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4004

The 4004 processor was Intel’s first microprocessor.  Introduced in 1971, it was made at the request of Busicom, a Japanese calculator manufacturer.  It was 4 bit, with 640 bytes of memory addresses and used 16 4-bit registers.  Capable of only Arithmetic manipulation it ran at only 108 kHz and used 2300 transistors, a far cry from the GHz speeds and millions of transistors used in recent processors.  However it marked the beginning of Intel’s long and successful involvement in the microprocessor industry and is remember as one of the first microprocessors.  Intel decided to market the 4004 chip generally, renegotiated with Busicom and returned $60,000 to get general distribution rights.  Subsequently the 4004 was used in calculators and similar lower end devices.  It was followed by the 8008 processor, which was introduced in 1972 and was originally created for Computer Terminal Corporation.  Running at 200 kHz it was the first commercial 8-bit processor and had 3,500 transistors and 16 Kbytes (2^4) of addressable memory.  It was capable of data/character manipulation as well as arithmetic work.  


Following two years after the 8008 in 1974 was the 8080 processor.  Running at 2 MHz it had a 6-bit address bus for 64 kilobytes (2^6) of addressable memory and an 8-bit data bus as well as seven 8 bit registers and a 16-bit register for use as a stack pointer.  It had 72 basic instructions and used 6,000 transistors.  Its overall performance was roughly ten times better than the 8008 chip had been.  The 8080 processor was used in the first widely known personal computer, the Altair 8800.

8086/8088


in 1978 and 1979, the 8088 and 8086 processors used a CISC (Complex Instruction Set Computer) design that was a great improvement over the earlier chips of the 8080 family. Both processors were software compatible and as such were capable of running the same programs as each other, but they were not pin-compatible and as such could not be plugged into the same slot. In general the speed of the 8086 and 8088 ran from 4 MHz to 16 MHz. Both processors used twenty address line for 1 megabyte (2^20) of addressable memory, and had 29,000 transistors. The basic instruction set for both chips was 108 different instructions, with several different addressing modes.  They each had a total of 13 16-bit registers and nine 1-bit flags.  The registers are divided into four general registers for usage as an accumulator, storage of base addresses, program counter, and storage of I/O Addresses.  The general registers could also be split into 8 8-bit registers to emulate the 8080 processor.  Four pointer and index registers for a stack pointer, a base pointer, storage of a source index, and storage of a destination index.  Four segment registers for when addresses for data and stacks need to be differentiated called Code, Data, Stack, and Extra, and a register for an instruction pointer.  The clock generator, I/O processor, and Bus controller were all on separate chips from the CPU and both chips could be supported by the 8087 Floating-point math compressor. 

The main difference between the two was that the 8086 possessed a 16-bit data bus, but the 8088 had only an 8-bit data bus.  The result of this was that it was easier and cheaper to produce the 8088 and accompanying mainboards and as such IBM chose to use the 8088 in their early IBM-PC.  The second main difference is that while the 8088 was simply a weakened 8086 chip, the 8086 processor itself was code named P1 during design, and marks the beginning of the x86 line. 

80186

The 80186 processor was an essentially just an improvement on the 8086 design, Intel included new instructions and new fault tolerances.  The new instructions were meant to make assembly language programming of the chip easier.  The fault tolerance allowed an attempt at recovery when an invalid computer instruction was encountered instead of simply causing the chip to hang like the 8088 and 8086 did when a faulty instruction was encountered.  Like the 8086, the 80186 had a 16-bit data bus, and Intel also introduced an 80188 chip with an 8-bit data bus.  The 80186 ran at speeds that ranged from 6 MHz to 20 MHz, depending on what subcontractor actually manufactured it.  Intel also attempted to integrate various peripheral chips with the 80186 including interrupt controllers, interval timers, DMA controllers, and clock generators.  However few hardware manufacturers used it as a CPU, and Intel’s attempt failed. Although it was never used in PC’s, partly due to IBM choosing to use the 80286 in its PC-XT line of computers, it did experience success in use for embedded disk controllers and other such minor hardware devices.  

