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Paccmompenwt onpocet vibopa Haubonee payuonarsHulx eapuanmos I P-610x06 npu npoekmuposanuu CuK (cucmem Ha kpuc-
manie) u3 UMerWUXCcsl albMePHAMUBHBIX 6APUAHMO8, NPediaeaeMbiX Ha catmax npousgodumenei u nocmasujuxos. Ilpedroxcena
Mmemoouka eévloopa IP-610Ka Ha ocHo8e npuMeHeHUs Memo008 N000epI CKU NPUHAMUS peuleHUll, N0360ASI0WAsL UCNOAb3068AMb KAK
ONbIM U 3HAHUS IKCNEPMOE8 6 OAHHOU npedMemHou obaacmu, maxk U MHeHue AuYa, RPUHUMAarowe2o peulelue (pyKoeooumensi npo-
eKkma, uHxicenepa, koncmpykmopa). Ilpedroxcennas memoouxa no3eoasiem agmomMamu3uposams npoyecc evlbopa Haubosee npu-
emaemozo eapuanma IP-610ka ¢ mouKu 3peHus 3a0aHHbIX KpUmepues U 02PaHu4eruli U COKpamums 6pemsi Ha NPUHAMUE PeUleHUS.

Karouegvie caoea: [P-610x, CHK, Mmemoobt no00epycku npUHAMUs peuleust, Memoo AeKCUK02paphu1ecK02o noayynopsaoo4eHus,

Memoo0 AHAAUMUMECKUX UepapXull

Beenenue

PazButne meronoB npoektupoBanus CHK mpuBe-
JIO K BO3MOXHOCTH COKpAaIllEeHUsI CPOKOB M 3aTpaT Ha
pa3paboTKy Ha OCHOBE IMPUMEHEHUS TEXHOJIOIMHU MOB-
TOPHOIO HMCIOJb30BaHUS CI0XHO-(DYHKIMOHATBbHBIX
6nokoB (CP-6mokoB i IP-610K0B). B HacTos1IEe
BpeMsI MHOI'Me KoMIIaHUU TpeajaraioT IP-61oku pas-
JmyHoro HazHayeHus. [1prmuem IP-610ku ogHOrO Kitac-
ca ¥ Ha3HAYCHMST MOTYT MMETh pa3In4yHble (PYHKIIMO-
HaJlbHbIe, TEXHUKO-3KCIUTyaTallMOHHBIE, MTPOEKTHHIE,
CTOMMOCTHbBIC U TEXHOJOTUUECKUE XapaKTePUCTUKU U
YUCJIO TpeajiaraeMblX ajbTEPHATUBHBIX BapUaHTOB
MOXET OBITh JHOCTAaTOYHO BejuKo. B pesynbrare mis
pa3paboTuMKa BCTaeT CJAOXHBIM BOMPOC BhIOOpA ajib-
TepHaTMBHOro BapuaHTa [P-0yioka &g Mcnosiab3oBa-
HUS B pa3pabaTbiBaeMOM HM3aeauu. Takas 3amada Io-
SIBJISIETCS, €CJIv He JU1s Jiroooro IP-610Kka, To JocTaTou-
HO 4acTo, HallpuMmep, ISl BIOOpa OMHOTO U3 ajbTep-
HATUBHBIX KPUNTOMOAYIEH WU UISI TPOLIECCOPHBIX
0,10KOB (pa3IUYHBIX KOHTPOJLJIEPOB).

Pe3ynabTaThl ICUXOJOTMYECKUX MCCAEAOBAHUI TTO-
Ka3bIBaIOT, YTO pellieHHe 3aJayd BbIOOpa palroOHalb-
HOTO BapuaHTa B CJIy4yae, eCu YMCJI0 KPUTEPUEB OLICH -
KM KayecTBa MPUHMMAEMbIX pelLIeHUI OoJiblue 5—7,
MpeacTaBIsieT ISl YeJoBeKa KpailHe TpyJoeMKYIO 3a-
nauy. HeobxoamMo TakxKe ydUTbIBaTb, YTO YKCIIO ajlb-
TepHATUBHBIX BApUaHTOB IP-010K0B MOXeET ObITh 00JIb-
wuM (>10) u aT0 elle Gosee yCAOXHSIET 3agavy s
KOHCTpyKTOpa. st objeryeHus: pelleHus 3agadyu
BbIOOpa IP-610Ka B COOTBETCTBUU C TPeOOBAHUSIMU U
ocobenHoctamu mnpoekta CHK Heobxommma paspa-

00TKa METOAWKM, MO3BOJISIIONIEH aBTOMAaTU3WPOBATh
JIAHHbBIN TMPOLIECC C UCIMOJIb30BAHUEM OIbITa, 3HAHUH
U IpeAIouTeHuil pa3paboTunka. B maHHoi MeToauke
MOTI'YT OBITb MCIIOJb30BaHbl METOIbI MOAAEPKKU MPU-
HATUS pelIeHUI, MO3BOJISIONIME MPEACTaBUTh IMPO-
LIETypy HaXOXICHUSI HanboJIee pallMOHAIBHOTO pellie-
HUS B BUJI€ MTOCJIEN0BATENLHOCTU JIEMEHTAPHBIX MTPO-
Leayp MPUHSITUS PELIeHU, MPY BBIITOJHEHUHU KOTO-
PBIX YeJIOBEK, KaK IMpaBuIo, He AeJlaeT OLIKOOoK.

ITocTanoBka 3amaun

3amaua BeIOOpa IP-0moka sIBISIeTCS MOCTaTOYHO
CJIOXHOI MHOTOKpUTepUaibHOI 3amaueit. Ilpuuem
YacTb KPUTEPUEB HOCAT B3aMMOIIPOTUBOPEUNBBIN Xa-
pakTep, HalpuMep Takue, Kak CTOUMOCTb U (PYHKIIU -
OHAJIbHOCTh WU CJOXHOCTh MHTErpallii B KOHEYHOE
n3aenne. O6ee yrcino K Bcex KpUTepueB 0TOOpa Be-
ko (K > 10). Kputepuu HOCIT KaK YMCICHHBIN (11e-
Ha, MoTpebsemMas MOIIHOCTb, TPOU3BOAUTEIbLHOCTD,
MJIo11a1b, 3aHMMaeMasi 0JJ0KOM Ha KpuUCTajlie), TakK U
JIMHTBUCTUYECKUI XapakTep (apXyUTeKTypa, CJOXHOCTb
WHTETPAllMM B KOHEYHBINH TPOIYKT, CXeMa OILIaThI).
Yucno anbTepHaTUBHBIX BapMaHTOB KOMIIAHUIA-TIOC-
TaBIIUKOB Heobxoaumoro IP-6j10ka MOXeT JOoCTUTraTh
3HauyuTeJbHOTO yncaa (N > 10).

Kpumepuu evibopa IP-6a0ka [1, 2].

1. ®yHKIMOHATBLHOCTHL (MepedyeHb BIOXEHHBIX
KpUTEpUEeB 3aBUCUT OT KOHKPETHOrO Ha3HAYeHMS
IP-610ka).

2. ApxutexTtypa (IJIsI KJIACCOB CIOXHO-(PYHKIIMO-
HaJIbHOM MpPOIyKIIUM TaK1X, KaK mporueccopHbie IP-s-

pa [3]).
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OCHOBHBIE OLICHOYHBIE MTapaMeTpHI:
o apxurektypa LIIT (RISC/CISC);
e cucTeMa KoMaH[ (ITOJIHOTAa, ONTUMAaJbHOCTb C TOU-

KU 3peHUs JaHHOTO MPWIOXKCHMS);

e paspsagHoctb AJIY;

e YHCJIO PETUCTPOB OOIIETO Ha3HAYCHUS;

e HaJIMYMe U 00bEM KBIII-TTaMSITH KOMaHI U JaHHBIX;
e TaKTOBAs 4acToTa;

e BpeMs JOCTyNa K OCHOBHOM MaMsITU B TaKTaX CUH-

XpOHM3AIINH;

e Pa3PSIHOCTD IIMH JTaHHBIX U alpeca.

