa S, voroyiteton mod 2",
o 6poc P Ba ¢evyer, now Bo pog péver to dBpolopo A+Bg. T'd d mAnon
QTtOOELEN, TTRETEL VO EEETACOVIE TIQOOERTING TLG TTEQLOYES TLULWDV TWV TTQOOOETEWV
nor Tov abgolopatog, 6mwg Bo rAVOUUE TWEM, YWELOTA YO TS TEOOEQELS
TEQLITTMOELS:

fonet ] [ 1 [ 2n+1
(o) Octinoc ovv Oetino:
Otav ot 0o mpoohetéol, Ay now B, eivan 2”+1—A:L3_,7
Oetivol 1) undév nal dev Eemepvolv ToOV c
[ N
aopo +21-1, 161e A, = A »aw B, = B, 24A-H + é
ago nouw Ay+B, = Aq+Bg. H vmobeon tov .| 4 | | fan 3]
Oewonuotos pog elvar 0tL Tto dbgowouo sl T el No-ren-B
/ / : - 2n_A4B
A+Bg pmopel va mapootadel pe n bits o€ S i:% 77777777 | on_a
/. /. /7 < O 2n_A <
noedt ovuminowuotog 2, doo 1o Ag+Bg - on_AJB
o]
/ - Ve / E
dev Eemepvd to +2" 1. Kotd ovvéneia, nou A & & 3
, . I ] | < gl gl
10 S = A+B, dev Eemeovd to 2%1-1, IAB—B AB |g g 8
, - , 0f--o--f----- oo e s 0
emopévog S, = S <2%l Ze avthy v -8
s / 1-A+B____ | | ___] I
TEQLOYT], OHWG, Sg = S, apa Sg =S = A +B, A B-A
= A+B, [OEA]. - N -A-B

(B) Octixc ovv ApvnTd, ue ABooioua Oetixd 11 Mydév:
‘Eotw 011 Ag = +A »ow By = -B, 6mov A »ow B giva Ogtinol mov dev Eemepvoiiv to

211, %L 0 A elvan peyoATeQog 1) toog tov B, Omwg ¢aivetar oto oynua
(mpwtoL Vo GEoveg). Emeldn A>0, éxovue A =A=A" ot thv AAAn peold, B<0,

doa B, = B¢+2" = 2"-B. O pn mpoonpacpévog afgototilg vtohoyilel to GOgolopa
S=A+(2"-B) =2" + (A-B), 10 omoi0 OGS elvan peyahitego 1) (0o Tov 2", emeldi)
0 A givau peyolitegog 1) (oog Tou B. Aga, S, = S mod 2" = 2" + (A-B)) mod 2" = A

- B. Enteldf] S,=A-B dev Eemeovd 1o +2"1-1, B eivon Sg = S, emopévaog, Sy = A-B =
A+B [OEA].

(y) Octixos ovv Apvntnd, ue ABooioua ApvnTixs:

‘Eotw 6Tt Ag = -A now Bg = +B, 6mov A Ogtinds, B Oetinds 7 undév, A>B, o A dev
Eeneova 1o 2™, naw 0 B dev Eemeovd to 2™1-1. Se auti) v meolmtwon, éyoupe:
A, = A+2" = 2"-A, nou B;=B=B, 6mw¢g daivetar oto oxfpa, ot petdfoon amod
TOV EMTO OTOV TE(TO dEova Twv agiumv. O un TEOONUAOUEVOS aBQOLOTNG
vohoyiler To GdBgowopa S = 2" - A) + B = 2" - (A-B)- eneldi) A>B, 10 GOgoopa
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avutd eivon ureotego tov 27, doa o abgolotig to Bydler oavtotoo: S, =S = 2" -
(A-B). Emte101] o A dev Eemegvd T 2™ 10 (S0 Loy VEL xow YId Tov (A-B)- emopévocg,
o S, elvar peyohitegog 1 (00g TOU 2" “Evag tétolog W JTQOOTULAOUEVOC
0QLOUOGC, EQUNVEVOUEVOS OE RWOLXOTOIN 0T OUUTANQMUATOS-2, Oa eQuNVeVTEl OOV
0 aQvNTrOg oS S =S, - 2" = 2"-(A-B)) - 2" =-A + B = A, + B [OEA].

