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[IpoananizoBaHO mMporpaMHi Ta iHTEPHET-PECYPCH ISl TOUHUX OOYHCIeHb. MU IPOMIOHYEMO
BHKOPUCTOBYBATH TIOMYJISIpHI €l1eKTpoHHI Tabmmui Excel sk 3py4HHil 1 TOCTaTHBO MOTY>KHHH
CHUMBOJIGHUH KaJbKYJATOp. 3a gomoMoroo VBA peamizoBaHo 0a30Bi omepamii: HOpiBHSHHS,
apupmernuni naii Ta 3HaxomkeHHs HC/] nBOX winMX 4YwWcen OBUTBHOI PO3PSOHOCTI.
OOrpyHTOBaHO ANTOPUTM CKOPOYCHOTO IIJICHHS NECSITKOBHX YHCEN, SKUH HEe MOTpelye LUKy
BiTHIMaHHS I KOPEKUii po3psmy-pesynbrary. Lli anroputmu € HeoOXimHuMHU s poboTu 3
palioHaTBPHUMH YHCIaMH Ta CKIaJHIINX OOYMCICHb Ha IXHIM OCHOBI (HAampwKIam, ajst
PO3B'sI3yBaHHs CUCTEM JIiHIMHUX aNreOpaidHuX piBHSAHB). Y HOAANBIIOMY JAaHa BEPCit MOXe OyTH
MPOTOTHIIOM JUTA €(PEKTUBHIIIOIO MEPENpOEKTyBaHHS, 0COOINBO, 3 BUKOPHCTAHHSAM JBIHKOBHX
ITOPUTMIB, PealTi30BaHUX HA CyYaCHHX MPOIECOpax.

Knrouoei cnosa: enekTpoHHi Tabmuii, HanOynoa Excel, ciMBONBHI 00YHCIEHHS, alTOPUTMHU
JIJIEHHS.

Yacto Mu moTpedy€eMO MOCTATHBO MPOCTHX, 3PYYHUX 1 3HAHOMHUX MPOTpaMHHUX IHCTPY-
MEHTIB ISl BUPIIICHHS HayKOBHX, HaBYaJbHUX a00 NMpPUKIAJHHUX 3aBJaHb, 30KpeMa, W Juisi
HECKJIAHUX apU(PMETHYHHUX PO3PaxXyHKIB UM TECTyBaHHS OKPEMHX YAaCTHH CKJIaJHOTO
nporpamuoro koxay. Enexrponni tabmuni Excel noctatHpo momyinsipHi, IHTYITHBHO 3p0o3yMini
Ta JIETKO OCBOIOIOTHCS, TOMY 0arato KOpUCTYBadiB BHKOPHCTOBYIOTH 1X, IPHHAHMHI, SIK CXOBH-
e KiUTbKiCHUX JaHuX. Pa3oM 3 THM, eleKTpoHHI TabIuIll — 116 ¥ NOTY>KHHUH KaabKysaTop [1], a
cepenosuuie Visual Basic for Application (VBA) [2] nae 3mory posmmproBat QyHKIIOHAJIBHI
MOXIJIMBOCTI, HE 3arjIMONIOI0YHNCh y TOHKoWI cydacHuX IT-TexHosoridi i mporpamyBaHHS.
SIkmio muTaHHSA e(eKTUBHOCTI, 30KpeMa LIBHAKOLIl, TOCTPO HE CTOiTh, TO KOA-TIIPOTOTHII Y
VBA - minkoM BUNpaBIaHe pilleHHs Uisi ampoOariii HOBUX idedl Ta anropuTrMmiB abo
OTPUMAaHHsI KOHKPETHUX YHCIIOBUX PE3YJIbTaTiB.

Ha »aib, CHMBOJIBHI 00YHCIICHHS a00 apu(MeTHKa YUCEN 3 JOBUIBHOIO PO3PSAHICTIO Ha
nmanwii gac B Excel He miaTpuMyeThCs, MO CIIOHYKa€ KOPUCTYBAviB CAaMOCTIHO PO3B’A3yBaTH
wo npobnemy [3,4,5,6]. Y VBA HasBHuil yHiBepcanbhuii Tun Variant, sikuii ¢daxTudHO
IHKAICYITI0e OMUH 3 6a30BHUX THUIIIB JaHUX, 30KpeMa, uis inux gucen — ne Long (32 6itu, 1o
10 nmecsarkoBux 1udp), abo st uucen 3 miaBarouo kpamkowo — Double (64 6itu a6o 15
3HAYyMMX AECATKOBUX 1udp). Hemio okpemo crosars crenudivni mis Excel tunu Decimal ta
Currency [2]. Tomy apudMeTHUHI Oneparrii 3 IITHMH YucIaMi 63 MOXUOOK 3a0KPYTIICHHS Ha
0a3i BKa3aHMX THIIIB MOXKHA peasli3yBaTH TUIBKH sl OOMEXEHOI pO3PSAHOCTI YHCE:
MaKCHMaJIbHa KIJBbKICTh 3HAUYIIUX JECSITKOBHX LUQp, 3arajioM, He nepeBunrye 29. 3a3Buyaii
BOTO JOCTaTHBO, ONHAK Take OOMEXKEHHS He BHUpINIye BKa3zaHy mpoOieMy IOBLIBHOL
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PO3PATHOCTI, IpHHAWMHI B "po3yMHEX" MeXax (HaIlpHUKIIAd, XOTLIoCs onepyBaru Xxo4a 6 100—
1000 mecsaTkoBuMH Idpamu). 3 iHIIOTO OOKy, Ui 0a30BHX THIIB BHKOHAHHS OIEparii
ONTUMI30BaHO, 4acTO Ha PiBHI KOMaHJ IpoLecopa, TOMy OakaHO BUKOPHCTATH LIBHKOIIIO
LUX THIIB JUIs peartizauii onepamniii JOBroi apupMeTHKH, HAPUKIIAI, HA OCHOBI LIJIMX YHCEI.
Ines madmpocTimoi 3 peamizaliii, SKy MH TYT IPOIOHYEMO: 30epiraTu KOXHY 3 JCCATKOBUX
uudp uioro uncna sik BCD-nipeacrasnenns [7] B macui tuny Byte. Xou i nHeedexTrBHuit
110/10 IIBUIKOJIT, TAKWH MiJXiJ BUKOPUCTOBYE BiJJOMI 31 IIKOJIM, & TOMY IHTYITHBHO 3pO3yMiJi
MpaBHja JTOJABaHHS, BiTHIMAHHS, MHOKEHHS W nuteHHs "B ctoBmumk'. Hapmaku, ABiifikoBe
MPE/ICTABICHHS 3 BUKOPUCTAHHAM, HANPUKIIa, 32-6iTHoro tumy Long Oyso 6 edexTuBHIiINuM
SK MO0 Mam’saTi, Tak 1 MIATPUMKH OIepaliil Cy4yaCHUMH IPOLECOPaMH, OJHAK 3HAYHO
ckiamHimmM Juist peatizamii "3 Hyms". OmHaK BIIMIHHOCTI 1 MHCTEITBO peaii3aliii JoBroi
apu(MeTUKN HE MaTHUME >KOJHOTO 3HAa4YeHHS Uil KOPUCTyBada, SK TUIBKM BiH Ma€ 3MOTY
OTPUMATH TOTPIOHUN pe3yNbTaT, 30KpeMa, 3a IPUHHATHUI OI0O/KET 9acy, CYMIpHHHN 3 iHIITHM
eTalaMHy Horo 3aBJaHb, HAPUKIIA[, IIIATOTOBKOIO Ta J[iaJIOTOBUM BBOJOM JaHHX.

