
The Intel Pentium processor was introduced in 1993 marking a watershed in PC processors in a number of ways. The Pentium offered PC users new levels of performance over the existing 486 dynasty which reigned supreme. After an initial shakey start with the much publicised floating point bug, the Intel Pentium quickly rose to become the processor of choice for many PC users establishing one of the strongest brand identities within the computer world, that of the "Intel Pentium Processor". 

The Intel Pentium revealed
The Pentium processor was the first 5th generation processor to be released for the PC. Having come under pressure from the IBM/Motorola Power PC processors in the Apple Macintosh, the Pentium was tasked with reclaiming the speed crown for Intel and the "x86" (IA-32) family. Initially released in speeds of 60 and 66 MHz the Pentium featured an advanced superscalar design (more than one execution unit) coupled to an advanced floating point math unit. It offered levels of performance in excess of the Intel i486 DX-4 100, though at a hefty price premium. The Pentium also saw bus speeds rise from 33 MHz to 60/66 MHz which boosted performance significantly. 

No assessment of the original Pentium would be complete without a mention of the imfamous floating point bug. As mentioned in the previous paragraph the Pentium processor possessed an impressive floating point math capability. Unfortunatly for Intel some of the early 60 and 66 MHz chips contained an erratum which meant that over a number of long division calculations it could get the figure wrong! This would lead to the chip having to approximate its output. This problem was rapidly fixed by Intel (mainly to avoid the sheer embarassment of it) and later versions of the chip do not contain this erratum (to our knowledge), but it left a tag that the Pentium was never able to fully distance itself from. 

The original Pentium was released in Socket 4 format which did not last very long and could only be used by the 60 & 66 MHz models. This was followed at the beginning of 1995 by the release of Socket 5 which was followed by the release of the Pentium in speeds of 75, 90, 100, 120 & 133 MHz by the end of 1995. The relentless rise of the Pentium's clock speed had begun and provided users with sufficient power to cope with the newly released power hungry Windows 95. 

As with all high end PC processors their reign at the top is short lived. By 1996 we saw the advent of new and more powerful Socket 7 motherboard connector which allowed clock speeds to rise once again. Early 1995 saw the release of the Pentium 150 MHz being closely followed by the 166 MHz variant in April of that year. The Pentium processor reached its zenith in August 1996 with the release of the 200 MHz variant. Within a matter of years the power of PC processors had risen dramatically and the main power behind this was the Pentium processor. The Pentium processor was taken out of production in September 1997 having been superseded by its newer Pentium MMX & Pentium II counterparts. 

January 1997 saw the first major processor release from Intel since the Pentium Pro in 1995. The processor in question was the Intel Pentium MMX (or P55C to the technicaly minded). This was heralded by a loud advertising campaign which introduced us to the now imfamous dancing "Bunny People™". The Pentium MMX was also significant in that it marked the introduction of a new set of instructions in the guise of "MMX". With the world worked up into MMX frenzy, what exactly did this new chip offer? 
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The Pentium MMX in profile
The Pentium MMX was marketed as being an almost revolutionary new processor by its makers Intel. The Pentium MMx was in fact an enhancement of the original Intel Pentium processor, but with a significant number of enhancements. 

The Pentium MMX was the last iteration of Intel's fifth generation processor architechture. The hugely sucessful Pentium had brought features such as superscalar architechture and a highly advanced floating point unit to the "x86" world. The Pentium MMX was pin compatible with the Socket 7 architechture and offered existing users a clear upgrade path. The only problem though was that the Pentium MMX had a significant difference over the original Pentium. This was that it was designed to run with split voltages unlike the Pentium. Let us explain what this means: 

The original Pentium runs with a core voltage of 3.5v and an I/O voltage of 3.5v. The problem with this was that higher clock speeds this was beginning to cause heat output problems as was demonstrated with the Cyrix 6x86+ processor. A solution to this had to be found and the answer was to lower the chip's voltage. The end result was the Pentium MMX running with a core voltage of 2.8v and an I/O voltage of 3.3v, thus the split voltage requirement was needed. 

The problem with split voltages is that a great deal of older Socket 7 motherboards cannot handle this requirement and so precluded any upgrade. Only boards manufactured after late 1996 can really handle this requirement. 

