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Stallings: Ch 15 p——
n  Yleista 1A-64:sta

Predikointi

Spekulointi

Ohjelmoitu liukuhihna

Itanium 2

Intel Multi-core ja STI Cell




EPIC - Explicit Parallel Instruction Computing

a Rinnakkaisuus esiin jo konekielen tasolla,
el nakymattomissa siella jossain laitetasolla
u Uutta semantiikkaa konekielen tasolle
u Kaantaja ratkoo riippuvuuteen liittyvat ongelmat,

laitteisto(toteutus) luottaa siithen

¢ VLIW (Very Long Instruction Word)
u Kasittelee kaskyja nipuissa (bundle)

€& Hyppyjen predikointi, kontrollispekulointi
u Suorittaa useita haarautumispolkuja

e Spekulatiiviset muistinoudot mydgs datalle




EBpeRschias

three

Multiple parallel execution units

Multiple parallel execution units

Reorders and optimizes instruction stream at

 instruction stream at

G o

Branch prediction with speculative execution
of one path

Speculative execution along both paths of a
‘beanch

‘and tries to find the data in the caches first

| Speculatively loads data before its needed, and -

still tries to find data in the caches first

» 1A-64 liikkeelle puhtaalta poydalta
u unohda historiallinen painolasti

» HP ja Intel yhteistydssa

(Sta06 Table 15.1)



» Paljon rekistereita, vah. 8 suoritusyksikkoa
n GR-rekistereissa NaT-bitti (Not a Thing) => “myrkkya"

GR = General-purpose or integer register
FR = Floating-point or graphics register
PR = One-bit predicate register

EU = Execution unit (Sta06 Fig 15.1)



128-bit bundle

instruction slot 2 instruction slot 1 instruction slot 0 ‘:le;::
41 41 5

n Nouto muisig

Major o .
oncod other modifying bits GR3 GR2 GR1 PR
4 10 7 7 7 6

n  PR: Kaskyissa spekulointiin liittyva predikaattirekisteri
u 1-bittinen, tarkistetaan kommitointihetkella
n Kaskyissa tavallisesti 3 rekisteria

~n Load/Store arkkitehtuuri (Sta06 Fig 15.2)




Template Slot 0 Slot 1 Slot 2
S 00 Munit | Lunit | Iunit
“* Toimintoyksikot D
- 02 M-unit L-unit L-unit
03 M-unit I-unit I-unit I
: o : o 04 M-unat L-um X-um
Instruction Type Description Execution Unit Type = i i
_ , 05 Wik || Lmer || X I
A Integer ALU [-unit or M-unit
08 M-unit M-umnit I-unit
I Non-ALU integer | I-unit ; ) ;
0o M-unit M-unit T-unat I
M MOy M 0A Mounit | Mounit | Lunt
F Floating-point F-unit 0B Motnit Mook L I
B Branch B-unit 0C M-unit F-unit T-unit
X Extended [-unit/B-unit oD M-unit F-unit [-umt I
OE M-unit M-unit F-unit
OF M-unat M-umnit F-unmit I
Max 6 kaskya suoritukseen L s
kl 11 M-unit I-unit B-unit I
per Sy I 15 M-unit B-unait B-unit
Musta pystyviiva = stop 13 M-unit B-unit | B-unit I
= Kaskyjen valilla riippuvuus e . I
B Y] PP 17 B-unit B-unit | DB-unit I
18 M-unit M-unit B-unit
19 Mounit | M-unit | B-unit []
1C M-unat F-unit B-unat
(Sta06 Table 15.2, 15.3) 1D Musit | Funit | Bunt ||
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[ gp] mmenoni c[ . conps] dests = srcs

dp qualifying predicate register
- Jos predikaattirekisterin arvo=1 (true), commit
mnemonic operaation mnemoninen nimi

comps completers, erottelu pilkuilla
- jotkut kaskyt muodostuvat kahdesta osasta
dests destination operands, erottelu pilkuilla

srcs source operands, erottelu pilkuilla




» Kaskyryhman rajat merkitaan ;;
u Vihje: ndma konekaskyt voi suorittaa rinnakkain
u Konekielessa template, jossa “musta pystyviiva”
u Ryhman sisalla ei data- tai Kirjoitusriippuvuutta

ts. no read after write (RaWw) tai
no write after write (WaWw)