(8) Apvntnos ovv AgvnTo:
‘Eotw 61t A = -A »ow Bg = -B, 6mov A »ow B givan Oetinoi mwov dev Eemegvoirv,

olTe avtol 00Te To GOgOLoUA Tovg, Tov aEud 2™ Tote: A, = A+2" = 2™A, %o
B, = B+2" = 2"-B, 6nwg ¢aivetar oto 0gEd GEova touv oxfjpatos. O un
TROONUAOMEVOS aB0OLoTHC VIohoYileL To dBgotopa S = (2™-A) + (2"-B) = 2™ -
(A+B), 10 omolo dpwe eivar petao 20201 = 214201 4y 2] Apa, emeldn o
aBooloThc Pydler povo n bits, Bo fydher Tehd: S, = S mod 2" = 2™ - (A+B))

mod 2" = 2" - (A+B), T0 omoio elvan petald 2™ xow 2°-1. Se qvtiy TV TEQLOY
oV, S, =S, - 2" = (2" - (A+B)) - 2" = -A-B = A, + B, [OEA].

Aoxnon 6.4: ITpoc0son Mpoonuacuévav

[Kdvte TV moLv To €0Y00TNELO %Al TEQIAAPETE TNV OTNV Ava.PpoQd 00G.]
XONOLUOTOLMVTOGS %O TA atoTeAéopaTa TS doxunong 6.3(y), vévte oto dvadnd
g e§dumtes mQoobEoels oe poed signed: (+29)+(-13), (+13)+(-29), nou (-29)+(-2),
nOL O0TO TENOG METAPQAOTE TO OVAOKA ATTOTEAEOUOTA OTO OexadKO ROl
emainOevote Ta. Aev oag Intiétal  mpdobeon (-29)+(-13) —yiotis;

6.5 Evgeon tov Avrifétov AgOuov

Alomotmoope OTL WTOQOUVUE VO TQOOOETOVUE
TQOONUOOUEVOVS  axEQOUOVSG O  UoQoN
OVUITTANQOUATOS G TTQOG 2 YONOLUOTIOLDVTOG
tov (0lo  0aBQowoTi)] U TQOONUAOUEVDV
oxegatwv mov MoOn elyape. ITooxewpévov,
TMOOA, VO RAVOUUE AL APOLQETELS, TO UOVO
mov  yeewlopaote eivar wd pébodog va
Botoxovpe Tov avtiBeto aQBpd, -B, evog
do0évta apBpot B. Otov amoxtiioovue wd
tétola uEBodo, Ba PToovuE va HAVOUE TNV

(1(1)0((@807] A-B MéO(D ™Cg ngéo@aong A+(—B) B_b7b6b5b4b3b2b1b0

Tn Tnrovpevn upébodo pog tn Olver m — 157405574 58 22 21 10,
napationon tov oyxfuatog: ‘Eotw B évag % Y% % ? % Y% % ?
mooonuaopévog  axéoouog  oe  poodpny L Lol [l ]

oUUTANOMUOTOC-2 pe n bits, xow é0tw B' o B= by be b by by by by by

emong QOO UOLOUEVOG OREQULOG B —00101101 +1
OVUITTANQOUATOS-2 Ue 1 bits IOV TQOXRVITTEL OLITTO B =11010010 J,(n
tov B avtiotpédovtog to ®dOe bit tov. Tov g - 111411111 = 1" "B

000 B' tov Aépe nou "ovumdnowua tov B wg
moog 1" (1's complement), emeldn) ndOe véo bit eivon 1 pelov To mohod bit. Zto
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eMAVW PEQOG TOV OYNUATOS PAIVETAL O TQOYOS TV TTQOONUAOUEVWY OQLOUMV TNG
§6.2 pe onuetwpéva emdvo to Cevydowa B - B' apBuwv mou elvar o évag to
OVUTTAT|QWUAL-0G-TTQ0G-1 Tou dAlov.

