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METOA KOMITAKTHOI'O PASMEIIEHUS BUHOMHUAJIBHBIX
KO9PDOUIITUEHTOB B TAMATHA

C. B. Kocmenw, accucmenm,
Cymcruii eocydapcmeennuvlii ynusepcumem, 2. Cymot

B cmamuve paccmampusaemcs memold KOMNAKMHO20 PA3MeULeHUS OUHOMUALbHBLX
Koappuuyuenmos (BK) 6 namamu, komopulii no3éonrsiem Yymenviiumsb o00sem Namimu
Oas xpanenus BK 3a cuem ucnoav3oeanus ux ceoiicme. IIpusodumces 661600 (popmysibt
0as HaxoxcOenus adpeca aveiltku namamu 0as 0aHH020 Memoda.

Knwuesvie cnosea: mabauua OUHOMUAAbHLLX KOIPPUUUenmos8, adpec suellku
namamu, 06sem NAMAMU.

BBEIEHUE

CoBpeMeHHBIE TOAXOAbI K PEIIeHWI0 KOMOMHATOPHBIX 3a/iad, CBA3AHHBIX CO
cokatueM [1] mupopmManuu, reHepupoBaHEM KOMOWMHATOPHBIX KOHGMUryparmi
[2] u momexoycTOHUMBRIM KoampoBaHueM [3], 3ayacTyio TpeOyoT HaXO0KIeHUS

smauenusa BK C,’f. CylecTByeT OBa OCHOBHBIX IIOAXOHA K HAXOMKIECHUIO

sHaueHnii BK: xpaneHne sHaueHU B IaMATHU B BHUJAE HEKOTOPOM TAOJIMWIILI MU
MaccuBa U BBIUKCJICHWE B3HAUEHHH B COOTBETCTBUU C KOMOMHATOPHBIMU
dopmynamu [4].

ITogxon, OCHOBAaHHBLII Ha XpaHeHWW 3HAUEHUI, [O3BOJAET MTOCTUYDL
MaKCUMaJbHOrO ObIcTpogeiicTBusA. Ho mmsa ero peanusanmuu HeOOXOIUMO
HaJIMuye MOOCTATOYHOTO o0beMa IaMATH, YTO IIPUBOAUT K YBEJIUUYEHUIO
aImapaTHO-IIPOTPAMMHBIX 3aTpaT. BeIUnciieHHe uucesl coueTaHUil He TpedOyerT
6oNBIINX O0O0BEeMOB IAMATH NOpW HaxokAeHuu 3sHaueHuit BK. OxgHaxo
peanusamnusa TakKoOro IIOAXOJA CTABUT IOMOJHUTENbHbIe TpeObOBaHUA KaK MpHU
ammapaTHOW peanusanuy (HaaIuune HEOOXOAMMBIX apudMeTuYecKuX U
JIOTUYECKUX oIllepaluii), TaKk W IPHU HPOrpaMMHOMN (BO3MOXKHOCTH BBIIOJHATD
MaTeMaTUYecKHWe oOllepamuu Hajg OoJabIIuMU  umcjaamMu). Kpome Toro,
BHIUNMCJIeHVEe 3HaueHnW? BK mpmBOAWUT K CHMIKEHUIO OBICTPOAEHCTBUA PabOTHI
cucTeMbl. BBLIOOD OIIpeIeIeHHOr0 IIOAXOJa MWJAW KOMOMHAITMU Pa3JIUYHBIX
TMOAXOMOB [HOJsA HaxXOoXAeHuWs 3HaueHuii DBK ompemenserca wucxoms us3
OTrpaHMYEHU Ha OLICTPOJEecTBHE 1 00beM allapaTHO-IPOrPaMMHBIX 3aTpPAarT.

VMeHBIINTE 00BbeM AamMapaTHO-IIPOrPAMMHBIX 3aTpaT I[IPU XPaHEHUU
3HAUEHWN B IIaMATH MOJKHO 3a CUeT MCHIOJIb3oBaHUA pana coiictB BK. Takoii
TMOAXOM TO3BOJAET COKPATUTH UYMCJIO HEOOXOAMMBIX s xpaHeHus BK mpwu
He3HAUUTEJHbHOM  VBeJIUUYEHUM  UHCJA  BBIINOJHSAEMBIX  oOmepanuii  Ijs
M3BJIEUEHUA OIPEIeJeHHOr0 3HAUEHUA.

