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Yto Takoe MIPS?

= MIPS — ogHa n3 nonynsapHbix RISC apxuTtekTyp
= BosHukna B CteHdopae B 1981 rogy

= MIPS Technologies — komnaHus, KoTopasi 3aHUMaeTcs pa3paboTkon siaep ¢ MIPS apxutektypoun
U nuueH3upoBaHueM apxuTeKkTypbl MIPS Kak TakoBowm

* JlMueHanaTtbl 40ep MoryT BCTpamBaTth UX B CBOW CUCTEMbI Ha KpucTtanne — Microchip, Sigma, PMC Sierra

= JlnyeHsnaTbl apxXUTEKTYPbl MOryT paspabaTtbiBaTb CBOK MUKpOapXMTekTypy — Broadcom, Cavium,
Akagemuna Hayk KHP (Loongson)

= 3a 2011 cbMHaHCOBBLIN rog B Mmpe 0bIno BbinyweHo 6onee 656,000,000 ycTpouCcTB C AAPOM
MIPS, 3aq|;cro UcTopuio 3%00,00%,000 y yetp P

" I'Ipouecg:oBbl MIPS ctoaTt B undpoBbIx Tenesmsopax Sony, poytepax Cisco, MMKPOKOHTpPOSIepax
Microchip PIC32, doTtoannapatax Samsung n Casio
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MIPS Heritage

Pioneered by Stanford President
John Hennessy in the 1980s

Elegant RISC architecture designed for
performance and efficiency

Standard 32- and 64-bit architecture for
embedded, mobile, multimedia and networking
applications

Continued innovation by MIPS and
architecture licensees

Photo: In 1984, Stanford computer scientists John Shott,
John Hennessy and James D. Meindl brainstorm about the
MIPS project (Photo: Chuck Painter)

More than 3.6 billion MIPS-Based SoCs shipped
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Mpoueccopbl MIPS B non-KynbType

= KoMnbroTepbl, Ha KOTOPbIX CHUMaNu
¢umnbm «Mapk KOpckoro Mepnoaa»

= CnyTHUKM ANOHCKOro areHTcTBa
a’3poKoCcMMYeCKNX uccrnegoBaHumn
JAXA

= PoboT-cobaka «Anbo» ot Sony

JURASSIC PARK

An Adventure
65 Million Years In The Making,

McTouHuk cHuMka cnyTHukoB http://www.flightglobal.com/blogs/hyperbola/2009/01/jaxa-president-talks-downmass-1.html
© Imagination Technologies Corporate October 2013 — ForDistribution 5
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Industry’s Most
Scalable Processor Architecture

T ' .
Microchip PIC32
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MIPS Shipping in Major Brands in Digital Home
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busHec-moagenb MIPS Technologies

* JlnueHanpoBaHue aaep

= MIPS Classic — MIPS M4K, M14K, 24K, 34K, 74K, 1004K, 1074K
= JlnHerka MIPS Aptiv — microAptiv, interAptiv, proAptiv
= Hoenwasa nuHerika Warrior — MIPS P5600

* JluueHsnpoBaHne apxXmTeKTypbl

MIPS32

MIPS64

microMIPS

PaclwmnpeHne ona MUKPOKOHTPONIEPOB

PaclwunpeHne gna umdposon ob6padoTkmn curHanos — DSP

PaclmnpeHne gna MHOronoTo4HOCTU Ha ogHom aape — multi-threading — MT
PaclimnpeHne onsa BeKTOpHbIX onepauunn — SIMD

PaclwmnpeHve gnsa supTyanusauum

MeHexep korepeHTHbIX kKaweun — Coherence Manager — CM n CM2
[un3sainH kaLwa BTOpOoro ypoBHsS — L2
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JIlnueHsnpoBaHue aQep

= MHxeHepbl MIPS paspabaTtbiBaloT npoueccopsbl B BUAe Kofa Ha si3blke onvcaHus annapatypsbl Verilog

