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Vv MIPS — ogHa u3 nonynsapHbIX RISC apxutekTyp

§ BosHukna B CteHopae B 1981 roay

Vv MIPS Technologies — komMmnaHus, KOToOpas 3aHUMMaeTCcA pa3padboTKon aaep ¢
MIPS apX1UTeKTypon u nuueH3npoBaHnemM apxmTektypbl MIPS Kak TakoBoMn

§ JlnueHsmatbl AOep MOryT BCTpanBaTtb UX B CBOM CUCTEMbI Ha Kpuctanne — Microchip,
Sigma, PMC Sierra

§ JlMueHamaTbl apXUTEKTYPbl MOryT pa3padaTbiBaTb CBOKO MUKPOAPXUTEKTYPY —
Broadcom, Cavium, Akagemust Hayk KHP (Loongson)

v 3a 2011 dhmHaHCcOBbLIN roa B Mupe O6b1n10 BbinyweHo 6onee 656,000,000
ycTponcTtB ¢ aapom MIPS, 3a Bcro ncroputro 3,600,000,000

§ Tlpoueccopbl MIPS cToaT B ungpoBbix Tenesmnsopax Sony, poytepax Cisco,
MUKPOKOHTponnepax Microchip PIC32, dpoTtoannapatax Samsung n Casio

§ http://www.mips.com/everywhere/mips-based-products/
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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. Meind| brainstorm about the
MIPS project (Photo: Chuck Painter)

More than 3.6 billion MIPS-Based SoCs shipped
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Microchip PIC32 64-bit Multicore Chips for
Microcontrollers Advanced Networking

And everything in between
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O030p coBpeMEHHbIX

NI npoueccopoB MIPS

TECHNOQLOG | E:S

FOpun NMaHuyn
CTapwumim uHxeHep

20 okTA6pAa 2012 ropa
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Vv «Knaccuyeckue» (HO He «<ucTopuyeckme») sapa ot MIPS Technologies

§ MIPS M4K, M14K, M14Kc — manbin pasmep, LieHa, aHepronoTpebneHme
§ MIPS 24K, 34K, mHorosiaepHbin 1004K — acb(peKTUBHOCTL MO NPOM3BOAUTESNBLHOCTU / MUNNNBATT
§ MIPS 74K, mHorosigepHbin 1074K — cynepckansp, BbicLlasi Mpon3BoanTENbHOCTb

Vv HoBoe (2012) nokoneHue ssigep ot MIPS Technologies — Aptiv Generation

§ microAptiv — npogosmkaeT nnHenky M14K, nobasnaet DSP
§ interAptiv — npogomkaet 1004K, nobasnseT yny4dleHHbIn MeHeLKep KOrepeHTHOCTH
§ proAptiv — Ha 60-70% npoussoauTenoHee Yem 1074K, oononHUTENbHbIE KOHBenepbl ALU

Vv fapa ot nuueH3naTtoB apxXUTekTypbl MIPS

§ Ingenic — 32-6uUTHOE A4p0 C 8-CTaannHbIM KOHBEMEPOM, OYEHb HU3KOE IHepronoTpebrneHne ong
CBOEro Knacca

§ Broadcom, Cavium, NetLogic — BbicOKONpoun3ssoauTesnbHble 64-OUTHbIE MHOTOSIAEPHbIE CETEBLIE
npoueccopbl

§ Loongson — 64-6UTHbIN cynepckanspHbIn npoueccop oT Akagemun Hayk Kutaa ona npumeHeHuin
OT HOYTOYKOB C JIMHYKCOM A0 CepBEPOB M CYNepKOMMNbIOTEPOB
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Classic MIPS
Products

Aptiv Generation

"p roA P tiv"
Family

Fused triple-dispatch
superscalar OoO CPU
EVA, hi speed FPU
1->6 core versions

4.4 CoreMark/MHz
3.5 DMIPS/MHZ

interAptiv™
Family

Multi-threaded core,
EVA, low power
higher perf CM & L2$,
1->4 core versions

3.2 CoreMark/MHz
~1.7 DMIPS/MHZ

microAptivV™
Family

'DSP enhanced
microcontroller and
microprocessor core

3.1 CoreMark/MHz
1.57 DMIPS/MHZ

Highest CoreMark/MHz score reported
for any licensable IP core
Leading silicon efficiency in its class

Higher CoreMark/MHz than competing cores
in similar die area
Leading performance efficiency in its class

Highest CoreMark/MHz score among
microcontroller-class cores
Added DSP acceleration and security

© 2012 MIPS Technologies, Inc. All rights reserved. M"=
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20-30% faster than competing

ARM cores with same technology \

Superscalar; 15-stage pipeline
>1.5GHz prod, >2.4GHz typ (40nm)
>6000 Coremark @ 2.4GHz

(1-4 cores)
Max ~1.5GHz

microMIPS advanced code compression
& Enhanced MCU Features

© 2012 MIPS Technologies, Inc. All rights reserved.

prod (40nm)
>12,000 Coremark
10,000 DMIPS

@ 1.25 GHz
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Aptiv Cores Span a Broad Application Range

interAptiv™

rﬂicmAp tiv™

11

Home _
Entertainment Networking Embedded

» High-end
DTV/ISTB/BD
processor

* Res. Gateway

» 802.11ac

» 3G/4G cellular
infrastructure

* Automotive
infotainment

* Mainstream
DTV/STB/BD
processor

* Digital camera

e Broadband CPE
 Femtocell

* Smart gateway
* NAS

» Auto collision
avoidance

» Auto powertrain

* SATA/RAID/SSD

e Conditional
access
« WHDMI

* MCU

* Industrial

e Smart meters

» Automotive
body/chassis

© 2012 MIPS Technologies, Inc. All rights reserved.
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Vv CBepxy — KOHBenep
npoueccopa, peanusyroLiero
NoAMHOXeCTBO
apxutektypbl MIPS us
y4yeOHuKa

v David Harris and Sarah
Harris. Digital Design and
Computer Architecture, 2-
nd edition. 2012.

