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Kartaxwpntég (registers)
O unxavikég Xpiotdé@opog TEIpapaTiCeTal He Eva VEO TUTTO UTTOAOYIOTIKOU ETTEEEPYAOTH.

O emegepyaoTng éxel TPOORAoN ae m SINQOPETIKEG BETeIS vAung Twv b bits (6TTou m = 100 kai

b = 2000), o1 otroieg ovoudlovTal KataxwenTég, Kai ival apiOunuéves ammd 0 péxpr m — 1.
ZupBoAifoupe Toug kataxwpntég pe [0], 7[1], ..., r[m — 1]. KaBe kataxwpnTrg eival évag Trivakag
atrotehoUpevog amoé b bits, apiBunuéva ammd 0 (To de€idTepo bit) péxpl b — 1 (To aploTepdTEPO bit).
Makade 7 (0 <i<m—1)karkdBe j (0 < j <b— 1), cugBoAifoupe 10 j-00TO bit TOU -00TOU
karaxwpnt pe [z [].

Ma ka8 akoAouBia atd bits do, d1, . .., d;—1 (auBaipeTou prkoug 1), n aképaia TIYA TNG akoAoubiag
ioo0tal pe 20 - do + 21 - di + ... + 2871 - dj_1. Aépe 0TI N aképaIa TIPRA TTOU €ival ATTOBNKEUMEVN
OTOV KaTaXwpnTA % £ival n aképaia Tiur NG akoAouBiag Twv bits Tou kataxwpnTr, dnAadn

20 r[i][0] + 2% - r[d][1]) + ... + 2071 [d] [ — 1].

O eme€epyaoTng €xel 9 €idn EVTOAWYV TTOU TPOTTOTTOIOUV TIG TIWEG TWV KaTaxwpnTwv. KABe evioAn
evepyei TTAvw o€ évav A TTEPICTOTEPOUG KATAXWPNTEG KAl ATTOONKEUEI TO OTTOTEAECUA TNG O€E £vav
KaTaxwpenTr. ZTn ouvéxeia, 8a oupBoAifoupe ye x := y TNV aAAayr TG TINAG TOU T £TO1 WOTE VA YiVEl
ioo e y. H Aeimoupyia Twv eVIOAWV TTEPIYPAPETAI TTAPAKATW.

. move(t, y): AvTIypa@el TOV TTivaKa Twv bits Tou kaTaxwpnTh y oTov KataxwpnT t. MNa kdde j
(0 <j <b—1) kdver r[t][j] := r[y][j].

store(t, v): Kavel Tnv Tigr Tou KataxwpnTn t ion pe v, 6Tou v eival évag Tivakag atmo b bits.
Nakade j (0 < j <b-—1),«kave r[t][j] := v[j].

« and(t,x,y): Ymohoyilel 1o bitwise-AND Twv KaTaxwpnTiV & Kal Yy, Kai aTrodnkeUel 1o
armoréAeopa atov kataxwpnm t. Ma kade j (0 < j < b — 1), kaver 7[t|[j] := 1 av ko1 Ta
duo r(x|[j] ki r[y][j] eivar ioa pe 1, Siagpopertika kaver r[t][j] := 0.

. or(t, x, y): YTrohoyicel To bitwise-OR Twv KaTaXwpnTwy T KAl Y, KAl aTToBNKeUEl TO
armotéAeopa atov kataxwpn t. Makade j (0 < j < b— 1), kavel r[t][j] ;=1 av
TouAdixioTov éva amé Ta 7[x|[j] kai 7[y][j] eivar ioo pe 1, SiapopeTikd kdver 7[t][5] := 0.

. acor(t, z, y): YTroAoyilel To bitwise-XOR Twv KaTaXwpnTwy  Kal y, Kal armoBnkevel T
armotéAeopa aTov kataxwpnT t. Ma kade j (0 < j < b— 1), kavel 7[t][j] := 1 av akpiBwg
éva amé ta 7 [z][j] ki r[y][7] eivar ioo pe 1, dlagopeTika kaver 7 [t][j] := 0.