BigmiTiMo, 110 HA TaHUH Yac CUMBOJIbHI OOYMCICHHS MIATPUMYIOTHCS OaraThma iHIIMMHA
nporpamamu Ta OibmioTekamu. Haiinepine Tpeba 3rafaty Taki MoTys>kKHi KOMEPIiiHI IporpamMu
KoMII'foTepHoi anrebpu sk Matlab, Mathematica Ta Mapple (3a HasBHOCTI BOHH MOXXYTh OyTH
BkitoueHi B Excel sik HanOynosu [8,9,10]) abo nporpamu 3 Biakputum kogom PARI/GP [111],
SageMath [12] ta Oarato iHmmx. [Ipo HEX MOXKHA Ji3HATHCS Yepe3 MOIIYK B iHTepHETI abo,
JUTSL TTIOYATKYy, 3aBiTaBiny Ha caiit Wikipedia [13].

VY pi3HEHX MOBax IporpaMyBaHHA Ta 0i0NiOTEeKax € MIATPUMKA BENWKUX IIUTHX, 1HOMI W
parfioHaIbHUX YHMCET HA OCHOBI TXHBOIO IPEACTABJICHHS "YMCEIbHUK/3HAMECHHHMK'" 5K IILTAX
uncen [14,15,16]. 3 srmouennsam y NET Framework 4.0 knacy Biglnteger [17] nosiBsieTsest
MOXJIUBICTB JIOCUTH JIETKO 1 €PEKTUBHO pealli3yBaTH aHAJIOTT4HY (YHKIIOHAIBHICTh (30KpeMa,
Iift HaJl parioHAIFHUMH YUCIIAMH) B €IEKTPOHHHUX TAONHIIX SK HAAOYIOBY 3 BUKOPUCTAHHIM
nuHamigaux 0i6miorek XLL (DLL) na C++ abo C#.

Skuio, He3alekKHO 3 SKMX INpHYMH (TIparHeHHs A0 CaMOCTIMHOCTI, HOBi imei Ta
3aCTOCYBaHHS, 3 HABYAJIHHOIO METOIO TOILO), BIIMOBUTHCS BiJl BAKOPHCTAHHSI 1HIINX IIPOTpam,
TO MporpaMyBaHHsS B IHTErpoBaHOMY cepemoBHili VBA 1ae MOXIMBICTH JONOBHHTH
¢yukuionansHicth Excel. Hama mera — peanizyBatu apudMeTuuHi onepauii Haj LHUIAMH
YHUCIIaMH JIOBUIBHOT PO3PSIIHOCTI, 10 OyIyTh OCHOBOIO ISl KJIACy palliOHaJbHUX YHCEN, a
TAKOX CKJIaJHIIINX O0YHCIIEHb Ta aITOPUTMIB, BUKJIAJICHUX Y HACTYITHUX YaCTHHAX CTaTTi.

PosrnsHemMo nani taki 6a30Bi omeparii: TOpiBHAHHS, JOAABaHHS, BiIHIMaHHS, MHOKECHHS
Ta AIJIEHHS JIBOX JIOBTHX IIJIMX 4uceNl a 1 b 3 gomkuHamMu n; 1 n, BigmosizHo. Lli VBA-

anropuTMH npezacTasieHi B JlonaTky no enekrpoHHoi Bepcii crarti (Jlictuarn 1-7), a Takox y
¢aitni mHagOymoBu RatioMatr.xla, mo moCTymHHH SK eJIEKTPOHHHH pecypc 3a TaKuM
nocunanuam: http://old.geology.Inu.edu.ua/phis_geo/nauka/metod/metod.htm.
Po3pizHsiTumemo nBa piBHi: 1) 30BHIMIHII — AJIS YHMCENl Y CUMBOJILHOMY (TEKCTOBOMY)
¢dopmari; 2) BHyTpimHIi — a1 peanizanii Ha ocHoBi BCD-mpencrasnenns [7] (abo inmoro,
e(heKTUBHIIIOr0, 3 MBIHKOBOIO OCHOBOIO YHCIICHHS — SIK IEPCIeKTHBa). TeKCTOBHH ¢opmar
niaTpumyetbesi B kiituHkax Excel, a BCD-npencrasienns npaioe y makpocax VBA. Mu
BUKOPHCTOBYBaTUMEMO JAMHAMIYHUI MacHB, 110 MICTUTh KOXXHY jAecsaTkoBy 1udpy {0,...,9} sk
Oe33HakoBe 4ucio TUMy Byte, mounmHaroum Bijg MonogmMx po3psaiB (TOOTO y 3BOPOTHOMY
MOPSAKY MO0 3BUYHOTO 3allUCy YHCla 37iBa HampaBo). X04d Mexi macuBiB y VBA moxHa
IUHAMIYHO 3MIHIOBATH, MU JOTPUMYBATUMEMOCS KOHIIETIii "OJHE YUCIIO — OJHE BHIIICHHS
nam’sTi", a aus pe3ynbrary Jeskoi nii Tpeba cTBOprOBaTM HOBHH 00’€KT y mam’sari. Tomy
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BHJIIEHHS ITaM’sITi MOTPiOHO poOuTH "mpo 3amac”, Ha OCHOBI ampiopHHUX omiHOK. It 1pOT0
30epiraTUMeMO OKPEMO KUIBbKICTh 3HAYYIIUX LU(pP, KPIM HyNIB y crapmmx pospsaax. OTke
BHYTPILIIHE TPEJICTAaBICHHS JECITKOBOIO YMClia BKJIIOYAaTHME Taki arpuOyTu: 1) MacuB mudp
tunty Byte, ne immekcaiisi mouMHAEeThCS Bifg HyJs 1 Bimnosimae cremeHro 10 is miHU
pO3pAny; 2) OBXKIHA — KUTbKICTh 3HATYIIUX TUGD ((aKTHIHUA po3Mip 3aTIOBHEHHS BHILICHOT
Uit MacuBy mam’sti) — tun Integer abo Long; 3) 3nak uucna. s fioro cTBOpeHHs: NOTPIOHO
3aJaTd JECATKOBE YHUCIO Y CHMBOJBHOMY (TEKCTOBOMY) (OpMaTi, MOXJIHMBO, 3i 3HAKOM
(Jlictuar 1), a mpoTHiexHa orepamis GopMye TEKCTOBY CTPIUKY 3 MacHBY IU(p — oOHIBI il
JIOCTaTHLO TPUBIaJbHI.