Vv CHu3y — KOHBeuep
MHAOYCTpUanbLHoOro
npoueccopa MIPS M4K

v MIPS32® M4K™
Processor Core Software
User’'s Manual

CoxpaHsas npeeMCTBEHHOCTb OT 3fleraHTHOro akagemMm4eckoro Au3auHa,
mHayctpumanbHbiu MIPS M4K onTuMusupoBaH no TaUMUHIY U cOAepP>XXUT MHOIo onuuun

12 . © 2012 MIPS Technologies, Inc. All rights reserved. MIFP=
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Vv RetroBSD — Bepcua Unix gns MukpokoHTpornnepos Microchip PIC32
Ha ocHoBe agpa MIPS M4K

v http://retrobsd.org

v CospgaHa Cepreem BakyneHko — cotpygHukom MIPS Technologies

13 . © 2012 MIPS Technologies, Inc. All rights reserved. M!;IE\E.
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AdchekTUBHOE AAPO cpeaHen NPOU3IBOANTENBLHOCTHU

§ banaHc nponsBoanTENBHOCTU N pasmepa / aHepronoTpebneHus
8 ctapun KoHBeunepa (11 cragun B pexume MIPS16e)

Boiwrso B 2004 roay v ¢ Tex nop cTabusribHO ycnewHo

§ JlnueHsun Ha ncnonb3oBaHKe 3TOro Aapa Kynunu bonee 50 komnaHui, BkNtodasa Atheros (kynneH
Qualcomm), Cisco, Lantiq, Ralink, Toshiba n gpyrue

F'Mbkasa noaaepxka BupTyanbHou namatu ¢ Translation Lookaside Buffer (TLB)
BapuaHTt MIPS 24Kf nogaepxuBaet apudmMeTUKy C nsiaBaroLen TOYKOU
BapuaHt MIPS 24KE noppepxuBaeT pacwmpeHue gnsa DSP

1.47 GHz Ha npouecce 40 nm G TSMC, 1.6 DMIPS / MHz, 2.69 Coremark / MHz,
0.10 mW / MHz, 0.36 mm?2

. © 2012 MIPS Technologies, Inc. All rights reserved. M!‘E%



Vv KoHBeunep cpegHeun ofiNHbI

§ [nuHHee, 4eM y 5-cTagumnHbiX aaep 6e3 npeackasarenisa nepexonos
§ Kopoue, 4eMm y cyrnepckandapHbIx 90ep ¢ KOHBENepom B 14 cTagum n Bbille

v [lpeackasaTtesnb nepexonoB OYeHb NMorie3eH ansa 8 craguum

§ MwuHuUMU3NpyeT cOpoOC KoHBENEpPaA

IF IS IR IK IT

MIPS16e

32b code

RF | AG| EX | MS | ER | WB

15 . © 2012 MIPS Technologies, Inc. All rights reserved. M llﬁ%



Oemo: JINHYKCHbIN KOMNbIOTEpP 3a 22 eBpo Ha MIPS 24KE

v CpenaH B Jlutee

Vv 8devices.com

Vv Ralink RT3050

v MIPS24KEc

v/ 320 MHz

v OpenWrt Linux

Vv Ha cante komnaHuu
ecTb npumMmep poborta u

cTaHUuUun HabnaeHunsA
noroabl

16 © 2012 MIPS Technologies, Inc. All rights reserved. MIFP=
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Oemo:. TepmMmuHan NMHYKCHOro komnbkotepa ¢ MIPS 24KE

© 2012 MIPS Technologies, Inc. All rights reserved. MIFPS



v Aapo MIPS34K ocHoBaHo Ha MIPS24K ¢ po6aBneHuem
MHOrFonoTO4YHOCTH

§ Bblbopka NCTPYKLMIA U3 NAMSATU NPOUCXOOUT A9 HECKOSbKUX (00 9) NOoToKoB (Tpeaos)

§ T[loka oguH Tpen OO0Mro XAaeT, UHCTPYKUUK U3 OpYrux TpeaoB MOryT NPOXoauTb Yepes
KOHBenep npoteccopa

§ T[lpumep oxunaoaHua: 3arpyska AaHHbIX U3 NaMsaTh, ecrin 3TUX JaHHbIX HET B Kalle,
MOXeT 3aHnmaTb A0 150 umknoB v BbllLe

Vv [o3BonsieT NOBbICUTb NpPpOU3BOANTESNILHOCTb cucTeMbl Ha 20-40% c
OYeHb ManbIM yBenuyeHneM pasmMepoB sapa no cpaBHeHUIo ¢ 24K

§ T[lpu 3TOM 3HAYUTENBHOE MOBLILLEHNE NMPOU3BOAUTENBHOCTU TPpebyeT noaaepKkm
onepaLnoHHON CUCTEMbI N BO3HMKAET HE Ha BCEX 3aJadax

v 1.45 GHz Ha 40 nm G TSMC, 2.97 Coremark / MHz, 1.6 DMIPS / MHz, 0.46
mm2, 0.11 mW / MHz

18 . © 2012 MIPS Technologies, Inc. All rights reserved. M llﬁ%



Vv OononHutenbHas ctagus
KOHBeMepa no3BonseT aapy
pewaTtb, U3 KaKoro Tpena
BbINOJSIHUTL cneayLlyto
WHCTPYKLMUIO

Vv PeweHue npuHnmaeTcsl Ha
ocHoBe UHdopmaunn u3 6noka
Policy Manager, KOTOpbIH
MOXeT ObITb MoaudmnumnpoBaH
pa3paboTYMKOM CUCTEMBI Ha
KpucTtanne

Vv Takxe pa3paboTumk moxeTt
MeHATb 6nokK Inter-Thread
Communication Unit (ITC),
KOTOPbIU CIYXUT AnA
acdcekTBHOrO
B3aMMoOeUCTBUA MeXAay
Tpepamu

19 i

IR IK mips16 Stages
IF IS‘ IT Decoupled IFU
|
RF | AG| EX | MS | ER | WB
Instruction
Clueue
Thread 0 -—p | Exescution Fipeline

e [

Hardware

Scheduler

© 2012 MIPS Technologies, Inc. All rights reserved.
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Vv AcMMMeTpUYHBLIN KOHBeuep ¢ 15 ctagnamu, BbiIOOpKou Ao 4
MHCTPYKLUUK 3a umkn u out-of-order (OoO) dispatch

v 1080 MHz Ha 65 nm GP, 2.57 Coremark / MHz, 2.03 DMIPS / MHz, 0.52
mW / MHz, 1.7 mm=2 6e3 L2%, 2.5 mm2 ¢ L2$

