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(Teorie v praxi..)

Ceské vysoké udeni technické, Fakulta elektrotechnicka
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Intel Nehalem

Nehalem Chip
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DDR3 DRAM: 3 channels
1.333GHz: 8 B / channel : o
31.992 GB/s agoreoate Intele QPI point-to-point link
= 908 GB/s / cor 6.4 GT/s: full-duplex:
TeE 12.8GiB/s - 12.8GiB/s

e core/un-core

 UIU: Un-Core Interface Unit (switch connecting the 4 cores to the 4 L3 cache segments,
the IMC and QPI ports),

 IMC: 1 integrated memory controller with 3 DDR3 memory channels,

* QPI: 2 Quick-Path Interconnect ports

» dodate¢neé obvody pro zajiSténi koherence cache, fizeni spotfeby, monitorovani vykonu
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Pamatujete si?
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Nehalem Core Pipeline
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Nehalem Core Pipeline

e 14-stage core pipeline - 8

* Front-End Pipeline (FEP)

- preklad makroinstrukci
na mikroinstrukce

« Execution Engine (EE)
- dynamické rozvrhovani
a dispeCovani mikroinstrukci

e Retirement Unit (RU) RN S

- stav procesoru je aktualizovan
v puvodnim poradi

Instruction Fetch and
Pre Decode

Instruction Queue || e
22 ‘oIS
\_ 2n | evel TLB
- i
ena e -

Retirement Unit
(ReOrder Buffer)

Scheduler
Reservation Stations
L)

Front-End
In-Order
A

L3 and beyond

16 clock cycles

A

Execution Engine
Out-of-Order

 TLB (Translation Lookaside Buffer) - podpora piekladu
virtualnich adres na fyzické; obsahuje zaznamy ze strankovacich
tabulek. A co prepinani kontextu?? ASN (Address Space Number),
(PGE flag)
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Front-End Pipeline (FEP)

Intel64 CISC L1 Instruction Cache
macro-instructions 32kiB, 4-way ITLB
el pits 4-way 2" Level TLB
per 128 Entry Sy
Instruction Fetch 512 Entry
Unit (IFU)

L1+ A

A A
ey Instruction Length Branch Prediction 2560
instructions g 2

-.g: per cycle Decoder (ILD) Unit (BPU)
o
98 i
510 : n:acr;: Instruction Queue
=5 instructions ' :
é: = her eVl (1Q) 18 Entries 256kiB
218 max 2™ | evel Cache
gl Instruction Decoders 8-way
§| 3 simple + 1 complex MS ROM for

i complex instructions

: 4 micro

i instructions complex instructions

| 4 H-ops or more

| per cycle

|

. max . - :

Y Instruction Decoder Queue (IDQ) |_._‘?,T remote

Nehalem RISC loop stream detector

micro-operations mem, etc.

micro-fusion, macro-fusion
28 p-op buffer

4 micro-ops issued
“per cycle (max)
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Front-End Pipeline (FEP) — nékolik poznamek

vdechny IDU (Instruction Decoding ~ *= I A mmy —
Unit) podporuiji ¢asté pripady | =
instrukéniho toku (mikro-fusion, g o R 5 :
macro-fusion, stack pointer tracking) mscn o

LSD (Loop Stream Detection) I

redukuje také ztraty z davodu E e T
nezarovnanych instrukef, LCP R EEE e ¥

micro-fusion, macro-fusion
28 p-op buffer

(Length Changing Prefixes) pokuty, — ===
spotfebu energie

Mikro-fusion seskupuje nékolik mikroinstrukci téze instrukce do jedné
komplexni mikroinstrukce

Macro-fusion seskupuje sousedici makroinstrukce do jedné
mikroinstrukce (logicky test + podminény skok)

4 micro-ops Issued
I'l" per cycle (max)
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Execution Engine (EE)

