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B.U. XAXAHOB, U.B. XAXAHOBA, TAMER BANI AMER,
FARID DAHIRI (PAPH]] JIAXHPH)

UMIIVIEMEHTAIMA KYBUTHBIX CTPYKTYP JAHHBIX
B IMAPAJUIEJBHBIN BBIYMCJIIATED

[pennaraeTcs mpakTuueckas peanusanus reaeparopa HDL-koia «KBaHTOBBIX» IPOLIECCO-
POB, UCTIOJIB3YIOLIHUX TUATPAMMBI Xacce s apauIebHBIX BEKTOPHO-TOTHYECKUX (TEOPETHKO-
MHO’KECTBEHHBIX ) BEIYHCIICHHH OyIeaHOB, IPUMEHSEMBIX ISl YCKOPEHHS PEIICHNUS 33149, MOJIe-
JMPOBaHUsL, Bepru(UKaImi, THarHoCcTHpoBanus. [ [porpamMmmHo-anmapaTHas peain3anys Iporec-
cOpa OCHOBBIBAETCS Ha MCTIOJIb30BAaHHH S3BIKOB TIporpammupoBanus: C++, Verilog, Python 2.7 u
mwiatpopm: Microsoft Windows, X Window (B Unix u Linux) u Macintosh OS X. I'enepatop
HDL-xona naeT BO3MOXHOCTh aBTOMaTHYECKH cuHTe3upoBaTh HDL-Kko/1b1 mpotieccopHOit CTpyK-
TypsI OT 1 10 16 IBOMYHBIX pa3psIOB ISl TAPAJUISITEHOM 00pabOTKH COOTBETCTBYIOIIETO KOJTHYE-
CTBa BXOJTHBIX BEKTOPOB MK CJTOB. Bepudukarnms HDL-koa mporieccopa BBITOTHIETCS Ha TECTO-
BBIX IPUMEPaX 3aJ1a44 MOKPBITHS, HCIIONB3YIOINX IBE CTPATCT K OIITUMH3AIIAHN: PEBEPCUBHBIN
AITOPUTM JUTS YCTPAHCHUS H30BITOYHOCTH M Pa30MCHUE MATPHILIBI TOKPHITHI Ha YACTH B LIEIISX UX
MOCIIeTYIOIIeH mapauiebHOM 00paboTKH mporeccopamu Xacce.

1. Onmucanue Verilog-monenun ycrpoiicTBa

HuTepdetic. Moaens mporeccopa pearn3oBaHa ¢ ITOMOIIBIO OJHOTO W3 OCHOBHBIX SI3BIKOB
pa3pabotku ASIC-ipoeKTOB — sI3bIKa OMUCAHUS anmaparypsl Verilog.

WnTtepdeiic ycTpoiicTBa B ABYX BepcHsIX MpeacTaBieH Ha puc. 1. KpoMe BXog0B cuHXpOoHH3a-
mun (clk) u copoca(rst), OH COACPIKUT BXOAHBIC BEKTOPHI JaHHBIX 1;; M — KOJUYECTBO BXOIOB
JaHHBIX, N — Pa3psIHOCTh BEKTOPOB. Brixox out — pe3ynpTar 00BEIMHEHHSI BCEX BEKTOPOB
BXOIHBIX NaHHBIX. ETo paspsaHOCTh paBHsIETCS Pa3psAAHOCTH BXOJHBIX BEKTOPOB M paBHA M.
Beixone1 0; comepkaT 3HauUCHHS MPU3HAKOB COOTBETCTBYIOLIETO YPOBHS, OUT BEKTOpa paBeH 1,
€CJIM BEKTOP B COOTBETCTBYIOIIEH TOUKE COAEPIKUT BCE eNMHUIIBI, U ) — B IPOTUBHOM CiTy4ae; i —
0003HavaeT ypoBeHb 00pab0oTKH BEKTOpOoB. Hampumep, 8-BX0m0B0# mporieccop ¢ 8 pa3psaHbEIMU
BXOJaMHU JaHHBIX OyIeT UMETh CIEAYIOIINE BBIXOIbI:

out — 8-OUTOBBII BBIXO/T;

07 — 8-OUTOBBII BEIXO/ IPU3HAKA 7-TO YPOBHS;

02, 06 — BBEIXOBI IPU3HAKOB 2-T0 U 6-TO ypOBHEH;

03, 05 — BBIXO/BI IPU3HAKOB 3-TO U 5-TO YpOBHEH;

04 — BBIXO/IbI IPU3HAKOB 4-TO YPOBHS;

08 — BBIXOJI MPU3HAKA 8-TO YPOBHI.

rst |
rst iy t
| ﬁ; quant 0, out
b n n, out — N On
——*— quant —— i, 1 —
N e :
L I Lo n,o
—— : i n +
o n, o,
i —_— o,
LR adr_p_in '
clk o, T
clk
a 0

Puc. 1. MHTEpdeiic KBaHTOBOTO MpoIiieccopa



Pa3psaHOCT BEIXOZOB O; 3aBHCHUT OT YHCIIA BXOJOB iy, M BBIYHCIIACTCS 110 hopMysie OMHOMH-
AITBHBIX KO3 PUIMEHTOB

m) ~k _ m!
(k)_cm_k!(m—k)!’ (1)

rZie m — KOJIMYECTBO BXOJOB JJAHHBIX, a K — ypoBeHb nx 0b6pabotku B mpoueccope. s m=8-16
HapaMeTpbl BBIXOJIOB IIPUBEACHBI B Ta0uI. 1.
Tabmauua 1

IMTapameTpsI BRIXOOB Tpoliecopa

v B PaspsgHocTb

poBere BIX0A m=38 m=10 m=12 m=14 m=16
2 02 28 45 66 91 120
3 03 56 120 220 364 560
4 o4 70 210 495 1001 1820
5 o5 56 252 792 2002 4368
6 06 28 210 924 3003 8008
7 (oY4 8 120 792 3432 11440
8 08 1 45 495 3003 12870
9 09 10 220 2002 11440
10 010 1 66 1001 8008
11 o1 12 364 4368
12 012 1 91 1820
13 013 14 560
14 o014 1 120
15 015 16

Kak BunHO u3 Tabi. 1, KOJIMYECTBO BBIXOJOB 3HAUUTEIHHO YBEJIMUUBACTCA C POCTOM YHCIIA
BXOAHBIX BEKTOPOB, MO3TOMY B JAaHHOM cCiydae peanusyercsi uHrepdeiic (cMm. puc. 1, 6) ¢
MYJBTUIUIEKCUPOBAaHUEM BBIXOZOB 0;. B Hem Bxox adr p in ucmosb3yeTcs Kak ajupec Ajs
BbIOOpa HEOOXOMMOTO BBIX0/1a IPU3HAKOB MJIM BBIBOIUTCS TOJIBKO YaCTh PETUCTPOB IPU3HAKOB.

Untepodeiic ycrpoiictBa Ha si3pike Verilog ans 16-BXxoqoBOro mporeccopa HpeAcTaBieH B
muctuHre 1. Ilo ymonuaHuio Ui BXOIOB U BBIXOA0B UCIIOJIb3YETCs TUII JaHHBIX Wire.

JInctunr 1
Wnrepetic yerpoiicTsa Ha si3bike Verilog

// Bapuanr 1
module device
(input clk, rst,
input [7:0]10,11,12,13,14,15,16,17,18,19,110,i11,112,113,i14,115,
output [7:0] out, 015,
output 016);
// Bapuanr 2
module device
(input clk, st,
input [7:0]10,11,12,13,14,15,16,17,18,19,110,111,112,113,i14,115,
input [24:0] adr_p,
output [7:0] out, p_o0l6,
output 02, 03, 04, 05,06, 07,08,09,010,011, 012,013, 014, 015,016,
output [7:0] o_pr);

[Ipu yBenuueHnn 4uciia BXOJHBIX BEKTOPOB pa3Mep KoJla CYIIECTBEHHO YBEITUUHUBACTCS, UTO
TpeOyeT OoJbIlle BpEMEHH Ha MOJICITUPOBAHUE U CHHTE3 CXeMBbI. [IpOU3BOIUTELHOCTD CUCTEM,
paboTarommx ¢ MOACISIMH ITU(PPOBBIX YCTPONCTB, CYIICCTBEHHO IOBBIIIACTCS, €CIIU MOJCTh
UMEET HEPAPXUUCCKYI0 CTPYKTYPY, MOITOMY BBITOJIHEE BBIICIUTH DIIEMEHTAPHYIO SUEHKY TpO-
1eccopa B BUAE oTAeIbHOTO Verilog-momynst (mucTuHTH 2, 3) M HA OCHOBE €r0 CTPOUTH CXEMY
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nporieccopa (puc.2). BeIXxom peructpa — BEKTOpa IepecedeHuil npeacTaBicH curHaioMm O,
CUTHAJ P_in COOTBETCTBYET PETUCTPY MPU3HAKA JIJIS SJIEMEHTAPHOM SYCHKH, BXO €n_ P MO3BOJIS-
€T OTKIIIOYaTh WIW MOAKII0YATh BEIX0A npu3Haka p. [lapamerp BITS onpenenser paspsaHocTs
BXOJIHBIX BEKTOPOB.