The Intel Pentium MMX uses a bus speed of 66 MHz and comes in speeds of 166, 200 & 233 MHz. This chip was manufactured using the 0.35 micron manufacturing process. Intel also produced this chip in a mobile version which is manufactured using the 0.25 micron manufacturing process and is available in speeds of 166, 200, 233, 266 & 300 MHz. 

The other main feature the Pentium MMX brought was the inclusion of 52 new MMX instructions. These instructions were designed to enhance multi-media applications, enhancing graphics and sound functions. MMX (rumoured to stand for Multi-Media eXtensions, although this was denied by Intel) was the first instruction level enhancement made to "x86" architechture since the 386. 
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Intel introduced the P6 design in November 1995 in the guise of the Pentium Pro. This chip marked a departure for Intel as it incorporated the level 2 cache, which was always previously located on the motherboard. The Pentium Pro's on chip cache was set at many different levels which were 256Kb, 512Kb, 1Mb & 2Mb. The cache on the Pentium Pro ran at full clock speed, and was incorporated directly onto the processor package which made it exterely expensive to manufacture. The Pentium Pro was the only processor to use the Socket 8 connector. 

The Pentium Pro was far better at processing 32 bit code as used in Windows NT than the 16 bit code of Windows 95/98. This made the Pentium Pro only really suitable for the powerful server market, and it never made any inroads into the home/desktop market. The Pentium Pro could also be used in multi-processor systems of up to 4 processors which made it especially suitable for NT servers. 

There are some second hand Pentium Pro processors on sale, but these are very expensive. The Pentium Pro is only a processor which can be recommended for use in the server market. The Processor Emporium would advise the home buyer to look towards the Pentium Pro's successor the Pentium II or the AMD K6 as these are FAR cheaper and now offer more power.


Intel Pentium Pro, Technical Data
	Processor
	Clock Speed
	Bus Speed
	Clock Muiltiplier

	P Pro 166
	166 MHz
	66 MHz
	2.5x

	P Pro 180
	180 MHz
	60 MHz
	3x

	P Pro 200
	200 MHz
	66 MHz
	3x
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The Pentium II has finally lost its crown as the fastest of all the "x86" processors in a week which saw it drop to number 3 from its coveted first place. The Pentium III and AMD K6 III have now arrived onto the scene and have stolen the Pentium II's limelight. So what now can we expect from one of Intel's most sucessful processor lines, which remained virtually unchallenged at the top thoughout its 18 month reign? What future is there for the Pentium II in the hostile processor marketplace? What can the buyer expect from the chip that was only so recently king of a very competative hill? 

The Pentium II in profile
The Pentium II at its launch in May 1997 was in fact the second iteration of Intel's P6 microarchtechture, the honour of being first falling to the Pentium Pro. The launch of the Pentium II came at a time crucial to Intel as it's P5 microarchitechture (Pentium MMX) was rapidly becoming dated and being outclassed by newer and cheaper processors such as the AMD K6. To deal with this threat Intel had to move the PC world away from Socket 7 and onto a new platform in order to establish a clear lead over its fast catching up rivals. Enter the Pentium II. 

The Pentium II saw a move away from the old socketed architechture as implemented in the Pentium and Pentium Pro to a new Slot based one named imaginitively "Slot 1". This architechture was proprietary technology of Intel and thus allowed them to pursue their own chip development free from the attentions of AMD & Cyrix. Originally available in speeds of 233 & 266 MHz the Pentium II ran in motherboards based upon the old Pentium Pro chipset, the i440FX (Natoma). 

The i440FX chipset boards were only a stopgap for Intel until the first chipset designed for the PII, the i440LX became available. On sale from autumn 1997 this brought benefits of SDRAM and AGP to the Pentium II. It also allowed speeds in excess of 266 MHz to be attained coupled to the release of the 300 MHz variant of the chip in October 1997. This chip was followed by a 333 MHz variant in January 1998. 
The Pentium II 300 marked the end of the original "Klammath" version of the Pentium II, which was manufactured using 0.35 micron technology. 