Nehalem RISC
micro-operations
|
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Al ® Gl Memory Order-Buffer FP Shuffle
2 integer
i S5E Integer ALL SSE Integer (MOB) 55E integer ALU
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Execution Engine (EE) — nékolik poznamek

« MOB (Memory Order Buffer) podporuje | —_— |g|
spekulativni ¢teni (a mimo e
pofadi) a zapis a zabezpecuje, ze zapis -
do paméti se vykona v spravném
pofadi a se spravnymi daty

* PFfejmenovani registru |
* Bypass network — forwarding =

e Execution Units — 6 operaci (3 pamétove, 3 arltmetlckelloglcke) za
jeden cyklus:

 Port O podporuje: Integer ALU and Shift Units, Integer SIMD ALU and SIMD shuffle,
Single precision FP MUL, double precision FP MUL, FP MUL (x87), FP/SIMD/SSE2
Move and Logic and FP Shuffle, DIV/ISQRT

 Port1 podporuje: Integer ALU, integer LEA and integer MUL, Integer SIMD MUL,
integer SIMD shift, PSAD and string compare, and FP ADD

 Port 2 Integer loads, Port 3 Store address, Port 4 Store data

 Port5 podporuje: Integer ALU and Shift Units, jump, Integer SIMD ALU and SIMD
shufflee, FP/SIMD/SSE2 Move and Logic

o
=}

2 2

] -

N w

' i
LEA Address
ToEsE | =
SSE integer ALU

(MOB)

__outof-order dispatch __ _
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Execution Engine (EE) — nékolik poznamek

1 128 bit XMM data register = 1 128 bit XMM data register =
2 packed DF FP guantities 4 packed SF FF quantities
JE b.¢ X, 2 X 4
I I Iy 3 I I
= ¢ ! 2 vy vy vy
- Y Y Y — L Y Y
< FPY CFPY < FPY FRY fﬁ“\ / EP“‘\
g \ep/ N g o/ o/ o/ o/
> | T v
2 64-bit Double-Precision 4 32-bit Single-Frecision
SIMD FF operations SIMD FF operations
with XMM data registers with XMM data registers
2 DF FP ops / cycle / port 4 SP FP ops / cycle [ port

11.2 Giga FLOPs/sec/core = 2.8GHz x 4FLOPs/Hz
44.8 Giga FLOPs/sec/socket = 11.2Giga FLOPs/sec/core x 4cores
89.6 Giga FLOPs/sec/node = 44.8Giga FLOPs/sec/socket x 2sockets,
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quadruple azociative Insniction Cache 32 KByie,

Ui
128-eniry TLB-4K, T TLE-2/4M per thread corE
| e I - —
4 Cuick Path =
Branch Imier-
Prefetch Buffer {16 B
E LT Prediction connect | |
1 hlobalibimodal R
Predecode & loop, indirect == J;st:IEh
Insruction Length Decoder |~ | jmp B4GTE
111111 | =
Insnsction Queus
18 xB6 Instructions T
Alignment [:nnimruller - =
MacroOp Fuson 3 wEd Bt
l l l I 1,33 GT/s
Complex Simge Simple Simple
Diecoder Decoder Diecodsr Diecodsr
il 1 1 1 2o
Loop Li L3-Cache
Stream | Decoded Insiniction Queue (28 pOP entriesila | picro & MByte
der l- l- -'- -'— Ingnuction
MicroOp Fusion | Sequencer 'I‘
e 1 1 1 1
Rgéf;':ﬂ"l 2 x Register &llocation Taule (RAT)
ister
Fle B Fecrder Buffer (122-entry) fusec
]
Reservation Station (128-entry) fused | Znay.
Pert2 Part5 Port 1 B4 Byte
' Cacheling,
private
L2-Cache
512.entry
L2-TLE-4K
Result Bus
255

octuple asocialive Data Cache 32 KByte,
Gd-entry TLE-4K, 32-eniry TLB-2/4M

Vidite podobnost?

