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The history of the computer microprocessor starts out with Bob Noyce and Gordon Moore creation of the Intel Corporation, which was released the first ever computer microprocessor in November 1971 to the public.  Noyce and Gordon started out working for the Fairchild Semiconductor Corporation, however in 1968 they decided to leave the company in order to create their own company, which at the time many of the employees of the Fairchild Semiconductor Corporation were doing.  This new partnership company drastically needed findings in which they found in a San Francisco venture capitalist Art Rock. Rock supplied the newly created company with a funding of 2.5 million dollars in which he raised in 2 days time.  The two partners needed to come up with a name for their new company and they came up with “Integrated Electronics” or “Intel” for short.  The first project the Intel made a large profit off of was its creation of a 3101 Schottky bipolar 64-bit static random access memory (SRAM) chip.  


On May 1, 1969 eight people, including Jerry Sanders a former Fairchild Semiconductor employee, came together and decided to consolidate their start-up companies into one process, thus forming the roots of the AMD Corporation. “Jerry had left his job as director of worldwide marketing at Fairchild Semiconductor, and he now found himself heading a team committed to a well-defined mission--building a successful semiconductor company by offering building blocks of ever-increasing complexity to benefit the manufacturers of electronic equipment in the computation, communication and instrumentation markets. (17)” The company first started out in the living room of one of the cofounders but soon moved to the rear of a rug cutting factory in Santa Clara, California. By September of 1969 the group of founders had raised enough money to commence operations in building and manufacturing of their products and moved into their first corporate local of business in Sunnyvale.  “During the company's first years, the vast majority of its products were alternate-source devices, products obtained from other companies that were then redesigned for greater speed and efficiency. ‘Parametric superiority’ were the watchwords of AMD even then. To give the products even more of a selling edge, the company instituted a guarantee of quality unprecedented in the industry--all products would be made and tested to stringent MIL-STD-883, regardless of who the customer was and at no extra cost. By the end of AMD's fifth year, there were nearly 1,500 employees making over 200 different products--many of them proprietary-and bringing in nearly $26.5 million in annual sales. (17)”


In late 1969, a Japanese company by the name of Busicom came to Intel and asked for the creation of 12 custom chip designs, in which they wanted to use in various processes on a calculator.  At this time Intel did not have the employment for the job, however they did have the talent to come up with a resolution for the problem. Engineer Ted Hoff came up with the brilliant idea of combining the 12 different custom chips into one single chip.  Both Intel and Busicom agreed to the general-purpose chip and thus funded it to be created.  Headed by Frederico Faggin a team including Ted Hoff and Stan Mazor created a chip that was 1/8 inch long and 1/6 inch wide, which consisted of 2,300 metal oxide semiconductors, a chip that had enough power for the Busicom’s calculator. This chip was so well designed it was equivalent to an ENIAC, which took up 3,000 cubic feet and had 18,000 vacuum tubes. Intel decided to buy back the rights and it’s marketing from Busicom for a price of sixty thousand dollars.  The Intel 4004 was thus born with these actions taken.  Busicom soon went bankrupt in the next year.  
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The 4004 was the pioneer in the field for universal microprocessors.  The 4004 was a 4-Bit central processing unit that contained “command registers, a decoder, decoding control, control monitoring of machine commands, and interim registers.(2)” The 4004 is the basis technology of the central processing units that are created today, which are 64-Bit processors and have over 5 million transistors located on them performing hundreds of millions processes per second. The Pioneer spacecraft contained the 4004 processors on its system boards.  This spacecraft was launched in March 2, 1972 and was the first spacecraft to enter the Asteroid Belt. The creation of this chip “paved the way for embedding intelligence in inanimate objects as well as the personal computer. (3)”
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In April 1972, Intel created the 8008 microprocessor. This processor was a 200 KHz processor. The 8008 was used in part of the MCS 8 product

family. It had access to 16KB of memory.  The 8008 microprocessor had a total of around 3500 transistors and was based on 10-micron technology.  This processor had a speed of 60,000 instructions per second.  The original implementation for this processor was for the Computer Terminal Corporation.
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The 8086 processor was introduced in June 1978.  This processor had a 16-bit bus and could access 1 MB of RAM.  It was sixteen times as much as the earlier developed 8080 processor. The processor had an original speed of 5 MHz, but later had a version of 10 MHz.  Within this family of processors was also the 8088 processor, which started out at 4.77 MHz.  According to Intel the 10 MHz 8086 could out perform the earlier 2 MHz 8080 by ten times in performance.  The10 MHz version of the 8086 could carry out 750,000 instructions per second.  The 8086/88 contained a total of 29,000 transistors and used 3-micron traces in its processor.  This was nearly 5 times the amount of transistors used in the original 8080 processor. The technology of the 8086 “included a six-byte prefetch queue to improve performance. This could be considered a primitive form of pipelining. (4)” The 8086 broke the RAM into 64KB sections and then used ten segments of that to RAM and six to system functions. Around this time Intel created a math co-processor to work in conjunction with this set of processors, which would drastically increase speed.
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In 1982 came the release of the 80286, which in short is known as the 286 processor or i286. The 286 was the first processor in the Intel family that could run all of the commands written for the previous processors. The 286 had double the clock speed of the 8086/88 architecture. In its original version it was available in a 6 to 8 MHz processor format, but later versions came out with up to 20MHz formats. The 80286 had allowed for a wider address bus, which took the total up to 16MB of memory available to the processor. Within 6 years of its creation and implementation into the market, it was estimated that over 15 million homes around the world had computers that contained a 286 processor. To many users the 286 was considered a “’turbo-charged 8088’. At this time DOS was still the virtually exclusive operating system, and the protected mode the 286 offered was largely ignored. (5)” 
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“The third generation processors (the 386 family) represent another step forward from the second generation class. (6) “ In 1985 it came about that the 80386 was to be released. This also was known as the 386 or i386.  This was yet another stop forward over the earlier 286.  Intel went about creating 2 lines of the 386 processor, which were the Intel 80386DX and Intel 80386 SX. The 80386DX was the first true 32-bit processor.  Its internal registers were increased to 32 bits, and its data buses were double to increase the memory to a total of 4 Gb. The DX series was produced up to a 33 MHz version.  “The instruction set of the 386 has set the standard for what is now called ‘x86’ and hasn't changed very much since it was introduced. Invented by Intel, the 386 was also ‘cloned’ by AMD and Cyrix. These are very good copies with no real compatibility problems. (6)” The SX version of the 386 was a watered down version of the DX family.  It only contained a 16-bit addressing mode, which could only address 16 MB of memory.  It was considered to be reduction of 20-25% performance over the DX family. The 386SX was a very popular choice for the first available notebooks at that time. “The Intel 386TM microprocessor featured 275,000 transistors--more than 100times as many as the original 4004. It was a 32-bit chip and was ‘multi tasking,’ meaning it could run multiple programs at the same time. (3)”
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“The fourth generation of processors saw rapid growth in the CPUs' power and capabilities, and the introduction of several new technologies as well. It was here that AMD and Cyrix had their first real early successes in not just emulating Intel's designs, but coming up with real value leaders of their own, at the top end of the fourth generation scale. Also, it was at this time that the new phenomenon of upgradeable processors and standardized motherboard sockets began to become prevalent. (7) “ In the Intel line in the 486 market was also divided into 2 series the DX and SX. The Intel 80486DX was the first processor in the 486 family.  It was 100 to 150 percent better in performance then the 386 DX. Like the 386 architecture it to had the 32-bit memory bus addressing system but offered some other advantages such as: it contained a built in math co-processor, incorporated level one cache, and it introduce the concept of burst mode to reduce the wait time on memory access. The Intel 486SX was the exact same processor as the DX series, however the math co-processor was disables on this chip. “The SX comes in 16, 20, 25 and 33 MHz versions, while the DX is 25, 33 and 50 MHz. (7)” AMD and Cyrix major processors in this generation were the 5x86 family. The AMD version was only available in one speed 133 MHz, for use on a board that was 33MHz.  This processor uses a .35-micron trace in its processor. The processor ran at 4 times the systems speed do to the change in the multiplier. The 5x86 was the fastest processor available for the fourth generation processors and was viewed as ‘king of the hill.’  The Cyrix processor was known as the M1sc.  Internally the M1sc resembled the AMD version of processors, but it has some unique characteristics that represent a Pentium class process.  It had a pipeline, which extended to six stages, it had a 16Kb larger cache then the 486 DX chip. “The 5x86 was available in two speeds, 100 and 120 MHz. The 5x86-120 is the most powerful chip that will run in a 486 motherboard--it offers performance comparable to a Pentium 90 or 100. The 5x86 is still a clock-tripled design, so it runs in 33 and 40 MHz motherboards. (The 100 MHz version will actually run at 50x2 as well, but normally was run at 33 MHz.) It is a 3-volt design and is intended for a Socket 3 motherboard. It will run in an earlier 486 socket if a voltage regulator is used. (7)” 
“The fifth generation of processors saw several changes from earlier CPU families, and several trends continue as well. Chips continued 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 instead of just trying to clone Intel's, leading to more variety and choice in the marketplace. The Pentium and the compatibles that followed it opened up the world of computers for millions of users and propelled computing to the next level. (8)” With the increase of AMD and Cyrix cloning the Intel chips, Intel wanted a chip that they could register as a trademark and thus came the term of Pentium. AMD’s competition against the Pentium series was known as the K5 family and Cyrix’s family was known as the 6x86. The Pentium offered several advantages over the 486 and was nearly double the speed.  The Pentium had doubled the memory bus to 64 bits, ran between 60 or 66 MHz, used a split level 1 cache, which was 8Kb for data and instructions, and the floating point unit on the Pentium was significantly faster. The Pentium was available in a wide variety of speeds ranging from the original 60 up to 200, which required a socket 7-mother board. It was with the introduction of MMX technology into the Pentium chip, which gave it some of its fame. This ultimately led the Pentium to achieve faster process times with an improvement in multimedia extensions. The Cyrix 6x86 like the AMD K5 was not an Intel close as in the past, but turned out to be a major player in the 5th generation of processors.  The 6x86 had a better performance to clock ratio over the Pentium, it had a 5 to 7 stage internal pipeline, was significantly less expensive then the Pentium, and it contained 4-way primary cache associative unlike the Pentiums 2-way. The biggest problem with the Cyrix 6x86 was that it has software compatibility issues, however it did also have problems with: processor identification problems, motherboard compatibility, heat/power usage, and no multi-processor support. Internally the K5, was the most advanced for the fifth generation of processors, however did not due very well since AMD released it a year late and at a lower clock speed as the Pentium. “It is an x86 translation/emulation processor, decoding x86 instructions into RISC-like microinstructions and executing them on a 6-pipeline internal core. (8)” The K5 ranged from speeds that were equivalent to the Pentium of 75 to 166. The K5 contained: RISC- based architecture, a 16Kb main cache, 4-way set associative cache mapping, and register renaming.  Like the 6x86 it also had problems with compatibility issues that were specific to the Pentium class family. 

