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PaGora N1. NPOEKTHMPOBAHME LJ$POBEHX YCTPOWCTB HA OCHOBE
Imc

Henp padoTbl: 3aKpeIUieHUE HA NPAKTHUKE TEOPETUYECKUX CBEICHMI,
MOJMyYEHHBIX MPH M3y4YEHUH METOJUKHU MPOCKTUPOBaHUS HU(PPOBBIX YCTPOWUCTB HA
OCHOBE IMpPOrpaMMHUpPYEMBIX Joruueckux uHrerpaibHbix cxem (IIJIMC), nmomyuyenue
HEOOXOUMBIX HaBBIKOB pa0OThI C CUCTEMOW aBTOMAaTU3UPOBAHHOTO IPOEKTUPOBAHUS
ISE WebPack 9.1 ycrpoiictB Ha ocHoBe I[IJIMC ¢upmer Xilinx, wu3ydeHue
anmnapaTHbIX M MPOTrPaAaMMHBIX CPEJICTB MOJEIUPOBAHUS, MAKETUPOBAHUS U OTIAIKU
ycTpoiicTB Ha ocHoBe [1JIMC.

Jns  BbimosiHEHUsT pabOThl  CTYJEHTY HEOOXOJUMO O3HAKOMUTHCA C
apxurektypoir IIJIMC FPGA Spartan 3 mpousBoxactBa ¢upmel XilinX, U3y4uTh
METOJMKY MpoekTupoBaHus ycTpoiictB Ha ocHoBe IIJIMC ¢ ucnonb3zoBanuem CAIIP
ISE WebPack 9.1, cnpoekTupoBath M peann3oBaTh ¢ momolsio Habopa XC3S200

YCTPOMCTBO YITpaBJICHUS CYETOM U MHIUKAIIUEH COCTOSHUS 16-pa3psimHOTO CUETUHKA.

OnmcaHMe NPOEeKTUPYEMOI'O YCTPOMCTEBA

B nannoii naGopaTtopHoil paboTe ocBamBaeTcs METOAMKA MPOSKTUPOBAHHS
UQPPOBBIX YCTPONCTB Ha mpumepe paspaboTku u peanuzanuu Ha I[TJIMC cxemsl
YOpaBJIEHUsS] CYETOM W HHAMKAIMEH COCTOsiHUA 16-paspsanHoro cyerynka. OTiagka
ycTpoiicTBa mpou3BoauTcs ¢ mnomoulpio Habopa XC3S200, KOTOpBIH COAEPKUT
MaTpHIly 7-CErMEHTHBIX WHIMKATOPOB M KHONKH, HEOOXOAMMBIE Ui YIpPaBJICHHUS
pa3pabaTeiBaeMbIM ycTpoHcTBOM. CocTaB ycTpoiicTBa M Ha3HAUYEHHUE UCIIOJIb3YEMbIX

PECYpCOB OTIaI0YHOTO HabOpa MOKa3aHkl HA pUCYHKE 1.



[ OtnagoyHbI Habop XC3S200

MMNC Spartan 3 (XC3S200 ft256)
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Pucynok 1 — Ucnosib3oBanue o1/1a104Horo Habopa XC3S200 mis1 peaju3anuu cxeMbl

yIpaBJieHUs U HHAMKAaLueld 16-TH pa3psaHOro cyeT4uKa

B ycrpoiicTBe uCHONB3yeTCs CUHXPOHHBIA 16-pa3psiaHbIA  CYETUHUK C
ACUHXPOHHBIM cOpocoM. Jlisi ympaBiIeHHsI CUETOM U COPOCOM HCIIOJIB3YHOTCS JBE
KHOTIKH, BXOJSIIKE B cocTaB oTiagouHoro Habopa (muanu RESET u COUNT). [pu
TOM YYMUTBIBAETCS, YTO MOJaya BHENIHEro curHaia ympasieHus cdetom COUNT
HEMOCPEACTBEHHO HAa BXOJA  CHHXPOHHM3allMM CuUeTYMKAa IMpuBera Obl K
MHOTOYMCJICHHBIM JIO)KHBIM  Cpa0aThIBaHUAM M3-3a Haluuusg Jpelesra mpu
3aMbIKaHUU U pa3MbIKaHUM KHOMKU. [ ycTpaHEHHUs 3TOro B paboTe UCHOJb3yeTCs
cxema IojiaBieHus apedesra, Bpaaonas Ha cuetauk curnan CNT.

CocrosiHne 16-pa3psAgHOro cyYeTUMKa MEPENACTCsl Ha CXEMY YIPaBICHUS
MaTpHILed MHAMKATOPOB, KOTOpas oOecreunBaeT MyJIbTUILNIEKCUPOBAHHYIO Iepenady
TETpaJ JaHHBIX Ha JEKOJAEp 7-CETMEHTOro KOJa, a TaKKe COIpPOBOXKAAET BbIIAUY
JaHHBIX curHaimamu ynopasienuss anojmamu (A[0..3]). Ha Beixome naexonepa
dopmupyetrcst kom  aktuBuzanuum  cermeHtoB  (LED[0..7]), mnepenaBaembIii
HEMOCPEACTBEHHO Ha 4 HMHIMKAaTOpa, BXOSIIME B COCTaB OTJIAJOYHOrO Habopa.
Jlenurtenb 4acToThl NOJKEH BblAaBaTh curHain cuHxponuzauuu CLK DIV Huzkoit

yacToThl (100-200 I'r) Ha cxemy ynpaBieHUs: MaTpULe HHAUKATOPOB.



PaspaboTka cxeMsl nopaejieHMsT gpebesra

CxeMa  mOIaBJICHHUS npebesra MIPEICTABIISIET cooOoi aBTOMar,
BocnpuHuMaromuii BXoqHoi curHai COUNT OT KHONKM M BBIJAIOIIMA BBIXOAHOU
curdan CNT B COOTBETCTBHM € IPUBEIEHHOM Ha PUCYHKE 2 TUarpaMMOH.

Knomnku, umeromuecs B Hanumune Ha tiate XC3S200, o6namaroT npede3rom
U He CHaOXeHbl cxeMaMu uX mnojasieHus (tpurrepamu [lmuara u T1.4.). Kak npu
HAXaTUU, TaK U TMPU OTIYCKAHUU KHOMKH IMPOUCXOAUT MHOTOKPATHOE H3MEHEHHE
ypoBHs HanpsbkeHus Ha nuHud COUNT, BbI3BaHHOE ynpyrumu coyaapeHusMu. s
NpEeIOTBpaAllleHUs] HEXKeNaTeIbHbIX MHOTOKPATHBIX cpalOaThIBaHWI  YCTPOMCTB,
CJIEIyeT MOCTPOUTH CXEMY, UCKIFOYAIOIIYI0 BO3MOXKHOCTh MPOXOXKIEHUS CUTHAJIOB B
MOMEHT Jpe0e3ra. DTO MOXKHO OCYIIECTBUTh C TIOMOIIBIO JIOMOJHUTEIHHOTO
CYETUMKA, MCIOJHSIOMIETO POJb CXEMbl 33JIEPKKH Ha JUIMTEIbHOCTh IMEPEXOIHBIX
nporeccoB. [Ipu mogaue Ha BXOJ JAHHOTO CUETYMKA CUTHaja OTIaJ04YHOro Habopa
GCLKO, umeromero uactotry 50 MI1, B kauecTtBe WH()OPMAIMOHHOTO CHUTHaIA
OKOHYAHUSI CUeTa MOXKET OBITh WCIIOJNIb30BAHO 3HAYCHHE JBAJIATOTO pas3psia
cuetunka(Q[20]). Pazpemienune paboThl cyYeTUMKA 3a/1a€TCS BBICOKUM YpPOBHEM
curHaza CNT_EN. TIlocne oxoHuaHusi cuera HEOOXOIMMO BBIIOJHUTH cOpoc

CYeTUHKa B UCXOHOE HyneBoe cocrosinue curHanoM CNT CLR.

count| | R —_ !
| | | | g

CNT T I

| |

| |

| |

] | |
1 ~20 MC| 1 ~20 Mc| -

STATEO | STATEI | STATE2 | STATE3 | STATEO

Pucynok 2 — /luarpamMmma paGoThl cxeMbl MOIaBJIeHUs apede3ra

ABTOMAT, pealn3yroNINi yKa3aHHYIO JIOTHKY paOOThl, MOKET HaXOJUThCS B
OJIHOM M3 YeTbIpex cocTosiHui: oxxuaanus Haxatus (STATEQ), cuer Bpemenu mnocie
Haxatuu (STATE1), oxumanue otnyckanus (STATE2), cuer BpemeHH mocie

ornyckanus (STATE3). Jlmarpamma nepexoa0B COCTOSHUS IMOKa3aHa Ha PUCYHKE 3.



STATEO

CNT_EN = 0%
Q OUT="1}

VARO0 /=262144
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STATE3
B/ "CNT CLR=0}
CNT_EN='1"

STATE1
CNT_EN="I
CNT_CLR ='04

VARO /=262144

VARO = 262144
STATE2
CNT_CLR="T%
CNT_EN = 0%
Q OUT="

Pucynok 3 — /luarpaMma cocTosiHMSI aBTOMATA MOJABJICHHUA Apede3ra

3aganue 1. BpIMoaHUTH ~— KOOUPOBAHHME  COCTOSIHMM — aBTOMara,
IIPEJICTABICHHOTO HAa PUCYHKE 3, B COOTBETCTBUH C MHAMBHUIYAJIbHBIM BapUAHTOM W3

tabmuiel 1. {1 3TOro 3anoaHuTh TabauIty 2.

Tabuuna 1 — UaanBuAyalbHbIe BADHAHTHI KOAUPOBAHMS COCTOSIHMI aBTOMATA

Bapuanr: JIBouuHbIii ko1 cocTosiHus (Q:0Qo)
State( Statel State2 State3
1 00 01 10 11
2 00 01 11 10
3 00 10 01 11
4 00 10 11 01
5 00 11 10 01
6 00 11 01 10
7 01 00 10 11
8 01 00 11 10
9 01 10 00 11
10 01 10 11 00
11 01 11 00 10
12 01 11 10 00
13 10 00 01 11
14 10 00 11 01
15 10 01 00 11
16 10 01 11 00
17 10 11 00 01

TaGJmua 1- I/IHZII/IBI/II[yaJI])HLIe BaAapUAHTBI KOAUPOBAHUA COCTOSIHUM aBTOMAaTa

(okoHYaHHUE)
Bapuanr: JIBouuHbIii ko cocTosiHus (Q:0Q)
State( Statel State2 State3
18 10 11 01 00
19 11 00 01 10
20 11 00 10 01
21 11 01 00 10




Bapuanr: JIBouunblii koa coctossHusa (Q1Q,)
State( Statel State2 State3
18 10 11 01 00
22 11 01 10 00
23 11 10 00 01
24 11 10 01 00

ITo TabGnuiie BBIXOJOB 2 onpenenuTh GYHKIUN CUrHAiIoB yrpasiaeHus: CNT

= f(Q1,Q0), CNT_EN = f(Q1,Q0), CNT CLR = f(Q1,Q0). Pesynbrarsl 3anectu B

OTHYET.

Taoauna 2 — Tadauna BLIX0A0B
Cocrosinne State( Statel State2 State3
JBonunsiii ko coctossaus (Q1Q0)
CNT 0 1 1 0
CNT EN 0 1 0 1
CNT CLR 1 0 1 0

CuHTe3upoBaTh CXEMy aBTOMAaTa C MCIOJb30BAaHUEM JIMHAMHUYECKHUX
CHHXPOHHBIX D-TpHITEpOB C aCHHXPOHHBIM cOpOCcOM U ycTaHOBKOH (nmemeHTsl FDC
u FDP 6ubnmorexku) u mectHaanatupaspsaaHbix cyetyukoB (anemeHT CR16CE),
yrpasisieMblx GppoHTOM curHana cuaxponusanuu CLK. s onpenenenust GyHKIwiA
DO0=f(Q[20],CNT,Q1,Q0) u DI1=f(Q[20],CNT,Q1,Q0) 3amomuuth Tadmuiy 3.

PeBy.]'IBTaTBI 3aHCCTH B OTYCT.

Taoauna 3 — Curaaasl D1 u D2

CNT [ Q201 [ Q1(® [ Qot) [ Q1(t+1) [ Qot+1) | D1 | DO | Onncanne cobuitus

X O)KI/IJ_'[aHI/Ie Ha>XaTus KHOIIKH

HaxxaTtue KkHOIIKH

OKugaHne OKOHYAHMS CueTa

Komner cuera

O)KI/IJ_'[aHI/Ie OTITYCKaHUs

OTnycKkaHrue KHOMKH

OKHaHne OKOHYAHMS cueTa

ol Lol £=d Ll Ko Kol Rl
k=l Lol ol Ll =2 ko]

Komner cuera

3aganue 2. CobpaTh MOCIb MOTYYCHHOTO YCTPOMCTBA B PEIAKTOPE CXEM

CATIIP ISE WebPack 9.1. [Iyst 5TOT0 BBINOJIHUTH CIEAYIOIINE ACHCTBUS:




e 3amyctutb CAIIP ISE WebPack 9.1.

e B wmento File BeiOpats mynkt New Project.

e VKka3aTh Ha3BaHHE U IMyTh K (hailiry cO3/1aBaeMOro IPOEKTA.

e VYkazaTh TUIl MOJYJs BepxHero ypoBHs: Schematic. HaxkaTh KHOTIKY
Next.

e B none Product Category yka3zars: All

e B none Family yka3ats: Spartan3.

e B mone Device ykazars: XC3S200.

e B none Package ykazare: FT256.

e B mose Speed ykazats: -4.

e B mone Synthesis Tool ykazats: XST(VHDL/Verilog).

e B none Simulator yka3zate: ISE Simulator (VHDL/Verilog).

e B none Preferred Language: VHDL. Tpuwkasl HaxkaTh KHONIKY Next,
Haxarp xHOmnKy Finish.

e Co37aTh HOBOE CXEMOTEXHMYECKOE ONHMCAHWE IPOEKTa, BHIOpaB B
MeHio Project mynkr New Source. [lanee BbIOpaTh THIT OMHCAaHUS
(Schematic) u ykazarb WMS W TyTh K co3aaBaecMoMmy Gaiimy
onmcanusi. Haxates kHonku Next u Finish.

B wrore Oymer co3maH W OTKPBIT [ PEAAKTHPOBAHUS  (paiin
CXEMOTEXHHYeCKOoro omnucanus. /i onucaHus cxembl HEOOXOIUMO MOMECTUTH Ha
pabodee moyie KOMIOHEHTHI, BHIOpaB HMX BO BKiIanke Symbols okna Sources. B
nanHoM 3aganuu notpedyrorcs komrnoneHTsl FDC, FDP, CR16CE, AND, OR, VCC,
GND.

CoenuHeHne KOMIIOHEHTOB BBINOJHSETCS C MOMOIIBIO Liened u muH. [ns
CO3/IaHUA LIETIM WM IIUHBI He0OX0IuMO HaJl pabouuM MOJIeM BbI3BaTh KOHTEKCTHOE
MEHIO C TIOMOUIBIO MPAaBOM KHOIMKH MBIIH. Jlanee, B KOHTEKCTHOM MEHIO BHIOpaTh
nyHKT Add u mnoamynktr Wire. Ecnu mopT KOMIOHEHTa SBISETCA IIMHOM, TO IIETh
TaKxe OyZeT UMETh TaKO! THII.

JUis TOAKIIOUEHHs LEeNU WM TPYNNbl LEened K CyIIeCTBYIOIIEH IIuHe
ucrnosib3dyercs pasBerBurens Bus Tap. lns ero moOamieHUsT B KOHTEKCTHOM MEHIO
BeIOpath myHKTHl Add 1 Bus Tap, nocie yero Heo6X0IMMO MOMECTUTH PAa3BETBUTEIND

Ha IIMHE. YKa3aHhe€ COOTBETCTBHUS ILIENEHl B IIHMHE C OCIsIMHU, IIOABCACHHBIMU K



Pa3BETBUTEIIO, BBIMIOJIHICTCS C MOMOLIbI0 MMEH. Hampumep, eciy mmHa HOCUT MMS
XLXN 1(15:0), To ans BeiOOpa cTapiueil memu CleqyeT Ha3BaTh IMOJBEICHHYIO K
pasBeTButento 1emnb, kak XLXN_ 1(15). [TopTbl cXxembl MOIKIFOYAIOTCSA K LEMSIM C
nomoibio komronenta I/O Marker. Jlyis 9TOro B KOHTEKCTHOM MEHIO HEOOXOIMMO
BeIOpaTh MyHKTH Add u /O Marker.