®DyHKIIIS MOPIBHAHHS JIBOX JOBIHX IUTHX Yncell 4 1 B BakiHBa sK cama 1o co0i, Tak i
JUTSL pealtizallii iHIIMX Oorepamniidi Ta aroputMiB. PesymbraTom € omHe 3 ymcen —1, 0 abo +1,
sSkmo A< B, A=B abo A> B BiAmoBigHO. ANTOPUTM HOPIBHSIHHS CITIOYATKy Ma€ BPaxoOBY-
BaTH 3HAKU Ta KUIBKOCTI IU(P ABOX YMCEI, a TOII BXKE — IMOPO3PSIIHO MTOPIBHIOBATH HUDPH,
IO € eJIeMEHTaMH MacHuBiB, SKIIO 3HakKM 1 KuibkocTi 1udp oanakosi (Jlictuar 2).
[lepen6ayeHo TakoX MOJKIJIMBICTD MOPO3PSJHOTO IMOPIBHAHHS 31 3MILIEHHSIM OYAaTKOBOTO
iH/IEKCY TIepIIOTO, JOBIIOTO YUCIIA, [0 BUKOPUCTOBYETHCS IS pealli3allil onepariii JieHHs.

JonaBanus i BinHiMaHHs. ApryMeHTaMu LUX OIepaliii Ha 30BHINIHBOMY DiBHI € JBa
Yucia 31 3HaKaMH, a Ha BHYTPIIIHBOMY PiBHI JIOCTaTHBO peasli3yBaTH MOPO3PSAHE J10JaBaHHS
Ta BiZHIMaHHA, NPUYOMY pe3yJIbTaT 3alMCYEThCS Ha MiCIE MEpIIOro apryMeHTy
(3 HakormuenHssM) (Jlicruar 3). [lomkuHy pesynsTarty noxaBaHHi (A+B) ampiopHO
OLiHIOEMO K 7 +1, ne n=max(n;,n,) — NOBXKHHA OLIBIIOTO 3 ABOX apryMeHTiB 4 i B, a
JIOBXHMHY pe3yibraTy BigHiMaHHA (A—B) — S[K JOBXKHHY IMEpIIOr0 apryMeHry 7,
npunyckaroun A > B . Takox nependaunMo MOKIJIMBICTD 3MIIIEHHS ITOYaTKOBOTO IHAEKCY
MepIIoro, MOBIIOTO 4Ywcia. JlomaBaHHS 31 3MIIIEHHSAM BUKOPHUCTOBYETHCS [UISA peaizamii
MIOPO3PSATHOTO MHOYKEHHS, & BiTHIMAHHS 31 3MIIEHHSAM — JUIS JTiIJICHHS.

Bigmitumo, 1110 32 HEOOXITHOCTI IOBXKHHY Pe3yJIbTaTy TpeOa CKOPEKTYBaTH B MEHILIHIA

0iK, KO cTapila 3Hauyma nudpa € HyaeM. Lle cipaBeannBo i aiist iHIINX onepaii.

MHo:xenHsi. Pe3ynbratoM MHOMXKEHHS [BOX 4ucenn 4 1 B Oyle 4uciio, TOBXKHHA SKOTO
He TepeBuInye n=n; +n, —1. Ha BHyTpiIHbOMY pIiBHI peayli3oBaHO HUKITIYHE MHOKECHHS

mepmoro apryMenrty (0e33HakoBe YHCIO SK MacuB IH(p) Ha HACTYIMHUH PO3PSAH APYTOro
apryMeHty (Texx macuB 1udp); n1o0yToK nojaeMo (31 3MilllEHHsIM) A0 pe3yibTary. BximHi
apryMeHTH He 3MiHIOIOThCs. Ha 30BHIIIHBOMY PiBHI 3HaK pPe3yJibTaTy Mae BPaXOBYBaTH 3HAKH
apryMeHTIB 3TiIHO 13 3araJbHONPUHHATUMH TNpaBHIaMH. Takok eQeKTHUBHILIE MHOXUTH
JOBIIE 4MCIO A Ha KopoTmie B (MeHIIe omepaliil AOJaBaHHA): 1| 27, . MmoBipHO,

JI0JIATKOBI IE€PEBipKH, HAIIPUKIIA, YU MICTUTh po3psia 0 abo 1, TAKOK € KOPUCHUMH, OCKUTBKH
3MEHIIYIOTh (PaKTHYHY KUIBKICTB Onepamniii MHOKeHHs Juis iporiecopa (Jlictunr 4).

Hinennst (3 ocrauero). Lls apubmernyna omneparlist € HAWCKIAIHIIIOW, HETPUBIAIBHOIO
st peamizanii [18,19]. 3araJbHOBIIOMO, IO AJITOPUTM JUICHHS AECATKOBHX 4Yuced 'y
CTOBMYHUK" TOJISITa€ B MOCIIIOBHOMY 3HaXOMKEHHI LUGP pe3ynbTaTy (BiJ CTApLIOro po3psiLy
1o MooAmoro). SAkmo mudpa ¢ migidOpaHa BOajdo, TO MHOKHUMO JUTFHUK B Ha mro nudpy Ta

BiTHIMAEMO OTpHUMaHHIA JOOYTOK BiJl CTAPIINX PO3PSAMIB IIEHOTO A , IPUIOMY KITBKOCTI X
PO3PSAIIB TOPIBHIOE OJHA OHIM a00 KUIBKICTh PO3PSAIB AUICHOrO Ha 1 Olible, HIXK JiTbHHKA.
Juist npoctoTH TYT mpumyckaemo A4 > B . Inakme marumemo pesynbrar 0 (i 3aJIMILIOK, IO
JIOPIBHIOE TTIEHOMY), sIKIO0 A < B ; abo 1 (i HynboBHiA 3IHIIOK), KO0 A = B . CKIaaHICTh
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moJsirae B "mpaBWIIbHOMY" mMiA00Pi IH(PH pe3ynbTaTy ¢ : SKIIO B3ATO "3aMaio', TO MOTpiOHO
30UTBIINTH, HANPHUKIA, HA OIMHHUINO, SKIIO X "3abarato" — To 3MeHmmTH. lle BHMarae
JIOJIATKOBUX TIOBTOPHHUX OIlepalidi MHOXeHHs a0o0 BiJHIMAHHS Ta LUKIIYHOI CTPYKTYypH
anropuT™My 3arajgoMm. BipHoto Oynme Taka 1mmdpa ¢q,, UIA SKOi pe3yibTaT BiXHIMaHHS
(3aymmIoK) mopiBHIOE Hym0 ab0 MeHIIWH [inbHWKA. ToXi TepexommMo A0 HACTYIHOI,
MoJoAmoi nuppu abo 3yMUHIEMO AUICHHS 3 0CTa4Yel0, SIKIIO BUYEPIIAHO BCI PO3PSIH.