“The line between fifth and sixth generation is much blurrier here than between previous generations, due to sixth generation chips running in fifth generation motherboards, and the mixing of technologies between different chip families. The AMD K6 and the Cyrix 6x86MX are considered to be sixth generation chips despite the fact that they run in fifth generation motherboards. This is based on assessing them technologically and in terms of their performance, along with when they were released to market. (9)” Intel’s major families in this generation were that of the Pentium Pro and the Pentium II. The Pentium Pro was the successor for the original Pentium. It was a drastically different chip then its predecessor. The Pentium Pro’s instructions got translated into a RISC-like microinstructions and executed these instructions at a higher internal core.  The Pro series had a 14 level super pipeline, contained integrated level 2 cache, 32-bit optimization, wider address bus, which allowed it to access 64 GB of memory. The Pentium Pro had varying levels of cache ranging from 256Kb up to 1Mb. The Pentium Pro is found at 180 to 200 MHz versions. Architecturally the Pentium II was drastically different then the Pentium Pro. The Pentium II like the Pro series had the x86 emulation core, but contained: double level cache 1, segment register caches, and deeper write buffers over the Pentium Pro.  The Pentium II contained less cache level 2 then the Pro family due to its high dollar nature in production. The Pentium II family ranges from 233 to 333 MHz.  Intel’s competition from AMD was in the form of the K6 family of processors.  AMD delivered the K6 in April of 1997. The K6 contained a full 64 KB of level 1 cache, 66MHz front side bus, four x86 instruction decoders, and six integer execution units. “In terms of performance, the K6 is quite similar to the Pentium Pro at the same clock speed, and tends to be slightly faster than the Pentium with MMX. Despite the fact that AMD would like to think the K6 competes directly with the Pentium II, in fact it really does not. (8)” Cyrix’s successor to the 6x86 family of processors was that of the 6x86MX family.  Cyrix added the MMX extensions like Intel did with the original Pentium. The 6x86MX family offered: 64KB of level one cache, a small additional level 1 cache that is 256 bytes in size and helps improve efficiency in how the regular level 1 cache is operated, and internal workings of the chip were optimized for 32-bit processing.  Again this line of processors was plagued with compatibility issues and heat/power problems with the processor. “One thing that clouded the future of the 6x86MX somewhat is the July 1997 acquisition of Cyrix by giant National Semiconductor. The chief executive of National wasted no time in making clear the point that they have no intention of fighting it out head-to-head with AMD and Intel. Apparently, National wants to design a super-integrated "PC on a chip" and target the low-end market heavily. (8)”

The line definition between the sixth and seventh generation of computer processors is a bit more clearly defined then that of the previous generations. With Intel’s introduction of the Pentium III into the market and AMD’s competing lines with the Duron, Athlon and Thunderbird against it competition to make the biggest and fastest processor was at an all time high. With Cyrix out of the picture now it was now up to the 2 lead computer processor manufactures to go head to head to win over the technology market. At this time the economy was growing dramatically in the technology sector. Computer manufactures were pressing heavily against the manufactures of computer processors to the out the most advanced chips as fast as possible to satisfy market wants and needs.  Intel’s Pentium III contained several new advances in computer processors.  It had 8 new 128 bit floating point registers, a new Single Instruction Multiple Data function, which allowed a single instruction to process on multiple data values, 12 new MMX instructions to compliment the existing 57 integrated instructions, and either 100 or 133 MHz Front Side Bus versions.  The original 450 and 500 MHz models still had 32 KB of level one cache, but contained 512 KB of half-speed level two cache. The new processors introduced 70 new streaming SIMD extensions. “Although the size of the Level 2 cache on the new Pentium IIIs was halved to 256KB, it was placed on the die itself to run at the same speed as the processor, rather than half the speed as before. The ability to operate at full-speed more than makes up for the missing 256KB. Intel refers to the enhanced cache as ‘Advanced Transfer Cache’. In real terms ATC means the cache is connected to the CPU via a 256-bit wide bus - four times wider than the 64-bit bus of a Katmai-based Pentium III. Overall system performance is further enhanced by Intel's Advanced System Buffering technology, which increases the number of "buffers" between the processor and its system bus resulting in a consequent increase in information flow. (13)” AMD has produced a family of processors for personal computing, notebook computing, and a processor for servers and workstations. The AMD Athlon processor is among the world’s most powerful engines for PC computing, and represents the industry's first seventh-generation x86 micro architecture. AMD Duron processors are specifically designed to provide an optimized solution for the most demanding value conscious business and home users, without compromising their budgets. The mobile AMD Athlon processor is the world's first seventh-generation x86 processor for high-performance notebook computing and the mobile AMD Duron processor offers notebook computer system buyers a processor with great performance at an affordable price. The 12 Athlon processors are based on a new design, formerly code-named Thunderbird, which featured 256KB of on-chip, performance-enhancing Level 2 cache memory. Running at 750MHz, 800MHz, 850MHz, 900MHz, 950MHz, and 1GHz, the processors are available in both Slot A and a new Socket A packaging. These processors were available in 200 and 266 MHz Front Side Bus.

The eight and most current generation contains by far the most technologically advanced processors of all time. Intel’s major processor in this generation is the Pentium IV, and AMD has two series the XP and the MP. “Users of Pentium® 4 processor-based PCs can create professional-quality movies; deliver TV-like video via the Internet; communicate with real-time video and voice; render 3D graphics in real time; quickly encode music for MP3 players; and simultaneously run several multimedia applications while connected to the Internet. The processor debuted with 42 million transistors and circuit lines of 0.18 microns. Intel's first microprocessor, the 4004, ran at 108 kilohertz (108,000 hertz), compared to the Pentium® 4 processor's initial speed of 1.5 gigahertz (1.5 billion hertz). If automobile speed had increased similarly over the same period, one could now drive from San Francisco to New York in about 13 seconds. (3)” The Pentium IV uses several new technologies such as a 400 MHz system bus, hyper-pipelined technology, enhanced floating point/multimedia, streaming SIMD extensions 2, and advanced transfer cache. The Pentium IV line ranges from the 1.50 to the current 2.40 GHz speed processor. “The Intel® Pentium® 4 processor is designed to give you superior performance for digital music, 3D gaming, digital imaging and video, and more. In addition, the Pentium 4 processor provides you with enough power to handle innovations on the horizon such as DVD authoring and MPEG4 video. (14)” The more robust of the AMD families in this generation of family is that of the MP.  With this series of processors AMD added the use of AMD PowerNow! technology, which reduced power usage. MP processors consume 20% less power then that of the Athlon processor. AMD added 52 new SIMD instructions completing AMD’s support for Intel’s SSE instruction set. “With this setup, AMD now has an edge of SIMD instructions on every processor with the exception of the Pentium 4, which added SSE2 to its arsenal. (15)” Some of the key architecture features of the AMD MP chip are: Smart MP technology, dual point-to-point, high-speed system buses, innovative bus snooping capability, nine-issue super pipelined, super scalar x86 processor micro architecture designed for high performance. Like the MP family the AMD XP has a total of 37.5 million on board transistors, 266 MHz Front Side Bus, a peak transfer rate of 2.1 GB a second, 128 KB of level one cache, 384 KB of full-speed level two cache. The XP chip offers the 3Dnow! technology, which provides the leading edge in 3D operations. The chip contains multiple parallel x86 instruction decoders, three out-of-order, super scalar, fully pipelined floating point execution units, which execute x87 (floating point), MMX™ and 3DNow!™ instructions.

