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MYJITHPOPMEH, MYJITU®OPMATEH IU®PPOB
KOMITAPATOP

Humutsp C. Tanes, Iumutsp 1. [€HOB,
Becenun B. Credanos, Maptun [I. ['eoprues, Credxa U. [lonosa

Pe3rome: AnamuTnuHO € 00OCHOBaHa BB3MOKHOCTTA 3a CHHTE3 HAa MYNTH(GOPMEH W MynTH(OpMaTeH
(poB KOMIApaTop, OCHOBABAlll CE HAa alrOpUTbMa 3a Oe3 3HAKOBO CPAaBHEHHE HA JABOMYHU YHUCIA.
CuHTE3UpaHUsAT KOMIIapaTop IMpeACTaBisiBa HOBAa OPUTHMHAIHA JIOTHYECKAa CXeMa, KOATO € CIocoOHa na
CpaBHSBA IIEJIH U IPOOHH JBOMYHM YHCJIA ChC 3HAK, KAKTO M JBOMYHO-IECCETHYHN TAKWBA, NPEICTABEHHU B
Pa3TMYHA MHBEPCHH MAIIMHHU KOJOBE U KOANPAHH B Pa3INUHH JABOMYHO-AECETHYHH KomoBe. ChInara cxema
€ B CbCTOSIHUE J1a CpPaBHSBA M YHMCIIa, MPEJICTABEHU BB JOpMa ¢ TUIaBallla 3ameTas cropen crangapra |IEEE-
754. CxeMata € ¢ BUCOKA CTETIeH Ha YHUBEPCATHOCT. Ts ¢ yCIex MoXKe J1a 3aMeHHU B U(POBUTE MPOIECOPH
TPaAMIIMOHHUS aJrOPHTBM 3a OIEpalys CpaBHEHHE, pealn3upaHa dYpe3 H3BaxnaHe. Karo ciydaiina
BEJIMUMHA € M3CNeBaHa JIATEHTHOCTTa Ha KommapaTopa. OmpeleneH € 3aKoHa 3a paslpelesieHueTo i U
HETOBHUTE TTapaMeTpH.

KaouoBu gymu: kommaparop, mudpos kommaparop, npusHamu LT, EQ, GT, nBonyHum ymcna, TBOMYHO-

JIECETUYHH 4uciia, Kox 8421, 8421"'3, 2421, gncna ¢ turaBama 3ametasi, crangapt IEEE-754, narentHocr,
Kkputepuil Ha [IupcoH, reoMeTpuyHO paznpeaesicHue

Multi-form, Multi-format Digital Comparator

Dimitar S. Tyanev, Dimitar G. Genov,
Veselin V. Stefanov, Martin D. Georgiev, Stefka |. Popova

Abstract: There is analytical grounded possibility for synthesis of multi-form and multi-format digital
comparator based on the algorithm for unsigned comparison of binary numbers. The synthesized comparator
is a new original logic scheme capable of comparing integer and fractal signed binary numbers, as well as
binary-coded decimal numbers presented in different inverse codes and various binary-decimal codes. Same
scheme can compare also numbers presented in a floating point format according to IEEE-754 standard. The
scheme has high degree of universality. It can replace successfully traditional algorithm for comparison used
in digital processors which is implemented by subtraction. The comparator latency has been explored as a
random quantity. The distribution law and its parameters have been defined as well.

Key words: comparator; digital comparator; LT, EQ, GT signs; binary numbers; binary-decimal numbers;
8421, 8421*, 2421 codes; floating point numbers; IEEE-754 standard; latency; Pierson criteria; geometric
distribution.

BnBenenune

Pasrmexna ce omepanus cpaBHenue Compare(X,y), Ha ABe 4mciaa X W Y, KOSITO € YecTo
cpelllaHa B aITOPUTMHTE. 32 U3ITBIHCHUE HA Ta3H Omepalus B U(POBUTE MPOLIECOPH CE BKIFOUBAT
chOTBeTHHUTE MarmHHu Komauau [1], [2], [6]. Onepanau X 1 Y Ha Te3u KOMaH/IU ca YKCiIa ChC 3HAK
U Morar ga ObJaT MpeICTaBeHU B pa3iuvHU (HOpPMHU. YCTAHOBSBAHETO HA OTHOIICHHUETO MEKITY
JIBETE YKcia

x*xy, *e{<,=>} 1)

ey aa popMupa M MPUCBOU ChOTBETHUTE UCTUHHU CTOMHOCTH Ha mpusHanute LT (Less Than),
EQ (equal) u GT (Greater Than) ciopen cieaHuTe paBuia:

if (x<y) then LT =1, EQ=0, GT =0. (2)
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if (x=y) then LT =0, EQ=1, GT =0. 3)
if (x>y) then LT =0, EQ=0, GT =1. 4)

Onepanusara cpaBHEHHE C€ M3IBJIHABA B APUTMETUYHO-JOTHYECKOTO YCTPOHCTBO Ha
rpoiiecopa 4pe3 ImpuBexiaHe Ha OTHOIIEHHETO (1) KbM €KBUBAJIECHTHOTO MY C MPHUBEXKIAHE Ha
OllepaHUTE B MHBEPCEH MAIIMHEH KO/

X*y — (x-y)=*0. )

Karo ce otyere omie, ye uncnara Morar a ObJaT IPEICTABEHU B Pa3IMYHU OPOIHU cUCTEMH,
B Pa3JIMYHM MAIIMHHU KOJIOBE, a TaKa CHIIO U B pa3iuyHu GpopMu 1 (HopMaTH, ¢ TOIIMa YBEPEHOCT
MOJKeE Jia ce TBBP/IU, Y€ TaKOBa U3II'bJIHEHUE Ha Olepallis CpaBHEHHE € Bb3MOKHO Haii-0aBHOTO.

B cpIoTO Bpeme ChIIECTBYBAT XapAyepHH CTPYKTYPH, KOUTO ChABPKAT B cede CH KaTo
JIOTUYECKH BB3IU KOMOMHAIIMOHHU KOMIIAPaTOPH, KAKTO W ChHIIECTBYBAT WHTEIPAIHU CXEMH,
ChIBpIKALIM E€AUHCTBEHO LU(POBU KOMIIAPATOPH, IO3BOJISABALIM KAaCKaIHO YAbJDKaBaHE Ha
paspsaHocTTa Ha uucnara [3], [4], [5]. B Te3m ciaydam KOMOMHAIIMOHHUSAT KOMIIapaTop €
CHHTE3MPaH Bb3 OCHOBA Ha aJrOpUTHMa 32 0e3 3HAKOBO CpPaBHEHHUE Ha J[BE JBOWYHHM KOMOMHAIINH,
IIPU KOETO OCHOBHOTO MY JIOCTOMHCTBO € BUCOKOTO OBP30/1eHiCTBUE.

HacrosmoTo u3cienBane € mocBeTEHO HA €IWH MPHUHIMUITHO HOB IOJAXOJ] 32 M3rpakJaHe Ha
MHOTO(YHKIIMOHATHN LUU(POBH KOMIIAPaTOPH, CIOCOOHM HAa BUCOKOCKOPOCTHO H3MBIHEHHE Ha
orepanusi cpaBHeHHE. MHOTO(QYHKIIMOHAITHOCTTA C€ M3pa3siBa B 3aJl0KeHATa MYJITH(POPMEHOCT H
MyITU(OPMATHOCT, TO3BOJIABAILA CPABHEHUETO Ha!

1. Llenn u 1poOHM TBOMYHM YHCIA, PEICTABEHU B 0OpATEH M JOIBIHHUTENIEH KOJOBE, KAKTO

U B TEXHUTE MOJIU(PUKAILIUY;
2. enun u 1poOHU JBOMYHO-AECETUYHM YUCIa, KOOQUpaHu B kKox 8421, 8421+3, 4221, 2421,
NpeJCTaBEeH! B 0OpaTeH M JOMBIHUTENICH KOJIOBE, KAKTO U B TEXHUTE MOAH(UKALINY;

3. Yucna npesncraBeHy BbB (opMa ¢ IiiaBallia 3amneras cnopeq cragaapra IEEE-754.

BB3MOXHOCTHTE Ha TakaBa JIOTHYECKAa CXE€Ma MOTaT Jia s OTPEAEIIT KaTO YHUBEPCATHA WIN
Ollle KaTO MHBapUaHTHA KbM (hOpmMarta u opmaTa 3a MpeACTaBsiHE Ha CPABHSIBAHUTE YKCIIA.

OcHOBHU csoﬁpame}mﬂ OTHOCHO NMPEeACTABAHETO HA YUCJIaTa

KaksBTO N Aa € BUABT HAa NPCACTABCHUTC YUCJId, BCCKHU OT TOPHUTE CIIydan CC pas3liajja Ha 4
OTACIIHU MOoACTyYas B 3aBUCUMOCT OT 3HAIUTC UM. HpaKTI/I‘leCKI/I TOBAa € €IUHCTBCHOTO 06HIO 15(S11(0)
MCKAY I/I36p06HI/ITe 3 ciryvas. Hanara ce HU3BOABT, Y€ HC3aBHUCHMMO OT BCHYKH OCTaHaInu
XapaKTCPUCTUKU, OCHOBaBallKH ce Ha anre6p1/1qecm/1$[ CMHCBJ Ha YucJjiaTa, CpaBHCHHUETO HA 3HAIIUTC
UM €HO3HAYHO OMpeesl CToOiHOCTUTE Ha npusHanuTe (2), (3) u (4), Korato Te ca pa3IuyHU KaKTo
cJeaBa

if (x>0n(y<0)) then LT =0, EQ=0, GT =1;

if (x<0)~(y>0)) then LT =1 EQ=0, GT =0. (©)

TexHnueckaTa peanu3alus Ha CPaBHEHUETO Ha 3HAKOBHUTE OUTOBE € 00JIEKUeHO OT (akTa, 4e
BbB BCUUKH (OPMH, B KOMTO C€ MPEACTaBAT YMCIATa, 3HAKOBUAT OUT € Hail-eBUS B pa3psiHaTa
MpeKa.

B cnywaute, xoraTo 3HalMTe Ha YMclaTa ca €aHaKBH, npuszHauurte (2), (3) u (4) ciensa na
ObJaT ompeAeNeHu Cciell CpaBHEHHE Ha OCTaHAIMTEe OUTOBE HAa KOMOHMHAIMWUTE, MPEICTaBSLIN
guciaaTa. ToBa Hajara pa3rjieXk1aHeTo Ha CIIy4auTe M0 OTAEIHO.

A) JIBou4HM umcaa

Haii-yecTo nBOMYHHTE 4Yncia ce NMPEACTaBAT U MHTEPIPETUpAT KATO Lieau yucia. Tl Karo
OOIIMAT cllyyail mpenrnosara 4nucia ¢bC 3HAaK, TO 3a MALIMHHO INPEJICTaBsIHE € M3I0J3Ba 00paTeH
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WIA JOIBJIHUTEICH KOJ, IOANOMAramy HW3MbJIHCHHE Ha omnepamnus H3BaxJgaHe. 3a N-OuToBa
paspsiiHa MpeKa ¢ JSCHO puKcHpaHa 3areras [6] Te3u komoBe ce neduHUpar Taka

X, if x>0; X, if x>0;

2" -1-|x|, if x<0. XL = 2" —|x|, if x<0.

(7)

[Xlox =

KbJETO 4Ype3 N e O3HaueHa AbDKMHATA Ha MyJATHOpMaTHaTa paspsanHa Mpexa. Pazmuunure
¢dopmartu ca Bb3MOXKHHU OarogapeHue Ha IpaBUIOTO 32 3HAKOBO pa3lIMPEHHE HA YUCIIATa, CIIOPEeN
KOETO CTapIIuTe He3Hauen uudpu B pa3psaaHaTa Mpexa, Ipu HEHHOTO yIbJDKaBaHe, ChBIAIAT ChC
3HakoBara uudpa. Ilpu mo-kbcure (opMaTth ce H3KIOYBA BB3MOKHOCTTA 32 TNPEITBJIBAHE.
[TocnegHoTro Moxe na ObAE OTKPUBAHO xapayepHo. AHanmormyHa Ha (7) 3aBUCHUMOCT AeQHUHHpa
MHBEPCHUTE KOJOBE M 32 YHCIIATa C JISIBO (PMKCUpPaHa 3areras.

B mbpBus cinyuait Ha (7), KOraTo U JIBET€ YUCIA Ca MOJOXKUTEIHU, OTHOIICHUETO Ha JBaTa

ponbmauTenan kona [X] ;e #[Y] 5 (wma [X]ox *[Ylox ) € exBuBanentro Ha orHomenue (1) 1 Moxke

Jla c€ U3UUCIIN Ype3 allrOpUThbMa Ha 0€33HaKOBOTO CPaBHEHUE.
BbB BTOpHs ciiydail Ha (7), KOrato W JBETE LIEIM YMCiIa ca OTPULIATE]IHU, OTHOUIEHUETO Ha
JIBaTa UHBEPCHU KOJIa CE€ U3Pa3siBa CbOTBETHO UPE3 OTHOLIEHUETO HA YUCIIATa

(2" 1-|x]) * (2"-1-|y]) ;
2" —|x]) = (2"-|y]

KOETO OYEBHIHO CHINO € eKBUBaICHTHO Ha (1).

B pesynrar moxe na Obie 0000111€HO, Ye aIropuThMbT Ha 0€3 3HAKOBOTO CPABHEHUE MOXKE
Jla ce M3I0JI3Ba 3a CpaBHIBAHE KAaKTO Ha yuciia 0e3 3HaK, Taka M Ha Yucia CbC 3HaK, NPEACTaBEHHU B
MHBEPCHU MALIMHHU KOJIOBE, BKIIOYMTEIHO M MOAU(DUIMPAHN TaKUBa, KOUTO MUMAT 1O 2 3HAKOBU
6urta. ToBa Baku U 3a yHclia ¢ JsBO (PMKCHpaHa 3areTasi, KakTo U 3a Yhcia, CTPYKTYPUpaHU ¢ 1sia
u 1pobOHa yact. C Apyru JyMu IOJIOKEHUETO Ha 3areTasTa € 0e3 3HaueHHe, Thil KaTo TyK ce UMaT
MIPEJIBUJI CaMO YHCiIa, MPEACTaBEHU B MO3UIIMOHHU OpOITHU cHCTEMU.

Koraro cpaBHsBaHMTE yHClia ca MPEJICTaBEHUM B OOpaTeH KOJ, C€ Hajara MpeaBapUTETHO
aBTOMATHUYHO pa3lO3HaBaHE U UTHOpHUpaHE Ha 3HakoBHUTE HYyIH (+0, -0), KOUTO UMAT MICTO B TO3U
koa. ToBa JlecHO MoXke Jja ObJie OCUTYPEHO C XapyepHHU CPEeACTBA.

KaszanoTo B TO31 pa3zein e WIoCTPUPAHO ChC CIEIHUS YHUCIIEH IPUMED

x=-16, y=-19, n=8[b],  [x]4 =1 1110000,  [y], =1 1101101, GT=L
1 1110000 — x

*

1 1101101 —> vy
GT=1 (x>Yy)

(8)

b) /IBon4HO-IeceTHYHH YHCIA

JleceTUUHUTE YHCIAa C€ MPEACTaBAT KaTo HapeAeHa IOCIEeI0BAaTeTHOCT OT KOJOBHUTE
KOMOMHAIIMK Ha CBOUTE JeceTUuHU 1 pu. V3BecTHU ca pa3nuyHu KoJ0Be, KaTo Hanmpumep (8421),
(8421+3), (2421) w np. Haii-mmpoko ce mpuiara IbPBHUAT OT NOCOYEHUTE. 3a YHUCIIaTa ChC 3HAK CE
u3nonsBar creruanHn cxemu [6], [10] 3a momyuaBaHe Ha TeXHUS WHBEPCEH MAIIMHEH KOJI.
[TocnennusT ce nepurmpa anamornyHo Ha (7) Taka

X, if x>0; X, if x>0;
[X] e =

(9)

[Xlox =

q"-1-|x|, if x<0. q" x|, if x<0.
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KBICTO C ( € 0O3HaUCHa OCHOBaTa Ha OpoifHaTa cucTeMa, B KOSITO € MPEACTAaBEHO YHCIOTO, KaTo B
yacTHOCT Tyk ce uma npeasua =10. C n oTHOBO e M3pa3eHa JbJDKMHATa Ha MyilaTHdOpMaTHATa
paspsaHa Mpexa. 3a Bceku 2/10-4yeH kox e m3BecTHa [6] alropuTMHYHA cXeMma 3a MOCTHIaHE Ha
3aBucuMocTtTa (9).

[Ipunaranero Ha anropuThma Ha 0€3 3HAKOBO CpaBHEHHE 3a IPOBEPKAa HAa OTHOIICHHUETO

(X1 *[Y] e (ama [X]og *[Ylox) Ha 2/10-unm gmcna HambIHO CHOTBETCTBA HA 3aBUCHMOCTHTE
(2), 3), (4) u (6). [Ipu u3NBJIHEHHE HA TO3U LUKIUYECKH aJTOPUTHM Ha CpaBHEHHUE C€ Mojiarar
nse uudpu B Tekymms i-tu paspsn OXj #dyj. Twit kato Te3u muppu ca NpeacTaBeHU ¢ JBOMYHHU

KOMOMHAIIMH, TOBA OTHOIICHHUE C€ MPOBEPsiBa OUT MO OWT MO CHiIaTa Ha aNTOPUTHMa HA JBOMYHOTO
0e3 3HakoBO cpaBHeHue. OT TOBa cie/Ba, Y€ TOBAa OTHOLICHHE IIe ObJe BAPHO, ako 3a 2/10-uHug
KOJI € B CHJIa CBOMCTBOTO MOHOTOHHOCT [6]. ToBa CBOWCTBO € B CHJIa M 32 KOJOBUTE KOMOWHAIIMU
Ha JIeCeTHYHUTE IM(pU B MHBEPCHU MAIIMHHU KOJOBE Ha yHciata cbC 3Hak. OT Tyk cieaBa
OKOHYATEIHUAT WM3BOJ, Y€ ajiropuThMa Ha JIBOMYHOTO O€3 3HAKOBO CpPaBHEHHE MOXKE Ja ce
MPWIOKH M BBPXY pa3iudHo KoaupaHu 2/10-yHM ymcna. AJNTOPUTHMBT € HHBAapUAHTEH KbM
MOJIOXKEHUETO Ha 3areTasTa Ha YKcliara.
Kazanoto B T03u pa3zen e UICTPUPAHO ChC CICIHUS YUCICH IPUMEP

BCD:8421; x=-6170,  y=-3369, n=5 [pos.], LT=1.
[X] % =1 1001 0011 1000 0011 0000,
[yl =1 1001 0110 0110 0011 0001,

1 1001 0011 1000 0011 0000 — x

*

1 1001 0110 0110 0011 0001 —> vy
LT=1 (x<y)

B) Yucaa BbB popma ¢ miiaBaina 3aneras

Pasrnexxna ce cTpykTypa Ha paspsaHaTa mpexa crnopen cranaapra |[EEE 754 ¢ texnuka Ha
ckputHs 6ut [6], [8], umaria Buaa

M
J\X
I N
sl | ... Hy..... wel| [ ] | ... Fe
1 kil k2 2 1 0% 0°-1 -2 -3 -(m-1)
N -~ - — _
k m
— __
—~
n+l

@ur. 1. CrpykTypa Ha paspsHaTa Mpexa
B KOSITO 03HAYEHHATA Ca:
Sy — 3HaKOB OMT Ha MaHTHCAaTa (Ha YUCIOTO);
Hy — xapakTepucTHKa. 3a XapaKTepHCTUKATa Ca B CHJIA CIEIHUTE 3aBUCHUMOCTH:

He=px+(D-D=(px-D+D, D=2 (10)
HB — ckput Owur;
M, — Hopmanusupana Mantuca. Mma suna: M, =1,F, ;
Fy — dpaxuus.
MyntudopMaTHOCTTa C€ OCUTYpsIBa OT MPOMEHSIIUTE ce IbKUHE K (8, 11 mm 15 6ura) u m
(23, 52 wnu 64 6ura), nepuHUPaAHU OT CTAaHIAPTA.
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MaHTucaTa e 4ucIIo ChC 3HAK U ce MPECTaBs B IIpaB KoJl. ToBa 03HauaBa, Y€ OTHOIIEHUETO
(1) Mmosxe a 6p€ OMpeneneHo upe3 ANropuThMa Ha 6€3 3HAKOBOTO CpaBHsABaHe. ToBa OTHOIICHUE
obaue cneziBa a b1 cbOOPA3EHO ¢ XapaKTEPUCTUKUTE Ha YKMcIaTa. XapaKTepUCTUKUTE Ce
BB3IIpUEMAT KaTo yuciia 0e3 3HaK U 10 CTOMHOCT CHII0 MOTAT J]a C€ CPAaBHAT Upe3 alrOpUThMa Ha
0€e3 3HaKOBOTO cpaBHsABaHe. TSAXHOTO OTHOIIEHHE 00aye TpsAOBa J1a ce MPUIIOKH BBPXY
CTOMHOCTHUTE Ha MOPSABLUTE, KOUTO Ca YUCJIA ChC 3HAK.

Cnopen (10) orrowennero Hy * Hy ce pasrnexna BbB Buna

(px—D+2% = (py-1)+2%, (11)

KOUTO MOXe J1a Oblie CBEAEH 110

Px * Py - (12)

[locnenHoro oTHOIIEHME o0aue HE BHHACM € EKBUBAJEHTHO Ha OTHOIIEHUETO Ha
XapaKTepUCTUKUTE, Th KaTO MOPSABLUTE Ca 4YMCIa CbC 3HAaK, a T€ MOrar Ja ce ciyuBar B 4
pa3nuYHU KOMOUHAIIHH.

KomOuHanmure OT pa3Iu4yHM 3HAIM CHOTBETCTBAT HA TMPABWIIHO OIPENEICHO upe3
CPaBHSIBAaHE HA XapaKTCPUCTUKUTE OTHOIICHHE, TbU KaTO OTPULIATENIHUAT HOPALBK BOAM IO
onepauust wu3BaxkgaHe (Buxk (10)), KoeTo CHIHO OTJajeyaBa IO CTOMHOCT CHOTBETHATA
XapakTepUCTHKa OT JApyrata. B ciydail, 4e 3HaUMTE ca IOJOXKHUTEIHH, OTHOLICHHETO Ha
XapaKTepUCTUKUTE € B I'bJIHO ChOTBETCTBUE ¢ oTHomleHue (12). B mocnennus cimyuail, koratro
3HAILUTE Ha MOPAIbLUTE Ca OTPULATEIHM, B pe3yaTaT Ha olepauus U3BaxJaHe, oTHomeHue (12)
ChIIO B chOTBETCTBUE ¢ OTHOouieHHE (11). B ciaywail Ha 1Be OTpULIATEIHM 4HMCHA, MO-TOJISIMO €
YKCJIOTO C MO-MAJIKHUS MOPSIIBK.

KaszaHoro B TO3M paznien € WIOCTPUPAHO ChC CIECTHUTE YUCICHU MPUMEPHU 3a 4-T€ 3HAKOBU
KOMOMHAIIMY HA YHcaTa B OTHOIIEHUETO X * y:

IMpumep 1. X = +5.107°, y= ~6.10"2,
B To3u ciy4aii ce momyyaBa npusHak GT=1, it kato X>0, a y<O ;

Mpumep 2. X=-5.10", y=+6.10"2.
B To3u cimy4aii ce momyyaBa npusHak LT=1, Tii kaTo X<0, a y>0 ;

Mpumep 3. x=+5.10", y=+6.10%2.
B TO31 ciydail 3HanUTE Ha YKciaaTa ca €HAKBU U CPAaBHEHUETO CE MPEHAcs BbpPXY CTapLIUTE
ouroBe Ha xapakrepuctukure. Twit kato Py <0, crapmmst 6ur Ha xapakrepuctukara Hy mie

chabpxa Hyna, T.e. Hy[k—1]=0. B cpmoro Bpeme py >0. Tosa o3Hauasa, 4e cTapmmsT GUT Ha
xapaktepuctukara Hy me coaspika eqmnuna, T.e. Hy[k —1]=1. B pesynrar or cpauennero na

cTapiiuTe OUTOBE Ha XapaKTEPUCTHKUTE 32 OTHOIICHUETO Ha YKcIIaTa 11e ObJe onpeaeseH MpU3HaKk
LT=1, t.e. 0,00005 < 600.

Mpumep 4.  x=-510"°, y=-6.10%2,

B TO3m ciydaii 3HanuTe HA YKCIaTa ca OTHOBO €IHAKBH W XapaKTEPUCTHKHUTE Ca CBIIKTE.
CpaBHsIBalikM TH OTHOBO III€ CE TMOJIyYd ChINUs mpu3Hak LT=1, KoeTo 3a XapaKTCPUCTUKHUTE €
BSIPHO, HO 3a YMCJIaTa KaTo IS0 He € BAPHO, Thid kKaro otunTtakiku 3HamuTe -0,00005 > -600

AHaAIM3BT U MPUBEICHUTE YUCICHN IPUMEPHU 3a CPABHEHHUE HA YKCia BbB (popMa C ruiaBaiia
3areTast U3sIBSIBAT JBa CydJast:

e Pe3yirarhT OT 6€3 3HAKOBOTO CPABHCHHE € BEPEH;

e Pe3yiararhT OT 0€3 3HAKOBOTO CpaBHEHHE € WMHBEpCeH. SIBsiBa ce mpu 2 OTPULIATCITHH

qyuca.
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N3KIII09eHreTo, KOEeTO ce sBsiBa B paboTara Ha KOMIIapaTopa BbB BTOPHUST CIIydai, OTKpOEH
0-Tope, HEM30EKHO M3UCKBA TPEIBAPUTEIHA HHUIIMAIN3AIMS Ha JIoTHYeckara cxema. Ts Moxke J1a
ce mocturae ype3 gonbiaaureiacH curuan FPN (Floating-Point Numbers), onpeaessiig ynciara KaTo
NpEICTaBeHU BHB (popMa C muiaBalia 3amerasi.

Jloruyecka cxemMa Ha KoMIIapaTtopa

Jlorndeckara cxema Ha KOMITapaTopa € CHUHTC3UMpPaHa B CbOTBCTCTBUC C aJIrOPUTHBMA 34 0e3
3HAaKOBOTO CpaBHCHHUC HW IMPEACTaABIIABA IIOCIECAOBATCIHOCT OT e,I[HO6I/ITOBI/I KOMIIapaTOpH.

[TpuHIMIIHATA JIOTHYECKa CXeMa 3a BCHYKH CpPeAHH I-Tu paspsau i =(n—2),1 e mpencraBeHa Ha
¢urypa 2. Ts e cuHTe3UpaHa CIOpe] METOIMKaTa, peJIcCTaBeHa B [5], U uMa cieHaTa JIoTuKa

LT; =LTis1 U GTizan X NYi); GTi =GTig U (EQiys NX NYj); EQj =LT; ®GT; . (13)

Jlornveckata cxeMa Ha KoMIapatopa B Haii-ctapmms (N-1)-Bu paspsn (durypa 3) e
CUHTE3Mpa KaTo (QyHKIUA U oT uHunuanusupamus curHan FPN. Taka, korato umcnata ca BBB
dopma ¢ maBaiia 3ametas, B TO3M pas3psi ce reHepupa paspemenuero E (Enable), koero ce
M3M0JI3Ba B Hal-Mutaamus (HyJIEBHs) pa3psii Ha KoMiiapatopa. Jlorukara Ha cxemara e ciie/iHaTa

LTh—1 =Xn—1 N Yn-1; GTho1 = X1 N Yp-1: EQn_1 =X ®Yj; Ej=FPN Xy . (14)
LTiy1 EQja GTig

| | | FPN
X Yn1
Yi Xn-1 % v
& I 4>—| l—o
L&l [&] & [ &][ &]
- |
LToa EQni1 GTha E
LT; EQ; GT;
@ur. 2. Jlornvecka cxema Ha i-Tust OUT ®@ur. 3. Jlormuecka cxema Ha CTapIIust OUT

Jlormueckara cxemMa Ha Kommapatopa B Hail-mmamgmus 0-71eB pa3psa € mpelncTaBeHa Ha
¢urypa 4. Kakto ce Bmxa, M3XOJHUTE CTOMHOCTH HA MPU3HALNUTE ca QYHKIMS OT Pa3pelieHueTo
E, yusiTo noruka e cienHara

LT, =Em(LT1 U (G_Tlm%myo)) U Em(GTl U (EQ1 N Xg ﬁ%))i
GTp :Em(GTl v (EQ1 M X my_o)) U Em(LTl U (G_Tlr\%ﬂ yo)); (15)
EQp = LTp ®GT,

Pazpemiennero Biusie Ha OKOHYATEIHUTE PE3YJITaTH, CaMO B Cllydyail 4e yuciara ca BbB
¢dbopMa c maBaiia 3amnerasi U ca OTpUIATETHU U HE ca HaITbJIHO €IHAKBH.
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®ur. 4. Jlornuecka cxema Ha MIIQIIINAS OUT

CTaTHCTHYECKH MOIXO0/ 32 HIeHTH(PHKAIUSI HA 3aKOHA Ha pa3lpe/ie/ieHHe Ha JaTeHTHOCTTA
HA KOMIapaTropa

Bpemero 3a npeBkiIrouBaHe Ha JOruyeckara cxeMa Ha KOMIapaTopa € OCHOBEH TEXHHYECKU
apaMmeTsbp, KOWTO ro Xapakrepusupa. B ciayyas, BpeMero 3a NpeBKIOYBaHE € MPONOPIMOHATIHO Ha
IbJDKMHATa Ha BEpHIKKaTa, oOpazyBaHa OT CpELIHATUTE B IOCOKAa KbM MIIQAIIUTE paspsau
MOCJICIOBATEIHO €IHAKBUTE cTapuiu nupu B Aere uucna. llpu cpema Ha pa3nuyau mudpu B
TEKyLUs: OUT, MPU3HALIUTE CE€ ONpPENeNAT €JHO3HAYHO U OCTaHAINUTE A0 Hal-Muamus OUT uudpwu,
HE C€ HYXJaiaT OT cpaBHeHue. Taka, pasriexiaHa Karo CilydailHa BeJIMYMHA, BPEMETO 3a
IPEBKIIIOYBAHE Ha JIOTMYECKaTa CXeMa, T.e. Ha JIATeHTHOCTTa I, ce Hy)KJae OT CIeLUalHO
u3cnenBaHe. 3a LenTa Oelle OpraHU3UpaH W MPOBEAECH YHCIEH EKCHEPUMEHT 4Ype3 IMporpaMeH
MOJIeJl Ha KOMIapaTopa, Cb3laJeH Ha mnporpamuus e3uk C++. B Monena Ha cpaBHeHHe ca
MOJJIaraHy JIBOMKM 4YHClla, TEHEPUPAHM KaTo IICEBJOCIyYallHH C TIOMOINTa Ha (QyHKUIUA
boost::random ot 6ubnmnorexa “Boost” [9]. CpaBHsiBaHUTe Ymcla ca TCHEPUPAHU B 32-OUTOBUS
JMana3oH Ha paspsaHaTa Mpeka, KaTo MOJyYeHUTE JIBJDKMHU 3a JJATEHTHOCTTa Ha KoMIapaTopa
IIPU BCSKO CpaBHEHHUE, ca HaTpynaHu B u3Bajku ¢ ooeM 1000 u 5000 cpaBHeHuS.

CTaTuCTUYECKOTO M3CIIE[BAaHE Ha MOJIYYEHHMTE M3BAJKU MMa 3a IeJ1 a HaMepu 3aKOHa 3a
pasnpeziefieHMe Ha clydaiiHaTa BeJWYMHA, KakTO M Heroute mapamerpu. Ilociemnure ca
HeOoOXOIMMH 3a OIIEHKAa Ha MPOM3BOAUTEIHOCTTA HAa KOMIIapaTopa, KOraTo € W3IOJI3BaH B JAPYTU
W3YUCITUTEIHH CTPYKTYPH.

Karo mojen Ha BepmKkara OT (paKTHIECKH U3BBPIICHU CpaBHEHMsI ¢ pe3ynrar paBHo (EQ) ce
u3noi3Ba BennunHara (W-1). Beeku OuT, B KOiTO 0yakBaHETO Ja ObJie MPEKpaTeHa BepHKKaTa OT
MOCJIEZIOBATEIHN ChBMIAJCHUS HE Ce peanusupa, ce oleHsaBa c BepoaTrHocT (1-p). Torasa
BEPOSITHOCTTA, BEPUIKKATa 1a He ObJe npekbcHata cien (W-1)-tust out e (1-p)W1D. C oTunrane Ha
YCIIOBUETO, Y€ B OUT W CHOMTHETO TPEKbCBaHE Ie ce ChCcToU ¢ BepositHocT [1-(1-p)]=p, To 3aKOHBT
3a pasnpeiereHne uMa Bua

f=pa-p™Y: w=1n, p=0. (16)

Buabr Ha Tasu ¢yHKIMA aBa OCHOBaHHWE Ja ObJe HW3AUTHATA HyJeBa xurmore3a Hp 3a
CTaTUCTUYECKATa alpoKCHUMAaIUsl Ha JIATEHTHOCTTAa Ha KOMIIApaTopa ChC 3aKOHA 3a T€OMETPUYHO
pasmpeneneHue. 3a omnpenessiHe Ha mapameTspa p B (16) W HeroBara aaeKBaTHOCT KbM
EKCTICPUMCHTAIHUTE JIAHHM € M3M0J13BaH kKputepus Ha [Tupcon [11]

Z(nl_f N)

f;.N ’ (a7
i=1
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KBJETO: |- € HoMep Ha uHTepBasia; N - 00eM Ha CTaTUCTHYECKATa U3BAJIKa;

nj - Opoi momaaenus B i-Tust mHTepBaji. CiydaiiHarta BennyrMHa W MMa 32 BB3MOKHHU
CTOMHOCTH, KOUTO MOTAT Jia Ce pasnpeaeisaT B 32 nHTepBaia Ha 32 OuToBaTa pa3psiHa MpPExKa,

f| - 4YCCTOTA HaA MMOoMaJgCHHs IO TCOPECTUIHHA 3aKOH.

Ta6auna 1. 3a uzBaaka c o6em 1000 cpaBHeHMS

w n; | pi=n;i/1000 fi fn;
1 473 0,473 0,493 493
2 260 0,260 0,25 250
3 142 0,142 0,1267 127
4 75 0,075 0,0642 64
5 28 0,028 0,0326 33
6 22 0,022 0,0165 17

Uucnenure pe3yiaTaTd OT IMPOBEACHOTO H3Cie[BaHe, nonydeHu B cpepara MATLAB, ca
MpeACTaBeHU B TaOMIM | 1 2, KbAETO ca U3IMOI3BAHU CICIHUTE O3HAUCHUS:

w - HOMCp Ha MHTCPBaAJia, CbOTBCTCTBAIl Ha HOMCpPA Ha U3XOJAIIUA OuT Ha BEPHIKKATA,
Pi - OTHOCHUTCJ/IHA YCCTOTA Ha II0IIaACHUATA B i-THs HHTCPBAJI;
fni - 6pOI71 nomnagacHus, OpeacJICHU 110 TCOPECTUIHHUS 3aKOH.