Evrola BAémer naveig 6TL TO poonuaouévo dbpotopa twv B + B' loovton mdvia
ue -1, adov €yel v avamogdotaon pe 0ho dooovg: 1 mEO0HeoN evog bit 0 pe éva
bit 1, yweic npatovuevo ewoddov, divel mavta dOgowopa 1 xow xgatovuevo 0
(xonoiwpomotjooapue ™V WOWOTNTR. 0Tl 0L Eoonuaopévor agbuol B natr B
mpootifevtal pe Tov (010 TEOTO TS TEOOHETOVE KL TOUS W) TIQOOUAOUEVOUG
0QLOUOVG, OIS AOdElEQUE OTNV TRONYOUUEVY] TTaQdyQado, 6.4). Adoy B+B' =
-1, mopontmrer 6TL B+B'+1 = B + (B'+1) = 0, doa ot apBuol B now (B'+1) elvar
ahyePowrd avtiBetol: (B'+1) =-B  --umd v mpoumdOeon 6tL to dBgotopa (B'+1)
wroel vo mopaotofel og CUUTANE®UA-2 Ue n bits, ONAadT 6tL To (B'+1) PotoxeTon
pnetafo 2" o 427141, modypa o wyhel tdvta extdg g megirtwong B = +2™

L1 = 0111...111, dnhadf extog B = 1000..000 = -2"1 adod téte 0 -B = +2™! dev
uoel va mopaotadel pe n bits og poedn CVUTANEMOUATOG-2.

Emopévmg, ovvolxd, 6tav B eivar axéoouog oto dtdotnuo [—(2“'1—1), +(2n'1-1)],
TOTE 0 OAYeEPOLrOG avtiBeTOg ToV, -B (oV emiong avixel oto (0o ddotnua), o€
TOQAO0TAON CVUTANEMUATOC-2, elval o B'+1, Onhadr) o aoBudg mouv mooxirtrel
o0 TNV T0LQAOTO0N CUMITANQMUATOS-2 Tou B av aviioteépoupe to »dbe bit tng
1oL 0TN oVVEYELD TpooBéoovue Tov alOuo 1 (LEow TROONUOOUEVNS TTROoHEONG,
7OV, OTIWG €YOoVuE OetEeL, elvar 1) (ALl UE TNV U TIOOTUAOUEVY OTTOV OlYVOOUUE TO
%1QOTOVUEVO EEOOOV).

Aox101) 6.6: Avtifeto Tov AgLlOumv

[Kdvte v moLv 1o €0y00TNELO ®aL TEQIAAPETE TNV 0TV Ava.pood 00G.]

2y donnon 6.3(y), Ponrate, 0to dvadird, og Lood1 6-bit signed, Tovg aELOUOUG:
+29, -29, +13, nou -13. Edapuoote twea mhvm %L 0TOVG TEOOEQELS TOVUS TN
ueEBodo g §6.5 yid va Poeite To avtiBeto Tov ®0bevog TOVS, RO emainOevoTe
OTL aVTd OvTwg ahAnloemoinOebovTal.