= KomnaHuy — nnuueHsnarthbl MHTerépM ynglp,EE)a B CBOM OM3alH CUCTEMbI Ha K VICTgJ'IJ'Ie, pacwmnpanT cuctemy
KgMpaé-mC CgprocessorZ, Corkextend), 0obaBngaoT Apyrne KOMMNoHeHThl — aapa DSP v nepugepunHbie
yCTPOUCTB

= [lpumepsbl - Sigma Design (TenesuaeHune), Microchip (MukpokoHTponnepsl), Mobileye (aBTo)

= HekoTopble NMueH3naTbl NCNOSb3YT CePBUC-KOMMAHUK ONA co3gaHna (PU3n4ecKoro ypoBHS amn3anHa
= [lpumepsbl cepBuc-komnaHmin — eSilicon, Open Silicon

= [ln3anH cucteMbl Ha KpucTanne npespallaeTcs B MUKpocxeMy Ha dpabpuke
= [lpumepsbl — TSMC, Global Foundries

= Pas3paboTumkm cuctem UCNosnb3yoT MUKPOCXEMY B YCTPONCTBE

= [lpumepsbl — Tenesunsopbl Sony, poytepbl Cisco, nnaHweTsbl Philips ¢ OC AHgpong
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Pasnnune mexay apxXmuTeKTypon U MUKPOAPXUTEKTYPOU

" ApqueKTypa — npoueccop C TOYKUN 3peHuUusa nporpammumcTa

= Cucrtema komaHg
= Bugumble nporpaMMmUCTy perncTpbl

" MMKpoapqueKTypa — peanun3aumna apXmMTeKTypbl Ha annapaTtHOM obecneyeHunmn
" OpFaHVI3aLI,I/IFI KOHBeVIepa — KOJINYeCTBO CTagunn

= CxeMmbl apupmMeTU4eCcKnx yCTpoNCTB

* Llenb pa3paboTynka MMKpPOapXUTEKTOPbI — noaaepXaTb UNJHO3UI0
nocriegoBaTesibHOro Bbl1OJIHEHUA KOMaHA Ansl NporpamMmMucTa

. gélHOggeMeHHO BHYTPW NpoLeccopa MOryT HaxoauTbCs AECATKN KOMaHA Ha pa3HbIX CTaansax
paboTKK
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JIlnueH3npoBaHMe apXUTEKTYpPbI

* UHxxeHepbl MIPS aHanu3upyroT 6eHYMapKkn n nosegeHue
nosib3oBaTesIbCKUX NporpamMmm, nocrie 4ero npuaymMmbiBaloT HOBbI€
KOMaHAbl UnNu uenblie pacluvpeHus

* [Tlpumepbl komaHa — ASET, ACLR ans MMKPOKOHTPOepoB
= [1pumepsbl pacwmpeHut — DSP n MT (Multi-Threading)

- MH)KEHepr KOMNaHUN-IimueH3natTa apXnTeKtypbl co3aaroT CBOHO
MUKPOAPXUTEKTYPY ANA pearimdalimm HOBbIX KOMaHA

= MIPS npepoctaBnsieT nuueH3natamMm apxXmTeKkTypbl HAGOp TeCcToB,
KOTopble NOATBEPXAAT, YTO pa3paboTaHHbIA NMULIEH3MATOM NpoLleccop
AencTBuTesribHO nmeet apxutektypy MIPS (nporpamma «MIPS Verified»)
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busHec-mogenun gpyrnx komnaHum — Intel, ARM
= Intel

= KomnaHus paspabaTtbiBaeT cama apXuTekTypy, MUKPOaAPXUTEKTYPY, (U3NYECKUN An3aliH U
MPOM3BOACTBO FOTOBbIX MUKPOCXEM

= |ntel nonpoboBan nuueH3npoBaTtb A4p0 Atom, HO NUUEH3MnaTbl 3TOro siApa BblHYXXKAEHDI
MCcnonib3oBaTb U MHTENOBCKNE habpukn, N Apyrne KOMNOHEHTbI, BMECTO CTaHO4APTHOro 4SS
NHOYCTPUN BCTPOEHHbIX cnctemTSMC

= ARM

= busHec-moaenb npakTnyeckn nageHtnyHa MIPS, Ho ARM MeHee OXOTHO nuueH3upyeT
apXUTEKTYpY
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UcTtokn MIPS

