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x86

· Generic name of an architecture of microprocessors first developed and manufactured by Intel, also manufactured at various stages by AMD, Cyrix, NEC, Transmeta, and other companies

General Design

· X86 Architecture is CISC (Complex Instruction Set Computer) with variable instruction length

· Information is stored in the little-endian order

· Backward compatible

First Generation Processors

· Earliest machines, used in IBM PCs, primitive compared to modern PCs. 

· Processors were of limited capabilities.

Intel 8086

· Identical to the 8088 


aside from the wider data bus. 


(8088—8 bits; 8086—16 bits)

· Never a popular choice 


for PCs because by the 


time it started to be used, 


the 80286 was 


already introduced.

Architecture

· Primitive form of pipelining: bus interface unit fed instruction stream to execution unit through a 6 byte prefetch queue.

· Registers: four 16-bit registers, which could be accessed as eight 8-bit registers, and four 16-bit index registers.

· Addressing scheme: by shifting segment register 4 bits to the left & adding it to the  address. Poor design: it made representation of pointers difficult (2 pointers with diff values can point to same location) and expanding address space to more than 1 MB was difficult also.
Second Generation Processors

· First major step up in PC processors.

Intel 80286

· Chip used in IBM’s AT (advanced technology) system.

· Significant performance increases over the 8088 and 8086: double or more performance at same clock speed.

Architecture

· Extended memory: widened address bus allows up to 16 MB of RAM.

· Protected mode operation

Third Generation Processors

· Intel started with this generation of chips to create subfamilies of related chips with different capabilities, using the DX and SX designations.

Intel 80386 DX

· First true 32-bit processor on the PC platform.

· Spurred introduction of GUI-based operating systems on the PC, such as Microsoft Windows

Architecture

· Increase in register and bus size: Internal register size increased to 32 bits, and its data and address buses as well, doubling path width to the processor and increasing addressable memory to 4 GB theoretical.

· Pipelining: 386 is first to use pipelining.

Intel 80386 SX

· “lite” version of the 386DX: uses only 16-bit data bus.

· Intended to move market away from the 286 since they have the same external bus width.

· Reduction in performance of 20-25% compared to 386DX.

· Popular choice for the first small notebook computers.

Fourth Generation Processors

· Rapid growth in the CPUs power and capabilities, introduction of several new technology.

· AMD and Cyrix had their first early successes in coming up with real value leaders of their own, at the top end of the fourth generation scale.

· New phenomenon of upgradable processors and standardized motherboard sockets became prevalent.

Intel 80486DX

· Very significant increase in power over 386DX.

· Provides approx. 100 to 150% more performance than a 386DX of the same clock speed.

· Brought GUIs to the mainstream on PCs.

Architecture

· Faster Overall Instruction Execution time: The core of the chip can execute instructions in less time than earlier processors. 

· Deeper Pipeline: The execution pipeline was increased by one step. 

· Primary Cache: The 486 processor was the first to incorporate level 1 cache on the chip, to reduce the number of required accesses to memory. 

Architecture

· Integrated Floating Point Unit: The chip includes an integrated math coprocessor

· Burst Mode: The 486 introduced the use of burst mode to reduce wait time on memory accesses. 

· Power Management: SL power management enhancements as an option 

· Improved Support Architecture: In general, 486 motherboards were more efficient than 386 ones, and began to use secondary cache as well. This improves processor performance significantly. 

Intel 80486SX

· Just a marketing gimmick: 486SX is the same as 486DX but has lower cost and lower function because it doesn’t have an integrated math coprocessor. 

Fifth Generation Processors

· Chips continue to get faster and faster, and architectural changes were made to increase overall system speed as well.

· AMD and Cyrix developed their own compatible processors, leading to more variety and choice in the marketplace. 

Intel Pentium (P5/P54C)

· Greatly increased performance over 486 chip due to several architectural changes.

· Pentium chip is double the speed of a 486 chip of the same clock speed.

· Also, pentium goes to much higher clock speed then 486 ever did.

Architecture

· Superscalar Architecture: First super-scalar processor; uses two parallel execution units. 

· Wider Data Bus: Data bus is doubled to 64 bits, doubling the bandwidth for transfers to and from memory. 

· Faster Memory Bus: 60 or 66 MHz system buses. Pentium motherboards also incorporate other performance-enhancing features, such as pipelined burst cache. 

Architecture

· Branch Prediction: to prevent pipeline stalls when branches are encountered. 

· Integrated Power Management: All Pentiums have built in SMM power management. (optional in 486)

· Split Level 1 Cache: 8 KB each for data and instructions. The cache was split so that the data and instruction caches could be individually tuned for their specific use. 

· Improved Floating Point Unit: The floating point unit of the Pentium is significantly faster than that of the 486. 

Cyrix 6X86 (“M1”)

· Deepening of Internal Pipelines: 7 stages. 