6.7 IlgooOapoupéres

210oug Vohoylotés ovvihBwe Poloxel navelg "moooBapaigétes" (adder/subtracter)
OxEQALMV, ®VXADOUOTA ONAAOT OV MooV va rdvouv egite mpooBeon elte
adaigeon. To nixhwpa avtd ratooxrevaletor TOAD €Oxola %ol PE YOUNAO
%©00T0G, e Paon évav aboloti] un TEoonuoouévey oaxegaiwv (§5.4), Ommg
delyver 1o oyxnua. O abpolotig daivetor 0T0 RAT® PEQOS TOU COYNUOTOS: TO
oVPPOAO TOU elvor éva TEIECLO pe wd €00y, £Tol mov vo. Buuilel OTL oipveL
0v0 AéEelg dedouévmv, Tig ouvOudlel, nal Bydler wo AEEN-amdvinon: uéoa oTo
ToatéCLo yoddetar to ovuPoro "+" yud va Egyxmweilovue autdv Tov aboloti) amd
ahho rurAdpato ov ®évouv (xat) dhleg mEdEels Tdvm ot 010 El0OO0VS TOVG.
To winhopa €xer 000 el0000vg Oedouévmv, A xat B, pia eilcodo eléyyov, add'/sub,
not wo €Eodo dedouévarv, S. ZvviiBwg Tto dedopéva elval TQOONUOOUEVOL
oOpol, aArd pmoel va yonowpomowm el nal pe un mpoonuoopévovs. H elcodog
A dideToun otov aBgoloti) mg €xer M eloodog B, Ouwg, ptdvel otov abBooloti) pe pio
a0 OV0 OLOPOQETINES LOQPES, OVUPMVO Ue TO T ETUAEYEL EVOG TTOMITAERTNG 2-
oe-1: eire avtovola 1 AEN B, elte To ovuminompd g wg meog 1, B'. O Paocinog
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afpolotilc moémeL vo déyeTol rEaTovUevo €0000v, Cj.
Otav xdvope m600e0n TO ®QATOVHEVO AVTO EL0OOOV fTaV
mavto. 0, ®at YU outd UTOQOVOOUE VO TO OYVOT|OOUUE
xONoLoToLdVvTag évav nuabooioti) yid ta deEud (LS) bits,
Opmg €dw Oa TO YEELAOTOVLE QUTO TO XQATOVUEVO EL0OO0V,
(Goa yoew0lopaote mneels abpolotég otig B€oels OAMV TV
bits --xaw Tov LS). T'd va ndver to winhopo mpodobeon, S =
A+B, B¢tovpe ™V eloodo ehéyyov add'/sub = 0- avtd ndvel
oeltepn eloodo Tou abgoloti) vo woovtal pue B, nal To
7©QOTOUUEVO €L0000v va elvar 0, 6mwg axQpdg ONAadm
moEmeL Y va yiver 1 mpooBeon A+B. Il va ndver to
norAopo apoaigeon, S = A-B, OBétovue v eloodo eléyyov add'/sub = 1- avtd
navel ™) Oeltepn eloodo Tou abpoloti) va elval To ovwTAjowuo B', xal To
1QOTOVUEVO L0000V va. elval 1. Aedopévou OTL TO ®QATOVUEVO ELGOOOV £YEL TNV

24/10/26, 00:41

add'/sub|

dua onpovtiotyra, 2°, pe to 8eEd (LS) bits Tov aodudv ecddov, Ay nan By,
O0TO. OTTOLOL %Ol TTQOOTIOETAL, TO VO LOOVTOL TO XQATOVUEVO €L0000V avtd pe 1
Looduvauel pe To va mpootifetal o apOuds 1 pali pe tovg do mpoobetéovg, A
xnow B'. Emopévog, 1 €E000¢c S = A + B' + 1+ E€épovpue Ouwg, ammd Ty §6.5, 6T B'+1 =
-B, doa m €E0dog S = A + (B'+1) = A + (-B) = A - B. To dévopa tov onuatog
eléyyov, add'/sub, elvar vatdAAnio yooupévo mote va pog Ouuiter 6tL dtav avtd
etvow aAn0Bég (1) To nOnAmpa zavel "sub" (adaigeon), evd 6tav avtod elval Pevdég
(0), dhadn add' pevdéc doa add ahnbdég, toOte TO AUIMAWpo *ndver "add"

(mpooBeo).
Heioapno 6.8: Terpdnmros ABgorotiig

210 melpapa avtd Ba yomowwosmooete To chip
"74283" 1o omoio eivon €vag TETQAWTTOS dUAdLROG
a0golotig: mepLeEyel 4 mANELS aBQOLoTES (TOV €VOg
bit ®0Bévag), pe To ®EATOVUEVA TOVS OVVOEdEUEVA
oe Wwav ohlvoida. Aemropepels mAngodoies yid To
chip ouTo wrogeite vaL Poelte 010
www.ti.com/lit/ds/symlink/sn541s283 .pdf