3a BcsKa M3BaJKa ca OMpeJesieHM MaKCHMalHaTa U MUHUMallHA CTOMHOCT Ha CllydyaifHara
BEJIMYMHA, MATEMATHYECKOTO 0YaKkBaHe M, KakTo W HeliHaTa gucrepcns S,

B mppBaTa u3BagKa MakcHUMalHaTa JbJDKWHA HA JIATEHTHOCTTA € 13 Oura, a MuHMMaiHarta 1
Oout. MaremarndeckoTo ouakBaHe HMa croiiHocT M=2,035, a nucmepcusra — 82:2,0658.
BepositHocTTa, chOuTHeTO na ce cberon, e P=0,493. UucneHara CTOMHOCT HAa KpUTEpUs

)(2 =71018 ¢ mo-manka OT TeopeTHYHATa ZT2(0’05;5):11’07a OmpesieNiecHa TPH HHUBO Ha

snaunmocT V=0,05 u ctemenu Ha cBoOoma k=max(w)-1=5, oTkbaeTo cienBa, 4e MPEACTAaBCHUTE
JaHHU HE MMPOTUBOPEYAT HA XUIIOTE3aTa 32 FTEOMETPHYHO PA3IPE/ICIICHHE.
Ha ¢urypa 5 ca mpencraBeHH XHCTOTpaMUTE Ha 4YeCTOTAaTa Ha MomajaeHue Pj (BISBO) U

TEOPETUYHOTO pasnpenenenue f (BascHO).

AP A f
0.5 0.5

04f- -+

D4}

03} 03f-JM--+---

JENRESE | EY

02r¢ 0.2 - - - - A
01+t O1--P - ER—
0 —> 0 >
1 2 3 4 5 6 w 1 2 3 4 5 6 w

@ur. 5. PasnpeneneHue Ha TaTeHTHOCTTa B U3Bajaka ¢ ooeM 1000 cpaBHeHMs

B®B BTOpaTa M3Bajka MakCUMajHaTa JIbJDKMHA Ha JaTeHTHOCTTa € 17 OuTa, a MUHMMaJIHATa

. 2
1 Out. MaremMaTHYeCKOTO oOdYakBaHe WMa cToWHOcT M=1,9998, a nmucnepcusara — S7=1,9918.
BepositHocTTa, chOuTHETO na ce cbetou, € P=0,5004. Uucnenara CTOMHOCT Ha KpuTepus

;(2 =7146 e mo-mamka OT TeOpETHYHATA ZT2(0’05;8):151507a orpejieJicHa TPH HUBO Ha

sHaunmoct V=0,05 u cremenu Ha cBoOoma k=max(w)-1=8, oTkbaero cieaBa, ye MPEACTABEHHUTE
JaHHH HE MPOTUBOPEYAT HA XMITOTE3aTa 32 TCOMETPHYHO pa3npeieieHue.
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Taoauna 2. 3a nzBagxa ¢ odem 5000 cpaBHEHHS

w N; pi=n;/1000 fi fnj

1 2467 | 0,4934 0,5004 2502
2 1296 | 0,2592 0,25 1250
3 635| 0,127 0,1249 624
4 290 | 0,058 0,0624 312
5 162 | 0,0324 0,0312 156
6 64 | 0,0128 0,0156 78
7 47 | 0,0094 0,0078 39
8 20 | 0,004 0,0039 19
9 19| 0,0038 0,0019 10

Ha ¢urypa 6 ca mpencraBeHH XHCTOTpaMHUTE Ha 4ecToTara Ha TMomajeHue P (BISBO) U
TEOPETHYHOTO pasmnpeaenenue f (BasicHO).

AD A f

0.5 b

04f LSO AN O

03| i

Nl INEREEEE

oo Ml

0 0 = |5
12 3 45678 88 W

@ur. 6. Pasnpenenenne Ha TaTeHTHOCTTa B U3BajKa ¢ obem 5000 cpaBHEHUS
3akiouenune

CuHTE3bT Ha IUQPPOB KOMIAPATOP C MHOXKECTBOTO Pa3IMYHU XAPAKTEPHCTUKH CE OKasza
Bb3MOKeH. CHHTe3MpaHaTa JIOTHYECKa CXeMa Tpuiiara MocieJOBaTeIHO CpaBHEHHE, HO MOXKE Jia
ObJ/ie IPECTPYKTYpUpaHa Ype3 MOAX0AM KaTo onucaHus B [7].

Cxemara e MyaTu(opMeHa, 3aII0TO € MHBApUAHTHA KbM 3arieTasTa Ha Yuciia, IpeJCTaBeH! B
MO3UITMOHHN OpOiHM cucTeMHu. Ts € WHBapWaHTHA ONIe KbM HMHBEPCHUTE MAITUHHH KOJIOBE
(oOpareH, TOMBIHUTENCH U TEXHUTE MOAU(PUKAIINH).

Cxemata ¢ MyntudopMarHa, Th KaTro € WHBApHMAHTHA KBbM JBJDKHMHATA HA pa3psaHaTa
MpeXxa, B KOSATO ca MNPEJICTaBeHU 4YHCIaTa, KOETO CE Jb/DKM Ha CBOMCTBaTa Ha HWHBEPCHUTE
MAaIIWHHHA KOJIOBE.

Cxemara ¢ UHBapUaHTHA OIIe KbM KOJa 3a MPEJCTaBsSIHE HA JCCETHUYHUTE IU(PHU, CTUTA TON
Jla IPUTEKaBa CBOMCTBOTO MOHOTOHHOCT, KOETO € TIOKa3aHO TYK 3a HAKOJIKO OT Hal-TIpHJIaraHuTe.

Cxemara TpOsIBSIBA CBOUTE YHUBEPCAIHM BB3MOXKHOCTH W BBPXY YKCIA TPEACTAaBEHH BHB
dbopma ¢ mnaBamia 3amertas crnopen crangapta |EEE-754. Jlokasano e, 4e cuHTEe3uMpaHaTa cxema
YCIIEIIHO CE€ CIPaBs B TPH OT YETHPHUTE Cliyyas Ha KOMOMHHMpAHE HA 3HAIIMNTE HA TaKWBa YMCIIA.
W3kr0ueHneTo, KOeTo MOXKe JIa Ce SIBU MIPH YUCIIa ¢ OTPUIIATSITHA 3HAIIH, YCIICITHO ce Aemudpupa,
Opyd TOBa C MHHMMAJHM amapaTHA CPEJICTBA, HE BIUSCIIA HA JIATCHTHOCTTA  W.
MyntudopMaTHOCTTa Ha cxemara € B CHjla M BbpXY 4HclaTa ¢ TUIaBalla 3areras 0JlarojgapeHue Ha
anuTUBHATA QYHKIIMOHATHOCT, CIIOPE]] KOSITO € AeUHUpaHa XapaKTepUCTHKATa Ha YUCIIaTa.
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BpemeTo 3a mpeBkitouBaHe Ha HUQPPOBUS KOMIApATOp € (PYHKUMS OT CaMUTE 4Yucia, €TO
3alll0 TO € MPOMEHJIMBA BEIMYMHA, KOSITO UMa CIy4aeH XapakTep U '€OMETPUYHO pa3IpeiesiCHHeE.
CraTucTuueckuTe pe3yiTaTH HajaraT OOOOIIEHHMETO, Y€ B paMKHUTE Ha JIOMYCTUMOTO HHMBO Ha
3HaYUMOCT 3a KpuTepus Ha [IupcoH, 04akBaHOTO BpeMe 3a MPEBKIIIOUYBAHE HA KOMIIapaTropa € B
rpanunuTe Ha 1/3 oT Heropara AbHKUHA.
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ACUHXPOHHHM IIMKJIMYECKU MUKPOKOHBEHUEPHHU
CTPYKTYPU C MHOI'OTAKTOBH TEJIA

Humutsp C. TsHen

Pe3srome: [IpencraBeH e HOB METO 3a XaplyepHa peaau3anus Ha MUKINYECKU AITOPUTMUYHHI CTPYKTYPH C
aCMHXpPOHHa MMKpPOKOHBEWEpHa opraHu3auus. l3cienBaHeTo € BbpXy LHKIM CBbC CIEAYCIOBHE H
MHOTOTaKTOBM LMKIMYECKH Tela C MPOM3BOJHA CTPYKTypa. 3a LUKIM C OTHAmpel HEWU3BecTeH Opoi
MIOBTOPEHMS MpPEACTaBeHaTa KOHBEHEPHA OpraHn3alysl Ha MUKJINYECKOTO TS0 € €AUHCTBEHO Bb3MOJXKHATA..
dopMmynMpaHd ca W ca pelIeHM YeTHpPU HOBU 3a KOHBeWepHaTa opraHuzanus 3afgadd. [IpenctaBeH e
CHUHTE3bT U MPUHLUITHU JIOTUYECKU CXEeMH Ha HEOOXOJMMHUTE KOHBEHEPHHU aBTOMATH.

Asynchronous micro-pipeline loop-structures with multi-stage bodies
Dimitar S. Tyanev

Abstract: A new method for hardware realization of algorithmic loop-structures with asynchronous micro-
pipeline organization is representative. The study is on loops with post-condition and on multi-stage bodies
with common structures. For loops with beforehand unknown number of repetitions, the presented here
pipeline organization is the only possible. Four new tasks for pipeline organization are formulated and
solved. The synthesis and logical circuit of the necessary pipeline controllers are presented.

1. ITocTanoBKka Ha 3agayaTa

Pasrnexxna ce MUKpOKOHBeliepHa pealu3anusl Ha IMUKIMYECKd AITOPUTMHYHU CTPYKTYpH,
KOUTO MPHUTEKABaT JIMHEHHO MHOTOTaKTOBO Tsu10. Ha ¢wur.1 e umoctpupano pazdupaHero 3a Tazu
cTpykrypa. LIUKBI ¢ €IHOTaKTOBO MHUKPOKOHBEHEPHO 3BE€HO B TSJIOTO € WIIIOCTPUPAH Ype3 JisBaTa
0mok-cxeMa. MHOTOTaKTOBHUSAT BapHAHT HA TAJIOTO Ha IIMKbBJIA € TIOKa3aH 4ype3 JscHaTa OJ0K-cxema,
KaTo 4-CTeNeHHa JIMHeWHa mocienoBaTeiHocT oT 3BeHata Ul, U2, U3 u U4. TlpuHnunHa pasziuka
MeXy JBaTa BapuaHTa HaMa. LlenTa Ha u3cnenBaneTo e pazpaboTBaHe Ha METOJ 3a YIpaBJICHHE Ha
TaKrBa IUKJINYECKH CTPYKTYPH C aCHHXPOHHA MUKPOKOHBeHepHa opranm3anus. [IbpBoHavamHaTa
mpelcTaBa 3a TIOCTaBeHaTa Ilen e wuimocTpupaHa Ha ¢ur.2. Kakto Moxe ma ce BuaH,
MUKPOKOHBEHEPHHUTE 3BeHA (MpeCTaBeHn upe3 cBoute peructpu pukcaropu RG-F) ce ynpasnsBat
ot kouBediepun aBromatu PC (Pipeline Controller), kouro renepupar uMmylicuTe 3a 3amic Ha
JIAHHU CJIe]l YCIICIIHO “pBKOCTUCKAHE” ChC CBOUTE ChCEIU.

|Loop preparation Block| | Loop preparation Block|

FEentrance

Eentrance

Loop body

| Next Block |

Next Block

v

®ur. 1. AIropuTMHUYHA CTPYKTYpPA HUKBI ChC CIEAYCIOBHE
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PBpKOCTHCKAaHETO Ce OCHOBaBa Ha cHrHaiuTe 3asBka Request (R) u mOTBBpXKIeHHE
Acknowledgement (A), KoMTO aBTOMAaTUTE U3IOJI3BAT B JUAJIOTA.

PC ) S|
4

RG-F |
;&
RG-F |

’* Eentrance

> false

®Dur. 2. ACUHXpOHHA KOHBEHEpHa OpraHu3alys Ha [UKbBJI

N3o00pazennte 3BeHa ca HOMepupaHu oT 1 g0 7. Te3n HOMepa e ObAAT M3MOJ3BAHU U 32
O3HayaBaHE Ha KOHBEHEPHUTE aBTOMATH, HA TEXHUTE CUTHAIIM WJIA BPB3KH, HO HSIMA J]a UMAT HUILO
00110 ¢ MOpeoBUsl HOMEP Ha 3apeXAaHUTE B KOHBEHEpa 3a/1auH.

2. XapayepeH acneKkT Ha aHAJIH3A

B nuknmmdeckara cTpykTypa ot Gur.2 uMa JIBe ChIIECTBEHN TOYKU. ToBa ca BXOJHATa TOYKA
(Entrance) u wmsxomuara Touka (Exit). ITo cBosita mpupona, Te3u ABE TOYKH Ca CBBP3aHHU Upe3
oOpaTHaTa Bpb3Ka, KOSITO ChOTBETCTBA HA AJITOPUTMUYHHS TIPEXO “Ibka” Ha YCIOBHUETO 3a Kpa
Ha nukweia CEC (Condition of End Cycle). Ynpasiennero Ha MUKpOKOHBEHEPHHUTE 3BEHA B TE3H
JIBE TOUKH € B 3aBUCHMOCT OT JIOTWUYECKaTa CTOMHOCT Ha ycnoBueTo 3a kpait CEC. Konseliepuure
aBTOMAaTH Ha BXOJAHOTO M Ha U3XOJHOTO 3BEHA OCTaBaT CBBP3aHU Mpe3 IAJ0TO BpeMe Ha
[UKJIMYECKOTO M3YMCIICHUE. 3asiBKaTa, KOSATO T€HEpHpa aBTOMATHT B M3XOJHATA TOYKa, TPsOBa 1a
ce Pa3KIOHsIBa, MPEHACOUBAWKHN aKTyallHaTa CH CTOMHOCT B 3aBHCHUMOCT OT ycnouero CEC wunu
KbM aBTOMaTa Ha BXOJHOTO 3BeHO (Rfalse), WM KbM aBTOMaTa Ha 3BEHOTO B M3XOJa Ha IHMKBJIA

(Rtrue). B cbiioro Bpeme T03u aBTOMAT Iiie TPsOBA J1a JOpMHpPa CBOETO MOTBHPIKACHUE Bb3 OCHOBA
Ha JIB€ BXOJHHU 32 HEro MOTBBPXKIAEHUS — TOBA, KOETO MJIBa OT aBTOMAaTa Ha BXOJHOTO 3BEHO
(Afalse) 1 ToBa, KOETO HMJIBa OT aBTOMATa Ha 3BEHOTO 10 W3X0/a Ha muKbiaa (Atrye).

[Ilo ce oTHacs A0 KOHBEWEpHMs] aBTOMAT, YMpaBIIABAll BXOAHOTO 3BEHO Ha LIMKBJIA, TOH €
CBBp3aH C JBC BXOJHHU 3asIBKH — Ta3H, KOSATO HJBa OT 3BEHOTO, MMPEIX0XKAII0 BXoaHaTa Touka (R),
M WaBamaTa OT aBTOMara Ha u3XOoAHOTO 3BeHO (Rfglse). B ortroBop TpsbBa na BpbIna
MOTBBPIKIACHUE WM KbM TIPEIXOIHUS aBTOMAT (A) WM KbM aBTOMaTa B M3xoHata Touka (Afglse).

Hauanuusat aHanm3 Ha JOrmyeckaTa cTpykTypa oT (ur.2 u3sBsaBa aBe 3a7audl. 3aadnTe ca 3a
CUHTE3 Ha NPUHIUITHUTE JIOTUYECKH CXEMH Ha KOHBEHEPHUTE aBTOMATH B ABETE XapaKTEPHU TOYKH,
TBU KaTO T€ UMAT 3HAYUTEIHO I10-CJI0KHA CUCTEMA 3a IUAJIOT B CPABHEHUE C OCTAHAIIMTE aBTOMATH.
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3. OpraHu3auMoHeH acleKT Ha aHAJIU3a

dopMmynupaHuTe TO-TOpE 3aJaud C€ OTHACAT CaMO JO YHCTO XapIyepHHsS acleKT Ha
ISTIOCTHUS TTPOOJIeM, TIPY TOBA B €/IMH HAYaJIeH M HEOKOHYATEJICH 32 HETro BapuaHT. Pa3rinexmanara
[UKJIMYEC-Ka CTPYKTypaTa € MHTEPECHA OIlle B OPraHU3alMOHEH aceKT. HellHOTo (hyHKIIMOHUpaHe
cienBa na Obae OpraHuM3MpaHo KoHBeWepHo. Pasrmexmana o000meHo Karo ‘“‘eapo3bpHecta’”,
CTpYKTypaTa ce Ompeselisi KaTo MHOTOTaKTOBa, Thil Karo € oOXxBaHaTa OT oOpaTHa Bph3Ka. B
CBIIOTO Bpeme obaue Kato “ApeOHO3bpHECTa”, HEHHOTO MHKJIMYECKO TSJIO € MHOTOTaKTOBO,
MPEJICTaBeHO B IMpHMEpa 4pe3 JIMHECH KOHBeHepeH ydacTbk ¢ 4 cremenu. [lpu Te3um ycnosus,
(GYHKIIMOHHPAHETO Ha IIMKIMYECKaTa CTPYKTypa MOXKE Jia C€ OpraHU3Hpa 110 J1Ba pa3INiHU HAYMHA.

[IbpBUAT HAUYMH CHOTBETCTBA HA (YHKIHMOHHUPAHETO HA EIHOTAKTOBATa ILMKIMYECKa
cTpykrypa (¢wur.1l), 3a kosTo ca mo3Hartu pazinuyHu BapuaHtH [1]. CraBa gyma 3a QyHKIIMOHUpAHE,
IpU KOETO, KOraTo €aHa 3ajada IOCThIIM B CTPYKTypaTra, T He 5 OCBOOOXIaBa, IIOKATO
W3YKCICHUATA HE 3aBbpuiar. Jlopu KOraro MHMKIMYECKOTO TSUIO € MHOTOTaKTOBO, KAakTo Oe
OTIpEeJIeNICHO, 33aauaTa ce MPEeBbPTa MHOTOKPATHO, KaTO MPEMUHABA TIOCIIEJOBATEIIHO OT 3BEHO KbM
3BCHO B TSUIOTO. T03W BHJ OpraHHM3alvs e OMpeaessi KaTO HUCKO NMPOM3BOJIUTENHA, 3aIl0TO BB
BCEKM MOMEHT B KOHBEHEPHOTO TsUI0O pabOTH caMO €IHO 3BEHO, a OCTAHAIUTE CE HAMHUPAT B
U3XOJIHO ChCTOSTHHE. T03M BapuaHT HAa OpraHW3alus € MPAKTHYECKH OC3MHTEpeceH U 1ie Oble
M3II0JI3BAaH €IMHCTBEHO KaTO OCHOBA 32 CPaBHEHHE.

[To-BuCcOKaTa MPOU3BOIAMTEIHOCT M3UCKBA AHTAKUPAHETO HAa BCUYKU CBOOOJHU 3BEHA B
LUKJIMYECKOTO TSUIO HAa CTpyKTypara. KoHBeliepHaTa opraHu3anys I03BOJIIBA B TAJIOTO Ha LIMKbBIA
Jla c€ BBPTAT CIHOBPEMECHHO IOBEYE OT €Ha 3ajaud. Taka HalpuMep, Clie]l HaBIM3aHe Ha 3ajada
Nel B Ts70TO Ha IUKBIA, P KOETO 3BEHOTO BHB BXOJHATA TOYKA C€ OCBOOOXK/IaBa, a BXOJHATA
JIAHHOBA IIIMHA BCE OIE HE € W3KIIIYCHA, B IIMKBJIA MOXE Jla MOCThIU 3a1a4a Ne2. AHaJIOrHYHO,
KOrarto Ts, CJIeBaliku 3a1a4da 1, 0cBOOOIM 3BEHOTO BBB BXOJHATA TOYKA, HA HEHHO MSICTO MOXE Ja
MOCTHITK 3a7a4a 3.

Karo nma mpenBui, 4e B aCHHXPOHHHUTE KOHBEWEPH PETUCTPUTE (DUKCATOPH CE M3TPAXKIAT OT
TpUTEepH ChC CTpyKTypa Latch, emHo mukimvecko TsI0 ¢ M Ha Opoil cTeneHH MoXe aa Obie
3apenieHo Oe3mpobieMHo MakcuMyM ¢ (M-1) Ha Opoit 3agaun. ToBa € Taka, 3alI0TO M-CTETIEHHOTO
KpBroBO M3MECTBaHE Ha 3aJauuTe OT 3BEHO KbM 3BEHO B TSUIOTO HA LMKBIA HE MOXE Ja ce
OChIIeCTBU O€3 Hamnuue Ha cBoOOAHO 3BeHO. OOpaTHaTa Bph3Ka Ha IMKBJIA HE OM MOTJIA J1a BbPHE
BBB BXOJIHOTO 3BEHO 3ajaua, UJIBallla OT U3XOJHOTO 3BEHO, aKO BXOJHOTO HE € CBOOO/IHO.

[IporechT HA 3apekaHe W MPEBHPTAHE HA 337a9d B MIPUMEpPHATA CTPYKTYypa € WIFOCTPHUPaH
Ha ¢ur.3. [IpBOTO BpbIIaHe Ha 3a7a4a | mo oOpaTHaTa Bpb3Ka BbB BXOJHOTO 3BEHO € N300pa3eHo
B TakT Tk+8. IIpexoxsT Ha 3amaga 1 oT 3BeHO 6 B 3BEHO 3 ce ABJDKM Ha HyJeBaTa CTOWHOCT Ha

ycnoBueto CEC, KosTO 3B€HO 6 M34MCIIsABa 3a Hesl. Ta3u Jjorndecka CTOMHOCT ONpe/essl JTaHHOBUTE
BPB3KHU B U3XO0JIHATA U BXOJIHATAa TOYKHU, KAKTO Oelle MOSICHEHO B HAYAJIOTO.

| Task 3 || Task 3 || Task 4 || Task 4 || Task 4 || Task 5 || Task 5 || Task 5 || Task 5 |

| Task2 || Task2 || Task3 || Task3 || Task3 |[ Task4 |[ Task4 || Task4 || Task4 |

[ Task1 || free || Task2 |[ Task2 || free || Task3 || Task3 || free || Task1 |
| | [ Task1 | [ Task1 |[ free ][ Task2 | [ Task2 |[ free |[ Task3 |[ Task3 |
| || || ||Task1 ||Task1 || free ||Task2||Task2||Task2|
|

I 0 I I [tk ] [tk ] [Tkt ] [ e ]
CEC=0 0 0

time

Tk Ti+1 Ti+2 Ti+3 Ti+a Ti+s5 Tk+6 Ti+7 Ti+s

®ur. 3. Hapnuzane Ha MHOTO 3ala4y B LIUKbJIA U IPCBBPTAHC
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KazaHoTO 10 MOMEHTa BCe OlIEe HE M34YEpIBa U3SACHABAHETO HA OPraHU3aLMOHHMS aCIEKT Ha
(GYHKIIMOHMPAHETO HA KOHBEHEpHU3HpaHaTa [MKINYECKa CTPYKTypa. 3a LEeNUTEe Ha MO-HATaThIIHUS
aHaJIM3 1€ BbBEIAEM JOIBIHUTEIHA KOHKPETHOCT.

4. lluxba ¢ npeABaApUTETHO U3BECTEH OPOil MOBTOPEHUS

Koraro peanu3upanHusaT LHMKBI € OT BUAA C MPEABAPUTEIHO HM3BECTEH Opoil MOBTOpEHUS,
3ape/ICHUTEe B HETOBOTO TSJIO 3a/1auél C€ MPEBBPTBAT €AHAKBB Opoil mbrH. OT TOBa cienBa, ye
TAXHATa MOCJIEOBATEIHOCT Il Ce 3ama3u U JO MOMEHTA Ha MOCJIEeIHOTO IOBTOPEHUE. Y CIIOBUETO
3a kpai Ha nukbiaa CEC 11e ce U3MbJIHU 3a IIBPBYU BT Hal-HAMpe 3a 3a1a4a 1 u ToraBa Ts TpsiOBa
Ja us3nese oT uukbiaa. Ciaen Hes MO ChlllaTa IPUYMHA MOCIIEI0BATENHO 1€ HAIyCHAT LIMKbBJIA U
OCTaHaIMTE 337ayu OT rpymara. Ciea KaTo 3BEHOTO BbB BXOJIHATa TOYKa ObJE OCBOOOICHO, Thil
KaTto oOpaTHara Bpbh3Ka MO TOBA BpeMme Ie Objae m3kimodeHa (CEC=1), B HEr0 MOXe J1a MOCTHIIN
HOBa 3ajgava (BTOpaTa KOJIOHKa B pucyHKata oT ¢ur.4). Taka mpouechbT Ha MOCIEIOBATEIHO
W3JIM3aHe OT IMKBJIAa Ha TpUTe WU3NbIHCHH 3amaun Ne(1,2,3) me ObIae ChIOPOBOACH C
MOCIIeI0BATEIHO 3apexiane Ha 3 HoBH 3anaun No(4,5,6). Ourypa 4 unoctpupa Te3u IpOIECH.

[ Task5 | | Task6 | | Task6 | | Task7 | | Task7 | | Task8 | | Tasks |

| Task 4 | | Task 5 | | Task 5 | | Task 6 | | Task 6 | | Task 7 | | Task 7 |

[ ]

Task 4 |

| free |

| Task 5 |

| free |

| Task 6 |

| free |

| Task 3 |

Task 3 |

| Task 4 |

| Task 4 |

| Task 5 |

| Task 5 |

| Task 6 |

| Task 2 |

Task 2 |

| Task 3 |

| Task 3 |

| Task 4 |

| Task 4 |

| Task 5 |

| Task 1 |

iz

| Task 2 |

| free |

| Task 3 |

| free |

| Task 4 |

CEC=1 1 1 1 1 1 0

®@ur. 4. [Ipouec Ha U3NU3aHe HA 3aJa4U OT [IUKBJIA

Bwxna ce, ye B mociennus n300pazeH TakT 3a 3anaya 4 ce uzuncissa yciaosueto CEC=0. C
TOBA 3aMI0YBa MPEBBPTAHETO B TSUIOTO HA IIMKBJIA HA BTOpaTa rpyrna 3a1ayu.

Ha kpaTko MoOXxe Ja ce Kaxe, 4e aKo TSUIOTO Ha IIMKbBJIAa € KOHBEHEPHO pean3upaHo 4ype3 M
Ha Opoil cTeneHu, CTpykTyparta oT (urypa 2 Moxke 1a paboTH 1Mo €THOBPEMEHHOTO M3ITbJIHEHUE Ha
(m-1) Ha Opoit 3amaun. B mporeca Ha W3IM3aHe OT IUKbBJIA HAa 3aBBPIIWIUTE 3a]la4d, B HETO CE
3apeXkIaT ChIIO TOJIKOBA HOBU 3a7aui. AKO ce IpueMe, ue OposT Ha HUKINYECKUTE IOBTOPEHUS € N
Ha OpoM, TO JTATEHTHOCTTA Ha Iisia rpymna oT (M-1) 3ama4un € MOYTH KOJIKOTO 3a €1HAa €IWHCTBEHA
3amava. [IporechT Ha U3NU3aHe Ha 33/a4u OT IUKBJA, 3a€HO C MpoIleca Ha 3apekIaHe, MOXe Ja
ObJie TIPEACTaBEH Ype3 Bpemeanarpamara ot gurypa 5.

J prna (i) H3J'H/[33.HCL JH3HH3aHe prna (i+2) L t]me
B D T e S >
3apeskIane I pyna (i+1) 3apeskIane
L L o
& T A
m-i‘ < ’> >

®@ur. 5. Huxruyecka akmusnocm na 3 epynu om no (m-1) 3a0ayu

Ha BpeMcauarpaMarta aKTUBHUTC H3YMUCICHUA IO 3aJJaYUTC OT AdaJCHa Irpymna C€ 3aCTbIIBAT
BbB BPCMCTO, KOrato TC H3JIM3AaT OT HHWKBJA, C HABJIM3aHCTO Ha CJICABAllaTa Ipyla 3aJdadvu.
JlaTeHTHOCTTA 7 Ha BCIKa 3aaa4a Ce nmpeacTaBss CbC CICAHUA U3pas3
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m
T= n.Ztk , (1)
k=1

KbaeTo ¢ {x e o3HaueHa mareHTHOCTTA Ha K-TOTO 3BEHO.

Ako ce mpueme (B HaW-JOmIUs Clydyai), 4ye JIATCHTHOCTTa tk Ha BCAKO 3BEHO € KOHCTAHTA,
paBHA Ha MAaKCHUMAaJIHO Bb3MOXHATa 32 CbOTBETHOTO 3BEHO, CJie/[Ba ue U oleHkata (1) e koHcTaHTa.
[TocnenHoTo mMaBa MpaBOTO Ja C€ TBBPIH, Y€ MPH Ta3u OpraHu3aIvs, KOHBEHEpHATa ITUKINYECKa
CTpyKTypa € Hail-masiko (M-1) mbTH NO-MPOU3BOJUTENIHA IO CpaBHEHUE C €HO3aJavyHaTa
OpraHu3aIus.

5. MsicTo u BpeMe Ha CbOUTHSATA

3a m1a ObJaT U3SIBEHW HACTBIIBALIUTE CHOWTHS, 1Ie ObAC aHAIM3UPAH MO-TOAPOOHO Mpoleca
Ha NMPEeMUHABAHE Ha 33JIAYMTE TPEe3 U3XO0HATA U BXOJHATA TOYKH. TpaHChEephT HA TaHHUTE B TE3U
TOYKHU 3aBUCU OT cToiHOcTTa Ha ycimoBuero CEC. Cnensa na ce nomHu, 4ye yciaosueto CEC B
TEKYIMs TaKT Ce OTHACS CaMO 3a 3aj1auara, JOCTUTHAJA U3XO0/IHATa TOYKa, M Y€ B CICABAIIUS TAaKT B
chblllaTa TOYKa Ie ObJe U3YUCICHO YCIOBUETO Ha cjeiaBamiaTa 3ajada. AHAIU3bT Ha
(YHKIIMOHHPAHETO Ha IIUKJIMYECKATa CTPYKTYpa OTKPOSIBA TP PA3IIUIHHA CUTYallMH BHB BPEMETO:

1. Korato B TS10TO Ha LIMKBJIa HABIM3aT HOBUTE 3a7a4H;

2. Korato Te3u 3amaun ce MpeBbPTBAT MMOCICIOBATEITHO U MHOTOKPATHO;

3. U xorato 3amaunTe 3amo4BaT Aa U3IM3aT OT LMKBIIA.

Crnen n3mbIHEHUE HA ITUKINYECKUTE U3UUCIICHUS 32 HIKOJIKO TPYIH 3aa4d, KaKTO €
MOKAa3aHOo Ha (DUT. 5, MBPBUSAT U TPETHAT caydyan ce 00equHsABaT. Mexay TSIX MOXKE J1a e BUIAT
OTJIMYHS CaMO MPH IMbPBOHAYAIIHO 3apeXkAaHe Ha ITbpBATa rPpyIa UM KOTaTo IIPH U3JIM3aHEe Ha
JlaZieHa rpyma, ce OKa)xe 4e TS € MOCJIeIHATA.

B wu3xomHO chCTOSIHME BCEKM KOHBEHEp ce XapakTepu3upa ¢ BceoOllla TOTOBHOCT Ha
MUKPOKOHBEHEpHUTE 3BeHA. 3asiBKM HAMAa U BCUYKU KOHBEWEPHH aBTOMATH BPBIIAT €AUH KbM JIpYT
CUTHAJIM, MOTBBPXKIABAIIA TOTOBHOCTTa. B TOBa CBhCTOSHWE, HABIM3aHETO HA MHOTO 3a/Ia4dl B
TAJOTO Ha IHKBJIA, KaKTO € TMoKa3aHo Ha (ur.4, M3KMCKBa JaHHOBUTE BPB3KHM BHB BXOJHATA MY
TOYKa Jla ca TaKWBa, Y€ Ja OCUTYPAT 3apek/iaHe Ha IMKIMYeCKaTa KOHBEHEpHa CTPYKTypa C
MaKCHMaJHO Bb3MOKHUS Opoi 3amayn. JlokaTo TOBa HE ce MOCTUTHE, 0OpaTHaTa Bpb3Ka TpsiOBa /a
Obne TpaitHO m3KiIoueHa. OT MOCOYEHOTO CJieBa, Y€ B KOHBEWepHATa CTPYKTypa TpsSOBa Ja ce
BBBEJIC HOB €IIEMEHT, YUATO 3a/laya Iie ObJe Ja MOKaXe MOMEHTA, B KOUTO IUKIMYECKOTO TAJIO €
3apeqieHo ¢ HeoOxoaumust Opoit 3agaun. CHHTE3BT Ha TO3U €JIEMEHT € CleBalia, Tpera 3ajada. Toil
KaTo MpU HAYAIHO 3apekJaHe Ha 3ajaud B KOHBeiiepa Bce olle He € Ouiia M34HcisiBaHa CTOWHOCT
Ha yCIIOBHETO 3a Kpail Ha nukbiaa CEC, TO yNnpaBlIEHHETO Ha JaHHOBHMTE BPB3KM BBB BXOJHATa
TOYKa Ha IHMKBJA TI0O TOBA BpEMe IIe Ce OCHIIECTBSIBA UMEHHO OT TO3U eleMeHT. B MomeHTa, B
KOWTO 3amada | mocturHe 3BeHO 6 W 3a Hes ObJe HM3YHCIeHa CTOWHOCT 3a ycioBueto CEC,
YIPaBICHUETO HA TAHHOBUTE BPB3KH IIIE MOEME Ta3d HIMEHHO CTOHHOCT.

[To-neraitnmuusat ananu3 Ha nocnennute a8a Takta (k+7) u (k+8) ot ¢wur.3 mokassa, 4e cien
karo 3agada 1 B TakT (k+5) momagHe B 3BeHO 6, 3amo4yBa M3YMCISBAHETO HAa CTOWHOCTTAa Ha
ycnoBueto CEC. EqHOBpEeMEHHO C TOBa OCTAaHAIMTE 33/1a4d CIM3aT B TSUIOTO, @ CBOOOTHOTO 3BEHO
free ce mpemectBa B oOpartHa mocoka. B Takt (k+6) wim (k+7) cToiiHOCTTa Ha YCIIOBHETO € Beue
m3unciena u 11 ¢ CEC=0. Ta3u croiiHOCT ompeselis TaHHOBHTE BPH3KH B HM3XOJHATA W BBHB
BXOJIHATa TOYKH, KaTo 0Opa3yBa oOpaTHaTa Bpb3ka. C ToBa B TakT (k+8) craBa Bh3MOXKEH MPEXOABT
Ha 3aj7a4a 1 oT 3BeHO 6 B 3BE€HO 3.

B nauanoro Ha ¢ur.4 e uzobpasen obparHusat cinyyai, koraro CEC=I1. IIpu Ta3u croitHOCT
JAHHOBUTE BPB3KH B M3XOJIHATA M BXOJHATa TOYKM HA LIMKBJA TPsOBa la ce OMpenensT Taka, ue
oOparHara Bpb3Ka Ja Obae u3KiIoueHa. Taka 3amaya 1 1mie u3jie3e oT HUKbIa U [Ie Clie3e HAA0Iy B
KOHBEiiepa B 3B€HO 7, a B CBHIIIOTO BpeMe B 3BEHO 3 I1ie OB/Ie 3apeicHa HoBaTta 3agada 4. B kpas Ha
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mporeca, u3o0pa3eH Ha ¢ur.4, B IUKIMYECKaTa CTPYKTypa € 3apeficHa HoBara Tpyma 3aJadu
Ne(4,5,6). U Twit kato 3a 3amaya 4, KoATO € B 3BeHO 6, e uzuuciena croitnoctra CEC=0, o6paTnata
BpPh3Ka OTHOBO € BKJIIOYCHA M Ta3W HOBA IPyIia 3all0uBa CBOETO N-KPAaTHOTO MPEBBPTBAHE B TSIOTO
Ha [UKBIA.