= [Iporpecc 3anemMmeHTHOM Oa3bl
= [lporpecc aBToMaTusauum NPOEeKTUPOBaHUSA

= [Iporpecc KOMNbLIOTEPHOU aPXUTEKTYPbI
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Mpumepbl BAUSAHUA 3N1eMeHTHOMU 0a3bl

= C 1980-x CKOpPOCTb NOrMKM pocra obICTpee, YeM CKOPOCTb NaMATH

B 1985 rogy poctyn Kk namaTtn 3aHuman 4 umkna CPU, cenyac saHnmaet 150 umknos
= CneacTeue — MoBbILLEHNE BaXXHOCTN KaLLen
= CneacTtsue — pasBuTUe NPOTOKOMOB KOrePeHTHOCTM KALLEeNn B MHOrOSiAEPHbIX CUCTeMax
= Cneacreue — pa3BuUTUE peLLEeHUI C MHOTOMOTOYHOCTLIO Ha ogHoM siape (hardware-supported multithreading - MT)
= [loka oguH Tpen XaeT Bo BpeMs cache miss, gpyron Tpea pabotaet
* [MoBbIWeHNe TAKTOBOM YacTOTbl OrpaHnunBaeTcs (hM3an4eCKMMM 3aKkOHaM1 U 3HepronoTpedneHnem

= CnegctBue — pa3BuTne MHorodgepHbIX CUCTEM

= 3T0 He YMCTO annapartHasi Nnpobnema, TpebyeTca 1 NPopbLIB B MPOrpaMmMuUpoBaHnn
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Mporpecc aBTomaTnsauum NPoOeKTUPOBAHUS

. 19|§_(|)I-_e — BO3HMKIIa MeTOA0NI0rMA An3anHa Ha ypoBHe peructTpoBbIX nepeaad - Register Transfer Level

= [lepexoa OT pUCOBaHUS CXeM MbILLKOW Ha 3KpaHe K KogmpoBaHuto Ha a3blkax Verilog n VHDL

= 1990-2000-e — BO3HUKNU MeTOA0SIONrNMN «BUPTYanbHbIX NPOTOTUNOB» CACTEM Ha yune
* WHTerpauma mogernen npoueccopoB 1 KOMMOHEHT
= BbICTpble MOgENV NpoLEeCcCopPOB C TOYHOCTLIO HAa YPOBHE MHCTPYKLUMIA (instruction accurate)

= MeAaneHHble MoJenu NPoLLeccopPoB C TOYHOCTbLIO Ha YPOBHE LIMKMOB cUHXpocurHana (cycle accurate)

* PesynbTaTr
* [loBblleHe NPOU3BOANTENBHOCTN TPyaa UHXEHEPOB
* BO3MOXHOCTb pasgeneHna Tpyaa Mmexagy pasHbiMyU KOMNaHUSMU

= [losBnenune nugyctpum Design IP
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[Mporpecc KOMMNbLITEPHON aPXUTEKTYPbI

1946 — nepBbIX paboTarOWmMn KOMNbOTEP obLwero HasHavyeHusa — ENIAC

1961 — nepBbIN KOHBeUEpPHbIN npoueccop — Stretch / IBM 7030

1964 — 1967 — 3aKnaabIiBalOTCA OCHOBbI MPOABUHYTOU KOMMbIOTEPHON apXUTEKTYPbI
- CDC 6600, IBM 360 Model 91 — chopBapauHr n nepenMmeHoBaHMe PerucTpos

1968 - nepBbIK KOMMEpPUYECKUN KOMNbIOTEP C Kawem — IBM 360/85

1975 - 1981 — paHHue RISC CPU - IBM 801, Berkeley RISC Il n Stanford MIPS

NMocnepHue 30 net — SIMD gna multimedia, MESI gna KorepeHTHOCTU K3aleu, out-of-
order superscalar

"= Bce 3TU cOOLITUA OTPA3UIIUCb Ha COBPEeMeHHbIX aapax MIPS
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Bexu uctopun MIPS — npownoe