9th Generation and Beyond

We are now in the realm of the eighth generation of processors.  There have been many changes along the path to where we are now.  What will the ninth generation bring?  AMD’s new processors are under the category they are calling the Hammer.  And Intel will be putting out IA-64 processors under the name Itanium.  Both of these companies are planning on some fundamental changes that will boost both performance and efficiency in their processors.

AMD

According to AMD, their new Hammer line of processors will usher in a complete set of micro-architectural advances, provide tremendous levels of scalability in a system's delivered performance, and offer native support for 32-bit x86 software and be the first to feature support for the 64-bit x86 architecture.  

The Athlon brand has been maintained for a succession of different core technologies, but the Hammer line, of which ClawHammer is the first arrival, is expected to have its own brand.  Hammer is based on AMD's x86-64 instruction set, which runs both current programming code and 64-bit code, capable of accessing much larger blocks of memory. Sixty-four-bit software is designed for large databases and other high-end processing work.   

The basic architecture of the Hammer processors are based around the Thoroughbred core, with the addition of the x86-64 instruction set, SSE-II, significantly improved branch prediction, a larger L2 cache (probably 512Kb for Clawhammer and 1Mb for Sledgehammer) and a slightly longer pipeline to allow additional clock ramping (12 stages rather than 10 in the Athlon). The Hammer processors will use a new NUMA (Non-Uniform Memory Access) bus which will replace the EV6 bus used with AMD's Athlon and Duron processors. NUMA will be able to link 8 or more processors together, with each processor having access to the full bandwidth of the processor's bus, and will use AMD's HyperTransport technology (formally LDT - Lightning Data Transport) bus protocol. The Hammer core contains three HyperTransport links - one to connect to the external AGP controller (& southbridge) and two to connect to additional processors (a direct link to 2 processors). The core additionally contains an on-die memory controller (as opposed to it being integrated into the North Bridge) for improved memory latency. The memory controller supports PC1600, PC2100 and PC2700 DDR SDRAM through a 64-bit interface (Clawhammer).

Clawhammer will be built around a 754 pin package, which includes an Integrated Heat Spreader (like that used on the Pentium 4 and Tualatin PIII/Celeron CPUs) to improve thermal transfer and reduce the risk of crushing the core when adding a heatsink.

This first iteration of Clawhammer will be single processor only, with the Dual Processor version - Clawhammer DP - due out at a later date.

AMD viewed a move to 64-bit architecture a necessity, however, this is where AMD's approach is different from Intel's IA-64 approach. Intel has decided that a break from the x86 model was required. Their new Itanium CPU will execute 64-bit code, but will suffer a significant performance loss when running 32-bit code.  The Itanium will suffer this performance loss due its need to emulate the 32-bit code.  AMD on the other hand, has taken their existing Athlon chip, expanded it, and added 64-bit technology. AMD will thus have two modes of operation, Long and Legacy mode. 

The new Long mode offers support for 64-bit operations and will also offer support for 16 and 32-bit operations. To use Long mode you must be running a 64-bit aware operating system, such at the upcoming 64-bit Linux or the also pending 64-bit version of Windows 2k. Legacy mode gives support for your traditional 16 and 32-bit applications running on a standard 32-bit operating system, such as Windows 9x. There will be no modifications required to existing 32-bit software to run in either mode. 

AMD will also be making some other changes to the architecture of the chip. These features will be available to recompiled 64-bit applications and operating systems. 

· 64-bit flat virtual addressing. 

· 8 new general-purpose registers (GPRs). 

· 8 new XMM registers for streaming SIMD extensions (SSE). 

· 64-bit-wide GPRs and instruction pointer 

An interesting feature to note is that Long mode supports only x86 protected mode. It does not support x86 real mode or virtual-8086 mode. Also, it does not support task switching.  Legacy mode, however, will support x86 real mode, virtual-8086 mode, and protected mode. 

The ClawHammer will be aimed at the mainstream desktop market and will support one- and two-processor configurations.  The SledgeHammer will support four- and eight-chip configurations, and will be aimed at the high end, currently dominated by RISC processors from the likes of Sun Microsystems and IBM, running proprietary Unix software.  AMD’s Clawhammer 3400+, the 64-bit successor to the Athlon, is expected to start shipping by the fourth quarter of this year.

Intel

The Intel Itanium is the first Intel processor based around the new IA-64 architecture co developed by Intel and Hewlett-Packard. Although Itanium will be able to natively execute IA-32 instructions (x86 code), the architecture is designed around the EPIC (Explicit Parallel Instruction Computing) philosophy and its new 64bit instruction set. 

The IA-64 architecture is designed to shift the job of keeping the processors instruction pipeline filled from the processor itself to the compiler. As the compiler has access to the entire program code, rather than the short instruction stream visible to the CPU, it should be able to find considerably more parallelism than would normally be the case.  For this reason the Itanium can issue up to 6 instructions per clock cycle through its 10 stage pipeline (2 EPIC bundles with 3 instructions per bundle).

Internally, Itanium is a six-issue processor, meaning it can profitably handle six instructions simultaneously. It's also a VLIW (very long instruction word) machine with some enhancements for added flexibility in instruction groupings, less code expansion than classic VLIW designs, and better scalability, to permit wider parallel instruction issue in future IA-64 processors. 

The Itanium processor has a massive register set, with 128 general-purpose integer registers (each 64 bits wide), 128 floating-point registers (each 82 bits wide), 64 1-bit predicate registers, 8 branch registers, and a whole bunch of other registers scattered among several different functions, including some for x86 backward compatibility. Like a lot of RISC processors, the first register (GR0) is hard-wired to a permanent zero, making it worthless for storage but useful as a constant for inputs and a bit bucket for outputs.  That is a lot of registers, and the IA-64 has two features that manage the register file: register frames and register rotating.

The architecture also features 2 integer/MMX units, 2 FMACs (floating-point multiply-and-accumulate units), 2 SP FMACs for SSE and 2 load/store units. Itanium's cache architecture features a 16Kb data and 16Kb L1 instruction cache along with a 96Kb unified L2 cache and up to 4Mb of full-speed Level 3 cache (off chip). The option of 2Mb of L3 cache will also be available.
Pretty much any IA-64 instruction can be conditional, with its execution predicated on literally anything you care to define. Far beyond the simple Z (zero), V (overflow), S (sign), and N (negative) flags, IA-64 has 64 free-form predicate bits, each considered a separate predicate register. You can set or clear a predicate bit any way you like, and its condition sticks indefinitely. Any subsequent instruction anywhere in the program can check that bit (or multiple bits) and behave accordingly. This allows you, for example, to evaluate two numbers in one part of a program, but not make a decision (conditional branch) until much later. Predicate bits are apparently more elegant than flags, as they scale more easily to larger sizes (more bits) and are easier for compilers to target. 

Interestingly, Itanium's two floating-point units can't multiply two numbers together. They can't add, either. The FPU is designed for multiply-accumulate (MAC) operations, so if you want a conventional FP MUL you program it as an FP MAC with an adder of zero. Likewise, if you want a simple FP ADD you're forced to use a multiplier of 1.0 along with the value you want to add.

Itanium supports all x86 instructions in one way or another, even MMX, SSE (not SSE2), Protected, Virtual 8086, and Real mode features. You can even run entire operating systems in x86 mode, or just run the applications under a new IA-64 OS.  Still, the largest pitfall to Intel’s IA-64 is it’s x86 support.  Switching to x86 mode requires setting up memory segment descriptors, status registers, and flags. Also, x86 code likes to have its way with all the resources of the processor, either overwriting or ignoring many of Itanium's state bits and registers. It's also likely to upset your cache contents. In general, it's best to save the entire state of the processor before switching to x86 mode. It's awkward enough that you probably don't want to switch modes haphazardly, saving it for dramatic changes, such as executing entire x86 applications. 
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Glossary

Backside Bus 
A dedicated bus that connects a microprocessor to a Level 2 (L2) cache that is used to eliminate performance bottlenecks. No other system device shares the backside bus.

Data pre-fetch 
Data pre-fetch allows the processor to "look-ahead" and fetch data from memory before it is needed by the processor. This results in fewer processor pipeline stalls, and higher overall performance on many applications. The L2 data cache utilizes data pre-fetch.

DDR SDRAM - (Double Data Rate Synchronous Dynamic Random Access Memory). 
The next evolution of SDRAM that doubles the memory bandwidth. Normal SDRAM provides data bandwidth up to 1.1 gigabytes per second (GB/sec) while DDR SDRAM doubles that rate to 2.1GB/sec.

DMA (Direct Memory Access
A fast method of moving data from a peripheral device directly to system memory using specialized circuitry or a dedicated microprocessor and bypassing the CPU. 

DIMM - (Dual Inline Memory Module). 
A DIMM is a RAM module in the form of a printed circuit board holding memory chips that allows dual channels to be used in a single interface. DIMM modules are dual sided and contain 184 pins providing dual 32-bit memory paths forming a single 64-bit memory path. The predecessor to DIMMs was SIMMs (Single Inline Memory Modules). SIMMs are single-sided modules that contained 72 pins and provide only a single 32-bit data path. 

Frontside Bus - (FSB). 
The primary bus interface that connects a microprocessor to other system devices via the Northbridge system chipset. Typically, it allows the processor to communicate with main memory (RAM), the system chipset, PCI devices, the AGP card, and other peripheral buses. It also connects to the Level 2 cache unless the processor has a backside bus.

