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Kadeapa 3aranbHOi eKOJIoTii Ta eKOiH(OPMAIIHIX CHCTEM

AJI'OPUTMMU I MTPOI'PAMHI 3ACOBM BUKOHAHHA
APUOMETUYHUX ONEPALIIA HAJT YUCJIAMU Y ®OPMATI
YACY IJIsI MIKPOKOHTPOJIEPA CIMEHCTBA AVR

© 3asyv B.M., Konocos B.P., 2013

3anponoHoBaHo cnmoco0M BHKOHAHHA apH@MeTHYHUX omepaniii JoJaBaHHA Ta
BilHiIMaHHA Yuces1, moxaHux y ¢popmarti yacy. Po3podisieHo anropuTvu Ta nporpamMsi 3acoomn
aaroputTMmiuHo MoBoI C 1151 MikpokoHTposepa cimeiictea AVR.

KarouoBi cioBa: apudgmernuni omepanii, ¢popMar duacy, pexHM peajbHOro 4acy,
AJITOPUTM, IIPOrpama.

The method of implementation of operations of addition and subtraction of numbers,
presented in the time-format is considered. The algorithm and the program are developed by
the C-language for microcontrollersof AVR family.

Key words: arithmetic operations, time format, real-time algorithm, program.

Beryn

Hudpori npuctpoi 3a3BHuail BUKOHYIOThH OIeparii i3 MepeTBOPEHHS JaHWX y JBIHKOBIH cucTemi
YHCIICHHS. AJIC YacTO BHHHMKA€E HEOOXIAHICTH 00pobiaTH maHi B (opmari yacy (Hampukiam, 34MTAHHUX 3
TOIMHHUKA peabHOro Yacy). HalimommpeHimmMu oneparisiMi € oneparii 101aBaHHs 1 BiJHIMAHHS YHCEIL.

ABTOpM TONIOHMX ormepalii ado NPONMOHYIOTh BUKOPHUCTAHHS ICHYIOUMX JOJATKIB (HAmpUKIam,
Microsoft Excel [1]), a6o 3actocyBanHs 3MiHHUX THIy String [2], a0 BHUKOPUCTaHHS SK MPOMIKHOTO
BCD-dopmary [3].

Iizi poGoTu
Mertoro poboTu € po3poOJIeHHS aITOPUTMIB Ta peajizallisi MporpaMHUX 3aco0iB Uil BUKOHAHHS

apupMeTHYHUX ONepaliil JonaBaHHS 1 BiJHIMaHHS 4YHcel, NojaHux y Qopmari gacy (gg:hh:ss) Ta
MiATBEPHKEHHS JOIUTBHOCTI HOTO 3aCTOCYBaHHS 10 MIKpOKOHTpouiepa cimelicta AVR [4-7].
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Oraspn JiTepaTypHHX JuKepeJ

Mikpokontponepu AVR € po3pobkoro i mpoaykrom ¢ipmu Atmel. Ile cimeiicTBO yHiBepcaabHUX
8-6iTHux Mmikpokontposuepie RISC-apxitektypu (mporpama i JaHi 3HaXOIAThCSA B PI3HUX aIPECHUX
npocTopax) 3 pisHuMH BOymoBaHuME nepudepiiiaumu npuctposimu (AL, npuitMad-niepeaaBad, MOIyIb
TWI, miuunsavky, SPl i HH3Ka IHOIMX TPUCTPOIB 3aIEXKHO Bix THIy Mojeni). BHpoOmAOTECS 3a
texHonoriero 0,35 MKM, MpaiTh 3 TaKTOBOK uactoror Big 16 MI'm. ®dipma ATMEL Bumyckae
cimeiicTBa 8-0iTHHX MIKPOKOHTPOJIEPiB JBOX THMIB: tiny i mega. MikpokonTposepu tiny marore drnemn-
IM3Y mo 1 i 2 x6aiitn B kopiyci Ha 820 BUBOAIB, a MIKpOKOHTpoJiepu Mega BianosiaHo: ®nem-I13Y
8-128 xOaiiTie B kopmyci Ha 28-64 BHBOIM, MOXYTh TPAIfOBATH 32 HAINPYT JKUBICHHS 2—6 BOJIBT.
MokIHMBeE NEPEeBEICHHS 1X MPOTPAMHHM IUIIXOM B PEKUMH €KOHOMHOTO CIIOKUBaHHS €HEprii.