Toododotiote Tig €10000Vg dedouévmv amd Tovg 8
oLoxomteg ™G TAAXETAS  €LoOdWV/EEOdWV,  naL
ovvdéote 5 LED's otig €£000vg, Ommg 0TO oYU
EMeiyper emagumv dloromtmv €10000v, oUVOEoTe
™V €(0000 ®QATOVUEVOL TOV 08QOLoTH 0 pia amd
TS TAOELS TOOPOO0Ciag He €va OUQUO TTOV UTOQE(TE
vo. 1o evalldoete yewpoxivnta petakly yhg (0) xow
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Oetino? (1). [l PpTdoeTE 0TO EQYAOTNQLO, CUUTANQMOTE TOV €ENG TvanaL:

Ain Bin Cin Au+Bu

Su S(5) As+Bs= Ss S(4)

0010 0011 O 2+ 3= 5 00101 2+3 = 5 0101
0010 1011 O 2 +11 = 13 01101 2-5 = -3 1101
1110 1111 O
1111 1111 O
1111 0001 O
0101 1110 O
0101 0001 O

oOmov: Ain, Bin, xou Cin elvar ou dvadinég elcodol Tov abpowoti) Au+Bu = Su eivor
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Lab 6: Signed Add/Subtract, FF (U.Crete, CS-120) 24/10/26, 00:41

N eQuUNVElD TOV €L000WV RAL TNG OVOUEVOUEVNG €5000V OTO OerAOXO KL
oVPUPOVO PE TOV RO U TIQOCUAOUEVOV aQBumy: S(5) elval n avapevouevn
nevtaumtn €£000g Tov abgoloti) (AOQOLoUO U TQOONUAOUEVOV ELGODMV), KO
TIQETEL VO CUUPWVEL UE TNV TTEONYOUUEVY OTNAN As+Bs = Ss elvar 1 egunveta Twv
eLoOdWV ®aL TNG OVOUEVOUEVNS €EOO0V 0TO 0exadd %ol COUPWVO UE TOV
HOOMO.  CUUTANQWOUATOS-2  TIQOONUOLOUEVDWYV  aQlOpmv:  xat  S(4)  elvar 1
ovouevouevn tetpdumtn €£000¢ Tou aBoLoTi) Yid AOQOLoUO TTQOONUOLOUEVMV
eLoOdWV, now TREMEL AL’ EVOG VOL TRORVITTEL OTO TNV OTNAN S(5) opalelmovtog To
0QLoted (MS) bit, xar ad' eTéQov va CVUPWVEL Le TNV TQONYOVUEVT] OTNAN Ss.
Y10 g0ynoTiOLo, ETaANOeVoTe mEQapaTird TIg eE6d0vs S(5) ®aw S(4) Tov mivaxra,
1] ®au dAheg mEOoBeteg mov eoeic B donpdoete. My yaldote To nOrAwUd oag

otov TeleuoeTe: Oa To yeelaotelte 0To MElPANA 6.9.  Ain_As  Bin<B
N viNT o -
QMNA BCD

Heipopna 6.9: IMpoodadarpétnc ne XOR

add’/sub

O mpooBadatpétng tng §6.7 Hroetl evarlhantind vo

oy
B3l
~HC T
oB1 ‘_“G{H
~Jag— - m?
SR,

vhomomOel pe mohec amoxietotinov-"H (XOR), 6mwe \2%22 V8
daivetar oto oyxnua dlmha, avil ovTioTEOPEMY ®oL  \C4 o N+,_ °
molvmhénty. O Aoyog eivan 6tL oL whleg XOR divouv DA DD

otV €5000 TOVG TNV TEMTY €{00d0 Otav 1 devtegn Y Msi }O }0 iLS
etoodog elvaw 0, evdd divouv otnv €E0dd tovg TO o aoad
OUWTAMQMUA TG TOWTNG €00d0V Tovg Otav 1 -4 = = = =
oeltepn etoodog eivar 1. PTdEre évav teTpdWTITO

