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Bit Shift Registers

Kpuctodhbp pabot BbpXy HOB TUM NPOLIECOP.

MpouecopbT MMa AOCTHM A0 M PasnUiHK b-GUTOBM KneTku ot nameTTa (kbaeto m = 100 u

b = 2000), kouto Hapnyame perucTpm, u Te ca Homepupanu ot 0 to m — 1. OsHayaBame
peructpute ¢ 7[0], r[1],...,7[m — 1]. Bceku peructbp e macus ot b 6uta, Homepupanu ot 0 (3a
Han-gecHust 6ut) go b — 1 (3a Han-nesms 6uT). 3a Besiko ¢ (0 <4 < m — 1) nBcsko j

(0 < j <b-—1), o3HauaBame j-Tus 6UT Ha peructbpa i ¢ 7[i][]].

3a Bcsaka peavua ot butose dp, d1, ..., d;—1 (C NpousBonHa Ab/kuHa [), uenoyncneHara
cTonHocT Ha peauuata e pasHa Ha 20 - do + 21 - di + ... + 271 - d;_1. LlenouncneHa cToiiHoCT,
KOSITO Ce CbXpaHABa B perucTbp ¢ geduHMpamMe KaTo LUsNoTO YACIO, YUATO CTOMHOCT e

20 - r[d][0] + 21 - r[d][1] + ... + 2071 - [d] (B — 1].

MpouecopbT MMa 9 TMNa MHCTPYKLMMK, C KOUTO MOXE Aa ce MogudmumpaT butoBeTe Ha perncTpure.
Bcsika MHCTPYKUMS AeNCTBa BbPXY €4MH U NoBeYe PerncTpu 1 3annucea pesyrnrarta B €4uH oT
pernctpute. Misnonssame 3anuca x := vy, 3a Aa 03Ha4UM OENCTBUETO 3a NPOMSIHA Ha CTOMHOCTTa I,
Taka 4ye T4 [a cTaHe paBHa Ha y. [lelcTBMATa Ha MHCTPYKUMM ca onucaHu no-gony:

+ move(t,y): Konupa macusa ot GUTOBE Ha perncTbpa Y B peructbpa t. 3a BCAKO j
(0 < j <b—1), 1asu nHctpykuus 3anucea rt|[j] := r[y][J].

store(t, v): 3anucea B pernctbp t CTOMHOCTTA v, KbAETO v € MacuB oT b 6uta. 3a Bcsiko j
(0 < j < b—1), Tasn nHcTpykums 3anucea r[t][j] := v[j].

and(t, x, y): B3ema nobutoso W Ha pernctpute x 1 y 1 ro 3anvicea B peructbp t. 3a BCAKO j
(0 <j <b-—1),3anucea r[t][j] := 1 korato n pBete 7[x|[j] n 7[y][j] ca 1, n 3anucsa
r[t][7] := 0 B npoTMBeH cnyyain.

« or(t,z,y): Bsema no6utoso UM Ha pernuctpute x v y 1 ro 3an1cea B perucTbp t. 3a BCSKO
Jj (0 <3 <b—1),3anucsa r[t][j] := 1 korato noHe eamnH ot r[z|[j] n r[y|[j]e 1,u
3anucea r[t][j] := 0 B npoTuBeH cnyyaii.

« zor(t,z,y): Bsema nobutoso N3KIKOYBALLO WU Ha peructpute = 1 y v ro 3anvcea B
pernctbp t. 3aBcsiko j (0 < j <b—1),3anucea r[t][j] := 1 korato TouHO eAnH OT
rlz][j] v r[y][j] e 1, n3anucea r[t][j] := 0 B npoTmBeH cryyai.

. not(t, :B): B3ema nobutoso HE Ha pernctbp « u ro 3anucea B peructbp t. 3a BcAko j
(0 <j <b-—1),3anucea r[t][j] :=1 — r[z][j].

« left(t,z,p): NamecTBa Bcuuk1Te GUTOBE B PETUCTBPA & HANSIBO HA P NO3ULMW 1 3anucea
pesyntata B peructbp t. PesyntatbT OT M3mecTBaHeTO Ha BMTOBETE OT permcTbpa & HansiBoO Ha
P No3nLMM € MacuB v cbeTosiw ce ot b 6uta. 3asesiko j (0 < j <b—1),
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v[j] = r[z][j — p] ako j > p,n v[j] = 0 B npotveeH cnyuair. 3aBesiko j (0 < j < b—1),
sanucea r[t][j] := v[j].