B psne cnyyaeB MOTYT IPMHUMATBCSI BO BHUMaHUE

JIOTTOJTHUTEJIbHBIE OLIEHOYHBIE TTapaMeTphl:
e UNCJIO CTaAUl KOHBelepa;
e PACIIOJIOXEHWE MHOTOOAMTHBIX UYMCEN B ITAMSTH

(Big/Little Endian);

e BO3MOXHOCTb PEKOHOUTypaluu

IP-650Ka;

e U JIpyTHE.

3. TeXHWKO-3KCIUTyaTallMOHHBIE XapaKTePUCTUKU
(TIepedeHb BIOXEHHBIX KPUTEPUEB 3aBUCUT OT KOHK-
peTHoro HazHaueHus IP-6ioka).

4. IleHa JIULIEH3UU.

5. Bua nocrtaBku:

e OTKpHEITEIN RTL-kog — Soft-1P;
e CHUHTE3MpOBaHHBII Kon (netlist), mpuBsSI3aHHBIA K

KOHKpeTHOM TexHosoruu — Firm-1P;

e TroTOBas Tomnoyoruss — Hard-IP.

6. Penyraumst dpupmei-noctaBuimka IP-6oka.

7. CIIOXHOCTb WHTETPAIINA B KOHEYHBIN TTPOMYKT:
e HaJMUME MCUEPIIbIBAIOIIEH JOKYMEHTAlIUN;

e HaJIMYME W MOJHOTA TECTOBOTO 00ECTICUCHUS;
e Cpok uHTerpauuu IP-6j0ka B IIpoexT.

8. LlenHocTh U 3HaUMMoOCTh IP-6oKa:

e PEXUM €ro MCIOJb30BaHUS KIUEHTOM (UMCJIO TTPO-
€KTOB C MCIIOJb30BaHueM 0J10Ka);
e MAaCCOBOCTb TMPaxka pa3pabaTbIBa€MBIX MPOIYKTOB

(CHK).

9. Cxema oruiathl.

10. IMomaepxkka xkuzHeHHOro 1ukia IP-6moka:

e TIOAJIEpKKA CO CTOPOHBI nocTaBiuka [P-6y0ka;
e BO3MOXHOCTb MOAM(UKALMY MOHA TpeOoBaHUs 3a-

Ka3uMKa;

e TOPTHMPYEMOCTb Ha HOBBII TEXHOJIOTMYECKUIA TTPO-
1ecc;
e BO3MOXHOCTbH BBHITIOJTHEHUS JTOIOJTHUTECIBHBIX T0-

TOBOPHBIX paboT.

Jlonoanumeavnvie xpumepuu evibopa Soft-IP u
Firm-1IP 6aoxoe.

1. BeITTo;THeHHAS TTOCTAaBIIMKOM TIPOBEPKA B KpeM-
HUU.

2. TakToBasg yacToTa IJis 33JaHHOU TEXHOJIOTUU
HU3rOTOBJICHUS.

3. IIpennonaraemast MPOU3BOIUTEIbHOCTD.

4. Tlotpebasiemass MOIIIHOCTb (TeopeThyecKas Win
peajibHasi).

5. Inomank, 3aHMMaeMasi 0JIOKOM Ha KpHUCTaJLIe.

6. CoOTBETCTBME CTAHAAPTHBIM CITeLM(PUKALINSIM
(ecau HeoOXOOUMO).

rapamMeTpoB
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7. 3aTpaThl Ha IIPOBEPKY B KPEMHMUU.

8. CpencTsa MoaaepXKu pa3pabOTKU MPOrpaMM.

9. TexHosnorust usrotopneHus (wis Firm-1P).

Jlonoanumeavnote kxpumepuu evibopa Hard-IP 6.aoxa.

1. TakToBast yacroTa.

2. ITpon3BOaNUTETLHOCTD.

3. IloTpebasiemasi MOIIHOCTb.

4. Ilnowanb, 3aHMMaeMasl OJIOKOM Ha KpHUCTaJle.

5. CoOTBETCTBME CYILECTBYIOIIUM CTaHIapTaM.

6. Bo3aMOXHOCTh BHIOOpa aJlbTEPHATUBHOIO IIOC-
TaBIIMKa Ha ciIydail popc-Maxopa.

DTansl pemieHus 3aaa4m Bbioopa IP-0/10ka

Peimrenue 3amauu Beioopa IP-610ka MoxXHO pasne-
JIUTh Ha HECKOJIbKO 3TaroB.

Oran 1. PopMHUpoOBaHKE CITUCKA KPUTSPUEB BBIOO-
pa IP-6ioka 1 ux paHxupoBaHue. Ha mepBoM 1are
aTana | pasnesisieM Bce MHOXECTBO KPUTEpHEB Ha Clie-
IYIOIUE TPYIIIIHI:

e (YHKIMOHAJIbHBIE KPUTEPUH;

e TEXHUKO-IKCIUIyaTallMOHHbIE KPUTEPUU;

e TIPOEKTHbIC KPUTEPUU;

e CTOMMOCTHBIE U BPEMEHHbIE KPUTEPUU;

KPUTEPUH TTOMAEPKKHA U COMTPOBOXKICHUS TIPOIAYKTA;
TEXHOJIOTUUECKHUE KPUTEPUU;

e JOTOJHUTENbHbIC KPUTEPHUU.

Ha BTopoM 1iare stana 1 paHxXupyem IpyIinbl Kpu-
TepUEB MO CTENeHM BaKHOCTM Ha OCHOBE MeTojaa
npeanouyteHuiut [4] (ecau MpUBIEKAIOTCS KCIEPTHI),
WA WCTONB3YSl TIPOLeNypy METoma aHaJIUTUYEeCKHUX
uepapxuii [5] (ecnu 3amauy pemnaet JIITP — nuno,
MpUHUMAlOLLIee pelleHUe).

MeTon npeanoyTeHn MO3BOsIeT pacCUUTaTh LIeH-
HOCTb KPUTEPUEB C YUETOM MHEHMI 9KCIIepTOB, pac-
CMaTpHUBAIOIINX Pa3IMYHbIE CTOPOHBI 33Ja4M BBHIOOpA
IP-610ka. JIaHHBII METOJ, JIETKO ITOAIaeTCsl aBTOMa-
TU3allUMd, OJAHAKO TNpU OOJBIIOM 4YHC]IE KPUTEPUEB
TpeOyeTcst pacueT Kod3(PuieHTa KOHKOpAAUN ISt
MPOBEPKM MHEHUI B3KCIIEPTOB Ha COIVIACOBAHHOCTb.
Taxk kak yuciio rpynm KpurepueB Heennko (< 10), Be-
POSITHOCTb TIOJIYYEHMSI COTJIACOBAHHOW OLEHKU JKC-
MEePTOB TPU UX PAHXXUPOBAHUM JOCTATOUHO OOJIbIIIAS.