Kbps
Kilobits per second. Used to express speeds of data transfer through a network. One kilobit equals 1,000 bits. 

kHz
Abbreviation for kilohertz, a unit of frequency equal to 1000 cycles per second. 

L1 Cache 
A small amount of SRAM memory used as a cache that is integrated or packaged within the same module as the processor. It is clocked at the same speed of the processor. L1 cache is used to temporarily store instructions and data, making sure the processor has a steady supply of data to process while the memory catches up delivering new data.

L2 Cache 
Typically consists of SRAM chips near the processor, although the latest Athlon™ processors have on-chip L2 caches. This is cache used to temporarily store instructions and data to ensure the processor has a steady supply of data to process until main memory catches up. Also known as the secondary cache, this is the second-fastest memory available to a microprocessor (second only to the Level 1 cache). 

MHz
Abbreviation for megahertz, a unit of frequency equal to 1,000,000 cycles per second. 

Northbridge
The single chip in a core-logic chipset that connects the CPU to the system memory and the AGP and PCI buses.

SDRAM
(Synchronous Dynamic Random Access Memory). A type of dynamic RAM memory with sophisticated features that are fast enough to be synchronized with the processor's clock, which eliminates wait states and latency. SDRAM provides up to 1.1GB/sec data transfer while DDR SDRAM (Double Data Rate SDRAM) doubles that rate to 2.1GB/sec. Southbridge: The chip in a system core-logic chipset that controls the IDE bus, USB, plug-n-play support, the PCI-ISA bridge, keyboard/mouse controller, power management features, and other peripherals. 

Smart MP technology 
Smart MP technology features dual point-to-point, high-speed 266MHz system buses, an optimized "MOESI" cache coherency protocol, which manages data and memory traffic, as well as innovative "snoop" buses, which offer high-speed communication between the CPUs in a multiprocessing system. Smart MP technology is designed to optimize the execution of multi-threaded, mission-critical applications empowering your enterprise to achieve new levels of productivity.

Southbridge 
The chip in a system core-logic chipset that controls the IDE bus, USB, plug-n-play support, the PCI-ISA bridge, keyboard/mouse controller, power management features, and other peripherals.

Definitions provided by http://www.amd.com/us-en/Glossary/0,,238_242,00.html
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	Introduction
Date
	Clock Speeds
	Bus Width
	Number of
Transistors
	Addressable
Memory
	Virtual
Memory
	Brief
Description

	4004 
	11/15/71
	108 KHz
	4 bits
	2,300
(10 microns)
	640 bytes
	
	First microcomputer chip,
Arithmetic manipulation

	8008
	4/1/72
	108 KHz
	8 bits
	3,500
	16 KBytes
	
	Data/character manipulation

	8080
	4/1/74
	2 MHz
	8 bits
	6,000
(6 microns)
	64 KBytes
	
	10X the performance of the 8008

	8086
	6/8/78
	5 MHz
8 MHz
10 MHz
	16 bits
	29,000
(3 microns)
	1 Megabyte
	
	10X the performance of the 8080

	8088
	6/1/79
	5 MHz
8 MHz
	8 bits
	29,000
(3 microns)
	
	
	Identical to 8086 except for its 8-bit external bus

	80286
	2/1/82
	8 MHz
10 MHz
12 MHz
	16 bits
	134,000
(1.5 microns)
	16 Megabytes
	1 gigabyte
	3-6X the performance of the 8086

	Intel386(TM)DX Microprocessor
	10/17/85
	16 MHz
20 MHz
25 MHz
33 MHz
	32 bits
	275,000
(1 micron)
	4 gigabytes
	64 terabytes 
	First X86 chip to handle 32-bit data sets

	Intel386(TM)SX Microprocessor
	6/16/88
	16 MHz
20 MHz
	16 bits
	275,000
(1 micron)
	4 gigabytes
	64 terabytes
	16-bit address bus enabled low-cost 32-bit processing 

	Intel486(TM)DX Microprocessor
	4/10/89
	25 MHz
33 MHz
50 MHz
	32 bits
	1,200,000
(1 micron, .8 micron with 50 MHz)
	4 gigabytes
	64 terabytes
	Level 1 cache on chip 

	Intel486(TM)SX Microprocessor
	4/22/91
	16 MHz
20 MHz
25 MHz
33 MHz
	32 bits
	1,185,000
(.8 micron)
	4 gigabytes
	64 terabytes
	identical in design to Intel486(TM) DX but without math coprocessor

	Pentium® Processor
	3/22/93
	60MHz
66MHz
75MHz
90MHz
100MHz
120MHz
133MHz
150MHz
166MHz
	32 bits
	3.1 million
(.8 micron)
	4 gigabytes
	64 terabytes
	superscaler architecture brought 5X the performance of the 33-MHz Intel486 DX processor

	Pentium® Pro Processor
	3/27/95
	150MHz
180MHz
200MHz
	32 bits
	5.5 million
(.32 micron)
	4 gigabytes
	64 terabytes
	dynamic execution architecture drives high-performing processor 


	General Information
	Manufacturer
	Intel

	
	Family Name
	80286

	
	Code name
	--

	
	Processor Generation
	Second

	
	Motherboard Generation
	Second

	
	Version
	80286
-6
	80286
-8
	80286
-10
	80286
-12
	80286
-16
	80286
-20

	
	Introduced
	Feb. 1982
	!?
	!?
	!?
	!?

	
	Variants and Licensed Equivalents
	AMD 286, 286S

	Speed Specifications
	Memory Bus Speed (MHz)
	6
	8
	10
	12
	16
	20

	
	Processor Clock Multiplier
	1.0

	
	Processor Speed (MHz)
	6
	8
	10
	12
	16
	20

	
	"P" Rating
	--

	Benchmarks
	iCOMP Rating
	--

	
	iCOMP 2.0 Rating
	--

	
	Norton SI
	3.1
	4.4
	5.6
	6.7
	~9.0
	~11.5

	
	Norton SI32
	--

	
	CPUmark32
	--

	Physical Characteristics
	Process Technology
	CMOS

	
	Circuit Size (microns)
	1.5

	
	Die Size (mm^2)
	47

	
	Transistors (millions)
	0.134

	Voltage, Power and Cooling
	External or I/O Voltage (V)
	5

	
	Internal or Core Voltage (V)
	5

	
	Power Management
	None

	
	Cooling Requirements
	None

	Packaging
	Packaging Style
	68-Pin PGA

	
	Motherboard Interface
	68-Pin Socket

	External Architecture
	Data Bus Width (bits)
	16

	
	Maximum Data Bus Bandwidth (Mbytes/sec)
	11.4
	15.3
	19.1
	22.9
	30.5
	38.1

	
	Address Bus Width (bits)
	24

	
	Maximum Addressable Memory
	16 MB

	
	Level 2 Cache Type
	None

	
	Level 2 Cache Size
	--

	
	Level 2 Cache Bus Speed
	--

	
	Multiprocessing
	No

	Internal Architecture
	Instruction Set
	80286

	
	MMX Support
	No

	
	Processor Modes
	Real, Protected

	
	x86 Execution Method
	Native

	Internal Components
	Register Size (bits)
	16

	
	Pipeline Depth (stages)
	1

	
	Level 1 Cache Size
	None

	
	Level 1 Cache Mapping
	--

	
	Level 1 Cache Write Policy
	--

	
	Integer Units
	1

	
	Floating Point Unit / Math Coprocessor
	Optional 80287 Coprocessor

	
	Instruction Decoders
	1

	
	Branch Prediction Buffer Size / Accuracy
	None

	
	Write Buffers
	None

	
	Performance Enhancing Features
	None


	General Information
	Manufacturer
	Intel
	Intel, AMD, Cyrix
	AMD, Cyrix

	
	Family Name
	80386DX

	
	Code name
	--

	
	Processor Generation
	Third

	
	Motherboard Generation
	Third

	
	Version
	80386DX
-16
	80386DX
-20
	80386DX
-25
	80386DX
-33
	80386DX
-40

	
	Introduced
	Oct. 1985
	Feb. 1987
	April 1988
	April 1989
	!?

	
	Variants and Licensed Equivalents
	!?

	Speed Specifications
	Memory Bus Speed (MHz)
	16
	20
	25
	33
	40

	
	Processor Clock Multiplier
	1.0

	
	Processor Speed (MHz)
	16
	20
	25
	33
	40

	
	"P" Rating
	--
 

	Benchmarks
	iCOMP Rating
	~29
	~38
	49
	68
	~85

	
	iCOMP 2.0 Rating
	--

	
	Norton SI
	~15
	~20
	~25
	35
	~43

	
	Norton SI32
	!?

	
	CPUmark32
	--

	Physical Characteristics
	Process Technology
	CMOS

	
	Circuit Size (microns)
	originally 1.5, now 1.0

	
	Die Size (mm^2)
	!?