VY kinmi 1996 poky Oyio BHUIyIIEHO mepmui gocuigauii mikpokoHnTpoiep AT90S1200, a B apyriit
nonoBuHi  1997-ro  kopmopauis Atmel  posnodana cepiiiHe BHPOOHHMITBO HOBOIO  CIMEWCTBa
MiKPOKOHTPOJIEPIB, 3AIMCHIOIOYH IPU IOMY 1X pEeKIaMHY Ta TEXHIUHY HiATPUMKY.

OcHOBHI Bepcii KOHTPOJIEPIB TaKi:

o AT (mega/ tiny) Xxx — 6a3oBa Bepcis.

o ATXXXL — Bepcii KOHTpOJIEPiB, M0 MPAIOIOTH 3a 3HMKEHOT (LOW) Hanpyru sxuBieHHs (2,7 B).

o ATXxxV — Bepcii KOHTpoJIepiB, 110 NPALIOITh HA HU3bKIiK Hanpy3i xkuBieHHs (1,8 B).

o ATxxxP — manocnoxusHi Bepcii (7o 100 HA B pexumi Power-down), 3acrocoBaHa TEXHOJOTIs
picoPower (anoncoBani B sunai 2007) [4], 3a KiNBbKICTIO BUBOIB 1 (DYHKIIIHHIMH MOXKJIUBOCTSIMH CYMiCHI
3 MOTIEPEAHIMU BEPCISIMH.

YV [5] BukmageHo npuHUMIHM ~(QYHKIIOHYBaHHS, OCOOJNMBOCTI apXiTeKTypu 1 mOpUioMH
nporpamyBaHHs MikpokoHnTposiepiB Atmel AVR. HaBeaeHo roToBi peuentu sl NpOrpaMmyBaHHS
OCHOBHHX (YHKILIH CydacHOT MIKpPOEJIEKTPOHHOI amapaTypu:. BiJl peakuii Ha HAaTUCKAaHHA KHOIKU a0o
noOyIOBU JAMHAMIYHOI IHIUKAIi JO CKIAIHUX MPOTOKOIIB 3alUCy JNaHUX JI0 30BHIIIHLOI mam'sti abo
0co0JIMBOCTEH MiAKIIOUEHHS TOAMHHMKA peajbHOro yacy. OcobnauBy yBary 3BEpHEHO Ha OOMiH JAaHUMH
MIKPOEJIEKTPOHHHUX TPHCTPOIB 3 TMEPCOHAIBHUM KOMITHOTEPOM, HABEICHO MNpHKIagu mporpam. Y [5]
BpaxoBaHO 0c00NMMBOCTI cyyacHHX Mozaeieid AVR 1 cymyTHIX MiKpocXeM OCTaHHIX POKIB BUITYCKY.

VY [6] mokasaHo Bci eramu pO3pOOJCHHS NPHUCTPOIB Ha MiIKpOKOHTpojiepax. OcoOmuBy yBary
3BEPTAIOTh Ha 3B'A30K MPOINOHOBAHMX CXEMHHUX PilIeHb 3 NPOTrpaMHHUM 3a0e3MeueHHsIM pO3pOOIIOBaHUX
OpUCTPOiB. Y KOXKHIH TJaBl NPOMOHYIOTbCA €NEKTPUYHI CXEMH IPHCTPOIB-KOHTpoJepiB Ha 0asi
MikpokoHTposiepiB AV R, a Takox JIeKinbKa IporpaM, o BU3HAYAIOTh (PyHKIIOHYBaHHS LIMX KOHTPOJIEPIB,
a OCHOBHI NIPUKJIa/IHI 3aCTOCYBaHHS MiKPOKOHTPOJIEPIB LILOT'O KJIACY.