80286

The 80286 processor (code named P2) was introduced by Intel in 1982 but was not widely used until IBM introduced their next computer the IBM PC-AT in 1985.  With the number of transistors increased to 134,000, and running at speeds ranging from 6 MHz to 20 MHz, the 80286 had a 16-bit data bus.  Unlike the 8086 and 80186, Intel did not introduce an 8-bit data bus counter part (i.e. a 80288) marking the switch by Intel to a 16 bit minimum data bus.  The most significant change from previous Intel microprocessors was that the number of address lines was increased from 20 to 24 lines.  This increased the number of possible addresses from 1 megabyte (2^20) to 16 megabytes (2^24). The 80286 could also support 1 gigabyte (2^30) of virtual memory where previous chips didn’t support virtual memory at all.  To accompany this increase in addressable memory the 80286 had additional instructions for a “protected mode” in which it was possible to use the additional 15 megabytes of addresses and otherwise it ran in “real mode”.  However as “real mode” included all programs that only had the 1 MB of space available a problem arose.   Any programs that where made prior to the 80286 ran only in “real mode” and could not be run in “protected mode”.  This included most of the DOS programs available at the time.  Compounding the problem was the fact that going from “real mode” to “protected mode” wasn’t easy, as the processor needed to be reset for the switch.  As a result the usability of the programming extensions provided by the 80286 were limited.  Limitations of the protected mode aside, the 80286 had roughly 3 to 6 times the overall performance that the 8086 did.  

80386

Intel’s® 1988 release of the 80386, or 386 as it is commonly referred to, marked the first marketing of a 32-bit processor.  It was also the first processor to use a 16-byte cache for data storage.  The differences between the 386 and the 286 chips are small in number but great in importance.  The chip speed was increased to a range of 12.5 MHz to 33 MHz with 16 registers.  The status flags, including the C, Z, N, and V flags, are located in a 32-bit register known as EFLAGS.  There was also an increase in transistors to a total of 275 K.  It also included a 16-bit data bus and a 24-bit address bus allowing the 386 to only address 16 MB of main memory.  


This was the first truly mass marketed CPU that was strictly used for personal computing.  Its innovation brought about the first concept of home computer use for the average person.  Through its low cost and, at the time, speedy capabilities, it was this CPU that allowed a home user to utilize their computer for modern applications.

Shortly after the introduction of the 80386, Intel® introduced a cheaper version of it called the 80386 SX and renamed the original to 80386 DX to avoid confusion.  The 80386 SX possessed a 16-bit data bus and had only a 24 bit address bus.  The 80386 ran at speeds ranging from 16 MHz to 33 MHZ.  

80486

The next chip release by Intel® in 1991 was the 80486.  There were two types of 486’s, the SX and DX.  The DX chip included a math co-processor while the SX required a separate co-processor for the extended operation. The speed of these chips was increased to 120 MHZ with an increased efficiency in instruction operation.  This is also the first chip in the Intel® set that had a RISC set-up.  The number of transistors used had reached 1,200,000 for the DX and 1,185,000 for the SX.  Unlike the 386, the 80486 SX had the same data and address bus size. Instead of reducing bus size, the initial 80486 SX’s simply had the math co-processor disabled, but later versions had it actually removed.   In addition to making them software incompatible by doing this, Intel® also made them pin incompatible.  Also like the 386, Intel® diversified the available 486’s during its lifetime.  The initial chip ran at speeds from 25-50 MHz, but the final versions ran at 75-120 MHz. Later on Intel® also produced later model chips that were pin-compatible with the 486.  


This CPU was perhaps the final stepping-stone to a world based on Moore’s Law:  The notion that the speeds of CPUs will double every 18 months.  Its inclusion of a RISC system made it a low power CPU but the increase in speed made it compatible for more home users that were not going to be pushing its limits.

Pentium®

The largest increase, by far was from the 486 to the Pentium® (80586) released in 1993.  The name change was from the failure of a copyright suit by Intel® to reserve the numbers under U.S. Copyright law in a suit against AMD.  So in order to keep their chips separate from their competitors, the name Pentium® was adopted.  