TRO0OOPOLQETN, ONOLULOTOLDLVTOS TOV AfQOLoTH] TOV HTDZ‘ lﬂ? il mﬁ' rTl
TQOMNYOUUEVOL TELRANATOS 6.8 ®ou €va chip muhav 9 > >
XOR (7486) O6mwg avtd TOU TMEWRAUOTOS 5.7 Yl ) 7486
oleurdhuvor oag, 1N OLGATaEn oxQOOEXTOV TOU PH =8
ETOVOLAUPAVETAL OTO oYU EOD. OT12l 31141 5] 18] 7\_;_1

IIowv ¢rtdoere oTO0 €OYOOTNQO, HAVIE TO

oyedLAYQaUUO. oVVOECUOAOYLOS TTOU delyvel ToLd oUYHEXQLUEVA pins TTOLOV chip
TOémeL vo. ovVOEDETE MOV, %OL CUUTANQMOTE TOV TAQOXATW JWvoxrd, AT
avahoyio. exelvouv TOov mEoNyovuevou meduatog 6.8. Edw, Bin' eivow TO
ovumAnowpa (NOT) Tov Bin- Bu' eivow ) egunvia Tov Bin' cav unsigned- Su eivow m
eounvia Tov T Oa Pydier o aBolotig cav unsigned, ®o TEETEL VA CUUPVEL UE
™V emOUeVN othAn, S(5), mov mEémeL va eivor to dBgolopo Twv Ain, Bin', xau
Cin=1- »ow Bs' elvar m egunvela tov Bin' ocov signed. Xto eQyootioLo,
NOTAOREVAOTE TOV TROOHAPALQETN, Rl ODOTE TOV TIS €L00d0VG Bin tov mivaxa,
mowto pe to onuo add/sub oto 0 (mpdobeom), omdte mEEmeL va PAEmeTe T
QUITOTEAECUATO. TOV TTELQANOTOS 6.8, naL peTd pe To ofua add'/sub = 1 (adaipeon),
0VTWG MOTE VO. OLATUOTMOETE TG OL (OLES TRAEELS AV TY) TN PO OV ADOLQETELS
yivovtol owotd rot 0{vouv Ta ATOTEAEGUATO TOU €0 TUVORAL.

Ain Bin As-Bs Ss Bin' Cin Au+Bu'+1=Su S(5) As+Bs' +1=Ss S(4)
0010 0011 2-3 = -1 1100 1 2+12+1 =15 01111 2+(-4)+1=-1 1111
0010 1011 2-(-5)= 7 0100

1 2+ 441 = 7 00111 2+(+4)+1= 7 0111
1110 1111 0000 1
1111 1111 0000 1
1111 0001 1110 1
0101 1110 0001 1
0101 0001 1110 1
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Lab 6: Signed Add/Subtract, FF (U.Crete, CS-120) 24/10/26, 00:41
Ieioapa 6.10: H ororyeimons [d¢a Tov Flip-Flop

210 metgapo 3.4 elyape Ol O0TL TO ®VRADPOTO pE OeTvn) avddoaomn Exouvv
ovvilBwg &0 otabeéc nataotdoelg, L £ToL YENoLuomoloVvTaL oav uviues. To
othAOVOTEQO XVXAMUO. AOYMMV TUADV oV €xeL Betni) avadoaon eivor dvo
avtioteodeic (tvheg NOT) ovvoedepévol vurhnd mote vo. TQOPOO0TOVV O £Vag
Tov GAlov, Omwg oto oyxnuoe. H avddpaon eivar Betiny) emeldr) 000 aQvioelg
navouv o xotddpoon. Ilgodpavog, 1o ninhwpa avtd €xer 000 otabegéc
1OTOOTAOELS: (i) O 0ELOTEQOS ®OUPOg pmogel va elvar 0 xow o 0eELog 1, 1 (if) o
0QL0TEQOS nOPPOs Wroet va eivar 1 »naw o 0eELog 0. To rvinhouo avtd amotehel
™ Paown Wéa tou flip-flop, dNhadN TOv OTOLYELDOOUS HVTTAQOV YNPLoKng