· Out of Order Completion: Instructions flowing down the execution pipelines can complete out of order. 
· Superior Branch Prediction Unit: multiple branches and has better performance than the Pentium's. 
· Improved Cache Mapping: 4-way set associative instead of Pentium's 2-way.  

· Register Renaming: improves parallel performance of pipelines. 

· Speculative Execution: to reduce pipeline stall time.

AMD K5 (“5k86”)

· RISC-Based Internal Architecture
· Six Execution Units: five integer units and one floating point unit for processing micro-instructions, while Pentium has only two integer units. 

· Out of Order Completion 

· Superior Branch Prediction Unit: buffer is four times the size of the Pentium's. 

· Larger Primary Cache: 16 KB instruction cache and 8 KB data cache.

AMD K5 (“5k86”) contd

· Improved Cache Mapping: 4-way set associative instead of the Pentium's 2-way. 

· Register Renaming: This feature improves parallel performance of the pipelines. 

· Speculative Execution: to reduce pipeline stall time in its RISC core. 

Sixth Generation Processors

· New and innovative architectural designs employed for widening buses and increasing clock speeds.

· Line between 5th and 6th generation very blurry because 6th generation chips run in 5th generation motherboards, and the mixing of technology between different chip families.

Intel Pentium Pro (P6)

· First mainstream CPU to execute instructions by translating them into RISC-like microinstructions.

· Performance is approx. 50% higher than a Pentium of the same clock speed.

Architecture

· Superpipelining: 14 execution steps. 

· Integrated Level 2 Cache: Instead of using motherboard-based cache running at the speed of the memory bus, it uses an integrated level 2 cache with its own bus, running at full processor speed.

· 32-Bit Optimization: The Pentium Pro is optimized for running 32-bit code.

· Wider Address Bus: 36 bits, maximum addressability of 64 GB of memory. 

· Greater Multiprocessing: Quad processor configurations 

Architecture

· Out of Order Completion: Instructions flowing down the execution pipelines can complete out of order. 

· Superior Branch Prediction Unit: The branch target buffer is double the size of the Pentium's and its accuracy is increased. 

· Register Renaming: improves parallel performance of the pipelines. 

· Speculative Execution: The Pro uses speculative execution to reduce pipeline stall time in its RISC core. 

Pentium II and III

· Evolutionary step from Pentium Pro

· Pentium III is quite similar to Pentium II, the most notable difference being the addition of SSE instructions.

Architecture

· Doubled Level 1 Cache: 32 KB total 

· Segment Register Caches: special caches that are used to help the PII process 16-bit code more efficiently. 

· Deeper Write Buffers: The write buffers were increased in size, producing a small performance improvement. 

Cyrix 6x86MX (“M2”)

· Internal Cache: 64 KB. 

· Additional Internal Instruction Cache: 6x86MX includes a small additional level 1 cache 256 bytes in size and helps improve efficiency. 

· Improved Branch Prediction: The branch prediction storage areas are increased in size and the performance improved. 

· 32-Bit Code Optimization: The internal workings of the chip have been optimized for 32-bit operation. 

AMD K6

· Large Level 1 Cache: 64 KB of level 1 cache to ensure that K6 would be able to compete with PPro & PII, because K6 still uses 66 MHz, motherboard-based second-level cache. 

· Extra Decoders: four x86 instructions decoders (only 3 for the PPro & PII). 

· Large Branch Prediction Table: branch history table contains 8,192 entries, most other processors at 1/8th this size. Due to this, accuracy estimated at 95% by AMD. 

· Six Integer Execution Units: allowing for more parallelism and efficiency. 

Pentium 4

· Hyper threading:  enables processor to execute 2 series, or threads, of instructions at the same time.

· Hyper pipelining: double pipeline depth of PIII.

· Level 1 execution trace cache: in addition to 8 KB data cache, more efficient usage of cache storage space.

· Rapid execution: 2 ALUs clocked at twice the core processor frequency.  

Pentium 4 contd

· 512 KB level 2 advanced transfer cache: 256 bit data bus to level 2 cache, can deliver data transfer of 98GB/s (PIII = 16GB/s).

· Advanced dynamic execution: deep, out-of-order speculative execution engine, enhanced branch prediction.

· Enhanced floating point & multimedia unit: 128 bit floating pt register & additional register for data movement.

· Data prefetch logic: anticipates data & pre-loads it into the advanced transfer cache.
AMD Athlon

· Classic:

   Improved floating point unit

   128K level 1 cache

   512K secondary cache: external, running at lower speed than the core.

· Thunderbird:

    256K secondary cache: on-chip, full speed cache.

· XP: 

    SSE instruction set (Intel) & 3DNow! (AMD)

AMD Duron

· Cheaper version of AMD Athlon

· Has only 64KB of level 2 cache, compared to 256 KB on Athlon.