	
	Transistors (millions)
	0.275

	Voltage, Power and Cooling
	External or I/O Voltage (V)
	5

	
	Internal or Core Voltage (V)
	5

	
	Power Management
	None

	
	Cooling Requirements
	None

	Packaging
	Packaging Style
	132-Pin PGA

	
	Motherboard Interface
	132-Pin Socket

	External Architecture
	Data Bus Width (bits)
	32

	
	Maximum Data Bus Bandwidth (Mbytes/sec)
	63.6
	76.3
	95.4
	127.2
	152.6

	
	Address Bus Width (bits)
	32

	
	Maximum Addressable Memory
	4 GB

	
	Level 2 Cache Type
	None

	
	Level 2 Cache Size
	--

	
	Level 2 Cache Bus Speed
	--

	
	Multiprocessing
	No

	Internal Architecture
	Instruction Set
	x86

	
	MMX Support
	No

	
	Processor Modes
	Real, Protected, Virtual Real

	
	x86 Execution Method
	Native

	Internal Components
	Register Size (bits)
	32

	
	Pipeline Depth (stages)
	4

	
	Level 1 Cache Size
	None

	
	Level 1 Cache Mapping
	--

	
	Level 1 Cache Write Policy
	--

	
	Integer Units
	1

	
	Floating Point Unit / Math Coprocessor
	Optional 80387 Coprocessor

	
	Instruction Decoders
	1

	
	Branch Prediction Buffer Size / Accuracy
	None

	
	Write Buffers
	None

	
	Performance Enhancing Features
	None


	General Information
	Manufacturer
	Intel, AMD, Cyrix

	
	Family Name
	80386SX

	
	Code name
	"P9"

	
	Processor Generation
	Third

	
	Motherboard Generation
	Third

	
	Version
	80386SX
-16
	80386SX
-20
	80386SX
-25
	80386SX
-33

	
	Introduced
	June 1988
	Jan. 1989
	June 1988
	Oct. 1992

	
	Variants and Licensed Equivalents
	386SL (power management features)

	Speed Specifications
	Memory Bus Speed (MHz)
	16
	20
	25
	33

	
	Processor Clock Multiplier
	1.0

	
	Processor Speed (MHz)
	16
	20
	25
	33

	
	"P" Rating
	--

	Benchmarks
	iCOMP Rating
	22
	32
	39
	56

	
	iCOMP 2.0 Rating
	--

	
	Norton SI
	~11
	15
	~20
	~27

	
	Norton SI32
	!?

	
	CPUmark32
	--

	Physical Characteristics
	Process Technology
	CMOS

	
	Circuit Size (microns)
	Originally 1.5, now 1.0

	
	Die Size (mm^2)
	!?

	
	Transistors (millions)
	0.275 (0.855 for 386SL)

	Voltage, Power and Cooling
	External or I/O Voltage (V)
	5

	
	Internal or Core Voltage (V)
	5

	
	Power Management
	SMM on 386SL only

	
	Cooling Requirements
	None

	Packaging
	Packaging Style
	132-Pin PGA

	
	Motherboard Interface
	132-Pin Socket

	External Architecture
	Data Bus Width (bits)
	16

	
	Maximum Data Bus Bandwidth (Mbytes/sec)
	31.8
	38.1
	47.7
	63.6

	
	Address Bus Width (bits)
	24

	
	Maximum Addressable Memory
	16 MB

	
	Level 2 Cache Type
	None

	
	Level 2 Cache Size
	--

	
	Level 2 Cache Bus Speed
	--

	
	Multiprocessing
	No

	Internal Architecture
	Instruction Set
	x86

	
	MMX Support
	No

	
	Processor Modes
	Real, Protected, Virtual Real

	
	x86 Execution Method
	Native

	Internal Components
	Register Size (bits)
	32

	
	Pipeline Depth (stages)
	4

	
	Level 1 Cache Size
	None

	
	Level 1 Cache Mapping
	--

	
	Level 1 Cache Write Policy
	--

	
	Integer Units
	1

	
	Floating Point Unit / Math Coprocessor
	Optional 80387 Coprocessor

	
	Instruction Decoders
	1

	
	Branch Prediction Buffer Size / Accuracy
	None

	
	Write Buffers
	None

	
	Performance Enhancing Features
	None


	General Information
	Manufacturer
	Intel, AMD, Cyrix

	
	Family Name
	80486DX

	
	Code name
	"P4"

	
	Processor Generation
	Fourth

	
	Motherboard Generation
	Fourth

	
	Version
	80486DX-25
	80486DX-33
	80486DX-50

	
	Introduced
	April 1989
	May 1990
	June 1991

	
	Variants and Licensed Equivalents
	80487SX

	Speed Specifications
	Memory Bus Speed (MHz)
	25
	33
	50

	
	Processor Clock Multiplier
	1.0

	
	Processor Speed (MHz)
	25
	33
	50

	
	"P" Rating
	--

	Benchmarks
	iCOMP Rating
	122
	166
	249

	
	iCOMP 2.0 Rating
	--

	
	Norton SI
	54
	72
	109

	
	Norton SI32
	!?

	
	CPUmark32
	--

	Physical Characteristics
	Process Technology
	CMOS

	
	Circuit Size (microns)
	1.0
	1.0
	0.8

	
	Die Size (mm^2)
	81
	81?

	
	Transistors (millions)
	1.2

	Voltage, Power and Cooling
	External or I/O Voltage (V)
	5

	
	Internal or Core Voltage (V)
	5

	
	Power Management
	SMM in SL-enhanced versions

	
	Cooling Requirements
	Generally none, some use passive heat sink.

	Packaging
	Packaging Style
	168-Pin PGA

	
	Motherboard Interface
	168-Pin Socket, Socket 1, Socket 2, Socket 3

	External Architecture
	Data Bus Width (bits)
	32

	
	Maximum Data Bus Bandwidth (Mbytes/sec)
	95.4
	127.2
	190.7

	
	Address Bus Width (bits)
	32

	
	Maximum Addressable Memory
	4 GB

	
	Level 2 Cache Type
	Motherboard

	
	Level 2 Cache Size
	Usually 0 KB to 256 KB

	
	Level 2 Cache Bus Speed
	Same as Memory Bus

	
	Multiprocessing
	No

	Internal Architecture
	Instruction Set
	x86

	
	MMX Support
	No

	
	Processor Modes
	Real, Protected, Virtual Real

	
	x86 Execution Method
	Native

	Internal Components
	Register Size (bits)
	32

	
	Pipeline Depth (stages)
	5

	
	Level 1 Cache Size
	8 KB Unified

	
	Level 1 Cache Mapping
	4-Way Set Associative

	
	Level 1 Cache Write Policy
	Write-Through

	
	Integer Units
	1

	
	Floating Point Unit / Math Coprocessor
	Integrated

	
	Instruction Decoders
	1

	
	Branch Prediction Buffer Size / Accuracy
	None

	
	Write Buffers
	None

	
	Performance Enhancing Features
	None


	General Information
	Manufacturer
	Intel, AMD, Cyrix

	
	Family Name
	80486SX

	
	Code name
	"P4S"

	
	Processor Generation
	Fourth

	
	Motherboard Generation
	Fourth

	
	Version
	80486SX-16
	80486SX-20
	80486SX-25
	80486SX-33

	
	Introduced
	Sept. 1991
	April 1991
	Sept. 1991
	Sept. 1992

	
	Variants and Licensed Equivalents
	!?

	Speed Specifications
	Memory Bus Speed (MHz)
	16
	20
	25
	33

	
	Processor Clock Multiplier
	1.0

	
	Processor Speed (MHz)
	16
	20
	25
	33

	
	"P" Rating
	--

	Benchmarks
	iCOMP Rating
	63
	78
	100
	136

	
	iCOMP 2.0 Rating
	--

	
	Norton SI
	34
	42
	54
	72

	
	Norton SI32
	!?

	
	CPUmark32
	--

	Physical Characteristics
	Process Technology
	CMOS

	
	Circuit Size (microns)
	1.0

	
	Die Size (mm^2)
	67

	
	Transistors (millions)
	1.185

	Voltage, Power and Cooling
	External or I/O Voltage (V)
	5

	
	Internal or Core Voltage (V)
	5

	
	Power Management
	SMM in SL-enhanced versions

	
	Cooling Requirements
	None

	Packaging
	Packaging Style
	168-Pin PGA

	
	Motherboard Interface
	168-Pin Socket, Socket 1, Socket 2, Socket 3

	External Architecture
	Data Bus Width (bits)
	32

	
	Maximum Data Bus Bandwidth (Mbytes/sec)
	63.6
	76.3
	95.4
	127.2

	
	Address Bus Width (bits)
	32

	
	Maximum Addressable Memory
	4 GB

	
	Level 2 Cache Type
	Motherboard

	
	Level 2 Cache Size
	Usually 0 KB to 256 KB

	
	Level 2 Cache Bus Speed
	Same as Memory Bus

	
	Multiprocessing
	No

	Internal Architecture
	Instruction Set
	x86

	
	MMX Support
	No

	
	Processor Modes
	Real, Protected, Virtual Real

	
	x86 Execution Method
	Native

	Internal Components
	Register Size (bits)
	32

	
	Pipeline Depth (stages)
	5

	
	Level 1 Cache Size
	8 KB Unified

	
	Level 1 Cache Mapping
	4-Way Set Associative

	
	Level 1 Cache Write Policy
	Write-Through

	
	Integer Units
	1

	
	Floating Point Unit / Math Coprocessor
	Optional 80487SX Coprocessor

	
	Instruction Decoders
	1

	
	Branch Prediction Buffer Size / Accuracy
	None

	
	Write Buffers
	None

	
	Performance Enhancing Features
	None


	General Information
	Manufacturer
	AMD

	
	Family Name
	80486DX5, 5x86

	
	Code name
	"X5"

	
	Processor Generation
	Fourth

	
	Motherboard Generation
	Fourth

	
	Version
	80486DX5-133

	
	Introduced
	1995?