From the PII 333, all chips were manufactured using the 0.25 micron process and were codenamed "Deschutes". The 350 & 400 MHz versions saw the introduction of the 100 MHz front side bus facilitated by the release of the i440BX chipset in April 1998. This brought new levels of performance to the Pentium II. The last iteration of the Pentium II was released in August 1998 runnig at 450 MHz. 

The Pentium II like the Pentium Pro runs it level 2 cache memory alongside the processor away from the motherboard. This allows the Pentium II to run its compliment of 512 Kb of cache at half of its clock speed. This offers the processor a significant advantage over others running their cache at system bus speed. This feature alone allowed the PII to gain a speed advantage overs its rivals and predecessors

Pentium II, a buyers perspective
The PII offered the ultimate in processing power during its 18 month reign at the top. It still offers PC users a great deal of power from the 233 right up to the 450 MHz model. As all up to the 333 MHz variant are now out of production, the early PII's are now only available on the used market. Recently 266 MHz versions have been seen on sale for above ё100, which in the opinion of the Processor Emporium offers poor value compared to prices of new and used Intel Celeron A (not the original 266 & 300 models) processors, which offer more power for less money. Unless the user is running a 440FX motherboard or a low end server we would recommend you look at either new or used Celeron A chips. 

The 350, 400 and 450 MHz variants of the Pentium II are all still in production, but will probably be phased out by Intel in favour of Pentium III and Celeron production soon. That said there may be some systems built around these PC's which offer very good value to the PC buyer. We would recommend these systems if they were significantly cheaper than Pentium III based machines (if not the PIII is a better bet) or are not undercut by a similar specced Celeron based machine. 

Alongside the pincer movement being performed by Intel's own Celeron and Pentium III processors, the Pentium II has come under a challenge from AMD's latest offerings. The K6-2 300 outperformed the PII 300 and beat it by a large margin on value for money. The K6 III is a chip which offers performance (in business applications) superior to the PII 450 and should be considered by the cost concious buyer. 

That said, the Pentium II does offer the PC user impressive level's of performance in all areas. It's integer performance has always been high as well as its very impressive floating point math capability. For 3D gaming, rendering and video editing the Pentium II is a processor which is very hard to beat. It really is a commsumate all rounder in the chip world. 

Pentium II, the verdict
Although the Pentium II is a great all round performer, the Processor Emporium finds it very hard to recommend this chip. It is now out performed on the highest level by the Pentium III and is matched up to 400 MHz by the Celeron. It also has to contend with a concerted attack from AMD's K6-2 and super K6 III chips. The Pentium II's relatively high price tag precludes it from being recommended to the cost concious buyer as it offers NO advantage over the Celeron and very little over the K6 III. Also the high end user will want to buy the PIII as this has captured the kudos of the PII, and offers the ultimate in performance. That said owners of the Pentium II will probably not be disappointed but new buyers could do well to look elsewhere both inside and out of the Intel stable. 


Intel Pentium II, Technical Data
	Processor
	Clock Speed
	Bus Speed
	Clock Muiltiplier

	PII 233
	233 MHz
	66 MHz
	3.5x

	PII 266
	266 MHz
	66 MHz
	4x

	PII 300
	300 MHz
	66 MHz
	4.5x

	PII 333
	333 MHz
	66 MHz
	5x

	PII 350
	350 MHz
	100 MHz
	3.5x

	PII 400
	400 MHz
	100 MHz
	4x

	PII 450
	450 MHz
	100 MHz
	4.5x


    A Brief History of the Pentium Processor Family 

The Pentium family of processors, which has its roots in the Intel486(TM) processor, uses the Intel486 instruction set (with a few additional instructions). The term ''Pentium processor'' refers to a family of microprocessors that share a common architecture and instruction set. The first Pentium processors (the P5 variety) were introduced in 1993. This 5.0-V processor was fabricated in 0.8-micron bipolar complementary metal oxide semiconductor (BiCMOS) technology. The P5 processor runs at a clock frequency of either 60 or 66 MHz and has 3.1 million transistors.