. not(t, m): YTroAoyiCel 1o bitwise-NOT Tou KataxwpenTi «, Kal atroBnkeUEl TO ATTOTEAETUA GTOV
kataxwpnt . Ma kabe j (0 < j < b—1),«kave r[t][j] := 1 — r[z][]].

« left(t,z,p): ONOBaivel 6Aa Ta bits TOu KaTaxwPNTA  TTPOG Ta APICTEPG KATA p BETEIG, Kal
atmoBnkevel To ammoTéAecua aTov KataxwpenTh t. To amotéAeopa TG oAioBnaong Twv bits Tou
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KataxwpenT x TTPOG Ta apIoTeEPd KaTd p BEaeig eival évag Tivakag v atmoteAoUuevog atéd b
bits. Ma kdBe j (0 < j < b—1), eivar v[j] = r[z][j — p] av j > p, dagopeTika v[j] = 0.
NakdBe j (0 < j <b—1),«avel rt][j] := v[j].

« right(t, x, p): ONoBaivel GAa Ta bits Tou kaTaxwpNT = TPOG Ta SeCIG KATA P BECEIG, Kal
atmoBnkevel To ammoTéAecua aTov KataxwpenTh t. To amotéAecpa TG oAioBnong Twv bits Tou
KataxwpenTn x Tpog Ta de€Id Katd p Béoeig sival évag TTivakag v atroteAoUuevog atd b bits.
MNakdBe j (0 <j <b—1),¢var v[j] =r[z][j+p]avj <b—1—p, daPopeTiKa
v[j] =0.NMakade 5 (0 < j <b—1),«kave r[t][j] := v[j].

. add(t, z, y): MpooBETel TIG aKEPAIEG TIMEG TWV KATAXWPENTWY T KOI Y, Kal aTToOnKeUEl TO
amotéAecpa atov Kataxwpenty t. H TpdéoBean yiveral o€ modulo 2% Mio Tummkd, éotw X n
aképaia TIPRA TTou gival atToBnKEUPEVN OTOV KATaxwenTh &, Kal Y n aképaia Tiur Trou gival
OTTOBNKEUPEVN OTOV KATAXWPENTA Y TIPIV TNV eKTEAEON TNG £VTOANG. 'EoTw T’ n aképaia Tiur TTou
gival amrodnkeupévn oTov KataxwpenTt t HeTd TNV ekTéAeon TNG evioAng. Av X + Y < 20 kavel
Ta bits Tou ¢ éto1 wote va eival T = X + Y. AlapopeTikd, kavel Ta bits Tou t €101 WOTE va gival
T=X+Y -2

O Xpiotégopog BEAEl va AUoeTe dUO €idn TTPOBANPATWY XPNOIUOTTOIWVTAG TOV KaIvVoUpYIOo
emeepyaoTn. To €idog Tou TpoBAAuaTog cupPBoAileTal pe évav aképaio s. Kai yia Ta dUo €idn
TTPORANUATWY, TTPETTEI VA KATAOKEUAOETE £va program, dnAadr pia akoAouBia evToAWY OTTWGS QUTEG
opidovTal TTapaTTavW.

H eicodog Tou TrpoypdupaTog amoteheitar améd n aképaioug al0], a[l], ..., a[n — 1], kaBévag améd
Toug otroioug €xel k bits, SnAadn ali] < 2k (0<i<n-—1).MNpwvInv £KT£)\£0’I’] TOU TTPOYPANHOTOG,
6Aol ol apiBuoi TnG €106d0u atroBnkelovTal Katd oelpd oTov Kataxwpent) 0, £T01 WOTE yia KABE 1

(0 < i <mn—1)noaképaia Tiur G akohoubBiag Twv k bits

r[0][i - k],7[0][¢ - k +1],...,7[0][(¢ + 1) - B — 1] va eivan ion pe afi]. Mpooégre om n - k < b.
OAa 1a uttéAoiTTa bits Tou kataxwpent 0 (dnAadr auTtd ye deikTeg PeTally n - k kar b — 1,
gupTrepIAauBavouévwy) kai 6Aa Ta bits OAwv Twv GAAwWYV KaTaxwpnTwy eival apxikd ica pe 0.