Ha ngiiikoBoMy piBHI 1 y KOMaHIax MpOLIECOpa peayi3oBaHO €(PEeKTHBHI aJrOpUTMHU
nineHns, 30kpema, SRT-amropurmu [20,21,22], o pearni3yroTh iICH0 CKOpoUeHo2o IUICHHS,
KON U MA00pY HACTYMHOI IU(PU Pe3yIbTaTy aHANI3YIOTHCS TUIBKH NEKiTbKa CTapIIuX
uudp AiIeHOro Ta AUIBHUKA, a pewmTy uudp HiOM irHOpyoTh. EeKTHBHICTH anropurmy
3abe3neuyroTh Hamepen oOuKcieHa iHaekcoBaHa Tabmuns (a look-up table), mo wmicuThb

Al

"mpaBwibHUN" KOe(Ii€HT IS 3aJaHUX apryMCHTIB-IHACKCIB. AHAIOTIYHHNA ITiJIXiJ MOXKHA
peamizyBaTH ¥ i AECATKOBUX ducel. Sk mpaBmiio, OepyTh ABI IUQpHU HileHOTO W OJHY
uudpy AiIbHUKA: anroput™ kiacy "2:1". Jlemo ckiaiHinn anroputMu kiacis "3:2" uu iHmi,
30KpeMa, KOMOIHOBaHI.

3poOuMoO JesiKi OLIHKK IMOJMO Pe3yJbTaTy cKopoueHozo IuieHHS. Hexall 3amaHo nBa

uucna A i B, 0<A<P"™, B"/2<B<PB", n — Kinpkicth po3pamis (uudp) AiTbHUKA,
npuuoMy B < A<PB, ne P=10 — ocHOBa cucTeMH 4YHUCICHHS. TOYHUM (KOPEKTHHM)
pe3ynbraToM AineHus € mudpa g, =[A4/B], 1< g, < -1, ne nozHaueHo [x] — nina yacTuHa
yucna x . 3a 03HaYCHHSM JIUJICHHS 3 OCTayelo,

0<A4-g.B=r,<B. 1)
Y uucnax 4 i B BHUAIIMMO S CTapUIMX PO3psIiB (HANpHKIA, Ul alropurMy kiacy "2:1"
s=2) A=(a+m)B", B=(b+m,)B", mpuuomy 1<a<Pp’, 1<b<B™', b<a<pPb,
0<m,,m;, <1 — "mManTHCH" (OZHAKOBOI JOBXKHHHM), 110 ITHOPYIOTHCA B aITOPUTMI CKOpoOUe-

HOo2o nineHHs. BpaxoByrooum, 10 4YHcCla BHYTPIIIHBO 30€piraloThCst sSK MacuBH LU,
sarmmmemo cumBoiuHo A = a.m, = a.([0..9]..[0..9]), B=b.m, =b.([0.9]...[0..9]), Binmi-

JIMBIIY KPAINKO HU(pH, 110 iIrHOPY€EMO Ul OLIHKY ¢, (MOXKHA BBaXKaTH ix ApoOOBOO 4acTu-

HOIO YHCelN, a JEeKUIbKa MOYaTKOBUX, "Mijepchkux" mu¢p — mioro yactuHoo). [lo3HaueHHs
([0..9]...[0..9]) TpakTyemoO SK MacHB JOBUIBHUX JECSITKOBUX UMD, OJHAKOBOI JOBXKUHH JUIS

A 1 B . Sk npoOHe amns AijeHHS BisbMeMo 3HaueHHA-udpy g =[a/b], 1<g<P-1.
BukoprcToByrOUM 0UeBHIHY HEPIBHICTB /I HATYypaJIbHUX YKcen a 1 b,
a a a+l
b+l b
OTPUMAEMO HIDKHIO Ta BEPXHIO OLIHKH:

{ a }: a[0] | _{a([0]..[0]) <{4}: am, | _| a([0.9]..[0.9]D | _
b+1] | (B+D.[0]] | b(9]..19) | |B] |bm, 5.([0..9]...[0..9]) | ~

S{wq%mDD}<Fa+D{m}:{a+q
b.([0]...[0]) b.[0] b

,azb>0, )

abo
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e A

OyHKIiS 15101 YacTHHM [x] — HecmaaHa, ToMy, 3 ypaxyBaHHsIM (1.2), BUKOHY€eTbCS

i)

TOOTO iIHTEpBaJIM OBIPH AL ¢, 1 ¢ CIIBHAagarOTh, IPUIOMY UL g — IHTEPBAJT 3aMKHYTHH.

Jlerko mnokaszaty, mo ¢, <g [20]. Cnpasni, q:{%}>%—l, a 3BIiOCH I IIiJIO-

YyuCeNIbHUX HepiBHOCTeH ¢b>a—-b+1. Tomi A-gB<A-a+b-1=b+(m,-1)<b<B,
TOOTO BUKOHY€ETbCS HEPiBHICTb, aHanoriuda ao (1). Ilpumyctumo cymporuBre: g, >¢g abo
c2q+1. Toni A-q,B<A-(q+1)B=A4A-gB-B<B-B<0, mo cynepeyntb O3Ha4eH-
Hio (1). OTxe, g = [a / b] € BEPXHBOIO OLIHKOIO IS ¢, 3aMiCTh [(a +1)/ b] B dopmyuii (4).
S0 BUKOHYeTbCs ymoBa fB" /2<B< ", 10 nus "2:1"-anropurMy Crpasennsa
ouinka [20]: g, < ¢ <gq,+2, To0TO NMKIIYHUHI Hpolec mindopy ¢, MoxHa (i epexTHBHimIe)
3aMIHMTH MaKCHMyM JBOMa MOpPIBHSHHSAMHU Ta BiJHIMaHHSAMHM, LIOpa3 3MEHIIyIOYd Ha |
3HaueHHs KoediuieHta-uuppu ¢g. Lo ymoBy, abo 1iii exBiBaneHTHy S5<b<10,
3aJI0BOJIbHSIOTH, HE 3MIHIOIOYH PE3yJIbTaTy, IOMHOXKUBIIN AiieHe 4 1 JUIbHUK B Ha Te came
Majie guciao-1udpy, Sk IpaBuio, CTEMiHb 2, [0 MOXKHA peajTi3yBaTu Ha PiBHI mpolecopa yepes
IIBUJKI oreparii modiToBoro 3cyBy. OnHAK, y MECSITKOBIA CHCTEMI YHCICHHS TaKHHA IiIXixa
BUMarae MHOXXCHHS JOBrHX 4yucedl A 1 B, a TOMy TyT He BUKOPUCTOBYETHCS. SIK HAcCIiloOK,
0azoBuil anroput™ aAiteHHs kiacy "2:1" mae umkiaiuHy crpyktypy (JlictmHrm 5 i 6).
Hanpuxnan, [189/20]=[18/2]=9 — BipHo, a [180/29]=6<9 — 3 pisHuneto g—q, =3.
Sk ampTepHATHBY, PO3TITHEMO ANTOPUTM CKOpodeHozo HineHHs kiacy "3:2". OmiHuMo
PI3HHMIIIO MiX KpasiMu iHTepBaity (2), BpaxoBytoud, mo b <a <10b,a60 a+1<10b:
atl a _ a+b+1 < 115 _ 11
b b+1 bb+1) bb+1) b+1
3rifiHo i3 BIACTUBICTIO (YHKIIIT [x] , K10 3MIMIEHHS MIX aprymMeHTamMu ¢ <1, 1o
[x+c]—[x]£1. 6)
Omxe, sxmo b >10, To rapaHTOBaHO MAaTHMEMO:

a a a+l1 a
q_q”S[Z}{bH}S{ b }{bﬂ}gl’ @

T00TO ¢ =¢, a00 g=¢q,+1, y cully IUCKPETHOCTI 3Ha4eHb ¢ . 3MEHUIUTH L0 PI3HULIO 1

<1, sxmo 52>10. 5)

TapaHTYBaTH ¢ = ¢, HE BACTHCS, SKIIO HABITH BPaXyBaTH OLIBIIY PO3PSAHICTE Yncen a 1 b .
Konrpaprymenr: Hexail a =2b, i skmo At "BIAKMHYTHX" LUQp BUKOHYETHCS HEPIBHICTDH
m, < 2m;, , Hanipuknax, m, =0, m, #0, To omiHka ¢ Oyzxe Ha 1 mepeBHIIYBaTH KOPEKTHE
3HAYEHH] ¢, .

