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Brief History
about Intel Processors

8086. Real Mode.

286. 1st generation, 16-bit Protected Mode added.

386. 2nd generation 32-bit Protected Mode + 1st generation Paging + SMM + VM86 Mode + 32-bit GP registers.
Pentium P55C. MMX/SIMD paradigm + MMX instruction and register sets added + Local APIC.

Pentium Pro. 2nd generaticn Paging (PAE-36) permits physical memory addressing above 4GB boundary.
Pentium lll. Expansion of SIMD paradigm. SSE instruction set + XMM register set added.

Pentium 4. Netburst microarchitecture + Hyper-Threading.

Core Solo/Duo. Virtualization Technology added.

Core 2 Solo/Duo. 3rd generation Paging + |A-32e Mode (64-bit register set + 64-bit addressing added).

Core i7 (first Nehalem-based product). Hyper-Threading back + up to 8 cores + Integrated DRAM controller + QPL

Note: Smaller, incremental evolutionary steps not included (e.g., SSE2, SSE3, SSSE3, SSE4.1, SSE4.2, etc.)




Nehalem System Example:

Two Nehalem Chips ("“Sockets”), each containing
Each chip has three four processors ("cores”) running at up to 2.93GHz
DRAM channels attached,

each 8 bytes wide at
1.066Gb/s (3"8.5GB/s).

Can have up to two
DIMMs on each channel
(up to 4GB/DIMM)

"QuickPath” point-point system
interconnect between CPUs and 1/O.
Up to 25.6 GB/s per link.

PCl| Express connections for
Graphics cards and other extension

boards. Up to 8 GB/s per slot.
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Disk drives attached with 3Gb/s
serial ATA link
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Slower peripherals (Ethernet, USB, Firewire, WiFi, Bluetooth, Audio




Building Blocks
Nehalem Design Scalable Via Modularity

Nehalem Building Ex: 4 Core Ex: 8 Core
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Sample Range of Product Options
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How to make Silicon Die?

Blank
Silicon ingot wafers
processing steps
Tested dies Patterned wafers
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Overview of Nehalem
Processor Chip

* Fouridentical compute core
* UlU: Un-core interface unit
* L3 cache memory

and
data block memory



Overview of Nehalem
Processor Chip(cont.)

 [IMC: Integrated Memory Controller with 3 DDR3 memory channels
 QPI: Quick Path Interconnect ports
e Auxiliary circuitry for

cache-coherence,

power control,

system management,
performance monitoring



Overview of Nehalem
Processor Chip(cont.)

* Chip is divided into two domains:
“Un-core” and “core”
» “Core” components operate with a

Nehalem Chip

same clock frequency of the actual Core = = )
* “Un-Core” components operate S S L Core
with different frequency. = E 2.8GHz

2 3

L3 Cache

“Un-core”

DDR3 DRAM: 3 channels
1.333GHz: & B / channel

31.992 GB/s aggregate Intels QPI point-to-point link
7.998 GB/s / core 6.4 GTS. full-dupkx:
12.8GiB/s ~12.8GiB’s




Memory System
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Nehalem Memory Hierarchy
Overview

32KB L1 1$

32KB L1 1

4-8 Cores

CPU Core EE SRR ERERER BN CPU Core
Private L1/L2

per core 3 32KB L1 D$ L3 fully inclusive

] of higher levels

> (but L2 not
inclusive of L1)

256KB L2%

Local
memory 8MB-24MB Shared L3%
access
latency - )
~60ns 1-2 DDR3 DRAM QuickPath System Other sockets® cachies

Memory Controllers Interconnect

;

kept coherent using
QuickPath messages

Each DRAM Channel is Each direction is 20b@6.4Gb/s
64/72b wide at up to 1.33Gb/s




Cache Hierarchy Latencies

* L1 32KB 8-way, Latency 4 cycles

e L2 256KB 8-way, Latency < 12 cycles

L3 8MB shared, 16-way, Latency 30-40 cycles (4 core system)
L3 24MB shared, 24-way, Latency 30-60 cycles(8 core system)
* DRAM, Latency ~ 180 - 200 cycles




Intel® Smart Cache - Level 3




Nehalem Microarchitecture

quadruple associative Instruction Cache 32 KByte,
128-entry TLB-4 K, 7 TLB-2/4 W per thread
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Result Bus
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512-entry
L2-TLB-4 K




Instruction Execution

gquadruple associative Instruction Cache 32 KByte, Uncore
128-ertry TLB-4K, 7 TLB-2/4 W per thread
128 ' Bl —
Quick Path -
Branch Irter-
| Prefetch Buffer 16 Eyt!51 Eranch comeet |«
global'bimodal L
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Instruction Length Decoder | | jmp BAGTS
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octruple associative Data Cache 32 KByte,
Gd-entry TLE-4K, 32-entry TLE-2/4K _




Instruction Execution (1/5)

quadruple associative Instruction Cache 32 KByte,
128-entry TLB-4K, 7 TLB-2/4 W per thread
i "
Prefetch Buffer (16 B 1 Branch
| refetch Buffer [ ytes Prediction

global'bimodal
Fredecode & loop, indirect

Instruction Length Decoder | | jmp

111111 [

Instruction Queue
18 =86 Instructions
Alignrment
WacroOp Fusion
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Stream  (—|Decoded Instruction Queus (28 pOF entriebd-|  |jicrg
Decader 1 1 1 1 Instruction
| Wicro Op Fusion | Sequencer
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1. Instructions fetched
from L2 cache




Instruction Execution (2/5)

quadruple associative Instruction Cache 32 KByte, e
128-entry TLB-4K, 7 TLB-2/4 W per thread
. L. .