« 71ight(t,z,p): N3amecTBa BCUUKMTe GUTOBE B perncTbpa & HAAsSCHO HA P MO3WLMK M 3anucea
pesynTarta B perucTbp t. PesyntarbT OT U3MeCTBaHEeTO Ha BUTOBETE OT PerncTbpa T HaASCHO
Ha p NO3ULMM e MacuB v cbeTosiw ce ot b 6uta. 3aBesko j (0 < j <b—1),

v[j] = r[z][j —p] ako j < b—1— p,un v[j| = 0 B npoTMBEH Crnyyaii. 3a BCAKO j
(0 <j<b-1),sanucea r[t|[j] := v[j].

« add(t,z,y): Cbbupa LenoumcneHnTe CTOMHOCTM, HaMMPALLY Ce B PEMUCTBP U B PETUCTBP Y
n 3anucBea pesynTarta B peructbp t. CbOMpaHeTo ce n3BbpLuBa No Moayn 2 Te.ako X e
LiernoYncrieHaTa CTOMHOCT, 3anncaHa B peructTbp = M Y e LenodyncrneHaTa CTOMHOCT, 3anMcaHa
B PerMcTbp ¥, TO 3a LenouyncrnieHara ctorHocT 17, KOSITO Lie e 3anucaHa creg U3nbiIHEHUETO Ha
WHCTPYKLMSITA B PETUCTBP ¢, e e nambrHeHo: Ako X + Y < 2° 1o ce cnarat 6utoseTe Ha t,
takavye T = X + Y. B npotuBeH criyyai, ce cnarat 6utoBeTe Ha t, Taka 4ye
T=X+Y 2%

Kpuctodhbp 1cka Aa pelle ABa TUNa 3agayv Ypes HoBMs npoliecop. TUNbT Ha 3agavarta ce o3HavaBa
C uanoTo uncno s. 3a ABaTa Tuna 3agaquv, Bue TpsAGbBa Aa HanuweTte nporpama, KosiTo e
nocrnenoBaTeNHOCT OT MHCTPYKLMK, OT BUA4A HA ONUCAHWUTE Mo-Tope.

BxogbT Ha nporpamara (input) ce cbeton ot n uenu wucna a[0], all],...,a[n — 1], Bcsko umallo
k 6uta, Te. ali] < 2% (0 < i < n — 1). Mpean U3MbIHEHWETO Ha NPOrpamMaTta BCUYKW YMCa OT
BXOJa ca 3anucaHu nocnegosaresniHo B pernctbp 0, Taka ye 3aBesko ¢ (0 < i <n —1)
CTOMHOCTTa Ha nocriefosaTtenHocTTa ot k 6uta

r[0][¢ - k],r[0][¢ -k +1],...,7[0][(¢ + 1) - K — 1] e paBHa Ha a[i]. Aa ot6enexum, ye n - k < b.
Beuuknte apyru 6utose B pernctbpa 0 (T.e. Teau, YumTo nHaekcu ca mexay n-kwn b—1,
BKITOUYMTENHO) U BCUYKM BUTOBE B IPYruTe pernctpu ca neuumanuampanm ¢ 0.

M3nbiHeHWETo Ha nporpamara ce CbCTOU B U3MbIHEHNETO Ha UHCTPYKUMWUTE UM B TexHus ped. Cref
W3MbIIHEHWETO Ha MoCeaHaTa MHCTPYKLMS, M3XOABT Ha nporpamara (output) npeacrasnsisa ToBsa,
KoeTo ce Hamupa B peructbp 0. T.e. M3XOA4bT € NocnefoBaTenHocT OT 1 LEMN Yncna
c[0],¢[1],...,c[n — 1], kbpeTo 3aBcsiko ¢ (0 < ¢ < n — 1), c[i] e uenouncneHara CTONHOCT Ha
peavuata ot 6utose -k go (i + 1) - k — 1 B pervictbp 0. [a ot6enexum, Ye cres U3mbiHEHNETo
Ha nporpamara, octaHanute Gutose Ha peructbp 0 (Te3u C MHAEKCH, paBHW Han-Manko Ha n - k),
KaKTO M BCUYKW BUTOBE Ha OCTaHaNUTE PErMCTpu Moxe Aa GbaaT NpoU3BOIHY.