1981 — Hauano npoekTa B CteHcdhopae

= PykoBoautenb npoekta [)koH XeHHeccu cenvac - npesmaeHT CteHdopaa

1984 — kommepumanusauusa — MIPS Computer Systems

1991 — nepBbIN B MHAYCTPUM 64-OUTHBLIN MUKponpoueccop — MIPS R4000

1992 — MIPS Computer Systems ctaHoBuTcs YacTtbto Silicon Graphics

* Mcnonb3oBaHwe B ['onnueyae v urpoBblx Npuctaskax Sony PlayStation n Nintendo64
= [lpoueccopbl MIPS HesBHO NpucyTCTBYIOT B poMaHe Buktopa lNenesuHa «lokonenue lM»

1998 — Komnﬁ}oTe Hasi UHOYCTPUA HanyraHa aHOHCMgOBaHMGM npoueccopa Intel Itanium;
Silicon Graphics pewaeTt nyctutb MIPS B cBOOOAHOE NnaBaHue

= PC Magazine. How the Itanium Killed the Computer Industry. By John Dvorak. January 26, 2009
= |tanium TaKk 1 He cocTosancs; MIPS npogormkmn XuTb BO BCTPOEHHbIX YCTPONCTBAX
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Bexu uctopum MIPS — coBpeMeHHOCTb

1998 - MIPS cHoBa cTaHOBUTCS OTAENbLHOM KOMMNaHUen U BbIXOAUT Ha OMpXKy BTOpou pa3
(aenaet BTOpOe IPO) kak MIPS Technologies

1999 — Apxutektypa MIPS32 n MIPS64

2001 — NlnueHsupyemblie 32-6UTHbIE sAapa

2002 — Appa co cneunanusauven AN MUMKPOKOHTPONEepoB

2005 — PacwupeHue ansa umncgppoBomn obpabotku curHanoB — DSP Extension
2006 — MHoronoTto4yHocTb Ha ogHom aape — MT (Multi-Threading) Extension
2007 — CynepckansapHoe aapo

2008 — KorepeHTHast MHOrornpouecCoOpHOCTb

2010 — HoBag 16-buTHasa cuctema komaHg microMIPS

2012 — HoBoe nokoneHue saep — Aptiv Generation

2013 — MIPS Technologies ctaHoBuTCcs nogpasaeneHuem Imagination Technologies
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OcHoBaTtenb MIPS [1>xoH XeHHeccH

= PykoBoaun npoektom B CteHdopae B 1981 roay

= OauH 13 ocHoBaTteneun MIPS Computer Systems B 1984 roay

= Cenvac [xxoH XeHHeccu - npe3naeHT CteHdopackoro YHMBepcurteTa

= CoaBTtop (BMmecTe ¢ [laBunaom lNatrepcoHOM) nonynsapHbIX y4eOHMKOB

Click to LOOK INSIDE!

REVISET"PRINTING

COMPUTER
ORGANIZATION
AND DESIGN

THE HARDWARE / SOFTWARE INTERFACE

m =

DAVID A PATTERSON
JOHN L HENNESSY

Click to LOOK INSIDE!

woma v

HENNESSY

COMPUTER
ARCHITECTURE

| Ouant:tative Approgen

Q3 imagination
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NBe noeonorum — RISC n CISC

= Complex Instruction Set Computers

= [loBbiweHne npon3BoanTESIbHOCTU 3a CHeT nobaBneHnst Bce Goree CroXHbIX KOMaHA

= [lpumep — VAX-11, komaHOa

= Move Translated Until Character
MOVTUC srclen.rw, srcaddr.ab, esc.rb, tbladdr.ab, dstlen.rw, dstaddr.ab, {RO-5.wl}

" CpaBHVITeJ'IbHO NPOCTblI€ KOMMUITATOPLI, BbICOKaA NMOTHOCTb KOAa

= Reduced Instruction Set Computers

= BONbLINHCTBO MCNoJib3yeMbIX KOMaHO — NPOCTbIe
= [loBbiweHne Nnpon3BOONTESIbHOCTb 3a CHET KOHBeIZepVI3aLI,I/1VI MPOCTbIX KOMaH