6. LHukbJa ¢ npeaBapuTeJHO HeU3BeCTeH OPOii MOBTOPEHMsI

JIbAroTpaifHOCTTa Ha CTOMHOCTHTE Ha YCIOBHETO 3a Kpalk Ha IMKBJIa € XapaKTepHa
0oco0eHOCT Ha (PYHKIMOHHMPAHETO HAa pasriiejaHaTa IO-TOpe Pa3sHOBUIAHOCT. 3HAYUTETHO IIO-
JUHAMHUYHO € TO KOraTo CTPYKTypara ChOTBETCTBA HA aITOPUTHM C HEM3BECTCH OpOW TOBTOPCHHSL.
B T03M ciywaii npefcraBaTa 3a H3BECTHA CTaTHYHOCT, Y€ 3aJa4lTe III€ HABIA3aT MOCIIEIO0BATEIHO,
4e IIe ce MPEBbPTBAT 3a€JHO U 1€ U3J3aT 3a€HO, B Pella, B KOMTO ca BIIE3JH, KaTo LSJIOCTHA U
MOCTOSIHHO 3a/IbpJKallla ce B IUKbJIA rpymna, ryou cMuchi. KoHBeHEepHOTO M3IIbJIIHEHHE HA HAKOJIKO
3aJlayd B IIUKBJI C HEM3BECTCH OpOW MOBTOPCHHS HE MOKE JIa 3ara3u MbPBOHAYAIHUS ChCTaB Ha
rpynara ot (M-1) Ha Opoii 3agaun. Thil kKaTo OpOSAT HA MOBTOPEHUSATA 3a BCSKa 3a/1aya Iie Obae
pasnudeH, rpynara Ie WMa IMPOMEHIUB ChCTaB BBB BpeMeTo. [IOCHENHUAT IIe ce MPOMEHS
BCJICJICTBHEC Ha M3JIM3aHE Ha 33/1a4K OT LIMKBJIA U BIIU3aHE Ha JIPYTH, KOUTO IIIe TH 3aMECTBaT.

XoabT Ha HM3MBIHEHUETO HA BCSAKAa OTJACITHA 33Jlada 3aBHCH OT TEKyllaTa CTOWHOCT Ha
ycnoBueTo 3a kpaii CEC, xosiTo Ts reHepupa. ETo 3aiio e BaXHO Ja ce aHanu3upar ChOUTHUATA B
JBaTa ciiydasi Ha TOBa YCIIOBHE, KaKTO MO OTHOUICHWE HA W3XOJHATa, Taka W 10 OTHOIICHHE Ha
BXOJIHaTa TOYKH. [Ipuema ce, ue BIE3JIMTE B TIOTO HA IMKBJIA 3a1aud 1, 2 U 3 ca M3IBIHIIN
HSIKOJIKO IIOBTOPEHUS ¥ C€ HAMUPAT B TIOJIOKCHHUETO, ITOKa3aHo Ha (ur.6, B Hail-JIsIBaTa KOJIOHKA.

| Task 5 | | Task 5 | | Task 5 | | Task 6 | | Task 6 | | Task 6 | | Task 6 | | Task 7 |
| Task 4 | | Task 4 | | Task 4 | | Task 5 | | Task 5 | | Task 5 | | Task 5 | | Task 6 |
| free | | Task 1 | | free | | Task 4 | | free | | Task 3 | | free | | Task 5 |
| Task 3 | | Task 3 | | Task 1 | | Task 1 | | Task 4 | | Task 4 | | Task 3 | | Task 3 |
[ Task2 | [[ Task2 | [ Task3 ]| [ Task3 | [ Task1] |[ Task1i| [ Task4 | [ Task4 |
[Task1 |/ [ free | [Task2] [ free | [Task3 |/ [ fre | [Task1]| [ free |
CEC=0 0 1 1 0 0 1 1

] ] O Oee [ [ [ e

time

®@ur. 6. [Ipoyec na uznuzane om yuxKwvIa

Hexka 3a 3agaua 1 3BeHo 6 (¢ur.2) e renepupano yciaosuero CEC=0. B pe3ynrar Ha ToBa T
IpeMHHaBa 1o oOpaTHaTa Bpb3Ka B 3B€HO 3. B mocneacTBue 3ajaunte NoCae10BaTENHO CIU3aT OT
3BEHO Ha 3BEHO, KaTo B TpeTaTa KOJIOHKA Ce BIIK/A, Y€ 3BEHO 3 OTHOBO € cBOOOHO. B 3BeHO 6 ce
Hamupa 3aaa4a 2, 3a kosro CEC=I1. 3amaua 2 u3nm3a oT 1UKbIa, a B HETO BJIM3a HOBA 3aja4a 4.
3amaya 3 ce mpeBbpTa, a 3a7ada | M3iM3a OT LMKbBJIA. Taka B Kpas Ha pUCYHKATa B TSUIOTO Ha
LMKbJIa OCTaBa Jla ce MPeBbPTBA rpymnaTa ot 3afauu (4, 3, 5). M310eHusT TOKy 1110 aHaJIu3 U3sIBsBA
olle e1H HOB MpobsieM. ChIIHOCTTA Ha TO3H MPOOJIEM ce ChbCTOU B Pefia Ha U3JIM3AIUTE OT IIUKbBJIA
3amaun. Thil KaTo OpOST Ha MOBTOPEHMSTA HE € U3BECTEH U € MHAMBHJIyaJieH 3a BCSAKa 3ajaya, He
MOJKE J1a C€ OYaKBa PEABT NPHU 3apEKJAHETO UM Jla C€ MOBTOPHU IPU M3IU3aHETO UM OT LMKBJIA.
Taka B OThOeNHHTE MOMEHTH CBhCTaBbT Ha Ipynara B IUKbJIa ce NpoMmeHs. B 3akimioueHue Ha
Ka3aHOTO ciiesiBa Ja ObJe (hopMyiarpaHa 3a TO3M pas3jied HOBa YETBBPTA 33/aya, ChCTOAIIA CE BHB
BB3CTaHOBsIBaHE (MpU HEOOXOJMMOCT) Ha pe/ia Ha CIM3alluTe OT KOHBeWepa 3aaauyu. Ta3u 3amaua
Beue nMa peuieHue [4] u HaAMa 1a Obae auckyTupana Tyk. [lo-1omy ca npeacTaBeHH pelieHusTa Ha
bopmynupaHuTe 3a7aud, KOUTO IMO3BOJSABAT Ch3JAaBAaHETO HA METOA 3a AaCHHXPOHHA
MUKpPOKOHBEEpHa peainu3anus Ha alrTOPUTMUYHHU CTPYKTYPH OT BUJIa IUKBII.
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7. KonBeiiepeH aBTOMAT Ha 3BEHOTO € YCJIOBHE 32 Kpail HA MUKbJI

KongeiiepHusiT aBTOMaT Ha 3BEHOTO, KOETO I'€HEpUpa YCJIOBUETO 3a Kpall Ha nukbia CEC
(M3XOHOTO 3BEHO), MO CBIIECTBO € CBBP3aH Ca JiBa JAPYrd KOHBEWEpHU aBTOMara. EnuHuUST
aBTOMAT YIpaBisiBa 3BEHOTO, KOETO C€ HamMHpa IO U3XoJa OT IHKBJIa (3BeHo 7, ¢ur.2). B ToBa
3BEHO MOMAJAT Pe3yATaTUTe, MOJYyYSHN OT HUKINYECKUTE U3YHCICHHS, KOTaTo YCIOBHUETO 3a Kpai
o0bae manbaHeHo CEC=1. 1o cemecTBo, ToBa € u3xoawT “ucmuna” (CEC=true). [Ipyrusr aBTomar
€ TO3W, KOHTO ympaBiisiBa 3BEHOTO BHB BXOJHATa TOYKAa Ha IWKbBIA. Bpb3kara ¢ HEro ce
OCBILECTBSBA 10 M3X0/a “1worca’ Ha ycnoBHus pexo (CEC=false).

7.1. KongeiiepeH aBToMar ¢ 2-¢)a30B IPOTOKOJ1 32 TPpaHcdep HA JaHHH

CunTe3npaHara Jiorudecka CTpyKTypa Ha KoHBeiliepeH aBToMaT PC6 ¢ 2-¢ha3oB MpPOTOKOI,
yIIpaBJsiBalll 3B€HOTO, KOETO TeHepHpa YCIOBUETO 3a Kpall Ha Kb, € IpecTaBeHa Ha ¢ur. 7.

Reecin | pce %ACECout

—© Y

A

Rfalse
Afalse

¥ Exit
PC7 7 _RGF
1o/
Ack Req

®@ur. 7. Jloruuecka CTpyKTypa Ha KOHBEHEpEH aBTOMAT € YCIIOBUE 32 Kpail Ha IUKBJI

Pasrnexxmano kato 4acT OT JOorMYecKkara CTPYKTypa Ha KOHBeHepa, MUKPOKOHBEHEpHOTO
3BE€HO 6, KOETO reHepupa YCIOBUETO 3a Kpail Ha 1ukbia CEC, HE3aBUCUMO KaKbB € TOH IO BUI,
MMa aHaJOTHYHUTE MPOOJIEMU Ha BCAKO IPYro 3BEHO, TEHEpUpalio ycloBue 3a mpexon. [lo Ta3m
MpPUYMHA CTPYKTYPHOTO pEIICHWE 3a aBTOMara Ha pPasriIekKIAaHOTO TYK 3BEHO HAmoj00sBa
PEIIEHUETO, KOETO € U3JIOKEHO B [2].

Kaxkro ce Bmwxkna ot ¢urypara, curHansT NOTBbpxKAeHUE ACECin € QyHKIIUS, peaau3upaHa
or cxemara LA (Logic Acknowledgement) ot notebpxkaeHusita Atrye u Afalse, a JBeTe 3asBKU

Rtrue u Rfalse ce popmupar ot curnana Regcout B cxemara LR (Logic Request).

7.2. CHHTE3 HAa CHTHAJ MOTBbPKIEHUE

[IpeBKiIFOYBaHETO HA KOHBEWEPHHUS aBTOMAT B TOCIEAHOTO 3BE€HO OT TJIOTO HA IHKBIA €
GbyHKIMS OT ABa BXOAHHU cUTHANA: Agrye M Afglse. [lOCTIETHUTE OMOBECTSIBAT TOTOBHOCTTA HA BCEKH
OT KJIOHOBETE IO OTJENHO, T.€. T€ ca “pomuTenu’” Ha curHaia Acgcin. [lopaau 3HaUWTETHO TIO-
rojisiMaTa cymMapHa JATEHTHOCT Ha IUKIWYECKAaTa CTPYKTypa KaTo LsI0, B CPAaBHEHHE C Ta3Mu Ha
MUKPOKOHBEHEPHOTO 3BEHO, HAMHUPAIIO C€ CJIeJl M3X0Jla OT IHMKBJIA, MOXKE J1a TpPHUEMeM, Y€ TI0
BpeMe Ha MUKIWYECKUTE WU3YHMCICHUSI, TTOTBBPKACHUETO Airye € TOCTOSHHO IMOJAJACHO M OYaKBa
MOMEHTA, KoraTto Iie 0bae u3noia3BaHo. [loTBbpkaeHNETO Atrje MIIBA OT 3BEHO 7, KOETO CE HaMupa
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CJIe]T ITUKJIMYecKaTa CTPYKTypa, KOETO TOpai 3aKbCHEHUETO B TIOCIICIHATA Ce MPEIoara, 4e Beue
€ 3aB’pr_II/IJIO CBOCTO HU3YHCIICHUC. I[O TO3U MOMCHT 068.‘-16 aKTyaHHOTO HOTBLp)KI[CHI/Ie nuaBa oOT
3BEHOTO B KJIOHA “Tbka”, a TO € Afglse. TOBa € Taka o MpUYMHA HA MHOTOKPATHUTE 3aBbPTAaHUS HA
IIMKBJIa M0 oOpaTHaTa Bpb3Ka. B Te3u yCIIoBHs, akTyaJIHOTO MOTBBPKICHHUE IPUCTUTA B OTTOBOP Ha
3asgBKaTa Rfyse B MOMEHT, KOraTo JIOTMYecKaTa CTOMHOCT Ha ycioBueto CEC e cTaOHIHO
yCTaHOBEHa BBHB BpeMeTo. OT TyK cieqBa, 4e Jiormueckara cxema LA 1mie OocChIIecTBSIBa CaMo
MYJITHIUICKCUPAHE Ha JIBETE BXOHU MMOTBBPXKICHUS, CIIOPE]T CJIeTHATA JIOTHKA.

A = Atrue NCEC v AfalsemCEC . (2)

CECin

CurnaneT Acgcin 11€ ©Ma CTOMHOCTTa Ha WJBAIOTO OT ChOTBETHUS KJIIOH IOTBBPKICHUE, B
CJIEZICTBHE HA KOETO HE € HEOOXOJMMO KOHBEPTUPAHE Ha Ta3U CTOHHOCT.

CrnenBa na Obae oT4eTeH M CHOMTHIHHUS XapakTep HAa HOBUTE CTOMHOCTH. MOMEHTHT Ha
II0sIBA HAa HOBATa JIOTMYECKAa CTOMHOCT Ha yciuoBueTo 3a mpexol CEC u MOMEHTHT Ha IOsIBA Ha
3asgBKaTa Rcecout, €€ ChCTE3aBaT BB BpeMETO. Pe3ynTaThT OT TOBA ChCTE3aHUE € UM PAaBEH WMIIH ce
nevyenu ot CEC. MyntumiekcopbT Ha NOTBbpAkAeHUATAa LA, KOWTO 111e ce ynpaBiisBa OT YCIOBHETO
CEC, tpsi0Ba a ce IMPEBKJIIOYM HE B MOMEHTA Ha Bb3HUKBAaHE HAa HOBaTa CTOMHOCT Ha YCIOBHUETO
CEC, a B MOMEHTa Ha mosiBaTa Ha 3asBKaTa Rcgcoyt. TOBa Hamara cbeTe3aTeHOCTTa Jla Obae
OTCTpPaHEHAa, KOETO MOXEM Ja IOCTUTHEM €IMHCTBEHO C MOMoINTa Ha Tpurep. B mMomeHTta Ha
Bb3HUKBaHE Ha 3aiBKaTa Rcpcoyt TO3M Tpurep TpsadBa aa ¢uxcupa croitHoctTa Ha ycinoBuero CEC
U Ja s NOJABbpKa 0 claeABalliys TakT. Taka TOW e MMa OLIE €IHA IOJIOKUTEIHA poJid — LIE
npernasBa MyJITHILIIEKcopa LA oT HexXenaHu NPEeBKII0UYBAHUS 10 BpEME Ha CaMOTO M3YHMCIIEHUE Ha
ciienBamiara HoBa croiiHocT Ha CEC.

7.3. I'eHepupaHe HA 3aBKH KbM Pa3KJIOHCHUATA

KonBeiiepHuAT aBTOMAT, yHpaBliisBall 3BEHOTO C YCJIOBEH IPEXOJ, Pa3MpOCTpaHsBa KbM
CIIeJIBAIINTE 3BEHA 3asBKa, oTOeNsA3aHa KaTo Rcpcoyt. 3asiBKaTa HE MOXKeE Ja ce Mojajie AUPEKTHO
KbM BXOJIOBET€ Ha KOHBEMEPHUTE aBTOMATH B HAYaJOTO HA BCEKHU OT aNTEPHATHUBHUTE KIIOHOBE.
CbhOTBETHUTE 3aITUTBAHUSA, KOUTO CIIE/Ba Ja TOJIy4aT KOHBEHEPHUTE aBTOMATH, Ca 03HaYeHU € Ryyye
3a KJIOHa “UCTUHA” U C Rifgise 32 KJIOHA “MBka” W ca QyHKUMS Ha jormueckara cxema LR (dur.7).
HenocpeacTBeHoTo moakimoyBaHe Ha 3asBKaTa Rcpcoyt HE € BB3MOXKHO, 3all0TO B TOYKAaTa Ha
Pa3KJIOHEHHETO TSI BJIM3a B CJIOkKHA (PYHKIIMOHAIHA BPB3Ka C JIOTHUYECKaTa CTOMHOCT Ha YCJIOBHUETO
CEC or enna cTpana, U ¢ TEKYIIOTO (3aBapeHOTO) ChCTOSIHUE Ha KOHBEHEPHHsI aBTOMAT B HA4YaJIOTO
Ha BCEKH KJIOH, OT Jpyra cTpaHa. ToBa IIbK ce Hajara oT BHJia HA CAMUTE aBTOMAaTH, KOMUTO KaKTO
Beue Oellle croMeHaTo, U3Moi3BaT 2-(ha30B MPOTOKOI 3a yrpaieHue Ha TpaHcdepa. [locnennoTo
O3HauaBa, 4ye BCAKO TAXHO mpeBkimouBaHe (0—1 u 1—0) npuuuHsABa 3amUc B PETUCTPUTE
(uKcaTOpW W CTApT HA M3YKCIICHUSTA B 3BEHATa. AKO C€ pas3riiexk/a MPEeBKII0YBAHE B HAYAIOTO Ha
KIIOH OT MUKpPOKOHBe#epa, TO OCBEH JIoTh4yeckaTa CTOMHOCT Ha ycioBueTo 3a npexon CEC (0 unm
1) cnenBa 1a ce OT4ETE M 3aBApEHOTO CHCTOSTHUE HA ChOTBETHHUS aBToMmar. Ille orbenexum, ye C-
€JIEeMEHTHT B CX€MaTa Ha aBTOMaTa C€ MPEBKII0YBA KAKTO NpPH ChUETaBaHE Ha JIB€ BXOJHU
€IMHUIIY, Taka ¥ Ha JaBe Hynu. C apyru aymu curHanutTe Riye U Rigise ca QpyHKIIMM HE camo OT
MPEBKIIIOYBAHETO HA CUTHANa Rcecout, HO M OT cToliHOCTTA Ha yenmoBuero CEC, a taka chIo u ot
CBhCTOSIHUETO Ha KOHBEHEPHUTE aBTOMATH Ha BXOJla Ha pa3kiioHeHusaTa. Hanpumep, ako cToifHOCTTa
Ha ycioBueTo 3a npexon e Hyina (CEC=0), ToBa o3Ha4aBa, ue M3UHCICHHUITA TPSAOBA Ja IPOABIKAT
B KJIOHA “ITBXka’”, T.. B 3B€HO 3, KaTO C€ 3aTBOPH 3a MOpEJCH MbT OOpaTHATa Bph3Ka HA IHKBIA.
EnuHCTBEHOTO, KOETO pa3inyaBa TO3HM THIT PA3KIOHEHUE OT OOMKHOBEHOTO Pa3KJIOHEHHE, € TOYHO
Ta3u HAKOJIKOKpATHA MOBTOPSEMOCT Ha CUTYyalUsTa, MPEJCTaBIABAIA CHIIHOCTTA HA CTPYKTypaTa
IHUKBI. AKO ChCTOSSHUETO Ha aBroMara PC3 B TO3M KIJIOH, B KOWTO HM HAco4Ba YCIOBHETO, €
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€ANHUIA, KOETO Ce MOJIbpPKa BbB BPEMETO /10 TO3U MOMEHT OT CTOMHOCTTA Rigise=1, TO TOI TpsiOBa
Jla ce MPEBKJIIOYM B HOBO CHCTOSTHUE HYJIA, 3a Jla CTapTUpa 4pe3 3aaeH GpoHT Ha curHana W te3u
M3UYUCIICHHS. 3a J]a CTaHe TOBa, Ha BXoJa Ha To3u C-eneMeHT TpsiOBa 1a ce chueTasT ABe Hynau. He
TpsiOBa na ce 3abpaBs W (¢akra, 4e BCSIKa HOBA CTOWHOCT Ha curHala Rcpcouyt (m 0 m 1)
MPEACTABIISIBA IO CHIECTBO HOBA 3asBKa, M3JM3alia oT aBromata PC6 Ha 3BeHO 6.

Jlorukara, KOSITO TOKy 110 Oellle MosiCHeHa, € U3pa3eHa upe3 TaOIuIuTe Ha UICTUHHOCT 1 u 2,
B kouto curHamute Wi e 1 W nipectaBsaT cbeTosiHUETO Ha choTBeTHUTE C-enementu. Tyk cienBa
JOMBJIHATEITHO TOSCHEHHE. 3a pa3jiuKa OT cliydas Ha OOMKHOBEHO pa3KIIOHEHHE, KBIETO Ce
m3non3Baxa aa curHama Wiye U Wigse, TYK BTOpUAT curHaia € o3HadeH camo ¢ W, T.e. 0e3
mozckaskara fasle. Toa e Taka, 3am0TO 3B€HOTO BbB BXOJHATa TOYKA HE € OOMKHOBEHO HAYaJIHO
3BEHO Ha KJIOH B aJITOPUTHM. B HaImmsT cirydaii BXOJHOTO 3BEHO € 3BEHO B 00111a Touka. To 3anmucsa
HOBH JaHHH KAaKTO B KA4eCTBOTO CH Ha HAYaJIHO 3BEHO B KJIOH “IIba”, Taka U KaTO OOMKHOBEHO
3BEHO MPHU IIHPBO HABJIM3aHE HA 3aJja4M B IUKIMYECKATa CTPYKTYpa, €TO 3aIl0 CHUTHAIBT 3a 3aIHC
Ha TOBA 3BEHO € o3HauyeH camo W.

Taoauna 1. 3asBka KbM KOHBEWEPEH aBTOMAT B KJIOH “IIbxka’
1 p

CEC| W RcECout Rralse
0 0 NOsIBSIBA CE 3a/1€H (PPOHT _\g) _/T , IPEBKIIIOYBA CE€
0 0 HOSBSIBA C€ MpeieH PPOHT _/T _/T , TIPEBKJIIOYBA Ce
0 1 HOSBSIBA C€ 3a/1eH PPOHT _\g> _\g) , TIPEBKJIIOYBA Ce
0 1 HOSBSIBA C€ MpeieH PPOHT _/T _\g) , TIPEBKIIIOYBA Ce
1 0 HOSBSIBA C€ 3a/1eH PPOHT _\g> 0, He ce NPEeBKII0YBA
1 0 NOsIBSIBA C€ MpeieH PpOoHT _/T 0, He ce MPEBKIIOYBA
1 1 TNOSABSABA Ce 3aJeH (PPOHT _\g) 1, He ce MPEBKIIOYBA
1 1 HOsIBSIBA C€ MpeJeH (PPOHT _/T 1, He ce NpPEeBKIIIOYBA

Tabauua 2. 3asBKa KbM KOHBEHEpPEH aBTOMAT B KJIOH “UCTHUHA

CEC | Wirge RcECout Rirue
0 0 NOSIBSIBA C€ 3a/1€H PPOHT _\g) 0, He ce NPEeBKII0YBA
0 0 NOsIBSIBA C€ MpeieH PpOoHT _/T 0, He ce MPEBKIIOYBA
0 1 TNOSABSABA Ce 3aJeH (PPOHT _\g) 1, He ce MPEBKIIOYBA
0 1 NOsIBSIBA C€ MpeieH (PpoHT _/T 1, He ce NpeBKIOYBA
1 0 NOSBSIBA C€ 3a/1€H (PPOHT _\g) _/T , TIPEBKJIIOYBA CE€
1 0 NOSBSIBA C€ MpeeH PPOHT _/T _/T , TIPEBKIIIOYBA Ce
1 1 NOSBSIBA C€ 3a/1€H (PPOHT _\g) _\g) , TIPEBKIIIOYBA Ce
1 1 NOSIBSIBA C€ MpeeH PPOHT _/T _\g) , TIPEBKIIIOYBA Ce

B®3 ocHOBa Ha TOPHUTE Ta6J'[I/II_[I/I Ha HWCTHUHHOCT Ca CHHTE3UpPAHU CICAHHUTEC JIOTMYCCKU

byHKIMU:
Ry =CECO®W,,,,, . (3)

R 150 =CEC®W . (4)
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Kakro ce Bmxka, Jorukara Ha 3asBKUTE Rirye B Riglse HE 3aBUCH OT 3asgBKaTa Rcpcout, KOSTO
ce OoyakBaillie. 3aBUCUMOCTTA Ha 3aiBKUTE Rirye M Riglse HE € OT CTOMHOCTTA Ha curHasia Reecout, @
OT BpEMETO, T.€. OT MOMEHTUTE Ha HErOBOTO MpeBkitouBane. CiesBa a ce pa3dupa, ue cMsiHaTa Ha
cToiHOCTTa Ha RcEcoyt, T-€. MosiBaTa Ha HEroB (PPOHT, MapKUpa MOMEHTA BbB BPEMETO, B KOUTO
ollepallMOHHATa JIOTMKAa Ha TOBa 3BEHO 3aBbpIlIBa M3YMCIEHUSATA CH. TO3M MOMEHT HE €
3aJIBJKUTENHO Jla ChBIIaJla C MOsiBaTa Ha UCTHHHATa cToiHOCT Ha ycioBuero CEC. B 3aBucumoct
OT ciiokHOCTTa Ha u3unciaenuero Ha CEC, B obumms cioydvaii crieBa Ja ce mpueMa, 4ye MCTUHHATa
croiiHocT Ha CEC Moxke /1a ce MosiBU U MO-paHO BbB BPEMETO CHPSIMO HOBHUSI (DpOHT HA cUTHaNa
RcEcout WM Hal-KbCHO €OHOBPEMEHHO C HEro M HHUKOra IMO-KbCHO OT Hero. B enna
HernocpecTBeHa peanusanus Ha (3) u (4), mo-panHoro siBsiBane Ha CEC me noBesne 10 mo-paHHO
¢dbopmupaHe Ha CTOWHOCTUTE Ha 3aABKHUTE Riyye WM Rigjse, @ OT TaM U /10 MO-PAaHHO CTApTHUpPAHE HA
CbOTBETHUS KJIOH Ha KOHBeiepa. ToBa cTapTupane Iie 3aloyHe ChC 3aluC Ha JaHHU B PErucTbpa
¢dukcaTop, a Te B OOIUAT ciiyyail Bce olle HsAMA Ja ca JOCTUTHAIM BbB BPEMETO MCTHHHUTE CH
cToiHOCTH. Taka Hail-BepOsTHO U3YUCIICHUATA MOTaT J]a CTAPTUPAT C TPEIIHU JaHHH.

OCHOBHHSIT U3BOJI, KOWTO C€ Hajiara OT TakKa U3JI0OKEHUTE ChoOpakeHus e, uye hopmynure (3)
u (4) ompenensaT CTOMHOCTUTE Ha 3asiBKUTE, HO MOMEHTHT, B KOWTO T€ Cle/lBa Jja Ce MOSBSIT U Ja
MOJIeHCTBAT, Ce OMpeIess OT MOMEHTA Ha MPEBKII0YBaHe Ha curHaia Reecoyt. Yn kazaHo mo apyr
HA4YMH, HOBUTE CTOMHOCTU Ha 3asiBKUTE Riyye MH Rfyse TpsAOBaA 12 ce ABAT B OTrOBOp Ha (POHT B
curHasia Rcecout. IlocnmenHoTo o3nauaBa, ye (opMupaHeTo Ha 3asBKHTE Riye UM Rigge, HE €
BB3MOKHO J]a ObJIe IIOCTUTHATO €JMHCTBEHO C KOMOMHALIMOHHA JIOTHKA.

W3noxkeHuTe pa3chkICHUS JI0Ka3BaT, 4e BpeMeBaTa 3aBUCUMOCT Ha U3YUCIEHUTE CTOMHOCTH
(3) u (4) Mmoxe 1a ce peanu3upa caMo ¢ TOMOIITA Ha 3alIOMHSII €JIEMEHT — Tpurep. Thi KaTo 3ammc
TpsOBa J1a ce WU3BBPIIBA MPU BCAKO MpeBKIOUBaHE Ha C-eleMeHTa, CHHXPOHU3HPAUIUAT TPHUTep
TpsioBa n1a 6bae or Tun DEDTFF (D-tpurep, paborem u mo asara ¢poHTa). B OokoHuUaTenmHara
JIorMYecKa cxema Ha KoHBeWepHus aBtomaTr PC6 (¢ur.8) e mpeacraBeHo €HO MPEANOYETEHO TyK
peliieHre, OCHOBaBaIo ce Ha oOukHOBeH D-Latch tpurep u aBa merextopa Ha GpoHT — FDT 3a
IpelieH U FDV 3a 3azen. Jlornueckara cxema, KoaTo Gemne otOenasana ¢ LR BbB ¢ur.7, cpabpxa
C-enemeHTa Ha 3BEHOTO C yCIIOBEH mpexoj, cxemata LA, obenuHsBaiia NOTBBPKIAECHUATA Agye U
Afalse , KAKTO U IBETE TPUTEPHU CXEMHU, TeHEepUpaIln 3asBKUTE Rirye U Rialse.

(-
CEC DLy, W3
AcEcout | =1
CEC D[« Rfaise
Reecin TR —
& (o =
—~1 -
LR FD_R
(I
_ DLy Wirie
| =1
Wwé gy o ) N
ﬂ C |:| Rtrue
+— R e-
Qcec
Dlo
<18 | o=
Reset <12 P cEe
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®ur. 8. Jlornuecka cxema Ha 2-(ha30B KOHBEHEpEH aBTOMAT 3a 3B€HO C YCJIOBHE 3a Kpai Ha IIMKbBJI

Kaxkro ce Bmwkaa ot cxemara, mysc-TeHepaTopure ce ooeaunsBar B cxema WJIN, umiiTo u3xon
e o3HaueH FD_R. To3u curnan peanusupar 3anuc no Bxojna C Ha CbOTBETHUS TPUTEp — B TPUTEp
TL-CEC BunHarm, a B JApyruTe JABa TpuUrepa, CIOpel CTOMHOCTTa HAa YCIOBHETO 3a Kpaw.
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N3uncnenara cnopen (3) normyecka cToHOCT Ha 3asBKaTa Riye mocThnBa mo Bxoga D u ce
ChXpaHsBa B TpHUrepa JI0 CIAEABAIIMS ITbT, KOTAaTo e ObJe n30paH chius KiIoH. CurHansT Reset e
HEeoOXOIUM B HAYallHUS MOMEHT, B KOWTO BCHYKM KOHBEHEpPHH aBTOMATH MPHUHYAHTEIHO CE
YCTaHOBSIBAT B U3XOJHO CHCTOSIHUE. AHAJIOTMYHA JIOTHYECKa cxema (hopmupa criopen (4) 3asBkara
Rfalse KbM KOHBEHMEpPHHUS aBTOMAT B KJIOH “TBKa”.

Teii karo B OTroBOp Ha u3NpaTeHara 3asiBKa Riye WM Rgse CHOTBETHHAT KOHBeWepeH
aBTOMAT 1€ CE MPEBKIIIOYM U Il BbPHE 110 00paTHATa Bpb3Ka HOBA CTOWHOCT Ha curraia W, KosTo
3acTpalllaBa HaJiexaHocTTa Ha 3anuca B D-tpurepa TL t wim TL f, To ToBa Hanara 3axbpaHe BbB
BPEMETO, JOKAaTO M34€3HE UMIYJICHT 3a 3amuc oT Bxoja C. 3aKbCHEHUETO CE€ OCUTYpsiBa OT
enemenrta DLy, KO€TO ce ocurypsiBa KOHCTPYKTUBHO OT HEPABEHCTBOTO tp y>trp.

B cxemara e BxintoueH tpurep TL CEC, koiiTo mma 3a 3ahaya Ja 3allOMHHU JIOTHYECKaTa
CTOMHOCT Ha YCJIOBHETO 3a Kpail Ha 1ukbja CEC B MOMEHTa, KOraTO 3B€HOTO 3aBbPLIM CBOMUTE
M3YMCICHMS], T.€. KOraTo ce NosBH 3asBKaTa Rcecoyt- Taka Toi HsAMa J1a JOIycHE HOBAaTa CTOMHOCT

Ha yciouero CEC na MaHUIyJIMpa MPEXIEBPEMEHHO MYJITUIUIEKCOpAa Ha IMOTBBPKICHUSATA,
MOAIBPKANKK cTaOWITHA TeKyIIaTa CTOMHOCT JI0 Kpas Ha CIIEJBAIIOTO U3UHCIICHHUE.

W3xonnoto cberosinue Ha tpurepure TL t u TL f e O6e3 3HaueHue, HO € MpUETO Te Aa ce
Hynupat ot curHan Reset. B cwuioro Bpeme, npunyautenHoto cberosinue Ha tpurep TL CEC e
€AMHUIA, KOETO C€ M3MCKBA OT KOHBEHEPHMS aBTOMAT HAa 3BEHOTO BBB BXOJHAaTa TO4YKa. ToBa
MIOJIOXKEHUE € TIOSCHEHO Ype3 BpeMeauarpamara ot Gur.9.

RCECout o | [0
FD_R i i il i
Qcec 1 0
Wee [ T Lo : 0
CEC 0 1 1 0
Dre| 1 | |1 1 0
Ctrue _L fDw
Rtrue ﬁ[‘) 0
W3 0 0 [
Draise [ 1| 0 o [T
Cralse J_ fDW

Rralse 0 0 1

®ur. 9. I[BC BB3MOKHU IMPCBKIIIOYBAHUA HA aBTOMATa Ha U3XOAHOTO 3BCHO

Bpemenunarpamara m3o0passiBa JBE NPEBKIIOYBAHHUS HA aBTOMAaTa Ha HW3XOJHOTO 3BEHO.
[TepBOTO € TpM croifHOCT Ha ycnmoBmero 3a kpaii CEC=1. M3o00pa3zeHute CTOHHOCTH 10 TO3U
MoMmeHT Ha curHasmTe Wiy 1 W ca ipueTy 3a equHuIla U HyJla ChOTBETHO, KaTO Bb3MOKHHU. Brxkaa
ce, Y€ CTOMHOCTTA Ha 3asBKaTa Rfyee M ChbcTOSHHMETO Ha aBTomata W3 B KioHa “abxa” HE ce
NpOMEHAT. B ¢hIIOTO Bpeme 3asBKaTa KbM KJIOH “UCTHMHA’ CE MPEBKIIOYBA. B pe3ynrar Ha ToBa ce
MPEBKIIIOYBA M CHOTBETHUST aBTOMAT — CUTHATBT Wi ,e=0. HOBOTO My ChCTOSIHHE € OTpa3eHO ChC
3aKbCHEHUE (Dy.

BropoTto mpeBkitouBaHe € MpU CTOMHOCT Ha ycioBuero 3a kpait CEC=0 u cnemoBarenHo
aKTyaliHaTa 3asBKa IIe ObJe Haco4yeHa B KJIOHA “Mbxka”. Taka 3asBKaTa Rfse C€ MpPEBKIIOYBA B
equHuIa. B pesynrar Ha ToBa aBTOMATHT Ha 3BeHO 3 chmio ce mpeBkiaouBa (W3=1), koeto e
OTpa3eHO BHB BpeMeauarpamara cbC ChIOTO 3aKbCHEHUE {py.
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8. Kongeiiepen aBTOMaT Ha 3BEHOTO BbB BXOIHATA TOYKA

OObmaTa xapakTepyCTHKa Ha 3BEHOTO BBbB BXOJHATa TOYKA Ha IMKBJIA Oelle U3JI0KeHa B
Havanorto. /lanHoBHTE BXOM0BE Ha peructhpa ukcarop RG-F B ToBa 3BeHO ca nBa. Te TpsOBa na
ce MYJTHUILIEKCUPAT B 3aBUCHMOCT OT JIOTMYECKaTa CTOMHOCT Ha YCJIOBHUETO 3a Kpail Ha LUKBbJIa
CEC. Kato ce uma npeaBmj, ue Ta3u cToMHOCT ce cbxpansBa B Tpurep TL CEC, ko#iTo € yacT oT
cXxeMmara Ha aBTOMAaTa, YIpaBJsSBAlll H3XOJHOTO 3BEHO, TO HETOBOTO CBHCTOSIHME MOXE Ja Ce
U3MO0JI3Ba U B CXEMara Ha aBTOMAara Ha 3BEHOTO BBB BXOJHAara Touka. ToBa € Taka, 3alloTO
ChOTBETHOTO 3apeXJaHe C JaHHM Ha TOBA 3BEHO CTaBa IO BPEMETO Ha aKTyajHaTa CTOMHOCT Ha
ycnosueto CEC.