	
	Variants and Licensed Equivalents
	--

	Speed Specifications
	Memory Bus Speed (MHz)
	33

	
	Processor Clock Multiplier
	4.0

	
	Processor Speed (MHz)
	133

	
	"P" Rating
	P75

	Benchmarks
	iCOMP Rating
	~610

	
	iCOMP 2.0 Rating
	~67

	
	Norton SI
	288

	
	Norton SI32
	18

	
	CPUmark32
	~160

	Physical Characteristics
	Process Technology
	CMOS

	
	Circuit Size (microns)
	0.35

	
	Die Size (mm^2)
	!?

	
	Transistors (millions)
	!?

	Voltage, Power and Cooling
	External or I/O Voltage (V)
	3.45

	
	Internal or Core Voltage (V)
	3.45

	
	Power Management
	SMM

	
	Cooling Requirements
	Active heat sink

	Packaging
	Packaging Style
	168-Pin PGA

	
	Motherboard Interface
	Socket 3; or 168-Pin Socket, Socket 1, Socket 2 (with voltage regulator)

	External Architecture
	Data Bus Width (bits)
	32

	
	Maximum Data Bus Bandwidth (Mbytes/sec)
	127.2

	
	Address Bus Width (bits)
	32

	
	Maximum Addressable Memory
	4 GB

	
	Level 2 Cache Type
	Motherboard

	
	Level 2 Cache Size
	Usually 256 KB

	
	Level 2 Cache Bus Speed
	Same as Memory Bus

	
	Multiprocessing
	No

	Internal Architecture
	Instruction Set
	x86

	
	MMX Support
	No

	
	Processor Modes
	Real, Protected, Virtual Real

	
	x86 Execution Method
	Native

	Internal Components
	Register Size (bits)
	32

	
	Pipeline Depth (stages)
	5

	
	Level 1 Cache Size
	16 KB Unified

	
	Level 1 Cache Mapping
	4-Way Set Associative

	
	Level 1 Cache Write Policy
	Write-Through, Write-Back

	
	Integer Units
	1

	
	Floating Point Unit / Math Coprocessor
	Integrated

	
	Instruction Decoders
	1

	
	Branch Prediction Buffer Size / Accuracy
	None

	
	Write Buffers
	None

	
	Performance Enhancing Features
	None


	General Information
	Manufacturer
	Cyrix

	
	Family Name
	5x86

	
	Code name
	"M1sc"

	
	Processor Generation
	Fourth

	
	Motherboard Generation
	Fourth

	
	Version
	5x86-100
	5x86-120

	
	Introduced
	1996?

	
	Variants and Licensed Equivalents
	--

	Speed Specifications
	Memory Bus Speed (MHz)
	33 / 50
	40

	
	Processor Clock Multiplier
	3.0 / 2.0
	3.0

	
	Processor Speed (MHz)
	100
	120

	
	"P" Rating
	P75
	P90

	Benchmarks
	iCOMP Rating
	~610
	~735

	
	iCOMP 2.0 Rating
	~67
	~81

	
	Norton SI
	264
	316

	
	Norton SI32
	~16
	19

	
	CPUmark32
	~150
	~180

	Physical Characteristics
	Process Technology
	CMOS

	
	Circuit Size (microns)
	0.65

	
	Die Size (mm^2)
	144

	
	Transistors (millions)
	2.0

	Voltage, Power and Cooling
	External or I/O Voltage (V)
	3.45

	
	Internal or Core Voltage (V)
	3.45

	
	Power Management
	SMM

	
	Cooling Requirements
	Active heat sink

	Packaging
	Packaging Style
	168-Pin PGA

	
	Motherboard Interface
	Socket 3; or 168-Pin Socket, Socket 1, Socket 2 (with voltage regulator)

	External Architecture
	Data Bus Width (bits)
	32

	
	Maximum Data Bus Bandwidth (Mbytes/sec)
	127.2
	152.6

	
	Address Bus Width (bits)
	32

	
	Maximum Addressable Memory
	4 GB

	
	Level 2 Cache Type
	Motherboard

	
	Level 2 Cache Size
	Usually 256 KB

	
	Level 2 Cache Bus Speed
	Same as Memory Bus

	
	Multiprocessing
	No

	Internal Architecture
	Instruction Set
	x86

	
	MMX Support
	No

	
	Processor Modes
	Real, Protected, Virtual Real

	
	x86 Execution Method
	Native

	Internal Components
	Register Size (bits)
	32

	
	Pipeline Depth (stages)
	6

	
	Level 1 Cache Size
	16 KB Unified

	
	Level 1 Cache Mapping
	4-Way Set Associative

	
	Level 1 Cache Write Policy
	Write-Through, Write-Back

	
	Integer Units
	1

	
	Floating Point Unit / Math Coprocessor
	Integrated

	
	Instruction Decoders
	1

	
	Branch Prediction Buffer Size / Accuracy
	!? entries / !? %

	
	Write Buffers
	!?

	
	Performance Enhancing Features
	--


	General Information
	Manufacturer
	Intel

	
	Family Name
	Pentium

	
	Code name
	"P5"
	"P54C"

	
	Processor Generation
	Fifth

	
	Motherboard Generation
	Fifth

	
	Version
	P60
	P66
	P75
	P90
	P100
	P120
	P133
	P150
	P166
	P200

	
	Introduced
	March 1993
	Oct. 1994
	March 1994
	March 1995
	June 1995
	Jan. 1996
	Jan. 1996
	June 1996

	
	Variants and Licensed Equivalents
	--

	Speed Specifications
	Memory Bus Speed (MHz)
	60
	66
	50
	60
	66
	60
	66
	60
	66
	66

	
	Processor Clock Multiplier
	1.0
	1.5
	2.0
	2.5
	3.0

	
	Processor Speed (MHz)
	60
	66
	75
	90
	100
	120
	133
	150
	166
	200

	
	"P" Rating
	60
	66
	75
	90
	100
	120
	133
	150
	166
	200

	Benchmarks
	iCOMP Rating
	510
	567
	610
	735
	815
	1000
	1110
	1176
	1308
	~1575

	
	iCOMP 2.0 Rating
	51
	57
	67
	81
	90
	100
	111
	114
	127
	142

	
	Norton SI
	190
	211
	237
	285
	317
	380
	421
	476
	529
	637

	
	Norton SI32
	~16
	~18
	23
	27
	30
	32
	36
	35
	40
	44

	
	CPUmark32
	~120
	~140
	181
	219
	243
	270
	300
	308
	343
	382

	Physical Characteristics
	Process Technology
	Bipolar CMOS

	
	Circuit Size (microns)
	0.8
	0.6
	0.6 / 0.35
	0.35

	
	Die Size (mm^2)
	295
	147
	147 / 90
	90

	
	Transistors (millions)
	3.1
	3.2
	3.3

	Voltage, Power and Cooling
	External or I/O Voltage (V)
	5
	3.3 (STD) / 3.52 (VRE)

	
	Internal or Core Voltage (V)
	5
	3.3 (STD) / 3.52 (VRE)

	
	Power Management
	SMM

	
	Cooling Requirements
	Passive or active heat sink

	Packaging
	Packaging Style
	273-Pin PGA
	296-Pin SPGA

	
	Motherboard Interface
	Socket 4
	Socket 5, Socket 7
	Socket 7

	External Architecture
	Data Bus Width (bits)
	64

	
	Maximum Data Bus Bandwidth (Mbytes/sec)
	457.8
	508.6
	381.5
	457.8
	508.6
	457.8
	508.6
	457.8
	508.6
	508.6

	
	Address Bus Width (bits)
	32

	
	Maximum Addressable Memory
	4 GB

	
	Level 2 Cache Type
	Motherboard

	
	Level 2 Cache Size
	Usually 256 KB - 512 KB

	
	Level 2 Cache Bus Speed
	Same as Memory Bus

	
	Multiprocessing
	Dual (SMP) with Compatible Motherboard

	Internal Architecture
	Instruction Set
	x86 plus Pentium Extensions

	
	MMX Support
	No

	
	Processor Modes
	Real, Protected, Virtual Real

	
	x86 Execution Method
	Native

	Internal Components
	Register Size (bits)
	32

	
	Pipeline Depth (stages)
	5

	
	Level 1 Cache Size
	8 KB Data, 8 KB Instruction

	
	Level 1 Cache Mapping
	2-Way Set Associative

	
	Level 1 Cache Write Policy
	Write-Through (Data and Instruction), Write-Back (Data Only)

	
	Integer Units
	2

	
	Floating Point Unit / Math Coprocessor
	Integrated

	
	Instruction Decoders
	1

	
	Branch Prediction Buffer Size / Accuracy
	256 entries / 80%

	
	Write Buffers
	2

	
	Performance Enhancing Features
	--


	General Information
	Manufacturer
	Cyrix

	
	Family Name
	6x86, 6x86L

	
	Code name
	"M1"

	
	Processor Generation
	Fifth

	
	Motherboard Generation
	Fifth

	
	Version
	6x86-
PR120+
	6x86-
PR133+
	6x86-
PR150+
	6x86-
PR166+
	6x86-
PR200+

	
	Introduced
	1995
	1996

	
	Variants and Licensed Equivalents
	IBM 6x86 (same chip, marked differently and using different test process)

	Speed Specifications
	Memory Bus Speed (MHz)
	50
	55
	60
	66
	75

	
	Processor Clock Multiplier
	2.0

	
	Processor Speed (MHz)
	100
	110
	120
	133
	150

	
	"P" Rating
	120
	133
	150
	166
	200

	Benchmarks
	iCOMP Rating
	!?

	
	iCOMP 2.0 Rating
	!?