METOO KOMITAKTHOI'O PASMEIIEHMA BMHOMUWAJIBHBIX
KO9SPPUITUEHTOB B ITAMATU
Ina xpaseHnsa sHadeHuil Bcex BK ¢ mapamerpamum neQn,, u k eO,_n,
Kak T[IPaBWJIO, WCIOJB3YIOT IaMATh B BHUAe TaOJUIILI, COAepIKalrei

max(n) = n,,, CTpoKk u max(k)=n,, croaxbmos. Ha mnepeceuenun n -i
CTPOKM M E -To cTojibIla HaxoauTcsa 3HaueHue BKE C,’f . Pasmep omHOIT sueliku

HaMATH COCTaBIAET 71, .  Paspaxos (n,, > log, C,’fm ). Ilpumep Takoil TabIUITBI

max

ana n,,. =8 mpeacraBieH B Tabia. 1.
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O6vem HeobxoguMmoil mamaTH (, [Aasd xpaHeHua Tabaunsl BE
OIpeeIsieTCa BeJIUUNHOMN

Qt = (nmax )3 * (1)

Mcxoada u3 Ky6I/ILIECKOI7I 3aBNCUMOCTW POCTa 06bema OT BENNYNHbI 7 Takoi noaxon

HaKnaAblBa€T HEKOTOPbIE OrpaHNYEHNA Ha 3HAYEHUE MapaMeTpa n.

max '

Tabruya 1 — Tabauya 6UHOMUALbHBLY KOIPPUYUEHMOE Ona N, = 8

Nkl o123 /4|5 6|78

~ w N = o
0O
N o
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N =
0O
N
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C; |G Ccl|CcCC
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Pacmiuputh amamasoH BO3MOMKHBIX B3HAUEHUHN MOJA 7 IIO3BOJISIET METOJ
KOMITAaKTHOTO pasmelnieHusi BK B mamMATiu. YMEHBIIUTh 00beM HaMATH OJIA
xpaunenusa BK MoKHO 3a cueT psa CBONCTB AJIS UKCEJ COUTAHMIA:

0<k<n, (2)
ch=crt, 3)
Ch=Cr =1, (4)
ct=c'=n. (5)

Kax Bumao m3 mpumepa rtabauinsi BK (Tabs. 1), B Heill He MCHIOJL3yeTCA
TIOJIOBUHA siUeeK B CBA3U C orpaHudeHueM (2), HajaraeMbIM Ha mapametp k. C
yueToM cBoiictBa (2) MOXKHO pasMmeliaTh 3HaueHud DBK B mamaru
HEepPaBHOMEDHO, TeM CAMbIM YMEHBIIUB O00HEM HEOOXOAWMOI MaMATH B [ABa
pasa. CaoiicTBo cuMMmeTpum (3) UMCea CcOUETAHWI YMEHbBINIAeT auanasoH
3HAUYEHUHN mapaMeTrpa k [0 BEJIWUYUHBI 7 /2 U MO3BOJSAET COKPATUTH O0BEM

mamMATH emie B naBa pasa. CpoiictBa (4) m (5) malOT BO3MOYKHOCTH OBICTPO
ompemenuTh 3Hauenne BK 0es oOpamieHus K OaMATH, TEM CaMBIM
JIOIIOJTHUTEJIFHO COKpAIas ee 00beM.

Hns manHOrO MeToAa pacmoJiokeHue BK B sueiikax mamMsaTu 1eaecoodpasHo
MIPeJCTaBAATh, He B BuAe TaOJUIBI, a B BUAE IIOCJENOBATEIbHOCTHU SYeeK
namatu M[ADR] c¢ mexoropeiMu agpecamu ADR . 3Hauenue ajgpeca ADR

AYeKM NaMATH co 3Hauenuem BK C,’f 3aBHCUT OT mapamerpoB N u K
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nckomoro BK. Ilpumep xomMmaxkTHOro pasmelrnenus BK B sgueilikax maMsaTu

mpenacTaBJeH B Taba. 2.
OdTanbl BBITIOJHEHUS MeTOMa KOMIIaKTHOTO pasmelrnenus BK B mamaru mias

HAXOMKIEeHUS 3HAUEHU S C,’f cleayooIme:
1. Ompenenenue napamerpa k£, 1o gopmyse
k, = (6)

n

k, E<n-k
n-k k>n-k

2. Haxosjenue snauenus C B 3aBUCHMOCTY OT 3HAUEHUS k,

1, k, =0
cr=4 n, k=1, (7)
M[ADR), 2<k, <|n/2]

rae M[ADR] - aueiika namaru ¢ agpecom ADR.