Id8 rl1 = [r5] // ensimmainen ryhma
sub r6 =r8, r9 ;;
add r3=rl, r4 // toinen ryhma

st8 [r6] = r12




Avainmekanismit

Predikointi
Kontrollispekulointi
Dataspekulointi
Ohjelmoitu liukuhihna




Kaantaja

» Muodosta kaskyniput, aseta template
u Kuvaa, mitka kaskyt voisi suorittaa samanaikaisesti
» Poista if-then-else rakenteen hypyt
u Vertailu asettaa kaksi predikaattirekisteria
u Kummankin haaran kaskyihin mukaan oma predikaatti
u Kumpaakin haaraa tullaan suorittamaan

Intel kalvo 18

CPU

» Suorita molemmat haarat

» Tarkista predikaatit, kun vertailukasky valmistuu
u Predikaatti on aina valmis kommitointivaiheessa?
u Hylkaa vaara polku (kaskyt), hyvaksy oikea polku




2. The compiler assigns a
Instruetion 1 P g

1. The branch has two predicate register to each
following instruction,

possible outcomes.

Instruction 2 according to its path.
3.All mstmctions\A / 4. All instructions

along this path point Instruction 3 along this path point

to predicate register (branch) to predicate register
Pl ¥ P2.
* 5. CPU begins executing +
Instruction 4 instructions from both paths. |Instruction 7
(P1) (P2)

\ 6. CPU can execute /

instructions from different

Instruction 5 paths in parallel because —Jp |Instruction 8
(P1) they have no mutual (P2)
dependencies.
Instruction 6 7. When CPU kll()‘iﬁ.-’sdt:le E Instruction 9
(P1) compare outcome, 1t discards (P2)
results from invalid path.

The compiler might rearrange instructions in this order, pairing
instructions 4 and 7, 5 and 8, and 6 and 9 for parallel execution.

Instruction 1 |Instruction 2 |Instruction 3

Instrucetion 4 |Instruction 7 |Instruction 5

(Sta06 Fig 15.3a) Instruction 8 |Instruction 6 |Instruction 9




Sour ce:
iIf (a& & b)
j=i+1
else
if (¢
k=k+1
else
k=k-1
I=i+1;

Pentium:
cmp a,0
jeLl
cmp b,0
jeLl
add j,1
jmp L3

L1: cmpc,0
jeL2
add k,1
jmp L3

L2: subk,1

L3: addi,1

(Sta06 Fig 15.4)

| A-64:

cmp.eq(pd,p2=0a;;
(p2) cmp.eqPd,p3 =0,b
(p3) addj =1,
(P2) cmp.nep4,p5=0,
(p4) add k =1,k
(p5) add k =-1,k
add i =1,




Aloita datan laataaminen muistista etukateen

= spekulatiivinen load

u  Valmiina CPU:ssa kun tarvitaan, el latenssia

Intel kalvo 26

u Yleensa helppoa, mutta ei, jos valissa haarautuminen/store

Kontrollispekulointi = nosta (hoist) load-kasky aiemmaksi
koodissa hyppykaskyn etupuolelle

u Merkitse se kuitenkin spekulatiiviseksi (.s)

u Jos spekulointi aiheuttaa poikkeuksen, sen kasittely

viivastetaan (NaT bitti)

§  On mahdollistam etta kyseista poikkeusta ei pitanyt tapahtua!

u Lisda alkuperaiseen kohtaan chk-kéasky (chk.s), joka tarkistaa
poikkeuksen ja kaynnistaa recovery-rutiinin

je L2
|d8 rl=[r5] E>
userl

|d8.s r1=[r5]

je L2

chk.s rl, recovery
userl

<— completer



source code and sees an

8). It removes the load,

1. The compiler scans the instruction loads the data

upcoming load (instruction needed. If the load would

Instruction 2 trigger an exception, the
inserts a speculative load CPU postpones reporting