Hvnune. .
2 2
Kataoxevdote to ®»0rAwpo outd 0TO €QYNOTNQLO, KAl - =

ovvdéote 0o LED's otig €E600vg tov. XQNOLUOTONOTE T
0vo amd Tig mwoheg evog chip 7404 (PA. §3.7). To ninlwpo g
ovtd dev €xel eEmTteQurés €l0000vg, adol %dbe elcodog

TOANG TOov 0O yelton amd wdv aAln ol tov! Emopévog, +

Oev umogeite va tov alhdEete TV ®ratdotaot Tov. ZpNote HTZ|
wor  avdyte v Te0ododooic  moMES  popég, war | 8
T0QOTNENOTE AV TO xOnAwpa "onrdveton” hvta oty dlo [y 7404
ratdotoon, N wote ot Wd %o wOTE otV GAMAN. (Av TO m W m %
nbnhopo  elvar eviehdg "ovppetowmd", omd MAertowl) T B4 5] 18] %
amoyn, Ba "médrel" pe mbavotnra 50% ot po xotdotaom

now 50% otnv GAAn, oav wd wriha ov TV TomofeTeite

oxQPMS LOOQEOTNUEVY OTNV ®OYT €VOS EVEAPLOT, %L QUTY] TEDTEL TOTE ATTO TN
wé xow OTE Ao TNV GAM) oV OIS TO RURAMUA €XEL £0TM KL (oL oveTaioOn TN
(mhextont)) aovpuetoio, Tote Oa mEPTeL ouvNOwg ammd TV (O "TAevod").

"Evag --NumaaQdvouogs...~- ToOmog va emneeedoovue v xotdotaon tov flip-flop
(ue ™V Te0P0odOsta AVAUEVY) ElVOL VO AXOVUITHOOVE "oTLypuaio Tov évav amod
toug U0 %OuPouvg Tov pe éva oUQUOL YELWUEVO, OIS OelyveL TO OyMUOL UE Ta,
rnotorouda PEAN. (Evahhoaxtind, tTo olouo Oa purogoioe vo cuvoEéovtov xral
otnv Betnn) teododooia). (Fevind, o' éva Tuydv rOxA®U, €Vl TTOAD ®ord VO
OXOVUTTAGS TNV €E000 Mg TOANG ot Y1 1| otV Teododoaia, diot dtav 1 €E000¢
mooomaBel vo OMOoeL TNV AvTIOETN TY] a0 CUTHV IOV THG OXOUWTANE, RAT'
ovotav meoxaAovue Boayvrirlmuo xor vreQBéouavon, pe mbavoe xAPLUo ov
OVVEYLOTEL VLG TTOMNV QA €0M, EVTUYMG, TA TEAYUATO OEV elvaLl TOOO raxd: TO
PBoayvrivrhopo diaxel ehdylota ns POVO, PEYXOLS OTOU 1 VEQ TLW JIOV AVTO
emPdrer eEmteound ndver TV "POATA" TOV RURADUATOS %KoL OANGEEL ®oTd TNV
Ol poed ™V Tu mov 1 mOAN mpoomabel va dmoel oty €E080 Tng €tot, M
vreeOéouavon etvor oA uxEn). Axovustiote tov évav xoppo, nat Oeite Ot
opéomg 1 avtiotoyyn LED offfjver xnow  AhAn avafel. AmopanQuvete To oUQuo
2Ol TOQOTNENOTE OTL TO ®UxAwua péver exel mov to adroote, Onhadn €xel
uvijun. Exavalafete amd v Ghhn mhevpd. Otov 1o axotumuo eivol amd Ty
tOra mhevpd mov elvar NOM ofnoti), avtd dev €xel emidoaon: dTav givor amd TV
AhAn, ToTe €xer. Avti etvar 1 Paowt| (xewpoxrivntn) déa tov flip-flop Tvmov RS,
TNV OQUTOUOTOTIONON TG omotag (Ue TTUAES OVTL AXOVUTTUATOS CVQUAT®WYV) O,
OOV E OTO EMOUEVO EQYAOTNOLO.
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