Jluctunr 2
DnemeHTapHas siueiika
module element
#(parameter BITS = 8)
(input rst, clk,
input [BITS-1:0] 10, I1,
input en_p,
output reg [BITS-1:0] O,
output p);
reg p_in;
always @(posedge clk, posedge rst)
if (rst) O <= ‘b0;
else Oo<=10|11;
always @(posedge clk, posedge rst)
if (rst) p_in <= 1’b0;
else p_in <= &O;
assign p = (en_p)? p_in: 1’bZ;
endmodule
— __gnd8 or2 - fde BUFT
e 1 b pin
—i> -
|
ITF_a’\c’CECS_r"-D p_in_and00001
E
= p_ir
Ee 0
Puc. 2. Cunres cxemsl anemenTapHoi ssaetiku B Xilinx ISE Design Suite 11.1
Jluctuar 3

(DparMeHT OTUYcTa CHHTC3a SHGMGHTapHOﬁ SIYCHKH mnmponeccopa

* HDL Synthesis *

Performing bidirectional port resolution...
Synthesizing Unit <element>.

Related source file is “component.v”.
Found 8-bit register for signal <O>.
Found 1-bit tristate buffer for signal <p>.
Found 1-bitregister for signal <p_in>.



Summary:

inferred 9 D-type flip-flop(s).
inferred 1 Tristate(s).

Unit <element> synthesized.

HDL Synthesis Report
Macro Statistics

# Registers : 2

1-bit register: 1
8-bitregister : 1

# Tristates : 1

1-bit tristate buffer : 1

[Ipu ncnoap30BaHNM 3JIEMEHTapHOH STYEHKHU MpoLieccopa ee MOJKITIOUEHHIE BHITIOTHSICTCS TaK,
Kak Mmoka3zaHo B nuctuHre 4. Kaxnas sdeiika coequHseTcsl ¢ AekoaepoM azapeca adr p in,
OTIPEJISIISIONINM, OyJIET JIM TAHHBIM MPU3HAK B TEKYIHI MOMEHT ITO/IaH Ha BBIXOJ O_Pr WX HET.
JHexonep ocHoBaH Ha TpucTtabmiabHOM Oydepe. B nanHoM ¢parmeHTe sUeliku HpUHAIIEKAT
BTOPOMY YPOBHIO TIpoIleccopa M 00pabaThiBaroT WH(DOPMAITHIO C BXOJIOB iy U 11-l6. Sdelike
comp 0 1 coorBerctByeT ampec ‘d16, 3T0 o3HayaeT, yTo eciM Ha Bxoxa adr p in momatk
3Ha4eHue 16, To 3HaUEHHE MTPU3HAKA TOCTYNUT Ha BHEITHUH BBIXOJ.

JlucTuar 4
@dparMeHT CTpYKTYpHOI MOJIeNH mpoleccopa

// COMPONENT LEVEL: 2
assign o _pr=(adr p in==°d16)?p 0 _1: bZ;
element #(8) comp 0 1 (rst,clk,r 0,r 1,r 0 1,p 0 1);

assigno _pr=(adr p in==°d32)?p 0 2: ‘bZ;
element #(8) comp 0 2 (rst, clk,r 0,r 2,r 0 2,p 0 2);

assigno_pr=(adr p in=="°d48) ?p 0 3: ‘bZ;
element #(8) comp 0 3 (rst, clk,r 0,r 3,r 0 3,p 0 3);

assign o_pr= (adr_p_in==°d64) ?p 0 4: ‘bZ;
element #(8) comp 0 4 (rst, clk,r 0,r 4,r 0 4,p 0 4);

assign o _pr=(adr p in=="°d80) ?p_0_5: ‘bZ;
element #(8) comp 0 5 (rst,clk,r 0,r 5,r 0 5,p 0 5);

assign o_pr=(adr_ p in==°d496) ?7p 0 _6: ‘bZ;
element #(8) comp 0 6 (rst,clk,r 0,r 6,r 0 6,p 0 6);

IIpucBauBaemblii sueiike agpec CTPOUTCS Ha OCHOBE ee uHAeKca. [lon KakIplil MHIEKC
OTBOJMTCS HEOOXOAMMOE JUIS €ro MPEACTABICHUS KOJIMYSCTBO paspsiaoB. Hampumep, mist 16
BXOJIHBIX TTIEPEMEHHBIX Ha KaXKABI HWHACKC 3alUChIBaeTCs 4 OMTa, MHICKCHI KOAUPYIOTCS CIIpaBa
HaneBo. Tak, mns sueiiku ¢ uHpekcoM 0 1 aapec B JABOMYHOM BHUiE OyA€T BBITISAACTH Kak
0001 _0000, aTo cooTBeTcTBYeT 16 B AecATUIHON (hopMme.

2. T'enepatop

s reHepanny KoJ1a MOJIENEH yCTPOMCTB pa3nuyHON KOH(QUTYpaliy pa3padoTaH IporpaMm-
HbIH reseparop. CoznaHue Mojieselt ¢ G0IbIINM YHUCIIOM BXOJHBIX BEKTOPOB BO3MOXKHO TOJIBKO €
MOMOIIIBIO T€HEPaTopa.

VcxonHBIMU NaHHBIMU SIBJISIOTCS: KOJIMYECTBO BXOJIHBIX BEKTOPOB M UX Pa3psIHOCTh, HA X
OCHOBe BBIIIOJIHAETCS reHepanus Verilog-kona. Ilporpamma HanrcaHa ¢ MCIIOJIb30BaHUEM SI3bIKa
Python 2.7. Pa3paboTanbsl ABe BepcHM T'€HEpaTopa, KOTOPBIE PEeaju3yIOT MOBEIACHYECKYIO U
CTPYKTYPHBIE MOJIEJIH IIPOLIECCOopa.



2.1. 'erepaTop OBEACHIECKOM MOJIEIH TIpoIIeccopa

Crpykrypa noBeneH4eckoii Verilog-monenu npeacraBieHa Ha puc. 3. OHa BKIIOYACT JCKIa-
paruio UMEeHH MOy (3aroJioBOK), ACKIIapaTHBHBIC YACTH JUIsI OOBSIBICHUS BXOHBIX U BBIXO/I-
HBIX JIMHHH, TIEPEMEHHBIX, COOTBETCTBYIOIINX PETUCTPAM Ka)KIOTO YPOBHS; KO, OTIMCHIBAIOIIHHA
PETUCTPHI ¥ 3HAYCHUS TIPU3HAKOB; 3aBEPIIAIOIIYIO YACTh, 3aKPBIBAIOIIYI0 MOIYJIb.

3aronoBok

[eknapauusa BxoaoB
[eknapauusi BbIXOOOB
[eknapauusa peructpoB
Peanuvsauus pernctpos
[TpucBOEHME 3HAYEH NI BbIXOA0B
3aBeplueHne

Puc. 3. Opranmsamus Verilog-monemm

Jna reHepupoBaHHs Kona pazpaboTaH ocHOBHOM kimacc Generator, a TakKe BCIIOMOTATENb-
HBIN Kiace genlndex, TeHEpHUPYIONMN WHIAESKCH BHYTPEHHUX PErucTpoB Mojmenn. CTpykTypa
KJIacCOB, OMHUCaHHas ¢ moMoibio nuuctpymenta ArgoUML, npencrapnena Ha puc. 4. Ilepemen-
Hble Kiacca genlndex: levels — KonMUecTBO ypoBHEH MOzeIU (COOTBETCTBYET YHCIY BXOIOB),
level — Texymmuii ypoBeH»s AJ1sl TeHEPUPOBAHUS MHIEKCOB PETUCTPOB, ind _lisc — CIUCOK CTPOKOBBIX
3HaueHM HHAEeKCOB. J[Ba MeToa kiacca: genLevel() u getindList() reHepupyIOT 1 BO3BpaIlalOT
criucok uHaekcoB. OOBEKTH Kilacca genlndex MCTOMB3yIOTCS B METOIaX CO3/IaHUS OTMMCAHUS U
peanu3anuu perucTpoB kinacca Generator.

oy
M generator_gwant.zargo - flHarparMa Knaccoe 1 - ArgoUML = £ _X_j o

daitn PepaxtupoBats [Mpocuotp Coznatk auarpammy Paccraeuts [edepaumsa koga Kpuimka MHcipywedtsl MoMols
glalepe|l olajz|z] ala- BEEBEDBEERB

 Jro rars AN e el
[~]

s

i
|Order By Type, Name

[ Te]

E3 Profile Configuration
o 3 untitledProfile

genlndex Generator

levels By nurmlnputs
lewel hurmBits
inel_list file_name
newAttr inter_output

_int__{ _init__{
genLevel(y autTitle)

getindList() autEnd)

outinputd
autOutput(
genRegDefinition ()
outRegDeclaration]
outReglmplerment
outAssignimplemend)
generate()