[opsix 3 6a3o0BuMH MikpokoHTponepamMu AV R iCHYIOTh 1 YCHIIIHO PO3BHBAIOTHCS 1HII TEXHOJOT1I
moOy0BU X TpUCTpoiB. Tak, y poboti [7] maHo BuyepmHui omuc 6a3oBoi cepii MIKPOKOHTPOJEPIB
cimeiictea AVR Bix kommanii Atmel, moOymoBanux Ha 0a3i mporpecuBHOi apxitekrypu RISC i3
3acTocyBaHHSIM TmporpamoBanoi ¢uem-mam'ati EPROM. Kpim Toro, moxmagHO po3TismaeThes
MIpOrpaMyBaHHS MIKPOKOHTPOJEPIB IIi€i cepii MOBOIO aceMOiiep, a TaKOX CEepeAOBHUIIE BiaroKeHHs
AVR-Studio i nporpamuo-anapatuuii Ha6ip STK200.

OcHOBHA YaCcTHHA

BukonanHs omepauiii HajJ YMCIIaMH, MPEICTaBICHUMH y (OpMaTi yacy, YCKIaTHIOETHCS THUM, IO
BOHH HE BiJIIIOBiIal0Th BUMOTaM JI0 KJIACHYHUX CHCTEM YHCIICHHSI.

Tak, Ajsi TpeAcTaBleHHS BEJIMYMH Yacy BHKOPUCTOBYIOThCS mudpu O ... 9, gk 1 B JgecATKOBii
CHUCTEMi YMCIIEHHS, BOAHOYAC ICHYIOTh OOMEKEHHS Ha MaKCHMallbHEe YMCIIO CeKyH]l, XBWIMH 1 rofuH. Tak,
CEKYH/IY 1 XBIJIMHH 3MiHIOIOThCs B Mexax Bin O 1o 59, a roqunu — Big 0 no 23 (y 24-roguHHOMy (opMmari
vacy). Hanpuknan, npu nonasanni 40 i 30 cexyHn 0e3 ypaxyBaHHsS IUX OOMEKeHb pe3ynbrar Oyne 70
CeKyHZ, a 3 ypaxyBaHHsM — 1 xBunuHa 10 cexyna. OauH 3 BapiaHTiB BHpIIIEHHS MPOOJIEMH TOJISATAE B
JeCATKOBIM KOpEKLil pe3ynbTaTy BUKOHAHHS oreparii 1 moYeproBiii KOpeKLii 3HaUeHHs CeKYH, XBUJIMH 1
roaud. Jpyruil — y KOHBepTyBaHHI uncia 3 popmary “ roqMHU—XBUIIMHU—CEKYHAU Yy gopmaT “cekyHan”,
BHUKOHAHHI onepaiii i 3B0pOTHOMY MEPETBOPEHH.
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OnwuiieMo KOXeH 3 MOXKIIMBHX MiAXO/iB Y aJlTOPUTMIYHOMY HOJaHHi.

Hepwuii ancopumm. JIng toro, mo0 He BUKOHYBATH AECATKOBOT KOPEKLIT SIK MiCIs JOAaBaHHs, TakK i
icIs BiTHIMAHHS, 1110 3HAYHO YCKJIAIHIOE aJrOpUTM (PaKTUYHO B/IBiYi), KOHBEPTYEMO OJMH 3 OIEPAH/IIB
y JOTOBHSIIIBHUHN KOJI, 1110 JTO3BOJIUTH 3aMIHUTH OTICPAIli0 BiIHIMAHHS Omepaliieto goaaBanus (puc. 1).

C HO‘-lalTOK )

+ KonBepryBaHHs op2 B
JOTIOBHANBHHIA KO

]

Honasanns (¢-uist dod)
res = opl + op2

1
( Kineup )

Puc. 1. Cxema ancopummy dooasanmsleionimanms
yucen, npeocmaegieHux y popmami wacy

[porenypy moaaBaHHs JBOX YHCEN 3 TIOJATBIIO JICCATKOBOIO KOPEKIIIEIO pe3yIbTaTy HaBeIeHO Ha pHC. 2.