Ha tpetbem 1iare sTamna 1 BblYMCIseM Beca KpuTe-
pUMeB Kaxaoi Ipymnmbl. Tak Kak o0lliee YMUCI0 KpUTe-
pueB paBHO 16—20, To B KaXIOil MOArpyIme OyaeT
3—4 xputepusi, ¥ TOTAA UX BEC BHYTPU T'PYMITBI MOKHO
paccuuTaTh Ha OCHOBE METO/Ia aHAJIUTUUYECKUX uepap-
XMH, TTOCTPOMB TPEXYPOBHEBYIO MEPAPXUUECKYIO CHUC-
TeMy KputepueB. B Hell mepBblii ypOBEeHb MEpapXuu
COCTaBJISIIOT TPYIIbl KPUTEPUEB, BTOPOM YpOBEHb —
MPOCThbIe WU COCTaBHbIE KPUTEPUU BHYTPU TPYMIIHI,
TPETUI YPOBEHb — BJIOXEHHBIE KPUTEPUM — IS CO-
CTaBHBIX U3 BTOPOIO YPOBHS (CM. PUCYHOK).

Ha yetBepTom 1miare atana 1 paccuMThIBa€M UTOTO-
Bble Beca BCEX KPUTEPUEB METOAOM aHAJTUTUYECKUX
nepapxuii (ecau 3amauy peuraet JIITP) mnu meTtomom
MpearoYTeHUI (€C/Iu IMPUBIEKAIOTCS 3KCIEPTHI).

BOran 2. [TosranHoe cokpalleHe MHOXECTBA ajlb-
TepHaTuBHBIX [P-010K0B. Tak Kak 4yuciao ajabTepHa-




CRITERIA

Wepapxus Kpurepues
Hierarchy of criteria

TUBHBIX BapuaHTOB BbiOMpaemoro IP-61oka moxer
OBbITh 3HAUYUTEJbHBIM, TO JJIS €r0 COKpallleHUsI BO3-
MOXHO MCITOJIb30BaHWE METONIa JIEKCUKOTrpaduiec-
Koro noayynopsizoueHus [6]. CorjaacHo MeTomy CpaB-
HUBaeM U OTOMpaeM MpuemiieMble albTepHATUBbBI TTOC-
JIeoBaTeJIbHO MO KaXXI0MYy KPUTEPHUIO, HAUMHAS C Har-
OoJiee BaxXHOTro Kputepus. PeanusyeM LUKIAYECKYIO
MPOLIEAYPY MO BCEM KPUTEPUSIM, TTIOKa CIIMCOK aJIbTepP-
HaTUB HE COKpaTUTCS 10 HeboJbluoro yucaa (<10).

IIpu cpaBHEHMH aJIbTEPHATUB IO BCEM KPUTEPUSIM
BBUJLY CJMIIKOM OOJIBIIOTO MX YHUCJIa BEPOSTHOCTh TO-
ro, uro IP-0j0kM MHOTMX KOMITaHU1-pa3pabOTYMKOB
YIOBJIETBOPSIT BCEM IMOCTABJICHHBIM KPUTEPUSIM, He-
BeJIMKa. 3HAYUT, IIPUMEHSISI TaKOi 0TOOp, MOXKHO CY-
IIECTBEHHO COKPATUTb YMCIIO aJIbTEPHATUB.

DTOT MpoIeCcC MOXKXHO PEeTyIUPOBaTh, U3MEHSIS Ipa-
HULIbI MHTEPBAJIOB JOMYCTUMbIX 3HAUCHUI KPUTEPHUEB.
Ecau xputepuu He YMCIOBbIe, a JMHTBUCTUYECKHE, TO
JIUIST YCTAHOBJIEHUSI MHTepBaja OLIEHOK IO HUM BBO-
IATCSl BepOaJIbHbIE IKAIbl 3HAYCHWIT KPUTEPHEB.

Oran 3. Bei6op Hanbosee npuemsiemoro IP-61oka.
Ecnu yucio anprepHaTuB cokpaTmioch 10 10 u meHee,
TO JUISI OKOHYATEJIbHOTO OIpee/ieHUs HauboJjiee yaoB-
JIETBOPSIIONIEH BCEM KPUTEPUSIM aJlbTEpHATHUBBI MC-
MOJIb3yeM METOJ aHaJUTUUYECKUX HepapXuii, Tak Kak
OH TI03BOJISIET TIPOBECTH HamboJIee AeTaTbHOe CpaBHE-
HUE aJIbTEPHATUB C MCIIOJb30BaHMEM 3aIaHHOM IITKAJIBI
OLIEHKU MPEAOYTUTEIbHOCTU MPU TTOITAapHOM CpaBHe-
HUW anbTepHaATUB [5].

IIpumep pemenuns 3amaun Bbioopa IP-010Ka

Hormyctum, yto rpymnmna akcrneptoB wuiau JITIP perra-
eT 3amaudy Bbeioopa Hard-IP-610ka (Hanmpumep, KOHT-
posuiepa DDR4-namsitu). [1pu 3TOM ObLIM YCTaHOB-
JIEHbl OTpaHUYEHUST Ha 3HAUYEHMUSI €r0 XapaKTepUCTUK,
Mpu HapylieHun Kotopbix IP-00K cuuTaercs: Hemona-
XONSIIIUMM JUI paccMaTpuBaeMoro IpoekTta. K Takum
OrpaHMYECHUSIM MOXHO OTHECTU (DYHKIIMOHAIbHBIC Xa-
paktepuctuku IP-610ka (MHTepdeiic ¢ ompeaeyeH-
HBIM TUIIOM ILIMHbI, TyOMHA Oydepuzalnu BXOAHbBIX U
BBIXOAHBIX TaHHBIX U AP.), TEXHOJOTMYECKUIA MpoLIecc
usrotosneHust (st Hard-1P) u np.

IIpeanonoxumM, 4YTo 3KCOEpTHas TpyIna BblOpalia
JUISL CPaBHEHMSI CJenyoluii Habop KpUTEepUeB OLeH-

KM BaXXHOCTU paccMmaTpuBaemMoro IP-6Gioka s 3a-

JAHHOTO TTPOEKTA.

I'pynna 1 kpurepHeB (TeXHUKO-3KCILIyaTal[IOH-
HBIE).

K1.1. TexHuko-sKcriyaTaiMOHHbIE XapaKTePUCTUKU.
K1.1.1. YaenvHast notpebasiemass MOLIHOCTb.
K1.1.2. ITmomanp, 3aHnMaeMasi OJJOKOM Ha KpHC-
Taje.

K1.1.3. TakToBas yacrora.

K1.2. Apxurexrypa.

K1.2.1. Cucrema KomaH/I.

K1.2.2. Pa3psinHOCTb.

I'pynna 2 xpurepueB (CTOMMOCTHbBIC I BPEMEHHBIE).
K2.1. llena nuieH3uu.

K2.2. Cxema omnaThbl.

K2.3. Cpoku nmocTaBKH.

I'pynna 3 kpurepueB (IIpOEKTHLIE).

K3.1. CnoXxHOCTb UHTErpallui B KOHEYHbIN IIPOAYKT.
K3.1.1. Hanuuue mcuepnbiBarollieil JOKyMeHTaluK.
K3.1.2. Hanuuue TectoBoro obecreyeHusl.

K3.1.3. Cpok uHTerpaiuu.

I'pynna 4 kpurepueB (IOMOJHUTEIbHEIE).

K4.1. Penyrauust pupMbI-IIPOU3BOAUTEIS.