[l

Stereotype | M

4 Caoiictea

4 Cpenarb Crane | Herouxmnk

[ Bricowmi
o [ Cpegumit
3 Huzkuh

.I,ElnamaMMa KNAccos| I ] |

|
'i""‘""' (A e

Puc. 4l. Cfi)ykTypa KJ1accoB nporpamMmsl (ArgoUML)

JLtst peanmuzanuy Ka>KI0i 9acTH MOJICTH CO37aH OTACIBHBIN MeToa Kiacca Generator, KOTO-
prle omucanbl B Tabm. 2. Kimace Generator copepskut moiisi: numlnputs — 94uciao BXOJOB MOAEIH,
numBits — pa3psSaIHOCTh BXOJHBIX/BBIXOIHBIX BeKTOpoB, file name — ums daitna momenw,
inter_output — MO3BOJISET MPH HEOOXOIUMOCTH OTKITIOYATh TCHEPUPOBAHKE BBIXO/I0B IIPU3HAKOB
JUISL PETUCTPOB BHYTPEHHUX ypOBHEH. MeTo HHUIMATM3AINY TICPEMCHHBIX 32/1a€T 3HAYCHHUS
MEPEMEHHBIX 110 yMOYaHuio (JIucTHHT 5): numlnputs = 4, numBits = 8, file name = “model.v”,
inter_output = True. JIro00# U3 mapaMeTpOB MOXKET OBITH M3MEHEH IPHU CO3AAHUH IK3EMILIIPa
kiacca Generator, HaIIpUMeEP CICAYIOMAM 00pa3oM:

numlnputs =16

numBits =8

obj 1 = Generator(numlInputs, numBits, “model”+str(numInputs)+”.v”, False).



Ta6mmma 2
MeTtonp! k1acca Generator HoBeIEHUYECKOH MOJIEITH

Meton Onucanue

outTitle() I'eHepanus 3aroaoBKa .

outlnput() ['enepanms nexiaparnii BXoI10B

outOutput() l'enepanus nexiapaiuii BbIX0I0B

outRegDeclaration() ['eHepanus gexIapaliui mepeMeHHbIX IS
OIMCAHUS PETHCTPOB

outReglmp kemen() ['enepanus ormepaTopoB, peau3yommuX
PETUCTPBI

outAssignlmplemen() I'enepanus onepaTopoB assign s

(opMUpOBaHUS MPU 3HAKOB YPOBHEH U
MPUCBOCHUS 3HAUYEHUM BBIXO IOB

outEnd() I'enepanus 3aBepimaronicii yacTu Koaa
MOJieTu.3aBep e HUE

genRe gDefnttion(namel, name2, vec = True) Bri3biBaercs u3 outRegDeclaration()

generate() SIBnsieTcss  OCHOBHBIM ~ METOIOM  Kilacca,

KOTOPBIM, WCHONB3YSd OCTAIbHBIE METOBI
KIacca, BBIMIONHSET TEHEPAHUI0  IIEJION

MOJICJIH YCTPOHCTBA U 3aIlHCh e¢ B (aii.

JIuctunr 5
®parmenT knacca Generator ¢ hpyHKImeit nHHIMaIH3auy nosei class Generator

€699

“»” Model code generator
def _init__ (self, numInputs = 4, numBits = &, file_name = “model.v”,
inter_output = True):
self.numInputs = numlInputs
self.numBits = numBits
self.file name = file name
self.inter output = inter output
if self.numInputs <=4 :
self.coef =2
elif self.numInputs <=8 :
self.coef =3
elif self.numInputs <= 16 :
self.coef =4

Knacc Generator cogepxur takke ¢pynkmun outTitle() m outEnd(), koTopsle OTKpBIBAIOT M
3aKpBIBAIOT BHEIIHUH (haiin (IucTHHT 6).

Jluctusr 6
®ynknnu outTitle() m outEnd()

def outTitle(self):
self.f = open(self.file_name, ‘w’)
self.f.write(“module device\n (input clk, rst,\n")
def outEnd(self):
self.f.write(“\nendmodule™)
self.f.close()



Puc. 5 npencraBisieT MOMHYIO CTPYKTYPY KJIACCOB MPOTpaMMbl T€HEepaTopa MOBEAECHYECKON
MOJIETTH TPOLIECCOpa, BKIIOYAOIIYIO peann3alliio AByX kiaccoB Generator u genlndex, a takxke
BCIIOMOTaTeNbHbIe (PYHKIIUU JUIS TIOATOTOBKH M (D)OPMUPOBAHUS TAHHBIX, pa0OTHI CO CIIUCKAMHU
WH/IEKCOB PETUCTPOB KAXKJOTO YPOBHS M MPU3HAKOB ITOTHOTHI TOKPBITHS.

Class Browser - Project_v w1 i ] e

@; Project_v_vl.py _*_!
—ﬁ, def combinationd,..)
—ﬁ, def genskr...)
"‘@! def split_index(,..}
—@ def flat_list{...)
=H_] class genlndex
—y def _init_{...)
—ﬁ, def genlevell,, )
—ﬁ, def getIndList,..}
=H_1 class Generatar
— @ def _init_{...)
—a; def printDatai, ..}
—8, def outTitle(...)
—@, def outEndi,..)
—ﬂ, def outInputt,..)
—ﬁ, def outCuktpute, ..}
—a, def genRegefinition, ..
—@, def outRegDeclarationt.. .}

—a def outRegImplement...)
—@ def outAssignImplerment...)

—ﬁ, def generatef...)
—-@, def number_outputs], ..}

4 N

Puc. 5. Bpaysep knaccos n3 nporpammsl Python 2.7 Shell

['eneparis HHACKCOB PETUCTPOB U MEPEMEHHBIX SBJISCTCS JOCTATOYHO CIOXKHOW 3a7adei u
JUTSL 3TOM TIeNIM CO3AaH OTACHbHBIA Kiacce genlndex (nmctunr 7). [[ns reHepanuu WHACKCOB
HCIIOJIB3YIOTCS CITUCKH, MIPHHAICKaIHe 361Ky Python. Kiace genlndex conepskut mojsi: levels
— YHUCJIO YPOBHEHW MOJIEIIH, KOTOPOE COOTBETCTBYET KOJIMUYECTBY BEKTOPOB BXOJHBIX JAHHBIX;
level — ypoBeHb, Ajis1 KOTOPOrO IeHEPUPYIOTCS MHASKCHI, ind list — CIMCOK MHIEKCOB. MeTo
genLevel() renepupyet cmcok HHAEKCOB, a MeTo getindList() — Bo3BpalaeT CiucoK MHAEKCOB.

Jluctunr 7
Kracc renepatopa HHIEKCOB IIEPEMEHHBIX
class genlndex:
“ generate list of index for the leve
def init (self, levels =16, level = 1):
self.levels = levels
self. levels = level
self.ind_list =[]
self.genLevel()
def genLevel(self):
for i in xrange(self.levels):
self.ind_list.append([str(i)])
if self.level > 1:
list t=1]
1i=0

1 €699

10



for i1 in range(self.levels-1):
i +=1
=[]
for 12 in xrange(ii, self.levels):
t.append(str(il)+» »+str(i2))
#print t
list_t.append(t)
#print «list level 1»,list t
self.ind list=list t
if self.level > 2:
iLevel =3
while iLevel <= self.level:
list 2 =]
list_t.pop(0)
i=0
while (Ien(list_t) > 0):
t={]
for il in xrange(len(list t)):
list il =list t[il]
for i2 in xrange(len(list_il)):
s = str(i) + « » + list i1[i2]
t.append(s)
1+=1
list_t.pop(0)
list_t2.append(t)
#print «list_level «,iLevel, «:», list t2
list t=list t2
iLevel += 1
self.ind_list = list t2
def getIndList(self):
return self.ind_list
B Ta611. 3 nokazaHo, KaKk YBEIIMUYUBACTCS YUCIIO BHEIIHUX JJMHUH YCTPONCTBA C YBEIMUCHUEM
yrcna Bxo#oB (numlnputs). [Ipu 3TOM BUAHO, YTO pa3psAHOCTH BXOTHBIX CUTHAJIOB (numbBits)
HECYIIECTBEHHO BIHSIET Ha 00IIee YUCIIO BXOJOB M BBIXOI0B MOJICIIH.

