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Overview of the Celeron Processor

Intel Corporation released the Celeron processor in 1999 as a budget alternative to their Pentium III chip.  Even though the Celeron was meant for low-end systems, its features made it a powerful processor.  The chip was equipped with MMX support so that it would easily handle 3-D and multimedia applications.  Original Celerons were based on the architecture of the Pentium II.  Today’s chips are based on the Pentium III’s P6 micro-architecture.

The first Celeron was almost identical to a Pentium II except for the lack of an L2 cache.  The chip was slow and did not compare to any other processors around at the time.  The Celeron found a home for itself in the PC hobby market.  Costing around $50, the chip was perfect for those who ventured into overclocking and other PC modifications.

The absence of an L2 cache meant the processor could be run at a higher clock multiplier than it was meant to.  Overclocked Celerons easily out performed their Pentium II relatives.

Later versions of the Celeron, based on the Mendocino core, were equipped with a 128K L2 cache.  Competing processors from AMD, Cyrix, and IDT were easily beaten in benchmarks.  The chip then moved from slot-based to socket-based in order to save costs.  This change allowed the L2 cache to be placed closer to the core.

After the introduction of the Pentium III, the Celeron was given a number of features from its elder brother.  The kernel moved to the new 0.18-micron Coppermine core and the new SSE instruction set was added.  The chip had the same amount of L2 cache as the Pentium III but only have of it was activated.  The chips are so similar that it is hard to determine a Pentium III core from a Celeron core.
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In response to the release of the AMD Duron, Intel decided to move the Coppermine kernel to copper based interconnects.  This move increased the performance of the chip at the cost of heat.

Technical Specifications


Older Celeron processors operated at speeds of 500MHz, 533 MHz, 566MHz, 600MHz, 633MHz, 667MHz, 700MHz, 733MHz, and 766MHz on a 66MHz front-side bus.  Newer chips that operate at 800Mhz, 850MHz, 900MHz, 950MHz, 1.00GHz, 1.10GHz, 1.20GHz, and 1.30GHz can be found on the newer 100MHz front-side bus.  For reference, Hz is the number of times a processor cycles in one second.  A 1MHz chip cycles 1,000,000 times a second.  Even higher clock speeds will be reached now that the core has moved to a 0.13-micron technology.  The chip has also moved to a 133MHz bus speed.


Almost all current processors have on-die cache that allows for quick memory access.  Data that is fetched from RAM is stored in the cache to reduce average memory access time.  All Celeron chips have 32K of L1 cache.  Chips with frequencies of 1.10GHz and below have 128K of L2 cache while those with frequencies greater than or equal to 1.20 GHz have 256K or L2 cache.


Early models of the Celeron processor were packaged in a Single Edge Contact Cartridge 2 (S.E.C.C.2) enclosure.  These slot-based enclosures were more expensive and kept their L2 cache further away from the core than socket-based chips.  The newer socket chips were packaged in Flip-Chip Pin Grid Array (FC-PGA) and Flip-Chip Pin Grid Array 2 (FC-PGA2) enclosures.  Flip-Chip means the processor core is inverted to better dissipate heat that is generated during operation.
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The Celeron processor is compatible with a large number of operating systems.  These operating systems include MS-DOS, Windows 3.1, Windows for Workgroups 3.11, Windows 98, Windows 95, OS/2, UnixWare, SCO Unix, most Linux varieties, Windows NT, Windows 2000, OPENSTEP, and Sun Solaris.  Intel chips are most commonly paired with Windows.  These types of PCs have become so prevalent they are often referred to as WinTel (Windows/Intel) systems.

Features of the Celeron

The Intel Pentium III and Celeron processors are based on Intel’s P6 Dynamic Execution Micro-architecture.  The highlights of this architecture include multiple branch prediction, data flow analysis, and speculative execution.  Multiple branch prediction drastically increases a processors performance by pre-fetching predicted instructions.  Conditional branches, if not accurately predicted, can severely reduce performance.


The P6 architecture features a 10-stage pipeline and an x86 decoder that translates x86 CISC instructions in internal RISC code   The pipeline divides complicated instructions into smaller units that can be executed faster.  A “deeper” pipeline allows more than one instruction to be executed during a cycle since the smaller units of the instruction can be executed at different places in the pipeline.  A total of 64GB of memory space can be addressed by the 36-bit address space (Fedja). 

Data flow analysis technology can also increase performance.  This feature reorders the schedule of instructions so instructions that rely on results of other instructions can be grouped together.  This will decrease the number of times data has to be stored in and fetched from system memory.  A similar process called speculative execution reorders instructions so that the processors idle time will be minimized.

The Celeron supports the MMX instruction set introduced in the Pentium II processor.  The MMX instruction set enables the Celeron to quickly compute complex operations used in multimedia and communication applications.

Intel also implemented a new instruction set in the Celeron processor.  The Streaming SIMD Extension (SSE) instruction set uses eight 128-bit registers to perform packed single floating-point operands.  Packed operands fill a single register with multiple values.  In this case the 128-bit register is divided into four 32-bit segments.  A new MXCSR register was introduced to mask/unmask the exception handling, set the rounding mode, set the flush-to-zero mode and view status flags.  There are nine types of SSE instructions: arithmetic, logical, compare, shuffle, conversion, data movement, state management, additional SIMD integer and cacheability control instructions.  The additional integer instructions operate on the old 64-bit MMX registers.

A description of the entire SSE instruction set can be found at:

http://www.cpuid.com/knip.htm

This new instruction set improves multimedia and data encoding performance.  High-resolution images can be manipulated more quickly and video encoding and decoding performance is increased.