Ha nepBom srarie pellieHUs 3a0a4u CIeAyeT OIpe-
JIeNTh Beca KpurepueB. [Ipu 3TOM ciemyeT ydecTb
HEepapXUUeCcKyl0 CTPYKTYpPY CUCTEMBblI KpUTEpHUEB (CM.
PUCYHOK), TAe Uil OKOHYATeJIbHOTO CpPaBHEHUS ajib-
TepHATUBHBIX [P-0JI0KOB MCMNONB3YIOTCSI KPUTEPUU B
KOHLIEBBIX BepIIMHAaX (JIUCThSIX) 3TOTO UePAPXUIECKOIO
rpada. I1pu pacuete Beca W KpuTepusi CaMOro HUXKHETO
YPOBHSI Me€papXUM ero JIOKAJIbHBII BeC B CBOEH Mepap-
XUYECKOM IpyIIie CAeAyeT YMHOXUThb Ha BEC COOTBETC-
TBYIOILLIETO COCTABHOI'O KPUTEPUSI U/UIN BEC TPYIIIbI
kputepueB. Hanpumep, mis Beca kputepus "K1.1.3.
TakToBas yacTora" cipaBeIMBa cienyrolas opMyJia:

NUTOT _ JIOK JIOK
Wki13 = Wkii3 > Wkia X Wipt-

PaccMoTpum mmpuMep TPYIIIOBOI TIpOLIEAYPHI TIPH-
HATHS pelleHUH I PaHKUPOBAHUS TPYII KPUTEPH -
€B IO CTeNeHM BaxkHOCTU. Mcrionb3yeM MeTom Mmpei-
nouteHui. JIomycTM B OLIEHKE y4acTBYIOT TPU BKC-
TepTa, KaxkIblii M3 KOTOPHIX OLIEHWBAeT Ipymibel 1—4
10 3HAYUMOCTH IIJIST TIPOEKTa MCXOAST U3 CBOETO IIPO-
¢eccuoHanbHOro ombita (Tada. 1). MakcumanbHbII
0as1 mojiyyaeT HamOoJjiee BaxkHasl TpyIlina KpUTepUeB.

[anee 3T OLIEHKM IIPeoOpa3yloT IO CIAEAYIOLIEMY
npaBwily (COIJIACHO METOAY MpPEeANoYTeHUi): HOBYIO
MpeoOpa3oBaHHYIO OIIEHKY BBIYMCIISIOT KaK Pa3HOCTh
yycia TpyIn (B HalleM ciydae — 4) ¥ epBoHaYaJIbHOM
SKCIIEPTHOM OLIEHKM IpynIibl (Tadm. 2). 3aTem pac-
CUMTBHIBAIOT CYMMAapHYIO OLIEHKY KaxKIOi TIpYIINbI BCe-
MU 3KcnepTaMu 1 oburyo cymMmMmy C Bcex OLIEHOK Crpi
(tabn. 2 — mpennocieaHsisi cTpoka). OKOHYaTelb-
HBIE Beca IPYII KPUTEPUEB BRIUMCISIOT IO (hOpMYyIIe
Wi = rpl-/ C (Taba. 2 — mociemHssl CTPOKa).

7151 pacyeTa BeCOB KPUTEPHUEB BCEX MTOCIICIYIONINX
YPOBHEH HepapXuud MPUMEHMM Ty XXe TpoLeaypy u
paccuMTaeM MTOTOBbIE Beca KPUTEPUEB C YUYETOM HX
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HepapXuyecKoit BIOXKEHHOCTH. 3aTeM TIPOpaHKUpyeM
BCE KPUTEPUM, HAXOISIIMECS B KOHLUEBBIX BepILIMHAX
HEepapXnuuecKoil CTPYKTYpPHl (CM. PUCYHOK) IIO 3Haye-
HUIO UX BECOB: HauboJjiee BaXKHBIM OYyAeT KpUTEPUIA C
MaKCUMAaJbHBIM BecoM. JlOTyCTUM, YTO B pe3yjIbTaTe

Tabmauua 1

OueHKH BaXKHOCTH TPYNI KPUTEPHEB, BHICTABJIEHHbIE IKCIIEPTAMHU
Table 1
Estimations of the importance of the groups of criteria, done by experts

BaxxHOCTb TpYIIbI | KPUTEPUEB
DKenepThi Importance of group i of the criteria
Experts I'pynma 1 I'pynna 2 | I'pynna 3 I'pyrnna 4
Group 1 Group 2 Group 3 Group 4
Bkcrept 1 1 2 4 3
Expert 1
BKcrept 2 2 1 4 3
Expert 2
DKcrept 3 1 3 2 4
Expert 3
Tabnuua 2
IIpeoOpa3oBaHHbIe OLEHKH BAXKHOCTH IPYINN KPUTEPHEB
Table 2
Transformed estimations of importance of the groups of criteria
[IpeobpazoBaHHasl OLIEHKA TPYIIHI i
DKCnepTHI Transformed estimation of group i
Experts I'pynna 1|I'pynna 2 (I'pynna 3|I'pymna 4| ~
Group 1 | Group 2 | Group 3 | Group 4 DE
DkcnepT 1 3 2 0 1 Al
Expert 1 Q”)
Dxcnept 2 2 3 0 1
Expert 2
Dkcenepr 3 3 1 2 0
Expert 3
CymmapHast 8 6 2 2 18
OLICHKA TPYIITbI
Total estimation
of group Cy;
Bec rpymnribl 0,45 0,33 0,11 0,11
KpUTEpUEB
Weight of group
of criteria Wy,;
Tabauua 3
Onpenenenye cTeneHu yAOBJIETBOPEHHS ATbTEPHATHBBI KPUTEPHIO 5
Table 3
Definition of the degree of satisfaction of the alternatives by criterion 5
Anbrep- |  YmenbHast moTpeOiissemast OB?lTeeT];gHZHMH
HatuBa |MoumHocTh (10 20 MkBt/MI ') ya P
Alterna- | Specific power consumption Degree
tive (up to 20 mcW/MHz) of satisfaction
IP1 12,1 VYoBieTBOpUTEIbHAS
Satisfactory
1P2 10,5 YnoBieTBopuTeabHAS
Satisfactory
1P3 9,6 VY I0BJIeTBOpUTEIbHAS
Satisfactory
[P4 17,3 YnosnerBoputeabHas
Satisfactory
1P5 27,3 HeynosnerBoputenbHas
Unatisfactory
1P6 24,0 HeynosnerBoputeabHas
Unatisfactory
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MpoLeayp 3KCIEePTHBIX OLIEHOK MOJyYeHbl 12 Kpute-
pueB (k = 12) u crnenylolliee paHXMPOBaHUE KPUTe-
pUEB MO BaXXHOCTHU IS paCCMaTpMBaeMOTo MpPoeKTa
(1 — Haubonee BaxHBINA, 12 — HauMeHee):

1) pa3psmHocTh He MeHee 32 (Bec 0,21);

2) cuctema xoMaHa RISC (Bec 0,17);

3) TakroBas yacrota ot 600 MI'1 (Bec 0,14);

4) neHa nuueHsuu go 500 000 py6. (Bec 0,11);

5) ymenbHasd noTpebisgeMas MOIIHOCTb  JO
20 mxBt/MTI11 (Bec 0,09);

6) momIamb, 3aHMMaeMasl OJJOKOM Ha KpHCTalie
0,8 Mmm2 (Bec 0,08);

7) cxema OIUIaThl: C MOCTOILIATOM WIX C YaCTUYHOM
(mo 25 %) npenorutaroii (Bec 0,06);

8) HanmM4ue ucYeprbIBaoLIel TOKyMEHTALUHU MO~
HOCTBIO B HAJIMIWU WJIM OYIET TIpeaoCTaBlieHa B TeUe-
Hue 2 mec. (Bec 0,05);

9) cpoku moctaBku 1o 2 mec. (Bec 0,03);

10) Hanuyue TeCTOBOro oOecHeYeHus1, opeaessie-
Masi 9KCTIIEPTOM LIKajla CTENIEHU TECTOBOI'O MOKPHITUS
(Bec 0,03);

11) penyrauust GupMbI-npou3BoauTeNsl 6e3 Hape-
kanuii (Bec 0,02);

12) cpok uHTerpauuu ao 3 mec. (Bec 0,01).

Taxske aKCHepThl OMpeAeNsioT rpaHUYHbIE 3HAYe-
HUSI OLEHOYHBIX 1K JJIsI KaXJA0To U3 KPUTEPUEB.