+ [ Fetch |

<y

] Instruction/

decode buffer
| Decodel
? Dispatch buffer

[ Dispatch |
VIR

In_arder

‘l’ \l’ IReservation

\ 4
4
1 station
O |SSU€\ v VoV v
O L | L |
(@
«w Execute
(@
4
= \ v
O Finish Reorder /
y ] C i
'y ompletion
N buffer
3 4
g |Complete |
-
g | Store
= buffer
v

| Réfire |

http://en.wikipedia.org/wiki/Nehalem_%?28microarchitecture%29



Organizace paméti

4 cycles latency

g Front-End ;30 B 11 insiruction Cache, 32ki5 [l

Instruction : 44 8 GiB/s A-way associative | oA At
Pipeline o Integrated
instr LBy 4-way  InstrTLB, 1 Memary

AKI0 pages iarge pages
64 entries / | | 7 entriesl twesd Controller

128/core fully-sssociative

Out-of-Order
Execution
Engine

2= Level UTLB,

4—w“:fl-anm:'ﬂtiue LaL At e | 13 Cache, 8MiB
512 Entry B-way associafive .

: 16-way associafive
G4B ""i‘ﬁ“"d":"ze I 648 biock size
e Shared

| Memory Order-Buffer (MOB) ,
py Lt TLBy, 4way

48 load buffers ]
32 store buffers 4KiB pages I
B4 i e 25840+ cycles latency

| 10 fil buffers
| DataTLE, | !

huge pages :
37 eniries 156 SIS

Corei .
Core Domain Un-Core Domain

N . lﬁ'B+16B-Hz____ﬂ ‘its
Y2544 8444 8 GiBJs
L1 Data Cache 32kiB, i
8-way set asspciative

648 block size

4 cycles latency
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Organizace paméti — nékolik poznamek

* Velkost bloku: 64B
» procesor vzdy Cte fadek cache ze

Qut-of-Order

systémové paméti zarovnan na 64B S
(6 LSb adresy jsou nuly) a nepodporuje  Fl&] *
castecne plnéne radky == Tl

e L1-Harvard.V SMT sdilend obéma
vlakny, Instrukéni — 4-way, Datova 8-way.
e L2 — unifikovana, 8-way, neinkluzivni, WB

* L3 - unifikovana, 16-way, inkluzivni (fadek obsazen bud v L1 nebo L2
se nachaziv L3), WB

e Store Buffers — do¢asné uchovavaji data pro kazdy zapis. Netfeba
Cekat na zapis do cache ¢i paméti. Zajistuji, ze zapisy jsou ve spravnem
porfadi a také kdyz je potfeba:

- vyjimka, pferuseni, instrukce serializace, lock,..

Core Domain < Un-Core Domain .
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L3 — sdilena cache pro vSechny jadra

L corel ERE core3 ERE core3d =RF cored ==F
g IL1 DL1 | B DL1 || IL1 DI e T DL1
L2 L2 | L2 L2
2 non-inclusive | - non-inclusive | non-inclusive |\ | non-inclusive | |
Ry X A y )
4 , . . .
22 o\ 4 . QPITy
gF 16716 bytes Global Queue (16116 bytes RN
¢ . > 96 entries Nehalem
= Y ¥ socket
S v32+-32bytes L2
I *1—‘5
s | IMC L3 QP [T s
8 MiB. inclusive : =
T QPi2
L | w . .
Intele QPI point-to-point link to IOH
DRAM A T Bl ey
3 DDR3 channels g e
| 333G T/ S B/ ol I 12.8GiB/s +~ 12.8GiB/s
4 Ixl/s] {oelanne per l.L'l.]k

31.992 GB/s aggregate
7.998 GB/s / core

A4M36PAP Pokro €ilé architektury po €itact




Global Queue

« Cache line requests from the on-chip four cores, from a remote chip
or the I/O hub are handled by the Global Queue (GQ) which resides
in the Uncore. The GQ buffers, schedules and manages the flow of
data traffic through the uncore.

o Write Queue (WQ): is a 16-entry queue for store (write) memory
access operations from the local cores.