MDU
A
y oy
- MB | M1 | m2 | M3 | ma
AF | AM ALU
IFU DU ‘ L=l
A A
> = % GRU
Ac | AB P o
m|mo|1s| 1B |0D|DR| DS | DM
AGEN AGEN | WB| GC
IFU A —
Added Stages £
for MIPS 182 R | K X EM | EA | EC | ES | EB
mode
ciu FPU
A A
i ~ ~
— C1|CR| Cl}w| FR| M1 [ M2]| A1 | A2 | FP | FW
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Oemo:. AHapouaHbIin nnaHweT Ha MIPS 74K

Kutanckas komnaHusi
Action Semiconductor
nuueH3npoBana agpo
MIPS 74K n coenana
Ha ero ocHoBe
CUCTEeMYy Ha
KpucTtanne gns
UCNonb30BaHUA B
Heaoporunx
HU3KoNoTpeonALWnXx
ninaHweTax c
AHapouaom

© 2012 MIPS Technologies, Inc. All rights reserved.
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Ba3oBble sgpa CPU B MIPS
1004K CPS m interAptive CPS
OCHOBaHbI Ha 34K

BasoBble sgpa B MIPS 1074K
OCHOBaHbl Ha cynepcKansapHOM

MeHenXxep KOrepeHTHOCTHU
No3BONAET Asapam
«MnoaCMaTpUBaTb» B KILUU
nepBOro yYpoBHSA APYr y Apyra u
He MellaTb Apyr Apyry B
paboTe ¢ obwen namMATbLIO

MHorosigepHas cuctema nmeet
rMMOKYIO CUCTEMY KOHTPONA
3HepronoTpebneHnsa n apyrme
onuum (CM. oTaesibHYHKO
npe3eHTauuio)

MeHenxep KOrepeHTHOCTU AnA
interAptiv (CM2) niterpmpoBaH
C K3LWeM BTOPOro YpOBHSA U
nMeeT ONTUMMU3NPOBAHHYIO
latency

interAptiv Coherent Processing System (CPS)

Cluster Power Controller

J

interAptiv interAptiv
CPUn

OCF 21

(256 or &4 bits)
L2Cache Main Memory
Memory Non-Coherent I/0

- Opptional

© 2012 MIPS Technologies, Inc. All rights reserved.
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Devices
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MuorosaepHaa cuctema MIPS 1074K npotuB Intel Atom

T T T AT

o o e

1074Kf
Core

b — b B ®

[JOFSB! ADDRESS- |
Atom = 9mm2 (45nm)

i g

e Ll | |}

1074Kf
Core

@ 1.2 GHz (45nm)

1074Kf (3 core)

Atom (1 core)

Performance
Total CoreMark 9180
Total DMIPS 7200
Area (mm2, 40nm/45nm) ~6.2/7.5
Power (total dyn mWw) <1.4W ~ 2W core?/7-9W chip

Data sources: Atom: www.intel.com, Anandtech, other web content (Z5xx and CE4100 data)
MIPS: prelim synthesis data for 1074Kf for 3 core CPS including fully configured FPU cores, plus CM functions

© 2012 MIPS Technologies, Inc. All rights reserved.
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v MHorosigaepHbIN KOMMEKC,

24

Kak n MIPS 1074K, HoO:

§ basoBoe aapo proAptiv

ropasfo npon3BoguTernbHee
yem 74K 3a cyet
AOMNOSNTHUTENBbHbIX
kKoHBenepos ALU

HoBbin MmeHexep
korepeHTHocTn (CM2) cunbHO
ycKkopsieT oOMeH mexay
agpamMmu n L2 kawwem

NmnnemeHTnpoBaH
mMexaHn3am Enhanced Virtual
Address (EVA) ana ny4dwen
yTunu3aumm agpecHoro
NpOCTpaHCTBa

proAptiv Base Core Architecture

CoherentQCP 3.0 Interface

Rl g Butesi

. © 2012 MIPS Technologies, Inc. All rights reserved.




“1074K & proAptiv ® Cortex A9 @ Cortex A15

proAptiv =top CoreMark
proAptiv vs. A15

score in Industry!

r— ; . |
| | 50% Higher Equal DMIPS @ nearly % the size!

Than Cortex A9

proAptiv -> performance architecture with

\

proAptiv
proAptiv

DMIPS/MHz

CoreMark/MHz

* proAptiv results: prelim/target PPA specs + measured
benchmarks on FPGA bitfile of pre-GA RTL

sophisticated branch prediction « Cortex A15 ARM has not provided CoreMark results publicly yet.

MIFPS
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Vv iPPea TV Dongle — BTblkaeTcs
B Tenesunsop ¢ HDMI

v http://www.ippea.com

Vv Ingenic Jz4770 1.2 GHz

v/ Ingenic — nuueHanar
apxutekTtypbl MIPS

Vv Ou4eHb H13KoNnoTpPEbNAKOLLNIA
npoueccop

v Android 4.03

v PaspelueHne 1080p

26 © 2012 MIPS Technologies, Inc. All rights reserved. MI.pE
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MIIFPS
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Apnpa MIPS ansa
MCNoJib30BaHUA B

MUKPOKOHTponnepax

Microchip

KOpun NMaHuyn
CTapwumim uHxeHep

25 okTAb6pa 2012 ropa
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Hannyuywwuin 6anaHc mexay NpousBoAUTENbHOCTLIO,
3HepronoTpebrieHneM U LleHOW B CBOeM Knacce

NMporpamMHas COBMeCTUMOCTb CO BCEM CMEKTPOM YCTPOUCTB C
apxutektypoun MIPS

§ OT MUKPOKOHTPONIEPOB A0 ObITOBOW 3MEKTPOHNKN U CETEBLIX YCTPOWCTB
3penble N XopoLwo onTuMmnanpyrouwumne KOMnnnatTopbl

Bonblwoe konnyectBo RTOS-0B U gpyroro nporpaMmMHoOro
obGecneyeHuUsl, HaNMCaHHOro AnA apxuTektypbl MIPS