DaKkTUYHO, MU OOTPYHTYBAIH JIHIHHY CTPYKTYpy aJTOPUTMY IOPO3PSAHOTO ITUICHHS 3
ocragero kiacy "3:2", 3 €qIHOI0 IepEBiPKOIO 1, MOXKITUBO, KOPEKII€I0 OLIHOYHOTO KoedimieHTa
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¢ B MEHILY CTOpOHY Ha 1, sIKmo 7 >b (ToAl TakoX 3MEHIIyeMO U ocrauy, r:=r—>b). Jlnsa
I[LOTO BUKOPUCTOBYEMO (pyHKIit0 AineHHs Hanno Int(a/b) tpu- abo aBomm¢poBoro ymucia a

Ha pneommppoBe uucio b (tobro 10<bh<100, 10<a<1000, a>b) abo Hamepen
c(hopMOBaHy aHAJIOTIUHY IHJIEKCHY TaOJHIIO Pe3yJbTaTiB, M0 NOTpedye MOAAaTKOBO I1aM’ATi,
ane Mae 30UTBIINTH, WMOBIPHO, MIBHAKOIIO. 3aHIIOK IEPENUCye BiANOBITHI pO3psSAH
JIJIEHOT0, BHACHIJIOK YOTO MOSIBIIATHCS HYJI B CTApILIMX PO3PsIax.

3ayBaxuMo, 110 JlaHa peallizallis IoKa3ajla HaWBWILYy LIBHIKOJII0O B MOPIBHAHHI 3
LHUKJITYHUMHA allropuT™Mami kiacy "2:1", 30kpema, sik 3 BUKOpucTaHHsaM ¢yHkuii Int(a/b) , Tak

i Tabn. 1 (muB. [Jomarok no enexkTpoHHOI Bepcii). Takoxk M MOPIBHIOBANIM 3 KOMOIHOBaHUM
MIiJX0IOM, KOJIM CKOPOYCHE NiIeHHs kiacy "2:1" ampiopi 3am0BoiibHs€ OMiHKY (4). s 1poro
BuKopHcToByBajnacs Tabin. 2 (Tam sxe), mpudomy Tuteku 11,5% Bix ycix BxoaiB miei Tadmumi
HE 33I0BOJBHSIOTH yMOBY (4), Tabm. 3 (tam xe). MabyTh, AEAKWil BUTpAml Yacy, IO Ja€
YCHIIIHE 3aCTOCYBaHHs anroputMy kiacy "2:1", xonu ymoBa (4) BHKOHAHA, HIBEIIOETHCS
HEOOXITHICTIO TIOBTOPHO TEPEKIIouaTHCsl Ha anroputM kiacy "3:2" B pasi HeBnaui. Ham
YHUCIIOBUH €KCIIEPUMEHT MOJISTaB y MOCIHiZOBHOMY Iepedopi ILIEHOTro Ta JIUTbHHUKA 3 JESKOTO
3aJaHoro Jiana3oHy gucen (Hanpukian, Bix 1 mo 10000 — mrs mimeHoro, ta Big 1 mo 1000 —
U TbHUKA), a CyMapHHH 4ac BHKOHAHHS TaKoOro MOABIHHOIO LMKy IHOPIBHIOBABCA NI
pisanx peanizarii Do_Divl (Jlictunr 6). st anroputMmy miteHHS kiaacy "2:1" Mu Takox
crpoOyBaJl peaslizyBaTH 1HIEKCHUI AOCTyI 10 Harepes oouucienoi Tabn. 1, ogHak B LbOMY
TECTI BUTpAIly B 4aci, MOPIBHAHO i3 3acTocyBaHHAM (yHKMil Int(a/b) nnms oxpyriaeHHS IO

MEHIIIOTO LIO0T0, B paMKax VBA-peaizariii He OTprIMaIIi.

Jani anst peanmizanii parioHaJpbHUX 4KceNn HaM noTpideH anroputM EBkimina [18,19,23]
JUIs 3HAXOJpKEHHs1 HalOumbmoro crinbHoro ainbHUKa (HCJ]) nBox wmcen (Jlicrunr 7). Bin
HIUPOKO BHUKOPUCTOBYBAaTHMETBCS, SKLIO MOTPIOHO MaTW HeckopouyBaHHd 1pi6. Llei
ANTOPUTM TEX HE Halle()eKTUBHIMINK, a OTKe, MOKe OyTH 3aMiHCHHWH IHIITUMH, HAIIPHUKIIAM,
nBiiikoBuM anroputmoM EBkmina [24].

3amporoHoBaHi iJei Ta mporpaMHa peajisaiis Opi€HTOBaHI Ha MPAaKTUYHE BUKOPHUCTAHHS
SNCKTPOHHHUX Ta0JMIb Y HAYKOBHUX JOCTI/DKEHHSX, aje He OOMexyroThcs HuUMH. B Excel
MOJKHA 3PYYHO BHKOPHCTOBYBaTH po3poOieHi mporpamu Ha VBA s cBoro koja 3amad
(HaBYaNbHUX, NPAKTHYHUX, JOCHIAHUIBKHX) K (YHKIIT KopucTyBaua abo MakKpocH,
ckomiroBaBim emuHuid  ".xla*"-¢aiin  (http://old.geology.Inu.edu.ua/phis_geo/nauka/metod/
metod.htm). YV mnepcnektuBi ns HagOynoBa Moke OyTH IepenpoeKToBaHa i €(QEeKTHUBHIIIE
pearizoBaHa 3 BHKOPHCTaHHAM AuHaMiuHuX 0i0Omiotex (DLL), HamucaHWX Ha iHIINX MOBax
HporpaMyBaHHS.
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Approaches that increase the accuracy of computations occupy a special place in
computational methods. The use of integer arithmetic of arbitrary precision requires a software
implementation of operations based on 32- or 64-bit types supported by modern processors. The
software and Internet resources for full precision computations representing the commercial
sector and free-code programs are analyzed.