8.1. KonBeiiepeH aBTomar ¢ 2-¢a30B IPOTOKOJI 3a TpaHchep

Or ¢ur. 2 ce BWXK/Ia, 4e aBTOMATHT, KOMTO YIpaBisiBa 3BEHOTO B Ta3d TOYKA, € CBBP3aH ChC
CIIEABAIIIOTO 3BEHO TpaauuuoHHO upe3 curHamure Request (Royt) m Acknowledgement (Ain).
JIBycTpanHa e o0ade Bpb3KaTa My C aBTOMAaTUTe Ha NpeaxonHu 3BeHa. Pwur.10 mpexncrass
CHHTE3MpaHaTa 3a TO3M aBTOMAT JIOTHYECKa CTPYKTypa.

A}XR

C W
1~/ ¥
E o2 2 RGF
< DL
R N ogic
1
Req X true
=
0 1 2
DMX 4 — CEC 3 ;0
> MXD
Aout g R:
) in W
C 1 Eentrance
PC3 3 RGF
A DLu
in -
Logi
Rout ogic
Z& W
5 3
v z
4 RGF e
PC4 o0 g
3 a8
3 N Logic
< A R CEC
\

@ur. 10. Jlornyecka cTpyKTypa Ha KOHBEHEpEeH aBTOMAT BBHB BXOJHA TOYKA HA ITHUKBJI
I'enepupane Ha 3asiBKa

3asBKaTa, KOSITO TPsIOBa Ja MOJy4YM aBTOMAThT HAa 3BEHOTO BHB BXO/HATA TOUYKA HA IUKbIIA, €
o3HaueHa Rj,. Cxemara Ha koHBeWepHus aBromMar PC3, KOHTO ympaBisBa 3BEHOTO BBB BXOJHATa

TOUYKa Ha IMKbJa, ChAbpka MynTuiuiekcopa MX. Toi oOeauHsBa JBeTe 3aABKH KbM TOBa 3BEHO,
o3HaYeHH Ryye U Rigise. MynTuminexcopsT MX ce ymnpaBisBa OT yCIOBHETO 3a Kpall Ha IMKbBJIa
CEC, xoero ce moaabpxa crtabuiaHo BbB BpeMero oT Tpurep TL-CEC (durypa 3.8.8). Toma
O3HayaBa, 4€ MYJITUIUIEKCOPBT Ie ObJe MPaBHIHO MPEBKIIOYEH KAKTO MPU ITbPBO BIM33aHE B
IIUKbJIa, Taka U MPHU BCAKO 3aBbPTaHE HAa M3YHMCIUTEIHHS TpoIec 1Mo oOpaTHaTa Bpb3Ka. ToBa e
Taka, 3all0TO CIIe/l BCAKO U3JIM3aHe OT IIUKBJIA, KOETO CE pean3upa Mpu CTOHHOCT Ha YCIOBUETO 32
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npexon CEC=1, tpurep TL-CEC ocraBa B eAMHUYHO ChCTOsSIHHE. FIMEHHO TOBa CHCTOSIHUE TBPIKH
KOHBEHepHHsI aBTOMAaT Ha 3BEHOTO BbB BXOJIHATa TOYKA BKJIIOUEH KbM MpeaxonHus aBromar PC2,
T.e. u3rpaxaa Bpb3kaTa Req=R; . ToBa chcTosiHEE 00sCHsBa U 3a110 curHain Reset e moganeH KpM
S Bxoma Ha Tpurep TL-CEC. AntepHatuBHaTa Bpb3ka Re(g=Rfse ce moaabpxa mo BpeMe Ha
nukinuyeckute nosropeHus, korato CEC=0. Cpumoro Baku M 3a MyNTHUIUIEKCOpa HA JaHHOBUTE
wrH MXD.

Jlormueckara cTOMHOCT Ha 3asiBKaTta Re(, TakaBa KakBaTo U3Nu3a OT MyJTuIuiekcopa MX, He
BUHAru € Ta3H, KOATO € akTyanHa 3a Mrosep C-enemeHTa, Ha 4niiTo BXoA Rj, ciensa na Obae

nojaneHa. ToBa HEYyJOOCTBO ce ABJDKH Ha 2-(a30BUsl IPOTOKOJ HA aBTOMATa, KOMTO pasriekaame.
Croopen Hero BCSKO chcTosiHMe Ha C-eleMeHTa € paboOTHO W TO TpsOBa Ja ce HM3MEHs Ha
MIPOTHBOIOJIOXKHOTO MPH BCEKU CTApT HA MHUKPOKOHBEHWEPHOTO 3BeHO. ToBa o3HauaBa, ye ako C-
eneMeHThT ¢ B cberossHnue Hyna (W=0), To mpu HOBa 3asBKa TO# TpsiOBa Ja ce MPEBKIIOYH B
ChCTOSHHE €JMHUIIA. ToBa € BB3MOXKHO CaMO aKO Ta3W 3asBKa C€ IOSBH KaToO CIAMHUIIA.
AHAJIOTMYHO € TIOJIOKEHHUETO 3a 00PATHOTO MPEBKIIIOYBAHE.

BB3MOXKHOTO HECHOTBETCTBHE MEXIy JIOTHUECKaTa CTOWHOCT Ha HoOBara 3asBka Royt #
OYaKBaHaTa CTOMHOCT Rjn Hajgara HeWHOTO mpeoOpasyBane. Taka Tasu CTOHHOCT Imie ObIe
CchoOpa3eHa ChC 3aBapeHOTO chcTosiHME Ha C-enmementa B aBTromMar PC3. 3a menrta chcTaBsiMe
Ta0JIMIIa HA HICTHHHOCT.

Tabamuna 3. Jlornuecka cTOMHOCT Ha 3asBKarta Rjp 1 HOTBBpxKIEHHETO Agt

a Tpst6 §]
3asBKaTa Req C-eJIeMEHTBT € C-eneMeHTET CnenosarenHo Rjp, o
Tpsi0Ba 1a ce BBpPHATO
MPUCTHUTA ¢ HOBA 3aBapEH B TG & TpsiOBa J1a IMa Ty
crotoct e CIHOIOEENE: CTOHHOCTTA: CBHC CTOHHOCT:

\o, 0 U 1 (Req) 1
\o, 1 \o, 0 (Req) 1
vy 0 /1 1 (Req) 0
1 1 \o, 0 (Req) 0

Ot TabnuuaTa ce BMXKJa, Y€ KOraTro JOrMYecKkara CTOMHOCT Ha HOBaTa 3asBKa ChBIAAA ChC
cbeTosiHueTo Ha C-enemeHTa (IbPBU W YETBBPTH pel), HeoOXoauMa € MHBEpCHATa CTOMHOCT, a
KOTaTo ca pa3fInyHU — HEOOXO0JUMMaTa CTOMHOCT € chIlara. Tas3u JIoTuKa

R;, =(Reg®W)NReq v (Req@W)mReq=W (5)

u3passiBa gopmanHo cxemara Ha koHBepropa Conv (¢wur.10). Crnopen (5) BxomHaTa 3asiBKa UMa
mpsika BPh3Ka C U3XOJHOTO CHCTOSIHUE, HO TS CJIEJIBA J1a CE OCBHINECTBSIBA M aKTyaJIM3upa caMoO B
MOMEHTa, B KOHTO ce mosiBsiBa croifHocTtTta Ha ycinoBueto CEC. To3u momeHT ce Oenexu ot
(GbpoHTOBETE Ha MPEBKIIOYBaHE Ha 3asBKaTa Rcecoyt (Pur.8), kouto ca peanusupanu OT CUTHAIA,
o3naueH FD_R. Kazanoto o3HauaBa, 4ue Bpb3Kara (5) TpsOBa /1a c€ OCBHINECTBU UpPE3 TPUTED, T.C.
3asBKaTa Rjj TpssOBa na ce monane kbM C-elleMeHTa B HY)KHUS MOMEHT.

CHHTe3 Ha CUTHAJI MNOTBBP/KACHUE

Cnen xaTo KOHBEHEpPHHSIT aBTOMAT Ha 3BEHOTO BBB BXOJIHATA TOYKA C€ MPEBKIIOYH, TOU
TpsiOBa /1a BBPHE CUTHAI 3a MOTBBPXKACHHE Agyt KBM 3BEHOTO, OT KOETO € TOJIYYHJI 3asBKarta.
3BEHOTO € OWJIO OmpeseseHo OT CToHHOCTTa Ha ycioBuero CEC, crnefoBaTeIHO MaK TO ONpeaesis
HAMPAaBJIECHUETO HA aKTyaJTHOTO MOTBBPKACHHUE. 3a IIEJITa B CXEMAaTa € BKIIOYEH JEMYITUILIIEKCOPHT
DMX. Taka, korato CEC=0, ctoiinocTTa Agyt IIle OBbJe HacCOYeHa KbM aBTOMAaTa B KJIOHA “IbiKa”,

1 2012
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T.€. Afalse=Aout- B 00pataus cmydaii, korato CEC=1, croiiHocTTa Agyt 1Ie OBJ€ HacouyeHa KbM
aBToMaTa B KJIOHa “UcTHHA”, T.€. Ayrye=Aout

[Tpu 4KUCTOTO AEMYNTUILITMKCUPAHE HA CUTHAT Agyt 00aue, KbM HEaKTyaTHUs KJIOH BUHATH IIIE
ce M3mpaina HoBa CTOMHOCT HyJa. OT eIHa CTpaHa Ta3H HyJla MOXE Jla MpeIu3BHUKa HETPAaBOMEPHO
MIPEBKJIIOYBAHE HA KOHBEHEPHHUS aBTOMAT B TO3HM HEAKTYaJCH KJIOH, a OT Jpyra cTpaHa, Thi KaTro
KJIOHBT € HEaKTyaJIeH, TO CTOWHOCTTa Ha IMOTBBPKICHUETO KbM HEro TPsOBa Jja OcTaBa HEM3MEHHA
ce BBB BpEMETO, JOKaTO TOW uaka oOpbuieHue. llocimeqHoTO O3HAuaBa, 4e CTOMHOCTTA Ha
BBPHATOTO MPEIX TOBAa aKTyaJHO MOTBBPKICHUE Clie[Ba Ja ObJe 3allOMHEHA M MOIbp)KaHa BbHB
BpeMeTo OT Tpurep. To3u Tpurep TpsOBa Ja MPOMEHS ChCTOSHUETO CH B CHOTBETCTBHE C HOBATa
CTOMHOCT Ha CHUTHAJIa MIOTBBPIKIECHNE, CAMO KOTAaTO KJIOHBT 3a KOUTO TOH paboTH, Ob/e onpeaeieH
3a akryasieH. C Apyru AyMu TpUTEpUTE C TOBA IpeIHA3HAYCHHE TPSOBaA J1a ca Ha Opoil Ba.

CrnenpamaTa 3aj1a4da, KosTo TpsiOBa J1a ObJe perieHa, € Kakpa TpsOBa /1a Ob/ie CTOWHOCTTa Ha
CUTHaJa MOTBBPKIAeHUE. Thil KaTo KoHBelepHusaT aBTromar PC3 Ha 3B€HOTO BBB BXOJIHATA TOYKA
OM MOT'BJI IIPEJU TO3U TAKT JIa CE € IMPEBKIIOYBAI HEM3BECTCH OpOM ITbTH, TO BphIIaHATA OT HETO B
TEKYIIHUsI TaKT CTOWHOCT Agyt MOXKE J1a HE ChOTBETCTBAa Ha odakBaHata oT aBTomar PC2 umm ot
aBTomat PC6 (¢ur.2). Hanara ce npeoOpa3yBaHe Ha cTOifHOCTTa Ha curHaia Agyt B HE0OX0oqumara,
KOETO Ce JIbJDKH Ha 2-(ha30BHsI MPOTOKOJI 32 yIIPABJICHHUE HA JAHHOBUS TpaHchep.

Jlorukarta 3a ompejeNsHEe Ha aKkTyallHaTa CTOMHOCT Ha TMOTBBPXKIECHHUETO CE OCHOBaBa Ha
JIOTUKATAa, TI0 KOSITO ce MpeBKI0UYBa Mrosiep C-eJIeMeHTHT, @ UMEHHO (BIDKTE HalpUMEp IIbPBH PEJI
B Tabmuna 3), koraro aBromMarsT PC3 ce e mpeBKIOUMI B pe3yiTaT Ha IOJIydeHa 3asiBKa ChC
CTOWHOCT HyJa, KbM aBTOMAaTa, MOJAT Ta3u 3asBKa TPsOBa Jla ObJIe BHPHATO MOTBBPKICHUE ChC
CTOWHOCT enuHuIa. M3KkazaHara JIOTHKa Ce ChIbpka B Ta0auIa 3, a pEIICHUETO €

Aout = R_eq (6)

OxoHuareaHaTa MPUHIIMITHA JIOTMYECKa CXeMa Ha KOHBEHEpHUs aBTOMAT Ha 3BEHOTO BbB
BXOJIHaTa TOYKa € npejcTaBeHa Ha ¢ur.11.

Afalse I Atrue
b d _| d

TLf TLt TLR
s|c]p] [s]c]|p R[c|D Rirue
l

Reset

Aout

Req g
- ¥

Ec; qg
/ A Rfalse
Strobe| L— Rin
L —Ot+—w
FD! FDT
DL
Qcec| |Qcec |FD_R |Ain Rout

®@ur. 11. Jlormuecka cxeMa Ha 2-(ha30B KOHBEHEPEH aBTOMAT 3a BXOJIHO 3BEHO Ha ITUKBIT

Cxemara peammsupa (ynkmuute (5) u (6) kKaro oTYMTa BpeMeBaTa MM 3aBUCHUMOCT OT
crouTHATa, KOUTO TH (hopmupar. Taka CTOWHOCTUTE HA MOTBBPKACHUATA Afglse U Atrye CE 3aITUCBAT
B CHOTBETHMS TPUTrep, KOraTo ce npeBkioun C-eIeMeHThT Ha aBTOMaTa, a 3asBKaTa Rj,, KosTO TOM
noy4aBa, ce 3anucBa B Tpurep TL R ot curnan FD_R. M3xogHOTO ChCTOsSIHME Ha aBTOMAaTa
omnpenens curaain Reset.

OYHKIIMOHUPAHETO Ha aBTOMaTa Ha 3BEHOTO BBB BXOJHATa TOYKA € WIIIOCTPUPAHO C
BpeMenuarpamara ot ¢ur. 12, mpu ClIeIHUTE HAYAIHHU YCJIOBUS: HEKa TPU MPEAXOIHOTO
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IIPEBKIIIOYBAHE aBTOMATHT Ja € 3amucal JaHHM M0 oOpaTHaTta Bpb3ka. ToBa O3HayaBa, 4e
ycnosueto 3a kpail e 6uno CEC=0, otkbaero ciensa, ue B Tpurep TL R mma 3anucana Hyna, T.e.
Rij,=0. Cnensa, ge C-enemenTsT € B cherostaue 0 (W=0).

IIpueto e, ye npu HOBOTO MPEBKIOYBAHE ABTOMATHT L€ 3alUIle JaHHU IO MpaBaTa BPb3Ka,
THI KaTo IIe IpUeMeM olle, ye yciaoBueTo 3a kpaii me 6bpae CEC=1. [Ipueto e cpino, e 3asBKaTa
OT MPEAXOIHOTO 3B€HO 2 uMa cToiHOCT Ry e=1. [lociennoro o3nauasa, ye tpurep TL t moaabpixka
croiHoCT 1, T.e. Ayye=1. HOBOTO mpeBKIItOUBaHE 3a04yBa C MPEBKIIOYBAHETO Ha 3asBKaTa Rcecout
B U3XOJHOTO 3BEHO, KOETO LIe IPUEMEM 3a €MHULIA.

Ha Bpemenuarpamata, cies NpeBKIIOYBAHETO Ha 3asBKaTa Rcecoyt B €MHUIA, € H300pa3eHo
CJICIBAIIIOTO ¥ MPEBKIIIOYBAHE, KOETO € B HyJa. [Ipu ToBa MpeBKIIOUBaHE € IMPUETO, Y€ CTOMHOCTTA
Ha ycioBueTo 3a kpail Ha nukbiaa e CEC=0, koero o3HauaBa, 4e TO3U BT BXOJHOTO 3BEHO I
npueMe JaHHU M0 oOpaTHaTa Bpb3Ka. Bikaa ce, uye MpeBKIIIOYBAHETO 3aBUCH OT CTOMHOCTTa Ha
3adBKaTa Rfylse, K0ATO € mpuera na € Hyna (Rjp=Rfase=0). Ta3u cToiiHOCT € moaabp:kaHa BBHB
BPEMETO JI0 TO3U MOMEHT OT CTOMHOCTTa Afyse=0. Cnen mpeBkimrouBaHeTo Ha aBromara (W=0), B
KJIOHA “N'bKa” KbM aBTOMaTa Ha U3XOAHOTO 3BE€HO CE BPbIla MOTBbPXKICHUETO Afyise=1.

RCECout o |0
FD_R i s
QcEc CEC=0 _J CEC=1 CEC=1 CEC=0
Rerue 1 Rfalse=0
Rea [X X X X | 1 T
Rin iR 1o
w o | 1
Strobe _J_ _J_
Ao | X X X o B fra—
Ao | Tl I —

®@ur. 12. JIBe mocienoBaTEIHA MPEBKIIIOYBAHIS HA aBTOMATa HA BXOJTHOTO 3BEHO
9. 3agaua Tpera

[To-rope B pa3men 5 Oemie u3sBEHA 3a/1a4a, KOSTO MOJTYYH IMOPEACH HOMEp TpH. s M3MCKBa, B
HayaJHUTE TAKTOBE, IIPU IbPBOHAYAIIHO 3apeKIaHe Ha KOHBelepa cbhC 3a7auM, oOpaTHaTa Bpb3Ka
Ha OUKIMYECKOTO TSUIO 1a Obae m3kiodeHa. [Ipu ToBa, TaHHOBUTE BPB3KM Ha BXOJIHOTO 3BEHO Ha
TAJIOTO Ha IMKbBJIa TpsAOBa Ja ce MOAIbpXKAT BKJIIOYEHH KbM IPEIXOAHOTO 3BEHO, C KOETO ce
OCHTYpsIBa 3apeXk/aHe Ha MHOTOCTEIICHHOTO TSJIO C MAaKCHMAJHO JTOyCTHMUs Opoit 3amaun. beme
OTIpEJIENIEHO, Y€ aKO CTETICHUTE B KOHBEHEPU3UPAHOTO TSJIO ca M Ha Opoii, To 3amaunte TpsiOBa 1a
owpmat (M-1) Ha Opoit. Umar ce mpensua peructpu ¢ukcaropu ot tun Latch. O6parnara Bpb3ka
TpsiOBa na OBJE BKJIIOUEHA BeAHAra cliejl 3apekaaHe Ha To3u Opoit 3amaun. OT TO3M MOMEHT
HATaThbK JaHHOBUTE BPB3KM B H3XOJHATA W BXOJHATa TOYKU TpsAOBa Ja ce YIpPaBIsABAT OT
ycnoBueTo 3a kpaii Ha nukbia CEC. B HayaaHHsS MOMEHT, 32 KOWTO BaKH TpeTa 3aJaya, MpoTHIa
IpoIlec Ha 3apeXkAaHe Ha IUKINYECKOTO TSAJIO0 ChC 3aJauu, KOHTO e mioctpupad ¢ ¢ur.3. Kakro e
MOKa3aHo Ha (urypata, oOpaTHaTa Bpb3Ka Tps0OBa aa Obje BKiItoueHa TouHO B TakT (k+7). 3aenHo ¢
TOBa YIPaBJIECHUETO Ha BXOJHMS MYJITHUIUIEKCOP B TO3M MOMEHT TpsOBa Ja ce MPEOTCTHIIM Ha
ycinoBueTo 3a kapaii Ha rukbiaa CEC. IpouechkT Ha 3apexaaHe Ha MUKIUIECKOTO TSUIO ChC 3aa4u
€ CBIIPOBOJICH C U3YHMCIMTENICH IMPOIEC, KOWTO BCAKO 3BEHO MPOBEXKAA BbPXY 3apelieHUTE B HETO
nanau. Anammsupa ce TakT (k+5) or cemara ¢urypa. B To3m MoMeHT 3amada | mocThIBa B
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U3XOJHOTO 3BEHO 6 U cTapTHpa CBOUTE U34YUCIICHUA. IHTEpecHOTO 3a TAX € TOBa, 4e Te LIE MOoay4yaT
II'bpBaTa CTOMHOCT Ha YCJIOBUETO 3a Kpail Ha nukbiaa CEC. Jlokato ToBa yCIOBHE CE U3UUCIISBA, B
[I0OCOKa Ha BXOJHATa TOYKa Ce M3KauBa CBOOOJHOTO 3BEHO, KoeTo B MOMEHT (k+7) ce oka3Ba B
3BeHO 3. M3uncnennero B 3BeHO 6 MMa JIATEHTHOCT t6. B ChIIOTO BpeMe, BXOJHOTO 3BEHO 1€ ObJie
cBOOOHO cien Bpeme (t5+t4+t3), KoeTo € cymapHaTa JAaTEHTHOCT Ha OCTAaHAJIUTE IPEIXOJIHH
3BeHa. Cien kaTo 3BEHO 6 IpuUeMe JJaHHU OT 3BEHO 5 M MY BBpPHE CUTHAN IOTBBPXKACHUE,
MOCJIETHOTO IPaBU CHILOTO, T.€. MOXKE Ja C€ MPUEME C IbPBO MPUOIMKEHHE, Ye TE€3U JIBE ChCEIHU
3BeHa (6 M 5) cTapTupaTr CBOMTE W3YUCIICHUS IOYTH €JHOBpEeMEHHO. ToBa Iie MO3BOJIM Ja ce
WIIOCTPUpA Ka3aHOTO IO-TOPE ChC ClIeJHATa PUCYHKA, I103BOJISBAIA /1a CE CPABHAT BB3MOXKHUTE

BPEMCBU 3aKbCHCHUA
t6

begin end

Toi xaTo B O6HII/I$I CJIy‘-IElfI JJATCHTHOCTUTC HA 3BCHATA IIPU KOHKPETHUTC U3YUCIICHUA HE Ca
M3BECTHH, a TaKa ChIIIO U OPOST HA CTEIIEHUTE B KOHBEHEpa He € U3BECTeH, KaKTO M CTPYKTypara My
HE € U3BECTHA, TO Ca Bb3MOXKHU CIIETHUTE OTHOIICHHS Ha JaTEHTHOCTTA Ha U3XOAHOTO 3BeHO fy (C
m Oeriie 03Ha4YeH Oposi Ha 3B€HAaTa B TSUIOTO HA LIUKBJIA)

m-1

tn < Dt
k=1

1 (7
ty 2 ztk
k=1

[IbpBOTO OTHOIIEHHE CHOTBETCTBA Ha TOpHATa PUCYHKA. 3a M3UMCIMTENHHUS IPOLEC TOBa
O3HayaBa, 4e U3XOJIHOTO 3BEHO € 3aBBPIIMIIO CBOUTE U3UHCICHHUS U CTOHHOCTTA Ha ycioBuero CEC
e roroBa. IIpeaxoxxaamara CTpykTypa OoT 3BeHa oOauye He € 3aBbpIIWIa, a MOXKe OU JIOpU HE €
3apelieHa /10 Kpail cbc 3amaun. ToBa O3Ha4YaBa, Y€ M3XOJHOTO 3BEHO M€ OCTaHE B CHCTOSHHWE Ha
OYaKBaHe, JIOKATO HAaCTHIIM MOMEHTA, B KOMTO III€ C€ CBBP)KE C BXOJHOTO 3BEHO, OT KOETO Ie
MOJTyYH CHTHAJ MOTBBPIKACHUE U KBJAETO e MOXKeE J1a YIIPABIISIBAa BXOIHUS JAHHOB MYJITHUILIEKCOP.
Paspemienue 3a ToBa 1€ My /1aJie pellIEeHHETO Ha TpeTa 3ajjaua, KOeTo MPEeACTOM Jia MPeJICTABUM.

Bropoto otHomenue Ha (7) B oOuus ciay4ail € Manko BeposiTHO. Criope Hero npeaxojaHara
CTPYKTypa OT 3BEHa € 3ape/ieHa M € 3aBbpUIMJIa W3YUCIEHHUATAa CH, KaTO OYaKBa YyIpaBlieHHE Ha
oOpaTHaTa Bpb3Ka OT U3XOTHOTO 3BeHO. C Ipyru AyMH MPUHYIUTEITHOTO yIIPaBICHUE Ha BXOJIHATA
TOYKA € 3aBBPIINIO U € IPEKPATEHO.

HanpaBeHusiT aHanmm3 moka3Ba, Y€ BbB BCHYKH CIIydau, NMPH ITHPBOHAYAIHO 3apeXIaHe Ha
KOHBEHEpPHOTO TSJIO Ha IMKbBIA, W3XOJHOTO 3BEHO BCE OIIE HE € B ChCTOSHUE Jla YIpPaBisiBa
aBTOMaTa Ha BXOJHOTO 3BEHO WM TPOIECHT Ha 3apexkaaHe TpsOBa Ja ce KOHTPOJIUpa OT JAPYT
enemeHT. To3u enemMeHT TpsiOBa na Obae ABoMUYEH Oposd mo moayn (M-1), 3a na Moxe 1a oTOpou
HeoOXoauMust Opoii 3apefieH B TSUIOTO Ha IMKBIA 3a7a4d. BepXy moruyeckara cxema oT ¢wur.11 e
MIPOBE/ICH JONBIHUTEICH CHUHTE3, B PE3Y/ITaT HAa KOETO € IoJlyuyeHa OKOHYaTeIHaTa MpUHIUITHA
JIOTHYECKa CXeMa Ha KOHBEHEepHHs aBTOMAaT, KOHTO YIpaBisBa 3BEHOTO BBHB BXOJHATa TOYKAa Ha
LUKBJIA, TpeacraBeHa Ha ¢ur.13. B cxemata ce Bmxknaa cnomeHatuar Oposu BCount, xoiito e
nekpeMeHTeH. HauanHoTo My chlbpikanue e yucioto (M-1), koeto ce yctaHoBsiBa 1o curaai Reset.
HyneBoto chabpikanue Ha Oposya ce pasno3HaBa OT AemU(paTop, KOWTO reHepupa eJMHHULA Ha
m3xona EQ. CroifHOCTTa Ha TO3W CHTHAN C€ M3MOJ3Ba 32 YIpaBJICHHE Ha TIOCOYCHHTE B CXeMara
BpB3KH. [IpaBara ¢a3a Ha curnana EQ 3a0pansiBa pa3npocTpaHeHHeTo Ha CUTHAIUTE Afalse , FD_R
u W B noka3zanute HampasieHus. JlokaTo OposubT HE ce HY/IMpa, CUTHAIBT MMa CTOMHOCT HyJa
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(EQ=0). UnBepcuata dasa Ha curnaiza EQ 3abpansBa pa3npocTpaHEHHETO HA CHTHAIHTE Rirye U

W . MynrumiekcopsT MX ce yrpasisBa ot ¢pynknusta CodeMX
CodeMX =CEC UEQ . (8)

Ta3u noruuecka QyHKIUS U3YHCISIBA CTOMHOCT €AMHHUIIA BUHATH, KOTaTO ChIBPKAHUETO Ha
Oposiua e pa3jMyHO OT Hyla, T.e. 0 BPeME Ha 3apeXJAaHETO Ha TsUIOTO Ha LHUKBJIA ChC 33/Jayu.
JlokaTo Ta3u (yHKUIUS MMa CTOWHOCT €IWHUIA, MYITUIUIEKCOpbT MX momabpka Bxox 1. Taka
3asBKaTa Ryirye JocTura Bxona R, Ha Mronep C-enemenra. Coiara GyHKIMs TpsiOBa J1a yIpaBiIsBa
u nanHoBus myaturiekcop MXD (¢dur.10). [Jokato OposybT HE C€ HYJIMPaA, aBTOMATHT Ha 3BEHOTO
BbB BXOJ[HATA TOYKA KOMYHHKHpA C MPEIX0AHOTO 3BeHO 2 (curHaiu AcK u Rirye) ¥ Che ciieaBamoro
3BeHO 4 (curHaim Ajn U Royt) or Tsamoro Ha mukbia. Tpurepure TL f, TL t w TL R nHe ce
IIPEBKJIIOYBAT M OCTAaBAT B M3XOJHO CBCTOSIHUE, ompezeneHo oT curHain Reset. Taka, Tl kaTo
aBTOMATHhT HAa U3XOJHOTO 3BEHO 6 1€ mojiyuaBa CTOHMHOCT Afglse=0, TO 1€ ocTaBa B M3XOIHO
cbcTosIHUE. B MOMeHTa, B KOHTO OposSYbT ce Hynupa, curHanbsT EQ momydaBa cTOWHOCT eTUHUIIA.
3a0paHeHHTe 10 MOMEHTA BPB3KHU C€ pa3pellaBar, a pa3pelieHure ce 3abpansaBat. Ciuex gfoCTUTaHe
Ha ChIbpKaHUE HyNa OposYbT He TpsOBa na ¢pyHKIMOHMpA. ToBa 03HAauYaBa, ue TOW HE TPsAOBa Ja
Obe KPBroB Oposd.

Ack
1
Atrue
Afalse Rtrue
o 3 o
TL_f TL t TL R 1
EQ
s|c]p] [r]c]D R[c|D
l ]
Reset
E‘ﬁ o
Strobe‘ 4>_/
: - Rin A
FDJ FD? I C W
u DL
«— EQ EQ
.Il FD?
Avalse Qcec| |Qcec FD_R Ain Rout

®@ur. 13. OxoHuaTeHa MPUHIIMITHA JIOTHYECKA cxeMa Ha 2-(ha30B KOBeliepeH aBTOMAT 3a BXO/HO 3BE€HO Ha
KB

Crnen Ha4amHOTO 3apek/JIaHe HA 3aJadyd B TAJOTO Ha IMKBJA, KOraTo 3amada | 3aBbpiin
CBOWTE M3YKCIICHUS B 3BEHO 5, TS I TTOWCKA J]a Ce MPEXBBPJIA B MOCIICTHOTO 3BEHO 6, MOJaBaiiKu
3asiBKa KbM aBTOMara My. T03u aBTOMAT HsMa Jla MOXKE JIa yJOBIIETBOPH Ta3u 3asBKa, ThHl KaTo
JOCTBITBT Ha TOTBBPKAECHUETO Afglse € Ookupan ot curHana EQ=0, serpeku, ue tpurep TL fe B
€IMHUYHO CHCTOSHHE.

Jlokato He OBJie 3apeIcHO 3BEHOTO BbB BXOJHATA TOYKA ¢ mocjaeaHara (M-1)-Ba 3a TsII0TO Ha
IUKBJIa 3a/1a49a, 3a0panata ot curdana EQ me e B cuta. Ta3u 3a6pana 1ie Ob7ie CHETa B MOMEHTA, B
KOWTO 3BEHOTO OBJE 3ape/IeHO ¢ MOCIeaHaTa 3a/a4a, Thil KaTo ToraBa OposybT mie ce Hymupa. C
nosiBaTa Ha curHan EQ=1 3amaya 1 me npeMHHE B TIOCICIHOTO 3BEHO M IIE 3aIMI0YHE H3YHCICHUETO
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Ha mbpBaTa cToMHOCT Ha ycaoBueto CEC. [Ipe3 ToBa BpeMe ciieiBalIuTe 3aa4M 1€ Cisi3aT HaJg0y
M KOTaTo 3BEHOTO BHB BXOJIHATA TOYKA CE€ OCBOOOJW, B HEro 1€ MOCTBHIM 3aJaya, KOATO IIe
onpenenu yciaopueto CEC. OT TO3W MOMEHT HaraTbk cxemara ot ¢ur. 13 me QyHkimoHupa
aHAJIOTHYHO Ha cxemara ot ¢wur. 11.

10. 3akaroyenue

B cmuchna Ha TOBa M3ClEBaHE HE Ca OTKPUTH CXOJHHM IMyONMKAanuu. MHOTOTaKTOBHTE
[UKJINYECKN CTPYKTYpPH, M3CIEIBAaHU TyK, HE BHHArM Morar Ja ObJaT pa3rbHATH M Taka TAXHATa
peanuzanus He Moke Ja 0bae 1a Obae no-nmpocta. ETo 3ammio ToBa u3cnenBaHe € akTyaTHo.

Kakro Gerie mocoueHo mo-rope, NpeicTaBeHOTO KOMIUIEKCHO peIlIeHUe HE 3aBHCH OT BHJA Ha
IUKbIa. B Xo/1a Ha aHanmm3a 0sxa M3sSBEHU HAKOJIKO HOBH 33Ja4yM, PEHICHHETO Ha €HA OT KOHTO €
NpPEJCTaBeHO B IMpeaxoaHa nyonukamus. [lomydeHuTe pemieHuss Ha OCTaHAIMTE 33734 ca
NPUIOKUMH B MUKPOKOHBEHEPH, U3MOI3BAIM KOHBEHEPHH aBTOMATH KaKTo ¢ 2-(ha30B MPOTOKOJ 32
TpaHc(ep Ha TaHHH, Taka U ¢ 4-¢a30B.

[TpunoxeHneTo Ha aCMHXpPOHHATa KOHBEHEpHa peanu3alys BbpPXY LHUKINYECKH CTPYKTYPH
BOAXW [0 3HAYWUTCIHO IIOBHUIIABAHC HaA MPOU3BOJUTCIHOCTTA Ha HOI[O6HI/I n3gucauTenn. B
[UKJIMYECKOTO TSUIOTO MOTAT Jia ChUIECTBYBAT IOCTATHYHO CIOKHU M OOIIH 110 BHJ ITOPUTMUYHU
MOCJIEIOBATEITHOCTH.

Hanmnumero Ha pemieHust 3a KOHBEHEpHUTE aBTOMAaTH B M3XOJHATa M BXOJHATA TOYKH HA
OUKINYECKOTO TSJIO B KOHBeﬁepa, KOUTO HE€ 3aBHUCAT OT 6p0$[ Ha CTCIICHUTE B NUKIIMYCCKOTO TAJIO,
KakTo ¥ OT BUJAa Ha MHUKPOKOHBEHEpHHTE 3BEHA, IO CHIIECTBO Ch3JaBa METOJ 3a XapayepHa
peanu3alys Ha TaK|Ba OOLIN aITOPUTMHYHH CTPYKTYPH.

Ot apyra rieaHa TOYKa, MOJTYYEHHTE PEIICHHS Ch3AaBaT BB3MOXKHOCT 3a M3TpakJaHe Ha
YHHUBEpCaliHa CTpyKTypa. KOHBeHepHOTO TSII0 Ha Ta3u CTPYKTYpa MOKE JIECHO Aa ObJIe ITOAMEHSHO.
ToBa e Bb3MOXKHO JOpH B Ipolieca Ha peaiHo (pyHKUMOHMpaHe. Bb3MOXKHOCTTA CTpyKTyparta Ja
Obae pexkoH(UTypyeMa, MPENCTaBIIsABA €IHO M3KIFOUYUTEIIHO MOJIE3HO CIIEICTBUE, KOETO MPEICTON
1a ObJe U3CIEaBaHo.

Jlureparypa:

[1]. Tyanev, D.S., Four-phase micro-pipeline with one-cycle and multi-cycle micro-pipeline
sections, Computer Science and Technologies, Publication of Computing and Automation Faculty
Technical University of Varna, Bulgaria, ISSN 1312-3335, V11 1/2009, pp. 3-12.

[2]. Tyanev, D.S., Branch management in asynchronous micro-pipeline, Computer Science and
Technologies, Publication of Computing and Automation Faculty Technical University of Varna,
Bulgaria, ISSN 1312-3335, V11 2/2009, pp. 3-12.

[3]. Tyanev, D.S., S.I. Kolev, D.V. Yanev, Race Condition free Asynchronous Micro-Pipeline
Units, International Conference on Computer Systems and Technologies — CompSysTech’10, 17-18
June 2010, Sofia, Bulgaria.