3ananmue 3. B unrerpupoannom penakrope rectoB CAIIP ISE WebPack 9.1
pa3paboTaTh TECT Uil MOJYYEHHOTO YCTPOWCTBA W BBIMNOJHUTH MOJICIUPOBAHUE €T0
pa6otsl B ISE Simulator.

Jlnst 3TOr0 HEOOXOAUMO CO3/1aTh HOBOE ONMCAHHME TECTa MPOEKTa, BHIOPaB B
meHI0 Project mynkr New Source. [lanee BeiOpare Tun omucanus (Test Bench
WaveForm) u ykazate uMsi U IyTh K co3aaBaeMoMy (aiiny tecta. Jlanee HaxaTh Ha
KHONIKY Next U B OTKPBIBILIEMCSl JHAJIOTe€ BBIOPATh TECTHPYEMOE OIMCaHUE, MOcie
yero Haxath Ha kHomkm Next u Finish. B pesynbrare Oynmer co3nman daiin
rpauuecKoro TeCTOBOIO BO3ACHUCTBUS JJIsi BHIOPAHHOTO OMHMCAaHUS U Oy/AeT BbI3BaH
IUajor ero HacTpoilku. B 3TOM ngumamore HeoOXOAMMO yKa3aTb CHTHAI
cunxponusanuu (Hanpumep, CLK) u Bpems tectupoBanus B moje Initial Length of
Test Bench (ocTasnbpHble mapamMeTpbl MOXKHO OCTaBUTh HEU3MEHHBIMH).

[Tocne co3maHus TecTa M €ro COXPaHEHUS MOXKHO TIPUCTYNATh K
MOJICIUPOBAHMIO, AJISi Yero akTUBU3UPOBATh BKIAAKYy Sources B OkHe Sources. B
BhITIaIaromeM crrcke Sources For BeiOpath ctpoky Behavioral Simulation 1 BeIOpaTh
3aIyCKaeMblid TECT B JepeBe onucaHui npoekra. [locie 3toro Bo Bknanke Processes
okHa Processes BbiOpath myHkT Xilinx ISE Simulator u mynkt Simulate Behavioral
Model.

CxeMy yCTpOKCTBa U pe3yabTaThl MOJICTHUPOBAHUS 3aHECTH B OTYET.

PaspaboTka CxeMsl ynpaBJIeHUs 7-CerMeHTHEIMM MHOMKATOpaMm

Jisg mHAMKanuyu MHGOPMAlMOHHBIX CUTHAJIOB OOJIBLIONW pa3psiAHOCTH NpU
OTNaJIKE YCTPOMCTB ¢ momolnpio Habopa XC3S200 menecooOpa3HO HCMOIB30BATh
UMEIOIMECS] YeThIpe 7-CeTMEHTHBIX WHJIMKaTOopa. YIpaBieHHEe UuX paboToii
OCyIIECTBJIsIeTcs Onarojapss TMojauye BOCBMH OOIIMX CHUTHAJIOB  YIPaBIICHUS
cermeHTamu LEDJ[0..7] on1HOBpEMEHHO C YCTaHOBKOW B aKTMBHBIM HM3KHUH YPOBEHb
curHana BbiOopku anona A[0..3]. Takum o6pazom, coctosiuue nunuii LED nomkHO

YCTaHaBJINBATbCA cXeMoM yopaBJICHUA B COOTBCTCTBHH C AKTHBHBIM B I[aHHBIﬁ



MOMEHT 7-CEeTMEHTHBIM MHAMKATOpoM. Jlmarpamma paboThl YCTPOWCTBA YIpaBICHHUS
YEThIPbMsI 7-CETMEHTHBIMU MHAMKATOpaMH II0Ka3aHa Ha pucyHke 4. UetsIpe TeTpasl
curHaioB jgaHHbix  (Q[0..3], Q[4..7], Q[8..11], Q[12..15]) 5moKHBI OBITH
npeoOpazoBaHbl B KOJ| aKTHBM3AllMM HHAUKATOPOB C NMOMOLIbIO JeKkojaepa. Temm
AKTUBHU3AI[MH MHIMKATOPOB JOJDKEH 00eCHeunBaTh OTCYTCTBUE BHIMMOTO MEpPLAHHS
cermenToB (100-200 T'r). [ns 3amanus yactorel aktuBuzauuu CLK DIV
1eJ1eCO00Pa3HO UCTOIb30BaTh JOMOIHUTENbHbIN 16-pa3psiHbIi CYETUUK — AECTUTEIb

yactotel CB16CE, coeaunensbiii mo Bbixonxy CEO c¢ Oydepom pasperieHus

cunxpocurnaina BUFGCE.
Al0] /
AL2] \—/7=
A[3] \ /=
LED[O"7]@(Q[O..SMD(Q[4..7]) D(Q8..11]) (Q[12..15>=

-

Pucynok 4 — luarpamma paGoThbl YCTpPOiicTBa ynpaBjieHUs YeTbIPpbMsA 7-

CErMEHTHBIMU UHIUKATOPaAMH

Jns  npeoOpa3zoBaHusi ueThlpeX HH(GOPMALMOHHBIX CHUTHAJIOB B KOJ

AKTUBU3allMKM BOCBMU CBCTOAHWOAOB HCIIOJIB3YCTCA

a TabIUYHOE IIEPEKOIMPOBAHUE, peanuzyemoe
. N nporpamMmoi cuHTe3a mpu nomomu LUT-taGmmui.
9
PacrionosxeHne cerMeHToB MHIMKATOpa IOKa3aHO
Ha pUCYHKE 5, a KOAbl MUX aKTUBM3aLUU MJIs
e
[
Ppa3IUYHBIX 3HAUYECHUU BXOJIHOTO
——
d yeTeipexpazpsagHoro cimosa D[0..3] yka3zaHsl B
Pucynok 5 - Hasna4yenune .
CerMeHTOB HHMKATOPA Tabnuue 4 (HyJ1eBol pas3psii 03Ha4aeT aKTUBU3ALUIO

cerMeHTa; cermeHT DP He akTuBH3UpyeTcs).

Tabnuua 4 — 3Hayenuss ”HGOPMALMOHHBIX BXOA0B AKTHBU3AIlUM CETMEHTOB 7-

CerMEeHTHOI0 MHIMKATOPA I BO3MOKHbIX 3Ha4YeHuil nHGopMmauuoHHoro cjaosa D[0..3]

10



D[0..3] DP A B C D E F G
0000 1 0 0 0 0 0 0 1
0001 1 1 0 0 1 1 1 1
0010 1 0 0 1 0 0 1 0
0011 1 0 0 0 0 1 1 0
0100 1 1 0 0 1 1 0 0
0101 1 0 1 0 0 1 0 0
0110 1 0 1 0 0 0 0 0
0111 1 0 0 0 1 1 1 1
1000 1 0 0 0 0 0 0 0
1001 1 0 0 0 0 1 0 0
1010 1 0 0 0 1 0 0 0
1011 1 1 1 0 0 0 0 0
1100 1 0 1 1 0 0 0 1
1101 1 1 0 0 0 0 1 0
1110 1 0 1 1 0 0 0 0
1111 1 0 1 1 1 0 0 0

3ananue 4. Pa3zpaborarth YCTpOWCTBO yINpaBlieHUs, NpUHUMAaroIiee 16-
paspsannoe nadopmanronnoe ciaoo Q[0..15] u ympassiomniee ux Mociaea0BaTeIbHON
Bbiaueii o muHe D[0..3] Ha nexojep 7-CerMeHTHBIX UHAMKATOPOB B COOTBETCTBUH C
NOKa3aHHOM Ha pucyHke 4 paumarpammoit. [ns storo cosmats aitn VHDL,

COJIEpKAIIMK CIICTYFOIINH TEKCT OTIMCAHUS:

LIBRARY ieee;

USE iecee.std logic 1164.ALL;
USE ieee.std logic arith.ALL;
ENTITY Seven Segment Driver IS

PORT (
clk div : IN std logic;
Q : IN std logic vector (15 DOWNTO 0);
rst : IN std logic;
D : OuUT std logic_vector (3 DOWNTO O0) ;
A : INOUT std logic vector (3 DOWNTO O) ) ;

END ENTITY Seven Segment Driver;
ARCHITECTURE Struct OF Seven Segment Driver IS

BEGIN
A drive: PROCESS (clk div,rst)
BEGIN
IF (rst = '1l') THEN

A<="1110";
ELSIF (clk div'EVENT AND clk_div='l') THEN
A(3)<=A(2);
A(2)<=A(1);
A(1)<=A(0);
A(0)<=A(3);
END IF;
END PROCESS A drive;
D(0) <= (Q(0) AND NOT(A(0)))
OR (Q(4) AND NOT(A(1)))
OR (Q(8) AND NOT (A (2)))
OR (Q(12) AND NOT(A(3)));
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D(1) <= (Q(l) AND NOT(A(0)))
OR (Q(5) AND NOT(A(1l)))

)))
(3)))

OR (Q(9) AND NOT (A (2
OR (Q(13) AND NOT (A
D(2) <= (Q(2) AND NOT(A(0)))
OR (Q(6) AND NOT (A(1)))
OR (Q(10) AND NOT (A (2)))
OR (Q(14) AND NOT(A(3)));
D(3) <= (Q(3) AND NOT(A(0)))
OR (Q(7) AND NOT (A(1)))
OR (Q(11) AND NOT (A(2)))
OR (Q(15) AND NOT (A (3)));
END ARCHITECTURE Struct;

B wuHTerpupoBannom pemaktope TectoB CAIIP ISE  WebPack 9.1
pa3paboTaTh TECT AJIS MOJYYEHHOTO YCTPOWCTBA U BBIMOJHUTH MOJCIUPOBAHHUE €TO
pabotsl B ISE Simulator. Onucanue ycTpoiicTBa U pe3ynbTaThl MOJCIUPOBAHHUS
3aHeCTH B OoT4eT. [1oAKIIIOUNTh YCTPOICTBO K TEKYIIEMY MPOEKTY, BbIOpaB B MEHIO
Project mynkT Add Source.

3ananme 5. Paspabortater mnoBeaeHueckoe VHDL omnmcanme cxemsr
npeoOpazoBaHus YeThIpexpaspsaHoro uHpopmanuonHoro koma D[0..3] B kox
aKTUBM3aIMK 7-cerMeHTHOro uHaukaropa LED[0..7] B cooTBeTcTBUM € Tabnuuei 4.
[ToakIIOYUTE YCTPOMCTBO K OMOJMOTEKE KOMIIOHEHTOB TEKYIIETO MpOeKTa. TeKCT

OIIMCaHHuA 3aHCCTHU B OTUCT.

Paspaﬁo'rxa n oTyagxKka OCHOBHOIT'O MOIyJidA IIpOeKTa

Jlns peanu3anuu 4acteil pa3paOOTaHHOTO YCTPOMCTBA M IMOCHEAYIOIIEH HX
OTJIAJKU HEoOXOIUMO co3/aTh (aill orpaHMYeHMH, COAep)Kallui Ha3HaueHUe
KOHTaKTOB II€JIECBOM MHKpPOCXEMbl. BaprnaHT Ha3HaueHMsI CHUTHajgaM KOHTAaKTOB

MHUKPOCXEMBI, pacroyiokeHHoM Ha miate Habopa XC3S200, npeacTaBiieHbl B Ta0nuIE

5.

Taﬁ,mma 5- BﬂpHaHT Ha3HAYCHUA KOHTAKTOB MUKPOCXEMbI CUTHAJIAM CXE€MbI

CurnaJn Homep KoHTaKkTa Ha3znauenue
CLK T9 I'mobanpnbiii curaan GCLKO(50 MI'n)

COUNT M13 Cursan oT KHONKH 3

RESET L14 Cursan ot kHonku 0

LEDJ0] N16 Curnai ynpasienust cermeHToM G
LED[1] F13 CurnaJ ynpasieHus cerMmeHToM F
LED[2] R16 CurnaJ ynpanjieHusi cermeHToM E
LED[3] P15 Curnan ynpaBJIeHUs] cCeTMEHTOM D
LEDJ[4] N15 Curnai ynpasienus cermeHTom C
LED[5] G13 CurnaJl ynpasjieHus cerMmeHToM B
LED[6] El14 CursaJl ynpaBjeHHsI CETMEHTOM A
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CurnaJna Homep KoHTaKkTa Ha3znauenue
LED[7] P16 Curnan ynpaniyieHHs: cerMeHToM DP
A[0] D14 Curnai ynpasnenus aHonom 0
All] Gl4 CurnaJ1 ynpasjeHHs aHOAOM |
Al2] Fl14 CursaJi ynpaBjieHUs aHOJI0M 2
A[3] E13 Curnan ynpaBJICHUS] aHOJIOM 3

3aganue 6. B penaktope cxem CAIIP ISE WebPack 9.1. cobpats mozens
IOJY4YEHHOIO YCTPOMCTBA, BKIIIOYAIOIEIO CXeMy IOJaBJIeHUs japebdesra, cxemy
yIpaBJI€HUsSI 7-CErMEHTHBIMH WHIMKATOpaMu, 16-pa3psaHblii CUETYMK M CXEMY
JIeNIeHUsT 4acTOThI Uil aKTHBH3AIMM 7-CETMEHTHBIX HHJIUKATOPOB (OMOIMOTEUHBbIC
snementel CB16CE u BUFGCE). [lns wucnosib30BaHUs ONUCAaHUNW B COCTaBe
onucaHuil Oojee BBICOKOTO YPOBHS HEOOXOAMMO CO31aTh JUIl HUX CHMBOJIBL,
Onmarojaps ueMmy ONWCaHUsl BKJIIouyaeTcss B Oubnuoreky. [lns artoro ciemyer BO
BKJIaJIKe Sources OKHa Sources BbIOpaTh ONMMCaHHE MPOEKTa, MOCJIE Yero BO BKJIAJIKE
Processes oxHa Processes BbiOpath BeTBb Design Ultilities u myHkT Create Schematic
Symbol.

Co3nanHoe omnucaHue CclleyeT yKa3aTb B KauecTBE MOJYJS BEPXHETO
YPOBHS, ISl YeTO HEOOXOAMMO BHIOPATh €0 B AEPEBE OMUCAHUIN MPOEKTa BO BKIIAJIKE
Sources okHa Sources, mocie 4ero B MEHIO Sources BbIOpaTh MyHKT Set as Top
Module. Cxemy OCHOBHOIO MOJyJIsl 3aHECTH B OTYET.

3aganme 7. B nporpamme Xilinx PACE co3nats ¢aiin orpannuenuii *.ucf, B
KOTOPOM HA3HAUWUTh BHEIIHHE BBIBOJBI CUTHaJaM pa3pabaThiBaeéMOro YCTPOWCTBA B
COOTBETCTBUM ¢ Tabiuuei 5. [ 3Toro BEIOpaTh MOAYJIb BEPXHETO YPOBHSA B J€peBe
ONMCAaHUM NPOEKTa BO BKIAJKE Sources OKHa Sources, IOCJIE€ Yero BO BKIIAJIKE
Processes oxna Processes BeiOpath BeTBb User Constraints u myHKT Assign Package
Pins. B okne penakropa PACE Ha3HaueHne KOHTakTOB BbINoHseTcs B mose LOC.

3ananue 8. B CAIIP ISE WebPack 9.1 BeImONHUTS aBTOMATUYECKHI CUHTE3
TEXHOJIOTUYECKOM CXEMBI, pa3MeleHHe U TPACCUPOBKY IOJYYEHHOTO YCTPOWCTBA Ha
kpuctamuie  Spartan3 XC3S200 ft256, renepupoBats ¢aiin kondurypamuu [TJINC
(*.bin). JInst aTOoro B OKHE Sources BBIOpaTh BKIAJKY Sources U B criucke Sources For
BbIOpaTh cTpoky Synthesis/Implementation. ITocne 3Toro B epeBe onucanuii mpoekTa

BLI6paTB OIMMCAHUEC BCPXHCTO YPOBHA, a BO BKIAAKE Processes okna Processes
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BbIOpaTh BeTBb Generate Programming File u mynkT Programming File Generation
Report.