= lAcnonb3oBaHue ONTUMUINPYHOLLNX KOMMUITATOPOB, KOTOPbIE Y4YUTbIBAKOT KOHBeVIepM3aLLMPO
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UnnrocTpauna npocToTbl cucteMbl KomaHg MIPS

I-Type (Immediate)
3 26 25 2120 1615 0
op rs r immediate
J-Type (Jump)
31 26 25 0
op target
R-Type (Register)
3 26 25 2120 1615 1110 65 0
op rs it rd sa funct
op 6-bit operation code
1S 5-bit source register specifier
1t 5-bit target (source/destination) register or branch

condition

immediate 16-bit immediate value, branch displacement or
address displacement

target 26-bit jump target address

rd 5-bit destination register specifier
sa 5-bit shift amount

funct 6-bit function field
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XpoHuku «RISC-pesontounmn» 1980-x

= Onckyccua 1981 roga mexay D. A. Patterson n D. R. Ditzel co ctopoHbl RISC, D. Clark u W. D.
Strecker co ctopoHbl CISC

= 1975 - 1981 — paHHue RISC CPU - IBM 801, Berkley RISC Il n Stanford MIPS

= CoBpeMEHHbIe NMAEepPbl Cpean NULUEH3npyeMbix NpoueccopHbix aep — ARM n MIPS — ctanu KoMMepyeCcKkMMn npoekTamun B
1984-1985 rogax

* PesynbTtaT 10-neTtHen auckycum - nobena RISC

= B 1991 rogy D. Bhandarkar n D. W. Clark nposenu namepunu npoussoautensHocTs CISC n RISC npouieccopos co
cpaBHuMoU opraHudaunen — VAX 8700 n MIPS R2000

= MIPS R2000 TpeboBanoch BbINOMHATL B ABa pa3a bonblue KoMaHg
= Ho VAX 8700 TpeboBanocb B CpegHEM B LLIECTb pa3 6orbLuUe LMKITOB CUHXPOCUIHaNna Ha komaHay

= Pesynbtat — MIPS R2000 ncnonHsan tect SPEC89 BTpoe bbicTpee
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lMMocnepoBaTenbHbLIN NMpoLeccop 6e3 KoHBeuepa

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6 Cycle 7 Cycle 8
Instruction 1 Eetch ALU e Wiite < Instruction completion
Stage 1 Stage 2 Stage 3 Stage 4 Cycle 3
Execution Rate Instruction 2 | Fetch ALU Memory Write

Stage 1 Stage 2 Stage 3 Stage 4
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(naBHbIN KO3bipb RISC-apxutektyp B 1980-e roabl
— NpocTasn opraHM3aumsa KoHBeuepa

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6 Cycle 7

Fetch ALU Memory Write

Instruction 1

Fetch ALU Memory Write

Instruction 2

Fetch ALU Memory Write

Instruction 3

Fetch ALU Memory Write

Instruction 4
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Knaccunyeckun kouBeunep MIPS aaep 1980-x

. Instruction Decode Execute
Instruction Fetch Register Fetch Address Calc. Memory Access
IF ID EX MEM
— — _ Next PC
Next SEQ PC Next SEQ PC |
=
RS1 =
RS2 Branch
*] Register
File
——
= =] &
S UN N i =
c m
™ = =
Sign |Imm
Extend E
>

UcTOo4HUK - Buknneaous

Write Back

WB

am / 3w

Al ]

WB Data
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NMepBbIN 64-0UTHBLIN MUKponpoueccop B ucropuun — MIPS R4000
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[laTeHT Ha peanusauuto coBmectumoctTn MIPS32 n MIPS64

Granted on October 22, 1996 to

’ ’ UNITED STATES PATENT

qh@ John L. Hennessy

INVENTOR

° 5,568,630
n(te BACKWARD-COMPATIBLE COMPUTER ARCHITECTURE

WITH EXTENDED WORD SIZE AND ADDRESS SPACE

S : t t Earl A. Killian, Thomas ). Riordan, both of Los Altos;

a 99 Danny L. Freitas, San Jose; Ashish B. Dixit, Union City;
John L. Hennessy, Atherton, all of CA

O Assignors to Silicon Graphics, Inc., Mountain View, CA

A technique for extending the data word size and the virtual

° address space of a pre-existing architecture so that hardware
mehlca for the extended architecture also supports the pre-existing
architecture. Extension of the data word size from m bits to N

bits entails widening the machine registers and data paths

from m bits to N bits and sign-extending entities of m or fewer

bits to N bits when they are loaded into registers. Some of the

m-bit instructions, when operating on N-bit sign-extended

versions of m-bit entities, produce an N-bit result that may not

correspond to the correct m-bit result, sign-extend [to N bits.