2. At run time, this

— from memory before it is

here and a speculative - the exception.
| ntel kaIVOt 27'28 check immediately before Speculative e
the operation that will use Load |
the data (instruction 9). 5.In eﬂ‘ect, IA-64
- has hoisted the load 1
Instruction 3 above the branch. I
(branch)

v

Instruction 4
(P1)

Instruction 5
(P1)

Instruction 6
(P1)

(Sta06 Fig 15.3b)

v

3. The compiler
replaced this load with
the speculative load
above, so instruction 8

does not actually

appear in the program. Instruction §
(load data) |§ ~
Speculative

4. This instruction —W| check (P2)

checks the validity of

the data. If it 1s OK,

the CPU does not

report an exception. rrsitera e o

(P2)



Intel kalvot 29-30

Nosta load-kéasky aiemmaksi koodissa

store-kdskyn etupuolelle
u Merkitse se ennakkolataamiseksi (.a eli advanced load)
u Lisaa alkuperaiseen paikkaan tarkistus (.c)

ALAT eli Advanced Load Address Table (laitteistoa) pitaa
kirjaa loadissa kaytetyista osoitteista

u Kukin load vie kohdeosoitteen ALAT-tauluun
u Kukin store poistaa kohteen ALAT-taulusta
u Tarkistus (.c): Jos kohde ei taulussa, lataa uudelleen

jeL1
st8([r3] =rl13 E>
|d8 r1=[r5]

|d8.a r1=[r5]
jeL1

st8[r3] =r13
|d8.c r1=]r5]

Alias-ongelma:
r3 ja r5 voivat osoittaa
samaan paikkaan

Intel kalvo 31




Why called sofware pipeline?

Sofware pipelining

Laitteistotuki silmukan purkamiseksi s.e. voidaan
suorittaa useita iteraatioita samanaikaisesti

Rinnakkaisuus syntyy suorittamalla
eri iteraatiokierroksiin kuuluvia toimintoja yhtaaikaa
Kukin iteraatiokierros kayttaa eri rekistereita
u Automaattinen rekistereiden uudelleennimeaminen
Alku (prolog) ja loppu (epilog) erikoistapauksina
rotatoivan predikaattirekisterin avulla
Silmukan hyppykasky korvattu erityiskaskylla,
joka kontrolloi ohjelmoidun liukuhihnan kayttoa
u Rotatol rekisterit, vahentaa silmukkalaskuria




mov ic=5

st4 [r6] =r7,4
br.cloopL1;;

| for I=5toldoy[i] =x[i] +cC

L1:1d4 r4=][r5]4;;

add r7=r4r9; . vahan kaskytason rinnakkaisuutta, pieni koodi

Enemman rinnakkaisuutta suorituksessa!
Operoi eri iteraation rekistereilla samanaikaisesti

|d4 r32=1[r5],4;;
|d4 r33=[r5],4;;
Id4 r34=[r5], 4

addr36=r32,r9:;

I/ cycleO
/Il cyclel
Il cycle 2
/[ cycle 2

Id4 r35=[r5], 4
addr37=r33,r9
st4 [r6] =136,4 ;;

Il cycle3
Il cycle 3
/Il cycle 3

[d4 r36=[r5], 4

addr38=r34,r9
st4 [r6] =r37,4 ;;
addr39=r35,r9
st4 [r6] =138, 4 ;;
addr40=r36,r9
st4 [r6] =139, 4 ;;
st4 [r6] =140, 4 ;;