Tabauya 2 — Ilpumep KOMNAKMHO20 PA3MEULLHUS 3HAYEHUT OUHOMUALLHBLY
Koapuyuenmos 6 namamu ons n, =10

Nn:w:?::n 0 | 1|2 |3 |4 5|6 |7
vl I S o e v e R v
Nn:w::?:n 8 | 9 |10 |11 |12 |13 |14 |15
e | G| GGG ch G G| c

Agpec ADR saueiikm mamsatu M[ADR], cogmep:xamieii BE C,'f" ¢

mapaMeTrpaMu n u k, , onpegeiserca mo (opmyie

ADR=&%J—lj-&%J+(nmod2)—2j+kn—2, (8)

rae (nm0d2) - OCTAaTOK OT JeJIeHMsA mapaMerpa n Ha 2 (MJagmuii paspsan

IBOWYHOTO 3HAYEHUA 7).
Hanee npusefeH BEIBOJ (opmynnl (8). 3aBucumocts ADR or n u k,

OoymeT ompenenAaTbes coiictBamu (2)-(5) nia BEK.
B pesynbraTe mpuMeHeHUs cBo¥cTBa (2) KakIoMy 3SHAUEHHUIO IIapaMeTrpa 7

O6yneT COOTBETCTBOBATL PAJ 3HaUeHUi mapamerpa £k, . Uuciao pasauuHbIX £k,
IS 3aJaHHOTO N OyJZeT paBHO (n + 1). Hauano pana szauenuii (mpu k, =0)
I 3aJaHHOro n OyJeT OTCTOATH OT HAYajda psaga OIS IPeIbIIYIIero
sHaveHus - (n—1) Ha Bermuuny n . To ecTs

ADR(n,O):ADR(n—1,0)+n. 9)
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IlepBeie 16 3HaueHwmii 3aBUCUMOCTH MexXAy azapecamu ADR u
ImapaMeTpaMu n U k, IpeAcTaBjeHHI B TabJ. 3.

BeImostHUB pekyppeHTHOe pasiokeHue 1mo dopmyse (9), a TakKe ¢ yueToM
Toro, uro ADR(0,0) =0, morydnm

ADR(n,0) = ADR(n-1,0)+n = ADR(n-2,0)+(n-1)+n=...= » i. (10)
i=1

Tabauya 3 - 3asucumocmyv mexc0y adpecamu ADR u napamempamu n u k,
8 pe3ysbmame npumMeHeHus ceoiicmsa (2)

ADR| O |1 | 2|3 |4|5|6|7|8|9(10|11 |12 |13 |14 |15

n (oj1}1(2|12}2|3|3|3|3|4|4|4|4|4)|5

k, 0j]O0O|l1|0|1|2|0|1|2|83|0|1|2]|38]|4]|0

Bocnons3oBasmuck opmysion aysa apupMeTUUECKON IIPOrpeccun, mMeeM

n-(n+1).

ADR(n,0) = 5

(11)
C yuerom cmemenus jguas k, saBucumocts ADR or n u k, Oyaer umerhb
BU[I

n-(n+1)
ADR(n,kn):T+kn. (12)
CpoiicTBo (3) yMeHbIIaeT YHCIO PAa3JMYHBIX 3HAUEHUH K, [ 3aJaHHOTO

n B aBa pasa (0<k, < Ln / ZJ ). KakgomMy 4eTHOMY U HEUYETHOMY 3HAUEHUIO N

OyIeT COOTBETCTBOBATH (|_n / 2J+1) pasnuuHbBIX 3HauveHuit k,. IlpumenHus

pPaccCMOTPEHHBLIMH pPaHee BBIKJIQMKAMU AJIA YETHBIX WM HEUETHBIX 3HAUEHUN 7,
a Tak/Ke C y4eTOM TOTO, UTO 0o0Ilee KOJMUECTBO PA3JIUUYHBIX 3HAUEHUU BIJIOTH
IO n PaBHO CyMMe YHNCJa YETHBIX UM HEUETHBIX NPeAbIAYINUX 3HAYEHUH, B
pes3yJabTaTe MOJyYuM