« Mbpsarta 3agaya (s = 0) e a ce HaMepy Hal-MarnKkoTo LSO YUCIIO M3MEXIY BXOAHWUTE Yucna
al0],a[l],...,a[n — 1]. Te. c[0] Tpsi6Ba Aa € MuHuMymbT Ha a[0], a[l], ..., a[n — 1].
CronHoctn Ha c[1],¢[2], ..., c[n — 1] moxe aa ca npousBosHM.

« Bropara sagavya (s = 1) e ga ce coptvpar uucnara ot xoga a[0],a[l],...,a[n — 1] B
HeHamansBaLy peg, T.e. 3a Besko 4 (0 < ¢ < n — 1), c[¢] Tps6Ba pa e pasHo Ha (1 + 7)-ToTO
Ham-marko uncno usmexay al0], a[l],...,a[n — 1] (1 c[0] e Hai-mankoTo yncro namexay
BXOAHUTE Yucna).

HanuweTte nporpama 3a Kpuctodbp, cbeTosilata ce OT Hal-MHOTO q MHCTPYKLUMK 3@ BCsika OT
3agauure.
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[etannu no peanunsaunsTta
Tpabea ga umnnemeHTnparte cnegHara QyHKUMS:

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

S: TUN 3adava.

n: 6Gpon Ha yMcnaTta BbB BXxoda

k: 6poi Ha BuToBETE 3a BCAKO BXOAHO YNCNO

q: MakcumaneH 6pon Ha MHCTPyKunnTe

dPyHKUMATA Ce U3BMKBA TOYHO BEOHBX M TpsiDBa Aa KOHCTpyupa NocrnegoBaTenHocTTa ot
WMHCTPYKUMK, 3a Aa 6bae pelleHa cboTBeTHaTa 3agava.

®yHKUMATA MOXeE Aa U3BMKBA e4Ha Unv NoBeYe OT criegHuTe pyHKLMK, 3a Aa KOHCTpyMpa peauuaTa
OT UHCTPYKLMN.

void append move (int t, int y)

void append store(int t, bool[] wv)
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 y)

« Bcsika ot Tean dyHKuuu fo6aBs No egHa MHCTPYKUMSI, cboTBeTHO move(t,y) store(t,v),
and(t,z,y), or(t,x,y), zor(t,z,y), not(t,x), left(t,z,p), right(t,z,p) nn
add(t, z,y) KkbM nporpamara, KosiTo ce KOHTpywpa.

« 3a Bcska BanvaHa UHCTpykuus, t, x, y Tpsabsa ga ca Han-manko pasHu Ha 0 1 Han-MHOro Ha
m — 1.

« 3a BCMYKM BanuOHU MHCTPYKUKMSI, He e 3aabikuTenHo t, x, y Aa ca pasfvyHu aBe no ase
yucna.

« 3a uHcTpykuuntB left u right, p Tpsabea fa e Han-manko paBHo Ha 0 v Hal-MHoro Ha b.

« 3a vHCTpyKuuATa store, AbIKMHATa Ha v Tpsbea aa e b.

Bue moxe cblLo Aa u3BMKBaTe cneaHata yHKUMS, 3a Aa CUM MOMOTHETe Npu TECTBAHETO Ha BaLLETO
pelleHue:

void append print (int t)

» Bcsko n3BmkBaHe Ha Ta3n pyHKUuSA e 6bae UrHopMpaHo Npu OLEHABAHETO Ha BALLUETO
peLleHune.
» B npumepHusa rpengep tasu pyHkuna gobass MHCTPYKUNS p’rint(t) .
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« Korato npumepHusiT rpeigep cpewHe print(t), Ton otnedarsa n Ha 6pon k-6utoBu Lenu
yncna, obpasyBaHu OT NbpBUTEe N - k 6uTa Ha pernctbp t (Bux "MpumepeH rpeiaep" 3a
noapo6bHocTK).

« t TpsbBa na ygoenetBopsiea 0 <t < m — 1.