Tcycle4
Il cycle4
Il cycle 4
Il cycle5
Il cycle5
Il cycle 6
Il cycle 6
Il cycle7

Cycle 0

Cycle 1

Cycle 2

Cycle 3

Cycle 4

Cycle 5

Cycle 6

Cycle 7

Intel kalvo 25

(Sta06 Fig 15.6)



mov lc = 199 // set loop count register _
mov ec = 4 I/ set epilog count register Koodi
mov pr.rot = 1<<16;; [lpri6=1rest=0
L1 (p16)1d5r32=[r5],4 /l cycleO (Sta06 Table 15.4)
(pl7) --- /[ empty stage
(p18) add r35=r34,r9 /l cycleO
(p19) st4 [r6] =136, 4 /l cycleO
br.ctopL1;; /l cycleO Koodi s.555
I
S Execution UnitInstruction State hefore br.ctop
] M I M B plé pl7 pls plo LC EC
0 o> 1d4 br.etop 1 0 Q 0 199 4
1 % 144 br.ctop 1 1 0 0 198 4
2 3 1d4 add br.ctop 1 1 1 0 197 4
3 144 add std br.ctop 1 1 1 1 196 4
100 144 add std br.ctop 1 1 | 1 o9 4
199 144 add std br.ctop 1 1 1 1 0 4
200 = add st4 br.ctop 0 1 1 1 0 3
201 ’—c_z add st br.ctop 0 0 | 1 0 2
2020 © std br ctop 0 0 1 0 1
0 0 0 0 0
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|A-64 Rekisterit




General registers

0

(Sta06 Fig 15.7)

Floating-point ist
Dg 1mg poin reglf} ers Predicales

fr0 +0.0 pr0

1 +1.0 pri

fr2 pre, |
1"

pris
pri6

Processor identifiers
63 0

cpuid0
cpuidl

cpuid,, |

Branch registers Application registers

63

0

br0 ar0 |

KRO |

bri

ar7 |

KR7 |

arlg

R5C

arl7

BSP

arl8

BSPSTORE

arlg

RNAT

Instruction pointer ~ ar21 |

FCR

63 0

| P ] ar24

EFLAG

ar2h

CsD

ar?6

55D

ar2?

CFLG

Current frame marker

a7 0 ar28

FSH

CEM .

FIR

ar30

User mask

FDR

5 0 ar32 |

CCV

i

UNAT

Performance monitor ard0|

FPSH

data registers ard4 |

ITC

63 0

artd

PFS

argh

LC

arcb

EC

ar127 |




Sta06 Fig 15.7

» Yleisrekisterit (128), FP-rekisterit (128), Predik.rekisterit (64)
u Osa staattisia, osa rotatoivia (laitteisto uudelleennimead)
u Osaa yleisrekistereista kaytetaan pinona
» Hyppyrekisterit, 8 kpl
u Kohdeosoite voi olla rekisterissa (siis epasuora hyppy!)
u Aliohjelman paluuosoite tavallisesti rekisteriin brO
u Jos uusi kutsu, brO:n talteen rekisteripinoon
» Instruction pointer
u Nipun osoite, ei yksittaisen kaskyn
»n User mask
u Lipukkeet poikkeuksia ja monitorointia varten
» Performance monitor data registers
u Tletoa laitteiston kayttaytymisesta

u Esim. Hyppyennustuksista, rekisteripinon kaytdsta, muistin
odotusajoista, ..




Intel kalvot 15-17

» r0..r31 globaaleille muuttujille

n r32..r127 (96 kpl) aliohjelmakutsuille

» Kutsu varaa pinosta rekisteri-ikkunallisen (frame)
u parametrit (inputs/outputs) + paikalliset mjat (locals)
u Koko dynaamisesti maariteltavissa (alloc-kasky)

» Kutsun jalkeen rekisterit uudelleennimetty
u Aliohjelman ndkemat parametrit alkavat aina r32:sta

~ Allokointi renkaana

u Jos pino tayttyy, laitteisto tallettaa vanhoja ikkunoita
muistiin (= pinoon, backing store)
§ Sijainti rekistereissa BSP, BSPSTORE




Intel kalvo 17
» Allokointi ja palautus kayttaa kahta rekisteria

»n CFM, Current Frame Marker

u Rekisteripinosta kutsun yhteydessa varatun alueen koko
§ sof=size of frame, sol=size of locals,
sor=size of rotation portion (SW pipeline)
u GR/FP/PR-rekistereiden rotatointitietoa
§ rrb=register rename base