Tabnuma 3
3aBHCHUMOCTD KOJIMIECTBA BHEITHUX JIMHHIA MOJIEIIH OT YKCIIa BXOIOB (numlInputs) 1 uX paspsaHOCTH
(numBits)

numInputs, numBits
4 8 12 16 20 24 28 32
4 31 55 79 103 127 151 175 199
6 83 115 147 179 211 243 275 307
8 279 319 359 399 439 479 519 559
10 1 051 1099 1147 1195 1243 1291 1 339 1387
12 4127 4183 4239 4 295 4 351 4407 4 463 4 519
14 16 419 16 483 16 547 16 611 16 675 16 739 16 803 16 867
16 65 575 65 647 65719 65 791 65 863 65 935 66 007 66 079
18 262 187| 262 267| 262347| 262 427| 262507 262 587| 262 667| 262 747

C yBenM4eHHEM YHCIIa BXOJHBIX BEKTOPOB 3HAYUTEIHHO YBEIMYMBAETCS pa3Mep MOZEIH, a
CJIEIOBATENFHO, U KOJMYECTBO KOJIA JUISI €€ pealn3alliy, B pe3ysibTaTe 00paboTKa TaKuX MOJIe-
Jeil cucteMaM¥ CHHTE3a M MMJIEMEHTAIlMH 3aHMMAaeT O4YeHb MHOTO BpeMeHH. [lomo6HbIe mpo-
rpaMMBI JTy4Iiie paboTaroT ¢ KOJOM, COCTOSIINM U3 HECKOJIBKUX MOyJieH. B memnsx moBwIeHHs
CKOPOCTH BBITIOJTHEHUS OTIepallvii CHHTE3a U UMIUIEMEHTAINH pa3paboTaHa CTPYKTYpHAs MOJCITh
MpoIieccopa, B KOTOPOM OTJENBHBIH Y3l peain30BaH B BUE OTACIbHOTO MOAYIIS — dJIeMEeHTap-
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HO# saetiku. Kpome Toro, B 3Ty Mojenb IT0OAaBICH BXOM ajpeca, MO3BOJSIFOIINN BEIOOPOTHO
CUYHUTHIBaTh HH(DOPMAIIUIO C Y3JIOB-IIPU3HAKOB, YTO J]AJI0 BO3MOXHOCTh CYIIIECTBEHHO COKPATHTh
YHCIIO BHEIIHUX BBIXOJIOB YCTPOMCTBA.

2.2. I'eHepaTop CTPYKTYypHOIH MOJIEIH IIpoIieccopa

CrpykrypHast Verilog—Monmens COCTOUT U3 o0JacTel, KOTOphIE MpeACTaBICHBI Ha puc. O.
BwmecTo obmacTu peann3zanny perucTpoB U MPHCBOSHIS 3HAYEHUH BBIXO/IOB, KaK OBLIO B ITOBEICH-
YECKOW MOJIEITH, 3Ta MOJEIh COJICPIKUT ONKMCAHUE PeaTU3allii PETUCTPOB 1-rO ypOBHS C IOMO-
NIbI0 KOHCTPYKIIMH always U pean3aiiio perucTpoB OCTAIBHBIX YPOBHEH Mpolieccopa, BKITFoYast
OIepaTop peau3auy KO MOIYJISI DJIEMEHTAPHOU SIMEHKH, OTIepaTop assign, ONMUCHIBAIOIINN
TPUCTAOWILHBIN Oy(dep TSl TOAKITIOUEHIS BBIXOa MPU3HAKA U YCIOBHBIN OTIepaTopa pearnu3anun
MyJBTHILIEKCOpa BBIOOpa stueiiku. [Iporpamma reHeparopa ycloKHSETCS 3a CHeT JOOaBICHUS
HECKOJIBKMX METOJIOB (CTPYKTypa MpOrpaMMbl U3 OTIIAIOYHOTO cpeacTra s Python 2.7 npen-
craBieHa puc. 7). Omrcanre METOJOB Kiracca TeHeparopa BKIOYeHBI B Tabn. 4. Ilporpamma
coaepxuT 380 cTpok Koaa.

3aronosok

[eknapauuvs Bxogos
[eknapaums BbIXOA0B
[eknapauns perucTpos
Peanusauus pernctpoB 1 ypoBHS

Peanusauuu syeek ans 2 - n-1 ypoBHen
[TpncBOEHNE 3HaYEHNIN BbIXOLOB
3aBeplueHve

Mynbtunnekcop Belibopa Bbixoga
TpuctabunbHbln 6ydep Bbixoda nprsHaka
Peanvsaums konvuv anieMeH TapHOW S4eliku

Puc. 6. Oprannzauus Verilog-monemu

=
@, Project_v_w3.py il

--ﬁ def combinationt.. )

—@; def genstri,. )

—@, def split_index(...)

—8), def Flak_list(...]

—& def str_ing...)

EHC class genIndex

— @, def _init_(...]

—a, def genLevel,..}

—ﬁ, def getIndList(...)

EH_] class Generator

— 8, def _init_ (...}

—@, def prinkDatal,. )

—8), def outTitlel...)

—@y def outEnd(...)

—& def outInpute,..)

—@, def outOukputi,..)

—ﬁ, def genRegDefinitiont,..)
—a, def genWireDefinition, ..}

—a, def oukPrDeft, . )

—@, def outRegDeclaration(,..)

—@; def outRegImplement, . .

—@ def outAssignImplement, ..}

—@, def generatel(...)

—a, def oubComponents, ..}

—ﬁ, def outCampanentImpl(,..)

—a, def generatez...)

—@, def number_outputs(, ..} =
4] _I_|

Puc. 7. CtpykTypa nporpaMmbl reHepaTopa B Opaysepe KinaccoB u3 nporpammsl Python 2.7 Shell
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IIpucBanBaeMbIii KaXJI0H A4EiKe aJpec T€HEPUPYETCS Ha OCHOBE CTPOKOBOTO IpeJICTaBIIE-
HHS €€ MHAEKCa C TOMOIIBI0 PyHKIMY str_in (mucTHHT §).

def'str_in(10, step):

“”” Form integer address value based on element index

i=0

1=10.split(“_”)
l.reverse()

for j in xrange(len(1)):

JInctunr 8
OyHKLUS FeHepaluy ajipeca TUeKu

999999

1 *=2%**step
i+=int(l[j])
#print ‘1’, 1
return 1
Tabmnuua 4
Mertons! kimacca Generator oBeAEHIECKON MOIEIIA
MeTton Onucanue
outTitle() I'enepanus 3arosgoBka |
outInput() I'enepanus gexkiaapanuii BXo10B
outOutput() I"enepanus gexiapanuii BEIXOI0B
outRegDeclaration() INenepanus nexnapanuil mepeMeHHBIX 115
OMNUCAaHUS PETUCTPOB
outReglmplemen() I'enepanus onepaTopoB, pealu3yro mux
perucTpsl
outA ssignlmplemen() I'epenanus onmepaTtopoB assign s
¢ opMHUpOBaHU NPU3HAKOB YPOBHEH U
IIPUCBOEHU S 3HAUECHUH BBIXOJ OB
outEnd() ["enepanus sapepmaroneil yactu koja

MO,I[GHH.3aBepHIeHHe

genRegDefinition(namel, name2, vec = True

Jekmapanus perucTpoBbIX MEPEMEHHBIX ,
BhI3bIBaeTc A U3 GpyHkuuu outRegDeclaration ()

genW ireDefinition () 'enepanus nepeMeHHBIX THITA TaHHBIX Wire
KJIacca [[ernu, MOJeTUPYIOMHUX TPUCTAO UIbHBI €
o0y epor

OutComponent() eHepupyeT ann ¢ Mmoaenblo anemMeHTapHon
si4Yenku npoueccopa

OutComponentIm pl() eHepupyeT onepaTop peanuaalmnm Konum Moayns
aneMeHTapHOW SYeKKM npoLeccopa
BbiBO uncna BXO[0B NpoLeccopa v ux

printData() pas3psagHoOCTyH

generate2() SBnsieTcas  OCHOBHBIM METOAOM  KJjacca,
KOTOPBIN, UCHONB3Ys OCTaJbHBIE  METOMIBI

KJiacca, BBIMOJHACT TCHEPALUIO [EeJIOH MOJEIu
yCTpoO¥cTBa U 3anKCh e¢ B (aiin.