Ha BTropowm sTane peieHust 3amauu Beioopa IP-6110-
Ka CpeIr MHOXXECTBA aJbTePHATUB TPEIIOXEHO WC-
MOJIb30BaTh METOH JIEKCUKOTpaUueCcKOro IOIyyIo-
psImOYEeHUsI, COTJaCHO KOTOPOMY BEChb CIIHMCOK ajb-
TEpHATUB aHAJIU3UPYIOT HA MPEAMET YAOBICTBOPEHMUS
caMOMY BaXKHOMY KpHUTepHIo (B HalieM mpumMepe "Pas-
psanHocTh"). CTeleHb YIOBIETBOPEHUST OMPEICIISIETCS
0 CleayloleMy MpaBuiy:

e VIOBJECTBOPUTEJbHASl aJlbT€pHATMBA — 3HAUYECHUE
nposepsieMoro napamerpa IP-61oka HaxoauTcs B
TpaHUIIAX OICHOYHOM IIKAaJIbl COOTBETCTBYIOIIETO
KPUTEPUSI;

e HEYIOBJIETBOPUTE/IbHAS albTepHATBA — 3HAUYCHUE
nposepsiemoro mnapamerpa IP-0i1oka BbeIXOOUT 3a
TpaHULIBI OIEHOYHOM INKAJbl COOTBETCTBYIOIIETO
KPUTEPUSI.

PaccmoTpuM TipuMep TOIyyHOPSIIOYEHMS IECTH
aJIkTepHATUB T10 KpUTepuio "YaenbHast moTpebdasiemast
MolHocTh A0 20 MkBt/MI'u" (tadn. 3). U3 npumepa
BUIHO, YTO KPUTEPHIO 5 yIOBIETBOPSIOT aJbTepHa-
tuBsl IP1, IP2, IP3, 1P4 (BeimeneHHbIE CepbIM (POHOM
cTpoku Tabma. 3).

AHaJIOTMUHBIE TMPOLEAYPbl MPOBOAMM JUISI BCEX
KpUTepueB, HauuHas ¢ Haubosee BaxxHoro. Ilocie
KaXXIOM TIPOLeIyphl TTOMYYIIOPSIOYeHUSI MHOXECTBO
"yIOBJIETBOPUTENIbHBIX" aJbTEPHATUB MOXET 3HA4M-
TeJIbHO COKpaTUTbCSI. OCTaHOBMTBCS CJemyeT TOrna,
KOTJa B 9TOM MHOXecTBe ocTaHeTcs 10 U MeHee ajb-
TepHATHB.

Hanee mepexoguM K 3Tamy 3 M MOKaXXeM IpUMeEp
MMPUMEHEHUS METONa aHAJUTUYECKUX MEepapXuil I
BbIOOpa Hambosiee moaxopsiuero IP-6i1oka u3 otod-
PaHHBIX YIOBJIETBOPUTEIbHBIX.




OTMEeTHM, YTO IS IPUMEHEHUSI METOa aHAJTUTH-
YECKUX MepapXuil KpUTEpUU OTOOpa MOTYT TIepecMaT-
puBatbcsl (Tabia. 4), NOCKOJbKY MHOTHME OCTaBLIMECS
Tocje TIPUMEHEHWST MeToma TIONyYIOpSIIOYCHUST B
CITMICKE PACCMOTPEHUS "yIOBIETBOPUTEIBHBIC" aTbTep-
HaTHBBI Y€ COOTBETCTBYIOT paHee C(hOPMYJIHPOBAH-
HBIM KpuTepusiM. Tak, Hanmpumep, Kputepuil "Ynesnb-
Hasl noTpebasemMast MolIHOCTb A0 20 MKBT/MT'1" us-
MeHUM Ha "Munumansvras ynenbHas TIOTpeOssseMast
MOIIHOCTh (10 20 MKBT/MI11)". DTO TOBOPUT O TOM,
YTO CpPeAU BCEX YAOBJIETBOPUTENbHBIX OJJOKOB (C MOILII-
HocTelo 10 20 MkB1t/MI'1) Haubosiee LEHHBIM IS
npoekrta OyaeT IP-6710k ¢ MUHUMAaJIbHBIM MOTpeObJie-
HUEM SHEpPTHUU.

IlycTb, HaTTpUMep, HY>KHO BHIOPATh OMWH U3 YETHI-
pex (n = 4) nmoka3zaHHbIX B TabJ. 4 ajlbTepHATUBHBIX
BapMaHTOB C YKa3aHHBIMM XapaKTepUCTHKAMU TIpU
0003HaYEHHBIX OOHOBJIEHHBIX KPUTEPHUSIX.

PaccmotrpuMm mpumMep TpUMEHEHMS METOHa aHa-
JIMTUYECKUX MepapXuil IJIs1 mepeyHs aJbTepHaTUB, 3a-
JNaHHbIX Taba. 4. MeTon aHAIMTUYECKUX Mepapxuit
MTO3BOJISIET PACCUNTATH B3BEIIICHHBIC OLICHKM TSI KaXK-
JIOI M3 aTbTepHATUB, C TIOMOIILIO KOTOPBIX MOXKHO OY-
JIeT BbIOpaTh HauOoJiee YIOBJIETBOPSIOIIYIO BBICTaB-
JIeHHBIM TpeOoBaHUSIM (110 MaKCUMaJbHOM B3BEIICH-
HOI1 OlleHKe) ajlbTepHAaTHUBY.

CHayvaya cieayeT COCTaBUTb MAaTPUIIbI TTOMTapHOTO
cpaBHeHus I1P-610koB. CpaBHeHUE OydeT MPOXOOUTH
10 KaXIOMy KPUTEpPHIO OTAEIbHO. B MaTpuile Kax-
OBl BIIEMEHT yfj MTOKAa3bIBaeT B3aMMHYIO IIEHHOCTh
anbrepHaTuBhl IPi 1o oTHoleHUIO K anbrepHaTuBe 1P/
10 KPUTEPHIO / ¢ UCITOIB30BAHNUEM CIICIYIOIINX CPaB-
HUTENBHBIX OILICHOK: paBHO3HAaYHa — 1; yMEpeHHO
Jiydiiie — 3; yMepeHHO Xyxe — 1/3; CylleCTBEHHO JIyu-
11e — 5; CYILIECTBEHHO XyxXe — 1/5; 3HaYnuTeNbHO JIyu-
11e — 7; 3HaUUTENbHO XyKe — 1/7; BO MHOTO pa3 Jiyu-
e — 9; Bo MHoro pa3 xyxe — 1/9 [3].

Ecam cocraBneHne TakuxX MaTpHIl CJIOXHO IS
JITIP, To cneayeT mpuBieKaTh IPYINy 9KCIEPTOB, KO-
TOpPbIE OLIEHSIT B3aUMHYIO BaXKHOCTb aJbTepHATUB, UC-
MOJIb3YS1 ONTMCAHHBIN BBIIIE METOJ MPEATOYTEHUN WU
MmeTon paHra [7].

