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(Teorie v praxi..)

Ceské vysoké udeni technické, Fakulta elektrotechnicka
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Intel Nehalem

Nehalem Chip ’
c
0 0
DRAM R R

E =
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L3 Cache

8 MB L3
Gache

> “Un-core” I8 of

DDR3 DRAM: 3 channels
1.333GHz: 8 B/ channel i o
31.992 GB/s agerecate Intels QPI point-to-point link
7.998 GR/: ff : 6.4 GT."'IS; fllll-dllpl_E‘X'.
>lcore 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

14-stage core pipeline

Front-End Pipeline (FEP)

- preklad makroinstrukci
na mikroinstrukce

Execution Engine (EE)
- dynamické rozvrhovani
a dispecovani mikroinstrukci

Retirement Unit (RU)

- stav procesoru je aktualizovan
v pavodnim poradi

16 clock cycles

Front-End
In-Order
AL

Execution Engine
Out-of-Order
A

Instruction Fetch and
Pre Decode

Instruction Queue

Retirement Unit
(ReOrder Buffer)

Scheduler
Reservation Stations
- U

Execution Units

L3 and beyond

256kiB
2™ |Level Cache
B-way

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
4-way 27 | evel TLB
per 128 Entry 4-way
Instruction Fetch 512 Entry
Unit (IFU)

i

_E BIREES Instruction Length Branch Prediction 256 by
instructions : _ :
g: per cycle Decoder (ILD) Unit (BPU)
o
9 § Tax
5:6 > n:a-::l::- Instruction Queue
=5 instructions . .
é: = Bér Py (IQ) 18 Entries 256kiB
212 max 2 | evel Cache
gl_ Instruction Decoders 8-way
E| 3 simple + 1 complex MS ROM for
i complex instructions|
: 4 micro
i instructions CDATI p|_%x éﬂg}rign%i[gns
| per cycle g
| max
\J Instruction Decoder Queue (IDQ) L3, remote
Nehalem RISC loop stream detector

micro-operations mem, efc.

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 ™~ 00T

Unit) podporuji asté pFipady "

instrukéniho toku (mikro-fusion, g e

macro-fusion, stack pointer tracking) scion e w

LSD (Loop Stream Detection) [

redukuje také ztraty z davodu 1 e |

nezarovnanych instrukci, LCP ! S e 01 L
a'e:“ ths_c loop stream detector —_—

micro-fusion, macro-fusion

(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)

28 p-op buffer

4 micro-ops issued
" per cycle (max)
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Execution Engine (EE)

Nehalem RISC
micro-operations
I E
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1 E o\t
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Nehalem RISC
micro-operations

1168 : 1168
z 1 sore
e 32 kiB L1 o

Data Cache
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Execution Engine (EE) — nékolik poznamek

Nehalem RISC

« MOB (Memory Order Buffer) podporuje ="

4 \té i

1Reg Fle WB |Register Alias Table and At\ocatorl
leycle / port

=}
&
=

spekulativni &teni (a mimo

pofadi) a zapis a zabezpecuje, ze zapis -
do paméti se vykona v spravném
pofadi a se spravnymi daty

o
=1

(ROB) 128 entries

Reorder-Buffer

3 o

o o

8 =

I n w

Integer ALU & Store
Shift LEA Address

I

ra
Memory Order-Buffer FP Shuffle
'SSE Integer ALU

(MOB)

* Prejmenovani registru
* Bypass network — forwarding

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

jeden cyklus:

e 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
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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 DP 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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http://en.wikipedia.org/wiki/Nehalem_%?28microarchitecture%29
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Front-End & ; 16B /Hz |
Instruction m
Pipeline v

Insir TLEg 4-way
4KiB pages

Instr TLB,
large pages

128/comre fully-associative

Out-of-Order
Execution
Engine 2 | evel UTLB,
4KiB pages
4-way-associative
512 Entry

| Memory Order-Buffer (MOB)
| 48 load buffers

i 32 store buffers

10 fill buffers

ry Data TLBg, 4-way
4KiB pages
64 entries
Data TLB,

huge pages
32 entries

4-way-associative

s 16B+16BHz oqfbits®
4 E3+44 8B
L1 Data Cache 32kiB,
8-way set asspciative
648 block size

Corei
Core Domain

Pokro ¢€ilé architektury po

4c5.rcleskatenc1_.r i,
L1 Instruction Cache, 32kiB

64 enfries [ thread 7 entries/ thread

4-way associative

1y

Integrated
Memory
Controller

L2 Cache 256kiB

8-way associative

648 block size
unified

2 0+ cycles latency
—=t

256801

L3 Cache, BMiB
16-way associative
648 block size
Shared

@

Un-Core Domain



Organizace paméti — nékolik poznamek

W Front Frd

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

Out-of-Order

systémové paméti zarovnan na 64B ==
(6 LSb adresy jsou nuly) a nepodporuje i #
c¢astecné plnéné radky L