Hecmotpst Ha TO, 4uto python — 3TO WHTEPIPETUPYEMBIN S3BIK MPOTPAMMHUPOBAHHUS, IS
NpOrpaMM, CO3JAHHBIX C TOMOIIBIO 3TOTO SI3bIKA, B CIyyae HEOOXOAMMOCTH MOXHO JIETKO
MOJIYYHMTh UCIIOJHIEMBIH (haiii, ucmoib3ys cpeactsa Pylnstaller (http://www.pyinstaller.org/) uiu
py2exe (http://www.py2exe.org/), uiu noaoousie uM. Kouseprop Pylnstaller coznaeT He3aBucH-
MBI€ HCITOJTHSAEMBIC POTPAMMEI JIJIs oriepaIioHHbIX cucteM Windows, Linux, Mac OS X, Solaris
1 AIX, B TO Bpems Kak py2exe peaau3yer Tobko Windows IpUIoKeHUs.
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2.3. I'padmueckuit uaTepdelic monp30BaTe/s reHepaTopa

st opopmitenns rpadudeckoro nHTepderica nonb3oBatesis Oblia MPUMEHEHA OTKpBITast OHo-
moteka tkinter s3pika python, koTopas siBsieTcst e-(pakTo CTaHAAPTOM IS PEIIeHUs TTOA00HBIX
3amad. JlocTymHOCTh, IEPEHOCUMOCTh, TIPOCTOTA MOMyUYeHHs, TOKYMEHTUPOBAHHOCTh M HAIWYHE
pacimpeHuii onpeaensoT nomyisipHocTs tkinter 1uist popmuposanust GUI B Python-npunoxenusx B
TEUYECHHE MHOT'HX JIeT: B oTiimure ot 0ojiee CIIOKHBIX CHCTeM, OnOInoTeKa tkinter o3BOJIET Cpasy
e MPUCTYIUTD K paboTe ¢ Hell, 0e3 He0OX0JMMOCTH ITPEABAPUTENHLHO OCBAUBATH KPYITHBIE MOJICIIN
B3auMoJeicTBHS KiaccoB. HecMoTpst Ha mpocToTy npukiagHoro uarepdetica ounbnuoreku tkinter,
OHa JTaeT BO3MOXKHOCTB JI00aBIISITh HOBBIE BUIKETHI, HANMMCaHHbIE Ha s3bIke Python, nmm moximro-
YaTh IOTIOJHUTEIbHBIC PacIIUpeHus, Takue kak Pmw, Tix u ttk. BaxkHpIM IpenMyI11€CTBOM SIBIISCT-
cst iepeHocuMocTh. ClieHapuit Ha si3bike Python, B koTopoM rpadudeckuii uHTepdeiic cTpouTes ¢
MOMOIIIBI0 OnONIMoTeKy tkinter, Oyaer paboTarh 63 U3MEHEHH Ha BCEX OCHOBHBIX COBPEMEHHBIX
OKOHHBIX IaTdopmax: Microsoft Windows, X Window (8 Unix u Linux) u Macintosh OS X. Bosee
TOT0, BHEIITHUHM BUJI CO3AaHHOT0 HHTep¢eiica OyaeT MpuBBIUEH IS OJIb30BaTeIe ! KaKI0H U3 ATHX
miaThopM. ITa 0COOCHHOCTh pa3BUBaJach MO Mepe Toro kak Ombmmoreka Tk (Ha KoTopoi
ocHoBaHa tkinter) craHoBwiIachk Bce Oojiee 3penod. I'padudueckuit uuTepdeiic, pealn3oBaHHbIN
cueHapueMm Python/tkinter, B Windows BBIIJISOUT Tak, Kak IOJDKEH BHITISACTH MHTEpdeEiic mpo-
rpammbl it Windows; B Unix u Linux obecrieunBaeT Takoe ke B3aUMOJeiicTBre W Ha Mac oH
BBIDJISITUT TaK, KaK JIOJDKHA BBITIISICTH MporpamMMa Mac.

Bubnuoreka tkinter sBisieTcss MOayJIeM CTaHAapTHOM OnOIMoTekH Python, mocrasisieMoit BMe-
CTe C MHTeprnperaropoM. boiee Toro, B GONBIIMHCTBO MAKETOB ycTaHOBKH Python (Bkirouas
cTaHIapTHBIN TakeT ycraHoBKH Python amst Windows, Mac n 6onpmmaCTBO AMCTpUOYTHBOB Linux)
yKe BKITIOUeHa mojyiepxka tkinter. biaromapst aToMy crieHapyu, HaITUCAHHBIE C HCTIONE30BAaHUEM
moxyis tkinter, cpasy Moryt paborarb ¢ OONBIIMHCTBOM HHTeprperaropoB Python, He TpeOys
JIOTIOJTHUTENIBHBIX JCUCTBUN TI0 ycTaHOBKe. [10CKONBKY 3ajeiicTBOBaHHas B Helt omOnmmoTeka Tk
UCTIONB3YETCs TAKKE sI3bIKaMu porpammuposanust Tcl u Perl (u MHOruMu apyrumn), el yaensercs
OoJbIlle BHUMAHHS M YCHITHI pa3paboTYNKOB, YeM APYTUM UMEIOIIUMCS HHCTPYMEHTapHSM.

OkHo rpaduueckoro uHTepdeiica reHepaTopa npeCTaBiIeHo Ha puc. 8. B HeM mepe reHepariu-
et Verilog-koma MOXHO 3a7aBaTh KOJIMYECTBO BX00B Number of inputs (4MCIIO BXOHBIX BEKTO-
POB), Pa3psIHOCTh BXOAHBIX BekTOpoB Number of bits, uMs daiiaa ¥ myTh IS COXPaHECHHUS
coznaBaemoii Mmogenu File name.

Hasse processor model generator 1O x|

Mumber of inputs I 4 @
rumber af bits I 4 t “ 4

File name I rmiadel. v e

Resek l Genetate l Cancel

Puc. 8. OkHo rpaduueckoro unrepdeiica ms Windows

[To ymMoIuaHHIO YMCIIO BXOJOB U UX Pa3psIHOCT paBHA 4, TeHEpUpyeMasi MOJIENb COXPaHsCT-
ca B ¢aiin model.v. Knonka Reset cOpachiBaeT BBeJCHHbBIC 3HAYCHHS TApPaMETPOB K 3aIaHHBIM
no ymonuanuio, Generate — reHepupyet Verilog-monens npoueccopa, Cancel — 3akpbpIBaeT OKHO
re’eparopa. B mporpamme MCHONB30BAIMCH SK3EMIUBIPBI KilaccoB MeTku Label, momns BBona
Entry, xmomkm Button, Photolmage myms BeiBoma m3o0paxenus. Bce kimacchl mpuHamIekaT
oubmmoreke Tkiter, koTopas B cBoo ouepeab ocHoBaHa Ha oubimortexe Tk():

import sys

from Tkinter import *
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root = Tk()

root.title(  Hasse processor model generator”)

s ynopsimounBaHusi rpaduueckoro oToOpakeHHsi OOBEKTOB KJIACCOB B OKHE TeHepaTopa
UCIoNB3yeTcst MeTox ceTkH — grid. Cnemyronmii pparMeHT KoJa IPEACTaBIACT CO31aHNe METKH U
HoJIsl BBOZIA IS BBOJA 3HAUCHHWs mapameTpa Number of inputs u pasMmelieHHe ero B HYJICBOM
CTPOKE 1 KOJIOHKE CETKH:

11 = Label(root, text = ‘Number of inputs’)

11.grid(row = 0, column = 0, padx = 20, pady =20, sticky=W)

num_levels = IntVar(value = 4)

il = Entry(root, justify = “center”, width = 20, textvariable = num_levels)

il.config(bd = 3, relief= SUNKEN)

il.grid(row =0, column=1)

3. CuHTe3 U MMILIeMeHTAUus

Peanuzanus yerpoiictea Ha mukpocxemax FPGA ¢upmer Xilinx Spartan 3E (xc3s1600e-4-
fg320) u Virtex 5 xc5vIx50. [l cuHTe3a M UMIIEMEHTAUH UCTIONB30BAJIC IPOrPaMMHBII TaKeT
¢upmer Xilinx ISE Design Suite 11.1. Moaens ycTpoiicTBa, ¢ KoHpurypamuei 10 BXo10B, pa3psii-
HOCTb BXOZIOB § OUT, pean30oBaHa ¢ UCIIOIb30BaHUEM MUKpOcxeMbl pupMbl Xilinx cepuu Spartan-
3E: xc3s1600e. [Ipu aToM nosmydenHast cxema coaepkut 9 247 tpurrepa FF u 18 062 4-x BxonoBbIe
tabmwmb mpeodpazoBanus LUT, aro coctasnseT 31 u 61% AOCTYIHBIX pecypcoB MUKPOCXEMBI:

Logic Utilization:

Number of Slice Flip Flops: 9,247 out of 29,504 31%

Number of 4 input LUTs: 18,062 out of 29,504 61%.

Hcxoms U3 pe3ynbTaToB CTATHYECKOTO BPEMEHHOTO aHanm3a (Tabi. 5), MUHUMAIILHBIA padoumii
TIEPHUOJT CHHXPOCHTHAJIA paBeH 41 ns, 9T0 COOTBETCTBYET yacTtote 24 MI .