H ekTéAeon evog TTPOYPANMOTOC YiVETAl EKTEAWVTAG TIG EVTOAEG TOU KOTA OcIpd. MeTd Tnv ekTéAeon TnNG
TeAeuTaiag evioAng, n €§0d0¢ Tou TTpoypappaTog utToAoyileTal BAcel TNG TEAIKAG TIWAG Twv bits Tou
kataxwpnt 0. Zuykekpipéva, n £€080¢ eival pia akoAoubia n akepaiwv c[0], c[1],...,c[n — 1],
omou yia kdBe i (0 < ¢ < n — 1), 10 c[i] givar n aképaia Tipry TG akoAouBiag Twv k bits amé i - k
péxpr (i + 1) - k — 1 tou kataxwpnt 0. Mpocégre 6T PeTd TV EKTEAEDT TOU TIPOYPAUKATOG, TO
uTroAoITTa bits Tou kataxwpent 0 (pe deikTeg PeyaAUTEPOUG 1 iooug Tou n - k) kol OAa Ta bits dAwv
TWV GAAWYV KATAXWPENTWY PJTTOPOUV VO TTEPIEXOUV AUBQIPETEG TIUEG.

« To mpwro €idog mpoARuaTog (s = 0) eival va Bpeite TOV EAGXIOTO AKEPAIO PETAGU TWV
akepaiwv TG e106dou a[0], a[l],... ,a[n — 1]. Zuykekpipéva, 10 ¢[0] Tpéel va gival ioo pe
v eAdxiotn Tipr Twv of a[0], a[l],...,a[n — 1]. Ornpég Twv c[1],c[2],...,c[n — 1]
MTTOpPOUV va gival aubaipeTeg.

« To deUTepo €idog TTpoBAfuaTog (s = 1) €ival va TagIVOUROETE TOUG OKEPAIOUG TNG E100O0U
al0],a[l],...,a[n — 1] oc pyn @ivouoa oeipd. Zuykekpipéva, yia kaBe ¢ (0 < i < n —1),10
c[i] mpémel va gival ioo pe Tov 1 + 3-00T6 HIKPOTEPO AKEPAIO PETAGU TWV
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al0],a[l],...,a[n — 1] (dnAadr) 1o c[0] Ba éxel TN PIKPOTEEN TIU HETOGU TWV OKEPQIWY TNG
€1I0000U).

AwaoTe oTov XpIoTOPOPO TTPOYPAUMATA, aTToTEAOUEVA aTTO TO TTOAU g €VTOAEG TO KABEva, TTOU VO
AUvouv Ta TTapaTTdvw TTPORANAMATA.

NETTTONEPEIEC UNOTTOINONG

MpétTel va UANOTTOINCETE TNV TTAPAKATW ouvApPTNON:

void construct instructions(int s, int n, int k, int q)

§: TO €i00G TOU TTPORANMATOG.

7: TO TTANB0G TWV APIBPWY TNG €1I00d0U.

k: 10 TTARBOC TWV bits kGBe apiBPoU TNG 1I06d0uU.

e q: 70 pPéyIOoTO TTAABOG EVIOAWV TTOU ETTITPETTOVTAI.

H ocuvdpTtnon autr KaAgital akpIBwg Jia @opd Kal TTPETTEI VA KATAOKEUACE! Pia akoAouBia
eVTOAWV yia Tn AUon Tou TTpoBAAuaToG.

H ouvdpTtnon auTtr utropei va KaAei pia A TTEpIoTOTEPES aTTO TIG AKOAOUBEG CUVOPTATEIS YIa Va
KATAOKEUAOTEI TNV aKoAouBia Twv EVTOAWV:

void append move (int t, int y)

void append store (int t, bool[] v)
void append and(int t, int x, int y)
void append or (int t, int x, int y)
void append xor (int t, int x, int y)
void append not (int t, int x)

void append left(int t, int x, int p)
void append right (int t, int x, int p)
void append add(int t, int x, int vy)

« KdaBe ouvapTtnon mpooBETel pia eviohy move(t,y) store(t,v), and(t, z,y), or(t,x,y),
zor(t,z,y), not(t,x), left(t,x,p), right(t,z,p) or add(t, z,y) oto mpdypappa,
avTioToIXO.