3aHecTd B OT4YeT OOIIME CBEIEHUS O pe3yabTaTax MPOSKTUPOBAHUS
ycrpoiictBa ¢ Bkimanku Design Summary. CnenaTh BBIBOABI O OBICTPOJCHCTBUH
HOJY4YEHHOTO YCTPOMCTBa, HCIoNb3ysa oTueT Static Timing Report.

3aganue 8. Bommonnuth nporpammupoBanue maketHod [IJIMC Spartan3
otnagoynoro Habopa XC3S200. [ns sToro B okHEe Sources BbIOpaTh BKIAIKY Sources
u B criucke Sources For BeIOpath cTpoky Synthesis/Implementation. ITocie sToro B
JIEpeBE OIMCAaHUM MPOEKTa BbIOpaTh OMMCAHHME BEPXHETO YPOBHS, @ BO BKJIAJKE
Processes oxHa Processes BbiOpate BeTBb Generate Programming File um myHkr
Configure Device. B pe3ynbrate Oynet 3amyuien moayns iMPACT. B otkpeiBiemcs
Jauajore BeIOOpa crocoba mporpammupoBaHusi oTMeTUTh NMyHKT Configure devices
using Boundary-Scan u BbIOpaTh aBTOMaTH4YeCKHi crmocod wuneHTudukanuu. B
pesynbTaTte Oynet onpeneneHa mnenodka, cocrosmias u3 [IJIMC u Flash I13V.

[Tocne aBTOMaTUYECKOTO ONpPEAEICHHS LIEOYKH I'PAaHUYHOI'O0 CKAaHUPOBAHUS
no JTAG wunrepdeiicy Heobxomumo 3amporpammupoBars [IJIMC XC3S200. s
3TOro HeobOxoaumo ykaszath ¢aitn xkoHdurypamuu [IJIMC (*.bit), nomyyeHHslit B
3aganuu 7, nocie yero B okHe IMPACT Processes MeHIO BRIOpaTh MyHKT Program.

IIpoBectn  TecTHpoBaHHE pa3pabOTaHHOrO  ycTpoiicTBa.  Pe3ynbTaThl

TECTUPOBAHUE MNPEACTABUTHL B OTUCTE.

KoHTpoOJBbHEIE BOIIPOCEH

1. Ha3oBuTe OCHOBHBIE 3Tambl TNPOEKTUPOBAHHUS IUPPOBBIX YCTPOWCTB Ha
ocHose ITJINC.

2 . Ilepeuncnure yCTpOWCTBa, BXOJAIIME B COCTAaB OTJIAJ0YHOrO Habopa
XC385200.

3. Kakyro nnpopmanuio conepxut aiin orpanndenuit *.ucf.

4. Kakoii crunp onucanus Ha VHDL wncnonb3oBan B mpuMepe omnucaHus

NpaiiBepa 7-CeTMEHTHBIX MHIUKATOPOB.

PaGora N2. IPOEKTUMPOBAHME YCTPOMCTB YIPABJIEHMS HA
OCHOBE ILIINC
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Henb paldoTbl: 3aKkpelUvieHWE HA NPAKTUKE TEOPETHYECKUX 3HAHMM O
crnoco0ax  peanu3alMyd  yCTPOMCTB  YNpaBIeHHs, HCCIEIOBaHHE  CIOCOOOB
opranuzaiuu y3nos OBM, ocBoeHHME MNPUHLMIIOB MPOEKTUPOBAHMUA IH(PPOBBIX
ycTpoiicTB Ha ocHoBe [1JIMC.

B xone paboTel cTyZeHTY HE00X0UMO pa3paboTaTh, peaTn30BaTh U OTIAAUTH

ycrpoiicTBo ynpasieHus Ha ocHose [IJIMC Spartan3 XC3S200.

OnucaHme paspabaTHBaAeMOI'0 YyCTPOMCTEBA

B naboparopHoii pabote Heo6xo1uMO pa3padboTats U peanuzoBaTh Ha [1IJIMC
XC3S200 ympaBastomuii aBTOMAT CXEMHOTO THUIA, 00pabaThIBAIONIMIT BXOJHOE
komanaHoe cinoo C={C0,...,Ci,} u ocegomurenbHble curHansl U={UO0,...,U;,},
BhIJAOMMKA  curHaiel ymnpasineHuss V={VO0,...,V\} omnepaunoHHoMy OJOKy B
COOTBETCTBHUH C MPUBEACHHON HIKE JIOTUKOM pabOTHI.

[Ipu otmamke ycrpoiicTBa B pabore mcmoib3yercs Habop Xilinx XC3S200,
comepxammii maketHyro I[IJIMC Spartan 3 Ttunma XC3S200 {256, cpenctsa
UH/IMKALlMU, KHOIOYHBIE W TIOJ3YHKOBBIC MEPEKII0YATENN, IHEPrOHE3aBHCUMYIO
namaTh koHpurypauuu [IJIMC u npyrue otnagounsie cpeactra. [ns aBToMaTtuzanuu
nporecca MPOEKTUPOBAaHUSA B paboTe HCIHONB3YyeTCsl CBOOOJHO pAacIpocTpaHseMast

CAIIP Xilinx ISE 9.1 Web Pack.

Mukpo- |- T T —-——=
|_|J'|[/|C Spartan 3 Komarza | OnepaumnoHHbIiA 6ok
XC38200 ft256 vo |
« [ CBeToBblE MHAMKATOPSI
HOMOYHble
CLK 4”’
nepeknioyatern ——»= Cxema nogasneHus |
apebesra . POPP PPO®
co YcTponcTso vj |
LU o ynpasneHus b
[Mon3yHkoBble . CxeM;a¥ nﬁa:;eHMﬂ |
nepeknoyaTenv Ci puu Mon3yHKoBbIe
> MHOMKATOPOB I nepeknoyatenv

el | i Pt MaTtpuua uo
[),'_=.I @@@ 7-CerMeHTHbIX Uk

KomaHnpa * * e T T T T T %

I VHAMKaTOPOB

OcBegomMuTesibHble curHarbl

Pucynok 6 — Ofmasi cxemMa 0T/IaIKH YCTPOHCTB YNpaBJeHHs ¢ TOMOLIbI0 Hadopa

XILINX XC3S200.

Ha pucynke 6 moka3aHa cxeMa OTJIQIKM YCTPOMCTBA yIPaBJICHUS ¢ TTOMOIIBIO
otinamouHoro Habopa XC3S200. ns 3amaHus BXOAHBIX CUTHAJIOB HMPUMEHSIOTCS

MEPCKI0YATCIIN, UMCIOIUCCA Ha I1J1aTC. Cocrosinue OCBCOAOMMUTCIIbHBIX CHUIHAJIOB H
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KOMaH/IHOE CIIOBO y/IOOHO 3aJaBaTh ¢ MOMOIIbIO BOCBMH MMEIOIUXCSI ITOJI3YHKOBBIX
nepekinouateneid. B kadecTBe CHHXpOCHTHaNa IenecooOpa3HO —HCIOJb30BaTh
BBIXOJHOM CUTH&JI KHONOYHOrO TNepekitovartens. Muaukanus —ynopaBisionugx
CUTHAJIOB MOXET OBITh OCYIIECTBJICHA C IMOMOIIBI0O BOCBMH HMEIONIUXCS CBETOBBIX
VHJIUKaTOPOB U YETHIPEX 7-CErMEHTHBIX CBETOJUOIHBIX HHINKATOPOB.

K MomeHTy HaxaTuss Ha KHONKY, MWCHOJB3YEMYIO JUIA  3aJaHHs
CHHXpPOCHUTHAJa, IMOJ3YHKOBBIC MEPEKIIOYATENN JOJDKHBI HAXOJUTHCS B OJHOM H3
JIBYX YCTOMYMBBIX COCTOSHHMH, YTO HMCKIIOYAeT HCKaKeHUEe curHaioB. [Ipu sTom
CleIyeT y4YUTBIBaTh  Jpe0e3r, TOSBIAIOIIUNACA Tpu  paboTe  KHOIMOYHOTO
nepekmtouatens. Jis  UCKIIOYEHHS MHOTOKPATHBIX — cpabaThIBaHWM — CIeayeT
UCIIOJI30BaTh  CTAaHAAPTHYIO  CXEMy  TOJaBlieHHs  japebe3ra  KOHTaKTOB,
pa3paboTaHHYIO CTYIEHTOM 10 WHIWBUIYAIbHOMY 33/IaHUIO B JIaOopaTopHOU paboTe
1.

[Ipu pazpaboTke ycTpoHCTBa YIIpaBICHUS HE CIEAYeT YUUTHIBATh Pa3psIHOCTh
OTICPAIIMOHHBIX OJOKOB. BpeMmeHa 3aepKeK CUTHAJIOB BO BCEX KOMOMHAIMOHHBIX

CXEMax CUUTaTb MCHBIIUMMU IICPUOJa CHHXPOCUTHAJIA.

[IopsimOoK BHIIOJHEHUsT JlaBopaTOpPHOM paBoTs

3aganme 1. B CAIIP Xilinx ISE 9.1 Web Pack co3xate npoekT onmcaHus
ycrpoiictBa Ha ocHoBe [IJIMC Spartan 3 tuma XC3S200 {t256.

3aganue 2. [lo TexkcTOBOMY ONMCAaHHIO WHAMBUAYAJIBHOTO 3aJaHUS
(BBIIaBaeMOMYy TIpemojaBaTenieM) pa3paboTarh aiaroput™M (GyHKIHOHUPOBAHUS
yCTpPOWCTBA yINpaBJieHUs, BHIOPATh TUI YIPABISAIONIEIO aBTOMaTa (CHHXPOHHBIN WM
ACHHXPOHHBIM aBTOMaT; aBTOMar Muau, Mypa, KOMOMHUPOBAHHBINA, AaBTOMAT C
CUHXPOHHBIM  BXOJOM, CHHXPOHHBIM BbIX0o#OM). IlpomsBecTu KoxupoBaHHE
COCTOSHMI  ympaBsIONIeEro aBTomMaTa. PaspaboraTh omucaHue  yCTpOWCTBa
ynpasieHus Ha si3bike VHDL u BKIIOUNTH €ro B MPOEKT.

3aganue 3. Bxmounts B npoekt VHDL onmcanust ycTpoHCTB O/aBIEHUS
npebe3ra U ynpaBlieHHs] MaTpULEll 7-CErMEHTHBIX MHIAMKATOPOB, pa3pabOTaHHbBIC B
nabopaTopHoit pabote Nel.

3ananue 4. Pa3paboraTh TECTOBBIC BO3JCHCTBHS JUISI MOJICIHPOBAHUS
paboTel ycTpoiicTBa. BbhINOTHUTH (DYHKIMOHAIBHOE MOJEIMPOBAHHE YCTPONCTBA

MHUKponporpaMMHoro ympasineHuss B moxyne Xilinx ISE Simulator. Pesynbrats
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MOJIeJIMpOBaHus 3aHecTd B oTdeT. CuHTe3upoBaTh RTL-Moz€1b U TEXHOIOTUYECKYIO
MOJIEJIb YCTPOMCTBA.

3amanme S. Jlng peanusanuM dYacTed pa3pabOTaHHOTO YCTPOKMCTBA H
nocieayone uX OTIaJku HeoOXOAUMO co3JaTh (haila orpaHMYEHU, colepKalui
HA3HAYECHHE KOHTAKTOB LIEJIEBOM MMKpOcXeMbl. HazHaueHue pecypcoB OTJIA0YHOIO

Ha60pa BbIBOAM MUKPOCXCMBI IIPHUBCICHO B Ta6n1/1ue 6.

Tabiuna 6 — HasHayeHNsl KOHTAKTOB MHKPOCXeMbI pecypcaM OTJIAI0YHOro Hadopa

Homep koHTaKkTa Ha3nauenue

T9 I'mo6anpHbIi TakToBRIN curaan GCLKO(50 MI'n)
M13 Cursan oT KHONKH 3

L14 Cursan ot kHonku 0

F12 I1o13yHKOBBIN nepekovaress 0
Gl12 ITos13yHKOBBIN NEepekIoyarensb 1
H14 [T0J13yHKOBBIN NEPEKITIOYATEND 2
H13 ITon3yHKOBBIN nepekoyaTens 3
J14 [Tos13yHKOBBIN NepeKIoYaTes 4
J13 IT0/13yHKOBBIN NEPEKIIIOYATEND 5
K14 [Tos13yHKOBBIH NEpeKII0YaTeIhb 6
K13 ITon3yHKOBBIN nIepeKIroyaTens 7
K12 Cseromnon 0

P14 Cseroanon 1

L12 Caeronuon 2

N14 Ceerognon 3

P13 Cseronnon 4

N12 Cseroauon 5

P12 Cseroanon 6

P11 Ceeroguon 7

3aganue 6. BBINOMHNATE AaBTOMATHYECKOE pPa3MEIIEHHE M TPACCUPOBKY
monenu Ha kpuctaie [TJIMC tuma XC3S200 ft256. BrImomHUTE MOJEIUPOBAaHHE
YIIPABIISIOLIETO YCTPOMCTBA C YYETOM DPE3YJIbTAaTOB pa3sMELICHUs M TPacCUPOBKU B
Xilinx ISE Simulator. Pe3ynbraTsl MoeIupoBanus 3aHeCTH B 0T4eT. [1o pe3ynbraram
pasMeIeHusi W TPACCHPOBKH ONPEACIHUTh: MaKCHUMAaJbHYI YacTOTy paboThI
YCTpOMCTBAa YNpaBICHUs, MaKCHUMAJIbHYIO 3aJep)KKy OT KOHTaKTa J0 BXOJa,
MaKCHUMAaJIbHYIO 33/IEP’KKY OT BX0JIa /10 KOHTAKTa.

3aganme 6. C momouipio omnagoyHoro Habopa XC3S200 u mporpammbl
IMPACT  Bemosauth  mporpamMmupoBanue  MaketHor  [IJIMC.  Tlpoectn
TECTUPOBaHUE Pa3pabOTaHHOTO YCTPOWCTBA C MCIIOIB30BAHUEM OTIAIOYHOTO HAOOP

Xilinx XC3S200.
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[IpyMeps MHAOMBUAYAJBHEX SalaHUM
Howmep BapuanTa 3amanus onpeaensieTcs mo KypHaiay HOArpYIIbL.
Bapuant 1. Paspaborate ycrpolicTBo ympasieHus uukiandecko FIFO
NaMAThIO.

OrnepalinoOHHOE YCTPOHCTBO COCTOUT U3 CIEAYIOIMHMX 010koB (PucyHok 7):

® peructpoBoro Qaiina,

e CYETYMKa HOMEpA MEPBOIO 3aHITOrO PETUCTPA;

® CYETYMKa HOMEpa MEPBOro CBOOOAHOIO PETUCTPA;

e  MyJbTHUIUIEKCOpA aJipeca;

e JeKojiepa BHIOOPKH pErucTpa;

® CXEMbI KOHTPOJISI IEPETOTHEHHUS;

® CXEMbl KOHTPOJISI OIyCTOIIEHUSI.

e [IMHHOTO (hopMHUpOBATENS.

=
VCE c >
—®| CueTunk Homepa
<M Cxewma KOHTpONnA heccccccsaas nepsoro becae
nepenorHeHus [
cBobogHoro tecaa
MynbTunnekcop
VCF anpeca
——» Cyertuuk Homepa ——--
ﬂ Cxema KkoHTpOnS hecccccccaa nepBoro Leaad
ONyCTOLLEHMSI P '
3aHATOro H
[}
Oekonep
LSELP BbIGOPKN
VWR perucTpa
S VWE '
T e ‘
CKE © = |VCE .
cs >| = | vewpoicrso |  [VCF VWR *
cik ™| £ | ynpaeneus | & [VRSEL™ VWE | Pervcrpossi
wE 7| 2 g [VoE > > daiin
S [ovF >
'
UOVF
OcBenoMUTENbHbIE ~UEMP :
CUrHarnbl ———
VOE LLIVHHBIA
YnpasneHue ¢hopmuposatens
coccces ,D,aHHble

Pucynok 6. [Ipumep opranuzanuu nukinndeckoi FIFO nmamsarn.