BO3MOXHOCTb MCNOMb30BaHUA MUKPOKOHTpOSNepoB Ha ocHoBe MIPS
Ans uerneu obpasoBaHUA CTYAEHTOB U LUKOSIbHUKOB

§ MIPS wmnpoko ncnosnb3yeTcs B yHUBEPCUTETAX B KypcaxX Mo KOMNbLOTEPHOM
apxXuUTeKType, AM3anHy LMdpoBON NMOMMKN 1 NPOrpaMMMPOBaHNIO Ha A3blke accembrnepa

. © 2012 MIPS Technologies, Inc. All rights reserved. M lﬁ%



v MIPS M4K

§ 1.5 DMIPS / MHz
§ Ha texHonornmn 90 nm G moxet pabotaTtb Ha 340MHz
§ B Microchip PIC32 paboTtaeT Ha 4yacTtoTe 80 MHz

v MIPS M14K
§ 1.57 DMIPS / MHz

§ 2.72 CoreMarks / MHz
§ Ha texHonornn 65LP moxeT pabotaTtb Ha 400 MHz

Vv MIPS microAptiv

§ 1.57 DMIPS / MHz
§ 3.09 CoreMarks / MHz B pexume microMIPS (16-6UTHbIN Habop MHCTPYKLNK)

29 . © 2012 MIPS Technologies, Inc. All rights reserved. ml ot —]
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Same Architecture & ISA
Same Development Tools

+
DSP ASE r2
Enhanced MDU
2-wire Debug

+
microMIPS ISA
Reduced Interrupt Latency
Enhanced Debug
AHB-Lite

MIPS32, microMIPS
5-stage pipeline
1.57 DMIPS/MHz

MIPS32, MIPS16e 2.76 CoreMark/MHz
5-stage pipeline 250MHz, 0.25mm?2 @ 90LP
1.5 DMIPS/MHz Up to 35% code size reduction

Low area & power

© 2012 MIPS Technologies, Inc. All rights reserved.

» Cache Controller
* |&D Cache
M14KEc « TLB MMU

* 1&D SPRAM

* 1&D SRAM I/F

* FMT MMU

« MPU

* Flash Pre-Fetch

MIPS32, microMIPS
5-stage pipeline

1.57 DMIPS/MHz

2.76 CoreMark/MHz
400MHz, 0.25mm? @ 65LP
DSP & SIMD Engines

st



Cneundukaumm gna cnepnywiero aapa - microAptiv

Ta.r U et S DEeCS Frequency, power consumption and size depend
. . upon configuration options, synthesis, silicon
mICFOAptIV MCU .. vendor, process and cell libraries
e Production frequency, PTSI, +/- 5% OCV,
Process 90LP 65LP 65G 100ps clock jitter
e Core Area = Floorplan area
PI’Od Freq (MHZ) 235 380 500 « MCU = Speed Optimized —
2 microMIPS+MCU ASE+Fast
Core Area (mm?) 0.42 0.24 0.33 MDU+Scan+Prefetech+AHB+Memory
: Protection
Core Active Power (mW/MHz) 0.16 0.08 0.10 « MPU = Speed Optimized — microMIPS+MCU
Library 9T-SVt oT-LVt OT-SVt ASE+Fast MDU+Scan+16 TLB MMU+AHB

e Memory configuration — 8KB/8KB I/D Cache

_ Networking
Mobile

Embedded / MCU 400MHz — 65G
300MHz — 65LP

150MHz — 90LP Real time High throughput
Real time Cache/SDRAM

DSP ASE

MPU Security MPU/MMU e i

_ RTOS/Linux
RTOS/Linux RTOS/Kernel

Flash/SRAM Flash/SDRAM
DSP ASE DSP ASE

31 © 2012 MIPS Technologies, Inc. All rights reserved. MIFPS
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NMaTb cTagun KoOHBenepa

§ Wcnonb3oBaHue (popBapauHra gaHHbIX AN MUMHMMKU3aUnMM OCTaHOBOK KOHBeNepa
32-0UTHbLIN HAOOP MHCTPYKLUUNA U 16-OUTHbIE UHCTPYKLUN ONS SKOHOMMUM NaMATU
PukcmpoBaHHasi TpaHCNALUUA BUPTYanbHbIX agpecoB ANs 3aWmUTbl NaMATU

Pa3nun4yHble onuun yMHOXEHUA N aeneHna ana paspadbotumka SoC

§ bbIcTpoe 1 MeaneHHoe, a Takke cneumarnbHble KomaHabl Anga anroputmos DSP
BeKTOpHbIe npepbiBaHUA U NoaaepKKa BHELWWHEero KOHTpossiepa npepbiBaHUN
Habop «TeHeBbIX» perMcTpoB AN YCKOPEHHON 00paboTKu npepbiBaHUN

§ He TpebyeTtcsa coxpaHeHne perncTpoB B 06paboTumke npepbiBaHNA

T’MOKMIN KOHTPONb 3HepronoTpeodneHuns

. © 2012 MIPS Technologies, Inc. All rights reserved. MIFPPS
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| L] | | 1 | I | L

[ | : ' I
[ E | M | A | w | | 1SR : I-SRAM read
| A->E Bypass | I H 10=c | : Instruction Decode
i K f : Reqrd | - Register file read
1 ' e y | | LAC1 | LaCz | : Instruction Address Calculation stage 1 and 2
I-SRAM I : Arithmetic Logic and Shift operations
I IDec | D-AC D-SRAM ReqW | e ALU ng.m: P K egalculaﬁun oper
} : : ' \s y—‘—‘m : D-SRAM read
| A1 | baca | : - ! é’ Algn | - Load data aligner
I | | T A>E ?ﬂfass - W | =2 Reqw | : Register file write
; | w1+ // MDU Res Rdy | RegW ' MUL | : MUL instruction
: : | 17 | o I E CPA : Cal‘l‘:" Plﬂp'ﬂgate MH : 3
| | |Mull, Magc_ 16x16,32x16 __ CPA MDU Res Rdy Mut Macc | : Multiply and Multiply Accumulate instructions
! | | aw e . I Divide :Divide instructions
: 1 [Mult Macc  // 3234  CPA | MDUResRdy | E Sign Adust_| : Last stage of Divide is a sign adjust
| 1' I e | MDU Res Rdy | : Result can be read from MDU
! : (iade , [/ =L ,”mn&sm”! //:ﬂnenrmecycles.