Tabmmna 5

BpemeHnHble mapaMeTpsl ycTpoicTBa

Clock clk to Pad
+ + + +
| clk (edge) | | Clock |
Destination| to PAD |Internal Clock(s) | Phase |

+ + + +
02 | 13.343(R)|clk BUFGP | 0.000]
o3 | 15.381(R)|clk BUFGP | 0.000]
04 | 16.611(R)lclk BUFGP | 0.000]
05 | 19.541(R)|clk BUFGP | 0.000]
06 | 20.813(R)lclk BUFGP | 0.000]
o7 | 15.613(R)[clk BUFGP | 0.000]
08 | 12.385(R)|clk BUFGP | 0.000]
09 | 13.186(R)[clk BUFGP | 0.000]

0 pr<0> | 40.912(R)lclk BUFGP | 0.000|
o_pr<l> | 37.572(R)lclk BUFGP | 0.000|
o_pr<2> | 37.575(R)lclk BUFGP | 0.000|
o_pr<3> | 37.859(R)lclk BUFGP | 0.000|
o pr<d4> | 38.169(R)lclk BUFGP | 0.000|
o pr<5> | 37.284(R)lclk BUFGP | 0.000|
o pr<6> | 38.165(R)lclk BUFGP | 0.000|
o_pr<7> | 37.858(R)lclk BUFGP | 0.000|

out<0> | 7.854(R)lclk BUFGP | 0.000|
out<l> | 8.086(R)lclk BUFGP | 0.000|
out<2> | 8.088(R)lclk BUFGP | 0.000]
out<3> | 8.057(R)lclk BUFGP | 0.000

|
|
I
out<4> | 7.534(R)lclk_BUFGP | 0.000|
|
|
|

out<s> | 7.465R)lclk BUFGP | 0.000|
out<6> | 8.073(R)lclk BUFGP | 0.000|
out<7> | 8.032(R)lclk BUFGP | 0.000|

p 010<0> | 7.716(R)lclk BUFGP | 0.000|
+ + +
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Clock to Setup on destination clock clk
+ + + + +
| Src:Rise| Src:Fall| Src:Rise| Src:Fall|
Source Clock |Dest:Rise|Dest:Rise|Dest:Fall|Dest:Fall|

+ + + + +
clk | 4862 | | |
+ + + + +

J17ist BBIYHMCIICHUS] BpPEMEHHBIX MaPaMETPOB HCTIOIB3YIOTCS Pe3yIbTaThl CTATHUECKOTO aHAIH-
3a, BBITIOIHSAEMBIC MMPOrPaMMHBIM obecriedeHreM Ha starne Place&Route. Cructema BBIYHCISIET
3anepkku myTei mexy pericrpamu (Tclk to clk) u ot cuaxposxona a0 Beixona (Tclk to pad).
MakcuMaNbHBIN 3 3TUX TapaMeTPOB OMPEACISICT MUHUMAITBLHBIN paOOYHid TEPHO]] CHHXPOCHTHA-
Jia, KOTOPBIF MOXKET OBITH MOJIaH Ha BXOJ YCTPOHCTBA.

Period =max{Tclk to clk, Tclk to pad max };

Hanpumep, 1711 BpeMEHHBIX TapaMeTPOB:

Tclk to clk=4.862 ns

Tclk to pad max=40.912ns

MuHuMalbHBIH pPabounii mepuo cuuxpocurHana oyzaer pasex Period = 40.912 ns, uto cooT-
BercTByeT vactore Fclk = 24 MI'm.

BriBoabI

IIpencrapnena npakTuueckas peanuszanusa reneparopa HDL-kona cienuanu3upoBaHHBIX MPO-
LIECCOPOB, UCIOIB3YIOIINX AUAarpaMMBbl Xacce ISl TapajiebHbIX BEKTOPHO-TOTHYECKUX BBIUUC-
JieHHu# OyJieaHOB, MPUMEHSIEMBIX ISl yCKOPEHHS MOJICINPOBAHUS, BEpUPUKALINN U JHATHOCTHPO-
BaHus. [IporpaMMHo-anmapaTHas peaqu3aius Mmpoieccopa OCHOBaHA Ha MCTIOb30BAHNH SI3BIKOB
nporpammupoBanusi: C++, Verilog, Python 2.7 u miardopm: Microsoft Windows, X Window (B
Unix u Linux) u Macintosh OS X. I'enepaTop maeT BO3MOXXHOCTh aBTOMAaTHYECKU CHHTE3UPO-
Bath HDL-koaBI po1iecCOpHOM CTPYKTYpHI OT 1 10 16 ABOWYHBIX pa3psaoB A NapajuieaIbHON
00pabOTKH COOTBETCTBYIOIIETO KOJMYECTBA BXOIHBIX BEKTOPOB WM CJOB. Teoperndeckue u
MPaKTUUECKUE Pe3yIbTaThl JAIOT BO3MOXHOCTD 3a CUET alnapaTHOW U CTPYKTYPHOH M30BITOY-
HocTH Ha 50% — OBICTPOACHCTBYE UHTEPIIPETATHBHOTO MOACITUPOBAHUS, HAa 5% MTOBBICUTH BBIXO/T
TOAHOHN MPOyKIHH, Ha 12% — riryOnHYy TUarHOCTUPOBAHUS HENCTIPABHBIX (P)YHKIIMOHAIBHBIX 0JI0-
KoB U Ha 15% ymenbmuTh Bpems oTinaaku HDL-kona B mporecce mpoeKkTHpoBaHusi TH(POBBIX
CHCTEM Ha KpUCTAJIIAX.

Cnucok ysmmurepatypsbl: 1. Michael A. Nielsen & Isaac L. Chuang. Quantum Computation and Quantum
Information. Cambridge University Press. 2010. 676p. 2. Stig Stenholm, Kalle-Antti Suominen. Quantum
approach to informatics. John Wiley & Sons, Inc., 2005. 249p. 3. Mark G. Whitney. Practical Fault Tolerance for
Quantum Circuits. PhD dissertation. University of California, Berkeley. 2009. 229p. 4. Mikio Nfrfhara. Quantum
Computing. An Overview. Higashi-Osaka. Kinki University, 2010. 53p. 5. I'op6amos B.A. OcHOBBI IMCKPETHOMH
Marematuku. M.: Beicir. mk. 1986. 311 c. 6. Hahanov V.1, Litvinova E 1., Chumachenko S.V., Baghdadi Ammar
Awni Abbas, Eshetie Abebech, Mandefro. Qubit Model for solving the coverage problem // Proc. of IEEE East-
West Design and Test Symposium. IEEE. USA. Kharkov. 14-17 September 2012. P.142 - 144.
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VK 681.326:519.713

IMmuieMeHTanis KyOiTHHX CTPYKTYP AaHUX B MapaeibHuii o0unciaroBad / B.1. Xaxanos, [.B. Xaxanoga,
Tamer Bani Amer, Farid Dahiri (@apin Jaxipi) // ACY Ta npunaau aBromatuky. 2014. Bum. 167. C. 4-16.

3anporoHoBaHa MpakTHYHA peattizallis renepatopa HDL-ko Iy «KBaHTOBHX» TIPOIIECOPIB, III0 BUKOPHUCTO-
BYIOTb JliarpaMu Xacce s mapajieIbHIX BEKTOPHO-JIOTIYHHX (TEOPETUKO-MHOXHHHUX ) 00UUCIICHD OyIleaHiB,
110 3aCTOCOBYIOTHCS TS IPUCKOPEHHS BUPIIICHHS 3aBlaHb, MOJICIIOBaHHS, Bepr(iKaIlii, JiarHoCTyBaHHS.
[IporpamHo-anapatHa peaiizalis Iporecopa I'pyHTYETbCSI HA BUKOPUCTAHHI MOB IporpamyBanHs: C ++,
Verilog, Python 2.7 i nnardopm: Microsoft Windows, X Window (B Unix i Linux) i Macintosh OS X.
I'enepatop HDL-kony nae MoxiuBicTs aBTOMaTHyHO cuHTe3yBaTi HDL-koau nponiecopHoi cTpyKTypH Bix 1
1o 16 MBIHKOBHUX PO3PSIIB IS MapalielbHOT 00pOOKH BiAMOBITHOI KiTbKOCTI BXiTHUX BEKTOPiB 200 CIIiB.
Bepudixkamis HDL-koxy mporiecopa BUKOHYEThCS Ha TECTOBUX MPHUKIIAIaX 3a7a4i IIOKPUTTS, 1110 BUKOPHCTOBY-
IOTh JIBi CTpaTeTii ONTUMI3allii: peBepCUBHUI alrOPUTM Il YCYHEHHS HaJMIPHOCTI i PO3OUTTSI MaTpHIl
MOKPUTTIB HA YACTHHU 3 METOIO 1X [MOIANBIIOI TapaieIbHOI 00poOKH mporecopamu Xacce.

Tabmn. 5. L. 8. bi6miorp.: 6 Ha3B.

UDC681.326:519.713

Implementation of qubit data structures in parallel computer / V.I. Hahanov, .V. Hahanova, Tamer Bani
Amer, Farid Dahiri // Management Information System and Devices. 2014. N 166. P.4-16.

A practical implementation of the HDL-code generator for "quantum" processors is proposed; it is based
on the use of the Hasse diagram for parallel vector-logic (set-theoretic) calculations of the power set, applied
to accelerate solving the problems of modeling, verification, diagnosis. Software-hardware implementation of
the processor is based on the use of
programming languages C++, Verilog, Python 2.7 and the following platforms: Microsoft Windows, X
Window (on Unix and Linux) and Macintosh OS X. HDL-code generator makes it possible to automatically
synthesize the HDL-code of the processor structure from 1 to 16 bits for parallel processing a corresponding
number of input vectors or words. Verification of the processor HDL-code is performed by using the test
patterns of the coverage problem based on two optimization strategies: a reversible algorithm to eliminate
redundancy and partitioning the coverage matrix for subsequent parallel processing by Hasse processors.