Puc. 2. Cxema aneopummy 0o0asanus 060X uucen
3 NOOALULOI 0ECAMKOBOI KOPEKYIEID

Bin'emue uncio npencrabieHe B JONOBHAIFHOMY Koii. JlecsaTkoBa KOpeKIis pe3yabTaTy A0AaBaHHS
BUKOHYETHCS 3 ypaxyBaHHAM TOro (akrty, mo mudpu OJAWHHIL CEKYHI, XBHIHH 1 roauH (mapHi mudpu
gricia) 3MmiHoTEC Big 0" mo “9”", a nndpu mecsaTkiB cexyHn i xBuimmH — Big ‘0" mo “5". KimbkicTs
JIECSATKIB TOAMH Y IbOMY aJTOPUTMi HE 0OMEKEHa.
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Hpveusi areopumm. JIns KOHBEPTYBAaHHS YMCIIA B CEKYHAN MOXKHA BUKOPUCTATH MOLUIMPEHUH METOX
BaroBUX KOoeQili€HTIB, CyTh SKOr0 MONATaE B AOAaBaHHI JOOYTKIB KOXKHOI 3 umdp uucna Ta ii Baru. Bary
mudp y CeKyHAax i 4uciia, MoJaHoro y gopmari 4acy, HaBeJeHO B TaOJIHILI.

Bara 36000 3600 600 60 10 1
Hudpa | Hecsatku ronun | l'oguan | Hecsatku xBunnH | Xsunuan | Hdecarku cexynn | CexyHan

Toni

sek = dg* 36000 + g* 3600 + dh*600 + h*60 + ds*10 + s, @D
ne Sek — pesymbrar y cexkyHaax; dg— KiTbKiCTh IECATKIB roAuH; § — KinbKicTh roaud; dh — KinbKicTh
JECATKIB XBHJIMH; N — KiIbKiCTh XBHJIHMH; AS — KUTBKICTh IECATKIB CEKYH/T; S — KITbKICTh CEKYHI.

JInst 3BOPOTHOTO TIEPETBOPEHHS 3PYYHO BHKOPHICTATH METOJI TIOCITIZIOBHOTO OOUHCIICHHS IIU(P: TECATKIB ro-
JIFH, TOJIHH, IECSITKIB XBUITHH, XBIIIMH, IECATKIB CeKyH]I, CeKyH . OOUMCIIeHHS BUKOHYETHCS 32 TAKAM alTOPATMOM:

® YICJIO B CEKYHJIaX JTUIMTHCS Ha Bary nudpu JecsaTKiB roauH. Yactka nae nudpy AECATKIB rOJIUH,

® 3AJIMIIOK AITMTHCS Ha Bary UQpu roguH. Yactka nae uudpy roiuH,

® 3QIMIIIOK JUTATHCA Ha Bary nudpu AecaTkiB xBUiauH. YacTka gae nudpy IecATKiB XBUIHH;

® 3AJIUIIIOK JIJMTHCS Ha Bary udpu xBuuH. YacTka fgae nupy XBUINH,

® 3ANIMIIOK JUIATBCS Ha Bary UUQpU JeciTKiB cekyHA. YacTka nae mudpy HECSATKIB CeKyH[,
3aJTUIIOK Ja€ MUQPy CEKYHI.

Cxemy anropuTMy HaBeJICHO Ha puc. 3.

( ITouarok )
I

IleperBopenHs B
cexyHu (¢-uis ghs_s)

Tun onepauii
O

sek = opl-op2

sek =opl+ op2 |

dg = sek / 36000,
sek = sek mod 36000

|

g =sek /3600,
sek = sek mod 3600

l

dh = sek / 600;
sek = sek mod 600

l

h=sek/ 60,
sek = sek mod 60

|

‘ ds=sek/ 10 |
|
I s =sek mod 10 |

I

‘ res=dg g dh h ds s |

l
C Kinenp )

Puc. 3. Cxema ancopummy 0ooasannsleionimanns uucern,
npedcmasaenux y popmami uacy (nodamnmss uepes cexkyHou)
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CxeMy anropuTMmy MepeTBOPEHHS YHcel 3 GopMaTy roJUHU-XBUIMHU-CEKYHIN B CEKYHIU HaBEACHO
Ha puc. 4.