~ PFS, Previous Function State

u CFM:n edellinen sisalto tanne, vanha PFS jonnekin
toiseen rekisteriin (alloc vol maarata minne)

6 7 7 - 7 7
CFM b pr b fr rrb.gr 50T s0l sof

pfm
14 38

(Sta06 Fig 15.9)



Intel kalvo 17

Instruction Execution Stacked General Frame Markers
Registers CFM PFS(pfm)

sol sof sol sof
N o T BEloE

<« 50f, =21 —p

=14
call «— sol, —>

Y

Callee's frame (procB) -

after call
|

alloc

l Dutput Bz

Caller's frame (procB)

'"‘f““l""”““ ——sofy, = 19—

€ s0ly; = 16—
return

l

N B =

after return

(Sta06 Fig 15.8)




= Sovelluksen rekisterit

Sta06 Fig 15.7

Kermmel registers (KR0-7)

Convey information from the operating svstem to the
application.

Register stack configuration (R5C)

Controls the operation of the register stack engine(RSE)

RSE Backing store pointer (BSP)

Holds the address in memory that 15 the save location
for 132 in the current stack frame.

RSE Backing store pointer to memory
stores (BSPSTORE)

Holds the address in memory to which the RSE will
spill the next value.

RSE NaT collection register (RINAT)

Used by the RSE to temporarily hold NaT bits when it
1s spilling general registers.

Compare and exchange value (CCV)

Contains the compare value used as the third source
operand in the cmpxchg mstruction.

User NaT collection register (UNAT)

Used to temporarily hold NaT bits when saving and
restoring general registers with the 1d8.till and st8.spill
1NSHICHons.

Floating-pomt status register (FPSR)

Controls traps, rounding mode, precision control,
flags, and other control bits for floating-point
nstuchons.

Interval time counter (ITC)

Counts up at a fixed relationship to the processor clock
frequency.

Previous function state (PES)

Saves value in CEM register and related information.

Loop count (LC) Used in counted loops and is decremented by counted-
loop-type branches.
Epilog count (EC) Used for counting the final (epilog) state in modulo-

scheduled loops.

(Sta06 Table 15.5)
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Itanium 2




ITAMIUM

~n Toteutettu IA-64 arkkitehtuuri, 2002

» Yksinkertaisempi kuin perint. Superskalaari CPU
u El resurssien “varausasemia”
u El uudelleenjarjestelypuskureita (ROB)
u El suuria maaria uudelleennimeamisrekistereita
u El logiikkapiireja riippuvuuksien selvittelyyn
u Kaantaja ratkonut riippuvuudet eksplisiittisesti
» Suuri osoiteavaruus
u Pienin yksikko: 1, 2, 4, 8, 10, 16 tavua
u Suositus: kohdenna luonnollisille rajoille
Tukee seka Big-endian etta Little-endian muotoja




» Levea ja nopea vayla: 128b, 6.4 Gbps

» Paranneltu valimuistihierarkia
u L1: erilliset 16KB + 16KB, joukkoass. (4-way), 64B rivit
u L2: yhdistetty 256KB, joukkoass. (8-way), 128B rivit
u L3: yhdistetty, 3MB, joukkoass. (12-way), 64B rivit

u Kaikki on-chip, pienemmat latenssit

»~ TLB hierarkia
u I-TLB L1: 32 alkiota, assosiatiivinen
L2: 128 alkiota, assosiatiivinen
u D-TLB L1: 32 alkiota, assosiatiivinen
L2: 128 alkiota, assosiatiivinen




» Muistihierarkia nakyy myos sovellukselle

= mahdollisuus antaa vihjeita

u Noutojarjestys: varmista, etta aiemmat operaatiot
valmiita

u Paikallisuus: nouda paljon/vahan lohkoja valimuistiin
u Ennaltanouto: milloin siirtad lahemmas CPU:ta
u Tyhjennys: rivin invalidointi, kirjoituspolitiikka
» Implisiittinen kontrolli (poissulkeminen)
u Muistipaikan ja rekisterien sisaltojen vaihto
u Vakion lisddminen muistipaikkaan

» Mahdollisuus kerata suorituskykydataa
u Jotta voi antaa parempia vihjeita...