Hasnauenne nunuii B rpymnmnax C,U u V NOsSCHAIOTCS B TaOJIHIIC:

CurnaJj | Ha3znauenue
Komanomnoe cnogo C
WE Tun onepanuu (YTeHUE, 3aMUCH)
CS CurHaJl BBIOOPKY KpHCTA/UIA, MHUIIMAIU3UPYIOIIUN onepaluu
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Curnaju Hasznauyenmue
CKE Curnan  paspeuieHus CUHXPOCUTHAIA/YIIpaBJICHUE  PEKUMOM
IHEPTroCcOEPEIKCHUS
CLK CurHana CUHXpOHHU3AIUU

Ocsedomumenvuvie cucnanvr U

UOVF

Peructposslii (haiin nojaox

UEMP

PeructpoBslii daiin mycr.

CueHnanvl ynpaenenus V

VWR Pazpemenue 3anucu JaHHbIX

VWE Tun onepanuu

VCE Ctpo06 yBean4eHHs ajpeca MepBOTro CBOOOTHOTO
VCF Ctpo0 yBennueHus ajpeca mepBoro 3aHsITOro
VRSEL Curnan paspenieHust BBIOOPKU perucrpa

VOE Curhas ynpasjieHUs IIUHHBIM (hOpMUPOBATETIEM
OVF CurHan yBetoMieHus1 00 oImoKe

Bapuant 2. Pa3zpaborath yCTpOWCTBO yIpaBieHUs OJIOKHpyeMol HaOOpHO-

aCCOLIMAaTUBHOM KAII-MaMATbI0O cO CcKkBO3HOW 3amuchto U FIFO anroputmom

3aMCIICHUA.

OHepaHI/IOHHOG YCTpOﬁCTBO COCTOUT M3 CIICAYIOIIHNX 0JI0KOB:

JIBYX PErUCTPOBBIX (aitioB (OaHKOB);

CXEMBI CPaBHEHHSI TETOB M BEIOOPKH MEPBOTO COBIABIIIETO;
TPUITEPA, XPAHALIETO HOMEP MOCIIEAHEro UCIO0JIb30BAaHHOIO OaHKa;
perucTpa Tera;

peructpa Homepa Habopa;

nemudpaTopa Habopa;

perucTpa 1aHHbIX;

IIMHHOTO (hOPMUPOBATEIISL.

Hasnauenue nunuii B rpynmnax C,U u V nosicHstorcst B Tabmuiie:

CurnaJa

Ha3nauenue

Komanonoe cnoso C

WE Tun onepauuu (YTEHUE, 3aIMUCH)
CS Curnan BeIOOPKH KpUCTaJlIa, MHUITMAIM3UPYIOIIMH onepanuu
CLK CurHaJl CHHXpOHH3aINH1

Ocsedomumenvuvie cucHanvl U

UHIT1

Haiineno coBnajseHue tera B 0anke 1

UHIT2

Haiineno cosmanenue tera B 0Oanke 2

Cuenanvl ynpasgnenus V

VLD

Pa3pemeHHe 3alliuCH JaHHBIX

VLA

Pa3pemeH1/Ie 3alicCH T€ra nu Ha6opa
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Curnana

Ha3zunauyenue

VWE

Tun onepauuun

VBN

Curzain ynpasJyieHHUs] TPUITEPOM OaHKa

VRSEL

CurHai pa3penieHus: BBIOOPKH PEerucTpa

VHIT

Curnan yBenomyieHus1 00 HaXO0XKJICHUH JTAHHBIX

VOE

Curhas ynpasjieHUs IUHHBIM (opMHUpOBaTEIEM

Bapuant 3. PazpaboTtarh yCTpONCTBO yIpaBeHUs aIapaTHbIM CTEKOM.

OnepaninoHHOE YCTPOUCTBO COCTOUT U3 CIEAYIOMIUX OJIOKOB:

peructpoBoro (aiina;

CUETYMKA yKa3aTelsl CTeKa;

CYETYMKa HOMEpa MePBOT0 CBOOOTHOTO PETUCTPA;
JIeKOJIepa BBIOOPKH PETUCTPA;

CXEMBI KOHTPOJIS TIEPETIOTHEHUS;

CXEMBI KOHTPOJISI OMYCTOIICHHUS.

IIMHHOTO (hOpMUpPOBATENS

Haznauenue nunwmii B rpynnax C,U u V nosicHSIOTCS B TaOIUIIE:

Curnan

Ha3znauenmune

Komanonoe cnoso C

WE Tun onepanuu (4TeHue, 3aKCh)

CS Cursan BEIOOPKH KpHCTAIIA, MHUITMATU3UPYIONTUH Oonepaluu
CKE CursaJi pazpelieHusi CHHXpOCHTHaJIa

CLK CUrHaJl CHHXpOHHU3aluU

Oceedomumenvuvie cucHanol U

UOVF

CTek 1moyioH

UEMP

Crek nyct

Cuenanvl ynpaenenus V

VWR Pa3pemienne 3anmucu JaHHbIX

VWE Tun onepanuu

VPUSH Ctpob yBeIHueHHsl yKa3zaTelsl CTeKa

VPOP CtpoO yMEHBIIEHHUsI YKa3aTels CTeKa

VLRSEL Curnan pa3penieHusi BLIOOPKH perucTpa

VOE CurHan ynpaslieHUs ITUHHBIM (OPMHUpPOBATEIIEM
OVF Cursan yBejnomieHus 00 omoke

ConmepxaHme oTueTa

OT4YeT O BHITTOJIHEHUH JIOMAIITHETO 3a/IaHMS, COJICPIKAIINN:

1. Wcxomnoe 3amanue uisl MPpOBEIEHUS Ta00paTOPHOIN PabOTHI.
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2 . Cxema anroputma paboThl YCTPOUCTBA.
3. JlmarpaMma nepexoJ0B COCTOSIHUM YIPaBIISIOLIEro aBTOMATa.
4 . Jluctuar VHDL onucanus ynpaBisioniero apTomara.

e Jlmarpammy (pyHKIIMOHAJILHOTO TECTUPOBAHUS aBTOMATA.

e TaOnuua c pe3yiabTaTaMH TECTUPOBAHUS MaKeTa yCTPOMCTRA.

KoHTpoOJsBHEIE BOIIPOCEH

1. HazoBuTe »STambl MNPOSKTUPOBAHHS MHU(PPOBBIX  YCTPOUCTB C
ucnonb3zoBanuem [IJINC.

2. Kakue croco6bsl onucanus yctporct ucnoib3ytorces B CAITP Xilinx
ISE9.1.

3. Ilepeunciure craguu KOHCTPYKTOPCKO-TEXHOJIOTMYECKOTO  JTama
IpOEKTHpOoBaHus ¢ ucnoap3oBanueM ITJINC.

4. Ha kakux cTaausx MpOeKTHpoBaHus c¢ wucnoiszoBanuem [IJIMC

HCIIOJIB3YETCA MOJCIMPOBAHHC.

PaGora N3. OPTAHMBALMS NAMSATHU KOHBENEPHEIX
CYIHNEPCKAJIAPHEIX 3JIEKTPOHHBIX BBUMCIIMTEJIBHBIX MAIMH

Heas padoThl - OCBOCHHE MNPHHIUINOB 3((HEKTUBHOTO MCIIOIH30BAHUS
NOJCHCTEMBbl TIAMATH COBPEMEHHBIX YHHBepcalbHbIX OBM, obecneunBaromniei
XpaHEHHE U CBOEBPEMEHHYIO BblIadyy KOMaHI W JAaHHBIX B LEHTPAIbHOE
IPOLIECCOPHOE YCTPOUCTBO. PaboTa MpoBOAUTCS C MCHONB30BAHUEM MPOrPaMMBI JUIS
cOopa u ananusa npousBogutTenbHocTH PCLAB.

B xone paboTbl HEOOXOAMMO O3HAKOMHUTHCS C TEOPETHUYECKHM MAaTepHajoM,
KacarolmuMmcsi ~ ocoOeHHOCTeH  (DyHKIMOHMpPOBaHMA  IOJCUCTEMBI  MaMSATH
COBPEMEHHBIX KOHBEHEPHBIX CymnepcKalapHbix OBM, u3ydyuTh BO3MOXXHOCTH
nporpamMbl  PCLAB, wu3yunth cpeacTtBa HWACHTUPUKAMH MHUKPOIPOIIECCOPOB,
IIPOBECTU MCCIENOBAHUS BPEMEHU BBINOJIHEHUS TECTOBBIX IIPOrpaMM, CHENaTh

BBIBOJIbI O apXUTEKTYPHBIX OCOOCHHOCTSAX MCIOJIB3yeMbIX DBM.
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[IopsiHOK BHIIOJHEHMIO JIaBopaTOPHOM paBoTs

3aganue 1. O3HakoMHUTBCS C BO3MOXHOCTAMU mporpamMmMmbl PCLAB B
Paznene 2 meroguueckux ykasanuid. 3amyctuth nporpammy PCLAB 1.0. U3yuunts
UIEHTU(PUKAIMOHHYIO HHpOpMaLnio Ha BKiIaake «MaenTudukanus mporeccopa»

3aganme 2. Ha ocHOBaHMM WICHTU(UKALMOHHON HHPOpPMALUU O
MUKporpoieccope DBM, ucnonp3yeMoil mpu MpoBeIeHUU JTa00paTOPHOM paboTHI,
ONpEACIUTh CIEAYIOUIME MapaMeTpbl: pa3Mep JIMHEHKH KIUI-MAMSITH BEPXHEIro
YPOBHS U 00beM (PU3NUECKOil maMsaTH. Pe3ynbTaTsl 3aHECTH B OTUET.

3apanme 3. O3HakoMuUThCA C omnMcaHueM skcrnepumeHta «MccnenoBanue
pacciioeHHsl TUHAMHUYECKOM maMsaTH» Ha BKIaake «OnucaHue 53KCIEpUMEHTa»
[IpoBectu skcnepument. [1o pe3yinbraTaM 3KCHEPUMEHTA ONPEAEIUTh: KOJIMYECTBO
0aHKOB JMHAMUYECKOH MaMsATH; pa3Mep OAHON CTpaHMIbl JTUHAMMYECKOW MaMsTH;
KOJINYECTBO CTPAHUL] B JUHaMU4ecKoil namatu. CaenaTh BbIBOIbI O UCIIOJIB30BAHHOM
crocobe HapalllMBaHus JUHAMHUYECKON naMsTH. Pe3ynbrarhl 3aHECTH B OTUET.

3aganue 4. O3HAKOMUTbCA C OINUCaHUEM OdKcrnepuMmeHTa «CpaBHEHUE
3(pPEKTUBHOCTH CCBUIOYHBIX W BEKTOPHBIX CTPYKTYp MAaHHBIX». [IpoBecTtu
skcriepuMeHT. [lo pesynbraraM SKCIIEpUMEHTA ONPENEIUTH: OTHOLIEHUE BPEMEHHU
paboThl aJropuTMa, MCIOJB3YIOIIEro 3aBUCHUMBIC JaHHBIC, KO BPEMEHH 00pabOTKH
AQHAJIOTUYHOTO AITOpUTMa OOpabOTKH HE3aBUCUMBIX NaHHBIX. CrenaTth BBIBOABI 00
3(pPEKTUBHOCTH CCBUIOYHBIX M BEKTOPHBIX CTPYKTYp HaHHBIX M CIIOCO0ax ee
NOBBILIEHMSI. Pe3ynbTarel 3aHECTH B OTUET.

3aganue 5. J[ns OBM, ucnonb3yemoil mpu MpOBEIEHUHM JabOpaTOpHOI
paboThl ONpEeAENUTh CIEAYIOLIUE MMapaMeTphl: CTENEHb ACCOLMATUBHOCTH M pa3Mep
TLB pmanHbiX. O3HaKOMHUTBCSI C ONMCAHMEM M IPOBECTH  AKCIEPUMEHT
«HccnenoBanue >(pGEKTUBHOCTH TNMpOorpaMMHON mpeaBbiOOpku». [lo pesynbraTam
9KCIIEPUMEHTa ONPENENIUTh: OTHOLIEHHE BPEMEHHU IOCIIe0BaTEeIbHOW 00paboTKU
0J10Ka JaHHBIX KO BpeMeHH 00paboTKM OJI0Ka C MPUMEHEHHEM INPEIBBIOOPKH; BpeMs
¥ KOJIMYECTBO TaKTOB MEPBOT0 0OpalleHus K CTpaHule JaHHbIX. CaenaTh BBIBOJIBI 00
3¢ (EeKTUBHOCTH NPEABBIOOPKH U Ccrioco0ax ee MOBbIILEeHHs. Pe3ynbraTsl 3aHECTH B
OTYeT.

3aganne 6. O3HAaKOMHUTBCS C OIMCAHHEM M IPOBECTH SKCIEPUMEHT

«HccnenoBanne cmoco0oB >PQPEKTHBHOIO  YTEHUS ONepaTHBHON mamsaTi». [lo
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pe3yibTaTaM SKCIIEPUMEHTa OIpPEeNIUTh: OTHOILICHHE BpeMEHHM 00paboTku Oiioka
HaMsTH HEONITUMHU3UPOBAHHOM CTPYKTYPHI KO BpeMEHH 00paboTKH OJI0Ka CTPYKTYpHI,
obecrieunBaronieii GPEeKTUBHYIO 3arpy3Ky W MapauielibHyl0 0oOpaOOTKYy HTaHHBIX.
Cnenatp BbIBOJBI O croco0ax MOBBIMIEHUS A(P(EKTUBHOCTH UYTEHUS ONEepaTUBHON
HaMsTH.

3apanme 7. s OBM, ucnonb3dyeMol mnpu MPOBEACHUU JIaDOpaTOPHOU
paboThl ONpPENeNuTh CIEAYIOIIME MapaMeTphl: pa3Mep OaHKa KOLI-MAMATH JaHHBIX
NEPBOrO0 M BTOPOrO YPOBHS, CTENEHb ACCOUUATHUBHOCTU KAII-MAMATH TEPBOTO H
BTOPOTO YpPOBHSI, pa3Mep JIMHEHKH KOUI-TIAMSATH TIEPBOTO M BTOPOTO YPOBHSL.
O3HaKOMHTBCS C ONMCAHUEM U MIPOBECTH dKCTepuMeEHT «lccienoBanre KOH(INKTOB
B KauI-namsaTi». 1lo pesynpraTaM 3KcriepUMEHTa OINpPEeNIuTh: OTHOIIEHHE BPEMEHH
00paboTKu MaccuBa ¢ KOHGIMKTAMH B KAII-MIAMATH KO BpEMEHU 00pabOTKHA MaccuBa
6e3 koH(paukToB. CrenaTh BBIBOJBI O CHOCO0ax ycTpaHEHHs] KOH(IMKTOB B K3II-
HaMsTH.

3aganue 8. O3HAKOMUTHCS C ONHCAHMEM M TPOBECTH DKCHEPUMEHT
«HccnenoBanne  alTOPUTMOB  COPTHPOBKW». [lo  pe3ynbrataMm  dSKCIEpUMEHTa
OTIPEIeNIUTh: OTHOIIEHNE BPEMEHU COPTHPOBKM MAacCHBOB anroputMoM QuickSort ko
BpeMeHU copTupoBku anroputmMoM Counting-Radix, a Takxke KO BpeMeHH
coptupoBku  Counting-Radix  anropuTmMoM,  ONTUMU3HPOBAHHBIM  TOA 8-
MPOIIECCOPHYI0  BBIYUCIUTENBHYIO CHCTEMY. Cnenath BBIBOJIBI O Hamboiee

3¢ (HEeKTUBHOM ITOPUTME COPTUPOBKH.

