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Register Stack Engine



CB4dA3Ka

Bundle Structure
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* 3 MHCTPYKUMKN + WabnoH

« O0beauHsitoTes B rpynnbel 6e3 RAW
3aBUCUMOCTEMN



CTpyKTypa Koaa

L]
® : Michael 8.5chlansker, B.Ramakrishna Rau;
. . | ® source COde ™ EPIC: Explicit Parallel Instruction
Compiler | @ |  Computing
al . . TEEE Computer, February 2000, pp.37-45

Instruction Groups
(series of bundles) l'

Instruction

(3 Instr each
ealnumintnbihe

Instructions

Up to 6 instructions executed per clock




[lpeankaTHbIe PErncTpbl

Unpredicated Code Predicated Code
cmp a,b cmp.eq pl,p2=a,b
Jump EQ pl y=4
y=3 p2 y=3
jump END
EQ: vy=4

END :



[IporpaMMHO-KOHBENEPUIYEMEIE

LMK

« AnnapartHas
nogapexka SWP-
LIMKNOB

— Craguv npornora v
anunora

— BpalueHune peructpos
— [Npenoukarol

Whole loop
computation
in parallel




Cnekynsaumsa no AaHHbIM

Traditional Architectures IA-64
instr 1 inatr 1 moved
instr 2 instr 2 above
| branch
Barrier /  compiler

ohilc s 11

use



TexHun4eckne xapakTepuUCcTmuKkin
Itanium 2

_1 DCache 16K 4-way
_1 ICache 16K 4-way
|2 Cache 256K 8-way
|3 Cache 6M 12-way

YcTpouncrtea
— 6 Integer

— 4 Load/Store
— 2FP

— 6 Multimedia
— 4 Branch




Core 2 Duo
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Core 2 Duo

 [1ByxbaaepHasa 64-ouTHaa apxmTekTypa
— 3a OCHOBY sapa B3AT0 aapo Pentium Pro

 LLiInpokoe anHammnyeckoe UCNormHEHNE
* Paszgensembin KOLL 2ro ypoBH4
 [lopaeprkka mynesTMmegma

» Micro-ops fusion n Macrofusion

» DHeprocbeperaTernbHasi cuctema




Intel® Wide Dynamic Execution
EACH CORE CORE 1 CORE 2

ETIGIENT INSTRUCTION FETCH  INSTRUCTION FETCH

RETIREMENT UNIT
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* 33% Wider Execution over Previous Gen
ADVANTAGE » Comprehensive Advancements
- e Enabled In EachCore




Instruction Queue  With Intel’s New
inc__ecx Macro-Fusion

store [mem3], ebx

Read five Instructions from

nstiieton Quente

| Send fusable pair to single
decoder

decO decl| dec2 dec3 Single uop represents two

instructions

InC  ecx
store [mem3], ebx
intel Develboe cmpjne eax, [mem2], targ

FOR load eax, [mem1] @

Cycle 1

26




Pasoensaembinn KOLU 2ro ypoBH4A

* HeT HeoOXxoAMMOCTM NoaAepPXKMBaTh
KOrepeHTHOCTb

« [InHamMnyeckn pacnpeaensercs Mexay sapamu

Advanced Smart Independent Cache

Main memory




Smart Memory Access

* 6 briokoB npeaBbIOOPKK
— 2 ana KOla 2ro ypoBHS
— o 2 gna KOlen 1ro ypoBHS

* Memory Disambiguation
— Cnekynauua no gaHHbiMm (RAW 3aBUCUMOCTD)



Intel® Smart Memory Access
Hardware-based Memory Disambiguation

Core™ Microarchitecture Other
INST 2 *LOAD [Y]" & INST 2 "LOAD [Y]"
INST 1 "STORE [X}" ORDER INST 1 "STORE [X}"
DULE DDE/SCHEDL
INST 2 "LOAD [¥)" INST 2 *LOAD [¥]"
INST 1 “STORE {X]" INST 1 "STORE [X}"

HARDWARE ]
Mem. Dis. . INST 2 "LOAD [Y]"