We propose to use wide-popular Excel spreadsheets as a convenient and sufficiently powerful
symbolic calculator as an alternative to well-known powerful but high-priced packages. The basic
operations are implemented in VBA: comparison, arithmetic actions and finding of the greatest
common divisor for two integers with arbitrary digits saved in cells as text. At internal level an
integer is represented by a BCD-array of digits with variable dimension, and its sign is stored
separately. So we have two levels of implementation: through text strings and their internal
representation. Operations "add", "subtract", "multiply" correspond to schoolbook algorithms but
"divide" is more complex. The algorithm of short dividing for decimal numbers is justified which
do not require the subtraction loop to correction the result digit. Numerical experiments have
confirmed the effectiveness of the algorithm named as "3:2"-class: in this case, we take into
account 3 digits of the dividend and 2 digits of the divisor to obtain one digit of the result.

These algorithms are necessary to work with rational numbers and for more complex
calculations on their basis (for example, to solve systems of linear algebraic equations). In future,
this version may be a prototype for more efficient redesign, especially with use of binary
algorithms implemented in modern processors.

Key words: electronic spreadsheet, Excel Add-In, symbolic computations, dividing
algorithms.

JOJATOK 1

Jlicrunr 1. IlepetBopenns 8 BCD-dopmar i oGepHEHE — 10 CTPIYKH CUMBOIIIB.

Public Function ToDigits(s As String, ByRef lens As Integer, _
ByRef sign As Integer) As Byte()
Dim i As Integer, j As Integer, ch As String, arr() As Byte
j = Len(s): lens = j — 1: sign = IIf(Mid(s, 1, 1) ="-", -1, 1)
If sign = -1 Thenlens = lens - 1
ReDim arr(0 To lens)
Fori=0To lens
ch = Mid(s, j, 1): arr(i) =Val(ch): j=j-1
Next
Do While lens >= 0 'Cut leading zeros
If arr(lens) <> 0 Then Exit Do
lens = lens - 1
Loop
If lens < 0 Then sign = 0: ToDigits = arr()
End Function
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Public Function Digits2Str(sign As Integer, arr() As Byte, _
n As Integer) As String
If sign = 00r n <0 Then
Digits2Str = "0": Exit Function
End If
Dim i As Integer, s As String  's=""
If sign = -1 Thens="-"
Fori=nTo 0 Step -1
s = s + LTrim(Str(arr(i)))
Next
Digits2Str = s
End Function

Public Sub Do_CutZeros(arr() As Byte, ByRef n As Integer)
" Assume: n >=0.
Do Whilen>=0
If arr(n) <> 0 Then Exit Do
n=n-1"canbe-1/
Loop
End Sub

Jlicrunr 2. CumBosbHe nopiBHsAHHS: ¢yHKIis SCompare ta 11 peanizamis Do_Compare.

Public Function SCompare(sl As String, s2 As String) As Integer
' Symbolically compare two signed integer values in the string format.
" Assume: strings s1 and s2 contain digits only, may be with leading "-" or "0" .
Dim v1() As Byte, nl As Integer, v2() As Byte, n2 As Integer
Dim signl As Integer, sign2 As Integer, signRes As Integer ' signRes = 0
v1() = ToDigits(s1, n1, signl)
v2() = ToDigits(s2, n2, sign2)
If signl = sign2 Then
If signl <> 0 Then
signRes = Do_Compare(v1(), nl, v2(), n2)
If signl < 0 Then signRes = -signRes
End If
Else ' signl <> sign2
signRes = IIf(signl > sign2, 1, -1)
End If
SCompare = signRes
End Function

Public Function Do_Compare(v1() As Byte, nl1 As Integer, _
v2() As Byte, n2 As Integer, Optional iBeg As Integer=0) As Integer

' Symbolically compare two unsigned integers: v1(iBeg..n1) and v2(0..n2).
Dim iRes As Integer, i As Integer, j As Integer

nl=nl-iBeqg ' re-defineni

iRes = IIf(n1 > n2, 1, -1) 'init. for n1 <> n2

If n1 =n2 Then

j=1iBeg: '/Res=0 ‘as default
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Fori=n2 To O Step -1 ' compare from left to right (from high to low djgits)
If v1(j) <> v2(i) Then
iRes = I1f(vl(j) > v2(i), 1, -1): Exit For
End If
=i+l
Next
End If
Do_Compare = iRes
End Function

Jlictunr 3. CumBosbHi apupmeTndHi oneparii noxasanus (SAdd) ta Binnimanus (SSubtract), a Takox
1xHi peajizauil.

' Symbolically add or subtract two signed integer values in the string format.
" Assume: strings s1 and s2 contain djgits only, may be with leading "0" or "-".
" Absolute values are saved in digit indices arrays: v1(0..n1), v2(0..n2).
' Order of digits: [0]- lowest digit,..., [n1] - highest digit.
Public Function SAdd(s1 As String, s2 As String) As String
Dim v1() As Byte, nl As Integer, v2() As Byte, n2 As Integer, _
v() As Byte, n As Integer
Dim signl As Integer, sign2 As Integer, signRes As Integer
Dim bSwap As Boolean
v1() = ToDigits(s1, nl, signl): v2() = ToDigits(s2, n2, sign2)
If signl = 0 Or sign2 = 0 Then ' simple cases
v() = v1(): signRes = signl: n =nl
If signl = 0 Then
signRes = sign2: v() = v2(): h =n2
End If
Else
If signl =sign2 Then ' sjgni <> 0 and sign2 <> 0 !!!
bSwap = (nl < n2): signRes =signl ' 1 or-1
Else ' signl <> sign2
signRes = Do_Compare(v1(), n1, v2(), n2)
If signRes = 0 Then
SAdd = "0": Exit Function
End If
bSwap = (signRes = -1)
signRes = IIf(bSwap, sign2, signl) ' swap to vi() > v2()
End If
CopyAndAddOrSub v1(), n1, v2(), n2, v(), n, (signl = sign2), bSwap
End If
SAdd = Digits2Str(signRes, v(), n)
End Function

Public Function SSubtract(s1 As String, s2 As String) As String
SSubtract = SAdd(s1, lIf(Mid(s2, 1, 1) = "-", Mid(s2, 2) , "-" + s2))
End Function

Public Sub CopyAndAddOrSub(v1() As Byte, nl1 As Integer, _
v2() As Byte, n2 As Integer, v() As Byte, ByRef n As Integer, _
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bAdd As Boolean, bSwap As Boolean)
' Implementation of a := a + b (bAdd=True) or a := a - b (bAdd=False).
" Assume: n1 >=n2 !
Dim vl_() As Byte, n1_ As Integer, v2_() As Byte, n2_ As Integer ' femp
If bSwap Then
vl )=v2(0):nl_=n2:v2_()=vi():n2_=nl
Else
vl () =vl():nl_=nl:v2 () =v2(): n2_=n2
End If ' |vl_|>|v2_| Now!
n=nl_:ReDim v(0 To n + 1) ' with one reserved byte for op. " "add”
CopyBytesvl (),0,n1_,v() 'vI (0.n1_)->v(0.n1)
If bAdd Then
Do_Add v(), n, v2_(), n2_ ' incremental add: "+=", correct n1_ if need
Else
Do_Sub v(), n, v2_(), n2_ ' decremental subtract: "-="
End If
End Sub

Public Sub Do_Add(v1() As Byte, ByRef nl1 As Integer, _
v2() As Byte, n2 As Integer)
'v1(0..n1) += v2(0..n2).
" Assume: ni>nZ2, UBound(v1) > nl.
Dim i As Integer, b As Byte, bOver As Byte
" bOver = 0 'as default
Fori=0Tonl" from right to left digits
If i > n2 Then Exit For
b = v1(i) + v2(i) + bOver: bOver =0

Ifb>=10Then
b=b-10: bOver =1

End If
vi(i)=b

Next

If bOver > 0 Then ' bOver = 1 or 0.
v1(i) = vi(i) + bOver "f=nl+1.
ni=nl+1 ' correct n1 if need.