NcTouHuk: MIPS32® M4K™ Processor Core Software User's Manual

33 . © 2012 MIPS Technologies, Inc. All rights reserved. MIFP=
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dopBapamHr No3BosiseT nsbexaTb 0OCTaHOBOK KOHBenepa (stall u slip)

One Cycle One Cycle One Cycle One Cycle One Cycle One Cycle
ADD, —p | E M A w
REsRIR1 2:.“0 E bypass \ Ato E bypass
SUB, > l E / M A w
R4=R3-R7 Mo E bypass &.
ADD; > | E M A
R5=R3+R4

NcTouHuk: MIPS32® M4K™ Processor Core Software User's Manual

34 . © 2012 MIPS Technologies, Inc. All rights reserved.
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v MIPS16e

§ Wcnonbayetca B M4K un ctapwmx agpax — 24K, 74K v gpyrnx

§ [lporpamMmbl, CKOMNUNMPOBAHHLIE C Ucnosib3oBaHnem MIPS16e — Ha 25-30% MeHblLue,
4Yyem 6e3 Hero

Vv microMIPS

§ PeanunsoBaH B M14K 1 microAptiv

§ He npocTo paclumpeHne cuctembl KOMaHg, a HoBasi, anbTepHaTnsHaa MIPS32 cuctema
KomaHa, coctodwas ns cmecu 16-tm n 32-6uTHbIX KOMaHA,

§ [pwn «komnpeccum» 35% noteps ObicTpogencTaus scero 2%

v [lepeknioyeHnsa Mexay pexxumMmamum — Ha neTy

§ [naBHbIK CNOCOD NepeKIItoYeHNS - Nepexod Un BbI3oB OYHKLUK NO CO4EPKUMOMY
perucTpa, B mnagwem éute kotoporo ctout 1

35 . © 2012 MIPS Technologies, Inc. All rights reserved. MIFP=
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MIPS32: YcnoBHbIW nepexoa, Korga cogepXXumoe AByX peructpoB
(rs un rt) He paBHO. HacTHbIN cny4Yyaun: YCrOBHbIW nepexon, Koraa
coaepXXumMoe permctpa He paBHO coaepxumomy peructpa O,

B KOTOPOM Bceraa HaxoauTcA Hyfb.

3 26 25 21 20 18 15

BRE 1t offeet
000101

] 5 i 16

microMIPS (M14K wm interAptiv): YcnoBHbIN nepexon, Korga
copepXxumoe permctpa (rs) He paBHO HYJIIHO

15 10 9 7 6 0

BNEZ16 offset
101011

6 3 T
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Vv [naBHas 3agava yCTpoUCTBa ynpaBreHusa namsaTbio - Memory Management
Unit (MMU) - orpaHu4nTb AOCTYN NOJSiIb30BaTeNbCKUX MporpamMm K namaTu

onepaunoHHOU CUCTEeMbI

v [Ba cnocoba peanusauun MMU

§ ®ukcupoBaHHbIN - Fixed Mapping Translation (FMT)
* [ocTynHble nonb3oBaTento agpeca B user-mode capuratotcsa Ha 0x40000000
* PeanusoBaH Ha Bcex agpax MIPS

§ ['mbkun, ncnonbdya Tak HasbiBaeMbl Translation Lookaside Buffer (TLB)

* [lo3BonsieT 3aWMTUTL HE TONLKO OMepaLVOoOHHY0 CUCTEMY OT NMONb30BaTENbCKMX NPOrpamMm, HO U
nosnb3oBaTenbCckue NporpaMmmbl Apyr oT Apyra

e PeanusoBaH Ha MIPS M14Kc, MIPS microAptive MPU, a Takke Ha CpegHuX 1 cTaplumnx sapax,
HauynHaa ¢ MIPS 24K

v W c FMT, u c TLB 3awuTa gocrturaetcs TpaHcnsaumen BUpTyasibHbIX aapecoB B
¢manyeckme ¢ UCKNKOYEHMEM B crnyvyae AOCTyna nonb3oBaTesfibCKOU
nporpamMmbl K 3anpeLleHHbIM OISl Hee agpecam

37 . © 2012 MIPS Technologies, Inc. All rights reserved. M lEEIS
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OXFFFFFFFF

0xFF400000
OxFF3FFFFF

DXFF200000
OxF1FFFFFF

0XE0000000
OxDFFFFFFF

0xCO000000
OXBFFFFFFF

0xADOODOOO
OxO9FFFFFFF

0xB0000D00
OXTFFFFFFF

000000000
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Mapped

Memery/EJTAG'

Mapped

Kernel virtual addrass space
Mapped, 512 MB

Kernel virtual address space

Unmapped, 512 MB
Uncached

Kernel virtual address space
Unmapped, 512 MB

User virtual address space
Mapped, 2048 ME

kseg2

ksag1

ksegl

Kuseg
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v [lpobnema B peanusauum
Microchip PIC32 - 3aWwmTbl
namMsaT™¥ ¢ nomouwbio TLB B M4K
HeT, a FMT HepgocTaToO4yHO ruoka
AN HYXA nonb3oBaTens
MUKPOKOHTpoOepa

v PeweHue

v B M4K nonb3oBaTenbCKumn
Ananas3oH BUPTYyasbHbIX
agpecoB BooOLle He
MCNosNb3yeTcH

vv B nocnegHeun Bepcun M14K
MU B microAptiv
MCNONb3yeTCcs HOBbIU

MeXaHU3M 3allinTbl NaMATU —

Memory Protection Unit

DxADDDDDOO

Ox9FC0E000
Cx3IFCOZFFF

OxBFCO2FEF
Ox8FCO2FEF

(x@FC00000

0x80020000

0xaD01FFFF

0x80000000

Ox 80004000
OxB0003FFF

DxB0000000

Ox00000000

Resarvad

Device
Configuration
Registers

Boot Flash

Program Flasht?)