« [ OAeg TIG OXETIKEG EVIOAEG, Ta t, @, y TIpéTel va gival heTagyu 0 kar m — 1.

o [0 OAeG TIG OXETIKEG EVTONEG, TA ¢, X, Yy Oev gival KaT' avaykn diagopeTikd avd duo.

 TNa g evioAég le ft kai right, 10 p Tpétel va eival petagu 0 kai b.

« Mo TNV evioA store, To YAKOG TOU v TTPETTEN va €ival ioo pe b.

MrtropeiTe €1Tiong va KOAEITE TNV TTAPOKATW CUVAPTNAON YIa va eAEYEETE Tn AUON 0aG:

void append print (int t)

« Q1 kAjoeIg o€ auTh TN ouvdpTtnaon Ba ayvoouvTal Katd Tn fabuoAdynon Tng Auong oag.
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« ZTOV UTTOBEIYHATIKO BaBuoAoynTr, QUTH N ouvapTnan TPOCBETE! pia eviohn print(t) oto
TTPOYPANUA OaG.

« OTav 0 UTTOBEIYUATIKOG BABPOAOYNTIG CUVAVTHCE! Pia EVIOAr print(t) katd Tnv ekTéAeon Tou

TTPOYPANMATOG, EKTUTTWVEI 1 AKEPAIOUS TwV K bit TTou oxnuartifovTal atréd Ta TpwTa n - k bits

Tou KataxwpenTh t (BA. Tnv evotnTa "YTTOOEIyUATIKOS BaBuoAoynThG" yia AETTTOUEPEIEG).

H miun Tou t pétel va ikavotroigi Tn oxéon 0 <t < m — 1.

« H kAfon autrg NG cuvdaptnong dev autdvel Tov apiBud Twv EVTOAWV TOU TTPOYPAUHATOG.

MeTtd TNV TPOoaBIikn TnG TEAEUTaIOg EVIOARG, N OUVAPTNON construct instructions TIPETTEI VO
EMOTPEPEL. TO TTPOYPAMPA OTN CUVEXEIR EAEYXETAI E PIA OEIPA TTEPITTTWOEWYV EAEyXOU (test cases),
K&Oe pia atrd Tig oTroieg opilel pia €icodo atroTeAoUhevn aTté N aképalous Twv k bit

al0],a[l],...,a[n — 1]. H A\ion oag Tepvdel v TepiTITwon eAéyxou av n £€080¢ Tou
mpoypaupatog oag c[0], ¢[1], ..., c[n — 1] yia Tnv avtioToixn £i0080 IKAVOTTOIE] TIG TTAPOKATW
OUVONKEG:
« Av s =0, 710 c[0] Tpémel va gival n eAaxioTn TipA PeTagu Twv a[0], a[l], ..., a[n — 1].
« Av s =1,yiokaBe i (0 < i <m— 1), 10 c[i] mpémei va givai 0 1 + 3-00TOG PIKPOTEPOG
apiBuog petagt Twv a[0], a[l], ..., a[n — 1].

H BaBuoAdynon Tng AUong oag PTTopei va odnynoel o€ KATTOIO ATTo T TTAPAKATW pnvUuaTa
OQAAUATOG:

e Invalid index: évag e0@QaApévog (TTIBAvVWGS apvnTIKOG) apiBudg kataxwpntr d08nke oTnv
TTapdueTpo &, x 1 y KATTOIO KAHONG Hiag €K TWV CUVAPTIOEWV.

e Value to store is not b bits long: T0 YAKOG TOU ¥ TTou OGBNKe o€ KATTOIO KAAON TNG
append_store dgv gival ioo pe b.

e Invalid shift value:nTIYr Tou p TToU dGONKE O€ KATTOIA KAON TNG append left A TNg
append_right Oev eival petagu 0 kai b, ouptrepIdapBavopévwy.

e Too many instructions:n ocuvdptnon oag TPOCTIABNOE va TTPOCBECEl TTEPICTOTEPEG aTTO g
EVTOAEC OTO TTPOYPAMHA.