End If

End Sub

Public Sub Do_Sub(v1() As Byte, ByRef nl1 As Integer, _
v2() As Byte, n2 As Integer)
'v1(0..n1) -= v2(0..n2). Assume. v1 >=v2 >0, n1 >=n2.
Dim i As Integer, bl As Byte, b2 As Byte, bOver As Boolean
' bOver = False 'as default
Fori=0Tonl ' from right to left digits
bl = vi(i)
If bOver Then
bOver = (b1 = 0): bl = IIf(bOver, 9, bl — 1)
End If
If i > n2 Then Exit For
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b2 = v2(i)
If b1 < b2 Then
bl = bl + 10: bOver = True
End If
bl =bl-b2
End If
vi(i) = bl
Next
CutZeros v1(), n1 ' correct n1 if need
End Sub

Jlictunr 4. CumBonbHe MHOKEHHS — QyHKIis SMult Ta 1 peanizaris.

Public Function SMult(s1 As String, s2 As String, _
Optional shift As Integer = 0) As String
' Symbolically multiplicate two signed integer values in the string format. shift >=0.
" Assume: strings s1 and s2 contain djgits only, may be with leading "0" or "-".
Dim sRes As String
Dim v1() As Byte, nl As Integer, v2() As Byte, n2 As Integer, _
v() As Byte, n As Integer
Dim signl As Integer, sign2 As Integer, signRes As Integer
If s1 ="0" Or s2 ="0" Then
SsRes = "0"
Elself s1 ="1" Then
SRes = s2
Elself s2 = "1" Then
SRes = s1
Else ' general case:
v1() = ToDigits(s1, n1, signl)
v2() = ToDigits(s2, n2, sign2)
Do_Mult v1(), n1, v2(), n2, v(), n, shift
signRes = IIf(signl = sign2, 1, -1): sRes = Digits2Str(signRes, v(), n)
End If
SMult = sRes
End Function

Public Sub Do_Mult(v1() As Byte, nl1 As Integer, v2() As Byte, n2 As Integer, _
dRes() As Byte, ByRef n As Integer, Optional shift2 As Integer = 0)
" Multiply two values saved in digits arrays v1(0..n1) and v2(0..n2).
n=nl+ n2 + shift2 + 1
ReDim dRes(0 To n) ' /nit zeros
Dim i As Integer
Fori=0Ton2
If v2(i) > 0 Then Do_Multl v1(), n1, v2(i), dRes(), n, O, shift2 + i
Next
Do_CutZeros dRes(), n
End Sub

Public Sub Do_Mult1(vi() As Byte, nl As Integer, _
v2 As Byte, digitsRes() As Byte, ByRef n As Integer, _
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Optional n0 As Integer = 0, Optional j As Integer = 0)
" Symbolically multiply v1(0..n1) and a digit v2.
' The result is saved in the array digitsRes(J..n) like as in the operator "*=".
Dim i As Integer, j As Integer, bl As Byte, b As Byte, bOver As Byte
Fori=n0 To nl"' from right to left (from low to high digits)
b = digitsRes(j) + vi1(i) * v2 + bOver
bl=bMod10 '0.9
bOver = (b - bl) / 10 : digitsRes(j) = bl: j=j+ 1
Next
If bOver > 0 Then digitsRes(j) = digitsRes(j) + bOver
End Sub

Jlictunr 5. CUMBOJIbHE JIJICHHS IECATKOBHUX YHCET Yy CTPIYKOBOMY (OpMATi.

Public Function SDivRem(sl As String, s2 As String, sReminder As String) _
As String
" Symbolically divide two signed integer values in the string format.
' Return integer part of (s1/52) and the remainder by ref.
" Assume: strings s1 and s2 contain digits only, may be with leading "0" or "-".
Dim sRes As String, v1() As Byte, v2() As Byte, v() As Byte, reminder() As Byte
Dim nl As Integer, n2 As Integer, n3 As Integer, n4 As Integer
Dim signl As Integer, sign2 As Integer, signRes As Integer, sg As Integer
v1() = ToDigits(s1, n1, signl): v2() = ToDigits(s2, n2, sign2)
If sign2 = 0 Then err.Raise vbObjectError + 100, "SDivRem", "Divide by 0"
signRes = IIf(signl = sign2, 1, -1): sRes = "0": sReminder = "0" ' as default
If signl <> 0 Then
sg = Do_Compare(v1(), n1, v2(), n2) ' compare as 2 abs. values
Ifsg <1Then '=0or-1
If sg =0 Then ‘sl =s2:
sRes = lIf(signRes = -1, "-1","1") ' sReminder = "0"
Else 'vl<v2
sReminder = sl ' SRes = "0"
End If
Else "vi| > |v2|
Do_DivRem v1(), n1, v2(), n2, v(), n3, reminder(), n4
sRes = Digits2Str(signRes, v(), n3)
If n4 >= 0 Then sReminder = Digits2Str(signl, reminder(), n4)
' the reminder is "0" or has a same sign as dividend
End If
End If
SDivRem = sRes ' sI = s2*sRes + sReminder, sReminder < s2
End Function

Public Sub Do_DivRem(v1() As Byte, nl1 As Integer, v2() As Byte, _
n2 As Integer, vFraction() As Byte, ByRef n3 As Integer, _
vReminder() As Byte, ByRef n4 As Integer)
' symbolically divide two values saved in digit indices arrays v1(0..n1) and v2(0..n2).
" Assume: n1 >= n2, vl >=v2. Return [vl1 / v2] >0 and vReminder() by ref.
" If n4 = -1 then reminder = 0 but the array vReminder() is UNDEFINED .
Dim d() As Byte, n0 As Integer, n As Integer, sg As Integer, btFr As Byte
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Nn3=nl-n2:n4d =n2:n=nl 'n-/ast significant djgit in v1()
n0 = n3 ‘=nl-n2
ReDim vFraction(0 To n3) '/nit zeros
ReDim d(0 To nl1): CopyBytes v1(), 0, n1, d() 'd — worked array, init as copy of v1()
Do
sg = Do_Compare(d(), n, v2(), n2, n0) ' compare d(n0..n1) and v2(0..n2)
If sg > 0 Then
vFraction(n0) = Do_Divl_32(d(), n, v2(), n2, n0) ' “3:2" approach or...
' vFraction(n0) = Do_Divl_21(d(), n, v2(), n2, n0) ' “2:1" approach
Elself sg = 0 Then
n=n-n2-1: vFraction(n0) =1 ' d(no..n) = 0, without subtraction!
Else 'setoifd() <v2()
' vFraction(n0) = 0 ' as default
If n>=0Then Ifd(n) =0 Thenn =n-1" cut a leading zero if need
End If
n0=n0-1
Loop While n0 >=0
Do_CutZeros vFraction(), n3
n4 = n: Do_CutZeros d(), nd4 ' correct rest of division if need. n4>=0 or -1
If n4 >= 0 Then
ReDim vReminder(0 To n4): CopyBytes d(), 0, n4, vReminder()
End If
End Sub

Jlictunr 6. IIponexypu peanizanii CKOPOUEHOTO iICHHS 3 BAKOPUCTAHHIM alropuTMiB Kiacy "3:2" abo
"2:1".