ITyctb, Hampumep, ObLIM TOJYYEHBI Cleaylolre
OIICHOYHBIE MAaTPHUIILI yl—y!2 MpA CpaBHEHUU TIO
Kax/IOMy KPUTEPHUIO OTAEIbHO:

Kpurepuu/xapakrepuctuku* anprepuatusubix 1P-0/0k0B

1 1/31/55 1 7 71/3
Y1= 3 1 1/37 Y2= 1/7 1 31/7
5 3 19 1/7 1/3 1 1/7
1/51/71/9 1 37 71
Tabauua 4
Table 4

Criteria/characteristics * of the alternative [P units

Kpurepun 3HavyeHWe XapaKTePUCTUKU aJIbTepHATUBHI [Pi
Criteria Value of the characteristic of an alternative 1Pi
Bec OGHOBJIEHHOE HA3BaHUE
Neo Weight W, Updated name IP1 1P2 1P3 1P4
K1 0,09 MuHuManbHas yienbHasi norpedmsiemast MolHocTh (1o 20 MkBt/MT i) 12,1 10,5 9,6 17,3
Minimal specific power consumption (up to 20 uW/MHz)
K2 0,08 MuHuMaIbHas TUIOLIAAb 0JI0KA Ha KpUCTaJIe (go 0,8 MM2) 0,41 0,75 0,74 0,39
Minimal area of the unit on a chip (up to 0.8 mm*)
K3 0,14 MakcumanbHas TakToBas yactora (ot 600 MI'm) 610 885 951 600
Maximal clock frequency (from 600 MHz)
K4 0,17 Cucrema komana RISC Ha Ha Ha Ha
RISC instruction set Yes Yes Yes Yes
K5 0,21 PaspsimHOCTH He MeHee 32 Ha Ha Ha Ha
Bit capacity not less than 32 Yes Yes Yes Yes
K6 0,11 MunuMaibHas teHa juieH3uu (1o 500 Teic. pyo.) 370 340 480 250
Minimal license price (up to 500 thousand rubles)
K7 0,06 Cxema oruiathbl Ynosi. Xop. Xop. Yo
Payment scheme Satisfact. Good Good Satisfact.
K8 0,03 MuHUMAaJIbHbIE CPOKU MTOCTaBKM (10 2 Mec.) 1 1,5 1 1
Minimal delivery time (up to 2 months)
K9 0,05 Hanuuue mokymeHTauuu Ha Ha Ha Ha
Availability of documentation Yes Yes Yes Yes
K10 0,03 Hannuue TecToBoro obecreueHus Ha Ha Ha Ha
Availability of the test support Yes Yes Yes Yes
K11 0,01 MuHMMAaIbHBIN CPOK MHTErpauuu (oo 3 mec.) 2 1,5 1,5 2,5
Minimal integration time (up to 3 months)
K12 0,02 Penyranms nmpousBoguTeist VioBi. VioBi. VioBi. Viosi.
Reputation of the manufacturer Satisfact. | Satisfact. | Satisfact. | Satisfact.
* JlanHble GBI, a U CaMU KPUTEPUU JOCTATOYHO YCIOBHBI U B3SITHI I MpuMepa. OHU MOTYT BapbMpPOBATHCSI B 3aBUCUMOCTH OT
tuna [P-6yoka, ot TpeboBaHUil U BO3MOXHOCTEH 3akazunka. Harmpumep, TpeboBaHue "MakcuMaibHasi TaKTOBasi YyacTtora" CIpaBeauBO
IUTST BBIOOpa KaK CTaTWYeCKOro, Tak W AuHamuueckoro [P-Gioka, Torma kak mis BbiOopa auHamuueckoro IP-Gioka akTyanbHO Takxke
TpeboBaHue "MUHUMATbHAS TAKTOBasl yacToTa.
* The given criteria are rather conditional and were taken for an example. They can vary, depending on the IP unit, requirements and
resources of a customer. For example, "Maximal clock frequency" is fair for selection of a static and dynamic IP unit, whereas for selection of a
dynamic IP unit "Minimal clock frequency" is also good.
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1/51/5 1 1/9 3113
7 591 11/31/31
151 1 1 1/51/53
Y8= 1/511/51/5 : Y11= 51 17
151 1 51 17

151 1 1/31/7 1/7 1

CorjacHO MeToly aHaJIUTUYECKUX Hepapxuil Ha
OCHOBaHWM 3HAUYCHUI 3JIEMECHTOB 3THX MAaTpPUII yfj
(i=1,..,nj=1,.. n, n=4) u BeCOB KpUTepren
W, (=1, .., k; k= 12) paccuutbiBaeTcs LEHHOCTb U;
KaxkIoW i-i aJbTepHATUBBI JJISI peaiu3alliyd MpoeKTa

o cieayloniein popmyiie:
/
k n Hyij
= x| L.
l: l n /
PN

AJbTepHaTUBaA C HAUBBICIIEH LIEHHOCTBIO U OyIeT
HCKOMBIM pellieHMeM. B HaleM ciyyae ObLIM MOJTy-
yeHbl cieayowmme ouenku: Uy = 0,20; U, = 0,24;
U; = 0,30; Uy = 0,26. OTKyza MOXHO CIIeJIaTh BBIBOLL,
YTO HanOoJiee ONTUMAJIbHBIM BEIOOPOM C YUETOM 3Ha-
YMOCTHU BceX Kputepuen Oyner 1P-6mok 1P3.

3akimouenue

Hcnonp3oBaHue npeajiaraeMoil METOIUKU MO3BO-
JIsieT BbIOMpaTh HanboJiee mpuemMiieMblit IP-6510K B pe-

aJIbHBIX YCIIOBUSX, KOTJA YUCIIO U XapaKTep KpUTepu-
€B OLIEHKM KadyecTBa IP-0J10KOB MOXeET BapbHpOBaTh
KOHCTPYKTOP B 3aBUCHMMOCTH OT YCJIOBWI1 BBITIOJIHE-
HUS TIpoekTa. JJOCTOMHCTBOM IpeajiaraéMoil METOI-
KU SBIISIETCS TaKXKe BO3MOXHOCTh PACCMOTPEHUS Ha
HayaJbHOM 3Tarle OOJIBILIOrO YMC/a aJbTepHATUBHBIX
BapuaHTOB |P-0JI0KOB, MpeamaraeMbIX KOMITAaHUSIMMU -
nocraBuuKaMu. IlodydeHHBIE C MOMOIIBIO JaHHOM
METOJUKU Pe3yJbTAaThl PAHXKUPOBAHUS IPeIIaracMbIX
IP-610K0B 1O cTeneHU IMPearnoYTUTEIbHOCTU O3B0~
JIIT KOHCTPYKTOpaM NpUHUMAaTh 0oJjiee B3BEILICHHBIC
pelIeHUS.

BaxxHbIM JOCTOMHCTBOM TIpeajiaraeMoli MeTOAUKU
TaKXKe SBJISIETCSI BO3MOXHOCTh aBTOMATH3aIM TIPO-
lecca BBIOOpa paIllMOHATBHOTO PEIICHUS C yYETOM
0COOEHHOCTEN KOHKPETHOTO MPOEKTa.
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Concerning the Question of Selection of an IP Unit for the System

on Chip Development

The article is devoted to the questions concerning the selection of the most rational IP units for the SoC design from the alternative
versions available on the sites of the manufacturers and suppliers. The aim of this work is to develop techniques for selection of an
1P unit on the basis of the decision making methods. The proposed method employs the experience and knowledge of the experts
in the given subject area and the opinion of the decision-makers (project managers, engineers and designers). The technique is based
on an original combination of the lexicographic ordering method, the analytical hierarchy method and the method of preferences.
The technique allows us to automate the process of selection of the most appropriate version of the IP units corresponding to the given

criteria and constraints, and reduce the decision-making period.

Keywords: IP unit, SoC, decision making methods, lexicographic semi-ordering method, analytical hierarchy method, prefer-

ences method
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Introduction

Advancement of SoC designing resulted in reduc-
tion of the time and costs for development of the com-
plex-functional units (IP units) on the basis of the re-
peated usage technology. Many companies offer differ-
ent-purpose IP units. At that, the IP units of one class
and purpose can have various functional, technical-op-
erational, design, cost and technical characteristics,
and the number of the offered versions can be great
enough. As a result, the developers face a complicated
question of selection of an IP unit for a product to be
developed. Such a problem appears frequently enough,
if not with any IP unit, for example, with selection of
one of the alternative cryptomodules or the processing
units for various controllers.