[4]. Tyanev, D.S., V.T. Bozhikova, S.K. Gerganov, P.G. Georgiev, Algorithm for micropipeline
buffer control, Applied Technologies and Innovations, ISSN 1804-1191, vol. 4, Issue 1, April 2011,
pp.12-21.

3a KOHTaKTH:
Jumutsp C. Tanes
www.tyanev.com

Kommiorspuu Hayku v texnonorun 1 2012 Computer Science and Technologies 32


http://www.tyanev.com/

CUMWIATOP HA YYEBEH MUKPOKOMITIOTHP C
OINPOCTEHA APXUTEKTYPA

Craaumup C. CrtaHeB

Pe3rome: 3a moamomaraHe M3y4aBaHETO Ha apXUTEKTypaTa Ha ChbBPEMEHHHU MPOLECOPU M MPOTPaMUPAHETO
Ha AceMOnep 3a TX, € pa3padOTeH CUMYJIATOp 32 XUIOTETHYCH elNeMEHTapeH y4eOeH MUKPOKOMIIOTBD —
CEKT, c onpocTena mocienoBaTeliHa apXUTEKTypa U €IHOaIpeCHH MHCTPYKINKU. ChCTaBeHa € CUCTeEMa OT
20 MamMHHY MHCTPYKLMH, KOUTO M3IBIHIBA CUMYJAaTOPBT HAa MUKPOKOMITIOTHpa. IlokaszaH e mpumep oT
peanusanys Ha CUMyJallUM Ha eJeMEHTapHa aceMOiepoBa IporpamMa M ca HNOCOYEHHM MNEpPCIEKTHBU 3a
YCBBBPIICHCTBYBaHE HAa CUMYJIaTOpa C LeJ NOCTUTaHe Ha 1Mo- A00bp yueOeH edekT. CUMyIaTOphT ¢ ycrex
ce m3mon3Ba B oOyueHuetro Ha ctygeHtd ot @MU Ha lllymenckus Yumusepcurer ,,Emnckon Koncrantna
[IpecnaBckn™ u B orie ABe y4eOHH 3aBEICHUS B CTpaHATA.

KiaouoBn aymm: KommroTspHa apXuTekTypa, mporpamupane Ha AceMmOiiep, KOMIIOTHPHU CHMYJAIWH,
MUKPOKOMITIOTPH.

Simulator of a training microcomputer with simplified architecture
Stanimir S. Stanev

Abstract: Software simulator of hypothetical elementary training microcomputer — SEKT, with simplified
sequential architecture and single address instructions is developed, to support the study of the architecture
of modern processors and assembly languages. A system is composed of 20 machine instructions executed
by the simulator of the microcomputer. An example of the realization of simulations of elementary assembly
program is shown. The prospects for improving the simulator to achieve better learning effect are discussed.
The simulator is used with success in educating students at Bishop Konstantin Preslavsky University of
Shumen and in two higher schools in the country as well.

Keywords: computer architecture, assembly language, computer simulations, microcomputers.

1. YBoa

CryneHTuTe, KOUTO HE €A OT HMH)KEHEPHH KOMIIIOTHPHHM CHEUAIHOCTH, HO H3ydaBaT
aucuuIuiiHuTe ,, KOoMImoThpHU apXuTekTypu” U ,,KoMmoTspHu cuctemMu” ( ToBa OOMKHOBEHO ca
CTYJIEHTUTE B crieruaiHoctu ,,Mudopmatuka” u ,,Maremarrka u uHpopMaTuka” OT KIACHUYECKUTE
YHUBEPCUTETH), CpeIlaT ONpeAeieHd TPYAHOCTH TpU YCBOSIBAHE Ha apXWUTEKTypaTra Ha
ChbBPEMEHHUTE KOMIIIOTPU U MPOTPaMHUPAHETO HA HUCKO HUBO 3a MHUKporpoiuecopu. OnuUThT OT
MIPEIo/IaBaHETO HA OCHOBUTE HAa (PYHKIMOHHMPAHE HA KOMIIOTPU C IOCIEA0BaTEeIHA apXUTEKTypa
MOKa3Ba, 4e Jo0bp METOAMYECKU MOJXOJ MpHU MperojaBaHe Ha MporpaMupaHeTo Ha AceMOuep 3a
Intel - OGasupaHum MHKpONPOIIECOPH € IIbPBOHAYAIHOTO 3all03HaBaHE Ha OOy4YaeMHTE C
apXUTEKTypaTa Ha ONPOCTEH MUKPOKOMIIOTHP C MHUHUMaJleH Opoil MHCTPYKIMH, U CJell ToBa
IpexoJ KbM H3y4yaBaHE Ha IMporpamupaHeTo Ha AceMOiep 3a CTaHAAPTHUTE MHUKPOIPOLIECOPH.
W3BecTHH ca peawia yueOHH emynaTtopu u codryepHu cumynaropu [1,2], HO u3moa3BaHETO Ha
I'BJIHUTE UM BB3MOXHOCTH HE € BB3MOXXKHO Oe3minatHo. ToBa ompezaenss HEOOXOJUMOCTTa OT
pa3paboTeHBaHe Ha cOTyepeH CUMYJIaTOp Ha eleMEeHTapeH MUKPOKOMITIOTHP, KOWTO J1a € JIECEH 3a
yCBOsIBaHE 1 Jia paboTH Ha MUPOKo pasnpocrpanern Windows - 6azupanu miatgopmu.

2. Apxurtektypa Ha yueOHus1 MUKPpOoKoMNIOTHP CEKT

C mwmen ycBosiBaHE Ha OCHOBHMTE AapXMTEKTypHH MPUHLMIN HA [OCIEI0BATEIHUTE
MHUKPOKOMIIIOTPH, € pa3paboTeH MOJEeNl Ha apXUTEKTypaTra Ha €JIeMEHTapeH MHKPOKOMITIOTBHD C
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tunmmuHa ¢oH-HoiimanoBa apxutektypa, ¢ HazBanue CEKT. Brrpekn ue € HapedeH eneMeHTapeH,
B CTPYKTypaTa Ha MHUKPOKOMITIOTHPA Ca BKJIOUEHHW BCHUYKU TUIWYHU 332 PEATHUTE KOMIIOTPHU
ycrpoiictBa ¢ ¢on-HoiimaHoBa apXWTeKTypa — LIEHTpaJIeH IPOLEecop, MaMeT, BXOIHO/M3XOIHA
cucremMa 1 o011a Marucrpania, ¢ Hsakou orpanundenus (purypa 1). CumyaupaHUsIT MUKPOKOMITIOTHD
HsIMa BHHIIHA MMAMET U CHCTeMa 3a MpeKbeBaHe. B cucremara ot 20 egHOAAPECHU HHCTPYKIIUU UMa
TUMUYHUATE 32 PEATHH MPOLECOPU TPYyNU OT HHCTPYKIUU CHOpEl MpeIHA3HAYCHUETO MM, C
M3KJIIOYEHHE Ha MHCTPYKIMK 3a 00paboTka Ha MPEKbCBaHHATA U MHCTPYKIUU 3a U3IIBIHEHHUE HA
JOTUYECKH orepanun. MHCTPYKIIMUTE Ha MUKPOKOMITIOTHPA ca ¢ pa3Mep 16 Oura, HO 3a pa3nuka ot
16- OuTOBUTE MUKPOIIPOLIECOPH, T€ Ca €IHOAAPECHH. [IBOMUHUAT KO HA MHCTPYKIIUATA CE pa3Iess
Ha JBe moJieta - moJie ot 4 6uta 3a KOII, u mose ot 12 6uta 3a agpeca Ha €IMH ONIEPAH]I.

OCHOBHUTE PETUCTPH, KOUTO Ca MIPOrpamMHO AOCTHIHHU, ca Akymynaropa u DuaroBus
pErucTbp. AKyMyJIaTopbT € PETUCThpP 32 BPEMEHHO ChbXpaHEHHE Ha €IMHUS OT OMepaHAuTe U Ha
pesyiaTata OT M3NBJIHEHMETO Ha yKa3aHaTa B MHCTPYKIUATA ornepanus. AY mnoiydaBa €IuH OT
CBOMTE OMepaHAu OT AKyMyJaTopa, pe3yaTaTbT OT ONepallMuTe BUHATM OCTaBa B HETO.

[Iporpamuusatr Oposiu cbxpaHsiBa ajgpeca Ha MOPeIHATA 3a U3BIUYAHE OT MAMETTa HHCTPYKIIHS
Ha mporpamarta. HeroBoro chbabpskaHue aBTOMATUYHO c€ yBeln4aBa C | cjel BcsKa M3BIIECUYEHA
UHCTPYKITHSL.

T TaxToE TEHEpaTOp
AY
AEKYMYIaTop
I TIporpamen Gpogs
| $nar Z || $mar § |
| v
A T,
I 1 VIOpagnfealma CHTHATH
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Bripemsa mameT
@ur. 1. Apxutexrypa Ha yueOeH MukpokommoTsp CEKT

®narosust peructsp B CEKT ce cbeTon camo ot nBa 6uta — Z ( zero- uyma) u S ( sign-
3HaK). ChIbp)KaHUETO Ha Te3M OMTOBE CTaBa paBHO Ha | cTaBa aBTOMATUYHO INpPH CIETHHUTE
ycioBusi: Z = 1, korato pe3ynrara oT oOpaboTkaTa Ha MpeaUITHATa HHCTPYKIUS B AKyMyJaTopa €
HyJeB; S = 1, koraro pe3ynara B AKyMyJaaTopa € OTpHIIaTeIeH.

BxomHO - W3XomHATa cHCTEMa Ha CHMYyJIaTOpa € MpeicTaBeHa OT JIBE MPOTPaMHH ,,KyTHH -
INPUT BOX — Bxox m OUTPUT BOX- MUsxox. Koraro crnen craprupaHe Ha cUMylaTopa ce
U3ITBJIHA  MHCTPYKIMsATA read, Ha ekpana ce wusoOpasssa mose ¢ Hagmue INPUT BOX. B Hero
NOTPEOUTENAT MOXKE J1a 3amuile CTORHOCT Kato BxonHa BenmunHa. OUTPUT BOX ce uzobpazssa
Ha eKpaHa Ha cuMyJupaiius KoMmoTsp, korato CEKT usnbinu uHCTpYKIHs Print.
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TpancnupanuTe MHCTPYKIMHM OT aceMmOrepa ce ChXpaHABAaT B JBOMYEH KOJ BbB BBTPEIIHA
namet, ceerodma ce ot 400 xierku ¢ Homepa oT 0 1o 399. Besika kineTka oT maMerTa MOXeE J1a
ChXpaHU €lHa MHCTPYKIMS WIK YuciIo ¢ iaBamia 3aneras. [lamerra Ha CEKT e ,,etukerHa”, ¢ mein
Jla HE C€ M3BJIMYA YMCJIO KATO MHCTPYKIHUS U Jla HE CE€ M3BBPILBAT apUTMETUUYHU OIEepaluu Haj
uHcTpyKuuu. [IporiecopbT 00MeHs JaHHU caMO C KJIETKU OT ITaMeTTa.

3a pasnuka ot npyru cumynaropu, B CEKT He ce u3pbpiiBa 00paboTka Ha MPEKbCBAHUATA HA
ocHOBHara mporpama [1].

CEKT e codtyepeH mpoayKT, ImpeIHa3HAYeH 3a HAYAJTHO M3y4YaBaHE HA OpraHM3aIusaTa |
apXUTEKTypaTa Ha KOMMIOTHbpa. T0il cuMylnupa KOMIIIOTHP C eleMEHTapHa MHKPOApXUTEKTYypa.
CumynatopbT BKIIOYBA Cco(PTyepHa cpeAa C KOMaHJeH wuHTepdelic 3a cuMylnupaHe Ha
W3IBIHCHHETO Ha aceMOyiepoBu mporpamu mof ynpasieHuero Ha OC  JIOC (paboTu ¢ BCHUYKHU
Bepcun Ha WINDOWS), xomnunaTop Ha AcemOisep, OlMCaHWe Ha CUCTeMaTa OT MHCTPYKIMH H
omucanue Ha KoHdurypanusata. 3xomauar kox Ha nporpamara — Hax 5000 penma, e HamucaH Ha
e3uka ,,C”.

HeiictBuero Ha CEKT ce cbhcTOoM B mOCiEIOBaTENIHOTO M3MBIHEHHE HA MHCTPYKLMUTE OT
nporpaMata. [{MKBJIBT Ha HM3MNBIHEHHE HA MHCTPYKIMITA C€ ChCTOM OT 3 a3y - H3BIMYAHE,
JNEKOJUpaHe U U3MBbJIHECHHE. M3mbIHEeHneTo Ha BCSKa onepaius, CbOTBETCTBAIllAa HA WHCTPYKIUS,
MIPEJICTaBIsABA MOCIEIOBATEIHOCT OT U3MBIHEHHUS HA HAKOIKO MHUKPOOMEPALUU. B CUHXPOH ChC
cur"aiia Ha takrosus reaepartop (TT).

3. CucreMa ot MHCTPYKI UM U nporpamupane Ha CEKT

Cucremata HMHCTPYKIMH, C L€ IO-JECHOTO MM H3ydaBaHe, c€ CcbcToM camo oT 20
MHCTPYKLUU, Pa3/I€JICHH Ha CIEIHUTE 3 TPYIH, KOUTO ca NaJ€HU C TEXHUTE MHEMOHUYHU KOJIOBE:!

HNHucTpykuum 3a TpaHcdep HA JTaHHM:

load n — xomupa chABPKAHUETO HA aApec N OT MaMeTTa B AKyMyJ1aTopa,;

loadc n —3apexaa B Akymysaropa KOHCTaHTHATa BeJIMYWHa N;

store N — cexpaHsABa ChABPKAHUETO HA AKYMyJIaTOpa B KJIETKA OT ITaMeTTa ¢ aapec N ;

read n — konpa 4rcioTo, ot Input BoX, B kiieTka oT nmamerTa, mpeicTaBeHa upes N,

print n — u3mpaia Komnue Ha YUCIOTO B KJIETKa N OT mameTTa, KbM usxona Output Box;

APHUTMETHYHH MHCTPYKIUM:

add n — mpubaBs ChIBPKAHUETO HAa KJIETKA C €THKET N KbM TOBa Ha AKyMynaropa,
ChXpaHsBa pe3ynrara B AKymyJjaTopa 1 YCTaHOBSIBa CbCTOSIHUETO Ha (prrarosere;

Sub N — u3BaXKIa CHIABPIKAHUETO HA KJIETKA C UME N OT TOBa HA AKyMYJaTopa, ChbXpaHsBa
pe3ynrata B AKymyjnaTopa U yCTaHOBSIBa ChCTOSIHUETO Ha (hIaroBeTe;

mult n — ymHOXaBa ChIbpKaHKETO Ha KileTKa ¢ uMe N CbC ChIBPKAaHHETO Ha AKyMyJlaTopa,
ChXpaHsBa pe3ylirara B AKymMyjaTopa 1 YCTaHOBSIBa ChbCTOSIHUETO Ha (priarosere;

div n — menm chabpKaHUETO Ha KJIETKAa C MME N ChC ChIbPKAHUETO HAa AKyMmynaropa,
ChXpaHsBa pe3yirara B AKyMyjaTopa 1 YCTaHOBSIBa ChbCTOSIHMETO Ha (priarosere;

addc n —mpubaBsi KOHCTaHTaTa ChABbPXKAIIA CE B KJIETKa C MME N KbM CBHABPKAHUETO Ha
AkyMmynaTopa, CbXpaHsBa pe3ysitaTa B AKymyjaTopa U yCTaHOBSIBa ChCTOSIHUETO Ha (hriarosere;

subCc N — M3BakIa KOHCTaHTAaTa ChABpXKANla C€ B KJIETKa C UME N OT ChABPKAHUETO HA
AkyMmynaTopa, CbXpaHsBa pe3ysitaTta B AKymyjaTopa 1 yCTaHOBSIBa ChCTOSIHUETO Ha (hriarosere;

multc N — ymHOXXaBa KOHCTaHTata N CbC CHIBPKAHHETO Ha AKyMynaropa, ChbXpaHsBa
pe3ynrata B AKymyJiaTopa U yCTaHOBSIBaKM ChCTOSIHUETO Ha (biraroBere;

divc n — nmenm KoHCTaHTaTra, ChIbp)Kalla Ce B KJIETKA C UME N CbC CHABPKAHUETO HA
AKyMmynaTtopa, cCbhXpaHsiBa pe3yjTrara B AKyMyjlaTopa W YCTAHOBSBAWKHA CBHCTOSHHETO Ha
¢narosere;

SQrt — u34KcisABa KBaJpaTeH KOPEH OT YHCIOTO, ChABPIKAIIO C€ B AKyMyJIaTOpa, ChbXPaHsIBa
pe3yiTara B akyMyJaTopa U YCTaHOBsIBa ChCTOSTHUETO Ha ()JIaroBeTe;
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eXP — u3YHuCHsIBa pe3yiTaTa OT NOBJAWraHe HA YHUCIOTO € Ha CTENEH, paBHA Ha 4YHCIOTO
ChIBPIKAIIO ce B AKyMyJIaTopa, ChXpaHsiBa pe3yirara B AKymMyaaTopa U YCTaHOBSIBA ChCTOSTHUETO
Ha (iaropere;

log — u3umcnsBa HaTypaJieH JIOTapuThM OT YHUCIOTO, ChABPXKALNIO ce B AKyMmylaropa,
ChXpaHsBa pe3yirara B AKymMyJaTopa 1 YCTaHOBSIBa ChCTOSIHUETO Ha (hiaroBerte.

3a pasnuka ot Apyru mukpornponecopuu cucremu, CEKT Hsima MHCTpYKIIMM 32 U3I'BIIHEHHE
Ha jorudecku onepanuu ot tuna WU, MJIN, HE u uzkmrousamo NJIN.

HNucTpykuum 3a ynpasjieHHe H3ITbJIHEHHETO HA porpaMara:

jump n- 6e3yciioBeH MPexo, MPOAbIKABa U3IIBIHCHUETO Ha Mporpamara OT HHCTPYKIIUSITA,
B II0JIETO Ha KOSITO UMa €THKET N;

Jifz n- mpoxkmKaBa M3NBIHEHHETO HAa MpoOrpamMara OT WHCTPYKIHATA, €TUKETUpaHa dpe3 N,
ako ¢uara Z=1, B mnpoTHBEH ciy4yaill HW3MBIHSABA ClEABAlllaTa HEMOCPEICTBEHA Cclied Hes
WHCTPYKIIHUSA |

Jifn N — mpoakKaBa U3MBIHECHUETO HA MpOrpamMara OT HHCTPYKIUATA, €THKETHPaHa upe3 N,
ako ¢urara S=1, B mpoOTUBEH CITydail U3IIBIHIBA CIICABAIATA HHCTPYKITHS;

Stop — cnupa U3MBIHEHUETO HA MPOorpaMara,

Ocgen uHcTpykiunre, B acemOnepa Ha CEKT nma enHa AupeKTHBA 32 HMHULIUAIM3AIUSA HA
JAHHU UJTU TTaMeT.

n data — 3apex/ia B KJIeTKa OT IIaMeTTa C UMe N CTOMHOCT Ha BEJIMYMHATA C UME N;

B cumynatopa ce oOpa0GoTBar ABOWYHHM JaHHHW, HO 32 YJIECHEHHE MPU MPOrpaMUpPAHETO
3HAYEHUATA Ha OTJIEIHUTE BEIMUYMHU M KOHCTAHTUTE B IIPOrpPaMUTE CE 3allMCBAT B IIPUBUYHATA 32
YOoBeKa JIeceTu4Ha OpoifHa cucrema.

W3xomuusT Kox Ha moTpeOuTeNcKaTa mporpamaTa MOKe Aa ObJie HamucaH 4pe3 TEKCTOB
pEeAaKkToOp, WM 4Ype3 BB3MOXKHOCTHTE HAa CHUMYJAaTropa ¢ koMmOuHamusta oT kiaBumu ALT + E.
@aiiTbT Ha MporpamMaTa ¢ U3XOAHUS KOJ TpsiOBa /1a MMa pasimupenue Ha (aiina .tXt. CHHTaKCUCHT
Ha BCEKHU peJl OT MporpaMaTa, UMa ChIIUTE YETUPH IMOJIeTa, KakTo npu Acembnepa Ha MuTen:

ETuxker_ MHeMOHHYeH KO HA HHCTPYKIHS_ eTHKeT WM MMe Ha OllepaH/i_; KOMEHTap.

3a nmekmapupaHe W HMHHUIMATK3AIMs Ha TPOMEHIMBHUTE Ce W3MOJ3Ba aupekTuBara data , B
ciennust popmar:

CMMBOJIMYHO MMe HA MPOMEHJINBaTa (B moJie eTuker) data_ HavyaiHa cTOMHOCT

W3xomeH KO Ha TMPHUMEPHA MMpOorpaMa 3a W3YMCIIsIBaHE Ha KBaJpareH KOpeH OT u3pasa
3a+2b, mpu a=6 u b=5, ¢ ume Ha daiiza 3a2b.txt:
load a;zarezhdane naav AK

multc 3

store ans ;zapazva mezhdinen rezultat v ans
load b

multc 2

add ans

sqrt ;kvadraten koren ot AK

store izhod
print izhod ;izvezhdane na rezultat v OUTBOX

stop
a data 6
b data 5

ans data O

izhod data O

PesynrarsT TpsiOBa da ce m3Bede OT AKymysaropa B m3xoaHata kKyrus Out box. Twit karo
MPOLIECOPBT € €HOATPECEH, Ce Hajara 3aluc Ha MeXIAWHHUS Pe3ylTaT OT AKyMyJnaropa B KJIETKa
c mMe ans. 3a ;a ce oTmevyara KpailHUs pe3yinrar B Akymyinatopa — 5.292 , Toil TpsOBa ga ce
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NPEeXBBPJIM Haii- Hampe B Apyra Kietka or mamerra - izhod. Tosa ¢ ememMeHTapHa mporpama, B
KOSITO HSIMa MPOBEpKa Ha pe3yiTaTa B AKymysaTopa, Jajdd B HEr0 HE ce € MOMyYHII0 OTPHUIIATEITHO
YHCII0. 3a Jla Ce HampaBH TOBa, ¢ HEOOXOAMMO C MHCTPYKIHMS 3a yCJIOBeH mpexox Jifn ma ce
MIPOBEPH pe3yiTara B AKymynaaTopa, Mpean Ja € U3UMCIH KBAAPATHUS KOPEH.

Cren crapTupaHe Ha OINEpallMOHHATa CHUCTEMa, Ha €KpaHa ce MOosBsBa Mpo3opel] 3a padboTa
mox DOS. YmpaineHnero Ha CHMyJIaropa C€ HM3BBPIIBA OT €KPAHEH PEJAKTOp 4Ype3 KOMAaHIH,
aKTUBUpPAHW ¢ KoMOWHanuu oT kiapuim ( Hanpumep ALT + F 3apexxna daiina Ha mporpamara).
[IpenBumenu ca aBa peXrMMa Ha U3MBIHCHHE HAa Tporpamara — MOCTBIIKOBO H3ITBIHCHUE Ha
HHCTPYKIUUTE ,, Tpacupane” (komOuHanus ot kiaaBuimud ALT + R) ¢ Bb3MOKHOCT 3a peJlakTHpaHe,
W U3IBIHKE Ha Iputata nporpama (komOunanus ALT + G). B pexkuma ,,rpacupane” o0ydaeMusT
MOJK€ J1a TIPOCJICTU B JJOJTHATA YacCT Ha €KpaHa ChIbPKAHUETO HA MIPOTPAMHUS OpOsTd, aKyMYyJaTopa
U 1Bata iara clie/l U3IBIHEHUETO Ha TIOpeIHATa HHCTPYKIIUS.

Ha ¢wur.2 e mokazan ekpaH mpeau U3MBIHCHUE OT CUMYJaTopa Ha IbpBaTa WHCTPYKIUS OT
nporpamara ¢ (aiin 3a2b.txt. B monerara ca gageHd pa3sCHEHHS Ha OBJITApCKH €3HMK, HO C
JATUHCKU OYKBU U CHKPAIICHUS HA HSIKOH JTyMHU.

Ime na fail Ja2b.txt 18 red prochi

Redk
load szarezhdane na a v AK
multc
store ns j;zapazva mezhdinen rezultat v ans
load
multc
add
Jifn proverka za otricatelna velidina
sqgqrt s;kvadraten koren ot AK
store
print i ;izvezhdane na rezultat v OQOUTBOX
ESC za krai

INS: vyvedi predi; CTRL-IMS: vyvedi sled : DEL: di=trii; CTRL-DEL: =zameni

a s;zarezhdane na a v AK
Zare acumulator with kopie ot number in a

®@ur. 2. CEKT npenu u3nbjiHEHHE HA IbpBaTa MHCTPYKIIUS OT Iporpamara
4. 3aka0veHue

Onutst or usnon3eaHero BB PMU Ha Illymenckus YHuBepcuTeT Ha pa3paboTeHUs
CHMYJIaTOp TOKa3Ba, uye paboTara ¢ HEro ce ycBOsSBa MHOTO OBP30 OT CTYACHTUTE, KOUTO HSIMAT
Ipe/IBapUTelIHa MMOATOTOBKA 110 KOMITIOTHPHU apXUTEKTYpH. B mepcnektuBa paborata mpoabikana
C HErOBOTO YCHBBPILIEHCTBYBAHE 3a MOJOOpsIBaHE Ha JHajora ¢ o0y4aeMuTe upes ,,ApyKeinto0eH”
untepdeiic ( ¢ur.3) U BBBEXKIAHE HAa HOBA CHCTEMa OT HHCTPYKIIMH, B KOSTO Ca BKJIIOUYCHU
WHCTPYKIIMM 3a TMpeKbCcBaHe Ha mnporpamure int wu iret (Bppmiane ciexn o0OpaboTka Ha
MPEKbCBAHUATA), 3a JIOTHYECKH orepanuy oT Ttuma and N, or N, u ap. 6au3ku 1Mo abpuBHaTypa U
¢byHKIMH ¢ 6a30BUTE MHCTPYKIMU Ha Intel — chBMeCTHMU MHKPOIIPOLIECOPH.
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& Main =B e
newlAS ias 3apean gaiin || Hos daiia Pexakrapai
ETHKET KO OHNEPAHTJ KOMEHTAP
load a
stop
b data 10
| Crpmka masax | Crenka manpen
Axymynarop:

®@ur. 3. O6HOBeH uHTEepdeiic Ha cumynaTtopa CEKT
buaaromapaoctu

ABroppr Onmaromapu Ha Peter Smith or CMS - University of Greenwich, 3a okazanoro
ChJICHCTBUE IPU Ch3JaBaHE Ha CHUMYJaropa, Ha jaol. Banentun BuueB 3a BHeapsBaHETO U
TecTBaHeTo My B 00yueHuero BB dakynrer AIIBOuKNC na HBY’B.JIeBcku”, Ha ri.ac. [Inamen
WBanoB ot ¢unmana Ha PY ,,A. KpHueB” B rp. CuimcTpa 3a HallpaBeHUTE IEHHU MPEHOPBKH 10
YCBBBPIICHCTBAHE HAa CUMYJIATOpa, U Ha Ir-1a Banepus ['eopruesa, KoATO H3BBPIIN HEOOXOIUMUTE
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HNPUJIOXEHHUE U Bb3MOXHOCTHU HA CIIEHUAJIUN3UPAHUSA
E3UK ABEL 3A ITPOEKTHUPAHE B XILINX CPLD XC9500

I'opan /I. I'opanos

Pe3tome: IlporpammpaHeTo ¥ H3MOI3BAHETO HA PA3NUYHHU €3UIM U IMOIXOIM € WHIMBHAYATHO 3a BCEKH
nporpaMucT. ToBa 3aBUCH OT HETOBHs ONMWT, MOJ3BaHA eleMEHTHa 0a3a, MO3HABaHE Ha YYXJ OMUT W Jp.
Haif-yecto ce wu3no3Bar ONM3KM MO CTPYKTypa M JIOTMYeCKa MOAPENEHOCT MpPOrpaMHU CpPEICTBa.
Pasmpoctpanena BB3MOKHOCT 3a mpoektupane B Xilinx XC9500 e Advanced Boolean Expression
Language (ABEL), xoliTo BK/IIHOYBAa €IHOBPEMEHHO JOTMYECKHTE (pOpPMATH 3a YpaBHECHUs M TaOJNUIM Ha
HUCTHHHOCT, CBIIO M (hopMarT 3a YaCTUYHO ONMHMCAHHE Ha ChCTOSHUETO upe3 rpad. B mombiHeHne KbM TOBa,
ABEL Mosxe 1a ce M3M0J13Ba M 32 ONMCBAaHE HAa TECTOBM BEKTOPH-IIAOIOHH 332 BXOIOBE U OYAKBAHU M3XOMM.
Karo ctpykTypa e3uKbT € OIMHM3bK 10 aceMOIep.

Kuarouosu nymu: VHDL, VERILOG, ABEL, JHDL, OPENVERA, CPLD, Xilinx .

Application and capability of ABEL language for designing in XILINX CPLD xc9500
Goran D. Goranov

Abstract: Programming and the use of different languages and approaches for each individual
programmer. The fact is that you cannot know all possible languages, but can a designer to use and
teach those who are close in structure and logical order. Advanced Boolean Expression Language
(ABEL) includes both logical format for equations and truth tables also a state machine form -
graph. In addition, ABEL can also be used to describe the test-vector patterns inputs and expected
outputs. Its structure is similar to the language assembler.

Keywords: VHDL, VERILOG, ABEL, JHDL, OPENVERA, CPLD, Xilinx .

1. YBoa

B o0nactra Ha mudpoBara TEXHUKA YECTO CE€ M3IMO3BAT XapAyepHO OPUEHTHUPAHU €3ULH 3a
nporpamupane (HDL), HaMupany npuiioxKeHue npy nporpamupase Ha nudposu Bepuru (uudpposa
noruka). OmucBar ce JIOTMYECKUTE ONEpallii Ha BepHurara, CTpyKTypara W OpraHH3HpaHETO W,
KAaKTO U MMa Bb3MOKHOCT 3a TECTBAHE W U3CIICBAHE UPE3 CUMYJIALUS.

HDL e3unmte ca cranmapTHU TEKCTOBO—OAa3upaH U3pa3u OT MPOCTPAHCTBEHATA M MPEXO/IHA
CTPYKTypa Ha peXuMa Ha paboTa Ha EJIeKTPOHHHUTE CHUCTEMHU. 3a pasiMKa OT IOBEYETO APYIH
codryepuu mporpamuan e3uny, HDL e3urure BKIIOUBAT OompeseneHa cUcTeMa 3a BpeMe, KOsTO €
OCHOBHa XapakTepucTHka Ha xapayepa. [Ipes 1983r. Data-1/O mpencraBs ABEL[6]. Toit e
pa3paboTeH C 1ie]1 ja ONKCBa JIOTUYECKH MPOrpaMHU YCTPOMCTBAa M € OUJl OCHOBHO HM3IIOJI3BaH 3a
CTPYKTypa Ha aBTOMAaTH ¢ omnpeseneHu cberostuus. [Ipe3 1987r., mo monba OT MUHHCTEPCTBOTO Ha
orOpanata Ha CAII] ce pazpad6orBa VHDL (VHSIC Hardware Description Language), kato VHSIC
o3nayaBa Very High Speed Integrated. 3a mskonko romunm nasara esuka VHDL u Verilog ce
okazpat qomuHupam HDL e3unu 3a nmpoektupane B 00JacTTa Ha nU(poBaTa eIeKTPOHUKA, KOUTO
MOCTENeHHO u3MecTBaT no-panHu Bepcun Ha HDL. B chimoro Bpeme VHDL u Verilog npurexasar
MHOT0 orpanuueHus[5,7]:

e Huxoii HDL =He e moaxopsi 3a cuMynalnys Ha aHAJIOTOBa U aHANOro-nudpoBa Bepura.

e Huxoili He mnpuTexaBa €3MKOBHM KOHCTPYKLIMHM 3a NPOrpaMUpaHe Ha PpPEKYpPCHBHO

TE€HEPUPAHUTE JIOTMYECKH CTPYKTYPH.
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e JluncBa BB3MOXKHOCTTa 3a ONTHUMHU3ALMA Ha JIOTMYECKUTE 3aBHCHUMOCTH, KOETO Ha
MpPaKTHKa Ch3/1aBa MPEANOCTaBKa 3a W3MOJI3BAHETO HA TOJISIM PECypC MaKpOKIIETKU WIH
KOH(HUTypalMOHHU JIOTUYECKH OJIOKOBE.

E3uxkbr ABEL nma cBouTe mpeauMcTBa BBIPEKU AOMUHHUpamuTe no u3non3zBaHne VHDL u

Verilog. Tosu HDL e3uk Bede /1Be IECETUIIETUSI CE€ M3MO3Ba C YCIEX OT MHOTO IPOTPAMUCTH Ha
PLD ctpykrypu. Cnen cepuu noctmxenusi, ABEL cera ce npurexasa ot Xilinx Inc.

2. N310xenue

ABEL-HDL e xapnyepeH €3k 3a ImporpamMHpaHe, KOWTO MOJIbP)Ka BXOJHU MPOMEHIMBHU
3a€THO C YPaBHEHHS OT BHUCOKO HHBO, Tpad) Ha CBhCTOSHUATA W TaOIUIM Ha UCTHHHOCT. ABEL
KOMIIWJIATOPBT Mpoaylupa (aitiose 3a cumynamus u ¢aitiose 3a BrpaxkaaHe Ha cTpykTypu B PLDs
wm FPGAs. ABEL-HDL npoektupanero mo3BossiBa na Obae mpeodpaszyBaH B Ipyr ¢gopmar B
3aBHCHMOCT OT U3II0JI3BaHaTa MporpaMupyeMa cpesa.

Bceeku pen B ABEL-HDL ¢aiina TpsioBa a cria3sa cieJHUTE CHHTaKTUYHH NipaBuiia[4]:

e Ha eaun pexa ce nodupar 1o 150 cumBona;

e PensT 3aBBpIIBA upe3 noOaBsHeTo Ha HOB pea (hex 0A), upe3 BepTHKANIHO paseisiHe

(hex 0B), upe3 HOB popmar (hex 0C);

e Jlymure u nudpure ca pa3ieieHu ¢ eAMHUYIHO MICTO. V3KIIIOYeHHs OT TOBa MPaBUIIO ca

CIHCBHIM C HICHTHU()UKATOPH, PA3/IEICHU ChC 3aleTau, KBbAETO M3Pa3H MIACHTH(PHUKATOPU
WM YUCJIaTa ca pa3/esieHu OT ONepaTOPUTE;
e Moxe ga ce ocTaBs IPOCTPAHCTBO 3a KOMEHTapHu,
oOcrositencTBa. Hanpumep, ako ximouoBata fyma MODULE ce BbBene kato MOD_ULE,
TS ce pasmiek/a karo aBa uaeHTudukaropa, MOD u ULE,;
e lnentudukaTopure KaTo MMEHA M €TUKETH MOXE Jla ca C TJIaBHH OYKBH WM MAaJIKH
OyKBH, HO ca 3aBHCHMH OT ToBa (Keys sensitive);
e Bcuuku romemMu M Manku OyKBU M JPYT'M CHHBOJM Ca BaJUAHM U C€ H3IOJ3BAT.
[Mpunoxumu ca cieguute: a - z (Manku Oyksu), A - Z (ronemu OykBu), 0 - 9 (mudpn),
<space}, <tab>! @#$?+&*()- =+[1{}; :"""\|,<>. [ "%.