SHIFTIN (63.32) SHFTIN GLO) K A
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Buina nu nodbepna RISC okoHYaTenbLHOU?

= B cepeauHe 1990-x rogoB Intel nponsBen nepecTpomnky B narepe x86
= B npoueccope PentiumPro CISC MHCTpyKUMM NpeBpaLlanicb BHYTpY B nocnenoBaTenbHOCTb RISC-nogo6HbIX MHCTPYKLNIA
= B pesynbTare Intel cMOr cvnbHO NOBLICUTE NPOV3BOAUTENBHOCTL CBOMX MPOLIECCOPOB
= Ho kakow ueHon?

= RISC npoueccopbl N0 npeXXHemy BbIUrpbIBalOT N0 3P heKTUBHOCTU
= [lo MeTpuke NpPoM3BOAMTENBHOCTL Ha MUNNMBATT aapo MIPS 1074K cunbHo npeBocxoauT aapo Intel Atom (cMm. cnegywimii cnamg)
= [loatomy RISC npoueccopbl He nyckatoT Intel Bo MHOrMe pbiHKM ObITOBOWM 3NEKTPOHMKM, BCTPOEHHBIX CUCTEM U MUKPOKOHTPOJINIEPOB
= Ho octanucb nu RISC BepHbIMN CBOMM M3Ha4YanbHbIM NpUHLMNaAM?

= CoBpeMeHHble RISC-npoueccopbl cogepaT 00MnbLIoe KONMYECTBO MHCTPYKLIMNA
= HekoTopble MHCTPYKUMM HapyLLaloT 3HavarnbHble npuHumnbl RISC
= 3a dacagamu RISC n CISC apxvTeKTyp NPOVMCXOAUT KOHBEPTEHLMS ABYX farepeit Ha YpoBHE MUKPOAPXUTEKTYpPbI
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Ho mukpoapxutektypy MIPS 1074K Henb3s Ha3BaTb MPOCTOMU

= MIPS 1074K — MHOrosigepHasa cuctema C MeHe4)KepoOM KOrepeHTHOCTU KIaLuew

= Ero cynepckansipHbli KOHBenep coctTouTt n3 15 ctagumn — HUKaAKOro cpaBHEHUA C
knaccuyeckumu MIPS-amum 1980-x

= HoBoe sigpo MIPS proAptiv ewe cnoxHee (AonosnHUTeNbHbIe KOHBEUEpPbl, CIIOXHbIN
npeackKasaresnb nepexonoB U T.4.)

MDU

r_.—J;._,\
ALU ‘MB‘M1‘M2‘M3‘M4}7
AF ALU
IFU DU x
—— GRU
AC | AB S —
I ‘ ID ‘ s ‘ B ‘DD‘DR DS‘DM
AGEN AGEN e WB‘ GC
IFU A n
Added Stages £
for MIPS 16e™ ﬂ ‘ EM }"‘ EA ‘ EC‘ ES ‘ EB
mode
ciu FPU
e N
< N

= C1‘CR‘ CI—-‘FR‘M1‘M2‘A1‘A2‘FP‘FW
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www.imgtec.com



Imagination Technologies

" Me)K.quapo,qHaﬂ TeXHoJiorm4yeckasd KomMmnaHumA
= ltab-kBapTnpa B BennkobputaHmm

» LleHTpbl pa3paboTkm B Benukobputanuu, CLUA, MNMonbwe, MHaun, Kutae, Asctpanum n Hosown
3enaHauu

= bonee 1600 coTpyaHukoB
= KomnoHeHTbI Ana cuctem Ha Kpuctanne (System on Chip, SoC)