The results of the research show, that a choice of a
rational version, in case the number of the criteria for
estimation of the quality of the taken decisions is more
than 5—7, is an extremely labor-consuming problem. It
is necessary to consider also the fact that the number of
versions of the use of IP units can be bigger (>10), and
this will complicate the problem for the designers even
more. In order to simplify selection of an IP unit in ac-
cordance with the requirements and specific features of
a SoC project a technique is necessary making it pos-
sible to automatize the process with the use of experi-
ence, knowledge and preferences of a developer. It can
be based on the use of support for the decision-making,
making it possible to present the procedure for finding
of the most rational solution in the form of a sequence
of the elementary procedures, during implementation
of which a person, as a rule, makes no mistakes.

Problem statement

The problem of selection of an IP unit is rather
complex and multicriterion. At that, some of the crite-
ria have a contradictory and even mutually exclusive
character, this refers, for example, to the factors of cost
and functionality, or complexity of integration into the
final product. The total number of K criteria for selec-
tion is great (K > 10). The criteria may have a compu-
tational character (price, power consumption, produc-
tivity, the area occupied by the unit on a chip) and a
linguistic character (architecture, complexity of inte-
gration into the end-product, payment scheme). The
number of versions from the companies-suppliers of the
necessary IP units can be quite considerable (N > 10).

Criteria for selection of an IP unit [1, 2]:

1. Functionality (the list of the nested criteria de-
pends on the purpose).

2. Architecture (for the classes of complex-function-
al products, such as processor IP cores [3]).

The basic estimation parameters are the following:
e architecture of CP (RISC/CISC);

e instruction set (completeness, optimality from the
point of view of application);

e ALU Bit capacity;

e number of general purpose registers;

o availability and volume of the cache memory of in-
structions and data;
¢ clock frequency;
e access time to the main memory in the synchroni-
zation steps;
o Dbit width of the address and data buses.
In a number of cases additional parameters can be
taken into consideration:
o number of stages of the conveyor;
e arrangement of the multibyte numbers in memory
(Big/Little Endian);
e possibility of reconfiguration of the IP unit param-
eters;
e others.
3. Technical-operational characteristics (list of the
nested criteria depends on a concrete purpose).
4. Licence price.
5. Kind of delivery:
o open RTL code — Soft-IP;
o synthesized code (netlist), tied to a concrete tech-
nology — Firm-IP;
o ready topology — Hard-IP.
6. Reputation of the firm-supplier.
7. Complexity of integration into the end-product:
o availability of the exhaustive documentation;
o availability and completeness of the test support;
o time of integration into a project.
8. Value and importance:
o mode of its use by a client (number of projects with
the use of the unit);
o mass circulation of the developed products (SoC).
9. Payment scheme.
10. Life cycle support:
e support from the supplier of the IP unit;
o possibility of a tailor-made modification;
e portability to a new technological process;
o possibility of additional contractual works.
Additional criteria for selection of Soft IP and Firm
IP units
1. A check done by the supplier in silicon.
2. Clock frequency for the set manufacturing tech-
nology.
3. Expected performance.
4. Power consumption (theoretical or real).
5. The area occupied by the unit on a chip.
6. Compliance with the standard specifications
(if necessary).
7. Verification costs in silicon
8. Means for support of the program development.
9. Manufacturing technologies (for Firm-IP).
Additional criteria for selection of a Hard IP unit
1. Clock frequency.
. Performance.
. Power consumption.
. The area occupied by a unit on a chip.
. Compliance with the existing standards.
6. Possibility of selection of an alternative supplier in
a force majeure case.

2
3
4
5
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Stages of selection of an IP unit

The process of solving the selection problem can be
divided into several stages.

Stage 1. Formation of a list of the selection criteria
and their ranging. At the first step of stage 1 all the nu-
merous criteria can be divided into the following groups:
e Functional;

e Technical-operational;

e Design;

e Cost and time;

¢ Support and follow up of a product;
e Technological,;

e Additional.

At the second step of stage 1 we range the groups of
criteria by the degree of their importance on the basis
of the method of preferences [4] (if experts are in-
volved), using the procedure of the method of analytical
hierarchies [5] (if the problem is solved by a decision
making person, DMP).

The method of preferences allows us to calculate the
values of the criteria taking into account the opinions
of the experts, who consider various points of view con-
cerning the selection of an IP unit. The given method
can be automated easily, however, in case a big number
of the available criteria a concordance factor should be
calculated for checking the coordination of the experts’
opinions. Since the number of the groups of criteria is
not big (<10), the probability of reaching a coordinated
opinion of experts during their ranging is rather high.

At the third step of stage 1 the weight of the criteria
of each group is calculated. Since the total number of
the criteria equals to 16—20, in each subgroup there
will be 3—4 criteria, and then their weight within the
group can be calculated on the basis of the method of
analytical hierarchies, by constructing a three-level hi-
erarchical system of criteria. Within the system the first
level of the hierarchy will be of the groups of the cri-
teria, the second level will be of simple or compound
criteria within a group, the third level will be of the
nested criteria for the compound ones of the second
level (see figure).

At the fourth step of stage 1 we will calculate the to-
tal weight of all the criteria by the method of analytical
hierarchies (the problem is solved by DMP) or the
method of preferences (experts are involved).

Stage 2. Stage-by-stage reduction of a multitude of
IP units. Since the number of versions of the selected
IP units can be considerable, for its reduction it is pos-
sible to use the method of lexicographic semi-ordering
[6]. According to the method, we compare and select
the acceptable alternatives, consistently by each crite-
rion, beginning with the most important ones. We re-
alize the cyclic procedure for all the criteria, till the list
of the alternatives is reduced to a small number (<10).

During comparison of the alternatives by all the cri-
teria, in view of their big number, the probability, that
the IP units of many firms-developers will satisfy the set
criteria, is insignificant. That means, by applying such
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a selection, it is possible to reduce essentially the
number of the alternatives.

This process can be regulated by changing the borders
of the intervals of the admissible values of the criteria. If
the criteria are not numerical, but linguistic, then the ver-
bal scales of the values of the criteria for them are intro-
duced for establishment of an interval of estimations.

Stage 3. Selection of the most acceptable IP unit. If
the number of the alternatives is reduced to 10 or less,
then for a definitive determination of the alternative,
most satisfying the criteria, we use the method of ana-
Iytical hierarchies, because it allows us to undertake the
most detailed comparison of the alternatives with the
use of a set scale for estimation of preference in a pair-
wise comparison [3].

An example of solving the problem of selection
of an IP unit

Let us assume that a group of experts or a DMP ap-
proaches the problem of selection of a HARD IP unit
(for example, for DDR4-memory controller). At that,
certain restrictions are set on the values of its charac-
teristics, violation of which makes an IP unit improper
for the project. Among such restrictions we can name
the functional characteristics of the IP unit (interface
with a certain type of bus, depth of buffering of the in-
put and output data, etc.), technological process of
manufacturing (Hard IP), etc.

Let us assume that the expert group has chosen for
comparison the following set of criteria for estimation of
importance of the considered IP unit for the set project.

Group 1 of criteria.

K 1.1. Technical-operational characteristics.

K 1.1.1. Specific power consumption.

K 1.1.2. The area occupied by the unit on a chip.

K 1.1.3. Clock frequency.

K 1.2. Architecture.

K 1.2.1. Instruction set.

K 1.2.2. Bit capacity.

Group 2 of criteria.

K 2.1. License price.
K 2.2. Payment scheme.
K 2.3. Delivery time.

Group 3 of criteria.

K 3.1. Complexity of integration into the end-product.