The chip contained many advances over the 486.  The speed was again increased to a range of 75 MHz to 233 MHz.  It also included a superscalar instruction system allowing 2 instructions per clock cycle.  A 64-bit data bus made the Pentium® equivalent to two 32-bit chips.  The only problem with this chip is that it tends to over-heat and requires a separate cooling fan for normal operation.  Another change in implementation was the hard wiring of the most used commands.  The final increase was in the number of transistors to a total of 3.1 M.  


The Pentium® CPU was by far the most popular chip until the release of the Pentium® 2.  Its compact style and increase in speed allowed graphical applications to become the dominant force in computing.  Its superscalar architecture gave it more than five times the power of a 486DX.  While this chip did have cooling problems, it was the most widely used chip during the massive surge in personal computing.

Pentium® Pro


The second RISC chip in the Intel® set is the Pentium® Pro, released in 1995.  While this chip could be considered a step up from the Pentium®, it was mainly used as an upgraded 486.  Its clock speed was limited to a maximum of 200 MHz.  However it could perform three instructions per clock cycle, making it slightly faster than the Pentium®.  It has an 8 KB cache and 5.5 M transistors making it a popular choice for personal computing at the time.


Intel® ’s second accomplishment with the Pentium® Pro was the addition of four more address lines, thereby allowing the chip access to 64 GB of main memory.  The addition of a second level cache, while increasing performance, made the Pentium® Pro expensive to manufacture.  


This CPU, while somewhat better than its predecessor, the Pentium®, was never really included in home computers.  It was simply too expensive for too little progress.  It could do more, but its requirement of a specialized socket on the motherboard made it even more expensive for the home user. 

Pentium® 2

The Intel® Pentium® 2 processor was released in the mid 1990’s.  Its  has speeds of 233 MHz, 266 MHz, 300 MHz, 333 MHz, 350 MHz, 400 MHz, and 450 MHz to work with servers, desktops and workstations and it remained binary compatible with the it’s Intel®   predecessors.  Designed to run on operating systems such as Windows 95, Windows 98, Windows NT, and UNIX, it has distributes power in less space because it contains over 7.5 million transistors.  One reason for its improvement is from its “seamless combination of the P6 micro-architecture and Intel® MMX media enhancement technology” which makes for better software performance with extra room for applications that use the multimedia technology.  The MMX technology in this processor includes eight more 64-bit registers specifically for multimedia, four new data types, 57 more instructions, and using Single Instruction, Multiple Data (SIMD) processing rather then the more common Single Instruction, Single Data (SISD) processing.

The Pentium® 2 also comes with a 512K cache with a 64-bit cache bus that expands performance by cutting down on the average memory access time and offers fast access to recent data and instructions used.  The processor also has two separate 16Kcaches for data and instructions. As specified in IEEE standard 754, a Floating-Point Unit (FPU) that supports 32-bit and 64-bit formats is included, as well as an 80-bit format. 

As anyone would expect, there are differences between different speeds of the Pentium® 2.  For example, the 450 MHz version has 30% more multimedia performance, 35% more floating point performance, and delivers 32% more integer performance (as measured by Norton Media Benchmark, SPECfp95, and SPECint95 respectively) then the 333 MHz version.  The 350, 400, and 450 MHz processors improve the system bus speed from 66 MHz to 100 MHz thereby increasing performance and system bandwidth.  These same three versions support memory cacheability for up to 4GB of addressable memory space. 

Celeron® and Xeon®

 The Intel® Celeron and Xeon® processors are an alternative to the Pentium® series.  The Celeron is a cheaper, less advanced alternative for the average computer user.  The Xeon is designed to be a server processor and has two main types, the Dual Processor for and the multiprocessor.  Both were introduced in 1998.

The Celeron® has grown in popularity since its introduction.  There are many people in the world who want a computer, but don’t really care if their processor is somewhat slower then the Pentium®.  What matters most to the majority of these people is the price.  If they can get a Celeron® cheaper then the Pentium®, even with a few drawbacks, they would rather do that.  The Celeron® today has a range of speeds from 500MHz to 1.3 GHz, roughly equivalent to that of the Pentium® 3.  The system bus, along with the P6 micro-architecture, remains in the category of Pentium® 2 with speeds of MHz and 100 MHz.  It has a Level 1 cache of 32 Kb and a Level 2 cache of 128 Kb.  When the Celeron® was first introduced, it only had the Level 1 cache.    