Puc. 4. Cxema aneopummy
nepemeopeHts yucei
3 hopmamy 200UHU-XEBUTUHU-CEKYHOU
Ha CeKyHOU

OO0uaBi mporpaMu 3py4YHO MPEACTABUTH Yy BUTIISAI MapaMeTpU30BaHOI MpPOLEAYpH, B SKYy il 4ac
BUKIIUKY TIEPEAAl0ThCsl TUN ornepallii (1ogaBaHHs abo BiHIMAHHS) 1 3HAUSHHS OTIEPaH/IiB.

3HaveHHsI, IO MOBEPTAEThCS, 1 Oy/ie IIYKaHUM Pe3yIbTaTOM.

Po3apyk mporpamu, peatizoBaHoi 3a anropuTMom 1, mokaszano Ha Listing 1.

Listing 1. [Iporpama BUKOHaHHS OTepalliid 10 1aBaHHs/BiJHIMAHHS HaJl YUCIIAMU, IPEICTABICHUMU B
¢dopmari gacy.

#i ncl ude <avr/io. h>

#define u8 unsi gned char

#define u32 unsi gned | ong

volatile u32 a,b,c,d; /| uucna y dopmari uwacy (romyHM- XBUIMHKU- CEKYHION)
R n/ Ip nepeBony TOAMH, XBUJMH 1 CEKYyHO Yy CEKYHIM --------=-======-====--

u32 ghs_s(u32 ghs)
vol atile u32 sek; //cexyumn
sek=(((ghs>>20) &x0F) *36000) +( ( (ghs>>16) &xO0F) *3600) +( ( (ghs>>12) &x0F) *600) +( ( ( ghs>>8) &0x0F) * 60) +(

((ghs>>4) &0xO0F) * 10) +( ghs&0x0F) ;
return sek;

e n/ np apudMm. onepauin Hanm umcrmamm y QopMaTi ywacy ---------------------
u32 ar_op(u8 op, u32 opl, u32 op2)

vol atile u8 s,ds, h, dh, g, dg; /| umbpu BUXimHOTO uYMcIa

vol atile u32 sek,res; | | pesynbTatr

i f (op==0) sek=ghs_s(opl) +ghs_s(op2); /| nonaBaHus

el se sek=ghs_s(opl)-ghs_s(op2); [/ Binnivauusa

dg=sek/ 36000; sek%36000; | | po3paxyHOK mecAaTKiB ToAMH

g=sek/ 3600; sek%3600; | | pozpaxynok Tomun

dh=sek/ 600; sek%-600; /| po3paxyHOK OECATKiB XBUIUH

h=sek/ 60; sek%60; / | po3paxyHOK XBUIIMH

ds=sek/ 10; | | pospaxyHOK HECATKIB CEKyHI
s=sek?%0; /| pospaxyHOK CceKyHI

res=((u32)dg<<20)| ((u32)g<<16)| ((u32)dh<<12)| ((u32)h<<8)| ((u32)ds<<4)|s;
return res;

}
int main()

a=0x132259;
b=0x023441;
whi | e(1)

{

c=ar_op(0, a, b); /'l popaBanus
d=ar_op(1, a, b); /| Biguimauus
a++;

b++;

}



AHatiz Koy Iporpam IMoKasas, 10 B IEPIIOMY BHIIAIKy Horpama 3aiimae 67 psiikiB, a B APYroMy —
38 pszkis. [lepinii anropuT™ CKIagHUAR U1 PO3YMIHHS, APYTHUH — JOCTYHIIIUH.

Bopnouac ckomminboBana nepiua nporpama mae 00'em 906 OaiiTiB, a npyra — 1398 GaiiTis.

1 mOpiBHAHHS PO3IJISIHYTO Mporpamy, Hanucany MoBoto Cl++, B AKiif peani3oBaHUM THUN JaHHUX
string [2]. Po3npyk nmporpamu HaBeneHo Ha Listing 2. Pe3ynbpratn BUKOHaHHS apuMETHYHUX Onepanii Ha
KOPHCTH anropurmy 1.