Reserved

RAME

Reserved

J

KSEGO

el
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0x1FCO3000
Device Dx1FCO2FFF
Configuration
Registars 01 FCO2ZFFD
Dx1FCO2FEF
Boot Flash
Dx1FCO0000
Resarved
0x1F200000
0x1FBFFFFF
5FRs
0x1F300000
Resarved
Dx1D020000
0x1D01 FFFF
Program Flashl?
Dx10000000
Dx00004000
OxO0003FFF
(2)
o Dx 00000000
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Vv Peanu3soBaH B nocnegHen Bepcun M14K n B microAptiv

Vv He tpebyeT TLB, moxeT pabotatb ¢ FMT

v Mo3BonsieT 4o 16 agpecHbIX perMoHOB, KOHUrypmpyembIxX
permctpaMmm CUCTEMHOro conpoueccopa

v lNo3BonseT ycTaHOBUTbL pa3Hble YPOBHU O0CTYMNa K permoHam
- Instruction-fetch, data-read/write, or iFlowtrace access

\V4 HeaBTOpM3OBaHHOﬁ AO0CTYN Bbi3blBa€T BbICOKONMPUOPUTETHOE
UCKJ1ro4ueHue
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SW Programmable to
define the protected
regions during boot.

F MPUAddreat:_. 0
MPU Control (type) O
MPU Address 1 l———"‘—'_'
MPUMask{size) 1 |
MPU Control (type) 1|
Configurable [P Addess F\*
MPU Mask (size
up to 16 P, I MPUCunImtm'pe}Z I
- i
i
Reglons | MPU Address
MPU!'u'Iask SiFe
MPU Control {ty-pe} .'3
—>
2>
— t
MPU Address 15 |
\ MPU Mask (size) 15
_ ! MPU Conrol {type) 15
Write | LockControl |—
Once
LockBits | [ockContol |——=]  EbaseRegister |

(Excepbon Veclors Base Addrass)

Watch registers & Ebase can be locked forever
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Region 1
.{;’mtected
Reulnn 2

Protected
Region 3

et

Memory Space
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< PC

Cause Exception
when PC steps into

protected regions

<€ |d/St addr

Cause Exception when
Ld/St addr steps into
protected regions
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v Agpa M4K / M14K / interAptiv npeaocTtaBnsaOT pa3padboTyuky
cuctemsbl Ha Kpuctanne (System on Chip — SoC) HeCKosnbKo
KOHcurypauum sgpa ansg yMHOXEHUA N gerieHus

§ Bblcokasi npon3BoaNTENBHOCTb
* YMHOX€EHME 3a OONH LMK CUHXPOCUrHana

* YMHOXeHue co cnoxeHuem (multiply-accumulate — MAC) 3a oanH nnu asa
LuKna

§ 32-0uTa Ha 16-0UT — 32 OOMH LMKIT
§ 32-6buta Ha 32 buTa — 3a ABa uuKna

§ Hwum3kasa nponsBoAUTENBHOCTL, 3aTO U Manas nNnowiaab Ha Kpuctanne (u
9HepronoTpebneHune)

* WTepaTuBHbLIN anroputM YMHOXEHUSA

42 . © 2012 MIPS Technologies, Inc. All rights reserved. MLE%



v 9Ta KOMaHAa 4acTo BCTpevyaeTcAa B anropmtMmax
uncgppoBon obpaboTkm curHanos — Digital Signal
Processing (DSP)

§ Hanpumep BOT hopmyria anga npocroro 4YactotHoro gunsTpa (Finite
Impulse Response Filter — FIR filter), ydupatowero onpegeneHHble
4acCTOThbl M3 OLUUPpPOBAHHOIO 3BYKOBOrO curHana

yn] = boxn] +byxfn — 1] +--- + byx[n — N]

= Z bix[n — 1|
i=0
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UHCTpyKUuMM ana ogHoBpeMeHHbIX apudMeTU4eCKux onepaumm ¢ YeTblpbMsa 6antamm 32-
GUTHOro crnoBa, KOTopble pacCcMaTPUBAKTCA KaK He3aBUCUMbIe YUcna

§ To xe — c ABymsa nosnycrnosamu 32-6UTHOro crnoea

ApuncpmeTunka ¢ hukcmpoBaHHON TOHUKOU

§ [Ona DSP anroputmoB Hanbornee nonesHbiMu siBnsgeTcs 32-6UTHbIE Yncna ¢ TOYKOM nocne crapwero 31-ro
outa (Q31) 1 16-6uTHbIE YMCna € ToYKOM nocne crapwero 15-ro 6uta (Q15). Ctapwwuin 6uUT N B 0O4HOM, 1 B
ApYromMm npeacraBfieHUN COOEPXUT 3HaK

ApudmeTuka ¢ HacbiweHuem — saturation arithmetic

§ B aTon apudmeTmke eCctb NOHATUE KMHOMO» U YMHOXEHME UMK CroXeHue Noboro ymcna ¢ «MHOro» gaeT
«KMHOIo»

JononHutenbHbIe onepaunun YMHOXeHUa co cnoxeHuem (multiply-accumulate — MAC),
KOTOpPble UCMOSNb3YIT YeTblipe HeE3aBUCUMbIX aKKyMynsaTopa

Onepauuu oKpyrrneHus, paboTbl ¢ 6uTamun U T.4. — BCE, YTO NOBbLIWAET OEHYMaPKU Y
anroputmoB uudppoBon o6paboTKn cUrHanoB

Bce 3T MHCTPYKLMM MOry ncnosib3oBaTbCcsl € Koge Ha C ¢ NoOMOLbLI0 BbI3OBa
cneyuanbHbIX NnceBao-PyHKUNUN

. © 2012 MIPS Technologies, Inc. All rights reserved. MIFPPS
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v MULQ_RS.PH, rd, rs, rt

§ Q o3HavaeTt «onepauns c pukcmposaHHou Toukon» (fractional data type)

§ PH o3HavaeT «He3aBUCMMO YMHOXWUTb 16-6UTHbIe anemMeHTbl ABYX 32-6UTHbIX
BEKTOPOB»

§ RS osHa4vaeTt «okpyrneHue» (rounding) n «HacblLeHue» (saturation)