Function Do_Divl_32(v1() As Byte, ByRef nl As Integer, v2() As Byte, _
n2 As Integer, n0 As Integer) As Byte
' Divide A=v1(n0..n1) by B=v2(0..n2); A > B, n1-n0+1 = n2 or n1-n0 = n2.
' "3:2"-approach, upper estimation. Return a digit 1..9 and reminder in v1(n0..n1).
Dim sg As Integer, a As Integer, b As Integer, d As Integer, btRes As Byte
'd=0 ' as default
If n2 =0 Then ' "short" case "2:1"
b =v2(n2): a = vi(nl) ' 1 digit
Ifnl>0Thend=10*a+ vl(nl-1)
Else 'n2>=1. AssumeA>=B, nl >=n2>=1:
b =10 *v2(n2) + v2(n2 - 1):
a=10*vl(nl) +vi(nl-1) ' 2 digits
Ifnl>1And (@a<bOrnl-n2>n0)Then _
d=10*a+vl(nl-2) 'uwse?2or3digitsfor <A>
End If
Ifd>0Andd<10*(b+ 1) Thena=d ' re-init for both "3:2" and "2:1" cases
btRes = Int(a/ b): If btRes > 9 Then btRes =9 '1..9, upper estimation now!
If btRes > 1 Then
Dim nT As Integer, T() As Byte ' worked array, for product of bFr*v2
NnT =n2 + 1: ReDim T(0 To nT) ' /nit with O and reserve one (?) byte
Do_Multl v2(), n2, btRes, T(), nT ' in fact, Do_Multl work as "+="
IfT(NT) =0ThennT =nT-1 ' cut leading zero if need
‘Do ' without LOOP:
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sg = Do_Compare(v1(), n1, T(), nT, n0)
If sg <0 Then
btRes = btRes - 1

If btRes > 1 Then Do_Subtract T(), nT, v2(), n2 ' ...and correct nT if need

End If
'Loop While sg < 0
End If
If btRes = 1 Then " assume: v1() > v2() and return reminder in vi():
Do_Subtract vi(), n1, v2(), n2, n0
Elself sg = 0 Then ' subtract two equival numbers, v1(n0..n1) = 7(0..nT)

vli(n0) =0:n1=n0-1 ‘can be nl = -1
Else
Do_Subtract vi(), n1, T(), nT, nO
End If
Do_Divl_32 = btRes '1..9

End Function

Public Function Do_Divl_21(v1() As Byte, ByRef nl1 As Integer, _
v2() As Byte, n2 As Integer, n0 As Integer)
' See comments for Do Divl_32, but we use "2:1"- approach here.
Dim sg As Integer, btRes As Byte, a As Byte, d As Byte ' a,d <100.
If vi(n1) > v2(n2) Or n1 = 0 Then

a=vl(nl) ' 1 digits

Else 'If vi(nl) <=v2(n2) And n1 > 0 Then
a=10*vl(nl) + vi(nl- 1) ' 2 digits
If a>=10* (v2(n2) + 1) Then a = v1(nl) ' 1 digits

End If

btRes = Int(a / v2(n2)): If btRes > 9 Then btRes = 9 '1..9, upper estimation!

If btRes > 1 Then
Dim T() As Byte, nT As Integer ' 7() - worked arr., for product of bFr*v2

NnT = n2 + 1: ReDim T(0 To nT) ' init with 0 (!), with one reserved (?) byte

Do_Multl v2(), n2, btRes, T(), nT ' Do_Multl work as "+="

If T(NT)=0ThennT =nT-1 ' cut leading zeros if need
Do

sg = Do_Compare(v1(), n1, T(), nT, n0)

If sg <0 Then

btRes = btRes - 1
If btRes = 1 Then Exit Do
Do_Subtract T(), nT, v2(), n2 ' correct nT if need
End If
Loop While sg < 0
End If
If btRes = 1 Then ' assume: vi() > v2() and iDiffUL = 0 (btRes>=1)!
Do_Subtract vi(), n1, v2(), n2, n0 ' reminder in vi()
Elself sg = 0 Then ' Subtract two equival numbers v1(n0..n1) and T(0..nT)
vi(n0) =0:n1=n0-1 'nican be -1
Else
Do_Subtract v1(), n1, T(), nT, nO ' reminder in vi()
End If
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Do_Divl_21 = btRes '1..9
End Function

Jlicrunr 7. AnroputM EBkitiga momyky HaiOinbmoro crigpHOro Ainbauka (HC).

Public Sub Do_GCD(VA() As Byte, nA As Integer, vB() As Byte, nB As Integer, _
vGCD() As Byte, ByRef nGCD As Integer)
'Return Greatest Common Divider of two POSITIVE numbers
' In the digits array vGCD(0.. nGCD). VA and vB not chanched.
Dim v1() As Byte, nl1 As Integer, v2() As Byte, n2 As Integer
Dim v3() As Byte, n3 As Integer, v() As Byte, n As Integer
Dim sg As Long
sg = Do_Compare(vA(), nA, vB(), nB)
If sg=0Then '/fvA=vB
nGCD = nA: ReDim vGCD(0 To nGCD)
CopyBytes VA(), 0, nGCD, vGCD() ' same as VA
Exit Sub
End If
nl = nA: ReDim v1(0 To nl): CopyBytes VA(), 0, n1, v1()
n2 = nB: ReDim v2(0 To n2): CopyBytes vB(), 0, n2, v2()
If sg =-1Then' swap vi <->v2
v() = v1(): v1i() = v2(0: v2() =Vv( ' temp: v(), n
n=nl:nl=n2:n2=n
End If
Do ' assume: vl > v2
Do_DivRem v1(), n1, v2(), n2, v3(), n3, v(), n ' v3(), n3 not used, in fact.
" assume: 0 <= v() < v2() now.
If n >= 0 Then ' if reminder <> 0
vl() =v2(): n1 =n2
v2() =v():n2=n
End If
Loop While n >=0
nGCD = n2: ReDim vGCD(0 To nGCD) ' assume: vGCD() >= 1
CopyBytes v2(), 0, nGCD, vGCD()
End Sub
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JOJATOK 2

Tabmuus 1.
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Tabmuus 2.
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