[IpuMeHenne nporpammel PCLAB npm mcciemoBaHuM

npomseoauTeNnsHOCTN 3BM

[Iporpamma PCLAB nipeana3znaueHa jyist HCCIIeIOBAHUS IPOU3BOIUTEILHOCTH
x86 coBMecTuMbIXx OBM ¢ [A32 apxutekTypoil, paboTaomux Moja yHpaBIeHUEM
onepanroHHoi cucteMbl Windows (Bepcmii 95 wm crapme). HcciemoBanue
opranmszaimu  OBM  3axirodaeTcss B IPOBEACHUM  psia  OKCIEPHMEHTOB,
HANpaBJICHHBIX Ha TIOCTPOCHHE 3aBHCUMOCTEH BpeMEHH OOpabdOTKH KPUTHUECKUX
y4acTKOB KoJa OT HU3MEHseMbIX NapameTpoB. Habop peanusyembIx HpoOrpaMMoit

OKCIICPUMCHTOB ITO3BOJIACT HCCICOAOBATDH 0COOEHHOCTH IIOCTPOCHHA COBPEMCHHBIX
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nojcucteM namsaTd OBM M nponeccopHbIX YCTPONCTB, BBISIBUTH KOHCTPYKTHBHBIE

napaMeTpbl KOHKPETHBIX Mozeneli OBM.

[Ipomecc cbopa u aHanmm3a FKCIEpUMEHTaNbHBIX HaHHBIX B PCLAB ocHoBaH

Ha Ipoueaype NpoGUIupOBKH KPUTUYECKOTO KOJA, T.€. B U3MEPEHUU BPEMEHHU €ro

00pabOTKM LEHTPATBHBIM TPOIECCOPHBIM  yCTpoHCcTBOM. [lpu wucciemoBaHuu

KOHBEMEpPHBIX CYNEPCKAISPHBIX IPOLECCOPHBIX YCTPOMCTB, TaKUX Kak 32-X

paspsnHbie mporeccopel  ¢upmbl  Intel wmam AMD, cnocoOHBIX  BBITIONHATH

MEePEeyopsSIOYCHHYI0  00pabOTKy  IMOCJIEIOBATEILHOCTH  KOMAaHJ  MPOTPAMMBI,

TpeOyeTcss HWCHONb30BAaTh  CIELUANbHBIE CPEACTBA  W3MEPEHUS  BPEMEHHBIX

MHTEPBAJIOB U 3aIPEIICHUS IEPEYNOPSI0UMBAHNS MUKPOKOMAHI.

Jns u3mepenuss BpemeHu pabotel mukioB B PCLAB wucnonb3yercs MeToamwka,

omnrcaHHas B [2]:

e JlnurenpHOCTH 00paboTku y4JacTka npopUIUPyEeMOit IIPOrpaMMbI
XapaKTepu3yeTcs U3MEHEHHEM BEIMYHMHBl CUeTYMKa TaKTOB MpOIeccopa,
MPOU3OMIEIIINM 32 BpeMs €ro padoThI.

e JIna mnpenoTBpallleHUs BIMSHHUS COCEAHMX YYacTKOB KOJa Ha pe3yJabTaThl
U3MEpPEHUil, epe]l HaualoM 3amepa M 1ociie €ro OKOHUYaHUsI He0OX0IUMO BbIIaTh
KoMaHAy  ynopsigodeHHoro  BeimosHeHus — CPUID,  mpensiTcTBYIOIIYIO
nepeynopsA0uMBaHue MOTOKa KOMaH I Ha KOHBelepe mporeccopa.

e 3amMepbl KOJMUYECTBA TAKTOB MPOIECCOPa HEOOXOIMMO MOBTOPUTH HECKOJIBKO Pa3.

e BzauMmHOe BIUSHUE MOCIEI0BATENbHBIX MOBTOPOB SKCIIEPUMEHTAIBHOTO Y4acTKa
OpOrpaMMbl  MCKJIFOYaeTcsl Onarojapss OYMINEHHIO KdII-amMiatd U Oydepos
poueccopa.

e UacTp rpaHUYHBIX peE3yJlbTaTOB oOTOpackiBaeTca (Kak HauOONbIIMX, TaK U
HauMeHbIux). [lo ocraBmIMMCS pe3yibTaTaM 3aMEpOB OIPEAEISETCS CPeIHssS
BEJIMYMHA.

Ha pucynke 8 nokazan BHemHuii Bua nporpamMmmel PCLAB 1.0.
[Tonp30oBaTe 0 MPEACTABISAETCS MHOTOOKOHHBIM WHTEpdenc co CBOOOIHOM

HaBuranue. OCHOBHOE OKHO COJAEPIKHUT TJIaBHOE MEHIO U KHOIIKM OBICTPOTO J0CTyIa

K QyHKIMsM mporpaMmel. [Ipu 3amycke mporpaMMbl aBTOMAaTHYECKH OTKPBIBACTCS

okHO «Omnucanue JsabopatopHOH  paboOTB», coleprKamiee JBe  BKIAJIKH:

«Merognueckue ykazanus» U «Mnentudukanms npoueccopa». Ha Bkimagke

24



((MGTOI[I/I‘-IGCKI/IG YKa3aHusg» MOJb30BATCIIb MOXKCET O3HAKOMUTLCA C TCOPCTHYCCKUM

MaTCpuaJIoM, HOPAAKOM BBIITOJIHCHUA J'Ia60paT0pH01>i pa6OTBI, COACPIKAHUCM OTUCTA U

KOHTPOJIbHBIMHX BOIIpOCAMM. BKJ'IaI[Ka «I/II[CHTI/I(i)I/IKaHI/IH mponeccopa» IO3BOJIACT

O3HAKOMUTBCA C PE3yJIbTaTaMH BBIIIOJIHCHUSA KOMAaHABI I/II[CHTI/I(l)I/IKaIII/II/I mponeccopa

CPUID u ¢ ux pacummdpoBkoid. [lanHast BKJIaaKa MO3BOJISIET ONPEACTUTD CIEIyIONINe

apXUTEKTYpHBIE ITapaMeTpsl uccienryeMoit OBM:

1.

Unentudukanmonnyro uHpopmanuio o  QupMe-IpoU3BOAUTEIE,

HOMEpE MOJIEJIA U BEPCUHU IIPOLIECCOpa.

. Habop noxnepxuBaeMbIx KOMaHI.

. Hanmnuue CHICHHUAIIM3UPOBAHHBIX IMOJACHCTCM, TAKHUX KaK: MOAIACPIKKaA

MAaIIMHHOT'O KOHTPOJIA, aBTOMATUYCCKOI'O MOHUTOPUHTA TCMIICPATYPHI,

Hyper-Treading u apyrux.

. I/IH(I)OpMaLII/IIO O pasMepe M aCCOLUATUBHOCTU KOUI-NIAMATH BCECX

YPOBHEN.
Nudopmanuo o pasmepax OydepoB OBICTPOro  CTPAaHUYHOTO
npeoOpazoBaHusl.

HexoTopyro 10moNTHUTENBHYIO0 HHPOPMALIHUIO.
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Pucynok 8 — Baemnnii Bux nporpammel PCLAB

HeCMOTpH Ha OOJIBIIIOE KOJIMYECTBO BbLJABACMBIX MPOLCCCOPOM JAHHBIX, AJIA

MOJHOM €ro I/II[eHTI/I(I)I/IKaI_II/II/I U OIpCACIICHUA BCEX H606XOI[I/IMBIX napameTpoB

OKa3bIBACTCSl JIOCTATOYHBIM ONPEACIUTh HH(OPMALINIO, OTHOCAIIYIOCS K IMEPBOMY

IIYHKTY.

st mpoBeneHusI SKCIEPUMEHTOB TIOJb30BATEI0 HEOOXOIMMO B MEHIO

«®aiim» BbIOpaTh MyHKT «HoBBIHM 3kcniepumenT». [locie 3Toro OyneT OTKpHITO HOBOE

JOYepHEEe OKHO JKCIEPUMEHTa, B KOTOPOM TIOJB30BATENIO OyIeT MPeIIoKEeHO

BI)I6paTI) OIWH U3 NOCTYIIHBIX SKCIICPUMCHTOB.

Ilocne maHHOro IEeUCTBUS B HWKHEH YacTU OKHa IIOABJISETCA BKJIAJKa C

OIIMCaHHUEM BLI6paHHOI‘ O DOKCIICPUMCHTA, B KOTOpOﬁ COACPIKUTCA CJIICAYHOIIAasa

uH(pOpMaIUs:

1. Ha3BaHue u Ha3HaUY€HHE HKCIEPUMEHTA.

2. Crnucok HacTpauBaeMbIX MapaMETPOB SKCIIEPUMEHTAa M €IMHUIBI UX

HU3MCPCHU.
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3. JlomycTHMble AMana3oHbl HM3MEHEHHUS HACTpauBaeMbIX IapaMeTpOB
JKCHEPUMEHTA.

4. JlomoysHUTENbHBIE YKA3aHUS 10 NMPOBEJCHUIO U aHAIN3Y MOJIyYEHHbIX
IKCHEPUMEHTAIBHBIX 3aBUCUMOCTEH.

[locne 3amaHus HacTpauBaeMbIX MAapaMETPOB IOJb30BATENIb MOXKET HA4aTh
9KCHepuMeHT Mo kHonke «Hauatb». B mtore Oyaer mocTpoeH 3KCHEpUMEHTaIbHO-
NOJy4YEHHas  3aBHCHMOCTb, XapaKTepU3ylollas KOHCTPYKTHBHbBIE  IapaMeTphbl
uccienyemoit OBM. UuncneHHble pe3yabTaThl B BUIE YNTAEMOIO TEKCTA JIOCTYIIHBI Ha
BKJIa/IKe «Pe3ynbTaThl SKCIIEpUMEHTa.

[locne mnpoBeneHHs SKCIEPUMEHTa IOJIb30BATE€Ib MOXET COXPAHUTh
YHCIIOBbIE U IpaduyecKre JaHHble, HakaB Ha KHONKY «CoxpaHuTs». [Ipu 3Tom Oyner
OTKPBIT CTAaHJAPTHBIN JUATOT COXPAHEHUS, B KOTOPOM IIPEJICTABIISETCS BOZMOKHOCTh
yKa3aTb IyTh M Ha3BaHue QaiioB tuna *.bmp u *.rtf, B KoTopsle OyIyT COXpaHEHBI

T pa(bnqecxne " TCKCTOBBIC PC3YJIbTATHI.

Onmucaune SKClIIepMeHTa «AccnepnoBauns paccinoeHnunsa

AnHaMn4de CKOM NaMsiTU»

Leap 3KkcnepuMeHTa: OIpeAeieHUe Ccrnocoda TpaHCIAUUU (U3UYECKOTO
ajipeca, CIOJIb3yeMOro MPH OOPAIECHUH K JHHAMUYCCKON ITaMSITH.

Hcxonnble 1aHHbIE: pa3Mep JTUHEWKH KAII-NMAMSTH BEPXHETO YPOBHS, 00BEM
buznyecKoil maMaTu.

Pe3ynbTaThl 3KCIEPUMEHTA: KOJMYECTBO OaHKOB IMHAMHMYECKON MaMsITH;
pasMep OJHOW CTPAaHWIBI JUHAMAYCCKOW IMaMATH; KOJMYECTBO CTpPAHUI] B
TUHAMHYECKOU ITaMSTH.

Onucanue mnpodjembl. B CBA3M ¢ KOHCTPYKTUBHOH HEOJHOPOTHOCTHIO
OTepaTUBHONW MaMsITH, OOpalleHHe K MOCIeA0BaTEIbHO PACIHOJIO0KEHHBIM JTaHHBIM
TpeOyeT pa3IuvHOTO BpeMeHH. B CBS3W ¢ 3TuM, JUIsi co3maHus 3PQPEKTUBHBIX
nporpaMM HEOOXOJUMO YUUTHIBATH PACCIOCHHE MMAMATH, XapaKTEPU3yeMOoe CII0COO0OM
TpaHCHAUU GU3MYECKOTO aJipeca.

CyTtb 3kxcniepuMenTa. [lns onpeneneHus: cnocoda TpaHCHAIMUA (PUZUYECKOTO
azpeca npu (popMUPOBAaHUU CHUTHAIOB BBIOOPKH OaHKa, BRIOOPKH CTPOKH W CTOJIOIA
3aIIOMUHAIONIETO MAaCcCHBa TMPUMEHSETCS MPOIeaypa 3aMepa BPEMEHU OOpaIleHHs K

I[I/IHaMI/I‘IeCKOI\/'I naMsTUu Mo MnOoCJICAOBATCIIbLHBIM aJApeCaM C HU3MCHAIOMIUMCA IIaromM
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YTCHUA.

JUis cpaBHEHHST BpPEMEH UCHOJb3yeTCsd OOpalleHue K OJUHAKOBOMY

KOJIMYCCTBY PAa3JIMYHBIX AYCCK, OTCTOAIIUX APyl OT Apyra Ha OHpC,[[CJ'ICHHLIfI mar.

P €3yJIbTaT SKCIICPUMEHTA IPCACTABIACTCA 3aBUCUMOCTEIO BPEMCHU (I/IJ'II/I KOJIM4YECTBA

TaKTOB IpOLECCOpa), HIOTPAUEHHOT0 Ha YTEHHE SA4YEeK, OT I1ara YTeHUsl.

I[J'ISI MMPOBCACHUA SKCIICPUMCHTA HCOGXO[[I/IMO 3a4aTb U3MCHACMBIC TaPaMCTPhI:

ITapamerp  Jlmamason MacmTtab Onucanue

Ne 1 1..128 K MakcumanbHOE pacCTOSIHUS MEXKIY

YUTAaEMBIMH OJIOKAMU

Ne 2 4..64 b [ITar yBenuueHus: pacCTOSIHUS MEXKIY

YUTAEMBIMH 4-X OAaTOBBIMM STUCHKAMU.

No 3 1..16 M Pa3mep maccuBa

Kon npopunupyemoii nporpammsl Ha si3bike C IpeICTaBIEH HUXKE.

// BBIAEAEHUE ITAMATU
p = (int*)_malloc64(Param_|[3]); // AOPEC KPATEH 64

for (int pg_size = Param_|[2]; pg_size <= Param_[1]; pg_size += Param_[2])
{
Start_Count(); // Hauano 3amepa spemeHu
volatile int x = O;
for (int b = 0; b < pg_size; b += Param_[2])
for (int a = b; a < Param_[3]; a += pg_size)
x += *(int *) (int(p) + a);
Finish_Count();// KoHney 3amepa spemeHu
// Pe3ynemam:
// Ilo ocu X: pg_size
// Ilo ocu Y: Bpems (Konuuecmeo maxkmos)

[Tpumep momydeHHoro rpaduka MoKa3aH Ha pUCYHKe 9.
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PucyHnok 9 — Ilpumep pe3yabTaTa HCCIeJOBAHUSI PACCIOEHUsI JUHAMNYECKOH MaMATH

t
7000

['paduk moxaspIBaeT BpeMsl WM KOJMYECTBO TAaKTOB paboThl anroputma. Ock

a0CICC OTpaXkaeT IIar MpUpAIICHHs aJpeca YWTaeMbIX AaHHbIX. OCh OpIMHAT
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oTtoOpakaeT BpeMsi B MUKPOCEKYHIAaX HJIM KOJUYECTBO TAaKTOB (B 3aBUCHMOCTH OT
3aJJaHHOTO MapameTrpa « EAuHUIBI n3MepeHus 1o ocu Y »).

ITo rpaduKy MOXHO OIpPEAEIIUTh CIAECAYIOLIUE TapaMEeTPhI:

1. MuHUManpHBIH Iar YTEHHWS JAWHAMHUYECKOW MaMsITH, TPHU KOTOPOM
IOPOMCXOIUT TMOCTOSHHOE OOpalleHue K OJHOMY M ToMmy ke Oanky. I[lpu
HAJIMYUM HECKOJIbKMX OaHKOB MaMATH JaHHbBIM IapamMeTp COOTBETCTBYET
IIEpBOMY  JIOKQJIBHOMY OJKCTpeMyMy MoslydeHHOH ¢(yHkuuu (touka T1).
OTCyTCTBUE XapaKTEpHOrO CTyNeHeoOpa3Horo rpaduka roBopur o0 OJHOM
HEe3aBUCHMOM OaHKe JAMHaAMHUuYecKoi mamsaTH. [lo momydeHHOMY 3HAYCHHIO
mara T1 MoxHO onpenenuTs koauuecTBo 0ankoB nmamatu: b = T1/I1, roe 11 —
00bEM JAHHBIX, ABJAIOLIMICA MHUHMMAIbHOM mopuueil oOMeHa K3LI-NaMATH
BEPXHETO YPOBHS C OIIEPAaTUBHOM IIAMATBIO M COOTBETCTBYET pa3sMepy
JUHENKHU KAII-NIaMSATH BEPXHETO YPOBHSI.