Tabmuma 1 — xomauau B ABEL

NPUMEP

OMUCHHUE

O0mokoBe ¥ (hAaKTUUECKUTE

async_reset,
case,
declarations,
device,

else,

enable (obsolete)
end

endcase

endwith
equations
external

flag (obsolete)
functional_block
fuses

goto

if
in
interface

istype

=5

OMEPATOP
library B "
macro e »
module = &
node ?2:= a
option ' 1
pin & A
property » "
state
state_diagram N *
state_register " 2
sync_reset » -A
test_vectors - A
then % A
title — N
trace B <
truth_table .
when . =
with = &
> A

>= B

combinatorial assignment

registered assignment

combinatorial don't care assignment

registered don't care assignment
NOT: ones complement
AND

OR

XOR: exclusive OR
XNOR: exclusive NOR
negate

subtraction

addition

equal

not equal

less than

less than or equal
greater than

greater than or equal

®@ur. 1. Onucanue Ha onepaTopuTe
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CrplInecTByBar CrenuaHA AyMu (KOMaHJIM), KOUTO ca 3ama3eHH 3a ujaeHTudukatopu. Te He
MOTaT JIa Ce M3IMO0JI3BaT KaTO UMEHa Ha MOJIYJIU, U3BOJIH, KOHCTAaHTH U MakpocH (Tabnumal).

M3noms3BanuTe omepatopu ca  pasleleHH Ha KaTErOPpUUM  CHOTBETHO  JIOTHMYECKH,
MaTEeMaTHYECKH, MPUCBOSIBAIIN M MU3pa3sBalld Bpb3Ka. [IpuMepu 3a U3IM0JI3BAaHETO HA ONIEPATOPUTE
Y TIOSICHEHUE KBbM TX ca AaaeHu Ha ¢urypa 1. [lo-gomy € mocoueH mpumep — yMHOXKEHHE Ha JIBE
JIBOMYHHM YHCIIA.

YMHOXEHHE Ha JBE JBOMYHHM YHCIIa MOXKE Ja C€ pealu3upa 4pe3 MPEeMeCTBaHE Ha JISBO
TOJIKOBA ITBTH, KOJIKOTO pa3pe/ia € YUCIOTO. ANrOpUTHMBT € TIOKa3aH Ha Gurypa 2, KOWTo € mo3Har
Y W3MOJI3BaH B KOHTPOJIEPH, KOUTO HAMAT XapAyepHO YMHOKCHHE.

l.\'o"7 I.“o"e l YoXs l.“oﬁ l."o"s |."o": I."o"1 I."o"o l
I.“1~"7 |."1-"6 |J'1-"5 |.“1-"4 l.“r"s |.\'1-"2 Y151 |."1-"o |

I.\‘:-T7 I.\‘:-\'s I.":-\'s ].\':-\'4 l.\‘:-l's l.\':-\': I.\':-\'l |.":-\'o|

|.\'3-1'7 | Y3X¢ |.\'3-"5 |_\'_m |.\'3-\'3 |.\‘3I: |.\‘3J1 |.\'3-\‘o |

I."4-"7 I.‘Lt-"s I YaXs | VaXq I."4~"3 |."4-": I."-s-"l I."4~"0 |

Ys¥7 ].\'5-"6 ’."5-"5 l VsXa I.\'s-"s l."s-": |."51'1 |.\'5"o |

[.\'e"v [."e"s [J's—“s ].\'61‘4 l YeX3 [.\‘e": l."s"'l ]J'e"'o]

-+ l_\"?.‘l".' l YXe I YiXs l.l'ﬂ,.\'_; I.\'7.1'3 I yx2 I.\'T.\'l I_\‘71’0 |

| 215 [P | Ps [P [Pn [P | 2o [ Ps | 7 | Ps | s | s | ps [ 22| 21 | o |

@ur. 2. ATTopuTHM 32 YMHOKEHHE Ha JiBe § OUTOBH YKcia

[IpaBu ce moOMTOBO yMHOXEHHE Ha JBe 8 OuTOBHM umcima X = X7X6x5x4x3x2x1x0 m Y =
y7y6y5y4y3y2yly0, kaTo B MOCIEACTBUE YACTUYHUAT PE3yNATaT ce chOMpa OTHOBO MO OUTOBE 3a
nmoiy4yaBaHe Ha 16 paspenen pesyntaT, T.e. mnpousBeaeHuero € P=X.Y. Tasu d¢yHKuus e
KOMOMHAIIMOHHA, KOETO 3HauH, 4€ MOXKeE Jla Ce peau3upa ¢ JOTUIECKH eIEMEHTH.

3a cpaBHEHHE B €IMH MHUKPOKOHTPOJIEP peallu3alusaTa Ha Ta3u (YHKIUS CE U3ITBIHIBA OT
AJIY no anropursM, 1okas3aH Ha ¢urypa 3.

[IpencraBeHUAT OJIOKOBO aITOPUTBM OM MOTHJI Jla CE pealiu3upa 4Ype3 H3MOJI3BAHETO Ha
morndyecku eneMeHTd M — WMJIM, HO Herosara CIOXHOCT L€ M3HCKBAa pPECypC U BpEME.
Pa3paborenara mporpama 3a yMHOXKEHHE, IMOKa3aHa TO-I0Jy, JlaBa TpeJcTaBa KaK C MO-MaJKo
JCHCTBHS U BpEMe MOXE Jla Ce pealn3upa yMHOXKHUTEN Ha aBe N- 6utoBu uncia. [Ipumepst e 3a 4
OWTOBM YHCIIA, HO C TIPOMSHA HA KOJIa CE IMOCTUTa YMHOKCHHE Ha TPUMEPHO 8 OUTOBH unciaa i N
OUTOBHU.

Module mul4x4

title '4x4 Combinational Multiplier’
X3..X0, Y3..Y0 pin;

P7..P0O pin istype '‘com’;

P =[P7..PO0];

PC1=Y0&[O0,0, 0, 0,X3,X2,X1,X0];
PC2=Y1 &[0, 0, 0,X3,X2,X1,X0, 0];
PC3=Y2 &[0, 0,X3,X2,X1,X0, 0, 0];
PC4 = Y3 & [0,X3,X2,X1,X0, 0, 0, 0];
equations

P=PC1+PC2+PC3 +PC4;

End mul4x4
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®ur. 3. AITOpUTHM 3a YMHOXKEHUE B MUKPOKOHTPOJIED
3akiaro4eHue

Upes nHacrosmara pa3paboTka ca MPCTaBEHW BB3MOKHOCTUTE M T'bBKaBocTTa Ha ABEL.
N3no3Ban e copryepeH npoaykT Ha pupmara XILINX [1,2], kaTo TOCOYEHHUAT YMHOKUTENT U MHOTO
Ipyrd IUGpoBU MOAYIM (KOMOMHAIIMOHHU CXE€MH, KOMOMHAIMOHHU OJOKOBe, Opsiuu, W Ap.) ca
peamusupanu B CPLD XC95108PC84-15. C takaBa cTpyKTypa TO3M €3UK € M0-OM3bK U yJ00eH 3a
M3y4aBaHEe OT CTY/AECHTU U MPOEKTAaHTH Ha MUKPOKOHTPOJIEPHU CUCTEMHU C acemMoep.
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CUCTEMA 3A YIIPABJIEHUE HA CbABPKAHUETO

I'opan JI. I'opanoB, Uckpen Kanos

Pe3tome: C pa3BUTHETO HA MHTEPHET TEXHOJIOTMHUTE, KAKTO U C yBEIHMYaBaHETO Opos Ha yeO Oa3upaHuTe
MPWIOKEHUS, HAPACTBAT M W3UCKBAHUATA KbM TAX. [IpM HAJIMYMETO HA TOJKOBA TOJSIM OpOW HHTEPHET
caiiToBe, CTpeMEeXbT KbM HHTEPAKTUBHOCT W pa3sHOoOpasue HapacTBa. Upe3 cucrema 3a ympaBieHHE Ha
CHIBPKAHMETO MOTAT Jla C€ MPOMEHSAT MOMAYNIHTE, M3TrpaKAamy yebd caiita, a IMEHHO CTaTHWH, TAICPHH U

JPYTH.
KawuoBu nymu: CMS, PHP, MySQL, LMS

Content management system
Goran Goranov, Iskren Kandov

Abstract: With the development of the Internet technology and the increasing number of web-based
applications the applications’ requirements also increase. The availability of too many websites leads to
increase of the interactivity and diversity requirements. The CMS (Content Management System) helps
management of the site and its interactivity as web application. The CSM system provides functionality for

control of the content of the site by controlling site’s modules as galleries, news and etc.
Keywords: CMS, PHP, MySQL, LMS.

1. YBoxa

Cucremara 3a ymnpaBJeHHE Ha CBHABPKAHHETO MPEACTaBIsIBA CHBKYIMHOCT OT CKPUITOBU
¢aitnose u 6a3u naHHu. [lo3HaTUTE TaKMBa CUCTEMM C OTBOPEH KOJI ca peau3upaHu Ha Oa3zaTa Ha
.php daiinose u padora ¢ MySQL 6a3u nanuu. [Ipu auHamuyauTe yeb caiiToBe paborara ¢ 6a3u
JaHHU € 3aJIbJDKMTENHA, KaTO OCHOBHO CIIy)KaT 3a cbhbXpaHeHue Ha uH@opmauus. Jlob6aBsHe Ha
uHboOpManus, KaKTO W HEHHOTO W3BJIMYAaHE CTaBa IIOCPEJACTBOM CKPHUIITOBE, a BPEMETO,
HEoOX0MMO 3a Te3u omepanuu, ¢ MuauManHo. Cam mo cebe cu PHP (Hypertext Preprocessor)
MIPEJICTaBIIsIBA CKPUNTOB €3HK, KOMTO ce M3MBIHIBA HA ChPBBHPA, M HE C€ HYKJae OT KOMITHJIAIIHS.
[IpenuMcTBOTO Ha €3MKa ce ChCTOM B TOBa, Y€ HE € HeoOXOoAMMO Ja ce AeduHupa BuIa Ha
npomenymsuTe [1, 2].

CuctemuTe 3a ymOpaBi€HHE Ha ChABPKAHMETO YJIECHSABAT 3HAYMTEIHO Cbh3/AaBaHETO,
O0OHOBSIBAaHETO MJIM M3TPUBAHETO Ha MH(popMalus B yebd caiita. Pa3paboTBanero Ha TakaBa cuctema
obaue, M3UCKBA HE cCaMoO MO3HAHUs MO CKpuNTOBU e3uiy, kato PHP, Python, Perl u npyru, Ho u
Bianeene Ha SQL 3a MonenupaHe W W3BIMYaHE HAa JAaHHWTE OT pelallMOHHA 0a3a OoT JaHHU. B
cllyyauTe, KOraTo JjurcBaT mo3HaHus mo SQL u yed calThT € W3IS0 KOHLEHTPUPAH BBPXY
yhpaBiieHue (IM0Ka3BaHe, BbBEXKJaHe U OOHOBABAHE) Ha JaHHUTE OT 0a3aTa, ca U3BECTHU U APYru
peuienus. [IpumepHu TakuBa ca pasriieiaHu oT aBTopuTe B [3].

CucremuTe 3a yrpaBJIeHHE Ha ChIBPKAHUETO MOTAT Ja Ce pa3JelisT Ha JBa OCHOBHH THTIA:

» VnauBuayaHW CUCTEMH 3a YIpaBieHHE (CHCTEMH, KOUTO ce pa3padoTBaT 3a KOHKPETEH

ye0 caiit);

» Yuusepcanuu cucremu 3a ynpasienre (JOOMLAI, Word Press, Drupal).

YHHUBepcalHU MOTaT Jia C€ HapeKaT Te3H CUCTEMH, KOUTO MOTaT Ja 0bJaT UMIUIEMEHTHPAaHU
BbB BCceku yeO caiit. Te chappkar B cebe cu TolsIM Opol MOIYNHM 3a yIpaBlieHHE Ha
ChIbpKaHUeTO. TsAxHaTa YHUBEpCAIHOCT ce 0a3upa Ha paboTara ¢ T€3M MOIYJIH, BKIIOYUTEIHO
TSAXHOTO KoH(uryprpane [1]. B ronsimara cu gact Te3u cucTeMu ca Oe3IUIaTHU - T.H. OTBOPEH KOJI.
W3non3Bar ce oT rojisiM Opoii moTpeduTenu B cBeTa, KOETO CIioMara 3a pa3BUTHUETO Ha CUCTEMHUTE.

Enna ot Hali-u3mos3BaHUTE CUCTEMU 32 yIpaBiieHHE Ha chabpkanneto € JOOMLA!
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Joomla! e Ge3nmnaTHa cucTeMa 3a ymnpaBJieHHE Ha ChAbPKAHHUETO C OTBOPEH KOJ, HalKcaHa
msuio Ha PHP u usnomsBama MySQL 6asu mannu. Ta3u cuctema ce M3MOI3Ba HABCAKBIE IO
CBETa 3a M3TpaxkJlaHe Ha MPOCTU JIMYHU CTPAHUIIM O KOMIUIEKCHHU yeb mpuiiokenus. Ts moxe na
ObZie M3MOJ3BaHA 3a JIECHO yIpamieHue Ha yeO caiita, oT 1o0aBsHE HA CTAaTUM U CHUMKHU JIO
OOHOBSIBaHE Ha MPOYKTOB KAaTAJIOT WK IPUEMaHe Ha OHJIAH pe3epBaruu [7].

VYnpaBieHHeTo Ha caiiTa ce U3BBPIIBA Ype3 ONPOCTEH UHTEpdeiic, KOUTO MO3BOISABA JIECHOTO
nyOiIuKyBaHe Ha HOBHHH, O00fBHM 3a paboTa, MPOJYKTH, Ja C€ Cbh3/aBaT CEKLUU, KATETOPUHU U
MEHIOTa. AIMUHHCTpAaTOpuTe Ha yeO callToBe, KOUTO ca m3rpaaeHu Ha 6azara Ha JOOMLAIL ne e
HeoOX0IMMO J1a ca 3all03HaTH ¢ paboTara Ha CIOXKHHUTE CKPUIITOBE, U3TPaXKIalll cCUCTeMaTa, KaKTo
u ¢ paborata ¢ 06a3u gaHHH. ToBa € TOJSIMO MPEIUMCTBO, KOETO C€ H3I0JI3Ba OT MHOIO
NOTPEOUTENH 32 U3TPAXKAaHEe HA yeO MPHUIIOKEHHUS.

Jpyra nonoOHa cucTema 3a yrnpasieHue Ha chabpkanueTo ¢ Drupal [7, 8]. Drupal e mogynen
coTyepeH MakeT C OTBOPEH KO/, KOWTO JaBa BB3MOXKHOCT Ha OIpeJesieHa OOIIHOCT OT
norpeburenu na mnyONMKyBaT, Ja YOPaBIsABAaT JIECHO pPa3HOOOpPa3HOTO ChIbpKaHHWE Ha yeb
crpannna. Drupal moxe na Obae M3MON3BaHA KaTO CHCTEMa 3a YIPABJICHHWE Ha ChABP)KaHHE, HO
MpUTEKaBa CBOMCTBA M HAa TaKCOHOMHYHA cucteMa. M3rpaaena e Ha 6azara Ha PHP u pabotu c
MySQL 6a3u nannu [1, 2, 7, 8].

Snporo Ha Drupal ce chcTOM OT IOMOIIIHU €JIEMEHTH 3a MO-JecHaTa U Obp3a u3paboTka Ha
peructpauuu, MeHoTa, RSS u ye6 agmunucrpupane. B cpiiHocTTa cu onpesaesneH cait, u3paboTeH
ype3 Drupal, npezacrasisiBa MHOKECTBO OT 0yoroe, oOeauHeHH B eauH o6 Omor. Kakto mpu
JOOMLA!, taka u Drupal ce uznon3pa 6e3riaTHo, yHUHUIPAHA OTHOCHO OCHOBHHUTE M3MCKBAHUS
KbM ye0 OasupaHuTe MPHUIOKEHHUA, Mpeaiara yaoOHa WHTEpaKTHBHA 3a YIpPaBIECHUE BU3HS C
MHOKECTBO OIIuu [7].

W nBete cucremMu pabOTIT YyCHENIHO MO OTHOIICHHWE Ha YIpaBieHHE Ha yeO ChIbp)KaHUE.
Monaynure, KOUTO MOTaT Jla C€ MHTETpHpaT BBB BCAKA CHUCTEMa, HApacTBAT BCEKH JIEH, KOETO
pasImupsiBa ¥ TEXHUTE Bb3MOXXHOCTH. OCHOBHOTO MPEJMMCTBO € U OCHOBHMST HEJJOCTAaThK HA TE3U
CHCTEMH, a UMEHHO TAXHATa YHHUBEPCATHOCT. Te ce M3rpaxkaar Ja 3al0BOJISBAT HAKOM OT Hai-
U3IOJI3BAHUTE TOTPEOHOCTH TMpH aJMUHHCTpUpaHe Ha ye0 MpPUIOXKEHHsS, HO KOJIKOTO U
YHUBEpCAJIHHU /1a ca, He Morar BuHaru Aa otroapsiT Ha 100% Ha (yHKIMOHATHOCTTa HA BCEKHU
caiT. 3a 1a MOXe elMH cailT a ObJie HambIHO (YHKIMOHAJIEH, KAKTO U Jia MOXKE Jla Ce pa3LIMpsiBa
u 1a Ope YHUKAJICH, ce n3paboTBa WHAWBH/yaIHA CHCTEMA 32 yIIPaBICHHUE.

Ilenta Ha HacToAIIaTa CTaTUs € J1a ce pa3padoTH MHIUBUAYallHA CUCTEMA 3a yIpaBJIEHUE Ha
ye0 caiiT, KaKTo | J1a C€ CPaBHU C JI0CETa NO3HATUTE YHUBEPCATHH TaKHBa.

2. I/Immmmyanﬂa CUCTEMA 32 YIIPABJCHHUE HA CHADBPKAHUETO

Pa3zpabotena e cuctema 3a ynpapieHHE Ha ChIbPIKAHUETO, KOATO ce Oa3upa Ha padora ¢ PHP
5.0, KaKTO M Ha M3MOJ3BaHETO Ha 0a3u naHHM OT Tuna MySQL. 3a mbieH I0CThI B cUCTEMaTa €
HEOOXO/IMMO J1a CE€ BbBE/Ie ChOTBETHUSAT a/IpeC, KAaKTO M JIETUTHMHUPAHETO C IOTPEOUTEIICKO UME U
naposia. 3a JOMBIHUTENHA 3alllMTa Ce M3I0J3Ba M KPUITHUPAaHE HA JAHHWUTE 4Ype3 M3IMOJ3BaHE Ha
MDS5 xomupase [1, 2, 4, 5].

Cucremara 3a ynpasieHHe IPUTEKaBa y100€H U JIeCeH 3a M3MoJ3BaHe uHTepdeiic — dpurypa
1, c momornTa Ha KOKTO JIECHO MOTaT Ja ce T00aBsT:

» Kareropuu;

» Tlonkareropuu;

» H300paxeHus;

» TexcroBa nHpOpMAIHS;

» @aiinoBe u 1p.
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nog HAEM NPOOAKEN CTPOUTENICTBO YCnyru 3A HAC MAPTHEOPU
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®@ur. 1. OcHOBEH U3IJIe] HA CUCTeMaTa 3a YIpaBiIcHHUe

Cucremara e BHe/IpeHa B yeO caiiT 3a oTJaBaHe I0J] HAEM Ha CTPOUTEIIHA TEXHHKA, KAaKTO U
HelHaTa mpomaxkba. 3a Ja oOTroBaps Ha 3aJaHHETO, € HeoOXOIuMO pa3lupsBaHE Ha
(GYHKIIMOHATTHUTE BBH3MOXKHOCTH HA CHCTEMara 3a yrpaBlieHHe. J[OmbIHUTENHO € pa3paboTeH
CKPHIIT, Ype3 KOUTO MOXKe Jia ce 100aBaT mudpu Ha BCEKH MPOIYKT, IieHa 3a 1 1eH, neHa 3a 10 gau,
KaKTo M IieHa 3a 1 mece. [1, 2, 5]

3a ma Moxe uHpoOpMaIUATa ]a Ce ChXpaHIBa, PeIakKTHpa, U3TPHBa U OOHOBSBA, TS TPSOBa Ja
ObJic 3ama3eHa HIKbJIE, KbJETO Jia € JIECHO JOCThITHA. 3a LeNTa ce M3MOoI3BaT 0a3u JaHHH, KOUTO
CIIy’KaT 3a ChXpaHsSBaHETO HAa WH(POpPMAIUATA HA calTa.

Crpykrypara Ha 0Oa3ata ¢ moka3aHa Ha ¢urypa 2. Bwxkna ce, ye 0a3uTe JaHHU ca Taka

CB3IaZICHH M CTPYKTYpHpaHH, Y€ aJMUHUCTPATOPBT Jla MOXKE Ja YIpaBiisiBa BCsKa TaOauIa
IIOOTIEIIHO.
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@ur. 2. Ctpykrypa Ha 06a3uTe JaHHU.

BbB BCeku eAMH MOMEHT OT BpeMe aJMUHHUCTPATOPHT MOXKE Ja CIEAM ChIbPKAHHETO Ha
BCSAKa OT TaOJIMIIUTE, KAKTO M MOJKE JIa peIaKTHPa U U3TPUBa ChIAbpiKaHueTo uM [1, 2, 4].

AJIMHHHCTPATOPBT MOXKE J1a peallu3upa CICAHUTE OIepaly Ype3 M3MOoJI3BaHe Ha cUcTeMaTa
3a yIpaBJleHHE:

KoMIIoTepHHM HayKH ¥ TEXHOJIOTUU
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» Cp3maBaHe Ha HOBU NMPOAYKTH;

» JloGaBsiHE Ha YCIyTH;

» OmpenensHe Ha IIEHH;

» JloGasiHe Ha uH(MopMaNHsI(M300pakeHus, TEKCT U JAp.);

» Penaktupane, n3TpuBaHe u nojapeda Ha 10cera pearTu3upaHuTe MPOAYKTH;

» JloGaBsiHE Ha pa3IMYHU MOy (OpOsY Ha MOCETUTEIH, EJICKTPOHEH Mara3uH U Jp.).

OCHOBHO TIpeTUMCTBO Ha yeO Oa3sMpaHHMTE CHCTEMH 3a yIpaBJIEHHE € TOBa, Y€ MOraT Ja ce
HOJI3BaT OTBCSKBJE, KBIETO MMa JOCTBI J0 riobaimHata Mpexka. PazpaboTeHaTa MHAMBUIYyalTHA
cHCTeMa 3a yIpaBJeHHUE € MPUI0KUMa caMo 3a To3H yel caiit. ToBa rapanTupa BUCOKA CUTYPHOCT
¥ 3aIUTa Ha HHQOPMALUATA OT 3JI0BPETHI HAaMECH.

HenocraTrbk Ha YHHMBEPCAIHUTE CHUCTEMH € CBBP3BAaHETO Ha 0a3ara OT JaHHU CbC
ChOTBETHUTE Moaymu. To MOxke Ja He € ONTHMH3UpPAHO, a TOBAa BOXM OO HaMajsBaHE Ha
¢byHKIMOHAMHOCTTA Ha caita. Ilpn MHIUBHIyanHaTa cUCTEMa 3a YNPaBICHHE MOAYIUTE ca
pa3paboTeHH Jja OTrOBapsT HAITBJIHO Ha (PYHKIIMOHAIHOCTTA HA yeO MPUIIOKEHHUETO.

3akao4yeHue

Pa3paborenaTa cucTemMa 3a yIpaBJeHHE MOBHUINABA (YHKIMOHATHOCTTA Ha yeb 0Ga3upaHoTo
HPHJIOKEHHE, 32 KOETO ¢ pa3paboreHa. HamasnsiBaHe Ha BpeMETO 32 KOMYHHKALHUSI € TIOCTHIHATO C
onTUMu3aiys Ha 0azara orT gaHHW. To3WM MOJXOM 3a pa3paboTKa HA MHAWBHIYalTHH CHCTEMH 32
yIIpaBJICHHE Ha ChIbPKAHUETO HAMHUPA BCE MO TOJIIMA MOIMYJISIPHOCT, OCOOCHO MPH CIIOXKHU U
HecTaHIapTHH yeb caiiroBe. Pa3paboTeHara cucreMa € BHEJpEHA YCIEIIHO B CAlT 3a OTAaBaHe Ha
crpouTtesna Texuuka Ha pupmara BECTKOH, namupain ce Ha aapec: Www.bestcon.bg/2.
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GENERATION OF STEREO IMAGES IN 3D GRAPHICS
APPLICATIONS FOR STEREOSCOPIC AND
NONSTEREOSCOPIC DISPLAYS

Emiliyan G. Petkov

Abstract: This article discusses generation of stereo images by 3D graphics applications. Having stereo
images and appropriate device for observation the viewer receives two different images for both eyes. Then
the brain makes the depth. Such depth perception can be useful in many fields, for example, scientific
visualization, entertainment, games, virtual reality applications, validation of architectural objects, etc. For
correct generation of stereo images the work of the human eyes should be taken into consideration. The
paper gives different approaches for generating stereo images using two cameras in 3D computer generated
virtual worlds. The article demonstrates the anaglyph technology — the easiest way to have stereo images on
every personal computer.

Keywords: stereo, image, stereoscopy, 3D, display, graphics, application, anaglyph.

1. Introduction

Creation of stereo images is the technology dealing with two-dimensional drawings or
photographs that when one observes by both eyes he/she perceives the objects in three dimensions
(in space, not just in a flat plane). The technique and science dealing with it is called Stereoscopy
[2]. The pictures are produced in pairs (Figure 1). The members of a pair show the same scene or
object from slightly different angles that correspond to the angles of vision of the two eyes of a
person looking at the object itself. Stereoscopy is possible only because of human binocular vision,
which requires that the left-eye view and the right-eye view of an object be perceived from different
angles [6]. In the brain the separate perceptions of the eyes are combined and interpreted in terms of
depth.

Figure 1. A stereoscopic image watched through a pair of glasses

A stereo view can make a picture much more intelligible. When the picture is viewed properly
the viewer obtains a sense of depth in it. Even one stereo image (a pair of images) creates a virtual
three dimensional image in front of the observer. A stereo view can makes the picture much more
interesting and realistic and also reduces the visual ambiguity in it (such is which lines lay in front
of others) as well.

Stereoscopy is only one of the major three dimensional display technologies. There are
technologies that are autostereoscopic, such as holographic systems, lenticular (barrier strip)
systems and one-view or multiview autostereoscopic 3D displays [7,8]. Some stereoscopy systems
require additional devices such as special monitors, polarizing glasses and the high-end graphic
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cards. These are special systems and devices which are very expensive. This article also discuses a
stereoscopic technology that is applicable on every personal computer.

Stereoscopic pictures are viewed when the right eye can see only the right-eye image and the
left eye can see only the left-eye image. Special glasses are used to allow each eye to see only the
appropriate picture of the pair. There are different technologies that could be viewed in [7]. Some
stereoscopic systems are autostereoscopic which means that glasses are not needed.

There are different non-computer technologies for creating and watching stereo images. But
techniques on how developers to create stereo images in their graphics applications and watch them
on computer displays are required. This research aims to give an approach for stereo images
generation in 3D graphics applications.

2. Perceiving the three dimensional world
2.1. Human eyes

Human ability to perceive the world in three dimensions (3D) and the distance of an object is
called perception of depth [5,6]. Depth perception arises from a variety of depth cues. These are
typically classified into binocular cues that require input from both eyes (Figure 2). Binocular cues
include stereopsis, yielding depth from binocular vision through exploitation of parallax.

An object in front

Figure 2. Human eyes convergence

The two human eyes receive two different images. This is because they converge to point to
the same object but they have distance between each other (about 6.5 cm). This causes an object to
be viewed from two different angles. The two images are sent to the brain and it gives us the
perception of depth.

The approximate field of view of a human eye is 95° out, 75° down, 60° in, 60° up. About
12-15° temporal and 1.5° below the horizontal is the optic nerve or blind spot which is roughly 7.5°
high and 5.5° wide.

Human eyes have horizontal displacement. The distance between the left and right eye
projections is called the horizontal parallax of the eyes.

2.2. Cameras in 3D applications

Every 3D graphics system contains a type of an object called camera (Figure 3) [4]. The cameras
in 3D graphics applications are used to generate images from the 3D scene (Figure 3). They
simulate the work of real cameras. They can realize different types of projections. The projection
that is mostly used and gives a correct view of the third dimension is perspective. The obtained
images have dimensions in pixels.

When a camera is defined then position in the space, orientation and a shape of the viewing
frustum (volume) should be determined. Concerning orientation every camera is defined by u, v and
w directions; v is the direction of view, w points up and u points to the right from the camera [1].

Kommorspuu Hayku v texnonorun 1 2012 Computer Science and Technologies 48



@ 3

camera ‘
u

X

Figure 3. A camera and objects in a 3D space and the image from the camera

Also the shape of the viewing frustum should be determined. A near plane and a far pane
must be fixed. This determines the field of view along v. Because a rectangular image is needed,
the shape of the viewing volume is a rectangular pyramid, as given in Figure 4. So, the four angles
of every side (face) of the pyramid in relation to v axis must be set. For example, if the image
should have an aspect ratio 4:3, then the following angles could be set: 30° left, 30° right, 22.5°
bottom and 22.5° up. Then the camera has a horizontal aperture 6 of 60° and a vertical aperture y of
45°. Also a camera could be set to simulate the work of a human eye. In this case the viewing
volume of the camera should have values close or equal to the viewing angles of an eye.

far
plane
projection
plane
w
near
plane /
e v
camera
position

u

Figure 4. Camera view frustum

3. Obtaining stereoscopic images

The task of this research is human stereoscopic viewing to be simulated in 3D graphics
applications. Humans have two eyes, so two images are needed to perceive depth. The decision is
generation of stereo images. Two base methods will be discussed in regards to the placement of
both cameras. First uses a convergence of the v axes of the cameras in a point in-front of them and
second sets the v axes to be parallel. Both of them use cameras which work in perspective
projection.

3.1. Convergence technique

Following [4], to obtain two pictures, a left and right, slightly different cameras are used, as
suggested in Figure 5. The two cameras are built using the same look-at point but different
positions. But where to be put the left and the right cameras must be decided. In [4] a simple
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approach is given. It begins with a regular camera (named Cyclops) based on a single look-at point
and a single initial Cyclops eye (Figure 5). A vector up is chosen. These establish the Cyclops
camera with its u, v and w directions.

The left and right cameras are defined at slight displacements of the Cyclops eye, at some
distance D along —u and u, respectively. The choice of D depends on the unit of measure being used

in the application.

Projection planes
:

Left camera

Right camera

fl - focal lenght
fls - focal length of left and right cameras

Figure 5. Left and right, slightly different cameras are set (top view)

In this camera arrangement v axes of the cameras are set to verge at a point in the scene.
Obijects in the same plane where the convergence point lays appear in the image plane of the final
display if no other adjustments are made. Other objects can appear in-front of or behind the image
plane of the display depending whether they were in-front or behind the convergence point. Objects
that lie in front of the projection plane will appear to be in front of the display and objects that are
behind the projection plane will appear to be into the screen.

Projection plane
Causes (screen)
negative
Left camera paralax

Right camera Causes Causes
Zero positive
[1- an object paralax paralax

Figure 6. Positive, zero and negative parallax (top view)

The amount of image disparity, which is expressed in 3D depth, depends primarily on the
camera separation, but is also directly affected by the cameras zoom settings, the focal length and
the object sizes and distances from the convergence point [1,9].

Since the convergence point is behind the projection plane, it is called a positive parallax.
Look at Figure 6. Since the convergence point lies to the projection plane, it causes a zero parallax.
And since an object is in-front of the projection plane, it is known as a negative parallax. In this
case the projection for the left eye is on the right and the projection for the right eye is on the left.
As the object moves closer to the viewer, more than half way between the projection plane and the
cameras, the negative horizontal parallax increases to infinity.

The disadvantage of the method is designated by the cameras in Figure 5. The projection
plane of each camera is shown. The projection planes are not parallel and they are rotated in
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opposite directions. This results to distortions in the left and right images — in particular different
height distortions that introduce artificial vertical disparities which can become uncomfortable to
view.

The disadvantages of this method could be accepted for big space observation. In this case
convergence of the camera axes is the better way to ensure the whole field of view of the camera.
But when objects which are close to the cameras should be taken this method is not recommended.

3.2. Parallel techniques

The convergence technique has disadvantages that can not be ignored. They come from the
convergence of the cameras. The solution is cameras viewing directions to be set parallel. Creation
of stereo images involves rendering of left and right camera views from two positions separated by
a chosen distance. Both cameras work in perspective projection. The camera could look along
parallel vectors. Then the frustum from each camera to the projection plane is symmetric. In this
case a part of the left image does not exist in the right image and vice versa. But, after rendering,
those parts of the images could be trimmed off. The system of two stereo parallel cameras with
symmetric frustums is illustrated in Figure 7.

Projection plane

Right camera

Projection panel

Figure 7. Stereo-camera system with symmetric frustums (top view)

In this case the degree of the stereo effect depends on both the distance fd of the cameras to
the projection plane and the separation cs of the left and right cameras. Good results are achieved
when not too large separation is set. Otherwise a hyper-effect is observed. A good stereo-camera
system, for example, may use a horizontal aperture 6 of 60° and a vertical aperture y of 45°, a
separation of the two cameras 1/25 of the distance to the projection plane.

In graphics application usually an image with appropriate dimensions is wanted. In case of a
stereo-camera two images (left and right) with equal dimensions are needed. Let these dimensions
be w (width) and h (height) and cameras be created in a graphics application. After this the focal
distance fd and the camera separation cs should be set. Setting an appropriate value of cs parameter
can be done in the particular graphics application. A value of 1/25 of the focal distance gives very
good result (Figure 11). Now the horizontal aperture 8 should be calculated, having in mind that
6 <(0,z). Both frustums are identical. So, we could look only at the left one (Figure 7). We have:

|LLi|=fd |LiPr|:g+c—28, 0 LLiPr=90°, [ LiLPrzg and ge(o,%j, then
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Analogous the value of the vertical aperture y could be calculated:

y h h
gL =— = 2arctg— . 2
g5 =g = 7=2arctg— )

Finally, the dimensions (W and H) of the images that both cameras are expected to generate
before trimming should be determined. Both generated images by the render and trimmed off
images have a same height h; and generated images by the cameras should be extended with m
along width (but m=cs). So, the dimensions of the images that both cameras are expected to
generate will be:

W=w+cs, H=h. (3)

To combine the images, m is trimmed off the left of the left image and m pixels are trimmed
off the right of the right image.
Let’s look at an example. If we want to set to a stereo-camera system the following values:

fd =700, cs:%.fd:ZS, w=2800 and h=600,

then for the horizontal and vertical apertures of the cameras, and the width and height of both
images we receive respectively:

0=612°, y=46.4°, W =828 and H =600.

To create the stereo image we should trim off the left image along height and to take a sub-
image with x values of the pixels in the following range [28, 827]; and the right image along height
and to take a sub-image with x values of the pixels in the following range [0, 799].

May be the biggest disadvantage using this method is the need of trimming. But it has
valuable advantages and two of them are: no vertical parallax and the frustums of both cameras are
symmetric. To avoid the main disadvantage of this method a parallel technique with asymmetric
frustums will be presented.