The Xeon® Processor was made especially for servers.  With this processor, servers could use regular office software instead of making the company pay upwards of 10,000 dollars for software exclusively for their server.  With this new product, Intel® was breaking into the workstation market to compete with Sun®, Hewlett-Packard® and others.  The biggest difference between the Pentium® 2 and the Xeon® was the cache size.  Instead of only a 512 KB cache, there were options for a 1 MB or a 2 MB cache.  But even the 512 KB cache was advancement because it could run at speeds in excess of 400 MHz instead of half the core clock speed.  This special Level 2 cache chip was developed by Intel® themselves instead of buying it elsewhere.  The cooling needed for these special cache chips was enormous, so the end product of the Xeon® was huge.    

Pentium® 3

The Pentium® 3 was released in 1999.  Since then, it has had 3 different stages.  The first version of the Pentium® 3 is pretty much a Pentium® II, with the only addition being streaming extensions (ISSE).  It had a 512 KB external Level 2 cache and a Katmai core.  The second version had a Coppermine core with a 256 on-die cache and was the first Intel® to attain 1 GHz, approximately 5 months after this release.  This version also changed from a socket design to a slot design.  The third version of the Pentium® 3 is the second version changed back to a socket design; except for the integration of Level 2 cache of Coppermine.   

This latest version of the Pentium® 3 has speeds ranging from 650 MHz to 1.3 GHz.  It has a bus speed of 100 MHz or 133 MHz with a Level 1 Cache of 32 KB;16 KB for infrastructure, 16 KB for data and unified, non-blocking Level 2 Cache of 512 KB, or an integrated 256 KB Advanced Transfer Cache. Some advantages to the cache include higher data bandwidth interface between the level 2 cache and the processor core reduces latency interface to cache data.  The bus speeds up to 133 MHz increases bandwidth availability by enabling symmetric multiprocessing, along with providing performance boost for multi-tasking operating systems and multi-threaded applications 
Pentium® 4

The Pentium® 4 was introduced in 2001 and ranges in speed to 1.3 GHz to 2.4 GHz.  It also features a 512 KB Level 2 Advanced Transfer Cache with speeds 2.40 GHz, 2.20 GHz, or 2A GHz or a 256 KB Level 2 Advanced Transfer Cache with speeds 1.60 GHz to 2 GHz.  

One difference from all of the Pentium® 4’s predecessors’ is the changing of the architecture from P6 micro-architecture to Intel® NetBurst™ Micro-architecture. 
This NetBurst™ microarchitecture has a number of new features including Hyper Pipelined Technology, 400 MHz System Bus, Execution Trace Cache, and Rapid Execution Engine; as well as a number of enhanced features like Advanced Transfer Cache, Advanced Dynamic Execution, Enhanced Floating-point and Multi-media Unit, and Streaming SIMD Extensions 2 (SSE2).  Hyper-pipelined technology doubles the P6’s pipeline depth.  For example the pipeline dealing with branch prediction and recovery has 20 stages in the NetBurst™ micro-architecture rather then the 10 stages in the P6, increasing the performance of the processor. The 400 MHz bus is quite an improvement on the Pentium® 3’s 133 MHz system bus.  In comparison the Pentium® 3’s bus transfers data at 1.06 GB/s while the Pentium® 4 transfers around 3.2 GB/s.  The Execution Trace Cache increases processor performance by storing up to 12 KB of decoded micro-ops in order of program execution.  This results in a reduction of the time needed to recover from mis-predicted branches.  The Rapid Execution Engine consists of two arithmetic logic units (ALU’s) on the processor that are clocked at double the core processor frequency, meaning simple integer instructions like AND, OR, subtract, and add to execute in .5 a clock cycle.  So this Engine on a 2.0 GHz Pentium® 4 runs at 4.0 GHz.     
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