	
	Norton SI
	676
	750
	816
	907
	1020

	
	Norton SI32
	32
	~37
	41
	48
	~55

	
	CPUmark32
	!?

	Physical Characteristics
	Process Technology
	CMOS

	
	Circuit Size (microns)
	0.6 (0.35 for 6x86L)
	0.5 then 0.44 (0.35 for 6x86L)

	
	Die Size (mm^2)
	210 (169 for 6x86L)
	169

	
	Transistors (millions)
	3.0

	Voltage, Power and Cooling
	External or I/O Voltage (V)
	3.3

	
	Internal or Core Voltage (V)
	3.3 (2.8 for 6x86L)

	
	Power Management
	SMM

	
	Cooling Requirements
	Active heat sink

	Packaging
	Packaging Style
	296-Pin SPGA

	
	Motherboard Interface
	Socket 7

	External Architecture
	Data Bus Width (bits)
	64

	
	Maximum Data Bus Bandwidth (Mbytes/sec)
	381.5
	419.6
	457.8
	508.6
	572.2

	
	Address Bus Width (bits)
	32

	
	Maximum Addressable Memory
	4 GB

	
	Level 2 Cache Type
	Motherboard

	
	Level 2 Cache Size
	Usually 256 KB - 512 KB

	
	Level 2 Cache Bus Speed
	Same as Memory Bus

	
	Multiprocessing
	No

	Internal Architecture
	Instruction Set
	x86

	
	MMX Support
	No

	
	Processor Modes
	Real, Protected, Virtual Real

	
	x86 Execution Method
	Native

	Internal Components
	Register Size (bits)
	32

	
	Pipeline Depth (stages)
	7

	
	Level 1 Cache Size
	16 KB Unified

	
	Level 1 Cache Mapping
	4-Way Set Associative

	
	Level 1 Cache Write Policy
	Write-Through, Write-Back

	
	Integer Units
	2

	
	Floating Point Unit / Math Coprocessor
	Integrated

	
	Instruction Decoders
	1

	
	Branch Prediction Buffer Size / Accuracy
	256 entries / 85-90%

	
	Write Buffers
	4

	
	Performance Enhancing Features
	Out of Order Execution, Speculative Execution, Register Renaming


	General Information
	Manufacturer
	AMD

	
	Family Name
	K5

	
	Code name
	"5k86"
	"K5"

	
	Processor Generation
	Fifth

	
	Motherboard Generation
	Fifth

	
	Version
	K5 PR75
	K5 PR90
	K5 PR100
	K5 PR120
	K5 PR133
	K5 PR166

	
	Introduced
	1995
	1996
	1997

	
	Variants and Licensed Equivalents
	--

	Speed Specifications
	Memory Bus Speed (MHz)
	50
	60
	66
	60
	66
	66

	
	Processor Clock Multiplier
	1.5
	1.75

	
	Processor Speed (MHz)
	75
	90
	100
	90
	100
	116

	
	"P" Rating
	75
	90
	100
	120
	133
	166

	Benchmarks
	iCOMP Rating
	!?

	
	iCOMP 2.0 Rating
	!?

	
	Norton SI
	286
	359
	390
	~380
	407
	~470

	
	Norton SI32
	~25
	30
	33
	~37
	43
	47

	
	CPUmark32
	!?

	Physical Characteristics
	Process Technology
	CMOS

	
	Circuit Size (microns)
	0.35

	
	Die Size (mm^2)
	161

	
	Transistors (millions)
	4.3

	Voltage, Power and Cooling
	External or I/O Voltage (V)
	3.52

	
	Internal or Core Voltage (V)
	3.52

	
	Power Management
	SMM

	
	Cooling Requirements
	Active heat sink

	Packaging
	Packaging Style
	296-Pin SPGA

	
	Motherboard Interface
	Socket 5, Socket 7

	External Architecture
	Data Bus Width (bits)
	64

	
	Maximum Data Bus Bandwidth (Mbytes/sec)
	381.5
	457.8
	508.6
	457.8
	508.6
	508.6

	
	Address Bus Width (bits)
	32

	
	Maximum Addressable Memory
	4 GB

	
	Level 2 Cache Type
	Motherboard

	
	Level 2 Cache Size
	Usually 256 KB - 512 KB

	
	Level 2 Cache Bus Speed
	Same as Memory Bus

	
	Multiprocessing
	No

	Internal Architecture
	Instruction Set
	x86

	
	MMX Support
	No

	
	Processor Modes
	Real, Protected, Virtual Real

	
	x86 Execution Method
	x86 Emulation

	Internal Components
	Register Size (bits)
	32

	
	Pipeline Depth (stages)
	5

	
	Level 1 Cache Size
	8 KB Data, 16 KB Instruction

	
	Level 1 Cache Mapping
	4-Way Set Associative

	
	Level 1 Cache Write Policy
	Write-Through, Write-Back

	
	Integer Units
	5

	
	Floating Point Unit / Math Coprocessor
	Integrated

	
	Instruction Decoders
	1

	
	Branch Prediction Buffer Size / Accuracy
	1024 entries / 75%

	
	Write Buffers
	!?

	
	Performance Enhancing Features
	Out of Order Execution, Speculative Execution, Register Renaming


	General Information
	Manufacturer
	Intel

	
	Family Name
	Pentium Pro

	
	Code name
	"P6"

	
	Processor Generation
	Sixth

	
	Motherboard Generation
	Sixth

	
	Version
	Pentium Pro 150
	Pentium Pro 166
	Pentium Pro 180
	Pentium Pro 200 (256 KB)
	Pentium Pro 200 (512 KB)
	Pentium Pro 200 (1 MB)

	
	Introduced
	Nov. 1995
	1996
	Jan. 1997

	
	Variants and Licensed Equivalents
	--

	Speed Specifications
	Memory Bus Speed (MHz)
	60
	66
	60
	66

	
	Processor Clock Multiplier
	2.5
	3.0

	
	Processor Speed (MHz)
	150
	166
	180
	200

	
	"P" Rating
	--

	Benchmarks
	iCOMP Rating
	--

	
	iCOMP 2.0 Rating
	168
	186
	197
	220
	~240
	!?

	
	Norton SI
	--

	
	Norton SI32
	70
	78
	81
	90
	98
	!?

	
	CPUmark32
	420
	465
	497
	553
	611
	!?

	Physical Characteristics
	Process Technology
	Bipolar CMOS

	
	Circuit Size (microns)
	0.6 (CPU and cache)
	0.35 (CPU and cache)
	0.35 (CPU), 0.6 (cache)
	0.35 (CPU and cache)
	0.35 (CPU), !? (cache)

	
	Die Size (mm^2)
	307 (+202 for L2 cache)
	196 (+242 for L2 cache)
	196 (+202 for L2 cache)
	196 (+242 for L2 cache)
	196 (+!? For L2 cache)

	
	Transistors (millions)
	5.5 (+15.5 for L2 cache)
	5.5 (+31 for L2 cache)
	5.5 (+15.5 for L2 cache)
	5.5 (+31 for L2 cache)
	5.5 (+!? For L2 cache)

	Voltage, Power and Cooling
	External or I/O Voltage (V)
	3.1
	3.3

	
	Internal or Core Voltage (V)
	3.1
	3.3

	
	Power Management
	SMM

	
	Cooling Requirements
	Active heat sink

	Packaging
	Packaging Style
	387-Pin Dual SPGA

	
	Motherboard Interface
	Socket 8

	External Architecture
	Data Bus Width (bits)
	64

	
	Maximum Data Bus Bandwidth (Mbytes/sec)
	457.8
	508.6
	457.8
	508.6

	
	Address Bus Width (bits)
	36

	
	Maximum Addressable Memory
	64 GB

	
	Level 2 Cache Type
	Integrated, non-blocking

	
	Level 2 Cache Size
	256 KB
	512 KB
	256 KB
	512 KB
	1 MB

	
	Level 2 Cache Bus Speed
	Same as Processor

	
	Multiprocessing
	Quad (SMP) with compatible motherboard

	Internal Architecture
	Instruction Set
	x86 plus Pentium and Pentium Pro extensions

	
	MMX Support
	No

	
	Processor Modes
	Real, Protected, Virtual Real

	
	x86 Execution Method
	x86 Emulation

	Internal Components
	Register Size (bits)
	32

	
	Pipeline Depth (stages)
	14

	
	Level 1 Cache Size
	8 KB Data, 8 KB Instruction

	
	Level 1 Cache Mapping
	2-Way Set Associative

	
	Level 1 Cache Write Policy
	Write-Through, Write-Back

	
	Integer Units
	4

	
	Floating Point Unit / Math Coprocessor
	Integrated

	
	Instruction Decoders
	1 Sophisticated, 2 Simple

	
	Branch Prediction Buffer Size / Accuracy
	512 entries / 90%

	
	Write Buffers
	!?