The next version of the Pentium processor family, the P54C processor, was introduced in 1994. The P54C processors are fabricated in 3.3-V, 0.6-micron BiCMOS technology. The P54C processor also has System Management Mode (SMM) for advanced power management 

The Intel Pentium processor, like its predecessor the Intel486 microprocessor, is fully software compatible with the installed base of over 100 million compatible Intel architecture systems. In addition, the Intel Pentium processor provides new levels of performance to new and existing software through a reimplementation of the Intel 32-bit instruction set architecture using the latest, most advanced, design techniques. Optimized, dual execution units provide one-clock execution for "core" instructions, while advanced technology, such as superscalar architecture, branch prediction, and execution pipelining, enables multiple instructions to execute in parallel with high efficiency. Separate code and data caches combined with wide 128-bit and 256-bit internal data paths and a 64-bit, burstable, external bus allow these performance levels to be sustained in cost-effective systems. The application of this advanced technology in the Intel Pentium processor brings "state of the art" performance and capability to existing Intel architecture software as well as new and advanced applications.

The Pentium processor has two primary operating modes and a "system management mode." 

The operating mode determines which instructions and architectural features are accessible. 

These modes are: 

· Protected Mode 

This is the native state of the microprocessor. In this mode all instructions and architectural features are available, providing the highest performance and capability. This is the recommended mode that all new applications and operating systems should 

target. Among the capabilities of protected mode is the ability to directly execute "real-address mode" 8086 software in a protected, multi-tasking environment. This feature is known as Virtual-8086 "mode" (or "V86 mode"). Virtual-8086 "mode" however, is not actually a processor "mode," it is in fact an attribute which can be enabled for any task (with 

appropriate software) while in protected mode. 

· Real-Address Mode (also called "real mode") 

This mode provides the programming environment of the Intel 8086 processor, with a few extensions (such as the ability to break out of this mode). Reset initialization places the processor in real mode where, with a single instruction, it can switch to protected mode. 

· System Management Mode 

The Pentium microprocessor also provides support for System Management Mode (SMM). SMM is a standard architectural feature unique to all new Intel microprocessors, beginning with the Intel386 SL processor, which provides an operating-system and application independent and transparent mechanism to implement system power management and OEM differentiation features. SMM is entered through activation of an external interrupt pin (SMI#), which switches the CPU to a separate address space while saving the entire context of the CPU. SMM-specific code may then be executed transparently. The operation is reversed upon returning. 

Advanced Features 

The Pentium P54C processor is the product of a marriage between the Pentium processor's architecture and Intel's 0.6-micron, 3.3-V BiCMOS process The Pentium processor achieves higher performance than the fastest Intel486 processor by making use of the following advanced technologies. 

· Superscalar Execution: The Intel486 processor can execute only one instruction at a time. With superscalar execution, the Pentium processor can sometimes execute two instructions simultaneously. 

· Pipeline Architecture: Like the Intel486 processor, the Pentium processor executes instructions in five stages. This staging, or pipelining, allows the processor to overlap multiple instructions so that it takes less time to execute two instructions in a row. Because of its superscalar architecture, the Pentium processor has two independent processor pipelines. 

· Branch Target Buffer: The Pentium processor fetches the branch target instruction before it executes the branch instruction. 

· Dual 8-KB On-Chip Caches: The Pentium processor has two separate 8-kilobyte (KB) caches on chip--one for instructions and one for data--which allows the Pentium processor to fetch data and instructions from the cache simultaneously. 

· Write-Back Cache: When data is modified; only the data in the cache is changed. Memory data is changed only when the Pentium processor replaces the modified data in the cache with a different set of data 

· 64-Bit Bus: With its 64-bit-wide external data bus (in contrast to the Intel486 processor's 32-bit- wide external bus) the Pentium processor can handle up to twice the data load of the Intel486 processor at the same clock frequency. 

· Instruction Optimization: The Pentium processor has been optimized to run critical instructions in fewer clock cycles than the Intel486 processor. 

· Floating-Point Optimization: The Pentium processor executes individual instructions faster through execution pipelining, which allows multiple floating-point instructions to be executed at the same time. 

· Pentium Extensions: The Pentium processor has fewer instruction set extensions than the Intel486 processors. The Pentium processor also has a set of extensions for multiprocessor (MP) operation. This makes a computer with multiple Pentium processors possible. 

A Pentium system, with its wide, fast buses, advanced write-back cache/memory subsystem, and powerful processor, will deliver more power for today's software applications, and also optimize the performance of advanced 32-bit operating systems (such as Windows 95) and 32-bit software applications. 