Listing 2.

i nclude <stdio. h>

void set_time(char* _time, char form char oper, int value)
{
int *tnp_int = new int;
sscanf(_time, “%l”, tnp_int);
int tine = 0;
time = time + (*tnp_int%d00) + ((*tnp_int%l0000)/100)*60 + (*tnp_i nt/10000)*3600;
delete tnp_int;
swi t ch( oper)

case '+':
switch(form
case 'h': time ti
case 'm: tinme
case 's': tinme
default: return;
}
br eak;

case '-':
switch(form
{

+ val ue*3600; break;
val ue*60; break;
+ val ue; break;

Inmnn
333

ti

- val ue*3600; break;
val ue*60; break;
- val ue; break;

case 'h': time = ti
case 'm: time = ti
case 's': time = ti
default: return;
}
br eak;

default: return;

333

i}f(tine<=0)
{spri ntf(_time, “000000");
el se
i f((tine/3600)>=10)
: sprintf(_tinme, “%", (time/3600));

el se
{

sprintf(_tinme, “0 %", (tinme/3600));
i f(((time¥8600)/60)>=10)

sprintf(_time, “%%", _tinme, ((tinme¥%3600)/60));
el se

sprintf(_time, “%0 %", _tine, ((tinme%3600)/60));
i}f ((ti me%0)>=10)

sprintf(_time, “%%", _time, tinme%0);
el se

sprintf(_time, “%0 %", _tinme, tinme%0);

}

int main(){
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char *time = new char[7];
sprintf(tinme, “071355");

set _time(time, 'm, "+, 1);
set_time(time, 's', '+, 13);
printf("%\n", tine);

return O;

AHali3 MBUAKOJII 3allpONOHOBAHUX Ta PO3TJSIHYTHX AITOPHTMIB MOKa3aB, L0 JUISi BUKOHAHHS
anroputMy 1 BuMaraeTbcs BUKOHaHHs /746 omepaiiiii gofaBaHHs, TOAl sAK s aiaroputmy 2 — 1074
orepariiii, mporpama 300paxena Ha Listing 2, Bumarae e MeHIIoro uucia omnepauiii. Ile mos’s3ano 3
HEOOXiIHICTIO ONPAIFOBaHHS JOBTUX 32-0iTHMX MacUBIB YMCIIOBHUX JIAHHUX MPH 8-01THOMY MiKpOIpoIecopi
AVR. Tlpu onpaioBanHi gaHux y (opmarti yacy Ha 32-po3psiIHOMY MiKpOIpolecopi nependadaeThes
4acOBMI BUTpall NpH 3acTocyBaHHI anroput™my 1y 1,5 pasy nopiBHSHO 3 alrOPUTMOM 2, i 4acoBi 3aTparu
OyIyTh CHIBMIpHUMH i3 3aCTOCYBaHHAM mporpamu Listing 2.

BucHoBxku

Po3pobiieHo nBa BapiaHTH adTOPUTMY 1 IPOTpaMK BUKOHAHHS OIepalliii JoJaBaHHS Ta BiTHIMaHHS
Ygucel, IpeacTaBieHnx v ¢popmarti gacy. [Iporpama Hammcana MoBoro C st MiKpOKOHTpOJIEpa ciMelcTBa
AVR. IlpoanamizoBaHo Ta AOCTKEHO pOOOTY alrOpUTMy BUKOHAHHS OTEpallii 3a 3alpONOHOBAHUM
METOJIOM. AJITOPUTM J]a€ 3MOTY IIIBUKO BUKOHATH OIEepariii HaJ YrciIaMHu.

Ilepma mporpama nmae HOBruil Koi, aje 3aiimMae MeHIe Miciisd B mam'sti. Jlpyra — Hasmaku. Ilpu
BHOOPI X BapiaHTa CIIijJ] BpaXxOBYBaTH TAK0XX 3pO3yMUTICTh MPOTPaMH.
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