» [‘padomnyeckuin npoueccop PowerVR GPU
* Ncnonbayetcsa B Apple iPhone, iPad n Google Glass

» LleHTpanbHbIn npoueccop MIPS CPU
* Buageo npoueccop PowerVR VPU
= [1poueccop pagmo kKommyHukaunn Ensigma RPU

= B 2013 roay yacTtbio Imagination crtana komnanua MIPS Technologies,
pa3padboTyuk npoueccopHbix aaep MIPS M4K u MIPS microAptiv, Kotopble
MCNOJIb3YKTCA B MUKPOKOHTponnepax Microchip PIC32
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Business model

4 Licensees

" OEMs and ODMs )

- £ a

Imagination

\_

4 consumers

Tracking consumer trends
to maximize leadership
and relevance of future
generations of all our IP
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[Mpopaxu (B munnumoHax kKomnoHeHT) MIPS u Imagination

1600
. Imagination IP pre MIPS acquisition

1400
B vips cPu P

- -
o N
o o
o o

800

Volume mUnits

600

400

200

FY2006 FY2007 FY2008 FY2009 FY2010 FY2011 FY2012 FY2013 FY2016 Future
Note: target set prior to acquisition of MIPS
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CPUs: everywhere and growing
Every product has many CPUs and MCUs

Smart Phone: Smart Car: Smart House:
5-10 CPUs 30-50 CPUs 100s of CPUs

CPUs are everywhere — it's an enormous and growing IP market
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CPU IP is an broad & diverse market
Every product has many types of CPUs and MCUs

= 64-bit becoming the new standard
for high end processors

= Binary compatibility is key for 32
to 64 bit evolution

= 32-bit becoming increasingly
popular even in low end
microcontrollers (MCUSs) as
everything needs connectivity

Bluetooth
MCU

MEMS
Sensor
MCU

= Multi-core, multi-threaded,
virtualization, security, FPU,

DSP/SIMD all becoming expected

Note: Example CPUs and MCUs are for illustrative purposes only; they do not features in hlg h end CPUs
necessarily reflect actual positions or functions in actual device shown

CPUs are everywhere — it's an enormous and growing |IP market

As everything gets smarter, even the smallest CPUs are moving to 32-bit
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Creating a new force in CPUs MlPS

= Most efficient ‘true RISC’ architecture
= Performance, power consumption, architectural elegance

= Strong installed base and substantial ecosystem

by imagination

"

= Provide certainty on the future | Enterprise

Networking

= Build on existing diverse and strong customer relationships
= Develop other key market segments & ecosystem m

= Market leading and comprehensive product roadmap
= Build on the Aptiv product range
= Compelling next generation MIPS Series5 ‘Warrior’ family of CPU IP cores

= Coverage across all key segments -
= Exploit increasingly open OS and app portability Set-Top Box

Tablets

Giving the electronics industry a real choice for CPU IP
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GPU graphics: beauty and brains together

= Graphics defines the user experience
= Apps use graphics to make complex tasks easy and fun
= GPU compute: the future of high performance processors
= Most silicon-efficient programmable processors available
= 10x-100x the horsepower of the CPU on the same SoC
= Performance scales linearly with area, unlike CPUs

Multi-level
PowerVR Series6 ‘Rogue’ GPU oSt cache
Data
= | eading GPU for mobile applications (source: JPR) Masters
= Leadership in performance per mW, bandwidth, latency Data Post
rocessing

= Same GPU for graphics and compute - no compromises Core
= 100+ GFLOPs already shipping; up to 17TFLOP coming il

GPUs are driving the future of SoCs and silicon processes
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Innovation in GPUs: Ray Tracing

The behaviour of light is not inherently supported in conventional graphics

 Current graphics use ‘pre-baked’
lighting to emulate reflections,
shadows etc

*Never looks realistic

*Not dynamic, so limits freedom of
content creation

*Hardware Ray Tracing Unit (RTU)
models light inherently, so every
scene delivers rich image realism