Tab. 5. Fig. 8. Ref.: 6 items.

Y]IK 044.03;658.11.05.06

ApxiTtexTypa indopmauiiiHo-aHaTiTHIHOI cHcTeMH ynpaBIiHHsI 6e3nexoro BupooHnnTBa/ H.H. Ceprok /
/ ACY tanpuianu aBromaruku. 2014. Bum. 167. C. 17-22.

T'onoBHOO TPOOIEMOFO, IO YTPYIHSIE PO3POOKY MPOLIECHUX MOJIEIICH YIIPaBIiHHS OS3MEKOI0 MPOIIECIB
M AIPUEMCTBA, € BIACYTHICTh CHCTEMHOTO TIJIXOIY IO MPOIECHOTO OIMUCY 3aJad YIpaBIiHHA 0e3MeKor0
JUSUTBHOCTI CIIBPOOITHUKIB T ANPHUEMCTBA. 3anporoHoBaHa cTpykTypHa cxema [AC i y3aranpbHeHa KOHIIETITY-
aJbHA cXeMa CXOBHIIA TAHUX, K1 TO3BOJLIIOTH ChopMyBaTH Habip criennikariii Ha po3poOKy 3ade3nedyro-
yoi yactiau [AC ynpaBiiHHsg 0€3MeK0I0 BUPOOHHUIITBA, HACTPOWKA SIKOT HA KOHKPETHUI TUII BUPOOHHUIITBA
BUMara€e MiHiMaJIbHUX BUTpPAT.

. 4. bibmiorp.: 6 Ha3B.

UDC 044.03;658.11.05.06

Architecture of the informatsionno-analiticheskoy system of management by safety of production /N. N.
Serdyuk // Management Information System and Devices. 2014. N 166. P.17-22.

By a main problem hampering development of protsessnih case frames by safety of processes of
enterprise, there is absence of systems approach to protsessnomu description of tasks of management by
safety of activity of employees of enterprise. The offered flow diagram IAS and generalized conceptual chart
of depository of data allow to form the set of specifications for development of providing part of the IAS
management by safety of production, tuning of which on the concrete type of production requires minimum
expenditures.

Fig. 4. Ref.: 6 items.
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YK 62-519:681.5

MeTopn 3HIKeHHsI IHTEHCHMBHOCTI BineonoToky B indokxomyHikaniianx cucremax/B.B. Bapannik, O.1O.
OrMan ani, I'.B. Xaxanosa // ACY ta npmwiau asroMmatuku. 2014, Bum. 167. C. 23-27.

[Toxa3zana akTyabHICTh TUTAHb, OB’ I3aHUX 3 ITi IBUIIICHHSIM SKOCTI TIPEICTaBICHHS BioeiHPOpMAaIiHHIX
MTOCITYT 3 BUKOPUCTAHHSM 0€3IPOTOBUX TEIEKOMYHIKAMIMHUX TeXHOJIOTiH. OOIpyHTOBaHA BOXIIMBICTh 3HU-
JKEHHsI HAIIPyTX Ha MEPEKy Ha OCHOBI 3HIKEHHS IHTEHCUBHOCTI CTUCHEHOTO BiJIeOTIOTOKY. BusiBiieHi ypas-
JIMBI CTOPOHH (DYHKIIIOHYBaHHsI CTaHAAPTH30BAaHNX TEXHOJIOTiH 00poOKH 6a30BHX KapiB. Po3risHyTi BiqMiHHI
€Tl TeXHOJIOT11 KOayBaHHs 0a30BUX KaJ(piB. BUKIasieHi OCHOBHI €Tany OLiHKY IHTEHCHBHOCTI HOTOKY, 1110
npunazae Ha 6a30BUH Kap, 3 ypaXyBaHHSIM (opMyBaHHS KOJIOBUX KOHCTPYKIIIH CTUCHEHOTO PE/ICTABJICHHS
TpaHC(GOPMAHT Ha OCHOBi JiaroHAJILHO-HEPIBHOMIPHOTO TMO3UIIIHHOTO KOAyBaHHS. 3MiiCHEHa PO3poOKa
METOJTY JJIs OIIHKHM iIHTEHCHBHOCTI Ha TPYITY KaApiB i BChOTO BiJICOMOTOKY 3 ypaxXyBaHHIM: Tu(hepeHIiioBaHO-
'O BKJIaIy THIIIB KaJIpiB B IHTEHCHBHICTH 1 SIKICTh Bi3yaJIbHOTO CIIPUHHATTS pEKOHCTPYHOBAHOTO BiIEOTIOTOKY;
KoMmITpecii 6a30BUX KaJpiB Ha OCHOBI iX TpaHc(hHOPMYBaHHS Ta MOJAJIBLIOTO JiarOHAILHO-HEPIBHOMIPHOTO
TO3UIIHHOTO KOTyBaHHSL.

Taom. 1. L. 1. Bi6miorp.: 6 Ha3B.

UDC62-519:681.5

Method of intensity lowering the video stream in infocommunication / V. Barannik, O. Otman Shadi, A.
Hahanova // Management Information System and Devices. 2014. N 166. P. 23-27.

Relevance of the questions connected with improvement of quality of video information provision
services with use of wireless telecommunication technologies is shown. Importance of network load lowering
on the basis of intensity lowering of an oblate video stream is justified. The vulnerable sides of standardized
technologies functioning of processing of basic frames is identified. Distinctive stages of technology of
basic frames coding for intensity lowering of their code representation are considered. The main evaluation
stages of intensity of the flow falling on a basic frame taking into account formation of code constructions of
transforms oblate representation on the basis of diagonal and non-uniform positional coding are explained.
Development of a method for an intensity assessment on group of frames and all video streams is carried out
taking into account: a differentiated contribution of frames types to intensity and quality of visual acceptability
of the reconstructed video stream; compressions of basic frames on the basis of their transformation and the
subsequent diagonal and non-uniform positional coding.

Tab. 1. Fig. 1. Ref.: 6 items.

YK 004.942: 004.89

IIpencrapiieHHs 00pa3iB IMHAMIYHHX IPOLECIB B CHCTEMAX ABTOMATHYHOI'0 KepyBAHHS 32 0IIOMOT0I0
camoHasaromxkyBaabHux arenTiB / .C. Konox // ACY Ta npunaau aBromaruku. 2014. Bum. 167. C. 28-37.

Po3rnsHyTOo nuTaHHs M0OYJOBU yHIBEpCaIbHOI MOJIEI IIPOIPAaMHOTO areHTa, 10 31aTeH yTBOPIOBATH
CaMOHAJIAT0KyBaJIbHY CTPYKTYPY JUIS 3aIlaM’ SITOBYBaHHS 4acOBUX 00pa3iB CUTHAJIIB CHCTEM aBTOMATHYHO-
ro KkepyBaHHs. Ha 0CHOBI OJiIOHUX CTPYKTYp MOKIJIMBO BU3HAYATH CTYIIHb CXOXOCTI TOTOYHOT CUTYaLl 3
Oynb-siKoi, 10 BinOyBanacsi B MUHYJIOMY, Ta IPOTHO3YBaTH HOAANBIIY MOBEIIHKY 00’€KTY KepyBaHHS 3
BUKOPHCTAHHAM (YHKIIH y3araibHeHHs. [lokazaHa MOXKIIMBICTb JUPEKTUBHOTO BHECEHHS B MYJIbTHArC€HTHY
CHCTEMY anpiopHUX 3HaHb. 3anponoHoBaHo UML-giarpamMu mporpaMHOro areHTa 3 CaMOHAJIAIITyBaHHSM,
10 To0yI0BaHi 3a MPUHITUTIAMH 00’ €KTHO-OPIEHTOBAHOTO MPOTPaMyBaHHS.

In. 9. Bibmiorp.: 5 Ha3B.

UDC 004.942: 004.89

A dynamic process images presentation in the system automation by means of a self-tuning agents /L.S.
Konokh //Management Information System and Devices. 2014. N 166. P. 28-37.

The article deals with the issue of building a universal model of software agent that is capable of forming
self-tuning structure for storing temporary images of automatic control systems signals. On the basis of such
structures may determine the degree of similarity of the current situation from any that happened in the past
and predict the future behavior of object management functions using generalization. The possibility of
policy making in Multi-agent system of apriority knowledge. Self-adjusting agent software UML-diagrams
built on the principles of object-oriented programming.

Fig. 9. Ref.: 5 items.
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YK 629.391

MeToa AMHAMIYHOT0 YIIPABJIIHHSA 6iTOBOK NIBWIKICTIO BileONOTOKY i3 BHKOPHCTAHHSIM TPUBHMIPHOT0
npeacrasyieHHst Tpancopmant / B.B. bapannik, /I.E. J/Isyxrnasos, B.B. Tepnoxmi6 / ACY Ta npunaau
aproMatuku. 2014. Bum. 167. C.37-43.