—— Quick Path

Prefetch Buffer (15 Bytes| Branch Inter-
| refetch Butfer ( ytes Prediction connect

global'bimodal

el —Ft=. 1. Instructions fetched
Instruction Length Decader jmp

[

Instruction Queue L _
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Result Bus
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octruple associative Data Cache 32 KByte,
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[nstruction Executlon (3/5)

quadruple associative Instruction Cache 32 KByte, | | | o
128-entry TLB-AK, 7 TLB- Zl'lllp r thread
1. -

* ——— Quick Path
Prefetch Buffer (16 B 1 e e
refetch Buffer | i Prediction | | § | | conne ct

I 3

e =% 1. Instructions fetched

|
Instruction Q - -
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— optimized and
combined
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octruple
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Bid-2 myTLEM{,EZ entry TLE-2/d K \pm




Instructlon Executlon (4/5)

; = L— mmr— 1. Instructions fetched
i B — from L2 cache
ion Quewe : DORZ  |a| N
S| st 2. Instructions
| 1 | | - - 1,33 GTis
= e decoded, prefetche
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e T
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|| & 4, Instructions
executed

ruple ]
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[nstruction Executlon (5/5)

quadruple associative Instruction Cache 32 KByte, | | | o
128-entry TLB-AK, 7 TLB- !l'“!p r thread
- -
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g [ e A E,h | 3. Instructions
e e optimized and
o ol | [ [ combined
B 4. Instructions

executed

e 5. Results written




Caches and Memory

gquadruple associative Instruction Cache 32 KByte, Uncore
128-ertry TLB-4K, 7 TLB-2/4 W per thread
128 ' Bl —
Quick Path -
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octruple associative Data Cache 32 KByte,
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Caches and Memory (1/5)

quadruple associative Instruction Cache 32 KByte,

128-entry TLB-4k, 7 TLE-2/4M per thread CULL
L. -
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octruple associative Data Cache 32 KByte, !
Gd-ertry TLE-4K, 32-ertry TLE-2/4M _




Caches and Memory (2/5)

quadruple associative Instruction Cache 32 KByte,
128-entry TLB-4K, 7 TLB-2/4 W per thread
| a0
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Uncare

Quick Path
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| refetch Buffer ( ytes Prediction
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cache (32 KB)



Caches and Memory (3/5)
[ = EME;TW:MWL nnnnn - 1. 4- -way set
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Caches and Memory (4/5)
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111111 cache (8 MB)

octruple as & Data Cache 32 KByte,
Bid-2 myTLEmaz mtry TLE-2/4 K
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Caches and Memory (5/5)
[ " lane m'if‘h?fil'ﬁzu“mu?‘“m’;“‘“ -
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Components

quadruple associative Instruction Cache 32 KByte, e
128-entry TLB-4K, 7 TLB-2/4 W per thread
1. -

Prefetch Eifur (16 Bytes| PF;;';‘;{;” H:L:H‘Ef: h A 1 . I N St ru Ct | ons fEtC h Ed
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| Reservation Station (128-=ntry ) fu :*d i B-way,
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executed
ORI | 5. Results written




Components: Fetch

quadruple associative Instruction Cache 32 KByte, e
128-entry TLB-4K, 7 TLB-2/4 W per thread
1. -

Quick Path .
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Components: Decode

quadruple associative Instruction Cache 32 KByte,

128-entry TLB-4K, 7 TLB-2/4 W per thread
ui
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i = _ 2. Instructions
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Components: Optimization

quadruple associative Instruction Cache 32 KByte,
128-entry TLB-4K, 7 TLB-2/4 W per thread
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256 KByte
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Gd Byte
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private
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L2-TLB-4 K

3.
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Note: Each box
represents a
processor .
execution unit €I




Components: Execution

quadruple associative Instruction Cache 32 KByte, W0
128-entry TLB-4K, 7 TLB-2/4 W per thread
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Components: Write-Back

128-entry TLB-4K, 7 TLB-2/4 W per t

quadruple associative Instruction Cache 32 KByte,

hread
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5. Results written

Private L1/L2 cache



Components: Write-Back

quadruple associative Instruction Cache 32 KByte, IPEETE
128-entry TLB-4K, 7 TLB-2/4 W per thread
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