Let the dimensions of every one of both images be w and h and two cameras be created in a
graphics application. Then the v axes of both cameras are set to be parallel and the focal distance fd
and the camera separation cs should be set as well. After this the projection plane should be
determined. Finally the apertures of both cameras should be calculated. Setting the frustums of the
cameras we want one projection panel to be achieved for both cameras. Other words, having the
frustums in Figure 7, we extend them as follows: left one to the right end of the projection panel (to
point Pr) and right one to the left end of the projection panel (to point Pl). So, we receive
asymmetric frustums. Let mark the horizontal aperture with 8 and vertical one with y, having in
mind that 6,y €(0,7). Let’s look at Figure 8. ULPIPr and ORRiPr are identical. So, we could discuss

only over the left camera frustum. Let #1=0 LiLPI and 62 =1 LiLPr, S0 8 =61+62 . Now we have:

|LLi|= fd, |LiP||:¥_C_25, OLLiPI=90° and ale[o,%j, then

W—CS W—CS
tgbl= 61 = arct ; 4
=50 = 9 0t ()

ILiPr| =2+ & 0 LLiPr=90°, then tgo2=""= = 92 =arctg L= (5)
272 2.1d 21d
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Projection plane
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Left camera

Right camera
Projection panel

Figure 8. Creation of asymmetric frustums

Analogous the value of the vertical aperture y could be calculated:

r_h _ h
tg 51 y = 2arctg o (6)
There is no photographic camera that has a possibility to take pictures using asymmetric
aperture and frustum. But there are graphics systems that have a capability to do this [4]. This is
because they work with perspective projection and it allows asymmetric frustums.
Advantages of this method are both: no vertical parallax and no trimming.

4. 3D anaglyph graphics application

Anaglyph images are used to provide a stereoscopic 3D effect, when viewed with glasses
where the two lenses are different colors, such as red and cyan. The picture contains two differently
filtered colored images, one for each eye. These two images may be produced by a stereo-camera
system. Images are made up of two color layers, superimposed, becoming one image. With the two
lenses of different colors every one of the eyes can see its own image. Thus a depth effect is
achieved [4,6].

Anaglyph applications we may call computer applications that produce anaglyph images on
the screen. These images could be static or movable. This means that movements on the screen of
the computer are expected. The main advantage of anaglyphs is that they can be viewed with a
minimum of hardware and expense. This kind of glasses is cheap enough for anyone and they are
distributed even in magazines.

The glasses have two different color filters — one for each eye, for example, red on the right
eye and blue on the left eye. The image that is destined for the left eye is colored in shades of blue
while the image destined for the right eye is colored in shades of red. Then the result will be: Ryina =
Rieft; Ginal = 0; Bfinal = Bright.

There are several types of anaglyph glasses in common use, red-blue, red-cyan, magenta-
green and red-green. If the left and the right images are in grey then the RGB result could be: Rinal
= GreYiet; Ginal = (GreYier + GreYrignt)/2; Bfinal = GreYrignt.
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&3 Anaglyph test application 2011 by Emiliyan Petkov

Figure 9. An anaglyph image generated by Anaglyph Test Application.
Convergence technique is presented

&3 Anaglyph test application 2011 by Emiliyan Petkov

Figure 10. An anaglyph image generated by Anaglyph Test Application.
Parallel technique with asymmetric frustums is presented

If red-blue glasses are used the left camera contributes the red in the final image, the right
camera contributes the blue in the final image, the green component of the final image is an average
of the green channels from the left and right camera images: Rfina = Rieft; Ginal = (Gt + Grignt) / 2;
Bfina = Bright. Increasingly the standard glasses being used are red-cyan. The mapping commonly
used is to take the red channel from the left camera image and the green-blue channel from the right
camera image: Rfinal = Rieft; Grinal = Gright; Bfinal = Brignt. The same can be accomplished but on a grey
scale image: Rfinal = GreYieft; Grinal = GreYrignt; Bfinal = GreYrignt.

To demonstrate and test the presented here research an anaglyph application has been
developed. Its name is Anaglyph Test Application. It is OpenGL graphics application and a virtual
3D world has been created in it [3,10]. The two main techniques for creating stereo images are
realized. It works in red-cyan color filters, so the images, that it generates, could be seen with red-
cyan glasses.

In Figure 9 a realization of convergence technique could be seen. A stereo-camera system has
been created with the following parameters of both cameras: w=800, h=600, fd=700, camera
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separation cs=1/5.fd=140, vertical aperture y=46.4° and horizontal aperture 6=59.5°. In the space
there is a box and the convergence point of both cameras is in the geometric center of the box. In
this image generated by the convergence technique vertical parallax is presented. It could be seen in
Figure 9 (in every corner of the box). This results to distortions — in particular different height
distortions that introduce artificial vertical disparities which can become uncomfortable to view.

&3 Anaglyph test application 2011 by Emiliyan Petkoy

Figure 11. An anaglyph image generated by Anaglyph Test Application.
Parallel technique with asymmetric frustums over an Elliptic Paraboloid

In Figure 10 a realization of parallel technique with asymmetric frustums could be seen. A
stereo-camera system has been created with the following parameters of both cameras: w=800,
h=600, fd=700, camera separation cs=1/5.fd=140, vertical apertures y1=y2=23.2° and horizontal
apertures 01=25.24° and 02=33.88°. In the space the same box as it is in Figure 9 is presented. In
this image (Figure 10) generated by the parallel technique vertical parallax is not presented.

An anaglyph image generated by Anaglyph Test Application and parallel technique with
asymmetric frustums over an object (Elliptic Paraboloid) placed in space between the stereo-camera
system and the projected plane is presented in Figure 11. The images presented by Figure 9, Figure
10 and Figure 11 could be seen and depth effect be perceived only if they are color printed and the
observer has red-cyan glasses.

All printed material, including text, illustrations, and charts, must be kept within the
parameters of the 8 15/16-inch (53.75 picas) column length and 5 15/16-inch (36 picas) column
width. Please do not write or print outside of the column parameters. Margins are 1 5/16 of an inch
on the sides (8 picas), 7/8 of an inch on the top (5.5 picas), and 1 3/16 of an inch on the bottom (7
picas).

5. Conclusion

In this article techniques for stereo-images generation by 3D graphics applications have been
discussed. One convergence technique and two parallel ones have been presented. Convergence
method is may be more natural but has a big disadvantage, i.e. artificial vertical disparities that are
introduced by vertical parallax. Parallel methods avoid the vertical parallax. Using symmetric
frustums the two images should be trimmed off, so here we need trimming. Usage of asymmetric
frustums avoids the need of trimming and it seems to be the best way for stereo images generation
by 3D graphics applications. All calculations for setting up a stereo-camera system have been given
as well. On the base of this research an anaglyph graphics application has been developed to
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demonstrate and test the theory. Examples generated by this software to illustrate the calculations
and the results of each technique have been given.

As future work the following thoughts could be shared: Usually human observes near objects
more detailed as remote ones. And now some questions arise here concerning near objects: How to
determine the limits of the virtual space? What limits should be placed when we allow 3D objects to
pass out the window of the virtual world to the viewer? Can we achieve realism in terms of the
visual objects (dimensions, distance, etc.)?
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MULTIWEBSITE SOFTWARE SYSTEMS

Dimitar Z. Dimitrov, Elena V. Racheva

Abstract: The paper describes new architecture and methodologies for mass website development. The
proposed software system aims the establishment of development standards within software development
companies which will optimize the development processes. This architecture will help upon building systems
based on Software as a Service (SaaS) model. The development optimization the architecture will enable
software development companies to serve and support times more companies then they can do with
conventional development.

Keywords: Software Systems and Technologies, Software as a Service, Software Development
Optimization.

MHorocaiiToBu cOPTyepHH CHCTEMH
Humutsp 3ap. Jumutpos, Enena B.Pauesa

Pe3iome: B crartmsara ce ommcBa HOBa apXMUTEKTypa W METOIW 3a Ch3JaBaHe Ha MacoBu Web-caliToBe.
[Ipennaranara codryepHa cucremMa menu BHeApsIBaHE B COQTYEpPHHUTE KOMIAHWU HA CTaHIAPTH, KOUTO IIE
ONTUMH3HpAT IIpolieca Ha pa3paboTBaHETO Ha caifToBe. Ta3u apXUTEKTypa IIe IIOMOTHE NMPH U3TPaXkJaHETOo
Ha cuctemHu, Oasupanu Ha momena SaaS (Software as a Service). OnrpummsaiusTa Ha apXUTEKTypara IIe
MO3BOJIM Ha TakWBa coTyepHHUTE KOMIAHHM Jia OOCIY>KBaT W MOJABPXKAT B MHTH IOBe4Ye (QUPMH B
CpaBHEHHE C KOMITAHUH, U3MOJI3BAIY KOHBEHIIMOHAIHUS MTOIXOI.

KirouoBu aymu: Codryepru cucremu u TexHonoruu, SaaS (Codryep mo mopwuka), Onrumuzanus npu
cb31aBaHe Ha codryepa.

1. Introduction

The definition “multiwebsite system” means a system which consists and controls a set of
many websites. When analyzing software development technologies, new development frameworks
impose standardization in development processes. Software design patterns as Model View
Controller (MVC) are imposed as a main standard in web development frameworks.

This paper covers a description of architecture and methodologies for developing a software
system for mass website development. The software architecture is a set of unique websites with
similar functionality. Each website of the set can have a different owner and can be controlled
separately. The system can have many website owners and each owner can have many websites.
Each owner can control all of his websites from a single administration point using a single sign on
(SSO). When the core functionality is created all the developers need to do is to develop the
differences in each website. For example if all websites in the set has an average of 80% similarity
in functionality, after building the core functionality based on the architecture to create a new
unique website they build only the 20% difference. The other option is to have non-unique websites
with unique content. In this case the core functionality will be prebuilt at 100%, and after the
system is created all they need to do to create a new website is to add a new account for the new
owner. That way, the multiwebsite software systems can optimize development processes to a level
that small software companies can manage and support huge amount of clients in a certain field of
development.

The paper describes a method to convert any regular single website MVC architecture to a
multiwebsite software system. This type of system architecture can implement specifics of the
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Service Oriented Architecture (SOA) [1]. The multiwebsite system architecture is also inspired by
other well known web architectures [2].

2. Architecture for a Multiwebsite Software System

There are two ways of creating a multiwebsite system. It can be created from scratch or a
single website can be converted to a multiwebsite system. The right approach should be chosen
depending on the specifics of each project. If a company decides to build Software as a Service
(SaaS)[3] solution based on the multiwebsite architecture it can build it from scratch to best meet
the architecture requirements. If the company has already created a single website, which will
represent a node of the multiwebsite set, they should choose the conversion from a single website
method to a multiwebsite system.

The case study example will be based on MV C architecture as it has the Model abstraction to
the database which is a good example for the database queries conversion methods. Web sites
created using an inline queries are harder to convert, but can be done using the same guidelines.

3. Conversion Method from a Single Website to a Multiwebsite Software System
The method can be described as the following series of steps:

a. The MVC architecture of the original single website
When a website is built using MVC based framework the architecture is as described on

Figure2 (4.
CHant |
_________ 1____________________1_________.
Internat
F
o ﬁ:hlfn}t _____________________________
! +
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E e Viaw
i Model
L Server |

Fig. 1. Model View Controller Architecture

Converting MVC based website can show clearly how each part of the software should be
manipulated. For creating the simplest multiwebsite system, the Model of the single website is the
first layer which has to be converted. The Model is an abstraction of the database. The conversion
should result in the ability of all websites of the system to have their own database records in the
tables the original website had. This will allow all websites to have unique content.

b. The website nomenclature table

The core of this method is the website nomenclature table in the database. A table with the
website main settings needs to be created. The system websites only represent different versions,
views and content with the same functionality depending on the user’s entry point.

The website nomenclature in its simplest form should contain an identifier column and a
website name column for visual recognition within the administration. The identifier column will be
related to each table in the database. What the user gets as a response will be depending on the
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website identifier he submits. The submission of the identifier is transparent for the end user. The
easiest way is to have the id directly posted with the system url request e.g. http://system-
domain.com/8. With the right routing rules the identifier will be set for the desired website.

c. The multiwebsite system initialization

To get things really transparent a new “domain” column has to be added to the website
nomenclature table. That way any website can be defined by a certain domain name. For example
when a user requests the url http://mydomain8.com the multiwebsite system initialization will
handle the request and will find the identifier which this domain stands for. Once the system gets
the identifier for a website it will bring all the content, views, settings and custom functionality for
that identifier. In order all applications to have access to the chosen identifier the initialization of
the website has to put it in a session variable to be available through the whole user session. The
initialization should be executed whenever a session expires or a new session has to be created for a
new user. For further use in this paper the site identifier variable can be named $site_id.

If the system will use unique domain names for each website, each new domain should be
forwarded to the multiwebsite system front controller where all the initialization and dispatching
work will be done. This means that each domain will open the same physical location but the user
will get different resources based on the domain name. For example there can be
http://shopsite.com, http://modernshops.com, http://shopformen.com all opening the same system,
but the user will get transparently 3 unique websites.

The initialization of the administration of the website should be done separately. The
principals of identification of the website in the administration are similar to those in the front end.
The difference is that an administrator should be able to control more than one website. Depending
on the administrator rights, when he logs in the administration panel the initialization of the system
will find the administrator depending on the credential details like username and password. Then
depending on his rights over certain websites the system will allow him to reinitialize for different
websites. The initialization will show him the administration for his default website and will give
him an option that could be a drop down menu with the websites he has access to. When he chooses
a different website from the menu a re-initialization will occur with the new website identifier.

d. Conversion of the Model layer

Once the website identifier is defined, the multiwebsite system must distinguish the right
resources for the identified website. The content the user will receive will be delivered trough the
Model layer. All the queries to the database are in this layer. All methods in the Model need to be
modified to query only the data of the identified website. To reach this goal a new site_id column
must be added to all tables in the database that will be shared between the websites of the system.
This column will be related to the website identifier column in the website nomenclature table. The
example in Figure 2 shows a relation of a product table from an ecommerce website to the website
nomenclature table.

site . product
id id
name site_id
domain name
price

Fig 2. Example of a structure and relation of the website nomenclature table to a random table in the
database

When the physical database is modified and the model is rebuild according to the changes, the
next step is to modify the methods in the Model that query the database. The “SELECT” queries
must have additional clause to the “WHERE” statement with the website identifier. E.g. “SELECT
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* FROM products WHERE site_id=$site_id”. The “INSERT” and “UPDATE” queries must be
modified with an additional “SET” statement. E.g. “INSERT INTO products SET price=$price,
name=$name, site id=$site id”.

Some development frameworks use separate sub-frameworks for the Model layer. These sub-
frameworks implement the Object Relational Mapping (ORM) technique. More popular ORM
projects for PHP are for example Doctrine and Propel. If an ORM system is used in the original
website the conversion methods should be done according to its rules and object interconnectivity.
The result queries should comply with the conversion rules described for standard SQL queries.

e. Administrators (owners) of websites in the multiwebsite system

The conversion in the back end of the system is the same as the front end. The difference is
that there is an authentication with administrator’s credentials. Based on this credentials
administrators will have the right to view and work with the administrator’s section or just part of it,
depending on the rights he has. He can have read only rights, or just permissions for a number of
modules and actions. When an administrator of a website has access permissions only to a single
website, he will not see any difference then administrating the original single website. But if he has
access to more than one website he will enjoy the benefits of the Single Sign On (SSO), the
common administration user interface of all websites he manages and the possibilities of
interconnectivity between his websites resources.

In a multiwebsite system there is a need to manage and support the whole system. This means
a super administrator access needs to be created. When we have implemented the current logic this
is quite simple. We just create a user with access to all websites. This will grant them permissions to
help site owners with their daily work and troubleshoot problems. Depending on the type of
confidentiality of specific systems this type of access can be limited.

The super administrators need a core functionality, to work with website accounts and
administrator permissions. This functionality will allow them to add/approve new websites to the
multisite system, stop/start websites depending on payment status, terms and conditions
compliance, or other rules.

If the owners can add their own websites to their account it will increase the system’s
automation. If the websites in the system are paid, a payment gateway can easily automate that and
make the whole website creation process unsupervised. This will free the man power needed to
create each account. And those people can focus on support and upgrades development.

At this point the multiwebsite system will be completely functional. Each website can have
unique content, one owner can have many sites and one site can have many owners/administrators.
All parts of a website can be multiplied in a multiwebsite system and all websites in the
multiwebsite system can be unique to the users.

f. Conversion of Views and Templates

Again the separation of the View in the MVC architecture is a good work practice and will
enable us to use different approaches for the conversion of the different layers of a website. In order
to make unique designs to cover the similar functionality, the templates, views and all publicly
available files like images and css scripts must be separated in a group. This group can be a folder
with a specific name, which can be cloned and changed in order to create a brand new unique
design for a website in the multiwebsite system.

In order to make things more dynamic new rows “template name” and “template path” should
be added in the website nomenclature table. This way the different available templates can be
controlled trough the system administration. If the grouped templates are in different locations and
with different names as suggested, changes in all the controllers have to be made, and the controller
templates should be decided depending on the website configuration.

If the software system is developed using a Templating Framework, the previous operations
will be unneeded as those systems include much more sophisticated ways to allow designers to
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develop templates for a system and ways for users to manage them. There are many projects for
template management like Twig, TinyButStrong, Outline, Open Power Template, etc.

The template is one for the whole user session, therefore it is a good practice to define each
website’s template in the initialization part and store the defined result in a session. This way all
controllers will set the right template name and path stored in the session and no database calls will
be necessary after the initialization of a website.

A multiwebsite system can be developed with prebuilt designs which can be used by different
website owners. The designs can have free and paid versions. Website owners should be able to
create and upload their own designs based on any of the original designs. This way each site owner
can have a unique website just by tweaking an original design.

For the more professional designing a interface protocol should be distributed to the website
owner with guidelines of the requirements needed in order to create a brand new custom design.

g. Converting the Static Content

The only part of a single website that is left for conversion is the static content, hard coded in
the web pages. If we don’t convert this hard coded text it will not fit all web sites in the system.
Suggested approaches for making static content dynamic are the following:

e Importing all static content in a database. Creating a new model with all the model
requirements commented in point 4. The model needs to have a row identifier, which represents the
placeholder of the static content. Then all the static content should be replaced with the
corresponding in the database according to the content identifier and site identifier.

e Another option is using a unique template. If the static content is hardcoded within a
template, it can be easily customized if the template is cloned for customization. This approach is
not as flexible as the new template will need additional support resources.

h. Dividing the system into modules for upkeep and management optimization

Enabling site owners to develop their own unique functionality could be achieved by
separating the whole system into logical modules. A new Module nomenclature should be created.
The modules can have hierarchy of parent-children modules. They can be called by module
identifiers in the system websites. The system administrator can start or stop a module for each
website. If the system is module based it will not be strictly typed and all type of modules can be
added. E.g. there can be a module for e-commerce and a module for e-learning. And two different
types of websites can be joined in one multiwebsite system. If the multiwebsite system developer
decides to allow the website owners to build their own modules, a module API for the module
development should be created. Dividing a system into modules is a well known strategy to make
an easily extendable and upgradable software [5].

I. Scalability of a multiwebsite system

The multiwebsite system can start with one website and in time reach a million websites with
a rapid grow. With each additional website more resources will be needed. The rules for scalability
[6] and optimization of a multiwebsite system are not different then a regular rapidly growing
website. Techniques like load balancing, Database clustering and partitioning, etc. are just as
applicable in a multiwebsite system as any other fast growing software system. A new trend in
recent years is focused around Cloud Computing [7].

4. Conclusions and Future Work
The described conversion method has been successfully implemented in an experimental

project. A multiwebsite ecommerce platform has been created with the trademark Get a Mall
http://getamall.com. The project offers online shops as a facebook application. The application is
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installed as a tab menu in a desired facebook page. The project has 4 initial unique designs, and
some additional paid modules as group shopping.

The theoretical and practical experiments in the development of a multiwebsite system
architecture has led to the following conclusions:

- The multiwebsite system architecture can decrease the resources needed to handle a big
amount of orders, and to support a big amount of customers.

- It can bring the focus of software companies more on the business side to optimize sales and
marketing strategies, rather than focusing on the development side to recreate similar websites over
and over again using valuable man power and other resources.

- As most SaaS systems it will bring much less risk in day-to-day business. Because of the
monthly or annual fees it allows to make better strategic planning for the companies as they can
predict incomes and expenditures better.

- It will make the company developing the system much more competitive. E.g. a customer
wants a unique ecommerce website. With the system it can be done within a minute with prebuilt
designs, or just by tweaking a design, while standard unique development can take weeks or months.

- By reducing the cost for development the company can also be competitive in pricing.

- To create the original ecommerce application a team of 2 developers and one designer spent
all together 480 hours. To implement the conversion method the same team spent an additional 780
hours. The system now allows a website with the same functionality to be created within a minute
of a non-developer using the administration panel. More precise data could be collected after more
executed projects, but with the initial data we can conclude that this method should be used if the
company intends to build more than 3 similar websites. The reason for this conclusion is that the
time to create the system took nearly the time to create 3 websites of this scale. The data is relative
and results will not be the same for the different type of projects.

In the near future a new experiment will be conducted upon new theory optimizations of the
method. A standard prebuilt administration will be developed to be used freely for all projects
implementing this method. This will help save the developers a lot of initial work, which is
mandatory for this type of architecture.
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CUCTEMA 3A AHAJIN3 U IUATHOCTUKA HA IU®POBH
MN30BbPA’KEHUSA HA KPBBHU ITPOBH

Bennucinas . Hukonos, Xpucro I. Beiuanos

Pe3rome: B cratmara e mpeactaBeH IOAXOJ 3a M3rpakAaHe HAa CHCTeMa 3a Obp3a JAMAarHoCTHKa Ha
3a00JIsIBaHUS, 3acAralll CHhCTOSIHUETO Ha KPBBHUTE KIETKH KaTo MPOMEHUM B rojieMHHaTa, ¢opmara,
OLIBETSIBAHETO, HAJIMYKME Ha BKIIOYBaHUS B TiIX W jAp. [IpencraBeHoTo pemieHue ce 0a3upa Ha aHAIW3 Ha
M300pakeHNATa Ha KPBBHHUTE KICTKM 4Ype3 OTAEISIHE HAa TEXHUTE KOHTYPH W TAXHOTO H3MOJI3BAaHE 32
¢dopmupane Ha omucanue U OoOydeHHWE Ha HEBpOHHA Mpexka. Cucremara MO3BOJSIBA CHCTEMaTH3MpaHe Ha
JaHHWUTE 3a Pa3lpOCTPAHEHUETO Ha 3a00JSBAHUS, KOETO JaBa Bb3MOXKHOCT 3a U3rpaxkJaHe Ha Oa3upaHa Ha
MHTEPHET TEXHOJOTUUTE CUCTEMA 32 PAHHO M3BECTSIBAHE NP CIHCMUH.

KarouoBu nymu: HeBpoHHHN Mpexu, TUarHOCTHKA Ha KPBBHH ITPOOH, 00paboTKa H300paKeHHs.

System for analysis and diagnosis of digital images of blood samples

Ventsislav G. Nikolov, Hristo G. Valchanov

Abstract: In this paper is described an approach for system for facilitation of disease diagnosis that concerns
the red blood cells state as changes in their form, color, foreign substances, etc. The present solution is based
on analysis of blood images by separating of blood’s edges and their use for creating a description and
training of a neural network. Moreover it allows systemizing data for disease dissemination that facilitates
development of a global Internet-based early epidemics warning system.

Keywords: neural networks, blood images diagnosis.

1. YBoa

ABTOMATH3UPAHUAT BH3YyaJieH aHAIN3 Ha N300pakeHUs HAMHpPA BCE TIO-IIUPOKO MPHIIOKCHHE
B copryepHute cucremu. Toil uMa MpeaUMCTBaTa, Y€ OCUTYpsSBa BUCOKAa CKOPOCT M 3HAYUTEIHO
HaMaJIsIBaHEe Ha OpOs Ha XOpaTa, aHTaKHUPaHH 110 H3BHPIIBAHETO HA JCHHOCTH, CBbP3aHHU C aHATN3A.

Penuna 3a0015BaHust KOUTO BOAST 10 MOP(POIOTUYHHN U3MEHEHHS Ha KPBBHUTE KJIETKU MOTaT
na ce uAeHTU(UIMPAT ¢ TOMOIITa Ha BU3yasieH KoHTpol [8]. TakuBa ca HarpuMmep, HIKOU BUIOBE
Manapusi, aHeMHsl U Jp., IPU KOUTO ce HabJroJaBaT MpoMEHH BHB opmara, pazMepa Wi APYrd
XapaKTePUCTHKHU Ha KPbBHUTE KIIETKH, HACTBHITHIIH ITOPAIU BHHIITHA BKJIFOUYBAHUS WM MTATOJIOTHYHU
n3MeHeHus. CUCTEMHTE 32 aBTOMAaTUYCH aHAIN3 Ha KPHBHU MPOOU MPEoIoysaBaT OaBHATa CKOPOCT
Ha YOBEILKHS aHaJIM3, OTHEMAI[ 10 HAKOJIKO yaca. OCBEH TOBa, B Cllydyail Ha €NUAEMHH, Ce Hajlara
OBP30 TUArHOCTHIIMPAHE HA MIMPOK CHEKTHhP MAIIMEHTH, KOETO U3UCKBA HATMYUETO Ha TOJSIM Opoit
MEIWIIMHCKU JUIa. To3u Opoll B MKOHOMHYECKH HW30CTaHAIUTE Treorpadcku permoHu obade, €
4ecTo HemocTarhbyeH. Pa3pa0oTBaHETO M BHEAPSIBAHETO HA AaBTOMATHU3UPAHH CHCTEMH, KOHWTO
MO3BOJISIBAT B KPAaTKU CPOKOBE C MUHHUMAHHM YOBEIIKH PECYpCH Jia MOATIOMAarar JHarHOCTHKATa,
MOTaT Jja TO3BOJIAT YBEIMUaBaHE HAa CKOPOCTTA HA aHAIM3a U J]a HAMAJISAT BIUSHUETO HA YOBEUIKUS
(dakTop.

B cratusita e mpeacTaBeH MOJXOM 3a M3rpa)<IaHe Ha CUCTeMa 3a Obp3a uAcHTU(HUKAIUS Ha
3a00JIIBaHUS, TP KOUTO Cce HAOII0AaBaT MOP(OJOTUIHH IPOMEHH B YePBEHUTE KPBHBHHU KIICTKH.
WNnentudukanusara ce H3BHPIIBA TMOCPEICTBOM aHATIN3 HA W300paKEHHsI MOJIYYCHH 0 CTaHAapTeH
USB wuHTepdeiic oT cBbp3aHa KbM MHUKPOCKOI Kamepa 3a HaOJIo/IeHHEe Ha KPBBHUTE IMPOOH.
Cucremara ce xapakTepusupa ¢ MAJIKH U3MCKBAHHS 10 OTHOIICHHE Ha TEXHUYECKOTO 000pyABaHE -
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MOTarT J1a ce M3MO0JI3BaT OOMKHOBEHa yed Kamepa M HeCHenHaTN3UpaH MHUKPOCKON B ChCTOSHUE 1
yBenn4asa okojo 1000 mbTH KapTHHATA OT KPBBHUTE IPOOU.

W3BecTHu ca peamua coMTyepHH pEIISHHS H3IIOJI3BAIIM PAa3IMYHU METOIU 3a aHalU3 Ha
mudpoBu u3o0pakeHuss oT KpbBHU npobu [10], kato Hampumep Tpanchopmanmu Ha Xad 3a
OKpBXHOCTH [12], XucTOrpaMM ¥ CpEIHH OTKJIIOHCHHS Ha CEIMEHTH B H300paXEHHETO,
napametpuunu onucanus [11] u ap. [IpeacraBeHoro B cratusta peuieHue ce 0a3upa Ha aHAIN3 Ha
n300paKEHUETO Ype3 OTHENITHE Ha KOHTYPUTE Ha KPBBHUTE KIICTKH M TAXHOTO H3IOJI3BAaHE 3a
dbopMupane Ha omucaHue U oOyueHHe Ha HeBpoHHA Mpexa. OOydeHHeTo Ha MpekaTa BKIIOYBA U
nocieABano Kiacuupane Ha HOBU IPHUMEPH Ha IPOMEHEHU KPBBHU KIIETKH.

2. OnucaHue Ha MOAX0/Aa
2.1. O6padoTka Ha H300paKeHUsITA

B o0mmust cimyyail MUKPOCKOITICKHTE HM300paXEHHSI Ha KPBBHUTE KIETKH CHIBPKAT TOJSAM
ob6eM uH(poOpMaLus, KOETO Hajlara U3MojI3BaHe Ha TEXHUKH 3a Obp3a 00paboTka u aHanus. Llenra e
Jla ce W3BJIEKAaT T.Hap. HEIPOU3BOIHU €JeMEHTH [l], KOUTO Ja MpeaocTaBAT AOCTAThYHO IIBJIHO
onucanue. Thi Karo M300pakeHUsATa Ha KPbBHHUTE MPOOM ca ¢ royisM Opoil BU3yalnHH OOEKTH,
KOUTO TpsiOBa aBTOMAaTH4YHO Ja CE€ aHAJIU3UpPAT, CE€ Hajara W3BIMYAHETO CaMO Ha OIpPENEeJIEHU
XapaKTEePUCTUKH OT CETMEHTUTE B M300paKeHHETO. 3a IeJTa C€ ChCTABAT NMPHU3HALM, BCEKU OT
KOUTO TIIPEJICTaBIIsIBa aNpOKCHMAI[MOHHA TpaBa JMHHMS Ha KOHTypa Ha KpbBHA KieTka. Eaun
HPU3HAK CE MPEACTaBs Ype3 BEKTOP OT MeT eJeMeHTa (X1, Y1, X2, Y2, SiN, COS), KaTo 3a TAXHOTO
OIIpe/IEIIsiHE CE U3MBJIHABAT CIECIHUTE CTHIIKU:
e 1(POBO NPECTaBIHE HA H300paKEHUETO;
e omnpeleNnsiHe Ha KOHTYPUTE Ha BU3YaJIHUTE OOEKTHU (UEpBEHU KPBHBHU KJIETKH) U TSIXHOTO
W3THHSBAHE;

e 00XOXJIaHe Ha KOHTYpUTE M OIpe/essHE Ha KOHTPOJHHU TOYKM 3a 000coOsiBaHE Ha
MpU3HALY;

e (opmupane Ha onucaHue Ha O0EKTUTE B U300paKEHUETO UPE3 OMMCAHUE HAa TPU3HALUTE.

2.2. lln¢pposo npeacraBsiHe

Ot nmonydeHoTo n300pakeHrne MbpBOHAYATHO ce (opMUpa JIByMEpHA MaTpHUIla OT €JIEMEHTH,
BCCKHU OT KOHUTO CC€ CHCTOU OT UCTHUPU CTOi/JIHOCTH, CbOTBCTCTBAIIM Ha CHJIaTa HAa TPUTC LBCTOBU
KOMITOHEHTHU (UepBeHa, 3€JIeHa U CHUHA) U CTETNeHTa Ha MPO3PAaYHOCT Ha ChbOTBETHHUS MHUKCEN. 3a J1a
ce WM3BBpIIAT OIEpalMUTe B cienBamiara ¢a3a, HEOOXOIUMO € BCEKH EIIEMEHT Ha W3XOJHaTa
MaTpulla Jla ce TPeTUpa KaTo aToMapeH eleMeHT. ToBa Hamara TpaHchopmanus Ha HUPPOBOTO
MpEeJCTaBsIHE MO TaKbB HA4YHMH, Y€ BCEKH IHKCET Jia C€ XapakTepu3upa caMoO C €IHO YHUCIIO,
CHOTBETCTBAIIO0 HAa HEroBaTa SPKOCT. 3a IeNiTa CE€ U3BHPIIBA MpeodOpa3yBaHEe Ha I[BETHOTO
M300pakeHUe B 4epHO-0s10. ATTEPHATHBEH MOIXO € 1a ce 00paboTBa M300paKEHUETO BHB BCSIKA
OT IIBETOBUTE KOMIIOHEHTH M KOMOMHHUpAHETO Ha pe3ynraTute cien obpadborkara. dopmupaHeTo
Ha YEpHO-0s5U10 M300paKeHNEe B CHCTEMAara Ce M3BBPIIBA Ype3 NMPecMATaHe Ha cpelHaTa CTOWHOCT
Ha SIPKOCTTA Ha BCSIKA IIBETOBA KOMITOHEHTA.

2.3. OnpeneJsisine HA KOHTYPHUTE
OmnpenensiHETO Ha KOHTypUTe ce 0a3upa Ha OTKPUBAHETO HA TOJIEMU TPaTUEHTHH MTPOMEHU B

SPKOCTTAa Ha 4epHO-0s10TO M300paxkeHue [4]. 3a ga ce OTKpHUAT TaKWBa MPOMEHH CE IpecMsTa
MPOU3BOHATA Ha sipKOCTTa. [Ipy eAHOMEpPHO MPOCTPAHCTBO, TOBA CE€ U3BBPILIBA 110 CICAHUS HAUUH:
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£(x) = lim f(x+Ax) — f(X) (1)
Ax—>0 AX
Ilpu pasriiexaaHe Ha ABYMEPHOTO MPOCTPAHCTBO, B MpEACTaBEHATa CHCTEMA, CE€ ChCTaBs
omnepatop Ha [IpeBut [2] 32 OTKpHBaHE HA KOHTYPH B H300pa)KEHHETO MO0 XOPH30HTANIA, BEPTHKAIA
U 1o auaronain. M3o0paxeHuero ce 00X0Xaa C KOHBOJIOIMOHHA MAacKa, MPU KOETO 33 BCEKH
MUKCEIT ¢ KoopauHaTH (i, J) ce M3BBPIIBAT U3YKMCICHHUS, aHAIOTHYHO Ha [9]:

g i)=> S f(mmh(-m,j-n), @)

m=—-an=-a

kbaero a=(k-1)/2, f e spkocrTa Ha H300pakeHHETO, a h € KOHBOJIIOIMOHHA MacKa ¢ pasmepu K
x k.

®opmyna (2) onmrcBa GopMHpPAHETO HA KOSPHUIIMEHTHTE, OICHIBAIIN HATMYNETO HAa KOHTYP.

3a pa3TUYHUTE MTOCOKH CE€ ChCTaBAT PA3TUYHU MACKH M KOTaTO CHJIaTa Ha TPAJUEHTHHUS CKOK,
ompenerneH upe3 Gopmyna (3), € mo-roiasMa oT MPeABAPUTEITHO 3aIaJICH TIpar, B CbOTBETHATA TOYKA
ce MapKupa Hallu4Kle Ha KOHTYp, KOETO ce M3I0JI3Ba OT CIeJBAIINTEe eTan Ha 00paboTka.

: ©)
KBJIETO
of _ lim f(x+Ax,y)— f(x,y) 4
OX Ax—0 AX
AN _ i Ty +4y) = T(X,y) )
8y Ay—0 Ay
o
_| ox
v = of (6)
oy
[Tocokara Ha KOHTYypa ce ompeness Mo ClIeTHUs HauuH [5]:
M
dir(Vf )= tan‘l(M—y] 7)

2.4. Ooxox1aHe u popMuUpaHe HA ONMCAHUE

OnrcaHneTo Ha KPBBHUTE KJIETKM B KapTHHATa Ha HW300pakeHHETo ce ¢opmmpa, dpes
CIICZIHUTE CTHIIKU:
e 00xoxIaHe Ha KoHTypuTe [6]. Ilukcenurte, mpuHauIekald Ha KOHTYp, C€ pasriexiaaT
KaTo BBPXOBE Ha rpad M ce M3MBJIHSIBA OOXOXKJaHE B ABJIOOYMHA ¢ OTOpOsSBaHE Ha
MIOCETEHUTE BHPXOBE B OpOsY.

checkLinelLength ((x, vy), IObinxnHA) {
nrKces (X, y) Ce MapKypa KaToO OOXOIeH;
aKo_ chCern Ha (xX,y) € KOHTYyp M He e oOxomneH
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oexmuHa = checkLinelength (cwcen, nomxmHatl)

}

return OBJIXMHA;

}
AKo cTOWHOCTTa Ha 6p0}1qa € paBHa HaA OpCABAPUTCIHO 3aJaJl€HAa MaKCUMaJIHa CTOMHOCT
WK € 10CTUIrHarT Kpaﬁ Ha JIMHUATA HAa KOHTYpa, CC MMOCTAaBA MapKEp HAa KOHTPOJIHA TOYKA.