PosrisHyTa akTyanbHICTh TOCIIHKEHB, CTIPSIMOBAHUX Ha 3MEHIIICHHS 01TOBOT IBUAKOCTI 00POOKH KaApiB
BI/ICOIIOTOKY U IMiABUIIICHHS SIKOCTI HaJIaHHS ITOCIIYT BiJjeocepBicy i1t eHeproedeKTuBHMX iHQOKOMyHIKal-
IMHNX cucTeM. 3anpOITHOBAHO TPEICTABICHHS OJIOKIB BiZleOKaApy y BHIVISAI OITOBOro KyOy Ta IPHHIMIH
oprasizarii yrpasIiHHS Iepeiadero Kapy s TAKOTO MPEACTABICHHS, sIKi BUKJIAJICH] y BUTJISII TOTOBUX IS
peaizarii anropuTMiB 00poOKH KaZpy Ha CTOPOHI, sSIKa Tiepeac Ta sika puiiMae. Takosk po3riIsTHyTO T aXig
JUTSI BHOOPY OTITUMAJTEHUX TTapaMeTpiB repenadi 07I0KiB Ha OCHOBI IPUHITHITIB TUHAMIYHOT'O MPOTPpaMyBaHHSI.

1. 3. Bi6miorp.: 4 Ha3BH.

YK 629.391

Method for dynamic management of the bit rate of the video stream using a three-dimensional presentation
of transformant / V. Barannik, D.Dvukhglavov, V. Tverdokhleb /Management Information System and
Devices. 2014. N 166. P. 37-43.

The fctuality of research aimed at reducing the bit rate processing frames of the video stream to improve
of service video service provision the quality for energy-efficient infocommunication systems has considering.
Invited presentation blocks of the video frame as a bitmap cube and principles of the transmission control
frame for such representations which are stated in the form of ready to implement the algorithms of frame
processing to the transmitting and receiving side. Also the approach for selection of optimal parameters of
transfer units based on the principles of dynamic programming.

Fig. 3. Ref.: 4 items.

YK 519.6

Po3p’s13aHHsA AeTepMiHOBAaHOI 3a1a4i onTHMI3allii TPHPiBHEBOI Mepeki mocTaBoK 0HOT0 ToBapy / M.B.
Hogoxxuiona, I.B. llItans // ACY ta npuinaan aromatuky. 2014. Bur. 167. C. 44-50.

PosrisayTO 0Oy IOBY METO Ty pO3B’sI3aHHS 3a7adi ONTUMI3aIlii TPUPIBHEBOI MEPEkKi MOCTABOK OJTHOTO
TOBApy Ha OCHOBI BU3HAYCHHSI XapaKTCPUCTUK PIBHOBATH PUHKY 32 YMOBU MOXJTBOCTI TIOAaHHS (DYHKITIM, 1110
OTIMCYIOTh JCTePMiHOBaHY IMOBEIAIHKY OCHOBHHX CYO’€KTIB PHHKY IOJiIHOMaMHU JPYTOTO TMOPSAKY depe3
BU3HAUYCHHS CI/IJIOBOT TOYKH BIAMIOBITHO 10 OOy moBaHOi (yHKIIiT Jlarpanxky.

In.2. Bi6miorp.: 11 Ha3B.

UDC519.6

Solution approach for an one-product supply chain optimization problem/M.V. Novozhylova,.V. Shtan’
//Management Information System and Devices. 2014. N 166. P.44-50.

It is proposed construction and analysis of solution method for an one-product supply chain optimization
problem based on defining equilibrium market parameters due to definition of saddle point for appropriate
Lagrangian taking into account presentation of functions being considered as polunoms having second
order.

Fig. 2. Ref.: 11 items.

YK 004.627(043.2)

MeTtoanka oliHKN e()eKTHBHOCTI TEXHOJIOTII CTHCHeHHS 300pakeHb Ha 0a3i MeTOAIB iIHBapiaHTHO-
npocToposoro koxyBanus nmo meuakoxii / O.K. IOnin, K.O. Kypins, P.B. 3106ina // ACY Tta npuraau
apromatuku. 2014. Bum. 167. C.51-58.

IIpoBeneHo aHai3 TEXHOJIOTiH 0OPOOKH 1 Iepeaadi J7aHuX B iHPOpMaIlitHO-TeNeKOMYHIKaIliHIX CUCTe-
Max (ITKC). BuzHaueHo ocHOBHI Ioka3HHUKH eekTuBHOCTI PpyHKitionyBanHs I TKC. BusnadeHno pois i miciie
ITOPUTMIB CTHCHEHHSI 300pakeHb Juis ckopodeHHs dacy npoctaBku aanux B ITKC. CtBopeHo metoauky
OLIIHKY €(DEeKTHBHOCTI TEXHOJIOTI] CTUCHEHHS Ha 0a3l METOly MHBapPUAHTHO-IIPOCTOPOBOTO KOJIYBAaHHS 110
mBuako il [IpoBeneHo po3paxyHOK THMYACOBHX BUTPAT Ha 00pOOKY TECTOBMX 300pakeHb KOJIEKOM Ha 6a3i
MHBapHAHTHO-TIPOCTOPOBOTO KOYBaHHSI.

Tabm. 6. 1. 5. Bibmiorp.: 9 Ha3B.
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UDC004.627(043.2)

Technique of an assessment of image compression technology of methods of invariant and spatial coding
on high-speed performance / O.K. Judin, K.O. Kurin’, R.V. Zjubina //Management Information System and
Devices. 2014. N 166.P. 51-58.

The analysis of technologies of data processing and transmission is information telecommunication
systems (ITCS) provided in. The basic metrics of efficiency of ITCS functioning are defined. The role and
place of algorithms of images compression in reduction of information delivery time in ITCS is grounded. The
expedience of increase of compression coefficient and development of new technologies and algorithms of
images compression is grounded. The estimation of the developed technology of images compression on the
base of method of invariant spatial coding comparing to the case of the use of JPEG algorithm for images
processing by the value of data delivery time in ITCS is provided. The method of estimation of compression
technology efficiency on the base of the method invariant spatial coding by the high-speed performance is
created. The analytical model of images calculation processing procedure of time for the technology of
compression on the base of method of invariant spatial coding is created. The calculation of time spent on
processing of test images with the codec on a base of invariant spatial coding is provided. Comparative
analysis of the offered technology of images compression by the high-speed performance with codecs on
the base of JPEG algorithm is provided. That results allow to do next conclusions: use of the developed
method on a base of the method invariant spatial coding for images processing allows to decrease the time of
delivery compared with the case of the use of JPEG algorithm on a value which changes in the range of from
2 to 32 ms depending on the size of image and provides the increase of efficiency in a range from 1% to 10%,
that proves the expedience of the use of the developed method of image compression in data transmission
channels.

Tab. 6. Fig. 5. Ref.: 9 items.

YK 567.456

MeTton 00po6Ku BineopecypciB i3 30epekeHHsM HiTicHOCTI B iHopmaniiiaux cuctemax /10 .H. Ps0Oyxa
//ACY tanpunaan aBromatuku. 2014, Bur. 167. C. 59-64.

INokazaHo, 110 iCHYI0Yi TEXHOJIOT1i 00POOKH BiZIcOIaHUX HE 3a0BOJIBHSIOTH TOTPeOaM Cy4acHOro iHpOp-
MarttiitHoro poctopy. OGrpyHTOBaHa HEOOXiHICTH BJOCKOHAJICHHS TEOPETUIHOT 0231 1 TEXHOJIOTiH 00pOOKH
Bizieo1aHuX (KaJpiB, BiICONIOTOKY) B HAIPSIMKY ()OPMYBAHHS KOAIB JUIsl TPUBUMIPHHX CTPYKTYp NaHux. Po3-
POOIISETHCS TPUBUMIPHE KOAYBaHHS JaHUX B PEIKUMI pIBHOMIPHUX TPUBUMIPHUX YUCEIT Ta 3MIHHOI TOBKUHHU
KOJIOBOTO CJIOBA Ha IIPEJICTaBJICHHS TX KOJOBOT'O 3HAUCHHSL.

In.1. Bi6miorp.: 11 Ha3B.

UDC 567.456

Processing method video data saving integrity in information systems/Yu.N.Ryabuha//Management
Information System and Devices. 2014. N 166. P. 59-64.

Is shown that the existing technologies of video processing don’t satisfy to needs of the modern
information space. Reasons for need of enhancement of theoretical basis and technologies of video
processing (frames, a video stream) in the direction of formation of codes for three-dimensional data
structures are explained. Three-dimensional coding of the uniform three-dimensional polyadic numbers this
in the mode and variable length of the code word on representation of their code value is developed. The
created coding provides creation of compact representation of video data in three-dimensional space for
cases, when: there are no rigid restrictions on codegram length; formation of length of the code word
depends on dynamically changing characteristics on a computing resource; for transmission on communication
links a packing of variable length is used; the code shall be built for assigned amount of elements in a frame
or in a flow. Compression is provided for the score an exception of the structural redundance caused by
limitation and non-uniformity of dynamic ranges of elements of video data at the same time on three
coordinates of three-dimensional data structures.

Fig. 1. Ref.: 9 items.
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