 Load Queue (LQ): is a 32-entry queue for load (read) memory
requests by the local cores.

 QPI Queue (QQ): is a 12-entry queue for o-chip requests delivered by
the QPI links.
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Dva procesory

~105 nanoseconds
latency

L1|pL1 it

IL1{PL i

B
IL1pL| |l
12 i 2 fil e [d 2 o2 Bl 2 B o2 [ L

fi_*m*mi; g
Global Queue I_,.. Global Queue

? | —y |
IMC L3 QrPi | QPI L3 IMC| & |
§ MiB. inclusive QP 8 MiB. inclusive

to other
MNehalem
socket

aPi2 l l QP2

to 10H to IOH

L1pL1 L1

i |

2 s E LE
L1pL

IL1 DL1§§ IL1pL1

Core
_Core_

EEEY
-
*_

" UnCore™

~65 nano-seconds

Un-Core » °

DRAM DRAM

/2 Hub

- o
B[

Nehalem-EP 4 GiB/s + 4 GiB/s
8-way cc-NUMA per IB link
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Dva procesory — pristup do lokalni RAM

~105 nanoseconds
latency

TR E TR

||L1pu| |IL1"3L1| ||L1pL1| ||L1\pu| |IL1":)LI| |IL1"3L| |IL1"Z)LI| |IL1"3L1|
% |L2||L2||L2||L2| |L2||L2||L2||L2|:
glg Aoy oy A - /
w0 | v
¥ g G _ : 3
1 8 MiB. mnclusive QP 1 8 MiB. inclusive ]
e to other . oo SR W L O
Nehalem
socket
QP2 N' ¢| QP2
to I0H to IOH
/O Hub -
m— -3 —
Nehalem-EP EiB..-"s + 4 GiB/s
8-way cc-NUMA per IB link

MESIF protokol

L3 cache — 4 bity

1. Procesor 0 zada cache line, ktera se nenachazi v L1, L2 ani v L3

- Procesor 0 zada data, ktera jsou v jeho DRAM,
- Procesor 0 slidi jestli data neposkytl Procesor 1

2. Reakce

- lokalni DRAM vréti data,
- Procesor 1 vrati odezvu,
- Procesor 0 napini cache
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Dva procesory — pristup do vzdalené RAM

~105 nanoseconds
latency

EGECEE)

||L1pu| |IL1"3L1| ||L1pL1| ||L|\pu| |IL1"DL i| |IL1"3L | |IL1"3LI| |ILI"3L1|
f el le]l=] Lellelluallel
. g ke 3 /
gl G —
'hois L3 : : L3
1 8 MiB. mnclusive p QP 1 8 MiB. inclusive ]
. to other . rrrermrrrerrer e OO W [ L
Nehalem
socket
QP12 | J' L [ arp
to IOH to IOH
IO Hub -
m— -3 —
Nehalem-EP EiB;"s + 4 GiBJs
8-way cc-NUMA per IB link

MESIF protokol

L3 cache — 4 bity

L3 Shared
L3 Modified

1. Procesor 0 zada cache line, ktera neni v jeho L1, L2 ani L3 cache

2. Pozadavek se posila pres QPI Procesoru 1
3. Procesor 1 reaguje (IMC generuje pozadavek do DRAM, Procesor 1 zkousi jeho

cache)
4. Odezva

- Data se vrati do Procesoru 0 pres QPI
- Procesor 0 napini cache a nastavi Shared nebo Exclusive
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AMD vs. Intel

Shanghai Shanghai Nehalem-EP MNehalem-EP

Core 0§ Core 1§ Core 2 §j Core 3 E E Core 2§ Core 3 E E

AMD Intel
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