» Bcsko nsBnkBaHe Ha Tasu oyHKLMSA HAMaA Aa ce oTyuTa 3a 6pos Ha KOHCTpyupaHuTe
WNHCTPYKLMMW.

Crep pobassiHe Ha nocregHaTa UHCTPYKUmsl, (yHKUMSATa construct instructions Tps6ea aa
3aBbpLuy ¢ return. Mporpamara ce oLeHsiBa C HKOMKO TECTOBM NPUMepU, BCEKW 3aAaBalll BXOA,
CbCTOsLL Ce OT 1 Ha 6pow k-6utosu uenm uncna al0], a[l], ..., a[n — 1]. Bawerto peweHue
MWHaBa yCreLHo JafeH TECT, KoraTo u3xoabT Ha nporpamara c[0], ¢[1],...,c[n — 1] 3a Bxopa B
TecTa y4oBreTBopsiBa CreAHUTE YCIoBUS:

« Ako s =0, 1o c[0] Tps6Ba aa Hait-mankarta croiHocT uamexay al0],all],...,a[n — 1].
« Ako s =1, 103aBcsiko i (0 <3 <n—1), c[i] Tpse6a pae (1 + ¢)-ToTo HAN-MANKO YUCNO
namexay al0],a[l],...,a[n — 1].

Pe3ynTaTbT OT OLEHSIBAHETO Ha BALLUETO pelleHne Moxe Aa Obae e4HO OT CreaHUTe CbOobLLEHUS:

e Invalid index: HEKOPEKTEH (Bb3MOXHO € [ja MMa oTpuLaTeneH NHOEKC Ha PerncTbp,
nofajeH Karto napameTbp t, T Or Yy 3a HAKOe U3BUKBaHE Ha eiHa OT (PyHKUMUTE.
e Value to store is not b bits long:Ab/PKMHATA HAa v NoAafeHa Ha store He € paBHa

Ha b.
e Invalid shift value:CTOMHOCTTa Ha p nojafdeHa Ha left unu right He e mexay Ou b

BKITHOYNTEITHO.
e Too many instructions: BawaTta (*)yHKLI,VIFI ce onuTBa ga nobasu noeseve OT q VHCTPYKUNN.

Mpumepn

Mpumep 1

Heka s =0, n =2, k=1, ¢ = 1000. ma gse uncna sbe Bxoga al0| n a[l], Bcskoc k =1
6uTa. Mpeam nanbnHexneto Ha nporpamara, 7[0][0] = a[0] n r[0][1] = a[1]. Beuukm apyrv Gutose
ca 0. Crieq N3mbIHEHNETO Ha BCUYKM UHCTPYKUUW, TpsiBBa Aa nMame

c[0] = r[0][0] = min(a[0], a[1]), koeTo e MuHUMYM Ha a[0] n a[l].

Vima camo 4 Bb3MOXXHM BXOA4a Ha nporpamarTa:

« Cnyyait 1: a[0] =0,a[l] =0
« Cnyvait 2: a[0] =0,a[l] =1
« Cnyvait 3: a[0] =1,a[l] =0
« Cnyvan 4: a[0] =1,a[l] =1

Ot6ensizBame, Ye 3a Beuukute 4 cnyyass min(al0], a[l]) e pasHo Ha no6utoso M Ha al0] n a[l].
Taka, Bb3MOXHO pEeLLeHME e a Ce KOHCTPyMpa Nporpama Ypes CreaHNUTe N3BUKBaHMS:

1. append_move (1, 0), koeTo Ao6aBsi MHCTPYKLUMs 3a konupaHe Ha 7[0] kbm 7[1].

Registers (4 of 6)



2. append_right (1, 1, 1), KoeTo f4OBaBs MHCTPYKLWMS, KOSITO B3eMa Beuuky Gutose Ha 7 (1],

n3mecTsa rv HagsicHo ¢ 1, v 3anasBsa pesyntata B 7[1]. MoHexe BCsKo yncro e abnro 1 6uT,

pesyntatbT B [1][0] e paBeH Ha a[l].

3. append_and (0, 0, 1), koeTo fo6aBsi MHCTPYKLMS Aa Hanpasu nobutoso W Ha 7[0] u 7[1], u

na 3anasu pesyntara B r[0]. Torasa 7[0][0] ctaBa paBHo Ha no6utoso U Ha r[0][0] u r[1][0],

KOeTo e paBHo Ha no6utoso M Ha a[0] n all].