[n/2]
ADR(n,k,) =2 > i+k, :EJ-Q%JH}@, n - vermoe;  (13)

i=1

[n/2] 2
. n n
ADR(n,k,)=2- ). HQEJHJW" :QEJHJ +k,, n - meuerHoe. (14)

i=1

YeTHOCTh MJIM HEUETHOCTh 3HAUEHUS N MOYKHO OIPENEeJUTDH IO MJIAIIIEeMY
paspAny OBOWUYHOIO IIPEACTABJICHMUS [TaHHOIO YKCJIa WJIA II0 OCTaTKY OT
meneHuda uwncjaa n Ha 2. O603HaUMM oOmepanuio IIOJYUYEeHHS OCTATKa OT

nenenus kak mod . PaGory omepamuu MOd MOXKHO IPEACTABUTH B CJEAYIOIEM
BHUJE:

(nmodZ)— 0, n-—uyemHoe (15)
1,n — HeuemHoe '
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BocmosbsoBasiuch omepamueir mod , sanuiem BoipaskeHusa (13) u (14) B
o0I1eM BHIE:

ADR(n,k,) :Q%J+1J'@%J+(nmod2)j+kn. (16)

B Tabn. 4 mpenacraBiieHbl pacupefeeHus 3Hauenuii agpecoB ADR u
mapamMeTpoB 71 U k, , IOJydeHHBIe B Pe3yJbTaTe MCIOIL30BAHUA CBOMCTB (2) 1
(3) nna ymenbiienusa tabauisl BK.

Tab6auya 4 - Basucumocmv mexdy adpecamu ADR u napamempamu n u K, 8
pe3yavmame npumernenus ceoiicmea (2) u (3)

ADR |0 |1 (2|3 |4 |5|6|7|8|9|10(11 |12 13|14 |15

n |o0o|1(2(2(3|3|4|4|4|5|5|5|6]6]|6]|6

k, ([0jofjO|1|O|1|O|1|2|0]|1 |2 |0|1]|2]3

CsoiictBa (4) u (5) MO3BOJAIOT IoJyuyaTh 3HaueHusa BK 6e3 obOpaineHus K
naMsaTu. B pesyabTaTe MCHOJIb30BAaHUSA BceX CBOMCTB (2)-(5) A yMeHbIIeHUS
o0’beMa INAMATH JAWANA30H 3HAYEeHWH £k, U, clefoBaTeIbHO, YHCIO SYeeK

naMATH A 3aJaHHOTO IapamMerpa n OyZeT HaXOAUTbCA B /JMAlla30He
2<k, <|n/2|. Ona nonyuenus sapucumocts ADR or n u k, HeOOXOAUMO B

BoIpaskeHuu (16) 3amMeHUTH 3HAUEHUE \_n/2_| Ha (Ln/ZJ —2) , & sHaueHHe k,
Ha (kn - 2). B pesysbTaTe BHIMOJMIHEHUA 3aMEHBI IOJYUYNM 3aBUCUMOCTD (8) miisa

ADR(n, kn) B MeToJe KOMIIaKTHOTO pasMmernienua BK B mnmamaru. HWs

HEePaBeHCTB n >k u n>(n—k) DONyuMM MUHMMATBHOE 3HAUEHME IJIA T
paBHOe min(n) =4 mnpu obpallleHNM K NepPBON sdAUeliKe IaMATH C aapecoM
ADR(4,0)=0.

Tabsuma coorBeTcTBUA Mexay aapecamu ADR sdeek maMaTH U
mapaMeTpaMu n u k, IJad MeTOZa KOMIAKTHOro pasMelieHus BK B mamaru
mpeacTaByieHa B TabJ. 5.

Tabruya 5 - Basucumocmsv mexncdy adpecamu ADR u napamempamu n u k,

0 memoda KOMNAKNHO2Z0 pasmeuwieHusd OUHOMUALLHBLY rcoa(pd)uuuenmoe 8
namamu

ADR |0 | 1| 2|3 |4 |56 |7|8|9|10|11 12|13 |14 ]| 15

n |4|5/6|6|7|7|8|88[9]9]910]10)|10] 10

k 212123 |2|3|2|3|4]|2]| 38 4 2 3 4 5

n

KoauuectBo sueek mamatz N Aaa xpaHeHus KoMIakTHOU Tabauisl BK c
MaKCHUMAaJIbHBIM 3HAUYEeHUEM max(n) = n,,, oymer OIIPEeIeAThCS

MaKCHMAaJIbHBIMHE 3HAUeHUSAMH IIapaMeTpoB 71 U £k, B cooTHomeHHuu (8).