Block diagram of the Pentium 
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Figure 1. Pentium block diagram.





Figure 1 shows a block diagram of the Pentium design. 

The most important enhancements over the 486 are the separate instruction and data caches, the dual integer pipelines (the U-pipeline and the V-pipeline, as Intel calls them), branch prediction using the branch target buffer (BTB), the pipelined floating-point unit, and the 64-bit external data bus. Even-parity checking is implemented for the data bus and the internal RAM arrays (caches and TLBs). 

As for new functions, there are only a few; nearly all the enhancements in Pentium are included to improve performance, and there are only a handful of new instructions. Pentium is the first high-performance micro-processor to include a system management mode like those found on power-miserly processors for notebooks and other battery-based applications; Intel is holding to its promise to include SMM on all new CPUs. Pentium uses about 3 million transistors on a huge 294 mm 2 (456k mils 2 ). The caches plus TLBs use only about 30% of the die. At about 17 mm on a side, Pentium is one of the largest microprocessors ever fabricated and probably pushes Intel’s production equipment to its limits. The integer data path is in the middle, while the floating-point data path is on the side opposite the data cache. In contrast to other superscalar designs, such as SuperSPARC, Pentium’s integer data path is actually bigger than its FP data path. This is an indication of the extra logic associated with complex instruction support. Intel estimates about 30% of the transistors were devoted to compatibility with the x86 architecture. Much of this overhead is probably in the microcode ROM, instruction decode and control unit, and the adders in the two address generators, but there are other effects of the complex instruction set. For example, the higher frequency of memory references in x86 programs compared to RISC code led to the implementation of the dual-ac. 

Register set

The purpose of the Register is to hold temporary results, and control the execution of the program. General-purpose registers in Pentium are EAX, ECX, EDX, EBX, ESP, EBP,ESI, or EDI. 

The 32-bit registers are named with prefix E, EAX, etc, and the least 16 bits 0-15 of these registers can be accessed with names such as AX, SI Similarly the lower eight bits (0-7) can be accessed with names such as AL & BL. The higher eight bits (8-15) with names such as AH & BH. The instruction pointer EAP known as program counter(PC) in 8-bit microprocessor, is a 32-bit register to handle 32-bit memory addresses, and the lower 16 bit segment IP is used for 16-bi memory address. 

The flag register is a 32-bit register , however 14-bits are being used at present for 13 different tasks; these flags are upward compatible with those of the 8086 and 80286. The comparison of the available flags in 16-bit and 32-bit microprocessor is may provide some clues related to capabilities of these processors. The 8086 has 9 flags, the 80286 has 11 flags, and the 80286 has 13 flags. All of these flag registers include 6 flags related to data conditions (sign, zero, carry, auxiliary, carry , overflow, and parity) and three flags related to machine operations.(interrupts, Single-step and Strings). The 80286 has two additional : I/O Privilege and Nested Task. The I/O Privilege uses two bits in protected mode to determine which I/O instructions can be used, and the nested task is used to show a link between two tasks. 

The processor also includes control registers and system address registers , debug and test registers for system and debugging operations. 

Addressing mode & Types of instructions 

Instruction set is divided into 9 categories of operations and has 11 addressing modes. In addition to commonly available instructions in a 8 bit microprocessor and this set includes operations such as bit manipulation and string operations, high level language support and operating system support. An instruction may have 0-3 operands and the operand can be 8, 16, or 32- bits long. The 80386 handles various types of data such as Single bit , string of bits , signed and unsigned 8-, 16-, 32- and 64- bit data, ASCII character and BCD numbers. 

High level language support group includes instructions such as ENTER and LEAVE. The ENTER instruction is used to ENTER from a high level language and it assigns memory location on the stack for the routine being entered and manages the stack. On the other hand the LEAVE generates a return procedure for a high level language. The operating system support group includes several instructions , such as APRL.( Adjust Requested Privilege Level) and the VERR/W (Verify Segment for Reading or Writing). The APRL is designed to prevent the operating system from gaining access to routines with a higher priority level and the instructions VERR/W verify whether the specified memory address can be reached from the current privilege level. 

Instruction formats 
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