MapadeiypaTa

Mapaderypa 1

Eotw s =0, n=2, k=1, ¢ = 1000. Yrdpxouv dUo aképaiol 0N €icodo, a[0] kai a[1], ka
kaBévag éxel k = 1 bit. Mpiv exteAeoTei To Tpdypaupa, r[0][0] = a[0] kar 7[0][1] = a[1]. Ola Ta
GAAa bits aTov eTregepyaoTh gival apyikd ioa ye 0. MeTd Tnv eKTEAEON TWV EVTOAWV TOU
Tpoypappartog, pétel va gival ¢[0] = r[0][0] = min(a[0], a[1]), 8nAadA n eAdxIOTN TIUA pETASU
Twv a[0] kai a[1].

YTTGpxouv Jovo 4 duvaTtég €icodol yia auTo To TTPOYPANA:

« Mepimmwon 1: a[0] = 0,a[l] =0
« Nepimwon 2: a[0] =0,a[l] =1
« Nepimrwon 3: a[0] =1,a[l] =0
« Mepimrwon 4: a[0] =1,a[l] =1
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MapatnpoUue 6t kai yia Tig 4 Tepimtoelg, 7o min(a[0], a[1]) eivai ioo pe 1o bitwise-AND Twv a[0]
kai a[1]. Emopévwg, pia duvarrh AUon eival va KATaoKEUAOOUE £va TIPOYPApUA TTOU VA KAVEI TIG

akOAouBeg KAADEIG:

1. append move (1, 0), TPOCBETEl pia evioAn avriypaerig Tou 7[0] atov r[1].

2. append_right (1, 1, 1), TpooBETel Wi eVTOAr Trou Traipvel GAa Ta bits Tou r[1], Ta

oAhioBaivel de€id katd 1 bit, Kar amoBnkeUel To amotéAeapa Eavd oto 7[1]. AQoU KdBe aképalog

gxel prkog 1 bit, autd éxel wg amotéAeopa 1o 7[1][0] va ivai ico pe all].

3. append_and (0, 0, 1), TPooBiTel pia evioArn TTou utrohoyidel To bitwise-AND twv 7[0] kai

7[1], kai aTToBnKevel To atotéAeopa avd oto 7[0]. Meta v extéAeon Tng, To [0][0] 1c00Tal
ue 10 bitwise-AND Twv 7[0][0] kot r[1][0], TTou i00UTal pe To bitwise-AND Twv a[0] kai a[1],

OTTwG B€AaE.

Mapadeypa 2

Eotw s=1,n=2, k=1, g =1000. Omwg Kal aTo TTPONYOUHEVO TTAPAdEIYUA, UTTAPXOUV HOVO
4 duvarég gicodol aTo Tpoypappa. Kai yia 1§ 4, 7o min(al0], a[1]) i0oUTar pe To bitwise-AND Twv
al0] kai a[1], kai To max(al0], a[1]) 1000Tar pe TO bitwise-OR Twv a[0] kai a[1]. Mia duvarr Aion

€ival va KAVOUE TIG TTAPAKATW KANOEIG:

1. append move (1, 0)

2. append right(1,1,1)
3. append and(2,0,1)
4. append or(3,0,1)

5. append left(3,3,1)
6. append or (0,2, 3)

MeTa TNV eKTEAEON QUTWVY TwV evioAwv, To ¢[0] = r[0][0] mepiéxel To min(a[0], a[1]), kai To

c[1] = 7[0][1] mepiéxer To max(a[0], al1]), emopévwg n €icodog éxel TagivounBei.
[Meplopiouoi

. m =100

« b=2000

e« 0<s<1

.« 2<n<100

« 1<k<10

« ¢ <4000

e 0<ali] <2 —1(yiakaBe 0 <i <n—1)