Intel Celeron vs. AMD Duron

Since the introduction of the AMD Duron processor, Intel has been struggling to keep up in the low-end PC market.   In recent years AMD has produced some of the best high performance, low cost processors.  Intel has tried to compete by moving to a new production process and increasing their clock frequencies.


The Duron processor, AMD’s answer to the Celeron, is a 0.18-micron Athlon core with 64K of full-speed, on-die, L2 cache.  At the time of the Duron’s release the Athlon had 256K of full-speed, on-die, L2 cache.  The Celeron also has a 256-bit cache-to-core pathway while the Duron only has a 64-bit pathway.


The Celeron and Duron are two very different processors.  Their differences, as of October 2000, can be seen in the chart below:

	
	AMD Duron
	Intel Celeron

	L1 Cache
	128KB
	32KB

	L2 Cache
	64KB
	128KB

	Bus Speed
	200MHz (100MHz x 2)
	66MHz

	Interface
	Socket A
	Socket 370



In their October 2000 issue, Maximum PC tested the Celeron and Duron head-to-head.  The AMD Duron won almost every test conducted, but by a very narrow margin.  The Celeron was at most 5% slower in all but one test.  The following chart is a summary of the results:

	
	AMD Duron
	Intel Celeron

	SYSmark 2000
	127
	124

	SiSoft Sandra 2000
	1947 MIPS / 973 MFLOPS
	1883 MIPS / 935 MFLOPS

	3DMark 2000
	3726
	3629

	CPU Mark
	328
	283

	MP3 encoding
	122 seconds
	123 seconds

	Inspire3D
	366 seconds
	339 seconds


When the two chips were tested for their ability to be overclocked, the Celeron easily won.  The Celeron is a chip that is known for its overclocking ability.  The article attributes AMD’s loss to the newness of the chip.  The Duron used in this test was AMD’s first attempt at producing a chip using a 0.18-micron process. 


While these tests give a general idea of how these chips compare, they are by no means an accurate comparison.  Due to differing requirements, the test systems used were not identical.  The Duron system used a Gigabyte motherboard with VIA’s KT133 chipset.  The Celeron system used an Intel 815E motherboard.  The differences between the systems were small but may have had an effect on performance (Mah Ung).

Market Share

Intel has been in a price war with AMD since the introduction of the AMD’s Athlon processor.  This war has extended to the low-end PC market; a market that AMD once held.  The war has gotten so heated that it is fairly easy to find a PC with a Pentium 4 that is less expensive than one based on the Celeron.  The competition from AMD and Intel’s own Pentium 4 has resulted in a drop in market share from 27.2 percent in 2001 to 20.8 percent in 2000 (McDonald).


Despite the Celeron losing market share to another processor in its line, Intel has gained market share over AMD in the fourth quarter of 2001.  Intel has 80.6% of the PC market while AMD has an 18.5% share.  Dean McCarron, president of Mercury Research, attributes Intel’s gains to the Celeron processor.  Intel dropped to 78.7% and AMD’s share grew to 20.2% for the full year.
Overclocking


Overclocking is a method of changing the front-side bus speed, the multiplier, or both, to make the chip run at a frequency above its labeled speed.  Most processors will allow a slight bit of overclocking but early versions of the Celeron excelled at overclocking.  The first Celerons were based on the core of Pentium II processors with higher frequencies.  Celerons clocked at 266MHz and 300MHz used cores made for Pentium II processors clock at 350MHz and 450MHz, respectively.


Celerons were made to run on a 66MHz front-side bus, but had cores that were produced to run on a 100 MHz front-side bus.  Increasing the bus speed on the motherboard allowed the chips to run at almost 150% of their original speed.

Overclocking a processor is not always an option.  Most current CPUs will not allow a user to modify the multiplier setting.  Chipmakers claim this feature keeps resellers from selling the chips at a higher clock speed than they are supposed to run.  In some systems the multiplier and bus speed are locked by the BIOS.

The benefits of overclocking are almost as great as the risks.  Overclocking a CPU causes it to produce much more heat than it was designed to.  This extra heat can lead to instability or worse.  In most cases, if a chip has been overclocked too far it will simply refuse to run.  However, in a worst-case scenario, the connections inside the CPU can degrade to the point where the chip will not work anymore.

Modifying the FSB speed affects more than just the CPU.  Since all PCI cards operate on the front-side bus they will have to operate at the same bus speed as the processor.  Many cards are unable to run at higher speeds and will keep your system from working properly.  It may be possible to fix the situation by installing new device drivers, but it is usually better to get a new card that will operate at the new speed (Monroe).

Mobile Celeron


Intel offers a version of the Celeron processor for laptops called the Mobile Celeron.  There are very few differences between the mobile and desktop versions.  The biggest difference is the voltage.  Mobile processors are designed to preserve laptop battery life by reducing the amount of power they consume.  During pauses in system activity, the amount of power being sent to the processor is drastically reduced.  Some systems with Intel SpeedStep technology actually run at a slower clock speed when the processor is not working at full capacity.


The mobile Celeron is smaller, in size and connections, than its desktop counterpart.  The processor is built using a 0.13-micron process that increases data throughput.  The size of the processor is smaller as well.  Mobile processors have to be small so they can easily fit inside a small device.  The socket that a Mobile Celeron uses is smaller than the desktop’s Socket370. 

The Future of the Celeron
The future for the Celeron processor is uncertain.  Intel’s latest processor roadmap does not feature the Celeron at all.  Intel is concentrating its efforts on the Pentium 4 for desktops and the Mobile Pentium 4 for desktops.  Other press releases on the Intel website show plans to release Celeron processors that are faster than the current 1.30GHz version.  While Intel is not abandoning its low end CPU, it appears as if the chip is not a high priority.  
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