€< 16 ——> <€ 16 >
[ A ] B rs
X
D rt
! 2
Rounding Rounding
Saturation Saturation
rd
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v B M14K n microAptiv noABUNNCb HOBbI€ UHCTPYKLMUM ANS 3KCKITHO3UMBHOIO
Aaoctyna Kk namsatm — ASET n ACLR

§ ASET - Atomic Bit Set
§ ACLR — Atomic Bit Clear
§  WHcTpykummn paboTatoT ToMbKo € Hekawmnpyemon (uncached) namsaTbro

Vv YTto umcnonb3oBanochb paHbLle B apxutektype MIPS ans akKcKno3mMBHOro
AocTyna K namMsATu

§ LL - Load Linked
§ SC - Store Conditional
§  ®yHKuMoHanbHoCTb TUNa ASET TpeboBarna HeTpuBManbHOro NPorpaMmmMmMpoBaHus

v B uyem npenmyluecTtBo HOBbIX UHCTPYKLUN?

§ ["lopasfo npolle nucaTtb KoA Afd YacTHOro cny4yasa 3KCKJT3NBHOIO AO0CTYyMNa K namMaATn

§ PaboTtaloT c butamm

§ KVmeloT npeackasyembli TAaUMUHE A9 YTEeHUs, Moandukaumm n sanncn MogmumpoBaHHOro
3HaveHnsa

TEEHWHDQLOGIES

46 . © 2012 MIPS Technologies, Inc. All rights reserved. MIFPPS



47

v [o6aBneHo B M14K n cooTBeTCTBEHHO B MiCroAptiv

v Bo Bpems npepbiBaHUA NPOUCXOANUT CNEKYNATUBHbIN prefetch ansa
agpeca obpaboTymKa npepbiBaHUA

v ABTOMaTn4yeckoe coxpaHeHue B CTeKe U BOCCTaHOBIEeHUe
npoueccopom pernctpa COPO Status, EPS u nogobHoun
nHdopmauumum c Interrupt Automated Prologue (IAP) m Interrupt
Automated Epilogue (IAE)

Vv «UenHble» (chained) npepbiBaHUA — eCnn O4HO NpepbiBaHUe
CIy4YMnochb nocre apyroro, To nepBoMy He TpebyeTcs
BO3BpallaTbCH B KOA A0 NpepbiBaHUA — nepexon B 00paboTumk
BTOPOro crnyumtbCcsA HemMmenneHHo, Aaxe MuHysd IAE mu IAP

Vv HoBas nHctpykuusa IRET B gononHeHue Kk ctapou ERET gns

ucnonb3oBaHus ¢ IAP/IAE n uenHbIMU NpepbiBaHUAMU

. © 2012 MIPS Technologies, Inc. All rights reserved. M lﬁ%
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o THE INSIDER'S GUIDE TO MICROPROCESSOR HARDWARE

MicroMIPS Crams CoDE

New Processor Cores Infroduce Denser 16/32-Bit Instruction Set
By Tom R, HalfRill (1 151650001

Smaller is usually better for embedded processors, so MIP5 Technologies is simming down
its 1980s-vintage instruction-set architecture, A new s¢t of 16- and 32-bit instructions—

dubbed microMIPS—uses less memory than existing 32-bit MIPS instructions and the
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MIPS Fares Well Against ARM

Perhaps the most surprising result of comparing the new
MIPS processors with ARM’s best cores is that ARM no lon-
ger has a clear advantage in power consumption, core area,
and performance. Usually, those are ARM’s strengths.

For instance, using the data in Tables 2 and 3, we can
compare the two microcontroller cores—the MIPS M14K
and ARM Cortex-M3—in the same TSMC 90nm-G process.
An area-optimized M 14K will consume 11.6mW at 193MHz
in 0.21mm? of silicon. A speed-optimized Cortex-M3 will
consume 13.3mW at 191MHz in 0.37mm? of silicon. The
M14K requires less power and silicon at virtually the same
clock frequency. In power efficiency, the M14K wins, too:
25Dmips per milliwatt versus 17.9Dmips per milliwatt.

Note that we compared an area-optimized M14K with
a speed-optimized Cortex-M3. That’s because a speed-
optimized M 14K can reach a much higher clock frequency
(295MHz). Assuming the two processors are clocked to
deliver similar performance, the M14K will use less power
and silicon. (The M14K has a throughput advantage of
1.5Dmips per megahertz versus 1.25Dmips per megahertz
for the Cortex-M3.)

MIFPS
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FEATURE
Pipeline Stages
Cache/MMU version
ISA
Total instructions
GPRs

Closely coupled memory support

Interrupt latency
Instruction-only trace
Fast Debug Channel

DSP FEATURE
Total DSP Instructions
SIMD Instructions
Multiply/MAC instructions
Dedicated DSP/MDU unit
Accumulators
16x8, dual 8x8 Multiply/MAC
Shift Instructions

Compare/Pick Instructions

MIPS microAptiv

microAptiv vs. Cortex-M4 Advantages

ARM Cortex M4

5 3
Y N
MIPS32 and/or microMIPS Thumb?2
300 155
32 16
Y N
10 cycles 12 cycles
Y N
Y N
MIPS microAptiv ARM Cortex M4
159 80
70 38
38 29
Y N
Y (4) N
Y N
Y N
Y N

© 2012 MIPS Technologies, Inc. All rights reserved.
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Microchip PIC32 —
MUKPOKOHTpPOIsiep C
aapom MIPS

KOpun NMaHuyn
CTapwumim uHxeHep

25 okTA6pa 2012 ropa
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Vv Microchip Technology npuHoCUT aKcnepTU3y B
MUWKPOKOHTPOJINEPHbLIX CUCTEMAX Ha KpucTanne, nepudgepun
U MHOYCTPUANbHbIX MPUNOXEeHUAX

§ MukpokoHTponnepsbl PIC32 ncnonb3ytoT Te e yCTpoucTea BBoAa-
BblBOJA U CpeacTBa CUCTEMHOW MHTErpauumn, Kak n gpyrme
MUKpPOKOHTpossiepbl oT Microchip Technology — P1C24, PIC18 n T.4.

v MIPS Technologies npuHOCUT aKcnepTU3y B pa3padboTke
BbICOKONPOMU3BOAUTESNIbHbLIX HU3KOMOTPEONnAoLWwmnx
npoLecCcopHbIX Aaep

§ Agpa MIPS noonepxuBaeTtcda KpynHOWM 9KOCUCTEMOUW CPeACTB And
pa3paboTYMKOB — KOMNUNATOPaMK, BCTpanBaeMbiMU orepauuoHHbIMMN
cucTtemMamm U gpyrum rnporpaMmmMmHbiM obecrnedeHnem, HanncaHHbIM angd
apxutekTtypbl MIPS

51 . © 2012 MIPS Technologies, Inc. All rights reserved. M lEEIS



Vv Bbl BuguTe ycrpouctBo c rpachmyeckum gucnneem TFT (Thin Film
Transistor)

v/ Y 3TOro ycTpomcTBa HeT KOHTpornnepa

v Kak oHO paboTaeT?