2. Ilpm pocTiwkeHHs TJI00aJBHOTO 3KCTpEMyMa, I[Ocie KOTOPOro  pocT
JIOKaJIbHBIX 3KCTPEMYMOB HE IPOUCXOJUT, ONPEAEIAETCS XapaKkTepHas TOYKa
T2. CoOoTBETCTBYIOIIMM TaHHOM TOYKE LIar YTEHUS SIBISIETCA HAaUXYALINUM IIPU
oOpalleHnn K JUHAMHYECKOM MaMsATH, T.K. IPUBOJUT K MOCTOSHHOMY
3aKpBITUI0 U OTKPBITHIO CTPaHUI] JUHAMU4ecKoil nmamsaTH. Takum oOpazom
mar T2 COOTBETCTBYET paccTossHHIO (B OaiTax) MeXIy HAdaloM JBYX
IOCJIEIOBATENIbHBIX CTPAHULl OJHOro OaHKa. 3Hasg KOJUYECTBO OAHKOB,
ornpenenseM pazmep oaHoi crpanunpsi: PC = T2/b.

3. 3nas mapametpsl PC u b, a Taxke monHbli 00beM mamsatu O ompenensieMm

KOJIMYECTBO cTpaHull pusnueckoi oneparuBHoi mamsatu: C = O/(PC*B*II).

Ommcanme skcrnepmMeHTa «CpaBHeHMe 5bbeKTHMBHOCTM CCBHUIOWHBIX

M BEKTOPHHX CTPYKTYpP»

Leap 3xcnepuMeHTAa: OICHKA BIMSHUS 3aBUCUMOCTH KOMAHJ IO JIAHHBIM Ha
3¢ (HEeKTHBHOCTH BHIYHUCIICHHI.

Pe3yabTaThl JIKCHEPHMEHTA: OTHOIICHHE BpPEMEHH pPabOThl aIroOpuUTMa,
UCTIONB3YIOIIET0 3aBUCHMBIC JIaHHBIC, KO BpPEeMEHH O0OpabOTKH aHAJIOTUIHOTO
anroputMa 00pabOTKH HE3aBUCUMBIX JIaHHBIX.

Onucanue npodaembl. OOpaboTKa 3aBUCHMBIX JaHHBIX MPOUCXOIUT B TEX

ClIydadaX, Koraa pe3yjibTaT pa6OTBI OJIHOM KOMaHJbI HCIIOJIB3YCTCA B KAYCCTBC aZipeca
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onepanzaa napyrou. Ilpu mporpaMMupoBaHMM Ha fA3bIKaX BBICOKOI'O YPOBHSI TaKUMU
ONepaHJaMU SIBJISIIOTCA ~ yKaszaTesld, AaKTUBHO HCHOJb3yeMble IpH 00paboTke
CCBUIOYHBIX CTPYKTYp HaHHBIX: CIIMCKOB, JepeBbeB, rpacdoB. OOpaboTka HaHHBIX
CTPYKTYp HpOLIECCOPaMHU C JAJIMHHBIMU KOHBEHepaMu KOMaH[ IPUBOJUT K 3aMETHOMY
YBEJIIMYEHUIO BPEMEHM pabOThl aAJITOPUTMOB: aJpec 3arpy’kKaeMoro orepasaa
CTaHOBHUTCS M3BECTHBIM TOJBKO IOcie 00paOOTKM mpenblayliell komaHabl. B
POTUBOMOJIOXKHOCTh 3TOMY, 00pabOTKa BEKTOPHBIX CTPYKTYp, TAKUX KaK MAacCCHBBI,
1o3BoJIsIeT 3 (PEKTUBHO MCITOIH30BATh alMapaTHbIe BO3MOKHOCTH DBM.

Cyrb 3kcnepuMenTa.  Jliga cpaBHeHUS 3(Q(EKTUBHOCTH BEKTOPHBIX U
CIHMCKOBBIX CTPYKTYp B OJKCIIEPHUMEHTE NPUMEHSETCS NpOPHIMPOBKAa KOAa IBYX
QJITOPUTMOB IIOMCKAa MUHMMAJIBHOIO 3HaueHus. lIepBbIil anroputM HCHOJIB3YET IS
XpaHEHHUs JaHHBIX CIHCOK, B TO BpeMs Kak BO BTOPOM IPUMEHSETCS MAacCCHB.
O4eBHIHO, UTO BpeMs pabOThI AITOPUTMA OMCKa MUHUMAIbHOIO 3HAUYEHUS B CIIUCKE
3aBHCUT OT €ro (pparMeHTaluH, T.e. OT CPEIHEr0 PACCTOSHUS MEXIY dJIEeMEHTaMH
cnucka. Takum oOpa3oM JUIsi THpPOBEAEHHUS OSKCIEpUMEHTa TpedyeTcs 3anarhb

CICAYIOINE HACTpanBa€MbIC ITIapaMETPhI:

ITapameTp Jwnanazon Macmitab Onucanue
No 1 1..20 M KonnyecTBo 3J1eMEHTOB B CIIUCKE
No 2 4..500 K MaxkcumasnbHas (pparMeHTauy CrucKa
Ne 3 1..10 K Hlar yBesnyeHus: pparmMeHTaluu

Kox mpo¢unupyemoii nporpamMmsl Ha si3bike C MPeICTaBICH HUXKE.

// BBIIEAEHUE ITAMATU
struct list{
struct list *next;
int val,
15
int a,b,cur,prev,FF,max_list,max_arr;
struct list *list_,*list_t;
int *arr;
// AIPEC KPATEH 64
list_= (struct list*) _malloc64(Param_|[1]*sizeof(struct list));
arr = (int¥) _malloc64(Param_|[1]*sizeof(int));

// CTIICOK

for (FF = 1; FF <= Param_[2]+1; FF=FF+Param_|[3])
{

for (a = 0; a < Param_|[1]; a++)
{
list_[a].next = O;
list_[a].val = 0;
13

prev = 0;
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for (a = 0; a < Param_[1]; a++)
{
cur = prev + FF;
if (cur>=Param_|[1]) {cur=cur-Param_[1];};
while (list_[cur].next)

if (++cur>=Param_[1]) {cur=cur-Param_[1];};

list_[prev].next = list_ + cur;
list_[prev].val = a;
prev = cur;
}
list_[cur].next = 0;
list_[cur].val = a;
Start_Count(); // Hauano 3amepa 8pemeHu
max_list=list_[0].val;
list_t=list_;
while (list_t = list_t[0].next)
{
if (max_list<list_t[0].val)
{

}

max_list=list_t[0].val;

I
Finish_Count();// Koxey 3amepa spemeHuU
// Pesynemam:
// Ilo ocu X: FF
// Ilo ocu Y: Bpems (Konuuecmgo maxkmos)

// MACCUB
for (a = 0; a < Param_[1]; a++)

{
H

max_arr=arr[0];
Start_Count(); // Hauano 3amepa spemeHu
for (a = 0; a < Param_[1]; a++)

{

arr[a]= a;

if (max_arr<arrja))
max_arr=arr[a];
I
Finish_Count();// Koreuy 3amepa epemeHu
// Pesynemam:
// ITo ocu X: FF
// Ilo ocu Y: Bpems (Konuuecmgo maxkmos)

[Tpumep nomydeHHoro rpaduka nokazal Ha pucysnke 10.

Kpacublil rpaduk (BepxHMi) IMOKa3blBa€T BpEeMs WJIHM KOJMYECTBO TAKTOB
paboThl  aNropuTMa, HCIHOJB3YIOUIETO CIUCOK. 3€leHbll rpaduk (HUKHUK)
MIOKa3bIBACT BpPEMsI WJIM KOJMYECTBO TAKTOB pabOTHI aJrOpUTMa, HCIIOJIB3YIOIIETO
maccuB. Och abcuuce orpaxaeT (pparmeHranuio crnucka. Ocb OpAMHAT OTOOpa)kaet
BpeMsl B MUKPOCEKYHJaX MM KOJMYECTBO TAaKTOB (B 3aBUCHUMOCTH OT 3aJ@aHHOIO

napaMerpa « ETuHUIBI H3MEPEHUs IO OCH Y »).
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Pucynok 10 — IIpumep uccienoBanus 3p(PpeKTHBHOCTH CCHIIOYHBIX H BEKTOPHBIX CTPYKTYP

[Tocne mpoBeneHusi 3KcriepuMeHTa Ha BKJIaake «Pe3ynbTarhl sKCIEpUMEHTa
oToOpakaeTcsi OTHOIIEHHE CYMMapHOTO BPEMEHH OOpabOTKH CHHCKOB C Pa3IHYHON

CTETEeHbI0 (PparMeHTaIlM K CyMMapHOMY BPEMEHU 00pabOTKH MAacCHUBOB.

Onucanme skcnepmMeHTa «Mccrnepmosaume sbdpexrmBHOCTH
ODpOTpPaMMHOM NpPenBHOOPKM»

Lenp »3KcnepuMeHTa: BBISIBICHHE CHOCOOOB YCKOPEHHS  BBIYHUCICHHMA

Oyraroapsi MPUMEHEHUIO TTPEIBHIOOPKHU JAaHHBIX.

HcxoaHbie naHHBIE: CTEIIEHb ACCOLMATUBHOCTU U pa3Mmep TLB naHHBIX.

Pesynbrarhl 3KCIEpUMMEHTA: OTHOLIEHHE BpPEMEHH IOCiel0BaTebHOM
00paboTku OnOKa MJaHHBIX KO BpeMeHH o00paboTku OJoka C NpPHUMEHEHUEM

Hpe,[[BBI60pKI/I; BpEMA U KOJIUYCCTBO TAKTOB IICPBOIO 06pameH1/151 K CTpaHHUIIC

JaHHBIX.

Onucanue mnpood/eMBbl. OOpaboTka OONBIIMX MacCUBOB WH(pOpMAIUU

COIpsDKEHA C OTKPBITHEM OOJIBIIOT0 KOJIMYECTBA (PU3NUeCKUX cTpaHul] namsatu. Ilpu
HepBOM OOpAIlleHUH K CTPAHULIE MaMITH HAaOJI0JaeTCsl YBEJIMYEHHOE BpeMsl JOCTYyIa

K JIJAaHHBIM. DTO CBS3aHO ¢ HEOOXOJAMMOCTBIO TIPeoOpa3oBaHUs JIOTHYECKOTO ajpeca B
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duznyecKuil agpec maMaTH, a TAKKe ¢ OTKPBITUEM CTPAHMIIBI TUHAMUYECKON MaMsTH
U COXpaHEHHS NaHHBIX B KomI-mamatu. [IpeoOpa3oBaHue BBHIMOTHSIETCS HA OCHOBE
uHbOpMallMK O MCIIOJIb30BAHHBIX paHee CTpaHHIlax, coaepxaiieiics B TLB Oydepe
nporeccopa. I[lepBoe oOparieHue K cTpaHuile mpu OTcyrcTBur nHpopmanuu B TLB
BBI3BIBACT JBOWHOE OOpalleHrne K ONEepaTUBHOW MaMsATH: CHadala 3a uHpopManuen
U3 TaONUIBI CTPaHMIl, a Jajee 3a BocTpeOOBaHHBIMU NaHHBIMU.  [IpeaBniOOpKa
3aKiIo4aeTcss B 3a0JaroBpeMEHHOM IPOBEJIEHUWU BCEX YKa3aHHBIX JEHCTBHIA
Oylaromapsi JTOMOJIHUTEILHOMY 3allpocy HEOOJIBIIOTO KOJWYECTBAa JIaHHBIX U3
ONEpaTUBHOMN NaAMSTH.

CyTh 3KcnmepuMeHTa. OKCIEpUMEHT OCHOBAH Ha 3aMepe BpPEMEHHU [IBYX
BAPUAHTOB MOJINPOrpaMM MOCIEAOBATEIbHOIO YTEHHS CTpPAHHULl ONEpPaTUBHOU
namsaTH. B mepBoM BapuaHTE BBINOJHSETCS MOCIEAOBaTelIbHOE 4YTeHHe 0e3
JOTIOTHATEILHON ONTUMM3AIMNA, YTO TPUBOJUAT K JOMOJTHUTEIHHBIM JIBONHBIM
oOpaimeHussM. Bo BTopoM BapwaHTe Tepe] IUKIOM YTCHUS CTPAHUIl UCHOIB3YEeTCS
JOTIOTHUTEIBHBINA LUKII MPEIBBIOOPKH, 00ECIICUNBAIOIINNA CBOEBPEMEHHYIO 3arpy3Ky
uHdopmanuu B TLB naHHBIX.

I[J'ISI IMPOBCACHUA OKCIICPUMCHTA H€O6XOZ[I/IMO 3aaaTb U3MCHACMBIC IMapaMCTPhI:

ITapameTp JlnanasoH Macitab Onucanue

Ne 1 1..4096 b [lar yBennyeHus! pacCTOSHUS MEXAY
YUTAEMbIMH JIAHHBIMU

No 2 4..8192 K Pa3zmep maccuBa

CokparieHue BpeMeHU paloThl alropuTMa, HCIOJB3YIOIEro IMpeaBbIOOPKY
IPOMCXOOUT B TOM Cilyyae, Korja HMH(popMalus O BOCTPEOOBAaHHBIX CTpaHHUIAX
ymemaercss B TLB. IloaTomMy HeoOxoaumMo ompelnenuTh pa3Mep U CTENEHb
acconuatuBHoctd TLB u yuurteiBath ee B anroputme. Koa mnpodumupyemoit

IIporpaMMsl Ha S3bIKE C MPpEACTaBJICH HUKC.

// BBIAEAEHUE ITAMATU
p = (int*)_malloc64(Param_|[2]); // AOPEC KPATEH 64

// BE3 I[IPEIBBIEOPKU
for (int a = 0; a < Param_[2]; a += Param_[1])

{

Start_Count(); // Hauano 3amepa spemeHu

x +=*(int *) (int(p) + a);
Finish_Count();// Korey 3amepa epemeHU
// Pesynemam:
// Ilo ocu X: a
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// Ilo ocu Y: Bpems (Konruuecmeo makmos)

// C IIPEABBIBOPKOM
for (int i = 0; i < Param_[2]; i += 4*K) x += *(int *)((int)p + i);

// Cuumaem, umo ecsi uHgpopmayus nomecmumest ¢ TLB
for (int a = 0; a < Param_[2]; a += Param_|[1])

{

Start_Count(); // Hauano 3amepa epemeru
x += *(int *) (int(p) + a);
Finish_Count();// Koney 3amepa spemeHuU

// Pesynemam:

// ITo ocu X: a

// Ilo ocu Y: Bpems (Konuuecmeo maxkmos)

[Tpumep nomydyeHHOro rpaduka MokazaH Ha pucyHke 11.

Kpacubiii rpaduk (BepxXxHUH € OCTPHIMH IHKaMHU) ITOKa3bIBAaCT BpEMS WIIU
KOJIMYECTBO TaKTOB pabOThl anroputMa Oe3 NpeaBbIOOpKH. 3eneHblil Tpaduk
(HXHUHA 0€3 3HAYMMBIX MHMKOB) IMOKA3bIBACT BPEMS WM KOJIWYECTBO TAKTOB PaOOTHI
QITOPUTMA C UCIOJIb30BaHUEM TNpeABBIOOPKH. OCh abcuuCcC OTpakaeT CMeIeHHe
YUTAaeMbIX JAHHBIX OT Haudana OJoka.

MHUKPOCCKYHAAX WJIM KOJIMYCCTBO TAKTOB (B 3aBUCUMOCTH OT 3aJaHHOI'0 IapamMeTpa

«EuHuLbI n3MepeHus 1o ocH Y»).