® MEXIYy ChCCIHHTE KOHTPOJIHH TOYKU CE€ IOCTPOSBAT ampokcumupariu npasu (dwr.l).
Bcesika mpaBa | ce onpezessi €IHO3HAYHO, Ype3 KOOPIUHATUTE Ha J(BETE KPAaHU TOUKU —
(X1, Y1, X2, Y2). OcBeH Te3u KOOPIMHATH, 33 BCSIKA MpaBa Ce ONpPE/eis U bI'bja Ha HAKJIOHA
¢ cupsiMo abcuucara;

® IIpecMATaT Ce CHHYCa M KOCHHYCa Ha BI'bII ¢,

® OKOHYATeNHO ce (OpMHUpa OMUCAHUETO Ha MPU3HAK | upe3 enemeHTUTE (X1, Y1, X2, Y2,

sin(p), cos(p))-

Ot uHpopManusTa, OMKUCBaIIa PU3HAIIUTE, CE U3I0I3BAT CaMO TOCIICTHUTE JIBa CIIEMEHTA -
sin(p) u cos(p).

/ Kontyp

Arnpokcumupaina
paBa

‘bren ¢ Ha HAKIIOH Ha
anpOKCUMHpAIIA
MpaBa MEeXIy MapKepu

1000
1100
1110
1111

KaTeropms

KaTeropmsa
. _/ KaTeropus
s (P KaTeropmsda
cos @ .

Ssw N

@ur. 1. II3B1nyane Ha I/IH(i)OpMaLII/ISI OT IIpU3Halu B I/I306pa)KeHI/ICTO 3a o6yquI/Ie Ha HCBpPOHHATA MpPCiKa

ToBa mo3BoinsiBa aa ce mpeHeOperHe pasMepa Ha YBETUYCHHETO HAa KPHBHHUTE KJIETKH OT
KaMepaTta 1 a €€ U3BLPIIN aHaJIu3 Ha cbopMaTa Ha KJIICTKUTE WK HAJIMYHUECTO HA YYKOU TCJIa B TAX.
Te3u maHHMU OCBEH TOBa MpHEMAT CTOMHOCTH caMo B MHTEpBala -1 + 1, K0eTo € OCHOBHO U3UCKBaHE
KbM JIaHHUTE 3a 00y4YeHHWEe Ha HEBPOHHH MPEXKH C OOpaTHO pa3NpOCTpaHEHHWE Ha Tpemkara [3].
W3mon3Bar ce W CHHYC U KOCHHYC, ThH Karo aKo HSKOS OT ampOKCUMHUpAIIUTE IpaBU €
XOpPU30HTAJIHA WM BEpTUKAJIHA IpaBa, TO CUHYCHT (PECHEKTUBHO KOCHHYCHT) € Hyja, KOETO He
HOCH T0JIe3Ha HH(OpMaIHs 32 aHaTu3a.

3. O0yuyeHMe HA HEBPOHHATA MpesKa
Crnen ¢opmupaHe Ha ONUCAHMETO HA KOHTYPUTE Ha M300pa)KEHUATA C€ MPUCTHIIBA KbM

oOydeHre Ha HeBpoHHATa Mpexa — ¢ur.2. Ts € OT T MHOTOCIIOEH MEePCeNnTPOH U ce o0ydaBa 1o
[IMPOKO M3MOI3BAHUS aITOPUTHM C 00OpaTHO Pa3MpPOCTPAHECHUE Ha TPEIIKaTa.
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[Ipu3Hanu —\ Kon Ha kareropus
ooywasamr | — (OO0 000000
puMep ﬂ
HeBponna I'pemxa
MpexKa
OntnMmuszanus [«

®@ur. 2. O0ydeHne Ha HEBPOHHATA MpPEXxa

BbposT Bxo/10Be € paBeH Ha Opost HA BCUYKU IPU3HALM YMHOXKEH IO JIBE (32 CUHYC M KOCUHYC

Ha BCEKH IMPHU3HAK), a OpOsAT Ha U3XOAMTE € paBeH Ha Opost Ha kareropuute. Cucremara moIbpka
MHOYKECTBO Bb3MOXKHOCTHU 3a HACTPOMKa: pa3jIMyHM IO TUI aKTUBALMOHHH (DYHKIIMU, KPUTEPUH 32
Kpail Ha oOyueHuero u T.H. Ciex ycnemHo oOydeHue, NpH JOCTUTAHE HAa JOCTAThYHO MaJIka
rpellika ¥ BaJUIUpaHe Ha CIOCOOHOCTTA 3a TeHepalnu3alus, LEeIUAT KOHTEKCT (Terjla U HaCTPOHKHU
Ha HEBPOHHAaTa Mpeska) ce cbxpaHsaBaT B XML abpBo. Ilpu 3asBka OT KIIMEHT, I5PBOTO CE IpeaaBa
KBbM HEro, KbJETO MOIYJBT, CJI€J IOCTPOSIBAHE HAa HEBPOHHATa MpEXa B IIaMETTa, MOXE Aa 5
U3I0J13Ba 32 KIACU(UKALUSA HA HOBH N300paKEeHUsL.
BxoaHo-u3xoaHuTe 00ydaBaiy JBOWKHU BEKTOPH ce (POpMUPAT 110 CIESIHUSA HAYUH:

® BXOJHUAT BEKTOp Ha BCEKHM oOydaBall NpPUMEpP C€ ONpeneNs OT IMpU3HALUTE Ha
CBOTBETHOTO u300pakeHue. Te ce Qopmupar cien omnpeaensiHe Ha KOHTYpUTE Ha

KPBBHHUTC KIICTKHU,

® U3XOJHHAT BEKTOp Ha 0OydaBaIusi MpUMeEp ce OTpeaess, Upe3 KOAUpaHe Ha ChOTBETHATA
KaTeropusi KbM KOSATO NpuHaANexu uzodpaxenuero [7]. KomoBere Ha kateropum ca
JIBOWYHHM BEKTOPH, BBB BCEKU €JIEMEHT Ha KOUTO CE€ 3alMCBa CTOMHOCT €IMHUIIA, aKO
HHACKCHT MY € IIO-MaJIbK WJIM PABCH HA MOPCAHUA HOMCP HAa TEKylIlaTa KaTCTropusad HIIN

HyJa B IPOTHBEH CITy4ai.

4, Peanmu3zanus Ha cucTeMaTa 3a JMArHOCTHKA

Ha ¢ur. 3 e nokaszaHa cTpykTypara Ha pa3paboTeHara Ha 0a3aTra Ha MPEUIOKEHUS MOJIXO0J]

CUCTEMA 3a JUarHoCTHKa. Ts ce ceeTOM OT AIMUHHUCTPATUBECH U MHOXECTBO KIIMCHTCKHA MOYJIH.

HacTpoiku
Ha cicTeMata
& _I_. "}‘f\

rpac!

hunTtpu

Cucrema
3a AMarHocTMka

\ - 4

4

HaCTPoiikn
Ha HeBpOHHaTa
Mpexa

&

ApMHUHUCTPATUBEH
mMoayn

oo

OBYHEHUE e

n3obpaxeHnsn
(o6y4asawm npumepm)

KoTeropusupaHe

noc \

~
oTyeTH

nogaLpxaHe
Ha CTaTUCTUKK

—e \ /

v

@ur. 3. CTpyKTypa Ha cUCTeMara 3a JUarHOCTHKa
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B aaMuHHCTpaTHBHUS MOIYJIT ce€ ChIAbpXka HWHpOpMAanus 3a 3a00JsBaHHs, KOSATO CEC
NPEI0CTaBs KbM KIMEHTCKATE MOIYJIM C IOMOINTa Ha ycuyrd. MHdopMmanusaTa ce u3rpaxia upe3
NPEIBAPUTEITHO CTPYKTYPHPAHU M TPYIHMPAHH CHOpEN 3a00IIBAHUSTA W300paKEHUS HA KPBHBHU
KJICTKH. KJIaCI/I(bI/IHI/IpaHeTO CC HM3BbHpHIBA OT CKCHCPTHU-MCAHMIMHCKH JIMIA, KOUTO IMMPCAOCTABAT
npuMepH 3a usnoispane (dur. 4).

N

®@ur. 4. KppBHU KJIETKH, KJIaCH()HUIIMPAHA B BE MPUMEPHU KaTETOPUHU HA 3a00JIIBAHUS

Cnen mnosyyaBaHe Ha U300paKeHMsATa, HHPOpMaLMATA 3a TIX C€ MpPeICTaBs 4pe3
KOHEKIMOHUCTKHS MOJXOJ C M3MOJI3BaHE HA €JHOIIOCOYHA HEBPOHHA MpPEKa, YMSITO TOIOJOTHUS U
napaMeTpu Ha 00y4eHHe ce ONpeAEAT CIopel IPeCTaBEeHUTE IPUMEPH.

Knuentckure monynu (¢pur. 5) Morar Ja MHHLIMUPAT 3asBKa 32 MOCJICAHUTE ACHUHUIIMN HA
3a00JsIBaHMS U J]a U3BBpILAT KiIacuUIMpaHe Ha NoJaleHo n3odpaxkenue. B pesynirar ot 3asBKkara,
IJIABHUAT MOJYJ HpenocTtaBs oOyueHa HEBpOHHAa Mpeka BbB BuA Ha XML nwvpBo, KodTO ce
nocTposiBa B namerra npu kimeHta. XML undopmanusra cbabpika apxuTeKTypaTa Ha HEBpOHHATa
Mpexa (Opol cioeBe, Opoil HEBPOHW) W CAMHUTE TErVIa Ha BpPb3kUTe. DYHKIMUTE HA KIMCHTCKUS
MOJYJI TIO3BOJIIBAT E€IMHCTBEHO AMATHOCTHKA IIOCPEACTBOM OIPENEISHE Ha KaTeropusara Ha
IIPEICTaBEHOTO Ha BXO/a NU300paKeHUeE.

MDiagn

intellDiagnostics - _ _ r.‘targ [l . m— mm— - :!_glg
@ m@ @ @ E;I @ o P o TooRT langugi (o Preset¥ T o Wl B E] E] ' o P L Tad ™ | Languagl] | Prese | Help

proview  clearoll  sotites  wopent  analyee

>

k

i

®@ur. 5. AHanu3 Ha MPOOUTE — MHANBHUAYaTHA Tpo0da (a), makeTeH pexum (0).

Toii kaTO MoAaBaHKUTE HA KJIMEHTKUS MOy M300pakeHHs Ha MpoOU Morar Jia ca ¢ pa3jinyHo
Ka4yecTBO, Mpeau MpHjaraHe Ha aJrOpUTMHUTE 3a aHalu3, ce npwiarar (WITPH 3a IBETOBE,
HACTpPOMKH 3a spKocT U Jip. KbM n300paxeHHeTo ce u3BbpIlIBa CErMEHTAIUs, 00EKTUTE CE€ OTIEIIAT
U Cce aHaJM3UpaT C TOMOIITa Ha 3apeleHUTE OT AJAMUHUCTPATHUBHUA MoAyd Aepunuuuu. [Ipu
OTKpUBaHE Ha MAaTOJOTMYHU U3MEHEHUS C€ M3BBPILIBA AUATHOCTHKA HA ChHOTBETHUTE KJIETKH, KaTo
HAJIMYMETO Ha 3a00JsIBaHE ce MT0COYBa B MPOIICHTH ((ur. 6).

Results:

Categony_1: 97.5513033
Categony_2: 836151824
Category_3: B8.7276394
Categony_4: 528033563
Categony_b: 36,8290293
Category B 21,2423764

L L

@ur. 6. Pesynratu npu oTKpuBaHe Ha 3a00IsBaHe
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5. 3ak/ouyeHune

[IpencraBenata cucTeMa U3MOJI3BAa KOHEKIMOHUCTUYEH MOAXOJ 3a KiacHudukanmus Ha
I/I306pa)KeHI/I$I, npeaACTaBCHU BBHB BUI HAa MATpHUIKA OT 4YHUCJIA, C U3IIOJ3BAHC HaA I/IH(bOpMaI_[I/IﬂTa 3a
IpeABapUTEIIHO (POPMHUPAHH KIIacOBe OT M300pakeHus. [IpeacTosT ekcrepuMeHTaTHA U3CIICABAaHMS
Ha 4yuATO 0asa Ja ce ONMpeAessIT ONTUMAIHUTE MapamMeTpH Ipu oO0paboTkaTa Ha M300paKeHHS U
00y4eHHeTO Ha HEBPOHHATa Mpeka. TodyHOCTTa Ha KJIACH(UIIMPAHETO ce Ompenesis Haii-Bede OT
6p051 Ha TMPEACTAaBCHUTC IIPUMCPU W TAXHOTO IMPABUIIHO PaASHpCACICHUC I10 KaTCropun Ha
3abomsBaHusd. M3rpaxaaHero Ha 3HaHUATa 3a M[poOjeMa Ha €IHO LEHTPATHO MSCTO U
MYJITUIUTUIMPAHETO Ha KIMEHTCKUTE MOAYJH 33 M3MOJI3BaHE HA TE3W 3HAHUS ChKpallaBa BPEMETO
3a aHAJIU3 U J]aBa BB3MOXKHOCT 3@ BHUCOKAa CTENEH HAa aBTOMAaTH3alus. Taka 10 €CTECTBEH HauuH
eKCIIEpPTHUTE 3HAHMSA Ha MEIWLMHCKHUTE JIMI[A MOraT aBTOMAaTHYHO Ja Ce pa3lpOCTpaHsIBAT U
U3I0JI13BaT Ha MHOTO MECTa, BBIIPEKH reorpadckata UM OTJaIeueHOCT.

Ilen nHa Oppema paboTa € HMHTETPUPAHETO Ha TIpEICTaBeHaTa CHCTEMa B IISJIOCTHA
MHPPACTPYKTYpa 32 PaHHO M3BECTSABAHE MPH enuaAeMuu. Tasn MHPpacTpyKTypa ce MpeaBmKaa a
Ob/e M3rpajeHa MOCPEJCTBOM MOOWIIHM YCTPOMCTBA, BBPXY KOUTO (YHKIHMOHHMpA CHUCTEMara 3a
JIMAarHOCTHKa M OOJIAKOBM YCIIyTH, INPEIOCTABAIIM OTAAIECYEH JAOCTBII 0 ILEeHTpaiHa 0Oa3a ¢
HATPYIaHU TUarHOCTHYHU 3HAHUS 32 3a00JIIBaHHS.
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INTERACTIVE MULTIMEDIA TOOLS FOR ONLINE
EDUCATION IN POWER ELECTRONICS

Angel St. Marinov

Abstract: The current paper suggests a set of interactive multimedia tools for presentation of complex
educational material in power electronics. The tool set is developed in flash based application and was
implemented for both lecture presentations and e-learning. The necessity of such tools is explained by
defining basic problems and issues related to presenting materials in power electronics. The means to
resolving these issues which can be accomplished through the use of interactive software, flash based
animations are presented. An example with a dedicated application for power electronics is given.
Keywords: power electronics, electronic education, interactive tools.

UHTEPAKTUBHU MYJTUMEJIUAHU NPUJIOKEHHUSA 3A EJIEKTPOHHO
OBYYEHMUE IO NIPEOBPA3OBATEJIHA TEXHUKA

Awnren Ct. MapuHoB

Pe3rome: B Hacrosiata cTatusi ca mpeacTaBeHl Habop OT HHTEPAKTHBHU UHTEPHET 0a3upaHu MPUIIOKCHHUSI.
Te3u npunoxeHust Morar na ObAAT M3MOJA3BAaHM KATO MPE3CHTAlMU B YacT OT JIGKIMOHEH KypC WM Karo
WHCTPYMEHT 3a IUCTaHLHOHHO oOydeHue. J[MCKyTHpaHH ca OCHOBHHUTE IPOOJIEeMHU IPH MPEICTABIHETO Ha
MaTepuaiy 3a eJeKTpOoHHO oOyuenue. lIpencraBeHM ca OCHOBHHMTE CpEICTBA 3a PEaIN3UPAHETO Ha TE3H
MPUIOKEHHUS] KATO MHTEPAaKTUBEH codTyep u ¢uiam 6a3upanu aHuMmanuu. [IpencraBen e npumep Ha rOTOBO
MPUIOKEHHE.

KarouoBu gymu: cuiioBa eneKTpOHHUKA, €JIEKTPOHHO 00yUYeHHe, MHTEPAaKTUBHU MPHIIOKEHUS.

1. Introduction

The term Power Electronics refers to a specific branch of the electronic technologies. This
branch involves the conversion of electrical energy through the utilization of solid state
semiconductor switches [1]. Power electronics are an important feature of every modern device
powered by electrical energy. Some major application that can be mentioned include: (i) power
supplies - basically for all modern electronic devices; (ii) control of energy generation - mostly in
smart energy systems and renewable energy generation; (iii) energy conversion for industrial
processes - induction heating, welding, electrical motor control, etc..[2].That defines power
electronics into a required subject within higher education programs and curricula — under one form
or another - for each engineer that specializes in the professional field of Power engineering,
Electronics and Automation (professional field given defined by Bulgarian legislation [3]).

Currently with the improvement of computer technologies — online and remote studies
become a popular option for higher education in many fields, including engineering. That poses
various challenges in presenting and adapting knowledge and information for remote users. This is
especially true for the subject of power electronics where complex information and data is presented
through various block and circuit diagrams, waveforms, equations and text.

The current paper: (i) addresses some of those challenges by presenting issues and problems
that were noted through analysis and derived from practical experience in online education in power
electronics (Section 2. Presentation and adaptation issues for online education in the subject of
power electronics); (ii) gives motivated suggestion for solutions of the noted issues (Section 3.
Presented solutions for materials for online education in the subject of power electronics); (iii) gives
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an example of the presented solutions (Section 4. Example application); gives a summary of the
presented work (Section 5. Conclusion)

2. Presentation and adaptation issues for online education in the subject of power electronics

By analyzing the content of the initial source material for power electronics and its specifics,
several basic types of issues can be distinguished. Those issues were defined based on a dedicated
literature review on online education [4, 5, 6] and the experience gained through the conduction of
two projects within the Technical University of Varna [7, 8, 9]. The projects include elements of
online education and have courses relevant to power electronics. The issues can be summarized as
follows into a three main groups:

a. Difficulties in presenting of information in a comprehensive way that explains the correct

processes in the circuit.
The purpose of each element in a power electronic circuit is to direct the electrical flows in
order to convert energy for the use of specific electrical device. The main difficulty in
explaining the operation and mechanics behind power electronic circuits lies in properly
presenting the change of current or voltage and relation between the used component,
defined formulas and obtained waveforms. This is especially problematic in online
education, where the user has to discover the relation between circuitries, waveforms and
equations by himself.

b. Difficulties of providing simultaneous display of the equivalent circuits formed by the

commutation of the electronic switches.
Other significant problem in e-learning materials for power electronics is to properly and
clearly define the path of the current for a specific state of the components in a circuit and
the change of path when related to a specific state of some components. In conventional
teaching materials those relations are presented trough equivalent circuits, where each state
of the main circuit is presented by a separate equivalent circuit. In online education this
however requires multiple figures and further explanation, which would require multiple
presentation screens that can confuse the user.

c. Difficulties of representing complete information while maintaining a scroll free screen.
When presenting information for online education it is important to hold the attention span
of the user. When various information including figures, diagrams, circuits and text is
presented, multiple computer screens are required. This can be obtained either by scrolling
or by switching between screens. If the material cannot be divided into small sections, this
could distract the user, since for the same section text and figures have to be scrolled up and
down or backtracked trough different screens. This is especially true for power electronics
where the explanation of a single circuit could hold numerous figures, equations and large
paragraphs of text.

3. Presented solutions for materials for online education in the subject of power electronics

Based on the issues mentioned above several approaches that can resolve them were
developed and are suggested. The approaches include the utilization of modern computer based
multimedia that can integrate animated features and user interactivity. In the case with examples
that follow in the next section the computer multimedia is based on flash, HTML5 or other popular
technologies can be used as well. These approaches can be summarized as follows into three
defined solutions:

a. Synchronization between waveforms, equivalent circuits transitions and explanations
The presented solution includes a simultaneous presentation of equivalent circuits,
waveforms and process description. In order for the solution to work all of the components
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of the information have to be synchronously presented through animation. An especially
important part is the synchronism between the waveform animation and the change rate of
the equivalent circuit. This allow the user to see the relation between the equivalent circuits
(defined by the state of the electronic switches) and the change of the voltages and currents
within the topology. The combination of all the components and their simultaneous
presentation also allows the user to concentrate on the given application — information is
presented in a single screen, scrolling and switching between screens can be avoided.

b. Presentation through multiple tabs on a single screen
The multiple components in a power electronics schematic could be presented on several
subplot graphics with color code in order to easily present the path of the current, the change
of voltage and certain switching state. This again leads to concentration of the information
and a more comprehensive presentation that will not require the user to scroll or backtrack
through different screens.

c. Comprehensive control of parameters that affect the circuit functionality
In every interactive presentation there should be a number of functional buttons, which
control several important circuit parameters. The control of the parameters allows viewing
different modes of operation within a single application. It will also allow the user to interact
with the circuit adding an exploration element.

4. Example application

The presented in the previous section solutions are given as a summary in an example
application. The example application involves a short course for controlled rectifiers. It combines
three different types of rectifiers — single phase controlled bridge rectifier, single phase half wave
controller rectifier and single phase controlled rectifier with centered — tapped transformer. The
different types can be selected through invective buttons - fig.1. By clicking on the chosen
schematic another slide opens as presented in fig.2 containing the related schematic (1) and two
other areas, one for the parameters, equations and descriptions (2) and the other for the waveforms
in defined test points of the schematic (3).

D1

ok i e
[ = N

n K K mjmm ‘:2& ‘:2&

SINGLE PHASE CONTROLLED BRIDGE
RECTIFIER
Rr 2 O
; PARAMETERS

02 i
SINGLE PHASE CONTROLLED RECTIFIER RESET BACK
WITH CENTER-TAPPED TRANSFORMER

Fig. 1 Main view of the interactive application Fig. 2 Main view of single phase controlled bridge
rectifier before simulation

The presentation is started by pressing an interactive button (fig.3). The graphics and
parameters are color coded in order to be easily distinguished and associated with one another by
the user. For example the voltage on Silicon Controlled Rectifier (SCR) D1 and SCR D3 is defined
with blue. Thus it will be easily associated with the blue wave in the diagrams on the right and
furthermore the resulted signals can be compared with one another.
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Fig. 4 Presents the current through D1 and D3

When a specific state of the components in the schematic is reached, this is easily discerned
(fig.4 and fig.5). For example at first the current passes through SCRs D1 and D3 which is shown
with orange on fig. 4. The green color defines the path of the current trough SCRs D2 and D4,
which is also shown with the same color on the waveforms area on the right (fig. 5). Thus the
change in state of the components, paths of current are clearly defined providing a scroll free screen
and comprehensive definitions for the user. The different equivalent circuits are distinguished from
the main topology through lines with higher width — combining in a single tab the main circuit and
its equivalent branches.

An important parameter for the presented in the current paper schematic is the control angle.
The control angle in this case can reconfigure the circuit and its parameters. Its effect however is
difficult to explain through static images and waveforms. So in this case it is chosen that the control
angle is to be defined by a slide control button. This is shown in fig. 6. Thus sliding the button to
20° results in change of the control voltage on the SCRs, the current through them and consequently
to a change of the output voltage of the rectifier. All this is implemented through a script file,
implemented in the presentation where the theoretical formulas concerning the specified features
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are defined. Thus an accurate and full description of the processes in current schematic allows the
user to easily work and comprehend the main dependencies and work states without concerns.
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Fig. 5 Presents the current through D2 and D4
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Fig. 6 Changing the control angle — from left to right waveforms for 20°, 90° and 160°

The presented example is developed in flash based software, where: the circuit and the text
are developed through animation with multiple frames; the waveforms and the control buttons are
developed through the utilization of action script 3.0. The example and other materials are currently
being developed in HTMLS5 in order to increase the compatibility to additional hardware platforms
— mobile phones, tablets, etc. The current example, its source, along with other specialized media
for online education can be viewed at the web page of the Department of Electronics and
Microelectronics of the Technical University of Varna (http://www.tu-varna.bg/tu-varnaetm/)
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5. Conclusion

Based on a specialized literature review and experience gained through the development of
two international projects three major issues related to the online education in power electronics
were noted. The issues included difficulties in presenting complex information in a comprehensive
way that will not distract the user and can keep his attention. Solution to deal with those issues were
presented. The solution include the utilization of modern media techniques. An example of the
presented solutions is included in the paper. The example along with other similar appliactions is
available and can be used free of charge. It was also extensively used and tested in lectures of
power electronics in the Technical University of Varna.
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__ TOXHAJOI'TA KIPABAHHSI MATOPbIAJI3ABALLD
YAYJIEHHAMI 3ACHABAHASI HA PACITAPAZIKY PABOTbI
APTAHI3AIBIN

A.b. Kynrypues, F0.M. Bo3oBukoB

Pe3tome: ToxHamoris KipaBaHHS MaT3pBIAII3aBallb YAYJICHHSIMI 3acHaBaHas Ha pacmapaaky paboTsl
apranizausiid. [lpamanyelia TIXHAIOTIS CTBapd HHS MEPbIIABIYHA MAATy4ajbHBIX MAaTdpbisUTi3aBallb
yaynenasy (MII), 3acHaBaHas Ha pacmapalKy Ipambl apraHizaibl. ['3TBl MeXaHi3M TPBIBA3BAIOYBICS A
raj3iH mparoyHara AHA / JTHSX THIOHA / JdKam3e / MecsAla Aa3Bayige MaBsUIYbIIs 3()EeKTHIYHACIH
BbIKapbICTaHHS MIL.

KirouoBu gymu: inhapManpIitHbIS CICTIMBI, MaTAPhIsITi3aBallb MPaACTaYICHHS, 3aIlbIT.

MATERIALIZED VIEWS MANAGEMENT TECHNOLOGY BASED ON WORK
SCHEDULE OF ORGANIZATIONS

A.B. Kungurtsev, U.N. Vozovikov

Abstract: Materialized views management technology based on work schedule of organizations. The
technology of periodically connected materialized views (MV) forming on the basis of work schedule of
organization is offered. This approach is linked to the working hours /days of week /decade /month and
allows increasing of MVs implementation effectiveness.

Keywords: informational systems, materialized views, request.

Introduction

There are various software methods of increasing the productivity of informational systems
(1S) based on using of relational data bases (RDB). One of them anticipates using of materialized
views (MV) [1, 2, 3]. MV stores result of certain request to the data base (DB) and at following
entry of this request to the IS allows getting answer very fast. However the practical use of MV in
separate IS is impossible without preliminary study of this IS. As MV is a result of request which
uses number of BD tables the refreshing of certain data in those tables leads to necessity of
refreshing MV too. At frequent refreshing of data the using of MV could not increase but decrease
the effectiveness of IS.

In a books [4, 5] the way of determining of those requests for which the using of MV will be
effective on the basis of RBD requests consequence analysis is shown. AT this we consider that
MVs in future will be connected permanently.

In this book the periodical connection and disconnection of MV is offered. The basis for this
is an evident periodicity in resolving of different tasks for the most of organizations. For example,
there is a period of admission, passing the tests, and visiting hours in the university. In trading
companies the periodicity of goods income, residues inventories, revaluation and sales out, seasonal
variations in assortment and working hours is observed. The periodicity of resolving of production
objectives is reflected in periodicity of requests incoming to the system.

Advantages of MV management

Periodical connection/disconnection of MV will allow to increase its effectiveness due to
following factors.

Kommiorspuu Hayku v texnonorun 1 2012 Computer Science and Technologies 76



1. Possibility of disconnection of some MV during period when it’s using is non-
effective.

2. Possibility of initiation into service of MVs which became non-effective at
continuous connection but which are effective during certain periods.

3. Lowering of DBMS resources spent for servicing of MV mechanism due to
implementation of effective MVs at now only.

Reasoning about efficiency of MV

Let us assume that Q is a consequence of requests being sent to the IS during period of
observation t,. There are n; requests of g; form and of SELECT type in this consequence. To
determine the possibility of forming MV for requests ¢, introduce the term «effectiveness Mpi»
(materialized view for request ¢, ), specified as relation of all g, requests execution time without
implementation of MV to the time of all g; requests execution time with implementation of MV.

S0,

Ec, = ' , (1)
Smp, + Snew, + Ssel

n;
t.
where: SOi = Zil I total time of all g, requests execution during observation period
J:

t, without implementation of MV;
Smp;=n; *t_ . — total time of all g; requests execution with implementation of MPi;

Snew; =Kku, *tu,— time of MPi refreshes during t,. Here Ku; is a quantity of MPi refreshes
which is determined by number of UPDATE, INSERT and DELETE requests which changes the
data in basic tables affecting the value of MPIi.

tu; - average time of refresh MPi.

Ssel =n*n,, *t, - time being spent for choosing the requests having MV from common flow

of requests. Here n is a quantity of all requests came into DB during time of observation t;, n_ is
a quantity of MVs being used.

Let us introduce the term of effectiveness of managed implementation of MV. At this we will
call the time interval during which Mpi is connected for the time 71, (connection period) and then

is disconnected for the time 70, (disconnection period) as management period.

> @

Er, = :
‘ Smpz, + Snewz, + Sselz + Shd

where: Smpz; is a total time for all ¢; requests execution which are in periods 71, .

Snew; is a time of MPi refreshes during 71, periods.

Sselr = n*nz, *t, is atime being spent for choosing the requests having MV from common
flow of requests. Here nz  is a quantity of MVs being implemented taking into account the
introduction of connection/disconnection mode (nz,,, < n, ).

Sbd =(n, —nz;)*t, is a time being spent for g, requests execution which are not in 71,
periods.
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Let us introduce the term of maximum effectiveness of Mpi implementation calculated at
condition that only those periods of observation are taken into account in it for which Ez; >1.

Averaged value of such effectiveness’s will be considered as maximum effectiveness of Mpi
implementation.

m
E7 max; :ZErij/m, 3)
j=1
Choosing of way of MV implementation
Value Ezmax; plays role of upper limit of possible Mpi effectiveness and is a component of
dependency of MV implementation effectiveness form the method of MV management specified in
following rules.

1. If for some request ¢, Ec, >1 and Ezmax; > Ec; then it is reasonable to search the
periods of connection/disconnection of Mpi.

2. If for some request ¢, Ec, >1 and Ec, = Ezmax; then it is no need to search the
periods of connection/disconnection of Mpi, but need to connect the Mpi for all period of AS
operation.

3. If for some request g, Ec; <1 and Ermax; > Ec; then it is reasonable to search the
periods of connection/disconnection of Mpi.

4. If for some request ¢, Ec; <1 and Ermax; <EC, then no sense in Mpi
implementation.

Determining the parameters of MV management

Let’s consider as it is possible to find several effective periods of connection/disconnection
for MPi where each of periods is specified by duration of connected and disconnected condition of
MPi

T = rlij +z'0ij .
For estimation of effectiveness of each certain MPi connection/disconnection period
implementation the formula (4) is offered where numerator is determined by not all requests {; but

only those which are in connection periods Mpi. This allows assessment of effectiveness for each
period having been found by separate.

S0z,

Smpz;; + Snewr; + Sselz

]

nr;
Here SOz :Z t; is a total time of all g; requests execution during periods z1; without
r=1
implementation of MV,

Relative assessment of some management period effectiveness ETij IS necessary for

assessment of this period but not allow estimate the «deposit» of this period to total effectiveness
Mpi. To estimate the «deposit» of each management period and determinate the end of new
management periods search process let us to introduce the absolute estimates of effectiveness
specified by reducing the time for requests execution.
In accordance with (1) we will obtain reducing of time at constant connection of Mpi - Afc; .
In accordance with (3) we will obtain maximum reducing of time at selective connection Mpi-
Atmax; .
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In accordance with (4) we will obtain reducing of time at choice of certain management
period Mpi- Atz;;.

The basis of management periods and corresponding connection z1; and disconnection z0;

periods search method is a repetitive process which ends when value of total reducing of time at
periodical management Mpi

m
At =) Atz = Atmax;, (5)
i

or there is no possibility for addition of new management periods, for example, increasing m
is impossible for existing value of observation time t,.

Determination of management periods on the basis of work schedule of organization

In real informational system the periods of MV management could be linked with work
schedule of organization that is to the working hours, day of week, date of month and so on. In
addition, depending on particular characteristics of organization profile the specialized methods
could be introduced, for example, 3 days before each month end, 5 days before each quarter end etc.

On the basis of IS operation analysis and convenience of MV management it is convenient to
choose one hour as the shortest period of connection. Let us to introduce the numbering of IS
working hours from the moment of beginning of working day.

Based on the above the first period of management is offered to be set the week and period of
connected state Mpi is a first hour of Monday. Then with saving of management period we set the
connection period Mpi as second hour of Monday and so on. While process continue all hours of
each day of the week are processed consequently with saving the period which is equal one week.

For each day an hour on the basis of (4) the effectiveness is calculated

E 7iweek pj e = (Z ETiDj,Hk)/n,
1

where n is a quantity of weeks entered in observation period,
Dj is a day of week,
Hk is a number of hour of working day.

The days and hours used for calculation of three values of effectiveness ETiWeek,Mondayl

Ez-iWeek Tuesday,3 E Tiweek wednesday4 are specified in table 1.

Table 1. Management period is a week

Hour | Week Week Week...
Mn|Tu [Wd|Th |Fr [Sa |Sn {[Mn|Tu |Wd|Th |Fr |Sa |Sn | Mn | Tu | Wd

i i i

1 1 1B

O N OO W DN
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The results of calculations are convenient to be represent in view of matrix of management
Mpi, where each cell has 0 (corresponds to value ETiWeek,D,H S:l-) or 1 (corresponds to value

ETiWeek,D,H >1,

Table 2. Management of Mpi on the basis of weekly analysis

Ho Days of week
urs Mn Wd Th
1

c
—
s3]
>

~NOoOOARWNIEF
PP OOoOOo|F

PP OOk ik
[ellelleliel] o))

O|O0O|0|0|O0|Oo(r|O|H
O|I0O|0|0O|Fr OOk, T
OO0 |0|0O(kr|IOW],
OO0 |0|O|Oo|o|oWm

8 1 0 1

There is a conclusion from table 2 particularly which MPi could be connected in Monday
during 1st and 2nd hour as well as during 6, 7 and 8 hour.

Introduction of new more long periods of management allows correction of obtained tables of
management MPi. Consider how to take into account possible periodicity of requests concerned
with decades of month.

If earlier the averaging of effectiveness by weeks were performed independently of
arrangement of certain week in month (first or last) then now averaging is performed by each of
decades. For each of decades, day of week and hour the effectiveness is calculated

ETiTen.,Dj,Hk = (ZETiDj,Hk)/n’
1

where n is a quantity of days Dj entered in period of observation,
| — number of decade.
The results of decades analysis are shown in table 3 fragmentally

Table 3. Management Mpi on the basis of analysis by decades

Hours | Decade 1 Decade 2 Decade 3
Mn Tu Mn Tu Mn Tu

1 1 0 1 0 1 1
2 1 0 1 0 1 1
3 0 0 0 0 1 0
4 0 0 0 0 0 0
5 0 0 0 0 1 0
6 1 0 1 0 1 0
7 1 0 1 0 1 0
8 1 0 1 0 1 0

The correcting of management MPi taking into consideration of study of more long-time
management period.

Limitation for duration of management period being analyzed is made by observation time t,
for operation of AS. It is recommended to limit the duration of longest management period by value
of t,/2.
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This assessment together with (5) is a condition of new management periods search process
end.

The duration of management period could be increased according to the results of observation
for IS during time of system maintenance at condition of continue of requests consequence
studying.

Conclusion

The analysis of requests consequence came into automation system having been performed
had allow determine the requests which are profitable to connect at constant basis and other
requests should be connected periodically. Total time of requests execution was decreased. MVs
being connected periodically in period of intense reports preparation allows avoiding of peak loads
on the system.

Developed method of MV management could be used in many organizations where the
certain periodicity of tasks being executed is observed.
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