C yuerom Toro, uro max(k,) = anax / 2J , IIOJIY4YUM
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n n

N=||2ax | 1| || & +(nmaxmod2)—1 -1. an
2 2

Pasmep ommHoil AuelikM maMAaTH s XpaneHus BK aBasderca BeaumumHOI

IIOCTOSAHHOI M cocTaBidAeT 7., paspanos. O0beM mamMaATH (, HEOOXOAMMEIH

IS peanumsaluy MeTOAA KOMIIAKTHOTO pasMmelnenus BK B mamsaru,
ompenesisgeTca Io popMyJie

n n
Q=N-n,,, = {%J—l . L%JJr(nmaxmodZ)—l 1|7 (18)

CpasuuB 3Hauenue us (18) co smauenmem (1) masa mcxomuoii Tabauier BE,
MOJYKHO BHJETb, UYTO O0BeM HeOOXOOUMOW maMATh OAJadA XpaHeHus BEK
coKkpaTtuiicsa 6ojsee ueM B 4 pasa.

BBIBO/IBI
JocTomHCTBOM MeToJa KOMIIAKTHOro pasMellleHusa BK B mamaru aBideTca

BBICOKasad CKOPOCTb HaXOXIEHUA 3HAUEeHUN C,]f , KOTOpas 3aBHCUT TOJIBKO OT

BpeMeHU BbIumciaeHuA QyHKuIum (8) aasa Haxokgenusa anpeca ADR u
CKOPOCTH CUUTHLIBAHUSA 3HAUEHUUN M3 sSueeK mamMaTH. 3Hauenus BK, KoTopbie
XpaHATCA B TabyuIe, ABIAIOTCA OCTOSHHBIMU U, CJIELOBATEIBHO, MOTYT OBITH
peasIM30BaHBI alIlapaTHO B BUJE CIEIVAJN3NPOBAHHBIX MHUKDPOCXEM WJIW Ha
0ase IIOCTOAHHBIX 3aIIOMUHAIOIINX YCTPOMCTB C BBICOKUM OBICTPOAEHCTBHUEM.
dyarnusa (8) cocTOUT U3 MPOCTHIX apUPMETUUYECKUX OIlepalluil YMHOMKEHUs,

CJIOJKEeHUA U BBIYNTAHUA. PacueT 3HaUueHUS Ln/2J MOJKHO peaJin30BaTh IIPU

TIOMOIITM OMepalluy CABUTA, a HAXOKIeHWe 3HAUeHUS (n mod 2) IpU TTOMOIITH
JIOTUYECKUX OIlepalluil U3BJIeUeHN A 3HAUCHUA MJIAIIero paspana B 7 .
IIpu pgocraTouHo OOJBHIMX 3HAUEHHUAX N1 00beM MOaMaTu @ 1Iad

IIPeJIOKEHHOTO MeToZa KoMIakTHoro pasmemieHuss BK pesko Bospacraer. B
9TOM CJyd4ae IleJecoo0pasHo IepeiiTu oT MeTomoB xpaHeHus BK kK meromam mx
OpICTPOTO BHIUMCIEHUA [5, 6].

METOJ KOMITAKTHOTO POSMIINIEHHA
BIHOMIAJIBHUX KOE®IIIECHTIB ¥ ITAM'ATI

C. B. Kocmeanv,
Cymcoruil Oeprcasrnuil ynigepcumem, m. Cymu

Y cmammi posensdaemvcs memod KOMNAKMHOZ0 PO3MiULeHHA OiHOMIALbHUX
roeiyienmie (BK) y nam'ami, axuii 00380as€ 3meHwumu o0csz nam'smi 0as
30epicanna BK 3a paxyHok sukopucmarnus ix eénacmueocmeil. Hago0umuvcs 6usedenns
Gopmyau 0 3Haxo00xHceHHs adpecu Kamipku nam'ami 018 ybozo memody.

Kniwouwosi cnosa: mabiuus 6iHOMIALIbHUX Koepiyienmis, adpeca kamipku nam'ami,
o6csz nam' ami.

METHOD OF COMPACT ALLOCATION OF
BINOMIAL COEFFICIENTS IN MEMORY

S. V. Kostel,
Sumy State University, Sumy

The paper expounds the method of compact allocation of binomial coefficients in memory.
This method allows to reduce memory size for storage of binomial coefficients with the use of
their features. Expression for memory address for this method is considered.

Key words: binomial coefficients table, memory address, memory size.
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