» 11 kaskyn suoritukseen valintaikkuna (issue ports)

» Max 6 kaskya suoritettavaksi per sykli
u In-order issue, out-of-order completion

» 8-vaiheinen liukuhihna
» Entista enemman suoritusyksikkoja (22 kpl)
u 6 general purpose ALU's (1 cycle)
u 6 multimedia units (2 cycles)
u 3 FPU's (4 cycles)
u 3 branch units
u 4 data cache memory ports (L1: 1/2 cycle load)

» Paranneltu hyppyjen ennustuslogiikka
u My0s sovellus voi antaa vihjeita




(Sta06 Fig 15.10)

16-kbyte

L1 instruction cache and ITLE

- feteh/prefetch engine
Branch instruction quene 14-32
prediction decode
(8 bundles) and
Y control

¥

T e ey T

- % Register stack engine/re-mapping
E E L
”y 3 9 h
; 2 z Branch and 128 128 floating-point
2 = = predicate registers integer registers registers
= i E"‘ ) [} [ [y
s :'{i :b-é y y ¥ r
o
e Branch Integer
Jg units and MMU 16-kbyte .
= units dual-port (ALAT| || Floating-
E L1 data point
< cache units
:
=
:
¥ o
W
A L
Y r
Bus controller




Itanium 2 Pipeline

(Sta06 Fig 15.11)

Branch prediction [+
L Next
A . —
IP-re.lat.we address LII L11 +—] instruction- IA-32
prediction > "1 instruction streaming > -E _
" ) cache == buffer i LI IPG
= e A e e e e e e e e e e e e e e -__l. _______ L M == == TIB —— -
. Instruction buffer:
IP-rel dd
and r::ui::i:t:ck ;E“S;H « 8 bundles (24 instructions) ROT
-] | e e e e e e e e o em mm e m mm mm e e Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em o Em o s mm o Em Em Em Em Em Em Em Em Em Em o o Em R
Pattern Instruction decode and dispersal
history Mim|MmMm|{I|1| [F|F| |B|B|B EXP
SR e 5 Sy oy B
Register » Integer FP
stack engine + Fenamer renamer REN
....................................... 19559 e e A O
Scoreboard and . Integer ; -
hazard detection [ register file > “gﬁ]fter E REG
£ =l
=== S———— ‘F'l"l"l"l"l"l":l'*'*“ 7| 2 7T
LoD ALAT | [L1D cache| [ Infeger :I_/ \\_/ Branch i!‘_ FP:]
TLB | |32 entries| — ALU(6) Integer Z | EXE
-- 44—t - - 11111111 N SRR - L - L - —_
L2 1 mﬁl}'“ & FP2
tags z DET
"4 """" = = = Hardware~ """ """ 1 e ey SR - e ==
page £ FP3
L3 walker g WRE
4 12 H ecache | |- I I S gy S
cache fmd
system FP4
interface

Front
1 end

Back
end

Tietokoneen rakenne / 2006 / Teemu Kerola

5.10.2006

Luento 11 - 32



Building Out the ltanium™ Architecture

ltanium™ Processor ltanium 2

—— 2_1_55...5 = & 4 GBle o S}EI::ncrI:as:I o
§4 bits wide System bus 128 bits wide ystem bus bandwi

4MB L3 on board, 96k L2, 32k Lon <ie | | 3 MB L3, 256k L2, 32k L1 all on-die sldiln el

Pipeline ﬁ
WWE 5 | au Ports “guw ¢ Q- Additional

Issue ports
228 on-board Registers 328 on-board Registers

o O O

v 9 -
nteger, 2FP, 2 Load 6 Integer, 2 Load & Additional
3 Branch 2 SIMD or 2 Store 3 Branch 2 Store Exe cution units