	
	Performance Enhancing Features
	Out of Order Execution, Speculative Execution, Register Renaming, Superpipelining


	General Information
	Manufacturer
	Intel

	
	Family Name
	Pentium II

	
	Code name
	"Klamath"
	"Deschutes"

	
	Processor Generation
	Sixth

	
	Motherboard Generation
	Sixth

	
	Version
	Pentium II 233
	Pentium II 266
	Pentium II 300
	Pentium II 333

	
	Introduced
	May 1997
	February 1998

	
	Variants and Licensed Equivalents
	--

	Speed Specifications
	Memory Bus Speed (MHz)
	66

	
	Processor Clock Multiplier
	3.5
	4.0
	4.5
	5.0

	
	Processor Speed (MHz)
	233
	266
	300
	333

	
	"P" Rating
	--

	Benchmarks
	iCOMP Rating
	--

	
	iCOMP 2.0 Rating
	267
	303
	332
	366

	
	Norton SI
	--

	
	Norton SI32
	~115
	~130
	!?
	!?

	
	CPUmark32
	~640
	~700
	820
	~900

	Physical Characteristics
	Process Technology
	CMOS

	
	Circuit Size (microns)
	0.35
	0.25

	
	Die Size (mm^2)
	203
	!?

	
	Transistors (millions)
	7.5

	Voltage, Power and Cooling
	External or I/O Voltage (V)
	3.3

	
	Internal or Core Voltage (V)
	2.8
	2.0

	
	Power Management
	SMM

	
	Cooling Requirements
	Active heat sink

	Packaging
	Packaging Style
	242-Pin SEC

	
	Motherboard Interface
	Slot 1

	External Architecture
	Data Bus Width (bits)
	64

	
	Maximum Data Bus Bandwidth (Mbytes/sec)
	508.6

	
	Address Bus Width (bits)
	36

	
	Maximum Addressable Memory
	64 GB

	
	Level 2 Cache Type
	SEC, non-blocking

	
	Level 2 Cache Size
	512 KB

	
	Level 2 Cache Bus Speed
	116 MHz
	133 MHz
	150 MHz
	166 MHz

	
	Multiprocessing
	Dual (SMP) with compatible motherboard

	Internal Architecture
	Instruction Set
	x86 plus Pentium and Pentium Pro extensions

	
	MMX Support
	Yes

	
	Processor Modes
	Real, Protected, Virtual Real

	
	x86 Execution Method
	x86 Emulation

	Internal Components
	Register Size (bits)
	32

	
	Pipeline Depth (stages)
	14?

	
	Level 1 Cache Size
	16 KB Data, 16 KB Instruction

	
	Level 1 Cache Mapping
	2-Way Set Associative

	
	Level 1 Cache Write Policy
	Write-Through, Write-Back

	
	Integer Units
	5? (1 for MMX)

	
	Floating Point Unit / Math Coprocessor
	Integrated

	
	Instruction Decoders
	1 Sophisticated, 2 Simple

	
	Branch Prediction Buffer Size / Accuracy
	512 entries / 90%

	
	Write Buffers
	!?

	
	Performance Enhancing Features
	Out of Order Execution, Speculative Execution, Register Renaming, Superpipelining, Segment Register Caches


	General Information
	Manufacturer
	AMD

	
	Family Name
	K6

	
	Code name
	"K6"

	
	Processor Generation
	Sixth

	
	Motherboard Generation
	Fifth

	
	Version
	K6-166
	K6-200
	K6-233
	K6-266

	
	Introduced
	April 1997
	March 1998

	
	Variants and Licensed Equivalents
	--

	Speed Specifications
	Memory Bus Speed (MHz)
	66

	
	Processor Clock Multiplier
	2.5
	3.0
	3.5 (jumper as 1.5)
	4.0

	
	Processor Speed (MHz)
	166
	200
	233
	266

	
	"P" Rating
	166
	200
	233
	266

	Benchmarks
	iCOMP Rating
	--

	
	iCOMP 2.0 Rating
	!?

	
	Norton SI
	--

	
	Norton SI32
	~73
	~83
	~91
	~100

	
	CPUmark32
	~420
	~490
	!?
	!?

	Physical Characteristics
	Process Technology
	CMOS

	
	Circuit Size (microns)
	0.35
	0.25

	
	Die Size (mm^2)
	162
	68

	
	Transistors (millions)
	8.8

	Voltage, Power and Cooling
	External or I/O Voltage (V)
	3.3

	
	Internal or Core Voltage (V)
	2.9
	3.2
	2.2

	
	Power Management
	SMM

	
	Cooling Requirements
	Active heat sink

	Packaging
	Packaging Style
	296-Pin SPGA

	
	Motherboard Interface
	Socket 7

	External Architecture
	Data Bus Width (bits)
	64

	
	Maximum Data Bus Bandwidth (Mbytes/sec)
	508.6

	
	Address Bus Width (bits)
	32

	
	Maximum Addressable Memory
	4 GB

	
	Level 2 Cache Type
	Motherboard

	
	Level 2 Cache Size
	Usually 256 KB - 1 MB

	
	Level 2 Cache Bus Speed
	Same as Memory Bus

	
	Multiprocessing
	No

	Internal Architecture
	Instruction Set
	x86

	
	MMX Support
	Yes

	
	Processor Modes
	Real, Protected, Virtual Real

	
	x86 Execution Method
	x86 Emulation

	Internal Components
	Register Size (bits)
	32

	
	Pipeline Depth (stages)
	6

	
	Level 1 Cache Size
	32 KB Data, 32 KB Instruction

	
	Level 1 Cache Mapping
	2-Way Set Associative

	
	Level 1 Cache Write Policy
	Write-Through, Write-Back

	
	Integer Units
	6 (1 for MMX)

	
	Floating Point Unit / Math Coprocessor
	Integrated

	
	Instruction Decoders
	2 Sophisticated, 1 Long, 1 Vector

	
	Branch Prediction Buffer Size / Accuracy
	8192 entries / 95%

	
	Write Buffers
	!?

	
	Performance Enhancing Features
	Out of Order Execution, Speculative Execution, Register Renaming


	General Information
	Manufacturer
	Cyrix

	
	Family Name
	6x86MX

	
	Code name
	"M2"

	
	Processor Generation
	Sixth

	
	Motherboard Generation
	Fifth

	
	Version
	6x86MX-PR166
	6x86MX-PR200
	6x86MX-PR233

	
	Introduced
	June 1997

	
	Variants and Licensed Equivalents
	IBM 6x86MX (same chip, marked differently and using different test process)

	Speed Specifications
	Memory Bus Speed (MHz)
	60
	66
	75

	
	Processor Clock Multiplier
	2.5

	
	Processor Speed (MHz)
	150
	166
	187

	
	"P" Rating
	166
	200
	233

	Benchmarks
	iCOMP Rating
	--

	
	iCOMP 2.0 Rating
	!?

	
	Norton SI
	--

	
	Norton SI32
	!?

	
	CPUmark32
	~380
	!?

	Physical Characteristics
	Process Technology
	CMOS

	
	Circuit Size (microns)
	0.35

	
	Die Size (mm^2)
	197

	
	Transistors (millions)
	6.0

	Voltage, Power and Cooling
	External or I/O Voltage (V)
	3.3

	
	Internal or Core Voltage (V)
	2.9

	
	Power Management
	SMM

	
	Cooling Requirements
	Active heat sink

	Packaging
	Packaging Style
	296-Pin SPGA

	
	Motherboard Interface
	Socket 7

	External Architecture
	Data Bus Width (bits)
	64

	
	Maximum Data Bus Bandwidth (Mbytes/sec)
	457.8
	508.6
	572.2

	
	Address Bus Width (bits)
	32

	
	Maximum Addressable Memory
	4 GB

	
	Level 2 Cache Type
	Motherboard

	
	Level 2 Cache Size
	Usually 256 KB - 512 KB

	
	Level 2 Cache Bus Speed
	Same as Memory Bus

	
	Multiprocessing
	No

	Internal Architecture
	Instruction Set
	x86

	
	MMX Support
	Yes

	
	Processor Modes
	Real, Protected, Virtual Real

	
	x86 Execution Method
	Native

	Internal Components
	Register Size (bits)
	32

	
	Pipeline Depth (stages)
	7

	
	Level 1 Cache Size
	64 KB Unified + 0.25 KB Instruction

	
	Level 1 Cache Mapping
	4-Way Set Associative

	
	Level 1 Cache Write Policy
	Write-Through, Write-Back

	
	Integer Units
	2

	
	Floating Point Unit / Math Coprocessor
	Integrated

	
	Instruction Decoders
	1

	
	Branch Prediction Buffer Size / Accuracy
	512 entries / !?

	
	Write Buffers
	6?

	
	Performance Enhancing Features
	Out of Order Execution, Speculative Execution, Register Renaming, Scratchpad RAM


Charts provided by: http://www.imada.ou.dk/~jews/PInfo/intel.html
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