Ocb opauHaT oOTOOpakaeT BpeMs B
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Pucynok 11 — IIpumep ucciaenoBanus 3ppeKTHBHOCTH NPeIABbIOOPKH

Ilo oxonuanuu OKCIICPUMCHTA Ha BKJIAAKC «Pe3y.]'IbTaTLI SKCIICPUMCHTA»

oToOpakaercs MHGOpPMAITUS

«O0pabotka 6e3 3arpy3ku Tabmuubl ctpanun B TLB mpomsBommnace B 1,54 pasa

JOJIBIIC).

00

3 PEKTUBHOCTH  TPEIBHIOOPKH.

Hanpuwmep:
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KoHkpeTHble 3HaYCHHS 3a7epKEK, XapaKTEPHBIX JJIs MEPBOro oOpamieHus K
CTpaHHULE, ONPENEIAIOTCS IO YUCIOBBIM pE3yJbTaTaM JKCIEPUMEHTOB Ha BKJIAJKE

((Pe3y.]'IBTaTBI OKCIICPUMCHTAa».

Onmcaume skcnepmMeHTa «WcciepoBaHme crnocoboe 3bbexTHMBHOTO

YTeHns1 Onepa'I'MBHOl'Z[ IIaMATN»

Ieab IKcIepUMeEHTA: HCCIEOBAaHUE BO3MOXKHOCTH YCKOPEHHS BBIYMCICHHNA
Onarosapst MCIOJIb30BaHUIO CTPYKTYP JaHHBIX, ONTUMU3UPYIOMIMX MEXaHU3M YTCHHUS
OTIEPATUBHON MaMSTH.

Hcxoanble qaHHbIe: APECHOE PACCTOSHHE MEXTy OaHKaMH MaMsTH, pa3Mmep
Oydepa uTeHusl.

Pe3yJabTaThl IKCIIEPMMEHTA: OTHOUICHHE BpeMeHH 00paboTKu OJIoKa maMsaTh
HEONTHUMM3HPOBAHHOM CTPYKTYpbl KO BpeMEHM O0O0paboTKH OJ0Ka CTPYKTYpHI,
obecneunBaronieit 3pHEeKTUBHYIO 3arpy3Ky H IMapauieIbHyI0 00pa0OTKy JaHHBIX.

Onucanue mnpodsembl. I[lpu 00paGoTke uHPOpMaUM, HAXOIAIICHCS B
HECKOJIBKUX CTpPAaHUIAX M OaHKaX OMNEpPaTUBHOM NaMATH BO3HHUKAIOT 33JCPXKKH,
CBSI3aHHBIC C HEOOXOIUMOCTBIO OTKPBITUS U 3aKpbiTUs cTpanull DRAM nmamsitu. [Ipu
POTPaMMHUPOBAHUH Ha SI3BIKAX BBICOKOTO YPOBHS TaKasi CHTyalusi HaOJI0AaeTcs Ipu
MHTEHCUBHOW 00pabOTKE HECKOJbKHX MAacCUBOB JAaHHBIX WIM 00paboTke
MHOTOMEpPHBIX MaccuBOB. [Ipu 3TOM mpoueccopsl, B KOTOPBIX pPEaTHM30BaHBI
MEXaHU3Mbl ~ amnmapaTHOM  MPEABBIOOPKH, YacTO HE MOTYT OpraHWU30BaTh
a3 dexTuBHYIO 3arpy3ky naaHHbIX. Kpome 3Toro, oO0beMbl 3ampoOIIEHHBIX JaHHBIX
OKa3bIBAIOTCSl 3aMETHO MEHBIIE pa3Mepa IakeTa, NepeaaBaeMoro M3 ONepaTHBHOM
namstu. Takum o0paszom, adexkTuBHaAs 00pabOTKa HECKOJIBKUX BEKTOPHBIX CTPYKTYP
JAHHBIX 0€3 WX JOMOJHHUTEIBHON ONTHMHU3ALNU HE UCIIOJIB3YET B JIOJDKHON CTEIICHU
BO3MOXXHOCTH aIllapaTHBIX PECYpPCOB.

Jns  co3maHWst CTPYKTYp JaHHBIX, ONTHMH3HPYIOOIMX HUX 00paboTKy
COBPEMEHHBIMU IpOIIECCOpaMH, Tpebyercs MaKCUMaJIbHO UCKITIOUUTh
HECBOCBPEMEHHYIO Tepeliavyy TaHHBIX, T.C. MepelaBaTh B KaXJIOM IaKETe TOJIBKO
BOCTpeOOBaHHYIO ISl BEIYMCICHUH HHPOpMaInio. B pe3ynprare Takoi ONTUMH3AIAN
CHIDKAETCS KOJIMYECTBO KAMI-IIPOMAXOB, COKpAINACTCS KOJWYECTBO OTKPBITUH H
3akpeITuii  ctpanul] DRAM-mamsiti, oOecreunBaeTcsi mapajienbHas o0paboTka

JaHHBIX W BBIIIOJIHCHUC onepauﬂﬁ 3arpy3Ku U BBII'PY3KH.
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CyTh 3xcnepuMmenTa. J[[ns cpaBHEHHs NPOU3BOAMTEIBHOCTH aJTOPUTMOB,
UCTIONIB3YIOMIMX ONTHMHU3HPOBAHHBIE U HEONTHMHU3WPOBAHHBIE CTPYKTYPHI JAHHBIX
UCTIONIb3YeTCs MPO(UIMPOBKA KOJIa ABYX MOJAIPOrpaMM, Kaxaas U3 KOTOPBIX JOJDKHA
BBITIOJIHUTH 00paOOTKYy HECKOJIBKUMX OJOKOB ONEepaTWBHOM MmamsaTu. B amropmrmax
oOpa0aThIBatOTCsl JABOWMHBIE CJIOBAa JAaHHbIX (4 OaiiTa), 4TO CYIIECTBEHHO MEHbIIIE
pasmepa nakera (32 — 128 OaiiT). HeonTtuMusupoBaHHBIH BapUaHT CTPYKTYPHI
JAHHBIX TIPEJICTaBIsAeT COOONW HECKOJIBKO MAacCHBOB B ONEPATUBHOW MaMATH, B TO
BpeMsl KaKk ONTUMHM3MPOBAaHHAsS CTPYKTypa COCTOUT U3 YepeayIOIIMXCs TaHHBIX
Ka)KJJOT0 MacCHBa.

I[J'ISI MMPOBCACHUA SKCIICPUMCHTA HCOGXO[[I/IMO 3a4aTb U3MCHACMBIC TaPaMCTPhI:

ITapamerp Jlmamazom  Macmrab Onucanue
Nel 1.4 M Pasmep maccusa
No 2 1..128 1 KoyimuecTBo NOTOKOB JJaHHBIX

Kon npodunupyemoii nporpammsl Ha s3bike C peCTaBICH HUKE.

// BBIAEAEHUE ITAMATU
int *p, *px[32];
for (a = 0; a < Param_[1]; a++)
px[a] = (int *) _malloc64(Param_[1]); // AOPEC KPATEH 64
p = (int*) _malloc64(Param_[1]*Param_[2]); // AOPEC KPATEH 64

// HECKOABKO MACCVIBOB
for (r=1; r <= Param_[2]; r++)
{
x=0;
Start_Count(); // Hauano 3amepa epemeru
for (int a = 0; a < Param_[1]; a += sizeof(int))
for(b=0; b < r; b++)
X += *(int *)((int)px[b] + a );
Finish_Count();// Koney 3amepa spemeHu
// Pe3ynemam:
// Iloocu X: r
// Ilo ocu Y: Bpems (Koruuecmeo maxkmos)

}

// OWH ONITUMU3NPOBAHHBIN MACCHUB
for (r=1; r <= Param_[2]; r++)
{
x=0;
Start_Count(); // Hauano 3amepa epemeru
for (int a = 0; a < Param_[1]*r; a += (sizeof(int)*r))
for(b=0; b < r; b++)
x += *(int *)((int)p + a + b*sizeof(int));
Finish_Count();// Koney 3amepa epemeHuU
// Pe3ynvmam:
// ITo ocu X: r
// IlTo ocu Y: Bpemsi (Konuuecmso maxkmos)
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[Tpumep nmomyuenHoro rpaduka mokasaH Ha pucyHke 12.

KpacHbili rpaguk (BepxHHiIl) NOKa3plBa€T BpEMsl WJIM KOJMYECTBO TaKTOB
paboThl anroput™Ma, HMCHOJB3YIOUIETO HEONTHMU3UPOBAHHYIO CTPYKTYpY. 3elCHBIH
rpaduk (HIKHUN) TOKa3bIBaeT BpeMs (MJIH KOJIMYECTBO TAKTOB) paOOTHI AITOPUTMA C
UCIOJI30BAHUEM  ONTUMHU3HMPOBAHHOW CTpyKTypbl. Ocb abcuucc — OTpakaeT
KOJIMYECTBO OJHOBPEMEHHO 00palaThiBaeMbIX MaccuBOB. OCh OpAMHAT OTOOpa)xaer
BpeMsi B MUKPOCEKYHJaX MU KOJMYECTBO TAaKTOB (B 3aBHCHUMOCTH OT 3aJaHHOTO

napamerpa «ETUHUIBI H3MEpEeHNUs 1o ocu Y »).
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Pucynok 12 — Ilpumep nccieqoBaHusi ONTHMHU3HPYIOIINX CTPYKTYP AAHHBIX

[To oxOHUAaHWHU DOIKCIEpUMEHTa Ha BKIanKe «Pe3ymbTaThl JKCIIEpUMEHTa»
otoOpaxaercs uHGopmarus 06 3PPEeKTUBHOCTH UCTIOIH30BAHUS ONTUMH3UPYIOLTIX
CTPYKTYp AaHHbIX. Hanpumep: «HeonTuMusupoBanHas CTpyKkTypa oOpadaThiBayiach B

5,14 pa3za nonbuiey.

Onmucanme sKcrnepmMeHTa «lcciegoBaHMe KOHOIMKTOB B KO-

naMsiTm»
Leap 3xkcnepuMeHTa: KCCIEAOBAHUE BIUSHUS KOH(DIUKTOB KAII-AMSITH Ha

3¢ (HEeKTHBHOCTH BBIYHUCIICHHM.
Hcxoanbie nannbie: Pazmep OaHka K3II-aMATH JAHHBIX MEPBOTO U BTOPOTO
YPOBHS, CTENEHb aCCOLMATUBHOCTH KAII-NIAMATH IIEPBOTO U BTOPOTO YPOBHS, pa3Mep

JIMHEUKH KAII-TIaMSITH TIEpBOTO U BTOPOT'O YPOBHA.
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Pe3ynbTaThl 3KcIEepMMEHTA: OTHOLIEHHE BpEMEHH OOpabOTKHM MaccuBa C
KOH(JIMKTaMH B K3II-IAMSATH KO BpeMEHHU 00paboTKu MaccuBa 0e3 KOH(IUKTOB.

Onucanne npodaembl. HaGopHo-acconuaTuBHas KIUI-MAMATh COCTOUT U3
JMHEEK JaHHBIX, OPTaHW30BAHHBIX B HECKOJIbKO HE3aBUCUMBIX OaHKOB. BbiOop OaHka
JUISL KaXJOW TOPHUM K3IIUPYEMBIX JaHHBIX BBINOJHAETCS IO aCCOLMATHUBHOMY
NPUHIUITY, T.€. U3 YCJIOBUS YIy4IIEHUS NPEACTaBUTEILHOCTH BBIOOPKHU, B TO BpeMs
KakK LieJieBas JIMHEHKa B KaX/10M U3 OAHKOB JKECTKO ONpeAessIeTcsl M0 MIaIIel 4acTH
busmdeckoro aapeca. COBOKYIMHOCTh TaKUX JIMHEEK BCEX OAHKOB MPUHSATO HA3HIBATH
HaOopoM. Takum 00pa3oMm, TOIMBITKA YUTATh JAHHBIE W3 ONEPATHBHON MaMATH C
I1aroM, KpaTHBIM pa3Mmepy OaHKa, MPUBOAMT K MX IMOMEIICHUIO B OJAMH U TOT XKe
HaOop. Ecim e KoaruecTBO 3alpoCcOB MPEBOCXOIUT CTENEHb aCCOLMATUBHOCTH KA1II-
MaMsTH, T.€. KOJMYECTBO OAHKOB WJIM KOJMYECTBO JIMHEEK B HAbOpe, TO HaboqaeTcs
IIOCTOSIHHOE BBITECHEHHE MJAHHBIX W3 K3LI-TAMSTH, MpUYeM OoNlbIIui ee 00beM
0CTaeTCsl HE3a1€ICTBOBAHHBIM.

CyTth 3KcnepuMenTa. /[l ompeneneHusi CTENEHU BIUSHUS KOH(IUKTOB B
K3II-NaMATH Ha 3(()EKTUBHOCTh BBIYMCICHUHA HCHONb3YyeTcs MPOQMINPOBKA JBYX
npoueayp uTeHus: U o0paboTku naHHBIX. [lepBas mpoueaypa MOCTpOEHA TaKUM
00pa3oM, 4TO YTEHHE JIAaHHBIX BBIMOJIHSIETCS C IIaroM, KpaTHbIM pa3Mepy OaHka. JTo
NOPOX/JAaeT IOCTOSIHHbIE KOHQUIMKTBI B  KoII-amsaTH. BTopas mpouenypa
ONTUMH3UPYET pa3MeIleHHe JaHHBIX B KJ3II C IOMOIIBIO 33/aHUSl CMEIEHHS
BOCTPEOOBAHHBIX JAHHBIX HAa HEKOTOPBIM MIar, AOCTAaTOYHBINA JUIs BBIOOpa APYroro
Habopa. DTOT mIar COOTBETCTBYET pa3Mepy JIMHEHKH.

I[J'I}I MPOBCACHU DKCIICPUMCHTA HCO6XOI[I/IMO 3a4aTb U3MCHSCMBIC ITapaMCTPhI:

[Tapamerp  Jlmamazon  MacmTab Omnucanue
No 1 1..256 K Pa3mep 6anka Kd1MI-namMsATH
Ne 2 1..128 0 Pa3mep IMHENKY K3II-NaMsITH
No 3 2..512 1 KonnyecTBO unTaeMbIX JIMHEEK

Kon npodunupyemoii nporpammsl Ha s3bike C peCcTaBIeH HUKE.

// BBIIEAEHUE TTAMSATU
// AOPEC KPATEH 64
p = (int *)_malloc64((Param_[1]+Param_[2])*Param_[3]);

// YTEHUE KOII-TTAMATU C KOHOAUKTAMU
for(int a=0; a < Param_[3]; a++)
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Start_Count(); // Hauaao 3amepa BpeMeHU

x+=*(int *)((int)p + a*Param _[1]);
Finish_Count();// Korern 3amepa BpemeHH
// Pesynemam:

// Ilo ocu X: a*Param_[1]

// Ilo ocu Y: Bpems (Konuuecmgo maxkmos)

}
// YTEHHUE KOII-ITAMATU BE3 KOH®ANKTOB

for(int a=0; a < Param_[3]; a++)
{

Start_Count(); // Hagaao 3amepa BpeMeHHU

x+=*(int *)((int)p + a*(Param_[1]+Param_[2]));
Finish_Count();// Koner 3amepa BpemMeHH!

// Pesynemam:
// IlTo ocu X: a*(Param_[1]+Param_[2])
// Ilo ocu Y: Bpems (Konuuecmgo maxkmos)

[Tpumep nomydyeHHoro rpaduka nokazaH Ha pucyHke 13.
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Pucynok 13 — IIpumep uccieqoBanusi KOHQPJUKTOB B KIUI-IAMSATH

Kpacubiii rpaduk (BepxHMIi) IMOKa3pIBa€T BpEMsl WM KOJHYECTBO TaKTOB
paboThl MPOLEAYPHI, YATAIOIICH NaHHBIE ¢ KOH(PIMKTAMH B KAII-MAMSITH. 3eJICHBIH
rpaduk (HMKHUN) MMOKa3bIBa€T BpeMS WM KOJIMYECTBO TAKTOB PaOOTHI MPOLEAYPHI,
HE BBI3BIBAIONICH KOHQPIHMKTOB B KomI-mamsATH. Ochk abcmuice OTpakaeT CMeElieHUe
YUTaeMON sSYCHKM OT Hadayia Oyioka maHHBIX. OCh OpAMHAT OTOOpa)kKaeT BpeMs B
MUKPOCEKYHJaX WM KOJWYECTBO TAKTOB (B 3aBHCHUMOCTH OT 3a/IaHHOTO TMapameTpa
«EuHUTIBI ©3MEpPEHUs 110 OCH Y »).