52 © 2012 MIPS Technologies, Inc. All rights reserved. m| |= F—
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v Oucnnen WQVGA — 480 x 272

v Kaxgbin nukcen — 24-6mtHbin RGB — 3 6anTa
Vv YacrtoTa KagpoB B gucnnee — 60 Hz
Vv BbiBOoA Kaxxgoro 6anTta yepes napannenbHbIX NOPT — 3 UMKNA

Vv CnepoBaTtesibHO, Ha reHepauuio pa3BepTKU Tpebyetca He meHee 480
*272*3*60*3=70,502,400 uMKNOB B CeKyHAY

Vv Ho Begb MakcumanbHag yactota ucnosnbsyemoro PIC32 — 80 MHz ?!

Vv Heyxenu npoueccop 3aHumaetcsa TOJIbKO reHepauveun pa3BepTku ?

53 . © 2012 MIPS Technologies, Inc. All rights reserved. M llﬁ%



Vv DMA koHTponnep B PIC32 — ycTPOUCTBO, KOTOpOE ymeeT
nepecbinate MH(opmauuo mexay nepudepUnHbIMU
ycTpoucTBamMu 1 / N BHyTPeHHeN namMAaTbIo 6e3
yyactua CPU

Vv Upesa. YcTtaHOBUTBL NpepbiBaHue OT Tammepa u DMA
KOHTpoOsrepa n B oopaboTumke npepbiBaHUA
WHNLUUMPOBATb NepecbisiKy AaHHbIX U3 NaMATU B
napannenbHbIN NOPT ¢ noMowbo DMA KoHTponnepa

v C DMA KOoHTponnepom 3agaya reHepauumn pa3BepTku
3aHumMaeT ~5% npoueccopHoro BpemeHu PIC32

54 . © 2012 MIPS Technologies, Inc. All rights reserved. M lEEIS
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FIGURE 2:

EXTERNAL MEMORY METHOD

Display Glass

(Glass updated in
parallel with DMA Read)

ARV AR RA AR RN

FIGURE 3:

INTERNAL MEMORY METHOD

Display Glass

(Data sent to glass
during DMA PMP write)
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Oemo: UHTepdenc mexay MUKPOKOHTPOSINIEpPOM
Microchip PIC32 v MJIUC Altera Cyclone IV

UcxogHukn gemo -

© 2012 MIPS Technologies, Inc. All rights reserved.
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http://code.google.com/p/pic32-examples/

&1

Oemo kpynHee: UHTepdenc mexay MUKPOKOHTPOSINEpPOM
Microchip PIC32 v MJIUC Altera Cyclone IV

v lnata Digilent chipKit '
Uno32 ¢ Microchip
PIC32

v [MnaTta Digilent chipKIT
Basic I/O Shield™

v [lnaTta DEO-Nano ¢
NMNINC Altera Cyclone IV

v Otnaguuk PICKit 3

v MakeTHass nnarta c
auncnneem, USB kabenu

© 2012 MIPS Technologies, Inc. All rights reserved. MIFPS



Vv MukpokoHTposnnepbl MOXXHO coeanHATb ¢ MJIMC-amun nubo

NpPoOCTO Yepe3 uncppoBbie NopThl, NM60 Yyepe3s SPI, 1°C n
Apyrve npoToKonbl

§ [laHHoe oeMo Ucnornb3yeT NpocTbie UMdpoBbIE NOPTHI

v Ona tTpaHcdepa gaHHbIX U3 MUKpOKOoHTponnepa B MNJIUC
TaktoBasa yactoTta NJIMC gponxHa ObIThL B HeCKOJbKO pas3
Bbllle, YeM Y MUKPOKOHTponsepa - oversampling

v Tak Kak TaktoBas 4actoTta B PIC32 u NJINC reHepupyetca
He3aBUCUMO, TO HYXKHO nponyckaTb Bxoaawuu B MNINC

curHan vyepe3s asa D-tpurrepa (donun-cnona) 4tobbI (MOYTH)
n3d0aBUTLCHA OT MeTacTadOuUNbLHOro COCToOAHUA

§ MeTtacTtabunbHoe cocTosiHME MPU TaKOM MEeToe BCe XXe MOXeT
NOSAABNATLCH, HO C OME€Hb HNU3KOW BEPOSITHOCTbLIO - pa3 B HECKOJIbKO NneT

58 . © 2012 MIPS Technologies, Inc. All rights reserved. M lEEIS



v Ocobo cnegyet ormetutb David Harris and Sarah Harris, Digital Design and Computer
Architecture gna odby4yeHus CTyaeHTOB

Vv B 910U KHUre cTyaeHTbl CTPOAT nogMHoXxecTBO MIPS-npoueccopa ¢ nomouybto Verilog u
MInc

v [locne yero npuBoguTtcsa npumep nHayctpuansHoro MIPS — Microchip PIC32 n pasbupaeTtca
ero nepudepua — noptbl, SPIl, UART, aHarnor, coeguHeHne ¢ MoTopamu

v Takum obpasom, Teopusi coeamnHAeTCs ¢ NpakTuKon, n hardware coeguHsieTcs ¢ software

Click to LOOK INSIDE! click to LOOK INSIDE!
See

Run
Linux

Click to LOOK INSIDE!

MO Dominic Sweetman

Lucle DI Jaslo
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