K 3.1.1. Availability of exhaustive documentation.

K 3.1.2. Availability of the test support.

K 3.1.3. Integration time.

Group 4 of criteria.

K 4.1. Reputation of the firm-manufacturer.

At the first stage of solving the problem it is neces-
sary to determine the weights of the criteria. At that, it
is necessary to take into account the hierarchical struc-
ture of the system of criteria (see figure), where for a final
comparison of the alternative IP units the criteria in the
end tops (leaves) of the hierarchical column are used.
During calculation of weight W of a criterion of the low-
est level of hierarchy its local weight in the hierarchical
group should be multiplied by the weight of the corre-




sponding compound criterion and/or weight of a group
of criteria. For example, for criterion of weight "K 1.1.3.
Clock frequency" the following formula is fair:

Wiias = Wkiis X Wkia X Wepr.

Let us consider an example of the group procedure
of decision-making for ranging of the groups of criteria
by the degree of their importance. We will use the
method of preferences. Let us assume that three experts
participate in the estimation, each of which estimates
groups 1—4 by their importance for the project, proceed-
ing from his (hers) professional experience (table 1). The
maximal point is given to the most important group of
the criteria.

These estimations are transformed by the rule (ac-
cording to the method of preferences): a new estimation
is calculated as a difference of the number of groups (in
our case — 4) and the initial expert estimation of the
group (table 2). Then the total estimation is calculated
of each group Crpl- by all experts and the total sum C of
all estimations (table 2 — the penultimate line). The final
weights of the groups of criteria are calculated according
to the formula W, = C,,,;/C (table 2 — the last line).

For calculation of the weights of the criteria of the
subsequent levels of the hierarchy we will apply the
same procedure and calculate the total weight of the cri-
teria with account of their hierarchical nesting. Then we
will range the criteria, which are in the end tops of the
hierarchical structure (see figure), by their weights: the
most important is the criterion with the maximal weight.
Let us assume that as a result of the expert estimations we
received 12 criteria (k = 12) and the following ranging of
the criteria by their importance for the project (1 — the
most important, 12 — the least important).

1. Bit capacity not less than 32 (weight 0.21).

2. RISC instruction set (weight 0.17).

3. Clock frequency — from 600 MHz (weight 0.14).

4. License price — up to 500 000 rubles (weight 0.11).

5. Specific power consumption — up to
20 uW/MHz (weight 0.09).

6. The area occupied by the unit on a chip —
0.8 mm? (weight 0.08).

7. Payment scheme: with a post payment or with a
partial (up to 25 %) advance payment (weight 0.06).

8. Availability of a comprehensive documentation:
completely available or to be provided within 2 months
(weight 0.05).

9. Time of delivery up to 2 months (weight 0.03).

10. Availability of the test support, the scale of degree
of a test covering defined by an expert (weight 0.03).

11. Spotless reputation of the firm-manufacturer
(weight 0.02).

12. Time of integration up to 3 months (weight 0.01).

Also the experts determine the boundary values of
the estimated scales for each criterion.

For the second stage of selection of an IP unit
among the numerous alternatives the method of lexi-
cographical semi-ordering is proposed, according to

which the whole list of the alternatives is analyzed to

see, if they satisfy the most important criterion (in our

case — Bit capacity). The degree of satisfaction is de-
fined by the following rule:

o A satisfactory alternative — the checked parameter
of the IP unit is within the limits of the scale of the
criterion estimation;

e An unsatisfactory alternative — the checked param-
eter of the IP unit is beyond the limits of the scale
of the criterion estimation.

Let us consider an example of the semi-ordering of
six alternatives by the criterion "Specific power con-
sumption up to 20 uW/MHZz" (table 3). From the ex-
ample it is visible, that criterion 5 is satisfied by alter-
natives IP1, IP2, IP3, IP4 (the set off lines).

Similar procedures are followed for all the criteria,
beginning from the most important one. After each
procedure of semi-ordering the number of "the satis-
factory” alternatives can be reduced. We should stop,
when there are 10 or less alternatives.

Then we transfer to stage 3 and demonstrate appli-
cation of the method of analytical hierarchies for se-
lection of the most suitable IP unit out of the selected
satisfactory ones.

We should point out, that for the analytical hierar-
chies the criteria of selection may be reconsidered (ta-
ble 4), because many of "the satisfactory” alternatives,
which after application of the method of semi-order-
ing remained in the consideration list, already corre-
spond to the criteria formulated above. Thus, we will
replace the criterion "Specific power consumption up
to 20 uW/MHZz" with the "Minimal specific power
consumption (up to 20 uW/MHz)". This means that
among the satisfactory units (with power up to
20 uW/MHz) the most valuable will be the IP unit with
the minimal consumption of energy.

Let us assume that it is necessary to select one of the
four (n = 4) (table 4) of the alternative variants with the
specified characteristics at the designated updated criteria.

Let us consider application of the method of ana-
Iytical hierarchies for the list of the alternatives present-
ed in table 4. The method allows us to calculate the
weighed estimations for each of the alternatives, with
the help of which it will be possible to choose the al-
ternative, meeting the set requirements most fully (by
the maximal weighed estimation).

It is necessary to make up matrixes for a paired com-
parison of the IP units. The comparison will be done by
each criterion separately. In a matrix each element yﬁj
shows mutual value of alternative IPi in relation to
IPj by criterion / with the use of the comparable esti-
mations: equivalent — 1, moderately better — 3, mod-
erately worse — 1/3, essentially better — 5, essentially
worse — 1/5, considerably better — 7, considerably
worse — 1/7, many times better — 9, many times
worse — 1/9 [5].

If making up of such matrixes is difficult fora DMP,
it is necessary to involve a group of experts, who will es-
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timate the mutual importance of the alternatives, using

the method of preferences or the method of rank [7].
Let us assume that we got estimation matrixes

yl—y!2 during a separate comparison by each criterion.

1 1/31/55 1 7 71/3
le 3 1 1/37 Y2= 1/7 1 31/7
5 3 19 1/71/3 1 1/7
1/51/71/9 1 3 771
1 1/51/73
Y3= 5 1 1/37 :
7 3 19
1/31/71/9 1
1111
Y4=Y5=Y9=Y10=Y12= 1111 ;
1111
1111
1 1/351/7 11/31/31
Y6= 3 1 51/5 . Y7_ 31 13
1/51/511/9 31 1 3
7 591 11/31/31
151 1 1 1/51/53
Y8= 1/511/51/5 : YH: 51 17
151 1 5 1 17

151 1 1/31/7 1/7 1

According to the method of analytical hierarchies on
the basis of the values of the elements of these matrixes
yfj (i=1,.., nj=1,..,n n=4)and weights of the
criteria W, (I =1, ..., k; k = 12), for realization of the
project value U; of each i — alternative is calculated ac-
cording to the formula:

k n/Hyfj
U= % | 1w
I=1| n ]
Lnllyy
i J

1

The alternative with the highest value will be the
sought-for solution. In our case the following estima-

tions were received: U; = 0.20; U, = 0.24; U; = 0.30;
U, = 0.26. Hence, it is possible to draw a conclusion,
that the IP unit IP3 will be the optimal choice with the
account of the importance of all the criteria.

Conclusion

Use of the technique allows us to choose the most
acceptable IP unit in real conditions, when the number
and character of the criteria for estimation of the qual-
ity of IP units can vary depending on the conditions. An
advantage of the technique is a possibility of consider-
ation at the initial stage of a big number of the alter-
native versions of the IP units offered by the firms-sup-
pliers. The results of ranging of the IP units received by
means of this technique by the preference degree will
allow the designers to take more weighed decisions.

An important advantage of the offered technique is
also a possibility of automation of selection of a rational
decision taking into account the specific features of a
concrete project.
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