INST 1 "STORE [X}" In:’:éif I:::st
!. Inst. 1 "Store”
. e To Complete

» Higher Utilization of Pipeline
ADVANTAGE -« Masks latency to data access
» Higher Performance

(=D



Intel® Advanced Digital Media Boost

Single Cycle SSE
In Each Core SSE Operation
(SSE/SSE2/SSE3)
Fusion SOURCE 127 0
Support 1
' SSE/2/3 OP

DEST

Core™ parch

CLOCK JopY4 | X300Y3 | X200 opY.
CYCLE 1* SRR St VTSN St A

= CLOCK

Rreviovs Crete 17 [X2epK2iXtonYs)
CLOCK = |xdopY4|x30pY3)
CYCLE 2.’

e Increased Performance
ADVANTAGE -« 128 bit Single Cycle in each core
» Improved Energy Efficiency

ORUM *Graphics not ropeesantative of actual (o photo o roelalive s @




TexHun4eckmne xapaktepuctuku Core
2 Duo

« L1 DCache 32K 8-way
* L1 ICache 32K 8-way
« L2 Cache 4M /2 Cores
* ITLB 128 ent

« DTLB 256 ent

* YCcTpoucTtBa
— 5 Integer 3 ALU + 2 AGU
— 2 Load/Store (1 Load + 1 Store)
— 4 FP (FADD + FMUL + FLOAD + FSTORE)
— 3 SSE (128 bit)




Dual "configurable”

High speed VO
channels

(76.8 GBytes per
second in total)

Cell

1/0
Controller

1/0

5
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\ EIB (Element Interconnect Bus)

Dual 12.8 GByte per
second memory busses

give Cell huge memory
bandwidth. (25.6 GBytes
per second in total)

is the internal communication system.



Cell

* [ NaBHbIM NPOLECCOPHbLIN 3NTIEMEHT
— YnopsigoveHHOEe UCMNOSTHEHNE
— lNoppepkka paboTbl C ABYMA NOTOKaMMU

e 8 CUHepreTn4ecCKknx rnpouecCopHbIX arieMeHTOB
— Aapo Ha ocHoBe 286 apXUTEKTYpPbI
— [Mopgepxka BEKTOPHbIX BbluMcrieHnn 128 out
— OTcytctBue KOlllen
— JlokanbHaga namaTb 256 Kb6auTt ¢ npsambiM 4OCTYNOM

NWHa BBOOaA BbIBOOA

— lNponyckHasa cnocobHocTb 76,8 ['banTt/c



LlnHa B3anmocBa3aHHbIX
31eMeHTOB

 [lepenaet 96 6anT/UNKI
* bonee 100 yHMKanNbHbLIX 3anpocoB

FEE SPE1 SPE3 SPES SPE7 |IOIF1

MIC SPEO SPE2 SPE4 SPEG6 BIF/IOIfO




Power Processor Element

 [1Ba 64-OMTHBLIX siApa HA OCHOBE
apxutektypol POWER

* Ynopago4eHHoe UCMOoNMHEHe KoMMaHA

 [logoepxka SMT (MHOroNnOTOYHOCTb)

« KOLL

— 1ro ypoBHS: 32+32 Kbant
— 2ro ypoBHsi: 512 Kbaunt



Synergistic Processor Element

Even Pipe

Odd Pipe

Element Interconnect Bus (EIB)

4 L enovYnCcneHHbIX
BEKTOPHbIX YCTPOUCTBA

4 BEKTOPHbIX YCTPOUCTBA
C NnnasaroLLen 3andaTou

128 pernctpos no 128
ont

256 KbanTt nokanbHowm
namMmsaTu

[nHamunyeckas 3awmrta
OOCTyna K namsaTtu



[TponssoautenbHocTb Cell
(ona 4GHz)

e 256 GFLOPS c nnaBawLlen 3andatou
« 256 GOPS ueno4vuncrneHHas apndMeTHKa

e 25 GFLOPS c nnasawLien 3anatoun
NBOVUHOW TOYHOCTWU