+ L1 - Harvard. V SMT sdilen& ob&ma

vlakny, Instrukcni — 4-way, Datova 8-way. |
« 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 — doCasné uchovavaji data pro kazdy zapis. Netfeba
Cekat na zapis do cache ¢i paméti. Zajistuji, ze zapisy jsou ve spravnéem
poradi 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

F7 corel =RE core3 ERE core3 ERE cored =RE
2| L1 || bL1 IL1 || DL1 | | IL1 | DL1 || IL1 || DL1
8
| L2 L2 L2 L2
P | non-inclusive 1 non-inclusive | non-inclusive non-inclusive
8\ AT A T L Y S ~— ——
Qi N\ 3 ¥ 1 ¥
dlg ' ' ' '
28 i i QPIT™,
EE ) 16+16 bytes Global Oucue <1616 bytes i sthey
¥ o > 96 entries Nehalem
= Y ¥ socket!
3 v32+32bytest -
i -« =
m | WS L3 Pl L5
8 MiB, inclusive ! -
W aP2
¥ 5 : i
Intele QPI point-to-point link to I0H
DRAV A Tl fulloles 2420 b
3 DDR3 channels 12.8GiB/s + 12.8GiB/s 1B
1.333GT/s: 8 B/ channel ) p - ink‘ -
31.992 GB/s aggregate
7.998 GB/s / core
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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.

 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

rLELE e (BB E .

IL1p | DL1 §|L1 1| {IL1jpL1 - iLtpL iwtpL) L1 p it

L2 || 2 || 2 || e el 2|l

Global Queue Global Queue E.:'f
Y[ Y [y ¥l 5

IMC £ QP [* »| QPI B IMC| 5

8 MiB_ inclusive QPRI ' 8 MiB_ inclusive i
to other rrerrerrerrerre e
Nehalem

socket

aPi2 l l QP2

to 1OH to IOH

-85 nano-seconds
Tatency

e

DRAM DRAM

/2 Hub

-« -
L w( Bl

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

i latency
||L1pL|| |IL1"3LI| ||L1pL1| ||L1\pu| |IL1"Z)LI| ||L1|pu| ||L1|bu| |IL1"Z)L1|
- L2 L2 L2 L2 L2 L2 L2 2 |
%lg ;_..|4*||+_t||irmllnl____ ___l**llullj_a”*Al_,_{ MESIF pl’OtOkOl
gl 9 Y = | Y
- QP [* ;
D 8 MiB_LiI:;’clusi\'e - E)Fggher | 8 1\IiB_Li1?;c1usi'\'e
socket -
L3 cache — 4 bity
DRAM
QP2 N' ¢| QP2
to IOH to IOH
/O Hub -
g S ' . Y
Nehalem-EP ziB..-’s + 4 GiB/s
8-way cc-NUMA per IB link

1. Procesor 0 zada cache line, ktera se nenachazi v L1, L2 aniv L3
- Procesor 0 zada data, ktera jsou v jeho DRAM,
- Procesor 0 slidi jestli data neposkytl Procesor 1
2. Reakce
- lokalni DRAM vrati data,
- Procesor 1 vrati odezvu,
- Procesor 0 naplni cache
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Dva procesory — pristup do vzdalené RAM

~105 nanoseconds

i latency
||L1pL|| |IL1"3LI| ||L1pL1| ||L1\pu| |IL1"Z)LI| ||L1|pu| ||L1|bu| |IL1"Z)L1|
- L2 L2 L2 L2 L2 L2 L2 2 |
%g }|4 ¥ ||$_i|| 'S All ..... *J .!* v ||&_1| Li_ﬁll K2 *lﬁ' h/lEEE;IF: F)r()t()L(C)I
gl 8 : | v
§ 5 3 QP! [ ; g3 i
e ooter A LEMBaare] T

L3 cache — 4 bity

v
Nehalem
socket
DRAM

QP2 N’ ¢| QpI2
to IOH to IOH
— L3 Shared
b S - D .
Nehalem-EP zin‘s 4GBk I—3 MOd |f|ed
8-way cc-NUMA per IB link

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 Nehalem-EP
Core 0§ Core 1§ Core 2 § Core 3 Core 4 Core 5§ Core 6 j Core 7 Core 2| Core 3 Core 6§ Core 7

AMD Intel

Zdroje:

1. Thomadakis, M.E., The Architecture of the Nehalem Processor and Nehalem-EP SMP
Platforms, Texas A&M University, 2011.

2. Nehalem (microarchitecture),
http://en.wikipedia.org/wiki/Nehalem_%28microarchitecture%29

3. Trent Rolf, Cache Organization and Memory Management of the Intel Nehalem
Computer Architecture, University of Utah Computer Engineering, Dec. 2009

4. Paul G. Howard, Next Generation Intel Microarchitecture Nehalem, Microway Inc., 2009

5. Intel QuickPath Interconnect, http://en.wikipedia.org/wiki/Intel _QuickPath_Interconnect

6. http://chip-architect.com/news/Nehalem_at 1st _glance_.jpg

A4M36PAP Pokro €ilé architektury po €itacu