« Content creation is much simpler

PowerVR Ray Tracing is uniquely efficient and will be disruptive

QJimagination

© Imagination Technologies Corporate October 2013 — ForDistribution 38



VPU video: efficiency at blazing speeds

= Video >70% network traffic & going 4K!
= Compression with no compromise is essential
= HEVC & H.265 essential to cope with future demand

= Standards very well defined and stable
= Fully optimised using configurable hardware

. . ‘- Multi-mode
= Fully programmable video engines waste silicon Quantisation/
and power for mainstream applications Tr?ﬁé!ﬁém
. Stream \ 4 Multi-mod
POWGrVR SerIeS4 VPU in MCU =» ggéroodpgr Accumulator = uPlorsnt? :
= <10mW for 1080p60 HD decode in 28HPM Multi-*mode PEEEREIS
= Full support for 10-bit colour, 4K for UHDTV Prosaeeor

= Full support for 4:4:4, 4:2:2
Video processor architectures need optimised hardware,

flexibility and high compression for encode

QJ |m09|nC||'|0n © Imagination Technologies Corporate October 2013 — ForDistribution 39



RPU: ubiquitous communications for everythlng

Connected devices moving beyond mobile and consumer

= Low cost, always-on, ultra low power
communications will drive the connected revolution

= Completely different characteristics to CPU and GPU

= Programmable + configurable engines
= Complex dataflow at various speeds
= Multi-standard

Ensigma Series4 ‘Explorer’ RPU

= 802.11ac 2x2 Wi-Fi at 300MHz; <3mm?2 in 28nm
= Every 802.11 Wi-Fi standard plus Bluetooth, TV, radio
= Very low power for high bandwidth applications

On-chip communications is the next wave in SoC integration
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The “Internet of Things” will reach everywhere
Everything is getting “smart”

Computer

Healthcare

We need connected solutions
for everything!

Ensigma MIPS PowerVR Automation
Flow HelloSoft |

...and more : Toys
to come...

Industrial
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http://gadgetsteria.com/wp-content/uploads/2011/09/new-bionic-spread-e1315399332283.jpg

Electronics industry trends

= Everything is becoming ‘smart’
= Everything is programmable, upgradable and connected
= Relies on multimedia (entertaining, easy to use) and connectivity (content, social)

Internet of Things — everything connected
= Will lead to 10bn+ market — bigger than mobile
= Wearable electronics will make everyone more connected that ever before

LTE further liberating smartphones
= Will radically change how voice and data are transmitted

1080P => 4K and beyond displays

= TV screens growing in resolution; becoming more multi-purpose
= 4K is happening now - unstoppable

= Combination of video & non-video data, e.g. social networking

Apps will not rely on CPU ISA for performance

= Performance apps not tied into CPU ISA going away thanks to LLVM, binary
translation and HTML5 and Apps stores

= Android already available on devices that use MIPS, ARM, Intel CPUs
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In more products than ever before

amﬂa &/\_..,» “@p &a,ﬂ@ =

f'?'-il\/lore than 5 blIIlon products 3

\_ aﬂ3 mllllon per day s s !

Note: now includes MIPS
orate October 2013 - ForDistribution 43
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NMpunoxeHune: RTL Flow. OcHoBHasa naen

KOpwun ManH4vyn,
20 okTabps 2013 roga www.imgtec.com



Kopn Ha a3bike Verilog — npocTton cyeTumk

module counter

(

input clock,
input reset,
output logic [1:0] n

) ;

always @ (posedge clock)

begin
if (reset)
n <= 0;
else
n<=n-+1;
end
endmodule
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Y10 nenaet cxema
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Cxema nocrne cuHTe3a

v De! ision - TopLevel.1 (counter) - [Schematic.
- File Edit Wiew Select Highlight List Hierarchy Design Attributes Schematic Timing Test FPower »;lﬂlil

|l=H&| ot M B “Icaunter 'I | @

n_rea[1]

Q3 imagination

© Imagination Technologies Corporate October 2013 — ForDistribution 47



Cxema nocre cuHTe3a - KpyrnHee

DTl _1. DTl _o
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Waveform - cumynauus

Waveform 2 - SimVision

Eile Edit Wiew Explore  Format  Windows

o) Baseling
FF| Cursor-Baseline

MHame -

0 objects selected
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