1 GHz Increased
Core frequency

§ Instructions  Cycle I § Instructions / Cycle

itanium 2 delivers performance through:

i Estimating Kanium 2 performance
: 3 = 1.5-2%
¥  Micro-architecture enhancements

anium Processor

...and compatible with Itanium™ processor software

® Altrademans and brands arethe 5
property oftheir respective olners =




Current State (2006)

* Intel hyper-thread and multi-core

 STI multi-core




HT - Hyper-threading
2 logical processors in one physical prosessor
OS sees it as symmetric 2-processor system
Use wait cycles to run the other thread

u memory accesses (cache miss)

u dependencies, branch miss-predictions
Utilize usually idle int-unit, when float unit in use

3.06 GHz + 24%(?)
u GHz numbers alone are not so important
20 stage pipeline
Dual-core hyper-thread processor
u Dual-core Itanium-2 with Hyper-threading

Click for demos




‘*k Intel Multi-Core Core-Architecture

u No more hyper-threading

u Private L1 cache
u Private or shared L2 cache?

Intel Core 2 Duo E6700

u 128-bit data path

u Private 32 KB L1 data cache

u Private 32 KB L1 instr. Cache
(for micro-ops)

u Shared/private
4 MB L2 data cache

Click 1 or for

u Simpler structure, less power £

2 or more (> 100?) complete C“e Ch'p

=TT

for TorresarticlespmiPawlowski article
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STI Cell Broadband Engine




| sxu|| sxu|| sxu|| sxu|| sxu|| sxu|[ sxu||[ sxu]

[DMa|[DMA] [DMA] [DMA|[DMA] [DMA| [ DMA] || DMA]

IH by te bty ty i

On-chip coherent bus (up to 96 bytes per cyele) J

» Sony-Toshiba-IBM (STI)
u James Kahle, 1BM =
»~ 1 PowerPC PPE —
u Power Processing Element
u 32 KB L1 data and instr. caches
u 256KB L2 cache
u MMU with virtual memory
u 2 hyper-threads
u "normal programs”
n 8SPE’s
u Synergistic Processor Elements
u 256KB local data/instr memory

u Receive code/data packets from
off-chip main memory

3
i ¥

http://resear chweb.watson. |bm com/ ournal/rd/494/kah|e html
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»~Programming Models for SPE use St o i |
u Function offload Model ﬂw
¢ Run some functions at SPE'’s T

u Device Extension Model
§ SPE as front-end for some device
u Computational Acceleration Model
§ SPE’s do most of computation
u Streaming Models
§ Data flow from SPE to SPE
u  Shared-mem multiprocessor Model
§ Local store as cache
§ Cache coherent shared memory
u Asymmetric Thread Runtime Model

Click for Kahleet al article http://r esear chweb.watson. |bm com/j ournal/rd/494/kah|e html
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n o Sony

n

u Playstation 3 (4 cells)
IBM click

u Roadrunner supercomputer
(2006-2008)
§ $110M, 1100 m?2, Linux
§ Peak 1.6 petaflops (1.6 * 101> flops)
e Sustained 1 petaflops

§ Over 16000 AMD Opterons for
file ops and communication (e.g.)

e Normal servers

s Over 16000 Cells for number
crunching

e Blade centers

BIueGe/ 131072 p5 pro
225 m?




~ Toshiba

ua All TV'sin 20067?
s 1 cell, 2006?

n  Mercury Computer Systems
u Cell accelerator board (CAB) for PC's
u 180 GFlops boost, Linux

~n Blade servers
u Mercury CTES

§ Cell Technology Evaluation System
§ 1-2 Dual-Cell Blades, Linux

u IBM Blade Server
s 7 boards, 2 Cells each
§ 2.8 TFlops, Linux

IBM Blade v prototype w/ 2 cells (25)



EPIC?

Miksi kaskynipun yhteydessa on template?
Mita tarkoitetaan predikoinnilla?

Kuinka se toimii?

Mita tarkoittaa kontrollispekulointi?

Enta dataspekulointi?
Miten rekistereita kaytetaan aliohjelmakutsuissa?
Mika ero hyper-threadeilld ja multi-corella?