[To oxkoHuUaHWM OKCHEpUMEHTa Ha BKJIaAKe «Pe3yiapTaThl SKCIIEPUMEHTA»
otoOpaxaercs wuHpopMmarus 00 dddekTuBHOCTH uTeHHS 0€3 KOHQIMKTOB KJIII-
namsaTi. Hanpumep: «Urenue ¢ koHIHKTOM OaHKOB mpow3BoauMioch B 12,8 paza

JOJIBIIC) .
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Ommcarme skcnepmMeHTa «CpaBHEHME aJITOPUTMOE COPTMPOBKM»

Heas IKCIIEPUMEHTA: UCCIIeI0BaHNe croco0oB 3P HEKTUBHOTO
UCTIONB30BaHUsl ~ TNaMSITH U BbIsBICHHE HambOosnee S()(PEKTHUBHBIX aITOPUTMOB
COPTUPOBKH, IPUMEHUMBIX B BBIYMCIUTEIbHBIX CUCTEMAX.

Hcxoanbie IaHHBIE: KOJUYECTBO MPOIECCOPOB BBIYHCIUTEILHON CHCTEMBI,
pa3Mep nakera, KOJIMYECTBO FIEMEHTOB B MAaCCHBE, Pa3psiIHOCTh JIEMEHTOB MacCHBA.

Pe3yabTaThl JKCHEPUMEHTA: OTHOIICHHE BPEMEHU COPTUPOBKHM MAacCHBa
anroputMoM QuickSort ko BpemeHu coptupoBku anroputmMom Radix-Counting Sort
u kKo BpemeHu coptupoBku Radix-Counting Sort, onTUMU3MpPOBAaHHOM mON 8-
MIPOLIECCOPHYIO BBIUUCIUTEIBHYIO CUCTEMY.

Onucanue mnpo6Jjembl. CylIecTBYeT HECKOJBKO JECATKOB aJIrOpUTMOB
COPTUPOBKH. X MOKHO KJIACCU(PHUITUPOBATH IO TAKUM KPHUTEPHSAM, KaK: Ha3HAUCHUE
(BHYTpEHHSISI ¥ BHEIIHSSI COPTUPOBKH), BBIYUCIUTEIBHASI CIOXKHOCTh (QJTOPUTMEI C
BBIUKCIUTENBHBIME ciokHOCTAME O(n?), O(n*log(n)), O(n), O(n/log(n))), eMKoCcTHas
CJI0HOCTH (aJTOPUTMBI, TpeOyIOIlIre U He TPeOYIoUIie JOMOTHUTEILHOTO MacCUBa),
BO3MOXXHOCTh ~ pacnapajuleuBaHusl (He pachapajuieiiBaeMble, OrPaHUYEHHO
pacnapasieIMBaeMble, MOJHOCTBIO paclapajljiesIiBaeMble), MPUHLMII ONpeaAeIeHUS
nopsiika (aJrTOPUTMBI, HCIONB3YIONIME TapHbIE CPaBHEHHS W HE HCIOJIb3YIOIIHE
NapHbIe CPaBHEHUS).

Cpenn W3BECTHBIX aJNTOPUTMOB HE BBIJCIICHO OJHO3HAYHOTO JIMJEPA,
BBITIOJIHSIFOIIIETO COPTUPOBKY YHCEII JIIOOOU Pa3psAHOCTH 3a MUHUMAJILHOE BpEMS C
MUHUMAJIBHON €MKOCTHOU cI0XHOCThI0. Cuntaercs [5,6], 4To XOpolue pe3yabTaThl
obecrieunBaeT  aNrOpUTM  BHYTpEeHHeW  copTupoBku  QuickSort, umerommii
BBIYMCIMTENLHYIO CIOXKHOCTE B cpeaneM O(n*log(n)) m O(n?) B Xymumewm.
Teopernyecku MO0Ka3aHO, YTO AJITOPUTMBI, MCIHOJB3YIOIINE IMapHbIE CPAaBHEHUS HE
MOTYT UMETh BBIYUCIUTENBHYIO CII0KHOCTh MEHBIIyI0, ueM O(n*log(n)).

OcoOblif MHTEpeC MNPEICTABISIIOT AITOPUTMBI BHYTPEHHEH COPTHUPOBKH, HE
ucrnonb3ytonme napuasie cpapHeHus: Counting Sort, Radix Sort u apyrue. B pabote
[4] mpemmoxeH anropuT™, SBISIONIUICS codeTaHueMm anroputmoB Counting Sort
(coptupoBka moxacuetroM) u Radix Sort (mopaspsiaHas COpTHpPOBKA), JUIICHHBIN
HEKOTOPBIX MPHUCYIIUX UM HEJOCTAaTKOB. B [4] moyiydeHBbI OIIEHKH BBIYUCIUTEIBHOMN

cnoxHoctd Radix-Counting anroputma (O(n/log(n))), T.e. OHa MeHee YeM JIMHEWHa.
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OpnHako, BBIYHUCIUTENBHAS CIIOXHOCTh QJITOPUTMa CYILECTBEHHO 3aBUCUT OT €ro
HACTPOMKU Ha OIPEIEICHHYIO Pa3psJHOCTh YMCENl U Pa3MEpPHOCTb MaccuBOB. Jlid
BBINOJIHEHHUSI COPTUPOBKM Ha MHoOrompoueccopHslx OBM Tpebyercs MCHONIb30BAThH
onTUMU3NpoBaHHYl0 crpaTteruto Radix-Counting cOpPTUPOBKHM, YYHUTHIBAIOLIYIO
KOJINYECTBO IIPOLIECCOPOB, a TaKK€ MAKETHBI pexXHM OOMeHa Ipoleccopa H

OHepaTHBHOﬁ IIHaMsTH.

/ /Aaroputm QUICK-SORT

/ /BploeseHue mamMaTH

QMAS = (unsigned __int64 *) _malloc128(Param_[O]*sizeof(unsigned __int64));
RMAS = (unsigned __int8 *) _malloc128(Param_[0]*sizeof(unsigned __int64));
TMP = (unsigned _ int8 *) _malloc128(Param_[O]*sizeof(unsigned __ int64));
TMP_A64 = (unsigned __int64 *)RMAS;

TMP_B64 = (unsigned __int64 *)QMAS,;

for (b = Param_|[1]; b <= Param_[0]; b += Param_|[1])
{
Start_Count(); // Hagaao 3amepa BpemeHH
QuickSort(QMAS,0,b-1);
Finish_Count();// Korern 3amepa BpemeHH
// Pesynemam:
// Ilo ocu X: b*Param_[1]
// Ilo ocu Y: Bpems (Konuuecmeo makmos)

}

void QuickSort (unsigned __int64* A, int iLo, int iHi)
{

int Lo, Hi;

unsigned __ int64 Mid,T;

Lo = iLo;

Hi = iHi;

Mid = A[(Lo + Hi)>>1];

do

{ while (A[Lo] < Mid) {Lo++;};

while (A[Hi] > Mid) {Hi--;};

if (Lo <= Hi)

{
T = A[Lo];
A[Lo] = A[Hi];
A[Hi] = T;
Lo++;
Hi--;

}
} while (Lo < Hi);
if (Hi > iLo) {QuickSort(A, iLo, Hi);};
if (Lo < iHi) {QuickSort(A, Lo, iHi);};
}

/ /Aaroput™m RADIX-COUNTING (pasMepHOCTb BCeX I'pyIIl pa3psaoB: 8 OUT).
for (b = Param_[1]; b <= Param_[0O]; b += Param_|[1])
{
TMP_A64 = (unsigned __int64 *)RMAS;
TMP_B64 = (unsigned __int64 *)TMP;
Start_Count(); // Hauaao 3amepa BpemeHU
for (i=0; i<=7; i++) {
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/ /3alIOAHUTL MAacCCHUB C HyASIMU
for (j=0; j<=255; j++) {c[j]=0:};
/ /Hakomuth B MaccuBe C KOAMYECTBA IIOBTOPEHUN pPa3psaioB
for (j=0; j<b; j++) {c[RMAS[i+j*8]]++;};
/ / Coxpauuts B MaccuBe C KOAMYECTBO YHUCEA, MEHBIIIHUX JAHHOIO
for (j=1; j<=255; j++) {c[j] += c[j-1];};
for (j=b-1; j>=0; j--) {
/ /MomudunupoBats MmaccuB C [IAS JAaHHOIO 3HAYEHUS pa3psaaa
c[RMASJ[i+j*8]]--;
/ /3amnucaTrh YucA0 U3 UCXOMHOI0 MaCCUBa BO BPEMEHHBIY MaCCHUB
temp = TMP_A64[j];
TMP_B64[c[RMAS[i+j*8]]] = temp; }
/ /TIoATOTOBUTHCHA K COPTHPOBKE M0 CAEAYIOIIEMY Pa3pPaLy
p=TMP;
TMP=RMAS;
RMAS=p;
TMP_A64 = (unsigned __int64 *)RMAS;
TMP_B64 = (unsigned _ int64 *)TMP;

Finish_Count();// Koner 3amepa BpemeHH!
// Pesynemam:
// Ilo ocu X: b*Param_[1]
// Ilo ocu Y: Bpems (Konuuecmeo maxmos)
}

/ /AaroputMm RADIX-COUNTING, onTHMH3UPOBaHHOH II0Z 8 IIPOIIECCOPOB
for (b = Param_|[1]; b <= Param_[0]; b += Param_|[1])
{

TMP_A64 = (unsigned __int64 *)RMAS;
TMP_B64 = (unsigned __int64 *)TMP;
Start_Count(); // Hagaao 3amepa BpemeHH
for (i=0; i<256*8; i++) {copt[i]=0;};

j=0;

for (k=0; k<b; k++) {

/ /TlapaaaeabHOe oOpalureHue K 8 yacTam copt
copt[RMAS[j+0]*8+0]++;
copt[RMAS[j+1]*8+1]++;
copt[RMAS[j+2]*8+2]++;
copt[RMAS[j+3]*8+3]++;
copt[RMAS[j+4]*8+4]++;
copt[RMASJ[j+5]*8+5]++;
copt[RMAS[j+6]*8+6]++;
copt[RMAS[j+7]*8+7]++;
j+=8;

3
for (j=1; j<256; j++) {

/ /TlapaaseabHOe OOpamenue x 8 yacTam copt
copt[j*8+0] += copt[j*8-8+0];
copt[j*8+1] += copt[j*8-8+1];
copt[j*8+2] += copt[j*8-8+2];
copt[j*8+3] += copt[j*8-8+3];
copt[j*8+4] += copt[j*8-8+4];
copt[j*8+5] += copt[j*8-8+5];
copt[j*8+6] += copt[j*8-8+6];
copt[j*8+7] += copt[j*8-8+7];

3

for (i=0; i<=7; i++)

for (j=b-1; j>=0; j--)
{



ii=(RMAS[j*8+i])*8+i;
ij=--coptlii];
temp = TMP_A64[j];
TMP_B64][jj] = temp;
}
p=TMP;
TMP=RMAS;
RMAS=p;
TMP_A64 = (unsigned __int64 *)RMAS;
TMP_B64 = (unsigned __int64 *)TMP;
}
Finish_Count();// KoHrerr 3amepa BpeMeHH
// Pesynemam:
// Ilo ocu X: b*Param_[1]
// Ilo ocu Y: Bpems (Konruuecmgo maxkmos)

CyTh JKcnmepHMeHTa. OKCICPUMEHT OCHOBAaH Ha 3aMepe BPEMEHHU TpeX
BapuaHTOB  anroputmoB coptupoBku  (Quick Sort, Radix-Counting Sort,
OnrumusupoBannbiii Radix-Counting Sort) .

I[J'I}I MIPOBCACHUA DKCIICPUMCHTA HGO6XOIII/IMO 3a4aTb U3MCHSCMBIC IMapaMCTPhI:

ITapamerp  /Ilmamazon Macmtab Omnucanue

Ne 1 1..20 M KonnuectBo 64-x pa3psgHbIX 3JIEMEHTOB MaCCUBOB

No 2 4..1024 K [Ilar yBennyeHus pazmMepa MacCuBa

[Tpumep nomydyeHHoro rpaduka nokasaH Ha pucyHke 14.
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Pucynok 14 — Ilpumep ucciieq0BaHusl AJIrOPUTMOB COPTHUPOBKHU

®uoneroBblil rpaduKk (BepXHU) MOKa3bIBa€T BpeMs WM KOJIUYECTBO TaKTOB

pabotel anropurma QuickSort. Kpacublil rpaduk (cpenHuil) moka3plBaeT BpeMsi WIH
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KOJIMYECTBO TAKTOB pabOThl HeonTHMH3MpoBaHHOro anroputMa Radix-Counting.
3eneHblii rpaduk (HIKHUIN) MOKa3blBa€T BpPEeMs WIM KOJIMYECTBO TAKTOB PaOOTHI
OINITUMHU3UPOBAHHOTO IO/ 8-TIPOIECCOPHYIO BBIYMCIUTEIBHYIO CHCTEMY ajlrOpHTMa
Radix-Counting. Ocp aOcuucc oTpaxkaeT KOJW4ecTBO 64-pa3psiiHBIX 3JIEMEHTOB
COpPTUPYEMBIX MaccuBOB. OCh OpAMHAT OTOOpa)kaeT BpeMs B MUKPOCEKYHIaX WU
KOJINYECTBO TAKTOB (B 3aBUCUMOCTH OT 3a/IaHHOTO napaMeTpa «EIUHUIBI U3MEepeHHs
o OCH Y»).

[To oOKOHUaHWM »SKCHEpUMEHTa Ha BKJIagKe «Pe3ymbraThl SKCIIEpUMEHTa»
oroOpaxkaercs uHpopMmanuss 00 3((HEKTUBHOCTH  aNTOPUTMOB  COPTHPOBKH.
Hanpumep: «QuickSort padoran B 1,4161678 pa3 monbiie Radix-Counting Sort.
QuickSort paboran B 1,7967811 pa3 gomeme  Radix-Counting  Sort,

ONTUMHU3UPOBAHHOTO O] 8-TTporieccopHyo IBM.».

Comepxaume oTueTa

B oryere, momumo Ha3BaHHs 1a0OpaTOpHOM pabOTHI, HOMEpa TpPYIIHI,
(bamMuIMKM ¥ UHULMAJIOB CTY/AEHTA, JOJDKHA COJIEpXKaTbCs CleAyromas MH(popMaus:
JUIS  KaXJI0ro TPOBEJEHHOIO0 SKCIIEPUMEHTAa YKa3bIBAIOTCS MCXOJHBIC JaHHbIE,
HacTpavBaeMble MapaMmeTphl, TpaduKy MOJYyYEHHBIX XapaKTEPUCTHUK U PEe3yNIbTaThl
skcriepuMenTa. [lo kak1oMy 3KCIEpUMEHTY JIOJDKHBI OBITh CHENaHbl BbIBOJABIL. B
KOHIIE OT4YeTa TNpPUBOIUTCE  HHPOpManus 00 HIACHTU(UKALUU TPOLEeccopa,

HCIIOJIb30BAHHOI'O IIPH IMTPOBCACHUHU DKCIICPUMCHTOB.

KoHTpoJsBbHEIE BOIIPOCEH

l. HasoBuTe npuynHbI pacciioeHus: ONEPaTUBHON aMsTH.

2. Kak B cOBpeMEHHBIX IIpoIleCCOpax pealu30BaHa amnmnapaTrHas
npeaBBIOOpKA.

3. Kakast undopmanus xpanutscs B TLB.

4. Kakoli Thnm accouMaTMBHOM IaMATH HCIOJIB3YEeTCS B KAUI-TNIAMITH

BTOpPOT'0 YPOBHSI COBpeMEHHBIX OBM u nouemy.

5. [IpuBenute npuMep MPOrpaMMHOI peBEIOOPKH.
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