Mpumep 2

Heka s =1, n =2, k =1, ¢ = 1000. KakTo B NnpegHns npumep, uma caMmo 4 Bb3MOXHU BXoaa.
3a Benuknte min(a[0], a[1]) e no6utoso U Ha a[0] n a[l],  max(a[0], a[1]) e noGutoso NN

Ha a[0] n a[l]. Bb3MOXHO peLueHue € :

. append move (1,0)
.append right(1,1,1)
. append and(2,0,1)

. append or (3,0,1)

. append left(3,3,1)

O OB WN -

. append or (0, 2, 3)

Cnep uanbnHexve Ha nHctpykumute, ¢[0] = r[0][0] cbabpxa min(al0], a[l]),n ¢[1] = r[0][1]

cvabpka max(a[0], a[l]), c koeTo BXxOABT € copTupaH

OrpaHunyeHuns

m = 100

b= 2000

0<s<1

2<n<100

1<k<10

q < 4000

0<ali] <2¥—1(ascako 0 <i<n—1)

[Noasapaymn
1. (10 Toukn) s =0,n =2,k < 2,9 =1000
2. (MM Toukn) s =0,mn =2,k <2,q=20
3. (12 Toukn) s = 0,q = 4000
4. (25 Toukn) s = 0,q = 150
5. (13 Toukn) s =1,n < 10,9 = 4000
6. (29 Toukn) s = 1,q = 4000

[MpumepeH rpengep

MpumepHUAT rpergep YeTe Bxoda B cnegHusa popmart
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epeal:snkq

KoeTo e crniegBaHo OT HAKOMKO peda, BCEKM ONMCBaLL, MO eauH TecT Bceku TecT € JafeH B cnegHus
dopmar:

« al0] a[l] ... a[n —1]
W onucBa TecT, YniiTo BXoa uma n uucna al0], a[l], ..., a[n — 1].
OnncaHUeTo Ha BCWUYKM TECTOBE 3aBbpLLUBA C eAuH ped, Cbabpxkaly camo —1.

MpvMepHUAT rpenaep NbpBO U3BMKBA construct instructions (s, n, k, g).Ako ToBa
N3BMKBaHe HapyllaBa HAKOW OrpaHUYeHUsl, MPUMEPHUAT rpengep oTrnedaTea CbobLLeHMe 3a rpeLuKka 1
3aBbpluBa. B npoTvMBEH cny4val NpUMEpHUAT rperaep ontevaTsa BCAKa MHCTPYKUUS OT

construct instructions (s, n, k, g) Mo pedaum. 3a UHCTpyKUUATa store , ce oTnevarsar
6utoseTe Ha v oT uHaekc 0 go mHaekc b — 1.

Cnep ToBa, NpMMepHUAT rperaep obpaboTea TecToBeTe, 3a BCEKU TECT NPUMEPHUAT rpenaep
N3MbIIHAHA KOHCTpyMpaHaTa nporpama.

3a Bcsika onepaums print(t), veka d[0],d[1],...,d[n — 1] e peanua ot uncra, Takusa ye 3a
Besiko ¢ (0 <4 < n — 1), d[i] e croitHocTTa Ha peguuara ot 6utose ¢ - kto (i +1) -k — 1 Ha
perncTbpa t crnen UsnbiHeHVe Ha UHCTpYKumsTa. MpeliaepbT oTneyaTsa peavuata B CrieaHus
opmart: register ¢t d[0] d[1] ... d[n —1].

Cnepn KkaTo MHCTPYKyMsaTa € U3nbrHeHa, rperiaepbT oTrneyarsa u3xoabT Ha nporpamara.
Ako s = 0, u3xoawbT Ha rpeiaepa 3a BCekM TeCT € BbB hopmar:
« 0]
Ako s = 1, uaxodbT Ha rpeiaepa 3a BCeku TECT € BbB hopmar
« ¢[0]c[1] ... ¢[n—1].
Cnea n3nbfHEHMETO 3a BCUYKM TECTOBE, rpenaepbT oTneyaTsa

number of instructions: X, kbaeto X e 6posi HA MHCTPyKUMUTE.
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