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Overview 







Other Specs 

•  2,27 billion transistors 

•  3,30 GHz core clock speed 

•  3,90 GHz TB core clock speed 

•  6x64 KB L1 cache 

•  6x256 KB L2 cache 

•  130 W TDP 







What’s New 



Core Block Diagram 





















Intel AVX 

•  New 256-bit instruction set extension to Intel 

Streaming SIMD Extensions (Intel SSE) 

•  Released as part of the Intel 

microarchitecture code name Sandy Bridge 

•  Can give great computation power to boost 

applications 



Applications 

•  Suitable for floating point-intensive 
calculations in multimedia, scientific and 
financial applications 

•  Increases parallelism and throughput in 
floating point SIMD calculations 

•  Reduces register load due to the non-
destructive instructions. 



SSE Vs AVX 



Demo 



Original C Implementation 



Intel SSE 128-bit Implementation 



Intel AVX Implementation 
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Inside the Architecture 



•  Basic Execution Environment 

•  Protection    

•  Multiple-Processor Management    

•  Memory Cache Control    

•  Power and Thermal Management   



Basic Execution 
Environment 



Modes of Operation 



Resources 

•  Basic Program Execution Registers 

•  Address Space 

•  FPU Registers 

•  MMX Registers 

•  XMM Registers 

•  Stack 



Additional Resources 

•  I/O ports 

•  Control Registers 

•  Memory Management Registers 

•  Debug Registers 

•  Memory Type Range Registers (MTRRs) 

•  Machine Specific Registers (MSRs) 

•  Machine Check Registers 

•  Performance Monitoring Counters 



Protection 



•  Operates at both the segment level and 

the page level 

•  Four privilege levels for segments 

•  Two privilege levels for pages  

•  Any violation results in an exception 

•  No performance penalty 



Protection Checks 

•  Limit Checks 

•  Type Checks 

•  Privilege Level Checks 

•  Restriction of Addressable Domain 

•  Restriction of Procedure Entry-Points 

•  Restriction of Instruction Set 



Multi-Processor Management 



Goals 

•  Maintain system memory coherency 

•  Maintain cache consistency 

•  Allow predictable ordering of writes to memory  

•  Distribute interrupt handling among a group of 
processors. 

•  Increase system performance by exploiting the 
multi-threaded and multiprocess nature of 
contemporary operating systems and applications. 



How 

•  Bus locking and/or cache coherency management 

•  Serializing instrunctions 

•  An advance programmable interrupt controller 

(APIC) 

•  Intel Hyper-Threading Technology 

•  A second-level cache (level 2, L2) 

•  A third-level cache (level 3, L3) 



Mechanisms for Locked Atomic 
Operations 

•  Guaranteed atomic operations 

•  Bus locking, using the LOCK# signal and 

the LOCK instruction prefix 

•  Cache coherency protocols that ensure 

that atomic operations can be carried out 

on cached data structures (cache lock) 



Automatic Locking 

•  When executing an XCHG instruction that 

references memory. 

•  When setting the B (busy) flag of a TSS 

descriptor 

•  When updating page-directory and page-

table entries 

•  Acknowledging interrupts 



Serializing Instructions 
•  Force the processor to complete all modifications to flags, 

registers, and memory by previous instructions and to drain all 
buffered writes to memory before the next instruction is 
fetched and executed 

•  Privileged serializing instructions — INVD, INVEPT, INVLPG, 
INVVPID, LGDT, LIDT, LLDT, LTR, MOV (to control register, 
with the exception of MOV CR82), MOV(to debug register), 
WBINVD, and WRMSR3. 

•  Non-privileged serializing instructions — CPUID, IRET, and 
RSM. 



Multiprocessor Initialization 
•  Supports controlled booting of multiple processors 

without requiring dedicated system hardware. 

•  Allows hardware to initiate the booting of a system 
without the need for a dedicated signal or a 
predefined boot processor. 

•  Allows all IA-32 processors to be booted in the 
same manner, including those supporting Intel 
Hyper-Threading Technology. 



Bootstrap processor (BSP) 

•  The BSP flag is set in the 
IA32_APIC_BASE MSR of the 
BSP.  

•  the BSP then begins executing 
the operating-system 
initialization code 

Application Processors (APs) 

•  This flag is cleared for all other 
processors. 

•  wait for a startup signal (a SIPI 
message) from the BSP 
processor. Upon receiving a 
SIPI message, an AP executes 
the BIOS AP configuration 
code, which ends with the AP 
being placed in halt state. 



Management of Idle and 
Blocked Conditions 

•  HLT instruction 

•  PAUSE instruction 

•  MONITOR/MWAIT instruction 



Memory Cache Control 



Methods of Caching 

•  Strong Uncacheable (UC) 

•  Write Combining (WC) 

•  Uncacheable (UC-) 

•  Write Trough (WT) 

•  Write Back (WB) 

•  Write Protected (WP) 



Cache Control Protocol 



MESI Protocol 
•  Upon loading:  

–  A line is marked “E” 

–  Subsequent read OK 

–  Write marks “M” 

•  If another reads an “M” line 
–  Write it back 

–  Mark it “S” 

•  Write to an “S”, send “I” to all, mark “M” 

•  Read/write to an “I” misses 



Power and Thermal 
Management 



ACPI 
•  Industrial open standard 

•  Provides methods for hardware’s low level 

control 

•  Defines performance state that are used to 

facilitate system software’s ability to manage 

processor power consumption  

•  Needs compatible hardware 



ACPI System State 



Core C-State 



Threads and Core C-State 



Package C-State 



Package C-State Entry/Exit 



State Combinations 



Thermal Monitoring and 
Protection 

•  Catastrophic shutdown detector 

•  Automatic and adaptive thermal monitoring 

•  Software controlled clock modulation 

•  On-die digital thermal sensor and interrupt 



Technologies 



•  Advanced Smart Cache 

•  Smart Memory Access 

•  Turbo Boost 2.0 

•  Enhanced SpeedStep 

•  Hyper-Threading 





Intel Advanced Smart Cache 

•  Higher Cache Hit Rate 

•  Reduced BUS traffic 

•  Lower Latency to Data 



Intel Smart Memory Access 

•  Goals: 

–  Improves system performance 

– Hides latency of memory accesses 

•  How: 

– Memory Disambiguation 

–  IP-based prefetcher 









Features 

•  Duplicated for each logical 

processor 

•  Shared by logical processors in a 

physical processor 

•  Shared or duplicated, depending 

on the implementation 













TB 1.0 Vs TB 2.0 





Synthetic Test 



Multimedia Test 



Videogames Test 





Consumption 



Overclock wins! 



Intel Enhanced SpeedStep 

•  Advanced means of enabling very high 

performance while also meeting the power-

conservation needs of mobile systems. 

•  Switches both voltage and frequency in 

tandem between high and low levels in 

response to processor load 



Performance 



Test Setups 



Processor Comparison 



Cache and Memory Bandwidth 
Performance 



Windows 7 Application 
Performance 





+ 53% 

+ 75% 

+ 19% 



+ 58% 

+ 7% 







+ 47,5% 

+ 15% 







Gaming Performance 





+ 13% 



Power Consumption 





+ 35% 



Overclocked Performance 
and Consumption 



+ 100% 



+ 52% 



Final Words 

•  No-compromise, ultra high-end desktop solution 

•  May be world’s fastest desktop CPU 

•  Lack of an on-die GPU 

•  Doesn’t make gaming experience any better or 
speed up the majority of desktop applications 



Thank You 