YT1romrpoBAfuaTa
1. (10 BaBuoi) s =0,n =2,k < 2,9 = 1000
2. (11 BaBuoi) s =0,n =2,k < 2,9 =20
3. (12 BaBpoi) s = 0,9 = 4000
4. (25 BaBuoi) s = 0,9 = 150
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5. (13 BaBuoi) s =1,n < 10,9 = 4000
6. (29 Baduoi) s = 1, g = 4000

YT110de1yuaTIKOG BabuoAoynTng

O utroderypatikég Babuoroyntig diaBadel Tnv €icodo wg €ENG:
« ypaupn 1: snkgq

AuTA akoAouBeital atrd KATToI0 TTANB0G YPaAUUWY, KABE Wia atrd TIG OTToIEG TTEPIYPAPE! Hia TTEPITITWON
eAéyxou. KaBe trepimmtwaon eAéyxou divetal oTnv €EAC HOPYPN:

« al[0] a[l] ... a[n —1]

AuT Treplypa@el pia TTepITITwan eAéyxou ammoteholpevn atmmé n aképaioug a[0], all],...,a[n — 1]. H
TTEPIYPAP OAWV TWV TTEPITITWOEWV EAEYXOU OKOAOUBEITAI OTTO dia YPpaUMK] TTOU TTEPIEXEI HOVO TOV
apiOud —1.

O utrodelypaTikdg BaBuoAoynTrg KAAEi TTpwTa TNV construct instructions (s, n, k, g).Av
auTA N KARon TTapaBiddel KATTola aTro TIG CUVONKEG TTOU TTEPIYPAPOVTAI TTAPATTIAVW, O UTTOOEIYUATIKOG
BaBuoAoynTrg TUTTWVEI éva aTTO Ta UNVUPATA CPAAPATOG TTOU TTEPIYPAPNKAV TTAPATTAVW Kal
TEPMOTICEL. AIOQOPETIKA, EKTUTTWVEI KATA OEIPA TIG EVIOAEG TTOU TTPOOTEBNKAVY GTO TTPOYpauua. lMNa TIg
EVIOAEG store, N TIPA TOU v TUTTWVETAI aTTo To Oeiktn 0 Trpog To deiktn b — 1.

2Tn OUVEXEIQ, O UTTOOEIYUATIKOG PaBuoAoynTrg eTTeCepYAleTal TIG TTEPITITWOEIS EAEYXOU KaTA OcIpd. MNa
KAOe pia, ekTeAEi TO TTPOYPAUQ TTOU £XEI KATOOKEUAOTEI JE TNV avTioToIXN €i00d0.

Ma kGOe eviohry print(t), éotw d[0],d[1],...,d[n — 1] pia akohouBia akepaiwv, TETOIWY WOTE yia
kaBe 7 (0 <7 < n — 1), 70 d[i] va eival n aképaia Tir TNG akoAouBiag Twv bits atmoé i - k péxpl
(i+ 1) - k — 1 tou kataxwpnt t (61av n evioAn ekteheitar). O utrodelypaTikog BaduoloynTig
TUTTWVEI QUTA TNV akohoubia wg e§n¢: register ¢ d[0] d[1] ... d[n — 1].

Otav ekTEAECTOUV OAEG OI EVTOAEG, O UTTOOEIYUATIKOG BabuoAoynTAg TUTTWVEI ThV £€6000 TOU
TTPOYPANPATOG.

Av s = 0, n €£0d0¢ Tou uTTodEIypaTIKOU BaBuoloynTh yia KAOe TTePITTITWON EAEyXOU €xeEl TNV €EAG
HopPeN:

. c[0].

Av s = 1, n €€000¢ Tou UTTOdEIYUATIKOU BaBuoAoynTh yia KABe TTepITTITwan eAéyxou €xel TNV €EAG
Hopen:

e c[0] 1] ... c[n—1].

AQOU ekTEAEOTOUV OAEG OI TTEPITITWOEIG EAEYXOU, O UTTOOEIYHATIKOG BaBuoAoynTrG TUTTWVEI number
of instructions: X émou X eival To TTARBOG TWV EVTOAWV TOU TTPOYPAUMATOS OaG.

Registers (6 of 6)



